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A new method using a light-fluorous glycosyl donor and an
orthogonal tagging strategy to synthesize oligosaccharides
and glycoconjugates has been developed. The glycosyl donor
orthogonally protected with a C8F17-silyl tag and benzoyl
groups was reacted with excess amounts of glycosyl acceptor.
Fluorous solid-phase extraction separated the glycosylated
product and unreacted glycosyl acceptor. This new protocol
has high reaction efficiency and easy separation, which was
demonstrated in the synthesis of an unprotected trisaccharide
and an O-glycosylated serine in this paper.

Carbohydrates play a pivotal role in many biological pro-
cesses, such as cell adhesion, inflammation, immune response,
and tumor metastasis.1 Low glycosylation efficiency and dif-
ficulty of product purification are two major issues in glyco-
chemistry. Numerous chemical and enzymatic glycosylation
methods have been developed.2 However, the separation of
oligosaccharides from deletion sequences still heavily relies on
chromatographic methods. In recent years, synthesis of oli-
gosaccharides on solid support3 or soluble support (PEG)4 has

been extensively studied. These methods usually have the
drawbacks of reduced reactivity, incapability of removing
anchored unreacted intermediates and byproducts, and difficulty
of structure characterization.

Fluorous chemistry has been widely used in biphasic catalysis,
combinatorial and parallel synthesis of small molecules, and
separation of biomolecules.5 Since the Curran group first
reported the utility of heavy-fluorous tagged glucal for the
synthesis of a disaccharide,6n more heavy-fluorous tags6 and
new light-fluorous tags7 have been developed for oligosaccharide
synthesis. Most of these reports focused on fluorous-tagged
glycosyl acceptors for the synthesis of oligosaccharides. Tagged
glycosyl donors could have broader applications than acceptor
for the synthesis of oligosaccharides as well as other glyco-
conjugates, but to date the effort on fluorous glycosyl donors is
limited to heavy-fluorous tag.6n The synthesis and separation
for heavy-fluorous tagged compounds rely on highly fluorinated
solvents, which are expensive and persistent. Very recently,
Pohl’s group reported the use of a light-fluorous glycosyl donor
in the synthesis of a monosaccharide.7c We herein introduce
the synthesis of oligosaccharides and glycosylated amino acid
by using a light-fluorous glycosyl donor and an orthogonal
tagging strategy.

In our current work, a glycosyl donor is attached to a fluorous
tag, and the tagged donor is reacted with a nonfluorous glycosyl
acceptor. The acceptor is used in excess amount to consume
the fluorous donor (Scheme 1). After each glycosylation, the
desired fluorous product is easily isolated by fluorous solid-
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phase extraction (F-SPE),8 and the excess glycosyl acceptor can
be recovered and recycled. Once the glycosylation sequence is
completed, all nonfluorous protecting groups on the fluorous
product are selectively removed. The deprotected fluorous
compound is separated by F-SPE. In the last step, the desired
oligosaccharide or glycoconjugate is obtained by removal of
the fluorous tag followed by F-SPE separation again. This
method takes the advantage of a light-fluorous glycosyl donor
and the orthogonal tagging strategy. A temporary protecting
group is unnecessary at the glycosylation position of all
acceptors, so the method has potential for the synthesis of
oligosaccharides as well as other glycoconjugates. In addition,
F-SPE replaces the time-demanding preparative HPLC to
simplify the purification.

In this note, we demonstrate the method of glycosylation
using a light-fluorous gylcosyl donor protected with a fluorous
TIPS group9 and nonfluorous benzoyl groups. The fluorous
protecting group is stable to the reaction conditions required
for glycosylations and acyl-deprotections, while the detagging
could be achieved with weak acid.

The known thioglycoside 1 (Scheme 2) with trityl and benzoyl
protection was synthesized.10 The temporary trityl group was
then removed with FeCl3.

11 The F-silyl group was subsequently
attached to the primary hydroxyl group of 2 to give the
intermediate 3. The thioglycoside 3 was then converted into
trichloroacetimidate 4 in two steps.12

For quick investigation of the glycosylation reactions, inter-
mediate 2 was glycosylated with fluorous trichloroacetimidate

4 (Scheme 3). The reaction was carried out in anhydrous DCM
at -40 °C in the presence of a catalytic amount of TMSOTf as
activator. 1H NMR spectrum of the crude product confirmed
the clean and efficient conversion (Figure 1A). No obvious
formation of hydrolyzed byproduct or silyl migrated byproduct
was observed. After a quick F-SPE,13 the products from the
organic fraction and the fluorous fraction were analyzed by 1H
NMR spectroscopy. Comparison of Figure 1B and C with A of
the crude product indicates that compounds 2 and 5 were
completely separated. The anticipated disaccharide 5 was
obtained in 92.5% yield, and the unreacted compound 2 was
recovered in 94.8% yield.

