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ABSTRACT

The short and efficient asymmetric synthesis of ( −)-1-hydroxyquinolizidinone was achieved in seven steps and 25.2% overall yield from readily
available 5-chloropentanal. It is a key intermediate in the formal syntheses of ( −)-homopumilotoxin 223G and ( −)-epiquinamide.

To date, more than 800 diverse alkaloids, representing over
20 structural classes, have been detected in amphibian skin.1

Among them, pumiliotoxins1a and allopumiliotoxins1b
(Figure 1), characterized by an indolizidine ring system, were
discovered as some of the major active alkaloids from one
population of a small neotropical Panamanian dendrobatid
frog, the brightly colored (red or orange)Dendrobates
pumilio.1,2 Homopumiliotoxins2, in which the indolizidine
moiety has been replaced with a quinolizidine ring, com-
prised other bicyclic alkaloids isolated, albeit in a much rarer
occurrence, fromDendrobates pumilio,1,3 but also from the

Madagascan genus of mantelline frogs,Mantella,4 and the
New World genus of bufonid toads,Melanophryniscus.5 It
has been recently shown that pumiliotoxins, allo- and
homopumiliotoxins are taken into the skin from the diet of
frogs consisting mainly of small arthropods. The poison
alkaloids are then stored in skin glands and presumably serve
as a passive defense against predators and/or microorganisms
by exhibiting myotonic and cardiotonic activity.1,6
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Epiquinamide(3) is another unprecedented quinolizidine
alkaloid which was identified in 2003 from the methanolic
skin extracts of an Ecuadoran frog,Epipedobates tricolor.1,7

It was isolated in submilligram amounts from 187 frogs
giving 6 mg of total alkaloids among which equinamide
represents 240µg, i.e., only 0.002% based on wet skin weight
of frogs. Epiquinamide represents a new structural class of
nicotinic agonist selective for nicotinic receptor containing
the â2-subunit.8 It might be regarded as a potential lead
compound for the development of new therapeutics for
neuronal receptors. However, due to its scarcity from natural
sources, further investigations of the biological activity of
epiquinamide are hampered. Moreover, the absolute stereo-
chemistry of epiquinamide has not been assigned yet since
neither the optical rotation nor the circular dichroism
spectrum of the authentic natural product has been reported.
For all these reasons, the synthesis of epiquinamide is still
challenging.

The structural diversity and remarkable bioactivities of
these alkaloids have meant that methods for their stereo-
selective preparation have been investigated. Thus, pumilio-
toxins have been the subject of numerous publications. On
the other hand, very few syntheses of homopumiliotoxins
and more particularly of (+)- or (-)-homopumiliotoxin 223G
(2a)are reported. Indeed, to the best of our knowledge, only
two total asymmetric syntheses of (+)-homopumiliotoxin
223G (2a) have been disclosed.9,10 Its antipodeent-2ahas
also been the subject of one formal asymmetric synthesis.11

Regarding epiquinamide, to date, three total syntheses of the
(+)-isomer12,13and two other of the (-)-isomer11,12have been
reported.

In a recent paper, Huang and co-workers11 have shown
that (-)-1-hydroxyquinolizidinone(4) could serve as a
common intermediate for the syntheses of both (-)-homo-
pumiliotoxin 223G(ent-2a)and (-)-epiquinamide(3) (Scheme
1).

As for us, we have envisioned the preparation of (-)-1-
hydroxyquinolizidinone (4)from piperidine5 through the
intramolecular condensation of the deprotected nitrogen onto
the ester moiety followed by the deprotection of the
methoxymethyl ether. Intermediate5 could be readily
available from 1,2-sulfinamidoalkyl ether6 by the intra-
molecular displacement of the chlorine atom and the ho-
mologation of the C-C triple bond. Furthermore, we
reasoned that6 could be obtained using a methodology
developed in our group over the past 10 years,14 i.e. by the
reaction of enantiopure (SS)-sulfinimine 7 with racemic
3-(methoxymethoxy)allenylzinc8. This methodology has
been previously successfully applied to the elaboration of
acetylenic 1,2-aminoalcohol units14a-c and, recently, to the
asymmetric synthesis of (-)-R-conhydrine{(R)-[(1S)-hy-
droxypropan-1-yl)]-2-piperidine}.15

With these considerations in mind, our synthesis started
with the preparation of (SS)-sulfinimine7 in 73% yield from
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Figure 1. Structures of some frog poisonous alkaloids.

