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Experimental

All reagents were purchased from Aldrich. Dichloeihmne, THF and toluene were used
from solvent purification towers. All other commiaicreagents and solvents were used
as received without further purification. The reacs were monitored and th® values
determined using analytical thin layer chromatogyaftic) with 0.25 mm EM Science
silica gel plates (60F-254). The developed TLCgdatere visualized by immersionpn
anisaldehyde solution followed by heating on a plate. Flash chromatography was
performed with Selecto Scientific silica gel, 32-a8 particle sizes. Fluorous phase
chromatography was performed using fluorous solidse extraction cartridges
containing silica gel bonded with perfluorooctyldgilyl chains (Fluorous Technologies
Inc.; Pittsburgh, PA). All other Fluorous reagemisre also obtained from Fluorous
Technologies, Inc. All moisture-sensitive reactiamsre performed in flame- or oven-
dried glassware under a nitrogen atmosphere. Alttrens were stirred magnetically at
ambient temperature unless otherwise indicatddNMR and**C NMR spectra were
obtained with a Bruker DRX400 and Varian VXR308.NMR spectra were reported in
parts per million §) relative to CDJ (7.27 ppm) or CBOD (4.80) as an internal
reference®*C NMR spectra were reported in parts per milliéh relative to CDG
(77.23 ppm) or CEOD (49.15 ppm). The coupling constadtere measured in Hz. A
Shimadzu LCMS 2010 quadrupole mass spectrometé@mésizu Scientific Instruments,
Columbia, MD) equipped with and electronspray iatian (ESI) source was used in
positive ion mode. MALDI analysis was performed &mnigan MAT using 2,5-
dihydroxybenzoic acid matrix.
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Synthesis of  3-(perfluorooctyl)propanyloxybutenyl-3,4,6-tri-O-benzyl-2-O-(2-O-
acetyl-3,4,6-tri-O-benzyl-a-D-mannopyranosyl)-a-D-mannopyranoside (15)

A solution of 3-(perfluorooctyl)propanyloxybuteng|4,6-tri-O-benzyla-D-
mannopyranoside (150 mg, 0.153 mmol) and Q-acetyl-3,4,6-triO-benzylu/p-D-
mannopyranosyl trichloroacetimidat46 mg, 0.229 mmol) in dichloromethane (3 mL)
was cooled to 5 °C and TMSOTTf (&, 0.031 mmol) was added. The reaction mixture
was stirred for 30 min. The reaction mixture wagrmghed with triethylamine (30L)
and then concentrated under reduced pressure.rtide product was purified by solid-
phase extraction by using a Fluorous solid-phageaeton (FSPE) cartridge. Non-
fluorous compounds were eluted with 80% MeOH/wated the desired product was
eluted by 100% MeOH. The solvent was removed umdduced pressure to obtain
mannose disaccharide (214 mg, 0.147 mmol, 96%)yadiaw gel.

R¢: 0.77 (EtOAc/hexane, 1:1)
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'H NMR (400 MHz, CDCl3): & (ppm) 1.79-1.86 (2H, m), 2.09-2.21 (2H, m), 2.36i(
s), 3.38 (2H, tJ = 6 Hz), 3.71-4.21 (14H, m), 4.43-4.70 (12H, mB&4(1H, ddJ = 3.6,
10.8 Hz), 4.94 (1H, s), 5.11 (1H, s), 5.57 (1H5s$2-5.69 (2H, m), 7.16-7.36 (30H, m).
13C NMR (100 MHz, CDCls): § (ppm) 20.87, 21.27, 28.06, 62.77, 66.54, 68.727%8
62.84, 69.49, 69.57, 71.95, 71.97, 72.01, 72.18172/3.32, 73.40, 73.44, 73.54, 74.31,
74.81, 74.91, 74.99, 75.04, 75.15, 75.22, 75.2735778.21, 79.62, 98.21, 100.74,
127.53, 127.55, 127.58, 127.61, 127.64, 127.68,7127127.77, 127.85, 127.93, 128.02,
128.06, 128.14, 128.17, 128.26, 128.30, 128.32,3428.28.39, 128.42, 128.43, 128.51,
129.77, 138.11, 138.25, 138.34, 138.41, 138.44,453@38.52, 138.59, 138.62, 170.25.
MS (ESI): 1477 (M+Na)
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Synthesis of 3-(perfluorooctyl)propanyloxybutenyl-3,4,6-tri-O-benzyl-2-O-[2-O-(2-
O-acetyl-3,4,6-tri-O-benzyl-a-D-mannopyr anosyl)-3,4,6-tri-O-benzyl-a-D-
mannopyr anosyl]-a-D-mannopyranoside (16)

To a solution of 3-(perfluorooctyl)propanyloxybuydi3,4,6-tri-O-benzyl-20-(2-O-
acetyl-3,4,6-triO-benzyla-D-mannopyranosyly-D-mannopyranoside (214 mg, 0.147
mmol) in methanol (5 mL) was added NaOH (0.5 M90niL_, 0.294 mmol) in methanol.
The reaction mixture was stirred at room tempeeatar 30 min and concentrated. The
crude product was dissolved in minimum amount ofO¥leand loaded onto FSPE
column. Non-fluorous compounds were eluted with 89B#OH/water and the desired
product was eluted by 100% MeOH. The solvent wamked under reduced pressure to
obtain deacetylated mannose disaccharide (202 rhig30dnmol, 97%) as a yellow gel.
This was taken for the next coupling «cycle. A solt of 3-
(perfluorooctyl)propanyloxybutenyl-3,4,6-t@-benzyl-20-(3,4,6-tri-O-benzyla-D-
mannopyranosyl}D-mannopyranoside (202 mg, 0.143 mmol) and-2eetyl-3,4,6-tri-
O-benzyle/p-D-mannopyranosyl trichloroacetimidat¢137 mg, 0.215 mmol) in
dichloromethane (3 mL) was cooled to 5 °C and TMB@TIuL, 0.028 mmol) was
added. The reaction mixture was stirred for 30 rfiime reaction mixture was quenched
with triethylamine (30uL) and then concentrated under reduced pressure.ciide
product was purified by solid-phase extraction byng a Fluorous solid-phase extraction
(FSPE) cartridge. Non-fluorous compounds were dlwgh 80% MeOH/water and the
desired product was eluted by 100% MeOH. The solwaas removed under reduced
pressure to obtain mannose trisaccharide (253 rhi@40Gnmol, 94%) as a yellow gel.

Rs: 0.79 (EtOAc/hexane, 1/1)

'H NMR (400 MHz, CDCls): & (ppm) 1.79-1.86 (2H, m), 2.05-2.21 (2H, m), 2.35(
s), 3.37 (2H, tJ = 6 Hz), 3.55 (1H, dJ = 10.8 Hz), 3.65-4.02 (17H, m), 4.13-4.17 (2H,
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m), 4.33 (1H, dJ = 12 Hz), 4.43-4.72 (14H, m), 4.83-4.90 (3H, mP7A(1H, s), 5.08
(1H, s), 5.23 (1H, s), 5.26 (1H, s), 5.57 (1H552-5.65 (2H, m), 7.17-7.35 (45H, m).
13C NMR (100 MHz, CDCl3): § (ppm) 20.87, 21.27, 28.06, 62.77, 66.54, 68.727%8
62.84, 69.49, 69.57, 71.95, 71.97, 72.01, 72.1817273.32, 73.40, 73.44, 73.54, 74.31,
74.81, 74.91, 74.99, 75.04, 75.15, 75.22, 75.2735778.21, 79.62, 98.21, 100.74,
127.53, 127.55, 127.58, 127.61, 127.64, 127.68,712727.77, 127.85, 127.93, 128.02,
128.06, 128.14, 128.17, 128.26, 128.30, 128.32,312d28.39, 128.42, 128.43, 128.51,
129.77, 138.11, 138.25, 138.34, 138.41, 138.44.4533838.52, 138.59, 138.62, 170.25.
MS (ESI): 1909 (M+Na)
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Synthesis of 3-(perfluorooctyl)propanyloxybutenyl-3,4,6-tri-O-benzyl-2-O-[2-O-(2-
O-(2-O-acetyl-3,4,6-tri-O-benzyl-a-D-mannopyranosyl)3,4,6-tri-O-benzyl-a-D-
mannopyr anosyl)-3,4,6-tri-O-benzyl-a-D-mannopyr anosyl]-a-D-mannopyranoside
(17)

