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SUMMARY 

Labe l l ing  p a t t e r n s  i n  t r i t i a t e d  f o l i c  a c i d  and 
me tho t r exa te  have been examined by t r i t i u m  nuc lea r  
magnetic resonance spectrometry.  The r e s u l t s  
i n d i c a t e  t h a t  o x i d a t i v e  deg rada t ion  with permanganate 
can give a fa lse  tritium d i s t r i b u t i o n .  

INTRODUCTION 

T r i t i a t e d  f o l i c  a c i d  and i ts  4-amino-N ''-methyl analogue, me tho t r exa te  

a r e  widely used i n  biomedical  r e sea rch .  For s t u d i e s  i n  which t h e  tritium 

is used a s  a t r a c e r  t o  fo l low t h e  f a t e  of t h e  i n t a c t  molecule,  t h e  

s p e c i f i c i t y  of  tritium l a b e l l i n g  is normally unimportant.  However, i n  

s t u d i e s  where t h e  p o s s i b i l i t y  of metabolism or chemical a l t e r a t i o n  of t h e  

compound a r i s e s ,  it is ve ry  important  t o  know t h e  d i s t r i b u t i o n  of t r i t i um 

i n  t h e  t r a c e r  compound ( 1 ) .  

1 F o l i c  a c i d  ( I ;  

X = H )  are l a b e l l e d  with tritium by c a t a l y t i c  halogen-tr i t ium replacement  

i n  3 ' ,5 ' -dibromofol ic  a c i d  ( I ;  

me tho t r exa te  ( I ;  R=NH2, R1=Me, X=C1)  r e s p e c t i v e l y  iisj ng tritium gas  

(2,3). L a b e l l i n g  with t r i t i u n  is  a l s o  achieved by a procedure us ing  

c a t a l y s e d  exchange hetween tritium gas and t h e  compound 1 1 1  s o l u t i o n  (2 ,3 ,4 )  

R=OH, R1=H, X = H )  and ms tho t r exa te  ( I ;  R=NHZ R = M e ,  

R=OH, R1=H, X = B r )  and 3 ' , 5 ' -d i ch lo ro -  
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P rev ious  s t u d i e s  ( 2 )  u s i n g  chemical o x i d a t i v e  and enzymatic methods t o  

e s t a b l i s h  t h e  p a t t e r n s  of l a b e l l i n g  have i n d i c a t e d  t h a t  t h e  9-methylene 

p o s i t i o n  i s  l a b e l l e d  with tritium dur ing  e i t h e r  c a t a l y s e d  ha logen- t r i t i um 

replacement  or c a t a l y s e d  hydrogen-tr i t ium exchange. Oxidat ive deg rada t ion  

of  p t e r o y l  g lu t ama tes  ( f o l i c  a c i d  and me tho t r exa te )  w i th  a l k a l i n e  

permanganate c l e a v e s  t h e  C9-N1' bond g i v i n g  t h e  corresponding p t e r i d i n e -  

c a r b o x y l i c  a c i d  (11; R=OH o r  N H 2 ,  R"=COOH) and 4-aminobenzoyl-glutamic 

a c i d  (111). Tr i t ium i n  t h e  9-methylene group is  ox id i sed  t o  t r i t i a t e d  

w a t e r  under t h e  experimental  c o n d i t i o n s  ( 2 ) .  A r e c e n t  p u b l i c a t i o n  by 

Maruyama eal. ( 5 )  d e s c r i b e s  a d e t a i l e d  s tudy  of t h e  o x i d a t i v e  cleavage 

o f  f o l a t e s  and t h a t  t h e  4-aminobenzoyl-glutamic a c i d  formed is  a l s o  prone 

t o  f u r t h e r  o x i d a t i o n  t o  u n i d e n t i f i e d  products .  This f u r t h e r  deg rada t ion  

o f  t h e  4-aminobenzoyl-glutamic a c i d  r e s u l t s  i n  t h e  formation of t r i t i a t e d  

water  from tritium atoms i n  t h e  3 ' , 5 ' - p o s i t i o n s  of  t h e  f o l i c  a c i d  or 

me tho t r exa te  which i n v a l i d a t e s  t h i s  chemical o x i d a t i o n  procedure f o r  

e s t a b l i s h i n g  t h e  p a t t e r n s  of  tritium l a b e l l i n g  i n  t h e s e  compounds. 

