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General experimental procedures. All reactions were carried out under nitrogen or
argon with anhydrous solvents in flame-dried glassware, unless otherwise noted. All
glycosylation reactions were performed in the presence of 44 or 5A molecular sieves,
which were flame-dried immediately before use in the reaction under high vacuum.
Glycosylation solvents were dried using a solvent purification system and used
directly without further drying. The chemicals used were reagent grade as supplied,
except where noted. Analytical thin-layer chromatography was performed using silica
gel 60 F254 glass plates. Compound spots were visualized by UV light (254 nm) or
by heating with a solution with 10% H,SOj in ethanol. Flash column chromatography
was performed on silica gel H. NMR spectra were referenced using MesSi (0 ppm),
residual CHCl; (‘"H NMR § = 7.26 ppm, >*C NMR d = 77.16 ppm), CD;0D (‘"H NMR
5 =3.31 ppm, °C NMR ¢ = 49.00 ppm), DO ("H NMR 6 = 4.79 ppm). Peak and
coupling constant assignments are based on 'H NMR, 'H-'H COSY, and 'H-"C
HMQC experiments. All optical rotations were measured at room temperature using
the sodium D line. Splitting patterns are indicated as s (singlet), d (doublet), t (triplet),
q (quartet), and brs (broad singlet) for '"H NMR data. ESI-MS and MALDI-MS were
run on an lonSpec Ultra instrument using HP5989A or VG Quattro MS. Optical
rotations were measured using a Perkin-Elmer 241 polarimeter.

2-0-Benzoyl-3-0-benzyl-4,6-O-benzylidene-f-D-glucopyranosyl
trichloroacetimidate (21)
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4-Methoxyphenyl
2-0-benzoyl-3-0-benzyl-4,6-0-benzylidene-#-D-glucopyranoside (S2)

4-Methoxyphenyl 2,4,6-tri-O-acetyl-3-O-benzyl-f-D-glucopyranoside (S1)% (20.0 g,
40 mmol) was dissolved in methanol (100 mL), NaOMe was added until pH = 12.
After the TLC indication of complete consumption of the starting material, acidic
resin was added and the mixture was stirred until pH = 7. The resin was filtered off
and the solution was removed in vacuo. The residue was co-evaporated twice with
toluene and dissolved in acetonitrile (100 mL). Benzaldehyde dimethyl acetal (7.5 mL,
48 mmol) and p-toluenesulfonic acid monohydrate (100 mg) were added, stirring was
continued until TLC indicated disappearance of the raw material. Triethylamine was
added and the solvent was evaporated. Crystallization from methanol afforded
4-methoxyphenyl 3-O-benzyl-4,6-O-benzylidene-f-D-glucopyranoside.

Benzoyl chloride (9.5 mL, 82 mmol) was added to a solution of the above product in
CH,Cl, (160 mL) and pyridine (80 mL) at 0 °C. Stirring was continued at 0 °C until
TLC indicated disappearance of the starting material. The reaction mixture was
quenched by the addition of methanol. The mixture was poured into CH,Cl,, and
washed with brine twice. The organic layers were dried over Na,SO, and filtered. The
filtrate was concentrated in vacuo. Crystallization from petroleum ether/EtOAc
afforded S2 (18.4 g, 81%) as a white crystal: [a]p>*= 40.6 (¢ 1.9, CHCls); '"H NMR
(400 MHz, CDCl3) ¢ 8.09-7.93 (m, 2 H), 7.67-7.33 (m, 8 H), 7.21-7.03 (m, 5 H),
6.88 (d, /=9.0 Hz, 2 H), 6.74 (d, /= 9.0 Hz, 2 H), 5.62 (s, 1 H), 5.59-5.46 (m, 1 H),
5.07 (d,J=7.8 Hz, 1 H), 4.85 (d, J=12.0 Hz, 1 H), 4.72 (d, /= 12.1 Hz, 1 H), 4.41
(dd, J=10.5, 4.9 Hz, 1 H), 4.02-3.83 (m, 3 H), 3.71 (s, 3 H), 3.66-3.53 (m, 1 H); °C
NMR (100 MHz, CDCl3) ¢ 165.2, 155.8, 151.3, 137.9, 137.3, 133.3, 130.0, 129.9,
129.2, 128.5, 128.4, 128.3, 128.2, 127.7, 126.2, 119.0, 114.6, 101.6, 101.5, 81.6, 78.1,
74.2, 73.5, 68.8, 66.6, 55.7; ESI-MS m/z 591.2 [M+Na']; ESI-MS m/z calcd for
C34H3,05Na [M+Na]" 591.1985, found 591.1989.

2-0-Benzoyl-3-0-benzyl-4,6-O-benzylidene-f-D-glucopyranosyl
trichloroacetimidate (21)

Compound S2 (4.0 g, 7.0 mmol) was dissolved in a mixed solvent of acetonitrile,
toluene, and water (70 mL, v/v/v = 1:1.5:1). Cerous ammonium nitrate (11.5 g, 21
mmol) was added at room temperature. Stirring was continued until TLC indicated
disappearance of the raw material. The solvent was removed in vacuo. The residue
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was dissolve in CH,Cl,, and washed with water, saturated sodium bicarbonate, and
brine. The organic layers were dried over Na,SO, and filtered. The filtrate was
concentrated in vacuo. The residue was purified by silica gel column chromatography
(petroleum ether/EtOAc = 3:1) to give the hemiacetal (2.9 g, 91%) as a light red
solid.

The hemiacetal (2.1 g, 4.5 mmol) was dissolved in CH,Cl, (20 mL) and
cooled to 0 °C. Trichloroacetonitrile (2.3 mL, 23 mmol) and DBU (67 uL, 0.45 mmol)
were added successively. After stirring at this temperature for about 2 h, the reaction
mixture was concentrated in vacuo. The residue was chromatographed over silica gel
(petroleum ether/EtOAc = 5:1, containing 1% Et;:N) to yield 21 (2.7 g, 98%) as a
white foam: '"H NMR (400 MHz, CDCls) 6 8.52 (s, 1 H), 7.97 (d, J = 7.8 Hz, 2 H),
7.67-7.49 (m, 3 H), 7.49-7.34 (m, 6 H), 7.31-7.11 (m, 6 H), 6.62 (d, /= 3.2 Hz, 1 H),
5.66 (s, 1 H), 5.38 (dd, /=9.3,3.2 Hz, 1 H), 4.92 (d, /= 11.8 Hz, 1 H), 4.79 (d, J =
11.8 Hz, 1 H), 4.39 (dd, J=10.4, 4.8 Hz, 1 H), 4.31 (t,J=9.5 Hz, 1 H), 4.13 (td, J =
10.2, 5.2 Hz, 1 H), 3.92 (t, J=9.5 Hz, 1 H), 3.84 (t,J=10.3 Hz, 1 H); *C NMR (100
MHz, CDCls) o 165.6, 160.8, 138.0, 137.1, 133.6, 130.0, 129.2, 128.5, 128.5, 128.4,
128.3, 127.8, 126.1, 101.6, 94.2, 81.7, 77.5, 77.2, 76.8, 75.3, 74.9, 72.1, 68.8, 65.4.
ESI-MS m/z 628.0 [M+Na]".

2-0-Levulinic-3-0-benzyl-4,6-O-benzylidene-f#-D-glucopyranosyl
trichloroacetimidate (22)
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4-Methoxyphenyl
2-0O-levulinic-3-0-benzyl-4,6-O-benzylidene-#-D-glucopyranoside (S3)

Compound S1 (2.0 g, 4.0 mmol) was dissolved in methanol (10 mL), and NaOMe was
added until pH = 12. After the TLC indication of complete consumption of the
starting material, acidic resin was added and the mixture was stirred until pH = 7. The
resin was filtered off and the solvent was removed in vacuo. The residue was
co-evaporated twice with toluene and dissolved in acetonitrile (10 mL). Benzaldehyde
dimethyl acetal (0.75 mL, 4.8 mmol) and p-toluenesulfonic acid monohydrate (10 mg)
was added, stirring was continued until TLC indicated disappearance of the raw
material. Triethylamine was added and the solvents evaporated. Crystallization from
methanol afforded 4-methoxyphenyl 3-0O-benzyl-4,6-0O-benzylidene-f-D-
glucopyranoside.

The above product was dissolved in CH,Cl, (10 mL) under nitrogen. EDCI (1.5 g,

8.0 mmol), DMAP (50 mg, 0.4 mmol), levulinic acid (0.6 mL, 6 mmol) were added.
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The stirring was continued until TLC indicated disappearance of the starting material.
The mixture was poured into CH,Cl,, and washed with brine twice. The organic
layers were dried over Na,SO, and filtered. The filtrate was concentrated in vacuo.
Crystallization from petroleum ether/EtOAc afforded S3 (1.5 g, 76%) as a white solid:
[a]p”*= 3.7 (¢ 1.0, CHCLs); '"H NMR (300 MHz, CDCl3) d 7.50-7.26 (m, 10 H), 6.96
(d, J=9.0 Hz, 2 H), 6.82 (d, J=9.3 Hz, 2 H), 5.61 (s, 1 H), 5.25 (t,J=8.7 Hz, 1 H),
4.94-4.87 (m, 2 H), 4.72 (d, J = 11.7 Hz, 1 H), 4.39 (dd, J = 10.8, 5.4 Hz, 1 H),
3.90-3.75 (m, 6 H), 3.58-3.50 (m, 1 H), 2.75-2.71 (m, 2 H), 2.57-2.51 (m, 2 H), 2.17
(s, 3 H); °C NMR (100 MHz, CDCls) d 206.2, 171.4, 155.7, 151.2, 138.2, 137.2,
129.1, 128.4, 128.0, 127.8, 126.1, 118.8, 114.6, 101.3, 101.3, 81.3, 78.3, 74.21, 73.1,
68.7, 66.4, 55.7, 37.8, 29.9, 27.9; ESI-MS m/z caled for C3;H3409Na [M+Na]"
585.2095, found 585.2083.

2-0O-Levulinic-3-0-benzyl-4,6-O-benzylidene-f#-D-glucopyranosyl
trichloroacetimidate (22)

Compound S3 (1.4 g, 2.5 mmol) was dissolved in a mixed solvent of acetonitrile,
toluene, and water (21 mL, v/v/v = 1:1.5:1). Cerous ammonium nitrate (4.1 g, 7.5
mmol) was added at room temperature. Stirring was continued until TLC indicated
disappearance of the raw material. The solution was removed in vacuo and the residue
was dissolve in CH,Cl,, and washed with water, saturated sodium bicarbonate, and
brine. The organic layers were dried over Na,SO, and filtered. The filtrate was
concentrated in vacuo. The residue was purified by silica gel column chromatography
(petroleum ether/EtOAc = 3:1) to give the hemiacetal (1.1 g, 83%) as light red solid:
ESI-MS (m/z): 479.4 [M+Na] .

The above product (0.9 g, 2.0 mmol) was dissolved in CH,Cl, (5 mL) and
cooled to 0 °C. Trichloroacetonitrile (0.2 mL, 1.0 mmol) and DBU (cat.) were added
successively. After stirring at this temperature for about 2 h, the reaction mixture was
concentrated in vacuo. The residue was chromatographed over silica gel (petroleum
ether/EtOAc = 4:1, containing 1% Et;N) to yield 22 (1.13 g, 94 %) as a colorless oil:
'H NMR (400 MHz, CDCls) & 8.56 (s, 1H), 7.50-7.15 (m, 14 H), 6.42 (d, J = 3.7 Hz,
1 H), 5.55 (s, 1 H), 5.03 (dd, J=9.6, 3.8 Hz, 1 H), 4.86 (d, J=11.8 Hz, 1 H), 4.69 (d,
J=11.7Hz, 1 H), 4.28 (dd, J=10.4,4.9 Hz, 1 H), 4.12-3.93 (m, 2 H), 3.79-3.67 (m,
2 H), 2.62 (td, J= 6.7, 2.9 Hz, 2 H), 2.52-2.35 (m, 3 H), 2.08 (s, 3 H); >C NMR (100
MHz, CDCls) 6 206.1, 172.0, 161.0, 138.3, 137.1, 129.2, 128.4, 128.1, 127.9, 126.1,
101.5, 94.0, 81.5, 75.6, 75.0, 72.0, 68.7, 65.3, 37.8, 30.0, 27.7.

2-0-Benzoyl-3-0-benzyl-4,6-O-benzylidene-a-L-iduropyranosyl
trichloroacetimidate (23)
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4-Methoxyphenyl 2,4,6-tri-O-acetyl-3-O-benzyl-a-L-iduropyranoside (S5)

p-Methoxylphenol (1.86 g, 15 mmol) and 1,2,4,6-tetra-O-acetyl-3-O-benzyl-o-L-
iduropyranoside (S4)** (4.4 g, 10 mmol) were dissolved in CH,Cl, at rt. Powdered
freshly activated 4A molecular sieves (6 g) were added, and the mixture was stirred
for 1 hour at ambient temperature and then cooled to 0 °C. TMSOTf (0.64 mL, 5
mmol) was added, and the stirring was continued until TLC indicated the
disappearance of the starting material (about 12 h). The reaction was quenched by the
addition of Et;N. The mixture was filtered, the filtrate was concentrated in vacuo.
Crystallization from petroleum ether/EtOAc afforded S5 (4.3 g, 86%) as a white solid:
[a]p” = -81.5 (¢ 1.4, CHCL;); '"H NMR (400 MHz, CDCl;) § 7.50-7.28 (m, 5 H),
7.11-6.91 (m, 2 H), 6.92-6.70 (m, 2 H), 5.44 (s, 1 H), 5.16 (d, /= 1.1 Hz, 1 H), 4.94
(s, 1 H), 4.86 (d, J=11.9 Hz, 1 H), 4.73 (d, /=119 Hz, 1 H), 4.65 (t, /= 6.4 Hz, 1
H), 4.26-4.07 (m, 2 H), 3.81 (s, 1 H), 3.77 (s, 3 H), 2.11 (d, /= 4.4 Hz, 6 H), 1.93 (s,
3 H); >C NMR (100 MHz, CDCls) d 170.58, 170.16, 169.61, 155.30, 150.49, 137.68,
128.54, 127.98, 127.73, 118.40, 114.63, 97.32, 72.57, 72.27, 67.33, 67.14, 64.62,
62.62, 55.77; ESI-MS m/z caled for CysH30Oi0Na [MJrNa]+ 525.1731, found
525.1746.

4-Methoxyphenyl
2-0-benzoyl-3-0-benzyl-4,6-0-benzylidene-a-L-iduropyranoside (S6)

Compound S5 (4.0 g, 4.0 mmol) was dissolved in methanol (20 mL), and NaOMe was
added until pH = 12. After the TLC indication of complete consumption of the
starting material, acidic resin was added and the mixture was stirred until pH = 7. The
resin was filtered off and the solvent was removed in vacuo. The residue was
co-evaporated twice with toluene and then dissolved in benzaldehyde (12 mL).
Trifluoroacetic acid (0.8 mL) was added, stirring was continued until TLC indicated
disappearance of the raw material. Triethylamine was added and the solvent was
evaporated to afford the crude 4-methoxyphenyl 3-O-benzyl-4,6-O-benzylidene
-p-L-iduropyranoside as a yellow solid.

Benzoyl chloride (1.4 mL, 12 mmol) was added to a solution of the above product in
CH,CI, (40 mL) and pyridine (20 mL) under nitrogen at 0 °C. Stirring was continued
at 0 °C until TLC indicated disappearance of the starting material. The reaction
mixture was quenched by the addition of methanol. The mixture was poured into
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CH,Cl,, and washed with brine twice. The organic layers were dried over Na,SO, and
filtered. The filtrate was concentrated in vacuo. Crystallization from petroleum
ether/EtOAc afforded S6 (3.6 g, 80%) as a white solid: [a]p™*=-23.6 (c 2.8, CHCIy);
'H NMR (400 MHz, CDCl;) J 8.15-8.06 (m, 1H), 8.01 (d, J = 6.7 Hz, 2H), 7.63-7.21
(m, 17H), 7.08 (dd, J = 9.0, 3.6 Hz, 2H), 6.91-6.74 (m, 2H), 5.76 (s, 1H), 5.58 (s, 1H),
5.50 (s, 1H), 4.99 (dd, J = 11.7, 2.0 Hz, 1H), 4.80-4.66 (m, 1H), 4.31 (d, /= 12.7 Hz,
1H), 4.16 (s, 2H), 4.10 (d, J = 12.5 Hz, 1H), 3.97 (s, 1H), 3.75 (s, 3H); °C NMR (100
MHz, CDCl3) 0 165.8, 155.0, 150.7, 138.0, 137.91 133.8, 133.3, 130.3, 130.3, 129.6,
129.0, 128.6, 128.4, 128.2, 128.0, 127.9, 126.5, 117.6, 114.8, 101.1, 97.2, 74.4, 73.6,
72.0, 69.9, 66.0, 60.6, 55.8; ESI-MS m/z calcd for C34H3,0sNa [M+Na]™ 591.1989,
found 591.1985.

2-0-Benzoyl-3-0-benzyl-4,6-O-benzylidene-a-L-iduropyranosyl
trichloroacetimidate (23)

Compound S6 (1.0 g, 1.8 mmol) was dissolved in a mixed solvent of acetonitrile,
toluene, and water (14 mL, v/v/v = 1:1.5:1). Cerous ammonium nitrate (3.0 g, 5.4
mmol) was added at room temperature. Stirring was continued until TLC indicated
disappearance of the raw material. The solvent was removed in vacuo and the residue
was dissolve in CH,Cl,, and washed with water, saturated sodium bicarbonate, and
brine. The organic layers were dried over Na,SO, and filtered. The filtrate was
concentrated in vacuo. The residue was purified by silica gel column chromatography
(petroleum ether/EtOAc = 3:1) to give the hemiacetal (0.7 g, 85%) as a light red
solid.

The hemiacetal (0.42 g, 0.9 mmol) was dissolved in CH,Cl, (5§ mL) and
cooled to 0 °C. Trichloroacetonitrile (0.45 mL, 4.5 mmol) and DBU (cat.) was added
successively. After stirring at this temperature for about 2 h, the reaction mixture was
concentrated in vacuo. The residue was chromatographed over silica gel (petroleum
ether/EtOAc = 5:1, containing 1% Et;N) to yield 23 (0.52 g, 93%) as a colorless oil:
'H NMR (400 MHz, CDCl3) 6 8.67 (s, 1 H), 8.13-7.90 (m, 2 H), 7.62-7.09 (m, 14 H),
6.53 (s, 1 H), 5.58 (s, 1 H), 5.49 (s, 1 H), 4.92 (d, /= 11.6 Hz, 1 H), 4.70 (d, /= 11.6
Hz, 1 H), 4.40 (d, /= 12.6 Hz, 1 H), 4.24 (s, 1 H), 4.20-4.05 (m, 2 H), 3.94 (s, 1 H);
C NMR (100 MHz, CDCl3) 6 165.7, 160.7, 138.0, 137.5, 133.4, 130.3, 129.5, 129.1,
128.5, 128.4, 128.2, 128.0, 128.0, 126.6, 101.3, 95.9,91.3, 73.3, 72.9, 72.2, 69.6, 64.4,
61.9.

2-Azido-6-0-benzoyl-3,4-di-O-benzyl-2-deoxy-a/f-D-glucopyranosyl
N-phenyltrifluoroacetimidate (24)
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tert-Butyldimethylsilyl
2-azido-3,4-0-benzyl-2-deoxy-6-0-benzoyl-f-D-glucopyranoside (S8)

tert-Butyldimethylsilyl 2-azido-3-0O-benzyl-4,6-0O-benzylidene-2-deoxy-£-D
-glucopyranoside (ST (1.0 g, 2.0 mmol) was dissolved in BH3;-THF (1 M, 20 mL,
20 mmol) under nitrogen and cooled to 0 °C. After 15 min, Bu,B-OTf (1 M, 2 mL, 2
mmol) was added dropwise and stirring was continued at 0 °C for 2 h. The reaction
mixture was quenched by the addition of Et;N and the excess BHj3; THF was
consumed by slowly adding methanol. The solvent was removed in vacuo,
co-evaporated with methanol twice.

Benzoyl chloride (0.4 mL, 3.4 mmol) was added to a solution of the above product in
CH,CI, (10 mL) and triethylamine (1.0 mL, 6.8 mmol) under nitrogen at 0 °C. Stirring
was continued at 0 °C until TLC indicated disappearance of the starting material. The
reaction mixture was quenched by the addition of methanol. The mixture was poured
into CH,Cl,, and washed with brine twice. The organic layers were dried over Na,SO,
and filtered. The filtrate was concentrated in vacuo. The filtrate was concentrated in
vacuo. The residue was purified by silica gel column chromatography (petroleum
ether/EtOAc = 25:1) to give S8 (0.95 g, 78%) as a colorless oil: [a]p®*=11.8 (¢ 1.0,
CHCl;); "H NMR (300 MHz, CDCl3) ¢ 8.01 (d, J = 6.8 Hz, 2 H), 7.56 (t, J= 7.2 Hz,
1H), 7.45-7.25 (m, 12 H), 4.94-4.79 (m, 3 H), 4.63-4.56 (m, 3 H), 4.37 (dd, J = 11.6,
5.6 Hz, 1 H), 3.65-3.54 (m, 2 H), 3.47-3.35 (m, 2 H), 0.89 (s, 9 H), 0.12 (s, 3 H), 0.10
(s, 3 H); °C NMR (100 MHz, CDCl3) ¢ 166.18, 137.89, 137.50, 133.13, 129.86,
129.73, 128.57, 128.37, 128.16, 128.10, 128.01, 97.21, 83.00, 77.72, 75.65, 75.15,
73.35, 68.76, 63.55, 29.73, 25.58, 17.97, -4.30, -5.20; ESI-MS m/z calcd for
C33H41N;306SiNa [M+Na]" 626.2657, found 626.2648.

2-Azido-6-0-benzoyl-3,4-di-O-benzyl-2-deoxy-a/f-D-glucopyranosyl
N-phenyltrifluoroacetimidate (24)

Compound S8 (0.95 g, 1.57 mmol) was dissolved in THF (10 mL) followed by the
addition of AcOH (0.27 mL, 4.7 mmol) and TBAF in THF (1 M, 2.35 mL, 2.35 mmol).
Stirring was continued until TLC indicated disappearance of the starting material
(about 3 h). The reaction mixture was diluted with CH,Cl, and washed with saturated
aqueous sodium bicarbonate and brine. The organic phase was dried with Na,SO, and
filtered, and the filtrate was concentrated in vacuo. The residue was chromatographed
over silica gel (petroleum ether/EtOAc = 4:1) to give the hemiacetal (0.67 g, 87%) as
7



a colorless oil: ESI-MS (m/z) 512.5 [M+Na]".