To a solution of 3-(perfluorooctyl)propanyloxybuy,4,6-tri-O-benzyl-20-[2-O-(2-
O-acetyl-3,4,6-triO-benzyla-D-mannopyranosyl)-3,4,6-t-benzyle-D-
mannopyranosylj-D-mannopyranoside (253 mg, 0.134 mmol) in methg&ohL) was
added NaOH (0.5 M, 0.54 mL, 0.268 mmol) in methafidie reaction mixture was
stirred at room temperature for 30 min and coned¢ett. The crude product was
dissolved in minimum amount of MeOH and loaded dR8PE column. Non-fluorous
compounds were eluted with 80% MeOH/water and #sred product was eluted by
100% MeOH. The solvent was removed under reducesdspre to obtain deacetylated
mannose disaccharide (242 mg, 0.131 mmol, 98%)yadlew gel. This was taken for
the next coupling cycle. A solution of 3-(perfluoatyl)propanyloxybutenyl-3,4,6-t®-
benzyl-20-[2-0-(3,4,6-tri-O-benzyle-D-mannopyranosyl)-3,4,6-t-benzylea-D-
mannopyranosyli+D-mannopyranoside (242 mg, 0.131 mmol) an@-aeetyl-3,4,6-tri-
O-benzyle/p-D-mannopyranosyl trichloroacetimidaté¢l25 mg, 0.197 mmol) in
dichloromethane (3 mL) was cooled to 5 °C and TME@®TpuL, 0.026 mmol) was
added. The reaction mixture was stirred for 30 rilme reaction mixture was quenched
with triethylamine (30uL) and then concentrated under reduced pressure.ciide
product was purified by solid-phase extraction byng a Fluorous solid-phase extraction
(FSPE) cartridge. Non-fluorous compounds were dlwgh 80% MeOH/water and the
desired product was eluted by 100% MeOH. The solwaas removed under reduced
pressure to obtain mannose trisaccharide (280 rhig@10nmol, 92%) as a yellow gel.

R¢: 0.80 (EtOAc/hexane, 1:1)

'H NMR (400 MHz, CDCls): & (ppm) 1.78-1.86 (2H, m), 2.05-2.21 (2H, m), 2.35(
s), 3.36 (2H, tJ = 5.6 Hz), 3.49-3.79 (11H, m), 3.85-4.02 (14H, m}2-4.19 (4H, m),
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4.35 (1H, dJ = 2.4 Hz), 4.37 (1H, d] = 3.2 Hz), 4.39-4.89 (22H, m), 4.99 (1H, s), 5.07
(1H, s), 5.20 (1H, s), 5.26 (1H, #i= 3.6 Hz), 5.57-5.66 (3H, m), 7.17-7.38 (60H, m).

3C NMR (100 MHz, CDCls): & (ppm) 20.81, 21.28, 29.79, 62.77, 66.54, 68.70/ %8
69.52, 69.56, 69.65, 71.62, 71.80, 71.87, 71.98972.22, 72.34, 73.33, 73.43, 73.55,
74.35, 74.75, 74.91, 75.04, 75.15, 75.23, 75.3068/57.34, 78.24, 79.48, 98.21, 99.49,
100.85, 101.27, 127.27, 127.52, 127.54, 127.60,6027127.67, 127.73, 127.77, 127.82,
127.93, 128.03, 128.12, 128.22, 128.26, 128.31,372828.38, 128.41, 128.51, 128.64,
128.70, 129.69, 138.13, 138.21, 138.37, 138.41,4438.38.48, 138.50, 138.56, 138.61,
138.68, 170.22.

MS (MALDI-TOF): 2319 (M+H)
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Synthesis of Allyl-3-O-acetyl-4,6-O-benzylidene-2-hydr oxy-a-D-mannopyranoside
(19)

Allyl-4,6-O-benzylidene-2,3-d®-hydroxy-a/p-D-mannopyranosidg5.18 g, 16.8 mmol)
was dissolved in dichloromethane (60 mL) and coatedl15 °C and pyridine (2.0 mL,
25.2 mmol) was added followed by acetyl chloride821mL, 18.5 mmol). The reaction
mixture was stirred at —15 °C for 1 h and quenchid water. The aqueous layer was
extracted with dichloromethane (2 x 100 mL). Thenbomed organic layer was washed
with HCI (2N, 50 mL), brine (50 mL) and dried oveodium sulfate. The solvent was
removed under reduced pressure and the crude preadisc purified by flash column
chromatography on silica gel using 38% ethyl aedta&ixane to give the desired product
asa-anomer (3.21 g, 9.17 mmol, 55%).

R¢: 0.37 (EtOAc/hexane, 1:1)

'H NMR (400 MHz, COD): & (ppm) 2.08 (3H, s), 2.76 (1H, br s), 3.79-3.84 (i),
3.91-4.00 (2H, m,), 4.05-4.11 (2H, m), 4.15-4.4(261, m), 4.24 (1H, ddJ = 4.4, 10
Hz), 4.84 (1H, s), 5.20 (1H, d,= 10.4 Hz), 5.26-5.33 (2H, m), 5.52 (1H, s), 5891
(1H, m), 7.33-7.46 (5H, m).

3C NMR (100 MHz, CROD): 5 (ppm) 21.14, 63.94, 68.34, 68.82, 69.74, 70.83176
99.57, 101.93, 118.03, 126.24, 128.30, 129.13,41033.37.27, 170.18.

MS (ESI): 373 (M+Na)
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Synthesis of Allyl-3-O-acetyl-4,6-dihydr oxy-2-O-pivaloyl-a-D-mannopyranoside (20)

Allyl-3- O-acetyl-4,60-benzylidene-2-hydroxy-D-mannopyranoside (2.24 g, 6.40
mmol) was dissolved in dichloromethane (40 mL)ann temperature. DMAP (1.56 g,
12.8 mmol) was added followed by pivaloyl chlori@95 mL, 7.68 mmol) and it was
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then stirred for 1 h. After the reaction was cortglethyl acetate/hexane (1:3) (60 mL)
was added. The white solid was filtered over cedite the filtrate was concentrated. A
solution of crude Allyl-30-acetyl-4,60-benzylidene-29-pivaloyl-a-D-
mannopyranoside in 60% ag. AcOH (50 mL) was heated0 °C for 3 h. It was then
cooled down to room temperature and poured intem@0 mL). The water layer was
extracted with ethyl acetate (2 x 200 mL). The comabd organic layer was washed with
sodium bicarbonate (3 x 80 mL) followed by briné (81L) and dried over sodium
sulfate. The solvent was removed under reducedspresand the crude product was
purified by flash column chromatography on silied gsing 45% ethyl acetate/hexane to
yield of the desired product (1.81 g, 5.22 mmoP/ ks white oil.

Rf 0.15 (silica, 50% EtOAc/hexane)

'H NMR (400 MHz, CDC})) & (ppm) 1.19 (9H, s), 2.01 (3H, s), 2.18 (1H, br s), 2.74
(1H, br s), 3.69-3.73 (1H, m), 3.82-3.88 (2H, mp434.00 (2H, m), 4.16 (1H, dd,=5
Hz, 13 Hz), 4.77 (1H, s), 5.16-5.30 (4H, m), 5.822%5(1H, m).

