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ABSTRACT

The use of a reduced titanium ethylidene reagent in an efficient two-directional approach to polycyclic ether skeletons is described.

Although the majority of the polycyclic ether containing
natural products of the brevetoxin/ciguatoxin class bind and
activate voltage-gated sodium channels (VGSCs),1,2 others
either inhibit the binding of known VGSC agonists and/or
do not bind to VGSCs at all.3 This apparently disparate
behavior has led many to propose that polycyclic ethers might
be interesting tools to study ion channels.4

Holding back their use in the context mentioned above
are the relatively small quantities of polyether natural
products that have traditionally been isolated from natural
sources or that are generated from synthesis programs.5 In
our opinion, a solution to this problem will come from the

development of improved synthetic approaches that enable
the rapid construction of polyether skeletons from simple
starting materials.6 Outlined in this manuscript is our attempt
to address this through the use of a reduced titanium reagent
to effect two-directional olefinic-ester cyclizations.

In studies that were driven by our polycyclic ether
natural product total synthesis program,7 we recently
discovered that titanium ethylidene reagents were capable
of inducing olefinic ester cyclization and diene ring closing
metathesis reactions (eq 1).8 When compared to reagents
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that carry out related transformations, the titanium reagent
is advantageous because of its low cost, its in situ
preparation, and its general applicability to the olefinic
ester cyclization problem.9-11

It occurred to us that the reduced titanium cyclization
approach to polycyclic ether frameworks would be even more
efficient if it were amenable to a two-directional reaction
sequence where two olefinic esters would undergo cyclization
in the same reaction flask. To a significant degree this work
was inspired by the symmetrical nature of the natural
products and the elegant two-directional approaches that have
been carried out by the groups of Nicolaou, Martı́n, Nakata,
and especially Clark.12 The Clark work is closest to that
proposed here in that it involves two-directional ring-closing
metathesis reactions. Clark’s reactions differ from those
proposed here in that his precursors were dienes or ene-ynes
and in the nature of the reagent used to carry out the
cyclizations (Ru or Mo (Clark) versus Ti (this work)).

We initially chose to test whether olefinic ester cyclizations
were amenable to a two-directional approach with readily
available dienyl diester 313 and were delighted to find that 3
gave tricycle 7 in 64% yield when exposed to the titanium
ethylidene reagent (Table 1, entry 1). Equally pleasing were

the reactions to give the symmetrical tricyclic substrates 8 and
9 from C-glycosides 4 and 5, respectively (entries 2 and 3). As
demonstrated by the cyclization of 6 to give 10, esters other
than acetates can be employed in these reactions (entry 4).

From an interest in exploiting the products from the cycliza-
tion chemistry, we decided to examine the conversion of
tricyclic bis-acetal 10 into the corresponding pentacycle (Scheme
1). Oxidation of both enol ethers with DMDO followed by

reduction of the resulting epoxides with i-Bu2AlH gave the
corresponding secondary alcohols as a mixture of diastereomers.
Oxidation and equilibration of the resulting ketones using DBU
resulted in the generation of 11 as the major diastereomer.
Reduction of the ketone and cyclization/elimination gave
pentacycle 12 as a single diastereomer in only six synthetic
transformations from monocyclic C-glycoside 6.13

Table 1. Two-Directional Olefinic Ester Cyclizations

Scheme 1

Scheme 2
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Illustrative of our ability to use this chemistry to
generate even more elaborate polycyclic ether architectures
is the synthesis of heptacycle 16 from C-glycoside
precursor 13 in six synthetic transformations (Scheme 2).
Readily available dienyl diester 1313 served as the
precursor to a two-directional cyclization reaction leading
to 14 in 50% yield. Oxidation of both enol ethers with
DMDO and in situ reduction of the resulting anhydrides
with i-Bu2AlH gave the corresponding secondary alcohols
as a single diastereomer. The relative stereochemistry at
C7, C8, C16, and C17 was determined after the conversion
of 15 into the corresponding C8 and C16 acetates. The
J7,8 and J16,17 values revealed that 15 had the desired trans-
syn-trans stereochemistry at the C, D, and E-ring junc-

tions. Oxidation, removal of the silyl ethers, O,S-acetal
formation, and reduction provided heptacycle 16 in good
overall yield.14

In summary, this communication has outlined a two-
directional olefinic-ester cyclization strategy to polycyclic
ethers that results in the rapid construction of tri-, penta-,
and heptacyclic skeletons. We are continuing to examine
the scope of these transformations and to utilize the
products as tools in the study of ion channels.
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