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(ÿ)-Galanthamine (1; Scheme 1),[1] an alkaloid isolated
from the Amaryllidaceae family, has been approved in Austria
and the United Kingdom for the treatment of Alzheimer�s
disease as a selective acetylcholinesterase inhibitor.[2, 3] Be-
cause of the limited supplies and the high cost of its isolation
from natural sources[4] , several syntheses of galanthamine
have been reported which use a phenolic oxidative coupling.[5]

Recent syntheses make use of an asymmetric Heck reac-
tion.[6a] (ÿ)-Galanthamine (1) is considered to be synthesized
biologically by the phenolic oxidative coupling[7] of norbella-
dine derived from l-tyrosine. Since the first synthesis of
galanthamine by Barton and Kirby[5a] in 1960 by the biomi-
metic phenolic oxidative coupling of the biogenetic precursor
norbelladine by using potassium ferricyanide, several methods
have been designed to improve the low yield of this coupling
reaction: for example, blocking one of the ortho positions on
the norbelladine derivative with a bromo[5b,e±g,i,j, 8b] or a tri-
methylsilyl[5h] group, which could be easily be substituted by a
hydrogen atom, changing the oxidant,[5c,d,h] and using sym-
metrical substrates.[5c,d] Despite these efforts, the yield of the
pivotal step in these syntheses still remains only moderate
(�50 %). Therefore, an efficient synthesis of 1 is highly
desirable and useful.

Since (ÿ)-galanthamine (1) has been efficiently obtained
from (�)-narwedine (2)[8] by crystallization-induced chiral
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conversion,[4, 5i,j] it would seem that an efficient synthesis of 1
should involve an improvement in the phenolic oxidative
coupling of the norbelladine derivative A to form 2. We
describe herein an efficient formal synthesis of 1 by using an
improved phenolic oxidative coupling reaction that uses A as
the symmetrical substrate[5c,d] and phenyliodine(iii) bis(tri-
fluoroacetate) (PIFA)[5h] as the oxidant to give spirodienone B
(Scheme 1).

Scheme 1. Synthetic strategy for (ÿ)-galanthamine (1).

For the substrate in the coupling reaction, we chose the
norbelladine-type derivatives 3 a ± h,[9] which contain a pyro-
gallol moiety [Eq. (1)]. The oxidizing agent, PIFA (1.1
equivalents), is degraded to iodobenzene and trifluoroacetic

acid. These byproducts can be removed from the product
mixture under reduced pressure and thus an extraction
procedure is not required. Results of the oxidative coupling
reaction of 3 a ± h with PIFA are summarized in Table 1. The
reaction of the ideal substrate 3 a with a 2-methoxyresorcinol
moiety which can give the narwedine-type product 5 a directly,
was carried out in trifluoroacetic acid at ÿ20 8C; however, the
yield of 5 a was low (Table 1, entry 1). To increase the

solubility of the substrates in trifluoroethanol, we protected
the two phenolic hydroxy moieties as the Me, Bn (benzyl),
allyl, and MOM (methoxymethyl) ethers 3 b ± h (Table 1,
entries 2 ± 9). Substrates 3 b ± d afforded the desired spirodi-
enones 4 b ± d in excellent yields (Table 1, entries 2 ± 4). The
formyl group was a better protecting group than the
trifluoroacetyl group for the secondary amine (Table 1,
entries 3, 8 and 4, 9). The allyl ether (3 e) and the MOM
ether (3 f) gave the corresponding spirodienones 4 in moder-
ate yields (Table 1, entries 6, 7). Product 4 d was especially
easy to crystallize, and was separated mainly by crystallization
from the reaction mixture.[10] Even at room temperature, the
coupling reaction of 3 d proceeded successfully and showed a
shorter reaction time than those carried out at a lower
temperature (Table 1, entries 4 and 5). The yield of the
phenolic oxidative coupling reaction of 3 c (95%) is the
highest recorded to date among such reactions.

