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CHROMATOGRAPHIC SEPARATION OF 

ATO)COBALT(III) HOMOCHELATES AND 
THEIR ABSOLUTE CONFIGURATION1 

ISOMERS OF MERIDIONAL TRIS(AMIN0ACID- 

Hayami Yoneda", Tomoyo Yukimoto, 
Yoskihiko Kushi, and Horoshi Nakazawa 

Department of Chemhtry 
Faculty of Science 

Hiroshima University 
Higashi-senda-machi, Naka-ku 

Hiroshima 730, Japan 

ABSTRACT 
Chromatographic  s e p a r a t i o n  o f  e n a n t i o m e r s  or d i a s t e r e o m e r s  

was u n d e r t a k e n  f o r  f o u r  k i n d s  of m e r i d i o n a l  [Co (AA) 31 complexes 
through t h e  column packed w i t h  ant imony d - t a r t r a t e  form of t h e  
an ion  exchange r e s i n ,  where AA s t a n d s  f o r  D-a lan ine ,  L - a l a n i n e ,  
g l y c i n e  and D-alanine. From t h e  CD s p e c t r a  of t h e  s e p a r a t e d  
isomers, it w a s  r e v e a l e d  t h a t  t h e  A-isomer w a s  e l u t e d  f i r s t  f o r  
t h e  t h r e e  a -aminoac ida to  c h e l a t e s .  As t o  t h e  case of  mer-[Co( 
p a l a )  31 a s i n g l e  c r y s t a l  X-ray a n a l y s i s  w a s  made f o r  t h e  second 
e l u t e d  isomer and de termined  i t s  a b s o l u t e  c o n f i g u r a t i o n  t o  b e  A .  

Thus, i t  was concluded  t h a t  i n  a l l  f o u r  cases t h e  A-isomer h a s  
g r e a t e r  a f f i n i t y  toward ant imony d - t a r t r a t e  a n i o n  t h a n  t h e  
A-isomer. T h i s  makes a c o n t r a s t  t o  t h e  case of t h e  c o r r e s p o n d i n g  
f a c i a l  [ C O ( A A ) ~ ]  i n  which t h e  A-isomer h a s  g r e a t e r  a f f i n i t y  
toward ant imony d - t a r t r a t e  t h a n  t h e  A-isomer. Based o n  t h e  
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574 YONEDA ET AL. 

values  of t h e  s e p a r a t i o n  f a c t o r s  f o r  t h e  f o u r  enant iomer ic  p a i r s ,  
t h e  a s s o c i a t i o n  mode e f f e c t i v e  f o r  c h i r a l  d i s c r i m i n a t i o n  w a s  
d i scussed .  

INTRODUCTION 

S ince  complete r e s o l u t i o n  of fac-  [Co ( p a l a )  31 w a s  achieved 

by chromatography(2) , d e t a i l e d  s t u d i e s  have been done f o r  

f a c i a l  tris(aminoacidato)cobalt(III) c h e l a t e s ,  such as [Co(L /D-  

~ e r ) ~ ( B - a l a )  3-n1 ( 3 )  and [Co(L/D-ala)n(B-ala) 3-nl ( 4 )  , us ing  

d - t a r t r a t e  and antimony d - t a r t r a t e  which is  abbrev ia t ed  h e r e a f t e r  

as [Sb2d-tart21 a s  a c h i r a l  selector. The conclus ion  drawn i n  

t h e s e  s t u d i e s  was t h a t  t h e  A-isomer of each c h e l a t e  a s s o c i a t e s  

more f i rmly  wi th  t h e s e  two c h i r a l  s e l e c t o r s  t han  t h e  A-isomer. 

On t h e  o t h e r  hand, o p t i c a l  r e s o l u t i o n  of t h e  corresponding 

2- 

meridional isomer was cons idered  t o  be d i f f i c u l t ,  because t h e  

complex has  only  a s m a l l  d i p o l e  moment i n  c o n t r a s t  t o  t h e  f a c i a l  

isomer, so  t h a t  it would flow through t h e  column wi thout  no t ice-  

able adso rp t ion .  This  d i f f i c u l t y  w a s  overcome by e l u t i n g  t h e  

complex through t h e  column packed wi th  t h e  [Sb2d-tart212- form of 

t h e  anion-exchange r e s i n .  Thus, complete r e s o l u t i o n  was 

achieved f o r  m e r -  [Co(B-ala) 3] a s  r epor t ed  i n  t h e  f o u r t h  paper of 

t h i s  s e r i e s . ( 5 )  However, a problem remains unsolved which 

enantiomer A o r  A is  e l u t e d  f i r s t  i n  t h i s  chromatography. 

