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Deoxymannojirimycin (2) and swainsonine (4) have been syn-
thesized from each enantiomer of the same bicyclic carbam-
ate precursor 7. The key intermediate was prepared by a
simple and efficient three-step synthesis involving RCM of
the diene 8, which in turn is easily accessible in any config-
uration from enantiomerically enriched 2,3-epoxy-4-penten-
1-ol 9.

Glycobiology is an emerging research field at the front-
ier of chemistry, enzymology, and biology. Many impor-
tant biological processes in which glycosidases play a cru-
cial role are being uncovered, hence opening the possibil-
ity of finding new therapeutic targets for the treatment
of diseases such as diabetes, AIDS, or cancer.1 Most gly-
cosidase inhibitors share two common structural fea-
tures: (i) a basic nitrogen that, at physiological pH, mimics
the positive charge formed during the hydrolysis of the
glycosidic bond and (ii) an array of hydroxyl groups in a
conformationally restricted motif that selectively fit into
the enzyme site.2 Consequently, the structures of many
glycosidase inhibitors include polyhydroxylated piperi-
dine, pyrrolidine, or indolizidine rings. Representative
examples are deoxynojirimycin (1), deoxymannojirimycin
(2), or deoxygalactostatin (3). In these compounds, refer-
red to as 1-deoxy-azasugars, or iminosugars, the hemiace-
talic function in the monosacharides has been substituted
by an aminomethylenene group. This simple modification
usually improves a compound’s inhibition of glycosidases,

some of them being therapeutically useful substances.3-6

In addition, bicyclic compounds such as swainsonine (4),
2-epi-swainsonine (5), and castanospermine (6) also exhib-
it glycosidase inhibitory properties having been tested
for the treatment of cancer, HIV, or immunological
disorders.7

The absolute configuration of the stereogenic centers
is obviously crucial for their biological activity, and
therefore many stereoselective syntheses of these natural
alkaloids have been described to date.8-10 Moreover, in
efforts to increase the biological activity or/and selectivity
of these compounds, a great number of derivatives,
stereoisomers, and analogues of this family have also
been synthesized.11 Although most of the aforementioned
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FIGURE 1. Representative glycosidase inhibitors with a
polyhydroxylated piperidine or indolizidine structure.
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synthetic approaches involve chemical transformations
of monosaccharides, efficient syntheses based in asym-
metric catalysis have also been described. However, a
stereodivergent approach that could lead to different
stereoisomers of monocyclic and bicyclic compounds from
a common precursor is still lacking.

Some years ago, in a project devoted to the preparation
of natural alkaloids using ring-closing metathesis12 as a
key step,13 we envisaged14 that oxazolidinylpiperidine 7
could be a key intermediate for the synthesis of many
glycosidase inhibitors. The trans stereochemistry be-
tween the nitrogen and the secondary hydroxyl is present
in many compounds such as deoxynojirimycin, deoxym-
annojirimycin, or swainsonine. The synthetic potential
of carbamate 7 for the construction of glycosidase inhibi-
tors has also been recognized by other groups.15-18

Our synthetic approach was based on the preparation
of 7 by RCM of the unsaturated carbamate 8, the

stereochemistry of which would be conveniently set by a
nucleophilic C-2 ring-opening of an enantiomerically
enriched epoxide. Consequently, we planned to start from
the known unsaturated epoxyalcohol 9 and to use allyl
isocyanate as a nucleophilic reagent. We describe here
full details of the straightforward preparation of inter-
mediate 7 as well as its conversion to 1-deoxymannojiri-
mycin (2), swainsonine (4), and epi-swainsonine (5).

Results and Discussion
Our synthesis started with the preparation of the

known epoxy alcohol 9. This epoxide can be obtained in
high enantiomeric purity by Sharpless epoxidation19 of
the readily available (E)-2,4-pentadien-1-ol.20 Although
pure (2S,3S)-2,3-epoxy-4-penten-1-ol (>91% ee) can be
obtained by distillation,21 the crude product from the
epoxidation was used to prepare the carbamate. Alter-
natively, 9 can be obtained in more than 99% ee by Payne
rearrangement of (2R,3S)-1,2-epoxy-4-penten-3-ol, pre-
pared by Sharpless epoxidation of the commercially
available bis allylic alcohol.22

