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General methods

Unless otherwise stated, reagents were purchased from commercial suppliers and used without
purification. 2-Chlorotrityl chloride resin, Fmoc-Ser(Trt)-OH, Fmoc-D-Ser(Trt)-OH, Fmoc-OSu
were purchased from AnaSpec, Inc. (San Jose, CA). Fmoc-6-aminohexanoic acid (Fmoc-Hex-
OH), Fmoc-Gly-OH, and Fmoc-Pro-OPfp were purchased from Novabiochem (Darmstadt,
Germany). 2-(7-Aza-1H-benzotriazol-1-yl)-N,N,N’, N -tetramethyl uronium hexafluorophosphate
(HATU), 1-hydroxy-7-azabenzotriazole (HOAt),  2-(1H-benzotriazol-1-yl)-N,N,N’,N -
tetramethyluronium hexafluorophosphate (HBTU), N-hydroxybenzotriazole (HOBt), N,N'-
Dicyclohexylcarbodiimide (DCO), benzotriazol-1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate (PyBOP), N N-dimethylformamide (DMF), N-methyl-2-pyrrolidone
(NMP), N N-diisopropylethylamine  (DIEA),  N-methylmorpholine (NMM), 2,4,6-
trimethylpyridine (TMP) were purchased from Sigma (St. Louis, MO). All RP-HPLC
purifications were carried using a preparative C-18 reversed phase column (VYDAC® 218 TP
Protein & Peptide C18 22 mm X 250 mm) on a Waters PropLC 4000 system (HPLC) with a
waters 2996 photodiode array detector at room temperature. All 'H and >C NMR spectra were
recorded on a 400 MHz or 500 MHz Varian spectrometer. The mass spectra were recorded on
Shimadzu Axima-CFR MALDI-TOF or on Agilent LC/MSD SL mass spectrometers. Analysis
of yields and epimerization were recorded on an Agilent 1200 Series HPLC using Waters

XTerra® RP 18 (5um 4.6 mm x 250 mm) reversed phase column.
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Preparation of Fmoc-protected glyco-amino acids

Fmoc-Ser(Ac;GalNAca)-OH (7)

AcO _OAc
(0]
ACO% NHFmoc
AcHN 0 H
CO,H
7

N-(9H-fluoren-9-ylmethoxycarbonyl)-O-(2-acetyl-2-deoxy-3,4,6-tri-O-a-D-galactopyranosyl)-L-
serine (7) was prepared according to the previously reported method." 'H-NMR (400 MHz, N, N-
dimethylformamide-d;) 6 7.93 (d, /= 7.5 Hz, 2H, H-Fmoc), 7.88 (d, /= 8.8 Hz, 1H, NH-S), 7.83
(d, J=8.7 Hz, 1H, NH-GalNAc), 7.74 (dd, J= 7.3, 2.3 Hz, 2H, H-Fmoc), 7.44 (t,J= 7.5 Hz,
2H, H-Fmoc), 7.34 (t, J= 7.5 Hz, 2H, H-Fmoc), 5.41 (d,J= 2.3 Hz, 1H, H4’), 5.17 (dd, J =
11.7,3.2 Hz, 1H, H3”), 5.01 (d, J= 3.5 Hz, 1H, H1"), 4.47-4.50 (m, 1H, S%), 4.33-4.40 (m, 4H,
H2’ {4.38}, H5* {4.33}, CH»-Fmoc {4.33}), 4.29 (m, 1H, H-Fmoc), 4.08-4.16 (m, 2H, H6’),
3.97-4.04 (m, 2H, SP), 2.14 (s, 3H, CH3-Ac), 1.99 (s, 3H, CHz-Ac), 1.93 (s, 3H, CH3-Ac), 1.89
(s, 3H, CHs-Ac); >C-NMR (100 MHz, N, N-dimethylformamide-d;) & 176.1, 174.6, 174.4, 174.2,
160.9, 148.6, 145.5, 132.1, 131.5, 129.7, 124.5, 102.9, 72.8, 72.4, 71.8, 71.2, 70.8, 66.2, 59.0,
51.8,51.4,26.5,24.3,24.25,24.2. HRMS calcd for C3,H36N,0,3 [M + Na]" 679.2110,
measured 679.2115.

Fmoc-D-Ser(Ac;GalNAca)-OH (8)
AcO _OAc

NHFmoc AcO Ogc AgCIOy,, r.t. o)
— = T
Ho\/kco2Bn * Ao CH,Cl, 80%  1C N NHFmoc
Nap, CO,Bn
s1 s2 s3
AcO _OAc AcO _OAc
AcSH \% Pd/C, H, 0
— > AcO NHF > AcO NHFmoc
Pyr, 73 % ACHN M MeOH/H,0 AcHN
COan 10:1, 85 % COZH
sS4 8

The unnatural glyco-amino acid, Fmoc-D-Ser(Ac;GalNAca)-OH 8, was synthesized with similar

procedures reported for 7. Briefly, the bromide donor S2 (2.64 g, 6.70 mmol), N-Fmoc-D-serine
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benzyl ester S1 (2.33 g, 5.58 mmol), and 2 g 4 A molecular sieve were added to a flask under
argon. The mixture was dissolved in 20 mL CH,Cl,, then silver perchlorate (2.31 g, 11.2 mmol)
was added and the reaction mixture was stirred at room temperature for 2 h. The mixture was
filtered, concentrated, and the residue was purified by flash chromatography on silica gel (120g)
with EtOAc/Hexane (1/3) to give compound S3 (2.44 g, 60 %, a:p=5:1) as a white solid.
Reductive acetylation using thiolacetic acid/pyridine (2/1, v/v, 3 mL) produced the fully
protected Fmoc-D-Ser(Ac;GalNAca)-OBn S4 in a 73% yield. Hydrogenation of S4 with10%
Pd/C in MeOH/H,0O/Formic acid (10/1/1, v/v/v, 12 mL) followed by RP- HPLC purification
using a 0-48% acetonitrile/H,O (0.1% TFA) gradient over 45 min to provide compound 8 in 71%
yield as white solid.

N-(9H-fluoren-9-ylmethoxycarbonyl)-D-serine benzyl ester (S1). 'H-NMR (400 MHz,
CDCl3) 6 7.73 (d, J = 7.6 Hz, 2H), 7.56 (d, J= 7.4 Hz, 2H), 7.37 (t,J = 7.5 Hz, 2H), 7.26-7.39
(m, 7H), 5.69 (d, J= 7.0 Hz, 1H), 5.20 (Br, 2H), 4.35-4.47 (m, 3H), 4.18 (t, /= 6.7 Hz, 1H), 3.99
(d, J= 8.5 Hz, 1H), 3.91 (d, J=10.3 Hz, 1H); "C-NMR(100 MHz, CDCl3) & 170.1, 155.5,
143.6, 141.3, 141.2, 135.0, 128.6, 128.5, 128.2, 127.7, 127.1, 127.0, 125.0, 120.0, 119.9, 67.5,
67.2,63.3,56.1, 47.1. ESI MS calcd for CsH23NOs [M + Na]" 440.16, measured 440.1.

N-(9H-fluoren-9-ylmethoxycarbonyl)-O-(2-azido-2-deoxy-3,4,6-tri-O-a-D-
galactopyranosyl)-D-serine benzyl ester (S3). '"H-NMR (400 MHz, CDCl3) & 7.73 (d, J=7.5
Hz, 2H). 7.57 (d, /= 7.4 Hz, 2H), 7.26-7.39 (m, 9H), 5.84 (d, /= 8.4 Hz, 1H), 5.35 (d, /= 12.0
Hz, 1H), 5.19 (d, /= 3.0 Hz, 1H), 5.10 (d, /= 11.9 Hz, 1H), 4.91 (d, J= 3.5 Hz, 1H), 4.61-4.64
(m, 1 H), 4.33-4.42 (m, 2H), 4.17-4.22 (m, 2H), 3.79-3.90 (m, 2H), 3.69 (dd, /= 10.1, 3.1 Hz,
1H), 3.63 (t, /= 6.1 Hz, 1H), 3.55 (dd, J=11.2, 3.6 Hz, 1H), 2.09 (s, 3H), 2.05 (s, 3H), 1.97 (s,
3H); *C-NMR (100 MHz, CDCl5) § 170.2, 169.2, 155.9, 143.6, 141.3, 135.1, 128.7, 125.1,
119.9, 169.5, 169.9, 98.7, 67.5, 67.0, 61.9, 54.1, 47.1, 20.61, 20.6, 20.5. MALDI MS calcd for
C37H35N4O1 [M + Na]+ 753.2378, measured 753.2382.

N-(9H-fluoren-9-ylmethoxycarbonyl)-O-(2-acetyl-2-deoxy-3.,4,6-tri-O-a-D-

galactopyranosyl)-D-serine benzyl ester (S4). 'H-NMR (400 MHz, CDCl3) § 7.72 (d, J= 7.5
Hz, 2H), 7.56 (d, J = 7.2 Hz, 2H), 7.25-7.38 (m, 9H), 6.02 (d, /= 9.3 Hz, 1H), 5.77 (d, /= 8.0
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Hz, 1H), 5.29 (d, /= 11.9 Hz, 1H), 5.10-5.14 (m, 2 H), 4.81-4.88 (m, 2H), 4.58-4.61 (m, 1H),
4.50-4.52 (m, 1H), 4.43 (d, /= 6.5 Hz, 2H), 4.18 (t, /= 6.6 Hz, 1H), 3.97 (dd, /= 10.3, 4.2 Hz,
1H), 3.90 (d, J= 6.3 Hz, 2H), 3.71-3.74 (m, 2H), 2.10 (s, 3H), 1.95 (s, 3H), 1.94 (s, 3H), 1.88 (s,
3H); "*C-NMR (100 MHz, CDCl3) & 170.7, 170.32, 170.3, 170.2, 169.7, 156.0, 143.6, 141.3,
134.8, 128.9, 128.8, 128.7, 127.7, 127.1, 124.8, 120.0, 98.5, 68.7, 68.1, 67.9, 67.2, 67.1, 66.9,
62.1,54.4,47.5,47.0, 23.0, 20.7, 20.66, 20.6. MALDI MS calcd for C3yH42N2Oy3 [M + Na]”
769.2579, measured 769.2585.

