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General 
 
For thin layer chromatography (TLC), Merck silica gel 60 F254 aluminum sheets were used. 
Flash column chromatography was performed using Yamazen silica gel flash column 
chromatography. 1H NMR and 13C NMR were recorded on a Bruker Avance 400. Proton 
chemical shifts are given in relative to the residual proton signals of the deuterated solvent in 
CD3OD (δ 3.31 ppm). Carbon chemical shifts were internally referenced to the deuterated 
solvent signals in CD3OD (δ 49.0 ppm). High-resolution mass spectra were recorded on a 
Thermo Scientific LTQ Orbitrap ESI ion trap mass spectrometer. Optical rotations were 
measured on a Jasco P2200 polarimeter. 
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1. Reaction of N-acetyl-D-mannosamine (1) with acetone 
 
Reaction using L-proline and N,N-diisopropylethylamine as catalyst (Table 1, entry 6)  
To a mixture of L-proline (24.0 mg, 0.209 mmol) in DMSO (1.0 mL), acetone (615 µL, 8.36 
mmol) and N,N-diisopropylethylamine (36.0 µL, 0.209 mmol) were added at room 
temperature (25 °C), and the mixture was stirred for 5 min.  To this mixture, N-acetyl-D-
mannosamine monohydrate (100.0 mg, 0.418 mmol) was added and the resulting mixture was 
stirred at the same temperature for 96 h.  The mixture was purified by silica gel flash column 
chromatography (CH2Cl2/MeOH = 92:8 to 84:16 over 10 min and 84:16 for 25 min) to give 
2a (72.8 mg, 62%). 
 
Reaction using L-proline and N,N-diisopropylethylamine as catalyst (two times size 
reaction of Table 1, entry 6) 
To a mixture of L-proline (48.0 mg, 0.418 mmol) in DMSO (1.0 mL), acetone (1.23 mL, 16.7 
mmol) and N,N-diisopropylethylamine (73.0 µL, 0.418 mmol) were added at room 
temperature (25 °C), and the mixture was stirred for 5 min.  To this mixture, N-acetyl-D-
mannosamine monohydrate (200.0 mg, 0.836 mmol) was added and the resulting mixture was 
stirred at the same temperature for 96 h.  The mixture was purified by silica gel flash column 
chromatography (CH2Cl2/MeOH = 92:8 to 84:16 over 10 min and 84:16 for 25 min) to give 
2a (131.0 mg, 60%). Compound 2a was crystallized from acetone. 
 
Reaction using L-proline, N,N-diisopropylethylamine, and cis-4-
hydroxycyclohexanecarboxylic acid as catalyst (Table 1, entry 12) 
A mixture of L-proline (24.0 mg, 0.209 mmol), DMSO (1.0 mL), acetone (615 µL, 8.36 
mmol), N,N-diisopropylethylamine (81.0 µL, 0.627 mmol), cis-4-
hydroxycyclohexanecarboxylic acid (60.0 mg, 0.418 mmol), and N-acetyl-D-mannosamine 
monohydrate (100.0 mg, 0.418 mmol) were stirred at room temperature (25 °C) for 48 h. The 
mixture was purified by silica gel flash column chromatography (CH2Cl2/MeOH = 90:10 to 
83:17 over 10 min and 83:17 for 25 min) to give 2a (51.0 mg, 44%). 
 
Reaction using pyrrolidine and boric acid as catalyst (Table 1, entry 18) 
A mixture of pyrrolidine (17.0 µL, 0.209 mmol), H3BO3 (26.0 mg, 0.416 mmol), DMSO (1.0 
mL), and acetone (615 µL, 8.36 mmol) was stirred at room temperature (25 °C) for 5 min.  To 
this mixture, N-acetyl-D-mannosamine monohydrate (100.0 mg, 0.418 mmol) was added and 
the resulting mixture was stirred at the same temperature for 24 h. The mixture was purified 
by silica gel flash column chromatography (CH2Cl2/MeOH = 92:8 to 83:17 over 10 min and 
83:17 for 25 min) to give 2b (62.6 mg, 53%). 
 
Transformation of 2a to 2b under the pyrrolidine-boric acid conditions  
To a solution of 2a (30.0 mg, 0.115 mmol) in DMSO (100 µL) was added H3BO3 (7.0 mg, 
0.115 mmol) followed by pyrrolidine (5.0 µl, 0.57 mmol) at room temperature (25 °C), and 
the resulting mixture was stirred at the same temperature. Initially, the mixture was a clear 
colorless solution. After 1 h, the reaction mixture turned to pale yellow and the TLC analysis 
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showed that 2a was consumed and 2b was formed.  The mixture was purified silica gel flash 
column chromatography (CH2Cl2/MeOH = 92:8 to 83:17 over 10 min and 83:17 for 25 min) 
to give 2b (18.0 mg, 60%).  
 
