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Synthesis 

3,4,6-tri-O-acetyl-2-N-acetyl- -D-glucosamine 

To a solution of per acetyl GlcNAc (1 g, 2.57 mmol) in THF (20 mL) was added benzylamine 

(700 μL, 6.43 mmol), and the mixture was stirred for 15 h at 20 °C. under nitrogen. The 

reaction mixture was then diluted with toluene and concentrated in vacuo. The residue was 

purified by silica-gel chromatography (EtOAc) to give the target compound (463 mg, 52%). 

 

Dibenzyl-3,4,6-tri-O-acetyl-2-N-acetyl- -D-glucosamine phosphate 

3,4,6-tri-O-acetyl-2-N-acetyl- -D-glucosamine (107 mg, 0.308 mmol) was dissolved in 

toluene and dried by azeotropy. To a solution of the residue in anhydrous CH2Cl2 (8 mL) was 

added 1H-tetrazole (80.8 mg, 1.15 mmol) under nitrogen. The mixture was cooled at -30 °C, 

and then dibenzyl-N,N-diethyl phosphamide (203 μL, 0.576 mmol) was added. After stirring 

for 30 min at -30 °C and for 1 h at 20 °C, the mixture was cooled at -40 °C. m-CPBA (324 mg, 

1.44 mmol) was then added and the reaction mixture was stirred for 30 min at 0 °C and for 30 

min at 20 °C.  The reaction mixture was diluted with CHCl3 and washed successively with 

10% aqueous Na2SO3, saturated aqueous NaHCO3 and water. The CHCl3 layer was dried over 

Na2SO4 and concentrated in vacuo. The residue was purified by silica-gel chromatography 

(EtOAc) to give the target compound (128 mg, 68%). 
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3,4,6-tri-O-acetyl-2-N-acetyl- -D-glucosamine phosphate (5) 

To a solution of dibenzyl-3,4,6-tri-O-acetyl-2-N-acetyl- -D-glucosamine phosphate (128 mg, 

0.211 mmol) in MeOH (10 mL) was added 10% Pd/C (catalytic amount). After stirring for 4 h 

at 20 °C. under hydrogen, the reaction mixture was filtered with celite. The filtrate was 

concentrated in vacuo, and the residue was dried under reduced pressure. The residue was 

purified by silica-gel chromatography (EtOAc/EtOH/water = 3:2:1) to give 5 (35.4 mg, 39%). 

 

2-N-levulinoyl-D-glucosamine (7) 

To a solution of glucosamine hydrochloride (4 g, 18.6 mmol) in H2O (20 mL) was added 

levulinic acid (1.90 mL, 18.6 mmol), and the mixture was neutralized with 1 M NaOH. 

DMT-MM (6.14 g, 22.32 mmol) was then added and the mixture was stirred for 30 h at 20 °C. 

The reaction mixture was then filtered and the filtrate was concentrated in vacuo. After drying 

under reduced pressure, the residue was subjected without further purification to the 

following reaction. 

 

1, 3, 4, 6-tetra-O-acetyl-2-N-levulinoyl- -D-glucosamine (4) 

The crude 7 was dissolved in pyridine (100 mL) and cooled to 0 °C, and acetic anhydride 

(53.0 mL, 560 mmol) was then added to the solution. After stirring for 22 h at 20 °C, the 

reaction mixture was evaporated and the residue was purified by silica-gel chromatography 

(CHCl3:MeOH = 50:1) to yield 4 (5.67 g, 27%). 

1
H-NMR (CDCl3, 500 MHz): =6.14 (d, J=3.7 Hz, 1H) (H-1), 5.96 (d, J=9.1 Hz, 1H) (NH), 

5.27 (t, J=10.2 Hz, 1H) (H-3), 5.18 (t, J=9.8 Hz, 1H) (H-4), 4.45-4.41 (m, 1H) (H-2), 4.25 (dd, 
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J=4.1, 12.5 Hz, 1H) (H-6), 4.06 (dd, J=2.2, 12.5 Hz, 1H) (H-6), 4.02-3.99 (m, 1H) (H-5), 

2.83-2.68 (m, 2H) (levulinic-CH2-), 2.34 (t, J=6.0 Hz, 2H) (levulinic-CH2-), 2.22 (s, 3H) 

(COCH3), 2.15 (s, 3H) (COCH3), 2.08 (m, 6H) (COCH3), 2.04 (s, 3H) (COCH3). 

