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A method is known in the l i te ra ture  for the preparat ion of the es te rs  of aminomethyl(alkyl)phosphonic 
acids by the react ion of an amine, an aldehyde and a dialkylphosphorous acid [1]. We ran  the condensa- 
tion in the sFstem: c a r b o x a m i d e - p a r a f o r m - d i e t h y l p h o s p h o r o u s  acid. However, we were unable to obtain 
the es te rs  of N-acylaminomethylphosphonic acids here. The corresponding N,N'-methylenebisamides  were 
isolated as the main product. Previous ly  we had reported that the es te r s  of phosphonic acids can be syn-  
thesized by the react ion of t r ialkyl  phosphites, an aldehyde, and compounds containing a labile hydrogen 
atom [2]. In the present  communicat ion a re  given the resul ts  of studying the react ion of tr ialkyl phosphites 
with aldehydes and either carboxamides or secondary amines.  The main products of these react ion a re  
the correspr es te r s  of aminomethyl(alkyl)phosphonic acids. The react ions were run either in an 
Arbuzov flask at 120-150 ~ or in a sealed ampul at 60-100 ~ As the amino component we used acetamide,  
benzamide, methacrylamide,  acrylamide,  phthalimide, diethylamine, and N-methyl(or  ethyl)anilines. 
The reactiorLs with the carboxamides were accompanied by the formation of 1-2% of the N,N' -methylene-  
bisamides.  A study of the low-boiling products by ga s - l i qu id  chromatography (GLC) disclosed that in all 
the alcohol, containing an alkoxyl radical  corresponding to the alkoxyl radical  of the phosphite, is l iberated 

o 
H 

RCONH~ -~ CH20 ~ P (OR')a ~ RCONHCH2P (OR')~ -{- R'OH 

The constants of the obtained compounds a re  given in Tables 1 and 2. 

E X P E R I M E N T A L  M E T H O D  

The tr ialkyl  phosphites that were  used in the experiments were purified as described in [7]. The low- 
boiling products were investigated by the GLC method on a KhL-3 chromatograph [7]. 

Reaction of Diethyl Phosphite, Para form,  and Acetamide.  A mixture of 13.8 g of diethyl phosphite, 
3.1 g of dietSyl phosphite, 3.1 g of pa ra form and 5.9 g of acetamide was heated in a f lask equipped with a 
Vigreux column at 110-135 ~ for 30 min. Exothermic heat was observed at 110 ~ and the t empera tu re  of the 
react ion mi~:ture rose  to 135 ~ accompanied by the br isk evolution of a low-boiling product. We isolated 
4.2 g (42%) of N,N' -methylenebisace tamide  with mp 192-194 ~ (from alcohol). Found: C 45.62, 45.88; H 7.99, 
8.12; N 21.03, 20.79%. CsHi002N 2. Calculated: C 46.15; H 7.46; N 21.53%. F rom [8]: mp 196 ~ 

Reaction of Diethyl Phosphite, Pa ra fo rm,  and Phthalimide. N,N'-Methylenebisphthalimide was i so -  
luted during reaction,  the constants of which coincides with those given in [9]. The IR spec t rum of N,N' -  
methylenebisphthalimide failed to contain absorption bands in the region of the stretching vibrations of the 
NH group. 

React ion of Triethyl  Phosphite, Pa ra fo rm,  and Benzamide. A mixture of 12.5 g of tr iethyl  phosphite, 
2.25 g of pa ra form and 8.32 g of benzamide was heated in a sealed tube at 100 ~ for 6 h. The react ion mixture 
was found tc contain 1.8 g (1%) of N,N'-methylenebisbenzamide with mp 217-218 ~ (from a mixture of alcohol 
and water). Found: N 11.19, 11.23%. C15H14N202. Calculated: N 11.76%. F rom [8]: mp 216-220 ~ Fract ional  
distillation c f  the react ion mixture through a molecular - f i lm still in vacuo (0.006 mm) at a heater t e m -  
pera ture  of 110-120 ~ followed by the fract ional  distillation of the still residue f rom an Arbuzov flask, 
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gave 15 g (63%) of the diethyl e s t e r  of a -benzamidomethylphosphonic  acid,  the constants  of which a r e  given 

in Table  1. 

React ion  of Tr ie thyl  Phosphite,  P a r a f o r m  , and Phthalimide.  A mix tu re  of 16.6 g of t r ie thyl  phos-  
phite, 3.2 g of p a r a f o r m  and 14.7 g of phthalimide was heated a t  i00-140 ~ for  10 h. The l ibera t ion  of 1.2 g 
(20%) of a low-boil ing product  occur red  during the reac t ion  p rocess ,  which, based on the GLC data, was 
ethyl alcohol.  Unreacted phthalimide (8 g) remained  in the reac t ion  mixture ,  which was separa ted  by 
f i l t rat ion.  To the reac t ion  mix tu re  was added 100 ml  of absolute  ether .  We isolated 2.2 g (0.7%) of N ,N ' -  
methylenebisphthal imide with mp 225-227 ~ (from alcohol). F r o m  [9]: mp  224-225 ~ (from alcohol). Found: 
C 66.01, 66.10; H 3.10, 3.15%. C17H10NO 4. Calculated: C 66.6; H 3.26%. The res idue  f r o m  the r e m o v a l  
of the e ther  was f rac t iona l ly  disti l led to give 4.6 g (15.5%) of the diethyl e s t e r  of a -ph tha l imidome thy l -  
phosphonic acid,  the constants  of which a r e  given in Table  1. 

As a second product  we isolated 4.8 g of ethylphthalimide with bp 80-82 ~ (0.006 ram); mp 75-76 ~ (from 
alcohol). Found: N 7.88, 7.95%. CIoHgNO 2. Calculated: N 8.00%. F r o m  [10]: mp 78-79 ~ (from alcohol). 

React ion  of Tributyl  Phosphite,  P a r a f o r m ,  and N-Ethylanil ine.  A mix tu re  of 25 g of t r ibutyl  phos-  
phite, 3.2 g of p a r a f o r m  and 12.1 g of N-ethylani l ine was heated in a sealed tube at  100-130 ~ for  10 h. F r a c -  
tional dist i l lat ion of the reac t ion  mix tu re  gave 3 g (40%) of butyl alcohol with bp 117-118~ n~ 1.4000; 11 g 
(35.6%) of the dibutyl e s t e r  of  N-ethylani l inomethylphosphonic acid, and 11 g (49.1%) of the~ ibu ty l  e s t e r  of 
methylolphosphonic acid. The constants  of the isolated products  a r e  given in Table  2. 

C O N C L U S I O N S  

A study was made of reac t ion  in the sys tem:  t r ie thyl  p h o s p h i t e - a m i d e  ( a m i n e ) - p a r a f o r m  (benzalde- 
hyde). The reac t ion  leads to the fo rmat ion  of the cor responding  e s t e r s  of aminomethyl(alkyl)phosphonic 
acids.  
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