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Vinyl Cations in Acid-catalysed Isomerisations of Acetylenes and Allenes

By BERNARD J. BArRry, WILLIAM J. BEALE, MaLcoLM D. CARR,* Stang-King Her, and Ian RE1D
(School of Science, University of Waikato, Hamilton, New Zealand)

Summary The hexynes and allenic hexadienes have been of pure acetylenes and allenes indicated a sequential
isomerised in acidic media and the sequence of reactions reaction, as shown in the Scheme.
explained by deprotonation of vinyl cation intermediates
to form isomeric acetylenes and allenes. Hex-1-yne Hex-2-yne Hex-3-yne

. . T .
VINYL cations have been a recent focus of attention.! The ; 4 R 7!

similarity of these cations to alkyl cations has been noted, Hexa-1,2-diene Hexa-2,3-diene
particularly with respect to their generation in solvolytic SCHEME

reactions and by electrophilic addition to acetylenes and

allenes. One important reaction of alkyl cations is proton The isomerisation reaction is best explained by formation

loss to form alkenes. The analogous reaction for vinyl of vinyl cations and their deprotonation to acetylenes or
cations, proton loss to form alkynes and allenes, has not jllenes:

yet been studied in any detail, being reported only as a side +

reaction in other investigations.? We report here for the yIC:CBu & H+ = H,C:CBu = H,C:C;CHPr + Ht =

first time acid-catalysed acetylene-allene isomerisations; )

reactions in which protonation of acetylenes and allenes is iy .

. . ; MeC: CHPr & MeC:CP H+ etc.
followed by deprotonation to form isomeric acetylenes and ¢ T Pt ete
allenes, this being the major reaction undergone. Although the main reaction was isomerisation, side

The five straight chain CiH,, isomers hex-1-, -2-, and reactions were significant and prevented equilibration of
-3-yne and hexa-1,2- and -2,3-diene were treated with the the isomers. For example, hexan-2- and -3-one are
acid catalysts “HBF,”, i.e. HF/BF,;, “HPF{” i.e. HF/PF;, generated in the H,SO, reaction. This could occur by
and H,S0, in dry sulpholane. The Table shows the bisulphate addition to the vinyl cation, followed by hydroly-
approximate times for 209, isomerisation for the catalysts sis during work-up.

TABLE

Approximate times for 20 % isomerisations of the hexynes and hexadienes at 25°

Isomer
Catalyst Hex-1-yne Hexa-1,2-diene Hex-2-yne Hexa-2,3-diene Hex-3-yne
0-1 M-HBF, .. .. . 30 min 25s 40 min 35s 25 min
0-1 M-HPF, . .. .. 25 min <5s 2h 6s 30 min
0-96 M-H,SO, .. .. .. 24h 3h >100h 4h 40 h
2:07 M-H,SO, .. .. .. — — —— 20 min 2h

HBF,, HPF,, and H,SO,. The rates implied by these One of us (B.]J.B.) thanks the University of Waikato for
reaction timesroughly reflect the thermodynamic stabilities,® a Fellowship. We thank the University Grants Committee
with isomers of low thermodynamic stability isomerising of New Zealand for financial support.

rapidly compared to those of high stability. In all the

catalytic systems a close study of the initial isomerisation (Recetved, 16th October 1972; Com. 1760.)

1 G. Modena and V. Tonellato, Adv. Phys. Org. Chem., 1971, 9, 185; H. G. Richey in ‘The Chemistry of Alkenes,’ vol. II, eds. J.
Zabicky and S. Patai, Interscience, London, 1970, pp. 39—49; H. G. Richey and J. M. Richey in ‘Carbonium Ions,” vol. II, eds.
G. A. Olah and P. von R. Schleyer, Wiley-Interscience, New York, 1970, pp. 899-957.

2T. L. Jacobs and R. N. Johnson, J. Amer. Chem. Soc., 1960, 82, 6397; D. S. Noyce and M. D. Schiavelli, ibid., 1968, 90, 1020;
C. A. Grob and G. Cseh, Helv. Chim. Acta, 1964, 47, 194; W. H. Mueller, P. E. Butler, and K. Griesbaum, J. Org. Chem., 1967, 32,
2651; M. L. Poutsma, ibid., 1268, 33, 4080.

3S. W. Benson, F. R. Cruickshank, D. M. Golden, G. R. Haugen, H. E. O’Neal, A. S. Rodgers, A Shaw, and R. Walsh, Ckem. Rev.,
1969, 69, 279.