The crude epoxide 9, prepared by either way, was
treated by allyl isocyanate/Et3N in ether at reflux to
provide allyl carbamate 10 in 94% yield (59% overall yield
from 2,4-pentadienol; Scheme 1). The subsequent in-
tramolecular ring opening of 10 required extensive

experimentation since the standard conditions (NaH/
THF) gave a 1:1 mixture of the desired oxazolidinone 8
and the trans-acylated isomer 8b.23 Other bases such as
ButOK gave only slightly better yields, whereas treat-
ment with Lewis acid catalysts such as LiClO4 or
Ti(iPrO)4 led to decomposition of the starting material.
Ultimately, the use of sodium bis(trimethylsilyl)amide in
ether provided the desired oxazolidinone 8 in 88% yield
with no sign of the isomer 8b in the crude reaction
mixture.24 As expected, ring-closing metathesis on the bis
olefinic compound 8 took place cleanly using 5% mol
Grubbs’s catalyst25 in dichloromethane at room temper-
ature and afforded the target oxazolidinylpiperidine 7 in
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FIGURE 2. General retrosynthetic analysis.
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98% yield. The metathesis reaction was also performed
in supercritical CO2 (200 bar and 40 °C) providing an 88%
yield with only 2 mol % standard Grubbs’s catalyst.26

Once the key intermediate (-)-7 was acquired, the
study of its transformation into 1-deoxy-azasugars was
initiated. Katsumura et al.15 already described the trans-
formation of 7 into 1-deoxymannojirimycin 2 and to 1-de-
oxygalactostatin 3 through a tert-butyldimethylsilyl ether
derivative. In our hands, however, the silyl protective
group was too sensitive to the basic hydrolysis conditions
necessary for the deprotection of the carbamate group.
It was thus decided to use benzyl or benzhydryl groups
to protect the secondary hydroxyl functionality. In both
cases, the corresponding ethers 11a and 11b were
obtained in good yield (Scheme 2). The dihydroxylation
of both compounds took place in high diastereoselectivity
anti to the alkoxy group, but as might be anticipated,
the benzhydryl derivative 12b was obtained in a signifi-
cantly better diastereomeric ratio (12:1). Protection of the
vicinal diol in 12b as a dimethyl acetal followed by
chromatography provided diastereomerically pure 13, a
completely protected form of 1-deoxymannojirimycin 2.
Although in acetal 13 all protecting groups can, in
principle, be hydrolyzed by acid treatment to give 2, all
attempts to perform the hydrolysis of all three protecting
groups using HCl failed. On the other hand, basic
hydrolysis led to clean and selective deprotection of the
carbamate, affording 14 in excellent yield. Hydrogenoly-
sis as well as acid hydrolysis of the benzhydryl group in
14 proved to be more difficult than expected. Whereas
Pd/C or Pd(OH)2 catalytic hydrogenation only afforded
starting material, hydrolysis using HCl/MeOH gave the
desired product contaminated by a methyl ether deriva-
tive. Ultimately, it was found that hydrolysis in HCl/THF
cleaved both groups cleanly, affording the hydrochloride
15 (2‚HCl) in almost quantitative yield and high purity.

The stereogenic centers in the piperidine ring of swain-
sonine have the opposite configuration of those in manno-
jirimycin. Consequently, their synthesis requires starting
from the enantiomer of the intermediate used in the pre-

viously described synthesis. One of the advantages of us-
ing Sharpless epoxidation as a source of chirality is that
both enantiomers are readily accessible. Therefore, (-)-9
was prepared by simply changing the configuration of the
tartrate in the epoxidation step, and (+)-7 was synthesiz-
ed from it following the same reaction sequence. We plan
to build up the five-membered ring by introducing an un-
saturated ester via olefination of aldehyde 19, which in
turn could be prepared via deprotection of the carbamate
and subsequent oxidation of the primary alcohol. The syn
dihydroxylation of the unsaturated ester would control
the stereochemistry of the diol fragment in the cyclic
derivatives. Syn-dihydroxylation of E-20 would lead to a
trans diol, whereas syn-dihydroxylation of Z-20 would
afford the stereochemistry present in swainsonine 4.

The synthetic plan employed required the choice of an
adequate protecting group for the secondary alcohol after
hydrogenation of the double bond in (+)-7. The benzyl
group was chosen for the case at hand since it is more
resistant to hydrolysis than benzhydryl and we hoped
that its bulkiness would not be necessary in the diastereo-
selectivity control of the side chain dihydroxylation. Thus,
hydrogenation of (+)-7 gave alcohol 16 which, after pro-
tection as a benzyl ether gave 17 uneventfully (Scheme 3).
Basic hydrolysis of the carbamate took place smoothly, and
the free amine was protected in situ with a Boc group,
yielding hydroxymethylpiperidine 18 in an overall yield
of 87% from 17. Oxidation of the primary alcohol required
some experimentation. While Swern oxidation provided
aldehyde 19 in only 68% yield, the use of Dess-Martin
periodinane (DMP)27 as an oxidant in basic media afford-
ed 19 in nearly quantitative yield.

