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1. General information

All commercial grade reagents and solvents were used as purchased without further purification,
except where noted. Solvents were dried and redistilled prior to use in the usual way. All reactions
were conducted in oven-dried glassware with magnetic stirring, under an argon or nitrogen
atmosphere. Analytical thin layer chromatography (TLC) was performed on GF,s, glass plates pre-
coated with a thickness of silica gel. The TLC plates were visualized with UV light and by staining with
Hanessian solution (ceric sulfate and ammonium molybdate in aqueous sulfuric acid) or 5% sulfuric
acid-ethanol solution. Column chromatography was performed on silica gel (200-300 mesh). Optical
rotations were measured with an AUTOPOL IVS2 & PLUS & VI at a concentration (c) expressed in
g/100 mL. IR spectra were taken with a NICOLET IS5 FT-IR spectrometer. *H and *3C NMR, *H-'H COSY,
1H-13C HSQC and *H-13C coupling HSQC spectra were measured with Bruker AVANCE IIl 400 MHz or
Bruker AVANCE IIl 700 MHz. 'H-NMR and 3C-NMR spectra were obtained at the indicated frequencies.
The proton signal of residual, non-deuterated solvent (6 7.26 ppm for CHCl;, 6 4.87 ppm for H,0) was
used as an internal reference for H-NMR spectra. For 13C-NMR NMR spectra, the chemical shifts are
reported relative to the & 77.26 ppm resonance of CDCl;. All NMR chemical shifts (8) were recorded in
ppm and coupling constants (J) were reported in Hertz (Hz). The following abbreviations are used to
indicate the multiplicities: s = singlet, br s = broad singlet, d = doublet; t = triplet; dd = doublet of
doublets; q = quartet; m = multiplet. High-resolution mass spectra (HRMS) were recorded with an FT-
ICR-MS. MALDI-TOF spectra were recorded on a Bruker Daltonics ultrafleXtreme MALDI TOF/TOF,
using NaCl/2,5-dihydroxy benzoic acid (DHB).

2. Experimental Procedures.
2.1 Optimization of stereoselective installation of linker.

In order to obtain a building block with remote acyl group participation for the efficient preparation
of roxy benzoic acid (DHB)tions are used to indicate the multiplicities: s = singletO3 and 06 positions
were screened (Table S1). Remote participation of acyl groups at the 06 position was initially explored
by the coupling of 6-O-acylated thioglycosides (S2 or S3) and amine linker S11, affording the product
in low yields and with poor 1,2-cis-selectivities (entries 1 and 2, Table S1). The low glycosylation yields
were mainly a result of the relatively low reactivity of the two thioglycosides. Glycosylation yields
were significantly improved when donors S$4 and S5 with N-phenyl trifluoroacetimidate as leaving
group were used (entries 3 and 4, Table S1). Meanwhile, the a-selectivity of the glycosylation was
slightly enhanced by using donors S4 and S5, and that remote participation effect of the 06 acetyl
group was stronger than that of the 06 benzoyl group. The a-stereoselectivity in glycosylation is
known to be further improved by synergistic remote participation of acyl groups at two or three
positions.2 Gratifyingly, a combination of 06 acetyl group and O3 benzoyl group in donor S6 lead to
desired product S9 with a good red producnotion of 110:1) and in high yield (90%) (entry 5, Table S1).



Table S-1. Optimization of remote acyl participation effect-assisted a-stereoselectivity

R/O
R.O 1
Promoter
BnO ° > B'}&&&w
R,O 2

Napo “OLG HO™ >">""NCbzBn R3O O(CH2)sNBnCbz
s1
82 R;= Ac, Rp= Bn, LG= STol ()
$3 Ry= Bz, Ry= Bn, LG= STol (B) ST Rq=Ac, Ry=Bn, Ry= Nap
$4 R;= Ac, Ry= Bn, LG= C(NPh)CF3 S8Rq= Bz, Ry=Bn, Ry=Nap
$5 Ry= Bz, Ry= Bn, LG= C(NPh)CF3 S9 R1= Ac, Ro= Bz, Ry= Nap
86 Rq= Ac, Ro= Bz, LG= C(NPh)CF;
entry donor acyl group promoter product  a:p? (yield %)°
1 S2 6-0-Ac NIS, TfOH S7 2.5:1 (36)
2 S3 6-0-Bz NIS, TfOH S8 2.0:1(32)
3 sS4 6-0-Ac TMSOTf S7 4:1(92)
4 S5 6-0-Bz TMSOTf S8 3.1:1 (85)
3-0-Bz and
5 S6 TMSOTf S9 10:1 (90)
6-0O-Ac

a Anomeric a/p ratios were calculated from the 'H NMR spectra.

bJsolated yields.

NapBr, NaH, BH3*THF,
o)
Pt ol o DMF PhL 0 mmsotr, THE 5 MO\ o
B0 STol —————————> BnO §Tol. — > “Bno STol
OH 89% ONap 85% ONap
s10 S11

1. NBS, acetone/H,O

AC;O'.B.MAP’ A0\ o 2.F;,CC(NPh)C, DBUDCM A0\ NPh
yridine BnO o Mo
——— > "BnO STo > "BnO

94% ONap 83% NapO O CF;
S2 S4
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BzCl, DMAP, BzO 2. FsCC(NPh)CI, DBU,DCM BzO NPh
Pyridine (o) (e}
BnO o  BnO
————— > "BnoO STol > 7BnO

95% ONap 80% Nap0 O CF3

S3 S5

Scheme S-1. Synthesis of building blocks S2, S3, S4 and S5

p-Methylphenyl 2-0-(2-naphthylmethyl)-4,6-0-benzylidene-3-0-benzyl-1-thio-B-D-glucopyranoside
(S10).

89% ONap

NapBr, NaH,
Ph— 10 o POME Ph/go o
B(r?O STol ————> BRO STol
OH
1 S10

To a solution of compound 13 (6.0 g, 12.93 mmol) in anhydrous DMF (50 mL) were added NaH (1.0
g, 25.85 mmol, 60% dispersion in mineral oil) at 0 °C for 30 min. Then NapBr (4.3 g, 19.40 mmol) was

added to the reaction mixture and stirred at room temperature for 2.0 h. Until reaction completion,
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the mixture was cooled to 0 °C and H,0 was added dropwise. The residue was extracted with CH,Cl,
three times. Combined organic layer was dried over Na,SO, and concentrated in reduced pressure.
The crude mixture was purified by recrystallisition (Hexanes/EtOAc: 1/1) to give S10 (6.95 g, 89%).
[a]®p=- 2.8 (c 1.0, CHCl3). *H NMR (400 MHz, Chloroform-d) 6 7.95 — 7.01 (m, 21H, Ar-H), 5.60 (s, 1H,
ArCH), 5.04 (d, J = 10.5 Hz, 1H, ArCH), 4.98 (d, /= 10.6 Hz, 1H), 4.97 (d, J=11.1 Hz, 1H, ArCH), 4.80 (d,
J=11.1 Hz, 1H, ArCH), 4.74 (d, J = 9.8 Hz, 1H, 1-H), 4.40 (dd, J = 10.5, 5.0 Hz, 1H, 6’-H), 3.90 — 3.85 (m,
1H, 3-H), 3.82 (d, J = 10.3 Hz, 1H, 6-H), 3.72 (t, J = 9.4 Hz, 1H, 4-H), 3.55 (dd, J = 9.8, 8.4 Hz, 1H, 2-H),
3.48 (td, J=9.7, 5.0 Hz, 1H, 5-H), 2.35 (s, 3H, ArCHs). 3C NMR (101 MHz, Chloroform-d) § 138.4, 138.4,
137.4, 135.7, 133.4, 133.2, 133.2, 129.9, 129.2, 129.1, 128.5, 128.4, 128.3, 128.3, 128.1, 127.9, 127.8,
127.0, 126.4, 126.2, 126.1, 126.0, 101.2, 88.7, 83.2, 81.6, 80.5, 76.0, 75.5, 70.3, 68.8, 21.3. IR (film): v
=1090, 810, 752, 698 cm™X. HRMS (ESI) m/z calcd for C3gH3s0sSNa [M+Na]* 627.2176, found 627.2186.

p-Methylphenyl 3,4-di-O-benzyl-2-0-(2-naphthylmethyl)-1-thio-B-D-glucopyranoside (S11).

BHa+THF,
Ph/r _TMSOTR, THE OHO o)
Brho STol
ONap 85% ONap
s11

To a solution of thioglucoside $10 (0.76 g, 1.25 mmol) in THF (10 mL) were added BH;-THF (8 mL,
8.10 mmol) and TMSOTf (45 uL, 0.24 mmol) at 0 °C. Reaction mixture was stirred at RT for 4 h. Upon
completion of reaction as monitored by TLC, the reaction mixture was quenched by CH;OH (1 mL).
The resulting mixture concentrated for flash chromatography purification over silica gel to furnish the
thioglucoside S11 (0.65 g, 85%) as an amorphous solid. [a]?>, = + 32.7 (¢ 1.0, CHCI3). *H NMR (400 MHz,
Chloroform-d) 6 7.92 — 7.72 (m, 4H, Ar-H), 7.58 (dd, J = 8.4, 1.7 Hz, 1H, Ar-H), 7.53 — 7.43 (m, 4H, Ar-H),
7.39-7.29 (m, 10H, Ar-H), 7.15 (d, J = 7.9 Hz, 2H, Ar-H), 5.11 (d, / = 10.4 Hz, 1H, ArCH), 5.00 — 4.88 (m,
3H, ArCH), 4.89 (d, J = 10.9 Hz, 1H, ArCH), 4.71 (d, J = 9.9 Hz, 1H, 1-H), 4.69 (d, J = 11.2 Hz, 1H, ArCH),
3.91(dd, J=12.0, 2.7 Hz, 1H, 6’-H), 3.78 (t, J = 9.1 Hz, 1H, 3-H), 3.73 (dd, J = 12.3, 5.2 Hz, 1H, 6-H), 3.61
(t,=9.4 Hz, 1H, 4-H), 3.55 (dd, J = 9.8, 8.8 Hz, 1H, 2-H), 3.41 (ddd, J = 9.8, 4.8, 2.6 Hz, 1H, 5-H), 2.37 (s,
3H, ArCHs). 3C NMR (101 MHz, Chloroform-d) 6 138.3, 138.1, 137.8, 135.4, 133.3, 133.1, 132.7, 129.9,
129.4, 128.6, 128.5, 128.2, 128.1, 128.0, 128.0, 127.8, 127.7, 126.9, 126.2, 126.1, 126.0, 87.9, 86.6,
81.1,79.3, 77.6, 75.9, 75.6, 75.2, 62.2, 21.2. IR (film): v = 3477, 3032, 2875, 1495, 1455, 1362, 1212,
1125, 1073, 857, 814, 737, 698. HRMS (ESI) m/z calcd for C3gHsgOsSNa [M+Na]* 629.2332, found
629.2348.

p-Methylphenyl 6-O-acetyl-3,4-di-O-benzyl-2-0-(2-naphthylmethyl)-1-thio-B-D-glucopyranoside (S2).

HO o Ac,0, .D.MAP, AcO o
B ‘Ro&& STol  —Tyndine BEQS&S/ STol
ONap 94% ONap
S11 S2

To a solution of compound S11 (120 mg, 0.20 mmol) in pyridine (2 mL) were added Ac,0 (190 uL,
2.0 mmol) and DMAP (cat.) at room temperature. The reaction mixture was stirred for 2h at room
temperature. After completion as monitored by TLC, the reaction mixture was evaporated and co-

evaporated twice with toluene. The residue was diluted with CH,Cl,. The organic layer was washed



with 1 M HCI (aq), saturated NaHCO;, dried over anhydrous Na,SO,, and concentrated to dryness.
Chromatographic purification afforded S2 (122 mg, 94%). [a]?®y = + 33.3 (¢ 1.0, CHCl5). *H NMR (400
MHz, Chloroform-d) 6 7.90 — 7.78 (m, 4H, Ar-H), 7.58 (dd, J = 8.4, 1.7 Hz, 1H, Ar-H), 7.54 — 7.47 (m, 4H,
Ar-H), 7.39 — 7.28 (m, 10H, Ar-H), 7.14 (d, J = 7.9 Hz, 2H, Ar-H), 5.12 (d, J = 10.4 Hz, 1H, ArCH), 4.98 (d,
J=10.9 Hz, 1H, ArCH), 4.92 (d, J = 10.3 Hz, 1H, ArCH), 4.90 (d, J = 11.0 Hz, 2H, ArCH), 4.66 (d, J = 9.8 Hz,
1H, 1-H), 4.62 (d, J = 10.8 Hz, 1H, ArCH), 4.40 (dd, J = 11.9, 1.4 Hz, 1H, 6’-H), 4.29 — 4.22 (m, 1H, 6-H),
3.83 -3.72 (m, 1H, 3-H), 3.64 — 3.51 (m, 3H, 2,4,5-H), 2.37 (s, 3H, ArCH;), 2.10 (s, 3H, CH3CO). 3C NMR
(101 MHz, Chloroform-d) 6 170.7, 138.2, 137.9, 137.6, 135.4, 133.3, 133.1, 132.8, 129.7, 128.6, 128.5,
128.2,128.1,128.1, 128.0, 127.8, 127.8, 127.7, 127.0, 126.2, 126.1, 126.0, 87.8, 86.8, 80.8, 77.5, 76.9,
75.9, 75.6, 75.2, 63.3, 21.2, 20.9. IR (film): v = 3033, 2866, 1743, 1604, 1495, 1455, 1401, 1364, 1236,
1126, 1071, 1039, 897, 857, 812, 752, 737, 699. HRMS (ESI) m/z calcd for CaoHz00sSNa [M+Nal*
671.2438, found 671.2441.

p-Methylphenyl  6-O-benzoyl-3,4-di-O-benzyl-2-0-(2-naphthylmethyl)-1-thio-B-D-glucopyranoside
(S3).

BzCl, DMAP,
B (')"O 0 Pyridine B %ZO o
Bho sToi —— > BfAo STol
ONap 95% ONap
S11 s3

To a solution of the compound S11 (110 mg, 0.18 mmol) and DMAP (2 mg, 0.018, 0.1 eq) in
pyridine (1.8 mL), was added BzCl (42 uL, 0.36 mmol). After being stirred at room temperature for 2.5
h, the mixture was evaporated and co-concentrate with toluene. The residue was then diluted with
DCM and washed with 1 M HCI, saturated aqueous NaHCO; and brine. The organic layer was dried
over anhydrous Na,SO,, filtered, and concentrated in vacuo. The residue was purified by silica gel
column chromatography to give S3 (146 mg, 95%). [a]?°y = + 22.7 (¢ 1.0, CHCI3). *H NMR (400 MHz,
Chloroform-d) 6 8.01 — 7.94 (m, 2H, Ar-H), 7.81 — 7.67 (m, 4H, Ar-H), 7.59 — 7.46 (m, 2H, Ar-H), 7.44 —
7.35 (m, 6H, Ar-H), 7.26 — 7.15 (m, 10H, Ar-H), 6.87 —6.81 (m, 2H, Ar-H), 5.03 (d, J = 10.4 Hz, 1H, ArCH),
4.87 (d, J = 10.8 Hz, 1H, ArCH), 4.85 — 4.77 (m, 3H, ArCH), 4.59 (d, / = 9.6 Hz, 1H, 1-H), 4.55 (d, J = 10.8
Hz, 1H, ArCH), 4.63 — 4.59 (m, 1H, 6’-H), 4.39 (dd, J = 11.8, 4.3 Hz, 1H, 6-H), 3.75 — 3.68 (m, 1H, 3-H),
3.64 —3.54 (m, 2H, 4-H, 5-H), 3.48 (dd, J = 9.7, 8.8 Hz, 1H, 2-H), 2.20 (s, 3H, ArCHj3). 33C NMR (101 MHz,
Chloroform-d) & 166.1, 138.1, 137.9, 137.5, 135.5, 133.3, 133.1, 133.1, 130.0, 129.8, 129.6, 129.1,
128.6, 128.4, 128.2, 128.1, 128.1, 128.0, 127.9, 127.7, 126.9, 126.2, 126.1, 126.0, 87.5, 86.8, 80.6,
77.5, 76.0, 75.5, 75.3, 63.5, 21.2. IR (film): v = 3034, 2874, 1723, 1603, 1494, 1454, 1401, 1342, 1316,
1274, 1126, 1091, 1069, 1028, 896, 857, 813, 752, 712, 699. HRMS (ESI) m/z calcd for CysH;,06SNa
[M+Na]* 733.2594, found 733.2607.



NapBr, NaH

N pMF  PhLOC g TBAF, THF Ph/V
TBSO SEt — > TBSO SEt —— >
OH 89% ONap 95% ONap
S$12 S13
BH3*THF, HO Ac,0, DMAP,
BzCl, DMAP, ph/V TMSOTf THE  Bno 0 pyridine
pyrldlne BzO SEt ————————»
98% ONap 8°/ ONap 93%
S16

sl o DDQ, DCMH,0 g2\ o
BzO SEt —— > " BzO SEt

ONap 79% OH
s17 7
1. NBS, THF/H,0
2. CIC(NPh)CF, DBU, Bl o  NPh
DCM B20 o’ cF
76% (two steps) NapO 3
s6

Scheme S-2. Synthesis of building blocks S6 and 7.

Ethyl 4,6-0-benzylidene-3-0-(tert-butyldimethylsilyl)-2-0-(2-naphthylmethyl)-1-thio-B-D-
glucopyranoside (S13)
NapBr, NaH,
Ph Lo\ o Pomr PO\ o
TBSO SEt ————>  1BSO SEt
89% ONap
S12 S13

To a solution of compound $12* (7.67 g, 18 mmol) in anhydrous DMF (36 mL) were added NaH (1.5
g, 36 mmol, 60% dispersion in mineral oil) at 0 °C for 10 min. Then NapBr (6.0 mg, 27 mmol) was
added to the reaction mixture and stirred at room temperature for 4 h. Upon reaction completion,
the mixture was cooled to 0 °C and MeOH was added dropwise. The residue was diluted with CH,Cl,
and washed with water and brine. The organic layer was dried over anhydrous Na,SO, and
concentrated in vacuo to give a residue that was purified by silica gel column chromatography to give
$13 (9.07 g, 89%). [a]®>p = - 27.3 (c 1.0, CHCl5). *H NMR (400 MHz, Chloroform-d) 6 7.82 — 7.75 (m, 4H,
Ar-H), 7.54 (dd, J = 8.4, 1.6 Hz, 1H, Ar-H), 7.46 — 7.39 (m, 4H, Ar-H), 7.31 (dd, J = 5.1, 2.0 Hz, 3H, Ar-H),
5.45 (s, 1H, ArCH), 5.02 (d, J = 10.4 Hz, 1H, ArCH), 4.91 (d, J = 10.4 Hz, 1H, ArCH), 4.56 (d, / = 9.8 Hz, 1H,
1-H), 4.30 (dd, J = 10.5, 4.8 Hz, 1H, 6’-H), 3.87 (t, / = 8.5 Hz, 1H, 3-H), 3.71 (t, / = 10.1 Hz, 1H, 6-H), 3.47
(t, J = 9.1 Hz, 1H, 4-H), 3.44 — 3.39 (m, 1H, 5-H), 3.36 (dd, J = 9.9, 8.2 Hz, 1H, 2-H), 2.74 (qq, J = 12.7,
7.4 Hz, 2H, SCH,), 1.29 (t, J = 7.4 Hz, 3H, CH3), 0.82 (s, 9H, CHs), 0.00 (s, 3H, CH3), -0.05 (s, 3H, CH3). 13C
NMR (101 MHz, Chloroform-d) 6 137.3, 135.7, 133.4, 133.1, 129.2, 128.3, 128.1, 128.1, 127.8, 126.8,
126.5, 126.2, 126.1, 125.9, 102.1, 86.0, 82.6, 81.7, 76.2, 75.9, 70.3, 68.9, 26.0, 25.4, 18.4, 15.3, -4.0, -
4.3. IR (film): v = 3058, 2956, 2930, 2858, 1604, 1511, 1459, 1383, 1362, 1340, 1249, 1220, 1173, 1144,
1089, 1030, 1007, 987, 915, 881, 862, 838, 816, 781, 754, 699, 670. HRMS (ESI) m/z calcd for
C3,H4,05SSiNa [M+Na]* 589.2414, found 589.2398.



