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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.

The combination of isocyanide-based multi-component
reactions! with secondary transformations is a powerful
approach to access numerous highly functionalized
heterocyclic molecules in few steps from commercially
available starting materials.? 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/Heck® and Ugi/
INOC* 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 Passerini® and Ugi®
reaction conditions and the intramolecular alkyne—azide
cycloaddition has been applied in simple systems.”

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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Scheme 1. General synthetic routes. Reagents and conditions: (a)
MeOH, 24-48h, rt; (b) benzene, reflux, 4-18h.

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.® The
intramolecular azide-alkyne cycloaddition was also
attempted using room temperature copper catalyzed
conditions'? (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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Scheme 2. General synthetic routes for the preparation of azides.
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Table 1. Results of six- and seven-membered ring closure
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triazolobenzodiazepines (entries 3-7). These molecules
represent scaffolds that remain relatively under-explored
in the chemical literature.”-!!

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.
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#Tsolated yield after filtration or purification by column chromatography.



L Akritopoulou-Zanze et al. | Tetrahedron Letters 45 (2004) 8439-8441 8441
Acknowledgements 4. Akritopoulou-Zanze, I.; Gracias, V.; Moore, J. D.; Djuric,
S. W. Tetrahedron Lett. 2004, 45, 3421-3423.
The authors would like to thank Hu Li for the synthesis 3. fgeizelrgbu; Ugi, L. Justus Liebigs Ann. Chem. 1962, 659,

of 2-azido-benzoic acid and the Structural Chemistry

staff for IR, MS, and NMR data. 6. Nitta, H.; Ueda, 1.; Hatanaka, M. J. Chem. Soc., Perkin

References and notes

1. (a) Domling, A.; Ugi, 1. Angew. Chem., Int. Ed. 2000, 39,

3168-3210; (b) Hulme, C.; Gore, V. Curr. Med. Chem.
2003, 10, 51-80; (c) Doémling, A. Curr. Opinion Chem.
Biol. 2002, 6, 306-313; (d) Zhu, J. Eur. J. Org. Chem. 2003,
1133-1144.

. Examples of post-Ugi transformations include the follow-
ing: Diels—Alder reactions: (a) Paulvannan, K. Tetrahe-
dron Lett. 1999, 40, 1851-1854; (b) Wright, D. L.
Robotham, C. V.; Aboud, K. Tetrahedron Lett. 2002,
43, 943-946; Amino-cyclizations: (a) Tempest, P.; Ma, V.;
Thomas, S.; Hua, Z.; Kelly, M. G.; Hulme, C. Tetrahedron
Lett. 2001, 42, 4959-4962; (b) Hulme, C.; Ma, L.; Kumar,
N. V.; Krolikowski, P. H.; Allen, A. C.; Labaudiniere, R.
Tetrahedron Lett. 2000, 41, 1509-1514; (c) Hulme, C.;
Peng, J.; Morton, G.; Salvino, J. M.; Herpin, T.; Labau-
diniere, R. Tetrahedron Lett. 1998, 39, 7227-7230; (d)
Strocker, A. M.; Keating, T. A.; Tempest, P. A
Armstrong, R. W. Tetrahedron Lett. 1996, 37, 1149—
1152; (e) Short, K. M.; Ching, B. W.; Mjalli, A. M. M.
Tetrahedron Lett. 1996, 37, 7489-7492; (a) Nucleophilic
aromatic substitutions: Cristau, P.; Vors, J.-P.; Zhu, J.
Tetrahedron Lett. 2003, 44, 5575-5578; (b) Tempest, P.;
Ma, V.; Kelly, M. G.; Jones, W.; Hulme, C. Tetrahedron
Lett. 2001, 42, 4963-4968; Lactonizations: (a) Park, S. J.;
Keum, G.; Kang, S. B.; Koh, H. Y.; Kim, Y. Tetrahedron
Lett. 1998, 39, 7109-7112; Ring-closing metathesis: (a)
Hebach, C.; Kazmaier, U. Chem. Commun. 2003, 596-597;
(b) Beck, B.; Larbig, G.; Mejat, B.; Magnin-Lachaux, M.;
Picard, A.; Herdtweck, E.; Domling, A. Org. Lett. 2003, 5,
1047-1050; (c) Banfi, L.; Basso, A.; Guanti, G.; Riva, R.
Tetrahedron Lett. 2003, 44, 7655-7658; Wittig reaction:
Beck, B.; Picard, A.; Herdtweck, E.; Démling, A. Org.
Lett. 2004, 6, 39-42.

