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a b s t r a c t

Attempted cyclisation of N-methylated spiro benzazepine–cyclohexenone (5) into the corresponding N-
methyl tetracyclic unit of galanthamine-type alkaloids (6) instead gave an unexpected rearrangement to
yield a cyclopentanoisoquinolinone derivative (7). Methylation of the tetrahydrobenzofurobenzazepine
tetracycle resulted in the expected N-methyl derivative 6, and the anomalous product 8, with structure
similar to that of 7.

� 2010 Elsevier Ltd. All rights reserved.
(�)-Galanthamine (1) is an Amaryllidaceae alkaloid,1 isolated
from the flowers and bulbs of the Caucasian snowdrop (Galanthus
woronowii), and exhibits competitive and reversible acetylcholine
esterase (AChE) inhibition. Moreover, this molecule displays
allosteric potentiation of neuronal nicotinic receptors for acetyl-
choline.2 (�)-Galanthamine hydrobromide (Razadyne, Reminyl)
enhances significantly cognitive functions and is used for the treat-
ment of mild to moderate Alzheimer’s disease.3,4

A number of synthetic routes have been elaborated1 for the
preparation of (�)-galanthamine using different key steps to form
the tetracyclic ring system characteristic of galanthamine-type
Amaryllidaceae alkaloids.5–9 Most synthetic strategies utilized a
biomimetic approach via intramolecular phenolic oxidative
coupling to install the quaternary spiro carbon. In relation to this
type of synthetic processes, narwedine (2) as well as its biogenetic
precursor10 can be considered the most important intermediates.

Recently,11 we succeeded in synthesizing the hexahydro-
benzofurobenzazepine trione 3 which represents the appropriate
key intermediate for the preparation of the demethoxy derivative
of narwedine (2). The synthesis of compound 3 was achieved
starting from spirocyclohexenone derivative 4 in one step via
demethylation of the methoxy group and cyclisation using
methanesulfonic acid in the presence of methionine.11
ll rights reserved.
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The spiro compound 411,12 was N-methylated with methyl io-

dide in refluxing acetone in the presence of anhydrous potassium
carbonate (Scheme 1) giving N-methyl derivative 5 in 53% yield.
Next, the cyclisation reaction was performed like that used for
the preparation of tetracycle 3. Compound 5 was allowed to react
in methanesulfonic acid in the presence of racemic methionine at
room temperature for several hours. After work-up, however, the
N-methyl tetracycle 6 was not isolated, but instead the unexpected
cyclopentanoisoquinolinone derivative 7 was obtained. This type
of tricyclic dione is unknown in the literature.
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Our next attempt to obtain the target molecule was to allow the
hexahydrobenzofurobenzazepine tetracycle 3 to react with methyl
iodide so as to prepare the N-methyl imide 6. The reaction condi-
tions in this procedure were the same as those used for the meth-
ylation of spiro derivative 4 (Scheme 2).

In this reaction two products were isolated: the expected
N-methyl tetracycle 6 was obtained in 19% yield, and surprisingly,
as in the previously attempted cyclisation reaction, the analogous
tricyclic cyclopentanoisoquinoline dione 8 was also obtained.
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High-resolution mass spectrometric data indicated that com-
pound 713 had the elementary composition C17H19NO5 (as opposed
to C16H15NO4 for compound 6). In the 1H NMR spectra, one of the
most conspicuous differences between 7 and 6 is a doublet of
doublets signal belonging to a CH methine proton at 4.10 ppm in
the 1H spectrum of 7 instead of the expected triplet signal at
4.90 ppm due to H-4a as for 6. The corresponding carbon signal in
7 occurred at 62.7 ppm, (86.5 ppm in 6). These chemical shifts indi-
cate that this methine is situated next to a nitrogen instead of an
oxygen atom. In addition, the –CH2–C(O)–CH2– ketone carbon
signal was shifted downfield by 4.5 ppm in the 13C spectrum of 7
compared to 6, suggesting that this carbonyl group is in a strained
five-membered ring. There was a singlet at 3.84 ppm in the 1H spec-
trum of 7 due to an additional O-methyl group connected to the aro-
matic ring. A broad singlet at 12.0 ppm, not connected to a carbon,
was likely to belong to a carboxylic acid OH. From a structurally
informative point of view, the 2D 1H–1H correlation spectrum
showed a connection between the CH signal at 4.10 ppm (H-3a)
and the diastereotopic CH2 signals at 1.94 and 2.86 ppm (CH2-3),
and also between the CH2 signals at 1.94–1.98 and 2.13–2.18 ppm
(CH2-11) and 2.00–2.05 and 2.22–2.26 ppm (CH2-12). These data,
together with further 1H–1H, direct 1H–13C, and long-range
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1H–13C scalar connectivities as measured from 2D experiments,
allowed the unambiguous determination of the structure of 7 as
shown in Scheme 2. The 1H and 13C assignments derived from,
and supported by, the 2D scalar correlation experiments are pro-
vided.13 The relative configuration of C(3a) and C(9b) follows from
the fact that the measured vicinal J3a,3b = 8.1 Hz and J3a,3a = 10.6 Hz
couplings are only consistent with the trans geometry of the ring
fusion.

The structural elucidation of compound 814 (Scheme 2) rests on
an entirely analogous procedure and argument as discussed for
compound 7.

The rearrangement yielding compounds 7 and 8 may be plausi-
bly rationalized in terms of the mechanisms shown for an acidic
medium in Scheme 3, and for a basic medium in Scheme 4.

In the latter case, cleavage of the ether bond provides a phenol
which is subsequently methylated, and in addition a cyclohexe-
none is formed. After conjugate addition of the nitrogen atom on
the enone, Claisen condensation occurs between the cyclohexa-
none methylene group and the ester group. Subsequently, a ret-
ro-Claisen condensation forms the cyclopentanone ring and the
side chain, yielding the cyclopentanoisoquinoline 8.

To sum up, we may conclude that in the course of an attempted
cyclisation of compound (5) into a unit of galanthamine-type alka-
loids (6) an unexpected rearrangement occurred to yield a new
derivative (7). Subsequent methylation resulted in the expected
derivative 6, and the anomalous product 8.
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