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Proton magnetic resonance spectra were recorded using spectrometers at 270 or 400 MHz. 

Chemical shifts were reported as parts per million (ppm) downfield from tetramethylsilane in δ 

unit, and coupling constants were given in cycles per second (Hz). Splitting patterns were designed 

as s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet. 13C spectra were obtained using 

spectrometers at 68 MHz or 100 MHz. Routine 13C NMR spectra were fully decoupled by broad-

band waltz decoupling. All NMR spectra were recorded at ambient temperature unless otherwise 

noted. Purchased chemical reagents and starting materials were used without purification unless 

otherwise noted. Dichloromethane was distilled over CaH2. Other solvents were used without 

purification. 

 

Methyl 4-azido-2,3,6-tri-O-benzyl-4-deoxy-αα -D-glucopyranoside (6). Please refer to the 

procedure for the preparation of 4. 1H NMR (270 MHz, CDCl3) δ 7.2 - 7.4 (m, 15H), 4.95 (d, J = 

11.6 Hz, 1H), 4.80 (d, J = 11.6 Hz, 1H), 4.78 (d, J = 12.2 Hz, 1H), 4.63 (d, J = 12.2 Hz, 1H), 4.62 

(d, J = 12.2 Hz, 1H), 4.60 (d, J = 3.3 Hz, 1H), 4.49 (d, J = 12.2 Hz, 1H), 3.84 (dd, J = 9.2 Hz, J = 

9.6 Hz, 1H), 3.5 - 3.7 (m, 5H), 3.33 (s, 3H); 13C NMR (68 MHz, CDCl3) δ 138.10 (s), 137.95 (s), 

137.81 (s), 128.6 (s), 128.5 (s), 128.4 (s), 128.2 (s), 128.1 (s), 127.9 (s), 127.8 (s), 98.4 (s), 80.2 (s), 

79.7 (s), 75.8 (s), 73.6 (s), 73.4 (s), 69.3 (s), 68.7 (s), 61.8 (s), 55.5 (s); LRFAB m/e 507 [M+NH4]+; 

HRFAB Calcd for C28H35N4O5 [M+NH4]+ m/e 507.2607; measure m/e 507.2611. 

 

Methyl 4,6-diazido-2,3-di-O-benzyl-4,6-dideoxy-αα -D-galactopyranoside (8). Please refer to 

the procedure for the preparation of 4. 1H NMR (270 MHz, CDCl3) δ 7.2-7.4 (m, 10H), 4.85 (d, J  

=11.7 Hz, 1H), 4.84 (d, J  =12.1 Hz, 1H), 4.75 (d, J  =11.7 Hz, 1H), 4.65 (d, J  =12.1 Hz, 1H), 4.61 

(d, J  = 3.8 Hz, 1H), 4.04 (dd, J  = 9.7 Hz, J  = 3.8 Hz, 1H), 3.85 (dd, J  = 9.7 Hz, J  = 3.8 Hz, 1H), 
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3.8 – 3.9 (m, 2H), 3.53 (dd, J  = 12.6 Hz, J  = 7.9 Hz, 1H), 3.38 (s, 3H), 3.19 (dd, J  = 12.6 Hz, J  = 

5.1 Hz, 1H); 13C NMR (68 MHz, CDCl3) δ 137.9 (s), 137.8 (s), 128.4 (s), 128.3 (s), 127.9 (s), 127.8 

(s), 127.7 (s), 127.6 (s), 98.5 (s), 77.5 (s), 75.7 (s), 73.7 (s), 73.2 (s), 67.4 (s), 61.4 (s), 55.4 (s), 51.5 

(s); LRCI m/e 442.4 [M+NH4]+; HRCI Calcd for C21H28N7O5 [M+NH4]+ m/e 442.2203; measure 

m/e 442.2198. 

 

Methyl 4-azido-2,3-di-O-benzyl-4,6-dideoxy-αα -D-galactopyranoside (10). Please refer to the 

procedure for the preparation of 4. 1H NMR (270 MHz, CDCl3) δ 7.2 - 7.4 (m, 10H), 4.84 (d, J = 

11.9 Hz, 1H), 4.82 (d, J = 12.2 Hz, 1H), 4.73 (d, J = 11.9 Hz, 1H), 4.64 (d, J = 12.2 Hz, 1H), 4.54 

(d, J = 3.6 Hz, 1H), 4.01 (dd, J = 9.8 Hz, J = 3.6 Hz, 1H), 3.89 (dq, J = 6.3 Hz, J = 1.3 Hz, 1H), 

3.82 (dd, J = 9.8 Hz, J = 3.6 Hz, 1H), 3.69 (dd, J = 3.6 Hz, J = 1.3 Hz, 1H), 3.33 (s, 3H), 1.21 (d, J 

= 6.3 Hz, 3H); 13C NMR (68 MHz, CDCl3) δ 138.34 (s), 138.29 (s), 128.54 (s), 128.48 (s), 128.2 

(s), 127.90 (s), 127.84 (s), 127.8 (s), 98.8 (s), 78.1 (s), 76.0 (s), 73.8 (s), 73.3 (s), 65.1 (s), 64.3 (s), 

55.5 (s), 17.4 (s); LRFAB m/e 401 [M+NH4]+; HRFAB Calcd for C21H29N4O4 [M+NH4]+ m/e 

401.2189; measure m/e 401.2204. 

