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1. General

All reactions were carried out under argon atmosphere except notice. 'H NMR and '*C NMR
spectra were recorded on Bruker AVANCE II 600 (600 MHz for 'H and 150 MHz for '*C) and JEOL
JNM-ECZ600 (600 MHz for 'H and 150 MHz for '*C). ESI-MS spectra were recorded on Thermo
Scientific Exactive spectrometer. MALDI-TOF MS spectra were recorded on Bruker Ultraflextreme
spectrometer. Optical rotation data was recorded on JASCO DIP-370 digital polarimeter. Merck
TLC (silica gel 60 F2s4) was employed for TLC analysis. Gel permeation chromatography (GPC)
was used with JAI Labo Ace LC-5060 recycling preparative HPLC (eluent: CHCI3). Kanto silica
gel (spherical, neutral, 63-210 um) and Sephadex LH-20 were used for Silica gel chromatography
and gel filtration chromatography, respectively. Rotating-disk electrode voltammetry was carried
out using BAS 700c analyzer and RRDE-3 rotating ring disk electrode. Measurements of oxidation
potential of substrates (conc. 4.0 mM) were carried out in 0.1 M BusNOT{/CHCl, using a glassy
carbon disk working electrode, a platinum wire counter electrode, and a saturated calomel electrode
(SCE) as a reference electrode with sweep rate of 10 mV/s at 2000 r.p.m.. Compounds 1a,' 1b, 1¢,
"and 1d' were synthesized according to the reported procedures. Unless otherwise mentioned, all

reagents were obtained from commercial suppliers and used without extra purification.

2. Synthesis of oligosaccharides by electrochemical polyglycosylation

BnO anodic oxidation lati BnO
0 glycosylation 0
HA%&/SN (0.525 F/mol, 8 mA) H Ac():O SAr

PhthN Bu,NOTf 50°C. 1h PhthN

CH,Cly, -80 °C n
1a-d 2¥2 2a-d(n=2)~7a-7d (n=7)

The electrochemical polymerization synthesis of linear oligosaccharides (2a~7a) was carried out an
H-type divided cell (4G glass filter). The cell had a carbon felt anode (Nippon Carbon JF-20-P7) and
platinum square plate (20 mmx20 mm). Building block 1a (0.39 mmol, 218 mg), BusNOTTf (1.00
mmol, 393 mg), and CH>Cl, (20 mL) were added to the anodic chamber. Trifluoromethanesulfonic
acid (0.4 mmol, 35 puL), BuNOTf (1.00 mmol, 393 mg), and CH>Cl, (20 mL) were added to the
cathodic chamber. The constant current (8 mA (current density: 2.0 mA/cm?), 45 V (electrode
distance: 4.5 cm)) was employed at —80 °C with magnetic stirring until 0.52 F/mol of the electricity
was consumed. After the electrolysis, the reaction was kept stirring at —50 °C for 1 h. After that,
triethylamine (0.3 mL) was added to both chambers. The solution in both chambers was collected in
eggplant flask, and the solvent was removed under reduced pressure. The mixture was dissolved in
EtOAc and washed with water (3 times) and brine, respectively. The solution was dried over NaxSOs,
and the solvent was removed under reduced pressure. The crude product was purified with preparative-
GPC to afford linear oligosaccharides 2a (r =2, 0.053 mmol, 52.0 mg, 27%), 3a (n =3, 0.0248 mmol,
34.7 mg, 19%), 4a (n =4, 0.0106 mmol, 19.3 mg, 11%), 5a (n =5, 2.22 pumol, 5.0 mg, 3%), 6a (n =
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6, 0.090 umol, 2.4 mg, 1%), and 7a (n =7, trace) as white solids. Recovered yield of buliding block
1a was 27% (58.2 mg, 0.1055 mmol).

4-Fluorophenyl (3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-f-D-glucopyranosyl)-(1—4)-3-
O-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-1-thio-pB-D-glucopyranoside (2a); TLC
(Hexane:EtOAc 1:2): R 0.57. [a]p = =7.88 (¢ = 1.0, CHCl3, 26 °C). Eox = 1.76 V vs. SCE; '"H NMR
(CDCls, 600 MHz) & 7.86—7.77 (m, 4 H), 7.76-7.72 (m, 2 H), 7.71-7.67 (m, 2 H), 7.35-7.32 (m, 6 H),
7.31-7.26 (m, 4 H), 7.22 (d, J= 7.0 Hz, 2 H), 6.82 (pseudo-t, J = 8.6 Hz, 2 H), 5.67 (dd, /= 9.9, 8.9
Hz, 1 H), 5.57 (dd, J = 10.6, 8.9 Hz, 1 H), 5.50 (d, /= 10.5 Hz, 1 H), 5.45 (d, /= 8.3 Hz, 1 H), 4.54
(d,J=11.8Hz,1H),449(d,/J=11.8 Hz, 1 H), 437 (d,J=11.8 Hz, 1 H), 4.31 (d, /J=11.9 Hz, 1 H),
4.15 (pseudo-t, J=10.3 Hz, 1 H), 4.11 (dd, J=10.7, 8.3 Hz, 1 H), 4.03 (pseudo-t, J=9.2 Hz, 1 H),
3.81 (td,J=9.2,3.2 Hz, 1 H), 3.75 (dd, J=10.0, 4.0 Hz, 1 H), 3.66 (dd, J=10.0, 4.9 Hz, 1 H), 3.52
(dd, J=9.8, 2.3 Hz, 2 H), 3.49-3.43 (m, 2 H), 2.96 (d, /J=2.8 Hz, 1 H), 1.88 (s, 3 H), 1.82 (s, 3 H).;
3C NMR (CDCl;s, 150 MHz) § 171.0, 170.0, 167.8, 167.3, 163.0 (d, J=247.5 Hz), 138.2, 137.4, 136.1
(d,/=9.0Hz), 134.4,134.3,143.2,131.7,131.4,131.2, 128.5, 128.3, 128.0, 127.7, 127.5, 127.4, 125.8
(d,/=3.0Hz),123.7,123.5, 1159 (d, J=22.5 Hz), 97.2, 82.6, 78.5, 74.1, 73.6, 73.4,73.2,72.7, 724,
71.4,70.0, 67.8, 54.9, 53.8, 20.63, 20.61; HRMS (ESI) m/z calculated for Cs:Ha7FKN2014S [M+K]",
1013.2364; found, 1013.2322.

4-Fluorophenyl (3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-
O-acetyl-6-0-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-3-0-acetyl-6-O-
benzyl-2-deoxy-2-phthalimido-1-thio--D-glucopyranoside (3a); TLC (Hexane:EtOAc 1:2): Rs
0.50. [a]p=~15.8 (¢ = 1.0, CHCl3, 26 °C). Eox = 1.74 V vs. SCE; "H NMR (CDCl3, 600 MHz) & 7.88—
7.77 (m, 6 H), 7.76-7.67 (m, 6 H), 7.35-7.31 (m, 4 H), 7.30-7.26 (m, 5 H), 7.25-7.20 (m, 5 H), 7.14
(pseudo-t, J = 7.8 Hz, 2 H), 6.82 (pseudo-t, J = 8.6 Hz, 2 H), 5.58 (pseudo-t, J = 9.4 Hz, 1 H), 5.54
(td, J=10.6, 1.6 Hz, 1 H), 5.51 (td, /= 10.6, 1.6 Hz, 1 H), 5.46 (d,/=10.5 Hz, 1 H), 5.38 (d, /= 8.3
Hz, 1 H),5.27(d,/=8.4Hz 1H),4.52(d,/J=11.7Hz, 1 H),4.47 (d,J=11.8 Hz, 1 H), 443 (d, /=
11.8 Hz, 1 H),4.42 (d,/J=11.6 Hz, 1 H),4.38 (d,/J=11.8 Hz, 1 H), 4.31 (d,J=11.6 Hz, 1 H), 4.14
(dd,J=9.4,55Hz,1H),4.12 (dd,/=9.4,4.4 Hz, 1 H), 4.07 (dd, J=10.7, 8.3 Hz, 1 H), 4.02 (dd, J
=10.4,8.2 Hz, 1 H), 3.99 (pseudo-t, J=9.4 Hz, 1 H), 3.79 (td, J=9.2,3.2 Hz, 1 H), 3.72 (dd, /= 9.9,
4.0 Hz, 1 H), 3.63 (dd, J=9.9, 4.9 Hz, 1 H), 3.54 (d, /= 10.4 Hz, 1 H), 3.46 (dd, J=10.7, 3.7 Hz, 1
H), 3.42 (d, /=109 Hz, 2 H), 3.30 (dd, /=112, 3.5 Hz, 1 H), 3.27 (dd, /= 9.2, 4.4 Hz, 1 H), 3.10
(d, J=8.8 Hz, 1 H), 2.88 (d, J=3.3 Hz, 1 H), 1.80 (s, 3 H), 1.71 (s, 3 H), 1.63 (s, 3 H); *C NMR
(CDCls, 150 MHz) 6 171.0, 170.2, 170.1, 168.1, 167.8, 167.2 163.0 (d, J = 247.5 Hz), 138.2, 138.1,
137.4, 136.0 (d, J = 9.0 Hz), 134.4, 134.3, 134.1, 131.7, 131.2, 128.5, 128.2, 128.1, 127.9, 127.6,
127.4, 127.36, 127.26, 127.1 125.9 (d, J = 3.3 Hz), 123.6, 123.5, 115.9 (d, J = 22.5 Hz), 96.6, 96.5,
82.6, 78.5, 74.0, 73.6, 72.6, 72.3, 71.7, 71.4, 71.2, 70.0, 67.9, 67.3 55.3, 54.9, 53.8, 20.61, 20.57,
20.46; HRMS (ESI) m/z calculated for C7sHesFKN302;S [M+K]", 1436.3682; found, 1436.3613.
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4-Fluorophenyl (3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-
O-acetyl-6-0-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-O-acetyl-6-O-
benzyl-2-deoxy-2-phthalimido-pB-D-glucopyranosyl)-(1—4)-3-0-acetyl-6-O-benzyl-2-deoxy-2-
phthalimido-1-thio-B-D-glucopyranoside (4a); TLC (Hexane:EtOAc 1:2): R 0.37. [a]p = —22.9 (¢
= 1.1, CHCl3, 24 °C). '"H NMR (CDCls, 600 MHz) § 7.89-7.65 (m, 16 H), 7.35-7.26 (m, 9 H), 7.25—
7.17 (m, 7 H), 7.10 (pseudo-t, J=7.8 Hz, 2 H), 6.99 (pseudo-t, J=7.8 Hz, 2 H), 6.94 (pseudo-t, J =
7.2 Hz, 1 H), 6.82 (pseudo-t, J= 8.4 Hz, 2 H), 6.69 (pseudo-t, J=7.2 Hz, 1 H), 5.57 (dd, /= 10.2, 9.0
Hz, 1 H), 5.49 (dd, J=10.8, 9.0 Hz, 1 H), 5.48-5.44 (m, 3 H), 5.34 (d,/J=8.4 Hz, 1 H),5.21 (d, /=
8.4 Hz, 1 H),5.18 (d,J=84Hz, 1 H), 452 (d,/J=11.4 Hz, 1 H), 447 (d,J=11.4 Hz, 1 H), 4.45—
433 (m,5H),4.32(d,/J=11.4Hz 1 H),4.14 (d, /= 10.8 Hz, 1 H), 4.10 (d, /=9.0 Hz, 1 H), 4.09—
3.95 (m, 5 H), 3.77 (pseudo-t, J=9.6 Hz, 1 H), 3.71 (dd, J=10.2, 4.2 Hz, 1 H), 3.62 (dd, /=9.6, 4.8
Hz, 1 H),3.53 (d,/J=9.6 Hz, 1 H), 3.47-3.43 (m, 2 H), 3.41-3.37 (m, 2 H), 3.26-3.20 (m, 3 H), 3.01
(dd,J=9.6,1.8 Hz, 1 H), 2.86 (s, 1 H), 2.79 (d,/=9.0 Hz, 1 H), 1.87 (s, 3 H), 1.79 (s, 3 H), 1.73 (s,
3 H), 1.67 (s, 3 H); *C NMR (CDCls, 150 MHz) & 171.0, 170.4, 170.3, 170.2, 168.2, 167.8, 167.3,
163.0 (d, J=247.2 Hz), 138.3, 138.19, 138.17, 137.5, 136.0 (d, /=8.7 Hz), 134.5, 134.4, 134.3, 134.2,
131.7,131.5,131.2, 128.6, 128.3, 128.11, 128.03, 127.97, 127.7, 127.5, 127.3, 127.2, 127.0, 126.0 (d,
J=3.3Hz), 123.7, 123.63, 123.58, 123.45, 123.39, 115.9 (d, J = 20.9 Hz), 96.60, 96.56, 96.0, 82.7,
78.5,73.9,73.8, 73.6, 73.38, 73.33, 73.1, 73.0, 72.6, 72.33, 72.30, 72.1, 71.8, 71.3, 70.8, 69.9, 67.9,
67.5,55.4, 55.2, 55.0, 53.8, 20.67, 20.65, 20.53; HRMS (ESI) m/z calculated for CosHgoFN4NaO23S
[M+Na]", 1843.5260; found, 1843.5217.

