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General Materials and Methods. 

Reaction solvents were distilled from calcium hydride for dichloromethane. 

Aminomethylated SynPhase Lanterns were purchased from Mimotopes 

(www.mimotopes.com). Prior to use, the lanterns were converted from the TFA salt to 

the free amine form. The lanterns were washed with 5% triethylamine in 50% 

DMF/DCM (2 x 10 min), then 50% DMF/DCM (5 min), DCM (5 min), 50% DMF/DCM 

(5 min) and DCM (5 min). Amberlyst 15 ion-exchange resin was washed repeatedly with 

methanol before use. All other commercial reagents and solvents were used as received 

without further purification. The reactions were monitored and the Rf values determined 

using analytical thin layer chromatography (TLC) with 0.25 mm EM Science silica gel 
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plates (60F-254). The developed TLC plates were visualized by immersion in p-

anisaldehyde solution followed by heating on a hot plate. Flash chromatography was 

performed with Selecto Scientific silica gel, 32-63 µm particle size. Fluorous phase 

chromatography was performed using fluorous solid-phase extraction cartridges 

containing silica gel bonded with perfluorooctylethylsilyl chains (Fluorous Technologies 

Inc.; Pittsburgh, PA). All moisture-sensitive reactions were performed in flame- or oven-

dried glassware under a nitrogen atmosphere. All reactions were stirred magnetically at 

ambient temperature unless otherwise indicated. Bath temperatures were used to record 

the reaction temperature in all cases run without microwave irradiation. Microwave 

heating was carried out with a CEM-Discover continuous wave microwave. 1H NMR and 
13C NMR were obtained with a Bruker DRX400 at 400 MHz and 100 MHz, respectively. 
1H NMR spectra were reported in parts per million (δ) relative to CDCl3 (7.27 ppm), 

(CD3)2SO (2.50 ppm) as an internal reference. 13C NMR spectra were reported in parts 

per million (δ) relative to CDCl3 (77.23 ppm) or CD3OD (49.15 ppm), (CD3)2SO (39.52 

ppm). 

 

Synthesis and installation of colorimetric protecting group.  
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4-(O-Nitrophthalimido)butyric acid (NPB, 2). 

3-Nitrophthalic anhydride 3 (0.65 g, 3.4 mmol) and 4-aminobutyric acid (0.35 g, 3.4 

mmol) were placed in the microwave in a 10-mL reaction tube. The microwave was 

programmed to reach 185 °C over the course of 10 min; the reaction tube was then 

subjected to microwave irradiation for an additional 1 min at 185 °C. After cooling, hot 

methanol (10 mL) was added to dissolve the product and the solution was filtered. The 

filtrate was concentrated under reduced pressure. The product 2 (0.87 g, 3.1 mmol, 92%) 

was obtained as a white solid by crystallization with methanol. Rf 0.34 (methanol/ethyl 

acetate/hexane, 1/1/1 v/v/v); 1H NMR (400 MHz, DMSO) δ (ppm) 8.22 (d, 1H, J = 8.0 

Hz), 8.11 (d, 1H, J = 7.6 Hz), 8.00 (t, 1H, J = 8.0 Hz), 3.57 (t, 2H, J = 6.4 Hz), 2.25 (t, 
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2H, J = 7.6 Hz), 1.78 (m, 2H); 13C NMR (100 MHz, DMSO) δ (ppm) 174.0, 166.2 163.5, 

144.3, 136.0, 133.7, 128.1, 126.7, 123.2, 38.9, 30.9, 23.1; MS (ESI) m/z = found: 279.99 

[M+H]+. 

 

                                                   

OBnO
BnO

BnOOCH3

ONPB

 
Methyl 2, 3, 4-tri-O-benzyl-6-(4’-(O-nitrophthalimido)butyric)-α-D-glucopyranoside 

(4). 

Methyl 2,3,4-tri-O-benzyl-α-D-glucopyranoside3 (0.38 g, 0.8 mmol), 4’-(O-

nitrophthalimido)butyric acid 2 (0.27 g, 1.0 mmol) and DCC (0.20g, 1.0 mmol) were 

dissolved in CH2Cl2 (5 mL) in a round bottom flask and cooled to 0 °C; 4-

dimethylaminopyridine (DMAP, 0.12 g, 1.0 mmol)/pyridine (0.2 mL) was then added 

and the reaction mixture was stirred at 0 °C. After 1 h, TLC indicated completion of the 

reaction. The reaction mixture was diluted with ethyl acetate (40 mL) and was quenched 

with saturated aqueous NaHCO3, (10 mL), extracted with ethyl acetate (3 x 40 mL), and 

dried over magnesium sulfate. The organic layer was concentrated under reduced 

pressure. The crude product was purified using silica gel flash chromatography with 15% 

