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SEPARATION OF ISOMERS OF COBALT(III) COMPLEXES BY LIQUID 
CHROMATOGRAPHY ON A COLUMN PACKED WITH A 

CLAY, RUTHENIUM(II) COMPLEX A D D U C T  
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We have recently initiated the method of  chromato- 
graphic resolution on a clay modified with an optically 
active metal chelate (Yamagishi, 1985). The method 
was based on the finding that a racemic mixture of  
tris(1,10-phenanthroline)iron(II), [Fe(phen)3] 1+, was 
adsorbed in excess o f  two times the cation exchange 
capacity (CEC) of  a clay while the enantiomer of  the 
same chelate was adsorbed within the CEC (Yama- 
gishi, 1981). The results indicate that a racemic mix- 
ture of  [Fe(phen)3] 2+ is adsorbed as a racemic pair, 
while the enantiomer of  the same chelate is adsorbed 
in molecular units. These facts suggest that the surface 
of  a clay modified with an optically active chelate is 
able to recognize the chirality of  a molecule. 

The above finding led to a column packed with an 
adduct of  a clay and optically active [Ru(phen)3] 2+ be- 
ing used for liquid column chromatography. As a re- 
sult, the material has revealed high capability in re- 
solving a number of  organic and inorganic racemic 
compounds (Nakamura, 1988). When the adducts of  
other kinds o f  ion-exchangers such as ion-exchange 
resins are used for the same purpose, quite low reso- 
lution is attained (Yamagishi, 1987). In this respect, a 
clay provides a unique material for recognizing the 
chirality of  a molecule. 

It is, however, unclear how a resolved molecule in- 
teracts with an optically active chelate. In the present 
study, the isomer separation of  a neutral complex, 
[Co(acac)2(aa)] (acac = acetylacetonato; aa = amino 
acidato), has been studied on a clay column modified 
with optically active [Ru(phen)3] 2§ Twelve complexes 
were synthesized and their chromatographic behaviors 
were compared under the same conditions. If  selectiv- 
ity depends on the subtle variation in the structures of  
the molecules, the results may provide clues to under- 
standing the resolution mechanisms. 

[Co(acac)2(aa)] was synthesized according to the 
method of  Laurie (1968). The crude product was pu- 
rified by eluting on an alumina column. The final prod- 
uct was identified by the elemental analyses, NMR,  IR, 
UV, and circular dichroism spectra. A cation exchange 
resin was used as purchased (Diaion SK # l, Mitsubishi 
Kasei Ind. Co., Japan). 

To prepare a column, 1.5 g of  spherically shaped 
synthetic hectorite was dispersed in ethanol (Naka- 
mura, 1988). An amount  of  lambda-[Ru(phen)3]C12 
equivalent to the CEC was added to it. After centri- 
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fuging the suspension, about 90% of  the chelate was 
adsorbed by hectorite. The resultant clay-chelate ad- 
duct was packed into a stainless steel tube (50 mm x 
4.0 m m  (i.d.)) under pressure. An adduct of  the same 
chelate with a cation exchange resin was prepared in 
the same way. In this case, about 50% of  lambda- 
[Ru(phen)3]C12 was adsorbed by the resin. The adduct 
was packed into a glass tube (30 m m  x 6.0 mm (i.d.)) 
as a slurry at atmospheric pressure. 

Chromatographic separation was performed at room 
temperature using ethanol as a solvent. About 10 -6 

mole of  Co(III) complex was mounted on the column 
and eluted with ethanol at the flow rate of  0.2-1.0 mL/ 
min. The elution of  a molecule was monitored by the 
absorbance change at 350 nm. No elution of  the Ru(II) 
chelate was observed for a clay column. For the column 
of  an ion-exchange resin, the Ru(II) chelate was eluted 
continuously. Therefore, the eluted fractions were an- 
alyzed after removing the Ru(II) chelate by passing 
through a new cation-exchange resin. 

Table 1 summarizes the chromatographic results. 
The selectivity depends on the structure of  the coor- 
dinated amino acid. For aa = glycinato and alaninato, 
the delta-isomer shows the higher affinity towards the 
column. For aa = valinato, both isomers have equal 
affinity. For aa = leucinato and asparaginato, the lamb- 
da-isomer shows the higher affinity. For the alaninato 
complexes,  delta-[Co(acac)2(L-alaninato)] is eluted 
faster than delta-[Co(acac)2(D-alaninato)]. Thus the 
absolute configuration of  the coordinated alaninato 
molecule has a definite effect on the retention volume. 
For the chelates o f  other kinds of  amino acids, the 
absolute configuration of  a coordinate amino acid shows 
little effect on the elution behaviors. 

In order to clarify the role of  a clay, the resolution 
of  [Co(acac)2(glycinato)] was attempted on a column 
packed with an ion-exchange adduct of  a cation-ex- 
change resin with lambda-[Ru(phen)3]Cl2. In this case, 
the eluted solution of  [Co(acac)2(glycinato)] has no op- 
tical activity. Thus the column is unable to separate 
the isomers of  this chelate. 

