
JournaZ of  LabeZled Compounds and RadiopharmaceuticaZs - VoZ. XVI ,  No. 4 

DETERMINATION OF TRITIUM OR DEUTERIUM I N  THE METHYL GROUP OF 
LABELED ORGANIC COMPOUNDS 

D. Valentekovic ,  N. S ,  H i m e ,  and R .  F ,  Nystrom 
Radioisotope Laboratory,  139 Davenport H a l l ,  
Un ive r s i ty  of I l l i n o i s ,  Urbana, I l l i n o i s  61801 

SUMMARY 

The de termina t ion  of t h e  i s o t o p i c  conten t  o f  C- 
methyl groups i n  s e l e c t e d  t r i t i u m  and deuter ium 
l abe led  compounds by modi f ica t ion  of  t h e  Kuhn-Roth 
method i s  presented .  Oxidat ion of t h e  deu te ra t ed  
or t r i t i a t e d  compound using a s o l u t i o n  of sodium 
dichromate and s u l f u r i c  a c i d  a t  50-85'C al lows 
i s o t o p i c  a s say  of t h e  C-methyl group a s  a c e t i c  a c i d .  
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INTRODUCTION 

The de termina t ion  of carbon-14 i n  t h e  methyl group of  o rgan ic  

compounds-14C by a modified Kuhn-Roth method has  been descr ibed  

i n  a prev ious  paper  and found t o  be i s o t o p i c a l l y  r e l i a b l e  . 
This  paper  d e s c r i b e s  an ex tens ion  of t h e  method t o  determine t h e  

deuterium o r  t r i t i u m  conten t  i n  t h e  methyl group of a homologous 

( 1) 

series of labe led  f a t t y  a c i d s .  Fu r the r ,  t he  p re sen t  r e s u l t s  w i l l  

a t  l e a s t  s e r v e  t o  i n d i c a t e  a g r e a t l y  broadened range o f  app l i ca -  

t i o n s  wi th  o t h e r  c l a s s e s  of  compounds conta in ing  i s o t o p i c  hydrogen 

C-methyl groups.  

A s o l u t i o n  of sodium dichromate and s u l f u r i c  ac id  i s  employed 

t o  convert  t r i t i a t e d  o r  deu te ra t ed  compounds t o  a c e t i c  a c i d .  The 

ac id  produced i s  i s o l a t e d  by steam d i s t i l l a t i o n  and high vacuum 

techniques .  F i n a l l y ,  t h e  p u r i f i e d  a c e t i c  a c i d  i s  assayed f o r  

i s o t o p i c  hydrogen. 

Oxidat ion of t r i t i a t e d  o r  deu te ra t ed  compounds wi th  sodium 
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dichromate and s u l f u r i c  ac id  a t  temperatures  ranging from 1 2 0 -  

15OoC causes  a loss o f  i s o t o p i c  hydrogen from t h e  methyl group. 

This  has  been shown t o  be l a r g e l y  due t o  p a r t i a l  ox ida t ion  t o  an 

in t e rmed ia t e  compound conta in ing  a l abe led  a c e t y l  group a t t ached  

t o  a carbon conta in ing  group o r  t o  a carbon cha in .  This  i n t e r -  

mediate compound undergoes an exchange r e a c t i o n  w i t h  t h e  “ac t ive t1  

hydrogen atoms i n  t h e  r e a c t i o n  mixture  b e f o r e  being oxid ized  t o  

a c e t i c  a c i d .  This r e s u l t s  i n  a l o s s  of t r i t i u m  o r  deuter ium from 

t h e  methyl group du r ing  the  ox ida t ion  a t  120-150°C. 

It has  been found t h a t  by lowering t h e  r e a c t i o n  temperature  t o  

50-75OC t h e  loss o f  t r i t i u m  o r  deuter ium from t h e  l abe led  methyl 

groups i n  o rgan ic  compounds can be reduced t o  va lues  below 4%.  

i s  recommended t h a t  t hese  cond i t ions  (Table  I V )  be used f o r  t h e  

de te rmina t ion  of  t r i t i u m  o r  deuter ium i n  t h e  methyl group of com- 

pounds labe led  wi th  i s o t o p i c  hydrogen. 

