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Materials and Methods 

 

Proton and carbon nuclear magnetic resonance spectra (1H NMR and 13C NMR) were recorded on 

either Bruker 600 (1H NMR-600 MHz; 13C NMR 150 MHz) at ambient temperature with CDCl3 

as the solvent unless otherwise stated. Chemical shifts are reported in parts per million relative to 

residual protic solvent internal standard CDCl3: 
1H NMR at δ 7.26, 13C NMR at δ 77.16. Data for 

1H NMR are reported as follows: chemical shift, integration, multiplicity (app = apparent, par obsc 

= partially obscure, ovrlp = overlapping, br = broad, s = singlet, d = doublet, dd = doublet of 

doublet, t = triplet, q = quartet, m = multiplet) and coupling constants in Hertz. All 13C NMR 

spectra were recorded with complete proton decoupling. Low resolution mass spectra (LRMS) 

were acquired on a Waters Acuity Premiere XE TOF LC-MS by electrospray ionization. Optical 

rotations were measured with Autopol-IV digital polarimeter; concentrations are expressed as 

g/100 mL. 

 

All reagents and chemicals were purchased from Acros Organics, Sigma Aldrich, Fisher Scientific, 

Alfa Aesar, and Strem Chemicals and used without further purification. THF, methylene chloride, 

toluene, and diethyl ether were purified by passing through two packed columns of neutral alumina 

(Innovative Technology). Anhydrous DMF and benzene were purchased from Acros Organics and 
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Sigma-Aldrich and used without further drying. All reactions were carried out in oven-dried 

glassware under an argon atmosphere unless otherwise noted. Analytical thin layer 

chromatography was performed using 0.25 mm silica gel 60-F plates. Preparative thin layer 

chromatography was performed using 1 mm silica gel prep TLC plates.  Flash column 

chromatography was performed using 200-400 mesh silica gel (Scientific Absorbents, Inc.). Yields 

refer to chromatographically and spectroscopically pure materials, unless otherwise stated. 

 

Preparation of a solution of 3-isocyanato-1-propyne (6): 

To an ice cooled solution of propargylamine (1.2 mL, 18.0 mmol, 3.0 eq.) in methylene chloride 

(75 mL) was added saturated solution of NaHCO3 (75 mL) and this mixture was stirred for 20 min 

at 0 °C. Triphosgene (1.8 g, 6.0 mmol, 1.0 eq) was added and the resulting mixture was stirred for 

another 20 min at 0 °C. The reaction mixture was transferred into a separatory funnel, and organic 

layer was separated, washed with saturated NaOH solution (40 mL), dried over anhydrous sodium 

sulfate, filtered and concentrated under reduced pressure to afford 8 mL solution of 0.53 M 3-

isocyanato-1-propyne 6 in methylene chloride (23% yield). 

 

Preparation of a solution 3-isocyanato-3-methyl-1-butyne (7): 

To an ice cooled solution of 1,1-dimethyl propargylamine (1.9 mL, 18.0 mmol, 3.0 eq.) in 

methylene chloride (75 mL) was added saturated solution of NaHCO3 (75 mL) and this mixture 

was stirred for 20 min at 0 °C. Triphosgene (1.8 g, 6.0 mmol, 1.0 eq) was added and the resulting 

mixture was stirred for another 20 min at 0 °C. The reaction mixture was transferred into a 

separatory funnel, and organic layer was separated, washed with saturated NaOH solution (40 mL), 

dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to afford 

11 mL solution of 0.90 M 3-isocyanato-3-methyl-1-butyne 7 in methylene chloride (55% yield).  

 

Synthesis of 1-O-(((prop-2-ynyl)amino)carbonyl)-2,3,4,6-tetra-O-benzyl-α/β-D-

glucopyranoside (8) 

 



To a solution of 2,3,4,6-tetra-O-benzyl-D-glucopyranose (200 mg, 0.37 mmol) in dry CH2Cl2 (0.6 

mL) cooled in an ice-water bath was added a solution of 3-isocyanato-1-propyne 6 in CH2Cl2 (1.04 

mL, 0.53 M, 0.55 mmol, 1.5 eq), and the resulting mixture was stirred at 0 °C for 5 min. Cs2CO3 

(60 mg, 0.185 mmol, 0.5 eq) was added, and the resulting mixture was stirred and slowly warmed 

up to room temperature. After 2 hours, the reaction mixture was directly purified by flash column 

chromatography (Hexane/Ethyl acetate = 8/1) to furnish 190 mg (83% yield) of compound 8 (white 

solid) as a mixture of anomers (α/β = 3/1). The α anomer was characterized as follows. 

1H NMR (600 MHz, CDCl3) δ 7.41 – 7.32 (m, 18H, HAr), 7.21 – 7.18 (m, 2H, HAr), 6.34 (d, J = 

3.6 Hz, 1H, H-1), 5.16 (t, J = 5.6 Hz, 1H, HC≡C-CH2-NHC=O), 5.02 (d, J = 10.9 Hz, 1H, 

OCH2Ar), 4.89 (dd, J = 12.2, 10.8 Hz, 2H, OCH2Ar), 4.79 (d, J = 11.5 Hz, 1H, OCH2Ar), 4.72 (d, 

J = 11.5 Hz, 1H, OCH2Ar), 4.66 (d, J = 12.2 Hz, 1H, OCH2Ar), 4.56 (d, J = 10.7 Hz, 1H, OCH2Ar), 

4.51 (d, J = 12.1 Hz, 1H, OCH2Ar), 4.04 (m, 2H, HC≡C-CH2-NHC=O), 3.98 (t, J = 9.3 Hz, 1H, 

H-3), 3.90 (m, 1H, H-5), 3.83 (t, J = 9.5 Hz, 1H, H-4), 3.81 – 3.78 (m, 1H, H-6a), 3.76 (dd, J = 

9.7, 3.6 Hz, 1H, H-2), 3.71 (dd, J = 10.9, 2.0 Hz, 1H, H-6b), 2.30 (s, 1H, HC≡CR). 

13C NMR (151 MHz, CDCl3) δ 154.21, 138.63, 138.13, 137.86, 137.53, 128.57, 128.48, 128.46, 

128.26, 128.06, 128.03, 127.97, 127.93, 127.84, 127.79, 127.74, 91.35, 81.81, 79.24, 78.74, 77.36, 

77.14, 76.93, 75.75, 75.28, 73.57, 73.21, 72.61, 72.08, 68.03, 30.90. 

[𝜶]𝐃
𝟐𝟏.𝟔 = +50.888 (c = 1.0, CHCl3) 

HRMS (ESI) m/z: [M+Na]+ calculated for C38H39NO7 is 644.2624; found 644.2619. 

 

General Procedure for synthesis of glycosyl N-1,1-dimethylpropargyl carbamate donors 

 

1-O-(((1,1-dimethyl-prop-2-ynyl)amino)carbonyl)-2,3,4,6-tetra-O-benzyl-α/β-D-

glucopyranoside (9): 

  

To a solution of 2,3,4,6-tetra-O-benzyl-D-glucopyranose (1 g, 1.85 mmol) in dry CH2Cl2 (6 mL) 

cooled in an ice-water bath was added a solution of 3-isocyanato-3-methyl-1-butyne 7 in CH2Cl2 

(3.11 mL, 0.90 M, 2.8 mmol, 1.5 eq), and the resulting mixture was stirred at 0 °C for 5 min. 



Cs2CO3 (301 mg, 0.93 mmol, 0.5 eq) was added, and the resulting mixture was stirred and slowly 

warmed up to room temperature. After 2 hours, the reaction mixture was directly purified by flash 

column chromatography (Hexane/Ethyl acetate = 8/1) to furnish 1.1 g (94% yield) of compound 9 

(white solid) as a mixture of anomers (α/β = 1.6/1). The β anomer was characterized as follows. 

1H NMR (600 MHz, CDCl3)  δ 7.39 – 7.28 (m, 18H, HAr), 7.18 (dd, J = 7.4, 2.2 Hz, 2H, HAr), 

5.61 (d, J = 8.2 Hz, 1H, H-1), 4.95 (d, J = 10.9 Hz, 1H, OCH2Ar), 4.91 (s, 1H, HC≡C-C(CH3)2-

NHC=O), 4.89 – 4.84 (t, 11.2 Hz, 2H, OCH2Ar), 4.81 (d, J = 11.2 Hz, 1H, OCH2Ar), 4.77 (d, J = 

11.4 Hz, 1H, OCH2Ar), 4.69 (d, J = 12.1 Hz, 1H, OCH2Ar), 4.57 (d, J = 10.7 Hz, 1H, OCH2Ar), 

4.52 (d, J = 12.1 Hz, 1H, OCH2Ar), 3.83 – 3.74 (m, 4H, H-3, H-4, H-6a, H-6b), 3.61 – 3.55 (m, 

2H, H-2, H-5), 2.38 (s, 1H, H-C≡CR), 1.66 (s, 6H, C(CH3)2). 

13C NMR (151 MHz, CDCl3) δ 152.11, 138.45, 138.29, 138.07, 138.01, 128.48, 128.46, 128.42, 

128.39, 128.29, 94.69, 86.62, 84.92, 81.13, 77.32, 77.11, 76.89, 75.82, 75.29, 75.07, 73.49, 69.55, 

68.04, 47.54, 29.12, 29.01. 

[𝜶]𝐃
𝟐𝟏.𝟔 = +5.3999 (c = 1.0, CHCl3) 

HRMS (ESI) m/z: [M+Na]+ calculated for C40H43NO7 is 672.2937; found 672.2932. 

 

1-O-(((1,1-dimethyl-prop-2-ynyl)amino)carbonyl)-2,3,4,6-tetra-O-benzoyl-α/β-D- 

glucopyranoside (10): 

 

Compound 10 was prepared in 99% yield as a mixture of anomers (α/β = 1/1.6) following the 

aforementioned general procedure. The β anomer was characterized as follows. 

