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1. Chemical Synthesis

Materials and Methods

'H and *C NMR spectra were recorded on a 500 MHz, 600 MHz, or 800 MHz spectrometer.
Chemical shifts are reported in parts per million (ppm) relative to trimethylsilane (TMS) as the
internal standard. NMR data is presented as follows: Chemical shift, multiplicity (s = singlet, d =
doublet, t = triplet, dd = doublet of doublet, m = multiplet and/or multiple resonances), coupling
constant in Hertz (Hz), integration. All NMR signals were assigned on the basis of '"H NMR,
gCOSY, gHSQC, gHMQC, and "*C experiments. Mass spectra were recorded on an Applied
Biosystems SCIEX MALDI TOF/TOF 5800 mass spectrometer. The matrix used was 2,5-
dihydroxy-benzoic acid (DHB). Column chromatography was performed on silica gel G60
(Silicycle, 60-200 pm, 60A). TLC-analysis was conducted on Silicagel 60 Fys4 (EMD Chemicals
inc.) with detection by UV-absorption (254nm) were applicable, and by spraying with 20%
sulfuric acid in ethanol followed by charring at ~150°C or by spraying with a solution of
Hanessian’s stain followed by charring at ~150°C. CH,Cl, was freshly distilled from calcium
hydride under nitrogen prior to use. Molecular sieves (4A) were flame activated under vacuum

prior to use.

NMR nomenclature

The residues of the oligosaccharides have been labeled as depicted in Fig. S1. Starting from the
reducing sugar, GIcNAc-1, GIcNAc-2, the B-mannoside is labeled as Man-3, the a-3 mannoside
as Man-4, the a-6 mannoside as Man-4’, followed by the N-acetylglucosamine residues as

GlcNAc-5, -7, and -7” and the galactosides as Gal-6 and -8.
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Fig. S1. Oligosaccharide residue labels.
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Fig. S2. Chemical synthesis of orthogonally protected core pentasaccharide 1
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Pentasaccharide 1 was prepared from monosaccharide building blocks S15, S18, S22, S27, and
S34 (Fig. S2). Thus, treatment of mannosyl donor S15 with 1-benzenesulfinyl piperidine (BSP)
(41) resulted in the formation of an intermediate a-triflate that was displaced by alcohol S18 to
provide mainly -mannoside S42. The anomeric dimethylthexylsilyl ether (TDS) group of S42
was removed with HF in pyridine to give lactol S43, which was converted into a N-phenyl-
trifluoroacetimidate S44 by treatment with N-phenyltrifluoroacetimidoyl chloride in the presence
of 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) (25, 26). A triflic acid (TfOH) catalyzed
glycosylation of S44 with S22 gave trisaccharide S45 in an excellent yield as only the f-anomer.
The Nap ether (42) was removed by oxidation with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
(DDQ) and the resulting alcohol S46 was coupled with S27 using TfOH as the activator resulting
in the formation of tetrasaccharide S47. The benzylidene acetal of S47 was regioselectively
opened using triethylsilane and PhBCI, to provide glycosyl acceptor S48, which was coupled
with S34 to give target compound 1.

The Fmoc group of 1 could be selectively removed by the non-nucleophilic base triethylamine to
give 6 whereas treatment with the nucleophilic base hydrazine acetate led to cleavage of the Lev
ester to provide 7 without affecting the other base sensitive protecting groups. Treatment of 1
with Pd(PPhs)4 affected only the Alloc protecting group providing the corresponding hydroxyl 8
and oxidation with DDQ resulted in the removal of the Nap ether to give 9 in high yield.
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Fig. 3. Chemical Synthesis of decasaccharide S64
which is a positional isomer of decasaccharide 15.
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In addition to decasaccharide 15, pentasaccharide 1 is an appropriate starting material for the
chemical synthesis of other bi-, tri-, and tetra-antennary precursor oligosaccharides by changing
the number and sites of attachment of the appendages (2-5). For example, a positional isomer of
decasaccharide 15 was readily prepared by sequential removal and glycosylations of the Fmoc,

Alloc and Lev groups of 1 with glycosyl donors 2, 3, and 4, respectively (Fig. S3)
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Experimental Procedures
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Fig. S4. Synthesis of glucosamine acceptor S8.

a) p-methoxyphenol, BF 5 etherate, DCM, rt, overnight; b) Zn dust, AcOH, DCM, MeOH, rt, 1 h;

c) NaOMe, MeOH, DCM, , 2 h; d) K,CO3, ZnCl,, TfN5, DCM, MeOH, H,0, rt, overnight;

e) PhCH(OCHys3),, CSA, toluene, rt, 2 h; f) NaH, BnBr, DMF, 2 h; g) Et;SiH, TfOH, DCM, -78 °C, 1 h;
h) PMes(1 M), NaOH, THF, H,0, rt, overnight; i) TrocCl, solid NaHCO3, THF, 4 h.

p-Methoxyphenyl 3.4,6-tri-O-acetyl-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-a.-D-
glucopyranoside (S2). Boron trifluoride diethyl etherate (15.9 ml, 126.3 mmol) was added to a
cooled (0 °C) solution of glucopyranoside S1 (22 g, 42.1 mmol) and p-methoxylphenol (6 g, 48.4
mmol) in DCM (200 mL). The reaction mixture was stirred overnight, after which it was diluted
with DCM (200 mL) and washed with a saturated solution of NaHCO; and water. The organic
layer was dried (Na,SQOy), filtered, and the filtrate was concentrated in vacuo. The resulting
residue was purified by silica gel column chromatography (hexanes:EtOAc, 3:2, v:v) to afford
S2 (22.5 g, 91%) as an amorphous white solid. '"H NMR (500 MHz, CDCl3): 8 2.05 (s, 6H,
CH;CO), 2.06 (s, 3H, CH3CO), 3.78 (s, 3H, OCH3), 4.07-4.15 (dd, J = 12.3, 1.6 Hz, 1H, H-6b),
4.11 (ddd, J = 10.1, 4.4, 1.8 Hz, 1H, H-5), 4.21 (m, 2H, H-6a, H-2), 4.63 (d, J = 12.0 Hz, 1H,
troc CHH), 4.82 (d, J = 12.0 Hz, 1H, troc CHH), 5.20 (¢, J = 10.0 Hz, 1H, H-4), 5.43-5.52 (m,
3H, H-3, H-1, NH), 6.83-6.85 (d, J = 9.0 Hz, 2H, 2x aromatic CH), 7.02-7.04 (d, 2H, 2x
aromatic CH); >C NMR (75 MHz, CDCls): 8 20.5, 20.6 (x2), 54.0, 55.5, 61.7, 68.0, 68.2, 70.7,
74.5, 952, 96.7, 114.6, 117.8, 149.8, 154.2, 155.5, 169.3, 170.4, 170.9. 'Jc1,u; = 174.4 Hz.
MALDI-MS: [M+Na]" C5,H2CI;3NNaO, calcd 608.0469, obsd 608.0116.

p-Methoxyphenyl 4,6-O-benzylidene-2-deoxy-2-azido-o.-D-glucopyranoside (S5). Zn powder
(24.1 g, 369 mmol) was added slowly to a cooled (0 °C) solution of p-methoxyphenyl
glucopyranoside S2 (12 g, 20.5 mmol) in MeOH (45 mL), AcOH (24 mL), and DCM (24 mL)

and the reaction mixture was stirred under an atmosphere of N, at room temperature for 1 h. The
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reaction mixture was filtered and the filtrate was concentrated in vacuo. The resulting residue
was diluted with DCM (300 mL), washed with a saturated aqueous solution of NaHCO; until a
neutral pH was achieved and then the organic layer was dried (Na,SO,), filtered, and the filtrate
was concentrated in vacuo. The resulting residue was purified by silica gel column
chromatography (DCM:MeOH, 6:1, v:v) to afford the glucosamine S3 as an amorphous white
solid (7.52 g, 89%). NaOMe (9.9 mL, 52.5 mmol, 5.33 M in MeOH) was added to a solution of
compound S3 (7.52 g, 17.5 mmol) in MeOH (35 mL) and DCM (35 mL). The resulting reaction
mixture was stirred for 2 h at room temperature and neutralized with conc. HCI and concentrated
in vacuo. The resulting residue, K,CO; (4.8 g, 35 mmol) and a catalytic amount of ZnCl, (120
mg, 0.9 mmol) were dissolved in MeOH (40 mL) and H,O (10 mL). Freshly prepared TfNs (50
mL in DCM, 52.5 mmol) was added to the solution and the reaction mixture was stirred
overnight at room temperature. The solvent was concentrated under reduced pressure and the
resulting residue was diluted with EtOAc (200 mL), neutralized with conc. HCI and concentrated
in vacuo. The resulting residue was purified by silica gel column chromatography (DCM:MeOH,
10:1, v:v) to give S4 (5.05 g, 93% over two steps) as an amorphous white solid. Compound S4 (5
g, 16.1 mmol), camphorsulfonic acid (1.12 g, 4.83 mmol) and benzaldehyde dimethylacetal (2.89
mL, 19.3 mmol) were dissolved in anhydrous toluene (100 mL) and the resulting mixture was
stirred at room temperature for 2 h. The reaction mixture was diluted with EtOAc (200 mL),
washed with a saturated aqueous solution of NaHCO; and water. The organic layer was dried
(NazS0y), filtered, and the filtrate was concentrated in vacuo. The resulting residue was purified
by silica gel column chromatography (hexane:EtOAc, 2:1, v:v) to afford compound S5 (5.13 g,
80%) as an amorphous white solid. . "H NMR (500 MHz, CDCls): 8 3.17 (s, 1H, OH), 3.41 (dd,
J=10.0 Hz, 3.5 Hz, 1H, H-2), 3.61 (t,J=9.5 Hz, 1H, H-4), 3.75-3.79 (t,J = 10.3 Hz, 1H, H-6b),
3.82 (s, 3H, OCH3), 4.08 (td, J = 9.9, 49 Hz, 1H, H-5), 4.28 (dd, J = 10.3, 5.0 Hz, 1H, H-6a),
4.41 (t,J=10.0 Hz, 1H, H-3), 4.45 (d, /= 3.5 Hz, 1H, H-1), 5.58 (s, 1H, benzylidene CH), 6.88-
6.91 (m, 2H, 2x aromatic CH), 7.05-7.08 (d, 2H, 2x aromatic CH), 7.41-7.44 (d, 3H, 3x aromatic
CH), 7.53-7.55 (m, 2H, 2x aromatic CH); °C NMR (75 MHz, CDCl3): 8 55.6, 62.9, 63.0, 68.6,
68.7, 81.7, 98.3, 102.1, 114.7, 118.2, 126.3, 128.4, 129.4, 136.8, 150.3, 155.5; MALDI-MS:
[M+Na]" CyoH,;N3NaOg, calcd 422.1328, obsd 422.0684.

p-Methoxyphenyl 4,6-O-benzylidene-3-O-benzyl-2-deoxy-2-azido-o.-D-glucopyranoside (S6).
Benzyl bromide (1.07 mL, 9 mmol) and NaH (0.36 g, 60% NaH in mineral oil, 9 mmol) were
added to a cooled (0 °C) solution of compound S5 (3 g, 7.51 mmol) in DMF (50 mL). The
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reaction mixture was stirred at room temperature under an atmosphere, for 2 h and then
concentrated in vacuo. The resulting residue was diluted with EtOAc (100 mL), washed with
saturated NaHCO3 and water. The organic layer was dried (Na,SO,), filtered, and the filtrate was
concentrated in vacuo. The resulting residue was purified by silica gel column chromatography
(hexane:EtOAc, 3:1, v:v) to afford S6 (3.5 g, 95%) as an amorphous white solid. '"H NMR
(500 MHz, CDCl3): 6 3.54 (dd, J = 10.0 Hz, 3.5 Hz, 1H, H-2), 3.79-3.86 (m, 5H, H-4, H-6b,
OCHs), 4.14 (td, J = 9.9,4.9 Hz, 1H, H-5), 4.29-4.34 (m, 2H, H-3, H-6a), 4.90 (d, J = 11.0 Hz,
1H, CHHPh), 5.05 (d, J = 11.0 Hz, 1H, CHHPh), 5.47 (d, J = 3.5 Hz, 1H, H-1), 5.65 (s, 1H,
benzylidene CHPh), 6.88 (d, J = 9.0 Hz, 2H, 2x aromatic CH), 7.06 (d, J = 9.0 Hz, 2H, 2x
aromatic CH), 7.29-7.46 (m, 8H, 8x aromatic CH), 7.53-7.55 (m, 2H, 2x aromatic CH); B
NMR (75 MHz, CDCls): 6 55.7, 62.9, 63.3, 68.8, 75.1, 76.0, 82.7, 98.3, 101.5, 114.7, 118.2,
126.0, 127.9, 128.2, 128.3, 128.5, 129.1, 137.1, 137.8, 150.3, 155.5; MALDI-MS: [M+Na]"
C27H27N3NaOg, caled 512.1798, obsd 512.1291.

p-Methoxyphenyl 3,6-di-O-benzyl-2-deoxy-2-azido-a-D-glucopyranoside (S7). Triethylsilane
(2.1 mL, 13.1 mmol) and TfOH (1.05 mL, 11.9 mmol) were sequentially added to a cooled (-
78 °C) solution of compound S6 (2 g, 4.09 mmol) in DCM (200 mL). The reaction mixture was
stirred at -78 °C for 1 h and then quenched with MeOH (2 mL), Et;N (2 mL). The resulting
mixture was washed with saturated aqueous NaHCOs;, water, (Na,;SOy), filtered, and the filtrate
was concentrated in vacuo. The resulting residue was purified by silica gel column
chromatography (hexanes:EtOAc:DCM, 3:1:1, v:v:v) to afford compound S7 (1.84 g, 92%). 'H
NMR (500 MHz, CDCl3): 6 2.88 (d, J = 3.3 Hz, 1H, OH), 3.48 (dd, J = 10.2, 3.4 Hz, 1H, H-2),
3.73-3.82 (m, 5SH, H-6a, H-6b, OCH3), 3.88 (td, J = 9.2, 3.1 Hz, 1H, H-4), 4.05 (dt, /=94, 4.5
Hz, 1H, H-5), 4.12 (t, /= 9.4 Hz, 1H, H-3), 4.58 (d, /= 11.9 Hz, 1H, CHHPh), 4.64 (d, /= 12.0
Hz, 1H, CHHPh), 4.97 (d, /= 11.1 Hz, 1H, CHHPh), 5.05 (d, /= 11.1 Hz, 1H, CHHPh), 5.49 (d,
J=3.4 Hz, 1H, H-1), 6.90 (d, J = 9.1 Hz, 2H, 2x aromatic CH), 7.15 (d, J = 6.4 Hz, 2H, 2x
aromatic CH), 7.34-7.42 (m, 5H, 5x aromatic CH), 7.46 (t, J = 7.5 Hz, 2H, 2x aromatic CH),
7.52 (d, J= 7.3 Hz, 2H, 2x aromatic CH); >C NMR (75 MHz, CDCl;): 8 55.5, 62.5, 63.3, 69.4,
70.6, 71.8, 73.5, 75.0, 79.5, 97.8, 114.5, 118.2, 127.5, 127.7, 127.9, 128.0, 128.3, 128.5, 137.6,
138.0, 150.4, 155.3; MALDI-MS: [M+Na]" Cy;H20N3;NaOg, calcd 514.1954, obsd 514.1327.

p-Methoxyphenyl 3,6-di-O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-a-D-
glucopyranoside (S8). PMes (6.6 mL, 6.6 mmol, 1 M in THF) and NaOH (3.4 mL, 3.4 mmol, 1
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M) were added to a solution of compound S7 (0.65 g, 1.32 mmol) in THF (40 mL) and H,O (10
mL) and stirred overnight at room temperature. The reaction mixture was concentrated in vacuo
and the resulting residue was diluted with DCM (100 mL), neutralized with conc. HCI and
concentrated in vacuo. The resulting residue was passed through a short silica gel column
(DCM:MeOH, 10:1, v:v) and fractions containing product were combined and concentrated
under reduced pressure. The resulting residue was dissolved in THF (16 mL), to which, solid
NaHCOs (0.22 g, 2.64 mmol) and 2,2,2-trichloroethyl chloroformate (0.21 mL, 1.58 mmol) were
added. The reaction mixture was stirred at room temperature under an atmosphere of N, for 4 h
and then filtered. The filtrate was concentrated, diluted with DCM (50 mL), and washed with
water and brine. The organic layer was dried (Na,SO,), filtered, and the filtrate was concentrated
in vacuo. The resulting residue was purified by silica gel column chromatography
(hexanes:EtOAc, 7:1, v:v) to afford compound S8 (0.75 g, 89% for two steps) as an amorphous
white solid. '"H NMR (500 MHz; CDCl): 6 3.00 (d, J = 2.5 Hz, 1H, OH), 3.73-3.81 (m, 5H, H-
6a, H-6b, OCH,), 3.85 (t,/ = 9.5 Hz, 1H H-3), 391 (td, /= 9.2, 3.1 Hz, 1H, H-4),4.01 (dt,J =
9.3,4.5 Hz, 1H, H-5), 4. 16-4.21 (m, 1H, H-2),4.56 (d,J =119 Hz, 1H, CHHPh), 4.62 (d, J =
11.9 Hz, 1H, CHHPh), 4.70 (d, J = 12.0 Hz, 1H, CHHPh), 4.89 (m, 3H, troc CH,, CHHPh), 5.35
(d,J=9.6 Hz, 1H,NH), 548 (d,J =3.5 Hz, IH, H-1),6.86 (d, J = 9.1 Hz, 2H, 2x aromatic CH),
7.05-7.07 (m, 2H, 2x aromatic CH), 7.32-7.42 (m, 10H, 10x aromatic CH); >°C NMR (75 MHz,
CDCl): 6 54.4, 55.5, 69.7, 70.7, 71.9, 73.5, 74.4, 74.6, 79.7, 95.3, 97.5, 114.6, 118.2, 127.5,
127.7 (x2), 127.8 (x2), 128.3, 128.5, 137.7, 138.1, 150.1, 154.2, 155.3; MALDI-MS: [M+Na]"
C30H3,CI3NNaOsg, caled 662.1091, obsd 622.0419.
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Fig. S5. Synthesis of glucosamine donor 4.
a) BnBr, NaH, DMF, rt, 2 h; b) PMe3(1 M), NaOH, THF, H,0, rt, overnight; c) TrocCl, solid
NaHCOg, THF, 4 h; d) CAN, CH3CN, H,0, rt, 2 h; e) CF3C(NPh)CI, DBU, DCM, rt, 1 h.

p-Methoxyphenyl 3,4,6-O-benzyl-2-azido-2-deoxy-a-D-glucopyranoside (S9).

Benzyl bromide (0.15 mL, 1.2 mmol) and NaH (49 mg, 60% NaH in mineral oil, 13.8 mmol)
were added to a solution of p-Methoxyphenyl 3,6-di-O-benzyl-2-deoxy-2-azido-a-D-
glucopyranoside S7 (400 mg, 0.81 mmol) in DMF (20 mL) at 0 °C. The reaction mixture was
stirred at room temperature for 2 h, after which it was diluted with EtOAc (100 mL) and washed
with saturated NaHCOs and water. The organic phase was dried (Na,SQO,), filtered, and the
filtrate was concentrated under reduced pressure. The resulting residue was purified by silica gel
column chromatography (hexane:EtOAc, 7:1, v:v) to afford compound S9 (470 mg, 99%) as an
amorphous white solid. 'H NMR (500 MHz; CDCL,): & 3.64 (dd,J=10.2,2.7 Hz, 1H, H-2), 3.79
(d,J=10.8 Hz, 1H, H-6b), 3.86 (s, 3H, OCH,), 3.92 (dd, J = 10.7,2.7 Hz, 1H, H-6a),3.98 (t,J =
94 Hz, 1H,H-4),4.17 (d,J =9.7 Hz, 1H, H-5), 437 (t,J =9.5 Hz, 1H, H-3),4.59 (d, J = 12.0
Hz, 1H, CHHPh),4.72 (d,J = 10.9 Hz, 1H, CHHPh), 4.75 (d,J = 12.0 Hz, 1H, CHHPh), 4.99 (d,
J =109 Hz, 1H, CHHPh), 5.09 (q, J = 8.4 Hz, 2H, CH,Ph), 5.61 (d,J = 2.8 Hz, 1H, H-1), 6.96
(d,J =84 Hz, 2H, 2x aromatic CH), 7.22 (d, J = 8.4 Hz, 2H, 2x aromatic CH), 7.33 (d,/=7.0
Hz, 2H, 2x aromatic CH), 7.40-7.50 (m, 11H, 11x aromatic CH), 7.55 (d, J = 7.4 Hz, 2H, 2x
aromatic CH); °C NMR (75 MHz, CDCly): 8 55.4, 63.1, 68.1, 71.1, 73.3, 74.9, 75.3, 78.0, 80.0,
97.6, 114.5, 118.0, 127.6 (x2), 127.7 (x3), 127.9, 128.0, 128.2, 128.3 (x2), 137.6, 137.8 (x2),
150.3, 155.2; MALDI-MS: [M+Na]" C34H35N3NaQg, calcd 604.2424, obsd 604.1910.

p-Methoxyphenyl 3,4,6-0-benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-D-
a-glucopyranoside (S10). PMe; in THF (5.2 mL, 5.2 mmol, 1 M) and NaOH (2.68 mL, 2.7
mmol, 1 M) were added to a solution of compound S9 (600 mg, 1.03 mmol) in THF (40 mL) and
H,O (10 mL). The reaction mixture was stirred at room temperature overnight, after which it was

concentrated under reduced pressure, diluted with DCM (100 mL), neutralized by conc. HCI and
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was concentrated in vacuo. 2,2,2-Trichloroethyl chloroformate (0.167 mL, 1.24 mmol) was
added to a solution of the resulting residue and solid NaHCOs3 (170 mg, 2.06 mmol) in THF (15
mL). The reaction mixture was stirred at room temperature under an atmosphere of N, for 4 h
and filtered. The filtrate was concentrated under reduced pressure, diluted with DCM (50 mL)
and washed with water and brine. The organic layers were combined, dried (Na,SO,), filtered,
and the filtrate was concentrated in vacuo. The resulting residue was purified by silica gel
column chromatography (5:1:1 hexanes:EtOAc -DCM) to afford compound S10 (610 mg, 80%
for two steps) as an amorphous white solid. '"H NMR (500 MHz; CDCL,): & 3.74 (d, J = 10.2 Hz,
1H, H-6b), 3.82 (s, 3H, OCH,), 3.86 (dd, J = 109, 3.7 Hz, 1H, H-6a),3.94 (t,J = 9.3 Hz, 1H, H-
5),401 (t,/=9.6 Hz, 1H, H-4),4.06 (d, J = 8.9 Hz, 1H, H-3),4.26 (td, /= 10.0, 3.3 Hz, 1H, H-
2),4.55(d,J=12.0 Hz, 1H, CHHPh), 4.64 (d,J = 10.8 Hz, 1H, CHHPh),4.71 (dd,J=11.7,9.9
Hz, 2H, 2xCHHPh), 4.87-4.92 (m, 3H, CHHPh, troc CH,), 4.99 (d, J = 11.3 Hz, 1H, CHHPh),
528 (d,J=9.6Hz, IH,NH),5.54 (d,J =34 Hz, 1H, H-1),6.88 (d, J = 8.9 Hz, 2H, 2x aromatic
CH), 7.08 (d, J = 8.9 Hz, 2H, 2x aromatic CH), 7.27 (d, J = 6.7 Hz, 2H, 2x aromatic CH), 7.33-
743 (m, 13H, 13x aromatic CH); °C NMR (75 MHz, CDCl3): 8 55.0, 55.5, 68.2, 71.4, 73.3,
74.6, 75.0, 75.2, 78.1, 80.1, 95.3, 97.4, 114.6, 118.0, 127.7, 127.8 (x3), 128.0, 128.3 (x2), 128.4,
137.8 (x2), 138.0, 150.0, 154.2, 155.3; MALDI-MS: [M+Na]" C37H33CI;NNaOg, caled 752.1561,
obsd 752.1502.

(N-Phenyl)-2,2,2-trifluoroacetimidate 3,4,6-tri-O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)
carbonylamino-D-glucopyranoside (4). Ceric ammonium nitrate (225 mg, 0.408 mmol) was
added to a solution of compound S10 (100 mg, 0.136 mmol) in a mixture of CH;CN:H,O (4
mL:1 mL) at 0 °C. The reaction mixture was stirred at room temperature under an atmosphere of
N, for 2 h, after which it was concentrated under reduced pressure. The resulting residue was
diluted with DCM (50 mL) washed with H,O, dried (Na,SQO,), filtered, and the filtrate was
concentrated in vacuo. The resulting residue was purified by silica gel column chromatography
(hexanes:EtOAc, 3:1, v:v) to afford the corresponding hemiacetal S11 (60.2 mg, 70%). DBU
(9.6 uL, 64 umol) was added to a solution of hemiacetal S11 (40 mg, 64 pumol) and N-
phenyltrifluoroacetimidoyl chloride (52 pL, 0.32 mmol) in DCM (5 mL) at 0 °C. After stirring
for 1 h at room temperature, the reaction mixture was concentrated in vacuo and the resulting

residue was purified by silica gel column chromatography (hexanes:EtOAc, 3:1, v:v) to afford
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the corresponding imidate donor 4 (40.3 mg, 79%) as an amorphous white solid. The glycosyl

donor was used for the preparation of compound 14.
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Fig. S6. Synthesis of compound S15.

a) Ac,0, pyridine, rt, overnight; b) PhSH, BF 3 etherate, DCM, rt, 20 h; c) NaOMe, MeOH, rt, 4 h;
d) PhCH(OMe),, CSA, DMF, 70 °C, overnight; e) Bu,SnO, Toluene, reflux, 3 h, then NapBr, CsF,
DMF, rt, overnight; f) NaH, BnBr, DMF, rt, 2 h

Phenyl 4,6-O-benzylidene-3-O-(2-methylnaphthyl)-thio-a-D-mannopyranoside (S14). A
solution of D-mannose (20 g, 0.11 mol) in pyridine (250 mL) was cooled down to 0 °C, followed
by slow addition of acetic anhydride (105 mL, 1.1 mol). The reaction mixture was stirred at
room temperature overnight and quenched with ethanol (100 mL) at 0 °C, followed by
concentration under reduced pressure. The resulting residue was diluted with DCM (500 mL),
washed with a saturated solution of NaHCOs3, 10% aq. HCI and water, dried (Na,SO,), filtered,
and the filtrate was concentrated in vacuo. Boron trifluoride diethyl etherate (42 ml, 0.33 mol)
was added to a solution of the resulting residue and thiophenol (13.9 ml, 0.13 mol) in DCM (250
mL) at 0 °C. The reaction mixture was stirred at room temperature for 20 h and diluted with
DCM (200 mL). The resulting solution was washed with a saturated solution of NaHCO; and
water, dried (Na;SQO,), filtered, and the filtrate was concentrated in vacuo. The resulting residue
was purified by silica gel column chromatography (hexanes:EtOAc, 3:2, v:v) to afford
compound S12 (44 g, 90% for 2 steps) as white amorphous solid. Compound S12 (36 g, 81.7
mmol) was dissolved in MeOH (500 mL) and to this, sodium (0.94 g, 41 mmol) was added in
portions and the mixture was stirred for 4 h at room temperature after which it was neutralized
with Amberlite IR-120, filtered, and the filtrate was concentrated in vacuo. The resulting residue
was dissolved in anhydrous DMF (100 mL), to which benzaldehyde dimethylacetal (8.1 mL,
0.13 mol) and camphorsulfonic acid (2.3 g, 9.8 mmol) were added and the reaction mixture was
stirred at 70 °C overnight, after which the reaction was quenched with Et;N, diluted with DCM
(500 mL) and washed with a saturated solution of NaHCOs3, water and then dried (Na;SOy),
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filtered, and concentrated under reduced pressure. The resulting residue was purified by silica gel
column chromatography (hexanes:EtOAc, 4:1, v:v) to afford S13 (10.6 g, 45%) as white
amorphous solid. Compound S13 (5.85g, 16.2 mmol), dibutyltin oxide (4.24 g, 17 mmol) and
toluene (110 mL) were refluxed for 3 h, followed by concentration under reduced pressure. The
resulting solid, cesium fluoride (2.59 g, 16.2 mmol), 2-(bromomethyl)naphthalene (3.77 g, 16.2
mmol), and DMF (50 mL) were stirred at room temperature overnight. DMF was removed by
concentration under reduced pressure and the residue was diluted with DCM (200 mL). The
resulting solution was washed with a saturated solution of NaHCO; and water, dried (Na,;SOy),
filtered, and concentrated in vacuo. The resulting residue was purified by silica gel column
chromatography (hexanes:EtOAc, 3:1, v:v) to afford compound S14 (7.3 g, 90%) as white
amorphous solid. 'H NMR (500 MHz; CDCl,): 8 3.10 (d, J = 8.8 Hz, 1H, OH), 3.91 (t,J = 10.3
Hz, 1H, H-6b), 4.06 (dd, J = 9.5, 3.3 Hz, 1H, H-3),4.27 (dq, J = 10.1, 5.1 Hz, 2H, H-6a, H-4),
435 (d,J = 1.6 Hz, 1H, H-2), 439 (td, J = 9.8, 49 Hz, 1H, H-5), 495 (d, J = 12.1 Hz, 1H,
CHHnap), 5.06 (d, J = 12.1 Hz, 1H, CHHnap), 5.64 (s, 1H, H-1), 5.68 (s, 1H, benzylidene
CHPh), 7.28-7.36 (m, 3H, 3x aromatic CH), 7.42-7.50 (m, SH, 5xCH, Aromatic), 7.50-7.56 (m,
3H, 3x aromatic CH), 7.58 (dd, J = 6.9, 2.4 Hz, 2H, 2x aromatic CH), 7.80 (t, J/ = 4.6 Hz, 1H,
aromatic CH), 7.88 (d, J = 4.4 Hz, 3H, 3x aromatic CH); °C NMR (75 MHz, CDCls): § 64.6,
68.5, 71.3, 73.1, 75.7, 78.9, 87.8, 101.7, 125.6, 126.1 (x2), 126.2, 126.7, 127.6, 127.7, 127.9,
128.2, 128.3, 129.0, 129.1, 131.7, 133.1, 133.2 (x2), 135.1, 137.4. 'Jc1,m = 170.0 Hz. MALDI-
MS: [M+Na]" C30H2sNaOsS caled 523.1555, obsd 523.0720.

