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SUPPLEMETAL PROCEDURE 
 
Synthesis of Lewis x 

 
 

2-Bromoethyl 2-acetamido-4-O-(2-O-benzoyl-3,4,6-tri-O-benzyl--D-galactopyranosyl) 

-6-O-benzyl-3-O-(2,3,4-tri-O-benzyl--L-fucopyranosyl)-2-deoxy--D-glucopyranoside 

(S2). To a mixture of S1 (132 mg, 0.14 mmol), ethyl 2,3,4-tri-O-benzyl-1-thio--L-
fucopyranoside (93 mg, 0.19 mmol), CuBr2 (93 mg, 0.42 mmol), n-Bu4NBr (138 mg, 0.43 
mmol) and freshly activated molecular sieve 4 Å (250 mg) was added a mixture of anhydrous 
CH2Cl2 and DMF (1:1, 4 mL) at room temperature under argon atmosphere. After stirring for 
24 h, the reaction mixture was filtered through Celite® pad. The filtrate was diluted with 
CH2Cl2 and washed with saturated aqueous NaHCO3, water and brine. The organic layer was 
dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was 
purified by flash column chromatography (hexane : EtOAc = 3:1) to afford S2 as a white 

amorphous solid in 78% yield: 1H NMR (500 MHz, CDCl3) 7.92 (d, 2 H, J = 7.0 Hz), 7.59 
(t, 1H), 7.44 (t, 2 H), 7.37-7.15 (m, 35 H), 5.72 (d, 1 H, J = 7.5 Hz), 5.52 (q, 1 H), 5.02 (d, 1 
H, J = 4.0 Hz), 4.97 (d, 1 H, J = 11.0 Hz), 4.76 (t, 2 H), 4.69-4.64 (m, 5H), 4.58 (q, 3 H), 4.52 
(q, 2 H), 4.44-4.41 (m, 3 H), 4.34 (d, 1 H, J = 12.0 Hz), 4.14-4.10 (m, 2 H), 4.06 (d, 1 H, J = 
2.5 Hz), 4.00 (dd, 1 H, J = 14.0, 6.0 Hz), 3.96 (d, 1 H, J = 8.0 Hz), 3.87-3.82 (m, 2 H), 3.78 (t, 
1 H), 3.69 (d, 1 H, J = 4.0 Hz), 3.67 (d, 1 H), 3.57-3.53 (m, 1 H), 3.50 (dd, 1 H, J = 13.0, 7.5 
Hz), 3.43-3.38 (m, 2 H), 3.30-3.26 (m, 4 H), 1.72 (s, 3 H), 1.19 (d, 3 H, J = 6.5 Hz); 13C 

NMR (125 MHz, CDCl3)  170.3, 165.1, 139.3, 139.1, 139.0, 138.7, 138.2, 137.8, 133.3, 
129.8, 128.9, 128.7, 128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0, 127.9, 127.8, 127.7, 
127.6, 127.5, 127.4, 127.3, 127.2, 99.7, 99.6, 97.3, 79.9, 79.8, 78.3, 76.1, 75.5, 75.0, 74.8, 
73.6, 73.5, 73.4, 73.3, 73.0, 72.9, 72.4, 72.1, 71.8, 69.0, 68.4, 67.8, 66.7, 30.3, 23.4, 16.5; 
MALDI-TOF-MS calcd for C78H84BrNO16Na [M + Na]+ 1392.4 and 1394.4, found 1392.4 
and 1394.4 (1:1). 

2-Azidoethyl 2-acetamido-4-O-(2-O-benzoyl-3,4,6-tri-O-benzyl--D-galactopyranosyl)-

