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SUMMARY. 

W e  r e p o r t  h e r e  t h e  i n v e s t i g a t i o n  of s o l i d - s t a t e  c a t a l y t i c  

hydrogenat ion ( S C H )  of u n s a t u r a t e d  compounds, used for t h e  

s y n t h e s i s  o f  t r i t i u m  labelled v a l i n e  The e f f e c t  of  t h e  s o l i d -  

s ta te  components r a t i o  , t r i t i u m  p r e s s u r e  and r e a c t i o n  

tempera ture  on t h e  r e a c t i o n  rate h a s  been i n v e s t i g a t e d .  I t  h a s  

been found t h a t  t h e  SCH reaction rate depends l i n e a r l y  on 

t r i t i u m  p r e s s u r e  i n  t h e  5-50 kPa i n t e r v a l .  3H NMR spec t roscopy 

w a s  used t o  de te rmine  the d i s t r i b u t i o n  of t r i t i u m  l a b e l  i n  

s y n t h e s i z e d  v a l i n e .  I t  w a s  found, t h a t  t h e  d i s t r i b u t i o n  of 

t r i t i u m  l a b e l  i n  t h e  product  molecules  depends b o t h  on t h e  

p r e c u r s o r  compound s t r u c t u r e  and t h e  r e a c t i o n  tempera ture .  SCH 

a c t i v a t i o n  energy w a s  determined t o  be  e q u a l  t o  11 kca l /mol .  The 

a p p l i c a t i o n  of s o l i d - s t a t e  i s o t o p e  exchange f o r  t r i t i u m  

l a b e l l i n g  of u n s a t u r a t e d  compounds h a s  been shown for 3,3- 

d imethyl-2-benzoylaminoacrylic a c i d .  

Key Words: S o l i d - s t a t e  r e a c t i o n ,  C a t a l y t i c  hydrogenat ion ,  Val ine .  

INTRODUCTION. 

C a t a l y t i c  hydrogenat ion of u n s a t u r a t e d  compounds is widely 

used f o r  t h e  p r e p a r a t i v e  s y n t h e s i s  of t r i t i u m  l a b e l l e d  
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compounds The r e a c t i o n  is u s u a l l y  conduc ted  i n  o r g a n i c  s o l v e n t s  

i n  t h e  presence o f  p l a t i n u m  catalysts  [ l  I .  T r i t i u m  h y d r o g e n a t i o n  

o f  u n s a t u r a t e d  compounds i n  t h e  s o l i d  p h a s e  a t  e l e v a t e d  

tempera ture  i s  a new method which  opens  new b road  a v e n u e  for 

t r i t i u m  l a b e l l i n g  o f  d i f f e r e n t  compounds o f  i n t e r e s t  1 2 . 3 . 4 1 .  

Hydrogen isotopes are  a c t i v a t e d  on t h e  c a t a l y s t ,  a n d  t h e  

hydrogena t  ion  react i o n  p r o c e e d s  i n  t h e  o r g a n i c  compound l a y e r .  

I t  w a s  s u g g e s t e d  t h a t  t h e  sp i l l ove r  of a c t i v a t e d  hydrogen  i n t o  

t h e  organic  compound layer t a k e s  place d u r i n g  SCH of aromatic 

p h e n o l s  I S ] .  Hydrogen isotopes are  a c t i v a t e d  on t h e  c a t a l y s t ,  

and  t h e  h y d r o g e n a t i o n  r e a c t i o n  p r o c e e d s  i n  t h e  o r g a n i c  compound 

l a y e r  However, t h e  n a t u r e  o f  a c t i v a t e d  hydrogen  a n d  t h e  

mechanism of so l id  state h y d r o g e n a t i o n  s t i l l  rema ins  unknown. 