Phenyl 4,6-0O-benzylidene-3-0-(2-methylnaphthyl)-2-0O-benzyl-thio--D-mannopyranoside
(S15). Benzyl bromide (1.99 mL, 16.8 mmol) and NaH (60% NaH in mineral oil, 0.67 g, 16.8
mmol) were added to a cooled (0 °C) solution of compound S14 (7.0 g, 14 mmol) in DMF (100
mL). The mixture was stirred at room temperature under an atmosphere of N, for 2 h, followed
by quenching with MeOH, after which it was concentrated under reduced pressure. The resulting
residue was diluted with EtOAc (200 mL) and washed with saturated NaHCO; and water, and
the organic layer was dried (Na,SQOy), filtered, and concentrated in vacuo. The resulting residue
was purified by silica gel column chromatography (hexanes:EtOAc, 8:1, v:v) to afford
compound S15 (7.6 g, 92%) as an amorphous white solid. 'H NMR (600 MHz; CDCl,): 8 4.02 (t,
J =102 Hz, 1H, H-6b), 4.18 (dd, J = 9.7, 3.2 Hz, 1H, H-3), 4.21-4.22 (m, 1H, H-2), 4.36 (dd, J
=10.2,4.7 Hz, 1H, H-6a),4 .45 (tt,/ =94,4.6 Hz, 1H, H-5),4.51 (t,J =9.6 Hz, 1H, H-4), 4 .87-
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4.83 (m, 2H, Nap CH,), 4.93 (d, J = 12.5 Hz, 1H, CHHPh), 5.07 (d, J = 12.5 Hz, 1H, CHHPh),
5.66-5.67 (s, 1H, H-1), 5.79 (s, 1H, benzylidene CHPh), 7.33-7.45 (m, 6H, 6x aromatic CH),
746 -7.52 (m, 7H, 7x aromatic CH), 7.55-7.59 (m, 3H, 3x aromatic CH), 7.67-7.70 (m, 2H, 2x
aromatic CH), 7.84 (dq, J = 6.2, 3.2 Hz, 1H, aromatic CH), 7.90-7.94 (m, 3H, 3x aromatic CH);
C NMR (125 MHz, CDCls): 6 65.4, 68.4, 72.8, 72.9, 76.1, 77.9, 78.9, 86.9, 101.5, 125.5, 125.7,
125.9, 126.1 (x2), 127.5 (x2), 127.7, 127.8, 128.0, 128.1, 128.3, 128.8, 129.0, 131.5, 132.8,
133.2, 133.6, 135.7, 137.5, 137.6. MALDI-MS: [M+Na]" C3;H34NaOsS calcd 613.2025, obsd
613.1689.
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Fig. $7. Synthesis of Glucoamine acceptor $18.
a) BnBr, Ag,0, MS4A, rt, 30 h; b) Et3SiH, TfOH, DCM, -78 °C, 1 h

Dimethylthexylsilyl 4,6-0O-benzylidene-3-0O-benzyl-2-deoxy-2-(2,2,2-
trichloroethoxy)carbonylamino-#-D-glucopyranoside (S17). Benzyl bromide (13.2 mL, 0.11
mol) and freshly prepared silver(Il) oxide (20.6 g, 2 eq, 89 mmol) were added to a solution of
dimethylthexylsilyl 4,6-0O-benzylidene-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-3-D-
glucopyranoside S16 (43) (26 g, 44.5 mmol) and acid washed 4A molecular sieves in DCM (200
mL) and stirred in dark at room temperature for 30 h. The mixture was filtered through Celite to
remove the silver(Il) oxide and concentrated in vacuo. The resulting residue was purified by
silica gel column chromatography (Hexanes:EtOAc, 4:1,v:v) to afford compound S17 (21 g,
70%). "H NMR (500 MHz, CDCls): 6 0.05 (s, 3H, TDS Si-CH,), 0.08 (s, 3H, TDS Si-CH,), 0.77
(s, 6H, 2x TDS C-CH,), 0.79 (d, J= 2.9 Hz, 3H, TDS CH-CH,), 0.80 (d, J =3 Hz, 3H, TDS CH-
CH;), 1.54 (dd, J=13.6, 6.7 Hz, 1H, TDS CH-CH,), 3.25 (m, 1H, H-2), 3.39 (m, 1H, H-5), 3.67
(t,J=9.2 Hz, 1H, H-4), 3.73 (t, /= 10.3 Hz, 1H, H-6b), 3.92 (m, 1H, H-3), 4.23 (dd, /=10.5 Hz,
5.0 Hz, 1H, H-6a), 4.61 (t, J = 15 Hz, 3H, CHHPh, troc CH>), 4.83 (d, J=11.8 Hz, 1H, CHHPh),
4.86 (d, J=17.5 Hz, 1H, H-1), 497 (d, J = 6.2 Hz, 1H, NH), 5.5 (s, 1H, benzylidene CHPh),
7.18-7.25 (m, 5H, 5x aromatic CH), 7.30-7.35 (m, 3H, 3x aromatic CH), 7.43 (dd, J = 7.6, 1.7
Hz, 2H, 2x aromatic CH); ?C NMR (75 MHz, CDCl3): 6 -3.4, -1.8, 18.5 (x2), 20.0 (x2), 24.8,
34.0, 60.1, 66.0, 68.8, 74.3, 74.6, 76.4, 82.7,95.4, 95.9, 101.2, 126.1, 127.8, 128.2, 128.3, 128.4,
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129.0, 137.4, 138.2, 153.8. MALDI-MS: [M+Na]" C3;H4,CI3NNaO;Si, caled 696.1694, obsd
696.1413.

Dimethylthexylsilyl 0-3,6-di-O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-f-
D-glucopyranoside (S18). Triethylsilane (4.54 mL, 28.5 mmol) and TfOH (2.3 mL, 25.8 mmol)
were sequentially added to a cooled (-78 °C) solution of compound S17 (6.0 g, 8.9 mmol) in
DCM (200 mL). The reaction mixture was stirred at -78 °C for 1 h and then quenched by
addition of MeOH (5 mL) and Et;N (5 mL). The resulting mixture was washed with saturated
aqueous NaHCOs and water, dried (MgSO4), filtered, and the filtrate was concentrated in vacuo.
The resulting residue was purified by silica gel column chromatography (Hexanes:EtOAc,
4:1,viv) to afford dimethylthexylsilyl 3,6-di-O-benzyl-2-deoxy-2-(2,2,2-
trichloroethoxy)carbonylamino-p-D-glucopyranoside S$18 (4.7 g, 78%). 'H NMR (500 MHz;
CDCl,): 6 0.00 (s, 3H, TDS Si-CH,), 0.04 (s, 3H, TDS Si-CH,), 0.71 (s, 3H, TDS C-CH;), 0.71
(s, 3H, TDS C-CH,), 0.73 (d, J = 2.7 Hz, 3H, TDS CH-CH,),0.75 (d, J = 2.7 Hz, 3H, TDS CH-
CH;), 149 (dt, J = 13.7, 6.9 Hz, 1H, TDS CH-CH,), 3.00 (s, 1H, OH), 3.23 (d, J = 7.2 Hz, 1H,
H-2),3.31 (s, 1H, H-5), 3.54 (m, 2H, H-4, H-3),3.57 (d, J = 4.7 Hz, 2H, H-6a, H-6b), 443 (q, J
=94 Hz, 2H, troc CH,), 4.51 -4.66 (m, 5H, H-1, 2x CH,Ph), 5.02 (d, /= 8.0 Hz, 1H, NH), 7.13-
7.22 (m, 10H, 10x aromatic CH); >C NMR (75 MHz, CDCl;): 6 -3.5, -1.9, 18.4, 18.5, 19.9, 20.0,
24.7,33.9, 59.0, 70.3, 72.3, 73.5, 74.0, 74.4, 80.4, 95.3, 95.5, 127.5, 127.6, 127.7, 127.9, 128.3,
128.4, 137.8, 138.3, 153.9. MALDI-MS: [M+Na]" C3;H44CI3NNaO-Si, caled 698.1850, obsd
698.1365.
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Fig. S8. Synthesis of Glucoamine acceptor $22.
a) HF/pyridine, pyridine, rt, overnight; b) CIsCCN, DBU, DCM, rt, 1 h;
c) BnOH, TfOH, DCM, MS4A, -70 °C to -20 °C, 1 h; d) Et3SiH, TfOH, DCM, -78 °C, 1 h
Benzyl 4,6-0O-benzylidene-3-0-benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-f-D-
glucopyranoside (S21). HF (35 mL, 65-70% in pyridine) was added to a cooled (0 °C) solution

of compound S17 (5 g, 7.4 mmol) in pyridine (70 mL). The reaction mixture was stirred at room
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temperature, overnight, after which it was diluted with EtOAc (200 mL), washed with 10% aq.
CuSO0y, saturated aq. NaHCOs3 and H,O. The organic layer was dried (Na,SQO,), filtered, and the
filtrate was concentrated in vacuo. The resulting residue was purified by silica gel column
chromatography (Hexanes:EtOAc, 6:1,v:v) to afford compound S19 (3.84 g, 97%) as an
amorphous white solid. Trichloroacetonitrile (7.15 mL, 71.4 mmol) and DBU (0.11 mL, 0.71
mmol) were added to a solution of compound S19 (1.9 g, 3.57 mmol) in DCM (100 mL) at 0 °C.
The reaction mixture was stirred at room temperature for 1 h and was then concentrated in vacuo.
The residue was purified by silica gel column chromatography (Hexanes:EtOAc, 6:1,v:v) to
afford the corresponding imidate S20 (1.47 g, 61%) as an amorphous white solid. The
trichloroacetimidate S20 (1.47 g, 2.17 mmol), benzyl alcohol (0.45 mL, 4.34 mmol), molecular
sieve MS-4A, and DCM (100 mL) were stirred at room temperature for 30 min. The reaction
mixture was cooled to -70 °C, followed by addition of TfOH (38 puL, 0.43 mmol) and was
stirred for 1 h allowing the temperature to rise from -70 °C to —20 °C and was then quenched
with Et;N (0.2 mL). The resulting mixture was diluted with DCM (300 mL), washed with a
saturated solution of NaHCO; and H,O, dried (Na;SO,), filtered, and the filtrate was
concentrated in vacuo. The residue was purified by silica gel column chromatography
(Hexanes:EtOAc:DCM, 5:1:1, v:v:v) to give compound S21 (1 g, 74%) as an amorphous white
solid. '"H NMR (500 MHz; CDCL,): § 3.46 (m, 2H, H-2, H-5),3.76 (t,J = 9.2 Hz, 1H, H-4), 3.85
(t, / = 10.3 Hz, 1H, H-6b), 4.00 (t, J = 8.5 Hz, 1H, H-3), 4.40 (dd, J = 10.5, 5.0 Hz, 1H, H-6a),
4.60 (d,J =12.0 Hz, 1H, CHHPh), 4.69 (m, 3H, CHHPh, troc CH,), 4.79 (d, J = 8.2 Hz, 1H, H-
1), 490 (dd, J = 11.8, 2.3 Hz, 2H, 2x(CHHPh)), 5.04 (s, 1H, NH), 5.60 (s, 1H, benzylidene
CHPh), 7.27-7.37 (m, 10H, 10x aromatic CH), 7.41 (m, 3H, 3x aromatic CH), 7.51 (d, J = 6.2 Hz,
2H, 2x aromatic CH); ?C NMR (75 MHz, CDCl3): § 58.1, 66.1, 68.8, 71.2, 74.5, 76.5, 82.6, 85.1,
99.8, 101.3, 126.0, 127.9, 128.0, 128.3 (x2), 128.4, 128.5, 129.1, 136.9, 137.3, 138.0, 153.9.
MALDI-MS: [M+Na]" C30H3,CI;3NNaO-, calcd 644.0986, obsd 644.0748.

Benzyl 3,6-di-O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-£-D-
glucopyranoside (S22). Triethylsilane (0.82 mL, 5.1 mmol) and TfOH (0.41 mL, 4.7 mmol)
were sequentially added to a cooled (-78 °C) solution of compound S21 (1 g, 1.6 mmol) in DCM
(100 mL). The reaction mixture was stirred under an atmosphere of N, at -78 °C for 1 h and
quenched upon addition of MeOH (1 mL) and Et;N (1 mL). The resulting mixture was washed
with saturated aq. NaHCO3 and H,0, dried (Na,SO,), filtered, and the filtrate was concentrated
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in vacuo. The resulting residue was purified by silica gel column chromatography
(Hexanes:EtOAc:DCM, 4:1:1, wv:iviv) to give benzyl 3,6-di-O-benzyl-2-deoxy-2-(2,2,2-
trichloroethoxy)carbonylamino-B-D-glucopyranoside S22 (0.92 g, 92%). 'H NMR (300 MHz;
CDCl,): 6 2.78 (s, 1H, OH), 3.39-3.49 (m, 2H, H-5, H-2), 3.75 (m, 4H, H-4, H-3, H-6a, H-6b),
4.59 (m, 3H, 3x CHHPh), 4.65-4.73 (m, 3H, H-1, troc CH,), 4.76 (d, J = 12.0 Hz, 2H, CH,Ph),
488 (d, J = 12.1 Hz, 1H, CHHPh), 506 (d, J = 7.2 Hz, 1H, NH), 7.26-7.39 (m, 15H, 15x
aromatic CH); °C NMR (75 MHz, CDCly): 8 57.4, 70.5, 70.7, 73.1, 73.7, 73.8, 74.3, 74.5, 80.5,
99.2, 127.8, 127.9 (x2), 128.1, 128.4, 128.5, 128.6, 137.2, 137.7, 138.2, 154.0. MALDI-MS:
[M+Na]" C30H3,C1sNNaO, caled 646.1142, obsd 646.0339.
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Fig. S9. Synthesis of compound S27.

a) NaOMe, MeOH, DCM, rt, 2 h; b) FmocCl, pyridine, DCM, rt, 4 h; c) PdCl,, NaOAc,

DCM, AcOH, H,0, rt, overnight; d) CFzC(NPh)CI, 60% NaH, DCM, rt, 1 h.

Allyl 3,6-di-O-benzyl-4-O-(2-methylnaphthyl)-a-D-mannopyranoside (S24). NaOMe (30%,
0.32 mL, 5.66 mmol) was added to a solution of compound S23 (44) (1.65 g, 2.83 mmol) in a
mixture of DCM (20 mL) and MeOH (20 mL). The reaction mixture was stirred for 2 h under an
atmosphere of N, and was neutralized with conc. HCI and concentrated under reduced pressure.
The resulting residue was purified by silica gel column chromatography (hexanes:EtOAc, 3:1,
v:v) to afford compound S24 (1.49 g, 97%) as white amorphous solid. 'H NMR (500 MHz;
CDCl,): 6 245 (s, 1H, OH), 3.63-3.75 (m, 3H, H-6b, H-5, H-6a), 3.83-3.88 (m, 2H, H-3, H-4),
392 (dd, J =129, 6.1 Hz, 1H, allyl CHH), 4.00 (s, 1H, H-2), 4.11 (dd, J = 129, 5.1 Hz, 1H,
allyl CHH), 443 (d, J = 12.2 Hz, 1H, CHHPh), 4.57-4.66 (m, 4H, 3x CHHPh, nap CHH), 4.89
(d, J = 10.5 Hz, 2H, nap CHH, H-1), 5.10 (d, J = 104 Hz, 1H, allyl CH=CHH), 5.19 (dd, J =
172,14 Hz, 1H, allyl CH=CHH), 5.81 (ddt, J = 16.8, 11.0, 5.6 Hz, 1H, allyl CH=CHH), 7.15-
7.29 (m, 11H, 11x aromatic CH), 7.36-7.40 (m, 2H, 2x aromatic CH), 7.53 (s, 1H, aromatic CH),
7.67 (d, J = 8.6 Hz, 2H, 2x aromatic CH), 7.73 (t, J = 4.6 Hz, 1H, aromatic CH); °C NMR

(75 MHz, CDCls): 6 68.0, 68.4, 68.9, 71.1, 72.0, 73.4, 74.3, 75.2, 80.3, 98.4, 117.5, 119.2, 125.8,
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126.0 (x2), 126.5, 127.6 (x2), 127.8, 127.9 (x2), 128.0 128.3, 128.5, 132.9, 133.3, 133.7, 135.8,
137.9, 138.2. MALDI-MS: [M+Na]" C34H36NaO, calcd 563.2410, obsd 563.2203.

Allyl 3,6-di-O-benzyl-4-0-(2-methylnaphthyl)-2-0-(9-fluorenylmethyloxycarbonyl)-c-D-
mannopyranoside (S25) Fluorenylmethoxycarbonyl chloride (0.78g, 3.04 mmol) and pyridine
(1.22 mL, 15.2 mmol) were sequentially added to a solution of compound S24 (0.82 g, 1.52
mmol) in DCM (30 mL) and the reaction mixture was stirred for 4 h at room temperature under
an atmosphere of Ny, after which it was diluted with DCM (100 mL) and the organic phase was
washed with saturated NaHCO; and then dried (Na,SO,), filtered, and concentrated under
reduced pressure. The resulting residue was purified by silica gel column chromatography
(hexanes:EtOAc, 7:1, v:v) to afford compound S25 (0.98 g, 84%) as white amorphous solid. . 'H
NMR (500 MHz; CDCl,): 6 3.88 (d,J = 104 Hz, 1H, H-6b), 3.97 (dd, J = 10.7, 4.6 Hz, 1H, H-
6a),4.01 (dd,J=93,3.8 Hz, 1H, H-5), 4.14 (m, 2H, H-4, allyl CHH), 4.21 (dd, J=9.3,2.9 Hz,
1H, H-3),4.32 (dd,J=12.9,5.2 Hz, 1H, allyl CHH), 4.37 (t,J = 7.6 Hz, 1H, fmoc CH), 4.43 (dd,
J=10.1, 8.1 Hz, 1H, fmoc CHH), 4.55 (dd, J = 10.2, 7.3 Hz, 1H, fmoc CHH), 4.64 (d,J = 12.1
Hz, 1H, CHHPh), 4.73 (d, J = 11.4 Hz, 1H, CHHPh), 4.81 (dd, J = 11.5, 6.8 Hz, 2H, CHHPh,
nap CHH),4.90 (d,J=11.4Hz, 1H, CHHPh), 5.16 (m, 2H, H-1, nap CHH), 5.30 (d, J = 10.4 Hz,
1H, allyl CH=CHH), 5.37-5.41 (m, 2H, H-2, allyl CH=CHH), 6.00 (ddt, J = 16.8, 11.0, 5.6 Hz,
1H, allyl CH=CHH), 7.27-7.49 (m, 15H, 15x aromatic CH), 7.53-7.57 (m, 2H, 2x aromatic CH),
7.72 (d,J = 3.8 Hz, 2H, 2x aromatic CH), 7.76 (d, J = 7.5 Hz, 1H, aromatic CH), 7.85 (d,J = 8.3
Hz, 4H, 4x aromatic CH), 7.90 (t, J = 4.6 Hz, 1H, aromatic CH); >°C NMR (75 MHz, CDCls): 6
46.6, 68.1, 68.9, 70.2, 71.6, 71.8, 72.7, 73.4, 74.4, 75.3, 78.3, 96.6, 117.8, 119.9, 120.0, 125.2,
125.4, 125.8, 125.9, 126.5, 127.1, 127.5, 127.6 (x2), 127.7, 127.8, 127.9, 128.0, 128.2, 128.3,
132.9, 133.2, 133.3, 135.8, 137.9, 138.2, 141.1, 141.2, 143.2, 143.5, 154.8. MALDI-MS:
[M+Na]" C49H46NaOg, calcd 785.3090, obsd 785.1928.

(N-Phenyl)-2,2,2-trifluoroacetimidate 3,6-di-O-benzyl-4-O-(2-methylnaphthyl)-2-0-(9-
fluorenylmethyloxycarbonyl)-D-mannopyranoside (S27). NaOAc (1.07 g, 13.1 mmol) and
PdCl, (0.77 g, 4.36 mmol) were added to s solution of compound S25 (1.66 g, 2.18 mmol) in a
mixture of DCM (20 mL), MeOH (20 mL) and H,O (1 mL). The reaction mixture was stirred
overnight under an atmosphere of N, and then was concentrated under reduced pressure. The
residue was diluted with DCM (200 mL) and the organic phase was washed with H,O and then

dried (Na;SOy), filtered, and concentrated in vacuo. The resulting residue was purified by silica
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gel column chromatography (hexanes:EtOAc, 3:1, v:v) to afford the corresponding hemiacetal
S26 (1.2 g, 76%) as a colorless gel. NaH (60%, 66 mg, 1.66 mmol) was added to a cooled (0 °C)
solution of the hemiacetal S26 (1.2 g, 1.66 mmol) and N-phenyltrifluoroacetimidoyl chloride
(1.35 mL, 8.3 mmol) in DCM (80 mL) and stirred at room temperature for 1 h, followed by
concentration in vacuo. The resulting residue was purified by silica gel column chromatography
(hexanes:EtOAc, 8:1, v:v) to afford the corresponding N-phenyl-trifluoroacetimidate S27 (1.3 g,
88%) as an amorphous white solid. The mannosyl donor was used for the preparation of

compound S47.

OAc OAc OH
AcO o a  AcO ,C Ph/V d Ph/TO o e
AC? o —_— AC? 0
C e 90% ¢ 520 86% 92%

S$28 OMP $29 OMP S30 OMP
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ph/TOO o f HO g LevO o hi LevO o

> BnO > B

BnO 87% é)no 96% BnO o " nO NPh
72% s34 ‘0K

S31 OMP S32 OMP S33 OMP 3

Fig. $10. Synthesis of mannose donor S34.
a) p-methoxyphenol, BF 5 etherate, DCM, rt, overnight; b) NaOMe, MeOH, DCM, rt, 2 h;
c) PhCH(OMe),, CSA, DMF, 70 °C, overnight; d) Bu,SnO, Toluene, reflux, 3 h, then BnBr, CsF, DMF, rt, overnight;

e) AllocCl, TMEDA, rt, 4 h; f) EtsSiH, PhBCl,, DCM, -78 °C, 1 h; g) LevOH, EDC.HCI, DMAP, DCM, rt, overnight;
h) CAN, CH4CN, H,0, t, 2 h; i) CFC(NPh)CI, 60% NaH, DCM, rt, 1 h;

p-Methoxyphenyl 2,3,4,6-tetra-O-acetyl-a-D-mannopyranoside (S28). Boron trifluoride
diethyl etherate (19.3 ml, 153.7 mmol) was added to a cooled (0 °C) solution of D-Mannose
pentaacetate (20 g, 51.2 mmol) and p-methoxylphenol (7.3 g, 58.9 mmol) in DCM (200 mL).
The reaction mixture was stirred overnight, after which, it was diluted with DCM (300 mL) and
washed with a saturated solution of NaHCO3; and water. The organic layer was dried (Na,;SOy),
filtered and the filtrate was concentrated in vacuo. The resulting residue was purified by silica
gel column chromatography (hexanes:EtOAc, 3:2, v:v) to afford compound S28 (21.1 g, 90%) as
white amorphous solid. '"H NMR (500 MHz; CDCL): & 1.96 (s, 3H, COCHj3), 1.97 (s, 3H,
COCHa3), 1.99 (s, 3H, COCH3), 2.12 (s, 3H, COCH3), 3.69 (s, 3H, OCH3), 4.02 (dd, /J=12.1,2.3
Hz, 1H, H-5), 4.08 (ddd, J = 10.1, 5.4, 2.2 Hz, 1H, H-6b), 4.21 (dd, J = 12.2, 5.4 Hz, 1H, H-6a),
5.29 (t, J=10.1 Hz, 1H, H-4), 5.35 (d, /= 1.6 Hz, 1H, H-1), 5.37 (dd, J= 3.4, 1.8 Hz, 1H, H-2),
5.48 (dd, J = 10.0, 3.5 Hz, 1H, H-3), 6.74-6.78 (m, 2H, 2x aromatic CH), 6.94-6.97 (m, 2H, 2x
aromatic CH); >C NMR (75 MHz, CDCls): 8 20.4 (x2), 20.6, 55.3, 62.0, 65.8, 68.7, 68.8, 69.2,
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96.4, 114.4, 117.6, 149.4, 155.2, 169.5, 169.6, 169.7, 170.2. 'Tci,m = 179.1 Hz. MALDI-MS:
[M+Na]" C,;H,6NaOy, caled 477.1373, obsd 477.1067.

p-Methoxyphenyl 4,6-O-benzylidene-3-O-benzyl-a-D-mannopyranoside (S30). NaOMe (30%,
5.4 mL, 96.8 mmol) was added to a solution of compound S28 (11 g, 24.2 mmol) in a mixture of
DCM (100 mL) and MeOH (100 mL). The reaction mixture was stirred for 2 h under an

atmosphere of N, and then neutralized with conc. HCI, after which it was concentrated under

reduced pressure. The resulting residue (6.7 g, 23.4 mmol), camphorsulfonic acid (1.09 g, 4.68

mmol), and benzaldehyde dimethylacetal (3.86 mL, 25.7 mmol) were dissolved in DMF (80 mL)

and stirred at 70 °C overnight, followed by quenching with Et;N (5 mL) and concentration under

reduced pressure. The residue was diluted with DCM (500 mL) and washed with a saturated

solution of NaHCO; and water, and the organic layer was dried (Na;SO,), filtered, and

concentrated in vacuo. The resulting residue was purified by silica gel column chromatography

(hexanes:EtOAc, 2:1, v:v) to afford compound S29 (4.68 g, 52% for 2 steps) as an amorphous

white solid. Compound S29 (3.6 g, 9.62 mmol) and di-butyltin oxide (2.5 g, 10.1 mmol) were

dissolved in toluene (100 mL) and refluxed for 3 h, followed by concentration under reduced

pressure. The resulting solid was dissolved in DMF (50 mL), cesium fluoride (1.53 g, 10.1

mmol), and benzyl bromide (1.2 mL, 10.1 mmol) were added to the solution and stirred at room

temperature overnight. DMF was removed by concentration under reduced pressure. The residue

was diluted with DCM (200 mL) and washed with a saturated solution of NaHCO; and water,

dried (Na;SOy), filtered, and concentrated in vacuo. The resulting residue was purified by silica
gel column chromatography (hexanes:EtOAc, 3:1, v:v) to afford compound S30 (3.8 g, 86%) as

white amorphous solid. . '"H NMR (500 MHz; CDCl,): 6 3.26 (s, 1H, OH), 3.81 (s, 3H, OCH,),
3.89 (t,J =10.3 Hz, 1H, H-6b),4.06 (td, J =9.8,4.8 Hz, 1H, H-5),4.17 (dd,J=9.6,3.3 Hz, 1H,
H-3),4.22 (d,J=1.2Hz, 1H, H-2),4.26 (t,J = 8.8 Hz, 2H, H-4, H-6a),4.82 (d,J = 11.7 Hz, 1H,
CHHPh), 498 (d,J =11.7 Hz, 1H, CHHPh), 5.51 (s, 1H, H-1), 5.68 (s, 1H, benzylidene CHPh),
6.89 (d,J=9.1 Hz, 2H, 2x aromatic CH), 7.03 (t, J/ = 6.3 Hz, 2H, 2x aromatic CH), 7.34-7.47 (m,
8H, 8x aromatic CH), 7.57-7.58 (m, 2H, 2x aromatic CH); >*C NMR (75 MHz, CDCl;): d 55.5,
63.9, 68.6, 69.8, 73.2, 75.5, 78.7, 98.8, 101.5, 114.6, 117.6, 126.0, 127.8, 127.9, 128.1, 128.4,
128.8, 137.4, 137.9, 149.7, 155.0. MALDI-MS: [M+Na]" Cy7H,sNaO,, calcd 487.1733, obsd
487.0863.
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p-Methoxyphenyl 4,6-0-benzylidene-3-0-benzyl-2-0-allyloxycarbonyl-a-D-
mannopyranoside  (S31).  Allylchloroformate  (0.51 mL, 4.78 mmol) and
tetramethylethylenediamine (0.89 mL, 5.97 mmol) were added to a solution of compound S30
(1.85 g, 3.98 mmol) in DCM (50 mL) and the resulting mixture was stirred at room temperature
for 4 h, after which it was diluted with DCM (200 mL) and washed with saturated NaHCO; and
water. The organic phase was dried (Na;SQO,), filtered, and the filtrate was concentrated under
reduced pressure. The resulting residue was purified by silica gel column chromatography
(hexanes:EtOAc, 2:1, v:v) to afford compound $31 as white amorphous solid (2.01 g, 92%). 'H
NMR (500 MHz; CDCl,): 6 3.80 (s, 3H, OCH,), 3.90 (t,J = 10.2 Hz, 1H, H-6b), 4.10 (td, J = 9.7,
4.7 Hz, 1H, H-5),4.23-4.32 (m, 3H, H-3, H-4, H-6a),4.73 (d, J = 5.8 Hz, 2H, alloc CH,), 4.87 (d,
J=12.7Hz, 2H, CH,Ph), 533 (dd, /= 10.4, 1.0 Hz, 1H, alloc CH=CHH), 544 (dd,J=17.2,1.2
Hz, 1H, alloc CH=CHH), 548 (d, J = 1.5 Hz, 1H, H-2), 558 (s, 1H, H-1), 5.69 (s, 1H,
benzylidene CHPh), 5.96-6.04 (m, 1H, alloc CH=CHH), 6.89 (d, J = 9.1 Hz, 2H, 2x aromatic
CH), 7.03 (t, J = 6.3 Hz, 2H, 2x aromatic CH), 7.27-7.48 (m, 8H, 8x aromatic CH), 7.57 (d, J =
6.7 Hz, 2H, 2x aromatic CH); ?C NMR (75 MHz, CDCl): d 55.5, 64.4, 68.4, 68.9, 72.4, 75.5,

73.7,78.1,97.5, 101.5, 114.6, 117.8, 119.1, 126.0, 127.5 (x2), 128.1, 128.2, 128.8, 131.2, 137.3,
138.0, 149.5, 154.4, 155.3. MALDI-MS: [M+Na]" C3;H3,NaOy, calcd 571.1944, obsd 571.0970.

p-Methoxyphenyl  3,4-di-O-benzyl-2-0-allyloxycarbonyl-c-D-mannopyranoside  (S32).
Triethylsilane (0.31 mL, 1.91 mmol) and dichlorophenylborane (0.28 mL, 2.16 mmol) were
added sequentially to a cooled (-78 °C) solution of compound S31 (0.7 g, 1.27 mmol) in DCM
(50 mL). The reaction mixture was stirred at -78 °C for 1 h and then quenched with MeOH (0.5
mL) and Et;N (0.5 mL). The resulting mixture was washed with saturated aq. NaHCO;. The
reaction mixture was extracted with DCM (2 x 20 mL). The combined organic phase was dried
(NazSQOy), filtered, and the filtrate was concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography (hexanes:EtOAc, 2:1, v:v) to afford
compound S32 (0.61 g, 87%). '"H NMR (500 MHz; CDCl,): 6 2.05 (t,J = 6.6 Hz, 1H, OH), 3.78
(s, 3H, OCH,), 3.82 (m, 2H, H-6a, H-6b), 3.89 (dd, J=9.9,2.7 Hz, 1H, H-5),4.01 (t,J = 9.6 Hz,
1H, H-4),4.24 (dd,J=9.4,3.0 Hz, 1H, H-3), 4.68-4.72 (m, 4H, 2x CHHPAh, alloc CH,), 4.87 (d,
J =113 Hz, 1H, CHHPh), 498 (d, J = 109 Hz, 1H, CHHPh), 5.30 (d, J = 10.4 Hz, 1H, alloc
CH=CHH), 541 (t,J = 8.6 Hz, 2H, H-2, alloc CH=CHH), 5.55 (s, 1H, H-1), 5.97 (ddt, J = 16.9,
11.1,5.7 Hz, 1H, alloc CH=CHH), 6.85 (d, J = 9.0 Hz, 2H, 2x aromatic CH), 7.00 (d, J = 9.0 Hz,
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2H, 2x aromatic CH), 7.27-7.39 (m, 8H, 8x aromatic CH), 743 (d, J = 7.2 Hz, 2H, 2x aromatic
CH); °C NMR (75 MHz, CDCl;): 8 55.5, 61.8, 68.9, 72.0, 72.3, 72.6, 73.9, 75.4, 77.8, 96.8,
114.6, 117.9, 119.2, 127.7, 127.8, 127.9, 128.0, 128.3, 128.4, 131.3, 137.9, 138.2, 149.6, 154.5,
155.3. MALDI-MS: [M+Na]" C3;H34NaOy, calcd 573.2101, obsd 573.2120.

p-Methoxyphenyl 6-0-levulinoyl-3,4-di-O-benzyl-2-0-allyloxycarbonyl-a-D-
mannopyranoside (S33). Levulinic acid (0.13 g, 1.25 mmol), N-(3-dimethylaminopropyl)-N’-
ethylcarbodiimide hydrochloride (0.27 g, 1.42 mmol) and 4-(dimethylamino)pyridine (11 mg,
0.09 mmol) were added to a solution of S32 (0.49 g, 0.89 mmol) in DCM (20 mL). After stirring
overnight at room temperature, the reaction mixture was washed with NaHCO; and extracted
with DCM (2 x 50 mL). The combined organic phase was dried (Na,SO,), filtered, and the
filtrate was concentrated in vacuo. The resulting residue was purified by silica gel column
chromatography (hexanes:EtOAc, 3:1, v:v) to afford compound S33 as white amorphous solid
(0.56 g, 96%). 'H NMR (500 MHz; CDCl,): & 2.19 (s, 3H, lev CH,COCH,),2.59 (td,J = 6.7,3.3
Hz, 2H, lev COOCH,), 2.73 (dt, J = 8.7, 6.8 Hz, 2H, lev CH,COCH,), 3.80 (s, 3H, OCH,), 3.88
(t,/=9.6 Hz, 1H, H-4),4.02 (ddd,J=10.0,4.6,2.5 Hz, 1H, H-5),4.23 (dd,J=9.2,3.3 Hz, 1H,
H-3), 4.32-4.38 (m, 2H, H-6a, H-6b), 4.64 (d, J = 10.8 Hz, 1H, CHHPh), 4.69-4.71 (m, 3H,
CHHPh, alloc CH,), 4.86 (d,J =11.3 Hz, 1H, CHHPh),4.97 (d, J = 10.8 Hz, 1H, CHHPh), 5.31
(dd,J =104, 1.0 Hz, 1H, alloc CH=CHH), 5.38-5.43 (m, 2H, H-2, alloc CH=CHH), 5.53 (d,J =
1.6 Hz, 1H, H-1), 598 (ddt, J = 17.0, 10.7, 6.0 Hz, 1H, alloc CH=CHH), 6.84-6.87 (m, 2H, 2x
aromatic CH), 7.00-7.03 (m, 2H, 2x aromatic CH), 7.29-7.43 (m, 10H, 10x aromatic CH); Bc
NMR (75 MHz, CDCl3): 6 27.9, 29.7, 378, 55.6, 63.1, 68.9, 70.3, 72.0, 72.2, 73.8, 75.3, 77.9,
96.5,114.6,117.8, 119.2, 127.8 (x2), 127.9, 128.1, 128.4 (x2), 131.3, 137.7, 137.9, 149.7, 154.5,
155.2,172.3, 206.4. MALDI-MS: [M+Na]" C36H4NaO;1, caled 671.2468, obsd 671.2477.

