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ABSTRACT

The first chiral auxiliary mediated asymmetric synthesis of the naturally occurring Lycopodium alkaloid (+)-luciduline has been accomplished.
Key steps include an IMDA reaction of a chiral dihydropyridine, a subsequent retro-Mannich ring opening, and a novel cationic reductive
cyclization reaction.

TheLycopodiumalkaloids are diverse in structure and have
provided challenging targets for total synthesis.1 Luciduline
(1) is a cis-perhydroquinoline alkaloid isolated fromLyco-
podium lucidulum.2 The presence of a cyclohexanone ring
in its skeleton makes1 unique among this group of naturally
occurring alkaloids. Four racemic syntheses2 of 1, and one
enantioselective route3 starting from (+)-pulegone, have
appeared in the literature. We report in this Letter the first
chiral auxiliary mediated asymmetric synthesis of (+)-
luciduline, which features new strategies and methods for
the stereoselective construction ofcis-perhydroquinoline-
containing alkaloids.

Our strategy for the total synthesis of1 is shown in Scheme
1. The enantiopure dihydropyridone3, prepared from chiral

1-acylpyridinium salt2, would be converted to 1,2-dihydro-
pyridine 4. Intramolecular Diels-Alder (IMDA) and sub-
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sequent reduction leads to5, which after retro-Mannich ring
opening is converted to enecarbamate6. Completion of the
synthesis requires a novel tandem cationic alkylation/
reduction cyclization reaction.

The enantiopure Grignard reagent74 was added to
1-acylpyridinium salt2, prepared in situ from 4-methoxy-
3-(triisopropylsilyl)pyridine5 and the chloroformate of (+)-
trans-2-(R-cumyl)cyclohexanol (TCC),6,7 to giveN-acyldihy-
dropyridone8 in 80% yield8 (Scheme 2). One-pot removal

of the chiral auxiliary and TIPS group provided a high yield
of enantiopure dihydropyridone9 with 95% recovery of the
chiral auxiliary, (+)-TCC. Deprotonation withn-BuLi and
addition of benzyl chloroformate gave a near quantitative

yield of intermediate3. Oxidative cleavage of the terminal
alkene in3 and subsequent Horner-Wadsworth-Emmons
olefination provided ester10. The 1,2-dihydropyridine4 was
efficiently prepared in two steps (98%) by Luche reduction
of 10and subsequent dehydration with Furukawa’s9 reagent.
Intramolecular Diels-Alder reaction of4 in refluxing xylene
provided an 86% yield of the tricyclic carbamate11.10

Catalytic hydrogenation of11gave a near quantitative yield
of amino ester5. The structure of5 was confirmed by single-
crystal X-ray analysis. On the basis of our model studies,10

ring opening of5 was anticipated to occur on treatment with
excess base (i.e., LDA) as depicted in Scheme 3. Retro-

Mannich ring opening (10 LDA, 10i-Pr2NH, THF, -50 °C)
and quenching with chlorotrimethylsilane provided a crude
mixture of polysilylated derivatives14 (Scheme 4). Without
purification, the mixture was N-acylated with benzyl chlo-
roformate in refluxing methylene chloride to give the
enecarbamate15 in 51% yield. Completion of the synthesis
required a cyclization at theâ-position of the enecarbamate
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olefin. After several unsuccessful attempts at intramolecular
acylations, the ester15 was reduced to the aldehyde6 with
DIBAL. The desired ring formation was obtained via a
cationic reductive cyclization reaction. On treatment of6 with
SnCl4 in the presence of triethylsilane, a 61% yield of alcohol
16 was obtained. The reactiveN-acyliminium ion formed
during the cyclization step is rapidly reduced by triethylsilane
to give the desired tricyclic carbamate. The ketone17 was
obtained from16 in near quantitative yield using Dess-
Martin oxidation. Finally, deprotection and reductive meth-
ylation were carried out using a one-pot procedure11 to give

(+)-luciduline (1) in high yield [[R23
D] +85.3 (c 0.15,

MeOH); lit4 [RD] +87 (c 2.05, MeOH)]. Our synthetic1 is
identical in all respects to the natural material.4

In summary, the first chiral auxiliary mediated asymmetric
synthesis of (+)-luciduline has been accomplished from
readily available materials in 14 steps (10% overall) with a
high degree of stereocontrol.12 The IMDA/retro-Mannich
strategy should be amenable to the synthesis of othercis-
decahydroquinoline alkaloids, and work is in progress toward
this goal.
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