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1. General Information

All chemicals were purchased as reagent grade and used without further purification unless otherwise noted.
Solvents were filtered through a column of activated alumina prior to use. All reactions were carried out under
anhydrous N> in oven-dried glassware. m-Xylene was distilled under nitrogen over sodium and degassed prior
to use. Anhydrous 1,4-dioxane, 4,4'-di-tert-butyl-2,2'-dipyridyl and CuCl were purchased from Sigma-
Aldrich. Aldrich® Micro Photochemical Reactors (5 W blue LED strips) were purchased from Sigma-Aldrich.
Anhydrous KF was purchased from Strem Chemicals, Inc. Visualizations were performed with UV light
and/or Hanessian stain and/or sulfuric acid stain (5% H2SO4 in MeOH). Column chromatography was
performed on silica gel (230-400 mesh). 'H and '*C NMR spectra were recorded on Bruker/Varian
300/400/500 MHz instruments and are reported as follows: chemical shift (), multiplicity (s = singlet, d =
doublet, t = triplet, q =quartet, br = broad, m = multiplet), coupling constants (Hz), and integration. The
residual solvent reference peaks were used from published literature. 2D NMR experiments were performed
using standard parameters (200 and More NMR Experiments, S. Berger, S. Braun, Wiley-VCH, 2004). IR
measurements were performed on Agilent Cary 630 FT/IR instrument and optical rotations were measured on
JASCO P-1030 and are reported as average of five data points. High-resolution mass spectra (HR-MS) were
recorded on a Waters Synapt G2 HDMS g-TOF hybrid mass spectrometer. UV-vis spectra were recorded on
Cary 5000 UV/Vis Spectrometer.
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2. General Procedures

General Procedure A for Cross-Coupling Reactions

Anomeric stannane (1.50 equiv), disulfide (1.00 equiv), and CuCl (300 mol%) were added to a one-dram
vial with a screw-top septum, and the vial was then evacuated and refilled with N> (3x). Anhydrous m-
xylene and 1,2-dichloroethane (2:1, 3.00 mL) were added and the reaction mixture was heated in an oil bath
(130 °C) for the indicated period of time, cooled to rt, filtered through a pad of Celite®, and concentrated.
"H NMR spectra were recorded using this mixture to evaluate diastereoselectivity. The crude material was
purified by column chromatography on SiO;.

General Procedure B for Cross-Coupling Reactions

Anomeric stannane (1.50 equiv), disulfide or N-arylthiosuccinimide (1.00 equiv), KF (3.00 equiv), 4,4'-di-
tert-butyl-2,2'-dipyridyl or 2,2":6',2"-terpyridine (25 - 45 mol%), and CuCl (20 - 40 mol%) were added to a
one-dram vial with a screw-top septum, and the vial was then evacuated and refilled with N> (3x). After
anhydrous 1,4-dioxane (2.00 mL) were added, the reaction mixture was stirred at 120 °C under 5W blue LED
irradiation for the indicated period of time. The resulting mixture was cooled to rt, filtered through a pad of
Celite®, and concentrated. "H NMR spectra were recorded using this mixture to evaluate diastereoselectivity.
The crude material was purified by column chromatography on SiO».

General Procedure C for Cross-Coupling Reactions

Anomeric stannane (1.50 equiv), disulfide (1.00 equiv), KF (3.00 equiv), and 4,4'-di-tert-butyl-2,2'-dipyridyl
(45 mol%) were added to a one-dram vial with a screw-top septum, and the vial was then evacuated and
refilled with N> (3x). After anhydrous 1,4-dioxane (2.00 mL) were added, the reaction mixture was stirred at
120 °C under 5W blue LED irradiation for the indicated period of time. The resulting mixture was cooled to
1t, filtered through a pad of Celite®, and concentrated. 'H NMR spectra were recorded using this mixture to
evaluate diastereoselectivity. The crude material was purified by column chromatography on SiO».

Reaction set-up for photochemical thioglycosylations:

S4



3. Additional Reaction Optimization Conditions

o CuCl (20 mol%) 0Bn
OBn Ligand (25 mol%) o
BnO o + N-spMp ——————— BIOZ
BnO SnBus KF (200 mol%) n
o 1,4-dioxane PMP
17d 22 23

g ﬁy
< N S I N\_/ \
s e SRS 3
.—‘\

L12 L13 L14
24% a.:B 6.5:1 20%, only o 25%, only a
R R
R~ N— N—r A 7 N\_¢ \
=N N= - \=
=N N= R R
L15, R = H, 28% o:p 4.9:1 L17, R = Me, 30%, only o L22, R = Me, 20%, only «
L16, R = OPiv, 41% o:p 7.1:1 L18, R = tBu, 31% only o L23 R = OMe, 32% o:p 2.8:1
L19, R = OMe, 25% o:p 9.1:1 L24, R = OPiv, 25% only o
L20, R = COOIPr, 31% o:p 7.1:1 L25, R = COOPT, 31% o:p 7.1:1

L21, R = CF3, 21% o:p 3.4:1

Reaction conditions: 22 (0.100 mmol, 1.0 equiv), 17d (1.5 equiv), CuCl (20 mol%), Ligand (25 mol%) and
1,4-dioxane (2.0 mL) under N», 130 °C, 24h, yield of isolated product. Anomeric selectivities determined by
"H NMR analysis of unpurified reaction mixtures.
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O CuCl (20 -40 mol%)

5 ‘éog], L1 (25 -45 mol%) . OCB)n
Br0 SnBus * N=SPMP W BnO
o) 1,4-dioxane PMP
17d 22 130%c 23

Entry Catalyst Additives Solvent Yield a:B
12 CuCl (20 mol%) KF (300 mol%) Dioxane 31% Only a
22 CuCl (20 mol%) KF (300 mol%) Dioxane/Xylene(1:1) 32% Only a
32 CuCl (20 mol%) LiF (300 mol%) Dioxane/Xylene(1:1) 36% Only a
42 CuCl (20 mol%) CsF (300mol%) Dioxane/Xylene(1:1) 19% Only a
5 CuCl (40 mol%) KF (300 mol%) Dioxane/Xylene(1:1) 52% Only a
6 CuCl (40 mol%) LiF (300 mol%) Dioxane/Xylene(1:1) 44% Only a
7 CuBr (40 mol%) KF (300 mol%) Dioxane/Xylene(1:1) 41% Only a
8 Cul (40 mol%) KF (300 mol%) Dioxane/Xylene(1:1) <5% Only a
9 CuTc (40 mol%) KF (300 mol%) Dioxane/Xylene(1:1) 38% Only a
10 CuOP(O)Ph2 (40 mol%) KF (300 mol%) Dioxane/Xylene(1:1) 27% Only a
11 CuCl2 (40 mol%) KF (300 mol%) Dioxane/Xylene(1:1) N.D. N.A.
12° CuCl (40 mol%) KF (300 mol%) Dioxane/Xylene(1:1) 28% Only a
13° CuCl (40 mol%) KF (300 mol%) Dioxane/Xylene(1:1) 50% Only a
1404 CuCl (40 mol%) KF (300 mol%) Dioxane/Xylene(1:1) 50% >30:1
15°¢ CuCl (40 mol%) KF (300 mol%) Dioxane/Xylene(1:1) 36% Only a
16 CuCl (50 mol%) KF (300 mol%) Dioxane/Xylene(1:1) 50% Only a
17 CuCl (40 mol%) KF (300 mol%) Dioxane/Xylene(1:1) 52% Only a
189 CuCl (40 mol%) KF (300 mol%) Dioxane 21% Only a
19¢°f9 CuCl (40 mol%) KF (300 mol%) Dioxane 54% Only a
209h CuCl (40 mol%) KF (300 mol%) Dioxane 73% Only a
219 CuCl (20 mol%) KF (300 mol%) Dioxane 74% Only a
22 KF (300 mol%) Dioxane N.D. N.A.
23k CuCl (40 mol%) KF (300 mol%) Dioxane 52% Only a

General reaction conditions: B-D-glucose 17d (1.5 equiv), sulfur electrophile (1 equiv), CuCl (20 - 40
mol%), terpyridine L1 (25 — 45 mol%), 1,4-dioxane/m-xylene (1:1, 2.0 mL) under N», 130 °C, 96 h, yield of
isolated product, anomeric selectivities determined by 'H NMR using unpurified reactions mixtures. * 24 h.
bSulfur electrophile 24 (1 equiv) was used. *Sulfur electrophile 18 (1 equiv) was used. YTerpyridine L1 (40
mol%) were used. *Sulfur electrophile 25 was used. Terpyridine L1 (45 mol%),120 °C, 96 h. éBlue LED
irradiation was used. "Sulfur electrophile 18 (1 equiv), dtbbpy L11 (45 mol%), 130 °C, 96 h. iSulfur
electrophile 18 (1 equiv), dtbbpy L11 (25 mol%),120 °C, 96 h. iWithout CuCl and blue LED irradiation.
kSulfur electrophile 18 (1 equiv), dtbbpy L11 (45 mol%), 120 °C, 96 h, without blue LED irradiation.
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OMe F F
S. S<
o I Y
MeO MeO

(0}
24 18 25
OBn L11 (45 mol%) OBn
KF (3 equiv)
ngo—é&/smus *  (PMPS), W Bg‘n’oéi\
1,4-dioxane, 120°C PMP
17d 18 23
Entry Variation from standard conditions Yield a:B

1 none 72% Only a
2 no blue LED ND. -
3 no L11 50% Only a
4 no KF 61% Only a
5 no blue KF and L11 50% Only a
6 DMAP instead of L11 46% Only a
7 toluene as solvent 43% Only a
8 MeCN as solvent 50% Only a
9 tBuOH as solvent 38% Only a
10 DMF as solvent N.D. N.A.
11 room temperature was employed 15% Only a
12 tBuOH as solvent 38% Only a
13 4-Methoxybenzenethiol was employed N.D.
14 22 was employed ND. e
15 390 nm was employed 33% Only a

General reaction conditions: disulfide (0.100 mmol, 1 equiv), anomeric stannanes (1.5 equiv), L11 (45
mol%), KF (3 equiv), blue LED (5W), 1,4-dioxane (2 mL), 120 °C, 48 h, yield of isolated product, anomeric
selectivities determined by '"H NMR using unpurified reactions mixtures.
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4. Detailed Experimental Procedures for Compounds 17a-51

OBn

(0]
BnBOnO SnBuj

OMe

17a
(2-0-(4-Methoxybenzyl)-3,4,6-tri-O-benzyl-$-D-glucopyranosyl)tri-n-butylstannane (17a). To a solution
of (3,4,6-tri-O-benzyl-B-D-glucopyranosyl)tri-n-butylstannane (300 mg, 0.41 mmol) in THF (3.00 mL)
KHMDS (1.00 mL, 0.500 mmol, 0.5 M in PhMe) was added under N, at rt. After stirring for 0.5 h, 4-
methoxybenzyl chloride (0.82 mmol, 0.110 mL) was added to the reaction mixture and stirred 12 h. The crude
mixture was purified by chromatographic purification on SiO> (Hexanes:EtOAc, 15:1) to afford product 17a
(304.4 mg, 88%) as a light yellow oil: [a]4®> =-4.0 (c = 0.40, CHCI5); IR (ATR) v = 3029, 2959, 2921, 2863,
1733, 1490, 1458, 1360, 1240, 1094, 730, 700 cm™!; 'TH NMR (300 MHz, CDCl3) 8 7.37 - 7.26 (m, 13H), 7.25
- 7.16 (m, 4H), 6.87 - 6.79 (m, 2H), 4.99 — 4.94 (m, 2H), 4.88 - 4.81 (m, 2H), 4.68 - 4.53 (m, 4H), 3.79 (s,
3H), 3.75 - 3.59 (m, 5H), 3.49 (d, /= 10.8 Hz, 1H), 3.30 - 3.26 (m, 1H), 1.54 - 1.37 (m, 6H), 1.33 - 1.20 (m,
6H), 0.96 - 0.73 (m, 15H); 3C NMR (75 MHz, CDCl3) & 159.2, 138.9, 138.6, 130.9, 129.3, 128.6, 128.5,
128.4, 128.1, 127.8 (2), 127.7, 127.6, 127.5, 113.8, 89.7, 83.4, 81.6, 79.4, 75.5, 75.2, 74.9, 74.2, 73.6, 69.7,
55.4,29.3,27.6, 13.8, 9.3; HRMS (ESI) m/z calcd for C47HssOsSnNa [M + Na]" 867.3617, found 867.3623.

