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General Experimental

The reactions were performed using commercial reagents. Column chromatography was
performed on silica gel 60 (70-230 mesh), reactions were monitored by TLC on Kieselgel 60
F254. The compounds were detected by examination under UV light and by charring with 10%
sulfuric acid in methanol. Solvents were removed under reduced pressure at <40 °C. CH,Cl, was
distilled from CaH, directly prior to application. Molecular sieves (3 A), used for reactions, were
crushed and activated in vacuo at 390 °C during 8 h in the first instance and then for 2-3 h at 390
°C directly prior to application. "H-NMR spectra were recorded in CDCl5 at 300 MHz.

Svynthesis of Thioglycosides

Ethyl 2,3,4,6-tetra-0-acetyl-1-thio-B-D-glucopyranoside (2).

OAc
AcO o
AcO SEt

AcO 2

A mixture of per-acetate 1 (0.43 g, 1.10 mmol), ethanethiol (0.16 mL, 2.20 mmol), and freshly
activated molecular sieves (3 A, 0.21 g) in anhydrous CH>Cl> (34 mL) was stirred under argon
for 15 min at rt. The mixture was cooled to 0 °C, TfOH (78.2 uL, 0.88 mmol) was added
dropwise, and the resulting mixture was stirred for 1 h at 0 °C. After that, the solids were filtered
off through a pad of Celite and washed successively with CH,Clo. The combined filtrate (~200
mL) was washed with sat. ag. NaHCO3 (70 mL) and water (3 X 70 mL). The organic phase was
separated, dried with MgSO4, and concentrated in vacuo. Crystallization (Et,O-hexanes) for 16 h
at 4 °C afforded the title compound (0.39 g, 90%) as a white crystalline solid. The analytical data
for 2 was in agreement with that reported previously. '+

A large-scale synthesis of 2. A mixture of per-acetate 1 (15.0 g, 38.4 mmol), ethanethiol (5.55
mL, 76.8 mmol), and freshly activated molecular sieves (3 A, 2.25 g) in anhydrous CH2Cl> (300
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mL) was stirred under argon for 15 min at rt. The mixture was cooled to 0 °C, TfOH (2.72 mL,
30.7 mmol) was added dropwise, and the resulting mixture was stirred for 30 min at 0 °C. After
that, the solids were filtered off through a pad of Celite and washed successively with CH2Cl,.
The combined filtrate (~500 mL) was washed with sat. ag. NaHCO3 (100 mL) and water (3 x
100 mL). The organic phase was separated, dried with MgSQOs, and concentrated in vacuo.
Crystallization (Et2O-hexane) for 16 h at 4 °C afforded the title compound (13.2 g, 87%) as a
white solid.

The analytical data for 2 was in agreement with that reported previously.!? Spectral data for 2:
"H NMR (CDCl3): 8, 1.25 (t, 3H, CH.CHs), 2.01, 2.03, 2.06, 2.08 (4 s, 12H, 4 x COCH3), 2.69-
2.75 (m, 2H, CH>CH3), 3.69-3.75 (m, 1H, Js56. =5.0 Hz, H-5), 4.15 (dd, 1H, J6a,6b = 12.3 Hz, H-
6a), 4.22 (dd, 1H, H-6b), 4.46 (d, 1H, J12 = 10.0 Hz, H-1), 5.04 (dd, 1H, J23 =9.9 Hz, H-2), 5.09
(dd,1H, Jas = 9.6 Hz, H-4), 5.20 (dd, 1H, J34 = 8.9 Hz, H-3) ppm; *C-NMR (CDCl5): §, 14.8,
20.6,20.7,20.8,24.2,62.1, 68.2, 69.7, 73.8, 75.8, 76.6, 83.5, 169.4, 169.5, 170.2, 170.7 ppm.

Ethyl 2,3,4,6-tetra-O-acetyl-1-thio-pB-D-galactopyranoside (4).

