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ABSTRACT

Polyene cyclization of the titled compounds under catalysis with AlCl3/SnCl4 gave rise to the corresponding polycyclic products, many of
which were structurally highly unexpected, and thus, individual X-ray analysis was required to finalize the structural identification. Mechanistically,
an unusual 1,2-hydride shift is proposed to elucidate the product formation.

The polyene cyclization process, commonly recognized as
a highly biosynthesis-mimicking paradigm, has been widely
applied to facilitate the assembly of multiple ring systems
in organic synthesis. As documented, functionalities serving
as effective initiators for the polyene cyclization process
included epoxide,1 acetal,2 allylic alcohol,3 and R, �-unsatur-
ated carbonyl groups (aldehyde or ketone).4 During the past
decade, intramolecular polyene cyclization focusing on the
cross conjugated R-carbalkoxy enone systems has been
extensively studied in Liu’s laboratories to have facile access

to various structurally complex polycylic frameworks.5 Along
this line, it was recently reported that enones 1 and 2 could
undergo effective intramolecular cyclization under Lewis acid
catalysis to give rise to structurally unusual products.5g The
corresponding positional analogues 3 and 4, each possessing
a terminal olefinic linker at the �′-position, were then
prepared.

Compounds thus obtained were treated with an appropriate
Lewis acid under standard reaction conditions to effect
polyene cyclization as indicated in the preceding work.5g

Most of the cyclization products failed to be elucidated by
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general spectral data, and X-ray crystallographic analyses
were required to finalize the structural identification. Details
of this investigation will be described as follows.

Enone ester 3 was readily prepared from commercially
available 4,4-dimethyl-2-cyclohexen-1-one through a three-
step sequence as illustrated in Scheme 1. Hosomi-Sakurai

addition of allyltrimethylsilane to 4,4-dimethyl-2-cyclohexen-
1-one in the presence of TiCl4 at -78 °C afforded compound
5 in 81% yield. Subsequent treatment of 5 with dimethyl
carbonate using NaH as a base gave rise to keto ester 6 (80%)
as an inseparable mixture of keto and enol isomers, which
in turn were oxidized by DDQ to provide the desired 3 in
52% yield. The carbomethoxylation occurred in a highly
regioselective manner, which was somewhat unexpected, and
thus accelerated the entire synthetic process. With enone ester
3 in hand, the intramolecular polyene cyclization was then
explored. Upon treatment with aluminum trichloride
(2 equiv) at ambient temperature, a separable mixture of
products 7a and 7b was obtained in a 1.1:1 ratio in 78%
yield. The structure of 7a was determined unambiguously
by X-ray analysis,6 and a pair of inseparable diastereomers
7b were tentatively assigned based on the previously
structurally closely related compounds.5a-c A plausible
mechanistic rationale is proposed in Scheme 2.

Following an ensuing aluminoxy complex, we envisaged
that a tandem migration process including a 1,2-hydride shift
took place, resulting in the formation of the tricyclo[3.3.1.0]-

nonane 7a. To further investigate the mechanistic aspects,
compound 3 under treatment with both AlCl3 and TMSCl
(Scheme 3), an enolate-trapping agent, was also carried out

at the same reaction conditions. As a result, only a ca. 1:1
mixture of epimeric chlorides 7b was formed in 72% yield,
implying that the ensuing enolate might play a critical role
in promoting the 1,2-hydride shift; however, exactly what
driving force triggers the proposed 1,2-hydride shift is still
not fully understood and thus more evidence is required
before any conclusions can be derived.7

Similar product outcomes were also observed with enone
ester 1 upon treatment with SnCl4. As illustrated in Scheme
4, the resulting tricyclo[3.3.1.0]nonane 8a and chloride 8b

were obtained in 22% and 40% yield, respectively. The
structure of 8a was unambiguously determined by an X-ray
analysis.8 However, the stereochemistry of chloride 8b was
ascertained via its corresponding acetate 9 by NOE experi-
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ments.9 The product formation of 1 was found to be catalyst
dependent as compared to the preceding work wherein
compound 1 was catalyzed with AlCl3, affording a single
product with the bicyclo[3.3.1]nonane skeleton instead.5g

The preparation of enone ester 4 was fulfilled following a
similar synthetic sequence as described for 3 with the
exception that the Hosomi-Sakurai addition was replaced
with a regular 1,4-conjugate addition with 3-butenylmagne-
sium bromide in the presence of copper(I) iodide. Similarly,
when 4 was treated with AlCl3 (2 equiv) for 6 h at ambient
temperature (Scheme 5), the polyene cyclization process

occurred smoothly to afford tricyclo[4.3.1.0]decane 10
exclusively in ca. 68% yield, the structure of which was
characterized spectroscopically and further substantiated by
X-ray crystallographic studies.10 Our proposed mechanism
for the formation of 10 proceeds from the cationic intermedi-
ate upon cyclization of the terminal olefin to the activated
enone unit followed by a series of tandem rearrangements
involving 1,2-hydride migration and the through-space ring
closure. However, as depicted in Scheme 6, what factors

direct the pathway A for 10 rather than pathway B for 11,
appearing more preferred in terms of the spatial distance
between R anion and the ensuing carbocation, remains
unclear and is worth further studies. Indeed, the 1,2-hydride
shift proposed for the above systems is somewhat unusual
as compared to those described in many historical cases,
where they are limited to substrates containing a C(sp3)-H
bond adjacent to an oxygen atom11 or a tertiary benzylic
C(sp3)--H bond12 as a hydride donor so that the ensuing
carbocation could be stabilized by electron delocalization;
this carbocation-stabilizing ability is believed to serve, in
part, as the essential driving force to facilitate the 1,2-hydride
shift in these systems.

In conclusion, under catalysis with an appropriate Lewis
acid, the R-activated cross-conjugated cyclohexenone systems
might undergo polyene cyclization in an enzyme-mimicking
way to afford various carbon skeletons which are difficult
to access by other existing methods. In addition, the product
formation was found to be catalyst-dependent, thus making
the titled systems not only useful in organic synthesis but
also challenging in mechanistic aspects.
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