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Abstract—We report a facile synthesis of fused dihydrotriazolo[1,5-a]pyrazinones and triazolobenzodiazepines by an Ugi/alkyne–
azide cycloaddition synthetic sequence. The coupling of the Ugi multi-component reaction with the intramolecular alkyne–azide
cycloaddition provides access to highly functionalized heterocyclic ring systems in two steps from easily available starting materials
in excellent overall yields.
� 2004 Elsevier Ltd. All rights reserved.
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Scheme 1. General synthetic routes. Reagents and conditions: (a)

MeOH, 24–48h, rt; (b) benzene, reflux, 4–18h.
The combination of isocyanide-based multi-component
reactions1 with secondary transformations is a powerful
approach to access numerous highly functionalized
heterocyclic molecules in few steps from commercially
available starting materials.2 As part of our own group�s
efforts to develop short and versatile routes to a variety
of novel heterocyclic structures we have explored the
synthesis of fused five-, six-, and seven-membered ring
bicyclic structures by employing Ugi/Heck3 and Ugi/
INOC4 sequences.

We now report the facile construction of fused tri-
azolo derivatives by the sequential Ugi/intramolecular
alkyne–azide cycloaddition (IAAC). The required azide
functionality is compatible with Passerini5 and Ugi6

reaction conditions and the intramolecular alkyne–azide
cycloaddition has been applied in simple systems.7

The synthetic sequences are described in Scheme 1. A
variety of six- and seven-membered ring systems fused
to triazoles have been synthesized as we have successfully
used coupling partners containing azide functionality on
the carboxylic acid (Route 1) or aldehyde inputs (Routes
2 and 3) and acetylenic functionality on the amine
(Routes 1 and 2) or carboxylic acid (Route 3) input.
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Azides were purchased from commercial vendors or pre-
pared according to known procedures as illustrated in
Scheme 2.8 The Ugi reactions proceeded smoothly to
provide the desired intermediates in moderate to high
yields (Table 1). Heating of the Ugi adducts in benzene
afforded the cyclized products in excellent yields.9 The
intramolecular azide–alkyne cycloaddition was also
attempted using room temperature copper catalyzed
conditions10 (entry 3, IAAC product, 80% yield).

Thus, by manipulation of the components of the Ugi
reaction we could readily access fused dihydrotriaz-
olo[1,5-a]pyrazinones (Table 1, entries 1 and 2) and
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Table 1. Results of six- and seven-membered ring closure

Aldehyde Amine Isocyanide Acid Ugi product
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Scheme 2. General synthetic routes for the preparation of azides.
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triazolobenzodiazepines (entries 3–7). These molecules
represent scaffolds that remain relatively under-explored
in the chemical literature.7,11
Conclusions

We have demonstrated that the combination of the Ugi
multi-component reaction with the intramolecular
azide–alkyne cyclization provides access to unique fused
triazole ring systems. The present methodology can be
used for the synthesis of diverse scaffolds and libraries
thereof.
Ugi yielda (%) IAAC product IAAC yielda (%)
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