Horner-Emmons olefination of 19 afforded the unsat-
urated ester E-20 in good yield and diastereoselectivity
(86%, 10:1), although these results were improved using
Masamune-Roush conditions28 (94%, 14:1). On the other
hand, the corresponding Z isomer was conveniently ob-
tained using bis(trifluoroethoxy)phosphonate under Still
conditions,29 which gave Z-20 as the major isomer (5:1).

Gratifyingly, dihydroxylation using catalytic OsO4 and
NMO as a stoichiometric oxidant30 of both Z and E
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unsaturated esters 20 took place with excellent diaste-
reoselectivity, affording syn-diols with 1′S configuration.
According to geometry optimizations at the ab initio
6-31G* level,31 in the most stable conformations of E-20
the alkene and benzyloxy are trans-diaxial (ca. 2.5 kcal/
mol more stable than the diequatorial). However, within
diaxial conformers the energetic difference of the struc-
tures arising from rotation of the C2-C1′ bond was too
small to justify the observed diastereoselectivity. Thus,
we performed a calculation of both transition states (TS-A
and TS-B), leading to the osmate intermediates resulting
of the OsO4 attack to each of the two diastereotopic
double-bond faces (Figure 3). The geometry of these TSs
was optimized at the semiempirical PM3 level, and their
corresponding vibrational analysis showed only one
imaginary frequency. Gratifyingly, the lowest energy
transition state (TS-A, ca. 6 kcal/mol more stable) is the
one leading to the 1′S configuration, as experimentally
observed. In the most stable TS, the approach of OsO4

takes place to an anti-periplanar conformation between
C2-H and C1′-H bonds, whereas in the less stable
transition state (TS-B) osmium approaches to a synclinal
conformation. As it can be readily seen, the lower energy
TS (TS-A) is free of strong steric repulsions because the
carbamate can avoid the pathway of the OsO4. On the
other hand, the osmylation by the opposite face encoun-
ters the steric repulsion of the C3-H bond as well as the
benzyl group. Taking this into account, the sense of the
diastereoselectivity can be easily understood, the most
stable TS-A being the one in which the attack of osmium
is opposite to the benzyloxy group (Figure 3). The same
arguments can be used in the understanding of the
dihydroxylation of Z-20.

Thus, starting from E-20, syn-dihydroxylation with
osmium tetroxide afforded diol 21 in good yield and total
stereoselectivity (Scheme 4). Careful acid hydrolysis of
the tert-butyl carbamate, followed by treatment with
DIPEA, cleanly afforded the cyclic amide 22, which was
reduced by borane-dimethyl sulfide complex to the
protected 2-epi-swainsonine 23 in good yield.

To synthesize swainsonine 4, a diastereomerically en-
riched mixture of 20 (Z/E 5/1) was dihydroxylated under
the same conditions described above (Scheme 5). Diol 24
was obtained in excellent diastereoselectivity and then
cyclized as described above for 21 to give 25. Both pro-
ducts 24 and 25 were obtained in good yield but accom-
panied by a small amount of products derived from the
E isomer that could not be removed by chromatography.
Protection with 2,2-dimethoxypropane afforded diastereo-
merically pure 26 in good yield since the trans stereo-
chemistry of the products derived from E-20 impeded its
protection. The cyclic amide 26 was then reduced to ob-
tain the protected swainsonine 27,10a,e,k,o which was spec-
troscopically identical to that described.10,e,k,o Following
their procedure, 27 was easily converted into swainsonine
4 by hydrogenation with PdCl2 and HCl hydrolysis.

In summary, we have developed an efficient procedure
for the preparation of polyhydroxy piperidine and in-
dolizine alkaloids. The key intermediate 7 was prepared
in both enantiomeric forms from unsaturated epoxide 9,
easily obtained by Sharpless epoxidation. The same
intermediate 7 was used as a precursor of monocyclic and
bicyclic important glycosidase inhibitors, thereby il-
lustrating its high synthetic utility.
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FIGURE 3. Diastereoselectivity of the dihydroxylation of
unsaturated ester E-20.
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