X-ray diffraction patterns were recorded for: (1) a 
powder sample of  a clay-lambda-[Ru(phen)3] 2+ a d d u c t  
after being soaked in ethanol for one week, (2) a powder 
of  the same adduct after being soaked in an ethanol 
solution with 1 mM of  [Co(acac)2(glycinato)] for one 
week, and (3) a powder of  the same adduct after being 
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Table 1. Effect of a co-ordinated amino acid (aa) on the steroselectivity of [Co(acac)2(aa)]. 

A m i n o  acid (aa) S ide  chain  Retention vo lume  (V~) ml  Retent ion v o l u m e  (V2) m l  Separa t ion  factor (a) '  

D,L-glycine -H 4.6 (A) 7.2 (A) 1.6 
D , L - a l a n i n e  - C H  3 2.6 (A) 3.3 (A) 1.3 
D-alanine 2.6 (A) 4.0 (A) 1.6 
L-alanine 2.4 (A) 3.0 (A) 1.3 
D,L-valine - C H ( C H 3 )  ~ 1.3 (A) 1.3 (A) 1 
D-valine 1.2 1.2 1 
L-valine 1.2 1.2 1 
D,L-leucine -CH2CH(CH3)2 1.1 (A) 1.1 (A) 1 
D-leucine 1.0 (A) 1.2 (A) 1.2 
L-leucine 1.1 (A) 1.2 (A) 1.2 
L-asparagine -CH2CONH2 2.8 (A) 3.6 (A) 1.3 
Acetyl acetone OC(CH3)CHCO(CH3) 0.56 (A) 0.86 (A) 2.4 

Separation factor is defined as 

a = (V2 - VD)/(V~ - VD) VD = 0.34 ml 

in which VD is the dead volume of the column. 

soaked  in a n  e thano l  so lu t ion  o f  I m M  wi th  [Co(acac)3] 
for  one  week.  T h e  basal  spacings  o f  these  th ree  samples  
are  ident ica l ,  17.8 /~, w i t h i n  the  e x p e r i m e n t a l  error .  
Fo r  s amp le s  (2) a n d  (3), no  m e a s u r a b l e  up take  o f  
[Co(acac)2(glycinato)] or  [Co(acac)3] by  a clay is ob -  
served,  respect ively.  T h e  Ru(II )  che la te  is in te rca la ted  
in the  clay layers  bu t  the  coba l t ( I l l )  che la tes  are no t  
in t e rca la t ed  e i the r  for  a clay or  a clay-[Ru(phen)3]  2' 
adduc t .  

T h e  b i n d i n g  energy,  E, o f  [Co(acac)2(glycinato)] wi th  
the  a d d u c t  o f  a clay a n d  l ambda- [Ru(phen)3 ]  2. was  cal- 
cu la ted  by  a p rocedu re  desc r ibed  in Sato et aL (1991).  
T h e  i n t e r m e d i a t e  c o m p l e x  b e t w e e n  l a m b d a -  
[Ru(phen)3] v a n d  [Co(acac)2(glycinato)] was a s s u m e d  
to h a v e  f o r m e d  on  an  ex te rna l  surface o f  the  clay. Sec- 
ondly ,  a b o u n d  [Ru(phen)3] 2+ molecu le  was a s s u m e d  
to be  a d s o r b e d  on  a clay surface wi th  its th ree- fo ld  
s y m m e t r y  axis  p e r p e n d i c u l a r  to  the  surface (Tan iguch i  
et aL, 1991). W h e n  [Ru(phen)3] 2+ is a d s o r b e d  to 100% 
o f  CEC,  one  chela te  occupies  a b o u t  2 0 0 / ~ 2  pe r  mol -  
ecule. T h u s  the re  exists  e n o u g h  r o o m  for the  a d s o r p t i o n  
o f  a C o ( I l l )  c h e l a t e  b e t w e e n  t h e  p r e - a d s o r b e d  
[Ru(phen)3] 2. molecules .  

T w o  k inds  o f  s tacking  m o d e l s  were a s sumed :  (A) the  
Co( I l l )  che la te  is loca ted  a b o v e  the  Ru(II )  chela te  a n d  
(B) the  Co(II1) chela te  is loca ted  by  the  side o f  the  Ru(II)  
chelate .  F o r  b o t h  mode ls ,  the  d i s t ance  be tween  the  
Co( I l l )  a t o m  a n d  the  Ru(II )  a t o m  is fixed at  8 /k .  Th i s  
length  is c h o s e n  because  the  two complexes  fo rm a 

close assoc ia t ion  w i t h o u t  s ter ic  in te r fe rence  at  th i s  dis-  
tance.  T h e  ro t a t i on  angle  o f  the  Co(III )  che la te  a r o u n d  
the  th ree - fo ld  s y m m e t r y  axis  is chosen  so t ha t  the  b ind -  
ing energy is m i n i m a l .  

