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Abstract—�-(2-Aminophenyl)-�,�-ynones react with enamines of cyclic ketones by domino [2+2]cycloaddition/annelation reaction
giving rise to bicyclo[4.2.0]-octane[7,8-c ]-2-aryl quinolines or to c-fused quinolines. The reactivity of ynones towards acyclic
enamines and thermal rearrangement of tetracyclic to the corresponding tricyclic derivatives are also described. © 2001 Elsevier
Science Ltd. All rights reserved.

The [2+2]cycloadditions of enamines with electrophilic
acetylenes in apolar solvents are well documented and
represent an important strategy for the synthesis of
cyclobutene derivatives.1 Moreover, thermal rearrange-
ment of this type of cyclobutenes is a useful method for
ring enlargement with two carbon atoms and has been
widely used in the synthesis of medium-sized carbo- and
heterocycles,1a,1b,1d,2 azulenes,3 azuleno[1,2-b ]azulenes,4

C-19-diterpene alkaloids,5 and several natural prod-
ucts.6 However, while the behavior in these reactions of
acetylene mono- and dicarboxylates as well as methyl
propiolate has received great attention both from the
theoretical and applied point of view, less attention has
been paid to the cycloaddition reactions with �,�-
ynones and related compounds. To date, only few
reports dealing with these latter reactions have

appeared in the literature. For example, the 1,4-
diphenyl-2-butyne-1,4-dione reacts with enamines of
cyclic ketones to give, as expected, bicyclic cyclobutenes
or monocyclic 1,3-dienes.1b Instead, no cycloaddition
between 3-pentyn-2-one and [2-(6,6-dimethylcyclohex-
1-enyl)vinyl]-dimethylamine was observed to take place
upon heating and at a pressure of up to 7 kbar.7

Recently, in connection with our ongoing interest in the
synthesis of heterocyclic compounds from alkynes,8 we
reported the synthesis of a polycyclic fused quinoline
ring through a domino cycloaddition/annelation reac-
tion of a �-(2-aminophenyl)-�,�-ynone with 1-(cyclo-
hexen-1-yl)pyrrolidine.9 So, with the aim to develop
and to define the scope and limitation of this synthetic
methodology, we extended our study to the reactivity of
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�-(2-aminoaryl)-�,�-ynones towards enamines derived
from cyclic ketones and from aldehydes.

When �-(2-aminophenyl)-�,�-ynones 1a–c were treated
in toluene under reflux for 4–6 h with 3 equiv. of
1-(cyclohexen-1-yl)pyrrolidine 2a, the 1-(1�-pyrro-
lidino)bicyclo[4.2.0]octane[7,8-c ]-2-arylquinolines 3a–c10

were isolated in moderate yields (Scheme 1).

The structures of 3a–c were assigned on the basis of
analytical and spectral data. In particular, 1H NMR,
Apt, COSY and HETCOR experiments performed at
300 MHz are in agreement with the presence of a
Csp 3-H group, coupled to an adjacent Csp 3-H2, and of
seven quaternary Csp2 which is incompatible with an
isomeric ring enlargement product (Fig. 1, structure B,
n=1). Moreover, NOESY experiment confirmed the
assigned regio- and stereochemistry showing diagnostic
NOE effects between Csp 3-H and pyrrolidine nucleus
and between Csp 3-H and the aromatic hydrogen at C-5
on the quinoline nucleus.

When �-(2-aminophenyl)-�,�-ynones 1a,c were treated
under standard conditions with 1-(cyclopenten-1-
yl)pyrrolidine 2b and 1-(cyclopenten-1-yl)morpholine 2c
or 1-(cyclohepten-1-yl)pyrrolidine 2d, the corresponding

c-fused quinolines 3d–g11 were isolated in moderate
yields (Scheme 2).

Combined mono-(1H NMR, Apt) and bidimensional
(COSY, HETCOR, NOESY) experiments, performed
at 300 MHz, allowed the complete assignment of each
resonance of derivatives 3d–g. In particular, com-
pounds 3d–g showed for the olefinic proton a double
doublet at near 5 ppm which gave positive NOE inter-
actions with the methylenic protons of the cyclic amine
but not with the aromatic protons of the quinoline ring,
(Fig. 1, structure B).

The reactivity of �,�-ynones 1 was then tested with
enamines derived from aldehydes (Scheme 3). �,�-Di-
substituted enamines 2e,f failed to give cycloaddition
reactions with 1a, and 4-aminoquinolines 3h,i were
isolated after prolonged reaction times (24 h).

Very likely, compounds 3h,i were formed by domino
Michael addition/annelation reaction of piperidine or
morpholine, which might be generated by the slow
hydrolysis of the starting enamines. Finally, �-mono-
substituted enamine 2g reacts with 1a giving rise, beside
the 4-amino derivative 3j, to a new 3,4-disubstituted
quinoline 3k probably through a nucleophilic attack/
intramolecular annelation/isomerization/elimination
cascade reaction (Scheme 3).

Figure 1.
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Thus, ynones 1 react with cyclohexanone enamine by
domino [2+2]cycloaddition/annelation reaction giving
rise to stable tetracyclic quinoline derivatives 3a–c,
whereas, in the cycloaddition reactions performed with
cyclopentanone and cycloheptanone enamines, the
polyfused primary adducts thermally rearrange to the
corresponding c-fused tricyclic quinolines 3d–g. On the
basis of semiempirical AM1 calculations the enthalpies
of formation for the compounds of structure B (n=0–
2) are 96–108 kJ mol−1 lower than that of the corre-
sponding compounds of structure A (n=0–2).
Probably, the activation energy for ring enlargement of
3a–c is higher compared with that of the adducts
derived from the reaction of cyclopentanone and cyclo-
heptanone enamines. This hypothesis was confirmed by
heating under reflux in xylene pure 3c. Under these
conditions 3c was quantitatively converted into the
thermodynamically favored tricyclic quinoline 3l
(Scheme 4).

The lack of reactivity of enamines 2e–g towards
cycloaddition could be attributed to electronic effects.
As it is well known,12 the reactivity of an enamine
double bond is related to the resonance interaction
between the nitrogen lone-pair electrons (n) and the
alkene �-system (�) and results from decreased s-char-
acter for nitrogen orbital. For the enamines derived
from medium-sized heterocyclic amines the decrease in
s-character for a nitrogen orbital is greater for the
enamines of cyclic ketones and lower in enamines
derived from acyclic ketones and aldehydes.

In conclusion, the reactions of ynones 1 with cyclic
enamines allow the preparation of new tri- and tetra-
cyclic quinoline derivatives through domino [2+
2]cycloaddition/annelation reactions. Interestingly,
ynone 1a reacts with the �-monosubstituted enamine 2g
giving rise by intramolecular cyclization to 3,4-disubsti-
tuted quinoline 3k. Further work is in progress in order
to evaluate the scope and limitations of this synthetic
approach.
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