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‘‘Fluoro-amphiphilic’’ glycosides are practical alternatives
for the preparation of oligosaccharides. Fluoro-amphiphilic
saccharide primers possessing a hydrophilic sugar moiety and
a fluorous tag could be taken up by cells and elongated by
cellular enzymes. The elongated products were released by cells
to the culture medium and could be easily separated from other
components by simple extraction with a fluorous solvent.

Fluorous-tagged saccharide primers are viable building
blocks for the biocombinatorial synthesis of oligosaccharides.1

We have reported that 6-(perfluorohexyl)hexyl-4-O-(�-D-galac-
topyranosyl)-�-D-glucopyranoside could be taken in by B16
melanoma cells, the saccharide chain elongated by cellular
enzymes, and the elongated product released by the cells to the
culture medium.2 Cellular uptake resulted in sialylation of the
terminal galactose residue to afford GM3-type oligosaccharide.

The practical aspect of biocombinatorial synthesis involves
not only the easy, simple, and large-scale preparation of oligo-
saccharides but is also aimed at the efficient recovery of the elon-
gated products in pure form. Traditionally, recovery of products
relies on chromatography. However, we have pursued the fluo-
rous approach to address the issue of purification of products
via convenient and environment-friendly strategy that eliminates
the use of large amounts of organic solvents.3 We capitalized on
the ability of the fluorous-tagged primers to be efficiently sepa-
rated from the rest of the components of the culture medium by
extraction with a fluorous solvent. The practicality of this strat-
egy is critically dependent on the availability of an appropriate
fluorous solvent that will dissolve exclusively the elongated
product.

In this research various fluorous-tagged saccharide primers
were prepared and introduced into B16 melanoma cells as sub-
strates for the synthesis of sialylated oligosaccharides. This
study aims not only to evaluate the effects of increasing the num-
ber of fluorine on cell viability and glycosylation, but also to
demonstrate the utility of the fluorous tag for the purpose of sep-
aration.

Fluorous-tagged saccharide primers (LacF10, GluF6,
GluF10, GalF6, and GalF10) were prepared by simple methods
involving glycosylation and subsequent deacylation.2 Glycosyl-
ation of peracetylated lactoside, galactoside, and glucoside de-
rivatives was carried out in the presence of a Lewis acid using
two types of pony tails (perfluorohexylhexanol and perfluorode-
cylethanol).4 The fluorous-tagged primers were introduced into
B16 melanoma cells to examine their feasibility as substrates
for oligosaccharide synthesis.

GalF6 and GluF6 are cytotoxic (Figure 1). Although insolu-
ble in the culture medium, the presence of GalF10 during incu-
bation was harmful to cells. On the other hand, GluF10 that has
the same number of fluorine in the aglycon was not cytotoxic.

LacF10, having a considerable number of hydroxyl groups, did
not impart any adverse effects to cell morphology and viability.
This result suggests the significance of the presence of hydroxyl
groups to salvage the cells from the toxic effect brought about by
the presence of many fluorine atoms. LacF10, GalF6, and GluF6
were taken into by the cells as shown by the presence of the cor-
responding bands in the cell fraction of the HPTLC results
(Figure 2). Cells did not take GalF10 in. Although soluble in

Figure 1. Effect of fluorus-tagged glycosides on B16 melanoma cells.
A, Control; B, GalF6; C, GluF6; D, LacF10; E, GalF10; F, Glu F10.
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Figure 2. HPTLC result of lipids extracted from the cell and culture
medium fractions. B16 melanoma cells (3� 106, 100mm dish) were
incubated for 48 h in serum free 1:1 DMEM-F12 supplemented with
transferrin and insulin in the presence of 50 mM fluorous-tagged sac-
charide primer. Lanes 1 and 6, Control; Lanes 2 and 7, LacF10; Lanes
3 and 8, GalF6; Lanes 4 and 9, GluF10; Lanes 5 and 10, GluF6; Lane
11, GM3 standard.

Table 1. Results of 48-h incubation of cells with 50mM fluorous-tag-
ged saccharide primers

OH
O

HO OH

OH
O

F

F

F

F F
F

F
F

F

OH
O

HO OH

OH
O

F

F

F

F
FF

FF F
F

F
F

F

F

F

F

F
FF

FF

F

F
F

F

HO O

HO OH

OH
O

F

F

F

F F
F

F
F

F

HO O

HO OH

OH
O

F

F

F

F
FF

FF F
F

F
F

F

F

F

F

F
FF

FF

F

F
F

F

Saccharide primer Glycosylated product

O
OH

HO OH
O

OH

O

HO OH

OH
O

F

F

F

F F
F

F
F

F

F

F

F

F
FF

FF

F

F
F

F

No glycosylation product

O
OH

O OH
O

OH

O
HO OH

OH
O

OH

HOOC

HO
AcHN

HO OH

O

O
OH

O OH
O

OH

O

OH

HOOC

HO
AcHN

HO OH

F

F

F

F
F

F

F

F

F

F

F

F

F

FF

FF

F

F

F

F

F

F

F

F

FF

FF
F

F

F

F

F

GalF10

LacF10

GalF6

GluF6

GluF10

No glycosylation product

No glycosylation product

856 Chemistry Letters Vol.34, No.6 (2005)

Copyright � 2005 The Chemical Society of Japan



the medium, GluF10 was not taken in by the cells. The presence
of many fluorine atoms seemingly makes the incorporation of
the primers into cells difficult. However, the number of hydroxyl
groups augments the extent of cellular uptake. Hence, the bal-
ance between the number of hydroxyl groups and the number
of fluorine atoms is critical on cellular uptake and viability.