Ethyl 4,6-O-benzylidene-2-0-(2-naphthylmethyl)-1-thio-B-D-glucopyranoside (S14)

P T O\ o TBAF, THF Ph/v/k/
SEt —————
TBSO p_—

ONap ONap
S13

To a stirred solution of compound S13 (4.0 g, 7.06 mmol) in THF (24 mL) was added TBAF in THF (1
M, 10.6 mL, 10.6 mmol) at room temperature and stirring for over night. Until TLC showed complete
convertion of starting material, the mixture was diluted with DCM, washed with saturated NaHCO;,
brine and dried over anhydrous Na,SO,, filtered, and concentrated in vacuo. The residue was purified
by silica gel column chromatography (Hexane/EtOAc: 8/1->4/1) to afford the corresponding
compound S14 (3.03 g, 95%). [a]®p = - 23.8 (¢ 1.0, CHCl3). *H NMR (400 MHz, Chloroform-d) 6 7.95 —
7.76 (m, 4H, Ar-H), 7.60 (dd, J = 8.4, 1.7 Hz, 1H, Ar-H), 7.56 — 7.45 (m, 4H, Ar-H), 7.45 — 7.33 (m, 3H,
Ar-H), 5.55 (s, 1H, ArCH), 5.14 (d, J = 11.0 Hz, 1H, ArCH), 4.98 (d, J = 11.0 Hz, 1H, ArCH), 4.63 (d, J = 9.8
Hz, 1H, 1-H), 4.38 (dd, J = 10.5, 4.9 Hz, 1H, 6’-H), 3.95 (dd, J = 9.3, 8.4 Hz, 1H, 3-H), 3.79 (t, J = 10.2 Hz,
1H, 6-H), 3.58 (t, J = 9.3 Hz, 1H, 4-H), 3.47 (dd, J = 9.8, 8.4 Hz, 1H, 2-H), 2.90 — 2.73 (m, 2H, SCH,), 1.37
(t, J = 7.4 Hz, 3H, CH3). 3C NMR (101 MHz, Chloroform-d) & 137.1, 135.4, 133.4, 133.3, 129.4, 128.5,
128.5, 128.1, 127.8, 127.3, 126.4, 126.3, 126.2, 101.9, 85.7, 81.6, 80.5, 75.8, 75.4, 70.2, 68.8, 25.4,
15.2. IR (film): v = 3465, 3058, 2974, 2872, 1603, 1510, 1457, 1380, 1340, 1273, 1216, 1089, 1030, 977,
917, 857, 820, 754, 700, 655. HRMS (ESI) m/z calcd for C,H,s0sSNa [M+Na]* 475.1550, found
475.1557.

Ethyl 4,6-O-benzylidene-3-0-benzoyl-2-0-(2-naphthylmethyl)-1-thio-B-D-glucopyranoside (S15)

BzCl, DMAP,
Ph/vﬁ/ __ pyridine Ph/rﬁ/
ONap 98"/ ONap

S$15

A solution of compound S14 (3.0 g, 6.6 mmol) in pyridine (22 mL) was stirred at 0 °C. Benzoyl
chloride (1.5 mL, 13.2 mmol) and a catalyctic amount of N,N-dimethylaminopyridine was added. The
reaction mixture was stirred at room temperature for 4 h and TLC analysis indicated completion of
the reaction. The mixture was evaporated and concentrated to syrup. The desired product S15 was
obtained (3.6 g, 98%) after purified by silica gel flash chromatography. [a]?*; = + 8.8 (¢ 1.0, CHCl3). H
NMR (400 MHz, Chloroform-d) 6 8.04 — 7.92 (m, 2H, Ar-H), 7.77 — 7.29 (m, 15H, ArCH), 5.71 (dd, J =
9.8, 8.8 Hz, 1H, 3-H), 5.51 (s, 1H, ArCH), 5.04 (d, J = 11.0 Hz, 1H, ArCH), 4.80 (d, J = 10.7 Hz, 1H, ArCH),
4.78 (d, J = 9.5 Hz, 1H, 1-H), 4.43 (dd, J = 10.4, 4.9 Hz, 1H, 6'-H), 3.84 (t, J = 10.2 Hz, 1H, 6-H), 3.80 (t, J
=9.6 Hz, 1H, 4-H), 3.74 (dd, J = 9.7, 8.8 Hz, 1H, 2-H), 3.66 (td, J = 9.7, 4.9 Hz, 1H, 5-H), 2.96 — 2.77 (m,
2H, SCH,), 1.40 (t, J = 7.4 Hz, 3H, CH3). 3C NMR (101 MHz, Chloroform-d) 6 165.5, 136.9, 134.8, 133.1,
133.0, 129.8, 129.8, 129.1, 128.4, 128.3, 128.2, 128.0, 127.7, 127.3, 126.4, 126.2, 126.0, 125.9, 101.4,
86.2, 79.9, 78.9, 75.6, 74.9, 70.5, 68.8, 25.8, 15.2. IR (film): v = 2871, 1727, 1603, 1453, 1373, 1315,
1268, 1179, 1087, 1028, 997, 856, 819, 752, 711. HRMS (ESI) m/z calcd for Cs3H3;,0¢SNa [M+Na]*
579.1812, found 579.1826.

Ethyl 4-0-benzyl-3-0-benzoyl-2-0-(2-naphthylmethyl)-1-thio-B-D-glucopyranoside (S16)



BH3THF,

PR 0O o TMSOT!, THE -0
BzO SEt > BzO SEt
s15

ONap 88% ONap
S16

A solution of compound $15 (3.0 g, 5.39 mmol) in anhydrous CH,Cl, (27 mL) was cooled to 0 °C.
BH5THF (1 M, 35 mL) was added and stirred at 0 °C for 10 minutes. Then TMSOTf (195 uL, 1.1 mmol)
was added dropwise and the mixture was stirred at room temperature for 4 h. The reaction mixture
was diluted with CH,Cl, and quenched with saturated NaHCO;. The aqueous layer was extracted with
CH,Cl, and combined organic layer was dried over Na,SO, and concentrated in reduced pressure. The
crude mixture was purified by silica gel flash chromatography to give S16 (2.85 g, 88%). [a]®°, = + 38.6
(c 1.0, CHCI3). *H NMR (400 MHz, Chloroform-d) 6 7.96 — 7.88 (m, 2H, Ar-H), 7.67 (ddt, J = 13.1, 9.6,
3.5 Hz, 2H, Ar-H), 7.60 (d, J = 1.6 Hz, 1H, Ar-H), 7.58 — 7.50 (m, 2H, Ar-H), 7.45 — 7.33 (m, 4H, Ar-H),
7.31-7.25(m, 1H, Ar-H), 7.22 - 7.11 (m, 5H, Ar-H), 5.63 (t, J = 9.2 Hz, 1H, 3-H), 4.99 (d, J = 11.1 Hz, 1H,
ArCH), 4.73 (d, J = 11.1 Hz, 1H, ArCH), 4.69 (d, J = 9.7 Hz, 1H, 1-H), 4.56 (s, 2H, ArCH), 3.96 (dd, J = 12.2,
2.6 Hz, 1H, 6’-H), 3.83 — 3.75 (m, 2H, 6-H, 4-H) 3.60 (t, J = 9.4 Hz, 1H, 2-H), 3.56 — 3.50 (m, 1H, 5-H),
2.84 (qd, J = 7.5, 4.2 Hz, 2H, SCH,), 1.38 (t, J = 7.4 Hz, 3H, CHs). 3C NMR (101 MHz, Chloroform-d) &
165.6, 137.3, 134.8, 133.2, 133.1, 133.0, 129.9, 129.7, 128.5, 128.4, 128.3, 128.2, 128.0, 128.0, 127.7,
127.4,126.5, 126.0, 125.9, 85.5, 79.4, 79.2, 77.9, 75.7, 75.1, 74.8, 61.9, 25.7, 15.3. IR (film): v = 3503,
3064, 2930, 2873, 1725, 1603, 1510, 1498, 1453, 1316, 1267, 1177, 1126, 1070, 1028, 1001, 888, 857,
820, 752, 711. HRMS (ESI) m/z calcd for C33H3,06SNa [M+Na]* 581.1968, found 581.1979.

Ethyl 6-0O-acetyl-4-O-benzyl-3-0-benzoyl-2-0-(2-naphthylmethyl)-1-thio-B-D-glucopyranoside (S17)

Ac,0, DMAP,

HO L AcO
(0] ridine o
ngo&&sa e B%ggk/SEt
ONap 93% ONap
S16 S$17

To a solution of compound S16 (2.5 g, 4.17 mmol) in pyridine (20 mL) was added Ac,0 (3.9 mL, 41.7
mmol) and DMAP (cat.) at room temperature. The reaction mixture was stirred for 2 h at room
temperature. After completion as monitored by TLC, the reaction mixture was evaporated and co-
evaporated twice with toluene. The residue was extracted with CH,Cl,. The organic layer was washed
with 1 M HCI (aq), saturated NaHCO;, dried over anhydrous Na,SO,, and concentrated to residue.
Chromatographic purification afforded S17 (2.33 g, 93%). [a]?°, = + 46.9 (c 1.0, CHCl5). 'H NMR (400
MHz, Chloroform-d) & 8.04 — 7.85 (m, 2H, Ar-H), 7.72 — 7.06 (m, 15H, Ar-H), 5.69 — 5.56 (m, 1H, 3-H),
5.00 (d, /= 11.2 Hz, 1H, ArCH), 4.74 (d, J = 11.2 Hz, 1H, ArCH), 4.66 (d, J = 9.7 Hz, 1H, 1-H), 4.53 (d, J =
10.8 Hz, 1H, ArCH), 4.46 (d, J = 10.8 Hz, 1H, ArCH), 4.39 (dd, J = 12.0, 1.4 Hz, 1H, 6’-H), 4.29 — 4.22 (m,
1H, 6-H), 3.74 — 3.66 (m, 2H, 4-H, 5-H), 3.62 (t, J = 9.4 Hz, 1H, 2-H), 2.83 (qd, / = 7.4, 5.8 Hz, 2H, SCH,),
2.09 (s, 3H, CH3CO), 1.39 (t, J = 7.4 Hz, 3H, CH;). 3C NMR (101 MHz, Chloroform-d) 6 170.8, 165.5,
137.0, 134.8, 133.3, 133.1, 133.0, 129.8, 129.7, 128.5, 128.5, 128.4, 128.2, 128.1, 128.0, 127.7, 127 .4,
126.5, 126.0, 125.9, 85.5, 79.2, 77.9, 76.8, 76.0, 75.1, 74.7, 63.3, 25.8, 21.0, 15.3. IR (film): v = 3063,
2873, 1729, 1603, 1511, 1453, 1367, 1316, 1266, 1240, 1178, 1127, 1091, 1070, 1028, 895, 857, 820,
753, 711. HRMS (ESI) m/z calcd for C3sH360,SNa [M+Na]* 623.2074, found 623.2086.

N-Phenyl trifluoroacetimidate 6-0-acetyl-4-0-benzyl-3-0-benzoyl-2-0-(2-naphthylmethyl)-D-
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glucopyranoside (S6)

1. NBS, THF/H,0
2. CIC(NPh)CF3, DBU,

Bn%)CO O DCM - Bn%)CO O NPh
BzO SEt > "BzO )k

ONap 76% (two steps) NapO O CF;

S$17 S6

To a stirred solution of compound S$17 (0.50 g, 0.84 mmol) in THF/H,0 (v/v, 1:1, 8.4 mL) was added
NBS (450 mg, 2.52 mmol) at room temperature and stirring about 1.5 h. Until TLC showed complete
convertion of starting material, the mixture was diluted with EtOAc, washed with 10% Na,S,0; and
brine. The organic layer was dried over anhydrous Na,SO,, filtered, and concentrated in vacuo. The
residue was purified by silica gel column chromatography (Hexane/EtOAc: 5/1->2/1) to afford the
corresponding hemiacetal as a colorless syrup. To a solution of the above hemiacetal in CH,Cl, (17 mL)
was added 2,2,2-trifluoro-N-phenylacetimidoyl chloride (0.63 mL, 4.2 mmol) and DBU (375 pL, 2.52
mmol) at 0 °C. The reaction was warmed to room temperature and stirred for 2 h, TLC revealed
complete conversion of the starting material. The solution was concentrated in vacuo to a residue,
which was purified by silica gel column chromatography (Hexane/EtOAc: 6/1->3/1) to give S6 (0.42 g,
76%, two steps) as a light yellow syrup. [a]®*p = + 55.5 (¢ 1.0, CHCl3). *H NMR (700 MHz, Chloroform-d)
6 8.14 —7.07 (m, 22H), 6.93 — 6.55 (m, 3H), 5.94 (t, J = 9.6 Hz, 0.8H), 5.66 — 5.53 (m, 0.2H), 5.03 — 4.84
(m, 1H), 4.83 — 4.68 (m, 1H), 4.61 — 4.51 (m, 1H), 4.51 — 4.44 (m, 1H), 4.40 (d, J = 12.5 Hz, 1H), 4.34 —
4.23 (m, 1H), 4.22 — 4.13 (m, 1H), 3.88 — 3.78 (m, 1H), 3.75 (t, J = 9.7 Hz, 1H), 2.08 (s, 3H, CH5CO). 13C
NMR (176 MHz, Chloroform-d) 6 170.6, 165.5, 143.6, 137.0, 134.7, 134.6, 133.4, 133.4, 133.2, 133.2,
133.2, 130.0, 129.9, 129.7, 128.9, 128.6, 128.6, 128.5, 128.4, 128.4, 128.2, 128.0, 128.0, 127.8, 127.5,
127.1, 126.3, 126.2, 126.2, 126.1, 126.0, 124.6, 124.4, 119.5, 119.4, 92.6, 75.9, 75.3, 74.8, 74.6, 74.2,
73.8,73.5,72.9, 71.4, 62.5. IR (film): v = 3065, 1731, 1600, 1490, 1453, 1367, 1315, 1268, 1238, 1211,
1164, 1122, 1074, 1027, 923, 858, 822, 754, 711, 697.

R4O
Ri0 o Promoter BnO1 o]
BnO - R,O
Rzo 2

NapO 'OLG HO™ >""""NCbzBn RsO  O(CHz)sNBnCbz
s1
$2 Ry= Ac, R,= Bn, LG= STol ()
$3 Ry= Bz, R,= Bn, LG= STol (§) S7R¢=Ac, Ry= Bn, Ry= Nap
4 Ry= Ac, Ro= Bn, LG= C(NPh)CF; S8 Ry= Bz, Ry= Bn, Ry= Nap
S5 Ry= Bz, Ry= Bn, LG= C(NPh)CF 89 R4= Ac, Ry= Bz, Ry= Nap

$6 R;= Ac, R,= Bz, LG= C(NPh)CF;

Procedure 1 (using donor S2)

Donor S2 (20 mg, 0.031 mmol, 1 eq) and N-Benzyl-N-benzyloxycarbonyl-5-aminopentanol S1 (20
mg, 0.062 mmol, 2 eq) were coevaporated with toluene and dried under high vacuum overnight. The
substances were then dissolved in anhydrous CH,Cl,/Dioxane (1:1, v/v, 0.6 mL, 0.05 M) and 4A MS
was added. The mixture was stirred at room temperature for 10 minutes and then cooled to 0 °C, NIS
(8.4 mg, 0.037 mmol, 1.2 eq) and TfOH (0.55 pL, 0.0062 mmol, 0,2 eq) was subsequently added and
stirred at O °C. After 10 h, the reaction was still not completed and most of the starting materials
remained. The reaction mixture was quenched with trimethylamine, filtered the 4A MS and diluted
with CH,Cl,. The solution was washed with 10% aq Na,S,0;, saturated with NaHCO;, dried over

Na,S0,, filtered and concentrated with reduced pressure to a residue. The residual was purified by
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silica gel flash chromatography to give S7 (10 mg, 36%, o:f = 2.5:1).

Procedure 2 (using donor S3)

Donor S3 (22 mg, 0.031 mmol, 1 eq) and N-Benzyl-N-benzyloxycarbonyl-5-aminopentanol S1 (20
mg, 0.062 mmol, 2 eq) were coevaporated with toluene and dried under high vacuum overnight. The
substances were then dissolved in anhydrous CH,Cl,/Dioxane (1:1, v/v, 0.6 mL, 0.05 M) and 4A MS
was added. The mixture was stirred at room temperature for 10 minutes and then cooled to 0 °C, NIS
(8.4 mg, 0.037 mmol, 1.2 eq) and TfOH (0.55 pL, 0.0062 mmol, 0,2 eq) was subsequently added and
stirred at 0 °C. After 10 h, the reaction was also still not completed and most of the starting materials
remained. The reaction mixture was quenched with trimethylamine, filtered the 4A MS and diluted
with CH,Cl,. The solution was washed with 10% aq Na,S,0;, saturated with NaHCO;, dried over
Na,SO,, filtered and concentrated with reduced pressure to a residue. The residual was purified by

silica gel flash chromatography to give S8 (9 mg, 32%, a: = 2.0:1).
Procedure 3 (using donor S4)

Donor S4 (78 mg, 0.11 mmol, 1 eq) and N-Benzyl-N-benzyloxycarbonyl-5-aminopentanol S1 (72 mg,
0.22 mmol, 2 eq) were coevaporated with toluene and dried under high vacuum overnight. The
substances were then dissolved in anhydrous CH,Cl,/Dioxane (1:1, v/v, 2.2 mL, 0.05 M) and 4A MS
was added. The mixture was stirred at room temperature for 10 minutes and then cooled to 0 °C,
TMSOTf (2 pL, 0.011 mmol, 0.1 eq) was subsequently added and stirred at 0 °C until completion as
monitored by TLC, the reaction mixture was quenched with trimethylamine, filtered the 4A MS and
diluted with CH,Cl,. The solution was washed with saturated NaHCO3, dried over Na,SO,, filtered and
concentrated with reduced pressure to a residue. The residual was purified by silica gel flash

chromatography to give S7 (86 mg, 92%, a:3 = 4:1).
Procedure 4 (using donor S5)

Donor S5 (61 mg, 0.079 mmol, 1 eq) and N-Benzyl-N-benzyloxycarbonyl-5-aminopentanol S1 (52
mg, 0.16 mmol, 2 eq) were coevaporated with toluene and dried under high vacuum overnight. The
substances were then dissolved in anhydrous CH,Cl,/Dioxane (1:1, v/v, 1.6 mL, 0.1 M) and 4A MS was
added. The mixture was stirred at room temperature for 10 minutes and then cooled to 0 °C, TMSOTf
(1.4 4MSOTf 08 mmol, 0.1 eq) was subsequently added and stirred at 0 rred at room
temperaturndicated the reaction to be complete. The reaction mixture was quenched with
trimethylamine, filtered the 4cated the reaction to be,Cl,. The solution was washed with saturated
NaHCO;, dried over Na,SO,, filtered and concentrated with reduced pressure to a residue. The
residual was purified by silica gel flash chromatography to give S8 (61 mg, 85%, a: = 3.1:1).

N-Benzyl-N-benzyloxycarbonyl-5-aminopentyl 6-0-acetyl-4-0-benzyl-3-0-benzoyl-2-0-(2-
naphthylmethyl)-a-D-glucopyranoside (S9)

AcO
BnO 0
BzO
NaPOG cH,)sNBnCbz
s9

Procedure 5 (using donor S6)
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Donor S6 (0.42 g, 0.64 mmol, 1 eq) and N-Benzyl-N-benzyloxycarbonyl-5-aminopentanol S1 (0.42 g,
1.28 mmol, 2 eq) were coevaporated with toluene and dried under high vacuum overnight. The
substances were then dissolved in anhydrous CH,Cl, (12.8 mL, ) and 4A MS was added. The mixture
was stirred at room temperature for 10 minutes and then cooled to 0 °C, TMSOTf (12 pL, 0.064 mmol,
0.1 eq) was subsequently added and stirred at 0 °C for 2.5 h. After completion as monitored by TLC,
the reaction mixture was quenched with trimethylamine, filtered the 4A MS and diluted with CH,Cl,.
The solution was washed with saturated NaHCO3, dried over Na,SO,, filtered and concentrated with
reduced pressure to a residue. The residual was purified by silica gel flash chromatography to give S9
(0.50 g, 90%, a/p = 10:1). [a]?>, = + 20.5 (c 1.0, CHCl3). *H NMR (400 MHz, Chloroform-d) 6 8.33 —7.93
(m, 2H, Ar-H), 7.84 — 7.71 (m, 1H, Ar-H), 7.68 — 7.56 (m, 4H, Ar-H), 7.52 — 7.43 (m, 4H, Ar-H), 7.42 -
7.10 (m, 18H, Ar-H), 5.87 (t, / = 9.5 Hz, 1H, 3-H), 5.20 (d, J = 13.3 Hz, 2H, ArCH), 4.90 — 4.81 (m, 1H, 1-
H), 4.80 — 4.63 (m, 2H, ArCH), 4.55 (d, J = 10.9 Hz, 1H, ArCH), 4.52 (d, J = 7.1 Hz, 2H), 4.45 (d, J = 10.8
Hz, 1H, ArCH), 4.34 — 4.22 (m, 2H, 6-H), 4.02 — 3.91 (m, 1H, 5-H), 3.70 — 3.55 (m, 3H, 2-H, 4-H, CH),
3.46 —3.33 (m, 1H, CH,), 3.26 (dt, J = 29.3, 7.8 Hz, 2H, CH,), 2.06 (s, 3H, CH3CO), 1.61 (tt, J = 25.3, 7.4
Hz, 4H, CH,), 1.44 — 1.25 (m, 2H, CH,). 3C NMR (101 MHz, Chloroform-d) 6 170.82, 165.62, 156.85,
156.30, 138.03, 137.17, 136.90, 135.28, 133.21, 133.12, 133.10, 130.24, 129.92, 128.66, 128.56,
128.51, 128.43, 128.37, 128.11, 127.97, 127.92, 127.79, 127.36, 126.93, 126.27, 126.13, 126.02, 96.57
(C-1), 75.98, 74.64, 74.59, 74.30, 72.47, 68.47, 67.26, 63.00, 50.66, 50.35, 47.23, 46.32, 29.25, 28.12,
27.66, 23.60, 21.03. IR (film): v = 3034, 2940, 1731, 1698, 1604, 1498, 1454, 1422, 1367, 1269, 1236,
1126, 1073, 1028, 857, 821, 751, 712, 700. HRMS (ESI) m/z caled for Cs3sHssNOjgNa [M+Na]* 888.3718,
found 888.3719.