T r i t i u m  nuc lea r  magnetic resonance spectroscopy has  been e s t a b l i s h e d  (6 ,7)  

as a r o u t i n e  non-des t ruc t ive  method f o r  determining p a t t e r n s  of  l a b e l l i n g  

i n  t r i t i a t e d  compounds. F igu re  1 shows t h e  p ro ton  decoupled t r i t o n  

spectrum of f o l i c  a c i d  p repa red  by c a t a l y t i c  ha logen- t r i t i um replacement ,  

and F igu re  2 t h e  p ro ton  decoupled t r i t o n  spectrum of f o l i c  a c i d  l a b e l l e d  

by c a t a l y t i c  hydrogen-tr i t ium exchange. F igu res  3 and 4 shows t h e  

corresponding s p e c t r a  f o r  methotrexate .  
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EXPERIMENTAL 

Triton and proton nuclear magnetic resonance spectra were obtained using 

a Bruker WH90 spectroneter operating in the Fourier transform mode. 

Aqueous samples of [3',5',7,9-3H]folic acid K salt (5OmCi;58Ci/mmol), 

[7,9-3H]folic acid K salt (5OmCi;BCi/mmol), 

Na salt (5OmCi;6Ci/mmol), 

and [7-3H]pteridine-6-carboxylic acid K salt (25mCi;2OCi/mmol) were 

frozen and lyophilised. Each sample was redissolved in deuterium oxide 

(105~1) (to provide for field frequency locking) and a trace of sodium 

4,4-dimethylsilapentanesulphonic acid (DSS) added to provide the 'H 

reference. The solutions were sealed in cylindrical microcells (lOOpl; 

Wilmad) and inserted into standard n.m.r. tubes (5mm) which were capped. 

Triton spectra (with 'H decoupling) were recorded at 96 MHz and 25OC 

as previously (8,9). 

3 [3',5',7- Hlmethotrexate 

[7-3~]methotrexate Na salt (SOmCi;llCi/mmol) 

[3',5',7,9-3H]Folic acid - h-epared as previously described (2) from 
3',5'-dibromofolic acid by halogen-tritium replacement in 4 per cent 

potassium hydroxide solution with tritium gas using 10 per cent palladium 

on calcium carbonate as catalyst. 

[ 7, 9-3H] Folic acid - Prepared by hydrogen-tritium exchange ( lhr ) as 

previously described (2). 

[3', 5'' 7-3H]Methotrexate - h-epared by catalysed halogen-tritium 

replacement (overnight) from 3',5'-dichloromethotrexate as for folic 

acid (2). 

[7-3H] Methotrexate - Prepared by catalytic hydrogen-tritium exchange as 
for [7,9-3H]folic acid ( 2 ) .  

3 17- HIPteridine-6-carboxylic acid - Pterin-6-carboxylic acid (13.11119) 
in 4% potassium hydroxide (Zml) were stirred with tritium gas (2OCi) for 

2.5hr in the presence of 10% palladium on charcoal (11.8mg). 
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A f t e r  removal of l a b i l e  tritium t h e  crude t r i t i a t e d  product  was p u r i f i e d  

by paper  chromatography (Whatman 3MM paper ,  descending mode) f i r s t l y  with 

0.5% w/v aqueous potassium carbonate  f o r  4-6hr and secondly with p y r i d i n e :  

n-butano1:water 1: 1: 1) ove rn igh t .  In each case t h e  r a d i o a c t i v e  band 

co r re spond ing  t o  t h e  a u t h e n t i c  marker ( v i s u a l i s e d  under u.v) w a s  e x t r a c t e d  

i n t o  water .  

a c i d  was 29mCi a t  2OCuries/mmol. The s p e c i f i c  a c t i v i t y  w a s  c a l c u l a t e d  

us ing  t h e  weight determined by U.V. spec t roscopy  (0.1M sodium hydroxide 

s o l u t i o n ,  c364nm = 11.5 x 103M-1m-1). 