4-Fluorophenyl (3-O-acetyl-6-0-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-
O-acetyl-6-0-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-O-acetyl-6-O-
benzyl-2-deoxy-2-phthalimido-pB-D-glucopyranosyl)-(1—4)-(3-0-acetyl-6-O-benzyl-2-deoxy-2-
phthalimido-B-D-glucopyranosyl)-(1—4)-3-O-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-1-thio-
B-D-glucopyranoside (5a); TLC (Hexane:EtOAc 1:2): Rr0.28. [a]p =—27.0 (¢ = 1.2, CHCl3, 25 °C);
"H NMR (CDCls, 600 MHz) & 7.89-7.64 (m, 20 H), 7.34-7.25 (m, 10 H), 7.23-7.14 (m, 9 H), 7.07
(pseudo-t, J = 7.8 Hz, 2 H), 6.92 (pseudo-t, J= 7.8 Hz, 2 H), 6.90 (pseudo-t, J = 7.8 Hz, 2 H), 6.81
(pseudo-t, J = 9.0 Hz, 2 H), 6.61 (pseudo-t, J="7.2 Hz, 1 H), 6.55 (pseudo-t, J = 7.2 Hz, 1 H), 5.55
(dd,J=10.2,9.6 Hz, 1 H), 5.50-5.40 (m, 4 H), 5.36 (dd, /=10.2, 9.0 Hz, 1 H), 5.31 (d, /= 8.4 Hz,
1 H),5.18 (d,J=8.4Hz, 1 H),5.12 (d,/=8.4 Hz, 1 H), 5.10 (d, /J=8.4 Hz, 1 H),4.50 (d, /=114
Hz, 1 H), 4.46 (d,J=11.4 Hz, 1 H), 4.44-4.28 (m, 8 H), 4.13-3.90 (m, 10 H), 3.75 (td, J = 9.6, 3.6
Hz, 1 H), 3.69 (dd, J = 9.6, 3.6 Hz, 1 H), 3.61 (dd, J=9.6, 4.8 Hz, 1 H), 3.51 (d, /=9.6 Hz, 1 H),
3.46-3.33 (m, 4 H), 3.23-3.12 (m, 4 H), 2.97 (d,/=9.0 Hz, 1 H), 2.89 (d, /= 3.6 Hz, 1 H), 2.71 (d,
J=9.0Hz, 1 H),2.65(d,/J=8.4Hz, 1 H), 1.85 (s, 3 H), 1.77 (s, 3 H), 1.72 (s, 3 H), 1.69 (s, 3 H), 1.62
(s, 3 H); ®C NMR (CDCls, 150 MHz) § 170.9, 170.33, 170.30, 170.2, 170.1, 168.0, 167.7, 167.20,
167.16, 162.9 (d, J = 247.2 Hz), 138.22, 138.13, 138.12, 138.08, 137.4, 135.9 (d, J= 7.7 Hz), 134.4,
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134.29, 134.23, 134.16, 134.1, 131.6, 131.5, 131.3, 131.1, 128.5, 128.26, 128.20, 128.12, 128.0,
127.89, 127.87, 127.6, 127.42, 127.38, 127.36, 127.19, 127.15, 127.06, 126.90, 126.85, 125.9 (d, J =
3.3 Hz), 123.63, 123.54, 123.49, 123.39, 123.33, 115.8 (d, /= 21.9 Hz), 96.5, 96.4, 95.9, 95.8, 82.7,
73.8,73.6,73.3,73.2,73.0,72.9, 72.5,72.2, 72.0, 71.9, 71.7, 71.3, 71.2, 70.7, 70.6, 69.9, 67.8, 67.5,
67.4, 55.3, 55.2, 55.1, 54.8, 53.7, 20.58, 20.55, 20.44; HRMS (ESI) m/z calculated for
Ci21H110FNsNaOssS [M+Na], 2266.6578; found, 2266.6513.

4-Fluorophenyl (3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-
O-acetyl-6-0-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-O-acetyl-6-O-
benzyl-2-deoxy-2-phthalimido-pB-D-glucopyranosyl)-(1—4)-(3-0-acetyl-6-O-benzyl-2-deoxy-2-
phthalimido-B-D-glucopyranosyl)-(1—4)-(3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-f3-D-
glucopyranosyl)-(1—4)-3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-1-thio-p-D- glucopyrano-
side (6a); TLC (Hexane:EtOAc 1:2): R¢0.20. [a]p =-28.9 (¢ = 0.9, CHCl3, 28 °C); '"H NMR (CDCls,
600 MHz) & 7.90-7.64 (m, 24 H), 7.34-7.26 (m, 9 H), 7.23-7.15 (m, 12 H), 7.08 (pseudo-t, J = 7.8
Hz, 2 H), 6.94 (pseudo-t, J= 7.8 Hz, 2 H), 6.93—6.85 (m, 4 H), 6.82 (pseudo-t, J= 8.4 Hz, 2 H), 6.61
(pseudo-t, J =72 Hz, 1 H), 6.53 (pseudo-t, J= 7.8 Hz, 1 H), 6.49 (pseudo-t, J= 7.2 Hz, 1 H), 5.56
(dd,/=10.2,9.0 Hz, 1 H), 5.48 (dd, /= 10.8, 9.0 Hz, 1 H), 5.46-5.41 (m, 3 H), 5.38-5.31 (m, 3 H),
5.18(d,/=8.4Hz,1H),512(d,/=8.4Hz,1H),5.10(d,/J=8.4Hz, 1 H),5.06 (d,/=8.4 Hz, 1 H),
4.51(d,J=11.4Hz, 1H),4.46 (d,J=11.4 Hz, 1 H), 4.44-4.29 (m, 10 H), 4.14-3.89 (m, 12 H), 3.76
(td, J=9.6,3.6 Hz, 1 H), 3.70 (dd, /= 9.6, 3.6 Hz, 1 H), 3.62 (dd, /=9.6, 4.8 Hz, 1 H), 3.52 (d, /=
10.2 Hz, 1 H), 3.45-3.35 (m, 5 H), 3.23-3.16 (m, 3 H), 3.14-3.09 (m, 2 H), 2.98 (d, /=9.0 Hz, 1 H),
2.89(d,J=3.6 Hz, 1 H),2.70 (d,/J=9.6 Hz, 1 H), 2.64 (d,/J=9.0 Hz, 1 H), 2.59 (d, /=9.6 Hz, 1 H),
1.86 (s, 3 H), 1.78 (s, 3 H), 1.73 (s, 3 H), 1.71 (s, 3 H), 1.69 (s, 3 H), 1.65 (s, 3 H); *C NMR (CDCls,
150 MHz) 6 171.2, 170.34, 170.30, 170.2, 170.1, 168.01, 167.97, 167.7, 167.2, 167.1 162.9 (d, J =
247.2 Hz), 138.2, 138.15, 138.11, 138.08, 137.3, 135.9 (d, J=7.7 Hz), 134.3, 134.1, 131.60, 131.56,
131.4, 131.1, 128.5, 128.2, 128.0, 127.90, 127.85, 127.80, 127.6, 127.42, 127.35, 127.26, 127.18,
127.14, 127.05, 126.82, 126.79, 125.9 (d, J = 3.3 Hz), 123.66, 123.54, 123.49, 123.38, 115.8 (d, J =
21.9 Hz), 96.49, 96.41, 95.89, 95.74, 82.7, 78.4, 73.8, 73.6, 73.5, 73.3, 73.1, 73.0, 72.5, 72.2, 71.9,
71.7,71.3,71.2,70.73,70.70, 70.6, 69.9, 67.8, 67.5, 67.4, 55.27, 55.14, 55.11, 55.08, 54.8, 53.7, 20.58,
20.55, 20.44; HRMS (ESI) m/z calculated for CiaaHi3:FNeNaO4sS [M+Na]*, 2689.7896; found,
2689.7849.

4-Fluorophenyl (3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-
O-acetyl-6-0-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-O-acetyl-6-O-
benzyl-2-deoxy-2-phthalimido-pB-D-glucopyranosyl)-(1—4)-(3-0-acetyl-6-O-benzyl-2-deoxy-2-
phthalimido-B-D-glucopyranosyl)-(1—4)-(3-0O-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-f-D-
glucopyranosyl)-(1—4)-(3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-pB-D-glucopyranosyl)-
(1—4)-3-0-acetyl-6-0O-benzyl-2-deoxy-2-phthalimido-1-thio-B-D-glucopyraneside (7a); TLC
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(Hexane:EtOAc 1:2): R¢0.17. [a]p = —28.9 (c = 0.64, CHCl3, 28 °C); '"H NMR (CDCl;, 600 MHz) &
7.89-7.66 (m, 28 H), 7.35-7.27 (m, 10 H), 7.24-7.13 (m, 13 H), 7.08 (pseudo-t, J="7.8 Hz, 2 H), 6.94
(pseudo-t, J="7.8 Hz, 2 H), 6.92—6.84 (m, 6 H), 6.82 (pseudo-t, J=7.8 Hz, 2 H), 6.61 (pseudo-t, J =
7.8 Hz, 1 H), 6.52 (pseudo-t, J = 7.2 Hz, 1 H), 6.48 (pseudo-t, J= 7.8 Hz, 1 H), 6.46 (pseudo-t, J =
7.8 Hz, 1 H), 5.56 (dd, /= 10.2, 9.0 Hz, 1 H), 5.48 (dd, J=10.8, 9.0 Hz, 1 H), 5.46-5.40 (m, 3 H),
5.37-5.30 (m,4 H), 5.18 (d,/=8.4 Hz, 1 H), 5.11 (d,J=9.0 Hz, 1 H), 5.09 (d, /=8.4 Hz, 1 H), 5.048
(d,J=8.4Hz, 1 H),5.046 (d, /=8.4Hz, 1 H),4.51 (d,/=11.4Hz, 1 H),4.46 (d,J=11.4 Hz, 1 H),
4.44-4.37 (m, 6 H), 4.36-4.28 (m, 6 H), 4.14-3.88 (m, 16 H), 3.79-3.74 (m, 1 H), 3.70 (dd, /= 9.6,
3.6 Hz, 1 H), 3.61 (dd, J=10.2, 4.8 Hz, 1 H), 3.52 (d, /= 10.2 Hz, 1 H), 3.45-3.35 (m, 6 H), 3.23—
3.16 (m, 3 H), 3.13-3.07 (m, 2 H), 2.97 (d,/=9.6 Hz, 1 H), 2.87 (s, 1 H), 2.70 (d, /= 10.2 Hz, 1 H),
2.63 (d,J=9.0 Hz, 1 H), 2.58-2.55 (m, 1 H), 1.86 (s, 3 H), 1.77 (s, 3 H), 1.73 (s, 3 H), 1.71 (s, 3 H),
1.70 (s, 3 H), 1.68 (s, 3 H), 1.64 (s, 3 H); *C NMR (CDCls, 150 MHz) § 171.0, 170.43, 170.41, 170.38,
170.30, 170.2, 168.05, 167.99, 167.8, 167.3, 167.23, 167.18, 167.17, 163.0 (d, J = 247.5 Hz), 138.2,
138.11, 138.08, 138.04, 138.0, 137.4, 136.0 (d, J = 8.3 Hz), 134.39, 134.32, 134.25, 134.17, 131.6,
131.5,131.4,131.3,131.1,128.5,128.2, 128.0, 127.91, 127.88, 127.87, 127.81, 127.6, 127.40, 127.37,
127.23, 127.21, 127.18, 127.15, 127.0, 126.9, 126.84, 126.80, 125.9 (d, J = 2.9 Hz), 123.69, 123.66,
123.58, 123.52, 123.4,115.8 (d,J=21.9 Hz), 96.5, 96.4, 95.9, 95.7, 82.7,78.4, 77.3,77.0, 76.8, 73.8,
73.57,73.53, 73.47, 73.32, 73.27, 73.0, 72.8, 72.5, 72.2, 71.9, 71.7, 71.2, 71.1, 70.72, 70.69, 70.61,
69.8, 67.8, 67.5, 67.4, 55.3, 55.12, 55.08, 54.9, 53.7, 20.59, 20.56, 20.45, 20.43; HRMS (ESI) m/z
calculated for C167H152FKN7040S [M+K]*, 3128.8954; found, 3128.8948.

