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A new route for the synthesis of isofagomine analogues has been carried out by using as precursors enan-
tiopure 5-trihydroxypropyl-dihydrouracil derivatives obtained from aldol-type addition of 1,3-dibenzyl-
dihydrouracil to isopropylidene-protected glyceraldehyde. The synthesis of D-galacto-isofagomine is
reported.

� 2010 Elsevier Ltd. All rights reserved.
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Azasugars, a class of sugar-shaped molecules, have found a
growing interest in the last years because of their ability to inhibit
glycoprocessing enzymes.1 These polyhydroxylated piperidine
alkaloids are used as tools for studying the biological functions of
oligosaccharides2 and since many glycoprocessing enzymes have
been identified as important therapeutic targets, azasugars are
emerging as key molecules to find new drug candidates for antivi-
ral,3 anticancer4 and metabolic disorder therapies.4d,5 Two azasug-
ar-based drugs such as miglustat1a (N-butyl-deoxynojirimicin) for
the treatment of type-1 Gaucher’s disease and recently for type-C
Niemann–Pick disease6 and miglitol1a (N-hydroxyethyl-deoxy-
nojirimicin) for the treatment of type-2 diabetes mellitus have
been already approved.

In the past few years, isofagomine-type monosaccharide mim-
ics (1-azasugars) where the anomeric carbon is replaced by a nitro-
gen atom have shown an high and anomer-selective b-glycosidase
inhibition activity (Fig. 1).7 In their N-protonated form they mimic
the carbenium ion in the enzymatic glycosyl cleavage and form a
strong electrostatic interaction between the protonated endocyclic
nitrogen and the catalytic nucleophile of the enzyme.

Recently, isofagomine derivatives have received a great atten-
tion because they are new therapeutic candidates for the treatment
of Gaucher’s disease in Phase II of clinical development,8 and be-
cause they are potent inhibitors of liver glycogen phosphorylase
with pharmaceutical application in the treatment of type-2 diabe-
tes9 and cardiovascular diseases.10 As a consequence, the develop-
ment of new stereoselective and versatile procedures for the
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synthesis of isofagomine-type azasugars constitutes an area of con-
siderable interest.11

In the past we have performed a new diastereoselective and ste-
reodivergent synthesis of 5-trihydroxypropyl-dihydrouracil deriv-
atives based on the aldol-type addition of 1,3-dibenzyl-
dihydrouracil (DBDHU) to isopropylidene-protected glyceralde-
hyde.12 Here we wish to report a stereoselective and versatile
new route to the synthesis of 1-azasugars by using these enantio-
pure polyfunctionalized compounds as precursors.

Our strategy for the synthesis of isofagomine-type azasugars is
outlined in Figure 2, which shows that a disconnection of C2–N1
bond of the 1-azasugar molecule A would lead to amino polyol B
obtainable from the ureido polyol C via reductive ring opening of
the 5-trihydroxypropyl-dihydrouracil derivative D. This key inter-
mediate is endowed with the appropriate three stereocentres met
in the final 1-azasugars and can be stereoselectively synthesized
from glyceraldehyde homologation using DBDHU.

The extremely potent and selective b-galactosidase inhibitor D-
galacto-isofagomine 10 (IC50 = 12 nM; Ki = 4 nM) was first chosen
to test our approach to 1-azasugars (Scheme 1).13,14 The synthesis
Isofagomine-type 1-azasugarsDeoxynojirimycin-type azasugars

R=CH2OH, CH3, COOH

Figure 1. Structures of azasugars and 1-azasugars.
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Figure 2. Retrosynthetic analysis.
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starts from the required (5S,10S,20R)-5-trihydroxypropyl-dihydro-
uracil 4 synthesized via aldol-type addition of lithium enolate of
DBDHU 1 to 2,3-O-isopropylidene-D-glyceraldehyde 2 (4/3 isomer
ratio = 81/16) as previously reported.12,15 After the protection of
the C-1

0
hydroxyl group of 4 as TBS-ether, the addition of a large

excess of NaBH4 in 3/1 EtOH/H2O solution effected the reductive
cleavage of DHU ring. The C-1 hydroxyl group of the ureido polyol
5 was protected as TBS-ether and then both benzyl groups of the
urea functionality were removed by using lithium in liquid ammo-
nia in good yield.16 The next step of our synthetic plan was the
transformation of the ureido group of 6 into amino N-Boc-pro-
tected functionality of compound 7. It was obtained in good yield
and in a single step by using copper(II) chloride/lithium t-butox-
ide.17,18 Now, in aminopolyol 7 we have the complete skeleton
with appropriate chirality of the three stereocentres needed to ob-
tain the 1-azasugar target 10. The silyl-protecting groups of com-
pound 7 were easily substituted with Bn groups to give
derivative 8 and then HCl was added to remove the ketal and the
Boc groups.19 The protection of the nitrogen as N-Cbz gave com-
pound 9 in good yield.20 To complete the synthesis, the free pri-
mary hydroxyl group of aminopolyol 9 was selectively oxidized
to aldehyde21, then catalytic reduction of the crude mixture gave
in one pot the deprotection of Bn and Cbz groups and reductive
amination furnished, after chromatographic purification, D-galac-
to-isofagomine 10 in 88% yield, 10% overall yield in 12 steps.22

Starting from the (5R,10S,20R)-5-trihydroxypropyl-dihydrouracil
3,23 the stereoselective synthesis of the b-galactosidase inhibitor L-
allo-isofagomine could be performed using the same reaction pro-
tocol described for D-galacto-isofagomine derivatives 10. In princi-
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Scheme 1. Reagents and conditions: (a) LDA, THF, 4 h, �78 �C, 88%; (b) (i) TBSOTf, 2,6-lu
DMF; (ii) Li/NH3 liq., 52% two steps; (d) CuCl2–LiOtBu, THF, 81%; (e) Bu4NF, THF then BnB
(g) TCC, TEMPO, CH2Cl2 then H2, Pd/C, 88% two steps.
ple, the syntheses of L-galacto- and D-allo-isofagomine enantiomers
are also possible simply by using readily available 2,3-O-isopropi-
lidene-L-glyceraldehyde.

In summary we have shown a new stereoselective and versatile
route for the synthesis of isofagomine analogues starting from 5-
trihydroxypropyl-dihydrouracil derivatives obtained from the sim-
ple diastereoselective homologation of isopropylidene-protected
glyceraldehyde with DBDHU. The stereoselective synthesis of D-ga-
lacto-isofagomine derivatives 10 was reported and the extension of
this procedure for the synthesis of L-allo-isofagomine starting from
compound 3 as well as the synthesis of D-allo and L-galacto enanti-
omers by using isopropylidene-protected L-glyceraldehyde is un-
der investigation.
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