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SUMMARY 

The results of t h e  s y n t h e s i s  of 11 d i f f e r e n t  t , r i t i a t e d  
a 1 k y l x a n  t h i n  e s by s o  1 i d  - pha se c a t a 1 y t, i c i s c) t ope exchange a re 
d e s c r i b e d .  JH-NMR a n a l y s i s  of t h e  l a h e l l e d  compounds shows 
t h a t  i n  cotitzast t o  l i q u i d - p h a s e  isotmpe exchange t h e  t r i t i u m  
l a b e l  is i n c o r p o r a t e d  n o t  o n l y  i n  t h e  C - S ( H )  p o s i t i o n ,  h u t  also i n  
t h e  a l k y l  g r o u p s .  The f r a c t i o n  of r a d i o a c t i v i t y  i n  an a l k y l  group 
depends on t h e  n a t u r e  and p o s i t i o n  of  t h i s  g roup .  
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I N  TRODIICT I ON 

Recen t ly  c a t a l y t i c  i s o t o p e  exchange i n  t h e  s o l i d  phase at. high 

t e m p e r a t u r e s  wi th  p a r t i c i p a t i o n  o f  hydrogen s p i l . l o v e r  h a s  been 

widely used i n  t h e  p r e p a r a t i v e  c h e m i s t r y  of t r i t i u m - l a b e l l e d  

compounds [l-31. T h i s  method a l l o w s  t h e  t * r i t i u m  l a b e l  t o  be 

inc luded  not. o n l y  i n t o  t h o s e  p o s i t i o n s  where it is inuorporat .ed i n  

l i q u i d - p h a s e  i s o t o p e  exchange,  but. i n  many c a s e s  i n t o  o t h e r  

p o s i t i o n s .  T h i s  f e a t u r e  a s  w e l l  a s  t h e  h i g h  i s o t o p i c  i n c o r p o r a t i o n  

and t h e  avo idance  o f  prot ic  s o l v e n t s  g i v e s  t,he p o s s i b i l i t y  of 

o b t a i n i n g  l a b e l l e d  compounds wi th  v e r y  h i g h  specif ic  a c t i v i t i e s  

I n  t h e  p r e s e n t  paper d a t a  are p r e s e n t e d  on t h e  s o l i d - p h a s e  

i s o t o p e  exchange of t r i t i um- labe .1 l ed  xant.hine ( 1 )  and a l a r g e  
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number nf it.= a l k y l - d e r i v a t i v e s ;  me thy lxan t .h ine  f I1 9-methyl -  

x s n t h i n e  (III), 7 - m e t h y l x a n t h i n e  ( I Y ? .  8-met.hylxant.hine (Y), 

9 - m e t h y l x a n t h i n e  (YI ) , 3-e t .hy lxa t .h ine  (YJI ) ,  3 , 7 - d i m e t h y l x a n t . h i n e  

( t h e c ~ b r o m i n e )  (YIII), 1 ,9 -d imc t .hy lxan th ine  ( t . h e o p h y l l i n e  ) (IX), 

1 3 , 7 - t . r i m e t h y l x a n t h i . n e  i c a f f - i n 4  ( X )  and l - m e t , h y 1 - 3 - - i s o b u t h ~ l -  

x a n t h i n e  (XI) 

I 
H 

METHODS 

The f o l l o w i n g  c o n d i t i o n s  were used f o r  a l l  t,he compounds 

ment, ioned: 1 m g  of s u b s t r a t e  clas a p p l i e d  a s  a s o l u t . i o n  on 80 m g  of 

5% Pd/HaSO4 c a t a l y s t  and a f t e r  d r y i n g  exposed  t.o a t ' r i t i u m  

a tmosphere  a t  170 OC and 0 . 5  a t m .  f o r  2 h .  The 1abell.ed 

compounds were t h e n  washed from t,he c a t a l y s t .  w i t h  water (3x3 m l )  

and a f t e r  removal  of t h e  7.abile t r i t i u m  p u r i f i e d  by l i q u i d  

chromatography on a column (650x12 m m )  w i t h  Sephadex G-50  ( 5 0  m l )  , 

u s i n g  UV-ahsnrpt.ion and r a d i o a c t i v i t y  m o n i t o r i n g  and water as  a n  

e l u e n t .  The c h e m i c a l  p u r i t y  of t h e  l a b e l l e d  a l k y l x a n t h i n e s  was 

c o n t r o l l e d  b y  measurement, C J f  t h e  opt.ical d e n s i t y  of their 

so  1 II t i  o n s  w i t h  subsequent .  ca l c u  l a  t, i o n  o f  t4 h e  c h a r a c t e r i s t i c  

IJV - s pet  t. rum c on s t a n  t, s . A 1 1 t h  e s yn t h e  s i zed 1 a be 1 1 ed  a 1 k y 1 xan  t h i n e  s 

had U V - c h a r a c t e r i s t i c s ,  close t.o thof ie ,  which had  been  p u b l i s h e d  

i n  t h e  l i t e r a t u r e  [ 4 3 .  The r a d i o c h e m i c a l  p u r i t y  (RCP) of t h e  

p r o d u c t s  was measured  by of t h i n - l a y e r  c h r o m a t a g r a t h y  u s i n g  

S i l u f o l  IJV254 p l a t e s  i n  chloroform-acet,orie ( 1: 1 v / v )  and 
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i s o p r o p a n o l - w a t e r  ( 9 :  1 v / v )  and  a s c i n t i l . l a t i o n  scanning onunter. 

