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SUMMARY 

Liqand-exchange chromatography is shown t o  be a p p l i c a b l e  f o r  Obtaining t h e  

o p t i c a l  isomers of [3H]valine.  Data are p resen ted  showing the  e f f e c t  

of t h e  asynunetric s o r b e n t ' s  s t r u c t u r e  on i t s  k i n e t i c  p r o p e r t i e s  and t h e  

optimum c o n d i t i o n s  s e l e c t e d  f o r  t h e  chromatographic r e s o l u t i o n  of D,L- L3H1 

v a l i n e .  The method makes it p o s s i b l e  to  o b t a i n  both isomers of L3H1valine 

with an o p t i c a l  p u r i t y  c l o s e  t o  100% i n  about 2 hours  with a s imultaneous 

radiochemical  p u r i f i c a t i o n .  The method does not  r e q u i r e  any p re l imina ry  

chemical mod i f i ca t ion  of t h e  amino a c i d  and does no t  impose any l i m i t a t i o n s  

to  s p e c i f i c  a c t i v i t y  va lues .  
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INTRODUCTION 

Tritium-labelled n a t u r a l  L-amino acids  a re  usual ly  obtained by reso lv ing  

t h e  appropriate  racemates. The methods acceptable  for  i s o l a t i n g  labe l led  

o p t i c a l  isomers may roughly be c l a s s i f i e d  i n t o  chromatographic and 

b io logica l  ones. 

The numerous chromatographic methods [ 11 include : chromatography of 

diastereomeric  compounds [ 2 1 ,  t h e  use of sorbents  graf ted  with o p t i c a l l y  

a c t i v e  crown-ethers (31, ion-exchange chromatography on sorbents  containing 

L-arginine [41 ,  and ligand-exchange chromatography [51 .  The b io logica l  

techniques a r e  mostly based on the  s t e r e o s e l e c t i v e  ac t ion  of enzymes f61. 

In s p i t e  of a l l  t h i s  d i v e r s i t y ,  t h e  range of methods f o r  resolving racemic 

mixtures i s  r a t h e r  l imi ted  where labe l led  compounds a r e  concerned. For 

instance,  a l l  methods involving t h e  in t roduct ion  of r e a c t i v e  groups or  

t h e i r  p ro tec t ion  and thereby leading t o  a decreased y ie ld ,  i .e .  a loss of 

rad ioac t ive  substances, become inappl icable .  Any methods involving m u l t i -  

s tage  separa t ion  processes are unsa t i s fac tory  f o r  the same reason. Another 

important l i m i t a t i o n  is the  requirement f o r  using small q u a n t i t i e s  of t h e  

i n i t i a l  product, e s p e c i a l l y  when deal ing with preparat ions possessing a 

high s p e c i f i c  a c t i v i t y .  

These a r e  the  reasons why a combination of s t e r e o s p e c i f i c  enzymes and 

chromatographic methods i s  most of ten  used f o r  ob ta in ing  t r i t ium-labe l led  

L-amino ac ids  [7-111. This procedure, however, is time-consuming and 

cannot always be appl ied to amino acid preparat ions with high s p e c i f i c  

a c t i v i t i e s  s ince  enzymatic a c t i v i t y  can under c e r t a i n  condi t ions be 

inh ib i ted  by rad ia t ion  [ 111. 
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Ligand-exchange chromatography shows a high s e l e c t i v i t y  when separa t ing  

substances with s i m i l a r  molecular s t r u c t u r e s ,  including o p t i c a l  isomers 

[ 121. A s y m m e t r i c  sorbents  incorporat ing groups of L-amino ac ids  i n  the 

Cu(I1)  form have been demonstrated t o  possess an extremely high enantio- 

s e l e c t i v i t y  with regard t o  the racemates of many amino ac ids  113-151. 

Proceeding from t h i s ,  w e  se lec ted  t h e  condi t ions f o r  a chromatographic 

reso lu t ion  of t r i t ium-labe l led  racemates of amino ac ids  with high s p e c i f i c  

a c t i v i t i e s  i n t o  o p t i c a l l y  pure isomers. This paper descr ibes  the  r e s u l t s  

of a research f o r  the  condi t ions of such a chromatographic separat ion.  

