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Synthesis of Lycopodium Alkaloids

Satoshi Yokoshima*

Our syntheses of fawcettimine-type Lycopodium alkaloids, hupezine Q, lycoposerramine-S and
lycopalhine A are described. Huperzine Q was synthesized via a Diels-Alder reaction and a ring
contraction reaction of an epoxyketone into a cyclopentanone. The synthesis of lycoposerramine-S
features an intramolecular cycloaddition of azomethine ylide. The core structure of lycopalhine A
was constructed by means of cleavage of a cyclopropane ring and intramolecular Michael addition
of a sulfonamide moiety to an enone. Stereoselective introduction of the units to the core structure
and formation of the ring systems led to the total synthesis of lycopalhine A.

Key words: alkaloid, aminal, azomethine ylide, cyclopropanation, Diels-Alder reaction, hetero-

cycle, ring contraction, total synthesis
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Fig. 1 Lycopodiophyta. (a) Lycopodium clavatum. (b)
Lycopodium serratum. (c) Lycopodium cernuum.
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Fig. 2 Lycopodium alkaloids.
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Huperzine Q & + 7 %7 2 /3 (Lycopodium serratum) &
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Fig. 3 Structure of huperzine Q and fawcettimine.
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Scheme 1 Synthetic strategies for the synthesis of the
fawcettimine skeletone.
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Scheme 2 Preparation of cyclohexenone 18.
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Scheme 3 Preparation of diene 22.
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Scheme 4 Diels-Alder reaction between 18 and 22.
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Scheme 5 Ring contraction.
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Scheme 6 Synthesis of huperzine Q.
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Scheme 7 Retrosynthesis of lycoposerramine-S.
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Scheme 8 Preparation of ketoaldehyde 41.
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Scheme 9 Cycloaddition of an azomethine ylide.
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Scheme 10 Intermolecular cycloaddition of azomethine
ylides derived from morpholinone 44.
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Scheme 11 Intramolecular cycloaddition of an azomethine
ylide derived from morpholinone 49.
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Scheme 12 Possible transition states for the cycloaddition.
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Scheme 13 Formation of the cyclopentane ring.
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Scheme 14 Synthesis of lycoposerramine-S.
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720

3. Lycopalhine A D&
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cernuum)® £, Zhao 512 & o THE - FiEE S

1039



7- (B 4)*, Lycoposerramine-S & [dl
b 1o0EFREFFEASNER Y
VUYREERL TV S, TOROEEANE L
L), BHRFETFIICIME
CI3fAZUEL T\Wb, F72, 200EHRFTI1LCIM
ENLCTIF—VEBEL TS, 512, CI5 i
WaFE DT RALZEAER L, C6 L& C16 iz & D H T hk
FRTRAITR S, B-L FOES S b AL
Twb, Fxr OEBIIZE L FEHIC Trauner & b A 0K
W7 % &, lycopalhine A DD EEHITHESIZL D
2016 FEICE SN TW2Y, 2ok, Fbalifkrd
lycopalhine A D&% %k L 722,

12, fawcet-

timine 12 & 5|2

lycoposerramine-S & (% #
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Fig. 4 Structure of fawcettimine and lycopalhine A.
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Scheme 15 Attempted construction of the tricyclic skeleton.
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Scheme 16 Preparation of ester 74.
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Scheme 17 Construction of the tricyclic system.
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