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Multistep synthesis of a new tricyclic azaindole-based scaffold
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In this Letter the synthetic pathway adopted for the preparation of a new functionalized tricyclic scaffold
containing the 7-azaindole moiety is presented. An intramolecular palladium-mediated reaction is
described as the crucial step for a condensed seven-membered ring formation.
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Figure 1. Chemical structures of indole, 7-azaindole and compound A.
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The chemistry of indole heterocycles is of great interest to the
pharmaceutical industry as several biological properties are associ-
ated with this chemical core in therapeutic areas such as central
nervous system, inflammation and cancer. Recently, 7-azaindoles,
which share with indoles the same [4.3]-bicyclic indene architec-
ture, but contain a second nitrogen atom in the six-membered ring,
have received increasing attention both as indole replacement and
as a scaffold endowed with peculiar physico-chemical and biolog-
ical activities (Fig. 1).1

As part of our research activity in the field of kinase inhibitors,
we became interested in the design of new scaffolds containing the
7-azaindole core as the binding motif to kinase hinge region.2 In
particular we focused our attention on tricyclic compounds having
general formula A, where the presence of a condensed seven-mem-
bered ring makes the structure synthetically challenging to pre-
pare. (Fig. 1).

We envisaged a retro-synthetic approach where the tricyclic
scaffold is generated by ring-closure of a suitably functionalized
7-azaindole derivative, as depicted in Scheme 1. The key step of
the synthesis is represented by the intramolecular Heck cyclization
of intermediate B between the terminal electron-poor double
bond, since R’ is a carboxylic ester function, and the aromatic ha-
lide installed at C-3 of the azaindole.3

As a first approach to compound B (R = R0 = COOMe, X = H), we
tried the introduction of a dimethyl-malonate group at C-4 posi-
tion of the 7-azaindole by a copper-mediated reaction. However
ll rights reserved.
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Scheme 1. Retro-synthetic approach for compound A.
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Scheme 2. Reagents and conditions: (a) TEA, CuI, trimethylsilylacetylene, PdCl2(Ph3P)2, rt, 2 h, 80%; (b) BH3�SMe2, THF, cyclohexene, 0 �C to rt, 1.5 h; (c) NaHCO3, H2O2, 0 �C to rt,
18 h; (d) EtOH, H2SO4, rt, 18 h, 55% over three steps; (e) THF, DMAP, (Boc)2O, rt, 6 h, 70%; (f) THF, LiHMDS 1 M in THF, 2-bromomethyl-acrylic acid methyl ester,�78 �C, 1 h, 90%.

Table 1
Experimental conditions for the Heck reaction.

Entry 1 2 3 4

Solvent DMF DMF Toluene DMF–H2O
Catalyst Pd(PPh3)4 Pd(OAc)2 Pd(OAc)2 Herrmann
% Cat. 5 10 5 7
Halogen I Br I Br
Base Ag3PO4 K2CO3 TEAa Bu4NOAc
T (�C) 90 90 90 130
Yield (%) Trace 20 — 30

a The reaction was carried out in the presence of P(o-Tolyl)3.
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Scheme 4. Reagents and conditions: (a) DMF–H2O 5:1, 7% Herrmann–Beller
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the reaction did not work at all prompting us to design a new syn-
thetic pathway.4

We then turned to a Sonogashira coupling reaction between 4-
iodo-azaindole 1 and trimethylsilylacetylene. The coupling worked
satisfactorily affording compound 2 in 80% yield, as reported in
Scheme 2. The intermediate 2 was manipulated through several
steps aiming to convert the triple bond into an aryl-acetic moiety.
Thus, hydroboration of the triple bond followed by an oxidative
work-up with hydrogen peroxide and sodium bicarbonate fur-
nished the corresponding aryl-acetic compound, which in turn
was converted into the ethyl ester 3 with ethanol in the presence
of sulfuric acid as catalyst. The protection of the nitrogen in posi-
tion 1 as Boc-derivative made possible a highly efficient alkylation
of the benzylic position at C-4 with LiHMDS as base at �78 �C and
bromomethyl-acrylic acid methyl ester, affording the highly func-
tionalized compound 4 in good yield (Scheme 2).5–7

With derivative 4 in our hands, an electrophilic addition at C-3
position allowed the introduction of the halogen atom necessary
for the planned intramolecular Heck reaction. Deprotection of the
Boc group with trifluoroacetic acid and reaction with NBS or NIS
in dry DMF afforded the corresponding bromo- or iodo-derivatives
5a–b in 70% yield, enabling us to finally carry out the cyclization
step for seven-membered ring formation (Scheme 3).

