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General Methods

Radical addition reactions: A solution of the tri-O-allylated pentaerythritol derivative 1' and 1-thiosugar (2 or 3)**
(1.5 eq per mol of allyl group) in degassed MeOH (~7.5 mL per 0.1 g of 1-thiosugar) was irradiated at 250 nm under
Ar for 1 h. The reaction mixture was then concentrated and the residue was purified by column chromatography using

1:1 EtOAc-petroleum ether as eluent.

Conventional Zemplen deacetylation: The acetylated compound was dissolved in dry MeOH (~2 mL per 100 mg of
compound) and NaMeO 1 M (0.1 eq per mol of acetate) was added. The solution was stirred at room temperature for

30 min, then neutralised using Amberlite IR-120 (H") ion exchange resin, filtered, concentrated and freeze-dried.

Azide displacement procedure: To a solution of a pentaerythritol derivative in dry CH,Cl, (~7 mL per mmol of
erythritol derivative) at -25 °C, pyridine (3 eq per mol of hydroxyl group) and Tf,0 (1.5 eq per mol of hydroxyl
group) were added under N,. The solution was stirred for 30 min at -25 °C, then washed with cold aqueous saturated
NaHCO;, dried (MgSQO,) and concentrated to give the corresponding triflate ester, which was used in the next step
without further purification. The residue was dissolved in DMF (10 mL per mmol of triflate ester) and NaNj; (3 eq per
mol of triflate ester) was added. The mixture was stirred at room temperature for 2 h, concentrated, the resulting
residue was dissolved in CH,Cl, (10 mL), washed with H,O (2 x 10 mL), dried (MgSQ,), concentrated and purified
by column chromatography (1:1 petroleum ether-EtOAc).

Isothiocyanation procedure: To a solution of azide (450 mg, 0.45 mmol) in dioxane (~15 mL per mmol of azide),
triphenylphosphine (1.1 eq per mol of azide) and CS, (10 eq per mol of azide) were added. The reaction mixture was
stirred at room temperature under Ar for 16 h, then concentrated and the residue was purified by column

chromatography using 1:1 petroleum ether-EtOAc as eluent.
Amine-isothiocyanate coupling reaction procedure: To a mixture of 24 in pyridine (~10 mL per mmol of 24), Et;N

was added (1.1 eq) and stirred at room temperature until it was completely dissolved. A solution of isothiocyanate

glycodendron® (1.1 eq) in pyridine (~10 mL per mmol of isothiocyanate) was then added and the resulting solution
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was stirred at room temperature for 48 h. CH,Cl, was added (5 mL) and the organic phase was washed with cold H,O
(5 mL) and H,SO, 2 N, dried (MgSO,), filtered and concentrated. The residue was purified by column
chromatography, using EtOAc — 45:5:3 EtOAc-EtOH-H,O as eluent, to give the corresponding hemiacetylated
adduct.

Preparation of the isothiocyanate-armed triantennated homoglycodendrons 6 and 9.
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2,2,2-Tris[5-(2,3,4,6-tetra-O-acetyl-a-D-mannopyranosylthio)-2-oxapentyl]ethanol (4). Compound 4 was
obtained from 1 (0.32 g, 1.3 mmol) and 2,3,4,6-tetra-O-acetyl-1-thio-o.-D-mannopyranose 2 (2.12 g, 5.85 mmol) by
UV-irradiation following the radical addition procedure above described in the general methods. Yield: 1.23 g (70%);
R¢=0.32 (1:2 petroleum ether-EtOAc); [a]p =+ 84.6 (¢ 1.0 in CH,Cl,); 'H NMR (300 MHz, CDCl;): 6=15.32 (dd, 3
H, Jy3=3.1Hz J;, = 1.5 Hz, H-21,,), 5.30 (t, 3 H, J34 = J45 = 9.2 Hz, H-4y,0), 5.25 (dd, 3 H, H-3y,,), 5.24 (d, 3 H,
H-1pan), 4.36 (ddd, 3 H, Js6, = 5.4 Hz, Js 6, = 1.8 Hz, H-5\1ay), 4.30 (dd, 3 H, Jeo 6o = 11.7 Hz, H-6a), 4.07 (dd, 3 H,
H-6bytan), 3.63 (s, 2 H, CH,OH), 3.46 (t, 6 H, )y = 6.4 Hz, H-3pey.), 3.39 (5, 6 H, H-1peyy), 2.69, 2.66 (2 dt, 6 H,
2pn = 13.3 Hz, *Jyy = 6.4 Hz, H-5pey), 2.15, 2.07, 2.04, 1.97 (4 5, 36 H, MeCO), 1.87 (m, 6 H, H-4pey); °C NMR
(75.5 MHz, CDCl;): 8 = 170.5, 170.0, 169.7, 169.6 (CO), 82.6 (C-1pman), 71.1 (C-2pman, C-1peny), 69.6 (C-3penr), 69.4
(C-3man)> 69.0 (C-5pman), 66.3 (C-4pan), 65.0 (CH,OH), 62.3 (C-6ppan), 44.9 (Cy), 29.6 (C-4peny), 28.2 (C-5penr), 20.6-
20.5 (MeCO); FABMS: m/z 1371 [M + Na]". Anal. Caled. for Cs¢Hg403;S3: C 49.84, H 6.28. Found: C 49.99, H 5.92.

2,2,2-Tris[5-(2,3,4,6-tetra-O-acetyl-o-D-mannopyranosylthio)-2-oxapentyl]ethyl azide (5). Compound 5 was
obtained by reaction of 4 (0.49 g, 0.36 mmol) by the azide displacement procedure above described in the general
methods. Yield: 0.42 g (86%); Ry = 0.40 (1:2 petroleum ether-EtOAc); [a]p = + 83.2 (¢ 0.7 in CH,Cl,); IR (KBr):
Vinax = 2104 cm™; "H NMR (500 MHz, CDCl3): & = 5.33 (dd, 3 H, J,5 = 3.3 Hz, J;, = 1.5 Hz, H-2y4,,), 5.30 (t, 3 H,
J34=J45=9.6 Hz, H-4), 5.24 (bs, 3 H, H-1yan), 5.23 (dd, 3 H, H-31), 4.36 (ddd, 3 H, Js6,= 5.2 Hz, J5 5, = 2.2 Hz,
H-5y1an), 4.29 (dd, 3 H, Jgaep = 12.1 Hz, H-62y1,,), 4.08 (dd, 3 H, H-6by,), 3.45 (t, 6 H, *Jyyn = 5.9 Hz, H-3pey), 3.30
(s, 8 H, CH,N3, H-1pey), 2.70, 2.65 (2 dt, 6 H, *Jyy s = 13.2 Hz, *Jyy s = 6.3 Hz, H-5pey), 2.15-1.97 (4 s, 36 H, MeCO),
1.87 (m, 6 H, H-4p,); °C NMR (125.7 MHz, CDCLy): & = 170.4, 169.8, 169.6, 169.5 (CO), 82.6 (C-1yan), 71.1 (C-
2pan)s 69.6 (C-1Lpeny), 69.4 (C-3pent, C-3pan)> 68.9 (C-Span), 66.3 (C-4pan), 62.4 (C-6pan), 51.9 (CHyNG3), 45.3 (Cy), 29.5
(C-dpen), 27.3 (C-5pen), 20.8, 20.6, 20.5, 20.4 (MeCO); FABMS m/z 1396 [M + Na]". Anal. Calcd. for
Cs6Hg3030N3S5: C, 48.93, H, 6.09, N, 3.06; Found: C, 48.63, H, 5.74, N, 2.92.

2,2,2-Tris[5-(2,3,4,6-tetra-O-acetyl-o-D-mannopyranosylthio)-2-oxapentyl]ethyl isothiocyanate (6). Compound 6
was obtained by isothiocyanation of azide 5 (0.15 g, 0.11 mmol) with TPP (32 mg, 0.12 mmol) and CS, (0.1 mL, 1.1
mmol) following the procedure above described in the general methods. Yield: 0.13 g (85%); Ry = 0.23 (1:1 EtOAc-
hexane); [a]p =+ 61.9 (c 0.4 in CH,Cl); IR (KBr): v = 2105 cm’; 'H NMR (500 MHz, CDCl3): 6 =5.33 (dd, 3
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H, J,3 =33 Hz, J;, = 1.5 Hz, H-2ya,), 5.31 (t, 3 H, J34 = Jys = 9.6 Hz, H-4yy,y), 5.25 (bs, 3 H, H-1y), 5.24 (dd, 3
H, H-3ya), 4.37 (ddd, 3 H, Js g, = 5.2 Hz, Js g, = 2.3 Hz, H-5yq,), 4.32 (dd, 3 H, Jga 6 = 12.2 Hz, H-6ay100), 4.09 (dd, 3
H, H-6byian), 3.55 (s, 2 H, CH,NCS), 3.48 (t, 6 H, >3y = 5.9 Hz, H-3pey), 3.35 (s, 6 H, H-Ipey), 2.71, 2.65 (2 dt, 6 H,
2yn = 13.2 Hz, 3y = 6.3 Hz, H-5py), 2.16-1.98 (4 s, 36 H, MeCO), 1.88 (m, 6 H, H-4pe,); °C NMR (125.7 MHz,
CDCly): 5= 170.9, 170.4, 169.8, 169.6 (CO), 131.0 (NCS), 82.6 (C-1ygan), 71.4 (C-2utan), 69.7 (C-3pent), 69.6 (C-1peny),
69.4 (C-3pan)s 69.0 (C-5ypan)s 66.3 (C-dygan), 62.3 (C-6pa), 45.8, 45.3 (CHNCS, C), 29.4 (C-4peny), 28.2 (C-Speny),
20.8, 20.6, 20.5, 20.4 (MeCO); FABMS: m/z 1412 [M + Na]". Anal. Caled. for Cs;HgsNO5S,: C 49.23, H 6.02, N
1.01. Found: C 48.99, H 5.96, N 1.03.
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2,2,2-Tris[5-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosylthio)-2-oxapentyl]ethanol (7). Compound 7 was obtained
from 1 (0.32 g, 1.3 mmol) and 2,3,4,6-tetra-O-acetyl-1-thio-p-D-glucopyranose 3 (2.12 g, 5.85 mmol) by UV-
irradiation following the radical addition procedure above described in the general methods. Yield: 1.51 g (86%); R¢=
0.24 (1:2 petroleum ether-EtOAc); [a]p =—22.8 (¢ 0.8 in CH,Cl,); "H NMR (500 MHz, CDCl3): § =5.18 (t, 3 H, Jas3
=J34=9.4 Hz, H-3G.), 5.04 (t, 3 H, Js5 = 9.4 Hz, H-4,), 4.98 (t, 3 H, J;», = 9.4 Hz, H-2G,.), 4.46 (d, 3 H, H-15),
4.21 (dd, 3 H, Jea6o = 12.4 Hz, Js 6, = 4.8 Hz, H-6ag,), 4.09 (dd, 3 H, Js 5, = 1.7 Hz, H-6bg,.), 3.68 (ddd, 3 H, H-5¢,),
3.61 (s, 2 H, CH,0H), 3.42 (t, 6 H, *Jyy; = 5.8 Hz, H-3pey), 3.36 (s, 6 H, H-1peyy), 2.71, 2.67 (2 dt, 6 H, 2y = 12.8
Hz, *Jyp = 6.0 Hz, H-5p.y), 2.04-1.99 (4 s, 36 H, MeCO), 1.81 (m, 6 H, H-4pey); °C NMR (125.7 MHz, CDCl3): § =
170.6, 170.2, 169.5, 169.4 (CO), 83.7 (C-1gi), 75.8 (C-561), 73.8 (C-3Gic), 71.2 (C-1peny), 69.8 (C-2gyc), 69.6 (C-
3pent), 68.2 (C-4gie), 65.4 (CH,OH), 62.1 (C-6gic), 44.9 (Cy), 29.8 (C-dpeyy), 27.0 (C-Speny), 20.8, 20.6 (MeCO);
FABMS: m/z 1371 [M + Na]". Anal. Caled. for Cs¢HgyO3,S;: C 49.84, H 6.28. Found: C 49.75, H 6.17.

2,2,2-Tris[5-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosylthio)-2-oxapentyljethyl azide (8). Compound 8 was
obtained by reaction of 7 (0.62 g, 0.50 mmol) by the azide displacement procedure above described in the general
methods. Yield: 0.58g (85%); Ry=0.38 (1:2 petroleum ether-EtOAc); [a]p = —25.0 (€ 1.0 in CH,Cl,); IR (KBr1): Vipax
=2103 cm™; "H NMR (500 MHz, CDCls): 8 =5.19 (t, 3 H, J,53 = Js4 = 9.4 Hz, H-31.), 5.04 (t, 3 H, J;5s = 9.4 Hz, H-
4610), 4.99 (t, 3 H, J1 2, = 9.4 Hz, H-2G,.), 4.47 (d, 3 H, H-1yc), 4.20 (dd, 3 H, Jsu 60 = 12.3 Hz, J5 6, = 4.8 Hz, H-6ay),
4.09 (dd, 3 H, Js g = 2.1 Hz, H-6bg.), 3.67 (ddd, 3 H, H-5¢,.), 3.42 (t, 6 H, *Jy s = 6.0 Hz, H-3py), 3.27 (5, 6 H, H-
Lpeny), 3.26 (s, 2 H, CH,N3), 2.72, 2.67 (2 dt, 6 H, 2y = 12.8 Hz, *Jyy = 7.3 Hz, H-5py), 2.04-2.00 (4 s, 36 H,
MeCO), 1.82 (m, 6 H, H-4pey); *C NMR (125.7 MHz, CDCL3): § = 170.6, 170.1, 169.4, 169.3 (CO), 83.8 (C-1gc),
75.8 (C-561c), 73.9 (C-31c), 69.9 (C-21c), 69.6 (C-3pent, C-1pent), 68.3 (C-4gie), 62.1 (C-661c), 52.0 (CH,N3), 45.4 (Cy),
29.8 (C-dpen), 27.1 (C-5peny), 20.7, 20.6, 20.5 (MeCO); FABMS m/z 1396 [M + Na]". Anal. Calcd. for
Cs6Hg3030N3S3: C 48.93, H 6.09, N 3.06. Found: C 48.78, H 6.05, N 2.83.