 

Methyl 2,3-di-O-benzyl-6-deoxy-αα -D-galactopyranoside (11). Please refer to the procedure 

for the preparation of 5. 1H NMR (270 MHz, CDCl3) δ 7.2 - 7.4 (m, 10H), 4.79 (d, J = 11.9 Hz, 

2H), 4.69 (d, J = 11.6 Hz, 1H), 4.65 (d, J = 11.9 Hz, 1H), 4.60 (d, J = 3.3 Hz, 1H), 3.7 - 3.9 (m, 

4H), 3.36 (s, 3H), 2.42 (broad, 1H, 4-OH), 1.25 (d, J = 6.6 Hz, 3H); 13C NMR (68 MHz, CDCl3) δ 

138.4 (s), 138.2 (s), 128.6 (s), 128.5 (s), 128.1 (s), 127.95 (s), 127.88 (s), 98.6 (s), 78.0 (s), 75.5 (s), 

73.5 (s), 72.9 (s), 70.4 (s), 65.1 (s), 55.4 (s), 16.2 (s); LRFAB m/e 376 [M+NH4]+; HRFAB Calcd 

for C21H30N1O5 [M+NH4]+ m/e 376.2124; measure m/e 376.2131. 
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Methyl 4-azido-2,3-di-O-benzyl-4,6-dideoxy-αα -D-glucopyranoside (12). Please refer to the 

procedure for the preparation of 4. 1H NMR (270 MHz, CDCl3) δ 7.2 - 7.4 (m, 10H), 4.94 (d, J = 

10.5 Hz, 1H), 4.78 (d, J = 10.5 Hz, 1H), 4.76 (d, J = 12.0 Hz, 1H), 4.63 (d, J = 12.0 Hz, 1H), 4.51 

(d, J = 3.7 Hz, 1H), 3.81 (dd, J = 9.6 Hz, J = 9.6 Hz, 1H), 3.50 (dd, J = 9.6 Hz, J = 3.7 Hz, 1H), 3.4 

- 3.5 (m, 1H), 3.35 (s, 3H), 3.06 (dd, J = 9.6 Hz, J = 9.9 Hz, 1H), 1.25 (d, J = 5.9 Hz, 3H); 13C 

NMR (68 MHz, CDCl3) δ 138.1 (s), 138.0 (s), 128.6 (s), 128.5 (s), 128.4 (s), 128.2 (s), 128.1 (s), 

127.9 (s), 98.1 (s), 80.7 (s), 79.9 (s), 75.8 (s), 73.4 (s), 68.1 (s), 65.9 (s), 55.4 (s), 18.5 (s); LRFAB 

m/e 401 [M+NH4]+; HRFAB Calcd for C21H29N4O4 [M+NH4]+ m/e 401.2189; measure m/e 

401.2203. 

 

Methyl 6-azido-2,3-di-O-benzyl-6-deoxy-αα -D-galactopyranoside (14).  Please refer to the 

procedure for the preparation of 5. 1H NMR (270 MHz, CDCl3) δ 7.2 - 7.4 (m, 10H), 4.80 (d, J = 

11.5 Hz, 1H), 4.75 (d, J = 11.5 Hz, 1H), 4.69 (d, J = 8.6 Hz, 1H), 4.66 (d, J = 3.6 Hz, 1H), 4.64 (d, 

J = 8.6 Hz, 1H), 3.8 - 3.9 (m, 3H), 3.83 (dd, J = 8.2 Hz, J = 3.6 Hz, 1H), 3.59 (dd, J = 12.8 Hz, J = 

8.4 Hz, 1H), 3.40 (s, 3H), 3.26 (dd, J = 12.8 Hz, J = 4.3 Hz, 1H), 2.48 (s, 1H, 4-OH); 13C NMR (68 

MHz, CDCl3) δ 138.3 (s), 138.0 (s), 128.7 (s), 128.5 (s), 128.1 (s), 127.99 (s), 127.96 (s), 98.6 (s), 

77.3 (s), 75.6 (s), 73.6 (s), 73.2 (s), 69.8 (s), 68.3 (s), 55.6 (s), 51.3 (s); LRFAB m/e 417 [M+NH4]+; 

HRFAB Calcd for C21H29N4O5 [M+NH4]+ m/e 417.2138; measure m/e 417.2122. 

 

Methyl 4,6-diazido-2,3-di-O-benzyl-4,6-dideoxy-αα -D-glucopyranoside (15). Please refer to 

the procedure for the preparation of 4. 1H NMR (270 MHz, CDCl3) δ 7.2 - 7.4 (m, 10H), 4.97 (d, J 

= 10.6 Hz, 1H), 4.79 (d, J = 10.6 Hz, 1H), 4.77 (d, J = 12.0 Hz, 1H), 4.63 (d, J = 12.0 Hz, 1H), 4.60 
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(d, J = 2.6 Hz, 1H), 3.87 (dd, J = 9.6 Hz, J = 9.0 Hz, 1H), 3.5 - 3.6 (m, 3H), 3.4 - 3.5 (m, 2H), 3.36 

(s, 3H); 13C NMR (68 MHz, CDCl3) δ 137.9(s), 137.8 (s), 128.6 (s), 128.5 (s), 128.4 (s), 128.20 (s), 

128.16 (s), 128.0 (s), 98.2 (s), 79.86 (s), 79.85 (s), 75.8 (s), 73.5 (s), 69.2 (s), 62.5 (s), 55.7 (s), 51.8 

(s); LRFAB m/e 442 [M+NH4]+; HRFAB Calcd for C21H28N7O5 [M+NH4]+ m/e 442.2203; measure 

m/e 442.2216. 

