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A CONVENIENT SYNTHESIS O F  ETHYL-14C-ISOCYANATE 

nece ived  on March 21, 1975. 

A l k y l i s o c y a n a t e s  r e a c t  w i th  s e v e r a l  f u n c t i o n a l  groups on p r o t e i n s ,  ( l ,  ’) 

have been employed a s  a c t i v e - s i t e - s p e c i f i c  r e a g e n t s  f o r  s e r i n e  pro tease^'^) 
and y e a s t  a l c o h o l  d e h y d r ~ g e n a s e ( ~ )  and i n h i b i t  r e d - c e l l  s i c k l i n g .  (57 6, 

f o r  e t h y l -  C-isocyanate  l a b e l e d  a t  t h e  i s o c y a n a t e  ca rbon  atom f o r  c c l l u l a r  

s t u d i e s  a t  t h i s  u n i v e r s i t y  provided t h e  impetus  f o r  i t s  s y n t h e s i s  from sodium 

propionate-1-  C. S t a r t i n g  l a b e l e d  sodium p rop iona te  w a s  chosen because of 

i t s  a v a i l a b i l i t y  and low c o s t  and t h e  ease w i t h  which i t  c a n  be conve r t ed  t o  

e t h y l i s o c y a n a t e  through use  of a modif ied C ~ r t i u s ( ~ ) r e a c t i o n .  

t o  t h e  phys ica l  p r o p e r t i e s  of t h e  r e a c t a n t s  and expec ted  by-products  (sodium 

p rop iona te ,  sodium az ide ,  sodium c h l o r i d e )  f a c i l e  p u r i f i c a t i o n  of t h e  i s o c y a n a t e  

w a s  a l lowed .  Thus f a r  t h e  r e a c t i o n  c o n d i t i o n s  have no t  been op t imized ;  t h e r e  

i s  ev idence  of an  a p p r e c i a b l e  q u a n t i t y  of u n d i s t i l l e d  e t h y l i s o c y a n a t e  i n  t h e  

quenched po t  r e s i d u e .  Even so t h e  o v e r a l l  d i s t i l l e d  y i e l d  of f i n a l  compound 

ranged between 55-67%. 

A need 

14 

14 

F u r t h e r ,  owing 

14 * 
S t a r t i n g  sodium propionate-1-  C w a s  d i s s o l v e d  i n  a 1 t o  4 mix tu re  of 

p r o p i o n i c  a c i d  and d r y  diglyme.  The r e s u l t i n g  s o l u t i o n  was added t o  a l a r g e  

e x c e s s  o f  propionyl  c h l o r i d e  and al lowed t o  e q u i l i b r a t e  f o r  48 hour s  a t  25’. 

Since  w e  subsequen t ly  observed a n e a r l y  1 t o  1 i n c o r p o r a t i o n  of 14C i n t o  t h e  

e t h y l i s o c y a n a t e  i t  would appea r  t h a t  e s s e n t i a l l y  a l l  14C l a b e l  o r i g i n a l l y  pre-  

sumed t o  be p r e s e n t  a s  prop ion ic  anhydr ide  was e q u i l i b r a t e d  i n t o  t h e  p rop iony l  

c h l o r i d e .  I t  i s  w e l l  known t h a t  a v o l a t i l e  a c i d  c h l o r i d e  c a n  be prepared from 

a mixed anhydr ide  u s i n g  benzoyl  c h l o r i d e . ( * )  

p r o p i o n i c  anhydr ide  i s  s i m i l a r l y  expec ted  t o  be i n c o r p o r a t e d  i n t o  t h e  l a r g e  

The r a d i o l a b e l  i n  t h e  formed 
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e x c e s s  of p rop iony l  c h l o r i d e ;  t h i s  e q u i l i b r a t i o n  l i k e l y  i s  c a t a l y z e d  by t h e  

HC1 produced d u r i n g  anhydr ide  fo rma t ion .  

