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Total Synthesis of (�)-Lycoposerramine-S**
Naoaki Shimada, Yuzo Abe, Satoshi Yokoshima, and Tohru Fukuyama*

Lycopodium alkaloids have attracted the attention of syn-
thetic chemists because of their intriguing structural features
and the remarkable bioactivities.[1] Among them is (�)-
lycoposerramine-S (1; Figure 1), which was isolated from

Lycopodium serratum by Takayama
and co-workers in 2002[2] and has
a unique structure including a highly
fused tetracyclic skeleton with two
nitrogen atoms and one quaternary
carbon center. Although synthetic
studies of (�)-lycoposerramine-S
were reported by Elliott and co-work-
ers,[3] its total synthesis has not been
reported to date. Although the bio-
logical activity of this molecule has

not yet been determined, we were interested in exploring this
unique molecule and its derivatives for drug discovery.
Herein, we report the first total synthesis of (�)-lycoposerr-
amine-S (1). Key to the straightforward construction of the
tetracyclic skeleton was the unexpected stereoselectivity in
the intramolecular cycloaddition of an azomethine ylide.

Our retrosynthesis is shown in Scheme 1. Formation of the
nine-membered ring and the cyclopentane ring could be

achieved by alkylation of a nosyl amide and radical cycliza-
tion, respectively. The requisite precursor 2 would be derived
from the ketoester 3. The bicyclic system of 3 could in turn be
constructed by an intramolecular cycloaddition of the azo-
methine ylide 4.[4]

Our synthesis commenced with preparation of the pre-
cursor of the azomethine ylide (Scheme 2). Reaction of the
alkyl iodide 5[5] with an anion derived from the terminal

alkyne 6 afforded the alkyne 7, which was subjected to
hydrozirconation and subsequent addition of iodine to give
the alkenyl iodide 8.[6] Halogen–lithium exchange of 8
generated the corresponding alkenyllithium species, which
was reacted with the known lactone 9[7] to afford 10.
Subsequent oxidation of the hydroxy group in 10 furnished
the ketoaldehyde 11, which was used for the cycloaddition of
the azomethine ylide.

Treatment of 11 with N-benzylglycine ethyl ester in
refluxing toluene formed an azomethine ylide, which under-
went cycloaddition to afford the product as a 4:3 mixture of
two diastereomers which differed in the relative configuration
at C15. This result indicated that the distant methyl group on
C15 did not control the facial selectivity of the cycloaddition.
Therefore we decided to employ chiral amino esters as
reagents for the cycloaddition. Using (5S,6R)-5,6-diphenyl-
morpholin-2-one,[8] the cycloaddition proceeded stereoselec-
tively, albeit in low yield. After intensive screening of chiral
amino esters, we found that the morpholinone 12 gave the
best selectivity and yield.[9] Thus, heating 11 with 12 in toluene
furnished the adduct 13 in 86% yield as a single isomer

Figure 1. Structure of
lycoposerramine-S.

Scheme 1. Retrosynthesis.

Scheme 2. Preparation of a precursor for the azomethine ylide.
a) nBuLi, HCC(CH2)3OTBS (6), THF/DMPU, �78 8C to RT, 87%;
b) [Cp2ZrCl2] , DIBAL, THF, 0 8C to RT; I2, �78 8C, 87%; c) nBuLi, Et2O,
�78 8C; 9, �78 8C, 66 %; d) TPAP, NMO, 4� M.S., CH2Cl2, RT, 75%.
Cp = cyclopentadienyl, DIBAL= diisobutylaluminum hydride,
DMPU = N,N’-dimethylpropyleneurea, M.S. = molecular sieves,
NMO= N-methylmorpholine N-oxide, TBS= tert-butyldimethylsilyl,
TPAP= tetrapropylammonium perruthenate.
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(Scheme 3). The stereochemistry of 13 was determined by
a NOESY experiment.[10]

The intermolecular cycloaddition reactions of azomethine
ylides, derived from 5-substituted or 5,6-disubstituted mor-
pholin-2-one with aldehydes, have been reported to give
a mixture of 2,5-trans- and 2,5-cis-disubstituted pyrrolidines
via the E and Z ylides, respectively (Scheme 4). However, the
analogous cycloadditions with ylides derived from sterically

demanding aldehydes preferentially proceed via E ylides to
furnish the 2,5-trans isomers.[8, 11] As shown in Scheme 3, the
reaction of 11 with 12 unexpectedly afforded a 2,5-cis-
disubstituted pyrrolidine via the Z-ylide intermediate.[12,13]

