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Abstract—The palladium-catalyzed Negishi-type C–C-coupling of the nonaromatic systems 2-indenyl and cyclopentadienyl were
investigated. The employed catalyst played a decisive role in product formation. Instead of Pd(PPh3)4, the more bulky
Pd(dppf)Cl2ÆCH2Cl2 led to the desired system in distinguished yields.
� 2004 Elsevier Ltd. All rights reserved.
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Palladium cross-coupling chemistry is one of the most
successful areas in transition-metal catalysis and a versa-
tile tool for carbon–carbon bond formation.1 Depend-
ing on the reaction conditions several kinds of
specifications are well established. The palladium-catal-
yzed cross coupling of Negishi-type is widely used for
aryl- and vinyl-halides,2 occasionally for heteroaromatic
halides3 but no aromatic compounds like indenyl- or
cyclopentadienyl-systems are rarely described previously.4

Our major interests are focused on bimetallic transition-
metal complexes with a linking bisindenyl or biscyclo-
pentadienyl ligand, substituted with an additional silyl
bridge in 1,1 0-position.5 Due to symmetry of these bridg-
ing systems only homodinuclear compounds could be
synthesized from these polycyclic systems. To form
heterobimetallic compounds, a selective stepwise depro-
tonation of the cyclic systems followed by metathesis
reaction with appropriate metal halides is required. This
can be achieved by using asymmetric organic backbones
as bridging ligands, such as 2-(cyclopentadienyl)-indenyl
species.

Attempts to synthesize 1 by a nucleophilic addition of
LiCptBu or NaCp to 2-indanone failed for the desired
product (Scheme 1). The alternative classical Grignard
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reaction of indenyl magnesium bromide and methylcy-
clopentenone leads only to the isolation of the starting
materials. In the case of using CeCl3 as an additive to
that Grignard reaction, the tertiary alcohol was per-
formed but dehydration with 4-toluene sulfonic acid
gave only polymer products due to Diels–Alder cycload-
dition (Scheme 2).

A satisfactory synthetic approach for 2-(cyclopenta-
dienyl)-indene 1 was developed by using a palladium-
catalyzed Negishi-type cross-coupling reaction of 2-
bromoindene and a tbutylcyclopentadienyl zinc complex
generated in situ. The tbutyl group on the cyclopentadien-
yl ring is essential as a bulky group blocking its neigh-
bour positions for the introduction of the silyl bridge
in the next reaction step. It directs the incoming silyl
group to the neighbour position of the indenyl ring, oth-
erwise the silyl group will react exclusively in the 3-posi-
tion to give polymer products only. Additionally the
tbutyl group improves the stability of 1 towards Diels–
Alder dimerization reactions. Attempts to use trialkyl
silyl groups, instead of the tbutyl substituent, were not
very satisfactory due to unwanted bond cleavage during
metallation reactions later on.
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Table 1. Crystallographic data for 3

Empirical formula C22H30Si2
Fw 350.64

Cryst syst Monoclinic

Space group P 21/c (Nr. 14)

Volume (Å3) 2051.05(2)

a (Å), a (deg) 13.4719(10), 90

b (Å), b (deg) 9.8816(10), 122

c (Å), c (deg) 18.2888(10), 90

Z 4

D (calcd g/cm3) 1.136

l (MoKa) (mm�1) 0.174

F(000) 760

2hmin, 2hmax (deg) 2.58, 50.0
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Indeed, when Pd(PPh3)4 was used as a catalyst, the
formation of 1 occurred after stirring at rt, albeit in very
poor yields. Heating the solution in THF, toluene,
dioxane or DMF did not increase the yield of 1. It
was shown by Miller and Farrell6 that the reactivity de-
pends also on the Pd catalyst used in the Negishi
reaction. An exchange of the catalyst to
Pd(dppf)Cl2ÆCH2Cl2 described by Hayashi et al.,7 led
to the novel organic system 1 in 80% yield (Scheme
3).8 Neither dimerization nor other side reactions were
observed. Traces of 2-bromoindene were removed by
sublimation. However, the palladium catalyst was not
feasible to recycle.
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Index ranges �13 6 h 6 19

�14 6 k 6 9

�26 6 l 6 24

Cryst size 0.65 · 0.30 · 0.18mm3

No. of reflns collected 11657

No. of ind reflns 3599 [R(int) = 0.1828]

Residual electron density 0.306 and �0.406eÅ�3

GOF on F2 0.800

R indices [I > 2r(I)] R1 = 0.0640

wR2 = 0.1174

R indices (all data) R1 = 0.1544

wR2 = 0.1418
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Figure 1. Crystal structure of 3.
Deprotonation of 1 with 2molar equiv of butyllithium
in diethyl ether formed the dilithio compound 2. Subse-
quent reactions with dichlorotetramethyldisilane or di-
chlorotetramethyldisiloxane gave the desired polycyclic
systems 3 and 4, respectively (Scheme 4).9 The size of
the central ring varies from six to seven members and
has a deciding influence on the stability and flexibility
of the product. Attempts to introduce the dimethylsilyl
bridge failed and led to polymerized products. Appar-
ently, the sterical shield of the methyl groups in the
formed five-membered silyl ring is not sufficient to pre-
vent a nucleophilic attack on the silicon.

Crystals of 3 suitable for X-ray diffraction were obtained
by recrystallization from n-hexane/diethyl ether. The X-
ray acquisition and refinement parameters are listed in
Table 1, and a plot of this system is shown in Figure
1. It offers both cyclic moieties in an ideal planar
structure, which are tilted slightly against each other
(with an angle of 0.56�). It is noteworthy that the silyl
groups bend out of this plane due to the sp3-character
of the carbon atoms C1 and C11, respectively. The
geometry of the molecule is comparable to former de-
scribed silyl bridged 2,2 0-bisindenyl and biscyclopenta-
dienyl compounds.5

Crystallographic data (excluding structure factors)
for the structure in this paper, have been deposited
with the Cambridge Crystallographic Data Centre
as supplementary publication number CCDC
240958.
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