N-(9H-fluoren-9-ylmethoxycarbonyl)-O-(2-acetyl-2-deoxy-3,4,6-tri-O-0-D-
galactopyranosyl)-D-serine (8). 'H-NMR (400 MHz, N, N-dimethylformamide-d;) § 7.94 (d, J =
7.6 Hz, 2H, H-Fmoc), 7.45 (d, J = 7.5 Hz, 2H, H-Fmoc), 7.75-7.79 (m, 2H, H-Fmoc), 7.34 (t, J =
7.4 Hz, 2H, H-Fmoc), 5.37 (d, /= 3.1 Hz, 1H, H4’), 5.05 (dd, J=11.6, 3.2 Hz, 1H, H3"), 4.99
(d,J=3.5Hz, IH, H1"),4.57-4.61 (m, 1H, S), 4.48-4.54 (m, 1H, H2’), 4.40 (dd, J=9.9, 7.0
Hz, 1H, H6a’), 4.19-4.34 (m, 5H, H6* {4.32}, SP{4.26}, CH,-Fmoc {4.20} ), 4.01-4.07 (m, 1H,
CH-Fmoc), 3.74 (dd, J=9.5, 3.3 Hz, 1H, H5"), 2.15 (s, 3H, CHs-Ac), 2.02 (s, 3H, CH3-Ac), 1.95
(s, 3H, CH3-Ac), 1.93 (s, 3H, CH3-Ac). C-NMR (100 MHz, N,N-dimethylformamide-d;) &
176.0, 174.6, 174.4, 174.36, 174.1, 160.9, 148.7, 148.5, 145.5, 145.52, 132.1, 131.5, 131.4,
124.5,124.4,102.2,72.7,72.6, 71.8, 71.4, 70.8, 66.1, 58.4, 51.4, 26.5, 24.3, 24.2. HRMS calcd
for C3,H36N2013 [M + Na]” 679.2115, found 679.2116.

Fmoc-Ser(AcsGalf1,3Ac,GalNAca)-OH (9)

AcO  OAc AcO OAc
o) 0]

AcO 0 — NHFmoc

o - OH
9 ~Y

O

N-(9H-fluoren-9-ylmethoxycarbonyl)-O-[O-(2°,3°,4°,6’-tetra-O-acetyl-B-D-galactopyranosyl)-
(1,3)-2-acetamido-4,6-di-O-acetoxy-2-deoxy-o-D-galactopyranosyl]-L-serine (9) was prepared
according to a reported method.! 'H NMR (400 MHz, N, N-dimethylformamide-d;) 8 7.95 (d, J
=17.5 Hz, 2H), 7.66-7.79 (m, 4H), 7.47 (t, J= 7.5 Hz, 2H), 7.34-7.38 (m, 2H), 5.45 (d, J=3.2
Hz, 1H), 5.38 (d, /= 3.6 Hz, 1H), 5.11- 5.13 (m, 1H), 5.01-5.03 (m, 2H), 4.89 (d, /= 3.6 Hz,
1H), 3.95-4.49 (m, 15H), 2.14 (s, 3H), 2.10 (s, 3H), 2.08 (s, 3H), 2.02-2.03 (m, 6H), 1.95 (s,
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6H); >*C NMR (100 MHz, N,N-dimethylformamide-d;) & 171.9, 170.3, 170.31, 170.1, 168.8,
169.7, 169.5, 156.7, 144.4, 144.3,127.9, 127.3, 125.5, 125.47, 120.3, 101.1, 98.9, 73.5, 70.9,
70.4,70.1, 68.9, 67.5, 66.7, 63.0, 61.1, 54.9, 49.0, 47.3, 22.6, 20.2, 20.15, 20.1, 20.0, 19.9.
HRMS calcd for C44Hs:N,05; [M + H]" 945.3141, measured 945.3136.

Fmoc-D-Ser(AcsGalp1,3Ac,GalNAca)-OH (10)

NHFmoc Ph OA OAco \H
HO OtBu
\/'\'Or 0OAc OAc & AcO o “ccl
OAc,OAc MS 4A o o? OAc 3
o NH HCIO,4-SiO, 1. NaOMe, MeOH, 80% o) TMSOTf
AcO NHFmoc ———————————> S
AcO -~ N ¢ HO NHE
N; ‘O” ~CCl; DCM/Dioxane (1:1) 3 OVH(OtBu 2. p-TSA, MeCN, 95% Ns moc  DCE, 62 %
s5 92% (a/p = 8:1) s6 J s7 © OtBu
o]
&
0 1) 80% HOAc OAc O,
OAc oAc  © © OAc_OAc Ac
o o 2) Ac,0, pyridine 0 o CH3C(O)SH, Pyr
AcO o ) NHFmoc 79% AcO 0o N NHFmoc CHCl3, 95%
OAc 3 O\/H(OtBu OAc 3 O\/H(OtBu
S8 0 S9 o)
OAc_OAc OAc OAc OAc_OAc OAc OAc
o) Q TFA/H,0 (95:5) 0 Q
AcO o} NHFmoc ~—— = AcO O NHFmoc
OAc AcHN - 4 otgy Quant. OAc AcHN - & OH
o] o]
$10 10

S6: Trichloroacetimidate donor S5 (3.50 g, 7.36 mmol) and D-serine fert-butyl ester (2.17 g, 5.66
mmol) were dissolved in anhydrous CH,Cl, / 1,4-dioxane (1:1, 70 mL) at room temperature.
Activated molecular sieves (4A, 3.50 g) were added and the mixture was stirred for 0.5 h at room
temperature. The reaction mixture was cooled to 0°C and HC104-SiO, (0.4 mmol/g, 1.32 g) was
added in one portion with rapid stirring. The reaction was stirred for 1 h at 0°C and then
neutralized by addition of a diluted DIEA solution (92 pL, 0.53 mmol in 10 mL of CH,Cl,). The
solids were filtered off and the solvent was removed under reduced pressure. The crude residue
was purified by silica-gel flash chromatography (EtOAc in hexanes 20 — 45 %) to yield the
alpha-glycosylated serine S6 (4.20 g, 82 %), together with the beta product (512 mg, 10 %) as
colorless foams. '"H NMR (400 MHz, CDCl3) 6 7.74 (d,J=7.5 Hz, 2H), 7.58 (d, /= 7.4 Hz,
2H), 7.40 — 7.25 (m, 4H), 5.74 (d, J= 8.7 Hz, 1H), 5.40 (d, /= 3.0 Hz, 1H), 5.26 (dd, J=11.1,
3.0 Hz, 1H), 4.98 (d, J=3.3 Hz, 1H), 4.47 (ddd, J=8.7,2.9,2.9 Hz, 1H), 4.37 (d, /= 7.2 Hz,
2H), 4.24 — 4.02 (m, 5H), 3.68 (dd, J=9.8, 2.9 Hz, 1H), 3.58 (dd, J=11.1, 3.4 Hz, 1H), 2.12 (s,
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3H), 2.04 (s, 3H), 2.02 (s, 3H), 1.49 (s, 9H); *C NMR (100 MHz, CDCl3) & 170.3, 170.0,
169.66, 168.2, 155.8, 143.9, 143.7, 141.3, 141.26, 127.7, 127.0, 125.1, 119.9, 98.7, 83.2, 69.0,
67.7,67.4,67.1,61.6,57.4, 54.5,47.1,27.9, 20.6, 20.57. ESI-MS calcd for C34H40N4O20 [M +
Na]" 719.2, measured: 719.1.

S7: Deacetylation of S6 using Zemplén conditions (sodium methoxide in methanol) produced the
triol product as a colorless foam in 80 % yield. Triol product (1.00 g, 1.75 mmol) and a,a-
dimethoxytoluene (0.502 mL, 3.51 mmol) were dissolved in anhydrous MeCN (20 mL) and a
catalytic amount of p-toluenesulfonic acid (p-TSA, 80 mg, 0.421 mmol) was added in one
portion. The reaction was stirred for 1 h at room temperature and then neutralized by slow
addition of a diluted diisopropylethylamine solution (DIEA, 74 uL, 0.421 mmol in 10 mL of
MeCN). The solvent was removed in vacuo and the residue was purified by flash
chromatography on silica gel (EtOAc in hexanes, 20 — 45 %) to yield the benzylidene protected
product S7 (1.10 g, 95 %) as a colorless foam. 'H NMR (400 MHz, CDCl3) & 7.78 (d, J= 7.6
Hz, 2H), 7.59 (dd, J= 7.2, 2.3 Hz, 2H), 7.47 — 7.44 (m, 2H), 7.40-7.35 (m, 5H), 7.31-7.26 (m,
2H), 5.77 (d, J=9.0 Hz, 1H), 5.55 (s, 1H), 4.99 (d, /= 3.3 Hz, 1H), 4.46 (ddd, J = 8.8, 2.6, 2.6
Hz, 1H), 4.40-4.32 (m, 2H), 4.30-4.18 (m, 4H), 4.08 (bd, J=10.5 Hz, 1H), 4.05 (dd, J = 12.6,
1.6 Hz, 1H), 3.70 (s, 1H), 3.66 (dd, J=9.7, 2.8 Hz, 1H), 3.53 (dd, /= 10.5, 3.3 Hz, 1H), 2.40
(bs, 1H), 1.45 (s, 9H); °C NMR (100 MHz, CDCl3) 8 168.7, 155.9, 143.9, 143.7, 141.3, 141.25,
137.1,129.4, 128.3, 127.7, 127.0, 126.2, 125.2, 119.9, 101.3, 99.5, 82.7, 75.3, 69.2, 69.0, 67.2,
63.1, 60.7, 54.6, 47.1, 28.0. ESI-MS calcd for C3sH3gN4Og [M + Na]+ 681.2, measured: 681.1.

