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Treatment ofm-alkenyl (orm-alkynyl) vinyl ethers (m¼ 3,4)
with a Ti(II) reagent generated most likely bicyclic oxatitana-
cycles, which eliminate the alkoxide tether to effect the selective
vinyltitanation of the alkene or alkyne moiety to give m-vinyl-1-
alkanols or m-vinyl-m-alken-1-ols.

Bicyclic metallacycles of group 4 transition metals 1 (Figure
1, M ¼ Ti or Zr, L ¼ ligand) have been utilized as versatile
intermediates in organic synthesis.1;2 Once such a metallacycle
having a leaving group (X) at an appropriate position is generated
from the corresponding diene, enyne, or diyne, and a metal
constituent, one of the carbon-metal bonds of the metallacycle
spontaneously eliminates the groupX to form a new intermediate.
The possible elimination patterns a-d are illustrated in Figure 1.3;4

Although the first three types a,4a{j b,4k and c4l have been well
documented, to our best knowledge, the last type d has not been
reported yet. This fact prompted us to investigate the feasibility
and synthetic application of the transformation of type d based on
dialkoxytitanacycles (ML2 ¼ Ti(O-i-Pr)2) recently introduced
by us.1

Vinyl ether 2having an additional olefinic bondwas treated at
�50 �C with Ti(O-i-Pr)4 / 2 i-PrMgCl (3),1 which generates the
actual Ti(II) reagent, (�2-propene)Ti(O-i-Pr)2, in situ (Scheme 1).
After aqueous workup at the same temperature, the desired
product 6, having no longer a vinyl ether, but showing the
presence of a hydroxy group as well as a terminal olefin, was
obtained in excellent yield.5 The presence of the intermediate
alkyltitanium species 5was, in fact, confirmed by iodinolysis and
aldehyde addition to give the corresponding iodide and the diol,
respectively, in good yields, which are shown in entries 2 and 3 of
Table 1. As the starting vinyl ether is prepared from the parent
alcohol 7 by ether exchange reaction,6 the overall process could
be considered as a hydroxy-mediated regioselective vinyltitana-
tion of unactivated olefins7 via dialkoxytitanacycle 4 generated
with 2 and 3 (Scheme 1). Other examples of this transformation
are collected in Table 1 to show its generality. Both the reactions
starting from 3- and 4-alkenyl vinyl ethers are viable to give the
desired unsaturated alcohols. This transformation is also applica-
ble to the coupling of vinyl ether and functionalized olefins

(entries 6 and 7), where good to excellent diastereoselectivities
could be observed in the products.

Vinyl ethers incorporated in the enyne structure also

Figure 1. Elimination of the group X on bicyclic metallacycles.

Scheme 1. Intramolecular coupling of vinyl ether and olefin.

Table 1. Vinyltitanation of olefinic bond according to Scheme 1.
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underwent the same reaction without any complication (Table 2).
Vinyl ether 8 (entry 1) was treated with 3 under the same
conditions as shown in Scheme 1 to afford diene alcohol 9 again in
excellent yield after aqueous workup. The exclusive E stereo-
selectivity as well as the complete regioselectivity was confirmed
by 1H NMR analysis. The presence of the dienyltitanium species
(corresponding to 5 in Scheme 1) was verified by deuteriolysis to
give 9-d1, which showed a very high deuterium incorporation at
the specified position. Other examples of this reaction are
summarized in entries 2–6 of Table 2. Besides simple hydrolysis,
interception of the remaining carbon-titanium bond with an
electrophile such as iodine or aldehyde, as shown in entries 5 and
6, afforded the corresponding adducts that retain the depicted
stereochemical integrity of the intermediate dienyltitanium
species.

A concise synthesis of optically active ipsenol in Scheme 2
demonstrates the synthetic utility of the above methodology.
Commercially available, optically active epichlorohydrin was
alkylated successively with (trimethylsilyl)acetylide and isopro-
pyl Grignard reagent to give alcohol 10, whichwas then subjected
to ether exchange reaction to give vinyl ether 11. Treatment of this
with 3 under the reaction conditions of Scheme 1 furnished
silyldiene alcohol 12, which, upon desilylation with TBAF, gave
(S)-(-)-ipsenol (13) (98% ee determined byMosher’sMTPA ester
method), ½��D26 � 15:3 (c 1.06, ethanol).8
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Table 2. Vinyltitanation of acetylenic bond according to
Scheme 1.

Scheme 2. Synthesis of optically active S-(-)-ipsenol.
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