 

Acetyl 4-azido-2,3,6-tri-O-acetyl-4-deoxy-αα -D-galactopyranoside (16). 1H NMR (270 MHz, 

CDCl3) (α anomer) δ 6.23 (d, J = 2.6 Hz, 1H), 5.32 (m, 2H), 4.0 - 4.2 (m, 4H), 2.072 (s, 3H), 2.070 

(s, 3H), 2.01 (s, 3H), 1.95 (s, 3H); 13C NMR (68 MHz, CDCl3) (α anomer) δ 170.4 (s), 170.1 (s), 

169.7 (s), 168.8 (s), 89.5 (s), 69.5 (s), 68.5 (s), 66.5 (s), 62.5 (s), 60.4 (s), 20.8 (s), 20.7 (s), 20.5 (s, 

2 carbons); LRFAB m/e 380.1 [M+Li]+; HRFAB Calcd for C14H19N3O9Li [M+Li]+ m/e 380.1281; 

measure m/e 380.1274. 

 

Acetyl 4-azido-2,3,6-tri-O-acetyl-4-deoxy-αα -D-glucopyranoside (17). 1H NMR (270 MHz, 

CDCl3) (α anomer) δ 6.27 (d, J = 4.0 Hz, 1H), 5.45 (dd, J = 10.2 Hz, J = 9.9 Hz, 1H), 5.03 (dd, J = 

10.2 Hz, J = 4.0 Hz, 1H), 4.35 (dd, J = 12.5 Hz, J = 2.5 Hz, 1H), 4.26 (dd, J = 12.5 Hz, J = 3.6 Hz, 

1H), 3.87 (ddd, J = 10.2 Hz, J = 3.6 Hz, J = 2.5 Hz, 1H), 3.67 (dd, J = 10.2 Hz, J = 9.9 Hz, 1H), 

2.16 (s, 3H), 2.12 (s, 6H), 2.00 (s, 3H); 13C NMR (68 MHz, CDCl3) (α anomer) δ 170.5 (s), 169.90 

(s), 169.84 (s), 168.4 (s), 89.2 (s), 70.5 (s), 70.2 (s), 69.3 (s), 62.4 (s), 59.9 (s, C-4), 21.0 (s), 20.82 

(s), 20.77 (s), 20.5 (s); LRFAB m/e 380.1 [M+Li]+; HRFAB Calcd for C14H19N3O9Li [M+Li]+ m/e 

380.1281; measure m/e 380.1272. 
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Acetyl 4,6-diazido-2,3-di-O-acetyl-4,6-dideoxy-αα -D-galactopyranoside (18). 1H NMR (270 

MHz, CDCl3) (α anomer) δ 6.30 (d, J = 2.6 Hz, 1H), 5.38 (m, 2H), 4.14 (m, 1H), 4.09 (ddd, J = 6.6 

Hz, J = 6.9 Hz, J = 1.3 Hz, 1H), 3.54 (dd, J = 12.5 Hz, J = 6.6 Hz, 1H), 3.37 (dd, J = 12.5 Hz, J = 

6.9 Hz, 1H), 2.14 (s, 3H), 2.13 (s, 3H), 2.01 (s, 3H); 13C NMR (68 MHz, CDCl3) (α anomer) δ 

170.2 (s), 169.8 (s), 168.8 (s), 89.5 (s), 69.7 (s), 69.5 (s), 66.5 (s), 60.4 (s), 50.8 (s), 20.9 (s), 20.60 

(s), 20.56 (s); LRFAB m/e 363.1 [M+Li]+; HRFAB Calcd for C12H16N6O7Li [M+Li]+ m/e 

363.1241; measure m/e 363.1234. 

 

Acetyl 4-azido-2,3-di-O-acetyl-4,6-dideoxy-αα -D-galactopyranoside (19). 1H NMR (270 MHz, 

CDCl3) (α anomer) δ 6.22 (d, J = 2.6 Hz, 1H), 5.30 (m, 2H), 4.16 (qd, J = 6.3 Hz, J = 1.0 Hz, 1H), 

3.92 (m, 1H), 2.09 (s, 3H), 2.08 (s, 3H), 1.97 (s, 3H), 1.24 (d, J = 6.3 Hz, 3H); 13C NMR (68 MHz, 

CDCl3) (α anomer) δ 170.0 (s), 169.6 (s), 168.9 (s), 89.6 (s), 69.9 (s), 67.1 (s), 66.4 (s), 63.8 (s. C-

4), 20.7 (s), 20.5 (s, 2 carbons), 17.0 (s); LRFAB m/e 322.1 [M+Li]+; HRFAB Calcd for 

C12H17N3O7Li [M+Li]+ m/e 322.1227; measure m/e 322.1235. 

