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Ace toxymethy lamines  p o s s e s s  an exceedingly high reac t iv i ty  in reac t ions  with nueleophiles [1], and 
in the i r  p r o p e r t i e s  a r e  c lose  to the ch lo romethy lamines .  The high reac t iv i ty  of both c l a s s e s  of compounds 
is p robab ly  explained by the poss ib i l i ty  of eas i ly  forming the ca rbo immonium cation.  Tr ie thyl  phosphite 
r e a c t s  ve ry  v igorous ly  with ace toxymethyld imethylamine  even at room t e m p e r a t u r e ,  with the format ion  of 
the diethyl e s t e r  of d imethylaminomethylphosphonic  acid in 85% yield [2]. 

Taking into account  the poss ib i l i ty  of the ace toxymethyld ie thy lamines  reac t ing  in the i r  ionic fo rm,  
which opens up additional routes  for  s tabi l izing the in te rmedia te  quasiphosphonium sa l t s ,  and in o rde r  to 
a s c e r t a i n  the speci f ic i ty  in the behavior  of the ace ta te  anion in the second step of the Arbuzov r e a r r a n g e -  
ment ,  we studied the reac t ion  of the m ono- ,  d i - ,  and t r iamidophosphi tes ,  and of the t r iphenyl - ,  d ie thylace ty l - ,  
and die thylchlorophosphi tes  with aee toxymethyld ie thylamine .  

Acetoxymethyld ie thylamine  r eac t s  with the mono- ,  d i - ,  and t r iamidophosphi tes  at r oom t e m p e r a t u r e ,  
and the reac t ion  is exo the rmic  and leads to the fo rmat ion  of only one phosphorus-conta in ing product  
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The cor responding  e s t e r s  of acet ic  acid were  identified by GLC as  being the low-boil ing products  
when reac t ion  was with the mono-  and d iamidophosphi tes ,  while d ie thylacetamide was identified as the low-  
boiling product  when reac t ion  was with the t r iamidophosphi te .  The reac t ion  of ace toxymethyldie thylamine  
with t r iphenyl  phosphite p roceeds  l ess  v igorous ly  than with the amidophosphi tes ,  and heating up to 80 ~ is 
r equ i red  for  its complet ion.  Phenyl  aceta te  and the diphenyl e s t e r  of diethylaminomethylphosphonic  acid 
were  isola ted when the reac t ion  mix tu re  was subjected to f ract ional  dis t i l la t ion in vacuo.  The mild condi-  
t ions under  which the fo rmat ion  of the diphenyl e s t e r  of die thylaminomethylphosphonic  acid occurs  p e r m i t  
making the assumpt ion  that the phenoxyl rad ica l  in the quasisal  t is r ep laced  with re la t ive  ease  by the acetoxy 
group,  followed by its convers ion  to the cor responding  phosphonate 
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The reaction of acetoxymethyldiethylamine with the triamidophosphite probably proceeds in a similar 

manner. This is in agreement with [3, 4], in which it was shown that if in a quasiphosphonium salt, contain- 
ing halogen, the latter is replaced by either the acetate or the nitrate ion, then the decomposition of the 

formed quasisalt occurs at very low temperatures. 

We isolated acetic anhydride (63%) and the diethyl ester of diethylaminomethylphosphonie acid (82%) 

as the main products when aeetoxymethyldiethylamine was reacted with diethyl aeetylphosphite. The reac- 

tion went very vigorously with spontaneous heating up to 60-65 ~ . 

In studying the reaction of diethyl chlorophosphite with acetoxymethyldiethylamine it was interesting 
to ascertain which properties of the phosphorus atom, namely either nueleophilic or eleetrophilic, will be 
manifested in this reaction. The reaction was run in absolute ether at -30 to -40 ~ , with vigorous stirring. 
The acid chloride of diethylphosphorous acid was added to the acetoxymethyldiethylamine in drops. The 
formation of a precipitate was observed, which represented a white powder that deliquesced in the air. 
The precipitate was separated from the reaction mixture and washed with absolute ether. Based on the 
elemental analysis data and its reaction with triethyl phosphite, which proceeded in the same manner as 
described in [51, it was established that diethylaminomethyl chloride was obtained. It proved even more 
difficult to isolate the second intermediate product of this reaction, namely diethyl acetylphosphite, since 
even a trace amount of the dialkylaminomethyl chloride converted it to the ester of the dialkylaminomethyl- 
phosphonic acid. Analysis of the low-boiling products, which were isolated when this reaction was run 
under various conditions, by GLC disclosed that the acetyl chloride contains only traces of ethyl chloride 

and the t e r t i a r y  amine .  