F o r  compounds I - X I  H C F  was more t h a n  95%. 

The d i s t r i b u t i o n  of t rit i i i m  i n  the syn the f ;  ized. l a h a  1.1 e d  

compounds was a s c e r t a i n e d  b y  3 H-NMR ~pectroscoyy using a 

Bruke r  spectrometer operating at 266. 8 M H z .  D a O  was ~ s e d  as 

t h e  NMH s o l v e n t . .  

RES(JLTS A N D  D T S C ! U S S I O N  

The mai.n f e a t u r e s  of t h e  r e s u l t s  are summar-ized i n  t h e  Table .  

Most of t h e  a l k y l x a n t h i n e s  h a v e  s p e c i f i c  a c t , i v i t i e s  ( A s  ) i n  

e x c e s s  of 29 kCi/mol - t h e  maximum v a l u e  f o r  i n c o r p o r a t i o n  o f  t h e  

label i n  the C-8(H) p o s i t i o n  by t h e  1 . iqu id -phase  isotope e x c h a n g e .  

An i n c r e a s e  i n  A s  is o b s e r v e d  wit<h R S  t.he number of s u b s t i t . u e n t s  

and t h e i r  c h a i n  l e n g t h  a r e  i n c r e a s e d .  

The resu1.t.s shown a l low t h e  rnonomet.hyIsribst,itut,ed x a n t h i n e s  

1 1 - I Y  and Y I  to be p l a c e d  i n  o r d e r  of r e a c t i v i t y  v i z .  N i : N ? < = N $ < N 3 .  

For d i -  and  t r i - N - m e t h y l s u b s t i t u t e d  x a n t h i n e s  t,he a c t i v i t y  v a l u e s  

are also i n  a c c o r d a n c e  wi th  t h i s  s e q u e n c e .  

It. c a n  be n o t e d  t h a t .  t h i s  s e q u e n c e  N i t . N ? = N $ < N 3  is  the same f o r  

d e c r e a s i n g  b a s i c i t y  of n i t r o g e n  atoms i n  t h e  n o n s u h s t i t u t e d  p u r i n e  

r 5 1 .  

The s y n t h e s i z e d  m e t h y l x a n t h i n e s  c o n t a i n  s i n g l e ,  d o u b l e  and 

t r i p l e  t r i t i u m  l a b e l l e d  methyl  groups and t h e  CHTz c o n t e n t  is 

a maximum i n  a l l  c a s e s .  

I n  compounds YII and  X I ,  which c o n t a i n  b u l k i e r  a lky l .  

s u b s t i t u e n t s  ( e t h y l  and i s o b u t y l ,  r e s p e c t i v e l y )  t h e  d e g r e e  of 

t r i t i u m  i n c o r p o r a t i o n  i n  t h e e n  g r o u p s  is v e r y  h i g h  and i t s  t r i t i u m  

d i s t r i b u t e d  t h r o u g h o u t  t h e  s u b s t i t u e n t  s t r u c t u r e .  

The p r e s e n t .  resu1t.s show that t ,he c a t x i l y s i s  of s o l i d  p h a s e  

i s o t o p e  exchange  w i t h  g a s e o u s  t r i t i u m  a t  h i g h  t e m p e r a t u r e s  is a n  

e f f e c t i v e  t e c h n i q u e  f o r  t r i t i u m  l abe l  i n c o r p o r a t i o n  i n t o  d i f f e r e n t  

a l k y l x a n t h i n e s .  The s p e c i f i c  a c t i v i t i e s  of t h e  p r o d u c t s  
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c o n s i d e r a b l y  e x c e e d  t.he vnl  t ies n t , t . a i n a b l e  i n  l i q u i d - p h a s e  i s o t o p e  

exchange .  

TARLE 
S p x  i f i c a c t  i v i t. y and i n  t. r amo I ec ti 1 a r d is t. r i b 11 t. i crn cs f t r i t i u m i r 
H yn t.11 es i e ed 1.a be 1 1 cd a 1 k y lxan t,h i ne s 

IX 124 16 35 49 - - - 

X 203 1 3  12 4 0 35 - - 

XI 1 7 5 6 22 72 - - - 
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