OBn

BnO 0
BnO SnBuj

CF3

17b
(2-0-(4-(Trifluoromethyl)benzyl)-3,4,6-tri-O-benzyl-B-D-glucopyranosyl)tri-n-butylstannane (17b). To
a solution of (3,4,6-tri-O-benzyl-B-D-glucopyranosyl)tri-n-butylstannane (300 mg, 0.41 mmol) in THF (3.00
mL) KHMDS (1.00 mL, 0.500 mmol, 0.5 M in PhMe) was added under N at rt. After stirring for 0.5 h, 4-
(trifluoromethyl)benzyl chloride (0.82 mmol, 0.120 mL) was added to the reaction mixture and stirred 12 h.
The crude mixture was purified by chromatographic purification on SiO; (Hexanes:EtOAc, 20:1) to afford the
product 17b (202 mg, 56%) as a light yellow oil: [a]3° = -4.2 (¢ = 0.30, CHCI;); IR (ATR) v = 3032, 2960,
2920, 2863, 1743, 1480, 1458, 1367, 1250, 1102, 730, 695 cm’!; 'TH NMR (300 MHz, CDCl3) & 7.55 (d, J =
8.1 Hz, 2H), 7.37 - 7.23 (m, 17H), 5.11 (d, /= 12.3 Hz, 1H), 4.96 (d, /= 11.0 Hz, 1H), 4.84 (d, /= 10.9 Hz,
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1H),4.73 (d,J=11.1 Hz, 1H), 4.70 - 4.57 (m, 4H), 3.79 - 3.60 (m, 5H), 3.52 (d, /= 10.7 Hz, 1H), 3.35 - 3.26
(m, 1H), 1.53 - 1.37 (m, 6H), 1.30 - 1.19 (m, 6H), 0.94 - 0.77 (m, 15H); 3*C NMR (75 MHz, CDCls) & 142.9,
138.8, 138.6, 138.5, 128.6 (2), 128.5, 128.0, 127.9 (2), 127.8, 127.7,127.6 (2), 127.2, 125.4, 125.4 -125.2 (m),
89.6,83.4,81.9,79.4,75.5,75.2,74.7,73.6,73.4,72.3,69.6,29.2,27.5,13.8,9.2; ’"F NMR (282 MHz, CDCl5)
0 -62.49; HRMS (ESI) m/z calcd for C47He1OsFSnNa [M + Na]* 905.3391, found 905.3380.

OBn

o
BnBOngéS/SnB%
O

CF,

17c
(2-0-Methyl-3,4,6-tri-O-benzyl-B-D-glucopyranosyl)tri-n-butylstannane (17¢). To a solution of (3,4,6-tri-
O-benzyl-B-D-glucopyranosyl)tri-n-butylstannane (300 mg, 0.41 mmol) in THF (3.00 mL) was added
KHMDS (1.00 mL, 0.500 mmol, 0.5 M in PhMe) under N> at rt. After stirring for 0.5 h, CH3I (0.82 mmol,
0.052mL) was added to the reaction mixture and stirred for 8 h. The crude mixture was purified by
chromatography on SiO> (Hexanes:EtOAc, 20:1) to afford the product 17¢ (303 mg, 99%) as a colorless
liquid: [@]%® =-1.0 (c = 2.40, CHCI); IR (ATR) v = 3033, 2959, 2929, 2873, 1733, 1499, 1458, 1365, 1275,
1097, 739, 702, 601 cm!; "H NMR (300 MHz, CDCls) § 7.40 - 7.24 (m, 15H), 4.97 - 4.77 (m, 3H), 4.68 -
4.50 (m, 3H), 3.72 - 3.65 (m, 2H), 3.62 - 3.36 (m, 7H), 3.28 - 3.23 (m, 1H), 1.60 - 1.47 (m, 6H), 1.42 - 1.21
(m, 6H), 1.07 - 0.82 (m, 15H); 3C NMR (75 MHz, CDCl3) 8 138.9 (2), 138.6 (2), 128.5, 128.4, 128.2, 128.1,
128.0, 127.9, 127.8, 127.7, 127.6, 127.5, 89.6, 83.7, 83.4, 79.1, 75.4, 75.2, 74.9, 73.6, 69.6, 60.5, 29.2, 27.6,
13.9,9.1; HRMS (ESI) m/z calcd for C4HssOsSnNa [M + Na]* 761.3204, found 761.3220.

OBn
BnO o]
oba
(0] OMe

OMe

21a
4-Methoxyphenyl 2-0-(4-methoxybenzyl)-3,4,6-tri-O-benzyl-1-thio-p-D-glucopyranoside (21a).
According to the general protocol A, (2-O-(4-methoxybenzyl)-3,4,6-tri-O-benzyl-B-D-glucopyranosyl)tri-n-
butylstannane 17a (127 mg, 0.150 mmol), 1,2-bis(4-methoxyphenyl)disulfane (27.8 mg, 0.100 mmol), and
CuCl (30.0 mg, 0.300 mmol) were added to anhydrous m-xylene and 1,2-dichloroethane (2:1, 3.00 mL). The
reaction mixture was heated under N2> at 130 °C for 96 h and afforded after chromatographic purification on
SiO, (Hexanes:EtOAc, 8:1) 21a (55.4 mg, 80%) as a light yellow oil: [a]3® = +0.9 (c = 16.3, CHCl3); IR
(ATR) v=3033, 2906, 2866, 1596, 1517, 1495, 1458, 1361, 1290, 1249, 1067, 1033, 914, 828, 739, 702 cm’
; TH NMR (300 MHz, CDCl3) & 7.59 - 7.54 (m, 2H), 7.38 - 7.27 (m, 15H), 7.24 - 7.20 (m, 2H), 6.91 - 6.87
(m, 2H), 6.80 - 6.74 (m, 2H), 4.95 - 4.82 (m, 4H), 4.70 (d, J = 9.9 Hz, 1H), 4.65 - 4.53 (m, 4H), 3.83 - 3.60
(m, 10H), 3.50 - 3.40 (m, 2H); 3C NMR (75 MHz, CDCl3) § 159.8, 159.5, 138.6, 138.5, 138.2, 135.2, 130.5,
130.0, 128.6, 128.5, 128.4, 128.1, 128.0, 127.9 (2), 127.8, 127.6, 123.7, 114.5, 114.0, 88.1, 86.9, 80.7, 79.1,
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78.0,75.9, 75.1 (2), 73.5, 69.2, 55.4 (2); HRMS (ESI) m/z caled for C42HasO7SNa [M + Na]* 715.2705, found
715.2715.

OBn
BnO o]
oba
(0] OMe

OMe

21b
4-Methoxyphenyl 2-0-(4-(trifluoromethyl)benzyl)-3,4,6-tri-O-benzyl-1-thio-p-D-glucopyranoside
(21b). According to the general protocol A, (2-O-(4-(trifluoromethyl)benzyl)-3,4,6-tri-O-benzyl-p-D-
glucopyranosyl)tri-n-butylstannane 17b (132.2 mg, 0.150 mmol), 1,2-bis(4-methoxyphenyl)disulfane (27.8
mg, 0.100 mmol), and CuClI (30.0 mg, 0.300 mmol) were added to anhydrous m-xylene and 1,2-dichloroethane
(2:1, 3.00 mL). The reaction mixture was heated under N, at 130 °C for 96 h and afforded after
chromatographic purification on SiO> (Hexanes:EtOAc, 9:1) 21b (53.3 mg, 73%, a:f3 > 50:1) as a light yellow
oil: [a]3* = -1.3 (¢ = 13.7, CHCls); IR (ATR) v = 3033, 2903, 2866, 1596, 1499, 1458, 1327, 1290, 1249,
1164, 1126, 1067, 823, 739, 702 cm™'; 'H NMR (300 MHz, CDCl3) § 7.61 - 7.58 (m, 2H), 7.55 - 7.48 (m, 4H),
7.38 - 7.30 (m, 15H), 6.79 - 6.74 (m, 2H), 4.95 - 4.77 (m, 5H), 4.65 - 4.53 (m, 4H), 3.83 - 3.62 (m, 7H), 3.51
- 3.41 (m, 2H); *C NMR (75 MHz, CDCl3) & 159.9, 142.4 (2), 138.5, 138.4, 138.1, 135.2, 130.6 - 129.3 (m),
128.6 (2), 128.5, 128.1, 128.0, 127.9, 127.8 (2), 127.7, 125.5 - 125.4 (m), 123.4, 114.6, 87.9, 86.9, 81.0, 79.2,
78.0, 75.9, 75.2, 74.5, 73.6, 69.2, 55.4; F NMR (282 MHz CDCl3) & -62.47; HRMS (ESI) m/z calcd for
C42H4106F3SNa [M + Na]* 753.2474, found 753.2472.

OBn

BnO o
ola
OMe

OMe

21c

4-Methoxyphenyl 2-O-methyl-3,4,6-tri-O-benzyl-1-thio-p-D-glucopyranoside (21c). According to the
general protocol A, (2-O-methyl-3,4,6-tri-O-benzyl-p-D-glucopyranosyl)tri-n-butylstannane S3 (110.7 mg,
0.150 mmol), 1-((4-methoxyphenyl)thio)pyrrolidine-2,5-dione (23.7 mg, 0.100 mmol), and CuCl (30.0 mg,
0.300 mmol) were added to anhydrous m-xylene and 1,2-dichloroethane (2:1, 3.00 mL). The reaction mixture
was heated under N> at 130 °C for 96 h and afforded after chromatographic purification on SiO;
(Hexanes:EtOAc, 8:1) 17¢ (39.9 mg, 68%, a:B = 1:17) as a light yellow oil: [a]3* = -1.7 (¢ = 16.3, CHCL);
IR (ATR) v = 3033, 1903, 2866, 1596, 1495, 1458, 1365, 1286, 1249, 1074, 1033, 914, 832, 739, 702, 646,
527 em!'; 'TH NMR (300 MHz, CDCI3) 8 7.58 - 7.52 (m, 2H), 7.37 - 7.27 (m, 13H), 7.23 - 7.20 (m, 2H), 6.80
-6.73 (m, 2H), 4.92 - 4.81 (m, 3H), 4.62 - 4.51 (m, 3H), 4.43 (d, /=9.8 Hz, 1H), 3.80 - 3.69 (m, 5H), 3.65 (s,
3H), 3.62 - 3.54 (m, 2H), 3.44 (ddt, /= 8.5, 3.9, 1.9 Hz, 1H), 3.18 - 3.12 (m, 1H); 3*C NMR (75 MHz, CDCl5)
0 159.9, 138.6, 138.5, 138.3, 135.3, 128.6, 128.5 (2), 128.1, 128.0, 127.9 (2), 127.8, 127.6, 123.5, 114.5, 87.8,
86.9, 82.7,79.1,77.8, 75.8, 75.1, 73.5, 69.3, 61.1, 55.4; HRMS (ESI) m/z calcd for C35H330¢SNa [M + Na]*
609.2287, found 609.2295.
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OBn

BnO o]

BnO
S
OMe

23

4-Methoxyphenyl 3,4,6-tri-O-benzyl-2-deoxy-1-thio-a-D-glucopyranoside (23). According to the general
protocol B, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane! 17d (106 mg, 0.150 mmol),
1,2-bis(4-methoxyphenyl)disulfane (23.7 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), 4,4'-di-tert-butyl-
2,2'-dipyridyl (6.70 mg, 0.025 mmol), and CuCl (2.00 mg, 0.020 mmol) were added to anhydrous 1,4-dioxane
(2.00 mL). The reaction mixture was stirred at 120 °C under SW blue LED irradiation for 96 h and afforded
after chromatographic purification on SiO> (Hexanes:EtOAc, 8:1) 23 (41.2 mg, 74%) as a colorless oil.
Characterization data matched the literature report.!

4-Methoxyphenyl 3,4,6-tri-O-benzyl-2-deoxy-1-thio-a-D-glucopyranoside (27). According to the general
protocol B, (2,3,4,6-tetra-O-benzyl-2-B-D-glucopyranosyl)tri-n-butylstannane! (122.1 mg, 0.150 mmol), 1,2-
bis(4-methoxyphenyl)disulfane (23.7 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), 4,4'-di-tert-butyl-2,2'-
dipyridyl (6.70 mg, 0.025 mmol), and CuCl (2.00 mg, 0.020 mmol) were added to anhydrous 1,4-dioxane
(2.00 mL). The reaction mixture was stirred at 120 °C under SW blue LED irradiation for 96 h and afforded
after chromatographic purification on SiO> (Hexanes:EtOAc, 9:1) 23 (31.8 mg, 48%, a:f = 2.7:1) as a
colorless oil. Characterization data matched the literature report.?

