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Experimental procedures
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General methods

Chemicals were used as received. DAST was obtained from Acros Organics. Dichloromethane was dried by
distillation from CaH, and stored over molecular sieves 3A, pyridine was dried by standing over NaOH. Ethyl acetate
and petroleum ether (fraction with boiling point 40—65 °C) were distilled before use. TLC was carried out with Sigma-
Aldrich TLC Silica gel 60 F254 and spots were detected with an anisaldehyde solution in EtOH/AcOH/H,SO4. UV
detection at 254 nm was also used where appropriate. Column chromatography was performed with silica gel 60 (70—
230 mesh, Material Harvest). Preparative TLC chromatography was performed using 20 cm % 20 cm glass plates
covered with TLC-Silica gel 60 GF»s4 (20 g, mean particle size 15 um, containing 12—13.5% CaS04:0.5 H,O and
fluorescent indicator, Merck). The maximum loading used was approximately 70 mg per one plate. If necessary, the
plates were developed repeatedly. The solutions were concentrated at temperatures below 45 °C. Anhydrous sodium
sulfate was used to dry solutions after aqueous workup. Reactions requiring microwave irradiation were conducted
using Anton Paar Monowave 300 microwave reactor equipped with simultaneous temperature measurement with IR
and a fiber optic sensor. The 'H (400.1 MHz), 3C (100.6 MHz), and "°F (376.4 MHz) NMR spectra were measured
on a Bruker Avance 400 spectrometer at 25 °C. The 'H and '*C NMR spectra were referenced to the line of the solvent
(8/ppm; du/S¢c: CDCls, 7.26/77.16, MeOH-ds, 3.31/49.00). The '°F spectra were referenced to the line of internal
standard hexafluorobenzene (6/ppm; —163.00 in CDCls, —166.62 in MeOH-ds). Structural assignments were made
with additional information from COSY, HSQC, and HMBC experiments. HRMS analyses were done using Bruker
MicrOTOF-QIII, using APCI ionization in positive mode and a TOF mass analyzer, the m/z value of the [M — N, +
H]* adduct is reported for 2-azido sugars because the molecular ion adducts were undetectable or extremely weak in
abundance. Starting compounds 7—13, and 14-17 were prepared following the published procedures [1,2]. EtOAc
stands for ethyl acetate, PE for petroleum ether, MTBE for methyl tert-butyl ether.

General procedure for reactions of 1,6-anhydropyranoses with phenyl trimethylsilyl sulfide

To a solution of the starting deoxyfluorinated 1,6-anhydrohexopyranose in dry 1,2-dichloroethane (¢ ~ 0.2-0.3
mol.dm™) phenyl trimethylsilyl sulfide (PhSTMS, 3.3 equiv) and Znl, (1.5 equiv) were added sequentially under
argon atmosphere and the reaction was stirred vigorously with the exclusion of light and moisture at rt for about 24—
120 h, until TLC indicated full consumption of the starting compound. Spots of C6-OH products in varying intensity
can also be detected near the TLC origin. The reaction was diluted with dichloromethane, filtered, washed with water
and the water phase was extracted with dichloromethane (3x). The organic extracts were combined, dried and
concentrated. The crude product was then dissolved in methanol (¢ = 0.1 mmol dm™) acidified by a few drops of
AcOH and stirred at rt for about 1-2 h to remove 6-O-trimethylsilyl group (indicated by TLC), concentrated and

purified by column chromatography.
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General procedure for C6 or C4 deoxyfluorination

Diethylaminosulfur trifluoride (1.3 equiv per reacting OH group) and 2,4,6-collidine (2.6 equiv per reacting OH
group) were added dropwise to a solution of the starting alcohol in dichloromethane (¢ 0.1-0.2 mol dm™) and the
reaction was stirred, and heated as fast as possible to 80 °C under microwave irradiation, and kept at this temperature
for 1 h in a 20 mL sealed glass vial. The reaction mixture was quenched by the addition of MeOH, diluted with
dichloromethane and washed with a 1% aqueous solution of HCl. The water phase was extracted with
dichloromethane (3%). Organic extracts were combined, dried, and concentrated. The crude product was purified by

column chromatography.

General procedure for thioglycoside hydrolysis

A solution of the starting phenyl thioglycoside and N-bromosuccinimide (NBS, 4 equiv) in acetone/water 9/1 (¢
0.05-0.1 mol dm™) was stirred at rt for about 1 h. The reaction mixture turned red and then gradually became
colorless. When TLC indicated full consumption of the starting compound, the reaction was quenched by the addition
of an aqueous solution of Na,S,;0s, diluted with dichloromethane and washed with water. The water phase was
extracted with dichloromethane (3x). Organic extracts were combined, dried, and concentrated. The crude product

was purified by column chromatography.

General procedure for azide/acetamide conversion

2-Azidohexose was dissolved in pyridine (0.1 mL per 1 mmol of the 2-azidohexose) and thioacetic acid (0.1 mL
per 1 mmol of the 2-azidohexose) and the resulting solution was stirred overnight. The reaction mixture may become
a thick paste during this period. It was concentrated, co-distilled with toluene and dry-loaded onto a chromatographic

column for purification.

General procedure for debenzylation

An O-benzylated hexose was dissolved in a given volume of methanol and 10% palladium on carbon was added
under argon atmosphere. The reaction mixture was degassed and purged with hydrogen (three cycles). Reaction was
stirred under H» atmosphere until TLC indicated the complete absence of the starting material and the presence of a

more polar product (usually for 24—72 h). The reaction mixture was filtered, concentrated and recrystallized.
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1,6-Anhydro-2-azido-4-O-benzyl-2,3-dideoxy-3-fluoro--D-glucopyranose (7)
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Compound 7 was prepared as described in ref 1.

1,6-Anhydro-2-azido-3-0-benzyl-2,4-dideoxy-4-fluoro-p-D-glucopyranose (8)
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Compound 8 was prepared as described in ref 2.

1,6-Anhydro-2-azido-4-O-benzyl-2,3-dideoxy-3-fluoro-p-D-galactopyranose (9)

0]
F
o

N3
9

Compound 9 was prepared as described in ref 2.

1,6-Anhydro-2-azido-2,4-dideoxy-4-fluoro-p-D-galactopyranose (10)
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Galactopyranose 10 was prepared according to ref 2.

1,6-Anhydro-2-azido-2,3-dideoxy-3-fluoro-p-D-glucopyranose (11)
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Glucopyranose 11 was prepared according to ref 1.
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1,6-Anhydro-2-azido-2,3,4-trideoxy-3,4-difluoro-f-D-glucopyranose (12)
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Glucopyranose 12 was prepared according to ref 1.

Phenyl 2-Azido-2,3-dideoxy-3-fluoro-4-O-benzyl-1-thio-a/B-D-glucopyranoside (14)

F 0 PhSTMS, znl, DCE OH
0 0
BnOF/§$k
oBn N; N, SPh
7 14

Thioglycoside 14 was prepared from 7 in 77% yield according to ref 2.

Phenyl 2-Azido-2,4-dideoxy-4-fluoro-3-O-benzyl-1-thio-a/B-D-glucopyranoside (15)

061 ] PhSTMS, Znl, DCE o
BnO
PN, N, SPh
8 15

Thioglycoside 15 was prepared from 8 in 76% yield according to ref 2.

Phenyl 2-Azido-2,3-dideoxy-3-fluoro-4-O-benzyl-1-thio-o/B-D-galactopyranoside (16)

0 BnO _OH
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Thioglycoside 16 was prepared from 9 in 79% yield according to ref 2.

Phenyl 2-Azido-2,4-dideoxy-4-fluoro-3-O-benzyl-1-thio-o/B-D-galactopyranoside (17)

o F _OH
OBn PhSTMS, Znl, DCE
o ) O
F —— " BnO
Ny N, SPh
10 17

Thioglycoside 17 was prepared from 10 in 63% yield according to ref 2. See also the synthesis of compound 20.
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Phenyl 2-Azido-2,3-dideoxy-3-fluoro-1-thio-oa/B-D-glucopyranoside (18)
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Thioglycoside 18 was prepared by the reaction of 11 (1.00 g, 5.29 mmol) with PhSTMS (3.00 mL, 15.84 mmol)
and Znl, (2.50 g, 7.83 mmol) in 1,2-dichloroethane (20 mL) according to the general procedure. The reaction was
completed in 48 h when TLC (EtOAc/PE 1:2) showed the absence of compound 11 (Rr0.27) and the presence of one
major product (R;0.80). Chromatography of the residue after work-up (see the general procedure) in EtOAc/PE 2:1
afforded 18 as a colorless gel-like mixture of anomers (1.42 g, 90%), which crystallized after standing in a fridge as
a white crystalline solid, mp 82—-84 °C (dec, from heptane/MTBE, o/p 3.3:1). R;0.38 (EtOAc/PE 1:1). NMR data for
the a-anomer: 'H NMR (CDCls, 400 MHz, 'H {**F}, H-H COSY): 8 7.49-7.47 (m, 2H, CHarom), 7.36-7.32 (m, 3H,
CHarom), 5.57 (dd, 1H, J=5.7, 3.2 Hz, H-1), 4.70 (ddd, 1H, J=52.9, 10.1, 8.6 Hz, H-3), 4.22 (dt, 1H, /= 10.0, 3.4
Hz, H-5), 3.99 (ddd, 1H, J=11.0, 10.1, 5.7 Hz, H-2), 3.95-3.74 (m, 3H, H-4, 2H-6), 3.23 (br s, 1H, OH), 2.09 (br s,
1H, OH). BC{'H} NMR (CDCl;, 101 MHz, HSQC): & 132.7 (2CHarom), 132.6 (Cy), 129.4 (2CHarom), 128.4 (CHarom),
94.5 (d, 'J = 184.5 Hz, C-3), 86.9 (d, *J = 8.0 Hz, C-1), 71.9 (d, 3J = 6.8 Hz, C-5), 69.1 (d, 2J = 18.0 Hz, C-2), 62.1
(d,2J=17.0 Hz, C-4), 61.5 (d, *J = 1.3 Hz, C-6). ’F NMR (CDCls, 376 MHz): —194.44 (dddd, >J = 53.0 Hz, 3J =
13.7, 11.0 Hz, *J = 3.2 Hz). NMR data for the B-anomer: '"H NMR (CDCls, 400 MHz, 'H {"°F}, H-H COSY): 8 7.55—
7.53 (m, 2H, CHarom), 7.36—7.32 (m, 3H, CHarom), 4.47 (dd, 1H, J=10.2, 0.9 Hz, H-1), 4.36 (ddd, 1H, J=51.7, 9.1
8.9 Hz, H-3), 3.95-3.74 (m, 3H, H-4, 2H-6), 3.43 (ddd, 1H, J=12.3, 10.2, 9.1 Hz, H-2), 3.35 (dddd, 1H, J = 9.8,
4.4,3.1, 1.2 Hz, H-5), 3.18 (br s, 1H, OH), 1.81 (br s, 1H, OH). *C{'H} NMR (CDCls, 101 MHz, HSQC):  133.5
(2CHarom), 130.9 (Cy), 129.4 (2CHarom), 128.9 (CHarom), 96.8 (d, 'J = 187.1 Hz, C-3), 85.9 (d, *J= 7.1 Hz, C-1), 78.6
(d,3J=17.2 Hz, C-5), 68.5 (d, °J = 18.1 Hz, C-4), 63.3 (d, >J = 17.4 Hz, C-2), 61.8 (d, *J = 1.7 Hz, C-6). '’F NMR
(CDCls, 376 MHz): —189.40 (ddd, >J = 51.7 Hz, °J = 13.5, 12.3 Hz). HRMS-APCI (m/z): [M — N, + H]" caled for
C12HisFNO:sS, 272.0751; found, 272.0750.

Phenyl 2-Azido-2,3,4-trideoxy-3,4-difluoro-1-thio-o-D-glucopyranoside (a-19)
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Thioglycoside a-19 was prepared by reaction of 12 (670 mg, 3.51 mmol) with PhSTMS (1.65 mL, 8.71 mmol) and
Znl, (1.50 g, 4.70 mmol) in 1,2-dichloroethane (12 mL) according to the general procedure. The reaction was
completed in 48 h when TLC (EtOAc/PE 1:4) showed the absence of 12 (R, 0.29) and the presence of one major
product (Rr0.65). Chromatography of the residue after workup (see the general procedure) in Et;O/PE 2:5 — Et,O/PE
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1:1 first afforded the B-anomer of the product B-19 (224 mg, 21%) in 84% purity (due to the presence of an
inseparable product of the ring contraction, see below) as a colorless syrup followed by the a-anomer (a-19) (577
mg, 55%) as a thick colorless syrup. Data for a-19: R, 0.08 (EtOAc/PE 1:4), [a]d® +190 (c 1.44, CHCl3). '"H NMR
(CDCls, 400 MHz, 'H {"F}, H-H COSY): & 7.50-7.48 (m, 2H, CHatom), 7.36—7.32 (m, 3H, CHarom), 5.58 (dt, 1H, J
=5.7,2.8 Hz, H-1), 4.89 (dddd, 1H, J = 53.0, 15.4, 10.0, 8.3 Hz, H-3), 4.70 (dddd, 1H, J = 50.9, 15.2, 9.9, 8.3 Hz,
H-4), from 'H {°F} 4.39 (ddd, 1H,J=9.9, 3.6, 2.7 Hz, H-5), 4.03 (dddd, 1H, J=11.2, 10.0, 5.7, 0.9 Hz, H-2), 3.89—
3.80 (m, 2H, H-6), 1.69 (t, 1H, J = 6.5 Hz, OH). “C{'H} NMR (CDCls, 101 MHz, HSQC): & 132.8 (2CHarom), 132.1
(Cq), 129.5 (2CHarom), 128.6 (CHarom), 91.8 (dd, 'J = 188.9 Hz,%J = 19.8 Hz, C-3), 86.7 (dd, 'J = 186.2 Hz, 2J = 18.7
Hz, C-4), 86.5 (dd, *J = 7.6 Hz,*J = 1.0 Hz, C-1), 70.2 (dd, J = 25.2 Hz, °J = 6.2 Hz, C-5), 62.0 (dd, 2J = 17.6 Hz,
3J=11.0 Hz, C-2), 60.7 (C-6). '°F NMR (CDCls, 376 MHz): —193.75 (ddddd, %/ = 53.0 Hz, *J = 15.2, 13.6, 11.2 Hz,
4J=2.8 Hz, F-3), -199.63 (dddd, °J = 50.9 Hz, °J = 15.4, 13.6 Hz, °J = 2.8 Hz, F-4). HRMS-APCI (m/z): [M — N, +
H]" caled for C12H14F2NO,S, 274.0707; found, 274.0700.

Data for B-19: R0.10 (EtOAc/PE 1:4). 'H NMR (CDCls, 400 MHz, 'H {"°F}, H-H COSY): & 7.56-7.54 (m, 2H,
CHurom), 7.39-7.35 (m, 3H, CHarom), 4.65-4.47 (m, 2H, H-3, H-4), 4.47 (dd, 1H, J=10.2, 0.9 Hz, H-1), 3.97 (dt, 1H,
J=12.3,2.1 Hz, H-6"), 3.79 (dd, 1H, J = 12.3, 3.5 Hz, H-6), 3.51-3.42 (m, 2H, H-2, H-5). *C{'H} NMR (CDCl;,
101 MHz, HSQC): & 133.8 (2CHurom), 130.4 (Cy), 129.5 (2CHarom), 129.2 (CHarom), 94.0 (dd, 17 = 191.5 Hz,2J = 19.5
Hz, C-3), 86.0 (dd, 'J = 186.0 Hz, 2/ = 18.5 Hz, C-4), 85.8 (dd, 3/ = 6.6 Hz,*J = 1.4 Hz, C-1), overlapped with CDCl;
(C-5), 63.2 (dd, 2J = 18.0 Hz, 3J = 7.4 Hz, C-2), 61.1 (d, >J = 4.4 Hz, C-6). °F NMR (CDCls, 376 MHz): —188.79
(m, F-3), ~200.73 (m, F-4). HRMS-APCI (m/2): [M — N, + H]" caled for C1,H14FaNO,S, 274.0707; found, 274.0703.

The B-anomer was contaminated by a co-eluting product of the ring contraction (approximately 16%) that was
assigned the structure of 2,3-dideoxy-2,3-difluoro-C-a- or B-D-arabinofuranosyl-formaldehyde diphenyl dithioacetal

S1. The configuration at C1 was not determined.

HO SPh

(0]
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F F

S1

Data for S1: 'H NMR (CDCls, 400 MHz, 'H {"°F}, H-H COSY): § 7.50~7.46 (m, 3H, CHarom), 7.34-7.31 (m, 7H,
CHurom), 5.54 (dddd, 1H, J=51.8, 16.1, 3.6, 2.7 Hz, H-2), 5.19 (dddd, 1H, J = 52.6, 17.2, 4.7, 2.7 Hz, H-3), 4.53 (d,
1H, J = 7.1 Hz, CH(SPh),), 4.36 (ddd, 1H, J = 20.2, 7.1, 3.6 Hz, H-1), 4.24 (ddt, 1H, J = 20.9, 4.7, 4.4 Hz, H-4),
3.87-3.80 (m, 1H, H-5), 3.69 (dd, 1H, J= 12.1, 4.4 Hz, H-5"), 2.00 (br s, 1H, OH). *C{'H} NMR (CDCls, 101 MHz,
HSQC): § 133.7, 133.6 (2 X 2CHamom), 133.2, 132.7 (2 x Cy), 129.3, 129.2 (2 % 2CHarom), 128.7, 128.5 (2 X CHarom),
97.1 (dd, 'J = 186.9 Hz, 2J = 27.5 Hz, C-2), 95.3 (dd, 'J = 184.8 Hz, 2/ = 28.1 Hz, C-3), 83.9 (dd, 2/ = 26.6 Hz, 3J =
4.6 Hz, C-1), 82.8 (dd, 2/ = 25.9 Hz, J = 4.3 Hz, C-4), 61.3 (dd, *J = 5.8 Hz,*J = 0.8 Hz, C-5), 60.4 (d, *J = 6.6 Hz,
47 = 1.5 Hz, CH(SPh),). '°F NMR (CDCls, 376 MHz): —191.15 (dddd, 2/ = 51.8 Hz, 3/ = 20.2, 17.2, 8.7 Hz, F-2), —
195.68 (dddd, 2/ = 52.6 Hz, 3/ = 20.9, 16.1, 8.7 Hz, F-2).
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2-0O-benzyl-3-deoxy-3-fluoro-C-a-D-lyxofuranosyl-formaldehyde diphenyl dithioacetal (20)
(2,5-Anhydro-4-deoxy-4-fluoro-3-O-benzyl-D-talose diphenyl dithioacetal)

O  PhSTMS, Znl, g OH SPh
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Reaction of 10 (850 mg, 3.05 mmol) with PhASTMS (1.90 mL, 10.03 mmol) and Znl, (1.70 g, 5.33 mmol) yielded
known phenyl thioglycoside 17 (745 mg, 63%) as described in ref 2. Chromatography in EtOAc/PE 1:4 also provided
a colorless oily by-product assigned as dithioacetal 20 (64 mg, 5%), Ry 0.12 (EtOAc/PE 1:3), [a]3® +24 (c 2.28,
CHCI;). '"HNMR (CDCls, 400 MHz, 'H {°F}, H-H COSY): & 7.45-7.42 (m, 2H, CHarom), 7.34—7.32 (m, 7H, CHarom),
7.29-7.26 (m, 6H, CHarom), 5.08 (ddd, 1H, J=55.0, 3.7, 2.9 Hz, H-3), 4.67 (d, 1H, J=11.7, CHH Bn), 4.60 (d, 1H,
J=2.2 Hz, CH(SPh),), 4.55 (ddd, 1H, /= 8.1, 2.2, 1.2 Hz, H-1),4.51 (d, 1H, J=11.7, CHH Bn), 4.38 (ddd, 1H, J =
22.7, 8.1, 3.7 Hz, H-2), 4.33 (dddd, 1H, J=29.0, 6.7, 6.0, 2.9 Hz, H-4), 3.91-3.80 (m, 2H, H-5), 1.90 (dd, 1H, J =
6.3, 5.2 Hz, OH). *C{'H} NMR (CDCls, 101 MHz, HSQC, HMBC): § 137.2, 134.5, 134.3 (3 x Cy), 132.9, 132.1,
129.2, 129.1, 128.7 (5 * 2CHarom), 128.3 (CHarom), 128.12 (2CHarom), 128.1, 127.8 (2 X CHarom), 89.9 (d, 'J = 190.6
Hz, C-3), 82.1 (C-1), 81.4 (d, 2J = 17.7 Hz, C-4), 80.3 (d, >J = 16.3 Hz, C-2), 72.8 (CH, Bn), 62.1 (CH(SPh),), 60.8
(d, *J=12.1 Hz, C-5). F NMR (CDCls, 376 MHz): —215.37 (ddd, 2J = 54.7 Hz, *J = 29.0, 21.8 Hz). The 1,2-trans
configuration of C1 and C2 substituent was established with the help of NMR spectroscopy. The vicinal coupling
constant between hydrogen atoms in the positions 1 and 2 is 8.2 Hz, which indicates their almost antiperiplanar
arrangement. Furthermore, a cross-peak indicating spatial proximity between H1 and HS was observed in a ROESY
spectrum. HRMS-ESI (m/z): [M + Na]* calcd. for C,sH2sFO3S:Na 479.1121, found 479.1118. HRMS-APCI (m/z):
[M — SPh]" calcd for CioH20FOsS, 347.1111; found, 347.1111.

2-Azido-4-0-benzyl-2,3,6-trideoxy-3,6-difluoro-D-glucopyranose (22)

OH DAST, 2,4,6-collidine F NBS. acetone/H.0 F
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Phenyl 2-azido-4-O-benzyl-2,3,6-trideoxy-3,6-difluoro-1-thio-a-D-glucopyranoside (200 mg, 0.51 mmol),
prepared from a-14 in 94% yield as described in ref 3, was hydrolyzed according to the general procedure.
Chromatography in EtOAc/PE 1:4 afforded 22 (129 mg, 85%, 80% over two steps) as a colorless gel, Ry 0.43
(EtOAC/PE 1:3). NMR data for the a-anomer: 'H NMR (CDCl;, 400 MHz, 'H {¥F}, H-H COSY): § 7.39-7.30 (m,
5H, CHarom), 5.35 (q, 1H, J = 3.7 Hz, H-1), 5.05 (dddd, 1H, J = 53.3, 9.6, 8.3, 0.9 Hz, H-3), 4.92 (dd, 1H, J=11.2,
1.4 Hz, CHH Bn), 4.66 (ddd, 1H, J=47.3,10.3, 3.2 Hz, H-6"), 4.65 (d, 1H, J=11.2 Hz, CHH Bn), 4.57 (dddd, 1H,
J=48.1,10.3, 1.9, 1.5 Hz, H-6), 3.99 (ddt, 1H, J=28.3, 10.0, 1.5 Hz, H-5), 3.76 (ddd, 1H, J=13.4, 10.0, 8.3 Hz,
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H-4), 3.54-7.46 (m, 1H, H-2), 2.99 (dd, 1H,J=3.7, 1.3 Hz, OH). *C{'H} NMR (CDCl, 101 MHz, HSQC, HMBC):
8 137.4 (Cy), 128.7 (2CHarom), 128.4 (CHarom), 128.3 (2CHarom), 94.1 (dd, 'J = 184.4 Hz, *J = 1.0 Hz, C-3), 92.5 (d,
3J=9.7Hz, C-1),81.6 (dd, 'J=173.7, *J = 1.2 Hz, C-6), 74.91 (d, “J=2.9 Hz, CH> Bn), 74.85 (dd, >J = 17.1 Hz, 3J
= 6.9 Hz, C-4), 69.7 (dd, 2/ = 18.0 Hz, °J = 8.8 Hz, C-5), 62.2 (d, >J = 16.9 Hz, C-2). °F NMR (CDCls, 376 MHz):
—194.27 (dddd, 2/ = 53.3 Hz, °*J = 13.4, 10.6 Hz, *J = 3.7 Hz, F-3), —236.44 (dddd, %J = 48.1, 47.3 Hz, °J = 28.3 Hz,
J=3.2 Hz, F-6). NMR data for the B-anomer: '"H NMR (CDCls, 400 MHz, 'H {**F}, H-H COSY): § 7.39-7.30 (m,
5H, CHarom), 4.89 (dd, 1H, J=11.2, 0.7 Hz, CHH Bn), 4.70-7.53 (m, 2H, H-6), 6.62 (d, 1H, J = 8.5 Hz, H-1), 4.63
(d, 1H,J=11.2 Hz, CHH Bn), 4.50 (dddd, 1H,J=51.1,9.9, 8.4, 0.8 Hz, H-3), 3.72 (ddd, 1H, J=12.9, 10.0, 8.4 Hz,
H-4), 3.54-3.46 (m, 2H, H-2, H-5), 2.99 (dd, 1H, J = 3.7, 1.3 Hz, OH). *C{'H} NMR (CDCls, 101 MHz, HSQC,
HMBC): 5 137.2 (Cy), 128.7 (2CHarom), 128.4 (CHarom), 128.3 (2CHarom), 96.0 (dd, 'J = 187.8 Hz, “J = 1.1 Hz, C-3),
95.7 (d, %7 =10.9 Hz, C-1), 81.4 (dd, 'J = 174.3, % = 1.8 Hz, C-6), 74.8 (d, *J = 2.7 Hz, CH, Bn), 74.3 (dd, 2/ = 17.2
Hz, 3/ = 7.0 Hz, C-4), 73.2 (dd, 2/ = 18.7 Hz, 3/ = 9.9 Hz, C-5), 65.6 (d, 2/ = 17.2 Hz, C-2). F NMR (CDCls, 376
MHz): —188.75 (ddd, 2/ = 51.1 Hz, 3J = 13.3, 12.9 Hz, F-3), —235.25 (ddd, 27 = 47.6, 47.4 Hz, 3J = 25.4 Hz, F-6).
HRMS-APCI (m/z): [M — N» + H]" caled for CisHisFaNOs, 272.1092; found, 272.1091,

