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Abstract—Stereochemical studies on the oxyanion-accelerated [1,3]-sigmatropic rearrangement reactions of nonracemic cis- and
trans-2-(1-cyclohexenyl)cyclobutanols are described. Epimerization of cis-2-(1-cyclohexenyl)cyclobutanol to the trans-isomer at
−20°C was found to proceed with predominant retention of configuration, the degree of which was enhanced by an increasing
amount of 18-crown-6. © 2001 Elsevier Science Ltd. All rights reserved.

Sigmatropic rearrangements have found frequent use in
the stereocontrolled synthesis of organic compounds.
When judiciously placed, an anionic substituent pro-
vides an enormous rate of acceleration.1 Since the first
example was reported for an oxy-Cope rearrangement,2

the utility and generality of anion-accelerated sigmat-
ropic rearrangements have been amply demonstrated in
natural product synthesis. As shown in Eq. (1),3e,f the
Danheiser and Cohen groups have elegantly shown that
the diastereochemical course of an oxyanion-acceler-
ated [1,3]-sigmatropic rearrangement of a 2-vinylcy-
clobutanol to the corresponding cyclohexenol product
is influenced by the presence or absence of a complex-
ing agent for the metal counterion (e.g. K+).3b,e,f,4 Little
was known, however, about what level, if any, of
enantioselectivity would be observed for the non-con-
certed rearrangement of a nonracemic 2-vinylcyclobu-
tanol. We describe herein stereochemical studies on the
oxyanion-accelerated [1,3]-sigmatropic rearrangement
reactions of nonracemic cis- and trans-2-(1-cyclohex-
enyl)cyclobutanols (1 and 2).5

The requisite, nonracemic alcohols 1 and 2 were conve-
niently prepared via the corresponding cyclobutanone 7
which was produced by the titanium-mediated cyclo-
propanation of �-hydroxy ester 5a or 5b and the subse-
quent pinacol-type rearrangement of the resulting
cyclopropanol 6 (Scheme 1).6,7 The latter ring expan-
sion reaction, which was achieved by the action of
methanesulfonyl chloride (in pyridine) or sequential
treatment with sulfuryl chloride–imidazole and
Florisil,6,8 was previously shown to provide 7 with an
excellent degree of enantioselectivity. Reduction of this
ketone with NaBH4 afforded an easily separable 1:1.8
mixture of (+)-1 and (−)-2 in 98% yield. Since both
alcohols were desired for stereochemical studies of their
rearrangements, no attempt was made to improve the
diastereoselectivity of reduction.

When (−)-trans-2-(1-cyclohexenyl)cyclobutanol [(−)-2],
[� ]D=−23.9 (c 1.1, CH2Cl2), was treated with KH at
−25°C for 15–30 min in the presence of 1 equiv. of
18-crown-6 in THF, a facile oxyanion-accelerated rear-
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Scheme 1.

rangement took place to give a �15:1 mixture of trans-
and cis-octalinols 8 and 9 in 95% yield (Scheme 2).9

The rearrangement of the cis isomer (+)-1, [� ]D= +32.3
(c 1.1, CH2Cl2), afforded 8 (as the virtually sole iso-
mer), along with varying amounts of the epimerized
cyclobutanol which proved to be non-racemic.10 The
yield and enantiomeric purity of the epimerization
product (−)-2 depended upon the reaction time and
other variables (vide infra).

Not surprisingly, the rearrangement products 8 and 9
were shown to be racemic, i.e. identical to (±)-4 and
(±)-3, respectively, on the basis of NMR studies of the
corresponding acetates (Ac2O, pyridine) with a chiral
shift reagent [Eu(hfc)3]. The thermal [1,3]-sigmatropic
rearrangement reactions were also investigated: individ-
ual treatment of (+)-1 and (−)-2 with KH in refluxing
THF for 2 h afforded a �1.7:1 mixture of (±)-3 and
(±)-4 in 74% yield in each case.