Usually t h e  abso lu te  conf igu ra t ion  of a c h i r a l  meta l  complex 

can be determined from i t s  CD spectrum by comparing wi th  t h a t  

of a c h i r a l  complex having a s imilar  s t r u c t u r e  whose a b s o l u t e  

conf igu ra t ion  i s  a l r eady  e s t a b l i s h e d  by X-ray a n a l y s i s .  I n  t h e  

case  of fac- [Co(B-a la)3] ,  t h e  CD spectrum of t h e  isomer which w a s  

e l u t e d  f i r s t  through t h e  column packed wi th  a c h i r a l  s e l e c t o r  

an ion ic  form of an anion-exchange r e s i n  d i f f e r s  cons ide rab ly  from 

t h a t  of t h e  f i r s t  e l u t e d  isomer of fac-[Co(L-ala)31 whose 
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MERIDIONAL TRIS(AMINOACIDATO)COBALT(III) HOMOCHELATES 575 

abso lu te  conf igu ra t ion  is  a l r eady  e s t a b l i s h e d  t o  be A .  (6) Compar- 

i son  of these  two CD s p e c t r a  has  no sugges t ion  for de te rmina t ion  

of t h e  abso lu te  conf igu ra t ion  of fac- [Co (B-ala) 3 1  . However, 

w e  can provide mixed l i gand  c h e l a t e s ,  f a c - [ C ~ ( B - a l a ) ~ ( L - a l a )  I 

and fac-[Co(B-ala) (L-a la )21  which f i l l  a gap between f ac -  

ICo(B-ala) 3 l  and fac- [Co(L-ala) 3 1 .  

curves  f o r  t h e  f i r s t  e l u t e d  isomers of a series of fac-[Co(L-a1aln 

(B-ala)3-nl which show a r e g u l a r  s tepwise  v a r i a t i o n  i n  t h e  CD 

s p e c t r a l  p a t t e r n .  I t  is  n a t u r a l  t o  assume t h a t  t h e  f i r s t  e l u t e d  

isomers of t h e  f o u r  c h e l a t e s  have t h e  same a b s o l u t e  conf igura-  

t i o n  A . ( 4 )  

Thus, we  have f o u r  CD 

The same procedure can n o t  be app l i ed  t o  t h e  case of mer- 

In  t h e  mer id iona l  c h e l a t e ,  each of mixed l i g a n d  I C ~ ( B - a l a ) ~ l .  

c h e l a t e s ,  mer-[Co(L-ala) (B-ala) 2 l  and m e r -  [Co(L-ala) (B-ala) I 

has t h r e e  isomers each of which e x i s t s  i n  t w o  diastereomers A and 

A .  I t  is  p r a c t i c a l l y  very  d i f f i c u l t  a t  p r e s e n t  t o  i s o l a t e  them 

i n  a chemica l ly  pu re  s t a t e .  There is  no o t h e r  way than  X-ray 

a n a l y s i s  t o  determine t h e  a b s o l u t e  conf igu ra t ion  of t h e  r e so lved  

enantiomers of mer-[Co(B-ala)3]. 

s t r u c t u r e  of t h e  second e l u t e d  isomer,  (+) ;:'-mer- [Co(B-ala) 3 1  - 
4 H 2 0 .  

a b s o l u t e  conf igu ra t ions  of t h e  f o u r  k inds  o f  mer id iona l  t r is  

c h e l a t e s  having D-ala, L-ala,  g l y  and B-ala as l igands .  

