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ABSTRACT

An ω-nitro-r,â,ψ,ω-unsaturated ester underwent a chemoselective conjugate addition of a nitroolefin moiety with aryllithium to produce a
ψ-aryl-ω-nitro-r,â-unsaturated ester, which was then stereoselectively cyclized by intramolecular nitro-Michael reaction giving a functionalized
cyclohexane applicable to the total synthesis of (±)-r- and â-lycoranes.

The Amaryllidaceae alkaloids are a gold mine of pharma-
ceutical candidates as is evidenced by galanthamine, whose
hydrobromide salt, galamtamine, is currently in clinical trial
for the treatment of Alzheimer’s disease.1 Lycoranes1 (R)
and2 (â) are deoxygenated skeletons of this class alkaloid
lycorine 32 and were converted from3 by Kotera early in
1960s (Figure 1).3,4 The class of its attracts wide attention

of synthetic chemists because of challenging tetracyclic
galanthan skeleton5-8 and potent biological activities.9

We have recently discovered and developed a tandem
conjugate addition-cyclization protocol forR,â,ψ,ω-unsatur-
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Figure 1. Lycoranes1 and2 and lycorine3.
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ated bisphosphonate and bisphosphine oxide10 as well as a
tandem conjugate addition-aldol cyclization method for
ω-oxo-R,â-unsaturated esters.11 We have also been involved
in development of catalytic asymmetric conjugate addition
methodologies12 of carbo-13 and heteronucleophiles.14 We
describe herein development of a novel chemoselective
conjugate addition15,16 of aryllithium 7 to a nitroolefin17

moiety of an ω-nitro-R,â,ψ,ω-unsaturated ester8 and

subsequent stereoselective intramolecular nitro-Michael cy-
clization reaction18 of an adduct6 affording 5 and its
application to a total synthesis of1 and2 via 4 (Scheme 1).

An ω-nitro-R,â,ψ,ω-unsaturated ester8 was prepared by
the modified procedure developed by Denmark19 (Scheme
2). Wittig reaction of9 gave an alcohol10, which was then

oxidized by the Pfitzner-Moffat method to give an aldehyde
11 after chromatographical separation ofZ-isomer. Nitro-
aldol reaction of11 with nitromethane was catalyzed by
triethylamine and was followed by dehydration with trifluo-
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Scheme 1. Synthetic Strategy of Lycoranes Based on
Chemoselective Conjugate Addition-Stereoselective

Intramolecular Nitro-Michael Cyclization Reaction of8 with 7

Scheme 2. Synthesis ofω-Nitro-R,â,ψ,ω-Unsaturated Ester8
in Four Steps from9
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roacetic anhydride and triethylamine to afford8 in 65%
overall yield from9.

Reaction of8 with 1.5 equiv of7, generated by treating
the corresponding bromide with butyllithium at-78 °C for
0.5 h, in THF at-78 °C for 15 min gave, after aqueous
workup followed by silica gel column chromatography, an
adduct 6 as a sole product in 94% yield with perfect
chemoselectivity (Scheme 3). No direct cyclization product

was observed even under forced conditions. Fortunately,
intramolecular nitro-Michael cyclization of6 was possible
with 2 equiv of cesium fluoride and 0.1 equiv of myristyl-
trimethylammonium bromide18f in THF at room temperature
for 24 h to give, via13, a 1.5:1 mixture of only two
diastereomers5a and 5b in 94% combined yield among
possible four diastereomers. It is worthy to note that the
configuration between aryl and nitro groups in5 is trans,
and cis isomer was not observed.

The stereochemistry of5a and5b was determined by1H
NMR (Scheme 3). Coupling constants of methine protons
indicate that all substituents on a cyclohexane ring are
equatorial in5a, while aryl and nitro groups are equatorial
and an acetate group is axial in5b.

High diastereoselectivity is attributable to a nitronate
intermediate13of which conformation is fixed by an allylic
strain.20 Approach of an unsaturated ester moiety to a

nitronate takes place anti to an Ar-C bond resulting in trans
configuration of aryl and nitro groups.21

Crystallization of the 1.5:1 mixture of5 from chloroform-
hexane afforded diastereomerically pure5aas colorless cubes
of mp 123-125°C in 43% yield together with a mother
liquid in 51% yield (5a/5b) 1:3). The isolation of pure5a
encouraged us to proceed to the total synthesis of2 (Scheme
4). Reduction of a nitro group of5a with zinc powder in

10% aq HCl/ethanol22 at room temperature for 24 h gave an
amine 4a in 99% yield. Treatment of4a with sodium
methoxide in methanol at room temperature for 24 h afforded
a lactam14a in 98% yield. Lithium aluminum hydride
reduction of14a in THF under reflux for 3 h gave an amine
15a in 98% yield, which is the known intermediate5e for the
synthesis of2. Unfortunately, attempted direct conversion
of 15a to â-lycorane2 by Pictet-Spengler-type cycliza-
tion6f,22,23 using paraformaldehyde and mineral acids was
unsuccessful to result in recovery of starting15a. Then, the
total synthesis of2 was accomplished in high yield according
to the reported sequence5e through methoxycarbonylation,
Pictet-type cyclization, and finally lithium aluminum hydride
reduction. Spectroscopic data and the melting point24 of
synthetic (()-2were identical with those reported.

R-Lycorane1 was also synthesized from5b (Scheme 5).
A 1:3 mixture of 5a and 5b, the recrystallization mother
liquid of 5, was treated with zinc powder in 10% aq HCl/
ethanol at room temperature for 18 h to give a mixture of
chromatographically easily separable amines4a and4b in
19% and 77% yields, respectively. Treatment of4b with
sodium methoxide in methanol at room temperature for 48
h gave a lactam14b in 88% yield. Lithium aluminum hydride
reduction of14b in THF under reflux for 2 h gave an amine
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Scheme 3. Chemoselective Conjugate Addition and
Stereoselective Nitro-Michael Cyclization Reaction of8 with 7

Giving 6 and5 via 13

Scheme 4. Total Synthesis of (()-â-Lycorane2 from 5a
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15b,6f the known synthetic intermediate of1, in 94% yield.
Pictet-Spengler type cyclization6f of 15b with Eschen-
moser’s salt gave1 in 80% yield without any trouble.
Spectroscopic data and melting point25 of synthetic (()-1
were identical with those reported.

In conclusion, we have succeeded in the development of
a perfectly chemoselective conjugate addition of aryllithium
to a nitroolefin moiety of anω-nitro-R,â,ψ,ω-unsaturated
ester and subsequent stereoselective nitro-Michael cyclization
reaction producing functionalized cyclohexanes, which were
applied to the total synthesis ofR-lycorane1 in 24% through
six steps andâ-lycorane2 in 34% overall yields through
eight steps from8. The synthetic scheme to lycorine on this
line seems available by a simple functionalization of8.
Currently, our focus is a development of asymmetric
methodology for synthesis of lycorine.
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Scheme 5. Total Synthesis of (()-R-Lycorane1 from 5b
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