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Supporting Information 

Experimental Section 

General Comments. 

All reactions were carried out under an inert atmosphere and in heat-dried glassware. 

Anhydrous Et2O were obtained by distillation from sodium. Flash column 

chromatography was performed on silica gel (particle size 10-40 μm, Ocean Chemical 

Factory of Qingdao, China). 1H and 13C NMR spectra were recorded on Brucker-400 

(400 MHz for 1H, 75 MHz for 13C). Chemical shifts were reported in ppm downfield 

from internal Si(CH3)4. The crystal structure was determined on a Bruker SMART 

1000 CCD diffractometer. Mass spectra were recorded on a LCQ advantage 

spectrometer with ESI resource. HR-MS were recorded on APEXII and ZAB-HS 

spectrometer. Melting points were determined on a T-4 melting point apparatus 

(uncorrected). Optical rotations were recorded on a Perkin Elemer 241 Polarimeter. 

HPLC analyses were recorded on a C18 column. 

General procedure for the preparation of O-pivaloyiated N-Galactosylimines 3 of 

Aromatic Aldhydes: To a solution of 2,3,4,6-tetra-O-pivaloyl-β-D- 

galactopyranosylamine 1 (0.515 g, 1 mmol) and aldehyde 2 (1.3 mmol) in 2-propanol 

(2.5 ml), 2-3 drops of acetic acid were added and the mixture was stirred at room 

temperature for about 0.5 h. The appearance of a precipitate from the solution 

indicated the formation of 3, after the precipitate was filtered off, then washed with 

ice cold 2-propanol and dried in vacuum, N-galactosylaldimines 3 was isolated as a 

colorless solid. 

General procedure for the synthesis of β-N-glycosidic linkages γ-butenolide 

derivatives 5: A solution of N-galactosylaldimines 3 (0.3 mmol) in Et2O (2 mL) was 

cooled to -78°C, and trimethylsiloxy furan (0.094 g, 0.6 mmol) and ZnCl2·OEt2 (0.45 

mL, 0.45mmol) were added. The mixture was stirred for corresponding time at -78°C. 

The mixture was hydrolyzed with saturated aqueous NH4Cl (5 mL). The aqueous 

phase was extracted with Et2O (3 × 10 mL), and the organic layers were dried with 

anhydrous MgSO4, filtered, and concentrated in vacuo to yield the crude products 5, 
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which were purified by flash column chromatography on silica gel [petroleum 

ether/ethyl acetate, 5:1(V/V)] to provide pure products 5. 

(S)-5-((R)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)amino(phenylmethyl)-5

H-furan-2-one (5a) 

White solid; mp 64-68 °C; [α]D
25 = -2.6° (c = 0.5, 

CH2Cl2); 1H-NMR (400 MHz, CDCl3): δ 1.02 (s, 9H, 

C(CH3)3), 1.09 (s, 18H, 2C(CH3)3), 1.21 (s, 9H, 

C(CH3)3), 2.33 (d, 3JH-H = 11.4 Hz, 1H, NH), 3.63 (t, 3JH-H 

= 6.0 Hz, 1H, CH), 3.88 (dd, 3JH-H = 11.4 Hz, 3JH-H = 6.0 Hz, 2H, 2CH), 4.00 (dd, 3JH-H 

= 10.2 Hz, 3JH-H = 7.2 Hz, 1H, CH), 4.51 (s., 1H, CH), 4.96-5.07 (m, 3H, 3CH), 5.41 

(d, 3JH-H = 7.2 Hz, 1H, CH), 5.96 (d, 3JH-H = 4.4 Hz, 1H, CH), 7.19-7.31 (m, 6H, Ph, 

CH); 13C-NMR (75 MHz, CDCl3): δ 26.07, 26.18, 26.21, 26.26, 37.66, 37.69, 37.77, 

38.06, 52.50, 58.60, 66.19, 67.62, 70.17, 70.70, 85.05, 85.59, 121.79, 127.09, 127.67, 

127.99, 134.90, 152.13, 171.45, 175.89, 176.11, 176.50, 176.80; ESI-MS: 710.8 

([M+Na]+); HRMS calcd for C37H53NO11: 710.3511 [M+ Na]+. found: 710.3514. 
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(S)-5-((R)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)amino(2-methylphenyl) 

methyl)-5H-furan-2-one (5b) 

White solid; mp 71-72 °C; [α]D
25 = -48.4° (c = 0.5, 

CH2Cl2); 1H-NMR (400 MHz, CDCl3): δ 1.02 (s, 9H, 

C(CH3)3), 1.07 (s, 9H, C(CH3)3), 1.09 (s, 9H, C(CH3)3), 

1.21 (s, 9H, C(CH3)3), 2.19 (d, 3JH,H = 10.9 Hz, 1H, NH), 

2.30 (s, 3H, CH3), 3.60 (t, 3JH,H = 6.6 Hz, 1H, CH), 3.82-3.92 (m, 2H, 2CH), 3.97 (dd, 
3JH,H = 10.9 Hz, 3JH,H = 6.6 Hz, 1H, CH), 4.84 (s, 1H, CH), 4.97-4.99 (m, 2H, 2CH), 