EtOAc/hexanes elutions to provide compound 4 (0.58 g, 0.8 mmol, 98% yield) as a white 

solid. Rf 0.46 (ethyl acetate/hexane, 1/1 v/v); 1H NMR (400 MHz, CDCl3) δ (ppm) 8.05 

(d, 1H, J = 3.6 Hz), 8.02 (d, 1H, J = 2.4 Hz), 7.82 (t, 1 H, J = 7.6 Hz), 7.37-7.24 (m, 

15H), 5.01 (d, 1H, J = 10.8 Hz), 4.87 (d, J = 11.2 Hz, 1H), 4.80 (m, 2H), 4.66 (d, J = 11.6 

Hz, 1H), 4.60 (d, J = 3.6 Hz, 1H), 4.56 (d, J = 10.8 Hz, 1H), 4.25 (d, J = 3.2 Hz, 1H), 

4.00 (t, J = 9.2 Hz, 1H), 3.73 (m, 3H), 3.52 (dd, J = 9.6, 3.2Hz, 1H), 3.45 (t, J = 10.0 Hz, 

1H), 3.36 (s, 3H), 2.35 (m, 2H), 2.00 (m, 2H); 13C NMR (100 MHz, CDCl3) δ (ppm); 

172.2, 165.8, 162.9, 138.2, 138.1, 138.0, 135.4, 134.1, 128.5, 128.2, 128.1, 128.0, 128.0, 

127.9, 127.8, 127.7, 127.7, 127.0, 123.8, 98.0, 82.1, 82.0, 80.4, 79.9, 77.5, 75.8, 75.8, 

75.1, 75.0, 73.4, 70.7, 63.2, 61.8, 55.3, 55.3, 38.0, 31.4, 23.6: MS (ESI) m/z = 747.2530 

[M+Na]+. 
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Procedure for determining the extinction coefficient for nitrophthalhydrazide. 

Eight different concentrations of nitrophthalhydrazide/DMF, nitrophthalhydrazide/ 

DMF:DCM (5:3) were prepared (3.017 x 10-3 M ~ 0.2 M). The molar absorptivity of each 

sample was obtained at 432 nm and plotted to give an extinction coefficient of 4.8013 M-

1cm-1 and 4.8409 M-1cm-1 each. 

 
 

Procedure for cleavage and monitoring of protecting group 

Hydrazine acetate (22.6 mg, 0.24 mmol) was added to a solution of the protected 

NPB compound 4 (0.15 g, 0.20 mmol) in DMF (2.0 mL). The reaction mixture was 

stirred at 50 °C. After 5 min, TLC indicated completion of the reaction. A solution of the 

crude product in DMF was checked by UV-Vis monitoring to show a quantitative yield 

of the deprotected NPB based on an extinction coefficient (ε = 4.8 M-1cm-1) at λ = 432 

nm. The crude product was combined and diluted with CH2Cl2 (30 mL). The mixture was 

washed with saturated aqueous NaHCO3, (10 mL), extracted with CH2Cl2 (3 x 40 mL), 

and dried over MgSO4. The organic layer was concentrated under reduced pressure. The 

crude product was purified using silica gel flash chromatography eluting with 15% 

EtOAc/hexanes to provide by-product butyrolactam (6) followed by desired product 

methyl 2,3,4-tri-O-benzyl-α-D-glucopyranoside (5). The product was obtained as a white 
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solid (95.2 mg, 0.20 mmol, 99% isolated yield). Rf 0.48 (ethyl acetate/hexane, 1/1 v/v); 
1H NMR and 13C NMR spectra matched reported data.3 

 

Synthesis of NPB-protected glucosamine building block. 

OBnO
BnO

TCAHN
OTBS

ONPB

 
tert-Butyldimethylsilyl 3,4-di-O-benzyl-6-(4’-(O-nitrophthalimido)butyric)-2-deoxy-

2-trichloroacetylamino-β-D-glucopyranoside. 

