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Supplementary Experimental Section 

General Methods. Chemicals and materials were obtained from commercial sources and were 

used as received without further purification unless otherwise noted. 4Å molecular sieves (MS) 

were flame-dried under high vacuum and used immediately after cooling under a N2 atmosphere. 

Analytical TLC was carried out on silica gel 60Å F254 plates with detection by a UV detector 

and/or by charring with 15% (v/v) H2SO4 in EtOH. NMR spectra were recorded on a 400, 500, 

or 600 MHz machine with chemical shifts reported in ppm (δ) downfield from tetramethylsilane 

(TMS) that was used as an internal reference. 

 

 

Ethyl 2,3,4,6-tetra-O-Acetyl-1-thio-β-D-galactopyranoside S2.
[1]

 After a mixture of D-galactose 

S1 (10.0 g, 55.5 mmol), anhydrous NaOAc (5.9 g, 72.2 mmol) and Ac2O (50 ml) was stirred at 

80 
o
C for 4 h, with the reaction progress monitored by TLC, it was cooled to rt and then poured 

into cold saturated aq. NaHCO3 solution. The mixture was stirred at 0 
o
C for 1.5 h and extracted 

with CH2Cl2. The organic layer was separated and dried over Na2SO4. The solvent was removed 
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in vacuum and the residue was purified by silica gel column chromatography (AcOEt/petroleum 

ether. 1:4, v/v) to give the peracetylated galactose (19.8 g, 92%) as a white solid. 
1
H NMR (400 

MHz, CDCl3): δ: 5.69 (d, J = 8.1 Hz, 1 H, H-1), 5.42 (d, J = 3.2 Hz, 1 H, H-4), 5.33 (t, J = 8.1 

Hz, 1 H, H-2), 5.07 (dd, J = 10.5, 4.0 Hz, 1 H, H-3), 4.19-4.08 (m, 2 H, H-6, H-6’), 4.07-4.02 (m, 

1 H, H-5), 2.10 (s, 3 H, OAc), 2.06 (s, 6 H, OAc), 2.01 (s, 3 H, OAc), 1.97 (s, 3 H, OAc). The 

product (19.0 g, 48.7 mmol) and ethanethiol (5.41 mL, 73.0 mmol) were dissolved in anhydrous 

CH2Cl2 (120 mL) at 0 
o
C, and then BF3·Et2O (12.0 mL, 97.4 mmol) was added dropwise. The 

solution was stitted at 0 
o
C until when TLC showed the completion of the reaction. The reaction 

mixture was washed with saturated aq. NaHCO3 solution and brine and dried over Na2SO4, and 

the organic phase was concentrated under reduced pressure. The residue was purified by flash 

silica gel column chromatography (AcOEt/petroleum ether. 1:4, v/v) to give S2 (16.4 g, 86%) as 

a white solid. 
1
H NMR (400 MHz, CDCl3): δ 5.39 (d, J = 3.2 Hz, 1 H, H-4), 5.19 (t, J = 9.7 Hz, 1 

H, H-2), 5.01 (dd, J = 9.7, 3.2 Hz, 1 H, H-3), 4.46 (d, J = 11.3 Hz, 1 H, H-1), 4.16-4.03 (m, 2 H, 

H-6, H-6’), 3.90 (t, J = 6.5 Hz, 1 H, H-5), 2.77-2.60 (m, 2 H, SCH2CH3), 2.11 (s, 3 H, OAc), 

2.03 (s, 3 H, OAc), 2.03 (s, 3 H, OAc), 1.94 (s, 3 H, OAc), 1.25 (t, J = 6.5 Hz, 3 H, SCH2CH3); 
13

C NMR (100 MHz, CDCl3): δ 170.4, 170.2, 170.0, 169.5, 84.0, 74.3, 71.6, 67.2, 67.1, 61.4, 

24.3, 20.8, 20.6, 20.5, 20.4, 14.8. 

