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Communications

Synthesis of 3-Cyclopentenols by Alkoxy-Accelerated
Vinylcyclopropane Rearrangement

Summary: Lithium salts of 2-vinyl-1-cyclopropanols un-
dergo vinylcyclopropane rearrangement at room temper-
ature, providing an efficient method for the conversion of
1,3-dienes to functionalized cyclopentenes.

Sir: Although the vinyleyclopropane rearrangement has
been the subject of intensive mechanistic investigation,!
to date this reaction has seen limited application in total
synthesis.? Several features of this thermal rearrangement
compromise its synthetic utility. High temperatures
(frequently in the range 500-600 °C) are required to effect
the reaction, particularly in sterically congested systems,
and such conditions may not be compatible with highly
functionalized synthetic intermediates. Rearrangements
of 2,3-disubstituted 1-vinylcyclopropanes are regiochem-
ically ambiguous and can result in mixtures of isomeric
products.?
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The intervention of side reactions further limits the scope
of the thermal vinylcyclopropane rearrangement. Cyclo-
propanes bearing syn vinyl and CH groups are subject to
homo-{1,5]-sigmatropic hydrogen migration and rarely
undergo satisfactory vinylcyclopropane rearrangment.?*
Activation energies for homo [1,5] hydrogen shifts are
typically 31-33 kcal /mol, significantly lower than the 48-52
kcal/mol required for normal thermal vinylcyclopropane
rearrangements.

In this communication we describe an unusually facile
vinyleyclopropane rearrangement which should not be
subject to these limitations. We have found that the
lithium salts of 2-vinylcyclopropanols rearrange to cy-
clopentenols at 25 °C.
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We report herein two alternate methods for the synthesis
and rearrangement of 2-vinylcyclopropanols which provide
efficient strategies for the two-step conversion of 1,3-dienes
to functionalized cyclopentenes.

One convenient route to the requisite vinyleyclo-
propanols involves the reaction of the carbenoid :CHOC-
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H,CH,C] with conjugated dienes. Treatment of dienes
la-c (Scheme I) with 1.2 equiv of chloromethyl 8-chloro-
ethyl ether and 1.1 equiv of lithium 2,2,6,6-tetramethyl-
piperidide in diethyl ether according to the procedure of
Olofson® generated mixtures of cyclopropyl ethers 2a—c and
3a—c® (2a,3a, 43%, 21:1; 2b 42%; 2¢,3¢, 54%, 2:3).” Ether
cleavage and rearrangement of the resulting salts could
then be effected in a single step. Exposure of the phenyl
derivatives 2a,3a to 5 equiv of n-butyllithium® in diethyl
ether-hexane (0-25 °C, 1 h) directly afforded 3-phenyl-
3-cyclopentenol (4a), mp 80-82 °C, in 90% yield following
chromatographic purification.!! Similar reaction of cy-
clopropyl ethers 2b and 2¢,3¢ yielded cyclopropanol salts
which were stable under these conditions. However, these
alkoxides underwent smooth rearrangement at 25 °C in
THF, in DME, or in diethyl ether containing at least 2
equiv of hexamethylphosphoric triamide (HMPT). Thus,
reaction of 2b and 2¢,3¢ with 5 equiv of n-butyllithium in
1:1 ether-HMPT (25 °C, 1 h) furnished 4b and 4c in 69
and 95% yield.!?

When applied to cyclic dienes, this two-step sequence
provides an attractive route to bicyclic [n.2.1]alkenols.
1,3-Cyclohexadiene was converted to anti-bicyclo{2.2.1]-
hept-2-en-7-ol (6) in 24% overall yield!? in this fashion;
the syn isomer of 6 was not detected in the crude rear-

rangement product.
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The oxygenation of lithiocyclopropanes forms the basis
of an alternate route to 2-vinylcyclopropanols which uti-
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lizes readily available dibromocyclopropanes. Reaction of
diene 1a with 1 equiv of CHBr; and 1.2 equiv of KO-¢-Bu
in pentane (0-25 °C, 15 h ) produced 7 in 73% yield.” This
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dibromocyclopropane was converted to 4a in one pot in
45% yield by sequential treatment in THF with (a) 1 equiv
of n-butyllithium (=100 °C, 0.5 h), (b) 1 equiv of methanol
(=100 to —78 °C, 2 h), (c) 2 equiv of tert-butyllithium (-78
°C, 2 h), and (d) anhydrous CO,-free oxygen (-78 °C,
slowly bubbled through reaction mixture for 2 h), followed
by stirring at 25 °C for 2 h. The tertiary cyclopentenol
9 was produced (40% yield)!? by substituting 1 equiv of
methyl iodide!® for methanol in the above procedure.
Several mechanisms may be postulated for the alkoxy-
accelerated vinylcyclopropane rearrangement: (a) homo-
lytic cyclopropane cleavage to a stabilized diradical in-
termediate (10), followed by internal coupling; (b) initial
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heterolytic cleavage to an aldehyde (11), followed by aldol
cyclization; (c) a concerted [1,3] sigmatropic rearrange-
ment. Dramatic acceleration of [3,3]'¢ and [1,3]'7 sigma-
tropic shifts by alkoxide substituents in other systems have
been observed recently, although these rearrangements
commonly involve the reaction of potassium alkoxides in
highly dissociating media. Richey'® has previously noted
the accelerating effect of methoxyl and dimethylamino
substituents on the thermal vinylcyclopropane rear-
rangement. Perhaps significant is the exclusive formation
of the anti isomer 6, as expected for a concerted reaction
controlled by orbital symmetry'® and subjacent orbital®
effects.

"Further studies are underway to clarify the mechanism
of this rearrangement, to define the scope and limitations
of the process, and to develop improved methodology for
the synthesis of 2-vinylcyclopropanols.
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Perturbed Pericyclic Reactions: Stereochemical
Consequences of Heterosubstitution. A Qualitative
Mechanistic Model Based on the Nonpreservation of
Orbital Topology!

Summary: The CNDO/B potential energy surfaces for
ring closure of 1- and 2-hetereosubstituted butadienes leads
to results unexpected from a naive application of the
Woodward—Hoffmann rules; however, the deviations are
rationalizable in terms of nodal shifts within the highest
occupied 7 molecular orbital of the dienoids as ring closure
sets in.

Sir: The idea implied by orbital symmetry conservation
for analyzing the course of reactions, first proposed by
Woodward and Hoffmann? and others,®* has been ex-
pressed in a variety of ways.®® The isomorphism has
been demonstrated rigorously for a few of the cases!® as
well as extended to a hierarchy of symmetry rules.® The
conceptual simplicity of the various methods coupled to
their efficacious application to molecular systems con-
taining no symmetry has had a profound effect on recent
theoretical and experimental developments. Two of the
currently more popular expressions of the orbital sym-
metry principle due to Dewar® and Zimmerman® postulate
that molecules without symmetry survive the analysis
because orbital topology is conserved across the potential
energy surface for reaction.?! Indeed, a wide variety of
presumably concerted heterocyclic transformations have
been rationalized as being consistent with this postulate.
In the present contribution semiempirical MO calculations
are presented to show that this is not necessarily the case
for certain heteroelectrocyclic reactions which are iso-
electronic with the butadiene/cyclobutene interconversion.
One prediction of particular importance concerns the
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