Alcohol 71 (0.96 g, 1.6 mmol), 4’-(O-nitrophthalimido)butyric acid 2 (0.52 g, 1.9 mmol) 

and DCC (0.39g, 1.9 mmol) were dissolved in CH2Cl2 (5 mL) in a round bottom flask 

and cooled to 0 °C; 4-dimethylaminopyridine (DMAP, 0.23 g, 1.9 mmol)/pyridine (0.5 

mL) was then added and the reaction mixture was stirred at 0 °C. After 1 h, TLC 

indicated completion of the reaction. The reaction mixture was diluted with ethyl acetate 

(50 mL) and was quenched with saturated aqueous NaHCO3, (5 mL), extracted with ethyl 

acetate (3 x 20 mL), and dried over magnesium sulfate. The organic layer was 

concentrated under reduced pressure. The crude product was purified using silica gel 

flash chromatography eluting with 15% EtOAc/hexanes to provide tert-

butyldimethylsilyl 3,4-di-O-benzyl-6-(4’-(O-nitrophthalimido)butyric)-2-deoxy-2-

trichloroacetylamino-β-D-glucopyranoside (1.35 g, 1.54 mmol, 99% yield) as a white 

solid. Rf 0.78 (ethyl acetate/hexane, 1/1 v/v); 1H NMR (400 MHz, CDCl3) δ (ppm) 8.60 

(s, 1H), 8.51 (d, 1H, J = 8.0 Hz), 8.11 (d, 1H, J = 5.2 Hz), 7.93 (d, 1H, J = 8.4 Hz), 7.77 

(d, 1H, J = 8.4 Hz), 7.28-7.20 (m, 10H), 5.02 (d, 1H, J = 6.8Hz), 4.76 (d, 1H, J = 10.8 

Hz), 4.73 (s, 2H), 4.52 (d, 1H, J = 11.2 Hz), 4.35 (d, 1H, J = 11.6 Hz), 4.08 (m, 2H), 3.75 

(t, 2H, J = 6.4 Hz), 3.59 (m, 2H), 3.49 (t, 1H, J = 8.4 Hz), 3.13 (m, 1H), 2.34 (m, 2H), 

1.98 (m, 2H), 0.81 (s, 9H), 0.24 (s, 6H); 13C NMR  (100 MHz, CDCl3) δ (ppm) 172.1, 

166.2, 165.9, 161.9, 151.7, 149.1, 137.9, 137.6, 136.4, 133.4, 129.3, 128.6, 128.5 (2), 

128.2, 128.0 (2), 127.9, 124.6, 118.7,106.6, 94.6, 92.8, 80.2, 78.4, 77.4, 75.0, 74.7, 73.0, 

63.3, 60.27, 55.8, 37.9, 31.4, 25.7, 23.6, -4.2, -5.1; MS (ESI) m/z = 900 [M+Na]+. 
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3,4-Di-O-benzyl-6-(4’-(O-nitrophthalimido)butyric)-2-deoxy-2-

trichloroacetylamino-β-D-glucopyranoside (8). 

To a solution of tert-butyldimethylsilyl 3,4-di-O-benzyl-6-(4’-(O-

nitrophthalimido)butyric-2-deoxy-2-trichloroacetylamino-β-D-glucopyranoside (0.92 g, 

1.0 mmol) in THF (10 mL) was added dropwise a 1 M solution of tetrabutylammonium 

fluoride (3.0 mL, 3.0 mmol)/AcOH (0.6 mL) in THF at 0 °C. The cooling bath was 

removed and the reaction mixture stirred for 1 h at room temperature and then diluted 

with ethyl acetate (40 mL). The mixture was washed with saturated aqueous NaHCO3 (2 

x 20 mL), water (3 x 20 mL), and brine (30 mL) and then the organic layer was dried 

over magnesium sulfate. The organic layer was concentrated under reduced pressure to 

give a crude product that was purified by silica gel column chromatography to obtain 

compound 8 (0.74 g, 1.0 mmol, 93%) as an oil. Rf 0.46 (ethyl acetate/hexane, 1/1 v/v); 1H 
NMR (400 MHz, CDCl3) δ (ppm) 8.58 (d, 1H, J = 2.0 Hz), 8.50 (dd, 1H, J = 8.0, 1.6 Hz), 

7.96 (d, 1 H, J = 8.0 Hz), 7.32-7.24 (m, 10H), 7.0 (d, 1H, J = 9.2 Hz), 5.24 (d, 1H, J = 3.6 

Hz), 4.77 (m, 3H), 4.57 (d, 1H, J = 10.8 Hz), 4.37 (dd, 1H, J = 11.6, 1.6 Hz), 4.18 (m, 

2H), 4.11 (m, 1H), 3.91 (t, 1H, J = 9.2), 3.77 (t, 2H, J = 6.8 Hz), 3.58 (t, 1H, J = 9.2 Hz), 

2.38 (m, 2H), 1.98 (m, 2H); 13C NMR (100 MHz, CDCl3) δ (ppm) 172.3, 166.5, 166.2, 

161.9, 151.8, 137.7, 137.6, 136.4, 133.3, 129.5, 128.6, 128.1, 128.0, 127.9, 124.7, 118.8, 

92.6, 91.3, 80.1, 78.0, 75.6, 75.1, 69.2, 63.0, 55.1, 37.9, 31.3, 23.5; MS (ESI) m/z = 786 

[M+Na]+. 

