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Abstract: A new method of alkylene phosphonate preparation has been ela- 

borated, based on the reaction of the corresponding cyclic ethers and phos- 

phonic acid in the presence of acetic anhydride. 

The alkylene phosphonates (1,3,2-dioxaphospholanes and 1,3,2-dioxaphos- 

phorinanes) are important intermediates in organic and polymer chemistry, 

in which they are used for the preparation of poly(alkylene phosphatejs 

modeling the structures or/and functions of teichoic and nucleic acids. 1 

Methods of alkylene phosphonates synthesis, developed up to now, are 

based mainly on the hydrolysis of the corresponding alkylene chlorophos- 

phites 2 or on the transesterification reaction of dialkyl phosphonates 

with appropriate diols. 3 

In the course of our studies of the poly(alkylene phosphonatejs synthe- 

sis by polyaddition of phosphonic acid to dioxirane compounds we observed 

that parallel to polyaddition cyclization proceeds, affording 1,3,2- 

-dioxaphospholane 2-oxides.4 

In this paper we report on the reaction between phosphonic acid (1) and 

cyclic ethers (2-1, especially oxiranes, in the presence of acetic anhydri- 

de as a new method of alkylene phosphonates <I> preparation: 

P + HO,OH 

H 

(CH,CO>,O - 

1 1, n=0,1,2 



1,4-dioxane 2 CH3COOH 

Phosphonic acid (1.64 g, 2.0 mmol) is dissolved in 1,4-dioxane (10 ml>. 

To this solution, mixture of the appropriate cyclic ether (2.0 mmol) and 

acetic anhydride (l.EY ml, 2.0 mmol or 2.26 ml, 2.4 mmol) is added drop- 

wise and the resulting solution is allowed to react for several hours 

either at r.t. or at reflux in boiling 1,4-dioxane (time and temperature 

given in Table 1). For oxiranes the reaction mixture is cooled with water 

bath and after addition of reagents left overnight. The crude products is 

obtained by removal of solvent and acetic acid (by-product), and then pu- 

rified by vacuum distillation. 

Yield of the product depends mainly on the size of the ring in cyclic 

ethers and on the degree of their substitution (Table 1). 

Linear polymers are formed simultaneously with cyclic compounds. These 

linear polymers depolymerize during distillation of the reaction mixtures, 

back to 2. 1,3,2-Oioxaphospholane 2-oxides, especially monosubstituted in 

the ring, are know to undergo “spontaneous” polymerization. 295 Products 

contain up to 20 mol% (elemental analysis, ‘H NMR) of the corresponding 

dialkyl phosphonates (the products of double esterification of H3POJ mole- 

cule) as impurities. When the starting proportion of acetic anhydride was 

increased the proportion of the impurities decreased below 10%. The over- 

all yield of the desired product was simultaneously lowered (cf. Table 1). 

The reaction of 3,3-bis(chloromethyl)oxetane (2h) with 1 at approx. - 
1OO’C (reflux) afforded a mixture of the main product 3h and by-product - 
2,2-bis(chloromethyl)-1,3-diacetoxypropane. 

The phenyloxirane (2e) yielded the required product 3e, corresponding - 
71 polymer.and some unidentified compounds with P-C bonds ( P NMR). This 

mixture decomposed during attempts of distillation (bath temperature 

14O’C). 3e prepared by hydrolysis of the 2-chloro-4-phenyl-1,3,2-dioxa- - 
phospholane behaved similarly. 6 
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Products 3at3d 3f were as mixtures trans/cis isomers 

with equal 

Table 1. 

n 
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The reaction mechanisms of the acids of phosphorus addition to the oxi- 

ranes has not been studied. Kinetic analysis has been undertaken in our 

laboratory .’ and on its basis and by analogy of carboxylic acids addition 

to oxiranes the mechanism similar to “borderline SN2” is the most likely. 

Whether this is the monomeric or dimeric acid participating in the nucleo- 

philic attack on the protonated oxirane might be a matter of specific 

reaction conditions. Once the hydroxy ester is formed, the intramolecular 

esterification provides the final alkylene phosphonate. Since this reaction 

is highly reversible, the presence of compounds reacting with water (acetic 

anhydride) increases the yield. These steps are shown on the sche$e below: 

HO 

w=P-H 

- Oa,P-;: 
L 

= 
H’ b--c 

+ H20 

Y- 
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