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ABSTRACT

syn-Tertiary homoallylic alcohols were obtained by the reaction of r-silylallenyltitanocenes generated by the reductive titanation of
γ-silylpropargylic carbonates with Cp2Ti[P(OEt)3]2 with ketones and following desilylation and partial hydrogenation. High diastereoselectivity
was observed when aromatic and r,�-unsaturated ketones were employed.

Recently, much attention has been paid to the stereocon-
trolled construction of adjacent stereogenic centers. Addition
of allylmetal species to ketones, therefore, has been exten-
sively studied as a useful tool for the stereoselective
preparation of anti-homoallylic alcohols bearing a quaternary
center.1 We have studied the reaction of allyltitanocenes
generated by the reductive titanation of allylic sulfides or
related allylic substrates with a titanocene(II) species with
ketones. With this protocol, anti-tertiary homoallylic alcohols
were obtained with unprecedentedly high diastereoselectivity

even when sterically less congested methyl ethyl ketone and
methyl vinyl ketone were employed.2 In contrast to the
preparation of anti-tertiary homoallylic alcohols, there are
only a few reports on the diastereoselective preparation of
syn-counterparts.3-5 Knochel et al., for example, have
recently achieved a highly diastereoselective preparation of
syn-tertiary homoallylic alcohols by the reaction of �-silyl
substituted crotylzinc reagents with acetophenone derivatives
and subsequent desilylation.3 Our recent results on the three-
component coupling of thioacetals, alkynyl sulfones, and
carbonyl compounds6 prompted us to develop a new route
to syn-tertiary homoallylic alcohols 1 utilizing γ-silylprop-
argyl carbonates 2 as starting materials (Scheme 1). Our new
approach consists of the reaction of R-silylallenyltitanocenes
3, generated by the reductive titanation of 2 with the
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titanocene(II) reagent Cp2Ti[P(OEt)3]2 4, with ketones 5
followed by desilylation and partial hydrogenation of the
triple bond of the resulting δ-silylhomopropargylic alco-
hols 6.

We first examined the regio- and diastereoselectivity of
the addition of organotitanium species 3 to various carbonyl
compounds 5 (Table 1). The treatment of allenyltitanium
species 3a generated from the propargyl carbonate 2a with
hydrocinnamaldehyde (5a) at 0 °C for 2 h regioselectively
gave the homopropargyl alcohol 6a as an almost 1:1 mixture
of the diastereomers (entry 1). A similar reaction using the
aralkyl methyl ketone 5b produced the homopropargyl
alcohol 6b with moderate diastereoselectivity (entry 2). It is
of interest that high syn-stereoselectivity was observed in
the reaction of R,�-unsaturated ketone 5c (entry 3). The same
tendency of diastereoselectivity was also seen in the reactions
of cyclic ketones 5f and g (entries 6 and 7). Similarly to the
R,�-unsaturated ketones, the reactions of acetophenones 5i-l
produced the homopropargylic alcohols 6i-l with high syn-
selectivity. The diastereoselectivity of these reactions was
found to be dependent on the substituent on the aromatic
ring; the syn-homopropargyl alcohol 6l was obtained with
high diastereoselectivity (95%), whereas the reaction of the
acetophenone bearing an electron-withdrawing trifluoro-
methyl group gave the alcohol 6j with lower selectivity
(entries 10 and 12).

Several propargylic carbonates 2b-d having an R-sub-
stituent other than a methyl group were also subjected to
the titanocene(II)-promoted reaction with unsaturated ketones
(Table 2). Over 85% diastereoselectivity in favor of the
formation of syn-homopropargylic alcohols was achieved in
these reactions.

The syn-tertiary homopropargylic alcohols 6, separated
from the anti-isomers, were successfully transformed into
homoallylic alcohols 1 by the desilylation with tetrabuty-
lammonium fluoride and subsequent hydrogenation using a
Lindlar’s catalyst (Table 3).

