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Abstract—The reduction of alkynols with LiAlH4 in diglyme is a long known process leading to the formation of (E)-alkenols.
We have, by serendipity, found that, in the presence of a catalytic amount (10%) of Cp2TiCl2, the stereoselectivity of the reaction
is reversed, leading to the selective formation of the (Z)-alkenols. The scope and limitations of this methodology and a postulated
catalytic cycle are also discussed. © 2002 Elsevier Science Ltd. All rights reserved.

During the course of an ongoing project towards the
total synthesis of dolastatin 14,1 we were keen to reduce
alkyne 1 into the corresponding (E)-alkene 2a. How-
ever, the harsh standard conditions (xs. LiAlH4 in
diglyme at 150°C) described by Rossi and Carpita2

resulted in the deprotection of the TIPS silyl protecting
group leading to the diol 2b in 71% yield. The same
reaction in refluxing THF led to no reduction nor
deprotection of the silyl group. In order to get milder
reaction conditions we thought about catalyzing the
hydroalumination3 using various transition metal
catalysts4,5 such as Ni(acac)2, Cp2TiCl2, etc.

Indeed, using 10% of Cp2TiCl2 in refluxing THF, the
protected alcohol 3 was obtained in 52% yield, but
surprisingly with the opposite (Z) double bond configu-
ration (Z/E >9/1) (Scheme 1).

In order to determine the scope and limitations of this
intriguing result,6 we undertook the reduction of several
internal alkynes as illustrated in Table 1.

The reduction of � and �-alkynols (Table 1, entries 1–2)
proved to be very efficient leading to the corresponding
(Z)-alkenols in good yields 75 and 64%, respectively.
The reduction of �-alkynol (Table 1, entry 3) was non
stereoselective (E/Z=1/1) certainly resulting from a
competition between the catalyzed and non-catalyzed
processes.

The requirement of a free alcohol in the Cp2TiCl2-cata-
lyzed reduction process was then questioned. Conse-
quently, we undertook the reduction of a
benzyl-protected �-alkynol (Table 1, entry 4) which
resulted in the formation of the (Z) reduced product in

Scheme 1.
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Table 1. Cp2TiCl2-catalyzed reductions of internal alkynesa

and efficient alkynes (Z)-reduction procedures previ-
ously described.7–15
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Scheme 2.

82% yield. Since the presence of a free alcohol is not
required, this process can virtually be used to the
(Z)-reduction of any internal dialkyl-alkynes as illus-
trated in entries 5 and 6.

Mechanistically, this reaction could be similar to the
Cp2TiCl2-catalyzed hydromagnezation7,8 and
hydrozincation9 described by Sato and Eisch. The pre-
catalyst Cp2TiCl2 is reduced into a [Ti]-H species able
to hydrotitanate the triple bond. A transmetallation
from titanium to aluminum regenerates the catalytic
[Ti]-H species and generates the (syn)-hydroaluminated
compound (Scheme 2).

In conclusion, we have described an efficient access to
(Z)-alkenes based on a titanium-catalyzed hydroalumi-
nation reaction. This very simple and cheap methodol-
ogy could constitute an attractive alternative to known
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