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General Experimental

All anhydrous reactions were performed in flame-dried glassware under a positive pressure of dry argon. Air or
moisture-sensitive reagents and anhydrous solvents were transferred with oven-dried syringes or cannulae. All flash
chromatography was performed with E. Merck silica gel 60 (230-400 mesh). All solution phase reactions were
monitored using analytical thin layer chromatography (TLC) with 0.2 mm pre-coated silica gel aluminum plates 60
F254 (E. Merck). Components were visualized by illumination with a short-wavelength (254 nm) ultra-violet light
and/or staining (ceric ammonium molybdate, potassium permanganate, or phosphomolybdate stain solution). All
solvents used for anhydrous reactions were distilled. Tetrahydrofuran (THF) and diethyl ether (Et,0) were distilled from
sodium/benzophenone under nitrogen. Dichloromethane (DCM) was distilled from calcium hydride. N,N-
dimethylformamide (DMF) was stored over activated 4A molecular sieves under argon. 'H (400 or 500 MHz) and "C
NMR (100 or 125 MHz) spectra were recorded at ambient temperature on a Bruker Avance 400, Bruker Avance 500, or
Varian Inova 500 spectrometer. Deuterated chloroform (CDCl;) or water (D,0) were used as NMR solvents, unless
otherwise stated. Chemical shifts are reported in ppm using the solvent residual peak as an internal standard. Splitting
patterns are designated as follows: s, singlet; d, doublet; t, triplet; q, quartet; quint, quintet; m, multiplet and br, broad.
Low resolution mass spectrometry (LRMS) was performed on a Micromass Quatro-LC Electrospray spectrometer with
a pump rate of 20 pL/min using electrospray ionization (ESI).

Compounds below are in order of appearance in the manuscript. Intermediates that were not numbered in the manuscript
received numbers beginning with 51. NMR spectra for novel compounds and final compounds assessed for IRI activity
are provided. Compounds 1-2,4-7,9, 29, 30, 35 and 39 were prepared as described previously by our laboratory.l

General Synthetic Scheme for the preparation of O-aryl-glycosides

Rz OAc Rz OAc

Rz oH
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Ohe CH,Cl,, 4AMS, 0°C
Glc: Ry = OAc; Ry =H 1a, 3a-15a: Glc: Ry = OAc; R, = H 1, 3-15: Glc: Ry = OH; R, =H
Gal: Ry =H; Ry = OAc 2a, 16a-28a: Gal: Ry =H; R, = OAc 2,16-28: Gal: R; = H; R, = OH

Scheme S1. General synthetic scheme for the preparation of O-aryl-glucosides and —galactosides 1-28.

4-Methoxyphenyl-2 3 4,6-tetra-O-acetyl-f-D-glucopyranoside (1a)

OAc

AcO Q
OMe

OAc
1a

To a mixture of 1,2,3,4,6-penta-O-acetyl-B-D-glucopyranose (15 g, 38.4 mmol), 4-methoxyphenol (6.7 g, 53.8 mmol)
and 4 A MS in anhydrous CH,Cl, (100 mL) stirring at 0 °C under Ar, was slowly added boron trifluoride diethyl
etherate (9.64 mL, 76.8 mmol). The reaction mixture was stirred overnight, then diluted with CH,Cl, and quenched
with sodium bicarbonate. The solution was filtered through Celite®, then extracted with CH,Cl,. The organic layer
was washed with sodium bicarbonate, water, saturated brine, then dried over MgSQO,4 and concentrated. Flash column
chromatography (6:4 hexanes/ethyl acetate) afforded 1a as a white powder (13.6 g, 78%)." 'H NMR (300 MHz,
CDCL): 8 6.97-6.92 (m, 2H), 6.84-6.78 (m, 2H), 5.31-5.20 (m, 2H), 5.16 (t, J = 9.6 Hz, 1H), 4.95 (d, J = 7.6 Hz, 1H),
429 (dd,J=12.3,5.2 Hz, 1H), 4.18 (dd, J = 12.3, 2.5 Hz, 1H), 3.83-3.79 (m, 1H), 3.77 (s, 3H), 2.08 (s, 3H), 2.07 (s,
3H), 2.04 (s, 3H) 2.03 (s, 3H). "C NMR (75 MHz, CDCl;): § 170.6, 170.3, 169.4, 169.3, 155.8, 150.9, 118.7, 114.5,
100.3, 72.7, 719, 71.2, 68.3, 61.9, 55.6, 20.7, 20.7, 20.6, 20.6. LRMS (ESI): m/z calcd. for C,;H;(NO,; [M+NH,]"
472.5; found, 472.2; m/z calcd. for C, H,sNaO,, [M+Na]* 477 4; found, 477.1.
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4-Methoxyphenyl-f-D-glucopyranoside (1)
OH
" °H1 \©\OM8

Compound 1a (6.75 g, 14.9 mmol) was dissolved in a solution of sodium methoxide in methanol (25 mL) and stirred for
one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 1 as a white powder
(4.1 g,95%)." '"H NMR (400 MHz, D,0): § 7.14-7.10 (m, 2H), 7.01-6.96 (m, 2H), 5.01 (d, J = 7.6 Hz, 1H), 3.92 (dd, J =
124,22 Hz, 1H), 3.81 (s, 3H), 3.75 (dd, J = 12.4, 5.7 Hz, 1H), 3.62-3.54 (m, 3H), 3.48 (dd, J = 9.6, 9.2 Hz, 1H). °C
NMR (101 MHz, D,0): § 154.7, 150.9, 118.2, 115.0, 101.2, 76.1, 75.5,72.9, 69.4, 60.5, 55.8. LRMS (ESI): m/z calcd.
for C;;H,{NaO, [M+Na]* 309.3; found, 309.3.

4-(benzyloxycarbonyl)aminophenyl-2 3 4,6-tetra-0-acetyl-f-D-glucopyranoside (3a)

OAc

AcO 0
AcO O\©\
0 NHCbz

Ac
3a

Compound 3a was prepared in a similar manner as 1a from 1,2,3.,4,6-penta-O-acetyl-[3-D-glucopyranose (300 mg, 0.77
mmol), 4-(benzyloxycarbonyl)aminophenol (206 mg, 0.85 mmol) and boron trifluoride diethyl etherate (482 uL, 3.84
mmol) with 4 A MS in anhydrous CH,Cl, (15 mL) at 0 °C. Column chromatography (7:3 hexanes/ethyl acetate)
afforded 3a (372 mg, 84%) as a yellow oil. '"H NMR (300 MHz, CDCI3) & 2.03 (s, 3H), 2.04 (s, 3H), 2.06 (s, 3H), 2.07
(s, 3H), 3.79-3.86 (m, 1H), 4.15 (dd, J=12.3, 2.4 Hz, 1H), 4.28 (dd, J=12.2, 54 Hz, 1H), 5.00 (d, J=7.6 Hz, 1H), 5.12-
5.17 (m, 1H), 5.19 (s, 2H), 5.23-5.29 (m, 2H), 6.69 (br s, 1H), 6.95 (d, J=9.0 Hz, 2H), 7.30 (d, J=8.9 Hz, 2H), 7.35-7 .42
(m, 5H). "C NMR (75 MHz, CDCI3) & 20.47, 20.50, 20.53, 20.59, 61.88, 68.21, 71.15, 71.83, 172.68, 99.52, 117.70,
120.19, 128.17, 128.25, 128.52, 133.60, 136.02, 152.85, 166.19, 169.52, 170.30, 170.74, 175.63 LRMS (ESI): m/z
calcd. for C,sH;(NO,, [M-H] 572.2; found 572 0.

4-(benzyloxycarbonyl)aminophenyl-f-D-glucopyranoside (3b)
OH
Hoﬁo
3b

Compound 3a (370 mg, 0.645 mmol) and potassium carbonate (9 mg, 0.0645 mmol) were dissolved in methanol (10

NHCbz

mL) in a 50 mL round bottom flask and stirred overnight at room temperature. Amberlite IRC-76 resin (H+ form, pH=4)
was pre-rinsed with MeOH and then added to the mixture, which was stirred for an additional 10 minutes until a pH of 5
to 6. The mixture was filtered and the solvent was removed under reduced pressure. The crude product was purified by
column chromatography (90:10 CH,Cl,:MeOH) to afford white crystals (142 mg, 54%). '"H NMR (300 MHz, MeOD) &
3.36-3.46 (m, 4H), 3.96 (dd, J= 119, 4.9 Hz, 1H), 3.89 (d,J=11.9 Hz, 1H), 4.83 (d, J=7.6 Hz, 1H), 7.04 (d, J=9.0 Hz,
2H), 7.28- 7.43 (m, 7H). °C NMR (75 MHz, MeOD) & 62.69, 67.01, 71.37, 74.79, 77.92, 77.97, 102.67, 118.11,
120.61, 129.01, 129.05, 129.48, 134.73, 138.18, 154.71, 154.86. LRMS (ESI): m/z calcd. for C,,H,,NOg [M-H] 404.1;
found 403.9.
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4-aminophenyl-f3-D-glucopyranoside (3)
OH
HO
3

Compound 3b (142 mg, 0.35 mmol) was dissolved in methanol (10 mL) in a 50 mL flame-dried round bottom flask.
20% palladium (II) hydroxide on carbon (25 mg, 0.0350 mmol) was added, the atmosphere was removed from the flask
using a water aspirator, and a positive pressure of hydrogen gas was added. The contents were stirred overnight at room
temperature, after which the mixture was filtered over a bed of celite and the solvent evaporated under reduced pressure
to give light brown crystals (96 mg, 98%). '"H NMR (300 MHz, D,0) 6 3.42-3.61 (m, 4H), 3.72 (dd, J=12.3, 5.3 Hz,
1H), 3.90 (dd, J=12.4,2.2 Hz, 1H), 4.95 (d, J=7.6 Hz, 1H), 6.80 (d, J=9.0 Hz, 2H), 6.98 (d, J=8.9 Hz, 1H). °C NMR (75
MHz, D,0) 6 61.17, 70.07, 73.60, 76.21, 76.64, 101.99, 118.16, 118.79, 142.32, 150.72. LRMS (ESI): m/z calcd. for
C,H(NO4 [M-H] 270. 1; found 269.8.

4-Hydroxyphenyl-2 3 4,6-tetra-0-acetyl--D-glucopyranoside (4a) and 14-Bis-(2,34,6- tetra-O-acetyl-f3-D-
glucopyranosyl)benzene (48a)

OAc

OAc o OAc
AcO AcO OAc
AcO O\Tijj\ OAc OAc
OAc Z~0OH

4a 48a
Compounds 4a and 48a were prepared in a similar manner as 1a from 1,2,3 4 ,6-penta-O-acetyl-p-D-glucopyranose (1 g,
2.56 mmol), hydroquinone (211 mg, 1.92 mmol) with boron trifluoride diethyl etherate (482 uL, 3.84 mmol). Flash
column chromatography (7:3 hexanes/ethyl acetate) afforded both 4a® (339 mg, 40%) and 48a’ (491 mg, 33%) as white
powders.

Characterization data for 4a:*

'H NMR (400 MHz, CDCl,): & 6.90-6.86 (m, 2H), 6.77-6.72 (m, 2H), 5.30-5.20 (m, 2H), 5.16 (t, J = 9.5 Hz, 2H), 4.93
(d,J=7.6Hz,1H),4.28 (dd,J =12.3,5.1 Hz, 1H),4.16 (dd,J=12.3,2.5 Hz, 1H),3.79 (ddd, /=99, 5.1, 2.5 Hz, 1H),
2.09 (d, J = 1.5 Hz, 3H), 2.07-2.05 (m, 5H), 2.02 (s, 3H). °C NMR (101 MHz, CDCl;):  170.7, 170.3, 169.5, 169.4,
151.8, 150.8, 1189, 116.0, 100.3, 72.7, 71.9, 71.2, 68.3, 61.9, 20.7, 20.7, 20.6, 20.6. LRMS (ESI): m/z calcd. for
C,,H,,NaO,, [M+Na]* 463 4; found, 463.2.

Characterization data for 48a:’

'H NMR (400 MHz, CDCl,): & 6.92 (s, 4H), 5.30-5.21 (m, 4H), 5.16 (t, J = 9.6 Hz, 2H), 4.98 (d, J = 7.6 Hz, 2H), 4.28
(dd,J =12.3,5.1 Hz,2H), 4.16 (dd, J = 12.3,2.5 Hz, 2H), 3.81 (ddd, J =99, 5.1, 2.5 Hz, 2H), 2.07 (s, 6H), 2.06 (s,
6H), 2.04 (s, 7H), 2.03 (s, 6H). C NMR (101 MHz, CDCL,): 6 170.5, 170.2, 169.3, 169.2, 152.8, 1184, 99.8, 72.6,
72.0,71.1,68.2,61.8,20.7,20.6,20.6,20.6. LRMS (ESI): m/z calcd. for C;,H,,KO,, [M+K]* 809.9; found, 809.2.

4-Hydroxyphenyl-f3-D-glucopyranoside (4)
OH
Hoﬁo
4

Compound 4a (200 mg, 0.45 mmol) was dissolved in a solution of sodium methoxide in methanol (5 mL) and stirred for
one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 4 as a white powder
(122 mg, 98%). 'H NMR (400 MHz, D,0): & 7.07-7.03 (m, 2H), 6.89-6.85 (m, 2H), 4.99 (d, J = 7.6 Hz, 1H), 3.92 (dd,
J=124,22Hz, 1H),3.75 (dd, J = 12.5, 5.6 Hz, 1H), 3.61-3.52 (m, 3H), 3.48 (dd, J = 9.7, 8.9 Hz, 1H). °C NMR (101
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MHz, D,0O): 6 151.2,1504,118.4,116.2,101.3,76.0,75.5,73.0,69.4, 60.5. LRMS (ESI): m/z calcd. for C,H,(NaO,
[M+Na]* 295.3; found, 295 .2.

4-Chlorophenyl-2 3 4,6-tetra-0-acetyl-f-D-glucopyranoside (8a)

OAc
AcO o
AcO o \@\
0 cl

Ac
8a

Compound 8a was prepared in a similar manner as 1a from 1,2,3 4,6-penta-O-acetyl-f3-D-glucopyranose (500 mg, 1.28
mmol), 4-chlorophenol (230 mg, 1.79 mmol) with boron trifluoride diethyl etherate (803 uL, 6.4 mmol). Flash column
chromatography (3:2 hexanes/ethyl acetate) afforded 8a as a white powder (234 mg, 40%). Characterization data is
consistent with that previously reported.* 'H NMR (400 MHz, CDCly): & 7.27-7.23 (m, 4H), 6.95-6.91 (m, 2H), 5.31-
5.23 (m, 2H), 5.16 (t,J =9.6 Hz, 1H),5.03 (d,J = 7.6 Hz, 1H), 4.28 (dd, J = 12.3,5.4 Hz, 1H), 4.18-4.15 (m, 1H), 3.84
(ddd, J =99, 5.3, 2.4 Hz, 1H), 2.08 (s, 3H), 2.06 (s, 3H), 2.05 (s, 3H), 2.04 (s, 3H). °C NMR (101 MHz, CDCl;): &
170.5,170.2,169.3, 169.2, 155.3, 129.5, 128.5, 1184, 99.2,72.6, 72.1,71.1, 68.2, 61.9, 20.7, 20.6, 20.6, 20.6. LRMS
(ESI): m/z calcd. for C,,H,,CINO,, [M+NH,]* 476.9; found, 476.3.

4-Chlorophenyl-f-D-glucopyranoside (8)
OH
HO&O
8

Compound 8a (150 mg, 0.33 mmol) was dissolved in a solution of sodium methoxide in methanol (5 mL) and stirred for
one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 8 as a white powder (92
mg, 97%). 'H NMR (400 MHz, D,0): & 7.39-7.35 (m, 2H), 7.12-7.08 (m, 2H), 5.09 (d, J = 7.5 Hz, 1H), 3.92 (dd, J =
12.5,2.2 Hz, 1H), 3.74 (dd, J = 12.4, 5.7 Hz, 1H), 3.64-3.53 (m, 3H), 3.49 (t, J = 9.3 Hz, 1H). °C NMR (101 MHz,
D,0): 6 155.2, 129.6, 127.5, 118.0, 100.3, 76.1, 75.5, 72.9, 694, 60.5. LRMS (ESI): m/z calcd. for C,H;sCINaOq
[M+Na]* 313.7; found, 313.1.

