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AB ST RACT 

Methods f o r  t h e  r a p i d  a n a l y s i s  o f  amino a c i d  c o b a l t  (111) 
b is (e thy1ened iamine)  complexes by reversed phase h i g h  per fo rm-  
ance l i q u i d  chroniatography (HPLC) a r e  descr ibed w i t h  mob i l e  
phases c o n t a i n i n g  t h e  p a i r i n g  ions ,  p - to luenesu lphonate  and 
hexanesulphonate. Under these c o n d i t i o n s  , t h e  amino a c i d  
c o b a l t  (111) b is (e thy1ened iamine)  complexes e l u t e  i n  o rde r  o f  
t h e  r e l a t i v e  h y d r o p h o b i c i t i e s  of t h e  pa ren t  amino ac ids  wh ich  
suggests t h a t  t h e  amino a c i d  s i d e  cha in  makes a s i g n i f i c a n t  
c o n t r i b u t i o n  t o  t h e  r e t e n t i o n  mechanism. 
l oad ings ,  these complexes shows a concen t ra t i on  dependent 
peak s p l i t t i n g  e f f e c t  d i v e r g e n t  t o  t h a t  no rma l l y  exper ienced 
w i t h  inadequate b u f f e r i n g  c a p a c i t y  o f  t h e  p a i r i n g  i o n  reagent .  

A t  h i g h  sample 

INTRODUCTION 

Over t h e  l a s t  severa l  years ,  reversed phase h i g h  perform- 
ance l i q u i d  chromatography (HPLC) has become e s t a b l i s h e d  as a 

power fu l  techn ique f o r  t h e  r a p i d  separa t i on  and a n a l y s i s  o f  

amino ac ids  and pept ides .  A f e a t u r e  o f  these advances has been 
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690 B U C K I N G W  ET AL. 

the  development of a var ie ty  of novel e lu t ion  systems which 
allow adequate control over s e l e c t i v i t y  and column e f f i c i enc ie s  

f o r  the separat ion of these polar  amphoteric so lu t e s  on 
micropart iculate  chemical ly-bonded hydrocarbonaceous s i l i c a s .  
Our previous experiences [I-31 with these techniques has now 
led us t o  inves t iga te  the  appl icat ion of s imi la r  methods as  
a means of separat ing and ident i fying charged metal complexes 
of the c lass ica l  'Werner' type,  pa r t i cu la r ly  as  they apply t o  
the  monitoring o f  cobal t  (111)-induced synthesis  of small 
peptides [ 4 1 .  Charged metal complexes of t h i s  type have 
conventionally been separated by ion-exchange or th in  layer  
chromatographic methods [ 5 - 7 1 .  I t  was an t ic ipa ted  t h a t  the 
reversed phase H P L C  techniques would allow considerably 
shor te r  analysis  t imes,  improved resolut ion and exce l len t  
reproducibi l i ty  i f  su i t ab le  e lu t ion  systems, pa r t i cu la r ly  
those which could explo i t  pair ing ion in te rac t ions  between 
the metal complexes and components in  the  mobile phase, 
could be developed. In t h i s  paper we w i s h  t o  described 
the separation of a s e r i e s  of amino acid Co(II1) b i s  (ethylene- 
diamine) complexes, [CO ( e n )  2 ~ ~ ] ~  under such condi t ions.  

2'  

MATERIALS AND METHODS 

All solvents  were AnalaR grade and purif ied as reported 
e a r l i e r  [ a ] .  Orthophosphoric acid was from May and  Baker L t d . ,  
p-toluenesulphonic acid was from B D H ,  sodium hexanesulphonate 
was prepared according t o  pub1 ished procedures [ 9 ] .  Water 
was de-ionised by reverse osmosis and d i s t i l l e d .  
(ethylenediamine) cobal t  (111) chelates  o f  the  amino acids  
were prepared by establ ished methods and the  individual 
diaster iomeric  pa i r s  i so la ted  and resolved a s  described 
previously [ i o - i 3 1 .  All amino acids  except f o r  glycine were o f  

the S-configuration. 

The bis  
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COBALT (111) B I S  (ETHYLENEDIAMINE) AMINO ACID COMPLEXES 691 

O p t i c a l  r o t a t i o n  measurements were c a r r i e d  o u t  on a 

P e r k i n  Elmer 141 p o l a r i m e t e r  us ing  ldm c e l l s  (+  0.004'). 