When compound 2a was treated with pyrrolidine alone or H3BO3 alone in DMSO at room 
temperature (25 °C) under the same conditions, no changes of 2a was detected after 1 h.  
 
Compound 2a 
N-((2R,3S,4R,5S)-5-((R)-1,2-dihydroxyethyl)-4-hydroxy-2-(2-oxopropyl)tetrahydrofuran-3-
yl)acetamide 

O

O

HO

HO

HO NHAc

HH

	
  
Rf = 0.32 (CH2Cl2/MeOH = 5:1). 
Colorless crystals (crystallized from acetone); mp 157 °C. [α]D

25 +59.3 (c 1.04, MeOH).  1H 
NMR (400MHz, CD3OD): δ 4.26 (dd, J = 4.0 Hz, 3.2 Hz, 1H), 4.23 (ddd, J = 9.6 Hz, 6.4 Hz, 
5.2 Hz, 1H), 4.17 (dd, J = 9.6 Hz, 4.0 Hz, 1H), 3.94 (dd, J = 8.4 Hz, 3.2 Hz, 1H), 3.88 (ddd, J 
= 8.4 Hz, 6.0 Hz, 3.2 Hz, 1H), 3.73 (dd, J = 11.6 Hz, 3.2 Hz, 1H), 3.56 (dd, J = 11.6 Hz, 6.0 
Hz, 1H), 2.704 (d, J = 6.4 Hz, 1H), 2.702 (d, J = 5.2 Hz, 1H), 2.17 (s, 3H), 1.99 (s, 3H). 13C 
NMR (100 MHz, CD3OD): δ 209.8, 173.6, 82.1, 77.3, 72.2, 71.4, 64.9, 59.0, 48.4, 30.6, 22.6. 
HRMS (ESI): calcd for C11H20NO6 ([M + H]+) 262.1285, found 262.1273. 
 

	
  
X-ray crystal structure of 2a (CCDC 1422504) 

 
Compound 2bS1, S2 
N-((2S,3S,4R,5S,6R)-4,5-dihydroxy-6-(hydroxymethyl)-2-(2-oxopropyl)tetrahydro-2H-pyran-
3-yl)acetamide 

O

NHAc
OH

HO

HO
O
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Rf = 0.27 (CH2Cl2/MeOH = 5:1). 

Colorless gum. [α]D
25 –29.0 (c 1.00, MeOH). Lit. [α]D –28.5 (c 0.45, H2O).S2 1H NMR 

(400MHz, CD3OD): δ 4.30 (dd, J = 4.4 Hz, 1.2 Hz, 1H), 4.03 (ddd, J = 7.2 Hz, 5.2 Hz, 1.2 Hz, 
1H), 3.78 (d, J = 3.6 Hz, 2H), 3.69 (dd, J = 9.6 Hz, 4.4 Hz, 1H), 3.50 (t, J = 9.6 Hz, 1H), 3.22 
(dt, J = 9.6 Hz, 3.6 Hz, 1H), 2.65 (dd, J = 17.2 Hz, 7.2 Hz, 1H), 2.54 (dd, J = 17.2 Hz, 5.2 Hz, 
1H), 2.14 (s, 3H), 2.05 (s, 3H). 13C NMR (400 MHz, CD3OD): δ 208.6, 174.5, 82.3, 75.1, 
74.8, 68.3, 62.2, 54.1, 45.9, 30.4, 22.6. HRMS (ESI): calcd for C11H20NO6 ([M + H]+) 
262.1285, found 262.1275. 
 
 
2. Reaction of N-acetyl-D-glucosamine (5) with acetone 
 
Reaction using L-proline and N,N-diisopropylethylamine as catalyst (Table 2, entry 4) 
A mixture of D-proline (78.0 mg, 0.68 mmol), DMSO (3.0 mL), acetone (1.99 mL, 27.1 
mmol), and N,N-diisopropylethylamine (118 µL, 0.68 mmol) was stirred at room temperature 
(25 °C) for 5 min. To this mixture, N-acetyl-D-glucosamine (300 mg, 1.36 mmol) was added 
and the resulting mixture was stirred at the same temperature for 96 h.  The mixture was 
purified by silica gel flash column chromatography (CH2Cl2/MeOH = 90:10 to 83:17 over 10 
min and 83:17 for 25 min) to give a mixture of 6a and 6b (7.7 mg, 2%).  
 