It 

RESULTS AND DISCUSSION 

Low molecular  weight  f a t t y  a c i d s  and 1-hexene con ta in ing  t r i t i u m  

o r  deuter ium have been oxid ized  t o  a c e t i c  ac id  a t  120-150°C using 

80-90 minute r e a c t i o n  t imes.  It can be seen under these  cond i t ions ,  

which were used wi th  carbon-14 labe led  compounds, t h a t  some iso- 

t o p i c  hydrogen i s  l o s t  from t h e  methyl group dur ing  the  ox ida t ion  

process .  This  appears  t o  be l a r g e l y  due t o  p a r t i a l  ox ida t ion  of  

t he  i s o t o p i c  s t a r t i n g  m a t e r i a l  t o  an in t e rmed ia t e  con ta in i% a 

labe led  a c e t y l  group a t t ached  t o  a carbon con ta in ing  group o r  t o  

a carbon cha in .  The r e s u l t s  a r e  g iven  i n  Table I .  

Because of t h e  loss of i s o t o p i c  hydrogen from t h e  methyl group 

dur ing  t h e  ox ida t ion  of t h e  labe led  compounds a t  12O-15O0C, a s tudy  

involv ing  p a r t i a l  ox ida t ion  of n - v a l e r i c  a ~ i d - 5 - ~ H  was undertaken. 

I n  t h i s  experiment t h e  s t a r t i n g  m a t e r i a l  was p a r t i a l l y  oxid ized  by 

l i m i t i n g  t h e  amount o f  ox id i z ing  agent  a t  12O-15O0C us ing  80-90 

minute r e a c t i o n  t i m e s .  

This  experiment shows t h a t  t h e  loss of  t r i t i u m  from t h e  methyl 
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Table I .  Oxidat ion of  t r i t i a t e d  and deu te ra t ed  

compounds t o  a c e t i c  a c i d  a t  12O-15O0C. 

S t a r t i n g  Mate r i a l  
Ki .  o f  

compd . 
3 H / ~ ~ 1 e  

A c e t i c  A ~ i d - 2 - ~ H  5.90 

Propionic  A ~ i d - 3 - ~ H  15.90 

n-Butyric A ~ i d - 4 - ~ H  6.86 

n-Valeric Acid-5- 3H 3.25 

l -He~ene -6 -~H 11.46 

Propionic  Acid-3- *H3 

n-Butyric Acid-2,3 4-'H7 

K i .  of  

a c e t i c  
a c i d  

3 H / m m ~  1e 

5.70 

15. 10 

6 .33  

2.47 

7 . 5 0  

Percent  Loss 
o f  3H or  'H 
from methyl 
of  a c e t i c  a c i d  

3 . 3  

5 . 0  

7 .7  

24.0 

3 4 . 5  

20 .0  (*HI 

21 .0  ('HI 

group occurs  i n  t h e  s t e p  involv ing  ox ida t ion  of  t h e  propionic  

a ~ i d - 3 - ~ H  t o  a c e t i c  a ~ i d - 2 - ~ H .  The loss of i s o t o p i c  hydrogen 

from t h e  methyl group might occur  v i a  o t h e r  i n t e rmed ia t e s  when 

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

given i n  Table 11. 

Table 11. P a r t i a l  ox ida t ion  of n -va le r i c  a ~ i d - 5 - ~ H .  

S t a r t i n g  Mate r i a l  Compound i s o l a t e d  Percent  130s~ Of 3H 
and assayed  a f t e r  from t h e  methyl 
ox ida t  i on  group of t h e  compd. 

n-Valer ic  A ~ i d - 5 - ~ H  Propionic  A ~ i d - 3 - ~ H  0 . 5  

Ace t i c  Acid-2- 3H 23.7 
~~ ~~ 

I f  an in te rmedia te  i s  formed dur ing  t h e  ox ida t ion  con ta in ing  

a l abe led  a c e t y l  group a t t ached  t o  a carbon conta in ing  group o r  t o  

a carbon cha in ,  then an exchange r e a c t i o n  would provide  a p a r t i a l  

exp lana t ion  f o r  t h e  loss of i s o t o p i c  hydrogen i n  t h e  a c e t i c  ac id .  

