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Experimental Procedures 

Benzyl 2-acetamido-4,6-O-benzylidene-2-deoxy--D-glucopyranoside (1a) 
     The compound 1a was prepared from D-(+)-glucosamine by a variation of the known procedures.1 
Sodium methoxide (32.6 g, 0.60 mol) was added to a suspension of D-(+)-glucosamine hydrochloride 
(100 g, 0.46 mol) in MeOH (1 L), and the mixture was stirred for 30 min at 40 °C. After addition of 
acetic anhydride (79 mL, 0.83 mol), the resulting suspension was stirred vigorously for 22 h at 40 °C, 
and then cooled to 0 °C. After filtration of the reaction mixture, the filtered white solid was washed with 
cold MeOH and dried to afford N-acetyl D-glucosamine (100 g, 97%) as a white powder. 
     Acetyl chloride (27.4 mL, 0.39 mol) was slowly added to a suspension of N-acetyl D-glucosamine 
(85 g, 0.39 mol) in anhydrous benzyl alcohol (300 mL) under nitrogen atmosphere. The suspension was 
stirred at room temperature for 2 h, heated to 50 °C for 4 h, and then cooled to room temperature. The 
resulting yellow solution was slowly poured onto Et2O (3 L) in ice-water bath, and the mixture was 
vigorously stirred for 2 h at 0 °C. The precipitate was recovered by filtration and dried under vacuum to 
afford benzyl 2-acetamido-2-deoxy--D-glucopyranoside (113 g, 94%) as a white solid. 
     Benzaldehyde dimethylacetal (58 mL, 0.39 mol) and p-toluenesulfonic acid monohydrate (1.8 g, 9.6 
mmol) were added to a solution of benzyl 2-acetamido-2-deoxy--D-glucopyranoside (60 g, 0.19 mol) 
in anhydrous DMF (500 mL), and the mixture was stirred at 70 °C for 24 h. The resulting mixture was 
cooled to 0 °C and then triethylamine (8.1 mL, 56 mmol) was added. After stirring for 30 min at room 
temperature, the solvent and extra reagent were removed under reduced pressure to give a white solid. 
MeOH was added to the solid and the resulting suspension was stirred vigorously for 5 min. After 
filtration, filtered white solid was washed well with MeOH and dried under vacuum to afford 1a (67.7 
g, 88%) as a white powder. 1a: 1H NMR (500 HMz, DMSO-d6)  1.85 (s, 3H, CH3CO), 3.51 (dd, J = 
8.5, 8.5 Hz, 1H, H-4), 3.63–3.80 (m, 3H, H-3, H-5, H-6a), 3.85 (ddd, J = 3.6, 8.2, 8.4 Hz, 1H, H-
4.14 (dd, J = 2.8, 8.6 Hz, 1H, H-6b), 4.48 and 4.70 (AB, J = 12.7 Hz, 2H, OCH2Ph), 4.82 (d, J = 2.4 
Hz, 1H, H-1), 5.19 (d, J = 5.8 Hz, 1H, OH), 5.61 (s, 1H, CHPh), 7.26–7.49 (m, 10H), 8.00 (d, J = 8.0 
Hz, 1H, NH); 13C NMR (126 MHz, DMSO-d6)  22.5, 54.2, 62.8, 67.2, 68.5, 82.1, 96.9, 100.9, 126.4, 
127.6, 127.6, 128.0, 128.3, 137.7, 137.7, 169.4; IR 3399, 3302, 1651, 1552, 1452, 1374, 1129, 1087, 
1059 cm−1; HRMS (FAB) calcd for C22H25NO6 (M + H+), 400.1760, found 400.1763. 
 
General procedures for the tosylation of 2-acetamidoethanol derivatives (Condition A or B) 
Condition A: p-Toluenesulfonyl chloride (1.05 equiv) and pyridine (3.0 equiv) were added to a solution 
of substrate in CH2Cl2 at 0 °C, and the mixture was stirred at room temperature for 24 h. The solvent 
was removed under reduced pressure, and the crude product was purified by silica gel column 
chromatography. Condition B: p-Toluenesulfonyl chloride (2.0 equiv) was added to a solution of 
substrate in pyridine, and the mixture was refluxed for 30 h. The mixture was cooled to room 
temperature, and the solvent was removed under reduced pressure. The crude product was purified by 
silica gel column chromatography. 
 