Because the reactions of N-acetyl-D-mannosamine (1) to give 2 (Table 1) were performed 
using N-acetyl-D-mannosamine monohydrate, the reaction of N-acetyl-D-glucosamine (5) 
described in Table 2, entry 4 was also performed with addition of H2O (1 equiv to 5; H2O was 
premixed with 5 prior to the addition to the reaction mixture). No improvement in the product 
formation in this reaction was observed. 
 
Reaction using pyrrolidine and boric acid (1 equiv) as catalyst (Table 2, entry 6)  
A mixture of pyrrolidine (111 µL, 1.36 mmol), H3BO3 (168.0 mg, 2.71 mmol), DMSO (6.0 
mL), acetone (3.99 mL, 54.3 mmol), and N-acetyl-D-glucosamine (600 mg, 2.71 mmol) was 
stirred at room temperature (25 °C) for 24 h.  The mixture was purified by silica gel flash 
column chromatography  (CH2Cl2/MeOH = 86:14 to 78:22 over 10 min and 78:22 for 25 min) 
to give 6a (156.0 mg, 22%, 6a-1/6a-2 = 1:3). 
 
Reaction using pyrrolidine and boric acid (2 equiv) as catalyst (Table 2, entry 7) 
A mixture of pyrrolidine (19.0 µL, 0.23 mmol), H3BO3 (56.0 mg, 0.90 mmol), DMSO (1.0 
mL), acetone (0.66 mL, 9.0 mmol), and N-acetyl-D-glucosamine (100 mg, 0.45 mmol) was 
stirred at room temperature (25 °C) for 24 h. The mixture was purified by silica gel flash 
column chromatography (CH2Cl2/MeOH = 86:14 to 78:22 over 10 min and 78:22 for 25 min) 
to give 6b (79.0 mg, 66%).  
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Compound 6a-1 
N-((2R,3R,4R,5S)-5-((R)-1,2-dihydroxyethyl)-4-hydroxy-2-(2-oxopropyl)tetrahydrofuran-3-
yl)acetamide 

O

O

HO

HO

HO NHAc

H

	
  
Rf = 0.30 (CH2Cl2/MeOH = 5:1). 

Colorless oil (6a-1:6a-2 = 3:1). 1H NMR (400MHz, CD3OD) (6a-1 extracted from 6a-1:6a-2 
= 3:1): δ 4.15 (dd, J = 4.0 Hz, 2.0 Hz, 1H), 4.04 (dt, J = 8.0 Hz, 2.0 Hz, 1H), 3.92-3.87 (m, 
2H), 3.76 (dd, J = 8.4 Hz, 4.0 Hz, 1H), 3.74 (dd, J = 3.2 Hz, 1.2 Hz, 1H), 3.58 (dd, J = 11.2 
Hz, 5.6 Hz, 1H), 2.94 (dd, J = 16.8 Hz, 8.0 Hz, 1H), 2.84 (dd, J = 11.2 Hz, 5.6 Hz, 1H), 2.94 
(dd, J = 16.8 Hz, 8.0 Hz, 1H), 2.84 (dd, J = 16.8 Hz, 4.8 Hz, 1H), 2.16 (s, 3H), 1.96 (s, 3H). 
13C NMR (100 MHz, CD3OD): δ 209.6, 173.2, 82.2, 80.5, 77.7, 71.2, 65.1, 64.1, 49.1, 30.5, 
22.5. HRMS (ESI) (6a-1:6a-2 = 3:1): calcd for C11H20NO6 ([M + H]+) 262.1285, found 
262.1275. 
 
Compound 6a-2 
N-((2S,3R,4R,5S)-5-((R)-1,2-dihydroxyethyl)-4-hydroxy-2-(2-oxopropyl)tetrahydrofuran-3-
yl)acetamide 

O

O

HO

HO

HO NHAc

H

	
  
Rf = 0.24 (CH2Cl2/MeOH = 5:1).  
Colorless oil (6a-1:6a-2 = 1:1). 1H NMR (400MHz, CD3OD) (6a-2 extracted from 6a-1:6a-2 
= 1:1): δ 4.63 (ddd, J = 8.4 Hz, 5.6 Hz, 4.4 Hz, 1H), 4.32 (dd, J = 4.4 Hz, 1.2 Hz, 1H), 4.18 
(dd, J = 3.6 Hz, 1.2 Hz, 1H), 3.94-3.89 (m, 2H), 3.75 (dd, J = 11.2 Hz, 3.0 Hz, 1H), 3.58 (dd, 
J = 11.2 Hz, 5.6 Hz, 1H), 2.73 (dd, J = 16.4 Hz, 8.4 Hz, 1H), 2.60 (dd, J = 16.4 Hz, 5.6 Hz, 
1H), 2.16 (s, 3H), 1.97 (s, 3H). 13C NMR (100 MHz, CD3OD) (6a-2 extracted from 6a-1:6a-2 
= 1:1): δ 209.1, 173.2, 81.0, 77.3, 76.2, 71.1, 65.4, 60.6, 44.4, 30.4, 22.4. HRMS (ESI) (6a-
1:6a-2 = 1:1): calcd for C11H20NO6 ([M + H]+) 262.1285, found 262.1291. 
 
