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Total synthesis of (+)-galanthamine starting from DD-glucose
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Abstract—The stereoselective total synthesis of (+)-galanthamine (+)-1 starting from DD-glucose is described. The cyclohexene ring in
(+)-1 was prepared in an optically active form from DD-glucose using Ferrier’s carbocyclization reaction, and the critical quaternary
carbon was stereoselectively generated via chirality transfer based on the Claisen rearrangement of a cyclohexenol. The dibenzofu-
ran skeleton was effectively constructed by the bromonium ion-mediated intramolecular cyclization of a cyclohexene possessing a
phenolic ether function. After the introduction of a carbon–carbon double bond, the Pictet–Spengler type cyclization, followed
by the reduction of the amide function completed the chiral synthesis of (+)-1.
� 2007 Elsevier Ltd. All rights reserved.
(�)-Galanthamine (�)-1, an alkaloid isolated from some
species of the Amaryllidaceae family,1,2 has been
reported to be a centrally acting acetylcholinesterase
inhibitor3 and an allosteric modulator of the neuronal
nicotinic receptor for acetylcholine.4 On the basis of
these biological activities, (�)-galanthamine was devel-
oped as a medicine for Alzheimer’s disease and has been
clinically used in Europe and the USA.2c Its important
and significant biological activity as well as its interest-
ing structure have naturally received considerable atten-
tion from the synthetic community, and several
synthetic approaches to 1 have been reported to
date.2,5,6 A number of successful total syntheses of
galanthamine, employing the biomimetic oxidative
bisphenol coupling,2,5a,6a intramolecular Heck reac-
tion,2,5b,6d,h,i and semipinacol rearrangement5c for the
construction of the characteristic tetracyclic skeleton
possessing a spiro quaternary carbon, have appeared,
however, reports of the chiral syntheses of 1 are rather
limited.6 Due to the scarce supplies of galanthamine
from natural sources7 and the necessity for preparing
structural analogues for the development of more potent
drugs, it is still important to establish a chiral and effec-
tive synthetic route to the alkaloid from readily avail-
able materials. In this Letter, we report a new and
stereoselective total synthesis of (+)-galanthamine (+)-
1, an enantiomer of the natural product, starting from
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DD-glucose, which is readily utilized for the preparation
of natural (�)-galanthamine and would be applicable
for the synthesis of structural analogues that are not
available through the biomimetic synthetic approach
nor the chemical modification of the natural product.

Recently, we have reported the total synthesis of (+)-
vittatine and (+)-haemanthamine, Amaryllidaceae alka-
loids possessing the hexahydroindole skeleton with a
1,3-dioxolane ring at m- and p-positions in the phenyl
group as the core structure, starting from DD-glucose,
and revealed that the methodology involving Claisen
rearrangement on the chiral cyclohexenol derived from
carbohydrates is effective for the stereoselective genera-
tion of quaternary carbons.8 Our retrosynthetic analysis
for (+)-galanthamine (+)-1, taking the successful syn-
thesis of vittatine and haemanthamine into account,
suggested that tetracyclic lactam 2, which had been uti-
lized in the synthesis of the racemic galanthamine by
Guillou,5b would be a suitable intermediate for the total
synthesis (Fig. 1). The dibenzofuran skeleton in 2 was
expected to be constructed by the bromonium ion-
mediated intramolecular dealkylating etherification of
cyclohexene possessing a phenolic ether function9 3,
whose crucial quaternary carbon preparation was
planned using the Claisen rearrangement8,10 of cyclo-
hexenol derivative 4. Cyclohexenol 4, in turn, was
envisioned to be synthesized by the coupling reaction
of an aryl metal species with cyclohexenone (+)-5, which
is a known compound11 and has been prepared in the
optically pure form starting from DD-glucose utilizing
Ferrier’s carbocyclization12 as the key transformation.
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Figure 1. Structure of galanthamine and its retrosynthetic analysis.
Bn = –CH2Ph, TBS = –SiMe2(t-Bu).
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The treatment of (4R,6S)-6-benzyloxy-4-(tert-butyldim-
ethylsilyloxy)-2-cyclohexenone11 (+)-5, prepared from
commercially available methyl 4,6-O-benzylidene-a-DD-
glucopyranoside 6 utilizing the catalytic Ferrier’s carbo-
cyclization12c as the key transformation in a total of
eight steps with 38% overall yield, with 2,3-dimethoxy-
phenylmagnesium bromide at �78 �C gave 1,2-adducts
7 in 85% yield as a diastereomeric mixture (4:1) (Scheme
1).13 The oxidation of 7 with pyridinium chlorochro-
mate (PCC) afforded cyclohexenone 8 in 75% yield,
which was reduced under the conditions of Luche14 at
�78 �C to give cyclohexenol 4 and its C-1 epimer in 89
and 9% isolated yields, respectively. The observed cou-
pling constants in 4 (J1,2 = 7.8 Hz) and its C-1 epimer
(J1,2 = 4.1 Hz) supported their assigned configurations.
Johnson–Claisen rearrangement15 of 4 in triethyl
orthoacetate in the presence of 2-nitrophenol8b,16 in a
sealed tube at 140 �C for 60 h successfully afforded the
rearranged product 317 in 80% yield. It is important to
note that the Johnson–Claisen rearrangement of 4, pos-
sessing an o-methoxy substituent in the phenyl group,
proceeded in a high yield when 2-nitrophenol was em-
ployed as the acid catalyst.18 It has been reported that
the conventional Johnson–Claisen rearrangement (using
propionic acid as the catalyst) of the simple cyclohexe-
nol systems similar to 4 resulted in the very poor yields
of the rearranged products, probably due to the acid
sensitivity of the substrates and the steric congestion at
the reaction center caused by the presence of the o-meth-
oxy substituent in the phenyl group.9,10b,19 The acidity
of 2-nitrophenol (pKa 7.04) would be appropriate for
the Johnson–Claisen rearrangement of 4; its weaker
acidity than that of propionic acid (pKa 4.62) suppressed
the decomposition of the substrate, but could catalyze
the formation of a ketene acetal.

