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Abstract—Intramolecular cyclization of 2-acyl-1-propargyl-1H-indoles in the presence of ammonia provides an easy entry to
pyrazino[1,2-a ]indole nucleus. © 2003 Elsevier Science Ltd. All rights reserved.

In connection with our ongoing interest in developing
new synthetic strategies for the construction of hetero-
cycles from alkynes,1 we have recently focused our
attention on the synthesis of nitrogen containing rings
by sequential addition annulation reactions of �-
ketoalkynes with benzylamine or ammonia. In particu-
lar, 5-exo-dig cyclization of 4-pentynones2 and
2-propynyl-1,3-dicarbonyl3 compounds gave polysubsti-
tuted and fused pyrrole derivatives, while the presence
of �-ketoalkyne moiety in an aromatic framework is
responsible for the 6-endo-dig cyclization of 5-acetyl-4-
alkynylthiazoles4 and 2-acyl-3-alkynylindoles5 to
pyrido[3,4-c ]thiazoles and pyrido[3,4-b ]indoles,
respectively.

In this work we focused our attention on the synthesis
of 2-acyl-1-propargyl-1H-indoles, which could repre-
sent useful building blocks for the synthesis of

pyrazino[1,2-a ]indoles through intramolecular 6-exo-
dig cyclization in the presence of ammonia.

A great deal of interest exists in the synthesis of poly-
cyclic indoles and in the study of their biological

Table 1. 1-Alkynyl derivatives 1c–h prepared

Scheme 1.
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activities6 and some studies dedicated to the
pyrazino[1,2-a ]indole nucleus have appeared in the
literature.7

Intramolecular cyclizations involving 2-substituted-1-
alkynyl pyrrole or indole derivatives have been
described in the synthesis of indolophenanthridine and
isoindoloindole derivatives,8 pyrrolizines,9 pyrrolo-
phenanthridines,10 4a-aza-cyclopentafluorenes,11 pyri-
dopyrrolizines and 10-aza-indenoindoles.12 Neverthe-
less, intramolecular cyclizations of 1-alkynyl indole
derivatives or more generally of N-alkynyl substituted
heterocycles with proximate nitrogen nucleophiles have
not yet been described.

The 2-acyl-1-propargyl-1H-indole 1a and 1-propargyl-
1H-indole-2-carbaldehyde 1b12 were synthesized by a
standard procedure,13 starting from readily accessible
2-acyl-1H-indole14 and 1H-indole-2-carbaldehyde,15

respectively. The 1-propargyl-1H-indoles 1a–b undergo
palladium-catalyzed coupling with aryl halides16 to
afford the corresponding 2-acyl-1-alkynyl-1H-indoles
1c–e and 1-alkynyl-1H-indole-2-carbaldehydes 1f–h
(Scheme 1, Table 1).

The subsequent treatment of 1 with 2 M ammonia in
methanol leads to the formation of a mixture of iso-
meric 3,4-dihydro-pyrazino[1,2-a ]indoles 2a–h and
pyrazino[1,2-a ]indoles 2�a–h (Scheme 2 and Table 2).17

Scheme 2.

Table 2. Pyrazino[1,2-a ]indoles 2a–h and 2�a–h prepared
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The reaction times vary from 3–4 h for the carbalde-
hyde derivatives, to 50–200 h for the 2-acyl deriva-
tives. The stereochemistry around the exocyclic
double bond was assigned on the basis of NOESY
experiments which shown positive NOE interaction
between the exocyclic olefinic proton and the cyclic
methylene protons.

The reaction mechanism probably involves the forma-
tion of an imine that undergoes a stereoselective 6-
exo-dig cyclization to 3,4-dihydropyrazinoindoles 2a–h
followed by partial isomerization to give pyrazinoin-
doles 2�a–h. The ratio between compounds 2 and 2� is
switched towards the formation of the fully conju-
gated rings in the experiments performed with termi-
nal alkynes 1a,b or with 2-acyl derivatives 1c–e
whereas dihydro derivatives are the main products
when the reactions are performed with indole-2-carb-
aldehydes 1f–h. This experimental evidence could be
related to the great stability of compounds 2�a,b with
respect to 2a,b and to the different reaction times
required in the reaction performed with 2-acyl deriva-
tives with respect to indole-2-carbaldehydes.

The present study demonstrates once again the
efficiency of annulation reactions involving alkynes
with neighboring nucleophiles and clearly suggests
that such cyclizations could be effective also for N-
alkynyl derivatives. Current efforts are now directed
to the extension of this methodology to different sub-
stituted 1-alkynyl-2-acyl-1H-indoles, to the decrease
of reaction times and to the selective synthesis of
both pyrazinoindole isomers. For example, salts or
complexes of transition metals successfully catalyze
the intramolecular addition of nitrogen nucleophiles
to alkynes18 and could be used to speed up our annu-
lation reactions and to direct the synthesis toward the
more stabilized pyrazinoindole isomer.
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