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12,13-Di-O-acetyl-N-(7-{[1-(benzyloxy)-1-oxohexyl]amino}-8,8-dimethyl-7-oxoethyl)-

11,15-dideoxy-11,15-bis[(trifluoroacetyl)amino]-N-{19-[(trifluoroacetyl)amino]butanoyl}-

β-D-glucopyranosylamin (16) 
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1H-NMR (500 MHz, CDCl3): δ [ppm] = 1.21–1.29 (m, 2H, 4-H), 1.33–1.36 (m, 8H, 5-H, 9-H), 

1.51–1.60 (m, 2H, 3-H), 1.68–1.77 (m, 2H, 18-H), 1.88 (s, 3H, CH3(Ac)), 2.03 (s, 3H, CH3(Ac)), 

2.26–2.32 (t, J = 7.4 Hz, 2H, 2-H), 2.54–2.62 (m, 2H, 17-H), 3.00–3.17 (m, 3H, 15-Ha, 6-H), 

3.22–3.38 (m, 2H, 19-H), 3.66–3.73 (m, 1H, 14-H), 3.76–3.86 (m, 1H, 15-Hb), 4.64–4.72 (m, 1H, 

11-H), 4.85–4.91 (pt, J = 9.8 Hz, 1H, 13-H), 4.91–4.96 (d, J = 10.0 Hz, 1H, 10-H), 5.02–5.05 (s, 

2H, CH2 benzyl.), 5.36–5.43 (pt, J = 9.6 Hz, 1H, 12-H), 5.94–6.00 (bs, 1H, 1’-NH), 7.22–7.31 

(m, 5H, CH arom.), 7.36–7.42 (bs, 1H, 19-NH), 7.76–7.84 (bs, 1H, 15-NH), 7.90–7.99 (bs, 1H, 

11-NH); 13C-NMR (125 MHz, CDCl3): δ [ppm] = 20.31, 20.50 (q, CH3(Ac)), 24.09 (t, C-18), 24.41 

(t, C-3), 25.41, 25.60 (q, C-9), 26.18 (t, C-4), 28.76 (t, C-5), 33.73 (t, C-17), 34.07 (t, C-2), 39.28 

(t, C-19), 39.65 (t, C-6), 39.97 (t, C-15), 53.17 (d, C-11), 66.21 (t, CH2 benzyl.), 69.58 (d, C-13), 

72.32 (d, C-12), 74.32 (d, C-14), 83.05 (d, C-10), 115.50 (m, CF3), 128.07, 128.22, 128.56 (d, CH 

arom.), 136.00 (s, C arom.), 158.25 (m, C(O)CF3), 170.28, 170.85, 173.72, 174.74, 175.43 (s, 

CO); HRMS (ESI) calcd for C37H46F9N5O12Na [M+Na+]: 946.2891, found: 946.2875 
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2,3,4,6-Tetra-O-acetyl-N-(2-{[6-(benzyloxy)-6-oxohexyl]amino}-1,1-dimethyl-2-oxo-

ethyl)-N-{[(2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl)oxy]acetyl}-β-D-glucopyrano-

sylamine (17) 
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1H-NMR (200 MHz, CDCl3): δ [ppm] = 1.25–1.72 (m, 12H), 1.96, 1.98, 2.00, 2.01, 2.02, 2.04, 

2.06, 2.07 (s, 3H), 2.33 (t, J = 7.3 Hz, 2H), 3.04–3.22 (m, 2H), 3.66–3.88 (m, 2H), 4.11–5.91 (m, 

17H), 7.31 (s, 5H); 13C-NMR (50 MHz, CDCl3): δ [ppm] = 20.92, 21.02, 21.09, 21.14, 21.28, 

21.46 (q, CH3(Ac)), 24.87 (t, C-3), 25.22 (q, C-9), 26.71, 29.53, 34.46, 39.92 (t, C-2, C-4–C-6), 

61.79, 61.97 (t, OCH2), 64.47 (s, C-8), 66.52, 67.13 (t, OCH2), 68.03, 68.64, 69.63, 71.55, 71.89, 

73.14, 73.59, 75.26 (d, C-11–C-14, C-19–C-22), 83.10 (d, C-10), 100.65 (d, C-18), 128.56, 128.60, 