OBn

BnO 0]
BnO

MeO

S
OMe

27b

4-Methoxyphenyl 2-O-methyl-3,4,6-tri-O-benzyl-1-thio-a-D-glucopyranoside (27b). According to the
general protocol B, (2-O-methyl-3,4,6-tri-O-benzyl-p-D-glucopyranosyl)tri-n-butylstannane S3 (110.6 mg,
0.150 mmol), 1,2-bis(4-methoxyphenyl)disulfane (23.7 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol),
2,2":6',2"-terpyridine ( 5.80 mg, 0.025 mmol), and CuCl (2.00 mg, 0.020 mmol) were added to anhydrous m-
xylene and 1,4-dioxane (1:1, 2.00 mL). The reaction mixture was stirred at 130 °C for 96 h and afforded after
chromatographic purification on SiO; (Hexanes:EtOAc, 5:1) 27b (51.6 mg, 88%, a: =3.9:1) as a light yellow
oil: [a]3® =+17.8 (¢ = 1.35, CHCL); IR (ATR) v = 3033, 2925, 2858, 1596, 1499, 1458, 1361, 1290, 1249,
1093, 1033, 832, 743, 702, 650 cm™'; '"H NMR (300 MHz, CDCl3) § 7.48 - 7.42 (m, 2H), 7.40 - 7.27 (m, 13H),
7.17 (dd, J=17.2,2.4 Hz, 2H), 6.87 - 6.72 (m, 2H), 5.60 (d, J = 5.3 Hz, 1H), 4.97 (d, /= 10.9 Hz, 1H), 4.82
(dd, J=22.6, 10.9 Hz, 2H), 4.63 - 4.49 (m, 2H), 4.48 - 4.37 (m, 2H), 3.87 - 3.78 (m, 2H), 3.76 (s, 3H), 3.70 -
3.60 (m, 3H), 3.55 (s, 3H); *C NMR (75 MHz, CDCl3) § 159.7, 139.0, 138.4, 138.2, 134.9, 128.5, 128.5,
128.1,128.0, 128.0, 127.8, 127.8, 127.7, 124.5, 114.7, 87.7, 82.7, 82.5,77.7, 75.8, 75.3, 73.6, 71.2, 69.0, 58.3,
55.5; HRMS (ESI) m/z calced for C3sH3s0sSNa [M + Na]" 609.2287, found 609.2288.
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4-Methoxyphenyl 3,4,6-tri-O-benzyl-1-thio-a-D-glucopyranoside (27¢). According to the general protocol
B, (3,4,6-tri-O-benzyl-B-D-glucopyranosyl)tri-n-butylstannane! (109 mg, 0.150 mmol), 1,2-bis(4-
methoxyphenyl)disulfane (27.8 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), 4,4"-di-tert-butyl-2,2'-dipyridyl
(12.1 mg, 0.045 mmol), and CuCl (4.00 mg, 0.040 mmol) were added to anhydrous 1,4-dioxane (2.00 mL).
The reaction mixture was stirred at 120 °C under 5W blue LED irradiation for 96 h and afforded after
chromatographic purification on SiO; (Hexanes:EtOAc, 3:1) 27¢ (25.8 mg, 45%, a: = 3.9:1) as a light yellow
oil: [a]3? = +26.9 (c = 1.05, CHCl3); IR (ATR) v = 3402, 3033, 2910, 2869, 1596, 1499, 1458, 1365, 1290,
1249, 1178, 1074, 1033, 832, 743, 702, 646 cm™; '"H NMR (300 MHz, CDCI3) 8 7.47 - 7.42 (m, 2H), 7.39 -
7.27 (m, 13H), 7.21 - 7.18 (m, 2H), 6.81 - 6.76 (m, 2H), 5.46 (d, J = 5.3 Hz, 1H), 4.89 (s, 2H), 4.83 (d, J =
10.9 Hz, 1H), 4.62 (d, /= 11.9 Hz, 1H), 4.55 (d, /= 10.8 Hz, 1H), 4.48 (d, /= 12.0 Hz, 1H), 4.40 - 4.38 (m,
1H), 3.95 (q, J = 6.5 Hz, 1H), 3.82 (dd, /= 10.8, 4.3 Hz, 4H), 3.77 (s, 3H), 3.73 - 3.63 (m, 3H), 2.33 (d, J =
6.4 Hz, 1H); *C NMR (75 MHz, CDCl3) § 159.9, 138.5, 138.2, 138.1, 135.0, 128.7, 128.6, 128.5, 128.1, 128.0
(3), 127.8, 124.1, 114.8, 91.1, 83.6, 77.9, 75.6, 75.1, 73.6, 72.6, 72.0, 68.8, 55.5; HRMS (ESI) m/z calcd for
C34H3606SNa [M + Na]" 595.2130, found 595.2135.
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27d

4-Methoxyphenyl 3,4-di-O-benzyl-6-0-acetyl-2-deoxy-1-thio-a-D-glucopyranoside (27d). According to
the general protocol B, (3,4-di-O-benzyl-6-O-acetyl-2-deoxy-f-D-galactopyranosyl)tri-n-butylstannane S1
(98.9 mg, 0.150 mmol), 1,2-bis(4-methoxyphenyl)disulfane (27.8 mg, 0.100 mmol), KF (17.4 mg, 0.300
mmol), 4,4'-di-tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol), and CuCl (4.00 mg, 0.040 mmol) were added
to anhydrous 1,4-dioxane (2.00 mL). The reaction mixture was stirred at 120 °C under 5W blue LED
irradiation for 96 h and afforded after chromatographic purification on SiO> (Hexanes:EtOAc, 4:1) 27d (24.4
mg, 48%) as a colorless oil: [a]3* = +24.9 (c = 1.60, CHCI3); IR (ATR) v = 3033, 2955, 1745, 1596, 1499,
1458, 1368, 1290, 1249, 1182, 1097, 1033, 832, 743, 702, 650 cm™!; 'H NMR (300 MHz, CDCl;3) & 7.40 -
7.29 (m, 12H), 6.85 - 6.80 (m, 2H), 5.47 (d, /= 5.5 Hz, 1H), 4.94 (d, J = 10.9 Hz, 1H), 4.72 - 4.60 (m, 3H),
4.44 - 422 (m, 3H), 4.01 (ddd, J = 11.5, 8.6, 4.8 Hz, 1H), 3.79 (s, 3H), 3.46 (dd, J = 9.6, 8.6 Hz, 1H), 2.46
(ddd,J=13.5,4.9, 1.4 Hz, 1H), 2.11 - 2.03 (m, 1H), 2.01 (s, 3H); 3C NMR (75 MHz, CDCl3) § 170.9, 159.8,
138.3,138.2, 134.8, 128.6 (2), 128.3, 128.0, 127.9, 124.7, 114.7, 84.9, 78.2, 78.0, 75.1, 72.0, 70.0, 63.7, 55.5,
35.9, 21.0; HRMS (ESI) m/z caled for C20H3206SNa [M + Na]® 531.1817, found 531.1823.

According to the general protocol C, (3,4-di-O-benzyl-6-O-acetyl-2-deoxy-B-D-glucopyranosyl)tri-n-
butylstannane S1 (98.9 mg, 0.150 mmol), 1,2-bis(4-methoxyphenyl)disulfane (27.8 mg, 0.100 mmol), KF
(17.4 mg, 0.300 mmol), and 4,4'-di-tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous
1,4-dioxane (2.00 mL). The reaction mixture was stirred at 120 °C under 5W blue LED irradiation for 48 h
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and afforded after chromatographic purification on SiO> (Hexanes:EtOAc, 4:1) 27d (36.6 mg, 72%) as a
colorless oil.
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4-Methoxyphenyl 3,4,6-tri-O-(4-methoxybenzyl)-2-deoxy-1-thio-o-D-glucopyranoside (27¢). According
to the general protocol B, (3,4,6-tri-O-(4-methoxybenzyl)-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane
S2 (123.1 mg, 0.150 mmol), 1,2-bis(4-methoxyphenyl)disulfane (27.8 mg, 0.100 mmol), KF (17.4 mg, 0.300
mmol), 4,4"-di-tert-butyl-2,2'-dipyridyl (6.70 mg, 0.025 mmol), and CuCl (2.00 mg, 0.020 mmol) were added
to anhydrous 1,4-dioxane (2.00 mL). The reaction mixture was stirred at 120 °C under 5W blue LED
irradiation for 96 h and afforded after chromatographic purification on SiO> (Hexanes:EtOAc, 4:1) 27e (38.8
mg, 60%) as a light yellow oil: [a]3* =+17.7 (¢ = 7.65, CHCl3); IR (ATR) v = 3033, 2906, 2839, 1614, 1514,
1465, 1365, 1305, 1246, 1178, 1089, 1033, 825, 761, 646, 523 cm!; 'H NMR (300 MHz, CDCl3) & 7.40 -
7.21 (m, 6H), 7.13 - 7.09 (m, 2H), 6.91 - 6.73 (m, 8H), 5.49 (d, J= 5.3 Hz, 1H), 4.81 (d, J = 10.4 Hz, 1H),
4.64 - 4.54 (m, 3H), 4.45 - 4.37 (m, 2H), 4.32 (ddd, /=9.8, 4.4, 1.9 Hz, 1H), 3.94 (ddd, /= 11.3, 8.6, 4.7 Hz,
1H), 3.81 (s, 3H), 3.80 (s, 3H), 3.78 (s, 3H), 3.76 (s, 3H), 3.75 - 3.69 (m, 1H), 3.63 (dd, /= 10.5, 2.1 Hz, 1H),
3.54 (dd, J = 9.8, 8.7 Hz, 1H), 2.40 (ddd, J = 13.5, 4.9, 1.4 Hz, 1H), 2.05 (ddd, J = 13.4, 11.6, 5.7 Hz, 1H);
3C NMR (75 MHz, CDCI3) & 159.6, 159.4, 159.3 (2), 134.6, 130.8, 130.7, 130.4, 129.7 (2), 129.5, 125.2,
114.6, 114.0, 113.9, 113.8, 85.1, 78.4, 77.7, 74.7, 73.1, 71.7, 71.7, 68.7, 55.4, 55.3, 36.2; HRMS (ESI) m/z
calcd for C37H4203SNa [M + Na]" 669.2498, found 669.2503.
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4-Methoxyphenyl 3,4,6-tri-O-benzyl-2-deoxy-1-thio-a-D-galactopyranoside (27f). According to the
general protocol B, (3,4,6-tri-O-benzyl-2-deoxy-p-D-galactopyranosyl)tri-n-butylstannane S3 (106 mg, 0.150
mmol), 1,2-bis(4-methoxyphenyl)disulfane (27.8 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), 4,4'-di-tert-
butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol), and CuCl (4.00 mg, 0.040 mmol) were added to anhydrous 1,4-
dioxane (2.00 mL). The reaction mixture was stirred at 120 °C under 5W blue LED irradiation for 96 h and
afforded after chromatographic purification on SiO> (Hexanes:EtOAc, 9:1) 27f (29.5 mg, 53%) as a light
yellow oil: [a]3* = +17.4 (c = 4.15, CHCL); IR (ATR) v = 3033, 2869, 1596, 1495, 1458, 1368, 1286, 1249,
1178, 1093, 1063, 1033, 832, 739, 702, 650 cm™!; '"H NMR (300 MHz, CDCl3) & 7.41 - 7.27 (m, 17H), 6.74 -
6.69 (m, 2H), 5.55 (d, /= 5.5 Hz, 1H), 4.94 (d, /= 11.6 Hz, 1H), 4.67 - 4.61 (m, 3H), 4.50 - 4.40 (m, 3H),
3.95-3.89 (m, 2H), 3.74 (s, 3H), 3.62 (dd, J= 6.3, 0.9 Hz, 2H), 2.58 (ddd, /= 12.8, 11.7, 5.7 Hz, 1H), 2.19 -
2.13 (m, 1H); 3C NMR (75 MHz, CDCls) & 159.6, 139.0, 138.4, 138.4, 134.7, 128.6, 128.5, 128.4, 128.2,
127.8 (2), 127.7 (2), 127.5, 125.1, 114.6, 85.5, 75.5, 74.5, 73.6, 73.6, 70.9, 70.7, 69.9, 55.4, 31.8.
Characterization data matched the literature report.?

According to the general protocol C, (3,4,6-tri-O-benzyl-2-deoxy-B-D-galactopyranosyl)tri-n-butylstannane
S3 (106 mg, 0.150 mmol), 1,2-bis(4-methoxyphenyl)disulfane (27.8 mg, 0.100 mmol), KF (17.4 mg, 0.300
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mmol), and 4,4'-di-fert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane
(2.00 mL). The reaction mixture was stirred at 120 °C under SW blue LED irradiation for 48 h and afforded
after chromatographic purification on SiO, (Hexanes:EtOAc, 9:1) 27f (33.6 mg, 64%) as a light yellow oil.

/©/OM8
S
7

OBn

BnO
27g

4-Methoxyphenyl 3,4-di-O-benzyl-2-deoxy-1-thio-a-L-fucopyranoside (27g). According to the general
protocol B, (3,4-di-O-benzyl-2-deoxy-p-L-fucopyranosyl)tri-n-butylstannane S4 (90.2 mg, 0.150 mmol), 1,2-
bis(4-methoxyphenyl)disulfane (27.8 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), 4,4'-di-tert-butyl-2,2'-
dipyridyl (6.70 mg, 0.025 mmol), and CuCl (2.00 mg, 0.020 mmol) were added to anhydrous 1,4-dioxane
(2.00 mL). The reaction mixture was stirred at 120 °C under SW blue LED irradiation for 96 h and afforded
after chromatographic purification on SiO> (Hexanes:EtOAc, 8:1) 27g (23.9 mg, 53% ) as a light yellow
oil: [a]3® = -12.9 (c = 7.60, CHCI3); IR (ATR) v = 3033, 2936, 2869, 1596, 1495, 1458, 1365, 1286, 1249,
1175, 1104, 1059, 1030, 962, 832, 739, 702, 650 cm™'; 'H NMR (300 MHz, CDCl3) 6 7.41- 7.27 (m, 12H),
6.88 - 6.81 (m, 2H), 5.57 (d, J=5.4 Hz, 1H), 4.99 (d, /= 11.7 Hz, 1H), 4.72 - 4.58 (m, 3H), 4.34 - 4.28 (m,
1H), 3.93 (ddd, J = 12.2, 4.4, 2.4 Hz, 1H), 3.79 (s, 3H), 3.67 - 3.66 (m, 1H), 2.56 (td, /= 12.6, 5.7 Hz, 1H),
2.18 -2.12 (m, 1H), 1.20 (d, J= 6.5 Hz, 3H);!3C NMR (75 MHz, CDCl3) & 159.4, 139.0, 138.5, 134.8, 134.1,
128.6, 128.4, 128.3, 128.2, 127.8, 127.6, 127.5, 127.4, 125.6, 114.6, 85.5, 76.2, 76.0, 74.6, 70.6, 67.8, 55.4,
31.4, 17.3; HRMS (ESI) m/z caled for C27H3004SNa [M + Na]" 473.1762, found 473.1753.

According to the general protocol C, (3,4-di-O-benzyl-2-deoxy-B-L-fucopyranosyl)tri-n-butylstannane S4
(90.2 mg, 0.150 mmol), 1,2-bis(4-methoxyphenyl)disulfane (27.8 mg, 0.100 mmol), KF (17.4 mg, 0.300
mmol), and 4,4'-di-fert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane
(2.00 mL). The reaction mixture was stirred at 120 °C under SW blue LED irradiation for 48 h and afforded
after chromatographic purification on SiO, (Hexanes:EtOAc, 8:1) 27g (35.2 mg, 78%) as a light yellow oil.