NMR s p e c t r a  of t h e  [7-3Hlpteridine-6-carboxylic a c i d  is shown in F igure  5. 

The y i e l d  of  r ad iochemica l ly  pu re  [ 7-3H] p te r id ine -6 -ca rboxy l i c  

The p ro ton  decoupled 3H 

A lka l ine  permanganate o x i d a t i o n  procedure - A s o l u t i o n  of t h e  r a d i o a c t i v e  

p t e roy l -g lu t ama te  (2ml a t  lmCi/ml) w a s  a d j u s t e d  to  pH 9 by t h e  a d d i t i o n  

of equa l  amounts of potassium carbonate  and b ica rbona te .  To the  s o l u t i o n  

was added potassium permanganate (ca.  5mg). The ox ida t ion  mixture  w a s  

l e f t  a t  room temperature  (20°C) f o r  f o l i c  a c i d  ( l h r ) ,  me tho t r exa te  (16hr  

o v e r n i g h t ) ,  p t e r id ine -6 -ca rboxy l i c  a c i d  (1.5hr)  and 4-aminobenzoic a c i d  

( 4 h r ) .  After  t h i s  t i m e  t h e  s o l u t i o n  w a s  f rozen  and t h e  l a b i l e  t r i t i u m  as 

t r i t i a t e d  water l y o p h i l i s e d  and measured by l i q u i d  b e t a  s c i n t i l l a t i o n  

count ing.  
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RESULTS AND DISCUSSION 

The tritium nuc lea r  magnetic resonance spectrum of t r i t i a t e d  f o l i c  a c i d  

p repa red  by t h e  c a t a l y t i c  ha logen- t r i t i um replacement method i n d i c a t e d  t h a t  

t h e  tritium was p r e s e n t  i n  t h e  3 ' , 5 ' - p o s i t i o n s  (42.5%), 7 -pos i t i on  (25.5%) 

and t h e  9-methylene group (32%) .  The pe rcen tage  of  tritium i n  t h e  

9 -pos i t i on  is cons ide rab ly  lower than t h e  pe rcen tage  of l a b i l e  t r i t i u m  

p r o d u c 4  d u r i n g  t h e  permanganate o x i d a t i o n  of  t h e  compound, as seen from 

+ ' e  t a b l e  (I). T h i s  of cour se  is now known t o  be due to  l a b i l e  tritium 

a r i s i n g  from t h e  3 ' , 5 ' - p o s i t i o n s  as w e l l  as from t h e  9-posi t ion d u r i n g  t h e  

o x i d a t i o n  r e a c t i o n s .  

p repa red  i n  s o l u t i o n  by c a t a l y s e d  exchange wi th  tritium gas shows e x t e n s i v e  

l a b e l l i n g  i n  t h e  7 -pos i t i on  (59%)  as w e l l  as i n  t h e  9-methylene group ( 4 1 % ) .  

N o t e  t h a t  i n  t h i s  case t h e  l a b i l e  tritium formed by permanganate o x i d a t i m  

a r i s i n g  from t h e  9 -pos i t i on  (42.4%) is i n  ve ry  close agreement wi th  t h e  

tnmr spectrum r e s u l t s ,  as expected. 