Ethyl 6-0-acetyl-4-O-benzyl-3-0-benzoyl-1-thio-B-D-glucopyranoside (7)

DDQ,

Bn%co O DCMHO g %Co 0
BzO SEt B0 SEt
ONap 79% OH
s17 7

To a solution of compound S17 (1.0 g, 1.68 mmol) was dissolved in a mixture of CH,Cl,/H,0 (9:1,
v/v, 33 mL) was added DDQ (572 mg, 2.52 mmol) at 0 °C. Then the reaction mixture was allowed to
warm to room temperature and stirred for 12 h, the starting material was completely disappeared.
The reaction mixture was diluted with CH,Cl, washed with 10% aq Na,S,03, dried over Na,SO, and
concentrated. The residual was purified by silica gel flash chromatography to give 7 (0.61 g, 79%).
[a]®p=-34.9 (c 1.0, CHCl5). 'H NMR (400 MHz, Chloroform-d) 6 8.24 — 7.97 (m, 2H, Ar-H), 7.67 — 7.59
(m, 1H, Ar-H), 7.49 (t, J = 7.8 Hz, 2H, Ar-H), 7.26 — 7.11 (m, 4H, Ar-H), 5.49 (t, J = 9.0 Hz, 1H, 3-H), 4.65
(d, J = 10.8 Hz, 1H, ArCH), 4.54 (d, J = 10.8 Hz, 1H, ArCH), 4.51 (d, J = 10.1 Hz, 1H, 1-H), 4.40 (dd, J =
12.0, 2.1 Hz, 1H, 6’-H), 4.27 (dd, J = 12.0, 5.0 Hz, 1H, 6-H), 3.78 (dd, J = 9.8, 8.9 Hz, 1H, 4-H), 3.73 -
3.68 (m, 1H, 5-H), 3.66 (t, J = 9.5 Hz, 1H, 2-H), 2.79 (qd, J = 7.5, 2.1 Hz, 2H, SCH,), 2.10 (s, 3H, OAc),
1.36 (t, J = 7.4 Hz, 3H, CHs). 33C NMR (101 MHz, Chloroform-d) & 170.8, 166.5, 137.0, 133.6, 130.0,
129.7, 128.6, 128.6, 128.3, 128.2, 86.7, 79.0, 75.6, 75.0, 71.9, 63.3, 25.2, 21.1, 15.5. IR (film): v = 3481,
2874, 1726, 1603, 1497, 1453, 1368, 1316, 1268, 1179, 1097, 1071, 1029, 833, 752, 713. HRMS (ESI)
my/z calcd for C,4H,50,SNa [M+Na]* 483.1448, found 483.1457.

N-Benzyl-N-benzyloxycarbonyl-5-aminopentyl 6-0-acetyl-4-0-benzyl-3-0-benzoyl-a-D-
glucopyranoside (8)
12



AcO DDQ, AcO

B O BnO O

%0 DCM,H0 820\
NaPOG(CH,)sNBnCbz 82% O(CH4)sNBnCbz

) 8

To a solution of compound S9 (0.45 g, 0.52 mmol) in a mixture of CH,Cl,/H,0 (9:1, v/v, 10 mL) was
added DDQ (177 mg, 0.78 mmol) at 0 °C, the reaction mixture was allowed to warm to room
temperature. After stirred for 3 h, the starting material was completely disappeared. The reaction
mixture was diluted with CH,Cl, washed with 10% aq Na,S,03, dried over Na,SO, and concentrated.
The residual was purified by silica gel flash chromatography to give 8 (0.31 g, 82%). [a]®*, = + 53.0 (c
1.0, CHCI3). 'H NMR (400 MHz, Chloroform-d) & 8.12 (d, J = 7.7 Hz, 2H, Ar-H), 7.69 — 7.10 (m, 18H, Ar-
H), 5.61 (td, J = 9.5, 4.0 Hz, 1H, 3-H), 5.20 (d, J = 17.6 Hz, 2H, ArCH), 5.02 — 4.80 (m, 1H, 1-H), 4.66 (d, J
=10.8 Hz, 1H, ArCH), 4.59 — 4.47 (m, 3H, CH,), 4.34 (d, J = 3.2 Hz, 2H, 6-H), 3.95 (dt, J = 12.4, 6.3 Hz, 1H,
5-H), 3.80 — 3.62 (m, 3H, 2-H, 4-H, CH,), 3.52 — 3.35 (m, 1H, CH;), 3.35-3.17 (m, 2H, CH,), 2.11 (s, 3H,
CH3CO), 1.72 — 1.47 (m, 4H, CH,), 1.46 — 1.19 (m, 2H, CH,). 13C NMR (101 MHz, Chloroform-d) & 170.7,
166.6, 156.7, 156.2, 137.9, 137.1, 136.9, 136.8, 133.3, 129.8, 128.6, 128.5, 128.5, 128.2, 128.1, 127.9,
127.3, 98.4 (C-1), 76.5, 75.3, 74.8, 71.5, 68.8, 68.5, 67.2, 62.8, 50.6, 50.3, 47.0, 46.1, 29.1, 27.9, 27.5,
23.4, 20.9. IR (film): v = 3457, 3034, 2939, 1727, 1699, 1604, 1498, 1454, 1423, 1367, 1315, 1271,
1235, 1131, 1097, 1071, 1047, 1029, 770, 735, 699. HRMS (ESI) m/z calcd for C4;H47NOoNa [M+Nal*
748.3092, found 748.3102.
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2.2 Synthesis of building blocks 3, 4 and 5.

BnBr, NaH, BH3+THF,
P o0 DMF | P H oo TMSOT!, THE. g0
NapO SPh NapO SPh ———> NapoO SPh
OH 86% OBn 8% oo
S18 S$19 $20
1. NBS, THF/H,0O
BzCl,, DMAP
Z 2 = ’ B2O 2. CIC(NPh)CF3, DBU, BzO NPh
Pyridine e} DCM o)
——  » BnO 5 BnO )k
NapO SPh NapO
Qquan. OBn 84% (two steps) BnO 'O CF,
S21 3
1. NBS, THF/H,0 Bn/gco o NPh
2. CIG(NPh)CF3, DBU,  NapO N
DCM BnO ‘O CFs
Ac,0, DMAP, . 4
Pyridine AcO o 79% (two steps)
§20 ——MM> ;B\IHOO SPh
98% * 0Bn
522 DDQ, DCM, H,0
0,
86% AcO
Bno 2 sph
OBn
S23
1. NBS, THF/H,0
2. CIC(NPh)CFs, DBU,
A0\ o NPh pewm A0\ o LevOH, DCC,
o N = BnOo SPh DMAP DCM
BnO O CF3;  81% (two steps) OBn 97%
5 S24

Scheme S-3. Synthesis of building blocks 3, 4 and 5

Phenyl 2-0-benzyl-4,6-0-benzylidene-3-0-(2-naphthylmethyl)-1-thio-B-D-glucopyranoside (519).

BnBr, NaH,

PPV O\ o DMF Ph U0\ o
NapO SPh > NapO SPh
OH 86% OBn
S18 s19

To a solution of compound S18° (4.14 g, 8.27 mmol) in anhydrous DMF (40 mL) were added NaH
(660 mg, 16.54 mmol, 60% dispersion in mineral oil) at 0 °C for 10 min. Then benzyl bromide (1.5 mL,
12.45 mmol) was added to the reaction mixture and stirred at room temperature for 3.5 h. Upon
reaction completion, the mixture was cooled to 0 °C and water was added dropwise. The residue was
extracted with CH,Cl, three times. Combined organic layer was dried over Na,SO, and concentrated in
reduced pressure. The crude mixture was purified by silica gel flash chromatography to give S19 (4.20
g, 86%). [a]?°y = - 12.9 (c 1.0, CHCl3). *H NMR (400 MHz, Chloroform-d) & 7.86 — 7.69 (m, 4H, Ar-H),
7.60 — 7.30 (m, 18H, Ar-H), 5.64 (s, 1H, ArCH), 5.11 (d, J = 11.4 Hz, 1H, ArCH), 4.97 (d, J = 11.4 Hz, 1H,
ArCH), 4.91 (d, J = 10.2 Hz, 1H, ArCH), 4.86 (d, J = 10.2 Hz, 1H, ArCH), 4.80 (d, J = 9.8 Hz, 1H, 1-H), 4.42
(dd, J =10.5, 5.0 Hz, 1H, 6’-H), 3.92 (dd, J = 9.4, 8.3 Hz, 1H, 3-H), 3.85 (t, / = 10.3 Hz, 1H, 6-H), 3.77 (t, J
= 9.4 Hz, 1H, 4-H), 3.57 (dd, J = 9.9, 8.4 Hz, 1H, 2-H), 3.54 — 3.47 (m, 1H, 5-H). 3C NMR (101 MHz,
Chloroform-d) & 138.1, 137.3, 135.8, 133.4, 133.2, 133.1, 132.5, 129.2, 128.6, 128.4, 128.3, 128.3,
128.1,128.0 (d, J = 1.3 Hz), 127.8, 127.0, 126.3, 126.2, 126.2, 126.0, 101.3, 88.4, 83.0, 81.6, 80.6, 76.1,
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75.5,70.4, 68.8. IR (film): v = 3063, 2869, 1586, 1498, 1455, 1441, 1374, 1346, 1272, 1215, 1173, 1091,
1028, 1003, 916, 857, 819, 749, 699, 656. HRMS (ESI) m/z calcd for C3;H3,0sSNa [M+Na]* 613.2019,
found 613.2026.

Phenyl 2,4-di-O-benzyl-3-0-(2-naphthylmethyl)-1-thio-B-D-glucopyranoside (S20).

BHy THF,
Ph U O\ o TMSOTF, THF Bng%&/
NapO SPh ——— > Yapo SPh
OBn 82% OBn
s19 $20

A solution of compound S19 (4.0 g, 6.78 mmol) in anhydrous CH,Cl, (68 mL) was cooled to 0 °C.
BH3-THF (1 M, 44 mL) was added and stirred at 0 °C for 10 minutes. Then TMSOTf (184 puL, 1.02 mmol)
was added dropwise and the mixture was stirred at room temperature for 4 h. The reaction mixture
was diluted with CH,Cl, and quenched saturated NaHCO;. The aqueous layer was extracted with
CH,Cl, (2 x 10 mL) and combined organic layer was dried over Na,SO, and concentrated in reduced
pressure. The crude mixture was purified by silica gel chromatography to give $20 (3.29 g, 82%). [a]*°;
=+ 20.55 (¢ 1.0, CHCl3). *H NMR (400 MHz, Chloroform-d) § 7.91 — 7.72 (m, 4H, Ar-H), 7.59 — 7.25 (m,
18H, Ar-H), 5.09 (d, J = 11.2 Hz, 1H, ArCH), 5.05 (d, J = 11.2 Hz, 1H, ArCH), 4.97 (d, J = 10.3 Hz, 1H,
ArCH), 4.91 (d, J = 11.0 Hz, 1H, ArCH), 4.81 (d, J = 10.3 Hz, 1H, ArCH), 4.77 (d, J = 9.8 Hz, 1H, 1-H), 4.71
(d, J=10.9 Hz, 1H, ArCH), 3.92 (dd, J = 12.0, 2.7 Hz, 1H, 6’-H), 3.82 (t, / = 8.9 Hz, 1H, 3-H), 3.74 (dd, J =
12.0, 4.9 Hz, 1H, 6-H), 3.64 (t, J = 9.4 Hz, 1H, 4-H), 3.55 (dd, / = 9.8, 8.8 Hz, 1H, 2-H), 3.44 (ddd, J = 9.7,
4.9, 2.7 Hz, 1H, 5-H). 3C NMR (101 MHz, Chloroform-d) 6 137.9, 137.8, 135.8, 133.4, 133.3, 133.0,
131.9, 129.1, 128.6, 128.5, 128.2 (d, J/ = 1.3 Hz), 128.0, 128.0, 127.9, 127.7, 127.7, 126.5, 126.1, 125.9,
125.8, 87.6, 86.5, 81.1, 79.3, 77.6, 75.9, 75.6, 75.2, 62.2. IR (film): v = 3336, 3033, 2905, 1586, 1498,
1480, 1455, 1440, 1401, 1348, 1285, 1217, 1127, 1066, 1029, 988, 891, 857, 817, 746, 697. HRMS (ESI)
my/z calcd for C3;H360sSNa [M+Na]* 615.2176, found 615.2191.

Phenyl 6-0-benzoyl-2,4-di-O-benzyl-3-0-(2-naphthylmethyl)-1-thio-B-D-glucopyranoside (S21).

"o BzCl,, DMAP, 50
o) Pyridine Bnoﬁ/
BNg%O/%/sph ———> R0 SPh
OBn quan. OBn
$20 s21

A solution of compound $20 (100 mg, 0.17 mmol) in pyridine (1.7 mL) was stirred at 0 °C. Benzoyl
chloride (40 pL, 0.34 mmol) and a catalyctic amount of N,N-dimethylaminopyridine was added. The
reaction mixture was stirred at room temperature for 2 h and TLC analysis indicated completion of
the reaction. The mixture was evaporated to syrup and diluted with DCM. The organic layer was
washed with saturated NaHCOs, brine and dried over Na,SO,. After evaporating to syrup, the crude
mixture was purified by silica gel flash chromatography to give the product $21 (118 mg, quan.). [a]®;
=+ 18.3 (c 1.0, CHCl3). 'H NMR (400 MHz, Chloroform-d) 6 8.11 — 8.02 (m, 2H, Ar), 7.91 - 7.72 (m, 4H,
Ar), 7.68 — 7.08 (m, 21H, Ar), 5.12 (d, /= 11.0 Hz, 1H, ArCH), 5.05 (d, J = 11.0 Hz, 1H, ArCH), 4.99 (d, J =
10.3 Hz, 1H, ArCH), 4.94 (d, J = 10.8 Hz, 1H, ArCH), 4.80 (d, J = 10.3 Hz, 1H, ArCH), 4.75 (d, J = 9.8 Hz,
1H, 1-H), 4.73 (dd, J = 11.9, 1.8 Hz, 1H, 6’-H), 4.69 (d, J = 10.8 Hz, 1H, ArCH), 4.49 (dd, J = 11.9, 4.8 Hz,
1H, 6-H), 3.86 (t, / = 8.6 Hz, 1H, 3-H), 3.79 — 3.67 (m, 2H, 4-H, 5-H), 3.60 (dd, / = 9.7, 8.8 Hz, 1H, 2-H).
13C NMR (101 MHz, Chloroform-d) 6 166.1, 137.9, 137.5, 135.6, 133.3, 133.2, 133.2, 133.0, 132.3,
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129.9, 129.8, 128.9, 128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 128.1, 128.0, 128.0, 127.7, 127.7, 126.7,
126.2, 126.0, 125.9, 87.3, 86.8, 80.7, 77.6, 76.1, 75.5, 75.3, 63.6. IR (film): v = 3064, 2904, 1723, 1603,
1585, 1498, 1454, 1343, 1316, 1274, 1091, 1069, 1028, 900, 857, 819, 745, 712, 699. HRMS (ESI) m/z
calcd for C44H400¢SNa [M+Na]* 719.2438, found 719.2453.

N-Phenyl trifluoroacetimidate 6-0-benzoyl-2,4-di-O-benzyl-3-0-(2-naphthylmethyl)-D-
Glucopyranoside (3)

1. NBS, THF/H,0
2. CIC(NPh)CF3, DBU,

BzO
NapO SPh * NapO

OBn 84% (two steps) BnO O CFj
S21 3

To a solution of compound $21 (90 mg, 0.13 mmol) in THF/H,0 (2:1, v/v, 3 mL), was added NBS
(70 mg, 0.39 mmol) at room temperature and the reaction mixture was stirred for 2 h. The reaction
was quenched with 10% Na,S,0; and diluted with ethyl acetate. The mixture was washed with
saturated NaHCOj; and organic layer was dried over Na,SO,. Concentrated in vacuo and the residue
was purified by silica gel flash chromatography to afford corresponding hemiacetal as a colorless
syrup. To a solution of the above hemiacetal and 2,2,2-trifluoro-N-phenylacetimidoyl chloride (100 pL,
0.65 mmol) in anhydrous CH,Cl, (2.6 mL) was added DBU (58 uL, 0.39 mmol) at 0 °C, and the reaction
was stirred at room temperature for 1.5 h. TLC revealed complete conversion of the starting material
and the solution was concentrated in vacuo and purified by silica gel flash chromatography to give 3
(77 mg, 84%, two steps). [a]?®, = + 71.3 (c 1.0, CHCl3). *H NMR (400 MHz, Chloroform-d) 6 8.14 — 8.00
(m, 5H), 7.94 — 7.73 (m, 12H), 7.68 — 7.07 (m, 37H), 6.87 — 6.67 (m, 5H), 6.55 (bs, 1H, H-1a), 5.80 (bs,
1H, H-1PB), 5.27 — 4.80 (m, 13H, ArCH), 4.75 — 4.55 (m, 8H, ArCH, H-6a, H-6B), 4.26 - 4.12 (m, 2H), 3.94
—3.63 (m, 8H). 13C NMR (101 MHz, CDCl3) 6 166.2, 166.1, 143.5, 143.4, 137.7, 137.6, 137.5, 137.4,
135.8, 135.6, 133.4, 133.3, 133.2, 133.2, 133.1, 129.8, 129.7, 129.1, 128.8, 128.7, 128.6, 128.6, 128.6,
128.5, 128.4, 128.3, 128.3, 128.3, 128.2, 128.2, 128.1, 128.1, 128.0, 128.0, 128.0, 127.8, 127.7, 127.7,
126.9, 126.7, 126.2, 126.2, 126.1, 126.1, 126.0, 126.0, 125.9, 125.3, 124.4, 124.2, 119.4, 119.3, 97.0
(C-1B), 93.0 (C-10), 84.5, 81.6, 80.8, 79.5, 77.3, 76.1, 75.9, 75.5, 75.5, 75.3, 75.2, 73.9, 73.4, 71.7, 63.2,
63.0, 21.5. HRMS (ESI) m/z calcd for CagH4oF3sNO;Na [M+Nal* 798.2649, found 798.2641.

Phenyl 6-0-acetyl-2,4-di-O-benzyl-3-0-(2-naphthylmethyl)-1-thio-B-D-glucopyranoside (S22).