 

3, 4, 6-tri-O-acetyl-2-N-levulinoyl- -D-glucosamine (8) 

Benzylamine (51.4 μL, 4.71 mmol) was added to a solution of (4) (1.40 g, 3.14 mmol) in THF 

(30 mL) and the mixture was stirred for 24 h at 20 °C. Then, the mixture was neutralized with 

ice-cooled 1N HCl and extracted with CHCl3.  After washing with water, the organic layer 

was dried with Na2SO4, filtered and concentrated by rotary evaporator.  The residue was 

purified by silica-gel chromatography (EtOAc) to yield 8 (703 mg, 56%). 

1
H-NMR (CDCl3, 500 MHz): =5.97 (d, J=9.0 Hz, 1H) (NH), 5.32 (t, J=10.2 Hz, 1H) (H-3), 

5.25 (t, J=3.6 Hz, 1H) (H-1), 5.11 (t, J=9.9 Hz, 1H) (H-4), 4.29-4.24 (m, 1H) (H-2), 4.24-4.19 

(m, 2H) (H-5), 4.15-4.11 (m, 1H) (H-6), 3.46 (d, J=3.6 Hz, 1H) (OH), 2.81-2.72 (m, 2H) 

(levulinic-CH2-), 2.38 (t, J=6.2 Hz, 2H) (levulinic-CH2-), 2.71 (s, 3H) (COCH3), 2.09 (s, 3H) 

(COCH3), 2.04 (m, 3H) (COCH3), 2.03 (s, 3H) (COCH3). 

 

Dibenzyl-3, 4, 6-tri-O-acetyl-2-N-levulinoyl- -D-glucosamine phosphate (9) 

To a solution of 8 (700 mg, 1.73 mmol) in CH2Cl2 (40 mL), 1H-tetrazole (484 mg, 6.92 

mmol) was added, and the mixture was cooled to -30 °C.  Then, dibenzyl-N, N-diethyl 

phosphamide (1.04 mL, 3.46 mmol) was added, stirred for 30 min at -30 °C and for an 

additional 1 h at r.t. After cooling the reaction mixture to -40 °C, m-CPBA (1.49 g, 8.65 

mmol) was added and stirred for 30 min at 0 °C and for an additional 30 min at 20 °C. After 
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dilution with CHCl3, the solution was washed successively with 10% aqueous sodium sulfite 

solution, sodium hydrogen carbonate, and water.  The organic layer was dried with Na2SO4, 

filtered, and then evaporated.  The residue was purified with silica-gel chromatography 

(EtOAc) to yield 9 (876 mg, 76%).  

1
H-NMR (CDCl3, 500 MHz): =7.39-7.34 (m, 10H) (aromatic), 5.81 (d, J=9.1 Hz, 1H) (NH), 

5.67 (dd, J=3.4, 5.7 Hz, 1H) (H-1), 5.20-5.04 (m, 6H) (H-3, H-4, Ph-CH2-), 4.39-4.33 (m, 1H) 

(H-2), 4.13 (dd, J=4.0, 12.5 Hz, 1H) (H-6), 4.03-3.97 (m, 1H) (H-5), 3.91 (dd, J=2.0, 12.5 Hz, 

1H) (H-6), 2.73 (ddd, J=5.3, 8.5, 18.5 Hz, 1H) (levulinic-CH2-), 2.52 (dt, J=5.8, 18.5 Hz, 1H) 

(levulinic-CH2-), 2.27-2.19 (m, 1H) (levulinic-CH2-), 2.19 (s, 3H) (COCH3), 2.12-2.02 (m, 

1H) (levulinic-CH2-), 2.05 (s, 3H) (COCH3), 2.02 (s, 3H) (COCH3), 2.00 (s, 3H) (COCH3). 

 

3, 4, 6-tri-O-acetyl-2-N-levulinoyl- -D-glucosamine phosphate (2) 

To a solution of 9 (860 mg, 1.30 mmol) in MeOH (10 mL), 10% Pd / C was added under a 

nitrogen atmosphere, and the mixture was stirred under a hydrogen atmosphere for 5 h.  The 

reaction mixture was then filtered with celite and evaporated.  The residue was purified 

using silica-gel chromatography to yield 2 (503 mg, 80%). 

