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A synthetic approach to new polycyclic ring system
of biological interest through domino reaction:
indolo[2,3-e][1,2,3]triazolo[1,5-a]pyrimidine
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Abstract—The title indolo-triazolo-pyrimidines were obtained from 3-azidoindoles and can be used as models for the design of
DNA-interactive compounds. Hetero-domino reaction of azidoindoles/pyrroles and acetonitriles constitutes the synthetic entry
to annelated 1,2,3-triazolo[1,5-a]pyrimidines.
� 2006 Elsevier Ltd. All rights reserved.
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In previous years we focused our study on synthetic
approaches to new heterocyclic ring systems, with
potential biological activity, by using domino reactions.
A domino reaction is a process involving two or more
bond-forming transformations (usually C–C or C–N
bonds), which take place under the same reaction condi-
tions without additional reagents and catalysts, and in
which the subsequent reactions result as a consequence
of the functionality formed in the previous step. A sub-
strate with several functionalities, which undergo a
transformation individually in the same pot is not a
domino reaction. Clearly, the preliminary formation of
a reactive intermediate such as a carbocation or a carb-
anion is not counted as a reaction step.1

In this context we explored the synthetic access to angu-
lar heterocycles through domino reaction on azido-pyr-
roles/indoles and reported the preparation2–4 of the new
systems pyrrolo[3,4-e][1,2,3]triazolo[1,5-a]pyrimidine of
type 1 and its rearrangement to pyrrolo[3,4-d][1,2,3]-
triazolo[1,5-a]pyrimidine of type 2, pyrrolo[2,3-e][1,2,3]-
triazolo[1,5-a]pyrimidine of type 3, and indolo-
[3,2-e][1,2,3]triazolo[1,5-a]pyrimidine of type 4. All the
above systems (Fig. 1) can be related to DNA-inter-
active drugs such as acridines, anthracyclines, actinomyc-
ins, and phenanthridines. These latter compounds are
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mainly DNA intercalating agents, which possess such
a property whose principal driving forces are stacking
and charge-transfer interactions as well as hydrogen
bonding and electrostatic forces.5

Some derivatives belonging to the series 1–4 have shown
moderate antiproliferative activity against selected
tumor cell lines. Previously we have also reported6,7

the interesting antiproliferative activity of other systems
incorporating an indole moiety such as indolo-
[3,2-c]cinnolines 5, indolo[1,2-c]benzo[1,2,3]triazines 6
(Fig. 2), again related to the above mentioned DNA
intercalators.
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Figure 2.
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Now we became interested in the synthesis of deriva-
tives of the new tetracyclic angular system, namely
indolo[2,3-e][1,2,3]triazolo[1,5-a]pyrimidine of type 7,
isomer of polycycle 4. At the same time we could verify
if the domino reaction is of general application also in
the azidoindole series. Therefore, in this letter we discuss
the synthetic approach to compounds of type 7, and
report the results of preliminary virtual screening tests
carried out by using automated docking.
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A route to ring systems 8 can be provided by domino
reactions between acetonitriles and azido compound 10
under basic conditions (Scheme 1). The latter through
the azido moiety can act as a 1,3-dipolar reagent in cyclo-
addition reactions with dipolarophiles such as anions of
type 9 obtained from methylene active derivatives.

The product resulting from the cycloaddition reaction
would be the 3-(triazol-1-yl) compound of type 11,
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Scheme 1.
which bears an amino group, which can undergo further
reactions. In the presence of a carboxylate function, it
further cyclizes into the pyrimidine ring.

We have already shown that this type of reaction can be
used in the pyrrole/indole series,2–4 and have demon-
strated that the nature of the substrate and the reaction
conditions can widely influence the nature of the reac-
tion products. The reaction was found to be successful
in the case of 3-azidopyrroles and appeared useful with
2-azidoindoles as starting material. Now we investigate
its use in combination with 3-azidoindoles.

To this purpose, the 3-aminoindole8 12 was diazotized
with sodium nitrite in acetic acid. Addition of sodium
azide to the intermediate diazonium salt led to the 3-
azidoindole 13 in good yield (Scheme 2).

Azide 13 was added at room temperature to the sodium
salts of acetonitriles 14a–e in ethanol, under the experi-
mental conditions used previously.2–4

In the reaction starting with acetonitriles 14d,e it was
impossible to obtain the corresponding derivatives
7d,e. Moreover after 48 h the reaction mixture showed
mainly the presence of amine 12 derived from the
decomposition of the azido derivative 13. This is clearly
due to a lower reactivity of the acetonitriles and to the
instability of azidoindole 13.

However, the reaction of azide 13 with acetonitriles
14a–c led to compounds 7a–c, derivatives containing
the new ring system 4H-indolo[2,3-e][1,2,3]triazolo-
[1,5-a]pyrimidine, which were generally isolated in high
yields (70–80%). Their structure was confirmed by
analytical and spectroscopic data;9 in particular by
the presence of a carbonyl signal at 151.2–155.1 ppm
in the 13C NMR, and of the typical absorption bands
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(at 3419–3150 and 1678–1649 cm�1) due to the presence
of a cyclic-amide structure in the IR spectra.

For a preliminary evaluation of the ability of the new
annelated triazolo-pyrimidines to interact with DNA,
we performed a docking calculation by using Autodock
software.10–12 The docking methodology was previously
reported by us.13 The Protein Data Bank14 was searched
for DNA fragments bound with intercalators and the
structure 1DSC (an octamer complexed with Actino-
mycin D) was selected. The original ligand was removed
and the DNA sequence was utilized for the docking
experiments. The results of these calculations are shown
in Table 1.

The change of free energy of binding was found in the
range �11.29 to �13.56 kcal/mol and is more negative
than the value obtained by us in this study for Actino-
mycin D (�10.37 kcal/mol). Therefore these indolo-
triazolo-pyrimidine derivatives are capable of making
stable complexes with DNA. Considering that the bio-
logical activity of Actinomycin D is related to a very
slow dissociation rate of the complex with DNA, our
compounds appear to be good candidates as antitumor
drugs.

In conclusion, domino reactions between 3-azidoindoles
and acetonitriles constitute a versatile entry to indo-
lo[2,3-e][1,2,3]triazolo[1,5-a]pyrimidines. Although in
the presence of the same type of complexity (two rings
Table 1.

DGbinding (kcal/mol)

7a �13.56
7b �11.99
7c �11.29
7d �13.50
7e �12.93
Actinomycin D �10.37
formed in sequence) for this type of domino reaction
the bond-forming economy greatly depends on the
nature of the starting material (pyrrole/indole) and on
the substitution pattern. However, a minor modification
of the experimental procedure allows the reaction to
become suitable for a general application also in the
indole series.
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