SUPPORTING INFORMATION

Reactivity of 2-Deoxy-2-iodo-glycosyl Isothiocyanates with O-, S- and N-

Nucleophiles. Synthesis of Glycopyranoso Fused Thiazols

Joaquin Isac-Garcia, Fernando Hernandez-Mateo, Francisco G. Calvo-Flores, Francisco Santoyo-

Gonzilez*

Instituto de Biotecnologia. Departamento de Quimica Orgénica, Facultad de Ciencias,

Campus Fuentenueva s/n, Universidad de Granada, Granada, E-18071-SPAIN

fsantoyo@ugr.es

TABLE OF CONTENTS

General Experimental Details
Experimental Procedures
Purification and Characterization data for compounds 5-44

'H and “C NMR spectra for compounds 5-44

S2

S3-S5
S6-S21
S22-S111

S1



General Experimental Details

TLC was performed on Merck silica gel 60F,4s aluminium sheets with detection using the Mostain
reagent [ceric sulfate (1%w/v and ammonium molybdate (2.5% w/v) in 10% (v/v) aqueous sulfuric
acid], by charring with 5% H,SO, in EtOH and by UV light when applicable. Flash column
chromatography on silica gel Merck or Scharlau (230-400 mesh. ASTM) with the solvent systems
indicated in Table. All the concentrations were carried out under diminished pressure at 40 °C. Melting
points were determinated with a Gallenkamp apparatus and are uncorrected. Optical rotations were
measured at 24 °C  with a Perkin-Elmer 141 Polarimeter NMR spectra were recorded at room
temperature on a Bruker AM-300 and AM-400 spectrometer. '"H NMR chemical shifts are given in ppm
and referenced to internal CHCl; (8 = 7.26) for CDCl; solutions. *C NMR chemical shifts are given in
ppm and referenced to CDCl (8 = 77.0). Assignments were based on COSY, HMQC, NOESY and
DEPT. Anhydrous solvents were prepared according to standard procedures and were freshly distilled
prior to use. FAB mass spectra were obtained on a Fissons VG Autospec-Q spectrometer using m-
nitrobenzyl alcohol or thioglicerol as matrix. For reasons of clarity and to reduce space the name
calix[4]arene was used instead of the original IUPAC name: pentacyclo[19.3.1.1>7.1%.1'*"¥]octacosa-

1(25),3,5,7(28),9,11,13(27),15,17,19(26),21,23-dodecaene.
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Experimental Procedures

General Procedure for the Synthesis of N-(2-deoxy-2-iodo-glycopyranosyl)thiocarbamates
(5, 7-9). A solution of the corresponding 2-deoxy-2-iodo-glycopyranosylisothiocyanates (1-4, 1 mmol)
in dry 1,2-dichloroethane (15 mL) and dry MeOH (8 ml) was heated under reflux for 45 min.
Evaporation of the solvent was followed by column chromatography (ether-hexane 4:1) to yield the

corresponding thiocarbamates 5§, 7-9.

Synthesis of S-ethyl N-(2,4,6-tri-O-acetyl-2-deoxy-2-iodo-0-D-manopyranosyl)-
dithiocarbamate (6). Triethylamine (0.075 mL) was added to a cold solution (0°C)of1(0.22 g, 0.48
mmol) and ethanethiol (0.035 mL, 0.48 mmol) in 1,2-dichloroetane (6 mL). After 5 min addition of 1,2-
dichloroethane was followed by washing with 5% HCI aqueous solution and water. The organic phase
was dried (Na,SO4) and evaporated to yield a crude product that was purified by a short column

chromatography (ether-hexane 2:1) giving 6°' (237 mg, 95%) as a foam solid.

General Procedure for the Synthesis of 2-methoxy or 2-ethylthio-4,S-dihydro-1,2-dideoxy-
glycopyranoso[1,2-d]-1,3-thiazoles (10-18). Method A: To a solution of the corresponding N-(2-deoxy-
2-10do-glycopyranosyl)thiocarbamates (5-9, 1 mmol) in benzene (25 mL) was added DBU (0.250 mL).
The reaction mixture was heated under reflux for 10 min. After cooling the reaction was filtered and
washed with water. The organic phase was dried (Na,SO,) and evaporated to give a crude product that

was purified by column chromatography to yield 10, 12, 13, 15 and 17, respectively.

Method B: To a solution of the corresponding N-(2-deoxy-2-iodo-glycopyranosyl)thiocarbamates (5, 7-
9, 1 mmol) in MeOH (25 mL) was added freshly prepared 0.1 M NaOMe-MeOH solution (20 mL). The
reaction mixture was kept at rt for 10 min and then heated under reflux for 10 min. Evaporation gave a

crude that was purified by column chromatography to yield 11, 14, 16 and 18, respectively.
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General Procedure for the synthesis of  2-alkylamino-4,5-dihydro-1,2-
dideoxyglycopyranoso|[1,2-d]-1,3-thiazoles (19-27). A solution of 1 (0.457 g, 1.1 mmol) and the
corresponding amine (benzylamine, ethanolamine, bis(2-hydroxyethyl)amine, methyl glycinate, 2-
aminomethylpyridine, 4-(2-aminoethyl)-imidazole, 4,5-dihydroxybenzylamine and 4-aminobenzo-
crown-18 or 6-amino-6-deoxy-1,2.5,6-di-O-isopropylidene-o.-D-galactopyranose,'* 1 mmol) in THF (20
mL) was kept a rt for 15-30 min. After this time tlc (ether or AcOEt) showed complete disappearance of
the starting materials. Et;N (0,28 mL, 2 mmol) was then added and the reaction mixture kept at rt for 24
h. Evaporation was followed by addition of CH,CL, or EtOAc and washing of the solution with brine.
The organic phase was dried (Na,SO,) and evaporated giving a crude product that was purified by
column chromatography yielding 19-27, respectively.

General procedure for the synthesis of glycopyranoso[1,2-d]-1,3-thiazolidine-2-thione (28,
29 and 33). To a solution of the corresponding 2-deoxy-2-iodo-glycosyl isothiocyanate (1, 2 and 4)
(0.29 g, 0.63 mmol) in acetone (25 mL) was added an aqueous solution of Na,S-9H,0 (160 mg, 5 mL).
The reaction mixture was stirred at rt for 45 min. CH,Cl, was added and the solution washed with
water. The organic phase was dried (Na,SO,) and evaporated to gave a crude product that was purified

by column chromatography or crystallized.

General procedure for the synthesis of glycopyranoso[1,2-d]-1,3-thiazolidine-2-one (30-32
and 34). A solution of the corresponding 2-deoxy-2-iodo-glycosyl isothiocyanate (1, 2 and 4, 1 mmol) or
2-deoxy-2-iodo thiocarbamates (5 and 7-9, 1 mmol) in 1,2-dichloroethane (12 mL) and MeOH (6 mL)

was heated under reflux for 16-60 h. Evaporation was followed by column chromatography of the crude.

General procedure for the synthesis of 2-deoxy-glycopyranosyl thiocarbamates (35-36). To
a solution of the corresponding 2-deoxy-2-iodo-glycopyranosylisothiocyanates (5 or 9, 0.5 mmol) in dry
ether (20 mL) was added HBu3Sn (0.2 mL) and AIBN (15 mg). The reaction mixture was heated under

reflux until tlc (ether-hexane 5:1) showed complete disappearance of the starting material (30 min) and
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then evaporated to yield a crude product that was purified by column chromatography (ether-hexane 3:1)

to yield 35 or 36, respectively.

General procedure for the synthesis and 2-deoxy-2-iodo-glycopyranosyl carbamates (37-
38). To a solution of the corresponding 2-deoxy-2-iodo-glycopyranosylisothiocyanates (4 or 9, 1 mmol)
in dry CH,Cl, (20 mL) was added Hg(AcO), (1 g, 3 mmol). The reaction mixture was keptatrt for 48 h
and then filtrated and washed with 20% IK aqueous solution and water. The organic phase was dried
(Na,S04) and evaporated to yield a crude product that was purified by column chromatography (ether-

hexane 3:1) giving 37 or 38, respectively.