Scheme 1. Retrosynthetic Analysis
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5-chloropentanal (9) and (SS)-N-tert-butanesulfinamide(10)
(Scheme 2). The latter is either commercially available, or

easily prepared by a two-step procedure in 58% yield from
commercial and cheap di-tert-butyldisulfide.16

Reaction of enantiopure (SS)-sulfinimine7 at-80 °C with
racemic allenylzinc817 (4 equiv), derived from (3-(meth-
oxymethoxy)prop-1-ynyl)trimethylsilane,18 gave after acidic
workup the desired acetylenic 1,2-sulfinamidoalkyl ether6
(Scheme 3). As seen by1H NMR analysis of the crude

product, a high stereoselectivity was obtained since only two
isomers were observed with a dr of 24:1. The relative and
absolute stereochemistry of the major isomer was assigned
according to our previous results. It was assumed to result
from a highly efficient dynamic kinetic resolution of racemic
8 via a monocoordinated transition state (Figure 2).14a-c Silica
gel chromatography afforded a mixture of the two inseparable
major and minor isomers in 90% yield.

Treatment of6 with NaH (4 equiv) in THF in the presence
of 15-crown-5 (3 equiv) at 20°C gave rise to cyclization by
the intramolecular displacement of the chlorine atom.19 Under
these conditions, the desilylation of the acetylenic position
also occurred, furnishing piperidine11 as a single isomer
with 78% yield after purification, the minor isomer being
separated. Further functionnalization of the acetylenic carbon
by lithiation and treatment with methyl chloroformate (3
equiv) led to intermediate12 in 77% isolated yield. Treat-
ment of 12 with methanolic HCl at 0°C resulted in the
removal of thetert-butanesulfinyl auxiliary on the nitrogen.
Hydrogenation (1 atm) in the presence of Pd/C (10% weight)
and subsequent cyclization led to a bicyclic compound which
was then treated with refluxed methanolic HCl to give (-)-
1-hydroxyquinolizidinone(4) with 64% overall yield from
intermediate12.

One asymmetric synthesis of411 and two of one of its
diastereomers20 have been disclosed in the literature.4
obtained following our methodology exhibited IR,1H, and
13C NMR data identical to those reported.11 Moreover, the
optical rotation obtained for4 {[R] 28

D ) -8.1 (c 0.72,
CHCl3)} was in agreement with that given in the literature
{[R]20

D ) -8.5 (c 0.7, CHCl3)}.11 This was the ultimate
confirmation of the relative and absolute (1S,9aR)-configu-
ration of the product.

In summary, we have disclosed a short and efficient
asymmetric synthesis of (-)-1-hydroxyquinolizidinone(4)
in seven steps and 25.2% overall yield from 5-chloropentanal
(9). This synthesis is competitive with that of Huang and
co-workers for which compound4 was prepared in 12
steps with 13% yield from (S)-glutamic acid.11,12 4 can be
converted into (-)-homopumiliotoxin 223G(ent-2a) (seven
steps/29.6% yield)11 and (-)-epiquinamide(3) (four steps/
41.3% yield).12 Thus, our synthesis of4 matched with
that of Huang and co-workers constitutes a straightforward
formal preparation of (-)-homopumiliotoxin 223G(ent-2a)
and (-)-epiquinamide(3) in 13 steps (7.4%) and 11 steps
(10.4% yield), respectively. Moreover our formal syntheses
represent a good alternative to syntheses earlier published
which all use more or less easily available amino acid deriv-
atives as starting materials: (S)-N-Boc-2-acetylpiperidine,9a
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Scheme 2. Synthesis of (SS)-Sulfinimine 7

Scheme 3. Access to (-)-1-Hydroxyquinolizidinone(4)

Figure 2. Origin of the stereochemistry of6.

Org. Lett., Vol. 9, No. 23, 2007 4707



N-Cbz-pipecolic acid,9b and (S)-glutamic acid11 for (+)- or
(-)- homopumiliotoxin 223G; (S)-glutamic acid,11 N-γ-Boc-
N-R-Cbz-ornithine,12a(-)-pipecolinic acid,12b andL-allysine
ethylene acetal12c for (+)- or (-)-epiquinamide.
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