
Novel Synthesis of Castanospermine
and 1-Epicastanospermine
Linda Cronin and Paul V. Murphy*

Department of Chemistry, Centre for Synthesis and Chemical Biology, Conway
Institute of Biomolecular and Biomedical Research, UniVersity College Dublin,
Belfield, Dublin 4, Ireland

paul.V.murphy@ucd.ie

Received April 19, 2005

ABSTRACT

Polyhydroxylated indolizidines have potential for treatment of HIV, hepatitis C and HSV infection, multiple sclerosis, angiogenesis, cancer, and
diabetes. A new synthetic approach to the title compounds from a 5- C-methoxypyranosyl azide has been developed. The route incorporates
the aldol reaction and a novel catalytic reductive amination cascade to generate the indolizidine ring.

Castanospermine1a is a bioactive naturally occurring
polyhydroxylated indolizidine, first isolated from seeds of
Castanospermum australe.1 It and closely related congeners
have shown considerable potential as antiviral agents for the
treatment of HIV,2 hepatitis C,3 and HSV-14 infections. They
also have potential for inhibition of progression of multiple
sclerosis,5 angiogenesis, cancer,6 and diabetes.7 The develop-
ment of new synthetic routes to castanospermine enable the
production of novel analogues for biological studies, and a

number of syntheses of1 have been developed.8 Herein we
present a novel synthesis of castanospermine1a and 1-epi-
castanospermine1b from methylR-D-glucopyranoside.

We have recently reported a general synthesis of imino-
sugars from 5-C-methoxypyranosyl azides (e.g., production
of 3 from 2).9 We were interested to investigate extending
the catalytic reductive amination cascade reaction used for
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preparation of piperidine3 to generate the indolizidine ring
system (Scheme 1). It was envisaged that the piperidine5

generated from 5-C-methoxypyranosyl azide6 would un-
dergo an additional cyclization and give the indolizidinone
4, which would be subsequently converted to1a.

The synthesis commenced from the 6-deoxyhex-5-enopy-
ranoside7, prepared from methylR-D-glucopyranoside in
five steps (69%) as previously described.9b The acetate groups

were removed, and benzyl protecting groups were introduced
to give8. Oxidation using methyl(trifluoromethyl)dioxirane
generated in situ10 gave a 1.7:1 mixture of epoxides9.11

Treatment of the epoxides with methanol in the presence of
camphorsulfonic acid gave a mixture of 5-C-methoxy-D-
glucopyranosyl azide10 and 5-C-methoxy-L-idopyranosyl
azide11. This mixture was oxidized to aldehydes12 and13
using the method of Ley and Griffith.12 The aldehydes were
separated using chromatography,13 and the configurations
assigned to12 and 13 were determined using 1D NOE
spectroscopy. An NOE enhancement was observed for H-3
on irradiation of the aldehyde proton for13, with no
enhancement observed for H-4. An NOE enhancement was
observed for H-4 of12 on irradiation of its aldehyde proton
with no enhancement observed for H-3 (Figure 1).The aldol

reaction of13was next investigated. Reaction of ethyl acetate
at -78 °C with LDA generated the desired enolate, which

on reaction with13 gave a mixture of diastereoisomeric
alcohols14 and 15; these were separated using silica gel
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Scheme 1. Synthesis of 1-Deoxymannojirimycin3 and
Retrosynthetic Analysis of1a

Scheme 2

Figure 1. Assignment of the configuration of12 and13

Scheme 3
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chromatography with14 being eluted first. The one-pot
reductive indolizidine ring generating cascade reaction was
then investigated and, gratifyingly, succeeded in a highly
stereoselective manner for both substrates14and15, giving
lactams16 (70%) and1714 (62%), respectively.15 Reduction
of 16 and 17 was achieved by protection of the hydroxyl
groups as trimethylsilyl ethers and subsequent reaction using
LiAlH 4 in THF, giving 1-epicastanospermine1b and (+)-
castanospermine1a, respectively.16 Indolizidine 1a was
converted to its per-O-acetate, which was subjected to
chromatographic purification, and subsequent deacetylation

gave a sample of1aof higher purity. This sample was found
to have1H and 13C NMR spectroscopic data17 identical to
those previously reported18 and to those of an authentic
sample. Similarly1b was found to have spectroscopic data
identical to those reported in the literature.19 A possible
sequence of intermediates explaining the formation of the
lactam17 is shown in Scheme 5. This involves reduction of

azide group to give a pyranosylamine, which ring opens to
an acyclic imine. Further reductive cyclization gives a cyclic
imine, which is reduced in situ to give5, and subsequent
cyclization gives lactam17.

In summary, a new strategy for the synthesis of polyhy-
droxylated indolizidines and related lactams has been
demonstrated and should be amenable to the synthesis of
further analogues. A wider investigation of the aldol reaction
from the view of generating analogues for biological evalu-
ation as well as improving stereoselectivity would seem
appropriate next studies. In addition aldehydes such as13
could have more wide application as synthetic intermediates
to novel iminosugars and indolizidines.
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