1H NMR (600 MHz, CDCl3) δ 8.09 – 8.05 (m, 2H, HAr), 8.00 – 7.97 (m, 2H, HAr), 7.94 – 7.91 

(m, 2H, HAr), 7.87 – 7.85 (m, 2H, HAr), 7.57 – 7.49 (m, 3H, HAr), 7.45 – 7.35 (m, 7H, HAr), 7.31 – 

7.27 (m, 2H, HAr), 6.10 (d, J = 8.3 Hz, 1H, H-1), 5.99 (t, J = 9.6 Hz, 1H, H-3), 5.79 (t, J = 9.7 Hz, 

1H, H-4), 5.69 (t, J = 9.1 Hz, 1H, H-2), 5.23 (s, 1H, HC≡C-C(CH3)2-NHC=O), 4.65 (dd, J = 12.3, 

2.9 Hz, 1H, H-6b), 4.53 (dd, J = 12.3, 4.9 Hz, 1H, H-6a), 4.32 (m, 1H, H-5), 2.23 (s, 1H, H-

C≡CR), 1.52 (s, 6H, C(CH3)2). 



13C NMR (151 MHz, CDCl3) δ 166.15, 165.68, 165.33, 165.15, 151.50, 133.55, 133.50, 133.33, 

133.13, 129.99, 129.88, 129.80, 129.59, 128.84, 128.72, 128.66, 128.46, 128.45, 128.37, 128.35, 

92.97, 86.15, 77.32, 77.10, 76.89, 72.98, 70.96, 69.58, 69.17, 62.75, 47.57, 28.89, 28.80. 

[𝜶]𝐃
𝟐𝟏.𝟒 = -19.396 (c = 1.0, CHCl3) 

HRMS (ESI) m/z: [M+Na]+ calculated for C40H35NO11 is 728.2107; found 728.2096. 

 

1-O-(((1,1-dimethyl-prop-2-ynyl)amino)carbonyl)-2,3,4,6-tetra-O-benzyl-α/β-D-

galactopyranoside (11): 

 

Compound 11 was prepared in 84% yield as a mixture of anomers (α/β = 1/5) following the 

aforementioned general procedure. The β anomer was characterized as follows. 

1H NMR (600 MHz, CDCl3) δ 7.50 – 7.33 (m, 20H, HAr), 5.65 (d, J = 8.1 Hz, 1H, H-1), 5.05 (d, 

J = 11.5 Hz, 1H, OCH2Ar), 5.00 (s, 1H, HC≡C-C(CH3)2-NHC=O), 4.92 (d, J = 11.3 Hz, 1H, 

OCH2Ar), 4.83 (m, 3H, OCH2Ar), 4.72 (d, J = 11.5 Hz, 1H, OCH2Ar), 4.53 (d, J = 11.7 Hz, 1H, 

OCH2Ar), 4.49 (d, J = 11.7 Hz, 1H, OCH2Ar), 4.08 (d, J = 2.8 Hz, 1H, H-4), 4.03 – 3.98 (t, J = 

8.9 Hz, 1H, H-2), 3.79 (dd, J = 7.9, 5.3 Hz, 1H, H-6a), 3.75 – 3.67 (m, 3H, , H-3, H-5, H-6b), 

2.41 (s, 1H, H-C≡CR), 1.68 (s, 6H, C(CH3)2). 

13C NMR (151 MHz, CDCl3) δ 152.24, 138.73, 138.65, 138.40, 137.92, 128.53, 128.39, 128.31, 

128.26, 128.07, 127.91, 127.78, 127.71, 127.66, 95.07, 86.75, 82.50, 78.33, 77.49, 77.28, 77.07, 

75.31, 74.76, 73.85, 73.54, 73.24, 72.92, 69.61, 67.93, 47.54, 29.17, 29.03. 

[𝜶]𝐃
𝟐𝟏.𝟕 = -4.299 (c = 1.0, CHCl3) 

HRMS (ESI) m/z: [M+Na]+ calculated for C40H43NO7 is 672.2937; found 672.2927. 

 

1-O-(((1,1-dimethyl-2prop-ynyl)amino)carbonyl)-2,3,4-tri-O-benzyl-α/β-L-

rhamnopyranoside (12): 



 

Compound 12 was prepared in 99% yield as a mixture of anomers (α/β = 1/3.1) following the 

aforementioned general procedure.  

1H NMR (600 MHz, CDCl3) δ 7.51 – 7.48 (m, 2H, HAr), 7.41 – 7.32 (m, 18H, HAr), 6.20 (d, 

0.33H, H-1 α), 5.60 (d, 1H, H-1 β), 5.07 – 5.04 (brs, 1H, HC≡C-C(CH3)2-NHC=O), 5.04 – 4.98 

(m, 1.13H, OCH2Ar α/β), 4.94 (d, J = 12.2 Hz, 1H, OCH2Ar β), 4.89 – 4.83 (m, 1.3H, OCH2Ar 

α/β), 4.79 (d, J = 12.4 Hz, 0.34H, OCH2Ar α), 4.74 – 4.63 (m, 4H, OCH2Ar α/β), 3.98 (d, J = 2.8 

Hz, 1H, H-2 β), 3.94 – 3.82 (m, 1H, , H-2 α, H-3 α ,H-5 α).3.74 (t, J = 9.4 Hz, 0.34H, H-4 α), 3.69 

(t, J = 9.2 Hz, 1H, H-4 β), 3.64 (dd, J = 9.4, 2.8 Hz, 1H, H-3 β), 3.53 (m, 1H, H-5 β), 2.41 (s, 1H, 

H-C≡CR β), 1.65 (d, J = 12.8 Hz, 7H, C(CH3)2 α/β), 1.44 (d, J = 6.1 Hz, 3H, H-6 β), 1.41 (d, J = 

6.2 Hz, 1H, H-6 α). 

13C NMR (151 MHz, CDCl3) δ 152.14, 138.72, 138.60, 138.41, 138.14, 138.01, 128.53, 128.46, 

128.45, 128.40, 128.23, 128.15, 128.04, 128.01, 127.82, 127.72, 127.64, 93.29, 91.97, 86.77, 

86.60, 82.22, 79.99, 79.85, 79.36, 77.45, 77.24, 77.03, 75.55, 75.48, 74.82, 74.65, 73.92, 72.57, 

72.52, 72.12, 69.63, 69.58, 47.46, 29.76, 29.28, 28.98, 18.17, 18.03. 

[𝜶]𝐃
𝟐𝟏.𝟗 = -1.3 (c = 1.0, CHCl3) 

HRMS (ESI) m/z: [M+Na]+ calculated for C33H37NO6 is 566.2518; found 566.2512. 

 

1-O-(((1,1-dimethyl-prop-2-ynyl)amino)carbonyl)-2,3,4-tri-O-benzoyl-α/β-L-

rhamnopyranoside (13): 

 

Compound 13 was prepared in 99% yield as a mixture of anomers (α/β = 5/1) following the 

aforementioned general procedure. The α anomer was characterized as follows. 



1H NMR (600 MHz, CDCl3) δ 8.13 – 8.10 (m, 2H, HAr), 7.99 – 7.96 (m, 2H, HAr), 7.85 – 7.83 

(m, 2H, HAr), 7.66 – 7.62 (m, 1H, HAr), 7.55 – 7.51 (m, 3H, HAr), 7.48 – 7.44 (m, 1H, HAr), 7.41 

(t, J = 7.7 Hz, 2H, HAr), 7.30 – 7.28 (m, 2H, HAr), 6.26 (s, 1H, H-1), 5.84 (br, 1H, H-3), 5.72 

(ovrlp, 2H, H-2, H-4), 5.29 (s, 1H, HC≡C-C(CH3)2-NHC=O), 4.30 (br, 1H, H-5), 2.43 (s, 1H, H-

C≡CR), 1.72 (s, 6H, C(CH3)2), 1.42 (d, J = 6.2 Hz, 3H, H-6). 

13C NMR (151 MHz, CDCl3) δ 165.73, 165.62, 165.33, 151.22, 133.62, 133.44, 133.30, 130.01, 

129.75, 129.71, 129.19, 129.15, 128.97, 128.64, 128.49, 128.35, 91.15, 86.54, 77.28, 77.06, 76.85, 

71.36, 69.84, 69.82, 69.77, 68.76, 47.80, 29.08, 17.77. 

[𝜶]𝐃
𝟐𝟏.𝟖 = -375.96 (c = 1.0, CHCl3) 

HRMS (ESI) m/z: [M+Na]+ calculated for C33H31NO9 is 608.1896; found 608.1899 

 

General procedure (A) for cationic gold (I)-catalyzed glycosylation 

A flame dried flask was charged with glycosyl donor (9, 11, or 12) (0.24 mmol, 1.2 eq.) and 

acceptor (14, 18,S1 19S1 or 20) (0.2 mmol, 1 eq.). The resulting mixture was azeotroped with 2 mL 

benzene and further dried under high vacuum for at least an hour. To this mixture, solid tris(2,4-

di-tert-butylphenyl)phosphite gold(I) (3.52 mg, 2 mol%), solid AgOTf (2.56 mg, 5 mol%) and 1 

mL dry methylene chloride were added sequentially. The reaction mixture was stirred at ambient 

temperature for 10 min and the crude mixture was purified by flash column chromatography 

(Hexane/Ethyl acetate = 10/1 to 6/1) to afford desire disaccharides. 

 

Disaccharides 15,S2 22,S3 23,S1 24,S3 25,S4 26,S4 27,S5 28,S6 29S6 and 30 S5 were prepared according 

to the above-mentioned procedure and their spectroscopic data match with those reported in the 

literature. 