Ethyl 1-Thio-β-D-galactopyranoside S3.
[2]

 After S2 (16.0 g, 40.8 mmol) was dissolved in MeOH 

(70 mL), a CH3ONa/CH3OH solution (0.4 M) was added until pH reached 9. The reaction was 

stirred at rt for 3 h. When TLC showed the completion of reaction, the solution was neutralized 

with Amberlyst (H
+
) resin to pH 6-7, and then concentrated in vacuum. The residue was purified 

by flash column chromatography (MeOH/CH2Cl2, 1:5, v/v) to afford S3 (8.2 g, 90%) as a white 

solid. 
1
H NMR (400 MHz, CD3OD): δ 4.32 (d, J = 9.7 Hz, 1 H, H-1), 3.88 (d, J = 3.2 Hz, 1 H, 

H-4), 3.77-3.64 (m, 2 H, H-6, H-6`), 3.52 (t, J = 8.1 Hz, 1 H, H-2), 3.46 (dd, J = 9.7, 3.2 Hz, 1 H, 

H-3), 3.33-3.29 (m, 1 H, H-5), 2.83-2.65 (m, 2 H, SCH2CH3), 1.28 (t, J = 6.5 Hz, 3 H SCH2CH3); 
13

C NMR (100 MHz, CD3OD): δ 86.0, 79.2, 74.8, 69.9, 69.1, 61.2, 23.5, 14.1. 

Ethyl 4:6-O-Phenylmethylene-1-thio-β-D-galactopyranoside 11.
[3]

 To the solution of S3 (8.0 g, 

35.7 mmol) in anhydrous CH3CN (30 mL) were added benzaldehyde dimethyl acetal (6.45 mL, 

42.8 mmol) and CSA (2.0 g, 8.9 mmol) at rt, and the reaction was stirred at rt with occasional 

vacuum application until TLC showed that the reaction was completed. Then the reaction was 

quenched with Et3N (2.47 mL, 17.8 mmol) and diluted with CH2Cl2 (60 mL). The solution was 

washed with brine, dried over anhydrous Na2SO4 and concentrated in vacuum. The residue was 

purified by flash column chromatography (MeOH/CH2Cl2, 1:10, v/v) to give 11 (8.02 g, 72%) as 

a white solid. 
1
H NMR (400 MHz, CDCl3): δ 7.56-7.49 (m, 2 H, ArH), 7.42-7.38 (m, 3 H, ArH), 

5.53 (s, 1 H, CHPh), 4.34 (d, J = 8.8 Hz, 1 H, H-1), 4.33 (d, J = 12.8 Hz, 1 H, H-6), 4.25 (d, J = 

3.2 Hz, 1 H, H-4), 4.03 (d, J = 12.8 Hz, 1 H, H-6`), 3.81 (t, J = 8.8 Hz, 1 H, H-2), 3.68 (dd, J = 

10.0, 4.4 Hz, 1 H, H-3), 3.53-3.50 (m, 1 H, H-5), 2.88-2.69 (m, 2 H, SCH2CH3), 2.51 (bs, 2 -OH), 

1.34 (t, J = 6.5 Hz, 3 H, SCH2CH3); 
13

C NMR (100 MHz, CDCl3): δ 137.5, 129.3, 128.3, 126.4, 

101.5, 85.3, 75.6, 73.9, 70.1, 69.7, 69.3, 23.5, 14.1. 
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2-Deoxy-2-phthalimido-β-D-galactopyranose tetraacetate S5.
[4]

 After the suspension of D-

galactosamine hydrochloride S4 (5.0 g, 23.3 mmol), Na2CO3
.
H2O (2.5 g 23.3 mmol) and phthalic 

anhydride (3.5 g, 23.3 mmol) in H2O (50 ml) was stirred at rt for 3 h, the resultant clear solution 