Compound 5 was further converted into trichloroacetimidate
6 (Scheme 4) following the procedure described above and then
purified by silica gel chromatography. After one more cycle of
glycosylation and F-SPE, the protected trisaccharide 8 was
obtained in 93.7% yield. All of the Bz groups of 8 were removed
by treatment with 0.02 M NaOMe in MeOH/DCM, which gave
intermediate 9 after another F-SPE separation. Finally, the
fluorous tag was removed with 0.02 M HCl in MeOH/H2O.
After F-SPE and lyophilization, the final unprotected trisaccha-
ride 10 was obtained as a white powder. The high purity (99.9%,
HPLC-ELSD) of the trisaccharide 10 with 10 free hydroxyl
groups was confirmed by TLC and NMR analyses.

We further extended the utility of fluorous glycosyl donor
for glycosylation with a typical amino acid (Scheme 5). Fmoc-
L-Ser-OMe 11 was reacted with glycosyl donor 4 under the
previous glycosylation conditions. After F-SPE, the glycosylated
compound 12 was obtained in 96.6% yield. Fmoc-L-Ser-OMe
was recovered in 95.0% yield. Both the glycosylation and the
F-SPE separation were still efficient. All of these F-SPE
separations were performed with one F-SPE cartridge containing
2 g of fluorous silica gel.
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SCHEME 1. Glycosylation with a Light-Fluorous Glycosyl
Donor

SCHEME 2. Synthesis of Light-Fluorous Glycosyl Donor

FIGURE 1. 1H NMR spectrum of (A) crude product, (B) organic
fraction (2), and (C) fluorous fraction (5) after glycosylation of 2 with
4.

SCHEME 3. Disaccharide Synthesis with Tagged Glycosyl
Donor
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In summary, we report the light-fluorous glycosyl donor and
its application for the synthesis of oligosaccharides and a
glycosylated amino acid. Orthogonal protecting groups including
C8F17-silyl and benzoyl groups were employed. Glycosylation
with fluorous trichloroacetimidate gave clean and complete
conversion. No fluorous solvent was needed during the synthesis
and separation. The fluorous glycosyl donor avoids the use of
a temporary protecting group on the acceptor. Unprotected
trisaccharide with high purity was obtained after F-SPE,
avoiding the use of time-demanding preparative HPLC. The
fluorous glycosyl donor was also successfully used for the
synthesis of an O-glycosylated amino acid. The facile F-SPE
separation provides the basis of a potential automatic synthesis
procedure. Further applications of this light-fluorous glycosyl
donor for synthesis of oligosaccharides, glycoconjugates, and
glycosylated natural products are now in progress.

Experimental Section

p-Methylphenyl 2,3,4-Tri-O-benzoyl-6-O-(2,3,4-tri-O-benzoyl-
6-(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-heptadecafluoro-decyl)diiso-
propylsilyl-�-D-glucopyranoside)-1-thio-�-D-glucopyranoside (5).
Glycosyl donor 4 (260.0 mg, 0.217 mmol) and glycosyl acceptor
2 (390.0 mg, 0.652 mmol) were coevaporated two times with
toluene, dried under vacuum for 2 h, and dissolved in anhydrous
DCM (4.7 mL) with powdered 4 Å molecular sieves (200 mg).
The solution was cooled to -40 °C, and TMSOTf (43 µL of freshly
prepared 0.5 M solution in DCM, 0.022 mmol) was added dropwise.
After 30 min, the reaction was quenched by addition of saturated
aqueous NaHCO3 (20 mL). The mixture was filtered and extracted
three times with DCM (50 mL × 3). The combined organic layer
was dried over Na2SO4 and concentrated under reduced pressure.
The residue was separated with F-SPE. Concentration of the
fluorous fraction provided the disaccharide 5 (328.1 mg, 0.201
mmol, 92.5%) as a white foam. The nonfluorous fraction was
extracted with DCM (50 mL × 3) after removal of MeOH and
further purified by flash chromatography (petroleum ether/ethyl

acetate, 4:1 v/v) on silica gel to give recovered 2 (246.6 mg, 0.412
mmol, 94.8%). [R]20