Ac,0, DMAP,

HO . AcO
%g%g&&/SPh _ Pyrdie %,”Ogﬁ/sph
a
OBn 98% P OBn
$20 s22

To a solution of compound $20 (1.0 g, 1.69 mmol) in pyridine (17 mL) was added acetic anhydride
(1.6 mL, 16.9 mmol) and a catalyctic amount of N,N-dimethylaminopyridine at room temperature.
The reaction mixture was stirred at room temperature for 4 h and TLC analysis indicated completion
of the reaction. The mixture was evaporated to syrup and diluted with DCM. The organic layer was
washed with saturated NaHCO3, brine and dried over Na,SO,. After evaporating to syrup, the crude

mixture was purified by silica gel chromatography to give the product S22 (1.05 g, 98%). [a]*°p = + 19.7
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(c 1.0, CHCl;). *H NMR (400 MHz, Chloroform-d) & 7.90 — 7.73 (m, 4H, Ar-H), 7.64 — 7.23 (m, 18H, Ar-H),
5.11 (d, J = 11.1 Hz, 1H, ArCH), 5.03 (d, J = 11.1 Hz, 1H, ArCH), 4.98 (d, J = 10.2 Hz, 1H, ArCH), 4.91 (d, J
=10.8 Hz, 1H, ArCH), 4.79 (d, J = 10.2 Hz, 1H, ArCH), 4.71 (d, J = 9.8 Hz, 1H, 1-H), 4.41 (dd, J = 11.8, 1.4
Hz, 1H, 6'-H), 4.25 (ddd, J = 11.7, 3.5, 1.5 Hz, 1H, 6-H), 3.86 — 3.76 (m, 1H, 3-H), 3.63 —3.53 (m, 3H, 5-H,
4-H, 2-H), 2.08 (s, 3H, CH5CO). 13C NMR (101 MHz, Chloroform-d) & 170.7, 137.9, 137.5, 135.7, 133.6,
133.3, 133.0, 132.1, 128.9, 128.6, 128.5, 128.3, 128.2, 128.1, 128.0, 127.9, 127.7, 127.7, 126.5, 126.2,
126.0, 125.8, 87.5, 86.7, 80.9, 77.5, 76.9, 76.0, 75.6, 75.2, 63.3, 20.9. IR (film): v = 3062, 3034, 2871,
1742, 1604, 1585, 1510, 1498, 1481, 1455, 1441, 1367, 1348, 1235, 1126, 1067, 1029, 901, 857, 818,
745, 698. HRMS (ESI) m/z calcd for C3gH3506SNa [M+Na]* 657.2281, found 657.2296.

N-Phenyl trifluoroacetimidate 6-0O-acetyl-2,4-di-O-benzyl-3-0-(2-naphthylmethyl)-D-
Glucopyranoside (4)

1. NBS, THF/H,0
2. CIC(NPh)CF3, DBU,

AcO
B”O/gﬁ/sph DeM B”AOCQ&H )NLPh
NapO NapO

OBn 79% (two steps) BnO ‘O CF;

To a stirred solution of compound S22 (42 mg, 0.066 mmol) in THF/H,O (v/v, 1:1, 1.2 mL) was
added NBS (36 mg, 0.2 mmol) at room temperature and stirring about 1.5 h. Until TLC showed
complete convertion of starting material, the mixture was diluted with EtOAc, washed with 10%
Na,S,0; and brine. The organic layer was dried over anhydrous Na,SO,, filtered, and concentrated in
vacuo. The residue was purified by silica gel column chromatography to afford the corresponding
hemiacetal as a colorless syrup. To a solution of the above hemiacetal in CH,Cl, (3.3 mL) was added
2,2,2-trifluoro-N-phenylacetimidoyl chloride (49 uL, 0.33 mmol) and DBU (30 puL, 0.2 mmol) at 0 °C.
The reaction was warmed to room temperature and stirred for 2 h, TLC revealed complete conversion
of the starting material. The solution was concentrated in vacuo to a residue, which was purified by
silica gel column chromatography (Hexane/EtOAc: 10/1->8/1) to give 4 (37 mg, 79%, two steps) as a
light yellow syrup. [a]?°; =+ 58.2 (c 1.0, CHCIl5). *H NMR (700 MHz, Chloroform-d)  7.91 —7.73 (m, 4H,
Ar-H), 7.56 — 7.10 (m, 16H, Ar-H), 6.90 — 6.75 (m, 2H), 5.24 — 5.11 (m, 1H), 5.10 — 4.99 (m, 1H), 4.98 -
4.80 (m, 3H), 4.70 — 4.57 (m, 1H), 4.42 — 4.01 (m, 3H), 3.88 — 3.61 (m, 3H), 2.08 (s, 3H, CH5CO). 13C
NMR (176 MHz, Chloroform-d) 6 170.7, 170.7, 143.7, 143.5, 137.8, 137.7, 137.7, 137.6, 136.0, 135.8,
133.5, 133.5, 133.2, 128.9, 128.7, 128.3, 128.3, 128.2, 128.2, 128.1, 128.1, 127.9, 127.8, 124.5, 119.4,
97.1, 84.6, 81.6, 80.9, 79.4, 76.6, 76.0, 75.8, 75.4, 75.2, 75.2, 73.8, 73.5, 71.6, 62.8, 62.7, 20.9. IR (film):
v = 3033, 2878, 1744, 1719, 1599, 1490, 1455, 1367, 1316, 1210, 1163, 1089, 1030, 908, 857, 819, 778,
754, 697.

Phenyl 6-0-acetyl-2,4-di-O-benzyl-1-thio-B-D-glucopyranoside (523).

Ao DDQ, DCM, AcO
C C!
BnO & WO o O
NapO SPh 5% HO SPh
OBn ° OBn
S22 S23

To a solution of S22 (0.98 g, 1.54 mmol) in a mixture of CH,Cl,/H,0 (9:1, v/v, 77 mL) was added
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DDQ (524 mg, 2.31 mmol) at 0 °C. Then the reaction mixture was stirred at room temperature for
overnight. After TLC revealed complete conversion of the starting material, the reaction mixture was
diluted with CH,Cl, washed with 10% aq Na,S,0s, dried over Na,SO, and concentrated. The residual
was purified by silica gel flash chromatography to give $23 (0.65 g, 86%). [a]**p = + 7.6 (c 1.0, CHCIs).
IH NMR (400 MHz, Chloroform-d) 6 7.61 — 7.55 (m, 2H, Ar-H), 7.46 — 7.29 (m, 13H, Ar-H), 5.03 (d, J =
11.0 Hz, 1H, ArCH), 4.86 (d, J = 11.1 Hz, 1H, ArCH), 4.69 (d, J = 11.0 Hz, 2H, ArCH), 4.66 (d, J = 9.7 Hz,
1H, 1-H), 4.66 (d, J = 11.4 Hz, 1H, ArCH), 4.39 (dd, J/ = 11.9, 2.1 Hz, 1H, 6’-H), 4.24 (dd, J = 11.9, 5.8 Hz,
1H, 6-H), 3.81 (t, J = 8.8 Hz, 1H, 3-H), 3.56 (ddd, J = 9.9, 5.8, 2.1 Hz, 1H, 5-H), 3.45 (dd, J = 9.8, 8.8 Hz,
1H, 4-H), 3.38 (dd, J = 9.8, 8.7 Hz, 1H, 2-H), 2.07 (s, 3H, CH3CO). 3C NMR (101 MHz, Chloroform-d) &
170.9, 138.0, 137.9, 133.7, 132.0, 129.1, 128.8, 128.7, 128.4, 128.4, 128.3, 128.2, 127.8, 87.2, 80.8,
78.9, 76.8, 75.4, 74.8, 63.6, 21.0. IR (film): v = 3460, 2896, 1742, 1498, 1455, 1368, 1240, 1093, 1030,
827, 745, 700. HRMS (ESI) m/z calcd for CpgH300¢SNa [M+Na]* 517.1655, found 517.1669.

Phenyl 6-0-Acetyl-2,4-di-O-benzyl-3-O-levulinoyl-1-thio-B-D-glucopyranoside (S24).

LevOH, DCC,
%CO o DMAPDCM %CO o
BnOo sph —— > BnOg SPh
OBn 97% OBn
s23 S24

A soultion of compound S23 (0.60 g, 1.2 mmol), levulinic acid (210 mg, 1.8 mmol), N,N-
Dicyclohexylcarbodiimide (371 mg, 1.8 mmol), and DMAP (220 mg, 1.8 mmol) in anhydrous CH,Cl, (12
mL) was stirred for 1.5 h at room temperature. Until complete consumption of the starting material,
the reaction mixture was diluted with CH,Cl, and filtered. The organic layer was washed with
saturated NaHCO; and brine, dried over anhydrous Na,SO,, filtered and concentrated in vacuo to give
a residue that was purified by silica gel column chromatography (petroleum ether/EtOAc: 5/1->3/1)
to provide S24 (0.69 g, 97%). [a]**p = + 11.8 (¢ 1.0, CHCI3). *H NMR (400 MHz, Chloroform-d) 6 7.61 —
7.51 (m, 2H, Ar-H), 7.40 — 7.24 (m, 13H, Ar-H), 5.35 (t, J = 8.9 Hz, 1H, 3-H), 4.90 (d, / = 11.0 Hz, 1H,
ArCH), 4.72 (d, J = 9.8 Hz, 1H, 1-H), 4.64 (d, J = 11.2 Hz, 1H, ArCH), 4.60 (d, J = 11.1 Hz, 1H, ArCH), 4.53
(d, J=11.2 Hz, 1H, ArCH), 4.37 (dd, J = 11.9, 2.0 Hz, 1H, 6’-H), 4.21 (dd, J = 12.0, 5.3 Hz, 1H, 6-H), 3.66
—3.53 (m, 2H, 4-H, 5-H), 3.49 (t, J = 9.4 Hz, 1H, 2-H), 2.62 (qt, J = 18.3, 6.5 Hz, 2H, CH), 2.45 (ddd, J =
17.4, 7.4, 6.0 Hz, 1H, CH), 2.34 (dt, J = 17.5, 6.5 Hz, 1H, CH), 2.15 (s, 3H, CH3CO), 2.08 (s, 3H, CH3CO).
13C NMR (101 MHz, Chloroform-d) 6 206.4, 171.9, 170.7, 137.9, 137.4, 133.3, 132.3, 129.1, 128.6,
128.5, 128.2, 128.2, 128.2, 128.0, 127.9, 87.5, 79.0, 77.7, 76.1, 74.9, 74.6, 63.2, 37.8, 30.0, 28.1, 21.0.
IR (film): v = 3034, 2912, 1743, 1720, 1585, 1498, 1481, 1456, 1441, 1406, 1360, 1234, 1208, 1181,
1160, 1091, 1070, 1030, 913, 831, 747, 700. HRMS (ESI) m/z calcd for Cs3H3s0gSNa [M+Na]* 615.2023,
found 615.2026.

N-Phenyl trifluoroacetimidate 6-O-acetyl-2,4-di-O-benzyl-3-O-levulinoyl-D-glucopyranoside (5).

1. NBS, THF/H,0
2. CIC(NPh)CF3, DBU,

AcO AcO NPh
BnO o DCM — BnO o)
Levgk/ SPh > %o A
OBn 81% (two steps) BnO O CF;
S24 5
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To a solution of compound S24 (0.65 g, 1.1 mmol) in THF/H,0 (v/v, 1:1, 11 mL) was added NBS (587
mg, 3.3 mmol) at room temperature and stirring about 2.5 h. Until TLC showed complete convertion
of starting material, the mixture was diluted with EtOAc, washed with 10% Na,S,0; and brine. The
organic layer was dried over anhydrous Na,SO,, filtered, and concentrated in vacuo. The residue was
purified by silica gel column chromatography to afford the corresponding hemiacetal as a colorless
syrup. To a solution of the above hemiacetal in CH,Cl, (11 mL) was added 2,2,2-trifluoro-N-
phenylacetimidoyl chloride (0.82 mL, 5.5 mmol) and DBU (490 L, 3.3 mmol) at 0 °C. The reaction was
warmed to room temperature and stirred for 2 h, TLC revealed complete conversion of the starting
material. The solution was concentrated in vacuo to a residue, which was purified by silica gel column
chromatography (Hexane/EtOAc: 5/1->2/1) to give 5 (0.60 g, 81%, two steps) as a light yellow syrup.
[a]®p =+ 72.1 (c 1.0, CHCl5). *H NMR (700 MHz, Chloroform-d) 6 7.56 — 7.05 (m, 15H, Ar-H), 7.00 —
6.80 (m, 1H), 6.79 — 6.68 (m, 1H), 4.59 — 4.52 (m, 1H), 4.39 — 4.29 (m, 1H), 4.29 — 4.16 (m, 1H), 4.14 -
4.01 (m, 1H), 3.73 — 3.59 (m, 2H), 2.90 — 2.36 (m, 4H), 2.23 — 2.12 (m, 3H, CH3CO), 2.10 — 1.97 (m, 3H,
CH3CO). 3C NMR (176 MHz, Chloroform-d) & 206.3, 173.4, 171.9 (d, J = 6.4 Hz), 170.6, 143.6, 137.6,
137.4, 129.3, 128.9, 128.7, 128.6, 128.3, 128.2, 128.2, 127.9, 127.1, 124.4, 119.4, 118.5, 78.1, 76.5,
75.3, 74.7, 74.4, 73.7, 73.2, 71.3, 62.5, 37.9, 30.0, 28.9, 28.2, 20.9. IR (film): v = 3036, 1742, 1720,
1598, 1490, 1456, 1363, 1311, 1209, 1158, 1121, 1088, 1029, 924, 744, 698.

2.3 Synthesis of building blocks 2 and 6.

HoNNH,+AcOH CCI,CN, DBU
BnO BnO 3N BnO
. . NH
OO BT ol eomde | aoylo
C
A0 Y OAe 92% A0 000 oH 91% Bno 07 >cely
s25 $26 2
Py, AczO, $1, TMSOTF, NIS
Ph/v y 2 (e} ) ) )
Py 0 DCM,0°C  Ph" VT O\
STol ___ ~ ¥ o BhO STol — "~ g (0]
BnO O(CH,)sNBnCbz
82% OAc 84% OAC
1 s27 s28

NaOMe, MeOH Ph/v
_ Dbem.40°C _ O(CH2)5NBanz

82%

Scheme S-4. Synthesis of building blocks 2 and 6
2,4,6-Tri-O-benzyl-3-0-acetyl-D-glucopyranose (S26)
AcOH-H,NNH,

BnO o BnO
AcO OAC AcO

BnO 92% BnO OH

§25 S26

To a solution of $25° (1.6 g, 3.0 mmol) in DMF (30 mL) at room temperature, was added hydrazine
acetate (305 mg, 3.3 mmol). After being stirred at 40 °C for 2 h, the mixture was diluted with EtOAc,
washed with saturated aqueous NaHCOj; and brine. The organic layer was dried over Na,SO,, filtered

and concentrated in vacuo. The residue was purified by silica gel column chromatography
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(Hexane/EtOAc: 2/1) to give compound S26 (1.36 g, 92%). [a]?>, = + 43.4 (¢ 1.0, CHCl3). *H NMR (400
MHz, Chloroform-d) & 7.37 — 7.21 (m, 13H, Ar-H), 7.13 (d, J = 7.2 Hz, 2H, Ar-H), 5.50 (t, J = 9.6 Hz, 1H,
3-H), 5.27 (d, J = 3.6 Hz, 1H, 1-H), 4.67 — 4.37 (m, 6H, ArCH), 4.07 (d, J = 10.0 Hz, 1H, 6a-H), 3.78 (s, 1H,
1-OH), 3.73 - 3.58 (m, 3H, 4-H, 5-H, 6b-H), 3.48 (dd, J = 9.8, 3.4 Hz, 1H, 2-H), 1.91 (s, 3H, Me). 3C NMR
(101 MHz, Chloroform-d) 6 170.1, 138.0, 137.8, 137.6, 128.5, 128.5, 128.4, 128.3, 128.1, 128.1, 128.0,
128.0, 128.0, 127.9, 127.9, 127.8, 90.9, 77.6, 77.5, 77.2, 76.9, 76.1, 74.4, 74.3, 73.9, 73.6, 73.6, 73.5,
72.6, 69.9, 68.4, 21.1. IR (film): v = 3361, 1736, 1363, 1231, 1145, 1088, 1043, 751, 696. HRMS (ESI)
my/z calcd for C,oH3,0,Na [M+Na]* 515.2040, found 515.2048.

2,4,6-Tri-O-benzyl-3-0-acetyl-D-glucopyranosyl trichloroacetimidate (2)

BnO CCI5CN, DBU BnO N
Bno&&% DCM.0°C Bnoﬁw
AcO AcO PN

BnO 'OH 91% BnO O  "CCl,

S26 2

To a solution of the above hemiacetal $26 (0.65 g, 1.32 mmol) in CH,Cl, (13 mL) was added CCIsCN
(265 pL, 2.64 mmol) and DBU (40 uL, 0.26 mmol) at 0 eC. After being stirred at 0 2C for 2.5 h, TLC
revealed complete conversion of the starting material. The solution was concentrated in vacuo to a
residue, which was purified by silica gel column chromatography (Hexane/EtOAc: 2/1) to give 2 (0.76
g, 91%). 'H NMR (400 MHz, Chloroform-d) & 8.59 (s, 1H, NH), 7.28 (dt, J = 19.8, 5.5 Hz, 13H, Ar-H),
7.19 - 7.14 (m, 2H, Ar-H), 6.54 (d, J = 3.5 Hz, 1H, H-1), 5.59 (t, J = 9.7 Hz, 1H, H-3), 4.65 (d, J = 12.4 Hz,
1H, ArCH), 4.60 (d, J = 11.9 Hz, 1H, ArCH), 4.55 - 4.48 (m, 3H, ArCH), 4.46 (d, J = 11.8 Hz, 1H, ArCH),
4.04 (dt, J = 10.1, 2.5 Hz, 1H, H-6a), 3.84 — 3.73 (m, 2H, H-6b, H-4), 3.67 (dd, J = 10.0, 3.6 Hz, 2H, H-2,
H-5), 1.91 (s, 3H, Me). 3C NMR (101 MHz, Chloroform-d) 6 169.9, 161.3, 137.8, 137.8, 137.7, 94.0,
91.2,76.5,75.5,74.7,73.7,73.2,73.0, 72.5, 67.9, 21.1.

p-Methylphenyl 4,6-0-benzylidene-3-0-benzyl-2-O-acetyl-1-thio-B-D-glucopyranoside (S27)

PO\ o PAZo PO\ o
BRO stol %% o o STol
OH OAc
S27

82%
1

To a solution of compound 1 (2.5 g, 5.39 mmol) in pyridine (20 mL), was added acetic anhydride
(5.1 mL, 54 mmol) and a catalyctic amount of N,N-dimethylaminopyridine. After being stirred at room
temperature for overnight, the mixture was concentrated in vacuo to give a residue, which was
purified by silica gel column chromatography (Hexane/EtOAc: 10/1 to 7/1) to give the corresponding
ester $27 (2.24 g, 82%). [a]®p =+ 9.7 (¢ 1.0, CHCl5). *H NMR (400 MHz, Chloroform-d) 6 7.54 —7.19 (m,
12H, Ar-H), 7.11 (d, J = 7.9 Hz, 2H, Ar-H) 5.56 (s, 1H, PhCH), 4.99 (dd, J = 10.0, 8.6 Hz, 1H, 2-H), 4.85 (d,
J=12.0 Hz, 1H, ArCH), 4.68 — 4.60 (m, 2H, 1-H, ArCH), 4.37 (dd, J = 10.5, 5.0 Hz, 1H, 6a-H), 3.79 (t, J =
10.3 Hz, 1H, 6b-H), 3.75 — 3.69 (m, 2H, 3-H, 4-H), 3.47 (dq, J = 7.9, 5.0 Hz, 1H, 5-H), 2.33 (s, 3H, Me),
2.03 (s, 3H, Me). 3C NMR (101 MHz, Chloroform-d) & 169.2, 138.3, 137.1, 133.4, 133.4, 129.7, 129.7,
129.0, 128.3, 128.2, 128.2, 127.9, 127.7, 126.0, 101.2, 87.0, 81.3, 79.8, 74.3, 71.4, 70.5, 68.5, 21.1,
21.0. IR (film): v = 1740, 1371, 1227, 1062, 1028, 1000, 751, 697. HRMS (ESI) m/z calcd for
Ca9H3006SNa [M+Na]* 529.1655, found 529.1656.
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N-Benzyl-N-benzyloxycarbonyl-5-aminopentyl 4,6-0-benzylidene-3-0-benzyl-2-0O-acetyl-3-D-
glucopyranoside (S$28)

o) S$1, TMSOTTf, NIS, [e)
Ph/g o DCM. 0 °C Ph/g o
BnO STol B BnO O(CHz)sNBanZ
OAc OAc
S27 S28

84%

To a stirred solution of compound S27 (1.2 g, 2.4 mmol) and linker S1 (1.6 g, 4.8 mmol) in CH,Cl,
(24 mL) was added NIS (0.65 g, 2.9 mmol) at 0 oC. After stirring at 0 2C for 15 min, TMSOTf (87 L,
0.48 mmol) was added dropwise. After being stirred at room temperature for 10 h, the mixture was
diluted with CH,Cl,, washed with saturated aqueous NaHCO; and brine. The organic layer was dried
over Na,SO,, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (Hexane/EtOAc: 3/1) to product S28 (1.43 g, 84%). [a]*®; = + 19.3 (c 1.0, CHCI5). H
NMR (400 MHz, Chloroform-d) & 7.49 (d, J = 6.8 Hz, 2H, Ar-H), 7.37 (q, J = 5.6, 4.7 Hz, 5H, Ar-H), 7.28
(dg,J=15.6, 8.1 Hz, 13H, Ar-H), 5.56 (s, 1H, PhCH), 5.17 (d, J = 8.6 Hz, 2H, ArCH), 4.99 (t, J = 8.3 Hz, 1H,
H-2), 4.87 (d, J = 12.0 Hz, 1H, ArCH), 4.67 (d, J = 12.0 Hz, 1H, ArCH), 4.48 (s, 2H, Cbz-H), 4.44 — 4.26 (m,
2H, H-1/H-6a), 3.93 — 3.56 (m, 4H, H-3, H-4, H-6b, linker-OCH), 3.53 — 3.32 (m, 2H, H-5, linker-OCH),
3.21 (dt, J = 26.9, 7.4 Hz, 2H, linker-CH,), 1.95 (s, 3H, Me), 1.60 — 1.41 (m, 4H, linker-CH,), 1.26 (t, J =
10.6 Hz, 2H, linker-CH,). 13C NMR (101 MHz, Chloroform-d) 6 169.3, 138.3, 137.9, 137.2, 129.1, 128.6,
128.5, 128.3, 128.3, 128.0, 127.9, 127.9, 127.7, 127.3, 126.0, 101.6, 101.3, 81.6, 78.5, 77.4,77.3, 77.1,
76.8,74.1,72.9,68.7,67.2, 66.3,29.2, 23.1, 20.8. IR (film): v = 1749, 1495, 1230, 1069, 1029, 757, 698.
HRMS (ESI) m/z calcd for C4,Ha70oNNa [M+Na]* 732.3143, found 732.3162.