(pH 3.0; initial pH 8.5) was cooled to -78 
o
C and lyophilized to offer a pale yellow solid residue 

(9.16 g). This residue was suspended in a mixture of pyridine (200 ml) and acetic anhydride (100 

ml) at 0 
o
C and was stirred for 20 h. Acetic anhydride and pyridine were evaporated in vacuum, 

and the residue was co-evaporated with toluene (10 ml) twice, and finally subjected to silica gel 

chromatography (EtOAc/toluene 1:9, v/v) to obtain S5 (8.18 g, 74%) as a white solid along. 
1
H 

NMR (400 MHz, CDCl3): δ 7.90-7.80 (m, 2 H, ArH), 7.78-7.71 (m, 2 H, ArH), 6.52 (dd, J = 

11.3, 3.2 Hz, 1 H, H-3), 6.34 (d, J = 6.8 Hz, 1 H, H-1), 5.66 (d, J = 3.2 Hz, 1 H, H-4), 4.90 (dd, J 

= 11.3, 3.2 Hz, H-2), 4.49 (t, J = 8.1 Hz, 1 H, H-5), 4.17-4.11 (m, 2 H, H-6, H-6’), 2.18 (s, 3 H, 

OAc), 2.05 (s, 6 H, 2×OAc), 1.88 (s, 3 H, OAc); 
13

C NMR (100 MHz, CDCl3): δ 169.9, 169.83, 

169.81, 169.29, 167.5, 166.8, 134.0, 133.9, 129.2, 123.3, 123.2, 83.9, 74.1, 68.4, 66.5, 61.2, 49.7, 

20.7, 20.3, 20.2, 20.1. 

para-Tolyl 3,4,6-tri-O-Acetyl-2-deoxy-2-phthalimido-1-thio-β-D-galactopyranoside S6.
[5]

 To 

the stirred solution of S5 (5.0 g, 10.4 mmol) and p-toluenethiol (1.95 g, 15.7 mmol) in anhydrous 

CH2Cl2 (30 mL) at 0 
o
C was added BF3·Et2O (1.6 mL, 12.6 mmol) dropwise. When TLC showed 

the completion of reaction, the reaction mixture was washed with saturated aq. NaHCO3 solution 

and brine, dried over anhydrous Na2SO4, and concentrated in vacuum. The residue was purified 

by flash column chromatography (EtOAc/hexane 1:4, v/v) to give S6 (4.96 g, 88%) as a white 

solid. 
1
H NMR (400 MHz, CDCl3): δ 7.89-7.80 (m, 2 H, ArH), 7.79-7.70 (m, 2 H, ArH), 7.33-

7.26 (m, 2 H, ArH), 7.09-7.01 (m, 2 H, ArH), 5.79 (dd, J = 11.3, 3.2 Hz, 1 H, H-3), 5.63 (d, J = 

9.7 Hz, 1 H, H-1), 5.47 (d, J = 3.2 Hz, 1 H, H-4), 4.49 (t, J = 11.3 Hz, 1 H, H-2), 4.25-4.18 (m, 1 

H, H-6), 4.17-4.1 (m, 1 H, H-6’), 4.10-4.05 (m, 1 H, H-5), 2.29 (s, 3 H, SPhCH3), 2.16 (s, 3 H, 

OAc), 2.03 (s, 6 H, 2×OAc), 1.81 (s, 3 H, OAc); 
13

C NMR (100 MHz, CDCl3): δ 170.3, 170.2, 

169.7, 167.9, 167.2, 138.4, 134.4, 134.3, 133.4, 133.2, 131.5, 131.2, 129.7, 129.6, 128.0, 123.7, 

123.6, 84.3, 74.5, 68.8, 66.9, 61.5, 50.1, 20.1, 20.7, 20.6, 20.5. 

para-Tolyl 2-Deoxy-4:6-O-phenylmethylene-2-phthalimido-1-thio-β-D-galactopyranoside 8. 