A l l  chromatograms were c a r r i e d  o u t  a t  room temperature 

(z. 20') u s i n g  i s o c r a t i c  o r  l i n e a r  g r a d i e n t  e l u t i o n  c o n d i t i o n s  

w i t h  a Waters H igh  Performance L i q u i d  Chromatographic System 

(two M6000A sol vent de l  i very  u n i t s ,  M660 s o l v e n t  programmer, 

U6K u n i v e r s a l  i n j e c t o r )  coupled t o  a M450 v a r i a b l e  wave- 

l e n g t h  U V - v i s i b l e  mon i to r  and a Rikadenki  dual  channel c h a r t  

reco rde r .  
were purchased f rom Waters Assoc ia tes  (N.Z.), Auckland. A l l  
columns were e q u i l i b r a t e d  t o  new s o l v e n t  c o n d i t i o n s ,  o r  

f o l l o w i n g  g r a d i e n t  e l u t i o n  t o  t h e  i n i t i a l  mob i l e  phase cond i -  

t i o n s ,  f o r  a t  l e a s t  30min. Flow r a t e  were ma in ta ined  between 

The pBondapak CI8 columns (lOpm, 30cm x 3.9mm I . D . )  

2.0 and 2.5ml min- ' ,as i n d i c a t e d  i n  t h e  t e x t .  

t h e  c o b a l t  complexes was g e n e r a l l y  a t  480nm; i n  some cases 

d e t e c t i o n  was a l s o  c a r r i e d  o u t  a t  350nm and/or 254nm depending 

on t h e  n a t u r e  o f  t h e  sample and t h e  mob i l e  phase. Sample 

i n j e c t i o n s  were made w i t h  Pressure Lok l i q u i d  sy r inges ,  Se r ies  

B110, f rom P r e c i s i o n  Sampling (Baton Rouge, La., U.S.A.). 

D e t e c t i o n  o f  

RESULTS AND DISCUSSION 

The pseudo-octaHedral b ise thy lened iamine c o b a l t  (111) 

complexes o f  a-amino a c i d  d e r i v a t i v e s  c o n t a i n  c h i r a l  cen t res  

about bo th  t h e  meta l  atom ( A -  o r  A- )  and t h e  a-carbon atom 

o f  t h e  amino a c i d  (R- o r  S - ) .  

complexes e x i s t  as d ias te reo isomers .  I n  o r d e r  t o  s i m p l i f y  

t h e  ana lys i s ,  o n l y  meta l  complexes w i th  amino a c i d s  o f  t he  

S - c o n f i g u r a t i o n  were used, i e .  o n l y  t h e  d i a s t e r e o i s i m e r i c  p a i r s  

A ( S ) ,  A ( S )  (F ig . l a ,b )  were employed. S ince  these meta l  

complexes e x i s t  as c a t i o n i c  2 -p lus  i o n s  i n  s o l u t i o n  ( c o u n t e r i o n  

i s  o f t e n  I - ,  C1- o r  C104-), i t  i s  n o t  s u r p r i s i n g  t h a t  on 
o c t a d e c y l s i l i c a  w i t h  neat  aqueous e l u e n t s  over  a v a r i e t y  o f  pH 

Consequently, these meta l  
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692 BUCKINGHAM ET AL. 

P N  

F igu re  1. 

Two d ias tereo isomers  o f  t h e  c o b a l t  (111) b i se thy lene -  
diamine amino a c i d  complexes. 

c o n d i t i o n s ,  t hey  showed no, o r  l i t t l e ,  r e t e n t i o n ,  i e .  k’ 

values <1. I n  o rde r  t o  o b t a i n  s a t i s f a c t o r y  r e t e n t i o n  and 

s e l e c t i v i t y  recourse  was made t o  t h e  use o f  low concen t ra t i ons ,  

o f  t he  a n i o n i c  p a i r i n g  i ons ,  p - t o l u e n t e  sulphonate and hexane- 