2-Azido-3-0-benzyl-2.,4,6-trideoxy-4,6-difluoro-D-glucopyranose (23)

OH DAST, 2,4,6-collidine . .
DCM, MW NBS, acetone/H,0
F 0 0 0
BnO Bno £5
N; “SPh N; “sph N, OH
15 S2 23

Thioglycoside 15 (380 mg, 0.98 mmol) was subjected to reaction with diethylaminosulfur trifluoride (170 pL,
1.29 mmol) and 2,4,6-collidine (340 pL, 2.57 mmol) in dichloromethane (8 mL) according to the general procedure.
Chromatography of the crude product in EtOAc/PE 1:6 afforded phenyl 2-azido-3-O-benzyl-2,4,6-trideoxy-4,6-
difluoro-1-thio-a/B-D-glucopyranoside (S2) (355 mg, 93%) as a colorless syrupy mixture of anomers. Ry 0.83
(EtOAC/PE 1:3). NMR data for the a-anomer: 'H NMR (CDCl;, 400 MHz, 'H {¥F}, H-H COSY): § 7.53-7.50 (m,
2H, CHarom), 7.47-7.33 (m, 8H, CHarom), 5.59 (dd, 1H, J = 4.7, 2.8 Hz, H-1), 4.96 (dd, 1H, J=10.9, 1.2 Hz, CHH
Bn), 4.86 (d, 1H, J=10.9 Hz, CHH Bn), 4.78-4.46 (m, 3H, H-4, H-5, H-6"), 4.62 (ddt, 1H, J = 47.8, 10.6, 1.8 Hz,
H-6), 4.00-3.91 (m, 2H, H-2, H-3). *C{'H} NMR (CDCl;, 101 MHz, HSQC): 4 137.3, 132.8 (2 x Cy), 132.1, 129.4,
128.6, 128.4 (4 x 2CHarom), 128.3, 128.2 (2 x CHarom), 89.5 (dd, 'J = 184.9 Hz, °J = 6.9 Hz, C-4), 87.0 (d, *J= 1.4
Hz, C-1), 80.8 (d, 'J=175.4 Hz, C-6), 79.1 (d, *J = 17.8 Hz, C-3), 75.2 (d, *J = 2.7 Hz, CH, Bn), 69.4 (dd, 2/ = 25.2
Hz, 2J = 18.2 Hz, C-5), 62.6 (d, *J = 8.7 Hz, C-2). ’F NMR (CDCls, 376 MHz): —195.75 (m, F-4), —236.22 (ddd, %J
=478, 46.8 Hz,3J = 26.2 Hz, F-6). Resolved signals for the B-anomer: 4.90 (dd, 1H, J = 1.2, 10.9 Hz, CHH Bn),
4.80 (d, 1H, J=10.9 Hz, CHH Bn), 4.78-4.46 (m, 3H, H-4, 2H-6), 4.44 (d, 1H, J = 10.2 Hz, H-1), 3.70-3.50 (m,
2H, H-3, H-5), 3.34 (ddd, 1H, J = 10.2, 9.3, 0.8 Hz, H-2). *C{'H} NMR (CDCls, 101 MHz, HSQC): & 88.6 (dd, 'J
= 184.0 Hz, °J = 8.0 Hz, C-4), 86.1 (d, “J= 1.5 Hz, C-1), 82.1 (d, 2J = 17.6 Hz, C-3), 80.9 (d, 'J = 175.7 Hz, C-6),
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75.2 (d,“J=2.3 Hz, CH, Bn), 76.4 (dd, 2 = 23.4 Hz, 2J = 18.7 Hz, C-5), 63.9 (d, *J = 9.0 Hz, C-2). '°F NMR (CDCl;,
376 MHz): —197.07 (dd, 2/ = 50.3 Hz,3J = 14.5 Hz F-4), —235.99 (td, 2/ = 47.1 Hz,3J = 23.9 Hz, F-6). HRMS-APCI
(m/z): [M — N, + H]" caled for C1oHaoFaNO,S, 364.1177; found, 364.1176.

Thioglycoside S2 (350 mg, 0.89 mmol) was hydrolyzed according to the general procedure. Chromatography in
EtOAC/PE 1:4 afforded 23 (201 mg, 75% from S2; 70% over two steps) as a white crystalline solid, mp 97-102 °C
(EtOAc/heptane). R;0.38 (EtOAC/PE 1:3). NMR data for the a-anomer: '"H NMR (CDCls, 400 MHz, 'H {*F}, H-H
COSY): 6 7.43-7.31 (m, SH, CHarom), 5.31 (ddd, 1H, J=3.6, 3.4, 3.2 Hz, H-1),4.92 (dd, 1H, J=10.9, 1.2 Hz, CHH
Bn), 4.80 (d, 1H, J=10.9 Hz, CHH Bn), 4.65 (dddd, 1H, J=47.0, 10.5, 3.5, 1.7 Hz, H-6"), 4.61 (ddt, 1H, J=47.3,
10.5, 1.9 Hz, H-6), 4.59 (ddd, 1H, J=50.5, 10.1, 8.4 Hz, H-4), 4.18 (ddddd, 1H, J = 26.3, 10.1, 4.9, 3.5, 1.9 Hz, H-
5),4.11 (ddd, 1H, J = 14.1, 10.1, 8.4 Hz, H-3), 3.43 (ddd, 1H, /= 10.1, 3.4, 1.3 Hz, H-2), 3.00 (dd, 1H, /= 3.6, 1.3
Hz, OH). BC{'H} NMR (CDCls, 101 MHz, HSQC): & 137.5 (C,), 128.7, 128.4 (2 X 2CHarom), 128.3 (CHarom), 92.0
(d,*J=1.5 Hz, C-1), 89.6 (dd, 'J = 184.6 Hz, *J = 7.0 Hz, C-4), 81.1 (d, 'J = 174.6 Hz, C-6), 77.3 (dd, J = 17.8 Hz,
4J=0.8 Hz, C-3), 75.1 (d, “J= 2.9 Hz, CH, Bn), 68.6 (dd, 2/ = 24.6 Hz, >J = 18.3 Hz, C-5), 62.7 (d, *J = 8.4 Hz, C-
2). YF NMR (CDCls, 376 MHz): —196.09 (dddd, 2/ = 50.5 Hz,3J = 14.1, 4.9 Hz, °J = 3.2 Hz, F-4), -237.14 (ddd, %J
=473, 47.0 Hz,3J = 26.3 Hz, F-6). HRMS-APCI (m/z): [M — N, + H]" caled for C3H;6F2NOs, 272.1092; found,
272.1091. NMR signals of the f-anomer could not be observed in intensity sufficient for characterization within 12

h after sample dissolution.

2-Azido-4-0-benzyl-2,3,6-trideoxy-3,6-difluoro-D-galactopyranose (24)

BnO _OH DAST, 2,4,6-collidine

BnO _F BnO _F
DCM, MW NBS, acetone/H,0
o — . o — -, 0
F ~ F - .
K 3 OH
N
ot o SPh 24 3

o-83

Thioglycoside a-16 (245 mg, 0.63 mmol) was subjected to reaction with diethylaminosulfur trifluoride (100 uL,
0.76 mmol) and 2,4,6-collidine (200 uL, 1.51 mmol) in dichloromethane (5 mL) according to the general procedure.
Chromatography of the crude product in EtOAc/PE 1:6 afforded phenyl 2-azido-4-O-benzyl-2,3,6-trideoxy-3,6-
difluoro-1-thio-a-D-galactopyranoside (a-S3) (210 mg, 85%) as a colorless syrup.

BnO SPh BnO F
o o
F F
DAST N3 N3
BnO . F SPh
n OH 2,4 ,6-collidine a-S4 (41%) + a-83 (21%)
F 0 DCM. MW __ |
N; SPh BnO _SPh BnO F
o
16 o/p =37 E o F F SPh
N3 N3
B-S4 (5%) B-S3 (18%)
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In another experiment, a mixture of anomers of thioglycoside 16 (o/B 3:7, 500 mg, 1.29 mmol) was subjected to
reaction with diethylaminosulfur trifluoride (213 pL, 1.61 mmol) and 2,4,6-collidine (425 pL, 3.22 mmol) in
dichloromethane (10 mL) according to the general procedure. Chromatography of the crude product in EtOAc/PE
1:6 afforded sequentially 2-azido-4-O-benzyl-2,3,6-trideoxy-3-fluoro-6-S-phenyl-6-thio-a-D-galactopyranosyl
fluoride (a-S4) (205 mg, 41%) as a white crystalline solid, phenyl 2-azido-4-O-benzyl-2,3,6-trideoxy-3,6-difluoro-
1-thio-a-D-galactopyranoside (a-S3) (107 mg, 21%) as a colorless syrup, 2-azido-4-O-benzyl-2,3,6-trideoxy-3-
fluoro-6-S-phenyl-6-thio-B-D-galactopyranosyl fluoride (B-S4) (27 mg, 5%) as a colorless syrup and phenyl 2-azido-
4-0O-benzyl-2,3,6-trideoxy-3,6-difluoro-1-thio-B-D-galactopyranoside (B-S3) (90 mg, 18%) as a colorless syrup. Data
for @-S3: R;0.85 (EtOAc/PE 1:3)."H NMR (CDCls, 400 MHz, 'H {**F}, H-H COSY): 8 7.50-7.47 (m, 2H, CHarom),
7.40-7.29 (m, 8H, CHarom), 5.62 (dd, 1H, J=5.6,4.3 Hz, H-1),4.92 (d, 1H, J=11.2 Hz, CHH Bn), 4.49 (ddd, 1H, J
=48.0, 10.4, 3.1 Hz, H-3), 4.60 (d, 1H, J = 11.2 Hz, CHH Bn), 4.60-4.50 (m, 1H, H-5), from 'H {'°F} 4.52 (dd, 1H,
J=10.4, 5.6 Hz, H-2), 4.47 (dddd, 1H, J=46.8, 9.3, 6.4, 1.1 Hz, H-6"), 4.41 (ddd, 1H, J=46.1, 9.4, 5.9 Hz, H-6),
4.11 (ddd, 1H, J = 6.6, 3.1, 1.3 Hz, H-4). BC{'H} NMR (CDCls, 101 MHz, HSQC): & 137.4 (Cy), 132.69 (2CHarom),
132.67 (Cy), 129.3, 128.7, 128.5 (3 x 2CHarom), 128.4, 128.3 (2 X CHarom), 91.8 (d, 'J = 190.8 Hz, C-3), 87.3 (d,*J =
7.7 Hz, C-1), 81.4 (dd, 'J=169.1, *J = 2.8 Hz, C-6), 75.3 (d, *J = 4.2 Hz, CH, Bn), 73.6 (dd, 2J = 15.5Hz, 3/ = 5.4
Hz, C-4), 69.4 (dd, % =24.6 Hz, *J = 7.0 Hz, C-5), 59.6 (d, >J = 18.0 Hz, C-2). ’F NMR (CDCls, 376 MHz): —196.89
(dddd, 27 = 48.0 Hz, *J = 9.6, 6.6 Hz, *J = 4.3 Hz, F-3), -231.60 (dddd, 2/ = 46.8, 46.1 Hz, *J = 11.9 Hz, J = 2.0 Hz,
F-6). HRMS-APCI (m/z): [M — N, + H]" calcd for Ci9H20F2NO:S, 364.1177; found, 364.1178.

Data for p-S3: Ry 0.42 (ELO/PE 1:6), '"H NMR (CDCls, 400 MHz, 'H {"°F}, H-H COSY): & 7.59-7.57 (m, 2H,
CHarom), 7.37-7.25 (m, 8H, CHarom), 4.87 (d, 1H, J = 11.4 Hz, CHH Bn), 4.58 (dddd, 1H, J = 46.8, 9.3, 6.2, 1.3 Hz,
H-6), 4.57 (d, 1H, J= 11.4 Hz, CHH Bn), 4.49 (ddd, 1H, J=47.4, 9.6, 3.1 Hz, H-3), 4.41 (dd, 1H, J=10.1, 0.9 Hz,
H-1), 4.43 (ddd, 1H, J = 46.0, 9.3, 6.4 Hz, H-6), 4.00 (ddd, 1H, J= 6.4, 3.1, 1.2 Hz, H-4), 3.92 (ddd, 1H, J = 11.0,
10.1, 9.6 Hz, H-2), 3.71 (ddddd, 1H, J = 9.6, 6.4, 6.2, 1.5, 1.2 Hz, H-5). 3C{'H} NMR (CDCL, 101 MHz, HSQC):
8 137.6 (Cy), 133.4 (2CHarom), 131.2 (Cy), 129.2, 128.6 (2 X 2CHaurom), 128.5, 128.1 (2 X CHarom), 128.1 (2CHarom),
94.4 (d, 'J = 193.1 Hz, C-3), 86.2 (d, *J = 6.9 Hz, C-1), 81.0 (dd, 'J = 169.1, “J = 2.9 Hz, C-6), 75.6 (dd, 2J = 24.4
Hz, 3J=7.7 Hz, C-5), 74.8 (d, *J = 4.0 Hz, CH, Bn), 72.5 (dd, 2/ = 15.8 Hz, 3J = 4.7 Hz, C-4), 60.7 (d, 2/ = 18.2 Hz,
C-2). '°F NMR (CDCL, 376 MHz): —190.12 (ddd, 2/ = 47.4 Hz,3J = 11.0, 6.4 Hz, F-3), ~231.82 (ddd, 2/ = 46.8, 46.0
Hz, 3J = 9.6 Hz, F-6). HRMS-APCI (m/z): [M — N, + H]" calcd for C1oHaoF2NO,S, 364.1177; found, 364.1179.

Data for a-S4: R;0.50 (ELO/PE 1:6), 'H NMR (CDCls, 400 MHz, 'H {*F}, H-H COSY): § 7.37-7.23 (m, 10H,
CHurom), 5.66 (ddd, 1H, J=52.7, 5.4, 2.8 Hz, H-1), 4.94 (ddd, 1H, J = 48.5, 10.4, 3.0 Hz, H-3), 4.93, 4.54 (2 x d, 2
x 1H, J = 11.1 Hz, CHH Bn), 4.34 (ddd, 1H, J = 7.4, 3.0, 1.3 Hz, H-4), 4.03 (dddd, 1H, J=25.3, 10.4, 9.6, 2.8 Hz,
H-2), from 'H {"F-3} 3.99 (ddd, 1H, J = 8.8, 5.4, 1.3 Hz, H-5), 3.20 (ddd, 1H, J = 13.7, 5.4, 2.0 Hz, H-6"), 3.10
(ddd, 1H, J = 13.7, 8.8, 0.8 Hz, H-6). *C{'H} NMR (CDCls, 101 MHz, HSQC): & 137.5, 134.8 (2 x C,), 129.9,
129.4, 128.7, 128.5 (4 X 2CHurom), 128.3, 127.0 (2 X CHurom), 106.6 (dd, 'J = 227.3 Hz, *J = 9.8 Hz, C-1), 90.6 (d, \J
= 189.6 Hz, C-3), 75.4 (d, *J = 4.2 Hz, CH, Bn), 73.8 (d, 2/ = 15.8 Hz, C-4), 71.9 (dd, *J = 7.0, 3.3 Hz, C-5), 58.9
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(dd, 27 =23.4, 18.4 Hz, C-2), 33.2 (d, *J = 2.1 Hz, C-6). '°F NMR (CDCl;, 376 MHz): —147.65 (dd, 2J = 52.7 Hz,J
=253 Hz, F-1), ~199.58 (dddd, 2/ = 48.5 Hz, >J = 9.6, 7.4 Hz, *J = 5.4 Hz, F-3). HRMS-APCI (m/2): [M — N, + H]*
caled for CioHaoFaNO,S, 364.1177; found, 364.1179.

Data for B-S4: R;0.46 (ELO/PE 1:6), 'H NMR (CDCls, 400 MHz, 'H {!°F}, H-H COSY): & 7.38-7.27 (m, 10H,
CHurom), 4.93 (d, 1H, J = 11.3 Hz, CHH Bn), 4.93 (dd, 1H, J = 52.2, 7.4 Hz, H-1), 4.55 (d, 1H, J = 11.3 Hz, CHH
Bn), 4.41 (dddd, 1H, J=47.2, 10.1, 3.2, 1.1 Hz, H-3), from 'H {"9F-3} 4.20 (d, 1H, J = 3.2 Hz, H-4), 4.14-3.99 (m,
1H, H-2), from 'H {1F-3} 3.47 (dd, 1H, J = 8.8, 5.1 Hz, H-5), 3.25 (ddd, 1H, J= 13.9, 5.1, 1.9 Hz, H-6"), 3.15 (dd,
1H, J = 13.9, 8.8 Hz, H-6). *C{'H} NMR (CDCls, 101 MHz, HSQC): 5 137.4, 134.7 (2 x C,), 129.8, 129.4, 128.7,
128.5 (4 X 2CHurom), 128.3, 127.1 (2 X CHurom), 107.7 (dd, 'J=216.1 Hz, *J = 11.3 Hz, C-1), 92.7 (dd, 'J = 192.5 Hz,
37=10.9 Hz, C-3), 75.3 (d, *J = 4.1 Hz, CH, Bn), 72.8 (dd, 3J = 7.7, 4.3 Hz, C-5), 72.5 (dd, 2/ = 15.5 Hz, 7= 1.0
Hz, C-4), 62.3 (dd, 2/=22.3, 18.5 Hz, C-2), 33.1 (d, *J = 2.4 Hz, C-6). '°F NMR (CDCls, 376 MHz): —141.26 (dddd,
2J=522Hz,3J=13.2 Hz, *J = 3.4, 2.6 Hz, F-1), -197.09 (ddddd, 2/ = 47.2 Hz,3J = 9.0, 5.9 Hz, *J= 3.4, 1.5 Hz, F-
3). HRMS-APCI (m/2): [M — N, + H]" caled for C1oHaoFaNO,S, 364.1177; found, 364.1175.

Thioglycoside S3 (184 mg, 0.47 mmol) was hydrolyzed according to the general procedure. Chromatography in
EtOACc/PE 1:4 afforded 24 (126 mg, 90% from S3; 76% over two steps) as a white crystalline solid, mp 115-119 °C
(Et.O/heptane). R 0.40 (EtOAc/PE 1:3). NMR data for the a-anomer: 'H NMR (CDCls, 400 MHz, 'H {'°F}, H-H
COSY): 8 7.40-7.31 (m, 5SH, CHarom), 5.39 (q, 1H, J=3.8 Hz, H-1), 5.04 (ddd, 1H, J=48.9, 10.4, 3.1 Hz, H-3), 4.91,
458 (2 xd,2x 1H,J=11.4 Hz, CHH Bn), 4.60—4.44 (m, 1H, H-6), from 'H {'°F-6} 4.66 (dd, 1H, J=13.3, 5.6 Hz,
H-6"), from 'H {"°F-6} 4.28 (dddd, 1H,J=7.1, 5.6, 2.0, 1.4 Hz, H-5), 4.08 (ddd, 1H, J=6.7, 3.1, 1.4 Hz, H-4), 4.00
(ddd, 1H,J=10.4, 10.1, 3.8 Hz, H-2), 2.96 (m, 1H, OH). *C{'H} NMR (CDCl;, 101 MHz, HSQC, HMBC): 6 137.4
(Cy), 128.7 (2CHarom), 128.61 (CHarom), 128.55 (2CHarom), 92.9 (d, °J=9.5 Hz, C-1),90.4 (dd, 'J=188.3 Hz, /= 1.4
Hz, C-3), 81.9 (dd, 'J=168.5, “J = 2.8 Hz, C-6), 75.3 (d, *J = 4.2 Hz, CH» Bn), 73.8 (dd, 2/ = 15.6 Hz, >*J = 5.7 Hz,
C-4), 68.8 (dd, 2J = 23.8 Hz, °J = 7.0 Hz, C-5), 59.4 (d, J = 17.2 Hz, C-2). "’F NMR (CDCl;s, 376 MHz): —201.03
(dddd, 2J = 48.9 Hz, °*J = 10.1, 6.7 Hz, *J = 3.8 Hz, F-3), —231.69 (m, F-6). NMR data for the B-anomer: 'H NMR
(CDCls, 400 MHz, 'H {*F}, H-H COSY): 8 7.40-7.31 (m, 5H, CHaom), 4.91, 4.59 (2 x d, 2 x 1H, J = 11.4, CHH
Bn), 4.64—4.47 (m, 2H, H-6), 4.57 (dd, 1H, J= 8.0, 1.1 Hz, H-1), 4.43 (ddd, 1H, J=47.5, 10.2, 3.3 Hz, H-3), from
'H {F-3} 3.96 (dd, 1H, J= 3.1, 1.6 Hz, H-4), 3.89 (ddd, 1H, J = 11.2, 10.2, 8.0 Hz, H-2), 3.69 (dtt, IH, J = 12.2,
6.1, 1.6 Hz, H-5), 3.46 (br s, 1H, OH). *C{'H} NMR (CDCls;, 101 MHz, HSQC, HMBC): & 137.2 (C,), 128.7
(2CHarom), 128.41 (CHarom), 128.37 (2CHarom), 96.2 (d, 3J = 10.3 Hz, C-1), 92.8 (dd, 'J=191.7 Hz, *J = 1.3 Hz, C-3),
81.3 (dd, 'J=169.2,%J=3.2 Hz, C-6), 75.1 (d, *J= 5.0 Hz, CH, Bn), 72.4 (dd, J = 15.6 Hz, *J = 5.4 Hz, C-4), 72.1
(dd, 27 =24.0 Hz, 3J = 8.1 Hz, C-5), 63.6 (d, 2J = 17.2 Hz, C-2). F NMR (CDCls, 376 MHz): —195.67 (m, F-3),
—231.69 (m, F-6). HRMS-APCI (m/z): [M — N, + H]" calcd for Ci3HisF2NOs, 272.1092; found, 272.1091.

S12



2-Azido-3-0-benzyl-2,4,6-trideoxy-4,6-difluoro-D-galactopyranose (25)

DAST, 2,4,6-collidine

£ F_F
bemmw o NBS, acetone/H,0
b, acetoneimat o
BnO BnO
N OH

<>¢175F’h s5 SPh 25 No

Thioglycoside a-17 (345 mg, 0.89 mmol) was subjected to reaction with diethylaminosulfur trifluoride (150 pL,
1.14 mmol) and 2,4,6-collidine (300 pL, 2.27 mmol) in dichloromethane (7 mL) according to the general procedure.
Chromatography of the crude product in EtOAc/PE 1:6 afforded phenyl 2-azido-3-O-benzyl-2,4,6-trideoxy-4,6-
difluoro-1-thio-a-D-galactopyranoside (S5) (300 mg, 87%) as a yellowish syrup. R;0.78 (EtOAc/PE 1:3). '"H NMR
(CDCl3, 400 MHz, 'H {"F}, H-H COSY): § 7.51-7.48 (m, 2H, CHarom), 7.44—7.30 (m, 8H, CHarom), 5.61 (d, 1H, J =
5.4 Hz, H-1),4.90 (dd, 1H, J=50.3, 2.5 Hz, H-4), 4.80,4.76 (2 x d, 2 x 1H, J=11.7 Hz, CHH Bn), 4.67-4.53 (m,
2H, H-5, H-6"), 4.51 from 'H {"F-6} (ddd, 1H, J= 8.1, 5.5, 1.4 Hz, H-6), 4.30 (dd, 1H, J = 10.6, 5.4 Hz, H-2), 3.76
(ddd, 1H, J = 26.2, 10.6, 2.5 Hz, H-3). BC{'H} NMR (CDCl;, 101 MHz, HSQC): & 136.9 (Cy), 132.7 (2CHarom),
132.6 (Cy), 129.4, 128.8 (2 x 2CHarom), 128.4, 128.3 (2 X CHarom), 128.1 (2CHarom), 87.4 (C-1), 85.0 (dd, 'J=185.9
Hz, 3J = 5.0 Hz, C-4), 80.7 (dd, 'J = 170.0 Hz, *J = 6.3 Hz, C-6), 75.9 (d, 2J = 17.8 Hz, C-3), 72.1 (CH:z Bn), 68.7
(dd, 2J = 24.6 Hz, J = 18.0 Hz, C-5), 59.7 (d, *J = 1.9 Hz, C-2). ”F NMR (CDCls, 376 MHz): -218.13 (ddd, 2/ =
50.3 Hz,*J = 30.2, 26.2 Hz, F-4), —232.28 (m, F-6). HRMS-APCI (m/z): [M — N, + H]" caled for CioHxF.NO,S,
364.1177; found, 364.1177.