To a solution of S6 (4.9 g, 9.1 mmol) in MeOH (25 mL) was added a CH3ONa/CH3OH solution 

(0.4 M) until pH reached 9.5. The reaction mixture was stirred at rt 4 h. When TLC showed the 

completion of reaction, it was neutralized to pH 6-7 with Amberlyst (H
+
) resin and concentrated 

in vacuum. The residue was purified by flash column chromatography (MeOH/CH2Cl2, 1:8, v/v) 

to give a solid compound (3.43 g, 91%), which is directly used in next reaction. After the product 

was dissolved in anhydrous CH3CN (40 mL), benzaldehyde dimethyl acetal (1.5 mL, 9.8 mmol) 

and CSA (0.48 g, 2.05 mmol) were added. The reaction was stirred at rt with occasional vacuum 
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application until TLC showed the completion reaction. It was quenched with Et3N (0.57 mL, 4.1 

mmol) and diluted with CH2Cl2 (30 mL). The solution was then washed with brine, dried over 

Na2SO4 and concentrated in vacuum. The residue was purified by flash column chromatography 

(MeOH/CH2Cl2, 1:13, v/v) to give 8 (3.4 g, 83%) as a light yellow solid. [α]D
25

 = -28.72° (c 3.33, 

CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 7.87-7.81 (m, 2 H, ArH), 7.75-7.71 (m, 2 H, ArH), 7.50-

7.46 (m, 2 H, ArH), 7.45-7.38 (m, 5 H, ArH), 7.08 (d, J = 8.1 Hz, 1 H, ArH), 5.62 (d, J = 9.7 Hz, 

1 H, H-1), 5.56 (s, 1 H, CHPh), 4.49 (dd, J = 9.7, 3.2 Hz, 1 H, H-3), 4.43 (t, J = 9.7 Hz, 1 H, H-

2), 4.41 (d, J = 12.9 Hz, 1 H, H-6), 4.28 (d, J = 3.2 Hz, 1 H, H-4), 4.06 (d, J = 12.9 Hz, 1 H, H-

6’), 3.68 (s, 1 H, H-5), 2.41 (bs, 1 H, -OH), 2.35 (s, 3 H, SPhCH3); 
13

C NMR (100 MHz, CDCl3): 

δ 168.6, 167.8, 138.3, 137.4, 134.1, 131.9, 131.7, 129.5, 129.4, 128.3, 127.3, 126.7, 123.6, 123.2, 

101.6, 82.7, 75.0, 70.1, 69.4, 68.7, 53.2, 21.3; HRMS (ESI TOF): calcd. for C28H25NNaO6 

[M+Na]
+
 m/z, 526.1300; found, 526.1302. 

 

 

Phenyl 2,3,6-tri-O-Acetyl-β-L-fucopyranoside S8.
[6]

 A mixture of L-fucose (4.0 g, 24.36 mmol) 

anhydrous NaOAc (2.6 g, 31.37 mmol) and Ac2O (30 ml) was stirred at 70 
o
C for 8 h with the 

reaction progress monitored by TLC. After the reaction was completed, it was cooled to rt and 

them was poured into cold saturated aq. NaHCO3 solution. After the mixture was stirred for 1.5 h, 

it was extracted with CH2Cl2, and the organic phase was dried over Na2SO4. After the solvent 

was removed in vacuum, the residue was purified by flash silica gel column chromatography 

(AcOEt/toluene. 1:4, v/v) to give the peracetylated fucose (6.63 g, 81.9%) as sticky syrup. This 

product (1.3 g, 3.9 mmol) and benzentethiol (1.6 mL, 15.6 mmol) were dissolved in anhydrous 

CH2Cl2 (15 mL), and to this solution was then added BF3·Et2O (0.73 mL, 5.87 mmol) at 0 
o
C. 

When TLC showed the completion of reaction, it was quenched and washed with saturated aq. 