1
H-NMR (MeOD-d4, 500 MHz): =5.48 (m, 1H) (H-1), 5.32 (t, J=10.2 Hz, 1H) (H-3), 5.07 (t, 

J=9.8 Hz, 1H) (H-4), 4.34 (d, J=10.3 Hz, 1H) (5-H), 4.28 (dd, J=2.8, 12.4 Hz, 1H) (H-6), 4.21 

(d, J=10.8 Hz, 1H) (H-2), 4.14 (d, J=11.8 Hz, 1H) (H-6), 2.78 (dt, J=7.2, 18.2 Hz, 1H) 

(levulinic-CH2-), 2.65 (dt, J=6.1, 18.2 Hz, 1H) (levulinic-CH2-), 2.52-2.37 (m, 2H) 

(levulinic-CH2-), 2.13 (s, 3H) (COCH3), 2.03 (s, 3H) (COCH3), 1.99 (s, 3H) (COCH3), 1.96 (s, 

3H) (COCH3); FAB MS: m/z: calcd for C17H25NO13P: 482.1069; found: 482.1064 [M - H]
-
. 

S6



2-N-levulinoyl- -D-glucosamine phosphate (1) 

To a solution of 2 (30 mg, 0.062 mmol) in MeOH : H2O = 9 : 1 (3 mL), K2CO3 (17 mg, 0.124 

mmol) was added and stirred for 12 h at 20 °C.  Purification was carried out with P-2 

Bio-Gel column chromatography to yield 1 (19 mg, 90%). 

1
H-NMR (D2O, 500 MHz): =5.34 (dd, J=3.1, 7.1 Hz, 1H) (H-1), 3.90-3.77 (m, 3H) (H-2, 

H-5, H-6), 3.76-3.70 (m, 2H) (H-3, H-6), 3.46 (t, J=9.6 Hz, 1H) (H-4), 2.80 (m, 2H) 

(levulinic-CH2-), 2.52 (m, 2H) (levulinic-CH2-), 2.17 (m, 3H) (COCH3). 

 

cycloSaligenyl-3, 4, 6-tri-O-Acetyl-2-N-levulinoyl- -D-glucosamine phosphate (3) 

To a solution of 8 (88 mg, 0.218 mmol) in CH2Cl2 (5 mL), DIEA (113 mL, 0.873 mmol) was 

added.  The solution was then cooled to -30 °C, and salicylchlorophosphane (81.9 mg, 0.436 

mmol) was added and stirred for 30 min at -30 °C and for an additional 30 min at 20 °C. The 

mixture was then cooled to -40 °C and tert-BuOOH 5-6 M solution in decane (80 mL) was 

added to the reaction mixture before stirring for 30 min at 0 °C.  The mixture was then 

purified with silica-gel chromatography (CHCl3:MeOH = 50:1) to yield 3 (68 mg, 55%, 

diastereomeric ratio 1.0:0.6 ). 

1
H-NMR (CDCl3, 500 MHz): =7.40-7.34 (m, 2H) (aromatic), 7.23-7.08 (m, 6H) (aromatic), 

6.07 (d, J=8.9 Hz, 1H) (NH), 6.01 (d, J=8.8 Hz, 1H) (NH) 5.85 (dd, J=3.2, 5.9 Hz, 1H) (H-1), 

5.78 (dd, J=3.2, 5.7 Hz, 1H) (H-1), 5.50-5.41 (m, 4H) (Ph-CH2), 5.26-5.31 (m, 4H) (H-3, 

H-4), 4.46-4.37 (m, 2H) (H-2), 4.24-4.15 (m, 2H) (H-6), 4.13-4.09 (m, 1H) (H-5), 4.07-4.03 

(m, 1H) (H-6), 3.95-3.90 (m, 2H) (H-5, H-6), 2.90-2.81 (m, 2H) (levulinic-CH2-), 2.72-2.62 

(m, 2H) (levulinic-CH2-), 2.47-2.30 (m, 4H) (levulinic-CH2-), 2.17 (s, 3H) (COCH3), 2.15 (s, 
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3H) (COCH3), 2.07-1.98 (m, 18H) (COCH3); ESI MS: m/z: calcd for C24H30NO13PNa: 

594.1352; found: 594.1365 [M + Na]
+
. 
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