W e  have determined t h e  c r y s t a l  

This  paper d e s c r i b e s  t h e  chromatographic behav io r s  and 

EXPERIMENTAL 

Prepa ra t ion  of Compounds 

The aminoacidato c o b a l t ( I I 1 )  c h e l a t e s  were prepared  i n  

t h e  same way as r epor t ed  p rev ious ly . (7 )  The s o l u t i o n  conta in-  

i ng  amino a c i d  ( L-alanine,  D-alanine, g l y c i n e  and $-a lan ine  ) 
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516 YONEDA ET AL. 

and CoC12-6H20 w a s  ox id i zed  wi th  PbO 

f o r  ha l f  an hour.  The r e a c t i o n  mixture was f i l t e r e d  t o  remove 

i n s o l u b l e  m a t e r i a l ,  and t h e  f i l t r a t e  w a s  poured on a column 

packed wi th  the  Na form of SP-sephadex C-25 ( @ = 3 x 4 0  c m ) .  

The adsorbed c h e l a t e s  were e l u t e d  wi th  water .  Three bands were 

sepa ra t ed ,  a v i o l e t  band ( merid iona l  isomer ) came o u t  f i r s t ,  

then  a r e d  v i o l e t  band ( f a c i a l  isomer ) second, and ano the r  r ed  

v i o l e t  band ( c a t i o n i c  complexes ) remained on a t o p  of t h e  

column. The e l u a t e  con ta in ing  t h e  mer id iona l  isomer was 

concent ra ted  i n  a vacumm evapora tor  and v i o l e t  powder w a s  

ob ta ined  on a d d i t i o n  of e t h a n o l  and e t h e r .  

under s t i r r i n g  a t  8OoC 2 

+ 

Separa t ion  of A and A Isomers 

The v i o l e t  powder was d i s so lved  i n  a sma l l  amount of water 

to  prepare  a nea r ly  s a t u r a t e d  s o l u t i o n .  Two m i l l i l i t e r s  of t h e  
2- s o l u t i o n  w a s  loaded on a column packed wi th  t h e  [ S b 2 ( d - t a r t )  2 1  

form of QAE-Sephadex A-25 ( @  = 2 x 1 0 8  c m  ) ,  and e l u t e d  very  

slowly wi th  water .  Three days were spen t  f o r  each  run. Two 

bands were c l e a r l y  sepa ra t ed  f o r  m e r -  [Co(L-ala) 3 1  , mer-[Co(D-ala) -,I 

and mer- [Co (B-ala) 3 1  , r e s p e c t i v e l y ,  except  f o r  mer- [Co ( g l y )  3l  . 
The e l u a t e  conta in ing  each of t h e s e  t w o  bands was s e p a r a t e l y  

c o l l e c t e d ,  checked by t h e  CD spectrum and concent ra ted  t o  a 

nea r ly  s a t u r a t e d  s o l u t i o n .  The concen t r a t ed  s o l u t i o n  thus  

obta ined  was used f o r  t h e  measurement of t h e  r e t e n t i o n  volume by 

HPLC. I n  s p i t e  of having s p e n t  s i x  days f o r  e l u t i o n ,  m e r -  

[ C ~ ( g l y ) ~ ]  gave s t i l l  only  a broad s i n g l e  band. However, t h e  

f r o n t  and t h e  r e a r  f r a c t i o n s  of t h e  band gave t h e  enant iomer ic  

CD spec t r a .  These f r a c t i o n s  ( only  s n a l l  f r a c t i o n s  and 

t h e  middle p a r t  ( a main f r a c t i o n  ) of t h e  e l u t i o n  band were 

c o l l e c t e d  sepa ra t e ly .  The middle f r a c t i o n  was concen t r a t ed  t o  a 
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MERIDIONAL TRIS(AMINOACIDATO)COBALT(III) HOMOCHELATES 5 7 7  

n e a r l y  s a t u r a t e d  s o l u t i o n  and l o a d e d  a g a i n  on a column f o r  

e l u t i o n .  The p r o c e d u r e  was r e p e a t e d  s e v e r a l  times t o  co l lec t  a 

s u f f i c i e n t  amount o f  t h e  f r o n t  and rear f r a c t i o n s .  These  f r o n t  

and rear f r a c t i o n s  were c o n c e n t r a t e d  t o  a n e a r l y  s a t u r a t e d  

s o l u t i o n  and were used f o r  measurement of t h e  r e t e n t i o n  volume by 

HPLC 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 .  

