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Attempts in our laboratories to oxidize Q-bicyclo[Z.Z.O]hexan-Z-oll
(I) to the corresponding ketone have resulted in the cbservation of the
oxidative rearrangement of I under Oppenamer oxidation conditions:1 to
bicyelo[2.,1,1]hexan-5-one (II) as the major product (12% isclated yield).‘
Two minor products have been identified as cyclohexen-3-one (111, ~ 1%

5
yield) and endo-bicyclo{2.1.1]hexan-5-01 (IV, ~ 1% yield).
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Similar rearrangements under Oppenaner oxidation conditions have been
observed for quadracyclanol (V)e and cyclopropyl carbinol (VI).-, The oxida-
tive rearrangement of V to bicyclo[3.2.0]hepta-3,6-dien-2-one (VII) was
p:mposeds to proceed by way of the 7-quadracyclyl carbonium ion, formed by
loss of hydride from the 7-quadracyclyl aluminum alkoxide. Rearrangememt

of this carbonium ion to the 7-norbornadienyl carbonium ion followed by
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further rearrangement and dissociation of the aluminum complex would give
VIT (equation 1). It was further observede that aluminum tert-butoxide
alone in refluxing benzene had no effect on quadracyclanone (VIII), while
under the oxidation conditions, VIII did rearrange to VII. This observa-
tion indicates an important function of hydroquinone and quinone in the
rearrangemet mechanism.

The rearrangement of VI was sugges’cecl7 to be alumimum alkoxide induced
cansing formation of the cyclopropyl carbinyl cation followed by rearrange~
ment to the observed cyclobutyl system.

Two mechanisms, therefore, appear reasonable for the oxidative rear-
rangement off I to II, A mechanism analogous to the rearrangement of VI
would involve dissoclation of the alumirmm alkoxide Ia to the bicyclo-
[2.2.0Jhexy.. carbonium ion-alwminate anion ion pair (path a, equation (2) )
which with rearrangement, ion palr return, as observed in the acetolysis of
the tosylate of Il s and oxidation would lead to II as observed. In order

to test the possibility of path a, I was treated with aluminum tert-butoxide
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under the oxidation conditions with the exclusion of gquinone. exo-Bicyclo-
[2.1.1Thexan-5-01 (IX), the expected product if the rearrangement proceeded
by path a, was not observed as a product. Instead, the starting alcohol I

was recovered in 50% yield and endo-bicyclol2.1,1]hexan-5-ol (IV) was
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produced in 5% yield (v.p.c. integration)., This result seems to rule out
rearrangement by path a as the principal source of II. It does, however,
explain the observgtion of the small amount of IV in the oxidation products.

A rearrangement mechanism similar to that proposed for V asppears most
favorable for I, Migration of the 1,l4-bridge ¢ bond of the bicyelo-
{2.2,0]Jhexyl alkoxide Ia with loss of hydride would lead to a 2~bicyclo~
[3.1.0Jhexyl carbonium ion (path b, equation 2). In order to explain the
absence of norbornyl type rearrangemerx'l:,a we believe that thig shift mst
be a similtaneous shift in the hydride transfer step to the hydrogen accep-
tor. The driving force for this rearrangement mgy be the formation of a
cyclopropylcarbinyl cation.9 Further rearrangement of the bicyclo[3.1.0]-
hexyl carbonium ion, with the driving force of dissociation of the alurdrum
alkaxide complex, would give rise to the observed ketone II,

In view of the apparent rearrangement mechanism for I under the Oppe-
naver conditions, it is expected that endo-bicyclo[2.2,0Jhex-2-yl tosylate
will exhibit an enhanced rate of solvolysis.

The ease with which rearrangements occur in the substituted bicyelo-
[2.2.0]hexanes is further illustrated by the oxidation of I with tert-butyl
hypochlorite (TBH). The results appear to be best explained by the inter-
mediacy of bicyclo[2.2,0]hexan-2-one (X).

When I was allowed to react with TBH under conditions similar to those
previously described,10 an unstable product which exhibited infrared absorp-
tion at 5.61 p was obtained.u The structure of X was assigned on the
basis of immediate redu.xc'l;:l.onl2 of the oxidation reaction mixture with sodium
borohydride in ethanol to give endo-bicyclo[2.2,0]hexan-2-0l (XI, ~.10%
yield). The structural assignment for XI is based on the following spectral

data, The mass spectrum showed a parent pesk at m/e 98 and a cracking
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pattern di’fering only slightly from that of the exo isomer I. The infra-
red spectrim showed nc unsaturation and was unlike the infrared spectra of
all other possible bicyclic. isomers, The n.m.r. spectrumla of XTI exhibited
s mltiplet st T 5.3-5,9 (C-2 methine), = & singlet at T 6.4 (hydroxyl)

and contimaous absorption from T 6.7-8.3 (bridgehead methine and methylene
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Reduction of the TBH oxidation reaction xui.:c(:ure12 with lithium aluminum
hydride gave varying results apparently bucause of partial decomposition of
X before or during reduction, The cleanest such reduction with lithium
alumimm hydride gave recovery of the starting alcohol (I, 51% yleld) and
S-haxen-l-ol:'.5 (XII, 20% yield).

When the oxidation of I with TBH was performed at room temperature
with no attempt to isolate or trap X, 5-hexenoic acid (XIII, 30% yield) and
exo~bicyclo[2,2,0Jhex-2-y) 5-hexencate .(XIV, 23% yield) were isolated.

Acid XIIT was idemtified by its infrared spectrum and by reduction with
1ithium alumdmum hydride to XII. The structure of ester XIV was assigned
on the basis of spectral data and by reduction with lithium alumimm
hydride to the corresponding aicohols, I and XII, The infrared spectrum of
XIV exhibited absorption at 5.75 (C=0), 6,08 (C=C), and 10.95 p (C=CH,).
The n.m,r, sspec'crum13 exhibited sbsorptions at + 3.8-h.7, L.8-5.3, and
8.6-7.1.
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The formation of XIV is reasonsbly explained by the spontanecus ring-
L] 2 0
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opening of X to L-butenylketene (XV) which would essily be trapped by I to
give XIV, Acid XITT could arise by hydrolysis of XIV or XV, Similar ring-
opening reactions of some substituted cyclobutenones to ketenes have been
reported.u

The anthors wish to express their gratitude to the National Science
Foundation (GP-1916 and GP-4888) for the financial support of this research.
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