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A new method for the generation of indole-2,3-quinodi-
methanes based on a palladium-catalyzed cascade process
starting from N-(o-iodophenyl)allenamides has been developed.

Since substituted indole nucleus is widely found in natural
products and pharmaceuticals, the development of efficient and
versatile methodologies for the synthesis of indole derivatives
has long been an intense area of research for organic chemists.1

We have recently reported a strategy for the synthesis of indole
derivatives 3 starting from N-(o-halophenyl)allenamides 1,
wherein an allenamide functionality acts as a relay unit to gen-
erate a �-allylpalladium intermediate 2, which is subsequently
trapped with an appropriate nucleophile2,3 (Scheme 1). Although
our strategy has successfully provided a series of 3-substituted
and 2,3-disubstituted indoles in good yields, its extension to
the synthesis of polycyclic nitrogen heterocycles has yet to be
realized (e.g., 4! 6).

Indole-2,3-quinodimethane is a highly reactive diene that
readily undergoes Diels–Alder cycloaddition to deliver tetrahy-
drocarbazoles and related compounds.4,5 Its synthetic utility has
been demonstrated by Magnus and co-workers in their total syn-
thesis of Aspidosperma alkaloids.4a The majority of the reported
methods for the generation of indole-2,3-quinodimethanes
requires multistep synthetic manipulations for elaboration of ap-
propriately functionalized 2,3-disubstituted indole derivatives.
During the course of our ongoing studies on the synthesis of
3-substituted tetrahydrocarbazoles based on palladium-cata-
lyzed cascade cyclizations starting from allenamides, we found
a new and efficient method for the generation of indole-2,3-qui-
nodimethanes. Thus, upon exposure of allenamide 4 to 10mol%
of Pd(PPh3)4 and 1.5 equiv of Ag2CO3 in DMF at 60 �C, an
approximately 1:1 mixture of tetrahydrocarbazole 6 and diene
7 was obtained in 56% combined yield (eq 1). The structure
of 7 was deduced based on a careful inspection of the 1H,

13CNMR, COSY, HSQC, and HMBC spectra. A plausible
mechanism that accounts for the formation of the by-product 7
is summarized in Scheme 2. Oxidative addition of 4 to the
palladium catalyst generates 8, which upon cyclization onto
the allenamide moiety gives a �-allylpalladium intermediate
5.6 The expected tetrahydrocarbazole 6 should arise from the
second cyclization (Heck cyclization7) onto the alkene tether.
On the other hand, by the action of Ag2CO3, a cationic palladi-
um species 9may possibly be generated and could undergo elim-
ination to provide an indole-2,3-quinodimethane intermediate
10, from which diene 7 would be delivered via a [1,5]-sigma-
tropic hydrogen shift.8 In this reaction, the use of Ag2CO3 as
a base was found to be critical; the reaction using K2CO3 gave
6 as a sole isolatable product in 56% yield.9 These results
suggested the importance of cationic palladium intermediate 9
for the generation of 7.

ð1Þ

The formation of 7 suggested the possibility of the genera-
tion of indole-2,3-quinodimethane 10 via a novel mechanism.
Therefore, we undertook several proof-of-concept experiments
to confirm this hypothetical mechanism, and the results are sum-
marized in Table 1. We surmised that a highly reactive indole-
2,3-quinodimethane 12 generated from an allenamide 11 would
be trapped efficiently by an appropriate dienophile in the reac-
tion mixture, giving a substituted tetrahydrocarbazole derivative
13. In the event, upon treatment of allenamide 14 with 10mol%
of Pd(PPh3)4, 1.5 equiv of Ag2CO3, 10 equiv of methyl acrylate
in DMF at 60 �C, an approximiately 2:1 mixture of 2- and 3-
methoxycarbonyl tetrahydrocarbazoles 15a and 15b was

Scheme 1. A strategy for the synthesis of 3-substituted and 2,3-
disubstituted indoles 3 based on palladium-catalyzed cascade
reactions and its extension to the synthesis of 3-substituted tetra-
hydrocarbazole 6. Scheme 2. A plausible reaction mechanism for by-product 7.
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obtained in 53% combined yield.10 Changing the dienophile to
dimethyl fumarate or N-methylmaleimide also provided the
desired products 16 or 17 in excellent yield, respectively. The
use of acetonitrile as a solvent proved to be also effective for
the present reaction to provide the products 16–18 and 22–24.
On the other hand, in the absence of a dienophile, an inseparable
10:1 mixture of the dimerized product 18a and its isomer 18b
was isolated in 55% combined yield. These results clearly
indicated the generation of an indole-2,3-quinodimethane inter-
mediate and its subsequent Diels–Alder trapping.

Additional experiments were performed to investigate the
scope of the reaction. Thus, �-substituted allenamides 19–21
afforded the corresponding tetrahydrocarbazoles 22–24 in good

yields, respectively, suggesting that a variety of substitution
patterns of the benzene ring could be tolerated. Thus, the present
reaction should provide an efficient means to synthesize a variety
of substituted tetrahydrocarbazoles of biological interest under
mild reaction conditions.

In conclusion, an efficient method for the generation of
indole-2,3-quinodimethanes from N-(o-iodophenyl)allenamides
based on a novel reaction mechanism has been developed. A
variety of substituted tetrahydrocarbazoles were synthesized in
good yields from readily available starting materials. Further in-
vestigations on the palladium-catalyzed reactions of allenamides
are currently underway and will be reported in due course.11
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Table 1. Synthesis of a variety of substituted tetrahydrocarba-
zoles

aReactions were performed using Pd(PPh3)4 (10mol%),
Ag2CO3 (1.5 equiv), dienophile (10 equiv) in DMF at 60 �C.
bReactions were performed using Pd(PPh3)4 (10mol%),
Ag2CO3 (1.5 equiv), dimethyl fumarate (1.5 equiv) in CH3CN
at 60–70 �C.
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