The e q u i l i b r a t e d  a c i d  c h l o r i d e  mix tu re  was added dropwise t o  a s t i r r e d  

suspens ion  of e x c e s s  i i n e l y  powdercd sodium a z i d e  a t  70' i n  diglyme ove r  one 

and one-half  hour s .  Radiolabeled e t h y l i s o c y a n a t e  was removed by c o n c u r r e n t  

d i s t i l l a t i o n  i n t o  a r e c e i v e r  h e l d  a t  -78O. 

t a i n e d  t o  p reven t  foaming due t o  t h e  e v o l u t i o n  of n i t r o g e n  d u r i n g  t h e  r e a c t i o n .  

Through t h i s  meth<,d 21.9 pCi/mM of p rop iony l  c h l o r i d e  s o l u t i o n  d e r i v e d  from 

1 mCiof sodium p r ~ p i o n a t e - l - ~ ~ C  (53  mCi/mM) w a s  conver t ed  t o  2.24% of e t h y l -  

i s o c y a n a t e  having a s p e c i f i c  a c t i v i t y  o f  1 9 . 2  pCi/mM. 

A slow r a t e  of a d d i t i o n  was main- 

A l l  s o l v e n t s  used w e r e  d r i e d  and d i s t i l l e d .  H a d i o a c t i v i t y  w a s  measured 

u s i n g  a Packard T r i c a r b  Model 3375 l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t e r .  Radio- 

chemical  p u r i t y  was determined u s i n g  t h e  d i e t h y l u r e a  d e r i v a t i v e  of t h e  formed 

e t h y l i s o c y a n a t e  by t h i n  l a y e r  chromatography u s i n g  t w o  s o l v e n t  systems (tetra- 

hydro fu ran  and 95% e t h a n o l ) .  R a d i o a c t i v i t y  o n  t h e  t h i n  l a y e r  chromatographs 

was monitored wi th  a Baird-Atomic Beta Camera Model 6000. For proof of s t r u c -  

t u r e ,  YhlH s p e c t r a  were r eco rded  u s i n g  a Varian A-60-A s p e c t r o m e t e r ;  I R  s p e c t r a  

were recorded u s i n g  a Pe rk in  Elmer Model 257. 

PPofthcCLlorido.-A s o l u t i o n  of sodi-  

14 
um p rop iona te -  C ( 1  m C i ,  53 mCi/mM) d i s s o l v e d  i n  p r o p i o n i c  a c i d  (0.11111) and 

d r y  diglyme (0.41111) was added t o  p rop iony l  c h l o r i d e  (5.0m1, 57.2mM). The 

r e s u l t i n g  s o l u t i o n  was s toppe red  and k e p t  a t  25O f o r  48 h o u r s .  

Ethyl-14C-isocyanatc.-The prepared p rop iony l  c h l o r i d e  s o l u t i o n  w a s  added 
-̂--- 

dropwise w i t h  s t i r r i n g  t o  l O m l  of d r y  diglyme c o n t a i n i n g  f i n e l y  powdered 

sodium a z i d e  (14g.,  216mMol) a t  70' d u r i n g  1 1/2 h o u r s  i n  a n  atmosphere of d r y  

a r g o n .  A f t e r  accumula t ion  of s u f f i c i e n t  e t h y l i s o c y a n a t e  concomitant  d i s t i l -  

l a t i o n  o c c u r s  and t h e  d i s t i l l a t e  was c o l l e c t e d  a t  -78'. A f t e r  t h e  a d d i t i o n  

w a s  complete  t h e  r e a c t i o n  mix tu re  was s t i r r e d  a t  70° f o r  a n  a d d i t i o n a l  1/2 

hour .  Subsequent ly ,  t h e  o i l  b a t h  was h e a t e d  to 140' t o  o b t a i n  a n  a d d i t i o n a l  
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f r a c t i o n  of r a d i o l a b e l e d  e t h y l i s o c y a n a t e .  Subsequent quenching of t h e  po t  

r e s i d u e  w i t h  aqueous KOH a f f o r d e d  a n  a p p r e c i a b l e  q u a n t i t y  of l a b e l e d  d i e t h y l -  

u r e a .  

c h l o r i d e  was 2.24g(55%)(19.2 @LCi/mM). 

The y i e l d  of d i s t i l l e d  ethyl-14C-isocyanate  based on s t a r t i n g  p rop iony l  

A- 
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