Several cyclization attempts were carried out on both the 3-bro-
mo- and 3-iodo-derivatives 5a and 5b using different conditions
and catalysts as summarized in Table 1.

The data confirmed that the seven-membered ring cyclization,
as expected, was a critical step and the Herrmann–Beller catalyst,
a palladacycle derivative commercially available, allowed the iso-
lation of the tricyclic scaffold 6 in 30% yield in a DMF–water sol-
vent mixture at 130 �C and with Bu4NOAc, as depicted in Scheme 4.

The direction of cyclization is controlled by the electron-with-
drawing nature of the carboxylic ester function installed on the
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Scheme 3. Reagents and conditions: (a) DCM, TFA, rt, 4 h, 90%; (b) DMF, NBS, rt, 1 h,
70%; (c) DMF, NIS, rt, 1 h, 70%.

catalyst, 130 �C, Bu4NOAc, 8 h, 30%.
terminal double bond, which determined the endo closure and for-
mation of the seven-membered ring. A different catalyst such as
palladium-(bis)acetate also gave the expected product but only
with 20% yield in DMF as solvent and K2CO3 as base. Finally palla-
dium tetrakis furnished only a trace of the product 6 when the
compound 5b was the substrate for cyclization. In fact in this case
the reaction led to the corresponding de-ionidated compound as
the main reaction by-product. In any case, the bromo-derivative
5a revealed to be the best substrate for the cyclization step.8,9

At this point our synthetic scheme required the selective trans-
formation of the two ester moieties, aiming to prepare an initial
derivative as a model compound for testing activities. Thus we car-
ried out, through a fast trans-esterification reaction to the corre-
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Scheme 5. Reagents and conditions: (a) THF–H2O–MeOH 3:1:1, LiOH, rt, 72 h, 85%; (b) DCM, TEA, TBTU, benzylamine, rt, 2 h, 85%; (c) LiOH, MeOH, rt, 18 h, 80%.
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sponding dimethyl ester intermediate 6a, the complete and selec-
tive hydrolysis of the more reactive aliphatic ester with 2 equiv of
LiOH in a methanol–water–THF mixture. The reaction was quite
clean and furnished slowly the monoacid compound 7 in good
yield by a simple one-pot procedure. Subsequent coupling of inter-
mediate 7 with benzylamine in DCM with TBTU and further hydro-
lysis of the a,b-unsaturated ester moiety with 10 equiv of LiOH
afforded the representative amide monoacid derivative 8, proving
that the new tricyclic scaffold can also be easily functionalized
by simple chemical manipulation (Scheme 5).

In conclusion, we have described the preparation of a new func-
tionalized tricyclic scaffold containing the 7-azaindole core by a
multistep synthesis. The crucial cyclization reaction to the seven-
membered ring was accomplished in acceptable yield by employ-
ing the Herrmann–Beller palladacycle catalyst. The two carboxylic
ester functions could be differentiated taking advantage of the
higher reactivity of the saturated vis-a-vis the a,b-unsaturated es-
ter. In fact complete and selective hydrolysis of the aliphatic ester
led to the versatile intermediate 7. This compound is amenable to
further manipulation by exploiting the chemistry of carboxylic
functional group, thus opening opportunities for a diversity-ori-
ented synthesis. Moreover the tricyclic scaffold represents a novel
pharmacophore with attractive and original profile.
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MS–ESI for C16H17N2O4 (MH+): 301.18; MS–ESI for C16H15N2O4 (MH�): 299.16.
1H NMR (400 MHz, CDCl3): d 1.18 (t, 3H, J = 5.5 Hz), 2.92 (d, 1H, J = 5.8 Hz), 3.84
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