27h

Phenyl 3,4,6-tri-O-benzyl-2-deoxy-1-thio-a-D-glucopyranoside (27h). According to the general protocol
B, (3.,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane (106 mg, 0.150 mmol), 1,2-
diphenyldisulfane (21.8 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), 4,4'-di-tert-butyl-2,2'-dipyridyl (12.1
mg, 0.045 mmol), and CuCl (4.00 mg, 0.040 mmol) were added to anhydrous 1,4-dioxane (2.00 mL). The
reaction mixture was stirred at 120 °C under 5W blue LED irradiation for 96 h and afforded after
chromatographic purification on SiO2 (Hexanes:EtOAc, 10:1) 27h (24.2 mg, 46%, o/p3 > 15:1) as a colorless
oil: [a]3® = +11.8 (¢ = 2.60, CHCI3); IR (ATR) v = 3033, 2921, 2866, 1588, 1458, 1365, 1100, 1030, 739,
698, 642 cm’!; 'TH NMR (300 MHz, CDCl3) 8 7.50 - 7.43 (m, 2H), 7.36 - 7.27 (m, 13H), 7.25 - 7.19 (m, 5H),
5.69 (d, J=5.8 Hz, 1H), 4.91 (d, /= 10.9 Hz, 1H), 4.72 - 4.58 (m, 3H), 4.55 (d, /= 10.8 Hz, 1H), 4.46 (d, J
=12.1 Hz, 1H), 4.31 (ddd, J=9.9,4.2, 2.1 Hz, 1H), 4.02 - 3.94 (m, 1H), 3.83 (dd, /= 10.7, 4.1 Hz, 1H), 3.74
- 3.62 (m, 2H), 2.46 (ddd, J = 13.4, 4.9, 1.4 Hz, 1H), 2.13 (ddd, J = 13.5, 11.6, 5.7 Hz, 1H); 13C NMR (75
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MHz, CDCl3) 6 138.6, 138.5, 138.3, 135.2, 131.3, 129.0, 128.6, 128.5 (2), 128.1, 128.0, 127.9 (2), 127.8,
127.7,127.2, 84.2,78.6, 78.1, 75.1, 73.5, 72.1, 71.9, 69.0, 36.4; HRMS (ESI) m/z calcd for C33H3404SNa [M
+ Na]" 549.2075, found 549.2078.

According to the general protocol C, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane!
(106 mg, 0.150 mmol), 1,2-diphenyldisulfane (21.8 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), and 4,4'-
di-tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane (2.00 mL). The
reaction mixture was stirred at 120 °C under 5W blue LED irradiation for 48 h and afforded after
chromatographic purification on SiO> (Hexanes:EtOAc, 10:1) 27h (33.7 mg, 64%) as a colorless oil.

27i

4-Methylphenyl 3,4,6-tri-O-benzyl-2-deoxy-1-thio-a-D-glucopyranoside (27i). According to the general
protocol B, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane! (106 mg, 0.150 mmol), 1,2-
bis(4-methylphenyl)disulfane (24.6 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), 4,4'-di-tert-butyl-2,2'-
dipyridyl (12.1 mg, 0.045 mmol), and CuCl (4.00 mg, 0.040 mmol) were added to anhydrous 1,4-dioxane
(2.00 mL). The reaction mixture was stirred at 120 °C under SW blue LED irradiation for 96 h and afforded
after chromatographic purification on SiO> (Hexanes:EtOAc, 9:1) 27i (32.5 mg, 60%) as a colorless
oil: [a]3® = +17.3 (c = 5.80, CHCl3); IR (ATR) v = 3033, 2921, 2866, 1499, 1458, 1365, 1193, 1089, 1030,
814, 739, 702, 650 cm’!; 'TH NMR (300 MHz, CDCl3) § 7.41 - 7.28 (m, 15H), 7.23 -7.20 (m, 2H), 7.05 (d, J =
8.0 Hz, 2H), 5.62 (d, /= 5.7, 1H), 4.91 (d, J=10.9 Hz, 1H), 4.72 - 4.53 (m, 4H), 4.46 (d, /= 12.0 Hz, 1H),
4.33 (ddd,J=9.8,4.2,2.0 Hz, 1H), 3.98 (ddd, /J=11.6, 5.8, 3.3 Hz, 1H), 3.83 (dd, /= 10.6, 4.2 Hz, 1H), 3.73
-3.61 (m, 2H), 2.46 (ddd, J=13.4,4.9, 1.4 Hz, 1H), 2.31 (s, 3H), 2.11 (ddd, J= 13.4, 11.6, 5.7 Hz, 1H); 13C
NMR (75 MHz, CDCls) & 138.6 (2), 138.3, 137.4, 132.0, 131.3, 129.8, 128.6, 128.5, 128.4, 128.0 (2), 127.9,
127.8 (2), 127.7, 84.5, 78.6, 78.1, 75.1, 73.5, 72.0, 71.8, 69.1, 36.3, 21.2; HRMS (ESI) m/z calcd for
C34H3604SNa [M + Na]" 563.2232, found 563.2241.

According to the general protocol C, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane!
(106 mg, 0.150 mmol), bis(4-methylphenyl)disulfane (24.6 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), and
4,4'-di-tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane (2.00 mL). The
reaction mixture was stirred at 120 °C under 5W blue LED irradiation for 48 h and afforded after
chromatographic purification on SiO> (Hexanes:EtOAc, 9:1) 27i (28.7 mg, 53%) as a colorless oil.

27j
2-Naphthyl 3,4,6-tri-O-benzyl-2-deoxy-1-thio-a-D-glucopyranoside (27j). According to the general
protocol B, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane! (106 mg, 0.150 mmol), 1,2-
di(naphthalen-2-yl)disulfane (31.8 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), 4,4'-di-tert-butyl-2,2'-
dipyridyl (12.1 mg, 0.045 mmol), and CuCl (4.00 mg, 0.040 mmol) were added to anhydrous 1,4-dioxane
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(2.00 mL). The reaction mixture was stirred at 120 °C under 5SW blue LED irradiation for 96 h and afforded
after chromatographic purification on SiO, (Hexanes:EtOAc, 9:1) 27j (26.0 mg, 45%, a:f > 20:1) as a
colorless oil: [a]3° =+18.6 (c =2.50, CHCL3); IR (ATR) v =3033, 2921, 2866, 1587, 1499, 1458, 1365, 1193,
1097, 1030, 948, 858, 817, 739, 702, 638 cm’!; 'H NMR (300 MHz, CDCls) & 7.96 (s, 1H), 7.79 - 7.68 (m,
3H), 7.53 - 7.41 (m, 3H), 7.39 - 7.27 (m, 12H), 7.23 - 7.20 (m, 2H), 5.82 (d, /= 5.4 Hz, 1H), 4.92 (d, /= 10.9
Hz, 1H), 4.74 - 4.54 (m, 4H), 4.45 (d, J = 12.0 Hz, 1H), 4.36 (ddd, J=9.7, 4.0, 1.9 Hz, 1H), 4.03 (ddd, J =
11.5,8.7,4.9 Hz, 1H), 3.83 (dd, /= 10.7, 4.1 Hz, 1H), 3.68 (ddd, /= 8.8, 5.0, 3.0 Hz, 2H), 2.5 - 2.45 (m, 1H),
2.17(ddd, J=13.4,11.5, 5.6 Hz, 1H); 3C NMR (75 MHz, CDCls) § 138.6, 138.5, 138.2, 133.9, 132.5, 132.4,
129.7, 128.7, 128.6, 128.5 (2), 128.1, 128.0, 127.9 (3), 127.8, 127.7, 127.6, 126.6, 126.1, 84.1, 78.6, 78.1,
75.2, 73.6, 72.1, 72.0, 69.1, 36.4; HRMS (ESI) m/z calcd for C37H3604SNa [M + Na]* 599.2232, found
599.2239.

According to the general protocol C, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane!
(106 mg, 0.150 mmol), 1,2-di(naphthalen-2-yl)disulfane (31.8 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol),
and 4,4'-di-tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane (2.00 mL).
The reaction mixture was stirred at 120 °C under 5W blue LED irradiation for 48 h and afforded after
chromatographic purification on SiO> (Hexanes:EtOAc, 9:1) 27j (31.8 mg, 55%) as a colorless oil.
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3,4-Dimethoxyphenyl 3,4,6-tri-O-benzyl-2-deoxy-1-thio-a-D-glucopyranoside (27k). According to the
general protocol B, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane! (106 mg, 0.150
mmol), 1,2-bis(3,4-dimethoxyphenyl)disulfane (33.8 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), 4,4'-di-
tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol), and CuCl (4.00 mg, 0.040 mmol) were added to anhydrous
1,4-dioxane (2.00 mL). The reaction mixture was stirred at 120 °C under 5W blue LED irradiation for 96 h
and afforded after chromatographic purification on SiO; (Hexanes:EtOAc, 5:1) 27k (31.1 mg, 53%) as a
colorless oil: [a]3® =+13.2 (¢ = 1.45, CHCl3); IR (ATR) v = 3033, 2906, 2866, 1588, 1506, 1458, 1398, 1365,
1320, 1257, 1234, 1182, 1093, 1030, 951, 914, 884, 854, 739, 702, 653, 609 cm™!; 'H NMR (300 MHz, CDCl3)
0 7.37-7.27 (m, 13H), 7.24 - 7.20 (m, 2H), 7.06 - 6.98 (m, 2H), 6.70 (d, /= 8.3 Hz, 1H), 5.56 (d, /= 5.4 Hz,
1H), 4.91 (d, /=109 Hz, 1H), 4.72 - 4.53 (m, 4H), 4.47 (d, J=12.1 Hz, 1H), 4.36 (ddd, /= 9.8, 4.5, 2.0 Hz,
1H), 3.97 (ddd, J=11.5, 8.8, 4.9 Hz, 1H), 3.88 - 3.76 (m, 7H), 3.69 - 3.56 (m, 2H), 2.45 (ddd, J = 13.7, 4.6,
1.0 Hz, 1H) 2.09 (ddd, J= 13.3, 11.6, 5.6 Hz, 1H); *C NMR (75 MHz, CDCl3) & 149.2, 149.1, 138.6, 138.5,
138.2, 128.6, 128.5 (2), 128.1, 128.0, 127.9 (2), 127.8 (2), 125.8, 125.6, 116.0, 111.6, 85.1, 78.7, 78.0, 75.2,
73.6,72.0, 71.8, 69.3, 56.1, 56.0, 36.2; HRMS (ESI) m/z calcd for C3sH330sSNa [M + Na]* 609.2287, found
609.2289.

According to the general protocol C, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane!
(106 mg, 0.150 mmol), 1,2-bis(3,4-dimethoxyphenyl)disulfane (33.8 mg, 0.100 mmol), KF (17.4 mg, 0.300
mmol), and 4,4'-di-tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane
(2.00 mL). The reaction mixture was stirred at 120 °C under SW blue LED irradiation for 48 h and afforded
after chromatographic purification on SiO (Hexanes:EtOAc, 5:1) 27k (33.4 mg, 60%) as a colorless oil.
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4-Acetylaminophenyl 3,4,6-tri-O-benzyl-2-deoxy-1-thio-a-D-glucopyranoside (271). According to the
general protocol B, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane! (106 mg, 0.150
mmol), 1,2-bis(4-acetylaminophenyl)disulfane (33.2 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), 4,4'-di-
tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol), and CuCl (4.00 mg, 0.040 mmol) were added to anhydrous
1,4-dioxane (2.00 mL). The reaction mixture was stirred at 120 °C under 5W blue LED irradiation for 96 h
and afforded after chromatographic purification on SiO> (Hexanes:EtOAc, 1:1) 271 (47.3 mg, 81%) as a
colorless foam: [a]3* = +18.5 (c = 3.50, CHCI3); IR (ATR) v = 3316, 3033, 2918, 2869, 1674, 1596, 1532,
1499, 1458, 1402, 1372, 1316, 1257, 1097, 1033, 836, 743, 702 cm™!; '"H NMR (300 MHz, CDCl3) § 7.39 -
7.27 (m, 17H), 7.22 -7.19 (m, 2H), 7.11 (s, 1H), 5.59 (d, J = 5.4 Hz, 1H), 4.90 (d, J = 10.9 Hz, 1H), 4.71 -
4.52 (m, 4H), 4.45 (d, J=12.0 Hz, 1H), 4.30 (dd, /= 10.0, 3.0 Hz, 1H), 3.96 (ddd, J=11.5, 8.6, 4.8 Hz, 1H),
3.82 (dd, J=10.6, 4.1 Hz, 1H), 3.68 - 3.60 (m, 2H), 2.44 (dd, J= 13.4, 4.9 Hz, 1H), 2.16 - 2.05 (m, 4H); 13C
NMR (75 MHz, CDCls) 6 168.3, 138.6, 138.5, 138.3, 137.4, 132.9, 129.8, 128.6, 128.5(2), 128.1, 128.0, 127.9
(2), 127.8, 127.7, 120.3, 84.6, 78.6, 78.0, 75.1, 73.6, 72.1, 71.9, 69.1, 36.3, 24.9; HRMS (ESI) m/z calcd for
C35H3705SNa [M + Na]" 606.2292, found 606.2292.