R e t e n t i o n  Volume Neasurement 

The r e t e n t i o n  volume w a s  measured on  a l a b o r a t o r y - b u i l t  

chromatographic  u n i t  t h a t  c o n s i s t e d  o f  a JASCO LCP pump, PM-150 

p r e s s u r e  gauge ,  PC-150 pump c o n t r o l l e r ,  i n j e c t o r ,  column and a 

Shimadzu W-140 double-beam s p e c t r o p h o t o m e t e r .  A d u a l  p e n s t r i p -  

c h a r t  r e c o r d e r  w a s  used.  The d e t e c t o r  w a s  o p e r a t e d  a t  525 nm i n  

each  r u n .  The column w a s  a 25 c m  l o n g  p r e c i s i o n  s t a i n l e s s  s teel  

tube of I . D .  4mm and w a s  packed w i t h  t h e  [Sb d - t a r t  1 2 -  form o f  

TSK-220 anion-exchange r e s i n .  
2 2 

The f l o w - r a t e  was set  a t  4 x lo-’ ml/min. S i n c e  t h e  

f l o w - r a t e  w a s  so s m a l l  t h a t  t h e  e l u t i o n  w a s  a f f e c t e d  by  v a r i a t i o n  

of  t h e  p r e s s u r e ,  and t h e  v a l u e  o f  t h e  r e t e n t i o n  volume w a s  

f l u c t u a t e d .  Thus, t h e  measurement was done s e v e r a l  t i m e s  f o r  

one sample and a n  a v e r a g e  v a l u e  w a s  t a k e n .  The v o i d  volume w a s  

assumed t o  b e  1 .375  ml( t h i s  v a l u e  i s  e q u a l  t o  t h a t  o f  t h e  

TSK ca t ion-exchange  r e s i n  h a v i n g  t h e  same p a r t i c l e  s i z e  packed  i n  

t h e  same column ) .  

P r e p a r a t i o n  o f  S i n g l e  C r y s t a l s  o f  (+) 5 o o - m e r -  [Co(B-alal 3 1  - 4H,O CD 
T o  o b t a i n  a s u f f i c i e n t  amount o f  e a c h  e n a n t i o m e r ,  chromato- 

g r a p h i c  s e p a r a t i o n  was r e p e a t e d  s e v e r a l  t i m e s .  Each o f  t h e  

t w o  e l u t i o n  bands w a s  collected s e p a r a t e l y  and e v a p o r a t e d  fo r  

c r y s t a l l i z a t i o n .  I n  t h e  p r e s e n t  s t u d y ,  a s i n g l e  c r y s t a l  which 

w a s  o c c a s i o n a l l y  p i c k e d  up from t h e  second e l u a t e  was u s e d  f o r  

x-ray a n a l y s i s .  The c r y s t a l  i s  a small  p l a t e (  0.4x0.4x0.2 mm3 ) 
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578 YONEDA ET AL. 

glY **.* 

D-ala *.. 

-..-..-..- L-ala *a. ... 
o-aia *.. . .  : 

-.-.-.-.- 
a. . . .  ..... ... . . . . .. ... .. . 

Fig. 1. The CD spectra of the first eluted isomers of 
the mer- [Co (AA) 3 1  . 

and was found to have four waters of crystallization from 

the x-ray analysis.(E) 

RESULTS AND DISCUSSION 

- Chromatographic Behavior and Absolute Configuration 

Figure 1 shows the CD spectra of the first eluted isomers 

( diastereomers or enantiomers ) of four rner-[C~(AA)~l in 

the present chromatographic runs where the chiral selector was 

held in the stationary phase. 

eluted diastereomer of mer-[C~(L-ala)~] proved to be identical 

with that of A-mer- [Co(L-ala) 3 ]  ( 7 )  whose absolute configuration 

had been established by Drew et a1.(9) The spectrum of the first 

eluted diastereomer of mer-[C~(D-ala)~] proved to be similar in 

shape and opposite in sign to that of 

The CD spectrum of the first 

A-mer-[Co(L-ala)-,l 
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MERIDIONAL TRIS(AMINOACIDATO)COBALT(III) HOMOCHELATES 519 

reported by Denning and Piper(7) and confirmed by Herak et 

al.(10) , so that the absolute configuration of this isomer can 
be assigned also to A .  

The spectrum of the first eluted isomer of mer-[Co(gly)3] 

shows a big similarity to those of the above two complexes. 