The above hemiacetal (115 mg, 0.24 mmol) was dissolved in acetone (2 mL).
N-Phenyl-trifluoroacetimidoyl chloride (40 pL, 0.36 mmol) and K,CO; (85 mg, 0.6
mmol) was added successively. Stirring was continued until TLC indicated
disappearance of the starting material (about 2 h). The mixture was concentrated. The
residue was purified by silica gel column chromatography (petroleum ether/EtOAc =
4:1, containing 1% Et;N) to give 24 (160 mg, 99%) as a white solid: 'H NMR (400
MHz, CDCl3) ¢ 8.01 (dd, J = 7.0, 5.2 Hz, 4 H), 7.58 (dd, J = 16.3, 7.7 Hz, 3 H),
7.50-7.29 (m, 22 H), 7.11 (m, 2 H), 6.78 (t, J = 7.2 Hz, 4 H), 5.05-4.82 (m, 6 H),
4.74-4.47 (m, 5 H), 4.45-4.35 (m, 1 H), 4.11 (m, 1 H), 3.85-3.64 (m, 5 H), 3.58 (brs,
1 H); ESI-MS m/z 683.6 [M+Na]", 699.7 [M+K]".

tert-Butyldimethylsilyl
(2-0O-benzoyl-3-0-benzyl-4,6-O-benzylidene-p-D-glucopyranosyl)
-(1—4)-2-azido-6-0O-benzoyl-3-O-benzyl-2-deoxy-B-D-glucopyranoside (29)

-\ 0 NH OBz OBz
P % Q U o TMSOTY Ph/VOO o o
BnO 0" “ccly + HO oBs T~ 9% o) oTBS
OBz BnO BnO
N3 OBz N3
21 25 29

Trichloroacetimidate 21 (2.4g, 4.0 mmol) and acceptor 25 S12.0 g, 3.8 mmol) were
dissolved in CH,Cl, (50 mL) under nitrogen. Powdered freshly activated 4 A
molecular sieves (4.0 g) were added, and the mixture was stirred for 1 hour at
ambient temperature and then cooled to -30 °C. TMSOTf (39 uL, 0.2 mmol) was
added to the mixture, and stirring was continued until TLC indicated disappearance of
the imidate (about 30 min). The reaction mixture was quenched by the addition of
Et;N. The mixture was filtered, the filtrate was concentrated in vacuo. The residue
was purified by silica gel column chromatography (petroleum ether/EtOAc/CH,Cl, =
10:1:1) to give disaccharide 29 (3.6 g, 95%) as a white solid: [a]p?’ =41.3 (¢
1.7, CHCls); "H NMR (400 MHz, CDCl3) § 8.00 (d, J = 7.2 Hz, 2 H), 7.86 (d, J = 7.6
Hz, 2 H), 7.56 (t, J= 7.6 Hz, 1 H), 7.50-7.04 (m, 20 H), 5.54 (s, 1 H), 5.34 (t, J= 8.4
Hz, 1 H), 4.95 (d, J = 10.4 Hz, 1 H), 4.83-4.79 (m, 2 H), 4.73 (d, J = 8.0 Hz, 1 H),
4.65 (d, J=12.0 Hz, 1 H), 4.47 (d, J= 7.2 Hz, 1 H), 4.42-4.36 (m, 2 H), 4.18-4.14
(dd, J=4.8,10.4 Hz, 1 H), 3.86-3.79 (m, 3 H), 3.52 (t, /= 10.4 Hz, 1 H), 3.47-3.29
(m, 4 H), 0.84 (s, 9 H), 0.06 (s, 3 H), 0.03 (s, 3 H); °C NMR (100 MHz, CDCl5) ¢
166.0, 165.1, 138.5, 137.8, 137.2, 133.4, 133.3, 130.0, 129.7, 129.2, 128.6, 128.5,
128.4, 128.3, 128.1, 127.9, 127.7, 126.2, 101.8, 101.4, 97.0, 81.8, 80.9, 78.1, 75.7,
74.3, 73.9, 73.2, 68.6, 68.4, 66.5, 62.9, 25.7, 18.1, -4.3, -5.1; ESI-MS m/z calcd for
Cs3HsoN30,,SiNa [M+Na]" 980.3767, found 980.3760.

tert-Butyldimethylsilyl
(2-0-benzoyl-3-0-benzyl-4,6-O-benzylidene-f#-D-glucopyranosyl)-(1—4)-2-azido-
3-0-benzyl-2-deoxy-6-0-(4-methoxybenzyl)-f-D-glucopyranoside (30)
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OPMB

Ph~\"0 NH OPMB
+ H _— o
BnO 3 BnO OTBS BnO BnO OTBS
N3 OBz N3
26 3

OBz
21

0
Trichloroacetimidate 21 (1.2 g, 2.0 mmol) and acceptor 26% (1.0 g, 1.9 mmol) were
dissolved in CH,Cl, (20 mL) under nitrogen. Powdered freshly activated 4 A
molecular sieves (2.0 g) were added, and the mixture was stirred for 1 hour at
ambient temperature and then cooled to -30 °C. TMSOTf (20 uL, 0.1 mmol) was
added to the mixture, and stirring was continued until TLC indicated disappearance of
imidate (about 30 min). The reaction mixture was quenched by the addition of Et;N.
The mixture was filtered, the filtrate was concentrated in vacuo. The residue was
purified by silica gel column chromatography (petroleum ether/EtOAc/CH,Cl, =
10:1:1) to give disaccharide 30 (1.8 g, 91%) as a white solid: [a]p®* =12.0 (¢
1.0, CHCl3); '"H NMR (300 MHz, CDCl3) 6 7.97 (d, J = 7.5 Hz, 2 H), 7.64-7.07 (m,
20 H), 6.89 (d, J=8.1 Hz, 2 H), 5.53 (s, 1 H), 5.23 (t, J=8.7 Hz, 1 H),4.92 (d, J =
7.5 Hz, 1 H), 4.83-4.56 (m, 5 H), 4.38-4.35 (m, 1 H), 4.24-3.94 (m, 3 H), 3.74-3.09
(m, 9 H), 3.73 (s, 3 H), 0.89 (s, 9 H), 0.09, 0.08 (s, each 3 H); °C NMR (100 MHz,
CDCl3) 0 165.05, 159.6, 138.8, 138.1, 137.5, 133.6, 130.3, 130.1, 129.8, 129.3, 128.7,
128.49, 128.47, 128.4, 128.1, 128.0, 127.80, 127.77, 126.3, 114.1, 101.4, 101.0, 97.2,
82.0, 81.0, 78.6, 75.4, 74.9, 74.4, 74.1, 73.3, 68.8, 68.5, 67.5, 66.3, 55.5, 25.8, 18.2,
-4.3, -5.1; ESI-MS m/z calcd for C54H63N3O1ZSiNa[M+Na]+ 996.4073, found
996.4081.

tert-Butyldimethylsilyl (methyl
2-0-benzoyl-3,4-di-O-benzyl-f-D-glucopyranosyluronate)-(1—4)-2-azido-6-O-be
nzoyl-3-0-benzyl-2-deoxy-f#-D-glucopyranoside (31)

OBz 1. BH3THF, Bu,BOTf OBz
0
BnO BnO OTBS 3 Mel, KHCO, BnO BRO oT8s
OBz N3
29

OBz N3
31

Disaccharide 29 (3.6 g, 3.8 mmol) was dissolved in BH;-THF (1M, 38 mL, 38 mmol)
under nitrogen and cooled to 0 °C. After 15 min, Bu,B-OTf (1 M, 7.6 mL, 7.6 mmol)
was added dropwise and stirring was continued at 0 °C for 2 h. The reaction mixture
was quenched by the addition of Et;N and the excess BH; ' THF was consumed by
slowly adding methanol. The solvent was co-evaporated with methanol twice. The
residue was purified by silica gel column chromatography (petroleum ether/EtOAc =
6:1) to give the corresponding 6’-0l (3.4 g, 95%) as a white solid: '"H NMR
400 MHz, CDCls) ¢ 8.02 (d, J= 7.2 Hz, 2 H), 7.92 (d, J= 7.2 Hz, 2 H), 7.58 (t, J =
11.6 Hz, 1 H), 7.45-7.10 (m, 20 H), 5.32-5.27 (dd, /= 8.0, 9.2 Hz, 1 H), 4.96 (d, J =
11.2 Hz, 1 H), 4.84-4.78 (m, 2 H), 4.72 (d, J = 11.6 Hz, 1 H), 4.63—4.59 (m, 3 H),
4.48-4.34 (m, 3 H), 3.81-3.23 (m, 9 H), 0.85 (s, 9 H), 0.06 (s, 3 H), 0.04 (s, 3 H);

9



ESI-MS m/z calcd for Cs3Hg N30;3SiNa [M+Na] 982.3917, found 982.3942.

To a vigorously stirring solution of the above product (3.4 g, 3.4 mmol) in a
mixture of CH,Cl,/H,O (60 mL, v/v = 2/1), were added TEMPO (53 mg, 0.34 mmol)
and BAIB (4.4 g, 13.6 mmol). Stirring was continued until TLC indicated complete
conversion of the starting material (about 3 h). The reaction mixture was quenched by
the addition of aqueous Na,SO; (60 mL). The mixture was acidized with 5% HCI,
then extracted with CH,Cl, three times. The combined organic layers were washed
with brine (50 mL), and then dried over Na,SO, and filtered. The filtrate was
concentrated in vacuo. The residue was co-evaporated with toluene twice.

The resulting oily residue was dissolved in DMF (60 mL) at 0 °C, then K,COs
(1.4 g, 13.6) and an excess of methyl iodide (1.7 mL, 27.3 mmol) were added.
Stirring was continued until TLC indicated disappearance of the starting material
(about 3 h). The excess methyl iodide was quenched by the addition of AcOH. The
mixture was concentrated in vacuo. The oily residue was diluted with CH,Cl,
and washed with saturated sodium bicarbonate and brine. The organic layers
were dried over Na,SO, and filtered. The filtrate was concentrated in vacuo. The
residue was purified by silica gel column chromatography (petroleum ether/EtOAc =
3:1) to yield 31 (2.8 g, 81% for 2 steps) as a white solid: [a]p®* = +30.5 (¢ 1.0, CHCL3);
'H NMR (400 MHz, CDCl3) 6 7.99 (d, J = 7.6 Hz, 2 H), 7.90 (d, J = 7.6 Hz, 2 H),
7.57 (t, J="7.6 Hz, 1 H), 7.44-7.09 (m, 15 H), 5.35 (t, /= 8.4 Hz, 1 H), 5.04 (d, J =
10.8 Hz, 1 H), 4.80-4.70 (m, 4 H), 4.62 (d, /= 5.6 Hz, 1 H), 4.60 (d, /= 5.6 Hz, 1 H),
447-443 (m,2 H), 4.36-4.32 (dd, J= 5.6, 12.0 Hz, 1 H), 4.00 (t, /= 9.2 Hz, 1 H),
3.90 (d, J=9.6 Hz, 1 H), 3.83-3.56 (m, 2 H), 3.45 (s, 3 H), 3.45-3.27 (m, 3 H), 0.83
(s, 9 H), 0.47 (s, 3 H), 0.18 (s, 3 H); >C NMR (100 MHz, CDCl3) § 168.2, 165.9,
165.0, 138.5, 137.6, 137.5, 137.4, 133.2, 129.8, 129.7, 129.6, 129.1, 128.6, 128.4,
128.3, 128.3, 128.0, 127.99, 127.96, 127.8, 127.6, 101.4, 96.9, 81.7, 80.8, 79.4, 78.1,
77.4,77.1,76.7, 75.4, 75.2, 75.1, 74.7, 73.7, 73.0, 68.4, 62.8, 52.5, 25.5, 17.9, -4.4,
-5.2; ESI-MS m/z caled for Cs4HgsN3013SiNa [M+Na]"1010.3866, found 1010.3897.

tert-Butyldimethylsilyl (methyl
2-0-benzoyl-3,4-0-dibenzyl-f-D-glucopyranosyluronate)-(1—4)-2-azido
-3-0-benzyl-2-deoxy-6-0-(4-methoxybenzyl)-f-D-glucopyranoside (32)

OPMB 1. BH3THF, Bu,BOTf OPMB
: 3 » BUp MeO,C
0
BnO BnO OTBS 3. Mel, KHCO, BnO BnO OTBS
OBz N3 OBz
30

N3
32

Disaccharide 30 (1.0 g, 1.0 mmol) was dissolved in BH;-THF (1 M, 10 mL, 10 mmol)
under nitrogen and cooled to 0 °C. After 15 min, Bu,B-OTf (1 M, 2.1 mL, 2.1 mmol)
was added dropwise and stirring was continued at 0 °C for 2 h. The reaction mixture
was quenched by the addition of Et;N and the excess BH; ' THF was consumed by
slowly adding methanol. The solvent was removed in vacuo, and the residue was
co-evaporated with methanol twice. The residue was purified by silica gel column

10



chromatography (petroleum ether/EtOAc = 6:1) to give the 6’-0l (1.0 g, 99%) as
a white solid: '"H NMR 400 MHz, CDCls) § 7.94 (d, J = 8.0 Hz, 2 H), 7.60 (t, J =
7.2 Hz, 1 H), 7.47-7.11 (m, 19 H), 5.19 (t, /= 8.8 Hz, 1 H), 4.94 (d, /= 10.8 Hz, 1 H),
4.80-4.56 (m, 7 H), 4.40-4.37 (m, 2 H), 4.28 (d, /= 11.6 Hz, 1 H), 3.96-3.91 (m, 1
H), 3.74 (s, 3 H), 3.67-3.25 (m, 9 H), 3.11 (d, J=9.2 Hz, 1 H), 0.89 (s, 9 H), 0.11 (s,
3 H), 0.09 (s, 3 H); ESI-MS m/z calcd for Cs;HgsN30,SiNa [M+Na]™ 998.4230,
found 998.4235.

To a vigorously stirring solution of the above product (0.93 g, 0.96 mmol) in a
mixture of CH,Cl,/H,O (24 mL, v/v = 2/1), were added TEMPO (15 mg, 0.1 mmol)
and BAIB (1.2 g, 3.8 mmol). Stirring was continued until TLC indicated complete
conversion of the starting material (about 3 h). The reaction was quenched by the
addition of aqueous Na,SO; (20 mL). The mixture was acidized with 5% HCI, then
extracted with CH,Cl, three times. The combined organic layers were washed with
brine (25 mL), dried over Na,SO,, and filtered. The filtrate was concentrated in
vacuo, the residue was co-evaporated with toluene twice.

The above oily residue was dissolved in DMF (10 mL) at 0 °C, then K,COs
(0.4 g, 3.8) and an excess of methyl iodide (0.5 mL, 7.7 mmol) were added. Stirring
was continued until TLC indicated disappearance of the starting material (about 3 h).
The excess methyl iodide was quenched by the addition of AcOH. The mixture was
concentrated in vacuo, the oily residue was diluted by CH,Cl, and washed with
saturated sodium bicarbonate and brine. The organic layers were dried over
Na,SO, and filtered. The filtrate was concentrated in vacuo. The residue was purified
by silica gel column chromatography (petroleum ether/EtOAc = 3:1) to yield 32 (0.75
g, 75% for 2 steps) as a white solid: [a]p”* = +1.8 (¢ 2.8, CHCl3); "H NMR (400 MHz,
CDCl3) 6 7.93 (d, J = 7.6 Hz, 2 H), 7.59 (t, J = 6.0 Hz, 1 H), 7.46-7.09 (m, 14 H),
6.93 (d, /= 8.8 Hz, 2 H), 5.24 (t, /= 8.4 Hz, 1 H), 5.00 (d, /= 10.4 Hz, 1 H), 4.76—
4.54 (m, 7 H), 4.36 (d, /= 7.2 Hz, 1 H), 4.22 (d, J=12.0 Hz, 1 H), 3.98-3.93 (m, 2
H),3.84(d,/J=9.2 Hz, 1 H), 3.73 (s, 3 H), 3.62-3.53 (m, 2 H), 3.59 (s, 3 H), 3.37 (d,
J=9.2Hz, 1 H), 3.27-3.25 (m, 2 H), 3.08 (d, /= 10.0 Hz, 2 H), 0.88 (s, 9 H), 0.09 (s,
3 H), 0.07 (s, 3 H); >C NMR (100 MHz, CDCl3) 6 168.4, 164.8, 159.4, 138.6, 137.8,
137.7, 133.4, 130.1, 129.8, 129.7, 129.6, 128.5, 128.4, 128.3, 128, 2, 128.2, 128.1,
127.9, 127.8, 127.7, 127.4, 114.0, 100.5, 97.0, 82.1, 80.7, 79.6, 77.4, 77.2, 77.0, 76.7,
76.5,75.2,75.1,74.5,73.7, 73.2, 68.3, 67.2, 55.2, 52.4, 25.6, 18.0, -4.3, -5.2; ESI-MS
m/z caled for CssHgsN30;3SiNa [M+Na]' 1026.4179, found 1026.4218.

Disaccharide donors 33-35
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MeO OBZ | |
o-cyclopropylethynylbenzoic acid, BnO
EDCI, DMAP, CH,Cl, rt, 95% BnO
TBAF, AcOH, MeO
1 THF, 91%; NCCCl3, DBU, CH,Cl,, 0 °C, 99%
3 "Ero Ao,
OB
CFaC(=NPh)CI, MeO z
BnO
K,COj3, acetone, rt, 99% BnO BnO

(Methyl
2-0-benzoyl-3,4-di-O-benzyl-f-D-glucopyranosyluronate)-(1—4)-2-azido-6-O-be
nzoyl-3-0-benzyl-2-deoxy-a/f-D-glucopyranosyl 2-(cyclopropylethynyl)-benzoate
(33)

Disaccharide 31 (2.9 g, 2.9 mmol) was dissolved in THF (25 mL) followed by the
addition of AcOH (0.5 mL, 8.7 mmol) and TBAF in THF (1 M, 5.8 mL, 5.8 mmol).
Stirring was continued until TLC indicated disappearance of the starting material
(about 3 h). The reaction mixture was diluted with CH,Cl, (50 mL) and washed with
saturated aqueous sodium bicarbonate (50 mL) and brine (50 mL). The organic phase
was dried with Na,SO, and filtered. The filtrate was concentrated in vacuo. The
residue was chromatographed over silica gel (petroleum ether ether/EtOAc = 3:1) to
give the hemiacetal (2.3 g, 91%) as a white solid: ESI-MS (m/z) 891.8 [M+NH,],
896.7 [M+Na]".

A solution of the above hemiacetal (282 mg, 0.32 mmol), ortho-alkynylbenzate
(72 mg, 0.35 mmol), 4-dimethylaminopyridine (DMAP) (4 mg, 0.03 mmol), and
1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI) (124 mg,
0.65 mmol) in dry CH,Cl, was stirred at room temperature. Stirring was continued
until TLC indicated disappearance of the starting material (about 5 h). The mixture was
diluted with CH,Cl,, and washed with saturated Sodium bicarbonate and brine,
respectively. The filtrates were concentrated. The residue was purified by silica gel
column chromatography (petroleum ether/EtOAc = 4:1) to give 33 (319 mg, 95%) as
a white foam: '"H NMR (400 MHz, CDCl;) J 8.12-7.82 (m, 5H), 7.68-6.98 (m, 25H),
6.44 (d, J = 3.8 Hz, 1H), 5.61 (d, J = 8.4 Hz, 1H), 5.44-5.32 (m, 1H), 5.24 (d, J =
10.5 Hz, 1H), 5.15 (d, J = 10.6 Hz, 1H), 4.85-4.37 (m, 8H), 4.18-3.94 (m, 2H),
3.89-3.47 (m, 8H), 1.51-1.38 (m, 1H), 0.81 (d, J = 6.6 Hz, 4H); ESI-MS m/z calcd
for C60H55N3014Na [NH‘I\IEI]+ 10643576, found 1064.3570.

(Methyl
2-0-benzoyl-3,4-di-O-benzyl-f-D-glucopyranosyluronate)-(1—4)-2-azido-6-O-be
nzoyl-3-0-benzyl-2-deoxy-a/f-D-glucopyranosyl trichloracetimidate (34)
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The hemiacetal (100 mg, 0.11 mmol) was dissolved in dry CH,Cl, (2 mL) and cooled
to 0 °C. Trichloroacetonitrile (60 pL, 0.6 mmol) and DBU (cat.) were added
successively. Stirring was continued until TLC indicated disappearance of the starting
material (about 2 h). The mixture was concentrated. The residue was purified by silica
gel column chromatography (petroleum ether/EtOAc = 5:1, containing 1% Et;N) to
give 34 (115 mg, 99%) as a white solid: 'H NMR (400 MHz, CDCl;) 6 8.64 (s, 1H),
7.95 (dd, J =24.1, 7.3 Hz, 4H), 7.59 (t, J = 7.4 Hz, 1H), 7.52-6.96 (m, 22H), 6.28 (d,
J = 3.5 Hz, 1H), 5.45-5.33 (m, 1H), 5.21 (d, J = 10.5 Hz, 1H), 4.86-4.54 (m, 6H),
4.52-4.30 (m, 2H), 4.15-3.93 (m, 3H), 3.93-3.74 (m, 3H), 3.63 (dd, /= 10.1, 3.6 Hz,
1H), 3.55 (s, 3H); °C NMR (100 MHz, CDCl3) § 168.22, 165.96, 165.05, 160.62,
137.93, 137.58, 137.53, 133.61, 133.55, 129.78, 129.75, 129.49, 129.13, 128.75,
128.66, 128.58, 128.50, 128.45, 128.15, 128.05, 127.92, 127.87, 101.35, 94.26, 90.81,
81.70, 79.47, 78.04, 77.31, 75.93, 75.32, 75.26, 74.99, 73.78, 71.55, 62.41, 62.10,
52.64; ESI-MS m/z 1039.7 [M+Na]".

(Methyl
2-0-benzoyl-3,4-di-O-benzyl-f-D-glucopyranosyluronate)-(1—4)-2-azido-6-O-ben
zoyl-3-O-benzyl-2-deoxy-a/f-D-glucopyranosyl N-phenyltrifluoroacetimidate (35)
The hemiacetal (240 mg, 0.27 mmol) was dissolved in acetone (3 mL).
N-Phenyltrifluoroacetimidoyl chloride (45 uL, 0.41 mmol) and K,CO; (95 mg, 0.7
mmol) were added successively. Stirring was continued until TLC indicated
disappearance of starting material (about 2 h). The mixture was concentrated. The
residue was purified by silica gel column chromatography (petroleum ether/EtOAc =
4:1, containing 1% Et;N) to give 35 (284 mg, 99%) as a white solid: 'H NMR (400
MHz, CDCls) 6 7.95 (dd, J = 30.1, 7.7 Hz, 4H), 7.57 (t, J = 7.4 Hz, 1H), 7.51-6.91 (m,
22H), 6.70 (d, J = 7.4 Hz, 2H), 5.35 (t, J = 8.5 Hz, 1H), 5.11 (d, J = 10.8 Hz, 1H),
4.84-4.52 (m, 6H), 4.49—4.27 (m, 2H), 4.09-3.69 (m, 4H), 3.67-3.41 (m, 5H), 3.09 (q,
J=17.2Hz, 1H); ESI-MS m/z 1067.9 [M+Na]".

(Methyl
2-0-benzoyl-3,4-di-O-benzyl-f-D-glucopyranosyluronate)-(1—4)-2-azido-6-0O-(4-
methoxybenzyl)-3-0O-benzyl-2-deoxy-o/f-D-glucopyranosyl
N-phenyltrifluoroacetimidate (36)

PMB
1. TBAF, AcOH, THF, 98%: B':'go NPh
2. CF5C(=NPh)C, BnO BnO

K,COg, acetone, rt, 99%

Disaccharide 32 (0.75 g, 0.75 mmol) was dissolved in THF (5 mL) followed by the
addition of AcOH (0.13 mL, 2.24 mmol) and TBAF in THF (1 M, 1.5 mL, 1.5 mmol).
Stirring was continued until TLC indicated disappearance of the starting material
(about 3 h). The reaction mixture was diluted with CH,Cl, and washed with saturated
aqueous sodium bicarbonate and brine. The organic phase was dried with Na,SO, and

filtered. The filtrate was concentrated in vacuo. The residue was chromatographed over
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silica gel (petroleum ether ether/EtOAc = 4:1) to give the hemiacetal (0.66 g, 98%) as
a white solid: ESI-MS m/z 907.8 [M+NH,]", 912.8 [M+Na]".

The above hemiacetal (400 mg, 0.45 mmol) was dissolved in acetone (5 mL).
N-Phenyltrifluoroacetimidoyl chloride (74 uL, 0.67 mmol) and K,CO; (155 mg, 1.1
mmol) were added successively. Stirring was continued until TLC indicated
disappearance of the starting material (about 2 h). The mixture was concentrated. The
residue was purified by silica gel column chromatography (petroleum ether/EtOAc =
5:1, containing 1% Et;N) to give 36 (477 mg, 99%) as a white solid.