Products of the tosylation of the compound 1a 
Benzyl 2-acetamido-4,6-O-benzylidene-2-deoxy-3-O-p-toluenesulfonyl--D-glucopyranoside (2a) 
Benzyl 3-O-acetyl-4,6-O-benzylidene-2-deoxy-2-p-toluenesulfoneamido--D-glucopyranoside (3a) 
     The condition B was used for compound 1a (100 mg, 0.25 mmol), and the crude product was 
purified by silica gel column chromatography (AcOEt/hexane, 1:3) to afford the product2a (46 mg, 
33%) as a white solid and the product3a (74 mg, 53%) as a white solid. 2a: 1H NMR (500 HMz, 
CDCl3)  2.02 (s, 3H, CH3CO), 2.28 (s, 3H, CH3Ph), 3.68 (dd, J = 9.6, 9.6 Hz, 1H, H-4), 3.72 (dd, J = 
10.7, 10.7 Hz, 1H, H-6a), 3.88 (ddd, J = 4.8, 9.8, 9.8 Hz, 1H, H-5), 4.21 (dd, J = 5.0, 10.4 Hz, 1H, H-
6b), 4.46 (ddd, J = 3.6, 9.2, 10.4 Hz, 1H, H-2), 4.53 and 4.73 (AB, J = 11.9 Hz, 2H, OCH2Ph), 4.92 (dd, 

                                                      
1  (a) Berger, I.; Nazarov, A. A.; Hartinger, C. G.; Groessl, M.; Valiahdi, S-M.; Jakupec, M. A.; Keppler, B. K. 

ChemMedChem 2007, 2, 505−514. (b) Babic, A.; Pecar, S. Tetrahedron: Asymmetry 2008, 19, 2265−2271. 
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J = 10.0, 10.0 Hz, 1H, H-3), 5.02 (d, J = 3.8 Hz, 1H, H-1), 5.37 (s, 1H, CHPh), 6.00 (d, J = 9.0 Hz, 1H, 
NH), 6.97 (d, J = 8.0 Hz, 2H, Ts), 7.19–7.44 (m, 10H), 7.67 (d, J = 8.4 Hz, 2H, Ts); 13C NMR (126 
MHz, CDCl3)  21.9 (CH3Ph), 23.4 (CH3CO), 52.5 (C-2), 63.6 (C-5), 68.9 (C-6), 70.6 (OCH2Ph), 78.4 
(C-3), 79.2 (C-4), 98.0 (C-1), 101.8 (CHPh), 126.4, 128.1, 128.3, 128.4, 128.6, 128.9, 129.2, 129.5, 
133.9, 136.7, 136.8, 144.6, 170.6 (C=O); IR 3324, 1656, 1547, 1362, 1182, 1123, 1097 cm−1; HRMS 
(FAB) calcd for C29H32NO8S (M + H+), 554.1849, found 554.1848. 3a: 1H NMR (500 HMz, CDCl3)  
1.72 (s, 3H, CH3CO), 2.37 (s, 3H, CH3Ph), 3.53 (ddd, J = 3.8, 10.2, 10.2 Hz, 1H, H-2), 3.56 (dd, J = 
9.7, 9.7 Hz, 1H, H-4), 3.67 (dd, J = 10.3, 10.3 Hz, 1H, H-6a), 3.83 (ddd, J = 4.8, 9.8, 9.8 Hz, 1H, H-5), 
4.15 (dd, J = 4.8, 10.4 Hz, 1H, H-6b), 4.37 and 4.62 (AB, J = 11.6 Hz, 2H, OCH2Ph), 4.71 (d, J = 3.8 
Hz, 1H, H-1), 5.00 (d, J = 10.2 Hz, 1H, NH), 5.24 (dd, J = 10.1, 10.1 Hz, 1H, H-3), 5.42 (s, 1H, CHPh), 
7.21 (d, J = 8.4 Hz, 2H, Ts), 7.26–7.39 (m, 10H), 7.62 (d, J = 8.4 Hz, 2H, Ts); 13C NMR (126 MHz, 
CDCl3)  20.8 (CH3CO), 21.7 (CH3Ph), 56.8 (C-2), 63.1 (C-5), 68.9 (C-6), 69.4 (C-3), 70.5 (OCH2Ph), 
79.4 (C-4), 98.0 (C-1), 101.7 (CHPh), 126.3, 127.1, 128.4, 128.6, 128.6, 128.9, 129.3, 129.9, 136.4, 
137.0, 138.4, 143.7, 170.8 (C=O); IR 3356, 1734, 1498, 1337, 1234, 1163, 1090 cm−1; HRMS (ESI) 
calcd for C29H31NNaO8S (M + Na+), 576.1659, found 576.1662. 
 