Buliding block 1b (0.40 mmol, 220 mg) afforded oligosaccharides 2b (rn = 2, 0.060 mmol, 60 mg,
30%), 3b (n =3, 0.027 mmol, 40 mg, 20%), and 4b (n =4, 0.014 mmol, 26 mg, 14%) as white solids.
Recovered yield of buliding block 1b was 21% (47 mg, 0.083 mmol).
4-Chlorophenyl (3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-f-D-glucopyranosyl)-(1—4)-3-
O-acetyl-6-0-benzyl-2-deoxy-2-phthalimido-1-thio-B-D-glucopyranoside (2b); TLC
(Hexane:EtOAc 1:2): Rt 0.63. [a]p = —8.62 (¢ = 1.3, CHCI;, 27 °C); '"H NMR (CDCls, 600 MHz)
5 7.86-7.78 (m, 4 H), 7.76-7.68 (m, 4 H), 7.35-7.26 (m, 10 H), 7.23-7.21 (m, 2 H), 7.10-7.07 (m, 2
H), 5.68 (dd, /=10.2, 9.0 Hz, 1 H), 5.57 (dd, J=10.8, 9.0 Hz, 1 H), 5.54 (d, /= 10.2 Hz, 1 H), 5.49
(d,/=8.4Hz, 1H),4.55(d,J=12.0Hz, 1 H),4.49 (d,/=12.0 Hz, 1 H), 4.37 (d, /= 12.0 Hz, 1 H),
431 (d,J=11.4 Hz, 1 H), 4.18 (pseudo-t, J=10.2 Hz, 1 H), 4.11 (dd, J = 10.8, 8.4 Hz, 1 H), 4.04
(pseudo-t, J= 8.4 Hz, 1 H), 3.84-3.79 (m, 1 H), 3.76 (dd, /=10.2,4.2 Hz, 1 H), 3.66 (dd, /=9.6,4.8
Hz, 1 H), 3.56-3.51 (m, 2 H), 3.50-3.43 (m, 2 H), 2.95 (d, /J=3.6 Hz, 1 H), 1.89 (s, 3 H), 1.82 (s, 3
H).; *C NMR (CDCls, 150 MHz) § 171.0, 170.0, 167.8, 167.2, 138.1, 137.3, 134.7, 134.6, 134.4,
134.3, 134.2, 131.7, 131.42, 131.39, 131.2, 129.4, 129.0, 128.5, 128.3, 127.9, 127.7, 127.5, 127.3,
123.7, 123.5, 97.2, 82.4, 78.5, 74.1, 73.6, 73.5, 73.2, 72.8, 72.3, 71.3, 69.9, 67.8, 54.9, 53.9, 20.61,
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20.58; HRMS (ESI) m/z calculated for Cs;Ha7CIN,NaO14S [M+Na]", 1013.2329; found, 1013.2300.
4-Chlorophenyl (3-O-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-
O-acetyl-6-0-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-3-0-acetyl-6-O-
benzyl-2-deoxy-2-phthalimido-1-thio-f-D-glucopyranoside (3b); TLC (Hexane:EtOAc 1:2): Rs
0.57. [a]p =—17.5 (¢ = 1.3, CHCl3, 27 °C).; '"H NMR (CDCls, 600 MHz) & 7.88-7.79 (m, 6 H), 7.76—
7.67 (m, 6 H),7.36-7.32 (m, 2 H), 7.31-7.26 (m, 7 H), 7.25-7.20 (m, 5 H), 7.15 (pseudo-t, J=7.8 Hz,
2 H), 7.10-7.08 (m, 2 H), 7.01 (pseudo-t, J="7.2 Hz, 1 H), 5.60 (dd, J=10.2, 9.0 Hz, 1 H), 5.55 (dd,
J=10.2,8.4 Hz, 1 H), 5.52 (dd, /=10.8,9.0 Hz, 1 H), 5.50 (d, /= 10.8 Hz, 1 H), 5.38 (d, /= 8.4 Hz,
1H),527(d,/=84Hz,1H),4.53(d,/J=11.4Hz 1H),448 (d,J=12.0Hz, 1 H),443 (d,/J=11.4
Hz, 1 H), 442 (d, /=114 Hz, 1 H), 438 (d, /= 11.4 Hz, 1 H), 4.32 (d, /= 11.4 Hz, 1 H), 4.17
(pseudo-t, J=10.2 Hz, 1 H), 4.13 (pseudo-t, J=9.0 Hz, 1 H), 4.07 (dd, J = 10.8, 8.4 Hz, 1 H), 4.03
(dd, J=10.8, 8.4 Hz, 1 H), 4.00 (pseudo-t, J=9.0 Hz, 1 H), 3.79 (td, J=9.6, 3.0 Hz, 1 H), 3.72 (dd,
J=10.2,4.2 Hz, 1 H), 3.63 (dd, J=10.2, 4.8 Hz, 1 H), 3.55 (d, J=9.6 Hz, 1 H), 3.48 (ddd, J = 9.6,
3.6, 1.2 Hz, 1 H), 3.45-3.41 (m, 2 H), 3.31-3.25 (m, 2 H), 3.11 (dd, /=10.2, 1.2 Hz, 1 H), 2.89 (d, J
=3.6 Hz, 1 H), 1.88 (s, 3 H), 1.80 (s, 3 H), 1.71 (s, 3 H); '*C NMR (CDCls, 150 MHz) § 170.9, 170.2,
170.1,168.1,167.7,167.3,167.2, 138.2, 138.0, 137.4, 134.6, 134.5, 134.4, 134.3, 134.1, 131.6, 131.5,
131.44,131.38, 131.1, 129.5, 128.9, 128.5, 128.2, 128.1, 127.9, 127.6, 127.42, 127.39, 127.3, 127.1,
123.7,123.5, 123.4, 96.6, 96.5, 82.4, 78.5, 74.0, 73.6, 73.26, 73.23, 73.1, 73.0, 72.6, 72.3, 71.1, 71.4,
71.2, 69.9, 67.9, 67.4, 553, 54.9, 53.8, 20.61, 20.57, 20.46; HRMS (ESI) m/z calculated for
C75HgsCIN3NaO;S [M+Na]’, 1436.3647; found, 1436.3621.

4-Chlorophenyl (3-O-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-
O-acetyl-6-0-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-O-acetyl-6-O-
benzyl-2-deoxy-2-phthalimido-p-D-glucopyranosyl)-(1—4)-3-0-acetyl-6-O-benzyl-2-deoxy-2-
phthalimido-1-thio-B-D-glucopyranoside (4b); TLC (Hexane:EtOAc 1:2): R 0.50. [a]p =-32.9 (¢
=0.7, CHCl3, 27 °C); '"H NMR (CDCls, 600 MHz) § 7.90-7.65 (m, 16 H), 7.36-7.32 (m, 2 H), 7.30—
7.26 (m, 6 H), 7.25-7.18 (m, 8 H), 7.12-7.07 (m, 4 H), 6.99 (pseudo-t, J= 7.8 Hz, 2 H), 6.94 (pseudo-
t,J=7.8 Hz, 1 H), 6.70 (pseudo-t,J=7.2 Hz, 1 H), 5.58 (dd, /=10.2, 9.0 Hz, 1 H), 5.51-5.44 (m, 4
H),5.34 (d,/=8.4Hz, 1 H),5.21 (d,J=8.4Hz 1 H),5.18 (d,/=8.4 Hz, 1 H),4.52 (d,J=12.0 Hz,
1H),4.47(d,J=11.4Hz, 1 H), 4.45-4.37 (m, 4 H),4.35(d,/J=11.4 Hz, 1 H), 4.32 (d,/J=11.4 Hz,
1 H), 4.15 (pseudo-t, J=10.2 Hz, 1 H), 4.09 (pseudo-t, J=9.6 Hz, 1 H), 4.07-3.95 (m, 5 H), 3.77 (td,
J=9.0,3.0Hz, 1 H), 3.71 (dd, /=10.2, 4.2 Hz, 1 H), 3.62 (dd, /= 10.2, 5.4 Hz, 1 H), 3.54 (d, J =
10.2 Hz, 1 H), 3.48-3.45 (m, 2 H), 3.41-3.38 (m, 2 H), 3.26-3.21 (m, 3 H), 3.01 (dd, /=10.2, 1.8 Hz,
1 H), 2.86 (d,/=3.0 Hz, 1 H), 2.79 (dd, J=10.2, 1.2 Hz, 1 H), 1.87 (s, 3 H), 1.79 (s, 3 H), 1.73 (s, 3
H), 1.67 (s, 3 H); *C NMR (CDCls, 150 MHz) § 171.9, 170.3, 170.2, 170.1, 168.1, 167.7, 167.23,
167.18, 138.20, 138.11, 138.09, 137.4, 134.58, 134.47, 134.37, 134.29, 134.17, 134.12, 131.6, 131.5,
131.4,131.1, 129.6, 128.9, 128.5, 128.2, 128.1, 127.95, 127.92, 127.6, 127.4, 127.21, 127.18, 127.07,
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126.97, 123.7, 123.54, 123.51, 123.36, 123.31, 96.52, 96.46, 95.9, 82.4, 78.5, 73.9, 73.7, 73.6, 73.3,
73.13,73.07,72.9,72.5,72.3,72.2,72.0,71.6,71.4,71.2,70.7,69.9, 67.8, 67.4, 55.3, 55.2, 54.8, 53.7,
20.60, 20.57, 20.45; HRMS (ESI) m/z calculated for CosHggCIN4NaO,sS [M+Na]*, 1859.4965; found,
1859.4932.