S8: A mixture of S7 (1.10 g, 1.67 mmol) and galactose donor (1.32 g, 2.67 mmol) were
coevaporated with anhydrous toluene (2 x5.0 mL) and then dissolved in anhydrous
dichloroethane (DCE, 20.0 mL). The reaction mixture was cooled to 10°C and TMSOTT (48 uL,
0.267 mmol) was added. After stirring for 45 min at 10°C TLC analysis (EtOAc / hexanes (4:6))
showed complete consumption of starting material and the reaction was neutralized by slow
addition of diluted DIEA (47 pL, 0.267 mmol in 10 mL of CH,Cl,). The solvent was evaporated
off and the crude was purified by flash chromatography on silica gel (EtOAc in hexanes, 30—
50%) to yield the beta glycosylated product S8 (1.05 g, 62%) as a colorless foam. 'H NMR (400
MHz, CDCls) 6 7.74 (d, J = 7.5 Hz, 2H), 7.59 (dd, /= 7.2, 2.1 Hz, 2H), 7.50 (dd, /= 7.7, 1.8 Hz,
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2H), 7.40-7.25 (m, 7H), 5.74 (d, /= 8.6 Hz, 1H), 5.51 (s, 1H), 5.38 (d, /= 2.6 Hz, 1H), 5.26 (dd,
J=10.0, 8.1 Hz, 1H), 5.03—4.98 (m, 2H), 4.70 (d, /= 7.8 Hz, 1H), 4.50—4.45 (m, 1H), 4.42-4.35
(m, 2H), 4.32 (d, /= 2.6 Hz, 1H), 4.26-4.20 (m, 2H), 4.16 (dd, J=9.7, 2.4 Hz, 1H), 4.13-4.08
(m, 2H), 3.98-4.02 (m, 2H), 3.87 (dd, /= 6.6, 6.6 Hz, 1H), 3.78 (dd, J = 10.8, 3.3 Hz, 1H), 3.68
(dd, J=9.7, 2.6 Hz, 1H), 3.63 (s, 1H), 2.14 (s, 3H), 2.04 (s, 3H), 2.00 (s, 3H), 1.96 (s, 3H), 1.49
(s, 9H); *C NMR (100 MHz, CDCl3) 8 170.2, 170.17, 170.1, 169.4, 168.8, 155.9, 143.8, 143.7,
141.3, 141.27, 137.5, 128.9, 128.1, 127.7, 127.0, 126.1, 125.1, 120.0, 102.6, 100.6, 99.4, 82.6,
76.7,75.7,70.9, 70.86, 69.0, 68.6, 67.2, 66.8, 63.4, 61.2, 58.7, 54.6, 47.1, 28.0, 20.7, 20.5.
HRMS caled for C4Hs¢N4O15 [M + Na]+ 1011.3487, measured 1011.3496.

S9: Benzylidene protected disaccharide S8 (1.00 g, 1.01 mmol) was dissolved in 80% aqueous
acetic acid solution (15 mL) and stirred at 80°C for 2h. After cooling to room temperature, the
solvent was evaporated off and the residue was evaporated with toluene (3 x 10 mL). The
residue was dissolved in a mixture of anhydrous pyridine (5.0 mL) and acetic anhydride (5.0
mL). The reaction was stirred overnight at room temperature. The solvent was evaporated off
and the residue was dissolved in CH,Cl, (100 mL). The organic phase was extracted with water
(50 mL) and 1 M hydrochloric acid (50 mL). The combined aqueous washings were back-
extracted with CH,Cl, (50 mL). The combined organic extracts were dried with MgSO,4 and
concentrated. The crude was purified by flash chromatography on silica gel (EtOAc in hexanes,
20 — 45 %) to yield the peracetylated disaccharide S9 (786 mg, 79%) as a colorless foam. 'H
NMR (400 MHz, CDCl3) 6 7.74 (d, J=7.5 Hz, 2H), 7.58 (dd, J = 7.3, 3.0 Hz, 2H), 7.38 (vt, J =
7.5 Hz, 2H), 7.29 (tt, J=17.5, 1.0 Hz, 2H), 5.74 (d, /= 8.7 Hz, 1H), 5.40 (d, /= 3.1 Hz, 1H), 5.34
(d, /J=3.2 Hz, 1H), 5.14 (dd, J=10.5, 7.8 Hz, 1H), 4.96 (dd, /= 10.5, 3.2 Hz, 1H), 4.93 (d, J =
3.3 Hz, 1H), 4.61 (d, J=7.8 Hz, 1H), 4.45-4.50 (m, 1H), 4.41 (dd, J=10.6, 7.7 Hz, 1H), 4.36
(dd, J=10.6, 7.3 Hz, 1H), 4.21 (dd, J= 7.2, 7.2 Hz, 1H), 4.00-4.13 (m, 5H), 3.94-4.00 (m, 2H),
3.85(dd,J=6.7, 6.7 Hz, 1H), 3.66 (dd, J=9.8, 2.9 Hz, 1H), 3.60 (dd, J=10.7, 3.5 Hz, 1H),
2.12 (s, 3H), 2.09 (s, 3H), 2.05 (s, 3H), 2.03 (s, 3H), 2.02 (s, 3H), 1.95 (s, 3H), 1.48 (s, 9H); °C
NMR (100 MHz, CDCl3) 6 170.3, 170.29, 170.2, 170.0, 169.6, 169.5, 168.46, 155.8, 143.8,
143.7, 141.3, 141.3, 127.7, 127.0, 125.1, 120.0, 101.4, 98.5, 82.8, 74.3, 70.8, 70.7, 69.1, 68.8,
68.7, 67.8, 67.1, 66.7, 62.5, 60.9, 59.5, 54.7, 47.1, 28.0, 20.7, 20.66, 20.6, 20.5. ESI-MS calcd
for C46HseN4O20[M + Na]" 1007.3, measured: 1007.1.
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S10: To a solution of compound S9 (780 mg, 0.792 mmol) in chloroform (7.0 mL) were added
pyridine (7.0 mL) and thioacetic acid (7.0 mL). The reaction was stirred overnight at room
temperature. The solvent was evaporated off and the residue was dissolved in EtOAc (100 mL).
The organic phase was extracted sequentially with 1 M aqueous HCI1 (50 mL), saturated aqueous
NaHCO; (50 mL) and water (50 mL). The individual aqueous washings were back-extracted
with EtOAc (25 mL, respectively). The combined organic extracts were dried with MgSO,4 and
concentrated. The crude was purified by flash chromatography on silica gel (EtOAc in hexanes
70 — 90 %) to yield the acetyl amine S10 (753 mg, 95%) as a hygroscopic solid. 'H NMR (400
MHz, CDCls) 6 7.76 (d, J = 7.5 Hz, 2H), 7.57 (dd, /= 9.2, 8.2 Hz, 2H), 7.39 (dt,J= 7.5, 3.5 Hz,
2H); 7.31 (dt,J=7.4, 1.2 Hz, 2H), 6.31 (d, J = 8.8 Hz, 1H), 5.64 (d, /= 8.0 Hz, 1H), 5.24 (d, J =
2.7Hz, 1H), 5.22 (d, J=2.8 Hz, 1H), 4.99 (dd, J=10.2, 8.0 Hz, 1H), 4.87 (d, J = 3.0 Hz, 1H),
4.72 (dd, J=10.5, 3.2 Hz, 1H), 4.50 — 4.35 (m, 4H), 4.21 (dd, /= 6.9, 6.9 Hz, 1H), 4.20 (d, J =
7.8 Hz, 1H), 4.11 (dd, J=10.9, 4.3 Hz, 1H), 4.03 —3.90 (m, 4H), 3.84 (dd, /J=10.3, 6.1 Hz,
1H), 3.71 (dd, J=10.3, 2.5 Hz, 1H), 3.63 (dd, J=11.0, 3.0 Hz, 1H), 3.61 — 3.57 (m, 1H), 2.09
(s, 3H), 2.07 (s, 3H), 2.02 (s, 3H), 1.98 (s, 3H), 1.96 (s, 3H), 1.91 (s, 3H), 1.47 (s, 9H); °C NMR
(100 MHz, CDCl3) 6 170.5, 170.3, 170.28, 170.1, 170.12, 170.0, 169.5, 168.8, 156.1, 143.6,
141.3, 141.26, 127.9, 127.2, 127.15, 124.9, 124.8, 120.2, 100.7, 98.9, 83.4, 73.6, 70.7, 70.5, 69.5,
68.5, 68.4,67.7,67.2, 66.6, 62.8, 60.7, 54.8, 48.6, 47.1, 27.9, 23.1, 20.7, 20.69, 20.6, 20.5.
HRMS caled for C4sHgoN,O>; [M + H]" 1001.3767, measured 1001.3771.

N-(Fluoren-9-ylmethoxycarbonyl)-0O-[0-(2°,3’,4°,6’-tetra-0O-acetyl-B-D-galactopyranosyl)-
(1,3)-2-acetamido-4,6-di-O-acetoxy-2-deoxy-a-D-galactopyranosyl]-D-serine(10), Compound
S10 (750 mg, 0.749 mmol) was dissolved in a TFA-water mixture (95:5, 10 mL) and stirred at
room temperature for 1 h. TLC-analysis of the reaction (EtOAc/hexanes 3:1) showed complete
consumption of the starting material. The solvent was evaporated off and the residue was
coevaporated with toluene (3 x 10 mL). The residue was dissolved in a water-acetonitrile
mixture (1:1, 10 mL) and lyophilized to yield the carboxylic acid 10 (708 mg, quant.) as a
colorless powder. The acid was purified with RP-HPLC as the same method for purifying 9. 'H
NMR (400 MHz, N, N-dimethylformamide-d;) 6 7.98 (d, /= 9.7 Hz, 1H), 7.95 (d, /= 7.6 Hz,
2H), 7.77 (t, J= 7.6 Hz, 2H), 7.53-7.45 (m, 3H), 7.34-7.38 (m, 2H), 5.41 (d, /= 3.2 Hz, 1H),
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5.38(d,J=3.6 Hz, 1H), 5.12 (dd, J=10.4, 3.6 Hz, 1H), 5.02 (dd, /= 10.3, 7.8 Hz, 1H), 4.93 (d,
J=79 Hz, 1H), 4.88 (d,J=3.7 Hz, 1H), 4.58 — 4.48 (m, 2H), 4.45-4.35 (m, 2H), 4.32-4.21 (m,
2H), 4.20 — 4.04 (m, 7H), 3.91 (dd,J=11.3, 7.4 Hz, 1H), 3.75 (dd, J=9.8, 3.9 Hz, 1H), 2.13
(s, 3H), 2.10 (s, 3H), 2.07 (s, 3H), 2.04 (s, 6H), 1.98 (s, 3H), 1.96 (s, 3H); °C NMR (100 MHz,
N,N-dimethylformamide-d;) 6 171.8, 170.34, 170.31, 170.2, 170.1, 169.8, 169.4, 156.7, 144.5,
141.3,127.9, 127.3, 125.5, 120.3, 101.1, 98.3, 73.9, 70.8, 70.5, 70.0, 68.9, 68.0, 66.6, 62.9, 61.2,
54.2,48.7,47.3,22.6,20.2,20.15, 19.95, 19.9. HRMS calcd for C44H5:N,0,; [M + H]"
945.3141, measured 945.3147.

