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Cyclopropylcarbinyl-cyclopropylcarbinyl cation rearrangements are well characterized in
monocyclic systems.l However, in bicyclic2 and polycyclic3 systems they are only occasionally
observed. For example, evidence for such rearrangements occurring during hydrolysis in 80%
aqueous acetone has been sought with all of the cis-ring fused 2-deuterio-exo- and endo-2-

bicyclo[n.1.0}alkyl 4-nitro- or 3,5-dinitrobenzoates (n = 3 to 6)A2 However, only with the

2-deuterio—exo-2-bicyclo[5.1.0]octyl 3,5-dinitrobenzoate was any significant amount of rearrange-
24

ment of the type shown below observed to occur dutring hydrolysis.
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In conmection with our continuing interests in the effects of structural and electronic
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differences upon the nature and behavior of cyclopropylcarbinyl cation intermediates,
have examined the perchloric acid catalyzed acetolyses of all of the 2-deuterio-exo— and endo-
2~bicyeclofn.1.0]alkanols (n = 3 to 6) to obtain information regarding just how unfavorable

is the cyclopropylcarbinyl-cyclopropylcarbinyl cation rearrangement process with the various
meﬁhers of the series for which it was not observed in the ester hydrolysis studies. We have
already described elsewhereZb the procedure for the perchloric acid catalyzed bicyclo alkanol
acetolysis method. Its advantages and greater sensitivity over the ester hydrolysis method

lie partly in the lower nucleophilicity of acetic acid as compared to 80% aqueous acetone,

thus allowing the 2-bicyclo[n.1.0]alkyl cations more time to underge possible cyclopropyl-
carbinyl-cyclopropylcarbinyl rearrangement before solvent attack occurs to give products.
Also, any initially formed exo- or endo-bicyclic acetate products of kimetic control will be
eventually completely converted to the products of thermodynamic control via repeated reforma-
tion of the 2~-bicyclo[n.l.0]alkyl cations. These thermodynamic products, in all cases except
with the exo-2-bleyclo[6.1.0]lnonyl system, should be primarily the homoallylic cis-cycloalken-
4=y1 acetates2 containing deuterium only at their l-positions if none of the cyclopropylcarbinyl-
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cyclopropylcarbinyl cation rearrangement occurs. However, if the rearrangement does occur, the
deuterium in a portion of the cis-cycloalken-4-yl acetate product should also be found at the
4~position. With the 2-deuteric-exo-2-~bicyclo[6.1.0]}nonyl system, the thermodynamic product
should be predominantly trans-bicyeclo[5.2.0]nonan-trans-8-yl acetateze containing deuterium
only at C-1 if none of the rearrangement occurs but alsec at C~7 if rearrangement takes place.

In our earlier study of perchloric acid catalyzed acetolyses in the 2-deuterio-2-bicyclo-
[3.1.0Jhexyl system, the results showed that less than 2% cyclopropylcarbinyl-cyclopropylecarbinyl
cation rearrangement had occurred during formation of the deuteriocyclohexen—4-yl acetate ob-
tained from either exo- or endo-starting materials.Zb These results were in accord with the
corresponding 3,5-dinitrobenzoate hydrolysis results.za However, in our present studies of
perchloric acld catalyzed acetolyses of the 2-deutero-exo- and endo-2-bicyclo[4.1.0lheptyl,
endo-2-bicyclo[5.1.0)octyl, and exo- and endo-2-bicyclo[6.1.0]nonyl alcohols which are summarized

in Table I, at least small amounts of cyclopropylcarbinyl-cyclopropylcarbinyl cation rearrange-

Table I. Cyclopropylcarbinyl-Cyclopropylcarbinyl Cation Rearrangements in Reactions of ca.
25 pul of 2-Deuterio~exo- and endo-2-Bicyclo[n.l.0]alkanols with ca. 400 ul of 0.037 M HClO4
in Acetic Acid at 40°.

