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Investigations into the synthesis of amine-linked neodisaccharides
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Abstract—Six tail-to-tail amine-linked neodisaccharides were synthesised as potential glycomimetics. Primary–primary linked com-
pounds were synthesised using Mitsunobu chemistry with glucose-6-sulfonamides as nucleophiles and primary carbohydrate alco-
hols as electrophiles. Primary–secondary linked compounds were synthesised by epoxide ring opening with carbohydrate 6-amines.
Deprotection of all neodisaccharides was carried out using dissolving metal reduction.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1. Structures of a b(1!6)-linked disaccharide, gentobiose I and
its proposed N-linked neodisaccharide mimic II.
Carbohydrates occurring as polysaccharides and oligo-
saccharide glycoconjugates take part in biological recog-
nition events with consequences for both usual healthy
human function and disease.1 Glycomimetics are mole-
cules that resemble a carbohydrate but that may be
modified in some way.2 Usefully, a glycomimetic may
be mistaken for, or even preferred over, the natural sub-
strate by a carbohydrate binding protein. For example,
a disaccharide with a hydrolytically stable inter-glyco-
sidic linkage may be recognised but not cleaved by a
glycosidase.3

One area of research in our laboratory is the synthesis
of disaccharide mimics with unnatural linkages. One
particular area of interest is that of non-glycosidically-
linked disaccharides, comprising two sugars linked
together without using the anomeric centre. We call
these structures neodisaccharides and recently reported
the synthesis of various thioether-linked examples of this
compound class.4 Conceptually, similar work on ether-
linked5 and C-linked6 tail-to-tail disaccharides has also
been published. It is our hypothesis that such neodisac-
charides may act as glycomimetics with one sugar bind-
ing in its natural orientation to a carbohydrate binding
site in an enzyme or lectin, while the other sugar residue
assumes an unnatural orientation (Fig. 1). The pheno-
menon of different monosaccharides adopting different
orientations in a given binding site has been observed
before. For example, a crystal structure of thiodi-
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galactoside bound into the Galectin-1 binding pocket
shows that one galactose residue occupies the same
space as the GlcNAc residue in bound LacNAc.7

Nilsson has shown that some mannosides can mimic gal-
actose in binding to galectins, the proposed binding
mode being supported by molecular modelling.8 Jenkins
has reported that N-substituted 3-amino altrose deriva-
tives can act as glucosidase inhibitors, and has proposed
that the protonated aminosugar binds to the enzyme in
an orientation such that the amine nitrogen lies coinci-
dent with the binding position of the exocyclic oxygen
in the natural substrate.9 Adding a second carbohydrate
at the aglycon position to such a structure to give an
amine neodisaccharide (cf. II, Fig. 1) could increase
specificity for a given carbohydrate binding protein,
and possibly also binding affinity. Thus, methods to
synthesise such N-linked neodisaccharides are worth
investigating.
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While C2 symmetric (6–6) N-linked neodisaccharides
have been fairly widely documented10 and reports of
one sec–sec linked compound appeared almost 30 years
ago,11 it was not until earlier this year that the first
reports of unsymmetrically substituted amine neodisac-
charides appeared: Kroutil used a method based on azi-
ridine opening by amines to give diamino compounds.12

Thiem generated primary–sec linked neodisaccharides
by reductive amination.13 In our own approach, the first
results of which are reported in this Letter, we favoured
SN2 type reactions that have the potential to dictate the
stereochemical outcome, that is, the C–N bond forma-
tion should happen stereospecifically. We focussed on
two main approaches: Mitsunobu reactions using sugar
sulfonamide nucleophiles; and epoxide opening reac-
tions using sugar amines as nucleophiles.