 

Acetyl 4-azido-2,3-di-O-acetyl-4,6-dideoxy-αα -D-glucopyranoside (20). 1H NMR (270 MHz, 

CDCl3) (α anomer) δ 6.22 (d, J = 2.6 Hz, 1H), 5.3 (m, 2H), 4.16 (qd, J = 6.3 Hz, J = 1.0 Hz, 1H), 

3.92 (m, 1H), 2.09 (s, 3H), 2.08 (s, 3H), 1.97 (s, 3H), 1.24 (d, J = 6.3 Hz, 3H); 13C NMR (68 MHz, 

CDCl3) (α anomer) δ 170.0 (s), 169.1 (s), 89.2 (s), 70.4 (s), 69.7 (s), 68.6 (s), 65.7 (s), 20.1 (s), 20.8 

(s), 20.6 (s), 18.3 (s); LRFAB m/e 363.1 [M+Li]+; HRFAB Calcd for C12H16N6O7Li [M+Li]+ m/e 

363.1241; measure m/e 363.1231. 
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Acetyl 4,6-diazido-2,3-di-O-acetyl-4,6-dideoxy-αα -D-glucopyranoside (22). 1H NMR (270 

MHz, CDCl3) (α anomer) δ 6.29 (d, J = 3.6 Hz, 1H), 5.45 (dd, J = 10.1 Hz, J = 9.6 Hz, 1H), 5.02 

(dd, J = 10.1 Hz, J = 3.6 Hz, 1H), 3.77 (dd, J = 10.2 Hz, J = 9.6 Hz, 1H), 3.58 (dd, J = 13.6 Hz, J = 

2.0 Hz, 1H), 3.50 (ddd, J = 10.2 Hz, J = 3.4 Hz, J = 2.0 Hz, 1H), 3.43 (dd, J = 13.6 Hz, J = 3.4 Hz, 

1H), 2.15 (s, 3H), 2.10 (s, 3H), 1.99 (s, 3H); 13C NMR (68 MHz, CDCl3) (α anomer) δ 169.9 (s), 

169.8 (s), 168.8 (s), 89.2 (s), 71.4 (s), 69.3 (s), 69.3(s), 60.0 (s), 51.0 (s), 21.0 (s), 20.8 (s), 20.5 (s); 

LRFAB m/e 363.1 [M+Li]+; HRFAB Calcd for C12H16N6O7Li [M+Li]+ m/e 363.1241; measure m/e 

363.1231. 

 

For the synthesis of 23 - 29, please refer to reference 28. 

 

2,4-Di-O-acetyl-3-O-allyl-6-deoxy-αα -D-glucopyranosyl trichloroacetimidate (38). Please 

refer the general procedure for the preparation of glycosyl trichloroacetimidate. 1H NMR (270 M 

Hz, CDCl3) δ 8.58 ( s, NHCCl3), 6.44 (d, J = 3.6 Hz, 1H), 5.80 (dddd, J = 17.4 Hz, J = 10.2 Hz, J = 

5.3 Hz, J = 5.6 Hz, 1H), 5.21 (dd, J = 17.4 Hz, J = 1.6 Hz, 1H), 5.12 (dd, J = 10.2 Hz, J = 1.6 Hz, 

1H), 4.98 (dd, J = 9.9 Hz, J = 3.6 Hz, 1H), 4.87 (dd, J = 9.9 Hz, J = 9.6 Hz, 1H), 4.17 (dd, J = 12.9 

Hz, J = 5.3 Hz, 1H), 4.07 (dd, J = 12.9 Hz, J = 5.6 Hz, 1H), 3.97(dq, J = 9.9 Hz, J = 6.3 Hz, 1H), 

3.90 (dd, J = 9.9 Hz, J  = 9.6 Hz, 1H), 2.10 (s, 3H), 2.03 (s, 3H), 1.19 (d, J = 6.3 Hz, 3H); 13C NMR 

(68MHz, CDCl3) δ 169.9 (s), 169.6 (s), 160.9 (s), 134.5 (s), 116.8 (s), 93.6 (s), 76.5 (s), 74.2 (s), 73.6 

(s), 72.4 (s), 68.7 (s), 21.0 (s), 20.7 (s), 17.4 (s). 

 

2,3,4-Tri-O-acetyl-6-deoxy-6-fluoro-αα -D-glucopyranosyl trichloroacetimidate (46). Please 

refer the general procedure for the preparation of glycosyl trichloroacetimidate. 1H NMR (270 
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MHz, CDCl3) δ 8.67 (s, 1H), 6.54 (d, J = 5.4 Hz, 1H), 5.55 (t, J = 10.8 Hz, 1H), 5.15 (t, J = 10.8 

Hz, 1H), 5.05 (dd, J = 8.1 Hz, J = 5.4 Hz, 1H), 4.6 – 4.5 (m, 1H), 4.4 – 4.3 (m, 1H), 4.2 – 4.1 (m, 

1H), 2.03 (s, 3H), 2.0 (s, 3H), 1.9 (s, 3H); 13C NMR (68 MHz, CDCl3) δ 170.1 (s), 169.8 (s), 169.5 

(s), 160.8 (s), 92.9 (s), 90.7 (s), 80.7 (d, JCF = 177 Hz), 70.7 (d, JCF = 19 Hz), 69.7 (d, JCF = 8.8 Hz), 

67.6 (s), 67.4 (s), 20.8 (s), 20.6 (s), 20.5 (s). 