The c a t a l y t i c  s o l i d - s t a t e  h y d r o g e n a t i o n  d u r i n g  t h e  s y n t h e s i s  o f  

1 2 . 3  - 3 H l a l a n i n o  f rom 2-hydroxy-iminopropionic a c i d  w a s  s t u d i e d  

i n  t h e  earl ier communica t ion  [6]. Using  3 H  NMR it w a s  shown t h a t  

t h e  d i s t r i b u t i o n  of t r i t i u m  label i n  a l a n i n e  is d e p e n d e n t  upon 

t h e  r e a c t i o n  t e m p e r a t u r e .  In  t h i s  work w e  show r e s u l t s  o f  the  

e f f e c t  of t h e  ra t io  between t h e  s o l i d  state c o m p o n e n t s , t h e  

reaction t e m p e r a t u r e , t r i t i u m  p r e s s u r e  a n d  t h e  n a t u r e  of t h e  

i n i t i a l  u n s a t u r a t e d  compound on t h e  SCH r e a c t i o n  r a t e ,  as w e l l  

a s  on t h e  s p e c i f i c  a c t i v i t i e s  a n d  label  d i s t r i b u t i o n  i n  t h e  

p r o d u c t s .  

EXPERIMENTAL. 

e-5 ( I ) ,  

M i x t u r e  o f  294 m l  ( 4  m o l )  d r y  a n d  d i s t i l l e d  a c e t o n e ,  1 4 . 3  g 

( 0 . 0 8  molf o f  h i p p u r i c  a c i d ,  4 . 8 8  g (0.06 m o l )  of a n h y d r o u s  

sodium acetate w a s  heated t o  b o i l i n g  a n d  2 0 . 4  g (18.9 m l ,  0 . 2  

m o l  ) of  d i s t i l l e d  acetic a n h y d r i d e  w a s  added  i n  drops d u r i n g  30 

min. and  t h e  b o i l i n g  m i x t u r e  w a s  t h e n  s t i r r e d  f o r  4 h .  The 

e x c e s s  o f  acetone w a s  d r i v e n  o f f  , a n d  t h e  r e m a i n d e r  poured  on 

200 g o f  ice a n d  d i s t i l l e d  water w a s  added  t o  1000 m l .  Oxazolon  
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( 1 )  p r e c i p i t a t e d  as ye l low n e e d l e s ,  t h e  p r o d u c t  w a s  s e p a r a t e d  

and washed w i t h  water and w i t h  4% Na2CO3. P roduc t  w a s  d r i e d  

o v e r  KOH. The y i e l d  w a s  10 g ( 6 2  % ) ,  t h e  m e l t i n g  t e m p e r a t u r e  

w a s  97-99 oC. Oxazolone ( I )  w a s  p u r i f i e d  by c r y s t a l l i z a t i o n  from 

a c e t o n e : w a t e r  ( 2 : l ) .  

5 . 2  g of p u r i f i e d  oxaza lone  ( I )  w a s  added t o  4 % a l k a l i n e  

s o l u t i o n ,  t h e  m i x t u r e  w a s  h e a t e d  t o  b o i l i n g  w i t h  mechanical  

s t i r r i n g .  A f t e r  b o i l i n g  f o r  4 .5-5 h t h e  g r e e n i s h - y e l l o w  s o l u t i o n  

was c o o l e d ,  f i l t e r e d  and a c i d i f i e d  w i t h  10-12 % H C 1  t o  p H  1 .  

C o l o u r l e s s  sediment  w a s  s e p a r a t e d  , washed w i t h  water, d r i e d  

ove r  KOH. The we igh t  w a s  4 . 1  g ( 7 2  % ) ,  m e l t i n g  t e m p e r a t u r e  211- 

212 OC. C r y s t a l l i z a t i o n  from aqueous a l c o h o l  ( 1 : l )  w a s  

performed.  The r e s u l t i n g  p r o d u c t  had t h e  m e l t i n g  t e m p e r a t u r e  

217-218 oC. ( o b t a i n e d  %:  C 65 .35  ; H 6 . 0 1  ; N 6 . 0 2 ,  c a l c u l a t e d  

X :  C 65 .74  ; H 5 . 9 7  ; N 6 . 3 9 ) .  

