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Zirconocene-alkene complexes [Cp2Zr(alkene)], generated in
situ by thermolysis of dialkylzirconocene, have been widely used
in organic synthesis. The complexes are transformed into zir-
conacycles via oxidative coupling with another carbon-carbon
multiple bond.1 Additionally, coupling reaction with aldehydes
or ketones affords the corresponding saturated alcohols via the
oxazirconacyclopentane intermediate.2 However, reaction of
Cp2Zr(alkene) with acid halide has not been explored. During
the course of our study on reactions mediated by zirconocene
complexes,3 we found that Cp2Zr(alkene)1, prepared at 0°C,
reacted with acid chloride2 to give homoallylic alcohol3. The
formation of the alcohol apparently involved allylic C-H bond
activation of the coordinating alkene. Here we wish to disclose
our preliminary result of study on this reaction.

Cp2ZrCl2 (2 mmol) was treated withn-BuMgBr (1 M THF
solution, 4 mL, 4 mmol) in benzene (20 mL) with cooling in an
ice/water bath. After the reaction mixture was stirred at 0°C for
30 min, benzoyl chloride (2a, 1 mmol) was added. The whole
mixture was stirred for 3 h at 0°C. Usual workup followed by
silica gel column purification afforded3aa in 82% yield (Scheme
1).4 Pentyl-, octyl-, and 3-phenylpropylmagnesium bromide,
instead of butylmagnesium bromide, were also effective to yield
the corresponding homoallylic alcohols.5

Reaction with other aromatic acid chlorides is summarized in
Table 1. Most of the reactions proceeded in satisfactory yields,
although electron-rich acid chlorides such as2eresulted in lower
yields. In contrast to the reaction with aromatic acid chloride,
upon treatment of octanoyl chloride with1a, cyclopropanol4 was
obtained in 25% yield, in addition to3ag (Scheme 2).6 More
interestingly, reaction with methyl benzoate, instead of benzoyl
chloride, cleanly furnished cyclopropanol5 in 85% yield. It is
also worth noting that addition of PPh2Me as an additive to the
reaction of2a gave rise to formation of5 without contamination
of 3aa.

We are tempted to assume the reaction mechanism for the
formation of homoallylic alcohol as depicted in Scheme 3. There
exists an equilibrium between Cp2Zr(1-butene) and zirconocene
crotyl hydride [6a, Cp2Zr(crotyl)H] according to the literature of
Harrod.7,8 Hydride attack on benzoyl chloride followed by
allylation furnishes3aa. The following experiments suggest the
order of the sequential nucleophilic attack (Scheme 4). Reaction
of benzaldehyde with the crotylzirconium reagent, prepared from
Cp2ZrCl2 and a crotyl Grignard reagent, yielded3aa with anti
selectivity (syn/anti) 27/73). The selectivity was similar to that
observed in the reaction in Scheme 1. On the other hand, treatment
of ketone7 with Schwartz reagent led to a slight syn selectivity.

Preparations of the requisite Grignard reagents are laborious.
Next, we investigated direct preparation of Cp2Zr(2-alkenyl)H
from Cp2ZrCl2 and alkene. Zirconocene dichloride (2 mmol) was
treated with cyclopentylmagnesium bromide (4 mmol) in the
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presence of 1-pentene (6 mmol) in benzene (20 mL) at 0°C for
30 min and at 25°C for an additional 1 h (Scheme 5, Method
A). Initially formed Cp2Zr(cyclopentene)8 was anticipated to
undergo ligand exchange, forming Cp2Zr(1-pentene).9 This was
indeed the case, and3ba was obtained in 76% yield upon
treatment of benzoyl chloride with the reagent at 0°C (Table 2,
entry 1). Other alkenes could participate in the ligand exchange
to furnish the corresponding homoallylic alcohols (Table 2,
Method A).10

Furthermore, reduction of Cp2ZrCl2 with Mg metal in the
presence of alkene also provided the reagent6.11 In this method,
addition of benzene as a cosolvent prior to reaction with PhCOCl

is again crucial for the successful formation of homoallylic
alcohols. Alcohol3ba was formed in 46% yield in the reaction
without benzene. The results were comparable to those obtained
by Method A (Table 2, Method B). Advantageously, ester and
amide moieties could survive under the reaction conditions (entries
12 and 13). Alkenes are much more readily available than the
corresponding allylic magnesium reagents. Thus, this method
promises rapid synthesis of a wide spectrum of homoallylic
alcohols.

The allylic C-H bond cleavage as shown in Scheme 3 was
further confirmed by employing 3,3-dideuterio-1-octene (9).
Zirconium complex10 was prepared from9 by Method B, and
benzoyl chloride was added to10 to afford deuterated homoallylic
alcohol11 (Scheme 6).

In summary, we have found a new divergent route to homo-
allylic alcohols, utilizing the allylic C-H bond activation of
alkenes. Reaction of an allylic halide/metal or an allylic metal
with aldehyde is a standard procedure to obtain homoallylic
alcohol. Direct formation of allylic metals from alkenes employs
highly basic and nucleophilic organolithium reagents.12 As far as
zirconium compounds are concerned, allylic zirconium reagents
have been prepared from low-valent zirconocene and alkenes that
have good leaving groups such as alkoxide at the allylic position.13

In contrast, the present methodology requires easy-handling and
readily available alkenes, instead of reactive allylic halides, and
saves tasks in preparing allylic halides. The Cp2Zr(alkene)-
mediated allylation offers mild and efficient synthesis of homo-
allylic alcohols. Moreover, this reaction will develop novel utility
of the Cp2Zr(alkene) reagent.
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