Thus, it can also be assigned to A .  Since the first eluted 

isomer of ner-[Co(B-ala) 1 shows a CD spectrum considerably 

different from other three spectra, its absolute configiura- 

tion can not be determined from the CD spectral pattern. 

However, its absolute configuration could be determined as A ,  

because the absolute configuration of the second eluted enantio- 

mer proved to be A by x-ray crystal structure analysis as shown 

in Figure 2.(8) Therefore, it is concluded that the A isomer is 

eluted first in the four mer-[Co(AA)31 complexes, that is, the 

A isomer is retained more firmly by the stationary phase than 

the A .  In other words, the A isomer is favored more by 

3 

[Sb2d-tart2] 2- . 
Chromatographic Behavior and Chiral Discrimination 

Above conclusion is in conflict with the prediction by the 

L-J model.(11) According to the L-J model, the A isomer having 

L-shaped channels should be favored more by the [Sb2d-tart2] 2- 

anion. A new association model for chiral discrimination should 

be constructed in the present neridional complexes. A precise 

measurement of retention volumes might provide some clue to find 

out the association model for chiral discrimination. Since 

separation of the two isomers of each mer-[C~(AA)~l chelates was 

so small that the precise value of the retention volume for each 

of the two isomers could not be measured in the chromatographic 

run of the diastereomeric or enantiomeric mixtures of these mer- 

[CO(AA)~]. Thus, individual isomers were separated in advance 
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580 YONEDA ET AL. 

Fig .  2.  The a b s o l u t e  conf igu ra t ion  of t h e  second e l u t e d  
enantiomer of m e r -  [Co(B-ala) 3~ ( (+) ::' f o r  A 1 .  

and used t o  measure t h e i r  r e t e n t i o n  volumes. The s e p a r a t i o n  

f a c t o r s  f o r  fou r  k inds  o f  enant iomer ic  p a i r s  were c a l c u l a t e d  by 

combining t h e s e  r e t e n t i o n  volumes. 

In  Table 1 a r e  l i s t e d  va lues  of t h e  r e t e n t i o n  volumes and 

t h e  sepa ra t ion  f a c t o r s  f o r  t h e  fou r  enant iomer ic  p a i r s  of m e r -  

[ C O ( A A ) ~ ] .  From t h i s  T a b l e ,  t w o  noteworthy p o i n t s  can be  drawn: 

(1) The s e p a r a t i o n  f a c t o r s  f o r  t h e  enant iomer ic  p a i r s  of t h e  g l y  

and B-ala complexes are almost equal  (1.138 and 1.175 r e s p e c t i -  

v e l y ) .  (2) As t o  t h e  s e p a r a t i o n  f a c t o r s  f o r  t w o  enant iomer ic  

p a i r s  of t he  D- and L-ala complexes, t h e  va lue  i s  1.512 f o r  t h e  

(A-D...A-L) p a i r  and 1.089 f o r  t h e  (A-L ... A-D) p a i r .  The former 

va lue  i s  much l a r g e r  than  those  f o r  t h e  g l y  and B-ala cases, 

which sugges t s  a b i g  i n f l u e n c e  of t h e  CH3 group on c h i r a l  

d i sc r imina t ion  i n  t h e  (A-D...A-L) p a i r .  On t h e  c o n t r a r y ,  t h e  
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l a t t e r  va lue  i s  nea r  t o  those  f o r  t h e  g l y  and B-ala c a s e s ,  which 

sugges t s  t h a t  t he  e x i s t e n c e  of t h e  CH3 group has  almost no 

in f luence  on c h i r a l  d i sc r imina t ion  i n  t h e  (A-L.. .A-D) p a i r .  

Based on t h e s e  p o i n t s ,  t h e  a s s o c i a t i o n  mode e f f e c t i v e  i n  c h i r a l  

d i sc r imina t ion  by t h e  [Sb2d- t a r t2 ]  2- can be deduced. 

