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used for C,H,N, and Cl atoms and the SDD pseudopotential and basis
was used for Te atoms in the program Gaussian 98. (Gaussian98
(RevisionA.7), M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E.
Scuseria, M. A. Robb, J.R. Cheeseman, V.G. Zakrzewski, J. A.
Montgomery, R. E. Stratmann, J. C. Burant, S. Dapprich, J. M. Millam,
A.D. Daniels, K. N. Kudin, M. C. Strain, O. Farkas, J. Tomasi, V.
Barone, M. Cossi, R. Cammi, B. Mennucci, C. Pomelli, C. Adamo, S.
Clifford, J. Ochterski, G. A. Petersson, P.Y. Ayala, Q. Cui, K.
Morokuma, D.K. Malick, A.D. Rabuck, K. Raghavachari, J. B.
Foresman, J. Cioslowski, J. V. Ortiz, B.B. Stefanov, G. Liu, A.
Liashenko, P. Piskorz, I. Komaromi, R. Gomperts, R. L. Martin, D. J.
Fox, T. Keith, M. A. Al-Laham, C.Y. Peng, A. Nanayakkara, C.
Gonzalez, M. Challacombe, P. M. W. Gill, B. G. Johnson, W. Chen,
M. W. Wong, J. L. Andres, M. Head-Gordon, E.S. Replogle, J. A.
Pople, Gaussian, Inc., Pittsburgh, PA, 1998.)

A tridentate porphyrin bonding mode in which the fourth porphyrin
nitrogen atom is protonated was proposed for [Re(HTPP)(CO);] on
the basis of its 'H NMR spectrum, but no X-ray crystal structure was
obtained: M. Tsutsui, C. P. Hrung, D. Ostfeld, T. S. Srivastava, D. L.
Cullen, E. F. Meyer, Jr., J. Am. Chem. Soc. 1975, 97, 3952.
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An Efficient Total Synthesis of
(£)-Galanthamine**

Catherine Guillou,* Jean-Luc Beunard,
Emmanuel Gras, and Claude Thal*

(—)-Galanthamine (1), a tertiary alkaloid isolated from
Amaryllidaceae, is a centrally acting, competitive, and rever-
sible inhibitor of acetylcholinesterase which enhances cogni-
tive functions in Alzheimer’s patients.?! This drug is available

.wOH .wOH

OCHj OCHg OCH;

1 (-)-galanthamine 2 (-)-lycoramine 3 (-)-narwedine

in Austria, and is the most recently approved acetylcholines-
terase inhibitor for use in the United States and Europe.
However, the botanical supplies of 1 are insufficient for its
clinical uses.P! Galanthamine (1) has a spiro quaternary
carbon atom. Establishment of this quaternary center is the
critical element in the total synthesis of galanthamine-type
alkaloids. Most of the reported syntheses of 1 are based on a
biomimetic intramolecular phenolic oxidative coupling.[
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We previously reported the use of an intramolecular Heck
reaction as an alternative for creating the spiro quaternary
carbon atom of galanthamine-type alkaloids. A formal syn-
thesis of lycoramine (1,2-dihydrogalanthamine; 2) was thus
achieved.! Since then, the Heck reaction has been used to
access 3-deoxygalanthamine.l! However, many chemical
transformations were required to introduce the allylic alcohol
group,®® which is essential for anticholinesterase activity. The
best total synthesis of galanthamine was achieved in 15 steps
with an overall yield of only 1 %."!

An efficient synthesis of (—)-galanthamine (1) could be
facilitated by a short and efficient synthesis of (4)-narwedine
(3) or derivatives thereof (e.g., (+)-oxonarwedine (11),
Scheme 2), since the transformation of (+)-narwedine into
its (—) enantiomer has been shown to proceed in high yield.”
Moreover, (+)-narwedine may be resolved by means of
dynamic diastereoisomeric salt formation with di-p-toluoyl-D-
tartaric acid.l!