3 .  Svnthesia of  N-bp- 

1 .17  g o f  v a l i n e  ( 0 . 0 1 0  Mol) from "Reanal" i s  d i s s o l v e d  i n  

10 m l  of 4 M a l k a l i  and p l a c e d  i n  a r e a c t o r  equipped w i t h  a 

st irrer and a d ropp ing  f u n n e l .  The m i x t u r e  w a s  coo led  w i t h  i c y  

water and 1 . 5  g of  b e n z o y l c h l o r i d e  ( 1 . 3  m l  0 .011  mol ) w a s  added 

w i t h  mixing ; p H  o f  t h e  r e a c t i o n  w a s  k e p t  above 10 a l l  t h e  t i m e .  

A f t e r  s t i r r i n g  f o r  30 min a t  room t e m p e r a t u r e ,  t h e  m i x t u r e  w a s  

coo led  and a c i d i f i e d  w i t h  d r o p s  of c o n c e n t r a t e d  h y d r o c h l o r i c  

a c i d .  Mix tu re  w a s  l e f t  f o r  2 h r s  a t  40oC, t h e n  t h e  sediment  w a s  

s e p a r a t e d ,  washed w i t h  i c y  w a t e r  and d r i e d  i n  a i r .  Benzoic a c i d  

w a s  removed from t h e  p r o d u c t  by b o i l i n g  it i n  3 - 4  m l  of carbon 

t e t r a c h l o r i d e  ( C C l r  ) and subsequen t  f i l t e r i n g  o f  t h e  s l i g h t l y  

coo led  m i x t u r e .  The y i e l d  was 1 . 8  g ( 82% ) ,  m e l t i n g  t e m p e r a t u r e  

132- 1320C; c r y s t a l l i z a t i o n  from hydrous e t h a n o l  w a s  performed 
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( o b t a i n e d  % : C 6 5 . 4 0  ; H 6 . 4 0  ; N 6 . 4 0  , c a l c u l a t e d  % : 

C 6 5  43 ;  H 6 . 4 1  ; N 6 . 3 6 ) .  

4 .  ~vnthesis of r s-axui 
L ? H l L 3 Z W E k - -  . BCidL 

2 m g  of a c i d  ( 1 1 )  a p p l i e d  on 20 mg o f  5% pa l l ad ium-on-  

bar ium s u l p h a t e  c a t a l y s t  w a s  p l a c e d  i n  a 10 m l  glass v e s s e l .  The 

r e a c t i o n  m i x t u r e  w a s  e v a c u a t e d  t o  a p r e s s u r e  o f  10-1 P a ,  and  

t r i t i u m  w a s  i n j e c t e d  i n t o  t he  vessel t o  t h e  f i n a l  p r e s s u r e  25 

kPa .  The v e s s e l  is h e a t e d  t o  l O O o C  and  k e p t  a t  t h i s  t e m p e r a t u r e  

for  an  h o u r .  t h e n  c o o l e d  a n d  t r i t i u m  w a s  removed. T r i t i u m -  

l a b e l l e d  p r o d u c t s  w e r e  washed o f f  w i t h  t w o  1 . 5  m l  po r t ions  o f  

a c e t o n e  The f i l t r a t e  w a s  t w i c e  e v a p o r a t e d  w i t h  5 m l  of 

m e t h a n o l .  The p r o d u c t s  were d i s s o l v e d  i n  1 m l  of me thano l  

a p p l i e d  on a 250 mm x 22 mm chromatography column packed  w i t h  

t h e  N u c l e o s i l  C le  s o r b e n t .  L a b e l l e d  compounds were e l u t e d  a t  5 

ml/min w i t h  35  me thano l  c o n t a i n i n g  0 . 1 %  t r i f l u o r o a c e t i c  a c i d .  

The r e t e n t i o n  volumes  o f  ( I V )  a n d  a c i d  ( V )  were r e s p e c t i v e l y  240  

and  110 m l  P r o d u c t - c o n t a i n i n g  f r a c t i o n s  were c o l l e c t e d ,  

e v a p o r a t e d  t o  d r y n e s s  and  d i s s o l v e d  i n  e t h a n o l  t o  a r a d i o a c t i v e  

c o n c e n t r a t i o n  of 1 C i / l i t r e .  18 mCi  [3HJ3 ,3 -d ime thy l -2 -  

b e n z o y l a m i r i e a c r y l i c  a c i d  w i t h  a s p e c i f i c  r a d i o a c t i v i t y  of 8.3 

C i / m m o l  and  230 m C i  o f  [3Hl -N-benzoy lva l ine  w i t h  a s p e c i f i c  

r a d i o a c t i v i t y  o f  7 4  C i / m m o l  were o b t a i n e d .  