 
3,4-Di-O-benzyl-6-(4’-(O-nitrophthalimido)butyric)-2-deoxy-2-trichloroaceylamino-

α-D-glucopyranoside trichloroacetimidate (9). 

To a solution of alcohol 8 (0.68 g, 0.9 mmol) in dichloromethane (10 mL) were added 

powdered 4 Å molecular sieves (100 mg) and trichloroacetonitrile (0.1 mL, 1.2 mmol). 
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The reaction was stirred for 30 min and Cs2CO3 (0.29 g, 0.9 mmol) was added. The 

reaction mixture was further stirred for 45 min and filtered over Celite. The eluent was 

concentrated and the crude product was purified by flash column chromatography on 

silica gel using 28% EtOAc/hexane as eluent to provide trichloroacetimidate 9 as a white 

solid (0.74 g, 0.8 mmol, 92%). Rf 0.67 (ethyl acetate/hexane, 1/1 v/v). 1H NMR (400 

MHz, CDCl3) δ (ppm) 8.78 (s, 1H), 8.63 (d, 1H, J = 2.0 Hz), 8.55 (dd, 1H, J = 8.0, J = 

2.0 Hz), 8.01 (d, 1H, J = 8.0 Hz), 7.32-7.29 (m, 10H), 6.57 (d, 1H, J = 8.8 Hz), 6.37 (d, 

1H, J = 3.6 Hz), 4.91 (dd, 2H, J = 10.8, 2.0 Hz), 4.83 (d, 1H, J = 11.4 Hz), 4.66 (d, 1H, J 

= 10.4 Hz), 4.45 (m, 1H), 4.38 (dd, 1H, J = 12.4, 2.0 Hz), 4.30 (dd, 1H, J = 12.0, 3.6 Hz), 

4.04 (m, 1H), 3.98 (m, 1H), 3.80 (m, 3H), 2.39 (m, 2H), 2.02 (m, 2H); 13C NMR  (100 

MHz, CDCl3)  δ (ppm) 172.0, 166.3, 166.0, 161.9, 160.0, 151.8, 137.2, 136.5, 129.4, 

128.9, 128.7, 128.5, 128.4, 128.3, 124.8, 118.8, 94.7, 92.1, 90.7, 78.5, 77.2, 75.4, 75.3, 

72.1, 62.1, 54.2, 37.9, 31.3, 23.6; MS (ESI) m/z = 929 [M+Na]+. 

 

 

Synthesis and Installation of Linker for Solid Phase Chemistry. 

 
Carbonic acid 2-amino-ethyl ester 4-[bis-(4-methoxy-pheyl)-phenylmethoxy]-but-2-
enyl ester (12). 
To a solution of the dimethoxytrityl-2-butenol 112 (0.3 g, 0.8 mmol) in CH2Cl2 (6 

mL), DMAP (0.1 g, 0.9 mmol), pyridine (1 mL), and 2-azidoethyl-4-nitrophenyl 

carbonate 13 (0.23 g, 0.9 mmol) were added at ambient temperature. The mixture was 
stirred at ambient temperature for 8 h. The mixture was diluted with ethyl acetate (30 
mL), washed with saturated aqueous NaHCO3 (3 x 10 mL), and washed with water (2 x 
10 mL). The organic layer was concentrated under reduced pressure. To the residue, a 

solution of 2-azidoethyl-dimethoxytrityl-2-butene carbonate (0.35 g, 0.7 mmol) in MeOH 

(5 mL) was stirred with Et3N (0.5 mL) and 1,3-propanedithiol (0.35 mL) at ambient 

temperature. The mixture was stirred at room temperature for 8 h. The mixture was 
diluted with ethyl acetate (30 mL), washed with saturated aqueous NaHCO3 (3 x 10 mL), 
and washed with water (2 x 10 mL). The organic layer was concentrated under reduced 
pressure. The product was isolated by silica gel column chromatography (ethyl 
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acetate/hexane, 2/3, v/v) to afford 2-amino-ethyl-(4-oxydimethoxytrityl)-2-butenyl 

carbonate 12 as a solid (0.34 g, 0.66 mmol, 96 %). Rf 0.69 (ethyl acetate/hexane, 1/1 v/v); 
1H NMR  (400 MHz, CDCl3) δ (ppm) 7.46 (d, 2H, J = 8.0 Hz), 7.35 (d, 4H, J = 8.8 Hz), 