2,2,2-Tris[5-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosylthio)-2-oxapentyl]ethyl isothiocyanate (9). Compound 9

was obtained by isothiocyanation of azide 8 (0.32 g, 0.23 mmol) with TPP (67.1 mg, 0.26 mmol) and CS; (0.15 mL,
2.33 mmol) following the procedure above described in the general methods. Yield: 0.26 g (80%); Ry = 0.50 (2:1
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EtOAc-hexane); [a]p =—25.9 (€ 1.0 in CH,Cly); IR: v, = 2104 em’'; 'TH NMR (500 MHz, CDCl3): 6 =5.19 (t, 3 H,
Jos = Jsa= 9.4 Hz, H-3G,), 5.05 (t, 3 H, Js5 = 9.4 Hz, H-4g,0), 4.99 (t, 3 H, J;, = 9.4 Hz, H-2,), 4.48 (d, 3 H, H-
L), 4.21 (dd, 3 H, Jgaep = 12.3 Hz, J56, = 4.8 Hz, H-6ag,.), 4.11 (dd, 3 H, J5 ¢ = 2.2 Hz, H-6b,.), 3.69 (ddd, 3 H, H-
5G1e), 3.54 (s, 2 H, CH,NCS), 3.44 (t, 6 H, *Jyyy = 6.3 Hz, H-3peny), 3.32 (5, 6 H, H-1peny), 2.73, 2.69 (2 dt, 6 H, 2y py =
12.6 Hz, Yy = 5.6 Hz, H-5pey), 2.04-2.00 (4 s, 36 H, MeCO), 1.83 (m, 6 H, H-4p.); °C NMR (125.7 MHz,
CDCly): & = 170.6, 170.1, 169.4, 169.3 (CO), 134.0 (NCS), 83.9 (C-1g1), 75.9 (C-5610), 73.9 (C-3610), 70.0 (C-2G10),
69.9 (C-3penr), 69.8 (C-1lpen), 68.3 (C-daie), 62.1 (C-61c), 45.9 (CHNCS), 45.7 (Cy), 29.8 (C-4peny)s 27.0 (C-5peny),
20.7, 20.6, 20.5 (MeCO); FABMS: m/z 1412 [M + Na]". Anal. Calcd. for Cs;HgNO3,S4: C 49.23, H 6.02, N 1.01.
Found: C 49.24, H 5.81, N 1.02.

Preparation of the isothiocyanate-armed divalent ligand 12.
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2-(2-Oxapent-4-enyl)-2,2-bis[5-(2,3,4,6-tetra-O-acetyl-a-D-mannopyranosylthio)-2-oxapentyl]ethanol (10).
Compound 10 was obtained from 17 (0.2 g, 0.78 mmol) and 1-thiosugar 2 (0.85 g, 2.34 mmol) by UV-irradiation
following the radical addition procedure above described in the general methods. Yield: 0.55 g (72%); Ry=0.50 (1:2
petroleum ether-EtOAc); [a]p = + 20.2 (¢ 0.8 in CH,Cl,); 'H RMN (500 MHz, CDCl;): & = 5.85 (ddt, 1 H, 3.JHH =
15.9 Hz, *Jy = 10.5 Hz, *Jyy = 5.5 Hz, OCH,CH=), 5.32(dd, 2 H, J,5 = 3.3 Hz, J;, = 1.5 Hz, H-2), 5.27 (, 2 H,
Js4=J45 = 9.8 Hz, H-4y1an), 5.25 (sa, 2 H, H-1ygay), 5.24 (dd, 2 H, H-3y1ay), 5.22 (dd, 1 H, 2Jy 4 = 1.7 Hz, =CH,), 5.15
(dq, 1 H, 9y = 1.7 Hz, =CHy), 4.36 (ddd, 2 H, Js ¢, = 5.2 Hz, J5 6o = 2.3 Hz, H-5y1a0), 4.29 (dd, 2 H, Jgu 60 = 12.1 Hz,
H-6aygan), 4.08 (dd, 2 H, H-6byg,y), 3.94 (dt, 2 H, OCH,CH=), 3.66 (s, 2 H, CH,OH), 3.47 (t, 4 H, *Jyu = 6.0 Hz, H-3
pent)> 3-43 (s, 2 H, CH,0All), 3.42 (s, 4 H, H-1pey), 2.70, 2.67 (2 dt, 4 H, *Jyyy = 11.0 Hz, 2y s = 6.4 Hz, H-5pyy),
2.04,1.97, 2.15, 2.08 (4 s, 24 H, MeCO), 1.87 (m, 4 H, H-4 p,); °C RMN (75.5 MHz, CDCl3): § = 170.4, 169.8,
169.6, 169.5 (CO), 134.5 (CH,CH=), 116.6 (=CH;), 82.5 (C-1pma), 72.2 (CH,CH=), 71.0 (C-2pan), 70.9 (C-1peny),
70.6 (CH,OALll), 69.4 (C-3peyy), 69.3 (C-3pan), 68.9 (C-Sppan), 66.1 (C-4pgan), 65.5 (CH,OH), 62.2 (C-6p1an), 44.7 (Cy),
29.3 (C-dpeyy), 28.1 (C-5peyy), 20.7-20.4 (MeCO); FABMS: m/z 1007 [M + Na]'. Anal. Calcd. for C4yHgy02,S,: C
51.20, H 6.55. Found: C 50.95, H 6.23.

2-(2-Oxapent-4-enyl)-2,2-bis[5-(2,3,4,6-tetra-O-acetyl-3-D-mannopyranosylthio)-2-oxapentyl]ethyl azide (11).
Compound 11 was obtained by reaction of 10 (544 mg, 0.55 mmol) by the azide displacement procedure above
described in the general methods. Yield: 453.4 mg (80%); Ry = 0.67 (1:2 petroleum ether-EtOAc); [a]p = + 55.0 (C
1.0 in CH,CLy); IR (KBr): Vinae = 2103 cm™; 'H NMR (500 MHz, CDCl;): 8 = 5.85 (ddt, 1 H, *Jyy = 17.2 Hz, *Jypn =
10.5 Hz, *Jy i = 5.5 Hz, OCH,CH=), 5.33 (dd, 2 H, J,5 = 3.5 Hz, J;, = 1.5 Hz, H-2a), 5.29 (t, 2 H, H-4y1,y), 5.25
(dd, 2 H, J54=9.9 Hz, H-3\1sn), 5.24 (d, 2 H, H-1pas), 5.24 (bd, 1H, =CH,), 5.15 (bd, 1 H, =CH,,), 4.37 (ddd, 2 H, J45
= 9.5 Hz, H-5\pan), 4.30 (dd, 2 H, Js 5, = 5.3 Hz, H-6ay,,), 4.07 (dd, 2 H, Jea 6o = 12.2 Hz, Js 6, = 2.3 Hz, H-6byyy),
3.93 (dt, 2 H, *Jy = 1.4 Hz, OCH,CH=), 3.46 (t, 4 H, *Jyy = 6.0 Hz, H-3peny), 3.33 (s, 6 H, H-1pey, CH,OALL), 3.32
(s, 2 H, CH,N3), 2.67, 2.65 (2 dt, 4 H, 2y = 13.4 Hz, *Jypy = 7.3 Hz, H-5py), 2.15, 2.08, 2.03, 1.98 (4 s, 24 H,
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MeCO), 1.87 (m, 4 H, H-4pe); °C NMR (125.7 MHz, CDCls): & = 170.5-169.6 (CO), 134.8 (CH,CH=), 116.6
(=CH,), 82.7 (C-1ygan), 72.3 (CH,CH=), 71.2 (C-2p1an), 69.6 (CH,OAIL C-1peny), 69.4 (C-3penr), 69.3 (C-3ptan), 69.0 (C-
Suan)s 663 (C-dytar), 62.4 (C-6pan), 52.0 (CHoN3), 45.4 (Cy), 29.5 (C-4peny), 28.3 (C-5peny), 20.9-20.6 (MeCO);
FABMS: m/z 1032 [M + Na]". Anal. Calcd. for C4;HgsN;O5,S,: C 49.94, H 6.29, N 4.16. Found: C 49.88, H 5.95, N
4.14.

2-(2-Oxapent-4-enyl)-2,2-bis[5-(2,3,4,6-tetra-O-acetyl-a-D-mannopyranosylthio)-2-oxapentyl]ethyl
isothiocyanate (12). Compound 12 was obtained by isothiocyanation of azide 11 (450 mg, 0.45 mmol) with
triphenylphosphine (129.5 mg, 0.49 mmol) and CS, (0.27 mL, 4.5 mmol) following the procedure above described in
the general methods. Yield: 283 mg (61%); Ry = 0.29 (1:1 petroleum ether-EtOAc); [a]p = + 20.5 (€ 0.3 in CH,Cl,);
IR: Vpna = 2205, 2101 em™; "H NMR (500 MHz, CDCly): & = 5.84 (ddt, 1 H, *Jy = 17.3 Hz, *Jy = 10.5 Hz, *Jyp =
5.0 Hz, OCH,CH=), 5.32 (dd, 2 H, J,3= 3.3 Hz, J;, = 1.6 Hz, H-2\15), 5.30 (t, 2 H, J54 = J45 = 10.0 Hz, H-4\1,y),
5.24 (d, 2 H, H-ly), 5.23 (dd, 2 H, H-3y1a), 5.22 (dq, 1 H, *Jy = 2y = 1.7 Hz, =CH,), 5.16 (dq, 1 H, *Jy = 1.7
Hz, =CH,), 4.36 (ddd, 2 H, Js 6,= 5.2 Hz, J5 5, = 2.3 Hz, H-5\1,), 4.30 (dd, 2 H, Js, 6o = 12.2 Hz, H-6ay1,), 4.07 (dd, 2
H, H-6by,y), 3.93 (dt, 2 H, OCH,CH=), 3.56 (s, 2 H, CH,NCS), 3.47 (t, 4 H, *Jy 4= 5.9 Hz, H-3pn), 3.36 (s, 6 H, H-
1pens CH,OAL, 2.70, 2.66 (2 dt, 4 H, *Jyy = 13.3 Hz, *Jyn = 6.9 Hz, H-5p.y), 2.15, 2.08, 2.03, 1.97 (4 s, 24 H,
MeCO), 1.99 (m, 4 H, H-4p,); *C NMR (125.7 MHz, CDCly): 8 = 170.4-169.6 (CO), 134.5 (CH,CH=), 132.0
(NCS), 116.8 (=CHy), 82.7 (C-1ppan), 72.3 (CH,CH=), 71.1 (C-2p1an), 69.5 (CH,OAlL C-1pgy), 69.4 (C-3peny), 69.3 (C-
3man)> 68.9 (C-5pman), 66.3 (C-dpian), 62.4 (C-6pan), 45.6 (Cq, CHoNCS), 28.2 (C-dpeny), 27.0 (C-5peny), 20.8-20.5
(MeCO); FABMS: m/z 1098 [M + Na]". Anal. Calcd. for C43Hg;NO,,;S3: C 50.33, H 6.19, N 1.36. Found: C 50.27, H
5.98,N 1.31.

Preparation of the isothiocyanate-armed triantennated a-Mannose—B-Glucose heteroglycodendrons 16 and
19.
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2-[5-(2,3,4,6-Tetra-O-acetyl-B-D-glucopyranosylthio)-2-oxapentyl]-2,2-bis[5-(2,3,4,6-tetra-O-acetyl-a-D-
mannopyranosylthio)-2-oxapentyl]ethanol (14). Compound 14 was obtained from 10 (0.16 g, 0.25 mmol) and 1-
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thio-sugar 2 (0.28 g, 0.75 mmol) by UV-irradiation following the radical addition procedure above described in the
general methods. The compound was purified by column chromatography using 1:3 petroleum ether-EtOAc as
eluent. Yield 0.23 g (68%); Ry = 0.21 (1:2 petroleum ether-EtOAc), [a]p = + 29.4 (¢ 0.6 in CH,Cl,); "H NMR (500
MHz, CDCl3): 8 =5.32 (dd, 2 H, J,5=3.4 Hz, J;, = 1.5 Hz, H-2\1,), 5.30 (t, 2 H, J34 = J45 = 9.7 Hz, H-4\;,,), 5.24
(bs, 2 H, H-1ppan), 5.23 (dd, 2 H, H-3y4,), 521 (t, 1 H, H-3gy.), 5.03 (t, 1 H, J34 = Js5 = 9.9 Hz, H-4g,.), 4.98 (t, | H,
J12=Jy3=10.1 Hz, H-2,), 4.46 (d, 1 H, H-1g,), 4.32 (ddd, 2 H, Js¢, = 5.2 Hz, Js g, = 2.4 Hz, H-5py,,), 4.26 (dd, 2
H, Jea6p = 12.4 Hz, H-62ay1,,), 4.20 (dd, 1 H, Jga 6 = 12.2 Hz, J5 5, = 4.6 Hz, H-6ag,), 4.08 (dd, 1 H, Js 6, = 2.2 Hz, H-
6bgie), 4.04 (dd, 2 H, H-6by,y), 3.69 (ddd, 1 H, H-56,), 3.60 (s, 2 H, CH,0H), 3.46, 3.45 (2 t, 6 H, *Jyy = 5.9 Hz, H-
3pen)s 3.36 (s, 6 H, H-lpey), 2.67, 2.63 (2 dt, 6 H, 23y = 13.3 Hz, 3Jyyyy = 6.9 Hz, H-5pey), 2.05-1.93 (8 s, 36 H,
MeCO), 1.83 (m, 6 H, H-4ps); °C NMR (125.7 MHz, CDCl;): & = 171.4-169.1 (CO), 83.6 (C-1gy), 82.6 (C-Ipan),
75.7 (C-5610), 73.8 (C-3G10), 71.1 (C-2p1an)s 69.9 (C-1pene), 69.8 (C-261c), 69.5 (C-3pent), 69.4 (C-3ptan)s 68.9 (C-5pan),
68.3 (C-4gi), 67.9 (C-4pan), 65.2 (CH,OH), 62.3 (C-6pap), 62.0 (C-6g1c), 44.9 (Cy), 29.3 (C-4pent), 28.1 (C-Spent),
20.8-20.5 (MeCO); FABMS: m/z 1371 [M + Na]". Anal. Calcd. for CssHgsO5;S5: C 49.84, H 6.28. Found: C 49.67, H
6.09.

2-[5-(2,3,4,6-Tetra-O-acetyl-B-D-glucopyranosylthio)-2-oxapentyl]-2,2-bis[5-(2,3,4,6-tetra-O-acetyl-a-D-
mannopyranosylthio)-2-oxapentyl]ethyl azide (15). Compound 15 was obtained by reaction of 14 (0.44 g, 0.33
mmol) by the azide displacement procedure above described in the general methods. Yield: 0.36 g (79%); Re = 0.37
(2:1 EtOAc-petroleum ether), [a]p = + 45.3 (¢ 1.0 in CH,Cly); IR (KBr): Vinae = 2103 cm™; 'H NMR (500 MHz,
CDCl;): § =5.33 (dd, 2 H, J,3=3.3 Hz, J,, = 1.5 Hz, H-2)4,y), 5.31 (t, 2 H, J54 = J4 5 = 9.8 Hz, H-4y,,), 5.25 (bs, 2
H, H-1yan), 5.24 (dd, 2 H, H-3pan), 5.22 (t, 1 H, J34 = J25=9.9 Hz, H-3yc), 5.07 (t, 1 H, J45 = 9.4 Hz, H-4g,), 5.02
(t, 1H, J,,=10.1 Hz, H-2G,.), 4.49 (d, 1 H, H-1¢,.), 4.37 (ddd, 2 H, Js 6, = 5.2 Hz, J5 6 = 2.3 Hz, H-5\1.), 4.31 (dd, 2
H, Jea6o = 12.2 Hz, H-62ap1a0), 4.23 (dd, 1 H, Jga 60 = 12.4 Hz, J5 6, = 4.9 Hz, H-6ag), 4.12 (dd, 1 H, Js 6, = 2.2 Hz, H-
6bgi), 4.08 (dd, 2 H, H-6byay), 3.71 (ddd, 1 H, H-56,), 3.46, 3.45 (2 t, 6 H, *Jyn = 5.9 Hz, H-3 peyy), 3.30 (s, 8 H,
CH,N3, H-1peny), 2.70, 2.66 (2 dt, 6 H, 2y = 13.3 Hz, *Jy = 6.9 Hz, H-5pey), 2.16-1.98 (8 s, 36 H, MeCO), 1.86 (m,
6 H, H-4pe); *C NMR (75.5 MHz, CDCl3): & = 170.3-169.1 (CO), 83.6 (C-1gyc), 82.5 (C-Ipan)s 75.6 (C-5610), 73.7
(C-3610), 71.0 (C-2ppan), 69.7 (C-2gyc), 69.4 (C-3peny), 69.3 (C-3pan), 69.3 (C-1penr), 68.8 (C-Sptan), 68.2 (C-4gye), 66.1
(C-4pian), 62.2 (C-6pan), 62.0 (C-6gc), 51.8 (CH,N3), 45.2 (Cy), 29.3 (C-4peyy), 28.0 (C-5peny), 20.7-20.4 (MeCO);
FABMS: m/z 1396 [M + Na]". Anal. Calcd. for Cs¢Hg303N3S;: C 48.93, H 6.09, N 3.06. Found: C 48.94, H 6.02, N
3.10.