T h e  b i n d i n g  energies  for  two i somer s  for  each  s tack-  
ing m o d e l  are c o m p a r e d  in Tab le  2. T h e  l a m b d a  i s o m e r  
o f  [Co(acac)2(glycinato)] has  lower  b i n d i n g  energy t h a n  
the  de l ta  i s o m e r  for  the  A-s t ack ing  mode l .  To  the  con-  
trary, the  del ta  i somer  o f  [Co(acac)2(glycinato)] has  lower 
b i n d i n g  energy t h a n  the  l a m b d a  i s o m e r  for the  B-stack-  
ing mode l .  T h e  i n t e r m e d i a t e  o f  Co(acac)2(glycinato)] 
a n d  [Ru(phen)a]  v a s sumes  the  B-s t ruc tu re  (s ide-by-  
side). T h i s  is because  the  del ta  i s o m e r  shows a h igher  
affinity t owards  the  c o l u m n  t h a n  the  l a m b d a  i s o m e r  
(Tab le  2). T h e  ca lcu la t ion  resul t s  do  no t  expla in  why  
the  i n t e r m e d i a t e  does  no t  take the  A-s t ruc tu re  e v e n  
t h o u g h  it has  m o r e  nega t ive  b i n d i n g  energy t h a n  the  
B-s t ruc ture .  O n e  reason  for  th is  is t ha t  the  ca lcu la t ion  
does  no t  inc lude  the  effect o f  so lven t  molecules .  

For  the  p resen t  co lumn ,  the  s epa ra t i on  o f  the  i somers  
is a c c o m p l i s h e d  by the  i n t e r m o l e c u l a r  s tacking in ter -  
ac t ions  be tween  the  coba l t  che la te  a n d  the  p re -ad-  
so rbed  l ambda- [Ru(phen)3 ]  v .  T h e  p resen t  o b s e r v a t i o n  
o f  the  a m i n o  ac id  effects on  the  sepa ra t ion  se lec t iv i ty  
of[Co(acac)2(aa)]  i somers  (Tab le  l )  gives us an  example  
t ha t  the  s tabi l i ty  o f  a s tacking  i n t e r m e d i a t e  is affected 
dras t ica l ly  by  the  s t ruc ture  o f  a l igand molecule .  T h e  
m o d e l  c a l c u l a t i o n  o f  t h e  i n t e r a c t i o n  e n e r g y  o f  
[Co(acac)2(glycinato)] wi th  a p r e - a d s o r b e d  l a m b d a -  

Table2.  Calculated energy of [Co(acac)dglycinato)] with an adduct of a clay and lambda-[Ru(phen)3] 2+. 

Interaction energy Interaction energy Tota l  energy 
with a clay (E~) with  Ru-chelate  (E,) (Et + E_,) 

Conf igura t ion  o f  co-chelate Stacking m o d e  t /kJ  mole  ' /kJ  mole  ' /kJ  mole  ' 

Lambda-isomer A - 70.5 - 58.7 - 129.2 
Lambda-isomer B - 139.0 + 146.0 + 7.0 
Delta-isomer A - 77.0 - 32.8 - 44.2 
Delta-isomer B - 145.7 + 116.6 -29.1  

A = stacked, B = side-by-side. The distance between Co(III) and Ru(II) is taken to be 8 A. 



Vol. 40, No. 3, 1992 Isomers of cobalt(III) complexes 361 

[Ru(phen)3] 2+ on  a clay suppor t s  t ha t  the  in t e rac t ions  
be tween  these  chela tes  take  place in the  s tereose lec t ive  
m a n n e r s .  T h e  role o f  a si l icate surface in the  f o r m a t i o n  
o f  such a s tacking  i n t e r m e d i a t e  is ce r ta in  to  exist  be-  
cause  a n  i on -exchange  a d d u c t  o f  [Ru(phen)3] z+ a n d  a 
c a t i o n  e x c h a n g e  r e s i n  is u n a b l e  to  r e s o l v e  
[Co(acac) 2(glycinato)]. 

Ru(II )  che la tes  are a d s o r b e d  at  h igher  dens i ty  on  a 
clay surface t h a n  on  a ca t i on -exchange  resin.  M o r e o v e r  
the  chela tes  are o r i en t ed  in the  s ame  d i rec t ion  on  a 
clay surface. T h u s  a reso lved  molecu le  has  a poss ib i l i ty  
to  in te rac t  wi th  m o r e  t h a n  one  Ru(II )  chela te  s imul -  
taneous ly .  Chi ra l i ty  r ecogn i t ion  o f  a n  a d s o r b e d  mo l -  
ecule m a y  be e n h a n c e d  u n d e r  such  s i tua t ions .  
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