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Supplementary Note

All reactions were carried out under argon or nitrogen atmosphere with magnetic
stirring unless otherwise indicated. All commercially obtained reagents were used as
received, except where specified otherwise. Sc(OTf); was purchased from Alfa and
used without further purification. Tetrahydrofuran (THF) and toluene were distilled
immediately before use from sodium-benzophenone ketyl. Dichloromethane (CH2Cl»),
pyridine and acetonitrile were refluxed over calcium hydride and distilled before use.
Anhydrous N,N-dimethylformamide (DMF) was purchased from Sigma-Aldrich and
used without further purification. Flash column chromatography was performed on
Silica Gel H (300400 mesh, Qingdao, China). Analytical thin layer chromatography
was performed on Silicycle SiliaPlate glass-backed plates coated with silica gel (60
mesh pore size, F-254 indicator) and visualized by exposure to ultraviolet light and/or
staining with 7% sulfuric acid in methanol. Optical rotations were determined with a
JASCO P-1020 digital polarimeter. Al NMR spectra were recorded with Bruker
BBFO-400 (400 MHz) NMR spectrometer at ambient temperature using CDCls,
CD2Cly or DO as solvents. The NMR spectra were calibrated by using residual
undeuterated chloroform (ou = 7.26 ppm), CDCl; (6c = 77.16 ppm), residual
undeuterated dichloromethane (éu = 5.32 ppm), CD2Cl> (6c = 53.84 ppm) and
undeuterated H>O (du = 4.79 ppm) as internal references. The following abbreviations
are used to designate multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, brs = broad singlet, COSY = 'H-'H correlation spectroscopy, HSQC =

heteronuclear single-quantum correlation spectroscopy.
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Supplementary Methods

Section 1. Synthesis of CCBzOH and glycosyl donors.
1,3-Dimethyl 2-[(2-methylphenyl)methylene|propanedioate (S3)

o (0} o Me
AcOH, piperidine

_—
Me@ * MeOMOMe toluene, refulx MeO z

OHC Dean-Stark Trap o OMe
92% 10)

Supplementary Fig. 1 | Synthesis of S3.

In a 500 mL round bottom flask, to a solution of commercially available ortho-
tolualdehyde S1 (16.3 mL, 140 mmol, 1.3 equiv) and dimethyl malonate (12.4 mL, 107
mmol, 1.0 equiv) in toluene (200 mL) were added sequentially piperidine (2.1 mL, 21.4
mmol, 0.2 equiv) and AcOH (0.92 mL, 16.05 mmol, 0.15 equiv). The flask was
equipped with a Dean-Stark trap which was filled with toluene. The reaction apparatus
was immersed in an oil bath which was set to 150 °C. The mixture was stirred at 150
°C for 4 h before the mixture was cooled to room temperature and then concentrated in
vauco. The residue was purified by silica gel column chromatography (hexane:EtOAc
=12:1to 9:1) to afford the titled compound S3 (23.05 g, 98.4 mmol, 92%) as a colorless
oil which can solidify when storing in the refrigerator.

Tips: With the reaction goes, the color of the reaction mixture turns from colorless to
orange. A slightly excess of ortho-tolualdehyde is necessary to ensure the full
consumption of the dimethyl malonate. When carrying out the high temperature

experiment, an aluminum foil or cotton is suggested to maintain the temperature.

ortho-2,2-Dimethoxycarbonylcyclopropyltoluene (S4)

Me
NaH

MeO J trimethylsulfonxonium iodide

o OMe DMF, 0 °C, 99% MeO

s3
Supplementary Fig. 2 | Synthesis of S4.
A dry 500 mL round bottom flask was charged with trimethylsulfonxonium iodide

(TMSI, 24.9 g, 108.2 mmol, 1.1 equiv). Anhydrous DMF (150 mL) was added and the
S7



mixture was cooled by an ice-bath. NaH (60% in mineral, 4.33 g, 108.2 mmol, 1.1 equiv)
was added in portions and the mixture was stirred at 0 °C for 1 h before a solution of
S3 obtained from last step in anhydrous DMF (50 mL) was added into the reaction

mixture dropwise through a constant pressure dropping funnel. The mixture was stirred
under the ice bath for another 1 h before the reaction was quenched with sat. NH4Cl
solution. The mixture was concentrated to around 50 mL before it was diluted with
EtOAc. The organic phase was washed sequentially with 1 M HCI solution and sat.

NaHCO; solution. The organic layers were combined, dried over Na>SOg, filtered and
concentrated in vauco. The residue was purified by silica gel column chromatography
(hexane:EtOAc = 9:1) to afford the titled compound S4 (24.3 g, 98.0 mmol, 99%) as a
colorless oil. 'H NMR (400 MHz, CDCl3) 6 7.20 — 7.07 (m, 3H), 7.03 (d, J = 7.4 Hz,

1H), 3.81 (s, 3H), 3.29 (s, 3H), 3.18 (t, /= 8.7 Hz, 1H), 2.36 (s, 3H), 2.32 (dd, J = 8.3,

5.1 Hz, 1H), 1.72 (dd, J = 9.2, 5.1 Hz, 1H). The data are identical with the literature
report. !

Tips: At the initial stage of the transformation, TMSI is a well-dispersed solid
precipitated at the bottom of the flask. After the addition of the NaH and stirring for a
while, the reaction mixture turned to a cloudy solution, indicating the formation of Nal
and required ylide. When a nearly clear solution is formed, the addition of alkene
substrate can be proceeded. The anhydrous DMF is essential to the successful synthesis
of 84, and the undry DMF will cause the decomposition of the products, which is
indicated by the formation of a very polar spot on TLC. The quenching step is similarly
important. Without the addition of NH,ClI solution, the color of the mixture will turn
from colorless to dark purple to black during the concentration of the mixture,

indicating the product has decomposed.

ortho-2,2-Dimethoxycarbonylcyclopropylbenzyl bromide (S5)

Me
NBS, BPO Br

MeO <_ _OMe benzene, 100 °C MeO _ _OMe

(¢] (¢] (¢] o
S4 S5

Supplementary Fig. 3 | Synthesis of S5.
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To a solution of the mixture of compound S4 obtained from last step in benzene (150
mL) were added benzoyl peroxide (BPO, 70% in water, 5.09 g, 14.7 mmol, 0.15 equiv)
and N-bromosuccinimide (NBS, 26.2 g, 147 mmol, 1.5 equiv). The mixture was heated
by the oil bath at 100 °C for 1 h before it was concentrated in vauco. The residue was
purified by silica gel column chromatography (hexane:EtOAc =9:1) to afford a mixture
of the desired monobrominated S5 and the dibrominated side product as a light yellow
oil, which was used directly for the next step without further purification.

Tips: The reaction time and the equivalent of NBS significantly matter the ratio of
monobromination and dibromination. During the reaction, the color changes from
colorless to orange. Typically, after the NBS was fully dissolved in the mixture, the
reaction completes. This process generally takes 1 h. Meanwhile, it is not necessary to
separate the 85 and dibrominated side product. The dibrominated side product will not

participate the next oxidation step.

ortho-2,2-Dimethoxycarbonylcyclopropylbenzaldehyde (S6)

Br - NMO

MeO MeCN, rt, 83% for 2 steps

Supplementary Fig. 4 | Synthesis of S6.
To a solution of the mixture from last step in MeCN (150 mL) was added 4-
methylmorpholine N-oxide (34.4 g, 294 mmol, 3.0 equiv) portionwise. The mixture
was stirred at room temperature for 1 h before it was concentrated in vauco. The residue
was purified by silica gel column chromatography (hexane:EtOAc = 6:1 to 4:1) to
afford the titled compound S5 (21.3 g, 81.3 mmol, 83% over 2 steps) as a colorless oil.
Tips: At this stage, the aldehyde and dibrominated side product from last step is very

easy to separate.

ortho-2,2-Dimethoxycarbonylcyclopropylbenzoic acid (CCBzOH)
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HO
2-methyl-2-butene
KH,PO,, NaCIO,
MeO Z_OoMe tBUOH/H,0, 0 °C, 1 h MeO ~. ~OMe
90%

le} le) (¢] (0]
S6 CCBzOH

O,
(e}

Supplementary Fig. 5 | Synthesis of CCBzOH.

To a solution of S6 (9.28 g, 35.4 mmol, 1.0 equiv), KH2PO4 (16.4 g, 120 mmol, 3.4
equiv) in a mixed solvent of H,O/tBUuOH (v/v = 9:8, 340 mL) at 0 °C were sequentially
added 2-methyl-2-butene (40 mL) and NaClO, (18.0 g, 200 mmol, 5.6 equiv). The
mixture was stirred at this temperature for 1 h before the mixture was allowed to warm-
up to room temperature. The volatile was removed under reduced pressure and the
residue was acidified by 1 M HCI solution to form a white precipitate. The aqueous
layer was treated with EtOAc. Two phases were separated, and the aqueous phase was
extracted with EtOAc. The organic layers were combined, dried over anhydrous
Na2SOg, filtered and concentrated in vauco to afford a yellowish solid, which was
washed with hexane to obtain the pure CCBzOH (8.9 g, 31.9 mmol, 90%) as a white
solid. '"H NMR (400 MHz, CDCls) & 8.06 (dd, J = 7.8, 1.4 Hz, 1H), 7.51 (td, J = 7.6,
1.5 Hz, 1H), 7.41 — 7.34 (m, 1H), 7.29 (d, J = 7.7 Hz, 1H), 4.85 (brs, 1H), 3.86 — 3.77
(m, 4H), 3.34 (s, 3H), 2.21 (dd, J = 8.5, 5.1 Hz, 1H), 1.90 (dd, J = 9.0, 5.1 Hz, 1H); 13C
NMR (100 MHz, CDCl3) 6 171.4,170.4, 167.6, 137.3, 133.0, 131.5, 130.5, 129.8, 127.9,
52.9, 52.4, 36.2, 33.4, 19.91; HRMS (ESI) m/z Calcd for C14H1406Na [M + Na]*
301.0688, found 301.0683.

Tips: The acidification is important to transfer the salt to benzoic acid, which can be
extracted from the aqueous solution by EtOAc. After work-up, a yellowish solid is

generally obtained, which could be easily purified by washing portion wise with hexane.

2',3',4',6'-Tetra-O-benzoyl-D-glucopyranosyl ortho-2,2-dimethoxycarbony-

Icyclopropylbenzoate (1a)

510



Bz
CCBzOH, EDCItHCI
o DIPEA, DMAP OBz
BzQ T ————
BzO OH CH,Cly, rt, overnight 0

MeO OMe
12 80%, ay:aybyb, = 101313115
Supplementary Fig. 6 | Synthesis of 1a.

To a solution of 2,3,4,6-tetra-O-benzoyl-D-glucopyranose? (1.19 g, 2.0 mmol, 1.0
equiv), CCBzOH (668 mg, 2.4 mmol, 1.2 equiv) and DMAP (24 mg, 0.2 mmol, 0.1
equiv) in anhydrous CH2Cl, (10 mL) were added sequentially EDC HCI (575 g, 3.0
mmol, 1.5 equiv) and DIPEA (0.7 mL, 4.0 mmol, 2.0 equiv). The mixture was stirred
at room temperature overnight. The resulting mixture was washed sequentially with 1
M HCI solution and sat. NaHCO3 solution, the organic layers were combined, dried
over anhydrous Na»SOg, filtered and concentrated in vauco. The crude product was
purified by silica gel column chromatography (toluene: EtOAc = 20:1) to afford donor
1a (1.25 g, 1.6 mmol, 80%, o1:02:B1:p2 = 1.0:1.3:1.3:1.5) as a white foam. *H NMR
(400 MHz, CDCl3) & 8.14 (ddd, J = 7.6, 6.0, 1.5 Hz, 2.8H), 8.10 — 8.01 (m, 12.9H),
7.97 — 7.84 (m, 34.5H), 7.59 — 7.26 (m, 82.8H), 7.21 (d, J = 7.7 Hz, 3.2H), 6.84 (d, J =
3.8 Hz, 1H), 6.82 (d, J = 3.7 Hz, 1.3H), 6.40 (d, J = 8.1 Hz, 1.3H), 6.35 — 6.26 (m, 4H),
6.05 (td, J = 9.5, 6.2 Hz, 2.9H), 5.97 - 5.78 (m, 8.5H), 5.71 (ddd, J = 10.2, 5.3, 3.7 Hz,
2.4H), 4.73 — 4.63 (m, 6.9H), 4.60 (dt, J = 10.2, 3.6 Hz, 1.2H), 4.55 — 4.38 (m, 8.4H),
3.87 —3.68 (m, 22.6H), 3.30 (s, 3.9H), 3.25 (s, 3.9H), 3.02 (s, 3H), 2.80 (s, 4.4H), 2.21
—2.08 (M, 5.5H), 1.87 — 1.72 (m, 9.2H); 3C NMR (100 MHz, CDCls) 6 170.4, 170.3,
170.1, 167.5, 167.22, 167.19, 166.3, 166.2, 166.1, 165.82, 165.77, 165.5, 165.4, 165.32,
165.28, 165.25, 165.2, 164.1, 163.9, 163.79, 137.78, 137.6, 137.54, 137.51, 133.63,
133.59, 133.50, 133.47,133.4,133.31, 133.25, 133.2, 133.1, 133.0, 132.9, 132.8, 131.6,
131.1, 130.8, 130.6, 130.3, 129.97, 129.95, 129.92, 129.89, 129.8, 129.73, 129.67,
129.6,129.4,129.1,129.0, 128.9, 128.83, 128.79, 128.6, 128.52, 128.48, 128.46, 128.0,
127.9, 92.6, 92.4, 90.0, 73.21, 73.16, 73.04, 73.02, 71.2, 70.9, 70.8, 70.7, 70.6, 70.5,
70.3, 69.4, 69.3, 68.9, 68.8, 63.0, 62.9, 62.5, 53.0, 52.93, 52.89, 52.85, 52.5, 52.2, 52.0,
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51.7, 36.6, 36.4, 36.3, 35.7, 32.6, 32.4, 32.2, 19.80, 19.75, 19.5; HRMS (ESI) m/z Calcd
for C4gH1001sNa [M + Na]* 879.2265, found 879.2263.

Tips: In most cases, the glycosyl donors are easy to separate by toluene and EtOAc
eluent system. Alternatively, if the product is difficult to separate from the unreacted
substrate. It is suggested to add a small amount of Ac:0 to facilitate the acetylation of
the unreacted anomeric hemiacetal. With such small modification from standard
operation, the anomeric acetate is easier to remove by silica gel column

chromatography by hexane and EtOAc eluent system.

2',3',4',6'-Tetra-0O-benzoyl-D-galactopyranosyl ortho-2,2-dimethoxycarbony-
Icyclopropylbenzoate (1b)

BzO OBz

gﬁ comeon Eocic é““
BzO o OH CH,Cly, 1t, overnight - o S
Supplementary Fig. 7 | Synthesis of 1b.

Following the procedure for 1a, 2,3,4,6-tetra-O-benzoyl-D-galactopyranose® (596.6 mg,
1.0 mmol, 1.0 equiv) was transformed into 1b (701.3 mg, 0.82 mmol, 82%, a1:02:B1:p2
= 2.0:1.0:2.4:1.0) as a white foam after purification by silica gel column
chromatography (toluene:EtOAc = 20:1). *H NMR (400 MHz, CD:Cl,) ¢ 8.28 — 7.75
(m, 47.8H), 7.75 — 7.21 (m, 83.7H), 6.92 (dd, J = 10.0, 3.7 Hz, 1.5H), 6.78 (d, J = 12.4
Hz, 0.7H), 6.45 (d, J = 8.2 Hz, 1H), 6.34 (d, J = 8.3 Hz, 1.2H), 6.24 — 6.01 (m, 10.2H),
5.91 - 5.73 (m, 4.1H), 5.56 (dd, J = 8.8, 3.3 Hz, 0.7H), 5.02 — 4.42 (m, 14.8H), 3.87 —
3.63 (M, 25.8H), 3.31 (s, 2.9H), 3.25 (s, 3H), 3.00 (s, 1.7H), 2.81 (s, 3.6H), 2.28 — 2.08
(m, 6H), 1.85 — 1.73 (m, 5.5H); 3C NMR (100 MHz, CD-Cl,) §170.53, 170.50, 170.43,
170.35, 170.0, 169.5, 169.4, 167.6, 167.4, 167.3, 166.3, 166.23, 166.21, 166.1, 166.01,
165.97, 165.94, 165.90, 165.8, 165.7, 164.9, 164.5, 164.4, 164.3, 164.2, 138.2, 138.04,
137.96, 137.9, 137.3, 134.6, 134.1, 133.94, 133.86, 133.84, 133.79, 133.74, 133.68,

133.63, 133.59, 133.5, 133.4, 133.3, 133.2, 133.1, 133.0, 131.7, 131.3, 131.2, 131.1,
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130.8, 130.7, 130.4, 130.30, 130.26, 130.22, 130.20, 130.13, 130.08, 130.04, 129.99,
129.94, 129.90, 129.88, 129.8, 129.7, 129.60, 129.57, 129.55, 129.48, 129.46, 129.44,
129.39, 129.32, 129.28, 129.26, 129.1, 128.94, 128.88, 128.86, 128.83, 128.81, 128.78,
128.76, 128.2, 128.1, 127.9, 126.4, 126.0, 122.5, 100.4, 100.1, 93.3, 93.1, 91.0, 90.9,
84.8,84.7,81.3,79.0, 78.0, 77.83, 77.78, 72.83, 72.76, 72.2, 72.1, 70.8, 69.8, 69.7, 69.6,
69.20, 69.15, 69.1, 68.6, 68.3, 68.1, 64.0, 62.4, 62.3, 62.3, 62.2, 53.2, 53.12, 53.09,
53.02,52.99, 52.5,52.4, 52.3,52.1, 51.8, 48.1, 36.9, 36.7, 36.58, 36.55, 36.2, 34.2, 32.6,
325, 32.3, 19.9, 19.8, 19.7; HRMS (ESI) m/z Calcd for CagHaoO1sNa [M + Na]*
879.2265, found 879.2263.

2',3",4',6'-Tetra-O-benzoyl-D-mannopyranosyl ortho-2,2-dimethoxycarbony-
Icyclopropylbenzoate (1c)
16.88%, ay:ayby b, =8.9:8.9:1.21
Supplementary Fig. 8 | Synthesis of 1c.

Following the procedure for 1a, 2,3,4,6-tetra-O-benzoyl-D-mannopyranose?* (477 mg,
0.8 mmol, 1.0 equiv) was transformed into 1c (694 mg, 0.704 mmol, 88%, a1:02:B1:B2
= 8.9:89:1.2:1.0) as a white foam after purification by silica gel column
chromatography (hexane:EtOAc = 3:1 to 2.5:1). *H NMR (400 MHz, CDCl3) ¢ 8.22 —
7.04 (m, 66.3H), 6.61 (d, J = 15.1 Hz, 2H), 6.46 (d, J = 6.8 Hz, 0.2H), 6.41 — 5.89 (m,
7H), 5.83 (dd, J = 9.4, 5.3 Hz, 0.3H), 5.64 — 5.50 (m, 0.2H); 4.87 — 4.72 (m, 2.5H), 4.63
(dt, J = 20.3, 10.3 Hz, 2.5H), 4.56 — 4.46 (m, 2.2H), 4.44 — 4.33 (m, 0.3H), 4.17 — 4.06
(m, 0.2H), 3.97 — 3.64 (m, 12.2H), 3.41 (s, 3H), 3.36 — 3.26 (M, 3.7H), 3.20 (s, 0.4H),
2.86 — 2.74 (m, 0.2H), 2.31 — 2.11 (m, 2.9H), 1.98 — 1.76 (m, 3.7H); 3C NMR (100
MHz, CDClz) 6170.3, 170.22, 170.15, 169.9, 169.2, 169.1, 167.34, 167.29, 167.16,
166.17, 166.1, 165.8, 165.7, 165.6, 165.39, 165.37, 165.2, 165.1, 163.7, 163.5, 163.2,
137.7, 137.4, 137.30, 134.31, 133.7, 133.6, 133.54, 133.49, 133.4, 133.22, 133.15,
133.12, 133.08, 132.91, 132.85, 131.1, 130.8, 130.54, 130.51, 130.04, 130.00, 129.93,
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129.88, 129.84, 129.80, 129.7, 129.6, 129.5, 129.4, 129.3, 129.2, 128.99, 128.97,
128.93, 128.90, 128.85, 128.7, 128.62, 128.57, 128.53, 128.50, 128.4, 128.3, 128.04,
128.01,127.7,126.0, 125.9, 122.1, 91.8, 91. 6, 90.8, 73.32, 73.26, 71.9, 71.6, 71.5, 71.0,
70.2, 70.1, 69.7, 69.6, 69.4, 66.52, 66.49, 66.4, 66.3, 62.8, 62.4, 60.4, 53.04, 52.99,
52.96, 52.90, 52.85, 52.50, 52.45, 52.3, 52.1, 47.7, 36.24, 36.19, 35.8, 32.6, 32.4, 32.3,
19.8, 19.5, 14.3, 14.2; HRMS (ESI) m/z Calcd for CagHaoO15Na [M + Na]* 879.2265,
found 879.2263.

3',4',6'-Tri-O-acetyl-2'-deoxy-2'-phthalimido-D-glucopyranosyl ortho-2,2-dime-

thoxycarbonylcyclopropylbenzoate (1d)

OAc

ACO % o
OAc AcO
CCBZOH, EDCHHCI PhihN

fo) DIPEA, DMAP
AcO

-EA W K
AcO OH CH,Cls, 1t, overnight MeO OMe
PhthN

o o
14:80%, byb, = 141
Supplementary Fig. 9 | Synthesis of 1d.
Following the procedure for 1a, 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-D-
glucopyranose® (218 mg, 0.5 mmol, 1.0 equiv) was transformed into 1d (278.7 mg, 0.4
mmol, 80%, B1:p2 = 1.4:1.0) as a white foam after purification by silica gel column
chromatography (hexane:EtOAc:CHCI3 = 2:2:1). *H NMR (400 MHz, CDCls) 6 7.86
(dd, J = 7.9, 1.4 Hz, 1.4H), 7.83 — 7.73 (m, 6H), 7.72 — 7.61 (m, 5H), 7.42 — 7.33 (m,
2.5H), 7.29 — 7.20 (m, 3.3H), 7.19 — 7.10 (m, 2.5H), 6.73 — 6.65 (M, 2.4H), 6.05 — 5.92
(m, 2.4H), 5.29 — 5.17 (m, 2.4H), 4.71 — 4.57 (m, 2.4H), 4.43 — 4.31 (m, 2.5H), 4.17 —
4.05 (m, 5H), 3.83 (s, 4.1H), 3.77 (s, 3H), 3.69 (t, J = 8.6 Hz, 1.4H), 3.61 (t, J = 8.7 Hz,
1H), 3.27 (s, 3H), 2.58 (s, 4.2H), 2.12 — 1.95 (m, 18.5H), 1.89 — 1.83 (m, 7.6H), 1.77 —
1.66 (m, 2.6H); 3C NMR (100 MHz, CDCls) § 170.72, 170.67, 170.2, 170.11, 170.07,
170.0, 169.6, 167.53, 167.45, 167.3, 166.5, 163.9, 163.2, 137.7, 137.4, 134.5, 134.1,
132.9,132.7,131.2,130.9, 130.8, 130.0, 129.8, 129.5, 129.2, 127.8, 127.7,123.8, 123 .4,
90.0, 89.9, 72.52, 72.50, 70.6, 70.5, 68.7, 61.8, 61.7, 53.7, 53.4, 52.8, 52.7, 52.3, 51.2,
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36.2, 35.4, 32.3, 32.0, 20.8, 20.68, 20.65, 20.5, 19.7, 19.6; HRMS (ESI) m/z Calcd for
CasH33015NNa [M + Na]* 718.1748, found 718.1738.