Fmoc-Ser(Ac;GleNAca)-OH (11)
NHFmoc
AcO H

: AcO
AXCOO/§O HO\/\Coan _ A'&;Oo/ﬁwo I;IHFmoc
¢ N ~">c0o,Bn

N3Br AgClO,, CH,Cl, 3
s11 93% (a/b, 3:1) S12a,b

AcO 1. AcSH, Pyridine AcO
A X NHFmoo > ACO&&' NHF
AcO s 2. Hp, Pd/c, MeOH/H,0/  ACO ST moc

Nso. AcHN o_ ~
~N AcOH/HCO,H (15:1:1:1) ~ N
S12a COBN “570% two steps 1 COOH

N-(9H-fluoren-9-ylmethoxycarbonyl)-O-(2-acetyl-2-deoxy-3,4,6-tri-O-a-D-gluctopyranosyl)-L-
serine 11 was synthesized following a reported method.! Peracetylated 2-azido-2-deoxy-D-
Glucopyranosyl bromide (S11)* (0.85 g, 2.04 mmol), Fmoc-L-serine benzyl ester (1.12 g, 2.84
mmol), and 4 A molecular sieves were placed in a flask under argon. Anhydrous DCM (30 mL)
was added, and the reaction mixture was stirred at room temperature for 20 min. AgClO4 (0.85 g,
4.10 mmol) was added to the reaction mixture was allowed to stir at room temperature for 3h,
and monitored by TLC Hex/EtOAc (2:1). The reaction mixture was diluted with DCM, filtered
over celite, and concentrated. The residue was filtered through a silica gel column with
Hex/EtOAc (3:1) to give compounds S12a and S12b (a/f3, 3:1) in 93% yield. Compound S12a
(1.08 g, 1.48 mmol) was dissolved in pyridine (4mL) followed by addition of thioacetic acid
(8mL). The reaction mixture was stirred at room temperature overnight and monitored by TLC
Hex/EtOAc (1:2). The reaction mixture was diluted with DCM, filtered, concentrated, and
filtered through a silica gel column to provide Fmoc-L-Ser(GlcNAca)OBn (1.07 g, 97%). Fmoc-
L-Ser(GlcNAca)OBn (0.62 g, 0.83 mmol) was dissolved in MeOH (15 mL). Water (1 mL),
acetic acid (1mL), and formic acid (ImL) were added, followed by addition of Pd/C 10%
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(0.15g). The reaction mixture was purged with H, and stirred under H, for 2h at room
temperature. The reaction mixture was filtered over celite, concentrated, and purified by RP-
HPLC followed by silica gel column to provide compound 11 as a white solid (0.40g, 73%). 'H
NMR (400 MHz, N, N-dimethylformamide-d;) & 7.96-7.93 (m, 3H), 7.75 (d, J = 7.4Hz, 2H), 7.70
(d, /=9.4 Hz, 1H), 7.45 (t,J= 7.4 Hz, 2H), 7.36 (t,J = 7.5 Hz, 2H), 5.27 (t, /= 9.5 Hz, 1H),
5.01 (t,J=9.7Hz, 1H), 4.95 (d, /= 3.6 Hz, 1H), 4.53-4.49 (m, 1H), 4.37-4.06 (m, 9H), 2.06 (s,
3H), 2.02 (s, 3H), 1.97 (s, 3H), 1.91 (s, 3H); *C NMR (100MHz, N, N-dimethylformamide-d;)

5 172.0,170.4,170.2, 170.1, 156.8, 144.40, 144.36, 141.35, 141.32, 127.9, 127.3, 125.6, 125.5,
120.3, 98.6, 71.0, 69.2, 68.6, 68.1, 66.7, 62.1, 54.9, 51.6,47.3, 22.2, 20.1. HRMS calcd for
C32H36N2013[M + Na]Jr 679.2115, measured 679.2104.

Fmoc-D-Ser(Ac3;GlcNAco)-OH (12)

ACO NHFmoc
c AcO
Agg’o&& HO\/LCOZBn R AXOO&O: OJN\HF”‘“
C
N3Br AgClO,, CH,Cl, N CO,Bn
$13 94% (alb, 9:1) S14a, b

AcO 1. AcSH, Pyridine AcO
ACO 2 NHFmoc ~ AcO 2 NHF
AcO 2. Hy, Pdic, MeOH/MH,0/  ACO Sl_ 7 3 moc

N30\/k ACOH/HCOH (15:1:1:1) AcHN o\/'\
CO,Bn
12

COCH
S14a 53% two steps

N-(9H-fluoren-9-ylmethoxycarbonyl)-O-(2-acetyl-2-deoxy-3,4,6-tri-O-a-D-gluctopyranosyl)-D-
serine 12 was synthesized in a similar method described for preparing 11 starting from
peracetylated 2-azido-2-deoxy-D-Glucopyranosyl bromide (S13)' and Fmoc-D-serine benzyl
ester (S1). 'H NMR (400 MHz, N, N-dimethylformamide-d;) & 8.00-7.90 (m, 4H), 7.80-7.75 (m,
2H), 7.45 (t, J=7.4 Hz, 2H), 7.34 (td, J= 1.0, 7.5 Hz, 2H), 5.17 (t, /= 9.5 Hz, 1H), 5.00 (t, J =
9.7 Hz, 1H), 4.94 (d, /= 3.6 Hz, 1H), 4.65-4.61(m, 1H), 4.39-4.02 (m, 8H), 3.74 (dd, J=3.1,
9.6 Hz, 1H), 2.07 (s, 3H), 1.99 (s, 3H), 1.96 (s, 3H), 1.93 (s, 3H); °C NMR (100MHz, N,N-
dimethylformamide-d;) 6 171.7, 170.4, 170.3, 169.9, 169.6, 156.8, 144.5, 144.3, 141.3, 127.9,
127.30, 127.29, 125.6, 125.5, 120.3, 97.8, 71.2, 68.9, 68.7, 68.2, 66.7, 62.0, 54.2, 51.4, 47.3,
22.2,20.1,20.0. HRMS calcd for C3,H36N,O3 [M + Na]+ 679.2115, measured 679.2115.
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Fmoc-Ser(Ac3;GlcNAcp)-OH (13)

NHFmoc
AcO HO : AcO NHFmoc
AcO Q. oA ~">COOH AcO&&/O
AcO OAc > AcO ~">COOH
NHAC BF3' Etzo, CH2C|2 NHAc
S15 47% 13

N-(9H-fluoren-9-ylmethoxycarbonyl)-O-(2-acetyl-2-deoxy-3,4,6-tri-O-B-D-gluctopyranosyl)-L-
serine 13 was synthesized according to reported method®. PeracetylatedGlcNAc S15 (1.08 g,
2.77 mmol) with 4 A molecular sieves were placed in a flask under argon, and anhydrous DCM
(15 mL) was added. The reaction mixture was cooled to 0 °C and BF3-Et,O (1.00 mL, 8.10
mmol) was added dropwise and stirred at room temperature overnight. The reaction mixture was
cooled to 0 °C and Et;N (0.40 mL, 1 equiv.) was added and stirred for 10 min. A solution of
Fmoc-serine (1.20g, 3.67 mmol) in DCM/MeCN (1:2) was added, and the reaction was allowed
to stir at room temperature for 4 days and monitored by TLC CDCl3/MeOH/AcOH (10:1:0.2).
The reaction mixture with neutralized with Et;N, diluted with DCM, filtered over celite, and
concentrated. The residue was first filtered through a silica gel column with CHCl;/MeOH
(40:1-10:1), then purified by RP-HPLC, and filtered through silica gel column DCM/MeOH
(30:1-10:1) to provide compound 13 as a white solid (0.86g, 47%). 'H NMR (400 MHz, N, N-
dimethylformamide-d;) & 8.00 (d, J = 8.8Hz, 1H, NH-GalNAc), 7.93 (d, J= 7.6 Hz, 2H, H-
Fmoc), 7.80—7.77 (m, 2H, H-Fmoc), 7.46—7.33 (m, 4H, H-Fmoc), 7.28 (d, /= 8.4Hz, 1H, NH-
S), 5.28 (t,J=9.2 Hz, 1H, H4"), 4.99-4.93 (m, 2H, H3’ {4.97}, H1’ {4.94}), 4.46-4.42 (m, 1H,
S%), 4.35-4.17 (m, 5H, H2’ {4.35}, CH,-Fmoc{4.33}, H6a’ {4.19}, SPa {4.18}), 4.11 (dd, J =
2.4,12.4 Hz, 1H, H6b"), 3.97-3.85 (m, 3H, SPb {3.95}, H-Fmoc {3.87}, H5), 2.04 (s, 3H, CHs-
Ac), 2.02 (s, 3H, CHs-Ac), 1.97 (s, 3H, CHs-Ac), 1.85 (s, 3H, CHs-Ac); °C NMR (100MHz,
N, N-dimethylformamide-d;) & 171.5, 170.4, 170.01, 169.7, 156.5, 144.40, 144.35, 141.33,
141.31, 127.9, 127.3, 125.63, 125.60, 120.3, 101.2, 73.0, 71.7, 69.2, 66.7, 62.3, 54.7, 54.0, 47.2,
22.5,20.13, 20.08. HRMS calcd for C3,H3N,03 [M + Na]* 679.2115, measured 679.2091.

Fmoc-D-Ser(Ac;GlcNAcp)-OH (14)

\)N\HFmOC
AcO HO AcO NHFmoc
AcO 0 COOH AcOﬁ/
Xco/k/op\c > AcO O\/'\COOH
NHAcC BF3' Et20, CHQC|2 NHAc
S$15 22% 14
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The synthesis of N-(9H-fluoren-9-ylmethoxycarbonyl)-O-(2-acetyl-2-deoxy-3,4,6-tri-O-3-D-
gluctopyranosyl)-D-serine (14) was carried out according to reported method” in similar
procedure described for compound 13 to provide compound 14 as a white solid (0.350g, 22%)).
'H NMR (400 MHz, N, N-dimethylformamide-d;) & 7.93 (d, J= 7.3 Hz, 3H, H-Fmoc), 7.79 (d, J
= 7.4 Hz, 2H, H-Fmoc), 7.46-7.34 (m, SH, H-Fmoc), 5.27 (t, J = 9.8 Hz, 1H, H4’), 4.96(t, J =
9.6 Hz, 1H, H3"), 4.86 (d, /= 8.4 Hz, 1H, HI"), 4.45-4.25 (m, 5H, S" {4.43}, CH,-Fmoc
{4.32}, H2’ {4.32}, H6a’ {4.25}), 4.14-3.86 (m, 5H, H6b* {4.12}, SP {4.12}, {4.03}, H-Fmoc
{3.91}, H5’ {3.88}), 2.14-1.96 (m, 9H, CH3-Ac), 1.83 (s, 3H, CH3-Ac); °C NMR (100MHz,
N, N-dimethylformamide-d;) & 171.5, 170.4, 170.01, 169.95, 169.7, 156.5, 144.43, 144.41,
141.34, 141.31, 127.9, 127.3, 125.63, 125.60, 120.2, 101.7, 73.1, 71.6, 69.9, 69.3, 66.6, 62.4,
54.9,54.0,47.2,22.5,20.13, 20.10, 20.07. HRMS calcd for C3,H36N2013 [M + Na]™ 679.2115,
measured 679.2092.