Data a r e  c i t e d  f o r  t h e  reso lu t ion  of D,L-[3Hlvaline with a s p e c i f i c  

a c t i v i t y  of 38Ci/mmol i n t o  o p t i c a l l y  pure isomers. 

MATERIALS AND METHODS 

Sorbents. Asymmetric sorbents  with L-hydroxyproline ( see  Table 1 )  were 

obtained by aminating chloromethylated macro-net polystyrene matrix with 

methyl-L-hydroxyprolinate hydrochloride according t o  the procedure 

previously descr ibed [ 161. The ac t ive  s i t e s  of the  f i n a l  sorbent have t h e  

following s t r u c t u r e :  

CH - (oJ- C H ~  - N 

(OHr COOH 
I 

tH2 
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W e  syn thes i zed  s o r b e n t s  1 , 2 , 3  u s i n g  t h e  macro-net po lys ty rene  con ta in ing  

1 1  pe rcen t  of c r o s s - l i n k s  of t h e  s t r u c t u r e  

1 I 

Sorbents  4 and 5 w e r e  ob ta ined  on a g e l  s t y r e n e  copolymer c o n t a i n i n g  1% 

and 0.1% of divinylbenzene r e s p e c t i v e l y .  Sorbents  6 and 7 were o b t a i n e d  

on a matr ix  inc lud ing  0.7% divinylbenzene and 5.3% of  a d d i t i o n a l  cross- 

l i n k s  of t h e  diphenylmethylene type  in t roduced  as p r e v i o u s l y  desc r ibed  [161. 

S a t u r a t i o n  of s o r b e n t s  w i th  c o p p e r ( I 1 )  i o n s .  2-39 of a i r  d r i e d  so rben t  w a s  

e q u i l i b r a t e d  with an excess  of c o p p e r ( I 1 )  ammonia s o l u t i o n .  To o b t a i n  t h e  

r e q u i r e d  e x t e n t  of s a t u r a t i o n ,  t h e  excess  copper w a s  removed by washing 

wi th  2N NH40H c o n t a i n i n g  a c e r t a i n  amount of KC1 

s e p a r a t i o n  t h e  so rben t  w a s  f i n a l l y  washed on a f i l t e r  with O . l N  NHqOH. 

[171. Afte r  phase 

The k i n e t i c s  of  acid-base e q u i l i b r a t i o n .  Measurements w e r e  made i n  a fou r -  

necked v e s s e l  with a stirrer. The weighed amount of s o r b e n t  comprising 

1.00 m o l e  of f i x e d  groupings was in t roduced  i n t o  t h e  v e s s e l .  A p H m e t e r  

s a l t  b r idge  and g l a s s  e l e c t r o d e  were immersed i n t o  t h e  s o l u t i o n .  Af t e r  

e q u i l i b r a t i o n  f o r  3 hour s ,  5ml o f  0.10 M KOH i n  a 1 M KC1 s o l u t i o n  were 

qu ick ly  added to  t h e  mixture  and t h e  changing a c i d i t y  v a l u e s  were measured 

under cont inuous s t i r r i n g .  
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The k i n e t i c s  of es tabl ishment  of t h e  in te rphase  ligand-exchange equilibrium. 

80ml of 0.05 M prol ine  so lu t ion  with pH=11.2 were introduced i n t o  a four- 

necked vessel  equipped with a stirrer. A batch of swollen sorbent  i n  the 

copper form comprising 1.00 mmole of f ixed  groupings w a s  quickly introduced 

i n t o  the vigorously s t i r r e d  solut ion.  About 2 m l  of the  reac t ion  so lu t ion  

were rap id ly  taken out  with a syr inge p i p e t t e  and t ransfer red  i n t o  a 

s p e c i a l  porous-bottomed column where rapid phase separat ion by compressed 

a i r  was e f fec ted .  The changing copper b is -pro l ina te  content  of the  aqueous 

phase was evaluated from the absorpt ion measurements .,-lo = 650nm on a 

Specol spectrocolor imeter .  The f i n a l  equi l ibr ium so lu t ion  was analysed f o r  

copper content  spec t rocolor imet r ica l ly  with sodium die thyl  carbaminate on 

t h e  same instrument a t X o  = 440nm. 

