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A novel promising strategy for the transformation of nitrosugars into branched pyrrolidines, based on double Henry reaction with formaldehyde
followed by reductive ring closure, allowed the first enantiospecific synthesis of a 4- C-hydroxymethyl branched derivative of the well-known
glycosidase inhibitor 1,4-dideoxy-1,4-imino-pentanol. This strategy also afforded a new route to some other interesting derivatives, such as
N-hydroxy, N-propyloxy, and imino derivatives, a new kind of compounds with promising biological properties.

Glycosidases are involved in several important biological antiviral, antidiabetic, and anticancer effects as well as
processes such as digestion, the biosynthesis of glycoproteinsmmune modulatory propertiésthey have attracted much
and the catabolism of glycoconjugates. Analogues of fura- attention?

noses in which the ring oxygen is replaced by nitrogen and  Polyhydroxylated pyrrolidines are among the most active
the anomeric hydroxyl is removed have been reported to beglycosidase inhibitor&* This includes several isomers of
almost always inhibitors of the corresponding glycosidases.
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Figure 1. 1,4-Dideoxy-1,4-imino-pentanol derivatives.

iminosugarl (Figure 1)° such as natural imino-ribitols.®
Moreover, derivatives of compoundts provide an op-

of carbon—carbon bond§ After the carbon framework has
been set up, the nitro group can be converted into a range
of other functionalities#

As a continuation of our present interest on new synthetic
applications of nitrosugar$, herein we describe the first
enantiospecific synthesis of azafurandse which includes
the early introduction of its two hydroxymethyl substituents
at C-4 of a nitrosugar by a double Henry condensation with
formaldehyde. In the course of our studies, Muaydroxy-
pyrrolidine 5a was also obtained.

Nitro compoundb, easily prepared from-mannitol was
treated with aqueous acetic acid to afford the corresponding
trihydroxynitro compoundra. Selective protection of its
primary hydroxyl group ag-butyldiphenylsilyl ether, fol-
lowed by protection of the resulting di@b by reaction with
2,2-dimethoxypropane arnstoluenesulfonic acid in acetone,
provided the key isopropylidene nitro derivati8¢Scheme
1). The double condensation of nitro compou8dwith

portunity for altering and hopefully increasing the specificity _

of inhibition of individual glycosidases. Thus, derivatives
such as2, bearing an aromatic group at position C-1, are
purine nucleoside phosphorylase (PNPase) inhibitarsc
derivatives such a3, analogues of substituted at the C-1
position, have also been reported as powerful and specific
glycosidase inhibitor&. Accordingly, it is of interest to
prepare families of branched pyrrolidine iminosugéiend

5, analogues of,, to test their activity against a range of
glycosidases and hence to know how the introduction of a
branch in different ring positions can alter the inhibitory
activity® The carbon branched pyrrolidinda may be
considered as a @-hydroxymethyl analogue of the imino-
p-lyxitol 1a, a powerfubi-galactosidase inhibitGARemoval

of the diastereotopic hydroxymethyl groupdawould allow

it to be considered as an imineribitol 1b.1° Derivative

2a with an aromatic substituent is a potent inhibitor of
PNPases!

Nitrosugars are powerful synthetic materials because they
combine the synthetic potential of sugars and the chemical
versatility of the nitro group? the nitroaldol condensation
(the Henry reaction) is a classical method for the construction
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Scheme 1. Synthesis of Linear Branched Nitroderivative
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formaldehyde was achieved by using paraformaldehyde as
the source of the two hydroxymethyl groups. After protection
of the dihydroxymethyl system dJ by reaction with 2,2-
dimethoxypropane ang-toluenesulfonic acid in acetone,
treatment of diacetonide derivativida with tetrabutylam-
monium fluoride gave the expected nitroalcotbb, which

was transformed into mesylafel by reaction with mesyl
chloride in pyridine.

(12) (a) Barret, A. G. M.; Graboski, G. @hem. Re»1986,86, 751.
(b) Nitroalkanes and Nitroalkenes in Synthesi®trahedron Symposia;
Barret, A. G. M., Ed.; 1990; Vol. 46, p 7313. (c) Noboru, O.The Nitro
Group in Organic Synthesifeuer, H., Ed.; Organic Nitro Chemistry Series;
Wiley-VCH: New York, 2001.

(13) Luzzio, F. A.Tetrahedron2001,57, 915.

(14) (a) Pinnick, H. WOrg. React1990,38, 655. (b) McMurry, J. E.;
Melton, J.; Padgett, HJ. Org. Chem1974,39, 259. (c) McMurry, J. E.;
Melton, J.J. Org. Chem1973,38, 4367.

Org. Lett, Vol. 9, No. 4, 2007



According to our synthetic plan, reduction of the nitro
group of compound.1 and subsequent ring closure would
provide the pyrrolidine ring of compounti3 (Scheme 2).