Preparation of peptide and glycopeptide standards

Fmoc-Pro-Gly-Hex-resin (S16)

0]
H
Fmo(gjjﬁ(N\)kN/\/\/\[(o‘Mo
0 H 0

S16

The solid-phase synthesis of Fmoc-Pro-Gly-Hex S16 was carried out using 2-Chlorotrityl
chloride resin (1.0g, 1.55 mmol/g) manually functionalized with Fmoc-6-aminohexanoic acid
(0.17 g, 0.48 mmol) and DIEA (0.34 mL, 1.92 mmol) in DCM (8.0 mL), followed by capping
the resin with DCM/MeOH/DIEA (17:2:1, v/v/v, 3x5 mL) for 20 min. The resin was washed
with DMF (2x5 mL), DCM (3x5 mL) and dried overnight under vacuum. The loading density
of the Fmoc-6-aminohexanoic acid was calculated using Fmoc test by measuring piperidine-

dibenzylfulvene adduct absorption at 290 nm with the following equation:

Loading Densit (mmol)_ A XV (uL)
oading Density 7 = 5800 x m (mg)

where A is the absorption at 290 nm, V is the volume of 20% piperidine-DMF solution, and m

is the weight of the loaded resin. *
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Fmoc groups on resin were removed with 20% piperidine in DMF (2x5 mL) for 15 min and
then washed with DCM (3x5 mL) and DMF (2x5 mL). The first amino acid Fmoc-Gly-OH was
preactivated with HBTU (0.67 g, 1.8 mmol), HOBt (0.28 g, 1.8 mmol), and DIEA (0.31 mL, 1.8
mmol) in DMF (8.0 mL) for 30 min, then coupled to the resin (1.0 g, 0.36 mmol) at room
temperature for 1.5 h. The unreacted amino groups on the resin were capped with 10% acetic
anhydride/10% pyridine in THF (2x5 mL) for 20 min. The resin was then deprotected with 20%
piperidine, washed and then coupled with Fmoc-Pro-OPfp (0.89 g, 1.77 mmol) and DIEA (0.31
mL, 1.77 mmol) in DMF (8.0 mL) at room temperature for 2.0 h, followed by capping the resin
with 10% acetic anhydride/10% pyridine in THF. The resin was washed with DMF (2x5 mL),
DCM (3x5 mL) and dried under vacuum overnight.

Fmoc-Pro-Gly-Hex-OH (6)

H 0]
FmocN N\)J\N/\/\/\H/OH
0 H 0

6

The Fmoc-Pro-Gly-Hex resin was treated with TFA/DCM (9/1, v/v, 2 mL) at room temperature
and the crude product was purified by RP-HPLC. The flow rate is 10 mL/min and elute was
monitored at 290 nm. Buffer A was MilliQ water containing 0.1% TFA, and buffer B was
acetonitrile containing 0.1% TFA. For other peptides and glycopeptides, the percentage of B
was increased after 1 min according to a linear gradient of 1%-35% in 18 min, kept at 35% for 4
min, increased from 35% to 48% in 56 min, increase to 100% B in 5 min, kept at 100 for 4 min,
and then dropped back to 1% over 4 min and kept at 1% for 3 min (95 min total time). The trace
amount of TFA was removed from the glycopeptides by a silica flash chromatography using a
mixture of MeOH and DCM (10/90, v/v) to give 6 as a white foam. 'H-NMR (400 MHz,
CD;0D) 6 7.81 (d, J= 7.4 Hz, 2H), 7.63 (t, J = 6.9 Hz, 2H), 7.39 (t, J = 7.4 Hz, 2H), 7.28-7.35
(m, 2H), 4.37-4.50 (m, 2H), 4.11-4.31 (m, 2H), 3.69-3.91 (m, 2H), 3.41-3.62 (m, 2H), 3.08-3.19
(m, 2H), 2.14-2.28 (m, 3H), 1.84-2.11 (m, 3H), 1.38-1.59 (m, 4H), 1.23-1.33 (m, 2H); *C-NMR
(100 MHz, CD;0D) 6 178.2, 176.4, 172.3, 158.0, 146.1, 143.5, 129.7, 129.1, 121.8, 69.7, 63.2,
44.5, 41.2, 35.6, 32.0, 30.7, 28.3, 26.5. HRMS calcd for CyH33N306 [M + Na]" 530.2265,
measured 530.2250.
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Fmoc-Ser-Pro-Gly-Hex-OH (1a)

1. 20 % piperidine/DMF
o 2. Fmoc-L-Ser(OTrt)-OH, OH .
HQL 5 HATU/HOAYTMP _ HN/(\”/(Nj\WN\)kN/\/\/\H/OH
mocC
FmocN NN O 3. 90% TFA/DCM H
H (0] O (0]
o) o]
1a

S$16

Compound 1a was synthesized starting from S16. Prior to coupling the resin (100 mg) was
swollen in DCM for 0.5 h, followed by removal of the Fmoc-group with 20% piperidine in DMF
(2% 2.0 mL) for 15 min, and then washed with DCM (3% 2.0 mL) and DMF (2% 2.0 mL). The
appropriate amount of Fmoc-serine (2 eq), HATU (2 eq), HOAt (2 eq), and TMP (2eq) in DMF
were mixed and immediately added to the resin. The reaction was allowed to mix at room
temperature for 2 h, followed by washing and capping the unreacted amino groups with
FmocOSu (10 eq) and DIEA (10 eq) in DMF at room temperature for 2 h. The resin was washed
with DMF (2x5 mL), DCM (3%5 mL), and the peptide was cleaved off with a mixture
TFA/DCM (90:10) (1.5 mL) at room temperature for 1.5 h. The crude product was purified by
RP-HPLC using the same method for purifying 6. The trace amount of TFA was removed from
the glycopeptides by a silica flash chromatography using a mixture of methanol and
dichloromethane to give as white foam. 'H-NMR (400 MHz, CD;0D) & 7.79 (d, J= 7.5 Hz,
2H), 7.65 (d, J= 8.3 Hz, 2H), 7.38 (t,J = 7.4 Hz, 2H), 7.30 (t, /= 7.4 Hz, 2H), 4.57 (t,J = 6.6
Hz, 1H), 4.32-4.46 (m, 3H), 4.21 (t,J= 6.7 Hz, 1H), 3.70-3.87 (m, 6H), 3.15-3.25 (m, 2H), 2.19-
2.30 (m, 3H), 1.93-2.11 (m, 3H), 1.50-1.66 (m, 4H), 1.31-1.41 (m, 2H); *C-NMR (100 MHz,
CDs;0D) ¢ 176.1, 173.4,171.1, 169.9, 156.9, 143.7, 141.1, 127.3, 124.7, 119.5, 66.5, 54.5, 42.1,
38.8,33.3,28.9, 28.5, 25.9, 24.5, 24.2. HRMS calcd for C3;H35N4Og [M + Na]' 617.2582,
measured 617.2553.

Fmoc-D-Ser-Pro-Gly-Hex-OH (1b)

1. 20 % piperidine/DMF

2. Fmoc-D-Ser(OTrt)-OH, :/OH H (0]
H © HATU/HOAYTMP Y N OH
FmocN N\)J\ ONO FmocHN/\[r H/\/\/\n/
H/\/\/\n/ 3. 90% TFA/DCM 5 0 5
o] o]
S16 1b

Compound 1b was synthesized and purified according to the general procedure described for 1a.
'H-NMR (400 MHz, CD;0D) & 7.79 (d, J = 7.5 Hz, 2H), 7.64 (dd, J = 7.5, 2.6 Hz, 2H), 7.38 (t, J
=7.4 Hz, 2H), 7.30 (t,J = 7.4 Hz, 2H), 4.47 (t, J= 6.7 Hz, 1H), 4.36-4.44 (m, 1H), 4.29 (dd, J =
10.5, 6.4 Hz, 1H), 3.66-3.93 (m, 6H), 2.96-3.19 (m, 2H), 2.22-2.28 (m, 3H), 1.93-2.09 (m, 3H),
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1.43-1.59 (m, 4H), 1.24-1.36 (m, 2H); "*C-NMR (100 MHz, CD;0D) § 176.1, 173.3, 171.5,
169.9, 157.2, 143.7, 143.6, 141.2, 127.4, 126.7, 119.5, 66.6, 54.9, 42.1, 38.8, 33.4, 28.9, 28.3,
25.9,24.3,24.2. HRMS calcd for C3;H3sN4Og [M + H]* 595.2766, measured 595.2754.

Fmoc-Ser(Ac;GalNAca)-Pro-Gly-Hex-OH (2a)
AcO _OAc

o]
o\‘é\ﬁ
1. 20 % piperidine/DMF AcHN

2. Fmoc-L-Tngg,-OH,

Ac
: "Ln t
H HATU/HOAYTMP N OH
N
Fmoglj\ﬂ/N¢J\N/\/\/\ﬂ/O”O FmocHN H/\/\/\[(
H 0 ] ]
o o
2a

3.90% TFA/DCM
S16

Fmoc-Ser(Ac;GalNAca)-Pro-Gly-Hex-OH (2a) was synthesized and purified according to the
general procedure described for 6. 'H-NMR (400 MHz, CD;0D) & 7.80 (d, J= 7.5 Hz, 2H),
7.65 (t,J= 6.6 Hz, 2H), 7.39 (t, /= 7.4 Hz, 2H), 7.31 (t,J = 7.0 Hz, 2H), 5.40 (d, /= 2.2 Hz,
1H), 5.17 (dd, J=11.5, 3.0 Hz, 1H), 4.93 (d, /= 3.4 Hz, 1H), 4.72 (t, /= 5.5 Hz, 1H), 4.40-4.51
(m, 3H), 4.37 (dd, J=12.4, 5.8 Hz, 1H), 4.21-4.26 (m, 2H), 4.09 (dd, J=11.0, 6.4 Hz, 1H),
3.88-4.04 (m, 3H), 3.78-3.87 (m, 1H), 3.63-3.78 (m, 3H), 3.02-3.30 (m, 2H), 2.27 (t, J = 7.4 Hz,
2H), 2.19-2.24 (m, 1H), 2.12 (m, 4H), 1.88-2.05 (m, 11H), 1.47-1.68 (m, 4H), 1.30-1.43 (m, 2H);
C-NMR (100 MHz, CD;0D) § 177.5, 173.7,172.2,172.1,171.9, 171.5, 158.3, 145.2, 142.7,
128.9, 128.2, 126.2, 121.1, 99.8, 69.8, 68.9, 68.6, 68.2, 68.0, 62.9, 62.3, 54.2, 43.7, 40.4, 34.8,
30.5, 30.1, 27.5, 25.8, 22.8, 20.7, 20.6. HRMS calcd for C4sHs7N5016 [M + Na]" 946.3700,
measured 946.369.