AcO OAc
O
AcO SEt
AcO 4

The title compound was synthesized as described for the synthesis of 2. The analytical data for 4
was in agreement with that reported previously.>* Spectral data for 4: '"H NMR (CDCl): §, 1.25
(t, 3H, CH2CHs), 1.98, 2.03, 2.05, 2.13 (4 s, 12H, 4 x COCH3), 2.73 (m, 2H, CH>CH3), 3.89 (dt,
1H, Js6= 6.6 Hz, H-5), 4.12 (m, 2H, H-6a, 6b), 4.8 (d, 1H, Ji12=9.9 Hz, H-1), 4.98 (dd, 1H, J34
= 3.3 Hz, H-3), 5.23 (dd, 1H, J»3 = 10.0 Hz, H-2), 5.42 (dd, 1H, Jss = 1.0 Hz, H-4) ppm; "*C
NMR (CDCl): & 14.8, 20.6, 20.7, 20.8, 24.4, 61.3, 67.0, 67.1, 71.8, 74.3, 84.0, 169.4, 169.6,
170.1, 170.2, 170.4 ppm.

Ethyl 2,3,4,6-tetra-0-acetyl-1-thio-a-D-mannopyranoside (6).

AcO— OAc
AcO Q
AcO
6 SEt

The title compound was synthesized as described for the synthesis of 2. The analytical data for 6
was in agreement with that reported previously.** Spectral data for 6: '"H NMR (CDCls): §, 1.30
(t, 3H, CH2CHs), 1.99, 2.03, 2.04, 2.11 (4 s, 12H, 4 x COCH3), 2.59-2.72 (m, 2H, CH>CH3),
4.09 (dd, 1H), 4.31 (dd, 1H), 4.49 (m, 1H), 5.24-5.37 (m, 4H) ppm; *C NMR (CDCl): 3, 14.8,
20.6, 20.7, 20.8, 25.4, 62.3, 66.3, 68.8, 69.4, 71.1, 76.6, 82.8, 169.7, 169.8, 170.0, 170.6 ppm.

Ethyl 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-1-thio-B-D-glucopyranoside (8).

OAc
AcO 0
AcO SEt
g NPhth

The title compound was synthesized as described for the synthesis of 2. The analytical data for 8
was in agreement with that reported previously.®’ Spectral data for 8: 'H NMR (CDCls): §, 1.22
(t, 3H, CH:CH»), 1.87,2.04,2.11 (3 s, 9H, 3 x COCH3), 2.72 (m, 2H, CH>CH3), 3.90 (m, 1H, H-
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5), 4.18 (dd, 1H, H-6a), 4.28-4.44 (m, 2H, H-2, 6b), 5.20 (dd, 1H, H-4), 5.50 (d, 1H, Ji2=10.6
Hz, H-1), 5.85 (dd, 1H, H-2), 7.74 — 7.90 (m, 4H, aromatic) ppm; 3C NMR (CDCl;): § 14.8,
20.4, 20.6, 20.8, 24.3, 53.6, 62.2, 68.8, 71.5, 75.8, 81.1, 123.74, 131.1, 131.5, 134.3, 134.4,
167.1, 167.8, 169.5, 170.1, 170.7 ppm.

Methyl (ethyl S5-acetamido-4,7,8,9-tetra-0-acetyl-3,5-dideoxy-2-thio-D-glycero-D-galacto-
non-2-ulopyranosid)onate (10).
AcO_ 0OAc SEt
ACOII.
ACHWCOZMG
OAc 10
The title compound was synthesized as described for the synthesis of 2. The analytical data for

10 was in agreement with that reported previously.®® Selected spectral data for 10: 'H NMR
(CDCl3); 8, 2.70 (dd, Jaeq3ax=12.3 Hz, H-3eq®), 2.57 (dd, J3eq3ax=13.1 Hz, H-3eq?) ppm.

Ethyl 0-(2,3,4,6-tetra-0O-acetyl-p-D-galactopyranosyl)-(1—4)-2,3,6-tri-O-acetyl-1-thio-B-D-
glucopyranoside (12).