sulphonate.  Wi th  chemica l l y  bonded a l k y l s i l i c a s ,  hydrophobic 

a n i o n i c  reagents o f  t h i s  t ype  a re  known t o  a c t  as surface 

a c t i v e  i ons  as revea led  by F reund l i ch  adso rp t i on  iso therms 

[ z , 8 , 1 4 - 1 6 1 .  The e f f e c t  of these reagents  on amino a c i d  and 
pept ides  r e t e n t i o n  t o  a1 k y l s i l i c a s  has been d iscussed [2,3,81 

i n  terms o f  p a i r i n g  ion:dynamic l i q u i d - l i q u i d  ion-exchange 

i n t e r a c t i o n s  w i t h  bo th  h y p e r b o l i c  and p a r a b o l i c  dependencies 
of  k’ versus p a i r i n g  i o n  c o n c e n t r a t i o n  be ing  ev iden t .  

d i scuss ion  o f  t h i s  concen t ra t i on  dependency, and t h e  manner 
i t  can be used t o  o b t a i n  improved s e l e c t i v i t y  i n  t h e  separa t i on  

o f  a wide range o f  charged C o ( I I 1 )  complexes w i l l  be d e f e r r e d  

t o  l a t e r  ~ 1 7 1 .  

was chosen fo r  most exper iments on t h e  b a s i s  of t h i s  a n a l y s i s .  

complexes A - [ ~ o ( e n ) ~ ~ ~ l  

t h e  Table i l l u s t r a t e s  t h e  e f f e c t  o f  p a i r i n g  i o n  s t r u c t u r e  

A 

I n  t h e  p resen t  s tudy  5mM o f  t h e  p a i r i n g  i o n s  

F igu re  2 shows a t y p i c a l  separa t i on  o f  t h e  amino a c i d  
2+ (AA; g ly ,p ro ,va l  , leu, phe) w h i l s t  
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COBALT (111) B I S  (ETHYLENEDIAMINE) AMINO ACID COMPLEXES 693 

I 2 2  

u 
0 10 20 

time (mins) 

F i g u r e  2. 

Grad ien t  e l u t i o n  p r o f i l e  o f  t h e  A[co(en)  A A I I  complexes 
us ing  5mM p- to luenesu lphonate  as t h e  p a i r i n g  ?on. 2The e l u t i o n  
o rde r  f o r  t h e  complexes was: 1, g l y  ( t R  5.6min); 2, p ro  ( t  
6.8min); 3, v a l  ( t R  8.8min); 4, l e u  ( t R  10.8min); 5, phe f t R  
13.8min). Chromatographic c o n d i t i o n s :  column, uBondapak c18 ; 
f low r a t e ,  2.5ml min-1; temperature,  1 8 O ;  e l u t i o n  c o n d i t i o n s ,  
15min. l i n e a r  g r a d i e n t  f rom 0 t o  100% methanol, c o n t a i n i n g  
5mM p- to luene sulphonate, pH 3.5, sample volume 1 0 ~ 1  c o n t a i n i n g  
367 nmol complexes. 

on r e t e n t i o n .  As can be seen, t h e  e l u t i o n  o r d e r  o f  t h e  

c o b a l t  complexes i s  t h e  same w i t h  b o t h  t h e  p- to luenesu lphonate  
and t h e  hexanesulphonate p a i r i n g  i o n  system, a l t hough  t o  

achieve comparable k’ values a t  a p a i r i n g  i o n  c o n c e n t r a t i o n  

of 5mM, t h e  percentage methanol had t o  be i nc reased  approx- 

i m a t e l y  t e n - f o l d  f rom 2.5% w i t h  t h e  p- to luenesu lphonate  

system t o  24% w i t h  t h e  hexanesulphonate system. S i m i l a r  
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694 BUCKINGHAM ET AL. 

Table 

Cornpari son o f  Capaci ty Fac to rs  f o r  t h e  [co ( e n )  2AAI 
Complexes w i t h  two D i f f e r e n t  P a i r i n g  Ions .  