Compound 6bS1,S3 
N-((2S,3R,4R,5S,6R)-4,5-dihydroxy-6-(hydroxymethyl)-2-(2-oxopropyl)tetrahydro-2H-pyran-
3-yl)acetamide 

O

NHAc
OH

HO

HO
O

	
  
Rf = 0.22 (CH2Cl2/MeOH = 5:1). 
Colorless crystals (crystallized from CH2Cl2-MeOH); mp 141 °C. 1H NMR (400MHz, 
CD3OD): δ 3.80 (dd, J = 12.0 Hz, 2.4 Hz, 1H), 3.75 (ddd, J = 9.6 Hz, 8.0 Hz, 4.0 Hz, 1H), 
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3.63 (dd, J = 12.0 Hz, 5.6 Hz, 1H), 3.62 (t, J = 9.6 Hz, 1H), 3.40 (dd, J = 9.6 Hz, 8.4 Hz, 1H), 
3.32 (dd, J = 9.6 Hz, 8.4 Hz, 1H), 3.22 (ddd, J = 9.6 Hz, 5.6 Hz, 2.4 Hz, 1H), 2.67 (dd, J = 
16.4 Hz, 8.0 Hz, 1H), 2.60, (dd, J = 16.4 Hz, 8.0 Hz, 1H), 2.16, (s, 3H), 1.96 (s, 3H). 13C 
NMR (100 MHz, D2O): δ 209.6, 173.8, 81.7, 77.1, 76.3, 72.2, 62.8, 56.7, 47.3, 30.6, 22.8. 
HRMS (ESI): calcd for C11H19NO6Na ([M + Na]+) 284.1110, found 284.1105. 
 

	
  
X-ray crystal structure of 6b (CCDC 1422505) 

 
 
3. Reaction of N-valeryl-D-glucosamine (7) with acetone 
 
Reaction using D-proline and N,N-diisopropylethylamine as catalyst (Scheme 4)  
To a mixture of D-proline (22.0 mg, 0.19 mmol) in DMSO (1.0 mL), acetone (558 µL, 7.6 
mmol) and N,N-diisopropylethylamine (33.0 µL, 0.19 mmol) were added at room temperature 
(25 °C), and the mixture was stirred for 5 min.  To this mixture, N-valeryl-D-glucosamine 
(100.0 mg, 0.38 mmol) was added and the resulting mixture was stirred at the same 
temperature for 96 h.  The mixture was purified by silica gel flash column chromatography 
(CH2Cl2/MeOH = 90:10 to 83:17 over 10 min and 83:17 for 25 min) to give 8a (13.8 mg, 
12%). 
 
Reaction using pyrrolidine and boric acid as catalyst (Scheme 4) 
A mixture of pyrrolidine (16.0 µL, 0.19 mmol), H3BO3 (23.0 mg, 0.38 mmol), DMSO (1.0 
mL), and acetone (559 µL, 7.6 mmol) was stirred at room temperature (25 °C) for 5 min.  To 
this mixture, N-valeryl-D-glucosamine (100.0 mg, 0.38 mmol) was added and the resulting 
mixture was stirred at the same temperature for 24 h.  The mixture was purified by silica gel 
flash column chromatography (CH2Cl2/MeOH = 90:10 to 83:17 over 10 min and 83:17 for 25 
min) to give 8b (85.1 mg, 74%). 
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Compound 8a 

O

O

HO

HO

HO NH

H

O 3 	
  
Rf = 0.49 (CH2Cl2/MeOH = 5:1). 
Colorless gum. 1H NMR (400MHz, CD3OD): δ 4.64 (ddd, J = 8.0 Hz, 5.4 Hz, 4.4. Hz, 1H), 
4.34 (dd, 4.4.Hz, 1.2 Hz, 1H), 4.16 (dd, J = 3.6 Hz, 1.2 Hz, 1H), 3.92 (dd, J = 8.4 Hz, 3.6 Hz, 
1H), 3.88 (ddd, J = 8.4 Hz, 5.6 Hz, 3.2 Hz, 1H), 3.76 (dd, J = 11.2 Hz, 3.2 Hz, 1H), 3.58 (dd, 
J = 11.2 Hz, 5.6 Hz, 1H), 2.73 (dd, 1H, J = 16.4 Hz, 8.0 Hz, 1H), 2.59 (dd, J = 16.4 Hz, 5.4 
Hz, 1H), 2.28-2.20 (m, 2H), 2.16 (s, 3H), 1.64-1.55 (m, 2H), 1.40-1.30 (m, 2H), 0.96-0.92 (m, 
3H). 13C NMR (100 MHz, CD3OD): δ 209.0, 176.3, 81.0, 77.4, 76.2, 71.2, 65.5, 60.5, 44.5, 
36.5, 30.4, 29.3, 23.4, 14.1. HRMS (ESI): calcd for C14H26NO6 ([M + H]+) 304.1755, found 
304.1760. 
 