Fmoc-D- Ser(Ac;GalNAca)-Pro-Gly-Hex-OH (2b)
AcO _OAc

cl
1. 20 % piperidine/DMF AcHN

2. Fmoc-D-Tnge,-OH,

o _/O H (o}
H HATU/HOAYTMP : N\)J\ OH
FmOC(NtL”/N\)kN/\/\/\n/O“O FmOCHN/\n’(Nj\[Of HW
o H o ©
2b

3.90% TFA/DCM
S16
Compound 2b was synthesized and purified according to the general procedure described for 6.
'H-NMR (400 MHz, CD;0D) & 7.79 (d, J = 7.5 Hz, 2H), 7.66 (dd, J = 14.9, 7.2 Hz, 2H), 7.39 (t,
J=1.5Hz, 2H), 7.30-7.33 (m, 2H), 5.34-5.38 (m, 1H), 5.06-5.10 (m, 1H), 4.92-4.95 (m, 1H),
4.61-4.65 (m, 2H), 4.31-4.51 (m, 3H), 4.15-4.24 (m, 2H), 4.01-4.12 (m, 2H), 3.77-3.82 (m, 4H),
3.55-3.61 (m, 2H), 3.06-3.20 (m, 2H), 2.24-2.29 (m, 3H), 2.12-2.13 (m, 3H), 1.92-1.98 (m, 12H),

S17



1.47-1.62 (m, 4H), 1.28-1.40 (m, 2H). HRMS calcd for C4sHs7N506 [M + Na]+ 946.3700,
measured 946.3700.

Fmoc-Ser-Gly-Hex-OH (S18)
1. 20 % piperidine/DMF

o 2. Fmoc-Ser(OTrt)-OH, OH o
HATU/HOAYTMP H
FmocHN.__JL 0~ N OH
ﬁ/\/\/\[( 3. 90% TFA/DCM FmocHN” ] u/\/\/\[(
) (o] o}
S17 S18

Compound S18 was synthesized from S17 according to the general procedure described for 6.
The crude product was purified by flash chromatography MeOH/CH,Cl; (5% then 20%). The
product was lyophilized to give a white solid. 'H-NMR (400 MHz, CD;0D) & 7.83 (d, J = 7.6
Hz, 2H), 7.70 (t, J = 6.9 Hz, 2H), 7.42 (t, J= 7.2 Hz, 2H), 7.37-7.33 (m, 2H), 4.49-4.39 (m, 2H),
4.27 (t,J=6.9 Hz, 1H), 4.17 (t, J= 5.3 Hz, 1H), 3.88-3.79 (m, 4H), 3.20-3.17 (m, 2H), 2.26 (t, J
= 7.3 Hz, 2H), 1.63-1.48 (m, 4H), 1.39-1.31 (m, 2H); ?C-NMR (100 MHz, CD;0D) & 174.6,
172.3, 159.6, 146.1, 143.5, 129.7, 129.1, 127.1, 121.8, 69.0, 63.8, 59.7, 44.5, 41.1, 30.7, 28.3,
26.8. HRMS calcd for CosH31N307 [M + Na]+ 520.2060, measured 520.2046.

Fmoc-Ser(Ac3;GalNAca)-Ser-Gly-Hex-OH (S20)

oTrt 1. 20 % piperidine/DMF FmocHN\)l\ L( OH
(0] 2. Fmoc-Thnge-OH,
N HATU/HOAYTMP :/ \ © O
e A O o
mocl
d H o 3.90% TFA/DCM AcO
S$19 S20
AcO ~OAc

Compound S20 was synthesized from S19 according to the general procedure described for 6.
The crude product was purified by flash chromatography MeOH/CH,Cl; (5% then 20%). The
product was lyophilized to give a white solid. 'H-NMR (400 MHz, CD;0D) & 7.83 (d, J=7.5
Hz, 2H), 7.71 (t, J= 7.7 Hz, 2H), 7.43 (t, J = 7.4 Hz, 2H), 7.36-7.34 (m, 2H), 5.41 (d, /= 3.0 Hz,
1H), 5.18 (dd, J=11.5, 3.5 Hz, 1H), 4.49-4.44 (m, 5H), 4.27 (t,J = 6.5 Hz, 1H), 4.10-4.06 (m,
3H), 3.96-3.85 (m, 6H), 2.27 (t,J = 7.4 Hz, 2H), 2.16 (s, 3H), 1.98 (br, 9 H), 1.67-1.50 (m, 4H),
1.40-1.32 (m, 2H), *C-NMR (100 MHz, CD;0D) & 171.21, 170.8, 170.7, 170.6, 170.4, 169.9,
161.94, 161.6, 157.1, 143.8, 143.7, 141.2, 141.17, 127.4, 126.8, 124.7, 119.5, 118.1, 115.2, 98.4,
68.2, 67.83, 67.24, 66.72, 61.45, 61.35, 55.58, 54.81, 42.14, 38.84, 28.47, 25.99, 24.42, 21.30,
19.21, 19.13, 19.07. HRMS calcd for C43HssNsOy7 [M + Na] 936.345, measured 936.352.
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Fmoc-D-Ser(Ac;GalNAca)-Ser-Gly-Hex-OH (S21)

OH o
o H
1. 20 % piperidine/DMF FmocHN N\)LN OH
OTrt N | /\/\/\l(
0 2. Fmoc-D-Thngg-OH, H
H H o o}
N () HATU/HOAHTMP o:Z o
FmocHN N/\/\/\frv HN
& H o5 3.90% TFAIDCM AcO
S$19 o S21
AcO ~OAc

Compound S21 was synthesized from S19 according to the general procedure described for 5.
The crude product was purified by flash chromatography MeOH/CH,Cl, (5% then 20%). The
product was lyophilized to give a white solid. 'H-NMR (400 MHz, CD;0D) § 7.83 (d, J=7.5
Hz, 2H), 7.70 (t, /= 6.3 Hz, 2H), 7.42 (t, J = 7.3 Hz, 2H), 7.37-7.33 (m, 2H), 5.40 (d, /= 2.9 Hz,
1H), 5.13 (dd, J=11.5, 3.2 Hz, 1H), 4.59-4.45 (m, 5H), 4.28 (t, J= 6.2 Hz, 1H), 4.20-3.83 (m,
8H), 3.72-3.69 (m, 1H), 3.24-3.11 (m, 2H), 2.28 (t, /= 7.4 Hz, 2H), 2.16 (s, 3H), 2.02 (s, 3 H),
1.97 (s, 3 H), 1.95 (s, 3 H), 1.65-1.48 (m, 4H), 1.39-1.33 (m, 2H); *C-NMR (100 MHz,
CD;0OD) 6 173.1,172.9,172.7, 172.2, 146.0, 143.52, 143.51, 129.7, 129.1, 129.07, 126.9, 121.9,
99.8, 70.5, 69.6, 69.0, 63.8, 63.6, 58.1, 57.0, 44.5, 41.1, 30.8, 28.3, 26.7, 23.6, 21.5, 21.4.

HRMS caled for C43HssNsO7 [M + Na]+ 936.349, measured 936.353.

Fmoc-Ser(Ac3;GalNAca)Gly-Hex-OH (S22)

AcO _OAc
0
1. 20 % piperidine/DMF  A¢O "y
o 2. Fmoc-Tnge-OH, o) o) o
HATU/HOAYTMP H
FmocHN__J 0~ - N OH
ﬂW\/\[f 3. 90% TFA/DCM FmocHN™ ] ﬁ/\/\/\[(
o) o) o)
S17 S22

Compound S22 was synthesized from S17 according to the general procedure described for 6.
The crude product was purified by flash chromatography MeOH/CH,Cl; (5% then 20%). The
product was lyophilized to give a white solid. 'H-NMR (400 MHz, CD;0D) & 7.84 (d, J=7.5
Hz, 2H), 7.71 (t, J= 6.8 Hz, 2H), 7.43 (t, J = 7.4 Hz, 2H), 7.39-7.36 (m, 2H), 5.42 (dd, J= 3.1,
1.1 Hz, 1H), 5.19 (dd, J=11.6, 3.2 Hz, 1H), 4.94 (t, /= 3.6 Hz, 1H), 4.57-4.46 (m, 3H), 4.42 (t,
J=5.0 Hz, 1H), 4.30-4.24 (m, 2H), 4.09-4.03 (m, 2H), 3.99-3.80 (m, 4H), 3.22-3.18 (m, 2 H),
2.28 (t,J=7.4 Hz, 2H), 2.17, (s, 3H), 1.99 (s, 3H), 1.96 (s, 6H), 1.65-1.50 (m, 4H), 1.41-1.32
(m, 2H); “C-NMR (100 MHz, CD;0D) & 174.5, 173.4, 173.35, 173.0, 172.96, 172.7, 171.9,
146.1, 146.0, 129.7, 129.1, 127.0, 121.9, 100.6, 70.6, 69.9, 69.5, 69.1, 69.0, 63.8, 57.4, 44.2,
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41.2,30.9,28.4,26.8,23.6,21.5,21.4,21.38. HRMS calcd for C4oHs5oN4O;5 [M + Na]+ 849.317,
measured 849.314.

