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The indole nucleus is a common and important feature
of a variety of natural products and medicinal agents.1
The traditional approach for preparing the indole nucleus
is the Fischer indole reaction.2 As this reaction has
shortcomings, the palladium-catalyzed coupling of o-
haloanilines is becoming an excellent alternative.3 A
combination of such a palladium-catalyzed reaction with
ketones and aldehydes would be a tremendously straight-
forward approach4 (Scheme 1). Herein, we wish to
disclose a new and efficient method for indole synthesis
using a palladium-catalyzed annulation between o-iodo-
anilines and ketones.

The reaction would necessarily proceed by enamine
formation4 followed by an intramolecular Heck reaction5
(Scheme 1). In our search for the appropriate reaction
conditions, we found that an amine base was critical to
the successful coupling. However, in the palladium-
catalyzed coupling of the iodoaniline 1c (R1 ) 1-(1,2,4-
triazolyl)methyl)6 and cyclohexanone with diisopropyl-

amine as base the byproduct 2-methylindole 2 (∼9%) was
generated. The formation of the byproduct is a result of
the ability of palladium to oxidize the amine,7 generating
Pd(0) and the imine/enamine of isopropylamine and
acetone. Transamination with 1c and Heck coupling
provided 2
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Table 1. Coupling Reaction of Iodoanilines and Ketones
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In order to obtain a reaction free of amine-derived
byproducts, an amine that would not be oxidized by
palladium was required. Applying Bredt’s rule,8 quinu-
clidine or DABCO should resist oxidation to the imine.
Direct coupling of o-iodoaniline (1a) with cyclohexanone
in the presence of 5 mol % Pd(OAc)2 and 3 equiv of
DABCO as base successfully afforded the tetrahydrocar-
bazole 4a in 77% yield with no other major impurities
(Table 1). The use of DMF as solvent is crucial to the
success of the reaction; other solvents, such as acetonitrile
and toluene were ineffective.
This is the first example of a palladium-catalyzed

coupling of a simple ketone and an iodoaniline to prepare
an indole. Although 1,3-dicarbonyl systems have been
coupled to indoles,4 the reported reaction conditions did
not provide any coupling with cyclohexanone. In addi-
tion, it was necessary to preform the â-enaminone.
The generality of this reaction was investigated.9 The

desired indoles were readily prepared in 52-82% yields
from iodoanilines 1a-c10 and cyclic ketones (Table 1). In
addition to the coupling of cyclohexanones (entries 2, 4,
and 5), the reaction is also compatible with cyclopen-
tanone11 and cycloheptanone (entries 1 and 3). The
coupling reaction is highly regioselective. For instance,

condensation of iodoaniline 1c with 2-methylcyclohex-
anone gave 2-methyltetrahydrocarbazole 6 in 68% yield
(entry 4). Reaction of 3-methylcyclohexanone with iodo-
aniline formed carbazole 7 predominantly (7/8; 8:1) (entry
5).
The reaction tolerates a variety of functional groups,

especially the acid-sensitive acetal (entry 6), carbamate
(entry 7), or benzyl triazole6a (entries 1, 3, and 4). These
intermediates, which would be unstable under the condi-
tions of the traditional Fischer indole reaction, were
conveniently synthesized using this method. The struc-
turally interesting indole 11 was prepared from 3-qui-
nuclidinone hydrochloride (1.0 equiv) in 55% yield (entry
8). The coupling of the indole nucleus onto a steroid was
also achieved with 5R-cholestanone (1.0 equiv), affording
12 exclusively in 79% yield (entry 9).
The coupling of acyclic ketones is not as effective. For

example, only a 30% yield of 2 with excess acetone was
obtained. However, the coupling was quite successful
with pyruvic acid and acetylsilane (entries 10 and 11).
With pyruvic acid, 1a coupled efficiently to give 2-indole-
carboxylic acid (13) in 82% yield. Coupling of acetylsilane
gave a 2:1 mixture of 2-(trimethylsilyl)indole 14 and
indole (15) in a combined 64% yield. Evidently, the
reaction conditions cause some desilylation. Either the
carboxy12 or silyl group6a can be removed providing an
entry into 2-unsubstituted indoles.
Though most reactions proceeded efficiently in DMF

at 105 °C, the additive MgSO4 (1.5 equiv), presumably
acting as a dehydrating agent, was found to promote the
annulation in the more sluggish cases (entries 1, 2b, 4,
8, and 11).
In summary, we have discovered and demonstrated a

new and efficient method for the synthesis of indoles from
carbonyl compounds. In conjunction with the use of
alkynes in the palladium-catalyzed indolization,5,6a the
coupling of cyclic ketones widens the spectrum of indoles
that can be prepared by this means. The simple proce-
dure, mild reaction conditions, and availability of the
starting materials render this method a valuable addition
to indole chemistry.
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