. Gracias, V.; Moore, J. D.; Djuric, S. W. Tetrahedron Lett.
2004, 45, 417-420.

10.

11.

Trans. 11997, 122, 1793-1798.

. (a) Broggini, G.; Garanti, L.; Molteni, G.; Zecchi, G. J.
Chem. Res. (S) 1997, 10, 380; (b) Broggini, G.; Molteni,
G.; Zecchi, G. Synthesis 1995, 647-648; (c) Thomas, A. W.
Bioorg. Med. Chem. Lett. 2002, 12, 1881-1884.

. (a) Alvarez, S. G.; Alvarez, M. T. Synthesis 1997, 413-414;
(b) Rao, K. A. N.; Venkataraman, P. R. J. Ind. Chem.
Soc. 1938, 15, 194-204; (c) Pelkey, E. T.; Gribble, G. W.
Tetrahedron Lett. 1997, 38, 5603-5606.

. A representative procedure is demonstrated by the

preparation of N-cyclohexyl-2-(6-0x0-6,7-dihydro-4 H-

[1,2,3]triazolo[1,5-a]pyrazin-5-yl)-2-phenyl-acetamide (IA-

AC product, Table 1, entry 1). A suspension of 2-[(2-

azido-acetyl)-prop-2-ynyl-amino]- N-cyclohexyl-2-phenyl-

acetamide (Ugi adduct, Table 1, entry 1) (35mg, 0.1 mmol)
in benzene (2mL) was heated at reflux and the reaction
was followed by TLC. After 4h TLC indicated complete
consumption of the starting material and formation of
product. The reaction mixture was cooled and the
resulting solid was filtered to provide 30mg of a white
solid (86% yield). 'H NMR (400 MHz, DMSO-dg) 6 ppm

8.32 (d, J=17.67Hz, 1H, NH), 7.59 (s, 1H, H3) 7.47-7.34

(m, 3H, aromatic), 7.29-7.27 (m, 2H, aromatic), 6.32 (s,

1H, H2'), 5.29-5.14 (m, 2H, H7), 4.94 (d, J = 16.26Hz,

1H, H4a), 4.05 (d, J = 15.96Hz, 1H, H4b), 3.71-3.55 (m,

1H, H1"), 1.87-1.47 (m, 5H, cyclohexyl), 1.01-1.35 (m,

5H, cyclohexyl). '3*C NMR (400 MHz, DMSO-d;) & ppm

167.4 (C1'), 163.2 (C6), 134.7 (aromatic), 128.9 (C3), 128.8

(aromatic), 128.3 (aromatic), 58.7 (C2'), 48.7 (C7), 47.8

(C1"), 39.2 (C4), 32.2 (cyclohexyl), 32.1 (cyclohexyl), 25.1

(cyclohexyl), 24.5 (cyclohexyl), 24.4 (cyclohexyl). MS ESI

(M+H) 354. NOEs were observed between H3/H4, NH/

H2', H2'H3, H2'/aromatics.

Rostovtsev, V. V.; Green, L. G.; Fokin, V. V.; Sharpless,

K. B. Angew. Chem., Int. Ed. 2002, 41, 2596-2599.

(a) Bertelli, L.; Biagi, G.; Giorgi, I.; Livi, O.; Manera, C.;

Scartonni, V.; Martini, C.; Giannaccini, G.; Trincavelli,

L.; Barili, P. L. Il Farmaco 1988, 53, 305-311; (b) Coffen,

D. L.; Fryer, R. I.; Katonak, D. A.; Wong, F. J. Org.

Chem. 1975, 40, 894-897.



	A versatile synthesis of fused triazolo derivatives by sequential Ugi/alkyne ndash azide cycloaddition reactions
	Conclusions
	Acknowledgements
	References and notes