Buliding block 1¢ (0.20 mmol, 110 mg) afforded oligosaccharides 2¢ (r =2, 0.017 mmol, 16 mg,
17%), 3¢ (n =3, 0.0060 mmol, 8.3 mg, 9%), and 4¢ (n = 4, 0.99 umol, 1.8 mg, 2%) as white solids.
Recovered yield of buliding block 1¢ was 49% (53.3 mg, 0.0973 mmol).
4-Methylphenyl (3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-f-D-glucopyranosyl)-(1—4)-3-
O-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-1-thio-pB-D-glucopyranoside (2¢); TLC
(Hexane:EtOAc 1:2): Rt 0.50. [a]p = —6.37 (¢ = 1.6, CHCl;, 27 °C); '"H NMR (CDCls, 600 MHz)
5 7.87-17.71 (m, 4 H), 7.75-7.71 (m, 2 H), 7.71-7.66 (m, 2 H), 7.35-7.27 (m, 8 H), 7.23 (d, /= 7.8
Hz, 2 H), 7.21 (d, J = 8.4 Hz, 2 H), 6.94 (d, /= 7.8 Hz, 2 H), 5.68 (dd, /= 10.2, 9.0 Hz, 1 H), 5.57
(dd,J=10.8,9.0 Hz, 1 H), 5.52 (d, /J=10.8 Hz, 1 H), 5.45 (d, /= 8.4 Hz, 1 H), 4.54 (d, /= 12.0 Hz,
1 H),4.49 (d,J=12.0 Hz, 1 H), 4.37 (d, J=12.0 Hz, 1 H), 4.32 (d, /= 12.0 Hz, 1 H), 4.18 (pseudo-
t,J=10.2 Hz, 1 H), 4.11 (dd, /= 10.8, 8.4 Hz, 1 H), 4.04 (pseudo-t, J= 9.0 Hz, 1 H), 3.84-3.78 (m,
1 H), 3.75 (dd, J=9.6, 3.6 Hz, 1 H), 3.65 (dd. J=10.2, 5.4 Hz, 1 H), 3.54-3.50 (m, 2 H), 3.48-3.43
(m, 2 H), 2.96 (d, J= 3.0 Hz, 1 H), 2.25 (s, 3 H), 1.88 (s, 3 H), 1.82 (s, 3 H).; *C NMR (CDCls, 150
MHz) 5 170.9, 170.0, 167.8, 167.3, 138.4, 138.2, 137.4, 134.3, 134.2, 134.1, 133.8, 131.7, 131.4,
131.2,129.5,128.5, 128.2,127.9, 127.7, 127.4, 127.1, 123.6, 123.5, 97.2, 82.7, 78.6, 74.1, 73.6, 73.5,
73.2, 72.7, 72.5, 71.3, 70.0, 67.8, 54.9, 54.0, 21.1, 20.6; HRMS (ESI) m/z calculated for
Cs3HsoN2NaO14S [M+Na]*, 993.2875; found, 993.2875.
4-Methylphenyl (3-O-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-
O-acetyl-6-0-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-3-0-acetyl-6-O-benzy-
1-2-deoxy-2-phthalimido-1-thio-B-D-glucopyranoside (3c); TLC (Hexane:EtOAc 1:2): R 0.57. [a]p
=-17.9 (¢ = 1.7, CHCl3, 27 °C); 'H NMR (CDCls, 600 MHz) § 7.89-7.77 (m, 6 H), 7.76-7.66 (m, 6
H), 7.36-7.32 (m, 2 H), 7.31-7.27 (m, 5 H), 7.24-7.20 (m, 7 H), 7.13 (pseudo-t, J=7.8 Hz, 2 H), 6.99
(pseudo-t, J="1.2 Hz, 1 H), 6.94 (d, J= 7.8 Hz, 2 H), 5.60 (dd, J=10.2, 9.0 Hz, 1 H), 5.55 (dd, J =
10.8, 9.0 Hz, 1 H), 5.51 (dd, /= 10.2, 8.4 Hz, 1 H), 5.48 (d, /J=10.8 Hz, 1 H), 538 (d,/=8.4 Hz, 1
H), 527 (d,J=7.8Hz, 1 H),4.53 (d,J=11.4Hz, 1 H), 448 (d, /= 12.0 Hz, 1 H), 4.44-4.38 (m, 3
H),4.32(d,J=11.4Hz, 1 H), 4.17 (pseudo-t,J=10.8 Hz, 1 H), 4.12 (pseudo-t, J=9.0 Hz, 1 H), 4.07
(dd, J=10.8, 8.4 Hz, 1 H), 4.03-3.99 (m, 2 H), 3.79 (td, /=9.0, 3.0 Hz, 1 H), 3.72 (dd, /=10.2,4.2
Hz, 1 H), 3.63 (dd, J=9.6, 4.8 Hz, 1 H), 3.55 (d, J=10.2 Hz, 1 H), 3.46 (dd, /= 10.2, 3.6 Hz, 1 H),
3.44-3.39 (m, 2 H), 3.31-3.25 (m, 2 H), 3.09 (dd, /=10.2, 1.2 Hz, 1 H), 2.88 (d, /= 3.6 Hz, 1 H),
2.24 (s, 3 H), 1.88 (s, 3 H), 1.80 (s, 3 H), 1.70 (s, 3 H); 1*C NMR (CDCls, 150 MHz) § 171.0, 170.2,
170.1,168.1, 167.7,167.32, 167.26, 138.3, 138.1, 137.4, 134.3, 134.09, 134.05, 133.7, 131.7, 131.54,
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131.45,131.3,129.5, 128.5, 128.2, 128.0, 127.9, 127.6, 127.41, 127.39, 127.3, 127.1, 123.60, 123.55,
123.47, 123.3, 96.6, 96.5, 82.9, 78.6, 74.0, 73.6, 73.26, 73.21, 73.16, 73.09, 72.6, 72.3, 71.9, 71.4,
71.3, 69.9, 67.9, 67.3, 55.3, 54.9, 53.9, 21.1, 20.61, 20.58, 20.49; HRMS (ESI) m/z calculated for
C76H71N3Na021S [M+Na]", 1416.4193; found, 1416.4163.

4-Methylphenyl (3-O-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-
O-acetyl-6-0-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-O-acetyl-6-O-
benzyl-2-deoxy-2-phthalimido-pB-D-glucopyranosyl)-(1—4)-3-0-acetyl-6-O-benzyl-2-deoxy-2-
phthalimido-1-thio-B-D-glucopyranoside (4¢); TLC (Hexane:EtOAc 1:2): Rr 0.48. [a]p = —24.3 (¢
= 0.6, CHCls, 27 °C); 'H NMR (CDCls, 600 MHz) & 7.90-7.84 (m, 4 H), 7.83-7.74 (m, 8 H), 7.73—
7.65 (m, 4 H), 7.37-7.26 (m, 8 H), 7.25-7.18 (m, 8 H), 7.09 (d, /= 6.0 Hz, 1 H), 7.08 (d, /= 7.8 Hz,
1 H), 6.99 (pseudo-t, J = 7.8 Hz, 2 H), 6.95-6.89 (m, 3 H), 6.69 (pseudo-t, J = 7.2 Hz, 1 H), 5.58
(pseudo-t, J = 9.6 Hz, 1 H), 5.52-5.48 (m, 2 H), 5.45 (d, /= 7.8 Hz, 2 H), 5.34 (d, /= 8.4 Hz, 1 H),
521(d,/J=84Hz 1H),5.18(d,J=8.4Hz, 1 H),4.52(d,/J=12.0Hz, 1 H), 4.47 (d,/J=11.4 Hz, 1
H),4.43(d,J=11.4Hz, 1 H),4.42 (d,J=11.4 Hz, 1 H), 4.41-4.38 (m, 2 H), 4.35(d,J=11.4 Hz, 1
H),4.32 (d,J=11.4 Hz, 1 H), 4.16 (pseudo-t,J=10.2 Hz, 1 H), 4.12-4.02 (m, 3 H), 4.01-3.95 (m, 3
H), 3.77 (pseudo-t, J= 9.0 Hz, 1 H), 3.75-3.69 (m, 1 H), 3.62 (dd, /=9.6, 4.8 Hz, 1 H), 3.54 (d, J =
10.8 Hz, 1 H), 3.46-3.42 (m, 2 H), 3.41-3.37 (m, 2 H), 3.26-3.19 (m, 3 H), 2.99 (d, /= 10.2 Hz, 1 H),
2.87 (s, 1H),2.78 (d,J=9.6 Hz, 1 H), 2.24 (s, 3 H), 1.87 (s, 3 H), 1.79 (s, 3 H), 1.73 (s, 3 H), 1.67 (s,
3 H); *C NMR (CDCls, 150 MHz) § 171.0, 170.3, 170.2, 170.1, 168.1, 167.7, 167.3, 138.4, 138.3,
138.2,138.1,137.4,134.29, 134.27,134.23,134.19, 134.17,134.0, 133.7,131.7, 131.6, 131.5, 131.49,
131.46, 131.42, 131.39, 131.27, 129.5, 128.5, 128.2, 127.99, 127.96, 127.92, 127.6, 127.41, 127.38,
127.38, 127.2, 127.10, 127.08, 126.94, 123.67, 123.63, 123.60, 123.57, 123.51, 123.48, 123.39,
123.30, 96.51, 96.48, 95.9, 82.9, 78.6, 73.9, 73.7, 73.6, 73.3, 73.14, 73.13, 72.9, 72.5, 72.26, 72.24,
72.0,71.8,71.4,70.7,70.0, 67.9, 67.5, 55.3, 55.2, 54.9, 53.9, 21.1, 20.60, 20.57, 20.48, 20.45; HRMS
(ESI) m/z calculated for CooHorKN4O2sS [M+K]*, 1855.5250; found, 1855.5226.

Buliding block 1d (0.2 mmol, 114 mg) afforded oligosaccharides 2d (n = 2, 0.023 mmol, 22.8 mg,
23%), 3d (n =3, 0.0067 mmol, 9.5 mg, 10%), 4d (n = 4, 0.0043 mmol, 8.0 mg, 9%), and 5d (n =5,
0.0026 mmol, 5.8 mg, 6%) as white solids. Recovered yield of buliding block 1d was 37% (42 mg,
0.074 mmol).
2,4-Difluorophenyl (3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-f-D-glucopyranosyl)-(1—4)-
3-0-acetyl-6-0-benzyl-2-deoxy-2-phthalimido-1-thio-B-D-glucopyranoside (2d); TLC
(Hexane:EtOAc 1:2): Rt 0.60. [a]p = —4.06 (¢ = 1.4, CHCl;, 27 °C); '"H NMR (CDCls, 600 MHz)
5 7.86-7.67 (m, 8 H), 7.46 (td, /= 8.4, 6.0 Hz, 1 H), 7.36-7.28 (m, 8 H), 7.20 (d, J = 8.4 Hz, 2 H),
6.70 (td, J= 8.4, 2.4 Hz, 1 H), 6.64 (td, J = 8.4, 2.4 Hz, 1 H), 5.66 (pseudo-t, J=9.6 Hz, 1 H), 5.57
(dd,J=10.8,9.6 Hz, 1 H), 5.52 (d,J=10.2 Hz, 1 H), 5.45 (d, /J=8.4 Hz, 1 H), 4.54 (d,/J=12.0 Hz,
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1 H),4.49 (d,J=11.4Hz,1 H),4.35(d, J=12.0 Hz, 1 H), 4.32 (d, /= 11.4 Hz, 1 H), 4.14-4.08 (m,
2 H), 4.03 (pseudo-t,J=9.0 Hz, 1 H), 3.82 (td, /= 10.8, 3.6 Hz, 1 H), 3.75 (dd, /=9.6, 3.6 Hz, 1 H),
3.66 (dd, /=10.2, 5.4 Hz, 1 H), 3.53-3.50 (m, 2 H), 3.48 (dd, /=9.6,4.8 Hz, 1 H), 3.45 (dd,J=11.4,
3.6 Hz, 1 H), 2.96 (d, J = 3.0 Hz, 1 H), 1.88 (s, 3 H), 1.82 (s, 3 H).; *C NMR (CDCl;, 150 MHz) &
171.0,170.0, 167.8, 167.3, 163.6 (dd, J=250.7, 11.4 Hz), 162.8 (dd, J=248.6, 12.3 Hz), 138.2, 137.8
(d, J=9.3 Hz), 137.4, 134.4, 134.25, 134.17, 131.6, 131.4, 131.2, 128.5, 128.2, 127.9, 127.7, 127.5,
127.3,123.7,123.5, 112.9 (dd, J = 18.5, 4.1 Hz), 111.9 (dd, J = 21.3, 3.6 Hz), 104.4 (t, /= 26.3 Hz),
97.3, 82.0, 78.6, 74.0, 73.6, 73.5, 73.2, 72.8, 72.3, 71.2, 69.9, 67.8, 54.9, 53.8, 20.60, 20.58; HRMS
(ESI) m/z calculated for Cs;HacF2KN2014S [M+K]¥, 1031.2269; found, 1031.2269.
2,4-Difluorophenyl (3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-f-D-glucopyranosyl)-(1—4)-
(3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-f-D-glucopyranosyl)-(1—4)-3-0-acetyl-6-O-
benzyl-2-deoxy-2-phthalimido-1-thio--D-glucopyranoside (3d); TLC (Hexane:EtOAc 1:2): Rs
0.55. [a]o =—-18.1 (¢ = 1.7, CHCl3, 27 °C); '"H NMR (CDCls, 600 MHz) § 7.88-7.67 (m, 12 H), 7.46
(td, J=28.4, 6.6 Hz, 1 H), 7.37-7.19 (m, 12 H), 7.15 (pseudo-t, J= 7.8 Hz, 2 H), 7.02 (pseudo-t, J =
7.2 Hz, 1 H), 6.71 (td, J=8.4,2.4 Hz, 1 H), 6.65 (td, /= 8.4, 2.4 Hz, 1 H), 5.58 (dd, /= 9.6, 9.0 Hz,
1 H), 5.55(dd, J=10.2,8.4 Hz, 1 H), 5.51 (dd, /=10.8,9.0 Hz, 1 H), 5.47 (d, /= 10.2 Hz, 1 H), 5.38
(d,/J=84Hz,1H),527(d,/J=84Hz,1H),4.53 (d,/=12.0 Hz, 1 H), 4.48 (d, /= 11.4 Hz, 1 H),
4.45-4.40 (m, 2 H), 4.38 (d, /=114 Hz, 1 H), 4.31 (d,J=12.0 Hz, 1 H), 4.13 (pseudo-t, J=9.6 Hz,
1 H), 4.11-4.05 (m, 2 H), 4.02 (dd, /= 10.8, 8.4 Hz, 1 H), 4.00 (pseudo-t, J=9.6 Hz, 1 H), 3.79 (td,
J=9.0,3.0Hz, 1 H), 3.72 (dd, /= 10.2, 4.2 Hz, 1 H), 3.63 (dd, J=10.2, 4.8 Hz, 1 H), 3.54 (d, J =
10.8 Hz, 1 H), 3.48-3.40 (m, 3 H), 3.33-3.25 (m, 2 H), 3.11 (dd, /=9.6, 1.2 Hz, 1 H), 2.88 (d, J=3.6
Hz, 1 H), 1.88 (s, 3 H), 1.80 (s, 3 H), 1.71 (s, 3 H); *C NMR (CDCl;, 150 MHz) § 170.9, 170.15,
170.07, 168.1, 167.7, 167.29, 167.24, 163.5 (dd, J = 250.5, 11.0 Hz), 162.6 (dd, J = 248.3, 12.2 Hz),
138.2, 138.0, 137.7 (d, J = 9.9 Hz), 137.4, 134.34, 134.27, 134.12, 131.61, 131.52, 131.44, 131.38,
131.18, 128.5, 128.24, 128.09, 127.92, 127.64, 127.40, 127.31, 127.25, 127.14, 123.61, 123.54,
123.46, 123.35, 113.1 (dd, J=17.6, 3.3 Hz), 111.9 (dd, /= 21.8, 3.3 Hz), 104.4 (t, J=26.3 Hz), 96.6,
96.5, 82.1, 78.6, 74.0, 73.6, 73.2, 73.0, 72.6, 72.3, 71.7, 71.3, 71.2, 69.9, 67.8, 67.3, 55.3, 54.9, 53.8,
20.60, 20.57, 20.45; HRMS (ESI) m/z calculated for C7sHe7F2KN3021S [M+K]", 1454.3587; found,
1454.3563.