(N-Phenyl)-2,2,2-trifluoroacetimidate 6-O-levulinoyl-3,4-di-O-benzyl-2-0O-allyloxycarbonyl-
D-mannopyranoside (S34). Ceric ammonium nitrate (2.54 g, 4.62 mmol) was added to a
solution of compound S33 (1.0 g, 1.54 mmol) in a mixture of CH3CN (30 mL) and H,O (7.5 mL)
at 0 °C. After stirring at room temperature under an atmosphere of N, for 2 h, the mixture was
concentrated under reduced pressure and the residue was dissolved in DCM (100 mL) and
washed with H,O. The organic phase was dried (Na,SO,), filtered, and the filtrate was
concentrated in vacuo. The resulting residue was purified by silica gel column chromatography

(hexanes:EtOAc, 3:2, v:v) to afford the corresponding hemiacetal (0.74 g, 1.36 mmol). NaH
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(60%, 54 mg, 1.36 mmol) was added to a cooled (0 °C) solution of the obtained hemiacetal and
N-phenyltrifluoroacetimidoyl chloride (1.1 mL, 6.8 mmol) in DCM (70 mL) and the mixture was
stirred at room temperature for 1 h, after which it was concentrated in vacuo. The resulting
residue was purified by silica gel column chromatography (hexanes:EtOAc, 4:1, v:v) to afford
the corresponding N-phenyl trifluoroacetimidate S34 (790 mg, 72% for 2 steps) as an amorphous

white solid. The mannosyl donor was used for the preparation of compound 1.
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Fig. S11. Synthesis of lactosamine donor 2.

a) TfOH, DCM, MS4A, -70 °C to -20 °C, 1 h; b) NaOMe, DCM, MeOH, rt, 2h; c) BnBr, NaH, DMF, rt, 2 h;
d) PMes(1 M), NaOH, THF, H,0, rt, overnight; e) TrocCl, solid NaHCOg3, THF, 4 h;

f) CAN, CH3CN, H50, rt, 2 h; e) CF3C(NPh)CI, DBU, DCM, rt, 1 h.

p-Methoxyphenyl  [2,3,4,6-tetra-0-acetyl-f-D-galactopyranosyl]-(1-> 4)-3,6-di-O-benzyl-2-
deoxy-2-azido-c-D-glucopyranoside (S36). Trichloroacetimidate donor S35 (45) (644 mg, 1.31
mmol) and azido-glucose acceptor S7 (450 mg, 0.92 mmol) were dissolved in DCM (40 mL),
followed by addition of molecular sieves (4A) and stirring at room temperature for 30 min, after
which the reaction mixture was cooled (=70 °C), followed by addition of TfOH (23 uL, 0.26
mmol). The reaction mixture was stirred for 1 h, allowing the temperature to rise from —-70 °C to
-20 °C, before quenching with Et;N (0.05 mL). The reaction mixture was washed with NaHCO;
and extracted with DCM (2 x 50 mL). The combined organic phase was dried (Na,SO,), filtered,
and the filtrate was concentrated in vacuo. The resulting residue was purified by silica gel
column chromatography (hexanes:EtOAc, 2:1, v:v) to afford S36 (716 mg, 95%) as an
amorphous white solid. 'H NMR (500 MHz; CDCL,): & 1.96 (s, 3H, COCH,), 1.98 (s, 3H,
COCH,), 2.02 (s, 3H, COCH,), 2.12 (s, 3H, COCH,), 3.50 (dd, J = 10.0, 3.6 Hz, 1H, GIcN H-2),
3.57 (t,J =7.1 Hz, 1H, Gal H-5), 3.62-3.64 (m, 1H, Gal H-6b), 3.77-3.81 (m, 4H, Gal H-6a,
OCH,), 3.88 (dd, J =11.2,5.9 Hz, 2H, GlcN H-5 & H-6b),4.01 (dd,J =11.2, 8.0 Hz, 1H, GIcN
H-6a), 4.08-4.17 (m, 2H, GIcN H-4 & H-3),4.43 (d,J = 12.0 Hz, 1H, CHHPh), 4.47 (d,J = 8.0
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Hz, 1H, Gal H-1), 4.78-4.82 (m, 3H, H-4>, 2x CHHPh), 5.14 (dt, J = 10.4, 4.0 Hz, 2H, Gal H-2,
CHHPh), 5.28 (d, J = 3.3 Hz, 1H, H-3"), 546 (d, J = 3.5 Hz, 1H, H-1), 6.84-6.87 (m, 2H, 2x
aromatic CH), 7.06-7.09 (m, 2H, 2x aromatic CH), 7.29-7.44 (m, 8H, 8x aromatic CH), 7.49 (d,
J =73 Hz, 2H, 2x aromatic CH); '>*C NMR (75 MHz, CDCLy): §20.7, 20.8 (x2), 21.0, 55.8, 60.7,
62.9, 67.0, 67.5, 69.7, 70.7, 71.2 (x2), 73.9, 75.3, 77.8, 77.9, 97.7, 100.2, 114.9, 118.1, 127.9,
128.2, 128.4, 128.5, 128.6, 129.0, 137.6, 138.5, 150.7, 155.6, 169.3, 170.2, 170.3, 170.4.
MALDI-MS: [M+Na]" C4;H4N3NaO;s, calcd 844.2905, obsd 844.2606.

p-Methoxyphenyl [2,3,4,6-tetra-O-benzyl-f-D-galactopyranosyl]-(1-> 4)-3,6-di-O-benzyl-2-
deoxy-2-azido-a-D-glucopyranoside (S37). NaOMe (30%, 0.29 mL, 5.2 mmol) was added to a
solution of compound S36 (710 mg, 0.86 mmol) in a mixture of DCM (10 mL) and MeOH (10
mL). The reaction mixture was stirred for 2 h under an atmosphere of N,, after which it was
neutralized with conc. HCI and concentrated under reduced pressure. To a cooled (0 °C) solution
of the resulting residue in DMF (20 mL), NaH (210 mg, 60% NaH in mineral oil, 5.2 mmol) and
benzyl bromide (0.51 mL, 4.3 mmol) were added .The mixture was stirred at room temperature
for 2 h, followed by quenching with EtOH. The reaction mixture was washed with NaHCO; and
extracted with EtOAc (2 x 100 mL). The combined organic phase was dried (Na;SO,), filtered,
and the filtrate was concentrated in vacuo. The resulting residue was purified by silica gel
column chromatography (hexanes:EtOAc, 5:1, v:v) to afford compound S37 (820 mg, 94% for 2
steps) as an amorphous white solid. 'H NMR (500 MHz; CDCL,): 6 3.46-3.51 (m, 3H, Gal H-6a,
Gal H-5, Gal H-3), 3.57 (dd, J = 100, 3.5 Hz, 1H, GlcN H-2), 3.65 (dd, J = 11.6, 6.4 Hz, 2H,
Gal H-6b, GIcN H-6b), 3.88 (s, 3H, OCH,), 3.93 (dd,J=9.5,7.9 Hz, 1H, Gal H-2),4.02 (dd, J =
8.9,5.6 Hz, 2H, GIcN H-6a, GlcN H-5),4.05 (d,J =2.7 Hz, 1H, Gal H-4),4.22 (td,J = 18.8,9.1
Hz,2H, GlcN H-3, GIcN H-4),4.37 (d,J = 11.9 Hz, 1H, CHHPh), 4.46-4.50 (m, 3H, 2x CHHPh,
Gal H-1),4.69 (dd, J = 11.7, 5.6 Hz, 2H, 2x CHHPh), 4.81-4.87 (m, 3H, CHHPh, CH,Ph), 4.94
(q, J = 143 Hz, 2H, CH,Ph), 5.13 (d, J = 114 Hz, 1H, CHHPh), 5.34 (d, J = 10.2 Hz, 1H,
CHHPh), 5.52 (d, J = 3.5 Hz, 1H, GIcN H-1), 6.96 (dd, J = 7.3, 5.3 Hz, 2H, 2x aromatic CH),
7.20-7.22 (m, 2H, 2x aromatic CH), 7.28-7.49 (m, 28H, 28x aromatic CH), 7.55 (d, J = 7.1 Hz,
2H, 2x aromatic CH); °C NMR (75 MHz, CDCl3): 8 55.5, 62.6, 67.6, 68.0, 69.7, 71.2, 72.5, 73.0,
73.2,73.3,73.6, 74.7, 75.2, 75.3, 76.4, 76.6, 79.9, 82.3, 97.7, 102.7, 114.6, 118.1, 127.2, 127.3,
127.4, 127.5 (x3), 127.6, 127.7, 127.8, 127.9, 128.1 (x2), 128.2, 128.3 (x2), 137.9, 138.0, 138.4
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(x2), 138.6, 138.9, 150.6, 155.3. MALDI-MS: [M+Na]" CsHg3N3NaOyj, caled 1036.4360, obsd
1036.3352.

p-Methoxyphenyl [2,3,4,6-tetra-O-benzyl-#-D-galactopyranosyl]- (1->4)-2-deoxy-3,6-di-O-
benzyl-2-(2,2,2-trichloroethoxy)-carbonylamino-a.-D-glucopyranoside (S38). PMe; in THF
(3.94 mL, 3.95 mmol, 1 M) and NaOH (2.1 mL, 2.1 mmol, 1 M) were added to a solution of
compound S37 (800 mg, 0.79 mmol) in THF (40 mL) and H,O (10 mL), and the resulting
mixture was stirred overnight at room temperature. The mixture was concentrated under reduced
pressure and the resulting residue was diluted with DCM (100 mL) and neutralized with conc.
HCI and the mixture was concentrated in vacuo. The resulting residue was dissolved in THF (16
mL), to which, solid NaHCO; (130 mg, 1.58 mmol) and 2,2,2-trichloroethyl chloroformate
(0.127 mL, 0.95 mmol) were added. The reaction mixture was stirred at room temperature under
an atmosphere of N, for 4 h and then filtered. The filtrate was concentrated, diluted with DCM
(100 mL), and washed with water and brine. The organic layer was dried (Na,SQO,), filtered, and
the filtrate was concentrated in vacuo. The resulting residue was purified by silica gel column
chromatography (hexanes:EtOAc, 4:1, v:v) to afford compound S38 (769 mg, 84% for two steps)
as an amorphous white solid. 'H NMR (500 MHz; CDCL,): 6 3.27 (m, 3H, Gal H-3, Gal H-5, Gal
H-6a), 3.38 (t, J = 10.0 Hz, 1H, Gal H-6b), 3.46 (d, J = 9.9 Hz, 1H, GlcN H-6b), 3.66-3.71 (m,
5H, OCH,;, GlcN H-3, Gal H-2), 3.76 (m, 2H, GIcN H-6a, GIcN H-5), 3.82 (s, 1H, Gal H-4),
3.98-4.04 (m, 2H, GlcN H-2, GIcN H-4),4.15 (d, J = 11.8 Hz, 1H, CHHPh), 4.23-4.29 (m, 3H,
Gal H-1, 2x CHHPh), 4.43-4.46 (m, 2H, 2x CHHPh), 4.53-4.75 (m, 7TH, troc CH,, 5x CHHPh),
487 (d,J =115 Hz, IH, CHHPh), 501 (d,J = 11.3 Hz, 1H, CHHPh), 507 (d,J = 9.2 Hz, 1H,
NH), 5.36 (d,J =3.3 Hz, 1H, GIcN H-1), 6.72 (d, J = 8.9 Hz, 2H, 2x aromatic CH), 6.93 (d, J =
8.9 Hz, 2H, 2x aromatic CH), 7.18 (ddt, J = 28.5, 14.5, 7.3 Hz, 30H, 30x aromatic CH); "°C
NMR (75 MHz, CDCl3): 6 54.7, 55.6, 67.8, 68.1, 71.4, 72.5, 73.0, 73.1, 73.4, 73.6, 74.4, 74.6
(x2), 75.3, 77.9, 80.0, 82.4, 95.4, 97.3, 102.8, 114.6, 127.2, 118.1, 127.2, 127.3, 127.4, 127.5
(x2), 127.6, 127.7, 127.8 (x2), 128.0, 128.1, 128.3 (x2), 128.4, 138.0, 138.1, 138.4, 138.7, 138.9,
139.0, 150.4, 154.2, 155.3. MALDI-MS: [M+Na]" CgHesCIs3NNaO13, caled 1184.3497, obsd
1184.2256.

(N-Phenyl)-2,2,2-trifluoroacetimidate [2,3,4,6-tetra-0O-benzyl-f-D-galactopyranosyl]-
(1> 4)-2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-carbonylamino-D-

glucopyranoside (2). Ceric ammonium nitrate (1.55 g, 2.85 mmol) was added to a cooled (0 °C)
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solution of compound S38 (1.1 g, 0.95 mmol) in a mixture of CH3CN (30 mL) and H,O (7.5 mL).
The reaction mixture was stirred under an atmosphere of N, for 2 h at room temperature. The
mixture was concentrated under reduced pressure and the residue was dissolved in DCM (100
mL) and washed with H,O. The organic phase was dried (Na;SQOy), filtered, and the filtrate was
concentrated in vacuo. The resulting residue was purified by silica gel column chromatography
(hexanes:EtOAc, 2.5:1, v:v) to afford the corresponding hemiacetal S39 (890 mg, 89%). N-
phenyltrifluoroacetimidoyl chloride (0.68 mL, 4.22 mmol) and DBU (126 pL, 0.95 mmol) were
added to a cooled (0 °C) solution of compound S39 in DCM (40 mL). The reaction mixture was
stirred at room temperature for 1 h and was then concentrated in vacuo. The resulting residue
was purified by silica gel column chromatography (hexanes:EtOAc, 3:1, v:v) to afford the
corresponding N-phenyltrifluoroacetimidate 2 (550 mg, 53%) as an amorphous white solid. The

disaccharide donor was used for the preparation of compound 10.

AcO OAc BnO 0 AcO OAc
a
NS IR - B S N
AcO P TrocHN 95%  AcO BnO

OAc’O” ‘ccl, sg OMP OAc  TrocHN
S35 S40 OMP
AcO OAc AcO OAc
2% 75A)
c T cHN "OH c TocHN oA .
3

Fig. S12. Synthesis of lactosamine donor 3.
a) TfOH, DCM, MS4A, -70 °C to -20 °C, 1 h; b) CAN, CH4CN, H,0, rt, 2 h;
c) CF3C(NPh)CI, DBU, DCM, rt, 1 h.

p-Methoxyphenyl [2,3,4,6-tetra-0-acetyl-f-D-galactopyranosyl]-(1-> 4)-2-deoxy-3,6-di-O-
benzyl-2-(2,2,2-trichloroethoxy)-carbonylamino-a-D-glucopyranoside (S40).
Trichloroacetimidate donor S35 (0.88 g, 1.62 mmol) and acceptor S8 (0.73 g, 1.1 mmol) were
dissolved in DCM (40 mL), followed by addition of molecular sieves (4A) and stirring at room
temperature for 30 min, after which the reaction mixture was cooled (-70 °C), followed by
addition of TfOH (29 pL, 0.32 mmol). The reaction mixture was stirred for 1 h, allowing the
temperature to rise from —-70 °C to -20 °C, before quenching with Et;N (0.05 mL). The reaction
mixture was washed with NaHCO; and extracted with DCM (2 x 100 mL). The combined
organic phase was dried (Na,SQy), filtered, and the filtrate was concentrated in vacuo. The

resulting residue was purified by silica gel column chromatography (hexanes:EtOAc, 3:2, v:v) to
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afford disaccharide S40 (1.05 g, 95%) as an amorphous white solid. 'H NMR (500 MHz;
CDCly): & 1.96 (s, 3H, COCH,), 198 (s, 3H, COCH,), 2.01 (s, 3H, COCH,), 2.10 (s, 3H,
COCH,), 3.60 (m, 2H, GIcNH-6b, Gal H-5), 3.77-3.83 (m, 6H, OCH,, GIcN H-6a & H-5), 3.87
(dd,J=11.1,6.1 Hz, 1H, Gal H-6b), 3.94 (t,J = 9.3 Hz, 1H, Gal H-6a), 4.09-4.16 (m, 2H, GIcN
H-2 & H-4),4.44 (d,J = 12.0 Hz, 1H, CHHPh), 4.50 (d, J = 8.0 Hz, 1H, Gal H-1),4.63 (d, J =
12.0 Hz, 1H, troc CHH), 4.70 (d,J = 11.3 Hz, 1H, CHHPh), 4.79 (dd, J = 19.3, 11.8 Hz, 3H, troc
CHH, CHHPh, Gal H-3),5.03 (d,J = 114 Hz, 1H, CHHPh), 5.13 (t, J = 9.1 Hz, 1H, Gal H-2),
522 (d,J=92Hz, 1H,NH),5.27 (s, 1H, Gal H-4),5.49 (d,J = 3.2 Hz, 1H, GlcN H-1), 6.83 (d,
J =9.0 Hz, 2H, 2x aromatic CH), 7.00 (d, J = 8.9 Hz, 2H, 2x aromatic CH), 7.28 (t,J = 6.9 Hz,
1H, aromatic CH), 7.43-7.33 (m, 9H, 9x aromatic CH); °*C NMR (75 MHz, CDCl;): 8 20.4 (x2),
20.5, 20.6, 20.9, 54.6, 55.5, 60.2, 60.5, 66.7, 67.1 69.4, 70.3, 70.8, 71.0, 73.5, 74.3, 74.4, 76.4,
77.4,95.2,96.9, 100.0, 114.5, 117.6, 127.4 (x2), 128.1, 128.5, 137.4, 138.4, 150.1, 154.1, 155.1,
169.1, 169.8, 170.0 (x2). 'Jcr,u = 174.8, 163.1 Hz. MALDI-MS: [M+Na]" C44HsoCIsNNaO,
calcd 992.2042, obsd 992.2042.

(N-Phenyl)-2,2,2-trifluoroacetimidate [2,3,4,6-tetra-O-acetyl-f-D-galactopyranosyl]- (1> 4)-
2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-carbonylamino-f-D-glucopyranoside (3).
Ceric ammonium nitrate (1.69 g, 3.09 mmol) was added to a cooled (0 °C) solution of
disaccharide S40 (1.0 g, 1.03 mmol) in a mixture of CH3CN (30 mL) and H,O (7.5 mL), and the
reaction mixture was stirred under an atmosphere of N, for 2 h at room temperature. The mixture
was concentrated under reduced pressure and the residue was diluted with DCM (100 mL),
washed with H,O and dried (Na,SO,), filtered, and the filtrate was concentrated in vacuo. The
resulting residue was purified by silica gel column chromatography (hexanes:EtOAc, 3:2, v:v) to
afford the corresponding hemiacetal S41 (730 mg, 82%). N-phenyltrifluoroacetimidoyl chloride
(0.68 mL, 4.2 mmol) and DBU (127 uL, 0.95 mmol) were added to a cooled (0 °C) solution of
compound S41 in DCM (50 mL). The reaction mixture was stirred at room temperature for 1 h
and was then concentrated in vacuo. The resulting residue was purified by silica gel column
chromatography (hexanes:EtOAc, 2:1, v:v) to afford the disaccharide donor 3 (650 mg, 75%) as

an amorphous white solid. The disaccharide donor was used for the preparation of compound 12.
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Dimethylthexylsilyl [4,6-O-benzylidene-3-0-(2-methylnaphthyl)-2-O-benzyl-f-D-
mannopyranosyl]-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-
carbonylamino-f-D-glucopyranoside (S42).

OBn

Ph 2 0 Bn(%& A mixture of glycosyl donor S15 (500 mg, 0.85 mmol) and
A %&L/B% S oTDS glycosy (500 mg, )
s42 NHTroc  activated molecular sieves (4A) (500 mg) in DCM (20 mL)

were stirred for 30 min under an atmosphere of N, at room temperature, after which the mixture
was cooled (-60 °C), followed by addition of 1-benzenesulfinyl piperidine (190 mg, 0.89 mmol)
and 2,4,6-Tri-tert-butylpyrimidine (0.42 g, 1.7 mmol). The mixture was stirred for 5 min at
-60 °C and then Tf,0 (0.15 mL, 0.89 mmol) was added and vigorously stirred for 10 min at
-60 °C, followed by addition of a solution of acceptor S18 (544 mg, 0.81mmol) in DCM (5 mL).
The reaction mixture was stirred for 1 h at —-60 °C and was quenched with Et;N (1 mL). The
reaction mixture was washed with NaHCO3; and extracted with DCM (2 x 75 mL). The combined
organic phase was dried (Na,SQy), filtered, and the filtrate was concentrated in vacuo. The
resulting residue was purified by silica gel column chromatography (hexanes:EtOAc:DCM,
15:1:1, v;v:v) to afford disaccharide S42 (690 mg, 70%) as an amorphous white solid. '"H NMR
(500 MHz; CDCl,): 6 0.13 (s, 3H, TDS CH,), 0.18 (s, 3H, TDS CH,), 0.85 (s, 3H, TDS CH,),
0.85 (s, 3H, TDS CH,), 0.87 (d, J = 2.9 Hz, 3H, TDS CHCH,), 0.88 (d, J = 2.9 Hz, 3H, TDS
CHCH,), 1.62 (q, J = 6.9 Hz, 1H, TDS CH(CH,)), 3.18 (td, J = 9.7, 4.8 Hz, 1H, Man-3 H-5),
3.26 (d,J = 8.6 Hz, 1H, GIcN-2 H-2), 3.43 (dt, J =9.1, 2.8 Hz, 1H, GIcN-2 H-5), 3.51-3.65 (m,
4H, GlcN-2 (H-6b, H-6a), Man-3 (H-3, H-6b)), 3.84 (d, J = 2.9 Hz, 1H, Man-3 H-2), 3.89-3.91
(m, 1H, GIcN-2 H-3), 3.98 (t, J = 8.8 Hz, 1H, GIcN-2 H-4), 4.15 (m, 2H, Man-3 (H-6a, H-4)),
440 (d,J = 12.1 Hz, 1H, CHHPh), 4.55-4.61 (m, 3H, Man-3 H-1, 2x CHHPh), 4.67 (s, 2H, troc
CH,),4.76 (d,J = 12.7 Hz, 1H, CHHPh), 4.87 (d, J = 12.8 Hz, 1H, CHHPh), 4.90-4.94 (m, 3H,
GlcN-2 H-1, nap CH,), 504 (d, J = 11.3 Hz, 1H, CHHPh), 5.12 (s, 1H, NH), 5.59 (s, 1H,
benzylidene CHPh), 7.19-7.50 (m, 21H, 21x aromatic CH), 7.52 (dt, J = 5.3, 2.0 Hz, 2H, 2x
aromatic CH), 7.70 (dd, J = 5.8, 3.5 Hz, 1H, aromatic CH), 7.79-7.85 (m, 3H, 3x aromatic CH);
C NMR (75 MHz, CDCls): 6-3.4, -1.9, 18.5, 18.6, 20.0, 20.1,24.8, 34.0, 59.6, 67.4, 68.6, 68.9,
72.4, 73.5, 74.2, 74.5, 74.7, 75.0, 76.6, 78.2, 78.3, 78.7, 95.2, 95.4, 101.4, 101.7, 125.5, 125.8,
126.0, 126.1, 126.2, 126.9, 127.1, 127.4, 127.5, 127.6 (x2), 127.7, 127.8 (x2), 127.9 (x2) , 128.0,
128.1, 128.2 (x2), 128.3 (x2), 128.4, 128.9, 132.9, 133.3, 135.9, 137.7, 137.8, 138.6, 138.9,
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153.8. 'Jei,m = 160.5 Hz, 157.5 Hz. MALDI-MS: [M+Na]" CgH7CLNNaO),Si, caled
1178.3787, obsd 1178.3632.

Benzyl [4,6-O-benzylidene-3-0-(2-methylnaphthyl)-2-O-benzyl-f#-D-mannopyranosyl]-
(1> 4)-|2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-carbonylamino-£-D-
glucopyranosyl]-(1-> 4)-3,6-di-O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-4-
D-glucopyranoside (S45).
o /%(%(E‘jg%&%n To a cooled FO °C)' s.olution of disaccharide S42 (4.5 g,
NapO ) BnO- =N 20" NrTroe  3-88 mmol) in pyridine (68 mL), HF (34 mL, 65-70%
in pyridine) was added. The resulting mixture was
stirred overnight at room temperature, after which it was diluted with EtOAc (200 mL), washed
with 10% of CuSOy, saturated aqg. NaHCO3; and H,O. The organic layer was dried (Na;SOy),
filtered, and the filtrate was concentrated in vacuo. The resulting residue was purified by silica
gel column chromatography (hexanes:EtOAc, 2:1, v:v) to afford the corresponding hemiacetal
(3.94 g, 99%) as an amorphous white solid. The resulting solid (3.9 g, 3.84 mmol) was dissolved
in DCM (150 mL) and the mixture was cooled (0 °C). N-phenyltrifluoroacetimidoyl chloride (3.1
mL, 19.2 mmol) and DBU (0.58 mL, 3.84 mmol) were added to the mixture and stirred at room
temperature for 1 h. The reaction mixture was then concentrated under reduced pressure. The
resulting residue was purified by silica gel column chromatography (hexanes:EtOAc, 4:1, v:v) to
afford the corresponding N-phenyltrifluoroacetimidate disaccharide donor S44 (3.9 g, 86%) as an
amorphous white solid. Donor S44 (1.9 g, 1.6 mmol) and acceptor S22 (950 mg, 1.52 mmol)
were dissolved in DCM (120 mL), followed by addition of molecular sieves (4A) and stirring at
room temperature for 30 min, after which the reaction mixture was cooled (=70 °C), followed by
addition of TfOH (28 pL, 0.32 mmol). The reaction mixture was stirred for 1 h, allowing the
temperature to rise from —70 °C to —20 °C, before quenching with Et;N (0.1 mL). The molecular
sieves were filtered and the filtrate was washed with NaHCO3 and extracted with DCM (2 x 100
mL). The combined organic phase was dried (Na;SO,), filtered, and the filtrate was concentrated
in vacuo. The resulting residue was purified by silica gel column chromatography
(hexanes:EtOAc:DCM, 3:1:1, v:v:v) to afford trisaccharide S45 (2.4 g, 92%) as an amorphous
white solid. '"H NMR (500 MHz; CDCl,): 6 3.04 (d,J = 4.8 Hz, 1H, Man-3 H-5),3.15(d, /=94
Hz, 1H, GIcN-2 H-5), 3.21-3.25 (m, 1H, GIcN-2 H-3), 3.34-3.37 (m, 2H, GlcN-1 H-5, GlcN-2
H-6b), 3.40 (dd, J =9.9, 3.1 Hz, 1H, Man-3 H-3), 3.45-3.52 (m, 4H, GlcN-1 H-2, GIlcN-2 H-6a,
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Man-3 H-6b, GleN-2 H-2), 3.61-3.65 (m, 2H, GIcN-1 H-3, GleN-1 H-6b), 3.73 (d, J = 2.9 Hz,
1H, Man-3 H-2), 3.76 (dd, J = 10.8, 4.1 Hz, 1H, GIcN-1 H-6a), 3.89 (t, J = 8.9 Hz, 1H, GIcN-2
H-4),3.97 (t,J = 8.4 Hz, 1H, GIcN-1 H-4), 4.02 (dd, J = 10.5, 4.8 Hz, 1H, Man-3 H-6a), 4.08 (t,
J = 9.6 Hz, 1H, Man-3 H-4), 4.12 (d, J = 12.0 Hz, 1H, CHHPh), 430 (d, J = 12.1 Hz, 1H,
CHHPh), 434 (d,J = 11.6 Hz, 1H, NH), 437 (d, J = 8.1 Hz, 1H, GIcN-2 H-1), 4.40 (d, J = 12.1
Hz, 1H, CHHPh), 4.45 (s, 1H, Man-3 H-1), 447 (d, J = 11.3 Hz, 1H, CHHPh), 4.52-4.61 (m, 6H,
GIcN-1 H-1, CHHPh, 2x troc CH,), 4.69 (d, J = 12.6 Hz, 2H, 2x CHHPh), 4.75 (d, J = 12.0 Hz,
1H, CHHPh), 4.81 (d, J = 12.7 Hz, 1H, CHHPh), 4.86 (d, J = 12.1 Hz, 2H, CHHPh), 4.89 (s, 2H,
CH,, nap), 5.01 (t, J = 9.9 Hz, 2H, NH, CHHPh), 5.51 (s, IH, CH, benzylidene), 7.07-7.11 (m,
3H, 3x aromatic CH), 7.14-7.39 (m, 32H, 32x aromatic CH), 7.42-7.47 (m, 6H, 6x aromatic CH),
7.64-7.66 (m, 1H, aromatic CH), 7.74-7.81 (m, 3H, 3x aromatic CH); '*C NMR (75 MHz,
CDCL): 8 56.6, 57.3, 60.3, 67.2, 67.9, 68.3, 68.5, 70.4, 72.2, 72.6, 73.2 (x2) , 73.4, 73.9, 74.2,
74.3, 74.9, 76.5, 76.6, 77.5, 77.8, 78.0, 78.5, 78.6, 79.4, 95.4, 95.5, 99.5, 100.3, 101.3, 101.4,
125.3, 125.8, 125.9 (x2), 126.0 (x2), 126.3, 126.6, 127.2, 127.3, 127.5 (x3), 127.6 (x2), 127.7
(x2), 127.9, 128.0, 128.1 (x2), 128.2, 128.3, 128.4, 128.6, 128.8, 128.9, 132.8, 133.1, 135.8,
137.2, 137.5 (x2), 137.8, 138.4, 138.5, 138.6, 138.8, 153.8, 153.9. 'Jo1,u1 = 162.5 Hz, 159.8 Hz,
164.6 Hz. MALDI-MS: [M+Na]" Cs4HssClN;NaOyg, caled 1641.3748, obsd 1641.2380.

