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Synthesis of fluorescence labeled sialyl LewisX glycosphingolipids
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Abstract—The pyrene and nitrobenzoxadiazole (NBD) labeled derivatives of the natural sialyl LewisX glycosphingolipid 1 were
chemically synthesized as targets for investigating microdomain formation in membranes. The fluorescent analogs 2 and 3 were
prepared by replacing the natural amide-linked fatty acid with a fluorescent analog. © 2001 Elsevier Science Ltd. All rights
reserved.

The sialyl LewisX (sLeX) epitope Neu5Aca(2�3)Galb-
(1�4)[Fuca(1�3)]GlcNAc has become a prominent
target for biological studies because of its role in cell-
adhesion and its implication in inflammation through
binding to selectins.1 An important natural occurrence
of this epitope is at the terminal end of glycosphin-
golipids, where a lactose residue serves as spacer to the
ceramide moiety (Scheme 1).2 It was shown that these
natural sLeX-glycosphingolipid 1 mediate a selectin de-
pendent cell rolling when arranged in lateral clusters in
a model membrane.3

Fluorescent analogs of naturally occurring lipids are
widely used in investigations dealing with biophysical
aspects of membranes, e.g. lateral mobility or phase
separation.4 When the fluorophores are part of the lipid
anchor, they tend to be buried in the hydrophobic
interior of the lipid membrane. In this location, they are
sensitive to membrane properties such as lipid ‘fluidity’
and lateral domain formation.

Pyrene-labeled lipids form excimers in a concentration-
dependent manner in membranes5 and thus formation
of glycoclusters is exhibited when the carbohydrate is
attached to the lipid (such as 2). Similarly, in low
concentrations the NBD derivative 3 should be visible
by fluorescence microscopy only when locally
concentrated.

Until now, only a few examples exist on the chemical
synthesis of pyrene or NBD labeled glycolipids.6 To
maintain close similarity to the natural sLeX sphin-
golipid and facile synthesis, we decided to attach the
fluorophores via amide linkage to the sphingosine moi-
ety. For the synthesis of the sLeX sphingolipid 1 some
successful approaches have already been reported.7 We
selected here a linear strategy, incorporating the posi-
tive results of our previously reported synthesis of the
sLeX tetrasaccharide epitope,8 namely glycosylation
with N-trichloroethoxycarbonyl (N-Troc) protected
glucosamine donor 69 and with 3,4-O-acetyl protected
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fucosyl donor 10,10 respectively, as well as direct intro-
duction of the Neu5Aca(2�3)Gal disaccharide moiety
via donor 128,11 (Scheme 2).

Therefore, known lactose derivative 412 was O-benzoyl-
ated in the 2a-position (Scheme 2) and the 3b-O-allyl
protecting group was removed using PdCl2 in aqueous
acetic acid/sodium acetate to give acceptor 5 in high
overall yield. Glycosylation of 5 with glucosamine
trichloroacetimidate 69 was performed in the presence
of TMSOTf as catalyst in excellent yield. Contrary to
previous reports,13 selective deacetylation with NaOMe/
MeOH at 0°C gave 8 without affecting the Troc group.
Ensuing 4,6-O-benzylidenation gave 3-O-unprotected
derivative 9 whose fucosylation with 1010 in the pres-
ence of TMSOTf as catalyst afforded exclusively the
a-linked tetrasaccharide, which could be readily trans-
formed into the 4-O-unprotected acceptor 11 by re-
gioselective opening of the 4,6-O-benzylidene group.14

Glycosylation with disaccharide donor 128,11 was per-
formed at 0°C; again, TMSOTf served as the catalyst,
affording the desired sLeX intermediate 13 in 77% yield.

Treatment with activated zinc in acetic anhydride9 led
to replacement of the N-Troc group by an N-acetyl
group (�14) whereby sonification at room temperature
as well as use of the solvent mixture THF/Ac2O/AcOH
(6:2:1) improved the yield. Hydrogenolytic O-debenzy-
lation and then O-acetylation furnished 15, which was
selectively de-O-acetylated in the anomeric position by
piperidinium acetate at 50°C in THF. Treatment of 16
with trichloroacetonitrile in the presence of DBU as
base furnished trichloroacetimidate 17.

With this donor in hand, the standard ‘azidosphingo-
sine glycosylation procedure’15 for glycosphingo lipid
synthesis was employed (Scheme 3). Thus, reaction of
17 with azidosphingosine derivative 1816 with TMSOTf
as catalyst afforded derivative 19 after 5 h. Interest-
ingly, with a 2a-O-benzoyl group, first the correspond-
ing orthoester was formed, which could be isolated
almost exclusively after 1 h. This intermediate then
rearranged in 4 h to the desired glycoside 19 in good
yield. Hence, the use of 2a-O-pivaloyl group for an-
chimeric assistance seems to be preferable in the azi-

Scheme 2.
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Scheme 3.

dosphingosine glycosylation procedure,15 because gen-
erally shorter reaction times, higher yields, and no
orthoester formation were found for such donors.17 The
azido group of 19 was then reduced with H2S in
aqueous pyridine, followed by coupling with palmitic
acid, 1-pyrenedecanoic acid (Fluka) and 12-[N-(7-
nitrobenz-2-oxa-1,3-diazol-4-yl)amino]dodecanoic acid
(Molecular Probes),18 respectively, with 1-(3-dime-
thylaminopropyl)-3-ethylcarbodiimide hydrochloride
(WSC). Finally, removal of all O-acyl protective groups
and saponification furnished the target molecules 1–319

(Scheme 1); they were isolated as triethylammonium
salts after chromatography with CHCl3/MeOH/H2O/
NEt3 as eluent.

In conclusion, an efficient synthesis of labeled sLeX

glycosphingolipids 1–3 was performed which is based
on trichloroacetimidate donors and the azidosphin-
gosine glycosylation procedure for the attachment of
the labeled fatty acids. Biophysical and biological stud-
ies with these compounds will be reported in due
course.
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