Methyl
(2-0-benzoyl-3-0-benzyl-4,6-O-benzylidene-f#-D-glucopyranosyl)-(1—4)-2-azido-
6-0-benzoyl-3-0-benzyl-2-deoxy-a-D-glucopyranoside (37)

OBz
Ph—0 OBz Ph0 o
. _TMSOTf _ o 0
CCI3 Ho~ Bn o 20
N@M e OBz N N:oMe

Trichloroacetimidate 21 (1.7 g, 2.87 mmol) and acceptor 275 (1.1 g, 2.61 mmol)
were dissolved in CH,Cl, (20 mL) under nitrogen. Powdered freshly activated 4 A
molecular sieves (4.0 g) were added, and the mixture was stirred for 1 hour at
ambient temperature and then cooled to -30 °C. TMSOTf (39 uL, 0.2 mmol) was
added to the mixture, and stirring was continued until TLC indicated disappearance of
the imidate (about 30 min). The reaction was quenched by the addition of Et;N. The
mixture was filtered, the filtrate was concentrated in vacuo. The residue was purified
by silica gel column chromatography (petroleum ether/EtOAc/CH,Cl, = 10:1:1) to
give disaccharide 37 (2.38 g, 97%) as a white solid: [alp®” = 93.9 (¢ 0.9,
CHCl;); 'H NMR (400 MHz, CDCls) 6 8.05 (d, J= 7.2 Hz, 2 H), 7.92 (d, J = 7.2 Hz,
2 H), 7.59-7.32 (m, 16 H), 7.13-7.06 (m, 5 H) , 5.52 (s, 1 H), 5.37 (t,J= 8.4 Hz, 1 H),
5.05(d, J=10.4 Hz, 1 H), 4.82-4.71 (m, 4 H), 4.64 (d, J=11.6 Hz, 1 H), 4.41 (s, 2
H), 4.14-4.10 (dd, J = 4.8, 10.8 Hz, 1 H), 3.94-3.76 (m, 5 H), 3.46-3.30 (m, 3 H),
3.35 (s, 3 H); >C NMR (100 MHz, CDCl3) 6 166.1, 165.1, 138.4, 137.8, 137.2, 133.5,
133.5, 130.0, 129.9, 129.7, 129.6, 129.3, 129.2, 128.7, 128.6, 128.5, 128.4, 128.3,
128.1, 128.0, 127.9, 127.7, 126.1, 101.7, 101.4, 98.5, 81.8, 78.3, 78.2, 78.1, 75.6, 74.3,
73.91, 69.0, 68.5, 66.5, 63.2, 62.6, 55.6; ESI-MS m/z calcd for CssH47N30;2Na
[M+Na]" 880.3070, found 880.3052.

tert-Butyldimethylsilyl
(2-0-benzoyl-3-0-benzyl-4,6-O-benzylidene-f#-D-glucopyranosyl)-(1—4)-2-azido-
3-0-benzyl-2-deoxy-6-0-(4-methoxybenzyl)-f-D-glucopyranoside (38)

NH OPMB OPMB
Ph—X-0 Ph—X-0
BnO 3 BnO
OBz BnO BnO
N OBz N
21 OMe OMe
28 38
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Trichloroacetimidate 21 (0.8 g, 1.33 mmol) and acceptor 28 (0.52 g, 1.21 mmol)
were dissolved in CH,Cl, (10 mL) under nitrogen. Powdered freshly activated 4 A
molecular sieves (2.0 g) were added, and the mixture was stirred for 1 hour at
ambient temperature and then cooled to -30 °C. TMSOTTf (19 uL, 0.1 mmol) was
added to the mixture, and stirring was continued until TLC indicated disappearance of
the imidate (about 30 min). The reaction was quenched by the addition of Et;N. The
mixture was filtered, the filtrate was concentrated in vacuo. The residue was purified
by silica gel column chromatography (petroleum ether/EtOAc/CH,Cl, = 10:1:1) to
give 38 (1.05 g, 90%) as a white solid: [a]p®' = 48.7 (¢ 1.0, CHCl3); '"H NMR
300 MHz, CDCls) ¢ 7.96 (d, J = 7.5 Hz, 2 H), 7.64-7.09 (m, 20 H), 6.91 (d, J = 8.4
Hz, 2 H), 5.51 (s, 1 H), 5.21 (t, J=8.4 Hz, 1 H), 5.01 (d, /= 10.5 Hz, 1 H), 4.83-4.59
(m, 5 H), 4.41 (d,/J=7.8 Hz, 1 H), 4.22-4.15 (m, 2 H), 3.99 (t, /=9.3 Hz, 1 H), 3.82
(t, J=9.6 Hz, 1 H), 3.69-3.15 (m, 8 H), 3.68 (s, 3 H), 3.29 (s, 3 H); >C NMR (100
MHz, CDCls) ¢ 165.0, 159.9, 138.7, 137.5, 133.6, 130.3, 130.0, 129.8, 129.3, 128.7,
128.5, 128.45, 128.40, 128.2, 128.0, 127.8, 126.3, 114.3, 101.4, 100.8, 98.9, 81.9,
78.7, 78.3, 77.0, 75.4, 74.5, 74.0, 73.4, 70.3, 68.7, 67.0, 66.3, 63.1, 55.6, 55.5;
ESI-MS m/z caled for C49Hs1N3012Na [M+Na]+ 896.3365, found 896.3366.

Methyl
(2-O-levulinoyl-3-0-benzyl-4,6-O-benzylidene-f#-D-glucopyranosyl)-(1—4)-2-azid
0-6-0-benzoyl-3-0-benzyl-2-deoxy-a-D-glucopyranoside (39)

NH OBz OBz
P g U PO g o
O 0" Nccl, + HO Q _TMSOTf_ o o
BnO BnO BnO
OlLev
22 39

OLev
NoMe Nome
27

Trichloroacetimidate 22 (1.9 g, 3.7 mmol) and acceptor 27 (1.82 g, 4.4 mmol) were
dissolved in CH,Cl, (30 mL) under nitrogen. Powdered freshly activated 4 A
molecular sieves (4.0 g) were added, and the mixture was stirred for 1 hour at
ambient temperature and then cooled to -30 °C. TMSOTTf (66 uL, 0.3 mmol) was
added to the mixture, and stirring was continued until TLC indicated disappearance of
the imidate (about 30 min). The reaction was quenched by the addition of Et;N. The
mixture was filtered, and the filtrate was concentrated in vacuo. The residue was
purified by silica gel column chromatography (petroleum ether/EtOAc = 4:1) to give
39 (2.7 g, 86%) as a white solid: [a]p> = 64.1 (¢ 2.3, CHCl3); "H NMR (400
MHz, CDCl;) 6 8.01 (d, J=7.2 Hz, 2 H), 7.59 (t, J= 7.6 Hz, 1 H), 7.47-7.28 (m, 17
H), 5.47 (s, 1 H), 5.07 (t, /J=9.6 Hz, 1 H), 4.99 (d,/=10.4 Hz, 1 H), 4.84 (d,J=11.6
Hz, 1 H), 4.79-4.53 (m, 6 H), 4.13-4.08 (m, 2 H), 3.99-3.93 (m, 2 H), 3.71-3.65 (m,
2 H), 3.46-3.37 (m, 5 H) , 3.26-3.20 (m, 1 H), 2.87-2.79 (m, 1 H), 2.69-2.57 (m, 2
H), 2.41-2.33 (m, 1 H), 2.14 (s, 3 H); >C NMR (100 MHz, CDCls) d 205.9, 171.5,
166.2, 138.3, 138.2, 137.1, 133.5, 129.8, 129.6, 129.1, 128.7, 128.4, 128.3, 128.0,
127.8, 127.7, 126.0, 101.4, 101.2, 98.4, 81.5, 78.9, 78.4, 78.0, 75.6, 74.5, 73.6, 68.8,
68.4, 66.3, 63.2, 62.9, 55.3, 37.7, 29.8, 27.8; ESI-MS m/z calcd for C46H49N30;3Na
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[M+Na]" 874.3158, found 874.3140.

Methyl
(2,3-0O-benzyl-4,6-0O-benzylidene-#-D-glucopyranosyl)-(1—4)-2-azido-6-O-benzoy
1-3-0-benzyl-2-deoxy-a-D-glucopyranoside (40)

Ph—X-0 o8z OBz
O&&o O 1.NyHsH,0, AcOH Ph/%‘%&o o
BnO—=0 B0 2. Ag,0, BnBr BnO BnO
Naome OBn Nadie
39 40

Disaccharide 39 (2.6 g, 3.0 mmol) was dissolved in CH,Cl, (20 mL), acetic acid (0.86
mL, 15.0 mmol) and hydrazine hydrate (0.72 mL, 15.0) were added. Stirring was
continued until TLC indicated disappearance of the raw material. The reaction was
quenched by the addition of acetone. The solvent was removed in vacuo, the residue
was dissolve in CH,Cl, and washed with water and brine. The organic layers were
dried over Na,SO, and filtered. The filtrate was concentrated in vacuo. The residue
was purified by silica gel column chromatography (petroleum ether/EtOAc = 2:1) to
give the 2-ol (2.1 g, 93%) as a white solid: 'H NMR (400 MHz, CDCl;) § 8.03 (d, J
=7.2Hz,2 H),7.59 (t,J=7.6 Hz, 1 H), 7.48-7.28 (m, 17 H), 5.48 (s, 1 H), 5.01-4.94
(m, 2 H), 4.85-4.70 (m, 4 H), 4.63—4.57 (m, 2 H), 4.06-3.95 (m, 4 H), 3.64-3.57 (m, 3
H), 3.50-3.45 (m, 2 H), 3.42 (s, 3 H), 3.28-3.22 (m, 1 H); ESI-MS m/z 776.3
[M+Na]".

The above product (1.0 g, 1.3 mmol) was dissolved in DMF (6 mL). Benzyl
bromide (0.32 mL, 2.64 mmol) was added and the mixture was stirred for 30 min.
Silver(I)oxide (800 mg, 3.4 mmol) was added and the reaction vessel was covered in
aluminum foil to exclude light. After 8 h, the reaction mixture was filtered through
Celite. The filtrate was concentrated in vacuo. Flash chromatography on silica gel
(petroleum ether/EtOAc = 4: 1) gave 40 (684 mg, 60%) as a white solid: [a]p® = 54.3
(¢ 1.0, CHCl3); "H NMR (400 MHz, CDCl3) 6 7.97 (d, J = 7.6 Hz, 2 H), 7.57 (t, J =
7.6 Hz, 1 H), 7.46-7.24 (m, 22 H), 5.50 (s, 1 H), 5.00 (d, /= 10.4 Hz, 1 H), 4.92-4.73
(m, 6 H), 4.65 (dd, J=12.4 Hz, 1.6 Hz, 1 H), 4.58 (d, /= 7.6 Hz, 1 H), 4.47 (dd, J =
12.0 Hz, 4.4 Hz, 1 H), 4.17 (dd, J=10.4, 4.4 Hz, 1 H), 3.98 (t, /= 9.2 Hz, 1 H), 3.87
(t,J=10.0 Hz, 1 H), 3.79-3.73 (m, 2 H), 3.64 (t, /= 8.8 Hz, 1 H), 3.51-3.44 (m, 6 H),
3.29-3.23 (m, 1 H); °C NMR (100 MHz, CDCl3) 6 165.8, 138.4, 138.1, 137.2, 133.3,
129.8, 129.5, 129.0, 128.5, 128.3, 128.2, 128.1, 128.0, 128.0, 127.8, 127.8, 127.7,
126.0, 103.2, 101.1, 98.2, 82.7, 81.6, 81.2, 78.4, 76.6, 76.0, 75.5, 75.2, 69.1, 68.6,
66.1, 62.9, 62.4, 55.4; ESI-MS m/z calcd for C4sH4oN30;;Na [M+Na]™ 866.3259,
found 866.3244.

Methyl (benzyl

2-0-benzoyl-3-0-benzyl-f-D-glucopyranosyluronate)-(1—4)-2-azido-6-O-benzoyl
-3-0-benzyl-2-deoxy-a-D-glucopyranoside (44)
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Ph/gc%&o é; 1. 80% CH,COH, 80 °C 'Tg%&o éog
BnO Bn0 2. TEMPO, BAIB, CH,Clp, ;0  BnO B0
OBz Nagoyge 3 Mel, KHCO;, DMF OBz Nabte

37 44
Disaccharide 37 (2.22 g, 2.58 mmol) was dissolved in CH;CO,H/H,O (25 mL, v/v =
8:2). The mixture was heated at 80 °C until TLC indicated disappearance of the
starting material. The mixture was concentrated in vacuo. The residue was purified by
silica gel column chromatography (petroleum ether/EtOAc = 2:1) to give 4°,6’-diol
41 (1.9 g, 96%) as a white solid: 'H NMR (400 MHz, CDCls) 6 8.10 (d, J= 6.8 Hz, 2
H), 7.95 (d, J= 6.8 Hz, 2 H), 7.59 (t, /= 7.2 Hz, 1 H), 7.49-7.15 (m, 15 H), 5.31 (t, J
=8.8 Hz, 1 H), 5.04 (d,/=10.8 Hz, 1 H), 4.82 (d,J=10.8 Hz, 1 H), 4.71-4.38 (m, 6
H), 3.94-3.61 (m, 6 H), 3.44-3.41 (dd, J = 3.6, 9.6 Hz, 1 H), 3.34 (s, 3 H), 3.34-3.16
(m, 2 H), 2.54-2.52 (m, 1 H), 1.87-1.83 (m, 2 H ); °C NMR (100 MHz, CDCl3) ¢
166.1, 165.0, 138.2, 137.7, 133.4, 129.8, 129.5, 129.2, 128.7, 128.6, 128.5, 128.0,
127.93, 127.90, 127.4, 101.0, 98.4, 82.7, 78.1, 77.7, 75.7, 75.3, 74.8, 73.9, 70.6, 68.9,
63.2, 62.6, 62.0, 55.4; ESI-MS m/z calcd for C4;H43N30,Na [M+Na]™ 792.2739,
found 792.2745.

To a vigorously stirring solution of 41 in CH,CI,/H,O (24 mL, v/v = 2:1) were
added TEMPO (7 mg, 0.04 mmol) and BAIB (1.6 g, 5.0 mmol). Stirring was
continued until TLC indicated complete conversion of the starting material to a spot
of lower Rf (about 3 h). The reaction was quenched by the addition of aqueous
Na,SO; (20 mL). The mixture was acidized with 5% HCI, then extracted with
CH)Cl, three times. The combined organic layers were washed with brine (25 mL),
and then dried over Na,SO, and filtered. The filtrate was concentrated in vacuo, the
residue was co-evaporated with toluene twice.

The above oily residue was dissolved in DMF (15 mL) at 0 °C, then K,COs
(0.8 g, 8.0 mmol) and an excess of methyl iodide (1.0 mL, 16.0 mmol) were added.
Stirring was continued until TLC indicated disappearance of the starting material
(about 3 h). The excess methyl iodide was quenched by the addition of AcOH. The
mixture was concentrated in vacuo. The oily residue was diluted with CH,Cl,
and washed with saturated sodium bicarbonate and brine. The organic layers
were dried over Na,SO, and filtered. The filtrate was concentrated in vacuo. The
residue was purified by silica gel column chromatography (petroleum ether/EtOAc =
3:1) to yield 44 (1.73 g, 84% for 2 steps) as a white solid: [a]p*®=95.0 (¢ 0.7, CHCL3);
'H NMR (400 MHz, CDCl3) 6 8.04 (d, J = 6.8 Hz, 2 H), 7.93 (d, J = 6.8 Hz, 2 H),
7.59 (t, J=17.6 Hz, 1 H), 7.46-7.27 (m, 10 H), 7.13 (s, 5 H), 5.35-5.33 (dd, J = 8.0,
9.2 Hz, 1 H), 5.15 (d, J = 10.8 Hz, 1 H), 4.78-4.67 (m, 5 H), 4.45-4.43 (m, 2 H),
4.03-3.93 (m, 3 H), 3.78-3.76 (m, 1 H), 3.72 (d, J= 9.6 Hz, 1 H), 3.65 (t, /= 9.2 Hz,
1 H), 3.57 (s, 3 H), 3.40-3.36 (m, 1 H), 3.33 (s, 3 H), 3.01 (d, J = 2.4 Hz, 1 H); °C
NMR (100 MHz, CDCl3) ¢ 169.2, 166.0, 165.0, 138.4, 137.7, 133.4, 133.3, 129.8,
129.6, 129.1, 128.6, 128.5, 128.3, 128.0, 127.81, 127.76, 127.5, 101.3, 98.5, 81.0,
78.20, 78.16, 81.0, 75.3, 74.7, 74.4, 73.1, 72.2, 68.7, 63.1, 62.5, 55.4, 52.7; ESI-MS
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m/z caled for C4Ha3N3013Na [MJrNa]+ 820.2688, found 820.2676.

Methyl (methyl
2-0-benzoyl-3-0-benzyl-f-D-glucopyranosyluronate)-(1—4)-2-azido-3-O-benzyl-
2-deoxy-6-0-(4-methoxybenzyl)-a-D-glucopyranoside (45)

OPMB OPMB
[e) 0 MeOQC
Ph/% o o o 1. 80% CH3;CO,H, 80 °C HO le) o o
BnO BnO 2. TEMPO, BAIB, CH,Cl,, H,O BnO BnO
OBz Nag
38

3. Mel, KHCO5;, DMF
Me b 3 OBz Naome
45

Disaccharide 38 (1.05 g, 1.2 mmol) was dissolved in CH3CO,H/H,0O (15 mL, v/v =
8:2). The mixture was heated at 80 °C until TLC indicated disappearance of the
starting material. The mixture was concentrated in vacuo. The residue was purified by
silica gel column chromatography (petroleum ether/EtOAc = 2:1) to give the
4°6’-diol 42 (0.95 g, 99%) as a white solid: 'H NMR (400 MHz, CDCl3) d 7.95 (d, 2
H,J=8.8 Hz), 7.62 (t,J="7.2 Hz, 1 H), 7.48 (t, /= 8.0 Hz, 1 H), 7.40-7.16 (m, 12 H),
6.99 (d, J=8.4 Hz, 2 H), 5.17-5.13 (dd, J= 8.4, 9.6 Hz, 1 H), 4.99 (d, J=10.8 Hz, 1
H), 4.78-4.72 (m, 3 H), 4.63-4.55 (dd, /= 11.2,21.2 Hz, 2 H), 4.40 (d, /= 8.4 Hz, 1
H), 4.25 (d, J=8.4 Hz, 1 H), 3.95 (t, J=9.6 Hz, 1 H), 3.80 (s, 3 H), 3.84-3.17 (m, 10
H), 3.30 (s, 3 H), 2.37 (s, 1 H); >C NMR (100 MHz, CDCl3) § 164.8, 159.6, 138.5,
138.0, 133.3, 130.2, 129.9, 129.7, 128.51, 128.47, 128.4, 127.9, 127.8, 127.7, 127.6,
127.4, 114.2, 100.1, 98.7, 83.1, 78.1, 77.7, 76.4, 75.3, 74.8, 74.0, 73.3, 70.9, 70.2,
66.9, 63.2, 63.1, 62.2, 55.4, 55.3; ESI-MS m/z calcd for C4;H47N3;01,Na [M+Na]"
808.3052, found 808.3080.

To a vigorously stirring solution of the above product 42 (0.46 g, 0.6 mmol) in
CH,CIy/H,0 (24 mL, v/v = 2:1), were added TEMPO (2 mg, 0.01 mmol) and BAIB
(0.48 g, 1.5 mmol). Stirring was continued until TLC indicated complete conversion
of the starting material to a spot of lower Rf (about 3 h). The reaction was quenched
by the addition of aqueous Na,SO; (20 mL). The mixture was acidized with 5% HCI,
then extracted with CH,Cl, three times. The combined organic layers were washed
with brine (25 mL), and then dried over Na,SO, and filtered. The filtrate was
concentrated in vacuo, the residue was co-evaporated with toluene twice.

The above oily residue was dissolved in DMF (5 mL) at 0 °C, then K,COs
(0.24 g, 2.4 mmol) and an excess of methyl iodide (0.3 mL, 4.8 mmol) were added.
Stirring was continued until TLC indicated disappearance of the starting material
(about 3 h). The excess methyl iodide was quenched by the addition of AcOH. The
mixture was concentrated in vacuo. The oily residue was diluted with CH,Cl,
and washed with saturated sodium bicarbonate and brine. The organic layers
were dried over Na,SO, and filtered. The filtrate was concentrated in vacuo. The
residue was purified by silica gel column chromatography (petroleum ether/EtOAc =
3:1) to yield 45 (0.38 g, 78% for 2 steps) as a white solid: [a]p”’ = 85.7 (¢ 0.7, CHCL3);
'H NMR (400 MHz, CDCl3) 6 7.94 (d, J = 7.2 Hz, 2 H), 7.93-7.24 (m, 15 H), 6.98 (d,
J=284Hz 2H),517 (t,J=9.2 Hz, 1 H), 5.10 (d, /= 7.2 Hz, 1 H), 4.77-4.70 (m, 3
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H), 4.63 (t,J = 12.0 Hz, 2 H), 4.45 (d,J= 7.6 Hz, 1 H), 2.22 (d, J= 8.0 Hz, 1 H), 4.02
(t,J= 9.6 Hz, 1 H), 3.97-3.93 (m, | H), 3.81 (s, 3 H), 3.83-3.79 (m, 1 H), 3.70-3.67
(dd, J=2.0, 10.8 Hz, 1 H), 3.65 (d, J = 9.6 Hz, 1 H), 3.56 (s, 3 H), 3.44-3.32 (m, 4 H),
3.28 (s, 3 H), 3.04 (d, J= 2.8 Hz, 1 H); *C NMR (100 MHz, CDCls) J 169.6, 164.7,
159.7, 138.6, 138.0, 133.4, 130.2, 129.83, 129.75, 129.6, 129.5, 128.5, 128.3, 128.2,
128.0, 127.7, 127.6, 127.3, 114.2, 100.4, 98.8, 81.3, 80.0, 77.4, 75.1, 74.7, 74.1, 73.3,
73.1, 72.3, 70.0, 66.8, 62.9, 55.4, 55.3, 52.6; ESI-MS m/z caled for C43Hy7N3013Na
[M+Na]" 836.3001, found 836.3002.

Methyl (methyl
2,3-0-benzyl-f-D-glucopyranosyluronate)-(1—4)-2-azido-3-O-benzyl-2-
deoxy-6-0-benzoyl-a-D-glucopyranoside (46)

P30 BZ 4 80%AcOH MeO,C 0Bz
ﬁ /éﬁ 2. TEMPO, BAIB Homoﬁ
BnO BnO
n 3 Mel, KHCO; L g O

3OMe N30Me
46

Disaccharide 40 (0.84 g, 1.0 mmol) was dissolved in CH3CO,H/H,0O (10 mL, v/v =
8:2). The mixture was heated at 80 °C until TLC indicated disappearance of the
starting material. The mixture was concentrated in vacuo. The residue was purified by
silica gel column chromatography (petroleum ether/EtOAc = 1:1) to give the
4°6’-diol 43 (0.71 g, 91%) as a white solid: ESI-MS (m/z) 773.5 [M+NH,]", 778.3
[M+Na]".

To a vigorously stirring solution of the above product (0.62 g, 0.82 mmol) in
CH,CIy/H,0 (24 mL, v/v = 2:1) were added TEMPO (3 mg, 0.02 mmol) and BAIB
(0.66 g, 2.05 mmol). Stirring was continued until TLC indicated complete conversion
of the starting material to a spot of lower Rf (about 3 h). The reaction was quenched
by the addition of aqueous Na,SO; (20 mL). The mixture was acidized with 5% HCI,
then extracted with CH,Cl, three times. The combined organic layers were washed
with brine (25 mL), and then were dried over Na,SO, and filtered. The filtrate was
concentrated in vacuo, the residue was co-evaporated with toluene twice.

The above oily residue was dissolved in DMF (10 mL) at 0 °C, then K,COs
(0.33 g, 3.3 mmol) and an excess of methyl iodide (0.4 mL, 6.4 mmol) were added.
Stirring was continued until TLC indicated disappearance of the starting material
(about 3 h). The excess methyl iodide was quenched by the addition of AcOH. The
mixture was concentrated in vacuo. The oily residue was diluted with CH,Cl,
and washed with saturated sodium bicarbonate and brine. The organic layers
were dried over Na,SO, and filtered. The filtrate was concentrated in vacuo. The
residue was purified by silica gel column chromatography (petroleum ether/EtOAc =
4:1) to yield 46 (0.54 g, 84% for 2 steps) as a white solid: [a]p® = 67.3 (¢ 0.9, CHCL3);
'H NMR (400 MHz, CDCl3) 6 8.00 (d, J=7.6 Hz, 2 H), 7.58 (t, J = 7.4 Hz, 1 H), 7.44
(dd,J=14.1,7.2 Hz, 4 H), 7.38-7.13 (m, 13 H), 5.11 (d, /= 10.6 Hz, 1 H), 4.92-4.77
(m, 4 H),4.73 (d, J=3.6 Hz, 1 H), 4.72-4.63 (m, 2 H), 4.57 (d, J= 7.3 Hz, 1 H), 4.47
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(dd, J=12.2,4.4 Hz, 1 H), 4.01 (t,J=9.3 Hz, 1 H), 3.88 (t, /= 9.4 Hz, 2 H), 3.78 (dd,
J=9.4,32Hz 1H),3.67(d,J=9.8 Hz, 1 H), 3.59 (s, 3 H), 3.54-3.34 (m, 6 H), 2.74
(s, 1 H); °C NMR (101 MHz, CDCl3) 6 169.4, 166.0, 138.5, 138.3, 138.2, 133.4,
129.7, 128.7, 128.5, 128.4, 128.1, 128.1, 128.0, 127.9, 127.8, 103.1, 98.6, 83.6, 82.0,
78.4, 719, 75.7, 75.6, 74.5, 72.1, 69.1, 63.0, 62.6, 55.6, 52.7; ESI-MS m/z 806.5
[M+Na+]; HRMS (MALDI/DHB) caled for C42H45N3012Na 8062896, found
806.2930.

tert-Butyldimethylsilyl
(2-0-benzoyl-3-0-benzyl-4,6-O-benzylidene-a-L-iduropyranosyl)
-(1—4)-2-azido-6-0-benzoyl-3-0O-benzyl-2-deoxy-a-D-glucopyranoside (47)

OBz
OBz

0Bn O~—CCls
0 TNTH OBn 4 0
HO Q TMSOTf 0 OTBS
(0] + . 0 BnO
OBz BnO oTBS N,
F ° Ny % ° 8o
Ph 23 25 Ph 47

Trichloroacetimidate 23 (0.5 g, 0.82 mmol) and acceptor 25 (0.39 g, 0.75 mmol) were
dissolved in CH,Cl, (10 mL) under nitrogen. Powdered freshly activated 4 A
molecular sieves (1.0 g) were added, and the mixture was stirred for 1 hour at
ambient temperature and then cooled to -30 °C. TMSOTT (8 uL, 0.08 mmol) was
added to the mixture, and stirring was continued until TLC indicated disappearance of
the imidate (about 30 min). The reaction was quenched by the addition of Et;N. The
mixture was filtered, and the filtrate was concentrated in vacuo. The residue was
purified by silica gel column chromatography (petroleum ether/EtOAc/CH,Cl, =
8:1:1) to give 47 (0.78 g, 97%) as a white solid: [a]p?®=-1.8 (¢ 3.3, CHCl;); 'H
NMR (400 MHz, CDCl3) ¢ 8.01 (d, J = 7.5 Hz, 2H), 7.90 (d, J = 7.6 Hz, 2H),
7.54-7.15 (m, 21H), 5.37 (s, 1H), 5.25 (d, J= 7.8 Hz, 2H), 4.92—4.77 (m, 3H), 4.68 (d,
J=11.5 Hz, 1H), 4.60 (t, J = 8.4 Hz, 2H), 4.39 (dd, J = 11.6, 5.9 Hz, 1H), 4.06 (s,
1H), 3.97-3.87 (m, 3H), 3.85 (s, 1H), 3.73-3.63 (m, 1H), 3.42 (t, J = 8.7 Hz, 1H),
3.31 (dd, J = 20.3, 11.1 Hz, 2H), 0.88 (s, 9H), 0.10 (d, J = 8.1 Hz, 6H); °C NMR
(100 MHz, CDCl3) ¢ 166.0, 165.8, 138.3, 138.1, 137.8, 133.2, 133.1, 130.2, 129.9,
129.5, 128.9, 128.6, 128.5, 128.4, 128.3, 128.2, 127.8, 127.7, 126.5, 100.8, 98.2, 97 .4,
81.3, 75.1, 74.8, 74.4, 74.1, 73.6, 72.3, 69.4, 69.2, 66.7, 63.3, 60.3, 25.7, 18.1, -4.2,
-5.2; ESI-MS m/z Cs53HsoN301,SiNa [M+Na]" 980.3760, found 980.3767.

tert-Butyldimethylsilyl (methyl
2-0-benzoyl-3,4-0-dibenzyl-a-L-iduropyranosyluronate)-(1—4)-2-azido-6-O-ben
zoyl-3-0-benzyl-2-deoxy-a-D-glucopyranoside (48)

OBz OBz
OBn OﬁL i. BHy THF, Bu,BOTF MO opp Oﬁ
O/Z@Z/Bno y OTBS il TEMPO, BAIB omzﬁno OTBS
/Lo B 3 iii. Mel, KHCO, BnO ) N3

Ph 48
47
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Disaccharide 47 (0.6 g, 0.63 mmol) was dissolved in BH3;-THF (1 M, 6.3 mL, 6.3
mmol) under nitrogen and cooled to 0 °C. After 15 min, Bu,B-OEt, (1 M, 1.2 mL, 1.2
mmol) was added dropwise and stirring was continued at 0 °C for 2 h. The reaction
was quenched by the addition of Et;N and the excess BH3; was consumed by slowly
adding methanol. The solvent was removed in vacuo, the residue was co-evaporated
with methanol twice. The residue was purified by silica gel column chromatography
(petroleum ether/EtOAc = 5:1) to give the 6’-0l (0.55 g, 95%) as a white solid.