3C NMR (100 MHz, CDC}) & (ppm) 20.88, 27.11, 39.04, 62.28, 66.42, 68.45, 69.47,
72.26, 72.39, 96.73, 118.12, 133.26, 171.01, 177.44

MS (ESI): 348 (M+H]J
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Synthesis of Allyl-3-O-acetyl-6-O-t-butyldiphenylsilyl-4-hydr oxy-2-O-pivaloyl-a-D-
mannopyranoside (21)

Allyl-3- O-acetyl-4,6-dihydroxy-29-pivaloyl-a-D-mannopyranoside (1.47 g, 4.24 mmol)
was dissolved in dichloromethane (30 mL) and coate@ °C. Imidazole (433 mg, 6.36
mmol) was added followed by TBDPSCI (1.10 mL, 4ri2dhol) and the reaction mixture
was stirred at 0 °C for 1 h. It was then dilutethveithyl acetate (200 mL) and the organic
layer washed with water (30 mL), HCI (2N, 30 mLjydabrine (30 mL). The solvent was
removed under reduced pressure and the crude pradisc purified by flash column
chromatography on silica gel using 6% ethyl ac&latbloromethane to give the desired
product (2.14 g, 3.66 mmol, 86%) as white oil.

Rs: 0.55 (EtOAc/DCM, 1:9)

'H NMR (400 MHz, CDC}) & (ppm) 1.16 (9H, s), 2.05 (3H, s), 2.95 (1H, br s), 3.84-
4.17 (4H, m), 4.28 (1H, d] = 12 Hz), 4.45 (1H, dd] = 3.6 Hz, 12 Hz), 4.81 (1H, s),
5.02-5.28 (6H, m), 5.79-5.88 (1H, m), 7.23-7.30 (BH).

3C NMR (100 MHz, CDC}) & (ppm) 20.72, 27.01, 38.99, 63.09, 65.52, 68.54, 69.12,
70.03, 70.68, 75.78, 96.67, 118.11, 128.28, 128128.57, 128.59, 133.18, 135.00,
154.52, 171.40, 177.34.

MS (ESI): 587 (M+H)
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Synthesis of  3-(perfluorooctyl)propanyloxybutenyl-3-O-acetyl-4-O-benzyl-6-O-t-
butyldiphenylsilyl-2-O-pivaloyl-a-D-mannopyranoside (24)

To a solution of allyl-39-acetyl-6O-t-butyldiphenylsilyl-4-hydroxy-29-pivaloyl-a-D-
mannopyranoside (1.67 g, 2.85 mmol) in dichlororareéh(20 mL) and cyclohexane (10
mL) was added benzyltrichloroacetimidate (2.88 §.41mmol). The reaction mixture
was cooled to 0 °C and trfilic acid (0.13 mL, 1mBol) was added. It was then stirred at
the same temperature for 8 h and filtered overtecelihe filtrate was washed with
saturated sodium bicarbonate (30 mL), water (30,rahgl brine (30 mL), and dried over
sodium sulfate. The solvent was removed under estlpcessure and the crude product
was subjected to the next step without furtherfipation. The crude allyl-®>-acetyl-4-
O-benzyl-6O-t-butyldiphenylsilyl-2O-pivaloyl-a-D-mannopyranoside (1.06 g, 1.57
mmol) was dissolved in a mixture of acetic acid(b) and water (1 mL) (5:1). Sodium
acetate (386 mg, 4.71 mmol) was added followed diagium chloride (416 mg, 2.35
mmol) and the reaction mixture was heated in a ceraial microwave oven at 100 W
power and 80 °C for 5 min. It was then filtered rocelite and extracted with ethyl
acetate (2 x 50 mL). The combined organic layer washed with sodium bicarbonate (3
x 30 mL) followed by brine (50 mL) and dried ovexdsum sulfate. The solvent was
removed under reduced pressure and the crude pradisc purified by flash column
chromatography on silica gel using 8% ethyl acédatbloromethane to give the desired
lactol as a mixture of anomers. To a solution 0f-acetyl-40-benzyl-60-t-
butyldiphenylsilyl-20-pivaloyl-a-D-mannopyranoside (229 mg, 0.360 mmol) in
dichloromethane (4 mL) was added powderea@ dmolecular sieves (100 mg) and
trichloroacetonitrile (0.18 mL, 1.80 mmol) at rodemperature. The reaction mixture
was stirred for 10 min and cesium carbonate (12901896 mmol) was added and stirred
further for 45 min. It was then filtered over celand solvent was removed under reduced
pressure. The crude product was directly used fpecogylation. A solution of 3-
acetyl-40-benzyl-6O-t-butyldiphenylsilyl-20O-pivaloyl-a/f-D-mannopyranosyl
trichloroacetimidate (165 mg, 0.212 mmol) and 3H{perooctyl)propanyloxybutenyl
alcohol (77 mg, 0.141 mmol) in dichloromethane (8)mvas cooled to 5 °C and
TMSOTTf (13 uL, 0.071 mmol) was added. The reaction mixture stased for 15 min.
The reaction mixture was quenched with triethylean{dO uL) and then concentrated
under reduced pressure. The crude product wasiquuiify solid-phase extraction by
using a Fluorous solid-phase extraction (FSPE)idge. Non-fluorous compounds were
eluted with 80% MeOH/water and the desired prodvas eluted by 100% MeOH. The
solvent was removed under reduced pressure tonobtabrous-tagged mannose (151
mg, 0.130 mmol, 2% over 4 steps) as a yellow gel.

Rt: 0.68 (EtOAc/DCM, 1:9)
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'H NMR (400 MHz, CDC}) & (ppm) 1.12 (9H, s), 1.26 (9H, s), 1.81-1.88 (2H, m)31.9
(3H, s), 2.09-2.20 (2H, m), 3.40 (2HJt= 6 Hz), 3.78-4.18 (7H, m), 4.62-4.68 (2H, m),
4.81 (1H, s), 5.29 (1H, d = 1.6 Hz), 5.31-5.37 (1H, m), 5.68-5.72 (2H, m)}L6¢7.43
(11H, m), 7.73 (2H, d] = 6.8 Hz), 7.77 (2H, dl = 6.4 Hz).

3C NMR (100 MHz, CDC}) & (ppm) 19.40, 20.86, 26.91, 27.16, 39.06, 62.66, 62.81,
66.56, 68.74, 69.86, 72.26, 72.52, 72.90, 74.96317796.76, 127.67, 127.78, 127.89,
128.45, 129.73, 129.80, 130.43, 133.13, 133.53,6733.35.94, 138.10, 169.79, 177.60.
MS (ESI): 1189 (M+Na)

TBDPSO OPiv HO OPiv
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Synthesis of 3-(per fluor ooctyl)propanyloxybutenyl-3-O-acetyl-4-O-benzyl-6-
hydr oxy-2-O-pivaloyl-a-D-mannopyr anoside (25)

To a solution of 3-(perfluorooctyl)propanyloxybuy3-O-acetyl-4O-benzyl-6O-t-
butyldiphenylsilyl-20-pivaloyl-a-D-mannopyranoside (137 mg, 0.118 mmol) in THF (3
mL) was added acetic acid (3Q) followed by tetrabutylammonium fluoride (1.0 M i
THF, 0.24 mL, 0.236 mmol). The reaction mixture watgred for 10 h and then
concentrated. The crude product was purified bydguhase extraction by using a
Fluorous solid-phase extraction (FSPE) cartridgen-Nuorous compounds were eluted
with 80% MeOH/water and the desired product wasedllby 100% MeOH. The solvent
was removed under reduced pressure to obtain thiéyldéed product (72 mg, 0.083
mmol, 70%) as a white gel.