N-(4-Acetamidobenzyl)acetamide (14) 
     Acetic anhydride (3.4 mL, 36 mmol) and pyridine (6.6 mL, 82 mmol) were added to a solution of 4-
aminobenzylamine (2.0 g, 16 mmol) in CH2Cl2 (100 mL), and the mixture was stirred for 40 h. After 
removal of the solvent and extra reagent under reduced pressure, the resulting yellow solid was washed 
with Et2O to afford the product 14 (3.3 g, 99%) as a light yellow solid. 14: 1H NMR (500 HMz, 
CD3OD)  1.97 (s, 3H, CH3CO), 2.11 (s, 3H, CH3CO), 4.30 (s, 2H, CH2), 7.22 (d, J = 8.6 Hz, 2H), 7.49 
(d, J = 8.6 Hz, 2H); 13C NMR (126 MHz, CD3OD)  22.7 (CH3CO), 23.9 (CH3CO), 43.9 (CH2), 121.4, 
129.3, 135.8, 139.2, 171.8 (C=O), 173.2 (C=O); HRMS (ESI) calcd for C11H14N2NaO2 (M + Na+), 
229.0947, found 229.0966. 

 
trans-2-(Acetamido)cyclohexanol (1b) 
     Sodium methoxide (356 mg, 6.6 mmol) was added to a solution of trans-2-aminocyclohexanol 
hydrochloride (1.0 g, 6.6 mmol) in MeOH (30 mL), and the mixture was stirred for 15 min. After 
addition of acetic anhydride (0.69 mL, 7.3 mmol), the resulting mixture was stirred at room temperature 
for 40 h, and then the solvent and extra reagent were removed under reduced pressure. CHCl3 was 
added to the residue and filtrated. The combined filtrate was concentrated to dryness, and the resulting 
colorless paste was added hexane. The resulting suspension was filtrated to afford the product 1b (1.03 
g, quant.) as a white solid. 1b: 1H NMR (500 HMz, CDCl3)  1.11–1.38 (m, 4H), 1.64–1.77 (m, 2H), 
1.94 (m, 1H), 2.01 (s, 3H, CH3CO), 2.05 (m, 1H), 3.31 (ddd, J = 4.4, 10.0, 10.0, 1H, H-2), 3.60 (m, 1H, 
H-1), 5.64 (br s, 1H, OH), 6.16 (br s, 1H, NH); 13C NMR (126 MHz, CDCl3)  23.5 (CH3CO), 24.3 and 
24.8 (C-4, C-5), 31.7 (C-3), 34.6 (C-6), 55.9 (C-2), 75.0 (C-1), 172.3 (C=O); IR 3275, 1646, 1562, 1450, 
1376, 1140, 1069 cm−1; HRMS (ESI) calcd for C8H16NO2 (M + H+), 158.1176, found 158.1197. 
 