N-Benzyl-N-benzyloxycarbonyl-5-aminopentyl  4,6-O-benzylidene-3-0-benzyl-B-D-glucopyranoside
(6)

o NaOMe, MeOH -0
PR o) DCM, 40 °C P o Q
BnO O(CH2)sNBnCbz _—_— = "= =~ o BnO O(CH,)sNBnCbz
OAc 82% OH
S28 6

To a stirred solution of compound $28 (1.4 g, 1.97 mmol) in MeOH/CH,Cl, (4:1, 10 mL) was added
NaOMe (210 mg, 3.94 mmol). The mixture was stirred at 40 °C for 20 h, and then neutralized with
Amberlite IR120 H* resin. Filtration, concentration in vacuo, and purification by silica gel column
chromatography (Hexane/EtOAc: 3/1) gave the compound 6 (1.08 g, 82%). [a]®°; = - 23.2 (¢ 1.0, CHCl3).
IH NMR (400 MHz, Chloroform-d) & 7.53 (dd, J = 7.3, 2.4 Hz, 2H, Ar-H), 7.47 — 7.22 (m, 18H, Ar-H), 5.60
(s, 1H, PhCH), 5.21 (d, J = 8.0 Hz, 2H, ArCH), 5.00 (d, J = 11.7 Hz, 1H, ArCH), 4.85 (d, J = 11.7 Hz, 1H,
ArCH), 4.53 (d, J = 6.8 Hz, 2H, Cbz-H), 4.38 (dt, /= 10.5, 6.3 Hz, 2H, H-1, 6a-H), 4.06 — 3.77 (m, 2H, 6b-H,
linker-OCH), 3.77 — 3.64 (m, 2H, H-3, H-4), 3.66 — 3.37 (m, 4H, H-2, H-5, linker-OCH), 3.28 (dq, J = 23.2,
7.7 Hz, 2H, linker-NCH,), 1.74 — 1.46 (m, 4H, 2linker-CH,), 1.35 (dd, J = 33.2, 10.8 Hz, 2H, linker-CH,).
13C NMR (101 MHz, Chloroform-d) 6 192.4, 138.5, 137.9, 137.9, 137.3, 136.8, 134.5, 129.8, 129.0,
129.0, 128.6, 128.6, 128.5, 128.4, 128.3, 128.0, 128.0, 127.9, 127.8, 127.3, 126.0, 103.5, 101.3, 81.4,
80.3, 74.6, 74.6, 68.8, 67.3, 67.2, 66.5, 50.3, 47.0, 46.1, 29.7, 29.2, 27.8, 27.3, 23.2. IR (film): v = 3444,
1688, 1454, 1218, 1071, 1029, 758, 698. HRMS (ESI) m/z calcd for C4H4s0sNNa [M+Na]* 690.3037,
found 690.3035.

21



2.4 Synthesis of a-(1->2)- and a-(1->3)-Linked Oligoglucosides

p-Methylphenyl 2,4,6-tri-O-benzyl-3-O-acetyl-a-D-glucopyranosyl-(1->2)-4,6-0-benzilidene-3-0O-
benzyl-1-thio-B-D-glucopyranoside (9)

TMSOTf, DCM, BnO

BnO
BnO ~1—0 R
n NPh Ph -78° AcO
BnO’&&M - 0 78°C ERN

AcO BnO STol —————>»
BnO O CFs OH 64% BSO STol
2 1 Ph /o

To a stirred mixture of the donor 2 (0.60 g, 0.94 mmol), acceptor 1 (0.53 g, 1.14 mmol), and freshly
activated 4A MS in dry CH,Cl, (5 mL) at -78 °C, was added dropwise TMSOTf (34 pL, 0.188 mmol)
under nitrogen. After being stirred at 0 °C for 4 h, the mixture was quenched with Et;N, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography (Hexane/EtOAc:
10/1) to afford 9 (0.57 g, 64%). [a]*®; = + 9.5 (c 1.0, CHCI3). *H NMR (400 MHz, Chloroform-d) & 7.52 —
7.45 (m, 2H, Ar-H), 7.41 -7.23 (m, 21H, Ar-H), 7.14 (td, /= 7.5, 1.6 Hz, 3H, Ar-H), 7.07 (d, J = 7.9 Hz, 2H,
Ar-H), 7.02 (t, J = 7.6 Hz, 2H, Ar-H), 5.99 (d, / = 3.7 Hz, 1H, 1’-H), 5.60 (s, 1H, PhCH), 5.55 (t, J = 9.7 Hz,
1H, 3’-H), 4.99 (d, J = 10.1 Hz, 1H, ArCH), 4.90 (d, J = 8.9 Hz, 1H, 1-H), 4.85 (d, J = 12.2 Hz, 1H, ArCH),
4.64 (d, J =10.2 Hz, 1H, ArCH), 4.61 — 4.51 (m, 2H, 2ArCH), 4.47 (d, J = 11.2 Hz, 1H, ArCH), 4.41 - 4.35
(m, 1H, 6a-H), 4.34 (d, /= 11.0 Hz, 1H, ArCH), 4.26 (dd, J = 11.1, 5.3 Hz, 2H, 5’-H, ArCH), 3.93 — 3.83 (m,
2H, 2-H, 3-H), 3.80 (d, / = 10.3 Hz, 1H, 6A-H), 3.74 (dd, J = 12.3, 3.3 Hz, 1H, 4-H), 3.71 - 3.66 (m, 1H, 4'-
H), 3.56 (dd, J = 10.3, 3.6 Hz, 1H, 2’-H), 3.51 (dd, J = 9.6, 5.0 Hz, 1H, 5-H), 3.17 — 3.06 (m, 2H, 6’-H),
2.35 (s, 3H, Me), 1.96 (s, 3H, Me). 3C NMR (101 MHz, Chloroform-d) & 192.4, 170.1, 163.3, 138.4,
138.3, 138.2, 138.2, 137.9, 137.8, 137.8, 137.5, 137.2, 136.4, 134.5, 132.5, 132.3, 129.9, 129.8, 129.8,
129.0, 128.6, 128.4, 128.4, 128.3, 128.3, 128.3, 128.3, 128.2, 127.9, 127.8, 127.8, 127.8, 127.7, 127.6,
126.0, 101.3, 95.6, 88.0, 85.2, 82.0, 81.1, 78.9, 76.0, 76.0, 75.6, 74.8, 74.4, 74.4, 74.3, 73.6, 73.5, 72.5,
72.4,71.3, 70.1, 69.9, 69.8, 68.7, 67.7, 67.4, 62.6, 21.1, 21.1. IR (film): v = 1748, 1495, 1367, 1217,
1098, 1027, 758, 698. HRMS (ESI) m/z calcd for Cs;Hs¢01:SNa [M+Na]* 961.3592, found 961.3567.

N-Benzyl-N-benzyloxycarbonyl-5-aminopentyl 2,4,6-tri-O-benzyl-3-O-acetyl-a-D-glucopyranosyl-
(1->2)-4,6-0-benzilidene-3-0-benzyl-B-D-glucopyranoside (10)

BnO
2, TMSOTY, Bno’%
Ph/g%& DCM,-78°C  AcO
BnO O(CH;)sNBnCbz
OH
6

. > BnOO
71
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To a stirred mixture of the donor 2 (1.42 g, 2.24 mmol), acceptor 6 (1.11 g, 1.66 mmol), and freshly
activated 4A MS in dry CH,Cl, (11 mL) at -78 °C, was added dropwise TMSOTf (81 pL, 0.45 mmol)
under nitrogen. After being stirred at -78 °C for 3 h, the mixture was quenched with Et;N, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography (Hexane/EtOAc:
4/1) to afford 10 (1.35g, 71%). [a]?®; = + 23.6 (¢ 1.0, CHCl3). *H NMR (400 MHz, Chloroform-d) & 7.48 —
6.97 (m, 35H, Ar-H), 5.64 (s, 1H, 1’-H), 5.55 (d, J = 7.7 Hz, 2H, PhCH, 3’-H), 5.16 (d, J = 10.3 Hz, 2H,
2ArCH), 4.92 (d, J = 10.2 Hz, 1H, ArCH), 4.65 (t, J = 12.3 Hz, 2H, 2ArCH), 4.55 (t, J = 10.5 Hz, 2H, 1-
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H/ArCH), 4. 50 — 4.40 (m, 4H, 2Cbz-H, 2ArCH), 4.32 (d, J = 10.8 Hz, 1H, 6a-H, ArCH), 4.23 (t, J = 9.4 Hz,
2H, 5'-H, ArCH), 3.73 (ddt, J = 37.9, 19.0, 9.3 Hz, 6H, 2-H, 4-H, 5-H, 6b-H, 4’-H, linker-OCH), 3.50 (d, J =
9.7 Hz, 1H, 2’-H), 3.41 (q, J = 8.7 Hz, 2H, 3-H, linker-OCH), 3.18 (q, J = 11.6, 10.7 Hz, 4H, 6’ab-H, linker-
NCH;), 1.91 (s, 3H, Me), 1.70 — 1.34 (m, 4H, linker-CH,), 1.22 (d, J = 27.7 Hz, 2H, linker-CH,). 13C NMR
(101 MHz, Chloroform-d) & 170.0, 156.7, 156.2, 138.5, 137.9, 137.6, 137.3, 136.9, 128.6, 128.5, 128.4,
128.3, 128.3, 128.0, 127.9, 127.8, 127.7, 127.5, 127.4, 127.3, 126.0, 103.9, 101.2, 95.2, 82.4, 79.4,
77.3,77.2, 76.1, 75.8, 75.6, 74.3, 73.7, 73.5, 71.8, 69.7, 69.5, 68.8, 67.6, 67.2, 65.9, 50.5, 50.3, 47.1,
46.2,29.7, 27.8, 27.8, 23.4, 21.2. IR (film): v = 1748, 1697, 1454, 1366, 1231, 1094, 1071, 1028, 755,
697. HRMS (ESI) m/z calcd for CegHy50:4NNa [M+Na]* 1164.5080, found 1164.5064.

N-Benzyl-N-benzyloxycarbonyl-5-aminopentyl 2,4,6-tri-O-benzyl-a-D-glucopyranosyl-(1->2)-4,6-O-
benzilidene-3-0-benzyl-B-D-glucopyranoside (14)

BnO BnO
AcO NaOMe, MeOH, HO
BnOO

BnO, DCM, 40 °C
BnO —_—
8%\ O(CH3)sNBnCbz 81% Bgo O(CH,)sNBNnCbz
PhLo Ph/ o] ©
10 14

To a stirred solution of compound 10 (1.1 g, 0.96 mmol) in MeOH/CH,Cl, (4:1, 5 mL) was added
NaOMe (104 mg, 1.92 mmol). The mixture was stirred at 40 °C for 24 h, and then neutralized with
Amberlite IR120 H* resin. Filtration, concentration in vacuo, and purification by silica gel column
chromatography (Hexane/EtOAc: 3/1) gave the compound 14 (0.86 g, 81%). [a]*®;, = + 25.3 (¢ 1.0,
CHCI3). *H NMR (400 MHz, Chloroform-d) 6 7.67 — 6.95 (m, 35H, Ar-H), 5.68 (s, 1H, 1’-H), 5.62 (s, 1H,
PhCH), 5.21 (d, J = 11.2 Hz, 2H, ArCH), 4.94 (d, J = 10.1 Hz, 1H, ArCH), 4.83 (d, J = 11.3 Hz, 2H, ArCH),
4.60 (t,J = 11.1 Hz, 4H, 1-H, 1ArCH, 2Cbz-H), 4.50 (t, J = 10.5 Hz, 3H, 3ArCH), 4.39 (d, J = 9.8 Hz, 1H, 6a-
H), 4.29 (d, J = 12.1 Hz, 1H, ArCH), 4.25 — 4.08 (m, 2H, 3’-H, 5’-H), 3.79 (dq, J = 18.3, 9.5 Hz, 5H, 2-H, 3-
H, 4-H, 6b-H, linker-OCH), 3.65 (t, J = 9.5 Hz, 1H, 4’-H), 3.57 - 3.37 (m, 3H, 5-H, 2’-H, linker-OCH), 3.34
—3.14 (m, 4H, 6’ab-H, linker-NCH,), 2.50 (s, 1H, 3’-OH), 1.52 (ddt, / = 22.4, 15.3, 7.9 Hz, 4H, linker-CH,),
1.41 —1.14 (m, 2H, linker-CH,). 3C NMR (101 MHz, Chloroform-d) 6 156.7, 156.2, 138.9, 138.0, 137.9,
137.7, 137.3, 129.0, 128.6, 128.5, 128.3, 128.3, 128.3, 128.1, 128.0, 127.9, 127.7, 127.7, 127.6, 127.5,
127.3, 126.0, 104.0, 101.2, 95.1, 82.3, 79.6, 79.0, 77.6, 77.4, 77.3, 77.1, 76.8, 75.7, 75.6, 74.6, 73.5,
73.4,72.0, 69.6, 69.5, 68.8, 67.9, 67.2, 66.0, 50.5, 50.2, 47.1, 46.2, 29.7, 29.6, 28.0, 27.5, 23.3. IR (film):
v = 3398, 1749, 1696, 1453, 1369, 1230, 1097, 1074, 1029, 757, 698. HRMS (ESI) m/z calcd for
Ce7H730:13NNa [M+Na]* 1122.4974, found 1122.4953.

Ethyl 6-0-acetyl-2,4-di-O-benzyl-3-0-(2-naphthylmethyl)-a-D-glucopyranosyl-(1->2)- 6-O-acetyl-4-0-

benzyl-3-0O-benzoyl-1-thio-B-D-glucopyranoside (11)
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To a stirred mixture of the donor 4 (37 mg, 0.052 mmol), acceptor 7 (20 mg, 0.043 mmol), and
freshly activated 4A MS in DCM (1 mL) at 0 °C, was added dropwise TMSOTf in DCM (10 pL/mL, 94 pL,
0.0052 mmol) under argon atmosphare. The mixture was stirred at 0 °C for 2.5 h. Until TLC showed
complete conversion of starting material, the reaction was quenched with Et;N, then filtered the 4A
MS and concentrated in vacuo. The residue was purified silica gel column chromatography
(Hexane/EtOAc: 3/1->2/1) provided 11 (27 mg, 63%). [a]**p = + 68.9 (¢ 1.0, CHCIl5). *H NMR (400 MHz,
Chloroform-d) & 8.15 — 6.70 (m, 27H, Ar-H), 5.86 — 5.59 (m, 2H, 1’-H, 3-H), 5.11 (d, J = 11.1 Hz, 1H,
ArCH), 4.94 (d, J = 11.8 Hz, 1H, ArCH), 4.90 (d, J = 11.1 Hz, 1H, ArCH), 4.73 (d, J = 11.9 Hz, 1H, ArCH),
4.70 (d, J = 9.3 Hz, 1H, 1-H), 4.67 (d, J = 11.0 Hz, 1H, ArCH), 4.59 (d, J = 10.8 Hz, 1H, ArCH), 4.50 (d, J =
10.8 Hz, 1H, ArCH), 4.41 (dd, J = 12.0, 1.8 Hz, 1H, 6-H), 4.31 (d, J = 11.3 Hz, 1H, ArCH), 4.23 (dd, J = 12.0,
4.7 Hz, 1H, 6-H), 3.98 (t, J = 9.2 Hz, 1H, 2-H), 3.92 (dd, J = 9.9, 8.9 Hz, 1H, 3’-H), 3.92 (dd, J =12.2, 2.1
Hz, 1H, 6’-H), 3.76 — 3.67 (m, 3H, 4-H, 5-H, 5’-H), 3.56 (dd, / = 12.2, 3.1 Hz, 1H, 6’-H), 3.51 (dd, / = 9.9,
3.6 Hz, 1H, 2’-H), 3.36 (dd, J = 10.1, 8.9 Hz, 1H, 4’-H), 2.75 (qd, J = 7.5, 1.2 Hz, 2H, SCH,), 2.10 (s, 3H,
CH5CO), 1.97 (s, 3H, CH5CO), 1.29 (t, J = 7.4 Hz, 3H, SCH;). 13C NMR (101 MHz, Chloroform-d) & 170.7,
170.6, 165.5, 138.3, 137.0, 136.3, 133.5, 133.5, 133.1, 129.9, 129.7, 128.6, 128.6, 128.5, 128.4, 128.2,
128.1,128.1,127.9, 127.8, 127.8, 127.7, 127.5, 126.8, 126.3, 126.1, 125.9, 96.0 (C-1), 85.0 (C-1), 81.2,
79.7, 77.0, 76.6, 75.8, 74.9, 74.5, 74.4, 73.1, 69.2, 63.3, 62.5, 25.4, 21.0, 20.9, 14.9. HRMS (ESI) m/z
calcd for Cs;HggO13SNa [M+Na]* 1007.3647, found 1007.3643.

Preliminary study on the glycosylation reactivity of C-2 and C-3 hydroxyl groups in the glucose

a~(1>2)-glucoside
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A preliminary experimental exploration of the glycosylation reactivity difference between C-2 and
C-3 hydroxyl groups in the glucose has been conducted. The synthesis of a-(1->2)-glucoside 12 and a-
(1->3)-glucoside S$29 was carried out under the same conditions, which was activated by TMSOTf in
dichloromethane at 0 °C. It seems that the efficiency of preparation of a-(1->3)-glucoside is higher
than that of preparation of a-(1->2)-glucoside in this acyl remote participation strategy. The details

were shown in the protocol below.