Compound 8b 

O

N
HOH

HO
O O

3

OH

	
  
Rf = 0.42 (CH2Cl2/MeOH = 5:1).  
Pale yellow solid. 1H NMR (400MHz, CD3OD): δ 3.80 (dd, J = 12.0 Hz, 2.4 Hz, 1H), 3.75 
(ddd, J = 10.0 Hz, 8.4 Hz, 3.2 Hz, 1H), 3.63 (dd, J = 10.0 Hz, 9.6 Hz, 1H), 3.63 (dd, J = 12.0 
Hz, 5.2 Hz, 1H), 3.40 (dd, J = 10.0 Hz, 8.4 Hz, 1H), 3.31 (dd, J = 10.0 Hz, 8.4 Hz, 1H), 3.22 
(ddd, J = 9.6 Hz, 5.2 Hz, 2.4 Hz, 1H), 2.67 (dd, J = 16.4 Hz, 8.4 Hz, 1H), 2.57 (dd, J = 16.4 
Hz, 3.2 Hz, 1H), 2.21 (dt, J = 2.4 Hz, 7.6 Hz, 2H), 2.16 (s, 3H), 1.63-1.55 (m, 2H), 1.40-1.31 
(m, 2H), 0.93 (t, J = 7.6 Hz, 3H). 13C NMR (100 MHz, CD3OD): δ 209.5, 176.8, 81.7, 77.1, 
76.3, 72.3, 62.9, 56.5, 47.3, 37.1, 30.7, 29.0, 23.4, 14.1. HRMS (ESI): calcd for C14H26NO6 
([M + H]+) 304.1755, found 304.1756. 
 
 
4. Reaction of N-acetyl-D-galactosamine (9) with acetone 
 
Reaction using L-proline and N,N-diisopropylethylamine as catalyst in MeOH (Scheme 
6) 
A mixture of D-proline (26.0 mg, 0.23 mmol), MeOH (1.0 mL), acetone (660 µL, 9.0 mmol), 
N,N-diisopropylethylamine (39.0 µL, 0.23 mmol), and N-acetyl-D-galactosamine (100 mg, 
0.45 mmol) was stirred at room temperature (25 °C) for 24 h.  The mixture was purified by 
silica gel flash column chromatography (CH2Cl2/MeOH = 91:9 to 84:16 over 10 min and 
84:16 for 25 min) to give 10a (103 mg, 88%, 10a-1:10a-2 = 1:1). 
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Reaction using D-proline and N,N-diisopropylethylamine as catalyst in DMSO 
A mixture of D-proline (16.0 mg, 0.14 mmol), DMSO (1.0 mL), acetone (398 µL, 5.4 mmol), 
diisopropylethylamine (24.0 µL, 0.14 mmol), and N-acetyl-D-galactosamine (60.0 mg, 0.27 
mmol) was stirred at room temperature (25 °C) for 24 h.  The mixture was purified by silica 
gel flash column chromatography  (CH2Cl2/MeOH = 91:9 to 84:16 over 10 min and 84:16 for 
25 min) to give 10a (19.0 mg, 26%, 10a-1:10a-2 = 1.4:1). 
 
Reaction using D-proline and N,N-diisopropylethylamine as catalyst in MeOH at 60 °C 
(Scheme 6) 
A mixture of D-proline (26.0 mg, 0.23 mmol), MeOH (1.0 mL), acetone (0.66 mL, 9.0 mmol), 
N,N-diisopropylethylamine (39.0 µL, 0.23 mmol), and N-acetyl-D-galactosamine (100 mg, 
0.45 mmol) was stirred at 60 °C for 24 h.  The mixture was purified by silica gel flash column 
chromatography (CH2Cl2/MeOH = 91:9 to 84:16 over 10 min and 84:16 for 25 min) to give 
10b (38.0 mg, 32%).  
 