To a vigorously stirring solution of the above product in CH,Cl,/H,O (60 mL,
v/v = 2:1) were added TEMPO (10 mg, 0.06 mmol) and BAIB (0.78 g, 2.4 mmol).
Stirring was continued until TLC indicated complete conversion of the starting
material to a spot of lower Rf (about 3 h). The reaction was quenched by the addition
of aqueous Na,SO; (60 mL). The mixture was acidized with 5% HCI, then extracted
with CH,Cl, three times. The combined organic layers were washed with brine (50
mL), and then dried over Na,SO, and filtered. The filtrate was concentrated in vacuo,
the residue was co-evaporated with toluene twice.

The above oily residue was dissolved in DMF (6 mL) at 0 °C, then K,COs
(0.25 g, 2.4 mmol) and an excess of methyl iodide (0.3 mL, 4.8 mmol) were added.
Stirring was continued until TLC indicated disappearance of the starting material
(about 3 h). The excess methyl iodide was quenched by the addition of AcOH. The
mixture was concentrated in vacuo. The oily residue was diluted with CH,Cl,
and washed with saturated sodium bicarbonate and brine. The organic layers
were dried over Na,SO, and filtered. The filtrate was concentrated in vacuo. The
residue was purified by silica gel column chromatography (petroleum ether/EtOAc =
4:1) to yield 48 (0.48 g, 77% for 2 steps) as a white solid: [a]p®*=-8.1 (¢ 1.7, CHCL3);
'H NMR (400 MHz, CDCl;) d 8.01 (d, J = 7.3 Hz, 2H), 7.96 (d, J = 7.3 Hz, 2H),
7.59-7.06 (m, 21H), 5.47 (d, J = 4.0 Hz, 1H), 5.18 (t, /= 3.9 Hz, 1H), 4.88-4.60 (m,
7H), 4.54-4.36 (m, 4H), 4.06-3.82 (m, 3H), 3.58 (dd, J = 7.8, 5.6 Hz, 1H), 3.49 (s,
3H), 3.39-3.28 (m, 2H), 0.86 (s, 9H), 0.07 (d, J = 6.8 Hz, 6H); °C NMR (100 MHz,
CDCl3) 0 169.9, 166.1, 165.6, 138.3, 137.7, 137.4, 133.4, 133.0, 130.1, 130.0, 129.4,
129.2, 128.5, 128.5, 128.4, 128.34, 128.30, 128.1, 128.1, 128.0, 127.6, 98.2, 97.3,
80.9, 75.9, 75.2, 75.1, 74.3, 73.7, 73.1, 72.9, 70.5, 70.2, 68.7, 63.1, 51.9, 25.7, 18.0,
-4.2, -5.1; ESI-MS m/z caled for Cs4HeN3O(3SiNa [MJrNa]+ 1010.3866, found
1010.3816.

(Methyl
2-0-benzoyl-3,4-0-dibenzyl-a-L-iduropyranosyluronate)-(1—4)-2-azido-6-O-ben
zoyl-3-O-benzyl-2-deoxy-a/f-D-glucopyranosyl N-phenyltrifluoroacetimidate (49)

OBz OBz
MO pen O/&L 1. TBAF, CH3CO,H, THF; Mo pen Om CF
. . f 3 oM, ’ N
& ALo7 Bno oTBS o%/sno O~ OFs

BnO N3 2. CF3C(=NPh)CI, K,CO3, BnO N3 NPh
BzO 48 acetone, rt BzO 49

Disaccharide 48 (0.68 g, 0.69 mmol) was dissolved in THF (7 mL) followed by the
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addition of AcOH (0.12 mL, 2.1 mmol) and TBAF in THF (1 M, 1.4 mL, 1.4 mmol).
Stirring was continued until TLC indicated disappearance of the starting material
(about 3 h). The mixture was diluted with CH,Cl, and washed with saturated aqueous
sodium bicarbonate and brine. The organic phase was dried with Na,SO, and filtered.
The filtrate was concentrated in vacuo. The residue was chromatographed over silica
gel (petroleum ether ether/EtOAc = 4:1) to give the hemiacetal (0.55 g, 92%) as a
colorless oil: ESI-MS m/z 891.8 [M+NH,4]", 896.7 [M+Na]".

The above hemiacetal (420 mg, 0.48 mmol) was dissolved in acetone (5 mL).
N-Phenyl-trifluoroacetimidoyl chloride (80 puL, 0.72 mmol) and K,COs (170 mg, 1.2
mmol) were added successively. Stirring was continued until TLC indicated
disappearance of the starting material (about 2 h). The mixture was concentrated. The
residue was purified by silica gel column chromatography (petroleum ether/EtOAc =
4:1, containing 1% Et;N) to give 49 (491 mg, 98%) as a white solid: 'H NMR (400
MHz, CDCl;) ¢ 8.13-7.88 (m, 4 H), 7.72-6.98 (m, 27 H), 6.74 (s, 2 H), 5.51 (dd, J =
16.6, 4.8 Hz, 1 H), 5.20 (d, J = 20.1 Hz, 1 H), 4.96 (dd, J = 25.0, 10.6 Hz, 1 H),
4.86—4.58 (m, 5 H), 4.57-4.36 (m, 3 H), 4.18 (dt, /= 18.7,9.6 Hz, 1 H), 4.04 (s, 1 H),
3.99-3.84 (m, 2 H), 3.69 (brs, 1 H), 3.46 (d, J = 7.5 Hz, 3 H); ESI-MS m/z 1068.1
[M+Na]", 1083.8 [M+K]".

Methyl
(2-0O-benzoyl-3-0-benzyl-4,6-O-benzylidene-a-L-iduropyranosyl)-(1—4)-2-azido-
6-0-benzoyl-3-0-benzyl-2-deoxy-a-D-glucopyranoside (50)

oBn O~ CCly OBz
o \m_' 022 OBn 4 o)
o OBz 30M
N3 OMe O B0 ©
Ph 23 27 Ph 50

Trichloroacetimidate 23 (0.5 g, 0.82 mmol) and acceptor 27 (0.31 g, 0.75 mmol) were
dissolved in CH,Cl, (20 mL) under nitrogen. Powdered freshly activated 4 A
molecular sieves (1.5 g) were added, and the mixture was stirred for 1 hour at
ambient temperature and then cooled to -30 °C. TMSOTT (15 uL, 0.08 mmol) was
added to the mixture, and stirring was continued until TLC indicated disappearance of
the imidate (about 30 min). The reaction was quenched by the addition of Et;N. The
mixture was filtered, and the filtrate was concentrated in vacuo. The residue was
purified by silica gel column chromatography (petroleum ether/EtOAc/CH,Cl, =
10:1:1) to give 50 (0.64 g, 91%) as a white solid: [a]p*®= 51.0 (¢ 3.0, CHCLs);
'H NMR (400 MHz, CDCl3) § 8.01 (d, J = 8.0 Hz, 2 H), 7.90 (d, J = 7.9 Hz, 2 H),
7.62-7.14 (m, 21 H), 5.36 (s, 1 H), 5.27 (s, 2 H), 4.88—4.77 (m, 4 H), 4.75-4.64 (m, 2
H), 4.44 (d, J=12.9 Hz, 1 H), 4.08-3.95 (m, 3 H), 3.94-3.78 (m, 4 H), 3.50 (dd, J =
10.1, 3.5 Hz, 1 H), 3.46 (s, 3 H), 3.21 (d, J = 12.7 Hz, 1 H); >C NMR (100 MHz,
CDCl3) 0 166.1, 165.8, 138.2, 137.7, 133.2, 133.1, 130.2, 129.9, 129.5, 128.9, 128.8,
128.6, 128.5, 128.4, 128.3, 128.24, 128.15, 127.8, 127.6, 126.5, 100.8, 98.6, 98.1,
79.1, 75.0, 74.8, 74.6, 73.5, 72.4, 69.8, 69.3, 66.7, 64.2, 63.0, 60.5, 60.3, 55.5;
ESI-MS m/z calcd for C45H47N301,Na [M+Na'] 880.3052, found 880.3070.
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Methyl (benzyl 2-O-benzoyl-3-O-benzyl-a-L-iduropyranosyluronate)-(1—4)-
2-azido-6-0-benzoyl-3-0-benzyl-2-deoxy-a-D-glucopyranoside (52)

OBz MeO OBz
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Ph/Lo B0 3. Mel, KHCO3;, DMF BzO 52

50

Disaccharide 50 (0.6 g, 0.71 mmol) was dissolved in CH;CO,H/H,O (15 mL, v/v =
8:2). The mixture was heated at 80 °C until TLC indicated disappearance of the
starting material. The mixture was concentrated in vacuo.

To a vigorously stirring solution of the above product 51 in CH,CIl,/H,O (18 mL,
v/v = 2/1) were added TEMPO (6 mg, 0.03 mmol) and BAIB (0.54 g, 1.7 mmol).
Stirring was continued until TLC indicated complete conversion of the starting
material to a spot of lower Rf (~3 h). The reaction was quenched by the addition of
aqueous Na,SO; (20 mL). The mixture was acidized with 5% HCI, then extracted
with CH,Cl, three times. The combined organic layers were washed with brine (25
mL), and then were dried over Na,SO, and filtered. The filtrate was concentrated in
vacuo, the residue was co-evaporated with toluene twice.

The above oily residue was dissolved in DMF (10 mL) at 0 °C, then K,COs
(0.28 g, 2.8 mmol) and an excess of methyl iodide (0.35 mL, 5.6 mmol) were added.
Stirring was continued until TLC indicated disappearance of the starting material
(about 3 h). The excess methyl iodide was quenched by the addition of AcOH. The
mixture was concentrated in vacuo. The oily residue was diluted with CH,Cl,
and washed with saturated sodium bicarbonate and brine. The organic layers
were dried over Na,SO, and filtered. The filtrate was concentrated in vacuo. The
residue was purified by silica gel column chromatography (petroleum ether/EtOAc =
4:1) to yield 52 (0.46 g, 80% for 3 steps) as a white solid: [a]p?® = 44.0 (¢ 1.8, CHCL3);
'H NMR (400 MHz, CDCl3) 6 8.03 (d, J = 7.4 Hz, 2 H), 7.92 (d, J = 7.4 Hz, 2 H),
7.60-7.15 (m, 16 H), 5.38 (s, 1 H), 5.22 (s, 1 H), 4.97 (d, /= 2.1 Hz, 1 H), 4.92-4.64
(m, 6 H), 4.49 (dd, J = 12.2, 4.0 Hz, 1 H), 4.09-3.83 (m, 5 H), 3.50-3.36 (m, 6 H),
2.66 (d, J=10.4 Hz, 1 H); °C NMR (100 MHz, CDCl3) § 175.01, 169.70, 166.08,
165.14, 160.52, 137.80, 137.34, 133.64, 133.11, 129.94, 129.85, 129.80, 129.76,
128.87, 128.69, 128.55, 128.52, 128.43, 128.20, 128.12, 128.01, 127.71, 127.47,
98.50, 98.13, 78.74, 75.48, 75.37, 74.90, 72.76, 69.31, 69.22, 68.47, 67.99, 63.81,
62.75, 55.42, 52.04; ESI-MS m/z calcd for C4,H43N3013Na [M+Na+] 820.2659, found
820.2688.

Methyl (methyl
2-0-benzoyl-3,4-0-dibenzyl-f-D-glucopyranosyluronate)-(1—4)-(2-azido-6-O-be
nzoyl-3-0-benzyl-2-deoxy-a/f-D-glucopyranosyl)-(1—4)-(methyl
2-0-benzoyl-3-0-benzyl-f-D-glucopyransyluronate)-(1—4)-2-azido-6-O-benzoyl
-3-0-benzyl-2-deoxy-a-D-glucopyranoside (53)
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General Procedure for the Preparation of Tetrasaccharides with
ortho-alkynylbenzoate Donors. Disaccharide ortho-alkynylbenzoate 33 (1.2 equiv)
and disaccharide acceptor 44 (1.0 equiv) were dissolved in a solvent to maintain a
concentration of 0.04~0.05 M. Powdered freshly activated 4A molecular sieves (the
weight of the sieves is equal to the combined weight of the donor and acceptor) were
added, and the mixture was stirred for 1 hour at room temperature. A freshly prepared
gold(I)-catalyst (0.1 equiv) was added, and stirring was continued until TLC indicated
the disappearance of the donor. The reaction was quenched by the addition of EtsN
(0.5 mL). The mixture was filtered, and the filtrate was concentrated in vacuo. The
residue was purified by silica gel column chromatography using a gradient of toluene
and EtOAc to give a-tetrasaccharide and -tetrasaccharide respectively.

General Procedure for the Preparation of Tetrasaccharides with
Trichloroacetimidate Donors. Disaccharide trichloroacetimidate donor (1.2 equiv)
and disaccharide acceptor (1.0 equiv) were combined in a flask and co-evaporated
with toluene (3 X 3 mL), and were then dissolved in a solvent to maintain a
concentration of 0.04~0.05 M. Powdered freshly activated 4A molecular sieves (the
weight of the sieves is equal to the combined weight of the donor and acceptor) were
added, and the mixture was stirred for 1 hour at ambient temperature and then cooled
to -30 °C. TMSOTT (0.1 equiv) was added, and stirring was continued until TLC
indicated the disappearance of the donor (2 hour). The reaction was quenched by the
addition of Et;N (0.5 mL). The mixture was filtered, and the filtrate was concentrated
in vacuo. The residue was purified by silica gel column chromatography using a
gradient of toluene and EtOAc to give a-tetrasaccharide and -tetrasaccharide
respectively.

General Procedure for the Preparation of Tetrasaccharides with /N-phenyl
Trifluoroacetimidate Donors. Disaccharide N-phenyltrifloroacetimidate donor (1.2
equiv) and disaccharide acceptor (1.0 equiv) were combined in a flask and
co-evaporated with toluene (3 X 3 mL), and were then dissolved in a solvent to
maintain a concentration of 0.04~0.05 M. Powdered freshly activated 4A molecular
sieves (its weight is equal to the combined weight of the donor and acceptor) were
added, and the mixture was stirred for 1 hour at ambient temperature and then cooled
to -30 °C. TMSOTT (0.1 equiv) was added, and stirring was continued until TLC
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indicated the disappearance of the donor (2 hour). The reaction was quenched by the
addition of Et3N (0.5 mL). The mixture was filtered, and the filtrate was concentrated
in vacuo. The residue was purified by silica gel column chromatography using a
gradient of toluene and EtOAc to give the o-tetrasaccharide and p-tetrasaccharide,
respectively.

53a: [a]p™® = +50.0 (¢ 1.1, CHCls); 'H NMR (400 MHz, CDCl3) 6 8.11-7.91 (m, 8 H),
7.61-7.02 (m, 37 H), 5.40-5.34 (m, 3 H), 5.17 (d, J= 10.4 Hz, 1 H), 5.03 (d, J=10.8
Hz, 1 H), 4.75-4.55 (m, 11 H), 4.43 (d, J = 10.0 Hz, 4 H), 4.18 (t, J = 9.2 Hz, 1 H),
3.97-3.90 (dd, J=9.2, 19.6 Hz, 2 H), 3.88-3.84 (m, 3 H), 3.79-3.68 (m, 5 H), 3.50 (s,
3 H), 3.42 (d, J=10.0 Hz, 1 H), 3.31 (s, 3 H), 3.26-3.23 (dd, J = 4.4, 10.4 Hz, 2 H),
2.98 (s, 3H); °C NMR (100 MHz, CDCl;) § 168.0, 167.6, 166.0, 165.9, 164.8, 164.7,
138.0, 137.9, 137.4, 137.3, 137.1, 133.5, 133.4, 129.8, 129.7, 129.6, 129.54, 129.48,
129.0, 129.0, 128.9, 128.7, 128.64, 128.59, 128.5, 128.4, 128.3, 128.2, 127.94, 127.89,
127.7,127.61, 127.55, 101.4, 101.0, 98.6, 97.2, 82.6, 81.9, 79.4, 78.2, 78.0, 77.6, 77.2,
76.8, 75.6, 75.3, 75.0, 74.8, 74.7, 74.4, 74.2, 73.7, 73.4, 69.1, 68.7, 63.0, 62.6, 62.3,
61.9, 55.4, 52.4, 51.9; ESI-MS m/z calcd for CooHgsNeO2sNa [M+Na]™ 1675.5691,
found 1675.5698.

53p: [o]p”" = +24.6 (¢ 0.7, CHCl;); "H NMR (400 MHz, CDCl;) 6 8.03 (d, J= 7.2 Hz,
2H), 7.90-7.84 (m, 6H), 7.56-6.74 (m, 37H), 5.32 (t, J = 8.4 Hz, 1H), 5.22 (t, J = 8.4
Hz, 1H), 5.07 (d, J= 7.6 Hz, 1H), 5.05 (d, J = 8.0 Hz, 1H), 4.75-4.54 (m, 10H), 4.87
(d, J = 12.0 Hz, 1H), 4.44-4.41 (m, 1H), 4.32-4.26 (m, 4H), 4.19 (t, J= 8.8 Hz, 1H),
3.96-3.67 (m, 9H), 3.61 (s, 3H), 3.51 (s, 3H), 3.36-3.27 (m, 4H), 3.29 (s, 3H); °C
NMR (100 MHz, CDCl;) 6 168.1, 165.9, 165.8, 164.9, 164.7, 138.11, 138.06, 137.7,
137.52, 137.45, 133.5, 133.31, 133.26, 133.2, 129.9, 129.8, 129.5, 129.3, 129.1, 129.0,
128.7, 128.51, 128.48, 128.42, 128.37, 128.33, 128.3, 128.00, 127.95, 127.90, 127.82,
127.74, 127.66, 127.60, 127.53, 127. 2, 101.9, 101.4, 101.1, 98.6, 81.7, 80.8, 79.38,
79.32,79.25,78.1,78.0, 77.3, 77.2, 77.0, 76.7, 75.8, 75.6, 75.2, 75.1, 74.7, 74.5, 74.3,
73.5, 72.96, 72.94, 68.7, 66.2, 63.0, 62.4, 62.3, 55.4, 52.8, 52.4; ESI-MS m/z calcd for
C90H88N6025Na [M+Na]+ 1675.5691, found 1675.5698.

Methyl (methyl
2-0-benzoyl-3,4-0-dibenzyl-f-D-glucopyranosyluronate)-(1—4)-(2-azido-6-O-be
nzoyl-3-0-benzyl-2-deoxy-a/f-D-glucopyranosyl)-(1—4)-(methyl
2,3-0-dibenzyl-#-D-glucopyran syluronate)-(1—4)-2-azido-6-O-benzoyl
-3-0-benzyl-2-deoxy-a-D-glucopyranoside (54)
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54a (99.7 mg, 55.6%; a white solid): [o]p™ = +82.9 (¢ 1.0, CHCl;); 'H NMR (400
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MHz, CDCl;) ¢ 8.15 (d, J = 7.8 Hz, 2 H), 8.09 (d, J = 7.9 Hz, 2 H), 8.04 (d, J= 7.9
Hz, 2 H), 7.76-7.06 (m, 39 H), 5.55 (d, J = 3.5 Hz, 1 H), 5.43 (t, J = 8.5 Hz, 1 H),
5.24 (d, J=10.5 Hz, 1 H), 5.09 (d, J = 10.2 Hz, 1 H), 5.02 (d, J = 10.7 Hz, 1 H),
4.91-4.42 (m, 16 H), 4.18-3.93 (m, 4 H), 3.93-3.68 (m, 7 H), 3.63-3.44 (m, 8 H),
3.41 (dd, J =10.0, 3.2 Hz, 1 H), 3.31 (dd, /= 10.2, 3.5 Hz, 1 H), 3.08 (s, 3 H); Bc
NMR (100 MHz, CDCl;) ¢ 168.1, 166.1, 165.9, 164.9, 138.1, 137.8, 137.8, 137.5,
137.4, 133.6, 133.5, 129.9, 129.7, 129.6, 129.1, 128.9, 128.8, 128.71, 128.65, 128.51,
128.47, 128.44, 128.40, 128.35, 128.1, 128.0, 127.9, 127.84, 127.79, 127.7, 127.4,
103.0, 100.9, 98.4,97.2, 84.1, 82.7, 82.0, 79.5, 78.2, 77.9, 77.7, 75.9, 75.8, 75.6, 75 .4,
75.1, 74.8, 74.6, 74.2, 73.5, 69.1, 69.0, 63.0, 62.7, 62.3, 62.1, 55.5, 52.5, 51.9;
ESI-MS m/z caled for CooHoggNeO24Na [M+Na]+ 1661.5899, found 1661.5904.

548 (20.3 mg, 11.4%; a white solid): [(1]])28 = +49.3 (¢ 1.2, CHCL;); '"H NMR (400
MHz, CDCl3) 6 7.97 (d, J= 7.6 Hz, 2 H), 7.89 (d, J= 7.5 Hz, 2 H), 7.81 (d, /= 7.6
Hz, 2 H), 7.56-6.77 (m, 39 H), 5.25 (t, /= 8.6 Hz, 1 H), 5.00 (d, /= 10.6 Hz, 1 H),
494 (d,J=10.1 Hz, 1 H), 4.82 (d,J=11.3 Hz, 1 H), 4.70-4.42 (m, 14 H), 4.30 (dd, J
=12.2,40Hz, 1 H),4.23 (d,/J=82Hz 2 H),4.12(d,J=11.7Hz, 1 H), 3.98 (d, J =
9.2 Hz, 1 H), 3.93-3.80 (m, 3 H), 3.78-3.55 (m, 9 H), 3.52-3.42 (m, 4 H), 3.37-3.23
(m, 6 H), 3.19 (t, /= 8.9 Hz, 2 H), 5C NMR (100 MHz, CDCl3) 0 168.5, 168.2, 165.9,
165.9, 165.0, 138.5, 138.2, 138.1, 137.9, 137.6, 137.5, 133.6, 133.4, 123.0, 129.8,
129.68, 129.65, 129.5, 129.1, 128.8, 128.8, 128.6, 128.53, 128.45, 128.42, 128.39,
128.3, 128.1, 128.0, 128.0, 127.9, 127.8, 127.2, 103.0, 101.8, 101.0, 98.8, 98.4, 82.2,
81.9, 81.8, 81.0, 79.6, 79.4, 78.3, 77.8, 75.9, 75.8, 75.7, 75.3, 75.2, 74.8, 74.4, 73.6,
73.0, 69.1, 66.3, 62.9, 62.5, 62.3, 55.6, 52.9, 52.5; ESI-MS m/z calcd for
C90H90N6024Na [M+Na]+ 1661.5899, found 1661.5904.