According to the general protocol C, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane!
(106 mg, 0.150 mmol), 1,2-bis(4-acetamidophenyl)disulfane (33.2 mg, 0.100 mmol), KF (17.4 mg, 0.300
mmol), and 4,4'-di-tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane
(2.00 mL). The reaction mixture was stirred at 120 °C under SW blue LED irradiation for 48 h and afforded
after chromatographic purification on SiO; (Hexanes:EtOAc, 1:1) 271 (40.8 mg, 70%) as a colorless foam.
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Phenyl 3,4,6-tri-O-benzyl-2-deoxy-1-seleno-a-D-glucopyranoside (27m). According to the general
protocol B, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane! (106 mg, 0.150 mmol), 1,2-
diphenyldiselane (31.2 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), 2,2":6',2"-terpyridine ( 5.8 mg, 0.025
mmol), and CuCl (2.00 mg, 0.020 mmol) were added to anhydrous m-xylene and 1,4-dioxane (1:1, 2.00 mL).
The reaction mixture was stirred at 130 °C for 96 h and afforded after chromatographic purification on SiO»
(Hexanes:EtOAc, 10:1) 27m (29.8 mg, 48%, o:p = 5:1) as a light yellow oil: [a]3° =+17.3 (c = 5.00, CHCI);
IR (ATR) v =3063, 3033, 2910, 2866, 1581, 1458, 1365, 1190, 1097, 1030, 951, 735, 698, 624, 568 cm™!; 'H
NMR (300 MHz, CDCl3) & 7.59 - 7.54 (m, 2H), 7.38 - 7.19 (m, 18H), 6.00 (d, J= 5.4, 1H), 4.91 (d, J=10.8,
1H), 4.71 - 4.45 (m, 5H), 4.24 (ddd, J=9.9, 4.1, 2.1 Hz, 1H), 3.96 - 3.75 (m, 2H), 3.71 - 3.63 (m, 2H), 2.55
(ddd, J=13.6,4.9, 1.4 Hz, 1H), 2.19 (ddd, J= 13.5, 11.5, 5.3 Hz, 1H); 3C NMR (75 MHz, CDCI3) & 138.6,
138.5, 138.2, 133.8, 129.2, 128.6, 128.5 (2), 128.1, 128.0, 127.9 (2), 127.8 (2), 127.5, 82.5, 78.7, 78.4, 75.2,
73.6,73.5,72.0, 68.9, 37.5; HRMS (ESI) m/z calcd for C33H3404SeNa [M + Na]* 597.1520, found 597.1521.
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According to the general protocol C, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane!
(106 mg, 0.150 mmol), 1,2-diphenyldiselane (31.2 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), and 4,4'-di-
tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane (2.00 mL). The reaction
mixture was stirred at 120 °C under 5W blue LED irradiation for 48 h and afforded after chromatographic
purification on SiO; (Hexanes:EtOAc, 10:1) 27m (35.4 mg, 57%) as a light yellow oil.
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Phenyl 3,4,6-tri-O-benzyl-1-seleno-o-D-glucopyranoside (27n). According to the general protocol B,
(3,4,6-tri-O-benzyl-B-D-glucopyranosyl)tri-n-butylstannane' (109 mg, 0.150 mmol), 1,2-diphenyldiselane
(31.2 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), 2,2":6",2"-terpyridine ( 5.80 mg, 0.025 mmol), and CuCl
(2.00 mg, 0.020 mmol) were added to anhydrous m-xylene and 1,4-dioxane (1:1, 2.00 mL). The reaction
mixture was stirred at 130 °C for 96 h and afforded after chromatographic purification on SiO»
(Hexanes:EtOAc, 5:1) 27n (38.9 mg, 66%, o:p = 4:1) as a light yellow oil: [a]%3 = +24.2 (c = 11.2, CHCL);
IR (ATR) v = 3450, 3063, 3033, 2869, 1581, 1499, 1458, 1361, 1212, 1074, 1048, 914, 735, 298, 620, 575,
553 cm’!; 'TH NMR (300 MHz, CDCl3) 6 7.64 - 7.60 (m, 2H), 7.40 - 7.27 (m, 14H), 7.26 - 7.18 (m, 4H), 5.95
(d,J=5.1Hz, 1H), 4.94 - 4.82 (m, 3H), 4.65 - 4.50 (m, 2H), 4.47 (d, J=12.0 Hz, 1H), 4.24 (ddd, /=9.7, 3.8,
2.1 Hz, 1H), 3.91 (dt, J=9.2, 5.4 Hz, 1H), 3.83 (dd, J=10.9, 3.8 Hz, 1H), 3.78 - 3.58 (m, 3H), 2.39 (d, J =
5.9 Hz, 1H); *C NMR (75 MHz, CDCls) & 138.5, 138.1, 138.0, 134.4, 129.2 (2), 128.7, 128.6, 128.5, 128.1,
128.0 (2), 127.9, 127.8, 89.8, 84.4, 77.3, 75.5, 75.1, 73.9, 73.6, 72.8, 68.5; HRMS (ESI) m/z calcd for
C33H3405SeNa [M + Na]™ 613.1469, found 613.1475.
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2-Methoxyphenyl 3,4,6-tri-O-benzyl-2-deoxy-1-thio-a-D-glucopyranoside (46a). According to the
general protocol C, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane! (106 mg, 0.150
mmol), 1,2-bis(2-methoxyphenyl)disulfane (27.8 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), and 4,4'-di-
tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane (2.00 mL). The reaction
mixture was stirred at 120 °C under 5W blue LED irradiation for 48 h and afforded after chromatographic
purification on SiO, (Hexanes:EtOAc, 8:1) 46a (25.1 mg, 45%) as a colorless oil: [a]3’ = +17.8 (c = 5.05,
CHCL); IR (ATR) v=3067, 3033, 2921, 2866, 1585, 1480, 1458, 1365, 1275, 1249, 1194, 1097, 1074, 1030,
952, 851, 739, 702 cm’!; 'TH NMR (300 MHz, CDCI3) 6 7.53 (dd, J = 7.7, 1.7 Hz, 1H), 7.41 - 7.26 (m, 13H),
7.24 - 7.16 (m, 3H), 6.92 - 6.82 (m, 2H), 5.82 (d, J= 5.5 Hz, 1H), 4.91 (d, /= 10.9 Hz, 1H), 4.73 - 4.50 (m,
4H), 4.42 (d, J = 12.1 Hz, 1H), 4.31 - 4.24 (m, 1H), 4.13 - 4.01 (m, 1H), 3.87 (s, 3H), 3.84 - 3.77 (m, 1H),
3.72 - 3.54 (m, 2H), 2.51 (ddd, J = 13.4, 5.0, 1.4 Hz, 1H), 2.14 (ddd, J = 13.5, 11.6, 5.7 Hz, 1H); *C NMR
(75 MHz, CDCls) & 158.0, 138.7, 138.6, 138.3, 132.5, 128.6, 128.5 (2), 128.4, 128.0, 127.8 (2), 127.7 (2),
122.8, 121.4, 110.7, 81.9, 78.6, 78.2, 75.1, 73.5, 72.0, 71.9, 68.9, 55.9, 36.2; HRMS (ESI) m/z calcd for
C34H3605SNa [M + Na]" 579.2181, found 579.2185.
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3-Methoxyphenyl 3.,4,6-tri-O-benzyl-2-deoxy-1-thio-a-D-glucopyranoside (46b). According to the
general protocol C, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane! (106 mg, 0.150
mmol), 1,2-bis(3-methoxyphenyl)disulfane (27.8 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), and 4,4'-di-
tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane (2.00 mL). The reaction
mixture was stirred at 120 °C under 5W blue LED irradiation for 48 h and afforded after chromatographic
purification on SiO> (Hexanes:EtOAc, 8:1) 46b (29.0 mg, 52%) as a colorless oil: [a]4® = +19.5 (c = 5.20,
CHCD); IR (ATR) v=3061, 3033, 2921, 2869, 1592, 1480, 1458, 1369, 1287, 1253, 1194, 1097, 1048, 1033,
955, 866, 739, 702 cm™!; '"H NMR (300 MHz, CDCI3) 8 7.40 - 7.13 (m, 16H), 7.07 - 7.01 (m, 2H), 6.77 (ddd,
J=282,2.4,12Hz 1H),5.73 (d,J=5.6, 1H),4.91 (d,/=10.9 Hz, 1H), 4.74 - 4.52 (m, 4H), 4.47 (d, J=12.1
Hz, 1H), 4.29 (ddd, J=9.7, 4.1, 2.0 Hz, 1H), 3.97 (ddd, J=11.5, 8.7, 4.8 Hz, 1H), 3.83 (dd, /= 10.7, 4.0 Hz,
1H), 3.75 (s, 3H), 3.71 - 3.57 (m, 2H), 2.46 (ddd, J=13.4, 4.9, 1.4 Hz, 1H), 2.14 (ddd, J=13.5, 11.6, 5.7 Hz,
1H); *C NMR (75 MHz, CDCl3) § 159.9, 138.6, 138.5, 138.2, 136.4, 129.8, 128.6, 128.5 (2), 128.1, 128.0,
127.9 (2), 127.8, 127.7, 123.3, 116.1, 113.2, 84.1, 78.5, 78.1, 75.1, 73.5, 72.1, 71.9, 69.0, 55.4, 36.4; HRMS
(ESI) m/z calcd for C34H360sSNa [M + Na]* 579.2181, found 579.2190.
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2-Benzamidopheny 3,4,6-tri-O-benzyl-2-deoxy-1-thio-o.-D-glucopyranoside (46c¢). According to the
general protocol C, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane! (106 mg, 0.150
mmol), N,N'-(disulfanediylbis(2,1-phenylene))dibenzamide (45.6 mg, 0.100 mmol), KF (17.4 mg, 0.300
mmol), and 4,4'-di-fert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane
(2.00 mL). The reaction mixture was stirred at 120 °C under SW blue LED irradiation for 48 h and afforded
after chromatographic purification on SiO; (Hexanes:EtOAc, 5:1) 46¢ (51.6 mg, 80%, a:f = 10:1) as a
colorless oil: [a]3’ =+11.3 (c=15.1, CHCI;3); IR (ATR) v =13361, 3029, 2866, 1681, 1581, 1514, 1495, 1436,
1365, 1305, 1249, 1194, 1097, 1030, 739, 702 cm™!; 'H NMR (300 MHz, CDCl3) 6 9.28 (s, 1H), 8.57 (dd, J =
8.3, 1.4 Hz, 1H), 7.99 - 7.90 (m, 2H), 7.61 - 7.27 (m, 17H), 7.22 - 7.16 (m, 2H), 7.08 - 6.93 (m, 1H), 5.42 (dd,
J=5.3,2.2Hz, 1H), 4.86 (d, J=10.9 Hz, 1H), 4.75 - 4.48 (m, 4H), 4.39 (d, /= 12.0 Hz, 1H), 4.28 - 4.18 (m,
1H), 4.00 (tdd, J = 10.9, 5.0, 3.0 Hz, 1H), 3.74 - 3.32 (m, 3H), 2.42 (ddd, J = 13.6, 4.8, 2.2 Hz, 1H), 2.17 -
2.01 (m, 1H); 3C NMR (75 MHz, CDCl3) 8 165.3, 139.8, 138.4, 138.3, 138.0, 136.1, 135.2, 132.5, 132.2,
132.0, 130.5, 129.0, 128.6, 128.5 (2), 128.1 (2), 128.0 (2), 127.9, 127.8 (3), 127.7, 127.2, 124.5, 122.2, 120.6,
85.5, 77.8, 77.5, 74.8, 73.6, 73.3, 72.1, 68.5, 36.4; HRMS (ESI) m/z calcd for C4H390sSNNa [M + Na]*
668.2447, found 668.2474.
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4-Fluorophenyl 3,4,6-tri-O-benzyl-2-deoxy-1-thio-a-D-glucopyranoside (46d). According to the general
protocol C, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane! (106 mg, 0.150 mmol), 1,2-
bis(4-fluorophenyl)disulfane (25.4 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), and 4,4'-di-tert-butyl-2,2'-
dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane (2.00 mL). The reaction mixture was
stirred at 120 °C under SW blue LED irradiation for 48 h and afforded after chromatographic purification on
SiO, (Hexanes:EtOAc, 10:1) 46d (30.5 mg, 55%) as a colorless oil: [a]3? =+19.2 (¢ = 6.40, CHCl3); IR (ATR)
v =3033, 2921, 2866, 1592, 1495, 1458, 1369, 1231, 1160, 1093, 1033, 952, 836, 739, 702 cm™!'; 'H NMR
(300 MHz, CDCl3) 6 7.49 - 7.40 (m, 2H), 7.39 - 7.26 (m, 13H), 7.25 - 7.19 (m, 2H), 6.97 - 6.79 (m, 2H), 5.57
(d, J=5.7Hz, 1H), 491 (d, J=10.9 Hz, 1H), 4.73 - 4.52 (m, 4H), 4.47 (d, /= 11.9 Hz, 1H), 4.37 - 4.28 (m,
1H), 4.03 - 3.90 (m, 1H), 3.81 (dd, J=10.6, 4.6 Hz, 1H), 3.74 - 3.49 (m, 2H), 2.44 (ddd, J=13.5, 5.0, 1.4 Hz,
1H), 2.11 (ddd, J = 13.5, 11.6, 5.7 Hz, 1H); *C NMR (75 MHz, CDCI3) 6 164.2, 160.9, 138.5 (2), 138.2,
134.4, 134.2, 129.8 (2), 128.6, 128.5 (2), 128.1, 128.0, 127.9 (2), 127.8 (2), 116.2, 115.9, 84.7, 78.6, 78.0,
75.2, 73.6, 72.1, 71.8, 69.1, 36.2; F NMR (282 MHz, CDCl3) & -114.28; HRMS (ESI) m/z calcd for
C33H3304SFNa [M + Na]" 567.1981, found 567.1995.
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4-Chlorophenyl 3,4,6-tri-O-benzyl-2-deoxy-1-thio-a-D-glucopyranoside (46e). According to the general
protocol A, (3.4,6-tri-O-benzyl-2-deoxy-p-D-glucopyranosyl)tri-n-butylstannane! (106 mg, 0.150 mmol),
1,2-bis(4-chlorophenyl)disulfane (28.7 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), and 4,4’-di-fert-butyl-
2,2'-dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane (2.00 mL). The reaction mixture
was stirred at 120 °C under SW blue LED irradiation for 48 h and afforded after chromatographic purification
on SiO> (Hexanes:EtOAc, 9:1) 46e (25.2 mg, 45%) as a colorless oil: [a]3’ = +19.3 (c = 5.50, CHCI;); IR
(ATR) v = 3033, 2921, 2862, 1499, 1480, 1458, 1365, 1194, 1093, 1030, 1015, 952, 821, 739, 702 cm™!; 'H
NMR (300 MHz, CDCl3) 6 7.42 - 7.18 (m, 19H), 5.64 (d, J=5.7, 1H), 4.91 (d, /= 10.9 Hz, 1H), 4.72 - 4.41
(m, 5H), 4.28 (ddd, J=9.8, 4.4, 2.0 Hz, 1H), 3.96 (ddd, J=11.6, 8.7, 4.9 Hz, 1H), 3.80 (dd, /= 10.6, 4.4 Hz,
1H), 3.70 - 3.55 (m, 2H), 2.44 (ddd, J = 13.5, 4.9, 1.4 Hz, 1H), 2.13 (ddd, J = 13.5, 11.6, 5.7 Hz, 1H); 13C
NMR (75 MHz, CDCl3) & 138.5, 138.4, 138.1, 133.5, 133.4, 132.8, 129.2, 129.1, 128.6, 128.5 (2), 128.1,
128.0, 127.9, 127.8 (2), 84.2, 78.5, 77.9, 75.2, 73.6, 72.1, 71.9, 69.0, 36.2; HRMS (ESI) m/z calcd for
C33H3304CISNa [M + Na]" 583.1686, found 583.1702.
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4-(Trifluoromethyl)phenyl 3,4,6-tri-O-benzyl-2-deoxy-1-thio-o.-D-glucopyranoside (46f). According to
the general protocol C, (3,4,6-tri-O-benzyl-2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane! (106 mg,
0.150 mmol), 1,2-bis(4-(trifluoromethyl)phenyl)disulfane (35.4 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol),
and 4,4'-di-tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane (2.00 mL).
The reaction mixture was stirred at 120 °C under 5W blue LED irradiation for 48 h and afforded after
chromatographic purification on SiO, (Hexanes:EtOAc, 10:1) 46f (37.8 mg, 67%) as a white foam: [a]3’ =
+15.2 (¢ = 3.40, CHCL);IR (ATR) v = 3033, 2925, 2869, 1611, 1499, 1458, 1406, 1328, 1167, 1127, 1093,
1067, 1019, 1033, 955, 836, 739, 702 cm™!; 'TH NMR (300 MHz, CDCI3) & 7.60 - 7.52 (m, 2H), 7.49 - 7.42 (m,
2H), 7.40 - 7.26 (m, 13H), 7.24 - 7.15 (m, 2H), 5.78 (d, /= 6.4 Hz, 1H), 4.91 (d,J=10.9 Hz, 1H), 4.73 - 4.51
(m, 4H), 4.46 (d,J=11.9 Hz, 1H), 4.24 (ddd, /=9.7,4.3, 2.0 Hz, 1H), 3.96 (ddd, /= 11.6, 8.6, 4.9 Hz, 1H),
3.81(dd,J=10.7,4.3 Hz, 1H), 3.72 - 3.59 (m, 2H), 2.44 (ddd, J=13.6, 4.9, 1.4 Hz, 1H), 2.17 (ddd, J = 13.6,
11.6, 5.7 Hz, 1H); *C NMR (75 MHz, CDCl3) 8 140.5, 138.4 (2), 138.1, 130.0, 128.6, 128.5 (2), 128.1, 128.0,
127.9, 127.9, 127.9, 125.8 - 125.7 (m), 122.4, 83.3, 78.4, 77.9, 75.2, 73.6, 72.1, 72.1, 69.0, 36.2; 'F NMR
(282 MHz, CDCl3) & -62.6; HRMS (ESI) m/z calcd for C34H3304SF3Na [M + Na]* 617.1949, found 617.1971.
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4-Methoxyphenyl 3,4-di-O-benzyl-6-tert-butydiphenylsilyl-2-deoxy-1-thio-a-D-glucopyranoside (47a).
According to the general protocol C, (3,4-di-O-benzyl-6-tert-butydiphenylsilyl-2-deoxy-p-D-
glucopyranosyl)tri-n-butylstannane S5 (128.3 mg, 0.150 mmol), 1,2-bis(2-methoxyphenyl)disulfane (27.8
mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), and 4,4'-di-tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol)
were added to anhydrous 1,4-dioxane (2.00 mL). The reaction mixture was stirred at 120 °C under 5W blue
LED irradiation for 48 h and afforded after chromatographic purification on SiO; (Hexanes:EtOAc, 20:1) 47a
(63.4 mg, 90%) as a colorless oil: [a]3’ = +9.9 (c = 19.5, CHCL); IR (ATR) v = 3070, 3033, 2933, 2858,
1696, 1462, 1499, 1462, 1432, 1365, 1290, 1249, 1182, 1156, 1093, 1033, 948, 829, 743, 706 cm™!'; '"H NMR
(300 MHz, CDCl3) 6 7.75 - 7.64 (m, 4H), 7.47 - 7.20 (m, 18H), 6.82 - 6.71 (m, 2H), 5.55 (dd, J=5.8, 1.3 Hz,
1H), 4.99 (d, J=10.9 Hz, 1H), 4.77 - 4.66 (m, 3H), 4.29 (ddd, J = 9.6, 4.0, 1.8 Hz, 1H), 4.10 - 3.89 (m, 3H),
3.77 (s, 3H), 3.75 - 3.66 (m, 1H), 2.50 (ddd, J=13.3,4.9, 1.4 Hz, 1H), 2.11 (ddd, J=13.4, 11.6, 5.7 Hz, 1H),
1.08 (s, 9H); 1*C NMR (75 MHz, CDCls) § 159.4, 138.6, 138.5, 136.0, 135.7, 134.1, 134.0, 133.3, 129.7,
129.6, 128.6, 128.5,128.1, 128.0, 127.9, 127.8 (2), 127.6, 125.8, 114.6, 85.1, 78.7, 78.1, 75.3, 73.1, 72.2, 63.2,
55.4,36.5,27.0, 19.5; HRMS (ESI) m/z calcd for C43H43O05SSiNa [M + Na]" 727.2889, found 727.2927.
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4-Methoxyphenyl 3,4-di-O-benzyl-2-deoxy-1-thio-o-D-glucopyranoside (47b). According to the general
protocol C, (3,4-di-O-benzyl-6-O-benzoyl-2-deoxy-o-D-glucopyranosyl)tri-n-butylstannane S7 (108.2 mg,
0.150 mmol), 1,2-bis(4-methoxyphenyl)disulfane (27.8 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), and
4,4'-di-tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane (2.00 mL). The
reaction mixture was stirred at 120 °C under 5W blue LED irradiation for 48 h and afforded after
chromatographic purification on SiO> (Hexanes:EtOAc, 4:1) 47b (49.6 mg, 87%) as a light yellow oil: [a]3’ =
+15.7 (c = 13.7, CHCl3); IR (ATR) v = 3033, 2925, 1722, 1596, 1499, 1458, 1279, 1249, 1179, 1093, 1030,
832, 717, 702 cm’!; 'TH NMR (300 MHz, CDCl3) & 8.03 - 7.95 (m, 2H), 7.61 - 7.52 (m, 1H), 7.48 -7.30 (m,
14H), 6.73 - 6.62 (m, 2H), 5.51 (dd, J= 5.6, 1.4 Hz, 1H), 4.99 (d, /= 10.9 Hz, 1H), 4.81 - 4.49 (m, 6H), 4.06
(ddd, J=114, 8.5, 4.8 Hz, 1H), 3.72 (s, 3H), 3.57 (td, J= 9.1, 4.7 Hz, 1H), 2.51 (ddd, J=13.4, 4.9, 1.4 Hz,
1H), 2.11 (ddd, J = 13.4, 11.6, 5.7 Hz, 1H); *C NMR (75 MHz, CDCl3) § 166.4, 159.7, 138.3, 138.1, 134.5,
133.1, 130.2, 129.9, 128.7, 128.6, 128.4, 128.3, 128.0 (2), 127.9, 127.1, 124.7, 114.7, 84.9, 78.6, 78.0, 75.2,
72.0,70.3, 64.2, 55.4, 36.1; HRMS (ESI) m/z calcd for C34H3406SNa [M + Na]" 593.1974, found 593.1980.
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4-Methoxyphenyl 3,4-di-O-benzyl-6-0O-(4-methoxybenzyl)-2-deoxy-1-thio-o-D-glucopyranoside (47c¢).
According to the general protocol C, (3,4-di-O-benzyl-6-O-(4-methoxybenzyl)-2-deoxy-p-D-
glucopyranosyl)tri-n-butylstannane S9 (110.7 mg, 0.150 mmol), 1,2-bis(4-methoxyphenyl)disulfane (27.8
mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), and 4,4'-di-tert-butyl-2,2"-dipyridyl (12.1 mg, 0.045 mmol)
were added to anhydrous 1,4-dioxane (2.00 mL). The reaction mixture was stirred at 120 °C under 5W blue
LED irradiation for 48 h and afforded after chromatographic purification on SiO> (Hexanes:EtOAc, 6:1) 47¢
(41.0 mg, 70%) as a light yellow oil: [a]3’ = +9.0 (c = 2.15, CHCl3); IR (ATR) v = 3448, 2929, 2836, 1614,
1596, 1581, 1499, 1458, 1369, 1290, 1249, 1179, 1097, 1033, 832, 743, 702 cm’'; 'H NMR (300 MHz, CDCl3)
0743 -7.26 (m, 11H), 7.25 - 7.17 (m, 3H), 6.88 - 6.79 (m, 2H), 6.79 - 6.71 (m, 2H), 5.50 (d, J= 5.3 Hz, 1H),
4.89 (d,J=10.9 Hz, 1H), 4.72 - 4.46 (m, 4H), 4.43 - 4.29 (m, 2H), 3.96 (ddd, J=11.6, 8.7, 4.9 Hz, 1H), 3.82
- 3.71 (m, 7H), 3.68 - 3.50 (m, 2H), 2.49 - 2.37 (m, 1H), 2.14 -2.00 (m, 1H); '*C NMR (75 MHz, CDCl3) §
159.6, 159.3, 138.6 (2), 134.7, 132.8, 130.4, 130.1, 129.8, 129.7, 128.6, 128.5 (2), 128.0, 127.9, 127.8 (2),
125.1,114.8,114.6,113.9, 113.8, 85.1, 78.7, 78.0, 75.1, 73.2, 72.0, 71.7, 68.7, 55.4, 55.4, 36.2; HRMS (ESI)
m/z calcd for C3sH3306SNa [M + Na]* 609.2287, found 609.2303.
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4-Methoxyphenyl 3,4-di-O-benzyl-2-deoxy-1-thio-a-D-glucopyranoside (47d). According to the general
protocol C, (3,4-di-O-benzyl-2-deoxy-a-D-glucopyranosyl)tri-n-butylstannane S6 (92.5 mg, 0.150 mmol),
1,2-bis(4-methoxyphenyl)disulfane (27.8 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), and 4,4’-di-fert-butyl-
2,2'-dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane (2.00 mL). The reaction mixture
was stirred at 120 °C under SW blue LED irradiation for 48 h and afforded after chromatographic purification
on SiO; (Hexanes:EtOAc, 3:1) 47d (41.0 mg, 88%) as a light yellow oil: [a]3’ =+21.3 (c = 16.1, CHCl5); IR
(ATR) v = 3461, 3033, 2921, 2873, 1596, 1495, 1458, 1369, 1290, 1249, 1179, 1093, 1033, 948, 832, 739,
702 cm!; 'TH NMR (300 MHz, CDCI3) 8 7.44 - 7.28 (m, 12H), 6.91 - 6.80 (m, 2H), 5.49 - 5.41 (m, 1H), 4.96
(d, J=11.0 Hz, 1H), 4.76 - 4.59 (m, 3H), 4.23 (dtt, J = 9.3, 3.3, 1.6 Hz, 1H), 4.09 - 3.94 (m, 1H), 3.79 (m,
5H), 3.52 (dd, J = 9.7, 8.7 Hz, 1H), 2.46 (ddd, J = 13.5, 4.9, 1.4 Hz, 1H), 2.03 (ddd, J = 13.5, 11.5, 5.7 Hz,
1H), 1.71 (q, J = 5.0, 3.4 Hz, 1H); 3C NMR (75 MHz, CDCl3) § 159.9, 138.5, 138.4, 135.1, 128.6, 128.2,
128.0, 127.9, 124.6, 114.8, 85.0, 78.6, 77.8, 75.1, 72.2, 72.0, 62.3, 55.4, 36.0; HRMS (ESI) m/z calcd for
C27H3005SNa [M + Na]" 489.1712, found 489.1703.