Products of the tosylation of the compound 1b 
trans-2-Acetamido-1-O-tosyl-cyclohexanol (2b) 
trans-1-O-Acetyl-2-(tosylamido)cyclohexanol (3b) 
trans-2-(Tosylamido)cyclohexanol (15b) 
trans-2-Acetamido-1-O-acetyl-cyclohexanol (16b) 
     The condition A was used for compound 1b (150 mg, 0.93 mmol), and the crude product was 
purified by silica gel column chromatography (AcOEt/hexane, 1:3 to 1:0) to afford the product2b (27 
mg, 9%) as a white solid, the product3b (107 mg, 36%) as a white solid, the product15b (64 mg, 25%) 
as a white solid and the product16b (36 mg, 19%) as a white solid. The structures of the products 3b, 
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15b and 16b were confirmed by comparison to the reported data.2 2b: 1H NMR (500 HMz, CDCl3)  
1.10–1.37 (m, 3H), 1.54 (m, 1H), 1.64 (m, 1H), 1.73 (m, 1H), 1.88 (m, 1H), 1.94 (s, 3H, CH3CO), 2.19 
(m, 1H), 2.46 (s, 3H, CH3Ph), 3.85 (m, 1H, H-2), 4.34 (ddd, J = 4.6, 10.8, 10.8 Hz, 1H, H-1), 5.78 (d, J 
= 7.2 Hz, 1H, NH), 7.35 (d, J = 8.6 Hz, 2H, Ts), 7.78 (d, J = 8.0 Hz, 2H, Ts); 13C NMR (126 MHz, 
CDCl3)  21.9 (CH3Ph), 23.7 (CH3CO), 24.0 (C-4), 24.4 (C-5), 32.1 (C-6), 32.2 (C-3), 52.5 (C-2), 82.5 
(C-1), 127.8, 130.1, 134.2, 145.1, 170.2 (C=O); IR 3436, 1638, 1561, 1370, 1188, 1175 cm−1; HRMS 
(ESI) calcd for C15H21NNaO4S (M + Na+), 334.1083, found 334.1075. 3b: 1H NMR (500 HMz, CDCl3) 
 1.14–1.38 (m, 4H), 1.64 (m, 1H), 1.69 (m, 1H), 1.76 (s, 3H, CH3CO), 1.92 (m, 1H), 2.02 (m, 1H), 
2.42 (s, 3H, CH3Ph), 3.19 (m, 1H, H-2), 4.55 (ddd, J = 4.5, 10.2, 10.2 Hz, 1H, H-1), 4.95 (d, J = 7.6 Hz, 
1H, NH), 7.29 (d, J = 8.0 Hz, 2H, Ts), 7.74 (d, J = 8.2 Hz, 2H, Ts); 13C NMR (126 MHz, CDCl3)  21.1 
(CH3CO), 21.7 (CH3Ph), 23.9 and 24.4 (C-4, C-5), 31.3 (C-6), 33.7 (C-3), 57.1 (C-2), 74.3 (C-1), 127.1, 
129.8, 138.8, 143.2, 171.6 (C=O); IR 3261, 1715, 1599, 1453, 1335, 1257, 1163, 1094, 1046 cm−1; 
HRMS (ESI) calcd for C15H22NO4S (M + H+), 312.1264, found 312.1277. 15b: 1H NMR (500 HMz, 
CDCl3)  1.05–1.28 (m, 4H), 1.58 (m, 1H), 1.65 (m, 1H), 1.73 (m, 1H), 2.01 (m, 1H), 2.43 (s, 3H, 
CH3Ph), 2.76 (br s, 1H, OH), 2.86 (m, 1H, H-2), 3.31 (ddd, J = 4.3, 9.6, 9.6 Hz, 1H, H-1), 5.10 (d, J = 
7.0 Hz, 1H, NH), 7.32 (d, J = 8.0 Hz, 2H, Ts), 7.80 (d, J = 8.4 Hz, 2H, Ts); 13C NMR (126 MHz, 
CDCl3)  21.8 (CH3Ph), 24.0, 24.8, 32.0, 33.5, 59.9 (C-2), 73.5 (C-1), 127.3, 130.0, 137.5, 143.8; 
HRMS (ESI) calcd for C13H20NO3S (M + H+), 270.1158, found 270.1129. 16b: 1H NMR (500 HMz, 
CDCl3)  1.14 (m, 1H), 1.19–1.35 (m, 2H), 1.44 (m, 1H), 1.66 (m, 1H), 1.74 (m, 1H), 1.89 (s, 3H, 
CH3CO), 1.92 (m, 1H), 2.01 (s, 3H, CH3CO), 2.03 (m, 1H), 3.83 (dddd, J = 4.2, 4.4, 10.2, 10.2 Hz, 1H, 
H-2), 4.61 (ddd, J = 4.5, 10.7, 10.7 Hz, 1H, H-1), 5.81 (br s, 1H, NH); 13C NMR (126 MHz, CDCl3)  
21.3 (CH3CO), 23.5 (CH3CO), 24.2 and 24.3 (C-4, C-5), 31.2 (C-6), 32.2 (C-3), 52.9 (C-2), 74.8 (C-1), 
169.9 (C=O), 172.1 (C=O); IR 3289, 1732, 1646, 1559, 1375, 1246, 1042 cm−1; HRMS (ESI) calcd for 
C10H17NNaO3 (M + Na+), 222.1101, found 222.1104. 

Products of the tosylation of 2-acetamidoethanol (1c) 
1-O-Acetyl-2-(tosylamido)ethanol (3c) 
2-(Tosylamido)ethanol (15c) 
2-Acetamido-1-O-acetyl-ethanol (16c) 
     The condition A was used for 2-acetamidoethanol (1.12 g, 10.9 mmol), and the crude product was 
purified by silica gel column chromatography (AcOEt/hexane, 1:3 to 1:0) to afford the product3c (1.01 
g, 36%) as a colorless oil, the product15c (748 mg, 32%) as a white paste and the product16c (457 mg, 
29%) as a colorless oil. 3c: 1H NMR (500 HMz, CDCl3)  2.00 (s, 3H, CH3CO), 2.43 (s, 3H, CH3Ph), 
3.22 (dt, J = 5.4, 5.7 Hz, 1H, H-2), 4.09 (t, J = 5.3 Hz, 1H, H-1), 5.06 (t, J = 5.6 Hz, 1H, NH), 7.32 (d, J 
= 7.8 Hz, 2H, Ts), 7.76 (d, J = 8.2 Hz, 2H, Ts); 13C NMR (126 MHz, CDCl3)  20.9 (CH3CO), 21.7 
(CH3Ph), 42.3 (C-2), 63.1 (C-1), 127.2, 130.0, 137.0, 143.9, 171.0 (C=O); IR 3237, 1736, 1719, 1596, 
1441, 1331, 1252, 1160, 1091, 1051 cm−1; HRMS (ESI) calcd for C11H15NNaO4S (M + Na+), 280.0614, 
found 280.0603. 15c: 1H NMR (500 HMz, CDCl3)  2.42 (s, 3H, CH3Ph), 3.08 (m, 1H, H-2), 3.61 (m, 
1H, OH), 3.68 (m, 1H, H-1), 5.42 (br m, 1H, NH), 7.31 (d, J = 7.8 Hz, 2H, Ts), 7.76 (d, J = 8.2 Hz, 2H, 
Ts); 13C NMR (126 MHz, CDCl3)  21.7 (CH3Ph), 45.4 (C-2), 61.4 (C-1), 127.3, 130.0, 136.7, 143.8; 
HRMS (ESI) calcd for C9H13NNaO3S (M + Na+), 238.0508, found 238.0497. 16c: 1H NMR (500 HMz, 
CDCl3)  1.98 (s, 3H, CH3CO), 2.06 (s, 3H, CH3CO), 3.49 (m, 1H, H-2), 4.13 (m, 1H, H-1), 5.07 (br s, 
1H, NH); 13C NMR (126 MHz, CDCl3)  21.0 (CH3CO), 23.3 (CH3CO), 38.9 (C-2), 63.4 (C-1), 171.3 