Benzyl [4,6-0-benzylidene-2-0-benzyl-f-D-mannopyranosyl]-(1-> 4)-[2-deoxy-3,6-di-O-
benzyl-2-(2,2,2-trichloroethoxy)-carbonylamino-g-D-glucopyranosyl]-(1-> 4)-3,6-di-O-
benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-f-D-glucopyranoside (S46).

o %3”%0 %& To a cooled (0 °C) solution of compound S45 (1.6
%o 5o $o OBn g 990 pmol) in a mixture of DCM (35 mL) and
S46 TrocHN NHTroc

H,O (3.5 mL), 2,3-dichloro-5,6-dicyano-p-

benzoquinone (0.27 g, 1.19 mmol) was added and the resulting mixture was stirred at room
temperature for 3 h. After which it was filtered, diluted with DCM (100 mL), and the organic
phase was washed with H,O until the solution became colorless. The resulting residue was
purified by silica gel column chromatography (hexanes:EtOAc, 3:2, v:v) to afford compound
S46 (1.07 g, 73%) as an amorphous white solid. 'H NMR (500 MHz; CDCl,): 6 2.30 (d, J = 8.4
Hz, 1H, OH), 297 (td, J = 9.6, 4.9 Hz, 1H, Man-3 H-5), 3.10 (d, J = 9.5 Hz, 1H, GIcN-2 H-5),
3.18 (t,J = 7.9 Hz, 1H, GIcN-2 H-3), 3.30-3.51 (m, 7H, GlcN-1 H-5, Man-3 H-6b, GIcN-2 H-2,
Man-3 H-3, GIcN-2 H-6b, GIcN-1 H-2, GIcN-2 H-6a), 3.57-3.63 (m, 4H, GlcN-1 H-3, GlcN-1
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H-6b, Man-3 H-2, Man-3 H-4), 3.72 (dd, J = 10.7, 3.1 Hz, 1H, GlcN-1 H-6a), 3.88 (t,J = 9.0 Hz,
1H, GIcN-2 H-4), 3.95 (m, 2H, GIcN-1 H-4, Man-3 H-6a), 4.20 (d, J = 12.0 Hz, 1H CHHPh),
425 (d,J = 5.8 Hz, 1H, NH), 437 (m, 4H, CHHPh, GIcN-2 H-1, CHHPh, CHHPh), 4.47-4.70
(m, 10H, 2x troc CH,, Man-3 H-1, GleN-1 H-1, CHHPh, CHHPh, CHHPh, CHHPh), 4.80 (d, J =
12.1 Hz, 1H, CHHPh), 4.85 (d, J = 12.1 Hz, 1H, CHHPh), 4.93 (d, J = 11.5 Hz, 3H, NH, CHHPh,
CHHPh), 5.34 (s, 1H, benzylidene CHPh), 7.10-7.30 (m, 29H, 29x aromatic CH), 7.32-7.33 (m,
4H, 4x aromatic CH), 7.37 (dd, J = 7.5, 1.8 Hz, 2H, 2x aromatic CH); '*C NMR (75 MHz,
CDCls): 8 56.8, 57.3, 66.8, 68.0, 68.3, 68.5, 70.6, 70.8 73.5 (x2) , 74.1, 74.2, 74.3, 74.4, 75.6,
77.9, 78.6, 78.8, 79.0, 79.6, 95.4, 95.6, 99.5, 100.3, 101.6, 101.9, 126.2, 127.3, 127.4 (x2), 127.6,
127.7, 127.8, 127.9 (x2), 128.0, 128.1, 128.2 (x2), 128.3, 128.5 (x2), 128.7, 128.9, 129.1, 137.2
(x2), 137.5, 137.9, 138.1, 138.7 (x2), 153.9 (x2). MALDI-MS: [M+Na]" C73H76ClsN2NaOs,
caled 1501.3122, obsd 1501.1051.

Benzyl [3,6-di-O-benzyl-4-O-(2-methylnaphthyl)-2-O-(9-fluorenylmethyloxycarbonyl)-a-D-
mannopyranosyl]-(1-> 3)-[4,6-0O-benzylidene-2-0O-benzyl-#-D-mannopyranosyl]-(1-> 4)-|2-
deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-carbonylamino-f#-D-glucopyranosyl]-

(1> 4)-3,6-di-O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-f-D-
glucopyranoside (S47).

N-Phenyl trifluoroacetimidate donor S27 (97

OBn
Ph"\ O o BnO BnO
(0] (0]
O&&m&om mg, 110 pmol) and trisaccharide acceptor S46

BnO TrocHN NHTroc . .
Nap 70 s47 (80 mg, 55 umol) were dissolved in DCM (10

mL), followed by addition of molecular sieves
(4A) and stirring at room temperature for 30 min, after which the reaction mixture was cooled
(=60 °C), followed by addition of TfOH (1.9 uL, 22 umol). The reaction mixture was stirred for
1 h, allowing the temperature to rise from —-60 °C to -20 °C, before quenching with solid
NaHCOs3 (20 mg). The reaction mixture was washed with aq. NaHCOs3 and extracted with DCM
(2 x 25 mL). The combined organic phase was dried (Na;SQO,), filtered, and the filtrate was
concentrated in vacuo. The resulting residue was purified by silica gel column chromatography
(hexanes:EtOAc:DCM, 4:1:1, v:v:v) to afford S47 (110 mg, 90%) as an amorphous white solid.
'H NMR (CDCl,, 500 MHz): 6 3.13 (td, J = 9.4, 5.0 Hz, 1H, Man-3 H-5), 3.29 (d, J = 9.3 Hz,
1H, GIcN-2 H-5), 340 (d, J = 7.7 Hz, 1H, GIcN-2 H-3), 3.51 (t, J = 5.4 Hz, 2H, GIcN-1 H-5,
GlcN-2 H-6a), 3.59 (dt, J = 18.7,9.4 Hz, 2H, Man-3 H-6a, GIcN-2 H-2),3.69 (dd, J = 19.1,9.8
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Hz, 2H, GIcN-1 H-2, GIcN-2 H-6a), 3.78 (d, J = 10.1 Hz, 2H, GIcN-1 H-3, GIcN-1 H6a), 3.85 (d,
J=10.1 Hz, 1H, Man-4 H-6b), 3.90-3.93 (m, 4H, Man-4 H-6a, GlcN-1 H-6b, Man-3 H-2, Man-3
H-3),4.02 (t, ] = 6.3 Hz, 1H, Man-4 H-5), 4.07 (d, J = 8.9 Hz, 1H, GIcN-2 H-4), 4.10-4.23 (m,
6H, GIcN-1 H-4, Man-4 H-4, Man-4 H-3, Man-3 H-6b, Man-3 H-4), 4.30-4.37 (m, 3H, CHHPh,
CHHPh), 4.47-4.55 (m, 5H, CHHPh, CHHPh, CHHPh, GIcN-2 H-1), 4.65 (dt, J = 20.42, 10.81
Hz, 6H, CHHPh, CHHPh, CHHPh, Man-3 H-1, GIcN-1 H-1, CHHPh), 4.76 (t, J = 12.6 Hz, 5H,
CHHPh, CHHPh), 4.86 (td, J = 17.5, 11.5 Hz, 4H, Nap CHH, CHHPh, CHHPh), 5.00 (dq, J =
20.4, 10.2 Hz, 4H, CHHPh, CHHPh), 5.17 (dd, J = 314, 11.2 Hz, 3H, NH, CHHPh, Nap CHH),
5.56-5.57 (m, 2H, Man-4 H-1, Man-4 H-2), 5.61 (s, 1H, benzylidene CHPh), 7.23-7.59 (m, 52H,
52x aromatic CH), 7.73 (dd, J = 19.0, 9.3 Hz, 3H, 3x aromatic CH), 7.86-7.90 (m, 4H, 4x
aromatic CH), 7.94 (t, J = 4.6 Hz, 1H, aromatic CH). *C NMR (75 MHz, CDCls): § 13.6, 20.9,
46.4, 56.7, 57.3, 60.3, 64.2, 66.8, 67.9, 68.2, 68.3, 69.1, 70.1, 70.5, 71.5, 72.1, 72.3, 73.2, 73.4,
73.5, 74.0, 74.1, 74.2, 74.3, 74.5, 75.2, 75.3, 75.5, 77.3, 77.4, 77.8, 78.3, 78.5, 78.6, 79.4, 95.4,
95.5, 98.3, 99.5, 100.3, 101.0, 101.1, 119.9 (x2), 125.1, 125.3, 125.8 (x2), 125.9, 126.0, 126.4,
127.1, 127.3, 127.4, 127.5, 127.6 (x2), 127.7 (x3), 127.8, 127.9 (x2), 128.0, 128.1, 128.2 (x2),
128.3(x2), 128.5, 128.7, 128.9, 132.8, 133.1, 135.8, 137.1, 137.2, 137.6, 137.7, 137.8, 138.0,
138.3, 138.6, 138.7, 141.1 (x2), 143.2, 143.4, 153.8, 153.9, 154.5. 'Jcim = GleN-1 164 Hz,
GIcN-2 161 Hz, Man-3 160 Hz, Man-4 177 Hz. MALDI-MS: [M+Na]™ C15H;16ClsN>NaO»s,
caled 2205.5896, obsd 2205.4729.

Benzyl [3,6-di-O-benzyl-4-O-(2-methylnaphthyl)-2-O-(9-fluorenylmethyloxycarbonyl)-a-D-
mannopyranosyl]-(1-> 3)-[2,4-di-O-benzyl-#-D-mannopyranosyl]-(1-> 4)-[2-deoxy-3,6-di-O-
benzyl-2-(2,2,2-trichloroethoxy)-carbonylamino-g-D-glucopyranosyl]-(1-> 4)-3,6-di-O-
benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-f-D-glucopyranoside (S48).

Triethylsilane (11 uL, 68.56 umol) and

OBn
HO BnO BnO
Bno&&éo&&%&om dichlorophenylborane (10.2 uL, 77.7 umol)

Nap%n% sag "o NTIOC were added sequentially to a cooled (-78 °C)
BnO
OFmoc solution of tetrasaccharide S47 (100 mg, 45.7

umol) in DCM (8 mL). The resulting mixture was stirred under an atmosphere of N, at -78 °C
for 40 min and quenched upon addition of solid NaHCO3; and MeOH. The resulting mixture was
washed with saturated aq. NaHCO; and H,O, dried (Na;SO,), filtered, and the filtrate was
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concentrated in vacuo. The resulting residue was purified by silica gel column chromatography
(hexanes:EtOAc:DCM, 3:1:1, v:v:v) to afford tetrasaccharide acceptor S48 (85.1 mg, 85%). 'H
NMR (CDCl,, 500 MHz): 6 3.03 (dd, J = 6.6, 2.5 Hz, 1H, Man-3 H-5),3.21 (d,J = 6.9 Hz, 2H,
GlcN-2 H-5, GleN-2 H-3), 3.36-3.39 (m, 1H, Man-3 H-6a), 3.43-3.47 (m, 2H, GlcN-1 H-5,
GlcN-2 H-6a), 3.52-3.57 (m, 1H, GIcN-2 H-2), 3.59-3.65 (m, 4H, GIcN-1 H-2, GlcN-2 H-6b,
Man-3 H-6b, Man-3 H-3), 3.69-3.78 (m, 4H, GIcN-1 H-6a, GIlcN-1 H-3, Man-4 H-6a, Man-4 H-
6b), 3.85-3.90 (m, 3H, GIcN-1 H6b, Man-3 H-4, Man-3 H-2),3.95 (t,J =9.1 Hz, 1H, GIcN-2 H-
4),3.99-407 (m, 4H, Man-4 H-5, Man-4 H-4, GIcN-1 H-4, Man-4 H-3),4.28 (dt,J = 12.0,5.8
Hz,3H,NH, CHHPh),4.33 (d,/=79Hz,1H),4.39 (d,J=8.4Hz, 1H, GIcN-2 H-1), 4.42-4.49
(m, 4H, CHHPh, CHHPh, CHHPh), 4.52 (dt, J = 8.6, 4.1 Hz, 3H, CHHPh, CHHPh, Man-3 H-1),
4.56 (d,J =3.7 Hz, 1H, CHHPh), 4.61 (d, J = 12.3 Hz, 3H, CHHPh, GIcN-1 H-1), 4.66 (dd, J =
11.6,49 Hz, SH, CHHPh, CHHPh), 4.73 (dd, J = 11.2, 8.3 Hz, 2H, Nap CHH, CHHPh), 4.75-
4.83 (m, 3H, CHHPh, CHHPh), 4.86 (d, J = 14.2 Hz, 1H, CHHPh), 491 (d, J = 9.5 Hz, 1H,
CHHPh), 496 (d, J = 12.6 Hz, 2H, CHHPh), 5.05 (ddd, J = 31.7, 20.0, 10.1 Hz, 4H, NH,
CHHPh, CHHPh, Nap CHH), 5.35 (s, 1H, Man-4 H-1), 5.37 (d, J = 2.4 Hz, 1H, Man-4 H-2),
7.17-7.24 (m, 9H, 9x aromatic CH), 7.25-7.37 (m, 30H, 30x aromatic CH), 7.40 (t, J = 7.6 Hz,
3H, 3x aromatic CH), 7.44-7.49 (m, 7H, 7x aromatic CH), 7.53 (dq, J = 6.3, 3.2 Hz, 2H, 2x
aromatic CH), 7.68 (q, J = 8.3 Hz, 3H, 3x aromatic CH), 7.78-7.84 (m, SH, 5x aromatic CH),
7.88 (dd, J = 6.0, 3.4 Hz, 1H, aromatic CH). >C NMR (75 MHz, CDCl3): § 14.1, 21.0, 46.5, 56.7,
57.3, 60.3, 61.7, 68.0, 68.3, 69.2, 70.3, 70.6, 71.8, 72.5, 72.6, 73.3, 73.4, 73.6, 74.1 (x2), 74.3,
74.4, 74.6, 74.8, 74.9, 75.1, 75.6, 76.6, 77.5, 77.6, 77.9, 78.1, 78.6, 79.7, 80.4, 95.5 (x2), 99.3,
99.6, 100.5 (x2), 120.0 (x2), 125.2, 125.4, 125.8, 125.9, 126.0, 126.3, 126.9, 127.0, 127.1, 127.3,
127.5 (x2), 127.6, 127.7 (x2), 127.8 (x2), 127.9 (x2), 128.1, 128.2 (x2), 128.3(x2) ,128.4, 128.5,
128.7, 128.8, 129.1, 132.9, 133.2, 133.9, 135.8, 137.2, 137.6, 137.7, 137.8 (x2), 138.0, 138.6
(x2), 138.7, 141.2 (x2), 143.2, 143.5, 154.1, 154.6. MALDI-MS: [M+Na]" C;;9H15CIsN2NaO,s,
calcd 2207.6053, obsd 2207.1960.
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Benzyl [3,6-di-O-benzyl-4-O-(2-methylnaphthyl)-2-O-(9-fluorenylmethyloxycarbonyl)-a-D-
mannopyranosyl-(1-> 3)]-[6-O-levulinoyl-3,4-di-O-benzyl-2-0-allyloxycarbonyl-ca-D-
mannopyranosyl-(1-> 6)]-[2,4-di-O-benzyl-#-D-mannopyranosyl]-(1-> 4)-[2-deoxy-3,6-di-O-
benzyl-2-(2,2,2-trichloroethoxy)-carbonylamino-g-D-glucopyranosyl]-(1-> 4)-3,6-di-O-
benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-f-D-glucopyranoside (1).

OAlloc N-Phenyl trifluoroacetimidate donor S34 (0.65 g,

éﬁé:o 2 910 umol), tetrasaccharide acceptor S48 (1.0 g,
BnOo Ognt)%gVBgo 9 o8 460 umol) were dissolved in DCM (120 mL),

BnO 9 1 nOTrocHN Bno NHTrocn followed by addition of molecular sieves (4A) and
Na%?cﬁgmoc stirring at room temperature for 30 min, after

which the reaction mixture was cooled (-60 °C), followed by addition of TfOH (1.9 uL, 22
umol). The reaction mixture was stirred for 1 h, allowing the temperature to rise from —-60 °C to
=20 °C, before quenching with solid NaHCO;. The reaction mixture was washed with aq.
NaHCOj3 and extracted with DCM (2 x 25 mL). The combined organic phase was dried (Na,;SOy,),
filtered, and the filtrate was concentrated in vacuo. The resulting residue was purified by silica
gel column chromatography (hexanes:EtOAc:DCM, 2.5:1:1, v:v:v) to afford pentasaccharide 1
(1.1 g, 89%) as an amorphous white solid. '"H NMR (CDCls;, 500 MHz): & 2.02 (s, 3H, Lev
CH,COCH3), 2.38 (t,J = 6.7 Hz, 2H, Lev COOCH,CH,), 2.51-2.55 (m, 2H, Lev COOCH,CH»),
3.02 (d, J=9.4 Hz, 1H, GIcN-2 H-5), 3.07 (dd, /=9.2, 2.4 Hz, 1H, Man-3 H-5), 3.23 (d, J= 8.3
Hz, 1H, GlcN-2 H-3), 3.32 (dt, J = 16.4, 6.1 Hz, 3H, GIcN-2 H-2, Man-4 H-5, GIcN-2 H-6a),
3.44-3.51 (m, 4H, GIcN-2 H-6b, GIcN-1 H-2, Man-3 H-6a, Man-3 H-3), 3.54-3.65 (m, 8H, Man-
4 H-6a, Man-4’ H-4, GIcN-1 H-3, Man-4’ H-5, Man-3 H-6b, Man-4 H-6b), 3.77 (dt, /= 5.2, 3.5
Hz, 2H, Man-3 H-4, Man-4’ H-3), 3.82 (d, J = 2.1 Hz, 1H, Man-3 H-2), 3.86 (dd, J=17.3, 8.1
Hz, 4H, GIcN-2 H-4, Man-4 H-4), 3.94-4.05 (m, 3H, Man-4 H-3, Man-4’ H-6a, Man-4’ H-6b),
4.13-4.23 (m, 5SH, CHHPh, NH), 4.27-4.39 (m, 9H, GIcN-2 H-1, CHHPh, CHHPh, CHHPA,
CHHPh, alloc HHC-C=CH, CHHPh), 4.41-4.47 (m, 7H, alloc HHC-C=CH, CHHPh, GlcN-1 H-
1, Man-3 H-1, CHHPh, CHHPh), 4.52 (dt, J = 12.7, 6.8 Hz, 6H, CHHPh, CHHPh, CHHPh), 4.60
(dd, J=11.8, 5.0 Hz, 3H, Nap CHH, CHHPh, CHHPh), 4.66 (d, /= 11.4 Hz, 1H, CHHPh), 4.72-
4.80 (m, SH, CHHPh, CHHPh, Man-4" H-1, CHHPh), 4.93 (dt, J = 23.6, 11.9 Hz, 4H, CHHPA,
CHHPh, NH, Nap CHH), 5.06 (s, 1H, Man-4’ H-2), 5.13 (d, J = 10.4 Hz, 1H, alloc HC=CHH),
5.18-5.24 (m, 3H, Man-4 H-1, alloc HC=CHH, Man-4 H-2), 5.76 (dd, J = 17.1, 10.5 Hz, 1H,
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alloc HC=CH,;), 7.01-7.25 (m, 57H, 57x aromatic CH), 7.34 (q, J = 7.9 Hz, 4H, 4x aromatic CH),
7.38-7.40 (m, 2H, 2x aromatic CH), 7.54 (q, J = 8.9 Hz, 3H, 3x aromatic CH), 7.64-7.71 (m, 4H,
4x aromatic CH). °C NMR (75 MHz, CDCls): 6 14.1, 27.8, 29.7, 37.8, 46.5, 48.6, 52.4, 56.4,
57.4, 60.3, 63.1, 66.6, 68.1, 68.4, 68.6, 69.2, 69.9, 70.3, 70.5, 71.3, 71.8, 71.9, 72.5, 72.6, 73.2,
73.4, 73.7, 74.3, 74.1, 74.2, 74.3 (x2), 74.5, 74.8, 75.1 (x2), 76.3, 77.3, 77.7, 78.0, 78.1, 78.6,
81.1, 95.5, 95.6, 97.4, 99.3, 99.5 (x2), 100.3, 101.3, 118.9 , 119.9, 120.0 (x2), 125.1, 125.4,
125.8, 125.9, 126.0, 126.3, 127.1, 127.3, 127.4, 127.5, 127.6, 127.7 (x3), 127.8, 127.9, 128.0
(x2), 128.2 (x3), 128.3(x3), 128.4, 128.5 (x2), 131.4, 132.9, 133.2, 135.8, 137.2, 137.7, 137.8,
137.9, 138.0, 138.2, 138.6, 138.8, 139.0, 141.2 (x2), 143.2, 143.5, 153.8 (x2), 154.2, 154.6,
171.1, 206.5. 'Je1,u1 = GleN-1 164 Hz, GIcN-2 164 Hz, Man-3 159 Hz, Man-4 176 Hz, Man-4’
175 Hz. MALDI-MS: [M+Na]" Cy43H;50CIsN,NaOsg, caled 2731.8099, obsd 2731.4468.

Benzyl [3,6-di-O-benzyl-4-0-(2-methylnaphthyl)-a-D-mannopyranosyl-(1-> 3)]-[6-O-
levulinoyl-3,4-di-O-benzyl-2-0-allyloxycarbonyl-a-D-mannopyranosyl-(1-> 6)]-[2,4-di-O-
benzyl-f-D-mannopyranosyl]-(1-> 4)-[2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-
carbonylamino-f#-D-glucopyranosyl]-(1-> 4)-3,6-di-O-benzyl-2-deoxy-2-(2,2,2-

trichloroethoxy)carbonylamino-f-D-glucopyranoside (6).

To a solution of pentasaccharide 1 (20 mg, 7.37

é—féoo 0 umol) in DCM (2 mL), EtzN (0.5 mL) was added
n . . .
OBn and the resulting mixture was stirred at room
"o 90 0 OBn temperature under an atmosphere of N, for 4 h,
BnO 6 TrocHN NHTroc ) ]
Na%OO ie after which it was concentrated in vacuo and the
n
OH

residue was azeotropically dried with toluene (3x5
mL). The resulting residue was purified by silica gel column chromatography
(hexanes:EtOAc:DCM, 1.5:1:1, v:v:v) to afford compound 6 (17.3 mg, 94%). 'H NMR (600
MHz; CDCI,): 6 2.04 (s, 3H, lev CH,COCH};), 2.39 (t, J = 6.6 Hz, 2H, lev COOCH,CH,), 2.52-
2.55 (m, 2H, lev COOCH,CH,), 3.00 (d, J = 9.4 Hz, 1H, GIcN-2 H-5), 3.07 (td, J = 4.7, 3.3 Hz,
1H, Man-3 H-5), 3.20 (s, 1H, GIcN-2 H-3), 3.29 (m, 2H, GIcN-2 H-2, Man-4 H-5), 3.33 (dd, J =
11.0,3.4 Hz, 1H, GIcN-2 H-6a), 3.44-3.50 (m, SH, Man-3 H-3, GlcN-2 H-6b, GIcN-1 H-2, Man-
3 H-6a), 3.53-3.61 (m, 9H, Man-4 H-6a, Man-4’ H-4, GlcN-1 H-3, Man-4’ H-5, Man-3 H-6b),
3.63 (dd,J =10.7, 3.6 Hz, 1H, Man-4 H-6a), 3.73 (t,J = 9.5 Hz, 1H, Man-3 H-4), 3.77-3.89 (m,
10H, Man-4’ H-3, Man-3 H-2, Man-4 H-4, Man-4 H-3, GIcN-2 H-4, Man-4 H-2),3.99 (d, J =
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11.3 Hz, 1H, Man-4’ H-6a),4.04 (dd, J =119, 4.1 Hz, 1H, Man-4’ H-6b), 4.20 (t,J = 11.1 Hz,
3H, CHHPh, NH, CHHPh ), 4.26 (d,J = 7.8 Hz, 1H, GIcN-2 H-1),4.32 (dd, J = 18.3, 6.3 Hz, 3H,
CHHPh, CHHPh, CHHPh), 4.36-4.41 (m, 3H, CHHPh, CHHPh), 4.45 (dt, J = 12.8,5.9 Hz, 7TH,
CHHPh, GIcN-1 H-1, CHHPh, Man-3 H-1, CHHPh), 4.48-4.54 (m, 7H, CHHPh, CHHPh,
CHHPh, CHHPh), 4.56-4.62 (m, 4H, Nap CHH, CHHPh, CHHPh), 4.73-4.80 (m, SH, CHHPh,
CHHPh, CHHPh, Man-4’ H-1, CHHPh), 4.89-4.95 (m, 4H, Nap CHH, CHHPh, NH, CHHPh),
5.06 (s, 2H, Man-4 H-1, Man-4’ H-2), 5.13 (dd, J = 10.5, 1.1 Hz, 1H, alloc CH=CHH), 5.22 (dt,
J=172,14 Hz, 1H, alloc CH=CHH), 5.77 (ddt, J = 169, 10.7, 6.0 Hz, 1H, alloc CH=CH,),
7.01 (t,J =7.4 Hz, 1H, aromatic CH), 7.07-7.25 (m, 53H, 53x aromatic CH), 7.36-7.41 (m, 4H,
4x aromatic CH), 7.53 (s, 1H, aromatic CH), 7.64-7.68 (m, 2H, 2x aromatic CH), 7.75 (dd, J =
6.0, 3.4 Hz, 1H, aromatic CH). °*C NMR (75 MHz, CDCl;): 6 14.1, 27.8, 29.7, 37.8, 46.5, 48.6,
52.4,56.4,57.4, 60.3, 63.1, 66.6, 68.1, 68.4, 68.6, 69.2, 69.9, 70.3, 70.5, 71.3, 71.8, 71.9, 72.5,
72.6, 73.2, 73.4, 73.7, 74.3, 74.1, 74.2, 74.3 (x2), 74.5, 74.8, 75.1 (x2), 76.3, 77.3, 77.7, 78.0,
78.1,78.6, 81.1, 95.5, 95.6, 97.4, 99.3, 99.5, 100.3, 101.4 (x2), 119.0,125.8, 125.9, 126.0, 126.3,
127.2, 127.3 (x2), 127.4 (x2), 127.5 (x2), 127.7 (x3), 127.8 (x2), 127.9 (x2), 128.0, 128.1 (x2),
128.2, 128.3(x2), 128.4, 128.5 (x2), 128.6 (x2), 128.7, 131.4, 132.9, 133.2, 135.9, 137.3, 137.8
(x3), 137.9, 138.0, 138.2, 138.9, 139.0, 153.9 (x2), 154.3, 172.3, 206.6. MALDI-MS: [M+Na]"
Ci33H140CIgN2NaO3;, caled 2509.7418, obsd 2509.4609.

Benzyl [3,6-di-O-benzyl-4-O-(2-methylnaphthyl)-2-O-(9-fluorenylmethyloxycarbonyl)-a-D-
mannopyranosyl-(1-> 3)]-[3,4-di-O-benzyl-2-0-allyloxycarbonyl-a-D-mannopyranosyl-

(1> 6)]-[2,4-di-O-benzyl-f-D-mannopyranosyl]-(1-> 4)-[2-deoxy-3,6-di-O-benzyl-2-(2,2,2-
trichloroethoxy)-carbonylamino-g-D-glucopyranosyl]-(1-> 4)-3,6-di-O-benzyl-2-deoxy-2-
(2,2,2-trichloroethoxy)carbonylamino-£-D-glucopyranoside (7).

HO OA"OC Hydrazine acetate (1.22 mg, 13.3 umol) was
B
"&no added to a solution of pentasaccharide 1 (30 mg,
0

%;nm OBn 11.1 pumol) in a mixture of DCM (3 mL) and

Nap%n% TrocHN NHTC  MeOH (0.3 mL) and the resulting mixture was
BnO

" OFmoc stirred at room temperature for 5 h. The mixture

was concentrated in vacuo and the resulting residue was purified by silica gel column
chromatography (hexanes:EtOAc:DCM, 2.5:1:1, v:v:v) to afford compound 7 (24.5 mg, 85%).
'H NMR (CDCl,, 600 MHz): 6 2.31 (s, 1H, OH), 3.03 (d, J = 9.7 Hz, 1H, GlcN-2 H-5), 3.08 (dd,
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J=89,59 Hz, 1H, Man-3 H-5), 3.27-3.31 (m, 3H, Man-3 H-6a, GIcN-2 H-2, GIcN-2 H-6a),
3.37(d,J=9.6 Hz, 2H, GIcN-2 H-6b, GlcN-1 H-5), 3.47-3.55 (m, 7H, GlcN-2 H-3, Man-3 H-6b,
GIcN-1 H-2, Man-3 H-3), 3.57-3.64 (m, 6H, GIcN-1 H-3, GIcN-1 H-6a, Man-4’ H-4, Man-3 H-4,
Man-4 H-5), 3.66 (dd, J = 10.7,3.9 Hz, 1H, GIcN-1 H-6b), 3.73 (dd, J =9.4,2.8 Hz, 1H, Man-4’
H-3),3.80 (d,J =2.5 Hz, 1H, Man-3 H-2), 3.86-3.91 (m, 2H, Man-4 H-4),3.93 (dd,/J=14.0,6.0
Hz, 1H, GlcN-1 H-4),3.96 (dd, J =8.7,3.3 Hz, 1H, Man-4 H-3),4.07 (t,J = 9.0 Hz, 1H, GIcN-2
H-4), 421 (ddq, J = 49.7, 195, 9.7 Hz, 4H, CHHPh), 4.32-4.40 (m, 6H, CHHPh, CHHPh,
CHHPh), 4 .45 (ddt,J =16.7,11.2,5.4 Hz, TH, CHHPh, CHHPh, Man-3 H-1, alloc HHC-C=CH,
CHHPh, CHHPh, GIcN-1 H-1), 4.51-4.62 (m, 11H, CHHPh, CHHPh, GIcN-2 H-1, alloc HHC-
C=CH, CHHPh, Nap CHH, CHHPh, CHHPh, CHHPh), 4.68 (d,J = 11.2 Hz, 1H, CHHPh), 4.72-
4.80 (m, 3H, CHHPh, CHHPh, CHHPh), 4.82-4.85 (m, 1H, NH), 4.96 (dd, J=23.0, 11.6 Hz, 4H,
CHHPh, CHHPh, Nap CHH, Man-4’ H-2),5.05 (d, J = 13.8 Hz, 1H, Man-4’ H-1), 5.09-5.10 (m,
1H, NH), 5.13 (d, J = 10.5 Hz, 1H, alloc CH=CHH), 5.20 (s, 1H, Man-4 H-1), 5.24-5.26 (m, 2H,
alloc CH=CHH, Man-4 H-2), 5.80 (ddt, J = 169, 11.0, 5.7 Hz, 1H, alloc CH=CHH), 7.05-7.27
(m, 56H, 56x aromatic CH), 7.33 (ddd, J = 6.6, 6.3, 4.7 Hz, 4H, 4x aromatic CH), 7.40 (dd, J =
6.2, 3.2 Hz, 2H, 2x aromatic CH), 7.52 (s, 2H, 2x aromatic CH), 7.56 (d, J = 7.5 Hz, 1H,
aromatic CH), 7.65 (dt,J = 6.1, 3.3 Hz, 1H, aromatic CH), 7.68 (d, J = 8.5 Hz, 1H, aromatic CH),
7.70 (d, J = 7.6 Hz, 2H, 2x aromatic CH), 7.75 (dd, J = 5.7, 3.6 Hz, 1H aromatic CH). >C NMR
(125 MHz, CDCls): 6 29.7, 46.5, 56.5, 57.8, 61.3, 67.1, 67.9, 68.4, 68.8, 69.2, 69.9, 70.3, 70.5,
71.5 (x2),71.9,72.2,72.5,72.6, 72.7, 73.3 (x2), 73.4, 73.9, 74.0, 74.3 (x2), 74.5, 74.9 (x2), 75.0,
75.1, 75.4, 76.5, 77.4, 77.8, 78.0 (x2), 78.4, 81.2, 95.6, 97.2, 99.5 (x2), 100.0, 101.0, 119.2 ,
120.0 (x2), 125.2, 125.4, 125.8, 125.9, 126.0, 126.3, 127.2, 127.3, 127.4 (x2), 127.5, 127.6 (x2),
127.7 (x4), 127.8 (x3), 127.9 (x2), 128.0 (x2), 128.1 (x2), 128.2, 128.3(x2), 128.4 (x2), 128.5,
128.6 (x2), 131.4, 132.9, 133.2, 135.9, 137.3, 137.5, 137.6, 137.8, 138.0 (x2), 138.1, 138.5,
138.6, 139.0, 141.2, 141.3, 143.2, 143.5, 153.8, 153.9, 154.2, 154.7. MALDI-MS: [M+Na]"
Ci43H144CIgN2NaOs;, caled 2633.7731, obsd 2633.6345.
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Benzyl [3,6-di-O-benzyl-4-O-(2-methylnaphthyl)-2-O-(9-fluorenylmethyloxycarbonyl)-a-D-
mannopyranosyl-(1-> 3)]-[6-O-levulinoyl-3,4-di-O-benzyl)-a-D-mannopyranosyl-(1-> 6)]-
[2,4-di-O-benzyl-f-D-mannopyranosyl]-(1-> 4)-[2-deoxy-3,6-di-O-benzyl-2-(2,2,2-
trichloroethoxy)-carbonylamino-g-D-glucopyranosyl]-(1-> 4)-3,6-di-O-benzyl-2-deoxy-2-
(2,2,2-trichloroethoxy)carbonylamino-£-D-glucopyranoside (8).

