
Vinyltitanium(IV) species prepared by the alkylation of
titanium–vinylcarbene complexes with tert-butyl chloride react-
ed with aldehydes to give allylic alcohols.  The reaction of
vinyltitanium species with terminal alkynes produced conju-
gated dienes, in which a vinyl group regioselectively bonded to
the unsubstituted side of carbon–carbon triple bond.

Reactions of organotitanium reagents have been studied
and employed as useful synthetic tools because of their
characteristic reactivities.1 For example, alkyltitanium reagents
are capable of differentiating between aldehydes and ketones
leading to the formation of secondary alcohols on treatment
with keto aldehydes.2 Allyltitanium reagents are used for the
stereoselective preparation of anti-homoallyl alcohols.3 On the
contrary, the chemistry of vinyltitanium species has not been
fully studied yet.  As for the addition to carbonyl compounds, it
remains unclear whether vinyltitanium reagents react with car-
bonyl compounds regardless of their ligands other than vinyl
group.  Seebach et al. reported that they were unable to add
non-heterosubstituted vinyltitanium reagent to carbonyl com-
pound.4 On the other hand, recently Sato and co-workers re-
ported that the trimethylsilyl group substituted vinyltitanium
species prepared by the protonation of titanacyclopropene5 and
bicyclic alkoxytitanacyclopentenes6 reacted with various
electrophiles including aldehydes.  Taguchi et al. also reported
the reaction of the vinyltitanium intermediate formed by the
intramolecular carbotitanation of the titanium enolate of
alkynylmalonate with benzaldehyde.7

The thermal stability of vinyltitanium reagents is another
issue of crucial importance for their use in organic synthesis.
Cyclohexenyltriisopropoxytitanium was found to be thermally
unstable and form the oxidative coupling product upon warm-
ing above –60 ºC.4 It is also known that unsubstituted
trichlorovinyltitanium is thermally unstable and decomposes
above –30 ºC.8 On the contrary, Cardin and Norton reported
that trichloro(2-methyl-1-phenylprop-1-enyl)titanium was ther-
mally stable and survived without decomposition for 3 h at 65
ºC and for 0.5 h at 80 ºC.9 However the reactivity of their vinyl
titanium reagent has not been studied yet.

In the course of study on the reactions of titanium–carbene
complexes,10 we found that titanium–vinylcarbene complexes
1, formed by the desulfurization of 1,3-bis(phenylthio)propene
derivatives 2 with the low-valent titanium species
Cp2Ti[P(OEt)3]2 3, reacted with tert-alkyl chlorides to form ter-
minal olefins regioselectively.11 On the basis of the fact that
the deuterium was incorporated at the terminal sp2 carbon when
the reaction was quenched with D2O, we tentatively assume
that the vinyltitanium species 4 is formed as an initial product.
Considering the uncertainty of the reactivity of vinyltitanium
species described above, we have studied the reactions of the

intermediary organotitanium species with various organic com-
pounds.  Here we wish to describe the results of their addition
to aldehydes and alkynes.   

Desulfurization of 4-phenyl-1,3-bis(phenylthio)but-1-ene
(2a) with titanocene(II) reagent 3 (3.5 equiv) at 0 °C for 10 min
produced the vinyl carbene complex.   After the treatment of
the carbene complex with tert-butyl chloride (2 equiv) at 0 °C
for 30 min, the resulting organotitanium species was further
treated with propionaldehyde 5a (1 equiv / 0 °C; 30 min then
room temperature; 1 h) to produce the allylic alcohol 6a which
was isolated as the acetate 7a (AcCl; 4 equiv / PyH / room tem-
perature; 1.5 h) in 49% overall yield from 2a (Scheme 1). In a
similar manner, the reactions of several vinylcarbene complex-
es with aliphatic aldehydes were performed.  In all the cases
examined, the allylic acetates were obtained in reasonable over-
all yields (Table 1).  The NMR spectra of these compounds
indicate that they consist of only E-isomers.  On the other hand,
it was found that the allylic alcohol 6 was not produced by the
reaction of 4 with benzaldehyde.  
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Carbometallation of alkynes with vinylmetal species is a
useful method for the preparation of conjugated dienes.
However only a limited number of such reactions have been ex-
plored.  Normant and co-workers reported the addition of
alkenyl cuprates to unsubstituted and heteroatom substituted
acetylenes.12 Klei and Teuben showed that the reaction of (1-
methylprop-1-enyl)titanocene with diphenylacetylene produced
the syn-adduct, which afforded the diene upon hydrolysis.13

Therefore we were interested in the reaction of the vinyltitani-
um(IV) species 4 with alkynes 8 (Scheme 2).  Although the
treatment of 4 prepared from 2c with diphenylacetylene 8a
afforded the conjugated diene 9a as a mixture of the stereoiso-
mers14 in 38% yield (Table 2, Entry 1), aliphatic internal alkyne
was found to be unreactive towards the vinyltitanium species 4.
We found, however, that terminal alkynes 8b–d did react with 4
to form the E,E-dienes 9 in good overall yields with complete
regio- and stereo-selectivity.15 The formation of trans-car-
bon–carbon double bond is explained well by the syn-addition
of the vinyltitanium species 4.16 The regioselectivity of the
present reaction is of special interest.  The reaction of or-
ganometallic reagents with terminal alkynes is usually compli-
cated by formation of the two possible regioisomers, and an or-
ganic group tends to add to the substituted side of triple
bond.12,17 The regioselectivity of the present reaction is defer-
ent from the conventional reactions; a vinyl group selectively
attacks at the terminus of alkyne.  

Although more work will be required to elucidate the
relationship between the structure and reactivity of vinyltitanium

species, the present study demonstrates potential utility of vinylti-
tanium compounds as reagents in organic synthesis.  Further
study on their preparation and reaction is currently underway.
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