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We present herein the first examples of a novel double ring
expansion of cyclopropylalkylidenecyclopropanes resulting in six-
membered rings. This reaction is based on the diene-like
properties of vinylcyclopropanes4 and is an analogue of the double
ring expansion of fused allylidenecyclopropanes, a process pro-
viding efficient stereocontrolled access to fused five-membered
ring systems.5 The design of this new transformation was pre-
dicated on the mechanistic hypothesis outlined in Scheme 1.
Homolysis of the strained doubly allylic bond in cyclopropylm-
ethylidenecyclopropane (1) would produce a trimethylenemethane
(TMM) diradical (2), which can be viewed as a cyclopropyl-
carbinyl radical that would be expected to open to a homoallylic
radical (3).6,7 Since no rapid (intramolecular) reactions, except
reversion to2, are apparently available to theE isomer3E, it is
likely that3E can readily isomerize to3Z via 2. Isomer3Z would
hopefully close to a six- membered ring (e.g.,4). A far less useful
possibility is that diradical3Z could undergo a 1,5-hydrogen atom
transfer leading to triene5, from which a different bicyclic diene
(6) would be derived by electrocyclization.
In a test of the hypothesis,1 and9were prepared by reductive

lithiation technology as shown in Scheme 2,5,8 and were subjected
to flash vacuum pyrolysis (FVP) at 0.01 Torr to provide the double
ring expanded dienes4 and10, respectively, in excellent yields.10

The identities of the compounds were established by a combina-
tion of NMR and UV/vis spectral data. The1H NMR spectrum
favored structure4 over6, and1H,1H COSY and COLOC spectra
convincingly favored10 over the methylated analogue of6. In
addition, two important features of the UV/vis spectrum of4
secured its characterization. The calculated11 wavelength of
absorbance of a heteroannular diene such as4 is 234 nm while
that of a homoannular diene such as6 is 273 nm. The s-cisdienes
give maxima of lower intensity (ε ) 10 000) than the maxima of
the s-transdienes (ε ) 20 000). The observedλmax ) 238 nm
with a molar absorptivity (ε) of 17 900 strongly supports diene4
as the rearrangement product.

Having demonstrated the general viability of the proposed
rearrangement and ruled out complications via hydrogen transfer
(see Scheme 1), we set out to expand the scope and define the
limitations of this double ring expansion reaction. To introduce
functionality into the six-membered ring, compounds11 and13
were subjected to FVP to provide mixtures of ethers which were
hydrolyzed to enone12 (Scheme 3).
Another substitution pattern was available from acylcyclopro-

pylsilane14. Thermolysis led, via sequential Brook12 and ring-
expansion rearrangements, to enone17 in high yield after
treatment of the intermediate enol silyl ether16with 10% aqueous
HCl in THF for 2 min (Scheme 4).
The incorporation of functionality into the seven-membered

ring was possible via thermal ring expansion of18. However,
unlike the analogous allylidencyclopropyl ketone rearrangement,5

the regioselectivity was unsatisfactory (eq 1). It may be possible

to induce regiochemical control by changing the substitution
pattern or using the enol silyl ether as in the previous study.5
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One limitation of this rearrangement was discovered when21
was pyrolyzed. Although the major product could not be
separated from minor impurities, it is clear from prominent peaks
in its 1H NMR spectrum that it is diene22, derived from a [1,5]-
sigmatropic hydrogen shift from a methyl group oriented cis to
the vinyl group, rather that a fused bicyclic system (eq 2). Such

intramolecular retroene reactions are known to be of particularly
low activation energy.13 A similar result was observed starting
with the trans monomethyl cyclopropane; presumably a facile
trans-cis isomerization14 occurred resulting in the cis isomer
which can undergo the [1,5]-hydrogen shift.
This limitation on the otherwise synthetically useful rearrange-

ment should apply only to substituents at the 2-position of the
saturated cyclopropane ring which possesses a transferable
hydrogen. Thus,23 (1:1 mixture of cis/trans isomers) was
subjected to standard FVP conditions at 550°C to provide a 1:1
mixture of endo/exo dienes24 in 68% yield (eq 3).

Even substituents at the 2-position which do possess a hydrogen
atom may not interfere with the rearrangement provided the
substituent is a part of a ring that is fused to the saturated
cyclopropane and the alkylidenecyclopropane is attached at the
bridgehead of this bicyclic system. In this case, the vinyl and
alkyl substituents must be trans disposed on the saturated
cyclopropane and trans-cis isomerization is precluded by the
fused ring junction. As an example of such a system, we chose
29, and its preparation from2515 is shown in Scheme 5.
If ring expansion of29proceeded as hoped, this concept would

lead to a completely novel entry to bicyclo[n.3.1] bridged systems
of the type found as the key structural feature of interesting natural
products. As seen in Scheme 6, the TMM diradical30, generated
via homolysis of the allylic cyclopropane bond in29, could lead
to the diradical31, resulting in the bridged bicyclic compound
32.16 In the event, subjecting29 to flash vacuum pyrolysis at
470°C led to a mixture from which32was isolated in 38% yield.
The structure was confirmed by two-dimensional NMR spectros-
copy. Compound32bears some of the structural features of the
taxol AB ring system,20 such as the bridgehead alkene, the central
B ring which is difficult to form because of entropic and enthalpic
factors associated with medium-sized rings, an appropriately

placed oxygen function, and a methylene group that could be used
as a handle for further manipulation.
In summary, the cyclopropylalkylidenecyclopropane thermal

double ring expansion allows for the flexible and efficient
synthesis of a variety of fused and bridged bicyclic six-membered
rings. For the most part, the yields range from fair to excellent.
The less satisfactory yield in the conversion29 f 32 must be
weighed against the exceedingly concise approach to a complex
ring system bearing some key structural features of important
natural products, including the taxanes. The results warrant
exploitation of this method in greater depth. Literature knowledge
of the interaction of transition metal complexes with alky-
lidenecyclopropanes21 and metal-mediated cleavage of cyclo-
propanes4 makes it appear likely that the same ring expansion
can be executed with transition metal catalysts under milder
conditions.
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