LSYnthe u L L 2 A 3 i . L -  

1 mg of  o x a z o l n n e  ( V I )  w a s  a p p l i e d  on 10 mg of  5% 

pa l l ad ium-on-ba r ium s u l f a t e  catalyst  and  t r e a t e d  a s  d e s c r i b e d  i n  

t h e  p r e v i o u s  s e c t i o n .  T r i t i u m - l a b e l l e d  p r o d u c t s  w e r e  washed o f f  

w i t h  t w o  1 . 5  ml p o r t i o n  o f  a c e t o n e .  F i l t r a t e  w a s  evaporated t o  

d r y n e s s  u n d e r  r educed  p r e s s u r e .  E v a p o r a t i o n  w a s  r e p e a t e d  f rom 

5 ml of  m e t h a n o l .  The d r y  matter w a s  boiled i n  5 m l  o f  6 N H C 1  

f o r  a n  hour and  the  a c i d  w a s  evaporated t o  d r y n e s s  u n d e r  r educed  

pressure. 



['HI Maline 1001 

Chromatographic p u r i f i c a t i o n  w a s  c a r r i e d  o u t  on t h e  

Amberlite CG 50 (111) c a t i o n i c  exchanger f i l l e d  wi th  copper ( 1 1 )  

ions .  The sorbent  w a s  70% s a t u r a t e d  wi th  copper ions  The sorbent  

w a s  p laced in  a 140 nun x 8 mm column. 0 . 2  M of ammonium 

hydroxide w a s  used as e l u e n t .  Traces of copper ions  were removed 

from t h e  e l u e n t  by passing through a 15 nun x 8 nun 

chromatographic column packed with Dowex A-1 complex-forming 

sorbent .  Valine-containing f r a c t i o n  (monitored wi th  UV-detector) 

were c o l l e c t e d  from 22 t o  27 m l .  Valine w a s  i s o l a t e d  by 

chromatography on t h e  Aminex Q-150 S c a t i o n i c  exchanger packed 

i n  a 50 nun x 8 mm column. The column w a s  washed with water ,  

v a l i n e  w a s  desorbed wi th  1 .0  M aqueous ammonia. Eluent  w a s  

evaporated t o  dryness  under reduced p res su re ,  v a l i n e  w a s  

d i sso lved  i n  50% aqueous e thano l  t o  a r ad ioac t ive  concent ra t ion  

of 1 C i / l .  

The a n a l y s i s  of chemical and radiochemical p u r i t y  w a s  

conducted by t h i n - l a y e r  chromatography on " S i l u f o l "  silica g e l  

i n  t h e  isopropano1:acetone:ammonia system (15 :9 :9 ) .  Valine 

mobi l i ty  w a s  0 . 4 5 ,  radiochemical p u r i t y  98%. 240 me of C2.3-SHl- 

v a l i n e  wi th  s p e c i f i c  r a d i o a c t i v i t y  of 50 Ci/mmol w a s  obtained.  

The chemical y i e l d  w a s  41%. A t  1200C [2,3-3Hlvaline wi th  

chemical y i e l d  of 46% and s p e c i f i c  r a d i o a c t i v i t y  60 Ci/armol w a s  

synthes ized .  

6 3H 1 H  

3 H  NMR and 1H NMR spectra of amino a c i d  s o l u t i o n  w e r e  

obtained on an AC 250 Bruker spectrometer  equipped wi th  a 1 H / 3 H  

5 mm dua l  probe,  t h e  opera t ion  frequency being 266.8 and 250 MHz, 

r e spec t ive ly .  C h e m i c a l  s h i f t s  of t r i t i u m  s i g n a l s  in completely 

t r i t i u m - s u b s t i t u t e d  compounds were assumed t o  be equal  t o  t h e  

corresponding s h i f t s  of pro tons .  To ob ta in  the spectrum, 50-100 

m C i  of l abe l l ed  v a l i n e  d isso lved  i n  0 . 5  m l  of 2 H 2 0  w e r e  p laced 