7.29 (t, 2H, J = 7.6 Hz), 7.22 (dd, 1H, J = 14.4, 7.2 Hz), 6.83 (d, 4H, J = 8.8 Hz), 5.83 

(m, 1H), 5.62 (m, 1H), 5.38 (t, 1H, J = 6.4 Hz), 4.49 (d, 2H, J = 8.4 Hz), 3.77 (s, 6H), 

3.72 (d, 2H, J = 8.0 Hz), 3.62 (t, 2H, J = 6.0 Hz), 3.25 (dd, 2H, J = 13.6, 6.8 Hz); 13C 
NMR  (100 MHz, CDCl3)  δ (ppm) 158.5, 145.2, 136.2, 131.2, 130.1, 128.9, 128.2, 

127.0, 126.1, 113.2, 86.7, 62.2, 61.4, 60.7, 55.4, 43.6; MS (ESI) m/z = 500 [M+Na]+. 

 
2-azidoethyl-4-nitrophenyl carbonate (13). 

To a solution of the 2-azidoethanol (2.3 g, 26 mmol) in pyridine (40 mL), 4-nitrophenyl 

chloroformate (6.3 g, 32 mmol) was added at room temperature. The mixture was stirred 
at room temperature for 8h. The mixture was diluted with ethyl acetate (60 mL), washed 
with saturated aqueous NaHCO3 (3 x 30 mL), and washed with water (2 x 30 mL). The 
organic layer was concentrated under reduced pressure. The product was filterated by 

silica gel column chromatography (ethyl acetate/hexane, 1/1, v/v) to afford 2-azidoethyl-

4-nitrophenyl carbonate 13 as a solid (6.7 g, 26.4 mmol, 100%). Rf 0.76 (ethyl 

acetate/hexane, 1/1 v/v); 1H NMR  (400 MHz, CDCl3) δ (ppm) 8.31 (d, 1H, J = 9.2 Hz), 

8.25 (d, 2H, J = 6.8 Hz), 7.47 (d, 1H, J = 9.2 Hz), 7.36 (d, 2H, J = 6.8 Hz), 4.42 (t, 2H, J 

= 5.2 Hz), 3.61 (t, 2H, J = 5.2 Hz). 13C NMR  (100 MHz, CDCl3) δ (ppm) 155.3, 152.3, 

145.6, 125.6, 125.4, 121.8, 121.7, 67.4, 49.5; MS (ESI) m/z = 275 [M+Na]+. 
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N-(2-{4-[Bis-(4-methoxy-phenyl)-phenyl-methoxy]-but-2-enyloxycarbonyloxy}-
ethyl)-terephthalamic acid (14). 
To a solution of the 2-aminoethyl-(4-oxydimethoxytrityl)-2-butenyl carbonate 12 (98.0 

mg, 0.21 mmol) and terephthalic acid (320.3 mg, 19.3 mmol) in DMF (6 mL), DMAP 

(37.6 mg, 0.31 mmol) and pyridine (0.5 mL) were added at ambient temperature. The 
mixture was stirred at ambient temperature for 1 h. The mixture was diluted with ethyl 
acetate (30 mL), washed with saturated aqueous NaHCO3 (3 x 10 mL), and washed with 
water (2 x 10 mL). The organic layer was concentrated under reduced pressure. The 
product was filterated by silica gel column chromatography (ethyl acetate/hexane, 1/1, 

v/v) to afford 14 as a solid (85.7 mg, 0.14 mmol, 64%). Rf 0.23 (ethyl acetate/hexane, 1/1 

v/v). 1H NMR  (400 MHz, CDCl3) δ (ppm) 8.79 (br. s, 1H), 8.14-8.06 (m, 4H), 7.40 (d, 

2H, J = 6.8 Hz), 7.23 (m, 6H), 7.17 (d, 1H, J = 12.0 Hz), 6.83 (d, 4H, J = 8.8 Hz), 5.80 

(m, 1H), 5.62 (m, 1H), 5.58 (m, 1H), 5.11 (m, 0.5 H), 4.58 (m, 0.5H), 4.46 (d, 1H, J = 8.4 

Hz), 4.37 (m, 2H), 3.75 (s, 6H), 3.67 (d, 2H, J = 6.0 Hz), 3.62 (m, 2H); 13C NMR  (100 

MHz, CDCl3) δ (ppm) 158.5, 156.4, 148.3, 144.9, 137.4, 136.2, 131.1, 130.2, 130.0, 

129.9, 129.6, 128.1, 127.9, 126.8, 126.6, 125.7, 113.2, 86.5, 61.3, 60.5, 60.2, 55.4, 43.6; 

MS (ESI) m/z = 648 [M+Na]+. 

