The Cyclopropylcarbinyl-Allyl Rearrangement of a
Hexamethylcyclopropylcarbinyl System!
Sir:

The multiplicity and electronic structure of the non-
classical intermediates involved in the carbonium ion
chemistry of cyclopropylcarbinyl, allylcarbinyl, and
cyclobutyl derivatives have been of interest for some
years,? At first, the solvolytic behavior of pertinent
systems was investigated; more recently, several mono-
cyclopropylcarbinyl cations have been directly observed
by nmr in superacid media ®®® The original incentive
for the present investigation was the direct observation
of the rate and stereochemistry of the degenerate cyclo-
propylcarbinyl-cyclopropylcarbinyl ~ rearrangement,*
symbolized by Ia = Ib, under conditions of long life
of the cation in nonnucleophilic media.
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Cation III is representative of cyclopropylcarbinyl
cations which have been generated in superacid media.
It has been prepared from the corresponding alcohol
II-OH in FSO;H-SO,-SbF; by Olah® and its nmr
spectrum was observed at —65°. This spectrum indi-
cated the “symmetrical homoallyl” (“bisected”) struc-
ture for the cation. While stable at —65° in FSO;H-
SO,-SbF;, ion III was destroyed when the temperature
was raised to —25°, In contrast with the observations
of Olah in FSO;H-SO,~SbF; are those of Deno® in
FSO;H solvent. On solution of the corresponding
alcohol in this solvent at —50°, there was observed
only the spectrum of a species tentatively identified as
the trimethylallyl cation IV. A possible mechanism®
visualized for the formation of this allylic ion involved
“dehydration of the alcohol, opening of the cyclopro-
pane ring by protonation, and appropriate CH; and
H shifts.”
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In this and the following communication, we report
on the related behavior of a tetramethylcyclopropyl-
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dimethylcarbinyl system in superacid media as well as
solvolytically. When «,a,2,2,3,3-hexamethylcyclopro-
pylcarbinol (V-OH)? is extracted into FSO;H-SO.CIF
(1:1, v/v)*® or SbF;~SO.CIF (1:3, v/v) at —125° and
the nmr spectrum is recorded at this temperature within
2 min, the spectrum shows no evidence of the cyclo-
propylcarbinyl cation VI, Instead, the first and only
cation observed, even at —125°, is the rearranged 1-¢-
butyl-1,3,3-trimethylallyl ion (VIII). In its nmr spec-
trum, singlet signals appear at 7 8.54 for the f-butyl
group, 7 7.02 for the CH; group at C,, 7 6.98 for the two
CH; groups at C;, and 7 2.07 for the proton at C,."?
From the manner of generation and observation of the
rearranged allylic ion VIII, a conservative estimate of the
rate constant of isomerization of the cyclopropylcarbinyl
ion VI to its allylic isomer VIII is 102 sec™! at —125°,
AF* being less than 9.6 kcal/mole. Extraction of V-OH
into a 1:1 FSO;D-SO,CIF mixture at —125° gave rise
to the allylic ion with no detectable deuterium incor-
poration, thus eliminating mechanisms for its forma-
tion which involve protonation of the cyclopropane
ring. Quenching of the solution of the allylic ion in a
rapidly stirred methanol-potassium bicarbonate sus-
pension at —78° produced a 40:60 mixture of dienes
IX and X, respectively.

As the temperature of the solution of allylic ion VIII
was raised, the nmr spectrum remained unchanged
between —125 and —10°. However, above —10° the
signals for the z-butyl group at 7 8.54 and the C,—CH,
group at 7 7.02 broadened, while the other signals
remained sharp. The coalescence temperature for the
7 8.54 and 7.02 signals in FSO;H was ca. 75°, and at
higher temperatures, e.g., 90°, a broad average signal
at 7 8.16 was observed with a half-width of 10 cps.
The solution could be heated to 105° before noticeable
decomposition occurred; however, no definite change
in the spectrum of VIII could be observed. The tem-
perature dependence of the nmr spectrum of the allylic
ion is obviously associated with a four-methyl scram-
bling of the three methyls of the s-butyl group and the
methyl at C,.°

The application of the Saunders many-site nmr line-
shape program! led to the rate constants listed in
Table I at temperatures between 5 and 90°, These

Table I. Rates of Four-Methyl Scrambling in Allylic Ion VIII
Temp, °C Solvent k, sec™!
5 1:3 SbF;-SO.CIFe 2.5
14 1:1 HSO;F-SO.CIF 3.0
16 FSO;H 4.0
24 FSO;H 10
35 FSO:H 27
47 FSO:H 63
58 FSO:H 120
90 FSO:H 900