5.02 (s, 1H, CH), 5.27 (s, 1H, CH), 6.03 (d, 3JH,H = 5.2 Hz, 1H, CH), 7.13-7.15 (m, 3H, 

Ph), 7.30-7.31 (m, 2H, Ph, CH); 13C-NMR (75MHz, CDCl3): δ 18.47, 26.07, 26.12, 

26.16, 26.21, 37.64, 37.70, 37.78, 38.06, 53.43, 60.21, 66.03, 67.71, 70.13, 70.60, 

84.04, 85.32, 121.99, 125.31, 126.22, 127.13, 130.04, 132.89, 135.49, 151.91, 171.34, 

175.84, 176.09, 176.40, 176.80; ESI-MS: 724.9 ([M+Na]+); HRMS calcd for 

C38H55NO11: 724.3667 [M+ Na]+. found: 724.3674. 
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(S)-5-((R)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)amino(o-chlorophenyl) 

methyl)-5H-furan-2-one (5c) 

White solid; mp 87-89 °C; [α]D
25 = -22.5º (c = 0.5, CH2Cl2); 

1H-NMR (400 MHz, CDCl3): δ 1.03 (s, 18H, 2C(CH3)3), 

1.10 (s, 9H, C(CH3)3), 1.21(s, 9H, C(CH3)3), 2.57 (dd, 
3JH-H = 11.1 Hz, 3JH-H = 4.8 Hz, 1H, NH), 3.75 (t, 3JH-H = 6.8 

Hz, 1H, CH), 3.90 (dd, 3JH-H = 11.1 Hz, 3JH-H = 7.0 Hz, 1H, CH), 3.96-4.02 (m,  2H, 

2CH), 5.00-5.07 (m, 3H, 3CH), 5.31 (s, 2H, 2CH), 5.88 (dd, 3JH-H = 5.6 Hz, 3JH-H = 1.4 

Hz, 1H, CH), 7.13-7.19 (m, 2H, Ph), 7.25 (d, 3JH-H = 5.6 Hz, 1H, CH), 7.32-7.37 (m, 

2H, Ph); 13C-NMR (75 MHz, CDCl3): δ 26.07, 26.16, 26.20, 26.25, 37.66, 37.71, 

37.78, 38.07, 54.76, 60.34, 66.06, 67.45, 70.11, 70.76, 84.12, 86.72, 121.83, 125.98, 

128.33, 128.50, 128.53, 132.18, 132.88, 151.55, 171.34, 175.89, 176.12, 176.54, 

176.84; ESI-MS: 744.9 ([M+Na]+); HRMS calcd for C37H52ClNO11: 744.3121 (M+ 

Na)+. found: 744.3126 
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(S)-5-((R)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)amino(o-bromophenyl) 

methyl)-5H-furan-2-one (5d) 

White solid; mp 64-66 °C; [α]D
25 = -22.6° (c = 0.5, CH2Cl2); 

1H-NMR (400 MHz, CDCl3): δ 1.03 (s, 18H, 2C(CH3)3), 

1.10 (s, 9H, C(CH3)3), 1.22 (s, 9H, C(CH3)3), 2.53 (dd, 
3JH-H = 4.0 Hz, 3JH-H = 3.3Hz, 1H, NH), 3.74 (t, 3JH-H = 6.9 

Hz, 1H, CH), 3.91 (dd, 3JH-H = 10.8 Hz, 3JH-H = 7.6 Hz, 2H, 2CH), 4.01 (dd, 3JH-H = 

10.8 Hz, 3JH-H = 6.9 Hz, 1H, CH), 4.99-5.04 (m, 3H, 3CH), 5.27-5.31 (m, 2H, 2CH), 

5.89 (dd, 3JH-H = 5.7 Hz, 3JH-H = 1.5 Hz, 1H, CH), 7.08 (t, 3JH-H = 7.7 Hz, 1H, Ph), 

7.16-7.25 (m, 1H, Ph), 7.33 (d, 3JH-H = 7.7 Hz, 1H, Ph), 7.36 (d, 3JH-H = 5.7Hz, 1H, 

CH), 7.45 (d,  3JH-H = 7.7 Hz, 1H, Ph); 13C-NMR (75 MHz, CDCl3): δ 26.10, 26.19, 

26.22, 26.26, 37.68, 37.73, 37.79, 38.08, 57.30, 60.22, 66.00, 67.49, 70.09, 70.74, 

84.06, 86.59, 121.88, 122.89, 126.58, 128.68, 128.73, 131.91, 134.36, 151.42, 171.33, 