2,4-Difluorophenyl (3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-f-D-glucopyranosyl)-(1—4)-
(3-0-acetyl-6-0O-benzyl-2-deoxy-2-phthalimido-f-D-glucopyranosyl)-(1—4)-(3-0-acetyl-6-O-
benzyl-2-deoxy-2-phthalimido-pB-D-glucopyranosyl)-(1—4)-3-0-acetyl-6-O-benzyl-2-deoxy-2-
phthalimido-1-thio-B-D-glucopyranoside (4d); TLC (Hexane:EtOAc 1:2): Rr 0.47. [a]p = -5.00 (¢
= 1.4, CHCl3, 27 °C); 'H NMR (CDCl3, 600 MHz) § 7.89-7.65 (m, 16 H), 7.46 (td, J= 7.8, 6.6 Hz, 1
H), 7.38-7.18 (m, 15 H), 7.10 (pseudo-t, J = 7.8 Hz, 1 H), 6.99 (pseudo-t, J = 7.8 Hz, 2 H), 6.95
(pseudo-t, J = 7.2 Hz, 1 H), 6.72-6.68 (m, 2 H), 6.65 (td, J = 8.4, 2.4 Hz, 1 H), 5.57 (pseudo-t, J =
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10.2 Hz, 1 H), 5.51-5.43 (m, 4 H), 5.34 (d,/=7.8 Hz, 1 H), 5.21 (d,/=8.4 Hz, 1 H), 5.18 (d, /= 8.4
Hz, 1 H),4.52 (d,J=12.0 Hz, 1 H), 4.47 (d,/J=11.4 Hz, 1 H), 4.44-434 (m, 5H),4.32(d, /=114
Hz, 1 H), 4.13-3.95 (m, 7 H), 3.77 (td, /= 9.6, 3.0 Hz, 1 H), 3.71 (dd, /=9.6, 3.6 Hz, 1 H), 3.62 (dd,
J=10.2,4.8 Hz, 1 H), 3.52 (d, /= 10.2 Hz, 1 H), 3.49-3.35 (m, 4 H), 3.29-3.19 (m, 3 H), 3.02 (d, J
=10.2 Hz, 1 H),2.87 (d,J=3.0 Hz, 1 H), 2.79 (d, /= 10.2 Hz, 1 H), 1.87 (s, 3 H), 1.79 (s, 3 H), 1.73
(s, 3 H), 1.67 (s, 3 H); *C NMR (CDCls, 150 MHz) § 170.9, 170.3, 170.2, 168.1, 167.7, 167.2, 163.5
(dd, J=249.3, 9.8 Hz), 162.6 (dd, J = 248.4, 12.2 Hz), 138.2, 138.11, 138.09, 137.6 (d, /= 8.7 Hz),
137.4,134.4,134.3,134.2, 134.1, 131.6, 131.44, 131.35, 131.2, 128.5, 128.2, 128.03, 127.96, 127.91,
127.6,127.4,127.3,127.2,127.1,127.0, 123.61, 123.57, 123.45, 123.36, 113.1 (dd, J = 18.6, 4.4 Hz),
111.9 (dd, J = 21.9, 4.4 Hz), 104.4 (t, J = 26.3 Hz), 96.54, 96.46, 95.9, 82.1, 78.6, 73.9, 73.7, 73.6,
73.3,73.2,73.0, 72.9, 72.5, 72.2, 72.0, 71.7, 71.4, 71.2, 70.7, 69.9, 67.79, 67.45, 67.43, 55.3, 55.1,
54.9, 53.7, 20.60, 20.56, 20.44; HRMS (ESI) m/z calculated for CosHssFaN4NaO2sS [M+Na]",
1861.5166; found, 1861.5137.

2,4-Difluorophenyl (3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-f-D-glucopyranosyl)-(1—4)-
(3-0-acetyl-6-0O-benzyl-2-deoxy-2-phthalimido-f-D-glucopyranosyl)-(1—4)-(3-0-acetyl-6-O-
benzyl-2-deoxy-2-phthalimido-pB-D-glucopyranosyl)-(1—4)-(3-0-acetyl-6-O-benzyl-2-deoxy-2-
phthalimido-B-D-glucopyranosyl)-(1—4)-3-0O-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-1-thio-
B-D-glucopyranoside (5d); TLC (Hexane:EtOAc 1:2): R¢0.40. [a]p =-27.1 (¢ = 1.0, CHCl3, 30 °C);
"H NMR (CDCls, 600 MHz) § 7.90-7.64 (m, 20 H), 7.45 (td, J = 7.8, 6.0 Hz, 1 H), 7.36-7.26 (m, 8
H), 7.25-7.15 (m, 9 H), 7.09 (pseudo-t, J= 7.2 Hz, 2 H), 6.97-6.90 (m, 4 H), 6.70 (td, /= 8.4, 2.4 Hz,
1 H), 6.66-6.61 (m, 2 H), 6.57 (pseudo-t, J="7.8 Hz, 1 H), 5.57 (pseudo-t, J=9.6 Hz, 1 H) 5.50-5.41
(m, 4 H), 5.37 (dd, J=10.8,9.6 Hz, 1 H), 5.32 (d, /=8.4 Hz, 1 H), 5.19 (d, /= 8.4 Hz, 1 H), 5.12
(pseudo-t,J=8.4 Hz,2 H), 4.51 (d,J=11.4 Hz, 1 H), 4.47 (d,J=12.0 Hz, 1 H), 4.45-4.30 (m, 8 H),
4.10-3.91 (m, 10 H), 3.77 (td, J/=9.6, 3.6 Hz, 1 H), 3.71 (dd, J=9.6, 3.6 Hz, 1 H), 3.62 (dd, J=10.2,
4.8 Hz, 1 H), 3.51 (d, /J=10.8 Hz, 1 H), 3.46-3.36 (m, 4 H), 3.23-3.13 (m, 4 H), 3.00 (d, /=10.2 Hz,
1H),2.85(d,J=24Hz 1H),2.72(d,/J=9.0 Hz, 1 H), 2.61 (d,/J=9.0 Hz, 1 H), 1.88 (s, 3 H), 1.78
(s, 3 H), 1.73 (s, 3 H), 1.70 (s, 3 H), 1.65 (s, 3 H); *C NMR (CDCl, 150 MHz) § 170.9, 170.35,
170.32, 170.18, 170.15, 168.0, 167.7, 167.22, 167.16, 163.5 (dd, J = 250.7, 11.3 Hz), 162.6 (dd, J =
249.1, 11.9 Hz), 138.2, 138.10, 138.08, 138.05, 137.6 (d, J= 9.0 Hz), 137.4, 134.3, 134.24, 134.22,
134.15, 134.09, 131.55, 131.48, 131.4, 131.3, 131.1, 128.46, 128.18, 128.00, 127.87, 127.86, 127.6,
127.4,127.3, 127.19, 127.14, 127.04, 126.89, 126.84, 123.7, 123.6, 123.5, 123.4, 123.3, 113.1 (dd, J
=18.3,3.6 Hz), 111.9 (dd, J=22.4, 3.3 Hz), 104.3 (t, J = 25.5 Hz), 96.5, 96.4, 95.9, 95.7, 82.1, 78.5,
73.8, 73.55,73.52, 73.2, 73.0, 72.8, 72.5, 72.2, 71.97, 71.95, 71.6, 71.2, 70.7, 70.6, 69.8, 67.7, 67.5,
67.4, 55.2, 55.0, 54.8, 53.7, 20.55, 20.52, 20.4; HRMS (ESI) m/z calculated for Ci21H109F2KN5035S
[M+K]", 2300.6223; found, 2300.6287.
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3. Electrochemical dimerization of tetrasaccharide

anodic oxidation .
120 && /&/ (0.525 F/mol, 8 mA) 9lycosylation
Phthn A0 20 &S/
PhthN At

PhthN BuyNOTf -30°C,1h

PhthN 60°
4a Ar=4-FCgH, CHoCl, 60 °C

8a (trace) recovery of 4a (64%) PhthN

The electrochemical dimerization of tetrasaccharide 4a was carried out an H-type divided cell (4G
glass filter). The cell had a carbon felt anode (Nippon Carbon JF-20-P7) and platinum square plate (20
mmx20 mm). Tetrasaccharide 4a (0.1 mmol, 182 mg), BiuNOTf (0.5 mmol, 196 mg), and CH>Cl; (5
mL) were added to the anodic chamber. Trifluoromethanesulfonic acid (0.1 mmol, 9 puL), BuuNOTf
(0.5 mmol, 196 mg), and CH,Cl, (5 mL) were added to the cathodic chamber. The constant current (6
mA (current density: 2.0 mA/cm?), 29 V (electrode distance: 4.5 cm)) was employed at —60 °C with
magnetic stirring until 0.52 F/mol of the electricity was consumed. After the electrolysis, the reaction
was kept stirring at —30 °C for 1 h. After that, triethylamine (0.2 mL) was added to both chambers.
The solution in both chambers was collected in eggplant flask, and the solvent was removed under
reduced pressure. The mixture was dissolved in EtOAc and washed with water (3 times) and brine,
respectively. The solution was dried over Na;SOs, and the solvent was removed under reduced
pressure. The crude product was purified with preparative-GPC to afford octasaccharides 8a (n = 8§,

trace), and recovered yield of tetrasaccharides 4a (n = 4, 0.6422 mmol, 117 mg, 64%) as white solids.