i n  a v i a l .  Spec t ra  of ( I V )  and a c i d  ( V )  were obtained i n  12HaI- 

methanol. 
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LThedeterminetion Af-LhcGQnYC- 

k&.dimethxI.=Z-henllaminoaci~~ 

0 5 mg o f  acid ( 1 1 )  a p p l i e d  on  5%. pa l l ad ium-on-ba r ium 

s u l f a t e  catalyst w a s  p l a c e d  i n  a 10 m g l a s s  v i a l .  T rea tmen t  w a s  

conduc ted  as d e s c r i b e d  f o r  t h e  p r e p a m t i v e  s y n t h e s i s  of (IV). 

The sample is d i s s o l v e d  i n  1 m l  o f  50% methano l .  20 mkl o f  

s o l u t i o n  was applied on a 250 mm x 4mm 5 mkm Ca Zorbax column. 

E l u e n t  w a s  30% a q u e o u s  me thano l  c o n t a - n i n g  0 .1% of 

t r i f l u o r o a c e t i c  a c i d .  The p e a k s  were m o n i t o r e d  w i t h  UV-detec tor  

a t  206 nm. The d e g r e e  of c o n v e r s i o n  WHS c a l c u l a t e d  f rom t h e  mass 

r e l a t i o n s h i p  of ( I V )  and (V). 

-L 
F i g .  1 shows t h e  k i n e t i c s  of so l id  state c a t a l y t i c  

.. 
) I  . LCM 

40 80 12 0 i60 200 240' ' 480 
Fig. 1 K i n e t i c s  of SCH of 3,3-dimethyl-2-benzoylaminoecryl ic  

a c i d  a t  t r i t i u m  p r e s s u r e  25  kPa and t h e  c a t a l y s t - s u b s t r a t e  r a t i o  
20:  1. 

h y d r o g e n a t i o n .  A t  t e m p e r a t u r e s  of 600C a n d  less, t h e  r e a c t i o n  i s  

comple t ed  long  b e f o r e  c o n v e r s i o n  o f  t h e  i n i t i a l  compound t o  t h e  

f i n a l  p r o d u c t  o c c u r s .  A t  t h e s e  t e m p e r a t u r e s ,  sp i l l ove r  t r i t i u m  

reacts w i t h  t h e  smallest part of t h e  o r g a n i c  compound o n l y .  A 

c o n s i d e r a b l e  part  of t h e  organic p h a s e  l a y e r  a p p e a r s  t o  be 

inaccessible f o r  t h i s  i n t e r a c t i o n .  R e a c t i o n  s t o p p a g e  a t  a l o w  
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temperature is  n o t  due t o  catalyst  p o i s o n i n g ,  s i n c e  f u r t h e r  

t e m p e r a t u r e  e l e v a t i o n  f o r  500-600C r e s u l t s  i n  t h e  q u a n t i t a t i v e  

c o n v e r s i o n  o f  t h e  i n i t i a l  p r o d u c t .  A t  l o w  t e m p e r a t u r e s .  

s p i l l o v e r  t r i t i u m  r a p i d l y  exchanges w i t h  hydrogen i n  l a b i l e  

p o s i t i o n s  o f  t h e  o r g a n i c  compound molecule  i n  t h e  whole volume. 

Thus i n  as l i t t l e  as 20 min a t  200C t h e  l a b i l e  t r i t i u m  is  found 

i n  t h e  o r g a n i c  compound l a y e r ,  t h e  labile p o s i t i o n s  

co r re spond ing  t o  two hydrogen atoms i n  3.3-dimethyl-2-  

benzoy laminoac ry l i c  a c i d .  A t  60oC s p i l l o v e r  t r i t i u m  d i f f u s e s  

th rough  t h e  whole volume of t h e  o r g a n i c  p h a s e ,  b u t  i t s  ene rgy  is 

n o t  s u f f i c i e n t  f o r  t h e  reaction i n  t h e  whole volume. 