175.90, 176.16, 176.55, 176.88; ESI-MS: 788.8 ([M+Na]+); HRMS calcd for 

C37H52BrNO11: 788.2616 [M+ Na]+. found: 788.2614 
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(S)-5-((R)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)amino(m-chlorophenyl) 

methyl)-5H-furan-2-one (5e) 

White solid; mp 83-85 °C; [α]D
25 = -37.5° (c = 0.5, CH2Cl2); 

1H-NMR (400 MHz, CDCl3): δ 1.03 (s, 1H, C(CH3)3), 1.10 

(s, 18H, 2C(CH3)3), 1.21 (s, 1H, C(CH3)3), 2.36 (d, 3JH-H = 

10.7 Hz, 1H, NH), 3.66 (t, 3JH-H = 7.0 Hz, 1H, CH), 3.89 

(dd, 3JH-H = 10.7 Hz, 3JH-H = 6.7 Hz, 2H, 2CH), 3.99 (dd, 
3JH-H = 11.3 Hz, 3JH-H = 7.0 Hz, 1H, CH), 4.47 (s, 1H, CH), 4.98-5.05 (m, 2H, 2CH), 

5.11 (t, 3JH-H = 1.7 Hz, 1H, CH), 5.29 (s, 1H, CH), 5.99 (dd, 3JH-H = 5.6 Hz, 3JH-H = 1.7 

Hz, 1H, CH), 7.09 (d, 3JH-H = 5.9 Hz, 1H, Ph), 7.19-7.24 (m, 3H, Ph), 7.27 (d, 3JH-H = 

5.6 Hz, 1H, CH); 13C-NMR (75 MHz, CDCl3): δ 26.07, 26.15, 26.21, 26.30, 37.67, 

37.70, 37.79, 38.07, 58.02, 60.45, 66.09, 67.44, 70.06, 70.81, 84.57, 85.45, 122.11, 

125.34, 127.00, 127.75, 128.97, 133.70, 137.22, 151.56, 171.08, 175.88, 176.11, 

176.54, 176.82; ESI-MS: 722.9 ([M+H]+); HRMS calcd for C37H52ClNO11: 744.3121 

[M+ Na]+. found: 744.3125. 
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(S)-5-((R)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)amino(m-fluorophenyl) 

methyl)-5H-furan-2-one (5f) 

White solid; mp 79-81 °C; [α]D
25 = -31.5° (c = 0.5, 

CH2Cl2); 1H-NMR (400 MHz, CDCl3): δ 1.03 (s, 9H, 

C(CH3)3), 1.09 (s, 18H, 2C(CH3)3), 1.21 (s, 9H, C(CH3)3), 

2.35 (s, 1H, NH), 3.64 (t, 3JH-H = 6.7 Hz, 1H, CH), 3.89 (dd, 
3JH-H = 11.4 Hz, 3JH-H = 6.6 Hz, 2H, 2CH), 3.99 (dd, 3JH-H = 11.4 Hz, 3JH-H = 6.7 Hz, 1H, 

CH), 4.49 (d, 3JH-H = 3.2 Hz, 1H, CH), 4.98-5.05 (m, 2H, 2CH), 5.12 (d, 3JH-H = 2.1 Hz, 

1H, CH), 5.29 (s, 1H, CH), 5.99 (dd, 3JH-H = 5.7 Hz, 3JH-H = 2.1 Hz, 1H, CH), 

6.92-6.99 (m, 3H, Ph), 7.21-7.29 (m, 2H, Ph, CH); 13C-NMR (75 MHz, CDCl3): δ 

26.07, 26.11, 26.17, 26.21, 37.68, 37.72, 37.79, 38.08, 58.12, 60.45, 66.11, 67.49, 

70.08, 70.83, 84.60, 85.55, 113.86, 114.09, 114.43, 114.64, 122.08, 122.79, 129.23, 

129.32, 137.71, 137.77, 151.60, 160.65, 163.11, 171.11, 175.89, 176.13, 176.57, 

176.83; ESI-MS: 728.9 ([M+Na]+) ; HRMS calcd for C37H52FNO11: 728.3417 [M+ 

Na]+. found: 728.3418. 
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(S)-5-((R)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)amino(m-methylphenyl) 

methyl)-5H-furan-2-one (5g) 

White solid; mp 69-72 °C; [α]D
25 = -37.4° (c = 0.5, 

CH2Cl2); 1H-NMR (400 MHz, CDCl3): δ 1.03 (s, 9H, 

C(CH3)3), 1.10 (s, 18H, 2C(CH3)3), 1.21 (s, 9H,  

C(CH3)3), 2.23 (s, br, 1H, NH), 2.27 (s, 1H, CH3), 3.62 (t, 

3JH,H = 6.6 Hz, 1H, CH), 3.87- 3.93 (m, 2H, 2CH), 4.00 (dd, 3JH,H = 11.1 Hz, 3JH,H = 