4-(Methoxycarbonyl)phenyl-2,3 4,6-tetra-0-acetyl-f-D-glucopyranoside (11a)
OAc

AcO o
CO,Me

OAc
11a

Compound 11a was prepared in a similar manner as 1a from 1,2,3 4 ,6-penta-O-acetyl--D-glucopyranose (500 mg, 1.28
mmol), 4-(methoxycarbonyl)phenol (234 mg, 1.53 mmol) with boron trifluoride diethyl etherate (209 uL, 1.66 mmol).
Flash column chromatography (3:2 hexanes/EtOAc) afforded 11a as a white powder (258 mg, 77%). 'H NMR (400
MHz, CDCls): & 8.02-7.99 (m, 2H), 7.03-6.99 (m, 2H), 5.35-5.28 (m, 2H), 5.20-5.15 (m, 2H), 4.29 (dd, J = 12.3,5.5
Hz, 1H), 4.18 (dd, J = 12.3,2.4 Hz, 1H), 3.92 (m, 1H), 3.90 (s, 3H), 2.08 (d, J = 5.8 Hz, 3H), 2.05 (s, 6H), 2.05 (d, J =
5.6 Hz, 3H). °C NMR (101 MHz, CDCl,): 6 170.5, 170.2, 169.4, 169.2, 166.4, 160.1, 131.6, 116.1,98.2, 72.6, 72.2,
71.0,68.2,61.9,52.0,20.7,20.7,20.6,20.6. LRMS (ESI): m/z calcd. for C,,H,NaO,, [M+Na]* 505 .4; found, 505.3.
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4-(Methoxycarbonyl)phenyl-f-D-glucopyranoside (11)
OH
Hoﬁo
"

Compound 11a (150 mg, 0.31 mmol) was dissolved in a solution of sodium methoxide in methanol (5 mL) and stirred

COMe

for one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 11 as a white powder
(87 mg, 89%). 'H NMR (400 MHz, D,0): & 8.01 (d,J = 8.8 Hz,2H), 7.18 (d, J = 8.9 Hz, 2H), 5.23 (d, J = 7.0 Hz, 1H),
3.95-392 (m, 1H), 3.90 (s, 3H), 3.75 (dd, J = 12.4, 5.6 Hz, 1H), 3.69-3.65 (m, 1H), 3.62-3.58 (m, 2H), 3.50 (t,/ =9.3
Hz, 1H). "C NMR (101 MHz, D,0): & 169.6, 161.2, 132.4, 124.7, 116.8, 100.1, 76.9, 76.1, 73.5, 70.0, 61.1, 53.2.
LRMS (ESI): m/z calcd. for C,,H,({NaOg [M+Na]* 337.3; found, 337 .2.

4-(f-D-glucopyranosyloxy)-benzoic acid (10)
OH
HO&O
10

Compound 11 (150 mg, 0.477 mmol) and lithium hydroxide (34 mg, 1.413 mmol) was dissolved in a 3:1 mixture of

COH

H,O:THF (10 mL) in a 50 mL round bottom flask. The reaction mixture was stirred for 3 hours at room temperature.
Amberlite IR-120 resin (H+ form, pH=4) was pre-rinsed with MeOH and then added to the mixture, which was stirred
for an additional 10 minutes until a pH of 5 to 6. The mixture was filtered and the solvent evaporated under reduced
pressure. The crude product was dissolved in a minimum of methanol and precipitated with diethyl ether to afford white
crystals (136 mg, 95%). '"H NMR (500 MHz, D,0) 6 3.53 (dd, J=9.2, 9.2 Hz, 1H), 3.59-3.71 (m, 3H), 3.78 (dd, J=12.5,
5.6 Hz, 1H), 3.96, (dd, J=12.2, 1.8 Hz, 1H), 5.23 (d, J= 7.4 Hz, 1H), 7.17 (d, J= 8.7 Hz, 2H), 7.91 (d, J=8.7 Hz, 2H). °C
NMR (125 MHz, D,0) 6 61.12, 70.02, 73.51, 76.13, 76.76, 100.27, 116.43, 130.21, 131.75, 159.72, 174.71. LRMS
(ESI): m/z calcd. for C5H,505 [M-H] 299.1; found 298.9.

4-Trifluoromethylphenyl-2,3 4 ,6-tetra-0-acetyl-f3-D-glucopyranoside (12a)

OAc

AcO 0
AcO O\©\
CF3

OAc
12a

Compound 12a was prepared in a similar manner as 1a from 1,2,3 4 ,6-penta-O-acetyl--D-glucopyranose (500 mg, 1.28
mmol), 4-trifluoromethylphenol (290 mg, 1.79 mmol) with boron trifluoride diethyl etherate (1.6 mL, 12.8 mmol). Flash
column chromatography (3:2 hexanes/EtOAc) afforded 12a as a white powder (189 mg, 30%). 'H NMR (400 MHz,
CDCly): 0 7.57 (d,J =8.5Hz,2H),7.07 (d,J = 8.4 Hz, 2H), 5.34-5.27 (m, 2H), 5.20-5.14 (m, 2H), 4.29 (dd, J = 12.3,
5.4 Hz, 1H), 4.18 (dd,J = 12.3, 2.4 Hz, 1H), 3.92-3.87 (m, 1H), 2.07 (s, 3H), 2.06 (s, 3H), 2.06 (s, 3H), 2.04 (s, 3H). °C
NMR (101 MHz, CDCl,): 6 170.5, 170.2, 1694, 169.2, 127.1, 127.0, 127.0, 127.0, 116.7,98 4, 72.5,72.2,71.0, 68.1,
61.9,20.7,20.6,20.6. LRMS (ESI): m/z calcd. for C,;Hy3FsNaO,, [M+Na]® 515 .4; found, 515.2.

4-Trifluoromethylphenyl-f3-D-glucopyranoside (12)
OH
HO
12

Compound 12a (117 mg, 0.24 mmol) was dissolved in a solution of sodium methoxide in methanol (5 mL) and stirred
for one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 12 as a white powder
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(74 mg, 96%). '"H NMR (400 MHz, D,0): & 7.70 (d,J = 8.7 Hz,2H), 7.24 (d,J = 8.5 Hz, 2H), 5.21 (d, J = 7.6 Hz, 1H),
393 (dd,J=124,2.2 Hz, 1H),3.75 (dd, J = 12.4,5.7 Hz, 1H), 3.69-3.65 (m, 1H), 3.62-3.60 (m, 2H), 3.50 (t,/ =94
Hz, 1H). C NMR (101 MHz, D,0): § 1590, 127.3, 127.2, 1272, 127.2, 116.5, 99.6, 76.2, 75.5, 72.8, 694, 60.5.
LRMS (ESI): m/z calcd. for C,;H,sF;NaO4, [M+Na]* 347.2; found, 347.1.

4-Nitrophenyl-2 3 4,6-tetra-0-acetyl-f3-D-glucopyranoside (13a)

OAc

AcO 0
AcO °\©\
OAc NO

13a

Compound 13a was prepared in a similar manner as 1a from 1,2,3 4 ,6-penta-O-acetyl--D-glucopyranose (420 mg, 1.08
mmol), 4-nitrophenol (210 mg, 1.51 mmol) with boron trifluoride diethyl etherate (180 uL, 1.40 mmol). Flash column
chromatography (8:2 hexanes/EtOAc) afforded 13a as a white powder (347 mg, 68%). Characterization data is
consistent with that previously reported in the literature.” 'H NMR (500 MHz, CDCl;): & 8.23-8.20 (m, 2H), 7.09-7.06
(m, 2H), 5.16-5.11 (m, 3H), 5.09 (d,J = 3.7 Hz, 1H), 4.28 (dd, J = 12.3, 5.2 Hz, 1H), 4.18 (dd, J = 12.3, 2.3 Hz, 1H),
3.86-3.82 (m, 1H), 2.07 (s, 3H), 2.06 (s, 3H), 2.03 (s, 3H), 2.02 (s, 3H). "C NMR (101 MHz, CDCl,): 6 170.7, 170.2,
169.7, 169.3, 160.8, 1409, 124.7, 1155, 98.1, 74.7, 739, 71 .2, 68.1, 61.9, 20.9, 20.7, 20.6, 20.5. LRMS (ESI): m/z
calcd. for C,,H,,NO,, [M-H] 468 .4; found, 468.2.

4-Nitrophenyl -f-D-glucopyranoside (13)
OH
Hoﬁo
6}
13

Compound 13a (250 mg, 0.53 mmol) was dissolved in a solution of sodium methoxide in methanol (4 mL) and stirred
for one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The product was purified by column chromatography (4:1:1:1 EtOAc/ACN/H,0/MeOH) to
afford 13 as a white powder (128 mg, 80%). 'H NMR (400 MHz, D,0): 6 8.28-8.24 (m, 2H), 7.26-7.22 (m, 2H), 5.27
(d,J=7.7Hz,1H),3.93 (dd, J = 12.3, 2.1 Hz, 1H), 3.75 (dd, J = 12.3, 5.7 Hz, 1H), 3.71-3.67 (m, 1H), 3.63-3.61 (m,
2H), 3.51 (t,J = 9.4 Hz, 1H). "C NMR (101 MHz, D,0): & 161.7, 142.6, 126.1, 116.4,99.4, 76.3, 75.4, 72.7, 69.3,
60.4. LRMS (ESI): m/z caled. for C,H ;NOg [M-H] 300.3; found, 300.5. LRMS (ESI): m/z calcd. for C,;Hx;N,0 s [M-
H] Dimer 601.5; found, 601.0.

4-Acetamidophenyl-f3-D-glucopyranoside (14)
OH
HO&O
14

Compound 3 (86 mg, 0.320 mmol) was dissolved in water (3 mL) in a 50 mL round bottom flask. Acetic anhydride (32

NHAc

uL, 0.337 mmol) was added, and the solution was stirred overnight at room temperature. The reaction mixture was
concentrated under reduced pressure, and the crude product was dissolved in a minimum of methanol and precipitated
with ether to afford light brown crystals (73 mg, 74%). 'H NMR (300 MHz, D,0): & 2.14 (s, 3H), 3.45-3.65 (m, 4H),
3.74 (dd, J=12.4,5.7 Hz, 1H), 3.92 (dd, J=12.4, 2.2 Hz, 1H), 5.10 (d, J=7.5 Hz, 1H), 7.12 (d, J=9.0 Hz, 2H), 7.35 (d,
J=9.0 Hz, 2H). °C NMR (75 MHz, D,0): & 22.46, 60.43, 69.33, 72.83, 75.44, 76.03, 100.28, 116.98, 124.06, 131.79,
154.03,172.97. LRMS (ESI): m/z calcd. for C,;H sNO, [M-H] 312.1; found 312.03.
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4-Trifluoromethoxyphenyl-2,3 4,6-tetra-0-acetyl-f3-D-glucopyranoside (15a)

_-OAc

AcO R
AcO O\©\
OCF,

OAc
15a

Compound 15a was prepared in a similar manner as 1a from 1,2,3 4 ,6-penta-O-acetyl-p-D-glucopyranose (250 mg, 0.64
mmol), 4-trifluoromethoxyphenol (116 uL, 0.90 mmol) with boron trifluoride diethyl etherate (161 uL, 1.28 mmol).
Flash column chromatography (4:1 hexanes/EtOAc) afforded 15a as a white powder (291 mg, 89%). 'H NMR (300
MHz, CDCl,): 6 7.15 (d,J = 8.9 Hz, 2H), 7.00 (d, J = 9.0 Hz, 2H), 5.33-5.23 (m, 2H), 5.16 (t, J = 9.5 Hz, 1H), 5.06 (d,
J=73Hz, 1H),4.28 (dd,J = 12.3,5.3 Hz, 1H), 4.16 (dd, J = 12.3, 2.3 Hz, 1H), 3.88-3.82 (m, 1H), 2.07 (s, 6H), 2.05
(s, 3H), 2.03 (s, 3H). °C NMR (76 MHz, CDCl;): & 170.5,170.2, 169.4, 169.2, 155.1, 144.6, 122.5, 118.1,99.1, 72.6,
72.1,71.1,68.1,61.8, 20.6,20.6,20.6. LRMS (ESI): m/z calcd. for C,H,F;NaO,, [M-H] 507 4; found, 507 .2.

4-Trifluoromethoxyphenyl-f-D-glucopyranoside (15)
OH
Hoﬁ/o
15

Compound 15a (180 mg, 0.35 mmol) was dissolved in a solution of sodium methoxide in methanol (5 mL) and stirred

OCF,

for one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 15 as a white powder
(110 mg, 91%). 'H NMR (500 MHz, D,0): & 7.30 (d, J = 9.1 Hz, 2H), 7.17-7.15 (m, 2H), 5.09 (d, J = 7.3 Hz, 1H),
391 (dd, J = 12.5, 2.1 Hz, 1H), 3.73 (t, J = 9.0 Hz, 1H), 3.62-3.55 (m, 3H), 3.48 (d, J = 9.2 Hz, 1H). °C NMR (126
MHz, D,0): 6 155.0, 144.1, 122.6, 119.2, 117.6, 100.3, 76.1, 75.4, 72.8, 69.3, 60.4. LRMS (ESI): m/z calcd. for
C;H,FsNaO, [M-H] 339.2; found, 339.1.

4-(benzyloxycarbonyl)aminophenyl-2,3 4,6-tetra-0-acetyl-fi-D-galactopyranoside (16a)
OAc _0oAc
o

ACO&/O\Q\
OAc NHCbz

16a

Compound 16a was prepared in a similar manner as 1a from 1,2,3,4,6-penta-O-acetyl--D-galactopyranoside (300 mg,
0.769 mmol) and 4-(benzyloxycarbonyl)aminophenol (206 mg, 0.845 mmol) with boron trifluoride diethyl etherate
(1.09 mL, 15.37 mmol). Flash column chromatography (75:25 - 70:30 (Hexanes:EtOAc) afforded 16a as a yellow oil
(327 mg, 74%). '"H NMR (300 MHz, CDCI3) 6 1.94 (s, 3H), 1.97 (s, 3H), 2.01 (s, 3H), 2.09 (s, 3H), 3.97 (dd, J=6.7, 6.6
Hz, 1H), 4.08-4.18 (m, 2H), 4.93 (d, J=8.0 Hz, 1H), 5.08 (dd, J= 10.4,3.3 Hz, 1H), 5.12 (s, 2H), 5.39-5.40 (m, 1H), 5.41
(dd, J=10.4, 8.0 Hz, 1H), 6.90 (d, J=9.0 Hz, 2H), 7.24-7.33 (m, 7H). °C NMR (75 MHz, CDCI3) & 20.38, 20.40, 20.43,
20.53,61.25, 66.68, 66.86, 68.57, 70.64,70.76,99.91, 117.51, 120.07, 128.05, 128.12, 128 41, 133.54, 136.00, 152.81,
153.60, 169.34,169.96, 170.21, 170.27. LRMS (ESI): m/z calcd. for C,3H3NO,, [M-H] 572.2; found 572.0.

4-(benzyloxycarbonyl)aminophenyl-f-D-glucopyranoside (16b)
OH _oH
T
o
16b

Compound 16a (325 mg, 0.567 mmol) and potassium carbonate (8 mg, 0.0567 mmol) were dissolved in methanol (10

NHCbz

mL) in a 50 mL round bottom flask and stirred overnight at room temperature. Amberlite IRC-76 resin (H+ form, pH=4)
was pre-rinsed with MeOH and then added to the mixture, which was stirred for an additional 10 minutes until a pH of 5
to 6. The mixture was filtered and the solvent was removed under reduced pressure. The crude product was purified by
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recrystallization in EtOAc to yield white crystals (122 mg, 53%). 'H NMR (300 MHz, (CD;)CO,) 6 3.61 (dd, J=9.4, 3.4
Hz, 1H), 3.69-3.82 (m, 4H), 3.94-3.97 (m, 1H), 4.83 (d, J=7.7 Hz, 1H), 5.15 (s, 2H), 7.03 (d, J=9.0 Hz, 2H), 7.29-7 .48
(m, 7H), 8.62 (br s, 1H). *C NMR (75 MHz, (CD;)CO,) & 62.35, 66.76, 69.82, 72.14, 74.67, 76.44, 103.01, 117.91,
120.39, 128.80, 128.90, 129.27, 134.51, 138.00, 154.48, 154.62. LRMS (ESI): m/z calcd. for C,,H,,NO,; [M-H] 404.1,
Found 404.0.

4-aminophenyl-f-D-glucopyranoside (16)
OH _oH
=
(o}
16

Compound 16b (110 mg, 0.271 mmol) was dissolved in methanol (10 mL) in a 50 mL flame-dried round bottom flask.
20% palladium (II) hydroxide on carbon (19 mg, 0.0271 mmol) was added, the atmosphere was removed from the flask
using a water aspirator, and a positive pressure of hydrogen gas was added. The contents were stirred overnight at room
temperature, after which the mixture was filtered over a bed of celite and the solvent evaporated under reduced pressure
to yield the title compound as light brown crystals (56 mg, 100%). 'H NMR (300 MHz, D,0) & 3.71-3.79 (m, 5H), 3.96
(m, 1H), 4.88 (d, J=7.8 Hz, 1H), 6.80 (d, J=9.0 Hz, 2H), 6.98 (d, J=9.0 Hz, 2H). "C NMR (75 MHz, D,0) & 61.38,
69.11, 71.24, 73.23, 75.93, 102.58, 118.17, 118.71, 142.22, 150.90. LRMS (ESI): m/z calcd. for C,H;{NO¢ [M-H]J
270.1, Found 270.0.