Because selective demethylation of the spirodienone 4 c
was difficult, compound 4 d was consequently chosen as the
suitable substrate for conversion into the narwedine-type
compound 5 b [Eq. (2)]. The use of relatively weak acids was

considered to avoid a dienone ± phenol rearrangement[11] and
to allow the two benzyl ethers to be dealkylated in the
presence of the methyl ether. Trifluoroacetic acid in dimethyl
sulfide[12] required a long reaction time, but the yield was
satisfactory (Table 2, entry 1). Methanesulfonic acid[13] gave
the desired product 5 b ; however, the yield was only moderate
(Table 2, entry 2). The reaction with boron trichloride[14] at
low temperature afforded the desired product 5 b in excellent
yield (Table 2, entry 3).

The extra hydroxy group on 5 b was reduced quantitatively
by its conversion into a triflate group, followed by the
palladium(0)-catalyzed reduction with formic acid[15]

(Scheme 2). Although the above synthetic route to 6 from
3 d requires four steps, the overall yield (77 %) represents a
significant improvement over the reported yield.[5] The
narwedine-type compound 6 was converted efficiently into
(�)-narwedine (2) by protection of the ketone group,
followed by reduction of the N-formyl group to an N-methyl
group. Furthermore, compound 6 was transformed into (�)-
galanthamine (1) by the diastereoselective reduction of the

Table 1. Phenolic oxidative coupling of 3 with PIFA.

Substrate Product
Entry R1 R2 R3 Temp.

[8C]
Time
[min]

Yield
[%][a]

1[b] 3 a H Me COCF3 ÿ 20 20 5a 12
2 3 b Bn Bn CHO ÿ 40 120 4b 90
3 3 c Me Me CHO ÿ 40 15 4c 95
4 3 d Bn Me CHO ÿ 40 60 4d 82
5 3 d Bn Me CHO RT 15 4d 85
6 3 e Allyl Me CHO ÿ 40 30 4e 48
7 3 f MOM Me CHO ÿ 40 10 4f 43
8 3 g Me Me COCF3 ÿ 40 120 4g 75
9 3 h Bn Me COCF3 ÿ 40 60 4h 53

[a] Yield of isolated product. [b] The reaction was carried out in CF3CO2H.

Table 2. Debenzylation of 4d to form narwedine-type compound 5b.

Entry Reagent Temp. Time Yield [%][a]

of 5 b

1 CF3CO2H in Me2S (2:1) RT 4 d 81
2 CH3SO3H (10 equiv) in Me2S RT 2 h 62
3 BCl3 (3 equiv) in CH2Cl2 ÿ 78 8C 20 h 95

[a] Yield of isolated product.



COMMUNICATIONS

3062 � WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001 1433-7851/01/4016-3062 $ 17.50+.50/0 Angew. Chem. Int. Ed. 2001, 40, No. 16

Aqueous One-Pot Synthesis of Derivatized
Cyclopentadienyl ± Tricarbonyl Complexes of
99mTc with an In Situ CO Source: Application to
a Serotonergic Receptor Ligand**
Joachim Wald, Roger Alberto,* Kirstin Ortner, and
Lukas Candreia

The radionuclide 99mTc is among the most widely used
isotopes in diagnostic nuclear medicine.[1] It is cheap, exhibits
good decay characteristics, and typically burdens the patient
with a low radiation dose. Whereas in the past 99mTc-
complexes were preferentially applied as perfusion agents,[2]

a challenge now lies in combining a 99mTc complex with a
targeting molecule such as a tumor-specific peptide or a small

Scheme 2. a) 1) Tf2O, pyridine, 99 %, 2) Pd(OAc)2, PPh3, Et3N, HCO2H,
97%; b) ethylene glycol, PPTS, 92%; c) 1) LiAlH4, 2) HCl, 83% (2 steps);
d) 1) L-Selectride, 2) LiAlH4, 61% (2 steps). PPTS� pyridinium p-tolu-
enesulfonate.

carbonyl group, as previously reported.[5g] (�)-Galanthamine
has been optically resolved previously,[5g] and (�)-narwedine
(2) has been converted into (ÿ)-galanthamine (1).[5i,j, 8c]

Therefore, the described efficient route to (�)-narwedine
(2) and (�)-galanthamine implies a formal total synthesis of
(ÿ)-galanthamine (1).

In conclusion, we were able to improve the pivotal phenolic
oxidative coupling reaction of norbelladine-type derivatives,
which had been limited to moderate yields over 40 years, and
have provided an efficient synthetic route for the industrial
production of (ÿ)-galanthamine (1).
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