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Reaction of 5-bromo-2-methyl-8-nitro-1,2,3,4-tetrahydroisoquinoline with activated alkynes affords
stable tetrahydropyrrolo[2,1-a]isoquinolin-4-ium ylides. Further reactions of ylide 2 gives access to
substituted dihydropyrrolo[2,1-a]isoquinolines in good yields.

� 2009 Elsevier Ltd. All rights reserved.
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Pyrrolo[2,1-a]isoquinolones have attracted considerable inter-
est because they possess antidepressant,1 muscarinic agonist, car-
diotonic2 and anticancer activity. Moreover, they can be used as
PET (positron emission tomography) radiotracers for imaging sero-
tonin uptake sites.3 The importance of these nitrogen heterocycles
is further enhanced by their utility as advanced intermediates for
the synthesis of alkaloids.4

Pyrrolo[2,1-a]isoquinoline is the core skeleton of a number of
antitumour alkaloids such as lamellarins5 and crysrine.6

The reported pathways towards this scaffold include (but are
not limited to) N-acyliminium Pictet-Spengler cyclizations,7,8

Bischler–Napieralski reaction9 or annelation of pyrrole to
isoquinolines.10,11

However, to prepare libraries of biologically active analogues of
such natural products for lead discovery and/or optimization in
medicinal chemistry, it is essential to have versatile synthetic
methods in hand. Thus we turned our attention towards develop-
ing a novel synthetic approach towards this heterocyclic system
based on the reaction of readily available tetrahydroisoquinolines
with electron-poor acetylenes.

Previously, we reported on tandem transformations of tetrahy-
droisoquinolines with electron-donating groups on the benzene
fragment under the action of activated alkynes.12 This reaction al-
lowed us to obtain substituted benzoazocines in one step. How-
ever, the reactivity of tetrahydroisoquinolines possessing
electron-withdrawing groups with activated alkynes has not been
studied. Since it is known that the reaction proceeds via interme-
diate zwitterion A, the result of Michael addition of the tertiary
N-atom of the tetrahydropyridine ring to the activated alkyne,
we wondered if the presence of electron-withdrawing groups
would affect the nature of intermediate A thus leading to new
products, or, whether the reaction does not depend on the effects
of the substituents on the benzene ring (Scheme 1).
ll rights reserved.
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The starting 5-bromo-2-methyl-8-nitro-1,2,3,4-tetrahydroiso-
quinoline (1) required for the present study was obtained accord-
ing to the previously described method.13 The reaction of
isoquinoline 1 with methyl propiolate in methanol proceeded
smoothly at room temperature. The only product isolated from
the reaction in good yield (70%) was a stable pyrrolo[2,1-a]isoquin-
olinium ylide 214 (Scheme 2). The reaction of isoquinoline 1 with
DMAD required excess alkyne and a lower temperature (�5 �C),
however it failed to go to completion and ylide 315 was obtained
in a moderate yield of 30%.

We presume that the formation of the ylides 2 and 3 proceeds
via zwitterion A, the anionic part of which deprotonates a molecule
of methanol thus producing a highly basic methoxide anion. The
latter catalyzes the formation of B. Intramolecular nucleophilic at-
tack of the anionic centre in ylide B on the ester group leads to
elimination of methanol to form pyrroloisoquinolinium ylides 2
or 3 (Scheme 2). The intramolecular SN reaction in this case is prob-
ably facilitated by methanol.
Y

Scheme 1.
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The structure of ylide 2 was unambiguously assigned by X-ray
analysis. A suitable crystal was obtained by slow evaporation of a
methanolic solution of compound 2. The refined X-ray structure16

of ylide 2 is shown in Figure 1.
We found that the solvent used in the reaction of isoquinoline 1

with methyl propiolate defines the reaction pathway. Thus, in the
case of acetonitrile, the only product isolated from the reaction was
1-vinyl substituted isoquinoline 4.17 We presume that in the case
of an aprotic solvent, zwitterion A rearranges to ylide B and the lat-
ter undergoes a Stevens rearrangement leading to compound 4
(Scheme 3).

Recently we demonstrated that stable benzo[b]pyrrolo[2,1-
f][1,6]naphthyridin-4-ium ylides underwent O-acylation under
the action of acetic anhydride.18 We carried out analogous reac-
tions of ylide 2 with 2-phenylethanoyl chloride, 4-fluoro-1-ben-
zene- and 2-naphthalenesulfonyl chloride. The reactions did not
require any special conditions and proceeded smoothly at room
temperature in 1-2 hours. In all cases the O-acylation was accom-
panied by elimination of a methyl group and subsequent aromati-
zation of the pyrrole fragment giving pyrroloisoquinolines 5–719–21

in good preparative yields (Scheme 4).
Figure 1. ORTEP structure of 2.
In conclusion, we have demonstrated the synthesis of the pyr-
rolo[2,1-a]isoquinoline core via a new tandem Michael addition–
intramolecular nucleophilic substitution reaction of easily avail-
able tetrahydroisoquinolines with electron-poor alkynes. The reac-
tion results in the formation of unusually stable ammonium ylides
2 and 3, which can be further modified, thus providing access to
polysubstituted pyrrolo[2,1-a]isoquinoline frameworks. Work
aimed at exploring other tetrahydroisoquinolines bearing elec-
tron-withdrawing groups as well as other alkynes in this transfor-
mation is underway and will be reported in due course.
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