The treatment of 3 with N-bromosuccinimide (NBS) in
DMF induced the intramolecular dealkylating etherifi-
cation via a bromonium ion intermediate9 to give bro-
mo-dibenzofuran derivative 917 in 84% yield. The
formation of other possible products such as bromohyd-
rins or lactones was not observed in the cyclization reac-
tion. The hydrogenolysis of 9 in the presence of Pd on
carbon and potassium carbonate in EtOH at room tem-
perature under atmospheric pressure of H2 caused the
debromination as well as the deprotection of the O-
benzyl group to provide 10. However, under these basic
conditions, the de-O-benzylation process was found to
be very sluggish, and resulted in the low yield of 10 (less
than 40%). In contrast, under similar hydrogenolytic
conditions without potassium carbonate, deprotection
of the O-benzyl group smoothly proceeded, but the
debromination process became slow. After some
attempts, it was found that the two-steps in a one-pot
reaction gave satisfactory results. Thus, deprotection
of the O-benzyl group in 9 under neutral conditions
(Pd on carbon, atmospheric pressure of H2 in EtOH)
was first carried out. After completion of the de-O-ben-
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zylation (TLC monitoring), potassium carbonate was
added to the reaction mixture and the hydrogenolysis
of the C–Br bond was further continued in the same
reaction vessel to give 10 in 85% yield. The structure
of compound 10 was confirmed by NMR analyses of
the derived benzoate 11 (Scheme 1); the observed large
coupling constants (J5a,6ax, J6ax,7, J7,8ax and J8ax,9)
revealed that the substituents at C-5a, C-7 and C-9 are
all in the equatorial positions, and NOE experiments
(correlations between H-5a and C-2 0 methylene, and
H-9 and C-2 0 methylene) clearly assigned the stereo-
chemistry of the quaternary carbon at C-9a as R.

To introduce the requisite carbon–carbon double bond,
compound 10 was treated with (thiocarbonyl)diimidaz-
ole and DMAP in dichlorobenzene at 180 �C20 to afford
12 in 72% yield from 10 (Scheme 2). Hydrolysis of the
ethyl ester function in 12, followed by condensation with
methylamine under the conditions of Shioiri21 success-
fully provided amide 1317 in 93% yield. The Pictet–Spen-
gler type reaction of 13 with paraformaldehyde in
the presence of TFA5b,c generated the ethano-bridge
between the amide nitrogen and C-1, and induced the
deprotection of the O-TBS group to give the tetracyclic
lactam 2, which is known as the intermediate for the
synthesis of racemic galanthamine reported by the Guil-
lou5b and the Tu5c groups in 67% yield. Finally, the
reduction of 2 with LiAlH4 cleanly afforded (+)-galan-
thamine (+)-117 in 88% yield. The 1H and 13C NMR
data of the synthetic 1 were totally identical with those
for natural (�)-galanthamine and the [a]D value of the
synthetic compound {½a�24

D +111.5 (c 0.50, EtOH): lit.1c

½a�20
D �118.8 (c 1.378, EtOH)} confirmed its unnatural

absolute configuration. Since we have already reported
the preparation of the enantiomeric cyclohexenone
(�)-5 from the same starting material 6,11 the synthesis
of (�)-galanthamine in the formal sense has also been
achieved.

In summary, a new and non-biomimetic synthetic route
to optically active galanthamine starting from DD-glucose
has been established. This synthesis, required 11 steps
with a 12.8% overall yield from (+)-5 (19 steps with a
4.9% overall yield from commercially available 6), dem-
onstrated that the methodology involving the Claisen
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rearrangement on chiral cyclohexenol derived from
DD-glucose is effective for the stereoselective generation
of the quaternary carbon. The effectiveness of 2-nitro-
phenol as the acid catalyst for the Johnson–Claisen
rearrangement is particularly noteworthy. It was also
shown that the intramolecular dealkylating etherifica-
tion using NBS is a useful procedure for the construc-
tion of benzofuran skeletons, which are commonly
found in galanthanmine-type and morphine-type bio-
logically significant alkaloids.
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