4-Hydroxyphenyl-2 3 4,6-tetra-0-acetyl-f3-D-galactopyranoside (17a) and 14-Bis-(2,34,6- tetra-0-acetyl-f3-D-
galactopyranosyl)benzene (50a)

OAc _oAc
OAc  oac OA cC)Ac
O 0
o AcO
AcO AcO O\Q—o o
OAc OH OAc OAc
17a 50a

Compounds 17a and 50a were prepared in a similar manner as 1a from 1,2,3 4 ,6-penta-O-acetyl-[3-D-galactopyranose (1
g, 2.56 mmol), hydroquinone (211 mg, 1.92 mmol) with boron trifluoride diethyl etherate (482 uL, 3.84 mmol). Flash
column chromatography (7:3 hexanes/ethyl acetate) afforded both 17a* (185 mg, 22%) and 50a° (451 mg, 30%) as
white powders.

Characterization data for 17a:>

'H NMR (400 MHz, CDCl,): § 6.92-6.88 (m, 2H), 6.77-6.73 (m, 2H), 5.47-5.43 (m, 2H), 5.08 (dd, J = 10.5, 3.4 Hz,
1H),4.90 (d,J=8.0Hz, 1H),4.24 (dd,J=11.3,69 Hz, 1H),4.17-4.11 (m, 1H),4.00 (td, J = 6.7, 1.0 Hz, 1H), 2.18 (s,
3H), 2.09 (s, 3H), 2.05 (s, 3H), 2.01 (s, 3H). *C NMR (101 MHz, CDCL,): & 170.4, 170.3, 170.2, 169.5, 151.7, 151.0,
118.8, 116.0, 100.8, 70.9, 70.9, 68.8, 66.9, 61.3, 20.8, 20.7, 20.6. LRMS (ESI): m/z calcd. for C,)H,,NaO,, [M+Na]*
463 4; found, 463.3.

Characterization data for 50a:’

'H NMR (400 MHz, CDCl,): § 6.94 (s, 4H), 5.48-5.44 (m, 4H), 5.11-5.07 (m, 2H), 4.95 (d, J = 7.9 Hz, 2H), 4.25-4.20
(m, 2H), 4.17-4.12 (m, 2H), 4.03-4.00 (m, 2H), 2.18 (s, 6H), 2.07 (s, 6H), 2.05 (s, 6H), 2.01 (s, 6H). °C NMR (101
MHz, CDCl,): 6 170.3, 170.2, 170.1, 169.3, 1529, 118.3, 1004, 71.0, 70.8, 68.6, 66.8, 61.2, 20.7, 20.7, 20.6. LRMS
(ESI): m/z calcd. for C;,H,sNO,, [M+NH,]* 788.8; found, 788.6.
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4-Hydroxyphenyl-f3-D-galactopyranoside (17)
OH _OH
o
HO&OH/O\@\OH
17

Compound 17a (95 mg, 0.22 mmol) was dissolved in a solution of sodium methoxide in methanol (5 mL) and stirred for
one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 17 as a white powder
(41 mg, 70%). '"H NMR (400 MHz, D,0): 8 7.07-7.02 (m, 2H), 6.88-6.83 (m, 2H), 491 (d,J = 7.6 Hz, 1H),3.97 (d, J
=2.6 Hz, 1H), 3.82-3.71 (m, 5SH). C NMR (101 MHz, D,0): § 151.1, 150.6, 118.3,116.2,101.9,75.3,72.6,70.6, 68.5,
60.7. LRMS (ESI): m/z calcd. for C,,H,,NaO, [M+Na]* 295.3; found, 295.2.

4-Methylphenyl-f3-D-galactopyranoside (18)
OH oH
=
(0] =
18

Compound 18 was prepared in a similar manner as 1a from 1,2,3 4,6-penta-O-acetyl-f3-D-galactopyranoside (1 g, 2.56
mmol) and 4-methylphenol (305 mg, 2.82 mmol) with boron trifluoride diethyl etherate (0.46 mL, 3.84 mmol). 100 mg
of the crude mixture was dissolved into 4:1 methanol: sodium methoxide then stirred for 2h. The solution was
concentrated under vacuo. and re-dissolved in minimum methanol. Ether was added to recrystallize and afford 18 as a
yellowish-white crystalline solid (42mg, 48% over two steps). 'H NMR (500 MHz, D,0) & 7.16 (d, J = 8.68 Hz, 2H),
7.00 (d, J = 8.54 Hz, 2H), 4.96 (d, J = 7.21 Hz, 1H), 3.94 (d, J = 3.08 Hz, 2H), 3.82-3.78 (m, 1H), 3.70 (m, 5H). °C
NMR (126 MHz, D,0) & 154.44, 133.04, 130.10, 116.45, 100.96, 75.27, 72.48, 70.49, 70.48, 68.39, 60.66. LRMS
(ESI): m/z calcd. for C,3H,{NaOy [M+Na]* 293.1; found 293.1.

Phenyl-f3-D-galactopyranoside (19)
OH on
NS
19

Compound 19 was prepared in a similar manner as 1a from 1,2,3 4,6-penta-O-acetyl-f3-D-galactopyranoside (1 g, 2.56
mmol) and phenol (265 mg, 2.82 mmol) with boron trifluoride diethyl etherate (0.46 mL, 3.84 mmol). 100 mg of the
crude mixture was dissolved into 4:1 methanol: sodium methoxide then stirred for 2h. The solution was concentrated
under vacuo. and re-dissolved in minimum methanol. Ether was added to recrystallize and afford 19 as a white solid (39
mg, 41% over two steps). 'H NMR (500 MHz, D,0) & 7.40-7.35 (2H, m), 7.15-7.09 (3H, m), 5.05 (1H, d, J = 7.4 Hz),
4.80 (1H, m) 398 (1H, dd, J =3.2,0.8 Hz), 3.85 (1H, ddd, J = 6.6, 5.6,0.9 Hz), 3.78 (1H, dd, J = 9.9, 74 Hz), 3.75
(1H, dd, J = 5.3, 3.4 Hz), 3.74 (1H, dd, J = 10.0, 3.4 Hz). "C NMR (126 MHz, D,0) & 156.6, 129.8, 123.1, 116.4,
100.6, 75.3, 72.5, 70.5, 68.4, 60.6. LRMS (ESI): m/z calcd. for C,H,(NaOg [M+Na]* 279.1; found 279.1.

4-Fluoropenyl-f-D-galactopyranoside (20)
OH _oH
=
20

Compound 20 was prepared in a similar manner as 1a from 1,2,3.4,6-penta-O-acetyl-p-D-galactopyranoside (100 mg,
0.26 mmol) and 4-fluorophenol (172 mg, 1.53 mmol) with boron trifluoride diethyl etherate (0.1 mL, 0.76 mmol). The
crude mixture was dissolved into 4:1 methanol: sodium methoxide then stirred for 2h. The solution was concentrated
under vacuo. and re-dissolved in minimum methanol. Ether was added to recrystallize and afford 20 as a white solid
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(105 mg, 75% over two steps). 'H NMR (500 MHz, D,0) & 7.15-7.02 (4H, m), 4.94 (1H, d, J = 7.6 Hz), 3.97 (1H, d, J
= 3.3 Hz),3.87-3.72 (4H, m), 3.73 (1H, dd, J = 10.0, 3.3 Hz). °C NMR (126 MHz, D,0)  158.8, 153.2,118.5 (d, JC_F

=846 Hz),116.5 (d,Jo_p=2344 Hz,C),101.9,75.8,729,71.0,68.9,61.1. LRMS (ESI): m/z calcd. for C;,H,sFNaO,
[M+Na]* 297.1; found 297.1.

4-Chlorophenyl-2 3 4,6-tetra-0-acetyl-f3-D-galactopyranoside (21a)
OAc _oAc
o

ACO&O\Q\
OAc al

21a

Compound 21a was prepared in a similar manner as 1la from 1,2,3.4,6-penta-O-acetyl-p-D-galactopyranose (500 mg,
1.28 mmol), 4-chlorophenol (197 mg, 1.54 mmol) with boron trifluoride diethyl etherate (209 uL, 1.66 mmol). Flash
column chromatography (3:2 hexanes/ethyl acetate) afforded 21a as a white powder (294 mg, 50%). Characterization
data is consistent with that previously reported.* 'H NMR (400 MHz, CDCl;): & 7.27-7.23 (m, 2H), 6.96-6.92 (m, 2H),
5.49-544 (m, 2H),5.10 (dd,J =10.4,3.4 Hz, 1H),4.99 (d,J =79 Hz, 1H),4.22 (dd, J=11.3,7.0 Hz, 1H), 4.15 (dd, J
= 11.3, 6.2 Hz, 1H), 4.06-4.03 (m, 1H), 2.18 (s, 3H), 2.07 (s, 3H), 2.05 (s, 3H), 2.01 (s, 3H). "C NMR (101 MHz,
CDCl,): & 170.3, 170.2, 170.1, 169.3, 1554, 129.5, 1284, 118.3,99.7, 71.1, 70.7, 68.5, 66.8, 61.3, 20.7, 20.6, 20.6.
LRMS (ESI): m/z calcd. for C,H,,CINO,, [M+NH,]" 476.9; found, 476.3.

4-Chlorophenyl-f3-D-galactopyranoside (21)
OH _oH
NS
o
"o OH \©\ al
21

Compound 21a (250 mg, 0.55 mmol) was dissolved in a solution of sodium methoxide in methanol (5 mL) and stirred
for one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 21 as a white powder
(146 mg, 92%). 'H NMR (400 MHz, D,0): & 7.39-7.35 (m, 2H), 7.13-7.09 (m, 2H), 5.03 (d, J = 7.2 Hz, 1H), 3.99 (dd,
J=13.1,0.8 Hz, 1H), 3.86 (t, J = 6.5 Hz, 1H), 3.82-3.74 (m, 4H). °C NMR (101 MHz, D,0): § 156.1, 130.2, 128.1,
118.7,101.5,76.1,73.2,71.2,69.1, 61 .4. LRMS (ESI): m/z calcd. for C,H,sCINaO, [M+Na]* 313.7; found, 313.2.

4-Bromophenyl-2 3 4 ,6-tetra-0-acetyl-f3-D-galactopyranoside (22a)

OAc _0Ac
o

AcO 0\@
OAc Br

22a

Compound 22a was prepared in a similar manner as 1la from 1,2,3.4,6-penta-O-acetyl-p-D-galactopyranose (500 mg,
1.28 mmol), 4-bromophenol (266 mg, 1.54 mmol) with boron trifluoride diethyl etherate (209 uL, 1.66 mmol). Flash
column chromatography (3:2 hexanes/ethyl acetate) afforded 22a as a white powder (406 g, 63%). Characterization
data is consistent with that previously reported.” 'H NMR (400 MHz, CDCl;): & 7.41-7.37 (m, 2H), 6.90-6.86 (m, 2H),
5.49-544 (m, 2H),5.10 (dd,J =10.4,3.4 Hz, 1H),4.99 (d,J =79 Hz, 1H),4.21 (dd,J=11.3,7.1 Hz, 1H), 4.15 (dd, J
= 11.3, 6.2 Hz, 1H), 4.06-4.03 (m, 1H), 2.18 (s, 3H), 2.06 (s, 3H), 2.05 (s, 3H), 2.01 (s, 3H). "C NMR (101 MHz,
CDCl,): 8 170.3, 170.2, 170.0, 169.3, 1559, 1324, 118.7, 115.8, 99.6, 71.1, 70.7, 68.5, 66.8, 61.3, 20.7, 20.6, 20.6.
LRMS (ESI): m/z calcd. for C,0H,;BrNO,, [M+NH,]* 521 4; found, 522.2.
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4-Bromophenyl-f-D-galactopyranoside (22)
OH _oH
=
o
22

Compound 22a (300 mg, 0.60 mmol) was dissolved in a solution of sodium methoxide in methanol (5 mL) and stirred
for one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 22 as a white powder
(159 mg, 80%). 'H NMR (400 MHz, D,0): § 7.54-7.50 (m, 2H), 7.08-7.04 (m, 2H), 5.03 (d, J = 7.3 Hz, 1H), 3.99 (d, J
= 2.8 Hz, 1H), 3.88-3.84 (m, 1H), 3.82-3.73 (m, 4H). "C NMR (101 MHz, D,0): § 1559, 132.5, 118.4, 114.8, 100.7,
75.4,72.5,70.5,68.4,60.7. LRMS (ESI): m/z calcd. for C,,H;sBrNaO, [M+Na]* 357.0; found, 357.2.

4-(Methoxycarbonyl)phenyl-2,3 4,6-tetra-0-acetyl-f-D-galactopyranoside (24a)
OAc _0Ac
o

AcO 0\©\
OAc COMe

24a

Compound 24a was prepared in a similar manner as la from 1,2,3,4,6-penta-O-acetyl--D-galactopyranose (600 mg,
1.57 mmol), 4-(methoxycarbonyl)phenol (257 mg, 1.69 mmol) with boron trifluoride diethyl etherate (420 uL, 3.3
mmol). Flash column chromatography (8:2 hexanes/EtOAc) afforded 24a as a white powder (411 mg, 55%). '"H NMR
(300 MHz, CDCl,): § 2.02 (s, 3H), 2.06 (s, 3H), 2.07 (s, 3H), 2.18 (s, 3H), 3.89 (s, 3H), 4.06-4.26 (m, 3H), 5.12 (dd, 1H,
J=10.5,3.4Hz), 5.13 (d, 1H, J=7.9Hz), 547 (dd, 1H, J=3.5, 1.0Hz), 5.51 (dd, 1H, J=10.5, 7.9Hz), 7.01 (dd, 2H, J=8.9,
2.0Hz), 8.00 (dd, 2H, J=8.9, 2.0Hz). °C NMR (75 MHz, CDCl,): § 20.71, 20.79, 20.81, 20.86, 52.21, 61.54, 66.93,
68.60, 70.87, 71.40,98.92,116.27, 125.18, 131.71, 160.37, 166.60, 169.47, 170.23, 170.33, 170.49. LRMS (ESI): m/z
calcd. for C,,H,,KO,, [M+K]* 521.2; found, 521.2.

4-(Methoxycarbonyl)phenyl-f3-D-galactopyranoside (24)
OH OH
o

HO&O\Q\
OH COMe

24

Compound 24a (409 mg, 0.848 mmol) and potassium carbonate (12 mg, 0.0848 mmol) were dissolved in methanol (15
mL) in a 100 mL round bottom flask. The contents were stirred for two hours at room temperature. Amberlite IR resin
(H+ form, pH=4) was pre-rinsed with MeOH and then added to the mixture, which was stirred for an additional 10
minutes until a pH of 5 to 6. The mixture was filtered and the solvent was removed under reduced pressure. The product
was recrystallized in MeOH/CH,C], to afford white crystals (181 mg, 68%). "H NMR (300 MHz, D,0): & 3.74-3.86 (m,
4H), 3.88 (s, 3H), 3.91 (m, 1H), 4.00 (d, 1H, J= 3.16Hz), 5.15 (d, 1H, J=7.5Hz), 7.18 (dd, 2H, J=8.9Hz, 1.8Hz), 7.99
(dd, 2H, J=8.9, 1.8Hz). "C NMR (75 MHz, D,0): & 52.45, 60.64, 68.36, 70.36, 72.42, 75.48, 99.94, 116.00, 123.79,
131.61, 160.63, 168.90. LRMS (ESI): m/z caled. for C,,H;KOg [M+K]" 353.2; found, 353.1.

4-(f-D-glucopyranosyloxy)-benzoic acid (23)

OH oH
o

HO&/O\Q\
OH COH

23
Compound 24 (160 mg, 0.509 mmol) and lithium hydroxide (37 mg, 1.527 mmol) were dissolved in a 2:1 mixture of
H,O:THF (10 mL) in a 50 mL flame-dried round bottom flask. The reaction mixture was stirred for 3 hours at room
temperature. Amberlite IR-120 resin (H+ form, pH=4) was pre-rinsed with MeOH and then added to the mixture, which

was stirred for an additional 10 minutes until a pH of 5 to 6. The mixture was filtered and the solvent evaporated under
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reduced pressure to yield the desired product as white crystals (153 mg, 99%). '"H NMR (300 MHz, D,0) & 3.73-3.87
(m, 4H), 3.90 (dd, 1H, J=6.0Hz, 1.0Hz), 4.00 (dd, 1H, J=3.2Hz, 0.9Hz), 5.14, (d, 1H, J=7.3Hz), 7.16 (dd, 2H, 8.9Hz,
2.0Hz), 7.96 (dd, 2H, 8.9Hz, 2.0Hz). "C NMR (75 MHz, D,0) & 60.63, 68.40, 70.38, 72.44, 75.47, 100.00, 115.92,
125.29,131.70, 160.33, 171.07. LRMS (ESI): m/z calcd. for C,3H;sKOg [M+K]" 339.2; found 339.1.

4-Trifluoromethylphenyl-f3-D-galactopyranoside (25)

OH _oH

Q
0.
CF3

OH
25

Compound 25 was prepared in a similar manner as 1a from 1,2,3.4,6-penta-O-acetyl-p-D-galactopyranoside (100 mg,
0.26 mmol) and 4-(trifluoromethyl)phenol (46 mg, 0.28 mmol) with boron trifluoride diethyl etherate (0.1 mL, 0.76
mmol). The crude mixture was dissolved into 4:1 methanol: sodium methoxide then stirred for 2h. The solution was
concentrated under vacuo. and re-dissolved in minimum methanol. Ether was added to recrystallize and afford 25 as a
white solid (13 mg, 19% over two steps). 'H NMR (500 MHz, D,0O) & 7.75 (2H, d, J = 8.4 Hz), 7.30 (2H, d, J = 8.5
Hz), 5.19 (1H,d, J = 7.8 Hz), 4.06 (1H, d, J = 2.7 Hz),3.95 (1H, dd, J = 6.1, 5.6 Hz), 3.89 (1H, dd, J = 9.0, 8.5 Hz),
3.85-3.80 (3H, m). "C NMR (126 MHz, D,0) 6 159.1, 127. 17, 127.14, 127.11, 116.3, 100.1, 75.4, 72.4, 70.4, 68.3,
60.6. LRMS (ESI): m/z calcd. for C;H,sF;NaO [M+Na]* 347.1; found 347.1.