Gadwood and Cohen had previously observed facile
epimerization of cis-vinylcyclobutanols to the trans-iso-
mers at low temperatures (Eq. (1)).3d,e With nonracemic
1, the key reaction parameters were systematically eval-
uated to probe the retention of configuration in this
cis�trans isomerization reaction at −25 to −20°C
(Table 1). Use of 18-crown-6 was known to accelerate
both the epimerization and ring expansion reactions.
To ensure reliable reproducibility, an excess (ca. 10
equiv.) of KH was employed. The reaction mixture was

quenched in 20–40 min when most of the starting
alcohol had disappeared.11 The products were then
analyzed by the 1H NMR and/or GC/MS methods,
where material balance was excellent in all cases.
Epimerization took place with retention of configura-
tion. Remarkably, the degree of enantioselectivity was
controlled primarily by the amounts of 18-crown-6:
whereas the trans/cis diastereoselectivity for formation
of 8 was independent of (catalytic or stoichiometric)
quantities of 18-crown-6,3f the enantioselectivity of
epimerization [i.e. (+)-1�(−)-2] was enhanced by an
increasing amount of this complexing agent. For exam-
ple, when 1 equiv. (entry 2) and 2.6 equiv. (entry 5) of
18-crown-6 were employed, 2 was obtained in 54 and
90% ee, respectively. This striking influence of quanti-
ties of 18-crown-6 on the level of enantioselectivity
seemed at first counter-intuitive: epimerization, which
primarily involves the different orientation of the alde-
hyde with respect to the allylic anion, takes place faster
than racemization of an allylic anion/aldehyde interme-
diate (Table 1 where M depicts a pair of electrons; the
complexing agent and the solvent are omitted for clar-
ity). The difference in the relative rates of these two
competing processes apparently becomes larger with an
increasing amount of 18-crown-6, presumably because
of greater dissociation of the potassium ion and hence
higher reactivity of the resulting allylic anion intermedi-
ate. Subsequent rotation of the bond between the cyclo-
hexenyl ring and the side chain, which is required for
the ring closure to the trans-octalinol product, leads to

Scheme 2.
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Table 1.

18-Crown-6 (equiv.)Entry Product ratiob (2:8:1)KH (equiv.) ee of 2c (%)

0.51 2.4:1:0.411 33
2 11 1.0 2.3:1:0.1 54
3 9.2 1.3 2.5:1:0.2 72

1.5 2.5:1:0.110 844
115 2.6 2.17:1:0.02 90
106a 2.7 2.74:1:0.21 83a

a Reaction conditions: THF (0.02 M), except for entry 6 (0.01 M), −25 to −20°C, 20 to 40 min.
b Determined by the 1H NMR spectra (for entries 1–4) or GC (for entries 5 and 6).
c Determined by comparison of optical rotation and/or NMR studies with Eu(hfc)3.

racemization.12 Finally, the alkoxide of the epimerized
alcohol 2 is not believed to be an obligatory intermedi-
ate for 1�8, at least at −25 to −20°C, but is directly
involved in epimerization and also ring closure.

In summary, both thermal and potassium alkoxide-
accelerated [1,3]-sigmatropic rearrangements of non-
racemic 2-(1-cyclohexenyl)cyclobutanols were found to
take place with complete loss of chirality, that confir-
med the accepted mechanism involving the non-con-
certed, fragmentation–rearragement pathway.3,4 On the
other hand, the new finding that facile epimerization of
(+)-1 to (−)-2 at −20°C took place with predominant
retention of enantiomeric purity should be of mechanis-
tic and preparative interest.13
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13. Although speculative at this point, the anionic oxy-

Cope rearrangement of non-racemic trans-dialkenylcy-
clobutanols,3c which would be readily available from
addition of a suitable alkenyllithium to 7, might
provide enantiomerically pure substituted 4-cyclo-
octenones by way of the initial isomerization of the
trans-�cis-dialkenylcyclobutanols free from racemiza-
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