Chromatography of racemates. The copper-saturated sorbent  suspended i n  

0.1 N N H 4 0 H  was t r a n s f e r r e d  i n t o  a g l a s s  column (7.8 x 140mm) and 

equi l ibra ted  with 0 . 1 N  NH40H f o r  1 hour. 

q u a n t i t i e s  of 0.1 t o  l.Omg were introduced onto the  column by a micro- 

syr inge i n t o  the sorbent  layer  through a spec ia l  l a t e r a l  i n l e t .  Elut ion 

by 0.1N N H 4 0 H  was c a r r i e d  out  a t  a flow r a t e  of 1 0  t o  25ml  per hour. 

The separat ion process was detected by Uvicord I I I , \ o  = 206nm. or  radio- 

met r ica l ly  by l i q u i d  s c i n t i l l a t i o n  counting the  r a d i o a c t i v i t y  of ind iv idua l  

f r a c t i o n s .  

Amino acid samples i n  

Peaks were assigned t o  the L- or D-isomer of the  amino acid e i t h e r  by 

chromatography of ind iv idua l  isomers, o r  according t o  t h e  e f f e c t  of amino 

a c i d  oxidases s p e c i f i c  t o  a p a r t i c u l a r  isomer [61. 



Determination of  t h e  o p t i c a l  p u r i t y  of amino a c i d s .  The o p t i c a l  p u r i t y  

of  L- and D-amino a c i d s  w a s  determined by o x i d a t i v e  de-amination under 

t r ea tmen t  with t h e  L-amino a c i d  oxidase from C r o t a l u s  adamanteus (Sigma) 

and t h e  D-amino a c i d  ox idase  from p i g  kidney (Koch-Light) under s t a n d a r d  

c o n d i t i o n s  [ 61 . 

The produc t s  of t he  enzymatic r e a c t i o n  w e r e  analysed by means of t h i n  l a y e r  

chromatography on S i l u f o l  W-254 plates i n  t h e  system i sobu tano l :  ace tone :  

ammonia ( 1 2 % )  15:9:6. Chromatograms w e r e  developed by sp ray ing  with a 0.5% 

s o l u t i o n  of n inhydr in  i n  acetone.  

The p r e p a r a t i o n  o f  DL-i3~] v a l i n e  wi th  a s p e c i f i c  a c t i v i t y  of  38Ci/mmol 

was syn thes i zed  i n  t h e  I n s t i t u t e  of Molecular Genet ics ,  USSR Academy of 

Sciences.  

Radiometry w a s  c a r r i e d  o u t  by means of a l i q u i d  s c i n t i l l a t i o n  coun te r  with 

a tritium coun t ing  e f f i c i e n c y  of approximately 12%.  

Con t ro l  o f  t h e  r a d i o c h e m i c a l . p u r i t y  of t h e  i n i t i a l  and f i n a l  p r e p a r a t i o n s  

was determined by means of t h i n - l a y e r  chromatography i n  d i f f e r e n t  s o l v e n t  

systems. 

P u r i f i c a t i o n  o f  amino a c i d  isomers of trace amounts of copper  w a s  achieved 

on a column (0.6 x 8 0 m )  with t h e  Amberli te IRC-50 c a t i o n  exchange r e s i n  by 

e l u t i o n  with w a t e r  a t  a flow rate of 72ml per hour.  The volume of 

f r a c t i o n s  was 1.8ml. The amino a c i d  w a s  e l u t e d  in a volume of ca 20ml. 
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RESULTS AND DISCUSSION 

The high e n a n t i o s e l e c t i v i t y  of ligand-exchange chromatography i n  respec t  

of amino ac id  isomers and the  p o s s i b i l i t y  t o  avoid chemical modification 

of t h e  i n i t i a l  racemate makes it a promising method f o r  prepara t ive  

separa t ion  of l a b e l l e d  racemic mix tu res .  