4-Nitrophenyl -f-D-galactopyranoside (26)
OH
26

Compound 26 was prepared in a similar manner as 1a from 1,2,3.4,6-penta-O-acetyl-p-D-galactopyranoside (100 mg,
0.26 mmol) and 4-nitrophenol (42 mg, 0.28 mmol) with boron trifluoride diethyl etherate (0.1 mL, 0.76 mmol). The
crude mixture was dissolved into 4:1 methanol: sodium methoxide then stirred for 2h. The solution was concentrated
under vacuo. and re-dissolved in minimum methanol. Ether was added to recrystallize and afford 26 as a white solid (15
mg, 19% over two steps). 'H NMR (500 MHz, D,0) 6 8.24 (2H,d,J = 9.2 Hz), 7.22 (2H,d,J = 93 Hz), 5.18 (1H,d, J
=7.6 Hz),399 (1H,d, J = 3.0 Hz),391 (1H,dd, J = 6.0,59 Hz),3.83 (1H,dd, J = 9.9, 7.6 Hz), 3.78-3.74 (3H, m).
"C NMR (126 MHz, D,0) & 161.8, 142.5, 126.1, 116.4, 100.0, 75.6, 72.4,70.3, 68 .4, 60.7. LRMS (ESI): m/z calcd. for
C,H (NOg [M+H]" 302.1; found 302.1.

4-Acetamidophenyl-2,3,4,6-tetra-O-acetyl-f-D-galatcopyranoside (27a)

OAc _oAc
0

AcO °\©\
Ohc Z>NHAc

27a

Compound 27a was prepared in a similar manner as 1a from 1,2,3 4,6-penta-O-acetyl-f3-D-galactopyranose (300 mg,
0.77 mmol), 4-N-acetylphenol (128 mg, 0.85 mmol) with boron trifluoride diethyl etherate (180 uL, 1.40 mmol). Flash
column chromatography (6:4 hexanes/EtOAc) afforded 27a as a colourless oil (148 mg, 40%). 'H NMR (300 MHz,
CDCls): 0 1.99 (s, 3H), 2.04 (s, 3H), 2.05 (s, 3H), 2.11 (s, 3H), 2.14 (s, 3H), 4.03 (dd, J=6.6 Hz, 1H), 4.10-4.18 (m, 2H),
5.05 (d,J=7.9 Hz, 1H), 5.09 (dd, J=10.3, 3.4 Hz, 1H), 545 (dd, J=10.2, 7.8 Hz, 1H), 542 (m, 1H), 691 (d, J=9.0 Hz,
2H), 7.39 (d, J=9.0 Hz, 2H), 7.63 (br s, 1H). "C NMR (75 MHz, CDCl;): & 20.73,20.81, 20.82, 20.89, 24.55, 61.49,
67.08, 68.79, 7095, 71.17, 100.26, 117.77, 121.71, 133.52, 153.73, 168.41, 169.57, 170.27, 170.40, 170.53. LRMS
(ESI): m/z calcd. for C,,H);NNaO,, [M+Na]* 504.1; found, 504.3.
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4-Acetamidophenyl-f3-D-glucopyranoside (27)
OH
(0]
27

Compound 27a (25 mg, 0.051 mmol) and potassium carbonate (7 mg, 0.0051 mmol) were dissolved in methanol (10

NHAc

mL) in a 50 mL round bottom flask and stirred overnight at room temperature. Amberlite IRC-76 resin (H+ form, pH=4)
was pre-rinsed with MeOH and then added to the mixture, which was stirred for an additional 10 minutes until a pH of 5
to 6. The mixture was filtered and the solvent was removed under reduced pressure. The crude product was purified by
column chromatography (85:15 CH,Cl,) to yield white crystals (8 mg, 53%). '"H NMR (300 MHz, D,0) & 2.15 (s, 3H),
3.76-3.81 (m, 4H), 3.86 (dd, J=12.1, 6.1 Hz, 1H), 4.00 (d,J=3.1 Hz, 1H), 5.04 (d,J=7.2 Hz, 1H), 7.14 (d, J=9.0 Hz, 2H),
7.35 (d, J=9.0 Hz, 2H). "C NMR (75 MHz, D,0) & 30.87, 61.38, 69.11, 71.18, 73.19, 76.07, 101.57, 117.66, 124.83,
132.41, 154 .93, 173.86. LRMS (ESI): m/z calcd. for C;H,(NNaO, [M+Na]" 336.1; found 336.2.

4-Trifluoromethoxyphenyl-2,3,4,6-tetra-O-acetyl-f-D-galactopyranoside (28a)

OAc  oAc
(0]
AcO O\©\
OAc OCF,
28a

Compound 28a was prepared in a similar manner as la from 1,2,3,4,6-penta-O-acetyl-p-D-galactopyranose (154 mg,
0.40 mmol), 4-trifluoromethoxyphenol (61 uL, 0.47 mmol) with boron trifluoride diethyl etherate (69 uL, 0.55 mmol).
Flash column chromatography (4:1 hexanes/EtOAc) afforded 28a as a white powder (125 mg, 89%). '"H NMR (300
MHz, CDCl;): 8 7.15 (d,J =9.1 Hz, 2H), 7.03-6.98 (m, 2H), 5.48-5.45 (m, 2H), 5.10 (dd, J = 10.4,3.4 Hz, 1H), 5.01 (d,
J =179 Hz, 1H), 4.26-4.12 (m, 2H), 4.05 (td, J = 6.6, 1.0 Hz, 1H), 2.18 (s, 3H), 2.07 (s, 3H), 2.05 (s, 3H), 2.01 (s, 3H).
C NMR (76 MHz, CDCl;): § 170.3, 1702, 170.1, 169.3, 155.2, 144.6, 122.4, 122.1, 118.7, 118.0, 99.7, 772, 71.1,
70.7,68.5,66.8,61.3,20.7,20.6,20.5. LRMS (ESI): m/z caled. for C;;H»F3sNaO,; [M-H] 507.4; found, 507.2.

4-Trifluoromethoxyphenyl-f-D-galactopyranoside (28)
OH OH
NS

(o]
28

Compound 28a (125 mg, 0.25 mmol) was dissolved in a solution of sodium methoxide in methanol (5 mL) and stirred

OCF,

for one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 28 as a white powder
(77 mg, 92%). 'H NMR (500 MHz, D,0): & 7.35-7.33 (m, 2H), 7.21 (d, J = 9.2 Hz, 2H), 5.07 (d, J = 7.5 Hz, 1H), 4.02
(d, J = 3.2 Hz, 1H), 3.89 (t, J = 6.2 Hz, 1H), 3.85-3.77 (m, 4H). °C NMR (126 MHz, D,0): § 1552, 122.6, 117.6,
116.1,100.9,75.4,72.4,70.4,68.4,60.6. LRMS (ESI): m/z calcd. for C;3H,4F;NaO; [M-H] 339.2; found, 339.1.

4-Methoxyphenyl-2,3,4,6-tetra-O-acetyl-a-D-galactopyranoside (31a)
OAc _0Ac

Q

AcO
OA

o
3ta (L
OMe

Compound 31a was prepared in a similar manner as 1a from 1,2,3.4,6-penta-O-acetyl-p-D-galactopyranose (2 g, 5.12
mmol), 4-methoxyphenol (1.91 g, 15.4 mmol) with boron trifluoride diethyl etherate (2.6 mL, 20.5 mmol). The reaction
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mixture was refluxed for 2 days, and following quenching, washing and concentration the crude mixture showed a 1.6:1
ratio of a:f-linked products. Flash column chromatography (4:1 hexanes/EtOAc) afforded 31a as a white powder (1.4 g,
60%). Characterization data is consistent with that previously reported in the literature.” "H NMR (300 MHz, CDCl,): &
7.00-6.96 (m, 2H), 6.85-6.81 (m, 2H), 5.65 (d, J = 3.7 Hz, 1H), 5.58-5.51 (m, 2H), 5.26 (dd, J = 104, 3.6 Hz, 1H), 4.39
(t,J = 6.7 Hz, 1H), 4.10 (t, J = 6.6 Hz, 2H), 3.77 (s, 3H), 2.16 (s, 3H), 2.08 (s, 3H), 2.02 (s, 3H), 1.97 (s, 3H). "C NMR
(101 MHz, CDCl;): 6 170.5, 170.5, 170.3, 170.2, 155.6, 150.4, 118.2, 114.8, 959, 68.1, 68.0, 67.7, 67.1, 61.7, 55.8,
20.9,20.8,20.8,20.8. LRMS (ESI): m/z calcd. for C,;H;(NO,, [M+NH,]" 472.5; found, 472.0.

4-Methoxyphenyl-a-D-galactopyranoside (31)

HO _oH
o}

HO
HO

o =
3 \©\0Me

Compound 31a (1.4 g, 3.15 mmol) was dissolved in a solution of sodium methoxide in methanol (15 mL) and stirred for
one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 31 as a white powder
(600 mg, 67%). 'H NMR (300 MHz, D,0): & 7.17-7.12 (m, 2H), 7.01-6.97 (m, 2H), 5.53 (d, J = 3.8 Hz, 1H), 4.12 (t,J
= 6.2 Hz, 1H), 4.08-4.03 (m, 2H), 3.99-3.94 (m, 1H), 3.81 (s, 3H), 3.72-3.70 (m, 2H). >C NMR (76 MHz, D,0):
154.6, 1504, 119.1, 115.0,98.5,71.6,69.4, 69.1, 68.1, 61.0, 55.7. LRMS (ESI): m/z calcd. for C;sH;0, [M-H] 285.3;
found, 285.1.

4-Methoxyphenyl-2,3,4,6-Tetra-O-Acetyl-a-D-Mannopyranoside (32a)

AcO cO
HO <

AcO
32a O\@\
OMe

Compound 32a was prepared in a similar manner as 1a from 1,2,3,4,6-penta-O-acetyl-a-D-mannopyranose (250 mg,
0.64 mmol), 4-methoxyphenol (95 mg, 0.77 mmol) with boron trifluoride diethyl etherate (113 xL, 0.9 mmol). Flash
column chromatography (3:2 hexanes/EtOAc) afforded 32a as a white powder (124 mg, 43%). Characterization data is
consistent with that previously reported.8 'H NMR (500 MHz, CDCls): 8 7.03-7.00 (m, 2H), 6.84-6.80 (m, 2H), 5.54
(dd,J=10.0,3.5Hz, 1H),543 (dd,J=3.5,1.8 Hz, 1H), 541 (d,J = 1.8 Hz, 1H), 5.35 (t,J = 10.1 Hz, 1H), 4.28 (dd, J
= 122,53 Hz, 1H), 4.13 (ddd, J = 10.1, 5.3, 2.2 Hz, 1H), 4.08 (dd, J = 12.1, 2.3 Hz, 1H), 3.77 (s, 3H), 2.19 (s, 3H),
2.05 (s, 3H), 2.05 (s, 3H), 2.03 (s, 3H). °C NMR (126 MHz, CDCls): § 170.6, 170.0, 169.9, 169.8, 155.4, 149.6, 117.7,
114.6, 96.6, 69.5, 69.0, 68.9, 66.0, 62.2, 55.6, 20.9, 20.7, 20.7. LRMS (ESI): m/z calcd. for C,;H;,NO,; [M+NH,]*
472.5; found, 472 4.

4-Methoxyphenyl-c.-D-Mannopyranoside (32)

HO-— HO
-0
HO

HO
= 0
OMe

Compound 32a (103 mg, 3.15 mmol) was dissolved in a solution of sodium methoxide in methanol (5 mL) and stirred
for one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 32 as a white powder
(61 mg, 94%). "H NMR (500 MHz, D,0): & 7.13-7.09 (m, 2H), 6.98-6.94 (m, 2H), 5.47 (d, J = 1.8 Hz, 1H), 4.14 (dd, J
=34, 18 Hz, 1H), 400 (dd, J = 8.9, 3.4 Hz, 1H), 3.78-3.74 (m, 1H), 3.78 (s, 3H), 3.75-3.69 (m, 3H). °*C NMR (76

S15



MHz, D,0): § 154.5,149.5,118.7,114.9,99.2,73.3,70.3, 69.9, 66.5, 60.6, 55.7. LRMS (ESI): m/z calcd. for C;;H,;0;
[M-HJ 285.3; found, 285.2.

4-Fluorophenyl-2,3,4,6-tetra-O-acetyl-a-D-glucopyranoside (33a)

OAc

Ao (0] S
\QF
33a
Compound 33a was prepared in a similar manner as la from 1,23 4,6-penta-O-acetyl-f3-D-glucopyranose (10 g, 25.6
mmol), 4-fluorophenol (3.45 g, 30.8 mmol) with boron trifluoride diethyl etherate (4.5 mL, 35.8 mmol). The reaction
mixture was refluxed for 2 days, and following quenching, washing and concentration the crude mixture showed a 1:4
ratio of a:f-linked products. Flash column chromatography (4:1 hexanes/EtOAc) afforded 33a as a white powder (1.02
g, 9%). '"H NMR (300 MHz, CDCl;): & 7.03-6.99 (m, 4H), 5.71-5.64 (m, 2H), 5.14 (t, J = 9.7 Hz, 1H), 5.02 (dd, J =
10.3,3.7 Hz, 1H), 4.24 (dd, J = 11.9, 4.4 Hz, 1H), 4.15-4.04 (m, 2H), 2.07 (s, 3H), 2.05 (s, 3H), 2.04 (s, 3H), 2.04 (s,
3H). °C NMR (76 MHz, CDCL;): 8 170.5, 170.1, 169.6, 160.2, 157.0, 152.2, 152.1, 118.0, 117.9, 116.3, 116.0, 94 8,
70.4,69.9,68.3,68.0,61.6,20.7,20.6,20.6. LRMS (ESI): m/z calcd for C,yH,,FNO,, [M+NH,]* 460.5; found, 460.4.

4-Fluorophenyl-a-D-glucopyranoside (33)

Compound 33a (15 mg, 0.033 mmol) was dissolved in a solution of sodium methoxide in methanol (2 mL) and stirred
for one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 33 as a white powder (6
mg, 66%). 'H NMR (300 MHz, D,0): § 7.18-7.07 (m, 4H), 5.55 (d, J = 3.7 Hz, 1H), 3.90 (t,J = 9.5 Hz, 1H), 3.82-3.69
(m, 5H), 3.50 (t, J = 9.4 Hz, 1H). °C NMR (76 MHz, D,0): § 148.9, 118.2,118.2,116.2, 114.4,97.1,75.5,72.9,72.3,
69.4,60.5. LRMS (ESI): m/z calcd. for C,H,sFNaO¢ [M+Na]* 297.2; found, 297.3.

4-Bromophenyl-2,3,4,6-tetra-0O-acetyl-a-D-glucopyranoside (34a)

OAc

o
AcO
AcO
AcO

-
Br

Compound 34a was prepared in a similar manner as la from 1,2,3,4,6-penta-O-acetyl-B-D-glucopyranose (8 g, 20.5
mmol), 4-bromophenol (4.25 mg, 24.6 mmol) with boron trifluoride diethyl etherate (3.86 mL, 30.8 mmol). The
reaction mixture was refluxed for 2 days, and following quenching, washing and concentration the crude mixture
showed a 1:6 ratio of a:B-linked products. Flash column chromatography (4:1 hexanes/EtOAc) afforded 34a as a white
powder (1.14 g, 11%). Characterization data is consistent with that previously reported in the literature.” "H NMR (300
MHz, CDCl;): 8 7.39 (d,J =9.0 Hz, 2H), 6.96 (d, J = 9.0 Hz, 2H), 5.69-5.62 (m, 2H), 5.13 (t,/ = 9.8 Hz, 1H), 5.01 (dd,
J=103,3.6 Hz, 1H),4.22 (dd, J = 12.1, 4.6 Hz, 1H), 4.09-4.01 (m, 2H), 2.05 (s, 3H), 2.04 (s, 3H), 2.03 (s, 3H), 2.02
(s, 3H). °C NMR (76 MHz, CDCl;): § 170.5, 1702, 169.3, 169.2, 155.3, 129.5, 128.5, 118.4, 94.6, 72.6, 72.1, 71.1,
68.2,61.9,20.7,20.6,20.6,20.6. LRMS (ESI): m/z calcd. for C,0H,;BrNO,, [M+NH,]* 521 4; found, 522.2.
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4-Bromophenyl-a-D-glucopyranoside (34)

Compound 34a (25 mg, 0.050 mmol) was dissolved in a solution of sodium methoxide in methanol (2 mL) and stirred
for one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 34 as a white powder
(17 mg, 98%). "H NMR (300 MHz, D,0): 8 7.51 (d, J = 9.0 Hz, 2H), 7.09 (d, J = 9.1 Hz, 2H), 5.61 (d, J = 3.8 Hz, 1H),
3.90 (t,J = 9.4 Hz, 1H), 3.77-3.69 (m, 4H), 3.50 (t, J = 9.5 Hz, 1H). >C NMR (76 MHz, D,0): 8 155.7, 151.5, 132.6,
128.4,118.5,115.0,114.3,110.8,100.2,92.2,76.1,75.5,72.9,71.9,71.3,69.4,68.7,65.2,60.5,56.3. LRMS (ESI): m/z
calcd. for C,H,sBrNaO, [M+Na]* 357.0; found, 357.2.