The SCH a c t i v a t i o n  ene rgy  o f  3 ,3 -d ime thy l -2 -  

benzoy laminoac ry l i c  a c i d ,  a s  de te rmined  from t h e  l i n e a r  p a r t s  of 

hydrogena t ion  c u r v e s  o b t a i n e d  a t  t e m p e r a t u r e s  o f  60-140oC, w a s  

11 kca l /mol .  T h i s  v a l u e  is c l o s e  t o  that o b t a i n e d  from t h e  h igh -  

t e m p e r a t u r e  s o l i d - s t a t e  c a t a l y t i c  i s o t o p e  exchange ( H S C I E )  o f  

v a l i n e  w i t h  gaseous  t r i t i u m  ( 1 2  kca l /mol )  [ 9 ] .  The e q u a l i t y  of 

a c t i v a t i o n  ene rgy  v a l u e s  f o r  HSCIE and SCH cou ld  i n d i c a t e  t h a t  

b o t h  r e a c t i o n s  are l i m i t e d  by t h e  s a m e  s t a g e ,  namely t h e  

hydrogen s p i l l o v e r ,  s i n c e  t h e  well-known value o f  s p i l l o v e r  

a c t i v e t i o n  ene rgy  on p l a t i n u m  metals is i n  good agreement  w i t h  

v a l u e s  o b t a i n e d  f o r  s o l i d  state r e a c t i o n s  o f  i s o t o p e  exchange 

and hydrogena t ion  C 10 I .  

F i g .  2 shows t h e  hydrogena t ion  k i n e t i c s  o b t a i n e d  a t  

hydrogen p r e s s u r e  of 5-25 kPa. The c u r v e s  are of similar 

c h a r a c t e r ,  b u t  i f  t h e  reaction i s  completed i n  a n  hour  a t  25 

kPa. less t h a n  h a l f  o f  u n s a t u r a t e d  compound reacts a t  5 kPa by 

t h i s  t i m e .  F i g . 3  shows t h e  conve r s ion  o b t a i n e d  a f t e r  20 min of 

SCH . 
P r a c t i c a l l y  l i n e a r  dependency o f  the r e a c t i o n  rate on t h e  

hydrogen p r e s s u r e  w a s  o b t a i n e d  f o r  t h e  r e a c t i o n  under  s t u d y .  The  

t e n - f o l d  p r e s s u r e  e l e v a t i o n  l e a d s  t o  a 5 . 5 - f o l d  i n c r e a s e  i n  t h e  
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Fig. 2 Kinetics of SCH of 3,3-dimethy1-2-benzoylaminoacrylic 
acid at tritium pressure 25 kPa (I), 15 kPa (11). and 5 kPa (111) 
at the catalyst-substrate ratio 10: 1. 

2 0  50 100 150 200 c/s- 

Fig.3 The degree of conversion of 3,3-dimethyl-2- 
benzoylaminoacrylic acid into benzoylvaline as a function of 
tritium pressure at l000C in 20 min. 

hydrogenation rate. The observed dependence of the reaction rate 

on pressure disagrees with the kinetics of radioactive label 

introduction in thymine on the palladium membrane, which w a s  

reported to be pressure-independent C113. Additional experiments 

are needed to elucidate this controversy. 

The hydrogenation rate can be increased by reducing the 
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t h i ckness  of organic  compound l aye r  (F ig .  4 ) .  A t  1: 10 

compound:catalyst  r a t i o .  t h e  y i e l d  is 20% only ,  while  t h e  

r e a c t i o n  proceeds almost  completely a t  1:200 r a t i o  under similar 

cond i t ion .  Thus t o  reach  a greater conversion of t h e  i n i t i a l  

compound i n  t h e  SCH r e a c t i o n ,  hydrogen p res su re  should be 

e l eva ted  and t h e  cata1yst:compound r a t i o  increased .  