C o ( I I 1 )  complex 
AA = 

-Gly 

-A la  

-Pro 

- V a l  

5mM P a i r i n g  I o n  

p-To1 uenesul phonate* 

k’ 

1.67 

1.66 

2.11 

4.00 

- 

- 
Hexanesulphonatet 

k’ 

1.67 

1.83 

2.00 

3.56 

- 

* Mobi le  phase: 2.5% methanol-water,  pH 3.5. 

t Mobi le  phase: 24% methanol-water,  pH 3.5. 

e f f e c t s  have been no ted  [2 ,3 ,8 ,181  p r e v i o u s l y  w i t h  pep t ide  

separa t ions  under a v a r i e t y  o f  p a i r i n g  i o n  and o rgan ic  

m o d i f i e r  c o n d i t i o n s .  Compared t o  t r a d i t i o n a l  methods o f  

ana lys i s ,  these HPLC separa t i ons  show e x c e l l e n t  c o n t r o l  over  

s e l e c t i v i t i e s ,  peak shape and s h o r t  e l u t i o n  t imes, eg. t h e  

above f i v e  c o b a l t  (111) complexes cou ld  a l l  be e l u t e d  rep ro -  

d u c i b l y  w i t h i n  15min o f  i n j e c t i o n .  The e l u t i o n  o r d e r  o f  these 

charged metal  complexes, eg. k’ Gly<Pro<Val<Leu<Phe, which i s  

t h e  same as t h a t  observed [19 ,20 ]  f o r  t h e  f r e e  amino ac ids  

when chromatographed on a1 k y l s i l  i c a s  and s i m i l a r  t o  t h a t  

found ~211 f o r  these complexes when separated by p a r t i t i o n  

chromatography on c e l l u l o s e ,  c l e a r l y  i n d i c a t e s  t h a t  t h e r e  i s  a 
p r e f e r r e d  o r i e n t a t i o n  o f  t h e  charged complex w i t h  rega rd  t o  t h e  
hydrocarbonaceous s t a t i o n a r y  phase, such t h a t  t h e  amino a c i d  

s i d e  cha in  p a r t i c i p a t e s  s i g n i f i c a n t l y  i n  t h e  r e t e n t i o n  mechanism. 
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COBALT (111) B I S  (ETHYLENEDIAMINE) AMINO A C I D  COMPLEXES 695 

T h i s  fea tu re  can be e x p l o i t e d  f o r  t he  s e p a r a t i o n  o f  A-S and 

A-S o r  A-R and A-R d i a s t e r e o i s o m e r i c  m i x t u r e s  [ 1 7 1 .  As a n t i c i -  

pa ted  t h e  n a t u r e  o f  t h e  c o b a l t  complex s a l t  c o u n t e r i o n ,  

[ c o ( ~ ~ ) ~ A A ] x ~  x = i o d i d e ,  c h l o r i d e ,  p e r c h l o r a t e ,  d i d  n o t  

a f f e c t  t h e  r e s o l u t i o n .  

Dur ing  t h e  course o f  these s t u d i e s ,  we observed an 

unusual chromatographic e f f e c t  wh ich  is dependent on t h e  

a s s o c i a t i o n  o f  two ( o r  more) d i f f e r e n t  c a t i o n i c  spec ies  and 

i s  d i s t i n g u i s h e d  f rom r e l a t e d  phenomena n o r m a l l y  exper ienced 

w i t h  d i s t r i b u t i o n  c o e f f i c i e n t  p e r t u r b a t i o n  a r i s i n g  f rom an 

inadequate b u f f e r i n g  c a p a c i t y  of t h e  p a i r i n g  i o n  reagent .  

F i g u r e  3 summarises these obse rva t i ons .  

i o n  c o n d i t i o n s  b u t  i n c r e a s i n g  sample l o a d i n g  o f  two charged 

c o b a l t  complexes, eg. t h e  A-Gly and A-Pro complexes, each 

component peak was p r o g r e s s i v e l y  s p l i t  i n t o  two ( F i g .  3a-d) .  