Rt: 0.47 (EtOAc/DCM, 1:9)

'H NMR (400 MHz, CDCls): & (ppm) 1.21 (9H, s), 1.81-1.89 (2H, m), 1.56 (1H, br s),
1.90 (3H, s), 2.06-2.22 (2H, m,), 3.46 (2H) & 6 Hz), 3.73-3.90 (4H, m), 4.02 (1H,d,

= 4.8 Hz), 4.08 (1H, dd] = 6, 13.8 Hz), 4.18 (1H, dd,= 4.4, 12.4 Hz), 4.63 (2H, s),
4.74 (1H, dJ = 1.6 Hz), 5.19-5.20 (1H, m), 5.31 (1H, dd= 3.2, 9.6 Hz), 5.62-5.71
(2H, m), 7.23-7.31 (5H, m).

Ph™ X0 a Ph—x~0—\ OPiv
0 . 0] O
HO LevO

Synthesis of Allyl-4,6-O-benzylidene-3-O-levulinyl-2-O-pivaloyl-a-D-
mannopyranoside (27)

Allyl-4,6- O-benzylidene-2,3-dB-hydroxy-o/p-D-mannopyranoside (1.06 g, 3.44 mmol)
was dissolved in dichloromethane (20 mL) and cotbedl5 °C and DCC (779 mg, 3.78
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mmol) was added followed by DMAP (84 mg, 0.688 mmbkvulinic acid (0.39 mL,
3.78 mmol) was then added dropwise. The reactiotiumra was stirred at —15 °C for 1 h
and filtered through celite. The filtrate was camicated and the crude product was taken
directly to the next step without further purificat. Allyl-4,6-O-benzylidene-22-
hydroxy-3-O-levunilyl-a/B-D-mannopyranoside1(0 g, 2.46 mmol)was dissolved in
dichloromethane (20 mL) at room temperature. DMABO(mg, 4.92 mmol) was added
followed by pivaloyl chloride (0.36 mL, 2.95 mmahd it was then stirred for 1 h. After
the reaction was complete, ethyl acetate/hexai®@ (80 mL) was added. The white solid
was filtered over celite and the filtrate was coricated. The crude product was purified
by flash column chromatography on silica gel using 28%yl acetate/hexane to give the
desired product as-anomer (635 mg, 1.29 mmol, 53% over two steps).

R¢: 0.72 (EtOAc/hexane, 1:1)

'H NMR (400 MHz, CDCY) 6 (ppm) 1.24 (9H, s), 2.06 (3H, s), 2.38-2.66 (4H, m)33.7
3.81 (1H, m), 3.93-3.98 (3H, m), 4.12-4.25 (2H, m)5 (1H, dJ = 1.2 Hz), 5.16 (1H,
dd,J = 1.2 Hz, 10 Hz), 5.24-5.40 (3H, m), 5.54 (1H, $B1-5.88 (1H, m), 7.23-7.44
(5H, m).

3C NMR (100 MHz, CDCY): & (ppm) 27.19, 27.85, 29.82, 37.87, 39.03, 63.85, 68.49,
68.83, 68.88, 69.80, 76.58, 97.66, 101.87, 11812K.24, 128.25, 129.10, 133.17,
137.13, 171.70, 177.34, 206.24.

MS (ESI): 513 (M+Na)

OPiv HO OPiv
Ph/VOO o) _ O
LevO LevO

O O

/
T
@)

Synthesis of Allyl-4,6-dihydroxy-3-O-levulinyl-2-O-pivaloyl-a-D-mannopyranoside
(28)

A solution of allyl-4,60-benzylidene-33-levulinyl-2-O-pivaloyl-a-D-mannopyranoside
(635 mg, 1.29 mmol) in 60% aq. AcOH (20 mL) wasthadaat 70 °C for 2 h. It was then
cooled down to room temperature and poured intem@0 mL). The water layer was
extracted with ethyl acetate (2 x 100 mL). The comad organic layer was washed with
sodium bicarbonate (3 x 50 mL) followed by briné (81L) and dried over sodium
sulfate. The solvent was removed under reducedsypresand the crude product was
purified by flash column chromatography on silied gsing 45% ethyl acetate/hexane to
yield of the desired product (505 mg, 1.25 mmobas white oil.

R¢: 0.22 (EtOAc/hexane, 1:1)

'H NMR (400 MHz, CDC}) 6 (ppm) 1.14 (9H, s), 2.07 (3H, s), 2.30-2.73 (4H, m).23.6
3.92 (5H, m), 4.10 (1H, dd] = 4.4 Hz, 13 Hz), 4.69 (1H, s), 5.06-5.21 (4H, B)/1-
5.80 (1H, m).

3C NMR (100 MHz, CDC}) & (ppm) 27.05, 27.87, 29.79, 37.99, 38.94, 62.14, 66.00,
68.18, 69.49, 72.28, 72.41, 96.64, 117.83, 133.30,30, 177.43, 207.72.

MS (ESI): 403 (M+H)
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HO OPiv TBDPSO OPiv
HO 0 ~ HO 0
LevO LevO

O\/\ O\/\

Synthesis of Allyl-6-O-t-butyldiphenylsilyl-4-hydr oxy-3-O-levulinyl-2-O-pival oyl-a-
D-mannopyranoside (29)

Allyl-4,6-dihydroxy-3-O-levulinyl-2-O-pivaloyl-a-D-mannopyranoside (505 mg, 1.25
mmol) was dissolved in dichloromethane (8 mL) aadled to 0 °C. Imidazole (128 mg,
1.88 mmol) was added followed by TBDPSCI (0.35 ril38 mmol) and the reaction
mixture was stirred at 0 °C for 1 h. It was thelutéd with ethyl acetate (100 mL) and
the organic layer washed with water (30 mL), HQ\(30 mL), and brine (30 mL). The
solvent was removed under reduced pressure anmtube product was purified by flash
column chromatography on silica gel using 6% e#udtate/dichloromethane to give the
desired product (700 mg, 1.09 mmol, 87%) as whilte o

Rs: 0.52 (EtOAcC/DCM, 1:9)

'H NMR (400 MHz, CDC}) & (ppm) 1.07 (9H, s), 1.21 (9H, s), 2.11 (3H, s), 2.4042.8
(4H, m), 3.16 (1H, dJ = 4 Hz), 3.75-3.77 (1H, m), 3.93-4.13 (5H, m),4(8H, s), 5.13
(1H, d,J = 10 Hz), 5.21-5.26 (3H, m), 5.79-5.85 (1H, mB3~7.38 (6H, m), 7.72 (4H, d,
J=7Hz).

3C NMR (100 MHz, CDC}) & (ppm) 19.38, 26.91, 27.18, 28.04, 29.81, 38.11, 39.02,
63.72, 66.34, 67.98, 69.61, 72.57, 72.83, 96.63,78] 127.76, 129.80, 133.29, 133.35,
133.53, 135.71, 135.76, 172.38, 177.56, 207.36.

MS (ESI): 643 (M+HJ

TBDPSO OPiv TBDPSO OPiv
HO Q > BnO O
LevO LevO

Synthesis of 4-O-benzyl-6-O-t-butyldiphenylsilyl-3-O-levulinyl-2-O-pivaloyl-a/f-D-
mannopyr anoside (30)

To a solution of allyl-69-t-butyldiphenylsilyl-4-hydroxy-39-levunilyl-2-O-pivaloyl-a-
D-mannopyranoside (1.69 g, 2.63 mmol) in dichlortraae (20 mL) and cyclohexane
(10 mL) was added benzyltrichloroacetimidate (2.0.§9 mmol). The reaction mixture
was cooled to 0 °C and trfilic acid (0.12 mL, 1r8ehol) was added. It was then stirred at
the same temperature for 6 h and filtered overtecelihe filtrate was washed with
saturated sodium bicarbonate (30 mL), water (30,rahjl brine (30 mL), and dried over
sodium sulfate. The solvent was removed under etipcessure and the crude product
was subjected to the next step without furtherfimation. To crude allyl-49-benzyl-6-
O-t-butyldiphenylsilyl-30O-levunilyl-2-O-pivaloyl-a-D-mannopyranoside (2.50 g, 3.42
mmol) in methanol (30 mL) was added palladium ddi®r(303 mg, 1.71 mmol). The
reaction mixture was stirred for 2 h at room terapee and filtered over celite. The
solvent was removed under reduced pressure anmtube product was purified by flash
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column chromatography on silica gel using 8% etudtate/dichloromethane providing
the title compound as yellow gel (1.28 g, 2.24 mr86Pb6 over two steps).