                                                      
2 For compound 3b: (a) Liu, Y-K.; Li, R.; Yue, L.; Li, B-J.; Chen, Y-C.; Wu, Y.; Ding, L-S. Org. Lett. 2006, 8, 

1521−1524. For compound 15b: (b) Wang, Z.; Cui, Y-T.; Xu, Z-B.; Qu J. J. Org. Chem. 2008, 73, 2270−2274. (c) Fan, 
R-H.; Hou, X-L. Org. Biomol. Chem. 2003, 1, 1565−1567. For compound 16b: (d) Miller, S. J.; Copeland, G. T.; 
Papaioannou, N.; Horstmann, T. E.; Ruel, E. M. J. Am. Chem. Soc. 1998, 120, 1629−1630. (e) Tabanella, S.; Valancogne, 
I.; Jackson, R. F. W. Org. Biomol. Chem. 2003, 1, 4254−4261.  
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(C=O); IR 3294, 1740, 1658, 1557, 1375, 1237, 1054 cm−1; HRMS (ESI) calcd for C6H11NNaO3 (M + 
Na+), 168.0631, found 168.0625. 
 
1-(Acetamidomethyl)cyclohexanol (1d) 
     Sodium methoxide (489 mg, 9.1 mmol) was added to a solution of 1-aminomethyl-1-cyclohexanol 
hydrochloride (1.5 g, 9.1 mmol) in MeOH (30 mL), and the mixture was stirred for 15 min. After 
addition of acetic anhydride (0.94 mL, 10 mmol), the resulting mixture was stirred at room temperature 
for 25 h, and then the solvent and extra reagent were removed under reduced pressure. CH2Cl2 was 
added to the residue, and the resulting suspension was filtrated. The combined filtrate was concentrated 
to afford the product 1d (1.55 g, quant.) as a white solid. 1d: 1H NMR (500 HMz, CDCl3)  1.25–1.63 
(m, 10H), 2.01 (s, 3H, CH3CO), 2.80 (br s, 1H), 3.25 (d, J = 6.0 Hz, 2H, CH2NHAc), 6.32 (br s, 1H); 
13C NMR (126 MHz, CDCl3)  22.2, 23.4, 25.9, 35.7, 49.3 (CH2NHAc), 71.7 (C-1), 171.5 (C=O); IR 
3391, 3290, 1652, 1552, 1421, 1292, 1274, 1166, 1127, 1044 cm−1; HRMS (ESI) calcd for C9H17NNaO2 
(M + Na+), 194.1151, found 194.1147. 
 
Product of the tosylation of the compound 1d 
1-O-Acetyl-1-[(tosylamido)methyl]cyclohexanol (3d) 
     The condition A was used for compound 1d (150 mg, 0.88 mmol), and the crude product was 
purified by silica gel column chromatography (AcOEt) to afford the product3d (148 mg, 52%) as a 
white solid. The condition B gave the poduct3d in 96% from the same amount of starting material. 3d: 
1H NMR (500 HMz, CDCl3)  1.29 (m, 2H), 1.37–1.59 (m, 6H), 1.98 (s, 3H, CH3CO), 2.08 (m, 2H), 
2.42 (s, 3H, CH3Ph), 3.25 (d, J = 6.6 Hz, 2H, CH2NHTs), 5.53 (t, J = 6.6 Hz, 1H, NH), 7.29 (d, J = 7.8 
Hz, 2H, Ts), 7.72 (d, J = 8.2 Hz, 2H, Ts); 13C NMR (126 MHz, CDCl3)  21.7 (CH3Ph), 21.7 (C-3, C-5), 
22.3 (CH3CO), 25.4 (C-4), 32.8 (C-2, C-6), 49.4 (CH2NHTs), 83.0 (C-1), 127.1, 129.9, 137.3, 143.4, 
171.4 (C=O); IR 3284, 1734, 1599, 1450, 1328, 1236, 1163, 1094, 1064 cm−1; HRMS (ESI) calcd for 
C16H23NNaO4S (M + Na+), 348.1240, found 348.1246. 
 