LevO Og Tetrakis(triphenylphosphine) palladium (6.4 mg,

"o 5.6 umol) was added to a solution of
(%OLSE;nO OBnO o . .

BnO~J &M&Lom pentasaccharide 1 (30 mg, 11.1 pmol) in a

NSO g oo NHTrC  mixture of THF (3 mL) and H,O (0.3 mL) and the

Bno <|3Fm00 resulting mixture was stirred at room temperature

overnight, after which it was concentrated in vacuo and the residue was azeotropically dried with
toluene (3x5 mL). The resulting residue was purified by silica gel column chromatography
(hexanes:EtOAc:DCM, 3:2:1, v:v:v) to afford compound 8 (27.8 mg, 96%). '"H NMR (CDCl,,
600 MHz): 6 2.02 (s, 3H, lev CH,COCH,), 2.16 (s, 1H, OH), 2.38 (t, J = 6.6 Hz, 2H, lev
COOCH,CH,), 2.52 (t,J = 6.6 Hz, 2H, lev COOCH,CH,), 3.03 (d, J = 5.9 Hz, 2H, Man-3 H-5,
GlcN-2 H-5), 3.13 (s, 1H, GIcN-2 H-3), 3.29-3.30 (m, 1H, Man-4 H-5), 3.34 (dd, J = 10.9, 3.0
Hz, 1H, GIcN-2 H-6a), 3.37 (d, J = 9.0 Hz, 1H, GIcN-2 H-2), 3.46-3.68 (m, 13H, GlcN-2 H-6b,
GIcN-1 H-2, Man-3 H-3, Man-3 H-6a, Man-4 H-6a, Man-4’ H-5, Man-4’ H-4, Man-3 H-6b,
GIcN-1 H-3, Man-4’ H-3, Man-4 H-6b), 3.76-3.81 (m, 3H, Man-4’ H-2, Man-3 H-4, Man-3 H-2),
3.87 (dd, J = 17.6, 8.6 Hz, 4H, Man-2 H-4, Man-4 H-4, Man-1 H-4), 3.95 (dd, J = 8.7, 2.8 Hz,
1H, Man-4 H-3), 3.99-4.01 (m, 1H, Man-4’ H-6a),4.07 (dd,J=11.9,4.0 Hz, 1H, Man-4’ H-6b),
4.13-4.20 (m, 4H, CHHPh), 4.24 (d,J = 8.1 Hz, 1H, GIcN-2 H-1),4.31 (dd, J = 10.8, 4.3 Hz, 4H,
CHHPh, CHHPh), 4.33-4.39 (m, 4H, CHHPh, CHHPh, CHHPh), 441 (d, J = 11.1 Hz, 1H,
CHHPh), 4.42-4.50 (m, 6H, Man-3 H-1, CHHPh, GIcN-1 H-1, CHHPh, CHHPh), 4.52 (d, J =
12.2 Hz, 3H, CHHPh), 4.58 (t, J = 9.0 Hz, 3H, CHHPh, Nap CHH), 4.64 (t, J = 12.3 Hz, 2H,
CHHPh, CHHPh), 4.74 (dd, J = 114, 5.8 Hz, 2H, CHHPh, CHHPh), 4.78-4.81 (m, 3H, CHHPh,
Man-4’ H-1, CHHPh), 4.95 (dd, J = 22.4, 11.7 Hz, 4H, CHHPh, CHHPh, NH, Nap CHH), 5.19
(s, 1H, Man-4 H-1), 5.25 (s, 1H, Man-4 H-2), 7.02-7.23 (m, 55H, 55x aromatic CH), 7.26 (d, J =
7.4 Hz, 2H, 2x aromatic CH), 7.34 (dd, J = 16.1, 7.7 Hz, 4H, 4x aromatic CH), 7.38-7.40 (m, 2H,
2x aromatic CH), 7.53 (d, J = 6.8 Hz, 2H, 2x aromatic CH), 7.56 (d, J = 7.5 Hz, 1H, aromatic
CH), 7.64 (t,J = 4.7 Hz, 1H, aromatic CH), 7.67 (d, J = 8.4 Hz, 1H, aromatic CH), 7.70 (d, J =
7.6 Hz, 2H, 2x aromatic CH), 7.74-7.75 (m, 1H, aromatic CH). >C NMR (125 MHz, CDCls): 6
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27.8,29.7, 29.8, 37.8, 46.5, 56.5, 57.2, 60.4, 63.2, 66.2, 67.6, 68.1, 68.4, 69.1, 69.7, 70.3, 70.5,
71.2, 71.8, 72.5, 72.6, 73.3, 73.5 (x2), 73.7 (x2) , 73.9, 74.3, 74.4, 74.5, 74.7, 74.8, 75.0, 75.2,
76.6, 77.5, 77.7, 78.0, 78.1, 78.6, 79.4 (x2), 80.9, 95.6 (x2), 99.3, 99.6 (x2), 100.5, 101.0, 120.0
(x2), 125.2, 125.4, 125.8, 125.9, 126.4, 127.2, 127.3 (x2), 127.5, 127.6 (x4), 127.7 (x2), 127.8
(x3), 127.9 (x3), 128.1, 128.2 (x3), 128.3(x3), 128.4 (x2), 128.6 (x2), 128.8, 132.9, 133.2, 135.8,
137.2, 137.7, 137.8 (x3), 138.0, 138.2, 138.7, 138.8, 141.2 (x3), 143.5, 153.9, 154.0, 154.6,
172.4,206.7. MALDI-MS: [M+Na]" Cy44H46CleN2NaOs,, caled 2647.7888, obsd 2647.4988.

Benzyl [3,6-di-O-benzyl-2-0-(9-fluorenylmethyloxycarbonyl)-c-D-mannopyranosyl-(1-> 3)]-
[6-O-levulinoyl-3,4-di-O-benzyl-2-0-allyloxycarbonyl-a-D-mannopyranosyl-(1-> 6)]-[2,4-di-
O-benzyl-f-D-mannopyranosyl]-(1-> 4)-[2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-
carbonylamino-f#-D-glucopyranosyl]-(1-> 4)-3,6-di-O-benzyl-2-deoxy-2-(2,2,2-

trichloroethoxy)carbonylamino-#-D-glucopyranoside (9).

DDQ (3.0 mg, 13.3 umol) was added to a cooled

LevO OAlloc

Bfé 0 (0 °C) solution of pentasaccharide 1 (30 mg, 11.1
nO
) oo . Bn%o . umol) in a mixture of DCM (3 mL) and H,O (0.3
n
o) 90 Q0 OBn  mL). The resulting mixture was stirred at room
BnO TrocHN NHTroc

%?10 10 9 temperature for 3 h. The mixture was diluted with

DCM (30 mL) and the organic phase was washed
with H,O until the solution became colorless. The organic phase was dried (Na;SO,), filtered,
and the filtrate was concentrated in vacuo. The resulting residue was purified by silica gel
column chromatography (hexanes:EtOAc:DCM, 2.5:1:1, v:v:v) to afford compound 9 (24.6 mg,
86%). 'H NMR (CDCl,, 600 MHz): 6 2.03 (s, 3H, lev CH,COCH,), 2.39 (t, J = 6.7 Hz, 2H,
COOCH,CH,), 2.54 (q, J = 6.2 Hz, 2H, COOCH,CH,), 3.00 (d, J = 9.4 Hz, 1H, GIcN-2 H-5),
3.06 (dd,J =9.3,2.5 Hz, 1H, Man-3 H-5), 3.22 (s, IH, GlcN-2 H-3), 3.31 (dt,J = 11.5,5.8 Hz,
3H, GIcN-2 H-2, GlcN-1 H-5, GIcN-2 H-6a), 3.43-3.51 (m, 4H, GIlcN-2 H-6b, GlcN-1 H-2,
Man-3 H-6a, Man-3 H-3), 3.55-3.65 (m, 7H, GlcN-1 H-6a, GIcN-1 H-3, Man-4’ H-4, Man-3 H-
6b, Man-4" H-5, GIcN-1 H-6b), 3.69 (td, J = 8.7, 2.8 Hz, 2H, Man-4 H-3), 3.77 (dq, J = 8.6, 3.2
Hz, 2H, Man-4’ H-3, Man-3 H-4), 3.81-3.89 (m, 5H, Man-3 H-2, GIcN-2 H-4, GIcN-1 H-4),
397-3.99 (m, 1H, Man-4’ H-6a), 4.04 (dd, J = 11.8, 3.8 Hz, 1H, Man-4’ H-6b), 4.12-4.21 (m,
5H, NH, CHHPh, CHHPh), 4.28 (dd,J =10.1,7.3 Hz, 2H, GIcN-2 H-1),4.33 (td,/=7.9, 3.7 Hz,
3H, CHHPh, CHHPh, CHHPh), 4.38 (dt, J = 11.8, 6.0 Hz, 3H, CHHPh, CHHPAh, , alloc HHC-
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C=CH), 4.42-447 (m, 7H, CHHPh, alloc HHC-C=CH, CHHPh, CHHPh, GIcN-1 H-1, Man-3 H-
1), 4.49-4.56 (m, 6H, CHHPh, CHHPh), 4.61 (dd, J = 11.9, 3.2 Hz, 2H, CHHPh, CHHPh), 4.66
(d,J = 11.4 Hz, 1H, CHHPh), 4.73-4.80 (m, 5H, CHHPh, CHHPh, CHHPh, Man-4’ H-1), 4.92
(dd, J =27.7, 12.2 Hz, 3H, CHHPh, NH, CHHPh), 5.07 (s, 1H, Man-4’ H-2), 5.13 (dd, J = 10.4,
0.8 Hz, 1H, alloc HC=CHH), 5.16 (s, 1H, Man-4 H-1), 5.19 (t, J = 2.1 Hz, 1H, Man-4 H-2), 5.22
(dd,J =172, 13 Hz, 1H, HC=CHH), 5.76 (td, J = 11.2, 5.8 Hz, 1H, alloc CH=CHH), 7.04 (q, J
= 8.0 Hz, 2 H, 2x aromatic CH), 7.11-7.27 (m, 54H, 54x aromatic CH), 7.34 (t, J = 7.5 Hz, 2H,
2x aromatic CH), 7.37 (d, J = 7.5 Hz, 2H, 2x aromatic CH), 7.52 (dd, J = 13.1, 7.5 Hz, 2H, 2x
aromatic CH), 7.70 (d, J = 7.6 Hz, 2H, aromatic CH). '*C NMR (125 MHz, CDCLy): 8 27., 29.7,
37.9, 46.6, 57.4, 63.2, 66.6, 67.2, 68.1, 68.4, 68.7, 69.9, 70.1, 70.4, 70.5, 71.3, 71.7, 71.8, 71.9,
72.3, 73.2, 73.5, 73.6, 73.7, 73.8, 74.4, 74.5 (x2), 74.6, 74.8 75.2, 77.4, 77.8, 78.1, 78.2, 78.6,
81.1, 95.6, 97.5, 99.5, 99.6, 100.3, 101.3, 104.3, 119.0, 120.0 (x2), 125.2, 125.3, 127.2 (x3),
127.3, 127.4, 127.5 (x2), 127.6, 127.7 (x2), 127.8 (x2), 127.9 (x2), 128.0, 128.1 (x2), 128.2 (x2),
128.3(x2), 128.4 (x3), 128.5, 128.6 (x3), 131.4, 137.2, 137.5, 137.7, 137.8 (x2), 137.9, 138.0,
138.2, 138.6, 138.9, 139.0, 141.2 (x2), 143.2, 143.4, 153.9 (x2), 154.3, 154., 172.3, 206.6.
MALDI-MS: [M+Na]" C;37H4,Cl¢N;NaOs4, caled 2591.7473, obsd 2591.4341.

Benzyl [2,3,4,6-tetra-0-benzyl-f-D-galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-
(2,2,2-trichloroethoxy)-carbonylamino-f-D-glucopyranosyl-(1-> 2)-3,6-di-O-benzyl-4-0-(2-
methylnaphthyl)-a-D-mannopyranosyl-(1-> 3)]-[6-O-levulinoyl-3,4-di-O-benzyl-2-O-
allyloxycarbonyl-a-D-mannopyranosyl-(1-> 6)]-[2,4-di-O-benzyl-#-D-mannopyranosyl]-

(1> 4)-|2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-carbonylamino-£-D-
glucopyranosyl]-(1-> 4)-3,6-di-O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-£-
D-glucopyranoside (10).

Levo\ 781 N-Phenyl trifluoroacetimidate donor 2 (468

Bngno .
OBn mg, 380 umol), pentasaccharide acceptor 6
o 0?4 B0 = B0 e, (475 mg, 190 pmol), were dissolved in DCM

NapO o) ..
BnO OBn _ BnO 45 mL), followed by addition of molecular
" BB(&/(L 10 ( ), A4 y i u

B0 e TrocHN sieves (4A) and stirring at room temperature

for 30 min, after which the reaction mixture was cooled (-60 °C), followed by addition of TfOH

(6.7 uL, 76 umol). The reaction mixture was stirred for 1 h, allowing the temperature to rise
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from -60 °C to —20 °C, before quenching with Et;N (10 uL). The reaction mixture was washed
with aq. NaHCOs3 and extracted with DCM (2 x 50 mL). The combined organic phase was dried
(NazS0Oy), filtered, and the filtrate was concentrated in vacuo. The resulting residue was purified
by silica gel column chromatography (hexanes:EtOAc:DCM, 2.5:1:1, v:v:v) to afford 10 (650
mg, 97%) as an amorphous white solid. "H NMR (CDCl;, 600 MHz): & 2.01 (s, 3H, lev
CH,COCH3), 2.36 (t, J = 6.8 Hz, 2H, lev COOCH,CH,), 2.50-2.53 (m, 2H, lev COOCH,CH»),
2.96 (d, J=17.3 Hz, 1H), 3.00 (d, J = 9.5 Hz, 2H, GIcN-2 H-5, Man-3 H-5), 3.21 (s, 1H, GIcN-2
H-3), 3.25-3.32 (m, 8H, GIcN-2 H-6a, GlcN-2 H-2, GlcN-1 H-5, Gal-6 H-3, GIcN-5 H-2), 3.39-
3.55 (m, 14H, GIcN-2 H-6b, GlcN-1 H-2, GIcN-1 H-3, Man-4’ H4, Man-4’ H-5, GIcN-1 Hé6a,
Man-3 H-3), 3.63 (dt, /= 6.9, 3.6 Hz, 2H, GlcN-1 H-6b), 3.69-3.74 (m, 4H, Man-3 H-4, Man-4
H-4, Gal-6 H-2, Man-4’ H-3), 3.76-3.88 (m, 7H, Man-3 H-2, Gal-6 H-4, Man-4 H-3, GlcN-2 H-
4, GlcN-1 H-4), 3.97-3.99 (m, 3H, Man-4 H-2, Man-4’ H-6a, Man-4’ H-6b), 4.10-4.17 (m, 4H,
GlcN-5 H-1, CHHPh, CHHPh, CHHPh), 4.22-4.55 (m, 31H, NH, CHHPh, GlcN-2 H-1, CHHPh,
CHHPh, CHHPh, Gal-6 H-1, CHHPh, CHHPh, CHHPh, CHHPh, alloc CHH-CH=CH,, CHHPh,
CHHPh, alloc CHH-CH=CH,, CHHPh, CHHPh, GlcN-1 H-1, Man-3 H-1, CHHPh, CHHPh,
Nap CHH), 4.60 (dd, J = 12.4, 8.1 Hz, 4H, CHHPh, CHHPh), 4.64-4.66 (m, 2H, CHHPh), 4.70
(d, J = 11.7 Hz, 2H, CHHPh), 4.73-4.79 (m, 7H, CHHPh, CHHPh, Man-4’ H-1, CHHPh,
CHHPh, NH), 4.84-4.88 (m, 4H, CHHPh, CHHPh, CHHPh), 4.91 (d, /= 16.3 Hz, 2H, Nap CHH,
NH), 4.97 (s, 1H, Man-4 H-1), 5.02 (s, IH, Man-4’ H-2), 5.12 (dd, J = 10.5, 1.0 Hz, 1H, alloc
CH=CHH), 5.21 (dd, J = 17.2, 1.3 Hz, 1H, alloc CH=CHH), 5.75 (dd, J = 17.1, 10.6 Hz, 1H,
alloc CH=CH,), 6.99-7.25 (m, 84H, 84x aromatic CH), 7.31 (d, J= 7.5 Hz, 2H, 2x aromatic CH),
7.37 (dt, J = 6.4, 3.2 Hz, 2H, 2x aromatic CH), 7.51 (s, 1H, aromatic CH), 7.64 (dd, J=9.1, 2.9
Hz, 2H, 2x aromatic CH), 7.72 (dd, J = 6.0, 3.4 Hz, 1H, aromatic CH). BC NMR (125 MHz,
CDCl): 6 27.8, 29.7, 37.8, 56.3, 56.6, 57.4, 60.3, 63.1, 66.7, 68.1, 68.2, 68.3, 68.4, 68.6, 69.8,
70.0, 70.5, 70.8, 71.2, 71.8, 72.5, 72.7, 72.9, 73.0, 73.1 (x2), 73.4 (x2), 73.5, 73.6 (x2), 73.8,
74.2 (x2), 74.3 (x2), 74.5, 74.6, 74.8 (x2), 75.1, 76.2, 76.5, 77.7, 77.8, 78.1, 78.4, 78.6, 79.8,
80.3, 82.3, 95.5, 95.6, 95.7, 97.3, 99.5, 99.6, 99.9, 100.2, 101.1, 102.7, 118.9, 125.6, 125.9, 126.0
126.2, 126.3, 127.1, 127.3 (x3), 127.4 (x2), 127.5 (x2), 127.6 (x4), 127.7 (x2), 127.8 (x3), 127.9
(x2), 128.0 (x3), 128.1 (x2), 128.2 (x3), 128.3(x3), 128.4, 128.5, 128.6, 131.4, 132.8, 133.2,
136.1, 137.2, 137.8 (x2), 137.9, 138.0, 138.1 (x2), 138.2, 138.4 (x2), 138.6, 138.7 (x2), 138.9,
153.8 (x2), 154.2, 172.2, 206.7. 'Jc1,u1 = GleN-1 165 Hz, GlecN-2 164 Hz, Man-3 158 Hz, Man-4
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174 Hz, Man-4> 174 Hz, GIcN-5 161 Hz, Gal-6 165 Hz. MALDI-MS: [M+Na]
C19()H198C19N3N3043, calcd 3547.0494, obsd 3548.6545.

Benzyl [2,3,4,6-tetra-0-benzyl-f-D-galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-
(2,2,2-trichloroethoxy)-carbonylamino-g-D-glucopyranosyl-(1-> 2)-3,6-di-O-benzyl-a-D-
mannopyranosyl-(1-> 3)]-[6-O-levulinoyl-3,4-di-O-benzyl-2-0-allyloxycarbonyl-ca-D-
mannopyranosyl-(1-> 6)]-[2,4-di-O-benzyl-#-D-mannopyranosyl]-(1-> 4)-[2-deoxy-3,6-di-O-
benzyl-2-(2,2,2-trichloroethoxy)-carbonylamino-g-D-glucopyranosyl]-(1-> 4)-3,6-di-O-
benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-£-D-glucopyranoside (11).

Levo Oélloc DDQ (7.7 mg, 34 pmol) was added to a

"o 0Bn cooled (0 °C) solution of heptasaccharide 10
Bnoc&wg%o%%;ﬁn (100 mg, 28.3 pmol) in a mixture of DCM (6

BnO /OEz; oo Fé%,’iﬁ# B mL) and H,O (0.6 mL). The resulting mixture

(0]

BnO was stirred at room temperature for 3 h. The

OBn TrocHN
mixture was diluted with DCM (30 mL) and the organic phase was washed with H,O until the
solution became colorless. The organic phase was dried (Na,;SO,), filtered, and the filtrate was
concentrated in vacuo. The resulting residue was purified by silica gel column chromatography
(hexanes:EtOAc:DCM, 2.5:1:1, v:v:v) to afford acceptor 11 (72.7 mg, 76%). 'H NMR (CDCl;,
600 MHz): 6 2.02 (s, 3H, lev CH,COCHs), 2.37 (t, J = 6.8 Hz, 2H, lev COOCH,CH»), 2.50-2.54
(m, 2H, lev COOCH,CH,), 2.92 (td, J = 4.7, 3.3 Hz, 1H), 2.99 (d, J = 6.7 Hz, 2H, GlcN-2 H-5),
3.25-3.33 (m, 9H, GIcN-2 H-3, GIcN-2 H-6a, GlcN-2 H-2, GIcN-5 H-2, GlcN-1 H-5), 3.39-3.59
(m, 15H, GIcN-2 H-6b, GlcN-1 H-2, Man-4 H-3, Man-4’ H-4, GIcN-1 H-6a, GlcN-1 H-3, Man-4’
H-5), 3.63 (dt, J = 11.5, 6.1 Hz, 1H, GIcN-1 H-6b), 3.66-3.74 (m, 6H, Man-4 H-4, Gal-6 H-2,
Man-4’ H-3), 3.77-3.81 (m, 3H, Man-3 H-2), 3.83 (dd, J = 17.7, 8.9 Hz, 1H, GIcN-2 H-4), 3.88
(t,J=7.9 Hz, 1H, GIcN-1 H-4), 3.94 (s, 1H, Man-4 H-2), 3.97-4.00 (m, 3H, GlcN-5 H-1, Man-4’
H-6a, Man-4’ H-6b), 4.04 (d, / = 11.9 Hz, 1H, CHHPh), 4.14-4.21 (m, SH, CHHPh, CHHPh,
CHHPh, CHHPh), 4.22-4.32 (m, 7H, CHHPh, CHHPh, GlcN-2 H-1, NH, Gal-6 H-1, CHHPh),
4.34-4.52 (m, 19H, CHHPh, CHHPh, CHHPh, CHHPh, alloc CH,-CH=CH,, Man-3 H-1, GlcN-1
H-1, CHHPh, CHHPh, CHHPh, CHHPh), 4.58-4.63 (m, 6H, CHHPh, CHHPh), 4.66-4.73 (m,
4H, CHHPh, CHHPh, CHHPh), 4.77 (dt, J = 11.7, 5.9 Hz, SH, CHHPh, Man-4’ H-1, CHHPh),
4.86 (td, J = 12.6, 3.6 Hz, 4H, CHHPh, CHHPh, CHHPh), 4.96 (s, 1H, Man-4 H-1), 5.02 (s, 1H,
Man-4’ H-2), 5.12 (dd, J = 10.4, 1.1 Hz, 1H, alloc CH=CHH), 5.21 (dd, J = 17.2, 1.4 Hz, 1H,
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alloc CH=CHH), 5.75 (dd, J=17.1, 10.5 Hz, 1H, alloc CH=CH,), 6.98-7.01 (m, 3H, 3x aromatic
CH), 7.03-7.09 (m, 9H, 9x aromatic CH), 7.09-7.25 (m, 71H, 71x aromatic CH), 7.33 (t, J=7.2
Hz, 2H, 2x aromatic CH); *C NMR (125 MHz, CDCls): §27.9, 29.8, 37.9, 56.4, 56.6, 57.5, 63.1,
66.8, 68.2, 68.3, 68.4, 68.5, 68.7, 69.9, 70.2, 70.5, 70.9, 71.3, 71.9, 72.6, 72.7, 73.0, 73.1, 73.4,
73.5, 73.6, 73.7, 73.9, 74.2, 74.3, 74.4, 74.6 (x3), 74.8, 75.1 (x2), 75.2, 76.2, 76.7, 76.8, 77.7,
77.9, 78.5, 79.9, 80.0, 82.4, 95.6, 95.7, 97.4, 99.6, 99.9, 100.3, 101.0, 102.9, 119.0, 126.1, 127.2,
127.3, 127.4 (x5), 127.5 (x3), 127.7 (x3), 127.8, 127.9, 128.0 (x3), 128.1, 128.2 (x3), 128.3(x4),
128.4 (x2), 128.5 (x2), 128.6 (x2), 131.4, 137.3, 137.9 (x3), 138.0 (x3), 138.2, 138.3, 138.4,
138.5, 138.6, 138.7, 138.9 (x2), 139.0 (x2), 153.9 (x2), 154.3, 172.2, 206.7, MALDI-MS:
[M+Na]" C;70H99CIoN3;NaOy;3, caled 3406.9868, obsd 3406.6396.

Benzyl [12,3,4,6-tetra-0O-benzyl-f-D-galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-
(2,2,2-trichloroethoxy)-carbonylamino-f-D-glucopyranosyl-(1-> 2)]-[2,3,4,6-tetra-O-acetyl-
p-D-galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-
carbonylamino-f-D-glucopyranosyl-(1-> 4)]-3,6-di-O-benzyl-a-D-mannopyranosyl-(1-> 3)]-
[6-O-levulinoyl-3,4-di-O-benzyl-2-0-allyloxycarbonyl-a-D-mannopyranosyl-(1-> 6)]-[2,4-di-
O-benzyl-f-D-mannopyranosyl]-(1-> 4)-[2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-
carbonylamino-f#-D-glucopyranosyl]-(1-> 4)-3,6-di-O-benzyl-2-deoxy-2-(2,2,2-

trichloroethoxy)carbonylamino-#-D-glucopyranoside (12).

Lovo—, OAlloc N-Phenyl trifluoroacetimidate donor 3 (33

Bn
o o8 mg, 31.8 umol), heptasaccharide acceptor

9] o BnO BnO-—

Acoé/:jn(%&/ B“OM&E@%%OB" 11 (54 mg, 15.9 pmol), were dissolved in
o) o BnO rocl roc

AcO BnO O?F 12 DCM (10 mL), followed by addition of

BnO _OBn Bp0O

OAc " TrocHN BnO
(0] . .
BHOWO&@/O molecular sieves (4A) and stirring at room

OBn A TrocHN
temperature for 30 min, after which the

reaction mixture was cooled (-60 °C), followed by addition of TfOH (0.56 uL, 6.36 umol). The
reaction mixture was stirred for 1 h, allowing the temperature to rise from -60 °C to -20 °C,
before quenching with EtsN (10 puL). The reaction mixture was washed with aq. NaHCO3 and
extracted with DCM (2 x 50 mL). The combined organic phase was dried (Na,SO,), filtered, and
the filtrate was concentrated in vacuo. The resulting residue was purified by silica gel column
chromatography (hexanes:EtOAc:DCM, 2:1:1, v:v:v) to afford nonasaccharide 12 (63.2 mg,
94%) as an amorphous white solid. "H NMR (CDCls, 500 MHz): § 1.89 (t, J = 12.7 Hz, 9H, 3x
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COCHs), 1.99 (d, J = 0.5 Hz, 6H, COCHj3, lev CH,COCH3), 2.37 (t, J = 6.7 Hz, 2H, lev
COOCH,CH,), 2.51-2.54 (m, 2H, lev COOCH,CH>), 2.86-2.89 (m, 1H, Man-3 H-5), 2.92-2.94
(m, 1H), 3.02-3.08 (m, 1H, GlcN-2 H-5), 3.14-3.29 (m, 10H, GlcN-2 H-3, GlcN-2 H-2, Gal-6 H-
3, GleN-1 H-5), 3.33-3.37 (m, 3H, GIcN-2 H-6a), 3.39-3.61 (m, 13H, Gal-8 H-5, GlcN-2 H-6b,
GlcN-1 H-2, Man-3 H-3, GlcN-1 H-6a, GlcN-1 H-3), 3.61-3.69 (m, 3H, GIcN-1 H-6b, Gal-6 H-2,
GIcN-5 H-2), 3.69-3.93 (m, 15H, Man-3 H-4, Man-4’ H-3, Gal-8 H-6a, Man-4 H-3, Man-3 H-2,
Gal-8 H-6b, GlcN-2 H-4, GlcN-1 H-4, Man-4 H-2), 3.96-4.07 (m, 3H, GlcN-5 H-1), 4.14-4.21
(m, 3H, CHHPh, CHHPh, NH), 4.21-4.56 (m, 34H, CHHPh, Gal-6 H-1, CHHPh, CHHPh, GlcN-
2 H-1, Gal-8 H-1, CHHPh, CHHPh, NH, CHHPh, CHHPh, alloc CH,-CH=CH,, CHHPh,
CHHPh, GIcN-1 H-1, GleN-7 H-1, Man-3 H-1, CHHPh, CHHPh), 4.58-4.81 (m, 18H, CHHPh,
CHHPh, Gal-8 H-3, CHHPh, CHHPh, CHHPh, Man-4’ H-1, CHHPh, CHHPh), 4.82-4.98 (m,
8H, CHHPh, Man-4 H-1, CHHPh, NH, Gal-8 H-2), 5.02 (s, 1H, Man-4’ H-2), 5.11-5.16 (m, 2H,
alloc CH=CHH, Gal-8 H-4), 5.21 (d, J = 17.1 Hz, 1H, alloc CH=CHH), 5.73-5.78 (m, 1H, alloc
CH=CH,;), 6.94-7.29 (m, 93H, 93x aromatic CH), 7.39 (d, J = 7.5 Hz, 2H, 2x aromatic CH); B
NMR (125 MHz, CDCls): 6 20.5, 20.6, 20.9, 27.8, 29.6 29.8, 37.8, 56.3, 57.0, 57.4, 57.7, 60.5,
63.1, 66.7, 67.4, 68.1, 68.3, 68.6, 69.2, 69.8, 70.3, 70.5, 70.7, 71.3, 71.8, 71.9, 72.5, 72.7, 72.9,
73.1 (x2), 73.2, 73.3, 73.4, 73.5, 73.6, 73.7, 74.1, 74.2, 74.3, 74.4, 74.5, 74.6, 74.8, 75.1 (x2),
75.4,76.6,77.9, 78.3,78.4,78.6, 78.8, 79.9, 82.2, 95.6, 95.7, 97.3, 99.5 (x2), 100.2, 100.8, 101.1,
102.7, 118.9, 126.1, 127.0, 127.1, 127.2, 127.3 (x2), 127.4, 127.5 (x2), 127.6 (x2), 127.7 (x2),
127.8 (x2), 127.9, 128.0 (x2), 128.1 (x3), 128.2 (x3), 128.3 (x2), 128.4 (x2), 128.5 (x2), 128.6
(x2), 128.9, 129.4, 131.4, 137.2, 137.8 (x2), 138.0, 138.2 (x2), 138.3, 138.4, 138.6 (x2), 138.7,
139.0 (x2), 153.8 (x2), 154.2, 169.4, 170.0, 170.1 (x2), 172.2, 206.6. 'Tc1,u1 = GleN-1 164 Hz,
GlcN-2 163 Hz, Man-3 158 Hz, Man-4 172 Hz, Man-4’ 175 Hz, Gal-6 168 Hz, Gal-8 170 Hz.
MALDI-MS: [M+Na]" C,16H23,C1;2N;NaOsg, caled 4252.1488, obsd 4252.9712.
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Benzyl [12,3,4,6-tetra-0O-benzyl-f-D-galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-
(2,2,2-trichloroethoxy)-carbonylamino-f-D-glucopyranosyl-(1-> 2)]-[2,3,4,6-tetra-O-acetyl-
p-D-galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-
carbonylamino-g-D-glucopyranosyl-(1-> 4)]-3,6-di-O-benzyl-a-D-mannopyranosyl-(1-> 3)]-
[3,4-di-O-benzyl-2-0-allyloxycarbonyl-a-D-mannopyranosyl-(1-> 6)]-[2,4-di-O-benzyl-f-D-
mannopyranosyl]-(1-> 4)-[2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-
carbonylamino-f#-D-glucopyranosyl]-(1-> 4)-3,6-di-O-benzyl-2-deoxy-2-(2,2,2-

trichloroethoxy)carbonylamino-#-D-glucopyranoside (13).

