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Because of the concern for the environment and the search for
synthetic efficiency, organic reactions in aqueous media have
attracted considerable recent interest in organic synthesis.1 A
seminal observation was the fact that Diels-Alder reactions,2 and
subsequently many pericyclic reactions,3 proceed faster in water
than in organic solvents. The discovery of water-stable lanthanide
Lewis acids which can serve as catalysts for the Diels-Alder
reactions in aqueous media further enhances the potential useful-
ness of these reactions.4 In parallel, organometallic reactions in
aqueous media have been developed and their application in
organic synthesis has been increasingly recognized.5 In this
connection, indium chemistry has captured much recent attention6

largely due to the discovery that indium can mediate the smooth
coupling of allylic halides with aldehydes to give the correspond-
ing homoallylic alcohols in aqueous media.7 The reaction has been
applied extensively to the synthesis of carbohydrates8 and other
natural products.9 Despite such interest, the nature of the
allylindium intermediate was not well characterized.10 Recently,
we established through indirect evidence that the allylindium
intermediate in indium-mediated Barbier-type allylation reaction
is allylindium(I).11 This conclusion is somewhat unexpected since

much of the current organoindium chemistry12 has been focused
on the many known indium(III) compounds.13 In contrast, there
are few examples of organoindium(I) compounds which are all
derivatives of cyclopentadienylindium(I) (1).14 We are therefore
interested in examining the possibility of using1 as organometallic
reagent in aqueous media and its synthetic potential.

Cyclopentadienylindium(I) (1) was first synthesized by Fischer
and Hofmann in 1957.15 Its synthesis, structural characterization,
and derivatives have been well studied by many researchers.16

There were however hardly any reference to its application as an
organometallic reagent in organic synthesis, especially in aqueous
media.17 Herein we report that addition reaction of aldehydes (2)
can be realized by using cyclopentadienylindium(I) as nucleophilic
reagent in aqueous media according to Scheme 1.18,19 The
expected products3 however rearranged via the well-established
1,5-hydrogen shift to give the isomeric compounds4 and5 as a
mixture (usually in a ratio of 1:1 as determined from1H and13C
NMR).20 The structures of the alkylated cyclopentadienes4 and
5 can be further confirmed by reacting the resultant aqueous
reaction mixture with dimethyl acetylenedicarboxylate (6) at room
temperature in the presence of ytterbium triflate.4 The two
alkylated cyclopentadienes4 and 5 were “captured” as the
corresponding Diels-Alder adducts (7 and 8) which can be
separated and fully characterized.

It can be seen from Table 1 that the yields of the addition of
aldehydes with1 ranged from moderate to good (entries 1-6).
The reaction can be performed in organic solvent with similar
yield. In the aqueous media, the main byproduct observed was
from the hydrolysis of cyclopentadienylindium(I). Apparently,
there was a competition between the addition reaction and
hydrolysis in aqueous media. Consequently, when more reactive
aldehydes were employed, higher yields of the adducts were
obtained (entries 3 and 4). With the less reactive ketone, no
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addtion product was obtained (entry 7). On the other hand, when
the ketone function was activated, additon reaction can also occur
and the corresponding cyclopentadienyl derivative can be formed
(entry 6). It should be noted that the nitro function was not reduced
under the reaction conditions21 and additon at the aldehyde
function occurred uneventfully (entry 4). The facile reaction of
cyclopentadienylindium(I) with aldehydes is to be contrasted with
the lack of reaction of tris-cyclopentadienylindium(III) (9)22 with
aldehydes under the same reaction conditions.23

With electron-deficient alkenes (10 and 11), compound1
underwent additon in the Michael fashion to give the adducts,
again as a mixture of 1- and 2-substituted cyclopentadienes (12
and13) (entries 8 and 9)24 (Scheme 2).

Alkylated cyclopentadienes have been widely used as synthons
in organic synthesis. The intramolecular Diels-Alder reaction
of these compounds represents an important strategy in the total
synthesis of natural products which contain two or more fused
carbocycles.25 The facile reaction of1 with aldehydes provides a
novel way to prepare such precursors and we demonstrated further
that intramolecular Diels-Alder reaction can also be realized in
aqueous media in the presence of a catalytic amount of scandium
triflate.4 By using 7-oxo-2-heptenoic acid ethyl ester (14a) as the
aldehyde, the substituted cyclopentadiene15a can be readily
obtained. Compound15aunderwent intramolecular Diels-Alder
reaction to give the fused tricyclic compound16a in good yield
(77%).26 Moreover, since the intramolecular Diels-Alder reaction
can be performed in similar aqueous conditions, the two reactions
can be realized in tandem in aone-potprocess without purification
of the intermediate alkylated cyclopentadiene15a (Scheme 3).
Similarly, by starting with 6-oxo-2-hexenoic acid ethyl ester (14b),
the tricyclic compound16b can be obtained in a one-pot process
in 54% overall yield.

In summary, cyclopentadienylindium(I) has been demonstrated
to be an effective organometallic reagent that can react with
aldehydes or electron-deficient alkenes in aqueous media to give
highly functionalized substituted cyclopentadienes. This reaction
with the appropriate substrates can be followed by an intramo-
lecular Diels-Alder reaction in the same pot to provide complex
tricyclic structures in a synthetically efficient manner.27
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Scheme 1

Table 1. Addition Reaction of Aldehydes and Electron-Deficient
Alkenes with Cyclopentadienyindium(I) in Aqueous Media18

a Isolated yields.b The reaction was performed in THF at 0°C. c The
reaction was performed in water alone at room temperation.d The
reaction was performed in CH2Cl2 at room temperature.e The reaction
was performed in THF+ H2O (1:1) at room temperature.

Scheme 2

Scheme 3
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