2',3",4'-Tri-O-benzoyl-D-xylopyranosyl ortho-2,2-dimethoxycarbonylcyclo-
propylbenzoate (1e)

BzO 0
CCBzOH, EDCIHCI BzO

DIPEA, DMAP OBz °

BzO 0 - .
BzO oH CH,Cly, rt, overnight o

OBz B
MeO N OMe

(o] (o]
1e 98%, aj:ay:bib, = 1.0:1.0:2.3:2.7

Supplementary Fig. 10 | Synthesis of 1e.
Following the procedure for 1a, 2,3,4-tri-O-benzoyl-D-xylopyranose? (231 mg, 0.5
mmol, 1.0 equiv) was transformed into le (354 mg, 0.49 mmol, 98%, o1:02:B1:P2 =
1.0:1.0:2.3:2.7) as a white foam after purification by silica gel column chromatography
(hexane:EtOAc = 3:1). *H NMR (400 MHz, CDCls) 6 8.16 — 8.08 (m, 1H), 8.07 — 7.87
(m, 19.6H), 7.73 — 7.65 (m, 0.7H), 7.60 — 7.16 (m, 37.2H), 6.77 (d, J = 3.6 Hz, 0.4H),
6.74 (d, J = 3.7 Hz, 0.4H), 6.40 (d, J = 4.5 Hz, 0.8H), 6.36 (d, J = 4.7 Hz, 1H), 6.28 —
6.21 (m, 0.8H), 5.89 — 5.80 (m, 2H), 5.69 — 5.61 (m, 1.9H), 5.61 — 5.50 (M, 2.3H), 5.42
—5.33 (M, 2H), 4.61 — 4.51 (m, 1.9H), 4.36 — 4.25 (m, 0.8H), 4.16 — 3.94 (m, 3.3H),
3.89 — 3.65 (M, 15.7H), 3.34 — 3.29 (m, 3.7H), 3.04 — 2.98 (m, 4.3H), 2.87 — 2.75 (m,
0.7H), 2.27 — 2.11 (m, 3.6H), 1.89 — 1.81 (m, 1.8H), 1.80 — 1.71 (m, 1.7H); 13C NMR
(100 MHz, CDClz) ¢ 170.3, 170.2, 170.1, 170.0, 169.9, 169.21, 169.15, 167.3, 167.2,
166.0, 165.64, 165.61, 165.59, 165.5, 165.4, 165.2, 165.1, 164.16, 164.15, 164.1, 164.0,
137.5,137.4,137.2, 134.3, 133.61, 133.57, 133.53, 133.49, 132.9, 132.8, 132.7, 131.2,
130.87, 130.85, 130.4, 130.3, 130.2, 130.14, 130.05, 130.01, 129.97, 129.95, 129.92,
129.88, 129.8, 129.7, 129.5, 129.4, 129.23, 129.21, 129.10, 129.06, 129.04, 129.00,
128.98, 128.9, 128.8, 128.6, 128.53, 128.51, 128.48, 127.98, 127.95, 127.73, 127.67,
126.02, 125.98, 122.1, 92.3, 92.0, 90.4, 90.1, 70.5, 70.3, 70.2, 69.7, 69.6, 69.2, 69.1,
68.8, 68.6, 68.3, 62.0, 61.9, 61.5, 61.3, 53.0, 52.93, 52.91, 52.88, 52.85, 52.3, 52.2,
52.00, 51.97, 36.4, 36.24, 36.19, 34.0, 32.6, 32.5, 32.2, 32.1, 19.8, 19.7, 19.5; HRMS
(ESI) m/z Calcd for CaoH34013Na [M + Na]* 745.1897, found 745.1907.
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2',3",4'-Tri-O-benzoyl-L-rhamnopyranosyl ortho-2,2-dimethoxycarbonylcyclo-

propylbenzoate (1f)

o
BZOW\M
OH CCBzOH, EDCI*HCI BzO 0"y~
0 DIPEA, DMAP 0Bz
BzO _——— MeO N OMe
BzO CH,Cl,, rt, overnight

OBz
(e] [e]
1f 93%, aj:a,:by:b, = 5.0:4.5:1.0:1.7

Supplementary Fig. 11 | Synthesis of 1f.

Following the procedure for 1a, 2,3,4-tri-O-benzoyl-L-rhamnopyranose® (238 mg, 0.5
mmol, 1.0 equiv) was transformed into 1f (343 mg, 0.465 mmol, 93%, o1:02:P1:p2 =
5.0:4.5:1.0:1.7) as a white foam after purification by silica gel column chromatography
(hexane:EtOAc = 3:1). *H NMR (400 MHz, CDCls) ¢ 8.23 — 8.05 (m, 7.4H), 8.04 —
7.93 (m, 5.4H), 7.93 — 7.88 (m, 0.5H), 7.88 — 7.72 (m, 6.1H), 7.72 — 7.60 (m, 3.2H),
7.60—7.20 (m, 31.1H), 7.14 (dt, J = 15.1, 7.5 Hz, 0.8H), 6.57 — 6.49 (m, 1.9H), 6.39 —
6.33 (M, 0.5H), 6.11 — 6.02 (m, 0.6H), 6.00 — 5.84 (M, 4H), 5.84 — 5.68 (m, 3.3H), 5.59
—5.50 (M, 0.3 H), 4.44 — 4.32 (m, 2.0H), 4.14 — 4.03 (m, 0.7H), 3.96 — 3.76 (m, 11.6H),
3.75-3.70 (m, 0.4 H), 3.68 (s, 0.9H), 3.40 (s, 3H), 3.36 (s, 2.7H), 3.30 (s, 1.6H), 2.87
—2.75 (m, 0.3H), 2.24 — 2.14 (m, 2.9H), 1.94 — 1.81 (m, 2.9H), 1.51 — 1.31 (m, 8H);
13C NMR (100 MHz, CDCls) ¢ 170.3, 170.1, 169.22, 169.16, 167.4, 167.3, 165.79,
165.75, 165.71, 165.65, 165.5, 165.4, 165.3, 163.8, 163.6, 163.4, 137.8, 137.6, 137.3,
134.4, 133.7, 133.63, 133.59, 133.5, 133.4, 133.0, 132.9, 132.8, 132.7, 131.1, 130.9,
130.8, 130.7, 130.5, 130.1, 130.04, 129.88, 129.85, 129.81, 129.79, 129.6, 129.5,
129.28, 129.25, 129.23, 129.19, 129.11, 129.08, 128.9, 128.8, 128.7, 128.60, 128.56,
128.4,128.00, 127.97, 127.7, 126.0, 122.1, 91.64, 91.56, 90.7, 78.6, 71.8, 71.43, 71.40,
70.0, 69.91, 69.85, 69.7, 69.6, 69.3, 53.04, 53.01, 52.99, 52.94, 52.85, 52.6, 52.5, 52.3,
52.2,47.8,36.33, 36.26, 36.2, 36.11, 34.06, 32.6, 32.5, 32.3,19.8, 19.6, 17.9, 17.8, 17.7;
HRMS (ESI) m/z Calcd for Ca1HssO13Na [M + Na]* 759.2054, found 759.2044.

2',3",5"-Tri-O-acetyl-D-ribofuranosyl  ortho-2,2-dimethoxycarbonylcyclopropy-

benzoate (1g)

516



AcO
O
AcO Q
O. OH  CCBzOH, EDCIHCI
DIPEA, DMAP [e)
. CFEA VAR
CH,Cl,, rt, overnight AcO OAc

MeO. N OMe
AcO OAc

(0] o
1g 70%, a;:a,:b;:b, = 1.0:1.0:10.0:10.0

Supplementary Fig. 12 | Synthesis of 1g.

Following the procedure for 1a, 2,3,5-tri-O-acetyl-D-ribofluranose’ (793 mg, 2.9 mmol,
1.0 equiv) was transformed into 1g (1.08 g, 2.03 mmol, 70%, ai:02:B1:B2 =
1.0:1.0:10.0:10.0) as a white foam after purification by silica gel column
chromatography (hexane:EtOAc = 2:1). *H NMR (400 MHz, CDCls) 6 8.05 —7.97 (m,
0.3H), 7.91 (d, J = 7.8 Hz, 2H), 7.52 — 7.43 (m, 2.3H), 7.38 — 7.30 (m, 2.3H), 7.28 —
7.22 (m, 4.8H), 6.69 — 6.65 (m, 0.2H), 6.41 (s, 1H), 6.36 (s, 1H), 5.51 (d, J = 4.8 Hz,
1H), 5.50 — 5.43 (m, 3H), 5.37 — 5.30 (M, 0.5H), 4.57 — 4.52 (m, 0.3H), 4.45 — 4.32 (m,
4.4H), 4.20 — 4.11 (m, 2H), 3.81 - 3.75 (d, J = 4.0 Hz, 8.2H), 3.31 — 3.28 (m, 6H), 2.19
—2.12 (m, 8.9H), 2.12 — 2.04 (m, 8H), 2.01 (s, 0.3H), 1.99 (s, 0.3H), 1.96 (s, 3H), 1.90
(s, 3H), 1.87 — 1.76 (m, 3.6H); 23C NMR (100 MHz, CDCls) 6 170.59, 170.55, 170.23,
170.16, 169.8, 169.5, 169.4, 167.30, 167.25, 164.5, 164.2, 137.4, 136.8, 132.83, 132.76,
131.0, 130.7, 130.4, 130.1, 129.7, 127.7, 99.2, 98.9, 79.3, 74.4, 74.2, 70.6, 70.5, 63.7,
63.6, 53.0, 52.9, 52.32, 52.30, 36.4, 36.1, 32.5, 32.1, 20.7, 20.61, 20.56, 19.8, 19.7;
HRMS (ESI) m/z Calcd for CosHzsO13Na [M + Na]* 559.1428, found 559.1425.

2',3",5'-Tri-O-benzoyl-4-(2,3,4,6-tetra-O-benzoyl-p-D-galactopyranosyl)-D-
glucopyranosyl ortho-2,2-dimethoxycarbonylcyclopropylbenzoate (1h)

BzO OBz

OBz
BZO&/O R
BzO OBz BzO
? OBz CCB2zOH, EDCIHCI 0Bz e

(¢} o DIPEA, DMAP

BzO Q — o
BzO OH CH,Cly, rt, overnight 5
OBz OBz MeO {_ _OMe

o [¢]
1h 69%, a;:a,:by:b, =1.0:1.4:3.1:3.4

Supplementary Fig. 13 | Synthesis of 1h.
Following the procedure for la, 2,3,5-tri-O-benzoyl-4-(2,3,4,6-tetra-O-benzoyl-p-D-
galactopyranosyl)-D-glucopyranose® (504 mg, 0.5 mmol, 1.0 equiv) was transformed

into 1h (460.5 mg, 0.345 mmol, 69%, o1:02:P1:p2 = 1.0:1.4:3.1:3.4) as a white foam
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after purification by silica gel column chromatography (hexane:EtOAc = 2:1). *H NMR
(400 MHz, CDCls) & 8.17 — 7.84 (m, 42.3H), 7.74 (dd, J = 6.1, 3.7 Hz, 6.8H), 7.68 —
7.11 (m, 80.6H), 6.74 (d, J = 3.8 Hz, 0.3H), 6.69 (d, J = 3.8 Hz, 0.4H), 6.25 (d, J = 8.2
Hz, 1H), 6.14 (d, J = 8.1 Hz, 1H), 6.02 — 5.90 (m, 2H), 5.87 — 5.71 (m, 8.5H), 5.70 —
5.59 (m, 0.8H), 5.48 — 5.33 (M, 3H), 5.00 — 4.88 (m, 3H), 4.71 — 4.49 (m, 6.3H), 4.49
—4.35 (m, 3.7H), 4.34 — 4.26 (m, 0.4H), 4.17 — 4.03 (m, 2.5H), 3.96 — 3.87 (m, 3.4H),
3.87 — 3.64 (m, 19H), 3.17 (s, 3H), 2.98 — 2.93 (m, 2.5H), 2.76 (s, 3.3H), 2.16 — 2.02
(m, 4H), 1.84 — 1.70 (m, 3.7H); 3C NMR (100 MHz, CDCls) ¢ 170.3, 170.2, 170.1,
170.0, 167.4, 167.19, 167.15, 166.9, 166.0, 165.9, 165.8, 165.7, 165.6, 165.51, 165.48,
165.42, 165.39, 165.32, 165.29, 165.0, 164.92, 164.88, 164.2, 163.8, 163.7, 163.5,
101.4, 101.2, 101.1, 92.5, 92.2, 89.8, 75.8, 75.5, 73.88, 73.85, 73.0, 72.1, 71.9, 71.5,
71.2,71.1,70.7,70.5,70.3, 69.99, 69.95, 67.6, 62.3, 62.1, 61.1, 52.9, 52.82, 52.76, 52.3,
51.9,51.8,51.7, 36.6, 36.3, 36.2, 35.55, 32.58, 32.4, 32.1, 19.7, 19.3; HRMS (ESI) m/z
Calcd for C7sHs2023Na [M + Na]* 1353.3580, found 1353.3580.
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Section 2. Reaction development of strain-release glycosylation.

Supplementary Table 1 | Reaction development.?

reaction and control experil

o
o oMe o
SC(OTh3 (0.1 equiv) OBz B2Q—
Sc(0Ths (0.1 equiv)_
5AMS Bz O X ° oz 0%
DCE (0.05 M) BzO o

i, 2 h, 96% OBz MeO [}

3a 4 5
Entry Derivation from the standard condition Yields of 3a (%) Yields of recovered donor (%) Yields of 4 (%)
1 None 96 - 99
2 No Sc(OTf)3 0 >95 0
3 Bi(OTf); as the catalyst 65 40 58
4 Zn(OTf), or Ca(OTf),/"BusNPFg or B(CgFs); as catalyst 0 >95 0
5 TfOH as catalyst complex mixture - NA
6 TMSOTTf as catalyst <5 >95 <5
7 PhgPAUNTf, 0 >95 0
8 4 A VS instead of 5 A MS 33 68 30
9 CH,Cl, as the solvent 99 - 99
10 PhCHj3 or PhCF3 or Et,0 as solvent 96-97 - >95

11 glucosyl pentabenzoate 5 as donor trace >95 NA

®Unless otherwise specified, all reactions were performed with 1.2 equiv of 1a, 1.0 equiv of 2a (0.05 mmol) in the presence of

catalyst (0.1 equiv) and 5 A MS in corresponding solvent (0.05 M, 1 mL) for 2-5 h at room temperature. The yield for 3a was
based on 2a, and the yields for 4 and recovered donor were based on the la. bCHZCI2 was used as the solvent. DCE = 1,2-

dichloroethane, NR = no reaction, NA = not applicable.
General procedure for the reaction development.

A solution of 1a (25.7 mg, 30 umol, 1.2 equiv) and cholesterol 2a (9.7 mg, 25 umol,
1.0 equiv) in anhydrous solvent (0.5 mL) containing freshly activated molecular sieve
was stirred at room temperature for 15 min before the catalyst (2.5 pmol, 0.1 equiv)
was added. The mixture was stirred at room temperature for 2-5 h until 2a was fully
consumed or reaction ceased. The reaction was then quenched with triethylamine and
the mixture was directly loaded onto silica gel by concentrating the mixture in vauco.
The residue was further purified by silica gel column chromatography (hexane:EtOAc
= 10:1) to give the 3a as colorless syrup, followed by changing the eluent system
(toluene:EtOAc = 20:1) to afford 4 as a colorless oil as well as recover the unreacted
glycosyl donor 1a as a white foam, respectively. The yield for 3a was based on 2a and
the yields for 4 and recovered donor were based on 1a. 3a: '"H NMR (400 MHz, CDCl;)
08.01(d,J=7.7Hz 2H),7.96 (d,J=7.7 Hz, 2H), 7.91 (d,J=7.7 Hz, 2H), 7.84 (d, J
=17.7 Hz, 2H), 7.56 — 7.46 (m, 3H), 7.46 — 7.26 (m, 9H), 5.90 (t, /= 9.6 Hz, 1H), 5.63
(t,J=9.7Hz, 1H), 5.50 (dd, J=9.8, 7.9 Hz, 1H), 5.23 (d, /= 5.0 Hz, 1H), 4.95 (d, J =

7.9 Hz, 1H), 4.61 (dd, J=12.0, 3.4 Hz, 1H), 4.53 (dd, J=12.0, 5.9 Hz, 1H), 4.16 (ddd,
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J=9.6,5.9, 3.4 Hz, 1H), 3.54 (dt, J=11.0, 5.6 Hz, 1H), 2.22 — 2.10 (m, 2H), 2.04 —
0.72 (m, 57H), 0.66 (s, 3H). The data are identical with the literature report.’ 4: 'H
NMR (400 MHz, CDCl3) 6 7.87 (d, J= 7.6 Hz, 1H), 7.68 (t, J= 7.3 Hz, 1H), 7.53 (t, J
=7.5Hz, 1H), 7.50 — 7.43 (m, 1H), 5.52 (dd, /= 9.3, 3.2 Hz, 1H), 3.78 (s, 3H), 3.72 —
3.63 (m, 4H), 2.77 (ddd, J = 14.8, 9.6, 3.2 Hz, 1H), 2.17 (ddd, J = 14.5, 9.2, 4.9 Hz,
1H); 3C NMR (100 MHz, CDCl3) 6 169.9, 169.2, 169.1, 148.8, 134.3, 129.6, 126.0,
125.9, 122.1, 78.6, 53.0, 52.9, 47.7, 34.0; HRMS (ESI) m/z Calcd for Ci14H140¢Na [M
+Na]" 301.0688, found 301.0687.
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Section 3. Strain-release glycosylation with 1a as the donor.

Acceptors 2a-d, m-r were commercially available. Acceptors 2e,'° 2f,'° 2g ! 2h,'° 2i,1?

2j,13 2k, 21,'% and 2s® were prepared according to the reported literatures.

(3p)-Cholest-5-en-3-yl 2',3",4',6'-tetra-O-benzoyl-p-D-glucopyranoside (3a)

Sc(OTf); (0.1 equiv)
5AMS
CH,Cl, (0.05 M)
rt, 2 h, 99%

Supplementary Fig. 14 | Synthesis of 3a.
A solution of 1a (25.7 mg, 30 umol, 1.2 equiv) and 2a (9.7 mg, 25 umol, 1.0 equiv) in
anhydrous CH2Cl, (0.5 mL) containing freshly activated 5 A molecular sieve was
stirred at room temperature for 15 min before Sc(OTf)3 (1.25 mg, 2.5 umol, 0.1 equiv)
was added. The mixture was stirred at room temperature for 2 h before the reaction was
quenched by triethylamine. The mixture was directly loaded onto silica gel by
concentrating the mixture in vauco and the residue was further purified by silica gel
column chromatography (hexane:EtOAc = 10:1) to afford 3a (26.0 mg, 25 umol, 99%)

as colorless syrup.

4-Pentenyl 2',3',4',6'-tetra-O-benzoyl-p-D-glucopyranoside (3b)

OBz

Sc(0Tf); (0.1 iv) o @
c 3 (0.1 equiv

OH _— e > BzO

+ M 5 AMS BzO (0]

26 CH,Cl, (0.05 M), rt OBz
3b 95%

Supplementary Fig. 15 | Synthesis of 3b.
Following the procedure for 3a, 2b (5.16 pL, 50 umol, 1.0 equiv) was transformed into
3b (31.5 mg, 47.5 umol, 95%) as a colorless syrup after purification by silica gel
column chromatography (hexane:EtOAc = 9:1). *H NMR (400 MHz, CDCls3) 6 8.05 —
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7.99 (m, 2H), 7.99 — 7.94 (m, 2H), 7.93 — 7.87 (m, 2H), 7.86 — 7.81 (M, 2H), 7.57 —
7.46 (m, 3H), 7.45 — 7.26 (m, 9H), 5.91 (t, J = 9.6 Hz, 1H), 5.73 — 5.59 (m, 2H), 5.53
(dd, J=9.8, 7.8 Hz, 1H), 4.88 — 4.78 (m, 3H), 4.64 (dd, J = 12.1, 3.3 Hz, 1H), 4.51 (dd,
J=12.1,5.2 Hz, 1H), 4.16 (ddd, J = 9.9, 5.3, 3.3 Hz, 1H), 3.93 (dt, J = 9.7, 6.2 Hz, 1H),
3.56 (dt, J = 9.7, 6.6 Hz, 1H), 2.07 — 1.89 (m, 2H), 1.73 — 1.60 (m, 2H). The data are

identical with the literature.®

D-Menthyl 2,3,4,6-tetra-O-benzoyl-p-D-glucopyranoside (3¢)

CH,Cl, (0.05 M), rt

Sc(OTHs (0.1 equiv) 0Bz /(5
o
SAws 0& ;
OBz /_\

3¢ 95%

Supplementary Fig. 16 | Synthesis of 3c.
Following the procedure for 3a, 2c (7.8 mg, 50 mmol, 1.0 equiv) was transformed into
3c (34.8 mg, 47.5 umol, 95%) as a colorless syrup after purification by silica gel column
chromatography (hexane:EtOAc = 7:1). *H NMR (400 MHz, CDCls) 6 8.02 (d, J=7.0
Hz, 2H), 7.95 (d, J = 7.0 Hz, 2H), 7.92 (d, J = 8.2 Hz, 2H), 7.83 (d, J = 8.0 Hz, 2H),
7.56 — 7.47 (m, 3H), 7.44 — 7.32 (m, 7H), 7.31 — 7.26 (m, 2H), 5.92 (t, J = 9.7 Hz, 1H),
5.62 — 5.53 (M, 2H), 4.89 (d, J = 7.9 Hz, 1H), 4.63 (dd, J = 12.0, 3.1 Hz, 1H), 4.50 (dd,
J =120, 6.8 Hz, 1H), 4.24 — 4.15 (m, 1H), 3.39 — 3.29 (m, 1H), 2.22 (d, J = 12.7 Hz,
1H), 1.94 — 1.82 (m, 1H), 1.67 — 1.47 (m, 3H), 1.21 — 1.05 (m, 2H), 0.91 — 0.79 (m,
2H), 0.78 (d, J = 6.4 Hz, 3H), 0.47 (d, J = 7.0 Hz, 3H), 0.40 (d, J = 6.9 Hz, 3H). The

data are identical with the literature.1®

1-Adamantyl 2',3',4',6'-tetra-O-benzoyl--D-glucopyranoside (3d)

