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Abstract: The reaction of diethyl α-oxoethylphosphonate and diethyl oxobenzylphosphonate with
diethyl phosphite, dimethyl phosphite, and diphenylphosphine oxide affords, depending on the
substrates and conditions (nature and quantity of the amine catalyst, temperature, and solvent), the
Pudovik adduct and/or the corresponding >P(O)–CH–O–P(O)< product formed by rearrangement.
The nature of the substituent on the central carbon atom (a methyl or phenyl group) influences the
inclination for the rearrangement. The asymmetric products (either adducts or rearranged species)
with different P(O)Y functions (Y = RO or Ph) exhibit interesting NMR features.

Keywords: α-oxophosphonate; dialkyl phosphite; diphenylphosphine oxide; Pudovik reaction;
hydroxymethylene-bisphosphonate; 1-phosphinoyl-1-hydroxy-ethylphosphonate; rearrangement

1. Introduction

Hydroxymethylene bisphosphonic (dronic) acid derivatives are of importance due to
their beneficial effect in the treatment of bone diseases [1–4]. Their synthesis, starting from
the corresponding substituted acetic acid and phosphorus trichloride/phosphorous acid,
was thoroughly investigated [1,5,6]. Another approach is the Pudovik reaction (vide infra),
the original version of which involves the addition of dialkyl phosphites onto the carbonyl
carbon of oxo compounds, such as aldehydes and ketones [7,8].

In 1956 McConnell and Coover described that the solvent-free reaction of diethyl
α-oxoethylphosphonate with diethyl phosphite using diethylamine as the catalyst afforded
the adduct tetraethyl α-hydroxy-α-ethylidenebisphosphonate [9]. The product was claimed
to be identified by boiling point, refractive index, elemental analysis and IR spectral data.
Six years later, Fitch and Moedritzer proved that the corresponding phosphonate-phosphate
was formed in the above experiment [10]. The principal proof was the 31P-NMR spectrum,
as the species under discussion exhibited two δP shifts at −1.3 and 20.2 Nicholson and
Vaughn prepared an analogous oxophosphonate–dimethyl phosphite adduct at 0 ◦C using
diethyl ether as the solvent, and 0.05 equivalents of dibutylamine as the catalyst [11].
After thirty years, Vepsäläinen and Turhanen and their co-workers prepared a series
of symmetrical and asymmetrical tetraalkyl 1-hydroxyethylidene-1,1-bisphosphonates,
making use of the Nicholson method. The products obtained in variable yields (16–92%)
are shown in Figure 1. There was no mention of the rearrangement [12]. A few tri-, P,P′-
di-, P,P-di-, and mono esters of 1-hydroxyethylidene-bisphosphonic derivatives were also
described [13].
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The Pudovik reaction of α-oxophosphonates and dialkyl phosphites led to 

hydroxymethylenebisphosphonates, and, under certain conditions to rearranged products. 

 

The best synthesis of the third generation dronic acid, zoledronate involves the reaction of 

imidazolylacetic acid and PCl3/P(OH)3 in diethyl carbonate (DEC) as shown below. 

 

In turn, the most efficient synthesis of pamidronic acid may be carried out using the above 

the P-reagents in a ratio of 3.2:4 in a 1:9 mixture of methanesulfonic acid (MSA) and DEC. 

 

In another field, acylation of the etoxycarbonylmethylphosphonate led to the mixture of the 

mono- and diacyl derivative. 
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The Pudovik reaction of α-oxophosphonates and dialkyl phosphites led to 

hydroxymethylenebisphosphonates under certain conditions to rearranged products 

(Scheme 1.). The reactions was studied under different conditions in the presence of 

dialkylamine as the catalyst. The optimal conditions were found by varying the amount of the 

catalyst and the temperature.  

 

Scheme 1.  

 

The Pudovik reaction of diethyl acetylphosphonate and diphenylphosphine oxide led to the 

corresponding bisphosphonate, while the reaction of diethyl benzoylphosphonate and 

diphenylphosphine oxide gave the rearranged products (Scheme 2.). 

 

Scheme 2.  
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