Fmoc-Ser(Acz;GalNAca)-Ser(Acz;GalNAca)-Gly-Hex-OH (S24)
AcO _OAc

AcO Oéc 1. 20 % piperidine/DMF AcO gﬁ
Aco\g//‘ﬁ 2. Fmoc-Tnge-OH, O:X
HATU/HOAYTMP
FmocHN

o OH
:\ QJ\ 3. 90% TFA/DCM 1
N
FmocHN MO 0 J \
s23 A0S s24
AcO ~OAc

Compound S24 was synthesized from S24 according to the general procedure described for 5.
The crude product was purified by flash chromatography with MeOH/CH,Cl, (5% then 20%).
The product was lyophilized to give a white solid. 'H-NMR (400 MHz, CD;0D) & 7.80 (d, J =
7.3 Hz, 2H), 7.69-7.66 (m, 2H), 7.39 (t,J = 7.4 Hz, 2H), 7.34-7.31 (m, 2H), 5.40-5.37 (m, 2H),
5.19-5.13 (m, 2H), 4.95-4.93 (m, 2H), 4.69 (t,J= 5.1 Hz, 1H) 4.78-4.43 (m, 5H), 4.28-4.21 (m,
3H), 4.11-3.93 (m, 6H), 3.87-3.79 (m, 4 H), 3.25-3.11 (m, 2 H), 2.28 (t,J = 7.4 Hz, 2H), 2.13, (s,
3H), 2.11 (s, 3H), 1.95 (s, 15H), 1.88 (s, 3H), 1.65-1.57 (m, 2H), 1.55-1.48 (m, 2H), 1.40-1.33
(m, 2H); >C-NMR (100 MHz, CD;0D) & 178.4, 174.5, 174.45, 173.1, 173.0, 172.4, 171.6,
159.3, 146.2, 146.0, 143.5, 129.7, 129.1, 129.08, 127.1, 127.0, 121.9, 100.8, 100.5, 70.6, 70.5,
70.2, 69.8, 69.6, 69.5, 69.0, 69.01, 68.98, 63.8, 63.7, 57.0, 55.5, 44.2, 41.2, 35.8, 30.9, 28.3, 26.6,
23.7,23.6,21.6,21.51, 21.50, 21.40, 21.38. HRMS calcd for Cs;H74NgO,5 [M + Na]" 1265.460,
measured 1265.464.

Fmoc-D-Ser(Ac3;GalNAca)-Ser(Ac;GalNAca)-Gly-Hex-OH (S25)
AcO _OAc
o)
AcO _OAc 1. 20 % piperidine/DMF AcO o
Acog% 2. Fmoc-D-Tnge-OH, o:& 0 o
HATU/HOAYTMP o} “\)k
FmocHN
3. 90% TFA/DCM NN HW\/\W
\)J\ J H (0] (0]
FmocHN 0] HN ©

Acoﬁ S25

AcO ~OAc

OH

S20



Compound S25 was was synthesized from S23 according to the general procedure described for
6. The crude product was purified by flash chromatography MeOH/CH,Cl, (5% then 20%). The
product was lyophilized to give a white solid. "H-NMR (400 MHz, CD;0D) & 7.83 (d, J= 7.6
Hz, 2H), 7.75-7.72 (m, 2H), 7.43 (t, J = 7.4 Hz, 2H), 7.38-7.34 (m, 2H), 5.46 (br, 1H), 5.39 (d, J
=3.1 Hz, 1H), 5.20 (dd, J=11.5, 3.3 Hz, 1H), 5.10 (dd, J = 11.4, 3.2 Hz, 1H) 4.96-4.94 (m, 2H),
4.73 (t,J=4.4 Hz, 1H), 4.65-4.61 (m, 1H), 4.52-4.48 (m, 4H), 4.31 (t, /= 6.4 Hz, 2H), 4.17-
3.90 (m, 10 H), 3.78-3.75 (m, 1 H), 3.26-3.13 (m, 2 H), 2.30 (t, /= 7.4 Hz, 2H), 2.16, (s, 3H),
2.15 (s, 3H), 1.99 (s, 3H), 2.02-1.96 (m, 18H), 1.68-1.50 (m, 4H), 1.39-1.32 (m, 2H); *C-NMR
(100 MHz, CDs;0OD) 6 174.5, 174.4,173.1, 172.9, 172.8, 172.7, 172.6, 172.5, 171.7, 146.2,
146.1, 143.5, 129.7, 129.14, 129.10, 127.0, 126.99, 121.9, 100.4, 99.7, 70.54, 70.50, 69.6, 69.14,
69.11, 69.06, 63.9, 63.8, 57.4,55.3,44.2, 41.2, 36.0, 30.9, 28.4, 26.7, 23.6, 21.6, 21.53, 21.52,
21.4. HRMS calcd for Cs7;H74NO25 [M + Na]+ 1265.460, measured 1265.460.
Fmoc-Leu-Gly-Hex-OH (S26)

1. 20 % piperidine/DMF

2. Fmoc-Leu-OH,
HATU/HOAY/TMP

0 0
H
FmocHN O~ > NJJ\ OH
QLQW\[( 3.90% TFA/DCM FmocHN™ ] HW\W
0 0 0

S$17 S26

Compound S26 was synthesized from S17 according to the general procedure described for 6.
The crude product was purified by flash chromatography MeOH/CH,Cl; (5% then 15%). The
product was lyophilized to give a white solid. 'H-NMR (400 MHz, CD;0OD) § 7.82 (d, /= 7.6
Hz, 2H), 7.68 (t, J= 7.4 Hz, 2H), 7.41 (t,J = 7.5 Hz, 2H), 7.35-7.31 (m, 2H), 4.50-4.46 (m, 2H),
4.25 (t, J=6.8 Hz, 1H), 4.10-4.06 (m, 1H), 3.94 (d, /= 16.8 Hz, 1H), 3.73 (t,J = 16.8 Hz, 1H),
3.21-3.06 (m, 2H), 2.23 (t, /= 7.4 Hz, 2H), 1.73-1.46 (m, 7H), 1.34-1.27 (m, 2H), 0.98 (dd, J =
13.7, 6.4 Hz, 6H); >C-NMR (100 MHz, CD;0D) & 178.4, 176.9, 172.2, 159.7, 146.0, 143.5,
129.7, 129.1, 129.0, 127.1, 127.0, 121.8, 68.8, 56.3,44.4, 42.2, 41.3, 41.1, 35.7, 30.8, 28.3, 26.7,
26.6,24.2,22.9, 19.1. HRMS calcd for Co9H37N304 [M + H]" 524.2761, measured 524.2731.

Fmoc-Ser(Acz;GalNAca)-Leu-Gly-Hex-OH (S28)

o 9] H
1.20 % piperidine/DMF 0 LN N OH
2. Fmoc-Tnge-OH, \)KH | \)LNW\/\H/

o
H HATU/HOAYTMP o e
NI 0~ o:ZHN\O
FmocHN™ ] N 3.90% TFA/DCM
o) [e) AcO
S27 ] S28
AcO ~OAc
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Compound S28 was was synthesized from S27 according to the general procedure described for
6. The crude product was purified by flash chromatography MeOH/CH,Cl, (5% then 15%). The
product was lyophilized to give a white solid. 'H-NMR (400 MHz, CD;0D) & 7.71 (d, J=17.5
Hz, 2H), 7.57 (t, J = 7.5 Hz, 2H), 7.30 (t, J = 7.3 Hz, 2H), 7.25-7.21 (m, 2H), 5.29 (d, J = 3.0 Hz,
1H), 5.05 (dd, J=11.5, 3.0 Hz, 1H), 4.83 (d, J = 3.2 Hz, 1H), 4.37-4.32 (m, 4H), 4.25 (dd, J =
8.8,5.9 Hz, 1H), 4.14 (d, J = 6.6 Hz, 2H), 4.02-3.89 (m, 2H), 3.84-3.80 (m, 2H), 3.72-3.63 (m,
2H), 3.17-3.04 (m, 2H), 2.18 (t, J = 7.4 Hz, 2H), 2.04 (s, 3H), 1.86 (s, 3 H), 1.85 (s, 3 H), 1.84 (s,
3 H), 1.57-1.40 (m, 7H), 1.29-1.19 (m, 2H), 0.85 (dd, J= 11.3, 5.9 Hz, 6H); *C-NMR (100
MHz, CD;0D) 6 176.1, 173.4, 172.1, 170.8, 170.4, 169.8, 156.9, 143.8, 143.7, 141.2, 127.4,
126.8, 124.7, 119.5, 98.5, 68.3, 68.0, 67.2, 66.7, 66.66, 61.4, 54.6, 52.3, 42.0, 40.1, 38.9, 33.4,
28.6,26.0,24.4,24.3,19.2,19.1, 19.07, . HRMS calcd for C46Hgs1N5O16 [M + Na]" 962.401,
measured 962.408.

Fmoc-D-Ser(Ac3;GalNAca)-Leu-Gly-Hex-OH (S29)

o
o
1.20 % piperidine/DMF ¢ o0 H\)J\ OH
2. Fmoc-D-Tnge-OH, N HW\H/
H HATU/HOAUTMP | o ©
N o o o
FmociN” Y 7 N -Q 3.90% TFA/DCM HN
0 o) AcO
S27 (¢} S29
AcO ~OAc

Compound S29 was was synthesized from S27 according to the general procedure described for
6. The crude product was purified by flash chromatography MeOH/CH,Cl, (5% then 15%). The
product was lyophilized to give a white solid. 'H-NMR (400 MHz, CD;0OD) § 7.71 (d, J=7.5
Hz, 2H), 7.61-7.56 (m, 2H), 7.30 (t, J = 7.4 Hz, 2H), 7.25-7.21 (m, 2H), 5.27 (d, /= 3.1 Hz, 1H),
4.99 (dd, J=11.5, 3.2 Hz, 1H), 4.46-4.35 (m, 5H), 4.15 (t, J= 6.1 Hz, 1H), 4.05-4.00 (m, 2H),
3.93-3.85 (m, 2H), 3.78-3.67 (m, 2H), 3.60 (dd, J = 10.0, 3.2 Hz, 2H), 3.14-2.99 (m, 2 H), 2.16
(t,J=7.4 Hz, 1H), 2.04 (s, 3H), 1.88 (s, 3 H), 1.85 (s, 3 H), 1.81 (s, 3 H), 1.58-1.51 (m, SH),
1.42-1.36 (m, 2H), 1.26-1.19 (m, 2H), 0.85 (dd, J = 8.2, 5.6 Hz, 1H); >C-NMR (100 MHz,
CDs;0D) 6 178.4,175.8,174.4, 173.2, 173.0, 172.9, 172.7, 172.1, 159.4, 146.1, 146.05, 143.6,
143.5,129.7,129.1, 129.1, 126.9, 126.8, 121.9, 99.9, 70.5, 70.0, 69.5, 69.0, 68.9, 63.7, 57.0,
54.6,44.4,42.4,41.1,35.7,30.8, 28.3, 26.9, 26.6, 24.3, 23.6, 22.8, 21.5, 21.4. HRMS calcd for
C46He1N5O16 [M + Na]" 962.401, measured 962.408.
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Fmoc-Ser(AcsGalp1-3Ac,GalNAca)-Pro-Gly-Hex-OH (3a)

