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The olefin metathesis reaction1 is rapidly emerging as a
powerful tool in organic synthesis.2 Of particular interest are
ring forming metathesis reactions catalyzed by transition metal
complexes, several elegant examples of which have recently
appeared.3 Despite the successes of this general approach to
ring construction, much remains to be improved in terms of
scope, convenience, and generality. In this communication we
report a new strategy, based on the olefin metathesis reaction,
for the generation of cyclic enol ethers directly from olefin
esters4 using the Tebbe5 or the Petasis reagents.6

Scheme 1 shows the general concept7 for the envisioned
Tebbe-reagent-mediated transformation of olefinic esters of type
I to cyclic enol ethers of typeVI . Thus it was anticipated that
the initially formed enol etherII would react with a second
molecule of the Tebbe reagent to afford the titanacyclobutane
III , fragmentation of which would then lead to titanium
alkylideneIV . Intramolecular reaction ofIV was then expected
to lead to titanacyclobutaneV, whose regioselective fragmenta-
tion as shown should allow an entry to the desired cyclic enol
ethersVI via olefin metathesis.
Implementation of this strategy using olefinic ester1 leads

to the formation of cyclic enol ether3 via the initially formed
methylenation product2 in 71% overall yield (Scheme 2). The
intermediacy of compound2 was proven by isolation and full
spectral characterization followed by conversion to3 under the
influence of the Tebbe reagent.
The generality and scope of this new process was investigated

by employing a variety of substrates. As illustrated in Table
1, the reaction can deliver a series of six- and seven-membered
cyclic enol ethers in good yields (entries 1-3 and 10-12,
respectively). In addition to these findings, the important
observation of the open-chain products shown in entries 6-9
(Table 1) was made. These hydroxy exomethylenic compounds
are presumably obtained by sequential hydrolysis and olefination
of the initially formed cyclic enol ethers.8 Apparently the
lability of the enol ether products depends on their precise
environment and the reaction conditions, a circumstance that

allows the direct elaboration of these intermediates to further
compounds of considerable synthetic utility in organic synthesis.
The use of dimethyltitanocene (Cp2TiMe2), a reagent popular-
ized by Petasis,6 instead of the Tebbe reagent allows the isolation
of labile cyclic enol ethers (entries 4 and 6). The structure of
9 was confirmed by an X-ray crystallographic analysis (see
Figure 1).
The applicability of this strategy to the synthesis of complex

polyether frameworks has also been demonstrated as shown in
Schemes 3 and 4. Scheme 3 shows the assembly of hexacycle
25and demonstrates that the reaction is tolerant of other olefins
in the system, at least trisubstituted ones, as in the case of24.
Scheme 4 outlines the synthesis of a second hexacycle (30)
reminiscent of the structures of the marine neurotoxins bre-
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Scheme 1.Titanium-Mediated Metathesis Strategy for the
Conversion of Olefinic Esters to Cyclic Enol Ethers

Scheme 2a

aReagents and conditions: (a) Tebbe reagent (1.3 equiv), THF, 25
°C, 20 min, 77%; (b) Tebbe reagent (2 equiv), THF, reflux 3 h, 65%;
(c) Tebbe reagent (4 equiv), THF, 25°C, 20 min; then reflux, 5 h,
71%.

Scheme 3.Synthesis of Hexacyclic Polyether25a

aReagents and conditions: Tebbe reagent (4.0 equiv), THF, 25°C,
20 min; then reflux, 5 h, 61%.

Figure 1. ORTEP drawing of compound9.
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vetoxin B,9,10 ciguatoxin,11 and maitotoxin.12 The latter com-
pound (30) was constructed rapidly and efficiently via a
convergent strategy made possible by this reaction. Thus
treatment of26 with excess Tebbe reagent in THF (25°C f
reflux) led to27 in 71% yield. Regioselective hydroboration

of 27 followed by oxidative workup and further oxidation of
the resulting alcohol with Dess-Martin reagent furnished ketone
28 in 63% overall yield. Finally, removal of the silicon
protecting group from28 followed by exposure of the resulting
lactol (29) to Et3SiH-BF3‚Et2O provided the hexacyclic, all-
trans-fused framework30 in 55% overall yield from28.
The reported process represents a powerful tool for the

construction of complex polycyclic frameworks and/or extended
hydroxy olefins using simple functional groups as coupling
partners in ring closure reactions and allows convergency in
target-oriented synthesis. Applications of the present technology
to the total synthesis of natural and designed molecules of the
marine biotoxin family are in progress.13,14
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Table 1. Synthesis of Cyclic Enol Ethers and Hydroxy Olefins
from Olefinic Estersa

aReactions were carried out on a 0.1-0.2 mmol scale with 3-6
equiv of reagent and were complete in 2-15 h. b TR ) Tebbe reagent
(Cp2TiCH2ClAlMe2). cDT ) dimethyltitanocene (Cp2TiMe2).

Scheme 4.Synthesis of Hexacyclic Polyether30a

aReagents and conditions: (a) Tebbe reagent (4.0 equiv), THF, 25
°C, 0.5 h; then reflux, 10 h, 71%; (b) BH3 (5 equiv), THF, 0°C; then
3 N NaOH (20 equiv), H2O2 (20 equiv); (c) Dess-Martin reagent (3.0
equiv), 60% for two steps; (d) TBAF (1.5 equiv), 25°C, 8 h, 60%; (e)
Et3SiH (200 equiv), BF3‚Et2O (5 equiv), CH2Cl2 0 °C, 1 h, 91%.
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