Thioglycoside S5 (175 mg, 0.45 mmol) was hydrolyzed according to the general procedure. Chromatography in
EtOAC/PE 1:3 afforded 25 (90 mg, 67% from S5; 58% over two steps) as a white crystalline solid, mp 89-92 °C
(MTBE/heptane). R;0.36 (EtOAC/PE 1:3). NMR data for the a-anomer: '"H NMR (CDCls, 400 MHz, 'H {"F}, H-H
COSY): 6 7.43-7.31 (m, 5H, CHarom), 5.37 (d, 1H, J = 3.4 Hz, H-1), 4.87 (dd, 1H, J=50.2, 2.5 Hz, H-4), 4.78, 4.74
(2xd,2x1H,J=11.7 Hz, CHH Bn), 4.58 (ddd, 1H, J=46.1,9.5, 6.1 Hz, H-6"), 4.53 (dddd, 1H, J=46.5, 9.5, 6.5,
1.0 Hz, H-6), 4.28 (dddd, 1H, J=29.6, 12.4, 6.5, 6.1 Hz, H-5), 3.96 (ddd, 1H, J=26.7, 10.5, 2.5 Hz, H-3), 3.83 (ddd,
1H, J = 10.5, 3.4, 1.0 Hz, H-2). *C{'H} NMR (CDCls, 101 MHz, HSQC): & 137.1 (Cg), 128.8 (2CHarom), 128.4
(CHarom), 128.1 (2CHarom), 92.4 (C-1), 85.2 (dd, 'J = 185.6 Hz, 3J = 5.1 Hz, C-4), 81.1 (dd, 'J = 169.4 Hz, >J = 6.5
Hz, C-6), 74.1 (dd, 2J = 18.0 Hz, *J= 0.9 Hz, C-3), 72.0 (CH; Bn), 68.0 (dd, 2J = 23.9 Hz, 2/ = 18.0 Hz, C-5), 59.6
(d,3J =2.3 Hz, C-2). F NMR (CDCl;, 376 MHz): —220.98 (ddd, %J = 50.2 Hz,3J = 29.6, 26.7 Hz, F-4), -232.58
(ddd, 2J = 46.5, 46.1 Hz,3J = 12.4 Hz, F-6). NMR data for the B-anomer: 'H NMR (CDCls, 400 MHz, 'H {"°F}, H-
H COSY): 6 7.43-7.31 (m, 5H, CHarom), 4.78 (d, 1H, J = 11.9 Hz, CHH Bn), 4.75 (dd, 1H, J = 49.7, 2.6 Hz, H-4),
473 (d, 1H,J=11.9 Hz, CHH Bn), 4.58 (dd, 1H, J= 8.1, 1.4 Hz, H-1), overlapped with a-anomer (2H, H-6), 3.72
(ddt, 1H, J=26.7, 10.6, 6.3 Hz, H-5), 3.68 (dd, 1H, J=10.3, 8.1 Hz, H-2), 3.38 (ddd, 1H, J=27.3, 10.3, 2.6 Hz, H-
3). BC{'H} NMR (CDCls, 101 MHz, HSQC): & 137.1 (Cq), 128.8 (2CHarom), 128.4 (CHarom), 128.1 (2CHarom), 96.3
(C-1), 84.0 (dd, 'J = 185.5 Hz, °J = 3.5 Hz, C-4), 80.5 (dd, 'J= 170.1 Hz, 3J = 6.0 Hz, C-6), overlapped with CDCl;
(C-3), 72.2 (CH; Bn), 72.0 (dd, 2/ = 23.0 Hz, J = 18.5 Hz, C-5), 63.8 (d, °J = 0.8 Hz, C-2). ”F NMR (CDCls, 376
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MHz): ~218.59 (ddd, 2 = 49.7 Hz,3J = 27.3, 26.7 Hz, F-4), —232.46 (td, 2J = 46.5 Hz, 3J = 10.6 Hz, F-6). HRMS-
APCI (m/2): [M — N, + H] caled for C13HisFaNOs, 272.1092; found, 272.1094.

2-Azido-2,3,4,6-tetradeoxy-3,4,6-trifluoro-D-glucopyranose (26)

OH DAST, 2,4,6-collidine

F
o) DCM MW NBS, acetone/HZO
e F 0
N F
8 N, OH

SPh
o-19 26

Thioglycoside a-19 (400 mg, 1.33 mmol) was subjected to reaction with diethylaminosulfur trifluoride (190 uL,
1.44 mmol) and 2,4,6-collidine (380 uL, 2.88 mmol) in dichloromethane (8 mL) according to the general procedure.
Chromatography of the crude product in EtOAc/PE 1:5 afforded the phenyl 2-azido-2,3,4,6-tetradeoxy-3,4,6-
trifluoro-1-thio-a-D-glucopyranoside (S6) (359 mg, 89%) as a colorless syrup. R 0.78 (EtOAc/PE 1:3). 'H NMR
(CDCls, 400 MHz, 'H {*F}, H-H COSY): § 7.48-7.46 (m, 2H, CHarom), 7.36-7.32 (m, 3H, CHaom), 5.61 (dt, 1H, J
=5.8,2.8 Hz, H-1), 4.89 (dddd, 1H, J=52.8, 15.3, 10.1, 8.2 Hz, H-3), from 'H {°F-6} 4.70 (ddd, 1H, J=10.7, 3.3,
1.5 Hz, H-6"), from 'H {"*F-6} 4.59 (dq, 1H, J=10.7, 1.7 Hz, H-6), 4.80-4.42 (m, 2H, H-4, H-5), 4.06 (dddd, 1H, J
= 11.1, 10.0, 5.8, 0.9 Hz, H-2). C{'H} NMR (CDCls, 101 MHz, HSQC): & 132.3 (2CHarom), 132.2 (Cy), 129.5
(2CHarom), 128.5 (CHarom), 91.6 (ddd, 'J = 189.1 Hz,%J = 19.7 Hz, *J = 0.8 Hz, C-3), 86.5 (dd, *J= 7.5 Hz, /= 1.3
Hz, C-1), 86.0 (ddd, 'J = 187.4 Hz, 2J = 18.7 Hz, °*J = 7.7 Hz, C-4), 80.5 (dt, 'J = 173.4 Hz, **J = 0.9 Hz, C-6), 69.0
(ddd, 27 =24.8,%J = 18.2, Hz, °J = 6.9 Hz, C-5), 61.8 (dd, %J = 17.6 Hz, °J = 6.7 Hz, C-2). ’F NMR (CDCls, 376
MHz): —193.67 (dddddd, 2/ = 52.8 Hz, *J = 14.8, 13.5, 11.1 Hz, *J = 2.8 Hz, °J = 1.7 Hz, F-3), -200.64 (ddddd, >J =
51.0 Hz, °J = 15.3, 13.5, 3.9 Hz, °J = 2.8 Hz, F-4), -236.57 (td, 2J = 47.2 Hz, °J = 26.7 Hz, F-6). Thioglycoside S6
(330 mg, 1.09 mmol) was hydrolyzed according to the general procedure. Chromatography in EtOAc/PE 1:4 afforded
26 (209 mg, 91% from S6; 81% over two steps) as a colorless gel. Rr0.32 (EtOAc/PE 1:3). NMR data for the a-
anomer: '"H NMR (CDCls, 400 MHz, 'H {*F}, H-H COSY): § 5.37 (dt, 1H, J= 3.6, 3.4 Hz, H-1), 5.05 (dddd, 1H, J
=53.4,15.4,10.0, 8.2 Hz, H-3), 4.77-4.53 (m, 3H, H-4, 2H-6), 4.19 (ddddd, 1H, J=26.6, 10.1, 5.4, 2.7, 2.3 Hz, H-
5), from 'H {°F-3} 3.52 (dd, 1H, J = 10.0, 3.6 Hz, H-2), 3.16 (br s, 1H, OH). BC{'H} NMR (CDCls, 101 MHz,
HSQC, HMBC): § 92.3 (dd, *J=9.3 Hz,*J = 1.4 Hz, C-1), 90.4 (ddd, 'J = 187.0 Hz,2J = 19.4 Hz, *J = 0.6 Hz, C-3),
86.1 (ddd, 'J=187.1 Hz, 2J = 18.6 Hz, 3J = 7.7 Hz, C-4), 80.7 (dt, 'J = 175.2 Hz, **J = 0.9 Hz, C-6), 68.1 (ddd, 2 =
23.9 Hz, 2J = 18.2 Hz, 3J = 7.0 Hz, C-5), 61.7 (dd, 2J = 16.9 Hz, *J = 6.6 Hz, C-2). ’"F NMR (CDCls, 376 MHz): —
198.62 (ddddd, J = 53.4 Hz, °J = 13.7, 13.1, 11.0 Hz, *J = 3.4 Hz, F-3), -199.95 (ddddd, °J = 51.1 Hz, ’J = 15.4,
13.1,2.7 Hz, °J = 3.4 Hz, F-4), -237.44 (td, 2J = 47.2 Hz, *J = 26.7 Hz, F-6). Resolved signals for the B-anomer: 'H
NMR (CDCls, 400 MHz, 'H {"*F}, H-H COSY):  4.77-4.53 (m, 4H, H-1, H-4, 2H-6), 4.52 (ddddd, 1H, J = 51.5,
15.9, 9.7, 8.3, 0.8 Hz, H-3), 3.69 (br s, 1H, OH), from 'H {°F-4} 3.64 (dddd, 1H, J=23.5,9.9, 4.7, 2.3 Hz, H-5),
from 'H {"”F-3} 3.54 (dd, 1H, J=9.7, 8.0 Hz, H-2). BC{'H} NMR (CDCls, 101 MHz, HSQC, HMBC): § 95.8 (dd,
3J=10.2 Hz,*J= 1.4 Hz, C-1), 92.0 (ddd, 'J = 190.3 Hz,%J = 19.9 Hz, *J = 0.8 Hz, C-3), 85.7 (ddd, 'J = 187.0 Hz,
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2J=19.1 Hz, 3J = 7.7 Hz, C-4), 80.6 (ddd, 'J = 175.8 Hz, 3J = 1.9 Hz, *J = 0.4 Hz, C-6), 71.6 (ddd, 2/ = 23.9 Hz, 2J
= 18.8 Hz, 3J = 7.7 Hz, C-5), 65.1 (dd, 2J = 17.4 Hz, *J = 7.7 Hz, C-2). "°F NMR (CDCls, 376 MHz): —192.87 (ddt,
2J=51.5 Hz, 3J = 13.6, 13.4 Hz, F-3), from "°F {'H} —201.89 (d, 3/ = 13.6 Hz, F-4), -236.13 (ddd, 2J = 47.0, 47.3
Hz, 3J = 23.5 Hz, F-6). HRMS-APCI (m/z): [M — N> + H]" calcd for CeHoF3sNO,, 184.0579; found, 184.0576.

2-Azido-4,6-di-O-benzyl-2,3-dideoxy-3-fluoro-D-glucopyranose (27)

OH OBn OBn
o BrBn, NaH, THF NBS, acetone/H,0
BnO —— >  BnO o] (e}
F f o F BnO F
N5 SPh [ref 2] SPh
3 N3 N; OH

14 27

Phenyl 2-azido-4,6-di-O-benzyl-2,3-dideoxy-3-fluoro-1-thio-a/B-D-glucopyranoside ~ (350 mg,  0.73 mmol),
prepared from 14 in 81% yield as described in ref 2, was hydrolyzed according to the general procedure.
Chromatography in EtOAc/PE 1:3 afforded 27 (258 mg, 91%, 74% over two steps) as a colorless crystalline material,
mp 63-65 °C (MTBE/heptane), R, 0.2 (EtOAc/PE 1:3). NMR data for the a-anomer: '"H NMR (CDCl;, 400 MHz,
'H{"F}, H-H COSY): & 7.37-7.29 (m, 10H, CHarom), 5.33 (q, 1H, J = 3.6 Hz, H-1), 5.02 (ddd, 1H, J = 53.5, 10.0,
8.4 Hz, H-3), 4.84 (dd, 1H, J=11.0, 1.0 Hz, CHH O-4Bn), 4.59 (d, 1H, J=12.0 Hz, CHH O-6Bn), 4.52 (d, 1H, J =
11.0 Hz, CHH 0-4Bn), 4.50 (d, 1H, J = 12.0 Hz, CHH 0-6Bn), 4.05 (ddd, 1H, J = 10.0, 4.2, 2.4 Hz, H-5), from
'H{"F} 3.73 (dd, 1H, J= 10.0, 8.4 Hz, H-4), 3.73-3.60 (m, 2H, H-6), 3.52-3.43 (m, 1H, H-2), 3.15 (dd, 1H, J = 3.6,
1.4 Hz, OH). *C{'H} NMR (CDCl;, 101 MHz, HSQC): & 137.73, 137.66 (2 x C,), 128.62, 128.58, 128.24, 128.17
(4 % 2CHarom), 128.12, 128.06 (2 X CHarom), 94.3 (d, 'J = 183.9 Hz, C-3), 92.4 (d,*J=9.7 Hz, C-1), 76.0 (d, 2J = 16.5
Hz, C-4), 74.7 (d, *J = 2.8 Hz, CH, O-4Bn), 73.7 (CH, 0-6Bn), 69.9 (d, >J = 8.3 Hz, C-5), 68.4 (d, 7= 0.9 Hz, C-6),
62.2 (d, 2J = 16.7 Hz, C-2). ”F NMR (CDCl3 376 MHz): & —192.87 (dt, 2J = 53.8 Hz, *J = 13.3 Hz Hz). Resolved
signals for the B-anomer: '"H NMR (CDCls, 400 MHz, 'H{**F}, H-H COSY, HSQC): § 7.37-7.29 (m, 10H, CHarom),
4.80 (dd, 1H, J=11.0, 1.0 Hz, CHH O-4Bn), 4.55 (dd, 1H, J=17.8, 4.5 Hz, H-1), 4.59 (d, 1H, J= 12.0 Hz, CHH O-
6Bn), 4.43 (ddd, 1H, J=51.4, 9.7, 8.4 Hz, H-3), 3.77-3.60 (m, 4H, OH, H-4, 2H-6), 3.52-3.43 (m, 2H, H-2, H-5).
BC{'H} NMR (CDCls, 101 MHz, HSQC): § 137.6, 137.5 (2 x Cq), 128.63, 128.60, 128.27 (3 X 2CHarom), 128.20
(CHarom), 128.18 (2CHarom), 128.1 (CHarom), 96.2 (d, 'J = 186.8 Hz, C-3), 95.7 (d, °J = 10.8 Hz, C-1), 75.5 (d, 2/ =
16.9 Hz, C-4), 74.6 (d, *J = 2.8 Hz, CH> O-4Bn), 73.8 (CH, O-6Bn), 63.5 (d, *J= 1.8 Hz, C-6), 65.7 (d, /= 16.7 Hz,
C-2). YFNMR (CDCl;3376 MHz): § —187.45 (dt, 2J = 51.4 Hz, *J = 13.3 Hz Hz). HRMS-APCI (m/z): [M — N, + H]"
calcd for C0H23FNO4, 360.1606; found, 360.1609.
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2-Azido-3,6-di-O-benzyl-2,4-dideoxy-4-fluoro-D-glucopyranose (28)
OH OBn OBn

BrBn, NaH, THF NBS, acetone/H,0
F (0] é: o] 0
BnO [ref 2] nO é:nO
SPh N, SPh Ny OH

N3
15 28

Phenyl 2-azido-3,6-di-O-benzyl-2,4-dideoxy-4-fluoro-1-thio-a/B-D-glucopyranoside ~ (240 mg,  0.50 mmol),
prepared from 15 in 86% yield as described in ref 2 was hydrolyzed according to the general procedure.
Chromatography in EtOAc/PE 1:4 afforded 28 (176 mg, 91%, 78% over two steps) as a colorless syrup. Rr 0.57
(EtOAC/PE 1:3). NMR data for the a-anomer: '"H NMR (CDCls, 400 MHz, 'H {"’F}, H-H COSY): & 7.43-7.29 (m,
10H, CHarom), 5.28 (td, 1H, J=3.6, 3.2 Hz, H-1), 4.90 (dd, 1H, J=11.0, 1.1 Hz, CHH O3-Bn), 4.78 (d, 1H, J=11.0
Hz, CHH O3-Bn), 4.62,4.58 (2 x d, 2 x 1H, J=12.2 Hz, CHH 06-Bn), 4.53 (ddd, 1H, J=50.7, 10.0, 8.4 Hz, H-4),
from '"H {¥F} 4.19 (ddd, 1H, J = 10.0, 5.3, 2.1 Hz, H-5), 4.07 (ddd, 1H, J = 14.2, 10.4, 8.4 Hz, H-3), from 'H {"°F}
3.72 (dd, 1H, J = 10.9, 2.1 Hz, H-6"), from 'H {"°F} 3.66 (dd, 1H, J = 10.9, 5.3 Hz, H-6), 3.39 (ddd, 1H, J = 10.4,
3.6, 1.2 Hz, H-2), 3.37 (d, 1H, J = 3.6 Hz, OH). *C{'H} NMR (CDCl;, 101 MHz, HSQC):  137.7, 137.6 (2 x C,),
128.6 (4CHarom), 128.4 (2CHarom), 128.2, 128.00 (2 x CHarom), 127.97 (2CHarom), 92.0 (d, *J= 1.5 Hz, C-1), 90.9 (d,
'J=184.0 Hz, C-4), 77.5 (d, >J = 19.4 Hz, C-3), 75.1 (d, *J = 2.9 Hz, CH» O-3Bn), 73.8 (CH, O-6Bn), 68.8 (d, 2/ =
24.4 Hz, C-5), 68.4 (C-6), 62.8 (d, °J = 8.4 Hz, C-2). '°F NMR (CDCls,376 MHz):  —195.45 (dd, 2/ = 50.7 Hz,*J =
14.2 Hz). NMR data for the B-anomer: 'H NMR (CDCl;, 400 MHz, 'H {"°F}, H-H COSY): § 7.43-7.29 (m, 10H,
CHarom), 4.85 (dd, 1H, J=11.1, 1.0 Hz, CHH O3-Bn), 4.76 (d, 1H, J=11.1 Hz, CHH O3-Bn),4.59 (2 xd,2 x 1H, J
= 12.2 Hz, CHH 0O6-Bn), 4.56 (d, 1H, J = 8.2 Hz, H-1), 4.47 (ddd, 1H, J = 50.3, 9.7, 8.4 Hz, H-4), 3.83 (br s, 1H,
OH), from 'H {"°F} 3.75 (dd, 1H, J=10.3, 1.7 Hz, H-6"), from 'H {!°F} 3.64 (dd, 1H, J = 10.3, 6.0 Hz, H-6), from
'H {"F} 3.59 (ddd, 1H, J=9.7, 6.0, 1.7 Hz, H-5), 3.50 (ddd, 1H, J = 14.9, 9.9, 8.4 Hz, H-3), 3.35 (ddd, 1H, J=9.9,
8.2, 0.8 Hz, H-2). C{'H} NMR (CDCl;, 101 MHz, HSQC): & 137.6, 137.5 (2 x Cy), 128.63, 128.59, 128.3 (3 x
2CHarom), 128.2, 128.1 (2 * CHarom), 128.0 (2CHarom), 96.1 (d, *J= 1.6 Hz, C-1), 90.2 (d, 'J = 183.9 Hz, C-4), 80.3
(d, 2 =18.2 Hz, C-3), 74.9 (d, *J = 2.6 Hz, CH, O-3Bn), 73.9 (CH, O-6Bn), 73.1 (d, 2J = 24.2 Hz, C-5), 68.5 (C-6),
66.3 (d, °J = 9.2 Hz, C-2). ’F NMR (CDCls, 376 MHz): 6 —197.68 (ddd, %J = 50.3 Hz,*J = 14.9, 3.0 Hz). HRMS-
APCI (m/z): [M — N, + H]" caled for C2H23FNO4, 360.1605; found, 360.1608.

2-Azido-4,6-di-O-benzyl-2,3-dideoxy-3-fluoro-D-galactopyranose (29)

BnO _OH BnO _OBn BnO _OBn
0 BrBn, NaH, THF o NBS, acetone/H,0 o
F S;/Tg _SPh [ref 2] F SPh F

Ns N, N, OH
p-16 29

Phenyl 2-azido-4,6-di-O-benzyl-2,3-dideoxy-3-fluoro-1-thio-B-D-galactopyranoside (375 mg, 0.78 mmol),
prepared from B-16 in 93% yield as described in ref 2 was hydrolyzed according to the general procedure.
Chromatography in EtOAc/PE 1:4 afforded 29 (238 mg, 79%, 73% over two steps) as a colorless syrup. R, 0.50

(EtOAC/PE 1:3). NMR data for the a-anomer: 'H NMR (CDCl;, 400 MHz, 'H {¥F}, H-H COSY): § 7.36-7.25 (m,
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10H, CHarom), 5.33 (dt, 1H, J= 5.0, 3.5 Hz, H-1), 4.97 (ddd, 1H, J=49.1, 10.4, 3.1 Hz, H-3), 4.86 (dd, 1H, J=11.4,
1.8 Hz, CHH O-4Bn), 4.51 (d, 1H, J=11.4, CHH O-4Bn), 4.48,4.41 (2 x d, 2 x 1H, J=11.9, CHH O-6Bn), from
'H {¥F} 4.19 (td, 1H, J = 5.4, 1.3 Hz, H-5), 4.00 (ddd, 1H, J = 6.9, 3.1, 1.3 Hz, H-4), from 'H {'°F} 3.94 (ddd, 1H,
J=104, 3.5, 1.3 Hz, H-2), 3.76 (dd, 1H, J= 3.5, 1.3 Hz, OH), 3.59 (ddd, 1H, J= 9.6, 5.4, 1.1 Hz, H-6), 3.40 (dd,
IH, J = 9.6, 5.4 Hz, H-6"). BC{'H} NMR (CDCl;, 101 MHz, HSQC, HMBC): & 137.7, 137.5 (2 x Cy), 128.60,
128.55, 128.5, 128.17 (4 % 2CHarom), 128.15, 128.1 (2 X CHarom), 92.8 (d, °J = 9.2 Hz, C-1), 90.6 (d, 'J = 187.8 Hz,
C-3), 75.0 (d, “J = 4.1 Hz, CH, O-4Bn), 74.5 (d, 2/ = 15.3 Hz, C-4), 73.7 (CH, O-6Bn), 69.1 (d, *J = 7.0 Hz, C-5),
69.0 (d, “J=2.8 Hz, C-6), 59.5 (d, >J = 17.2 Hz, C-2). '°F NMR (CDCls, 376 MHz): —200.65 (dddd, 2/ = 49.1 Hz, 3J
=10.4, 6.9 Hz, *J = 5.0 Hz). Resolved signals for the f-anomer: 'H NMR (CDCl;, 400 MHz, 'H {!°F}, H-H COSY):
8 7.36-7.25 (m, 10H, CHuon), 4.34 (ddd, 1H, J = 47.7, 10.1, 3.2 Hz, H-3), from 'H {"F} 3.92 (dd, 1H, J = 3.2,
1.3 Hz, H-4), 3.88 (ddd, 1H, J=11.1, 10.1, 7.9 Hz, H-2), 3.61 (ddd, 1H, J= 8.8, 6.0, 1.2 Hz, H-6), 3.54 (dddd, 1H,
J=6.0,5.9,1.7, 1.3 Hz, H-5),3.47 (dd, 1H,J=8.8, 5.9 Hz, H-6"). ’C{'"H} NMR (CDCl;, 101 MHz, HSQC, HMBC):
5 137.6, 137.5 (2 x Cy), 96.1 (d, *J = 10.6 Hz, C-1), 93.1 (d, 'J = 191.0 Hz, C-3), 75.0 (d, *J = 4.0 Hz, CH, O-4Bn),
73.7 (CH: 0-6Bn), 73.1 (d, 2 = 15.1 Hz, C-4), 72.6 (d, J = 7.8 Hz, C-5), 68.4 (d, *J = 2.9 Hz, C-6), 63.6 (d, 2] =
17.0 Hz, C-2). '9F NMR (CDCls, 376 MHz): —195.39 (ddd, 2/ = 47.7 Hz, *J = 11.1, 5.8 Hz). HRMS-APCI (m/2): [M
— N3 + HJ" caled for C20H23FNO4, 360.1605; found, 360.1605.

2-Azido-3,6-di-O-benzyl-2,4-dideoxy-4-fluoro-D-galactopyranose (30)

OBn

F _OH OBn F
o “BiBn, NaH, THF &/ NBS, acetone/H,0 o
ph BnO
BnO S [ref 2] » oH

N3
B17 30

Phenyl 2-azido-3,6-di-O-benzyl-2,4-dideoxy-4-fluoro-1-thio-B-D-galactopyranoside ~ (330 mg,  0.69 mmol),
prepared from f-17 in 95% yield as described in ref 2 was hydrolyzed according to the general procedure.
Chromatography in EtOAc/PE 1:4 afforded 30 (201 mg, 75%, 71% over two steps) as a colorless syrup. Ry 0.48
(EtOAC/PE 1:3). NMR data for the a-anomer: '"H NMR (CDCls, 400 MHz, 'H {"’F}, H-H COSY): & 7.42-7.29 (m,
10H, CHarom), 5.32 (t, 1H, J= 3.4 Hz, H-1), 4.83 (dd, 1H, J=50.0, 2.5 Hz, H-4), 4.76,4.70 (2 xd,2 x 1H, J=11.7
Hz, CHH Bn), 4.59, 4.53 (2 xd, 2 x 1H, J=12.0 Hz, CHH Bn), 4.19 (dt, 1H, J=29.5, 6.5 Hz, H-5), 3.92 (ddd, 1H,
J=26.8,10.6, 2.5 Hz, H-3), 3.79 (ddd, 1H, J = 10.6, 3.4, 1.3 Hz, H-2), 3.68-3.61 (m, 2H, H-6), 3.59 (dd, 1H, J =
3.4, 1.3 Hz, OH). *C{'H} NMR (CDCls, 101 MHz, HSQC): 8 137.5, 137.3 (2 x Cq), 128.7, 128.6 (2 X 2CHarom),
128.2, 128.1 (2 X CHarom), 128.10, 128.07 (2 x 2CHarom), 92.3 (C-1), 85.9 (d, 'J=184.7 Hz, C-4), 74.4 (d, *J = 18.0
Hz, C-3), 73.8, 71.9 (2 x CH2 Bn), 68.40 (d, >J = 18.0 Hz, C-5), 68.38 (d, °J = 5.4 Hz, C-6), 59.7 (d, *J = 2.2 Hz, C-
2). F NMR (CDCls, 376 MHz): § —220.71 (ddd, 2/ = 50.0 Hz,3J = 29.5, 26.8 Hz). NMR data for the B-anomer: 'H
NMR (CDCls, 400 MHz, 'H {*F}, H-H COSY): & 7.42-7.29 (m, 10H, CHarom), 4.76 (dd, 1H, J = 49.7, 2.6 Hz, H-
4),4.76,4.69 (2 x d, 2 x 1H, J=12.0 Hz, CHH Bn), 4.58, 4.53 (2 x d, 2 x 1H, J=11.9 Hz, CHH Bn), 4.48 (ddd,
1H, J=8.1, 5.6, 1.1 Hz, H-1), 3.98 (d, 1H, J= 5.6 Hz, OH), 3.68-3.61 (m, 3H, H-2, 2H-6), 3.57 (dt, 1H, J = 26.7,
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6.5 Hz, H-5), 3.31 (ddd, 1H, J = 27.5, 10.3, 2.6 Hz, H-3). 3C{'H} NMR (CDCls, 101 MHz, HSQC): § 137.5, 137.1
(2 x Cy), 128.72, 128.66 (2 % 2CHarom), 128.3, 128.2 (2 X CHurom), 128.1 (4CHurom), 96.2 (C-1), 84.6 (d, 'J = 185.5
Hz, C-4), 77.7 (d, %J = 18.1 Hz, C-3), 73.9 (CHa Bn), 72.6 (d, 2/ = 18.3 Hz, C-5), 72.1 (CH, Bn), 67.9 (d, 3J = 5.2
Hz, C-6), 63.9 (d, 3/ = 0.8 Hz, C-2). '°F NMR (CDCls, 376 MHz): 5 —218.40 (ddd, 2/ = 49.7 Hz,*J = 27.5, 26.7 Hz).
HRMS-APCI (m/z): [M — N, + H]" caled for CaoHasFNO4, 360.1605; found, 360.1606.