2-[5-(2,3,4,6-Tetra-O-acetyl-B-D-glucopyranosylthio)-2-oxapentyl]-2,2-bis[5-(2,3,4,6-tetra-O-acetyl-a-D-

mannopyranosylthio)-2-oxapentyl]ethyl isothiocyanate (16). Compound 16 was obtained by isothiocyanation of
azide 15 (131 mg, 0.095 mmol) with TPP (28 mg, 0.10 mmol) and CS, (60 pL, 0.95 mmol) following the procedure
above described in the general methods. Yield: 95 mg (72%); R¢ = 0.50 (2:1 EtOAc-hexane); [a]p = + 40.8 (¢ 1.0 in
CH,CL,); IR (KBr): Vine = 2104 cm™'; "H NMR (500 MHz, CDCly): 8 = 5.31 (dd, 2 H, J,5 = 3.5 Hz, J;, = 1.6 Hz, H-
2Man)s 529 (t, 2 H, J34 = J45 = 9.9 Hz, H-4y1y), 5.24 (bs, 2 H, H-1y,y), 5.22 (dd, 2 H, H-3p40), 5.20 (t, 1 H, Jy5=J34
=9.9 Hz, H-3G,), 5.05 (t, 1 H, J4 5 = 9.9 Hz, H-4g,), 5.00 (dd, 1 H, J,, = 10.1 Hz, H-2,.), 4.48 (d, 1 H, H-1g,.), 4.35
(ddd, 2 H, Js 6, = 5.2 Hz, Js 6 = 2.3 Hz, H-5pan), 4.29 (dd, 2 H, Jg, 60 = 12.3 Hz, H-62yy,,), 4.21 (dd, 1 H, Jea 60 = 12.4
Hz, Js ¢, = 4.9 Hz, H-6ag), 4.10 (dd, 1 H, Js 5, = 2.3 Hz, H-6bg,.), 4.07 (dd, 2 H, H-6byy,,), 3.70 (ddd, 1 H, H-55),
3.53 (s, 2 H, CH,NCS), 3.46,3.45 (2 t, 6 H, *Jyy = 5.9 Hz, H-3peny), 3.33 (s, 6 H, H-1pey), 2.69, 2.65 (2 dt, 6 H, Iy
= 13.3 Hz, *Jyy = 7.0 Hz, H-5py), 2.14-1.96 (8 s, 36 H, MeCO), 1.86 (m, 6 H, H-4p.,); °C RMN (125.7 MHz,
CDCl;): § =170.4-169.2 (CO), 130.4 (NCS), 83.7 (C-1gic), 82.6 (C-1pan), 75.8 (C-561c), 73.8 (C-361c), 71.1 (C-2pan),
69.8 (C-2g1c), 69.6 (C-3penr), 69.5 (C-1pepy), 69.4 (C-3pan), 69.0 (C-5p1an), 68.3 (C-46ic), 66.2 (C-4ppan), 62.3 (C-Opan),
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62.1 (C-661c), 45.8 (CH,NCS), 45.6 (Cy), 29.4 (C-dpeny), 28.2 (C-5peny), 20.9-20.5 (MeCO); FABMS: m/z 1412 [M +
Na]’. Anal. Calcd. for Cs;HgsNO3S,: C 49.23, H 6.01, N 1.00. Found: C 49.09, H 6.05, N 0.90.

2-(2-Oxapent-4-enyl)-2,2-bis[5-(2,3,4,6-tetra-O-acetyl--D-glucopyranosylthio)-2-oxapentyl] ethanol (13). A
solution of 11 (0.20 g, 0.78 mmol) and 2,3,4,6-tetra-O-acetyl-1-thio-p-D-glucopyranose 3 (0.85 g, 2.34 mmol) in
degassed MeOH (15 mL), was irradiated at 250 nm under Ar for 6 h. The solvent was removed under reduced
pressure and the residue was purified by column chromatography using 2:3 petroleum ether-EtOAc as eluent. Yield:
0.58 g (76%); Ry = 0.26 (2:3 petroleum ether-EtOAc); [a]p = — 26.6 (¢ 0.8 in CH,CL,); 'H NMR (500 MHz, CDCl,):
8=5.83 (ddt, 1 H, *Jy = 17.2 Hz, Iy = 10.5 Hz, *Jy s = 5.1 Hz, OCH,CH=), 5.21 (dd, 1 H, 2y = 1.1 Hz, =CH,),
5.16 (t,2 H, J,5=J54=9.5 Hz, H-3G,.), 5.13 (dd, 1 H, =CH,), 5.04 (t, 2 H, J, 5 = 9.5 Hz, Hz, H-4¢,.), 4.98 (t,2 H, J; ,
=9.5 Hz, H-26,.), 445 (d, 2 H, H-1gy.), 4.20 (dd, 2 H, Je, 6o = 12.4 Hz, Js5¢, = 4.9 Hz, H-6a ), 4.08 (dd, 2 H, Js 4, =
2.0 Hz, H-6bgy,), 3.91 (d, 2 H, OCH,CH=), 3.68 (ddd, 2 H, H-5¢,,), 3.63 (s, 2 H, CH,OH), 3.43 (t, 4 H, *Jy;y = 5.9
Hz, H-3pen), 3.39 (s, 2 H, CH,0All), 3.37 (s, 4 H, H-1pey), 2.73, 2.66 (2 dt, 4 H, 2y = 13.1 Hz, *Jyy = 7.3 Hz, H-
Spent)s 2.04-1.99 (4 s, 24 H, MeCO), 1.81 (m, 4 H, m, H-4p.,); *C NMR (125.7 MHz, CDCLy): & = 170.7, 170.2,
169.5, 169.4 (CO), 134.7 (OCH,CH=), 116.8 (=CH,), 83.8 (C-1), 75.8 (C-5), 73.8 (C-3), 72.4 (OCH,CH=), 71.2,
70.7 (C-1peny), 69.8 (C-2), 69.6 (C-3peny), 68.2 (C-4), 65.7 (CH,OH), 62.1 (C-6), 44.8 (C,), 29.8 (C-4peny), 27.0 (C-
5pent)> 20.8, 20.6 (MeCO); FABMS: m/z 1007 [M + Na]". Anal. Calcd. for C4,Hg02,S,: C 51.20, H 6.55. Found: C
51.03, H 6.33.

2,2-Bis[5-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosylthio)-2-oxapentyl]-2-[5-(2,3,4,6-tetra-O-acetyl-o-D-
mannopyranosylthio)-2-oxapentyl]ethanol (17). A solution of 13 (0.53 g, 0.54 mmol) and 2,3,4,6-tetra-O-acetyl-1-
thio-o-D-mannopyranose 2 (0.29 g, 0.81 mmol) in degassed MeOH (35 mL) was irradiated at 250 nm under Ar for 6
h. The solvent was removed by distillation and the residue was purified by column chromatography with 1:3
petroleum ether-EtOAc. Yield: 0.55 g (76%); Ry= 0.22 (1:1 petroleum ether-EtOAc); [a]p = +15.5 (€ 1.0 in CH,Cl,).
'H NMR (500 MHz, CDCl;): 8 =5.30 (dd, 1 H, J,5=3.2 Hz, J;» = 1.5 Hz, H-24n), 5.28 (t, 1 H, J54=J45=10.0 Hz,
H-4\1an), 5.22 (d, 1 H, H-1yy), 5.21 (dd, 1 H, H-3y40), 5.19 (t, 2 H, J3 4 = J,5 = 10.0 Hz, H-3gy.), 5.04 (t, 2 H, J45 =
10.0 Hz, H-4,.), 4.47 (d, 2 H, J;, = 10.0 Hz, H-1g,.), 4.99 (t, 2 H, H-2,.), 4.33 (ddd, 1 H, Js, = 5.1 Hz, J5 6, = 2.1
Hz, H-5pan), 4.27 (dd, 1 H, Jgu60 = 12.2 Hz, H-6apay), 4.20 (dd, 2 H, Jea 60 = 12.4 Hz, Js 6, = 4.8 Hz, H-6ag,), 4.08
(dd, 2 H, Js¢, = 2.3 Hz, H-6bg,.), 4.06 (dd, 1 H, H-6byy), 3.69 (ddd, 2 H, H-5¢,.), 3.61 (s, 2 H, CH,OH), 3.44, 3.43
(2,6 H, *Jyy = 5.8 Hz, H-3peyy), 3.37 (s, 6 H, H-1 peyy), 2.72, 2.68 (2 dt, 6 H, “Jyyy = 12.8 Hz, *Jyy s = 5.8 Hz, H-5pey),
2.06-1.95 (8 s, 36 H, MeCO), 1.85 (m, 6 H, H-4p.y); *C NMR (125.7 MHz, CDCl3): 8 = 171.0-169.3 (CO), 83.7 (C-
L6ic)s 82.6 (C-1pan), 75.7 (C-561c), 73.8 (C-361c), 71.2 (C-2pan), 71.1 (C-1peny), 69.8 (C-2gyc), 69.6 (C-3peny), 69.3 (C-
3pman)> 68.9 (C-Spian), 68.2 (C-4gie), 66.2 (C-4yjn), 65.2 (CH,OH), 62.3 (C-6pan), 62.0 (C-661c), 44.9 (Cy), 29.7 (C-
4pen)s 26.9 (C-5pere), 20.9-20.5 (MeCO); FABMS: m/z 1371 [M + Na]'. Anal. Caled. for CsqHg405,S5: C 49.84, H
6.27. Found: C 49.67, H 6.09.

2,2-Bis[5-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosylthio)-2-oxapentyl]-2-[5-(2,3,4,6-tetra-O-acetyl-o-D-

mannopyranosylthio)-2-oxapentyl]ethyl azide (18). Compound 18 was obtained by reaction of 17 (0.48 g, 0.36
mmol) by the azide displacement procedure above described in the general methods. Yield: 0.37 g (75%); Re = 0.39
(1:2 petroleum ether-EtOAc); [a]p = + 8.2 (€ 1.0 in CH,Cly); IR (KBr): vy, = 2104 em’; 'H NMR (500 MHz,
CDCl3): § =5.30 (bs, | H, J,5=4.4 Hz, H-2),,,), 5.28 (t, 1 H, J34=Jy45 = 9.8 Hz, H-4\1,), 5.21 (m, 2 H, H-1pa, H-
3Man)> 519 (t, 2 H, Jp3 = J34 = 9.9 Hz, H-3G,.), 5.05 (t, 2 H, J45 = 9.9 Hz, H-4¢,.), 4.99 (t, 2 H, J,, = 10.1 Hz, H-2¢,,),
4.47 (d, 2 H, H-1gy), 431 (ddd, 1 H, Js g, = 5.2 Hz, Js 6, = 2.2 Hz, H-5\jan), 4.28 (dd, 1 H, Jgu 60 = 12.2 Hz, H-62)1,y,),
4.21(dd, 2 H, Jg 60 = 12.4 Hz, J5 6, = 4.9 Hz, H-6ag,), 4.10 (dd, 2 H, Js 6, = 2.3 Hz, H-6bg,.), 4.06 (dd, 1 H, H-6byyy),
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3.69 (ddd, 2 H, H-5¢,,), 3.44, 3.43 (2 t, 6 H, *Jy = 5.8 Hz, H-3pey), 3.29 (5, 6 H, H-1pen), 3.28 (s, 2 H, CH,N;), 2.73,
2.69 (2 dt, 6 H, 2y = 13.1 Hz, *Jypy = 7.4 Hz, H-5py), 2.10-1.96 (8 s, 36 H, MeCO), 1.83 (m, 6 H, H-4pey); °C
NMR (125.7 MHz, CDCl5): 8 = 170.5-169.2 (CO), 83.8 (C-1¢1c), 82.6 (C-1lytan), 75.8 (C-5610), 73.8 (C-3gic), 71.1 (C-
20an)s 69.8 (C-2610), 69.5 (C-3pent)s 69.4 (C-3ptan)> 69.3 (C-1peny), 69.0 (C-5pan), 68.3 (C-4g1o), 66.2 (C-dyan), 62.3 (C-
6pan)s 62.1 (C-61c), 51.9 (CH,N3), 45.4 (Cy), 29.9 (C-4peny)s 27.0 (C-Speny), 20.6-20.5 (MeCO); FABMS: m/z 1396 [M
+Nal". Anal. Calcd. for CsgHg3030N;S;: C 48.93, H 6.09, N 3.06. Found: C 48.92, H 6.05, N 2.95.

