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Bicyclic metallacycles of early transition metals such
as titanium and zirconium (Scheme 1, M ) metal), which
are prepared from 1,6- or 1,7-dienes, -enynes, and -diynes
and a stoichiometric amount of the low-valent metal
complexes, have been widely accepted as useful reagents.1
In addition to simple hydrolysis (or deuterolysis), their
halogenolysis and reactions with other heteroatom elec-
trophiles have been utilized to prepare functionalized 5-
and 6-membered carbocycles.2 The reaction of these
metallacycles with aldehydes should provide a versatile
method for the side chain extension after the cyclization.
The known example involves the reactions of Cp2-
zirconacyclopentanes and -cyclopentenes, in which the
alkyl-Zr bond is always transferred to aldehydes to give
the corresponding 1:1 adducts (Scheme 1, paths a and b,
but not c).1a,3 Although the addition of bis(aryloxy)-
titanacyclopentadienes (generated from diethylacetylene
or tert-butylacetylene) to benzophenone has been docu-
mented,4 the application of metal-mediated bicyclization
of diynes followed by aldehyde addition was not known
(Scheme 1, path d).5 Recently, we reported a low-valent
titanium-mediated bicyclization of the aforementioned
unsaturated compounds, in which a stoichiometric amount
of (η2-propene)Ti(O-i-Pr)2 (1),6,7 prepared in situ from
inexpensive Ti(O-i-Pr)4 and i-PrMgCl, was used.8 In this
paper, we will show selective reactions of path d as well
as c by using this titanium complex.
Gratifyingly, titanacyclopentadiene 2 (>93% yield as

estimated by protonolysis) generated from the diyne 3
and 1 reacted with an aldehyde preferably in the pres-
ence of an additional equivalent of TiCl2(O-i-Pr)2 (vide
infra) to give the adduct 6a in a good yield after hydro-
lysis (Scheme 2).9 The reaction was highly regioselec-
tive: virtually no trace of another regioisomer formed.
The reaction should proceed through the intermediate
titanium species 5, the presence of which was verified

by its deuterolysis and iodinolysis as shown, to give the
corresponding products 6b and c.
This cyclization/aldehyde addition seems to be general

for various 1,6- and 1,7-diynes as shown in Table 1,
entries 1-7. A substituted nitrogen heterocycle (Table
1, entry 4) and cyclopentane frameworks (Table 1, entries
5-7) could be prepared as well. In the case of diynes
having one trimethylsilyl group, the addition to alde-
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Scheme 1

Scheme 2. Reaction of a Titanacyclopentadiene:
Interception of Intermediates
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hydes always proceeded at the carbon having the silyl
group. The R-anion stabilizing effect of the silyl group10
to increase the reactivity of the R3SiC-Ti bond in the
titanacyclopentadiene toward aldehyde would account for
this regioselectivity. When a diyne having two different
silyl groups such as Me3Si and (t-Bu)Me2Si was employed
(Table 1, entry 7), the addition to an aldehyde took place
at the carbon bearing the less hindered trimethylsilyl
group to yield 15, the regioisomer of which could not be
isolated. Thus, from the synthetic point of view, the
appropriate choice of acetylenic substituent may dis-
criminate between the two acetylenic termini. The
absence of the externally added TiCl2(O-i-Pr)2 in the step

of aldehyde addition decreased the product yields by 10-
30%. Although the exact role of the titanium salt is
unclear at present, it may activate the aldehyde as a
Lewis acid and/or increase the reactivity of the titana-
cycle via ligand exchange reaction.11
The finding of the smooth transfer of the alkenyl-

metal bond in the titanacyclopentadienes prompted us
to investigate the addition of the metallacyclopentene to
aldehydes. When the titanabicycle 17, generated in situ
from 16 and 1 (in 90-97% yield determined by hydrolysis
and deuterolysis),8a was allowed to react with cyclohex-
anecarbaldehyde in the presence of an extra equivalent
of TiCl2(O-i-Pr)2 as above, the desired product 19a was
obtained in 50% yield with very high regio- and stereo-
selectivities (eq 1 and Table 1, entry 10).9 The presence

of the intermediate titanium species 18 was confirmed
by subsequent deuterolysis or iodinolysis to give the
corresponding deuterated product 19b or the iodide 19c.
As shown in Table 1, aliphatic aldehydes afforded the
products in good yields under standard reaction condi-
tions; however, for an aromatic aldehyde, the use of TiCl-
(O-i-Pr)3 in place of TiCl2(O-i-Pr)2 was recommended as
the additive (Table 1, entry 11). The present reaction
has two characteristic features. The first is that the
aldehyde addition proceeded selectively at the alkenyl-
rather than alkyl-metal bond of the titanacycle, which
is in marked contrast to the aforementioned reactions of
Cp2-zirconacyclopentenes (Scheme 1, path b vs c).12 The
second point is the very high 1,4-diastereoselectivity of
the resultant allyl alcohol (generally, >95:<5 by 1H NMR
analysis in comparison with an authentic sample), the
relative stereochemistry of which was assigned as shown
in Table 1.9

Supporting Information Available: Typical procedures
for the preparation of 6a-c, 19a-c, and 21, physical proper-
ties of all starting materials and products, and structural
determination of several compounds (12 pages).
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Table 1. Cyclization of Diynes or an Enyne and
Subsequent Reaction with Aldehydesa

a See Scheme 2 and eq 1. b Isolated yields. Yields determined
by 1H NMR spectroscopy are shown in parentheses. c Diastereo-
selectivity. d For the assignment of stereochemistry see ref 9.
e Based on aldehyde. f Product was isolated as a single isomer.
g TiCl(O-i-Pr)3 was used as the additive. With TiCl2(O-i-Pr)2, the
yield of 21 decreased to 25%.
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