Accordingly,  non-radioact ive f a t t y  a c i d s  w e r e  ox id ized  

i n  e i t h e r  a t r i t i a t e d  o r  deu te ra t ed  medium a t  12O-15O0C 

80-180 minute r e a c t i o n  t i m e s .  The a c e t i c  ac id  was then 

p u r i f i e d ,  and analyzed f o r  i s o t o p i c  hydrogen. The r e su  

given i n  Table 111. 

epara  te  ly 

us ing  

i s o l a t e d ,  

ts  a re  
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Table 111. Exchange r e a c t i o n  du r ing  o x i d a t i o n  of  

compounds t o  a c e t i c  a c i d  a t  120-150dC. 

S t a r t i n g  Mate r i a l  Percent  i nco rpora t ion  of  
t r i t i u m  o r  deuter ium from 
the  medium i n t o  the  methyl 
group of a c e t i c  ac id  

Acetic Acid 

Propionic  Acid 

n-Butyric Acid 

n-Va l e r i c  Acid 

n-Va l e r i c  Acid 

n-Hexanoic Acid 

n-Heptanoic Acid 

1. 5 (3H) 

2.4  ( 3H) 

8 . 7  (3H) 

2 2 . 7  (3H) 

3 0 . 9  (2H) 

5 6 . 9  ('H) 

1 2 . 9  (2H) 

The preceding experimental  r e s u l t s  i n d i c a t e d  t h a t  an exchange 

r e a c t i o n  occurs  dur ing  t h e  ox ida t ion  of t h e  lower f a t t y  a c i d s  t o  

a c e t i c  ac id  a t  120-15Ooc us ing  80-180 minute r e a c t i o n  t i m e s .  To 

minimize t h e  exchange r e a c t i o n ,  lower r e a c t i o n  tempera tures ,  50- 

85OC, and longer  r e a c t i o n  t i m e s ,  90-360 minutes ,  have been e m -  

ployed. Under these  c o n d i t i o n s ,  accep tab le  r e s u l t s  have been 

obtained f o r  t h e  ox ida t ion  of  t h e  lower f a t t y  a c i d s  and 1-hexene. 

I n  add i t ion ,  t h e s e  cond i t ions  w i l l  probably be s a t i s f a c t o r y  f o r  

t he  C-methyl a n a l y s i s  o f  o t h e r  t r i t i u m  o r  deuter ium l abe led  com- 

pounds. The d a t a  a r e  presented  i n  Table I V .  

From t h e  experimental  r e s u l t s ,  i t  can be seen t h a t  t h e  d e t e r -  

mination of t r i t i u m  o r  deuter ium i n  t h e  methyl group of  o rgan ic  

compounds m u s t  be c a r r i e d  ou t  under c a r e f u l l y  c o n t r o l l e d  cond i t ions .  

Inspec t ion  of  Table I V  i n d i c a t e s  t h a t  accep tab le  i s o t o p i c  r e s u l t s  

can be obtained by ca r ry ing  ou t  t h e  ox ida t ion  a t  temperatures  

ranging from 50 t o  75OC using r e a c t i o n  t i m e s  from 90 t o  360 min- 

u t e s .  F i n a l l y ,  t h e  amount of  t r i t i u m  o r  deuter ium t h a t  w i l l  be 

l o s t  from t h e  methyl group of  a c e t i c  ac id  by  ox ida t ion  of  compounds 

conta in ing  e i t h e r  t r i t i a t e d  o r  deu te ra t ed  methyl groups 
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Table I V .  Oxidat ion o f  t r i t i a t e d  and deu te ra t ed  compounds 

t o  a c e t i c  ac id  a t  50-85’C. 