2,2-Bis[5-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosylthio)-2-oxapentyl]-2-[5-(2,3,4,6-tetra-O-acetyl-o-D-
mannopyranosylthio)-2-oxapentyl]ethyl isothiocyanate (19): Compound 19 was obtained by isothiocyanation of
azide 18 (0.25 g, 0.18 mmol) with TPP (52 mg, 0.20 mmol) and CS, (0.11 mL, 1.80 mmol) following the procedure
above described in the general methods. Yield: 0.20 g (80%); Ry = 0.16 (1:1 EtOAc-hexane); [a]p =+ 9.7 (€ 1.0 in
CH,CL,); IR (KBI): Vipae = 2104 cm™; 'H NMR (500 MHz, CDCly): § = 5.30 (dd, 1 H, J,3 = 3.3 Hz, J;, = 1.4 Hz, H-
2Man)s 528 (t, 1 H, J34 = Jy5s = 9.5 Hz, H-4yan), 5.21 (m, 2 H, H-1y1an, H-3pan), 5.19 (t, 2 H, Jo5 = J34 = 9.8 Hz, H-
3Gi0), 5.05 (t, 2 H, J45 = 10.0 Hz, H-4,.), 4.99 (t, 2 H, H-2g,.), 4.47 (d, 2 H, J;, = 10.1 Hz, H-1g,), 4.35 (ddd, 1 H,
Js6a = 5.4 Hz, J5 5, = 2.2 Hz, H-5\15n), 4.28 (dd, 1 H, Jgu 60 = 12.1 Hz, H-6ayp), 4.20 (dd, 2 H, Jga6p = 12.5 Hz, J56, =
4.8 Hz, H-6ag,.), 4.10 (dd, 2 H, Js ¢, = 2.4 Hz, H-6bg,.), 4.06 (1 H, dd, H-6bpy), 3.69 (2 H, ddd, H-5,.), 3.53 (s, 2 H,
CH,NCS), 3.44,3.43 (2 t, 6 H, *Jyyy = 6.0 Hz, H-3peyy), 3.31 (5, 6 H, H-1peyy), 2.73, 2.70 (2 dt, 6 H, 2y = 12.9 Hz,
3Jun = 8.6 Hz, H-5pyy), 2.14-1.96 (8 s, 36 H, MeCO), 1.83 (m, 6 H, H-4pe); °C NMR (125.7 MHz, CDCly): & =
170.6-169.3 (CO), 130.7 (NCS), 83.8 (C-1g1), 82.7 (C-1pan), 75.8 (C-5Gic), 73.9 (C-36ic), 71.2 (C-2pan), 69.9 (C-
261c), 69.8 (C-3penr), 69.6 (C-1penr), 69.4 (C-3pan), 69.0 (C-5pan), 68.3 (C-4gie), 66.3 (C-4pan), 62.4 (C-6pan), 62.1 (C-
6G1c), 45.9 (CH,NCS), 45.7 (Cy), 29.8 (C-4peny), 271 (C-Speny), 20.9-20.6 (MeCO); FABMS: m/z 1411 [M + Na]".
Anal. Caled. for Cs7HgzNO3¢S,: C 49.23, H 6.01, N 1.00. Found: C 49.12, H 5.85, N 1.00.

Preparation of the isothiocyanate-armed monovalent ligand 23.

AcO OAc
NaH, AllBr
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20 2 SH
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/\/\O/\/\ X
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22 X = N3 Heptyl chain (Hept)

|:23X=NCS

7-(2,3,4,6-Tetra-O-acetyl-a-D-mannopyranosylthio)-4-oxaheptanol (21). A solution of 4-oxahept-6-en-1-ol 20°
(1.19 g, 3.28 mmol), 2,3,4,6-tetra-O-acetyl-1-thio-o.-D-mannopyranose 2 (0.46 g, 3.94 mmol), and AIBN (129 mg,
0.79 mmol) in dry dioxane (12 mL), under Ar, was stirred at 75 °C for 45 min. Cyclohexene (2.6 mL) was then
added, the solvents were removed under reduced pressure and the residue was purified by column chromatography
using 1:1 — 1:2 petroleum ether-EtOAc as eluent. Yield: 1.12 g (71%); Rg= 0.26 (1:1 petroleum ether-EtOAc); [o]p
=+55.7 (¢ 1.0 in CH,Cl,); "H NMR (500 MHz, CDCl;): § = 5.31 (dd, 1 H, J,5=3.3 Hz, J;, = 1.6 Hz, H-2), 5.29 (t,
1 H, J;4=1J45=9.9 Hz, H-4), 5.25 (bs, | H, H-1), 5.24 (dd, 1 H, H-3), 4.35 (ddd, 1 H, J55, = 5.3 Hz, Js 6, = 2.4 Hz H-
5), 4.29 (dd, 1 H, Jeu 6 = 12.2 Hz, H-6a), 4.08 (dd, 1 H, H-6b), 3.73 (t, 2 H, *Jyy = 5.9 Hz, CH,OH), 3.58 (t, 2 H,
3Jun = 5.9 Hz, H-3pep), 3.50 (t, 2 H, *Jyy = 5.9 Hz, H-5p¢p), 2.71, 2.67 (2 dt, 2 H, *Jy = 13.4 Hz, *Jyy = 6.9 Hz,
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H-Tj1ep)s 2.15, 2.08, 2.03, 1.97 (4 s, 12 H, MeCO), 1.88 (m, 2 H, H-6y14,), 1.80 (q, 2 H, H-2y15,); °C NMR (125.7
MHz, CDCly): & = 170.6, 170.0, 169.8, 169.7 (CO), 82.6 (C-1), 71.1 (C-2), 69.7 (C-31ep)s 69.4 (C-3), 69.0 (C-5),
68.9 (C-Syyep)s 66.2 (C-4), 62.3 (C-6), 61.5 (CH,OH), 32.0 (C-2p1ep0)s 29.4 (C-61160)s 28.1 (C-Tyep), 20.9, 20.7, 20.6,
20.5 (MeCO); FABMS: m/z 503 [M + Na]*, 481 [M + H]". Anal. Calcd. for C,0H3,0,,S: C 49.99, H 6.71. Found: C
49.93, H 6.80.

7-(2,3,4,6-Tetra-O-acetyl-a-D-mannopyranosylthio)-4-oxaheptyl azide (22). To a solution of 21 (100 mg, 0.21
mmol) in dry CH,Cl, (2 mL), tosyl chloride (60.1 mg, 0.32 mmol) and DMAP (38.6 mg, 0.32 mmol) were added.
The reaction mixture was stirred at room temperature for 24 h, diluted with CH,Cl, (5 mL) and washed with H,O (7
mL). The organic layer was separated, dried (MgSO,), evaporated, and the residue was purified by column
chromatography (1:1 petroleum ether-EtOAc). A mixture of tosyl derivative (108 mg, 0.17 mmol 0.32 mmol) and
NaNj3 (33 mg, 0.51 mmol) in dry DMF (3.5 mL) was vigorously stirred at 80 °C for 4 h. The reaction mixture was
concentrated and the resulting residue was dissolved in CH,Cl, (5 mL), washed with H,O (2 x 5 mL), dried (MgSO,)
and purified by column chromatography (1:1 petroleum ether-EtOAc). Yield: 78 mg (74%); Rg= 0.51 (1:1 petroleum
ether-EtOAc); [a]p = + 78.3 (C 1.0 in CH,CL); IR (KBr): Vina = 2109 cm™; 'TH NMR (500 MHz, CDCl3): & = 5.32
(dd, 1 H, J,5=3.3 Hz, J;, = 1.6 Hz, H-2), 529 (t, | H, J;,=J45= 9.9 Hz, H-4), 5.25 (bs, 1 H, H-1), 5.24 (dd, |1 H,
H-3), 4.36 (ddd, 1 H, Js 6, = 5.3 Hz, Js 5, = 2.2 Hz, H-5), 4.30 (dd, 1 H, Jg,6p = 12.2 Hz, H-6a), 4.07 (dd, 1 H, H-6b),
3.48 (t, 2 H, *Jyp = 6.0 Hz, H-54e), 347 (t, 2 H, *Jy = 6.3 Hz, H-3p¢p), 3.36 (¢, 2 H, *Jy g = 6.6 Hz, CH,N3), 2.71,
2.68 (2 dt, 2 H, 2y = 13.3 Hz, *Jy = 7.1 Hz, H-Tyep), 2.15, 2.08, 2.03, 1.98 (4 s, 12 H, MeCO), 1.88 (m, 2 H, H-
6riept)s 1.81 (q, 2 H, H-2y4¢0); °C NMR (125.7 MHz, CDCLy): & = 170.4, 169.8, 169.6, 169.5 (CO), 82.6 (C-1), 71.0
(C-2), 69.3 (C-3), 68.9 (C-5), 68.8 (C-5pept), 67.3 (C-3yiepr), 66.2 (C-4), 62.3 (C-6), 48.3 (CH,N3), 29.4 (C-6p¢p), 29.0
(C-241ept)> 28.1 (C-Tgyepn), 20.8-20.5 (MeCO); FABMS: m/z 528 [M + Na]". Anal. Caled. for CyoH3 N30,08: C 47.52, H
6.18, N 8.31. Found: C 47.47, H 6.03, N 8.22.

7-(2,3,4,6-Tetra-O-acetyl-o-D-mannopyranosylthio)-4-oxaheptyl isothiocyanate (23). Compound 23 was obtained
by isothiocyanation of azide 22 (157 mg, 0.31 mmol) in dioxane (6.5 mL), triphenylphosphine (89 mg, 0.34 mmol)
and CS, (0.19 mL, 3.1 mmol) following the procedure above described in the general methods. Yield: 119 mg (67%);
Ry =0.56 (1:1 EtOAc-hexane); [a]p = + 75.9 (€ 1.0 in CH,Cl,); IR (KBr): vy = 2089 em’; 'H NMR (500 MHz,
CDCl3): 6 =529 (dd, 1 H, J,5=3.5Hz, J;, = 1.5 Hz, H-2\4y), 5.27 (t, 1 H, J34 = Jy5s = 10.0 Hz, H-4y,,), 5.23 (bs, 1
H, H-1pan), 5.22 (dd, 1 H, H-3\pan), 4.34 (dd, 1 H, Js6,= 5.0 Hz, Js 6, = 2.5 Hz, H-50), 4.27 (dd, 1 H, Jgu6p = 12.0
Hz, H-6ay,,), 4.06 (dd, 1 H, H-6by,,), 3.60 (t, 2 H, *Jyy = 6.5 Hz, CH,NCS), 3.49 (t, 2 H, *Jy = 6.0 Hz, H-3pep)s
3.48 (t, 2 H, *Jyy = 6.0 Hz, H-54epy), 2.69, 2.66 (2 dt, 2 H, 2Jyun = 13.5 Hz, *Jyu = 7.0 Hz, H-Thep), 2.12, 2.06, 2.01,
1.96 (4 s, 12 H, MeCO), 1.89 (q, 2 H, H-2y¢p), 1.86 (m, 2 H, H-6y,); C NMR (125.7 MHz, CDCl3): § = 170.4,
169.9, 169.7, 169.6 (CO), 130.2 (NCS), 82.6 (C-Ipan), 71.1 (C-2pan), 69.3 (C-3ppan), 69.0 (C-Spepr), 68.9 (C-5pan),
66.7 (C-3pepy), 66.2 (C-dygan), 62.3 (C-6pan), 42.0 (CHoNCS), 30.0 (C-2pepr), 29.4 (C-6ppy), 28.2 (C-Thiepr), 20.8-20.5
(MeCO); FABMS: m/z 544 [M + Na]". Anal. Calcd. for C,;H3;NO,(S,: C 48.36, H 5.99, N 2.69. Found: C 48.46, H
6.24,N 2.71.

Preparation of pentaerythritol glycoclusters
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2,2,2-Tris-[5-(a.-D-mannopyranosylthio)-2-oxapentyl]ethanol (TriMan-OH). Conventional Zemplen
deacetylation of 4 (190 mg, 0.14 pmol) gave TriMan-OH. Yield: 123 mg (100%); Ry = 0.26 (4:1:1 MeCN-H,0-
NH,OH); [a]p =+ 159.6 (¢ 1.0, H,0). "H NMR (500 MHz, D,0): & = 5.16 (bs, 3 H, H-Ipy), 3.92 (dd, 3 H, J,3=3.2
Hz, J,,= 1.0 Hz, H-2)p,,), 3.85 (ddd, 3 H, J45=9.8 Hz, J56,= 5.9 Hz, J56,= 2.1 Hz, H-5pay), 3.73 (dd, 3 H, Jga60 =
12.3 Hz, H-6ayy,,), 3.64 (dd, 3 H, H-6by,,), 3.63 (dd, 3 H, J; 4= 9.8 Hz, H-31.,), 3.53 (t, 3 H, H-4y1,), 3.50 (s, 2 H,
CH,OH), 3.47 (t, 6 H, *Ju = 5.9 Hz, H-3peny), 3.32 (m, 6 H, H-1pen), 2.62, 2.60 (2 dt, 6 H, *Jy = 14.0 Hz, Iy 5= 5.9
Hz, H-5pen), 1.78 (m, 6 H, H-4p.y). °C NMR (125.7 MHz, D,0): 8 = 84.9 (C-Ipan), 73.2 (C-5ptan)> 71.9 (C-2p1an)s
71.2 (C-3man), 70.1 (C-3peny), 69.9 (C-1peny), 67.1 (C-4pan), 63.1 (CHOH), 60.9 (C-6ppan), 44.9 (Cy), 28.6 (C-dpeny),
27.7 (C-5pey). FABMS m/z 867 [M + Na]". Anal. Caled. for C3,HgO10S5: C 45.48, H 7.16, S. 11.38; Found: C 45.59,
H7.44,S 11.05.

AcO HSO
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AcO S Ho s
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7 TriGlc-OH

2,2,2-Tris-[5-(B-D-glucopyranosylthio)-2-oxapentyl]ethanol (TriGlc-OH). Conventional Zemplen deacetylation of
7 (103 mg, 76 umol) gave TriGle-OH. Yield: 62 mg, 98%; Ry = 0.47 (6:3:1 MeCN-H,O-NH,OH); [a]p = - 32.0 (c
1.0, H,0). "H NMR (500 MHz, D,0): 8 = 4.45 (d, 3 H, J,, = 9.9 Hz, H-1¢.), 3.81 (dd, 3 H, Jg,.o= 12.4 Hz, Js ¢, =
2.0 Hz, H-6agy.), 3.63 (dd, 3 H, Js ¢, = 5. 5 Hz, H-6bgc), 3.52 (t, 6 H, *Jy = 6.2 Hz, H-3pen), 3.49 (s, 2 H, CH,OH),
3.41 (t,3H, J,3=J34=9.3 Hz, H-3Gyc), 3.39 (s, 6 H, H-1ppy), 3.37 (ddd, 3 H, J4 5= 9.3 Hz, H-5¢,), 3.33 (t, 3 H, H-
4g1c), 3.24 (t, 3 H, H-2qy), 2.68, 2.65 (2 dt, 6 H, gy = 13.4 Hz, *Jyyn= 7.3 Hz, H-5peny), 1.85 (m, 6 H, H-dpey). °C
NMR (125.7 MHz, D,0): & = 85.7 (C-1g1), 80.1 (C-5G1), 77.4 (C-3Gic), 72.5 (C-261c), 69.8 (C-3peny), 69.7 (C-4gye),
69.5 (C-1peny), 61.6 (CH,OH), 61.1 (C-6610), 45.2 (Cy), 29.4 (C-4peny), 27.0 (C-5pen). FABMS m/z 867 [M + Na]'.
Anal. Caled. for C3,HgpO19S3: C 45.58, H 7.16, S 11.38; Found: C 45.19, H 6.91, S 11.05.
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2-[2-Oxapent-4-enyl]-2,2-bis-[5-(a-D-mannopyranosylthio)-2-oxapentyl]ethanol (DiMan-OH). Conventional
Zemplen deacetylation of 10 (141 mg, 0.14 pmol) gave DiMan-OH. Yield: 87 mg (96%); Ry = 0.22 (10:1:1 MeCN-
H,0-NH,OH); [a]p =+ 134.7 (¢ 0.95, H,0). "H NMR (500 MHz, D,0): & = 5.79 (ddt, 1 H, *Jy = 17.5 Hz, 2Jy =
12.0 Hz, *Jyy = 6.0 Hz, CH,CH=), 5.17 (dd, 1 H, 2y = 0.5 Hz, =CHaa), 5.11 (s, 2 H, H-lyy,,), 5.10 (dd, 1 H,
=CH,b), 3.89 (bd, 2 H, J,3= 2.3 Hz, H-2y,,), 3.88 (bd, 2 H, CH,CH=), 3.83 (ddd, 2 H, J;5= 8.6 Hz, Js¢,= 5.7 Hz,
Js6a=2.0 Hz, H-5\an), 3.71 (dd, 2 H, Jga 60 = 12.3 Hz, H-6ay,y), 3.62 (m, 4 H, H-3y1,n H-6by1n), 3.52 (t, 2 H, H-4y4n),
3.44 (t, 4 H, *Jyy = 5.9 Hz, H-3pey), 3.42 (s, 2 H, CH,0H), 3.31 (s, 2 H, CH,0All), 3.29 (s, 4 H, H-1pey), 2.60, 2.58
(2 dt, 4 H, 2y = 13.5 Hz, 3y = 7.0 Hz, H-5p.y), 1.80 (m, 4 H, H-4pey). *C NMR (125.7 MHz, D,0): & = 134.1
(=CH), 117.8 (=CHy), 84.9 (C-1ppa), 73.1 (C-5pan), 72.4 (CH,CH=), 71.8 (C-2pan)s 71.1 (C-3pan), 69.9 (C-3pentvan),
69.1 (C-3penan)s 68.9 (CH,0ALL), 67.0 (C-4pgan), 61.3 (CH,OH), 60.8 (C-6ypan), 44.9 (Cy), 28.5 (C-4peniptan)s 27.6 (C-
Spentvan)- FABMS m/z 671 [M + Na]". Anal. Caled. for C,¢H,50,4S,: C 48.13, H 7.46; Found: C 48.24, H 7.31.