Here we report on an efficient route to (+)-galanthamine
(1) based on the synthesis of (+)-oxonarwedine (11). Our
strategy was to form the Cl12a—Cl12b bond by an intra-
molecular Heck reaction to access the spiro tricyclic dienone
9, which could then be used as a valuable synthetic precursor
of 1 and eventually narwedine (3). A short synthesis of 9 is
summarized in Scheme 1. Esterification of acid 5§ with 2-iodo-
6-methoxyphenol (4)! furnished the ester 6 in 80% yield.
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0 0 ]
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Scheme 1. a) EDCI, DMAP, CH,Cl,, 0—20°C, 5 h, 80 %; b) [Pd,(dba)s],
dppe, TIOAC, CH;CN, reflux, 3 d, 67 %; c) Ph;CBF,, CH,Cl,, 20°C, 1 h,
100%; d) 4 A molecular sieves, (PhSe0),0, CH,(Cl,, reflux, 20 h, 50%.
dba = trans,trans-dibenzylideneacetone, DMAP = 4-dimethylaminopyri-
dine, dppe = 1,2-bis(diphenylphosphanyl)ethane, EDCI= N'-(3-dimethyl-
aminopropyl)-N-ethylcarbodiimide.

Heck cyclization of 6 was accomplished in 65 % yield in the
presence of 10 % [Pd,(dba);], 20 % dppe, and thallium acetate
(1.2 equiv) in acetonitrile. The dioxolane group of 7 was
deprotected with triphenylcarbenium tetrafluoroborate to
give 8 in quantitative yield. The oxidation of the a,f(-
unsaturated ketone 8 to the corresponding dienone 9 proved
difficult. Previous attempts to achieve this transformation
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with an excess of (PhSeO),0O or 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone were unsuccessful.'?! Moreover, it was not
possible to introduce a halogen atom a to the ketone group or
to prepare the corresponding enol ether in order to obtain the
required dienone 9. We found that the transformation of § to 9
can be accomplished by nonclassical oxidation. The dienone 9
was obtained in 50% yield by using (PhSeO),O in the
presence of 4 A molecular sieves. A 1/1 mixture of alumina
and silica could also be used instead of the molecular sieves.
These oxidative systems have not been previously described.

The reaction of 9 with 40 % aqueous methylamine at room
temperature resulted in the spontaneous Michael addition of
the resulting phenol to cyclohexadienone to afford amide 10
in quantitative yield. Compound 10 was cyclized by the action
of paraformaldehyde and trifluoroacetic acid to give 11 in
63 % yield. Enone 11 was reduced with L-Selectride to give
alcohol 12 in 93 % yield. Finally, reduction of 12 with LiAlH,
in DME afforded (+4)-galanthamine (1) in 80% yield
(Scheme 2).

Scheme 2. a) 40 % MeNH,, THF, 20°C, 20 min, 100 %; b) (CH,0),, TFA,
CI(CH,),Cl, 60°C, 20 h, 63%; c) L-Selectride, THF, —78°C, 1h, 93 %;
d) LiAlH,, DME, 50°C, 12 h, 80 %. DME = 1,2-dimethoxyethane, TFA =
trifluoroacetic acid.

Thus, (+)-galanthamine was synthesized in eight steps with
an overall yield of 12 %. This is the shortest and most efficient
nonbiomimetic total synthesis of (+)-galanthamine to date.
An intramolecular Heck reaction followed by a nonclassical
dehydrogenation reaction provided the key intermediate
spirocyclohexadienone 9. Syntheses of compounds related to
galanthamine and narwedine (3) are in progress.
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Trimerization of a Steroid Ketone To Form a
Chiral Molecular Cleft**

Robert A. Pascal, Jr.,* Mary S. Mathai, Xianfeng Shen,
and Douglas M. Ho

The acid-catalyzed trimerization of cyclic ketones to give
hexasubstituted benzenes has long been known, and various
acid catalysts have been employed for this transformation.[']
Unlike the trimerization of alkynes, this triple aldol con-
densation is inherently directional, and, if an enantiomerically
pure starting ketone is used, then only a single, enantiomeri-
cally pure, Cs-symmetric product will be obtained. We now
show that the trimerization of steroid ketones with cis A/B
ring fusions yields a new class of chiral molecular bowls.
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