Rf: 0.32 (EtOAc/DCM, 1:9)

'H NMR (400 MHz, CDCJ): 6 (ppm) 1.09 (9H, s), 1.26 (9H, s), 2.13 (3H, sp222.49
(2H, m), 2.61-2.78 (2H, m), 3.05 (1H,d= 4 Hz), 3.81-4.19 (4H, m), 4.60-4.73 (2H, m),
5.12 (1H, s), 5.24 (1H, s), 5.36-5.41 (1H, m), 77188 (11H, m), 7.67-7.74 (4H, m).

TBDPSO— OPiv
TBDPSO— OPiv BnO Q
BnO @) LevO
LevO e}

OH A

NH
Synthesis of 4-O-benzyl-6-O-t-butyldiphenylsilyl-3-O-levulinyl-2-O-pivaloyl-a/-D-
mannopyranosyl trichlor oacetimidate (31)

CCly

To a solution of 49-benzyl-60O-t-butyldiphenylsilyl-3O-levunilyl-2-O-pivaloyl-o/B-D-
mannopyranoside (735 mg, 1.06 mmol) in dichlororaeén(8 mL) was added powdered
4 A molecular sieves (200 mg) and trichloroacetorit(®.53 mL, 5.30 mmol) at room
temperature. The reaction mixture was stirred f@rniin followed by the addition of
cesium carbonate (380 mg, 1.17 mmol) and stirriag wontinued for another 45 min. It
was then filtered over celite and solvent was rezdownder reduced pressure. The crude
product was purified by flash column chromatograpny silica gel using 3% ethyl
acetate/dichloromethane affording the title commb(851 mg, 1.02 mmol, 96%).

R¢: 0.75 (EtOAc/hexane, 1:1)

'H NMR (400 MHz, CDC}): & (ppm) 1.14 (9H, s), 1.30 (9H, s), 2.17 (3H, s), 2.4082.4
(1H, m), 2.51-2.58 (1H, m), 2.64-2.72 (1H, m), 2Z83 (1H, m), 3.96-4.06 (3H, m),
4.30 (1H, t,J = 10 Hz), 4.69 (1H, dJ = 10.8 Hz), 4.79 (1H, d] = 11.2 Hz), 5.47 (1H,
dd,J = 3.6, 10 Hz), 5.50-5.52 (1H, m), 6.32 (1H, sp3¢7.45 (11H, m), 7.72-7.76 (4H,
m), 8.71 (1H, s).

3C NMR (100 MHz, CDCY): & (ppm) 19.45, 27.02, 27.24, 27.82, 29.89, 37.87, 39.13,
62.35, 68.13, 72.07, 72.30, 75.04, 75.18, 90.8%4195127.77, 127.85, 127.96, 128.14,
128.52, 129.81, 129.87, 132.95, 133.51, 135.73,9¥33.37.88, 160.11, 171.80, 177.34,

206.19.
TBDPSO OPiv
LevO

MS (ESI): 837 (M+H)
O

CClg

hid TBDPSO—\ OPiv
NH BnO
C8F17/\/\O/\:/\OH - Lnev&‘ﬁ
%
CgF17
!
Synthesis of 3-(per fluor ooctyl)propanyloxybutenyl-4-O-benzyl-6-O-t-

butyldiphenylsilyl-3-O-levulinyl-2-O-pivaloyl-a-D-mannopyranoside (32)
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A solution of 40-benzyl-60-t-butyldiphenylsilyl-3O-levunilyl-2-O-pivaloyl-a/p-D-
mannopyranosyl trichloroacetimidate (200 mg, 0.23%nmol) and 3-
(perfluorooctyl)propanyloxybutenyl alcohol (87 n@159 mmol) in dichloromethane (3
mL) was cooled to 5 °C and TMSOTf (1&, 0.80 mmol) was added. The reaction
mixture was stirred for 15 min. The reaction migtwas quenched with triethylamine
(30 uL) and then concentrated under reduced pressueeciTille product was purified by
solid-phase extraction by using a Fluorous solidsghextraction (FSPE) cartridge. Non-
fluorous compounds were eluted with 80% MeOH/wated the desired product was
eluted by 100% MeOH. The solvent was removed umdduced pressure to obtain
Fluorous-tagged mannose (183 mg, 0.150 mmol, 95%)\eellow gel.

Rf: 0.71 (EtOAC/DCM, 1:9)

'H NMR (400 MHz, CDC}): & (ppm) 1.10 (9H, s), 1.24 (9H, s), 1.77-1.86 (2H, 2n05-
2.21 (2H, m), 2.15 (3H, s), 2.32-2.49 (2H, m), 2618 (2H, m), 3.38 (2H, t] = 6 Hz),
3.77 (1H, dJ = 9.6 Hz), 3.88-4.17 (7H, m), 4.61 (1H,Hz 11.2 Hz), 4.70 (1H, d] =
11.2 Hz), 4.79 (1H, s), 5.24 (1H, s), 5.35 (1H, did; 3.2, 9.6 Hz), 5.61-5.71 (2H, m),
7.17-7.43 (11H, m), 7.73 (4H, ddl= 6.8, 14.8 Hz).

3C NMR (100 MHz, CDC}): & (ppm) 19.37, 20.84, 26.90, 27.15, 27.89, 29.828&7
39.04, 62.65, 62.82, 66.53, 68.72, 69.81, 72.5465/272.76, 74.93, 96.74, 127.64,
127.76, 127.87, 127.92, 128.41, 129.70, 129.77,4030.33.15, 133.52, 135.66, 135.91,
138.05, 171.76, 177.65, 206.32.

MS (ESI): 1223 (M+H]

TBDPSO OPiv HO OPiv
BnO Q _ BnO O
LevO = LevO

° ] ° ]
C8F171/ C8F171/

O

Synthesis of  3-(perfluorooctyl)propanyloxybutenyl-4-O-benzyl-6-hydr oxy-3-O-
levulinyl-2-O-pivaloyl-a-D-mannopyranoside (33)

To a solution of  3-(perfluorooctyl)propanyloxybuyd-O-benzyl-6O-t-
butyldiphenylsilyl-3O-levunilyl-2-O-pivaloyl-a-D-mannopyranoside (102 mg, 0.084
mmol) in THF (3 mL) was added acetic acid ¢80 followed by tetrabutylammonium
fluoride (1.0 M in THF, 0.17 mL, 0.168 mmol). Theaction mixture was stirred for 8 h
and then concentrated. The crude product was edidy solid-phase extraction by using
a Fluorous solid-phase extraction (FSPE) cartritlgn-fluorous compounds were eluted
with 80% MeOH/water and the desired product watedllby 100% MeOH. The solvent
was removed under reduced pressure to obtain thiéyldéed product (57 mg, 0.058
mmol, 70%) as a yellow gel.

Rs: 0.54 (EtOAc/DCM, 1:9)

'H NMR (400 MHz, CDC}): & (ppm) 1.20 (9H, s), 1.80-1.88 (2H, m), 2.07-2.2H(
m), 2.13 (3H, s), 2.32-2.49 (2H, m), 2.61-2.78 (2hJ, 3.45 (2H, tJ = 6 Hz), 3.72-3.83
(3H, m), 3.90 (1H, t, 9.6 Hz), 4.01 (2H, @7 5.2 Hz), 4.07 (1H, dd] = 6.4, 12.8 Hz),
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4.17 (1H, ddJ = 5.6, 13.2 Hz), 5.17 (1H, dd,= 2, 3.2 Hz), 5.33 (1H, dd, = 3.2, 10
Hz), 5.63-5.71 (2H, m), 7.23-7.34 (5H, m).