6.6 Hz, 1H, CH), 4.49 (t, 3JH,H = 3.4 Hz, 1H, CH), 4.92-5.03 (m, 2H, 2CH), 5.08 (d, 

3JH,H = 1.3 Hz, 1H, CH), 5.27 (d, 3JH,H = 2.3 Hz, 1H, CH), 5.97 (d, 3JH,H = 5.8Hz, 1H, 

CH), 7.00 (d, 3JH,H = 7.5 Hz, 1H, Ph), 7.03 (s, 1H, Ph), 7.05 (d, 3JH,H = 6.9 Hz, 1H, Ph), 

7.16 (t, 3JH,H = 7.5 Hz, 1H, Ph), 7.26 (d, 3JH,H = 5.8 Hz, 1H, CH); 13C-NMR (75 MHz, 

CDCl3): δ 20.41, 26.07, 26.16, 26.21, 26.28, 37.67, 37.70, 37.77, 38.07, 58.27, 60.50, 

66.18, 67.59, 70.14, 70.70, 85.09, 85.34, 121.76, 124.17, 127.58, 127.63, 128.31, 

134.75, 137.43, 152.05, 171.43, 175.94, 176.16, 176.41, 176.84; ESI-MS: 724.9 

([M+Na]+); HRMS calcd for C38H55NO11: 724.3667 [M + Na]+. found: 724.3669. 
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(S)-5-((R)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)amino(4-chlorophenyl) 

methyl)-5H-furan-2-one (5h) 

White solid; mp 96-98 °C; [α]D
25 = -37.9° (c = 0.5, CH2Cl2); 

1H-NMR (400 MHz, CDCl3): δ 1.03 (s, 9H, C(CH3)3), 1.08 

(s, 9H, C(CH3)3), 1.10 (s, 9H, C(CH3)3), 1.21 (s, 9H, 

C(CH3)3), 2.39 (dd, 3JH,H = 11.8 Hz, 3JH,H = 2.9 Hz, 1H, 

NH), 3.65 (t, 3JH,H = 6.8 Hz, 1H, CH), 3.86-3.90 (m, 2H, 

2CH), 4.00 (dd, 3JH,H = 11.8 Hz, 3JH,H = 6.8 Hz, 1H, CH), 4.46 (t, 3JH,H = 2.9 Hz, 1H, 

CH), 4.98-5.05 (m, 2H, 2CH), 5.12 (t, 3JH,H = 1.7 Hz, 1H, CH), 5.29 (d, 3JH,H = 1.7 Hz, 

1H, CH), 5.96 (dd, 3JH,H = 5.7 Hz, 3JH,H = 1.7 Hz, 1H, CH), 7.13 (d, 3JH,H = 8.3 Hz, 2H, 

Ph), 7.23-7.26 (m, 3H, Ph, CH); 13C-NMR (75 MHz, CDCl3): δ 26.07, 26.08, 26.17, 

26.20, 37.66, 37.70, 37.77, 38.06, 58.11, 60.43, 66.10, 67.51, 70.06, 70.76, 84.65, 

85.61, 122.06, 127.83, 128.46, 133.28, 133.47, 151.71, 171.15, 175.85, 176.07, 

176.52, 176.78; ESI-MS: 744.9 ([M+Na]+); HRMS calcd for C37H52ClNO11: 744.3121 

[M+ Na]+. found: 744.3121. 
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(S)-5-((R)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)amino(4-methoxypheny

l) methyl)-5H-furan-2-one (5i) 

White solid; mp 80-82 °C; [α]D
25 = -20.2° (c = 0.5, 

CH2Cl2); 1H-NMR (400 MHz, CDCl3): δ 1.02 (s, 9H, 

C(CH3)3), 1.10 (s, 18H, 2C(CH3)3), 1.21 (s, 9H, C(CH3)3), 

2.26 (d, 3JH,H = 1.4 Hz, 1H, NH), 3.61 (t, 3JH,H = 6.7 Hz, 

1H, CH), 3.74 (s, 3H, CH3), 3.87-3.91 (m, 2H, 2CH), 3.99 

(dd, 3JH,H = 11.1 Hz, 3JH,H = 6.7 Hz, 1H, CH), 4.48 (s, 1H, CH), 4.95-5.03 (m, 2H, 

2CH), 5.08 (s, 1H, CH), 5.27 (d, 3JH,H = 1.7 Hz, 1H, CH), 5.96 (dd, 3JH,H = 5.8 Hz, 
3JH,H = 1.7 Hz, 1H, CH), 6.80 (d, 3JH,H = 6.4 Hz, 2H, Ph), 7.11 (d, 3JH,H = 6.4 Hz, 2H, 