 
Cis, cis-3,5-diazidocyclohexyl ββ -D-2,3,4-tri-O-acetyl-6-azido-6-deoxyglucopyranoside (31). 

Please refer to the general procedure for glycosylation. The compound is mixed with inseparable 

impurities, and characterized only by 1H and 13C NMR. 1H NMR (270 MHz, CDCl3) δ 5.19 (t, J = 

9.6 Hz, 1H), 4.94 (dd, J = 9.6 Hz, J = 7.9 Hz, 1H), 4.93 (t, J = 9.6 Hz, 1H), 4.63 (d, J = 7.9 Hz, 1H), 

3.67 (ddd, J = 9.6 Hz, J = 4.7 Hz, J = 2.3 Hz, 1H), 3.60-3.78 (m, 1H), 3.30-3.51 (m, 1H), 3.32 (tt, J 

= 11.9 Hz, J = 4.1 Hz, 2H), 3.11 (dd, J = 13.2 Hz, J = 2.3 Hz), 2.16-2.38 (m, 3H), 2.04 (s, 3H), 2.02 

(s, 3H), 1.99(s, 3H), 1.18-1.46(m, 3H); 13C NMR (68 MHz, CDCl3) δ 169.6 (s), 168.9 (s), 168.6 (s), 

98.7 (s), 73.7 (s), 73.3 (s), 71.9 (s), 70.8 (s), 69.1 (s), 54.6 (s), 54.4 (s), 50.6 (s), 37.5 (s), 36.1 (s), 

35.9 (s), 35.8 (s), 20.1 (s), 20.0 (s). 

 

Cis, cis-3,5-diazidocyclohexyl ββ -D-2,3,4-tri-O-acetyl-6-azido-6-deoxyglucopyranoside (31). 

Please refer to the general procedure for glycosylation. The compound is mixed with inseparable 

impurities, and characterized only by 1H and 13C NMR. 1H NMR (270 MHz, CDCl3) δ 5.19 (t, J = 

9.6 Hz, 1H), 4.94 (dd, J = 9.6 Hz, J = 7.9 Hz, 1H), 4.93 (t, J = 9.6 Hz, 1H), 4.63 (d, J = 7.9 Hz, 1H), 

3.67 (ddd, J = 9.6 Hz, J = 4.7 Hz, J = 2.3 Hz, 1H), 3.60-3.78 (m, 1H), 3.30-3.51 (m, 1H), 3.32 (tt, J 

= 11.9 Hz, J = 4.1 Hz, 2H), 3.11 (dd, J = 13.2 Hz, J = 2.3 Hz), 2.16-2.38 (m, 3H), 2.04 (s, 3H), 2.02 

(s, 3H), 1.99(s, 3H), 1.18-1.46(m, 3H); 13C NMR (68 MHz, CDCl3) δ 169.6 (s), 168.9 (s), 168.6 (s), 
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98.7 (s), 73.7 (s), 73.3 (s), 71.9 (s), 70.8 (s), 69.1 (s), 54.6 (s), 54.4 (s), 50.6 (s), 37.5 (s), 36.1 (s), 

35.9 (s), 35.8 (s), 20.1 (s), 20.0 (s). 

 

Cis, cis-3,5-diazidocyclohexyl ββ -D-2,3-di-O-acetyl-4,6-diazido-4,6-dideoxyglucopyranoside 

(33). Please refer to the general procedure for glycosylation. 1H NMR (270 MHz, CDCl3) δ 5.11 (t, 

J = 9.6 Hz, 1H), 4.85 (dd, J = 9.6 Hz, J = 7.9 Hz, 1H), 4.58 (d, J = 7.9 Hz, 1H), 3.64 (tt, J = 12.0 Hz, 

J = 4.3 Hz, 1H), 3.57 (t, J = 9.6 Hz, 1H), 3.45 (d, J = 4.3 Hz, 1H), 3.40 (dt, J = 9.6 Hz, J = 4.3 Hz, 

1H), 3.25 (tt, J = 12.0 Hz, J = 4.3 Hz, 2H), 2.27-2.38 (m, 1H), 2.15-2.26 (m, 2H), 2.06 (s, 3H), 2.00 

(s, 3H), 1.27 (q, J = 12.0 Hz, 2H), 1.15-1.45 (m, 1H); 13C NMR (68 MHz, CDCl3) δ 169.4 (s), 

168.8 (s), 98.7 (s), 73.3 (s), 73.1 (s), 72.9 (s), 71.0 (s), 60.0 (s), 54.4 (s), 54.3 (s), 50.8 (s), 37.5 (s), 

36.1 (s), 35.9 (s), 20.1 (s), 20.0 (s); LRFAB m/e 501 [M+Na]+; HRFAB Calcd for C12H22N12O6Na 

[M+Na]+ m/e 501.1683; measure m/e 501.1692. 