D +4.4 (c 1.4, CHCl3); 1H NMR (300 MHz,
CDCl3) δ 7.94-7.90 (m, 6H), 7.86-7.82 (m, 4H), 7.73 (d, J )
7.2 Hz, 2H), 7.55-7.21 (m, 20H), 7.17 (d, J ) 7.8 Hz, 2H), 5.83
(t, J ) 9.6 Hz, 1H), 5.75 (t, J ) 9.6 Hz, 1H), 5.54 (t, J ) 9.6 Hz,
1H), 5.45 (t, J ) 9.9 Hz, 1H), 5.33 (t, J ) 9.6 Hz, 1H), 5.25 (t, J
) 9.6 Hz, 1H), 5.00 (d, J ) 7.8 Hz, 1H), 4.76 (d, J ) 9.9 Hz, 1H),
3.99-3.79 (m, 6H), 2.36 (s, 3H), 2.11-2.05 (m, 2H), 1.05-0.90
(m, 2H), 0.96 (d, J ) 5.1 Hz, 12H), 0.81-0.75 (m, 2H); 13C NMR
(125 MHz, CDCl3) δ 165.8, 165.7, 165.3, 165.2, 165.0, 164.9,
138.9, 134.0, 133.4, 133.3, 133.3, 133.2, 133.1, 129.9, 129.8, 129.8,
129.7, 129.4, 129.3, 129.1, 129.0, 128.9, 128.7, 128.4, 128.3, 128.2,
128.2, 127.6, 101.1, 86.0, 78.6, 75.1, 74.1, 73.3, 72.0, 70.5, 69.5,
69.3, 68.1, 62.7, 25.2 (m), 21.2, 17.3, 17.3, 17.3, 12.3, 12.2, -0.3;
19F NMR (376 MHz, CDCl3) δ -81.13 (3F), -116.73 (2F),
-122.24 (6F), -123.06 (2F), -123.36 (2F), -126.46 (2F); HRMS
(ESI) calcd for C77H69O16F17NaSiS [M + Na]+ 1655.3696, found
1655.3622.

2,3,4-Tri-O-benzoyl-6-O-(2,3,4-tri-O-benzoyl-6-(3,3,4,4,5,5,6,6,7,
7,8,8,9,9,10,10,10-heptadecafluoro-decyl)diisopropylsilyl-�-D-glu-
copyranosyl)-r-D-glucopyranosyl Trichloroacetimidate (6). Disac-
charide 5 (313.5 mg, 0.192 mmol) was dissolved in DCM/H2O (5.9
mL, 100:1 v/v) and cooled to 0 °C. The solution was treated with
NBS (34.2 mg, 0.192 mmol) and TMSOTf (38 µL of freshly
prepared 0.5 M solution in DCM, 0.019 mmol). After completion,
saturated aqueous NaHCO3 (20 mL) was added, and the mixture
was extracted with DCM (50 mL × 3). The combined organic layer
was washed with brine (50 mL), dried over Na2SO4, and concen-
trated. The residue was purified by flash chromatography (Petroleum
ether/ethyl acetate, 6:1 v/v) on silica gel. The resulting syrup was
dissolved in anhydrous DCM (2 mL) and cooled to 0 °C. To the
resulting solution were added trichloroacetonitrile (115.5 µL, 1.152
mmol) and 1,8-dizaabicyclo [5.4.0] undec-7-ene (DBU) (14.4 µL,
0.096 mmol). After stirring for 30 min, the solvent was evaporated
under reduced pressure. The residue was purified by flash chro-
matography (petroleum ether/ethyl acetate, 7:1 v/v, 0.1% Et3N) on
silica gel to give 6 (213.6 mg, 66.6% over two steps) as a white
foam. [R]20

