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ABSTRACT

We report herein facile acid-catalyzed isomerization of 1-(1 ′-cycloalkenyl)cyclopropyl sulfonates under mild conditions. The remarkable ease
of ring opening is attributed to the presence of a 1 ′-alkyl substituent. Also included is a palladium-catalyzed ring opening reaction of 1-(1 ′-
cycloalkenyl)cyclopropyl tosylates for convenient preparation of substituted 1,3-dienylamines, which complements previously reported nucleophilic
substitution reactions of (1-vinyl)cyclopropyl tosylates.

Solvolysis of cyclopropyl sulfonates (or halides) was exten-
sively investigated and believed to involve a concerted
ionization-ring opening process.1 The cyclopropyl-allyl
rearrangement is thus viewed as a concerted 2π-electrocyclic
ring opening. Recent examples include synthetically useful
preparations of 2-substituted allylic bromides by the action
of magnesium bromide.2,3 A ring-closed cyclopropyl cation
can be trapped by a nucleophile in the presence of an
R-substituent (e.g., cyclopropyl or phenyl) that is capable

of stabilizing the developing positive charge. Surprisingly,
the effects of a C1-vinyl substituent on C2-C3 ring opening
or the intermediacy of the respective cyclopropyl cation have
not been fully elucidated.1 Additionally, it does not appear
that effects exerted by a 1′-alkyl group of the C1-vinyl
substituent were examined. We describe herein facile acid-
catalyzed isomerization of 1-(1′-cycloalkenyl)cyclopropyl
sulfonates under mild conditions. Also included are pal-
ladium-catalyzed ring opening reactions for convenient
preparation of highly substituted 1,3-dienes.

A 1-(1′-cycloalkenyl)cyclopropyl sulfonate was first cho-
sen as the substrate, in part, because the requisite cyclopro-
panol2 was readily available by the Kulinkovich cyclopro-
panation of1 (Scheme 1).4-7 We also reasoned that, when
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R1 * H, minimization of allylic strain would lead to
predisposition toward ring opening, as shown in conformer
A. Despite extensive studies on solvolysis of cyclopropanol
derivatives, known examples dealt with vinyl substituents
where R1 ) H.

Cyclopropanol2 was converted to tosylate3 in excellent
yield by standard methods (p-TsCl in pyridine). Upon

exposure to SiO2, 3 underwent facile ring opening at room
temperature (within 1 day) to afford the ring-opened, allylic
tosylate4 cleanly (Scheme 2). No thermal rearrangement of
3 was observed (e.g., in a THF solution at reflux) in the
absence of SiO2. Several additional tosylates,5, 7, 9, 11,
and13, were next prepared to compare their reactivity toward
the cyclopropyl-allyl rearrangement.8 Both alkenyl and
phenylR-substituents promote solvolysis. More importantly,
rate acceleration by an alkyl substituent at the 1′-position is
conspicuous (3and7 vs 5). The presence of an alkyl group
on the cyclopropane ring also quickens ring opening:1 partial
rearrangement of11 was observed during aqueous workup.
As expected, no solvolysis of13 was observed under
identical conditions.

These readily available tosylates (e.g.,4, 6, 8, and10) are
well suited for subsequent elaboration such as direct dis-
placement andπ-allylpalladium chemistry.9 Remarkably
facile ring opening of3 (bearing a C1′-substituent) under
mild acidic conditions prompted us to speculate that the
π-allylpalladium complex derived from3 could also undergo
C2-C3 ring opening (e.g.,I f IIb, Scheme 3). Such a

reaction pathway contrasts with leading contributions by
Salaün and de Meijere on Pd(0)-catalyzed substitution
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reactions, which proceed with retention of the three-
membered ring with excellent regioselectivity (I f III and
I f IV) depending on the nature of the nucleophiles.10,11 In
subsequent mechanistic studies, a hindered amine was chosen
as the nucleophile to preclude side reactions due to small
amounts of acidic impurities.12 Under original conditions
reported by Salaün and de Meijere, i.e., 2-5 mol % of
Pd(dba)2/dppe (1:2) as catalyst in THF at reflux, the starting
tosylate3 remained unchanged with formation of only trace
amounts of14 in the presence of diisopropylamine (2 equiv).
By employing 5 mol % of Pd2(dba)3 and 20 mol % of Ph3P
in refluxing THF, 14 was obtained as the sole product in
88% yield (Scheme 4). Use of other amines also provided