NaHCO3 solution and brine, dried over Na2SO4, and then concentrated. The residue was purified 

by flash column chromatography (EtOAc/Hexane 1:5, v/v) to afford S8 (1.38 g, 88%) as a white 

solid. 
1
H NMR (500 MHz, CDCl3): δ 7.53-7.48 (m, 2 H, ArH), 7.34-7.26 (m, 3 H, ArH), 5.26 (d, 

J = 3.0 Hz, 1 H, H-4), 5.22 (t, J = 9.8 Hz, 1 H, H-2), 5.05 (dd, J = 9.8, 3.0 Hz, 1 H, H-3), 4.70 (d, 

J = 10.4 Hz, 1 H, H-1), 3.83 (q, J = 6.7 Hz, 1 H, H-5), 2.13 (s, 3 H, OAc), 2.07 (s, 3 H, OAc), 

1.96 (s, 3 H, OAc), 1.23 (d, J = 6.7 Hz, 3 H, H-6); 
13

C NMR (125 MHz, CDCl3): δ 170.8, 170.1, 

169.5, 132.9, 132.3, 128.9, 127.9, 86.4, 73.1, 72.4, 70.3, 67.3, 20.9, 20.7, 20.6, 16.5. 

Phenyl β-L-Fucopyranoside S9.
[7]

 To the solution of S8 (1.35 g, 3.37 mmol) dissolved in MeOH 

(10 mL) was added a CH3ONa/CH3OH solution (0.4 M) until pH reached 9.5. The solution was 

stirred at rt for 2 h. When TLC showed the completion reaction, it was neutralized to pH 6-7 with 

Amberlyst (H
+
) resin and then concentrated in vacuum. The residue was finally purified by flash 

column chromatography (MeOH/CH2Cl2, 1:9, v/v) to give S9 (0.73 g, 86%) as a yellowish solid. 
1
H NMR (500 MHz, CDCl3): δ 7.54-7.48 (m, 2 H, ArH), 7.34-7.26 (m, 3 H, ArH), 4.56 (d, J = 
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9.8 Hz, 1 H, H-1), 4.04 (bs, 3 -OH), 3.82 (d, J = 2.9 Hz, 1 H, H-3), 3.77 (t, J = 9.8 Hz, 1 H, H-2), 

3.66 (dd, J = 9.8, 2.9 Hz, 1 H, H-4), 3.59 (q, J = 6.8 Hz, 1 H, H-5), 1.30 (d, J = 6.8 Hz, 3 H, H-6); 
13

C NMR (125 MHz, CDCl3): δ 133.4, 131.84, 131.8, 128.9, 127.5, 88.6, 75.2, 74.7, 71.7, 70.0, 

16.7. 

Phenyl 2,3,6-tri-O-Phenylmethyl-β-L-fucopyranoside 4.
[6]

 After a mixture of S9 (0.70 g, 2.73 

mmol) and NaH (230 mg, 9.6 mmol) in DMF (10 mL) was stirred at 0 
o
C for 45 min, BnBr (1.62 

mL, 13.67 mmol) was added at 0 
o
C. Thereafter, the mixture was stirred for another 6 h. When 

TLC showed the completion of reaction, it was quenched with H2O at 0 
o
C, and the mixture was 

diluted with EtOAc. The aq. layer was washed with EtOAc (5 x 5 mL) followed by drying over 

Na2SO4. The solvent was evaporated under reduced pressure, and the crude product was purified 

by flash column chromatography (acetone/hexane 1:10, v/v) to give 4 (1.28 g, 89%) as colorless 

syrup. 
1
H NMR (500 MHz, CDCl3): δ 7.66-7.62 (m, 2 H, ArH), 7.46-7.31 (m, 15 H, ArH), 7.28-

7.23 (m, 3 H, ArH), 5.06 (d, J = 11.6 Hz, 1 H, CH2Ph), 4.85 (d, J = 10.4 Hz, 1 H, CH2Ph), 4.79 

