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LABELLED COMPOUNDS OF INTEREST AS ANTITUMOUR AGENTS I: N-METHYLFORMAMIDE AND 

N,N-DIMETHYLFORMAMIDE. 
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SUMMARY 

E f f i c i e n t  p r e p a r a t i o n s  o f  N-methylformamide ( a n  a c t i v e  a n t i t u m o u r  

a g e n t 1  have been  d e v e l o p e d  i n  which t h e  cornpound i s  l a b e l l e d  w i t h  

I4C i n  t h e  f o r m y l  g r o u p ,  w i t h  I4C i n  t h e  m e t h y l  g r o u p  and w i t h  

d e u t e r i u m  i n  t h e  m e t h y l  g r o u p .  N,N-Oimethyl-14C-formamide h a s  

a l s o  been  s y n t h e s i s e d .  
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I N T R O D U C T I O N  

N-Methyl fonarn ide  (1; NMFl i s  a compound which shows s i g n i f i c a n t  a c t i v i t y  

a g a i n s t  a number o f  m u r i n e  tumours  11-41 whereas  t h a t  o f  i t s  d l m e t h y l  a n a l o g u e  

N,N-dimethylformamide (2; DMFI i s ,  a t  b e s t ,  m a r g i n a l .  I n  o r d e r  t o  i n v e s t i g a t e  

b o t h  t h e  i n  v i v o  d i s t r i b u t i o n  and  t h e  m e t a b o l i c  f a t e  of t h e  two d i f f e r e n t  one-  

c a r b o n  f r a g m e n t s  a r i s i n g  f rom NMF and OMF, we r e q u i r e d  NMF l a b e l l e d  w i t h  I4C i n  

e a c h  o f  t h e  c a r b o n  p o s i t i o n s  s e p a r a t e l y  (3 a n d  41 and DMF c o n t a i n i n g  a I4C m e t h y l  

g roup  [ 51 .  

is r e s p o n s i b l e  f o r  f u r n i s h i n g  t h e  a c t u a l  a n t i t u m o u r  a g e n t ,  we s o u g h t  N - ( t r i d e u t e r o  

m e t h y l l - f o r m a m i d e  (51 as a t o o l  t o  examine any p r i m a r y  k i n e t i c  i s o t o p e  e f fec t  i n  

t h i s  p u t a t i v e  m e t a b o l i c  a c t i v a t i o n :  i f  s u c h  a n  e f fec t  were  f o u n d ,  i t  may 

m a n i f e s t  i t s e l f , i n t e r  a l i a ,  a s  a d e c r e a s e  i n  a n t i t u r n o u r  a c t i v i t y  upon d e u t a r a t i o n .  

A s  it i s  p o s s i b l e  t h a t  i n  v i v o  o x i d a t i o n  o f  t h e  m e t h y l  g r o u p  o f  NMF - 
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RESULTS 

The p y r o l y s i s  o f  ammonium s a l t s  o f  c a r b o x y l i c  a c i d s  has  l o n g  been known t o  

g i v e  carboxamides ,  a l b e i t  i n f r e q u e n t l y  i n  modes t  y i e l d .  The s y n t h e s i s  o f  N.N- 

dlmethyl-14C-formamide (21 by t h i s  r o u t e  h a s  been d e s c r i b e d  by Veres  2 151; 

however, i n  our hands ,  i n  e x p e r i m e n t s  u s i n g  u n l a b e l l e d  m a t e r i a l ,  t h i s  t e c h n i q u e  

f a i l e d ,  g i v i n g  a m i x t u r e  of OMF 

m o d i f i c a t i o n  was t h e r e f o r e  employed. 

e x c e s s  of methylamine  h y d r o c h l o r i d e  i n  t h e  a b s e n c e  o f  s o l v e n t  i n  a n  a p p a r a t u s  

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

s e r v e d  t o  ensure t h a t  a l l  t h e  v o l a t i l e  methylamnoniurn 14C-forrnate  had been  

t h e r m a l l y  c o n v e r t e d  t o  t h e  d e s i r e d  amide  (31. 

p r e p a r e d  s i m i l a r l y  f r o m  sodium 1 4 C - f o m a t e  and d i rne thylamine  h y d r o c h l o r i d e .  

rr 

(21 a n d  dimethylammonium f o r m a t e .  A 

Sodium 14C-formate  was h e a t e d  w i t h  a n  

The d i m e t h y l  a n a l o g u e  (21 was 

The m e t h y l - r a d i o l a b e l l e d  compound (41 was p r e p a r e d  f rom 14C-methylamine 

h y d r o c h l o r i d e  and e t h y l  f o r m a t e  i n  t h e  p r e s e n c e  o f  m e t h a n o l i c  base. Chemical  
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and r a d i o c h e m i c a l  y i e l d s  o f  compounds (3 - 51 were h i g h .  