As a r e su l t ,  the s ame  as  in the case  with (~-es te ramines ,  ace ta l s  and o r t h o e s t e r s  [5-9], the reac t ion  
of ace toxymethyld ie thy lamine  with the acid chlor ide of die thylphosphorous acid p roceeds  in two s teps ,  and 
the diethyl chlorophosphite  is the e lec t rophi le .  This  s e r i e s  of r eac t ions  d isc losed  that replacing the 
chlor ine by the ace ta te  group in an e Iec t rophi l ic  reagent  substant ia l ly  expands the poss ib i l i t i es  of the A r -  
buzov r e a r r a n g e m e n t .  In this way can be obtained var ious  phosphonates  containing amido and phenoxyl 
groups  at tached to the phosphorus  atom, which at t imes  is difficult when alkyI hal ides  a re  used. 

EXPERIMENTAL 

Reaction of Acetoxymethyldiethylamine with Diethyl Diethylamidophosphite. To 9.65 g of diethyl di- 
ethylamidophosphite was added in drops 7.26 g of acetoxymethyldiethylamine in 1 h. The temperature of 
the reaction mixture rose to 45-50 ~ Fractional distillation in vacuo gave 3.8 g of low-boiling product, 
which, based on the GLC data, was ethyl acetate, and 10.8 g (86.4%) of ethyl diethylaminomethyl diethyl- 
amidophosphonate with bp 133-134 ~ (i0 mm); n~ 1.4490; d 2~ 0.9645. Found: C 53.21; 53.33; H 10.68; 10.95; 
P 12.07; 12.22%; MR 69.55. CItH27N202P. Calculated: C 52.80; H 10.80; P 12.40%; MR 69.77. 

The reaction of aeetoxymethyldiethylamine with diethyl diisobutylamidophosphite was run in a similar 
manner. Ethyl acetate was identified by GLC as being the low-boiling product. Ethyl diethylaminomethyl 
diisobutylamidophosphonate was obtained in 75.1% yield; bp 100-103 ~ (0.03 ram); n~ 1.4535; d 2~ 0.9427. 
Found: C 58.51; 58.25;H 11.36; 11 .27 ; P  9.43; 9.59%; MR 87.82. C15H35N202P. Calculated: C 58.82;H 11.43; 
P 10.13%; MR 88.24. 

React ion of Acetoxymethyld ie thylamine  with Methyl Bis(diethylamido)phosphi te .  To 10.3 g of methyl  
bis  (diethylamido)phosphite was added in d rops  7.26 g of ace toxymethyld ie thylamine  in 1 h. Heating up of 
the reac t ion  mix tu re  to 40 ~ was obse rved .  Frac t iona l  dis t i l la t ion of the reac t ion  mix ture  in vacuo gave 
3.1 g of methyl  aceta te  with bp 55.5-56~ n~  1.3612; d 2~ 0.9329 (from [10]: bp 57.3•; n ~  1.3593; d 2~ 0.9338), 

20 1A660; and 10 g (72.2%) of d ie thylaminomethyl  te t rae thyldiamidophosphonate  with bp 150-153 ~ (10 mm) ;  n D 
d 2~ 0.9538. Found: C 56.16; 56.23; H 11.79; 12.08; N 15.50; 15.69; P 10.91; 10.71%; MR 80.42. Ci3H32N3OP. 
Calculated: C 56.32; H 11.55; N 15.16; P 11.19%; MR 80.98. 