(s, 2 H, CH2Ph), 4.78 (d, J = 10.4 Hz, 1 H, CH2Ph), 4.73 (d, J = 11.6 Hz, 1 H, CH2Ph), 4.66 (d, J 

= 9.8 Hz, 1 H, H-1), 3.99 (t, J = 9.8 Hz, 1 H, H-2), 3.69 (d, J = 3.1 Hz, 1 H, H-3), 3.65 (dd, J = 

9.2, 3.1 Hz, 1 H, H-4), 3.60-3.56 (m, 1 H, H-5), 1.32 (d, J = 6.1 Hz, 3 H, H-6); 
13

C NMR (125 

MHz, CDCl3): δ 138.8, 138.5, 138.4, 134.4, 131.6, 128.8, 128.5, 128.4, 128.3, 128.0, 127.8, 

127.7, 127.6, 127.0, 87.6, 84.6, 77.4, 77.2, 76.7, 75.6, 74.7, 72.9, 17.4; HRMS (ESI TOF): calcd. 

for C33H34NaO4S [M+Na]
+
 m/z, 549.2076; found, 549.2063. 

 

 

2-Azidoethyl 2,3,4,6-tetra-O-Acetyl-β-D-galactopyranosyl-(1→4)-2,3,6-tri-β-D-glucopyrano-

side S11.
[8]

 Lactose S10 was converted into S11 according to a literature procedure in three steps 

in an 82% (8.01 g) overall yield. 

2-Azidoethyl β-D-Galactopyranosyl-(1→4)-β-D-glucopyranoside 15.
[9]

 To the solution of S11 

(8.0 g, 11.33 mmol) dissolved in MeOH (60 mL) was added a CH3ONa/CH3OH solution (0.4 M) 

until pH reached 10. The solution was stirred at rt for 12 h. When TLC showed the completion 

reaction, it was neutralized to pH 6-7 with Amberlyst (H
+
) resin and concentrated in vacuum. 

The residue was finally purified by flash column chromatography (MeOH/CH2Cl2, 1:4, v/v) to 

give 15 (4.18 g, 90%) as a white solid. 
1
H NMR (400 MHz, CD3OD): δ 4.37 (d, J = 8.1 Hz, 1 H, 

H-1’), 4.35 (d, J = 7.8 Hz, 1 H, H-1), 4.05-3.98 (m, 1 H, OCH2CH2N3), 3.95-3.66 (m, 6 H, 

OCH2CH2N3, H-6a’, H-6b’, H-4, H-4’, H-6b), 3.62-3.39 (m, 8 H, H-5, H-2, H-3, H-6a, H-3’, H-

5’, OCH2CH2N3), 3.32-3.24 (m, 1 H, H-2’); 
13

C NMR (100 MHz, CD3OD): δ 103.7, 102.9, 79.2, 

75.7, 75.1, 75.0, 73.4, 73.3, 71.1, 68.9, 68.0, 61.1, 60.5, 50.6. 

  



S-6 
 

Supplementary References  

[1] Y. Su, J. Xie, Y. Wang, X. Hu, X. Lin, Eur. J. Med. Chem. 2010, 45, 2713-2718. 

[2] S. G. Hansen, T. Skrydstrup, Eur. J. Org. Chem. 2007, 3392-3401. 

[3] J. Lindberg, S. C. T. Svensson, P. Pahlsson, P. Konradsson, Tetrahedron 2002, 58, 5109-

5117. 

[4] H. R. Jimenez, M. Momenteau, New J. Chem. 1994, 18, 569-574. 

[5] Z. Zhang, I. R. Ollmann, X. Ye, R. Wischnat, T. Baasov, C.-H. Wong, J. Am. Chem. Soc. 

1999, 121, 734-753. 

[6] S. M. Chervin, J. B. Lowe, M. Koreeda, J. Org. Chem. 2002, 67, 5654-5662. 