15-17in good yields. In the case of aniline, use of 3 equiv
was beneficial. When 2 equiv was employed,17was isolated
in 66% yield, along with the bisalkylation product18 (11%).
Similarly, 20 was prepared in comparable yield from19.
When Ph3P was employed as the nucleophile in place of an
amine, the phosphonium salt21was obtained in quantitative
yield (Scheme 5).13 Use of the sulfonates precluded the

potential complication due to the otherwise facile ring
expansion pathway (i.e., the cyclopropylcarbinylf cyclobu-
tyl rearrangement) that could be induced by Pd(II) or acidic
impurities.4,14-16
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in the presence of 18-crown-6 displayed the regioselectivity
(i.e., 22 and23) identical to literature results.10,16,17On the
other hand, the cognate reactions with malonates hinged upon
reaction conditions: use of diethyl malonate, K2CO3, and
18-crown-6 (conditions I) gave24 in 57% yield. Adaptation
of Salaün and de Meijere’s conditions (conditions II) afforded
a 1:3.4 mixture of24 and 25 in 75% yield. These results
contrast with exclusive formation of 2-cyclopropylidene
esters from acyclic 1-(1′-vinyl)cyclopropyl sulfonates.10,11

Although full elucidation of key factors that control the
reaction pathways must await further studies, theπ-allyl-
palladium complexes derived from 1-(1′-cycloalkenyl)-
cyclopropyl sulfonates seem to be predisposed toward ring
opening. This propensity toward ring opening might be
attributed to minimization of allylic strain (seeA in Scheme
1).18

In summary, the acid- and palladium-catalyzed ring
opening reactions of 1-(1′-cycloalkenyl)cyclopropyl sul-
fonates were investigated for the facile preparation of highly

substituted 1,3-dienes. The ease of acid-catalyzed ring
opening is particularly noteworthy and could be attributed
to quite large accelerating effects of 1′-substitution on ring
opening. The palladium-mediated ring opening of 1-(1′-
cycloalkenyl)cyclopropyl tosylates presents an interesting
contrast to nucleophilic substitutions of (1-vinyl)cyclopropyl
tosylates with retention of the three-membered ring. Since
the starting (1′-cycloalkenyl)cyclopropanols are readily avail-
able by the Kulinkovich reaction of cycloalkene carboxylates,
the present method provides convenient access to function-
alized 1,3-dienes starting from esters.

Acknowledgment. We thank the National Institutes of
Health (GM35956) and the National Science Foundation
(CHE-0615604) for generous financial support.

Supporting Information Available: Additional examples
of palladium-catalyzed reactions of 1-(1′-alkenyl)cyclopropyl
tosylates, along with experimental details and spectroscopic
data for key intermediates. This material is available free of
charge via the Internet at http://pubs.acs.org.

OL701653X

(17) Allylic azides are known to undergo facile equilibration by [3,3]-
sigmatropy, which complicates mechanistic analysis: (a) Vander Werf, C.
A.; Heisler, R. Y.; McEwen, W. E.J. Am. Chem. Soc.1954,76, 1231. (b)
Gagneux, A.; Winstein, S.; Young, W. G.J. Am. Chem. Soc. 1960, 82,
5956. (c) Feldman, A. K.; Colasson, B.; Sharpless, K. B.; Fokin, V. V.J.
Am. Chem. Soc.2005,127, 13444.

(18) Additional comparison studies are available in the Supporting
Information.

4442 Org. Lett., Vol. 9, No. 22, 2007