 

 
The SynPhase aminomethylated lanterns 15 (45 µmol, 15 µmol/lantern) were loaded into 

a reaction vial. The lanterns in 3 mL of DCM/DMF (1/1 v/v) were reacted with 

compound 14 (0.14 g, 225 µmol) using DCC (0.056 g, 0.27 mmol). The mixture was 

shaken for 30 min at room temperature. The lanterns were washed with DMF (3 x 5 mL) 

and DCM (3 x 5 mL). Then 5% TFA (0.2 mL) was added to a solution of lanterns in 

DMF (3 mL). The mixture was shaken for 5 min to cleave the DMT. The rinse solution 

was collected in a vial. The lanterns were washed with DMF (5 x 3 mL) and the rinse 
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solution was collected in the same vial. The collected rinse solutions were then analyzed 

by UV to determine the concentration of DMT present to show a 92% overall yield. The 

procedure for the solid-phase reaction was repeated and the compound 16 was obtained 

in 90%-95% overall yield. 

 

Procedure for the Glycosylation Cycles/the cleavage of linker on Solid Phase. 
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The monosaccharide cycles were carried out with the following procedure. The glycosyl 

donor 9 (220 µmol) was added to lantern 16 (44 µmol) in CH2Cl2 (3 mL) and TMSOTf 

(0.5 equiv, 0.5 mL, 0.1 M TMSOTf in CH2Cl2) at room temperature. The lanterns were 

shaken for 15 min at room temperature. Triethylamine (0.3 mL) was added to the mixture 

of lanterns to quench the reaction. The lanterns were washed as listed above and held 

under high vacuum for 5 h to completely remove solvents for a mass reading; the cycle 

was then repeated.  

The procedure for the removal of NPB group was as follows. After the lanterns were 

washed 2 times with CH2Cl2 and DMF, the lanterns were stirred in DMF (5 mL) with 

hydrazine acetate (0.011 g) for 5 min at 50 °C before rinsing with CH2Cl2 (3 mL) for 

yield evaluation using UV-Vis. The procedure for the disaccharide cycles was repeated 

the same as for the monosaccharide cycle (Table 1). The procedure for the glycosylation 

reaction was repeated and compound 16b was obtained in ~95% overall yield. 
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The procedure for the cleavage of linker on solid-phase was as follows. PdCl2 (9.4 mg, 53 

µmol) was added to the lantern 16a in MeOH (3 mL). The mixture was stirred at room 

temperature for 8 h. The mixture was filtered with MeOH (3 x 5 mL) and CH2Cl2 (3 x 5 

mL). The solvent was removed under reduced pressure. The product was purified by 

flash column chromatography on silica gel to obtain compound 16c (45.6 mg, 36.5 µmol, 

83%) from the lantern 16 (44 µmol). Rf 0.28 (ethyl acetate/hexane, 1/1 v/v); 
1H NMR (400 MHz, CDCl3) δ (ppm) 8.62 (d, 1H, J = 2.4 Hz), 8.55 (dd, 1H, J = 8.8, 2.8 

Hz), 7.99 (d, 1 H, J = 10.8 Hz), 7.35-7.25 (m, 21H), 6.85 (d, 1H, J = 12.4 Hz), 4.93 (d, 

1H, J = 4.8 Hz), 4.77 (m, 6H), 4.55 (m, 3H), 4.27 (m, 4H), 3.89 (m, 7H), 3.65 (m, 2H), 

2.42 (m, 2H), 2.05 (m, 2H); 13C NMR (100 MHz, CDCl3) δ (ppm); 172.3, 166.4, 166.1, 

161.8, 152.0, 137.8, 137.7, 136.6, 133.5, 129.5, 128.9, 128.8, 128.8, 128.7, 128.7, 128.3, 

128.1, 128.1, 124.8, 119.0, 96.3, 92.7, 80.7, 77.8, 77.5, 76.9, 75.8, 75.4, 70.1, 69.9, 62.9, 

62.8, 54.9, 54.9, 38.1, 31.5, 23.8; MS (ESI) m/z = found: 1271.1564 [M+H]+.        

                                          

Table 1. Summary of the glycosylation/deprotection cycles 

Function                 Reagent                 Time(min)          Yield based on  
                                                                                        extinction coefficient** 

Monosaccharide cycles 
1            Couple                  TMSOTf                 15                                     

 (5 equiv. 9) 
2             Wash            20% MeOH/CH2Cl2           ~15       
3             Wash                     MeOH                        ~15 
4             Wash               20% MeOH/THF             ~15 
5             Wash                       THF                          ~15 
6             Wash               CH2Cl2 (2 times) 
7                          Repeated from step 1 to step 6             
8        Deprotection       Hydrazine acetate/DMF             5    98%  

Disaccharide cycles 

9                       Repeated from step 1 to step 8                                    96% 

** Extinction coefficient (ε = 4.8 M-1cm-1 at λ = 432 nm) 
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Procedures for Fluorous-phase Synthesis. 

