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Participation of basic solvents in the nucleophilic steps of electrophi- 

lit additions to alkenes and of acid-catalyzed ring openings of 1,2-epoxidee, two 

closely related types of reactions, has been widely documented. In the case of 

anhydrous dipolar aprotic solvents this leads to the formation of intermediate 

cations, which in some cases (acetone', acetonitrile'~') are stabilized through 

formation of a covalent bond with an anion, in others (DMS03, DMFI", pyridine-N- 

-oxides') are sufficiently stable as salts. The presence of these intermediate 

species has either been demonstrated through actual isolation, or inferred from 

indirect evidence. 

We have now found that also hexamethylphosphoric triamide (HMPT) beha- 

ves in a similar way, producing particularly stable phosphonium salts. Thus, when 

a cold solution of cyclohexene (3 mmole) in HMPT (12 mmole) was treated with bro- 

mine (3 mmole), then diluted with ether a yellow semi-solid compound containing 

active bromine was obtained; solution in CHCl,, treatment with a little cyclohe- 

xene, and precipitation with ether gave the bromide 2 (X=Br), which was converted 

into the water insoluble tetraphenylborate salt. Analogous treatments converted 

cis-2-butene, 1-hexene, and styrene into salts & _2 end 3. 

Addition of CF,COOH (40 mmole) to a solution of cyclohexene oxide (20 

mmole) in HMPT (80 mmole), followed after 4 hr by dilution with ethyl ether and 

petroleum ether, gave an oil which was converted into the solid salt i (X=BPh,). 

Salts 2-2 were similarly obtained from the corresponding epoxides. 

The structures of the salts t-8, which evidently derive from a nucleo- 

philic attack by the solvent on the intermediate bromonium (or bromocarbonium) 

and oxiranium ions, were attributed on the basis of elemental analyses and NMR 
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spectra. All the salts exhibit a doublet of 18 protons in agreement with the pre- 

sence of 6 equivalent methyl groups coupled with P, with the expected 'JHP of 

about 10 Hz6, and the other signals in the spectra agree with the proposed struc- 

tures (Table I). 

The bromides of ,1-,4 and the trifluoroacetates of z-8, are easily soluble 

in water and their aqueous solutions do not undergo appreciable changes for seve- 

ral days at room temperature. The salts 2-2 are also quite stable in alkaline 

media; for instance 80% of the bromide of ,4 was recovered unchanged after 2 hr 

from its solution in 2N NaOH. 

On the other hand, the triflucroacetates of 1 and i are quantitatively 

reconverted into the epoxides by treatment for 30 min. with 2N NaOH. The bromide 

of ,3 and the trifluoroacetate of ,7 react with NaNz in water to give respectively 

the azido derivatives 2' and l&6, free of the corresponding position isomers, 

thus proving the regiospecificity of the reactions of styrene and styrene oxide. 

In contrast the reactions of 1-hexene with bromine-HMPT and of 1-butene oxide 
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and provides confirmation for the relative stereochemistry of ,8. Ramirez and 

co-workers" have postulated that intermediates of type 12 are involved in the 

transformation of aldehydes into epoxides with (Me,N),P; it has so far not been 

possible to establish if in our case 2 are in equilibrium with a 1,3,2-dioxapho- 

spholane 2, which are the precursors of g in the reactions studied by Ramirez. 

The new reactions described in this paper, beside indicating that great 

care must be exercised in the evaluation of reactions involving cationoid transi- 

tion states if carried out in HMPT, may provide interesting intermediates for 

further synthetic elaboration through substitution of the phosphonium group with 

appropriate strong nucleophiles. This aspect is presently under investigation. 

This work was supported in part by a grant from Consiglio Nazionale 

delle Ricerche. 
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