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ABSTRACT

A direct one-pot approach to polysubstituted indolizinones from tertiary propargylic alcohols using a palladium-catalyzed domino process
involving aminopalladation, reductive elimination, and 1,2-shift is described.

In recent years, alkyne activation by electrophilic reagents
has represented a highly valuable means for many subsequent
synthetic transformations such as cyclization.1 For example,
intramolecular attack of activated alkyne(s) by internal
nucleophile(s) with a suitable length of tether allows access
to a wide variety of carbo- and heterocycles. Among many
alkynophilic reagents, palladium has been extensively em-
ployed as a reliable catalyst for a number of reactions
involving alkynes.2 In particular, exploitation of the orga-
nopalladium species formed before or after cyclization for
further elaboration in a one-pot fashion renders a domino
process possible.3

As part of our medicinal research program, we recently
developed a facile combinatorial approach to an indolizinone4

core-based library with three diversity points (Scheme 1).5,6

Although this procedure was easy to perform and provided
good overall yields, we decided to pursue a more direct
synthetic method of 3 from 1 without isolating 2. As shown
in Scheme 2, we reasoned that arylpalladium species formed
in situ by oxidative addition of Pd(0) to R3X could activate
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Scheme 1. One-Pot Approach to Polysubstituted Indolizinones
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the alkyne moiety, inducing 5-endo-dig cyclization by the
neighboring pyridine group. The resulting indolizinium salt
4 would undergo reductive elimination to give 5.7,8 Finally,
1,2-migration9 would occur to furnish the desired indoliz-
inone 3.

With this hypothesis in mind, we planned to explore the
feasibility of this strategy.10,11 Herein we report a facile and
efficient approach to highly substituted indolizinones 3 using
a Pd-catalyzed cascade reaction of tertiary propargylic
alcohols 1. To find the optimal conditions, we screened
several reaction parameters with 1a and 1-iodo-4-nitroben-
zene as substrates. As shown in Table 1, K2CO3 was found
to give the best result among the bases examined (entries
1-4). The desired product was obtained in excellent yield
even with 5 mol % catalyst loading, although the yield was
diminished with 1 mol % of Pd(0) (entries 5 and 6). While
THF can be used as solvent, providing an excellent yield of
3a, dioxane or DMF gave inferior results (entries 7-9). Other
Pd(0) sources were tested to furnish the similar yield (entry
10). 1-Bromo-4-nitrobenzene, however, was not suitable for
this transformation, leaving room for further optimization
(entry 11). It should be mentioned that aryl halides were used

as precursor for introduction of the functional group at the
C2 position in this protocol, whereas our previous method
utilized R,�-unsaturated esters, terminal acetylenes, or bo-
ronic acids,5 which indicates both approaches are comple-
mentary.

With optimized conditions in hand, we first examined the
scope of aryl iodides with 1a (Table 2). Excellent yields of
the desired products were obtained with aryl iodides bearing
electron-withdrawing groups, whereas the reactions with aryl
iodides having electron-donating groups gave the corre-
sponding products in modest yields (entries 5-7 and 10).
Heterocycles were also incorporated successfully at the C2
position of indolizinones by using the corresponding iodides
(entries 8 and 12).

To expand the generality of this process, we also reacted
other tertiary propargylic alcohols bearing different substit-
uents at R1 and R2 sites with several aryl iodides under
identical reaction conditions (Table 3). To our delight, a
diverse array of densely functionalized indolizinones was
readily constructed in good to excellent yields. Due to the
difference in reactivity under these conditions, reactions of
1b and 1c with 2-bromo-5-iodopyridine only produced
2-bromopyridine-containing indolizinones 3o and 3t, provid-
ing a functional handle for further coupling reactions (entries
2 and 7).

In conclusion, we have shown that polysubstituted
indolizinones could be constructed from readily available
tertiary propargylic alcohols in a one-pot manner employ-
ing a Pd-catalyzed domino procedure where aminopalla-
dation and reductive elimination were successfully coupled
with 1,2-rearrangement for the first time. Mild reaction
conditions, ease of operation, high yields, and a wide
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Scheme 2. Proposed Mechanism Table 1. Reaction Optimization

entry X Pd(0) base solvent yield (%)e

1 I Pd(PPh3)4 Et3N CH3CN 69
2 I Pd(PPh3)4 Na2CO3 CH3CN 50
3 I Pd(PPh3)4 K2CO3 CH3CN 96
4 I Pd(PPh3)4 Cs2CO3 CH3CN 56
5 I Pd(PPh3)4

b K2CO3 CH3CN 99
6 I Pd(PPh3)4

c K2CO3 CH3CN 80
7 I Pd(PPh3)4 K2CO3 dioxane 85
8 I Pd(PPh3)4 K2CO3 THF 98
9 I Pd(PPh3)4 K2CO3 DMF 52
10 I Pd2(dba)3 + PPh3

d K2CO3 CH3CN 91
11 Br Pd(PPh3)4 K2CO3 CH3CN trace

a A mixture of 1a (0.13 mmol), aryl halide (1.5 equiv), Pd(0) (10 mol
%), and base (2.5 equiv) in solvent (1 mL) was heated at 90 °C for 13 h
unless otherwise noted. b 5 mol % Pd(PPh3)4 was used. c 1 mol % Pd(PPh3)4

was used. d 5 mol % Pd2(dba)3 and 10 mol % PPh3 were used. e Isolated
yield.
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Table 2. Synthesis of Indolizinones from the Reaction of 1a
with Various (Hetero)aryl Iodides

a Isolated yield (%).

Table 3. Synthesis of Indolizinones from the Reaction of
Diverse Propargylic Alcohols with Various (Hetero)aryl Iodides

a Isolated yield (%).
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functional-group tolerance are several merits of this highly
efficient protocol. Given the importance of this scaffold
as a pharmacophore, the chemistry described here should
be useful for the rapid assembly of diverse indolizinone
derivatives. Further investigation to extend the scope of
this reaction as well as biological evaluation of these
compounds is currently underway and will be reported in
the near future.
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