The temperature  e l e v a t i o n  of SCH leads  n o t  only t o  t h e  

inc rease  of t h e  r e a c t i o n  rate but  a l s o  changes t h e  t r i t i u m  

% 

50 

40 

50 

20 

io 

- 
10 20 30 40 50 

Fig .4  The degree  of conversion of 3,3-dimethyl-2- 
benzoylaminoacrylic a c i d  i n t o  benzoylval ine i n  20 a i n  ( I )  and 
40 min (11) as  a func t ion  of t h e  c a t a l y s t - s u b s t r a t e  r a t i o  (C/S) 

d i s t r i b u t i o n  i n  t h e  molecule (Table  2 ) .  The temperature  inc rease  

from 1000 t o  120W dur ing  SCH of oxazolone ( I )  r e s u l t s  i n  t h e  

inc rease  of s p e c i f i c  r a d i o a c t i v i t y  of r e s u l t i n g  v a l i n e  from 50 

t o  60 Ci/mmol. This  i nc rease  is mainly due t o  increased  t r i t i u m  

incorpora t ion  i n t o  t h e  m e t h y l  groups.  Increas ing  temperature  

from 1000 t o  120oC l eads  t o  a 2-fold inc rease  of t r i t iu rn-  

s u b s t i t u t e d  hydrogen i n  t h e  methyl groups.  The use  of another  

precursor  compound. 3.3-dimethyl-2-benzoylaminoacrylic a c i d .  

l eads  to dramatic  changes i n  t h e  t r i t i u m  l a b e l  d i s t r i b u t i o n  
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3H NMR of t r i t i u m  l a b e l l e d  v a l i n e  s y n t h e s i z e d  by SCH 

a t  a tempera ture  of : I-1000C; II-12OoC. 
__ . 

Chemical s h i f t  P o s i t i o n  Labe l  d i s t r i b u t i o n  Hydrogen s u b s t i t u t i o n  
46 x 

I I 1  I I 1  

.. __ . ___ 

3 . 6 0  2 28 25 48 52 
2 . 3 0  3 30 41 85 86 
1.10 4 22 33 6 12 

(Table 2). Although t h e  m u l t i p l e  bond i n  t h e  p r e c u r s o r  is 

s i t u a t e d  be tween t he  second a n d  t h i r d  c a r b o n  atoms, t r i t i u m  is 

i n c o r p o r a t e d  i n  t h e  a l l y 1  p o s i t i o n ,  p r e f e r a b l y  i n  t h e  methyl  

g r o u p s .  Thus ,  by mod i fy ing  t h e  p r e c u r s o r  s t r u c t u r e ,  o n e  can  

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

a t o m s .  

Tab le2  

3H NMH of t r i t i u m  l a b e l l e d  N - b e n z o y l v a l i n e  s y n t h e s i z e d  
by SCH a t  a t e m p e r a t u r e  o f  100°C. 

~ _ _ _ _ _  ______ __ _________ 
Chemica l  s h i f t  P o s i t i o n  Label d i s t r i b u t i o n  Hydrogen s u b s t i t u t i o n  

( PPm) % % 

-. __ .. - _- - .- _ _  ____ - . ___ - .. __ 
7.85 Ph(o) 0 0 
7.50 Ph(m.n )  8 6,6 
4.50 2 8 20 

2.30 3 18 46 
1.05 4 66 28 

T r i t i u m - l a b e l l e d  a c i d  ( V )  w a s  o b t a i n e d  by t h e  s o l i d  s ta te  

isotope exchange  r e a c t i o n  (Table  3 ) .  T r i t i u m  label w a s  

e x c l u s i v e l y  i n c o r p o r a t e d  i n  t h e  me thy l  g r o u p i n g s ,  t h e  4 - t h  

me thy l  g r o u p  b e i n g  l a b e l l e d  t w o  t i m e s  as much as t h e  4 - t h  one 

The 4 ’ - t h  g r o u p  is l o c a t e d  i n  a stronger f i e l d  on t h e  1H NMR 

spec t rum.  T r i t i u m  l a b e l  w a s  n o t  i n c o r p o r a t e d  i n  t h e  b e n z o y l  
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3H NMR of tritium labelled 3.3-dimethyl-2-benzoylaminoac- 
rylic acid synthesized by solid state isotope exchange at lOOoC 

Chemical shift Position Label distribution 
( ppm ) % 

2 . 2 5  4 
1 9 9  4 

35 
65 

group of 3,3-dimethyl-2-benzoylaminoacrylic acid under 

conditions used. This means that solid state reactions can be 

used for label incorporation in unsaturated compounds without 

multiple bond hydrogenation. 
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