From t h e  pure e l e c t r o s t a t i c  p o i n t  of view, t h e  most 

probable d i r e c t i o n  of access  toward mer-[Co(AA) 3] f o r  t h e  c h i r a l  

s e l e c t o r  anion i s  cons idered  t o  be t h e  d i r e c t i o n  i n d i c a t e d  by 

arrow 0 i n  F ig .  3 .  The anion coming a long  t h i s  d i r e c t i o n  should  

r ece ive  t h e  l e a s t  e l e c t r o s t a t i c  r epu l s ion  from t h e  nega t ive  

charges of t h e  t h r e e  mer id iona l ly  a r ranged  oxygen atoms. 

However, t h e  anion coming a long  t h i s  d i r e c t i o n  can n o t  d i scr im-  

i n a t e  t h e  c h i r a l i t y  o f  t h e  complex because it a s s o c i a t e s  w i th  t h e  

complex by one-point attachment a t  t h e  N a t o m .  I n  o t h e r  words, 

t h e  anion can g e t  i n  con tac t  w i th  t h e  complex a t  on ly  one of i t s  

t h r e e  c h e l a t e  r i n g s .  The anion can n o t  recognize  t h e  configu- 

r a t i o n  o f  t h e  two remote c h e l a t e  r i n g s  i n  such an a s s o c i a t i o n .  
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Fig. 3 .  The most probable  d i r e c t i o n  of access towards 
mer- [Co(AA) 3]. 

Since  c h i r a l  d i s c r i m i n a t i o n  does t a k e  p l a c e  i n  t h e  p re sen t  c a s e s ,  

it is  q u i t e  reasonable  t o  imagine t h a t  t h e  an ion  approaches t h e  

complex along e i t h e r  one of t h e  two d i r e c t i o n s  i n d i c a t e d  by 

arrows 1 and 2 i n  F ig .  3 .  Here, t h e  a s s o c i a t i o n  t a k e s  p l a c e  i n  

such a way t h a t  t h e  anion g e t s  i n  c o n t a c t  w i th  t h e  complex a t  

e i t h e r  one of t h e  two edges of t h e  oc tahedron ,  Nn- N and Ne- T I s .  

Both approaches allow t h e  anion t o  touch t w o  c h e l a t e  r i n g s  of t h e  

complex so t h a t  t h e  an ion  can recognize  t h e  a b s o l u t e  conf igura-  

t i o n  of t h e  complex. The c h a r a c t e r i s t i c  f e a t u r e s  of t h e s e  two 

a s s o c i a t i o n  modes 1 and 2 can be seen  i n  t h e  two s t r u c t u r e s  of 

m e r - [ ~ o ( L - a l a ) ~ ] ,  viewed a long  t h e  t w o  d i r e c t i o n s ,  1 and 2 ,  a s  

shown i n  F ig .  4a and 4b.(10) The schemat ic  i l l u s t r a t i o n s  o f  

these f i g u r e s  wi th  t h e i r  enantiomers are shown i n  F ig .  5a(A-L and A 

-D) and t h e i r  diastereomeric p a i r s  are a l s o  shown i n  F ig .  5 b ( ~ - D  

e 
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Fig .  

A - L-ala - A -  -“L 11 mode m 

4a. S t r u c t u r e  of A - m e r -  [Co(L-ala)  I viewed a long  
3 

t h e  d i r e c t i o n  1. 

583 

Fig .  4b. S t r u c t u r e  of A-mer-[Co(L-ala) 1 viewed a l o n g  
3 

t h e  d i r e c t i o n  2 .  
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A - D  
N, mode1 

0 -@ 
A - D  

0 a. 
NS 

A - L  
mode 1 

A - L  
mode 2 

Fig .  5b. Schematic r e p r e s e n t a t i o n  of t h e  s t r u c t u r e  of 
A-mer-[Co(D-ala)3] and i t s  enantiomer viewed 
along t h e  d i r e c t i o n s  1 and 2 .  

and A-L). The corresponding a s s o c i a t i o n  modes i n  m e r - [ C o ( ~ - a l a )  ] 

a r e  shown i n  Fig.  6 .  
3 

A s  i s  c l e a r l y  seen  i n  F ig .  5a ,  t h e  CH3 group i n  A-D and A-L 

a r e  p r o j e c t i n g  toward t h e  approaching anion i n  mode 1 and 

p r o j e c t i n g  backward from t h e  approaching an ion  i n  mode 2 .  S ince  

t h e  s e p a r a t i o n  f a c t o r  of t h i s  p a i r  is 1.512 which is  much l a r g e r  

than  t h e  s e p a r a t i o n  f a c t o r s  1.138 and 1.175 of t h e  cor responding  

g ly  and % - a h  complex p a i r s ,  t h e  e f f e c t  of t h e  CH3 group i s  

ev iden t .  Therefore ,  it can be  presumed t h a t  t h e  a s s o c i a t i o n  
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A - 0  
Nn mode 1 

