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Continuing our investigation of the reaction of acyl chlorides of phosphorus acids with amides of un- 
saturated carboxylic acids, we studied the reaction of phenyl and p-tolylalkoxychlorophosphines and the acyl 
chloride, of tetramethylethyleneglycolphosphonous acid with acrylamide. Mixing of the reagents leads to 
evolution of heat and HCI with formation of the corresponding acrylic esters of aryl-fi-cyanoethylphosphonic 
acid 
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where  A r  = C~H 5 or p-CHa-CsH4, and R is ch loro-subs t i tu ted  alkyl .  F igure  1 gives the In  spec t rum of the 
1 - t r i ch lo romethy lcyc lopen ty l  e s t e r  of phenyl- f l -cyanopropylphosphonic  acid (II). The s p e c t r u m  was obtained 
in a UR-10 s p e c t r o m e t e r ;  d rops  of the subs tance  were  placed between KBr pla tes .  The s p e c t r u m  contains 
the following absorp t ion  bands: v ( C - N )  2250 cm -1, p ( P = O )  1250 cm -1, v [P(O)-OC] 1040 cm -1, double 
bonds of the benzene r ing  1600 cm -1, the bond linking the carbon a tom of the benzene r ing with the phos-  
phorus  a tom 1450 cm -1, and v (----C-H) 3060 cm -~. 

In the react ion  of the acyl  chloride of t e t ramethyle thy leneglycolphosphorous  acid with a c r y l a m i d e  the 
glycol  r ing  is re ta ined  and we obtain the t e t ramethy le thy leneg lyco l  e s t e r  of /~-cyanoethylphosphonic acid 

(CHa)2C--O / \NH2 (CH~)2C--O / 

EXPERIMENTA L 

P _ _ r e p a r a t i o n  o f  T e r t - ( 1 , 1 , 1 - t r i c h l o r o ) b u t y l  E s t e r  o f  P h e n y l - f i - c y a n o e t h y l :  
ph  o s ph  o n i  c A c i  d .  24 g of the acyl  chlor ide  of phenyl - te r t - (1 ,1 ,1- t r i ch loro)butoxyphosphonous  acid 
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Fig. 1. I n f r a r ed  s p e c t r u m  of the 1 - t r i ch lo romethy lcyc lopen ty l  e s t e r  
of phenyt-f i -cyanoethylphosphonic  acid (II). 
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and 5.4 g of a c r y l a m i d e w e r e  placed in a four -necked  f lask  with a s t i r -  
r e r ,  t h e r m o m e t e r ,  dropping funnel, ref lux condenser  and a calc ium 
chloride tube. The mix ture  was s t i r r e d  and the t e m p e r a t u r e  rose  to 
50 ~ Vigorous evolution of hydrogen ch lor idewas  observed .  To com-  
plete the reac t ion  the mix tu re  was heated at 130 ~ for  5 h. Dist i l la t ion 
gave 8.5 g of the t e r t - (1 ,1 ,1 - t r i ch lo robu ty l  e s t e r  of phenyl- f l -cyano-  
ethylphosphonic acid (see Table  1, compound I); it was a thick v iscous  
liquid which d i sso lves  in acetone and c rys t a l l i ze s  when left  to stand. 

P r e p a r a t i o n  o f  1 - T r i e h l o r o m e t h y l c y c l o p e n t y l  
E s t e r  o f  P h e n y l - f i - c y a n o e t h y l p h o s p h o n i c  A c i d .  25.9g 
of pheny l - l - t r i ch lo romethy lcyc lopen toxych lorophosph ine  and 5.4 g of 
a c r y l a m i d e  w e r e  placed in the above -desc r ibed  appara tus ;  the t e m -  
pe ra tu re  of the react ion  mix tu re  ro se  to 60 ~ accompanied  by v igorous  
evolution of hydrogen chlor ide.  The reac t ion  mix tu re  was heated at 
110 ~ for  5 h and then f ract ionated in a f i lm dist i l lat ion appara tus  at  
coil t e m p e r a t u r e  250 ~ and p r e s s u r e  0.001 m m  Hg. Redist i l la t ion of 
the dis t i l la te  f rom an Arbuzov f lask  gave 5.7 g of the 1 - t r i ch lo ro -  
methylcyclopentyl  e s t e r  of phenyl-f i -cyanoethylphosphonic acid; it was 
a thick sy rup  which eventual ly c rys ta l l i zed  (compound II).  

P r e p a r a t i o n  o f  t h e  f l - C h l o r o e t h y l  E s t e r  o f  P h e n -  
y l - f l - c y a n o e t h y l p h o s p h o n i c  A c i d .  1 8 . 9 5 g o f t h e a c y l c h l o -  
r ide  of phenyl-f i -chloroethoxyphosphonic  acid and 6.1 g of a c ry l amide  
were  placed in the appara tus .  The t e m p e r a t u r e  ro se  to 80~ and v ig-  
orous  evolution of hydrogen chloride was observed .  To complete  the 
reac t ion  the mix tu re  was heated at 130 ~ for 5 h. The reac t ion  mix tu re  
was then dist i l led twice; we obtained 4.4 g of the B-chloroethyl  e s t e r  
of phenyl-f i -cyanoethylphosphonic acid (compound Il l) .  

P r e p a r a t i o n  o f  t h e  T e r t - ( 1 , 1 , 1 - t r i c h l o r o ) b u t y l  
E s t e r  o f  p - T o l y l - f i - c y a n o e t h y l p h o s p h o n i c  A c i d .  By 
reac t ing  25 g of p - to ly l - t e r t - (1 ,1 ,1 - t r i eh loro)bu toxychlorophosphine  
with 5.4 g of a c r y l a m i d e  we obtained 13.3 g of t e r t - (1 ,1 ,1 - t r i ch lo ro ) -  
butyl e s t e r  of p- tolyl - f l -cyanoethylphosphonic  acid; it was a thick 
sy rup  which eventually c rys ta l l i zed  (compound IV). 

P r e p a r a t i o n  o f  t h e  T e t r a m e t h y l e t h y l e n e g l y c o l  
E s t e r  o f  f l - C y a n o e t h y l p h o s p h o n i c  A c i d .  20.05 g of t e t r a -  
methylethyleneglycolphosphonous chloride [1] was placed in the four -  
neck  f lask  and 7.81 g of a e r y l a m i d e  added; during this p roces s  the 
mix tu re  was s t i r r e d  and cooled with cold wa te r  to keep the t e m p e r a -  
ture  below 80 ~ After  addition of al l  the a c r y l a m i d e  the reac t ion  m i x -  
ture  was s t i r r e d  at  r oom t empera tu r e  for  2 h and then dist i l led.  We 
obtained 5.48 g (23.1~o of the theore t ica l  yield) of the t e t r amethy le thy l -  
eneglycol  e s t e r  of f i-cyanoethylphosphonie acid; the bp was 179 ~ (0.001 
mm)  and nD2~ 1.4642, which ag rees  with [2]. 

C O N C L U S I O N S  

1. The reac t ion  of ary la lkoxyehlorophosphines  with ac ry l amide  
leads to evolution of HC1 and format ion  of alkyl e s t e r s  of a ry l - f i - cyano-  
ethylphosphonic acid.  

2. Tet ramethyle thyleneglycolphosphonous  chloride r eac t s  with 
a e r y l a m i d e  to fo rm the te t ramethyle thy leneglycol  e s t e r  of f l -cyano-  
ethylphosphonie acid,  the glycol r ing being re ta ined.  
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