 

General procedure (B) for cationic gold (I)-catalyzed glycosylation 

A flame dried flask was charged with glycosyl donor 10 or 13 (0.24 mmol, 1.2 eq) and acceptor 

(14, 18,S1 19S1 or 20) (0.2 mmol, 1 eq). The resulting mixture was azeotroped with 2 mL benzene 

and further dried under high vacuum for at least an hour. To this mixture, solid tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (1.76 mg, 1 mol%), solid AgOTf (2.56 mg, 5 mol%) and 1 mL dry 

methylene chloride were added sequentially. The reaction mixture was stirred at ambient 



temperature for 10 min and the crude mixture was purified by flash column chromatography 

(Toluene/Ethyl acetate = 60/1 to 30/1) to afford desired disaccharides. 

 

Disaccharides 16,S7 31,S3 32, 33,S8 34,S3 35, and 36S3 were prepared according to the above-

mentioned procedure. The spectroscopic data of disaccharides 16, 31, 33, 34 and 36 match with 

those reported in the literature. 

 

Methyl 2,3,4,6-tetra-O-benzyl-α/β-D-glucopyranosyl-(1→6)-2,3,4-tri-O-benzyl-α-D-

glucopyranoside (15): 

 

Compound 15 (192 mg, 98% yield) was prepared from donor 9 (0.24 mmol, 1.2 eq.) and acceptor 

14 (0.2 mmol, 1 eq.) following the general procedure (A) using tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (3.52 mg, 2 mol%) and solid AgOTf (2.56 mg, 5 mol%)  in 1 mL 

CH2Cl2 at room temperature for 10 minutes (purified via silica gel column chromatography, 

Hexane/Ethyl Acetate: 12/1 to 8/1) and characterized as follows: 

1H NMR (600 MHz, CDCl3) δ 7.41 – 7.27 (m, 36H), 7.26 – 7.20 (m, 7H), 5.02 (m, 3H), 4.98 – 

4.94 (m, 1H), 4.88 – 4.74 (m, 8H), 4.72 – 4.68 (m, 2H), 4.66 (d, J = 3.7 Hz, 1H), 4.63 (d, J = 2.3 

Hz, 1H), 4.60 – 4.55 (m, 3H), 4.48 (dd, J = 19.5, 11.6 Hz, 1H), 4.40 (d, J = 7.8 Hz, 1H), 4.23 (dd, 

J = 10.9, 2.1 Hz, 1H), 4.06 – 3.98 (m, 2H), 3.90 – 3.85 (m, 1H), 3.82 (m, 0.49H), 3.77 (m, 1H), 

3.74 – 3.65 (m, 4H), 3.64 – 3.59 (m, 1H), 3.59 – 3.52 (m, 3H), 3.48 (m, 1H), 3.40 (s, 1H), 3.38 (s, 

3H). 

13C NMR (151 MHz, CDCl3) δ 138.85, 138.83, 138.53, 138.49, 138.46, 138.43, 138.39, 138.35, 

138.25, 138.20, 138.15, 138.10, 137.98, 128.49, 128.46, 128.44, 128.41, 128.38, 128.36, 128.32, 

128.20, 128.06, 128.06, 128.02, 128.00, 127.96, 127.93, 127.89, 127.81, 127.78, 127.76, 127.70, 

127.66, 127.63, 127.59, 127.55, 103.83, 98.09, 97.98, 97.29, 84.82, 82.17, 82.10, 82.01, 81.71, 

80.14, 79.99, 79.77, 78.01, 77.91, 77.78, 77.62, 77.30, 77.08, 76.87, 75.77, 75.74, 75.55, 75.06, 



75.05, 75.02, 74.94, 73.46, 73.44, 73.42, 73.40, 72.40, 70.37, 70.25, 69.86, 69.02, 68.58, 68.45, 

66.07, 55.25, 55.20. 

 

Methyl 2,3,4,6-tetra-O-benzoyl-β-D-glucopyranosyl-(1→6)-2,3,4-tri-O-benzyl-α-D-

glucopyranoside (16): 

 

Compound 16 (215 mg, 99% yield) was prepared from donor 10 (0.24 mmol, 1.2 eq.)  and acceptor 

14 (0.2 mmol, 1 eq.) following the general procedure (B) using tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (1.76 mg, 1 mol%) and solid AgOTf (2.56 mg, 5 mol%)   in 1 mL 

CH2Cl2 at room temperature for 10 minutes (Purified via silica gel column chromatography, 

Toluene/Ethyl Acetate: 60/1 to 30/1) and characterized as follows: 

1H NMR (600 MHz, CDCl3) δ 8.02 – 7.99 (m, 2H, HAr), 7.91 (m, 4H, HAr), 7.84 (m, 2H, HAr), 

7.53 (m, 2H, HAr), 7.43 – 7.22 (m, 23H, HAr), 7.08 – 7.05 (m, 2H, HAr), 5.91 (t, J = 9.63 Hz, 1H, 

H’-3), 5.69 (t, J = 9.65 Hz, 1H, H’-4), 5.61 (m, H’-2), 4.91 (d, J = 10.9 Hz, 1H, OCH2Ar), 4.84 

(dd, J = 7.8, 1.2 Hz, 1H, H’-1), 4.75 (d, J = 12.0 Hz, 1H, OCH2Ar), 4.70 (d, J = 10.9 Hz, 1H, 

OCH2Ar), 4.62 (m, 2H, H’-6b, OCH2Ar), 4.56 – 4.49 (m, 3H, H-1 , H’-6a, OCH2Ar), 4.30 (d, J 

= 11.0 Hz, 1H, OCH2Ar), 4.17 (dd, J = 10.6, 1.7 Hz, 1H, H-6a), 4.12 (m, 1H, H’-5), 3.90 (t, J = 

9.3 Hz, 1H, H-3), 3.77 (dd, J = 10.6, 4.2 Hz, 1H, H-6b), 3.73 (m, 1H, H-5), 3.45 (dd, J = 9.5, 3.7 

Hz, 1H, H-2), 3.42 – 3.37 (t, J = 9.5 Hz, 1H, H-4), 3.23 (s, 3H, OCH3). 

13C NMR (151 MHz, CDCl3) δ 166.12, 165.85, 165.16, 164.92, 138.79, 138.18, 138.14, 133.45, 

133.27, 133.15, 133.12, 129.83, 129.76, 129.73, 129.54, 129.15, 128.77, 128.73, 128.45, 128.42, 

128.34, 128.32, 128.29, 128.14, 101.33, 97.95, 81.89, 79.73, 77.38, 77.24, 77.03, 76.82, 75.56, 

74.72, 73.39, 72.84, 72.19, 71.79, 69.78, 69.45, 68.30, 63.25, 55.02, 29.73. 

 

Isolation of 4,4-dimethyl-5-methyleneoxazolidin-2-one byproduct (17): 

During the course of reaction, compound 17 (9.1 mg, 72% yield, TLC; Rf = 0.17, Pentane:Ethyl 

Acetate = 3:1) was isolated using Hexane/Ethyl acetate 8/1 to 6/1 and its spectroscopic data match 

with that reported in the literature.S9 



1H NMR (600 MHz, CDCl3) δ 5.92 (br, 1H, C(CH3)2-NHC=O), 4.66 (dd, J = 3.6, 1.2 Hz, 1H, 

Ha-C=C), 4.24 (d, J = 3.6 Hz, 1H, Hb-C=C), 1.47 (s, 6H, (CH3)2). 

13C NMR (151 MHz, CDCl3) δ 161.96, 155.12, 84.46, 58.30, 29.52. 

HRMS (ESI) m/z: [M+H]+ calculated for C6H9NO2 is 128.1430; found 128.1439. 

 

Methyl 2,3,4,6-tetra-O-benzyl-α/β-D-glucopyranosyl-(1→4)-2,3,6-tri-O-benzyl-α-D-

glucopyranoside (22): 

 

Compound 22 (188 mg, 96% yield) was prepared from donor 9 (0.24 mmol, 1.2 eq.)  and acceptor 

18 (0.2 mmol, 1 eq.) following the general procedure (A) using tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (3.52 mg, 2 mol%) and solid AgOTf (2.56 mg, 5 mol%) in 1 mL 

CH2Cl2 at room temperature for 10 minutes (purified via silica gel column chromatography, 

Toluene/Ethyl Acetate: 50/1 to 30/1) and characterized as follows: 

1H NMR (600 MHz, CDCl3) δ 7.50 – 7.29 (m, 65H), 7.17 (dd, J = 7.3, 2.4 Hz, 2H), 5.78 (d, J = 

3.6 Hz, 1H), 5.16 (s, 0.51H), 5.11 (d, J = 11.5 Hz, 1H), 4.94 (m, J = 10.2 Hz, 2H), 4.90 – 4.80 (m, 

9H), 4.76 (s, 1H), 4.69 – 4.43 (m, 17H), 4.34 (d, J = 12.0 Hz, 1H), 4.25 – 3.88 (m, 7H), 3.84 – 

3.51 (m, 15H), 3.47 (d, J = 2.0 Hz, 1H), 3.44 (s, 3.25H), 3.43 (s, 1.82H), 3.38 – 3.34 (m, 0.52H). 

13C NMR (151 MHz, CDCl3) δ 139.59, 138.99, 138.80, 138.63, 138.61, 138.56, 138.52, 138.43, 

138.34, 138.21, 138.02, 137.95, 137.87, 136.43, 134.52, 129.81, 129.05, 128.52, 128.49, 128.43, 

128.39, 128.36, 128.30, 128.28, 128.18, 128.10 (d, J = 1.8 Hz), 128.07, 127.99, 127.90, 127.88, 

127.86, 127.81, 127.78, 127.71, 127.67, 127.64, 127.61, 127.57, 127.47, 127.43, 127.39, 127.30, 

127.16, 126.82, 102.54, 98.48, 97.82, 96.68, 84.91, 82.87, 82.10, 80.49, 80.26, 79.49, 78.84, 78.07, 

77.68, 77.34, 77.13, 76.92, 76.63, 75.67, 75.62, 75.48, 75.19, 75.01, 74.98, 74.86, 74.49, 73.71, 

73.51, 73.44, 73.40, 73.31, 73.19, 72.26, 71.01, 70.02, 69.57, 69.05 (d, J = 2.2 Hz), 68.18, 67.87, 

55.37, 55.22. 