P u r e  a n h y d r o u s  N- ~trideut~eromethyl3-fo1mamide (61 was p r e p a r e d  from 

t r i d e u t e r o r n e t h y l m i n e  h y d r o c h l o r i d e  and  e t h y l  f o r m a t e  I n  m o d e r a t e  y i e l d .  A l l  t h e  

l a b e l l e d  NflF d e r i v a t i v e s  (3. 4. 51 are  new compounds. 

i n f r a - r e d  s p e c t r u m  o f  (51 and t h a t  o f  i t s  p r o t i o - a n a l o g u e  (11 p e r m i t t e d  u s  t o  

assign certain a b s o r b a n c e  bands  t o  v i b r a t i o n s  o f  t h e  m e t h y l  g r o u p  o f  NMF 

( ~ ~ - ~ / v ~ - ~  - 1.371. 

used  o t h e r  d e u t e r a t e d  NMF d e r i v a t i v e s ,  b u t  c o n f l i c t  w i t h  S u t h e r l a n d  ‘ 5  17 I 
p r o p o s a l s  f o r  a s s i g n m e n t  o f  t h e  bands  a t  2880 cm-’ and 960 cm-’ i n  t h e  s p e c t r u m  

of (11,which we have  shown t o  b e  v i b r a t i o n s  of  t h e  CH3 g r o u p  (see t h e  T a b l e ) .  

D i f f e r e n c e s  between t h e  

T h e s e  a s s i g n m e n t s  complement t h e  work of S u z u k l  161, who 

Table .  I n f r a - r e d  Spec t rum o f  2 and 6 
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The outcome o f  t h e  m e t a b o l i c  and p h a r m a c o k i n e t i c  i n v e s t i g a t i o n s  w i l l  b e  

p u b l i s h e d  e l s e w h e r e  18 I ; 
t h i s  i m p o r t a n t  a n t i t u m o u r  a g e n t  (NMF, 1 1  a r e  b e i n g  a c t i v e l y  p u r s u e d .  

f u r t h e r  s t u d i e s  on  t h e  p h y s l c o c h e m i c a l  p r o p e r t i e s  o f  
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T h i s  work was s u p p o r t e d  by a g r a n t  f rom t h e  Medica l  
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Exper imenta l  

The r a d i o a c t i v i t y  was measured by t h e  s c i n t i l l a t i o n  method us ing  a Packard 

T r i c a r t  2660 i n t r u m e n t  and r ad iochemica l  p u r i t y  was checked us ing  t h i n - l a y e r  

chromatography on s i l i c a  g e l  p l a t e s  ( S i l i c a  Gel 60 FZs4, Merckl. , I n f r a r e d  

s p e c t r a  were ob ta ined  from t h i n  f i l m s  o f  l i q u i d  sample us ing  a Perkin-Elmer 1310 

spec t romete r .  P ro ton  magnetic r e sonance  s p e c t r a  were ob ta ined  a t  60 MHz us ing  a 

Var ian  EM-360A spec t romete r  w i t h  t e t r a m e t h y l s i l a n e  a s  i n t e r n a l  s t a n d a r d .  Radio- 

chemica 1s [14C-methylamine hydroch lo r ide  and sodium "C-formate) were o b t a i n e d  

from Amersham I n t e r n a t i o n a l  PLC and t r ideu te romethy lamine  hydroch lo r ide  [ 98%01 

from Aldr i ch  Chemical Co.Ltd. 

N-14C-Methylformamide [ 31 

A s o l u t i o n  o f  sodium methoxide  i n  methanol [Z.Oml) [p repa red  from sodium 

meta l  [ 6 9  mgl l was added s lowly  t o  a cooled  s o l u t i o n  o f  14C-methylamine hydroch- 

l o r i d e  [202.5 mg; 1 .0  mCil i n  methanol (1.0 mll. Anhydrous sodium c a r b o n a t e  

(318 mgl and e t h y l  formate  [ 3 . 0  mll were added and t h e  m i x t u r e  wa5 s t i r r e d  a t  

25OC f o r  18 hours .  

o f f  u s ing  a cotton-wool p lug .  The f i l t r a t e  and e t h y l  fo rma te  washings were 

combined and t h e  s o l v e n t s  evapora t ed  c a r e f u l l y  under reduced  p r e s s u r e  t o  g i v e  

E thy l  fo rma te  (4.0 mll was added and t h e  s a l t s  were f i l t e r e d  

14  N- C-methylformamide (163 mg; 0.92m C i ;  chemica l  y i e l d  92%)  a s  a c o l o u r l e s s  

l i q u i d .  It had chromatographic  p r o p e r t i e s  i d e n t i c a l  t o  a commercial  sample o f  

un la  b e l l e d  N-met hylformamide. 

