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Abstract—Azabicyclic olefins undergo facile palladium-catalyzed ring opening with organoindium reagents affording trans-3,4-
disubstituted hydrazinocyclopentenes in good to excellent yields.
� 2007 Elsevier Ltd. All rights reserved.
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Transition metal catalyzed coupling reactions of
organometallic compounds with electrophiles provides
a general and powerful tool for the formation of
carbon–carbon bonds.1 Among organometallic reagents,
organoindiums have gained increasing popularity in
organic synthesis. Indium metal exhibits low heterophilic-
ity and can be handled with ease as it is unaffected by air
or oxygen and has no toxic side effects. It has been
observed that reactions of organoindiums show excep-
tional regio- and stereoselectivity.2,3 Regioselective
allylation was first reported on alkynes with allylindium
reagents.4 It was also reported that allenes undergo
clean regio- and stereoselective allylation.5 The reactiv-
ity of organoindium reagents toward carbon–carbon
double bonds however, has received only scant atten-
tion. Araki et al. reported the regioselective allylation
of electron deficient alkenes with allylindium.6 Palla-
dium-catalyzed cross couplings of allylindium with
organic electrophiles have been reported by Lee et al.7

They also reported Pd-catalyzed substitution reactions
of organoindiums with allyl esters, which yielded both
substitution and addition products.8

Recently, we developed a general and efficient method-
ology for the stereoselective synthesis of trans-vicinal
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disubstituted hydrazinocyclopentenes in good to excel-
lent yields through a one-step ring opening of bicyclic
hydrazines9 with organostannanes and organoboronic
acids. As part of our sustained interest in the chemistry
of azabicyclic olefins, we undertook an investigation of
the palladium-catalyzed reactions of organoindium
reagents with these substrates. Our studies began with
the reaction of 1 equiv of allylindium, generated in situ
from the reaction of allyl bromide and indium, with
1 equiv of azabicyclic olefin10 1a in THF in the presence
of [Pd(allyl)Cl]2/dppe/Yb(OTf)3 as the catalyst system.
The reaction afforded trans-3-allyl-4-hydrazinocyclo-
pentene 4a in 35% yield. The structure of the product
was assigned based on spectroscopic data and was
further confirmed by HOMO–COSY analysis and by
comparison with the literature data Scheme 1.9

Detailed optimization studies were carried out to find
the best conditions for this transformation. The catalytic
activity of various catalysts were screened among
which [Pd(allyl)Cl]2 gave the best yield. The optimized
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Scheme 1. [Pd(allyl)Cl]2 (5 mol %), dppe (10 mol %), Yb(OTf)3

(2 mol %), THF, 60 �C, 12 h.
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Table 1. Catalyst system optimization studies

Entry Catalyst Ligand Lewis acid Yield (%)

1 [Pd(allyl)Cl]2 dppe Yb(OTf)3 35a

2 [Pd(allyl)Cl]2 PPh3 Yb(OTf)3 60b

3 [Pd(allyl)Cl]2 dppe Yb(OTf)3 95b

4 Pd(PPh3)4 dppe Yb(OTf)3 34b

5 Pb(OAc)2 PPh3 Sc(OTf)3 Traceb

6 [Pd(allyl)Cl]2 dppe Sc(OTf)3 70b

a Reagents and conditions: 1a (1.0 equiv), 2a (1.5 equiv), In (1.0 equiv), [Pd(allyl)Cl]2 (5 mol %), dppe (10 mol %), Yb(OTf)3 (2 mol %), THF, 60 �C,
12 h.

b Reagents and conditions: 1a (1.0 equiv), 2a (3.0 equiv), In (2.0 equiv), [Pd(allyl)Cl]2 (5 mol %), dppe (10 mol %), Yb(OTf)3 (2 mol %), THF, 60 �C,
12 h.

Table 2. Palladium-catalyzed ring opening of azabicyclic olefins with organoindium reagents

Entry Substrate Halide Product Yield (%)

1 N
N CO2Et

CO2Et1a

Br
2a

NCO2Et
EtO2CHN

4a
95

2 N
N CO2

iPr

CO2
iPr

1b

Br

2a
NCO2

iPr
PrO2

iCHN

4b
86

3 N
N CO2

tBu

CO2
tBu

1c

Br

2a
NCO2

tBu
BuO2

tCHN

4c
88

4 N
N CO2Bn

CO2Bn
1d

Br

2a

NCO2Bn
BnO2CHN

4d
80

5 N
N CO2Et

CO2Et
1a

C6H5 Br

2b
C6H5

NCO2Et
EtO2CHN

4e 89
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N CO2

iPr

CO2
iPr
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C6H5 Br
2b
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PrO2
iCHN
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N CO2

tBu

CO2
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C6H5 Br
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8 N
N CO2Bn
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C6H5 Br
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4h 72

9 N
N CO2Et

CO2Et
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4-O2NC6H4 Br

2c
C6H4NO2-4
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4i 43

10 N
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Reagents and conditions: 1 (1.0 equiv), 2 (3.0 equiv), 3 (2.0 equiv), [Pd(allyl)Cl]2 (5 mol %), dppe (10 mol %), Yb(OTf)3 (2 mol %), THF, 60 �C, 12 h.
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conditions for the reaction were found to be 1 equiv of
bicyclic alkene, 3 equiv of allyl bromide, 2 equiv of
indium, 5 mol % [Pd(allyl)Cl]2, 10 mol % dppe, and
2 mol % of Yb(OTf)3 in THF as solvent and which gave
4a in 95% yield.11 The results of the optimization studies
are shown in Table 1.

Benzyl indium reagents generated from the correspond-
ing benzyl bromides also afforded ring opened products
in good to excellent yields. Similar reactivity was
observed with other bicyclic alkenes and the results are
summarized in Table 2. The mechanism of the reaction
appears similar to that proposed for the ring opening
with organostannanes and organoboronic acids.9

In conclusion, we have reported a novel reactivity of
organoindium reagents with azabicyclic olefins under
palladium catalysis, leading to the stereoselective forma-
tion of trans-3,4-disubstituted cyclopentenes. The prod-
ucts are versatile synthons with multiple points for
functionalization and can be used in the synthesis of a
number of biologically active molecules such as glyco-
sidase inhibitors,12 carbocyclic nucleosides, antiviral, and
antitumor13 agents. Further work to utilize the devel-
oped method for the synthesis of carbocyclic nucleosides
is in progress and will be reported in due course.
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