 
1H,1H,2H,2H,3H,3H-(Perfluorooctyl)propanyloxybutenyl-3,4-di-O-benzyl-2-deoxy-

2-trichloroacetylamino-β-D-glucopyranoside (18). 

To a solution of 9 (0.53 g, 0.6 mmol) and 4-[3-(perfluorooctyl)propyloxy]-cis-2-butenyl 

alcohol 174 (0.26 g, 0.5 mmol) in dichloromethane (5 mL) was added powdered 4 Å 

molecular sieves (10 mg); the mixture was cooled down to -15 oC. TMSOTf (38 µL, 0.18 

mmol) was added and the reaction mixture was stirred at –15 °C for 30 min. The reaction 

was quenched with triethylamine (0.1 mL) and concentrated under reduced pressure. The 

crude product was purified by solid-phase extraction by using a fluorous solid-phase 

extraction (FSPE) cartridge. Non-fluorous compounds were eluted with 80% 

MeOH/water and the desired compound (Rf: 0.49 (ethyl acetate/hexane/2/3) was eluted 

by 100% MeOH. The solvent was removed under reduced pressure and the residue was 

immediately carried on to remove the NPB group. Hydrazine acetate (1.2 equiv.) was 

added to a solution of the protected NPB compound in DMF (5.0 mL). The reaction 

mixture was stirred at 50 °C. After 5 min, TLC indicated completion of the reaction and 

the solution was orange. The crude product was purified by solid-phase extraction by 

using a fluorous solid-phase extraction (FSPE) cartridge. Non-fluorous compounds were 

eluted with 80% MeOH/water and the desired product was eluted by 100% MeOH to 

provide the free alcohol 18 as a colorless oil (0.47 g, 0.46 mmol, 97%). The washes could 

also be collected to measure the yield using UV-Vis. Rf: 0.48 (ethyl acetate/hexane/2/3); 
1H NMR (400 MHz, CDCl3) δ (ppm) 7.32-7.28 (m, 10H), 7.12 (d, 1H, J = 6.8 Hz), 5.68 

(m, 2H), 4.92 (d, 1H, J = 8.0 Hz), 4.82 (d, 1H, J = 10.8 Hz), 4.71 (d, 1H, J = 11.2 Hz), 

4.67 (d, 1H, J = 10.8 Hz), 4.35 (dd, 1H, J = 12.8, 5.2 Hz), 4.18 (m, 2H), 3.99 (d, 2H, J = 

4.8 Hz), 3.88 (dd, 1H, J = 10.4, 2.8 Hz), 3.75 (dd, 1H, J = 12.0, 3.6), 3.65 (t, 1H, J = 9.2 

Hz), 3.56 (m, 1H), 3.45 (m, 3H), 2.15 (m, 2H), 1.85 (m, 2H); 13C NMR (100 MHz, 

CDCl3)  δ (ppm) 162.1, 137.8, 137.7, 130.3, 128.6, 128.1, 128.0, 127.9, 98.6, 92.5, 79.7, 
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78.2, 75.5, 75.2, 74.9, 68.9, 66.5, 65.1, 61.7, 58.4, 28.2, 28.0, 27.8, 20.8; MS (ESI) m/z = 

calcd for C37H35Cl3F17NO7Na: 1056.1105; found: 1056.43 [M+Na]+. 

 
1H,1H,2H,2H,3H,3H-(Perfluorooctyl)propanyloxybutenyl(3,4-di-O-benzyl-deoxy-2-

trichloroacetylamino-β-D-glucopyranosyl)-(1→6)-3,4-di-O-benzyl-2-deoxy-2-

trichloroacetylamino-β-D-glucopyranoside (19). 

To a solution of 9 (0.43 g, 0.49 mmol) and a solution of alcohol 18 (0.33 g, 0.32 mmol) 

in dichloromethane (5 mL) was added powdered 4 Å molecular sieves (10 mg); the 

mixture was cooled down to -15 oC. TMSOTf (18 µL) was added and the reaction 

mixture was stirred at –15 °C for 30 min. The reaction was quenched with triethylamine 

(0.1 mL) and concentrated under reduced pressure. The crude product was purified by 

solid-phase extraction by using a fluorous solid-phase extraction (FSPE) cartridge. Non-

fluorous compounds were eluted with 80% MeOH/water and the desired compound (Rf: 

0.46 (ethyl acetate/hexane/2/3) was eluted by 100% MeOH. The solvent was removed 

under reduced pressure and the residue was carried on directly to remove the NPB group. 

