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One of the most important categories of transition metal
complexes is cyclopentadienyl (Cp) complexes.1 Because the
reactivity of Cp complexes can usually be controlled by changing
the substituents of the Cp ring, many methods have been developed
to introduce appropriate substituents at desired positions.2 We
disclose here a novel method for [3 + 2] construction of substituted
cyclopentadienes from R,�-unsaturated ketimines and R,�-unsatur-
ated carbonyl compounds initiated by olefinic C-H activation of
the ketimines. The C-H activation, which is the key step in the
reaction, is accomplished with a rhenium catalyst.

In addition, we found that cyclopentadienyl-rhenium (Cp-Re)
complexes3 can be prepared in a one step domino reaction involving
the preparation of cyclopentadiene derivatives followed by the
complexation with Re2(CO)10. Because substituted cyclopentadienyl
complexes of group 7 metals have attracted much attention in the
field of biochemistry and pharmaceuticals,4 the method provides a
new entry for the substituted Cp complexes.

The strategy for the synthesis of Cp-transition metal complexes
is shown in Scheme 1. For the construction of substituted
cyclopentadienes, the transition metal-catalyzed activation of an
olefinic C-H bond and successive cyclization are key steps. The
C-H bond activation at olefinic positions has been achieved with
several transition metal complexes such as ruthenium and rhodium
complexes;5 however, the reactions are limited to the insertion of
an unsaturated molecule into the generated M-H bond. For the
successive cyclization, we thought that rhenium complexes may
be suitable because the insertion of an R,�-unsaturated carbonyl
compound occurs into a rhenium-carbon bond after the C-H
activation.6 The main problem is that it is not clear whether the
olefinic C-H bond can be activated with the rhenium complexes.7

By the reaction between ketimine 1a and 2-ethylhexyl acrylate (2a)
in the presence of a rhenium catalyst, [ReBr(CO)3(thf)]2 (3a), both
insertion of acrylate 2a into an olefinic C-H bond of 1a, and
intramolecular cyclization proceeded, and cyclopentadiene derivative
4 was formed in 25% yield. By using Re2(CO)10 (3b) as a catalyst,
the yield of 4 increased dramatically, and 4 was produced in 65%
yield (eq 1). Interestingly, Cp-Re complex 5a was also obtained in
4% yield as a side product.8 This result indicates that the rhenium
complex 5a could be formed by a stoichiometric reaction between
cyclopentadiene derivative 4 and the rhenium complex 3b.

Thus, we examined the reaction between the isolated 4 and
Re2(CO)10 (3b, 0.50 equiv), and found that Cp-Re complex 5a
was generated in 85% yield (eq 2). Although [ReBr(CO)3(thf)]2

(3a) also catalyzed the formation reaction of 4, the Cp-Re complex
5a was not formed with 3a.

From the result in eq 2, we were encouraged to investigate the
domino synthesis of a Cp-Re complex 5a from substrates to give
a ligand, and the rhenium complex 3b. Treatment of ketimine 1a
having an olefin moiety and 2-ethylhexyl acrylate (2a) with
Re2(CO)10 (3b) in xylenes at 150 °C for 72 h gave the Cp-Re
complex 5a in 94% yield as a colorless oil (Table 1, entry 1).
n-Butyl-substituted Cp-Re complex 5b was produced by the
reaction between ketimine 1b and 2a (Table 1, entry 2). Acyclic
R,�-unsaturated ketimine 1c also provided the corresponding
Cp-Re complex 5c in 82% yield (Table 1, entry 3). Cp-Re
complex 5d was afforded from an R,�-unsaturated ketimine having
an ether ring, 1d (Table 1, entry 4). A vinyl ketone 2b gave a
mixture of Cp-Re complexes 5e and 5e′ in 47% yield (Table 1,
entry 5). Formation of 5e′ indicates that 2b inserted into a
rhenium-carbon bond in the opposite direction to acrylic ester 2a
and amide 2c.7c,9 Amide-substituted Cp-Re complex 5f was also
formed in 69% yield using acrylamide 2c (Table 1, entry 6).

As a result of the above experiments, the proposed mechanism
is as follows (Scheme 2): (1) coordination of a nitrogen atom of a
ketimine to a rhenium center; (2) oxidative addition of a C-H bond
of the ketimine to the rhenium center (C-H bond activation);10

(3) insertion of an R,�-unsaturated carbonyl compound into a
rhenium-carbon bond;11 (4) intramolecular nucleophilic cycliza-
tion; (5) reductive elimination and the elimination of aniline to give
a cyclopentadiene derivative; (6) the formation of a Cp-Re complex
from the cyclopentadiene derivative and rhenium complex.

Scheme 1. Strategy for the Retrosynthesis of
Cyclopentadienyl-Transition Metal Complexes
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In summary, we have succeeded in the activation of an olefinic
C-H bond with rhenium complexes and utilized it in the domino
synthesis of Cp-Re complexes from R,�-unsaturated ketimines,
R,�-unsaturated carbonyl compounds, and Re2(CO)10. Although
there have been many methods for the synthesis of Cp-transition
metal complexes,12 it is usually necessary to synthesize the Cp
ligands in advance. In this reaction, the rhenium complex acts as

both the catalyst for the formation of substituted Cp rings and a
component of the desired complexes.13 We hope this versatile and
efficient method for the preparation of Cp complexes will find new
applications.
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Table 1. Synthesis of Cyclopentadienyl-Rhenium Complexes 5
from Ketimines 1, R,�-Unsaturated Carbonyl Compounds 2, and a
Rhenium Complex 3ba

a 1 (1.0 equiv), 2 (1.0 equiv), 3b (0.50 equiv). b Isolated yield. Yield
determined by 1HNMR is reported in parentheses. c R ) CH2CHEtnBu.
d Run at 180 °C. e 5e/5e′ ) 1.0:1.8.

Scheme 2. Proposed Mechanism for the Formation of Cp-Re
Complexes
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