S22



o
OBz o Sc(OTf)3 (0.1 equiv) fo)
i ——— > BzQ o
(e} 5AMS BzO

S CH,ClI; (0.05 M), rt OBz
MeO N OMe

3d 99%
2d

Supplementary Fig. 17 | Synthesis of 3d.
Following the procedure for 3a, 2d (7.6 mg, 50 umol, 1.0 equiv) was transformed into
3d (36.3 mg, 49.5 umol, 99%) as a white foam after purification by silica gel column
chromatography (hexane:EtOAc = 7:1). *H NMR (400 MHz, CDCls) ¢ 8.05 —7.99 (m,
2H), 7.98 — 7.94 (m, 2H), 7.94 — 7.90 (m, 2H), 7.87 — 7.80 (m, 2H), 7.57 — 7.47 (m,
3H), 7.45 - 7.32 (m, 7H), 7.29 (d, J = 7.8 Hz, 2H), 5.93 (t, J = 9.6 Hz, 1H), 5.56 (t, J =
9.7 Hz, 1H), 5.50 (dd, J = 9.8, 7.9 Hz, 1H), 5.13 (d, J = 7.9 Hz, 1H), 4.59 (dd, J = 11.9,
3.1 Hz, 1H), 4.49 (dd, J = 11.9, 7.1 Hz, 1H), 4.19 (ddd, J = 10.1, 7.1, 3.1 Hz, 1H), 2.02
(s, 3H), 1.83 (d, J = 11.7 Hz, 3H), 1.65 (d, J = 11.3 Hz, 4H), 1.60 — 1.45 (m, 6H). The

data are identical with the literature.l’

Methyl 6-0-(2,3,4,6-tetra-O-benzoyl-$-D-glucopyranosyl)-2,3,4-tri-O-benzyl-a-D-

glucopyranoside (3e)

o) 0Bz
o o
i) BzO
OBz . Bno o Sc(OTf)3 (0.1 equiv) 2870 ¢]
S Bno 5AMS 0Bz BnQ 0
BnO CH,Cl, (0.05 M), rt BnO
BnO

MeO S OMe OMe

2e 3e 94% OMe

Supplementary Fig. 18 | Synthesis of 3e.
Following the procedure for 3a, 2e (23.2 mg, 50 umol, 1.0 equiv) was transformed into
3e (49.0 mg, 47 umol, 94%) as a colorless syrup after purification by silica gel column
chromatography (toluene:EtOAc = 20:1). *H NMR (400 MHz, CDCls) ¢ 8.00 (d, J =
7.7 Hz, 2H), 7.90 (d, J = 7.8 Hz, 4H), 7.92 — 7.89 (m, 2H), 7.50 (dd, J = 13.1, 7.0 Hz,
2H), 7.43 —7.21 (m, 23H), 7.06 (d, J = 6.5 Hz, 2H), 5.90 (t, J = 9.6 Hz, 1H), 5.68 (t, J
= 9.7 Hz, 1H), 5.60 (t, J = 8.7 Hz, 1H), 4.90 (d, J = 10.9 Hz, 1H), 4.83 (d, J = 7.8 Hz,

1H), 4.74 (d, J = 12.0 Hz, 1H), 4.69 (d, J = 10.9 Hz, 1H), 4.66 — 4.58 (M, 2H), 4.58 —
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4.48 (m, 3H), 4.30 (d, J = 11.1 Hz, 1H), 4.16 (d, J = 9.7 Hz, 1H), 4.11 (dt, J =9.3,4.4
Hz, 1H), 3.89 (t, J = 9.2 Hz, 1H), 3.74 (t, J = 9.2 Hz, 2H), 3.44 (dd, J = 9.7, 3.5 Hz,
1H), 3.39 (t, J = 9.2 Hz, 1H), 3.22 (s, 3H). The data are identical with the literature.®

Methyl 6-0-(2,3,4,6-tetra-0O-benzoyl-B-D-glucopyranosyl)-2,3,4-tri-O-benzoyl-a-

D-glucopyranoside (3f)

Bzojé&“ oH 0Bz
o0 ogz © Bzo/&' Sc(OTf)3 (0.1 equiv) Bzgzgé&/o

S + BzO 5AMS 0Bz BzQ O

BZ0 {1 1e CH,Cl, (0.05 M), rt BZO&‘

MeO OMe BzO
2f 3 96% OMe

Supplementary Fig. 19 | Synthesis of 3f.

Following the procedure for 3a, 2f (25.3 mg, 50 umol, 1.0 equiv) was transformed into
3f (52.0 mg, 48 umol, 96%) as a colorless syrup after purification by silica gel column
chromatography (toluene:EtOAc = 20:1). *H NMR (400 MHz, CDCls) ¢ 8.03 — 7.78
(m, 14H), 7.59 — 7.45 (m, 5H), 7.45 — 7.31 (m, 12H), 7.30 — 7.24 (m, 5H), 6.08 (t, J =
9.8 Hz, 1H), 5.94 (t, J = 9.6 Hz, 1H), 5.67 (t, J = 9.7 Hz, 1H), 5.58 (t, J = 8.8 Hz, 1H),
5.33 (t, J = 9.8 Hz, 1H), 5.11 (dd, J = 10.2, 3.6 Hz, 1H), 5.04 — 4.92 (m, 2H), 4.62 (dd,
J=12.4,3.1 Hz, 1H), 4.46 (dd, J = 12.2, 5.0 Hz, 1H), 4.24 (dd, J = 10.3, 7.6 Hz, 1H),
4.20-4.08 (m, 2H), 3.80 (dd, J =11.4, 7.7 Hz, 1H), 3.12 (s, 3H). The data are identical

with the literature.®

Phenyl 6-0-(2,3,4,6-tetra-O-benzoyl-$-D-glucopyranosyl)-2,3,4-tri-O-benzoyl-1-

thio-B-D-glucopyranoside (3g)

BzQ 0 -
BzO on
OBz o 5
+  BzQ 0 Sc(OTf)s (0.1 equiv)  B2Q~ o
—_——
o 3 BzO SPh 5AMS 0Bz Bzg&&/ sPh

MeO S OMe BzO CH,Cl; (0.05 M), rt
BzO

29 39 98%

Supplementary Fig. 20 | Synthesis of 3g.
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Following the procedure for 3a, 2g (29.2 mg, 50 umol, 1.0 equiv) was transformed into
39 (57.1 mg, 49 umol, 98%) as a colorless syrup after purification by silica gel column
chromatography (toluene:EtOAc = 20:1). *H NMR (400 MHz, CDCls) ¢ 8.06 (d, J =
7.0 Hz, 2H), 7.98 — 7.90 (m, 6H), 7.88 — 7.81 (m, 4H), 7.76 (d, J = 8.2 Hz, 2H), 7.60 —
7.32 (m, 23H), 7.31 — 7.26 (m, 4H), 5.89 — 5.79 (m, 2H), 5.62 (t, J = 9.7 Hz, 1H), 5.51
(dd, J=9.8, 7.8 Hz, 1H), 5.37 (t, J = 9.7 Hz, 1H), 5.28 (t, J = 9.7 Hz, 1H), 4.98 (d, J =
7.8 Hz, 1H), 4.93 (d, J = 10.0 Hz, 1H), 4.62 (dd, J = 12.1, 3.1 Hz, 1H), 4.42 (dd, J =
12.2, 5.2 Hz, 1H), 4.10 — 3.93 (m, 4H). The data are identical with the literature.*®

6-0-(2,3,4,6-Tetra-O-benzoyl-B-D-glucopyranosyl)-1,2:3,4-di-O-isopropylidene-a-
D-galactopyranose (3h)

o BzO
BzQ OH OBZ
“Bz0 o o 5Bz
OBz Y (o} c(OTf); (0.1 eqUIv >( o
+ BzO
o - 5 A MS o)
o) CH,Cl, (0.05 M), rt

MeO OMe >§
X 3h 98%

2h

Supplementary Fig. 21 | Synthesis of 3h.
Following the procedure for 3a, 2h (16.0 mg, 60 pmol, 1.0 equiv) was transformed into
3h (49.3 mg, 58.8 umol, 98%) as a colorless syrup after purification by silica gel
column chromatography (toluene:EtOAc = 15:1).'H NMR (400 MHz, CDCls) § 8.03
(d, J = 7.0 Hz, 2H), 7.97 (d, J = 7.0 Hz, 2H), 7.90 (d, J = 7.2 Hz, 2H), 7.83 (d, J = 7.0
Hz, 2H), 7.55 — 7.45 (m, 3H), 7.45 — 7.27 (m, 9H), 5.90 (t, J = 9.6 Hz, 1H), 5.68 (t, J =
9.7 Hz, 1H), 5.54 (dd, J = 9.7, 7.8 Hz, 1H), 5.42 (d, J = 5.0 Hz, 1H), 5.04 (d, J = 7.8
Hz, 1H), 4.64 (dd, J = 12.1, 3.2 Hz, 1H), 4.49 (dd, J = 12.1, 5.3 Hz, 1H), 4.43 (dd, J =
7.9, 2.4 Hz, 1H), 4.24 — 4.14 (m, 2H), 4.10 (dd, J = 7.9, 1.7 Hz, 1H), 4.02 (dd, J = 10.5,
3.7 Hz, 1H), 3.93 — 3.81 (m, 2H), 1.37 (s, 3H), 1.25 — 1.18 (m, 9H). The data are

identical with the literature.®

Methyl 5-0-(2,3,4,6-tetra-0O-benzoyl-$-D-glucopyranosyl)-2,3-O-isopropylidene-

B-D-ribofuranoside (3i)
S25



OBz

o)
BZ%&@A o HO o. OMe o
OBz Sc(OTf)s (0.1 equiv) BzQ°S o o. OMe
o - + 5 AMS OBz w

. CH,Cl, (0.05 M), rt
Meo_ X _oMe 0.0 z2 )
> 396% o b

2i

Supplementary Fig. 22 | Synthesis of 3i.
Following the procedure for 3a, 2i (10.2 mg, 50 pmol, 1.0 equiv) was transformed into
3i (37.4 mg, 47 umol, 96%) as a colorless syrup after purification by silica gel column
chromatography (toluene:EtOAc = 15:1). *H NMR (400 MHz, CDCl3) ¢ 8.03 (d, J =
7.8 Hz, 2H), 7.96 (d, J = 7.7 Hz, 2H), 7.90 (d, J = 7.8 Hz, 2H), 7.83 (d, J = 7.8 Hz, 2H),
7.57 — 7.47 (m, 3H), 7.44 — 7.26 (m, 9H), 5.90 (t, J = 9.6 Hz, 1H), 5.68 (t, J = 9.7 Hz,
1H), 5.55 (dd, J = 9.6, 7.9 Hz, 1H), 4.93 (d, J = 7.9 Hz, 1H), 4.87 (s, 1H), 4.70 — 4.58
(m, 2H), 4.55 — 4.46 (m, 2H), 4.27 (t, J = 7.2 Hz, 1H), 4.20 — 4.13 (m, 1H), 3.85 (t, J =
9.3 Hz, 1H), 3.71 — 3.65 (m, 1H), 3.18 (s, 3H), 1.37 (s, 3H), 1.16 (s, 3H). The data are

identical with the literature.r®

Methyl 3-0-(2,3,4,6-tetra-0-benzoyl-p-D-glucopyranosyl)-2-O-benzyl-4,6-O-

benzylidene-a-D-glucopyranoside (3j)

éﬁ ~ o8
z o) z
Ph o
0Bz © o 0 S¢(OTHs (0.1 equiv) Ph/vo )
HO _— % o
+ 5AMS BzO o
o BnO BzO B
N nO
3 OBz OMe

. OMe CH,Cl; (0.05 M), rt
MeO N OMe 2j 3 95%
0

Supplementary Fig. 23 | Synthesis of 3j.
Following the procedure for 3a, 2j (18.6 mg, 50 umol, 1.0 equiv) was transformed into
3j (45.2 mg, 47.5 umol, 95%) as a colorless syrup after purification by silica gel column
chromatography (toluene:EtOAc = 20:1). *H NMR (400 MHz, CDCls) ¢ 8.00 — 7.92
(m, 4H), 7.86 (d, J = 7.0 Hz, 2H), 7.80 (d, J = 8.4 Hz, 2H), 7.53 — 7.44 (m, 5H), 7.43 —
7.38 (m, 1H), 7.37 — 7.27 (m, 8H), 7.26 — 7.20 (m, 6H), 7.11 (dd, J = 7.2, 2.4 Hz, 2H),
5.88 (t, J = 9.6 Hz, 1H), 5.74 — 5.63 (m, 2H), 5.56 (s, 1H), 5.25 (d, J = 7.9 Hz, 1H),
459 (d, J =12.5 Hz, 1H), 4.50 (dd, J = 12.1, 3.5 Hz, 1H), 3.96 (ddd, J = 9.8, 4.8, 3.5
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Hz, 1H), 3.77 (td, J = 9.8, 4.4 Hz, 1H), 3.69 (t, J = 10.1 Hz, 1H), 3.61 (t, J = 9.3 Hz,
1H), 3.43 (dd, J = 9.2, 3.8 Hz, 1H), 3.27 (s, 3H). The data are identical with the

literature.?°

Methyl 2-0-(2,3,4,6-tetra-O-benzoyl-p-D-glucopyranosyl)-3.,4,6-tri-O-benzyl-a-D-

mannopyranoside (3k)

B o/&m =
z OBz
BzO o BnO HO BnO o o OBz

OBz .0 Sc(OTf); (0.1 equiv)

+ BnQ _— = BnO -0
o Sl 5AMS Sno BzO
CH,Cl, (0.05 M), rt

MeO {_ _OMe OMe 7 OMe

3k 89%

Supplementary Fig. 24 | Synthesis of 3k.
Following the procedure for 3a, 2k (23 mg, 50 umol, 1.0 equiv) was transformed into
3k (46.6 mg, 44.5 pumol, 89%) as a colorless syrup after purification by silica gel
column chromatography (toluene:EtOAc = 20:1). *H NMR (400 MHz, CDCls) 6 7.98
(d, J = 8.4 Hz, 2H), 7.96 — 7.88 (m, 4H), 7.85 (d, J = 8.7 Hz, 2H), 7.54 — 7.47 (m, 4H),
7.37-7.18 (m, 22H), 7.16 — 7.10 (m, 2H), 5.91 (t, J = 9.7 Hz, 1H), 5.75—5.61 (m, 2H),
5.03 (d, J = 7.9 Hz, 1H), 4.82 — 4.72 (m, 2H), 4.70 — 4.63 (m, 2H), 4.56 — 4.47 (m, 2H),
4.39 (d, J = 11.0 Hz, 1H), 4.30 — 4.13 (m, 4H), 3.87 (q, J = 3.5 Hz, 1H), 3.68 — 3.60 (m,
2H), 3.55 (d, J = 10.8 Hz, 1H), 3.30 (dd, J = 10.4, 4.2 Hz, 1H), 3.22 (s, 3H). The data

are identical with the literature.?

Methyl 4-0-(2,3,4,6-tetra-O-benzoyl-p-D-glucopyranosyl)-2,3-di-O-benzyl-6-0-

methyl-a-D-glucopyranosyl urinate (31)

o) 0 o)
0Bz ° HO 0 Sc(OTf); (0.1 equiv)  BzO o o o]
+ BnO W’ BzO BnO
S BnO BnO

OMe CH,Cly (0.05 M), 1t OBz OMe

MeO . ~OMe 21 3191%

Supplementary Fig. 25 | Synthesis of 3l.
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Following the procedure for 3a, 2l (20.1 mg, 50 umol, 1.0 equiv) was transformed into
3l (44.6 mg, 45.5 umol, 91%) as a colorless syrup after purification by silica gel column
chromatography (toluene:EtOAc = 20:1). *H NMR (400 MHz, CDCls3) ¢ 7.98 — 7.89
(m, 4H), 7.84 (d, J = 7.0 Hz, 2H), 7.79 (d, J = 7.2 Hz, 2H), 7.54 — 7.43 (m, 3H), 7.41 —
7.16 (m, 19H), 5.83 (t, J = 9.7 Hz, 1H), 5.62 (t, J = 9.7 Hz, 1H), 5.45 (dd, J = 9.8, 7.9
Hz, 1H), 5.16 — 5.03 (m, 2H), 4.86 (d, J = 11.4 Hz, 1H), 4.72 (d, J = 12.2 Hz, 1H), 4.55
(d,J=12.2 Hz, 1H), 4.51 (d, J = 3.5 Hz, 1H), 4.39 (dd, J = 12.1, 3.4 Hz, 1H), 4.27 (dd,
J=12.2,4.7 Hz, 1H), 4.10 (dd, J = 9.8, 8.6 Hz, 1H), 4.04 — 3.92 (m, 3H), 3.47 (dd, J =
9.5, 3.5 Hz, 1H), 3.44 (s, 3H), 3.33 (s, 3H). The data are identical with the literature.®

Phthalimidyl 2,3,4,6-tetra-O-benzoyl-p-D-glucopyranoside (3m)

Bz%;&H 0Bz o
0, o ) o)
OBz Sc(OTf); (0.1 equiv) BZ%ZO o—N
_—
¥ Ho-N 5AMS

OBz o)
B CH,Cl, (0.05 M), rt
MeO < OMe (o)

2m

3m 99%

Supplementary Fig. 26 | Synthesis of 3m.

Following the procedure for 3a, 2m (9.8 mg, 60 umol, 1.2 equiv) was transformed into
3m (36.9 mg, 49.5 umol, 99%) as a white foam after purification by silica gel column
chromatography (hexane:EtOAc = 2:1 to toluene:EtOAc = 10:1). *H NMR (400 MHz,
CDCls) 6 8.09 (d, J = 7.0 Hz, 2H), 7.94 — 7.84 (m, 6H), 7.79 (dd, J = 5.5, 3.1 Hz, 2H),
7.72 (dd, J = 5.5, 3.1 Hz, 2H), 7.58 — 7.39 (m, 6H), 7.37 — 7.22 (m, 6H), 5.98 (t, J = 9.2
Hz, 1H), 5.90 — 5.77 (m, 2H), 5.54 (d, J = 7.7 Hz, 1H), 4.67 — 4.57 (m, 2H), 4.24 (dt, J
=0.8,4.9 Hz, 1H). The data are identical with the literature.?

ortho-lodobenzoyl 2,3,4,6-tetra-O-benzoyl-p-D-glucopyranoside (3n)

Zf
° Bz 0
BzO

OBz HO Sc(OTf); (0.1 equiv) Q fo)
+ —_—
S o; ,Q 5AMS 0Bz %@
S CH,Cl; (0.05 M), rt O |
MeO N OMe

3n 97%
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Supplementary Fig. 27 | Synthesis of 3n.

Following the procedure for 3a, 2n (18.6 mg, 75 umol, 1.5 equiv) was transformed into
3n (40.1 mg, 48.5 umol, 97%) as a colorless syrup after purification by silica gel
column chromatography (hexane:EtOAc = 5:1). [a]5 = +14.3 (¢ = 1.0, CHClI3); H
NMR (400 MHz, CDCls) & 8.06 (d, J = 7.0 Hz, 2H), 7.98 — 7.89 (m, 6H), 7.86 (d, J =
7.0 Hz, 2H), 7.57 — 7.27 (m, 14H), 7.13 (td, J = 7.7, 1.7 Hz, 1H), 6.33 (d, J = 8.1 Hz,
1H, H-1), 6.04 (t, J = 9.5 Hz, 1H), 5.89 — 5.77 (m, 2H), 4.68 (dd, J = 12.3, 2.9 Hz, 1H,
H-5), 4.53 (dd, J = 12.3, 5.0 Hz, 1H, H-5'), 4.40 (ddd, J = 9.9, 5.0, 2.9 Hz, 1H, H-4);
13C NMR (100 MHz, CDCls) 6 166.2, 165.8, 165.3, 163.8, 142.0, 133.7, 133.5, 133.2,
132.1, 130.0, 130.0, 129.9, 129.7, 128.9, 128.8, 128.6, 128.5, 128.2, 95.2, 93.1, 73.4,
73.0, 71.0, 69.2, 62.8; HRMS (ESI) m/z Calcd for C41H31011Nal [M + Na]* 849.0809,
found 849.0809.

Phenyl 2,3,4,6-tetra-O-benzoyl-p-D-glucopyranoside (30)

BzO O
BzO o
OBz Sc(OTf); (0.1 equiv ¢}

AMm
v~ 5 AMS o8z

20 CH,Cl, (0.05 M), rt
MeO OMe 30 78%

Supplementary Fig. 28 | Synthesis of 3o.

Following the procedure for 3a, 20 (11.3 mg, 0.12 mmol, 1.5 equiv) was transformed
into 30 (43.1 mg, 64 pumol, 78%) as a colorless syrup after purification by silica gel
column chromatography (hexane:EtOAc = 4:1). *H NMR (400 MHz, CDCls) ¢ 8.04 (d,
J = 7.0 Hz, 2H), 8.00 — 7.91 (m, 4H), 7.87 (d, J = 8.3 Hz, 2H), 7.61 — 7.55 (m, 1H),
7.55 — 7.49 (m, 2H), 7.48 — 7.28 (m, 9H), 7.21 — 7.14 (m, 2H), 7.06 — 6.98 (m, 3H),
6.00 (t, J = 9.5 Hz, 1H), 5.82 (dd, J = 9.6, 7.8 Hz, 1H), 5.72 (t, J = 9.6 Hz, 1H), 5.41 (d,
J=7.8Hz, 1H), 4.69 (dd, J = 12.1, 3.0 Hz, 1H), 4.54 (dd, J = 12.0, 6.6 Hz, 1H), 4.34
(ddd, J = 9.8, 6.6, 3.0 Hz, 1H). The data are identical with the literature.?3
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N-(2,3,4,6-Tetra-O-benzoyl--D-glucopyranosyl)-para-methylbenzenesulfonamide

(3p)

OBzZ . HzN)/S//o & SCOTD: 01 ey Bzggé%ﬂ;/s//o
Supplementary Fig. 29 | Synthesis of 3p.
Following the procedure for 3a, 2p (10.3 mg, 60 umol, 1.5 equiv) was transformed into
3p (30.4 mg, 40.5 pumol, 81%) as a colorless syrup after purification by silica gel
column chromatography (toluene:EtOAc = 12:1). *H NMR (400 MHz, CDClIs) § 8.01
(d, J =7.0 Hz, 2H), 7.88 (d, J = 7.0 Hz, 2H), 7.84 (d, J = 8.3 Hz, 2H), 7.80 (d, J = 7.0
Hz, 2H), 7.66 (d, J = 8.4 Hz, 2H), 7.58 — 7.47 (m, 4H), 7.44 — 7.32 (m, 8H), 6.94 (d, J
= 8.2 Hz, 2H), 5.97 (t, J = 9.6 Hz, 1H), 5.86 (d, J = 9.3 Hz, 1H), 5.61 (t, J = 9.8 Hz,
1H), 5.33 (t, J = 9.5 Hz, 1H), 5.14 (t, J = 9.3 Hz, 1H), 4.45 (dd, J = 12.2, 3.0 Hz, 1H),
4.36 (dd, J = 12.2, 4.9 Hz, 1H), 4.18 (ddd, J = 10.0, 4.9, 3.0 Hz, 1H), 2.17 (s, 3H). The

data are identical with the literature.?*

para-Tolyl 2,3,4,6-0-benzoyl-1-thio--D-glucopyranoside (3q)

0
BzQ
ZBQ&N\ o 0Bz
OBz Hs Sc(OTf)3 (0.1 equiv) BZzO ¢} s@-
,< >_ S Ns .1 eQU
* 5AMS Bz0

CH,ClI, (0.05 M), rt
MeO OMe 2q 39 69%

Supplementary Fig. 30 | Synthesis of 3q.
Following the procedure for 3a, 2q (7.5 mg, 75 umol, 1.5 equiv) was transformed into
39 (24.1 mg, 34.5 umol, 69%) as a colorless syrup after purification by silica gel
column chromatography (toluene:EtOAc = 20:1). *H NMR (400 MHz, CDCls) § 8.05
(d, J = 6.9 Hz, 2H), 7.98 (d, J = 7.0 Hz, 2H), 7.90 (d, J = 7.0 Hz, 2H), 7.80 (d, J = 7.0
Hz, 2H), 7.62 — 7.32 (m, 12H), 7.29 — 7.24 (m, 3H), 6.94 (d, J = 7.9 Hz, 2H), 5.90 (t, J
= 9.5 Hz, 1H), 5.60 (t, J = 9.8 Hz, 1H), 5.46 (t, J = 9.7 Hz, 1H), 4.99 (d, J = 10.0 Hz,
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1H), 4.69 (dd, J = 12.2, 2.8 Hz, 1H), 4.48 (dd, J = 12.2, 5.7 Hz, 1H), 4.18 (ddd, J =
10.0, 5.7, 2.8 Hz, 1H), 2.28 (s, 3H). The data are identical with the literature.®

Octyl 2,3,4,6-tetra-O-benzoyl-1-thio-p-D-glucopyranoside (3r)

OBz

oBz ©
z Sc(OTf); (0.1 equiv)
+ (o)
o) /\/\/\/\ ——————————————————> BzO S
= SH 5AMS BzO A
MeO N OMe
2r
o o

CH,Cl, (0.05 M), 1t 0Bz

3r 64%
1a

Supplementary Fig. 31 | Synthesis of 3r.