Methyl (methyl
2-0-benzoyl-3,4-0-dibenzyl-f-D-glucopyranosyluronate)-(1—4)-(2-azido-6-O-be
nzoyl-3-0-benzyl-2-deoxy-a/f-D-glucopyranosyl)-(1—4)-(methyl
3-0-dibenzyl-2-O-benzoyl-a-L-iduropyranosyluronate)-(1—4)-2-azido-6-O-benzo
yl-3-O-benzyl-2-deoxy-a-D-glucopyranoside (55)
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55a. (58.7 mg, 50.3%:; a white solid): [o]p>" = +57.2 (¢ 1.0, CHCl3); "H NMR (400
MHz, CDCl3) d 8.11-7.91 (m, 8 H), 7.67-6.93 (m, 37 H), 5.55 (d, J = 4.8 Hz, 1 H),
537 (t,J=8.5Hz, 1 H), 5.18 (t, J=5.1 Hz, 1 H), 4.94 (d, J=10.5 Hz, 1 H), 4.86 (d,
J=10.6 Hz, 1 H), 4.81 (d, J = 3.4 Hz, 1 H), 4.78-4.66 (m, 8 H), 4.64-4.53 (m, 4 H),
4.51-4.31 (m, 5 H), 4.19 (d, J= 10.6 Hz, 1 H), 4.07 (t, J = 5.5 Hz, 1 H), 4.04-3.64 (m,
11 H), 3.58-3.44 (m, 4 H), 3.41 (dd, J = 10.1, 3.6 Hz, 1 H), 3.37 (s, 3 H), 3.30-3.17
(m, 4 H); >C NMR (100 MHz, CDCls) 6 169.4, 168.1, 166.1, 166.0, 165.4, 165.0,
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138.0, 137.9, 137.6, 137.5, 133.8, 133.7, 133.6, 133.2, 123.0, 129.9, 129.7, 129.6,
129.3, 129.1, 128.9, 128.8, 128.6, 128.42, 128.35, 128.3, 128.1, 128.0, 128.0, 127.9,
127.7, 127.7, 101.0, 98.5, 98.3, 82.1, 79.5, 78.6, 78.0, 76.5, 75.6, 75.4, 75.3, 75.2,
74.9, 74.7, 73.9, 73.6, 71.0, 70.6, 69.7, 69.3, 63.6, 62.9, 62.7, 62.0, 55.5, 52.6, 51.8;
ESI-MS m/z caled for CooHgsNeO25Na [M+Na]+ 1675.5691, found 1675.5697.

558 (18.3 mg, 15.7%; a white solid): [o]p”" = +24.1 (¢ 1.1, CHCl;); '"H NMR (400
MHz, CDCl3) 6 7.99 (d, J= 7.6 Hz, 4 H), 7.85 (d, J=7.9 Hz, 2 H), 7.72 (d, J = 7.8
Hz, 2 H), 7.56-7.01 (m, 37 H), 5.39-5.23 (m, 2 H), 5.03 (t, J = 14.5 Hz, 2 H), 4.88 (s,
1 H), 4.82-4.50 (m, 13 H), 4.50-4.31 (m, 3 H), 4.20 (d, /= 11.9 Hz, 1 H), 4.11-3.68
(m, 12 H), 3.59-3.46 (m, 7 H), 3.46-3.34 (m, 4 H), 3.30 (t, J = 9.0 Hz, 1 H),
3.23-3.15 (m, 1 H), 3.10 (t, J = 8.7 Hz, 1 H); °C NMR (100 MHz, CDCl3) § 169.1,
168.2, 166.1, 165.8, 165.3, 164.9, 138.2, 137.9, 137.7, 137.6, 137.5, 133.6, 133.3,
133.2, 133.1, 130.0, 129.9, 129.5, 129.4, 129.1, 128.7, 128.6, 128.5, 128.4, 128.33,
128.26, 128.1, 128.0, 128.0, 127.9, 127.8, 127.7, 127.5, 103.3, 101.3, 98.5, 98.0, 81.8,
81.0, 79.4, 78.9, 77.5, 77.4, 77.2, 76.8, 75.9, 75.7, 75.3, 74.8, 73.9, 73.6, 73.0, 72.5,
69.5, 68.1, 67.5, 66.3, 63.9, 62.9, 62.2, 55.5, 52.6, 52.1; ESI-MS m/z calcd for
C90H88N6025Na [M+Na]+ 1675.5691, found 1675.5697.

Methyl (methyl
2-0-benzoyl-3,4-0-dibenzyl-f-D-glucopyranosyluronate)-(1—4)-(2-azido-6-0O-(4-
methoxybenzyl)-3-O-benzyl-2-deoxy-a/f-D-glucopyranosyl)-(1—4)-(methyl
2-0-benzoyl-3-0-benzyl-f-D-glucopyranosyluronate)-(1—4)-2-azido-6-O-(4-meth
oxybenzyl) -3-0-benzyl-2-deoxy-a-D-glucopyranoside (56)

0. OMe

o OPMB
8o 0 Q 0. _OMe
OBz BnO o OPMB
3 *+ 45 — Ny "0 o o
BnO BnO
OBn N
56, 58%, o/p = 6.4 3OMe

560 (75.2 mg, 50.2%; a white solid): [a]p’® = +39.0 (¢ 1.4, CHCls); 'H NMR (400
MHz, CDCls) d 7.95-7.85 (m, 4 H), 7.66-6.97 (m, 39 H), 5.45 (d, J = 4.0 Hz, 1 H),
5.27-5.21 (m, 2 H), 5.18 (d, J=10.5 Hz, 1 H), 5.01 (d, J = 10.7 Hz, 1 H), 4.87-4.41
(m, 12 H), 4.27 (dd, J = 12.1, 4.6 Hz, 2 H), 4.15-4.06 (m, 2 H), 4.05-3.99 (m, 1 H),
3.99-3.91 (m, 2 H), 3.86-3.54 (m, 13 H), 3.46-3.34 (m, 3 H), 3.34-3.23 (m, 5 H),
3.17 (d, J=10.1 Hz, 1 H), 2.88 (s, 3 H); °C NMR (100 MHz, CHCl;) 6 168.4, 167.9,
164.7, 164.6, 159.9, 159.8, 138.3, 137.9, 137.8, 137.3, 133.6, 130.6, 130.4, 129.9,
129.8, 129.8, 129.7, 129.5, 129.4, 129.2, 128.9, 128.7, 128.5, 128.4, 128.3, 128.2,
128.0, 127.8, 127.7, 127.6, 127.5, 125.4, 114.4, 100.3, 100.1, 98.9, 97.3, 83.0, 82.5,
79.7,71.8, 77.7, 71.4, 76.1, 75.6, 75.5, 75.2, 74.6, 74.2, 73.9, 73.6, 73.5, 73.5, 70.5,
70.0, 66.8, 66.3, 62.9, 62.6, 55.5, 55.4, 55.2, 52.6, 51.7; ESI-MS m/z calced for
C92H96N6025Na [M+Na]+ 1707.6317, found 1707.6323.

56p (11.8 mg, 7.8%; a white solid): [a]p> = -2.60 (c 1.4, CHCl;); '"H NMR (400 MHz,
CDCls) 6 7.90-7.77 (m, 4 H), 7.58 (dd, J = 14.9, 7.4 Hz, 2 H), 7.50-6.84 (m, 37 H),
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5.20 (dd, J = 9.4, 8.3 Hz, 1 H), 5.15-4.91 (m, 4 H), 4.74 (d, J = 10.8 Hz, 2 H),
4.71-4.34 (m, 8 H), 4.30-3.88 (m, 8 H), 3.88-3.56 (m, 14 H), 3.56-3.50 (m, 1 H),
3.44 (t,J=9.2 Hz, 1 H), 3.36 (d, /=9.9 Hz, 1 H), 3.34-3.23 (m, 8 H), 2.99 (d, J =
9.9 Hz, 1 H); °C NMR (100 MHz, CDCls) J 168.5, 168.4, 164.8, 164.7, 159.8, 159.6,
138.7, 138.4, 138.3, 137.9, 137.8, 133.6, 133.3, 130.6, 130.2, 129.9, 129.80, 129.76,
129.71, 129.66, 129.4, 128.7, 128.6, 128.5, 128.38, 128.36, 128.2, 128.0, 127.8, 127.8,
127.7, 127.6, 127.3, 127.1, 114.3, 114.2, 101.9, 100.5, 100.3, 98.8, 82.2, 80.9, 80.6,
79.6, 79.5, 77.9, 76.7, 75.9, 75.7, 75.5, 75.3, 75.2, 75.1, 74.6, 74.5, 74.2, 73.5, 73 .4,
73.03, 72.97, 70.1, 66.8, 66.6, 66.4, 62.9, 55.5, 55.4, 55.2, 52.9, 52.6; ESI-MS m/z
calcd for CooHogNgO25Na [MJrNa]+ 1707.6317, found 1707.6323.

Methyl (methyl
2-0-benzoyl-3,4-0-dibenzyl-a-L-iduropyranosyluronate)-(1—4)-(2-azido-6-O-ben
zoyl-3-O-benzyl-2-deoxy-a/f-D-glucopyranosyl)-(1—4)-(methyl
3-0-benzyl-2-0-benzyol-f-D-glucopyranosyluronate)-(1—4)-2-azido-6-O-benzoyl
-3-0-benzyl-2-deoxy-a-D-glucopyranoside (57)

OBz

MeO,
© OBn O  O._OMe
N OBz
49 + 4 — O O~ Bno 0
BnO Ng O e Q
BzO gz BMO

N
57, 64%, o/ = 7.5 *OMe

57a. (65.3 mg, 56.5%; a white solid): [a]p”’ = +36.4 (¢ 2.1, CHCls); 'H NMR (400
MHz, CDCl3) 6 8.06 (d, J=7.3 Hz, 6 H), 7.95 (d, J = 7.3 Hz, 2 H), 7.65-7.02 (m, 37
H), 5.54 (d, J = 5.8 Hz, 1 H), 5.40 (t, J = 8.4 Hz, 2 H), 5.20 (t, J = 5.4 Hz, 1 H), 5.07
(d, J=10.6 Hz, 1 H), 4.99 (d, J=10.3 Hz, 1 H), 4.83-4.34 (m, 16 H), 4.24 (t, J=9.0
Hz, 1 H), 4.17-4.03 (m, 1 H), 3.98-3.65 (m, 8 H), 3.52 (d, J = 10.0 Hz, 1 H),
3.41-3.25 (m, 8 H), 3.19 (s, 3 H); >C NMR (100 MHz, CDCls) 6 169.8, 167.8, 166.2,
166.1, 165.4, 164.8, 138.1, 138.0, 137.7, 137.3, 133.61, 133.55, 133.0, 130.1, 130.0,
129.9, 129.7, 129.6, 129.3, 129.0, 128.8, 128.7, 128.43, 128.36, 128.34, 128.30,
128.27, 128.0, 127.9, 127.8, 127.7, 101.3, 98.6, 98.0, 97.3, 82.5, 78.3, 78.2, 78.1, 75.9,
75.8,75.4,74.93,74.88, 74.7, 73.7, 73.0, 72.0, 71.7, 69.8, 68.8, 63.2, 63.0, 62.5, 62.0,
55.5, 52.3, 51.7; ESI-MS m/z caled for CooHggNgO2sNa [M+Na]™ 1675.5691, found
1675.5659.

57B (8.7 mg, 7.5%; a white solid): [a]p”’ = +32.9 (¢ 0.3, CHCls); 'H NMR (400 MHz,
CDCls) 6 8.03—7.85 (m, 8 H), 7.61-6.75 (m, 37 H), 5.40 (d, J= 4.5 Hz, 1 H), 5.27 (t,
J=8.4Hz, 1 H),5.15(d, J=4.2 Hz, 1 H), 5.08 (d, J=10.5 Hz, 1 H), 4.88 (d, J =
10.5 Hz, 1 H), 4.81-4.60 (m, 7 H), 4.53 (d, J = 11.8 Hz, 2 H), 4.49-4.19 (m, 7 H),
4.04 (brs, 1 H), 3.97-3.81 (m, 5 H), 3.72 (t, J = 8.6 Hz, 2 H), 3.63 (s, 3 H), 3.46 (d, J
= 11.3 Hz, 1 H), 3.41-3.24 (m, 8 H); °C NMR (125 MHz, CDCl3) 6 169.8, 168.3,
166.0, 165.6, 164.9, 138.2, 138.1, 137.83, 137.75, 137.4, 133.4, 133.3, 132.9, 130.2,
123.0, 129.90, 129.85, 129.7, 129.33, 129.27, 128.64, 128.57, 128.52, 128.45, 128.4,
128.31, 128.30, 128.2, 128.1, 128.02, 127.98, 127.8, 127.71, 127.68, 127.3, 102.1,
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101.5, 98.6, 98.1, 81.1, 79.49, 79.45, 78.3, 78.2, 77.4, 77.2, 76.9, 75.7, 75.5, 75.4,
75.3, 74.7, 74.61, 74.57, 73.5, 73.21, 73.15, 72.9, 70.9, 70.7, 68.9, 66.7, 63.2, 62.6,
62.5, 55.5, 52.9, 51.8; ESI-MS m/z calcd for CooHgsNgO2sNa [M+Na]™ 1675.5691,
found 1675.5672.

Methyl (methyl
2-0-benzoyl-3,4-0-dibenzyl-a-L-iduropyranosyluronate)-(1—4)-(2-azido-6-O-ben
zoyl-3-O-benzyl-2-deoxy-a/f-D-glucopyranosyl)-(1—4)-(methyl
2,3-0-dibenzyl-#-D-glucopyranosyluronate)-(1—4)-2-azido-6-O-benzoyl
-3-0-benzyl-2-deoxy-a-D-glucopyranoside (58)

MeO OBz
OBn oﬁk O OMe oB
49 + 45 — O—Bno o z
Ny O 0
BnO 3 BnO O
BzO OBn BnO
N
58, 77%, o/p = 10.5 3OMe

58a. (87.7 mg, 70.3%; a white solid): [a]p™® = +55.1 (¢ 0.2, CHCL); "H NMR (400
MHz, CDCls) d 8.13-8.02 (m, 4 H), 7.98 (d, J = 7.5 Hz, 2 H), 7.67-7.05 (m, 39 H),
5.54(d,J=5.6 Hz, 1 H), 5.46 (d,J=3.2 Hz, 1 H), 5.19 (t, J=5.2 Hz, 1 H), 5.04 (d, J
=10.2 Hz, 1 H), 5.01-4.90 (m, 2 H), 4.88-4.34 (m, 18 H), 4.10 (t, J = 9.3 Hz, 2 H),
4.01-3.61 (m, 8 H), 3.56-3.27 (m, 10 H), 3.21 (s, 3 H); >C NMR (100 MHz, CDCl;)
5 169.8, 168.6, 166.0, 165.9, 165.5, 138.6, 138.13, 138.08, 138.0, 137.8, 137.3,
133.43, 133.39, 132.9, 130.1, 130.0, 129.9, 129.8, 129.7, 129.3, 128.8, 128.7, 128.6,
128.5, 128.4, 128.3, 128.3, 128.2, 128.1, 128.03, 127.98, 127.9, 127.8, 127.7, 127.4,
127.3, 103.0, 102.0, 98.5, 98.0, 82.2, 82.0, 81.2, 79.5, 78.3, 77.9, 75.8, 75.7, 75.4,
75.3, 74.7, 74.5, 73.5, 73.3, 72.9, 70.8, 70.7, 69.1, 66.6, 63.0, 62.7, 62.4, 55.6, 52.8,
51.8; ESI-MS m/z calcd for CooHogNgO24Na [M+Na]+ 1661.5899, found 1661.5756.
58B (8.3 mg, 6.7%; a white solid): [a]p>* = +26.7 (¢ 0.7, CHCls); "H NMR (400 MHz,
CDCls) 6 8.03-7.89 (m, 6 H), 7.62-6.93 (m, 39 H), 5.40 (d, J = 4.7 Hz, 1 H), 5.14 (t,
J=4.5Hz 1 H),5.05(d, J=10.1 Hz, | H), 494 (d, J=11.5 Hz, 1 H), 4.88 (d, J =
10.6 Hz, 1 H), 4.79-4.55 (m, 10 H), 4.47-4.32 (m, 6 H), 4.17-4.02 (m, 3 H),
4.00-3.78 (m, 6 H), 3.74-3.66 (m, 4 H), 3.60 (t, J= 8.9 Hz, 1 H), 3.45-3.29 (m, 10 H);
1>C NMR (100 MHz, CDCl3) § 169.8, 168.6, 166.0, 165.9, 165.5, 138.6, 138.1, 138.1,
138.0, 137.8, 137.3, 133.43, 133.39, 132.9, 130.1, 130.0, 129.9, 129.8, 129.7, 129.3,
128.8, 128.7, 128.6, 128.5, 128.4, 128.3, 128.3, 128.2, 128.1, 128.03, 127.98, 127.9,
127.8, 127.7, 127.4, 127.3, 103.0, 102.0, 98.5, 98.0, 82.2, 82.0, 81.2, 79.5, 78.3, 77.9,
75.8, 75.7, 75.4, 75.3, 74.7, 74.5, 73.5, 73.3, 72.9, 70.8, 70.7, 69.1, 66.6, 63.0, 62.7,
62.4, 55.6, 52.8, 51.8; ESI-MS m/z calcd for CooHooNgO24Na [M+Na]™ 1661.5899,
found 1661.5889.

Methyl (methyl
2-0-benzoyl-3,4-0-dibenzyl-a-L-iduropyranosyluronate)-(1—4)-(2-azido-6-O-ben
zoyl-3-O-benzyl-2-deoxy-a/f-D-glucopyranosyl)-(1—4)-(methyl
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3-0-benzyl-2-0-benzyol-a-L-iduropyranosyluronate)-(1—4)-2-azido-6-O-benzoyl
-3-0-benzyl-2-deoxy-a-D-glucopyranoside (59)

OMe OBz
OBz
MeQ OBn
OBn o 00 o o Q
49 + 52 > O BnO
0] BnO N, O N3OMe
BnO 3 BzO

BzO
59, 74%, o only

Compound 59 (69 mg, 74%, o only; a white solid): [a]p®’ =+20.0 (¢ 2.1, CHCl3); 'H
NMR (400 MHz, CDCl3) § 8.14-7.96 (m, 8 H), 7.63—7.05 (m, 37 H), 5.60-5.49 (m, 2
H), 5.22-5.12 (m, 2 H), 4.88 (d, J = 10.5 Hz, 2 H), 4.81 (d, J = 3.5 Hz, 2 H),
4.79-4.33 (m, 14 H), 4.19 (d, J = 10.2 Hz, 2 H), 4.15-3.76 (m, 9 H), 3.51 (t, J = 9.6
Hz, 2 H), 3.43 (dd, J = 10.2, 3.5 Hz, 2 H), 3.41-3.25 (m, 9 H); °C NMR (100 MHz,
CDCl3) 6 169.9, 169.3, 166.1, 165.5, 165.4, 137.9, 137.7, 137.5, 137.3, 133.6, 133.6,
133.2, 133.0, 130.1, 130.0, 129.91, 129.86, 129.32, 129.27, 128.8, 128.7, 128.43,
128.36, 128.3, 128.2, 128.04, 127.96, 127.7, 127.6, 98.5, 98.3, 98.2, 78.7, 78.4, 76.3,
75.9,75.8,75.2,75.1, 74.6, 74.5, 73.71, 73.67, 73.0, 72.0, 71.7, 70.6, 70.2, 70.1, 69.3,
63.6, 63.2, 62.8, 61.9, 55.5, 51.9, 51.7; ESI-MS m/z calcd for CooHgsNeO,sNa
[M+Na]" 1675.5691, found 1675.5672.

Methyl
(2-azido-6-0-benzoyl-3,4-0-dibenzyl-2-deoxy-a/f-D-glucopyranosyl)-(1—4)-(met
hyl
3-0-benzyl-2-0-benzoyl-f-D-glucopyranosyluronate)-(1—4)-2-azido-6-O-benzoyl
-3-0-benzyl-2-deoxy-a-D-glucopyranoside (60)

OBz
O O _OMe
Bgﬁoﬁ& 0 o8z
24+ 44 — Ng “O o o
BnO BnO
OBz N
60, 83%, a/p = 5.7 $OMe

600 (57.9 mg, 70.6%; a white solid): [a]p’’ = +93.2 (¢ 1.1, CHCls); 'H NMR (400
MHz, CDCl;) d 8.08-7.82 (m, 6 H), 7.58-6.95 (m, 29 H), 5.46-5.27 (m, 2 H), 5.07 (d,
J=10.7 Hz, 1 H), 4.86-4.70 (m, 5 H), 4.70-4.46 (m, 5 H), 4.48-4.32 (m, 4 H), 4.27 (t,
J = 8.8 Hz, 1 H), 4.00-3.73 (m, 5 H), 3.73-3.46 (m, 6 H), 3.41-3.16 (m, 5 H); °C
NMR (100 MHz, CDCls) d 167.9, 166.2, 166.1, 164.9, 138.2, 137.54, 137.51, 137.4,
133.6, 133.5, 133.3, 129.9, 129.8, 129.7, 129.6, 129.0, 128.8, 128.7, 128.6, 128.51,
128.46, 128.4, 128.32, 128.28, 128.2, 128.1, 128.0, 127.8, 127.7, 101.3, 98.6, 97.8,
82.1, 80.3, 78.33, 75.8, 75.6, 75.3, 75.0, 74.8, 73.7, 70.0, 68.8, 63.6, 63.2, 62.7, 62.5,
55.5, 52.8; ESI-MS m/z caled for CgHgsNgOgNa [M+Na]® 1291.4482, found
1291.4535.

60B (10.1 mg, 12.4%; a white solid): [o]p>’ = +55.7 (¢ 0.6, CHCLs); "H NMR (400
MHz, CDCls) d 8.12-7.79 (m, 6 H), 7.66—6.89 (m, 29 H), 5.40 (d, J = 4.6 Hz, 1 H),
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5.14 (t, J=4.4Hz 1 H), 5.05(d, J=10.2 Hz, 1 H), 4.94 (d, /= 11.4 Hz, 1 H), 4.89 (d,
J=10.5Hz, 1 H), 4.81-4.52 (m, 11 H), 4.50-4.29 (m, 5 H), 4.10 (dt, J=25.3, 9.1 Hz,
2 H), 4.02-3.76 (m, 6 H), 3.76-3.65 (m, 4 H), 3.60 (t, J= 8.9 Hz, 1 H), 3.52-3.23 (m,
10 H); C NMR (100 MHz, CDCl5) 6 168.3, 166.1, 164.9, 138.2, 137.8, 137.7, 137.4,
133.5, 133.3, 133.2, 129.9, 129.74, 129.68, 129.2, 128.69, 128.65, 128.6, 128.5, 128.4,
128.3, 128.2, 128.1, 128.0, 127.72, 127.69, 127.4, 102.2, 101.4, 98.5, 83.2, 79.5, 78.3,
78.2, 77.4,75.9, 75.7, 75.2, 74.8, 74.6, 73.3, 73.1, 68.9, 66.9, 63.2, 63.1, 62.5, 55.5,
52.9; ESI-MS m/z caled for CeoHgsNgO1sNa [M+Na]™ 1291.4482, found 1291.4524.

Methyl
(2-azido-6-0-benzoyl-3,4-0-dibenzyl-2-deoxy-a-D-glucopyranosyl)-(1—4)-(methy
1 2,3-0-dibenzyl-#-D-glucopyranosyluronate)-(1—4)-2-azido-6-O-benzoyl
-3-0-benzyl-2-deoxy-a-D-glucopyranoside (61)

OBz
Bnoﬂ Oy OMe o8
BnO Q z
24 + 45 — Ny O o 0
BnO BnO
OBn N
61, 91%, a only 30Me

Compound 61 (72 mg, 91% yield, a only; a white solid): [a]p’! = +77.9 (¢ 1.2,
CHCl;); '"H NMR (400 MHz, CDCls) 6 7.93 (m, 4 H), 7.56-7.03 (m, 31 H), 5.41 (d, J
=3.3 Hz, 1 H), 5.01 (d, /J=10.5 Hz, 1 H), 491 (d, J=10.5 Hz, 1 H), 4.85-4.71 (m, 5
H), 4.52 (m, 9 H), 4.10 (t, /= 8.5 Hz, 1 H), 3.91 (t, J=9.3 Hz, 1 H), 3.84-3.56 (m, 8
H), 3.53 (s, 3 H), 3.45 (t, J= 8.3 Hz, 1 H), 3.40-3.17 (m, 5 H); °C NMR (100 MHz,
CDCl) 0 168.2, 166.2, 165.9, 138.3, 138.0, 137.9, 137.6, 133.5, 133.2, 129.9, 129.8,
129.7, 128.74, 128.69, 128.65, 128.59, 128.51, 128.47, 128.4, 128.30, 128.23, 128.17,
128.1, 128.0, 127.94, 127.89, 127.8, 127.6, 127.4, 127.3, 103.0, 98.5, 97.8, 83.9, 82.6,
80.3, 78.3, 78.0, 77.8, 77.4, 75.9, 75.8, 75.8, 75.6, 75.4, 75.2, 74.8, 69.9, 69.1, 63.6,
63.0, 62.7, 62.4, 55.6, 52.8; ESI-MS m/z calcd for CgH7oNgO;7Na [M+Na]"
1277.4690, found 1277.4634.