The stereochemistry of the homopropargylic alcohols
6 was determined as follows (details are provided in the

Supporting Information). The syn-configuration of 6c was
unambiguously confirmed by X-ray single-crystal struc-
tural analysis after transformation into its pivalate. The
configuration of propargylic alcohols 6f,7i,2p2 was deter-
mined at the stage of homoallylic alcohols 1 by compari-
son with the authentic anti-tertiary homoallylic alcohols.

(7) Seebach, D.; Widler, L. HelV. Chim. Acta 1982, 65, 1972–1981.

Scheme 1 Table 1. Preparation of Homopropargylic Alcohols 6 Utilizing
Propargylic Carbonate 2aa

a Carried out using 2 (1.2 equiv) and 4 (1.8 equiv). b Isolated yield
based on 5 used. c Determined by GLC analysis. d Carried out using 4 (1.5
equiv) and 5 (2 equiv). e Based on 2 used. f Ratio of diastereomers.
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The syn-stereochemistry of the homopropargylic alcohol
6g was determined after transformation to 6f. The ho-
mopropargylic alcohol 6j was transformed into the lactone
by hydroboration/oxidation of the corresponding homoallyl
alcohol 1c and further oxidation of the resulting diol with
PCC.2 The X-ray analysis of the lactone clearly supported
the syn-stereochemistry of 6j. Alternatively, the stereo-
chemistry of the homopropargylic alcohol 6d was deter-
mined by its transformation to the stereochemically well-
defined2,3-dimethyl-4-pentene-1,2-diol.8Thestereochemistry
of other homopropargylic alcohols 6e,h,k,l-o was esti-
mated to be syn in analogy with other homopropargylic
alcohols.

The reaction of allenylmetals with carbonyl compounds
has been well studied.9 Although highly diastereoselective
addition of the allenylmetals to ketones has not appeared,
various diastereoselective reactions with aldehydes have
been reported. Yamamoto and co-workers reported that the
allenyltitaniums, generated by the lithiation of alkynes
followed by transmetalation with Ti(OiPr)4, react with
aldehydes to produce anti-secondary homopropargylic al-
cohols with high diastereoselectivity.10 The similar prefer-
ential formation of anti-homopropargylic alcohols was
observed in the reaction of allenyltitaniums, generated by
the treatment of propargyl substrates with a titanium reagent
prepared from Ti(OiPr)4 and iPrMgBr, with aldehydes.11 The
stereoselectivity is rationalized by the reaction pathway
involving a six-membered-ring transition state. These reac-
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Table 2. Preparation of Homopropargylic Alcohols 6 Utilizing Propargylic Carbonates 2b-d Having an R-Substituent Other Than Methyl Groupa

a Carried out using 2 (1.2 equiv) and 4 (1.8 equiv). b Isolated yield based on 5 used. c Determined by GLC analysis.

Table 3. Transformation of Homopropargylic Alcohols 6 into
Homoallylic Alcohols 1

a Isolated yield.

1970 Org. Lett., Vol. 12, No. 9, 2010



tions, however, cannot be applied to ketones, and hence, the
diastereoselectivity of the formation of tertiary homoprop-
argylic alcohols using allenytitanium reagents has remained
obscure.

In contrast to the preferential formation of anti-secondary
homopropargylic alcohols described above, high syn-
selectivity was observed in the reaction of allenyltitanocenes
3 with aromatic and R,�-unsaturated ketones. Although,
without further study on the reaction mechanism, it is difficult
to rationalize all the stereochemical results of the present
reaction, high syn-selectivity would be explained by assuming
the stereochemical pathway involving noncyclic transition
sates.

In conclusion, we have developed a new method for the
preparation of syn-tertiary homoallylic alcohols utilizing
allenyltitanium species generated by the reductive titanation
of propargylic carbonates with the titanocene(II) reagent. The

results described here clearly show that our approach using
the allenyltitanocene species and unsaturated ketones is
extremely useful for the stereoselective preparation of syn-
tertiary homoallylic alcohols. Further study on the origin of
high syn-selectivity observed in the reaction of allenyltita-
niums with unsaturated ketones is currently underway.
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