Ho—\ QAo Hydrazine acetate (1.3 mg, 14.2 pmol)

BnO~ O
A was added to a solution of

) anO BnO
0 0 0
AcO OAc Bnoo%*/é)o 90 OBn nonasaccharide 12 (50 mg, 11.8 pmol)

BnO " TrocHN NHTroc
R0 vl o
AcO BnQ o 13 in a mixture of DCM (5 mL) and

OAc TrocHN BnO ‘
BnO _OBn gno
o

oo oﬂ&&/o MeOH (0.5 mL) and the resulting

OB TrocHN . .
" mixture was StlI‘I‘ed at room

temperature for 5 h. The mixture was concentrated in vacuo and the resulting residue was
purified by silica gel column chromatography (hexanes:EtOAc:DCM, 2.5:1:1, v:v:v) to afford
acceptor 13 (41.3 mg, 85%). '"H NMR (800 MHz, CDCl3): 6 1.95 (s, 3H, Ac), 1.96 (s, 3H, Ac),
1.97 (s, 3H, Ac), 2.08 (s, 3H, Ac), 2.95-3.02 (m, 2H), 3.12-3.13 (m, 1H), 3.26-3.30 (m, 5H),
3.35-3.68 (m, 24H), 3.72-3.77 (m, 3H), 3.81-3.95 (m, 11H), 4.00-4.12 (m, 2H), 4.14-4.27 (m,
2H), 4.30-4.33 (m, 4H), 4.38-4.57 (m, 27H), 4.65-4.74 (m, 11H), 4.76-4.87 (m, 10H), 4.91-4.95
(m, 3H), 4.99-5.05 (m, 5H), 5.13 (br, 1H), 5.20-5.23 (m, 2H), 5.26-5.34 (m, 1H), 5.86-5.90 (m,
1H, Alloc), 7.03 (br, 2H), 7.08-7.35 (m, 91H), 7.45-7.46 (m, 2H); MALDI-MS: [M+Na]"
C211H226C112N4NaOsg, calcd 4154.1120, obsd 4153.8813.
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Benzyl [12,3,4,6-tetra-0O-benzyl-f-D-galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-
(2,2,2-trichloroethoxy)-carbonylamino-f-D-glucopyranosyl-(1-> 2)]-[2,3,4,6-tetra-O-acetyl-
p-D-galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-
carbonylamino-g-D-glucopyranosyl-(1-> 4)]-3,6-di-O-benzyl-a-D-mannopyranosyl-(1-> 3)]-
[3,4,6-tri-O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-f-D-glucopyranosyl-
(1> 6)-3,4-di-O-benzyl-2-0-allyloxycarbonyl-a-D-mannopyranosyl-(1-> 6)]-[2,4-di-O-
benzyl-f-D-mannopyranosyl]-(1-> 4)-[2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-
carbonylamino-f#-D-glucopyranosyl]-(1-> 4)-3,6-di-O-benzyl-2-deoxy-2-(2,2,2-

trichloroethoxy)carbonylamino-#-D-glucopyranoside (14).

Glucosamine donor 4 (46.2 mg, 58.0

BnO

Q OAlloc
Bn 0 .
nQ TN Brg N2 umol), nonasaccharide acceptor 13 (120
OBn . .

O\ ] B0\ BnO—\ mg, 29 umol), were dissolved in DCM (8

A ORc B0 0 $0 OBn ’ ’

n . .
%o&o&mo TrookiN NATree mL), followed by addition of molecular
AcO BnO o o

OAc TrocHN  BnO- '

BnO _OBn Bno
0 o O o

oBn " TrooHN temperature for 30 min, after which the

sieves (4A) and stirring at room

BnO
reaction mixture was cooled (-60 °C), followed by addition of TfOH (1 pL, 11.6 umol). The
reaction mixture was stirred for 1 h, allowing the temperature to rise from —-60 °C to -20 °C,
before quenching with EtsN (10 puL). The reaction mixture was washed with aq. NaHCO; and
extracted with DCM (2 x 50 mL). The combined organic phase was dried (Na,SO,), filtered, and
the filtrate was concentrated in vacuo. The resulting residue was purified by silica gel column
chromatography (hexanes:EtOAc, 2:1, v:v) to afford decasaccharide 14 as an amorphous white
solid (108 mg, 78%). 'H NMR (CDCI3, 600 MHz): § 1.95 (t, J = 8.5 Hz, 9H, 3x COCH,), 2.07
(s, 3H, COCH,), 297 (dd, J = 219, 7.2 Hz, 2H, Man-3 H-5), 3.07-3.08 (m, 1H, GlcN-2 H-5),
3.22-3.59 (m, 27H, GlcN-2 H-3, Man-3 H-6a, GIcN-2 H-2, Gal-6 H-3, Man-3 H-6b, GIcN-5 H-2,
GIcN-2 H-6a, Gal-8 H-5, GlcN-1 H-2, GIcN-2 H-6b, Man-3 H-3), 3.65-3.74 (m, 6H, GlcN-1 H-3,
Man-4’ H-4, Gal-6 H-2), 3.81-3.93 (m, 15H, Gal-8 H-6a, Man-4’ H-3, GlcN-7" H-2, Man-4 H-3,
Gal-6 H-4, Man-3 H-2, Man-3 H-4, Gal-8 H-6b, GIcN-2 H-4), 3.98 (s, 1H, Man-4 H-2), 4.13 (t,
J =20 Hz, 2H, GIcN-5 H-1), 4.18-4.24 (m, 5SH, CHHPh, CHHPh), 4.30-4.38 (m, 10H, GlcN-2
H-1, NH, CHHPh, CHHPh, Gal-6 H-1, Gal-8 H-1, CHHPh, CHHPh), 4.40-4.85 (m, 52H, GlcN-
7’ H-1, CHHPh, CHHPh, GlcN-1 H-1, GlcN-7 H-1, CHHPh, CHHPh, CHHPh, Man-3 H-1,
CHHPh, CHHPh, CHHPh, CHHPh, CHHPh, Gal-8 H-3, CHHPh, Man-4" H-1, CHHPh), 4.89-
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5.04 (m, 8H, CHHPh, NH, CHHPh, CHHPh, Man-4 H-1, CHHPh, Gal-8 H-2), 5.08 (s, IH, Man-
4’ H-2),5.17 (d,J = 10.5 Hz, 1H, alloc CH=CHH), 5.22 (d, J = 3.2 Hz, 1H, Gal-8 H-4), 5.28 (dd,
J =172, 1.1 Hz, 1H, alloc CH=CHH), 5.79-5.84 (m, 1H, alloc CH=CH,), 7.00-7.35 (m, 107H,
107x aromatic CH), 7.46 (d, J = 7.5 Hz, 2H, 2x aromatic CH), 7.52 (dd, J = 5.7, 3.3 Hz, 0.5H,
0.5x aromatic CH), 7.70 (dd, J = 5.7, 3.3 Hz, 0.5H, 0.5x aromatic CH). >C NMR (200 MHz,
CDCl): §20.5, 20.6, 20.9, 29.7, 56.3, 57.0, 57.3, 57.5, 57.8, 60.5, 66.6, 66.7, 67.4, 67.6, 68.1,
68.3, 68.6, 68.9, 69.3, 69.7, 70.3, 70.5, 70.8, 71.2, 71.7, 72.0, 72.5, 72.8, 72.9, 73.1, 73.4, 73.9,
74.0, 74.2, 74.4, 74.5, 74.6, 74.8, 75.1, 75.5, 76.3, 76.6, 78.1, 78.3, 78.6, 78.9, 79.9, 80.5, 82.2,
95.6, 95.7, 97.4, 99.5 (x2), 97.3, 100.4, 100.9, 101.2, 102.7, 119.0, 127.1, 127.0, 127.1, 127.3
(x2), 127.4 (x2), 127.5, 127.6 (x2), 127.7 (x2), 127.8 (x2), 127.9, 128.0 (x2), 128.1 (x2), 128.2
(x2), 128.3 (x2), 128.4 (x2), 128.5 (x2), 128.6, 128.7, 131.4, 137.3, 137.8, 138.0 (x2), 138.2
(x2), 138.4, 138.6, 138.8, 139.0, 139.1, 153.8 (x2), 154.3, 169.4, 170.0, 170.1, 170.2. 'Tc111 =
GleN-1 163 Hz, GleN-2 163 Hz, Man-3 160 Hz, Man-4 173 Hz, Man-4’ 177 Hz, GIeN-5 158 Hz,
Gal-6 167 Hz, GIeN-7 157 Hz, Gal-8 169 Hz, GIcN-7° 163 Hz. MALDI-MS: [M+Na]"
C241Ha56C11sNsNaOga, caled 4759.2258, obsd 4761.1192.

Benzyl [12,3,4,6-tetra-0O-benzyl-f-D-galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-
(2,2,2-trichloroethoxy)-carbonylamino-f-D-glucopyranosyl-(1-> 2)]-[2,3,4,6-tetra-O-acetyl-
p-D-galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-
carbonylamino-f#-D-glucopyranosyl-(1-> 4)]-3,6-di-O-benzyl-a-D-mannopyranosyl-(1-> 3)]-
[3,4,6-tri-O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-£-D-glucopyranosyl-
(1> 6)-3,4-di-O-benzyl-a-D-mannopyranosyl-(1-> 6)]-[2,4-di-O-benzyl-f-D-
mannopyranosyl]-(1-> 4)-[2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-
carbonylamino-f#-D-glucopyranosyl]-(1-> 4)-3,6-di-O-benzyl-2-deoxy-2-(2,2,2-

trichloroethoxy)carbonylamino-#-D-glucopyranoside (S49).

BhO Tetrakis(triphenylphosphine)  palladium

BnOS o O-—. OH

(12.2 mg, 10.6 pmol) was added to a

TrocHN (0]
B”é)no

0\ JoBro\ B0\ solution of decasaccharide 14 (100 mg,

A OAc BnOy nmoﬁwosn ' .
%g&&jno TrooHN NHTree  21.1 pmol) in a mixture of THF (20 mL)

Ao BnO A= BOo o S4
rocl n . .

BnO _OBn Bno 1 and H,O (2 mL) and the resulting mixture
B0 e TrooHN was stirred at room temperature overnight,

after which it was concentrated in vacuo and the residue was azeotropically dried with toluene
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(3x5 mL). The resulting residue was purified by silica gel column chromatography
(hexanes:EtOAc, 2:1, v:v) to afford $49 (94 mg, 96%) as an amorphous white solid. "H NMR
(CDCI3, 600 MHz): 6 1.88 (t,J = 6.4 Hz, 9H, 3x COCH3), 1.99 (s, 3H, COCH3), 2.20 (m, 1H,
OH), 2.88-2.93 (m, 2H), 3.03-3.04 (m, 1H, GIcN-2 H-5), 3.12-3.28 (m, 11H, GIcN-2 H-3, Gal-6
H-3, GIcN-5 H-2, GlcN-1 H-5), 3.32-3.53 (m, 17H, GlcN-2 H-2, GIcN-2 H-6a, Gal-8 H-5,
GIcN-1 H-2, GlecN-2 H-6b, Man-3 H-3, GlcN-1 H-6a, GIcN-1 H-3), 3.58-3.60 (m, 4H), 3.66 (t,J
= 9.3 Hz, 4H, GIcN-1 H-6b, Gal-6 H-2), 3.70-3.91 (m, 16H, Gal-8 H-6a, Man-4’ H-2, Man-3 H-
2, Man-4 H-3, Gal-8 H-6b, GlcN-2 H-4, GIcN-1 H-4, Man-4 H-2), 4.02-4.16 (m, 6H, NH, GlcN-
5 H-1, CHHPh, CHHPh), 4.21-4.33 (m, 10H, GlcN-2 H-1, CHHPh, CHHPh, Gal-6 H-1, CHHPh,
GIcN-7" H-1, Gal-8 H-1, CHHPh, CHHPh, CHHPh), 4.35-4.62 (m, 32H, CHHPh, CHHPh,
CHHPh, GIcN-1 H-1, CHHPh, CHHPh, CHHPh, GIcN-7 H-1, CHHPh, Man-3 H-1, CHHPh,
CHHPh, CHHPh), 4.69 (td, J = 23.5,9.8 Hz, 13H, CHHPh, Gal-8 H-3, CHHPh, CHHPh, Man-4’
H-1, CHHPh, CHHPh), 4.78 (d, J = 12.1 Hz, 2H, CHHPh), 4.83-4.98 (m, 7H, CHHPh, NH,
Man-4 H-1, CHHPh, Gal-8 H-2), 5.03-5.04 (m, 1H, NH), 5.15 (d, J = 3.4 Hz, 1H, Gal-8 H-4),
6.94-7.27 (m, 108H, 8x aromatic CH), 7.39 (d, J = 7.5 Hz, 2H, 2x aromatic CH).MALDI-MS:
[M+Na]" Cy37H,5,Cl;5N5NaOg, caled 4675.2047, obsd 4676.5065.

Benzyl [12,3,4,6-tetra-0O-benzyl-f-D-galactopyranosyl-(1-> 4)-3,6-di-O-benzyl-2-deoxy-2-
acetamido-f-D-glucopyranosyl-(1->2)]-[2,3,4,6-tetra-O-acetyl-#-D-galactopyranosyl-(1-> 4)-
3,6-di-O-benzyl-2-deoxy-2-acetamido-f-D-glucopyranosyl-(1-> 4)]-3,6-di-O-benzyl-a-D-
mannopyranosyl-(1-> 3)]-[3,4,6-tri-O-benzyl-2-deoxy-2-acetamido-#-D-glucopyranosyl-

(1> 6)-3,4-di-O-benzyl-a-D-mannopyranosyl-(1-> 6)]-[2,4-di-O-benzyl-f-D-
mannopyranosyl]-(1-> 4)-[3,6-di-O-benzyl-2-deoxy-2-acetamido-f-D-glucopyranosyl]-

(1> 4)-3,6-di-O-benzyl-2-deoxy-2-acetamido-f-D-glucopyranoside (S50).

BnO
B n&&/O o Zn powder (0.25 g, 3.86 mmol) was
AcHN Bngn&g added, slowly, to a cooled (0 °C)

BnO

OBn .
O\ |gBnO\ 4BnO o solution of compound S49 (90 mg
BnO 0 (0] ’
AcO OAc (e} BnO nO OBn
AcHN NHAc

0 o O BnO 19.3 pumol) in MeOH (6 mL), AcOH
A0 PO B(r?O O ss0
BnO _OBn Bno ' (3 mL) and DCM (3 mL) and the
NS =R
BnO no mixture was stirred under an

OBn AcHN

atmosphere of N, at room temperature for 2 h. The reaction mixture was filtered and the filtrate

was concentrated in vacuo. The resulting residue was diluted with DCM (50 mL), washed with a
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saturated aqueous solution of NaHCO; until a neutral pH was achieved and then the organic
layer was dried (Na,SO,), filtered, and the filtrate was concentrated in vacuo. The mixture of the
obtained solid, MeOH (6 mL) and Ac,O (99 pL, 0.97 mmol) was stirred overnight at room
temperature and was quenched by adding one drop of water. After which it was concentrated in
vacuo and the residue was azeotropically dried with toluene (3x5 mL). The resulting residue was
purified by silica gel column chromatography (toluene:acetone, 3:2, v:v) to afford the desired

compound S50 (40 mg, 52% for 2 steps), which was used in the next step.

[[-D-N-Acetyllactosamine(1-> 2)]-[2,3,4,6-tetra-O-acetyl-#-D-galactopyranosyl-(1-> 4)-f-D-
N-acetyl glucosamine-(1->4)]-a-D-mannopyranosyl-(1->3)]-[-f-D-glucopyranosyl-(1-> 6)-a-
D-mannopyranosyl-(1-> 6)]-[-f-D-mannopyranosyl]-(1-> 4)-[2-deoxy-2-acetamido-f-D-
glucopyranosyl]-(1-> 4)-2-deoxy-2-acetamido-£-D-glucopyranoside (15).

To a solution of compound S50 (27 mg) in
MeOH (8 mL) and H,O (1 mL), Pd(OH),

HO o
H?—|o AcHN ° og
Cl
H
%o

OH 50 mg) was added and the resultin
o x® e ol ( . :
AR P o 9 %o AcHN Yo aoin " mixture was stirred under H, at room
(0] C 2
ACO%%O&N/HQW

(o] 15
OAc AcHN ‘ temperature for 36 h, after which it was

HO
HO OH Ho
(0] 0] (0]
HO%%%?/ filtered and the filtrate was concentrated in

vacuo. The resulting residue was diluted with H,O (15 mL) and washed with DCM (5 mLx3)
and EtOAc (5 mLx3)and the aqueous phase was lyophilized. The residue was re-constituted in
H,O (3 mL) and lyophilized to afford decasaccharide 15 (12.5 mg, 92%) as an amorphous white
solid. "H NMR (D-0, 900 MHz): § 2.02 (s, 3H, COCH3), 2.03-2.05 (m, 9H, 3x COCH3), 2.07 (s,
6H, 2x COCH3), 2.08 (s, 3H, COCH3), 2.16 (s, 3H, COCH3), 2.22 (d, J = 5.2 Hz, 3H, COCH»),
3.43-3.47 (m, 2H, GlcNAc-7’ H-5), 3.50-3.52 (m, 1H, GlcNAc-1p H-4), 3.53-3.58 (m, 5H, Gal-
6 H-2, GlcNAc-7" H-4, GlcNAc-7 H-5, GlcNAc-5 H-5, Man-4 H-6a), 3.60-3.69 (m, 9H, Gal-6
H-3, GIcNAc-2 H-4, GIcNAc-18 H-3, Man-3 H-4, Man-4 H-4, Man-4’ H-4, GIcNAc-1a H-3,
GlcNAc-1p H-2), 3.69-3.79 (m, 26H, GIcNAc-5 H-3, GlcNAc-7 H-4, GIcNAc-7" H-3, GIcNAc-
7> H-2, GIcNAc-2 H-3, GlcNAc-5 H-2, GlcNAc-7 H-3, Gal-6 H-5, Man-3 H-3, Man-4’ H-6a,
Man-4" H-5, Man-4 H-5, GlcNAc-2 H-2, GlcNAc-7 H-2), 3.80-3.90 (m, 10H, Man-4 H-6b,
Man-4> H-3, Gal-6 H-4, GIcNAc-1a H-2),3.92 (d, J = 3.4 Hz, 2H), 3.93-3.97 (m, 3H, Man-4’
H-2),4.03 (dd,J=9.2,3.0 Hz, 1H, Man-4 H-3),4.16 (d,J = 9.6 Hz, 1H, Man-4’ H-6b), 4.22 (dt,
J =118, 6.3 Hz, 3H, Man-3 H-2, Man-4 H-2, Gal-8 H-6a), 4.27 (td, J = 12.0, 5.3 Hz, 2H, Gal-8
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H-6b, Gal-8 H-5),4.45 (d,J =7.8 Hz, 1H, Gal-6 H-1),4.54 (td, J = 17.0, 8.4 Hz, 3H, GlcNAc-7
H-1, GlcNAc-7" H-1, GleNAc-5 H-1), 4.60 (t, J = 7.8 Hz, 1H, GIcNAc-2 H-1),4.69 (d,J =7.8
Hz, 0.4H, GlcNAc-18 H-1),4.76 (s, 1H, Man-3 H-1), 4.87 (s, 1H, Man-4’ H-1),4.94 (d, /=80
Hz, 1H, Gal-8 H-1), 5.11-5.14 (m, 2H, Man-4 H-1, Gal-8 H-3), 5.18 (d, J/ = 2.5 Hz, 0.5 H,
GlcNAc-1a H-1),5.26 (dd, J =10.3,3.3 Hz, 1H, Gal-8 H-2), 548 (d,J = 3.3 Hz, 1H, Gal-8 H-4).
MALDI-MS: [M+Na]" C73sH;25NsNaOss, caled 2034.7036, obsd 2034.5044.

Benzyl [2,3,4,6-tetra-0-benzyl-f-D-galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-
(2,2,2-trichloroethoxy)-carbonylamino-f-D-glucopyranosyl-(1-> 2)-3,6-di-O-benzyl-4-0-(2-
methylnaphthyl)-a-D-mannopyranosyl-(1-> 3)]-[6-O-levulinoyl-3,4-di-O-benzyl-o-D-
mannopyranosyl-(1-> 6)]-[2,4-di-O-benzyl-#-D-mannopyranosyl]-(1-> 4)-[2-deoxy-3,6-di-O-
benzyl-2-(2,2,2-trichloroethoxy)-carbonylamino-g-D-glucopyranosyl]-(1-> 4)-3,6-di-O-
benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)carbonylamino-f-D-glucopyranoside (S59).

LevO—, OH Tetrakis(triphenylphosphine) palladium (32.7

BnO Q
Bno | 28.4 pmol) was added to solution of

o OBn OBn OBn mg, . H
Bn%&ﬁ?M/SMOBn heptasaccharide 10 (100 mg, 28.3 umol) in a
TrocHN NHTroc
Naﬁg‘@ﬁ sso mixture of THF (20 mL)and H,O (2 mL).
BnO

BnQ OOB" OBn The resulting mixture was stirred at room

Bnoéﬁ/o Q0

0B oo\ temperature overnight, after which it was
concentrated in vacuo and the residue was azeotropically dried with toluene (3x5 mL). The
resulting residue was purified by silica gel column chromatography (hexanes:EtOAc, 2:1, v:v) to
afford compound S59 (182 mg, 93%) as an amorphous white solid. "H NMR (CDCls, 600 MHz):
0 1.99 (d, J = 6.5 Hz, 3H, lev CH,COCHs), 2.16 (s, 1H, OH), 2.34 (t, J = 6.6 Hz, 2H, lev
COOCH,CH>), 2.49 (t, J = 6.7 Hz, 2H, lev COO CH,CH>), 2.96-3.01 (m, 3H, Gal-6 H-5, GIcN-2
H-5), 3.11 (s, 1H, GlcN-2 H-3), 3.25-3.41 (m, 8H, GIcN-2 H-6a, Gal-6 H-3, GIcN-5 H-2, GIcN-2
H-2), 3.42-3.67 (m, 15H, GlcN-1 H-2, Gal-6 H-6a, Man-3 H-3, Man-4 H-4, GlcN-1 H-3, Man-4’
H-3, Gal-6 H-6b), 3.69-3.74 (m, 4H, Gal-6 H-2, Man-4’ H-2), 3.80 (t, J/ = 4.9 Hz, 3H, Man-3 H-
2), 3.83-3.88 (m, 4H, Gal-6 H-4, GIcN-2 H-4, GIcN-2 H-6b), 3.98 (d, /= 9.6 Hz, 2H, Man-4 H-2),
4.02 (d,J=3.7 Hz, 1H, Man-4 H-3), 4.11 (d, /= 12.0 Hz, 1H, CHHPh), 4.16 (d, J=11.7 Hz, 2H,
GlcN-5 H-1, CHHPh), 4.21 (d, J = 12.0 Hz, 2H, GIcN-2 H-1, CHHPh), 4.24-4.29 (m, 5H,
CHHPh, CHHPh, CHHPh), 4.33 (dt, J = 13.9, 6.9 Hz, 5SH, Gal-6 H-1, CHHPh, CHHPh), 4.38-
4.52 (m, 15H, CHHPh, CHHPh, CHHPh, Man-3 H-1, GIcN-1 H-1, CHHPh), 4.56-4.66 (m, 7H,
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CHHPh, CHHPh, CHHPh, CHHPh), 4.71-4.79 (m, 8H, CHHPh, CHHPh, Man-4’ H-1, CH, Nap),
4.86 (dd, J=17.7, 8.7 Hz, 3H, CHHPh, CHHPh, CHHPh), 4.94-4.98 (m, 3H, CHHPh, NH, Man-
4 H-1), 7.02 (ddt, J = 14.1, 5.1, 4.0 Hz, 8H, 8x aromatic CH), 7.04-7.25 (m, 76H, 76x aromatic
CH), 7.32 (d, J = 7.5 Hz, 2H, 2x aromatic CH), 7.36 (dq, J = 6.3, 3.2 Hz, 2H, 2x aromatic CH),
7.50 (s, 1H, aromatic CH), 7.62-7.63 (m, 2H, 2x aromatic CH), 7.71 (dd, J = 6.0, 3.4 Hz, 1H,
aromatic CH). Jc1,H1 GIcN-1 164 Hz, GIcN-2 164 Hz, Man-3 158 Hz, Man-4 174 Hz, Man-4’
174 Hz, GIcN-5 162 Hz, Gal-6 163 Hz. MALDI-MS: [M+Na]" CigsH;94CloN3;NaOy;, caled
3463.0282, obsd 3469.1376.

Benzyl [2,3,4,6-tetra-0-benzyl-f-D-galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-
(2,2,2-trichloroethoxy)-carbonylamino-f-D-glucopyranosyl-(1-> 2)-3,6-di-O-benzyl-4-0-(2-
methylnaphthyl)-a-D-mannopyranosyl-(1-> 3)]-[2,3,4,6-tetra-0-acetyl-f-D-
galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-carbonylamino-
f-D-glucopyranosyl-(1-> 2)-6-0O-levulinoyl-3,4-di-O-benzyl-c-D-mannopyranosyl-(1-> 6)]-
[2,4-di-O-benzyl-f-D-mannopyranosyl]-(1-> 4)-[2-deoxy-3,6-di-O-benzyl-2-(2,2,2-
trichloroethoxy)-carbonylamino-g-D-glucopyranosyl]-(1-> 4)-3,6-di-O-benzyl-2-deoxy-2-
(2,2,2-trichloroethoxy)carbonylamino-f-D-glucopyranoside (S60).

N-Phenyl trifluoroacetimidate donor 3
AcO OAc

|§ BnO (90 mg, 87 pL), heptasaccharide
AcO
Ad 'Il:roco acceptor S59 (150 mg, 43.5 uL), were
eV!
Bgr?o dissolved in DCM (10 mL), followed
Og” ”o OBno by addition of molecular sieves (4A)
B%’&/Q@%oan ..
BnO?J TrocHN NHTroc  and stirring at room temperature for 30
NapO
BnO S60 min, after which the reaction mixture

BnQ OBn OBn
é % was cooled (=70 °C), followed by

0B FockN addition of TfOH (1.54 upL, 17.4
umol). The reaction mixture was stirred for 1 h, allowing the temperature to rise from —-70 °C to
=20 °C, before quenching with EtzN (50 pL). The reaction mixture was washed with aq.
NaHCOs; and extracted with DCM (2 x 50 mL). The combined organic phase was dried (Na,SOy,),
filtered, and the filtrate was concentrated in vacuo. The resulting residue was purified by silica
gel column chromatography (hexanes:EtOAc, 2:1, v:v) to afford nonasaccharide S60 (97 mg,
52%) as an amorphous white solid. "H NMR (CDCls, 600 MHz): § 2.03 (s, 9H, 3x COCH3), 2.15
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(d, J=11.4 Hz, 6H, COCH3, lev CH,COCHs), 2.45 (t, J = 5.8 Hz, 2H, lev COOCH,CH), 2.63 (t,
J=6.6 Hz, 2H, lev COOCH,CH,), 3.04 (d, J = 8.1 Hz, 1H, Gal-6 H-5), 3.09-3.14 (m, 2H, GlcN-
2 H-3), 3.31 (d, J = 1.1 Hz, 1H, GlcN-5" H-2), 3.38-3.45 (m, 8H, GlcN-2 H-2, GIcN-5 H-4,
GlcN-5 H-2, Gal-6 H-3), 3.48-3.65 (m, 14H, Gal-6’ H-5, Gal-6 H-6a, GlcN-1 H-2), 3.72-3.76 (m,
4H, Gal-6 H-6b, GIcN-1 H-3, GIcN-2 H-5), 3.82-3.85 (m, 4H, Man-4’ H-3, Gal-5" H-3, Gal-6 H-
2), 3.88-4.03 (m, 12H, Gal-6’ H-6b, Man-3 H-2, GIcN-2 H-4, Gal-6 H-4, GlcN-5 H-3, Man-4 H-
4, Gal-6’ H-6a), 4.08 (s, 3H, Man-4 H-3, Man-4 H-2, Man-4’ H-2 ), 4.17-4.25 (m, 4H, GlcN-5
H-1, NH, CHHPh, CHHPh), 4.28 (d, J = 11.7 Hz, 2H, CHHPh, CHHPh), 4.33-4.45 (m, 10H,
GlcN-2 H-1, CHHPh, CHHPh, CHHPh, CHHPh, Gal-6 H-1), 4.50-4.64 (m, 22H, GlcN-1 H-1,
GIcN-5" H-1, Gal-6’ H-1, Man-3 H-1, CHHPh, CHHPh, CHHPh), 4.71-4.79 (m, 10H, CHHPh,
CHHPh, CHHPh, Man-4’ H-1), 4.85 (dt, J = 10.0, 4.8 Hz, 3H, Gal-6’ H-3, CHHPh, CHHPh),
491 (dd, J=17.6, 10.1 Hz, 7H, CHHPh, CH; Nap), 5.00 (q, 12.0 Hz, 4H, CHHPh, CHHPh, NH),
5.09 (s, 1H, Man-4 H-1), 5.17 (dd, J = 10.2, 8.1 Hz, 1H, Gal-6’ H-2), 5.29 (d, J = 3.3 Hz, 1H,
Gal-6’ H-4), 5.58 (t, J = 0.6 Hz, 1H, NH), 7.10-7.17 (m, 10H, 10x aromatic CH), 7.18-7.42 (m,
87H, 87x aromatic CH), 7.48 (dq, J = 6.3, 3.2 Hz, 2H, 2x aromatic CH), 7.62 (s, 1H, aromatic
CH), 7.74-7.75 (m, 2H, 2x aromatic CH).; ). lJc1,H1 = GIcN-1 163 Hz, GlcN-2 162 Hz, Man-3
159 Hz, Man-4 175 Hz, Man-4’ 173 Hz, GIcN-5 154 Hz, Gal-6 164 Hz, GIcN-5" 156 Hz, Gal-6’
162 Hz. MALDI-MS: [M+Na]" Cy23H36C1;2N4NaOsg, calcd 4308.1902, obsd 4310.9014.
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Benzyl [2,3,4,6-tetra-0-benzyl-f-D-galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-
(2,2,2-trichloroethoxy)-carbonylamino-f-D-glucopyranosyl-(1-> 2)-3,6-di-O-benzyl-4-0-(2-
methylnaphthyl)-a-D-mannopyranosyl-(1-> 3)]-[2,3,4,6-tetra-0-acetyl-f-D-
galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-carbonylamino-
p-D-glucopyranosyl-(1-> 2)-3,4-di-O-benzyl-a-D-mannopyranosyl-(1-> 6)]-[2,4-di-O-benzyl-
f-D-mannopyranosyl]-(1-> 4)-[2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-
carbonylamino-f#-D-glucopyranosyl]-(1-> 4)-3,6-di-O-benzyl-2-deoxy-2-(2,2,2-
trichloroethoxy)carbonylamino-f-D-glucopyranoside (S61).