General Procedure for the synthesis of  bis- (39-42). and tris-4,5-dihydro-1,2-
dideoxyglycopyranoso[1,2-d]-1,3-thiazoles (43-44). A solution of the corresponding diamines (1,2-
ethanediamine,  1,6-hexanediamine, 2-hydroxy-1,3-propanediamine, ~ 25,27-bis-(aminoethoxy)-
5,11,17,23-tetra-tert-butyl-26,28-dihydroxy-calix[4]arene'®) or triamines (tris(2-aminoethyl)amine, N-
(2-aminoethyl)-1,2-ethanediamine) (0.5 mmol) and 1 (1.1 mmol for the diamines and 1.7 mmol for the
triamines) in THF (20 mL) was kept a rt for 30 min. After this time Et;N or DBU (in the case of tris(2-
aminoethyl)amine) (2.2 mmol for the diamines and 3.4 mmol for the triamines) was added and the
reaction mixture kept at rt for 24 h. Evaporation was followed by addition of EtOAc and washing of
the solution with brine. The organic phase was dried (Na,SO;) and evaporated to yield a crude product

that was purified by column chromatography.
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Purification and Characterization data

Methyl N-(3,4,6~tri-O-acetyl-2-deoxy-2-iodo-0-D-mannopyranosyl)thiocarbamate (5).
Column chromatography (ether-hexane 4:1) of the crude gave a solid (75 %): mp 129-130 °C; [ct]p +52°
(c 1, chloroform); IR (KBr) 3412, 1746, 1620, 1521 cm™; 'H NMR (300 MHz, DMSO-d¢): & 10.28 (d, 1
H, J=8.8 Hz), 6.05 (dd, 1 H, J=8.5 and 5.5 Hz, H-1),5.02(t, 1 H,J=6.1 Hz, H-4),4.97 (dd, 1 H, J =
5.9 and 3.1 Hz, H-3),4.62 (dd, 1 H,J=5.1 and 3.7 Hz, H-2), 4.24 (dd, 1 H, J= 12.5and 6.6 Hz, H-6),
4.10-4.00 (m, 2 H, H-5,6"), 3.93 (s, 3 H, OMe), 2.07, 2.04, 2.00 (3 5, 9 H, 3 Ac); *C NMR (75 MHz,
DMSO-de): 6 191.9, 169.8, 169.0, 168.7, 82.7, 71.6, 69.3, 67.2, 61.2, 56.9, 27.6, 20.5, 20.4, 20.3; MS
(CD) m/z 490 (M" + 1), 430 (M" - C,H;0); Anal. Calcd for C14HINOgS: C, 34.36; H, 4.12; N, 2.86.

Found: C, 34.96; H, 4.04; N, 2.75.

S-Ethyl  N-(2,4,6-tri-O-acetyl-2-deoxy-2-iodo-a-D-manopyranosyl)-dithiocarbamate  (6).
Column chromatography (ether-hexane 2:1) of the crude gave a foam solid (95%) : mp 54-57 °C; [0]p
+51° (¢ 1, chloroform); IR (film) 3286, 1746, 1232 cm™; 'H NMR (300 MHz, Cl;CD): §7.82 (br
s, 1H, NH), 6.22 (brs, 1 H, H-1), 5.13 (t, 1 H,J = 6.3 Hz, H-4), 4.87 (dd, 1 H, J = 6.5 and 4.0 Hz, H-
3),4.65(dd, 1 H,J=5.6 and 3.9 Hz, H-2), 4.42 (dd, 1 H; J = 12.1 and 6.4 Hz, H-6), 4.30 (dd, 1 H, J=
12.1 and 4.2 Hz, H-6'), 4.17 (m, 1 H, H-5), 3.27 (q, 2 H, J = 7.5 Hz, CH,S), 2.17, 2.10, 2.09 (35, 9 H, 3
MeCO), and 1.34 (t, 3 H, J = 7.5 Hz, CHsCH,S); °C NMR (100 MHz, DMSO-ds): § 200.1 (CS), 169.9,
169.1, 168.8 (CO), 81.9 (C-1), 72.0, 69.1, 67.1 (C-3,4,5), 61.1 (C-6), 28.5 (C-2), 27.4 (SCH,), 20.3,
20.5, 20.4 (MeCO), 13.9 (CH3CH,); Anal. Calcd for C;sH5,INO;S,: C, 34.69; H, 4.27; N, 2.70; S, 12.35.

Found: C, 34.70; H, 4.34, N, 2.74; S, 11.86.

Methyl N-(3,4,6-tri-O-acetyl-2-deoxy-2-iodo-a-D-talopyranosyl)thiocarbamate (7). Column
chromatography (ether-hexane 4:1) of the crude gave a solid (86%): mp 70 °C; [o]p + 22 ° (¢ 1,

chioroform); IR (Nujol) 3293, 1751, 1526, 1459, 1375, 1213 cm™; 'H NMR (300 MHz, DMSO-ds): 8

S6



10.28 (d, 1H, J = 8.8 Hz), 5.89 (t, 1 H,J=9.0 Hz,), 545 (t, 1 H, J=3.2 Hz), 5.18 (dd, 1 H,J =5.8
and 3.3 Hz), 4.54 (dd, J =9.0 and 3.3 Hz), 4.47 (dd, 1 H,J =12.2 and 3.5 Hz), 4.34 (ddd, 1 H, J =
8.8,5.8, and 3.2 Hz), 4.20 (dd, 1 H, J = 12.2 and 3.2 Hz), 3.91 (s, 3 H), and 2.13, 1.98 (2 s, 9 H); C
NMR (100 MHz, DMSO-de): § 192.3, 170.0, 168.9, 168.8, 79.4, 71.0, 69.6, 66.1, 60.0, 56.9, 25.0,
20.5, 20.2 ; MS (CI) m/z 490 (69) (M +1)", 430 (100) (M" - AcOH); Anal. Calcd for C14HINOsS: C,

34.36; H, 4.12; N, 2.86. Found: C, 34.86; H, 4.04; N, 2.75.

Methyl  N-[(2,3,4,6-tetra-O-acetyl-o-D-glucopyranosyl)-(1 —4)-3,6-di-O-acetyl-2-deoxy-2-
iodo-a-D-mannopyranosyl]thiocarbamate (8). Column chromatography (ether-hexane 4:1) of the
crude gave a solid (87%): mp 147-149 °C; [a]p +86.5° (¢ 1, chloroform); IR (Nujol): 3247, 1748, 1708,
1541 cm™; "H NMR (400 MHz, DMSO-de): 8 10.08 (d, 1 H, J=9.0 Hz), 5.92 (t, 1 H, J= 8.6 Hz), 5.31
(d, 1H,J/=42Hz),5.28 (t, 1 H,J=10.2 Hz), 4.98 (t, 1 H, J=9.6 Hz), 4.94 (m, 1 H), 4.87 (dd, 1 H, J
= 10.2 and 4.0 Hz), 4.65 (dd, 1 H, J= 8.2 and 3.2 Hz), 4.32-3.86 (m, 7 H), 3.92 (s, 3 H), 2.11, 2.06,
2.01, 1.99, 1.98, 1.97 (6 s, 18 H); *C NMR (75 MHz, DMSO-dy): & 192.3, 170.1, 170.0, 169.6, 169.6,
169.3, 169.2, 95.1, 81.3, 73.3, 72.1, 69.7, 69.2, 67.9, 61.7, 61.5, 57.0, 24.3, 20.7, 20.6, 20.3; HMRS

(FAB) Calcd for Cy6H3sINO;sSNa 800.0697 [M + Na]", found 800.0698; Anal. Caled for CosHisINO (S:

C,40.16; H, 4.67; N, 1.80. Found: C, 40.36; H, 4.72; N, 1.37.

Methyl N-(3,4,6-tri-0O-acetyl-2-deoxy-2-iodo-B-D-glucopyranosyl)thiocarbamate 9).
Column chromatography (ether-hexane 4:1) of the crude gave a solid (87%): mp 171-173 °C; [op +56°
(¢ 1, chloroform); IR (Nujol) 3307, 1740, 1533, 1138, 1096 cm™; 'H NMR (400 MHz, C5CD): § 6.71
(d, 1H,J=9.4Hz),5.82 (dd, 1 H, J=10.1 and 9.9 Hz), 5.38 (dd, 1 H, J = 10.5 and 9.4 Hz), 4.98 (dd,
1 H,J=9.7 and 9.4 Hz), 4.33 (dd, 1 H, J=12.5 and 4.5 Hz), 4.09 (dd, 1 H, J=12.6 and 1.7 Hz), 4.02
(s, 3 H), 3.97 (dd, 1 H, J = 10.7 and 10.5 Hz), 3.99 (ddd, 1 H, J = 10.1, 4.3 and 1.7 Hz), 2.09, 2.06,
2.01 (3s, 9 H); "C NMR (100 MHz, CKCD): § 192.5, 170.7, 169.8, 169.5, 85.5, 76.0, 74.1, 68.6, 61.7,

57.9, 29.5, 20.9, 20.8, 20.7; MS (CI) m/z 490 (M" + 1), 430, 370, 339, 218; Anal. Calcd for
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C1aH2INOsS: C, 34.36; H, 4.12; N, 2.86. Found: C, 34.54; H, 4.00; N, 2.81.

2-Methoxy—4,5-dihydro(3,4,6-tri-0-acetyl-1,2-dideoxy-oc—D-glucopyranoso)[1,2-d]—1,3-
thiazole (10). Column chromatography (ether-hexane 1:2) of the crude gave a solid (66%): mp 111-112
°C; [adp +202° (¢ 1, chloroform); IR (KBr) 1749, 1628, 1228 cm™; 'TH NMR (400 MHz, CDCL): & 5.68
(d, 1H,J=5.7Hz),5.18 (t, 1 H,J=9.5 Hz), 497 (t, 1 H,J=9.7 Hz), 446 (dd, 1 H,J =12.4 and 3.7
Hz), 4.14-4.09 (m, 2 H), 3.96 (s, 3 H), 3.66 (dd, 1 H,J=9.5 and 5.7 Hz,), 2.07, 2.02, 1.99 (3s, 9 H);
C NMR (100 MHz, CDCL): 8 170.8, 170.1, 169.8, 167.2, 97.2, 75.9, 69.8, 68.3, 61.9, 58.7, 54.4,
20.8, 20.8, 20.7; MS (CI) m/z 362 (M" + 1), 302 (M" + 1 - C;H40,); Anal. Calcd for C14H,0NOsS: C,
46.52; H, 5.30; N, 3.88. Found: C, 46.30; H, 5.20; N, 3.92.