2-Acetamido-1,5-anhydro-4,6-O-benzylidene-2-deoxy-D-glucitol (1e) 
     Sodium methoxide (110 mg, 2.1 mmol) was added to a solution of 2-acetamido-3-O-acetyl-1,5-
anhydro-4,6-O-benzylidene-2-deoxy-D-glucitol 3  (700 mg, 2.1 mmol) in MeOH (15 mL), and the 
mixture was stirred for 3 h at room temperature. The reaction mixture was quenched by the addition of 
the Amberlite IR-120 (H+), and the resulting mixture was stirred for 5 min. The resin was filtered, and 
the filtrate was concentrated to dryness to afford the product 1e (610 mg, quant.) as a white solid. 1e: 1H 
NMR (500 HMz, CDCl3/CD3OD = 95:5)  1.95 (s, 3H, CH3CO), 3.15 (dd, J = 11.0, 11.0 Hz, 1H, H-
1a), 3.32 (ddd, J = 5.2, 9.6, 9.6 Hz, 1H, H-5), 3.50 (dd, J = 9.2, 9.2 Hz, 1H, H-4), 3.62 (dd, J = 9.5, 9.5 
Hz, 1H, H-3), 3.68 (dd, J = 10.4, 10.4 Hz, 1H, H-6a), 3.94 (ddd, J = 5.4, 10.4, 10.4 Hz, 1H, H-2), 4.05 
(dd, J = 5.5, 11.1 Hz, 1H, H-1b), 4.26 (dd, J = 5.0, 10.6 Hz, 1H, H-6b), 5.52 (s, 1H, CHPh), 7.30–7.50 
(m, 5H); 13C NMR (126 MHz, CDCl3/CD3OD = 95:5)  22.9 (CH3CO), 52.2 (C-2), 68.7 (C-1), 68.8 (C-
6), 71.5 (C-5), 72.4 (C-3), 82.1 (C-4), 102.0 (CHPh), 126.4, 128.4, 129.4, 137.2, 172.3 (C=O); IR 3426, 
3277, 1655, 1544, 1377, 1127, 1100 cm−1; HRMS (FAB) calcd for C15H20NO5 (M + H+), 294.1336, 
found 294.1339. 
 
Product of the tosylation of the compound 1e 
3-O-Acetyl-1,5-anhydro-4,6-O-benzylidene-2-deoxy-2-tosylamido-D-glucitol (3e) 
     The condition B was used for compound 1e (50 mg, 0.17 mmol), and the crude product was purified 
by silica gel column chromatography (AcOEt/hexane, 1:3) to afford the product3e (93 mg, 94%) as a 
white solid. 3e: 1H NMR (500 HMz, CDCl3)  1.70 (s, 3H, CH3CO), 2.44 (s, 3H, CH3Ph), 3.34 (dd, J = 
11.3, 11.3 Hz, 1H, H-1a), 3.38 (ddd, J = 5.0, 9.6, 9.6 Hz, 1H, H-5), 3.49 (m, 1H, H-2), 3.56 (dd, J = 9.4, 

                                                      
5 Hesek, D.; Lee, M.; Yamaguchi, T.; Noll, B. C.; Mobashery, S. J. Org. Chem. 2008, 73, 7349−7352. 
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9.4 Hz, 1H, H-4), 3.67 (dd, J = 10.3, 10.3 Hz, 1H, H-6a), 4.13 (dd, J = 5.4, 11.6 Hz, 1H, H-1b), 4.30 
(dd, J = 5.0, 10.6 Hz, 1H, H-6b), 4.96 (dd, J = 9.7, 9.7 Hz, 1H, H-3), 5.32 (d, J = 6.8 Hz, 1H, NH), 5.45 
(s, 1H, CHPh), 7.33 (d, J = 7.8 Hz, 2H, Ts), 7.30–7.42 (m, 5H), 7.75 (d, J = 8.2 Hz, 2H, Ts); 13C NMR 
(126 MHz, CDCl3)  20.8 (CH3CO), 21.7 (CH3Ph), 54.6 (C-2), 68.8 (C-6), 70.8 (C-1), 71.6 (C-5), 73.0 
(C-3), 79.0 (C-4), 101.7 (CHPh), 126.3, 127.2, 128.4, 129.4, 130.0, 137.0, 137.7, 143.8, 172.3 (C=O); 
IR 3287, 1745, 1455, 1227, 1167, 1088 cm−1; HRMS (FAB) calcd for C22H26NO7S (M + H+), 448.1424, 
found 448.1421. 
 