AcO OAC Hydrazine acetate (2.3 mg, 24.6 umol)
AcO é&f 5 was added to a solution of
e Troc &L‘ nonasaccharide S60 (88 mg, 20.5

"o oBn o oBn pumol) in a mixture of DCM (5 mL)

O BSMSMO% and MeOH (0.5 mL) and the resulting

Naﬁg‘@/) TrocHN NHTroc  ixture  was  stirred  at  room

BnO
temperature for 5 h. The mixture was

BnO -OBn OBn
—éﬁ/ ngég/ concentrated in vacuo and the resulting

B TrocHN

residue was purified by silica gel

column chromatography (hexanes:EtOAc, 2:1, v:v) to afford acceptor S61 (63.8 mg, 74%). 'H
NMR (CDCls, 600 MHz): 6 1.88 (s, 9H, 3x COCH3), 2.00 (d, J = 0.6 Hz, 3H, COCH3), 2.39 (td,
J=2.1,1.1 Hz, 1H, OH), 2.91-2.97 (m, 3H, Gal-6 H-5, GIcN-2 H-5, GlcN-5 H-5), 3.08-3.09 (m,
1H, GlcN-2 H-3), 3.26-3.42 (m, 16H, GIcN-5" H-4, GIcN-5 H-4, GlcN-2 H-2, Gal-6 H-3, GlcN-
5’ H-2, GlcN-1 H-4, GlcN-5 H-2, Man-4’ H6a, Man-4’ H6b), 3.45 (t, J = 7.0 Hz, 4H, Gal-6" H-5,
GlcN-1 H-2, Gal-6 H-6a), 3.53 (dt, J = 26.0, 13.9 Hz, 6H, GlcN-5" H-5), 3.62 (d, J = 6.4 Hz, 3H,
GlcN-1 H-3, Gal-6 H-6b), 3.69-3.90 (m, 16H, Gal-6 H-2, Gal-6 H-6b, Man-3 H-2, Man-4 H-3,
GlcN-5 H-3, Gal-6 H-4, Gal-6" H-6a, GlcN-5 H-3, GlcN-2 H-4, Man-4’ H-2), 3.97 (s, 1H, Man-
4 H-2), 4.00-4.08 (m, 2H, GIcN-5 H-1, NH), 4.15 (dq, J = 34.8, 11.1 Hz, 7H, GIcN-5" H-1,
CHHPh, GIcN-2 H-1, CHHPh, CHHPh), 4.24-4.34 (m, 8H, CHHPh, CHHPh, CHHPh, Gal-6 H-
1, CHHPh), 4.38-4.67 (m, 30H, CHHPh , CHHPh, CHHPh, CHHPh, CHHPh, GlcN-1 H-1,
CHHPh, Man-3 H-1, Gal-6’ H-1, CHHPh, Man-4’ H-1, CHHPh, CHHPh, CHHPh), 4.73-4.89
(m, 15H, Man-6" H-3, CHHPh, CHHPh, CH, Nap, CHHPh, CHHPh, CHHPh, NH), 4.97 (s, 1H,
Man-4 H-1), 5.04-5.08 (m, 1H, Gal-6" H-2), 5.17 (d, J = 3.1 Hz, 1H, Gal-6" H-4), 6.90-7.29 (m,
97H, 97x aromatic CH), 7.35-7.38 (m, 2H, 2x aromatic CH), 7.49 (s, 1H, aromatic CH), 7.62-
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7.63 (m, 2H, aromatic CH). IJCI,HI = GlcN-1 164 Hz, GlcN-2 162 Hz, Man-3 159 Hz, Man-4
174 Hz, Man-4’ 174 Hz, GIcN-5 156 Hz, Gal-6 163 Hz, GIcN-5" 160 Hz, Gal-6’ 164 Hz.
MALDI-MS: [M+Na]" C215H230C112N4NaOsg4, caled 4210.1534, obsd 4214.0688.

Benzyl [2,3,4,6-tetra-0-benzyl-f-D-galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-
(2,2,2-trichloroethoxy)-carbonylamino-f-D-glucopyranosyl-(1-> 2)-3,6-di-O-benzyl-4-0-(2-
methylnaphthyl)-a-D-mannopyranosyl-(1-> 3)]-[[2,3,4,6-tetra-O-acetyl-f-D-
galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-carbonylamino-
f-D-glucopyranosyl-(1-> 2)]-[3,4,6-tri-O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxy)
carbonylamino-f#-D-glucopyranosyl-(1-> 6)]-3,4-di-O-benzyl-a-D-mannopyranosyl-(1-> 6)]-
[2,4-di-O-benzyl-f-D-mannopyranosyl]-(1-> 4)-[2-deoxy-3,6-di-O-benzyl-2-(2,2,2-
trichloroethoxy)carbonylamino-#-D-glucopyranosyl]-(1-> 4)-3,6-di-O-benzyl-2-deoxy-2-
(2,2,2-trichloroethoxy)carbonylamino-f-D-glucopyranoside (S62).

Glucosamine donor 4 (22.8 mg, 28.6),

o BnO nonasaccharide acceptor S61 (60 mg,
ACO&/B%M’O . .
OAC™ TrocHN 14.3 pumol), were dissolved in DCM (8
BnO
B oA —© o mL), followed by addition of molecular
TrocHN Bé‘r?o
OBn  OBn OBn sieves (4A) and stirring at room
BnO 2 o 0 o) ) )
0 BnO 8o OBn temperature for 30 min, after which the
. BBO?J TrocHN NHTroc
oo I° reaction mixture was cooled (=60 °C),
Bno _-OBn OBn S62 .
éo o o followed by addition of TfOH (5.72 uL,
BnO BnO 0]
OB TrocHN 0.5 pmol). The reaction mixture was

stirred for 1 h, allowing the temperature to rise from —60 °C to —20 °C, before quenching with
Et;N (20 pL). The reaction mixture was washed with aq. NaHCO; and extracted with DCM (2 x
50 mL). The combined organic phase was dried (Na,SO,), filtered, and the filtrate was
concentrated in vacuo. The resulting residue was purified by silica gel column chromatography
(hexanes:EtOAc, 2:1, v:v) to afford decasaccharide S62 as an amorphous white solid (52.3 mg,
76%). '"H NMR (CDCI3, 500 MHz): 6 1.88 (t,J = 5.6 Hz, 9H, 3x COCH,), 2.04 (s, 3H, COCH,),
2.91-3.32 (m, 17H, Gal-6 H-3, GIcN-2 H-2), 3.37-3.96 (m, 41H, GlcN-1 H-2, Gal-6’ H-5, Gal-6
H-2, Man-4 H-4, Man-4’ H-3, Gal-6’ H-6a, Man-3 H-2, Man-4 H-3, Gal-6 H-4, Man-2 H-2, Gal-
6’ H-6b), 4.04-4.17 (m, 7H, Man-4" H-2, NH, CHHPh, CHHPh, CHHPh, CHHPh), 4.28 (ddd, J
=21.2,16.8, 104 Hz, 10H, CHHPh, CHHPh, GlcN-2 H-1, CHHPh, CHHPh, CHHPh, CHHPh,
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Gal-6 H-1), 4.38-4.66 (m, 39H, CHHPh, GIcN-1 H-1, CHHPh, CHHPh, CHHPh, CHHPh,
CHHPh, CHHPh, CHHPh, CHHPh, Man-3 H-1, CHHPh, CHHPh, CHHPh, Gal-6’ H-1, CHHPh,
CHHPh, CHHPh, CHHPh, CHHPh, Man-4’ H-1), 4.73-4.81 (m, 9H, CHHPh, Gal-6" H-3, CH,
Nap, CHHPh, CHHPh, CHHPh, CHHPh), 4.85-4.92 (m, 5H, CHHPh, NH, CHHPh), 4.97 (s, 1H,
Man-4 H-1), 5.04-5.08 (m, 1H, Gal-6’ H-2), 5.18 (d, J = 2.8 Hz, 1H, Gal-6’ H-4), 6.99-7.23 (m,
107H, 107x aromatic CH), 7.29 (d, J = 7.4 Hz, 2H, 2x aromatic CH), 7.33 (d, J = 7.3 Hz, 2H, 2x
aromatic CH), 7.37 (dd, J =5.2,4.0 Hz, 2H, 2x aromatic CH), 7.50 (s, 1H, aromatic CH), 7.61-
7.63 (m, 2H, 2x aromatic CH), 7.72 (t, J = 4.5 Hz, 1H, aromatic CH). MALDI-MS: [M+Na]"
C248H260Cl15NsNaOgy, calcd 4815.2673, obsd 4819.6006.

Benzyl [2,3,4,6-tetra-0-benzyl-f-D-galactopyranosyl-(1-> 4)-2-deoxy-3,6-di-O-benzyl-2-
deoxy-2-acetamido-f-D-glucopyranosyl-(1-> 2)-3,6-di-O-benzyl-4-0-(2-methylnaphthyl)-a-
D-mannopyranosyl-(1-> 3)]-[[2,3,4,6-tetra-0-acetyl-f-D-galactopyranosyl-(1-> 4)-2-deoxy-
3,6-di-O-benzyl-2-(2,2,2-trichloroethoxy)-carbonylamino-f-D-glucopyranosyl-(1-> 2)]-
[3,4,6-tri-O-benzyl-2-deoxy-2-acetamido-f-D-glucopyranosyl-(1-> 6)]-3,4-di-O-benzyl-a-D-
mannopyranosyl-(1-> 6)]-[2,4-di-O-benzyl-#-D-mannopyranosyl]-(1-> 4)-[3,6-di-O-benzyl-2-
deoxy-2-acetamido-f-D-glucopyranosyl]-(1-> 4)-3,6-di-O-benzyl-2-deoxy-2-acetamido-f-D-
glucopyranoside (S63).

Zn powder (68 mg, 1.04 mmol) was added,

g Bro slowly, to a cooled (0 °C) solution of

compound S62 (50 mg, 10.4 pumol) in

BnO-"N BnoO Q MeOH (3 mL), AcOH (1.5 mL) and DCM
BnO
o} OBn OBn OBn 1.5 mL) and the mixture was stirred under
B“O&/Oﬂoﬂ ( )

9 BnO BnO OBN a1 atmosph f N

BhO | AcHN NHAC phere of N, at room temperature
NapO lo)

BnO for 2 h. The reaction mixture was filtered

Brijé&/?ﬁégo and the filtrate was concentrated in vacuo.
The resulting residue was diluted with
DCM (30 mL), washed with a saturated aqueous solution of NaHCO; until a neutral pH was
achieved and then the organic layer was dried (Na,SOs), filtered, and the filtrate was
concentrated in vacuo. The mixture of the obtained solid, MeOH (3 mL) and Ac,O (49 uL, 0.52
mmol) was stirred overnight at room temperature and was quenched by adding one drop of water.

After which it was concentrated in vacuo and the residue was azeotropically dried with toluene
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(3x5 mL). The resulting residue was purified by silica gel column chromatography
(toluene:acetone, 3:2, v:v) to afford the desired compound S63 (21 mg, 49% for 2 steps), which

was used in the next step.

[#-D-N-Acetyllactosamine-(1-> 2)-a-D-mannopyranosyl-(1-> 3)]-[[#-D-N-Acetyllactosamine-
(1> 2)]-[-p-D-glucopyranosyl-(1-> 6)]-a-D-mannopyranosyl-(1-> 6)]-[-#-D-mannopyranosyl]-
(1> 4)-|2-deoxy-2-acetamido-f-D-glucopyranosyl]-(1-> 4)-2-deoxy-2-acetamido-f-D-

glucopyranoside (S64).
AcQ OR To a solution of compound S63 (16.5 mg)
Q o o)
A0 HB%y—o in MeOH (5 mL) and H,O (0.6 mL),
H%”;’ o _o Pd(OH), (30 mg) was added and the
HO Q
AN Ho oH on o resulting mixture was stirred under H, at
(0]
H%&%’%%/OMOH room temperature for 36 h, after which it
NHA
H%OO?E) ° ° was filtered and the filtrate was
H
o OH OH S64 concentrated in vacuo. The resulting
goa . Q
HOA oA residue was diluted with H,O (10 mL) and

washed with DCM (5 mLx3)and EtOAc (5 mLx3) and the aqueous phase was lyophilized. The
residue was re-constituted in H,O (2 mL) and lyophilized to afford decasaccharide S64 (7.6 mg,
95%) as an amorphous white solid. "H NMR (D,0, 800 MHz): § 1.99-2.02 (m, 15H, 5x COCHj),
2.05-2.06 (m, 6H, 2x COCHs), 2.14 (s, 3H, COCH3), 2.19 (s, 3H, COCH3), 3.37 (t, J = 9.8 Hz,
1H, Man-4' H-4), 3.40-3.43 (m, 2H, GIcNAc-7" H-4, GIcNAc-7" H-5), 3.44-3.49 (m, 3H,
GlcNAc-5 H-3, Man-4 H-4, GlcNAc-1b H-4), 3.50-3.60 (m, 9H, Gal-6 H-2, Man-4’ H-6a,
GlcNAc-7’ H-3, Man-3 H-5, Man-4 H-6a, Gal-6 H-5, GIcNAc-2 H-4, GlcNAc-1a/b H-3), 3.61-
3.66 (m, 4H, Gal-6 H-3, GlcNAc-1b H-2), 3.67-3.77 (m, 23H, GIcNAc-7" H-2, Man-4’ H-5,
GlecNAc-5" H-2, GIcNAc-5° H-5, GIcNAc-2 H-3, Man-3 H-4, Man-4 H-6a, Man-4 H-6b, Man-4
H-5, GIcNAc-5 H-2, GlcNAc-7’ H-6a, Man-3 H-3, GIcNAc-2 H-2), 3.80-3.87 (m, 8H, Man-3 H-
6a, Man-4’ H-3, GlcNAc-5" H-4, GIcNAc-1a H-2), 3.88-3.92 (m, SH, Man-4 H-3, Gal-6 H-4,
GlcNAc-7’ H-6b), 3.94 (dd, J=11.9, 1.7 Hz, 1H, Man-3 H-6b), 4.06 (t, J = 1.5 Hz, 1H, Man-4’
H-2), 4.16-4.21 (m, 4H, Man-4 H-2, Man-4’ H-6b, Gal-6" H-6b, Man-3 H-2), 4.25 (td, J = 12.0,
5.4 Hz, 2H, Gal-6’ H-6a, Gal-6’ H-5), 4.43 (d, J = 7.8 Hz, 1H, Gal-6 H-1), 4.50 (d, J = 8.4 Hz,
1H, GlcNAc-7’ H-1), 4.54 (dd, J = 10.4, 8.1 Hz, 2H, GlcNAc-5" H-1, GlcNAc-5 H-1), 4.58 (t, J
= 7.4 Hz, 1H, GlcNAc-2 H-1), 4.66 (d, J = 7.9 Hz, 0.4H, GIcNAc-1b H-1), 4.73 (s, 1H, Man-3
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H-1), 4.83 (s, 1H, Man-4" H-1), 4.92 (d, J = 8.0 Hz, 1H, Gal-6’ H-1), 5.09-5.11 (m, 2H, Man-4
H-1, Gal-6’ H-2), 5.16 (d, J = 2.7 Hz, 1H, GlcNAc-1a H-1), 5.24 (dd, J = 10.3, 3.4 Hz, 1H, Gal-
6> H-3), 5.46 (d, J= 3.3 Hz, 1H, Gal-6> H-4). 'Jc1,11 = GlcNAc-1o. 172 Hz, GleNAc-1p 162 Hz,
GlcNAc-2 164 Hz, Man-3 161 Hz, Man-4 171 Hz, Man-4’ 170 Hz, GlcNAc-5 161 Hz, Gal-6
163 Hz, GlcNAc-5’ 161 Hz, Gal-6° 166 Hz, GleNAc-7’ 161 Hz. MALDI-MS: [M+Na]"
C75H125NsNaOss, caled 2034.7036, obsd 2034.8636.
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2. Enzymatic Synthesis
Methods

All enzymatic reactions were performed in aqueous buffered system with the appropriate pH for
each enzyme. Water was purified by NANOpure Diamond™ water system (Barnstead D3750
Hollow Fibre Filter). The reactions were monitored by mass spectrometry recorded on an
Applied Biosystems SCIEX MALDI TOF/TOF 5800 using dihydroxybenzoic acid as matrix and
by thin layer chromatography (TLC) performed on glass plates coated with HPTLC Silica gel 60
Fisa. TLCs were developed with appropriate eluents (EtOH:H,O:EtOAC:AcOH, 5:2:2:0.1,
v:v:viv) or (iPrOH:H,O:NH4OH, 4:1:3, v:v:v), and the spots were visualized by UV light for
nucleotides and/or dipping in 10% sulfuric acid in ethanol, followed by charring to detect sugars.
Gel filtration chromatography was performed using a column (50 cm X 1 cm) packed with
Sephadex™ G-25 Superfine (GE Healthcare), eluted with 0.1 M NH4HCOj5 (aq) eluent.

Mass spectrometry (MS) profiles of permethylated glycans were recorded with an Applied
Biosystems SCIEX MALDI TOF/TOF 5800 using dihydroxybenzoic acid as the matrix.

All nuclear magnetic resonance (NMR) spectra were acquired on 800 MHz or 900 MHz
Varian/Agilent Direct Drive spectrometers operating at 25 °C. Data were collected using
standard pulse programs from the spectrometer library. Samples were dissolved into 99.96%
D,0. Chemical shifts are referenced to internal DSS at 0 ppm for compound 29, and thereafter to
the GIcNAc-1 Hla set to 5.182 ppm.

For integration of 1D proton spectra, data were acquired with recycling delays of 10 seconds and
a small tip angle. The residual HDO signal was suppressed by a low-power presaturation pulse.
Typically, 2D homonuclear spectra were collected as a 1750 X 512 complex point data set with a
spectral width of 7.8 ppm. The “zZTOCSY” sequence was run with an 80 msec dipsi-2 mixing
sequence; the NOESY mixing time was 300ms. The “HSQCAD” sequence was used for the
carbon-proton correlated spectra. Typically, the carbon spectral width was 80 ppm, centered at
80 ppm, and collected with 256 points.

Data was processed with iNMR (Mestrelab Research) and Mnova (Mestrelab Inc.) software with

standard zero filling, linear prediction and squared cosine or Gaussian apodization functions.
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Materials

The recombinant enzymes, Helicobacter pylori f1-3-N-acetylglucosaminyltransferase
(B3GIcNACT) (46) and H. pylori-al,3-fucosyltransferase (HPal-3FucT) (30) used in this study
were produced and purified as described previously. ST3Gal-IV (a2-3sialyltransferase) and
ST6Gal-1 (a2-6sialyltransferase) were provided by Dr. K. W. Moremen (Complex Carbohydrate
Research Center, Athens, GA). GalT-1 (P1-4Galactosyltransferase from bovine milk) was
purchased from Sigma-Aldrich. Alkaline Phosphatase from calf intestine (CIAP) was purchased
from Calbiochem EMD Millipore. Uridine 5’-diphospho-N-acetylglucosamine (UDP-GIcNAc),
Uridine 5’-diphosphogalactose (UDP-Gal), Cytidine 5'-monophospho-N-acetylneuraminic
(CMP-Neu5Ac) acid, and Guanosine 5'-diphospho-L-fucose (GDP-Fuc) were purchased from
Carbosynth Limited.

NMR nomenclature

The residues of the oligosaccharides have been labeled as depicted in the Fig. S13. Starting from
the reducing sugar, GIcNAc-1, GIcNAc-2, the (-mannoside is labeled as Man-3, the a-3
mannoside as Man-4, the a-6 mannoside as Man-4’, followed by the N-acetylglucosamine
residues as GIcNAc-5, -7, -7°, and -ext, the galactosides as Gal-6, -8, -8’, and -ext, the two
fucosides are labeled as Fuc-1 and Fuc-2 and the sialic acids as Neu5Ac (a-3 or a-6, depending

on the linkage).

ext ext 8 7 4

Fig. S13. Oligosaccharide residue labels.
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Fig. S14. Synthesis of compounds 23 and 24.
a) NH4OH,H,0; b) HPa1-3FucT, GDP-Fuc; c) Gal-T1, UDP-Gal; d) B1-3GIcNACT, UDP-GIcNAc; e) ST6Gal-I, CMP-Neu5Ac.

Fig. S$15. Synthesis of compounds 25, 26 and 27.
a) ST6Gal-I, CMP-Neu5Ac; b) H Gal-T1, UDP-Gal; c) f1-3GIcNACT, UDP-GIcNAc; d) ST3Gal-IV, CMP-Neu5Ac.
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General Experimental Procedures

General method for the removal of acetyl esters. Glycan (16 or 15) was dissolved in a mixture
of H,O and 28%-30% NH4+OH (10% in volume) to achieve a 341 uM final concentration of
glycan. The reaction mixture was shaken at room temperature for 2 h. Upon completion, as
indicated by MALDI, the reaction mixture was lyophilized and the residue was reconstituted in
water and subjected to gel filtration over Sephadex G-25 (eluent 0.1M NH4HCOs3). Fractions
containing product were combined and lyophilized to give the respective products (17 or S51) as

an amorphous white solid.

General method for (a2-3) sialylation. Glycan (15 or S51) and CMP-Neu5Ac (2 eq per sialic
acid) were dissolved in sodium cacodylate buffer (50 mM, pH 7.6) containing BSA (0.1%).
CIAP (10 mU) and ST3Gal-1V (3.3 mU/umol substrate for mono-sialylation or 6.6 mU/umol
substrate for bis-sialylation) were added to achieve a final concentration of glycan ranging from
4-7 mM. The resulting reaction mixture was incubated at 37 °C for 18 h. In case TLC showed
remaining starting material, additional CMP-Neu5Ac (1 or 2 eq), CIAP (10 mU), and ST3Gal-IV
(3.3 mU/umol substrate for mono-sialylation or 6.6 mU/umol substrate for bis-sialylation) were
added and incubated at 37 °C until no starting material could be detected. The reaction mixture
was centrifuged and the supernatant subjected to gel filtration over Sephadex G-25 (eluent 0.1 M
NH4HCO:s). Fractions containing product as detected by MALDI-TOF MS, were combined and
lyophilized to give the respective products (16 or 27) as amorphous white solids.

General method for (a.2-6) sialylation. Glycan (S51, 21, S53, S55, or S58) and CMP-NeuSAc
(2 eq per sialic acid) were dissolved in sodium cacodylate buffer (50mM, pH 7.6) containing
BSA (0.1%). CIAP (10 mU) and ST6Gal-I (18.8 mU/umol substrate for bis-sialylation or 9.4
mU/umol substrate for mono-sialylation) were added to achieve a final concentration of glycan
ranging from 3-7 mM and the resulting reaction mixture was incubated at 37 °C for 18 h. In case
TLC showed remaining starting material, additional CMP-Neu5Ac (1 or 2 eq), CIAP (10 mU),
and ST6Gal-I (18.8 mU/umol substrate for bis-sialylation or 9.4 mU/umol substrate for mono-
sialylation) were added and incubated at 37 °C until no starting material could be detected. The

reaction mixture was centrifuged and the supernatant subjected to gel filtration over Sephadex G-
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25 (eluent 0.1 M NH4HCO:s). Fractions containing product were combined and lyophilized to
give (856, 22, 23, 24, or 26) as amorphous white solids.

General method for (a1-3) fucosylation. Glycan (17 or S51) and GDP-Fucose (2 eq per
fucose) were dissolved in Tris buffer (50 mM, pH 7.5) with MnCl, (10 mM). CIAP (10 mU) and
HPal-3FucT (6.6 mU/umol of substrate) were added to achieve a final concentration of glycan
ranging from 2-5 mM. The resulting mixture was incubated at 37 °C for 18 h. In case TLC or MS
analysis showed starting material or mono-fucosylated intermediate, additional GDP-Fucose (2
eq), CIAP (10 mU), and HPa1-3FucT (6.6 mU/umol substrate) were added and incubated at 37
°C until no starting material or mono-fucosylated intermediate could be detected. The reaction
mixture was centrifuged and the supernatant subjected to gel filtration over Sephadex G-25
(eluent 0.1 M NH4HCO:s). Fractions containing product were combined and lyophilized to give

the respective products (18 or S52) as amorphous white solids.

General method for (f1-4) galactosylation. Glycan (18, 20, S52, S54, S56, or S57) and UDP-
galactose (2 eq) were dissolved in Tris buffer (50 mM, pH 7.5) containing BSA (0.1%) and
MnCl; (20 mM). CIAP (10 mU) and GalT-1 (3.4 mU/umol substrate) were added to achieve a
final concentration of glycan ranging from 2-5 mM. The resulting reaction mixture was
incubated at 37 °C for 10 h. The reaction mixture was centrifuged and the supernatant subjected
to gel filtration over Sephadex G-25 (eluent 0.1 M NH4HCOs). Fractions containing the product
were combined and lyophilized to give the respective products (19, 21, S53, S55, 25, or S58) as

amorphous white solids.

General method for installation of (§1-3) NV-acetylglucosamine moieties. Glycan (19, S53, or
25) and UDP-GIcNAc (1.5 eq) were dissolved in HEPES buffer (50 mM, pH 7.3) containing KCI
(25 mM), MgCl, (2 mM), and dithiothreitol (1 mM). To this, CIAP (10 mU) and HP-39 (1-
3GIcNAc Transferase) (5.5 mU/umol substrate) were added to achieve a final concentration of
glycan ranging from 2-5 mM. The resulting reaction mixture was incubated at 37 °C for 6h. The
reaction mixture was centrifuged and the supernatant subjected to gel filtration over Sephadex G-
25 (eluent 0.1 M NH4HCO:s). Fractions containing product were combined and lyophilized to
give the respective products (20, S54, or S57) as amorphous white solids.
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Permethylation Analysis
Mass spectrometry (MS) profiles of permethylated glycans are provided in Table S1. All glycans

were permethylated using the procedure below.

Preparation of base. DMSO (1.5 mL) was added to 50% aq. NaOH (100 pL) and MeOH (200
uL) in a pyrex tube. The tube was vortexed and then centrifuged to bring the gel to the bottom of
the tube. The top layer solution was removed and the gel was washed with DMSO (x5). To the
clean gel, DMSO (1 mL) was added and the gel was broken (vortex).

Permethylation. lodomethane (125 pL) and the broken gel (350 uL) were added to the glycan
(~8 pg) dissolved in DMSO (200 pL). The tube was purged with N, and vortexed continuously
for 10 min, after which water (1.5 mL) was added. The excess iodomethane was removed by a
flow of N,, and the permethylated glycan was extracted with DCM (x2). The extracted DCM
layers were combined and washed with water (x5). The clean DCM extract was transferred to

another pyrex tube and was dried using a flow of N,. MeOH (20 pL) was added to the tube,

vortexed and used for attaining the mass spectra.

Table S1. MS profiles of permethylated glycans.

Residue [M+Na]" Calculated Mass Observed Mass
17 Ci18H20sNsNaOsy 2676.3358 2676.1235
18 Ci34H236N6NaOg; 3024.5142 3024.3752
19 Ci43H250NgNaO7, 3228.6140 3229.9102
20 Cis54H271N7NaO7; 3473.7403 3473.7217
21 Ci63H257N7NaOg, 3677.8401 3678.7620
22 C179H314NsNaQgg 4039.0137 4039.1436

S51 Ci02H151N5NaOs; 2315.1621 2315.2039
S52 Ci18H209N5NaOsg 2663.3405 2663.6631
S53 C27H225N5NaOgy 2867.4403 2867.4248
23 Ci43H250NgNaO7;, 3228.6140 3228.6877
S54 Ci38H244N6NaOgy 3112.5666 3112.5461
S55 C147H260NsNaO74 3316.6664 3316.7107
24 Ci63H257N7NaOg, 3677.8401 3677.5269
S56 Ci34H235N7NaOg; 3037.5094 3037.5730
25 Ci43H251N7NaO7, 3241.6092 3241.2322
S57 Cy54H270NsNaO77 3486.7355 3486.3799
S58 Ci63H286NsNaOg, 3690.8353 3690.5249
26 C179H313N9NaQgg 4052.0090 4051.9392
27 Ci34H235N7NaOg; 3037.5094 3037.6360
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NMR Analysis

Full '"H NMR assignments are provided in Table S2.
GlIcNAc-5 was identified from a crosspeak between its
H1 and Man4-H2 in a NOESY spectrum, (Fig. S16) as
well as a crosspeak between GIcNAc-5 H1 and Man-4
C2 in the HMBC spectrum. Also a strong NOE

crosspeak is observed between GIcNAc-5 H1 and Man4 H1, which is often seen for 1-2 linkages.
The complete spin system could be traced from the COSY, TOCSY, and HSQC-TOCSY spectra,
although protons H2, 3, and 4 have overlapped signals. GIcNAc-7" was identified from the
linkage to the 6-position of Man-4’ from the NOE crosspeak GlcNAc-7" H1 to Man-4’-H6, and a
crosspeak from GIcNAc-7" HI to Man-4’ C6 in the HMBC spectrum. H2, 3, and 4 could be
identified from the TOCSY and HSQC-TOCSY spectra.

GIcNAc-7 was then assigned by elimination. H2, 3, 4, 5 and 6 could be traced from COSY,
TOCSY, and HSCQ-TOCSY spectra, however as with GIcNAc-5, H2, 3, and 4 signals overlap.
The linkage to the C4 position of Man-4 was confirmed by crosspeaks from GIlcNAc-7 C1 to
Man-4 H4 and GIcNAc-7 HI to Man-4 C4 in the HMBC spectrum. H1-H4 NOE crosspeaks
could not be distinguished because of overlapped signals, however crosspeaks from GIcNAc-7

H1 to Man-4-H3 and Man-4-H6 support the 1-4 linkage.

4.4

8-H,, 7-Hg

8o 0

6Hy 45

-4.6

50

—60

—80

T T
ppm 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4

Fig. S16. NOESY and HSQC of compound 17.
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Gal-6 has the Neu5Ac linked to the 3-position, which causes significant downfield shift of Gal-

6-H3 whereas Gal-8 is expected to have standard peak positions (e.g. H3 at 3.60, H4 at 3.9).

Gal-8-H1, 2, 3, 4 was easy to find in the TOCSY spectrum, as its anomeric was distinct from the

other p-residues. A direct linkage between H1 of Gal-8 and H4 of GIcNAc-7 could not be

confirmed because of overlapping signals (see above), however NOE crosspeaks between H1 of
Gal-8 and H6, H6’ of GIcNAc-7 are consistent with the 1-4 linkage.
Gal-6 H1 closely overlapped with most of the GIcNAcs, but H3 was located in the TOCSY

spectrum at 4.049, and so H1, 2, and 4 could also be assigned. These shifts confirm that it is

substituted at position 3 by NeuSAc. As with Gal-8, the direct linkage to GIcNAc-5 H4 was not

confirmed due to signal overlap, but NOE crosspeaks between H1 of Gal-6 and H6 and H6’ of

GIcNAc-5 are consistent with the 1-4 linkage.

Table S2. "H NMR of compound 17.