4. Protocol modification of electrochemical polyglycosylation

BnO

(0]
BnO 5 anodic F}&&@/SN anodic
FA%O&S/ SAr oxidation PhthN oxidation
PhthN glycosylation glycosylation
Ar = 4-FC6H4
BnO
HO O
AC&S/ SAr  anodic
PhthN oxidation

oligosaccarides
glycosylation

The electrochemical polymerization synthesis of linear oligosaccharides (2a~8a) was carried out an
H-type divided cell (4G glass filter). The cell had a carbon felt anode (Nippon Carbon JF-20-P7) and
platinum square plate (20 mm>20 mm). Building block 1a (0.200 mmol, 109 mg), BusNOTf (1.00
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mmol, 393 mg), and CH>Cl, (10 mL) were added to the anodic chamber. Trifluoromethanesulfonic
acid (0.200 mmol, 18 pL), BusNOTS (1.00 mmol, 393 mg), and CH>Cl, (10 mL) were added to the
cathodic chamber. The constant current (8 mA (current density: 2.0 mA/cm?), 53 V (electrode
distance: 4.5 cm)) was employed at —60 °C with magnetic stirring until 0.52 F/mol of the electricity
was consumed. After the electrolysis, the reaction was kept stirring at —30 °C for 1 h. After that,
building block 1a (0.400 mmol, 218 mg) dissolved in CH>Cl> (2.0 mL) was subsequently added by
the syringe (1.0 mL (0.200 mmol) for one cycle) at —30 °C. The reaction temperature was cooled down
to —60 °C and the next cycle started. After the 2nd cycle, triethylamine (0.3 mL) was added to both
chambers. The solution in both chambers was collected in eggplant flask, and the solvent was removed
under reduced pressure. The reaction mixture was dissolved in EtOAc and washed with water (3 times)
and brine, respectively. The solution was dried over Na;SOy, and solvent was removed under reduced
pressure. The crude product was purified with preparative-GPC to afford linear oligosaccharides 2a
(n =2, 0.065 mmol, 63 mg, 22%), 3a (n = 3, 0.034 mmol, 47 mg, 17%), 4a (n =4, 0.017 mmol, 31
mg, 11%), 5a (n = 5, 0.0094 mmol, 21 mg, 8%), 6a (n = 6, 0.0056 mmol, 15 mg, 6%), 7a (n =7,
0.0042 mmol, 13 mg, 5%), and 8a (n = 8, 0.0023 mmol, 7.6 mg, 3%) as white solids.
4-Fluorophenyl (3-O-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-
O-acetyl-6-0-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-(3-O-acetyl-6-O-
benzyl-2-deoxy-2-phthalimido-pB-D-glucopyranosyl)-(1—4)-(3-0-acetyl-6-O-benzyl-2-deoxy-2-
phthalimido-B-D-glucopyranosyl)-(1—4)-(3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-f-D-
glucopyranosyl)-(1—4)-(3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-pB-D-glucopyranosyl)-
(1—4)-(3-0-acetyl-6-0O-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-(1—4)-3-O-acetyl-
6-0-benzyl-2-deoxy-2-phthalimido-1-thio-B-D-glucopyranoside (8a); TLC (Hexane:EtOAc 1:2):
Rf0.13. [a]p = —25.8 (¢ = 0.9, CHCl3, 32 °C); 'H NMR (CDCl;, 600 MHz) & 7.90-7.60 (m, 32 H),
7.36-7.25 (m, 10 H), 7.23-7.11 (m, 16 H), 7.08 (pseudo-t, J=7.8 Hz, 2 H), 6.96-6.84 (m, 10 H), 6.81
(pseudo-t, J= 7.8 Hz, 2 H), 6.61 (pseudo-t, J= 7.2 Hz, 1 H), 6.52 (pseudo-t, J= 7.2 Hz, 1 H), 6.50—
6.43 (m, 2 H), 5.56 (pseudo-t, J=10.2 Hz, 1 H), 5.48 (dd, /= 10.2, 9.0 Hz, 1 H), 5.46-5.41 (m, 4 H),
5.38-5.30 (m, 5 H), 5.18 (d,/=7.8 Hz, 1 H), 5.11 (d,/=8.4 Hz, 1 H), 5.09 (d, /=8.4 Hz, 1 H), 5.06—
5.01 (m, 2 H), 4.51 (d,J=11.4 Hz, 1 H), 447 (d,J=11.4 Hz, 1 H), 4.44-4.27 (m, 14 H), 4.14-3.87
(m, 16 H), 3.76 (pseudo-t, J= 9.0 Hz, 1 H), 3.70 (dd, /= 9.6, 3.6 Hz, 1 H), 3.62 (dd, J=9.6, 4.2 Hz,
1 H), 3.52 (d, /= 10.2 Hz, 1 H), 3.45-3.35 (m, 8 H), 3.24-3.16 (m, 4 H), 3.14-3.06 (m, 4 H), 2.97 (d,
J=9.6 Hz, 1 H), 2.70 (d, /= 10.2 Hz, 1 H), 2.63 (d, J=9.6 Hz, | H), 2.60-2.54 (m, 1 H), 1.86 (s, 3
H), 1.77 (s, 3 H), 1.73 (s, 3 H), 1.703 (s, 3 H), 1.698 (s, 3 H), 1.695 (s, 3 H), 1.68 (s, 3 H), 1.64 (s, 3
H); *C NMR (CDCl;, 150 MHz) § 170.9, 170.4, 170.3, 170.2, 170.1, 168.0, 167.9, 167.2, 167.1, 163.0
(d, J=247.4 Hz), 138.2, 138.12, 138.09, 138.07, 137.4, 135.9 (d, /= 8.3 Hz), 134.3, 134.23, 134.20,
134.1, 131.6, 131.55, 131.48, 131.40, 128.81, 128.78, 128.5, 128.2, 128.0, 127.89, 127.86, 127.84,
127.82,127.78,127.6, 127.35,127.19, 127.17, 127.14, 127.05, 126.88, 126.82, 126.77, 126.76, 125.9,
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123.66, 123.65, 123.64, 123.58, 123.54, 123.49, 123.48, 123.44, 123.36 115.8 (d, J=21.9 Hz), 96.5,
96.4,95.9,95.7, 82.66, 82.65, 78.4, 73.8, 73.6, 73.5, 73.25,73.20, 73.0, 72.8, 72.5, 72.2, 71.94, 71.91,
71.7,71.25,71.19, 70.7, 70.6, 69.8, 67.7, 67.45, 67.41, 66.2, 65.9, 55.25, 55.12, 55.07, 54.8, 20.56,
20.52, 20.4; HRMS (ESI) m/z calculated for CiooH;73FKN3gOseS [M+K]*, 3552.0272; found,
3552.0203.
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6. 'H, 3C NMR, H-H COSY and HMQC spectra of oligosaccharides
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= CHANNEL f1 ==
NUC1 1H
-3 PO 13.00 usec
el 13.00 usec
PL1 -2.00 dB
PLIH 18.91009140 W
SFol 600.1324581 MHz
e mass=e GRADIENT CHANNEL =====
xe -4 GPNAML SINE.100
GP21 10.00 %
‘P16 1000.00 usec
NDO 1
T 128
sFo1 600.1325 Miiz
FIDRES 14.389206 Hz
-5 W 9.468 ppm
o FnMODE OF
° s1 1024
W a SF 600.1300157 MHz
WOH SINE
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18 0.00 Hz
-6 B
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AcO O O o 8 o
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6 5 4 3 2 0 ppm
RA-ex pure tetrasaccharide
EXPNO 12
PROCNO 99
Date_ 20220218
Time 21.14
INSTRUM spect
PPMoeroBiD 5 mm PABBO BB-
PULPROG hmqcgpqf
BnO ™ 1024
o BnO BnO o SOLVENT cDC13
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: 100 Pizv 2.86876655 W
SFO2 150.9141255 MHz
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P16 1000.00 usec
NDO 2
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T T T T T T T LB 0.00 Hz
GB 0
7 6 5 4 3 2 ppm & 4.00

S20




'"H NMR

P A0 EN %o PhthN A0
PhthN \©\
5a
F

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0499 0.1 011 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 02

abundance

%‘

i)\ //yA\U\ /l)’ [N} III‘I wl 3

BnO
BnO
o BnO
cO 25 R o Bno o Bno
PhthN Phthn ACO O °) 0

ol

T T T T T T
180.0 170.0 160.0 150.0 140.0 130.0 120 0
1

L UM e

T T T T
110.0 100.0 90.0 80.0 40.0 30.0 20.0 10.0 0

| )tK\\ m\\

(Thousands)

115903>_ L
PN
>

115.757
96.494
96.428
95.918
95.764
82.662 —
78433 —

S21



H-H cosy

s
S
3
gz
53
S
23
=
AcO c
PhthN PhthN AcO
=1
- 5a
=
&
=1

5.0

&Wm &w
PhthN PhthN AcO \©\

40
z=
<

.

PhthN

_ ,,,,J“”'k JL“LAL I " | WMJ‘ ,l

S22

N L4
=] ‘
3 {
5 . L
g o
= 10 p? [
= 2] »
£ %
E o ;—
)
ol w s
ES i
s T T T T T T T T T i
80 70 60 50 40 30 20 10 0 0 002 004 006 0.08
X - narte ner Millian - Proton ahundance
o *
& .
Z. D e
f«”m A MR *
= M I A J\ IO
o
e HO
Aeo C /gﬁ/ I
o
= I Phonn A0 TEIRRe0 Ac&& U
PhthN
2 PhthN
27 5a \©\F )
<
2]
g
<
27 “ |
S L
< L
= ‘
® w ” [ " by )
;’ ' ' ~
<
Ex
" 5
=
2]
S . -
e >
- “
% 24 Co *A ” L—
EE ‘ —
Se ,*'. ! =
=t
= F
£ s
=<
s
So
ERE L
82 =
——
~ : : : : ‘ ‘ : ‘ t ‘ :
80 70 60 50 40 30 20 10 0 100 200
X - narte ner Million - Proton (Thonsands)




o 8E0T
J R = A PS50z
o £85°0C

6L9°ES
1€8°¥S

\oz.mw
801'SS

LEL'SS

2 897°SS

(o}
0 S

PhthN
T

100.0
AN
58
£88

BnO
o
Ac

Q

PhthN

6£1°LTT
€81°LTI

BnO
O

AcO
AL

Q
PhthN

cO

BnO
R

o
O
PhthN
6a

'"H NMR

o
§ 52
S
Es

£ QLE — 2wl
£ z — — ILL'E9T
£ o [
e IA B -
B o \o T | o 861°L91
£ § o< — £
: oz :

L £ S -
: & \mm Fe :
£ = 1€6°0L1 £
H M o lQ g
: 2 02 ‘
x N o T >

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
€0 o o 0 C 08 09T oO0¥c 0cCC 00C 08 091 Ol 0Cl 00l 08 09 (4 0T 0
Qouepunqe Ie) (spuesnoy)
—_

S23



H-H cosy

50\'

(thousandths)
}——

=

l

¢

F_

) 30‘,0

S24

.
,,,,, A,
|
i HAOC&“‘/ C&W 2 o S
PhihN bran A Ao o ?
PhthN 0 i
PhthN PN o s i
- 6a PhthN \©\ 9
-7 |
* F [} —
4 }2—
<]
& ' —
o §
=1 ‘ E;
&
X - . ;
= P P i
&
" wal
» w®
i
E
¢ [ D L
®
5
i=
R »
& oo i
& |
8.0 7.0 6.0 5.0 40 3.0 20 1.0 0 0.1
X - narts ner Million - Proton ahindance
=3 -
23
& .
o .
EES L
25 »ll_lh m s
= -3 . AR S _ A _ 1
<
=
-
<
Ll —
< !
2]
S
=
2]
<+
=3
21
g
i =
- Vw —
S L
< 4w =
= b
= o m i M { tu
=] | !
& [] g
=3
21
ES
= () =
=
e
2]
S b —
=2
S @)‘ L
E 2 ‘ 'm w w ———
8 &1 BnO B
£ — . -, nO
8o @j @' HO —
s * o &g/ T
€ PhthN 220
- PhthN Pron A0 A Ac&/ /&S/
21 PhthN  ACO
2 PhthN
T T T T T T T T t i\ T
8.0 7.0 6.0 5.0 40 3.0 2.0 1.0 0 10.0
X - narts ner Million - Proton (Thonsands)




'"H NMR

W
Eo
Fo
K S
Fe
otz
£ -
& Ser0T
ES 60T
e Ow w.lm%mﬁ
@3¢ £650C
s
olz 2 -
& Fs
o'l
2 o8 1801
@ < 0L -
5 G 90L'T re
Lz Ea E
& T
o l\g S S :
§ < ES o
= Skwomi
+80'sS
olz 5T AQN_.R
£ st 1975
3 o Kaﬁ ks
= oot 2
208 © =80z £6L°69
@3 L6 1L
olz xNMN OM\VS L
LS=—086T ES 10STL
£ ¥ = 660°€ 7No§.?
& E EgoceL
§ o : - =St
£ o2 | = st ™ ==
= s
Lz — T
£ = so9¢
¥eot = se6e 4 =
2 13 [ o lsec E ]
@ < SEN Zeet 86156
=iy otz k%wwm
p{¢: 3 =iy T ES Nosroe
[ BN o 1g E
Q / 12y § o2
2 o2 u/ﬁi
& < Lovh o]z o
£ 3
£ =
* s
2 43 —Z6l6<11l
@ < )
5] 959°€T1
¢z L esoect
3 ol
3 SE= oozl
e o3 F O m—90r1€1
@ €sTrEl
z NS5l
¢z 0” £26°5E1
£ £S 00t'LET
) T Nssoser
o8 =~ 901'8€1
&2 TIsEl
o \lesa
olz S
z
o
¢ 53 g
@ < ol
g oz — 16L°91
g £ J—)
a > =
B & = -
g o lg EN rococt
= 502 8LEOLL
El SOt0LL
o \otrocl
= o]z 3= g
2 R £ g 010°1L1
> *
) o o
s 2 3
5
10 0 610 810 L10 910 10 #10 €10 210 110 10 600 800 200 960 <00 500 €60 260 160 0 - 7 JiTme e tasseraassrase=ranats 01 60 80 Lo 9o S0 ro €0 o To 0
170 TO 610 81'0 LI°0 91°0 SI'0 ¥#I'0 €1°0 TI'0 I1'0 1°0 600 80°0 LO0 900 SO0 +0°0 €00 TO0O 100 O C Ll 9l ST vl €l T (sppusno)
2ouepunqe “ p I

S25

X - narts ner Million - Carhon13



H-H cosy

70.0

(thousandths)
100 40.0

MMM MMMW.__A .

