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Abstract

Total syntheses of the Lycopodium alkaloids nankakurines A and B have been accomplished in 6
and 7 steps, respectively, via a sequence that passes through a third Lycopodium alkaloid, luciduline,
and forgoes the use of protecting groups on nitrogen. Key features include a short preparation of
luciduline followed by a concise and stereoselective aminoallylation/ring-closing metathesis
protocol to fashion the spiropiperidine ring common to nankakurines A and B.

Studies on the extracts of Lycopodium club mosses continue to reveal a rich assortment of new
alkaloid metabolites with interesting architectures and diverse biological activities.1 In 2006,
Kobayashi and co-workers disclosed the structure of nankakurine B (2, Figure 1) and a revised
assignment for nankakurine A (1), each isolated in minute quantities from Lycopodium
hamiltonii.2 This 2006 report corrected an earlier stereochemical assignment of the spiro
stereocenter in nankakurine A (1), arriving at the structures shown below.3 In 2008, the relative
and absolute stereochemical assignments for 1 and 2 were confirmed by Overman and co-
workers through enantioselective total syntheses in 13 and 14 steps, respectively.4

Low micromolar concentrations of nankakurine A (1) were found to induce the secretion of
neurotrophic factors in a glial cell assay, which in turn promoted significant glial cell-mediated
morphological differentiation and neurite outgrowth in rat adrenal cells.2 Because the extent
of neurodegeneration in disorders such as Alzheimer's and Parkinson's diseases can be
correlated with diminished levels of neurotrophic support,5 there has been recent interest in
small molecule nonpeptidyl agents capable of eliciting a neurotrophic response.6 While the
use of naturally occurring polypeptidyl neurotrophins has been complicated by their poor
pharmacokinetic properties,7 one potential therapeutic advantage to small molecule
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nonpeptidyl neurotrophic agents might rest upon their improved capacity to cross the blood-
brain barrier.8

The scarcity of nankakurine A (1) and nankakurine B (2) has not allowed for a more
comprehensive evaluation of their neurobiological properties.9 This consideration, together
with the irresistible synthetic challenge presented by the construction of their novel
Lycopodium alkaloid framework, prompted us to launch an initiative aimed toward their total
syntheses. One important requirement was that the synthetic design should be sufficiently
succint as to allow for the rapid accumulation of potentially biologically active congeners. In
this Letter, we report our successful progress related to these undertakings.

Nankakurines A (1) and B (2) represent a unique pair of Lycopodium alkaloids each featuring
six stereogenic centers (one quaternary) and a tetracyclic ring system including an unusual
spiropiperidine fusion. From the outset of our studies, we immediately took notice that
nankakurine A (1) and nankakurine B (2) could be viewed as aza-spiroannulated versions of
a third Lycopodium alkaloid, luciduline (3, Figure 1).10 Guided by pattern recognition,11 we
envisioned that the spiropiperidine portions of 1 and 2 could well be forged via ring-closing
metathesis of a bis-terminal olefin (cf. 5, Scheme 1) after stereoselective installation of two
allylic moieties onto luciduline (3). Therefore, our early checkpoint became the synthesis of
luciduline (3) for the purpose of utilizing it as an intermediate en route to nankakurine A (1)
and nankakurine B (2).

While syntheses of 3 have been reported,12 a streamlined preparation was desired if large
quantities were to be carried forward in an extended sequence. Ultimately, a three-step protocol
capturing elements of the classic routes of Oppolzer12d and Evans12e, but with several key
improvements, was defined. Aluminum-mediated Diels–Alder reaction of (±)-5-
methylcyclohex-2-en-1-one (6)13 and 2-tert-butyldimethylsilyloxy-1,3-butadiene (7)14

afforded cis-decalone 8 accompanied by only minor amounts of the trans epimer (Scheme 2).
This high cis:trans selectivity is noteworthy since some conditions employing enone 6 with
other dienes have been reported to cause epimerization in favor of the trans-decalone.15

However, the most important consequence of the cycloaddition – and our primary motive for
utilizing a 2-silyloxydiene – was that it directly furnished a silyl enol ether correctly positioned
for use in a projected Mannich-type ring closure. Toward the latter goal, reductive amination
of the ketone in 8 proceeded with high facial selectivity (dr > 20:1) to provide N-methyl amine
9. While the silyl enol ether in 9 could be liberated with dilute acid to afford a ketone which
has been previously converted to 3 under forcing conditions,12e we anticipated that 9 would
stand out as a more cooperative surrogate. Indeed, treatment of amine 9 with aqueous
formaldehyde at room temperature readily gave luciduline (3) as the major product after simple
acid-base extraction.16 Gram-scale quantities of material have been prepared through this short
sequence.

Attention was next given to the syntheses of nankakurines A (1) and B (2). We were presented
first with the important task of securing the correct relative configuration at the aza-spiro
stereocenter. In the early planning stages, we sought to make use of the cage-like topography
of 3 to direct the stereochemical outcome of a two-stage nucleophilic addition sequence.
Happily, the remaining building blocks could be incorporated neatly through a one-pot
aminoallylation protocol (Scheme 3).17 Treatment of luciduline (3) with allylamine in benzene
gave a ketimine product which, after replacement of solvent and addition of allylmagnesium
bromide, provided diamine 5 as a separable 10:1 mixture in favor of the desired epimer formed
by axial approach of the Grignard reagent from the more readily accessible convex face.
Subsequent ring-closing metathesis of the terminal olefins in intermediate 5 using 5 mol% of
Grubbs' second-generation catalyst18 gave aza-spirocycle 4. The catalyst proved to be
remarkably tolerant of the amino functions provided that they were first converted to their
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corresponding ammonium salts in situ by addition of two equivalents of acid.19 In this manner,
resorting to a lengthy protecting group strategy was averted. Hydrogenation of the alkene
function in spiroamine 4 afforded nankakurine A (1) in excellent yield. Methylation of the
secondary amine moiety in nankakurine A (1) through reductive amination provided
nankakurine B (2). Spectroscopic data obtained for synthetic 1 and 2 were in agreement with
those reported. Specifically, the 1H and 13C NMR spectra of the free basic forms of 1 and 2 in
CD3OD were identical to those reported by Overman,4 while partially protonated forms gave
spectra in agreement with those reported by Kobayashi.2,3 These observations reinforce the
recent studies carried out by Overman and co-workers which suggest that the natural samples
may have contained some amounts of the corresponding conjugate acids.4

In summary, total syntheses of nankakurines A (1) and B (2) have been accomplished in 6 and
7 steps, respectively, via a sequence that passes through luciduline (3) and forgoes the use of
protecting groups on nitrogen. Because optically pure (–)-6 is known through degradation of
(+)-pulegone,20 the prospects for enantioselective syntheses are evident. The practical aspects
of our synthetic strategy will enable gram-scale preparations of nankakurines A and B for a
further assessment of their neurobiological properties. The outcomes of these current studies
will be reported in due course.
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Figure 1.
The Lycopodium alkaloids nankakurines A and B and their structural relationship to luciduline.
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Scheme 1.
Selected Bond Formations toward the Nankakurines
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Scheme 2.
A Three-Step Total Synthesis of Luciduline
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Scheme 3.
Syntheses of Nankakurines A and B
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