47e

4-Phenyl 2-deoxy-1-thio-a-D-glucopyranoside (47e). According to the general protocol B, (2-deoxy-B-D-
glucopyranosyl)tri-n-butylstannane* (65.6 mg, 0.150 mmol), 1,2-bis(4-methoxyphenyl)disulfane (27.8 mg,
0.100 mmol), KF (17.4 mg, 0.300 mmol), and 4,4’-di-tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol) were
added to anhydrous 1,4-dioxane (2.00 mL). The reaction mixture was stirred at 120 °C under SW blue LED
irradiation for 48 h and afforded after chromatographic purification on SiO; (CH2Cl2:MeOH, 10:1) 47e (23.5
mg, 82%) as a colorless oil: [a]3’ = +30.8 (c = 11.9, MeOH); IR (ATR) v = 3342, 3065, 2925, 2884, 1588,
1484, 1443, 1235, 1186, 1071, 1045, 955, 851, 773, 743, 695 cm’!; 'H NMR (300 MHz, CD30OD) & 7.58 -
7.46 (m, 2H), 7.41 - 7.16 (m, 3H), 5.64 (ddt, /= 5.6, 1.2, 0.6 Hz, 1H), 4.07 (dddd, J=9.7, 3.8, 3.2, 0.6 Hz,
1H), 3.96 - 3.76 (m, 3H), 3.39 - 3.33 (m, 1H), 2.30 (ddd, /= 13.3, 5.0, 1.2 Hz, 1H), 2.06 (ddd, J = 13.5, 11.9,
5.6 Hz, 1H); *C NMR (75 MHz, CD;0D) § 136.5, 132.7, 129.9, 128.2, 85.7, 74.8, 73.3, 70.6, 62.4, 49.0,
39.7; HRMS (ESI) m/z caled for C12H1604SNa [M + Na]" 279.0667, found 279.0664.