 



Methyl 2,3,4,6-tetra-O-benzyl-α/β-D-glucopyranosyl-(1→3)-2,4,6-tri-O-benzyl-α-D-

galactopyranoside (23): 

 

Compound 23 (187 mg, 95% yield) was prepared from donor 9 (0.24 mmol, 1.2 eq.)  and acceptor 

19 (0.2 mmol, 1 eq.) following the general procedure (A) using tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (3.52 mg, 2 mol%) and solid AgOTf (2.56 mg, 5 mol%) 1 mL 

CH2Cl2 at room temperature for 10 minutes (purified via silica gel column chromatography, 

Hexane/Ethyl Acetate: 12/1 to 8/1). The α anomer was characterized as follows:  

1H NMR (600 MHz, CDCl3) δ 7.40 – 7.19 (m, 33H, HAr), 7.16 – 7.12 (m, 2H, HAr), 5.19 (d, J = 

3.4 Hz, 1H, H’-1), 5.12 (d, J = 11.2 Hz, 1H, OCH2Ar), 4.95 (d, J = 11.0 Hz, 1H, OCH2Ar), 4.89 

– 4.80 (m, 3H, OCH2Ar), 4.75 (d, J = 3.9 Hz, 1H, H-1), 4.74 – 4.71 (m, 2H, OCH2Ar), 4.61 (dd, 

J = 11.8, 8.6 Hz, 2H, OCH2Ar), 4.53 (d, J = 11.8 Hz, 1H, OCH2Ar), 4.48 (d, J = 11.0 Hz, 1H, 

OCH2Ar), 4.42 (dd, J = 11.5, 7.9 Hz, 2H, OCH2Ar), 4.34 (d, J = 12.1 Hz, 1H, OCH2Ar), 4.21 (m, 

1H, H’-5), 4.18 – 4.12 (m, 2H, H’-3, H-3), 4.03 (dd, J = 10.2, 3.6 Hz, 1H, H-2), 3.97 (d, J = 2.7 

Hz, 1H, H-4), 3.91 (t, J = 6.5 Hz, 1H, H-5), 3.78 (t, J = 9.6 Hz, 1H, H’-4), 3.69 (dd, J = 9.8, 3.4 

Hz, 1H, H’-2), 3.58 – 3.53 (m, 3H, H’-6b, H-6a, H-6b ), 3.46 (dd, J = 10.9, 2.1 Hz, 1H, H’-6a), 

3.37 (s, 3H, OCH3). 

13C NMR (151 MHz, CDCl3) δ 138.96, 138.76, 138.67, 138.19, 138.06, 138.00, 128.53, 128.42, 

128.38, 128.36, 128.29, 128.22, 128.14, 128.10, 128.08, 128.04, 127.92, 127.75, 127.73, 127.69, 

127.61, 127.57, 127.45, 127.31, 98.34, 96.36, 82.19, 80.16, 77.97, 77.28, 77.07, 76.86, 76.42, 

75.57, 75.52, 74.92, 74.81, 74.10, 73.45, 73.33, 73.26, 70.38, 69.21, 68.96, 68.09, 55.26. 

 

Methyl 2,3,4,6-tetra-O-benzyl-α/β-D-glucopyranosyl-(1→6)-2,3,4-tri-O-benzoyl-α-D-

glucopyranoside (24): 



 

Compound 24 (175 mg, 84% yield) was prepared from donor 9 (0.24 mmol, 1.2 eq.)  and acceptor 

20 (0.2 mmol, 1 eq.) following the general procedure (A) using tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (3.52 mg, 2 mol%) and solid AgOTf (2.56 mg, 5 mol%) in 1 mL 

CH2Cl2 at room temperature for 10 minutes (purified via silica gel column chromatography, 

Hexane/Ethyl Acetate: 12/1 to 8/1). The β anomer was characterized as follows: 

1H NMR (600 MHz, CDCl3) δ 8.01 (m, 2H, HAr), 7.96 (m, 2H, HAr), 7.89 – 7.86 (m, 2H, HAr), 

7.53 (m, 2H, HAr), 7.41 – 7.27 (m, 25H, HAr), 7.18 – 7.15 (m, 2H, HAr), 6.21 (dd, J = 10.2, 9.5 Hz, 

1H, H-3), 5.51 (t, J = 9.75 Hz, 1H, H-4), 5.29 (dd, J = 10.2, 3.6 Hz, 1H, H-2), 5.25 – 5.23 (d, J = 

3.54 Hz, 1H, H-1), 5.09 (d, J = 10.8 Hz, 1H, OCH2Ar), 4.94 (d, J = 10.9 Hz, 1H, OCH2Ar), 4.83 

(d, J = 10.8 Hz, 1H, OCH2Ar), 4.81 – 4.78 (m, 1H, OCH2Ar), 4.71 (d, J = 10.8 Hz, 1H, OCH2Ar), 

4.57 – 4.52 (m, 2H, OCH2Ar), 4.50 (d, J = 7.8 Hz, 1H, H’-1), 4.46 (d, J = 12.2 Hz, 1H, OCH2Ar), 

4.41 (m, 1H, H-5), 4.16 (dd, J = 11.0, 2.2 Hz, 1H, H-6a), 3.84 (dd, J = 11.0, 7.5 Hz, 1H, H-6b), 

3.69 – 3.61 (m, 4H, H’-3, H’-4, H’-6a, H’-6b), 3.49 (dd, J = 8.9, 7.8 Hz, 1H, H’-2), 3.46 – 3.44 

(m, 1H, H’-5), 3.41 (s, 3H, OCH3). 

13C NMR (151 MHz, CDCl3) δ 165.85, 165.77, 165.48, 138.60, 138.47, 138.10, 138.07, 133.43, 

133.37, 133.09, 104.00, 96.78, 84.55, 82.36, 77.64, 77.26, 77.05, 76.83, 75.73, 75.01, 74.88, 

74.85, 73.44, 72.15, 70.49, 69.89, 68.99, 68.89, 68.63, 55.53, 29.74. 

 

Methyl 2,3,4,6-tetra-O-benzyl-α/β -D-galactopyranosyl-(1→6)- 2,3,4-tri-O-benzyl-α-D-

glucopyranoside (25): 



 

Compound 25 (193 mg, 99% yield) was prepared from donor 11 (0.24 mmol, 1.2 eq.)  and acceptor 

14 (0.2 mmol, 1 eq.) following the general procedure (A) using tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (3.52 mg, 2 mol%) and solid AgOTf (2.56 mg, 5 mol%) in 1 mL 

CH2Cl2 at room temperature for 10 minutes (purified via silica gel column chromatography, 

Hexane/Ethyl Acetate: 12/1 to 8/1) and characterized as follows: 

1H NMR (600 MHz, CDCl3) δ 7.46 – 7.19 (m, 68H), 5.07 (d, J = 3.6 Hz, 1H), 5.05 – 4.97 (m, 

5H), 4.94 – 4.69 (m, 14H), 4.67 – 4.61 (m, 5H), 4.60 (d, J = 3.6 Hz, 1H), 4.58 (d, J = 11.1 Hz, 

1H), 4.52 – 4.36 (m, 5H), 4.21 (dd, J = 10.9, 2.1 Hz, 1H), 4.10 (dd, J = 9.4, 3.5 Hz, 1H), 4.07 – 

3.78 (m, 11H), 3.71 – 3.61 (m, 3H), 3.60 – 3.51 (m, 6H), 3.48 (dd, J = 9.6, 3.6 Hz, 1H), 3.37 (s, 

2.43H), 3.36 (s, 3.1H). 

13C NMR (151 MHz, CDCl3) δ 138.92, 138.90, 138.80, 138.79, 138.51, 138.45, 138.44, 138.25, 

138.21, 138.08, 137.94, 128.49, 128.47, 128.44, 128.41, 128.39, 128.36, 128.35, 128.31, 128.29, 

128.26, 128.20, 128.04, 128.04, 128.02, 127.94, 127.89, 127.87, 127.86, 127.77, 127.74, 127.71, 

127.62, 127.58, 127.53, 127.50, 127.43, 104.26, 97.99, 97.96, 97.93, 82.35, 82.13, 82.07, 80.21, 

79.89, 79.31, 78.29, 78.17, 78.03, 77.34, 77.13, 76.91, 76.57, 75.77, 75.73, 75.23, 75.12, 75.07, 

74.89, 74.60, 73.58, 73.53, 73.42, 73.39, 72.92, 72.86, 72.61, 70.34, 69.96, 69.43, 68.98, 68.67, 

68.60, 66.46, 55.21, 55.11. 

 

Methyl 2,3,4,6-tetra-O-benzyl-α/β -D-galactopyranosyl-(1→4)- 2,3,6-tri-O-benzyl-α-D-

glucopyranoside (26): 

 



Compound 26 (171 mg, 87% yield) was prepared from donor 11 (0.24 mmol, 1.2 eq.)  and acceptor 

18 (0.2 mmol, 1 eq.) following the general procedure (A) using tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (3.52 mg, 2 mol%) and solid AgOTf (2.56 mg, 5 mol%) in 1 mL 

CH2Cl2 at room temperature for 10 minutes (purified via silica gel column chromatography, 

Hexane/Ethyl Acetate: 12/1 to 8/1) and characterized as follows: 

1H NMR (600 MHz, CDCl3) δ 7.35 – 7.25 (m, 30H), 7.22 – 7.20 (m, 7H), 5.80 (d, J = 3.9 Hz, 

1H), 5.08 (d, J = 10.6 Hz, 0.32H), 5.01 (d, J = 11.4 Hz, 1H), 4.90 (d, J = 11.4 Hz, 1H), 4.86 – 4.83 

(m, 1H), 4.81 – 4.54 (m, 13H), 4.46 (d, J = 12.3 Hz, 1H), 4.41 – 4.25 (m, 3H), 4.10 (dd, J = 9.6, 

8.7 Hz, 1H), 4.04 – 3.97 (m, 3H), 3.96 – 3.84 (m, 4H), 3.79 – 3.62 (m, 3H), 3.61 – 3.45 (m, 4H), 

3.41 (s, 3H), 3.41 (s, 1H), 3.38 – 3.33 (m, 0.54H). 