AcO HO
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14 DiManGlc-OH

2-[5-(B-D-Glucopyranosylthio)-2-oxapentyl]-2,2-bis-[5-(a-D-mannopyranosylthio)-2-oxapentyl]ethanol

(DiManGlc-OH). Conventional Zemplen deacetylation of 14 (150 mg, 0.11 pmol) gave DiManGlc-OH. Yield: 99
mg (100%); Ry = 0.53 (6:3:1 MeCN-H,0-NH,OH); [a]p = + 88.1 (¢ 1.0, H,0). "H NMR (500 MHz, D,0): § = 5.14
(s, 2 H, H-1yan), 4.36 (d, 1 H, J; 2= 10.0 Hz, H-1g), 3.90 (m, 2 H, H-2),,), 3.84 (ddd, 2 H, J,5=9.3 Hz, J5 5, = 6.1
Hz, Js6,= 1.8 Hz, H-5\1,,), 3.73 (dd, 1 H, Jg, 6o = 12.3 Hz, H-6ag;.), 3.71 (d, 2 H, Jg, o= 11.0 Hz, H-62yy,,), 3.62 (m, 4
H, H-6byan, H-3pMan), 3.55 (dd, 1 H, Js 6, = 4.9 Hz, H-6bgc), 3.52 (t, 2 H, J;4= 9.7 Hz, H-4)1,,), 3.44 (m 6 H, H-3pcy),
3.41 (s, 2 H, CH,OH), 3.32 (t, | H, J,3=J34=9.4 Hz, H-3)c), 3.30 (s, 2 H, H-1penicic), 3.29 (m, 4 H, H-1penman), 3-28
(m, 1 H, H-5¢,,), 3.24 (t, 1 H, J45= 9.4 Hz, H-4G,), 3.16 (t, 1 H, H-2g,,), 2.60, 2.58 (2 dt, 6 H, *Jy = 13.5 Hz, 5 =
6.5 Hz, H-5pey), 1.78 (s, 4 H, H-4pep). °C NMR (125.7 MHz, D,0): 8 = 85.5 (C-1g10), 84.9 (C-1ptan), 79.8 (C-561c),
77.2 (C-3Gic), 73.1 (C-5man)s 72.2 (C-261c), 71.8 (C-2pan), 71.1 (C-3pan)s 70.0 (C-3peny), 69.5 (C-4gie), 69.3 (C-1peny),
67.0 (C-4ypan), 61.4 (CH,OH), 60.9 (C-6gic), 60.8 (C-6pan), 45.1 (Cy), 29.1 (C-4peniiic)> 28.5 (C-4peninan), 27.6 (C-
Spentvtan)s 26.7 (C-Spemcic). FABMS miz 867 [M + Na]'. Anal. Calcd. for C3,Hgy010S3: C 45.48, H 7.16; Found: C

45.24, H, 7.04.
AcO HO
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2,2-Bis-[5-(B-D-glucopyranosylthio)-2-oxapentyl]-2-[5-(o-D-mannopyranosylthio)-2-oxapentyl]ethanol
(ManDiGlc-OH). Conventional Zemplen deacetylation of 17 (150 mg, 0.11 pmol) gave ManDiGle-OH. Yield: 99
mg (100%); R = 0.50 (6:3:1 MeCN-H,0-NH,OH); [a]p = +33.0 (¢ 1.0, H,0). '"H NMR (500 MHz, D,0): & = 5.12
(bs, 1 H, H-1pan), 440 (d, 2 H, J,, = 10.1 Hz, H-1g), 3.93 (bd, 1 H, J,5=3.2 Hz, H-2\,y), 3.86 (m, 1 H, H-5yy),
3.78 (d, 2 H, Jga o= 11.5 Hz, H-6ag,), 3.77 (bd, 1 H, Js, 6= 11.6 Hz, H-6ay,,), 3.59 (dd, 2 H, J5 6, = 5.1 Hz, H-6bg,c),
3.58 (m, 2 H, H-6bytay, H-3pan), 3.54 (t, 1 H, J34=Jy5= 9.8 Hz, H-4\1,y), 3.49 (s, 2 H, CH,0H), 3.48 (m, 6 H, H-
3pent)> 3.37 (t, 2 H, J,3=J54=9.0 Hz, H-3G,), 3.32 (m, 2 H, H-5¢,c), 3.31 (m, 6 H, H-1pey), 3.28 (t,2 H, J; 5= 9.0 Hz,
H-410), 3.18 (t, 2 H, H-2Gyc), 2.73, 2.66 (2 dt, 6 H, *Jy = 13.2 Hz, *Jyyu= 6.8 Hz, H-5pep), 1.80 (s, 6 H, H-4pey). °C
NMR (125.7 MHz, D,0): 6 = 85.5 (C-16ic), 84.9 (C-1pan), 79.8 (C-5610), 77.2 (C-361), 73.2 (C-Sman), 72.3 (C-2gy0),
71.8 (C-2pman)s 71.1 (C-3pan)s 69.9 (C-3peny), 69.5 (C-4gie), 69.3 (C-1peny), 67.0 (C-4ppan), 61.5 (CH,OH), 60.9 (C-6g4c),
60.8 (C-6pan), 45.0 (Cy), 29.2 (C-4dpenicic)> 28.5 (C-4peniman)s 27.6 (C-Spentvtan)s 26.8 (C-Spenic). FABMS m/z 867 [M +
Na]®. Anal. Calcd. for C5,HgO16S5: C 45.48, H 7.16; Found: C 45.24, H 6.94.

AcO—, OAc Ho— OQH
AcO o HO o}
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21 Man-OH

7-(a-D-Mannopyranosylthio)-4-oxaheptanol (Man-OH). Conventional Zemplen deacetylation of 21 (88 mg, 0.18
pmol) followed by column chromatography purification, using 45:5:3 EtOAc-EtOH-H,O as eluent, gave Man-OH.
Yield: 52 mg (93%); Re= 0.16 (45:5:3 EtOAc-MeOH-H,0); [a]p =+ 126.8 (c 1.1, H,0). 'H NMR (300 MHz, D,0):
8=5.25(d, 2 H, J;,= 1.5 Hz, H-1pan), 4.00 (dd, 1 H, J 3= 3.3 Hz, H-2),,), 3.95 (ddd, 1 H, J45= 9.6 Hz, J56,= 6.0
Hz, Js 6,= 2.4 Hz, H-5\1y), 3.84 (dd, 1 H, Jg 60 = 12.3 Hz, H-6ay,,), 3.73 (dd, 1 H, H-6by,y), 3.72 (dd, 1 H, J; 4= 8.0
Hz, H-3 ), 3.66 (t, 1 H, H-4y,,), 3.62 (t, 2 H, *Jy s = 6.6 Hz, H-5p¢p), 3.57 (t, 2 H, *Jun = 6.3 Hz, H-1yep), 3.55 (1,
2 H, *Jup = 6.6 Hz, H-3y5p), 2.70, 2.68 (2 dt, 2 H, *Jyy s = 13.5 Hz, Iy = 7.2 Hz, H-Tyep), 1.87 (m, 2 H, H-631010),
1.77 (m, 2 H, H-6p¢p). 3C NMR (75.5 MHz, D,0): & = 84.9 (C-1pan), 73.1 (C-5pan)s 71.8 (C-2ppan)> 71.0 (C-3pan),
68.9 (C-5pepr), 67.4 (C-3pep), 67.1 (C-4pan), 60.8 (CH,OH), 58.7 (C-6pan), 31.2 (C-6ppy), 28.6 (C-2pepy), 27.4 (C-
Thept)- FABMS m/z 335 [M + Na]". Anal. Calcd. for C,H,,0,S: C 46.14, H 7.74; Found: C 45.95, H, 7.68.

Preparation of methyl 6-(2-aminoethylthio)-a-D-glucopyranoside conjugates.

Br S
" NH, - HCI
HO Q HO 0
HO HO
HO HO

OMe OMe
24

Methyl 6-(2-aminoethylthio)-a.-D-glucopyranoside hydrochloride (24): To a solution of 2-aminoethanethiol
hydrochloride (264 mg, 2.3 mmol, 2 eq) in freshly distilled DMF (3 mL), under Ar atmosphere, dry Et;N (647 L,
4.64 mmol, 4 eq) was added using a syringe.*® To the resulting pale violet suspension, a solution of methyl 6-bromo-
6-deoxy-a-D-glucopyranoside (0.3 g, 1.16 mmol) in DMF (1 mL) was added dropwise under Ar, and the reaction
mixture was stirred for 24 h at room temperature. Solvents were eliminated under reduced pressure and the residue
was purified by column chromatography using 10:1:1 MeCN-H,O-NH4OH as eluent. The white solid obtained was
dissolved in H,O (5 mL) and the solution was adjusted to pH 4 using diluted HCI and freeze-dried to give 24. Yield:
300 mg (89%); Ry = 0.14 (10:1:1 MeCN-H,O-NH,OH); [a]p = + 48.1 (¢ 1.0, H,0). 'H NMR (500 MHz, D,0): & =

S12



478 (d, 1 H, J;, = 3.6 Hz, H-1), 3.73 (ddd, 1 H, J;5 = 10.1 Hz, Js ¢, = 7.9 Hz, Js ¢ = 2.6 Hz, H-5), 3.60 (dd, 1 H, J, 5
= 9.8 Hz, J;4 = 8.8 Hz, H-3), 3.55 (dd, 1 H, H-2), 3.40 (s, 3 H, OMe), 3.35 (dd, 1 H, H-4), 3.23 (t, 2 H, 3J;; = 6.6
Hz, CH,N¢ys), 3.03 (dd, 1 H, Jgu60 = 14.1 Hz, H-6a), 2.91 (t, 2 H, CH,Scy), 2.78 (dd, 1 H, H-6b). 3C NMR (125.7
MHz, D,0): § = 100.7 (C-1), 74.5 (C-3), 73.8 (C-4), 72.8 (C-2), 72.2 (C-5), 56.7 (OMe), 40.0 (CHyNcy,), 34.0 (C-6),
30.8 (CH,Scys). FABMS: m/z 254 [M - CI]". Anal. Calcd. for CoH,CINOsS: C 37.30, H 6.96, N 4.83. Found: C
37.07, H 6.76, N 4.76.
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TriGlc-aMe, R = H

Methyl 6-[2-[3-[2,2,2-tris[5-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosylthio)-2-oxapentyl]ethyl]thioureido]
ethylthio]-a-D-glucopyranoside (26): Compound 26 was obtained by coupling reaction of 24 (25 mg, 86 pumol) and
9 (132 mg, 95 umol, 1.1 eq) following the procedure above described in the general methods. Yield: 40 mg (30%); Ry
=0.50 (45:5:3 AcOEt-EtOH-H,0); [a]p= - 6.3 (¢ 1.0, MeOH). "H NMR (500 MHz, CD;0D): 8 =5.27 (t, 3 H, J,5 =
J34=9.4 Hz, H-3¢)), 5.02 (t, 3 H, J45 = 9.4 Hz, H-4¢,.), 4.94 (t, 3 H, J;, = 9.4 Hz, H-2G,.), 4.74 (d, 3 H, H-15), 4.65
(d, 1 H, J;, = 3.7 Hz, H-1), 424 (dd, 3 H, Jeu¢p = 12.4 Hz, Js ¢, = 5.0 Hz, H-6agc), 4.12 (dd, 3 H, Js ¢, = 2.3 Hz, H-
6bgie), 3.90 (ddd, 3 H, H-5¢c), 3.70 (m, 2 H, CH,;Ncyy), 3.64 (ddd, 1 H, J45=9.1 Hz, J5 5, = 8.0 Hz, J5 6, = 2.1 Hz, H-
5), 3.56 (t, 1 H, J,5 = Js4 = 9.4 Hz, H-3), 3.51 (t, 6 H, *Jyn = 5.5 Hz, H-3pen), 3.42 (s, 3 H, OMe), 3.40 (s, 8 H,
CH)Niranchs H-Tpen), 3.39 (dd, 1 H, H-2), 3.23 (t, 1 H, H-4), 3.02 (dd, 1 H, Je¢ = 13.9 Hz, H-6a), 2.84 (t, 2 H, 33 ;=
6.0 Hz, CH,Scyq), 2.81, 2.76 (2 dt, 6 H, *Jyy = 13.7 Hz, *Jyy = 5.5 Hz, H-5pey), 2.70 (dd, 1 H, H-6b), 2.06, 2.02,
1.99, 1.96 (4 s, 36 H, MeCO), 1.88 (m, 6 H, H-4p.,). *C NMR (125.7 MHz, CD;0D): & = 186.0 (CS), 170.9, 170.2,
169.9, 169.7 (CO), 101.1 (C-1), 84.9 (C-1gyc), 76.8 (C-5G1), 75.3 (C-36ic), 75.1 (C-3), 74.6 (C-4), 73.6 (C-2, C-5),
72.0 (C-1peny), 71.5 (C-2g1c), 70.9 (C-3peyy), 69.9 (C-4gie), 63.5 (C-661c), 55.7 (OMe), 45.6 (Cg, CHyNppancn, CH,Neyg),
34.7 (C-6), 33.3 (CHyScyst)s 31.2 (C-4peny), 28.4 (C-5peny), 20.9-20.6 (MeCO). FABMS: m/z 1666 [M + Na]", 1644 [M
+ H]". Anal. Calcd. for C¢sH;0oN,0;35Ss: C 48.22, H 6.25, N 1.70. Found: C 48.27, H 6.18, N 1.66.