Ethyl 6-O-acetyl-2,4-di-O-benzyl-3-O-levulinoyl-a-D-glucopyranosyl-(1->2)- 6-O-acetyl-4-O-benzyl-3-
O-benzoyl-1-thio-B-D-glucopyranoside (12)
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To a stirred mixture of the donor 5 (0.67 g, 1.0 mmol), acceptor 7 (0.55 mg, 1.2 mmol), and freshly
activated 4A MS in DCM (20 mL) at 0 °C, was added dropwise TMSOTf (18 pL, 0.1 mmol) under argon
atmosphare. The mixture was stirred at 0 °C for 3 h. Until TLC showed complete conversion of starting
material, the reaction was quenched with Et;N, then filtered the 44 MS and concentrated in vacuo.
The residue was purified silica gel column chromatography (petroleum/EtOAc: 2/1->3/2) provided 12
(0.60 g, 65%). [a]®>, = + 56.4 (c 1.0, CHCl3). *H NMR (400 MHz, Chloroform-d) 6 8.10 — 7.81 (m, 2H, Ar-
H), 7.58 —7.42 (m, 1H, Ar-H), 7.41 - 6.96 (m, 17H, Ar-H), 5.67 (t, / = 9.3 Hz, 1H, 3-H), 5.66 (d, / = 3.7 Hz,
1H, 1’-H), 5.39 (dd, J = 10.2, 9.2 Hz, 1H, 3’-H), 4.83 (d, J = 12.4 Hz, 1H, ArCH), 4.65 (d, J = 9.5 Hz, 1H, 1-
H), 4.58 — 4.53 (m, 2H, ArCH), 4.47 (d, J = 10.8 Hz, 1H, ArCH), 4.41 — 4.33 (m, 2H, ArCH, 6-H), 4.24 (d, J
=11.3 Hz, 1H, ArCH), 4.21 (dd, J = 12.0, 5.0 Hz, 1H, 6-H), 3.93 (t, J = 9.1 Hz, 1H, 2-H), 3.85 (dd, J = 12.3,
2.1 Hz, 1H, 6-H), 3.78 — 3.66 (m, 3H, 4-H, 5-H, 5’-H), 3.48 (dd, J = 12.3, 2.8 Hz, 1H, 6-H), 3.39 (ddd, J =
9.7,6.4,2.7 Hz, 2H, 2’-H, 4’-H), 2.81 — 2.59 (m, 4H, CH,), 2.49 — 2.38 (m, 2H, CH,), 2.15 (s, 3H, CH5CO),
2.08 (s, 3H, CH5CO), 1.98 (s, 3H, CH5CO), 1.26 (t, J = 7.4 Hz, 3H, SCH3). 13C NMR (101 MHz, Chloroform-
d) 6 206.6, 171.6, 170.8, 170.5, 165.2, 138.1, 137.8, 136.9, 133.4, 129.9, 129.7, 128.6, 128.5, 128.5,
128.4,128.3,128.2,127.9, 127.8, 127.7, 96.0 (C-1’), 84.9 (C-1), 76.6, 76.4, 75.4, 75.1, 74.7, 73.5, 73.2,
72.5, 68.6, 63.2, 62.2, 37.9, 30.1, 28.1, 25.6, 21.0, 21.0, 14.9. IR (film): v = 1740, 1455, 1366, 1241,
1160, 1093, 1029, 750, 701. HRMS (ESI) m/z caled for Cs;HsgO15SNa [M+Na]* 965.3389, found
965.3404.

Phenyl 6-O-acetyl-4-O-benzyl-3-O-benzoyl-2-(2-naphthylmethyl)-a-D-glucopyranosyl-(1—3)- 6-O-
Acetyl-2,4-di-O-benzyl-1-thio-p-D-glucopyranoside (S29)

AcO
BB%&%
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e
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To a stirred mixture of the donor S6 (24 mg, 0.036 mmol), acceptor $23 (21 mg, 0.043 mmol), and
freshly activated 4A MS in DCM (3.6 mL) at 0 °C, was added dropwise TMSOTf in DCM (10 uL/mL, 65
pL, 0.0036 mmol) under argon. The mixture was stirred at 0 °C for 3 h. Until TLC showed complete
conversion of starting material, the reaction was quenched with EtsN and then filtered and
concentrated in vacuo. The residue was purified silica gel column chromatography (petroleum/EtOAc:
4/1->2/1) provided S29 (27 mg, 74%). Rs= 0.37 (Hexane/EtOAc = 2:1). [a]?>p = + 44.3 (¢ 1.0, CH,Cl). H
NMR (400 MHz, Chloroform-d) 6 8.08 — 7.93 (m, 2H, Ar), 7.73 — 7.65 (m, 1H, Ar), 7.63 — 7.55 (m, 3H,
Ar), 7.54 — 7.48 (m, 1H, Ar), 7.47 — 6.99 (m, 20H, Ar), 6.08 — 5.96 (m, 1H, 3’-H), 5.76 (d, J = 3.5 Hz, 1H,
1’-H), 5.04 (d, J = 9.9 Hz, 1H, ArCH), 5.03 (d, J = 11.7 Hz, 1H, ArCH), 4.79 (d, J = 9.8 Hz, 1H, ArCH), 4.70
(d, J=9.7 Hz, 1H, 1-H), 4.69 (d, / = 12.0 Hz, 1H, ArCH), 4.56 (d, J = 11.8 Hz, 1H, ArCH), 4.51 (d, /= 10.6
Hz, 1H, ArCH), 4.47 (d, J = 10.2 Hz, 1H, ArCH), 4.45 — 4.42 (m, 1H, 3°-H), 4.41 — 4.34 (m, 2H, 5-H, ArCH),
4.21-4.13 (m, 1H, 6-H), 4.07 (t, J = 8.9 Hz, 1H, 4-H), 4.02 (dd, J = 12.5, 2.0 Hz, 1H, 6-H), 3.85-3.72 (m,
2H, 6-H, 3-H), 3.69 — 3.56 (m, 4H, 2-H, 2°-H, 4’-H, 5’-H), 2.10 (s, 3H, CH5CO), 2.01 (s, 3H, CH;CO). 13C
NMR (101 MHz, Chloroform-d) 6 170.7, 170.6, 165.7, 137.8, 137.4, 137.4, 134.6, 133.5, 133.3, 133.0,
132.2,130.1, 129.8, 129.1, 128.8, 128.6, 128.5, 128.4, 128.3, 128.2, 128.0, 127.9, 127.8, 127.1, 126.9,
126.1, 126.1, 96.9 (C-1’), 87.9 (C-1), 80.2, 79.0, 78.9, 77.0, 76.0, 75.4, 74.9, 74.4, 73.8, 73.5, 68.7, 63.1,
62.6, 21.1, 21.0. IR (film): v = 1741, 1454, 1238, 1072, 1028, 749, 700. HRMS (ESI) m/z calcd for
Cs1Hg0013SNa [M+Na]* 1055.3647, found 1055.3656.
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N-Benzyl-N-benzyloxycarbonyl-5-aminopentyl 6-0-acetyl-2,4-di-O-benzyl-3-0O-levulinoyl-a-D-
glucopyranosyl-(1->2)-6-0-acetyl-4-0-benzyl-3-0-benzoyl-a-D-glucopyranoside (13)

AcO
A0\ 5, TMSOTY, Bnos 2
Bros __ bemo*c BNnO 3O(CH,)sNBnCbz
HOG(CH,)NBnCbz 0% (only ) ;320 .
AcO
8 13

To a stirred solution of the donor 5 (0.44 g, 0.65 mmol), acceptor 8 (0.31 g, 0.43 mmol) and freshly
activated 44 MS in DCM (20 mL) at 0 °C, was added dropwise TMSOTf (12 pL, 0.065 mmol) under
argon atmosphare. The mixture was stirred at 0 °C for 3.5 h. Until TLC showed complete conversion of
starting material, the reaction was quenched with Et;N, then filtered the 4A MS and concentrated in
vacuo. The residue was purified silica gel column chromatography (Hexane/EtOAc: 4/1->2/1-53/2)
provided 13 (0.36 g, 70%). [a]®>; = + 104.0 (c 1.0, CHCIl;). *H NMR (400 MHz, Chloroform-d) 6 8.08 —
7.93 (m, 2H, Ar-H), 7.53 — 7.06 (m, 28H, Ar-H), 5.86 (t, J = 9.5 Hz, 1H, 3-H), 5.45 (t, J = 9.6 Hz, 1H, 3’-H),
5.19 (d, J = 14.2 Hz, 2H, ArCH), 4.96 (q, J = 3.3 Hz, 1H, 1-H), 4.88 (d, J = 3.3 Hz, 1H, 1’-H), 4.58 (d, J =
11.1 Hz, 3H, ArCH), 4.53 — 4.46 (m, 3H, ArCH), 4.40 (d, J = 11.3 Hz, 1H, ArCH), 4.35 — 4.28 (m, 3H, 6-H,
ArCH), 4.05-3.93 (m, 1H, 5-H), 3.88 (dd, J = 12.3, 2.8 Hz, 1H, 6’-H), 3.84 —3.78 (m, 1H, 6’-H, CH,;), 3.79
—3.73 (m, 1H, 2-H), 3.70 — 3.64 (m, 1H, 4-H), 3.63 — 3.51 (m, 1H, CH,), 3.49 — 3.32 (m, 3H, 2-H, 4-H,
CH,), 3.22 (dd, J = 31.0, 8.4 Hz, 2H, CH,), 2.66 — 2.59 (m, 2H, CH,), 2.48 — 2.40 (m, 2H, CH,), 2.10 (s, 3H,
CH3CO), 2.09 (s, 3H, CH3CO), 1.94 (s, 3H, CH3CO), 1.66 — 1.44 (m, 4H, CH,), 1.39 — 1.19 (m, 2H, CH,). 13C
NMR (101 MHz, Chloroform-d) 6 206.5, 206.5, 171.5, 170.8, 170.5, 165.3, 156.8, 156.2, 138.2, 138.1,
137.7, 137.1, 137.0, 136.9, 133.2, 130.0, 129.7, 128.6, 128.6, 128.5, 128.4, 128.3, 128.1, 128.0, 127.9,
127.8,127.7,127.4,97.8 (C-1), 96.9 (C-1), 77.9, 77.9, 76.1, 75.2, 74.6, 74.5, 74.0, 73.7, 73.5, 72.6, 69.1,
68.9, 68.4, 67.2, 63.0, 62.2, 60.5, 50.6, 50.3, 47.2, 46.3, 37.9, 29.9, 29.3, 28.1, 27.6, 23.5, 21.0, 20.9,
14.3. IR (film): v = 2938, 1742, 1699, 1498, 1455, 1422, 1366, 1237, 1159, 1073, 1029, 771, 749, 700.
HRMS (ESI) m/z calcd for CggH77NO;1gNa [M+Na]* 1230.5033, found 1230.5048.

N-Benzyl-N-benzyloxycarbonyl-5-aminopentyl 6-0-acetyl-2,4-di-O-benzyl-a-D-glucopyranosyl-
(1->2)-6-0-acetyl-4-0-benzyl-3-0-benzoyl-a-D-glucopyranoside (17)

AcO o AcO
BnO NH,NH,*HOAc,  BnO
LevO H
BnOAO(CH,)sNBnCbz ~_DCM/MeOH, rt BnOG0(CH,)sNBnCbz
BzO 91% BzO
BnO g ° BnO o
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13 17

To a solution of compound 13 (0.36 g, 0.30 mmol) in CH,Cl,/MeOH (20/1) (3.0 mL) was added
hydrazine acetate (42 mg, 0.45 mmol). The reaction mixture was stirred for 3.5 h at room
temperature until TLC showed complete conversion of the starting material. The mixture was diluted
with DCM, washed with water, saturated NaHCO3, brine, and concentrated in vacuo. The residue was
purified with column chromatography (Hexane/EtOAc: 4/1->2/1) to give compound 17 (0.30 g, 91%).
[a]?®, = + 97.1 (c 1.0, CHCl3). *H NMR (400 MHz, Chloroform-d) 6 8.05 (d, J = 7.8 Hz, 2H, Ar-H), 7.66 —
7.04 (m, 28H, Ar-H), 5.95 — 5.80 (m, 1H, 3-H), 5.17 (d, J = 22.9 Hz, 2H, ArCH), 4.98 (d, J = 3.4 Hz, 1H, 1-
H), 4.95 — 4.86 (m, 1H, 1-H), 4.82 — 4.40 (m, 8H, ArCH), 4.36 — 4.26 (m, 2H, ArCH), 4.11 — 3.55 (m, 9H),
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3.33 (dt, J = 8.8, 4.0 Hz, 4H), 3.23 — 3.09 (m, 1H, CH,), 2.10 (s, 3H, CH5CO), 1.95 (d, J = 16.5 Hz, 3H,
CH5CO), 1.61 — 1.41 (m, 4H, CH,), 1.42 — 1.16 (m, 2H, CH,). 13C NMR (101 MHz, Chloroform-d) & 170.6,
165.4, 157.0, 156.4, 138.4, 137.9, 137.1, 133.3, 130.0, 129.8, 128.7, 128.6, 128.5, 128.5, 128.3, 128.1,
128.0, 127.9, 127.9, 127.6, 127.4, 127.3, 98.2 (C-1), 96.5 (C-1), 96.1 (C-1), 79.1, 78.8, 77.9, 76.6, 76.4,
76.1, 75.8, 74.7, 74.6, 74.2, 73.9, 73.5, 73.1, 72.4, 69.1, 68.8, 68.6, 68.4, 68.0, 67.4, 63.0, 62.5, 50.5,
50.1, 47.2, 46.1, 29.2, 28.0, 27.6, 23.5, 21.1, 20.9. IR (film): v = 3475, 2935, 1737, 1698, 1498, 1455,
1423, 1366, 1238, 1095, 1072, 1029, 772, 739, 699. HRMS (ESI) m/z calcd for CeaH7NOysNa [M+Na]*
1132.4665, found 1132.4650.

N-Benzyl-N-benzyloxycarbonyl-5-aminopentyl 2,4,6-tri-O-benzyl-3-O-acetyl-a-D-glucopyranosyl-
(1->2)-4,6-0-benzilidene-3-0-benzyl-a-D- glucopyranosyl-(1->3)-2,4,6-tri-O-benzyl-a-D-
glucopyranosyl-(1->2)-4,6-0O-benzilidene-3-0-benzyl-B-D-glucopyranoside (15)
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15
Procedure 1 (AgOTf, NIS, TMSOTf, 10 eq thiophene, DCM/Et,0 (1:1, v/v), 0 °C)

To a stirred solution of donor 9 (0.29 g, 0.31 mmol, 1.5 eq), acceptor 14 (0.23 g, 0.21 mmol, 1 eq)
and freshly activated 4A MS in CH,Cl,/Et,0 (1:1, v/v, 4 mL) was added thiophene (0.17 mL, 10 eq).
After stirring at 0 2C for 15 min, NIS (139 mg, 0.62 mmol, 3eq), AgOTf (26 mg, 0.1 mmol, 0.45 eq) and
TMSOTf (11 uL, 0.062 mmol, 0.3eq) was added. The mixture was stirred at 0 °C for 12 h until TLC
revealed complete conversion of the starting material, then filtration and diluted with CH,Cl,, washed
with 10% Na,S,03, saturated NaHCO; and brine. The organic layer was dried over Na,SO,, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography (Hexane/EtOAc:
4/1) to product 15 (0.24 g, 59%, a/Bp = 10:1). [a]*p = + 49.9 (c 1.0, CHCl;5). 'H NMR (400 MHz,
Chloroform-d) 6 7.61 — 6.83 (m, 60H, Ar-H), 5.81 (s, 1H, b1-H), 5.73 (t, / = 9.7 Hz, 1H, d3-H), 5.63 (s, 1H,
c1-H), 5.55 (d, J = 5.6 Hz, 2H, 2PhCH), 5.25 — 5.13 (m, 3H, d1-H, 2ArCH), 4.90 (d, J = 10.9 Hz, 1H, ArCH),
4.86 —4.73 (m, 3H, 3ArCH), 4.72 — 4.37 (m, 13H, al-H, a3-H, 2Cbz-H, 9ArCH), 4.38 — 4.14 (m, 8H, a3-H,
b5-H, d5-H, d6-H, 3ArCH), 4.03 (t, J = 9.3 Hz, 1H, b3-H), 3.89 — 3.61 (m, 9H, a6-H, a2-H, b4-H, a2-H, a5-
H, d4-H, a5-H), 3.61 — 3.35 (m, 6H, a6-H, a4-H, b2-H, a2-H, a4-H), 3.32 —3.11 (m, 5H, b6-H, linker-NH,),
1.89 (s, 3H, Me), 1.57 — 1.34 (m, 4H, CH,-linker), 1.23 — 1.05 (m, 2H, CH,-linker). 13C NMR (101 MHz,
Chloroform-d) 6 169.6, 138.6, 138.3, 138.2, 138.0, 138.0, 137.7, 137.6, 137.3, 136.9, 130.9, 129.0,
128.8, 128.8, 128.7, 128.6, 128.5, 128.4, 128.3, 128.3, 128.2, 128.1, 128.0, 128.0, 127.9, 127.7, 127.7,
127.6, 127.6, 127.6, 127.5, 127.5, 127.3, 126.2, 126.0, 103.9, 101.2, 95.0, 94.7, 94.5, 82.6, 82.2, 79.4,
78.5,78.3,77.4,77.0, 76.7, 76.3, 75.7, 75.5, 75.4, 75.2, 74.2, 73.4, 73.4, 73.2, 72.1, 71.4, 69.9, 69.4,
69.2, 68.9, 68.8, 68.2, 67.9, 67.2, 65.8, 65.6, 62.4, 50.5, 47.1, 46.2, 29.7, 29.6, 27.9, 27.5, 23.2, 21.1,
19.2, 13.7. IR (film): v = 1748, 1496, 1454, 1422, 1366, 1231, 1094, 1071, 1028, 755, 697.HRMS (ESI)
m/z calcd for Cq16H1230,4NNa [M+Na]* 1936.8327, found 1936.8304.

N-Benzyl-N-benzyloxycarbonyl-5-aminopentyl 2,4,6-tri-O-benzyl-3-O-acetyl-a-D-glucopyranosyl-
(1->2)-4,6-0-benzilidene-3-0-benzyl-B-D- glucopyranosyl-(1->3)-2,4,6-tri-O-benzyl-a-D-
glucopyranosyl-(1->2)-4,6-0-benzilidene-3-0-benzyl-B-D-glucopyranoside (158)
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[a]?>p = + 63.2 (c 1.0, CHCl5). *H NMR (400 MHz, Chloroform-d) 6 7.51 — 6.97 (m, 58H, Ar-H), 6.90 (t,
J=17.6 Hz, 2H, Ar-H), 5.79 — 5.71 (m, 2H, d3-H, b1-H), 5.54 (s, 1H, PhCH), 5.50 (s, 1H, PhCH), 5.38 (d, J =
3.7 Hz, 1H, d1-H), 5.25 (d, J = 7.8 Hz, 1H, c1-H), 5.21 — 5.11 (m, 2H, ArCH), 4.94 (d, J = 10.6 Hz, 1H,
ArCH), 4.87 (d, J = 10.2 Hz, 1H, ArCH), 4.80 (d, J = 10.0 Hz, 1H, ArCH), 4.78 (d, J = 12.2 Hz, 1H, ArCH),
4.69 (d, J = 10.2 Hz, 1H, ArCH), 4.64 — 4.52 (m, 5H, ArCH, al-H), 4.49 — 4.40 (m, 4H, ArCH, CH,-linker,
b3-H), 4.39 - 4.23 (m, 7H, ArCH, 6-H, c3-H), 4.23 —4.16 (m, 3H, 6-H, a3-H), 3.77 —3.49 (m, 17H, 2-H, 4-
H, 5-H, 6-H), 3.38 —3.11 (m, 10H, 5-H, 6-H, CH,-linker), 1.88 (s, 3H, Me), 1.52 — 1.32 (m, 4H, CH,-linker),
1.19 (s, 2H, CH,-linker). 3C NMR (101 MHz, Chloroform-d) 6 170.0, 139.1, 138.5, 138.3, 137.9, 137.8,
137.8,137.7, 137.4, 137.3, 137.3, 134.5, 129.7, 129.2, 129.1, 129.0, 128.9, 128.5, 128.4, 128.4, 128.3,
128.3,128.3, 128.2, 128.2, 128.2, 128.1, 128.1, 128.0, 128.0, 127.8, 127.7, 127.7, 127.6, 127.6, 127.5,
127.4,127.3, 126.0, 103.9, 101.9, 101.2, 96.9, 94.7, 82.9, 82.3, 81.2, 79.4, 79.2, 78.3, 76.5, 76.0, 75.5,
75.4,75.3,74.8,74.4,73.9, 73.8, 73.4, 73.3, 72.0, 69.8, 69.1, 68.8, 68.0, 67.7, 67.2, 65.8, 29.5, 23.2,
21.2. IR (film): v = 1734, 1699, 1454, 1367, 1230, 1093, 1072, 1028, 754, 697. HRMS (ESI) m/z calcd for
C116H12302sNNa [M+Na]* 1936.8327, found 1936.8287.

Procedure 2 (TMSOTf, NIS, DCM, 0 °C)

To a stirred solution of donor 9 (60 mg, 0.064 mmol, 1.5 eq), acceptor 14 (47 mg, 0.043 mmol, 1 eq)
and freshly activated 4A MS in CH,Cl, (0.9 mL, 0.05 M). After stirring at 0 °C for 15 min, NIS (29 mg,
0.13 mmol, 3 eq) and TMSOTf (2.3 uL, 0.013 mmol, 0.3 eq) was added. The mixture was stirred at 0 °C
until TLC revealed complete conversion of the starting material, then filtration and diluted with CH,Cl,,
washed with washed with 10% Na,S,03, saturated NaHCO; and brine. The organic layer was dried
over Na,SO,, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (Hexane/EtOAc: 4/1) to product 15a and 15 (54 mg, 66%, a/B = 5:1).