Reaction using pyrrolidine and boric acid as catalyst at 25 °C 
A mixture of pyrrolidine (19.0 µL, 0.23 mmol), H3BO3 (28.0 mg, 0.45 mmol), DMSO (1.0 
mL), acetone (0.66 mL, 9.0 mmol), and N-acetyl-D-galactosamine (100 mg, 0.45 mmol) was 
stirred at room temperature (25 °C) for 24 h.  The mixture was purified by silica gel flash 
column chromatography (CH2Cl2/MeOH = 91:9 to 84:16 over 10 min and 84:16 for 25 min) 
to give 10a-1 (17.0 mg, 15%) and 10a-2 (17.0 mg, 15%), 10b (7.0 mg, 6%). 
 
Compound 10a-1 

O

O

HO

HO

HO NHAc

H

	
  
Rf = 0.29 (CH2Cl2/MeOH = 5:1). 
Colorless gum. [α]D

25 +7.1 (c 0.17, MeOH). 1H NMR (400MHz, CD3OD): δ 4.46 (ddd, J = 
8.0 Hz, 5.2 Hz, 4.4 Hz, 1H), 4.21 (dd, J = 4.4 Hz, 2.0 Hz, 1H), 4.08 (dd, J = 3.6 Hz, 2.0 Hz, 
1H), 3.75 (dd, J = 3.6 Hz, 2.4 Hz, 1H), 3.73 (ddd, J = 6.8 Hz, 5.6 Hz, 2.4 Hz, 1H), 3.60 (dd, J 
= 10.8 Hz, 5.6 Hz, 1H), 3.57 (dd, J = 10.8 Hz, 6.8 Hz, 1H), 2.71 (dd, J = 16.8 Hz, 8.0 Hz, 1H), 
2.61 (dd, J = 16.8 Hz, 5.2 Hz, 1H), 2.16 (s, 3H), 1.97 (s, 3H). 13C NMR (100 MHz, CD3OD): 
δ 209.0, 172.6, 86.4, 79.2, 77.1, 72.6, 64.4, 60.2, 44.2, 30.3, 22.7. HRMS (ESI): calcd for 
C11H20NO6 ([M + H]+) 262.1285, found 262.1275. 
 
Compound 10a-2 

O

O

HO

HO

HO NHAc

H

	
  
Rf = 0.25 (CH2Cl2/MeOH = 5:1). 
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Colorless gum. [α]D
25 –10.5 (c 0.38, MeOH). 1H NMR (400MHz, CD3OD): δ 4.19 (t, J = 7.2 

Hz, 1H), 4.14 (ddd, J = 7.2 Hz, 6.8 Hz, 4.4 Hz, 1H), 4.09 (dd, J = 7.2 Hz, 6.8 Hz, 1H), 3.83 
(dd, J = 7.2 Hz, 2.8 Hz, 1H), 3.65 (ddd, J = 6.8 Hz, 5.6 Hz, 2.8 Hz, 1H), 3.58 (d, J = 5.6 Hz, 
1H), 3.58 (d, J = 6.8 Hz, 1H), 2.84 (dd, J = 16.8 Hz, 7.2 Hz, 1H), 2.79 (d, J = 16.8 Hz, 4.4 Hz, 
1H), 2.17 (s, 3H), 1.96 (s, 3H). 13C NMR (100 MHz, CD3OD): δ 209.9, 173.8, 83.8, 78.8, 
76.6, 72.6, 64.4, 62.4, 48.6, 30.6, 22.7. HRMS (ESI): calcd for C11H20NO6 ([M + H]+) 
262.1285, found 262.1288. 
 
Compound 10bS1 

O

NHAc
OH

HO
O

HO

	
  
Rf = 0.21 (CH2Cl2/MeOH = 5:1).  
Colorless solid. [α]D

25 +19.4 (c 0.73, MeOH). 1H NMR (400MHz, CD3OD): δ 3.91 (t, J = 
10.4 Hz, 1H), 3.87 (dd, J = 3.2 Hz, 0.8 Hz, 1H), 3.70 (ddd, J = 10.4 Hz, 8.8 Hz, 3.2 Hz, 1H), 
3.663 (d, J = 6.8 Hz, 1H), 3.661 (d, J = 5.6 Hz, 1H), 3.53 (dd, J = 10.4 Hz, 3.2 Hz, 1H), 3.45 
(ddd, J = 6.8 Hz, 5.6 Hz, 0.8 Hz, 1H), 2.72 (dd, J = 16.6 Hz, 8.8 Hz, 1H), 2.62 (dd, J = 16.6 
Hz, 3.2 Hz, 1H), 2.16 (s, 3H), 1.96 (s, 3H). 13C NMR (100 MHz, CD3OD): δ 209.7, 174.1, 
80.2, 76.7, 74.0, 70.0, 62.6, 53.2, 47.3, 30.7, 22.9. HRMS (ESI): calcd for C11H20NO6 ([M + 
H]+) 262.1285, found 262.1289. 
 
