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In our ear l ie r  publications [1, 2], we repor ted  on the synthesis of ethyleneamides of glycolphosphor-  
ous acids and their interact ion with amines and acetic acid. In this repor t ,  we shall descr ibe  the synthesis 
of dialkylamides and ethyleneamides of glycolphosphorie acids and some of their  p roper t ies .  Ethylene- 
imine and secondary amines r eac t  readi ly with glycolphosphorous acids and carbon te t rachlor ide  in ben- 
zene solution at a tempera ture  0-5 ~ forming dialkylamides and ethyleneamides of the glyeolphosphoric 
acids~ When these compounds are  distil led par t  of the product  will polymer ize ;  hence yields of end prod-  
ucts vacy between 20 and 77%. A higher yield is obtained for crys ta l l ine  proddcts  which can be purified 
by rec rys ta l l i z ing  (e.g., compound 5, Table 1) as against liquids which require  distil lation. The reac t ion  
will p roceed  in the presence  of t r ie thylamine ff 1 M of the s t a r t e r  amine is introduced. Physical  p roper t i e s  
of the compounds obtained are  shown in Table 1. 

Ethyleneamides of 5-valent  phosphorus acids are  known to enter phosphonaminoethylation react ions  
with a number of organic compounds containing a mobile hydrogen atom [3]. This also applies to the ethyl- 
eneamides of glycolphosphorie acids.  We opened the ethyleneimine r ing with diethytamine and obtained a 
se r ies  of (p-diethylamino)ethylamides of glycolphosphorie acids whose physical  proper t ies  are  shown in 
Table 2. 

Photos and analysis  of the IR spec t ra  of these compounds (spectra were  determined for the com-  
pounds 1, 2, and 4, see Table 2) conf i rmed their s t ruc ture  and pointed towards opening of the ethylene- 
imine ring. 

11~ all the spectra, we observed an intense absorption band at 3220 cm -~ in the range of the NH group 
valence vibration. A similar reaction process was observed when the ethyleneamide of 1,3-propylene- 
glycol phosphoric acid was heated with thiophenol. The ethyleneimine ring opened, and the (fi-mercap~- 
phenyl)ethylamide of 1,3-propyleneglycol phosphoric acid was formed. 

CH2--O CH2 CH2--O 

/ ~p_N / / CH~ + C6HsSH --+ CH~ PNtICH~.CH.~SC6H5 
\ / \ \ /H 

cHz--o 0 CH~ CH~--O 0 

The IR spectrum of this compound also showed an absorption band at 3220 em -I intherange of valence vi- 
bration of the NH group. 

EXPERIMENTAL 

S~rnthesis of the Dibutylamide of 1,3-Butyleneglyeolphosphorie Acid. Aben- 
zene solution of 23.63 g dibutylamine was added dropwise to a benzene solution of 22.11 g CCI 4 and 15 g 
1,3-bu~yleneglycolphosphorous acid under stirring and cooling. The reaction temperature was 0-5~ After 
all of t~e dibutylamine had been added, the reaction mixture was stirred for 1 h at room temperature and 
left to ~tand overnight. After removal of the hydrochloric dibutylamine, the solvent and CHCI3, the residue 
was distilled twice under vacuum. The fraction with a bp 119-120 ~ (0.5 ram) was isolated; yield 16 g (42% 
of theoretical); d42~ 1.03457; nD 20 1.4566. Found%: P 11.37, 11.63; N 5.30, 5.49. MR 69.16. C12H22NO3P. 
Calculated%. P 11.78; N 5.32. MR 69.62. Compounds I, 6, 8, and 9 were obtained similarly (see Table i). 

Synthesis of the Ethyleneamide of 2,3-Butyleneglycolphosphoric Acid. 
A benzs solution of 2,3-butyleneglycolphosphorous acid was added dropwise under stirring and cooling 
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TABLE 2. 

bp (p, 2o 
Compound mm Hg) a4 

(fl-Diethylamino)ethylamides of Glycolphosphoric Acids 

MR Found ,% Calc.,% If_. 

CH~--O / CH~--CH--Ox 

CH,/CH~-O \R 
\CH,--O / 
CH~ 

cH/CH-- 0\! ~ 
\GH~--O / 

i41--t42 
(0.07) 

t29-i30 
(0.05) 

139-t40 
(0.00) 

128--130 
(0.04) 

t.t0528 i.4659 59.t31 
l 

1,08326 i.4643 63,74 

1,1t078 i 47341 59.64 

i.0978t 1.4700l 63,52 

i I 

I 
59.70] 12,771 12.00 t3.t3 

64.32[ i2.25 i0.79 12.40 

59.701 13.10 ti.77.03 i3.t3 

64.32 12.08 ii 12.4( 

tt.86] 34 

ll.201 20 

ii.86] 22 

it.20t 30 

l 

to a benzene solution of 2~ g ethyleneimine, 6~ g (excess) tciethylamine and 9 g CC14 that had been cooled 
to 0 ~ After the acid had been added, the react ion mixture  was s t i r red  for 1 h at room tempera ture  and 
left to stand overnight.  After removal  of the hydrochlor ic  t r ie thylamine,  the solvent and the ch loroform,  
the res idue  was distilled twice under vacuum. The fraction with a bp 132 ~ (0.1 ram) was isolated; yield 
4.45 g (43%); d42~ 1.22333; nD 20 1.4624. Found%: P 17.02, 17.25; N 7.76, 7.65. MR 39.81. C6HI2NO31). 

Calculated%: P 17.51; N 7.90. MR 39.71. The compounds 2, 3, 4, 5, and 7 were obtained in tbe same 

way (see Table i). 

Interaction of the Ethyleneamide of 1,2-Propyleneglycolphosphoric Acid 

with Di ethyl am ine (a typical test)~ A mixture of the above ethyleneamide (7.3 g), an excess of di- 

ethylamine (I0 g) and N 0.1 g ammonium chloride were heated in a sealed tube for 11 h at 90-100 ~ The 

excess (ff amine was distilled off under vacuum~ The residue obtained after two distillations was 3.6 g 

(34%) el a very thick fluid, boiling at 141-142 ~ (0.07 ram); d42~ 1.10528; nD 2~ 1.4659. Found%: P 12.77, 

12.64; i~ 12.00, 12.08. MR 59.13. CgH21N203P. Calculated%: P 13.13; N 11.86. MR 59.70. 

I~teraction of the Ethyleneamide of Propyleneglycolphosphoric Acid with 

T h io ph en o I. A mixture of 6.5 g ethyleneamide and 4.31 g thiophenol was heated for 8 h at 70-80 ~ under 

stirring. The reaction mixture crystallized on the following day. The crystals were dissolved in benzene 

and precipitated with petrol ether: mp 99o5-101 ~ yield 7.56 g (70%). Found%: P 11.04, 11.03; N 5.45, 
5.38. C~H1GNO3PS. Calculated%: P 11.43; N 5~176 

The IR spec t ra  were obtained and analyzed by R. P. Shagidullin and L. Maslenkova, co -workers  at 
our institute; the authors wish to thank them for their help. 

C O N C L U S I O N S  

1. Dialkylamides and ethyleneamides of glycolphosphoric acids were obtained by the interact ion of 
secondary  amines and ethyleneimine with glycolphosphorous acids and carbon te t rachlor ide .  

2. Reactions of ethyleneamides of glycolphosphoric acids with diethylamine and thiophenol were studied. 

2. 

3. 
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