Hydrazine acetate (1.2 equiv.) was added to a solution of the disaccharide in DMF (5.0 

mL). The reaction mixture was stirred at 50 °C. After 5 min, TLC indicated completion 

of the reaction. The crude product was purified by solid-phase extraction by using a 

fluorous solid-phase extraction (FSPE) cartridge. Non-fluorous compounds were eluted 

with 80% MeOH/water and the desired product was eluted by 100% MeOH to provide 

free alcohol 19 as a colorless oil (0.46 g, 0.30 mmol, 95%). The washes could also be 

collected to measure the yield using UV-Vis. Rf: 0.42 (ethyl acetate/hexane/2/3); 1H 
NMR  (400 MHz, CDCl3) δ (ppm) 7.34-7.26 (m, 20H), 7.13 (d, 1H, J = 8.0 Hz), 7.02 (d, 

1H, J = 7.6 Hz), 5.66 (m, 2H), 4.88 (t, 2H, J = 7.6 Hz), 4.77 (m, 4H), 4.68 (t, 1H, J = 8.0 

Hz), 4.66 (d, 1H, J = 8.0 Hz), 4.61 (t, 2H, J = 9.2 Hz), 4.33 (dd, 1H, J = 12.8, 5.6 Hz), 

4.17 (dd, 1H, J = 12.8, 6.8 Hz), 4.12 (m, 2H), 4.05 (m, 3H), 3.83 (dd, 1H, J = 11.6, 4.0 

Hz), 3.76 (m, 2H), 3.60 (m, 4H0, 3.50 (m, 2H), 3.44 (m, 2H), 2.14 (m, 2H), 1.82 (m, 2H); 
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13C NMR (100 MHz, CDCl3)  δ (ppm) 161.9, 161.8, 137.7 (3), 137.5, 130.5, 128.6 (3), 

128.5, 128.2, 128.1, 128.0 (5), 99.4, 98.1, 92.5, 92.4, 79.2, 79.0, 78.0, 78.9, 77.3, 75.5, 

75.0, 74.9, 74.6 (2), 68.8, 68.0, 66.5, 65.0, 62.0, 57.9, 57.6, 28.3, 28.0, 27.9, 20.9 (2); MS 
(ESI) m/z = calcd for C39H37Cl6F17N2O12Na: 1541.1669; found: 1541.99 [M+Na]+.  

 
1H,1H,2H,2H,3H,3H-(Perfluorooctyl)propanyloxybutenyl(3,4-di-O-benzyl-deoxy-2-

trichloroacetylamino-β-D-glucopyranosyl)-(1→6)-3,4-di-O-benzyl-deoxy-2-

trichloroacetylamino-β-D-glucopyranosyl)-(1→6)-3,4-di-O-benzyl-2-deoxy-2-

trichloroacetylamino-β-D-glucopyranoside (20). 
The reaction was repeated as for the monomeric- and dimeric glucosamines reported 

above to provide free alcohol 20 (0.46 g, 0.21 mmol, 91%). Rf: 0.36 (ethyl 

acetate/hexane/2/3); 1H NMR (400 MHz, CDCl3) δ (ppm) 7.34-7.26 (m, 30H), 7.10 (m, 

1H), 7.10 (d, 1H, J = 8.0 Hz), 6.90 (d, 1H, J = 9.2 Hz), 4.93 (d, 1H, J = 8.0 Hz), 4.84-

4.68 (m, 10H), 4.56 (m, 3H), 4.38 (m, 2H), 4.21 (m, 5H), 4.09 (m, 3H), 4.00 (d, 2H, J = 

7.6 Hz), 3.89 (m, 3H), 3.76 (m, 3H), 3.62 (m, 3H), 3.47 (m, 4H), 2.16 (m, 2H), 1.87 (m, 

2H); 13C NMR (100 MHz, CDCl3) δ (ppm) 162.0,161.9, 161.8, 137.7 (3), 137.6 (2), 

137.5, 130.5, 128.6 (3), 128.5, 128.2, 128.1, 128.0 (5), 98.5, 92.5 (2), 92.4, 79.8, 79.2, 

79.0, 78.2, 78.9, 77.3, 75.6, 75.2, 75.1, 74.9, 74.6, 69.4, 69.0 (2), 66.5 (2), 65.1, 62.7, 

61.8, 58.8, 58.5, 28.3, 28.0, 27.9, 20.9 (2); MS (ESI) m/z = calcd for 

C81H79Cl9F17N3O17Na: 2026.2232; found: 2026.08 [M+Na]+. 
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