S t a r t i n g  M a t e r i a l  React ion React ion Percent  Loss 
temperature  t i m e  of tritium o r  

deuter ium from 
methyl group 
of a c e t i c  a c i d  

OC min 

Propionic  A ~ i d - 3 - ~ H  65-75 180 0 .8  

n-Butyric A ~ i d - 4 - ~ H  65-75 150 2 . 8  

n-Valer ic  A ~ i d - 5 - ~ H  65-75 150 2 . 3  

l -He~ene-6-~H 75-85 150 1 2 . 3  

1-Hexene-6 - 3H 50 150 3 . 8  

Propionic  Acid-3-’H 65-75 360 2 .4  

n-Butyric Acid- 65-75 180 3 .0  
2,3,4-2H7 

Acetic Acid-2-’H3 65-75 90 0 .0  

can be es t imated  by  ox id iz ing  the  non-rad ioac t ive  compound i n  a 

t r i t i a t e d  o r  deu te ra t ed  medium and ana lyz ing  t h e  r e s u l t i n g  a c e t i c  

ac id  f o r  i s o t o p i c  hydrogen 

EXPERIMENTAL 

Oxidat ion o f  t r i t i a t e d  o r  deu te ra t ed  f a t t y  a c i d s  t o  a c e t i c  ac id .  

The procedure used t o  conver t  t r i t i a t e d  o r  deu te ra t ed  compounds 

t o  a c e t i c  a ~ i d - 2 - ~ H  o r  a c e t i c  acid-Z-’H has been descr ibed‘’) .  

t r i t i u m  l abe led  compounds w e r e  assayed by l i q u i d  s c i n t i l l a t i o n  

count ing us ing  t h e  Bush Channels Ra t io  Method t o  c o r r e c t  f o r  

quenching‘ 2,  . 
mass spectrometry us ing  a Perkin-Elmer CH-3 ins t rument .  

The 

The deuter ium labe led  compounds w e r e  analyzed by 

General  procedure f o r  i s o t o p i c  C-methyl de te rmina t ion .  

The number of  mi l l imoles  of sodium dichromate employed i s  equal  

t o  t h e  number of carbon atoms oxid ized  t o  carbon d iox ide  i n  t h e  

compound t i m e s  t h e  mi l l imoles  o f  compound oxid ized  t i m e s  1 . 5 .  The 
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m i l l i m o l e s  of w a t e r  used i s  e q u a l  t o  t h e  number o f  ca rbon  atoms 

o x i d i z e d  t o  carbon d i o x i d e  i n  t h e  compound t i m e s  t h e  m i l l i m o l e s  

of compound o x i d i z e d .  G e n e r a l l y ,  t h e  m i l l i l i t e r s  of c o n c e n t r a t e d  

s u l f u r i c  a c i d  employed i s  e q u a l  t o  t h e  number of  ca rbon  atoms 

o x i d i z e d  t o  ca rbon  d i o x i d e  i n  t h e  compound t i m e s  t h e  m i l l i m o l e s  

of compound o x i d i z e d  t i m e s  1 . 3 .  Sometimes t h e  amount o f  s u l f u r i c  

a c i d  i s  v a r i e d  so t h a t  t h e  d i c h r o m a t e  does  n o t  p r e c i p i t a t e  from 

s o l u t i o n .  The number o f  ca rbon  atoms o x i d i z e d  t o  ca rbon  d i o x i d e  

i s  e q u a l  t o  t h e  number o f  ca rbon  atoms i n  t h e  compound minus t h e  

number of carbon atoms i n  t h e  a c e t i c  a c i d  produced on o x i d a t i o n .  

The p u r i t y  o f  t h e  a c e t i c  a c i d  from a l l  o x i d a t i o n s  was e s t a b l i s h e d  

by g a s  ch romatograph ic  a n a l y s i s .  A l s o ,  i n  some e x p e r i m e n t s ,  

p r e p a r a t i v e  g a s  ch romatograh ic  t e c h n i q u e s  and f r a c t i o n  c o l l e c t i o n  

w e r e  employed t o  o b t a i n  a c e t i c  and o t h e r  a c i d s .  
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