Following the procedure for 3a, 2r (11.9 uL, 75 umol, 1.5 equiv) was transformed into
3q (23.2 mg, 32.0 umol, 64%) as a colorless syrup after purification by silica gel
column chromatography (hexane:EtOAc = 9:1). [¢]5 = +13.0 (¢ = 1.0, CHCIs3); tH NMR
(400 MHz, CDCls) § 8.02 (d, J = 6.9 Hz, 2H), 7.95 (d, J = 6.9 Hz, 2H), 7.90 (d, J = 6.9
Hz, 2H), 7.82 (d, J = 7.0 Hz, 2H), 7.56 — 7.46 (m, 3H), 7.44 — 7.32 (m, 7H), 7.29 — 7.25
(M, 2H), 5.93 (t, J = 9.5 Hz, 1H), 5.67 (t, J = 9.8 Hz, 1H), 5.56 (t, J = 9.7 Hz, 1H), 4.85
(d, J =10.0 Hz, 1H, H-1), 4.63 (dd, J = 12.2, 3.1 Hz, 1H, H-6), 4.50 (dd, J = 12.2, 5.4
Hz, 1H, H-6"), 4.18 (ddd, J = 10.0, 5.5, 3.1 Hz, 1H, H-5), 2.81 — 2.65 (M, 2H, SCH,-),
1.61 — 1.54 (m, 2H), 1.30 — 1.17 (m, 10H), 0.86 (t, J = 7.0 Hz, 3H); 3C NMR (100
MHz, CDCls) ¢ 166.2, 166.0, 165.4, 165.3, 133.6, 133.41, 133.36, 133.3, 130.01,
129.97, 129.9, 129.8, 129.4, 129.0, 128.9, 128.6, 128.5, 128.4, 84.2, 76.5, 74.3, 70.8,
69.8, 63.5, 31.9, 30.3, 29.8, 29.3, 29.2, 28.9, 22.8, 14.2; HRMS (ESI) m/z Calcd for
C42Haa09SNa [M + Na]* 747.2604, found 747.2625.
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Section 4. Strain-release glycosylation with 1b-h as the donors.

1-Adamantyl 2',3',4',6'-tetra-O-benzoyl-p-D-galactopyranoside (3ba)

BzO _OBz
BzO 2 OH BzO _OBz
OBz o Sc(OTf)3 (0.1 equiv) o)
d * 5AMS BzO o
CH,Cl, (0.05 M), rt OBz
MeO N OMe

3ba 92%
Nu'

1b
Supplementary Fig. 32 | Synthesis of 3ba.
Following the procedure for 3a, Nu? (7.6 mg, 50 umol, 1.0 equiv) was transformed into
3ba (33.7 mg, 46 umol, 92%) as a white foam after purification by silica gel column
chromatography (hexane:EtOAc = 7:1). *H NMR (400 MHz, CDCls) 6 8.12 (d, J = 7.7
Hz, 2H), 8.04 (d, J = 7.8 Hz, 2H), 7.96 (d, J = 7.8 Hz, 2H), 7.79 (d, J = 7.8 Hz, 2H),
7.65 — 7.34 (m, 10H), 7.26 — 7.20 (m, 2H), 5.97 (d, J = 3.5 Hz, 1H), 5.78 (dd, J = 10.3,
7.9 Hz, 1H), 5.61 (dd, J = 10.3, 3.5 Hz, 1H), 5.10 (d, J = 7.9 Hz, 1H), 4.61 (dd, J = 11.4,
7.7 Hz, 1H), 4.47 (dd, J = 11.5, 5.4 Hz, 1H), 4.33 (t, J = 6.6 Hz, 1H), 2.04 (s, 3H), 1.85
(d, J = 11.9 Hz, 3H), 1.70 (d, J = 13.1 Hz, 4H), 1.54 (q, J = 13.0, 12.6 Hz, 6H). The

data are identical with the literature.?®

Phenyl 6-0-(2,3,4,6-tetra-O-benzoyl--D-galactopyranosyl)-2,3,4-tri-O-benzoyl-1-

thio-B-D-glucopyranoside (3bb)

BzO _OBz
o)
BzO o OH Bz0 OBz
OBz . (o]
5 4 BZO/&/SPh Sc(0Tf); (0.1 equiv) BzO o
Bz0 5AMS 0Bz BzQ O _sph
MeO <_ _OMe Bz0 CH,Cl, (0.05 M), rt BzO
2 BzO
Nu 3bb 88%

Supplementary Fig. 33 | Synthesis of 3bb.
Following the procedure for 3a, Nu? (29.2 mg, 50 umol, 1.0 equiv) was transformed
into 3bb (51.1 mg, 44 umol, 88%) as a colorless syrup after purification by silica gel
column chromatography (toluene:EtOAc = 20:1). *H NMR (400 MHz, CDCls) § 8.10
—8.02 (M, 4H), 8.00 — 7.91 (m, 4H), 7.86 — 7.78 (m, 4H), 7.75 (d, J = 7.8 Hz, 2H), 7.65
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—7.31 (m, 23H), 7.27 — 7.24 (m, 3H), 5.98 (d, J = 3.4 Hz, 1H), 5.85 — 5.76 (m, 2H),
5.56 (dd, J = 10.4, 3.3 Hz, 1H), 5.39 — 5.24 (m, 2H), 4.98 (d, J = 8.1 Hz, 1H), 4.92 (d,
J=10.0 Hz, 1H), 4.59 (dd, J = 11.4, 6.5 Hz, 1H), 4.40 (dd, J = 11.4, 6.5 Hz, 1H), 4.24
(t, J=6.6 Hz, 1H), 4.10 — 4.02 (m, 2H), 3.98 (dd, J = 12.2, 7.7 Hz, 1H). The data are

identical with the literature.28

ortho-lodobenzoyl 2,3,4,6-tetra-O-benzoyl-p-D-galactopyranoside (3bc)

BzO OBz

ééw
BzO o

BzO OBz
Sc(OTf)3 (0.1 equiv)
0Bz + HO N o
o %@ 5AMS B20 ©
o |

K | CH,ClI, (0.05 M), rt OBz
MeO N OMe

Nu? 3bc 89%

Supplementary Fig. 34 | Synthesis of 3bc.
Following the procedure for 3a, Nu® (18.6 mg, 75 umol, 1.5 equiv) was transformed
into 3bc (36.6 mg, 44.5 umol, 89%) as a colorless syrup after purification by silica gel
column chromatography (CHCIs:EtOAc = 100:1 to 30:1). [«]5 = +109.2 (¢ = 1.0,
CHCl3); *H NMR (400 MHz, CDCls) 6 8.11 (d, J = 7.0 Hz, 2H), 8.03 (d, J = 7.0 Hz,
2H), 8.00 — 7.91 (m, 4H), 7.81 (d, J = 7.2 Hz, 2H), 7.63 (t, J = 7.5 Hz, 1H), 7.55 (t, J =
7.4 Hz, 1H), 7.52 — 7.32 (m, 9H), 7.30 — 7.23 (m, 3H), 7.15 (td, J = 7.7, 1.7 Hz, 1H),
6.33 (d, J = 8.3 Hz, 1H, H-1), 6.14 — 6.03 (m, 2H, H-2&H-4), 5.77 (dd, J = 10.3, 3.4
Hz, 1H, H-3), 4.68 (dd, J = 11.0, 6.5 Hz, 1H, H-6), 4.58 (td, J = 6.4, 1.2 Hz, 1H, H-5),
4.47 (dd, J = 11.1, 6.3 Hz, 1H, H-6"); *3C NMR (100 MHz, CDCls) ¢ 166.1, 165.6,
165.5, 164.0, 141.9, 133.8, 133.7, 133.5, 133.4, 132.5, 132.0, 130.2, 130.01, 129.97,
129.9, 129.5, 129.1, 129.0, 128.80, 128.78, 128.62, 128.58, 128.5, 128.2, 95.1, 93.4,
72.7, 71.8, 68.9, 68.0, 61.9; HRMS (ESI) m/z Calcd for CaiHz01Nal [M + Na]*
849.0809, found 849.0809.

1-Adamantyl 2',3',4',6'-tetra-O-benzoyl-a-D-mannopyranoside (3ca)
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BzO— o8Bz BzO— oy
.0
: BzO
o Sc(OTf)3 (0.1 equiv)
. o)
0y~ 5 A MS, CH,CI, (0.05 M)
MeO __OMe t

Nu'

o ¢}

3ca 98%

Supplementary Fig. 35 | Synthesis of 3ca.

Following the procedure for 3a, Nu? (7.6 mg, 50 umol, 1.0 equiv) was transformed into
3ca (35.7 mg, 49 umol, 98%) as a white foam after purification by silica gel column
chromatography (hexane:EtOAc = 7:1). *H NMR (400 MHz, CDCls) ¢ 8.14 — 8.06 (m,
4H), 7.99 (d, J = 7.0 Hz, 2H), 7.86 (d, J = 7.0 Hz, 2H), 7.62 — 7.48 (m, 3H), 7.47 — 7.35
(m, 7H), 7.30 — 7.25 (m, 3H), 6.10 — 5.94 (m, 2H), 5.57 — 5.50 (m, 2H), 4.70 — 4.61 (m,
2H), 4.49 (dd, J = 12.5, 6.0 Hz, 1H), 2.17 — 2.10 (m, 3H), 1.92 (d, J = 4.0 Hz, 6H), 1.61
(q,J=12.5,12.0 Hz, 6H). The data are identical with the literature.?’

Phenyl 6-0-(2,3,4,6-tetra-O-benzoyl-a-D-mannopyranosyl)-2,3,4-tri-O-benzoyl-1-
thio-B-D-glucopyranoside (3¢b)

BzO—_ 0By BzO— o8z
BzO R BzO O
BzO HO . BzO
o) . Sc(OTf)3 (0.1 equiv)
o 5 A MS, CH,Cl, (0.05 M) BzO O spn
= z0

B BzO 1t B
MeO N OMe BzO

Nu? 3cbh 97%

1c
Supplementary Fig. 36 | Synthesis of 3cb.
Following the procedure for 3a, Nu? (59.2 mg, 50 umol, 1.0 equiv) was transformed
into 3cb (56.2 mg, 48.5 umol, 97%) as a colorless syrup after purification by silica gel
column chromatography (toluene:EtOAc = 25:1). [a]5 = +15.0 (c = 1.0, CHCI3); H
NMR (400 MHz, CDCls) 6 8.13 (d, J = 7.0 Hz, 2H), 8.04 (d, J = 6.9 Hz, 2H), 7.99 (d,
J=7.0 Hz, 2H), 7.95 (d, J = 7.0 Hz, 2H), 7.90 (d, J = 6.9 Hz, 2H), 7.85 (d, J = 7.0 Hz,
2H), 7.81 (d, J = 7.0 Hz, 2H), 7.63 — 7.24 (m, 28H), 6.13 (t, J = 10.1 Hz, 1H), 6.02 —
5.93 (m, 2H), 5.79 (dd, J = 3.4, 1.7 Hz, 1H, H-2-manno), 5.58 — 5.49 (m, 2H), 5.19 —
5.12 (m, 2H, H-1-manno&H-1-gluco), 4.65 (dd, J = 12.1, 2.4 Hz, 1H, H-6-manno),

4.59 (ddd, J =10.1,4.5, 2.4 Hz, 1H, H-5-manno), 4.41 (dd, J =12.1, 4.4 Hz, 1H, H-6'-
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manno), 4.25 (ddd, J =9.6, 7.1, 1.9 Hz, 1H, H-5-gluco), 4.16 (dd, J = 10.6, 7.1 Hz, 1H,
H-6-gluco), 3.82 (dd, J = 10.7, 2.0 Hz, 1H, H-6"-gluco); 3C NMR (100 MHz, CDCls)
0166.1, 165.9, 165.6, 165.5, 165.44, 165.41, 165.2, 133.7, 133.6, 133.43, 133.36, 133.3,
133.2, 131.9, 130.1, 130.01, 129.97, 129.96, 129.93, 129.89, 129.44, 129.35, 129.34,
129.27, 129.0, 128.9, 128.7, 128.63, 128.61, 128.51, 128.46, 128.43, 128.41, 128.3,
97.7,87.0,74.3,70.6, 70.31, 70.26, 69.5, 69.2, 67.2, 66.7, 62.7; HRMS (ESI) m/z Calcd
for Ce7H54017NaS [M + Na]* 1185.2979, found 1185.2968.

ortho-Iodobenzoyl 2,3,4,6-tetra-O-benzoyl-o-D-mannopyranoside (3cc)

BzO

OBz
BzO &m% BzO 0Bz
Bz0 o . HO SC(OThH3 (0.1 equiv) Bzgzo%&)
Sl O o; ,; 5 A MS, CH,CI, (0.05 M) e}
MeO __OoMe n O%@

Nu? :
3cc 96%

Supplementary Fig. 37 | Synthesis of 3cc.
Following the procedure for 3a, Nu® (18.6 mg, 75 umol, 1.5 equiv) was transformed
into 3cc (39.8 mg, 48 umol, 96%) as a colorless syrup after purification by silica gel
column chromatography (hexane:EtOAc = 5:1). [a]5=-28.4 (c = 1.0, CHCI3); *H NMR
(400 MHz, CDCl3) 6 8.14 — 8.06 (m, 5H), 7.99 — 7.93 (m, 3H), 7.85 (d, J = 7.0 Hz, 2H),
7.66 — 7.49 (m, 4H), 7.46 — 7.33 (m, 7H), 7.30 — 7.25 (m, 3H), 6.65 (d, J = 1.9 Hz, 1H,
H-1), 6.26 (t, J = 10.1 Hz, 1H, H-4), 6.11 (dd, J = 10.2, 3.3 Hz, 1H, H-3), 5.95 (dd, J =
3.3, 2.0 Hz, 1H, H-2), 4.74 (dd, J = 12.2, 2.6 Hz, 1H, H-6), 4.67 (dt, J = 10.1, 3.2 Hz,
1H, H-5), 4.52 (dd, J = 12.2, 4.0 Hz, 1H, H-6'); 13C NMR (100 MHz, CDCls) J 166.2,
165.7,165.4, 165.3, 164.1, 141.8, 134.2, 133.8, 133.7, 133.6, 133.5, 133.2, 131.8, 130.1,
129.94,129.89, 129.1, 128.92, 128.89, 128.8, 128.6, 128.5, 128.4,94.3,92.2, 71.6, 70.0,
69.3, 66.3, 62.6; HRMS (ESI) m/z Calcd for C41H31011Nal [M + Na]* 849.0809, found
849.0809.

1-Adamantyl 3',4',6'-tri-O-acetyl-2'-deoxy-2'-phthalimido-B-D-glucopyranoside
(3da)
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OAc
o)
AcO OH
CAQ&/O OAc
PhthN g } . Sc(OTf); (0.1 equiv) AcO o] o
S 5A MS AcO
MeO OMe CH,Cl, (0.05 M), rt PhthN
o) 0 Nu'

3da 98%

1d

Supplementary Fig. 38 | Synthesis of 3da.
Following the procedure for 3a, Nu? (7.6 mg, 50 umol, 1.0 equiv) was transformed into
3da (27.9 mg, 49 umol, 98%) as a white foam after purification by silica gel column
chromatography (hexane:EtOAc = 3:1). 'H NMR (400 MHz, CDCls3) ¢ 7.85 (dd, J =
5.4, 3.1 Hz, 2H), 7.73 (dd, J = 5.5, 3.0 Hz, 2H), 5.84 (dd, J = 10.7, 9.0 Hz, 1H), 5.56
(d, J = 8.4 Hz, 1H), 5.10 (dd, J = 10.1, 9.0 Hz, 1H), 4.35 — 4.24 (m, 2H), 4.11 (dd, J =
12.0, 2.5 Hz, 1H), 3.87 (ddd, J = 10.2, 5.7, 2.5 Hz, 1H), 2.07 (s, 3H), 2.02 (d, J = 4.3
Hz, 6H), 1.84 (s, 3H), 1.72 — 1.67 (m, 3H), 1.56 — 1.45 (m, 9H). The data are identical

with the literature.®

Phenyl 6-0-(3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl)-2,3,4-

tri-O-benzoyl-1-thio-B-D-glucopyranoside (3db)

o o OAc

AcO OH o
) AcO
PhthN _ . BZO/&/S% Sc(OTf)s (0.1 equiv)  ACQ o
Bz0 5AMS PhthN  BzQ O _sph
MeO OMe BzO CH,Cl, (0.05 M), rt Bz0
Nu? BzO
5 o u 3db 87%

Supplementary Fig. 39 | Synthesis of 3db.
Following the procedure for 3a, Nu? (29.2 mg, 50 umol, 1.0 equiv) was transformed
into 3db (46.7 mg, 43.5 umol, 87%) as a colorless syrup after purification by silica gel
column chromatography (toluene:EtOAc = 7:1 to 6:1). [a]> = +27.2 (c = 1.0, CHCls);
IH NMR (400 MHz, CDCls) § 7.83 (d, J = 7.0 Hz, 2H), 7.73 (d, J = 9.8 Hz, 2H), 7.64
(d, J=8.4 Hz, 2H), 7.53 (dd, J = 5.6, 2.9 Hz, 2H), 7.46 — 7.39 (m, 2H), 7.34 — 7.24 (m,
12H), 7.15 (t, J = 7.8 Hz, 2H), 5.75 — 5.63 (m, 2H), 5.45 (d, J = 8.5 Hz, 1H, H-1-
glucosamino), 5.28 -5.14 (m, 2H), 5.07 (dd, J = 10.1, 9.1 Hz, 1H), 4.79 (d, J = 10.0 Hz,

1H, H-1-gluco), 4.29 (dd, J = 10.7, 8.5 Hz, 1H, H-2-glucosamino), 4.18 (dd, J = 12.3,
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4.8 Hz, 1H, H-6-glucosamino), 4.02 (dd, J =12.3, 2.3 Hz, 1H, H-6'-glucosamino), 3.98
—3.89 (m, 2H, H-5-glucosamino&H-6-gluco), 3.77 — 3.66 (m, 2H, H-5-gluco&H-6'-
gluco), 1.99 — 1.93 (m, 6H), 1.79 (s, 3H); 3C NMR (100 MHz, CDCls) 6 170.8, 170.2,
169.6, 165.8, 165.3, 165.0, 134.1, 133.6, 133.4, 133.3, 132.6, 132.2, 129.90, 129.87,
129.8, 129.3, 129.1, 129.0, 128.8, 128.70, 128.66, 128.6, 128.5, 128.4, 128.3, 128.2,
123.7, 98.5, 85.9, 74.2, 72.0, 71.0, 70.4, 69.6, 69.3, 69.0, 62.0, 54.6, 20.8, 20.7, 20.5;
HRMS (ESI) m/z Calcd for Cs3Hsa7017NNaS [M + Na]* 1024.2462, found 1024.2476.

ortho-Iodobenzoyl 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-f-D-glucopyranoside

(3dc)
OAc oA
C
AcQ % o HO 0
AcO Sc(OTf)3 (0.1 equiv) Acg o I}
PhthN A > C
oy~ N 5AMS PhthN
CH,Cl, (0.05 M), rt 0"
MeO OMe Nud ade 755
o
o o

Supplementary Fig. 40 | Synthesis of 3dc.

Following the procedure for 3a, Nu?® (18.6 mg, 75 umol, 1.5 equiv) was transformed
into 3dc (24.9 mg, 37.5 umol, 75%) as a colorless syrup after purification by silica gel
column chromatography (hexane:EtOAc = 2:1). [a]5 = +29.5 (¢ = 1.0, CHCls3); tH NMR
(400 MHz, CDCl3) 6 7.91 (dd, J = 7.9, 1.2 Hz, 1H), 7.84 (dd, J = 5.5, 3.1 Hz, 2H), 7.79
(dd,J=7.8,1.7 Hz, 1H), 7.71 (dd, J = 5.5, 3.1 Hz, 2H), 7.35 (td, J = 7.6, 1.2 Hz, 1H),
7.11 (td, J=7.7,1.7 Hz, 1H), 6.74 (d, J = 8.9 Hz, 1H, H-1), 5.98 (dd, J = 10.6, 9.1 Hz,
1H), 5.27 (dd, J = 10.2, 9.1 Hz, 1H), 4.64 (dd, J = 10.6, 8.8 Hz, 1H, H-2), 4.41 (dd, J =
12.5, 4.4 Hz, 1H, H-6), 4.18 (dd, J = 12.4, 2.2 Hz, 1H, H-6'), 4.11 (ddd, J = 10.2, 4.4,
2.2 Hz, 1H, H-5), 2.11 (s, 3H), 2.05 (s, 3H), 1.88 (s, 3H); *C NMR (100 MHz, CDCls)
0 170.8, 170.2, 169.7, 167.6, 163.6, 141.9, 134.6, 133.6, 132.6, 131.9, 131.4, 128.2,
124.0,94.8,90.8, 72.9, 70.6, 68.5, 61.7, 53.7, 20.9, 20.8, 20.6; HRMS (ESI) m/z Calcd
for C27H24011NNal [M + Na]* 688.0292, found 688.0281.