Incorporation of LacF10 into B16 melanoma cells resulted
in sialylation of the galactose residue to give a GM3-type oligo-
saccharide (Table 1).5 Although cytotoxic, GalF6 was surpris-
ingly elongated to give a sialylated galactoside. This suggests
that the cells are capable of incorporating GalF6, elongating
the saccharide moiety and releasing the elongated products into
the culture medium before expiring. The amounts of elongated
products obtained from LacF10 and GalF6 primers were almost
the same as those obtained from primers with non-fluorous agly-
con units. Diffusion of saccharide primers through the cell mem-
brane to the Golgi where the sialyl transferases reside is a prereq-
uisite for elongation by cellular enzymes. Consequently, GalF10
and GluF10 that were not taken in by cells did not give any gly-
cosylation products. Although sialyl transferases are amenable
to acceptor modifications, the presence of a galactose residue
to effect sialylation is essential. Thus, GluF6 although taken in
by the cells was also not elongated.

The simple yet efficient separation of the elongated products
from the rest of the components of the culture medium without
resorting to chromatography requires an appropriate fluorous
solvent for extraction. We drew our attention on careful consid-
eration of the appropriate combination of the amounts of hydrox-
yl and fluorine groups of the primers as well as the fluorous sol-
vent. As shown in Table 2, the primers have 13–16% hydroxyl
groups and 33–45% fluorine. Fluorous-tagged primers and sialy-
lated primer were found to be insoluble in solvents having rela-
tively low content of fluorine and hydroxyl groups such as per-
fluorohexylhexanol (4% hydroxyl groups and 59% fluorine).
Although they were soluble in perfluoropropan-2-ol (F-propan-
2-ol) having 10% hydroxyl groups and 68% fluorine, F-propan-
2-ol is not a likely candidate as solvent for efficient separation
because the relatively high OH content renders it miscible in
water and thus, the primers could not be efficiently extracted
from the rest of the components of the aqueous culture medium.
Primers without fluorous tag were also found to be soluble in
F-propan-2-ol.

Among the perfluorous solvents tested, nonafluorohexanol
(3,3,4,4,5,5,6,6,6-nonafluorohexan-1-ol) and pentafluoropenta-
nol (4,4,5,5,5-pentafluoropentan-1-ol) were found most suitable

to meet the requirements for separation of the fluorous-tagged
lactoside primers and the elongated products. The primers and
products are soluble in these solvents that have about 6–9%
hydroxyl groups and 53–65% fluorine. More importantly, these
fluorous solvents were immiscible in water. Thus, the primers
and product can partition out of the aqueous phase and into
the fluorous phase during extraction. Investigation showed that
the fluorous-tagged saccharide primer and the glycosylated prod-
uct could be separated from the other components of the culture
medium by extraction with these solvents.6

In the light of increased demand for sialylated oligosaccha-
rides, the use of fluoro-amphiphilic glycosides possessing a hy-
drophilic sugar moiety and a fluorous tag is a welcome approach.
Fluoro-amphiphilic glycosides could be incorporated into cells
and act as substrates for glycosylation to give elongated products
that could be purified by employing the fluorous approach as an
alternative to the usual separation by chromatographic methods.
Finding the appropriate fluoro-amphiphilic solvent is crucial
but this strategy allows the simple separation of mixtures into
fluorous-tagged and untagged fractions by partitioning between
fluorous and aqueous liquids, respectively.

We express our heartfelt gratitude to the Noguchi Fluorous
Project for the financial support extended to this research.
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Table 2. Solubility of fluorous-tagged saccharide primers in fluorous solvents

Compound
F-propan-2-ol

(F: 68%, OH: 10%)

F-pentanol

(F: 53%, OH: 9%)

F-hexanol

(F: 65% OH: 6%)

CF3(CF2)5(CH2)6OH

(F: 59% OH: 4%)

Sialylated LacF6

F: 24%. OH: 16%
�

LacF6

F: 33%. OH: 16%
�

LacF10

F: 45%. OH: 13%
�

LacHC12

F: 0%. OH: 23%
� � �

LacHC12: dodecyl lactoside; F-propan-2-ol: 1,1,1,3,3,3-hexafluoroisopropyl alcohol; F-pentanol: pentafluoropentyl alcohol; F-hexanol:
nonafluorohexyl alcohol
: soluble �: insoluble
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