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Since the report of the first direct observation of the nonclassical menohomotropylium ion,
I, by Pettitl, considerable attention has been given to the structure and direct observation of
the homotropylium ion and its derivatives.2 .However, relatively little information is available
concerning the thermal rearrangements of homotropylium ions. Winstein3 has reported the direct
observation of the l-hydroxyhomotropylium and its remarkable thermal rearrangement to protonated
acetophenone, but no mechanism for this rearrangement has been proposed.

We wish to report the direct observation of the l-methoxyhomotropylium ion and a study of
its subsequent ring inversion and thermal rearrangement. The data obtained provides considerable
insight into the mechanism for thermal rearrangement of homotropylium ions and the effect of
l-substituents on the rate of ring inversion.

Extraction of methoxycyclooctatetraene, II, from CD2012 into fluorosulfonic acid at -78°C
yields cleanly the l-methoxyhomotropylium ion, III. The pmr spectrumu of IIT at 25°C is summar-
ized below and shows signals at T 1.40-2,65 (multiplet, Hz-HG), T 3.97 (H7), T 5.55 (methoxyl
singlet overlapping H8a multiplet) and T 8.65 (Heb)‘ Coupling constants evaluated from the
spectrum were J

=10.5 Hz, J =9.8 Hz and J =7.5 Hz. The chemical shifts and coupling

Ba,8b 8b,7 8a,7

constants obtained for III are, as expected, very similar to those obtained for the l-hydroxy-
homotropylium ion.3

Extraction of methoxycyclooctatetraene into deuterofluorosulfonic acid at -78°C yielded the
monodeuterated ion whose pmr spectrum at -5u°C indicated cad. 75% of the deuterium in the 9-endo
(inside) position and ca. 25% in the 9-exo (outside) position.5 This observed 75:25 ratio of
endo:exo deuteration is similar to the stereospecificities previously reported for the deutera-

tion of cyclooctatetraene6’7 and methylcyclooctatetraene.8 The rate of ring inversion of III
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could be estimated by observing at higher temperatures the equilibration of protium between the
exo and endo positions. At -18°C the first-order rate constant for ring inversion was estimated

as 1x10 *sec™ corresponding to r*=19.6 keal/mol.
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Upon warming, ion III rvearranges to yield the phenylmethylmethoxycarbonium ion, IV, whose
pmr spectrum shows a five-proton multiplet at T 1,40-2.40 (aromatic hydrogens), a three-proton
singlet at T 5.05 (methoxyl protons) and a three proton singlet at t 6.75 (methyl protons).

The first-order rate constant for this isomerization at 51° was measured as‘uxlo_ssec_l (AF*=
25.7 keal/mol). During the course of the rearrangement, singlets of minor intensity appear at
1 6.62 and T 5.60 and increase in intensity with concommitant decrease of the T 5.05 and Tt 6.75
signals upon further heating at 51° or higher temperatures. These signals have been identified
as those of the methyl group of protonated acetophenoneg (T 6.62) and methyl fluorosulfonate

(T 5.60). These species apparently form from nucleophilic attach of the fluorosulfonate anion

on IV.

When the generation and rearrangement of III is carried out in DSO,F, the substituted benzyl

3
ion IV formed shows signals of relative intensity 5.0:3.0:1.1 for the aromatiec, methoxyl and
methyl protons,10 respectively. This ratio indicates the incorporation of two solvent deuterons

into the methyl group during isomerization.

A reasonable mechanism for the thermal rearrangement of III consistent with the deuteration
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results is outlined below and involves ring contraction to the a-methoxy ion V followed by ring
opening to the benzenonium ion VI from which loss of a proton yields the vinyl ether VII,

Protonation (deuteration) of the vinyl ether gives rise to the observed product IV.
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The free energy of activation for ring inversion of III (19.6 kcal/mol) is somewhat less
than the free energy of activation for ring inversion in the unsubstituted homotropylium of 22.3
kcal/mol. This observation is best explained by considering qualitatively the effect of a
l-methoxyl substituent on the relative energies of the homotropylium ion and its tramnsition
state for ring inversion the planar, classical cyclooctatrienyl cation VIII.8

Upon distortion of I to the planar VIII the net positive charge must increase at C1 while
the hybridization at Cl must change from a value between sp3 and sp2 to a hybridization close to
sp2. On this Pasis then the electron donating methoxyl substituent should stabilize the transi-
tion state VIII to a greater degree than I and thus lower the barrier to ring inversion as is
observed. A similar argument has been used to explain why electron donating 7-substituents

reduce the activation energy for bridge-flipping in 7-norbornadienyl cations.ll
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