128.96 (d, CH arom.), 136.46 (s, C arom.), 167.63, 169.90, 170.35, 170.53, 170.91, 171.23, 

171.32, 171.55, 173.80, 174.00 (s, CO); HRMS (ESI) calcd for C47H64N2O23Na [M+Na+]: 

1047.3792, found: 1047.3805; Anal. calcd for C47H64N2O23: C, 55.07; H, 6.29; N, 2.73; found: C, 

54.64; H, 6.12; N, 2.76 
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3,4,6-Tri-O-acetyl-2-(acetylamino)-N-(2-{[6-(benzyloxy)-6-oxohexyl]amino}-1,1-

dimethyl-2-oxoethyl)-2-deoxy-N-({[3,4,6-tri-O-acetyl-2-(acetylamino)-2-deoxy-β-D-

glucopyranosyl]oxy}acetyl)-β-D-glucopyranosylamine (18) 
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1H-NMR (500 MHz, CDCl3): δ [ppm] = 1.20–1.84 (m, 12H), 1.95, 2.01, 2.02, 2.03, 2.06, 2.09, 

2.10 (s, 3H), 2.38 (t, J = 7.4 Hz, 2H), 3.06–3.24 (m, 2H), 3.55–5.37 (m, 18H), 5.93–6.07 (m, 1H), 

6.60–6.74 (m, 1H), 6.90–7.05 (m, 1H), 7.36 (s, 5H); 13C-NMR (125 MHz, CDCl3): 

δ [ppm] = 20.50, 20.54, 20.60, 20.65, 20.69, 20.73 (q, CH3(OAc)), 23.15, 23.20 (q, CH3(NHAc)), 24.43, 

26.25 (t, CH2), 26.82 (q, C-9), 28.95, 34.04, 39.61 (t, CH2), 51.74, 53.58 (d, C-11, C-19), 61.49, 

61.71, 62.00, 66.11 (t, OCH2), 64.24 (s, C-8), 67.50, 67.96, 68.43, 71.19, 72.96, 74.64 (d, C-11–C-

14, C-19–C-22), 83.98 (d, C-10), 98.38 (d, C-18), 128.11, 128.52 (d, CH arom.), 135.99 (s, C 

arom.), 169.19, 169.37, 170.49, 170.79, 170.92, 171.23, 171.27, 171.86, 173.16, 173.44, 173.94 (s, 

CO); HRMS (ESI) calcd for C47H66N4O21Na [M+Na+]: 1045.4112, found: 1045.4114 
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3,4-Di-O-acetyl-N-(2-{[6-(benzyloxy)-6-oxohexyl]amino}-1,1-dimethyl-2-oxoethyl)-2,6-

dideoxy-N-[({3,4,6-tri-O-acetyl-2-deoxy-2-[(trifluoroacetyl)amino]-β-D-glucopyranosyl}-

oxy)acetyl]-2,6-bis[(trifluoroacetyl)amino]-β-D-glucopyranosylamine (19) 
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1H-NMR (500 MHz, CDCl3): δ [ppm] = 1.30–1.39 (m, 2H), 1.40–1.74 (m, 8H), 1.77–1.89 (m, 

2H), 2.03, 2.03, 2.06, 2.10, 2.11 (s, 3H), 2.38 (t, J = 7.2 Hz, 2H), 3.12–3.36 (m, 2H), 3.72–3.86 

(m, 4H), 4.05–4.31 (m, 4H) 4.44–4.66 (m, 2H), 4.76 (d, J = 8.2 Hz, 1H), 4.92–5.05 (m, 2H), 

5.10–5.22 (m, 4H), 5.30 (bt, J = 9.1 Hz, 1H), 5.82 (bs, 1H), 7.22–7.32 (m, 5H), 7.70–8.18 (m, 

3H); 13C-NMR (125 MHz, CDCl3): δ [ppm] = 20.30, 20.40, 20.49, 20.53, 20.61 (q, CH3(Ac)), 24.34 

(t, C-3), 25.20, 25.44 (q, C-9), 26.09, 28.67, 34.04, 39.57, 39.97 (t, C-2, C-4–C-6, C-15), 53.43, 

