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A new and short synthesis of naturally occurring 1-deoxy-L-gulonojirimycin from tri-O-benzyl-D-glucal,
via a regioselective intramolecular cyclization of an amino triol intermediate, is described. Its absolute
configuration was deduced from the single crystal X-ray analysis of compound 11.
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Figure 1. Representative examples of azasugars.
Since the isolation of nojirimycin 1 (NJ) (Fig. 1) as the first natu-
rally occurring polyhydroxylated alkaloid,1 syntheses of natural
polyhydroxylated piperidines (azasugars or iminosugars) and their
unnatural analogues continue to receive a great deal of attention
due to their ability to selectively inhibit different types of enzymes
of medicinal interest such as glycosyltransferases and glycosidases.2

Though NJ was found to be a potent inhibitor of a- and b-glucosi-
dases, 1-deoxynojirimycin 2 (DNJ), the stable analogue of NJ was
found to be a more potent inhibitor than NJ itself.3 As inhibitors of
glycosidases, azasugars are thus expected to have therapeutic appli-
cations in the treatment of a variety of carbohydrate-mediated dis-
orders such as diabetes, viral infections, HIV, hepatitis, cancer
metastasis, and Gaucher’s disease.4 Over the years, extensive re-
search work has been carried out on the synthesis and inhibition
studies of D-iminosugars, as most of the naturally occurring DNJ ana-
logues belong to D-family.1,2,4,5 Successful development of synthetic
six-membered-azasugar based clinical drugs such as Glyset� 3 and
Zavesca� 4 (Fig. 1) represent significant research breakthrough in
this area.5 Recent studies reveal that L-DNJ and its analogues, though
do not mimic the conformation of D-sugars, also display significant
inhibition activities against D-glycosidases through a non-competi-
tive mode of action against these enzymes.6 In view of this, there
has been an upsurge in research related to the synthesis of L-DNJ
and its congeners. In this context, 1-deoxy-L-gulonojirimycin 6
(L-gulo-DNJ) (Fig. 1) represents a rare example of naturally occurring
DNJ analogue belonging to the L-family. It was first collected as an
amorphous hydroacetate in 1982 during degradative sugar analysis
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of the capsular polysaccharide isolated from Streptococcus pneumo-
niae type 12F.7 L-gulo-DNJ 6, is also a constituent entity of a novel
disaccharide, 7-O-b-D-glucopyranosyl-a-homonojirimycin, a potent
inhibitor of a-glucosidase and trehalase.8 L-gulo-DNJ 6 was first iso-
lated as a free base in 2001 from the extract of the bark Angylocalyx
pynaertii along with a plethora of other DNJ analogues.9 However,
it was initially identified as D-gulo-DNJ 5 and not L-gulo-DNJ 6. In
2005, the correct stereochemistry was established through asym-
metric synthesis. Comparison of the specific rotation of the naturally
occurring compound with that of the synthetic one revealed that the
naturally occurring compound was indeed L-gulo-DNJ.6b,10,11 It was
found to be a highly specific inhibitor of a-L-fucosidase with a Ki

value of 14 lm.6b Several syntheses of L-gulo-DNJ6b,7,11,12 and
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Figure 2. Single crystal X-ray structure of compound 11. Hydrogens (except those
in the piperidine ring) are omitted for clarity.
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D-gulo-DNJ6b,10,13 even prior to its isolation, have been reported.
Most of the syntheses reported so far for L-gulo-DNJ utilize D-su-
gar-derived starting materials.7,12 A couple of asymmetric syntheses
are also available.6b,11 Among the carbohydrate-based routes, except
for a lone low-yielding indirect example,7 glycals have hardly been
used as starting materials for the synthesis of L-gulo-DNJ despite
their ready availability. In continuation of our research work on
the transformation of glycals into novel azasugars and other biolog-
ically important compounds,14 we had recently accomplished a new
and short synthesis of naturally occurring L-gulo-DNJ from readily
available tri-O-benzyl-D-glucal 7 which we report herein.

Our synthesis relied on the use of amino diol 8,14d prepared in
three-steps from tri-O-benzyl-D-glucal 7, as a convenient starting
material (Scheme 1). Protection of the hydroxyl functional groups
of 8 as their TBS ethers afforded compound 9 in high yield.15

Deprotection of the benzyl groups of compound 9 was carefully
carried out with hydrogen in the presence of 10% Pd on charcoal
to give the triol 10 in 85% yield.16 It should be noted that exposure
of compound 9 toward hydrogenation reaction for a longer time
led to the deprotection of the TBS ethers also.17 Next, we attempted
a regioselective intramolecular cyclization of the amino triol inter-
mediate 10 to obtain the protected 1-deoxy-L-gulonojirimycin 11.
It was expected that, upon intramolecular cyclization, compound
10 would preferentially form the six-membered ring to afford
compound 11. Thus, amino triol 10 when subjected to an intramo-
lecular cyclization under Mitsunobu condition underwent a
smooth cyclization reaction to afford a single product in just
20 min. Upon careful analysis of 1H and 13C NMR spectral data,
its structure was identified to be the expected product 11.18 The
formation of the six-membered ring as well as the absolute config-
uration of 11 as 2R,3R,4R,5S (numbering as per parent 1-deoxynoj-
irimycin 2) could be inferred from the single crystal X-ray analysis
of compound 11 (Fig. 2).19 This is the first report on the single crys-
tal X-ray structure of L-gulo-DNJ derivative. Subsequently, depro-
tection of the TBS and tosyl groups was carried out in a two-step
one-pot fashion. Exposure of compound 11 to 0.1 M solution of
TBAF led to a facile deprotection of the TBS groups to afford com-
pound 12, which without any work-up and/or purification was
subjected to detosylation reaction under Birch condition to get
L-gulo-DNJ 6 as a viscous liquid. For characterization purpose,
L-gulo-DNJ 6 was converted into its hydrochloride salt by acidificat-
ion with hydrochloric acid in methanol.20 The specific rotation
{½a�31

D � 2:3 (c 0.6, MeOH)} and spectral data of L-gulo-DNJ.HCl
(6�HCl) were found to be identical with the literature values re-
ported by D’Alonzo and co-workers {[a]D � 2.5 (c 0.5, MeOH)}.11

Our synthesis along with the single crystal X-ray structure of com-
pound 11 thus unambiguously proves that the naturally occurring
gulo-DNJ indeed belongs to the L-family and has an absolute config-
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Scheme 1. Synthesis of 1-deoxy-L-gulonojirimycin from tri-O-benzyl-D-glucal.
Reagents and conditions: (a) TBSCl, Imd, DMF, rt, 1 h, 82%; (b) 10% Pd/C, MeOH,
42 �C, 40 min, 85%; (c) Ph3P, DEAD, THF, 0 �C to rt, 20 min, 90%; (d) 1.0 M, TBAF in
THF, rt, 10 min; (e) (i) Na–liq. NH3, THF, �78 �C, 3 h; (ii) HCl, MeOH, rt, 10 min, 75%
(from 11).
uration of 2R,3R,4R,5S (numbering as per parent 1-deoxynojirimy-
cin 2).

In conclusion, we have reported a new and a short synthesis of
naturally occurring 1-deoxy-L-gulonojirimycin from readily avail-
able tri-O-benzyl-D-glucal under very mild reaction conditions in
a high overall yield. The methodology is simple to carry out and
amenable for large-scale preparations. We have also deduced the
absolute configuration of naturally occurring 1-deoxy-L-gulonojir-
imycin from the single crystal X-ray analysis of compound 11.
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