3C NMR (100 MHz, CDCY): & (ppm) 20.82, 27.11, 27.85, 29.84, 37.81, 39.027&1
63.16, 66.51, 68.86, 69.62, 71.95, 72.24, 72.35917496.90, 127.89, 128.02, 128.22,
128.51, 130.19, 137.76, 171.73, 177.42, 206.31.

MS (ESI): 983 (M+HY)

HO— OPiv HO— OPiv
BnO o BnO Q
LevO HO
o) | o |
C8F171/ CSF171/

o

Y

Synthesis of 3-(perfluorooctyl)propanyloxybutenyl-4-O-benzyl-3,6-dihydr oxy-2-O-
pivaloyl-a-D-mannopyranoside (34)

To a solution of 3-(perfluorooctyl)propanyloxybuygd-O-benzyl-6-hydroxy-30-
levunilyl-2-O-pivaloyl-a-D-mannopyranoside (42 mg, 0.043 mmol) in pyrid{BemL)
was added 1 M solution of NNH».H,O in pyridine/acetic acid (3:2) (0.215 mmol, 0.22
mL). The reaction mixture was stirred for 30 mindatinen concentrated. The crude
product was purified by solid-phase extraction byng a Fluorous solid-phase extraction
(FSPE) cartridge. Non-fluorous compounds were dlutgh 80% MeOH/water and the
desired product was eluted by 100% MeOH. The solwaxs removed under reduced
pressure to obtain the desired product (36 mg,10nd4ol, 95%) as a yellow gel.

R¢: 0.38 (EtOAc/hexane, 1:1)

'H NMR (400 MHz, CDC}): & (ppm) 1.21 (9H, s), 1.62 (1H, br s), 1.81-1.88 ,(4h),
2.09-2.18 (2H, m), 3.39 (1H, br s,), 3.45 (2H) & 6 Hz), 3.64-3.72 (2H, m), 3.76 (1H
dd,J = 3.6, 12 Hz), 3.84 (1H, dd,= 2.4, 12 Hz), 4.00 (1H, d,= 5.6 Hz), 4.05 (1H, dd,
J =6, 12.8 Hz), 4.11-4.19 (2H, m), 4.70 (1H,Jd 11.2 Hz), 4.75 (1H, d] = 1.2 Hz),
4.77 (1H, dJ=11.2 Hz), 5.02-5.04 (1H, m), 5.62-5.73 (2H, Mm23-7.33 (5H, m).

3C NMR (100 MHz, CDCY): & (ppm) 27.15, 39.11, 62.01, 63.15, 66.49, 68.8%&0
71.77, 72.08, 74.99, 75.15, 96.96, 128.03, 12811#R.31, 128.34, 128.68, 130.08,
137.98, 178.11.

MS (ESI): 884 (M+HY)

BnO Oéc
Bgﬁo BnO O Ac

HO— OPiv CC|3 BnO OACBnO
BnO 9 ngo OPiv
HO BnO /l%
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Synthesis of 3-(perfluor ooctyl)propanyloxybutenyl-4-O-benzyl-3,6-di-O-(2-O-acetyl-
3,4,6-O-tribenzyl-a-D-mannopyr anoside)-2-O-pivaloyl-a-D-mannopyranoside (35)

A solution of 3-(perfluorooctyl)propanyloxybutergdO-benzyl-3,6-dihydroxy-20-
pivaloyl-a-D-mannopyranoside (30 mg, 0.034 mmol) an@-2acetyl-3,4,60-tribenzyl-
a/B-D-mannopyranosy! trichloroacetimidai@s mg, 0.102 mmol) in dichloromethane (3
mL) was cooled to 5 °C and TMSOTf (1&, 0.80 mmol) was added. The reaction
mixture was stirred for 30 min. The reaction migtwas quenched with triethylamine
(30 uL) and then concentrated under reduced pressueeciTile product was purified by
solid-phase extraction by using a Fluorous solidsghextraction (FSPE) cartridge. Non-
fluorous compounds were eluted with 80% MeOH/wated the desired product was
eluted by 100% MeOH. The solvent was removed umdduced pressure to obtain
mannose trisaccharide (58 mg, 0.032 mmol, 94%)yadlaw gel.

Rt: 0.78 (EtOAc/DCM, 1:9)

'H NMR (400 MHz, CDC}): & (ppm) 1.17 (9H, s), 1.78-1.85 (2H, m), 2.09 (3H, s),32.1
(3H, s), 2.08-2.18 (2H, m), 3.41 (2HJt= 6 Hz), 3.57-4.18 (18H, m), 4.40-4.49 (7H, m),
4.59-4.73 (7H, m), 4.83 (2H, d,= 10.8 Hz), 4.96 (1H, s), 5.04 (1H, s), 5.13 ($H,5.35
(1H, s), 5.44 (1H, d) = 2 Hz), 5.56-5.68 (2H, m), 7.10-7.38 (35H, m).

13C NMR (100 MHz, CDC}): & (ppm) 20.86, 21.10, 21.15, 27.20, 39.01, 63.18, 65.88,
66.52, 68.21, 68.40, 68.61, 68.79, 70.84, 71.6%7/171.82, 71.95, 72.12, 73.41, 73.47,
73.95, 74.16, 74.50, 74.62, 77.29, 77.59, 78.0657/896.37, 98.29, 100.22, 127.27,
127.29, 127.32, 127.51, 127.60, 127.68, 127.72,7927127.87, 127.90, 127.96, 128.07,
128.13, 128.17, 128.27, 128.35, 128.36, 128.39,512828.57, 130.11, 137.59, 137.75,
137.83, 138.11, 138.36, 138.38, 138.84, 170.27,307Q77.57.

MS (ESI): 1835 (M+H]

TBDPSO— OPiv
BnO Q
HO OPiv LevO TBDPSO O(I;iv
O_ _CCl, BnO
BnO Q 3
Levo&‘ﬁ A Lev(&‘ﬁ
NH 0 Ogiv
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@
T
=
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Y
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Synthesis of 3-(perfluor ooctyl)propanyloxybutenyl-4-O-benzyl-3-O-levulinyl-6-O-(4-
O-benzyl-6-O-t-butyldiphenylsilyl-3-O-levulinyl-2-O-pival oyl-a-D-
mannopyr anoside)-2-O-pivaloyl-a-D-mannopyranoside (36)

A solution of 3-(perfluorooctyl)propanyloxybutergtO-benzyl-6-hydroxy-39-
levunilyl-2-O-pivaloyl-a-D-mannopyranoside (78 mg, 0.079 mmol) an@-benzyl-6O-
t-butyldiphenylsilyl-3O-levunilyl-2-O-pivaloyl-o/B-D-mannopyranosyl
trichloroacetimidate (86 mg, 0.103 mmol) in dicldorethane (3 mL) was cooled to 5 °C
and TMSOTf (7uL, 0.40 mmol) was added. The reaction mixture wvigigesd for 15 min.



S15

The reaction mixture was quenched with triethyleen{@0 uL) and then concentrated
under reduced pressure. The crude product wasigquuiify solid-phase extraction by
using a Fluorous solid-phase extraction (FSPEYidge. Non-fluorous compounds were
eluted with 80% MeOH/water and the desired proaves eluted by 100% MeOH. The
solvent was removed under reduced pressure tonobtannose disaccharide (118 mg,
0.071 mmol, 90%) as a yellow gel.