The tritium nmr spectrum of [7 ,9-3H]fol ic  a c i d  

A few p e r c e n t  l a b i l e  tritium may a r i s e  from t h e  7 -pos i t i on  d u r i n g  t h e  

o x i d a t i o n  as i n d i c a t e d  by t h e  experiments  w i th  [7-3Hl me tho t r exa te  and 

[7-3H]pteridine-6-carboxylic a c i d ,  shown i n  t h e  t a b l e  I. 

l a b i l i z a t i o n  of tritium occur s  from t h e  3 , s -pos i t i ons  d u r i n g  o x i d a t i o n  of 

4-amino-[3, 5-3H]benzoic ac id .  

me tho t r exa te  p repa red  by c a t a l y s e d  ha logen- t r i t i um replacement i n d i c a t e s  

t h a t  no d e t e c t a b l e  exchange has  occurred i n t o  t h e  9 -pos i t i on  probably due 

t o  t h e  s te r ic  hindrance e f f e c t  of  t h e  N'O-methyl group. 

supported by t h e  tritium nmr spectrum of t r i t i a t e d  methotrexate  l a b e l l e d  

by c a t a l y s e d  hydrogen-tr i t ium exvhange, by which method l a b e l l i n g  i n  t h e  

7 -p te r id ine  r i n g  on ly  0ccur.s. 

Complete 

The t r i t i u m  nmr spectrum of t r i t i a t e d  

Th i s  is also 
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Although tritium l a b e l l i n g  by catalysed exchange i n  so lu t ion  with tritium 

gas is not s u i t a b l e  f o r  t h e  l a b e l l i n g  of benzene ( 3 , 4 )  it was s u r p r i s i n g  

t o  f ind t h a t  L-he he te rocycl ic  p t e r i d i n e  r i n g  was ex tens ive ly  labe l led  

( i n  t h e  7-posi t ion)  during t h i s  procedure, a l b e i t  not so r e a d i l y  as  say 

t h e  9-position of f o l i c  acid.  These r e s u l t s  c l e a r l y  show the  advantages 

of t h e  non-destructive tritium nmr spectroscopic  technique f o r  the  

determination of p a t t e r n s  of labe l l ing .  

TABLE I 

Labi le  tritium by oxidat ion of t r i t i a t e d  f o l i c  a c i d  and methotrexate 

COMPOUND 

[7,9-3H]Folic a c i d  

[ 3 ' ,  5 ' ,  7,9-'H]Folic ac id  

[7-3H] Methotrexate 

[ 3 ' ,  5 ' ,  7-3H]Methotrexate 

[ 7-3H] Pteridine-6-carboxylic 
a c i d  

4-Amino- [3, 5-3H] benzoic ac id  

DISTRIBUTION OF IABEL 
BY TNMR SPECTROSCOPY 
3',5' 7 9 ( % )  

- 59 41 

42.5 25.5 32 

100 - - 

43 57 - 
100 - - 

100 - - 

~ ~~ ~ 

LABILE TRITIUM ( a )  
AFTER OXIDATION 

42.4 

41.8 

8 

21.2 

8 

1 I!O 

In the t a b l e  I1 a r e  thi. r e s u l t s  obtained using d i f f e r e n t  batches of c a t a l y s t  

and t h e  e f f e c t  on the  d i s t r i b u t i o n  of l a b e l  i n  [3',5',7,9-3H]folic ac id  and 

[ 3 ' , 5 ' ,  7- Hlmethotrexate t h e  reac t ion  t i m e  being kept constant .  3 
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- 
COMPOUND DISTRIBUTION OF LABEL BY 

i"I1R SPECTROSCOPY ( % )  
31,s' 7 9 

[3', 5 ' ,  7, 9-3HIFolic acid 42.5 25.5 32.0 
43.2 23.6 33.2 
58.0 16.5 25.5 
73.1 2.8 24.1 

[3',5',7-3H]Methotrexate 37.0 63.0 
46.4 53.6 

L 

709 

TABLE I1 

Distribution of tritium label as a function of catalyst batch 

As might be predicted from a tritium labelling procedure in which two 

different reactions are occurring (v& hydrogen-tritium exchange and halogen- 

tritium replacement), the relative distribution of the tritium label can 

vary greatly depending on the activity of the catalyst, time of reaction etc. 
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