1-Adamantyl 2',3',4'-tri-O-benzoyl-p-D-xylopyranoside (3ea)
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BzO

0 OH
BzO o
OBz Sc(OTf)3 (0.1 equiv) o
" —_—— BzO I6)
o] 5AMS BzO
CH,Cl, (0.05 M), rt OBz
MeO N OMe
Nu'
0O O
1e

3ea 85%

Supplementary Fig. 41 | Synthesis of 3ea.

Following the procedure for 3a, Nu? (7.6 mg, 50 umol, 1.0 equiv) was transformed into
3ea (25.3 mg, 42.5 umol, 85%) as a white foam after purification by silica gel column
chromatography (hexane:EtOAc = 7:1). [a]5 = —9.6 (¢ = 1.0, CHCIs); *H NMR (400
MHz, CDCl3) 6 8.04 — 7.94 (m, 6H), 7.56 — 7.46 (m, 3H), 7.41 — 7.32 (m, 6H), 5.78 (t,
J=7.8Hz, 1H, H-3'), 5.37 — 5.26 (m, 2H, H-2'&H-4"), 5.14 (d, J = 6.0 Hz, 1H, H-1'),
4.45 (dd, J =12.0, 4.6 Hz, 1H, H-5'), 3.65 (dd, J = 12.0, 7.8 Hz, 1H, H-5"), 2.17 — 2.08
(m, 3H), 1.89 —1.80 (m, 3H), 1.72 (dt, J = 11.5, 3.2 Hz, 3H), 1.57 (dd, J = 12.4, 8.8 Hz,
6H); *C NMR (100 MHz, CDCls) ¢ 165.7, 165.2, 133.44, 133.36, 133.2, 130.02,
130.00, 129.9, 129.7, 129.5, 129.4, 128.6, 128.5, 93.7, 75.6, 71.4,71.2,69.7, 61.5, 42.6,
36.3, 30.7.0; HRMS (ESI) m/z Calcd for CzsH3sOsNa [M + Na]* 619.2308, found
619.2305.

Phenyl 6-0-(2,3,4-tri-O-benzoyl-p-D-xylopyranosyl)-2,3,4-tri-O-benzoyl-1-thio-p-

D-glucopyranoside (3eb)

BzO 0
BzO OH
OBz 0 (0]
. B0 o Sc(OTH); (0.1 equiv) Bzgzgm/o
[t B 2 S b VY

v~ Bz0 SPh 5AMS 0Bz BZO&/S%

Moo S ome BzO CH,Cl, (0.05 M), rt B20 AN
Nu? o
I 3eb 92%

Supplementary Fig. 42 | Synthesis of 3eb.
Following the procedure for 3a, Nu? (29.2 mg, 50 umol, 1.0 equiv) was transformed
into 3eb (47.3 mg, 46 umol, 92%) as a colorless syrup after purification by silica gel
column chromatography (toluene:EtOAc = 30:1). [a]5 = -5.5 (¢ = 1.0, CHCls); H
NMR (400 MHz, CDCl3) & 8.05 — 7.95 (m, 8H), 7.89 (d, J = 7.0 Hz, 2H), 7.75 (d, J =
8.2 Hz, 2H), 7.56 — 7.25 (m, 26H), 5.85 (t, J = 9.5 Hz, 1H), 5.72 (t, J = 6.6 Hz, 1H, H-
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3-xylo), 5.50 — 5.40 (m, 2H), 5.37 (dd, J = 6.6, 4.9 Hz, 1H, H-2-xylo), 5.23 (td, J = 6.3,
3.9 Hz, 1H, H-4-xylo), 4.99 — 4.91 (m, 2H, H-1-gluco&H-1-xylo), 4.40 (dd, J = 12.3,
4.0 Hz, 1H, H-5-xylo), 4.10 — 4.00 (m, 2H, H-5-gluco&H-6-gluco), 3.94 — 3.86 (m, 1H,
H-6'-gluco), 3.68 (dd, J = 12.3, 6.2 Hz, 1H, H-5'-gluco); 3C NMR (100 MHz, CDCls)
0165.9, 165.7, 165. 5, 165.3, 165.23, 165.16, 133.6, 133.5, 133.4, 133.3, 131.6, 130.1,
130.02, 129.98, 129.97, 129.9, 129.44, 129.40, 129.38, 129.3, 129.19, 129.16, 129.1,
128.9, 128.7, 128.6, 128.5, 128.44, 128.35, 125.4, 100.1, 86.4, 78.3, 74.4, 70.8, 69.9,
69.4, 69.0, 68.0, 60.9; HRMS (ESI) m/z Calcd for CsoHgO15NaS [M + Na]* 1051.2612,
found 1051.2607.

ortho-Iodobenzoyl 2,3,4-tri-O-benzoyl-B-D-xylopyranoside (3ec)

BzO O
BzO o
OBz HO Sc(0Tf); (0.1 equiv) BZ%M/O
. _— e =
. Do S SANS e >
I CH,Cl, (0.05 M), rt o |
MeO oM Nu? 3ec 79%
0
o o

1e

Supplementary Fig. 43 | Synthesis of 3ec.

Following the procedure for 3a, Nu® (18.6 mg, 75 umol, 1.5 equiv) was transformed
into 3ec (27.5 mg, 39.5 umol, 79%) as a colorless syrup after purification by silica gel
column chromatography (hexane:EtOAc = 5:1). [a]5=—7.9 (c = 1.0, CHCI3); *H NMR
(400 MHz, CDCls) 6 8.06 — 7.94 (m, 7H), 7.85 (dd, J = 7.8, 1.7 Hz, 1H), 7.59 — 7.50
(m, 3H), 7.41 - 7.28 (m, 7H), 7.17 (td, J = 7.6, 1.7 Hz, 1H), 6.40 (d, J = 4.4 Hz, 1H, H-
1), 5.82 (t, J = 5.9 Hz, 1H, H-3), 5.60 (dd, J = 5.9, 4.5 Hz, 1H, H-2), 5.37 (td, J = 5.6,
3.6 Hz, 1H, H-4), 4.58 (dd, J = 12.7, 3.6 Hz, 1H, H-5), 4.02 (dd, J = 12.7, 5.4 Hz, 1H,
H-5"); *C NMR (100 MHz, CDCls) ¢ 165.7, 165.2, 165.1, 164.3, 141.8, 133.7, 133.6,
133.5,133.4,131.6,130.2,130.12, 130.06, 129.2, 129.1, 129.0, 128.59, 128.58, 128.56,
128.1, 94.8, 92.7, 68.9, 68.5, 68.1, 62.1; HRMS (ESI) m/z Calcd for Cs3H2s09Nal [M
+ Na]* 715.0441, found 715.0437.

1-Adamantyl 2',3',4'-tri-O-benzoyl-o-L-rhamnopyranoside (3fa)
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Supplementary Fig. 44 | Synthesis of 3fa.

Following the procedure for 3a, Nu? (7.6 mg, 50 umol, 1.0 equiv) was transformed into
3fa (26.9 mg, 44 umol, 88%) as a white foam after purification by silica gel column
chromatography (hexane:EtOAc = 9:1). *H NMR (400 MHz, CDCls3) 6 8.12 (d, J = 6.9
Hz, 2H), 8.00 (d, J = 7.0 Hz, 2H), 7.84 (d, J = 6.9 Hz, 2H), 7.60 (t, J = 7.4 Hz, 1H),
7.55 — 7.46 (m, 3H), 7.45 — 7.35 (m, 3H), 7.30 — 7.23 (m, 3H), 5.90 (dd, J = 10.1, 3.4
Hz, 1H), 5.66 (t, J = 10.0 Hz, 1H), 5.47 (dd, J = 3.4, 1.9 Hz, 1H), 5.43 (d, J = 1.9 Hz,
1H), 4.38 (dg, J = 9.6, 6.3 Hz, 1H), 2.23 — 2.16 (m, 3H), 1.96 — 1.86 (m, 6H), 1.66 (d,
J=3.2 Hz, 6H), 1.32 (d, J = 6.3 Hz, 3H). The data are identical with the literature.?®

Phenyl  6-0-(2,3,4-tri-O-benzoyl-a-L-rhamnopyranosyl)-2,3,4-tri-O-benzoyl-1-
thio-B-D-glucopyranoside (3fb)

OH

o o
BzO + B0 o Sc(OTf); (0.1 equiv) o)
_— >
SPh
SR Bz0 5AMS 07 B0 0
{_ _OMe

MeO BzO CH,Cl, (0.05 M), 1t BZO BzO
BzO BzO

2
Nu OBz 31 889

(¢] o
1f

Supplementary Fig. 45 | Synthesis of 3fb.
Following the procedure for 3a, Nu? (29.2 mg, 50 umol, 1.0 equiv) was transformed
into 3fb (45.8 mg, 44 umol, 88%) as a colorless syrup after purification by silica gel
column chromatography (toluene:EtOAc = 50:1). [a]5 = +55.2 (¢ = 1.0, CHCI3); *H
NMR (400 MHz, CDCls) & 8.09 (d, J = 9.7 Hz, 2H), 8.02 — 7.95 (m, 6H), 7.86 — 7.80
(m, 4H), 7.61 (t, J = 7.5 Hz, 1H), 7.56 — 7.34 (m, 17H), 7.31 — 7.23 (m, 6H), 5.95 (t, J
=9.5 Hz, 1H), 5.81 (dd, J = 10.1, 3.5 Hz, 1H, H-3-rhamno), 5.75 (dd, J = 3.5, 1.7 Hz,
1H, H-2-rhamno), 5.64 (t, J = 9.9 Hz, 1H, H-4-rhanmo), 5.57 — 5.48 (m, 2H), 5.14 —
5.08 (m, 2H, H-1-gluco&H-1-rhamno), 4.24 — 4.12 (m, 2H, H-5-rhamno&H-5-gluco),
3.99 (dd, J = 11.7, 2.3 Hz, 1H, H-6-gluco), 3.89 (dd, J = 11.7, 6.6 Hz, 1H, H-6'-gluco),
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1.27 (d, J = 6.2 Hz, 3H); 3C NMR (100 MHz, CDCls) 6 165.92, 165.90, 165.5, 165.4,
165.2, 133.7, 133.6, 133.4, 133.3, 133.2, 131.9, 130.04, 130.02, 129.90, 129.88, 129.8,
129.6, 129.42, 129.38, 129.3, 129.1, 128.92, 128.85, 128.72, 128.69, 128.6, 128.5,
128.40, 128.37, 98.4, 86.5, 78.1, 74.4, 71.9, 70.7, 70.6, 70.1, 69.7, 67.3, 67.1, 17.7;
HRMS (ESI) m/z Calcd for CeoHsoO1sNaS [M + Na]* 1065.2763, found 1065.2768.

ortho-lodobenzoyl 2,3,4-tri-O-benzoyl-a-L-rhamnopyranoside (3fc)

o
BZOW HO Sc(OTs (0.1 equiv) o
Se(OThs (0.1 equiv).
BzO o * > Q 5AMS o
OBz S [e]
S oMe ! CHyCl, (0.05 M), it BZO o’

MeO
3 BzO
Nu 0Bz 3fc 84%
o o

1%
Supplementary Fig. 46 | Synthesis of 3fc.

Following the procedure for 3a, Nu® (18.6 mg, 75 umol, 1.0 equiv) was transformed
into 3fc (29.6 mg, 42 umol, 84%) as a colorless syrup after purification by silica gel
column chromatography (hexane:EtOAc = 7:1). [a]5 = +69.2 (¢ = 1.0, CHCI3); H
NMR (400 MHz, CDCls) 6 8.13 (d, J = 6.9 Hz, 2H), 8.09 (dd, J = 8.0, 1.1 Hz, 1H), 8.00
—7.94 (m, 3H), 7.83 (d, J = 7.0 Hz, 2H), 7.64 (t, J = 7.5 Hz, 1H), 7.56 — 7.49 (m, 4H),
7.44 (t, J = 7.5 Hz, 1H), 7.39 (t, J = 7.8 Hz, 2H), 7.30 — 7.23 (m, 4H), 6.56 (d, J = 1.9
Hz, 1H, H-1), 6.03 (dd, J = 10.2, 3.5 Hz, 1H, H-3), 5.90 (dd, J = 3.5, 1.9 Hz, 1H, H-2),
5.79 (t, J = 10.0 Hz, 1H, H-4), 4.42 (dg, J = 9.7, 6.2 Hz, 1H, H-5), 1.42 (d, J = 6.2 Hz,
3H, H-6); 3C NMR (100 MHz, CDCls) § 165.8, 165.7, 165.5, 164.2, 141.9, 134.3,
133.8, 133.6, 133.5, 133.4, 131.9, 130.2, 129.89, 129.86, 129.23, 129.20, 129.1, 128.8,
128.6, 128.5,128.3, 94.3,92.2, 71.3, 69.9, 69.8, 69.7, 17.8; HRMS (ESI) m/z Calcd for
CasH2709Nal [M + Na]* 729.0597, found 729.0601.

1-Adamantyl 2',3',5'-tri-O-acetyl-B-D-ribofuranoside (3ga)

OH
o AcO
Q Sc(OThs (0.1 equiv) o0
_— e
o * 5AMS
AcO  OAc 5 CH,Cl, (0.05 M), rt
MeO N OMe AcO OAc
1
Nu 3ga 86%
o o

1g

AcO
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Supplementary Fig. 47 | Synthesis of 3ga.
Following the procedure for 3a, Nu! (55 mg, 0.359 mmol, 1.0 equiv) was transformed
into 3ga (151.3 mg, 0.309 mmol, 86%) as a white foam after purification by silica gel
column chromatography (hexane:EtOAc = 4:1). *H NMR (400 MHz, CDCl3) 6 5.39 —
5.32 (m, 2H), 5.09 (dd, J = 4.8, 1.3 Hz, 1H), 4.33 (dd, J = 11.2, 3.9 Hz, 1H), 4.24 — 4.10
(m, 2H), 2.11 (dd, J = 16.0, 4.0 Hz, 11H), 2.05 (s, 3H), 1.82 — 1.75 (m, 3H), 1.71 (dd,
J=10.5, 3.2 Hz, 7H), 1.67 — 1.53 (m, 11H). The data are identical with the literature.?

Phenyl 6-0-(2,3,5-tri-O-acetyl-pB-D-ribofuranosyl)-2,3,4-tri-O-benzoyl-1-thio-f-D-

glucopyranoside (3gb)
AcO o
o OH AcO 0
v Bo o Sc(OTh); (0.1 equiv) o
o Bz0 SPh 5AMS BzO O sph
A0 OAc | I BzO CH,Cly (0.05 M), rt Bz0
MeO OMe Nu? AcO  OAc Bz0
3gb 89%
o o

19
Supplementary Fig. 48 | Synthesis of 3gb.

Following the procedure for 3a, Nu? (29.2 mg, 50 umol, 1.0 equiv) was transformed
into 3gb (37.4 mg, 44.5 umol, 89%) as a colorless syrup after purification by silica gel
column chromatography (toluene:EtOAc = 9:1). [o]5' = +1.0 (¢ = 1.0, CHCI3); *H NMR
(400 MHz, CDCls) 6 7.99 — 7.94 (m, 2H), 7.94 — 7.89 (m, 2H), 7.82 — 7.76 (m, 2H),
7.54 —7.47 (m, 4H), 7.44 — 7.31 (m, 8H), 7.28 — 7.23 (m, 2H), 5.88 (t, J = 9.5 Hz, 1H),
5.52 — 5.40 (m, 2H), 5.37 — 5.27 (M, 2H, H-2-ribo&H-3-ribo), 5.09 (s, 1H, H-1-ribo),
5.04 (d, J =10.0 Hz, 1H, H-1-gluco), 4.32 — 4.23 (m, 2H, H-5-ribo&H-5-gluco), 4.08
(dd, J =12.9, 7.1 Hz, 1H, H-5"-ribo), 4.02 (ddd, J = 9.7, 7.1, 2.2 Hz, 1H, H-4-ribo),
3.92 (dd, J = 11.5, 2.2 Hz, 1H, H-6-gluco), 3.74 — 3.67 (m, 1H, H-6"-gluco), 2.08 (s,
3H), 2.05 (s, 3H), 1.96 (s, 3H); 3C NMR (100 MHz, CDCls) 6 170.6, 169.7, 169.6,
165.9, 165.4, 165.2, 133.6, 133.4, 133.3, 132.7, 132.3, 130.00, 129.95, 129.8, 129.3,
129.2,128.91, 128.86, 128.6, 128.5, 128.44, 128.38, 106.0, 86.3, 78.8, 77.9, 74.8, 74.3,
71.5,70.7,69.6, 67.4, 64.5, 20.8, 20.7, 20.6; HRMS (ESI) m/z Calcd for C44H42015NaS
[M + Na]" 865.2142, found 865.2154.
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ortho-lodobenzoyl 2,3,5-tri-O-acetyl-B-D-ribofuranoside (3gc)

AcO

AcO o
\q\wo HO, S¢(OTf)s (0.1 equiv) o O
_— e
N >—§ >
fo) Io] | 5 AMS
AcO  OAc CH,Cl, (0.05 M), rt o
OMe

MeO N Nu? AcO  OAc
3gc 79%

. o o
Supplementary Fig. 49 | Synthesis of 3gc.
Following the procedure for 3a, Nu? (87 mg, 0.352 mmol, 1.0 equiv) was transformed
into 3gc (93.2 mg, 0.278 mmol, 79%) as a colorless syrup after purification by silica
gel column chromatography (toluene:EtOAc = 9:1). [a]5=—7.2 (c = 1.0, CHCls); *H
NMR (400 MHz, CDCl3) 5 8.00 (d, J = 7.9 Hz, 1H), 7.83 (dd, J = 7.8, 1.8 Hz, 1H), 7.42
(t,J=7.6 Hz, 1H), 7.17 (td, J = 7.6, 1.8 Hz, 1H), 6.39 (s, 1H, H-1), 5.58 — 5.54 (m, 1H,
H-2),5.50 (dd, J=7.2,4.8 Hz, 1H, H-3), 4.44 (ddd, J =7.2, 5.0, 3.4 Hz, 1H, H-4), 4.37
(dd,J=12.2,3.5 Hz, 1H, H-5), 4.16 (dd, J = 12.2, 5.0 Hz, 1H, H-5"), 2.15 (s, 3H), 2.07
(s, 3H), 1.92 (s, 3H); 3C NMR (100 MHz, CDCls) 5 170.6, 169.8, 169.5, 164.3, 141.8,
133.8, 133.5, 131.6, 128.1,99.3,94.4, 79.6, 74.2, 70.5, 63.4, 20.7, 20.61, 20.55; HRMS

m/z CalCd Tor C1gH1909NNa + Na . , Toun . .
(ESI) m/z Calcd for CigH190sNal [M + Na]* 528.9971, found 528.9962

1-Adamantyl 2',3',5'-tri-O-benzoyl-4'-0-(2,3,4,6-tetra-O-benzoyl--D-galactop-
yranosyl)-p-D-glucopyranoside (3ha)

BzO OBz OBz

OH
0 o BzO OBz
BzO 0 . OBz
BzO Sc(0Tf); (0.1 equiv)

OBz (¢] + Pk Sl 2 Sl b VA o o

OBz 5AMS o] o
CH,Cl, (0.05 M), rt 820 Bz0
h Sl IS 2¥2 5 OBz 0Bz
& 1
MeO OMe Nu 3ha 99%
o O

Supplementary Fig. 50 | Synthesis of 3ha.
Following the procedure for 3a, Nu! (7.6 mg, 50 umol, 1.0 equiv) was transformed into
3ha (59.7 mg, 49.5 umol, 99%) as a white foam after purification by silica gel column
chromatography (hexane:EtOAc = 3:1). [a]5'= +40.5 (c = 1.0, CHCI3); *H NMR (400
MHz, CDCls) 6 8.06 — 7.89 (m, 12H), 7.74 (d, J = 6.9 Hz, 2H), 7.66 — 7.45 (m, 8H),
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7.44 —7.27 (m, 9H), 7.21 (t, J = 7.8 Hz, 2H), 7.13 (t, J = 7.7 Hz, 2H), 5.81 (t, J = 9.4
Hz, 1H), 5.78 — 5.70 (m, 2H), 5.48 — 5.37 (m, 2H), 5.00 (d, J = 8.0 Hz, 1H, H-1-gluco),
4.87 (d, J = 7.9 Hz, 1H, H-1-galacto), 4.57 (dd, J = 11.8, 2.0 Hz, 1H, H-6-galacto),
4.46 (dd, J = 11.7, 6.3 Hz, 1H, H-6"-galacto), 4.15 (t, J = 9.5 Hz, 1H), 3.94 (t, J = 6.6
Hz, 1H, H-5-galacto), 3.87 (ddd, J = 9.9, 6.4, 2.0 Hz, 1H, H-5-gluco), 3.75 (dd, J =
11.4, 6.5 Hz, 1H, H-6-gluco), 3.64 (dd, J = 11.4, 6.8 Hz, 1H, H-6'-gluco), 1.99 (s, 3H),
1.76 (d, J = 9.4 Hz, 3H), 1.60 (d, J = 9.3 Hz, 3H), 1.53 (d, J = 12.5 Hz, 3H), 1.45 (d, J
=10.9 Hz, 3H); 3C NMR (100 MHz, CDCls) 6 165.9, 165.7, 165.6, 165.5, 165.3, 165.1,
164.9, 133.7, 133.5, 133.4, 133.3, 133.2, 133.1, 130.1, 129.89, 129.86, 129.81, 129.78,
129.76, 129.71, 129.66, 129.5, 129.0, 128.83, 128.76, 128.7, 128.6, 128.5, 128.44,
128.36, 128.3,101.2,94.2,75.8, 73.5,72.9, 72.0,71.9, 71.5,70.1, 67.7,63.2,61.3, 42 4,
36.1, 30.6; HRMS (ESI) m/z Calcd for C71HesO18Na [M + Na]* 1227.3990, found
1227.3995.

Phenyl 6-0-[2,3,5-tri-O-benzoyl-4-0-(2,3,4,6-tetra-O-benzoyl-f-D-galactopyran-

osyl)-p-D-glucopyransyl]-2,3,4-tri-O-benzoyl-1-thio--D-glucopyranoside (3hb)
y g PY y y g PY

BzO OBz OBz

BZO&/%ZE&M

o BzO OBz
1h 5 o
MeO N OMe o) 0
BzO e Bz0 o
o o Sc(OTf); (0.1 equiv) z 0Bz BzQ~ O sph
_— e =
.