Methyl
(2-azido-6-0-benzoyl-3,4-0-dibenzyl-2-deoxy-a/f-D-glucopyranosyl)-(1—4)-(met
hyl
3-0-benzyl-2-0-benzoyl-a-L-iduropyranosyluronate)-(1—4)-2-azido-6-O-benzoyl
-3-0-benzyl-2-deoxy-a-D-glucopyranoside (62)

OBz OMeOBn O(B)Z
O
BnO (0N} ‘0
24 + 52 — BnO
BnO N. O N3OMe
3 BzO
62, 77%, alf = 2.2

620 (37.8 mg, 52.9%; a white solid): [a]p®® = +25.0 (¢ 2.9, CHCl;); 'H NMR (400
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MHz, CDCl3) 6 8.19-7.99 (m, 6 H), 7.66-7.54 (m, 2 H), 7.54-7.19 (m, 27 H), 5.63 (d,
J=2.6Hz, 1 H), 5.26 (s, 1 H), 5.03 (d, J= 10.4 Hz, 1 H), 4.99-4.78 (m, 7 H), 4.73 (d,
J =119 Hz, 1 H), 4.65 (d, J = 10.8 Hz, 2 H), 4.55 (dd, J = 12.1, 42 Hz, 1 H),
4.52-4.44 (m, 1 H), 432 (d, J = 10.5 Hz, 1 H), 4.26-4.07 (m, 6 H), 4.06-3.92 (m, 2
H), 3.74-3.63 (m, 2 H), 3.60 (s, 3 H), 3.53 (dd, /= 10.1, 3.7 Hz, 1 H), 3.49 (s, 3 H),
3.31 (dd, J = 9.7, 3.3 Hz, 1 H); >C NMR (100 MHz, CDCl3) ¢ 169.3, 166.2, 166.1,
165.5, 138.0, 137.8, 137.6, 137.4, 133.4, 133.2, 130.1, 130.0, 129.9, 129.8, 129.7,
129.4, 128.9, 128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0, 127.7, 99.2, 98.61,
98.60, 80.2, 78.9, 77.7, 75.8, 75.2, 75.1, 74.4, 73.3, 70.3, 69.6, 69.3, 69.2, 63.8, 63.0,
62.6, 60.5, 55.5, 52.2; ESI-MS m/z calcd for CeoHgsNsO1sNa [M+Na]™ 1291.4482,
found 1291.4463.

62B (17.2 mg, 24.1%; a white solid): [a]p”’ = +1.3 (¢ 1.4, CHCL); '"H NMR (400
MHz, CDCl3) § 8.08-7.83 (m, 6 H), 7.60-7.13 (m, 31 H), 5.38 (s, 1 H), 5.11 (s, 1 H),
4.96 (d, J=2.3 Hz, 1 H), 4.90-4.63 (m, 8 H), 4.47 (m, 4 H), 4.26 (d, /= 8.0 Hz, 1 H),
4.21 (brs, 1 H), 4.08-3.94 (m, 4 H), 3.91-3.82 (m, 1 H), 3.60 (s, 3 H), 3.56-3.33 (m, 6
H), 3.28-3.11 (m, 2 H); °C NMR (100 MHz, CDCls) § 169.3, 166.2, 166.1, 165.3,
137.9, 137.7, 137.7, 137.4, 133.3, 133.2, 133.1, 130.1, 129.92, 129.88, 129.73, 129.71,
129.6, 128.7, 128.50, 128.46, 128.4, 128.34, 128.28, 128.21, 128.17, 128.15, 128.06,
127.8, 127.5, 103.5, 98.5, 98.1, 83.2, 78.9, 75.8, 75.8, 75.3, 75.2, 74.8, 74.1, 73.3,
72.6, 69.5, 68.2, 67.5, 66.9, 63.9, 63.0, 55.5, 52.1; ESI-MS m/z caled for
C69H68N6018Na [M+Na]+ 1291.4482, found 1291.4457.

Methyl
(2-azido-6-0-benzoyl-3,4-0-dibenzyl-2-deoxy-a/f-D-glucopyranosyl)-(1—4)-4-Me
thoxyphenyl (methyl 3-O-benzyl-2-0O-benzoyl-#-D-glucopyranosyluronate) (64)

OBz O OMe BnO O(E;z O._OMe

B?Bonmo CFs ' HO&/OMP —— g"%oﬁ

N \ﬂl;h BnOT= % BnO ™ OMP

24 63 64, 48%, o/ =5.5

Compound 63 was prepared following a similar procedure as that for the preparation
of 44: [a]p”’ =+8.2 (¢ 0.8, CHCl3); 'H NMR (400 MHz, CDCl3) J 8.04-7.97 (m, 2 H),
7.59 (t,J=7.4Hz, 1 H), 745 (t,J= 7.7 Hz, 2 H), 7.24-7.11 (m, 5 H), 6.94-6.86 (m,
2 H), 6.80-6.70 (m, 2 H), 5.48 (dd, J =9.3, 7.7 Hz, 1 H), 5.02 (d, /= 7.7 Hz, 1 H),
4.86-4.73 (m,2 H), 4.17 (td, J=9.4,2.7Hz, 1 H),4.02 (d,/J=9.7Hz, 1 H), 3.83 (s, 3
H), 3.78 (t, J=9.1 Hz, 1 H), 3.73 (s, 3 H), 3.12 (d, J = 2.7 Hz, 1 H); >C NMR (100
MHz, CDCls) ¢ 169.6, 165.3, 155.9, 151.4, 137.9, 133.4, 123.0, 128.6, 128.5, 128.2,
127.9, 119.0, 114.4, 101.4, 80.8, 74.6, 74.4, 73.1, 72.0, 55.7, 53.0; ESI-MS m/z calcd
for CogHp309Na [M+Na]™ 531.1626, found 531.1616.

64a (37.2 mg, 40.6%; a white solid): [a]p*® = +48.9 (¢ 1.2, CHCls); "H NMR (400
MHz, CDCl3) § 8.10-7.95 (m, 4 H), 7.62-7.51 (m, 2 H), 7.48-7.13 (m, 21 H),
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6.95-6.85 (m, 2 H), 6.81-6.70 (m, 2 H), 5.54 (dd, J = 8.0, 6.5 Hz, 1 H), 5.50 (d, J =
3.7 Hz, 1 H), 5.17 (d, J= 6.4 Hz, 1 H), 4.90-4.80 (m, 4 H), 4.76 (d, J=10.7 Hz, 1 H),
4.64—4.44 (m, 4 H), 4.24 (d, J= 8.7 Hz, 1 H), 4.08 (t, J = 8.3 Hz, 1 H), 4.01-3.90 (m,
1 H), 3.85 (d, J=9.9 Hz, 1 H), 3.74 (s, 3 H), 3.72-3.60 (m, 4 H), 3.38 (dd, J = 10.3,
3.7 Hz, 1 H); °C NMR (100 MHz, CDCls) d 168.5, 166.3, 165.2, 155.8, 151.1, 137.7,
137.6, 137.5, 133.5, 133.3, 129.9, 129.8, 129.6, 128.7, 128.6, 128.5, 128.3, 128.2,
128.1, 127.9, 127.8, 118.7, 114.7, 100.7, 98.1, 81.6, 80.3, 78.1, 75.8, 75.4, 75.0, 74.7,
74.3, 73.8, 70.2, 63.7, 62.9, 55.8, 52.9; ESI-MS m/z calcd for CssHs3sN3;O4Na
[M+Na]™ 1002.3420, found 1002.3419.

Methyl
(2-azido-6-0-benzoyl-3,4-O-dibenzyl-2-deoxy-a-D-glucopyranosyl)-(1—4)-4-meth
oxyphenyl (methyl 3-O-benzyl-2-O-benzoyl-a-L-iduropyranosyluronate) (66)

OBz MeO OBz OMe
OBn OB omp
o} ; OMP 4 00 .
BnO + o (0) BnO (@)
BnO 0] CF3 BnO
Ne T HO N, ©O
3 NPh BzO BzO
24 65 66, 90%, o only

Compound 65 was prepared following a similar procedure as that for the preparation
of 44: [o]p” = -55.5 (¢ 1.3, CHCls); "H NMR (400 MHz, CDCl5) 6 8.01 (d, J=7.3 Hz,
2 H), 7.60 (t, J= 7.5 Hz, 1 H), 7.50-7.23 (m, 7 H), 7.06 (d, J= 9.1 Hz, 2 H), 6.83 (d,
J=9.1 Hz, 2 H), 5.70 (s, 1 H), 5.43 (s, 1l H), 5.07 (d, J=1.2 Hz, 1 H), 494 (d, J =
11.7 Hz, 1 H), 4.74 (d, J=11.7 Hz, 1 H), 4.18 (d, J = 11.3 Hz, 1 H), 3.98 (s, 1 H),
3.78 (d, J=13.5 Hz, 6 H), 2.82 (d, J = 11.4 Hz, 1 H); °C NMR (100 MHz, CDCl;) ¢
169.7, 165.1, 155.4, 150.5, 137.6, 134.0, 129.9, 129.0, 128.8, 128.6, 128.1, 127.8,
118.0, 114.8, 97.7, 74.5, 72.1, 68.5, 68.3, 67.4, 55.8, 52.5; ESI-MS m/z calcd for
CrsH2309Na [M+Na]" 531.1626, found 531.1616.

Compound 66 (56 mg, 90%, a only; a white solid): [a]p?’ = +1.0 (¢ 0.3, CHCL;); 'H
NMR (400 MHz, CDCls) ¢ 8.39-8.13 (m, 2 H), 8.13-7.93 (m, 2 H), 7.71-7.03 (m, 25
H), 6.89 (d, J=9.1 Hz, 2 H), 5.82 (s, 1 H), 5.42 (s, 1 H), 5.07 (d, /= 11.2 Hz, 2 H),
4.94-4.84 (m, 2 H), 4.82 (d,/J=10.8 Hz, 1 H), 4.74 (d,J=12.3 Hz, 1 H), 4.66 (d, J =
10.8 Hz, 1 H), 4.56 (dd, J=12.3, 2.5 Hz, 1 H), 4.32 (s, 1 H), 4.28-4.07 (m, 4 H), 3.83
(d, J=5.1 Hz, 6 H), 3.68 (d, J = 9.8 Hz, 2 H), 3.39-3.21 (m, 1 H); °C NMR (100
MHz, CDCls) ¢ 169.4, 166.2, 165.6, 155.4, 150.7, 137.8, 137.7, 133.5, 133.2, 130.1,
129.7, 129.6, 128.9, 128.6, 128.1, 128.0, 118.2, 114.8, 99.7, 98.5, 80.4, 77.8, 76.1,
75.2, 75.1, 73.2, 72.5, 70.5, 68.1, 64.0, 62.8, 55.78, 52.5; ESI-MS m/z calcd for
C55H53N3014Na [M+Na]+, 10023420, found 1002.3422.

General Procedure for the Saponification of the Esters. A premixed solution of
30% solution of H,O; in water (100 equiv per CO,Me) and 1 M LiOH (50 equiv per
CO,Me) were added to a solution of the starting material in THF (0.02 M). The
reaction mixture was stirred at room temperature for 24 h. MeOH (0.02 M) and 3 M
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KOH was added until pH = 14. The reaction mixture was left stirring for 24 h at room
temperature. The mixture was then brought to pH = 8~8.5 by addition of acidic resins.
The mixture was filtered, and the filtrate was concentrated in vacuo. The residue was
dissolved with CH,Cl,/MeOH (v/v = 1/1). The resulting solution was layered on the
top of a Sephadex LH-20 chromatography column that was eluted with
CH,CI,/MeOH (v/v = 1/1). The appropriate fractions were concentrated in vacuo to
provide the pure product.

General Procedure for the Oxidative Cleavage of the p-Methoxybenzyl Group.
Compound was dissolved in CH,Cl, and Buffer H,O (0.3 M, v/v =10: 1). DDQ (2.0
equiv per PMB) was added at room temperature. Stirring was continued until TLC
indicated disappearance of the raw material. The solution was quenched with
saturated sodium thiosulfate. The organic layers were washed with water, saturated
sodium bicarbonate, and brine, and then were dried over Na,SO, and filtered. The
filtrate was concentrated in vacuo. The residue was purified by silica gel column
chromatography using a gradient of petroleum ether and EtOAc to give the pure
product.

General Procedure for the O-Sulfation. Sulfur trioxide pyridine complex (5 equiv
per OH) was added to a solution of the starting material in DMF (1.0 mL for 0.05
mmol). The mixture was stirred at ambient temperature for 4 h until TLC (RP-18
silica gel, H,O/CH3;OH, v/v = 1/2) indicated completion of the reaction. After the
addition of CH3;OH (0.5 mL) stirring was continued for 15 min. The mixture was
concentrated in vacuo. The residue was applied to a small RP-18 silica gel column,
which was eluted with a stepwise gradient of H,O and CH3;0H (from v/v = 1/0 to 2/1).
The fractions containing the product were concentrated in vacuo. The residue was
immediately passed through a column of Dowex 50WX4 Na' resin using CH;OH as
eluent. The fractions containing the product were concentrated in vacuo to provide the
product as sodium salt.

General Procedure for the Reduction of the Azide Group. A 1 M solution of
PMe; in THF (4 equiv per azide group) was added to the solution of the starting
material in THF (1.0 mL for 0.04 mmol). A 0.1 M NaOH solution (5 equiv per azido
group) was added, and the mixture was stirred at room temperature for 5 h. The
progress of the reaction was monitored by TLC (RP-18 silica gel, H,O/CH3;0H, v/v =
1/2). The pH was then adjusted to 7~8 by careful addition of 1.0 M HCI. The mixture
was then concentrated in vacuo.

General Procedure for the Selective /V-Acetylation. Acetic anhydride (10 equiv per
NH;) was added to a solution of the starting material in a mixture of anhydrous
CH3;O0H (0.02 mmol) and Et;N (20 equiv per NHy) at 0 °C. The progress of the
reaction was monitored by TLC (RP-18 silica gel, H,O/CH3;OH, v/v = 1/1). After
stirring for 4 h at room temperature, the mixture was concentrated in vacuo. The
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residue was vortexed with water and applied to a small RP-18 silica gel column,
which was eluted with a stepwise gradient of H,O and CH3;0H (from v/v = 1/0 to 1/1).
The fractions containing product were concentrated in vacuo, and the residue was
immediately passed through a column of Dowex 5S0WX4 Na' resin using a mixture of
CH;OH and H,O (v/v = 9/1) as eluent. The fractions containing product were
concentrated in vacuo to provide the N-acetylated product as sodium salt.

General Procedure for the Selective N-Sulfation. Sulfur trioxide pyridine complex (5
equiv per NH,) was added to the starting material in CH;OH (1 mL for 0.01 mmol) in
a mixture of triethylamine (0.3 mL) and 0.1 M NaOH (2 equiv per NH;) at 0 °C. The
progress of the reaction was monitored by TLC (RP-18 silica gel, H,O/CH3;0H, v/v =
1/1). Two additional portions of sulfur trioxide pyridine complex were added at 0 °C
after 30 min and 1 h, respectively. After stirring for an additional 8 h at 0 °C, the
mixture was concentrated in vacuo. The residue was vortexed with water and applied
to a small RP-18 silica gel column, which was eluted with a stepwise gradient of H,O
and CH30H (from 1/0 to 1/1, v/v). The fractions containing product were
concentrated in vacuo, and the residue was immediately passed through a column of
Dowex 50WX4 Na' resin using a mixture of CH30H and H,O (v/v = 9/1) as eluent.
The fractions containing product were concentrated in vacuo to provide the N-sulfated
product.

General Procedure for the Final Debenzylation. Palladium hydroxide on carbon
(Degussa type, 20%, 1.0-2.0 times the weight of the starting material) was added to a
solution of the starting material in CH3;OH and pH =7 buffer H,O (v/v = 1/1, 1 mL for
10~20 mg). The mixture was placed under an atmosphere of hydrogen for 24 h. The
mixture was filtered, and the residue was diluted with H,O. The solution was layered
on the top of a Sephadex G-10 chromatography column that was eluted with H,O.
The fractions containing product were concentrated in vacuo, and the residue was
immediately passed through a column of Dowex 50WX4 Na' resin using H,O as
eluent. The appropriate fractions were freeze dried to provide the final product as a
white solid.

Methyl
(3,4-O-benzyl-#-D-glucopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-a
-D-glucopyranosyl)-(1—4)-(3-O-benzyl-#-D-glucopyranosyluronate)-(1—4)-2-azi
do-3-0-benzyl-2-deoxy-a-D-glucopyranoside (67)

Oy OMe Co; OH
BnO Q
BnO %ngm/o Q
BnO BnO _
OH Ng| CO: OH
N3O O 0 le)
BnO o)
BnO BnO
OH

Nz Ome 67 N3 Ome
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The general procedures for saponification was applied to provide 67 (85 mg, 96%) as a
white solid: [a]p**= 46.2 (¢ 1.0, CHCl;); '"H NMR (400 MHz, CD;OD) ¢ 7.47-7.21
(m, 25 H), 5.52 (d, J = 2.8 Hz, 1 H), 5.13-5.07 (m, 3 H), 4.91-4.63 (m, 10 H),
4.06-3.48 (m, 18 H), 3.31 (s, 3 H), 3.20 (dd, J=9.6, 2.8 Hz, 1 H), 3.10-3.08 (m, 1 H);
>C NMR (100 MHz, CD;0D) ¢ 140.2, 140.1, 139.8, 139.7,139.6, 130.0, 130.0,
129.39, 129.36, 129.3, 129.1, 129.04, 129.01, 128.8, 128.73, 128.71, 128.67, 128.6,
104.7, 104.6, 100.1, 99.2, 86.1, 85.5, 81.0, 79.6, 79.2, 78.7, 77.9, 76.7, 76.40, 76.36,
76.1, 76.0, 73.1, 72.8, 64.3, 64.2, 61.1, 60.6, 55.6; ESI-MS m/z calcd for
C60H68N6021Na [M+Na]+ 1231.4330, found 1231.4300.

Methyl
(3,4-0-benzyl-2-0-sulfo-f-D-glucopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-
6-0-sulfo-2-deoxy-a-D-glucopyranosyl)-(1—4)-(3-O-benzyl-2-0O-sulfo-#-D-glucop
yanosyluronate)-(1—4)-2-azido-3-0-benzyl-6-0-sulfo-2-deoxy-a-D-glucopyranosi
de (68)

CO; OH co; 0SOy
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N3 owme 68 N3 Owme

67

The general procedure for O-sulfation was applied to provide 68 (107 mg, 99%) as a
white solid: [a]p>’ = 24.8 (¢ 0.2, MeOH); '"H NMR (400 MHz, CD;0D) § 7.55-7.23
(m, 25 H), 5.49 (d, J=3.6 Hz, 1 H), 537 (d, J = 9.6 Hz, 1 H), 5.27-5.18 (m, 3 H),
5.07-5.02 (m, 2 H), 4.79-4.67 (m, 9 H), 4.50 (m, 2 H), 4.32-4.23 (m, 2 H), 4.07-3.87
(m, 12 H), 341 (S, 3 H), 3.26-3.20 (Il’l, 2 H); ESI-MS m/z calcd for C60H65N603384
[M-3H]> 508.4, found 509.1.

Methyl
(3,4-0O-benzyl-2-0-sulfo-f-D-glucopyranosyluronate)-(1—4)-(2-N-acetyl-3-O-ben
zyl-
6-0-sulfo-2-deoxy-a-D-glucopyranosyl)-(1—4)-(3-O-benzyl-2-0-sulfo-#-D-glucop
yanosyluronate)-(1—4)-2-N-acetyl-3-O-benzyl-6-O-sulfo-2-deoxy-a-D-glucopyran
oside (69)

NG 0805 co; 0s0;
BnO Q 0 BnO Q o
BnO O BnO O
BnO ~ . BnO
0803 Ns | COz 0804 “0;80 AcHN co;o 0S0;
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N
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The general procedures for reduction of the azide group and selective N-acetylation
were applied to provide 69 (53 mg, 91%) as a white solid: [a]p®’ = +8.0 (¢ 0.1, MeOH);
'H NMR (400 MHz, CD;OD) § 7.53-7.12 (m, 25 H), 5.34 (d, J = 3.2 Hz, 1 H), 5.14
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(m, 6 H), 4.78-4.38 (m, 12 H), 4.36-4.13 (m, 5 H), 4.13-3.95 (m, 7 H), 3.95-3.75 (m,
4 H), 3.37 (s, 3 H), 1.91 (s, 3 H), 1.88 (s, 3 H); °C NMR (100 MHz, CD;0D) § 173.5,
140.5, 140.2, 140.0, 139.5, 129.8, 129.7, 129.5, 129.3, 129.2, 129.0, 128.9, 128.5,
128.4,128.31, 128.27, 102.1, 101.6, 99.8, 97.8, 83.9, 82.9, 81.4, 80.0, 79.9, 77.7, 77.3,
76.1,75.8,75.4,75.3, 74.8, 71.3, 70.6, 67.0, 55.6, 53.7, 53.2, 23.0, 22.7; ESI-MS m/z
calcd for C64H73N2035S4 [M-3H]3_ 519.1, found 519.6.

Methyl
(3,4-0O-benzyl-2-0-sulfo-f-D-glucopyranosyluronate)-(1—4)-(2-N-sulfo-3-O-benz
yl-6-0-sulfo-2-deoxy-a-D-glucopyranosyl)-(1—4)-(3-O-benzyl-2-O-sulfo-#-D-gluc
opyanosyluronate)-(1—4)-2-N-sulfo-3-0-benzyl-6-0-sulfo-2-deoxy-a-D-glucopyr
anoside (70)

0S0;

co; 0805 BnO
B%omoﬁ% B%@ i
n 92 0380 “03SHN 0S0;
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The general procedures for reduction of the azide and selective N-sulfation were
applied to provide 70 (48 mg, 86%) as a white solid: [a]po®’ = 9.3 (¢ 0.4, MeOH); 'H
NMR (400 MHz, CDs;0D) ¢ 7.63-7.14 (m, 25 H), 5.35 (s, 1 H), 5.14-4.98 (m, 5 H),
4.94-4.83 (m, 3 H), 4.72-4.59 (m, 7 H), 4.51-4.47 (m, 2 H), 4.31-4.19 (m, 5 H),
4.09-3.95 (m, 6 H), 3.89-3.74 (m, 3 H), 3.67-3.66 (m, 1 H), 3.50-3.41 (m, 4 H); °C
NMR (100 MHz, CDs;OD) ¢ 175.3, 139.9, 139.8, 139.63, 139.58, 139.0, 130.4, 130.0,
129.7, 129.6, 129.3, 129.12, 129.08, 129.0, 128.9, 128.7, 128.4, 128.3, 101.7, 101.5,
100.2, 97.9, 82.9, 81.2, 81.1, 81.0, 79.0, 78.2, 75.9, 75.6, 74.9, 74.5, 74.2, 70.8, 67.2,

58.4, 55.8; ESI-MS m/z calcd for C60H69N203986 [M-3H]3_ 544.4, found 544 .8.

Methyl
(2-O-sulfo-f-D-glucopyanosyluronate)-(1—4)-(2-N-acetyl-6-O-sulfo-2-deoxy-a-D-
glucopyranosyl)-(1—4)-( 2-O-sulfo-#-D-glucopyanosyluronate)-(1—4)-2-N-acetyl
-6-0-sulfo-2-deoxy-a-D-glucopyranoside (1)

co; 080; } B
BrhO -0 o co20 0s0;
0,80 B}
? A°“N 0303 OsSO O aN] cos 0505
O O

o

_ HO 0]
0330 ACHN "o AcHN

0580
1 3 OMe

The general procedure for global debenzylation was applied to provide 1 (41 mg, 99%)
as a white solid: [o]p™ = +39.0 (¢ 0.2, H,0); '"H NMR (400 MHz, D,0) § 5.35 (d, J =
3.5Hz, 1 H), 4.58 (t, J=9.2 Hz, 2 H), 4.36-3.66 (m, 15 H), 3.60 (t, /= 9.5 Hz, 1 H),
3.39 (s, 2 H), 2.05 (d, J = 7.1 Hz, 6 H); °C NMR (100 MHz, D,0) ¢ 175.4, 174.5,
174.3,99.7, 97.8, 97.4, 80.1, 79.5, 77.9, 77.6, 77.5, 76.3, 75.6, 74.9, 74.3, 71.6, 69.1,
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68.9, 68.8, 68.1, 65.7, 552, 53.2, 53.0, 21.9, 21.8; ESI-MS m/z caled for
CooH43N>035S4 [M-3H]®™ 369.0, found 369.3; m/z caled for CaoHasN>O35S, [M-2H]*
554.0, found 554.1.

