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The reac t ion  of alkyl phenylphosphonochlor idi tes  and p- to lyphosphonochlor id i tes  with ac ry t amide  has  
been  r epor t ed  p rev ious ly  [1]. Continuing a study in this d i rec t ion,  we have inves t igated the reac t ion  of alkyl 
e thyl - ,  phenyl- ,  and p- to lyphosphonochlor id i tes  with a e r y l a m i d e  and m e t h a c r y l a m i d e .  The reac t ions  of the 
ch lor id i tes  ment ioned with a c r y l a m i d e  take p lace  m o r e  read i ly  than with m e t h a c r y l a m i d e ,  which is  probably  
due to the compara t i ve ly  high po la r izab i l i ty  of ac ry l amide .  The reac t ion  apparent ly  takes  p lace  with an 
or ig ina l  nueleophil ic  a t tack  of the t r i coord ina ted  phosphorus  a tom on the f l -carbon a tom of the a , f l - unsa tu r -  
ated amide  with the fo rmat ion  of a n  in te rmedia te  product  of 1,4-addit ion.  The l a t t e r ,  undergoing the second 
s tage of the Arbuzov reac t ion ,  e l imina tes  hydrogen chlor ide and is conver ted  into the e s t e r  of an a lky l -  o r  
a ry l - f i -cyanoalkylphosphin ic  acid 

RO I~RO~p~CI/O ', i=NH 
~PC1 -~ CH2--CR"--C0--NH~ --~ 
/ / \ I 

R" - R' CH~--CHR" 
RO 0 C1 -1 RO 0 

\ II ] I \ il PCH~CttR"--C~NH -~ PCH2CHR"~C~N-~ tIC1 
/ / 

R" _! R' 
(I)--(VIII) 

R ----- alkyl; R" ~ C~Hs, C~H~, p-CHs--CGH~; R" --=- H or CH3 

The IR s p e c t r a  of compounds (I)-WflI} have absorp t ion  bands in the ~2250 cm -1 region c h a r a c t e r i s t i c  for  
the C-~ N group.  The IR s pec t rum  of a - m e t h y l - a - t r i c h l o r o m e t h y l e t h y l  ~-cyanoethyl(e thyl)phosphinate  (I) 
(Fig. 1A) contains absorp t ion  bands of the following groups:  P - O - C 1020 cm -1 , P = O 1210 em -1, C ~- N 
2240 c m  -1. The IR s p e c t r u m  of a - m e t h y l - a - t r i c h l o r o m e t h y l e t h y l  f i -cyanoisopropyl(phenyl)phosphinate (VI) 
(Fig. 1B) contains ,  bes ides  the absorp t ion  bands ment ioned f o r  compound (I), f requenc ies  in the 1450, 1580, 
and 3050 cm -1 region c h a r a c t e r i s t i c  fo r  the benzene ring. The c h a r a c t e r i s t i c s  of compounds (I)-(VIII) a r e  
given in Table  1. 

E X P E R I M E N T A L  

E s t e r s  of E thy l -  and Aryl- f i -c~anoalkylphosphinic  Acids (I)-(VIII).  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 ,  and ca lc ium chloride tube was  fi l led with d ry  CO 2 and charged  with 0,1 mole  of an alkyl e thy l -  
phosphonochloridi te .  Then 0.1 mole  of a c ry l amide  was added in por t ions .  The t e m p e r a t u r e  of the reac t ion  
mix tu re  rose .  Then the contents of the f lask  were  s t i r r e d  for  16-20 h with the t e m p e r a t u r e  being r a i sed  
gradual ly  to 60-80 ~ until  the evolution of HC1 had ceased .  Af ter  a f i r s t  vacuum dis t i l la t ion,  the e s t e r s  
we re  gene ra l ly  contaminated  with an amorphous  deposi t .  Consequently they were  f i l t e red  through a g lass  
f i l t e r  and red i s t i l t ed  in vacuum.  

The e s t e r s  of the a ry l - f i -cyanoalkylphosphina tes  (V)-(VIII) were  obtained s imi l a r ly .  Compound (VI) 
c rys t a l l i zed  a f t e r  dis t i l la t ion and compounds (I) and (II) on s to rage .  
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Fig. 1. IR spectra: A) o~-Methyl-c~-trichloromethylethyl fl-cyano- 
ethyl(ethyl)phosphinate (I); B) c~-methyl-a-trichloromethylethyl 
fi-cyanoisopropyl(phenyl)proptonate (VI) (taken in paraffin oil). 

C O N C L U S I O N S  

The reaction of atkyl ethylphosphonochloridites and arytphosphonochloridites with acrylamide and 
methacrylamide forms es ters  of ethyl- and aryl-fi-cyanoalkylphosphinic acids. 
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