 
5. Reaction of N-acetyl-D-glucosamine (5) with methoxyacetone 
 
Reaction of N-acetyl-D-glucosamine (5) with methoxyacetone using pyrrolidine and 
boric acid as catalyst (Scheme 7) 
A mixture of H3BO3 (28.0 mg, 0.45 mmol) and N-acetyl-D-glucosamine (100 mg, 0.45 mmol) 
in DMSO (1.0 mL) was stirred at room temperature (25 °C) for 15 min. To the mixture, 
methoxyacetone (0.83 mL, 9.0 mmol) and pyrrolidine (19.0 µL, 0.23 mmol) were added and 
the resulting mixture was stirred at the same temperature for 36 h. The mixture was purified 
by silica gel flash column chromatography (CH2Cl2/MeOH = 86:14 to 79:21 over 10 min and 
79:21 for 25 min) to give 11 (86.0 mg, 66%, α-isomer:β-isomer =1:1).  
 
Compound 11 

O

NHAc
OH

HO

HO
O

OMe

	
  
Rf = 0.32 (a 1:1 mixture of α- and β-isomers, CH2Cl2/MeOH = 5:1).  

Colorless gum. 1H NMR (400MHz, CD3OD) (α-isomer:β-isomer =1:1): δ 4.68-4.62 (m, 1H x 
1/2), 4.34-4,31 (m, 1H x 1/2), 4.19-4.03 (m, 2H + 1H +1H x 1/2), 3.95-3.71 (m, 3H + 1H x 
1/2), 3.61-3.55 (m, 1H), 3.38 (s, 3H), 2.92 (dd, J = 16.2 Hz, 8.4 Hz, 1H x 1/2), 2.77 (dd, J = 
16.2 Hz, 4.4 Hz, 1H x 1/2), 2.72 (dd, J = 16.2 Hz, 8.4 Hz, 1H x 1/2), 2.77 (dd, J = 16.2 Hz, 
5.4 Hz, 1H x 1/2), 1.98 (s, 3H x 1/2), 1.96 (s, 3H x 1/2). 13C NMR (100 MHz, CD3OD) (α-
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isomer:β-isomer =1:1): δ 208.5, 208.2, 173.2, 82.2, 81.0, 80.3, 78.7, 78.5, 77.6, 77.2, 76.1, 
71.2, 71.1, 65.4, 65.1, 64.1, 60.6, 59.5, 44.7, 40.0, 22.5, 22.4. HRMS (ESI): calcd for 
C12H22NO7 ([M + H]+) 292.1391, found 262.1394. 
 
 
6. Allylation reaction of 2a 
 
Allylation reaction of 2a with allyl bromide and indium (Scheme 8) 
To a solution of 2a (50.0 mg, 0.191 mmol) in DMF (4.0 mL) and water (0.5 mL) were added 
allyl bromide (165 µL, 1.91 mmol) and In (22.0 mg, 0.191 mmol) at room temperature (25°C). 
The resulting mixture was stirred at the same temperature for 18 h. The mixture was purified 
by silica gel flash column chromatography (CH2Cl2/MeOH = 95:5 to 88:12 over 10 min and 
88:12 for 25 min) to give 12 (100.3 mg, 88%). 
 
Compound 12 

O
HO

HO

NHAcHO

H

HO
	
  

Colorless gum. 1H NMR (400MHz, CD3OD): δ 5.95-5.81(m, 1H), 5.09-5.02 (m, 2H), 4.27-
4.21 (m, 1H), 4.12-4.05 (m, 2H), 3.95-3.85 (m, 2H), 3.78-3.73 (m, 1H), 3.59 (dd, J = 11.4 Hz, 
5.4 Hz, 1H), 2.35-2.19 (m, 2H), 2.00 (s, 3H), 1.74-1.61 (m, 2H), 1.19 (s, 3H). 13C NMR (100 
MHz, CD3OD): δ 173.5, 135.9, 135.7, 118.1, 118.0, 82.1, 82.0, 77.8, 77.6, 72.9, 72.8, 71.6, 
71.44, 71.40, 65.10, 65.07, 60.0, 47.6, 45.9, 45.7, 27.5, 27.0, 22.6. HRMS (ESI): calcd for 
C14H26NO6 ([M + H]+) 304.1755, found 304.1760.  
 
 
7. Reaction of N-acetyl-D-mannosamine (1) with methoxyacetone 
A mixture of L-proline (24.0 mg, 0.21 mmol), DMSO (1.0 mL), methoxyacetone (78 µL, 8.4 
mmol), N,N-diisopropylethylamine (36.0 µL, 0.21 mmol), and N-acetyl-D-mannosamine 
monohydrate (100.0 mg, 0.42 mmol) was stirred at room temperature (25 °C) for 24 h.  The 
mixture was purified by silica gel flash column chromatography (CH2Cl2/MeOH = 90:10 to 
83:17 over 10 min and 83:17 for 25 min) to give compound 13 (11.0 mg, 8.8%).  
 