Ph), 7.26 (d, 3JH,H = 5.8 Hz, 1H, CH); 13C-NMR (75 MHz, CDCl3): δ 26.08, 26.16, 

26.20, 26.27, 37.66, 37.69, 37.77, 38.06, 54.26, 57.83, 60.47, 66.17, 67.56, 70.14, 

70.68, 85.15, 85.32, 113.06, 121.80, 126.42, 128.26, 152.11, 158.62, 171.46, 175.90, 

176.12, 176.46, 176.81; ESI-MS: 740.9 ([M+Na]+); HRMS calcd for C38H55NO12: 

740.3617 [M+ Na]+. found: 740.3623. 
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(S)-5-((R)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)amino(4-fluorophenyl) 

methyl)-5H-furan-2-one (5j) 

White solid; mp 133-135 °C; [α]D
25 = -40.0° (c = 0.5, 

CH2Cl2); 1H-NMR (400 MHz, CDCl3): δ 1.03 (s, 9H, 

C(CH3)3), 1.08 (s, 9H, C(CH3)3), 1.10 (s, 9H, C(CH3)3), 

1.21 (s, 9H, C(CH3)3), 2.36 (d, 3JH,H = 11.7 Hz, 3JH,H = 2.5 

Hz, 1H, NH), 3.64 (t, 3JH,H = 6.6 Hz, 1H, CH), 3.88 (dd, 
3JH,H = 11.7 Hz, 3JH,H = 7.2 Hz, 2H, 2CH), 4.00 (dd, 3JH,H = 11.1 Hz, 3JH,H = 6.6 Hz, 

1H, CH), 4.47 (t, 3JH,H = 2.5 Hz, 1H, CH), 4.97-5.05 (m, 2H, 2CH), 5.12 (s, 1H, CH), 

5.29 (s, 1H, CH), 5.96 (dd,  3JH,H = 5.8 Hz, 3JH,H = 1.3 Hz, 1H, CH), 6.96 (t, 3JH,H = 

8.4 Hz, 2H, Ph), 7.16-7.19 (m, 2H, Ph), 7.26 (d, 3JH,H = 5.8 Hz, 1H, CH); 13C-NMR 

(75 MHz, CDCl3): δ 26.07, 26.16, 26.20, 26.32, 37.66, 37.70, 37.76, 38.06, 58.01, 

60.41, 66.08, 67.49, 70.04, 70.73, 84.81, 85.59, 114.51, 114.73, 122.01, 128.69, 

128.77, 130.61, 151.77, 160.33, 162.79, 171.21, 175.86, 176.10, 176.51, 176.80. 

ESI-MS: 728.9 ([M + Na]+); HRMS calcd for C37H52FNO11: 728.3417 [M + Na]+. 

found: 728.3411. 
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(S)-5-((R)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)amino(4-nitrophenyl) 

methyl)-5H-furan-2-one (5k) 

White solid; mp 177-179 °C; [α]D
25 = -49.1° (c = 0.5, 

CH2Cl2); 1H-NMR (400 MHz, CDCl3): δ 1.03 (s, 9H, 

C(CH3)3), 1.08 (s, 9H, C(CH3)3), 1.10 (s, 9H, C(CH3)3), 

1.22 (s, 9H, C(CH3)3), 2.61 (dd,  3JH,H = 11.5 Hz, 3JH,H = 

3.7 Hz, 1H, NH), 3.68 (t, 3JH,H = 6.6 Hz, 1H, CH), 

3.84-3.95 (m, 2H, 2CH), 4.00 (dd, 3JH,H = 11.5 Hz, 3JH,H = 6.6 Hz, 1H, CH), 4.53 (t, 

3JH,H = 3.7 Hz, 1H, CH), 5.00-5.08 (m, 2H, 2CH), 5.31 (s, 1H, CH), 5.96 (d, 3JH,H = 

5.4 Hz, 1H, CH), 7.28 (d, 3JH,H = 5.4 Hz, 1H, CH), 7.37 (d, 3JH,H = 8.3 Hz, 2H, Ph), 

8.12 (d, 3JH,H = 8.3 Hz, 2H, Ph); 13C-NMR (75 MHz, CDCl3): δ26.06, 26.15, 26.20, 

26.25, 37.68, 37.72, 37.80, 38.07, 58.58, 60.30, 65.94, 67.35, 69.90, 70.86, 84.20, 

86.08, 122.41, 122.66, 128.03, 142.67, 146.87, 151.22, 170.72, 175.79, 176.08, 

176.66, 176.79; ESI-MS: 755.9 ([M + Na]+); HRMS calcd for C37H52N2O13: 755.3362 

[M + Na]+. found: 755.3358. 
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(S)-5-((R)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)amino(4-bromophenyl) 

methyl)-5H-furan-2-one (5l) 