 

5-O-(2,4-Di-O-acetyl-3-O-allyl-6-deoxy-ββ -D-glucopyranosyl)-6,3'4'-tri-O-benzyl-1,3,2'6'-

tetra-azidoneamine (39). Please refer to the general procedure for glycosylation. 1H NMR (270 M 

Hz, CDCl3) δ 7.2 – 7.5 (m, 15H), 5.76 (dddd, J = 17.1 Hz, J = 10.2 Hz, J= 5.6 Hz, J = 5.6 Hz, 1H), 

5.71 (d, J = 3.6 Hz, 1H), 5.20 (dd, J  = 17.1 Hz, J = 1.6 Hz, 1H), 5.14 (dd, J = 10.2 Hz, J = 1.6 Hz, 

1H), 5.03 (d, J = 11.2 Hz, 1H), 5.00 (d, J = 11.9 Hz, 1H), 4.8 - 4.9 (m, 5H), 4.70 (d, J = 9.9 Hz, 

1H), 4.59 (d, J  = 11.2 Hz, 1H), 4.20 (m, 1H), 4.0 - 4.1 (m, 4H), 3.2 - 3.6 (m, 10H), 2.30 (ddd, J = 

13.5 Hz, J = 4.6 Hz, J = 4.6 Hz, 1H), 2.13 (s, 3H), 2.06 (s, 3H), 1.46 (ddd, J = 13.5 Hz, J = 12.5 

Hz, J = 12.5 Hz, 1H), 1.20 (d, J = 6.3 Hz, 3H); 13C NMR (68 MHz, CDCl3) δ 169.5(s), 168.8(s), 

137.9 (s, 2C), 137.2 (s), 134.5 (s), 128.7 (s), 128.7 (s), 128.5 (s), 128.4 (s), 128.2 (s), 127.9 (s), 

117.0 (s), 99.0 (s), 97.5 (s), 85.2 (s), 79.7 (s), 79.5 (s), 78.7 (s), 77.3 (s), 75.5 (s, 2 carbons), 75.3 
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(s), 75.0 (s), 74.4 (s), 72.9 (s), 72.3 (s), 71.1 (s), 70.6 (s), 63.0 (s), 60.7 (s), 59.5 (s), 51.2 (s), 32.6 

(s), 21.2 (s), 21.1 (s), 17.0 (s); MALDI Calcd for C46H54N17O12K [M+K]+ m/e 1005.3616; measure 

m/e 1005.3566. 

 

5-O-(3-O-(3-(2,4-Di-O-acetyl-3-O-(2-azidoethyl)-6-deoxy-ββ -D-glucopyranosyl)-n-propyl)-6-

deoxy-ββ -D-glucopyranosyl)-6,3'4'-tri-O-benzyl-1,3,2'6'-tetraazidoneamine (42). Please refer to 

the general procedure for glycosylation. 1H NMR (270 MHz, CDCl3) δ 7.3-7.5 (m, 15H), 5.88 (d, J 

= 3.9 Hz, 1H), 4.8 - 5.0 (m, 8H), 4.60 (d, J  = 11.2 Hz, 1H), 4.32 (d, J  = 7.9 Hz, 1H), 3.9 - 4.2 (m, 

4H), 3.0 - 3.7 (m, 21H), 2.28 (ddd, J = 13.3 Hz, J = 4.3 Hz, J = 4.0 Hz, 1H), 2.10 (s, 3H), 2.08 (s, 

3H), 1.80 (m, 2H), 1.46 (ddd, J = 13.3 Hz, J = 12.5 Hz, J = 12.5 Hz, 1H), 1.30 (d, J  = 5.3 Hz, 3H), 

1.23 (d, J  = 5.9Hz, 3H); 13C NMR (68 MHz, CDCl3) δ 169.7 (s), 169.5 (s), 137.9 (s), 137.8 (s), 

137.1 (s), 128.9 (s), 128.6 (s), 128.5 (s), 128.2 (s), 128.0 (s), 127.8 (s), 102.0 (s), 100.6 (s), 96.5 (s), 

84.7 (s), 84.3 (s), 80.4 (s), 79.6 (s), 79.1 (s), 78.7 (s), 76.0 (s), 75.5 (s), 75.1 (s), 75.0 (s), 74.6 (s), 

73.7 (s), 72.1 (s), 72.0 (s), 70.9 (s), 70.5 (s), 69.1 (s), 68.3 (s), 65.5 (s), 63.2 (s), 60.7 (s), 60.5 (s), 

59.8 (s), 51.2 (s), 51.1 (s), 32.6 (s), 30.1 (s), 21.1 (s), 21.0 (s), 17.4 (s), 17.2 (s); MALDI Calcd for 

C54H69N15O17Na [M+Na]+ m/e 1222.4888; measure m/e 1222.4854. 