<j\ /@[OMe
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2-(3,4-Dimethoxyphenyl)tetrahydrofuran  (48a). According to the general protocol C,
Itributyl(tetrahydrofuran-2-yl)stannane (54.2 mg, 0.150 mmol), 1,2-bis(3,4-dimethoxyphenyl)disulfane (33.8
mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), and 4,4'-di-tert-butyl-2,2"-dipyridyl (12.1 mg, 0.045 mmol)
were added to anhydrous 1,4-dioxane (2.00 mL). The reaction mixture was stirred at 120 °C under SW blue
LED irradiation for 48 h and afforded after chromatographic purification on SiO> (Hexanes:EtOAc, 8:1) 48a
(17.1 mg, 82%) as a colorless oil: 'H NMR (300 MHz, CDCl3) 6 7.14 - 7.04 (m, 2H), 6.85 - 6.76 (m, 1H),
5.55-5.48 (m, 1H), 4.07 - 3.90 (m, 2H), 3.88 (s, 3H), 3.86 (s, 3H), 2.43 - 2.25 (m, 1H), 2.07 - 1.78 (m, 3H);
3C NMR (75 MHz, CDCl3) & 149.0 (2), 126.1, 125.8, 116.1, 111.6, 88.3, 67.4, 56.1, 56.0, 32.6, 25.0.
Characterization data matched the literature report.?
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2-(3,4-Dimethoxyphenyl)tetrahydro-2H-pyran (48b). According to the general protocol C,
tributyl(tetrahydro-2 H-pyran-2-yl)stannane (56.3 mg, 0.150 mmol), 1,2-bis(3,4-dimethoxyphenyl)disulfane
(33.8 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), and 4,4'-di-tert-butyl-2,2'-dipyridyl (12.1 mg, 0.045 mmol)
were added to anhydrous 1,4-dioxane (2.00 mL). The reaction mixture was stirred at 120 °C under 5SW blue
LED irradiation for 48 h and afforded after chromatographic purification on SiO2 (Hexanes:EtOAc, 8:1) 48b
(15.5 mg, 70%) as a colorless oil: 'H NMR (300 MHz, CDCl3) 6 7.12 - 7.04 (m, 2H), 6.86 - 6.75 (m, 1H),
5.04 (dd, J=6.3,3.7 Hz, 1H), 4.27 - 4.10 (m, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 3.65 - 3.48 (m, 1H), 2.09 - 1.94
(m, 1H), 1.91 - 1.55 (m, 5H); 3*C NMR (75 MHz, CDCI3) 6 149.0 (2), 125.8, 125.6, 116.1, 111.5, 86.4, 65.0,
56.1, 56.0,31.7,25.7, 22.0. Characterization data matched the literature report.?
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1-(4-Methoxybenzyl)-4-((4-methoxyphenyl)thio)azetidin-2-one (48¢c). According to the general protocol C,
1-(4-methoxybenzyl)-4-(tributylstannyl)azetidin-2-one (72.2 mg, 0.150  mmol), 1,2-bis(4-
methoxyphenyl)disulfane (27.8 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), and 4,4’-di-tert-butyl-2,2'-
dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane (2.00 mL). The reaction mixture was
stirred at 120 °C under SW blue LED irradiation for 48 h and afforded after chromatographic purification on
Si0, (Hexanes:EtOAc, 2:1) 48¢ (29.0 mg, 88%) as a colorless oil: IR (ATR) v = 2955, 2840, 1756, 1614,
1596, 1514, 1499, 1465, 1391, 1290, 1249, 1179, 1108, 1033, 948, 832 cm™!; 'H NMR (300 MHz, CDCI3) &
7.40 - 7.28 (m, 2H), 7.17 - 7.04 (m, 2H), 6.97 - 6.67 (m, 4H), 4.78 - 4.57 (m, 2H), 4.05 (d, J = 14.9 Hz, 1H),
3.82 (s, 3H), 3.80 (s, 3H), 3.17 (dd, J= 14.9, 4.8 Hz, 1H), 2.75 (ddd, J = 14.9, 2.3, 1.0 Hz, 1H); 3C NMR (75
MHz, CDCl) 6 165.3, 160.7, 159.3, 137.2, 129.9, 127.7, 119.9, 115.1, 114.3, 58.2, 55.5, 55.4, 44.0, 43.8;
HRMS (ESI) m/z calcd for C1sH1903SNa [M + Na]* 352.0983, found 352.0984.

B\oc
I
OMe
48d

tert-Butyl 2-((4-methoxyphenyl)thio)pyrrolidine-1-carboxylate (48d). According to the general protocol
C, tert-butyl 2-(tri-n-butylstannyl)pyrrolidine-1-carboxylate (69.0 mg, 0.150 mmol), 1,2-bis(3,4-
dimethoxyphenyl)disulfane (33.8 mg, 0.100 mmol), KF (17.4 mg, 0.300 mmol), and 4,4'-di-tert-butyl-2,2'-
dipyridyl (12.1 mg, 0.045 mmol) were added to anhydrous 1,4-dioxane (2.00 mL). The reaction mixture was
stirred at 120 °C under SW blue LED irradiation for 48 h and afforded after chromatographic purification on
Si0; (Hexanes:EtOAc, 19:1) 48d (25.9 mg, 84%) as a colorless oil: H NMR (300 MHz, CDCls) 6 7.54 - 7.34
(m, 2H), 6.98 - 6.63 (m, 2H), 5.20 (d, J = 26.4 Hz, 1H), 3.79 (s, 3H), 3.34 (d, J = 26.7 Hz, 2H), 2.14 - 1.77
(m, 4H), 1.54 - 1.28 (m, 9H);!3C NMR (75 MHz, CDCls) 6 199.1, 153.7, 137.2, 124.4, 114.6, 80.1, 67.1, 55.4,
45.6, 33.6, 28.4, 22.3. Characterization data matched the literature report.*
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Methyl 6-0- (2-deoxy-3,4,6-tris-O-benzyl-a-D-galactopyranosyl)-2,3,4-tris-O-benzyl-a-D-
glucopyranoside (51). According to the general protocol B, (3,4,6-tri-O-benzyl-2-deoxy-B-D-
galactopyranosyl)tri-n-butylstannane (159 mg, 0.225 mmol), 1,2-bis(4-methoxyphenyl)disulfane (41.7 mg,
0.150 mmol), KF (26.1 mg, 0.450 mmol), and 4,4'-di-tert-butyl-2,2'-dipyridyl (18.2 mg, 0.068 mmol) were
added to anhydrous 1,4-dioxane (3.00 mL). The reaction mixture was stirred at 120 °C under SW blue LED
irradiation for 48 h and filtered through Celite® to obtain a crude mixture for next step. A solution of methyl
2,3,4-tri-O-benzyl-a-D-glucopyranoside 50 (46.4 mg, 0.100 mmol) and the crude mixture in dry CH2Cl> (5
mL) was stirred with powdered molecular sieves (4A) under N, for 30 min. NIS (45 mg, 0.200 mmol) was
added and stirring was continued for further 30 min, when after addition of a catalytic amount of AgOTf (2.6

Me

mg, 0.010 mmol) the color of the reaction mixture turned deep yellow brown. The mixture was stirred for 10h,
then Et;N was added to quench the mixture. After stirring for additional 20 min, the mixture was concentrated
and afforded after chromatographic purification on SiO; (Hexanes:EtOAc, 6:1) 51 (63.4 mg, 72%, a:3 =5:1)
as a colorless oil: 'TH NMR (300 MHz, CDCl3) 8 7.43 -7.22 (m, 30H), 5.04 (d, /= 3.6 H, 1H), 5.00 (d, J =
10.8 Hz, 1H), 4.96 - 4.76 (m, 4H), 4.69 (d, J = 12.2 Hz, 1H), 4.65 - 4.50 (m, 5H), 4.39 (q, J = 11.8 Hz, 2H),
4.00 (dd, J = 9.6, 8.8 Hz, 1H), 3.94 - 3.69 (m, 5H), 3.68 - 3.42 (m, 5H), 3.33 (s, 3H), 2.22 (td, J=12.5, 3.6
Hz, 1H), 2.03 (dd, J = 12.6, 4.5 Hz, 1H);'*C NMR (75 MHz, CDCls) § 139.0, 138.9, 138.5, 138.4, 138.3 (2),
128.6, 128.5, 128.4, 128.3, 128.2 (2), 128.0, 127.8 (2), 127.7, 127.6, 127.5, 98.4, 98.0, 82.3, 80.1, 78.0, 77.4,
759, 75.1,74.4, 74.3, 73.5, 73.4, 73.0, 70.4, 70.2, 69.9, 69.5, 66.2, 55.1, 31.1. Characterization data matched
the literature report.’
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5. Detailed Experimental Procedures for Compounds S1- S13

OAc
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S1

(3,4-Di-0-benzyl-6-0-acetyl-2-deoxy-p-D-glucopyranosyl)tri-n-butylstannane (S1). To a solution of i-
ProNH (1.45 mL, 10.3 mmol) in anhydrous THF (15.0 mL), n-BuLi (6.20 mL, 9.95 mmol, 1.6 M in hexane)
was added at 0 °C. After stirring for 15 min, Bu3SnH (3.00 mL, 10.6 mmol) was added, and the reaction
mixture was stirred at -78 °C for another 15 min. The solution of BuzSnLi in THF was warmed up to 0 °C. To
a solution of 3,4-di-O-benzyl-6-O-tert-butyldiphenylsilyl-2-deoxy-D-glucose (2.00 g, 3.43 mmol) in
CHCIls/PhMe (2:1, 15.0 mL) was added SOCI; (1.80 mL, 24.8 mmol). The resulting solution was stirred at rt
for 0.5 h and concentrated under vacuum. The residue was dissolved in THF (20.0 mL) and added dropwise
via syringe to the above freshly prepared solution of Bu3SnLi (9.95 mmol) in THF (15.0 mL) at 0 °C. The
resulted reaction mixture was stirred at 0 °C for 1.5 h, quenched with water, and extracted with EtOAc (3 x
50.0 mL). The combined organic layer was dried over Na2SQO4, concentrated, and was purified by short column
on SiO; (Hexanes:EtOAc, 25:1) to obtain the crude product (117 mg, 4.0%) as a colorless oil. To a solution
of the above product (117 mg, 0.137 mmol) in anhydrous THF (3.00 mL), TBAF solution (0.40 mL, 4.0 mmol,
1.00 M in THF) was added under N>. The reaction mixture was stirred at rt 12 h and concentrated under
vacuum. The residue was dissolved in pyridine/Ac,O mixture (3:1, 4.00 mL) and stirred 12 h. After removal
of the volatiles, the crude mixture was quenched with water, extracted with EtOAc (3 x 50.0 mL) and purified
by column chromatography on SiO, (Hexanes:EtOAc, 50:1) to obtain S1 (49.0 mg, 54%) as a colorless oil:
[a]3? =-0.7 (c = 3.90, CHCI5); IR (ATR) v = 3033, 2955, 1745, 1596, 1499, 1458, 1368, 1290, 1249, 1097,
1033, 832, 743,702, 650 cm™!; 'TH NMR (300 MHz, CDCl3) 8 7.36 - 7.27 (m, 10H), 4.95 (d, J= 10.9 Hz, 1H),
4.75 - 4.59 (m, 3H), 4.31 (dd, J=11.6, 2.2 Hz, 1H), 4.16 (dd, J=11.6, 5.2 Hz, 1H), 3.67 - 3.54 (m, 2H), 3.38
(dd, J=9.6, 8.5 Hz, 1H), 3.26 (ddd, J = 9.6, 5.2, 2.1 Hz, 1H), 2.15 (ddd, J = 13.0, 5.0, 2.0 Hz, 1H), 2.01 (s,
3H), 1.82 (td, J=13.2, 10.7 Hz, 1H), 1.61 - 1.42 (m, 6H), 1.37 - 1.25 (m, 6H), 1.01 - 0.78 (m, 15H); 3C NMR
(75 MHz, CDCl3) 6 171.0, 138.8, 138.5, 134.9, 129.8, 128.6 (2), 128.3, 127.9, 127.8 (2), 83.0, 80.4, 79.0,
75.3,71.6,70.7, 64.4, 36.8, 29.2, 27.5, 21.0, 13.8, 8.8; HRMS (ESI) m/z calcd for C34Hs20s5SnNa [M + Na]*
683.2742, found 683.2750.

