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p-p-threo- and 4-deoxy-4-amino-a-b-erythro-hex-2-enopyranosyl di- (n = 0) and trisaccharides (n = 1) of types A and B were synthetized by
means of a reiterative, completely stereoselective glycosylation process which makes use of the p-galactal-derived allyl epoxide 18 and

p-allal-derived allyl N-nosyl aziridine 2a, respectively.

Besides being present in many natural, biologically active
compounds (antibiotics, antitumor agents, and cardiac gly-
cosides), oligosaccharides are often found as components of
glycoproteins and glycolipids which are important in cell
surface recognition and cellular interactions and as blood
group determinants and tumor-associated antigens.' The
interest in these carbohydrates has stimulated the develop-
ment of several solution- and solid-phase protocols for the
synthesis of fully oxygenated natural oligosaccharides.'* By
way of contrast, less attention has been given to the synthesis
of unsaturated oligosaccharides.® In this framework, the
presence of the double bond, which allows further function-
alization, makes 2,3-unsaturated oligosaccharides very in-
teresting systems for the construction, not only of fully
oxygenated, but also of deoxy and dideoxy sugars. >*

" Dedicated to the memory of Professor Bruno Macchia (1933—2008).
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Recently, we found that the reaction of the diastereoiso-
meric D-galactal- and p-allal-derived allyl epoxides 1o** and
18* and N-nosyl aziridines 20 and 28°* with O-nucleo-
philes, such as alcohols and partially protected monosac-
charides (3—4 equiv), led to the corresponding a-O-
glycosides from 1o and 2o and 3-O-glycosides from 1f and
2f in a new uncatalyzed substrate-dependent stereospecific
glycosylation process (1,4-addition process). The close cor-
respondence found between the configuration of the glycosides
obtained and that of the starting heterocycle was rationalized
by the occurrence of a coordination between the O-nucleophile
and the oxirane oxygen or aziridine nitrogen in the form of a
hydrogen bond, as shown in 3a" and 4f' (Scheme 1).%’
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(6) A theoretical conformational study carried out on simplified structur-
ally related models has indicated that epoxide la’ and aziridine 2o
(unpublished results) exist as an equilibrium mixture of the corresponding
conformers o and @, whereas the diastereoisomeric epoxide 1f’and
aziridine 28°° exist only as the corresponding conformer ' (Scheme 1).



Scheme 1. Stereoselective Addition of O-Nucleophiles to Allyl
Epoxides 1o and 18 and Allyl N-Nosyl Aziridines 2o and 2f8
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We saw the possibility of adapting the new glycosylation
process found with epoxides 1a and 1 and aziridines 2o
and 2f, in a reiterative version for the stereoselective
synthesis of 2,3-unsaturated-1,6-oligosaccharides of type A,
by using a type 1 epoxide, and the corresponding 4-deoxy-
4-amino-substituted oligosaccharides of type B, by using a
type 2 aziridine (Scheme 2). This possibility was checked

Scheme 2. 2,3-Unsaturated-1,6-oligosaccharides (A and B)
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by preparing the type A S-linked-D-threo-hex-2-enopyrano-
syl-1,6-trisaccharide 5 (Schemes 3 and 4) and the type B

Scheme 3. Glycosyl Donor and Glycosyl Acceptor for the
Synthesis of Trisaccharide 5
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Scheme 4. Stereoselective Synthesis of Trisaccharide 5
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o-linked-4-deoxy-4-amino-D-erythro-hex-2-enopyranosyl-
1,6-trisaccharide 6 (Schemes 5 and 6).

