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Abstract : l-Alkynylphosphonates 4 were obtained from (EtO)2P(O)CCI 3 1 and 
aldehydes in a one-pot procedure. It involves the formation of ct-chlorovinyl 
phosphonate intermediates 3 by a Peterson olefination reaction followed by 
dehydrochlorination with LiHMDS. 

Diethyl trichloromethylphosphonate 1, which is readily available on a laboratory scale I 

and also commercially, has already been cited as a useful reagent. 2 In preceding papers we 

described syntheses of medium size (4-6 membered)  cycloalkylphosphonates  3 and 1- 

formylalkylphosphonates  4 both relying upon the successive exchange of the three-chlorine 

atoms of the phosphonate 1. Based on the same approach, we would like to report in this paper 

our preliminary results on a promising one-pot synthesis of l-alkynylphosphonates 4 which are 

of growing interest as useful synthetic intermediates. 5 

Petrov in 1962, Sturtz in 1967 then Chattha and Aguiar in 1971, reported the synthesis of 

1-alkynylphosphonates via an alkylation strategy between halophosphates and salts (Na, Mg) 

of terminal alkynes. 6 It is currently the best alternative to the present synthesis, however this 

method, in terms of generality, is closely dependent on the availability of the acetylenic 

substracts R-C-=C-H and moreover yields are only reasonable (51-70%). Other routes are rather 

elaborated and / or give low overall yields. 7 

Our method is based on the formation of ot-chlorovinylphosphonates via a Peterson 

reaction followed by dehydrochlorination to generate the triple bond. It can be described in a 

three-step sequence (Scheme 1). In the first step, addition of a mixture of  diethyl 

t r i ch loromethylphosphona te  1 and chlorotrimethylsilane to butyll i thium (2.1 equiv.) in 

tetrahydrofuran at low temperature takes place through a double chlorine - lithium exchange 

conducing to the stabilized ct-phosphorylated ~-silylated o~-chlorinated carbanion 2 [Sp(THF) 

+46.9]. 
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Carbanion 2 can be trapped at -78 °C with a variety of aldehydes (aromatic, 

beteroaromatic, aliphatic saturated or unsaturated) yielding ot-silylated ~-chlorinated ~- 

lithiatedhydroxyphosphonates which spontaneously eliminate via a Peterson olefination reaction 

to give in quantitative yield an isomeric mixture of the two expected ot-chlorovinylphosphonates 

3 easily identified by 31p NMR analysis [~p(THF) (E) = +11 and (Z) = +7]. We assumed that 

the vinylic proton of 3 was acidic enough to be removed by a base. Three lithiated amides, 

LDA, LiTMP and LiHMDS were tested at low temperature with compound 3a (R = Ph). LDA 

was not usable here because it gives not only the compound 4a but also by-products detected 

by 31p analysis and resulting probably from nucleophilic attack on the generated Michael 

acceptor 4a. Being more bulky, LiTMP and LiHMDS both give a clean and selective 

conversion without contamination of the products 4. We selected LiHMDS (1.5 equiv) which is 

cheaper than LiTMP and easily eliminated on acidic work-up so increasing the ease of isolation 

of the products. The evolution of the reaction being monitored by 31p NMR spectroscopy, we 

observed that 1-alkynylphosphonates 4, which appeared at high field in 31p NMR analysis 

[Sp(THF) = -6], are rapidly generated from the (Z) isomer through an anti-dehydrochlorination 

reaction whereas the (E) isomer is consumed more slowly. When R is aromatic (4a-f) the 

temperature of the reaction mixture is slowly elevated from -78°C to 0 °C and hydrolysed at that 

temperature ; during the process it appeared a slight brownish coloration which disappeared on 

acidic treatment. By contrast when R is heteroaromatic (4g-l) the reaction mixture is kept at low 

temperature all along the reaction before hydrolysis otherwise on warming we observe a dark 

brown colour corresponding to the decomposition of compounds 4. As could be expected when 

R is aliphatic, the vinylic proton of 3 is much less reactive than previously and we obtained 4 

mixed with by-products resulting from Michael addition type reaction. We are currently 

extending the field of bases to inorganic or covalent bases in order to generalize the utility of the 

process. All the 1-alkynylphosphonates 4 reported in Table 1 were isolated with very good 

yields (87 - 96 %) and high purity after purification by bulb-to-bulb distillation or 

chromatography. 
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Table 1. Characteristics of l-Alkynylphosphonates 4a-! 

-R Reaction temp. 631p (ppm) ~13C ofP-Cl-=C 2 (ppm) Yields (%)i 
(CDC13) (CDCI3) 

- 78 --) 0 °C -7.8 c 89 a, 
a 

b 

- - - ~  CH 3 
c 

• - - ~  OCH3 

- 78--+0 °C 

- 78---~ 0 oC 

- 78 ---~ 0 oC 

- 7 8 - + 0 ° C  

- 8 . 0  

-7.6 

-7.2 

-7.5 

78.0 (d, IJcp=298.7, CI), 

98.4 (d, 2Jcp=51.9, C2). 

78.3 (d, IJcp=298.6, CI), 

97.8 (d, 2Jcp=53.2, C2). 

77.5 (d, IJcp=299.1, CI), 

99.0 (d, 2Jcp=53.1, C2). 

77.0 (d, IJcp=300.6, CI), 

99.5 (d, 2Jcp=53.4, C2). 

76.5 (d, IJcp=299.1, CI), 

98.8 (d, 2Jcp=53.4, C2). 

- - ~  N(CH3)2 

© 
Q. 

M9 

- 78---~ 0 °C 

- 6 0  °C (3h)  

- 6 0  °C (3h)  

- 60  °C (2h)  

-6.3 

-9.0 

-8.8 

-7.1 

76.3 (d, IJcp=303.7, CI), 

102.2 (d, 2Jcp=55.0, C2). 

77.1 (d, IJcp=292.3, CI), 

96.5 (d, 2Jcp=50.4, C2). 

81.9 (d, IJcp=295.4, CI), 

95.3 (d, 2Jcp=52.1, C2). 

83.1 (d, IJcp=300.8, CI), 

92.2 (d, 2Jcp=54.9, C2). 

9 2  a, C 

87 a, d 

91a, d 

96 a, d 

93 b, d 

95 b, e 

96 b, e 

96 h, d 

i 

O - - ~  - 50 °C (2h) -8.6 83.9 (d, IJcp=296. l, C 1 ), 89 a, d 
j 88.9 (d, 2JcP=53.4, C2). 

" ~ S  - 50°C (2h) -8.1 82.0 (d, 1Jcp=297.5, C1), 91a, d 
k 91.7 (d, 2Jcp=54.1, C2). 

- 50 °C (2h) -7.7 78.2 (d, 1Jfp=299.3, CI), 89 a, c 
I 94.5 (d, 2Jcp=54.5, C2). 

a Work-up with 2 N HC1 

b Work-up with a saturated solution of NH4C1 

c Purified by distillation (appropriated for 4 if b. p. of corresponding R-CHO <- 200 °C) 

d Purified by chromatography (hexane / AcOEt) 

e Crude yield : product unstable toward distillation and too polar for purification by chromatography. 
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