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Asymmetric synthesis of the LL-fuco-nojirimycin, a nanomolar
a-LL-fucosidase inhibitor
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Abstract—We describe the asymmetric synthesis of the 5-amino-5-deoxy-LL-fucose (LL-fuco-nojirimycin) which appears as a very
potent fucosidase inhibitor with a Ki value of 1 nM.
� 2005 Elsevier Ltd. All rights reserved.
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The LL-fucose is a more lipophilic sugar and has unusual
properties. It is implicated in polysaccharide motives, as
Sialyl Lewis X, which are important for inflammation
processes and tumour migration.1–3 The design of fucose
mimics or the synthesis of nonhydrolysable analogues
may be of biological importance.

Potent fucosidase inhibitors have already been described
in LL-fucose and LL-lyxose series (Scheme 1). 1-Deoxy- or
homo-LL-fuco-nojirimycin derivatives LL-1a, LL-1c are
nanomolar inhibitors of a-LL-fucosidase from various
sources.4–8 Amino-LL-lyxose sugar 2b9,10 and its 1-de-
oxy-derivative 2a9–11 are likewise potent inhibitors of
the a-LL-fucosidase of bovine kidney; the a-homo deriva-
tive 2c has also a Ki value in the nanomolar range.12

We describe the asymmetric synthesis and the enzymatic
evaluation of the LL-fuco-nojirimycin LL-1b, which is a
new analogue of nojirimycin and which looks like a
promising fucosidase inhibitor. We had already de-
scribed the synthesis of its DD-enantiomer DD-1b via an
asymmetric hetero-Diels–Alder reaction between sorbal-
dehyde dimethylacetal (3) and the chloro-nitroso dieno-
phile 4 in the DD-mannose series13,14 (Scheme 2). This
chiral dienophile had been developed by Kresze and
Vasella.15 Using the same methodology and the previ-
ously reported concurrent chloro-nitroso dienophiles
6a,b in the 5-O-trityl-16 and the 5-O-acetyl-DD-ribose17
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series, respectively, the enantiomeric adduct has been
prepared. An interesting comparison of these parent
dienophiles is now possible.

Diels–Alder reaction of hexadienal dimethylacetal (3)18

with chloro-nitroso dienophiles 6a,b was carried out as
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Table 1. Comparison of data ([a]D, overall yield, enantiomeric excess

(ee) value) for the obtained chiral diol LL-8a with those of the known

enantiomer DD-8a13 depending on the used dienophiles 4, 6a,b

Starting nitroso derivative 413 6a 6b

Obtained chiral diol DD-8a LL-8a LL-8a

½a�25D value (c 1, CHCl3) �33 +28 +30

Yield of diol 8a from 3 35% 10% 17%

ee % value >99 96 95
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Scheme 3. Reagents and conditions: (a) HC(OMe)3, MeOH, �10 �C,
16–24 h; (b) aq Na2CO3, ClCO2Bn, 0 �C, 16 h; (c) cat. OsO4, N-

methyl-morpholine N-oxide, acetone/H2O, 40 �C, 16 h, yield 10% or

17% from 3; (d) 1—SOCl2, CH2Cl2, NEt3, 2—RuCl3, NaIO4, yield

90%; (e) 1—AcONH4, DMF, 70 �C; 2—cat. H2SO4, dioxane; (f) 1—

Tf2O, CH2Cl2, pyridine; 2—NaNO2, DMF, 30 �C; 3—Na2CO3,

MeOH, yield 65% from LL-8b; (g) 1—H2-Pd/C, EtOH, 50 �C; 2—SO2,

H2O, 6 days, 40 �C, yield 60%.
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Table 2. Inhibition of a-LL-fucosidase from bovine kidney (Ki in lM)24

with compounds LL-1a, LL-1b and LL-12 as well as with their DD-

enantiomers14 DD-1a, DD-1b and DD-12

Compound 1a 1b 12

LL-Series 0.003a 0.001 0.001

DD-Series 660 3 13

a IC50 = 5 nM.
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previously described with the mannose-derived dieno-
phile 413 (Schemes 2 and 3): diene 3 (1–1.5 equiv) was
reacted with dienophiles 6a,b (1 equiv) in a mixture of
MeOH/methyl orthoformate at � 10 �C for 24 h. Com-
pounds 6a,b were prepared just before use by oxidation
of the corresponding oximes 5a,b with t-butyl hypochlo-
rite. The adduct was recovered as hydrochloride LL-7a in
the aqueous phase after dilution with ether and extrac-
tion with an aqueous NaCl solution. Addition of excess
Na2CO3 to this aqueous solution of LL-7a and acylation
with benzyl chloroformate (1 equiv) under good stirring
for 5 h furnished, after extraction with CH2Cl2, the
crude N-protected adduct LL-7b (crude yield ca. 50%).
Subsequent bis hydroxylation as previously reported in
DD-series13 gave the stable diol LL-8a after chromatograph-
ic purification (AcOEt/cyclohexane, 1/1) in 10% or 17%
yield according to the used nitroso dienophile (Table 1).