Procedure 3 (AgOTf, NIS, 10 eq thiophene, DCM/Et,0 (1:1, v/v), 0 °C)

To a stirred solution of donor 9 (60 mg, 0.064 mmol, 1.5 eq), acceptor 14 (47 mg, 0.043 mmol, 1 eq)
and freshly activated 4A MS in CH,Cl, (0.9 mL, 0.05 M) was added thiophene (34 uL, 10 eq). After
stirring at 0 °C for 15 min, NIS (29 mg, 0.13 mmol, 3 eq) and AgOTf (5 mg, 0.019 mmol, 0.45 eq) was
added. The mixture was stirred at 0 °C until TLC revealed complete conversion of the starting material,
then filtration and diluted with CH,Cl,, washed with washed with 10% Na,S,03, saturated NaHCO; and
brine. The organic layer was dried over Na,SO,, filtered and concentrated in vacuo. The residue was
purified by silica gel column chromatography (Hexane/EtOAc: 4/1) to product 15a and 15B (39 mg,
48%,0/B = 10:1).

N-Phenyl trifluoroacetimidate 6-O-acetyl-2,4-di-O-benzyl-3-O-levulinoyl-a-D-glucopyranosyl-(1->2)-
6-0O-acetyl-4-0-benzyl-3-0-benzoyl-D-glucopyranoside (16)
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To a stirred solution of compound 12 (0.60 g, 0.65 mmol) in THF/H,0 (v/v, 1:1, 6.5 mL) was added
NBS (345 mg, 1.94 mmol) at room temperature and stirring for 3 h. Until TLC showed complete
convertion of starting material, the mixture was diluted with EtOAc, washed with 10% Na,S,0; and
brine. The organic layer was dried over anhydrous Na,SO,, filtered, and concentrated in vacuo. The
residue was purified by silica gel column chromatography (Hexane/EtOAc: 2/1->1/1) to afford the
corresponding hemiacetal as a colorless syrup. To a solution of the above hemiacetal in CH,Cl, (13 mL)
was added 2,2,2-trifluoro-N-phenylacetimidoyl chloride (485 uL, 3.25 mmol) and DBU (290 pL, 1.95
mmol) at 0 °C. The reaction was warmed to room temperature and stirred for 2 h, TLC revealed
complete conversion of the starting material. The solution was concentrated in vacuo to a residue,
which was purified by silica gel column chromatography (Hexane/EtOAc: 3/1->3/2) to give 16 (0.54 g,
77%, two steps) as a light yellow syrup. [a]®*; =+ 98.9 (¢ 1.0, CHCIs). 'H NMR (400 MHz, Chloroform-d)
6 8.12 — 7.94 (m, 2H, Ar-H), 7.58 — 7.48 (m, 1H, Ar-H), 7.47 — 7.38 (m, 2H, Ar-H), 7.34 — 7.01 (m, 20H,
Ar-H), 6.83 (d, J = 7.8 Hz, 2H), 6.53 (s, 1H), 5.91 (t, J = 9.5 Hz, 1H), 5.43 (t, J = 9.6 Hz, 1H), 4.85 (d, J =
3.4 Hz, 1H), 4.61 — 4.51 (m, 3H), 4.49 (d, J = 10.9 Hz, 1H), 4.42 (d, J = 11.4 Hz, 1H), 4.39 - 4.27 (m, 3H),
4.12 (dd, J = 9.9, 3.2 Hz, 1H), 3.95 — 3.73 (m, 4H), 3.67 (dd, J = 12.2, 2.1 Hz, 1H), 3.46 — 3.40 (m, 1H),
3.39 (dd, J =9.2, 2.8 Hz, 1H), 2.63 (t, J = 6.6 Hz, 2H), 2.50 — 2.31 (m, 2H), 2.12 (s, 3H, CH3CO), 2.09 (s,
3H, CH3CO), 1.89 (s, 3H, CH5CO). 3C NMR (101 MHz, Chloroform-d) & 206.6, 171.4, 170.7, 170.4, 165.3,
143.6, 137.9, 137.8, 136.8, 133.5, 129.8, 129.7, 128.8, 128.7, 128.7, 128.6, 128.5, 128.4, 128.3, 128.0,
128.0, 127.8, 124.4, 119.8, 99.2 (C-1), 77.7, 75.2, 75.0, 74.8, 73.6, 73.6, 73.5, 72.9, 70.9, 69.3, 62.6,
62.1, 37.9, 30.0, 28.1, 21.0, 20.9. IR (film): v =1742, 1455, 1366, 1312, 1239, 1210, 1161, 1074, 1028,
743, 699.

N-Benzyl-N-benzyloxycarbonyl-5-aminopentyl 6-0-acetyl-2,4-di-O-benzyl-3-0O-levulinoyl-a-D-
glucopyranosyl-(1->2)-6-0-acetyl-4-0-benzyl-3-0O-benzoyl-a-D-glucopyranosyl-(1->3)-6-O-acetyl-2,4-
di-O-benzyl-a-D-glucopyranosyl-(1->2)-6-0-acetyl-4-0-benzyl-3-0-benzoyl-a-D-glucopyranoside (18)
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Procedure 1 (TMSOTf, DCM, 0 °C)

To a stirred mixture of the donor 16 (182 mg, 0.17 mmol, 1.2 eq), acceptor 17 (155 mg, 0.14 mmol, 1
eq), and freshly activated 4A MS in DCM (2.8 mL) at 0 °C, was added dropwise TMSOTf (7.3 pL, 0.034
mmol, 0.24 eq) under argon. The mixture was stirred at 0 °C for 3.5 h. Until TLC showed complete
conversion of starting material, the reaction was quenched with EtsN, then filtered and concentrated

in vacuo. The residue was purified with silica gel column chromatography (Hexane/EtOAc: 2/1->3/2)
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provided 18 (186 mg, 67%). [a]*>; = + 107.7 (c 1.0, CHCI3). *H NMR (400 MHz, Chloroform-d) & 8.06 —
7.99 (m, 2H, Ar-H), 7.97 — 7.90 (m, 2H, Ar-H), 7.53 — 7.42 (m, 2H, Ar-H), 7.41 — 7.10 (m, 38H, Ar-H),
7.07 - 6.98 (m, 6H, Ar-H), 5.88 (t, J = 9.6 Hz, 1H, 3-H), 5.84 (t, J = 9.5 Hz, 1H, 3-H), 5.57 (d, J = 3.5 Hz,
1H, 1-H), 5.41 (t, J = 9.6 Hz, 1H, 3-H), 5.26 — 5.13 (m, 2H, ArCH), 4.99 (d, J = 3.3 Hz, 1H, 1-H), 4.97 (dd, J
= 11.3 Hz, 1H, ArCH), 4.96 (d, J = 3.4 Hz, 1H, 1-H), 4.69 — 4.60 (m, 2H, ArCH), 4.64 (d, J = 3.6 Hz, 1H, 1-
H), 4.58 (d, J = 10.8 Hz, 1H, ArCH), 4.58 — 4.52 (m, 1H), 4.52 — 4.40 (m, 4H, ArCH, CH,), 4.37 — 4.22 (m,
8H, ArCH), 4.22 — 4.05 (m, 6H, ArCH, CH,), 4.05 — 3.88 (m, 4H), 3.84 (dd, J = 10.1, 3.4 Hz, 1H, 2-H), 3.78
(dd, J = 12.3, 3.2 Hz, 1H, 6-H), 3.74 — 3.65 (m, 2H), 3.61 (dd, J = 10.1, 8.6 Hz, 1H), 3.55 — 3.51 (m, 1H, 4-
H), 3.56 — 3.42 (m, 4H), 3.48 — 3.43 (m, 1H, 2-H), 3.37 (t, = 9.6 Hz, 1H, 4-H), 3.32 — 3.18 (m, 2H, CH,),
3.24 (dd, J = 10.1, 3.5 Hz, 1H, 2-H), 3.13 (t, J = 7.6 Hz, 1H, CH,), 2.71 = 2.51 (m, 2H, CH,), 2.49 — 2.29 (m,
2H, CH,), 2.17 (s, 3H, CH5CO), 2.15 (s, 3H, CH5CO), 2.09 (s, 3H, CH5CO), 2.01 (s, 3H, CH5CO), 1.82 (s, 3H,
CH5CO), 1.60 — 1.38 (m, 4H, CH,), 1.32 — 1.08 (m, 2H, CH,). 3C NMR (101 MHz, Chloroform-d) & 206.4,
171.4,171.1, 170.9, 170.8, 170.5, 165.5, 165.3, 156.8, 156.2, 138.9, 138.3, 138.1, 137.5, 137.4, 137.4,
137.1, 137.0, 133.2, 132.8, 130.5, 129.9, 129.7, 129.6, 128.6, 128.6, 128.5, 128.5, 128.5, 128.4, 128.4,
128.3, 128.3, 128.3, 128.2, 128.0, 128.0, 127.9, 127.8, 127.3, 127.1, 126.9, 98.5 (C-1), 96.1 (C-1), 95.7
(C-1), 95.2 (C-1), 79.3, 78.6, 76.2, 76.1, 75.3, 75.2, 74.6, 74.3, 74.2, 73.9, 73.6, 73.5, 73.5, 72.7, 72.6,
69.0, 68.8, 68.5, 67.8, 67.2, 63.0, 62.8, 62.3, 62.2, 50.6, 50.2, 47.1, 46.2, 37.8, 30.0, 29.3, 28.0, 23.5,
21.2, 21.0, 20.9, 20.8. IR (film): v = 2932, 1740, 1498, 1455, 1366, 1238, 1159, 1073, 750, 700. HRMS
(ESI) m/z calcd for Cy13H,,3NO3.Na [M+Na]* 2012.7971, found 2012.8004.

Procedure 2 (TMSOTf, DCM/Dioxane (1:1), 0 °C)

To a stirred mixture of the donor 16 (58 mg, 0.054 mmol, 1.2 eq), acceptor 17 (50 mg, 0.045 mmol, 1
eq), and freshly activated 4A MS in DCM/Dioxane (0.9 mL, 0.05M) at 0 °C, was added dropwise
TMSOTf (2 pL, 0.011 mmol, 0.24 eq) under argon. The mixture was stirred at 0 °C until TLC showed
complete conversion of starting materials. The reaction was quenched with EtsN, then filtered and
concentrated in vacuo. The residue was purified with silica gel column chromatography
(Hexane/EtOAc: 2/1->3/2) provided compound 18a and 18 (62 mg, 69%, a/p =2.7:1).

N-Benzyl-N-benzyloxycarbonyl-5-aminopentyl 6-0-acetyl-2,4-di-O-benzyl-a-D-glucopyranosyl-
(1->2)-6-0-acetyl-4-0-benzyl-3-O-benzoyl-a-D- glucopyranosyl-(1->3)-6-0-acetyl-2,4-di-O-benzyl-a-
D-glucopyranosyl-(1->2)-6-0-acetyl-4-O-benzyl-3-0-benzoyl-a-D-glucopyranoside (19)

BA(gO AcO
V0 NH;NHHOAc, ~ BnO~
BnO BnO DCM/MeOH, r.t., BnO,, BnO
Blnséo O(CH,)sNBnCbz 89% B%o?u A BnOGO(CH,)sNBnCbz
AcO Bzo AcO Bné‘?/#

BnO
RCO AcO

18

To a solution of 18 (100 mg, 0.05 mmol) in CH,Cl,/MeOH (20/1) (1.0 mL) was added hydrazine
acetate (20 mg, 0.075 mmol). The reaction mixture was stirred for 2.5 h at room temperature until
TLC showed complete conversion of the starting material. The mixture was diluted with DCM and
washed with water, saturated NaHCOs, brine, concentrated in vacuo. The residue was purified with
column chromatography (Hexane/EtOAc: 2/1->3/2) to give compound 19 (84 mg, 89%). [a]®°p = +
130.3 (¢ 1.0, CHCls). *H NMR (400 MHz, Chloroform-d) 6 8.15 — 8.05 (m, 2H, Ar-H), 8.04 — 7.99 (m, 2H,
Ar-H), 7.61 = 7.52 (m, 1H, Ar-H), 7.52 — 7.07 (m, 45H, Ar-H), 5.97 — 5.86 (m, 3H, 3-H, 1-H), 5.19 (d, J =
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5.8 Hz, 2H, ArCH), 5.15 (d, J = 12.0 Hz, 1H, ArCH), 5.11 — 5.05 (m, 1H, ArCH), 4.97 (d, J = 11.4 Hz, 2H,
ArCH), 4.96 (d, J = 3.5 Hz, 1H, 1-H), 4.88 (d, J = 10.0 Hz, 1H, ArCH), 4.78 (d, J = 3.1 Hz, 1H, 1-H), 4.76 —
4.68 (m, 1H), 4.65 (d, J = 10.6 Hz, 1H, ArCH), 4.61 — 4.52 (m, 3H, ArCH), 4.52 — 4.45 (m, 3H, ArCH), 4.45
—4.35 (m, 4H), 4.34 — 4.20 (m, 5H), 4.28 (d, J = 3.5 Hz, 1H, 1-H), 3.90 (dd, J = 12.3, 2.2 Hz, 1H), 3.87 -
3.83 (m, 1H), 3.81 (dd, J = 10.2, 3.2 Hz, 1H), 3.76 (t, J = 9.4 Hz, 1H), 3.68 (t, J = 9.5 Hz, 1H), 3.65 — 3.60
(m, 1H), 3.60 — 3.55 (m, 1H), 3.51 (dt, J = 10.0, 2.3 Hz, 1H), 3.47 — 3.40 (m, 2H), 3.36 (dd, J = 10.1, 8.9
Hz, 1H), 3.26 — 3.10 (m, 1H), 3.05 (dd, J = 12.2, 2.5 Hz, 1H), 3.02 — 2.95 (m, 1H, CH,), 2.93 — 2.74 (m,
3H), 2.09 (s, 3H, CH;CO), 1.97 (s, 3H, CH5CO), 1.93 (s, 3H, CH;CO), 1.84 (s, 3H, CH5CO), 1.02 — 0.79 (m,
4H, CH,), 0.77 — 0.58 (m, 2H, CH,). 3C NMR (101 MHz, Chloroform-d) & 170.7, 170.7, 170.4, 170.3,
166.8, 165.4, 156.6, 156.0, 138.9, 138.8, 138.7, 137.9, 137.0, 136.8, 133.7, 133.4, 129.8, 129.8, 129.7,
129.4,129.1, 128.7, 128.6, 128.5, 128.4, 128.4, 128.3, 128.3, 128.2, 128.1, 128.0, 127.9, 127.8, 127.4,
127.1, 103.0 (C-1), 97.6 (C-1), 96.4 (C-1), 96.0 (C-1), 83.1, 81.0, 79.1, 77.9, 76.4, 76.3, 76.1, 75.5, 75.1,
74.5,74.3,74.2, 73.9, 73.7, 73.4, 67.1, 63.7, 62.6, 62.2, 61.9, 50.2, 49.9, 46.8, 29.0, 27.5, 27.1, 22.8,
20.9, 20.9, 20.9, 20.7. IR (film): v = 3485, 2941, 2325, 2196, 2174, 2036, 1995, 1741, 1604, 1498, 1455,
1366, 1269, 1240, 1134, 1073, 1030, 809, 747, 699. HRMS (ESI) m/z calcd for CosH11,NO,Na [M+Na]*
1914.7603, found 1914.7622.

N-Benzyl-N-benzyloxycarbonyl-5-aminopentyl 6-0-acetyl-2,4-di-O-benzyl-3-0O-levulinoyl-a-D-
glucopyranosyl-(1->2)-6-0-acetyl-4-0-benzyl-3-0O-benzoyl-a-D-glucopyranosyl-(1->3)-6-O-acetyl-2,4-
di-O-benzyl-3-O-levulinoyl-a-D-glucopyranosyl-(1->2)-6-0-acetyl-4-0-benzyl-3-0-benzoyl-a-D-
glucopyranosyl-(1->3)-6-0-acetyl-2,4-di-O-benzyl-a-D-glucopyranosyl-(1->2)-6-0-acetyl-4-O-benzyl-
3-0-benzoyl-a-D-glucopyranoside (20)

AcO AcO

B0 AcO BnoS BASO

BnO 16, TMSOT, n AcO

DCM 0°C BnO BnO
BnO K 0O(CH,)sNBnCbz

BzO
B 5? BB(Z)O?H e B”O?A Br?é(iw Clo(CH sNBnCz
n
Ao © AcO BE&W
AcO
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To a stirred mixture of the donor 16 (26 mg, 0.024 mmol), acceptor 19 (30 mg, 0.016 mmol), and
freshly activated 4A MS in DCM (1 mL) at 0 °C, was added dropwise TMSOTf in DCM (10 pL/mL, 43 pL,
0.0024 mmol) under argon. The mixture was stirred at 0 °C for 4 h. Until TLC showed complete
conversion of starting material, the reaction was quenched with Et;N and then filtered and
concentrated in vacuo. The residue was purified silica gel column chromatography (Hexane/EtOAc:
2/1->3/2->1/1) provided 20 (21 mg, 48%). [a]*®, = + 104.8 (c 1.0, CHCl3). 'H NMR (700 MHz,
Chloroform-d) 6 8.03 — 7.97 (m, 4H, Ar-H), 7.94 — 7.84 (m, 2H, Ar-H), 7.53 — 7.45 (m, 1H, Ar-H), 7.45 —
7.41 (m, 1H, Ar-H), 7.40 — 7.34 (m, 6H, Ar-H), 7.34 — 7.23 (m, 25H, Ar-H), 7.22 — 7.11 (m, 21H, Ar-H),
7.11-7.02 (m, 4H, Ar-H), 7.02 — 6.92 (m, 6H, Ar-H), 5.98 (t, J = 9.6 Hz, 1H, 3-H), 5.87 (t, / = 9.5 Hz, 1H,
3-H), 5.77 (t, J = 9.4 Hz, 1H, 3-H), 5.59 (d, J = 3.4 Hz, 1H, 1-H), 5.43 (d, J = 3.6 Hz, 1H, 1-H), 5.36 (t, J =
9.7 Hz, 1H, 3-H), 5.22 — 5.14 (m, 2H, ArCH), 5.00 (d, J = 3.8 Hz, 1H, 1-H), 4.96 — 4.90 (m, 2H, 1-H), 4.89
(d, J=12.4 Hz, 1H, ArCH), 4.71 (d, J = 11.4 Hz, 1H, ArCH), 4.70 — 4.65 (m, 1H, 6-H), 4.65 — 4.60 (m, 1H,
6-H), 4.59 (d, J = 3.6 Hz, 1H, 1-H), 4.56 (d, / = 10.9 Hz, 1H, ArCH), 4.53 — 4.44 (m, 7H), 4.41 (d, /= 11.1
Hz, 2H, ArCH), 4.33 (d, J = 11.2 Hz, 1H, ArCH), 4.31 — 4.26 (m, 5H), 4.25 (d, J = 10.9 Hz, 1H, ArCH), 4.21
(d, J=12.4 Hz, 1H, ArCH), 4.19 — 4.05 (m, 9H), 3.96 (t, / = 9.1 Hz, 2H), 3.92 — 3.83 (m, 4H), 3.80 (dt, J =
10.0, 4.1 Hz, 2H), 3.71 - 3.66 (m, 2H), 3.64 (t, J = 9.6 Hz, 1H), 3.62 — 3.55 (m, 2H), 3.52 — 3.42 (m, 2H),
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3.41-3.36 (m, 3H), 3.34 (t, J = 9.7 Hz, 1H), 3.29 — 3.16 (m, 2H), 3.16 — 3.09 (m, 1H), 2.63 —2.53 (m, 2H,
Lev-CH,), 2.43 — 2.34 (m, 2H, Lev-CH,), 2.15 (s, 2H,, CH3CO), 2.14 (s, 6H, CH3CO), 2.08 (s, 3H, CH;CO),
1.99 (s, 3H, CH;CO), 1.81 (s, 3H, CH3CO), 1.73 (s, 3H, CH5CO), 1.51 — 1.38 (m, 6H). 3C NMR (176 MHz,
Chloroform-d) & 206.1, 171.2, 170.9, 170.7, 170.5, 170.5, 170.3, 165.3, 165.1, 165.1, 138.8, 138.3,
137.5, 137.5, 137.4, 137.4, 137.3, 137.0, 133.3, 132.8, 132.6, 130.5, 129.9, 129.6, 129.6, 129.5, 129.5,
128.6, 128.5, 128.5, 128.5, 128.4, 128.3, 128.3, 128.3, 128.2, 128.2, 128.1, 128.1, 128.1, 128.0, 127.8,
127.8,127.7, 127.7, 127.6, 127.2, 126.9, 126.8, 98.2 (C-1), 96.0 (C-1), 95.5 (C-1), 95.3 (C-1), 93.6 (C-1),
92.7 (C-1), 79.0, 78.8, 77.5, 76.2, 76.0, 75.9, 75.8, 75.3, 74.1, 74.1, 73.5, 73.4, 73.1, 72.9, 72.6, 72.3,
68.8, 68.5, 68.4, 68.2, 67.5, 62.7, 62.5, 62.1, 37.7, 29.9, 29.7, 29.2, 27.9, 23.4, 22.7, 21.1, 21.0, 20.9,
20.7,20.7, 20.4. IR (film): v = 1741, 1239, 1071, 710. HRMS (ESI) m/z calcd for Cys;H16sNO4sNa [M+Na]*
2795.0910, found 2795.0869.