0

cO
b PN A0 AE%@/
PhthN AcO o
PhihN PN A0 s

PhthN Ro

o PhthN \©\ ©

W

T T
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 0.1

X - narts ner Million - Proton ahindance

(thousandths)
10.0 30.0 50.0

HMQC
M\m‘h‘.‘“\m AM_MM;TWMJM Mi " ' w -

i n‘m ( —
|

9.0

1

300200
T

2

L =

. Wu X ‘ ——

‘g
|

BnO —

He &/
Aeo &/
AcO
PhinN PN A0 o A&/ &/
phihN A0 o Q
PhthN R0 s
PhthN \©\
c

160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0

Y : parts per Million : Carbon13

=
T T T T T T T T T T

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 0 1.0

X - narts ner Million - Proton (thaneandths)

S26




'"H NMR

Fo
Fo
<
Fe
S 91¥°'0T
Fes = otsor
=Y 2 65507
<
=
B
E/A o
= FS
— 1981 =
=
&
S ass
- Fs
7 mi
1887 L oss
5707 IA 611°SS
@ =7 w0t o NIsTss
olz 4 Ee
£ . €15'L9
& o 20e £ 556
o lg [ . o
© o3 = 060€ FS=— oo
@ = 181¢ SEwe1L
= . = oL
oLz
] = mwmm ___000°LL
[ = =i
olg - FR 598
& o2 = e Q — 9978
<tz = 66
£ [ 6 @ =3
Z <+ =N\ 696°€ olz & €€L°S6
o \q = LL6'E
2oz __o6ch £ _L 6856
EXItNe & o X lorss
olz E\NE4 2 .3 = SLY96
: o\ h) 2
08 s 665°F Qtz
&< @ v £ 2
=) o o \Q F=
¢z e Lho £ o2 - .
£ I __bhLsIl
181" —068'S
Q LZ <
o lg - S .
5 0% 2 ES
€ z 1] 19€°€21
olz i FRC] — szl
£ 0 & °% -l
& o= 0oLt
J60 o ES=N\ s
£ 0% a=
@ |- EIvEl
olz o I\ 00z pel
] z o 1€TPEl
[ ES / 18TE1
5 o I N eserer
& OM 890°8€1
L8081
olz o lg S €TI'8El
£ & Q< 3
£ k]
oLz
e o3 o £
@ I< T S
= fac
g e om S___iuwl g
< @ ——9LLe91 3
e 5
= Stz
10z¢ = [
g g
= 2 3 =
E] & < 19€0L1 5
L 5 = \speocl g
il otz LS g
£ & = g
= =
* N *
T T T T T T T T T T T T
Yo - TTo [ 810 910 vI'0  TI'0 1o 800 900 00  TO0 0 C 0
Jouepunqe o (syppuesnoyy)
—

S27



H-H cosy

X - narts ner Million - Proton

HMQC

v
o
_ S
2 &
z
| 2
23
R
e M J\\ ¢
s F
23 ”
== . _AM M ‘A-—‘M-'L“J\I\A e —
i
<] ’%g/ /&/ * 2o —
Ro
PhthN o f
P AOTER—R0 AE&/ /%S/ i
PhiN A% yo /k/ |
PhthN A 0 11
Py Ao \Q . /
<
24 F X
. .
H r
o e
ot w F
=1
: 3
.0
== .1 400 ;
' i
<] |
bs P » ¥
P B
” .
=} ‘ ' H
2] i
i
5 H
g N ¢
~
o " e
= :
g
5
i=
£ =] f
& |
i3 |
T T T T T T T T T
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 0 0.03 0.06 0.09

ahnndance

S28

]
.
S .
3 .,
t3
=
£ N\\,\ ,A. -
28 M
== N AMJL I, Y Y ,,,JLM« A A M .
- «
=3 ’%gj &/ 3
—1 Ao @ L
Pt A0 Ro /%N/
= PhinN R0 % /&/ ‘ L
& N P A0 R
PhtnN ACO 0 =
PhthN R
S PhthN E
=5 - o -~
« a
- o
==
g
o
23
e C
- k
27
g
= “ -
=
= L E
=3
27
£ 3
=
=
g
= ’ =
=
g !
o
e ’ i
- -
s
b —
IR Y —
s S P -
22
Ss L E—
=N
= 3
e~
=<
P
5 =
So
=
58
g2
> N o
T T T T T T T T f L At
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 02 04 06 08
X - marts ner Millian - Pratan (thansandthe)




'"H NMR

10.06

BnO

0.6

PR

0.4

Cl

el q
= t <
] 2N
b PS
N [Pei
<1
%
3
'_fj o~
o 2] e
Q 4
= ]
g
5 ]
§ ] H
2 — S S— e SR N
< 4\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\
8.0 6.0 .0 4.0 3.0 2.0 1.0 0
AN M s AT VRO A /\
DAV VOO ADNT OFT OV AIT-00— S vt clod Omvl\m fea¥aa] 00 N
s dvicialisl VXSS VOO Al — wvist o0 — O < ol
RREOENE AASeSceeeecnnnnnns S nnn s aon TR 0SS0 ke
[ N N L NN urnnnnnnnnnnn S ST A ednen oo ——
X : parts peerlhon Proton
13
C NMR
BnO
BnO
< AcO O S
&7 AcO
PhthN PhthN
=1
a
=]
<
=1
s
=1
&
=1
]
=
2
g
=
_go
T T T T T T T T T T gy T T T T T T
1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 70, 500 400 300 200 100 0
£aey §  #238283%%28R3 58 2z
E2EE 5 SEREeRgdrRnRe i &8
X - narts ner Million - Carhon13

S29




H-H cosy

. ,!.
LA T

01 03 05

abundance

LMJLL Y | B ¥ ¥ TRNTY TR B LA L
BnO

e BnO '
HO 0
AC&VO&&S
PhthN A0
: PhthN \©\ )
2b cl ‘

1.0

8.0

¢! —
2] . ' =
"o =
) . “ul :
# Y L =
o =
o s =
C W —
" =
: i

T T LIAMUAMALIRRALAASA R MRS
8.0 7.0 6.0 50 4.0 3.0 2.0 1.0 0 0.1 0.2 0.30.40.50.60.7

X - narts ner Million - Proton ahnndance

HMQC

L]
9 JI Lo
N J\J« L l ol b L,,_,,,,,,,,, R S
& BnO o BnO
=3 HO
s PhthN A0
3 PhthN
= 2b cl
. N
<] L[} =
S b Y B E
=] " =
2 . -
<] ' B
I -
23 QN —
gy -
; T T T T T T T T T -
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 0 3.0 60 9.0 120
X - narts ner Million - Proton (thonsandths)

S30




"H NMR

4.96

2.02

i)

1.0
— 104

3.00

]l | T T
N ST i AT R

==
T IT IO ==
FIIFIFT FFT

5.599
5.597

BnO
Ac
7 PhthN PhthN \©\
3b cl
i mn . UWII L
136.0 176.0 166.0 ISb,O 14‘0.?‘ 1”3‘0.0 126.0 116.0 106.0 90‘.0 36.0 7|0;.0H 66.0 56 0 6
"L L x

S31




H-H cosy

S32

5 2] .
'g 3 ,/U’L e ill ,,,,, ,,ML‘.‘L,,MAMAJ,,,L ; R e J ] Cd
< BnO BnO T
HO (e} o BnO !
AcO 25 0 o !
=] PhthN PhihN ACO S 5
PhthN \©\ . ;
R 3b cl M E;
| [ ] :r_.
° R L a“, ¢ ;
. oM 3
3 e g o g
- 1
wvi] o i
Py o - =3
£ o =
E i
iy =
: ‘
8‘.0 7‘.0 6‘,0 510 4.‘0 3‘.0 2‘.0 l‘.O 6 0‘.1 0j2
X - narte ner Million - Proton ahundance
HMQC
.-
¥
21 BnO
1 HO 0 BnO o BnO
& AcO A0 o) 0 ‘m B
<] PhthN PhthN ACO s |
° PhthN \©\
<7 3b cl
i§ ") =
i 1Y)
& L " Y oo . (W =
£ ] -
2] 1] -
- 8.7 1@)' %‘ S
e { p—
. —
8.‘0 7‘.0 6‘.0 5‘.0 4‘.0 3‘.0 2‘0 l‘.O 6 1.0 210 3‘,0
X - narte ner Million - Proton (Thonsands)




'"H NMR

£ B0 BnO BnO
o He3 o o) o BnO
d Phthn /A0 20 0 0
PhthN PrtiN ACO S
- PhthN \©\
i3 4b
cl
g,
o
g
;,
£ =7
: :

A RN T ATIAL AR e 3\‘°M\

3
g
<

5.599

20

1.0

W»OU. el o

(Thousands)

0

| i

:

S

3

-

3
s
SR —

4

3

1

3

N
S
=
w
s
S
>
w
=4
=}
IS}
4
=
S
=

T T T T T T T T T T
180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.

>

0.000 —— = 3

20.598
20.569
20.445

°
2
=
S

X : parts per Million : 13C

S33



H-H cosy

S34

-] :
3 .
2 L,

ERaE| P
5 »”
3 -
- Y I TY ¥ I T | TR 7 SV TS Y I S
o] A
BnO 8O ¢ ;
HOON=2 o Bne BnO *
AcO O o) i
AcO [¢] o) H
PhthN AcO o) |
=] PhthN PN AcO S |
PhthN |
4b cl w jg
= f
|
!
) b
21 . ' o* W
0o >
U] ? s
- ® ) F
H H T4 ” LI |
» E
|
2] H
o | o I ‘E“
2] i
5 |
& " e :
£ 2 w U E‘.
E =
b » =
] i
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 0.1 02 03 04
X - narte ner Millian - Pratan ahundance
HMQC
L]
== Do e
E »
e M w
P M B ,
T
g Bno BnO
“{Ho o q B BnO
=3 AcO A%O o o
s PhthN AcO 0 O Ll —
PhthN PhthN A0 S .
= PhthN
@ 4b
< Cl
2
2]
2 n
i bk =
=
=5 [TIN} -
& L [ Py ) r—E
2] | b
£ ' —
-
2
;7 e -
=
=
& s -
EEE P —
50 *® -
: 9] —

S~

=9

EEE

2
E
s : : . : . . : . 1 e
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 1.0 30 50 7.0
X - narte ner Million - Praton (Thonsands)




'"H NMR

PhthN

Me

90°€
ES

1.0

00°€
-

Qouepunqe

X : parts per Million : Proton

BC NMR

PhthN

Me

i

S .
ES_ oo0v0c
S=—uric

T !
01 0
(syipuesnoyy)

X : parts per Million : Carbon13

S35



H-H cosy

8 g: J L J ‘ ,"" |
23] L Y (I W W TYRDVPS 'O B l I N
] ' ;-
ACO&@/ C&& |
= PhthN PN \@ ' |_
2c Me ° —
- _
| 4 |
]
\
o o =
] . 3% 3
+ HL o0 =
® =—
. =
O’. ‘I‘u " E
3 |
= <] ) "
E m T;%
Ll -
: |
8.‘0 7‘.0 6‘.0 5‘.0 410 3.‘0 2‘.0 l‘.O 6 ‘ 0‘.1 0j2 0‘.3 014 O‘.S 0.‘6
X - narte ner Million - Praton ahindance
HMQC
3 ]
o L i
*’i j: HY .
£ <3 A | T Y | RN 1% 'TRDVTS 'S S _L_,,,. I S

|

(
Ac&vv c&w { #
PhthN PN \@
2c Me

L)

LI we " "':: {«

160.0 150.0 140.0 130.0 120.0 110.0 100.0 9q.0 80.0 70.0 60.0 50.0 40.0 30.0 200 10.0

v wl T

-
FE '
£
£ .
= ’ 1l
g
2
Ep=k
5
o
=t
5
=
N
. : . . . . . . T
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 0 10.0
X - narte ner Million - Praton (thansandth<)

S36



"H NMR

abundance

0

i
6.50

BnO

HO O BgO o BnO
AcO AcO o) O

PhthN AC&S
PhthN PhthN \©\
3c Me

08

303
1
00
—.19

2.08
05

-

W J

0.87

293

TN MM\% /%l ‘\ \\ / A }\ ANTTAA

s
2
2
i

5.598
2.240
1.876 ——

(thousandths)

1.0

¥

Ll

T T T
180.0 170.0 160.0

AN

X : parts per Million : Carbon13

T T T T
150.0 140.0 130.0 120.0 110.0 100.