AcO _oAc AcO
O AcO SEt
AcO 0 o)
AcO OAc
12

The title compound was synthesized as described for the synthesis of 2. The analytical data for
12 was in agreement with that reported previously.!® Spectral data for 12: 'H NMR (CDCls): §,
1.25 (t, 3H, CH2CHs), 1.96-2.16 (7's, 21H, 7 x COCH3), 2.68 (m, 2H, CH>CH3), 3.62 (m, 1H, H-
5), 3.80 (dd, 1H, H-4), 3.87 (m, 1H, H-5"), 4.05-4.16 (m, 3H), 4.44-4.51 (m, 3H), 4.90-4.98 (dt,
2H, H-3, 3°), 5.11 (dd, 1H, H-2), 5.22 (dd, 1H, H-2), 5.35 (dd, 1H, H-4") ppm; 3C NMR
(CDCls): o, 14.8, 20.5, 20.6 (x2), 20.7, 20.8, 22.6, 24.2, 60.7, 62.2, 66.5, 69.0, 70.2, 70.6, 70.9,
71.4,73.7,76.2,76.6,83.4,101.0, 168.9, 169.0, 169.7 (x2), 170.0, 170.1, 170.6 ppm.

Phenyl 2,3,4,6-tetra-0O-acetyl-1-thio--D-glucopyranoside (13).

OAc
AcO o)
AcO SPh

AcO 13

The title compound was synthesized as described for the synthesis of 2. The analytical data for
13 was in agreement with that reported previously.! Spectral data for 13: 'H NMR (CDCls): §,
1.96, 1.98, 2.02, 2.04 (4 s, 12 H, 4 x COCH3s), 3.68-3.73 (m, 1H, Js6.= 5.1 Hz, H-5), 4.15 (dd,
1H, Jsagb = 12.1 Hz, H-6a), 4.21 (dd, 1H, H-6b), 4.66 (d, 1H, Ji» =10.1 Hz, H-1), 4.91 (dd, 1H,
J3=9.2 Hz, H-2), 5.01 (dd, 1H, Js5 =9.9 Hz, H-4), 5.23 (dd, 1H, J34 =9.3 Hz, H-3), 7.26-7.49
(m, 5H, aromatic) ppm; *C NMR (CDCls): §, 20.8 (x2), 20.9 (x2), 62.3, 68.4, 70.1, 74.1, 75.9,
85.9, 128.6, 129.1 (x2), 131.8, 133.3 (x2), 169.4, 169.6, 170.3, 170.7 ppm.
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Phenyl 2,3,4,6-tetra-0O-acetyl-1-thio-B-D-galactopyranoside (14).

AcO OAc
0]
AcO SPh
AcO 14

The title compound was synthesized as described for the synthesis of 2. The analytical data for
14 was in agreement with that reported previously.*!! Spectral data for 14: 'H NMR (CDCls): §,
1.96, 2.02, 2.08, 2.10 (4 s, 12H, 4 x COCH3), 3.93 (m, 1H, J56= 6.6 Hz, H-5), 4.12 (m, 2H, H-
6a,b), 4.7 (d, 1H, J12=9.9 Hz, H-1), 5.03 (dd, 1H, J34 = 3.3 Hz, H-3), 5.23 (dd, 1H, J>3=10.0
Hz, H-2), 5.42 (dd, 1H, Ja5= 1.0 Hz, H-4), 7.28-7.52 (m, 5H, aromatic) ppm; '*C NMR (CDCl5):
J,20.6 (x2), 61.6, 67.1,71.9, 71.3, 76.6, 86.5, 128.1, 128.8 (x2), 132.4 (x2), 132.5, 169.4, 169.6,
170.1, 170.2, 170.4 ppm.

Phenyl 2,3,4,6-tetra-0O-acetyl-1-thio-a-D-mannopyranoside (15).