Scheme 5. Glycosyl Donor and Glycosyl Acceptor for the
Synthesis of Trisaccharide 6
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For the synthesis of trisaccharide 5, epoxide 1f was taken
as the initial glycosyl donor and primary alcohol 7 as the
permanent glycosyl acceptor. Alcohol 7 was prepared

(7) Crotti, P.; Di Bussolo, V.; Pomelli, C. S.; Favero, L. Theor. Chem.
Acc., submitted.
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through a simple procedure starting from tri-O-acetyl-D-
glucal (8), as shown in Scheme 3.8

The reaction of epoxide 1f (prepared in situ by base-
catalyzed cyclization of trans-hydroxy mesylate 14)*® with
alcohol 7 afforded, with complete f3-stereoselectivity, the
B-0O-glycoside 15, which was acetylated (15-Ac) then depro-

Scheme 6. Sterecoselective Synthesis of Trisaccharide 6
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tected (TBAF/THF) to give the frans-hydroxy mesylate 16-
Ac. Base-catalyzed cyclization of 16-Ac, followed by
reaction of the intermediate allyl epoxide 17-Ac (the new
glycosyl donor) with alcohol 7 introduces the third fragment,
still with complete [-stereoselectivity, to give the 3-O-
glycoside 18-Ac, which was acetylated (18-diAc). Depro-
tection of 18-diAc (TBAF/THF) led to the trans-hydroxy
mesylate 19-diAc which, on treatment with ~-BuOH in the
presence of +-BuOK, afforded, through the formation of the
intermediate allyl epoxide 20-diAc, the trisaccharide 5-diA-
cas the corresponding fert-butyl S-O-glycoside.” Final saponi-
fication of the diacetyl derivative 5-diAc afforded trisaccharide
5 in 33% overall yield (seven steps) (Scheme 4).10

Trisaccharide 5 was also prepared without acetylating the
synthetic intermediates, but the quality of the crude product
of each step and the overall yield [17% (five steps)] were
lower (see Scheme 9, Supporting Information).

For the synthesis of trisaccharide 6, aziridine 2a was taken

(8) For the preparation of 3,4-di-O-acetyl-D-glucal (9), see: Di Bussolo,
V.; Favero, L.; Macchia, F.; Pineschi, M.; Crotti, P. Tetrahedron 2002, 58,
6069.

(9) -BuOH was chosen for the formation of the final O-glycoside
because, when this alcohol was used as the solvent, a completely
[-stereoselective O-glycosylation process was obtained, as in the corre-
sponding monomer, epoxide 1f.

(10) Trisaccharide 5 was fully characterized also as the corresponding
triacetyl derivative 5-triAc (Scheme 4).
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as the initial glycosyl donor and 1,3-diol 21 (prepared from
the THP-derivative 13), as the permanent glycosyl acceptor
(Scheme 5).

The synthesis of trisaccharide 6 is conceptually similar to
that of trisaccharide 5. In this case, all the glycosylation steps
are a-stereoselective because the initial and the intermediate
glycosyl donors are o-aziridines (Scheme 6).

The reaction of aziridine 2o [prepared in situ by base-
catalyzed (K,CO3) cyclization of the stable frans-N-nosyl-
O-mesylate 26]°* with diol 21 afforded the O-glycoside 27
with complete regioselectivity (exclusive attack by the
primary alcoholic functionality of 21) and a-stereoselectivity.
O-Glycoside 27 was transformed (MsCl/Py) into the trans-
N-nosyl-O-mesylate 28, which was cyclized under basic
conditions to the intermediate o-aziridine 29, the new
glycosyl donor. The reaction of 29 with diol 21 introduces
the third fragment, still with complete regio- and a-stereo-
selectivity, to give a-O-glycoside 30, which was converted
(MsCl/Py) into the trans-N-nosyl-O-mesylate 31. The treat-
ment of 31 with i-PrOH in the presence of K,COj; afforded,
through the intermediate o-aziridine 32, the N-nosyl-
substituted trisaccharide 33, as the corresponding isopropyl
a-O-glycoside (Scheme 6).!" Deprotection of the N-nosyl-
protected 33 by the PhSH/K,COj; protocol® afforded the
desired free amino group-containing trisaccharide 6 in 25%
overall yield (six steps) (Scheme 6).