5AMS BzO
oH CH,Cly (0.05 M), rt

3hb 95%
0
82975 SPh

Supplementary Fig. 51 | Synthesis of 3hb.
Following the procedure for 3a, Nu? (29.2 mg, 50 umol, 1.0 equiv) was transformed
into 3hb (77.4 mg, 47.5 umol, 95%) as a colorless syrup after purification by silica gel
column chromatography (hexane:EtOAc = 15:1). [a]5 = +31.4 (c = 1.0, CHCI3); *H
NMR (400 MHz, Chloroform-d) & 8.07 — 8.00 (m, 8H), 7.98 — 7.92 (m, 6H), 7.83 —
7.79 (m, 2H), 7.78 — 7.72 (m, 4H), 7.66 — 7.32 (m, 31H), 7.30 (d, J = 7.7 Hz, 2H), 7.23

—7.14 (m, 5H), 5.84 — 5.69 (m, 4H), 5.48 — 5.33 (m, 3H), 5.23 (t, J = 9.8 Hz, 1H), 4.93
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(d, J = 9.9 Hz, 1H), 4.87 (d, J = 7.8 Hz, 1H), 4.78 (d, J = 7.9 Hz, 1H), 4.56 (dd, J =
12.2,1.9 Hz, 1H, H-6-galacto), 4.46 (dd, J = 12.2, 4.4 Hz, 1H, H-6'-galacto), 4.21 (t, J
= 9.4 Hz, 1H), 3.99 (dt, J = 9.6, 4.4 Hz, 1H, H-5-gluco), 3.90 (dd, J = 11.3, 5.6 Hz, 3H,
H-5-galacto&H-6-gluco&H-6-gluco’), 3.75 — 3.64 (m, 3H, H-5-gluco'&H-6'-
gluco&H-6'-gluco”); 3C NMR (100 MHz, CDCls) & 165.9, 165.8, 165.7, 165.51,
165.49, 165.4, 165.3, 165.1, 165.0, 133.7, 133.5, 133.4, 133.3, 133.0, 131.6, 130.1,
130.0, 129.93, 129.87, 129.84, 129.77, 129.6, 129.53, 129.46, 129.4, 129.3, 129.1,
129.04, 128.97, 128.9, 128.8, 128.73, 128.69, 128.66, 128.6, 128.47, 128.45, 128.4,
128.3,125.4,101.1, 100.8, 85.8, 79.2,78.9, 76.1, 74.1, 73.1, 73.0, 71.8, 71.5, 70.7, 70.0,
69.5, 68.0, 67.7, 62.3, 61.2; HRMS (ESI) m/z Calcd for CosH7602sNaS [M + Na]*
1659.4289, found 1659.4291.

ortho-lodobenzoyl 2,3,5-tri-O-benzoyl-4-0-(2,3,4,6-tetra-O-benzoyl-p-D-
galactopyranosyl)-p-D-glucopyranoside (3hc)
BzO OBz 0Bz
é& é&ﬁ
BzO gzo BzO OBz
0Bz 0Bz © %@ o(OTf)s (0.1 equiv) ‘é; /&/
07 v~ 5AMS

MeO S ome CH,Cl, (0.05 M),

3hc 92%

Supplementary Fig. 52 | Synthesis of 3hc.
Following the procedure for 3a, Nu® (18.6 mg, 75 umol, 1.5 equiv) was transformed
into 3hc (60.1 mg, 46 umol, 92%) as a colorless syrup after purification by silica gel
column chromatography (toluene:EtOAc = 20:1). [a]5 = +53.9 (¢ = 1.0, CHCI3); *H
NMR (400 MHz, CDCls) & 8.06 — 7.98 (m, 8H), 7.98 — 7.90 (m, 5H), 7.85 (dd, J = 7.9,
1.7 Hz, 1H), 7.75 (d, J = 6.9 Hz, 2H), 7.66 — 7.53 (m, 3H), 7.54 — 7.46 (m, 5H), 7.46 —
7.31 (m, 12H), 7.25 — 7.16 (m, 5H), 7.11 (td, J = 7.7, 1.7 Hz, 1H), 6.18 (d, J = 8.1 Hz,
1H, H-1-gluco), 5.94 (t, J = 9.3 Hz, 1H), 5.82 — 5.72 (m, 3H), 5.40 (dd, J = 10.4, 3.4
Hz, 1H, H-3-galacto), 4.91 (d, J = 7.9 Hz, 1H, H-1-galacto), 4.62 (dd, J = 12.5, 2.0 Hz,
1H, H-6-galacto), 4.54 (dd, J = 12.4, 4.1 Hz, 1H, H-6'-galacto), 4.38 (t, J = 9.4 Hz,
1H), 4.06 (ddd, J = 9.9, 4.1, 2.0 Hz, 1H, H-5-gluco), 3.91 (t, J = 6.7 Hz, 1H, H-5-
galacto), 3.82 — 3.67 (m, 2H, H-6-gluco&H-6'-gluco); 3C NMR (100 MHz, CDCls) ¢
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165.9, 165.7, 165.6, 165.40, 165.38, 165.3, 165.0, 163.8, 141.9, 133.7, 133.6, 133.5,
133.4, 132.3, 132.0, 130.1, 130.0, 129.9, 129.83, 129.80, 129.6, 129.5, 129.2, 129.1,
129.0, 128.9, 128.73, 128.69, 128.6, 128.41, 128.38, 128.2, 101.2, 95.1, 93.0, 79.3, 75.7,
74.1, 73.0, 71.9, 715, 70.8, 70.0, 67.6, 62.2, 61.1.; HRMS (ESI) m/z Calcd for
CesHs3sO19Nal [M + Na]* 1323.2123, found 1323.2134.
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Section 5. Divergent synthesis of chitooligosaccharides.
3',6’-Di-0O-benzyl-4'-0-acetyl-2'-deoxy-2'-phthalimido-B-D-glucopyranosyl ortho-
2,2-dimethoxycarbonylcyclopropylbenzoate (7)

OBn

DMAP AcO 0 o
0 o EDC- HCI, DIPEA ~ BnO
AcQ— + S —_— PhthN
n CH,Cly, 1t
PhthN ~OH MeO OMe 80% S
6 MeO N OMe
o o ,

ceBzom o o
Supplementary Fig. 53 | Synthesis of 7.

Following the procedure for 1a, 3,5-di-O-benzyl-4-O-acetyl-2-deoxy-2-phthalimido-
D-glucopyranose 62° (3.54 g, 6.66 mmol, 1.0 equiv) was transformed into 7 (4.21 g,
5.33 mmol, 80%, B1:B2 = 1.4:1.0) as a white foam after purification by silica gel column
chromatography (hexane:EtOAc = 2:1 to 3:2). *H NMR (400 MHz, CDCls) 6 7.88 (dd,
J=7.8,15Hz 1H), 7.79 (dd, J = 7.9, 1.4 Hz, 0.6H), 7.73— 7.59 (m, 6.5H), 7.41 — 7.22
(m, 11.9H), 7.17 — 7.12 (m, 1.6H), 7.04 — 6.99 (m, 3.2H), 6.98 — 6.87 (M, 4.9H), 6.51
(d, J = 8.5 Hz, 1.6H), 5.34 — 5.26 (m, 1.8H), 4.74 — 4.49 (m, 8.2H), 4.37 (d, J = 12.1
Hz, 1.6H), 4.01 — 3.92 (m, 1.6H), 3.81 (s, 3H), 3.79 — 3.70 (m, 2.9H), 3.70 — 3.58 (m,
3.9H), 3.26 (s, 1.8H), 2.64 (s, 3H), 2.09 — 2.00 (m, 2.3H), 1.98 — 1.93 (m, 4.8H), 1.75
(dd, J=9.0, 5.1 Hz, 1H), 1.70 (dd, J = 9.0, 5.1 Hz, 0.7H); 3C NMR (100 MHz, CDCl5)
0170.3, 170.2, 169.71, 169.67, 167.8, 167.5, 166.7, 164.2, 163.6, 137.9, 137.8, 137.5,
137.3, 134.1, 133.8, 132.7, 132.6, 131.9, 131. 5, 131.2, 131.0, 130.2, 129.62, 129.57,
1294, 128.5, 128.4, 128.22, 128.20, 128.1, 128.0, 127.80, 127.75, 127.7, 127.58,
127.56, 123.6,123.3,90.5, 74.2, 74.1,74.0, 73.71, 73.69, 72.20, 72.15, 69.3, 69.2, 54.8,
54.3,52.8,52.7,52.4,51.3, 36.3, 35.7, 32.3, 32.1, 21.0, 19.74, 19.68.; HRMS (ESI) m/z
Calcd for C4sHa1NO13Na [M + Na]* 814.2476, found 814.2496.

Benzyl 3,6-di-O-benzyl-4-0-(3,6-di-O-benzyl-4-O-acetyl-2-deoxy-2-phthalimido-

B-D-glucopyranosyl)-2-deoxy-2-phthalimido-f-D-glucopyranoside (9)
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o BnO — = > A0 o o)
PhthN CH,Cly, 1t BnO BnO OBn
MeO OMe 8 96% PhthN PhthN
7

O O 9

Supplementary Fig. 54 | Synthesis of 9.
Following the procedure for 3a, 8% (39.4 mg, 68 pumol, 1.0 equiv) was glycosylated
with 7 (64.6 mg, 82 umol, 1.2 equiv) to deliver 9 (86.3 mg, 65 umol, 96%) as a white
foam after purification by silica gel column chromatography (hexane:EtOAc = 2:1 to
toluene:EtOAcC = 9:1 to ether:hexane = 3:2). *H NMR (400 MHz, CDCls) 6 7.88 — 7.57
(m, 8H), 7.40 — 7.30 (m, 8H), 7.30 — 7.26 (m, 2H), 7.07 — 6.88 (m, 13H), 6.84 — 6.79
(m, 3H), 5.33 (d, J = 8.4 Hz, 1H), 5.15 (t, J = 9.4 Hz, 1H), 4.95 (d, J = 6.7 Hz, 1H),
4.82 (d, J = 12.5 Hz, 1H), 4.68 (d, J = 12.3 Hz, 1H), 4.60 (d, J = 12.1 Hz, 1H), 4.57 —
4.43 (m, 6H), 4.38 — 4.26 (m, 3H), 4.17 (d, J = 6.4 Hz, 3H), 3.60 — 3.50 (m, 3H), 3.48
—3.77 (m, 2H), 3.31 (d, J = 7.8 Hz, 1H), 1.92 (s, 3H). The data are identical with the

literature.3°

Benzyl 3,6-di-O-benzyl-4-0-(3,6-di-O-benzyl-2-deoxy-2-phthalimido-f-D-

glucopyranosyl)-2-deoxy-2-phthalimido-p-D-glucopyranoside (10)

OBn 0OBh OBn

NaOMe
o

0
AcQ 0 HO 0
o o)
BnO BnO OBn MeOH, 0 °C BnO BnO OBn
PhthN PhihN 72% PhthN PhthN
9 10

Supplementary Fig. 55 | Synthesis of 10.
To asolution of 9 (563 mg, 0.51 mmol, 1.0 equiv) in anhydrous MeOH/THF (v/v =1:1.
20 mL) was added NaOMe (1M solution in MeOH, 1 mL, 1 mmol, 1.96 equiv). The
mixture was stirred at 0 °C until all starting material was consumed. The reaction was
then quenched with AcOH, concentrated in vauco and the residue was purified by silica
gel column chromatography to give the titled compound 10 (379 mg, 0.367 mmol, 72%)
as a white foam. *H NMR (400 MHz, CDCls) 6 7.95 — 7.56 (m, 7H), 7.40 — 7.27 (m,
9H), 7.07 — 6.92 (m, 12H), 6.87 — 6.78 (m, 3H), 5.31 (d, J = 8.2 Hz, 1H), 4.95 (d, J =
7.9 Hz, 1H), 4.83 — 4.73 (m, 2H), 4.69 (d, J = 12.4 Hz, 1H), 4.58 — 4.43 (m, 6H), 4.37
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(d, J = 12.3 Hz, 1H), 4.26 (dd, J = 10.8, 8.2 Hz, 1H), 4.22 — 4.09 (m, 4H), 3.86 — 3.78
(m, 1H), 3.71 (dd, J = 10.0, 4.4 Hz, 1H), 3.60 — 3.50 (m, 2H), 3.44 (dd, J = 11.1, 3.9
Hz, 1H), 3.38 (ddd, J = 10.1, 6.1, 4.4 Hz, 1H), 3.34 — 3.26 (m, 1H), 3.10 (d, J = 2.2 Hz,

1H). The data are identical with the literature.*

Benzyl 3,6-di-O-benzyl-4-0-[3,6-di-O-benzyl-4-0-(3,6-di-O-benzyl-4-O-acetyl-2-
deoxy-2-phthalimido-f-D-glucopyrabosyl)-2-deoxy-2-phthalimido-p-D-
glucopyranosyl]-2-deoxy-2-phthalimido-p-D-glucopyranoside (11)

OBn OBn

Aco/éé/o o @ o 0

Bno 0 Q o
Q BnO OBn
PRON BnO B&/%n .t SO
PhinN PhihN 06% PhihN
MeO.___OMe 1
, 10
o o©

Supplementary Fig. 56 | Synthesis of 11.

Following the procedure for 3a, 10 (379 mg, 0.36 mmol, 1.0 equiv) was glycosylated
with 7 (345 mg, 0.433 mmol, 1.2 equiv) to deliver 11 (518 mg, 0.274 mmol, 96%) as a
white foam after purification by silica gel column chromatography (hexane:EtOAc =
2:1to toluene:EtOAc = 8:1). [a]Z = +19.5 (¢ = 1.0, CHCI3); *H NMR (400 MHz, CDCls)
§7.92—7.60 (m, 11H), 7.31 — 7.26 (m, 8H), 7.23 — 7.18 (m, 3H), 7.16 — 7.10 (m, 1H),
7.07 — 6.81 (m, 21H), 6.70 — 6.61 (m, 3H), 5.32 (d, J = 8.3 Hz, 1H, H-1), 5.14 (t, J =
9.4 Hz, 1H), 5.09 (d, J = 7.6 Hz, 1H, H-1"), 4.90 (d, J = 8.0 Hz, 1H, H-1"), 4.87 (d, J =
12.4 Hz, 1H), 4.71 (d, J = 12.8 Hz, 1H), 4.65 (d, J = 12.4 Hz, 1H), 4.60 (d, J = 12.1 Hz,
1H), 4.54 (d, J = 12.2 Hz, 1H), 4.50 — 4.24 (m, 11H), 4.21 — 4.02 (m, 6H), 3.58 — 3.46
(m, 3H), 3.45 — 3.30 (M, 3H), 3.29 — 3.19 (m, 1H), 3.12 (dd, J = 11.3, 3.1 Hz, 1H), 2.94
—2.85(m, 1H), 1.89 (s, 3H); 13C NMR (100 MHz, CDCls) § 169.8, 168.4, 167.7, 138.9,
138.8, 138.6, 138.5, 138.3, 137.9, 137.3, 134.2, 133.8, 133.5, 131.8, 128.5, 128.4, 128.3,
128.22, 128.16, 128.08, 128.05, 128.0, 127.84, 127.78, 127.7, 127.6, 127.5, 127.4,
127.3, 127.2, 127.0, 126.8, 123.7, 123.2, 97.2, 96.8, 76.6, 76.2, 75.6, 74.7, 74.6, 74.5,
74.4,74.1, 73.7, 73.3, 73.0, 72.7, 72.5, 70.6, 69.6, 68.3, 67.1, 56.8, 56.4, 55.9, 21.0;
HRMS (ESI) m/z Calcd for CosHssNaO20Na [M + Na]* 1586.5619, found 1586.5653.
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Benzyl 3,6-di-O-benzyl-4-0-[3,6-di-O-benzyl-4-0-(3,6-di-O-benzyl-2-deoxy-2-
acetamido-p-D-glucopyranosyl)-2-deoxy-2-acetamido-f-D-glucopyranosyl]-2-

deoxy-2-acetamido-f-D-glucopyranoside (13)

OBn
OBn OBn OBn 1.ethylenediamine, 100 °C, EtOH OBn OBn
0 2.Ac,0, DMAP, pyridine, rt HO o] o
AC%!)no o ° o) O BnO 0 0 0 oB
BnO OBn 3. NaOMe, MeOH, 0 °C,rt BnO n

PhthN PhthN 78% over 3 steps

" 13
Supplementary Fig. 57 | Synthesis of 13.
To a suspension of 11 (383 mg, 0.245 mmol, 1.0 equiv) in EtOH (10 mL) was added
ethylenediamine (0.245 mL, 3.675 mmol, 15.0 equiv). The mixture was heated to 100
°C, and the mixture was stirred at this temperature overnight before it was cooled up to
rt. The mixture was then concentrated in vauco. The residue was dissolved in anhydrous
pyridine (4.0 mL). To the solution were sequentially added Ac.O (2.0 mL) and DMAP
(30 mg, 0.245 mmol, 1.0 equiv). The mixture was stirred at room temperature overnight
before it was concentrated in vauco to give a crude product, which was purified by silica
gel column chromatography (EtOAc:CHCl, = 2:1) to give 12 (218 mg, 0.206 mmol,
84%) as a white foam. Following the procedure for 10, the compound 12 (273 mg, 0.21
mmol, equiv) was transformed into 13 (245.4 mg, 0.195 mmol, 93%) as a white foam
after purification by silica gel column chromatography (EtOAc:CH.Clz = 2:1). [a]5 = —
19.3 (c = 1.0, CHCl3); *H NMR (400 MHz, CDCls) § 7.40 — 7.17 (m, 37H), 6.27 (d, J
= 9.0 Hz, 1H, AcNH"), 5.86 (d, J = 9.2 Hz, 1H, AcNH"), 4.88 — 4.76 (m, 3H), 4.63 (d,
J=8.0 Hz, 1H, H-1) 4.68 — 4.39 (m, 12H), 4.29 (d, J = 7.6 Hz, 1H, H-1'), 4.27 — 4.21
(m, 1H, H-2"), 4.08 (d, J = 8.2, 1H, H-1") 4.08 — 4.01 (m, 1H, H-2'), 4.01 — 3.91(m,
2H), 3.83 — 3.61 (m, 8H, H-3'&H-3"), 3.57 — 3.49 (m, 2H), 3.48 — 3.37 (m, 2H), 3.30 —
3.02 (m, 3H), 1.95 (s, 3H), 1.79 (s, 3H), 1.67 (s, 3H); 3C NMR (100 MHz, CDCls) 6
170.8, 170.7, 170.3, 139.0, 138.7, 138.6, 138.5, 138.1, 137.8, 137.5, 128.72, 128.69,
128.63, 128.56, 128.5, 128.44, 128.41, 128.36, 128.3, 128.2, 128.14, 128.10, 128.03,
127.97, 127.89, 127.85, 127.68, 127.67, 127.65, 127.5, 100.7, 99.7, 99.3, 81.0, 79.7,
78.8, 75.2, 74.7, 74.12, 74.08, 74.0, 73.8, 73.7, 73.6, 73.0, 72.7, 72.1, 71.0, 70.3, 70.0,
69.2, 54.5, 53.4, 51.3, 23.6, 23.4, 23.3.; HRMS (ESI) m/z Calcd for C73Hg4NzO16 [M +

H]" 1258.5852, found 1258.5859.
S50



Phenyl 3,4,6-tri-O-benzyl-2-deoxy-2-benzyloxymethanamido-1-seleno-a-D-

glucopyranoside (14)

OBn OBn
1. Zn, ACOH/THF, rt

Bno-S 2 -, BnQ O

n N 2. CbzCl, NaHCOj BnO
Leph H,O/THF, 1t CozHN .
s7 85% over 2 steps
14

Supplementary Fig. 58 | Synthesis of 14.

To a solution of S7°! (614 mg, 1.0 mmol, 1.0 equiv) in a mixture of THF and AcOH
(v/v=9:1, 10 mL) was added zinc dust (654 mg, 10.0 mmol, 10.0 equiv). The mixture
was stirred at room temperature for 5 h before the solid was filtered off. The volatile
was concentrated in vauco. The residue was dissolved in EtOAc and the organic layer
was washed with sat. NaHCOs solution. The organic phase was dried over Na2SOs,
filtered and concentrated in vauco. The crude mixture was dissolved in THF and water
(v/iv=1:1,10 mL). To the solution were added NaHCO3 (336 mg, 4.0 mmol, 4.0 equiv)
and benzyl chloroformate (CbzCl, 0.28 mL, 2.0 mmol, 2.0 equiv). The mixture was
stirred at room temperature for 2 h before the volatile was removed. The agueous phase
was extracted with EtOAc, the organic phase was dried over Na>SQg, filtered and
concentrated in vauco. The residue was purified by silica gel column chromatography
(hexane:EtOAC = 6:1) to give the titled compound 14 (614.3 mg, 0.85 mmol, 85%) as
a white foam. [«]%= +17.2 (c = 1.0, CHCls); *H NMR (400 MHz, CDCl3) 6 7.57 — 7.50
(m, 2H), 7.39 — 7.17 (m, 25H), 5.88 (d, J = 4.7 Hz, 1H, H-1), 5.13 (d, J = 12.2 Hz, 1H),
5.03 (d, J = 12.3 Hz, 1H), 4.88 — 4.76 (m, 3H), 4.69 (d, J = 11.2 Hz, 1H, H-1), 4.64 (d,
J=12.0 Hz, 1H), 4.57 (d, J = 10.8 Hz, 1H), 4.49 (d, J = 12.0 Hz, 1H), 4.20 — 4.16 (m,
2H, H-2&CbzNH), 3.88 — 3.77 (m, 2H, H-3&H-6), 3.69 (dd, J = 11.0, 2.1 Hz, 1H, H-
6), 3.54 —3.46 (m, 1H, H-5); 3C NMR (100 MHz, CDCls) 6 155.8, 138.1, 136.5, 134.1,
129.3,128.7, 128.64, 128.60, 128.5, 128.3, 128.2,128.1, 128.0, 127.9, 127.8, 89.7, 81.4,
78.1, 75.2, 74.6, 73.6, 68.5, 67.1, 55.6.; HRMS (ESI) m/z Calcd for C41H410sNNaSe
[M + Na]" 746.1991, found 746.1983.

3',4',6'-Tri-O-benzyl-2'-deoxy-2'-benzyloxymethanamido-D-glucopyranosyl
S51



ortho-2,2-dimethoxycarbonylcyclopropylbenzoate (15)

HO cl
o DMF, (COCI), 0y~
S _ N
MeO < OMe CHyCly, 1t, 2 h MeO N OMe
o) o) (o] [e]

CCBzOH ccCBzCI

OBn OBn
1. NBS, acetone/H,0, 0 °C
BnO 2. CCBzCl, DMAP, pyridine BnO
CbzHN
SePh
14 15

80 °C, 1 h, 49% over 2 steps. CbzHN ~ OCCBz

Supplementary Fig. 59 | Synthesis of 15.

CCBzOH (334 mg, 1.2 mmol, 1.0 equiv) was dissolved in anhydrous CH>Cl, (6 mL).
To the solution were added 2 drops of DMF and (COCI); (0.155 mL, 1.8 mmol, 1.5
equiv) dropwise under the ice bath. The reaction mixture was stirred at room
temperature for 2 h. After completion of the reaction, the mixture was concentrated in
vauco to afford the CCBzCl, which was directly used without further purification.