2-Methoxy 4,5-dihydro-(1,2-dideoxy-o—D-glucopyranoso)[1,2-d}-1,3-thiazole (11). Column
chromatography (MeOH-chloroform 1:10) of the crude gave a solid (95%): mp 121-124 °C; [op +189°
(¢ 1, methanol); IR (Nujol) 3415, 3314, 1631, 1100 cm™; '"H NMR (400 MHz, DMSO-d¢):8 5.49 (d, 1
H,J =58Hz),542(d, 1 H,J=56Hz),5.02(d, 1 H,J =58 Hz),4.52 (t, 1 H,J =5.9 Hz), 3.85 (s, 3
H), 3.67 (ddd, 1 H, J=11.8, 6.0, and 2.2 Hz; dd, J = 11.8 and 2.2 Hz, after isotopic change with D,0),
3.53(ddd, 1 H,J=11.8, 6.1 and 5.7 Hz; dd, J = 11.8 and 5.3 Hz, after isotopic change with D,0), 3.44
(dd, 1 H, J=9.5 and 5.8 Hz), 3.37 (ddd, 1 H, J=9.6, 5.4, and 2.2 Hz), 3.25 (dt, 1 H,J = 9.4 and 5.7
Hz; t, J = 9.4 Hz, after isotopic change with D,0), and 3.11 (dt, 1 H, J 9.3 and 5.6 Hz; t, J=9.4 Hz,
after isotopic change with D,0); >C NMR (100 MHz, DMSO-dq): 8 165.3, 96.5, 76.7, 74.5, 69.5, 60.2,
57.9, 57.4; MS m/z (CI): 235 (M"), 204 (M" - MeO); Anal. Calcd for CsH;3sNOsS: C, 40.84; H, 5.57; N,

5.95; S, 13.60. Found: C, 41.30; H, 5.69; N, 5.65; S, 13.23%.

2-Ethylthio-4,5-dihydro-(3,4,6-tri-O-acetyl-1,2-dideoxy-o-D-glucopyranoso)[1,2-d]-1,3-
thiazole (12). Column chromatography (ether-hexane 1:1) of the crude gave 17 a solid (62%): mp 96
°C; [a]p +225° (¢ 1, chloroform); IR (KBr) 1747, 1556, 1441, 1368, 1239, 1218, 1120, 1019 cm™; 'H

NMR (300 MHz, CDCL): § 5.68 (d, 1 H,J=5.7 Hz), 4.98 (dd, 1 H, J=9.5 and 9.2 Hz), 4.93 (d, 1 H, J
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=9.5Hz),4.41 (dd, 1 H,J=12.4 and 3.6 Hz), 4.10 (d, 1 H, J = 12.4 Hz), 4.05 (m, 1 H), 3.58 (dd, 1 H,
J=9.1 and 5.8 Hz), 3.14-2.98 (m, 1 H), 2.03, 1.97, 1.94 (3s, 9 H), 1.31 (t, 1 H, J = 7.4 Hz); °C NMR
(100 MHz, CDCL;): & 170.6, 169.9, 166.8, 101.8, 75.2, 70.2, 68.1, 61.7, 52.2, 27.4, 20.7, 20.7, 20.6,
14.5; MS (CI) m/z 392 (M" + 1), 362, 289, 244, 232, 202, 184, 142, 114; HMRS (FAB) Calcd for
Ci1sH:NO;S;Na 414.0657 [M + Na]", found 414.0649; Anal. Caled for C1sH2NO;S,: C, 45.92; H, 5.33;

N,3.52. Found: C, 46.04, H, 5.37, N, 3.58.

2-Methoxy-4,5-dihydro(3,4,6-tri-O-acetyl-1,2-dideoxy-a-D-galactopyranoso)[1,2-d]-1,3-
thiazole (13). Column chromatography (ether-hexane: 1:1) of the crude gave a syrup (71%): [a]p +94°
(¢ 1, chloroform); '"H NMR (300 MHz, CLCD): 8 5.75 (d, 1 H,J=5.6 Hz), 537 (d, 1 H, J= 2.9 Hz),
4.96 (dd, 1 H, J=10.5 and 3.1 Hz), 4.28 (t, | H, /= 6.7 Hz), 4.17 (m, 2 H), 3.98 (s, 3 H), 3.75 (dd, 1
H, J=10.6 and 5.6 Hz), 2.15, 2.06,2.02 (3 s, 9 H); C NMR (75 MHz; C15CD): § 170.5, 170.2, 170.0,

167.1,97.2,73.3, 68.6, 66.3, 61.7, 58.6, 50.8, 20.8, 20.7, 20.6; HMRS (FAB) Calcd for C,4H;)NOsSNa

384.0729 [M + NaJ’, found 384.0731.

2-Methoxy-4,5-dihydro-(1,2-dideoxy-0.—D-galactopyranoso)[1,2-d}-1,3-thiazole (14).
Column chromatography (MeOH-chloroform 1:10 to 1:7) of the crude gave a solid (89%): mp 198-200
°C; [adp +163° (¢ 0.8, methanol); IR (KBr) 3429, 3193, 1610, 1269, 1248, 1112 cm™; 'TH NMR (300
MHz, DMSO-d¢): 8 5.47 (d, 1 H, J = 5.7 Hz), 5.20 (br s, 1 H), 4.7 (br s, 2 H), 3.83 (s, 3 H), 3.70-3.30
(m, 6 H), 5.2 (br s, 1 H), "C NMR 167.0, 97.2, 73.8, 73.4, 67.8, 60.0, 58.6, 55.2; HMRS (FAB) Calcd

for CgH;3NOsSNa 258.0412 [M + Na]', found 258.0411.

2-Methoxy-4,5-dihydro-[(2,3,4,6-tetra-0-acetyl-o-D-glucopyranosyl)-(1 —4)-3,6-di-O-
acetyl-1,2-dideoxy-o-D-glucopyranoso}[1,2-d]-1,3-thiazole (15). Column chromatography (ether) of
the crude gave a syrup (65%): [a]p +140° (¢ 1, chloroform); IR (KBr) 1751, 1627, 1228, 1037 cm™; 'H

NMR (300 MHz, CCD): 8 5.73 (d, 1 H, /= 6.4 Hz), 5.36 (dd, 1 H, J=10.5 and 9.6 Hz), 5.32 (d, 1 H,

S9



J=42Hz),524 (t, 1 H,J="7.4Hz),5.05(t, 1 H,J=9.8 Hz), 4.86 (dd, 1 H, J = 10.4 and 3.9 Hz), 4.50
(dd, 1 H,J=12.1 and 2.8 Hz), 4.28 (dd, 1 H, J= 12.2 and 4.2 Hz), 4.22 (dd, 1 H, J = 12.3 and 4.0 Hz),
4.07-3.96 (m, 3 H), 3.98 (s, 3 H), 3.82(dd, 1 H, J=9.0 and 7.2 Hz), 3.76 (dd, 1 H, J= 7.5 and 6.5 Hz),
2.13,2.08, 2.08, 2.06, 2.01, 1.98 (5 s, 18 H); *C NMR (75 MHz, C1;CD): § 170.6, 170.5, 169.9, 169.8,
169.5, 168.0, 96.4, 95.7, 75.4, 73.4, 70.3, 69.7, 69.6, 68.5, 68.2, 63.3, 61.7, 58.7, 53.9, 30.4, 21.1, 20.9,
20.8, 20.7, 20.6; MS (CI) m/z 650 (M" + 1), 590, 488, 331; HMRS (FAB) Calcd for CosH;sNO,cSNa

672.1574 [M + Na]’, found 672.1563.

2-Methoxy-4,5-dihydro-[(0-D-glucopyranosyl)-(1 -4)-(1,2-dideoxy-o-D-
glucopyranoso)[1,2-d]-1,3-thiazole (16). Column chromatography (MeOH-chloroform 1:3) of the
crude gave a hygroscopic solid (94%): [a]p +140° (¢ 1, methanol); *C NMR (75 MHz, DMSO-d): &
175.6, 100.6, 96.4, 79.0, 76.9, 73.4, 73.2, 73.0, 72.2, 69.8, 60.6, 60.3, 58.0, 56.8; HMRS (FAB) Calcd
for C14H23sNOoSNa 420.0940 [M + Na]", found: 420.0943.