Rt: 0.75 (EtOAc/DCM, 1:9)

'"H NMR (400 MHz, CDC¥): 6 (ppm) 1.09 (9H, s), 1.19 (9H, s), 1,24 (9H, s), 1.79%1.8
(2H, m), 2.14 (3H, s), 2.16 (3H, s), 2.08-2.21 (24}, 2.37-2.50 (4H, m), 2.63-2.76 (2H,
m), 3.44 (2H, tJ = 6 Hz), 3.70 (2H, dJ = 9.6 Hz), 3.81-3.91 (5H, m), 4.03-4.21 (5H,
m), 4.56 (1H, dJ = 11.2 Hz), 4.61 (1H, d] = 11.2 Hz), 4.69 (1H, d] = 2.8 Hz), 4.71
(2H, s), 4.91 (1H, s), 5.16 (1H, s), 5.31-5.33 (&4}, 5.37 (1H, ddJ = 3.6, 10 Hz), 5.56-
5.68 (2H, m), 7.10-7.43 (16H, m), 7.70 (2HJd&; 6.8 Hz), 7.75 (2H, d] = 6.8 Hz).

3C NMR (100 MHz, CDC}): & (ppm) 19.37, 26.91, 27.12, 27.17, 27.89, 29.83, 29.86,
37.83, 37.88, 39.00, 62.60, 63.10, 66.59, 68.7614%9.57, 71.09, 72.47, 72.61, 72.67,
74.76, 74.96, 77.30, 96.68, 98.04, 127.63, 1271/%,.86, 127.87, 128.38, 128.41,
129.68, 129.76, 130.53, 133.13, 133.50, 135.69,9433.37.75, 138.14, 171.40, 171.71,
177.38, 177.65, 206.27.

MS (ESI): 1679 (M+Na)

HO OPiv

TBDPSO OPiv
BnO O BnO Q
LevO LevO
O OPiv O OPiv
BnO O . BnO Q
LevO LevO
o | o |
CgFlT\L\v/ CSFlT\L\V/
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Synthesis of 3-(perfluor ooctyl)propanyloxybutenyl-4-O-benzyl-3-O-levulinyl-6-O-(4-
O-benzyl-6-hydr oxy-3-O-levulinyl-2-O-pival oyl-a-D-mannopyr anoside)-2-O-
pivaloyl-a-D-mannopyranoside (37)

To a solution of 3-(perfluorooctyl)propanyloxybuyed-O-benzyl-3O-levulinyl-6-O-(4-
O-benzyl-6O-t-butyldiphenylsilyl-30-levulinyl-2-O-pivaloyl-a-D-mannopyranoside)-2-
O-pivaloyl-a-D-mannopyranoside (96 mg, 0.058 mmol) in THF (3)mias added acetic
acid (30uL) followed by tetrabutylammonium fluoride (1.0 M iTHF, 0.17 mL, 0.168
mmol). The reaction mixture was stirred for 10 hdahen concentrated. The crude
product was purified by solid-phase extraction byng a Fluorous solid-phase extraction
(FSPE) cartridge. Non-fluorous compounds were dluwtgh 80% MeOH/water and the
desired product was eluted by 100% MeOH. The solwaxs removed under reduced
pressure to obtain the desilylated product (650r@46 mmol, 79%) as a yellow gel.

Rs: 0.54 (EtOAc/DCM, 1:9)

'H NMR (300 MHz, CDC}): & (ppm) 1.20 (9H, s), 1,22 (9H, s), 1.79-1.86 (3H, m)42.1
(3H, s), 2.16 (3H, s), 2.08-2.21 (2H, m), 2.36-2(48, m), 2.63-2.74 (2H, m), 3.45 (2H,
t, J = 6 Hz), 3.68-4.16 (14H, m), 4.58 (1H, d= 11.2 Hz), 4.62 (1H, d] = 11.2 Hz),
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4.69-4.75 (3H, m), 4.89 (1H, d,= 2 Hz), 5.15-5.17 (1H, m), 5.27-5.38 (3H, m),15.6
5.72 (2H, m), 7.16-7.38 (10H, m).

3C NMR (75 MHz, CDC}): & (ppm) 20.85, 27.12, 27.15, 27.83, 27.88, 29.84, 37.82,
39.00, 61.61, 63.17, 65.51, 66.56, 68.75, 69.253%F1.07, 71.99, 72.07, 72.40, 72.43,
72.53, 74.81, 74.94, 96.71, 97.89, 127.66, 127197.98, 128.22, 128.47, 128.49,
130.47, 137.77, 137.82, 171.39, 171.72, 177.12,617206.26, 206.28.

MS (ESI): 1419 (M+H)

HO OPiv HO OPiv
BnO Q BnO
LevO HO

Synthesis of 3-(perfluorooctyl)propanyloxybutenyl-4-O-benzyl-3-hydr oxy-6-O-(4-O-
benzyl-3,6-dihydr oxy-2-O-pivaloyl-a-D-mannopyr anoside)-2-O-pival oyl-a-D-
mannopyranoside (42)

To a solution of 3-(perfluorooctyl)propanyloxybuyed-O-benzyl-3O-levulinyl-6-O-(4-
O-benzyl-6-hydroxy-39-levulinyl-2-O-pivaloyl-a-D-mannopyranoside)-@-pivaloyl-a-
D-mannopyranoside (65 mg, 0.046 mmol) in pyridi@enlL) was added 1 M solution of
NH2NH2.H20 in pyridine/acetic acid (3:2) (0.460 mmol, 0.46)mThe reaction mixture
was stirred for 30 min and then concentrated. Traelec product was purified by solid-
phase extraction by using a Fluorous solid-phadeaeton (FSPE) cartridge. Non-
fluorous compounds were eluted with 80% MeOH/wated the desired product was
eluted by 100% MeOH. The solvent was removed unelduced pressure to obtain the
desired product (53 mg, 0.043 mmol, 94%) as a yedel.

Rt: 0.38 (EtOAc/DCM, 1:9)

'H NMR (400 MHz, CDCY): & (ppm) 1.19 (9H, s), 1.21 (9H, s), 1.79-2.21 (7H, m)43.4
(2H, t,J = 6 Hz), 3.58-3.86 (9H, m), 4.01-4.16 (5H, m),24(@H, d,J = 11.2 Hz), 4.69
(AH, d,J =11.2 Hz), 4.73 (1H, dl = 1.2 Hz), 4.76 (1H, d] = 11.2 Hz), 4.82-4.85 (2H,
m), 5.00-5.01 (1H, m), 5.08-5.09 (1H, m), 5.60-58B, m), 7.23-7.33 (10H, m).

3C NMR (100 MHz, CDC}): & (ppm) 27.13, 27.15, 39.08, 39.13, 61.80, 63.12, 66.11,
66.52, 68.82, 70.57, 70.72, 70.79, 71.79, 71.89,71274.89, 74.91, 74.94, 75.62, 77.28,
96.68, 97.72, 127.90, 127.95, 128.04, 128.17, 128128.61, 128.66, 130.18, 138.00,
138.03, 177.95, 178.27.

MS (ESI): 1222 (M+H]
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Synthesis of  3-(perfluorooctyl)propanyloxybutenyl-4-O-benzyl-3-O-(2-O-acetyl-
3,4,6-O-tribenzyl-a-D-mannopyr anoside)-6-O-[4-O-benzyl-3,6-di-O-(2-O-acetyl-
3,4,6-O-tribenzyl-a-D-mannopyr anoside)-2-O-pival oyl-a-D-mannopyr anoside]-2-O-
pivaloyl-a-D-mannopyranoside (43)

A solution of 3-(perfluorooctyl)propanyloxybutengtO-benzyl-3-hydroxy-69-(4-O-
benzyl-3,6-dihydroxy-29-pivaloyl-a-D-mannopyranoside)-&-pivaloyl-oa-D-
mannopyranoside (50 mg, 0.041 mmol) andO-3acetyl-3,4,60-tribenzylo/p-D-
mannopyranosyl! trichloroacetimidatgl7 mg, 0.185 mmol) in dichloromethane (3 mL)
was cooled to 5 °C and TMSOTf (4, 0.021 mmol) was added. The reaction mixture
was stirred for 30 min. The reaction mixture wagrmghed with triethylamine (30L)
and then concentrated under reduced pressure.rtide product was purified by solid-
phase extraction by using a Fluorous solid-phageaeton (FSPE) cartridge. Non-
fluorous compounds were eluted with 80% MeOH/wated the desired product was
eluted by 100% MeOH. The solvent was removed umdduced pressure to obtain
mannose pentasaccharide (58 mg, 0.032 mmol, 92%yakow gel.