AcO OAcC
AcO
AcO

15 SPh

The title compound was synthesized as described for the synthesis of 2. The analytical data for
15 was in agreement with that reported previously.'"!? Spectral data for 15: 'H NMR (CDCls): §,
2.01, 2.05, 2.08, 2.16 (4 s, 12H, 4 x COCH3), 4.10 (m, 1H), 4.30 (dd, 1H), 4.51-4.57 (m, 1H),
5.29-5.36 (m, 2H, H-2, 3), 5.50 (d, 1H, H-1), 5.42 (dd, 1H, H-4), 7.28-7.52 (m, 5H, aromatic)
ppm; 3C NMR (CDCls): 8, 20.6 (x2), 20.8, 62.3, 66.2, 70.8, 71.7, 85.6, 128.1, 129.0 (x2), 132.0
(x2), 133.2, 169.6, 169.7 (x2), 169.8, 170.4 ppm.

Methyl (phenyl 5-acetamido-4,7,8,9-tetra-0-acetyl-3,5-dideoxy-2-thio-D-glycero-D-galacto-
non-2-ulopyranosid)onate (16).
AcO_ ,oAc SPh
ACOII.
e\ 707 come
OAc 16

The title compound was synthesized as described for the synthesis of 2. The analytical data for
16 was in agreement with that reported previously.!>!* Selected spectral data for B-16: '"H NMR:
d, 1.90, 1.96, 2.04, 2.07, 2.10 (5 s, 15H, 5 x COCH3), 2.68 (dd, J3eq3ax =14.0 Hz, H-3eq), 2.00
(dd, 1H, H-3ax), 4.49 (dd, 1H, Joa0» = 10.4 Hz, H-9a), 4.60 (dd, H-9b), 5.40 (n, 1H, H-4), 5.60
(d, 1H, Jsnu= 10.7 Hz, NH), 7.20-7.60 (m, 5H, aromatic) ppm; Selected spectral data for 3-16:
'H NMR: §, 2.81 (dd, Jaeq3ax = 13.1 Hz, H-3eq), 2.09 (dd, 1H, H-3ax).

p-Methylphenyl 2,3,4,6-tetra-0-acetyl-1-thio-B-D-glucopyranoside (17).
OAc

0
Ao STol
AcO 17

The title compound was synthesized as described for the synthesis of 2. The analytical data for
17 was in agreement with that reported previously.'>!> Spectral data for 17: '"H NMR (CDCls):
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9, 1.98, 2.01, 2.08, 2.09 (4 s, 12H, 4 x COCH3), 2.35 (s, 3H, CH3Ar), 3.67-3.74 (m, 1H, Js6a =
5.2 Hz, H-5), 4.17 (dd, 1H, Jsasr = 12.0 Hz, H-6a), 4.20 (dd, 1H, H-6b), 4.61 (d, 1H, J12 =10.1
Hz, H-1), 4.91 (dd, 1H, J>3 =9.3 Hz, H-2), 5.03 (dd, 1H, J45 =9.6 Hz, H-4), 5.18 (dd, 1H, J34 =
9.3 Hz, H-3), 7.10-7.42 (m, 4H, aromatic) ppm; *C NMR (CDCls): §, 20.6, 20.7, 20.8, 21.2,
62.1, 68.3,69.9, 74.1, 75.8, 76.7, 85.8, 127.6, 129.7 (x2), 133.9 (x2), 138.8, 169.3, 169.4, 170.2,
170.6 ppm.

p-Methylphenyl 2,3,4,6-tetra-0O-acetyl-1-thio-B-D-galactopyranoside (18).
AcO OAc