2-Methoxy-4,5-dihydro-(3,4,6-tri-O-acetyl-1,2-dideoxy-o-D-mannopyranoso)[1,2-d]-1,3-
thiazole (17). Column chromatography (MeOH-chloroform 1:20) of the crude gave a syrup (65%): []p
-18° (¢ 1, chloroform); IR (KBr) 1728, 1258, 1094, 1068, 1048 cm™; '"H NMR (400 MHz, CIC;D): &
545(d,1H,J=39Hz),5.37(dd, 1 H,J=9.3 and 5.9 Hz), 5.25 (t, 1 H,J=9.5 Hz),4.64 (dd, 1 H, J =
5.9 and 3.9 Hz), 4.24 (dd, 1 H, J=12.2 and 5.5 Hz), 4.08 (dd, 1 H, J = 12.2 and 2.5 Hz), 3.96 (s, 3 H),

3.64 (ddd, 1 H, J = 9.5, 5.5 and 2.5 Hz), 2.03, 2.01, 2.00 (3 s, 9 H); °C NMR (100 MHz; CL5CD):
8175.8,170.8, 170.9, 169.5, 95.0, 72.4, 70.7, 66.4, 62.6, 58.4, 57.0, 20.8, 20.7, 20.6; MS (CI) m/z 362

(M" + 1), 302, 284, 242; Anal. Caled for C,4HsNOsS: C, 46.52; H, 5.30; N, 3.88. Found: C, 46.29; H,

5.59; N, 3.74
2-Methoxy-4,5-dihydro-(1,2-dideoxy-o-D-mannopyranoso)[1,2-d]-1,3-thiazole (18). Column

chromatography (MeOH-chloroform 1:9) of the crude gave a solid (50%): mp 195 °C (dec); [ot]p -22° (c

1, methanol); IR (Nujol): 3430, 3331, 1598, 1255, 1071, 1039 cm™; 'H NMR (400 MHz, DMSO-d ¢): 8
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573(d,1H,J/=4.1Hz),5.32(d, 1 H,J=3.6 Hz),4.96 (d, 1 H, J=5.6 Hz), 4.50 (t, | H, J=5.9 Hz),
4.54 (dd, 1 H, J=5.9 and 3.6 Hz), 3.85 (ddd, 1 H, J=9.3, 5.8 and 4.1 Hz), 3.83 (s, 3 H), 3.67 (ddd, 1
H,J=11.9, 6.1 and 2.1 Hz), 3.40 (dt, 1 H, /= 12.0 and 5.9 Hz), 3.30 (dt, 1 H, J=9.3 and 5.6 Hz), 3.05
(ddd, 1 H, J = 9.5, 6.3 and 2.1 Hz); >C NMR (100 MHz, DMSO-d¢): § 174.1, 93.5, 76.7, 70.7, 67.5,
61.7, 60.8, 57.3; MS (CI) m/z 236 (M* + 1), 218, 179, 158, 128, 116; Anal. Calcd for CsH;3NOsS: C,
40.85; H, 5.53; N, 5.96. Found: C, 41.02; H, 5.74; N, 5.73
2-Benzylamino4,5-dihydro-(3,4,6-tri-O-acetyl-1,2-dideoxy-o-D-glucopyranoeso)[1,2-d]-1,3-

thiazole (19). Column chromatography (EtOAc:hexane 1:1) of the crude gave a solid (54%): mp 36-37
°C; [atlp +124° (¢ 0.2, chloroform); IR (KBr) 3375, 1745, 1543, 1227, 1041 cm™; '"H NMR (300 MHz,
CDCl): 6 7.30 (m, 5 H, C¢Hs), 5.72 (d, 1 H,J =5.4Hz),5.16 (t, 1| H,J=9.5Hz),499 (t, 1 H, J=9.7
Hz),4.55and 442 (2d,2 H,J=14.4 Hz),4.46 (dd, 1 H,J = 12.4 and 3.3 Hz), 4.18 (ddd, 1 H,J =9.8,
3.3 and 2.5 Hz), 4.08 (dd, 1 H, J = 12.5 and 2.5 Hz), 3.59 (dd, 1 H, J = 9.3 and 5.4 Hz), 2.06, 2.02 and
1.99 (3 s, 9 H); °C NMR (75 MHz, CDCL): 8 170.8, 170.2, 169.8, 158.5, 137.4, 128.9,127.9, 127.8,
99.0, 76.0, 69.2, 68.5, 62.0, 53.0, 48.8, 20.8, 20.8, 20.7; HMRS (FAB) Calcd for CH24N,0,SNa

459.1202 [M + Na]", found 459.1203.

2-Hydroxyethylamino-3,4-dihydro-(3,4,6-tri-O-acetyl-1,2-dideoxy-o-D-glucopyranoso)|1,2-
d]-1,3-thiazole (20). Column chromatography (ether) of the crude gave a syrup (92%): [a]p +135° (¢
0.2, chloroform); IR (KBr) 3387, 1744, 1560, 1231, 1044 cm™; '"H NMR (300 MHz, CDCl): § 5.72 (d,
1H,J=54Hz),516(, 1 H,J=94Hz),498 (t, 1 H,J =9.6 Hz), 444 (dd, 1 H, J = 12.0 and 3.6
Hz), 4.21-4.09 (m, 3 H), 3.77 (m, 2 H), 3.61 (dd, 1 H, J = 9.3 and 5.5 Hz), 3.48 (m, 2 H), 2.09, 2.05,
2.01 (3 s, 9 H); "C NMR (75 MHz, CDCL): § 170.8, 170.4, 169.8, 159.9, 98.6, 75.9, 69.2, 68.5, 62.0,

61.8,52.8, 47.2, 21.0, 20.8, 20.6; HRMS (FAB) Calcd for C;sH;,N,O4SNa 413.0985 [M + Na]", found

413.0986.

2-N,N-Bis(2-hydroxyethyl)amino-3,4-dihydro-(3,4,6-tri-O-acetyl-1,2-dideoxy-o-D-
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glucopyranoso)[1,2-d]-1,3-thiazole (21). Column chromatography (EtOAc) of the crude gave a solid
(59%): mp 97-99 °C; [at]p +142° (¢ 0.2, chloroform); IR (Nujol) 3304, 1749, 1653, 1602, 1528, 1253
cm’; 'H NMR (300 MHz, CDCL;): $5.68 (d, 1 H, J = 5.5 Hz), 5.14 (t, 1 H, J = 9.5 Hz), 4.99 (t, 1 H, J
=9.7Hz), 4.44(dd, 1 H,J =12.4 and 3.8 Hz), 4.19-4.10 (m, 2 H), 3.89-3.83 (m, 4 H), 3.60 (dd, 1 H,
J =9.3 and 5.4 Hz), 3.63-3.43 (m, 6 H), 2.09, 2.05, 2.01 (3 s, 9 H); °C NMR (75 MHz, CDClL): &
170.8, 170.4, 169.7, 162.2, 98.2, 75.7, 69.3, 68.4, 62.0, 62.5, 55.3 , 53.2, 20.8, 20.7, 20.6; HMRS
(FAB) Calcd for C17Hy6N,O4SNa 457.1256 [M + Na]', found 457.1258; Anal. Calcd for

Ci7H6N2008-H,0: C, 45.12; H, 6.23; N, 6.19; S, 7.08. Found: C, 45.54; H, 6.23; N, 6.08; S, 6.64.

2-Methoxycarbonylmethylamino-3,4-dihydro(3,4,6-tri-0-acetyl-1,2-dideow—a—D-
glucopyranoso)[1,2-d]-1,3-thiazole (22). Column chromatography (EtOAc) gave a syrup (75%): [o]p
+139° (¢ 0.2, chloroform); IR (KBr) 3363, 1745, 1624, 1228, 1045 cm™; 'TH NMR (300 MHz, CDCL): §
5.71(d, 1H,J =54Hz),515(t, 1 H,J =9.5Hz),4.99 (t, 1 H,J = 9.6 Hz), 4.47 (dd, 1H,J =122
and 3.5 Hz), 4.22-4.08 (m, 4 H), 3.79 (s, 3 H), 3.62 (dd, 1 H, J = 9.3 and 5.5 Hz), 2.10, 2.04, 2.00 3s,
9 H); °C NMR (75 MHz, CDCL): 6 170.8, 170.1, 170.0, 169.8, 158.2, 98.9, 75.9, 69.1, 68.4, 61.9,

53.2, 52.5, 45.5, 20.8, 20.6; HMRS (FAB) Calcd for CisH2,N,00SNa 441.0943 [M + NaJ", found

441.0944.

2-(Pyridyn—2’-yl-metylamine)—4,5-dihydro(3,4,6-tri—0—acetyl—1,2-dideoxy-0c—D-
glucopyranoso)[1,2-d]-1,3-thiazole (23). Column chromatography (EtOAc) of the crude gave a solid
(79%): mp 107-108 °C; [ap +149° (c 0.3, chloroform); IR (KBr) 3461, 1747, 1645, 1240, 1116, 1033,
757 cm™; 'H NMR (300 MHz, CDCL): 8 8.54 (br d, 1 H, J = 4.9 Hz), 7.69 (ddd, 1 H, J = 7.8, 7.6 and
1.8 Hz), 7.28-7.20 (m, 2 H), 5.77(d, 1 H,J =54 Hz),5.19(, 1 H,J =95 Hz), 5.02 (t, 1 H,J =9.7
Hz), 4.67 (s, 2 H), 4.51 (dd, 1 H,J = 12.3 and 3.4 Hz), 423 (ddd, 1 H, J = 9.8, 3.3 and 2.2 Hz), 4.14
(dd, 1 H,J =122 and 2.1 Hz), 3.63 (dd, 1 H, J = 9.4 and 5.4 Hz), 2.10, 2.05, 2.00 (35,9 H); "CNMR

(75 MHz, CDCl): 6 170.6, 170.0, 169.6, 158.4, 155.7, 148.8, 136.7, 122.4, 121.7, 98.9, 75.9, 68.9,
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68.4, 61.9, 52.9, 48.7, 20.9, 20.6, 20.5; HMRS (FAB) Calcd for C1sHp3sN30,SNa 460.1154 [M + Na]",

found 460.1151.