2-Azido-6-0-benzyl-2,3,4-dideoxy-3,4-difluoro-D-glucopyranose (31)

OH OBn OBn
o BnBr, NaH, THF/DMF NBS, acetone/H,0
F F (0] F fo)
F F F
N; SPh N; “SPh N, OH
19 s7 31

Thioglycoside 19 (285 mg, 0.95 mmol, a mixture of anomers (o/f =10:1) was dissolved in THF/DMF 10:1 (5.5
mL) and the resulting solution was cooled to —25 °C. Sodium hydride (60% suspension in oil, 49 mg, 1.23 mmol)
was added, the reaction mixture was stirred for 5 min, and then benzyl bromide (180 uL, 1.51 mmol) and TBAI (cat.)
were added. The temperature was allowed to reach rt and the reaction mixture was stirred overnight. TLC (EtOAc/PE
1:4) indicated the absence of the starting material. The reaction was cooled to 0 °C, MeOH (0.3 mL) was added to
quench the reaction. After stirring for additional 30 min was the reaction mixture diluted with chloroform, washed
with water, the water phase was extracted with chloroform, the combined chloroform phases were dried and
concentrated. Chromatography of the residue in EtOAc/PE 2:15 afforded phenyl 2-azido-6-O-benzyl-2,3,4-trideoxy-
3.,4-difluoro-1-thio-a/p-D-glucopyranoside (S7) (285 mg, 77%) as a colorless syrup, R 0.2 (EtOAc/PE 2:15). NMR
data for the a-anomer: 'H NMR (CDCls, 400 MHz, 'H {*F}, H-H COSY): § 7.61-7.59 (m, 1H, CHarom), 7.51-7.49
(m, 2H, CHarom), 7.38-7.27 (m, 7H, CHarom), 5.60 (dt, 1H, J= 5.8, 2.9 Hz, H-1), 4.86 (dddd, 1H, J=53.0, 15.5, 10.1,
8.2 Hz, H-3), 4.75 from 'H {°F} (dd, 1H, J= 9.9, 8.2 Hz, H-4), 4.64, 4.53 (2 x d, 2 x 1H, J = 12.0 Hz, CHH Bn),
4.55-4.47 (m, 1H, H-5), 4.06 from 'H {"°F} (dd, 1H, J=10.1, 5.8 Hz, H-2), 3.78 (ddt, 1H,J=11.2,9.3, 6.4, 1.1 Hz,
H-6"),3.73 (dd, 1H, J=11.2, 1.5 Hz, H-6). *C{'H} NMR (CDCls, 101 MHz, HSQC, HMBC): § 137.7 (Cy), 133.9
(CHarom), 132.5 (2CHarom), 132.4 (Cq), 129.4, 128.6 (2 X 2CHarom), 128.4 (CHarom), 127.8 (2CHarom), 91.9 (dd, 'J =
188.7 Hz,%J = 19.7 Hz, C-3), 87.0 (dd, 'J = 186.6 Hz, 2J = 18.2 Hz, C-4), 86.5 (dd, °J = 7.7 Hz, *J= 0.9 Hz,C-1),
73.8 (CHz Bn), 69.5 (dd, 2J = 24.3 Hz, °J = 6.5 Hz, C-5), 67.6 (dd, *J = 1.0, *J = 0.9 Hz, C-6), 62.0 (dd, °J=17.4 Hz,
3J = 6.9 Hz, C-2). F NMR (CDCls, 376 MHz): —193.48 (dq, 2J = 53.0 Hz, 3J = 13.6 Hz, F-3), -199.26 (m, F-4).
NMR data for the B-anomer: 'H NMR (CDCls, 400 MHz, 'H {°F}, H-H COSY): § 7.61-7.59 (m, 1H, CHarom), 7.38—
7.27 (m, 9H, CHarom), 4.64, 4.60 (2 x d, 2 x 1H, J=11.2 Hz, CHH Bn), 4.73-4.43 (m, 2H, H-3, H-4), 4.43 (dd, 1H,
J=10.2, 0.8 Hz, H-1), 3.84 (ddt, 1H, J=11.4, 2.3, 2.0 Hz, H-6"), 3.73 (ddd, 1H, J = 11.4, 4.6, 2.3 Hz, H-6), 3.58
(dddd, 1H, J = 9.1, 4.6, 2.3, 2.0 Hz, H-5), 4.48 (ddd, 1H, J = 13.0, 10.2, 8.8 Hz, H-2). *C{'H} NMR (CDCls, 101
MHz, HSQC, HMBC): 6 138.0 (Cy), 133.9 (CHarom), 130.6 (Cy), 129.4 (2CHarom), 129.0 (CHarom), 128.6 (2CHarom),
128.0, 127.9 (2 x CHarom), 127.7 (2CHarom), 94.1 (dd, 'J = 191.3 Hz,%2J = 19.5 Hz, C-3), 86.3 (dd, 'J=186.7 Hz, 2J =
18.4 Hz, C-4), 85.7 (dd, *J = 6.8 Hz, “J= 1.4 Hz, C-1), 76.6 (dd, 2J = 22.7 Hz, °*J = 6.9 Hz, C-5), 73.8 (CH, Bn), 68.1
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(d, 3J = 1.6 Hz, C-6), 63.1 (dd, 2/ = 17.9 Hz, *J = 7.3 Hz, C-2). '%F NMR (CDCls, 376 MHz): —188.64 (dddd, 2J =
51.5 Hz, 3/ = 13.0, 13.3, 13.7 Hz, F-3), -201.15 (dddq, 2/ = 51.8 Hz, 3J = 16.2, 13.7, 2.3 Hz, F-4). HRMS-APCI
(m/z): [M — N, + H]" caled for C1oHaoFaNO,S, 364.1177; found, 364.1171.

Thioglycoside S7 (268 mg, 0.69 mmol) was hydrolyzed according to the general procedure. Chromatography in
EtOAC/PE 1:5 afforded 31 (156 mg, 76% from S7, 59% over two steps) as a colorless syrup. Rr0.41 (EtOAc/PE 1:3).
NMR data for the a-anomer: 'H NMR (CDCl;, 400 MHz, 'H {*°F}, H-H COSY): § 7.38-7.31 (m, 5H, CHarom), 5.32
(tt, 1H, J= 3.6, 3.0 Hz, H-1), 5.00 (dddd, 1H, J = 54.0, 15.4, 10.0, 8.2 Hz, H-3), 5.62,4.58 (2 x d, 2 x 1H, J=12.2,
CHH Bn), 4.54 (dddd, 1H, J=51.2, 18.0, 10.0, 8.2 Hz, H-4), 4.18 (dddd, 1H, J=10.0, 5.4, 4.9, 2.2 Hz, H-5), 3.88
(d, 1H, J = 3.0 Hz, OH), 3.73 (ddt, 1H, J = 10.9, 2.2, 2.0 Hz, H-6), from 'H {!°F} 3.68 (dd, 1H,J=10.9, 5.4 Hz, H-
6'), 3.45 (ddd, 1H, J = 11.0, 10.0, 3.6 Hz, H-2). *C{!H} NMR (CDCls, 101 MHz, HSQC): & 137.2 (C,), 128.6
(2CHarom), 128.1 (CHarom), 128.0 (2CHarom), 92.1 (dd, *J=9.3 Hz, *J= 1.3 Hz, C-1), 90.4 (dd, 'J=186.3 Hz,2J = 19.3
Hz, C-3), 87.4 (dd, 'J=186.5 Hz, 2J = 18.1 Hz, C-4), 73.8 (CH> Bn), 68.1 (dd, 2/ = 23.5 Hz, *J = 6.6 Hz, C-5), 68.0
(t, J= 1.1 Hz, C-6), 61.7 (dd, 2J = 16.6 Hz, 3J = 6.6 Hz, C-2). ’F NMR (CDCls, 376 MHz): —198.48 (ddddd, 2/ =
54.0 Hz, 3J = 18.0, 13.2, 11.0 Hz, *J= 3.0 Hz, F-3), -199.25 (ddd, 2J = 51.2 Hz, °*J = 15.4, 13.2 Hz, F-4). Resolved
signals for the B-anomer: '"H NMR (CDCls, 400 MHz, 'H {"°F}, H-H COSY): 6 4.52 (d, 1H, J = 9.3 Hz, H-1), from
'H {"F} 3.76 (dd, 1H, J=10.7, 2.1 Hz, H-6), from 'H {"°F} 3.66 (dd, 1H, J=10.7, 5.8 Hz, H-6"), 3.56 (dddd, 1H,
J=9.7,54,2.1, 1.1 Hz, H-5), 3.55 (br s, 1H, OH). “C{'H} NMR (CDCls, 101 MHz, HSQC): & 137.1 (C,), 128.6
(2CHarom), 128.2 (CHarom), 128.0 (2CHarom), 95.6 (dd, °J = 10.2 Hz, *J = 1.4 Hz, C-1), 92.1 (dd, 'J = 189.3 Hz,%J =
20.1 Hz, C-3), 86.9 (dd, 'J = 186.3 Hz, 2J = 18.6 Hz, C-4), 73.9 (CH, Bn), 71.9 (dd, 2J = 23.5 Hz, *J = 7.6 Hz, C-5),
65.0 (dd, 2J=17.2 Hz, *J = 7.7 Hz, C-2). ’F NMR (CDCls, 376 MHz): —-192.68 (dq, 2J = 51.7 Hz, J = 13.7 Hz, F-
3), —201.14 (dddd, %J = 50.5 Hz, 3J = 16.6, 13.7, 2.9 Hz, F-4). HRMS-APCI (m/z): [M — N, + H]" calcd for
Ci3Hi6F2NOs3, 272.1092; found, 272.1089.

Phenyl 2-Azido-3-0-benzyl-2.,4,6-trideoxy-4,6-difluoro-p-D-galactopyranoside (32)

2-Azido-3-0-benzyl-2,4,6-trideoxy-4-fluoro-6-S-phenyl-6-thio-a-D-galactopyranosyl fluoride (33)

F _OH DAST, 2,4,6-collidine FF F -SPh
MW o o
Bnoéo - beMm, Bno&/SPh * Bno
N3 N3F
32 33

N3

17

Thioglycoside B-17 (50 mg, 0.13 mmol) was subjected to reaction with diethylaminosulfur trifluoride (21 uL,
0.17 mmol) and 2,4,6-collidine (41 uL, 0.31 mmol) in dichloromethane (1 mL) according to the general procedure.
Chromatography of the crude product in EtOAc/PE 1:7 first afforded fluoride 33 (29 mg, 57%) as a colorless syrup,
followed by thioglycoside 32 (17 mg, 34%) as a colorless syrup.
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Data for 32: R, 0.62 (EtOAc/PE 1:3), [a]3’ —62 (¢ 0.97, CHCl;). '"H NMR (CDCl;, 400 MHz, 'H {"°F}, H-H
COSY): § 7.58-7.56 (m, 2H, CHarom), 7.38-7.32 (m, 8H, CHarom), 4.79 (dd, 1H, J = 50.0, 2.5 Hz, H-4), 4.77, 4.70 (2
x d,2 x 1H, J=11.7 Hz, CHH Bn), 4.59 (dddd, 1H, J=46.4,9.4, 6.0, 1.0 Hz, H-6), 4.57 (ddd, 1H, J=46.1,9.4, 6.6
Hz, H-6), 4.40 (dd, 1H, J = 10.1, 0.8 Hz, H-1), 3.71 (dddd, 1H, J = 26.6, 9.9, 6.6, 6.0 Hz, H-5), 3.66 (ddd, 1H, J =
10.1,9.7, 1.0 Hz, H-2), 3.42 (ddd, 1H,J=27.6,9.7, 2.5 Hz, H-3). >*C{'H} NMR (CDCl;, 101 MHz, HSQC): 5 136.8
(Cq), 133.9 (2CHurom), 130.8 (Cy), 129.3 (2CHurom), 128.8 (3CHarom), 128.5 (CHarom), 128.2 (2CHarom), 86.5 (C-1), 83.9
(dd, 'J = 185.6 Hz, *J = 4.3 Hz, C-4), 80.3 (dd, 'J = 170.1 Hz, *J = 5.8 Hz, C-6), 79.1 (d, 2J = 17.9 Hz, C-3), 75.2
(dd, 3J = 24.3 Hz, 2J = 18.2 Hz, C-5), 72.2 (CH: Bn), 61.0 (d, >J = 1.1 Hz, C-2). '°F NMR (CDCls, 376 MHz): —
219.21 (ddd, 27 = 50.0 Hz,*J = 27.6, 26.6 Hz, F-4), -232.58 (ddd, 2/ = 46.4, 46.1 Hz,>J = 9.9 Hz, F-6). HRMS-APCI
(m/z): [M — N, + H]" caled for C19H20F2NO:S, 364.1177; found, 364.1179.

Data for 33: R, 0.67 (EtOAC/PE 1:3), 'H NMR (CDCls, 400 MHz, 'H {*F}, H-H COSY): § 7.40-7.30 (m, 8H,
CHarom), 7.27-7.23 (m, 2H, CHavom), 5.65 (dd, 1H, J = 52.6, 2.1 Hz, H-1), 5.04 (dd, 1H, J = 49.5, 1.9 Hz, H-4), 4.76,
471 (2 xd,2 x 1H,J=11.6 Hz, CHH Bn), 3.94 (ddd, 1H, J = 27.3, 8.6, 5.8 Hz, H-5), 3.89-3.78 (m, 2H, H-2, H-3),
3.23 (ddd, 1H, J = 14.1, 5.8, 1.0 Hz, H-6), 3.16 (dd, 1H, J = 14.1, 8.6 Hz, H-6). '*C{'H} NMR (CDCls, 101 MHz,
HSQC): 5 136.8, 134.5 (2 x Cy), 130.0, 129.4, 128.8 (3 % 2CHarom), 128.5 (CHarom), 128.2 (2CHarom), 127.2 (CHarom),
106.2 (d, 'J=227.7 Hz, C-1), 84.9 (d, 'J = 186.7 Hz, C-4), 74.3 (d, 2J = 18.2 Hz, C-3), 71.9 (CH, Bn), 71.0 (dd, 2/
= 18.9 Hz, 3J = 3.3 Hz, C-5), 58.9 (dd, 2/ = 23.6 Hz, 3J = 2.7 Hz, C-2), 32.9 (d, *J = 4.9 Hz, C-6). "°F NMR (CDCl;,
376 MHz): —148.74 (m, F-1), —221.17 (m, F-4). HRMS-APCI (m/z): [M — N, + H]* caled for CioHaoFNOsS,
364.1177; found, 364.1175.

Deoxyfluorination of the p-anomer of thioglycoside 14

OH DAST, 2,4,6-collidine E SPh

DCM, MW ¥
(e} ' 0 (0}
N3 N, N; °F
p-14 34 35

Thioglycoside -14 (50 mg, 0.13 mmol) obtained from compound 7 as described in ref 2 was subjected to reaction
with diethylaminosulfur trifluoride (21 pL, 0.17 mmol) and 2,4,6-collidine (41 pL, 0.31 mmol) in dichloromethane
(1 mL) according to the general procedure. Chromatography of the crude product in EtOAc/PE 1:7 afforded phenyl
2-azido-4-0-benzyl-2,3,6-trideoxy-3,6-difluoro-p-D-glucopyranoside (34) (43 mg, 85%) as a colorless syrup
containing 2-azido-4-O-benzyl-2,3,6-trideoxy-3-fluoro-6-S-phenyl-6-thio-o/pB-D-glucopyranosyl  fluoride (35)
(35/34 ca. 7:93), inseparable under given chromatographic conditions, R,0.79 (EtOAc/PE 1:3).

Data for 34: '"H NMR (CDCl;, 400 MHz, 'H {'°F}, H-H COSY): & 7.62-7.60 (m, 2H, CHarom), 7.39-7.32 (m, 8H,
CHarom), 4.86 (dd, 1H, J = 11.1, 1.3 Hz, CHH Bn), 4.64 (dddd, 1H, J = 47.6, 10.3, 2.0, 1.6 Hz, H-6"), 4.62 (d, 1H, J
= 11.1 Hz, CHH Bn), 4.62 (ddd, 1H, J = 46.9, 10.3, 3.4 Hz, H-6), 4.56 (ddd, 1H, J = 51.4, 9.1, 8.6 Hz, H-3), 4.41
(dd, 1H, J=10.2, 0.8 Hz, H-1), 3.68 (ddd, 1H, J = 12.5, 10.0, 8.6 Hz, H-4), 3.46 (ddd, 1H, J = 13.0, 10.2, 9.1 Hz, H-
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2), 3.44 (dddt, 1H, J = 26.2, 10.0, 3.4, 1.6 Hz, H-5). 3C{'H} NMR (CDCls, 101 MHz, HSQC, HMBC): 5 137.3 (Cy),
134.1 (2CHarom), 130.5 (Cy), 129.3 (2CHurom), 129.0 (CHarom), 128.7 (2CHaurom), 128.3 (CHarom), 129.3 (CHarom), 97.7
(dd, 'J=189.2 Hz, 3J = 0.9 Hz, C-3), 85.5 (d, *J = 7.3 Hz, C-1), 81.4 (dd, 'J = 174.9, *J = 1.5 Hz, C-6), 77.2 (dd, J
= 18.5 Hz, 3J = 9.7 Hz, C-5), 74.8 (d, *J = 2.9 Hz, CH, Bn), 74.1 (dd, 2/ = 17.2 Hz, *J = 7.0 Hz, C-4), 63.3 (d, 2/ =
18.0 Hz, C-2). '°F NMR (CDCls, 376 MHz): —184.65 (ddd, 2/ = 51.4 Hz,3J = 13.0, 12.5 Hz, F-3), -235.47 (ddd, 2J =
47.6,46.9 Hz, 3J=26.2 Hz, F-6). HRMS-APCI (m/z): [M + H]" calcd for C1oHa0F2N30,8, 392.1232; found, 392.1231.

Resolved signals for a-35: 'H NMR (CDCls, 400 MHz, 'H {*F}, H-H COSY): 8 5.62 (ddd, 1H, J = 52.0, 4.6, 2.8
Hz, H-1), 4.98 (ddd, 1H, J=52.8, 9.9, 8.4 Hz, H-3), 4.11 (ddd, 1H, J=10.0, 5.9, 2.6 Hz, H-5), 3.82 (ddd, 1H, J =
12.7,10.0, 8.4 Hz, H-4), 3.58 (m, 1H, H-2), 3.13 (dd, 1H, J = 14.1, 5.9 Hz, H-6). 3C{'H} NMR (CDCl;, 101 MHz,
HSQC, HMBC): § 93.7 (d, 'J = 174.0 Hz, C-1), 35.6 (C-6). ’F NMR (CDCls, 376 MHz): —146.82 (dd, 2J = 52.0 Hz,
3J=25.3 Hz, F-1),-193.87 (dddd, 2J = 52.8 Hz, *J = 12.7, 11.1 Hz, *J = 4.6 Hz, F-3).

Resolved signals for B-35: 'H NMR (CDCls, 400 MHz, 'H {"°F}, H-H COSY): 8 5.03 (dd, 1H, J=51.5, 7.4 Hz,
H-1), 3.58 (m, 1H, H-5), 3.07 (dd, 1H, J = 14.2, 6.9 Hz, H-6). '*C{'H} NMR (CDCls, 101 MHz, HSQC, HMBC): 5
35.5 (C-6). '°F NMR (CDCls, 376 MHz): —141.80 (ddd, 2/ = 51.5 Hz,3/ = 13.0, 3.1 Hz, F-1), —189.64 (dt, 2/ = 51.4
Hz, 3/ = 13.4 Hz, F-3).

2-Azido-2,3,4,6-tetradeoxy-3,4,6-trifluoro-nD-galactopyranose (36)

OH DAST, 2,4,6-collidine

F
DCM, MW NBS, acetone/HZO F
O 1
HO F lo}
F
N: “sph N3 SPh . OH
18 36 °

Thioglycoside 18 (750 mg, 2.51 mmol) was subjected to reaction with diethylaminosulfur trifluoride (1000 uL,
7.57 mmol) and 2.,4,6-collidine (1630 puL, 12.33 mmol) in dichloromethane (15 mL) according to the general
procedure. Chromatography of the crude product in EtOAc/PE 1:6 first afforded phenyl 2-azido-2,3,4,6-tetradeoxy-
3.4,6-trifluoro-1-thio-a-D-galactopyranoside (a-S8) (570 mg, 75%) as a colorless syrup followed by phenyl 2-azido-
2,3,4,6-tetradeoxy-3,4,6-trifluoro-1-thio-f-D-galactopyranoside (3-S8) (135 mg, 18%).

Data for 0-S8: R, 0.38 (EtOAC/PE 1:5). 'H NMR (CDCls, 400 MHz, 'H {"°F}, H-H COSY): & 7.50-7.48 (m, 2H,
CHarom), 7.36-7.33 (m, 3H, CHarom), 5.66 (dd, 1H, J = 5.6, 4.4 Hz, H-1), 5.06 (ddd, 1H, J = 51.0, 7.4, 2.8 Hz, H-4),
4.77 (dddd, 1H, J =47.0,25.2, 10.5, 2.8 Hz, H-3), 4.74-4.47 (m, 3H, H-5, 2H-6), 4.42 (dddd, 1H, J = 11.0, 10.5, 5.6,
0.9 Hz, H-2). *C{'H} NMR (CDCls, 101 MHz, HSQC, HMBC): & 132.8 (2CHurom), 132.0 (Cy), 129.5 (2CHarom),
128.6 (CHarom), 88.4 (ddd, 'J = 193.7 Hz,2J = 17.9 Hz, *J = 1.0 Hz, C-3), 86.9 (d, J = 7.4 Hz, C-1), 85.8 (ddd, 'J =
187.0 Hz, 2J = 16.6 Hz, 3J = 5.4 Hz, C-4), 80.2 (ddd, 'J = 170.8 Hz, *J = 6.2 Hz, *J = 2.5 Hz, C-6), 68.3 (ddd, 2J =
25.0,2J = 18.0, Hz, J = 5.3 Hz, C-5), 59.0 (dd, 2/ = 18.3 Hz, 3/ = 1.8 Hz, C-2). '°F NMR (CDClL;, 376 MHz): from
F {'H} ~199.81 (dd,J = 14.4 Hz, 5J = 1.9 Hz, F-3), ~218.86 (dddd, 2/ = 51.0 Hz, >J = 28.5, 25.2, 14.4 Hz, F-4), -
232.61 (ddd, 2J = 45.9, 45.4 Hz, 3J = 10.7 Hz, F-6). HRMS-APCI (m/z): [M — N, + H]" caled for C1,H;3sFsNOS,
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276.0664; found, 276.0660. Data for B-S8: R 0.34 (EtOAc/PE 1:5). '"H NMR (CDCls, 400 MHz, 'H {"°F}, H-H
COSY, HSQC) : 6 7.60-7.57 (m, 2H, CHarom), 7.38-7.34 (m, 3H, CHarom), 4.95 (ddd, 1H, J=50.7, 7.1, 2.7 Hz, H-4),
4.64 (ddddd, 1H, J=46.1,9.4,6.2, 1.1, 1.1 Hz, H-6), 4.60 (ddd, 1H, J=46.0, 9.4, 6.7 Hz, H-6"), 4.44 (dddd, 1H, J
=45.9,26.6,9.5,2.7 Hz, H-3), 4.43 (dd, 1H, J=10.1, 0.8 Hz, H-1), 3.79 (ddddd, 1H, J=25.8, 9.8, 6.7, 6.2, 1.9 Hz,
H-5), 3.78 (dddd, 1H, J=11.0, 10.1, 9.5, 1.1 Hz, H-2). “C{'H} NMR (CDCl;, 101 MHz, HSQC, HMBC): & 133.9
(2CHarom), 130.4 (Cy), 129.4 (2CHarom), 129.1 (CHarom), 90.9 (ddd, 'J=195.8 Hz,%J = 18.0 Hz, “J= 0.9 Hz, C-3), 86.1
(d,*J=6.5Hz, C-1),84.7 (ddd, 'J = 186.5 Hz, °J = 16.7 Hz, *J = 4.7 Hz, C-4), 79.8 (ddd, 'J = 170.9 Hz, *J = 5.7 Hz,
4J=2.6 Hz, C-6), 74.4 (ddd, 2J = 24.3,2J=18.1, Hz, °*J = 5.8 Hz, C-5), 60.2 (dd, °J = 18.4 Hz, >*J = 1.0 Hz, C-2). '°F
NMR (CDCls, 376 MHz): —193.34 (dddd, 2/ = 49.5 Hz, *J = 15.7, 11.0, 7.1 Hz, F-3), -219.95 (dddd, %J = 50.7 Hz,
3] =26.6, 25.8, 15.7 Hz, F-4), —232.87 (ddd, %J = 46.1, 46.0 Hz, °J = 9.8 Hz, F-6). HRMS-APCI (m/z): [M — N, +
H]* caled for C1oH 3FsNOS, 276.0664; found, 276.0660.