Rt 0.82 (EtOAC/DCM, 1:9)

'H NMR (400 MHz, CDC}): 5 (ppm) 1.14 (9H, s), 1.18 (9H, s), 1.79-1.86 (2H, m),62.0
(3H, s), 2.08 (3H, s), 2.12 (3H, s), 2.03-2.21 (2h), 3.36 (2H, tJ = 6 Hz), 3.53-3.58
(3H, m), 3.59-3.78 (12H, m), 3.81-3.88 (4H, m),BA00 (6H, m), 4.05-4.12 (2H, m),
4.14 (1H, ddJ =3.2, 8.8 Hz), 4.31-4.49 (11H, m), 4.52-4.76 (1hh), 4.81-4.86 (3H,
m), 4.96 (1H, s), 5.03 (1H, s), 5.09-5.14 (3H, B;B4-5.36 (2H, m), 5.46 (1H, s), 5.58-
5.64 (2H, m), 7.09-7.28 (55H, m).

3C NMR (100 MHz, CDC}): & (ppm) 20.85, 21.03, 21.07, 21.15, 27.16, 27.23, 29.76,
38.98, 63.13, 66.53, 68.13, 68.40, 68.55, 68.68889.02, 70.72, 70.84, 71.24, 71.79,
71.85, 71.96, 72.13, 72.27, 73.41, 73.48, 73.884/F4.11, 74.42, 74.59, 74.82, 75.20,
75.31, 75.45, 75.52, 77.28, 77.66, 78.19, 78.3460/896.24, 97.01, 98.45, 100.17,
100.29, 127.26, 127.29, 127.49, 127.53, 127.62,6827127.68, 127.71, 127.75, 127.78,
127.81, 127.83, 127.86, 127.88, 127.96, 128.01,042828.06, 128.09, 128.15, 128.26,
128.33, 128.36, 128.44, 128.46, 128.50, 128.53,662830.49, 137.48, 137.73, 137.76,
137.82, 138.10, 138.30, 138.39, 138.89, 138.91,18/070.24, 177.18, 177.64.

MS (MALDI-TOF): 2645 (M+H)
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Figure S1: *H NMR of 3-(perfluorooctyl)propanyloxybutenyl-3,4t8-O-benzyl-20-(2-
O-acetyl-3,4,6-tri©-benzyleo-D-mannopyranosyli-D-mannopyranoside.
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Figure S2: *H NMR of 3-(perfluorooctyl)propanyloxybutenyl-3,4t6-O-benzyl-20-[2-
O-(2-O-acetyl-3,4,6-triO-benzylo-D-mannopyranosyl)-3,4,6-t-benzyla-D-
mannopyranosyliD-mannopyranoside.
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Figure S3: *H NMR of 3-(perfluorooctyl)propanyloxybutenyl-3,4t6-O-benzyl-20-[2-
0O-(2-0-(2-O-acetyl-3,4,6-tri©O-benzyle-D-mannopyranosyl)3,4,6-t-benzyla-D-
mannopyranosyl)-3,4,6-t@-benzyla-D-mannopyranosyli-D-mannopyranoside.
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Figure S4 'H NMR of allyl-3-O-acetyl-4,60-benzylidene-2-hydroxy-D-
mannopyranoside.
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Figure S5: 'H NMR of allyl-3-O-acetyl-4,6-dihydroxy-29-pivaloyl-o-D-
mannopyranoside.
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Figure S6: 'H NMR of 3-(perfluorooctyl)propanyloxybutenyl-@-acetyl-4O-benzyl-6-
O-t-butyldiphenylsilyl-20-pivaloyl-a-D-mannopyranoside.
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Figure S7: 'H NMR of 3-(perfluorooctyl)propanyloxybutenyl-G-acetyl-40O-benzyl-6-
hydroxy-2-O-pivaloyl-a-D-mannopyranoside.
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Figure S8: 'H NMR of allyl-4,6-O-benzylidene-39-levulinyl-2-O-pivaloyl-a-D-
mannopyranoside.
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Figure S9: 'H NMR of allyl-4,6-dihydroxy-30-levulinyl-2-O-pivaloyl-a-D-
mannopyranoside.
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Figure S10: *H NMR of allyl-6-O-t-butyldiphenylsilyl-4-hydroxy-30-levulinyl-2-O-
pivaloyl-a-D-mannopyranoside.
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Figure S11: 'H NMR of 4-O-benzyl-60-t-butyldiphenylsilyl-30-levulinyl-2-O-
pivaloyl-a-D-mannopyranoside.
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Figure S12: 'H NMR of 4-O-benzyl-60-t-butyldiphenylsilyl-30-levulinyl-2-O-
pivaloyl-a-D-mannopyranosyl trichloroacetimidate.
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Figure S13: 'H NMR of 3-(perfluorooctyl)propanyloxybutenyl-@-benzyl-60-t-
butyldiphenylsilyl-30O-levulinyl-2-O-pivaloyl-a-D-mannopyranoside.
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Figure S14: 'H NMR of 3-(perfluorooctyl)propanyloxybutenyl-@-benzyl-6-hydroxy-3-

O-levulinyl-2-O-pivaloyl-a-D-mannopyranoside.
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Figure S15: 'H NMR of 3-(perfluorooctyl)propanyloxybutenyl-@-benzyl-3,6-
dihydroxy-2-O-pivaloyl-a-D-mannopyranoside.
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Figure S16: *H NMR of 3-(perfluorooctyl)propanyloxybutenyl-@-benzyl-3,6-diO-(2-
O-acetyl-3,4,60-tribenzyl-a-D-mannopyranoside)-@-pivaloyl-a-D-mannopyranoside.
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Figure S17: 'H NMR of 3-(perfluorooctyl)propanyloxybutenyl-@-benzyl-30-
levulinyl-6-O-(4-O-benzyl-6O-t-butyldiphenylsilyl-30O-levulinyl-2-O-pivaloyl-a-D-
mannopyranoside)-@-pivaloyl-a-D-mannopyranoside.
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Figure S18: 'H NMR of 3-(perfluorooctyl)propanyloxybutenyl-@-benzyl-30-
levulinyl-6-O-(4-O-benzyl-6-hydroxy-30©-levulinyl-2-O-pivaloyl-a-D-
mannopyranoside)-@-pivaloyl-a-D-mannopyranoside.
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Figure S19: 'H NMR of 3-(perfluorooctyl)propanyloxybutenyl-@-benzyl-3-hydroxy-6-
O-(4-0O-benzyl-3,6-dihydroxy-29-pivaloyl-a-D-mannopyranoside)-@-pivaloyl-a-D-
mannopyranoside.
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Figure S20: *H NMR of 3-(perfluorooctyl)propanyloxybutenyl-@-benzyl-30-(2-O-
acetyl-3,4,60-tribenzylwu-D-mannopyranoside)-8-[4-O-benzyl-3,6-diO-(2-O-acetyl-
3,4,6:O-tribenzylu-D-mannopyranoside)-&-pivaloyl-a-D-mannopyranoside]-&-
pivaloyl-a-D-mannopyranoside.



