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Trapping of Reactive Intermediates from Phosphites and Dimethyl

Acetylenedicarboxylate.

Diversion of Reaction Pathway towards

Stable Phosphole Derivatives

By Jonn C. TEBBY* and STUART E. WILLETTS
(Department of Chemistry and Biology, North Staffordshive Polytechwic, Stoke-on-Trvent ST4 2DE)

and D. VAUGHAN GRIFFITHS
(Department of Chemistry, University of Keele, Staffordshive ST5 5BG)

Summary Trialkyl phosphites and dimethyl acetylene-
dicarboxylate react at — 50 °C to give the cyclopropenyl-
methylene trialkoxyphosphonium ylide (1), which at
—10 °C cyclises to the novel five-co-ordinate phosphorane
(2); at 20 °C the phosphorane (2) rearranges to the cyclic
ylide (3), whilst hydrogen bromide gas at —10 °C con-
verts the phosphorane (2) into a stable phosphole
derivative (4).

THE reactions of triphenylphosphine with electrophilic
acetylenes are good examples of relatively simple reactants
producing quite complex products.! The mechanisms by
necessity must involve a number of reactive intermediates
but there has been little direct evidence on their character-
isation.? By the use of trialkyl phosphites in place of
triphenylphosphine, the reaction with dimethyl acetylene-
dicarboxylate (2 equiv.) in toluene at —50 °C gives, after
1—2h, an almost quantitative yield of the ylides (1),
observed in their low-temperature 3P n.m.r. spectra as two
rotamers whose relative proportions were shown to be
temperature-dependent. The rotamers arise from re-
stricted rotation about the bond to the a-methoxycarbonyl
group. The ylide (1, R = Me) had 6(®'P) 616 and 59-4
p.p-m.t and 8(*3C) 4145 (}],c 225 Hz) and 36:04 (2]p¢
18 Hz) p.p.m. At —10 °C the ylides convert quantitatively,
during 15—30 min, into the five-co-ordinate phosphoranes
(2) which are stable for many hours at this temperature.
These compounds possess characteristically high-field signals
in their 3P n.m.r. spectra [(2, R = Me); o(3*P) —37-4
p.p.m.] and the proton-coupled spectrum confirmed that
three alkoxy-groups were still bound directly to the phos-

phorus atom. The symmetrical structure was confirmed
by the presence of only seven different chemical shifts in the
13C n.m.r. spectrum, each with the appropriate shift and
coupling parameters. These structures are quite novel,
although some of the first suggestions for the formation of
organic five-co-ordinate phosphoranes concerned the re-
actions of triphenylphosphine with electrophilic acetylenes.’
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At 20 °C they have half-lives of 10—12 min, being smoothly
converted into the stable cyclic ylides (3). The ethyl
analogue [(3, R = Et); §(*'P) 80-5 p.p.m.] was isolated in
559, yield as a colourless solid.} Low-temperature 3P

T Positive shifts are downfield with respect to 859, phosphoric acid.

1 The isolated products gave correct elemental analyses.
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n.m.r. spectroscopy showed the presence of four rotamers
as predicted for this structure. H, !2C, and the proton-
coupled 3'P n.m.r. spectra showed that one of the alkoxy-
groups had migrated from phosphorus to the adjacent
carbon atom. .

The reaction can be diverted from the rearrangement
pathway by passing hydrogen bromide gas (1 equiv.) into
the solution of the phosphorane (2) at —10°C. The
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phosphole derivatives [(4, R = Et); §(*'P) 34-99 p.p.m., t]
and [(4, R = H); 8(3'P) 3541 p.p.m., s] were isolated in
25—309, yields.; Dimerisation, which occurs rapidly for

the parent phosphole oxide, was not observed for these
products.t
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