Methyl

(2-O-sulfo-f-D-glucopyanosyluronate)-(1—4)-(2- N-sulfo-6-0O-sulfo-2-deoxy-a-D-
glucopyranosyl)-(1—4)-( 2-O-sulfo-f-D-glucopyanosyluronate)-(1—4)-2-/N-sulfo-
6-0-sulfo-2-deoxy-a-D-glucopyranoside (2)
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The general procedure for global debenzylation was applied to provide compound 2 (35
mg, 99%) as a white solid: [o]p™ = +12.3 (¢ 0.6, H,0); '"H NMR (400 MHz, D,0) §
551(d,J=3.6Hz,1H),5.03(d,J=3.2Hz 1H),4.79 (d, 1 H), 4.59-4.54 (m, 2 H),
4.27-4.09 (m, 4 H), 4.04-3.95 (m, 3 H), 3.85-3.69 (m, 9 H) , 3.59 (t, /= 9.6 Hz, 1 H),
3.42 (s, 3 H), 3.31-3.28 (m, 2 H); °C NMR (100 MHz, D,0) ¢ 100.1, 99.8, 98.6, 98.2,
79.8,79.7,78.8,78.1, 77.6, 76.6, 75.7, 74.53, 74.46, 71.7, 69.4, 69.1, 68.0, 65.9, 65.8,
579, 572, 555, 554; ESI-MS (m/Z) 3948 [M-8Na'+5H')/3, 367.8
[M-8Na'+5H"-S05]/3. ESI-MS m/z calcd for CosH3oN»030S¢ [M-3H]> 394.3, found
3948, m/z calcd for C25H39N203685 [M-SO3-3H]3_ 3677, found 367.8.

Methyl
(2-O-sulfo-f-D-glucopyranosyluronate)-(1—4)-(2-N-acetyl-6-0O-sulfo-2-deoxy-a-D
-glucopyranosyl)-(1—4)-(f-D-glucopyanosyluronate)-(1—4)-2-N-acetyl-6-O-sulfo
-2-deoxy-a-D-glucopyranoside (3)
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Similar procedures as that for 53a.—2 were applied for 54a—3 (26 mg, 67%; a white
solid): [a]p®™® = +23.9 (¢ 0.6, H,0); '"H NMR (400 MHz, D,0) ¢ 5.34 (s, 1 H),
4.64-4.50 (m, 2 H), 4.46-4.30 (m, 2 H), 4.20 (d, J=11.1 Hz, 1 H), 4.11 (t, J = 8.3 Hz,
1 H), 4.07-3.66 (m, 12 H), 3.60 (t, /= 9.6 Hz, 1 H), 3.47-3.28 (m, 4 H), 2.05 (s, 2 H),
2.04 (s, 3 H); °C NMR (100 MHz, D,0) § 174.4, 102.3, 99.8, 97.7, 97.3, 79.6, 79.0,
77.8, 71.7, 76.6, 76.1, 75.7, 74.4, 73.6, 71.7, 69.5, 69.0, 68.9, 68.4, 66.5, 65.8, 55.3,
533, 53.1, 22.0, 21.9; ESI-MS  m/z caled for C29H43N203QS3N21 [M+Na-3H+]2' 525.1,
found 525.3.
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Methyl
(2-O-sulfo-f-D-glucopyranosyluronate)-(1—4)-(2-N-sulfo-6-0O-sulfo-2-deoxy-a-D-
glucopyranosyl)-(1—4)-(f-D-glucopyanosyluronate)-(1—4)-2-N-sulfo-6-0O-sulfo-2
-deoxy-a-D-glucopyranoside (4)

CO; 0S03

HO Q o
(0]
B0 o _ *
0380 ‘03SHN CO, 0803

(0] Q e}
o
Hm/ Hﬁﬂ
OH “0,SHN

4 (from 54a) OMe

Similar procedures as that for 53a.—2 were applied for 54a—4 (32 mg, 64%; a white
solid): [a]p™® = +21.4 (¢ 0.2, H,0); '"H NMR (400 MHz, D,0) 6 5.52 (d, J=3.6 Hz, |
H), 5.05 (d, J=3.2 Hz, 1 H), 4.79 (d, 1 H), 4.60 (d, J= 8.0 Hz, 1 H), 4.56 (d, J=10.8
Hz, 1 H), 4.42 (d, J=10.8 Hz, 1 H), 4.33 (dd, J=11.2 Hz, 3.6 Hz, 1 H) , 4.20 (d, J =
10.8 Hz, 1 H), 4.12 (t, J = 8.8 Hz, 1 H), 4.03-4.01 (m, 2 H), 3.88-3.68 (m, 9 H), 3.60
(t, J=9.6 Hz, 1 H), 3.44 (s, 3 H), 3.42-3.31 (m, 3 H); °C NMR (100 MHz, D,0) ¢
181.5, 175.6, 102.2, 100.8, 99.8, 98.2, 79.7, 78.8, 78.7, 77.6, 76.6, 75.7, 75.7, 74.5,
73.0, 71.7, 69.7, 69.4, 69.0, 68.3, 66.6, 65.9, 57.9, 57.2, 55.5; ESI-MS m/z calcd for
C,5H30N>036Ss [M-3HT*"367.7, found 367.5.

Methyl (#-D-glucopyranosyluronate)-(1—4)-(2-N-acetyl-6-O-sulfo-2-deoxy-a-D-
glucopyranosyl)-(1—4)-(#-D-glucopyanosyluronate)-(1—4)-2-N-acetyl-6-O-sulfo-
2-deoxy-a-D-glucopyranoside (5)

cO; 0S0;

HO Q 0
o)
Hm HO i )
OH AcHN | CO; 0S80,
om/o (0]
HO o
H AcHN

Ol
5 (from 560) OMe

Similar procedures as that for 53a—2 were applied for 56a—5 (15 mg, 52%; a white
solid): [a]p*’ = +17.0 (c 0.4, H,0); '"H NMR (400 MHz, D,0) 6 5.42 (d, J=3.6 Hz, |
H), 4.58 (dd, J=7.8, 2.1 Hz, 2 H), 4.46 (d, J = 9.7 Hz, 1 H), 4.43-4.27 (m, 2 H), 4.19
(d, J=9.7 Hz, 1 H), 4.11-3.64 (m, 13 H), 3.60-3.46 (m, 2 H), 3.44-3.28 (m, 5 H),
2.05 (s, 3 H), 2.03 (s, 3 H); >C NMR (100 MHz, D,0) § 175.7, 174.8, 174.4, 102.2,
101.9, 97.7, 96.7, 78.8, 77.4, 76.5, 76.3, 75.7, 75.0, 73.6, 73.0, 71.9, 69.5, 69.1, 68.8,
68.3, 66.4, 65.8, 55.3, 53.1, 21.91, 21.86; ESI-MS m/z calcd for CaoHuN050S;
[M-2H]* 474.1, found 474.2.

Methyl (#-D-glucopyranosyluronate)-(1—4)-(2-N-sulfo-6-O-sulfo-2-deoxy-a-D-

glucopyranosyl)-(1—4)-(f-D-glucopyanosyluronate)-(1—4)-2-N-sulfo-6-0O-sulfo-2
-deoxy-a-D-glucopyranoside (6)
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co; 0S0;

o
HO 0
o
fol - _ 7
OH  -o;sHN| CO; 080;
PO o —g
HO
“038HN {10

6 (from56a) M

Similar procedures as that for 53a.—2 were applied for 56a—6 (18 mg, 35%; a white
solid): [a]p™® = +21.0 (c 0.1, H,0); '"H NMR (400 MHz, D,0) 6 5.66 (d, J=3.5 Hz, |
H), 5.05 (d, J = 3.5 Hz, 2 H), 4.60 (d, J = 7.8 Hz, 3 H), 4.48 (d, J = 10.0 Hz, 1 H),
441 (d,J=10.0Hz, 1 H), 4.33 (dd, J=11.1,49 Hz, 1 H), 4.19 (d, /= 10.8 Hz, 1 H),
4.03 (d, J = 9.7 Hz, 2 H), 3.91-3.63 (m, 9 H), 3.60-3.25 (m, 10 H); >C NMR (100
MHz, D;0) 6 175.7, 174.9, 101.9, 101.7, 98.1, 97.0, 78.1, 76.9, 76.3, 76.2, 76.0, 75.7,
75.0, 72.9, 72.8, 71.8, 69.5, 69.3, 68.6, 68.1, 66.3, 65.7, 57.5, 57.1, 55.5; ESI-MS m/z
calcd for C5H39N-033S4Na [M+Na-3H]2' 523.1, found 523.6.

Methyl
(2-O-sulfo-f-D-glucopyanosyluronate)-(1—4)-(2-N-acetyl-6-O-sulfo-2-deoxy-a-D-
glucopyranosyl)-(1—4)-(2-O-sulfo-a-L-iduropyanosyluronate)-(1—4)-2-N-acetyl-
6-0-sulfo-2-deoxy-a-D-glucopyranoside (7)

CO, 0SO3 0S0;
HO R O- OH o

HO o 0,C—n7, o)

-0.SO HO /ZQ/HO

3 AcHN
O B AcHN OMe
0,550
7 (from 55a)

Similar procedures as that for 53a—2 were applied for 550—7 (9 mg, 64%; a white
solid): [a]p®® = +21.0 (¢ 0.9, H,0); "H NMR (400 MHz, D,0) § 5.21 (s, 1 H), 5.17 (d,
J=3.7Hz, 1 H), 4.83 (d,J=2.1 Hz, 2 H), 4.60 (d, /= 10.4 Hz, | H), 4.44-4.19 (m, 5
H), 4.19-4.11 (m, 1 H), 4.10-4.00 (m, 4 H), 3.98 (dd, J = 10.2, 3.6 Hz, 1 H),
3.89-3.56 (m, 8 H), 3.41 (s, 3 H), 2.09 (s, 3 H), 2.05 (s, 3 H); °C NMR (100 MHz,
D,0) d 174.7, 174.5, 100.0, 99.3, 97.8, 94.2, 79.7, 78.1, 77.3, 75.7, 74.7, 74.5, 72.6,
71.7, 69.9, 69.3, 69.1, 68.7, 68.4, 66.9, 65.8, 65.6, 55.2, 53.7, 53.0, 22.2, 21.9;
ESI-MS m/z calcd for C29H42N2035S4N32, [M+2Na-4H]2', 576.1, found 576.2.

Methyl

(2-O-sulfo-f-D-glucopyanosyluronate)-(1—4)-(2- N-sulfo-6-0-sulfo-2-deoxy-a-D-
glucopyranosyl)-(1—4)-( 2-O-sulfo-a-L-iduropyanosyluronate)-(1—4)-2-N-sulfo-
6-0-sulfo-2-deoxy-a-D-glucopyranoside (8)

CO, 0SO; 0S0;
HO Q o_ oH
HO e 0,C o Q
~03S0 Hc-)o SHN /%Z/Ho
3 0" 03SHN e
0350
8 (from 55a)
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Similar procedures as that for 53a.—2 were applied for 55a—8 (27 mg, 58%; a white
solid): [a]p™® = +25.6 (c 0.6, H,0); '"H NMR (400 MHz, D,0) 6 5.42 (s, 1 H), 5.28 (s,
1 H), 5.04 (d, J = 2.4 Hz, 1 H), 4.59 (d, J = 10.3 Hz, 1 H), 4.45-3.94 (m, 8 H),
3.89-3.51 (m, 7 H), 3.44 (s, 3 H), 3.39-3.14 (m, 2 H); °C NMR (100 MHz, D,0) §
100.4, 98.6, 97.7, 80.2, 78.4, 77.7, 77.2, 76.4, 74.9, 72.2, 70.4, 69.5, 69.3, 69.0, 67.4,
66.3, 58.2, 55.9; ESI-MS m/z calcd for CasH3oN,030S6 [M-3H]> 394.3, found 394.2;
m/z caled for CosH3sN»030S¢Na [M+Na-4H]* 401.7, found 401.9.

Methyl
(2-O-sulfo-a-L-iduropyanosyluronate)-(1—4)-(2-N-acetyl-6-O-sulfo-2-deoxy-a-D-
glucopyranosyl)-(1—4)-( 2-O-sulfo-#-D-glucopyanosyluronate)-(1—4)-2-N-acetyl
-6-0-sulfo-2-deoxy-a-D-glucopyranoside (9)

0S0;

“0,6-" o Q
0—"HO ) .
HO AcHN | G0z OS0;
Ho- o
0550 AcHN

9 (from 57a) OMe

Similar procedures as that for 53a.—2 were applied for 57a—9 (18 mg, 55%; a white
solid): [a]p™® = +40.9 (c 0.3, H,0); 'H NMR (400 MHz, D,0) 6 5.36 (d, J=3.8 Hz, |
H), 5.15 (s, 1 H), 4.75-4.66 (m, 3 H), 4.64-4.50 (m, 1 H), 4.37-4.14 (m, 5 H),
4.12-3.67 (m, 15 H), 3.35 (s, 3 H), 2.02 (s, 3 H), 2.00 (s, 3 H); °C NMR (100 MHz,
D,0) 6 176.2,174.7, 174.5, 174.5, 100.0, 99.2, 97.8, 97.1, 80.3, 78.1, 76.5, 76.4, 75.3,
74.3, 69.5, 69.3, 69.0, 69.0, 68.3, 66.3, 66.0, 55.4, 53.7, 53.2, 22.02, 21.99; ESI-MS
m/z calcd for C29H42N2035S4Naz [M+2Na-3H]2' 576.1, found 576.2.

Methyl
(2-O-sulfo-a-L-iduropyanosyluronate)-(1—4)-(2-N-sulfo-6-O-sulfo-2-deoxy-a-D-
glucopyranosyl)-(1—4)-( 2-O-sulfo-f-D-glucopyanosyluronate)-(1—4)-2-/N-sulfo-
6-0-sulfo-2-deoxy-a-D-glucopyranoside (10)

0803

“0,C OH o o)
0—"Ho _ _
HO ‘0sSHN | CO» o 0S03
HO o

0380 “03SHN
3
10 (from 57) OMe

Similar procedures as that for S3a—2 were applied for 57a—10 (21 mg, 54%; a
white solid): [a]p>® = +13.8 (¢ 0.8, H,0); 'H NMR (400 MHz, D,0) 6 5.60 (d, J = 3.7
Hz, 1 H), 5.46 (s, 1 H), 5.17 (s, 1 H), 5.03 (d, J=3.6 Hz, 1 H), 4.84 (d, /J=2.2 Hz, 2
H), 4.58 (dd, J = 11.2, 2.2 Hz, 1 H), 4.36-4.19 (m, 4 H), 4.16-4.10 (m, 2 H),
4.04-3.92 (m, 4 H), 3.89-3.68 (m, 6 H), 3.41 (s, 3 H), 3.33-3.20 (m, 2 H); °C NMR
(100 MHz, D,0) ¢ 176.4, 174.8, 100.1, 99.1, 98.4, 97.9, 79.9, 78.0, 77.1, 76.5, 75.0,
74.2, 69.9, 69.6, 69.2, 69.0, 68.2, 66.4, 66.0, 58.1, 57.3, 55.6; ESI-MS m/z calcd for
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C25H38N203986Na2 [M+2Na-4H]2' 614.0, found 614.4; m/z calcd for C25H39N2039S6
[M-3H]> 394.3, found 394.1.

Methyl
(2-O-sulfo-a-L-iduropyranosyluronate)-(1—4)-(2-N-acetyl-6-O-sulfo-2-deoxy-a-D
-glucopyranosyl)-(1—4)-(f-D-glucopyanosyluronate)-(1—4)-2-N-actyl-6-O-sulfo-
2-deoxy-a-D-glucopyranoside (11)

0503
-0,c~H o Q
0—"Ho ) )
HO AcHN | CO 0S0;
HO ™%
AcHN
11 (from 58a) N Ome

Similar procedures as that for 53a—2 were applied for 58a—11 (16 mg, 77%; a
white solid): [a]p™ = +48.1 (c 0.3, H,O); '"H NMR (400 MHz, D,0) J 8.46 (s, 1 H),
5.40 (d, J=3.5Hz, 1 H), 5.18 (s, 1 H), 4.58 (d, J= 7.9 Hz, 1 H), 4.51-4.19 (m, 5 H),
4.16-3.61 (m, 13 H), 3.40 (s, 3 H), 3.36 (t, J = 8.4 Hz, 2 H), 2.05 (d, 3 H), 2.04 (d, 3
H); °C NMR (100 MHz, D,0) § 176.3, 174.8, 174.5, 102.3, 99.2, 97.9, 97.0, 78.8,
76.6, 76.5, 76.4, 74.3, 73.7, 69.6, 69.5, 69.3, 69.0, 68.5, 66.6, 66.4, 55.5, 53.8, 53.3,
22.10, 22.05; ESI-MS m/z calcd for CooHy3sN203,S3 [M-3H]* 342.4, found 342.7.

Methyl
(2-O-sulfo-a-L-iduropyranosyluronate)-(1—4)-(2-N-sulfo-6-O-sulfo-2-deoxy-a-D-
glucopyranosyl)-(1—4)-(f-D-glucopyanosyluronate)-(1—4)-2-N-sulfo-6-0O-sulfo-2
-deoxy-a-D-glucopyranoside (12)

0S0;

~0,C OH o 0
0—"HO ~ _
HO ‘0sSHN |  CO2 o 0S0,
HO o

OH -
12 (from 5801) O3SHN ove

Similar procedures as that for S3a—2 were applied for 58a—12 (30 mg, 77%; a
white solid): [a]p>’ = +36.6 (¢ 0.4, H,0); 'H NMR (400 MHz, D,0) 6 5.61 (d, J=2.7
Hz, 1 H), 5.22 (s, 1 H), 5.05 (d, J=3.3 Hz, 2 H), 4.60 (d, J = 7.9 Hz, 1 H), 4.48-4.18
(m, 5 H), 4.13 (s, 1 H), 4.01 (s, 3 H), 3.93-3.60 (m, 7 H), 3.52-3.18 (m, 6 H); "°C
NMR (100 MHz, D,0) § 102.2, 98.2, 97.4, 78.6, 76.9, 76.4, 76.0, 74.0, 73.0, 69.7,
69.1, 68.9, 68.2, 66.5, 66.3, 58.0, 57.2, 55.5; ESI-MS m/z caled for CasH3oN2036Ss
[M-3H]* 367.7, found 367.7.

Methyl
(2-O-sulfo-a-L-iduropyanosyluronate)-(1—4)-(2-N-acetyl-6-O-sulfo-2-deoxy-a-D-
glucopyranosyl)-(1—4)-( 2-O-sulfo-a-L-iduropyanosyluronate)-(1—4)-2-N-acetyl
-6-0-sulfo-2-deoxy-a-D-glucopyranoside (13)
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0S0O3 0S03
“0,C OH (0] Q “0,C OH (0]
/%/ HO 07 Ho
HO _ AcHN o AcHN OMe
O3S0 “0;S0

13 (from 59a)

Similar procedures as that for S3a—2 were applied for 59a—13 (10 mg, 71%; a
white solid): [a]p™ = +19.2 (¢ 0.7, H,O); '"H NMR (400 MHz, D,0) d 5.18 (s, 1 H),
5.14 (d, J=3.3 Hz, 2 H), 4.82 (dd, J = 6.8, 2.3 Hz, 3 H), 4.75 (d, J = 3.5 Hz, 1 H),
4.46-4.21 (m, 7 H), 4.10 (t, /= 3.4 Hz, 1 H), 4.08-3.96 (m, 5 H), 3.94 (d, /= 3.6 Hz,
1 H), 3.85-3.66 (m, 4 H), 3.39 (s, 3 H), 2.05 (s, 3 H), 2.03 (s, 3 H); °C NMR (100
MHz, D,0) 6 176.3, 175.0, 174.7, 174.4, 99.3, 99.3, 97.7, 93.5, 77.4, 76.7, 74.4, 73.9,
71.4, 69.9, 69.9, 69.3, 69.0, 68.8, 68.7, 68.2, 66.9, 66.4, 64.8, 55.2, 53.7, 53.4, 22.2,
21.9; ESI-MS m/z calcd for CooH43N,035S4Na [M+Na-3H]2' 565.1, found 565.1.

Methyl
(2-O-sulfo-a-L-iduropyanosyluronate)-(1—4)-(2-N-sulfo-6-0-sulfo-2-deoxy-a-D-
glucopyranosyl)-(1—4)-( 2-O-sulfo-a-L-iduropyanosyluronate)-(1—4)-2-N-sulfo-
6-0-sulfo-2-deoxy-a-D-glucopyranoside (14)

0S80, 0S03;
0,6-H o C-0,c,0H o o}
/QO/ HO 07 Ho
HO B “O3SHN -05SHN OMe
0380 0,80

14 (from 590)

Similar procedures as that for S3a—2 were applied for 59a—14 (14 mg, 73%; a
white solid): [a]p>® = +27.8 (¢ 0.6, H,0); "H NMR (400 MHz, D,0) § 5.44 (d, J=3.5
Hz, 1 H), 5.23 (d,J=3.2 Hz, 1 H), 5.19 (s, 1 H), 5.04 (d, /=3.6 Hz, 1 H), 4.87 (d, J
=2.3 Hz, 1 H),4.41-4.24 (m, 7 H), 4.20 (dd, /= 6.3, 3.8 Hz, 1 H), 4.13 (d, J= 3.7 Hz,
2 H), 4.07 (d,J=9.7 Hz, 1 H), 4.03-3.95 (m, 2 H), 3.83-3.62 (m, 4 H), 3.44 (s, 3 H),
3.29 (dt, J=10.2, 3.7 Hz, 2 H); >C NMR (100 MHz, D,0) 6 176.4, 174.5, 99.5, 99.2,
98.3, 96.5, 77.1, 76.5, 76.0, 74.2, 70.0, 69.7, 69.2, 69.0, 68.6, 67.0, 58.1, 57.8, 55.5;
ESI-MS m/z caled for C25H42N2039S6 [M-3H]3_ 3943, found 394.6.

Methyl
(2-N-acetyl-6-O-sulfo-2-deoxy-a-D-glucopyranosyl)-(1—4)-(2-O-sulfo-f-D-glucop
yanosyluronate)-(1—4)-2-N-acetyl-6-O-sulfo-2-deoxy-a-D-glucopyranoside (15)

0s0;

HO Q
HO B _
AcHN |  CO, 0S80,
Pl o9
Ho_ HO
0,580 AcHN

OMe
15 (from 60c.)

Similar procedures as that for S3a—2 were applied for 60a—15 (20 mg, 66%; a
white solid): [a]p>® = +58.3 (¢ 0.5, H,0); 'H NMR (400 MHz, D,0) 6 5.44 (d, J = 3.8
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Hz, 1 H), 4.61 (dd, J=11.2,2.0 Hz, 1 H), 4.39 (dd, J=11.1, 2.1 Hz, 1 H), 4.26 (d, J
=9.5Hz, 1 H), 4.21-4.08 (m, 1 H), 4.05-3.82 (m, 3 H), 3.80-3.70 (m, 1 H), 3.60 (t, J
=9.6 Hz, 1 H), 3.40 (s, 1 H), 2.07 (s, 1 H), 2.04 (s, 1 H); *C NMR (100 MHz, D,0) §
174.8, 100.0, 97.8, 97.2, 80.3, 77.9, 76.4, 76.0, 70.6, 70.1, 69.1, 68.3, 55.3, 53.2, 22.0;
ESI-MS m/z calcd for Cy3H3sN2026S3 [M-ZH]Z' 426.0, found 426.2; m/z calcd for
C23H35N202683Na [M+Na-3H]3' 4370, found 437.4, m/z caled for C51H60N202382
[M-SOg-ZH]Z' 386.0, found 386.4; m/z calcd for C,3H36N2026S3 [M-3H]2' 283.7, found
283.9.

Methyl
(2-N-sulfo-6-0-sulfo-2-deoxy-a-D-glucopyranosyl)-(1—4)-(2-O-sulfo-f-D-glucopy
anosyluronate)-(1—4)-2-N-acetyl-6-O-sulfo-2-deoxy-a-D-glucopyranoside (16)

0S0;

HO Q
HO B _
‘0sSHN |  CO; 0OS03
P08
HO
OH -03SHN

OMe
16 (from 60c)

Similar procedures as that for S3a—2 were applied for 60a—16 (14 mg, 70%; a
white solid): [a]p>® = +42.8 (¢ 0.5, H,0); "H NMR (400 MHz, D,0) § 5.69 (d, J = 2.4
Hz, 1 H), 5.07 (d, J=2.8 Hz, 1 H), 4.79 (d, J = 3.6 Hz, 1 H), 4.62 (d, J = 10.0 Hz, 1
H), 4.40 (d, J = 10.4 Hz, 1 H), 429 (d, J = 11.2 Hz, 1 H), 4.23-4.15 (m, 2 H),
4.04-3.60 (m, 9 H), 3.46 (s, 3 H), 3.33-3.27 (m, 2 H); °C NMR (100 MHz, D,0) §
100.1, 98.3, 97.8, 79.9, 77.9, 76.5, 75.1, 71.3, 70.0, 69.5, 69.1, 68.1, 66.4, 66.0, 58.0,
57.3, 55.5; ESI-MS m/z calcd for Ci9H3;N,030S5 [M-3H]3' 309.0, found 309.2; m/z
calcd for C19H32N203085 [M-2H]2' 4640, found 464.2.