White solid; mp 171-173°C; [α]D
25 = -60.8° (c = 0.5, 

CH2Cl2); 1H-NMR (400 MHz, CDCl3): δ 1.10 (s, 9H, 

C(CH3)3), 1.16 (s, 9H, C(CH3)3), 1.17 (s, 9H, C(CH3)3), 

1.28 (s, 9H, C(CH3)3), 2.42 (dd, 3JH,H = 12.3 Hz, 3JH,H = 3.5 

Hz, 1H, NH), 3.70 (t, 3JH,H = 6.8 Hz, 1H, CH), 3.94 (dd, 
3JH,H = 12.3 Hz, 3JH,H = 6.9 Hz, 2H, 2CH), 4.07 (dd, 3JH,H = 11.1 Hz, 3JH,H = 6.8 Hz, 

1H, CH), 4.51 (t, 3JH,H = 3.5 Hz, 1H, CH), 5.03-5.09 (m, 2H, 2CH), 5.16-5.19 (m, 1H, 

CH), 5.36 (3JH,H = 2.4 Hz, 1H, CH), 6.04 (dd, 3JH,H = 5.8 Hz, 3JH,H = 1.0 Hz, 1H, CH), 

7.14 (d, 3JH,H = 8.4 Hz, 2H, Ph), 7.30 (dd, 3JH,H = 5.8 Hz, 3JH,H = 1.5 Hz, 1H, CH), 

7.48 (d, 3JH,H = 8.4 Hz, 2H, Ph); 13C-NMR (75 MHz, CDCl3): δ 26.07, 26.18, 26.20, 

26.33, 37.66, 37.69, 37.77, 38.06, 58.12, 60.40, 66.06, 67.48, 70.01, 70.77, 84.54, 

85.55, 121.47, 122.12, 128.75, 130.82, 133.90, 151.56, 171.11, 175.85, 176.08, 

176.52, 176.79; ESI-MS: 788.9 ([M+Na]+); HRMS calcd for C37H52BrNO11: 

788.2616 [M+ Na]+. found: 788.2612. 
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(S)-5-((R)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)amino(p-methylphenyl) 

methyl)-5H-furan-2-one (5m) 

White solid; mp 75-77 °C; [α]D
25 = -36.6° (c = 0.5, CH2Cl2); 

1H-NMR (400 MHz, CDCl3): δ 1.02 (s, 9H, C(CH3)3), 1.10 

(s, 18H, 2C(CH3)3), 1.21 (s, 9H, C(CH3)3), 2.24 (s, br, 1H, 

NH), 3.28 (s, 3H, CH3), 3.60 (t, 3JH-H = 6.8 Hz, 1H, CH), 

3.88 (dd, 3JH-H = 11.0 Hz, 3JH-H = 6.8Hz, 2H, 2CH), 3.99 

(dd, 3JH-H = 11.0 Hz, 3JH-H = 6.8 Hz, 1H, CH), 4.49 (d, 3JH-H = 3.7 Hz, 1H, CH), 

4.94-5.00 (m, 2H, 2CH), 5.08 (t, 3JH-H = 7.0 Hz, 1H, CH), 5.27 (d, 3JH-H = 1.7 Hz, 1H, 

CH), 5.97 (dd, 3JH-H = 5.7 Hz, 3JH-H = 1.7 Hz, 1H, CH), 7.07-7.11 (m, 4H, Ph), 7.25 (d, 

3JH-H = 5.7 Hz, 1H, CH); 13C-NMR (75 MHz, CDCl3): δ 20.10, 26.08, 26.14, 26.17, 

26.22, 37.67, 37.71, 37.78, 38.07, 58.15, 60.51, 66.21, 67.61, 70.18, 70.72, 85.12, 

85.35, 121.81, 127.03, 128.40, 131.63, 137.33, 152.04, 171.42, 175.92, 176.13, 

176.45, 176.83; ESI-MS: 724.9 ([M+Na]+); HRMS calcd for C38H55NO11: 724.3667 

[M+ Na]+. found: 724.3667. 
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(S)-5-((R)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)amino(p-trifluoromethy

lphenyl) methyl)-5H-furan-2-one (5n) 

White solid; mp 160-161°C; [α]D
25 = -41.2° (c = 0.5, 

CH2Cl2); 1H-NMR (400 MHz, CDCl3): δ 1.03 (s, 9H, 

C(CH3)3), 1.08 (s, 9H, C(CH3)3), 1.10 (s, 9H, C(CH3)3), 

1.21 (s, 9H, C(CH3)3), 2.46 (d, 3JH-H = 8.8 Hz, 1H, NH), 

3.65 (t, 3JH-H = 6.8 Hz, 1H, CH), 3.88 (dd, 3JH-H = 11.1 Hz, 

3JH-H = 6.8 Hz, 2H, 2CH), 4.00 (dd, 3JH-H = 11.1 Hz, 3JH-H = 6.7 Hz, 1H, CH), 4.52 (d, 