@ Solution unstable above 10°.
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rate constants are for exchange of the C;-methyl group
with one of the methyls in the 7-butyl group. From the
data in Table I, a plot of log k& vs. (1/T) leads to an
Arrhenius activation energy of 14.3 kcal/mole and a
preexponential factor of 10115,
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For better comparison with the hexamethylcyclopro-
pylcarbinyl case, the simpler cyclopropyldimethylcar-
binyl cation III was examined in the same solvents in
which carbinol V-OH was dissolved. Extraction of car-
binol II-OH into 1: 1 FSO;H-SO,CIF at — 100°led tocat-
ion III, with the same nmr spectrum as that reported by
Olah.®® At —73°, this cation rearranged smoothly with
a rate constant of 9.2 X 10~* sec™! (AF* = 14.3 kcal/
mole) to a species whose nmr spectrum was clearly ap-
propriate for the trimethylallyl ion IV (see IVa). When
FSO;D-SO,CIF was employed as the solvent, the
rearranged allylic ion IV contained no deuterium, as
judged by the observed 1.0:1.0:6.0:3.0 area ratios for
the 1-H, 2-H, 3-CH;, and 1-CH; proton signals, re-
spectively. In the 1:3 SbF;-SO.CIF solvent, cation III
is considerably more stable, the rate constant for its
disappearance being ca. 10—% sec™! at —25° (AF*
= ca. 18 kcal/mole). At least some allylic ion IV is
observed, but the latter is also not stable and is fairly
rapidly destroyed.

The four additional methyl substituents in VI com-
pared to the simpler cyclopropylcarbinyl cation III
have made the rate of isomerization of VI to the allylic
isomer so much larger than that of III that it has been
impossible so far to observe VI.!'* The simplest way
to represent the rearrangement of VI to VIII is by way of
the open classical homoallyl ion VII which isomerizes
to VIII by a 1,2-methyl shift. Alternatively, it is just
as conceivable that the isomerization of VI to VIII
avoids VII as an intermediate and proceeds via a non-

(11) For contrast with the hexamethylcyclopropylcarbinyl system
V-OH, we studied also the behavior of the related tetramethylcyclo-
propanecarboxylic acid in FSO;H, In this case, the expected carbo-
nium ion from protonation of the carboxyl group has two powerfully
electron-donating hydroxyl groups at the a-cation center. Thus, we
could expect the type of rearrangement which VI undergoes to be re-
tarded. In actual fact, we were able to observe the protonated car-
boxylic acid, as well as the derived acylium ion, and finally the conver-
sion of the latter species to the acylium ion of a rearranged «,8-un-
saturated acid. Also, Deno and coworkers® have reported the direct
observation of a tetramethyltricyclopropylcarbinyl cation in CFsCO:H,
where electron-donating groups have again retarded the cyclopropyl-
carbinyl — allyl rearrangement.

classical transition state between a homoallyl ion and
VIIL. In the case of the simpler cyclopropyldimethyl-
carbinyl cation III, it is evident that the rate of isomer-
ization to the allylic isomer IV is very solvent sensitive,
This suggests a mechanism for the isomerization, at
least under some conditions, which involves a covalent
homoallylic intermediate, e.g., the fluorosulfonate II-
OSO.F. Ionization of the latter with hydrogen par-
ticipation could lead to the allylic ion IV,
=73
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The rearranged allylic ion VIII is obviously more
stable (K > 100) than any other ion through which
V-OH is converted to VIII. However, equilibrations of
VIII with its predecessor species present in low con-
centrations can be expected to be associated with char-
acteristic rate constants. The four-methyl scrambling
of VIII which has been observed is due to one of these
equilibrations occurring sufficiently rapidly to be mea-
sured on the nmr time scale, If the originally sought
cyclopropylcarbinyl-cyclopropylcarbinyl rearrangement
were also to occur by way of a small proportion of ion
V1in equilibrium with VIII, the net result would be a
six-methyl scrambling in VIII. This additional scram-
bling of two more methyl groups in VIII is obviously
too slow to be observed on the nmr time scale.'? How-
ever, as reported in the following communication,'3 it
can be studied on the ordinary time scale by deuterium
labeling.

(12) At90° the nmr spectrum of VIII does show some evidence of six-
methyl scrambling in that the singlet at = 6,98 is broadened slightly with
respect to the sharp singlet at r 2.07.
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Solvolysis and Degenerate Cyclopropylcarbinyl-
Cyclopropylcarbinyl Rearrangement of a
Hexamethylcyclopropylcarbinyl System!

Sir:

As reported in the preceding communication,? solu-
tion of a,,2,2,3,3-hexamethylcyclopropylcarbinol
(V-OH)? in FSO;H-SO:CIF or SbF;-SO,CIF gives
rise to the rearranged allylic ion VIII, even at —125°,
The rate of isomerization of cyclopropylcarbinyl cation
VI to the allylic isomer VIII is sufficiently large to pre-
vent direct observation of VI. Also, it has been im-
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