Scheme 2. Synthesis of
1,4-Dideoxy-4-C-hydroxymethyl-1,4-imino and
Hydroxyimino-pentanols
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Figure 2. Molecular structure of compount® in the solid state.
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The nitro group ofl1 was stable under many of the usual
reduction conditions attempted, but finally treatmentLaf
with palladium black and ammonium formate at room

temperature resulted in a tandem reaction corresponding to

the partial reduction of the nitro group to a hydroxylamine
followed by a spontaneous ring closure, affording the
N-hydroxyiminosugar derivativé?2 instead of the expected
13. The structure 012 was unambiguously established by
X-ray crystallographic analysis (Figure ¥)Amine 13 was
obtained when the above reductionldfwas carried out at
50 °C and also whei2 was subjected to the same reaction
conditions. Finally, removal of the two isopropylidene groups
of 12 under acidic conditions gave branchddhydroxyimi-
nosugarba. CompoundL3 was similarly converted into the
target branched iminosugdia, which was isolated as its
hydrochloride salt. The spectroscopic properties of compound
4a, the hydrochloride of which hadx[p?® —5.2 (c, 1.30
MeOH), were identical to those previously reported for
racemic4al®

Recently, someO-alkylated-N-hydroxy derivatives of
known pyranose glycosidase inhibitors were synthesized and

(15) (a) Otero, J. M.; Fernandez, F.; Estévez, J. C.; Estévez, R. J.

shown to be inhibitors of glycosidas&sThis encouraged
us to study theD-alkylation of N-hydroxylaminel2.

The O-alkylated derivativel6 was readily obtained by
treatment ofl2 with 3-bromopropene and sodium hydride
to give the allyl hydroxylamind4; subsequent acid hydroly-
sis of 14 afforded15 which on catalytic hydrogenation gave
the propyl derivativel6 (Scheme 3).

Scheme 3. Synthesis of Alkylhydroxyl and Imino Derivatives
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Hydroxylaminel2 was additionally transformed into imino
derivativel9, a branched analogue of nectrisine (FR900483)
and similar well-known glycosidase inhibitoi$Oxidation
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resulting nitronel?7 with titanium tetrachloride and sodium
iodide provided a protected imino derivati¥8,2? which was
directly subjected to exhaustive acidic hydrolysis to yield
the desired imino compourtd as the major component of
an unseparable reaction mixtife.

Evaluation of the activity of derivativeda, 15, 16, and
19 as glycosidase inhibitors is currently in progress. Pre-
liminary results compare the glycosidase inhibition at 0.8
mM (Table 1). It is interesting to note thdt is a potent

Table 1. Inhibition of Glycosidases by Compounds, 15, 16,
and19

% inhibition
enzyme (source) 4a 15 16 19
a-glucosidase (yeast) 0 3 0 3
a-glucosidase (Bacillus) 52 5 15 21
a-glucosidase (rice) 0 0 0 —-12
p-glucosidase (almond) 0 0 0 0
a-galactosidase (coffee bean) 76 —11 48 10
pB-galactosidase (bovine liver) 3 12 40 80
a-fucosidase (bovine kidney) 35 0 0 0
o-mannosidase (Jack bean) 0 6 0 0
B-mannosidase (Cellullomonas) 6 0 0 0
naringinase (Penicillium) 0 0o 7 22
B-N-acetylglucosaminidase (bovine kidney) —9 5 0 0
fB-N-acetylglucosaminidase (Jack bean) 6 0 0 0
f-N-acetylglucosaminidase (Aspergillus) -11 0 -7 0

4a,5a, 16, and19 from nitrosugai6. This new route, based
on the powerful synthetic utility of nitrosugars, includes a
key step consisting of double nitroaldol condensation with
formaldehyde, followed by a one-pot reductive ring closure
of the resulting nitro derivativad 1.

The synthetic methodology presented here may have
considerable scope. Accordingly, work is now in progress
aimed at its application to the plethora of 5-deoxy-5-nitro-
hexofuranoses to access the whole families of sterecisomers
of iminosugardda, 15, 16, and19 for biological evaluation.
Our future plans include extending these chemical and
biological studies to the panel of 6-deoxy-6-nitro-hexofura-
noses to give rise to a great variety of noveCarydroxy-
methyl derivatives of polyhydroxylated piperidines and
polyhydroxylated azepanes of well-known inhibitory activity
such as the natural 1-deoxynojirymicth,homonojiry-
micins?2% and nojirymicin homologue¥.
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inhibitor of thea-galactosidase, but9 potently inhibits the

[B-galactosidase. I andK; values need to be determined,
but both compounds appear to show interesting specificity.
16 is a weak but nonetheless quite specific inhibitor of
galactosidases. These compounds should be evaluated

(23) Acidic hydrolysis of iminoderivativel8 provided an unseparable
mixture, which was assigned as an equilibrium mixture of tat§dmajor
component) and its hydrated derivati2@ (minor component).
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a(;'nis mixture was used for bioassay without further purification. For similar

potential chaperones for lysosomal storage disorders cause@revious results, see: (a) Joubert, M.: Defoin, A.; Tarmus, C.; Streith, J.

by a deficiency in lysosomal acidie-galactosidase.

In summary, a promising strategy has been developed for
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