Reaction of Acetoxymethyldiethylamine with Tris(diethylamido)phosphite. To 13.4 g of acetoxymethyl- 
diethylamine was added 15 g of iris (diethylamido)phosphite in drops. Heating up of the reaction mixture to 
40 ~ was observed. Fractional distillation of the reaction mixture in vacuo gave 7.4 g of diethylacetamide 
with bp 63.5-65 ~ (8 mm); n~ 1.4380 (from [ii]: bp 38.5-40 ~ (3 ram); n~ !.4385), and 12.2 g (72.8%)of di= 
ethylaminomethyl tetraethyldiamidophosphonate with bp 98-i01 ~ (0.01 mm); n~ 1.4655; d~ ~ 0.9516. Found: 
C 56.41; 56.40; H 11.36; 11.50; P 11.20; 11.22%; MR 80.52. CIaH32N3OP. Calculated: C 56.32;H 11.55; P 
11.19%; MR 80.98. 
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React ion of Acetoxymethyld ie thylamine  with Tr iphenyl  Phosphi te .  To 15.5 g of t r iphenyl  phosphite 
was added 7.25 g of ace toxymethyld ie thylamine  in drops .  A slight warming  up of the reac t ion  mix tu re  was 
obse rved  (by 5~ The mix ture  was heated at 80 ~ for  1-2 h. Frac t iona l  dist i l lat ion of the reac t ion  mix ture  
in vacuo gave 4.55 g of phenyl aceta te  with bp 70-72 ~ (8 mm) ;  n ~  1.4710; d~ ~ 1.0120. (Found: MR 37.57. 
C8H802. Calculated: MR 37.20), and 8.6 g (54%) of the diphenyl e s t e r  of diethylaminomethylphosphonic  acid 
with bp 153-154 ~ (0.02 ram); n ~  1.5535; d 2~ 1.1493. Found: P 9.71; 9.69%; MR 88.89. C17H22NO3P. Calcu-  
lated: P 9.71%; MR 88.31. 

React ion of Acetoxymethyld ie thylamine  with Diethyl Acetylphosphi te .  To 9 g of diethyl acetylphosphi te  
was slowly added 7.25 g of ace toxymethyld ie thy lamine .  Heating up of the reac t ion  mix tu re  to 60 ~ was ob-  
se rved .  Frac t ional  dis t i l la t ion of the reac t ion  mix ture  in vacuo gave 3.2 g (63%) of product  with bp 137-139~ 
n ~  1.3910, which, based on the GLC data,  was  ace t ic  anhydride,  and 9.1 g (81.6%) of the diethyl e s t e r  of d i -  
e thylaminomethylphosphonic  acid with bp 111-113 ~ (8 mm);  n~  1.4340. F r o m  [12]: bp 83 ~ (0.04 mm);  n~  
1.4331. Found: P 13.65; 13.80%. C~H22NO3P. Calculated: 1 a 13.90%. 

React ion of Acetoxymethyld ie thylamine  with Diethyl Chlorophosphite .  The s y s t e m ,  composed of an 
Arbuzov  f lask,  a condenser ,  and a dropping funnel, was connected through a t rap ,  cooled in a mix ture  of 
liquid ni t rogen and acetone ( tempera ture  -80~ to a vacuum of 0.01 m m .  To 6.3 g of the acid chloride of 
die thylphosphorous  acid,  p laced in the Arbuzov f lask,  was added 5.9 g of ace toxymethyldie thylamine  in 
d rops .  Heating up was obse rved ,  as  well  as  the fo rmat ion  of a p rec ip i t a te  and i ts  subsequent  d i sappearance .  
In the t rap  was condensed 2 g of a low-boi l ing product ,  which, based on the GLC data,  consis ted of acetyl  
chlor ide that was  contaminated with a smal l  amount  of ethyl chloride and d ie thylmethylamine .  

Frac t iona l  dist i l lat ion of the reac t ion  mix ture  in vacuo gave 3.55 g (40%) of the diethyl e s t e r  of d i -  
e thylaminomethylphosphonic  acid,  the constants  of which coincide with those given above.  

To 7.25 g of ace toxymethyld ie thylamine  in 100 ml  of absolute e the r  was added 7.83 g of diethyl ch lo ro -  
phosphite  in d rops ,  with v igorous  s t i r r ing ,  at - 3 0  to - 4 0  ~ The fo rmat ion  of a white prec ip i ta te  was ob-  
s e r v e d ,  which quickly del iquesced in the a i r .  The p rec ip i t a te  was washed with absolute e ther ,  and the l a t t e r  
was r emoved  in vacuo.  Found: C1 28.56; 29.05%. CsHt2C1N. Calculated: C1 29.21%. 

C O N C L U S I O N S  

1. A study was made of the reac t ion  of ace toxymethyld ie thylamine  with the mono- ,  d i - ,  and t r i a m i d o -  
phosphi tes ,  and with t r iphenyl  phosphi te ,  diethyl acetylphosphi te  and diethyl chlorophosphi te .  

2. Only one phosphorus-conta in ing  product  is fo rmed  as a r eac t ion  resu l t ,  namely  e i ther  the c o r r e -  
sponding e s t e r  or  amide of d ie thylaminomethylphosphonic  acid.  
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