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Indene derivatives are useful compounds serving as building
blocks for many functional materials,1 medicines,2 and organic
compounds.3 They can also be used as ligands for transition metals
by deprotonation.4 There have been many reports on the synthesis
of indene derivatives using transition metal compounds.5 Among
them, indene derivatives are obtained stoichiometrically by reactions
of ortho-manganated aryl ketones with acetylenes.6 If the starting
ortho-metalated aryl ketones can be prepared by catalytic C-H
bond activation,7 and then successive insertion, intramolecular
cyclization, and reductive elimination can occur, this indene
formation will become a catalytic process. In this paper, by using
a rhenium complex as the catalyst and changing the substrate from
aromatic ketones to aldimines, we succeed in the first catalytic
synthesis of indene derivatives via C-H bond activation followed
by insertion and intramolecular addition.

The formation of indene derivatives was examined by the reaction
of aromatic aldimine1a (0.50 mmol) with acetylene2a (0.50 mmol)
in toluene (1.0 mL) in the presence of a possible catalyst (5.0 mol
%) under reflux conditions for 24 h (eq 1).8-10 First, we examined
a popular rhodium(I) complex, RhCl(PPh3)3, and a ruthenium
complex, Ru3(CO)12, but the reactions did not occur and aldimine
1a remained unchanged in both cases. Although the ruthenium
complex has been reported to catalyze C-H bond activation and
successive insertion of the 1-trimethylsilyl-1-propyne,11 the process
stops at this stage, and further intramolecular cyclization does not
occur. Among the catalysts examined, a rhenium(I) complex, ReCl-
(CO)5, was found to catalyze the desired reaction and gave two
isomeric indene derivatives,3aand4a, though the yields were low
(both 17% yields). The result suggested that the rhenium complex
has a similar ability for C-H bond activation as Ru3(CO)12, and
the formed alkenyl-rhenium species has sufficient nucleophilicity
to add to the aldimine. The yields and selectivity were improved
by changing the ligand of the rhenium complex from chloride to
bromide and changing two carbon monoxides to THFs. In this case,
the indene derivative3a was obtained quantitatively with [ReBr-
(CO)3(thf)]2 under the same reaction conditions.12,13

Then, we explored the substituents of aldimines (Table 1). By
the reaction of 1-phenyl-1-propyne (2a) with aldimine1b instead
of 1a, the selectivity reversed and the indene derivative4b was

obtained selectively (entry 2). The reaction did not proceed with
the oxime or hydrazone of an aldehyde instead of the aldimine.
Treatment of diphenylacetylene (2b) and aldimine1a with [ReBr-
(CO)3(thf)]2 afforded the indene derivative quantitatively (entry 3).
Aldimines bearing electron-donating groups, such as methoxy and
methyl groups at thepara-position of the aldimine, gave the
corresponding indene derivatives in excellent yields (entries 4 and
5). A reaction of an aldimine possessing apara-phenyl group with
2b gave the indene derivative3b in good yield (entry 6). However,
an aldimine bearing an electron-withdrawing trifluoromethyl group
at thepara-position gave the corresponding indene derivative in
low yield (entry 7). In contrast to thepara-substituents, the yields
decreased when substituents were attached to theortho-position of
the aldimines. For example, the indene derivative was obtained in
40% yield by the reaction of an aldimine bearingortho-methyl
group with2b (entry 8), and an aldimine with anortho-methoxy

Table 1. Rhenium-Catalyzed Reaction of an Aromatic Aldimine
with an Acetylene

a Isolated yield. The yield determined by1H NMR is reported in
parentheses.b The ratios of indene derivatives3 and4. c 1-Phenyl-1-propyne
(1.1 equiv), 135°C. d At 135 °C.
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group did not afford the corresponding indene derivative (entry 9).
The reaction of2b with benzaldehyde or acetophenone did not
proceed at all. The imine nitrogen atom could coordinate more
strongly to the rhenium center than the oxygen atoms and promoted
the C-H bond activation. In the case of the reaction of2b with a
hydrazone derived from acetophenone, indene was not formed
because the internal cyclization did not proceed after C-H bond
activation and insertion of the acetylene.

From our experiments, it was found that acetylenes bearing at
least one aryl group gave the corresponding indene derivatives
(entries 10 and 11). Indene derivatives could not be obtained by
the reaction of aldimine with 6-dodecyne, 1-trimethylsilyl-1-
propyne, bis(trimethylsilyl)acetylene.

When the proposed reaction was carried out with ReBr(CO)5

under an atmosphere of carbon monoxide (1.0 atm), an indene
derivative was not obtained and the starting materials1a and2a
were recovered quantitatively. This result and the fact that the
catalytic activity of [ReBr(CO)3(thf)]2 is higher than that of ReBr-
(CO)5 indicated that the formation step of one or more vacant
coordination sites as a result of the carbonyl ligand(s) leaving the
rhenium center is important to promote the reaction. The proposed
reaction mechanism is as follows (Scheme 1): (1) coordination of
a nitrogen atom of an imine to a rhenium center; (2) C-H bond
activation (formation ofortho-metalated imine);14-16 (3) insertion
of an acetylene to the rhenium-carbon bond of the aryl-rhenium
intermediate; (4) intramolecular nucleophilic attack of the formed
alkenyl-rhenium moiety to a carbon atom of the imine; and (5)
reductive elimination and 1,3-rearrangement of hydrogen atoms (or
vice versa).

In summary, we have succeeded in the catalytic synthesis of
indene derivatives via C-H bond activation by the reactions of
aromatic aldimines with phenyl acetylenes. There are only a few
precedents for the rhenium-catalyzed C(sp2)-H bond activation.17,18

In addition, to our knowledge, the intramolecular nucleophilic
addition of organometallic species derived from C-H bond
activation to an imine moiety has not been reported. Since this
reaction needs only a catalytic amount of the metal reagent and a
few reaction steps compared with the reported synthetic methods
of indene derivatives, it will become a useful method to synthesize
indene frameworks. Further reactions initiated by the C-H bond
activation with rhenium catalysts are now in progress.
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Scheme 1. Proposed Mechanism of the Formation of Indene
Derivatives
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