Compound 13 

O

O

HO

HO

HO NHAc

HH
OMe

	
  
Rf = 0.38 (CH2Cl2/MeOH = 5:1).  
Colorless gum. 1H NMR (400MHz, CD3OD): δ 4.32-4.18 (m, 3H), 4.14 (s, 2H), 3.94 (dd, J = 
8.0 Hz, 3.2 Hz, 1H), 3.87 (ddd, J = 8.0 Hz, 5.6 Hz, 3.2 Hz, 1H), 3.72 (dd, J = 11.2 Hz, 3.2 Hz, 
1H), 3.56 (dd, J = 11.2 Hz, 5.6 Hz, 1H), 3.38 (s, 3H), 2.70 (dd, J = 16.0 Hz, 7.2 Hz, 1H), 2.63 
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(dd, J = 16.0 Hz, 3.2 Hz, 1H), 1.99 (s, 3H). 13C NMR (100 MHz, CD3OD): δ 208.6, 173.6, 
82.2, 78.8, 77.3, 72.2, 71.4, 64.9, 59.4, 59.1, 43.9, 22.6. HRMS (ESI): calcd for C12H22NO7 
([M + H]+) 292.1391, found 262.1397. 
 
 
8. Reaction of 2a with sulfonyl hydrazide  
To a solution of 2a (50.0 mg, 0.19 mmol) in DMSO (1.0 mL) was added p-toluenesulfonyl 
hydrazide (46.0 mg, 0.25 mmol) at room temperature (25 °C) and the mixture was stirred at 
40°C for 16 h. The mixture was purified by silica gel flash column chromatography 
(CH2Cl2/MeOH = 93:7 to 85:15 over 10 min and 85:15 for 25 min) to give 14a (15.4 mg, 
19%) and 14b (41.5 mg, 50%). 
 
Compound 14 (14a and 14b) 

O N

HO

HO

HO NHAc

HH
N
H
S

O O

	
  
 
Compound 14a 
Rf = 0.44 (CH2Cl2/MeOH 8:1). 
Colorless gum. 1H NMR (400MHz, CD3OD): δ 7.80 (d, J = 8.2 Hz, 2H), 7.37 (d, J = 8.2 Hz, 
2H), 4.24 (t, J = 3.2 Hz, 1H), 4.09 (dd, J = 9.6 Hz, 3.2 Hz, 1H), 4.05 (ddd, J = 9.6 Hz, 7.6 Hz, 
2.8 Hz, 1H), 3.92 (dd, J = 8.4 Hz, 3.2 Hz, 1H), 3.83 (ddd, J = 8.4 Hz, 6.2 Hz, 3.0 Hz, 1H), 
3.70 (dd, J = 11.4 Hz, 3.0 Hz, 1H), 3.53 (dd, J = 11.4 Hz, 6.2 Hz, 1H), 2.55 (dd, J = 14.8 Hz, 
7.6 Hz, 1H), 2.49 (dd, J = 14.8 Hz, 2.8 Hz, 1H), 2.43 (s, 3H), 2.01 (s, 3H), 1.92 (s, 3H). 13C 
NMR (100 MHz, CD3OD): δ 173.7, 158.9, 145.2, 137.3, 130.5, 129.1, 82.3, 78.9, 71.8, 71.4, 
65.0, 59.0, 36.1, 24.0, 22.6, 21.5. HRMS (ESI): calcd for C18H28N3O7S ([M + H]+) 430.1642, 
found 430.1596. 
 
Compound 14b 
Rf = 0.31 (CH2Cl2/MeOH 8:1). 
Colorless gum. 1H NMR (400MHz, CD3OD): δ 7.80 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.4 Hz, 
2H), 4.25 (m, 1H), 4.10-4.02 (m, 2H), 3.84-3.77 (m, 2H), 3.68-3.62 (m, 1H), 3.50-3.45 (m, 
1H), 2.49-2.34 (m, 2H), 2.42 (s, 3H), 2.42 (s,), 1.99 (s, 3H), 1.85 (s, 3H). 13C NMR (100 MHz, 
CD3OD): δ 173.7, 159.0, 145.2, 137.4, 130.5, 129.0, 81.8, 78.7, 72.0, 71.4, 65.0, 59.5, 43.3, 
22.7, 21.5, 17.3. HRMS (ESI): calcd for C18H28N3O7S ([M + H]+) 430.1642, found 430.1599. 
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