N-(4-Methoxyphenyl)-1-f-D-glucopyranoside (37)

OH
O H
HO
HO/&/N =
o Uk
37

OMe

To a solution of D-glucose (50 mg, 0.28 mmol) in ethanol (2 mL) was added para-anisidine. The solution was refluxed
for 1 h, cooled to room temperature, then 0°C to precipitate the product. The product was filtered and lyophilized to
yield 37 as a white powder (68 mg, 86%). '"H NMR (500 MHz, D,0): 6 6.81-6.79 (m, 2H), 6.76-6.73 (m, 2H), 4.55 (d,
J=88Hz, 1H),3.74 (dd, J = 12.4, 2.3 Hz, 1H), 3.66 (s, 3H), 3.57 (dd, J = 12.4,5.7 Hz, 1H), 345 (t,J = 9.1 Hz, 1H),
3.40 (ddd,J =9.8,5.7,2.3 Hz, 1H), 3.32-3.26 (m, 2H). "C NMR (126 MHz, D,0): 6 152.4,139.7, 1159, 115.2,85.7,
76.8,76.4,72.7,69.7,60.7,55.8. LRMS (ESI): m/z calcd. for C;;H,;,NO, [M+K]* 324.3; found, 324 .2.

4-Methoxyphenyl-2,3,4,6-tetra-O-acetyl-1-thio-f-D-glucopyranoside (38a)

OAc

o
AcO
ACC&S\Q\
OMe

o)

Ac
38a

Compound 38a was prepared in a similar manner as 1a from 1,2,3 4 ,6-penta-O-acetyl-B-D-glucopyranose (200 mg, 0.51
mmol), 4-methoxythiophenol (76 uL, 0.62 mmol) with boron trifluoride diethyl etherate (97 uL, 0.77 mmol). Flash
column chromatography (7:3 hexanes/EtOAc) afforded 38a as a white powder (188 mg, 78%). Characterization data is
consistent with that previously reported in the literature."” '"H NMR (500 MHz, CDCl,): 8 7.46-7.43 (m, 2H), 6.86-6.83
(m, 2H), 5.20 (t,J = 9.3 Hz, 1H), 5.00 (t, J = 9.8 Hz, 1H), 4.89 (dd, J = 10.0, 9.3 Hz, 1H), 4.55 (d, J = 10.0 Hz, 1H),
4.20-4.18 (m, 2H), 3.82 (s, 3H), 3.69-3.66 (m, 1H), 2.11 (s, 2H), 2.08 (s, 2H), 2.01 (s, 2H), 1.98 (s, 3H). "C NMR (126
MHz, CDCl,): § 170.6, 170.2, 169.4, 169.3, 136.6, 120.8, 114.4, 85.7, 75.7, 74.0, 69.8, 68.1, 62.0, 55.3, 20.2, 20.8,
20.8. LRMS (ESI): m/z calced. for C,H,,0,,S [M+H]" 471.5; found, 471.3.

4-Methoxyphenyl-1-thio-f-D-glucopyranoside (38)

OH
o
HO
H&S\Q\
OH OMe
38

Compound 38a (108 mg, 0.23 mmol) was dissolved in a solution of sodium methoxide in methanol (5 mL) and stirred
for one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
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filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 38 as a white powder
(59 mg, 85%). 'H NMR (500 MHz, D,0): & 7.54 (dd,J = 8.9, 0.6 Hz, 2H), 6.99 (dd, J = 9.0, 0.6 Hz, 2H), 4.60 (d, J =
9.8 Hz, 2H), 3.87-3.84 (m, 1H), 3.83 (dd, J = 10.6, 1.2 Hz, 3H), 3.70-3.66 (m, 1H), 347 (td,J=9.0, 0.6 Hz, 1H), 3.42-
3.38 (m, 1H), 3.35-3.31 (m, 1H), 3.23 (td, J = 9.4, 0.6 Hz, 1H). "C NMR (126 MHz, D,0): & 159.4, 135.1, 1220,
114.7,87.7,79.8,77.1,71.5,69.3,60.7,55.4. LRMS (ESI): m/z calcd. for C;3sH;04S [M-H] 302.3; found, 302.0.

Synthetic scheme for the preparation of C6-O-PMP-Glc (40)

OH OTs OPMP
BnO o} TsCl, Py. BnO Q PMP-OH, NaH BnO Q 3M H,S0,, AcOH
Bno 0°C Bno DMF Bno 100 °C
BnO 67% BnO 75% BnO 27%
OMe OMe OMe
51 52 53
OPMP OPMP
. o H,, Pd/C o
n —_— HO
BnO OH EtOH HO OH PMP = —%@—OME
OBn 98% oH
54 40

Scheme S2. Preparation of C6-O-PMP-Glc 40.

Methyl-2,3,4-tri-O-Benzyl-6-0-(4-methylbenzenesulfonyl)-a-D-glucopyranoside (52)

OTs
o

BnO
52

OMe

To a solution of methyl-2,3 4-tri-O-benzyl-a-D-glucopyranoside (122 mg, 0.26 mmol) (51, prepared as described
previously)'' and pyridine (47 uL, 0.58 mmol) in dry CH,CI, stirring at 0°C under argon was added TsCl (86 mg, 0.45
mmol). The reaction mixture was stirred overnight, then diluted with CH,Cl,. The organic layer was washed with water,
brine, then dried over MgSO, and concentrated. Flash column chromatography (19:1 toluene/EtOAc) afforded 52 as a
white powder (143 mg, 88%). Characterization data is consistent with that previously reported.”” "H NMR (500 MHz,
CDCl;): 8 7.77 (d, J = 8.3 Hz, 2H), 7.36-7.28 (m, 15H), 7.15 (dt, J = 4.8, 2.3 Hz, 2H), 4.98 (d, J = 10.9 Hz, 1H), 4.80
(td,J =14.6,8.3 Hz, 3H),4.64 (d,J = 12.1 Hz, 1H),4.53 (d,J = 3.5 Hz, 1H),4.44 (d,J = 10.7 Hz, 1H), 4.20 (qd, J =
9.8,3.2 Hz,2H),3.96 (t,/ =9.3 Hz, 1H), 3.76 (ddd, J = 10.1,3.9, 2.1 Hz, 1H), 3.49-3.43 (m, 2H), 3.32 (s, 3H), 2.40 (s,
3H)."°C NMR (126 MHz, CDCLy): & 144.8, 138.5, 137.9, 137.7, 132.8, 129.8, 128.5, 128 4, 128.1, 128.0, 127.9, 1279,
1279, 127.8, 127.6, 98.0, 81.8, 79.6, 76.8, 75.7, 749, 73.4, 68.5, 68.4, 553, 21.6. LRMS (ESI): m/z caled. for
C3sH3sNaOgS[M+Na]” 657.7; found, 657.5.

Methyl-2,3 4-tri-O-Benzyl-6-0-(4-methoxyphenyl)-a-D-glucopyranoside (53)

OPMP
o

BnO

OMe
53

To a stirred solution of 66% sodium hydride (9 mg, 0.23 mmol) in dry DMF under argon was added para-
methoxyphenol (26 mg, 0.21mmol). The mixture was stirred for 20 min and 52 (65 mg, 0.11 mmol) was added and the
reaction mixture was stirred overnight. The reaction was quenched with brine, diluted with ethyl acetate and the organic
layer was washed with saturated sodium thiosulfate, water, brine, then dried over MgSO, and concentrated. Flash
column chromatography (9:1 pet. ether/EtOAc) afforded 53 as a white powder (45 mg, 75%). '"H NMR (500 MHz,
CDCl3): 8 7.39-7.18 (m, 15H), 6.85-6.80 (m, 4H), 5.02 (d, J = 10.8 Hz, 1H), 4.86 (dt, J = 15.5, 10.6 Hz, 3H), 4.70 (d, J
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= 12.1 Hz, 1H), 4.66 (d, J = 3.5 Hz, 1H), 453 (d, J = 10.9 Hz, 1H), 4.12-4.03 (m, 3H), 3.91 (dt, J = 10.0, 2.8 Hz, 1H),
3.77 (s, 3H), 3.75 (t, J = 7.7 Hz, 1H), 3.62 (dd, J = 9.6, 3.6 Hz, 1H), 3.40 (s, 3H). '°C NMR (126 MHz, CDCl): §
153.9, 152.7, 138.7, 138.1, 138.0, 128.4, 128.4, 128.1, 128.0, 127.9, 127.7, 127.6, 115.5, 114.5,98.2, 82.1, 79.8, 77 4,
75.8,75.2,73.4,693,67.1,55.6,55.2. LRMS (ESI): m/z calcd. for C3sH3sNaO, [M+K]" 609.7; found, 609.5.

2,3.4-tri-O-Benzyl-6-0-(4-methoxyphenyl)-D-glucopyranoside (54)

OPMP
o
BnO OH
OBn

54

A solution of 53 (45 g, 0.08 mmol) in 3 M H,SO, in acetic acid (1.2 mL) was refluxed gently for 2 h. Following this, the
mixture was cooled to room temperature, diluted with water and extracted with ethyl acetate. The organic layer was
extract with water, brine, then dried over MgSO, and concentrated. Flash column chromatography (4:1 hexanes/ethyl
acetate) afforded 54 as a white solid (12 mg, 27%). 'H NMR (500 MHz, CDCl;): 8 7.36-7.28 (m, 20H),7.24 (d,J=1.5
Hz, 5H), 7.18-7.16 (m, 5H), 6.84-6.79 (m, 8H), 5.26 (d,J = 3.6 Hz, 1H),4.97 (d, J = 10.9 Hz, 3H), 4.89-4.85 (m, 4H),
480 (d,J=11.8 Hz,2H),4.71 (d,J =11.7 Hz, 1H), 4.55 (t,J = 10.3 Hz, 1H), 4.18 (dt, J = 10.0, 2.8 Hz, 1H),4.09 (d, J
=29 Hz, 2H), 4.02 (t,J = 9.3 Hz, 2H), 3.79-3.75 (m, 9H), 3.64 (dd, J = 9.4, 3.6 Hz, 2H), 3.47-3.43 (m, 1H). °C NMR
(126 MHz, CDCl;): § 154.0, 152.75, 152.69, 138.57, 138.42, 138.24, 137.97, 137.81, 137.74, 128.54, 128 .46, 128 41,
128.40, 128.15, 128.12, 128.07, 128.04, 128.02, 127.93, 127.87, 127.77, 127.67, 97.6, 91.4, 845, 83.1, 81.7, 80.0,
7746, 7739, 75.76, 75.72, 75.21, 75.14, 74.8, 74.0, 73.4, 69.8, 67.6, 67.2, 55.7. LRMS (ESI): m/z calcd. for
C34H3¢NaO; [M+Na]" 579.6; found, 579.4.

6-0-(4-methoxyphenyl)-D-glucopyranoside (40)

OPMP

(0]
H
Ao

OH
40

To a solution of 54 (8 mg, 0.15mmol) in ethanol (2 mL) was added Pd/C (5 mol %) and the reaction mixture was purged
three times with H, under closed atmosphere. The mixture was stirred under H, atmosphere overnight, filtered over
Celite and the solvent was evaporated to afforded 40 as a white powder (4 mg, 98%). 'H NMR (500 MHz, D,0): 8
7.02-6.96 (m, 8H), 5.24 (d, J = 3.8 Hz, 1H), 4.67 (dd, J = 8.0, 0.6 Hz, 1H), 4.31-4.29 (m, 1H), 4.24 (dd,J=109,2.0
Hz, 1H),4.17 (ddd, J = 18.6, 11.1, 5.4 Hz, 2H), 4.10-4.07 (m, 1H), 3.79 (d, J = 19.4 Hz, 6H), 3.73 (t,J = 9.6 Hz, 2H),
3.60-3.55 (m, 3H), 3.52-3.49 (m, 1H), 3.28 (dd, J = 9.0, 8.1 Hz, 1H). °C NMR (126 MHz, D,0): 8 153.6, 153.5,
1524, 152.3, 1163, 1163, 115.1, 96.0, 92.1, 75.6, 74.1, 74.0, 72.7, 714, 69.7, 69.5, 69.5, 68.0, 67.8, 55.8. LRMS
(ESI): m/z caled. for C13H;sKO; [M+K]" 325.3; found, 325.1.

4-Methoxyphenyl-2 3 4-tri-O-acetyl-B-D-xylopyranoside (41a)

AcO o
41a
Compound 41a was prepared in a similar manner as 1a from 1,2,3 4-penta-O-acetyl-p-D-xylopyranose (340 mg, 1.07
mmol), 4-methoxyphenol (186 mg, 1.5 mmol) with boron trifluoride diethyl etherate (402 uL, 3.2 mmol). Flash column
chromatography (7:3 hexanes/ethyl acetate) afforded 41a as a white powder (228 mg, 60%). Characterization data is
consistent with that previously reported.13 '"H NMR (500 MHz, CDCl;): § 6.94 (d, J = 9.1 Hz, 2H), 6.82 (d, J = 9.1 Hz,
2H),5.22 (t,J = 8.1 Hz, 1H), 5.15 (dd, J = 8.2, 6.4 Hz, 1H), 5.03-4.99 (m, 2H), 4.20 (dd, J = 12.0, 4.8 Hz, 1H), 3.77 (s,
3H), 3.47 (dd, J = 12.0, 8.1 Hz, 1H), 2.09 (s, 3H), 2.07 (s, 3H), 2.07 (s, 3H). "C NMR (126 MHz, CDCl,): § 167.0,
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169.8, 1694, 155.6, 150.6, 118.5, 114.6, 99.8, 71.0, 70.4, 68.6, 61.9, 55.6, 20.7, 20.7. LRMS (ESI): m/z calcd. for
C,sH,,NaO, [M+Na]* 405 .4; found, 405.3.
4-Methoxyphenyl-f-D-xylopyranoside (41)

HO o
HC%;O\QOMQ

Compound 41a (74 mg, 0.19 mmol) was dissolved in a solution of sodium methoxide in methanol (5 mL) and stirred for
one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 41 as a white powder
(44 mg, 89%). Characterization data is consistent with that previously reported.* 'H NMR (500 MHz, D,0): § 7.12-
7.09 (m, 2H), 7.00-6.97 (m, 2H), 4.97 (d,J = 7.5 Hz, 1H), 4.00 (dd, J = 11.6, 5.5 Hz, 1H), 3.82 (s, 3H), 3.72-3.68 (m,
1H), 3.56-3.50 (m, 2H), 3.43 (dd, J = 11.5, 10.6 Hz, 1H). "C NMR (126 MHz, D,0): § 154.8, 150.6, 118.3, 115.0,
101.8,75.5,72.8,69.0,65.1,55.7. LRMS (ESI): m/z calcd. for C,H,(NaO4 [M+Na]* 279.2; found, 279 4.