13C NMR (151 MHz, CDCl3) δ 139.44, 139.09, 139.01, 138.97, 138.95, 138.80, 138.73, 138.63, 

138.60, 138.59, 138.53, 138.48, 138.37, 138.26, 138.19, 138.09, 138.00, 137.88, 128.43, 128.40, 

128.37, 128.34, 128.32, 128.26, 128.24, 128.19, 128.16, 128.10, 102.81, 98.45, 97.75, 97.48, 

82.48, 82.05, 80.32, 80.16, 80.08, 79.20, 78.91, 77.27, 77.06, 76.85, 75.62, 75.52, 75.25, 74.80, 

74.73, 74.61, 74.38, 73.84, 73.70, 73.44, 73.42, 73.07, 72.77, 72.69, 72.54, 70.03, 69.87, 69.46, 

69.41, 68.68, 68.20, 68.00, 55.33, 55.13. 

 

Methyl 2,3,4,6-tetra-O-benzyl-α/β-D-galactopyranosyl-(1→3)-2,4,6-tri-O-benzyl-α-D-

galactopyranoside (27): 

 

Compound 27 (174 mg, 88% yield) was prepared from donor 11 (0.24 mmol, 1.2 eq.)  and acceptor 

19 (0.2 mmol, 1 eq.) following the general procedure (A) using tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (3.52 mg, 2 mol%) and solid AgOTf (2.56 mg, 5 mol%) in 1 mL 

CH2Cl2 at room temperature for 10 minutes (purified via silica gel column chromatography, 

Hexane/Ethyl Acetate: 12/1 to 8/1). The α anomer was characterized as follows: 

1H NMR (600 MHz, CDCl3) δ 7.39 – 7.23 (m, 33H, HAr), 7.17 (m, 2H, HAr), 5.26 (d, J = 3.5 Hz, 

1H, H’-1), 5.02 (d, J = 11.4 Hz, 1H, OCH2Ar), 4.97 (d, J = 11.4 Hz, 1H, OCH2Ar), 4.89 (d, J = 



11.4 Hz, 1H, OCH2Ar), 4.76 – 4.72 (m, 4H, OCH2Ar), 4.63 (d, J = 3.7 Hz, 1H, H-1), 4.60 (m, 2H, 

OCH2Ar), 4.50 (d, J = 11.9 Hz, 1H, OCH2Ar), 4.39 (m, 4H, OCH2Ar), 4.36 (m, 1H, H’-5), 4.17 

(m, 2H, H’-2, H-3), 4.05 (dd, J = 10.2, 2.8 Hz, 1H, H’-3), 4.00 (dd, J = 10.2, 3.6 Hz, 1H, H-2), 

3.97 (dd, J = 2.8, 1.4 Hz, 1H, H’-4), 3.95 (dd, J = 2.9, 1.2 Hz, 1H, H-4), 3.87 (m, 1H, H-5), 3.61 

– 3.53 (m, 2H, H’-6a, H’-6b), 3.53 – 3.45 (m, 2H, H-6a, H-6b), 3.31 (s, 3H, OCH3). 

13C NMR (151 MHz, CDCl3) δ 139.02, 138.80, 138.70, 138.69, 138.37, 138.27, 138.12, 128.39, 

128.31, 128.29, 128.23, 128.12, 128.08, 127.99, 127.86, 127.70, 127.66, 127.64, 127.58, 127.54, 

127.50, 127.40, 127.27, 98.57, 97.08, 79.02, 77.28, 77.07, 76.86, 76.73, 76.19, 75.83, 75.07, 74.97, 

74.88, 74.72, 74.21, 73.36, 73.31, 73.04, 72.41, 69.32, 69.22, 69.11, 68.60, 55.21. 

 

Methyl 2,3,4-tri-O-benzyl-α/β-L-rhamanopyranosyl-(1→6)-2,3,4- tri-O-benzyl-α-D-

glucopyranoside (28): 

 

Compound 28 (180 mg, 99% yield) was prepared from donor 12 (0.24 mmol, 1.2 eq.)  and acceptor 

14 (0.2 mmol, 1 eq.) following the general procedure (A) using tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (3.52 mg, 2 mol%) and solid AgOTf (2.56 mg, 5 mol%) in 1 mL 

CH2Cl2 at room temperature for 10 minutes (purified via silica gel column chromatography, 

Hexane/Ethyl Acetate: 10/1 to 6/1). The α anomer was characterized as follows: 

1H NMR (600 MHz, CDCl3) δ 7.40 – 7.21 (m, 30H, HAr), 4.99 (dd, J = 18.0, 10.8 Hz, 2H, 

OCH2Ar), 4.83 – 4.79 (m, 3H, OCH2Ar), 4.75 – 4.73 (m, 2H, H-1Rha, OCH2Ar), 4.71 – 4.65 (m, 

4H, OCH2Ar), 4.62 (d, J = 11.8 Hz, 1H, OCH2Ar), 4.55 (d, J = 3.5 Hz, 1H, H-1Glu), 4.39 (d, J = 

10.9 Hz, 1H, OCH2Ar), 3.97 (t, J = 9.3 Hz, 1H, H-3Glu), 3.85 (m, 2H, H-5Glu, H-6aGlu), 3.75 – 3.68 

(m, 3H, H-4Glu, H-2Rha, H-5Rha), 3.64 (t, J = 9.4 Hz, 1H, H-4Rha), 3.49 (dd, J = 9.6, 3.5 Hz, 1H, H-

2Glu), 3.46 (dd, J = 10.8, 5.6 Hz, 1H, H-6bGlu), 3.36 (dd, J = 10.1, 8.9 Hz, 1H, H-3Rha), 3.29 (s, 3H, 

OCH3), 1.32 (d, J = 6.2 Hz, 3H, H-6Rha). 

13C NMR (151 MHz, CDCl3) δ 138.71, 138.56, 138.50, 138.25, 138.13, 138.08, 128.51, 128.45, 

128.44, 128.41, 128.39, 128.31, 128.16, 128.11, 128.06, 127.97, 127.82, 127.74, 127.71, 127.69, 



127.65, 127.60, 98.20, 97.75, 81.98, 80.60, 79.91, 79.74, 77.85, 77.25, 77.04, 76.83, 75.85, 75.53, 

75.04, 74.88, 73.34, 72.73, 72.33, 69.84, 68.03, 66.03, 17.97. 

 

Methyl 2,3,4-tri-O-benzyl-α-L-rhamanopyranosyl-(1→4)-2,3,6-tri-O-benzyl-α-D-

glucopyranoside (29): 

 

Compound 29 (158 mg, 90% yield) was prepared from donor 12 (0.24 mmol, 1.2 eq.)  and acceptor 

18 (0.2 mmol, 1 eq.) following the general procedure (A) using  tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (3.52 mg, 2 mol%) and solid AgOTf (2.56 mg, 5 mol%) in 1 mL 

CH2Cl2 at room temperature for 10 minutes (purified via silica gel column chromatography, 

Hexane/Ethyl Acetate: 12/1 to 8/1) and characterized as follows: 

1H NMR (600 MHz, CDCl3) δ 7.46 – 7.43 (m, 3H, HAr), 7.35 (m, 27H, HAr), 5.11 (d, J = 1.9 Hz, 

1H, H-1Rha), 5.02 (d, J = 10.3 Hz, 1H, OCH2Ar), 4.97 (d, J = 11.0 Hz, 1H, OCH2Ar), 4.80 (dd, J 

= 11.2, 5.5 Hz, 2H, OCH2Ar), 4.69 – 4.64 (m, 6H, OCH2Ar), 4.62 (d, J = 3.6 Hz, 1H, H-1Glu), 

4.54 (d, J = 12.0 Hz, 1H), 4.48 (d, J = 12.1 Hz, 1H), 4.00 (m, H-5Rha), 3.88 (dd, J = 9.3, 3.2 Hz, 

1H, H-3Rha), 3.86 – 3.83 (m, 2H, H-3Glu, H-4Glu), 3.75 (brs, J = 2.6 Hz, 1H, H-2Rha), 3.69 (m, 1H, 

H-5Glu), 3.66 – 3.56 (m, 3H, H-4Rha, H-2Glu, H-6aGlu), 3.53 – 3.49 (m, 1H, H-6bGlu), 3.41 (s, 3H, 

OCH3), 1.13 (d, J = 6.2 Hz, 3H, H-6Rha). 

13C NMR (151 MHz, CDCl3) δ 138.88, 138.67, 138.64, 138.43, 138.06, 137.95, 128.52, 128.42, 

128.39, 128.31, 128.27, 128.25, 98.18, 97.94, 80.75, 80.51, 80.05, 79.78, 77.34, 77.12, 76.91, 

75.59, 75.26, 75.13, 75.08, 73.57, 73.46, 72.48, 72.16, 70.06, 68.88, 68.71, 55.31, 17.91. 