T h i s  peak s p l i t t i n g  c o u l d  a l s o  be ach ieved by l o w e r i n g  t h e  

p a i r i n g  i o n  c o n c e n t r a t i o n  a t  f i x e d  s o l u t e  c o n c e n t r a t i o n  b u t  

was c l e a r l y  d i s t i n g u i s h e d  f rom conven t iona l  ' o v e r l o a d i n g '  

phenomena when t h e  b u f f e r  c a p a c i t y  o f  t h e  p a i r i n g  i o n  i s  

inadequate by i n c r e a s i n g  l oad ings  o f  o n l y  one coba l t -amino 

a c i d  complex, eg. A-Gly complex. I n  t h i s  case t h e  development 

o f  a broad asymmetic p rev iew  peak, p reced ing  a sharper  peak 

and t y p i c a l  o f  conven t iona l  o v e r l o a d i n g  e f f e c t s  [22-241 was 

observed. Furthermore t h e a c h i r a l  complexes such as 

[CO(NH~)~X] , x = CH3C02-, C2H5C02-, showed a s i m i l a r  peak 

s p l i t t i n g  e f f e c t  as t h e  sample l o a d i n g  was increased.  

That t h i s  s p l i t t i n g  e f f e c t  must i n v o l v e  an i n t e r a c t i o n  

between two (or more) complex i ons ,  t h e  p a i r i n g  i o n ,  and t h e  

s t a t i o n a r y  phase was demonstrated by t h e  f o l l o w i n g  exper iments .  

F i r s t l y ,  t h e  A-G'iy complex was loaded on to  t h e  column f o l l o w i n g  

t h e  A-Val complex a f t e r  a 10 second d e l a y  and 30 second d e l a y  

( F i g .  4a,b). 

were c o i n j e c t e d  o r  when t h e  A-Gly was i n j e c t e d  w i t h i n  10 seconds 

A t  c o n s t a n t  p a i r i n g  

2+ 

Peak s p l i t t i n g  was e v i d e n t  when b o t h  complexes 
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3 1  

I 

0 0 0 0 
time (mlns) 

3 

0 0 0 
time (minsl 

F i g u r e  3. 

E f f e c t  o f  i n c r e a s i n g  sample l oad  w i t h  m ix tu res  o f  t h e  
[Co(en) AAI complexes, AA = Gly ( I )  and Pro (11) ,  (a -d)  and 
t h e  i n d f v i d u a l  complex [co (en) 2 G l y ]  ( e -g ) .  Chromatographic 
c o n d i t i o n s :  column, pBondapak c18; f l o w  r a t e ,  2.01111 min-1; 
temperature No; mob i le  phase, 2.5% methanol-water-5mM p- to luene-  
sulphonate,  pH 3.5; sample concen t ra t i ons :  ( a - d ) M c o ( e n )  2~lyl 
complex 438nmol i n  301.11 p l u s  A - [ ~ o ( e n ) 2 ~ r o ]  complex a t  ( a )  270 
nmol i n  51.11, ( b )  1080nmol i n  2 0 ~ 1 ,  ( c )  1620nmol i n  301.11 ( d )  
2160nmol i n  401.11 c o n c e n t r a t i o n  and (e-g) h- [co ( e n ) ~ G l y I  complex 
a lone a t  ( e )  591nmol i n  3 0 ~ 1 ,  ( f )  1182nmol i n  601.11 and ( 9 )  1970 
nrnol i n  1 0 0 ~ 1  concen t ra t i on .  
g i ven  i n  minutes. 

The t R S  f o r  t h e  peak maxima a r e  
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Figure 4. 

E l u t i o n  p r o f i l e s  obta ined by (a )  loading the h[Co(er~)~Gly] 
complex (1 )  10 seconds a f t e r  the A[Co(en)  vai l  complex (2 )  and 
(b) loading t h e  A-[co(en) ~ i y l  complex ( l j  30 seconds a f t e r  the 
A- Ico ( e r ~ ) ~ v a l l  complex (27  Chromatographic cond i t i ons  as f o r  
F ig .3.  

4 

Ibl 

I I I I  I I 
0 8 1 6 0  8 16 

tirneImin8 

i 

5 

L I I I I 
I 6 B 12 16 

d Figure 5. 