N- M e t  hy 1 -I 4 C - f  ormam i d  e (4) 

Methylamine hydroch lo r ide  [270  mg) and sodium 14C-formate [ I 3 6  mg; 1.7m Ci l  

were p laced  i n  t h e  s ide-arm o f  a 7cm x Icm t e s t - t u b e  equipped w i t h  10cm x Icm 

side-arm and w i t h  a r e f l u x  condenser .  Gen t l e  hea t ing  o f  t h e  s o l i d s  over  a f l ame  

f o r  8 minutes  caused  t h e  v o l a t i l e  m a t e r i a l s  t o  b o i l  under r e f l u x  w i t h i n  t h e  s i d e -  

arm. T h e  mix tu re  was t h e n  hea ted  more s t r o n g l y  and a p a l e  s t r aw-co loured  l i q u i d  

d i s t i l l e d  i n t o  t h e  main t u b e .  T h e  d i s t i l l a t e  was e x t r a c t e d  w i t h  a c e t o n e  (6x4 mlf 

Care fu l  evapora t ion  o f  t h e  s o l v e n t  f u r n i s h e d  N-methyl-14C-formamide monohydrate 

[ I22  mg; 1 .35  m C i ;  chemica l  y i e l d  7 9 % )  a s  a p a l e  ye l low l i q u i d .  I t  had p r o p e r t i e s  

i d e n t i c a l  t o  an equimolar  m i x t u r e  o f  a u t h e n t i c  N-methylformamide and wa te r .  
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N, N-Dimethyl-'4C-formamide (5-1 

T h i s  canpound was p r e p a r e d  u s i n g  a t e c h n i q u e  s i m i l a r  t o  t h a t  used  f o r  (41 
f rom d i m e t h y l a m i n e  h y d r o c h l o r i d e  (326  mg1 and sodium 14C-formate  [ I 3 6  mg; 870  ~ C i l  

N ,  N-Oimethyl 14C-formamide monohydra te  (1 20 mg; 560pCi: c h e m i c a l  y i e l d  6 6 % )  was 

o b t a i n e d  as  a p a l e  s t r a w - c o l o u r e d  l i q u i d  h a v i n g  p r o p e r t i e s  i d e n t i c a l  t o  a n  

e q u i m o l a r  m i x t u r e  of  a u t h e n t i c  N,N-dimethylformamide and  w a t e r .  

N-(Trideuteromethyll-formamide [ 6 1  

Sodium (660 mgl was added t o  a b s o l u t e  e t h a n o l  (30 m l l  a t  -SUC. When a l l  t h e  

m e t a l  had d i s s o l v e d ,  I t r i d e u t e r o m e t h y l l a m i n e  h y d r o c h l o r i d e  (2.Ogl was a d d e d ,  

f o l l o w e d  by e t h y l  f o r m a t e  ( 2 5  m l l  and  a n h y d r o u s  sodium c a r b o n a t e  ( ' l o g ) .  The 

m i x t u r e  was s t i r r e d  a t  -5OC f o r  1 h o u r  t h e n  1 2  h o u r s  a t  Z O O C .  

was o b t a i n e d  a f t e r  f i l t r a t i o n  and  t h e  f i l t r a t e  and e t h y l  f o r m a t e  w a s h i n g s  were 

c o n c e n t r a t e d  i n  vacuo t o  10ml.  D i s t i l l a t i o n  u s i n g  t h e  b u l b - t o - b u l b  t e c h n i q u e  

g a v e  N-(trideuteromethyll-fonamide (860 mg; 49%1 a c o l o u r l e s s  l i q u i d .  BPt3 

65-70°C u ( l i q u i d  f i l m ] :  (see T a b l e ) .  G ( C D C l 3 1 :  7 . 3  ( I n 1  b r  (NH, 8.031 

0.1Hl s CHO c i s - f o r m ,  8.27 I0.9Hl s CHO t r a n s - f o r m .  m/z: 62 ( M ' l .  

A c l e a r  s o l u t i o n  

max 

1. 

2. 

3. 
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