54.47 (d, C-11, C-19), 61.70 (t, OCH2), 64.40 (s, C-8), 66.29, 67.88 (t, OCH2), 68.03, 69.03, 

72.40, 72.69, 74.69, 77.20 (d, C-12–C-14, C-20–C-22), 83.14 (d, C-10), 99.84 (d, C-18), 115.42 

(m, CF3), 128.05, 128.22, 128.58 (d, CH arom.), 135.98 (s, C arom.), 158.06 (m, C(O)CF3), 

169.32, 170.78, 170.80, 170.81, 170.86, 171.00, 173.97, 174.00 (s, CO); HRMS (ESI) calcd for 

C47H58F9N5O20Na [M+Na+]: 1206.3424, found: 1206.3421 
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3,4-Di-O-acetyl-N-(2-{[6-(benzyloxy)-6-oxohexyl]amino}-1,1-dimethyl-2-oxoethyl)-2,6-

dideoxy-N-[({3,4-di-O-acetyl-2,6-dideoxy-2,6-bis[(trifluoroacetyl)amino]-β-D-gluco-

pyranosyl}oxy)acetyl]-2,6-bis[(trifluoroacetyl)amino]-β-D-glucopyranosylamine (20) 
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1H-NMR (500 MHz, CDCl3): δ [ppm] = 1.20–1.38 (m, 3H), 1.38–1.55 (m, 6H), 1.55–1.70 (m, 

3H), 1.81 (s, 2H), 2.02, 2.04, 2.10, 2.12 (s, 3H), 2.38 (t, J = 7.2 Hz, 2H), 3.04–3.39 (m, 4H), 3.60–

3.92 (m, 4H), 4.02–4.16 (m, 1H), 4.37–4.48 (d, J = 15.6 Hz, 1H), 4.61–4.71 (m, 1H), 4.80–4.93 

(m, 1H), 4.93–5.05 (m, 2H), 5.10 (s, 2H), 5.23 (t, J = 9.8 Hz, 1H), 5.32 (t, J = 9.4 Hz, 1H), 5.90 

(bs, 1H), 7.35 (s, 5H), 7.72–7.96 (m, 3H), 8.44 (bs, 1H); 13C-NMR (125 MHz, CDCl3): 

δ [ppm] = 20.42, 20.75, 20.86, 20.91 (q, CH3(Ac)), 24.67 (t, C-3), 25.20, 25.46 (q, C-9), 26.44, 

28.98, 34.40, 39.90, 40.21, 40.95 (t, C-2, C-4–C-6, C-15, C-23), 53.26, 54.92 (d, C-11, C-19), 

64.92 (s, C-8), 66.72, 68.41 (t, OCH2), 70.06, 70.07, 72.35, 73.19, 73.35, 74.40 (d, C-12–C-14, C-

20–C-22), 83.37 (d, C-10), 99.61 (d, C-18), 116.23 (m, CF3), 128.35, 128.64, 128.99 (d, CH 

arom.), 136.30 (s, C arom.), 159.02 (m, C(O)CF3), 170.33, 170.41, 170.98, 171.16, 172.78, 174.52, 

174.81 (s, CO); HRMS (ESI) calcd for C47H56F12N6O19Na [M+Na+]: 1259.3301, found: 

1259.3264 
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2,3,4,6-Tetra-O-acetyl-N-((1R,S)-2-{[6-(benzyloxy)-6-oxohexyl]amino}-2-oxo-1-

{[(2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl)oxy]methyl}ethyl)-N-{[(2,3,4,6-tetra-O-

acetyl-β-D-glucopyranosyl)oxy]acetyl}-β-D-glucopyranosylamine (21) 
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1H-NMR (200 MHz, CDCl3): isomeric mixture: δ [ppm] = 1.19–1.79 (m, 6H), 1.92–2.19 (m, 

36H), 2.48–2.31 (m, 2H), 3.04–3.33 (m, 2H), 3.60–5.41 (m, 28H), 6.49–6.66 (m, 1H), 7.37 (s, 

5H); 13C-NMR (50 MHz, CDCl3): signal ranges: δ [ppm] = 20.98–21.43 (q, CH3(Ac)), 24.90, 26.83, 