Thioglycoside S8 (250 mg, 0.82 mmol) was hydrolyzed according to the general procedure. Chromatography in
EtOACc/PE 1:3 afforded 36 (140 mg, 80% from S8; 74% over two steps) as a colorless gel. Rr0.29 (EtOAc/PE 1:3).
NMR data for the a-anomer: 'H NMR (CDCl;, 400 MHz, 'H {**F}, H-H COSY): § 5.43 (dt, 1H, J= 4.8, 3.5 Hz, H-
1), 5.04 (ddd, 1H, J = 51.9, 7.6, 2.7 Hz, H-4), 4.97 (dddd, 1H, J = 47.4, 25.8, 10.3, 2.7 Hz, H-3), from 'H {!°F-6}
4.62 (dd, 1H,J=9.5, 6.1 Hz, H-6"), from 'H {!F-6} 4.57 (ddd, 1H, J=9.5, 6.5, 0.9 Hz, H-6), from 'H {"°F-6} 4.35
(dd, 1H, J=6.5, 6.1 Hz, H-5), 3.90 (dddd, 1H, J=10.8, 10.3, 3.5, 1.3 Hz, H-2), 3.31 (dd, 1H, J= 3.5, 1.3 Hz, OH).
BC{'H} NMR (CDCl;, 101 MHz, HSQC, HMBC): § 92.6 (d, *J = 9.1 Hz, H-1), 87.1 (ddd, 'J =191.0 Hz,2/ = 17.9
Hz, “J = 1.1 Hz, C-3), 86.1 (ddd, 'J = 186.0 Hz, 2J = 16.7 Hz, 3J = 5.7 Hz, C-4), 80.7 (ddd, 'J = 170.0 Hz, 3J = 6.3
Hz, “J = 2.6 Hz, C-6), 67.7 (ddd, >J = 23.8, 2/ = 18.0, Hz, *J = 5.5 Hz, C-5), 58.8 (dd, 2J= 17.6 Hz, °*J = 2.2 Hz, C-
2). F NMR (CDCls, 376 MHz): —204.30 (dddddd, 2/ =47.4 Hz, °J = 14.5, 10.8, 7.6 Hz, *J= 4.8 Hz, °J = 1.5 Hz, F-
3),-221.55 (dddd, >J =51.9 Hz, °J = 28.8, 25.8, 14.5 Hz, F-4), -232.70 (tdd, >J = 46.4 Hz, >*J = 12.0 Hz, °J = 1.5 Hz,
F-6). Resolved signals for the B-anomer: 'H NMR (CDCl;, 400 MHz, 'H {YF}, H-H COSY) : § 4.65 (ddd, 1H, J =
7.9,5.1,1.0 Hz, H-1), 4.38 (dddd, 1H, J = 46.0, 26.2, 10.3, 2.9 Hz, H-3), from 'H {"°F-3} 3.84 (dd, 1H, J=10.3,7.9
Hz, H-2), 3.86-3.74 (m, 1H, H-5). BC{'H} NMR (CDCls, 101 MHz, HSQC, HMBC): § 96.0 (d, *J = 10.2 Hz, H-1),
89.3 (ddd, 'J =194.4 Hz,%J = 17.9 Hz, *J = 0.9 Hz, C-3), 84.7 (ddd, 'J = 187.0 Hz, 2J = 16.7 Hz, >J = 5.3 Hz, C-4),
80.3 (ddd, '/ =170.9 Hz, °J = 5.8 Hz, “J= 2.9 Hz, C-6), 71.0 (ddd, 2J = 24.3, 2J = 18.1, Hz, °*J = 6.3 Hz, C-5), 62.8
(dd, 2J=18.1 Hz, *J= 0.9 Hz, C-2). F NMR (CDCls, 376 MHz): —198.76 (ddddd, %/ = 46.0 Hz, *J = 15.3, 11.2, 6.5
Hz, 3J = 1.3 Hz, F-3), -219.09 (dtd, 2/ = 51.5 Hz, 3*J = 26.2, 15.3 Hz, F-4), -232.64 (tdd, 2J = 46.4 Hz, *J = 11.2 Hz,
5J = 1.3 Hz, F-6). HRMS-APCI (m/z): [M — N, + H]" calcd for C¢HoF3NO,, 184.0579; found, 184.0574.
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Phenyl 2-Azido-6-0-benzyl-2,3-dideoxy-3-fluoro-1-thio-o/B-D-glucopyranoside (37)

HO
HO&&w Ph(OMe), CSA, MeCN  ph—X~0 o NaBH,CN, HCIELO | 0
Ns ™ SPh [ref 3] OF THF F
N: “sph N, SPh
18 37

Sodium cyanoborohydride (841 mg, 13.38 mmol) and 3 A molecular sieves (2 g) were added to a solution of
phenyl 2-azido-4,6-O-benzylidene-2,3-dideoxy-3-fluoro-1-thio-a/B-D-glucopyranoside (525 mg, 1.36 mmol,
prepared from the 18 as described in ref 3, in anhydrous THF (15 mL) under Ar atmosphere. The mixture was cooled
to 0 °C and stirred for 5 min. Hydrogen chloride solution in diethyl ether (1M, 14.0 mL, 14.00 mmol) was carefully
added dropwise and the reaction mixture was stirred for 15 min, filtered through a layer of celite, neutralized by
saturated aqueous NaHCOs;, extracted with dichloromethane, the dichloromethane solution was dried and
concentrated. Chromatography in EtOAc/PE 1:4 first afforded the a-anomer a-37 (290 mg, 55%) as a colorless syrup
followed by a mixture of both anomers (a/p 1:5, 145 mg, 27%) as a thick colorless syrup.

Data for 0-37: R;0.29 (EtOAC/PE 1:3). 'H NMR (CDCls, 400 MHz, 'H {!°F}, H-H COSY): & 7.50~7.48 (m, 2H,
CHarom), 7.36-7.27 (m, 8H, CHurom), 5.58 (dt, 1H, J = 5.7, 3.3 Hz, H-1), 4.68 (ddd, 1H, J = 52.8, 10.1, 8.5 Hz, H-3),
4.61,4.52 (2 % d, 2 x 1H, J= 11.9 Hz, CHH Bn), 4.35 (ddd, 1H, J = 9.8, 4.3, 3.7 Hz, H-5), 4.02 (ddd, 1H, J=11.1,
10.1, 5.7 Hz, H-2), 3.94 (dddd, 1H, J= 14.2, 9.8, 8.5, 3.0 Hz, H-4), 3.80 (dd, 1H, J = 10.6, 4.3 Hz, H-6), 3.71 (ddd,
1H, J=10.6,3.7, 1.6 Hz, H-6"), 2.78 (d, 1H, J = 3.0 Hz, OH). *C{'H} NMR (CDCL, 101 MHz, HSQC, HMBC): §
137.7,132.9 (2 x Cy), 132.4, 129.3, 128.6 (3 ¥ 2CHarom), 128.11, 128.08 (2 X CHurom), 127.9 (2CHarom), 94.3 (d, 1J =
184.8 Hz, C-3), 86.8 (d, 3J= 8.0 Hz, C-1), 73.8 (CH, Bn), 70.7 (d, >/ = 7.2 Hz, C-5), 70.3 (d, 2J = 17.9 Hz, C-4), 69.0
(d, “J = 1.3 Hz, C-6), 62.1 (d, 2J = 17.0 Hz, C-2). '°F NMR (CDCls, 376 MHz): —194.35 (dddd, 2/ = 52.8 Hz, 3J =
14.2, 11.1 Hz, *J = 3.3 Hz). HRMS-APCI (m/2): [M — N, + H]" caled for C1oHFNOsS, 362.1219; found, 362.1215.

Data for B-37: R;0.26 (EtOAC/PE 1:3). 'H NMR (CDCls, 400 MHz, 'H {"°F}, H-H COSY): 8 7.59-7.56 (m, 2H,
CHurom), 7.37—7.28 (m, 8H, CHaron), 4.63, 4.57 (2 x d, 2 x 1H, J = 11.9 Hz, CHH Bn), 4.42 (d, 1H, J = 10.2 Hz, H-
1), 435 (dt, 1H, J = 51.8, 8.9 Hz, H-3), 3.84-3.76 (m, 3H, H-4, 2H-6), 3.48-3.42 (m, 1H, H-5), from 'H {"°F} 3.43
(dd, 1H, J = 10.2, 9.0 Hz, H-2), 2.84 (br s, 1H, OH). *C{'H} NMR (CDCl;, 101 MHz, HSQC, HMBC): & 137.7
(Co), 133.8 (2CHurom), 130.9 (Cy), 129.3 (2CHuon), 128.8 (CHarom), 128.7 (2CHarom), 128.1 (CHarom), 127.9 (2CHarom),
96.6 (d, 'J = 187.4 Hz, C-3), 85.7 (d, *J = 7.2 Hz, C-1), 77.3 (d, %/ = 7.7 Hz, C-5), 73.9 (CH Bn), 70.1 (d, 2/ = 17.9
Hz, C-4), 69.7 (d, “J = 1.6 Hz, C-6), 63.1 (d, 7 = 17.6 Hz, C-2). '9F NMR (CDCls, 376 MHz): —189.43 (dt, 2J =
51.8 Hz, 3*J=13.0 Hz).
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2-Azido-6-0-benzyl-2,3,4-trideoxy-3,4-difluoro-D-galactopyranose (38)

OBn DAST, 2,4,6-collidine F _OBn £ oBn
DCM, MW NBS, acetone/H,0
O ' o e,
HO fo)
F F .
N, SPh N SPh N, OH
37 S9 38

Thioglycoside 37 (400 mg, 1.03 mmol) was subjected to reaction with diethylaminosulfur trifluoride (170 pL,
1.29 mmol) and 2,4,6-collidine (340 pL, 2.57 mmol) in dichloromethane (8 mL) according to the general procedure.
Chromatography of the crude product in EtOAc/PE 1:7 first afforded the phenyl 2-azido-6-O-benzyl-2,3,4-trideoxy-
3,4-difluoro-1-thio-a-D-galactopyranoside (a-S9) (276 mg, 69%) in ca. 90% purity (by '°’F NMR) as a colorless syrup
followed by the phenyl 2-azido-6-O-benzyl-2,3,4-trideoxy-3,4-difluoro-1-thio--D-galactopyranoside B-S9 (63 mg,
16%) in ca 80% purity (by '’F NMR) as a colorless syrup. The impurities were removed in the next step.

Data for 0-89: R;0.78 (EtOAc/PE 1:3). 'H NMR (CDCls, 400 MHz, 'H {°F}, H-H COSY): 8 7.51-7.49 (m, 2H,
CHarom), 7.37-7.26 (m, 8H, CHarom), 5.64 (dd, 1H, J = 5.6, 4.3 Hz, H-1), 5.08 (ddd, 1H, J = 50.8, 7.6, 2.7 Hz, H-4),
4.75 (dddd, 1H, J = 47.0, 25.2, 10.6, 2.7 Hz, H-3), 4.63-4.52 (m, 1H, H-5), 4.54 (s, 2H, CH> Bn), 4.41 (dddd, 1H, J
=10.6, 10.0, 5.6, 0.9 Hz, H-2), 3.76 (dd, 1H, J=9.7, 7.0 Hz, H-6), 3.64 (ddt, 1H, J=9.7, 6.3, 1.4 Hz, H-6"). 3C{'H}
NMR (CDCls, 101 MHz, HSQC): § 137.7 (Cy), 132.9 (2CHarom), 132.3 (Cy), 129.3, 128.6 (2 X 2CHarom), 128.4, 128.0
(2 X CHarom), 127.8 (2CHarom), 88.7 (dd, 1J = 192.9 Hz,2J = 17.7 Hz, C-3), 86.8 (d, 3/ = 7.3 Hz, C-1), 86.4 (dd, 'J =
186.3 Hz, 2/ = 16.1 Hz, C-4), 73.7 (CH, Bn), 68.9 (dd, 2/ = 18.2 Hz, 3J= 5.2 Hz, C-5), 67.4 (dd, >J = 5.3, 2.3 Hz, C-
6), 59.2 (d, 27 = 18.0 Hz, 3J = 1.8 Hz, C-2). °F NMR (CDCls, 376 MHz): —199.30 (m, F-3), ~219.17 (dddd, 2/ = 50.8
Hz, 3J = 29.0, 25.2, 15.1 Hz, F-4). HRMS-APCI (m/z): [M — N, + H]" caled for C1oHaoFaNO,S, 364.1177; found,
364.1176.

Data for B-S9: R;0.74 (EtOAc/PE 1:3). 'H NMR (CDCls, 400 MHz, 'H {!°F}, H-H COSY): & 7.59-7.57 (m, 2H,
CHaurom), 7.36-7.31 (m, 8H, CHarom), 4.99 (ddd, 1H, J=50.4, 7.3, 2.7 Hz, H-4), 4.57 (s, 2H, CH> Bn), 4.40 (dt, 1H, J
=10.1,0.9 Hz, H-1), 4.39 (dddd, 1H, J = 46.3, 26.7, 9.7, 2.7 Hz, H-3), 3.82-3.68 (m, 3H, H-2, 2H-6), 3.62 (dtd, 1H,
J=125.6, 6.7, 2.0 Hz, H-5). *C{'H} NMR (CDCls, 101 MHz, HSQC): & 137.6 (Cy), 133.7 (2CHarom), 130.8 (Cy),
129.3 (2CHaurom), 128.9 (CHarom), 128.7 (2CHarom), 128.1 (CHarom), 127.9 (2CHarom), 91.3 (dd, 1J = 195.2 Hz,2J = 18.2
Hz, C-3), 86.0 (d, 3/ = 6.5 Hz, C-1), 85.2 (dd, 'J = 185.8 Hz, 2/ = 16.4 Hz, C-4), 75.4 (dd, /= 18.3 Hz, *J = 5.5 Hz,
C-5), 73.9 (CH, Bn), 67.2 (dd, 3J = 4.9, 2.4 Hz, C-6), 60.4 (dd, 2/ = 18.4 Hz, 3J = 0.7 Hz, C-2). '°F NMR (CDCL,
376 MHz): —192.91 (dddd, 2/ = 46.3 Hz, *J = 16.5, 9.7, 7.3 Hz, F-3), ~220.27 (dddd, 2J = 50.4 Hz, 3J = 26.7, 25.6,
16.5 Hz, F-4). HRMS-APCI (m/z): [M — N, + H]* caled for C1sH0F2NO,S, 364.1177; found, 364.1176.

Thioglycoside S9 (285 mg, 0.73 mmol) was hydrolyzed according to the general procedure. Chromatography in
EtOAC/PE 1:4 afforded 38 (184 mg, 84% from S9; 71% over two steps) as a thick colorless gel, Rr0.33 (EtOAc/PE
1:3). NMR data for the a anomer: 'H NMR (CDCl;, 400 MHz, 'H {!°F}, H-H COSY): § 7.38-7.30 (m, 5H, CHarom),
5.37 (tt, 1H, J= 3.5, 2.8 Hz, H-1), 4.95 (ddd, 1H, J=51.4, 7.6, 2.8 Hz, H-4), 4.89 (dddd, 1H, J = 48.0, 25.6, 10.3,
2.8 Hz, H-3), 4.60, 4.54 (2 x d, 2 x 1H, J=11.8, CHH Bn), 4.22 (dddd, 1H, J = 29.6, 6.0, 5.8, 2.2 Hz, H-5), 3.84
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(ddd, 1H, J = 10.3, 3.5,1.2 Hz, H-2), 3.71-3.65 (m, 2H, H-6), 3.60 (dd, 1H, J = 3.5,1.2 Hz, OH). *C{'H} NMR
(CDCls, 101 MHz, HSQC): 8 137.3 (Cy), 128.7 (2CHurom), 128.3 (CHurom), 128.1 (2CHaurom), 92.6 (d, /= 9.1 Hz, C-
1), 87.3 (dd, 'J = 190.5 Hz,2J = 18.0 Hz, C-3), 86.9 (dd, 'J = 186.1 Hz, 2J = 16.5 Hz, C-4), 73.9 (CH. Bn), 68.1 (dd,
2J=22.0Hz, 3J=5.4 Hz, C-5), 68.0 (dd, °J = 5.5, 1.5 Hz, C-6), 58.9 (dd, 2/ = 17.3 Hz, °J = 2.2 Hz, C-2). ’F NMR
(CDCl3, 376 MHz): from '°F {'H} —203.96 (d, °J = 15.0 Hz, F-3), —221.28 (dddd, 2J = 51.4 Hz, 3*J=29.6, 25.6, 15.0
Hz, F-4). Resolved signals for the B-anomer:'H NMR (CDCl;, 400 MHz, 'H {"°F}, H-H COSY): § 7.38-7.30 (m,
5H, CHarom), 4.59, 4.54 (2 x d, 2 x 1H, J=10.9 Hz, CHH Bn), 4.50 (ddd, 1H, J= 7.4, 4.8 Hz, H-1), 4.24 (dddd, 1H,
J=1464,26.6,10.2, 2.8 Hz, H-3), 3.99 (d, 1H, J = 4.8 Hz, OH). 3.79-3.64 (m, 3H, H-2, 2H-6), 3.63 (dtd, 1H, J =
25.5, 6.5, 1.9 Hz, H-5). *C{'H} NMR (CDCls, 101 MHz, HSQC): 5 137.3 (Cy), 128.7, 128.1 (2 X 2CHurom), 95.9 (d,
37=10.3 Hz, C-1), 89.6 (dd, 'J = 193.6 Hz,2J = 18.0 Hz, C-3), 85.4 (dd, '/ = 186.4 Hz, 2J = 16.4 Hz, C-4), 73.9 (CH,
Bn), 71.6 (dd, 27 = 18.2 Hz, *J = 6.0 Hz, C-5), 67.5 (dd, *J = 5.1, 2.9 Hz, C-6), 62.9 (dd, 2/ = 17.5 Hz, *J = 0.7 Hz,
C-2). F NMR (CDCls, 376 MHz): —198.49 (dddd, >/ = 46.4 Hz, *J = 15.6, 12.6, 6.6 Hz, F-3), —218.98 (dddd, >/ =
51.3 Hz, 3J = 26.6, 25.5, 15.6 Hz, F-4). HRMS-APCI (m/2): [M — N, + H]" caled for C13HigFaNOs, 272.1092; found,
272.1095.

2-Acetamido-4,6-di-O-benzyl-2,3-dideoxy-3-fluoro-D-glucopyranose (39)

OBn OBn
AcSH, p
BnO/é&“ o, BnO/é&M
F F
N; OH AcHN OH
27 39

Compound 39 was prepared from 27 (258 mg, 0.67 mmol) according to the general procedure for azide/acetamide
conversion except for the reaction time (6.5 h). Chromatography in EtOAc gave 39 (149 mg, 55%) as white crystalline
material, mp 199-201 °C (EtOAc), R;0.24 (EtOAc). NMR data for the a-anomer: '"H NMR (MeOH-ds, 400 MHz,
'H{"F}, H-H COSY): 8 7.34-7.23 (m, 10H, CHaom), 5.12 (dd, 1H, J=3.9, 3.6 Hz, H-1),4.79 (dd, 1H, J=11.2, 1.1
Hz, CHH O-4Bn), 4.77 (ddd, 1H, J=52.4, 10.4, 8.4 Hz, H-3), 4.56 (d, 1H, J=12.0 Hz, CHH O-6Bn), 4.54 (d, 1H,
J=11.2 Hz, CHH O-4Bn), 4.47 (d, 1H, J = 12.0 Hz, CHH 0-6Bn), 4.13 (ddd, 1H, J=11.0, 10.4, 3.6 Hz, H-2), 3.99
(ddd, 1H, J=10.0, 4.4, 1.9 Hz, H-5), 3.73 (dd, 1H, J=10.8, 4.4 Hz, H-6"), from 'H{"°F} 3.71 (dd, 1H, J=10.0, 8.4
Hz, H-4),3.65 (dt, IH,J=10.8, 1.9 Hz, H-6), 2.00 (s, 3H, Me). *C{'H} NMR (MeOH-d4, 101 MHz, HSQC, HMBC):
0 173.5 (CO), 139.5, 139.4 (2 x Cy), 129.4, 129.3, 129.09, 129.06 (4 x 2CHarom), 128.8, 128.7 (2 x CHarom), 95.2 (d,
'J=183.1 Hz, C-3), 92.8 (d, °J = 9.8 Hz, C-1), 78.0 (d, 2J = 16.3 Hz, C-4), 75.5 (d, *J = 2.8 Hz, CH, O-4Bn), 74.4
(CH, 0-6Bn), 70.7 (d, *J = 8.3 Hz, C-5), 69.9 (d, *J= 1.2 Hz, C-6), 54.4 (d, °J = 16.5 Hz, C-2), 22.5 (Me). "F NMR
(MeOH-ds, 376 MHz): § —197.43 (dddd, 2J = 52.4 Hz, *J = 13.2, 11.0 Hz, *J = 3.9 Hz). Resolved signals for the B-
anomer: '"H NMR (MeOH-ds, 400 MHz, 'H{"°F}, H-H COSY, HSQC): & 4.63 (d, 1H, J = 8.4 Hz, H-1), 3.84 (ddd,
1H,J=12.1, 11.4, 8.4 Hz, H-2). Y’F NMR (MeOH-ds, 376 MHz): § —192.50 (dt, 2/ = 51.9 Hz, *J = 12.1 Hz). HRMS-
APCI (m/z): [M + H]" caled for C22H»7FNOs, 404.1867; found, 404.1868.
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2-Acetamido-4-0-benzyl-2,3,6-trideoxy-3,6-difluoro-D-glucopyranose (40)

F F
BnO (0] AcSH, pyridine BnO le)
F _ E
N3 'OH AcHN OH
22 40

Compound 40 was prepared from 22 (109 mg, 0.36 mmol) according to the general procedure for azide/acetamide
conversion. Chromatography in EtOAc/PE 1:1 — EtOAc afforded 40 (83 mg, 72%) as a white crystalline solid, mp
170-180 °C (dec, EtOAc/MeOH). R;0.33 (EtOAc). NMR data for the o-anomer: 'H NMR (MeOH-ds, 400 MHz, 'H
{"F}, H-H COSY): § 7.35-7.27 (m, 5H, CHarom), 5.11 (dd, 1H, J= 3.8, 3.6 Hz, H-1), 4.85 (d, 1H, J=11.2 Hz, CHH
Bn), 4.80 (ddd, 1H, J=53.4, 10.4, 8.3 Hz, H-3), 4.64 (d, 1H, J=11.2 Hz, CHH Bn), 4.62 (ddd, 1H, J=47.4, 10.3,
3.5 Hz, H-6"), 4.52 (dddd, 1H, J=48.7, 10.3, 1.9, 1.4 Hz, H-6), 4.12 (ddd, 1H, J= 11.0, 10.4, 3.6 Hz, H-2), 3.99
(dddd, 1H, J=28.3, 10.1, 3.5, 1.4 Hz, H-5), 3.68 (ddd, 1H, J = 13.7, 10.1, 8.3 Hz, H-4), 2.00 (s, 3H, Me). *C{'H}
NMR (MeOH-d4, 101 MHz, HSQC, HMBC): 6 173.6 (CO), 139.4 (Cy), 129.4, 129.1 (2 x 2CHarom), 128.9 (CHarom),
95.1 (dd, 'J = 183.0 Hz, *J= 0.7 Hz, C-3), 92.8 (d, *J = 9.7 Hz, C-1), 83.1 (dd, 'J = 172.3, *J = 1.3 Hz, C-6), 77.0
(dd,%J=16.7 Hz,*J=7.2 Hz, C-4), 75.6 (d, *J=2.9 Hz, CH, Bn), 70.4 (dd, >J = 18.3 Hz, *J = 8.7 Hz, C-5), 54.3 (d,
2J=16.7 Hz, C-2), 22.5 (Me). ’F NMR (MeOH-d4, 376 MHz): —197.68 (dddd, >J = 53.4 Hz, *J = 13.7, 11.0 Hz, *J
= 3.6 Hz, F-3), -237.04 (ddd, %J = 48.7, 47.4 Hz, J = 28.3 Hz, F-6). Resolved signals for the B-anomer: °F NMR
(MeOH-ds, 376 MHz): —192.51 (dt, 2J = 51.7 Hz, *J = 12.3 Hz, F-3), -236.49 (td, J = 47.8 Hz, *J = 25.8 Hz, F-6).
HRMS-APCI (m/z): [M + H]" calcd for CisH0F2NOs, 316.1355; found, 316.1350.