0]
AcO STol
AcO 18

The title compound was synthesized as described for the synthesis of 2. The analytical data for
18 was in agreement with that reported previously.'>!¢ Spectral data for 18: 'H NMR (CDCls): §,
1.97,2.05, 2.10, 2.12 (4 s, 12H, 4 x COCH3), 2.34 (s, 3H, CH3Ar), 3.91 (m, 1H, J56= 6.6 Hz, H-
5), 4.14 (m, 2H, H-6a, 6b), 4.65 (d, 1H, Jio = 9.9 Hz, H-1), 5.03 (dd, 1H, J34 = 3.3 Hz, H-3),
5.22 (dd, 1H, Jo5= 10.0 Hz, H-2), 5.41 (dd, 1H, Ju5= 1.0 Hz, H-4), 7.10-7.45 (m, 4H, aromatic)
ppm; 3C NMR (CDCL): 8, 20.7 (x2), 20.9, 21.2, 61.6, 67.3, 72.0, 74.3, 86.9, 128.6, 129.6 (x2),
133.1 (x2), 138.4, 169.3, 170.1, 170.2, 170.3 ppm.

p-Methylphenyl 2,3,4,6-tetra-0O-acetyl-1-thio-a-D-mannopyranoside (19).

AcO— OAc
AcO
AcO

19 STol

The title compound was synthesized as described for the synthesis of 2. The analytical data for
19 was in agreement with that reported previously.'”!® Spectral data for 19: 'H NMR (CDCI3): 3,
1.99, 2.08, 2.10, 2.14 (4 s, 12H, 4 x COCH3), 2.35 (s, 3H, CH3Ar), 4.03 (dd, 1H), 4.30 (dd, 1H),
4.50 (m, 1H), 5.29-5.35 (m, 2H), 5.40 (d, 1H, Ji> = 1.0 Hz, H-1), 5.47 (dd, 1H), 7.10-7.45 (m,
4H, aromatic) ppm; *C NMR (CDCl): 3, 20.6, 20.7 (x2), 20.8, 21.1, 62.4, 66.3, 69.3, 70.8,
85.9, 128.7, 129.9 (x2), 132.6 (x2), 138.4, 169.7, 169.8, 169.9, 170.1, 170.5 ppm.

Methyl (p-methylphenyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-2-thio-D-glycero-
D-galacto-non-2-ulopyranosid)onate (20).

AcO_ ,oac  STol

AcOr..

ACHWC%M(E
OAc 20

The title compound was synthesized as described for the synthesis of 2. The analytical data for
20 was in agreement with that reported previously.'® Selected spectral data for f-20: '"H NMR
(CDCl3): 6, 1.90, 1.96, 2.04, 2.08, 2.11 (5 s, 15H, 5 x COCH3), 2.34 (s, 3H, CH3Ar), 2.65 (dd,
Jseqaax = 9.5 Hz, H-3eq), 3.61 (s, 3H, OCH3), 5.39 (m, 1H, H-4), 6.02 (d, IH, NH), 7.14-7.33 (d,
4H, aromatic) ppm; 3C NMR (CDCls): §, 20.7, 20.8 (x2), 21.0, 21.1, 23.2, 29.2, 37.2, 49.2,
494, 52.6,52.7,62.2, 67.5, 67.6, 68.7, 68.9, 69.9, 73.0, 76.5, 87, 88.7, 128.7, 128.8, 128.9 (x3),
136.6 (x3), 168.2, 170.1, 170.2, 170.3, 170.8, 171.0 ppm.
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p-Methylphenyl 0-(2,3,4,6-tetra-0O-acetyl--D-galactopyranosyl)-(1—4)-2,3,6-tri-O-acetyl-
1-thio-B-D-glucopyranoside (21).

AcO _oAc AcO
QO AcO STol
AcO O o)
AcO OAc
21

The title compound was synthesized as described for the synthesis of 2. The analytical data for
21 was in agreement with that reported previously.'® Spectral data for 21: '"H NMR (CDCls): §,
1.92-2.14 (7 s, 21H, 7 x COCH3), 2.31 (s, 3H, CH3Ar), 3.63 (m, 1H), 3.72 (dd, 1H), 3.84 (dd,
1H), 4.09-4.22 (m, 3H), 4.48-4.75 (m, 3H), 4.83 (m, 1H), 4.93 (dd, 1H), 5.11 (dd, 1H), 5.21 (dd,
1H), 5.33 (dd, 1H), 7.09-7.49 (m, 4H, aromatic) ppm; *C NMR (CDCl): §, 14.8, 20.5, 20.6
(x2),20.8 (x2), 21.0, 21.1, 29.6, 60.2, 62.0, 66.5, 68.6, 70.9, 73.8, 75.4, 85.9, 101.0, 127.6, 129.8
(x2), 133.3 (x2), 138.6, 169.0, 169.3, 169.5, 169.7, 170.1 (X2) ppm.