OPMB
PMBO SnBug

S2

(3,4,6-Tri-O-(4-methoxybenzyl)-2-deoxy-p-D-glucopyranosyl)tri-n-butylstannane (S2). To a solution of
(2-deoxy-B-D-glucopyranosyl)tri-n-butylstannane (72.0 mg, 0.165 mmol) in THF (2.00 mL) was added
KHMDS (1.50 mL, 0.750 mmol, 0.5 M in PhMe) under N, at room temperature. After stirring for 0.5 h, 4-
methoxybenzyl chloride (0.660 mmol, 0.089mL) was added. The resulted reaction mixture was stirred at r.t.
for 8 h, quenched with water, and extracted with EtOAc (3 x 50.0 mL). The combined organic layer was dried
over Na>SOs, concentrated, and was purified by short column on SiO; (Hexanes:EtOAc, 20:1) to afford S2
(109 mg, 83%) as a white foam: [a]3® = -1.16 (c = 1.50, CHCl3); IR (ATR) v = 2955, 2929, 2854, 1614,
1517, 1465, 1361, 1305, 1253, 1176, 1097, 1041, 825 cm™'; 'H NMR (300 MHz, CDCI3) & 7.33 - 7.27 (m,
3H), 7.24 (d, J=2.1 Hz, 1H), 7.19 - 7.12 (m, 2H), 6.90 - 6.80 (m, 6H), 4.81 (d, /= 10.5 Hz, 1H), 4.67 - 4.59
(m, 2H), 4.59 - 4.52 (m, 2H), 4.47 (d, J = 11.8 Hz, 1H), 3.81 (s, 3H), 3.80 (s, 3H), 3.79 (s, 3H), 3.66 - 3.48
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(m, 4H), 3.42 (t, J=9.0 Hz, 1H), 3.20 (dt, /= 9.4, 3.3 Hz, 1H), 2.15 - 2.06 (m, 1H), 1.81 (td, /= 13.2, 10.5
Hz, 1H), 1.50 (ddd, J = 6.7, 4.9, 3.4 Hz, 6H), 1.36 - 1.25 (m, 6H), 1.02 - 0.80 (m, 15H); '*C NMR (75 MHz,
CDCl3) 6 159.3, 131.2, 129.8, 129.4, 129.2, 113.9 (2), 113.8, 83.3, 82.8, 79.1, 77.4, 74.8, 73.2, 71.4, 70.8,
69.9, 55.4,55.4,37.2,29.3,27.5, 13.9, 8.8; HRMS (ESI) m/z calcd for C42Hs2O7SnNa [M + Na]™ 821.3425,
found 821.3441.

OBn
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S3
(3,4,6-Tri-O-benzyl-2-deoxy-p-D-galactopyranosyl)tri-n-butylstannane (S3). To a solution of i-Pr,NH
(1.9 mL, 13.8 mmol) in anhydrous and degassed THF (13.8 mL) was added n-BuLi (5.34 mL, 13.3 mmol, 2.5
M in hexanes) at -78°C. After stirring for 15 min, to the reaction mixture BusSnH (3.84 mL, 4.16 g, 14.3
mmol) was added and stirred for another 15 min, then allowed to warm up to 0 °C. A solution of 3,4,6-tri-O-
benzyl-2-deoxy-a-D-galactopyranosyl chloride (2.08 g, 4.60 mmol) in anhydrous THF (27.6 mL) was added
at 0 °C. After stirring at 0 °C for 1.5 h, the reaction was quenched with H>O (50.0 mL) and extracted with
EtOAc (3 x 30.0 mL). The combined organic layers were dried over Na,SOs, concentrated, and purified by
column chromatography on SiO; (Hexanes:EtOAc, 1:0 to 30:1) to afford S3 (1.03 g, 31.1%) as a colorless oil:
[a]3® =-1.0 (c = 38.1, CHCI3); IR (ATR) v = 3033, 2959, 2925, 2854, 1499, 1458, 1361, 1208, 1100, 1030,
881, 735, 698, 601 cm™!; 'H NMR (300 MHz, CDCl3) & 7.41 - 7.27 (m, 15H), 5.03 (d, /= 11.8 Hz, 1H), 4.69
-4.63 (m, 3H), 4.55 - 4.45 (m, 2H), 3.95 - 3.92 (m, 1H), 3.80 - 3.70 (m, 1H), 3.64 - 3.51 (m, 3H), 3.44 -3.39
(m, 1H), 2.50 - 2.38 (m, 1H), 1.86 - 1.80 (m, 1H), 1.64 - 1.50 (m, 6H), 1.39 - 1.32 (m, 6H), 0.98 - 0.89 (m,
15H); *C NMR (75 MHz, CDCl3) & 139.7, 138.9, 138.5, 128.5, 128.4, 128.1, 127.9, 127.7, 127.6(2), 127.4,
127.2, 80.9, 80.3, 77.6, 76.7, 74.1, 73.9, 73.6, 71.7, 70.2, 70.0, 32.5, 29.2, 27.5, 13.8, 8.7; HRMS (ESI) m/z
calcd for C39Hs604SnNa [M + Na]* 731.3107, found 731.3118.
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(2,3,4-Tri-O-benzyl-p-L-fucopyranosyl)tri-n-butylstannane (S4). To a solution of i-ProNH (1.56mL, 11.13
mmol) in anhydrous THF (15.0 mL) was added n-BuLi (4.30 mL, 10.8 mmol, 2.5 M in hexane) at -78 °C.
After stirring for 15 min, BusSnH (3.26 mL, 11.5 mmol) was added at -78 °C. The reaction mixture was stirred
another 15 min, then warmed up to 0 °C. To a solution of 3,4-di-O-benzyl-L-fucal (1.22 mg, 3.71 mmol) in
CHCl3/PhMe (2:1, 15.0 mL) was added SOCIl, (0.5 mL). The resulting solution was stirred at room
temperature for 0.5 h and concentrated under vacuum. The residue was dissolved in anhydrous THF and added
dropwise to the above stannane mixture at 0 °C. After stirring for 1.5 h, the reaction mixture was quenched
with water (30.0 mL) and extracted with EtOAc (3 x 20.0 mL). The combined organic layer was dried over
NazS0s, concentrated, and purified by column chromatography on SiO> (Hexanes:EtOAc, 25:1) to afford S4
(320 mg, 14%) as a colorless oil: [a]33=+1.3 (¢ =2.55, CHCL); IR (ATR) v = 3033, 2959, 2925, 2854, 1499,
1458, 1380, 1361, 1212, 1182, 1111, 1059, 1033, 962, 843, 739, 702, 601 cm™'; 'H NMR (300 MHz, CDCl3)8
7.45 -7.29 (m, 10H), 5.02 (d, J=11.9 Hz, 1H), 4.69 (d, J=11.9 Hz, 1H), 4.64 (d, J = 2.4 Hz, 2H), 3.69 (dd,
J=13.2,2.0 Hz, 1H), 3.62 - 3.57 (m, 1H), 3.50 (ddd, J=11.4, 4.6, 2.5 Hz, 1H), 3.29 - 3.20 (m, 1H), 2.36 (td,
J=12.9,11.4 Hz, 1H), 1.82 - 1.72 (m, 1H), 1.56 - 1.48 (m, 6H), 1.36 - 1.28 (m, 6H), 1.15 (d, /= 6.4 Hz, 3H),
0.91(q,J=7.1Hz, 15H); 3C NMR (75 MHz, CDCl3) 8 139.8, 139.1, 128.5, 128.2, 127.8, 127.6, 127.4, 127.2,
81.0, 78.0, 76.9, 74.3, 71.5, 70.0, 32.1, 29.2, 27.5, 18.2, 13.9, 8.8; HRMS (ESI) m/z calcd for C32Hs500O3SnNa
[M + Na]" 625.2686, found 625.2689.
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(3,4-Di-O-benzyl-6-(tert-butyldiphenylsilyl)-2-deoxy-a-D-glucopyranosyl)tri-n-butylstannane (S5). To a
solution of i-ProNH (1.45 mL, 10.3 mmol) in anhydrous THF (15.0 mL), n-BuLi (6.20 mL, 9.95 mmol, 1.6 M
in hexane) was added at 0 °C. After stirring for 15 min, BuzSnH (3.00 mL, 10.6 mmol) was added, and the
reaction mixture was stirred at -78 °C for another 15 min. The solution of BuzSnLi in THF was warmed up to
0 °C. To a solution of 3,4-di-O-benzyl-6-O-tert-butyldiphenylsilyl-2-deoxy-D-glucose (2.00 g, 3.43 mmol) in
CHCIls/PhMe (2:1, 15.0 mL) was added SOCI; (1.80 mL, 24.8 mmol). The resulting solution was stirred at rt
for 0.5 h and concentrated under vacuum. The residue was dissolved in THF (20.0 mL) and added dropwise
via syringe to the above freshly prepared solution of Bu3SnLi (9.95 mmol) in THF (15.0 mL) at 0 °C. The
resulted reaction mixture was stirred at 0 °C for 1.5 h, quenched with water, and extracted with EtOAc (3 x
50.0 mL). The combined organic layer was dried over Na>SQO4, concentrated, and was purified by short column
on SiO; (Hexanes:EtOAc, 20:1) to afford S5 (879 mg, 33%) as a colorless oil: [a]3? =+16.0 (c = 6.95, CHCL3);
IR (ATR) v = 3033, 2959, 2929, 2858, 1458, 1432, 1365, 1115, 1093, 1030, 870, 743, 702 cm™!; 'H NMR
(300 MHz, CDCl3) 6 7.80 - 7.62 (m, 4H), 7.46 - 7.26 (m, 13H), 7.25 - 7.16 (m, 3H), 4.94 (d, J=11.1 Hz, 1H),
4.76 - 4.49 (m, 4H), 3.88 (d, J = 3.2 Hz, 2H), 3.63 - 3.48 (m, 2H), 3.14 (dt, J= 7.7, 3.2 Hz, 1H), 2.28 - 2.08
(m, 2H), 1.55 - 1.34 (m, 6H), 1.33 - 1.20 (m, 6H), 1.05 (d, J = 3.7 Hz, 9H), 0.97 - 0.74 (m, 15H); *C NMR
(75 MHz, CDCI3) 6 156.9, 139.0, 138.8, 136.0, 135.8, 134.0, 133.6, 129.6, 129.6, 128.6, 128.4, 127.9, 127.8,
127.7, 127.6, 127.5, 80.9, 80.6, 78.7, 74.9, 71.6, 71.5, 63.8, 36.4, 29.3, 27.5, 27.0, 19.4, 13.8, 10.1; HRMS

(ESI) m/z calcd for C4gHesO4SiSnNa [M + Na]* 879.3807, found 879.3813.
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(3,4-Di-O-benzyl-2-deoxy-o-D-glucopyranosyl)tri-n-butylstannane (S6). To a solution of the S5 (800 mg,
0.936 mmol) in anhydrous THF (3.00 mL), TBAF solution (3.70 mL, 3.70 mmol, 1.00 M in THF) was added
under N». The reaction mixture was stirred at rt 12 h. The crude mixture purified by column chromatography
on SiO; (Hexanes:EtOAc, 20:1) to obtain S6 (450 mg, 78%) as a colorless oil: [a]3° =+4.1 (¢ = 18.9, CHCL);
IR (ATR) v = 3469, 3033, 2959, 2921, 2854, 1499, 1458, 1365, 1179, 1089, 1030, 966, 877, 739, 702 cm™!;
'"H NMR (300 MHz, CDCl3) & 7.41 - 7.27 (m, 10H), 4.95 (d, J = 11.3 Hz, 1H), 4.74 - 4.46 (m, 4H), 3.81 -
3.51 (m, 3H), 3.39 (t, /= 8.8 Hz, 1H), 3.08 (ddd, J=9.1, 4.8, 3.1 Hz, 1H), 2.24 - 2.06 (m, 2H), 1.83 (m, 1H),
1.54 - 1.37 (m, 6H), 1.35 - 1.24 (m, 6H), 0.96 - 0.80 (m, 15H); 3C NMR (75 MHz, CDCI3) & 138.7, 138.6,
128.6, 128.5, 128.1, 127.8, 127.8, 80.6, 79.5, 79.0, 75.0, 71.9, 71.4, 62.9, 36.3, 29.3, 27.6, 13.8, 10.1; HRMS
(ESI) m/z calcd for C32Hs00sSnNa [M + Na]* 641.2635, found 641.2653.
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(3,4-Di-0O-benzyl-6-0-benzoyl-2-deoxy-a-D-glucopyranosyl)tri-n-butylstannane (S7). To a solution of
(3,4-Di-O-benzyl-2-deoxy-a-D-glucopyranosyl)tri-n-butylstannane S6 (224 mg, 0.36 mmol) in pyridine (3
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ml), benzoyl chloride (0.085 ml, 0.73 mmol) was added. The reaction mixture was stirred at rt 12 h. After
removal of s