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ABSTRACT

An efficient Lewis acid induced nitrogen-driven rearrangement iminium-trapping cascade from an epoxytropinone 3 gives a 7-allylated
6-azabicyclo[3.2.1]octan-3-one 2, which is converted into the alkaloid (()-peduncularine (1).

(-)-Peduncularine (1) (Scheme 1), the first Aristotelia
alkaloid isolated, was originally obtained from the Tasmanian
shrub A. peduncularis and assigned by Bick and co-workers
as an indole-pyrrolizidine in 1971;1 degradative and more
detailed spectroscopic studies led them to propose the correct
structure in 1979.2 Although its biosynthetic precursors are,
in common with many indole alkaloids, considered to be
tryptamine and a terpenoid unit,3 peduncularine exhibits an
unusual 6-azabicyclo[3.2.1]oct-3-ene core with a 7-exo-
(indol-3-yl)methylene substituent and has proved a popular
target for synthetic studies. Klaver, Hiemstra, and Speckamp

reported the first synthesis of (-)-peduncularine in 1989,
which unambiguously confirmed the structural reassignment;4

however, stereochemistry at C-7 was not controlled. Four
formal syntheses have subsequently appeared targeting
intermediates in this route5 with one, reported by Roberson
and Woerpel, being later extended to a racemic total synthesis
and which introduced the C-7 stereocenter will full control.6

Kitamura and co-workers have recently reported another total
synthesis of (()-peduncularine.7 A variety of strategies have
been used in the above studies to form the bicyclic core of
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peduncularine:8 four approaches used ring closure onto an
existing ring (Speckamp, Roberson and Woerpel, Weinreb,
and Martin) (Scheme 1), whereas Rigby and Meyer utilized
a [6 + 2] cycloaddition,5a and Kitamura formed and then
fragmented a tricyclic intermediate.7 In the present paper,
we communicate a cascade rearrangement process to access
a 7-allylated 6-azabicyclo[3.2.1]octan-3-one, which is sub-
sequently converted to peduncularine.

With the electrophile-induced rearrangement of 8-azabicy-
clo[3.2.1]octa-2,6-dienes to 6-azabicyclo[3.2.1]oct-2-enes
reported by Davies and Cao in mind,9 we envisaged that
readily accessible epoxytropinone 310 (Scheme 2) could un-

dergo a Lewis acid assisted, nitrogen-driven (formal) 1,2-
shift (shown in 4) to generate intermediate iminium 5. By

analogy to the trapping of a related iminium in Roberson
and Woerpel’s total synthesis,6 intermediate iminium 5
should be capable of interception by allyltrimethylsilane11

to generate the 7-allylated 6-azabicyclo[3.2.1]octan-3-one 2,
possessing potentially suitable functionality for conversion
to peduncularine.

So as to examine the above strategy, epoxytropinone 3
was prepared following the procedure of Mann and de
Almeida Barbosa10 with slight modifications.12 This chem-
istry involves [4 + 3] cycloaddition between commercially
available N-methoxycarbonyl pyrrole13 and 1,1,3,3-tetrabro-
moacetone14 to provide 8-azabicyclo[3.2.1]oct-6-en-3-one 6
(36%), which was subsequently epoxidized with methyl(tri-
fluoromethyl)dioxirane to give exo-epoxytropinone 3 (87%,
Scheme 3). Pleasingly, we found that epoxytropinone 3

cleanly underwent the desired rearrangement-allylation to
give 6-azabicyclo[3.2.1]octan-3-one 2 (80%) following reac-
tion with TMSOTf (3 equiv), allyltrimethylsilane (1.1 equiv),
and 2,6-lutidine (1.1 equiv) in CH2Cl2 at rt for 16 h (Scheme
3). Attempts to use cat. TMSOTf resulted in no reaction,
whereas other variations to the above conditions (Lewis acid,
solvent, temperature, reaction time) were detrimental to the
yield. The exo-disposition of the allyl group was established
by X-ray crystallographic analysis of a diol derived from
reduction of ketone 2.12 Despite the presence of the syn oxy
substitutent on the one-carbon bridge of the putative iminium
7,15 exo-face allylation appeared to be the sole reaction
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Scheme 1. Previous Approaches to Peduncularine (1)

Scheme 2. Strategy to Peduncularine

Scheme 3. Synthesis and Rearrangement-Allylation of
Epoxytropinone 3
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pathway; even on scale-up (using 8 g of epoxytropinone 3)
none of the endo-addition product was observed.