Methyl 6-[2-[3-]2,2,2-tris[5-(B-D-glucopyranosylthio)-2-oxapentyl]ethyl] thioureido]ethylthio]-a-D-
glucopyranoside (TriGlc-aMe): Conventional Zemplen deacetylation of 26 (31 mg, 19 pmol) gave the fully
unprotected conjugate TriGle-aMe. Yield: 21 mg (100%); Ry = 0.50 (6:3:1 MeCN-H,0-NH,OH); [a]p = -12.3 (C
1.0, H,0). "H NMR (500 MHz, 333 K, D,0): & = 5.07 (d, 1 H, J;, = 4.0 Hz, H-1), 4.80 (d, 3 H, J,;, = 10.0 Hz, H-
Lgic), 4.17 (dd, 3 H, Jga60 = 12.5 Hz, Js 6, = 2.0 Hz, H-6ag,), 4.02 (ddd, 1 H, J,5 = 9.0 Hz, J5¢, = 8.0 Hz, Js6, = 2.0
Hz, H-5), 4.01 (dd, 3 H, Js ¢, = 5.5 Hz, H-6bg.), 4.00 (2 H, m, CH,Ncys), 3.93 (t, 1 H, Jo5 = J34 = 9.0 Hz, H-3), 3.88
(t, 6 H, *Jyyy = 6.0 Hz, H-3pey), 3.86 (dd, 1 H, H-2), 3.79 (t, 3 H, Jo3 = J54 = 9.3 Hz, H-3.), 3.75 (ddd, 3 H, J;5=9.3
Hz, H-56c), 3.74 (m, 8 H, H-1pey, CHoNpraneh), 3.73 (t, 3 H, H-4gy.), 3.65 (m, 3 H, OMe), 3.64 (dd, 1 H, H-4), 3.62 (4,
3 H, H-2G10), 3.38 (dd, 1 H, Jg, 6 = 14.0 Hz, H-6a), 3.18 (t, 2 H, *Jyy 1 = 3.5 Hz, CHyScye), 3.14, 3.09 (2 dt, 6 H, Iy
=13.2 Hz, *Jyp = 6.0 Hz, H-5pen), 3.08 (dd, 1 H, H-6b), 2.22 (m, 6 H, H-4pey). *C NMR (125.7 MHz, 333 K, D,0):
8 =180.6 (CS), 99.7 (C-1), 86.0 (C-1gy), 80.4 (C-561c), 77.9 (C-361c), 73.6 (C-3), 73.2 (C-4), 72.9 (C-2g), 71.9 (C-
2), 71.5 (C-5), 71.0 (C-lpeny), 70.6 (C-3peny), 70.2 (C-4gie), 61.6 (C-661c), 55.7 (OMe), 44.7 (Cy), 44.1 (CHoNpranch,
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CH,Neyy), 33.7 (C-6), 32.1 (CH,Scys.), 29.9 (C-4peny), 27.3 (C-Spen). FABMS: m/z 1161 [M + Na]". Anal. Caled. for
CarHosN,053S5: C 44.27, H 6.90, N 2.46. Found: C. 44.16, H 6.79, N 2.37.
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27, R =Ac

TriMan-aMe, R = H

Methyl 6-[2-[3-[2,2,2-tris[5-(2,3,4,6-tetra-O-acetyl-o-D-mannopyranosylthio)-2-oxapentyl]ethyl] thioureido]-
ethylthio]-o.-D-glucopyraneside (27): Compound 27 was obtained by coupling reaction of 24 (20 mg, 69 umol) and
6 (106 mg, 76 umol, 1.1 eq) following the procedure above described in the general methods. Yield: 50 mg (44%); R¢
=0.50 (45:5:3 AcOEt-EtOH-H,0); [a]p =+ 70.5 (¢ 1.0, MeOH). 'H NMR (500 MHz, CD;0D, 313 K):5 = 5.34 (bd,
3H, Ji»=1.5Hz, H-1ypay), 5.31 (dd, 3 H, J,5 = 3.3 Hz, H-2y), 5.25 (t, 3 H, J54 = J45 = 10.0 Hz, H-4yy,,), 5.18 (dd,
3 H, H-3yan), 4.64 (d, 1 H, J;, = 3.8 Hz, H-1), 4.37 (ddd, 3 H, Js6, = 5.2 Hz, Js 6, = 2.4 Hz, H-5\1n), 4.26 (dd, 3 H,
Joaeo = 12.3 Hz, H-6aa,), 4.11 (dd, 3 H, H-6bpay), 3.68 (m, 2 H, CHyNeyy), 3.97 (td, 1 H, J45 = Js 6= 8.9 Hz, J5 6, =
2.2 Hz, H-5),3.56 (t, 1 H, J,5=J54,=9.2 Hz, H-3), 3.53 (t, 6 H, *Jy 1= 5.9 Hz, H-3pey), 3.41 (s, 3 H, OMe), 3.40 (s, 8
H, CH;Npanch, H-1penr), 3.38 (dd, 1 H, H-2), 3.21 (t, 1 H, H-4), 3.01 (dd, 1 H, Je, 6o = 13.9 Hz, H-6a), 2.83 (t, 2 H,
Jupn = 6.3 Hz, CH,Scys), 2.84, 2.80 (2 dt, 6 H, “Jyy = 14.1 Hz, *Jy = 7.1 Hz, H-5py), 2.70 (dd, 1 H, H-6b), 2.12-
1.94 (4 s, 36 H, MeCO), 1.92 (m, 6 H, H-4p,). *C NMR (125.7 MHz, CD;0D, 313 K): § = 184.5 (CS), 172.3-171.5
(CO), 101.2 (C-1), 84.0 (C-1ppan), 75.1 (C-3), 74.6 (C-4), 73.7 (C-2), 73.6 (C-5), 72.4 (C-2pan), 72.1 (C-1peyy), 71.1
(C-3man)> 70.8 (C-3pen),70.5 (C-5pman), 67.7 (C-dppan), 63.7 (C-6pan), 55.7 (OMe), 45.6 (Cy), 45.5 (CHoNpranchs
CH,Neyy), 34.8 (C-6), 33.3 (CHyScysr), 30.7 (C-4pen), 29.4 (C-5penr), 20.8-20.5 (MeCO). FABMS: m/z 1665 [M +
Na]'. Anal. Caled. for CgsH,0,N,035Ss: C 48.22, H 6.25, N 1.70. Found: C 48.05, H 6.27, N 1.61.

Methyl 6-[2-[3-[2,2,2-tris[S-(a-D-mannopyranosylthio)-2-oxapentyl]ethyl] thioureido]ethylthio]-o.-D-
glucopyranoside (TriMan-aMe): Conventional Zemplen deacetylation of 27 (30 mg, 18.2 umol) gave the fully
unprotected conjugate TriMan-aMe. Yield: 19 mg (100%); Ry = 0.40 (6:3:1 MeCN-H,0-NH,OH), [a]p =+ 126.0 (C
1.0, H,0). '"H NMR (500 MHz, D,0, 343 K): 8 = 5.69 (d, 3 H, J;, = 1.5 Hz, H-l,), 5.17 (d, 1 H, J,, = 3.5 Hz, H-
1), 4.44 (dd, 3 H, J,5 = 3.5 Hz, H-2\an), 4.33 (ddd, 3 H, J,5 = 9.5 Hz, Js 6, = 5.5 Hz, Js 5, = 2.0 Hz, H-5)y,,), 4.24 (dd,
3 H, Jeao = 12.5 Hz, H-6ay,), 4.19 (dd, 3 H, H-6byy,n), 4.17 (dd, 3 H, J34 = 9.5 Hz, H-3\pn), 4.12 (ddd, 1 H, J45 =
10.0 Hz, Js g, = 8.0 Hz, J5 5, = 2.5 Hz, H-5), 4.11 (t, 3 H, H-4 5), 4.07 (m, 2 H, CH,Ncyy), 4.03 (t, 1 H, Jo 3= J34 =
10.0 Hz, H-3), 3.98 (t, 6 H, *Jyy = 6.5 Hz, H-3pey), 3.96 (dd, 1 H, H-2), 3.84 (m, 11 H, H-1pen, CHNgganen, OMe),
3.74 (t, 1 H, H-4), 3.48 (dd, 3 H, Jsu 6, = 14.0 Hz, H-6a), 3.28 (t, 2 H, *Jyn = 6.5 Hz, CHxS¢ys), 3.16, 3.14 (2 dt, 6 H,
2Jun = 13.0 Hz, *Jypn = 6.5 Hz, H-5pcy), 3.12 (dd, 3 H, H-6b), 2.32 (m, 6 H, H-4ps,). °C NMR (125.7 MHz, D,0,
343 K): 8 = 180.9 (CS), 99.9 (C-1), 85.7 (C-1pman), 74.0 (C-Span), 73.8 (C-3), 73.3 (C-4), 72.6 (C-2pan), 72.1 (C-2),
71.9 (C-3man), 71.8 (C-5), 71.2 (C-lpenr), 70.7 (C-3pent), 67.8 (C-4nan), 61.6 (C-6pan), 55.8 (OMe), 44.8 (C,), 44.3
(CHNgganen, CHaNeyso), 33.9 (C-6), 32.3 (CHaScys)s 29.5 (C-4peny), 28.5 (C-5pen). FABMS: m/z 1161 [M + Na]".
Anal. Caled. for C4H7sN,0,3S5: C 44.27, H 6.90, N 2.46. Found: C 43.96, H 6.74, N 2.20.
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Methyl 6-[2-[3-[2-(2-0xapent-4-enyl)-2,2-bis[5-(2,3,4,6-tetra-O-acetyl-a-D-mannopyranosylthio)-2-
oxapentyl]ethyl]thioureido]ethylthio]-a-D-glucopyranoside (28): Compound 28 was obtained by coupling reaction
of 24 (31 mg, 107 umol, 1.1 eq) and 12 (100 mg, 97 pmol) following the procedure above described in the general
methods. Yield: 95.2 mg (77%); Rg= 0.57 (45:5:3 AcOEt-EtOH-H,0); Ry = 0.42 (10:1:1 MeCN-H,0-NH,0OH); [o]p
=+72.6 (¢ 1.0, MeOH). 'H NMR (500 MHz, CD;0D, 313 K): 8 = 5.90 (ddt, 1 H, *Jyy = 17.0 Hz, *Jyyy = 10.5 Hz,
Iy = 5.0 Hz, OCH,CH=), 5.33 (d, 2 H, J,,= 1.5 Hz, H-lpg), 5.31 (dd, 2 H, J,3= 3.0 Hz, H-2,), 5.26 (dc, 1 H,
*Jin = Jin = 1.5 Hz, =CH,), 5.25 (t, 2 H, J3 4= J4 5= 10.0 Hz, H-4y1oy), 5.18 (dd, 2 H, H-3ppa), 5.15 (de, 1 H, *Jypy =
1.5 Hz, =CHy), 4.63 (d, 1 H, J,,= 3.5 Hz, H-1), 4.37 (ddd, 2 H, J55,= 2.0 Hz, J5 5, = 2.0 Hz, H-5,,), 4.25 (dd, 2 H,
Joaeb = 12.5 Hz, H-6ayn), 4.10 (dd, 2 H, H-6by,n), 3.96 (dt, 2 H, OCH,CH=), 3.68 (bs, 2 H, CH,Ncyy), 3.64 (ddd, 1
H, Jy5= 9.0 Hz, J5 ¢ = 8.0 Hz, Js6, = 2.5 Hz, H-5), 3.56 (t, 1 H, J,5=J;4= 9.0 Hz, H-3), 3.52 (t, 4 H, *Jys= 5.5 Hz,
H-3pene), 3.40 (m, 11 H, H-1pen, CHoNppanch, CHoNeys, CH,OALL OMe), 3.38 (d, 1 H, H-2), 3.21 (t, 1 H, H-4), 3.00
(dd, 1 H, Jg,6 = 14.0 Hz, H-6a), 2.82 (t, 2 H, *Jy s = 7.0 Hz, CH,Scys), 2.78, 2.75 (2 dt, 4 H, 2= 12.5 Hz, *Jyp =
7.0 Hz, H-5py), 2.68 (dd, 2 H, H-6b), 2.12-1.98 (4 s, 36 H, MeCO), 1.99 (m, 4 H, H-4p.,). *C NMR (125.7 MHz,
CD;0D, 313 K): 8 = 182.4 (CS), 172.3-171.5 (CO), 136.2 (CH,CH=), 117.3 (=CH,), 101.2 (C-1), 84.0 (C-1yan), 75.1
(C-3), 74.6 (C-4), 73.7 (C-2), 73.6 (C-5), 73.5 (OCH,CH=), 72.4 (C-2pan), 69.3 (C-1penr), 71.2 (C-3pan), 70.8 (C-
3pent)s 70.5 (C-Span), 67.7 (C-4nan), 63.7 (C-6pan), 55.7 (OMe), 45.6 (Cy, CHoNpranch, CHoNeyy), 34.8 (C-6), 33.3
(CHScys)s 30.7 (C-dpen), 29.4 (C-5pen), 20.8-20.5 (MeCO). FABMS: m/z 1300 [M + Na]". Anal. Calcd. for
Cs5yHgoN»O,6S4: C 48.81, H 6.96, N 2.19. Found: C 48.69, H 6.39, N 2.01.

