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In FSO3H/SO,CIF at -50 to -100° the nonamethylbicyclo[3.2.1] octadien-2-y1 cation 1 under-
goes an nmr-observable reversible exchange process which equilibrates methyls 2,3,4,6 and 7 and
methyls 8 and 9, but leaves the bridgehead methyls (1 and 5) unique.!

CIRCUMAMBULATION
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This observation was rationalized by a circumambulatory process (l < 1' = 1", etc.) which

may be accomplished mechanistically via a sequence such as
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Solutions of ] in FSO3H/SO,CIF maintained at -50 to -60° underwent an irreversible change
which could be followed kinetically by nmr and which converted ] to a bicyclo[3.3.0]octadien-

2-y1 cation (see accompanying paper for details). No other processes are observable by nmr.

It seemed unusual that, as far as one could discern from nmr studies, ion } did not appear
to undergo a 1,2-shift of the methano bridge (l s2=2', etc.). This process, which might be
expected to have a low activation energy, would equilibrate methyls 1-7 and methyls 8 and 9.

BRIDGE SHIFT

ete.

To test for this possibility, two types of labeling experiments were performed.

In alcohol gz, the CD, group is located so that it must become a bridgehead methyl in ion
1. If only circumambulation occurred, one would expect the nmr singlet due to methyls (1 + 5)
to be reduced 50% in area relative to the singlets from methyls (2 + 4) and (6 + 7). This area
reduction should have been readily observable. Indeed, when g was treated with a trace of acid
{0.1% HC1 in acetone, room temperature, 15 min)} hydrocarbon é {the sole quenching productI of l)
was obtained half-labeled at each bridgehead position. Under these conditions, l loses a proton
before equilibration can occur. However, when 3 was treated with FSO;H/SO,CTF at -780, the
OH
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+
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resulting | had an nmr spectrum which was barely distinguishable from that of unlabeled 1s be-

cause the three deuteriums were equally distributed amongst the 21 hydrogens of methyls 1-7.
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1
Ion ] was first prepared from 5, which ionizes in acid with contraction of the cyclo-

butane ring:

Alcohol Qu has CD3 groﬁps in positions which become methyls 2, 4 and 7 in ion ] (or }').
If only circumambulation occurred, one would expect the nmr singlet due to methyls (1 + 5) to
remain at full intensity. In fact, when § was treated at -78% with FSO3H/S0,C1F, the signal
due to methyls (1 + 5) had the same intensity as the singlets due to methyls (2 + 4) and (6 + 7).

The observed nmr (see table) indicated that the label was equally distributed amongst methyls

1-7.
*
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1» * = 3/5 CD3 6, * = (g 1, * = 3/7 CDg
Process Expected Areas of Proton Nmr Signals in ] Derived from §
(1+5) (2+4) (6 +7) (3) (8) (9)
Circumambulation 6 2.4 2.4 1.2 3 3
Observed 2.6 2.6 2.6 1.3 3 3

We conclude that ] undergoes 1,2-methanc bridge shifts in strong acid at a rate which is
rapid relative to the irreversible isomerization to a bicyclo[3.3.0Joctadien-2-y1 cation but
slow relative to circumambulation. The bridge shift is concealed from nmr detection, however,
since before the temperature where it would be observable is attained, 1 rearranges irreversibly.
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