E l u t i o n  p r o f i l e  obtained f o r  a m ix tu re  o f  A-[co(en)2~lyI 
and A- [co (en)  2val] complexes on a VBondapak C18 column. 
Chromatographic cond i t i ons  as i n  F ig .  3. A f t e r  recovery and 
d e s a l t i n g  on Sephadex SP-25, the o p t i c a l  r o t a t i o n s  (deg.mo1-1. 
dm3.cm-1) o f  t he  three peak components were: 1, (+ 1.43 2 0.03) 
x 103; 2, (+ 1.48 & 0.03) x 103; 3, (-2.11 f 0.04) x 103; t h e  
values f o r  t he  o p t i c a l l y  pure A- [Co(en) 2Glyl and A-[Co(en) V a l 1  
complexes are (+ 1.45 _+ 0.03) x l o 3  and (-2.12 ? 0.04) x 183 
respec t i ve l y .  
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698 BUCKINGHAM ET AL.  

of the  A-Val complex, b u t  did not a r i s e  w i t h  a longer delay 
time, despi te  the  f a c t  t h a t  the A-Gly complex s t i l l  overtakes 
the &Val complex on the  column. Secondly, i t  was possible t o  
base-line resolve and recover the  peaks fo r  the  A-Gly complex 
generated in the  presence o f t h e  A-Val canplox(Fig.5). Optical 
ro ta t ion  measurements were car r ied  o u t  on these recovered 
peaks, following desa l t ing  on Sephadex SP-25. The opt ical  
ro ta t ion  values obtained were: peak 1, (+ 1.45 -c 0.03) x 10 

3 3 3 -1 dm .cm-'; peak 3, (-2.11 t 0.04) x 10 deg.mol-'.drn .cm 
The values f o r  the op t i ca l ly  pure A-Gly complex and A-Val 
complex a re  (+ 1.45 t- 0.03) x 10 and (-2.12 i 0.04)  x 10 
deg.mo1-l. dm3. cm-l respect ively.  This r e s u l t  c l e a r l y  
indicates  t h a t  both peaks 1 and 2 in F i g .  5 a r e  due so le ly  
t o  the A-Gly complex. This was confirmed by re - in jec t ing  
the recovered peaks under ana ly t ica l  condi t ions.  I t  t h u s  
appears t h a t  t h i s  type of s p l i t t i n g  of individual complexes 
in to  multiple peaks on the column a r i s e s ,  in p a r t ,  due t o  
a co-operative e f f e c t  between d i f f e r e n t  complexes in  the 
mixture, a n d  i s  not a property of the  loading or the  loading 
zone of an  individual complex. 

between two (o r  more) complex ions which inf luences t h e i r  
respect ive d i s t r ibu t ion  r a t i o s ,  in addi t ion t o  the normal 
pair ing ion depletion e f f e c t  observed a t  high sample concen- 
t r a t ions .  Under these condi t ions,  in te rac t ions  between the  
complex cat ions and the pair ing i o n  apparently lead t o  species  
of d i f f e ren t  counterion stoichiometry o r  geometry which have 
s u f f i c i e n t  l i f e t ime  on the  matrix of the  s t a t iona ry  phase t o  
allow separation as d i s c r e t e  e n t i t i e s .  
ea s i ly  avoided f o r  analyt ical  purposes, eg. f o r  the p-toluene- 
sulphonate-2.5% MeOH mobile phase, peak s p l i t t i n g  can be 
prevented i f  t he  so lu te  load (nmoles) t o  the pair ing ion 

3 
deg.mol-l.dm 3 .cm-'; peak 2 ,  ( t 1 .48  2 0.03) x 10 3 deg.mo1-l. 

. 
3 3 

These experiments show t h a t  t he re  must be an in te rac t ion  

This e f f e c t  can be 
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COBALT (111) BIS(ETHYLENEDIAM1NF) AMINO ACID COMPLEXES 699 

concentration ( m M )  r a t i o  i s  l e s s  than 100:1, b u t  could lead 
t o  ser ious mis in te rpre ta t ion  with regard t o  peak assignments, 
espec ia l ly  when la rge  amounts o f  these metal complexes a re  
used in preparat ive s tud ie s .  

In summary, two aspects  o f  the  reversed phase HPLC 
separation o f  water soluble  Werner type ca t ion ic  complex 
ions using mobile phases containing hydrophobic anionic 
pair ing ions have beenexamined. Conditions f o r  t he  
chromatographic resolut ion of [ c o ( ~ ~ ) ~ A A ] x ~  complexes have 
been developed. 
recovery o f  individual complexes with,  in many cases ,  e lu t ion  
times under 30min. T h e  appl ica t ion  o f  these techniques t o  
the  separation o f  peptide complexes i s  under inves t iga t ion .  

These procedures a l s o  allow the preparat ive 
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