Methyl 6-[2-[3-[2-(2-oxapent-4-enyl)-2,2-bis[5-(8-D-mannopyranosylthio)-2-oxapentyl]ethyl]thioureido]ethyl-
thio]-a-D-glucopyranoside (DiMan-aMe). Conventional Zemplen deacetylation of 28 (25 mg, 19.5 pumol) gave
DiMan-aMe. Yield: 18 mg (100%); R; = 0.72 (6:3:1 MeCN-H,0-NH,OH); [a], =+ 92.1 (¢ 0.7, H,0). '"H NMR
(500 MHz, D,0, 313 K): 8 = 6.02 (ddt, 1 H, *Jy 5 = 17.0 Hz, *Jy 4 = 10.5 Hz, *Jy 4 = 6.0 Hz, OCH,CH=), 5.40 (dc, 1
H, 2y = yn = 1.7 Hz, CH,), 5.35 (d, 2 H, H-1yyan), 5.32 (dc, 1 H, Wy = 1.7 Hz, =CHy), 4.84 (d, 1 H, J,,= 4.0 Hz
H-1), 4.10 (dd, 2 H, J,5 = 3.5 Hz, H-2y,), 4.08 (dt, 2 H, OCH,CH=), 4.02 (ddd, 2 H, J;5= 10.0 Hz, Js ¢, = 6.0 Hz,
Js.6a= 2.5 Hz, H-5y1a0), 3.92 (dd, 2 H, Jg, 65 = 12.0 Hz, H-62y,,), 3.85 (dd, 2 H, H-6byyay), 3.83 (dd, 2 H, J3 4= 10.0 Hz,
H-3pan), 3.80 (ddd, 1 H, Jy5=9.0 Hz, Js5 4, = 8.5 Hz, J5 6, = 2.5 Hz, H-5), 3.76 (bs, 2 H, CH,N¢,), 3.75 (t, 2 H, H-
dytan)s 3.69 (t, 1 H, Jo3=Js34=9.0 Hz, H-3), 3.65 (t, 4 H, t, *Jyy 1y = 6.0 Hz, H-3pey), 3.63 (dd, 1 H, H-2), 3.52 (m, 8 H,
H-1penis CHoNppanens CH,OALD, 3.50 (s, 3 H, OMe), 3.39 (, 1 H, H-4), 3.15 (dd, 1 H, Jg, ¢ = 14.0 Hz, H-6a), 2.94 (t, 2
H, *Jyp = 6.5 Hz, CH,Scys), 283, 2.81 (2 dt, 4 H, *Jy = 13.0 Hz, *Jyy = 6.5 Hz, H-5pcn), 2.84 (dd, 1 H, H-6b), 1.99
(m, 4 H, H-4py). “C NMR (125.7 MHz, D,0, 313 K): & = 182.5 (CS), 134.5 (CH,CH=), 118.1 (=CH,), 99.4 (C-1),
85.7 (C-ntan)s 73.5 (C-5ppan), 73.3 (C-3), 73.8 (C-4), 72.6 (CH,CH=), 72.1 (C-2ptan), 71.6 (C-2), 71.5 (C-3ppan), 71.2
(C-5), 70.6 (C-lpey, CH,0AIL), 70.3 (C-3pens), 67.3 (C-4ytan)s 61.1 (C-6ppar), 55.4 (OMe), 44.4 (Cy, CHyNeyss
CHNaganen), 33.3 (C-6), 31.8 (CHyScyer), 28.9 (C-4peny), 28.0 (C-5pen). FABMS: m/z 865 [M + Na]”. Anal. Calcd. for
C36HggN,0,5S4: C 45.84, H 7.05, N 2.97. Found: C 45.72, H 6.83, N 2.86.
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Methyl  6-[2-[3-[2-[5-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosylthio)-2-oxapentyl]-[2,2-bis[5-(2,3,4,6-tetra-O-
acetyl-a-D-mannopyranosylthio)-2-oxapentyl]ethyl]thioureido]ethylthio]-a-D-glucopyranoside (29): Compound
29 was obtained by coupling reaction of 24 (26.5 mg, 90 pmol) and 16 (140 mg, 100 pmol, 1.1 eq) following the
procedure above described in the general methods. Yield: 90 mg (61%); Ry = 0.56 (45:5:3 AcOEt-EtOH-H,0); [a]p
=+95.1 (c 1.0, MeOH). 'H NMR (500 MHz, CD;0D); 8 = 5.36 (d, 2 H, J;, = 1.0 Hz, H-1,y), 5.32 (dd, 2 H, J,5 =
3.0 Hz, H-2\ay), 5.27 (t, 1 H, J3=J34=9.0 Hz, H-3y.), 5.25 (t, 2 H, J54 = J4 5 = 10.0 Hz, H-4)y,,), 5.18 (dd, 2 H, H-
3Man)s 5.01 (t, 1 H, J45 = 10.0 Hz, H-4¢,.), 4.94 (t, 1 H, J,, = 10.0 Hz, H-2G,), 4.73 (d, 1 H, H-1gy.), 4.64 (d, 1 H, J,»
= 3.5 Hz, H-1), 4.37 (ddd, 2 H, J5¢, = 5.0 Hz, J5 6, = 2.0 Hz, H-5\1y), 4.27 (dd, 2 H, Jga 60 = 12.0 Hz, H-6ay,y), 4.23
(dd, 1 H, Jg, 6o = 12.5 Hz, Js 5, = 4.0 Hz, H-6ag,.), 4.12 (dd, 1 H, Js 6, = 2.0 Hz, H-6¢,), 4.10 (dd, 2 H, H-6by,,), 3.90
(ddd, 1 H, H-56y¢), 3.69 (m, 2 H, CH,N¢yq), 3.64 (bt, 1 H, J,5 = 8.5 Hz, Js 5, = 8.5 Hz, Js 6, = 2.0 Hz, H-5),3.56 (1 H,
t, Jo3 = J34= 9.0 Hz, H-3), 3.52,3.51 (2 t, 6 H, *Jyy s = 5.0 Hz, H-3py), 3.42 (s, 3 H, OMe), 3.41 (s, 8 H, CH,Npanchs
H-lpe), 3.38 (1 H, dd, H-2), 3.21 (t, 1 H, H-4), 3.01 (dd, 1 H, Jg, ¢ = 14.0 Hz, H-6a), 2.83 (t, 2 H, *Jyy = 7.0 Hz,
CHxScys), 2.79 (2 dt, 2 H, pn = 14.0 Hz, *Jyn = 7.0 Hz, H-5pencie)s 2.75 (M, 4 H, H-5penan), 2.69 (dd, 1 H, H-6b),
2.14-1.91 (s, 36 H, MeCO), 1.90 (m, 8 H, H-4p.,). °C NMR (125.7 MHz, CD;0D): & = 183.0 (CS), 172.3-171.1
(CO), 101.1 (C-1), 84.8 (C-1G1c), 83.9 (C-1pan), 76.7 (C-5G1c), 75.3 (C-361c), 75.1 (C-3), 74.6 (C-4), 73.6 (C-2, C-5),
72.3 (C-2pan)s 72.0 (C-1peny), 71.5 (C-2610), 71.1 (C-3pman)> 70.9 (C-3penicic)s 70.7 (C-3penivan)s 70.4 (C-5p1an), 69.9 (C-
46ic), 67.5 (C-dypan), 63.7 (C-6pan), 63.4 (C-661c), 55.2 (OMe), 45.6 (Cyq, CHoNppancn, CHoNeyy), 34.7 (C-6), 33.3
(CHzScyst), 31.2 (C-4penicic)s 30.7 (C-4penivian)s 29.4 (C-Spenvtan)> 28.3 (C-Speniaic), 20.9-20.6 (MeCO). FABMS: m/z
1665 [M + Na]’, 1643 [M]". Anal. Calcd. for C¢H;¢,N,035Ss: C 48.22, H 6.25, N 1.70. Found: C 47.97, H 6.19, N
1.70.

Methyl  6-deoxy-6-[2-[3-[2-[5-(B-D-glucopyranosylthio)-2-oxapentyl]-[2,2-bis[5-(a-D-mannopyranosylthio)-2-
oxapentyl]ethyl]thioureido]ethylthio]-a-D-glucopyranoside (DiManGle-aMe): Conventional Zemplen
deacetylation of 29 (26.2 mg, 16 umol) gave DiManGle-aMe. Yield: 18 mg (100%); [a]p= + 83.0 (¢ 1.2, H,0). 'H
NMR (500 MHz, 343 K, D,0): 8 =5.65 (d, 2 H, J,, = 1.5 Hz, H-1ppay), 5.14 (d, 1 H, J,, = 3.8 Hz, H-1), 4.86 (d, 1 H,
Ji12=9.8 Hz, H-15), 441 (dd, 2 H, J, 3 = 3.3 Hz, H-2)1,,), 4.30 (ddd, 2 H, J4 5 = 9.6 Hz, J5 5, = 5.4 Hz, J5 5, = 2.2 Hz,
H-5Man), 424 (dd, 1 H, Jeo 60 = 12.4 Hz, J55, = 2.0 Hz, H-6ag.), 4.21 (dd, 2 H, Jsu 60 = 12.4 Hz, H-6ay1,,), 4.16 (dd, 2
H, H-6byan), 4.13 (dd, 2 H, J3 4 = 9.5 Hz, H-3\an), 4.08 (td, 1 H, J45=Js 6, = 8.5 Hz, Js 6, = 2.5 Hz, H-5), 4.07 (t, 2 H,
H-4yan), 4.08 (dd, 1 H, Js 6, = 4.0 Hz, H-6bgy.), 4.04 (m, 2 H, CHoNcyy), 4.03 (t, 1 H, J53 = J34 = 9.5 Hz, H-3), 3.95
(m, 6 H, H-3pey), 3.94 (s, 3 H, OMe), 3.92 (dd, 1 H, H-2), 3.86 (t, 1 H, J,3=J;4 = 8.4 Hz, H-3,.), 3.80 (m, 10 H, H-
461, H-5G1c, CH2Npranch, H-1pene), 3.70 (t, 1 H, H-4), 3.69 (t, 1 H, H-2,.), 3.45 (dd, 1 H, Jg,6p = 13.5 Hz, H-6a), 3.25
(t, 2 H, *Jyp = 6.6 Hz, CH,Scys), 3.15 (dd, 1 H, H-6b), 3.14, 3.10 (2 dt, 6 H, “Jy s = 12.5 Hz, *Jy s = 7.0 Hz, H-5pcn),
2.30 (m, 6 H, H-4pey). *C NMR (125.7 MHz, D,0, 343 K): 8 = 180.8 (CS), 99.9 (C-1), 86.1 (C-1gi), 85.6 (C-Iptan)s
80.9 (C-5a1), 78.0 (C-361c), 73.9 (C-5pan), 73.7 (C-3), 73.3 (C-4), 72.9 (C-2gic), 72.5 (C-2pan), 72.0 (C-2), 71.9 (C-
3man)s 71.7 (C-5), 71.1 (C-1peny), 70.7 (C-3peniciic)s 70.6, (C-3penvan)s 70.3 (C-46ic), 67.8 (C-4pan), 61.7 (C-6gyc), 61.6
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(C'6Man)s 46.7 (CHZNBranCh» CHZNCysl)7 44.8 (Cq)s 33.8 (C-6), 322 (CHZSCysl)s 30.0 (C'4PemGlc)» 29.4 (C'4PentMan)» 28.4
(C-Spentvtan)s 27-4 (C-5pemcie). FABMS: m/z 1161 [M + Na]’. Anal. Caled. for C4rHygN,02:Ss: C 44.27, H 6.90, N
2.46. Found: C 43.94, H 6.81, N 2.17.

oS X
RRo N0 NT NS
RO H H Ho o)
o)
RO o S HOoMm
Ro%e/ €
RO™ RO 30, R = Ac
ManDiGlc-aMe, R =H

Methyl  6-[2-[3-[2,2-bis[5-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosylthio)-2-oxapentyl]-[2-[5-(2,3,4,6-tetra-O-
acetyl-a-D-mannopyranosylthio)-2-oxapentyl]ethyl]thioureido]ethylthio]-a-D-glucopyranoside (30): Compound
30 was obtained by coupling reaction of 24 (17 mg, 59 pumol) and 19 (90 mg, 65 umol, 1.1 eq) following the
procedure above described in the general methods. Yield: 33 mg (34%); Rg= 0.55 (10:1:1 MeCN-H,0-NH,OH); [a]p
=+21.9 (¢ 1.0, H,0). '"H NMR (500 MHz, CD;0D, 313 K): 8 =5.36 (d, 1 H, J,, = 1.5 Hz, H-1pa), 5.32 (dd, 1 H,
J23=3.4 Hz, H-2\an), 5.26 (t, 2 H, Jo3 = J34 = 9.3 Hz, H-3y.), 5.25 (t, 1 H, J54 = J45 = 10.0 Hz, H-4y1,5), 5.19 (dd, 1
H, H-3yn), 5.01 (t, 2 H, Jy45 = 10.0 Hz, H-4¢,.), 4.93 (t, 2 H, J;, = 10.1 Hz, H-2,.), 4.76 (d, 2 H, H-1), 4.64 (d, 1
H, J;,=3.7Hz, H-1),4.37 (ddd, 1 H, Js 6, = 5.1 Hz, Js5 5, = 2.5 Hz, H-5\1y), 4.24 (dd, 1 H, J6, 6o = 12.2 Hz, H-62y1y,),
4.23 (dd, 2 H, Je60 = 12.3 Hz, J5 6, = 4.9 Hz, H-6ag,), 4.13 (dd, 2 H, Js 6, = 2.5 Hz, H-6bg,), 4.12 (dd, 1 H, H-6byyy),
3.88 (ddd, 2 H, H-5¢c), 3.69 (m, 2 H, CHyN¢yy), 3.64 (ddd, 1 H, J,5 = 9.5 Hz, Js, = 8.0 Hz, Js¢, = 2.0 Hz, H-5),
3.56 (t, 1 H, Jo3 = Js4 = 9.4 Hz, H-3), 3.51, 3.50 (2 t, 6 H, *Jyy s = 5.9 Hz, H-3peny), 3.42 (5, 3 H, OMe), 3.40 (8 H, s,
CH)Ngganehs H-1peny)s 3.39 (1 H, dd, H-2), 3.22 (1 H, t, H-4), 3.02 (1 H, dd, Jg, ¢, = 14.0 Hz, H-6a), 2.84 (t, 2 H, *Jy
= 6.6 Hz, CH,Scyy), 2.82, 2.74 (2 dt, 6 H, Iy = 13.1 Hz, *Jyy i = 6.7 Hz, H-5peny), 2.70 (dd, 1 H, H-6b), 2.06-1.95 (s,
36 H, MeCO), 1.88 (m, 6 H, H-4p,). *C NMR (125.7 MHz, CD,0D, 313 K): = 183.0 (CS), 171.3-171.1 (CO),
101.2 (C-1), 84.9 (C-16ic), 83.9 (C-1ppan), 76.8 (C-5¢10), 75.4 (C-3Gic), 75.2 (C-3), 74.6 (C-4), 73.7 (C-2), 73.6 (C-5),
72.4 (C-2pan), 72.1 (C-1peny), 71.7 (C-261c), 71.2 (C-3pman)> 71.0 (C-3penicic)s 70.9 (C-3penman)s 70.5 (C-5ppan), 70.0 (C-
4Gic), 67.7 (C-4pan), 63.8 (C-6pjan), 63.5 (C-61c), 55.7 (OMe), 45.7 (Cy), 45.6 (CH,Ngranch, CHoNeyy), 34.8 (C-6), 33.4
(CHzScyst), 31.2 (C-4peniic)> 30.8 (C-4 penentan)s 29-4 (C-Spenmtan)s 28.3 (C-Spentgic), 20.8-20.5 (MeCO). FABMS: m/z
1161 [M + Na]". Anal. Calcd. for CgsH 0,N,035Ss: C 48.22, H 6.25, N 1.70. Found: C 48.01, H 6.20, N 1.57.