[7] S. Komba, H. Ishida, M. Kiso, A. Hasegawa, Bioorgan. Med. Chem. 1996, 4, 1833-1847. 

[8] G. Milkereit, V. Vill, J. Carbohydr. Chem. 2006, 25, 615-632. 

[9] W. Wang, H. Wang, C. Ren, J. Wang, M. Tan, J. Shen, Z. Yang, P. G. Wang, L. Wang, 

Carbohydr. Res. 2011, 346, 1013-1017. 

  



S-7 
 

 

Compound NMR and MS Spectra 

 

 
                                                   1

H NMR Spectrum of compound S2 (CDCl3, 400 MHz) 
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                                                   13

C NMR Spectrum of compound S2 (CDCl3, 400 MHz) 
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                                                    1

H NMR Spectrum of compound S3 (CD3OD, 400 MHz) 
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C NMR Spectrum of compound S3 (CD3OD, 400 MHz) 
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                                                 1

H NMR Spectrum of compound 11 (CDCl3, 400 MHz) 
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C NMR Spectrum of compound 11 (CDCl3, 400 MHz) 
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H NMR Spectrum of compound 12 (CDCl3, 400 MHz) 
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C NMR Spectrum of compound 12 (CDCl3, 400 MHz) 
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H NMR Spectrum of compound 7 (CDCl3, 400 MHz) 
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C NMR Spectrum of compound 7 (CDCl3, 400 MHz) 
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H COSY Spectrum of compound 7 (CDCl3, 400 MHz) 
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C HMQC NMR Spectrum of compound 7 (CDCl3, 400/100 MHz) 
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H NMR Spectrum of compound 19 (CDCl3, 400 MHz) 
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C NMR Spectrum of compound 19 (CDCl3, 400 MHz) 
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H COSY Spectrum of compound 19 (CDCl3, 400 MHz) 
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C HMQC NMR Spectrum of compound 19 (CDCl3, 400/100 MHz) 

 