To a solution of compound 14 (704 mg, 1.0 mmol, 1.0 equiv) in a mixed solvent of
acetone and H>O (v/v = 9:1, 10 mL) was added N-bromosuccinimide (NBS, 178 mg,
1.0 mmol, 1.0 equiv) under the ice bath. The reaction mixture was stirred under ice bath
for 1 min before the reaction was quenched with sat. NaHCOj3 and sat. Na;S>0s3 solution
(Caution: Extension of the reaction time will cause decomposition of product!). The
aqueous phase was extracted with CH2Cly, the organic phase was combined, washed
with brine, dried over Na»SQOy, filtered and concentrated in vauco to afford the
hemiacetal. The residue was dissolved in anhydrous pyridine (10 mL) and to the
mixture were added DMAP (12.2 mg, 0.1 mmol, 0.1 equiv) and a solution of CCBzCl
obtained from last step in CH>Cl, (2 mL). The reaction mixture was sealed and heated
to 80 °C and stirred at this temperature for 1 h. The mixture was then concentrated in
vauco. The residue was dissolved by EtOAc and washed sequentially with 1 M HCI
solution and sat. NaHCOs3 solution. The organic phases were combined, dried over
NayS0s, filtered and concentrated in vauco. The residue was purified by silica gel
column chromatography (hexane:EtOAc = 2.5:1 followed by toluene:EtOAc = 8:1) to
afford the titled compound 15 (413.5 mg, 0.49 mmol, 49% over 2 steps) as a white foam.
"HNMR (400 MHz, CDCls) 6 8.12 —7.93 (m, 1.4H), 7.55 - 7.37 (m, 1.8H), 7.36 — 7.00
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(m, 36.3H), 5.95 (d, J= 7.7 Hz, 1 H), 5.82 (d, J= 8.5 Hz, 1H), 5.17 — 4.88 (m, 4.6H),
4.85 — 4.75 (m, 3.2H), 4.75 — 4.66 (m, 1.6H), 4.66 — 4.54 (m, 3.2H), 4.54 — 4.44 (m,
1.6H), 3.91 — 3.63 (m, 14.5H), 3.26 (s, 1.4H), 3.06 (s, 3H), 2.22 — 2.16 (m, 1.4H), 1.83
~ 1.80 (m, 1.6H); 3C NMR (100 MHz, CDCL) § 170.5, 170.4, 167.4, 167.3, 164.8,
164.6, 156.1, 156.0, 138.1, 137.3, 136.8, 136.4, 132.64, 132.58, 131.6, 130.3, 130.0,
128.53, 128.49, 128.47, 128.45, 128.2, 128.10, 128.08, 128.0, 127.92, 127.88, 127.81,
127.78, 127.7, 93.2, 77.9, 77.7, 77.4, 75.7, 74.8, 74.7, 73.62, 73.58, 68.7, 68.5, 66.9,
52.9, 52.8, 52.5, 52.0, 36.5, 36.4, 32.8, 32.4, 20.0, 19.8; HRMS (ESI) m/z Calcd for
CaoHa9012NNa [M + Na]* 866.3152, found 866.3176.

Benzyl 3,6-di-O-benzyl-4-0-{3,6-di-O-benzyl-4-0-|3,6-di-O-benzyl-4-(3,4,6-tri-O-
benzyl-2-deoxy-2-benzyloxymethanamido-p-D-glucopyranosyl)-2-deoxy-2-
acetamido-p-D-glucopyranosyl]-2-deoxy-2-acetamido-f-D-glucopyranosyl}-2-

deoxy-2-acetamido-B-D-glucopyranoside (16)

o8n o8n oBn oBn oen
14 13 16
Supplementary Fig. 60 | Synthesis of 16.

To asolution of 13 (212 mg, 0.169 mmol, 1.0 equiv) and 14 (167 mg, 0.231 mmol, 1.37
equiv) in anhydrous CH,Cl> (2 mL) was added freshly activated 4 A MS (200 mg). The
mixture was stirred at room temperature for 20 min before it was cooled to -40 °C. To
the mixture was added NIS (76 mg, 0.338 mmol, 2.0 equiv) and TMSOTT (6.1 uL, 33.8
umol, 0.2 equiv), the mixture was stirred at -40 °C for 2 h before it was quenched by
sat. Na.SOz solution and sat. NaHCO3 solution. Two phases were separated and the
aqueous phase was extracted with CHzCl, the organic phases were combined, dried
over Na SOy, filtered and concentrated in vauco. The residue was purified by silica gel
column chromatography (CH2Cl>:EtOAc = 1:2) to give the titled compound 16 (124.3
mg, 68 umol, 40%) as a white foam. *H NMR (400 MHz, CDCls) 6 7.34 — 7.19 (m,

59H), 6.47 — 6.27 (m, 1H), 5.87 (s, 1H), 5.13 (d, J = 12.4 Hz, 1H), 5.04 (d, J = 12.2 Hz,
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1H), 4.87 —4.79 (m, 3H), 4.76 — 4.71 (M, 2H), 4.68 — 4.64 (s, 2H), 4.63 — 4.44 (m, 11H),
4.42 — 4.36 (m, 4H), 4.33 — 4.22 (m, 4H), 4.11 — 4.04 (m, 2H), 4.00 — 3.91 (m, 3H),
3.80 — 3.70 (m, 5H), 3.66 — 3.52 (m, 7H), 3.48 — 3.35 (m, 4H), 3.28 — 3.06 (M, 3H),
1.95 (s, 3H), 1.78 (s, 3H), 1.63 (s, 3H); *C NMR (100 MHz, CDCls) ¢ 170.9, 170.8,
170.4, 156.2, 139.3, 138.8, 138.7, 138.24, 138.21, 138.15, 138.1, 137.9, 137.8, 137.5,
136.6, 128.83, 128.75, 128.69, 128.65, 128.6, 128.54, 128.49, 128.45, 128.43, 128.41,
128.36, 128.29, 128.26, 128.21, 128.18, 128.12, 128.05, 128.01, 127.99, 127.95, 127.9,
127.8,127.7,127.64,127.62,127.57,127.54, 127.50, 100.6, 99.7, 79.7, 78.5, 75.2, 74.8,
745, 74.1, 74.0, 73.7, 73.6, 73.5, 73.0, 72.1, 71.0, 70.3, 70.2, 69.1, 68.8, 67.0, 57.8,
54.4,53.5,51.0, 50.7, 23.6, 23.5, 23.3. The data are identical with the literature.

OBn OBn
OBn

OBn OBn
o8 OBn @ BnQ O 0
BnQ ° + Mo 2 o] O o o - . Bno o8 93 O oBn
n
BnO "AGHN BnO Bno OBn CbzHN
13

OCCBz CH,Cl,, 5 AMS AcHN “2 AcHN
CbzHN AcHN AcHN 53%

15 16

Supplementary Fig. 61 | Alternative synthesis of 16.
Alternatively, the titled tetrasaccharide 16 could be prepared from the glycosylation
between acceptor 13 (32 mg, 25 pmol, 1.0 equiv) and glycosyl CCBz 15 (63.3 mg, 75
pmol, 3.0 equiv) in 58% yield (31.2 mg, 14.5 pmol).

4-0-{4-0-|4-0-(2-Deoxy-2-amino-B-D-glucopyranosyl)-2-deoxy-2-acetamido-f-D-
glucopyranosyl]-2-deoxy-2-acetamido-B-D-glucopyranosyl}-2-deoxy-2-
acetamido-D-glucopyranose (17)

0Bn OH
OBn 0Bn H, (balloon) o OH
Bngno O o o) o Pd/C, Pd(OH),/C, conc. HCI HOHO OHo o o o
BnO e o OBn THF/iPrOH/H,0, rt, 85% H,N HO

Bn 2
2 AcHN
AcHN ACHN AcHN OH

17
Supplementary Fig. 62 | Synthesis of 17.

To a solution of 16 (40 mg, 22 umol, 1.0 equiv) in mixed solvent of THF/iPrOH/H20
(v/iviv=1:1:1, 6 mL) was added Pd/C (10%, 400 mg, 100 w%) and Pd(OH)2/C (20%,
200 mg, 100 w%) and a drop of conc. HCI. The mixture was evacuated and backfilled
with hydrogen 3 times. The mixture was stirred at room temperature for 48 h before it

was filtered with a cotton plug. The residue was concentrated in vauco to give the crude
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product, which was purified by silica gel column chromatography (iPrOH/20%
ammonia/H20 = 7:2:1) to give the titled compound 17 (14.7 mg, 18.7 pmol, 85%, a:p
= 1:2) as a white foam. *H NMR (400 MHz, D;0) 6 5.18 (s, 0.4 H), 4.62 — 4.57 (m,
2.4H), 4.48 (d, J = 8.1 Hz, 1H), 3.98 — 3.33 (m, 23.4H), 2.67 (t, J = 8.7 Hz, 1H), 2.05
(d, J = 9.9 Hz, 9H); 3C NMR (100 MHz, D,0) 6 174.8, 174.7, 174.5, 102.7, 101.3,
94.8, 90.5, 79.7, 79.2, 79.1, 79.0, 78.0, 76.2, 75.6, 74.7, 74.6, 74.5, 72.5, 72.1, 72.0,
70.1, 69.61, 69.58, 69.3, 60.7, 60.1, 60.02, 59.99, 59.97, 56.7, 56.2, 55.3, 55.2, 53.7,
22.3,22.2, 22.0. The data are identical with the literature.?

3',6'-Di-O-benzyl-4'-O-tert-butyldimethylsilyl-2’-deoxy-2'-phthalimido-f-D-

glucopyranosyl ortho-2,2-dimethoxycarbonylcyclopropylbenzoate (19)

OBn
OBn

o 1.NBS, acetone/H,0  TBSQ 0
T8SQ STol 0°Ctort 87% Eno
BnO _— PhthN
PhthN 2.CCBZOH, DMAP
<8 EDC-HCI, DIPEA MeO S om
CH,Cly, 1t y °
6%
o o

19
6.83g

Supplementary Fig. 63 | Synthesis of 19.
To a solution of S8% (11.24 g, 15.83 mmol, 1.0 equiv,) in a mixture of acetone/H.0
(v/iv=6:1, 140 mL) was added NBS (4.23 g, 23.75 mmol, 1.5 equiv) under an ice bath.
The reaction was warmed up to room temperature and was stirred at this temperature
for another 2 h before the reaction was quenched with sat. Na,SOs solution. Two phases
were separated and the organic phase was washed with sat. NaHCOs, dried over Na2SOs,
filtered and concentrated in vauco. The residue was purified by silica gel column
chromatography (7.77 g, 13.77 mmol, 87%) as a white foam. Following the procedure
for 1a, 3,5-di-O-benzyl-4-O-tert-butyldimethylsilyl-2-deoxy-2-phthalimido-D-
glucopyranoside (6.3 g, 10.43 mmol, 1.0 equiv) was transformed into 19 (6.83 g, 7.93
mmol, 76%, P1:pf2 = 1.4:1.0) as a white foam after purification by silica gel column
chromatography (hexane:EtOAc = 4:1 to 3:1). *H NMR (400 MHz, CDCls) 6 7.86 (dd,
J=17.9, 15 Hz, 1.6H), 7.75 (dd, J = 7.8, 1.4 Hz, 1H), 7.66 — 7.53 (m, 10.8H), 7.40 —
7.28 (M, 13.5H), 7.25 - 7.18 (M, 3.4H), 7.13 (t, J = 6.6 Hz, 2.7H), 7.03 — 6.96 (m, 5.3H),
6.95 — 6.87 (M, 5.5H), 6.86 — 6.79 (M, 2.7H), 6.53 — 6.47 (m, 2.5H), 4.88 — 4.76 (m,

555



2.6H), 4.73 — 4.60 (m, 2.6H), 4.57 — 4.50 (m, 4.2H), 4.50 — 4.41 (m, 3.6H), 4.39 — 4.29
(m, 2.6H), 3.96 — 3.62 (M, 21.8H), 3.58 (t, J = 8.7 Hz, 1H), 3.23 (s, 3H), 2.61 (s, 4.8H),
2.04 - 1.99 (m, 2.6H), 1.75 (dd, J = 9.0, 5.1 Hz, 1.7H), 1.69 (dd, J = 9.0, 5.1 Hz, 1H),
0.90 - 0.86 (M, 23.8H), 0.14 — —0.04 (m, 15.8H); 3C NMR (100 MHz, CDCls) § 170.2,
168.0, 166.8, 164.1, 163.7, 138.43, 138.38, 137.5, 137.4, 133.9, 133.6, 132.5, 132.4,
131.9, 131.5, 131.1, 130.8, 130.3, 129.9, 129.6, 129.3, 128.5, 128.4, 128.1, 127.9, 127.8,
127.69, 127.65, 127.6, 127.24, 127.17, 123.5, 123.2, 90.7, 90.6, 81.0, 75.5, 73.5, 73.4,
72.3,72.2, 68.7, 55.4, 55.0, 52.8, 52. 5, 51.3, 36.2, 35.8, 32.4, 32.1, 26.1, 19.8, 19.7,
18.14, 18.12, -3.7, -4.4; HRMS (ESI) m/z Calcd for CasHssNO1:NaSi [M + NaJ*
886.3235, found 886.3203.

para-Tolyl 3-0-benzoyl-6-0-benzyl-4-0-(3,6-di-O-benzyl-4-O-tert-
butyldimethylsilyl-2-deoxy-2-phthalimido-p-D-glucopyranosyl)-2-deoxy-2-
phthalimido-1-thio-p-D-glucopyranoside (21)

OBn
O _stol TBSO o 0 em
CH,Cl,, 5AMS, rt BnO
PhthN 72% (92% brsm) PhthN PhthN

OBn OBn

PhthN B0
O ~

Supplementary Fig. 64 | Synthesis of 21.
Following the procedure for 3a, 203 (4.07 g, 6.7 mmol, 1.0 equiv) was glycosylated
with 19 (6.77 g, 7.83 mmol, 1.17 equiv) to deliver 21 (5.19 g, 4.82 mmol, 72%, 92%
brsm) as a white foam after purification by silica gel column chromatography
(toluene:EtOAC = 20:1 to hexane:EtOAc = 4:1). [a]5 = +47.8 (c = 1.0, CHCl3); *H NMR
(400 MHz, CDCls) ¢ 7.91 — 7.83 (m, 3H), 7.74 — 7.62 (m, 4H), 7.61 — 7.55 (m, 2H),
7.46 (d, J = 7.4 Hz, 1H), 7.36 — 7.23 (m, 13H), 7.21 — 7.16 (m, 2H), 6.95 — 6.79 (m,
7H), 5.99 (t, J = 9.5 Hz, 1H, H-3), 5.61 (d, J = 10.5 Hz, 1H, H-1), 5.37 — 5.27 (m, 1H,
H-1), 4.67 (d, J = 12.2 Hz, 1H), 4.46 — 4.24 (m, 5H, H-2), 4.22 — 4.13 (m, 2H), 4.04 —
3.97 (M, 2H, H-4&H-2"), 3.69 — 3.63 (M, 1H, H-5), 3.54 — 3.42 (m, 3H, H-6), 3.28 (dd,
J=10.8, 1.9 Hz, 1H), 3.10 — 3.03 (m, 1H, H-6), 2.98 (dd, J = 10.7, 5.2 Hz, 1H, H-6"),
2.23 (s, 3H), 0.78 (s, 9H), -0.04 (s, 3H), -0.12 (s, 3H); 3C NMR (100 MHz, CDCls) &
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168.0, 167.2, 165.5, 138.7, 138.5, 138.3, 138.2, 134.2, 134.0, 133.7, 133.6, 132.9, 130.0,
129.9, 129.7, 128.4, 128.34, 128.30, 128.0, 127.8, 127.58, 127.56, 127.44, 127.41,
127.3,127.1,123.7,123.6,97.1, 83.3, 80.9, 78.9, 76.3, 75.3, 74.3, 73.1, 73.1, 73.0, 72.2,
68.2, 56.4, 54.3, 26.0, 21.2, 18.0, -3.7, -4.6; HRMS (ESI) m/z Calcd for
CeoH7oN2013NaSi [M + Na]* 1217.4266, found 1217.4274.

para-Tolyl 3-O-benzoyl-6-O-benzyl-4-0-(3,6-di-O-benzyl-2-deoxy-2-phthalimido-

B-D-glucopyranosyl)-2-deoxy-2-phthalimido-1-thio-p-D-glucopyranoside (22)

OBn OBn

OBn OBn

o

[ 0O st HEpwidne - Hg 2o STo
. BzO MeCN, 11, 86% PhthN 820
PhthN PR
21 *

Supplementary Fig. 65 | Synthesis of 22.
To a solution of 21 (2.0 g, 1.87 mmol, 1.0 equiv) in anhydrous MeCN (20 mL) was
added 70% HF solution in pyridine (2.4 mL, 18.7 mmol, 10.0 equiv). The mixture was
stirred at room temperature overnight. The mixture was poured into water and the
aqueous phase was extracted with EtOAc, the organic phase was washed with sat.
NaHCOs solution, dried over Na2SQg, filtered and concentrated in vauco. The residue
was purified by silica gel column chromatography (hexane:EtOAc = 2:1) to give the
titled compound 21 (1.56 g, 1.61 mmol, 86%) as a white foam. [a]5 = +58.2 (¢ = 1.0,
CHCl3); *H NMR (400 MHz, CDCl3) 6 7.92 — 7.75 (m, 4H), 7.70 — 7.47 (m, 7H), 7.36
—7.27 (m, 8H), 7.25 — 7.16 (m, 4H), 7.15 — 7.09 (m, 2H), 6.98 — 6.91 (m, 4H), 6.91 —
6.84 (m, 3H), 5.98 (dd, J = 10.2, 8.7 Hz, 1H, H-3), 5.59 (d, J = 10.5 Hz, 1H, H-1), 5.40
—5.33(m, 1H, H-1), 4.71 (d, J = 12.2 Hz, 1H), 4.42 (d, J = 12.2 Hz, 1H), 4.32 (t, J =
10.3 Hz, 1H, H-2), 4.27 (d, J = 11.8 Hz, 1H), 4.24 — 4.15 (m, 3H), 4.15 — 4.08 (m, 1H,
H-4&H-2"), 4.07 — 3.97 (m, 2H), 3.66 — 3.56 (M, 2H, H-5&H-3"), 3.50 — 3.36 (M, 2H,
H-6&H-6), 3.23 (dd, J = 9.4, 3.9 Hz, 1H, H-6"), 3.15 (d, J = 1.7 Hz, 1H, -OH), 3.06 (dd,
J=9.3, 7.2 Hz, 1H, H-6), 3.00 (ddd, J = 9.2, 7.2, 3.9 Hz, 1H, H-4"), 2.24 (s, 3H); 13C
NMR (100 MHz, CDClz3) ¢ 167.9, 167.2, 165.2, 138.5, 138.34, 138.29, 137.4, 134.3,
134.0, 133.9, 133.8, 133.3, 131.9, 131.4, 129.8, 129.7, 129.6, 128.61, 128.57, 128.3,

128.1, 128.0, 127.9, 127.7, 127.5, 127.44, 127.36, 123.7, 123.5, 98.2, 83.2, 78.7, 78.0,
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75.9, 75.3, 74.3, 73.8, 73.7, 72.9, 72.1, 71.5, 67.8, 55.8, 54.2, 21.2; HRMS (ESI) m/z
Calcd for Ce3HssN2013Na [M + Na]*™ 1103.3401, found 1103.3450.

3'-0-Benzoyl-6"-0O-benzyl-4'-0-(3,6-di-O-benzyl-4-O-tert-butyldimethylsilyl-2-
deoxy-2-phthalimido-f-D-glucopyranosyl)-2'-deoxy-2’-phthalimido-f-D-
glucopyranosyl ortho-2,2-dimethoxycarbonylcyclopropylbenzoate (23)

OBn
OBn

OBn
OBn o
TBSQ O o 1.NBS, acetone/M,0 o8O 9 S o
BnO Q STol Y BzO

PRON O ohihN 2. CCBZOH, DMAP PN PhthN
DIPEA, EDC-HCl 23
21 CH,Cly, rt MeO N OMe
86% over 2 steps
o o

Supplementary Fig. 66 | Synthesis of 23.
To a solution of 21 (2.13 g, 1.78 mmol, 1.0 equiv) in aqueous acetone (v/v = 6:1, 28
mL) was added NBS (423 g, 2.38 mmol, 1.34 equiv). The mixture was stirred at room
temperature for 2 h before the reaction was quenched with sat. NaxSOz solution and sat.
NaHCO3 solution. The aqueous phase was extracted with CH.Cly, the organic phase
was dried over anhydrous Na,SOg, filtered and concentrated in vauco. The crude
product was purified by silica gel column chromatography (hexane:EtOAc = 3:2) to
give the hemiacetal, which was coupled with CCBzOH (724 mg, 2.6 mmol, 1.46 equiv)
following the procedure for 1a to give 23 (2.01 g, 1.53 mmol, 86% over 2 steps) as a
white foam after purification by silica gel column chromatography (hexane:EtOAc =
3:2). 'H NMR (400 MHz, CDCls) 6 7.97 — 7.91 (m, 2H), 7.86 (dd, J = 7.8, 1.5 Hz,
0.8H), 7.78 — 7.43 (m, 10H), 7.35 (dddd, J = 30.8, 13.2, 7.8, 3.7 Hz, 10H), 7.23 (d, J =
7.4 Hz, 2H), 7.13 (dd, J = 10.8, 7.7 Hz, 1H), 6.95 — 6.80 (m, 5H), 6.65 (dd, J = 8.8, 5.3
Hz, 1H), 6.15 (ddd, J = 10.5, 9.0, 3.2 Hz, 1H), 5.37 (d, J = 7.5 Hz, 1H), 4.77 — 4.62 (m,
2H), 4.50 (d, J = 12.4 Hz, 1H), 4.47 — 4.34 (m, 4H), 4.20 (d, J = 12.2 Hz, 1H), 4.10 —
3.97 (m, 2H), 3.87 — 3.80 (m, 1H), 3.77 (s, 2H), 3.74 — 3.33 (M, 7H), 3.21 — 3.14 (m,
2H), 3.02 (ddd, J = 10.7, 7.7, 5.8 Hz, 1H), 2.61 (s, 2H), 2.00 (ddd, J = 17.7, 8.5, 5.1 Hz,
1H), 1.78 — 1.68 (m, 3H), 0.80 (s, 9H), -0.11 (d, J = 3.1 Hz, 3H); 3C NMR (100 MHz,
CDCI3) 0170.2,170.1, 167.7, 167.5, 166.8, 165.48, 165.46, 164.0, 163.5, 138.8, 138.33,
138.28, 138.2, 137.6, 137.4, 134.2, 133.8, 133.0, 132.9, 132.6, 132.5, 131.0, 130.8,
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130.3, 130.1, 130.00, 129.96, 129.8, 129.7, 129.3, 129.2, 128.5, 128.4, 128.33, 128.30,
128.0, 127.8, 127.73, 127.68, 127.6, 127.50, 127.46, 127.3, 127.1, 123.7, 123.4, 96.7,
90.33, 90.29, 80.9, 76.2, 75.4, 75.2, 75.1, 73.38, 73.35, 73.11, 73.08, 72.5, 71.8, 71.7,
68.5, 68.0, 67.8, 56.4, 54.4, 54.1, 52.9, 52.7, 52.4, 51.3, 36.2, 35.6, 32.3, 32.1, 26.0,
19.7, 19.5, 18.0, -3.7, -4.5; HRMS (ESI) m/z Calcd for C76H76N2019NaSi [M + Na]*
1371.4709, found 1371.4648.