29.53, 34.50, 39.90, 46.74, 62.07, 62.42, 66.48 (t, CH2, OCH2), 68.01–101.15 (d, CH sugar), 

128.57, 128.93, 128.96 (d, CH arom.), 136.55 (s, C arom.), 169.60–173.77 (s, CO); HRMS 

(ESI) calcd for C60H80N2O33Na [M+Na+]: 1379.4536, found: 1379.4491 
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3,4-Di-O-acetyl-N-{(1R,S)-2-{[6-(benzyloxy)-6-oxohexyl]amino}-2-oxo-1-[({3,4,6-tri-O-

acetyl-2-deoxy-2-[(trifluoroacetyl)amino]-β-D-glucopyranosyl}oxy)methyl]ethyl}-2,6-

dideoxy-N-[({3,4,6-tri-O-acetyl-2-deoxy-2-[(trifluoroacetyl)amino]-β-D-glucopyranosyl}-

oxy)acetyl]-2,6-bis[(trifluoroacetyl)amino]-β-D-glucopyranosylamine (22) 

N

O

N
H

O
OBn

O

OO

OAc
NHCOCF3AcO

O

O
NHCOCF3

OAc
OAc

OAc

O

AcO

AcO

F3COCHN

F3COCHN

AcO

 
1H-NMR (400 MHz, CDCl3): isomeric mixture: δ [ppm] = 1.27–1.77 (m, 6H), 1.93–2.16 (m, 

24H), 2.22–2.49 (m, 4H), 3.12–5.47 (m, 30H), 5.50–7.00 (m, 1H), 7.30–7.43 (m, 5H), 7.60–8.80 

(m, 2H); 13C-NMR (100 MHz, CDCl3): signal ranges: δ [ppm] = 20.25–20.74 (q, CH3(Ac)), 24.37, 

26.20, 28.60, 34.03, 39.31–40.04 (t, CH2, NCH2), 54.18–54.60 (d, NCH), 61.20–62.03, 66.29 (t, 

OCH2), 67.75–101.81 (d, CH sugar), 116.08 (m, CF3), 127.99, 128.10, 128.54 (d, CH arom.), 

135.95 (s, C arom.), 158.03 (m, C(O)CF3), 167.92–171.30 (s, CO); HRMS (ESI) calcd for 

C60H72F12N6O29Na [M+Na+]: 1591.4044, found: 1591.4009 
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3,4-Di-O-acetyl-N-{(1R,S)-2-{[6-(benzyloxy)-6-oxohexyl]amino}-1-[({3,4-di-O-acetyl-

2,6-dideoxy-2,6-bis[(trifluoroacetyl)amino]-β-D-glucopyranosyl}oxy)methyl]-2-oxo-

ethyl}-2,6-dideoxy-N-[({3,4,6-tri-O-acetyl-2-deoxy-2-[(trifluoroacetyl)amino]-β-D-gluco-

pyranosyl}oxy)acetyl]-2,6-bis[(trifluoroacetyl)amino]-β-D-glucopyranosylamine (23) 
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1H-NMR (400 MHz, CDCl3): isomeric mixture: δ [ppm] = 1.26–1.40 (m, 2H), 1.44–1.57 (m, 

2H), 1.59–1.72 (m, 2H), 1.90–2.10 (m, 21H, CH3(Ac)), 2.34–2.43 (m, 2H), 3.02–5.43 (m, 31H), 

7.28–7.37 (m, 5H, CH arom.); 13C-NMR (100 MHz, CDCl3): signal ranges: δ [ppm] = 20.03–

20.53 (q, CH3(Ac)), 25.32, 27.09, 29.48, 34.58, 40.76, 41.01, 41.19 (t, CH2, NCH2), 51.68–55.45 (d, 

NCH), 62.63–66.91 (t, OCH2), 69.46–103.58 (d, CH sugar), 116.08 (m, CF3), 127.97, 128.00, 

128.34 (d, CH arom.), 136.55 (s, C arom.), 158.03 (m, C(O)CF3), 169.54–174.03 (s, CO); HRMS 

(ESI) calcd for C60H70F15N7O28Na [M+Na+]: 1644.3922, found: 1644.3949 
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