S-24 
 

 
                                                   1

H NMR Spectrum of compound 13 (CDCl3, 400 MHz) 
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C NMR Spectrum of compound 13 (CDCl3, 400 MHz) 
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H NMR Spectrum of compound 14 (CDCl3, 400 MHz) 
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C NMR Spectrum of compound 14 (CDCl3, 400 MHz) 
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H NMR Spectrum of compound 9 (CDCl3, 400 MHz) 
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C NMR Spectrum of compound 9 (CDCl3, 400 MHz) 
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H COSY Spectrum of compound 9 (CDCl3, 400 MHz) 
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C HMQC NMR Spectrum of compound 9 (CDCl3, 400/100 MHz) 
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H NMR Spectrum of compound S5 (CDCl3, 400 MHz) 
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C NMR Spectrum of compound S5 (CDCl3, 400 MHz) 
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H COSY Spectrum of compound S5 (CDCl3, 400 MHz) 
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H NMR Spectrum of compound S6 (CDCl3, 400 MHz) 
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C NMR Spectrum of compound S6 (CDCl3, 400 MHz) 
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H NMR Spectrum of compound 8 (CDCl3, 400 MHz) 
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C NMR Spectrum of compound 8 (CDCl3, 400 MHz) 
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H COSY Spectrum of compound 8 (CDCl3, 400 MHz) 
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H NMR Spectrum of compound S8 (CDCl3, 500 MHz) 
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C NMR Spectrum of compound S8 (CDCl3, 500 MHz) 
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C HMQC NMR Spectrum of compound S8 (CDCl3, 500/125 MHz) 
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H NMR Spectrum of compound S9 (CDCl3, 400 MHz) 
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C NMR Spectrum of compound S9 (CDCl3, 400 MHz) 
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H NMR Spectrum of compound 4 (CDCl3, 500 MHz) 
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C NMR Spectrum of compound 4 (CDCl3, 500 MHz) 
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C HMQC NMR Spectrum of compound 4 (CDCl3, 500/125 MHz) 
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                                         HRMS (ESI MS) spectrum of compound 4 
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H NMR Spectrum of compound 15 (CD3OD, 500 MHz) 
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C NMR Spectrum of compound 15 (CD3OD, 500 MHz) 
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H COSY Spectrum of compound 15 (CD3OD, 500 MHz) 
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C HMQC NMR Spectrum of compound 15 (CD3OD, 500/125 MHz) 
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H NMR Spectrum of compound 16 (CD3OD, 400 MHz) 
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C NMR Spectrum of compound 16 (CD3OD, 400 MHz) 
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H NMR Spectrum of compound 17 (CDCl3, 400 MHz) 
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C NMR Spectrum of compound 17 (CDCl3, 400 MHz) 
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C NMR Spectrum of compound 10 (CDCl3, 400 MHz) 
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H COSY Spectrum of compound 10 (CDCl3, 400 MHz) 
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C HMQC NMR Spectrum of compound 10 (CDCl3, 400/100 MHz) 
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C NMR Spectrum of compound 5 (CDCl3, 600 MHz) 
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H-
1
H COSY Spectrum of compound 5 (CDCl3, 400 MHz) 
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C HMQC NMR Spectrum of compound 5 (CDCl3, 400/100 MHz)   
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C NMR Spectrum of compound 6 (CDCl3, 400 MHz) 
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H-
1
H COSY Spectrum of compound 6 (CDCl3, 400 MHz) 
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C HMQC NMR Spectrum of compound 6 (CDCl3, 400/100 MHz) 
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                                           HRMS (ESI MS) spectrum of compound 6 
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H NMR Spectrum of compound 20 (CDCl3, 500 MHz) 
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C NMR Spectrum of compound 20 (CDCl3, 500 MHz) 
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H-
1
H COSY Spectrum of compound 20 (CDCl3, 500 MHz) 
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H-
13

C HMQC NMR Spectrum of compound 20 (CDCl3, 500/125 MHz) 
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HRMS (ESI MS) spectrum of compound 20. 



S-95 
 

 
                                                        1

H NMR Spectrum of compound 3 (CDCl3, 500 MHz) 
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C NMR Spectrum of compound 3 (CDCl3, 500 MHz) 
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H-
1
H COSY Spectrum of compound 3 (CDCl3, 400 MHz) 
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C HMQC NMR Spectrum of compound 3 (CDCl3, 400/100 MHz) 
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HRMS (ESI MS) spectrum of compound 3. 
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H NMR Spectrum of compound 21 (CDCl3, 600 MHz) 
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C NMR Spectrum of compound 21 (CDCl3, 600 MHz) 
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H-
1
H COSY Spectrum of compound 21 (CDCl3, 600 MHz) 
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H-
13

C HMQC NMR Spectrum of compound 21 (CDCl3, 400/100 MHz) 
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HRMS (ESI MS) spectrum of compound 21. 
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H NMR Spectrum of compound 22 (CDCl3, 500 MHz) 
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C NMR Spectrum of compound 22 (CDCl3, 500 MHz) 
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H-
1
H COSY Spectrum of compound 22 (CDCl3, 500 MHz) 
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H-
13

C HMQC NMR Spectrum of compound 22 (CDCl3, 500/125 MHz) 
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HRMS (ESI MS) spectrum of compound 22. 
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                                          MALTI-TOF MS spectrum of compound 22a 
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H NMR Spectrum of compound 2 (D2O, 600 MHz) 
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C NMR Spectrum of compound 2 (D2O, 600 MHz) 
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H-
1
H COSY Spectrum of compound 2 (D2O, 600 MHz) 
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H-
13

C HMQC NMR Spectrum of compound 2 (D2O, 600/150 MHz) 
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HRMS (ESI MS) spectrum of compound 2 