17 H1 H2 H3 H4 HS Heé
GlcNAc-1a 5.182 3.871 3.625 NA NA NA
Man-4 5.11 4.214 4.036 3.616 3.752 3.802, 3.575
Man-4' 4.872 3.953 3.85 3.605 3.739 4.162,3.75
Man-3 4.757 4.201 3.7607 3.635 3.879 NA
GlIcNAc-1B 4.687 3.691 3.67 3.615 3.507 3.825,3.643
GIcNAc-2 4.604,4.594 | 3.791,3.779 | 3.72-3.75 3.72-3.75 3.601 NA
GIcNAc-5 4.558 3.743 3.70-3.74 3.70-3.74 3.564 3.983,3.842
GIlcNAc-7 4.535 3.788 3.71-3.74 3.71-3.74 3.629 3.983,3.835
GlcNAc-7' 4.544 3.725 3.545 3.441 3.46 3.928, 3.752
Gal-6 4.534 3.56 4.108 3.951 NA NA
Gal-8 4.461 3.536 3.658 3.917 NA NA
Neu5SAc(a-3) NA NA 2.751.792 3.68 3.841 3.626
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Full '"H NMR assignments are provided in Table S3.
The spectra confirm the presence of 2 additional fucose
residues. Below is the 1D proton spectrum (Fig. S17)
showing 3 anomeric peaks at 5.10 ppm (2 fucose plus 1
mannose), fucose HS signals at 4.83 ppm, and fucose

H6 signals at 1.17 ppm.

T T T
ppm 5.2 5.1 5.0 4.9 4.8

i .

T T T T T T T T T
2.9 2.8 2.7 2.6 2.5 2.4 23 2.2 2.1 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1

Fig. S17. "H NMR spectra of compound 18.
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There are also shifts in GlcNAc-5, Gal-6 and GIcNAc-7, Gal-8 anomeric signals (Fig. S18:
lower panel), whereas GIcNAc-7’ is unchanged from compound 17 (Fig. S18: upper panel).

The intensities of GIcNAc-5 HI and GlcNAc-7 H1 are reduced in the 2D spectra from
broadening of the signals by the addition of the fucosyl residues.

Compound 29: TOCSY T Laa
(] (= ~35
= D
o @ 36
S L == .
(ST M= a 73> . -
1b s T Y F38
f =% —.~= 39
= =
4o
T L T L] T L} 1 1 L L L] 1 L L L]
ppm 4.70 4.68 466 464 4.62 4.60 4.58 4.56 4.54 4.52 4.50 4.48 4.46 4.44 4.42

Compound 30: TOCSY

T T T T T T T T T T T T T T T
ppm 4.70 4.68 4.66 4.64 4.62 4.60 4.58 4.56 4.54 452 4.50 448 4.46 4.44 4.42

Fig. S18. TOCSY spectra of compounds 17 and 18.

S68



From the NOESY (Fig. S19) there are crosspeaks between Fucl and GIcNAc-5 H2, as well as
between Fuc-2 H1 and GIcNAc H2 and H4. The expected crosspeaks between Fuc-H1 and

GlIcNAc-H3, usually observed for glycosidic linkages, are not seen due to the weak signals of

GIcNAc-H3 and interference from spectral artifacts arising from contaminating glycerol. The

presence of both GIcNAc-H2 and H4 suggests that the fucosyl residues have a limited orientation

placing their H1s on the side of the GIcNAc opposite to its H3.
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e

“Fig. $19. TOCSY and NOESY spectra of compound 18.

Table S3. "H NMR of compound 18.

37

18 H1 H2 H3 H4 HS H6 | Fuc CH;

GIcNAc-1a 5.182 3.871 3.627 NA NA NA -
Man-4 5.096 4.211 4.035 3.598 3.753 NA -
Man-4' 4.873 3.952 3.85 3.55 3.738 NA -
Man-3 4.754 4.203 3.766 3.637 NA NA -
GlcNAc-1f 4.687 3.695 3.673 3.615 3.507 NA -
GlcNAc-2 4.603,4.593 | 3.793,3.782 | 3.72-3.75 3.72-3.75 3.601 NA -
GlcNAc-5 4.56 3.724 NA NA NA NA -
GlcNAc-7 4.543 3.724 NA NA NA NA -
GlcNAc-7' 4.546 3.724 3.545 3.444 NA NA -
Gal-6 4.499 3.515 4.079 3.926 NA NA -
Gal-8 4.443 3.491 3.648 3.889 NA NA -
Neu5SAc (a-3) NA NA 2.756,1.787 3.677 3.844 3.65 -

Fuc-1 5.111 3.671 3.891 3.77 4.809 - 1.164

Fuc-2 5.103 3.689 3.891 3.782 4.83 - 1.164




Full "H NMR assignments are provided in Table S4. The
anomeric region of the Tocsy spectrum (Fig. S20) of 18
and 19 shows the additional anomeric peak (Gal-8”) with
crosspeaks consistent with a galactosyl residue, compared

to compound 18 (below, upper panel).
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Fig. S20. TOCSY spectra of compounds 18 and 19.
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The NOESY spectrum (Fig. S21) also shows a crosspeak between Gal-8” H1 and the GIcNAc-7’

H4.

Compound 31: TOCSY
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(>
@ 9
g9 o
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v 0 . il 8-H
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T
4.0

T
39

Fig. S21. TOCSY and NOESY spectra of compound 19.

Table S4. "H NMR of compound 19.

35

19 H1 H2 H3 H4 HS Hoé Fuc CH;

GIcNAc-1a 5.182 3.866 3.6286 NA NA NA -
Man-4 5.095 4.211 4.035 3.597 3.751 | 3.562,3.79 -
Man-4' 4.875 3.954 3.852 3.603 NA NA -
Man-3 4.756 4.206 3.77 3.638 3.876 NA -
GlcNAc-1f 4.688 3.692 3.617 3.509 NA NA -
GlcNAc-2 4.604,4.593 | 3.798,3.779 3.72-3.75 3.72- 3.6 NA -
GlcNAc-5 4.564 3.84 3.561 3.913 NA NA -
GlcNAc-7 4.541 3.87 3.625 3.957 NA NA -
GlcNAc-7' 4.567 3.778 3.72 3.72 3.6 NA -
Gal-6 4.499 3.516 4.081 3.927 NA NA -
Gal-8 4.442 3.493 3.646 3.891 NA NA -
Gal-8' 4.474 3.537 3.667 3.925 NA NA -
NeuSAc (a-3) NA NA 2.756,1.789 | 3.678 3.846 3.65 -

Fuc-1 5.111 3.671 3.895 3.771 4.818 - 1.163

Fuc-2 5.104 3.688 3.887 3.786 4.836 - 1.166
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Full "H NMR assignments are provided in Table S5. The
anomeric region shows the addition of a GlcNAc (Fig.
S22: below, lower panel, “GIlcNAc-ext”) compared to

compound 19 (below, upper panel).
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Fig. S22. TOCSY spectra of compounds 19 and 20.
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In addition, the NOESY spectrum (Fig. S23) shows a crosspeak between GlcNAc-ext H1 and

4.4

gal-8” H3.
Compound 32: TOCSY
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Fig. S23. TOCSY and NOESY spectra of compound 20.

Table S5. "H NMR of compound 20.

20 H1 H2 H3 H4 HS Hé6 Fue CH;

GlcNAc-1a 5.182 3.872 3.63 NA NA NA -
Man-4 5.097 4.209 4.034 3.599 3.749 | 3.564,3.788 -
Man-4' 4.873 3.953 3.852 3.624 NA NA -
Man-3 4.756 4.205 3.766 NA NA NA -
GlcNAc-1B 4.688 3.682 3.615 3.509 NA NA -
GIcNAc-2 4.602, 3.793,3.782 | 3.72-3.75 | 3.72-3.75 3.6 NA -
GIcNAc-5 4.562 3.83 3.56 3.91 NA NA -
GlcNAc-7 4.541 3.872 3.63 3.95 NA NA -
GlcNAc-7' 4.562 3.773 3.72 3.72 3.602 | 3.832,3.994 -
GlcNAcc-ext 4.679 3.752 3.563 3.464 3.444 | 3.757,3.891 -
Gal-6 4.499 3.516 4.08 3.927 NA NA -
Gal-8 4.443 3.491 3.647 3.892 NA NA -
Gal-8' 4.461 3.581 3.725 4.147 NA NA -
Neu5Ac (a-3) NA NA 2.756,1.789 3.679 3.844 3.65 -

Fuc-1 5.111 3.67 3.891 3.769 4.809 - 1.16

Fuc-2 5.103 3.687 3.891 3.785 4.83 - 1.168

S73




Table S6. 'H NMR of compound 21.

21 H1 H2 H3 H4 HS Ho6 Fuc CH;
GlcNAc-1a 5.182 3.874 3.63 NA NA NA -
Man-4 5.095 4.209 4.035 3.6 3.748 3.79, 3.56 -
Man-4' 4.875 3953 3.849 3.623 NA NA -
Man-3 4.755 4.202 3.774 NA NA NA -
GlcNAc-1B 4.688 3.694 3.614 3.505 NA NA -
GlcNAc-2 4.603,4.595 | 3.795,3.780 | 3.72-3.75 | 3.72-3.75 | 3.604 NA -
GIcNAc-5 4.561 3.83 3.56 39 NA NA -
GlcNAc-7 4.541 3.868 3.63 3.96 NA NA -
GlcNAc-7' 4.561 3.771 3.705 3.602 3.829 NA -
GIcNAc-ext 4.698 3.802 3.72-3.73 | 3.72-3.73 | 3.583 | 3.845,3.945 -
Gal-6 4.499 3.516 4.081 3.927 NA NA -
Gal-8 4.443 3.493 3.646 3.89 NA NA -
Gal-8' 4.459 3.579 3.722 4.153 NA NA -
Gal-ext 4.473 3.538 3.661 3919 NA NA -
NeuSAc (a-3) NA NA 2.756, 3.679 3.844 3.65 -
Fuc-1 5.11 3.689 3.891 3.77 4.829 - 1.17
Fuc-2 5.105 3.671 3.891 3.786 4.812 - 1.161
Table S7. "H NMR of compound 22.
22 H1 H2 H3 H4 HS Ho6 Fuc-CHj;
GlcNAc-1a 5.182 3.87 3.63 NA NA NA -
Man-4 5.095 4.208 4.038 3.59 3.747 | 3.788, 3.568 -
Man-4' 4.876 3.952 3.849 3.612 NA NA -
Man-3 4,755 4.205 3.769 3.639 NA NA -
GlcNAc-1B 4.687 3.694 3.616 3.51 NA NA -
GlcNAc-2 4.602,4.592 | 3.794,3.782 3.734 3.605 NA NA -
GlcNAc-5 4.561 3.78 3.706 3.605 3.83 NA -
GlcNAc-7 4.541 NA 3.953 3.62 3.871 NA -
GlIcNAc-7' 4.561 3.78 3.706 3.605 3.83 NA -
GlcNAc-ext 4,726 3.805 3.66 3.603 NA NA -
Gal-6 4.5 3515 4.08 3.927 NA NA -
Gal-8 4.443 3.49 3.647 3.893 NA NA -
Gal-8' 4.462 3.586 3.732 4,155 NA NA -
Gal-ext 4.447 3.531 3.665 3.92 NA NA -
NeuSAc (a-3) - - 2.756,1.789 | 3.678 3.856 3.65 -
NeuSAc (a-6) - - 2.665, 1.716 | 3.647 3.803 3.696 -
Fuc-1 5.111 3.668 3.891 3.777 4.81 - 1.164
Fuc-2 5.104 3.687 3.891 3.787 4.83 - 1.164
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Table S8. "H NMR of compound S51.

S51 H1 H2 H3 H4 HS Hé6
GlcNAc-1a 5.182 3.87 3.621 NA NA NA
Man-4 5.111 4216 4.04 3.619 3.757 3.803,
Man-4' 4.872 3.953 3.847 3.605 3.739 NA
Man-3 4763 4.205 3.759 3.637 NA NA
GlcNAc-18 4.688 3.691 3.672 3.615 3.508 3.645,
GlcNAc-2 4.6 3.785 3.745 3.603 NA NA
GIcNAc-5 4,546 3.723 3.547 3.442 NA NA
GlcNAc-7 4,537 3.786 3.729 3.631 NA NA
GlcNAc-7' 4.563 3.744 3.711 3.571 NA NA
Gal-6 4,458 3.533 3.655 3919 NA NA
Gal-8 4,458 3.533 3.655 3919 NA NA
Table S9. 'H NMR of compound 23.
23 H1 H2 H3 H4 HS5 Ho6 Fuc CH;
GlcNAc-1a 5.182 3.868 3.624 NA NA NA -
Man-4 5.097 4213 4.043 3.601 3.759 NA -
Man-4' 4.876 3.954 3.851 3.555 3.745 NA -
Man-3 4,757 4.205 3.772 3.638 NA NA -
GlcNAc-1B 4.687 3.694 3.62 3.51 NA NA -
GlcNAc-2 4.603 3.799 3.738 3.627 NA NA -
GlcNAc-5 4,595 3.773 3.738 3.627 NA NA -
GlcNAc-7 4.564 3.939 3.749 3.560 NA NA -
GlcNAc-7' 4.55 3.949 3.872 3.627 NA NA -
Gal-6 4,442 3.494 3.647 3.891 NA NA -
Gal-8 4,432 3.494 3.647 3.891 NA NA -
Gal-8' 4.45 3.536 3.666 392 NA NA -
NeuSAc (a-6) - - 2.665,1.714 3.651 3.795 3.695 -
Fuc-1 5.12 3.682 39 3.783 4,829 - 1.169
Fuc-2 5.105 3.689 3.89 3.786 4,829 - 1.169
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Table S10. '"H NMR of compound 24.

24 H1 H2 H3 H4 H5 H6 Fuc CH3
GlcNAc-1a 5.182 3.869 3.625 NA NA NA -
Man-4 5.099 4.204 4.046 3.6 3.747 NA -
Man-4' 4.873 3.954 3.85 3.555 3.751 NA -
Man-3 4.757 4.203 3.77 3.632 NA NA -
GlcNAc-1B 4.688 3.68 3.613 3.508 NA NA -
GlcNAc-2 4.599 3.779 3.741 3.6 NA NA -
GlcNAc-5 4.561 3.77 3.706 3.603 3.837 NA -
GlcNAc-7 4.545 NA 3.949 3.623 3.872 NA -
GlcNAc-7' 4.561 3.77 3.706 3.603 3.837 NA -
GlcNAc-ext 4.724 3.795 3.658 3.6 NA NA -
Gal-6 4.441 3.492 3.652 3.892 NA NA -
Gal-8 4.428 3.482 3.639 3.892 NA NA -
Gal-8' 4.461 3.584 3.728 4.1507 NA NA -
Gal-ext 4.449 3.53 3.664 3917 NA NA -
NeuSAc (a-6) - - 2.665, 1.714 3.648 3.802 3.694 -
Fuc-1 5.119 3.68 3.895 3.783 4.825 - 1.169
Fuc-2 5.104 3.687 3.888 3.783 4.825 - 1.169
Table S11. '"H NMR of compound 25.
25 H1 H2 H3 H4 HS Heo6
GlcNAc-1a 5.182 3.862 3.626 NA NA NA
Man-4 5.120 4,222 4.041 3.631 3.766 3.93,3.818
Man-4' 4.875 3.954 3.858 3.608 3.744 NA
Man-3 4756 4218 3.763 3.638 NA NA
GleNAc-18 4.685 3.691 3.611 3.508 NA NA
GIcNAc-2 4,598 3.796 3.741 3.608 NA NA
GIcNAc-5 4,588 3.745 3.641 3.589 NA NA
GIcNAc-7 4,563 3.783 3.715 3.602 NA NA
GlcNAc-7' 4,563 3.783 3.757 3.657 NA NA
Gal-6 4.432 3.529 3.66 3919 NA NA
Gal-8 4.432 3.529 3.66 3919 NA NA
Gal-8' 4.472 3.537 3.666 3.921 NA NA
NeuSAc (a-6) - - 2.658,1.716 3.656 3.803 3.705
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Table S12. '"H NMR of compound 26.

26 H1 H2 H3 H4 HS5 H6
GlcNAc-1a 5.182 3.862 3.636 3.554 NA NA
Man-4 5.121 4.22 4.039 3.629 NA NA
Man-4' 4.876 3.953 3.857 3.608 3.761 NA
Man-3 4,756 4212 3.762 3.637 NA NA
GlcNAc-1B 4.685 3.685 3.614 3.51 NA NA
GlcNAc-2 4,598 3.793 3.736 3.608 NA NA
GlcNAc-5 4,589 3.744 3.641 3.59 NA NA
GlcNAc-7 4,557 3.784 3.711 3.658 3.604 NA
GlcNAc-7' 4,557 3.784 3.711 3.658 3.604 NA
GlcNAc-ext 4,722 3.801 3.66 3.602 NA NA
Gal-6 4,458 3.584 3.73 4,152 3.755 NA
Gal-8 4.435 3.53 3.661 3917 3813 3.865, NA
Gal-8' 4.435 3.53 3.661 3917 3813 3.865, NA
Gal-ext 4.435 3.53 3.661 3917 3813 3.865, NA
NeuSAc (a-6) - - 2.661, 1.707 3.644 3.803 3.696
Table S13. '"H NMR of compound 27.
27 H1 H2 H3 H4 HS H6
GlcNAc-1a 5.182 3.8642 3.6287 NA NA NA
Man-4 5.1085 4.2123 4.037 3.613 3.753 3.804, 3.568
Man-4' 4.872 3.952 3.8495 3.595 3.7323 NA
Man-3 47535 4.204 3.755 3.629 NA NA
GlecNAc-1B 4.686 3.691 3.613 3.505 NA NA
GlcNAc-2 4.6,4.592 3.793, 3.783 3.724 3.626 NA NA
GlcNAc-5 4.554 3.74 3.714 3.565 NA NA
GlcNAc-7 4.544 3.724 3.544 3.442 NA NA
GlcNAc-7' 4,535 3.785 3.717 3.634 NA NA
Gal-6 4.5365 3.562 4.0851 3.9504 NA NA
Gal-8 4.5365 3.562 4.0851 3.9504 NA NA
Neu5Ac (a-3) - - 2.748,1.793 3.678 3.842 3.627
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3. Microarray

General Procedure for Linkering

OH OH |
0 o NaOAc (pH 6.0) ﬂ/
RO TS RO N NH
HO OH + H \/\NHZ HO \O/\/ 2
AcHN AcHN
2227 bi-functional spacer 22b-27b
R = sugar R = sugar

Free reducing glycan (0.2 mg) and bi-functional spacer (20 equiv.) were dissolved in 0.1 M
acetate aqueous buffer (pH 6.0). The glycan concentration was 2 mM. The mixture was
incubated at 37 °C for 48 h and monitored by MALDI-TOF MS. The reaction mixture was
loaded over Sephadex G-25 Superfine gel filtration column (50 cm x 1 cm) with 0.1 M
NH4HCOs (aq) eluent to remove off excess spacer and salt. Fractions were lyophilized. The final
product was characterized by MALDI-TOF MS and 'H NMR. It’s worthy to note that this
linkering reaction may not be completed. But the material without the bi-functional spacer

couldn’t print on the NHS-activated glass slides.

Compound 22b.

'H NMR (600 MHz, D,0) 5.10 (s, 3H, Man-4 H-1,
Fuc-1 H-1, Fuc-2 H-1), 4.87 (overlapped with H,O,
1H, Man-4’ H-1), 4.75 (s, 1H, Man-3 H-1), 4.71 (d, J
=17.9 Hz, 1H, GIcNAc-1 H-1), 4.59 (d,J=7.9 Hz, 1H,
GlcNAc-ext H-1), 4.57-4.51 (m, 3H, GlcNAc-2 H-1,
GlcNAc-5 H-1, GlcNAc-7” H-1), 4.49 (d, J = 8.0 Hz, 1H, GlcNAc-7 H-1), 4.48-4.41 (m, 4H,
Gal-6 H-1, Gal-8 H-1, Gal-8* H-1, Gal-ext H-1), 4.22-4.13 (m, 6H, Man-3 H-2, Man-4 H-2,
Man-4’ H-2, Gal-6 H-3, Gal-6 H-4, Gal-8* H-4), 4.11-3.45 (m, 96 H), 3.25-3.16 (m, 2H,
CH,CH,NH,), 2.76 (s, 3H, -NCH3), 2.76-2.72 (m, 1H, a-3Neu5Ac H-3e), 2.69-2.63 (m, 1H, a-
6NeuSAc H-3e), 2.06 (s, 3H), 2.05 (s, 3H), 2.04 (s, 3H), 2.03(9) (s, 3H), 2.03 (s, 6H), 2.02 (s,
6H), 1.79 (t, J = 12.4 Hz, 1H, a-3Neu5Ac H-3a), 1.72 (t, J = 12.2 Hz, 1H, a-6Neu5SAc H-3a),
1.16 (d, /= 6.0 Hz, 3H, Fuc-1 CHs), 1.15 (d, /= 6.0 Hz, 3H, Fuc-2 CHs).
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Compound 23b.

'H NMR (600 MHz, D,0) 5.14-5.07 (m, 3H, Man-4 H-1,
Fuc-1 H-1, Fuc-2 H-1), 4.87 (s, 1H, Man-4> H-1), 4.75
(overlapped, 1H, Man-3 H-1), 4.71 (Overlapped, 1H,
GlcNAc-1 H-1), 4.62-4.52 (m, 4H, GIcNAc-2 H-1,
GlcNAc-5 H-1, GlcNAc-7 H-1, GIcNAc-7’ H-1), 4.47-4.41
(m, 3H, Gal-6 H-1, Gal-8 H-1, Gal-8* H-1), 4.24-4.14 (m,
4H, Man-3 H-2, Man-4 H-2, Man-4’ H-2), 4.08-3.45 (m, 79 H), 3.23-3.17 (m, 2H, CH,CH,NH>),
2.76 (s, 3H, -NCHs5), 2.66 (dd, J=4.2, 12.0 Hz, 1H, a-6Neu5Ac H-3e), 2.07 (s, 6H), 2.05 (s, 3H),
2.03 (s, 6H), 2.02 (s, 3H), 1.71 (t, J = 12.3 Hz, 1H, a-6Neu5Ac H-3a), 1.16 (d, J = 6.0 Hz, 6H,
Fuc-1 CHs, Fuc-2 CH3).

Compound 24b.
'H NMR (600 MHz, D,0) 5.13-5.08 (m, 3H, Man-4 H-1,
/ Fuc-1 H-1, Fuc-2 H-1), 4.87 (s, 1H, Man-4’ H-1), 4.75
(Overlapped, 1H, Man-3 H-1), 4.71 (Overlapped, 1H,
HN- GIcNAc-1 H-1), 4.62-4.50 (m, 5H, GIcNAc-2 H-1
GlcNAc-5 H-1 GlecNAc-7 H-1 GlecNAc-7" H-1 GleNAc-
ext H-1), 4.48-4.41 (m, 4H, Gal-6 H-1, Gal-8 H-1, Gal-8” H-1, Gal-ext H-1), 4.22-4.12 (m, 5H,
Man-3 H-2, Man-4 H-2, Man-4’ H-2, Gal-6 H-3, Gal-8’ H-4), 4.06-3.45 (m, 90H), 3.25-3.15 (m,
2H, CH,CH,NH>»), 2.76 (s, 3H, -NCHs), 2.66 (dd, J = 4.5, 12.4 Hz, 1H, a-6NeuSAc H-3e), 2.06
(s, 3H), 2.05 (s, 3H), 2.04 (s, 3H), 2.03(8) (s, 3H), 2.03 (s, 6H), 2.02 (s, 3H), 1.71 (t,J=12.1 Hz,
1H, a-6NeuSAc H-3a), 1.16 (d, J = 6.3 Hz, 6H, Fuc-1 CH3, Fuc-2 CHj).

Compound 25b.

'H NMR (600 MHz, D,0) 5.11 (s, 1H, Man-4 H-1), 4.87 (s,
1H, Man-4> H-1), 4.76 (overlapped, 1H, Man-3 H-1), 4.72
(Overlapped, 1H, GlcNAc-1 H-1), 4.62-4.52 (m, 4H,
GlcNAc-2 H-1 GleNAc-5 H-1 GIeNAc-7 H-1 GlcNAc-7" H-
1), 4.47 (d, J= 7.7 Hz, 1H, Gal-8’ H-1), 4.44 (d, J = 7.5 Hz,
1H, Gal-6 H-1), 4.43 (d, J = 7.5 Hz, 1H, Gal-8 H-1), 4.25-4.13 (m, 4H, Man-3 H-2, Man-4 H-2,
Man-4’ H-2), 4.07-3.45 (m, 78 H), 3.24-3.15 (m, 2H, CH,CH,NH>), 2.76 (s, 3H, -NCHj3), 2.65

HoN

S79



(dd, J=4.3, 12.4 Hz, 2H, 0-6Neu5Ac H-3e), 2.09 (s, 3H), 2.06 (s, 3H), 2.05(7) (s, 3H), 2.04 (s,
3H), 2.03 (s, 3H), 2.02 (s, 6H), 1.74-1.66 (m, 2H, a-6NeuSAc H-3a).

Compound 26b.
'H NMR (600 MHz, D,0) 5.11 (s, 1H, Man-4 H-1),
4.87 (Overlapped, 1H, Man-4> H-1), 4.75 (s, 1H,
_N; Man-3 H-1), 4.70 (d, J= 7.7 Hz, 1H, GIcNAc-1 H-1),
3 4.62-4.52 (m, 5H, GlcNAc-2 H-1, GIcNAc-5 H-1,
- GlcNAc-7 H-1, GlcNAc-7" H-1, GlcNAc-ext H-1),
4.48-4.41 (m, 4H, Gal-6 H-1, Gal-8 H-1, Gal-8” H-1, Gal-ext H-1), 4.24-4.13 (m, SH, Man-3 H-
2, Man-4 H-2, Man-4’ H-2, Gal-6 H-4, Gal-8’ H-4), 4.08-3.45 (m, 96 H), 3.25-3.15 (m, 2H,
CH,CH,NH,), 2.76 (s, 3H, -NCHs), 2.69-2.61 (m, 3H, a-6Neu5Ac H-3e), 2.10 (s, 3H), 2.06 (s,

3H), 2.05 (s, 3H), 2.04 (s, 6H), 2.03 (s, 3H), 2.01 (s, 9H), 1.77-1.65 (m, 3H, a-6Neu5Ac H-3a).

Compound 27b.
'H NMR (600 MHz, D,0) 5.11 (s, 1H, Man-4 H-1), 4.87
Y (s, 1H, Man-4’ H-1), 4.76 (overlapped, 1H, Man-3 H-1),
©  4.72 (Overlapped, 1H, GlcNAc-1 H-1), 4.59 (d, J = 7.7
HaN Hz, 1H, GIcNAc-2 H-1), 4.57-4.52 (m, SH, GlcNAc-5 H-
1, GlcNAc-7 H-1, GIcNAc-7" H-1, Gal-6 H-1, Gal-8 H-1), 4.23-3.42 (m, 76 H), 3.24-3.15 (m,
2H, CH,CH,NH»), 2.76 (s, 3H, -NCHj3), 2.76-2.72 (m, 2H, a-3Neu5Ac H-3e), 2.06 (s, 6H), 2.04
(s, 3H), 2.03 (s, 6H), 2.02 (s, 6H), 1.79 (t, /= 12.1 Hz, 2H, a-3Neu5SAc H-3a).

S80



Glycan Array Production Methods

Glycan arrays were custom printed on a MicroGridIl (Digilab) contact microarray robot
equipped with StealthSMP4B microarray pins (Telechem) as previously described. Briefly,
samples of each glycan were diluted to 100 uM and, subsequently to 10 uM, in 150 NaPO4
buffer, pH 8.4. Aliquots of 10 uL were loaded in 384-well plates and imprinted onto NHS
activated glass slides (SlideH, Schott/Nexterion) with 7 arrays, each containing 6 replicates of
each sample at both concentrations. Printed slides were humidified post-print for 1 h and
desiccated overnight. Remaining NHS-ester residues were quenched by immersing slides in 50
mM Ethanolamine in 50 mM borate buffer, pH 9.2, for 1 h. Blocked slides were washed with

water, spun dry, and stored at room temperature until used.

Genes, expression vectors, protein expression, purification and glycan array binding of HA.
Codon optimized H1 and HS5 encoding cDNAs (Genscript, USA) of A/Cal/05/09 (Accession,;
ACP41926.1), A/Kentucky/07 (Accession, CY028163), A/reassortant/NIBRG-14 (Viet
Nam/1194/2004 x Puerto Rico/8/1934) (Accession; ACU65077.1), were cloned into the pCDS5
expression as described previously (47, 48). The HA proteins were expressed in HEK293S
GnT1(-) cells and purified from the cell culture supernatants as described previously. Binding of
HA to the glycan array was assessed similarly as described previously. Briefly, purified, soluble
trimeric HA was pre-complexed with horseradish peroxidase (HRP)-linked anti-Strep-tag mouse

antibody and with Alexa488-linked anti-mouse IgG (4:2:1 molar ratio) prior to incubation.

Glycan Array Screening and Analyses

For analyses using lectins, lectins were diluted to 10 ug/mL lectin + 2 pg/mL Streptavidin or 1
png/mL of lectin + 0.2 pg/mL Streptavidin. Recombinant HA analyses were performed using HA-
antibody complexes prepared by mixing recombinant HA, mouse anti-Strep2 (AbCam), and anti-
mouse-IgG Alexa Fluor 488 (Invitrogen) in a molar ratio of 4:2:1, respectively. Antibody
analyses were prepared using 10 pg/mL of antibody mixed with 5 ug/mL of the appropriate
detection antibody. Antibody complexes were anti-LeX (Seikagaku) + anti-mouse-IgM-R-PE
(Jackson), CD15/anti-LeX-FITC (BioLegend) + anti-mouse-IgM-AlexaFluor488 (Invitrogen),
anti-SLeX (Seikagaku) + anti-mouse-IgM-R-PE (Jackson) and CD15s/anti-SLeX + anti-mouse-
IgM-R-PE (Jackson). E-selectin-Fc¢ chimera recombinant protein (R&D Systems) was tested at
50 pg/mL and 25 pg/mL, pre-complexed with anti-human-IgG-R-PE at 25 pg/mL and 12.5
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ng/mL, respectively. These prepared mixtures of complexes were incubated for 15 min on ice,
diluted to 100 pl in TSM buffer (20 mM Tris, 150 mM NaCl, 2 mM CaCl,, 2 mM MgCl,, 1%
BSA, and 0.05% Tween-20) and incubated on the array surface in a humidified chamber for 1 h.
Slides were subsequently washed by successive rinses with PBS-T, PBS, and deionized H;O.
Washed arrays were dried by centrifugation and immediately scanned for FITC and R-PE signal
on a Perkin-Elmer ProScanArray Express confocal microarray scanner. Fluorescent signal
intensity was measured using Imagene (Biodiscovery) and mean intensity minus mean
background were calculated and graphed using MS Excel. For each glycan, the mean signal
intensity is calculated from 6 replicates spots as follows. The highest and lowest signal of the 6
replicates are removed and the remaining 4 replicates are used to calculate the mean signal,
standard deviation (SD), and standard error measurement (SEM). Bar graphs represent the
averaged mean signal minus background for each glycan sample and error bars are the SEM

value.
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Fig. S24. Analysis of the receptor binding specificity of H1 hemagglutinins (HA) from seasonal and
pandemic influenza viruses. Recombinant HA proteins from a representative seasonal,
A/Kentucky/UR06-0258/2007 (LEFT), and pandemic, A/California/05/09 (RIGHT), HIN1 influenza
viruses were used to interrogate the glycan microarray for binding specificity. Strep2-tagged HAs were
premixed with mouse anti-Strep2 and anti-mouse-AlexaFluor647 (Invitrogen) in a molar ratio of 4:2:1,
respectively, and allowed to pre-complex on ice. After 30 min, protein mixtures were serially diluted to
achieve 5 samples at 6.25, 12.5, 25, 50, and 100 pg/mL. HA complexes were incubated on the array
surface for 90 min and then washed. Washed arrays were scanned and evaluated for AlexaFluor647 signal.
Shown is the mean signal and standard error of the fluorescence intensity (x107) calculated for six
independent replicates on the array.
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Table S14. Compounds Printed on the Microarray.
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