(cH,)__

H CHYpz  Time,? 2’2

hr. \\ CAc

oH D % Total Yield D % RearrangedE

exo-[4.1.0] 0.3-70 96+2% 3412
endo-[4.1.0] 0.2-30 96+25 36+2
exo-[5.1.0] 0.3-45 100 38x2
endo-{5.1.0] 0.3-50 100 38+2
exo—[é.l.ﬂ]g —_— -—= e
endo-{6.1.0] 0.2-30 100 10£2

§Range of rimes over which the reaction mixtures were examined by mmr and found to be further
unchanged. EDetermined from nmr vinyl to O-proton ratios. The products were shown by nmr
and also in certain cases by mass spectral examination to still contain approximately one
deuterium per molecule. Cabout 4% of deuterio-3-acetoxy methylcyclohexene is also formed.
éAfter 5 hr reaction time, only formation of deuterio—gggggfbicycle[5.2.0]nonan—£§§g§78~yl
acetate was detected. Using Eu(fod)3 nmr shift reagent, this was found to contain 20+10% of

rearranged material.
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ment were observed which had been too small to be detected in the previous nitrobenzoate
ester hydrolysis studies. Thus, large amounts of material which must result via cyclopropyl-
carbinyl-cyclopropylcarbinyl cation rearrangement were found in the deuterio-cis-cycloalken—
4-yl acetate products obtained from both the exo- and endo-[4.1.0Tlheptyl and [5.1.0]octyl
alcohols. Also, in formation of the deuterio-cis—cyclononen-4-yl acetate product from the
endo-[6.1.0]nonanol, and in the deuterio-trans~-bicyclo[5.2.0]nonan—trans—-8-yl acetate product
from the exo~[6.1.0]nonanol, it could be concluded that real, although small, amounts of
cyclopropylcarbinyl-cyclopropylcarbinyl cation rearrangement had occurred.

The observation that nearly identical amounts of cyclopropylcarbinyl-cyclopropylcarbinyl
cation rearrangement were found in the perchloric acid catalyzed acetolyses of both of the
isomeric 2-deuterio-2-bicyclo[5.1.0]octanols requires some comment. In the ester hydrolysis
study,2d none of the rearrangement was observed with the endo starting material. However,
after a time at 110° sufficient for 93% acid production, the alcoholic products from the ex0
starting material were all greater than 45% rearranged. Thus, one might have anticipated that
in the perchloric acid catalyzed 2-bicyclof5.1.0]octanol acetolyses less rearrangement would
have been observed starting with the endo-alcohol than with the exo-alcohol. Also, in the
deuterio-cis-cycloocten-4-yl acetate product from the exo-starting material, greater than the
observed 34*2% of rearranged material might have been expected. This may result from different
preferences for the reacting conformations of the bicyclic alcohols or acetates in acetic acid
versus the 3,5-dinitrobenzoates in 80% aqueous acetone. Also, in the less neucleophilic acetic
acid any initially formed 2-bicyclo[5.1.0]octyl cation conformation which is not favorable for
rearrangement should have more time to convert to a favorable conformation before solvent attack
occurs.

As to why the cyclopropylcarbinyl-cyclopropylcarbinyl cation rearrangement process is so
much more favorable in the 2-bicyclo[4.1.0lheptyl and [5.1.0]octyl systems than in the [3.1.0]-
hexyl and [6.1.0]nonyl systems is likely related to angle strain or H-H repulsions in the [3.1.0]-
hexyl and [6.1.0)nonyl systems which destabilize the specles necessary for the rearrangement to
such an extent that it does not occur at all or only slowly in competition with solvent attack.

. la,b,c;3f
Current views, > °> ’

based on both experimental and theoretical considerations, seem to favor
a puckered cyclobutyl-type CS symmetric activated complex or intermediate for the rearrangement
process. Such a species, which may be consideredaf as similar to that which would be obtained

through a 1 + 3 cycloaddition of nonlinear methylene with an allyl cation, is shown below for

(CH2)n-2
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-
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for the 2-bicyclo[n.1.0]alkyl cation system. However, molecular models do not clearly show why
such a species should be less favorable in the 2-bicyclo[3.1.0]hexyl and [6.1.0lnonyl systems
than- in the [4.1.0)heptyl and [5.1.0)octyl systems. Work is in progress which it is antici-
pated will help to clarify this.
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