We first investigated a Mitsunobu approach.14 Mitsun-
obu chemistry can be used to form C–N bonds when
the NH proton on the nucleophile is sufficiently acidic.15

Thus, we converted a model amine 116 into its triflyl 2
and nosyl 3 derivatives (Scheme 1). Reaction between
equimolar amounts of a C-6 sulfonamide (2 or 3) and
a primary alcohol (417 or 518) under standard Mitsun-
obu conditions (i.e., DEAD or DIAD, PPh3 in THF)
gave good yields of the corresponding (6–6) N-linked
C2-symmetric (6 and 7) or unsymmetrical (8 and 9)
neodisaccharides (Scheme 2). We found that it was nec-
essary to cool the mixture to 0 �C for the addition of the
reagents, but that the reaction could then be allowed to
warm to rt to complete. Attempting the reaction be-
tween 2 and 5 starting at rt failed to give any product–
both the starting materials were recovered unreacted.
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Scheme 1. Reagents and conditions: (i) Tf2O (1 equiv), Et3N (2 equiv),
DCM, 0 �C, 64%; (ii) NsCl (1.2 equiv), DMAP (0.1 equiv), Et3N
(1.5 equiv), DCM, rt, 97%.
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Scheme 2. Reagents and conditions: (i) DIAD (2 + 2 equiv), Ph3P (2 + 2
(2 + 0.5 equiv), THF, 0 �C!rt, 26 h, 78%; (iii) DIAD (3 equiv), Ph3P (3
(2 + 2 equiv), THF, 0 �C!rt, 48 h, 78%.
We then examined the potential formation of a pri-
mary–secondary linkage, i.e. by reaction between C-6
triflamide 2 and C-3 alcohol 1019 (DIAD (2 + 1 equiv),
PPh3 (2 + 1 equiv), 24 h). However, no reaction was
observed by TLC and virtually all the starting triflamide
was recovered. This difference in outcome is almost
certainly due to the increase in steric bulk in going from
a primary to a secondary alcohol. Repeating the reac-
tion in the presence of methanol gave smooth conver-
sion to the N-methylated product 11 (99%), with no
neodisaccharide formation.
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We next turned our attention to an epoxide opening
reaction as a stereospecific route to amine-linked neodi-
saccharides.20 Thus, C-6 (1 and 1221) and C-3 (1322)
amines and allo 14 and manno 15 configured epoxides23

were synthesised according to the published procedures.
Reaction of the manno epoxide 15 with C-6 amines 1
and 12 in the presence of LiClO4 (2 equiv) in refluxing
acetonitrile gave the altro configured neodisaccharides
16 and 17, respectively, with (3–6) connectivity in excel-
lent regioselectivity, this being dictated by the trans
diaxial opening24 of the conformationally locked epox-
ide. The allo epoxide 14 reacted with the C-6 amines 1
and 12 under the same conditions to give the trans
diaxial (2–6) N-linked neodisaccharides 18 and 19,
respectively, once again with excellent regioselectivity
(Table 1).

However, trying to open the epoxides 14 and 15 with
C-3 amine 13 under these conditions to give a sec–sec
N-linked neodisaccharide failed: only unreacted starting
e
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equiv), THF, 0 �C!rt, 7 h, 78%; (ii) DIAD (2 + 0.5 equiv), Ph3P
equiv), THF, 0 �C!rt, 3 h, 87%; (iv) DEAD (2 + 2 equiv), Ph3P



Table 1. Reactions carried out with epoxide (1 equiv), amine (1.1 equiv) and LiClO4 (2 equiv) in refluxing acetonitrile
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materials could be seen on TLC. For the reaction of allo
epoxide 14 with C-3 amine 13, carrying out the reaction
for one week in a sealed tube at 90 �C (2 equiv LiClO4)
gave no detectable product formation. Unfortunately, it
seems that once again, the increase in steric crowding at
a potential reaction transition state was enough to kill
off any reaction and further investigation is necessary
to achieve general formation of N-neodisaccharides
including sec–sec linked examples by this method.

Attempted deprotection of some of the compounds (e.g.,
18) by catalytic hydrogenolysis was not satisfactory, and
while product formation was seen, the reactions
proceeded very slowly even when acid was added. How-
ever, all the neodisaccharides 7–8 and 16–19 could be
smoothly deprotected in one step (i.e., removal of benzyl
ethers, benzylidene acetals and sulfonamide protection)
using dissolving metal conditions25 to give the free
neodisaccharides 20–25, all as their bis-methyl
glycosides (Scheme 3). A reverse addition procedure,
where sodium was first added to the condensed ammo-
nia, followed by slow addition of the sugar solution in
THF was found to work best, especially on larger scales.
The low solubility of the protected disaccharides in
ammonia/THF mixtures at �78 �C meant that in the
alternative procedure in which ammonia was condensed
into a THF solution of disaccharide and then sodium
added, some starting material was often recovered from
the reaction mixture as well as the product (typically
50% conversion). No partially deprotected compounds
were ever observed.