Synthetic scheme for the preparation of C6-O-Me-f3-PMP-Glc (42)

OH 1. TBDMSCI, Im, OTBDMS OH
DMAP, DMF Mel, NaH
HO © — " > BRO Q TBAF B0 o) ;Tic»
HO OPMP 2 BnBr, NaH, TBAI, BnO OPMP THF BnO OPMP 0
OH DMF, OBn 94% OBn 80%
0°—>rt
1 67% over two steps 55 56
OMe _-OMe
0 H,, Pd(OH),/C [e)
B —————=—> HO
%?]&OPMP E1OH/EIOAC HMOPMP
OBn 98% OH
57 42

Scheme S3. Preparation of C6-O-Me- B-PMP-Glc 42.

para-Methoxyphenyl-2,3.4-tri-O-Benzyl-6-O-fert-butyldimethylsilyl-B-D-glucopyranoside (55)
OTBDMS

BnO Q
BnO OPMP

OBn
55

To a mixture of 1 (6.71 g, 23.4 mmol) in dry DMF (50 mL) under argon was added fert-butyldimethylsilyl chloride
(4.24 g, 28.1 mmol), 4-dimethylaminopyridine (286 mg, 2.34 mmol) and imidazole (3.51 g, 51.5 mmol). The reaction
mixture was stirred overnight, then evaporated to a syrup that was dissolved in ethyl acetate and washed with 10% HCI,
saturated NaHCOj;, water and brine, then dried over MgSO, and concentrated. The crude silylated product was dissolved
in 10 mL dry DMF and added dropwise over 30 min to a mixture of 66% sodium hydride (2.46 g, 61.8 mmol), benzyl
bromide (10 mL, 84.2 mmol) and tetrabutylammonium iodide (692 mg, 1.87 mmol) stirring at 0°C under argon. The
reaction mixture was slowly warmed to room temperature and stirred overnight. The reaction was quenched with brine,
then diluted with ethyl acetate and extracted. The aqueous layer was washed twice with ethyl acetate, and the combined
organic extracts were dried over MgSO, and concentrated. Flash column chromatography (9:1 hexanes/ethyl acetate)
afforded 55 as a white solid (10.4 g, 83%). '"H NMR (300 MHz, CDCl;): & 7.39-7.30 (m, 15H), 7.07-7.02 (m, 2H), 6.85-
6.79 (m, 2H), 5.06 (d, J = 109 Hz, 1H), 4.94 (d, J = 10.8 Hz, 1H), 4.89-4.81 (m, 4H), 4.68 (d, J = 10.9 Hz, 1H), 3.88
(dd,J =11.3, 1.8 Hz, 1H), 3.80-3.74 (m, 1H), 3.78 (s, 3H) 3.72-3.62 (m, 3H), 3.39 (ddd, /= 9.3,4.9, 1.8 Hz, 1H), 0.90
(s, 9H), 0.05 (d, J = 9.5 Hz, 6H).">C NMR (76 MHz, CDCL;): 8 151.6, 138.5, 138.4, 138.2, 128 4, 128 4, 128.1, 128 0,
128.0, 127.8, 127.7, 127.7, 118.7, 114.5, 103.0, 84.7, 82.3, 77.5, 76.1, 759, 750, 62.3, 55.6, 259, 183, -5.1, -5.4.
LRMS (ESI): m/z caled. for C4HssNO;Si [M+NH,]" 688.4; found, 688.3.
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para-Methoxyphenyl-2,3 4-tri-O-Benzyl-B-D-glucopyranoside (56)

To a solution of 55 (10.4 g, 15.5 mmol) in dry THF under argon was added tetrabutylammonium fluoride (8.1 g, 30.9
mmol). The reaction mixture was stirred overnight at room temperature, then diluted with ethyl acetate and extracted.
The organic phase was washed with brine, dried over MgSO,, and concentrated. Recrystallization with hot chloroform
and hexanes afforded 56 as a white solid (8.1 g, 94%). Characterization data is consistent with that previously
reported.”” "TH NMR (300 MHz, CDCl;): § 7.35-7.28 (m, 15H), 7.00-6.96 (m, 2H), 6.86-6.82 (m, 2H), 5.03 (d, J = 10.9
Hz, 1H), 4.97-4.95 (m, 2H), 4.90-4.80 (m, 3H), 4.66 (d, J = 10.9 Hz, 1H), 3.89 (ddd, J =12.0,6.1,2.6 Hz, 1H), 3.77 (s,
3H), 3.75-3.62 (m, 4H), 3.47 (ddd, J = 9.6,4.5,2.6 Hz, 1H), 1.87 (t,J = 6.9, 1H). °C NMR (101 MHz, CDCl;): § 155 4,
151.2,1384,138.1,137.9, 128.5, 128 .4, 128.2, 128.1, 128 .0, 1279, 1278, 127.7, 118.1, 114.7, 102.5, 84 4, 82.1, 75.7,
75.3,75.1,75.1,62.0,55.6. LRMS (ESI): m/z calcd. for C3,Hs0NO; [M+NH,]" 574.8; found, 574.2.
para-Methoxyphenyl-6-O-Methyl-2,3.4-tri-O-Benzyl-B-D-glucopyranoside (57)

OMe

BnO 0
Bo OPMP

OBn

57
To a stirred solution of 66% sodium hydride (21 mg, 0.54 mmol) in dry DMF under argon at 0°C was added 56. The
mixture was stirred at 0°C for 20 min and methyl iodide (31 uL, 0.49 mmol) was added and the reaction mixture was
stirred overnight. The reaction was quenched with brine, diluted with ethyl acetate and the organic layer was washed
with saturated sodium thiosulfate, water, brine, then dried over MgSO, and concentrated. Flash column chromatography
(4:1 hexanes/EtOAc) afforded 57 as a white powder (206 mg, 80%). 'H NMR (300 MHz, CDCL): & 7.36-7.29 (m,
15H), 7.06-7.00 (m, 2H), 6.87-6.82 (m, 2H), 5.06 (d, J = 10.9 Hz, 1H), 4.96 (d,J = 11.0 Hz, 1H), 4.91-4.81 (m, 4H),
465 (d, J = 109 Hz, 1H), 3.79 (s, 3H), 3.72-3.60 (m, 5H), 3.54-3.50 (m, 1H), 3.39 (s, 3H). "C NMR (76 MHz,
CDCl;): & 155.2, 151.5,138.5, 138.2, 138.1, 128 4, 128 4, 128.2, 128.0, 127.8, 127.7, 127.6, 118.3, 114.5, 102.8, 84.5,
82.0,75.7,75.08,75.02,74.8,71.1,59.4,55.6. LRMS (ESI): m/z calcd. for C3sH33NaO; [M+Na]" 593.7; found, 593.4.

para-Methoxyphenyl-6-O-Methyl-p-D-glucopyranoside (42)
OMe

HO °
HO OPMP

OH
42

To a solution of 57 (142 mg, 0.25 mmol) in ethanol (4 mL) was added palladium hydroxide (5 mol %) and the reaction
mixture was purged three times with H, under closed atmosphere. The mixture was stirred under H, atmosphere
overnight, filtered over Celite and the solvent was evaporated to afforded 42 as a white powder (74 mg, 98%). 'H NMR
(500 MHz, D;0): & 7.10-7.07 (m, 2H), 6.97-6.94 (m, 2H), 4.98 (d, J = 7.6 Hz, 1H), 3.79 (s, 3H), 3.78-3.75 (m, 1H),
3.68-3.62 (m, 2H), 3.59-3.50 (m, 2H), 3.47 (t, J = 9.2 Hz, 1H), 3.37 (s, 3H). °C NMR (126 MHz, D,0): 8 1546,
150.8, 118.0, 114.9, 101.1, 75.4, 74.6, 72.8, 70.8, 69.5, 58.5, 55.7. LRMS (ESI): m/z calcd. for C;4H»NaO; [M+Na]"
323.3; found, 323.1.
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Synthetic scheme for the preparation of compound 43

HO HO
0"(‘) 1. DMP, CH,Cl, = 5 1. 9-BBN, THF
BnO 2. MePPhaBr, nBuLi,  BNO _reflx  _ go 0 Ha, PAIC O
Bn&/OPMP - MePPhdBr nBuLi: “Bno OPMP 5 -on 1100 o’ OPMP ~ HOZ OPMP
OBn ' OBn 0°C oBn EtOH/EtOAC
67% over two steps 81% 94% OH
56 58 ° 59 43

Scheme S4. Preparation of -PMP-Glc derivative 43.

para-Methoxyphenyl-6,7-Dideoxy-2,3 4-tri-O-Benzyl-B-D-Gluco-hept-6-enopyranose (58)

o
BnO
BnO OPMP

0Bn
58

To a stirred suspension of 56 (1.6 g, 2.87 mmol) in CH,Cl, (15 mL) was added Dess-Martin periodinane (1.46 g,
3.45 mmol) and the reaction mixture was stirred at room temperature for 3 h. The reaction mixture was quenched with a
1:1 mixture of 1 M sodium thiosulfate/sat. NaHCO; until both organic and aqueous layers were clear. The solution was
extracted with CH,Cl,, washed with saturated NaHCO;, dried over MgSO, and concentrated. The crude aldehyde was
then azeotroped three times with toluene and used in the subsequent reaction without further purification.

To a flame dried flask under argon, methyltriphenylphosphonium bromide (1.54 g, 4.31 mmol) was dissolved in dry
THF (50 mL) and cooled to -78°C. A 2.55 M solution of n-butyllithium (nBuLi) in THF (1.67 mL, 4.31 mmol) was
added dropwise to this mixture and stirred for 30 min at -78°C. The concentration of nBuLi was determined by titration
with diphenylacetic acid (DPA) as described previously.'® After stirring for 30 min at -78°C the reaction mixture was
warmed slowly to 0°C and stirred for 1 h, and a solution of the crude aldehyde in dry THF (10 mL) was transferred
dropwise to this solution at 0°C. The reaction was stirred overnight, slowly warming to room temperature, and then was
quenched with saturated ammonium chloride, extracted with hexanes. The mixture was subsequently washed with
ammonium chloride, NaHCO;, water and brine, then dried over MgSO, and concentrated. Flash column
chromatography (19:1 hexanes/ethyl acetate) afforded 58 as a white solid (1.03 g, 65%). '"H NMR (400 MHz, C¢D¢): &
7.42-7.35 (m, 4H), 7.28-7.26 (m, 2H), 7.20-7.08 (m, 11H), 6.72-6.68 (m, 2H), 5.99 (ddd, J = 17.3, 10.7, 5.3 Hz, 1H),
5.50 (dt,J =17.2,1.6 Hz, 1H),5.14 (d,J = 11.4 Hz, 1H), 5.12-5.08 (m, 1H), 5.00 (d, /=114 Hz, 1H),492 (d,/J=7.7
Hz, 1H),4.86 (d,J =114 Hz,2H),4.74 (d,J = 11.3 Hz, 1H),4.50 (d, /= 11.2 Hz, 1H), 3.82 (dd, / = 9.1, 7.8 Hz, 1H),
3.68 (t,J = 9.0 Hz, 2H), 3.33 (t,J = 9.3 Hz, 1H), 3.28 (s, 3H). >C NMR (76 MHz, C¢De): 8 156.0, 1522, 139.5, 139.3,
139.0,135.1, 128.6, 128.5, 128.5, 128.0, 127.8, 119.1, 117.1, 115.0, 103.5, 84.6, 82.6, 82.5,75.6,75.6,75.1,75.1, 55 2.
LRMS (ESI): m/z caled. for C3sH3sNaOg [M+Na]" 575.7; found, 575.5.

para-Methoxyphenyl-6-deoxy-2,3.4-tri-O-Benzyl-B-D-Gluco-heptopyranose (59)
HO

BnO Q
BnO OPMP

OBn
59

To a solution of 58 (267 mg, 0.48 mmol) in dry THF (10 mL), was added a solution of 9-BBN (4.8 mL of 0.5 M
solution in THF, 2.4 mmol). The resulting solution was heated under reflux for 5 h., then cooled to room temperature,
and then to 0°C and 10% NaOH (5 mL) and followed by 35% H,0, (5 mL) were added slowly. The resulting biphasic
reaction mixture was stirred for 30 min then diluted with CH,Cl,. The aqueous layer was then extracted with CH,Cl, and
combined organic layers were washed with 10% sodium metabisulfite, water, brine, then dried over MgSO,, filtered and
concentrated. Flash column chromatography (7:3 hexanes/ethyl acetate) afforded 59 as a white solid (223 mg, 81%). 'H
NMR (300 MHz, C¢D¢): 8 7.41-7.34 (m, 4H), 7.27-7.18 (m, 4H), 7.14-7.04 (m, 6H), 6.79-6.73 (m, 2H), 5.13 (d, J =
11.3 Hz, 1H),5.03 (d,J=114Hz,1H),4.85 (td,J=10.7,74 Hz,4H),4.46 (d,/J =11.4 Hz, 1H), 3.80 (dd,/=9.1,7.8
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Hz, 1H), 3.64 (dt, J = 15.4, 7.3 Hz, 2H), 3.56-3.48 (m, 1H), 3.45-3.38 (m, 1H), 3.28 (dt, J = 5.7, 3.6 Hz, 1H), 3.29 (s,
3H) 1.96 (dddd, J = 13.9, 8.2, 5.4, 2.5 Hz, 1H), 1.62-1.51 (m, 1H), 1.22 (dd, J = 6.2, 43 Hz, 1H). °C NMR (76 MHz,
CeDy): 8 156.0, 151.9,139.5, 139.2, 139.1, 128.6, 128.6, 128.1, 127.9, 127.9, 118.7, 115.1, 103.0, 84.9, 82.6, 81.8, 75.6,
75.1,75.0,73.6,59.8,55.2,36.7,34.7. LRMS (ESI): m/z caled. for C3sH3NO; [M+NH,]" 588.8; found, 588.2.

para-Methoxyphenyl-6-deoxy-p-D-Gluco-heptopyranose (43)

HO

HO Q
HO OPMP

OH
43

To a solution of 59 in ethanol (4 mL) was added Pd/C (5 mol %) and the reaction mixture was purged three times with
H, under closed atmosphere. The mixture was stirred under H, atmosphere overnight, filtered over Celite and the
solvent was evaporated to afford 43 as a white powder (103 mg, 94%). 'H NMR (300 MHz, D,0): & 7.09-7.03 (m, 2H),
6.99-6.94 (m, 2H),4.97 (d,J=7.7 Hz, 1H), 3.79 (s, 3H), 3.74-3.63 (m, 2H), 3.60-3.50 (m, 3H), 3.31 (t,J = 9.3 Hz, 1H),
2.19-2.08 (m, 1H), 1.72-1.60 (m, 1H). >*C NMR (76 MHz, D,0): & 154.6,150.7,117.9, 115.0, 100.8, 75.4,73.3,73.1,
72.6,57.8,55.7,33.3. LRMS (ESI): m/z calcd. for C;4H,0NaO; [M+Na]" 323.3; found, 323.2.

4-Methoxyphenyl-6-0-(2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl)-2,3 4-tri-O-acetyl-f-D-glucopyranoside (44a)
AcO _OAc

AcO

OAc
44a

Compound 44a was prepared in a similar manner as 1a from 6-0-(2,3 4,6-tetra-O-acetyl-o-D-galactopyranosyl)-1,2,3 4-
tetra-O-acetyl-B-D-glucopyranoside'” (175 mg, 0.26 mmol), 4-methoxyphenol (45 mg, 0.36 mmol) with boron
trifluoride diethyl etherate (42 uL, 0.34 mmol). Flash column chromatography (1:1 hexanes/EtOAc) afforded 44a as a
white powder (150 mg, 78%). '"H NMR (400 MHz, CDCl;): 8 6.93-6.87 (m, 4H), 5.35-5.23 (m, 3H), 5.17 (dd, J = 9.7,
7.9 Hz, 1H), 5.10-5.00 (m, 4H), 4.15-4.12 (m, 1H), 3.89-3.88 (m, 2H), 3.84-3.74 (m, 5H), 3.54-3.51 (m, 1H), 2.09 (s,
5H), 2.05 (s, 6H), 2.01 (s, 3H), 1.98 (s, 3H), 1.94 (s, 3H). °C NMR (101 MHz, CDCL): & 170.47, 170.31, 170.22,
170.19, 169.8, 169.43, 169.35, 155.7, 1504, 117.7, 114.7,98.9, 96 0, 77.2, 72.7, 71.2, 68.8, 68.1, 67.3, 66.43, 66.32,
61.5,55.6,20.82,20.66,20.65,20.61,20.58. LRMS (ESI): m/z calcd. for C33H44NO9 [M+NH,]" 761.7; found, 761.2.

4-Methoxyphenyl-6-0-(a.-D-galactopyranosyl)-p-D-glucopyranoside (44)
HO OH

o

HO
HO
(o]

o]
HO
H&OPMP

OH
44

Compound 44a (66 mg, 0.089 mmol) was dissolved in a solution of sodium methoxide in methanol (2 mL) and stirred
for one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 44 as a white powder
(28 mg, 70%). "H NMR (500 MHz, D,0): 8 7.11 (dd, J = 9.2, 1.1 Hz, 2H), 6.99 (dd, J = 9.2, 1.1 Hz, 2H), 5.12 (d, J =
7.7 Hz, 1H), 495 (s, 1H), 3.89-3.86 (m, 1H), 3.82 (s, 3H), 3.79-3.74 (m, 6H), 3.66-3.50 (m, 6H). °C NMR (126 MHz,
D,0): 6 154.5,150.3,117.7, 1149, 100.0, 97.5,75.7,74.5,72.9, 70.6, 69.6, 69.3, 69.1, 68.2, 654, 61.0, 55.8. LRMS
(ESI): m/z calcd. for C19H»701, [M-H] 447.4; found, 447.2.
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Synthetic scheme for the preparation of disaccharides 45-46

OBn
OBn OPMP BnO BnO
o BnO BnO (0]
Bno _(COBr), DMF (cat) _ g Bno
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OBn
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BnO ! (0] o
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Scheme SS. Preparation of PMP-disaccharide derivatives 45 and 46.

4-Methoxyphenyl-6-0-(2,3,4,6-tetra-O-Benzyl-D-glucopyranosyl)-2:3 4-tri-O-benzyl-f-D-glucopyranoside (61a
and 61f)

Q OBn

B"O% o
BnO
A
o B /
o nO o
BnO BnO
BnO OPMP BnO OPMP
0Bn OBn
61 61p

Compound 60 (273mg, 0.51 mmol) was prepared as described previously.'®'” The crude bromide 60 was azeotroped
three times with toluene and then dissolved dry CH,Cl, (1 mL) and added dropwise to a mixture of 56 (140 mg, 0.25
mmol), tetraethylammonium bromide (106 mg, 0.51 mmol) and DIPEA (88 uL, 0.51 mmol) stirring in dry CH,CL, (5
mL) with 4A molecular sieves under argon. The reaction mixture was stirred for 4 days, then diluted with CH,Cl,,
washed with brine, dried over MgSO, and concentrated. Flash column chromatography over a gradient (9:1 then 7:3
hexanes/ethyl acetate) afforded a mixture of 61a/p (6:1) as a white solid (195 mg, 72%). Further purification with flash
chromatography (50:50:1 CH,Cl,/hexanes/acetone) afforded pure 61a (154 mg, 57%) and pure 61f (18 mg, 7%).