 

Methyl 2,3,4-tri-O-benzyl-α-L-rhamanopyranosyl-(1→3)-2,4,6-tri-O-benzyl-α-D-

galactopyranoside (30): 



 

Compound 30 (164 mg, 94% yield) was prepared from donor 12 (0.24 mmol, 1.2 eq.)  and acceptor 

19 (0.2 mmol, 1 eq.) following the general procedure (A) using tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (3.52 mg, 2 mol%) and solid AgOTf (2.56 mg, 5 mol%) in 1 mL 

CH2Cl2 at room temperature for 10 minutes (purified via silica gel column chromatography, 

Hexane/Ethyl Acetate: 10/1 to 6/1) and the α-anomer was characterized as follows: 

1H NMR (600 MHz, CDCl3) δ 7.38 – 7.25 (m, 30H, HAr), 5.32 (d, J = 1.6 Hz, 1H, H-1Rha), 5.00 

(d, J = 11.1 Hz, 1H, OCH2Ar), 4.86 (d, J = 11.6 Hz, 1H, OCH2Ar), 4.69 (dd, J = 7.3, 3.8 Hz, 2H, 

H-1Gal, OCH2Ar), 4.62 (d, J = 11.8 Hz, 1H, OCH2Ar), 4.59 – 4.52 (m, 7H, OCH2Ar), 4.45 (d, J = 

11.9 Hz, 1H, OCH2Ar), 4.20 (dd, J = 10.2, 2.9 Hz, 1H, H-3Gal), 4.00 (dd, J = 10.2, 3.5 Hz, 1H, H-

2Gal), 3.98 – 3.95 (m, 1H, H-5Gal), 3.89 – 3.84 (m, 4H, H-2Rha, H-3Rha, H-5Rha, H-4Gal), 3.71 – 3.66 

(m, 1H, H-4Rha), 3.55 (dd, J = 6.4, 3.9 Hz, 2H, H-6aGal, H-6bGal), 3.38 (s, 3H), 1.37 (d, J = 6.2 Hz, 

3H, H-6Rha). 

13C NMR (151 MHz, CDCl3) δ 138.84, 138.56, 138.52, 138.47, 138.21, 137.92, 128.47, 128.43, 

128.34, 128.30, 128.27, 128.03, 127.92, 127.82, 127.76, 127.68, 127.62, 127.59, 127.54, 127.52, 

127.49, 99.26, 98.12, 80.39, 79.84, 77.29, 77.07, 76.86, 75.24, 74.99, 74.92, 74.88, 73.52, 72.68, 

72.21, 71.96, 69.42, 69.01, 68.96, 55.35, 18.23. 

 

Methyl 2,3,4,6-tetra-O-benzoyl-β-D-glucopyranosyl-(1→4)-2,3,6-tri-O-benzyl-α-D-

glucopyranoside (31): 

 

Compound 31 (216 mg, 99% yield) was prepared from donor 10 (0.24 mmol, 1.2 eq.)  and acceptor 

18 (0.2 mmol, 1 eq.) following the general procedure (B) using tris(2,4-di-tert-



butylphenyl)phosphite gold(I) (1.76 mg, 1 mol%) and solid AgOTf (2.56 mg, 5 mol%) in 1 mL 

CH2Cl2 at room temperature for 10 minutes (purified via silica gel column chromatography, 

Toluene/Ethyl Acetate 60/1 to 30/1) and characterized as follows: 

1H NMR (600 MHz, CDCl3) δ 8.01 – 7.98 (m, 2H, HAr), 7.92 – 7.90 (m, 4H, HAr), 7.82 (m, 2H, 

HAr), 7.58 – 7.51 (m, 5H, HAr), 7.47 – 7.36 (m, 12H, HAr), 7.30 (m, 7H, HAr), 7.22 (m, 3H, HAr), 

5.64 (t, J = 9.6 Hz, 1H, H’-3), 5.58 (t, J = 9.6 Hz, 1H, H’-4), 5.49 (dd, J = 9.7, 8.1 Hz, 1H, H’-2), 

5.10 (d, J = 11.2 Hz, 1H, OCH2Ar), 4.83 (d, J = 11.2 Hz, 1H, OCH2Ar), 4.80 – 4.76 (m, 3H, H’-

1, OCH2Ar), 4.61 (d, J = 12.3 Hz, 1H, OCH2Ar), 4.57 (d, J = 3.6 Hz, 1H, H-1), 4.42 (dd, J = 12.1, 

3.4 Hz, 1H, H’-6b), 4.37 (d, J = 12.2 Hz, 1H, OCH2Ar), 4.29 (dd, J = 12.0, 5.0 Hz, 1H, H’-6a), 

4.01 – 3.97 (t, J = 9.5 Hz, 1H, H-4), 3.90 (t, J = 9.2 Hz, 1H, H-3), 3.76 – 3.70 (m, 2H, H’-5, H-

6a), 3.52 (m, 1H, H-5), 3.49 (dd, J = 9.6, 3.7 Hz, 1H, H-2), 3.45 (dd, J = 10.8, 1.9 Hz, 1H, H-6b), 

3.30 (s, 3H, OCH3). 

13C NMR (151 MHz, CDCl3) δ 166.06, 165.74, 165.11, 164.83, 139.27, 138.34, 137.88, 133.38, 

133.35, 133.19, 132.99, 129.76, 129.69, 129.61, 129.10, 128.89, 128.85, 128.47, 128.42, 128.42, 

128.36, 128.30, 128.08, 128.06, 127.77, 127.42, 127.16, 100.42, 98.51, 79.97, 78.74, 77.27, 77.06, 

76.85, 75.39, 73.60, 73.16, 72.24, 71.83, 69.85, 69.46, 67.55, 63.15, 55.39. 

 

Methyl 2,3,4,6-tetra-O-benzoyl-β-D-glucopyranosyl-(1→3)-2,4,6-tri-O-benzyl-α-D-

galactopyranoside (32): 

 

Compound 32 (216 mg, 99% yield) was prepared from donor 10 (0.24 mmol, 1.2 eq.)  and acceptor 

19 (0.2 mmol, 1 eq.) following the general procedure (B) using tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (1.76 mg, 1 mol%) and solid AgOTf (2.56 mg, 5 mol%) in 1 mL 

CH2Cl2 at room temperature for 10 minutes (purified via silica gel column chromatography, 

Toluene/Ethyl Acetate 60/1 to 30/1) and characterized as follows: 

1H NMR (600 MHz, CDCl3) δ 8.07 – 8.04 (m, 2H, HAr), 7.98 (m, 4H, HAr), 7.89 – 7.85 (m, 2H, 

HAr), 7.56 – 7.52 (m, 2H, HAr), 7.49 – 7.24 (m, 23H, HAr), 7.07 – 7.03 (m, 2H, HAr), 5.97 (t, J = 

9.8 Hz, 1H, H-3Glu), 5.76 (t, J = 9.7 Hz, 1H, H-4Glu), 5.72 (dd, J = 9.9, 7.9 Hz, 1H, H-2Glu), 5.34 



(d, J = 7.9 Hz, 1H, H-1Glu), 5.05 (d, J = 11.4 Hz, 1H, OCH2Ar), 4.69 (dd, J = 12.2, 3.0 Hz, 1H, H-

6bGlu), 4.57 (m, ovrlp, 2H, H-6aGlu, OCH2Ar), 4.48 (dd, J = 12.3, 3.2 Hz, 2H, OCH2Ar), 4.40 (d, J 

= 4.4 Hz, 1H, OCH2Ar), 4.38 (d, J = 3.9 Hz, 1H, H-1Gal), 4.23 (dd, J = 10.2, 3.0 Hz, 1H, H-3Gal), 

4.18 (m, 1H, H-5Glu), 4.12 (d, J = 12.6 Hz, 1H, OCH2Ar), 4.01 (d, J = 3.0 Hz, 1H, H-4Gal), 3.84 – 

3.78 (m, 2H, H-2Gal, H-5Gal), 3.50 (dd, J = 9.7, 6.6 Hz, 1H, H-6aGal), 3.40 (dd, J = 9.7, 5.6 Hz, 1H, 

H-6bGal), 3.29 (s, 3H, OCH3). 

13C NMR (151 MHz, CDCl3) δ 166.06, 165.83, 165.28, 165.11, 138.68, 138.30, 138.11, 133.54, 

133.31, 133.29, 133.18, 129.91, 129.82, 129.78, 129.57, 129.27, 128.82, 128.77, 128.72, 128.48, 

128.46, 128.36, 128.35, 128.22, 101.98, 98.58, 78.18, 77.30, 77.09, 76.88, 76.38, 75.05, 73.87, 

73.40, 72.97, 72.22, 72.15, 69.72, 69.39, 69.26, 62.79, 55.18. 

[𝜶]𝐃
𝟐𝟏.𝟗 = -38.3 (c = 1.0, CHCl3) 

HRMS (ESI) m/z: [M+Na]+ calculated for C62H58O15 is 1065.3673; found 1065.3663. 

 

Methyl 2,3,4,-tri-O-benzoyl-α-L-rhamnopyranosyl-(1→6)-2,3,4-tri-O-benzyl-α-D-

glucopyranoside (33): 

 

Compound 33 (190 mg, 99% yield) was prepared from the donor 13 (0.24 mmol, 1.2 eq.)  and 

acceptor 14 (0.2 mmol, 1 eq.) following the general procedure (B) using tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (1.76 mg, 1 mol%) and solid AgOTf (2.56 mg, 5 mol%) in 1 mL 

CH2Cl2 at room temperature for 10 minutes (purified via silica gel column chromatography, 

Toluene/Ethyl Acetate: 60/1 to 30/1) and characterized as follows: 

1H NMR (600 MHz, CDCl3) δ 8.12 – 8.09 (m, 2H, HAr), 8.00 – 7.98 (m, 2H, HAr), 7.84 – 7.81 

(m, 2H, HAr), 7.65 – 7.62 (m, 1H, HAr), 7.56 – 7.49 (m, 3H, HAr), 7.45 – 7.39 (m, 7H, HAr), 7.37 – 

7.33 (m, 8H, HAr), 7.29 – 7.26 (m, 5H, HAr), 5.82 (dd, J = 10.1, 3.5 Hz, 1H, H-3Rha), 5.68 – 5.64 

(m, 2H, H-2Rha, H-4Rha), 5.05 (d, J = 10.9 Hz, 1H, OCH2Ar), 4.99 (d, J = 11.2 Hz, 1H, OCH2Ar), 

4.96 (d, J = 1.7 Hz, 1H, H-1Rha), 4.88 (d, J = 10.9 Hz, 1H, OCH2Ar), 4.85 (d, J = 12.1 Hz, 1H, 

OCH2Ar), 4.73 (d, J = 12.0 Hz, 1H, OCH2Ar), 4.68 (d, J = 3.6 Hz, 1H, H-1Glu), 4.65 (d, J = 11.2 

Hz, 1H, OCH2Ar), 4.22 – 4.16 (m, 1H, H-5Rha), 4.07 (dd, J = 9.6, 8.8 Hz, 1H, H-3Glu), 3.98 (dd, J 



= 11.0, 1.8 Hz, 1H, H-6bGlu), 3.89 (m, 1H, H-5Glu), 3.67 – 3.61 (m, 2H, H-2Glu, H-6aGlu), 3.54 (dd, 

J = 10.1, 8.8 Hz, 1H, H-4Glu), 3.49 (s, 3H, OCH3), 1.33 (d, J = 6.2 Hz, 3H, H-6Rha). 