3JH-H = 3.8 Hz, 1H, CH), 4.99-5.06 (m, 2H, 2CH), 5.16 (dd, 3JH-H = 3.8 Hz, 3JH-H = 1.3 

Hz, 1H, CH), 5.29 (d, 3JH-H = 2.0 Hz, 1H, CH), 5.97 (dd, 3JH-H = 5.8 Hz, 3JH-H = 2.0 Hz, 

1H, CH), 7.26 (dd, 3JH-H = 5.8 Hz, 3JH-H = 1.3 Hz, 1H, CH), 7.33 (d, 3JH-H = 8.1 Hz, 2H, 

Ph), 7.53 (d, 3JH-H = 8.1Hz, 2H, Ph); 13C-NMR (75 MHz, CDCl3): δ 26.06, 26.14, 

26.20, 26.24, 37.67, 37.71, 37.78, 38.07, 58.47, 60.37, 66.03, 67.47, 69.99, 70.81, 

84.45, 85.76, 121.47, 122.22, 124.17, 124.56, 124.60, 127.49, 129.58, 129.91, 139.26, 

151.44, 170.99, 175.85, 176.09, 176.59, 176.81; ESI-MS: 778.9 ([M+Na]+); HRMS 

calcd for C38H52F3NO11: 778.3385 [M+ Na]+. found: 778.3381. 
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(S)-5-((R,E)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)-1-amino-3-phenylall

yl)-5H-furan-2-one (5o) 

White solid; mp 54-57 °C; [α]D
25 = -29.9° (c = 0.5, 

CH2Cl2); 1H-NMR (400 MHz, CDCl3): δ 1.03 (s, 9H, 

C(CH3)3), 1.09 (s, 9H, C(CH3)3), 1.11 (s, 9H, C(CH3)3), 

1.21 (s, 9H, C(CH3)3), 2.13 (s, br, 1H, NH), 3.79 (dd, 3JH-H 

= 13.0 Hz, 3JH-H = 6.3 Hz, 1H, CH), 3.91 (dd, 3JH-H = 11.1 

Hz, 3JH-H = 7.1 Hz, 1H, CH), 4.01-4.08 (m, 2H, 2CH), 4.12 (d, 3JH-H = 8.4 Hz, 1H, CH), 

5.01 (q, 3JH-H = 8.4 Hz, 1H, CH), 5.06 (dd, 3JH-H =10.4 Hz, 3JH-H= 3.3 Hz, 1H, CH), 

5.11 (t, 3JH-H = 1.5 Hz, 1H, CH), 5.33 (d, 3JH-H = 3.3 Hz, 1H, CH), 5.78 (dd, 3JH-H = 

15.9 Hz, 3JH-H = 8.4 Hz, 1H, CH), 6.08 (dd, 3JH-H = 5.8 Hz, 3JH-H = 1.8 Hz, 1H, CH), 

6.55 (d, 3JH-H = 15.9 Hz, 1H, CH), 7.22-7.29 (m, 5H, Ph), 7.36 (dd, 3JH-H = 5.8 Hz,  

3JH-H = 1.5 Hz, 1H, CH); 13C-NMR (75 MHz, CDCl3): δ 26.06, 26.09, 26.11, 26.19, 

37.69, 37.73, 37.87, 38.05, 57.37, 60.42, 66.08, 67.49, 70.13, 70.69, 84.77, 86.28, 

122.02, 122.98, 125.48, 127.35, 127.73, 134.06, 134.68, 152.17, 171.48, 175.90, 

176.10, 176.41, 176.81; ESI-MS: 736.9 ([M+Na]+); HRMS calcd for C39H55NO11: 

736.3667 [M + Na]+. found: 736.3659. 
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(S)-5-((S)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)amino(2-furyl)methyl)-

5H-furan-2-one (5p) 

White solid; mp 39-42 °C; [α]D
25 = -11.9° (c = 0.5, CH2Cl2); 

1H-NMR (400 MHz, CDCl3): δ 1.03 (s, 9H, C(CH3)3), 1.06 

(s, 9H, C(CH3)3), 1.11 (s, 9H, C(CH3)3), 1.21 (s, 9H, 

C(CH3)3), 2.23 (dd, 3JH,H = 12.7 Hz, 3JH,H = 4.7 Hz, 1H, 

NH), 3.71 (t, 3JH,H = 7.1 Hz, 1H, CH), 3.90 (dd, 3JH,H = 12.7 Hz, 3JH,H = 11.9 Hz, 2H, 

2CH), 4.24 (t, 3JH,H = 7.1 Hz, 1H, CH), 4.55 (t, 3JH,H = 4.7 Hz, 1H, CH), 4.93-5.04 (m, 