D +12.3 (c 1.4, CHCl3); 1H NMR (300 MHz, CDCl3) δ
8.30 (s, 1H), 8.03-7.78 (m, 12H), 7.51-7.24 (m, 18H), 6.67 (d, J
) 3.0 Hz, 1H), 6.17 (t, J ) 9.6 Hz, 1H), 5.84 (t, J ) 9.6 Hz, 1H),
5.54-5.34 (m, 4H), 4.94 (d, J ) 7.8 Hz, 1H), 4.44 (dd, J ) 9.6,
5.7 Hz, 1H), 4.10 (m, 1H), 3.86-3.77 (m, 4H), 2.11-1.95 (m, 2H),
1.00-0.90 (m,14H), 0.81-0.75 (m, 2H); 13C NMR (125 MHz,
CDCl3) δ 165.8, 165.6, 165.2, 165.1, 165.0, 165.0, 160.2, 133.4,
133.4, 133.2, 133.2, 133.1, 133.0, 130.0, 129.9, 129.9, 129.9, 129.8,
129.7, 129.7, 129.5, 129.1, 129.0, 129.0, 128.7, 128.4, 128.3, 128.2,
128.2, 100.9, 92.9, 75.1, 73.2, 72.0, 71.9, 70.7, 70.1, 69.4, 68.7,
67.3, 62.7, 25.2 (m), 17.3, 17.3, 17.2, 12.2, 12.2, -0.3; 19F NMR

SCHEME 4. Synthesis of Unprotected Trisaccharide

SCHEME 5. Synthesis of Glycosylated Fmoc-L-Ser-OMe
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(376 MHz, CDCl3) δ -81.13 (3F), -116.73 (2F), -122.25 (6F),
-123.06 (2F), -123.39 (2F), -126.46 (2F).

Methyl 2,3,4-Tri-O-benzoyl-6-O-(2,3,4-Tri-O-benzoyl-6-O-(2,3,4-
tri-O-benzoyl-6-(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10, 10-heptadecafluoro-
decyl)diisopropylsilyl-�-D-glucopyranosyl)-�-D-glucopyranosyl)-r-
D-glucopyranoside (8). The reaction was repeated with 6 (149.5
mg, 0.089 mmol) and 7 (135.9 mg, 0.268 mmol) as for the dimeric
glucose reported above. F-SPE provided trisaccharide 8 (168.9 mg,
0.084 mmol, 93.7%) as light yellow syrup. The unreacted 7 (89.5
mg, 98.8%) was recovered by flash chromatography (petroleum
ether/ethyl acetate, 3:1 v/v) on silica gel. [R]20

D +13.2 (c 1.8,
CHCl3); 1H NMR (300 MHz, CDCl3) δ 7.99-7.74 (m, 18H),
7.54-7.13 (m, 27H), 6.08 (t, J ) 9.6 Hz, 1H), 5.98 (t, J ) 9.6 Hz,
1H), 5.76 (t, J ) 9.6 Hz, 1H), 5.56 (t, J ) 9.6 Hz, 1H), 5.44 (t, J
) 9.9 Hz, 1H), 5.40 (t, J ) 9.9 Hz, 1H), 5.37 (t, J ) 9.9 Hz, 1H),
5.23 (t, J ) 9.6 Hz, 1H), 5.13 (dd, J ) 9.9, 3.6 Hz, 1H), 5.10 (d,
J ) 3.6 Hz, 1H), 5.02 (d, J ) 8.1 Hz, 1H), 4.69 (d, J ) 7.8 Hz,
1H), 4.00-3.78 (m, 8H), 3.47 (dd, J ) 12.0, 6.0 Hz, 1H), 3.17 (s,
3H), 2.11-2.02 (m, 2H), 1.00-0.94 (m, 14H), 0.88-0.75 (m, 2H);
13C NMR (125 MHz, CDCl3) δ 165.8, 165.7, 165.6, 165.3, 165.2,
165.1, 165.0, 165.0, 133.4, 133.3, 133.2, 133.2, 133.1, 133.0, 133.0,
132.9, 129.9, 129.8, 129.7, 129.6, 129.5, 129.5, 129.3, 129.2, 129.1,
129.1, 129.0, 128.9, 128.7, 128.4, 128.4, 128.3, 128.2, 128.1, 101.2,
101.1, 96.7, 74.9, 74.5, 73.0, 72.8, 72.2, 72.0, 71.9, 70.3, 69.8, 69.7,
69.1, 68.6, 68.1, 67.9, 62.6, 55.2, 25.0 (m), 17.4, 17.3, 17.3, 17.2,
12.2, 12.2, -0.3; 19F NMR (376 MHz, CDCl3) δ -81.13 (3F),
-116.73 (2F), -122.25 (6F), -123.06 (2F), -123.38 (2F), -126.46
(2F); HRMS (ESI) calcd for C98H87O25F17NaSi [M + Na]+