 

5-O-(2,3,4-Tri-O-acetyl-6-deoxy-6-fluoro-ββ -D-glucopyranosyl)-6,3'4'-tri-O-benzyl-1,3,2'6'-

tetraazidoneamine (47). Please refer to the general procedure for glycosylation. 1H NMR (270 

MHz, CDCl3) δ 7.2 - 7.5 (m, 15H), 5.66 (d, J = 2.7 Hz, 1H), 5.20 (d, J = 7.6 Hz, 1H), 5.0 - 5.1 (m, 

3H), 4.8 - 5.0 (m, 3H), 4.5 - 4.7 (m, 2H), 4.21 (ddd, J = 9.9 Hz, J = 4.9 Hz, J = 2.6 Hz, 1H), 4.09 

(dd, J = 8.9 Hz, J = 9.2 Hz, 1H), 4.03 (dd, J = 8.9 Hz, J = 8.6 Hz, 1H), 3.2 - 3.6 (m, 10H), 2.32 

(ddd, J = 13.2 Hz, J = 4.3 Hz, J = 4.3 Hz, 1H), 2.10 (s, 3H), 2.015 (s, 3H), 2.010 (s, 3H), 1.48 (ddd, 
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J = 13.2 Hz, J = 12.5 Hz, J = 12.5 Hz, 1H); 13C NMR (68 MHz, CDCl3) δ 170.3 (s), 169.4 (s), 

168.9 (s), 137.9 (s), 136.8 (s), 129.0 (s), 128.8 (s), 128.7 (s), 128.5 (s), 128.2 (s), 128.0 (s), 98.9 (s), 

97.6 (s), 85.0 (s), 80.9 (d, J = 213 Hz), 79.4 (s), 78.7 (s), 78.0 (s), 77.3 (s), 75.8 (s), 75.7 (s), 75.3 

(s), 75.0 (s), 72.8 (s), 71.6 (s), 71.1 (s), 68.2 (d, J = 7.5 Hz), 62.9 (s), 60.7 (s), 59.5 (s), 51.2 (s), 

32.5 (s), 21.0 (s), 20.7 (s), 20.6 (s); MALDI Calcd for C45H51O13N12FNa [M+Na]+ m/e 1009.3575; 

measure m/e 1009.3602. 

 

Cis, cis-3,5-diaminocyclohexyl ββ -D-4,6-diamino-4,6-dideoxygluco-pyranoside (34). Please 

refer to the procedure for the synthesis of 32. 1H NMR (270 MHz, D2O) (acetate salt) δ 4.66 (d, J = 

7.9 Hz, 1H), 4.0 (m, 2H), 3.66 (dd, J = 9.9 Hz, J = 9.9 Hz, 1H), 3.48 (d, J = 13.2 Hz, 1H), 3.3 - 3.4 

(m, 3H), 3.1 - 3.2 (m, 2H), 2.3 - 2.5 (m, 3H), 2.00 (s, 12H), 1.3 - 1.6 (m, 3H); 13C NMR (68 MHz, 

D2O) (acetate salt) δ 177.6 (s), 100.8 (s), 73.04 (s), 73.00 (s), 71.6 (s), 68.9 (s), 53.3 (s), 45.4 (s), 

45.3 (s), 40.0 (s), 35.8 (s), 34.6 (s), 33.0 (s), 21.0 (s). LRFAB m/e 291 [MH]+; HRFAB Calcd for 

C12H27N4O4 [MH]+ m/e 291.2032; measure m/e 291.2025. 

 

5-O-(6-Deoxy-6-fluoro-ββ -D-glucopyranosyl)neamine (TC033). Please refer to the procedure 

for the final synthesis.  1H NMR (270 MHz, D2O) (chloride salt) δ 5.83 (d, J = 2.7 Hz, 1H), 5.08 (d, 

J = 8.1 Hz, 1H), 4.55 (d, J = 8.1 Hz, 1H), 4.0 - 3.8 (m, 8H), 3.6 – 3.3 (m, 8H), 2.4 (m, 2H); 13C 

NMR (68 MHz, D2O) (acetate salt) δ 178.2 (s), 102.6 (s), 96.1 (s), 81.4 (d, JCF = 163 Hz), 80.1 (s), 

75.5 (s), 75.4 (s), 74.9 (d, JCF = 13.6 Hz), 73.3 (s), 73.0 (s), 70.7 (s), 69.6 (s), 68.1 (s, 2 carbons), 

53.4 (s), 49.8 (s), 48.6 (s), 40.0 (s), 28.2 (s), 21.4 (s). LRFAB m/e 487 [MH]+; HRFAB Calcd for 

C18H36O10N4F [MH]+ m/e 487.2415; measure m/e 487.2427. 
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5-O-(3-O-n-Propyl-6-deoxy-ββ -D-glucopyranosyl)neamine (TC040). Please refer to the 

procedure for the final synthesis. 1H NMR (270 M Hz, D2O) (acetate salt) δ 5.81 (d, J  = 3.6 Hz, 

1H), 5.00 (d, J  = 7.9 Hz, 1H), 3.8 - 4.0 (m, 5H), 3.70 (dd, J = 6.6 Hz, J  = 6.9 Hz, 2H), 3.1 - 3.5 (m, 

10H), 2.45 (m, 1H), 1.94 (s, 12H), 1.83 (m, 1H), 1.53 (m, 2H), 1.25 (d, J  = 5.9 Hz, 3H), 0.82 (t, J  = 

7.5 Hz, 3H); 13C NMR (68 MHz, D2O) (acetate salt) δ 178.7 (s), 102.7 (s), 96.3 (s), 83.7 (s), 80.7 

(s), 76.0 (s), 75.1 (s), 74.5 (s), 73.3 (s), 73.1 (s), 72.9 (s), 70.8 (s), 69.6 (s), 68.2 (s), 53.5 (s), 49.8 

(s), 48.8 (s), 40.1 (s), 28.2 (s), 22.8 (s), 21.7 (s), 16.6 (s), 9.8 (s); MALDI Calcd for C21H46N4O10Na 

[M+Na]+ m/e 533.2793; measure m/e 533.2817. 

