Total Synthesis of (—)-Huperzine A
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(=)-huperzine A

The total synthesis of (—)-huperzine A was accomplished in 23 steps from a commercially available anhydride. Our synthetic route features
a facile construction of the bicyclo[3.3.1] skeleton equipped with proper functionalities to introduce the remaining substructures.

Huperzine A (1) was isolated from Huperzia serrata by Liu
and co-workers.! It was found to exhibit a potent, selective,
and reversible inhibitory activity against acetylcholinesterase
(AchE). Because of this notable profile, huperzine A has
drawn considerable attention as a promising therapeutic agent
for Alzheimer’s disease and is currently undergoing extensive
clinical trials.? It is also interesting to note that huperzine A
has recently been reported to show neuroprotective properties
against glutamate-induced cell death.® From the synthetic
point of view, the structure of huperzine A is quite fascinating
in that it contains a hicyclo[3.3.1] skeleton fused with a
pyridone moiety as well as an ethylidene moiety. Thus,
considerable attention has been focused on the total synthesis
of this closely packed molecule. Kozikowski and co-workers
have established two synthetic routes, featuring either a
tandem Michael-aldol reaction or a palladium-catalyzed
annulation as the key step to build the bicyclo[3.3.1]
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skeleton.*® Several research groups have applied these two
strategies to asymmetric synthesis using chiral catalysts or
reagents.® More recent syntheses involving a manganese-
mediated cyclization and an intramolecular Heck reaction
have been developed to assemble the bicyclo[3.3.1] skel-
eton.”® Herein we report the total synthesis of (—)-huperzine
A, featuring a unique construction of the bicyclo[3.3.1]
skeleton.

Our retrosynthetic analysis of huperzine A (1) is shown
in Scheme 1. We envisaged that the ethylidene and the
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Scheme 1. Retrosynthesis
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pyridone moieties could be constructed by elaborating the
ketone moieties of 2. The amino group of 2 could be
introduced via a Curtius rearrangement of the corresponding
carboxylic acid. Connection between the carboxylic acid and
the exo-methylene would lead to key intermediate 3.
Construction of the bicyclo[3.3.1] skeleton in 3 could be
achieved via stereoselective akylation at the a-position of
the lactone and/or conjugate addition of an alkyl group into
the enone from the convex face of hicyclic system 4, which
could in turn be derived from commercialy available
anhydride 5.

Our synthesis commenced with a desymmetrization of
anhydride 5 (Scheme 2). According to the Bolm's proce-
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afforded a lactone, which was hydrogenated to provide 7.
Treatment of 7 with 2 equiv of KHMDS in the presence of
18-crown-6 (1 equiv) induced cleavage of the tetrahydrofuran
ring to form dienolate 8, which was regio- and stereosel ec-
tively reacted with methallyl bromide at the o-position of
the lactone from the convex face to give homoallylic acohol
9. Since formation of the TM S ether occurred concomitantly
in this step, 9 was isolated after treatment with TBAF.
Stereosel ective epoxidation of 9 using a catalytic amount of
VO(OE); afforded epoxide 10 with complete diastereose-
lectivity.'® Recrystallization at this stage raised the optical
purity of 10 (80% yield and >99% ee). Swern oxidation of
10 caused cleavage of the epoxide to furnish hydroxyenone
11 in good yield.

Initially we planned to construct the bicyclo[3.3.1] skeleton
via a ring-closing metathesis between the methallyl moiety
and avinyl group that would be introduced at the 5-position
of the enone. During the course of the protection of the
hydroxy group of 11, we unexpectedly found that treatment
of 11 with TBSOTf and 2,6-lutidine in dichloromethane at
0 °C caused a cation-olefin cyclization to afford 12 in
moderate yield after cleavage of the corresponding silyl enol
ether with TBAF. Since other ol€finic regioisomers were
obtained as minor products in this transformation, further
investigation was conducted to establish the optimal condi-
tions to construct the bicyclo[3.3.1] skeleton. It was eventu-
ally found that, using a cataytic amount of TfOH in
dichloromethane at —78 °C, 12 was obtained in 61% yield
(Scheme 3).**
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With the requisite bicyclo[3.3.1] skeleton 12 in hand, we
next focused on elaboration of this core skeleton (Scheme
4). After protection of the secondary hydroxy group, the
lactone was cleaved with phenylthiolate to give carboxylic
acid 13. The crucia Curtius rearrangement of 13 using DPPA
proceeded smoothly to produce methyl carbamate 14 in 89%
yield.*? Oxidation of the sulfide of 14 and subsequent
elimination of the resulting sulfoxide proceeded to give 15
in good yield. Upon treatment of 15 with sulfinylamide 16

dure,® 5 was treated with quinine and benzyl acohol to give
carboxylic acid 6 in good optical purity (93% ee). Selective
reduction of the carboxylic acid in 6 via a mixed anhydride
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Scheme 4
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in the presence of a catalytic amount of t-BuOK, a Michael
addition occurred to furnish d-ketoamide as a mixture of
diastereomers, which was refluxed in toluene to induce
cyclization and desulfination to afford pyrone 17 in moderate
yield.® By heating with agueous NHs, pyrone 17 was
converted into the corresponding pyridone, which was then
protected as its 2-methoxypyridine using Mel and Ag,COs
to furnish 18 in 52% yield over two steps.

Removal of the MOM group in 18 using TMSI and
subsequent Swern oxidation of the resulting alcohol afforded
ketone 19 (Scheme 5). The ketone of 19 was then converted
into the ethylidene moiety. In previous syntheses,* ® con-
struction of the ethylidene moiety has been achieved via a
Wittig olefination; however, here this resulted in formation
of the undesired Z-isomer as the predominant product.** After
exploring a variety of methods, we established a highly
reliable and versatile procedure to construct the desired

(13) A pyrone synthesisviaaMichael addition of phenylthioacetate has
been reported. Hoppe, H. W.; Kaiser, M.; Milller, D.; Welzel, P. Tetrahedron
1987, 43, 2045.

(14) Attempted Wittig olefination of 19 did not proceed, presumably
because deprotonation of NH in the carbamate might deactivate the
ketone.
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isomer. The addition of vinyllithium to the ketone of 19
afforded a 5:1 diastereomeric mixture of allyl alcohols, which
was treated with SOCI, to give the rearranged allyl chloride
20 as the sole isomer. The Sy2’ reaction of the chloride ion
might proceed by way of the favorable conformer which
avoids steric repulsion between the vinyl group and the amino
substituent at the bridgehead position. Reduction of the alyl
chloride 20 with LiBHEt; furnished 21. Finally, deprotection
of 21 with TMSI furnished (—)-huperzine A (1).

In summary, the total synthesis of (—)-huperzine A (1)
was accomplished in 23 steps and 1.8% overall yield from
a commercialy available anhydride. Our synthetic route
features a facile construction of the bicyclo[3.3.1] skeleton
equipped with proper functionalities to introduce the remain-
ing substructures.
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