13C NMR (151 MHz, CDCl3) δ 165.81, 165.45, 165.44, 138.71, 138.16, 133.45, 133.33, 133.06, 

129.91, 129.76, 129.68, 129.45, 129.29, 129.23, 128.58, 128.50, 128.48, 128.43, 128.27, 128.15, 

127.99, 127.97, 127.93, 127.81, 127.63, 98.01, 97.93, 82.21, 80.15, 77.83, 77.24, 77.03, 76.82, 

75.81, 75.16, 73.48, 71.79, 70.71, 70.11, 69.91, 67.06, 66.68, 55.33, 17.61. 

 

Methyl 2,3,4,-tri-O-benzoyl-α-L-rhamnopyranosyl-(1→4)-2,3,6-tri-O-benzyl-α-D-

glucopyranoside (34): 

 

Compound 34 (178 mg, 96% yield) was prepared from donor 13 (0.24 mmol, 1.2 eq.)  and acceptor 

18 (0.2 mmol, 1 eq.) following the general procedure (B) using tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (1.76 mg, 1 mol%) and solid AgOTf (2.56 mg, 5 mol%) in 1 mL 

CH2Cl2 at room temperature for 10 minutes (purified via silica gel column chromatography, 

Toluene/Ethyl Acetate: 60/1 to 30/1) and characterized as follows: 

1H NMR (600 MHz, CDCl3) δ 8.09 – 8.07 (m, 2H, HAr), 7.93 – 7.91 (m, 2H, HAr), 7.89 – 7.87 

(m, 2H, HAr), 7.63 – 7.60 (m, 1H, HAr), 7.57 – 7.54 (m, 1H, HAr), 7.51 – 7.47 (m, 2H, HAr), 7.47 – 

7.44 (m, 1H, HAr), 7.44 – 7.41 (m, 4H, HAr), 7.37 – 7.35 (m, 3H, HAr), 7.32 – 7.30 (m, 6H, HAr), 

7.23 – 7.20 (m, 2H, HAr), 7.19 – 7.13 (m, 4H, HAr), 5.80 (dd, J = 10.2, 3.4 Hz, 1H, H-3Rha), 5.62 

(t, J = 10.1 Hz, 1H, H-4Rha), 5.59 (dd, J = 3.4, 1.7 Hz, 1H, H-2Rha), 5.26 – 5.22 (m, 2H, H-1Rha, 

OCH2Ar), 4.87 (d, J = 11.1 Hz, 1H, OCH2Ar), 4.79 (d, J = 12.1 Hz, 1H, OCH2Ar), 4.67 (d, J = 

10.9 Hz, 1H, OCH2Ar), 4.65 (d, J = 2.5 Hz, 1H, H-1Glu), 4.63 – 4.55 (m, 2H, OCH2Ar), 4.39 (m, 

1H, H-5Rha), 4.04 (t, J = 9.3 Hz, 1H, H-4Glu), 4.00 (t, J = 9.2 Hz, 1H, H-3Glu), 3.91 (dd, J = 11.2, 

2.9 Hz, 1H, H-6bGlu), 3.87 (m, 1H, H-5Glu), 3.76 (dd, J = 11.2, 1.9 Hz, 1H, H-6aGlu), 3.67 (dd, J = 

9.2, 3.5 Hz, 1H, H-2Glu), 3.43 (s, 3H, OCH3), 0.90 (d, J = 6.2 Hz, 3H, H-6Rha). 

13C NMR (151 MHz, CDCl3) δ 165.77, 165.70, 138.70, 137.94, 137.72, 133.47, 133.26, 133.18, 

129.90, 129.71, 129.68, 129.40, 129.20, 128.57, 128.51, 128.40, 128.33, 128.28, 128.21, 128.17, 



128.02, 127.91, 127.50, 127.44, 127.30, 98.01, 97.03, 80.30, 79.75, 77.25, 77.04, 76.83, 75.56, 

74.79, 73.39, 73.28, 71.72, 71.27, 70.06, 69.97, 68.25, 67.04, 55.33, 29.73, 17.16. 

 

Methyl 2,3,4,-tri-O-benzoyl-α-L-rhamnopyranosyl-(1→3)-2,4,6-tri-O-benzyl-α-D-

galactopyranoside (35): 

 

Compound 35 (174 mg, 94% yield) was prepared from donor 13 (0.24 mmol, 1.2 eq.)  and acceptor 

19 (0.2 mmol, 1 eq.) following the general procedure (B) using tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (1.76 mg, 1 mol%) and solid AgOTf (2.56 mg, 5 mol%) in 1 mL 

CH2Cl2 at room temperature for 10 minutes (purified via silica gel column chromatography, 

Toluene/Ethyl Acetate: 60/1 to 30/1) and characterized as follows: 

1H NMR (600 MHz, CDCl3) δ 8.11 – 8.09 (m, 2H, HAr), 7.97 – 7.94 (m, 2H, HAr), 7.89 – 7.86 

(m, 2H, HAr), 7.66 – 7.62 (m, 1H, HAr), 7.54 (m, 4H, HAr), 7.45 – 7.29 (m, 18H, HAr), 7.24 – 7.20 

(m, 1H, HAr), 5.97 (dd, J = 10.0, 3.4 Hz, 1H, H-3Rha), 5.94 (dd, J = 3.4, 1.8 Hz, 1H, H-2Rha), 5.71 

(t, J = 9.9 Hz, 1H, H-4Rha), 5.57 (d, J = 1.7 Hz, 1H, H-1Rha), 5.16 (d, J = 11.5 Hz, 1H, OCH2Ar), 

4.94 (d, J = 12.1 Hz, 1H, OCH2Ar), 4.83 (d, J = 11.5 Hz, 1H, OCH2Ar), 4.67 (d, J = 12.1 Hz, 1H, 

OCH2Ar), 4.61 (d, J = 3.6 Hz, 1H, H-1Gal), 4.57 (d, J = 11.8 Hz, 1H, OCH2Ar), 4.49 (d, J = 11.8 

Hz, 1H, OCH2Ar), 4.29 (m, 2H, H-5Rha, H-3Gal), 4.15 (dd, J = 10.1, 3.6 Hz, 1H, H-2Gal), 4.04 – 

3.99 (m, 2H, H-4Gal, H-5Gal), 3.63 (m, 2H, H-6a, H-6bGal), 3.36 (s, 3H, OCH3), 1.41 (d, J = 6.2 Hz, 

3H, H-6Rha). 

13C NMR (151 MHz, CDCl3) δ 165.74, 165.51, 165.33, 138.44, 138.16, 137.90, 133.37, 133.35, 

133.09, 129.92, 129.74, 129.55, 129.31, 128.58, 128.53, 128.48, 128.46, 128.37, 128.35, 128.31, 

127.92, 127.88, 127.85, 99.14, 98.43, 77.35, 77.29, 77.08, 76.87, 76.00, 75.23, 73.64, 73.62, 71.99, 

70.60, 69.88, 69.38, 69.00, 67.48, 55.45, 29.75, 17.95. 

[𝜶]𝐃
𝟐𝟏.𝟓 = +0.037 (c = 1.0, CHCl3) 

HRMS (ESI) m/z: [M+H]+ calculated for C55H54O13 is 923.3642; found 923.3634. 

 



Methyl 2,3,4,6-tetra-O-benzoyl-β-D-glucopyranosyl-(1→6)-2,3,4-tri-O-benzoyl-α-D-

glucopyranoside (36): 

 

Compound 36 (207 mg, 95% yield) was prepared from donor 10 (0.24 mmol, 1.2 eq.)  and acceptor 

20 (0.2 mmol, 1 eq.) following the general procedure (B) using tris(2,4-di-tert-

butylphenyl)phosphite gold(I) (1.76 mg, 1 mol%) and solid AgOTf (2.56 mg, 5 mol%) in 1 mL 

CH2Cl2 at room temperature for 10 minutes (purified via silica gel column chromatography, 

Hexane/Ethyl Acetate 8/1 to 6/1) and characterized as follows: 

1H NMR (600 MHz, CDCl3) δ 8.03 (m, 4H, HAr), 7.98 – 7.96 (m, 2H, HAr), 7.94 – 7.92 (m, 2H, 

HAr), 7.91 – 7.89 (m, 2H, HAr), 7.88 – 7.85 (m, 2H, HAr), 7.84 – 7.82 (m, 2H, HAr), 7.57 (m, 1H, 

HAr), 7.54 – 7.49 (m, 4H, HAr), 7.46 – 7.34 (m, 12H, HAr), 7.32 – 7.28 (m, 4H, HAr), 6.12 (t, J = 

9.8 Hz, 1H, H-3), 5.98 (t, J = 9.7 Hz, 1H, H’-3), 5.71 (t, J = 9.7 Hz, 1H, H’-4), 5.62 (dd, J = 9.8, 

7.9 Hz, 1H, H’-2), 5.37 (dd, J = 10.3, 9.4 Hz, 1H, H-4), 5.14 (dd, J = 10.2, 3.6 Hz, 1H, H-2), 5.03 

(d, J = 7.9 Hz, 1H, H’-1), 4.99 (d, J = 3.6 Hz, 1H, H-1), 4.66 (dd, J = 12.1, 3.2 Hz, 1H, H’-6b), 

4.50 (dd, J = 12.2, 5.1 Hz, 1H, H’-6a), 4.27 (m, 1H, H-5), 4.20 (m, 1H, H’-5), 4.17 – 4.14 (m, 1H, 

H-6a), 3.84 (dd, J = 11.5, 7.6 Hz, 1H, H-6b), 3.14 (s, 3H, OCH3). 