2-Acetamido-3,6-di-O-benzyl-2,4-dideoxy-4-fluoro-D-glucopyranose (41)

OBn OBn
F (0] AcSH, pyridine E (@]
BnO e —— BnO
N3 "OH AcHN OH
28 a1

Compound 41 was prepared from 28 (162 mg, 0.42 mmol) according to the general procedure for azide/acetamide
conversion. Chromatography in EtOAc/PE 3:1 — EtOAc afforded 41 (114 mg, 68%) as a white crystalline solid, mp
182185 °C (dec, EtOAc), R;0.29 (EtOAc). NMR data for the a-anomer: 'H NMR (MeOH-ds, 400 MHz, 'H {'°F},
H-H COSY): 6 7.35-7.24 (m, 10H, CHarom), 5.06 (dd, J = 3.5, 3.3 Hz, H-1), 4.82,4.64 (2 x d, 2 x 1H, J=11.5 Hg,
CHH 03-Bn), 4.61,4.56 (2 xd,2 x 1H,J=12.0 Hz, CHH O6-Bn), 4.51 (ddd, 1H, J=50.9, 10.0, 8.4 Hz, H-4), 4.17
(ddt, 1H, J=10.0, 4.5, 3.5 Hz, H-5), 4.06 (ddd, 1H, J=10.7, 3.5, 1.0 Hz, H-2), 3.93 (ddd, 1H, J = 14.6, 10.7, 8.4
Hz, H-3), 3.93-3.66 (m, 2H, H-6), 1.94 (s, 3H, Me). *C{'H} NMR (MeOH-ds, 101 MHz, HSQC, HMBC):  173.3
(CO), 139.9, 139.4 (2 x Cy), 129.3, 129.2, 128.8 (3 x 2CHarom), 128.7 (CHarom), 128.61 (2CHarom), 128.55 (CHarom),
92.6 (d,“J=1.6 Hz, C-1),92.2 (d, 'J=181.6 Hz, C-4), 79.2 (d, 2J = 17.4 Hz, C-3), 75.5 (d, *J= 2.3 Hz, CH, O-3Bn),
74.5 (CH, O-6Bn), 69.8 (C-6), 69.7 (d, 2J = 23.7 Hz, C-5), 54.3 (d, *J = 9.0 Hz, C-2), 22.6 (Me). ’F NMR (MeOH-
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ds, 376 MHz): 6 —196.54 (dd, 2J = 50.9 Hz,*J = 14.6, 4.5 Hz, °J = 3.3 Hz). Resolved signals for the B-anomer: 'H
NMR (MeOH-ds, 400 MHz, 'H {"°F}, H-H COSY): § 4.70 (d, 1H, J = 8.3 Hz, H-1), 1.891 (s, 3H, Me). *C{'H}
NMR (CDCls, 101 MHz, HSQC, HMBC): § 23.0 (Me). '°F NMR (CDCls, 376 MHz): § —198.67 (dd, °J = 50.8 Hz,
3J =15.0 Hz). HRMS-APCI (m/z): [M + H]" calcd for C22H27FNOs, 404.1867; found, 404.1880.

2-Acetamido-3-0-benzyl-2,4,6-trideoxy-4,6-difluoro-p-glucopyranose (42)

F F
F (e} AcSH, pyridine E [e)
BnO _— BnO
N3 'OH AcHN OH
23 42

Compound 42 was prepared from 23 (140 mg, 0.47 mmol) according to the general procedure for azide/acetamide
conversion. Chromatography in EtOAc/PE 1:1 — EtOAc afforded 42 (125 mg, 85%) as a white amorphous solid, Ry
0.45 (EtOAc). NMR data for the a-anomer: '"H NMR (MeOH-ds4, 400 MHz, 'H {F}, H-H COSY): § 7.32-7.30 (m,
5H, CHarom), 5.06 (t, 1H, J= 3.4 Hz, H-1), 4.83 (dd, 1H, J=11.5, 1.1 Hz, CHH Bn), 4.65 (d, 1H, J=11.5 Hz, CHH
Bn), 4.60 (dddd, 1H, J=47.2, 10.5, 3.9, 1.7 Hz, H-6"), 4.53 (ddt, 1H, J=48.1, 10.5, 1.9 Hz, H-6), 4.49 (ddd, 1H, J
=51.1,10.1, 8.3 Hz, H-4), 4.17 (ddddd, 1H, J = 26.5, 10.1, 4.1, 3.9, 1.9 Hz, H-5), 4.05 (dd, 1H, J=10.8, 3.4 Hz, H-
2), 3.96 (ddd, 1H, J = 14.5, 10.8, 8.2 Hz, H-3), 1.95 (s, 3H, Me). *C{'H} NMR (MeOH-ds, 101 MHz, HSQC): &
173.4 (CO), 139.9 (Cy), 129.3, 128.62 (2 x 2CHarom), 128.59 (CHarom), 92.6 (d, *J = 1.5 Hz, C-1),91.2 (dd, 'J = 182.0
Hz, 3J=7.4 Hz, C-4), 82.6 (d, 'J = 172.6 Hz, C-6), 79.1 (d, 2J = 17.2 Hz, C-3), 75.3 (d, *J = 2.2 Hz, CH, Bn), 69.3
(dd, 2J=23.8 Hz, 2J = 18.3 Hz, C-5), 54.2 (d, *J = 8.8 Hz, C-2), 22.6 (Me). ’F NMR (MeOH-ds, 376 MHz): —197.18
(dddd, 2J = 51.1 Hz,*J = 14.5, 4.1 Hz, °J = 3.4 Hz, F-4), — 238.37 (ddd, 2J = 48.1, 47.2 Hz,*J = 26.5 Hz, F-6).
Resolved signals for the B-anomer:'H NMR (MeOH-ds, 400 MHz, 'H {"F}, H-H COSY): 8 7.30-7.24 (m, 5H,
CHarom), 4.75 (d, 1H, J = 8.4 Hz, H-1), 3.84 (ddd, 1H, J= 15.3, 10.4, 8.7 Hz, H-3), 3.88-3.65 (m, 1H, H-5), 3.67
(ddd, 1H, J=10.4, 8.4, 0.9 Hz, H-2), 1.91 (s, 3H, Me). BC{'H} NMR (MeOH-ds, 101 MHz, HSQC): § 173.6 (CO),
139.7 (Cy), 129.3, 128.8 (2 * 2CHarom), 128.7 (CHarom), 96.6 (d, “J = 1.6 Hz, C-1), 82.4 (d, 'J = 173.1 Hz, C-6), 81.0
(d,’J=17.2 Hz, C-3), 75.6 (d, *J=2.2 Hz, CH> Bn), 57.5 (d, *J = 9.6 Hz, C-2), 23.0 (Me). '°F NMR (MeOH-ds4, 376
MHz): -199.40 (dd, *J = 50.8 Hz,*J = 15.3 Hz, F-4), -237.77 (td, 2J = 47.5 Hz,*J = 24.5 Hz, F-6). HRMS-APCI
(m/z): [M + H]" calcd for CisH20F2NO4, 316.1355; found, 316.1354.
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2-Acetamido-6-0-benzyl-2,3,4-trideoxy-3,4-difluoro-D-glucopyranose (43)

OBn OBn
F o AcSH, pyridine E o)
F _ > F
N3 OH AcHN ©OH
31 43

Compound 43 was prepared from 31 (120 mg, 0.40 mmol) according to the general procedure for azide/acetamide
conversion. Chromatography in EtOAc/PE 3:1 — EtOAc afforded 43 (105 mg, 83%) as a white crystalline solid, mp
192-195 °C (dec, EtOAc). R;0.37 (EtOAc). NMR data for the a-anomer: 'H NMR (MeOH-ds, 400 MHz, 'H {°F},
H-H COSY): & 7.36-7.26 (m, SH, CHarom), 5.12 (q, 1H, J= 3.4 Hz, H-1), 4.81 (dddd, 1H, J=54.2, 16.1, 10.4, 8.2
Hz, H-3), 5.61 (d, 1H, J = 12.0 Hz, CHH Bn), 4.58 (dddd, 1H, J=51.7, 15.1, 10.0, 8.2 Hz, H-4), 4.56 (d, 1H, J =
12.0 Hz, CHH Bn), 4.17-4.10 (m, 2H, H-2, H-5), 3.77-3.70 (m, 2H, H-6), 1.99 (s, 3H, Me). *C{'H} NMR (MeOH-
ds, 101 MHz, HSQC, HMBC): § 173.5 (CO), 139.4 (Cy), 129.4, 128.8 (2 X 2CHarom), 128.7 (CHarom), 92.7 (dd, 3J =
9.4 Hz, *J = 1.2 Hz, C-1), 90.4 (dd, 'J = 186.3 Hz,%2J = 19.3 Hz, C-3), 89.3 (dd, 'J = 183.2 Hz, 2/ = 17.9 Hz, C-4),
74.5 (CH; Bn), 69.5 (d, J = 1.3 Hz, C-6), 69.2 (dd, 2J = 23.2 Hz, *J = 6.6 Hz, C-5), 53.9 (dd, 2/ = 16.7 Hz, *J = 7.4
Hz, C-2), 22.5 (Me). '°F NMR MeOH-ds, 376 MHz): — 200.23 (ddddt, 2/ = 51.7 Hz, *J=16.1, 13.8, 5.4 Hz, >’ = 3.4
Hz, F-4),-201.68 (ddddd, 2/ = 54.2 Hz, *J=15.1, 13.8, 10.7 Hz, *J = 3.4 Hz, F-3). Resolved signals for the B-anomer:
'"H NMR (MeOH-ds, 400 MHz, 'H {¥F}, H-H COSY): 8 4.72 (d, 1H, J = 8.4 Hz, H-1), 3.86-3.78 (m, 1H, H-2),
3.69-3.64 (m, 1H, H-5), 2.01 (s, 3H, Me). BC{'H} NMR (MeOH-ds, 101 MHz, HSQC, HMBC): 4 173.8 (CO), 139.2
(Cy), 96.1 (dd, *J =10.2 Hz, “J= 1.3 Hz, C-1), 93.0 (dd, 'J = 186.6 Hz,%J = 19.0 Hz, C-3), 89.0 (dd, 'J=183.9 Hz,
2J=18.3 Hz, C-4), 74.6 (CH, Bn), 73.1 (dd, °J = 23.5 Hz, *J = 7.8 Hz, C-5), 57.0 (dd, 2J = 16.9 Hz, °J = 7.8 Hz, C-
2),22.8 (Me). F NMR (MeOH-ds4, 376 MHz): —196.48 (ddt, 2J = 52.3 Hz, *J = 13.6, 12.8 Hz, F-3), -202.19 (dddd,
2J=51.4Hz,3J =153, 13.6, 1.7 Hz, F-4). HRMS-APCI (m/z): [M + H]" calcd for CisH2F2NOs, 316.1355; found,
316.1348.

2-Acetamido-4,6-di-O-benzyl-2,3-dideoxy-3-fluoro-D-galactopyranose (44)

BnO OBn BnO OBn
(0] AcSH, pyridine 0
F _— E
N3 'OH AcHN OH
29 44

Compound 44 was prepared from 29 (225 mg, 0.58 mmol) according to the general procedure for azide/acetamide
conversion. Chromatography in EtOAc/PE 2:1 — EtOAc afforded 44 (178 mg, 76%) as a white crystalline solid, mp
181-183 °C (dec, EtOAc/MeOH). R/0.44 (EtOAc). NMR data for the o-anomer: 'H NMR (MeOH-ds, 400 MHz, 'H
{"F}, H-H COSY): § 7.33-7.25 (m, 10H, CHarom), 5.13 (dd, 1H, J= 5.0, 3.6 Hz, H-1), 4.87 (ddd, 1H, J=48.9, 10.8,
3.1 Hz, H-3), 4.82 (d, 1H, J = 11.3 Hz, CHH 0-4Bn), 4.59 (ddd, 1H, J=10.8, 9.0, 3.6 Hz, H-2), 4.51 (d, 1H, J =
11.3, CHH O-4Bn), 4.49,4.43 (2 x d, 2 x 1H, J=11.8, CHH O-6Bn), 4.22 (dddd, 1H, J= 6.8, 6.2, 2.2, 1.4 Hz, H-
5),4.09 (ddd, 1H,J=17.0, 3.1, 1.4 Hz, H-4), 3.60 (dd, 1H, J = 9.4, 6.8 Hz, H-6), 3.53 (ddd, 1H,J=9.4, 6.2, 1.4 Hz,
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H-6"), 1.99 (s, 3H, Me). *C{'H} NMR (MeOH-ds, 101 MHz, HSQC): § 173.7 (CO), 139.8, 139.4 (2 x Cy), 129.4,
129.3,129.2, 129.0 (4 x 2CHarom), 128.8, 128.7 (2 x CHarom), 93.3 (d, *J=9.5 Hz, C-1),91.5 (d, '/ =187.0 Hz, C-3),
76.2 (d,%J = 15.2 Hz, C-4), 75.9 (d, *J = 4.0 Hz, CH, O-4Bn), 74.4 (CH, O-6Bn), 70.0 (d, *J = 2.5 Hz, C-6), 69.6 (d,
3J=17.1Hz, C-5),51.0 (d, %] = 17.2 Hz, C-2), 22.6 (Me). '°F NMR (MeOH-ds, 376 MHz): —202.91 (dddd, /= 48.9
Hz, *J=9.0, 7.0 Hz, *J= 5.0 Hz). HRMS-APCI (m/z): [M + H]" calcd for C2,H»7FNOs, 404.1867; found, 404.1861.
NMR signals of the B-anomer could not be observed in intensity sufficient for characterization within 12 h after

sample preparation.

2-Acetamido-4-0-benzyl-2,3,6-trideoxy-3,6-difluoro-D-galactopyranose (45)

BnO _F BnO _F
(0] AcSH, pyridine 0
F _ E
N3 'OH AcHN OH
24 45

Compound 45 was prepared from 24 (98 mg, 0.33 mmol) according to the general procedure for azide/acetamide
conversion. Chromatography in EtOAc/PE 2:1 — EtOAc afforded 45 (73 mg, 71%) as a white crystalline solid, mp
182183 °C (dec, EtOAc). R;0.35 (EtOAc). NMR data for the a-anomer: 'H NMR (MeOH-ds, 400 MHz, 'H {!°F},
H-H COSY): 6 7.37-7.28 (m, 5SH, CHarom), 5.16 (dd, 1H, J=4.9, 3.6 Hz, H-1), 4.89 (ddd, 1H, J=50.6, 10.9, 3.1 Hz,
H-3), 4.85 (d, 1H, J=11.3 Hz, CHH Bn), 4.60 (ddd, 1H, J=10.9, 8.9, 3.6 Hz, H-2), 4.54 (d, 1H, J=11.3 Hz, CHH
Bn), 4.51-4.37 (m, 2H, H-6), 4.29 (ddddd, 1H, J = 13.0, 6.8, 5.2, 2.1, 1.4 Hz, H-5), 4.12 (ddd, 1H, J = 6.8, 3.1,
1.4 Hz, H-4), 2.00 (s, 3H, Me). *C{'H} NMR (MeOH-ds, 101 MHz, HSQC): § 173.7 (CO), 139.6 (C,), 129.4, 129.3
(2 x 2CHarom), 128.9 (CHarom), 93.4 (d, °J = 9.4 Hz, C-1), 91.3 (dd, 'J = 187.0 Hz, “J= 1.4 Hz, C-3), 83.5 (dd, 'J =
167.3,*J= 3.1 Hz, C-6), 75.9 (d, *J = 4.3 Hz, CH> Bn), 75.8 (dd, >J = 15.3 Hz, °J = 6.5 Hz, C-4), 69.6 (dd, 2/ = 23.3
Hz, 3J = 7.4 Hz, C-5), 50.8 (d, 2J = 17.1 Hz, C-2), 22.6 (Me). 'F NMR (MeOH-ds, 376 MHz): —203.45 (ddddd, %/ =
50.6 Hz, 3J=8.9, 6.8 Hz, *J = 4.9, 2.1 Hz, F-3), -233.00 (tdd, 2/ = 47.3 Hz, >J = 13.0 Hz, *J = 2.3 Hz, F-6). Resolved
signals for the B-anomer: "H NMR (MeOH-ds, 400 MHz, 'H {"°F}, H-H COSY): § from 'H {"°F} 4.72 (dd, 1H, J=
10.7, 3.1 Hz, H-3), 4.64 (d, 1H, J = 7.4 Hz, H-1), 4.06 (ddd, 1H, J= 5.2, 3.1, 2.7 Hz, H-4). *C{'H} NMR (MeOH-
ds, 101 MHz, HSQC): § 96.6 (d, °>J = 10.4 Hz, C-1), 54.5 (d, 2J = 17.5 Hz, C-2), 22.9 (Me). '°F NMR (MeOH-d,, 376
MHz): —199.00 (m, F-3), —232.74 (m, F-6). HRMS-APCI (m/z): [M + H]" calcd for CisH20F2NOs, 316.1355; found,
316.1353.
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2-Acetamido-3,6-di-O-benzyl-2,4-dideoxy-4-fluoro-D-galactopyranose (46)

F_OBn F _OBn

o AcSH, pyridine 0
BnO - BnO
Nz 'OH AcHN OH
30 46

Compound 46 was prepared from 30 (185 mg, 0.48 mmol) according to the general procedure for azide/acetamide
conversion. Chromatography in EtOAc/PE 2:1 — EtOAc afforded 46 (162 mg, 84%) as a white crystalline solid, mp
215-217 °C (dec, EtOAc/MeOH). R;0.34 (EtOAc). NMR data for the a-anomer: 'H NMR (MeOH-d4, 400 MHz, 'H
{F}, H-H COSY): 6 7.36-7.25 (m, 10H, CHarom), 5.12 (d, 1H, J = 3.5 Hz, H-1), 4.95 (dd, 1H, J = 50.8, 2.5 Hz, H-
4),4.72,4.58 (2 xd,2 x 1H, J=11.8 Hz, CHH Bn), 4.55 (s, 2H, CH> Bn), 4.35 (dd, 1H, J=11.1, 3.5 Hz, H-2), 4.21
(ddd, 1H, J=29.7, 6.7, 6.5 Hz, H-5), 3.86 (ddd, 1H, J=26.2, 11.1, 2.5 Hz, H-3), 3.69 (dd, 1H, /= 9.7, 6.7 Hz, H-
6'),3.60 (ddd, 1H,J=9.7, 6.5, 1.4 Hz, H-6), 1.96 (s, 3H, Me). *C{'H} NMR (MeOH-d4, 101 MHz, HSQC, HMBC):
0 173.5 (CO), 139.7, 139.4 (2 x Cy), 129.4, 129.3, 128.9 (3 x 2CHarom), 128.8 (CHarom), 128.74 (2CHarom), 128.70
(CHarom), 93.0 (C-1), 87.4 (d, 'J = 182.3 Hz, C-4), 75.6 (d, >J = 18.4 Hz, C-3), 74.4 (CH, 0-6Bn), 72.5 (CH, O-3Bn),
69.6 (d, *J = 5.6 Hz, C-6), 68.9 (d, 2J = 18.0 Hz, C-5), 50.8 (d, *J = 2.7 Hz, C-2), 22.7 (Me). ’F NMR (MeOH-d.,
376 MHz): 6 —223.37 (ddd, %J = 50.8 Hz,*J = 29.7, 26.2 Hz). Resolved signals for the -anomer: 'H NMR (MeOH-
ds, 400 MHz, 'H {"F}, H-H COSY): & from 'H {*°F} 4.91 (d, 1H, J = 2.6 Hz, H-4), 4.71 (d, 1H, J= 11.8 Hz, CHH
Bn), 4.55 (s, 2H, CH;, Bn), 4.69 (dd, 1H, J= 7.9, 1.0 Hz, H-1), 3.88 (dd, 1H, J = 11.0, 7.9 Hz, H-2), 3.77-3.65 (m,
2H, H-3, H-5), 1.94 (s, 3H, Me). “C{'H} NMR (MeOH-d4, 101 MHz, HSQC, HMBC): § 173.8 (CO), 96.8 (C-1),
86.3 (d, 'J=182.9 Hz, C-4), 78.4 (d, ’J = 17.8 Hz, C-3), 74.5 (CH, O-6Bn), 73.4 (d, 2J = 17.9 Hz, C-5), 72.5 (CH
0-3Bn), 69.4 (d, *J = 5.1 Hz, C-6), 54.8 (d, *J = 1.6 Hz, C-2), 23.0 (Me). '’F NMR (MeOH-ds, 376 MHz): § —221.09
(dt, 2J=52.0 Hz,*J = 26.5 Hz). HRMS-APCI (m/z): [M + H]" calcd for C,,H27;FNOs, 404.1867; found, 404.1862.

2-Acetamido-3-0-benzyl-2,4,6-trideoxy-4,6-difluoro-D-galactopyranose (47)

FF F_F
(e} AcSH, pyridine (o)
BnO _— BnO
N3 "OH AcHN OH
25 47

Compound 47 was prepared from 25 (74 mg, 0.25 mmol) according to the general procedure for azide/acetamide
conversion. Chromatography in EtOAc/PE 2:1 — EtOAc afforded 47 (62 mg, 80%) as a white crystalline solid, mp
205-206 °C (dec, EtOAc/EtOH), R;0.52 (EtOAc). NMR data for the ai-anomer: '"H NMR (MeOH-d4, 400 MHz, 'H
{¥F}, H-H COSY): 8 7.36-7.24 (m, 5H, CHarom), 5.15 (d, 1H, J = 3.4 Hz, H-1), 4.99 (dd, 1H, J= 51.2, 2.5 Hz, H-
4),4.73 (d, 1H, J = 11.6 Hz, CHH Bn), 4.59 (ddd, 1H, J = 46.3, 9.4, 5.6 Hz, H-6"), 4.58 (d, 1H, J = 11.6 Hz, CHH
Bn), 4.49 (dddd, 1H, J=47.1,9.4, 6.7, 1.2 Hz, H-6), 4.37 (dd, 1H, J=11.1, 3.4 Hz, H-2), 4.31 (dddd, 1H, J=30.1,
12.7, 6.7, 5.6 Hz, H-5), 3.89 (ddd, 1H, J=27.9, 11.1, 2.5 Hz, H-3), 1.96 (s, 3H, Me). *C{'H} NMR (MeOH-d4, 101
MHz, HSQC): 6 173.5 (CO), 139.5 (Cy), 129.3 (2CHarom), 128.69 (CHarom), 128.68 (2CHarom), 93.0 (C-1), 87.0 (dd,
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J=181.9 Hz, *J = 5.9 Hz, C-4), 82.7 (dd, 'J = 168.3 Hz, 3J = 6.3 Hz, C-6), 75.3 (dd, 2J = 18.1 Hz, “*J = 0.9 Hz, C-
3), 72.4 (CH2 Bn), 68.8 (dd, 2J=23.2 Hz, 2J = 17.8 Hz, C-5), 50.6 (d, *J=2.7 Hz, C-2), 22.7 (Me). ’F NMR (MeOH-
ds, 376 MHz): —223.13 (ddd, 2/ = 51.2 Hz,*J = 30.1, 27.9 Hz, F-4), -234.00 (ddd, J = 47.1, 46.3 Hz,*J = 12.7 Hz,
F-6). Resolved signals for the B-anomer: 'H NMR (MeOH-ds, 400 MHz, 'H {!°F}, H-H COSY): § 7.36-7.24 (m, 5H,
CHarom), 4.94 (dd, 1H, J=50.8, 2.5 Hz, H-4), 3.95-3.83 (m, 2H, H-2, H-5), 3.76 (ddd, 1H, J=27.8, 11.0, 2.5 Hz, H-
3), 1.94 (s, 3H, Me). *C{'H} NMR (MeOH-ds, 101 MHz, HSQC): § 173.8 (CO), 139.4 (Cy), 129.4 (2CHarom), 128.8
(CHarom), 128.7 (2CHarom), 96.7 (C-1), 85.9 (dd, 'J = 182.8 Hz, *J = 5.9 Hz, C-4), 82.4 (dd, 'J = 169.2 Hz, °J = 6.2
Hz, C-6), 78.1 (d, 2J = 18.0 Hz, C-3), 73.1 (dd, 2J = 22.8 Hz, 2J = 17.7 Hz, C-5), 72.6 (CH, Bn), 54.7 (d, *J = 1.7 Hz,
C-2), 23.0 (Me). 'F NMR (MeOH-ds, 376 MHz): —220.96 (dt, 2J = 50.8 Hz,*J = 27.8 Hz, F-4), -233.70 (td, 2J =
46.9 Hz,3J = 11.7 Hz, F-6). HRMS-APCI (m/z): [M + H]" caled for CisH20F2NOs, 316.1355; found, 316.1354.