Methyl 6-[2-[3-[2,2-bis[5-(B-D-glucopyranosylthio)-2-oxapentyl]-[2-[5-(o-D-mannopyranosylthio)-2-
oxapentyl]ethyl]thioureido]ethylthio]-ca-D-glucopyranoside (ManDiGlc-aMe): Conventional Zemplen
deacetylation of 30 (30 mg, 18.2 umol) gave ManDiGlc-oMe. Yield: 21 mg (100%); Ry = 0.35 (6:3:1 MeCN-H,O-
NH,OH); [a]p = + 1.0 (c 1.0, H,0). 'H NMR (500 MHz, D,0, 333 K): 8 = 5.59 (bs, 1 H, H-1yy,), 5.07 (d, 1 H, J,, =
3.5 Hz, H-1),4.79 (d, 2 H, J; = 9.5 Hz, H-1G).), 4.34 (bd, 1 H, J,3= 3.5 Hz, H-2)4,,), 4.24 (ddd, 1 H, J45=9.5 Hz,
Js o= 5.5 Hz, Js 6, = 2.0 Hz, H-5\1,), 4.17 (dd, 2 H, Jga 6o = 12.0 Hz, Js 6, = 2.0 Hz, H-6ag,.), 4.13 (dd, 1 H, Jsap =
11.5 Hz, H-6ayy,,), 4.10 (dd, 1 H, H-6byyy,), 4.07 (dd, 1 H, J54= 9.5 Hz, H-31,), 4.02 (ddd, 1 H, Js5= 9.0 Hz, J56,=
7.0 Hz, Js, = 2.5 Hz, H-5), 4.00 (dd, 2 H, Js ¢, = 3.5 Hz, H-6bgy.), 3.99 (t, 1 H, H-4y1,y), 3.98 (m, 2 H, CH,Ncy),
3.93 (t, 1 H, J,5=J34=9.0 Hz, H-3), 3.88 (m, 6 H, H-3p¢,), 3.85 (dd, 1 H, H-2), 3.78 (t, 2 H, J,5 = J;4, = 9.2 Hz, H-
361), 3.75 (m, 8 H, H-1pen, CHy>Npranen), 3.74 (s, 3 H, OMe), 3.72 (m, 4 H, H-4,., H-561c), 3.63 (t, 1 H, H-4), 3.62 (t,
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2 H, H-21), 3.38 (dd, 1 H, Jg65= 13.0 Hz, H-6a), 3.18 (t, 2 H, *Jyy ;1 = 6.5 Hz, CHyScys), 3.14, 3.09 (2 dt, 6 H, 2Jyy 5y
=13.0 Hz, *Jyyyy = 6.5 Hz, H-5p¢y), 3.07 (dd, 1 H, H-6b), 1.83 (m, 6 H, H-4p¢,). *C NMR (125.7 MHz, D,0, 333 K):
8= 181.0 (CS), 99.7 (C-1), 86.0 (C-1g10), 85.5 (C-Iptan), 80.4 (C-5¢1c), 77.9 (C-310), 73.8 (C-5ptan), 73.6 (C-3), 73.2
(C-4), 72.9 (C-2610), 72.4 (C-2pan), 71.9 (C-2), 71.8 (C-3ptan)s 71.6 (C-5), 71.0 (C-1peny), 70.6 (C-3pen), 70.2 (C-4go),
67.6 (C-4ypan), 61.6 (C-6c1c), 61.4 (C-6ypan), 55.7 (OMe), 44.7 (Cy), 44.2 (CHyNppanen, CHaNeys)), 33.7 (C-6), 32.1
(CHyScys)s 29.9 (C-4pencic)s 293 (C-dpenntan)s 28.3 (C-Spenptan)s 27-3 (C-Spemcie). FABMS: m/z 1161 [M + Na]'.
Anal. Caled. for C4oH7gN,0438s: C 44.27, H 6.90, N 2.46. Found: C 44.19, H 6.60, N 2.26.

RO OR
RO
H H
S\/\/O\/\/N\H/N\/\S

S HSO O
31, R =Ac H

Man-aMe, R = H Oome

Methyl 6-[2-[3-[7-(2,3,4,6-tetra-O-acetyl-o-D-mannopyranosylthio)-4-oxaheptyl] thioureido]-ethylthio]-a-D-
glucopyranoside (31): Compound 31 was obtained by coupling reaction of 24 (18.4 mg, 63.5 pumol, 1.1 eq) and 23
(30.1 mg, 57.7 pmol) following the procedure above described in the general methods. Yield: 32.7 mg (73%); Re=
0.41 (45:5:3 AcOEt-EtOH-H,0); [a]p = + 89.0 (¢ 1.0, MeOH). 'H NMR (500 MHz, CD;0D): 8 =5.36 (d, 1 H, J,,=
1.5 Hz, H-1ppan), 5.32 (dd, 1 H, J,53= 3.0 Hz, H-2ay), 5.25 (t, 1 H, J54 = Js5 = 10.0 Hz, H-4yy,,), 5.22 (dd, 1 H, H-
3Man)s 4.65 (d, 1 H, J;,=3.5 Hz, H-1), 437 (ddd, 1 H, J56, = 5.5 Hz, J5 6, = 2.0 Hz, H-5\1,y), 4.27 (dd, 1 H, Jga60 =
12.0 Hz, H-6ay,,), 4.11 (dd, 1 H, H-6byay), 3.68 (m, 2 H, CH,N¢yq), 3.64 (ddd, 1 H, J45= 9.5 Hz, Js 6, = 8.0 Hz, Js 6,
=2.5 Hz, H-5),3.57 (t, | H, J,5=J;4= 10.0 Hz, H-5), 3.54 (t, 2 H, *Jyy = 6.0 Hz, H-54141), 3.50 (t, 2 H, *Jyy s = 6.0
Hz, H-3yep), 3.48 (m, 2 H, H-1y¢p), 3.42 (s, 3 H, OMe), 3.39 (dd, 1 H, H-2), 3.22 (t, 1 H, H-4), 3.01 (dd, 1 H, Jsu 60 =
14.0 Hz, H-6a), 2.82 (t, 2 H, *Jyu = 6.5 Hz, CH,Scys), 2.78, 2.76 (2 dt, 2 H, *Jy = 10.5 Hz, *Jyp = 7.0 Hz, H-Tyep),
2.69 (dd, 1 H, H-6b), 2.14, 2.06, 2.05, 2.00 (4 s, 12 H, MeCO), 1.91 (m, 2 H, H-6¢y), 1.82 (m, 2 H, H-2y). Bc
NMR (125.7 MHz, CDCl;): § = 182.1 (CS), 172.0-171.5 (CO), 101.1 (C-1), 83.8 (C-1yan), 75.0 (C-3), 74.6 (C-4),
73.6 (C-2), 73.5 (C-5), 72.3 (C-2pan)> 71.1 (C-3pan), 70.4 (C-5pan), 70.1 (C-Spepy), 69.7 (C-3pepy), 67.5 (C-4ptan), 63.7
(C-6pan)> 55.6 (OMe), 45.0 (CHyNeys), 42.5 (C-1pepy), 34.6 (C-6), 33.3 (CHaScys), 30.8 (C-6p1py), 30.5 (C-2pepr), 29.2
(C-Tytepr)> 20.8-20.0 (MeCO). FABMS: m/z 797 [M + Na]". Anal. Caled. for CsoHsoN,015S;: C 46.50, H 6.50, N 3.62.
Found: C 46.53, H 6.47, N 3.52.

Methyl 6-[2-[3-[7-(a-D-mannopyranosylthio)-4-oxaheptyl]thioureido]ethylthio]-o-D-glucopyranoside (Man-
aMe). Conventional Zemplen deacetylation of 31 (29.6 mg, 38.2 umol) gave Man-aMe. Yield: 23 mg (100%); Ry =
0.67 (6:3:1 MeCN-H,0-NH,OH); [a]p = + 113.5 (¢ 1.0, H,0). 'H NMR (500 MHz, D,0, 313 K): 6 =5.35 (d, 1 H,
Ji12=1.5 Hz H-1yan), 4.84 (d, 1 H, J;,=4.0 Hz, H-1), 4.11 (dd, 1 H, J,3= 3.2 Hz, H-2),y), 4.03 (ddd, 1 H, J,5=9.4
Hz, Js6,= 5.8 Hz, J5 6, = 2.1 Hz, H-5\10), 3.92 (dd, 1 H, Jg, 6o = 12.3 Hz, H-6ay4,,), 3.85 (dd, 1 H, H-6byay), 3.84 (dd,
1 H, J;4= 9.6 Hz, H-3\5y), 3.80 (ddd, 1 H, J4 5= 9.9 Hz, Js 5, = 8.0 Hz, J5 6, = 2.3 Hz, H-5), 3.75 (m, 2 H, CH,N¢yy),
3.74 (t, 1 H, H-4ypan), 3.69 (t, 1 H, 35 = J34 = 9.7 Hz, H-3), 3.66 (t, 2 H, *Jyy 1 = 6.5 Hz, H-5p¢p), 3.64 (dd, 1 H, H-2),
3.63 (t, 2 H, Jyy = 6.3 Hz, H-34ep), 3.53 (m, 2 H, H-1yey), 3.41 (s, 3 H, OMe), 3.40 (t, 1 H, H-4), 3.15 (dd, 1 H,
Jeasy = 14.0 Hz, H-6a), 2.94 (t, 2 H, *Jy 4 = 6.7 Hz, CH,Scys), 2.84 (dd, 1 H, H-6b), 2.82,2.77 (2 dt,2 H, pu =132
Hz, *Jyp = 6.2 Hz, H-Tpyep), 2.32 (m, 2 H, H-6p1¢p), 1.92 (m, 2 H, H-2y4¢). °C NMR (125.7 MHz, D,0, 313 K): § =
179.5 (CS), 99.4 (C-1), 85.1 (C-1pan), 73.5 (C-Span), 73.2 (C-3), 72.8 (C-4), 72.1 (C-2pan), 71.5 (C-2), 71.4 (C-3ppan),
71.1 (C-5), 69.2 (C-5y¢p), 68.2 (C-3piepr), 67.3 (C-dppan), 61.1 (C-6ppan), 55.4 (OMe), 43.6 (CHuNeyg), 41.2 (C-lyepr),
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33.2 (C-6), 31.7 (CHyScyst)s 28.9 (C-6116p0), 28.3 (C-241ep)> 27.8 (C-Tgrep). FABMS: m/z 629 [M + Na]”. Anal. Caled.
for CpHyN,0,,Ss: C 43.55, H 6.98, N 4.62. Found: C 43.50, H 6.86, N, 4.50.
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'H and *C NMR Spectra for New Compounds.
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o-D-Man unit
T T T T T T T T

6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm

Figure 1. "H NMR and 1D TOCSY (500 MHz, D,0, 353 K) spectra of compound TriMan-BCD.
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Figure 2. *C NMR (125.7 MHz, D,0, 343 K) spectrum of compound TriMan-BCD.
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Figure 3. "H NMR and 1D TOCSY (500 MHz, D,0, 333 K) spectra of compound DiMan-BCD.
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Figure 4. "H NMR and 1D TOCSY (500 MHz, D,0, 353 K) spectra of compound DiManGle-BCD.
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Figure 5. *C NMR (125.7 MHz, D,0, 353 K) spectrum of compound DiManGle-BCD.

S24



S
\/\/O S
HO o
HO%&SWO%ANJLN/\/S o
HO HO o H H Ho
HO O, s\/\/ HO
HoSe>
HO~ HO 7
H'4Pent
CHZNCySl CHZSCySt
H'3Pem H'SPem H ‘ M\
T T T T T T T T T T T T T T T T T
40 38 36 34 32 30 28 2.6 ppm 4.4 4.2 4.0 3.8 3.6 3.4 3.2 Hpm
H-1 H-2
a-D-Glc unit
H-1g
H'lMan
e ll J
55 50 45 40 a5 30 25 ppm

Figure 6. "H NMR and 1D TOCSY (500 MHz, D,0, 353 K) spectra of compound ManDiGle-BCD.
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Figure 7. >*C NMR (125.7 MHz, D,0, 353 K) spectrum of compound ManDiGle-fCD.
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Figure 8. "H NMR and 1D TOCSY (500 MHz, D,0, 343 K) spectra of compound Man-BCD.
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Figure 9. '>*C NMR (125.7 MHz, D,0, 343 K) spectrum of compound Man-BCD.
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Figure 10. 'H and '*C NMR (500 and 125.7 MHz, respectively, D,0) spectra of compound TriGle-OH.
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Figure 11. 'H and *C NMR (500 and 125.7 MHz, respectively, D,0) spectra of compound TriMan-OH.

S30



H-1 Man

CH,CH= —CH,a =CH,b

Al
59 58 5.7 56 55 54 53 52 51 50 ppm

o A

L L e B B N 5 e e e e e e T

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 ppm

C-5

PentMan

C-1

Man

C'4PemMan

=CH

Cq

D L L DR DRAARARR] N
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 ppm

Figure 12. 'H and *C NMR (500 and 125.7 MHz, respectively, D,0) spectra of compound DiMan-OH.

S31



HO—.\ OH
HOAZLQ
HO OH s
HO N0
HO o
OH S\ OH
(0]
HO&VA/S O
HO N
OH
H'1Man
H_1G\c
H'4Fem
T T T T T T T T T T T T H'5Pem
T LI LI LI LI LI LI LI LI T
9 8 7 6 5 4 3 2 1 ppm
C'1Man

C-1 Gle

bl

86 85 84 83 8 81 8 79 78 77 76 75 74 73 72 71 70 69 68 ppm

i i A DARAAAAN RS
190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 ppm

Figure 13. 'H and ">C NMR (500 and 125.7 MHz, respectively, D,0) spectra of compound DiManGle-OH.
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Figure 14. 'H and *C NMR (500 and 125.7 MHz, respectively, D,0) spectra of compound ManDiGle-OH.
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Figure 15. '"H NMR (500 MHz, D,0) spectrum of compound 24.
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Figure 16. 'H and *C NMR (500 and 125.7 MHz, respectively, D,0, 333 K) spectra of compound TriGle-aMe.
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Figure 17. >C NMR (125.7 MHz, D,0, 343 K) spectrum of compound TriMan-aMe.
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Figure 18. 'H and '*C NMR (500 and 125.7 MHz, respectively, D,0, 313 K) spectra of compound DiMan-aMe.
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Figure 19. 'H and "*C NMR (500 and 125.7 MHz, respectively, D,0, 343 K) spectra of compound DiManGle-oMe.
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Figure 20. 'H and *C NMR (500 and 125.7 MHz, respectively, D,0, 333 K) spectra of compound ManDiGle-oMe.
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Surface Plasmon Resonance Sensorgrams (SPR). For interaction experiments, typically, a solution of carbohydrate

containing material (15-30 pL) was flown across the sensor-chip for the association phase. Then, spontaneous

dissociation was allowed to occur for another 3 min and subsequently the surface was regenerated, and stabilised for

the next round of binding.

For calculation of the kinetics of the binding of the different compounds, samples were appropriately diluted in

phosphate buffer, ranging from 0.5 mM to 4 mM for alcohol (Figure 21) and model glycodendrimers (Figure 22), and

from 12.5 uM to 400 um (figure 23) for BCD glycoclusters. Samples solutions at different concentrations were flown

across the surfaces for 3 minutes, followed by a dissociation period of 6 minutes prior to regeneration.
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Figure 21. SPR-Sensorgrams of compounds TriMan-OH (A), DiManGlc-OH (B), ManDiGlc-OH (C), TriGlc-OH
(D), DiMan-OH (E), and Man-OH (F) at 0.5, 1.0, 2.0, 3.0, and 4.0 mM in phosphate buffer.
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Figure 22. SPR-Sensorgrams of compounds TriMan-aMe (A), DiManGlc-aMe (B), ManDiGlc-aMe (C), TriGlc-
aMe (D), and DiMan-aMe (E) at 0.5, 1.0, 2.0, 3.0, and 4.0 mM in phosphate buffer.
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Figure 23. SPR-Sensorgrams of compounds TriMan-®CD (A), DiManGle-®CD (B), ManDiGle-®CD (C),
DiMan-®CD (D), and Man—®CD (E) at 12.5, 25, 50, 100, 200, and 400 puM in phosphate buffer.
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