2-[(1H-Imidazol-4-yl)-ethylamine]-4,5—dihydro-(3,4,6-tri-0-acetyl—1,2-dideoxy—a—D-
glucopyranoso)[1,2-d]1,3-thiazole (24). Column chromatography (MeOH:chloroform 1:7) of the crude
gave a solid foam (100%): [at]lp +117° (¢ 1, methanol); IR (KBr) 3416, 1745, 1619, 1241, 1110, 1043
cm™; 'TH NMR (300 MHz, acetone-dg): 6 8.29 (s, 1 H, imidazol-H-2), 7.20 (s, 1 H, imidazol-H-4), 6.46
(brs,2H,2NH), 5.64 (d, 1 H,J = 5.4 Hz, H-1), 5.02 (t, 1 H,J = 9.4 Hz, H-3), 4.86 (t, L H, J = 9.6 Hz,
H-4),4.30 (dd, 1 H, J = 11.9 and 4.0 Hz, H-6), 4.12 (m, 1 H, H-5), 4.06 (brd, 1 H, J = 12.0 Hz, H-6"),
3.70 (dd, 1 H, J = 9.2 and 5.5 Hz, H-2), 3.62 (t, 2 H, J = 6.7 Hz, CH,N), 3.02 (t, 2 H, J = 6.6 Hz,
CH,CH;N), 1.97,1.97, 1.94 (3 5, 9 H, 3 MeCO); >C NMR (75 MHz, acetone-dg): 8 170.7, 170.2, 170.0
(3 CO), 159.3 (C=N), 135.2 (C-2-imidazol), 134.1 (C-5-imidazol), 117.6 (C-4-imidazol), 99.3 (C-1),
76.2 (C-3), 69.6, 69.4 (C-4,5), 62.8 (C-6), 52.9 (C-2), 44.4 (CH,N), 26.5 (CH,CH,N), 20.7, 20.6, 20.6

(3 MeCO); HMRS (FAB) Calcd for CisHysN4O7S 441.1444 [M + H]', found: 441.2966.

2—(3,4-dihydroxybenzylamino)-4,5-dihydro-(3,4,6—tri-0—acetyl-1,2-dideoxy-a—D-
glucopyranoso)[1,2-d]-1,3-thiazole (25). Column chromatography (EtOAc) of the crude gave a solid
(96%): IR (KBr) 3378, 1744, 1619, 1241, 1113 cm™; '"H NMR (300 MHz, CDCL): 8 6.77 (d, 1 H, J =
8.1 Hz), 6.75 (brs, 1 H), 6.59 (dd, 1 H,J = 8.1 and 1.5 Hz), 5.75 (d, 1 H, J = 5.4 Hz), 6.30 (br s, 3 H),
519(t, 1 H,J =95Hz), 4.94 (t, 1 H, J = 9.7 Hz), 4.35-4.13 (m, 4 H), 4.02 (brd, 1 H, J = 12.2 Hz),
3.61(dd, 1 H, J = 9.4 and 5.4 Hz), 2.07, 2.01, 2.00 (3 5, 9 H); °C NMR (75 MHz, CDCL): & 171.2,
170.7, 169.9, 164.4, 144.6, 144.5, 129.3, 120.0, 115.6, 114.7, 97.9, 75.8, 69.3, 68.7, 62.1, 52.4, 48.5,

20.9, 20.8, 20.7; HMRS (FAB) Calcd for CH;4N,04SNa: 491.1100 [M + Na]", found 491.1094.

N-{4,5—Dihydro-(3,4,6—tri-0—acetyl—l,2-dideoxy—a—D-glucopyranoso)[1,2-d]-1,3-thiazol-2-
yl}-4'-aminobenzo-15-crown-5 (26). Crystallization of the crude product (cther-EtOAc 1:1) gave a

solid (92%): mp 163-165 °C (dec); [o]p +26° (c 1, chloroform); IR (KBr) 3454, 1740, 1624,
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1521, 1248, 1130, 1104 cm™; '"H NMR (300 MHz, CDCl): 8 6.90-6.70 (m, 3 H), 5.75(d, 1 H, J = 5.7
Hz), 5.26 (t, 1 H,J = 9.4 Hz), 5.01 (t, 1 H, J = 9.6 Hz), 4.40 (dd, 1 H, J = 12.2 and 3.6 Hz), 4.24 (m, 1
H), 4.13-4.06, 3.92-3.88, and 3.75 3 m, 17 H), 3.15(dd, 1 H, J = 9.4 and 5.5 Hz), 2.09, 2.04 and 2.01
(3 s, 9 H); °C NMR (75 Hz, CDCL): 6 170.7, 170.1, 169.7, 158.0, 149.3, 146.2, 135.5, 114.4, 108.8,

95.1,75.5, 69.3, 68.4, 71.0, 70.9, 70.5, 70.4, 69.7, 69.5, 69.3, 68.7, 61.8, 50.8, 20.9, 20.8, 20.7; HMRS

(FAB) Calcd for Cy7Hs6N,01,SNa: 635.1886 [M + NaJ*, found 635.1882.

2-[6'-Amino-6'-deoxy-1',2':3',4'-di-O-isopropyliden-o-D-galactopyranose-6'-N-yl]-4,5-
dihydro-(3,4,6-tri-O-acetyl-1,2-dideoxy-o-D-glucopyranoso)[1,2-d]-1,3-thiazole (27). Column
chromatography (ether:hexane 3:1) of the crude gave a solid (77%): mp 98-101 °C; [op +42° (c1,
chloroform); IR (KBr) 3388, 1745, 1647, 1238, 1068 cm™; 'H NMR (300 MHz, CDCl): & 5.66 (d, 1 H,
J=54Hz,H-1),549 (d, 1 H,J =49 Hz, H-1'), 5.11 (1, 1 H,J = 9.6 Hz, H-3),4.97 (t, 1 H, J = 9.7 Hz,
H-4),4.59 (dd, 1 H, J = 7.8 and 2.4 Hz, H-4'), 4.46 (dd, 1 H, J = 12.4 and 3.6 Hz, H-6), 4.29 (dd, 1 H,
J =5.0 and 2.4 Hz, H-2"), 4.20 (dd, 1 H, J = 7.8 and 1.7 Hz, H-3'), 4.19-4.15 (m, 1 H, H-5 or H-5"),
4.08 (dd, 1 H, J = 12.3 and 2.0 Hz, H-6), 3.99(dd, 1 H, J = 4.7 and 1.6 Hz, H-5' or H-5), 3.65 (dd, 1 H,
J =13.5 and 3.2 Hz, H-6"), 3.55 (dd, 1 H, J = 9.3 and 5.5 Hz, H-2), 3.39 (dd, 1 H, J = 13.8 and 8.7 Hz,
H-6'), 2.07, 2.02, 1.98 (3 5, 9 H, 3 MeCO), and 1.47, 1.43, 1.31, 1.30 (4 s, 12 H, 2 Me,C); *C NMR (75
MHz, CDCL): § 170.7, 170.1, 169.7 (3 CO), 159.0 (C=N), 109.5, 108.7 (2 Me,C), 99.1 (C-1), 96.2 (C-
1'), 76.0 (C-3), 71.5 (C-3"), 70.9, 70.6 (C-2',4"), 68.9 (C-5 or C-5", 68.5 (C-4), 65.8 (C-5' or C-5), 61.9
(C-6), 52.8 (C-2), 44.7 (C-6), 26.0, 24.9, 24.3 (2 Me,C), 20.7, 20.6 (MeCO); HMRS (FAB) Calcd for
CysH36N2012SNa 611.1887 [M + Na]’, found 611.1887; Anal. Calcd for CasH3¢N,01,S-1/2H,0: C,
50.24; H, 6.24. Found: C, 50.36; H, 6.72.

3,4,6-Tri-O-acetyl-1,2-dideoxy-o-D-glucopyranoso[1,2-d]-1,3-thiazolidin-2-thione (28).
Column chromatography (ether-hexane 1:2) of the crude gave a solid (38%): mp 170-171 °C; [alp

+148.6° (c 1, chloroform); IR (KBr) 3150, 1760, 1742, 1494, 1229, 1209, 1141, 1114, 1051 cm’; 'H
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NMR (400 MHz, DMSO-d): 8 10.9 (brs, 1 H), 5.91 (d, 1 H,J= 6.6 Hz), 5.10 (t, 1 H, J= 6.8 Hz), 4.90
(dd, 1 H,J=9.4 and 6.9 Hz), 4.27 (t, 1 H, J= 6.7 Hz), 4.22 (dd, 1 H, J = 12.4 and 5.5 Hz), 4.07 (dd, 1
H,J=12.4 and 2.6 Hz), 4.05 (ddd, 1 H, J= 9.4, 5.5 and 2.6 Hz), 2.02, 2.01, 2.00 (3s, 9 H); *C NMR
(100 MHz, DMSO-dq): 8 197.1, 169.9, 169.3, 169.2, 88.4, 72.0, 69.3, 67.4, 61.9, 48.4, 20.5, 20.4; MS
(CI) m/z 364 (M" + 1), 304 (M" - C,H40y), 273, 213; Anal. Calcd for Ci3Hi; NO;S,: C, 42.97; H, 4.72;

N, 3.85. Found: C, 43.55; H, 4.85; N 3.63.

