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Ethyl α-(diethylphosphono)acrylate (1a) and α-(diethylphos-

phono)acrylonitrile (1b) prepared by thermolysis of ethyl 2-diethyl-

phosphono-2-phenylsulfinylpropionate (2a) and 2-diethylphosphono-

2-phenylsulfinylpropionitrile (2b) react with various nucleophiles 

to generate corresponding phosphonate anions, which subsequently 

react with carbonyl compounds to give annelated or acyclic olefinic 

compounds in good yields.

Whereas vinyltriphenylphosphonium bromide has been used as a versatile reagent 

for the synthesis of a variety of carbocyclic1) and heterocyclic compounds2), its 

analogues, vinylphosphonates have since found little synthetic use 3) because of 

less stability of the phosphonate anions formed by the Michael addition of nucleo-

philes to the vinylphosphonates than the corresponding phosphonium ylides. 

We wish to report here a new synthetic method of vinylphosphonates containing

an electron withdrawing group such as a carboethoxy and a cyano group at the α-

position for stabilization of phosphonate anions, and their applications to mole-

cular designs.

Ethyl α-(diethylphosphono)acrylate (1a) and α-(diethylphosphono)acrylonitrile

2a,b1a,b

1 a, X=CO2Et 

1 b, X=CN
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(1b) were synthesized in 82 and 77 % yields by thermolysis of the corresponding

α-phenylsulfinylphosphonates 2a,b.

The phosphonate carbanions generated from the vinylphosphonate 1 and nucleo-

philes such as oxy, nitrogen, and carbon anions were observed to react subsequent-

ly with the intra or intermolecular carbonyl function to give annelated or acyclic

olefinic products as shown in Tables Ⅰ and Ⅱ.

These results suggest that the vinylphosphonates 1 can serve as versatile 

reagents for molecular designs since 1 could be used as reagents suitable for 

coupling carbonyl compounds with nucleophilic compounds.

Vinylphosphonates 1a,b.

The reaction of the phosphonate carbanion generated from ethyl 2-diethyl-

phosphonopropionate and sodium hydride with equiv. phenylsulfenylchloride in THE 

gave ethyl 2-diethylphosphono-2-phenylthiopropionate in quantitative yield, which 

was treated with sodium metaperiodate at room temperature in ethanol to give 2a.

Distillation of 2a at 120-150℃ produced 1a4)having the following physical proper-

ties:by 90-95℃/0.5 mmHg(Lit.5)bp 101-102℃/1 mmHg),it(neat)1720(C=O)and

1604cm-1(C=C),and nmr(CCl4)δ6.50(1H, d-d, vinylic H)and 7.02(1H, d-d, viny-

lic H). 

The similarly prepared vinylphosphonate 1b had the following properties:

by 74-76℃/0.5 mmHg(Lit.6)bp 82-83℃/1 mmHg),ir(neat)2210(CN)and 1620 cm-1

(C=C),and nmr(CCl4)δ6.44(1H, d-d, vinylic H)and 6.83(1H, d-d, vinylic H).

Heterocycles 4. 

The vinylphosphonate 1 is added to a stirred solution of 3 in anhydrous THE 

or DMF at room temperature. The reaction mixture is subsequently heated at 60-80
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Table Ⅰ. Heterocyclic compounds 4 from Vinylphosphonates 1 and 3a)

a) Correct elemental analyses and spectroscopic data were obtained in all 

compounds 4 listed in the Table. 

b) The ratio of 4e and 4f was 3:2 by nmr.

Table Ⅱ. Olefinic compounds 5 from 1a, Nucleophiles and Aldehydes a)

a) Correct elemental analyses and spectroscopic data were obtained in all 

compounds 5 listed in the Table. 

b) Based on nmr.
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℃ for 2-3 hr, and then poured into water, followed by extraction with ether.

After evaporation of solvent ether, the residue is distilled or recrystallized. 

Olefinic products 5.

The vinylphosphonate 1 is added to a stirred solution of ethyl α-lithioacetate

prepared from ethyl acetate and equiv. lithium diisopropylamide (LDA) in anhydrous

THE at -70℃. After stirring for 1 hr at that temperature, aldehyde is added to

the reaction mixture. Then the reaction mixture is allowed to be elevated to ref-

luxing temperature and kept at that temperature for 1-2 hr. After similar treat-

ment, the residue is distilled to give a pure olefinic product 5.

In the cases using other nucleophiles, similar reaction conditions were 

employed.
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