5-Aminopentyl a-D-glucopyranosyl-(1->2)-a-D-glucopyranoside (21)

AcO HO
BnO 0 1. MeONa, MeOH/THF,  HO &
LevO 1 M aqueous NaOH HO o
BNOGO(CH)sNBNChZ . 1y, PIC (10%), HOLo(cHoeNH,
BzO THF/MeOH/H,O/AcOH HO
Bno—4~ HO%
AcO 78% (two steps) HO
13 21

To a solution of compound 13 (20 mg, 0.018 mmol) in MeOH/THF (1:1, v/v, 2.0 mL) was added
MeONa (15 mg). The reaction mixture was stirred at room temperature for 0.5 h, then 1M aqueous
NaOH (100 pL) was added. After stirred at 40 °C for 10 h, the mixture was diluted with MeOH and
neutralized with Amberlite IR120 H* resin. After filteration, the filtrate was concentrated in reduce
pressure and purified by silica gel column chromatography (DCM/MeOH: 20/1) to afford half-
deprotected product. To a solution of the above product in THF/MeOH/H,0/AcOH (2 mL, v/v/v/v,
10:5:4:1) was added Pd/C (30 mg, 10%). The mixture was stirred under H, atmosphere for 12 h.
Filtration, concentration in vacuo and elution through Sephadex LH-20 column (H,0) provided 21 (5.5
mg, 78% for two steps) as a white solid. *H NMR (700 MHz, Deuterium Oxide) 6 5.19 (d, J = 3.5 Hz, 1H,
b1-H), 5.11 (d, J = 3.8 Hz, 1H, al-H), 3.95 (ddd, J = 9.7, 4.6, 2.3 Hz, 1H), 3.92 — 3.85 (m, 3H), 3.84 — 3.77
(m, 6H), 3.71 (dd, J = 10.1, 4.0 Hz, 2H), 3.60 (ddd, J = 14.1, 10.4, 5.1 Hz, 2H), 3.49 (td, J = 9.6, 5.0 Hz,
2H), 3.04 (t, J = 7.5 Hz, 2H), 1.72 (dhept, J = 14.2, 8.0, 7.1 Hz, 5H), 1.50 (dp, J = 19.0, 6.8, 6.4 Hz, 2H).
13C NMR (176 MHz, Deuterium Oxide) 6 95.9, 95.2, 75.0, 72.8, 71.9, 71.7, 71.5, 71.3, 69.6, 69.5, 67.8,
60.6, 60.4, 39.4, 28.0, 26.5, 22.5. HRMS (ESI) m/z calcd for Ci;H34NO;; [M+H]* 428.2126, found
428.2134.

5-Aminopentyl a-D-glucopyranosyl-(1->2)-a-D-glucopyranosyl-(1->3)-a-D-glucopyranosyl-(1->2)-a-
D-glucopyranoside (22)

2. Hp, PA/C (10%),

BnO 0
BESQ?H OO(CH)SNBNCbZ 111 /MeOHIH,0/ACOH HgO?H 0O(CH2)sNH,
—
AcO BE@W Ho— © HO?H
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“OoO q HO o HO
HOJ
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To a solution of compound 18 (20 mg, 0.011 mmol) in MeOH/THF (1:1, v/v, 2.0 mL) was added
MeONa (20 mg). The reaction mixture was stirred at 40 °C for 0.5 h, 1M aqueous NaOH (100 uL) was
added. After stirred at room temperature for 12 h, the mixture was diluted with methanol/THF (1:1)
and neutralized with Amberlite IR120 H* resin. After filteration, the filtrate was concentrated in
reduce pressure and purified by silica gel column chromatography (DCM/MeOH: 20/1) to afford half-
deprotected product. To a solution of the half-deprotected tetrasaccharide in THF/MeOH/H,0/AcOH
(2 mL, v/v/v/v, 10:5:4:1) was added Pd/C (30 mg, 10%). The mixture was stirred under H, atmosphere
for 48 h. Filtration, concentration in vacuo and elution through Sephadex LH-20 column (H,0)
provided 22 (5.3 mg, 71% for two steps) as a white solid. *H NMR (700 MHz, Deuterium Oxide) 6 5.54
(d,J = 3.7 Hz, 1H, c1-H), 5.22 (d, J = 3.8 Hz, 2H, d1-H, b1-H), 5.14 (d, J = 3.8 Hz, 1H, al-H), 4.11 (dd, J =
10.2, 3.6 Hz, 1H), 4.01 (ddd, J = 10.0, 4.5, 2.2 Hz, 1H), 3.97 (g, J = 9.7, 8.2 Hz, 2H), 3.91 — 3.77 (m, 12H),
3.76 — 3.69 (m, 2H), 3.69 — 3.64 (m, 2H), 3.62 (dt, J = 9.5, 6.3 Hz, 1H), 3.56 (t, J = 9.7 Hz, 1H), 3.50 (td, J
=9.4,2.1 Hz, 2H), 3.04 (t, J = 7.6 Hz, 2H), 1.73 (tp, J = 14.3, 8.3, 7.4 Hz, 5H), 1.56 — 1.45 (m, J = 6.6 Hz,
2H). 13C NMR (176 MHz, Deuterium Oxide) & 96.7 (C-1), 95.9 (C-1), 95.8 (C-1), 95.0 (C-1), 80.0, 75.3,
74.5,72.9,71.8, 71.7, 71.5, 71.3, 71.3, 69.9, 69.6, 69.5, 69.3, 69.2, 67.7, 61.5, 60.6, 60.3, 60.2, 60.1,
39.4, 28.0, 26.5, 22.4. HRMS (ESI) m/z calcd for C,gH54NO,; [M+H]* 752.3183, found 752.3187.

5-Aminopentyl a-D-glucopyranosyl-(1->2)-a-D-glucopyranosyl-(1->3)-a-D-glucopyranosyl-(1->2)-a-
D-glucopyranosyl-(1->3)-a-D-glucopyranosyl-(1->2)-a-D-glucopyranoside (23)

AcO
BnO O Ao
LevO B0 OBnO o AcO 1. MeONa, MeOH/THF, HO HO
0 Bno| BnO 0 1 M aqueous NaOH HO Hgo
BZO\?A o o 2. Hy, PdIC (10%),
BnO
J Bgéw LO(CHo)sNBnCbz  THF/MeOH/H;0/AcOH CH2 sNH,
AcO Bﬁé‘?ﬁ 73% (two steps)
AcO HO
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To a solution of compound 20 (10 mg, 0.0037 mmol) in MeOH/THF (1:1, v/v, 1.0 mL) was added
MeONa (15 mg). The reaction mixture was stirred at 40 °C for 0.5 h, 1M aqueous NaOH (100 uL) was
added. After stirred at room temperature for 12 h, the mixture was diluted with methanol/THF (1:1)
and neutralized with Amberlite IR120 H* resin. After filteration, the filtrate was concentrated in
reduce pressure and purified by silica gel column chromatography (DCM/MeOH: 20/1) to afford half-
deprotected product. To a solution of the half-deprotected hexasaccharide in THF/MeOH/H,0/AcOH
(10:5:4:1, 2 mL) was added Pd/C (20 mg, 10%). The mixture was stirred under H, atmosphere for 48 h.
Filtration, concentration in vacuo and elution through Sephadex LH-20 column (H,0) provided 23 (2.9
mg, 73% for two steps) as a white solid. *H NMR (700 MHz, Deuterium Oxide) 6 5.59 (t, J = 4.5 Hz, 2H,
el-H, c1-H), 5.24 (d, J = 3.8 Hz, 1H, f1-H), 5.22 (d, J = 3.5 Hz, 2H, d1-H, b1-H), 5.16 — 5.11 (m, 1H, al-H),
4.12 (d, J = 9.9 Hz, 1H), 4.08 (dt, J = 10.1, 2.4 Hz, 1H), 4.00 (dt, J = 21.5, 12.3 Hz, 4H), 3.93 — 3.77 (m,
14H), 3.77 — 3.59 (m, 8H), 3.55 (dt, J = 14.8, 9.7 Hz, 2H), 3.50 (t, J = 9.7 Hz, 2H), 3.05 (q, / = 7.3 Hz, 2H),
1.73 (qt, J = 13.9, 8.4 Hz, 5H), 1.57 — 1.42 (m, J = 6.6 Hz, 2H). *3C NMR (176 MHz, Deuterium Oxide) &
96.6 (C-1), 96.6 (C-1), 96.0 (C-1), 96.0 (C-1), 95.7 (C-1), 95.0 (C-1), 79.8, 79.6, 75.4, 75.0, 74.5, 72.9,
71.8,71.7, 71.6, 71.5, 71.5, 71.5, 71.3, 71.2, 71.2, 70.0, 69.8, 69.7, 69.5, 69.5, 69.3, 69.3, 69.2, 67.7,
61.5, 60.6, 60.4, 60.3, 60.2, 60.0, 39.4, 29.9, 28.0, 27.9, 26.5, 22.4. HRMS (ESI) m/z calcd for
C41H74NO3; [M+H]* 1076.4239, found 1076.4236.
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4. NMR Spectra of Compounds

1H NMR spectra of compound S10

€5'¢

05'L

L r

2

JA" /

cagag
= Bl

2099 o
g

ol

= = 02

STol

ONap

98'L

O
BnO

Ph

- _meﬁ
\NL F oy

0.5

0.0

4.0

f1 ippm)

13C NMR spectra of compound S10

ee—

889~
€04~
GG~

=10

30 20 10

40

508~
9 fm%
z'es

Leg—

AL
092k
19244
2924
974
02k
a2k
6LT4A
18z
£8zh
€8k
78z
5874
L 62
z62k
6624
ZEEh
ZEEk
vEEk
L5k
vk
78k
v8ek

(©]
BnO STol
ONap
200 190 180 170 160 150 140 130 120 110 100 90 80
£1 (ppm)
35

Ph

210



1H NMR spectra of compound S11
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1H NMR spectra of compound S2
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1H NMR spectra of compound S3
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1H NMR spectra of compound S13
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1H NMR spectra of compound S14

9z’
PAN
B2l
LLT
al'e
6LT
08¢
08¢
8T
8T
8T
8T
98'7
98T
87
SP'e

e
6b'E
55°¢
85'c
09'¢
9L'e
6LC
18

€8 mL
5661

56'e
I8¢
92
L8
8e 1|
okt
N4
[cXa
18'Y
00's
€k
51’5
555
el
gL
ag'L
ge'L
8L
ob'L
op'L
WL
6b'L
6b'L
6 L
6bL
05'L
05'L
05" L~
5L
1§ L7
1§'L ﬁ

—

il
——

RS

¢s'L
e8'L
85'L
65'L
19'L
9L
ve'L
S8'L
§8'L
98'L
18'L
8L
88'L
68'L

Ph 00 o
Ho SEt

ONap

_JU

13C NMR spectra of compound S14

26—

P'ee—

8'89~
il
PSi~,

86
S08~
9187
L8

6'L0L—

¢9zlk
€'9Z1L
roclk
oA
a4zl
18zl
§'8zl
§'8zlL
rezlL
ceel
reclk
rsel
Ligl

o o]
fo) SEt
ONap

[e]
H

Ph

-1C

30 20 10

40

190 180 170 160 150 140 130 120 110 100 90 80
£1 (ppm)

00

40



1H NMR spectra of compound S15
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1H NMR spectra of compound S16
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1H NMR spectra of compound S17
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1H NMR spectra of compound 7
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1H NMR spectra of compound S6
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IH NMR spectra of compound S7 (o/f=2.5:1)
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IH NMR spectra of compound S8 (o/p= 2:1)
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IH NMR spectra of compound S7 (o/p=4:1)
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IH NMR spectra of compound S8 (o/p=3.1:1)
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IH NMR spectra of compound S9 (a/p=10:1)

AcO
Bgoo&&
z NapO "'"O(C}Tz)5NBanz

ao/B=10:1 |

|
]

203

0.2—=

10.0 9.5 9.0 8.5 8.0 0.0 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.1
£1 (ppm)

'H-13C HSQC NMR spectra of compound S9 (o/p=10:1)

Ll b L

NapO O(CH2)sNBnCbz

a/p= 101 > = (%

F40

60

F70

£l (ppm)

80
90
100
F110
F120
oo .em 130
[ 3
F140

150

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 x5 3.0 2.8 2.0 L& 1.0 0.5
£2 {ppm)

50



1H NMR spectra of compound S9-a
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1H-1H COSY NMR spectra of compound S9-a
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1H NMR spectra of compound 8
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1H-1H COSY NMR spectra of compound 8
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1H NMR spectra of compound S19
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1H NMR spectra of compound S20
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1H NMR spectra of compound S21
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1H NMR spectra of compound 3
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1H NMR spectra of compound S22
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1H NMR spectra of compound 4

80¢
a0'e
99'¢
99'c
ag'e
69'c
8L'¢
8l'¢
6L°¢
08'e
08'e
9z’
&
&Zy
ey
vy
9y
9
o'y
9P
L9

e
e
e’y
687
16'F
8
560
1B
10'G
z0's
L0's
eL'g
pL's
189
88'9
el
Phd
SLid

are]
9L
g
6Z'L
0e'L
18l
zEe'L
gL'l
el
pe'L
se'Lq
9¢'L4
9L
8e'L
66'L

05'L
15'L]
¢s'L
£8'L
LLL
08'L
08'L
18'L
8L
£8'L
8L
§8'L
18'L
8L

o

CyE

rr—

ap'L
A4 h.ﬂ
¥

8L
e8'L

Dheg @
@ ===

[44

40

1 (ppm)

13C NMR spectra of compound 4

6'0e—

L'Z9
8'z9
9L
S'eL
8'eL
Z'SL
Z'SL
PSL

a's.
082
99l
F6L
6'08
918
9'r8
k=

e R

6kl
SpzL
8zl
gLzl
1874
18z
1'8z4
7871
7871
£8zl
£8zl]
LezL]
5821
T8kl
Secl
§eEl
gsel
09El
98l
LUEL
LLEL
gl
Sepl
LEpL
L0LL
L0l

e

140

-10

30 20 10

40

90 80
£1 (ppm)

100

130 110

190 180 170 160 150

200

60



1H NMR spectra of compound $23
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1H NMR spectra of compound S24
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1H NMR spectra of compound 5
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1H NMR spectra of compound $25
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1H NMR spectra of compound $26
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1H NMR spectra of compound 2
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1H NMR spectra of compound S27
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1H NMR spectra of compound S$28
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1H-1H COSY NMR spectra of compound S28

i A A Koo, . .

- . )
Ph-TO7\ o
870 Nl _O(CH,):NBnChz L
OAc
" L1
3 v o sg
L2
L3
0 o ‘
" 9 [ ' ,
il 0
[ o . 0 L5
- 1 |
Lo
_,:_—éf D* "
I
Ls
; T . : \ T \ ; ; - - : T : . ‘ ; - :
H.5 B.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3. 5 3.0 2.5 20 1.§ 1.0 05 0.0 0.5
f2 (ppm)
1H-13C HSQC NMR spectra of compound S28
l A A A Y, VN "
10
/\‘\o"\ Lo
PO\ o
870 Nl _O(CH,):NBnChz -
OAc r
R . L20
el -
— a 1 Lao
40
. ® L 50
L 60
ﬂ- o ™ ° '. L7o
s e
e |80
-
L 90
- ' ® L 100
L1100
120
il .rb L 130
= 140
L 150
-
10.5 10.0 9.5 9.0 B. 5 B.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5 1.0
2 (ppm)

69

1 (ppm)

1 (ppm)



1H NMR spectra of compound 6
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1H-1H COSY NMR spectra of compound 6
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1H NMR spectra of compound 9
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1H-1H COSY NMR spectra of compound 9
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1H NMR spectra of compound 10
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1H-1H COSY NMR spectra of compound 10
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1H NMR spectra of compound 14
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1H-1H COSY NMR spectra of compound 14
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1H NMR spectra of compound 11
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1H-1H COSY NMR spectra of compound 11
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1H NMR spectra of compound 12
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1H-1H COSY NMR spectra of compound 12
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1H NMR spectra of compound $S29
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1H-1H COSY NMR spectra of compound S29

R B

AcO
Bno&%
BzO
NapO

OBn

T
o
IS

T
3
o

20

30

40

ra0

60

F70

80

90

r100

r110

F120

130

~140

150

O o'
BnO o SPh ]
AcO
s29 M)’
9 o
L] o wa ﬂ’
y
H" o
(] ]
! (N
| (]
" (]
'
]
H o
0 (]
S‘a 8‘0 7;5 7‘0 6‘0 6]0 5‘5 5:0 4]5 430 3:5 3:0 2:5 2‘0 1:5 1‘0 0;5
£2 (ppm)
1H-13C HSQC NMR spectra of compound S29
AcO
Bno&%
BzO
i Napoo OBn
80> L 5P
AcO °© i
$29
e o% @
— L]
—_— ° 0 «°"%eo
f— * L J .‘
— -]
R [ ]
=——— I s
8‘5 8‘0 7:5 7‘0 6'5 6]0 5‘5 5:0 4!5 4:0 3:5 3:0 2;5 2‘0 1;5 1‘0 55
£2 (ppm)

83

1 (ppm)

1 (ppm)



1H NMR spectra of compound 13
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1H-1H COSY NMR spectra of compound 13
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1H-13C coupling HSQC NMR spectrum of compound 13
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1H NMR spectra of compound 17
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1H-1H COSY NMR spectra of compound 17

A A

AcO
BnO Q
HO
BnOOO/\/\/\ NBNCbz
¥

oL

n

AcO °©

| L L
] i ' ."‘.4 ?;
wo

o

T bf

o,l)

T
o
o

T
&
o

20

F30

F40

20

60

F70

80

90

100

110

F120

F130

F140

150

W
L] '
' “
[} W
85 50 7.5 70 65 60 55 50 45 40 5 30 25 20 5 10 .5
2 (ppm)
1H-13C HSQC NMR spectra of compound 17
'
A A
AcO
BnO Q
HO
Bnooo/\/\/\NBanz
BzO
— Bno% biw =
— AcO &
- o
— -
P ™ @ o
. ) e @ ©
= - R
— » °
= *
— .
85 80 75 170 65 6.0 55 50 45 40 35 50 25 20 15 L0
2 (ppm)

88

£l (ppm)

£l (ppm)



1H NMR spectra of compound 15
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1H-1H COSY NMR spectra of compound 15
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1H NMR spectra of compound 158
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1H-1H COSY NMR spectra of compound 158
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1H NMR spectra of compound 16
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1H NMR spectra of compound 18
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1H-1H COSY NMR spectra of compound 18
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1H-13C coupling HSQC NMR spectrum of compound 18
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IH NMR spectra of compound 18a and 18 (a/p=2.7:1)
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1H NMR spectra of compound 19
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1H-1H COSY NMR spectra of compound 19
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1H NMR spectra of compound 20
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1H-1H COSY NMR spectra of compound 20
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1H-13C coupling HSQC NMR spectrum of compound 20
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1H NMR spectra of compound 21
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1H-1H COSY NMR spectra of compound 21
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1H NMR spectra of compound 22
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1H-1H COSY NMR spectra of compound 22
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1H NMR spectra of compound 23
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1H-1H COSY NMR spectra of compound 23
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Figure S-1. 'H NMR spectrum of isolated H. pylori 02 O-antigen PS’.
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Figure S-2. 'H NMR spectrum of synthetic H. pylori O2 oligosaccharide (di, tetra and hexasaccharides)
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