3,4,6-Tri-O-acetyl-1,2-dideoxy-o-D-galactopyranoso[1,2-d]-1,3-thiazolidin-2-thione  (29).
Column chromatography (ether-hexane 3:1) of the crude gave a solid (85%): mp 64-66 °C; [a]p +84° (¢
1, chloroform); IR (KBr): 3253, 1755, 1230 cm™; '"H NMR (400 MHz, C,CD): 8 7.75 (br s, 1 H), 5.95
(d,1H,J =59Hz),545(d, 1 H,J =2.8 Hz),5.15(dd, 1 H,J =10.3 and 29 Hz), 437 (t, L H,J =
6.4 Hz), 4.15 (dd, 1 H,J = 11.5 and 6.9 Hz), 4.10 (dd, 1 H,J = 11.5 and 5.9 Hz), 3.73 (dd, 1 H, J =
10.3 and 5.9 Hz), 2.13, 2.07, 2.02 (3 s, 9 H); "C NMR (100 MHz, CL,CD): & 198.1, 170.6, 169.9,
169.8, 89.8 , 72.4, 70.0, 65.7, 61.7, 46.3 (C-2), 20.8, 20.7, 20.6; MS (CI) m/z 364 (M" + 1), 304, 286,

244, 202; Anal. Calcd for Ci3Hi7NO4S,: C, 42.97; H, 4.72; N, 3.86. Found: C, 42.97; H, 4.86; N, 3.60.

3,4,6-Tri-O-acetyl-1,2-dideoxy-o-D-glucopyranof1,2-d}-1,3-thiazolidin-2-one  (30). The
reaction mixture was refluxed for 16 h and the crude purified by column chromatography (ether-hexane
5:1) giving a solid (75% from 1 or 77% from 5): mp 173-175 °C; [a]p +160° (¢ 1, chloroform); IR
(KBr) 3366, 1746, 1690, 1637 c¢m™; '"H NMR (300 MHz, C,CD): 3 6.49 (brs,1 H), 5.62 (d, 1 H, J =
6.5 Hz), 5.29 (t, 1 H, J= 7.0 Hz), 4.96 (dd, 1 H, J=9.3 and 6.9 Hz), 4.29 (dd, 1 H, J=12.0 and 4.8
Hz), 4.19 (ddd, 1 H, J=9.3,4.8 and 2.3 Hz),4.13(dd, 1 H,J=12.0 and 2.3 Hz), 3.85 (dd, 1 H, J =
6.6 and 7.0 Hz), 2.06, 2.05, 2.03 (2 s, 9 H); *C NMR (100 MHz, C1,CD): § 170.9, 170.6, 169.7, 169.5,
82.4, 73.5, 69.1, 68.1, 62.2, 46.0, 20.7, 20.6; MS (CI) m/z 348 (M" + 1), 289 (M" - C,H;0), 228 (M" - 2

C,H30); Anal. Caled for C3H17NOsS: C, 44,95; H, 4.93; N, 4.03. Found: C, 45.27; H, 4.93; N, 3.80.

S15



3,4,6-Tri-0-acetyl-1,2-dideoxy-a—D-galactopyranoso[1,2-d]-1,3-thiazolidin-2-one (31). The
reaction mixture was refluxed for 36 h and the crude purified by column chromatography (ether-hexane
5:1) giving a syrup (33% from 2 or 38% from 7): [a]o + 111° (¢ 0.84, chloroform); IR (film): 3293,
1742, 1528, 1369 cm™'; '"H NMR (300 MHz, CDCL): 6 6.04 (s, 1 H), 5.67 (d, 1 H, J = 5.7 Hz), 5.38
(dd, 1 H,J=2.6 and 1.6 Hz), 5.13 (dd, 1 H, J=10.0 and 2.9 Hz), 4.28 (dd, 1 H,J=6.5 and 1.1 Hz),
4.10(dd, 1 H, J=11.5 and 6.6 Hz), 4.04 (dd, 1 H, /= 11.5 and 6.3 Hz), 3.65 (dd, 1 H,J=10.0 and 5.8
Hz), 2.08, 2.00, 1.98 (3s, 9 H); *C NMR (75 MHz, CDCL): 8 170.6, 170.5, 169.9, 169.8, 83.8, 73.3,
69.1, 66.0, 61.5, 43.8, 20.8, 20.6; HMRS (FAB) Calc. for C;3H;,NOg SNa, Calc. 370.0572 [M + NaJ",
found 370.0570.

(2,3,4-Tetra-0-acetyl-a-D-glucopyranosyl)-(1 —-4)-3,6-di-0-acetyl-1,2-dideoxy-a-D-
glucopyranoso][1,2-d]-1,3-thiazolidin-2-one (32). The reaction mixture was refluxed for 24 h and the
crude purified by column chromatography (ether) giving a solid (41%): mp 82-84 °C; [a]p +108° (¢ 1,
chloroform); IR (KBr) 3470, 1748, 1229, 1039 cm™; 'H NMR (400 MHz, C1;CD): 8 6.50 (br s, 1 H),
5.53(d, 1 H,J=8.1Hz),537(d, 1 H,J=4.0 Hz), 5.35(dd, 1 H, J=9.9 and 9.8 Hz), 5.08 (dd, 1 H, J
=3.4and 2.3 Hz), 5.03 (t, 1 H, J = 9.8 Hz), 4.88 (dd, 1 H, J = 10.4 and 4.0 Hz), 4.40-4.00 (m, 7 H),
3.72 (br d, 1 H, J = 8.2 Hz), 2.09, 2.08, 2.07, 2.06, 2.01, 1.98 (6 s, 18 H) ; "C NMR (100 MHz,
CLCD): 8 171.7, 170.7, 170.6, 170.3, 170.0, 169.6, 169.5, 96.0, 79.7, 74.5, 70.6, 70.2, 69.8, 68.6, 68.4,
68.2,63.4,61.8,43.8,20.9, 20.7, 20.6; MS (CI) m/z 636 (M" + 1), 634, 576, 502, 474, 331; Anal. Calcd
for C2sH33sNOi6S: C, 47.24; H, 5.23; N, 2.20. Found: C, 47.20; H, 5.37; N, 1.96.

3,4,6-Tri-0-acetyl—1,2-dide0xy-B-D-mannopyranoso[1,2-d]-1,3-thiazolidin-2-thione 33).
The crude product crystallized on standing (84%): mp 183 °C (d); [o]p -130° (¢ 1, methanol); IR (Nujol)
3304, 1750, 1051 cm™; "H NMR (400 MHz, DMSO-de): 6 11.0 (br s, 1 H), 5.56 (dd, 1 H, J= 9.6 and
6.0 Hz), 5.56 (d, 1 H, J=3.7 Hz), 5.04 (t, 1 H,J=9.6 Hz), 4.86 (dd, 1 H, J=6.0 and 3.6 Hz), 4.16 (dd,
1 H, J =127 and 5.8 Hz), 4.01-3.96 (m , 2 H), 2.00, 1.99, 1.98 (3 s, 9 H); *C NMR (100 MHz,

DMSO-de): 6 201.4, 170.0, 169.4, 169.2, 87.4, 70.3, 69.2, 65.8, 61.9, 54.2, 20.5, 20.3, 20.2;
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MS (CD) m/z 364 (M" + 1), 304, 273, 213; Anal. Calcd for CisHiINO5S,: C, 42.97; H, 4.71; N, 3.85; S,
17.64. Found: C, 42.97; H, 4.66; N, 3.85; S, 17.94.
3,4,6-Tri-0-acetyl—1,2-dideoxy-(x-D-mannopyranoso[1,2-d]thiazolidin-2-one (34). The
reaction mixture was refluxed for 60 h and the crude purified by column chromatography (ether-hexane
5:1) giving a solid (87% from 4 or 61% from 9): mp 143-144 °C; [a]p -33° (¢ 1, chloroform); IR (Nujol)
3305, 1749, 1685, 1144, 1118 cm™; '"H NMR (300 MHz, CLCD): 6 7.03 (d, 1 H, J=1.7 Hz), 5.35 (dd,
1 H,J/=9.3and 5.6 Hz), 5.29 (t, 1 H, J=9.3 Hz), 5.12 (dd, 1 H, J=3.4 and 2.0 Hz),4.61(dd, 1 H,J=
5.3 and 3.4 Hz), 4.19 (dd, 1 H, J=12.3 and 5.1 Hz), 4.12 (dd, 1 H, J = 12.3 and 2.6 Hz), 3.64 (ddd, 1
H, /=93, 5.1 and 2.6 Hz), 2.05, 2.03, 2.01 (3 s, 9 H); '°C NMR (75 MHz, CI5CD): & 174.6, 170.7,
169.9, 169.4, 82.3, 71.9, 70.6, 65.7, 62.1, 50.5, 20.7, 20.6, 20.5; MS (CI) m/z 348 (M" + 1), 288, 270,
228, 186; Anal. Calcd for Ci3Hi;NOGS: C, 44.95; H, 4.93; N, 4.03. Found: C,45.22; H, 4.96; N, 3.69.