1,3-Thiazolin-2-yl 2,3,4,6-tetra-0-acetyl-1-thio-B-D-glucopyranoside (22).
OAc
AgO Q
i\cO STaz
AcO 22

The title compound was synthesized as described for the synthesis of 2. The analytical data for
22 was in agreement with that reported previously.!!” Spectral data for 22: '"H NMR (CDCls): §,
1.98, 2.01, 2.03, 2.06 (4 s, 12H, 4 x CH3CO), 3.35 (t, 2H, CH2N), 3.76-3.83 (m, 1H, Js56.= 2.3
Hz, Js6» = 4.5 Hz, H-5), 4.09-4.30 (m, 4H, H-6a, 6b, CH>S), 5.08 (dd, 1H, J45 = 9.5 Hz, H-4),
5.13 (dd, 1H, J>3 = 8.3 Hz, H-2), 5.21 (dd, 1H, J54 = 8.3 Hz, H-3), 5.41 (d, 1H, J12=10.4 Hz, H-
1) ppm; 3C NMR (CDCls): §, 20.5 (x2), 20.6, 20.7, 35.3, 61.7, 64.2, 68.1, 67.8, 69.3, 73.8, 76.0,
83.0, 162.7, 169.5, 170.1,170.6 ppm.

1,3-Thiazolin-2-yl 2,3,4,6-tetra-0-acetyl-1-thio-B-D-galactopyranoside (23).

AcO OAcC
O
AcO STaz
AcO 23

The title compound was synthesized as described for the synthesis of 2. The analytical data for
23 was in agreement with that reported previously.! Spectral data for 23: '"H NMR (CDCls): §,
1.99, 2.04, 2.06, 2.13 (4 s, 12H, 4 x COCHs), 3.40 (t, 2H, CH2N), 4.02 (m, 1H, H-5), 4.10- .35
(m, 4H, H-6a, 6b, CH>S), 5.10 (dd, 1H, J34 = 3.4 Hz, H-3), 5.31 (dd, 1H, J23 = 10.1 Hz, H-2),
5.45 (s, 1H, H-4), 5.46 (d, 1H, Ji2 = 10.0 Hz, H-1) ppm; *C NMR (CDCls): §, 20.5, 20.6, 20.7,
20.8,35.2,61.1, 64.1, 66.7, 67.0, 71.7, 74.7, 83.4, 162.8, 169.6, 169.9, 170.2, 170.3 ppm.
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1,3-Thiazolin-2-yl 2,3,4,6-tetra-0-acetyl-1-thio-a-D-mannopyranoside (24).

AcO— OAc
AcO Q
AcO
24 STaz

The title compound was synthesized as described for the synthesis of 2. The analytical data for
24 was in agreement with that reported previously.'® Spectral data for 24: 'H NMR (CDCl;): §,
1.96, 2.01, 2.05, 2.13 (4 s, 12H, 4 x COCH3), 3.39 (t, 2H, CHaN), 4.04-4.13 (m, 2H, H-5, H-6b),
4.16-4.38 (m, 3H, H-6a, CHS), 5.11 (dd, 1H, H-3), 5.32 (dd, 1H, H-4), 5.42 (dd, >3 = 3.2 Hz,
1H, H-2), 6.20 (d, Ji2= 1.3 Hz, 1H, H-1) ppm; '3C NMR (CDCl3): 8, 20.6, 20.7 (x2), 20.8, 35.5,
62.0, 64.0, 65.7, 69.3, 70.6, 71.39, 82.6, 161.2, 169.3, 169.5 (x2), 170.6 ppm.
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