6-O-benzyl-3-O-(2,3,4-tri-O-benzyl--L-fucopyranosyl)-2-deoxy--D-glucopyranoside 
(S3). To a stirred solution of S2 (121 mg, 0.09 mmol) in DMSO (1.5 mL) was treated with 
NaN3 (29 mg, 0.4 mmol) and n-Bu4NI (65 mg, 0.18 mmol) at room temperature under 
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nitrogen atmosphere. After stirring for 24 h, the reaction mixture was poured into H2O (200 
mL) and extracted with CH2Cl2 (15 mL) several times. The organic layer was washed with 
brine, dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue 
was purified by flash column chromatography (hexane : EtOAc = 2.5:1) to afford S3 as a 

white amorphous solid in 84% yield: 1H NMR (400 MHz, CDCl3)  7.91 (d, 2 H, J = 7.6 Hz), 
7.59 (t, 1 H), 7.44 (t, 2 H), 7.37-7.12 (m, 35 H), 5.65 (d, 1 H, J = 7.2 Hz), 5.51 (q, 1 H), 4.96-
4.93 (m, 2H), 4.88 (d, 1 H, J = 7.6 Hz), 4.80 (d, 1 H, J = 12.0 Hz), 4.70-4.65 (m, 4 H), 4.62 
(d, 1 H, J = 9.2 Hz), 4.58 (dd, 2 H, J = 7.6, 3.6 Hz), 4.55 (d, 1 H, J = 9.2 Hz), 4.52-4.48 (m, 3 
H), 4.41 (s, 2 H), 4.34 (d, 1 H, J = 12.0 Hz), 4.17 (t, 1 H), 4.11-4.07 (m, 2 H), 4.00 (dd, 1 H, J 
= 14.0, 6.8 Hz), 3.95 (d, 1 H, J = 8.0 Hz), 3.85-3.81 (m, 2 H), 3.77 (d, 1 H, J = 8.4 Hz), 3.70-
3.67 (m, 2 H), 3.53-3.47 (m, 2 H), 3.44-3.39 (m, 2 H), 3.33-3.24 (m, 4 H), 3.14-3.08 (m, 1 H), 

1.66 (s, 3 H), 1.19 (d, 3 H, J = 6.4 Hz); 13C NMR (100 MHz, CDCl3)  170.5, 165.1, 139.3, 
139.1, 139.0, 138.7, 138.2, 137.8, 137.7, 133.2, 129.9, 129.0, 128.8, 128.7, 128.6, 128.5, 
128.4, 128.3, 128.2, 128.1, 128.0, 127.9, 127.8, 127.7, 127.6, 127.5, 127.3, 99.6, 99.5, 97.5, 
80.0, 78.3, 76.0, 75.5, 75.0, 74.8, 73.8, 73.6, 73.5, 73.2, 73.1, 73.0, 72.2, 72.1, 71.7, 68.3, 
68.2, 67.8, 66.7, 50.5, 23.4, 16.5; MALDI-TOF-MS calcd for C78H84N4O16Na [M + Na]+ 
1355.5, found 1355.5. 

2-Aminoethyl 2-acetamido-4-O-(-D-galactopyranosyl)-3-O-(-L-fucopyranosyl)-2-

deoxy--D-glucopyranoside (Lex). To a stirred solution of S3 (99 mg, 0.07 mmol) in 
CH2Cl2 (1 mL) was added 3% KOH in MeOH (5 mL) at room temperature. After stirring for 
10 h, the reaction mixture was diluted with CH2Cl2 and washed with H2O. The organic layer 
was dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was 
purified by flash column chromatography (hexane : EtOAc = 2:1) to afford a debenzoylated 

product as a white amorphous solid in 77% yield: 1H NMR (400 MHz, CDCl3)  7.39-7.22 
(m, 35 H), 5.69 (d, 1 H, J = 6.4 Hz), 5.10 (d, 1 H, J = 7.6 Hz), 4.96 (d, 1 H, J = 2.8 Hz), 4.87 
(q, 2 H), 4.76 (d, 1 H, J = 12.0 Hz), 4.70-4.60 (m, 6 H), 4.48 (t, 3 H), 4.42-4.38 (m, 3 H), 
4.32 (t, 1 H), 4.10 (d, 1 H, J = 11.6 Hz), 4.01-3.93 (m, 5 H), 3.87 (d, 1 H, J = 9.6 Hz), 3.78 (d, 
2 H, J = 10.0 Hz), 3.71-3.55 (m, 4 H), 3.43-3.39 (m, 1 H), 3.34-3.27 (m, 3 H), 3.22-3.10 (m, 