The unexpected stereoselectivity can be rationalized by
considering the possible transition states for the cycloaddition
(Figure 2). In the cycloaddition, the double bond would
approach the azomethine ylide from the convex face. To
minimize steric repulsion between the two siloxypropyl chains
on the double bond and the indane moiety, the transition state

is expected to have the conformations as shown in Figure 2. In
the case of the E ylide, the substituents on the double bond
and the azomethine ylide (shown as dots) would be oriented
anti to each other. As a result, the four-atom linkage between
these moieties would be too short to provide good overlap of
the orbitals for the cycloaddition. In contrast, in the case of
the Z ylide these two moieties can be connected with the
linkage without any constraints. The reaction, therefore,
proceeds through the latter transition state with the Z ylide,
giving the adduct 13 which has the correct stereochemistry
required for the synthesis of (�)-lycoposerramine-S.

Having constructed the bicyclic skeleton with complete
stereoselectivity, we turned our attention to forming the
cyclopentane ring of the natural product by radical cycliza-
tion. Reduction of 13 with Red-Al afforded a triol, which was
subjected to hydrogenolysis in the presence of Boc2O to
afford 14 as a single diastereomer (Scheme 5).[14] Selective
dehydration of the secondary alcohol in the diol 14 was
efficiently achieved in a one-pot procedure, involving acyla-
tion of the primary alcohol with methoxyacetyl chloride,
activation of the secondary alcohol with chloromethanesul-

Scheme 3. Stereoselective intramolecular cycloaddition of azomethine
ylide.

Scheme 4. Stereochemical outcome of cycloaddition of azomethine
ylides.

Figure 2. Possible transition states for the cycloaddition.

Scheme 5. Completion of the synthesis. a) Red-Al, toluene, 0 8C to RT,
81%; b) H2, Pd(OH)2/C, Boc2O, EtOAc, RT, 98%; c) methoxyacetyl
chloride, TMEDA, toluene, RT; ClCH2SO2Cl, TMEDA, RT; K2CO3,
MeOH, reflux, 75%; d) phenyl chlorothionoformate, DMAP, MeCN,
50 8C; e) V-70, (Me3Si)3SiH, toluene, 50 8C; CSA, MeOH, RT, 69% (2
steps); f) MsCl, TMEDA, CH2Cl2, RT, 91%; g) pNsNH2, Cs2CO3, TBAI,
DMF, 50 8C, 48 %; h) PhSH, Cs2CO3, MeCN, 50 8C; aq HCHO, NaBH-
(OAc)3, RT, 88 %; i) TFA, CH2Cl2, RT, 91%. Boc= tert-butoxycarbonyl,
CSA= 10-camphorsulfonic acid, DMAP= 4-(dimethylamino)pyridine,
DMF= N,N-dimethylformamide, Ms = methanesulfonyl, Ns = nitroben-
zenesulfonyl, Red-Al = sodium bis(2-methoxyethoxy)aluminium hy-
dride, TBAI = tetra-n-butylammonium iodide, TFA = trifluoroacetic acid,
TMEDA= N,N,N’,N’-tetramethylethylenediamine, V-70 = 2,2’-azobis(4-
methoxy-2.4-dimethylvaleronitrile).
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fonyl chloride[15] and TMEDA,[16] and methanolysis/elimina-
tion with K2CO3 in refluxing methanol, to give the olefin 15 in
75% yield. Conversion of 15 into the thionocarbonate 16 with
phenyl chlorothionoformate and subsequent subjection to
radical reaction conditions[17] led to a smooth 5-exo-trig
cyclization to give, after acidic treatment, the tricyclic
compound 17.

After mesylation of the two hydroxy groups, the nine-
membered ring was constructed by alkylation with 4-nitro-
benzenesulfonamide to furnish 18.[18] Finally, cleavage of the
p-Ns group, reductive methylation, and removal of the Boc
group under acidic conditions furnished (�)-lycoposerra-
mine-S (1).[19]

In summary, the total synthesis of (�)-lycoposerramine-S
has been accomplished in 14 steps from the known alkyl
iodide 5. Key steps of our synthesis involved facile construc-
tion of the tetracyclic system through an intramolecular 1,3-
dipolar cycloaddition of an azomethine ylide with unexpected
stereoselectivity, a 5-exo-trig radical cyclization, and alkyla-
tion of a nosyl amide.
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