However data  ava i lab le  by the  t i m e  we began our study indicated t h a t  t h e  

high e n a n t i o s e l e c t i v i t y  of racemate sorpt ion by che la t ing  asymmetric 

sorbents  i n  the  Cu(I1) form was not ye t  f u l l y  rea l ized  because of poor 

e f f i c i e n c y  of ligand-exchange chromatography [18,191. Hence the 

chromatographic process l a s t e d  f o r  several  hours and the  separat ion of 

racemates was only partial .  

Now t o  obtain o p t i c a l l y  pure isomers of rad ioac t ive  isotope-label led amino 

ac ids ,  one needs a f u l l  separat ion of racemates t o  be completed i n  a shor t  

per iod of t i m e .  This requirement a r i s e s  from the presence of high 

concentrat ions of r a d i o a c t i v i t y  i n  t h e  narrow chromatographic zone, causing 

the  sorbent t o  be exposed t o  considerable rad ia t ion  doses. 

The problem of improving t h e  e f f ic iency  of ligand-exchange chromatographic 

separa t ion  of amino ac id  enantiomers was tackled by looking f o r  the optimum 

s t r u c t u r e  of the  sorbent  matrix. Such f a c t o r s  as  the  extent  of cross-  

l ink ing ,  the  swel l ing capaci ty ,  the  shape and s i z e  of r e s i n  p a r t i c l e s  were 

taken i n t o  account. Additionally, t h e  r a t e  of acid-base and ligand-exchange 

equi l ibr ium was es tab l i shed  and a l s o  the sorbent e f f ic iency  i n  the 

chromatographic process. 



T o  i n v e s t i g a t e  t h e  k i n e t i c  p r o p e r t i e s  we s y n t h e s i z e d  a number of 

hydroxypol ine  i n c o r p o r a t e d  s o r b e n t s  w i th  d i f f e r e n t  ma t r ix  s t r u c t u r e s .  

The i r  c h a r a c t e r i s t i c s  are p r e s e n t e d  i n  Table  1. Data on t h e  r a t e  of ac id -  

base  and l igand-exchange e q u i l i b r a t i o n  f o r  t h e s e  s o r b e n t s  a r e  shown i n  

F igu res  1 and 2. 

Table I 

'THE PROPERTIES OF SORBENTS WITH L-HYDROXYPROLINE GROUPINGS 

Sorbent  

Ex ten t  o f  

c r o s s  -1 i n k i n g  

% 

11 

11 

11 

1 

0,1 

6 

6 

Capaci ty  

mol /g  

3 ,44  

2,46 

1,48 

3,52 

3,50 

3,86 

3 , 8 6  

%el  1 i n g  

c a p a c i t y  

weight  8 

200 

120 

70 

200 

1000 

250 

250 

S i z e  of 

p a r t i c l e s  

pm 

100 

100 

100 

100 

100 

300 

50 

F i g u r e  1 K i n e t i c s  of e q u i l i b r a t i o n  wi th  a l k a l i  added to  s o r b e n t s  ( l ) ,  ( 3 ) ,  

( 4 )  and ( 5 ) .  
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Figure 2 K i n e t i c s  of l igand-exchange e q u i l i b r a t i o n  with p r o l i n e  added to 

so rben t s  (11, ( 3 )  and ( 6 )  in t h e  copper form 

The so rben t s  on t h e  macro-net type ( 1 )  and the  s t anda rd  gel- type ( 4 )  

po lys ty rene  ma t r ix  show a s w e l l i n g  c a p a c i t y  of about  200% in weakly 

a l k a l i n e  s o l u t i o n s  and, d e s p i t e  t h e  s u b s t a n t i a l  d i f f e r e n c e  i n  t h e i r  c ros s -  

l i n k i n g  (11% and 1 %  r e s p e c t i v e l y ) ,  reach an acid-base e q u i l i b r i u m  

s imul t aneous ly  i n  about 3 hour s  (F ig .1 ) .  Sorbent  ( 3 )  w i th  a lower exchange 

c a p a c i t y  shows a water uptake of  70% and i t s  e q u i l i b r a t i o n  t i m e  i s  48  hours.  