para-Tolyl 3-0O-benzoyl-6-O-benzyl-4-0-{3,6-di-O-benzyl-4-0-[3-O-benzoyl-6-0-
benzyl-4-0-(3,6-di-O-benzyl-4-O-tert-butyldimethylsilyl-2-deoxy-2-phthalimido-
B-D-glucopyranosyl)-2-deoxy-2-phthalimido-f-D-glucopyranosyl]-2-deoxy-2-
phthalimido-B-D-glucopyranosyl}-2-deoxy-2-phthalimido-1-thio-f-D-

glucopyranoside (24)
OBn OBn
o)
H8%0 9 O _sTol
PhthN OBn
PhthN OBn
2 @ o OBn OBn
TBSQ o o) o
OBn ) Bno BzO 8o Q O sl
OBn CHCly, 1t PhthN PhthN Bz
o 68% PhthN PhthN
TB'S%)no o o o (89% brsm) 24
PhthN
PRIAN
B MeO __OMe
o o

Supplementary Fig. 67 | Synthesis of 24.
Following the procedure for 3a, 22 (1.076 g, 0.9 mmol, 1.0 equiv) was glycosylated
with 23 (1.64 g, 1.19 mmol, 1.3 equiv) to deliver 24 (1.22 g, 0.612 mmol, 68%, 89%
brsm) as a white foam after purification by silica gel column chromatography
(hexane:EtOAc = 2:1 to toluene:EtOAcC = 9:1). [a]3' = +45.1 (¢ = 1.0, CHCI3); *H NMR
(400 MHz, CDCl3) 6 7.96 — 7.54 (m, 20H), 7.54 — 7.41 (m, 3H), 7.39 — 7.26 (m, 5H),
7.25-7.12 (m, 11H), 7.10 — 7.04 (m, 3H), 7.02 — 6.93 (m, 6H), 6.92 — 6.76 (M, 10H),
6.71 — 6.57 (m, 3H), 5.94 (t, J = 9.4 Hz, 1H, H-3), 5.80 (dd, J = 10.6, 8.8 Hz, 1H, H-
3"),5.56 (d, J = 10.5 Hz, 1H, H-1), 5.26 (d, J = 7.5 Hz, 1H, H-1'), 5.23 — 5.11 (m, 2H,
H-1"&H-1""), 4.74 — 4.62 (m, 2H), 4.39 — 4.14 (m, 10H), 4.10 — 3.81 (m, 10H), 3.69 (s,
1H), 3.60 (dd, J = 9.9, 3.5 Hz, 1H), 3.48 — 3.32 (m, 3H), 3.27 — 3.13 (M, 2H), 3.02 —
2.94 (m, 2H), 2.90 (dd, J = 10.6, 5.3 Hz, 1H), 2.83 — 2.75 (m, 2H), 2.21 (s, 3H), 0.76
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(s, 9H), -0.05 (s, 3H), -0.14 (s, 3H); 3C NMR (100 MHz, CDCl3) 6 169.23, 169.17,
167.9, 167.4, 167.2, 165.4, 165.0, 148.8, 138.7, 138.5, 138.43, 138.37, 138.32, 138.28,
138.2, 134.4, 134.1, 133.9, 133.7, 1335, 132.9, 132.7, 131.9, 131.7, 131.4, 130.02,
129.98, 129.7, 129.6, 129.1, 128.6, 128.30, 128.28, 128.17, 128.15, 128.10, 128.06,
128.0, 127.9, 127.7, 127.6, 127.52, 127.48, 127.43, 127.40, 127.30, 127.25, 127.2,
127.1,126.8, 126.0, 123.7, 123.4, 123.1, 122.1, 97.8, 97.1, 95.9, 83.2, 80.9, 78.7, 78.6,
75.9, 75.3, 75.2, 74.6, 74.5, 74.3, 74.2, 74.0, 72.9, 72.8, 72.5, 72.4, 72.31, 72.26, 68.1,
67.7, 67.4, 66.3, 56.4, 56.3, 55.9, 54.3, 53.1, 53.0, 47.8, 25.9, 21.2, 18.0, -3.8, -4.6;
HRMS (ESI) m/z Calcd for CizsH119N4026SSi [M + H]* 2151.7597, found 2151.7556.
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Section 6. NMR spectra.

'H spectrum for S4.
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Supplementary Fig. 68 | tH NMR spectrum of S4 (400 MHz, 25 °C, CDCls).
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'H and *3C spectra for CCBzOH.
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Supplementary Fig. 70 | 3C NMR spectrum of CCBzOH (100 MHz, 25 °C, CDCl).
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'H and "3C spectra for 1a.
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Supplementary Fig. 71 | "TH NMR spectrum of 1a (400 MHz, 25 °C, CDCl;).
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Supplementary Fig. 72 | 3C NMR spectrum of 1a (100 MHz, 25 °C, CDCl;)
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'H and "3C spectra for 1b.
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Supplementary Fig. 73 | 'H NMR spectrum of 1b (400 MHz, 25 °C, CD:CL).
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Supplementary Fig. 74 | 3C NMR spectrum of 1b (100 MHz, 25 °C, CD,Cl).
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'H and "3C spectra for 1e.
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Supplementary Fig. 75 | "TH NMR spectrum of 1¢ (400 MHz, 25 °C, CDCl3).
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Supplementary Fig. 76 | 3C NMR spectrum of 1¢ (100 MHz, 25 °C, CDCL).
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'H and "3C spectra for 1d.
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Supplementary Fig. 77 | 'H NMR spectrum of 1d (400 MHz, 25 °C, CDCL).
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Supplementary Fig. 78 | 13C NMR spectrum of 1d (100 MHz, 25 °C, CDCI;).
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'H and '3C spectra for 1e.
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Supplementary Fig. 79 | "TH NMR spectrum of 1e (400 MHz, 25 °C, CDCl3).
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Supplementary Fig. 80 | 3C NMR spectrum of 1e (100 MHz, 25 °C, CDCL).

S67



'H and "3C spectra for 1f.
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Supplementary Fig. 81 | 'H NMR spectrum of 1f (400 MHz, 25 °C, CDCl;).
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Supplementary Fig. 82 | 3C NMR spectrum of 1f (100 MHz, 25 °C, CDCl;
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Supplementary Fig. 83 | "TH NMR spectrum of 1g (400 MHz, 25 °C, CDCl;).
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Supplementary Fig. 84 | 3C NMR spectrum of 1g (100 MHz, 25 °C, CDCl;).
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Supplementary Fig. 85 | 'H NMR spectrum of 1h (400 MHz, 25 °C, CDCL).
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Supplementary Fig. 86 | 3C NMR spectrum of 1h (100 MHz, 25 °C, CDCI;).
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'H and '3C spectra for 4.
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Supplementary Fig. 87 | "TH NMR spectrum of 4 (400 MHz, 25 °C, CDCl).
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Supplementary Fig. 88 | 3C NMR spectrum of 4 (100 MHz, 25 °C, CDCls).
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'H spectrum for 3a.
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Supplementary Fig. 89 | "TH NMR spectrum of 3a (400 MHz, 25 °C, CDCl;).
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'H spectrum for 3b.
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Supplementary Fig. 90 | 'H NMR spectrum of 3b (400 MHz, 25 °C, CDCL).
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'H spectrum for 3c.
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Supplementary Fig. 91 | "TH NMR spectrum of 3¢ (400 MHz, 25 °C, CDCl3).
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'H spectrum for 3d.
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Supplementary Fig. 92 | 'H NMR spectrum of 3d (400 MHz, 25 °C, CDCL).
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'H spectrum for 3e.
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Supplementary Fig. 93 | "TH NMR spectrum of 3e (400 MHz, 25 °C, CDCl3).

S76



'H spectrum for 3f.
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Supplementary Fig. 94 | 'H NMR spectrum of 3f (400 MHz, 25 °C, CDCl;).
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'H spectrum for 3g.
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Supplementary Fig. 95 | "TH NMR spectrum of 3g (400 MHz, 25 °C, CDCl;).
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'H spectrum for 3h.
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Supplementary Fig. 96 | 'H NMR spectrum of 3h (400 MHz, 25 °C, CDCL).
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'H spectrum for 3i.
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Supplementary Fig. 97 | 'H NMR spectrum of 3i (400 MHz, 25 °C, CDCls).
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'H spectrum for 3j.
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Supplementary Fig. 98 | 'H NMR spectrum of 3j (400 MHz, 25 °C, CDCl;).
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'H spectrum for 3k.
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Supplementary Fig. 99 | 'H NMR spectrum of 3k (400 MHz, 25 °C, CDCL).
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'H spectrum for 3.
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Supplementary Fig. 100 | "TH NMR spectrum of 31 (400 MHz, 25 °C, CDCls).
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'H spectrum for 3m.
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Supplementary Fig. 101 | "TH NMR spectrum of 3m (400 MHz, 25 °C, CDCl3).
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'H and "3C spectra for 3n.
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Supplementary Fig. 102 | "TH NMR spectrum of 3n (400 MHz, 25 °C, CDCls).
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Supplementary Fig. 103 | 3C NMR spectrum of 3n (100 MHz, 25 °C, CDCL).
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'H spectrum for 3o0.
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Supplementary Fig. 104 | 'H NMR spectrum of 30 (400 MHz, 25 °C, CDCls).
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'H spectrum for 3p.
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Supplementary Fig. 105 | "TH NMR spectrum of 3p (400 MHz, 25 °C, CDCls).
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'H spectrum for 3q.
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Supplementary Fig. 106 | "H NMR spectrum of 3q (400 MHz, 25 °C, CDCls).
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'H and "3C spectra for 3r.
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Supplementary Fig. 107 | "TH NMR spectrum of 3r (400 MHz, 25 °C, CDCl;).
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Supplementary Fig. 108 | 3C NMR spectrum of 3r (100 MHz, 25 °C, CDCIl
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'H spectrum for 3ba.
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Supplementary Fig. 109 | "TH NMR spectrum of 3ba (400 MHz, 25 °C, CDCls).
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'H spectrum for 3bb.
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Supplementary Fig. 110 | '"H NMR spectrum of 3bb (400 MHz, 25 °C, CDCls).
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'H and "3C spectra for 3bc.
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Supplementary Fig. 111 | 'H NMR spectrum of 3bc (400 MHz, 25 °C, CDCl;).
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Supplementary Fig. 112 | *C NMR spectrum of 3b¢ (100 MHz, 25 °C, CDCL).
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'H spectra for 3ca.
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Supplementary Fig. 113 | 'TH NMR spectrum of 3ca (400 MHz, 25 °C, CDCl;).
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'H and '3C spectra for 3cb.
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Supplementary Fig. 114 | "TH NMR spectrum of 3¢cb (400 MHz, 25 °C, CDCl3).
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Supplementary Fig. 115 | *C NMR spectrum of 3¢cb (100 MHz, 25 °C, CDCL).
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'H and "3C spectra for 3cc.
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Supplementary Fig. 116 | '"H NMR spectrum of 3cc (400 MHz, 25 °C, CDCl3).

BzO
BzO'
BzO

628529~
¥9€€°99

mmam.mo”
¥ST0°0L—
CIE9TL

889126

me..&%
§998°82T1
296821
£685°821
108821
7768821
T126'82T
£980'6211
T168'621
29€6'621
6680051
YEPBTET
00€Z°€€T
68Y°€€T
0009'€€TA
0LL9°EET
6228'€€T-/
STz vET

LL8LTYT—

Nmmo.qmﬂ
momw.mmHW
YZeY'SOT
0789'S9T
GG6T'99T

100

fl fpn)

10

160

Supplementary Fig. 117 | *C NMR spectrum of 3cc (100 MHz, 25 °C, CDCl;).
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'H spectrum for 3da.

96YY'T
S8SK'T
60T
S8yt
8160’7
ZEIST
£125'T
T255'T
90L9'T
0LL9'T-
9589 T-f
5069' T
8669’} ;
590.'74
121T
€6TL'T
£TY8'T
70587
15702
15202
0v€0'Z ]
01024
01207
128027
orv8E~
gosgef
2858'¢-] 3
7v98'€-]
voog'e f
15.8€
9€88°¢ |
8688'€ 1
95607 ]
81077
9521
8TET v
2927
0.2
192y
stoerdl
0.6z
890E'Y
Z8TEY
820G
qmmo.&
€860
802T'S
50655
9TI5°s]
1218
T5€8'S
€6€8'S
6198'
802L'L
€82L'L]
SveL L]
T2l L]
£€8€8'L ]
85v8'L
8158°L1
5658'L

OAc

£
£
=
o
z

AcO

Fies
»12€
- 60°€

9T'9
memN

H/Ho.ﬁ
00T
H\moAN

Foot

FE0T
F10T

00T
20T

fl fpn)

Supplementary Fig. 118 | 'TH NMR spectrum of 3da (400 MHz, 25 °C, CDCl).
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'H and "*C spectra for 3db.
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Supplementary Fig. 119 | '"H NMR spectrum of 3db (400 MHz, 25 °C, CDCls).
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Supplementary Fig. 120 | 3C NMR spectrum of 3db (100 MHz, 25 °C, CDCl;).
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'H and "3C spectra for 3dc.
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Supplementary Fig. 121 | '"H NMR spectrum of 3dc (400 MHz, 25 °C, CDCl).
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Supplementary Fig. 122 | 3C NMR spectrum of 3dc (100 MHz, 25 °C, CDCl;).
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'H and "3C spectra for 3ea.
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Supplementary Fig. 123 | 'H NMR spectrum of 3ea (400 MHz, 25 °C, CDCL).
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Supplementary Fig. 124 | 3C NMR spectrum of 3ea (100 MHz, 25 °C, CDCL).
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'H and '3C spectra for 3eb.
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Supplementary Fig. 125 | 'H NMR spectrum of 3eb (400 MHz, 25 °C, CDCl).
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Supplementary Fig. 126 | 3C NMR spectrum of 3eb (100 MHz, 25 °C, CDCl;).
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'H and '3C spectra for 3ec.
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Supplementary Fig. 127 | 'H NMR spectrum of 3ec (400 MHz, 25 °C, CDCl;).
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Supplementary Fig. 128 | 13C NMR spectrum of 3ec (100 MHz, 25 °C, CDCl3).
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'H spectrum for 3fa.
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Supplementary Fig. 129 | "TH NMR spectrum of 3fa (400 MHz, 25 °C, CDCl3).
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'H and '3C spectra for 3fb.
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Supplementary Fig. 130 | 'H NMR spectrum of 3fb (400 MHz, 25 °C, CDCl;).
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Supplementary Fig. 131 | 3C NMR spectrum of 3fb (100 MHz, 25 °C, CDCl3).
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'H and "*C spectra for 3fc.
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Supplementary Fig. 132 | '"H NMR spectrum of 3fc (400 MHz, 25 °C, CDCls).

10.0

Try8 LT—

108969
696.'69
G2€6'69
ECTIETL

e 26~
6826 76—
95EE'82T
£01t'8211
9£09'82T1
6208'82T
6810'62T1
1602621
6TE2'62T
S198'62T
1068'62T
SYST 08T
9968'TET|
650 °EET
BGESEET|
218G EET+
ztgest
8292 ¥ET
1098'T7T—

hwmﬂ.vwﬂ/
6557'S9T~\
€80L°G9T
TE6L'S9T

fl fpn)

5104

OBz

180

BzO

Supplementary Fig. 133 | 3C NMR spectrum of 3fc (100 MHz, 25 °C, CDCls).

190

BzO

200



'H spectrum for 3ga.
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Supplementary Fig. 134 | '"H NMR spectrum of 3ga (400 MHz, 25 °C, CDCl;).
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'H and "3C spectra for 3gb.
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Supplementary Fig. 135 | "TH NMR spectrum of 3gb (400 MHz, 25 °C, CDCls).
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Supplementary Fig. 136 | 3C NMR spectrum of 3gb (100 MHz, 25 °C, CDCl).
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'H and '3C spectra for 3ge.
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Supplementary Fig. 137 | 'H NMR spectrum of 3gc (400 MHz, 25 °C, CDCL).
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Supplementary Fig. 138 | 13C NMR spectrum of 3gc (100 MHz, 25 °C, CDCL).
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'H and "3C spectra for 3ha.
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Supplementary Fig. 139 | "TH NMR spectrum of 3ha (400 MHz, 25 °C, CDCls).
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Supplementary Fig. 140 | 3C NMR spectrum of 3ha (100 MHz, 25 °C, CDCL).
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'H and "*C spectra for 3hb.
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Supplementary Fig. 141 | "TH NMR spectrum of 3hb (400 MHz, 25 °C, CDCl).
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Supplementary Fig. 142 | 3C NMR spectrum of 3hb (100 MHz, 25 °C, CDCl;).
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'H and "3C spectra for 3hc.
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Supplementary Fig. 143 | '"H NMR spectrum of 3hc (400 MHz, 25 °C, CDCl;).
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Supplementary Fig. 144 | 3C NMR spectrum of 3hc (100 MHz, 25 °C, CDCl).
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'H and '3C spectra for 7.
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Supplementary Fig. 145 | "TH NMR spectrum of 7 (400 MHz, 25 °C, CDCl;).
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Supplementary Fig. 146 | 3C NMR spectrum of 7 (100 MHz, 25 °C, CDCls).
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'H spectrum for 9.
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Supplementary Fig. 147 | "TH NMR spectrum of 9 (400 MHz, 25 °C, CDCl;).
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'H spectrum for 10.
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Supplementary Fig. 148 | 'H NMR spectrum of 10 (400 MHz, 25 °C, CDCls).
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'H, B3C, 'H-'H COSY and 'H-'3C HSQC spectra for 11.
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Supplementary Fig. 149 | '"H NMR spectrum of 11 (400 MHz, 25 °C, CDCl).
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Supplementary Fig. 150 | 3C NMR spectrum of 11 (100 MHz, 25 °C, CDCl;).
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Supplementary Fig. 151 | "TH-'H COSY NMR spectrum of 11 (25 °C, CDCl;).
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Supplementary Fig. 152 | '"H-1*C HSQC NMR spectrum of 11 (25 °C, CDCL).
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'H, B3¢C, '"H-"H COSY and 'H-'*C HSQC spectra for 13.
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Supplementary Fig. 153 | 'H NMR spectrum of 13 (400 MHz, 25 °C, CDCls).
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Supplementary Fig. 154 | 3C NMR spectrum of 13 (100 MHz, 25 °C, CDCls).
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Supplementary Fig. 155 | 'TH-'H COSY NMR spectrum of 13 (25 °C, CDCL).
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Supplementary Fig. 156 | "TH-3C HSQC NMR spectrum of 13 (25 °C, CDCL).
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'H and 13C spectra for 14.
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Supplementary Fig. 157 | 'H NMR spectrum of 14 (400 MHz, 25 °C, CDCls).
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Supplementary Fig. 158 | 3C NMR spectrum of 14 (100 MHz, 25 °C, CDCls).
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'H and "3C spectra for 15.
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Supplementary Fig. 160 | 3C NMR spectrum of 15 (100 MHz, 25 °C, CDCls).




'H and "3C spectra for 16.
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Supplementary Fig. 161 | 'H NMR spectrum of 16 (400 MHz, 25 °C, CDCls).
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Supplementary Fig. 162 | 3C NMR spectrum of 16 (100 MHz, 25 °C, CDCls).
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'H, B3¢C, '"H-"H COSY and 'H-'3C HSQC spectra for 17.
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Supplementary Fig. 163 | "TH NMR spectrum of 17 (400 MHz, 25 °C, D;0).
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Supplementary Fig. 164 | 3C NMR spectrum of 17 (100 MHz, 25 °C, D,0).

180




OH oH on
HOo O, o °
Ha %o 9 o
HaN AGHN o
AcHN AcHN “OH

L

b
oo

Supplementary Fig. 165 | "TH-'H COSY NMR spectrum of 17 (25 °C, D,0).
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Supplementary Fig. 166 | "TH-3C HSQC NMR spectrum of 17 (25 °C, D20).
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'H and "3C spectra for 19.
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Supplementary Fig. 167 | 'H NMR spectrum of 19 (400 MHz, 25 °C, CDCls).
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Supplementary Fig. 168 | 3C NMR spectrum of 19 (100 MHz, 25 °C, CDCls).
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'H, B3C, 'H-"H COSY and 'H-'3C HSQC spectra for 21.
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Supplementary Fig. 169 | 'H NMR spectrum of 21 (400 MHz, 25 °C, CDCls).
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Supplementary Fig. 170 | 3C NMR spectrum of 21 (100 MHz, 25 °C, CDCls).
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Supplementary Fig. 171 | 'TH-'H COSY NMR spectrum of 21 (25 °C, CDCL).
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Supplementary Fig. 172 | 'TH-1*C HSQC NMR spectrum of 21 (25 °C, CDCls).
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'H, B3C, 'H-"H COSY and 'H-'3C HSQC spectra for 22.

TEVTT
16T
095T'E
vEvr'E
6Lv'E
1509
609
97007
TET0Y
vL107
8120
VEEOY
9eUTY
1281
9T6TY
6T1CY
SrSTYy
TEZEY
S0Py
09Er'y
2v69'71
Ly
8YSE'S
8rLE'S
v11S'S
9€09'S
09.6'S
29989
0189
26.8'9
0v88'9
96169
26669
09v6'9
20569
12569
6V0T'L
680T'L
oveT
88212
19.724
€081
961'L ]
6002
911224
2221
81€714
0092'2
9812 L
15871
2062 L]
08622
1662 2
Zv0E'L
12082
zete L
002€'L}
Tvze L
682€"L ]
avee’ L
188¢°L |
otse'L |
26661
9g6t'L ]
2059'2
08992
92192
18981
08982
LU
83882
26882

¥268°L

Fe0e

660
00T
66'0
€0'T
80C
H/S.N
10T
00T
16
0T
€0T
0T
10T

660
10T

oot

10.0

fl fpn)

Supplementary Fig. 173 | 'H NMR spectrum of 22 (400 MHz, 25 °C, CDCls).
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Supplementary Fig. 174 | 3C NMR spectrum of 22 (100 MHz, 25 °C, CDCls).
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Supplementary Fig. 175 | 'TH-'H COSY NMR spectrum of 22 (25 °C, CDCL).
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Supplementary Fig. 176 | "TH-3C HSQC NMR spectrum of 22 (25 °C, CDCL).
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Supplementary Fig. 177 | 'H NMR spectrum of 23 (400 MHz, 25 °C, CDCls).
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Supplementary Fig. 178 | 3C NMR spectrum of 23 (100 MHz, 25 °C, CDCls).
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'H, B3C, '"H-"H COSY and 'H-'3C HSQC spectra for 24.
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Supplementary Fig. 180 | 3C NMR spectrum of 24 (100 MHz, 25 °C, CDCls).
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Supplementary Fig. 181 | 'TH-'H COSY NMR spectrum of 24 (25 °C, CDCL).
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Supplementary Fig. 182 | "TH-3C HSQC NMR spectrum of 24 (25 °C, CDCL).
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