A - 0  A - 0  

Fig. 6. Schematic representation of the structure of 

3 A-mer-[Co(%-ala) ] and its enantioner viewed 
along the directions 1 and 2. 

mode 1 is predominant. If the association mode 2 were predomi- 

nant, the CH3 groups stretching backward from the associating 

[SbZd-tart21 2- anion could have no significant effect on chiral 

discrimination, so that the separation factor should be quite 

close to those for mer- [Co(gly) 1 and mer- [Co(B-ala) 3 1 .  3 
On the contrary, the separation factor for the (A-L,A-D) 

pair in mer-[Co(a-ala) I is 1.089 which is fairly close to the 

separation factors 1.138 and 1.175 for the corresponding gly and 

6-ala complex pairs. Thus, it can be presumed that the associa- 

tion mode 1 is also predominant here, because the CH group is 

3 

3 
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projecting backward from the associating anion and has no 

significant effect on the association mode as shown in Fig 5b. 

If the association mode 2 were predominant, the separation 

factor would differ largely from those of the gly and 6-ala 

complexes, because two CH3 groups are projecting toward the 

approaching anion. 

Thus, we can conclude that the association mode 1 is most 

effective in chiral discrimination in mer-[Co(a-ala) I and 
[ Sb2d- tart2 I 2-system. 

3 

Chromatographic Behavior of cis-mer-[Co(edda) (AA) ]  

In the above reasoning, we can not decide which association 

mode, 1 or 2 ,  is actually effective on chiral discrimination of 

mer- [Co(gly) 3] and mer-[Co(B-ala) 31 because these complexes have 

no CH3 group in their chelate rings. To decide this point, the 

chromatographic behaviors of two types of geometric isomers( 

sym- and unsym- ) cis-mer- [Co(edda) (gly) I and cis-mer-[Co(edda) 

(6-ala)I have been investigated.(l2) As shown in Fig. 7 ,  

these symmetric and unsymmetric isomers are presumed to accept 

the oncoming anion only through either one of the two association 

modes 1 and 2 ,  because the ethylene bridge of the edda ligand 

blocks either one of the two edges Nn-Ne and Ne-Ns of the 

octahedron in Fig. 3 .  

The retention volumes of the enantiomers and their ratios 

(separation factors) are listed in Table 2 .  All first eluted 

complexes are estimated to have a A-configuration from these 

CD spectral patterns. There are, however, no difference in the 

retention volumes and in the separation factors practically 

between the symmetric and the unsymmetric complexes. Therefore, 

we can estimate that the two association modes 1 and 2 are 

equally effective on the chiral discrimination in mer-[C~(gly)~I 
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s-cis-mer- [Co ( e d d a )  ( g l y )  ] 
u-cis-mer- [Co ( e d d a )  ( g l y )  I 
s-cis-mer- [Co ( e d d a )  (B-ala) 
u-cis-mer- [Co ( e d d a )  (B-ala) 
_____________-_----------- 

55.6 
5 6 . 1  
47.9 
45.1 

------ 
a )  A column of a = 1 . 0  c m  was f i l l e d  w i t h  a 82.5 c m  l e n g t h  o f  

The QAE-Sephadex A-25 t r e a t e d  w i t h  0.1M of K 2 [ S b 2 d - t a r t 2 ] .  
e l u t i o n  w a s  done w i t h  water a t  a f l o w - r a t e  7 .8  x 10-2ml/min. 

b )  A b s o l u t e  c o n f i g u r a t i o n  estimated from t h e  CD p a t t e r n . ( l 2 )  
( edda  = ethylenediamine-N,N'-diacetato(2-) a n i o n .  ) 

and mer-[Co(g-ala)  3] w i t h  u s i n g  [ S b 2 d - t a r t 2 ] 2 -  a s  a c h i r a l  

selector. 
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