The s w e l l i n g  capac i ty  of so rben t  ( 5 )  ( c r o s s - l i n k i n g  of 0.1%) amounts t o  

1 0 0 0 %  and, correspondingly,  t h e  e q u i l i b r i u m  is reached i n  10 minutes .  The 

above da ta  show t h a t  t h e  r a t e  of t h e  in t e rphase  acid-base e q u i l i b r a t i o n  

i s  mainly determined by t h e  s w e l l i n g  c a p a c i t y  of so rben t s .  

Figure 2 p r e s e n t s  d a t a  on the  r a t e  of ligand-exchange in t e rphase  e q u i l i -  

b r a t i o n .  When t h e  copper form of t h e  so rben t  i n t e r a c t s  with an 0.05M 

hydroxyprol ine a l k a l i n e  s o l u t i o n ,  t he  p e r i o d  of half-exchange is about 0.3 

and 0.8 minutes f o r  so rben t s  ( 1 )  and (3) r e s p e c t i v e l y .  Therefore  an 

i n c r e a s e  in  t h e  swe l l ing  c a p a c i t y  l e a d s  t o  a higher  r a t e  of l igand-exchange 

e q u i l i b r a t i o n  too.  
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Figure 2 a l s o  shows the  e f f e c t  of the s i z e  of sorbent  p a r t i c l e s  on ligand- 

exchange k i n e t i c s .  The e q u i l i b r a t i o n  time for  sorbent ( 6 )  is  about an 

order of magnitude longer than t h a t  f o r  sorbent  ( 1 )  (swel l ing c a p a c i t i e s  

250% and 200%, p a r t i c l e  s i z e  300 m and 100 m r e s p e c t i v e l y ) .  This 

pronounced dependence of the ligand-exchange e q u i l i b r a t i o n  time on the s i z e  

of p a r t i c l e s  could be explained i f  the  ge l  d i f fus ion  were t h e  r a t e  l i m i t i n g  

s tage  of the process. In t h i s  case the  e q u i l i b r a t i o n  time would be 

proport ional  to  the  square of the  p a r t i c l e  s i z e  [ 2 0 ] .  

Thus the  above study has shown t h a t  the p a r t i c l e  s i z e  should be decreased 

and t h e  swel l ing of sorbents  increased i n  order  t o  achieve an e f f i c i e n c t  

chromatographic process. 

We synthesized r e s i n  ( 7 )  which bes t  conformed t o  the  above requirements 

and used it f o r  a l l  f u r t h e r  research. Indeed, a s  shown in Figure 3, by 

passing over from sorbent ( 3 )  t o  sorbent  ( 7 )  w e  achieved a s u b s t a n t i a l  gain 

i n  e f f ic iency .  Using sorbent  ( 7 )  we managed t o  car ry  out  a q u a n t i t a t i v e  

separat ion of va l ine  isomers i n  an acceptable  per iod of time. 

Figure 3 Chromatography of va l ine  enantiomers on asymmetric sorbents  ( 3 )  

and ( 7 ) ,  with 100% ( A )  and on sorbent  ( 7 )  with 65% ( B )  sa tura t ion  

with Cu(I1) ions. 
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Chromatography t i m e  may a l s o  be shortened by changing t h e  degree of 

s a t u r a t i o n  of so rben t  with Cu(I1) c a t i o n s .  The s o r b e n t ' s  copper con ten t  

s t r o n g l y  i n f l u e n c e s  t h e  parameters  of amino a c i d  r e t e n t i o n .  A dec rease  

i n  t h e  copper c o n t e n t  causes r a p i d  dec rease  i n  t h e  amino a c i d  r e t e n t i o n  

t i m e .  The o p t i m u m  s a t u r a t i o n  by Cu(I1) c a t i o n s  depends on t h e  n a t u r e  of  

t h e  amino a c i d  concerned. In t h e  case of v a l i n e  isomers, s a t u r a t i o n  of 