Methyl N—(3,4,6-tri-0-acetyl—2-deoxy—oc-D-arabinopyranosyl)-thiocarbamate (35). Column
chromatography (ether-hexane 3:1) of the crude gave a solid (87%): mp 94-95 °C; [a] p + 43° (c 1,
chloroform); IR (Nujol) 3309, 1749, 1507 cm™; '"H NMR (400 MHz, DMSO-dy): 5 10.22 (d 1H,J=
8.5 Hz), 5.93 (brs, 1 H), 5.48 (m, 1 H), 481 (t, 1 H,J=9.0 Hz), 4.19 (dd, 1 H, J=12.2 and 4.6 Hz),
3.91 (s, 3 H), 4.00-3.80 (m, 2 H), 2.10-1.90 (m, 2 H), and 1.99, 1.97, 1.96 (3's, 9 H); "C NMR (100
MHz, DMSO-de): 8 191.9, 169.9, 169.4, 169.3, 78.3, 68.9, 68.8, 68.2, 61.8, 56.6, 22.9, 20.6, 20.5; MS
(CI) m/z: 364 (M + 1)7, 304, 273, 213; HMRS (FAB) Calcd for C14H, NOSNa 386.0886 [M + Nal’,
found: 386.0885.

Methyl N-(3,4,6-tri-O-acetyl-2-deoxy-B-D-arabinopyranosyl)-thiocarbamate (36). Column
chromatography (ether-hexane 3:1) of the crude gave a solid (87%): mp 193-195 °C; [a]p -7° (¢ 1,
chloroform); IR (Nujol): 3307, 1740, 1714, 1601, 1526 ¢cm™; '"H NMR (400 MHz, CLCD): 6 6.55 (d, 1
H, J=9.0 Hz), 5.65 (dt, 1 H, J=11.9 and 1.9 Hz), 5.10 (ddd, 1 H, J=11.2, 9.5 and 5.1 Hz), 4.98 (dd,
1 H,J=9.9 and 9.5 Hz), 4.32 (dd, 1 H,J = 12.3 and 4.6 Hz), 4.07 (dd, 1 H, J=12.2 and 2.0 Hz), 3.98

(s,3H),3.75(ddd, 1 H,J=9.9, 4,6 and 2.0 Hz), 2.45 (ddd, 1 H, J = 12.3, 5.1 and 1.9 Hz),
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2.07,2.03,2.02(3s,9H),and 1.71 (q, 1 H, J=11.6 Hz); °C NMR (100 MHz, Cl,CD): 6 191.8, 170.8,
170.1, 169.9, 81.1, 74.1, 70.9, 68.6, 62.2, 57.6, 35.6, 20.9, 20.9, 20.8; MS (CI) m/z: 364 (M + 1)", 304,
273, 213; Anal. Caled for C14H, NOsS: C, 46.26; H, 5.79; N, 3.86. Found: C,46.29; H, 5.69; N, 3.74.
Methyl N—(3,4,6-tri-0-acetyl-2-deoxy-2-iodo—a—D-mannopyranosyl)carbamate (37). Column
chromatography (ether-hexane 3:1) of the crude gave a solid (76%): mp 67-69 °C; [a]p +29° (c 1,
chloroform); IR (Nujol) 3342, 1742, 1628, 1527 cm’; '"H NMR (300 MHz, C;CD): 8 5.81 (brs, 1 H,
NH), 5.61 (dd, 1 H, J=8.9 and 5.8 Hz, H-1), 5.09 (t, 1 H, J= 6.2 Hz, H-4), 4.88 (dd, 1 H, J=6.0 and
3.8 Hz, H-3), 4.52 (dd, 1 H, J= 5.7 and 3.8 Hz, H-2), 4.39 (dd, 1 H, J = 12.0 and 6.1 Hz, H-6), 4.23
(dd, 1 H, J=12.0 and 4.2 Hz, H-6), 4.11 (m, 1 H, H-5), 3.73 (s, 3 H, OMe), 2.15,2.09,2.08 (3 s, 18 H
, 3 Ac); "C NMR (75 MHz, CLCD): 8 170.7, 169.6, 169.3 (CO), 155.4 (CON), 79.3 (C-1), 72.3 (C-5),
70.3 (C-3), 67.4 (C-4), 61.3 (C-6), 52.9 (OMe), 26.6 (C-2), 20.9, 20.8, 20.8 (CH;CO); MS m/z 474 (M"
+ 1), 430, 399, 354, 339, 279; Anal. Calcd for Ciq HaoINOs: C, 35.52; H, 4.26; N, 2.96. Found: C,

35.89; H, 4.19; N, 2.81.

Methyl N-(3,4,6-tri-0-acetyl—2—deoxy-2-iodo-oz—D-glucopyranosyl)carbamate (38). Column
chromatography (ether-hexane 3:1) of the crude gave a solid (88%): mp 157-160 °C; [a]p +52° (c 1,
chloroform); IR (Nujol) 3349, 1735, 1533 cm™; '"H NMR (300 MHz, ChkCD): 65.51(brd, 1 H,J=9.5
Hz), 5.35 (dd, 1 H, J=10.9 and 9.1 Hz), 5.24 (t, 1 H, J=10.0 Hz), 4.97 (dd, 1 H, J=10.0 and 9.1 Hz,
H-4), 433 (dd, 1 H,J=12.5 and 4.4 Hz), 4.09 (dd, 1 H, J= 12.5 and 2.2 Hz), 3.94 (brt,1H, J=10.6
Hz), 3.85 (ddd, 1 H, J=10.1, 4.3 and 2.0 Hz), 3.76 (s, 3 H), 2.10, 2.07, 2.02 (3s, 18 H); "C NMR (75
MHz, Cl; CD): 8 170.7, 169.7, 169.5, 155.6, 83.5, 76.2, 73.8, 68.7, 61.8, 52.9, 27.7, 20.8, 20.8, 20.6;
MS (CI) m/z 474 (M" + 1), 414, 399, 354, 339; Anal. Caled for C,4HzINOs: C, 35.52; H, 4.26; N, 2.96.

Found: C, 35.50; H, 4.32; N, 3.39.
N,N'-Bis- {4,5-Dihydro-(3,4,6—tri—0-acetyl—1,2-dideoxy—a—D-glucopyranoso)[1,2-d]-1,3-

thiazol-2-yl}-1,3-diamino-2-hydroxypropane (39). Column chromatography (AcOEt) of the crude
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gave a solid foam (60%): [cat]p +268° (¢ 1, methanol); IR (film) 3370, 1749, 1619, 1241, 1111, 734 cm’;
'H NMR (300 MHz, CDCL): 8 5.70, 5.69 (2d, 2 H, J= 5.4 Hz, H-1), 5.13 (, 2 H, J = 9.5 Hz, H-3),
5.00 and 4.98 (2t,2 H, J = 9.6 Hz, H-4), 442 (dd, 2 H, J = 12.3 and 3.5 Hz, H-6), 4.15 (m, 4 H, H-
5,6", 3.94 (m, 1 H, J= 4.8 Hz, CHOH), 3.61 (dd, 2 H, J= 9.3 and 5.6 Hz, H-2), 3.46 (m, 4 H, CH,N),
2.10, 2.05 and 2.02 (3 s, 18 H, MeCO); *C NMR (75 MHz, CDCL;): § 170.8, 170.3, 169.8, 160.4,
160.1,98.4 (C-1), 75.8, 69.5, 69.2, 68.5, 68.4 (C-3,4,5,CHOH), 61.9, 60.4 (C-6), 52.8, 52.7 (C-2), 47.9,
47.3 (CHzN), 21.0, 20.8, 20.6 (MeCO); HMRS (FAB) Calcd for CpHyN4O15S, 749.2010 [M + HT',

found 749.1987.

N,N '-Bis-{4,5—Dihydro-(3,4,6-tri-0-acetyl-1,2-dide0xy—(x-D-glucopyranoso)[1,2-d]-,3-
thiazol-2-yl}-ethylenediamine (40). Column chromatography (AcOE) of the crude gave a solid (66%):
mp 175 °C (dec); [odp +198° (¢ 1, methanol); IR (KBr) 3318, 1750, 1624, 1251, 1110, 1038. cm™; 'H
NMR (300 MHz, CDCls): 8 6.25 (br's, 2 H), 5.71 (d, 2 H, J 5.6 Hz), 5.18 (t, 2 H, J 9.5 Hz), 5.02 (t, 2
H,J=9.8 Hz),4.48 (dd, 2 H, /= 12.4 and 3.3 Hz), 4.20 (ddd, 2 H, /= 9.8, 2.8 and 2.0 Hz), 4.11 (dd, 2
H, /=124 and 1.8 Hz), 3.60 (dd, 2 H, /= 9.3 and 5.6 Hz), 3.53 (m, 4 H), 2.09, 2.06, 2.01 (3 s, 18 H);
C NMR (75 MHz, CDCL): 8 170.8, 170.3, 169.8, 159.1, 98.8, 76.3, 69.1, 68.4, 61.9, 52.9, 45.3, 20.9,

20.8, 20.6; HRMS (FAB) Calcd for CosH3oN4014S, 719.1904 [M + H]", found 719.1881.