Product of the tosylation of 2-acetamidophenol (1f) 
1-O-Tosyl-2-(acetamido)phenol (2f) 
     The condition A was used for 2-acetamidophenol (1.0 g, 6.6 mmol), and the crude product was 
purified by silica gel column chromatography (AcOEt/hexane, 1:1) to afford the product 2f (1.98 g, 
98%) as colorless crystals. The condition B gave the poduct2f in 98% from the same amount of starting 
material. 2f: 1H NMR (500 HMz, CDCl3)  2.07 (s, 3H, CH3CO), 2.47 (s, 3H, CH3Ph), 6.91 (d, J = 8.0 
Hz, 1H, C-3), 6.99 (dd, J = 7.8, 7.8 Hz, 1H, C-4), 7.24 (dd, J = 7.8, 7.8 Hz, 1H, C-5), 7.35 (d, J = 8.0 Hz, 
2H, Ts), 7.56 (br s, 1H, NH), 7.73 (d, J = 8.4 Hz, 2H, Ts), 8.19 (d, J = 8.2 Hz, 1H, C-6); 13C NMR (126 
MHz, CDCl3)  22.0 (CH3Ph), 24.8 (CH3CO), 123.0, 123.0, 124.5, 128.0, 128.7, 130.3, 131.3, 131.9, 
139.1, 146.5, 168.3 (C=O); IR 3400, 3302, 1695, 1675, 1600, 1525, 1442, 1372, 1307, 1194, 1170, 
1088 cm−1; HRMS (ESI) calcd for C15H15NNaO4S (M + Na+), 328.0614, found 328.0599. 
     Crystal was examined under Infineum V8512 oil. A suitable sample was glued to a glass capillary 
and then transferred to the 100 K N2 stream for compound 2f of a Bruker SMART Apex CCD 
diffractometer. Preliminary unit cell parameters and crystal system analysis were determined from the 
centroids of reflections with I > 20σ(I) from three sets of 30 0.5° ω-scan frames (φ = 0, 120, 240°); final 
unit cell parameters were determined from the centroids of reflections with I > 10σ(I) from all data. An 
arbitrary, redundant, sphere of data was calculated using COSMO, included in the Apex2 suite of 
programs.4 Data are uncorrected for absorption and Lorentz polarization effects. Structure solution and 
refinement utilized the programs of the SHELXTL software package.5 Full detail of the X-ray structure 
determination is in the CIF file and ORTEP diagram is given in Figure S1. 
 
trans-4-(Acetamido)cyclohexanol (1g) 
     Sodium methoxide (1.07 g, 19.8 mmol) was added to a solution of trans-4-aminocyclohexanol 
hydrochloride (3.0 g, 19.8 mmol) in MeOH (100 mL), and the mixture was stirred for 15 min. After 
addition of acetic anhydride (2.06 mL, 21.8 mmol), the mixture was stirred at room temperature for 26 h, 
and then the solvent and extra reagent were removed under reduced pressure. CHCl3 was added to the 
residue, and the resulting suspension was filtrated. The combined filtrate was concentrated to dryness, 
and the resulting colorless paste was added hexane. The resulting suspension was filtrated to afford the 
product 1g (3.11 g, quant.) as a white solid. 1g: 1H NMR (500 HMz, CD3OD)  1.20–1.40 (m, 4H), 
1.84–1.98 (m, 4H), 1.90 (s, 3H, CH3CO), 3.51 (m, 1H), 3.59 (m, 1H), 7.92 (br d, J = 7.0 Hz, 1H, NH); 
13C NMR (126 MHz, CD3OD)  22.8 (CH3CO), 31.6 and 34.9 (C-2, C-3, C-5 and C-6), 49.3 (C-4), 70.5 
(C-1), 172.6 (C=O); IR 3277, 1636, 1562, 1456, 1371, 1328, 1148, 1112, 1065 cm−1; HRMS (ESI) calcd 
for C8H16NO2 (M + H+), 158.1176, found 158.1171. 
 
