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The design of small molecule libraries based on natural
products as templates and, hence, the development of pro-
cedures that allow for the incorporation of diverse reagents
into these molecules are two of the topics of great current
interest in combinatorial chemistry.1 Though azaindoles are
relatively scarse as naturally occurring compounds,2 their
bioisosteric relationship with indoles, diffused in a vast
number of biologically active natural and unnatural com-
pounds, and their widespread application as pharmaceutical
agents3 make them attractive synthetic targets for the prep-
aration of combinatorial libraries. Traditional methods for
the preparation of azaindoles rely on the well-established
Fischer, Madelung, and Reissert procedures, which in general
require drastic reaction conditions and afford the desired
products in modest yields.4 Recently, transition metal-
catalyzed syntheses of this class of compounds have been
described. In particular, azaindoles have been prepared from
appropriately substituted pyridines and terminal alkynes
through a coupling/cyclization process involving palladium
or copper catalysis,5 an intramolecular Heck reaction of
enamine derivatives,3a and a heteroannulation of internal
alkynes6 according to the procedure developed by Larock
for the synthesis of indoles.7

Our aminopalladation-reductive elimination procedure8

revealed a quite general and versatile tool for the synthesis
of functionalized indoles and appeared to us particularly
suited for introducing diversities in the pyrrole ring incor-
porated into the azaindole system. Even slightly different
aryl or heteroaryl substituents can be expected to be
selectively introduced at positions 2 and 3 by using this
chemistry, which is not a viable task with other methodolo-
gies6 relying mostly on steric effects for differentiating
between the substituents at these two positions. Therefore,
as part of our ongoing studies on the preparation of druglike
products, we decided to explore the utilization of the
aminopalladation-reductive elimination protocol for develop-
ing a solution-phase synthesis of free N-H 2,3-disubstituted
azaindole libraries according to Scheme 1.

Hereafter, we report the results of this study.
Results and Discussion.Initial attempts examined the

reaction of 3-phenylethynyl-2-acetamidopyridine6 (prepared
through the Sonogashira coupling9 of 3-iodo-2-aminopyridine

with phenyl acetylene, followed by the reaction of the
resultant coupling product with acetic anhydride) and ethyl
p-iodobenzoate (Scheme 2).

Previous studies10 showed that the acidity of the nitrogen-
hydrogen bond plays a crucial role in the synthesis of indoles
via the aminopalladation-reductive elimination process.
Using free amino and acetamido derivatives met with failure,
and the trifluoroacetamido group was found to be the nitrogen
derivative of choice in this type of chemistry. In fact, in
addition to favoring the cyclization reaction, it allows for
the formation of free N-H indoles (the trifluoroacetyl group
is eliminated during the reaction after the formation of the
pyrrole ring or the workup), avoiding time-consuming,
troublesome, deprotecting steps. In the present case, we
surmised that the electron-withdrawing effect due to the
pyridine ring might require a weaker electrophile as the
activating group. However, when6 and ethylp-iodobenzoate
were treated with 5% of Pd(PPh3)4 as the Pd(0) source and
Cs2CO3 as the base in MeCN at 100°C for 5 h, the desired
azaindole derivative4a was isolated only in 37% yield, and
the starting alkyne was recovered in 49% yield. Although
this result shows that the pyridine moiety does play a
beneficial role in favoring the formation of the free N-H
pyrrole ring if compared with the recovery of the starting
alkyne in 98% yield, wheno-(phenylethynyl)acetanilide was
subjected to the same cyclization conditions,10 it is unsatis-
factory from a synthetic standpoint. Therefore, we examined
the use of the trifluoroacetamido derivative1, which
produced the corresponding azaindole4a in 83% yield in
3.5 h under the same conditions, confirming the crucial role
of the trifluoroacetyl group in this type of cyclization. The
use of Pd(PPh3)4 and Cs2CO3 in MeCN at 100°C as the
optimal reaction conditions was suggested by the extensive
screening we carried out to explore the role of bases and
palladium precatalyst systems (including Pd(PPh3)4 and
Pd2(dba)3 in conjunction with a variety of phosphine ligands)
in the related reaction ofo-alkynyltrifluoroacetanilides with
aryl(heteroaryl) bromides and triflates.8d,11* Corresponding author. E-mail: sandro.cacchi@uniroma1.it.
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We next turned our attention to the preparation of 2,3-
disubstituted 4-azaindole and 7-azaindole libraries. Our
preparative results are summarized in Tables 1 and 2. With
alkynes1 and 2 containing neutral and electron-poor sub-
stituents, the reaction proceeded smoothly in good to
excellent yield with a variety of electron-rich, electron-poor,
and almost neutral aryl iodides, bromides, and triflates.
Substituents close to the oxidative addition site are tolerated
(Table 1, entry 5; Table 2, entries 2 and 8). Good results
were also obtained with heteroaryl bromides (Table 2, entry
12) and vinyl triflates (Table 1, entry 7; Table 2 entries 13
and 14). Only moderate yields were, instead, obtained with
2-alkynyl-3-trifluoroacetamidopyridines containing electron-
rich substituents, at least with the two aryl halides that we
have investigated (Table 2, entries 15 and 16).

In summary, we have developed exploratory 2,3-disub-
stituted azaindole libraries based on natural products as
templates. The procedure involves the aminopalladation-
reductive elimination of readily available acyclic precursors
and allows for the introduction of diversities at the C-2 or
the C-3 positions of the free N-H azaindole system, usually
in good to excellent yields. The experimental procedure is
simple, and the reaction tolerates many important functional
groups both in the alkyne component and in the aryl/
heteroaryl halide or vinyl triflate.
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