2-Acetamido-6-0-benzyl-2,3,4-trideoxy-3,4-difluoro-D-galactopyranose (48)

F_-OBn F _OBn
(0] AcSH, pyridine 0
F - > F
N; "OH AcHN OH
38 48

Compound 48 was prepared from 38 (160 mg, 0.53 mmol) according to the general procedure for azide/acetamide
conversion. Chromatography in EtOAc/PE 2:1 — EtOAc afforded 48 (105 mg, 62%) as a white crystalline solid, mp
207-208 °C (dec, EtOAc). R;0.29 (EtOAc). NMR data for the a-anomer: 'H NMR (MeOH-ds, 400 MHz, 'H {!°F},
H-H COSY): 6 7.35-7.25 (m, 5H, CHarom), 5.16 (dd, 1H, J= 5.3, 3.5 Hz, H-1), 5.00 (ddd, 1H, J=51.7, 8.1, 2.7 Hz,
H-4), 4.81 (dddd, 1H, J = 47.5, 26.8, 10.8, 2.7 Hz, H-3), 4.58, 4.54 (2 x d, 2 x 1H, J=12.2, CHH Bn), 4.43 (ddd,
1H, J=10.8, 9.1, 3.5 Hz, H-2), 4.25 (dddd, 1H, J=29.0, 6.5, 6.5, 1.8, 0.9 Hz, H-5), 3.71 (dd, 1H, J=9.7, 6.8 Hz,
H-6), 3.71 (dddd, 1H,J=9.7, 6.5, 1.8, 0.9 Hz, H-6"), 1.99 (s, 3H, Me). *C{'H} NMR (MeOH-ds, 101 MHz, HSQC,
HMBC): § 173.6 (CO), 139.3 (Cy), 129.4, 128.9 (2 x 2CHarom), 128.8 (CHarom), 93.2 (d, °J=9.2 Hz, C-1), 88.17 (dd,
1J=183.3 Hz,%J=20.0 Hz, C-3/4), 88.16 (dd, 'J = 188.8 Hz, 2J = 18.3 Hz, C-3/4), 74.4 (CH, Bn), 69.1 (dd, *J = 5.6,
2.4 Hz, C-6), 68.6 (dd, 2J=18.0 Hz, >*J = 5.5 Hz, C-5), 50.5 (dd, 2J = 17.4 Hz, *J = 2.6 Hz, C-2), 22.5 (Me). ’F NMR
(MeOH-ds, 376 MHz): from °F {H} —206.55 (d, 3J = 15.0 Hz, F-3), —224.59 (dddd, 2/ = 51.7 Hz, J = 29.0, 26.7,
15.0 Hz, F-4). Resolved signals for the B-anomer:'H NMR (MeOH-ds, 400 MHz, 'H {"°F}, H-H COSY): & 4.69 (dd,
1H, J=8.3, 1.2 Hz, H-1). BC{'H} NMR (MeOH-ds, 101 MHz, HSQC, HMBC): § 96.3 (d, *J = 10.7 Hz, C-1), 22.9
(Me). F {'H} NMR (MeOH-ds, 376 MHz): —200.80 (d, 3J = 15.1 Hz, F-3), —220.84 (d, *J = 15.1 Hz, F-4). HRMS-
APCI (m/z): [M + H]" caled for CisHa0F2NOs, 316.1355; found, 316.1349.
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2-Acetamido-2,3,4,6-tetradeoxy-3,4,6-trifluoro-D-glucopyranose (49)

F F
E (@] AcSH, pyridine E 0]
F - F
N3 ‘OH AcHN OH
26 49

Compound 49 was prepared from 26 (180 mg, 0.85 mmol) according to the general procedure for azide/acetamide
conversion. Chromatography in EtOAc/PE 1:1 — EtOAc afforded 49 (144 mg, 74%) as a white crystalline solid, mp
175-177 °C (dec, sub >160 °C, EtOAc/MTBE), R;0.40 (EtOAc). NMR data for the ai-anomer: 'H NMR (MeOH-ds,
400 MHz, 'H {"F}, H-H COSY): 8 5.12 (q, 1H, J = 3.6 Hz, H-1), 4.84 (dddd, 1H, J = 54.0, 16.4, 10.4, 8.3 Hz, H-
3), 4.72-4.50 (m, 2H, H-6), from 'H {!°F} 4.58 (dd, 1H, J = 10.0, 8.3 Hz, H-4), 4.21-4.10 (m, 1H, H-5), 4.13 (ddd,
1H, J=11.1, 10.4, 3.6 Hz, H-2), 2.00 (s, 3H, Me). *C{'H} NMR (MeOH-ds, 101 MHz, HSQC, HMBC): 6 173.6
(CO), 92.7 (dd, *J = 9.5 Hz,*J = 1.5 Hz, C-1), 91.5 (ddd, 'J = 185.0 Hz,%J = 18.7 Hz, *J = 0.9 Hz, C-3), 88.3 (ddd,
1J=183.7 Hz,2J = 18.3 Hz, J = 8.1 Hz, C-4), 82.4 (d, 'J = 173.4 Hz, C-6), 68.8 (ddd, 2J = 23.2,2J=18.5, Hz, *J =
7.0 Hz, C-5), 53.9 (dd, 27 = 16.6 Hz, °J = 7.3 Hz, C-2), 22.4 (Me). "’F NMR (MeOH-ds4, 376 MHz): —200.72 (ddddd,
2J=152.6 Hz,*J=16.8, 13.3, 3.6 Hz, °J = 3.6 Hz, F-4), -201.81 (ddddd, 2/ = 54.0 Hz, *J = 14.2, 13.3, 11.1 Hz, *J =
3.6 Hz, F-3), -238.52 (td, 2J = 47.7 Hz, °J = 26.7 Hz, F-6). HRMS-APCI (m/z): [M + H]" calcd for CsHi3F3NOs3,
228.0842; found, 228.0846. NMR signals of the P-anomer could not be observed in intensity sufficient for

characterization within 12 h after sample preparation.

2-Acetamido-2,3,4,6-tetradeoxy-3,4,6-trifluoro-D-galactopyranose (50)

FF F_F
(o) AcSH, pyridine [e]
F _ F
N3 "OH AcHN OH
36 50

Compound 50 was prepared from 36 (110 mg, 0.52 mmol) according to the general procedure for azide/acetamide
conversion. Chromatography in EtOAc/PE 2:1 — EtOAc afforded 50 (101 mg, 85%) as a white crystalline solid, mp
180-205 °C (dec, EtOAc/EtOH), R,0.42 (EtOAc). NMR data for the a-anomer: '"H NMR (MeOH-ds, 400 MHz, 'H
{¥F}, H-H COSY): 6 5.19 (dd, 1H,J=3.5, 5.3 Hz, H-1), 5.03 (ddd, 1H, J=52.5, 8.2, 2.8 Hz, H-4), 4.84 (dddd, 1H,
J=473,26.7, 11.0, 2.8 Hz, H-3), 4.61 (ddd, 1H, J=46.2, 9.4, 5.6 Hz, H-6"), 4.61 (ddddd, 1H, J=47.1, 94, 6.6,
1.4, 1.1 Hz, H-6), from 'H {!°F} 4.44 (dd, 1H, J=11.0, 3.5 Hz, H-2), 4.35 (ddddd, 1H, J=29.3, 13.0, 6.6, 5.6, 1.6
Hz, H-5), 2.00 (s, 3H, Me). *C{'H} NMR (MeOH-ds, 101 MHz, HSQC, HMBC): § 173.7 (CO), 93.2 (d, 3/ =9.3
Hz, C-1), 87.9 (ddd, 'J = 189.9 Hz,%J = 18.2 Hz, *J = 1.2 Hz, C-3), 87.87 (ddd, 'J = 182.0 Hz, 2J = 16.5 Hz, °*J = 6.6
Hz, C-4), 82.4 (ddd, 'J=168.5 Hz, *J = 6.3 Hz, “*J = 2.8 Hz, C-6), 68.4 (ddd, >J=23.5Hz, %2/ = 17.6 Hz,*J= 5.7 Hz,
C-5), 50.4 (dd, 2J = 17.3 Hz, °J = 2.6 Hz, C-2), 22.5 (Me). '°F NMR (MeOH-ds, 376 MHz): —207.09 (dddddd, %J =
47.3 Hz, *J = 14.4, 10.0, 8.2 Hz, *J = 5.3 Hz, °J = 1.8 Hz, F-3), — 224.30 (dddd, 2/ = 52.5 Hz, 3J = 29.3, 26.7, 14.4
Hz, F-4), -234.38 (dddd, 2J = 47.1, 46.2 Hz, *J = 13.0 Hz, °J = 1.8 Hz, F-6). Resolved signals for the B-anomer: 'H
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NMR (MeOH-ds, 400 MHz, 'H {"°F}, H-H COSY): & 4.73 (dd, 1H, J = 8.6, 1.0 Hz, H-1), 4.05 (ddd, 1H, J=11.2,
11.0, 8.6 Hz, H-2), 3.93 (ddtd, 1H, J=25.5, 11.8, 6.4, 2.0 Hz, H-5). *C{'H} NMR (MeOH-ds, 101 MHz, HSQC,
HMBC): § 174.0 (CO), 96.3 (d, 3J = 10.4 Hz, C-1), 82.1 (ddd, 'J = 169.4 Hz, *J = 5.8 Hz, *J = 2.3 Hz, C-6), 72.0
(ddd, 2/=23.2 Hz, 2J = 17.5 Hz, 3J = 6.0 Hz, C-5), 54.2 (dd, 2J = 17.4 Hz, *J = 1.9 Hz, C-2), 22.9 (Me). °F NMR
(MeOH-ds, 376 MHz): —202.55 (dddt, 2/=46.3 Hz, J = 14.5, 8.6 Hz, /= 1.8 Hz, F-3), — 221.98 (dddd, 2/ = 52.6 Hz,
37=28.1,25.5, 14.5 Hz, F-4), -234.15 (tdd, 2J = 46.5 Hz, >J = 11.8 Hz, 5/ = 1.8 Hz, F-6). HRMS-APCI (m/2): [M +
H]" caled for CsHi3FsNOs, 228.0842; found, 228.0846.

2-Acetamido-2,3-dideoxy-3-fluoro-D-glucopyranose (51)

OBn OH

- Fé&% Hy PUIC, MeOH &&H
AcHN OH AcHN “OH
39 51

Compound 39 (134 mg, 0.33 mmol) was hydrogenated overnight according to general procedure for debenzylation
using palladium on carbon (70 mg) in methanol (9 mL) to afford white crystalline material that was purified by
recrystallization to give 51 [4] (50 mg, 68%), mp 178—180 °C (EtOH/MTBE), R, 0.35 (EtOAc/MeOH 5:1). NMR
data for the a-anomer: 'H NMR (MeOH-ds, 400 MHz, 'H{"’F}, H-H COSY, HSQC): 4 5.12 (dd, 1H, J= 3.8, 3.6 Hz,
H-1),4.57 (ddd, 1H, J=53.8, 10.4, 8.5 Hz, H-3), 4.06 (ddd, 1H, J=10.5, 10.4, 3.6 Hz, H-2), 3.84-3.78 (m, 2H, H-
5,H-6"),3.74 (dd, 1H, J = 12.0, 5.1 Hz, H-6), 3.65 (ddd, 1H, J = 15.0, 9.8, 8.5 Hz, H-4), 1.99 (s, 3H, Me). *C{'H}
NMR (MeOH-ds, 101 MHz, HSQC): 8 173.5 (CO), 94.2 (d, 'J = 182.3 Hz, C-3), 92.9 (d, *J = 9.8 Hz, C-1), 72.6 (d,
3J=1.1 Hz, C-5),70.3 (d, 2J = 17.5 Hz, C-4), 62.3 (d, *J = 1.4 Hz, C-6), 54.3 (d, °J = 16.4 Hz, C-2), 22.5 (Me). "°F
NMR (MeOH-ds, 376 MHz): § —201.21 (ddddd, 2/ = 53.8 Hz, *J = 15.0, 10.5 Hz, /= 3.8, 1.1 Hz). Resolved signals
for the B-anomer: 4.63 (d, 1H, J = 8.4 Hz, H-1), 4.34 (ddd, 1H, J=52.1, 10.2, 8.6 Hz, H-3), 3.87 (dt, 1H, J = 12.0,
1.6 Hz, H-6), 3.59 (ddd, 1H, J = 12.9, 9.7, 8.6 Hz, H-4), 3.28 (dddd, 1H, J =9.7, 5.5, 2.3, 1.2 Hz, H-5). *C{'H}
NMR (MeOH-ds, 101 MHz, HSQC): 8 173.8 (CO), 96.3 (d, *J=10.6 Hz, C-1), 95.9 (d, 'J = 184.7 Hz, C-3), 76.8 (d,
3J = 8.1 Hz, C-5), 70.1 (d, 2J = 17.6 Hz, C-4), 62.4 (d, *J = 2.0 Hz, C-6), 57.1 (d, 2J = 17.1 Hz, C-2), 22.8 (Me).
F NMR (MeOH-d4, 376 MHz): & —196.02 (dt, 2J = 52.1 Hz, 3J = 12.9 Hz Hz). HRMS-APCI (m/z): [M+ H]" calcd
for CsHisFNOs, 224.0929; found, 224.0927.
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2-Acetamido-2,3,6-trideoxy-3,6-difluoro-D-glucopyranose (52)

F F

BnO - O H2, Pd/C, MeOH HO - o)
AcHN "OH AcHN OH
40 52

Compound 40 (85 mg, 0.27 mmol) was hydrogenated for 2 days according to general procedure for debenzylation
using palladium on carbon (40 mg) in methanol (5 mL) to afford the product 52 (58 mg, 94%) as a white crystalline
solid, mp 208-210 °C (EtOH), R;0.17 (EtOAc). NMR signals of the a-anomer: '"H NMR (MeOH-ds, 400 MHz, 'H
{¥F}, H-H COSY): 6 5.12 (dd, 1H, J= 3.8, 3.6 Hz, H-1), 4.66 (ddd, 1H, J=47.5, 10.2, 4.0 Hz, H-6"), from 'H {"°F-
3} 4.58 (dd, 1H, J = 10.5, 8.5 Hz, H-3), from 'H {!F-6} 4.56 (ddd, 1H, J=10.2, 1.6, 1.4 Hz, H-6), 4.06 (ddd, 1H, J
=10.6, 10.5, 3.6 Hz, H-2), 3.94 (dddd, 1H, J=26.7, 10.2, 4.0, 1.6 Hz, H-5), 3.66 (ddd, 1H, J=14.7, 10.2, 8.5 Hz,
H-4), 1.99 (s, 3H, Me). BC{'H} NMR (MeOH-ds, 101 MHz, HSQC): § 173.5 (CO), 94.0 (dd, 'J=182.6 Hz,*/=0.9
Hz, C-3), 92.9 (d, *J = 9.8 Hz, C-1), 83.1 (dd, 'J=171.8, *J = 1.6 Hz, C-6), 71.4 (dd, 2J = 18.0 Hz, *J = 7.8 Hz, C-
5), 69.3 (dd, 2J=18.2 Hz, *J = 7.6 Hz, C-4), 54.2 (d, 2J = 16.5 Hz, C-2), 22.5 (Me). '°F NMR (MeOH-d4, 376 MHz):
~201.24 (dddd, 2J = 53.4 Hz, >J = 14.7, 10.6 Hz, *J = 3.8 Hz, F-3), -238.19 (ddd, 2J = 48.6, 47.5 Hz, *J = 26.7 Hz, F-
6). HRMS-APCI (m/z): [M + H]" calcd for CsH4F2NO4, 226.0885; found, 226.0884. NMR signals of the B-anomer

could not be observed in intensity sufficient for characterization within 12 h after sample preparation.

2-Acetamido-2,4-dideoxy-4-fluoro-D-glucopyranose (53)

OBn OH
g: o) H,, Pd/C, MeOH . o
nO OH
AcHN OH AcHN OH
a1 53

Compound 41 (58 mg, 0.14 mmol) was hydrogenated overnight according to general procedure for debenzylation
using palladium on carbon (60 mg) in methanol (5 mL) to afford the known product 53 [5] (30 mg, 93%) as a
yellowish crystalline solid, mp 183-185°C (dec, EtOH/EtOAc, ref 5 gives 176-180 °C (dec)), Ry 0.23
(EtOAc/MeOH 5:1). NMR data for the a-anomer: 'H NMR (MeOH-ds, 400 MHz, 'H {¥F}, H-H COSY): § 5.09
(dd, 1H, J = 3.3, 3.1 Hz, H-1), 4.30 (ddd, 1H, J = 50.9, 9.9, 8.2 Hz, H-4), 4.00-3.92 (m, 1H, H-5), from 'H {'°F}
3.96 (dd, 1H, J=10.7, 8.2 Hz, H-3), 3.88 (dd, 1H, J=10.7, 3.3 Hz, H-2), 3.84-3.67 (m, 2H, H-6), 1.99 (s, 3H, Me).
BC{'H} NMR (MeOH-d4, 101 MHz, HSQC): § 173.7 (CO), 92.4 (d, *J= 1.5 Hz, C-1), 91.5 (d, 'J = 180.0 Hz, C-4),
70.60 (d, 2J = 19.0 Hz, C-3), 70.58 (d, 2J = 23.8 Hz, C-5), 61.8 (C-6), 55.5 (d, *J = 8.2 Hz, C-2), 22.6 (Me). '’F NMR
(MeOH-ds, 376 MHz): § —199.79 (m). Resolved signals for the B-anomer: 'H NMR (MeOH-ds, 400 MHz, 'H {°F},
H-H COSY): 6 4.65 (d, 1H, J= 8.3 Hz, H-1), 4.27 (ddd, 1H, J=50.8, 9.9, 8.5 Hz, H-4), 3.84-3.67 (m, 3H, H-3, 2H-
6), 3.61 (dd, 1H, J=10.6, 8.3 Hz, H-2), 3.47 (ddt, 1H, J=9.9, 5.2, 2.5 Hz, H-5), 1.99 (s, 3H, Me). *C{'H} NMR
(MeOH-ds, 101 MHz, HSQC): § 174.1 (CO), 96.9 (d, “J = 1.4 Hz, C-1), 91.1 (d, 'J = 180.9 Hz, C-4), 75.4 (d, %] =
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24.2 Hz, C-5), 73.6 (d, 2J = 18.6 Hz, C-3), 61.9 (C-6), 58.6 (d, J = 8.6 Hz, C-2), 22.9 (Me). F NMR (MecOH-ds,
376 MHz): § —201.87 (ddd, 2/ = 50.8 Hz,3J = 15.6, 2.5 Hz).

2-Acetamido-2,4,6-trideoxy-4,6-difluoro-D-glucopyranose (54)

F F
O H2, Pd/C, MeOH lo)
EI,:nO 'I:-IO

AcHN "OH AcHN OH
42 54
Compound 42 (90 mg, 0.29 mmol) was hydrogenated overnight according to general procedure for debenzylation
using palladium on carbon (80 mg) in methanol (6 mL) to afford the product 54 (64 mg, 100%) as a white crystalline
solid, mp 206-209 °C (dec, EtOH/EtOAc). R 0.10 (EtOAc). NMR signals of the a-anomer: 'H NMR (MeOH-d.,
400 MHz, 'H {°F}, H-H COSY): 8 5.09 (t, 1H, J= 3.3 Hz, H-1), 4.61 (dddd, 1H, J=47.5,10.4, 3.9, 1.7 Hz, H-6"),
4.55 (dddd, 1H, J=48.1, 10.4, 1.8, 1.4 Hz, H-6), 4.29 (ddd, 1H, J=50.6, 10.1, 8.3 Hz, H-4), 4.11 (ddddd, 1H, J =
26.6, 10.1, 4.1, 3.9, 1.8 Hz, H-5), 3.97 (ddd, 1H, J = 14.8, 10.8, 8.3 Hz, H-3), 3.89 (dd, 1H, J=10.8, 3.3 Hz, H-2),
1.99 (s, 3H, Me). BC{'H} NMR (MeOH-ds, 101 MHz, HSQC): § 173.7 (CO), 92.5 (d, *J = 1.5 Hz, C-1), 90.6 (dd,
1J=181.2 Hz, 3J = 7.4 Hz, C-4), 82.7 (d, 'J = 172.5 Hz, C-6), 70.5 (d, 2J = 18.5 Hz, C-3), 69.2 (dd, 2/ = 23.7 Hz, %J
=18.2 Hz, C-5),55.3 (d, *J = 8.0 Hz, C-2), 22.6 (Me). '°F NMR (MeOH-ds, 376 MHz): —199.99 (dddd, 2/ = 50.6 Hz,
3J=14.8,4.1 Hz, °J = 3.3 Hz, F-4), -238.52 (ddd, %J = 48.1, 47.5 Hz,*J = 26.6 Hz, F-6). HRMS-APCI (m/z): [M +
H]* caled for CsH4F2NOs, 226.0885; found, 226.0884. NMR signals of the B-anomer could not be observed in

intensity sufficient for characterization within 12 h after sample preparation.

2-Acetamido-2,3,4-trideoxy-3,4-difluoro-D-glucopyranose (55)

OBn OH
. O  Ha PdIC, MeOH . o
F F
AcHN ~OH AcHN “OH
43 55

Compound 43 (85 mg, 0.27 mmol) was hydrogenated for 4 days according to general procedure for debenzylation
using palladium on carbon (added in 3 portions, 180 mg in total) in methanol (6 mL) to afford the product 55 (55 mg,
90%) as a white crystalline solid, mp 196-199 °C (dec, EtOH/EtOAc) R;0.07 (EtOAc). NMR data for the a-anomer:
"H NMR (MeOH-ds, 400 MHz, 'H {"F}, H-H COSY): 6 5.12 (dt, 1H, J = 3.6, 3.5 Hz, H-1), 4.82 (dddd, 1H, J =
54.3, 16.1, 10.5, 8.2 Hz, H-3), 4.59 (dddd, 1H, J=51.7, 15.3, 9.9, 8.2 Hz, H-4), 4.12 (ddd, 1H, J=10.9, 10.5, 3.6
Hz, H-2), 3.99 (dddd, 1H, J=9.9, 4.8, 4.0, 2.4 Hz, H-5), from 'H {¥F} 3.79 (dd, 1H, J = 12.4, 2.4 Hz, H-6), from
'H {F} 3.74 (dd, 1H, J = 12.4, 4.1 Hz, H-6"), 2.00 (s, 3H, Me). *C{'H} NMR (MeOH-d4, 101 MHz, HSQC): 8
173.5(CO), 92.7 (dd, *J=9.2 Hz, “J= 1.3 Hz, C-1), 91.7 (dd, 'J = 184.8 Hz,%/ = 18.9 Hz, C-3), 89.0 (dd, 'J = 182.3
Hz, 2J=17.7 Hz, C-4), 70.1 (dd, 2J = 23.7 Hz, *J = 6.2 Hz, C-5), 61.4 (C-6), 54.0 (dd, >/ = 16.5 Hz, °J = 7.4 Hz, C-
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2),22.5 (Me). '%F NMR (MeOH-ds, 376 MHz): -200.68 (ddddd, 2/ = 51.7 Hz, *J=16.1, 13.7, 4.8 Hz, J = 3.5 Hz, F-
4), -201.65 (ddddd, 2J = 54.3 Hz, *J = 15.3, 13.7, 10.9 Hz, *J = 3.5 Hz, F-3). Resolved signals for the B-anomer: 'H
{F} NMR (MeOH-ds, 400 MHz, H-H COSY): 6 4.42 (d, 1H, J = 8.5 Hz, H-1), 3.84 (dd, 1H, J = 12.4, 2.2 Hz, H-
6), 3.72 (dd, 1H, J = 12.4, 4.8 Hz, H-6"), 3.51 (ddd, 1H, J = 9.8, 4.8, 2.2 Hz, H-5). BC{'H} NMR (MeOH-ds, 101
MHz, HSQC): 8 96.1 (d, *J = 11.3 Hz, C-1), 74.1 (dd, 2J = 23.5 Hz, J = 7.2 Hz, C-5), 57.0 (dd, 2J = 17.1 Hz, 3J =
7.7 Hz, C-2). 22.8 (Me). ’F NMR (MeOH-d4, 376 MHz): —196.42 (dt, 2J = 57.8 Hz, °*J = 15.0 Hz, F-4), -202.68 (m,
F-3). HRMS-APCI (m/z): [M + H]" calcd for CsHi4F2NOs, 226.0885; found, 226.0888.

2-Acetamido-2,3-dideoxy-3-fluoro-D-galactopyranose (56)

BnO _OBn HO _OH
fo) H,, Pd/C, MeOH o
F F

AcHN “OH AcHN "OH
44 56
Compound 44 (125 mg, 0.31 mmol) was hydrogenated overnight according to general procedure for debenzylation

using palladium on carbon (70 mg) in methanol (9 mL) to afford the product 56 (65 mg, 94%) as a white foam, which
slowly crystallized over a few days into white crystalline material, mp 159-161 °C (dec, EtOH/MTBE). R, 0.12
(EtOAc/MeOH 10:1). NMR data for the o-anomer: '"H NMR (MeOH-ds, 400 MHz, 'H {!°F}, H-H COSY): § 5.15
(dd, 1H, J=4.6, 3.7 Hz, H-1), 4.70 (ddd, 1H, J=49.1, 10.8, 3.2 Hz, H-3), 4.52 (ddd, 1H, J=10.8, 9.7, 3.7 Hz, H-
2),4.16 (ddd, 1H, J=17.7,3.2, 1.2 Hz, H-4), 4.04 (tdd, 1H, J= 6.2, 2.0, 1.2 Hz, H-5), 3.77-3.71 (m, 2H, H-6), 1.99
(s, 3H, Me). C{'H} NMR (MeOH-d4, 101 MHz, HSQC): § 173.6 (CO), 93.2 (d, °J = 9.5 Hz, C-1), 90.6 (d, 'J =
185.0 Hz, C-3), 71.1 (d, 3J = 6.1 Hz, C-5), 68.4 (d, 2J = 16.6 Hz, C-4), 62.3 (d, *J = 2.9 Hz, C-6), 50.4 (d, 2/ =17.2
Hz, C-2), 22.6 (Me). 'F NMR (MeOH-d4, 376 MHz): —204.16 (ddddd, 2/ = 49.1 Hz, *J = 9.7, 7.7 Hz, *J = 4.6, 2.0
Hz). NMR data for the B-anomer: "H NMR (MeOH-ds, 400 MHz, 'H {"*F}, H-H COSY):  4.59 (d, 1H, J = 8.4 Hz,
H-1), 4.51 (ddd, 1H, J=48.3, 10.6, 3.3 Hz, H-3), from 'H {°F} 4.14 (dd, 1H, J = 10.6, 8.4 Hz, H-2), 4.09 (ddd, 1H,
J=6.7,3.2,1.9 Hz, H-4), 3.77-3.71 (m, 2H, H-6), 3.50 (tdd, 1H,J=5.7, 1.9, 1.5 Hz, H-5), 1.99 (Me). *C{'H} NMR
(MeOH-ds, 101 MHz, HSQC): & 174.0 (CO), 96.8 (d, *J = 10.5 Hz, C-1), 92.5 (d, 'J = 187.0 Hz, C-3), 75.5 (d,*J =
7.0 Hz, C-5), 67.6 (d, 2J = 16.6 Hz, C-4), 62.1 (d, *J = 3.4 Hz, C-6), 54.1 (d, >J = 17.5 Hz, C-2), 22.9 (Me). F NMR
(MeOH-ds, 376 MHz): —199.96 (dddd, %J = 48.3 Hz, °J = 10.0, 6.7 Hz, *J = 1.9 Hz). HRMS-APCI (m/z): [M + H]"
calcd for CgHisFNOs, 224.0928; found, 224.0927.
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2-Acetamido-2,3,6-trideoxy-3,6-difluoro-D-galactopyranose (57)

Bno -F HO _F
o] Hz, Pd/C, MeOH lo)
F F
AcHN "OH AcHN "OH
45 57

Compound 45 (66 mg, 0.21 mmol) was hydrogenated overnight according to general procedure for debenzylation
using palladium on carbon (70 mg) in methanol (9 mL) to afford the product 57 (45 mg, 95%) as a white crystalline
solid, mp 169-172 °C (dec, EtOH). R;0.11 (EtOAc). NMR signals of the a-anomer: 'H NMR (MeOH-ds, 400 MHz,
'H {F}, H-H COSY): 8 5.17 (dd, 1H, J = 3.6, 5.0 Hz, H-1), 4.72 (ddd, 1H, J = 49.4, 10.7, 3.1 Hz, H-3), from 'H
{YF-6} 4.60 (dd, 1H, J=9.5, 5.0 Hz, H-6"), 4.52 (dddd, 1H, J=47.9,9.5, 6.9, 1.2 Hz, H-6), 4.52 (ddd, 1H, J=10.7,
10.3, 3.5 Hz, H-2), 4.28 (dddd, 1H, J=14.1, 6.9, 5.0, 1.3 Hz, H-5), 4.15 (ddd, 1H, J=7.7, 3.1, 1.3 Hz, H-4), 1.99 (s,
3H, Me). BC{'H} NMR (MeOH-ds, 101 MHz, HSQC): 5 173.6 (CO), 93.2 (d, >*J=9.4 Hz, C-1), 90.1 (dd, 'J = 185.0
Hz, “J=1.3 Hz, C-3), 83.7 (dd, 'J = 167.0, *J = 3.5 Hz, C-6), 69.6 (dd, 2J = 22.6 Hz, 3J = 6.8 Hz, C-5), 68.0 (dd, 2/
=17.2 Hz,3J=6.8 Hz, C-4), 50.2 (d, 2J = 17.3 Hz, C-2), 22.6 (Me). '°F NMR (MeOH-ds, 376 MHz): —204.93 (ddddd,
2J=49.4Hz *J=10.3,7.7 Hz, *J = 5.0 Hz, °J = 2.5 Hz, F-3), -233.55 (dddd, 2J = 47.9, 46.1 Hz,*J = 14.1 Hz, °J =
2.5 Hz, F-6). HRMS-APCI (m/z): [M + H]" calcd for CsH14F2NOs, 226.0885; found, 226.0880. NMR signals of the

B-anomer could not be observed in intensity sufficient for characterization within 12 h after sample preparation.