With the viability of the rearrangement-allylation of
epoxytropinone 3 established, attention turned to the intro-
duction of the endocyclic (C-3-C-4) double bond present
in peduncularine. We considered that regioselective alkene
installation in the desired sense should be possible using
an enolization strategy with ketone 2, due to a potential
activating (acidifying) effect of the carbamate functionality.
While several avenues based on this theme were investigated,
the following sequence was developed to access endocyclic
alkene 12 (Scheme 4). Bromination (NBS/NaHCO3) of a

regioisomeric mixture of crude silyl enol ethers, formed from
TBS-protected ketone 8 using LTMP/Me3SiCl, gave a
chromatographically separable mixture of bromoketones 9
(25%) and 10 (51%). The undesired 2-bromoketone 9 could
be easily debrominated with Zn/Cu couple to retrieve starting
ketone 2 (95%) for reuse. Reduction of the 4-bromoketone
10 using NaBH4 in MeOH/THF (1:1) at -78 °C followed
by careful quenching with 1 M aq HCl at 0 °C gave a single
bromohydrin 11 (93%, assigned as the di-exo-isomer on the
basis of NOE studies12 and a related reduction in our

synthesis of ibogamine16). Bromohydrin 11 underwent a
Boord-like elimination17 using Zn dust in AcOH at reflux
to give the desired endocyclic alkene 12 (80%); rupture of
the bicyclic system arising from elimination toward the
carbamate was not observed.

Indole construction from alkene 12 (Scheme 5) em-
ployed several transformations similar to those found in

the later stages of Roberson and Woerpel’s peduncularine
synthesis; their route proceeded through an intermediate
differing from alkene 12 at the one-carbon bridge (by
virtue of a directly attached (and epimeric) dimethylphe-
nylsilyl group) and with trimethylsilylethoxycarbonyl
protection at nitrogen.6 Hydroboration/oxidation of the
terminal alkene present in alkene 12 gave alcohol 13
(95%), and the derived aldehyde 14, formed (84%) using
cat. TPAP/NMO, was converted into the corresponding
1,3-dioxane 15 (70%), the latter for protection during the
next two steps and to potentially improve reaction
efficiency in the following Fischer indole reaction.18

Carbamate deprotection with concomitant desilylation of
1,3-dioxane 15 was achieved using KOH in refluxing
i-PrOH to provide a crude amino alcohol,19 which under-
went reductive amination20 to install the N-i-Pr group
giving alcohol 16 (78% yield from 1,3-dioxane 15).
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Scheme 4. Installation of the Endocyclic Alkene from Ketone 2

Scheme 5. Completion of (()-Peducularine Synthesis
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Fischer indole synthesis18,21 from alcohol 16 furnished
indole 17 in 72% yield (Scheme 5). Indole 17 (epimeric at
the hydroxyl to an intermediate in Roberson and Woerpel’s
synthesis)6 was oxidized under modified Parikh-Doering
conditions,22 to give ketone 18 in 75% yield, completing a
formal synthesis. The final methylenation step was repeated
using freshly prepared Tebbe reagent,23 which provided (()-
peduncularine in 59% yield (lit.6 56%) and with data fully
consistent with that previously reported.12

In summary, a synthesis of (()-peduncularine has been
completed in 15 steps from commercially available materials.
The key transformation is an efficient Lewis acid induced
nitrogen-driven rearrangement iminium-trapping cascade
from an easily accessible epoxytropinone 3 to give the more
unusual 6-azabicyclo[3.2.1]octane system present in the
alkaloid 1. Studies to render the approach asymmetric, by
enantioselective desymmetrization of the achiral epoxytro-
pinone 3, are in progress and will be reported in due course.
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