65% of t h e  maximal t h e o r e t i c a l  Cu( I1 )  c o n t e n t  and e l u t i o n  by 0 , l N  a m o n i a  

proved to  be optimum. Under these  c o n d i t i o n s  we achieved a f u l l  s e p a r a t i o n  

of D,L-valine i n t o  o p t i c a l l y  pure isomers in about  2 hours ,  which allowed 

us t o  e f f e c t  a p r e p a r a t i v e - s c a l e  s e p a r a t i o n  of t r i t i u m - l a b e l l e d  D , L -  

v a l i n e .  

F igu re  4 shows t h e  e l u t i o n  curve for 54.5mCi of D,L-[3H]valine with a 

s p e c i f i c  a c t i v i t y  o f  38Ci/mmol and a radiochemical  p u r i t y  of 90%. About 

170pg of t r i t i u m - l a b e l l e d  D,L-valine in  a volume of 2 5 0 ~ 1  w e r e  introduced 

1 2 3 4 5  10 15 20 TL 

Figure  4 E l u t i o n  curve f o r  t h e  chromatography of D, L- [3Hl v a l i n e  

(38Ci/mmol) on a column (7 .8  x 140mm). Sorbent ( 7 )  had a Cu( I1 )  

s a t u r a t i o n  deoree of 65%. 

of  13ml p e r  hour.  

E lu t ion  by 0.1N N H 4 0 ~  a t  a flow r a t e  
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i n t o  t h e  column (7.8mm I.D., height  140mm) f i l l e d  w i t h  sorbent  ( 7 ) .  Unlike 

t h e  s i t u a t i o n  i n  Figure 3 ,  the e l u t i o n  curve f o r  the labe l led  D,L-valine 

shows three peaks with respect  of rad ioac t iv i ty .  The f i r s t  peak (4.4mC-i). 

e l u t i n g  immediately a f t e r  the void volume, comprises non-amino ac id  

products. L-Valine (20.6mCi) was co l lec ted  i n  f r a c t i o n s  6-12 and D-valine 

(24.8mCi) i n  f r a c t i o n s  14-25. During the  p u r i f i c a t i o n  of t h e  so lu t ions  

from t races  of copper no more than 3% of the  product were l o s t .  

The o p t i c a l  p u r i t y  of both isomers, determined by use of t h e  appropriate  

s t e r e o s e l e c t i v e  oxidases, was over 99%. According t o  t h e  r e s u l t s  of 

repeated ligand-exchange chromatography, the  value was no worse than 99%. 

Hence we had obtained o p t i c a l l y  pure isomers of [3H1valine. 

The r a d i o a c t i v i t y  e lu ted  within the 1 peak of ligand-exchange chromatography 

coincides  with t h e  value of radiochemical p u r i t y  of t h e  i n i t i a l  preparat ion,  

obtained by thin- layer  chromatography. This means t h a t  the ligand-exchange 

chromatography of racemic amino ac ids  radiochemically p u r i f i e s  t h e  

preparat ions a l s o  from a l l  non-amino a c i d  impuri t ies .  

The s p e c i f i c  a c t i v i t y  of [3H1 va l ine  preparat ions remains unchanged a f t e r  

the  chromatographic separa t ion  of enantiomers. 

The sorbent used showed p r a c t i c a l l y  no non-specif i c  sorpt ion:  the  balance 

of the  co l lec ted  r a d i o a c t i v i t y  amounted to 96.3%. 

Thus a method has been developed f o r  obtaining both o p t i c a l l y  pure isomers 

Of  [3H]valine with a high s p e c i f i c  a c t i v i t y  and a high radiochemical 

p u r i t y  by a simple chromatographic procedure. 
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