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ABSTRACT

The tetracyclic indole alkaloid (-)-arboricine has been prepared using an asymmetric organocatalytic Pictet-Spengler reaction as the key
step followed by a diastereoselective Pd-catalyzed iodoalkene/enolate cyclization. The absolute stereochemistry was unequivocally proven by
X-ray crystallographic analysis and appeared to be opposite to the published structure in the original paper.

The deplancheine-type tetracyclic indole alkaloid arboricine
1 was isolated from the leafs of Kopsia arborea by Kam
and co-workers and showed a moderate ability to reverse
multidrug resistance in vincristine-resistant KB (VJ300)
cells.1 We have recently published studies on the asymmetric
binolphosphoric acid-catalyzed Pictet-Spengler (PS) reaction
of benzyltryptamines arriving at a variety of �-carbolines.2

As an extension of this work, we report herein a concise
and scalable synthesis of arboricine based on an asymmetric
PS reaction of 4-oxo-pentanal and Nb-iodoolefin-function-
alized tryptamine followed by a Pd(0)-catalyzed enolate
cyclization (Scheme 1).

The synthesis started with the known tryptamine 4,3 made
in one step by alkylation of tryptamine with Z-2-iodo-2-
butene-1-ol mesylate in 84% yield (not shown).4 PS con-
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Scheme 1. Arboricine Retrosynthesis
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densation of 4 with aldehyde 3a mediated by (R)-3,3′-
triphenylsilyl-binol phosphoric acid 5a ((R)-binol-PA, 5 mol
%) in toluene in the presence of 4 Å molecular sieves at
room temperature for 18 h gave �-carboline (S)-2a5 together
with aminal 6 in 55% yield and a 75/25 ratio, respectively,
and an unacceptable 38% ee for both (S)-2a and 6, as
determined by chiral HPLC (Scheme 2). Gratifyingly,

protection of ketone 3a as the dioxolane 3b6 not only avoided
aminal formation thus exclusively providing (S)-2b in 81%
yield but also raised the ee to 78%. It is remarkable that
installing the acetal protecting group, which is quite remote
from the iminium intermediate, improves not only the ee
but also the rate of the PS reaction allowing lower catalyst
loadings down to 1%. The mildness of the process is
underscored by the fact that the dioxolane-protected ketone
remained unaffected. Obviously, (R)-2b was obtained starting
from (S)-binol-PA. The best ee was obtained using the
sterically slightly more demanding catalyst (R)-H8-binol-PA
5c that gave (S)-2b in 86% yield and 89% ee. Scaling up
the reaction to 5 mmol only required 1 mol % of catalyst 5a
furnishing (S)-2b in an isolated yield of 92% and 78% ee.

To avoid possible racemization via acid-catalyzed scission
of the bond between the asymmetric carbon atom and Nb or
a retro PS process7 during the hydrolysis of the acetal moiety,
a Boc-protecting group was installed on the indole-nitrogen
(Scheme 3). Treatment of 2b with Boc2O and DMAP
followed by diluted HCl in acetone gave ketone 7 in 96%
overall yield.

Now the stage was set for closure of the piperidine ring
by a Pd(0)-catalyzed vinyl iodide-enolate coupling for which

we selected the procedure published by Sole and Bonjoch
relying on potassium phenoxide as a mild base to avoid
migration of the isolated exocyclic double bond to a
conjugated system with an endocyclic double bond.8 After
refluxing of 7 in THF for 30 min in the presence of Pd(PPh3)4

(10 mol %) and KOPh (2.5 equiv), all starting material was
converted followed by workup to give 8 in 55% isolated
yield as a single diastereoisomer.

A single recrystallization from the EtOAc/PE mixture gave
enantiomerically pure 8 for which the X-ray structure
confirmed the 3S,15R absolute stereochemistry as depicted
in Figure 1. 9

(-)-Arboricine 1 was obtained after TFA-mediated re-
moval of the Boc-protecting group of 8 in an isolated yield
of 81%.10 Synthetic arboricine was enantiopure as determined
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Scheme 2. Asymmetric Pictet-Spengler Reaction

Scheme 3. Palladium-Catalyzed Iodoalkene/Enolate Cyclizationa

a With 5 mol % of Pd(PPh3)4 and 3 h reflux, the yield dropped to 33%,
and also substantial amounts of an analogue of 8 were formed in which the
double bond shifted into conjugation.

Figure 1. X-ray crystal structure of 8.
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with chiral HPLC. The sign of the optical rotation of our
synthetic product (i.e., [R]D -281 (c 0.23, CHCl3)) and that
of the natural material ([R]D -110 (c 0.14, CHCl3)) was the
same showing that we had obtained the natural enantiomer.
This means that the stereochemistry as suggested previously
by Kam must be revised.

At this stage, we wondered if we could also synthesize
arboricine without sacrificing the ee by omitting the indole-
N-Boc-protecting group. Dissolving 2b in diluted HCl in
acetone gave quantitatively a mixture of 2a together with
aminal 6 in a 2/3 ratio, respectively. Gratifyingly, under the
slightly basic conditions of the final Pd(0)-catalyzed cycliza-

tion, an equilibrium between 2a and 6 existed enabling an
efficient and diastereoselective conversion to arboricine 1
in a yield of 78%, albeit with an ee that dropped from 86%
to 65%.

In conclusion, an efficient six-step synthesis starting from
tryptamine gave the tetracyclic �-carboline arboricine in 33%
overall yield using an enantioselective organocatalytic
Pictet-Spengler reaction and a stereoselective intramolecular
Pd(0)-catalyzed vinyl iodide-enolate coupling as the key
steps. An alternative three-step route starting from tryptamine
without the use of protecting groups gave arboricine in an
overall yield of 35% but with a significantly lower ee.

Supporting Information Available: Detailed experimen-
tal procedures and spectroscopic data for all new compounds.
This material is available free of charge via the Internet at
http://pubs.acs.org.
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