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Conjugated diene-group 4 metal (Ti or Zr) complexes, hereby
depicted as the form of∆3-metalacyclopenteneB representative of
the other possible structuresA and C (Figure 1), have been
generated from the corresponding dienes and a low-valent metal
species.1-3 While isomeric∆2-metalacyclopentenesD have found
broad and intensive use in organic synthesis,2,4 such applications
of the∆3-isomerB are so far much less explored.5 We report herein
the generation and reactions of functionalized diene-titanium
alkoxide complexes, where the functional groups play a pivotal
role in the realization of unique synthetic transformations.

Functionalized conjugated diene2, readily prepared by the
titanium-mediated coupling of acetylenes,6 was treated with a
titanium(II) alkoxide reagent, Ti(O-i-Pr)4/2i-PrMgCl (1),2,7 at -50
°C to generate titanacyclopentene3, the presence of which was
verified by the production of monoolefin4 (as a singleE-isomer)
or its deuterated counterpart4-d2 (with almost complete deuterium
incorporation, ds) diastereoselectivity) after hydrolysis or deuter-
iolysis (Scheme 1). Titanacycle3 underwent the addition to
aldehydes in a highly regio- and stereoselective manner to give
adducts6-9 involving a quaternary carbon center8 and an (E)-
olefin after hydroytic workup. The shown relative stereochemistry
of representative7a was unambiguously determined by derivati-
zation.9 The Me3Si group in the products could be desilylated in
subsequent transformations (see Scheme 2), or the Me2PhSi group
in 7b was converted to a hydroxy group by the Tamao-Fleming
oxidation10 to give 11 (Scheme 1).9

More importantly, iodinolysis of oxatitanacycles5 gave iodides
10as a 95:5 mixture oftwo isomers, which must reflect the diaster-
eoselectivity of the step of aldehyde addition (93:7) rather than
that of the iodination step.Thus, the iodination itself proceeded
with nearly complete stereoselectiVity to create three stereogenic
centers in one pot!The shown stereochemistry of10awas verified
by derivatization.9,11

Switching thetert-butyl ester of2 to a chiral auxiliary would
lead to asymmetric construction of multiple stereocenters (Scheme
2). Of several chiral substrates examined,9 diene126,12derived from
(-)-8-phenylmenthol was found to be the most satisfactory one.
The titanacycle from12 reacted with an aldehyde to give adduct
13 with high asymmetric induction as well as diastereoselectivity.
The absolute configuration of13was confirmed by derivatization.9

Removal of the chiral auxiliary with Dibal (to15), followed by
desilylation with a base,13 gave pure stereodefined diol16. Alter-
natively, the stereoselective iodinolysis of the intermediate oxati-
tanacycle as described in Scheme 1 created three consecutivechiral
centers to give optically active iodo alcohol14, which was isolated
as a single isomer.

The titanacycle formation is also valid to cyclic dienes such as
17,6 giving monoolefins19 after hydrolysis (Scheme 3). While the

regioselective addition of titanacycle18 to an aldehyde was again
viable, the diastereoselectivity between the alcoholic and quaternary
carbons of the products20 (i.e., 1,2-ds) considerably decreased as
compared to that of the open-chain products in Scheme 1. On the
other hand, the stereocontrol of the incoming aldehyde by the lactam
substituent R ()i-Pr) was virtually perfect to give20b with very
high 1,3-ds as shown in Scheme 3.9

While other functionalized dienes21 and 226 in Figure 2
generated diene complexes as well,9 nonfunctionalized23and24,6

having an alkyl chain in place of the carbonyl group of2 or 17,
did not form the complexes. Besides these dienes, the exposure of
2-siloxybutadienes2514 to 1 generated the desired diene-titanium
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Figure 1. Conjugated diene-metal complexesA-C and∆2-metalacyclo-
penteneD (M ) metal).

Scheme 1. Construction of Multistereogenic Centers on the
Template of ∆3-Titanacyclopentene

Scheme 2. Asymmetric Induction to Multiple Centers via the
Chiral Template
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alkoxide complexes26 in good yields, as evidenced by their
hydrolysis affording monoolefins27 (Scheme 4). Elimination of
the siloxy group from the titanacycle26 (to (allenylmethyl)titanium
species28) was not observed.15 On the contrary, the coupling of
26 with carbonyl compounds followed by hydrolysis proceeded in
a highly regio- and stereoselective manner to give stereodefined
functionalized enol silyl ethers29 and 30, which are otherwise
difficult to obtain.14

In conclusion, functionalized conjugated diene-titanium alkoxide
complexes provide versatile templates for organic synthesis, where
the functional group promotes the complex formation, controls
regio- and stereoselectivities of the subsequent reactions, and
imparts a chiral element to the template. Further applications of
these complexes will be reported in due course.
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Figure 2.

Scheme 3. Generation and Reaction of Bicyclic
∆3-Titanacyclopentene

Scheme 4. Siloxy-Substituted ∆3-Titanacyclopentenes as a
Reactive Template
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