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SUMMARY 

A method is described by which 180-DMF can be prepared con- 
veniently and in very high y ie lds  (- 90%) by reacting a t  room 
temperature an equimolar quantity of benzoyl chloride, DMF and 
"0- labelled water. 

INTRODUCTION 

A n u m b e r  of s tud ies  a r e  known that  i l l u s t r a t e  the  c h e m i c a l  reac t iv i ty  

Stephens of the  carbonyl  oxygen in N ,  N-dimethyl for rnamide  (DMF).  1 - 6  

e t  a l .  ' have d e s c r i b e d  a reac t ion  of sulfonyl c h l o r i d e s  with p r i m a r y  a m i d e s  

which probably  involves  0-acyla t ion .  

a l s o  r e a c t  with D M F  a t  the oxygen a t o m .  

a c y l  o r  benzoyl  b r o m i d e s  w e r e  mixed  with D M F  in  e q u i m o l a r  propor t ions ,  

1 : l  c r y s t a l l i n e  s a l t s  w e r e  f o r m e d  (eq. 1 ) .  T h e s e  w e r e  a s s i g n e d  f o r m u l a I  

o n  t h r  b a s i s  of t h e i r  r e a c t i o n s  with an i l ine  a n d  water .  T h u s ,  t h e  s a l t  f r o m  

benzoyl  b r o m i d e  gave  benzani l ide in  84. 8% yie ld  with an i l ine  and  benzoic  

ac id  in  79. 3% yie ' i i  i n  water .  

Hasze ld ine8  found tha t  Lewis  a c i d s  

5 Hal l  not iced tha t  when e i t h e r  

5 

*'To whom c o r r e s p o n d e n c e  should be  a d d r e s s e d .  
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t 
R C O B r  t (CH3)2NCH0 ---+ (CH3)2N= CHOCORCl (eq. 1 )  

D M F  (3 

We h a v e  recent ly  r e p o r t e d 9  tha t  when D M F - a c y l  hal ide i n t e r m e d i a t e s  

(I, w e r e  t r e a t e d  with a l ipha t ic  a lcohols  a t  r o o m  t e m p e r a t u r e ,  a lkyl  ha l ides  

w e r e  produced  i n  quant i ta t ive y ie lds  (eq. 2). 

t 
(CH3)2N= CHOCORX i R'OH j R ' X  t R C 0 2 H  t (CH3)2NCH0 (eq. 2 )  

In the c o u r s e  of invest igat ing the m e c h a n i s m  of the  above reac t ion  (eq. 

2)  i t  b e c a m e  n e c e s s a r y  to synthes ize  180-d imethyl formarnide  ("0-DMF).  

We wish to r e p o r t  h e r e  tha t  1 8 0 - D M F  c a n  h e  p r e p a r e d  convenient ly  and 

in  v e r y  high y ie lds  by reac t ing  a t  r o o m  t e m p e r a t u r e  a n  equimolar  quantity 

of benzoyl  c h l o r i d e ,  D M F  a n d  180- labe l led  w a t e r  (eq .  3 ) .  

t - 18 18 
(CH3)2N=CHOCOPh C l  t H 2 0  ---+ P h C 0 2 H  t (CHjI2NCH\)  A HCl (eq .  31 

2 1 .  
Ia - 

EXPERIMENTA 1- 

P r e p a r a t i o n  of I *O -Dimethy lfo r m a m i d e  

7. 3 g (0. I m)  of d i m e t h y l f o r m a m i d e  ( d r i e d  o v e r  pulvar ized  KOH and 

d is t i l l ed)  a n d  1 4 . 0  g (0. 1 m)  of benzoyl  ch lor ide  w e r e  placed i n  a n  e r l e n m e y e r  

f lask  equipped with a m a g n e t i c  s t i r r e r  and a c a l c i u m  chlor ide  dry ing  tube. 

T h e  conten ts  w e r e  cooled to 0 - 5 O  in a n  i c e  bath f o r  about  10 min .  1. 85 g 

(0. 1 m)  of 180- labe l led  w a t e r  (20% mole  of I8O i so tope)  was then in t roduced  

s lowly while s t i r r i n g .  In about  5 m i n  a f t e r  addi t idn of i so tope  label led water  

the  conten ts  w e r e  sol idif ied due to the  prec ip i ta t ion  of benzoic  ac id .  [At t h i s  

s t a x e  a s a m p l e  of the  reac t ion  examined  m a s s  s p e c t r o m e t r i c a l l y  showed " 0  

i n  DMF. T h e  identity of the  f o r m e d  benzoic  a c i d  w a s  proven  by isolat ion.  
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This  ac id  could be isolated f r o m  the reaction in iv ture  by e i ther  extraction 

with pe t ro leum e the r  o r  carbon disulfide o r  a l te rna te ly  by d i r ec t  f i l tration 

with subsequent washing with water. ] 

was added to the reaction and when the evolution of carbon dioxide ceased  

the contents were  ex t rac ted  with acetone ( 3  x 15  ml) .  

was d r i ed  over  5 g of anhydrous potassium carbonate and fi l tered.  

was removed under reduced p r e s s u r e  and the res idua l  liquid was distilled 

a t  a tmospher ic  p r e s s u r e  to obtain 6 g (81%) of 180-d imethyl formamide  

(153' 5) .  The mole  percentage of 180- i so tope  in the so  produced dimethyl- 

formamide  was de te rmined  mass spec t romet r ica l ly  and was found to be  18% 

( 9 0 %  incorporation, obtained as the average  value of t h ree  exper iments ) .  

'The isotope abundances were  a s  follows: 

8. 4 g (0. 1 m )  of sodium bicarbonate 

The acetone layer 

Acetone 

m l e  70 of P 

7 3 P )  100  
75(Pt 2 )  18 

- 

- 80-Exchange Studies 
18  

Equimolar quantit ies (0. 01 m )  of dimethylformamide (DMF) ,  H20 and 

concentrated HCL were  heated a t  60' C f o r  24 hours.  

solution was examined by m a s s  spec t romet ry  i t  showed no incorporation of 

l80 into DMF. 

When a sample  of this 

DISCUSSION 

F r o m  the data obtained above i t  is c l ea r  that  the reaction between 
18 

H 2 0  and the DMF-acyl chloride i n t e r m e d i a t e 2  (eq. 3 )  leads to 180-DMF 

via an  a t tack  of the f o r m e r  at the immonium carbon (carbon # 2 )  of the 

la t te r  (&, eq. 2 , .  The reaction, depicted by equation 3 ,  appea r s  to pro-  

ceed to completion a t  5' hi about 5 min,  a s  evidenced by the quantitative 

re lease  of benzoic ac id  and the incorporation of l 8 0  into i t s  DMF fraction. 

. 
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In c o n t r a s t ,  h o w e v e r ,  the  I80-exchange  s tudies  show t h a t  t h e  oxygen a t o m  
18 

of D M F  d o e s  not exchange  with H 0 under  s t r o n g  a c i d  condi t ions a t  60° C,  

for  pro longed  p e r i o d s  of t i m e  (24 hours ) .  
2 
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