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Abstract—A simple procedure for the preparation of new 1-, 2- and 1,3-chirally substituted indenes is described in which indenyl-
lithium or 2-indenylmagnesium bromide is reacted with a b-pinenyl derived chlorosilane. Synthesis of the ethylene bridged
bis(indene) analogues of two of the new compounds is also described.
� 2003 Elsevier Ltd. All rights reserved.
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Figure 1. Chloro{[(1S, 2S, 5S)-6,6-dimethylbicyclo[3.1.1]hept-2-yl]-

methyl} dimethylsilane.
1. Introduction

Chiral group 4 bis(indenyl)metallocenes are desirable
reagents and catalysts for a variety of applications
ranging from enantioselective transformations of small
organic molecules1 and stereoselective polymerization of
alkenes2 to enantioselective cyclopolymerization of
nonconjugated dienes.3 Commonly employed precata-
lysts are the C2-symmetric bridged ansa-bis(indenyl)
complexes, originally developed by Brintzinger and
co-workers,4 many of which are only accessible in race-
mic form and thus unsuitable for enantioselective
applications.5 Consequently, synthesis of monosubsti-
tuted indenes bearing chiral substituents is of great
interest, although relatively few methods for their
preparation have been reported in the literature. Earlier
examples include the 3-neomenthyl-, neoisomenthyl-,
menthyl-, isomenthyl- and neoisopinocamphylindenes
and some transition metal complexes of these as
reported by Erker and Halterman,6;7 as well as the
corresponding 2-menthyl substituted analogues dis-
closed by Schumann and Halterman.7b;8 Synthesis of the
3-substituted indenes was accomplished by reaction of
indenyllithium with a chiral terpenyl derived alkylsul-
fonate. Alternatively, a palladium-catalyzed cross-cou-
pling reaction between menthylmagnesium chloride and
3-indenyl triflate or 2-bromoindene can be utilized for
the preparation of 3- and 2-menthylindenes, respec-
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tively. Recently, Halterman and Crow described the
preparation of chiral annulated indenes by alkylation of
nopinone, verbenone and menthone enolates with
2-bromomethylbromobenzene followed by CrCl2/NiCl2
catalyzed ring closure and subsequent dehydration.9

Here, we report a facile access to new 1-, 2- and 1,3-
chirally substituted indenes and some of their ethylene
bridged bis(indenyl) analogues derived from the chiral
chlorosilane 1 (Fig. 1), which in turn is readily available
by hydrosilylation of b-pinene with dimethylchloro-
silane.10
2. Results and discussion

The chiral 2-substituted indene 2 was prepared in 34%
isolated yield by reaction of 2-indenylmagnesium bro-
mide11 with 1 in THF at 66 �C followed by work-up,
distillation in vacuo and final purification by column
chromatography on silica gel (Scheme 1).12;13 The cor-
responding 1-substituted analogue 3a/3b was obtained
in 70% yield by reaction of indenyllithium with 1 in
THF at room temperature followed by subsequent
work-up and vacuum distillation (Scheme 2).14 Forma-
tion of the 1:1 (1R/1S) diastereomeric mixture was evi-
denced by the equal intensities of the diastereomeric
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Scheme 1. Synthesis of the 2-chirally substituted indene 2.
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silylmethyl resonances in the 1H NMR analysis. The 3a/
3b mixture was further deprotonated with n-BuLi and
the lithium derivative obtained added to a solution of 1
in THF at room temperature to provide, after work-up
and column chromatography on silica gel, the 1,3-
disubstituted indene 4a/4b in 76% yield as a mixture
of two diastereomers (Scheme 3).15;16

The ethylene bridged bis(indenyl) analogue of 2 was
prepared by addition of 1,2-dibromoethane to the lith-
ium derivative of 2 in THF at )100 �C in a 1:2 molar
ratio (Scheme 4). After stirring the reaction mixture at
room temperature for 18 h, subsequent work-up and
purification by column chromatography on silica gel, a
mixture of the diastereomeric bis(indenes) 5a/5b/5c was
obtained in 24% overall yield.17 Due to the overlapping
resonances in the 1H NMR analysis, the exact ratio of
the diastereomers formed could not be accurately
determined. The analogous ethylene bridged 1,10-chi-
rally substituted bis(indene) 6 was prepared by reaction
of the dilithium derivative of 1,2-bis(3-indenyl)ethane18

with 2 equiv of 1 in THF at room temperature (Scheme
5).19 Purification by column chromatography on silica
gel provided the 6a/6b/6c mixture of three diastereomers
in 42% isolated yield.20 All attempts to prepare and
isolate the corresponding dimethylsilylene bridged
4b4a
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Scheme 3. Synthesis of the diastereomeric 1,3-chirally disubstituted

indenes 4a and 4b.

bis(indenyl) diastereomers 6a, 6b and 6c.
ligand analogues by reaction of the lithium derivatives
of either 2 or 3 with 0.5 equiv of dimethyldichlorosilane
failed. All successfully prepared compounds 2–6 were
characterized by 1H, 13C and 29Si NMR spectroscopy,
EIMS and polarimetry when applicable. Analytical data
is reported in the references and notes section.

In summary, we have devised a simple route to a series
of new chiral indenes and bridged bis(indenes) con-
taining a b-pinenyl derived ligand substituent. The easy
preparation of this new family of chirally substituted
indenes further broadens the scope of chiral cyclopen-
tadienyl ligand precursors, potentially providing access
to a series of new chiral transition metal complexes. This
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topic is currently under investigation in the authors�
laboratories.
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