2 H), 1.60 (s, 3 H), 1.01 (d, 3 H, J = 6.4 Hz); 13C NMR (100 MHz, CDCl3)  170. 8, 139.2, 
138.9, 138.8, 138.3, 138.2, 137.9, 128.8, 128.6, 128.5, 128.4, 128.2, 128.1, 127.9, 127.8, 
127.7, 127.6, 127.5, 127.3, 127.2, 101.6, 99.4, 97.8, 82.2, 80.0, 78.1, 76.2, 75.4, 75.0, 74.8, 
74.2, 74.1, 73.4, 73.1, 72.7, 72.6, 72.1, 71.5, 68.5, 68.3, 67.8, 66.5, 58.9, 50.6, 29.8, 23.3, 
16.5; MALDI-TOF-MS calcd for C71H80N4O15Na [M + Na]+ 1251.5, found 1251.5. 

A mixture of an above compound (70 mg, 0.06 mmol) and Pd(OH)2 (210 mg) in MeOH-
H2O-HOAc (3:1:1, 5 mL) was stirred for 27 h at room temperature under hydrogen 
atmosphere. The reaction mixture was filtered through Celite® pad. The filtrate was 
concentrated under reduced pressure at 15 oC and the remaining volatile materials were 
removed by lyophilization to afford Lex as a white solid with quantitative yield; 1H NMR 

(400 MHz, D2O)  5.11 (d, 1 H, J = 4.0 Hz), 4.59 (d, 1 H, J = 8.4 Hz), 4.45 (d, 1 H, J = 8.0 
Hz), 4.08-4.02 (m, 1 H), 3.97 (t, 2 H), 3.93-3.85 (m, 6 H), 3.79 (d, 1 H, J = 2.8 Hz), 3.77-3.72 
(m, 3 H), 3.71-3.68 (m, 1 H), 3.66 (d, 1 H, J = 3.6 Hz), 3.64-3.58 (m, 2 H), 3.50 (q, 1 H), 
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3.28-3.22 (m, 2 H), 2.04 (s, 3 H), 1.18 (d, 3 H, J = 6.8 Hz); 13C NMR (100 MHz, D2O)  
174.6, 101.8, 100.7, 98.6, 75.3, 74.9, 73.2, 72.5, 71.9, 69.2, 68.3, 67.6, 66.7, 65.7, 61.5, 59.6, 
55.5, 39.4, 22.2, 21.4, 15.3; HR ESI-MS calcd for C22H40N2O15 [M + Na]+ 595.2321, found 
595.2323. 

 
Preparation of squarate-activated carbohydrates. 
 

 

 

A solution of 3,4-dibutyl-3-cyclobutene-1,2-dione (5 L, dibutyl squarate) and triethylamine 

(0.3 L) in methanol (80 L) was added to 2-aminoethylated glycans (2 mg, -Man, -Fuc, 

-GlcNAc, -Gal, -Man1,2Man, -Lex), which were prepared according to a known 

procedure,1 in water (5 L). After stirring for 5 min, methanol was quickly removed by a 

flow of air. The residue was diluted with water (100 L) and purified by C18 reversed-phase 
column chromatography according to the known procedure.2 The appropriate fractions were 
combined and freeze-dried to give the squarate-activated carbohydrates as a hygroscopic 
solid in 80-90% yields. 
 

Squarate activated -Man; ESI-MS calculated for C16H25NO9 [M + H]+ 376, found 376. 

Squarate activated -Fuc; ESI-MS calculated for C16H25NO8 [M + H]+ 360, found 360.  

Squarate activated -GlcNAc; ESI-MS calculated for C18H28N2O9 [M + H]+ 417, found 417. 

Squarate activated -Gal; ESI-MS calculated for C16H25NO9 [M + H]+ 376, found 376.  

Squarate activated -Man1,2Man; ESI-MS calculated for C22H35NO14 [M + H]+ 538, found 
538. 

Squarate activated -Lex; ESI-MS calculated for C30H48N2O18 [M + H]+ 725, found 725. 
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Figure S1. Structure of glycans shown in Table 1 (16 and 17, M = mannose).  
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