Table 1 compiles some data for the diol LL-8a in compar-
ison with those obtained for its enantiomer DD-8a already
prepared from the nitroso-DD-mannose-derivative 4.13

Lower overall yield was observed when the trityl deri-
vative 6a was used as a dienophile. This is probably
due to the difficulty in purifying the amorphous initial
oxime 5a, compared to the nicely crystallised acetylated
one 5b.17 Determined enantiomeric excess (ee)19 of LL-8a
was good (ca. 95%) and independent of the 5-substitu-
tion of the dienophile. This ee was similar to the one ob-
served when hexadienoic acid was reacted with the
dienophile 6b.17 Regarding the overall yields and the ee
values which are given in Table 1, the mannose derivative
4 gave the best results among these dienophiles.

The inversion of the two hydroxyl groups in positions 4
and 5 of diol LL-8a was carried out as for the DD-enantio-
mer14 (Scheme 3). The cyclic sulphate LL-8b was obtained
in 90% yield by reaction with SOCl2 and oxidation of
the resulting cyclic sulfite isomers with perruthenate
ion. Opening of the sulphate LL-8b with acetate anion
following by acidolysis furnished two isomeric acetate
alcohols LL-9 and LL-10 which were not separated. Their
hydroxyl group was inverted by action of nitrite anion
on the triflate and a subsequent methanolysis of the ace-
tate group afforded the inverted diol LL-11 in 65% yield
from sulphate LL-8b (60% from diol LL-8a).

Hydrogenolysis over Pd/C of the N-CO2Bn group and
of the N–O bond of the diol LL-11 followed by hydrolysis
of the acetal group with SO2 in water at 40 �C gave the
crystalline LL-fuco-nojirimycin sulfite adduct LL-12, which
was isolated after dilution with EtOH in 60% yield from
diol LL-11.

Hydrolysis of this sulfite adduct LL-12 with baryte gave
the LL-fuco-nojirimycin LL-1b in aqueous solution as a
mixture of the imine form and of both the a- and b-ano-
mers in 11%, 46% and 43% proportion, respectively, at
295 K as in DD-series14 (Scheme 4). Hydrogenolysis over
Pd/C of this mixture led to the known deoxy-derivative
LL-1a.4–7,20–22

Analytical data23 of compounds LL-1b, LL-8a, LL-8b, LL-11
and LL-12 were in agreement with those of the corre-
sponding DD-enantiomers13,14 as well as data of the LL-1a
with those of the literature.4,20–22
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Inhibition properties of the LL-fuco-nojirimycin LL-1b, its
deoxy-derivative LL-1a and its sulfite adduct LL-12 were
determined against a-LL-fucosidase activity24 as well as
those of their corresponding DD-enantiomers14 (Table 2).

All these compounds proved to be competitive inhibi-
tors. LL-fuco-Nojirimycin LL-1b and its sulfite adduct LL-
12 appear to be very potent a-LL-fucosidase inhibitors
with a Ki value of 1 nM. The deoxy-derivative LL-1a is
a less potent inhibitor and its potency is in agreement
with the literature data against a-LL-fucosidase of bovine
epididymis.4–7 Their DD-enantiomers are comparatively
poor inhibitors, particularly the 1-deoxy-derivative DD-1a.

We have described the asymmetric synthesis of the most
potent nanomolar a-LL-fucosidase inhibitor, the LL-fuco-
nojirimycin (LL-1b, LL-fucose analogue of nojirimycin), in
a 7% overall yield from hexadienal acetal (3) or in a 36%
yield from the chiral diol LL-8a. The increase of the inhibi-
tion potency for the amino-sugars LL-1b, DD-1b compared
to their deoxy-derivatives LL-1a, DD-1a points out the
importance of the anomeric hydroxyl group in the enzyme
recognition as reported for other amino-sugars.25
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