96.626 CE R S

96.451

S37




H-H cosy

0‘.2

abundance
0‘. 1

5 l .
il JFITER Y YV N || GO S
-1 BnO BnO —
BnO :
HO fo) |
AcO AOCO 0 O !
= PhthN PhthN AcO S 8 L
PhthN \©\ 3
N 3¢ Me o =
) ¢ —
< ‘P—
" ¢ Neo “' . 'L
[} [ g
) . M ;
#H . P I E
™ =
- o - =
: =] @ 3
B st =
2... {
R =
> |
810 7.‘0 6‘.0 5‘.0 4‘.0 3‘.0 210 110 ‘ 0‘.1 0‘.2 0.‘3
X - narte ner Million - Pratan ahnndance
HMQC

BnO
Howgo o BO
AcO AcO 0

X - narte ner Million - Praton

S38

(thomsandth<)

w

i PhthN BN Acgaps | i . B

z PhthN \©\

ES 3c Me

] b =

: Lo n

<] =

& “ﬂ “ﬁ (N " [N =

=] ) m——

% ' —

2] 1] —
2y —
é —
- =

9‘.0 8‘.0 710 6‘.0 5.‘() 410 3‘0 210 l‘.() l‘.() l‘.O 210 3.‘0



BnO
BnO
2 e} BnO
=] 2 '186&/0&/ o BnO
- PhthN A0 20 0 R
PhthN Prthy_ AcO S
. PhthN
= . o 4c Me
g,
|
p

‘._
3.8

0.92

e i /%/\ N .Yk 1T A TIN \ I

0.1

(thousandths)

0

T T T T T T T T T
180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0
n

S39



H-H cosy

S40

o ;7

H J -

; ]

IS W LT NP T VY WP WA B | U5 B | N
<] o S
= ) >

, @ -
5 @ gﬁp %
¢ —
' [+] @® :
= ] ] 0 E
Qo
A :
(-] 0 0 g’

2 odo0 & o 0 E

<] |

“ ] ) -

[} g o
o® g~ -

& i
é BnO BnO |
£ ;. 0 0@ HO o) BnO BnO -

C o AcO o) o °on

£ 0 Phthn A0 20 o %

g K. PhthN Ph AcO S

thN

] | . PhthN \©\ }

£ ¢ Me |

& |

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 0.1 0.2 0.3
X - narte ner Millian - Pratan ahundance
HMQC
. "

5 L

E l J W

£ . J\Mr\ A 1.1 | l__M M ;J.M MA s d I, e R
S
=2
< L
& ' (1 —

B ] :

g |

2]

i { [ —

- -

g

= “ -

& - m =5

. | ’ ' - ———

£ -

- '

2

< [ —

gl )

=

Ep )

g’ ” / -
oy S—
£ w0 BnO BnO ——

(':' ES FAOO O/ﬁ/ﬁ’no BnO =

22 PN A0 P%E&&/O O

S 24 PhthN PhthN AcO S

e PhthN

£ g 4e Me

58

> : : : : : : : : '

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 02 04 06 08
X - narte ner Million - Praton (thansandths)




'"H NMR

H EZ)O BnO .
3 AcO Oﬁs
Phthn  ACO
PhthN
2d F
% li £ - i- Z § ‘ 2 §
” 1 1 ML@
i 60 50 . ‘.‘4“.0 e 30 20 10
e ANTCMA K I
BnO BnO
=1 HO (6] o F
AcO O S
Phthn A0
¥ PhthN
- 2d F
N m N L | |1
18‘0,0 17‘0.0 16‘00 15‘0.0 ]4‘0.0 ]ﬁ(‘)ﬂ ]2“].[] |I lb.o IU‘[P,O 9‘]‘.0 X(;.U 7(‘:.0‘ 6(‘).0 50‘0 46.0 3()‘.0 20‘40 ]‘]‘.ﬂ
VG BT el O N B ] A

S41




H-H cosy

3 :: AAL_ L ot
z° N M all |9 lLJuJLA 1 . S N S L Ll
- BnO BnO L—‘
HO O o F i
AcO O s ;
- Phthn A0 -
PhthN |
-
2d F “ v ‘
2] ' I
= ' —
o wo gy e
- " M , =
+] [ 1Y 4 . -_—
] -—
] =
o‘. lu " E
g . o "
£8 ' |
L —
DS I 44 =
8.‘0 7‘.0 6‘.0 5‘.0 4‘.0 3‘0 2‘.0 0.1 0‘,2 0j3 0.‘4
X : parts per Million : Proton

HMQC

X : parts per Million : Proton

EEE Y
s I JL wo ol bk I B _
e Enoo o BnO F -
= I oo * —
- PhthN A0
= PhthN
= 2d F
: i -
= ® =
= @ w 4 ‘&@) ) =3
) =
Er 9
2 :7 ‘9@ ’@ -
S <] o, =
£
o =
910 810 710 610 5‘.0 4‘.0 3‘0 2‘.0 l‘.O 6 l‘.O 3.0 6.0 9.0 12.0

)

S42




"HNMR

5.95

2.79

BnO BnO
=1 HO Q
AcO A(?
PhthN AcO
o] PhthN PhthN \©\
F

1.0
i

%a

(]

(Thousands)

1
3

uJJ

120,0 110 0 100.0 90,0

b
24
=5

—=

T T
180.0 1700 160. 150.0 140.0

AN

28.495
82.100 — o

20.598
20.569
20.452

S43



H-H cosy

X : parts per Million : Proton

£ M o .A;_JM.‘_,_,_LM‘MMNJ,_ L VO |
< Fc’——
Acak/ &/ F ?
o] b ACO gy Ac&/ -
PhthN
¢ ’ -
~ -
- 34
. Y 3
¥ Reo? ” o
M -
] [ []
' A - E
: , -
£ L :
o =
: ;
8‘.0 7‘.0 6‘.0 5.0 410 3‘0 2‘.0 l‘.O ‘ 16,0 ‘ 36.0 ‘ 56.0 ‘ 76
X : parts per Million : Proton i dths)
HMQC
E L]
2 <] w
i . _H.ILA,ML_JLUM‘LJ .~ A
E’ Ac(&/ F S
. b %0 gy c&/
7 PhthN
& F
9’.7 l“ ==
2] " -
& ] [ AT LU _—
2] \
3 ' -
2] T L
z ! i
gi [] =
52 L @' —
52 @, —
; il
910 8‘.0 7‘.0 610 5‘.0 4‘.0 310 2‘.0 l‘.O l‘.O 0 ]10 2‘.0 310 4‘.0 510 6‘.0

(Thousands)

S44



'"H NMR

0‘4
7.64
Y
=
=3
P4
IS
Qo
T
=
=3
P4
>
Q
(@]
T
=
=3
P4
d
-

0.3

481

439
4.18

02
4

3.06

0.1

m———
—_—
090
T
6
T4
S— 100
o=
T
I

abundance
0
I
w
2
)
=)
S
o=

%%%KWWMQ%§x AZ%MK\

BC NMR

BnO BnO

= Hoﬁ/ o BnO BnO
- PhthN AcO O
= PhthN PhthN ACO S

ad PhthN
= F

1.0

i ﬂAlh“, w TR P W T

(Thousands)

T T T T T T T T T T T
0.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0
' \

T T T
180.0 170.0 160.0 150 0

.

=}

0.000 — <=+

=R RA A

S45



abundance

/\M'*LA e ki R A

Ac(;%@/ c&/ /&L F
PhthN PhthN R0 iy 0
ad PhthN
F

2‘.0

3.0

L .
#H oo V4 L T

L]
=
a
o' o
” o

B

2]
=
E
E}
& ® . @
b o '
3 . .
5 |'
o
£ 2]
R
(=5
>

T T T T T T
8.0 7.0 6.0 5.0 4.0 3.0

X : parts per Million : Proton

0 0.03 0.06 0.09 0.12

HMQC

(thousandths)
) ) ) ) 10.0 30.0 50.0

|' [

iy

| |
=
=

=

w m” BnO

160.0 150.0 140.0 130.0 120.0 110.0 100.0 99.0 80.0 70.0 60.0 50.0 40.0 30.0 200 10.0

MA“‘L b ___M‘LL_nMLWJL_ 1

L T 7 Tuv ]

X : parts per Million : Proton

5 ] HO Bno o) BnO
e
% 1 PhthN PhthN AcO
f;_ 7 4d
; T T T T T T
8.0 7.0 6.0 5.0 4.0 3.0

1.0 3.0 5.0 7.0 9.0 11.0
(Thousands)

S46



'"H NMR

BnO BnO

HO’&&/ o BnO BnO
Ay /90&/0/&&/0 o 0 F
w0 BT

AcO
PhthN PhthN AC

PhthN
. L
F

I i L I L I I I I I I i i
11.62
8.97
31
7.76

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 02 0.21

abundance

wx

0.‘8

PhthN
5d

0 &/
AcO
PhthN Ao /%S/
PhthN PhthN Ac \©\
F

(thousandths)

T T T T T T T T
110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0

LN

T T T
180.0 170.0 160.0 I50 0 140.4

N A%%rﬁkkfnx/kzx

°
8
=
e}

138, 192
82.089 ——
78.546 ——

IS}
24
=

2\1547;

20518
20.401

S47



H-H cosy

—_~ D7
| Jﬂuﬂt
ERE H
S
ER=E
Sl _M}“\_A Kol ,A,‘_WN.AML;_, § .._L, I | S
|
BnO :
1 1o BnO BnO o0
heo N
PhthN PhthN o oy 23 9
- PhthN ° V4
] PhthN
- 5d / N
=2 ﬂ ,
o B
* @ =
| S :
L] o
" &
- ]
§ - / oo
=] |
” V. 4
Ve o
o
|
<]
3
g
E ¢ o
=5 % -
2" &
3 o §
£
(=5 H
= {
” : : : : : : : : : i
8.0 7.0 6.0 5.0 40 3.0 20 10 0 10.0 20.0 30.0 40.0 50.0
X : parts per Million : Proton (th dths)

HMQC

X : parts per Million : Proton

f .
-~
=5 R Gl
£° .
R .
LY J I *
it A M oA .
g %@/
==
=3 PhthN A0 c/&/ (
E PhthN o '@W‘ SEE
PhthN PhthN °
= s PhthN 0 -
o
=R
=
=2
Py ==
<
=2
o] L E_
8 ' A ) ‘
= ‘ (]
g [} —
<
=2
=3 (W] —
2]
= i ™
=
= P ‘ 2
<
=
8 e
L @ ) —
52 e -
£ =
S e @ ! —
e g, )
=]
=
o
£ !
{ A h—-_'
810 7.‘0 6‘.0 5‘.0 4‘.0 3‘.0 2‘.0 1‘0 6 011 0.‘2 0‘.3 0‘.4 0‘.5

(thousandths)

S48



