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 The title compounds were refluxed in hexanol to give quantita-

tively the O-hexyl aryl-4-pentenylphosphinate derivatives via tran-

sient monomeric metaphosphinates, which seem to be formed by the 

phospha-Cope rearrangement. Kinetic studies show that the reaction 

rate increases with an increase in the magnitude of the positive 

charge on the phosphorus atom.

The Cope rearrangements involving hetero atoms have been an excellent method 

for the formation of carbon-hetero atom double bond. In particular, the Claisen 

rearrangement is an important synthetic method for the preparation of carbonyl 

compound and it has been often utilized as a key step for the synthesis of natural 

products.1) 

There are many reports on the thio-Claisen rearrangements 2) and cationic aza-

Cope rearrangements, 3) but a few reports on the phospha-Cope rearrangement. 4,5) 

Loewus reported on the phospha-Cope rearrangement of sodium allylvinylphosphinate 

as a phosphorus analogue of oxide anion Cope rearrangement.5) 

 Here we wish to report a similar rearrangement of the title compounds and 

the substituent effects. 

3-Phenyl-3A-phospha-1,5-hexadiene 3-oxide, 3-sulfide, and 3-selenide (1a-c)6) 

and 3-aryl-3A-phospha-1,5-hexadiene 3-sulfides (1d-i) were prepared as follows: 

Methyl allylphenylphosphinate was treated with thionyl chloride to give allyl-

phenylphosphinyl chloride which was allowed to react with vinylmagnesium bromide at 

-78 C in tetrahydrofuran to give la in 74% overall yield. The sulfide (1b) and 

selenide (1c) were prepared by the reaction of 1a with Lawesson's reagent, 2,4-
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bis(p-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide, in toluene at 100 

C and by treatment of la with phenylsilane in the presence of selenium in re-

fluxing benzene in 65 and 72% yields, respectively. As described for lb the 

sulfides (1d-i) were prepared in ca. 40% yields from the corresponding ethyl 

allylarylphosphinates, which were given in 40-50% yields by subsequent reactions of 

diethyl allylphosphonate with thionyl chloride and arylmagnesium bromides.

a:X=O, Y=H; b:X=S, Y=H; c:X=Se, Y=H; d:X=S, Y=OMe; e:X=S, Y=Me; 

f:X=S, Y=SMe; g:X=S, Y=F; h:X=S, Y=Cl; i:X=S, Y=Br

Refluxing of 3-aryl-3A-phospha-1,5-hexadiene derivatives (la-i) (0.1mmol) in 

hexanol (4ml) for 48 h gave quantitatively the corresponding O-hexyl aryl-4-

pentenylphosphinate derivatives (3a-i).6) 

 These products can be considered to be formed via transient monomeric meta-

phosphinates (2), which are produced by Cope rearrangement of 1.7) Recently it has

been reported that monomeric metaphosphinates can be synthesized as stable com-

pounds from the corresponding methylenephosphines.8) 

The reaction can be monitored by 31 P-NMR spectroscopy, indicating that the 

peak assignable to the product (3) increases with a decrease of that of the 

starting materials (1). Since the phosphine oxide (1a) is hygroscopic, it is 

necessary to be dried thoroughly before using, because of contamination with the 

product trapped by water. 

 The reaction rates were measured by means of gas chromatography, indicating 

that the reaction proceeds in pseudo first order with respect to 1 with the rate 

constants shown in Table 1. In Table 1, 31P-NMR data of 1 and 3 are also shown. 

 It is very interesting to point out that the present reaction proceeds in much 

milder conditions than those described by Loewus 5) in spite of the absence of the

oxide anion group, that the rate constants increase in order of P=O, P=S, and P=Se

(see the rate constants for la-c in Table 1), and that the reaction is accelerated
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Table 1. 31P-NMR spectral data of la-i and 3a-i and rate constants

by the replacement of electron-withdrawing substituent at the para position of the

phenyl group (see the rate constants for 1d-i in Table 1).9) The last two results 

may be inconsistent each other judging from only electronegativities of 0, S, and 

Se. However, considering a property of P=X bond in detail, it can be explained 

reasonably. It is well known that the double bond character of P=X bond decreases 

in order of P=O, P=S, and P=Se with an increase in the contribution of the canoni-

cal structure P+-X-.10) An increase in the positive charge on a phosphorus atom 

is also brought about by substituent at the para position of the phenyl group, and

it may play an important role to accelerate the reaction. In other words, in the 

transition state the positive charge induced on a phosphorus atom by these effects

would make electron donation from allyl to vinyl moieties more favorable. 

The present reaction provides a novel synthetic route to 4-pentenylphosphi-

nates, possible precursors for synthesis of 1,5-hexadienes by application of 

the Horner-Emmons reaction. 

 Further investigations are in progress.
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