2037.4926, found 2037.4886.
Methyl 6-O-(6-O-(6-(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-Heptade-

cafluoro-decyl)diisopropylsilyl-�-D-glucopyranosyl)-�-D-glucopyra-
nosyl)-r-D-glucopyranoside (9). To a solution of trisaccharide 8
(92.8 mg, 0.046 mmol) in MeOH/DCM (1.2 mL, 5:1 v/v) was added
0.5 M NaOMe solution in MeOH (46 µL, 0.023 mmol). The
reaction mixture was stirred at room temperature for 12 h. Then
solid NH4Cl (2.1 mg, 0.04 mmol) was added for neutralization.
After filtration through celite, the solution was concentrated under
reduced pressure and purified by F-SPE. Evaporation of fluorous
fraction gave 9 (46.5 mg, 0.043 mmol, 93.6%) as a white foam.
[R]20

D +6.8 (c 1.0, CH3OH); 1H NMR (300 MHz, CD3OD) δ 4.60
(d, J ) 3.9 Hz, 1H), 4.36 (d, J ) 7.8 Hz, 1H), 4.28 (d, J ) 7.8 Hz,

1H), 4.10-4.05 (m, 2H), 3.99 (d, J ) 10.2 Hz, 1H), 3.83 (dd, J )
10.8, 4.8 Hz, 1H), 3.74-3.65 (m, 3H), 3.56 (t, J ) 9.3 Hz, 1H),
3.41-3.11 (m, 10H), 3.36 (s, 3H), 2.23-2.11 (m, 2H), 1.15-0.95
(m, 14H), 0.88-0.82 (m, 2H); 13C NMR (125 MHz, CD3OD) δ
104.9, 104.8, 101.3, 78.1, 78.0, 77.3, 75.2, 75.0, 74.9, 73.4, 72.6,
71.7, 71.4, 71.2, 70.3, 69.5, 64.2, 55.8, 26.5 (m), 18.0, 17.9, 13.6,
13.6, 0.8; 19F NMR (376 MHz, CD3OD) δ -78.80 (3F), -113.73
(2F), -119.14 (2F), -119.30 (4F), -120.15 (2F), -120.43 (2F),
-123.69 (2F); HRMS (ESI) calcd for C35H51O16F17NaSi [M + Na]+

1101.2567, found 1101.2587.
Methyl 6-O-(6-O-�-D-Glucopyranosyl)-�-D-gluco-pyranosyl-r-

D-glucopyranoside (10). Twelve molar HCl (30 µL) was dissolved
in 18 mL of MeOH. Part of the resulting solution (905 µL) was
added to trisaccharide 9 (19.5 mg, 0.018 mmol). The reaction
mixture was stirred at room temperature for 5 h. After purification
by F-SPE, the organic fraction was concentrated under reduced
pressure to remove most of MeOH and filtered through celite.
Freeze-drying of the resulting solution gave aim product 10 (7.9
mg, 0.015 mmol, 84.3%) as a white powder. [R]20

D +20.0 (c 0.7,
H2O); 1H NMR (500 MHz, D2O) δ 4.81 (d, J ) 4.5 Hz, 1H), 4.52
(t, J ) 8.5 Hz, 2H), 4.22 (d, J ) 11.5 Hz, 1H), 4.19 (dd, J ) 12.0,
1.0 Hz, 1H), 3.95-3.87 (m, 3H), 3.81 (dd, J ) 9.5, 3.0 Hz, 1H),
3.74 (dd, J ) 12.5, 5.5 Hz, 1H), 3.68 (t, J ) 9.5 Hz, 1H), 3.65-3.62
(m, 1H), 3.58 (dd, J ) 9.5 Hz, 4.0 Hz, 1H), 3.53-3.39 (m, 6H),
3.44 (s, 3H), 3.36-3.30 (m, 2H); 13C NMR (125 MHz, D2O) δ
105.7, 105.6, 102.2, 78.8, 78.5, 78.4, 77.8, 76.0, 75.9, 75.8, 74.0,
73.4, 72.5, 72.3, 72.2, 71.5, 71.4, 63.6, 58.1; HRMS (ESI) calcd
for C19H34O16Na [M + Na]+ 541.1739, found 541.1750.
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