N,N '-Bis—{4,5-Dihydro-(3,4,6—tri-0—acetyl—1,2-dideoxy—(x-D-glucopyranoso)[1,2-d] 1,3-
thiazol-2-yl}-hexamethylene-1,6-diamine (41). Column chromatography (AcOEt) of the crude gave a
syrup (68%): [a]p +34° (¢ 0.25, chloroform); IR (film) 3374, 1751, 1625, 1228, 1110, 1044 cm™; 'H
NMR (300 MHz, CDCL): 8 5.70 (d, 2 H, J=5.4 Hz), 5.14 (t, 2 H, J=9.5 Hz), 5.00 (t,2 H, J=9.7 Hz),
4.49 (dd, 2 H, J=12.3 and 3.5 Hz), 4.21 (dt, 2 H, J= 9.8 and 3.0 Hz), 4.13 (dd,2H,J=123and 1.9
Hz), 3.57 (dd, 2 H, J=9.4 and 5.4 Hz), 3.30 (t, 4 H, J = 6.8 Hz), 2.12, 2.07, 2.03 (3s, 18 H), 1.58 and
1.38 (2 m, 8 H); °C NMR (75 Hz, CDCl): § 170.8, 170.3, 169.7, 158.7, 99.0, 76.0, 69.0, 68.5, 62.0,
52.7, 44.5, 29.3, 26.3, 21.0, 20.8, 20.7; HRMS (FAB) Calcd for C3,Hs014N,S, 775.2530 [M + HT',
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found 773.2353.

25,27-Bis-(2-{[4,5-dihydro(3,4,6-tri-O-acetyl-1,2-dideoxy-o-D-glucopyranoso)[1,2-d]-1,3-
thiazol-2-yl]Jamino}ethoxy)-5,11,17,23-tetra-fert-butyl-26,28-dihydroxi-calix[4]arene (42). Column
chromatography (ether-hexane 1:1) of the crude gave a solid (43%): mp 126-128 °C; [o]p +64° (¢ 1,
chloroform); IR (KBr) 3308, 1751, 1629, 1241, 1112, 1046 cm™; '"H NMR (400 MHz, CI;,CD): § 8.78
(brs, 2 H, OH), 7.62 (br s, 2 H, NH), 7.06-7.05 (m, 8 H, Ar), 5.80 (d, 2 H, J = 5.6 Hz, H-1), 5.21 (t, 2
H,J=9.4Hz H-3),5.02 (t, 2 H, J = 9.9 Hz, H-4), 4.57 (dd, 2 H, J = 13.0 and 3.0 Hz, H-6), 4.54 (m, 2
H, H-5), 4.35 (m, 2 H, ArOCH,),4.26 (d, 2 H, J = 13.2 Hz, ArCH,Ar), 4.21 (dd,2 H,J=13.0and 3.3
Hz, H-6’), 4.21(d, 2 H, J = 13.0 Hz , ArCH,Ar), 4.15 (m, 2 H, ArOCH), 3.98 (br s, 4 H, CH,N), 3.61
(dd, 2 H, J = 9.3 and 5.5 Hz, H-2), 3.45 (d, 2 H, J = 13.2 Hz, ArCH,Ar), 3.43 (d,2 H, J = 13.1 Hz,
ArCH,Ar), 2.10, 2.01, 1.99 (3 s, 18 H,Ac), 1.23, 1.17 (2 5, 36 H, Me;C); 'H NMR (400 MHz, DMSO-
de): 8 8.64 (s, 2 H, OH), 7.70 (br s, 2 H, NH), 7.18 (d, 2 H, J = 2.2 Hz, Ar), 7.15 (d, 2 H, J = 2.8 Hz,
Ar),7.14(d,2H,J=2.6 Hz, Ar), 7.11 (d, 2 H, J = 2.2 Hz, Ar), 5.65 (d, 2 H, J = 5.6 Hz, H-1), 5.07 (t,
2 H,J=94Hz H-3),4.80(t,2 H, J = 9.6 Hz, H-4), 4.23-4.18 (m, 12 H, ArOCH,, ArCH:Ar, H-5,6),
4.01 (brd, 2 H, J = 10.5 Hz, H-6’), 3.86 (m, 4 H, CH,N), 3.84 (dd, 2 H, J = 9.3 and 5.6 Hz, H-2), 3.46
(d, 2 H,J = 14.4 Hz, ArCH>Ar), 3.43 (d, 2 H, J = 13.7 Hz, ArCH.Ar), 1.97,1.92 (3 s, 18 H, Ac), 1.15,
1.11 (2 s, 36 H, Me;C); °C NMR (75 MHz, CLCD): § 170.9, 170.1, 169.9 (CO), 158.6, 149.3, 148.7,
148.4, 142.9, 133.7, 133.4, 128.0, 127.7 126.3, 125.8 (Ar), 99.6 (C-1), 76.7 (C-3), 75.1 (OCHy), 68.9
(C-5), 68.7 (C-4), 61.9 (C-6), 52.7 (C-2), 44.7 (NCH,), 34.3, 34.0 (Me;(), 32.6, 32.4 (ArCH,Ar), 31.6,
31.2 (MesC), 20.9, 20.7 (MeCO); HMRS (FAB) Calcd for C74HesN4O15S:Na 1415.606 [M + Na]", found

1415.60; Anal. Calcd for C74HosN4O13S,: C, 63.70; H, 6.88; N, 4.01; S, 4.44. Found: C, 64.05; H, 6.71;

N, 3.82; S, 3.99.

N,N',N""-Tris-{4,5-Dihydro-(3,4,6-tri-O-acetyl-1,2-dideoxy-o-D-glucopyranoeso)[1,2-d]-1,3-

thiazol-2-yl}-tris(2-amineethyl)amine (43). Column chromatography (MeOH-AcOEt 4:10) of the
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crude gave a solid (83%): mp 98-100 °C; [o]p +143° (¢ 1, methanol); IR (KBr) 3778, 1749, 1624, 1241,
1111, 1043 cm™; '"H NMR (300 MHz, CDCL): 65.71 (d,3H,J=54Hz),5.16 (t, 3H,J=9.5 Hz),
4.99 (t, 3 H, J=9.7 Hz), 4.46 (dd, 3 H, J = 12.2 and 3.5 Hz), 4.20 (m, 3 H, H-5), 4.14 (dd, 3 H, J =
12.2 and 1.8 Hz), 3.57 (dd, 3 H, J = 9.4 and 5.4 Hz), 3.37, 2.70 (2 m, 12 H), 2.10, 2.05, 2.00 (3 s, 27
H); °C NMR (75 MHz, CDCl): 6 170.8, 170.2, 169.7, 159.4, 98.3, 75.8, 69.1, 68.5, 61.0, 53.7, 52.5,

42.9, 20.8, 20.6; HRMS (FAB) Calcd for C4sHe;N702,S3Na 1156.3137 [M + Na]", found: 1156.3140.

1,4,7-tris-{4,5-Dihydro—(3',4',6'-tri-0—acetyl—1',2'-dideoxy—a—D-glucopyranoso)[1',2'-d]1,3-
thiazol-2-yl}-1,4,7-triazaheptane (44). Column chromatography (chloroform-methanol 14:1) of the
crude gave a solid (98%): mp 115-117 °C; [a]p +136° (¢ 1, chloroform); IR (Nujol) 3365, 3195, 1749,
1624, 1619, 1598 cm™; '"H NMR (300 MHz, CDCs): 6 8.20,6.96 (2 brs,3H), 574 (d, 1 H,J=5.5
Hz),5.66 (d,2 H,J =54 Hz),5.12(brt,3H,J=95 Hz), 4.98,4.94 (2t,3 H, J=9.9 Hz), 4.49-4.35
(m, 3 H), 4.17-4.05 (m, 6 H), 3.67-3.43 (m, 11 H, 3 H-2'),2.05, 2.04, 2.03, 2.02, 2.00, 1.97 (6 5, 27 H);
C NMR (75 MHz, CDCL): 6 170.6, 170.2, 169.9, 169.6, 162.3, 158.5 , 98.6, 98.1, 76.1, 75.9, 69.2,
69.0, 68.7, 68.0, 62.0, 61.8, 53.2, 52.7, 43.2, 20.9, 20.8, 20.6, 20.5; HRMS (FAB) Calcd for
Ca3HssNeO,1S3Na 1113.27 [M + Na]", found 1113.24; Anal. Caled for C43HssN6O1:S;.H,0: C, 46.56; H,

5.45; N, 7.57. Found: C, 46.42; H, 5.58; N, 7.29.
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'H and *C NMR spectra for compounds 5-44
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BC-NMR spectra for compound 29
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"H-NMR spectra for compound 32
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BC-NMR spectra for compound 33
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