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Several years ago, in connection with other investigations! involving the nature and be-
havior of the unsubstituted trishomocyclopropenyl cation, one of us (E.C.F) carried out an
exploratory investigation of the kinetics for formation of the 2-bicyclo[3.1.0]hexyl cation
and the nature of its solvolysis products. This was done by means of acetolysis studies using
the endo-and _ex_o-2-b1cyclo[3.l.0]he:qu p-toluenesulfonate derivatives 1-0Ts and 2-0Ts. Both
isomeric p-toluenesulfonates were found to exhibit the high reactivity in acetolysis expected
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for a system reacting via formation of a non-classical cyclopropylcarbinyl cation intermediate.

However, we were surprised to observe that in acetolysis at 25° both 1-0Ts and 2-0Ts reacted
at approximately the same rates and gave nearly identical product mixtures consisting of 1-OAc,
2-0Ac and 3-0ac.?

Because of the above unexpected® observations, we became interested in carrying out a more
detailed examination of the nature and behavior of the activated complexes and intermediates
involved in the solvolytic reactions of endo-and gg—Q-bicyclo[B.l.O]hexyl derivatives. In this
work we chose to use 3,5-dinitrobenzoate ester derivatives rather than the p-toluenesulfonates
1-0Ts and 2-0Ts. This is because of the difficulties of preparation and instability of the
p-toluenesulfonates, and because their rates of reaction were too rapid for highly accurate
measurements. The 3,5-dinitrobenzoates 1-ODNB and 2-0DNB were prepared by the usual methods*
from the corresponding alcohols.

The kinetics for hydrolysis of 1-ODNB and 2-ODNB were measured in 80% aqueous acetone at
80° and 100°, and the results are shown in Table I. The reactions of both esters followed
good first-order kinetics, with the endo-isomer (l-OQNB) belng slightly faster than the exo-
isomer (2-0DNB) , and gave nearly theoretical production of acid at 10 half-lives. The
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Table I

Rates of Hydrolysis in 80% Aqueous Acetone

AR+ Ag#

3 ,5-Dinitrobenzoate Temp., °C 10%k; ,sec™? keal/mole e.u.

endo(1-0DNB) 100.0 .4 2h.2 -16
80.0 1.8k

ﬂ(Z-ODEE) 100.0 1n.s 26.1 =12
80.0 1.52

products obtained from hydrolysis in 80% aqueous acetone at 99.6° in the presence of a CaCOs
buffer after about 5 half-lives for reaction were meassured using glpc techni ues and are sum-
marized below. No olefinie products were observed, and controls showed that all of the product

H OH H OH
80% ag. Acetone > + + "
H CaC03 H OH
99.6°, 95 hr
ODNB OH H
1-ODNB 36% 37% 24% 3%
. > 33% 37% o7% 34
ODNB 110 hr
H
2-0DNE,

alcohols are stable under the reaction conditions.® Thus, within experimental error, both
isomeric 2-bicyclo[3.1.0]hexyl 3,5=dinitrobenzoates gave identical product mixtures.s

All of the available evidence therefore seemed to indicate that the natures of the acti-
vated complexes involved in ionization and intermediates involved in product formation for
solvolysis of both 1-ODNB and 2-0DNB must be very similar, or identical. However, to employ
even more sensitive tests than those used above for proving the similarity or dissimilarity
of the activated complexes and intermediates, the following further studies were carried out.

Friedrich and Wight” have recently observed in hydrolysis of the 2-deutero-endo- and exo-
2-bicyclo[5.1.0]octy1 3 ,5~dinitrobenzoates that completely different deuterium scrambling re-
sults are obtained for each isomer even though both give similar hydrolysis product mixtures.
After 81% reaction the alcoholic products from the endo-isomer retained unscrambled deuterium
atoms. However, after 93% reaction the deuterium in the alcoholic products from the exo-isomer
was found to be greater than 90% scrambled. Thus, samples of 1-ODNB and 2-0DNB labeled with
deuterium at their 2-positions were prepared,® hydrolyzed in 80% aq. acetone at 100°, and the

alcohol products were examined for deuterium scrambling using nmr andmass spectral techniques.
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Within experimental error no deuterium scrambling such as might result from a degenerate
cyclopropylcarbinyl cation rearrangement was observed in any of the alcohol products (1-CH,
2-0H or 3-QH) obtained from either isomer.

To study more closely the natures of the activated complexes involved in ionization of the
endo~- and g_x_o_-2-bicyclo[3.l.0]he:wl derivatives, samples of the endo- and exo-5-methyl-2-bicyclo-
[3.1.0)hexyl 3,5-dinitrobenzoates 4 and 5 were prepared®and their kinetics of hydrolysis in 80%
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aqueous acetone were measured. It was anticipated from examination of models that if the type
of delocalization involved in ionization utilizes only one bond of the cyclopropane ring ( i.e.,
as in bicyclobutonium or homoallyl cation species), introduction of the 5-methyl substituent
should result in rate acceleration in hydrolysis of the endo-isomer but have little or no effect
in the exo-isomer. The results, which are shown in Table IT, indicate that introduction of the

Table IT

Rates of Hydrolysis in 80% Aqueous acetone

AH#* As#
3,5=-Dinitrobenzoate Temp., °C 10%k, ,sec? keal/mole e.u.
4 80.0 Lok 29.5 4
60.0 3.22
5 80.0 26.9 27.7 -1
60.0 2.0

S-methyl substituent produces a similar large acceleration of about 20 in the rates of reaction
of both isomeric 2-bieyclo[3.1.0]hexyl 3,5-dinitrobenzoates.®

Thus, the evidence seems to indicate clearly that the type of delocalization involved in
ionization and in the intermediates involved in product formation in the 2-b:lcyclo[5.1.0]hexyl
system is independent of the geometric relationship of the leaving group and the cyclopropane
ring. Tt is proposed that these results can best be explained by intervention of a bisected
bishomoallylic¥intermediate 6 in product formation, and bisected bishomoallylic type activated
complexes in ionization.
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