Methyl
(2-N-acetyl-6-O-sulfo-2-deoxy-a-D-glucopyranosyl)-(1—4)-(f-D-glucopyanosylur
onate)-(1—4)-2-N-acetyl-6-O-sulfo-2-deoxy-a-D-glucopyranoside (17)

0S0;

HO Q
Ho } i
AcHN | CO; 0803
SO0
Ho 5
OH AcHN

OMe
17 (from 61a)

Similar procedures as that for 53a.—2 were applied for 61a—17 (8 mg, 78%; a white
solid): [a]p™® = +42.6 (c 0.3, H,0); '"H NMR (400 MHz, D,0) 6 5.42 (d, J=3.0 Hz, |
H), 4.58 (d, /= 7.8 Hz, 1 H), 4.35 (d, /= 9.9 Hz, 3 H), 4.17 (d, J = 10.5 Hz, 1 H),
4.07-3.64 (m, 11H), 3.58 (d, /= 9.6 Hz, 1 H), 3.45-3.23 (m, 5 H), 2.03 (d, J = 10.2
Hz, 6 H); °C NMR (100 MHz, D,0) ¢ 174.9, 174.6, 102.3, 97.9, 97.0, 78.7, 76.6,
76.5, 75.9, 73.7, 70.7, 70.2, 69.6, 69.3, 68.5, 66.5, 55.5, 53.6, 53.3, 22.1, 22.0;
ESI-MS m/z calcd for C3H36N,023S;,Na [M+Na-2H] 795.1, found 795 .4.
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Methyl
(2-N-sulfo-6-0-sulfo-2-deoxy-a-D-glucopyranosyl)-(1—4)-(f-D-glucopyanosyluro
nate)-(1—4)-2-N-sulfo-6-0-sulfo-2-deoxy-a-D-glucopyranoside (18)

0S03

HO Q
HO B _
"03SHN | CO 0S03
HO- o
0380 "05SHN

OMe
18 (from 61a)

Similar procedures as that for S3a—2 were applied for 61a—18 (21 mg, 75%; a
white solid): [a]p>® = +23.9 (¢ 0.3, H,0); 'H NMR (400 MHz, D,0) 6 5.67 (d, J = 3.6
Hz, 2 H), 5.07 (d, J=3.6 Hz, 1 H), 4.63 (d, J = 8.0 Hz, 1 H), 4.43-4.35 (m, 3 H), 4.19
(d, J = 10.8 Hz, 1 H), 4.03-4.01 (m, 1 H), 3.92-3.80 (m, 4 H), 3.77-3.70 (m, 2 H),
3.67-3.58 (m, 2 H), 3.46 (s, 3 H), 3.41 (t, J = 8.4 Hz, 1 H), 3.34-3.28 (m, 2 H); °C
NMR (100 MHz, D,0) ¢ 102.1, 98.2, 97.4, 78.5, 76.4, 76.3, 76.2, 73.0, 71.1, 69.8,
69.7, 69.0, 69.2, 66.5, 66.4, 57.9, 57.3, 55.5; ESI-MS m/z caled for C19H3/N20,7S4
[M-3H]* 283.3, found 282.3; m/z caled for CioH3N205,S4 [M-2H]* 424.0, found
424.2.

Methyl
(2-N-sulfo-6-0-sulfo-2-deoxy-a-D-glucopyranosyl)-(1—4)-( 2-O-sulfo-S-L-idurop
yanosyluronate)-(1—4)-2-N-acetyl-6-O-sulfo-2-deoxy-a-D-glucopyranoside (19)

0SO3 0S04
HO Q-0,c-H o o)
HO 97 Ho
AcHN o

) AcHN 4y
0,50

19 (from 62a)

Similar procedures as that for 53a.—2 were applied for 62a—19 (8 mg, 46%; a white
solid): [a]p™® = +33.6 (c 0.4, H,0); "H NMR (400 MHz, D,0) 6 5.19 (s, 1 H), 5.15 (d,
J=3.5Hz, 1 H), 484 (d,J=22Hz, 1 H), 4.75 (d, J= 3.6 Hz, 1 H), 4.30 (m, 6 H),
4.06 (br's, 1 H), 4.05-3.90 (m, 4H), 3.85-3.68 (m, 3 H), 3.54 (t, J= 9.6 Hz, 1 H), 3.38
(s, 3 H), 2.05 (s, 3 H), 2.02 (s, 3 H). °C NMR (100 MHz, D,0) 6 175.2, 174.9, 174.5,
99.3, 97.9, 94.0, 77.5, 74.6, 71.6, 71.3, 70.2, 70.0, 69.4, 68.8, 68.3, 67.0, 66.7, 65.0,
55.3, 53.8, 53.4, 22.4, 22.0; ESI-MS m/z caled for Co3H3sN,006S3 [M-2H]* 283.7,
found 283.9; m/z calcd for Co3H36N2026S3 [M-3H]3 "426.0, found 426.9.

Methyl

(2-N-sulfo-6-0-sulfo-2-deoxy-a-D-glucopyranosyl)-(1—4)-( 2-O-sulfo-S-L-idurop
yanosyluronate)-(1—4)-2-N-acetyl-6-0-sulfo-2-deoxy-a-D-glucopyranoside (20)
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20 (from 620)

Similar procedures as that for S3a—2 were applied for 62a—20 (10 mg, 42%; a
white solid): [a]p”® = +8.0 (¢ 0.2, H,0); 'H NMR (400 MHz, D,0) d 5.43 (d, J = 3.4
Hz, 1 H), 5.22 (d, J = 3.1 Hz, 1 H), 5.03 (d, J = 3.5 Hz, 1 H), 4.46-4.28 (m, 4 H),
4.28-4.14 (m, 2 H), 4.11 (t, J = 3.3 Hz, 1 H), 4.05-3.86 (m, 2 H), 3.76 (t, J = 9.4 Hz,
1 H), 3.71-3.50 (m, 3 H), 3.42 (s, 3 H), 3.34-3.20 (m, 2 H); °C NMR (100 MHz,
D,0) § 174.6, 99.4, 98.3, 96.7, 77.0, 76.4, 75.9, 71.1, 70.04, 69.96, 69.6, 69.4, 68.6,
67.0, 66.6, 58.0, 57.8, 55.5; ESI-MS m/z caled for CioH3N,030Ss [M-3H]*" 309.0,
found 309.0; m/z caled for C;9H31N>O30SsNa [M+Na-3H]2' 475.0, found 475.0.

Reference:
(S1) Orgueira, H.; Bartolozzi, A.; Schell, P.; Litjens, R.; Palmacci, E.; Seeberger, P. H.
Chem. Eur. J. 2003, 9, 140-169.

(S2) Chen, J.; Zhou, Y.; Chen, C.; Xu, W.; Yu, B. Carbohydr. Res. 2008, 343,
2853-2862.

(S3) Zhou, Y.; Lin, F.; Chen, J.; Yu, B. Carbohydr. Res. 2006, 341, 1619-1629.
(S4) Polat T.; Wong, C.-H. J. Am. Chem. Soc. 2007, 129, 12795-12800.
(S5) Nathalie, K.; Jean-Claude J. J. Chem. Soc., Perkin Trans. 1 2000, 16,2709-2718.

(S6) Masato, O.; Tatsushi, T.; Naohiro, F.; Shoichi, K. Tetrahedron Lett. 2004, 45,
4039-4042.

(S7) Nadine, B.; Jean-Claude, J. Carbohydr. Res. 2002, 337, 673-690.
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Chemical Formula: C,7H,5CIsNOg

Exact Mass: 599.0881
Molecular Weight: 600.8721
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T T T T T T T
150 140 130 120 110 100 90

T
160

T
170

i

5
2
-

96FE
SIGE
ELOE
9EQE
YO9E
889°E
e
LE6'E
Loy
oy
0¥y
250°%
S0P
L0EY
BIEY
LEEY
BFEY

giry
BEFY
GFFY
ELFY
sy
EEGY
085'%
LGy
B6GY
[4: 7
GOE'Y
oce'y
BSEY
reey

£e0'2
BB4
0029
oerL
8052
8LLD

CVES ——
EFEL ——

Ph

N

OBz

BnO

2 OJJ\CFS

N3

BnO

24

Chemical Formula: CasHa1F3N4Og

Exact Mass: 660.2196
Molecular Weight: 660.63 90

00

0 PPM

76



G200

Elins
0F&0
LBTE
Zlee
ZEEE
¥GEE
¥iEE
ooF'e
BFFE
¥eFE
Zar'e
BEFE
¥I5E
GES'E
BELE
a08'e
¥ZRE
ZELE
ELE
Gt
LVE
LGEY
HEY
98t
0aF't
BiFt
YETL
EQTt
SLLt
YELY
agl't
96t
alEt
EZEY
YEG'E
096t
G6Z'5
¥IES
GEE'S
GGE'S
EET'S
LEDY
GG0Y
ELDY
L8074
EOLY
EZLY
GEEY
¥GEL
L18E7Y
Z0¥d
SlFd
DEF S
ELF S

a0k

o
Sn @
o
Hois
o =
B
T,
\e &
ol =
g
]
M =
OOrm
™
i
ovo g
785
i
o

XP0502

Exact Mass: 957.39
Molecular YWeight: 958.13

29

08
. 0z
ooroo  £of Praaeh P f /

FPM

Y

£gEil

PiFSE

066G L
ELGUEL
BLLLEL
BFELEL
SklLagl
lozazl
vieagl
LEFEEL

enBzl—F
ozl
G671

GOLEEL
LOZEEL
PEOLEL
GEOLEL
lZEREL

OFE¥9L
LTEG01

XP0485PC

0Bz
o

o 0TBS
Hy

[u}

D’ﬁ,
[u}

Fh
E

Bn

OBz

i

PPM

20

40

60

80

100

120

140

160

Y

77



N
d

4,“

i ¥ =
358 g :
T g _J

] ﬁ% T

-

E

fus
‘“L...

7
a5
4 -

N{ﬁlﬂ

|

w5~
[

96081~

BLSE—

i
8588
I Lm
I
mq:%
W
ﬁ_mEW
i
S0608

8016~
358001
m_m.s_v

el
[Ei:te)
SRILIN
1261
SRELIN
z'8e)
e8I
QL& 8E
S09'8L1
BOL B2
VB

105 651—
LE6vaI—

5td carbon

c—474[1]

-20

-10

78




!
T
J
7

Z
OTES

O

9]
OBz
Bract Mass: 987 40

Molecular Yweight: 938.16
3

8
Sy
BroO N
Chemical Formula: CssHgM=0 135

MeCyC,
Bro

BnC

XP0525

PPM

n.

gLes
26E ¥
15y
G552
BLFCS
09.°¢9
gy eg
B66CL
GO0EL
ELLFL
GE0GL
EGLGL
FFFGL
181094
GG0LL
ELELS
908

P

GTP 6L — =

GE808
L1018
YEG'O8
¥OF L0
2651421
180421
EOGLZL
266221
genazl
¥OEBZL
ZFeazl
ELEBTL
gy ezl
655821
SE0GZ L
0096z
iF9EZL
0Ll6zk
BELEEL
EOEEEL
aFfiEL
155161
¥SFaEL

SFGYOL
GL8°591
YFZ AL

AN

XP0525C

30455

Chemical Formula: C54H; N

Expct Mass: 987.40
NMoledular Weight: 988.16

31

S

PPM

T
200

Y

79



0o
5e0o
¥ee0
2i0e
LEBOE
£52€E
1526

28

£07°E
EiZE
GGEE
GiEE
EESE
L95°E
0es'e
GBS E
SHE
£goe
GELE
oes'e
¥GE'E
EEGE
8Y6'E
156
TiB'E
646
zoZ'y
ey
8rE'w
DR
feleTon
ore'd
1951
BESF
GEO'Y
Lr8F
£99'y
FOF
¥R
ELLE
BZi'w
95l
BEE'Y
910G
ELZ5
9T’
1525
L1E9
BEA'D
9004
Bi04
8e0s
Ay
¥OLL
(233
ghd
¥alLd
6214
ZeTd
orid
L¥TL
1524

Exact Mass: 100343

Chemical Formula: CsaHeN-042Si
Molecular Weight: 1004.20

C

XP0526H

OrBS

Bn

BnO

of11

add®* oo

Fo1

b

296
2g -

/53
-(00 a’98 veasr P

i MIH nrne

PPM

Fw

GFEL)——

BZOFLL

STF LT
Zag'LZ L
08'LZ)
LEELEL
ip0azh
Zelagh
kel
99z'azl
glrazl
LES mmrx

LOG°6Z
BELGZL
06L6Z L
YLLOEL
0GE'EEL
2RO LEL
0GLLEL
GLOBEL
PP ES | ——

EGLPO ——
LFBsL ————

XP0526

OFMB

ot 0o
BnO

OTES

BnO

BnQ

0Bz

ool Loy

80



—

02K
B
By L

1.0
£1 (ppm)

[}

NH
O)-LCCI3

0Bz
o,
no
M3
34
Chemical Formula: CgyHyzClaMa 045

Q
B
Bract Mass: 1016.22
Molecular Wieight: 1018.29

MeO-C
”Kﬁgv
OBz

BnO
BnO

81



z2e9'Zs
56079

Lor'za

¥ L

pLLEL

BBGF.

65252 .
LS. =
BZ6GL W
909, I

5£8'92 = H\/
BS1 1L

L0822 W
8y Bl

by

1)
gzoB.— . — @O W =
gore.— " O
16918
L0806 ———

EOT G —— /
ESE Wb —m o
LBLZ)

LTE LT

BLOBEZ o
L5VBZ)
BGEEEZI
LOS'BE }
YRGB
6098}
BGLBZ I
PEEBZ
SEVBEZI
PEEEZ
EGLBZI
EBLBZ
PEGEE L
BIOEE
9EGLE
0BG LE
9E6LE L

Exact Mass: 101622
Molecular Weight: 10] 8.29

OBz
Chemical Formula: CsgHClsN,4O 15

MeO,C

BnO
BnO

XP5-39C

GZo09l
080591
GOE'GOL

34

SN

N P AT

lLMJMJM,L i}

|

Ty

PPM

50

100

150

200

woo
= O
T ~%
= =z =
[T T
[l ﬂb — 00
m Ol= Fo3
O/L o T
=3 =
==
I =]
a w i
2 Sde s
[@u] E=71
w oo E
oj@m Lo
o ®Wle
2 o
Q E =
mw. =
22 ©
= o
[un]
T
& 05 42
&
s /
o
>

n.

82



SFEE
SOFE
0EFE
Zar'E
GGLE
GaLE
caLe
log'e
ceee
L06'E
CLEE
ZEEE
IEBE
LEG'E
QLR
YLLE
GELF
Irly

o
@
@
-

(

Bz
Ty
N

G39F
YLLE
gkLF
EELF
GaLF
lZey
LEOG
£Q0'G
BFES
GOE'S
06ES
LIGG
LG0°L
LO'L
rans

o e
[S=]
[,

o
=)
~
-

S

SCEL
EFEL
GLEL
LBE'L
02r L
HEF'L
GSF L
TLFL
BOS L
L8G4
CLEL
OEG'L
Beos

pmHE

¢SS

\

0
Q
nC

0

Ph~—<-0
(]

XP0491P3

B

Bno

OMe

OBz
Chemical Formula: CygHys N 4042

Bxact Mass: 857 32
Muolecular Weight 857.90

37

PPV

~ra

OGO
EFGEOL

L

OBz

XP0491P

Naome

o
Chemical Formula: CagHazMN 3042

a
BnoO
OBz
37

]
Exact Mass: 057.32
Molecular Weight 837 .90

8]
Bno

Ph="%"0

L

|

PPM

83



BZEq
886
BLEEA
LBEE

YBEE]
£0Y'E
L

BYSE ]
5%y
8994
898

91861
586
061t
0224
3844

117
06541
0284
5891
iy
2L
ZELY
SLY
5igY
1667
LS
£0Z5
0551
0069
RN o
IR 3
£0114
L0114
eIt
09z
B2
62
BOEL
b8
098
LUEL]
D6EL
96671
BAEL
B0 LA
v
1271
0Lyer
GBY L
9BY L

oSz
mﬁ_m.ﬁ%

T

SV

ISt
e VR
sl
o1

A
&

oFMe
Naome

e}
B

o
0Bz

Fh—3-0
o
Br0

3.0

3.5
£1 (ppm)

4.0

T
4.5

LYESE~
gt
ik
ﬁ._f/
BZ 8L
B
Nmm.ez,
e
1914
AL
ELET
958

VLA,
8001~
B0~

m%_._
E.R:“_
UG LZI
20 821
A
S8l
DRI
885721
Zrel
L0862
&Il
aev'ee)
a9 g2

YEL BS1—

i

i

5
i
b

5td e

Ph—0

CPMB
Ay
NDme

EnO:
OBz

BnO

s

10

40

50

70

90

150 140 130 120 110

160

f1 (ppm)

84



K97
588
Beve]
whe
U9t
0age
989¢

9]
ogge
GiEL
"33
52
WSS

il

LR
%5 Y
gar]
gt
BgY

BIL
s s
1LY
3L -
B
9Ly
288
29811
ARG
o
s
%L1

[
il
L
21|
T8 b

8L

LEL

REL
1L
w1
5L
w51
LA
meL
()
L
L
024
ot
%L
L
5.1

4351
Wﬁs 8
0 i

&g

T T

T

S —

e

OBz

Fh—5-0

EnQ

Olev

BnO

NDiMe

|

39

= 00

Wmm.m,
an

IRl

n
i

6.0

8.0

8.5

HIE L8~
00geE~"

S —

W
AT
2.8 /“
80981

(g
N

N
LBE H__v
BBE %21
185121
LTI
B LEl

40121
6% 821
gl
209214
BUBGI-
OB
ILBEZ1
99055

0
BEENE
962881

—

Yiraa—
0aril—

2085118-6-85C

4500 —

OBz

Ph—5-0

BnO

Olev

BnO

Nome

39

T T T T T T
150 140 130 120 110 100

T
160

T T
180 180

T
200

85



™

Chemical Formula: CygHagN10 44
Exact Mass: B43.3367
Molecular Weight: 842 9162
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Exact Mass 785,32
MolecularWeight 785.84
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Bvact Mass: 797 .28
Molecular Weight 797 80
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Chemical Formula: CyzH 47N 3093

Exact Mass 813.31
M olecular Weight: 813.85
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Exact Mass: 783.30
MaolecularWight: 783 .83
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Chemical Formula: Cs3HsgN301,Si
Exact Mass: 957.3868
Molecular Weight: 858.1340
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Fmula: C53H 59N 30 12Si
Mass: 957.3868
Weight: 958.1340
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Chemical Formula: CagHgqF N0 43
Exact Mass: 1044.3405
Molecular Weight: 1045.0183
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Exact Mass: 857.3160
Malecular Weight: 857.8997
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Chemical Formula: C4gH4;N,O

Exact Mass: 857 3160
Molecular Weight: 857.8997
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Cherrical Fommula CagHagMNgdhs

Exact Mass: 1652.50
Molecular Weight: 165389
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Chemical Formula: CgpH ggM gl'as

ExactMass: 1652.58
Molecular Weight: 1653 B9

53

T
PPM

"

BnC E(r?O
OBz
Chemical Formula CogHadNeTas
ExactMass: 1852 .58
MolecularWeight: 16563 63

GEere
BnC»

53B

BnCy

98



SL0€
B8ZE
L6TE
VIEE
EZEE
VBE'E
BEEE
e
ECFE
09t
ZBFE
se
ZFGE
BL5E
ZELE
98L°€
GER'E
ISEE
BSA'E
CIHE

LBE'E
V96E
PEGE

I

600°%

pEO'Y
B¥0°Y
PEO'Y
Bhby
Ly
BSF'Y
69F %
06y
BLEY — —

<
T — o
=
=

%R
£59'Y
£89'Y
Okly
Wiy
69.%
BBLY
GER'Y
ey
[#3:5
£00'%
0E0'S
690°%
GE0°G
LiTs
PFEG
L0F'S
frd 4
BFFG
GEG'S
PFGG

Exact Mass: 1638.6006
Molecular Weight: 1639.7034

OBz
O o o
OBanO A
O
BnO
Chemical Formula: CgyHggNgQ4y

fraw
PIEL
B0GS
£E09°4

PPM

OBz

o]

O o

Me0 5,C

OBz
Q

N3

OBanO

EnO

l@)l\fle

EnO

BnO

OBn

Chemical Formula: CggHggNs 0oy

Exact Mass: 1638 .6006
Male cular Weight: 1639 7034

540

Wit

"
L

PPM

50

100

150

200

99



€
5
N
m O
o =
o)
o N o
o]l58 Yo 2
5 Zsf
Q £33
3 B 8
eom CG..L
= ST 5 a
ol Egz @
Q 522
de
T @ =
Q L x o
o5, 5“8
o 5 =
ol o o
3
Q
L]
= 25
o

PPM

i

"

N i
m O =
(@]

rrr'es

OF8'86

820'10) |/| e}

0¥ L0k OF
£86Z0 W @ -
12z 12—, o] 2

e

"l

Exact Mass: 1638 6006

Chemical Formula: CogHggNgOayg
Molecular Weight: 1639.7034
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Exact Mass 168164
Molecular Weight: 168577

56a

21
bt hen
887627
YI8E
250 2

B0C154-

L5251
L2055

LTS |

B8 551
509261
1267251
086 531
1By}
B ELY
USEL
(03ELY
[EEER
151911
RS ILY
YIS
8055L
255L
W09
LA

0912

—

L

195 LL)
B 1L
BELLL
LIBLL]
9B'BL
528

T T

==

696 28~

ago o0t/

BEE _u_uT.1

BEE Yl
iz

Sedlent

889121
BIBLZI
P AR
WAEAR
62821
SHE21]
£8y'821-4
B89 B2
138°8214
051621
299621
B9 621

E

OMe

OPMB
ﬁi
)

2
OB
N
2 m
z T¢e°
2 oomnw
It
WONEBS
2
Q&

0.__.OMe
&L

BnO

0Bz

90

100

110

120

130

140

150

160

170

80

103



&
N el
L]
2
gl
= 95
2
o of F
5 =
o
=
O_H_
o
o W}
&
= zZm
m

Chernical Forrmula: CgHagMglos

Exact Mass: 1604.64
Mo lecular YWyveight: 163577
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Chemicd Formula: CogHagNsOo5

Exact Mass: 1652.5799
Molecular Weight: 1653.6869
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Chemical Formula: CggHggNgOsgs

Exact Mass: 16525799
Molecular Weight: 1653.6869
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Chemical Formula: CooHagMs0a4
Exact Mass: 16336006
Molecular Weight: 1639 7034
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ExactMass: 1638.60
Molecular weight 1639.70
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Chemical Formula: CggHggNgO 24

Exact Mass: 1638.6006
Molecular Weight. 1639.7034
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Exact Mass: 1652.5799

Chemical Formula: CgyHggNgOo5
Molecular Weight: 1653.6869
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Chemical Formula: CggHggNgO2s
Exact Mass: 1652.5799
Molecular Weight: 1652 63869
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Chemical Formula: CagHgaNgO 2

Exact Mass: 1268.4590
Molecular Weight: 1269.3076
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Chemical Formula: CaaHgsMNe0 15

Exact Mass 1268.4500
Wolecular Weight: 1269.3076
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Chemical Formula: CggHggNgO 15

Exact Mass: 1268.4590
Molecular Weight: 1269.3076

859z

PPM

G062S
r PES'GS
9E5'2H
r Li0°E9
ArLES
E£v6'99
5889
LEVEL
EYEES
L1872
[F¥aJ3

Y02 G ———

vt

Ove

VOB'GL
99g°LL
bilas
ozees
BZGGL
BaLes
EPG A6
09¥ 10k
orzzol
S6E4T1
9694Z1

M

i

58zt
EG9AZ1
re9eZ1
SETRTL
GROGTZL
APLETL
668G
0BLEEL
IWEEEL
BAFEEL
ALFEEL
CGLLEL
YEBLEL
azzeet

SN

LEr91
S 510081
BZERIL

OBz

h O
AN
N

Exact Mass: 12634590
Molecular Weight: 1269.307f
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Chemical Formula: CggH7gNgO 17

Exact Mass: 1254.4797
Molecular Weight: 1255.3241
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Chernical Formula CggHgNgO 47
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Exact Mass: 508.17
Molecular Weight: 508.52
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Chemical Formula: Cs5Hs3N30, 4
Exact Mass: 979.3528
Molecular Weight: 980.0210
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Chemical Formula: CssHs3N5O44
Exact Mass: 979.3528
Molecular Weight 980.0210
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Chemical Formula: CssHs3N2O 14

Exact Mass: 979.3528
Molecular Weight: 980.0210
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Chemical Formula: CesHs3 N3Oy 4

Exact Mass: 979.3528
Molecular Weight: 980.0210
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Chermical Formyla: CepHegMNa O Sa

Exact Mdss 152827
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Bact Mass: 1960.31
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Chemical Formula: CgyH7zN,0358,

Exact Mass: 1560.3111
Molecular Weight: 1561.5406
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Chemical Formula: CggHzaN0255,

Exact Mass: 1636 2036
Maolecular Weight 1637 5937
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