Characterization data for 61a:

'H NMR (500 MHz, CDCls): 8 7.39-7.22 (m, 30H), 7.10 (dd, J = 6.5, 2.8 Hz, 2H), 7.04-7.03 (m, 2H), 6.79-6.77 (m,
2H), 5.00-4.95 (m, 3H), 4.93-4.90 (m, 2H), 4.85-4.77 (m, 5H), 4.73 (dd, J = 11.5, 6.4 Hz, 2H), 4.66 (d, J = 11.1 Hz,
1H),4.59 (d,J=12.1 Hz, 1H),4.45 (dd,J =189, 11.6 Hz, 2H), 3.97 (t,J = 9.3 Hz, 1H), 3.85-3.82 (m, 2H), 3.77 (dd, J
= 114, 1.4 Hz, 1H), 3.71-3.63 (m, 4H), 3.61-3.54 (m, 7H). *C NMR (126 MHz, CDCLy): § 155.4, 151.4, 138.8, 138.5,
138.5, 1384, 138.3, 138.1, 1379, 1284, 128.4, 128.3, 128.3, 128.2, 128.2, 1279, 1279, 127.8, 127.8, 127.8, 127.7,
127.6,127.5,1190, 114.6, 103.1,97.3,82.1, 81.8, 80.0, 77.6,75.7,75.1,75.0,74.9,74.7,73.3,72.5,70.1, 68 4, 66.0,
55.4. LRMS (ESI): m/z calcd. for CesH70KO,, [M+K]" 1118.3; found, 1118.5.

Characterization data for 61:

'H NMR (500 MHz, CDCl;): 8 7.36-7.28 (m, 30H), 7.02-6.99 (m, 2H), 6.68-6.67 (m, 2H), 5.05 (d, J = 10.9 Hz, 1H),
4.97-491 (m, 4H), 4.81 (ddd, J = 11.0, 7.1, 4.0 Hz, 5H), 4.67 (d, J = 11.0 Hz, 1H), 4.60-4.58 (m, 2H), 4.53-4.44 (m,
4H), 4.18 (d, J = 9.3 Hz, 1H), 3.76-3.68 (m, 7H), 3.60 (s, 4H), 3.56 (m, 1H), 3.47 (dd, J = 9.8, 7.0 Hz, 1H). °C NMR
(126 MHz, CDCl;): 8 156.2, 150.7, 138.8, 138.5, 138.5, 138.4, 138.3, 138.1, 137.9, 128.4, 128.4, 128.3, 128.3, 1282,
128.2, 1279, 127.9, 127.8, 127.8, 1278, 127.7, 1276, 127.5, 1182, 114.8, 103.1, 99.8, 82.1, 81.2, 80.4, 77.6, 75.7,
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75.1,750, 749, 74.7, 73.9, 72.5, 71.1, 67.4, 66.0, 56.4. LRMS (ESI): m/z calcd. for CegH70NaO, [M+K]" 1102.3;
found, 1102.0.

4-Methoxyphenyl-6-O-(a.-D-glucopyranosyl)-p-D-glucopyranoside (45)

HO
HO

_-OH
(o}
HO i
Haﬁopw
OH
45
To a solution of 61a (117 mg, 0.11 mmol) in ethanol (4 mL) was added palladium hydroxide (5 mol %) and the reaction
mixture was purged three times with H, under closed atmosphere. The mixture was stirred under H, atmosphere
overnight, filtered over Celite and the solvent was evaporated to afforded 45 as a white powder (45 mg, 93%). 'H NMR
(500 MHz, D,0): 6 7.14-7.10 (m, 2H), 7.00-6.97 (m, 2H), 5.06 (d,J=7.4 Hz, 1H),4.93 (d,J=3.7 Hz, 1H),3.95 (dd, J
=114,54 Hz, 1H), 3.81 (s, 3H),3.78 (dd, J = 6.2, 2.2 Hz, 2H), 3.75-3.62 (m, 4H), 3.60-3.53 (m, 4H), 341 (t,/ =94
Hz, 1H). "C NMR (126 MHz, D,0): & 154.6, 150.7, 117.9, 115.0, 100.8, 97.8, 75.7, 74.4, 73.05, 72.89, 71.7, 71 4,
69.31,69.28,65.6,60.3,55.8. LRMS (ESI): m/z calcd. for C19HxsNaO;, [M+Na]" 471.4; found, 471.2.

4-Methoxyphenyl-6-O-(f3-D-glucopyranosyl)-f-D-glucopyranoside (46)

To a solution of 61f (117 mg, 0.11 mmol) in ethanol (4 mL) was added palladium hydroxide (5 mol %) and the reaction
mixture was purged three times with H, under closed atmosphere. The mixture was stirred under H, atmosphere
overnight, filtered over Celite and the solvent was evaporated to afforded 46 as a white powder (45 mg, 93%). 'H NMR
(500 MHz, D,0): 6 7.15-7.11 (m, 2H), 7.01-6.98 (m, 2H), 5.06 (d,J=7.9 Hz, 1H),4.47 (d,J =79 Hz, 1H), 4.19 (dd, J
=120, 1.7 Hz, 1H), 3.91-3.86 (m, 2H), 3.82 (s, 3H), 3.79-3.77 (m, 1H), 3.68 (dd, J = 124, 5.9 Hz, 1H), 3.60-3.52 (m,
3H), 3.44-3.26 (m, 4H). °C NMR (126 MHz, D,0): & 154.7, 150.7, 118.2, 115.0, 102.4, 100.9, 75.8, 75.59, 7542,
75.33, 73.05, 72.86, 69.6, 69.3, 68.1, 60.6, 55.8. LRMS (ESI): m/z calcd. for CjoH,sNaO;, [M+Na]" 471.4; found,
471.0.

4-Methoxyphenyl-4-0-(2,3 ,4,6-tetra-O-acetyl-p-D-galactopyranosyl)-2,3,6-tri-O-acetyl--D-glucopyranoside (47a)

AcO OAc OAc
o} 0
AO 00 OPMP
OAc OAc
47a

Compound 47a was prepared in a similar manner as 1a from 4-0-(2,3 4,6-tetra-O-acetyl--D-galactopyranosyl)-1,2,3,6-
tetra-O-acetyl-B-D-glucopyranoside'’ (500 mg, 0.74 mmol), 4-methoxyphenol (128 mg, 1.03 mmol) with boron
trifluoride diethyl etherate (460 uL, 3.68 mmol). Flash column chromatography (1:1 hexanes/EtOAc) afforded 47a as a
white powder (461 mg, 84%). "H NMR (500 MHz, CDCl;): 8 6.94-6.90 (m, 2H), 6.82-6.79 (m, 2H), 5.35 (dd, J = 3.4,
09 Hz, 1H), 5.26 (t,J =9.1 Hz, 1H), 5.16-5.10 (m, 2H),4.96 (dd,J = 104,34 Hz, 1H),4.92 (d,/ = 7.8 Hz, 1H),4.51-
4.49 (m, 2H), 4.16-4.12 (m, 2H), 4.08 (dd, J = 11.1, 7.4 Hz, 1H), 3.90-3.86 (m, 2H), 3.77 (s, 3H), 3.72 (ddd, J = 9.9,
5.6,2.1 Hz, 1H), 2.16 (s, 3H), 2.10 (s, 3H), 2.07 (s, 6H), 2.07 (s, 3H), 2.05 (s, 3H), 1.97 (s, 3H). °C NMR (126 MHz,
CDCl;): & 170.37, 170.32, 170.15, 170.08, 169.77, 169.63, 169.1, 155.7, 150.8, 118.6, 114.5, 101.1, 99.9, 76.2, 72.78,
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72.68, 71.5, 709, 70.7, 69.0, 66.5, 61.9, 60.8, 55.6, 20.83, 20.73, 20.67, 20.65, 20.54. LRMS (ESI): m/z calcd. for
C33H44N019 [1\/I+NH4]+ 7617, fOllIld, 761.5.

4-Methoxyphenyl-4-O-(f3-D-galactopyranosyl)-f-D-glucopyranoside (47)

HO OH OH

Q o]
HO Q0 OPMP
oH oH
47

Compound 47a (171 mg, 0.23 mmol) was dissolved in a solution of sodium methoxide in methanol (2 mL) and stirred
for one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 47 as a white powder
(83 mg, 80%). 'H NMR (500 MHz, D,0): § 6.95-6.93 (m, 2H), 6.82-6.80 (m, 2H), 4.87 (d,J = 7.9 Hz, 1H),4.30 (d,J =
7.8 Hz, 1H), 3.82-3.79 (m, 1H), 3.75 (d,J = 3.4 Hz, 1H), 3.67 (d, J = 4.3 Hz, 1H), 3.63 (s, 3H), 3.61-3.55 (m, 6H), 3.49
(dd, J = 10.0, 3.4 Hz, 1H), 3.42-3.36 (m, 3H). >C NMR (126 MHz, D,0): 8 154.6,150.7, 118.1, 114.9, 102.8, 100.9,
779,75.3,74.8,74.1,72.55,72.39, 70.8, 68.4, 60.9, 59.7, 55.7. LRMS (ESI): m/z calcd. for C oHsNaO;, [M+NaH]"
471.4; found, 471.0.

1,4-Bis-(3-D-glucopyranosyl)benzene (48)
OH OH
[0}
48

Compound 48a (300 mg, 0.4 mmol) was dissolved in a solution of sodium methoxide in methanol (5 mL) and stirred for
one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 48 as a white powder
(160 mg, 95%). 'H NMR (400 MHz, D,0): & 7.11 (s, 4H), 5.04 (d, J = 7.5 Hz, 2H), 391 (dd, J = 12.4, 2.2 Hz, 2H),
3.74 (dd, J = 12.5,5.7 Hz, 2H), 3.61-3.45 (m, 8H). C NMR (101 MHz, D,0): & 152.3, 118.0, 100.8, 76.1, 75.5, 72.9,
69.4,60.5. LRMS (ESI): m/z calcd. for C gH,,NaO,, [M+Na]* 457 4; found, 457.2.

1-0O-(f-D-glucopyranosyl)-4-O-(-D-galactopyranosyl)-benzene (49)
OH OH OH
(o]
49

Compound 49a (10 mg, 0.013 mmol) was dissolved in a solution of sodium methoxide in methanol (5 mL) and stirred
for one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 49 as a white powder (5
mg, 94%). 'H NMR (400 MHz, D,0): § 7.14-7.12 (m, 4H), 5.05 (d, J = 7.5 Hz, 1H), 4.99 (d, J = 7.2 Hz, 1H), 3.99 (dd,
J =30,0.7 Hz, 1H), 3.92 (dd, J = 12.4, 2.2 Hz, 1H), 3.84-3.81 (m, 1H), 3.79-3.72 (m, 6H), 3.62-3.46 (m, 6H). °C
NMR (101 MHz, D,0): 6 152.49, 152.33, 152.24, 118.01, 117.94, 101.4, 100.9, 76.1, 75.55, 75.39, 729, 72.6, 70.6,
69.4,68.5,60.8,60.5. LRMS (ESI): m/z calcd. for C;sH,xNaO,, [M+Na]* 457 4; found, 457.0.
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1,4-Bis-(3-D-galactopyranosyl)benzene (50)

HO
OH OH OH
0 HO
OH OH
50

Compound 50a (100 mg, 0.13 mmol) was dissolved in a solution of sodium methoxide in methanol (5 mL) and stirred
for one hour at room temperature. The solution was then neutralized with Amberlite® IR-120 (H") ion-exchange resin,
filtered and concentrated. The filtrate was concentrated and the product was lyophilized to yield 50 as a white powder
(53 mg, 94%). "H NMR (400 MHz, D,0): 8 7.11 (s, 4H), 4.98 (d, J = 7.0 Hz, 2H), 3.98 (d, J = 2.8 Hz, 2H), 3.85-3.72
(m, 11H). ®C NMR (101 MHz, D,0): § 152.4, 1179, 101.4, 754, 72.5,70.6, 68.5, 60.7. LRMS (ESI): m/z calcd. for
C,sHxNaO,, [M+Na]* 457 4; found, 457 .3.

S27



References

(1) Capicciotti, C. J.; Kurach, J. D. R.; Turner, T. R.; Mancini, R. S.; Acker, J. P.; Ben, R. N. Small molecule ice
recrystallization inhibitors enable freezing of human red blood cells with reduced glycerol concentrations. Sci.
Rep. 2015, 5,9692; DOI: 10.1038/srep09692.

(2) Li, Z.-J.; Cai, L.-N.; Cai, M.-S. Studies on glycosides-An alternate method for highly stereoselective synthesis of
alkyl- B -D-glucopyranosides. Synth. Commun. 1992,22,2121-2124.

(3) Smits, E.; Engberts, J. B. F. N.; Kellogg, R. M.; van Doren, H. A. Reliable method for the synthesis of aryl j3 -D-
glucopyranosides, using boron trifluoride-diethyl ether as catalyst. J. Chem. Soc., Perkin Trans. 1.1996, 2873-
28717.

(4) Li, Y.; Mo, H.; Lian, G.; Yu, B. Revisit of the phenol O-glycosylation with glycosyl imidates, BF;-OEt, is a better
catalyst than TMSOTT. Carbohydr. Res. 2012, 363, 14-22.

(5) Hansen, T. N.; Smith, K. M.; Brockbank, K. G. M. Type I antifreeze protein attenuates cell recoveries following
cryopreservation. Transplant. Proc. 1993, 25,3182-3184.

(6) Schwizer, D.; Githje, H.; Kelm, S.; Porro, M.; Schwardt, O.; Ernst, B. Antagonists of the myelin-associated
glycoprotein: A new class of tetrasaccharide mimics. Biorg. Med. Chem. 2006, [4,4944-4957.

(7) Alberti, A.; Della Bona, M. A.; Macciantelli, D.; Pelizzoni, F.; Sello, G.; Torri, G.; Vismara, E. Reactivity of
glucosyl radical in the presence of phenols. Tetrahedron. 1996, 52, 10241-10248.

(8) Balthaser, B. R.; McDonald, F. E. Brgnsted acid-promoted glycosylations of disaccharide glycal substructures of the
saccharomicins. Org. Lett. 2009, 11,4850-4853.

(9) Clerici, F.; Gelmi, M. L.; Mottadelli, S. Glycosides-Part 1: New synthesis of 1,2-trans O-aryl glycosides, via
tributyltin phenoxides. J. Chem. Soc., Perkin Trans. I.1994, 985-988.

(10) Santra, A.; Sau, A.; Misra, A. K. Synthesis of thioglycosides in room temperature ionic liquid. J. Carbohydr.
Chem. 2011, 30, 85-93.

(11) Daragics, K.; Fiigedi, P. Regio- and chemoselective reductive cleavage of 4,6-O-benzylidene-type acetals of
hexopyranosides using BH; THF-TMSOTT. Tetrahedron Lett. 2009, 50,2914-2916.

(12) Xu, W.; Springfield, S. A.; Koh, J. T. Highly efficient synthesis of 1-thioglycosides in solution and solid phase
using iminophosphorane bases. Carbohydr. Res. 2000, 325, 169-176.

(13) Dasgupta, S.; Rajput, V. K.; Roy, B.; Mukhopadhyay, B. Lanthanum trifluoromethane-sulfonate-catalyzed facile
synthesis of per-O-acetylated sugars and their one-pot conversion to S-aryl and O-alkyl/aryl glycosides. J.
Carbohydr. Chem. 2007, 26, 91-106.

(14) Lopez, R.; Fernandez-Mayoralas, A. Enzymic f -galactosidation of modified monosaccharides: Study of the
enzyme selectivity for the acceptor and its application to the synthesis of disaccharides. J. Org. Chem. 1994, 59,
737-745.

(15) Ishiwata, A.; Munemura, Y.; Ito, Y. Nap ether mediated intramolecular aglycon delivery: A unified strategy for
1,2-cis-glycosylation. Eur. J. Org. Chem. 2008, 2008, 4250-4263.

(16) Juaristi, E.; Martinez-Richa, A.; Garcia-Rivera, A.; Cruz-Sanchez, J. S. Use of 4-biphenylmethanol, 4-
biphenylacetic acid and 4-biphenylcarboxylic acid/triphenylmethane as indicators in the titration of lithium
alkyls. Study of the dianion of 4-biphenylmethanol. J. Org. Chem. 1983, 48, 2603-2606.

(17) Damkaci, F.; DeShong, P. Stereoselective synthesis of « - and S -glycosylamide derivatives from glycopyranosyl
azides via isoxazoline intermediates. J. Am. Chem. Soc. 2003, 125, 4408-4409.

(18) Dasgupta, S.; Nitz, M. Use of N,O-dimethylhydroxylamine as an anomeric protecting group in carbohydrate
synthesis. J. Org. Chem. 2011, 76, 1918-1921.