2H, 2CH), 5.19 (s, 1H, CH), 5.30 (s, 1H, CH), 6.03 (d, 3JH,H = 5.5 Hz, 1H, CH), 

6.21-6.32 (m, 2H, 2CH), 7.21 (s, 1H, CH), 7.41-7.48 (m, 1H, CH); 13C-NMR (75 

MHz, CDCl3): δ 26.04, 26.06, 26.17, 26.19, 37.67, 37.69, 37.83, 38.04, 53.26, 60.31, 

66.05, 67.32, 70.14, 70.66, 83.55, 86.10, 108.34, 109.47, 121.67, 141.57, 148.92, 

152.60, 171.37, 175.85, 176.07, 176.44, 176.76; ESI-MS: 700.33 ([M+Na]+); HRMS 

calcd for C35H51NO12: 700.3303 [M+ Na]+. found: 700.3298. 
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(S)-5-((R)-(2,3,4,6-tetra-O-pivaloyl-β-D-galactopyranosyl)amino(3-pyridyl)methy

l)-5H-furan-2-one (5q) 

White solid; mp 67-69 °C; [α]D
25 = -11.4° (c = 0.5, 

CH2Cl2); 1H-NMR (400 MHz, CDCl3): 1.10 (s, 9H, 

C(CH3)3), 1.12 (s, 9H, C(CH3)3), 1.18 (s, 9H, C(CH3)3), 

1.29 (s, 9H, C(CH3)3), 2.12 (d, 3JH,H = 10.1 Hz, 1H, NH), 

3.77 (t, 3JH,H = 6.6 Hz, 1H, CH), 3.98-4.06 (m, 2H, 2CH), 4.32 (d, 3JH,H = 5.2 Hz, 1H, 

CH), 4.53 (d, 3JH,H = 3.0 Hz, 1H, CH), 5.08-5.12 (m, 2H, 2CH), 5.30 (s, 1H, CH), 5.35 

(d, 3JH,H = 3.0 Hz, 1H, CH), 6.02 (d, 3JH,H = 5.8 Hz, 1H, CH), 7.39 (t, 3JH,H = 5.8 Hz, 

2H, Ph, CH), 7.71 (d, 3JH,H = 6.5 Hz, 1H, Ph), 8.47-8.68 (m, 2H, Ph); 13C-NMR (75 

MHz, CDCl3): δ 26.07, 26.09, 26.13, 26.23, 37.69, 37.72, 37.78, 38.08, 56.96, 60.31, 

65.99, 67.35, 69.93, 70.88, 84.49, 86.32, 122.49, 122.72, 127.83, 129.89, 131.31, 

135.66, 151.47, 170.77, 175.80, 176.08, 176.71, 176.81; ESI-MS: 689.3 ([M+H]+); 

HRMS calcd for C36H52N2O11: 711.3460 [M+ Na]+. found: 711.3463. 
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General Procedure for the synthesis of (S)-5-((R)-amino(phenyl)methyl)-5H- 

furan-2-one 8:  

A solution of compound 5h (0.2 mmol) in dry methanol (2 mL) was treated with 

freshly prepared (1M) solution of HCl/MeOH (0.5 mL). The solution was stirred for 

1.5d (TLC control). Then methanol was evaporated in vacuo and the remaining 

residue dissolved in 0.5M HCl (5 mL) and extracted with pentane (3 × 10 mL). The 

aqueous solution was neutralized using saturated NaHCO3 aqueous solution until that 

a pH value of 7 was achieved for the solution. Then, CH2Cl2 (5.0 mL) was added, the 

organic layer was separated, and the aqueous layer was washed with CH2Cl2 (3 × 5 

mL). The combined organic layers were dried over anhydrous MgSO4 and 

evaporation of the solvent, and gave 8h as yellow oil. 

(S)-5-((R)-amino(4-chlorophenyl)methyl)furan-2(5H)-one (8h) 

Yellow oil; [α]D
25 = -92.9° (c = 0.5, CH2Cl2); 1H-NMR (400 MHz, 

CDCl3): 1.70 (bs, 2H, NH2), 4.33 (d, 3JH-H = 4.4 Hz, 1H, CH), 5.11 (t, 
3JH-H = 2.4 Hz, 1H, CH), 6.06 (dd, 3JH-H = 5.6 Hz, 3JH-H = 2.4 Hz, 1H, 

CH), 7.20-7.23 (m, 3H, Ph, CH), 7.27-7.29 (d, 3JH-H = 8.36 Hz, 2H, 

Ph); 13C-NMR (75 MHz, CDCl3): δ 55.61, 85.61, 122.40, 127.12, 

127.97, 132.99, 136.95, 151.93, 171.50; ESI-MS: 206.5 (M+-NH3); HRMS calcd 

for C11H10ClNO2: 224.0473 [M+ H]+. found: 224.0476. 
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