13C NMR (151 MHz, CDCl3) δ 166.14, 165.84, 165.73, 165.68, 165.45, 165.20, 165.19, 133.48, 

133.36, 133.28, 133.17, 133.09, 101.79, 96.45, 77.32, 77.11, 76.90, 72.83, 72.29, 72.00, 71.87, 

70.33, 69.66, 69.63, 68.96, 68.76, 63.01, 55.06, 29.74. 

 

Phenyl 2,3,4,6-tetra-O-benzoyl-β-D-glucopyranosyl-(1→4)-2,3,6-tri-O-benzyl-1-thio-β-D-

glucopyranoside (38): 

 



Compound 38 was prepared in 88% yield (β only) from glycosyl donor 10 and acceptor 37[S10] 

following the aforementioned general procedure (B) for cationic gold (I)-catalyzed glycosylation, 

except that the reaction was stirred for 30 minutes. 

1H NMR (600 MHz, CDCl3) δ 8.00 – 7.97 (m, 2H, HAr), 7.94 – 7.91 (m, 2H, HAr), 7.91 – 7.88 

(m, 2H, HAr), 7.84 – 7.81 (m, 2H, HAr), 7.57 – 7.17 (m, 32H, HAr), 5.75 (t, J = 9.7 Hz, 1H, H’-3), 

5.61 (t, J = 9.7 Hz, 1H, H’-4), 5.52 (dd, J = 9.9, 8.1 Hz, 1H, H’-2), 5.16 (d, J = 11.1 Hz, 1H, 

OCH2Ar), 5.02 (d, J = 8.1 Hz, 1H, H’-1), 4.80 – 4.68 (m, 4H, OCH2Ar), 4.58 (d, J = 9.9 Hz, 1H, 

H-1), 4.47 (d, J = 11.9 Hz, 1H, OCH2Ar), 4.42 (dd, J = 12.1, 3.3 Hz, 1H, H’-6a), 4.29 (dd, J = 

12.1, 5.0 Hz, 1H, H’-6b), 4.11 (t, J = 9.4 Hz, 1H, H-4), 3.80 (m, 1H, H’-5), 3.73 (dd, J = 11.1, 3.5 

Hz, 1H, H-6b), 3.68 (t, J = 8.9 Hz, 1H, H-3), 3.64 (dd, J = 11.1, 1.7 Hz, 1H, H-6a), 3.45 (dd, J = 

9.9, 8.7 Hz, 1H, H-2), 3.28 (m, 1H, H-5).  

13C NMR (151 MHz, CDCl3) δ 166.05, 165.79, 165.11, 164.88, 138.84, 138.16, 138.06, 133.65, 

133.48, 133.44, 133.26, 133.05, 132.09, 129.80, 129.78, 129.74, 129.61, 129.01, 128.90, 128.85, 

128.82, 128.73, 128.57, 128.43, 128.34, 128.32, 128.24, 128.18, 128.12, 128.04, 127.78, 127.53, 

127.50, 127.36, 100.51, 87.53, 84.61, 80.30, 78.50, 77.29, 77.08, 76.87, 75.56, 75.52, 73.53, 73.14, 

72.26, 72.02, 69.77, 67.90, 63.07, 29.75. 

[𝜶]𝐃
𝟐𝟏.𝟕 = -9.4 (c = 1.0, CHCl3) 

HRMS (ESI) m/z: [M+Na]+ calculated for C67H60O14S is 1143.3601; found 1143.3556.  

 

Methyl 2,3,4,6-tetra-O-benzoyl-β-D-glucopyranosyl-(1→4)-2,3,6-tri-O-benzyl-α/β-D-

glucopyranosyl-(1→6)-2,3,4-tetra-O-benzyl-α-D-glucopyranoside (39). 

 

To a mixture of disaccharide donor 38 (66 mg, 0.06 mmol), methyl 2,3,4-tetra-O-benzyl-α-D-

glucopyranoside (23 mg, 0.05 mmol) and freshly activated 4Å molecular sieves (65 mg) was added 

dry CH2Cl2 (0.5 mL), and the resulting solution was stirred at ambient temperature for 20 min then 



cooled down to -40⁰ C and stirred for another 20 min. N-Iodosuccinimide (NIS) (17 mg, 0.075 

mmol) and triflic acid (TfOH) (0.44 µL, 5 μmol) were added and the reaction mixture was stirred 

at -40 °C for 15 minutes before being quenched with Et3N (0.15 eq.).  The mixture was filtered 

through celite and the organic solution was sequentially washed with saturated Na2S2O3, water, 

and brine, dried over anhydrous Na2SO4, filtered and concentrated. The crude residue was purified 

by Prep TLC (Hexane/Ethyl acetate = 2/1) to afford 64 mg of trisaccharide 39 (87% yield) as an 

inseparable anomeric mixture (α:β = 1.3:1). 

1H NMR (600 MHz, CDCl3) δ 7.97 (dd, J = 8.0, 1.4 Hz, 4H, HAr), 7.95 – 7.92 (m, 2H, HAr), 7.91 

– 7.86 (m, 6H, HAr), 7.81 (m, 4H, HAr), 7.58 – 7.14 (m, 84H, HAr), 5.72 (t, J = 9.7 Hz, 1H, H”-3 

(α)), 5.66 – 5.54 (ovrlp, 3H, H”-3(β), H”-4(α and β)), 5.54 – 5.46 (ovrlp, 2H, H”-2 (α and β), 5.08 

(d, J = 11.1 Hz, 1H, OCH2Ar, (α)), 5.05 (d, J = 11.2 Hz, 1H, OCH2Ar, (β)), 5.00 – 4.96 (m, 3H, 

H”-1 (α), OCH2Ar (β)), 4.95 (d, J = 10.8 Hz, 1H, OCH2Ar (β)), 4.90 – 4.84 (m, 3H, H’-1 (β), 

OCH2Ar (β)), 4.79 (m, 8H, OCH2Ar (α and β)), 4.76 (d, J = 8.0 Hz, 1H, H”-1 (β)), 4.73 – 4.67 

(m, 4H, OCH2Ar (α and β)), 4.65 (m, 3H, OCH2Ar (α and β)), 4.62 (d, J = 10.0 Hz, 1H, 

OCH2Ar(α)), 4.60 – 4.56 (m, 3H, H’-1 (α), OCH2Ar (α and β)), 4.54 (d, J = 11.9 Hz, 1H, OCH2Ar 

(β)), 4.48 (d, J = 11.2 Hz, 1H, OCH2Ar (α)), 4.42 (dd, J = 3.4, 1.8 Hz, 1H, H”-6b (α)), 4.41 – 4.39 

(m, 2H, H”-6b (β)), 4.38 – 4.34 (m, 3H, H-1 (α), OCH2Ar (α and β)), 4.28 (dd, J = 12.1, 4.9 Hz, 

1H, H”-6a (α)), 4.26 – 4.22 (m, 3H, H-1 (β) H”-6a (β)), 4.08 (dd, J = 11.0, 2.0 Hz, 1H, H-6a (α)), 

4.06 – 4.02 (m, 1H, H-5 (β)), 3.99 (m, 2H, H’-4 (α), H’-4 (β)), 3.94 (t, J = 9.3 Hz, 1H, H-3, (α)), 

3.85 (t, J = 9.2 Hz, 1H, H’-3 (β)), 3.80 (m, 1H, H’-5 (α)), 3.74-3.70 (m, 4H, H”-3 (α), H”-5 (β)), 

H-3 (β), H-6a (β)), 3.69 – 3.66 (m, 2H, H’-3 (α), H’-6a (β)), 3.66 – 3.63 (m, 1H, H-5 (α)), 3.62 – 

3.56 (m, 2H, H-6b (α), H’-6b (β)), 3.54 (dd, J = 11.1, 1.6 Hz, 1H, H-6b (β)), 3.52 – 3.49 (m, 2H, 

H’-2 (α),  H’-6b (α)), 3.48 – 3.39 (m, 5H, H’-2 (β)  H-4 (α), H-2 (β), H-4 (β), H’-6a (α) ), 3.37 

(dd, J = 9.6, 3.6 Hz, 1H, H-2, (α), ), 3.32 (s, 4H, OCH3 (α)), 3.27 (s, 3H, OCH3 (β)), 3.15 (m, 1H, 

H’-5 (β)). 

13C NMR (151 MHz, CDCl3) δ 166.04, 166.02, 165.75, 165.71, 165.09, 165.08, 164.86, 164.71, 

139.24, 138.92, 138.79, 138.76, 138.50, 138.38, 138.32, 138.26, 138.16, 138.10, 138.09, 137.93, 

133.43, 133.39, 133.35, 133.22, 133.19, 133.00, 132.97, 129.76, 129.69, 129.60, 129.57, 103.75, 

100.43, 100.40, 98.01, 97.60, 97.20, 82.66, 82.14, 81.98, 81.47, 80.01, 79.72, 79.46, 78.89, 77.92, 

77.79, 77.26, 77.05, 76.84, 75.72, 75.69, 75.25, 75.15, 74.94, 74.88, 74.87, 74.41, 73.60, 73.44, 



73.38, 73.19, 73.18, 73.09, 72.87, 72.26, 72.21, 71.94, 71.77, 70.29, 69.95, 69.85, 69.68, 69.59, 

68.47, 67.76, 67.51, 66.18, 63.11, 63.01, 55.21, 55.08, 29.73. 

[𝜶]𝐃
𝟐𝟏.𝟕 = -121.77 (c = 1.0, CHCl3) 

HRMS (ESI) m/z: [M+Na]+ calculated for C89H86O20 is 1497.5610 found 1497.5515. 
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