(19) Grayson, E. J.; Ward, S. J.; Hall, A. L.; Rendle, P. M.; Gamblin, D. P.; Batsanov, A. S.; Davis, B. G. Glycosyl
disulfides: Novel glycosylating reagents with flexible aglycon alteration. J. Org. Chem. 2005, 70, 9740-9754.

S28



OMe

OH

HO
HO

2.05
L
2.08

e

ppm 11

LLL'SS

225709

LZv'69

SY6°CL
SYS'GL—
SS0'9L—

2917101

020°SLL
z91°8LL

898°0S51
90L°¥S1

S29



re
Fe
e
] S8L'SS
3
————— L5833 0vL 09—
—., o I&
—_—— 7% w
S e LIy 89—
£85°0L
€L5°TL
0SE'SL
L T
I
Fo  0ELLOL
908"
228"
mww.w} 18 220°SLL
9€0°L 1~ ol 960°8L 1
Nmo.hl/ — Fo ™~
i g
£€90°L
8L0°L
oo
(0]
3
Lo PEOLSL
8Z9'¥SL
(@]
3 e
T (@)
(@]
(]
T o
T =
£
o
Q.

ppm 190

S30



ONONDNTNTNONODNTN T T — 00T
QOO

e D D00

OH

INN NN NNNNNN N

W

o

HO

O\©\
OH al

HO

8

J

o

oo

ppm 9

S§8¥°09

V2€'69

§98°24
L6V S L—o

201°9— -

L2200

9Lo8LL

257221
09s°62L

912'SSL

S31



NROYN—OONNON

J'J

o
T

HO

¥

o

96L°ES

8¥LLY

620°04

LY €L

LI 9L——u
928'9L—

9607001

192911

£59'v2L

LSE2EL

€Ll

€65°69L

S32



= §25°02
¢mm.ONW
8v9°02

o

_J
02 3
SO ‘L = e

S33

oo

N

ImGa 2186

oo

EVLILL

TO———O

[le
655 L—— . M 12

18§ 2—

12a

OAc

AcO
AcO




CF3

ppm 11

29%°09

LSE'69

€1872L

09¥'SL——
9’9l

0€9°66

S9P9LL

g§Lrzel
06L°22L
9¢gzlelL
v9zlelL

SE0°6S L

S34



NOOOANWV RO T M
QBN MO 000
A0 ID DN I ST N
©309.09 09 09 05 09 09 €9 €5 )

ONOMNT
NANN ™=
0000 H
MOMM®M

NONRXT=NTNOD
COVTMNT=ITM™
GBNERRSOQ
OOMOOMNMMN

<+
=)
o
©

wo
0@
]
e

o
id
M
(7}

OH

]

HO

O\©\
OH NO,

HO

13

v0L°00L

61S°9LL

86z’eTh

oze'ezl

06795 L——

130

T
160

180

200

-10

110 100 90

120

140

170 150

190

ppm 210

S35



V€02

R

9902

—s
o

DD

OAc

AcO
AcO

15a

y

3.01
W

=

5.592.81

T B~

925°02
2 —m.ONW
£¥9°02

6v8°L9

9v1'89
R —

¥0L 2z
28—

2EL'66

L208LL

Ssyreel

SPIPPL

080°SS L

222691
se—
26v0I1—

S36



509:

W

—NONONNT MO
V52BNV

¥80'S——
860°S—

Fo

o

[

oo

SO¥°09

862'69

26272,
Ly SL—o
1S0'9L—

992°00L—

S19°Z
§22'6
4

[

§€922

090 vy LI———

2L0SS L—

S37



Gttt b el e R el e D e Lo
1.03

OH

OH

OH

6€2°09

6.t°89
S§65°04
18522

22€°S 2

2.8°10L

98L9LL
9EEBLL

Fo

S38



N
©©
N~

o
TYYYYY

W

TON —NONNOWD©

OH _oH
o)
HO 0

Cl

OH

21

A

3

<
N
PN

o

1

)

<

.

o

06€°L9

825710l

659°8LL

180'82L
v2Z0EL

9S0°9S L

00

)

S39



m'cvim'wizvirvitfirv‘itdrvi«irv;«irv;«i
|
|
W

N\

Br

OH
22

OH

HO

N w
= ®

>
¥ 3Z

Ie

o

o

Ie

o~

€02°09

2€¥°'89
6.4°0L
205722

0EP'SL

8€2°001

VESVLL

90¥'8LL

LeszeL

988'SSL—

S40



OAc

OAc

_

>

3.053.02

AcO

OCF,4

OAc

28a

3
3
%
3

ws'0T
$09°0T
L89°0T

LOET9—

1LL°99
S05'89

60L°0L——
SITIL—

€0TLL——

SIL'66——

620°ST1
R

€TITT——
1P Te—

LIOYYT—

LOL'SST——

00€°691
6S0°0LT
09T°0LT
€8T°0LL

S41



OH

OH
&y

OCF,4

€€9°09

¥SE89
LOY'0Z
Sev'eL

£9€'SL

658001

291°SS L

S42



o]
I

HO
30

OMe

ppm 10

166°L6

988 v LL

252°8LL

LSL'0SL

984S L

543



S S—0 |
wssS—

HO OH
(o}
HO
HO
31

OMe

e

6TL'SS

L86'09—

1L0°89
P19
P6E69—

pLSIL—

65V’ 86—

IL6'PIL
680°611

POy 0ST
009°vST

T
90

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

T
100

S44



NV

=~
no
Shiss

NOLO—MOMT D

i

|

OMe

*s

Fo

ppm 9

289°SS

L19°09

£€5°99

$98'69———
6E€€°0L—
2LTEL

LLL°66

StePLL

6vL8LL

26v6vL

EVPSPSL

o

S45



AcO

AcO

AcO

33a

ol

10

785°0C
9£9'0T
L69°0T

£09'19——
62089

g
996'69——
wroL—

818 P6——

1S6'S11
90sT 91—

S88'LI _w
966'L11

LETTST
9T TSI—
15695 1——
051091 ——

S46



HO

33

13

S02°9S

L6026

L06'8¥ L

ppm 190

S47



OH o - —— wen VienaNaaNvaNTC Ao
o o - SN AN=DOSRNA O
O w, - -1 Qe T
HO NN NS wiv A e e
HO Y \\\ /////
HO \/ / N\
O\©\
Br
34
|
|
T TR A\ i b u\. 1 s e,
L L
1.93 1.06 111
L B .y
2.02 1 3.76
T T T T T T T T T T T
ppm 10 9 8 7 6 5 4 3 2 1 0
o = © ©
S o 3R N o-© ® °
b @ LN [N [z & R S
- @ <+ o o a0l o) I ]
o & == w e P
- N - = ES l\\l)\w S 2
1
1
1
|
I
1
T T T T T T T T T T T T T T T T
ppm 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

S48



<

O

o

IO OWnNn
¥v
[]

OH

NODTN NN
B s
BBNNNRNNNN

FEFFPFFFTS
0
\[/

H

N\(::L
OH OMe

0

37

218°SS

12209

869°69
129722

€29/ —
26L°9,—

96958

vLL6EL

Sevest

S49



I=1=}

.
Z29%
89"

CONDNTITMNNOPNOON——OONONN—DTTNMONONTTRONNOTMONDON—— TN T MO

o

LLL

OMe

£S€'SS

S12°09

922'69

L9V 1L

SELLL

¥6L°6L

989°28"

62L7LL

696°L2L

LOL'SEL

08€'651L

S50



OPMP IOLURLDURLNOONOBEISNAOPOOYTNNNOTR 0O —wnodiny ¥
DS OB N~ IRERTNN—EORGHOLORN-C0
=1 53599 NI

O NN NN N N N N N N N N NN NN FTYTT YT TTITTTY

2

BnO

o i 7 =i \\§\|

BnO
OMe

53

|

— oo e ]
385 2.89 0.952 282 2.76 1.05
e po Lo s
14.7 0.957 0.988 1 0.945 118 2185
T T T T T T T T
10 9 8 7 6 5 4 3
@0 com covvonm o
28 RAS IRINZ2NE 32 ~ © ¥ 1DEO M =
>R R N 20 & SIIBRL 35
@i BON  BBONNNN B N QRINCY @ Q &N
B BRn  ARINNNN e o N NG o
o ._\FV_ __\__\_V__ _{_ g &R VHH\ 85

' ‘ . 11 -

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60



N ©
DIDON—ONT TONNOOT TN ———

INNNNNN NN NN N N e

o W Nz

OPMP
(@)
OBn

54

BnO
BnO

i

189°SS

INIDNNOON©

SYmNIENENOmNIY
ONNWLVIDLNTTOONN
ONNNIENNNNNOWO©

\\W7Z/4

zack
T

€02°18
B6EL'ES
EESVE

Era i

19526

69725 L
LS272S L
086°€S L

)
7

——

S

T
200

S52



61

S53

OON M= TNMN M
TORNOO = —PIONS

OPMP

OH

o
OH
40




HO

HO

OMe

OH

41

IR

Fe -~

§2.°SS

ELLSY

86689

26272,
8SY'SL

S62°L0L:

8667LL

062'8LL

L9S°0S L

082pS L

S54



OTBDMS

BnO 0

BnO OPMP

OBn
55

v\:\v\v\r\v\r\v\r\v\:\r\v\r\wwwomo

N VP

FETFTTLII

=Y

W=

0904

—

Jeid
-
9.21
o
5.99
T T T T T T T T T T
10 9 8 7 6 4 3 2 1 0
@ oo TROTRONN T & o
< OO— TOMMN—OW® — o N~ © moNnm < ~ - " ©un
@ neN SmeoaRNe KN S 33 S88Y e 3 2 @ 22
- BGE CRBBNRNN & & G @ "owed N & @ & 3
o oo JRCINRRN 2T 3 Yo NGwBE N8 i © e
- W __\__W i = 58 .\\,\\,/\/.\ 3 B 4 . \/
|
|
|
|
I |
|
4 v v u ™ ™ " o d
T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 80 70 60 50 40 30 20 10 0

S55



o

S56

¥80°S 2
221°S2
mNAEW

iz

£90°28
ory'v8:

66%7201L

299'%LL

L208LL

00
RiBe = ORBON O
Lﬁuﬂ'{-_~<-_~é\\--v...,...
|

»o

DOHONNOOLT NN

To 298

{8 BEEBEEOOEES

<

09L°LSL

NNNKNN

OPMP s N\V%
et uJ?UL.... ‘

€LE°SSL

OH
(0]
OBn
56
}

BnO

200



SO

o0t ilontrnow

hen O3

O MINGDOOONOO

—ONNOYT

8b
S8l

0t0"
920"

IO IDN IDIOINGD)

SRDG
NN QOO

I

NN N N N N N N R R

N7/

OMe

OPMP

BnO
BnO

OBn
57

JUR

[

1.98

wn

il

b
<

ppm 9

019°SS
¥8E'6S

8827201L

L8V PLL

6LEBLL

925°LS L
202°SS L

S57



OMe O =N omImONNDO

Hao OPMP N

OH
42

OPONO—NOANNIT —YNHMON OO0
N oBOWL©
<

74

i

7.4

7.4

7.4

v

6.

6.

6.

6.

6.

6.
_—4.985
4970

o
2.01 3
w
2.03 1 1.0
T T T T T T T T T T
ppm 9 8 7 6 5 4 3 2 1 0
© T w ~
= e I3 I T o =
© ®© o o (=] —Na—N ¥ o
< o ® < = SRR R
5 2 2= 5 S @ w
2 & = = = UM\@ 28
|
|
|
|
|
|
|
|
|
|
L "
o 1
T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

S58



E9L'SS

NInY,

FYFTIFYTY

<+

120°5 7
i
toei—
628

295°98———
cpet

29999

Aot

N RNN DM ——O0REOM—0M—NTINM—0YTNNOONHNOD
<

N O — O

LSY'E0L

666 VLL
2.07LLL
0EL'6LL

828221
£267221

S59

=F5oct
6€5°821L
665°82L

—3I= 62L'sEl——
050'6E 1~

— 652°6EL
3 = 205°6E1—

AN =gy

NN NN N NN NN NN

OPMP
OBn
58

BnO
BnO

8v2eSLI—

Pr09SLI—

200



DNDINTON—O—OONTTNOM——0

NOYO
]

©ONNWLN
NOONTO

o

<

DVOOO
NS
<

£€08"

<
w
o

ERuRAnRd

SPCROBSDOITN DD T FO— oD

e

Y

2

N

HO

> OPMP \\K\\\//////

OBn

BnO
BnO

59

=~

029'v€
299°9¢

8L1°SS

§28°6S

YLO'€0L

9LLSLL

LS9'8LL

vL67LSL

L009SL

S60



DODTDITNTD—0 BON IO HO TR NMINONT I OONNEON - AONT IO NT O N
ONOWTMONON LM o NN ——O
HO 8538838835006 RRNRR 885333 BENRREE3BY553

==\

(@)

y
__—4.979
————4.953

L L
1.92 0.994
o s e
1.96 1 1.03
T T T T T T T T T T
ppm 9 8 F g 6 - 4 3 1 0
o o - u,
S 5 2 e BinEs S @
wn 0 @ o ~ OTON o — o
< o N o« o MNOW NN 0
3 s S g e i 2
5 2 =z S TR 5u g
‘ ‘ [ 1]
1\
| | |\
I
|
|
| |
|
|
T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 0

S61



|

I

DO TN

SISISISISEStninintn, OO NG

onoOT

NN
I~

NOLONNOT TOO!

©

J

TOOOM =N DVMINT —

n —©onwn
NNN——OORNVVONNNITTN—ON

~
~

OPMP

OAc
44a

O

OAc
(e
AcO

AcO
AcO
AcO
AcO

>
N L
> N

@© |

w»n

wux7

o

¥29°SS

925°19

02€°99
LEY'99

802'S6————
020°96——

87686

LeLyit
969°ZLL

LOP0S L

L69°SS 1L

o

S62



O—ONOT OO DOD—ON—ANTNONN—T=NNONTOTON NN —NIRANOODNOLNNN OO
NNOODHRNN NOTONNNONARPON N < 3 DONN TIEMm=Oa
HO LY ~—O®RBBEPONNNNNNNN

NNNNooo®

S W

HO OPMP

Y
2.1 0.981

-

o~ o ~

- ¥ S N o © DOD—PRONO ™ <

n ™ K © © ™ QOO —T—IT = ©
5 : o OITONOM-NT. O N

¥ o Es 00000 oga ONGInOnsoN

w B - - o N BFNCHRHOW  — v

- - - - o NNNROOOO® © 0

T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

S63



0~
Kb

N0
R AR A i U e I pEE SRR IR

Lbb
mx“/
MWHVH//
09—~
R —
80—~
ONN.T\\
0§
PR
192
82t
e
18'p \
Sha/
E
e/
v26 v
et
1560
£96:v—/
26—

OPMP

ppm 9

2EY'SS—

299'S.—_~
29 LL— -

€2€°2L6———

2V L'E0L— =

OTVDONNO=NANNONND = FO—NO

QN O =R TMMNNCONQNNN NGOG
000 BWBHBBNBBWBBBBNNNININININING T

6LPLSL

SLy'SSL

S64



TNTNOWOOMDN—NHON—NM
DDDN N

ORTI—MNMNO—NDO

OPMP

0.987

ppm 9

V1826
228001

289°0S1L =

229°SL

T
200

S65



OPMP

2.0

2.5

3.0

3.5

4.0

4.5

5.0

6.0

6.5

8.0

ppm 8.5

0S8°001L
€Lyeol

020°SLL—
voLgLL

¥99°0S L

60L%S L

S66



D O e I s e

YT YT YTy YYY

VOONNNLONDMNTNONORD
N—0O

Ac

Ac

AcO

OPMP

AcO

AcO

OAc

OAc

47a

ey

2.32812.95
2.8 2.79

1.92 0.971

6£6'66
voL'LotL

68y vLL

vi9'gLL

6€8°0S L

269°SS L

S67



L9 T S qmmme

oTToVe
NOTO—HRONOONOOVDN——OO

OPMP

0.0

0.5

2.5

3.0

4.0

4.5

5.0

6.0

7.0

ppm 7.5

068001
0z82ol

oLevLL
8S0°8LL

622°0S1L

LEIPSLI—

ppm 190

S68



L

OH

OH

OH

Fe

20509

0v8'00L

LL6°LLL

20€est

S69



=

n—OT

veosi—

YNNRNNAPANRRNVVVONNNNNNNNNNOOOIININININNININT ¥

N

NONOODEDOTNNN DN =N ONDOOONT —ONN—MOT

o=
DI DN
o9

L28:001—
_ PR Ly 0L

OH
OH

OH
4

ppm 9

OH

HO
HO

S70

200



Bommmmmmanaanoe

1| @

HO  on OoH

[
4.06
T T T T T T T
ppm 9 8 7 6 3 2 1
= © o
o S @ s oxy &~
™ =3 < N BHd o
o ~ - o BinY 2
g = S B Sw S
b pat = NENNS ®
|
[ |
!
T T T T T T T T T T T T T T T T T T T T T T T
ppm 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

S71