Alternatively, the protocols described in Schemes 4 and
6 could be directed toward the synthesis of the corresponding
disaccharides (equations a and b, Scheme 7). For this

Scheme 7. Synthesis of Disaccharides 34 and 36 (eqs a and b)
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purpose, it was sufficient to subject frans-hydroxy mesylate
16, obtained by deprotection (TBAF/THF) of 5-O-glycoside
15, and trans N-nosyl-O-mesylate 28 to the +-BuOH/-BuOK
and i-PrOH/K,COs3 protocol, respectively, in order to obtain,

(11) i-PrOH was chosen for the formation of the final O-glycoside,
because when this alcohol was used as the solvent, a completely o-
stereoselective O-glycosylation process was obtained, as in the corresponding
monomer, aziridine 2a.>*
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through the intermediate formation of the allyl S-epoxide
17 and allyl o-aziridine 29, disaccharide 34 as terr-butyl 3-O-
glycoside (from 16) and disaccharide 35 as isopropyl a-O-
glycoside (from 28).>'! Deprotection of 35 by the usual
protocol (PhSH/K,CO3;) afforded the free amino group-
containing disaccharide 36.

The method here described for the synthesis of 2,3-
unsaturated-1,6-oligosaccharides (trisaccharides 5 and 6 and
disaccharides 34 and 36) appears to be very efficient with
regard to the complete stereo- and regioselectivity observed
in each glycosylation step and nice with regard to the overall
yield (25—33% for six to seven steps). Moreover, it is
interesting to note that the two protocols described for the
construction of this class of oligosaccharides, one based on
the D-galactal-derived allyl epoxide 18 and the other based
on the p-allal-derived allyl aziridine 20, can reasonably be
mixed to give 1,6-oligosaccharides containing alternating
—OH and —NH, groups at C(4), in which the stereoselec-
tivity (ot or ) of each glycosylation process is simply
determined by the configuration (o or f3) of the starting and
intermediate allyl epoxide or aziridine system.*> This point
is nicely demonstrated by the synthesis of disaccharide 41.
In this case, aziridine 20. was reacted with alcohol 7 (the
glycosyl acceptor previously used for the synthesis of
disaccharide 34 and trisaccharide 5) affording the new
O-glycoside 37, with complete o-stereoselectivity. By means
of the usual protocol (TBAF/THF), o-O-glycoside 37 was
transformed into the frans-hydroxy mesylate 38, which, on
treatment with +-BuOH in the presence of r~-BuOK, afforded,
through the intermediate formation of S-epoxide 39, disac-
charide 40 as the corresponding fert-butyl -O-glycoside
(Scheme 8).9 Deprotection of 40 by the PhSH/K,CO;
protocol afforded the corresponding free amino group-
containing disaccharide 41 in 30% overall yield (four steps).

The synthetic value and utility of our protocol for the
construction of 2,3-unsaturated-1,6-oligosaccharides such as
5, 6, 34, 36, and 41 is also confirmed by the observation
that little is present in the literature on this subject. Actually,
4-amino-substituted-2,3-unsaturated-1,6-oligosaccharides such
as trisaccharide 6, the corresponding disaccharide 36 and the
“mixed” disaccharide 41 are not present at all, at the moment,
in literature, whereas, as regards 2,3-unsaturated-1,6-oli-
gosaccharides such as the f-linked (threo configuration)
trisaccharide 5 and the corresponding disaccharide 34, there
is only a recent paper by O’Doherty reporting the synthesis
of structurally related a-linked (erythro configuration) di-
and trisaccharides.*
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Scheme 8. Synthesis of Disaccharide 41
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Studies are in progress in order to identify conditions for
the stereo- and/or regioselective functionalization of the
double bond present in disaccharides 34, 36, and 41,
trisaccharides 5§ and 6, and the corresponding monosaccha-
rides.'?
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(12) The choice of the 6-OBn protecting group on the terminal
unsaturated unit of type A and B oligosaccharides was based on the
assumption that its removal should occur only after functionalization of
the double bond. Moreover, in type B oligosaccharides the cleavage of the
benzyl ether should be carried out on the corresponding N-acetyl derivatives,
rather than on the free amino group-containing compounds.
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