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Abstract: IH-F-I-Alkenephosphonates -- react smoothly with a variety of 
aldehydes under the influence of catalytic amounts of hexamethyldisiloxane 
and tetrabutylammonium fluoride at room temperature to afford the corre- 
sponding a-'-alkynylated alcohols in good to excellent yields. 

Acetylenic alcohols are useful compounds capable of undergoing many 

organic transformations and hence are employed successfully as key inter- 

mediates in the synthesis of natural products including carotenoids, 2 prosta- 

glandins, and steroids. 4 In view of the high versatility of these compounds 

combined with the recent intensive elaborations 5 for introducing a fluorine 

or fluoroalkyl substituent into organic molecules, it must be of much value 

to develop an effective method for the synthesis of fluorine-containing 

acetylenic alcohols. 

In our continuing studies6 to exploit the synthetic utility of 

fluorinated alkenephosphonates and related compounds, we have found that 

various aldehydes can readily be perfluoroalkynylated under very mild condi- 

tions with IH-F-I-alkenephosphonates accessible6a in two steps from r- 

alkanoic acid chlorides. 

The reaction described in this communication is a novel reaction of lH- - 

F-l-alkenephosphonates with a carbonyl compound promoted by a siloxane- 

fluoride ion as catalyst, which provides an efficient and simple method for 

the synthesis of a-F-alkynylated alcohols. 
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lg-F-1-Alkenephosphonates (1) were allowed to react with an aldehyde in 

the presence of catalytic amounts (25 mol% each) of hexamethyldisiloxane and 

tetrabutylammonium fluoride (TBAF) in tetrahydrofuran (THF) at room 

temperature, to give the corresponding F-alkyl-substituted acetylenic 

alcohols (2)7 in good to excellent yields. Other organosilanes such as 

ethoxytrimethylsilane and hexamethyldisilazane could be used in this reaction 
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Table I. Synthesis of a-F-Alkynylated Alcohols 2 
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a) An equimolar amount of hexamethyldisiloxane was used. 

but the use of hexamethyldisiloxane gave the best results.8 out of the 

sources of fluoride ion examined, i.e., TBAF, cesium fluoride, and potassium 

fluoride, TBAF was the most efficient for the reaction. THF was better than 

any other solvents employed such as dichloromethane, diethyl ether, and 

dimethylformamide. The results of the reaction are summarized in Table I. 

A variety of aldehydes underwent the reaction smoothly with the fluoro- 
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alkenephosphonate (1) to afford high yields of the F-alkynylated alcohols 

(21, while the reaction of ketones such as 3-pentanone, 3-methyl-2-butanone, 

and acetophenone with 1 occurred reluctantly to form the alcohols 2 in no 

more than 20% yields, which could not be improved in spite of the amounts of 

the catalysts and the reaction temperature being varied. The chemoselec- 

tivity of the present reaction may be illustrated by the treatment of hexanal 

with 1 (Rf=F-Et) in the presence of acetophenone, which produced 2 (Rf=F-Et, 

R=n-C5H,,) selectively in a yield of 74%. 

It should be noted that the reaction is catalytically promoted by the 

action of hexamethyldisiloxane and fluoride ion, whose effective interaction 

results in the generation of fluorotrimethylsilane and trimethylsiloxide ion 

during the reaction. The latter species can act as a base' for converting E- 

alkylacetylene, formed in situ from the phosphonate 1 and fluoride ion, to 

the corresponding acetylide anion. This intermediary acetylide anion reacts 

with an aldehyde to give the product 2 with the concomitant formation of the 

siloxide anion, which is either reused as the base or converted into hexa- 

methyldisiloxane, as depicted in the following possible reaction cycle. 10 

Of much significance is that the alkenephosphonates 1 can be employed as 

a good candidate for perfluoroalkynylation of a carbonyl compound under 

nearly neutral conditions and in a simple manner, since such reaction gener- 

9 
FP(OEt)2 

Me3SiO- 
;. 

Ne3SiF (Me3Si )20 
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ally requires strong bases and tedeous manipulations. 

The general procedure of the reaction is as follows: To a well-stirred 

solution of hexamethyldisiloxane (0.25 mmol) and TBAF (0.25 mmol, IM in THF) 

in anhydrous THF were added dropwise lH-F-I-alkenephosphonate 1 (1.0 mmol) -- 
and successively an aldehyde (1.0 mmol) at 0°C. The whole mixture was 

stirred at ambient temperature for 2h. Quenching the reaction with water and 

extraction with ether, followed by isolation with column chromatography on 

silica gel gave analytically pure a-F-alkynylated alcohols 2. 7 
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