2-Acetamido-2,4-dideoxy-4-fluoro-D-galactopyranose (58)

F _OBn F _OH
o) H,, Pd/C, MeOH 0o
BnO OH
AcHN OH AcHN OH
46 58

Compound 46 (90 mg, 0.22 mmol) was hydrogenated overnight according to general procedure for debenzylation
using palladium on carbon (80 mg) in methanol (6 mL) to afford the known product 58 [5] (48 mg, 96%) as a white
crystalline solid, mp 210-213 °C (dec, EtOH, ref 5 gives 205-209 °C). Rr0.11 (EtOAc/MeOH 10:1). NMR data for
the a-anomer: "H NMR (MeOH-d4, 400 MHz, 'H {'°F}, H-H COSY): 8 5.14 (d, 1H, J = 3.5 Hz, H-1), from 'H {"°F}
4.80 (d, 1H, J=2.6 Hz, H-4), 4.20 (dd, 1H, J=11.1, 3.5 Hz, H-2), 4.07 (dt, 1H, J = 30.3, 6.8 Hz, H-5), 3.91 (ddd,
1H, J=28.9, 11.1, 2.6 Hz, H-3), 3.74-3.62 (m, 2H, H-6), 1.99 (s, 3H, Me). BC{'H} NMR (MeOH-ds, 101 MHz,
HSQC): 6 173.9 (CO), 92.3 (C-1), 90.5 (d, 'J = 180.1 Hz, C-4), 70.6 (d, >J = 18.1 Hz, C-5), 68.0 (d, 2/ = 19.1 Hz, C-
3),61.3(d,*J=6.0 Hz, C-6), 52.2 (d, >*J = 2.9 Hz, C-2), 22.6 (Me). ’F NMR (MeOH-ds, 376 MHz): § —224.66 (ddd,
2J=50.5 Hz,*J = 30.3, 28.9 Hz). Resolved signals for the B-anomer: '"H NMR (MeOH-ds, 400 MHz, 'H {"°F}, H-H
COSY): 6 4.72 (dd, 1H, J = 50.8, 2.5 Hz, H-4), 4.63 (d, 1H, J= 8.1 Hz, H-1). *C{'H} NMR (MeOH-d4, 101 MHz,
HSQC): § 97.1 (C-1), 89.5 (d, 'J= 180.5 Hz, C-4), 56.1 (C-2). "’F NMR (MeOH-ds, 376 MHz): § —222.05 (dt, 2J =
50.8 Hz,3J = 28.4 Hz).
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2-Acetamido-2,4,6-trideoxy-4,6-difluoro-D-galactopyranose (59)

F _F F _F
O H2, Pd/C, MeOH lo)
BnO HO
AcHN "OH AcHN OH
a7 59

Compound 47 (48 mg, 0.15 mmol) was hydrogenated overnight according to general procedure for debenzylation
using palladium on carbon (70 mg) in methanol (9 mL) to afford the known product 59 [6] (31 mg, 92%) as a white
crystalline solid, mp 206-209 °C (dec, EtOH/MTBE, ref 6 gives 205-206 °C (dec)). Rr0.06 (EtOAc). NMR data for
the a-anomer: 'H NMR (MeOH-d4, 400 MHz, 'H {°F}, H-H COSY): 6 5.16 (d, 1H, J= 3.5 Hz, H-1), 4.77 (dd, 1H,
J=51.0, 2.6 Hz, H-4), 4.59 (ddd, 1H, J=46.2, 9.4, 5.5 Hz, H-6"), 4.49 (dddd, 1H, J=47.3, 9.4, 6.8, 1.3 Hz, H-6),
4.33 (dddd, 1H, J=30.3, 12.7, 6.8, 5.5 Hz, H-5), 4.21 (dd, 1H, J=11.1, 3.5 Hz, H-2), 3.94 (ddd, 1H, J=28.9, 11.1,
2.6 Hz, H-3), 2.00 (s, 3H, Me). *C{'H} NMR (MeOH-d4, 101 MHz, HSQC): § 173.9 (CO), 92.8 (Hz, C-1), 90.5 (dd,
1J=180.1 Hz, *J = 5.9 Hz, C-4), 82.7 (dd, 'J = 168.1 Hz, *J = 6.5 Hz, C-6), 68.8 (dd, 2/ = 23.1 Hz, 2/ = 17.7 Hz, C-
5), 67.6 (d, 2J = 18.8 Hz, C-3), 52.0 (d, *J = 2.7 Hz, C-2), 22.6 (Me). '°F NMR (MeOH-ds, 376 MHz): —224.17 (ddd,
2J=51.0 Hz,*J = 30.3, 28.9 Hz, F-4), —234.16 (ddd, 2J = 47.3, 46.2 Hz,*J = 12.7 Hz, F-6). Resolved signal for the
B-anomer: '"H NMR (MeOH-ds, 400 MHz, 'H {"°F}, H-H COSY): 6 4.67 (d, 1H,J = 8.1 Hz, H-1), 3.95-3.71 (m, 3H,
H-2, H-3, H-5). BC{'H} NMR (MeOH-d4, 101 MHz, HSQC): 8 174.4 (CO), 97.0 (C-1), 89.5 (dd, 'J=181.0 Hz, 3J
= 6.1 Hz, C-4), 82.4 (dd, 'J = 168.9 Hz, *J = 6.1 Hz, C-6), 73.1 (dd, >J = 22.8 Hz, 2J = 17.7 Hz, C-5), 71.3 (d, ] =
18.7 Hz, C-3), 55.9 (d, °*J = 1.6 Hz, C-2), 22.9 (Me). 'F NMR (MeOH-ds, 376 MHz): —221.72 (dt, 2J = 51.6 Hz,*J
= 27.9 Hz, F-4), —233.90 (ddd, 2/ = 47.0, 46.0 Hz,*J = 12.7 Hz, F-6). HRMS-APCI (m/z): [M + H]" calcd for
CsH14F2NO4, 226.0885; found, 226.0884.

2-Acetamido-2,3,4-trideoxy-3,4-difluoro-D-galactopyranose (60)

F _OBn F _OH
fo) H,, Pd/C, MeOH o
F F
AcHN OH AcHN "OH
48 60

Compound 48 (105 mg, 0.33 mmol) was hydrogenated for 4 days according to general procedure for debenzylation
using palladium on carbon (added in 2 portions, 120 mg in total) in methanol (8 mL) to afford the product 60 (75 mg,
100%) as a white crystalline solid, mp 150-151 °C (dec, EtOH/MTBE). R; 0.07 (EtOAc). NMR data for the a-
anomer: '"H NMR (MeOH-ds4, 400 MHz, 'H {'°F}, H-H COSY): 8 5.16 (dd, 1H, J= 5.3, 3.5 Hz, H-1), 5.01 (ddd, 1H,
J=51.8,8.2,2.7 Hz, H-4), 4.75 (dddd, 1H, J=47.7, 26.8, 11.0, 2.7 Hz, H-3), 4.53 (ddd, 1H, J=11.0, 9.2, 3.5 Hz,
H-2), 4.08 (dddd, 1H,J=29.0, 7.0, 6.7, 1.6 Hz, H-5), 3.73 (dd, 1H, J=11.0, 7.0 Hz, H-6"), 3.66 (dddd, 1H, J=11.0,
6.7, 1.7, 1.2 Hz, H-6), 1.99 (s, 3H, Me). *C{'H} NMR (MeOH-ds, 101 MHz, HSQC, HMBC): § 173.7 (CO), 93.1
(d,3J=9.2 Hz, C-1), 88.3 (dd, 'J = 188.7 Hz,%J = 18.3 Hz, C-3), 87.8 (dd, 'J = 182.8 Hz, 2J = 16.1 Hz, C-4), 70.2
(dd, 27 =18.1 Hz, *J = 5.1 Hz, C-5), 60.9 (dd, *J = 5.9, *J = 2.4 Hz, C-6), 50.6 (dd, 2J = 17.4 Hz, *J = 2.7 Hz, C-2),
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22.5 (Me). '°F NMR (MeOH-ds, 376 MHz): —202.42 (ddddd, 27 = 47.7 Hz, *J = 15.0, 9.2, 8.2 Hz, *J = 5.3 Hz, F-3),
—220.90 (m, F-4). Resolved signals for the B-anomer: '"H NMR (MeOH-ds, 400 MHz, 'H {!°F}, H-H COSY): 4.95
(ddd, 1H, J=52.3, 7.0, 2.7 Hz, H-4), 4.67 (dddd, 1H, J=46.5, 26.8, 10.9, 2.7 Hz, H-3), 4.68 (d, 1H, J= 8.3 Hz, H-
1). YF NMR (MeOH-ds, 376 MHz): —198.00 (dddd, °J = 46.5 Hz, °J = 15.0, 11.0, 7.0 Hz, F-3), —218.46 (dddd, 2 =
52.3 Hz, 3J = 26.8, 26.5, 15.0 Hz, F-4). HRMS-APCI (m/z): [M + H]" calcd for CsH4F2NO4, 226.0885; found,
226.0887.

2-Acetamido-2,6-dideoxy-6-fluoro-D-glucopyranose (61)

Compound 61 was prepared according to ref7

2-Acetamido-2,6-dideoxy-6-fluoro-o-D-galactopyranose (62)

O
HO

AcHN OH

62

Compound 62 was prepared following the published procedure [8], mp 168—171 °C (EtOH), R;0.25 (EtOAc/MeOH
20:3). Since NMR data are incomplete in ref 8, we report them here: 'H NMR (MeOH-ds, 400 MHz, 'H {**F}, H-H
COSY): 8 5.14 (d, 1H, J = 3.6 Hz, H-1), 4.58 (ddd, 1H, J = 46.4, 9.5, 4.8 Hz, H-6), 4.50 (ddd, 1H, J=48.1, 9.5, 7.0
Hz, H-6"), 4.27 (dddd, 1H, J = 14.6, 7.0, 4.8, 1.3 Hz, H-5), 4.22 (dd, 1H, J=10.9, 3.6 Hz, H-2), 3.88 (dd, 1H, J =
3.3, 1.3 Hz, H-4), 3.83 (dd, 1H, J = 10.9, 3.3 Hz, H-3), 1.9 (s, 3H, Me). *C{'H} NMR (MeOH-d,, 101 MHz,
HSQCQ): & 174.0 (CO), 92.9 (C-1), 84.1 (d, 'J = 166.8 Hz, C-6), 70.2 (d, >J = 13.0 Hz, C-5), 70.0 (d, *J = 2.5 Hz, C-
4),69.3 (d, *J = 1.1 Hz, C-3), 51.9 (C-2), 22.7 (Me). °F NMR (MeOH-ds, 376 MHz): —233.19 (ddd, °J = 48.1, 46.4
Hz, 3J = 14.6 Hz). Resolved signals for B-anomer: '°F NMR (MeOH-d4, 376 MHz): —232.96 (ddd, 2J = 48.0, 46.5 Hz,
3J =13.6 Hz). HRMS-APCI (m/z): [M + H]" calcd for CsH;sFNOs, 224.0928; found, 224.0928.
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Table S1.

The values of Ju.r, Jc.r and Jr.r coupling constants extracted from NMR spectra of the target fluoro
analogs. (See also refs 9, 10 and 11 for the discussion of the relationship between the values and the

spatial orientation of the coupled nuclei)

OH

HO&O
F
AcHN

OH
51 a

OH

F 0
HO
AcHN,

53 a

OH
0

HO OH
AcHN
538

HO OH
F go
ACHNOH

56 o

Jesr=182.3 Hz
2Jeor=16.4 Hz
2Jear=17.5Hz
3Jcir=9.8 Hz
3Jcsr=7.1 Hz
*Jeor=1.4Hz

Jcar = 180.0 Hz
2Jes-r=19.0 Hz
2Josr=23.8 Hz
3Jcor=8.2 Hz

'Jear=180.9 Hz
2Jesr=18.6 Hz
2Jcsr =242 Hz
3Jcor = 8.6 Hz

'Jcs.r=185.0 Hz
2Jerr=17.2 Hz
2Jcar=16.6 Hz
3Jc1r=9.5Hz
3Jcsr=6.1 Hz
*Jeo-r=2.9 Hz

2Jusr=53.8 Hz

2 Juar=50.9 Hz

2 Juar = 50.8 Hz

2Jusr=49.1 Hz

3Juar=15.0 Hz 3Jusr=15.6 Hz 3Jmr=9.7 Hz
3Jio-r=10.5 Hz 3Jusr=2.5 Hz 3Jaar=7.7 Hz
4Juir=3.8 Hz 4 Jair=4.6 Hz
4Jusr=1.1 Hz 4 Jus.r=2.0 Hz
HO OH F F OH _F
O OH HO o HO @) @)
F Ho&ﬁ‘ Hoéﬁ/OH Hogﬁ‘
AcHN ACHNOH AcHN ACHNOH
56 B 61a 61p 62 a

Jes.r=187.0 Hz
2Jeor=17.5Hz
2Jcar=16.6 Hz
3Jcir=10.5Hz
3Jesk=7.0 Hz
*Jeor =3.4 Hz

" Jcs.rs = 171.3 Hz

2Josrs=17.9 Hz
3Jcars=17.0 Hz
4Jcsr6 = 0.7 Hz

'Jce-r6 = 166.8 Hz
2Jcsre = 13.0 Hz
3Jcare=2.5 Hz
4Jcsre=1.1 Hz

2 Jusr=48.3 Hz
3Jmar=10.0 Hz
3 Juar = 6.7 Hz

2 Jue.re = 48.2 Hz
2 Juer6 = 48.2 Hz
3 Jusre = 27.1 Hz

2 Jue.re = 48.2 Hz
2 Juer6 = 48.2 Hz
3 Jus.re = 24.6 Hz

2 Juere = 46.4 Hz
2 Juer6 = 48.1 Hz
3 Jus.re = 14.6 Hz
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4Jusr=1.9 Hz

OH F
Ho A O

AcHN

62

F_OH

HO%@\O
AcHN

OH
58 a

F

HO O
F
AcHN

OH
52 o

F

F O
HO
AcHN

OH
54 o

Jesar=180.1 Hz
2Jesr=19.1 Hz
2Jes-r=18.1 Hz
3Jcer = 6.0 Hz
3Jcor=2.9 Hz

sk = 182.6 Hz
2Jcar3 = 16.5 Hz
2Jears = 182 Hz
3Jc1,3 =9.8 Hz
3Jcsp3 = 7.8 Hz
4Jce-r3 = 1.6 Hz

"Jes.re=171.8 Hz
%Jcs.re = 18.0 Hz
3Jcare = 7.6 Hz
*Jcs-re = 0.9 Hz

"Jcara=181.2 Hz
2Jcsra=18.5 Hz
%Jcs.pa = 23.7 Hz
3Jca-ra = 8.0 Hz
“Jcips= 1.5 Hz

Jcere= 172.5 Hz
2Josore = 18.2 Hz
3Jcare=7.4 Hz

2 J16 or He' -F6 = 48.0 Hz

2JH6 or H6'-F6 = 46.5 Hz

3 Jus-re = 13.6 Hz

2 Juar = 50.5 Hz
3Jizr=28.9 Hz
3 Jus-r=30.3 Hz

2Jus-r3 = 53.4 Hz
3Jna-r3 = 14.7 Hz
3Jm2-r3 = 10.6 Hz
“Jui-rs = 3.8 Hz

2 Juere = 48.6 Hz
2 Jue-re = 47.5 Hz
3 Jus.re = 26.7 Hz

2Jua-r4 = 50.6 Hz
3Jus-ra = 14.8 Hz
3Jus-ra = 4.1 Hz
SJnira = 3.3 Hz

2 Juere = 48.1 Hz
3 Jue-re = 47.5 Hz
3 Jus-re = 26.6 Hz
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OH

F
AcHN

OH
55 a

OH
. O OH

F
AcHN

55

OH F

AcHN

OH
57 a

Hogﬁo
Ac

HNGH
59 o

1 Jos.p3 = 184.8 Hz

2Jears =17.7Hz
2Jcor3 = 16.5 Hz
3Jcs-r3 = 6.2 Hz
3Jc1rs =9.2 Hz

" Jcars=182.3 Hz
2Jcs-ra = 18.9 Hz
2Jcs.ka =23.7 Hz
3Jcr-ka =74 Hz
*Jeips =13 Hz

2Josks =23.5 Hz
3Jcora=7.7Hz

2Jerr3=17.1 Hz
3Jcirs=11.3 Hz
3Jcsois=17.2 Hz

1Jcsr3 =185 Hz
2Jears=17.3 Hz
2Jears=17.2 Hz
3Jci;3 =9.4 Hz
3Jcsrs = 6.8 Hz
4Jce-r3 = 3.5 Hz

'Jce-r6 = 167 Hz
2Jcsre = 22.6 Hz
3Jca-r6 = 6.8 Hz
*Jcsre = 1.3 Hz

" Jcars=180.1 Hz
2Jcs-rs = 18.8 Hz
2Jes.ka=17.7 Hz
3Jco-ks=2.7Hz
3Jcera = 6.5 Hz

' Jcere = 168.1 Hz
2Jesre = 23.1 Hz
3Jcare=5.9 Hz

2Juz-k3 = 54.3 Hz
3Jnar3 = 15.3 Hz
3Jmz-r3 = 10.9 Hz
3Jrars = 13.7 Hz
*Jui-k3 = 3.5 Hz

2Jua-rs = 51.7 Hz
3Jus-ra = 16.1 Hz
3Jus-ra = 4.8 Hz
3Jrsra = 13.7 Hz
>Jui-ps = 3.5 Hz

2 Jiara=57.8 Hz
3Jiz-r4 = 15.0 Hz

2Ji3-r3 = 49.4 Hz
3Jm2-r3 = 10.3 Hz
3Jna-r3 = 7.7 Hz
4Ju1k3 = 5.0 Hz
>Jre-r3 = 2.5 Hz

%Jue-r6 = 47.9 Hz
2Jue-k6 = 46.1 Hz
3Jus-re = 14.1 Hz
SJrare = 2.5 Hz

2Juars =51.0 Hz
3 Jus-r4 = 30.3 Hz
3 Jisz-r4 = 28.9 Hz

2 Jue-rs = 47.3 Hz
2 Jue-r6 = 46.2 Hz
3 Jus.re = 12.7 Hz
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F_F
HO O OH

AcHN

598

F _OH

E § /:vl
AcHN

OH
60 o

0
F OH
AcHN

60 B

F

F
AcHN

OH
49 a

"Jcars=181.0 Hz
2Jcs-ra = 18.7 Hz
2Jes.ka=17.7 Hz
3Jcr-ka=1.6 Hz
3Jcera = 6.1 Hz

' Jcere = 168.9 Hz
2 Jcsre =22.8 Hz
3Jcars=6.1 Hz

1 Jos.r3 = 188.7 Hz

2Jer-r3 =174 Hz
2Jear3 = 16.1 Hz
3Jcirs = 9.2 Hz
3Jcsrs = 5.1 Hz
“Jcer3 =2.4 Hz

" Jcars=182.8 Hz

2Jes-rs =183 Hz
2Jespa = 18.1 Hz
3Jcora=2.7Hz
3Jcera =5.9 Hz

1Jesrs = 185.0 Hz
2Jcar3 = 16.6 Hz
2Jear=18.3 Hz
3Jci1,3 =9.5 Hz
3Jcsps =7.0 Hz

"Jcara=183.7 Hz
2Jcs-pa = 18.7 Hz
2Jes.ka =23.2 Hz
3Jcara =73 Hz
“Jcips = 1.5 Hz

"Jce-rs = 173.4 Hz
2Jcsre = 18.5 Hz
3Jcars = 8.1 Hz
*Jesre = 0.9 Hz

2Juars=51.6 Hz
3Jusr4 =27.9 Hz
3 Jusra = 27.9 Hz

2Ju6 or H6'-F6 = 47.0 Hz
2 J16 or Ho'-¥6 = 46.0 Hz
3 Jus.re = 12.7 Hz

2Juz-r3 =47.7 Hz
323 = 9.2 Hz
3Jnar3 = 8.2 Hz
3Jrars = 15.0 Hz
4Ju1-k3 = 5.3 Hz

2Juars=51.8 Hz
3Ju3-r4 = 26.8 Hz
3 Jus.ra = 29.0 Hz

2Juz-r3 = 46.5Hz
3J2-r3 = 11.0 Hz
3Jna-r3 = 7.0 Hz

3Jrars = 15.0 Hz

2Jnars = 52.3 Hz
3Ju3-ks = 26.8 Hz
3Jus-ks = 26.5 Hz
3Jr3pa = 15.0 Hz

2Ju3-r3 = 54.0 Hz
3Jrar3 =133 Hz
3Jma-r3 = 11.1 Hz
3Jna-rs = 14.2 Hz
4Ju1k3 = 3.6 Hz

2 Jua-r4 = 52.6 Hz
3Jr-rs= 133 Hz
3Jus-ra = 16.8 Hz
3Jus-ra = 3.6 Hz
SJnira = 3.6 Hz

2 Juere = 47.7 Hz
2 Jue-re = 47.7 Hz
3 Jus-re = 26.7 Hz
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F_F

o
F
AcHN

OH
50 a

F_F
O OH
F
AcHN

50 B

1 Jesr3 = 189.9 Hz

2Jer-r3 =173 Hz
2Jear3 = 16.5 Hz
3Jc1,3 =9.3 Hz
3Jcsrs = 5.7 Hz
4Jcer3 =2.8 Hz

U Jcarsa=182.0 Hz

2Jcs-ra=18.2 Hz
2Jcs.ka=17.6 Hz
3Jco-ka=2.6 Hz
3Jce-rs=6.3 Hz

1 Jcs.rs = 168.5 Hz

2 Josrs = 23.5 Hz
3 Jcars = 6.6 Hz
4Jcsre = 1.2 Hz

2Jerr3 =174 Hz
3Jci;s = 10.4 Hz
*Jeor3 = 2.3 Hz
3Jcsrs = 6.0 Hz

3Jcora=1.9 Hz
3Jcers = 5.8 Hz
2Jesora=17.5 Hz

U Jcs.rs = 169.4 Hz
2Jesre = 23.2 Hz

2Juz-r3 =47.3 Hz
3Jrar3 = 14.4 Hz
3Ji2-r3 = 10.0 Hz
3Jnar3 = 8.2 Hz
4Ju1-r3 = 5.3 Hz
SJrer3 = 1.8 Hz

2 Jnars = 52.5 Hz
3Jr3-p4 = 14.4 Hz
3Juz-ps = 26.7 Hz
3Juska =29.3 Hz

2Jue-r6 = 47.1 Hz
2Jne-r6 = 46.2 Hz
3Jus-re = 13.0 Hz
>Jrsre = 1.8 Hz

2Juz-r3 = 46.3 Hz
>Jrer3 = 1.8 Hz
3Jrars = 14.5 Hz
3Jmak3 = 8.6 Hz
3Juar3 = 8.6 Hz

2 Jiars = 52.6 Hz
3Juz-ks = 28.1 Hz
3Jus.pa =255 Hz
3Jr3pa = 14.5 Hz

2Jue-r6 = 46.5 Hz
2Jue'-r6 = 46.5 Hz
3Jus-re = 11.8 Hz
>Jrsre = 1.8 Hz
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