Products of the tosylation of the compound 1g 
trans-4-Acetamido-1-O-tosyl-cyclohexanol (2g) 
trans-4-(Tosylamido)cyclohexanol (15g) 
trans-4-Acetamido-1-O-acetyl-cyclohexanol (16g) 
     The condition A was used for compound 1g (450 mg, 2.9 mmol), and the crude product was purified 
by silica gel column chromatography (AcOEt) to afford the product2g (389 mg, 41%) as colorless 
                                                      

4 Apex2. Bruker-AXS: Madison, WI, 2008; Vol. 58. 
5 Sheldrick, G. M., Acta Crystallogr. A. 2008, 64, 112−122. 
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crystals, the product15g (69 mg, 9%) as a white solid and the product16g (46 mg, 8%) as colorless 
crystals. 2g: 1H NMR (500 HMz, CDCl3)  1.06–1.27 (m, 2H), 1.48–1.66 (m, 2H), 1.84–2.03 (m, 4H), 
1.89 (s, 3H, CH3CO), 2.43 (s, 3H, CH3Ph), 3.68 (m, 1H, H-4), 4.40 (ddd, J = 3.9, 10.6, 10.6 Hz, 1H, H-
1), 5.69 (d, J = 7.4 Hz, 1H, NH), 7.32 (d, J = 8.1 Hz, 2H, Ts), 7.75 (d, J = 8.1 Hz, 2H, Ts); 13C NMR 
(126 MHz, CDCl3)  21.8 (CH3Ph), 23.5 (CH3CO), 30.2 and 30.9 (C-2, C-3, C-5, C-6), 46.8 (C-4), 80.4 
(C-1), 127.6, 130.0, 134.4, 144.9, 169.7 (C=O); IR 3408, 3312, 1674, 1652, 1552, 1519, 1343, 1189, 
1177, 1096 cm−1; HRMS (ESI) calcd for C15H21NNaO4S (M + Na+), 334.1083, found 334.1072. 15g: 1H 
NMR (500 HMz, CDCl3)  1.10–1.24 (m, 4H), 1.69–1.86 (m, 4H), 2.39 (s, 3H, CH3Ph), 3.01 (m, 1H, 
H-4), 3.46 (m, 1H, H-1), 5.39 (d, J = 7.6 Hz, 1H, NH), 7.26 (d, J = 8.2 Hz, 2H, Ts), 7.72 (d, J = 8.2 Hz, 
2H, Ts); 13C NMR (126 MHz, CDCl3)  21.6 (CH3Ph), 31.3 and 33.5 (C-2, C-3, C-5, C-6), 51.9 (C-4), 
69.1 (C-1), 126.9, 129.8, 138.2, 143.4; HRMS (ESI) calcd for C13H19NNaO3S (M + Na+), 292.0978, 
found 292.0955. 16g: 1H NMR (500 HMz, CDCl3)  1.13–1.31 (m, 2H), 1.35–1.53 (m, 2H), 1.86–2.03 
(m, 4H), 1.91 (s, 3H, CH3CO), 1.99 (s, 3H, CH3CO), 3.72 (dtt, J = 4.0, 7.7, 11.3 Hz, 1H, H-4), 4.61 (tt, 
J = 4.0, 10.8 Hz, 1H, H-1), 5.81 (br d, J = 7.2 Hz, 1H, NH); 13C NMR (126 MHz, CDCl3)  21.5 
(CH3CO), 23.5 (CH3CO), 30.1 and 30.6 (C-2, C-3, C-4, C-5), 47.3 (C-4), 72.1 (C-1), 169.7 (C=O), 
170.9 (C=O); IR 3440, 3251, 1726, 1638, 1562, 1365, 1250, 1035 cm−1; HRMS (ESI) calcd for 
C10H17NNaO3 (M + Na+), 222.1101, found 222.1087. 
 
Product of the mesylation of the compound 1d 
1-O-Acetyl-1-[(mesylamido)methyl]cyclohexanol (19) 
     Methanesulfonyl chloride (90 L, 1.2 mmol) was added to a solution of 1d (100 mg, 0.58 mmol) in 
pyridine (1.0 mL) at 0 °C. The mixture was stirred at room temperature for 20 h, and then at 40 °C for 1 
h. The solvent was removed under reduced pressure, and the crude product was purified by silica gel 
column chromatography (AcOEt/hexane, 2:3) to afford the product19 (137 mg, 94%) as a white solid. 
19: 1H NMR (500 HMz, CDCl3)  1.33 (m, 2H), 1.43–1.63 (m, 6H), 2.07 (s, 3H, CH3CO), 2.13 (m, 2H), 
2.95 (s, 3H, CH3SO2), 3.48 (d, J = 6.6 Hz, 2H, CH2NHMs), 5.15 (t, J = 6.2 Hz, 1H, NH); 13C NMR (126 
MHz, CDCl3)  21.7 (C-3, C-5), 22.3 (CH3CO), 25.4 (C-4), 32.9 (C-2, C-6), 40.6 (Ms), 49.8 
(CH2NHMs), 83.1 (C-1), 171.5 (C=O); IR 3249, 1733, 1453, 1302, 1232, 1150 cm−1; HRMS (ESI) 
calcd for C10H19NNaO4S (M + Na+), 272.0927, found 272.0908. 
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Figure S1. The ORTEP diagram of compound 2f, shown at 30% probability level.  
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