The fully protected altrose derivatives appear to exist
predominantly in a 4C1 chair conformation, as judged
by the NMR 1H–1H 3J coupling constants (e.g.,
for (2–6) N-linked compound 17, J1,2 <1 Hz; J2,3

2.8 Hz; J3,4 2.8 Hz; J4,5 9.6 Hz; and for (3–6) N-linked
compound 16, J1,2 <1 Hz; J2,3 1.4 Hz; J3,4 4.1 Hz; J4,5

9.8 Hz). When the conformationally rigid benzylidene
protection is removed, however, both the 3-substituted
and the 2-substituted altrose residues lose this confor-
mational rigidity in solution, adopting either a single
other or multiple conformations, as indicated by the
NMR coupling constants (e.g., for (2–6) N-linked com-
pound 24, J1,2 4.6 Hz; J2,3 8.2 Hz; J3,4 3.6 Hz; and for
(3–6) N-linked compound 22, J1,2 3.3 Hz; J2,3 5.7 Hz;
J3,4 and J4,5 4.7 and 7.8 Hz).26

In conclusion, we have investigated two new approaches
to the synthesis of amine-linked neodisaccharides, that is,
sulfonamide-based Mitsunobu chemistry, and the open-
ing of epoxides by carbohydrate amines, and demon-
strated their utility by the formation of some primary–
primary and primary–secondary N-linked structures.
We are currently investigating potential extensions of
these methods to form more challenging primary–sec-
ondary and sec–sec N-linkages, and the results of our
investigations along with the biological results from
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Scheme 3. Reagents and condition: (i) Na, NH3(l), THF, �78 �C.
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testing the glycosidase inhibitory properties of our neodi-
saccharides will be presented elsewhere in due course.

Typical procedure for the Mitsunobu reaction: Sulfon-
amide (1.0 equiv) and alcohol (1.0 equiv) were dissolved
in THF (3 mL) under N2 with stirring, and the mixture
cooled to 0 �C. Triphenylphosphine (2–3 equiv) was
added, and after 10 min, DIAD (2–3 equiv) was added
slowly. The yellow solution turned into a milky suspen-
sion within 10 min. The ice bath was removed after
30 min, and stirring was continued at room temperature.
After 2 h, the reaction mixture became a clear solution. If
necessary, as judged by TLC, the mixture was recooled to
0 �C and further PPh3 and DIAD added. After TLC
showed the formation of a major product, the reaction
mixture was concentrated and the residue purified by
flash column chromatography (pentane/ethyl acetate).

Typical procedure for epoxide opening: Amine (1.1 equiv),
epoxide (1.0 equiv) and lithium perchlorate (2.0 equiv)
were dissolved in acetonitrile (3.0 mL), and the reaction
mixture stirred under reflux. After TLC showed
consumption of the epoxide and the formation of one
major product (45–65 h), the reaction mixture was
poured into water (50 mL) and extracted with ethyl ace-
tate (2 · 75 mL). The combined organic extracts were
dried (MgSO4) and concentrated, and the residue puri-
fied by flash column chromatography (pentane/ethyl
acetate).

Typical procedure for deprotection: Ammonia (15–
20 mL) was condensed into a flask at �78 �C. Sodium
metal (required quantity) was added and the solution
turned deep blue immediately. A solution of the
protected neodisaccharide in THF (2 mL) was added
dropwise followed by MeOH (3–4 drops). The reaction
mixture (a deep blue solution) was stirred at this temper-
ature for 4–5 h, under a N2 atmosphere, then quenched
by the addition of NH4Cl (solid, ca. 400 mg). Ammonia
was allowed to evaporate at rt, then the mixture was
concentrated in vacuo. The crude product was dissolved
in CHCl3/EtOH (1:1) and filtered. This procedure was
repeated twice to get rid of most of the inorganic salts.
The product was then purified by flash column chromato-
graphy (CHCl3/MeOH/AcOH/H2O; 60:30:3:5) to give
the deprotected neodisaccharides as their acetic acid
salts.
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