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ABSTRACT

A novel synthetic path to proaporphine alkaloids was established by employing aromatic oxidation with a hypervalent iodine reagent, where
an unprecedented carbon −carbon bond forming reaction between the para-position of a phenol group and an enamide-carbon took place
smoothly to give the desired spiro-cyclohexadienone.

Proaporphine alkaloids, a major isoquinoline alkaloid, have
been recognized as the biosynthetic precursors of aporphine
alkaloids bearing a wide range of oxygenated substitution
patterns with mainly a spiro-cyclohexadienone ring system.1

It has also been known that some of these alkaloids exhibit
interesting biological activities. For example, stepharine1
has antihypertensive activity without side effects such asR-
or â-adrenergic blockade, sedative or depressant effects, or
ganglion blockade,2 and also inhibits cholinesterase and
pseudocholinesterase in vitro.3

The crucial step for the synthesis of these alkaloids
obviously lies in the construction of a spiro-cyclohexadienone
ring system. Although different routes to the proaporphine
skeleton involving phenol oxidation,4 photolysis,5 and Pschorr
cyclization6 of 1-benzylisoquinoline derivatives have been
developed, formation of the C8′-C1 bond serves as the key
step in many of the previous syntheses7 (Figure 1).

Our own interest in proaporphine chemistry grew out of
a desire to develop an entirely new, perhaps practical and
general, route for the total synthesis of this class of natural
alkaloids.
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Figure 1. Sturctures of typical proaporphines.
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Thus, we decided to investigate a synthesis of typical
proaporphine alkaloids, stepharine1 and itsN-methyl deriva-
tive, pronuciferine2, isolated fromNelumbo nucifera8 and
Stephania glabra,9 respectively, as the target compounds.
There is only one report for the synthesis of1,10 although
several syntheses of2 have appeared to date.11

In searching the structures of1 and 2 for retrosynthetic
disconnection, we focused our attention on the direct
formation of the spiro-cyclohexadienone function by in-
tramolecular aromatic oxidation of a phenolic enamideA
with a hypervalent iodine reagent,12 as shown in Scheme 1,

where an unprecedented carbon-carbon bond formation
between the para-position of a phenol group and an enamide-
carbon was involved as the key reaction.

The key intermadiate, enamideA, would be prepared from
the corresponding 3,4-dihydroisoquinoline derivativeB by

simple acylation, andB would be derived from amideC by
Bischler-Napieralski cyclization. The preparation of amide
C also would be possible from 5-bromo-3,4-dimethoxybenz-
aldehyde3 by palladiun-catalyzed arylation, followed by
elongation of the side chain of aldehydeD.

Thus, the arylation of 3-bromo-4,5-dimethoxybenzalde-
hyde13 3 with (p-hydroxyphenyl)boronic acid (1.1 equiv) was
carried out in the presence of palladium acetate (1 mol %),
triphenylphosphine (2.5 mol %), and sodium carbonate (1.2
equiv) in 1-propanol-H2O (2:1)14 at 100°C to give biaryl
compound4 in 85% yield. After protection of the phenolic
hydroxy group as its benzyl ether, aldehyde5 was condensed
with nitromethane in the presence of ammonium acetate at
80 °C to afford nitrostyrene6, which on reduction with
lithium aluminum hydride gave the corresponding phen-
ethylamine7. Acetylation of7 with acetyl chloride in the
presence of triethylamine provided amide8 in 71% yield
from 5.

Since a phenolic function would be required for the
aromatic oxidation, the benzyl group of8 was removed under
catalytic hydrogenation conditions to give phenolic com-
pound9, before the Bischler-Napieralski cyclization.

Although two positions are possible for the Bischler-
Napieralski cyclization of9, we assumed that the para-
position of the methoxy group would be the preferred
cyclization position. Indeed, the Bischler-Napieralski cy-
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clization of 9 with phosphoryl chloride in acetonitrile
provided the desired 3,4-dihydroisoquinoline10, regio-
selectively. The structure of10 could be confirmed by
observation of NOEs between 5-H and 6-methoxy group,
respectively. Acylation of10 with trifluoroacetic anhydride
yielded the key intermediate, enamide11, in 58% yield from
8.

With the requisite enamide available, a study was made
for the best conditions for the aromatic oxidation.

On screening a variety of reaction conditions, such as the
species of iodine reagents, temperature, and solvents, for an
aromatic oxidation of11, we found proper reaction conditions
for obtaining the desired cyclization product in reasonable
yield, as follows. The aromatic oxidation of11 with PIDA
(iodobenzene diacetate) (1.1 equiv) in trifluoroethanol at 0
°C, followed by sodium borohydride reduction of the
resulting mixture, proceeded smoothly to give the desired
spiro-dienone1 in 90% yield as the sole product. The labile
N-protecting trifluoroacetyl group was removed during this
conversion, simultaneously. The spectroscopic data of the
synthesized compound were identical with those reported in
the literature.15

Thus, we succeeded in the facile synthesis of proaporphine
alkaloid, stepharine, in very short steps with remarkably high
yield, in which an unprecedented carbon-carbon bond-
forming reaction was involved as the key step.

Stepharine1 was further converted into pronuciferine2
by N-methylation with formalin under the reductive reaction

conditions in 79% yield. Again, the spectroscopic data of
the synthesized compound were identical with those re-
ported.16

In summary, we were able to develop a novel and efficient
synthesis of proaporphine alkaloids, and the synthetic strategy
developed was successfully applied to the total synthesis of
stepharine and pronuciferine. Further utilization of this
procedure in the synthesis of other types of isoquinoline and
indole alkaloids is in progress in our laboratory.
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