 

5-O-(3-O-(3-Hydroxypropyl)-6-deoxy-ββ -D-glucopyranosyl)neamine (TC041). Please refer to 

the procedure for the final synthesis. 1H NMR (270 M Hz, D2O) (acetate salt) δ 5.80 (d, J  = 3.6 Hz, 

1H), 5.02 (d, J = 7.9 Hz, 1H), 3.8 - 4.0 (m, 7H), 3.64 (dd, J = 6.3 Hz, J = 6.3 Hz, 2H), 3.2 - 3.5 (m, 

10H), 2.45 (m, 1H), 1.92 (s, 12H), 1.7 - 2.0 (m, 3H), 1.26 (d, J = 6.0 Hz, 3H); 13C NMR (68 MHz, 

D2O) (acetate salt) δ 178.2 (s), 102.6 (s), 96.4 (s), 84.1 (s), 80.7 (s), 76.1 (s), 74.4 (s), 73.2 (s), 73.1 

(s), 72.9 (s), 70.6 (s), 70.3 (s), 69.6 (s), 68.3 (s), 59.0 (s), 53.4 (s), 49.7 (s), 48.7 (s), 40.0 (s), 31.9 

(s), 28.2 (s), 21.4 (s), 16.6 (s); MALDI Calcd for C21H46N4O11Na [M+Na]+ m/e 549.2742; measure 

m/e 549.2738. 

 

5-O-(3-O-(3-Fluoropropyl)-6-deoxy-ββ -D-glucopyranosyl)neamine (TC044). Please refer to 

the procedure for the final synthesis. 1H NMR (270 M Hz, D2O) (acetate salt) δ 5.77 (d, J = 4.0 Hz, 

1H), 4.99 (d, J = 7.9 Hz, 1H), 4.61 (dd, J = 5.9 Hz, J = 5.6 Hz, 1H), 4.44 (dd, J  = 5.9 Hz, J = 5.9 

Hz, 1H), 3.7 - 4.0 (m, 7H), 3.1 - 3.6 (m, 10H), 2.42 (ddd, J  = 12.5 Hz, J = 4.3 Hz, J  = 4.3 Hz, 1H), 

1.92 (s, 12H), 1.8 - 2.0 (m, 3H), 1.23 (d, J  = 6.3 Hz, 3H); 13C NMR (68 M Hz, D2O) (acetate salt) 
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δ 178.5 (s), 102.6 (s), 96.3 (s), 84.1 (s), 82.4 (d, JCF  = 157.8 Hz), 80.7 (s), 76.1 (s), 74.4 (s), 73.2 

(s), 73.1 (s), 72.9 (s), 70.6 (s), 69.6 (s), 69.1 (d, JCF = 5.2 Hz), 68.3 (s), 53.4 (s), 49.7 (s), 48.7 (s), 

40.0 (s), 30.5 (d, JCF = 19.2 Hz), 28.2 (s), 21.6 (s), 16.6 (s); MALDI Calcd for C21H45FN4O10Na 

[M+Na]+ m/e 551.2699; measure m/e 551.2719. 

 

5-O-(3-O-(3-O-(2-aminoethyl)-6-deoxy-ββ -D-glucopyranosyl)-n-propyl)-6-deoxy-ββ -D-gluco-

pyranosyl)neamine (TC045). Please refer to the procedure for the final synthesis. 1H NMR (270 

MHz, D2O) (acetate salt) δ 5.78 (d, J = 3.6 Hz, 1H), 4.99 (d, J = 7.9 Hz, 1H), 4.35 (m, 1H), 3.6 - 

4.0 (m, 10H), 3.1 - 3.5 (m, 17H), 2.43 (m, 1H), 1.94 (s, 15H), 1.8 - 2.0 (m, 3H), 1.24 (d, J  = 5.9 Hz, 

3H), 1.20 (d, J  = 5.9Hz, 3H); 13C NMR (68 MHz, D2O) (acetate salt) δ 178.2 (s), 102.6 (s), 102.1 

(s), 96.4 (s), 84.2 (s), 84.1 (s), 80.8 (s), 76.1 (s), 74.6 (s), 74.4 (s), 73.3 (s), 73.1 (s, 2 carbons), 72.9 

(s), 71.9 (s), 70.6 (s), 70.0 (s), 69.6 (s), 68.3 (s), 68.2 (s), 67.5 (s), 53.4 (s), 49.7 (s), 48.7 (s), 40.0 

(s), 39.7 (s), 29.7 (s), 28.2 (s), 21.4 (s), 16.7 (s), 16.6 (s); MALDI Calcd for C29H57N5O15Na 

[M+Na]+ m/e 738.3743; measure m/e 738.3786. 
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