AcO _OAcAcO _OAc

2 e
AcO o
C AcHN

hoo 1. 20 % piperidine/DMF OA o
2. Fmoc-TF(Ac7)-OH, (0]
Fmogljj(N\)J\N/\/\An/O”O HATU/HOAYTMP H\)k OH
o H o) FmocHN N ”/\/\/\ﬂ/
s16 3.90% TFA/DCM 3a o o} o]

Compound 3a was synthesized from S16 according to the general procedure described for 6. The
crude product was purified by flash chromatography MeOH/CH,Cl, (5% then 15%). The
product was lyophilized to give a white solid. 'H-NMR (400 MHz, CD;0D) § 7.71 (d, J=7.5
Hz, 2H), 7.54 (d, J= 7.5 Hz, 2H), 7.30 (t, /= 7.3 Hz, 2H), 7.21 (t, J = 7.4 Hz, 2H), 5.29 (br, 1H),
5.25(d, J=3.3 Hz, 1H), 5.03-4.99 (m, 1H), 4.89 (dd, J=10.2, 8.04 Hz, 1H), 4.65-4.60 (m, 1H),
4.52 (d,J=17.7 Hz, 1H), 4.39-3.50 (m, 18H), 3.31-3.24 (m, 2H), 3.03-2.91 (m, 2H), 2.17 (t, J =
7.4 Hz, 3H), 2.02 (s, 3H), 2.01 (s, 3 H), 1.93-1.89 (m, 13H), 1.83 (s, 3H), 1.57-1.46 (m, 4H),
1.34-1.26 (m, 2H); *C-NMR (100 MHz, CD;0D) & 178.3, 175.9, 173.9, 173.2, 172.9, 172.9,
172.8,172.3,172.28,171.9, 171.2, 159.0, 146.0, 146.0, 143.5, 129.8, 129.1, 127.0, 126.9, 121.9,
103.6, 100.3, 76.7, 73.2, 72.4, 72.1, 71.1, 69.9, 69.5, 69.1, 68.9, 64.9, 63.2, 54.8, 50.9, 49.3, 44.7,
41.4,35.7,31.3,31.0,28.4,27.2,26.6,24.0,21.9,21.7,21.6, 21.61, 21.3. HRMS calcd for
Cs7H73N50,4 [M + Na]™ 1234.454, measured 1234.457.
Fmoc-D-Ser(AcsGalp1-3Ac,GalNAca)-Pro-Gly-Hex-OH (3b)

AcO _OAcAcO _OAc

0 0
AcO ogﬁ
AcHN

o 1. 20 % piperidine/DMF OAc o
H 2. Fmoc-TF(Acy)-OH, 7 0]
Fmogljj(N\)J\N/\/\/\n/owo HATU/HOAYTMP : H\)L OH
I H I FmocHN N NN
S16 3.90% TFA/DCM 3b o) o) o)

Compound 3b was synthesized and purified according to the general procedure described for 6.
'H-NMR (400 MHz, N, N-dimethylformamide-d;) & 7.96-7.94 (m, 2H), 7.82-7.74 (m, 2H), 7.48-
7.44 (m, 2H), 7.39-7.34 (m, 2H), 5.44-5.36 (m, 2H), 5.22-4.73 (m, 5H), 4.64-3.61 (m, 19H),
3.28-3.03 (m, 2H), 2.29-2.24 (m, 3H), 2.13-1.95 (m, 23H), 1.58-1.51 (m, 4H), 1.38-1.30 (m, 2H).
HRMS caled for Cs7H73N5024 [M + Na]" 1234.454, measured 1234.458.
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Fmoc-Ser(Ac;GlecNAca)-Pro-Gly-Hex-OH (4a)

OAc
AcO Q
AcO
AcHN

O
1. 20 % piperidine/DMF H (0]
O 2.9, HATU/HOAYTMP N OH
FmocN H\)J\ ONO FmocHN N QJ\H/\/\/\H/
moe N 3.90% TFA/DCM 0 © o
O (0]
S16 4a

Glycopeptide 4a was synthesized and purified according to the general procedure described for
6. "HNMR (400 MHz, CD;OD) & 7.81 (d, J = 7.5Hz, 2H), 7.7.66 (d, J= 7.4 Hz, 2H), 7.40 (t, J
=17.4 Hz, 2H), 7.32 (t,J= 7.5 Hz, 2H), 5.21(t, /= 9.9 Hz, 1H), 5.00 (t, /= 10.0 Hz, 1H), 4.90-
3.68 (m, 16H), 3.27-3.13(m, 2H), 2.29-1.92 (m, 17H), 1.66-1.35 (m, 6H); *C NMR (100MHz,
CDs;0OD) 6 176.0, 172.1, 170.9, 170.4, 170.1, 169.8, 168.9, 156.8, 143.8, 143.7, 141.2, 127 .4,
126.8, 124.6, 119.5, 98.0, 71.0, 68.7, 67.8, 67.2, 66.5, 61.8, 60.8, 52.8, 51.4, 42.2, 38.9, 33.3,
28.9, 28.6, 26.0, 24.8,24.3, 21.2, 19.20, 19.16. HRMS calcd for C45Hs7N506[M + Na]"
946.370, measured 946.363.

Fmoc-D-Ser(Ac;GlcNAca)-Pro-Gly-Hex-OH (4b)

OAc
AcO 0
ACOA HN
c
1. 20 % piperidine/DMF

o)
/ L0
o 2. 10, HATU/HOAYTMP : N OH
H\)\ o~Q FmocHN/\r(NtL,( \)LN/\/\/\H/
FmocN NN o o H
0 H 0
4b

3.90% TFA/DCM O
S$16

Compound 4b was synthesized and purified according to the general procedure described for 6.
'H NMR (400 MHz, CD;0D) & 7.80 (d, J = 7.5Hz, 2H), 7.70-7.64 (m, 2H), 7.40 (t, J = 7.4 Hz,
2H), 7.32 (t, J= 7.3 Hz, 2H), 5.20(t, /= 10.1 Hz, 1H), 5.00 (t, J = 9.8 Hz, 1H), 4.75-3.54 (m,
16H), 3.25-3.08(m, 2H), 2.28-1.82 (m, 17H), 1.63-1.29 (m, 6H); °C NMR (100MHz, CD;0D)
5 176.0,173.3,171.93,171.92, 170.9, 170.5, 169.9, 169.7, 169.1, 157.2, 143.9, 143.6, 141.3,
127.42, 127.40, 126.8, 124.74, 124.69, 119.5, 97.2, 70.8, 68.6, 67.8, 67.1, 66.8, 66.4, 61.8, 61.3,
52.6,51.4,42.7,42.2,38.9, 33.3, 28.9, 28.7, 28.4, 26.0, 24.7, 24.2, 19.2., 19.1, 19.0. HRMS
calcd for C4sHs7NsO16[M + Nal]+ 946.370, measured 946.364.

Fmoc-Ser(Ac3;GlecNAcB)-Pro-Gly-Hex-OH (5a)
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S16

Compound 5a was synthesized and purified according to the general procedure described for 6.
'H NMR (400 MHz, CD;0D) & 7.80 (d, J = 7.5Hz, 2H), 7.65 (d, J = 7.5 Hz, 2H), 7.39 (t, J = 7.4
Hz, 2H), 7.31 (t,J = 7.3 Hz, 2H), 5.20 (t, /= 9.8 Hz, 1H), 4.98 (t, /= 9.8 Hz, 1H), 4.69-4.10 (m,
8H), 3.95-3.13 (m, 10H), 2.31-1.86(m, 17H), 1.64-1.34 (m, 6H); *C NMR (100MHz, CD;0OD)

5 176.0,173.3,172.0, 170.9, 170.4, 170.2, 169.9, 169.8, 156.8, 143.7, 141.2, 127.4, 126.8, 124.7,
119.5, 100.5, 72.7, 71.7, 68.6, 68.2, 66.5, 61.8, 61.0, 53.8, 52.7, 42.1, 38.9, 33.3, 29.0, 28.5, 26.0,
24.7,24.3,21.5,19.2, 19.11, 19.09. HRMS caled for C4sHs7N5O4[M + Na]+ 946.370, measured
946.367.

Fmoc-D-Ser(Ac3;GlcNAcB)-Pro-Gly-Hex-OH (5b)

OAc
AcO 0
1. 20 % piperidine/DMF Acc&\v O

o}
: H
o] 2.9, HATU/HOAYTMP AcHN : JJ\ OH
H y w
FmocHN
FmogquNQLNWWONQ " 1
H
o}

3.90% TFA/DCM

S16 © 5b
Compound 5b was synthesized and purified according to the general procedure described for 6.
'H NMR (400 MHz, CD;0D) & 7.79 (d, J = 7.5Hz, 2H), 7.64 (d, J= 7.5 Hz, 2H), 7.41-7.29 (m,
4H), 5.17 (t, J=9.3 Hz, 1H), 4.98 (t, /= 9.8 Hz, 1H), 4.64-3.68 (m, 16H), 3.19-2.98 (m, 2H),
2.27-1.88 (m, 17H), 1.60-1.30 (m, 6H); °C NMR (100MHz, CD;0D) & 176.0, 173.2, 172.0,
170.9, 170.7, 170.4, 169.9, 169.8, 157.0, 143.7, 143.6, 141.25, 141.20, 127.4, 126.8, 124.7,
124.6, 119.5, 119.6, 100.9, 72.6, 71.6, 68.5, 66.5, 61.6, 61.3, 53.7, 53.0, 42.1, 38.8, 33.4, 29.0,
28.4,25.9,24.4,24.2,21.4,19.3,19.11, 19.07. HRMS calcd for C45Hs7N506[M + Na]"
946.370, measured 946.364.
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HPLC analysis of products in coupling reactions

HPLC trace of Fmoc-Ser-Pro-Gly-Hex-OH

MWD1 G, Sig=280,16 Ref=360,100 (YALONG\DEF_LC 2010-11-09 18-10-49\001-0101.D)

mAU _Z %
800 - 8 | <—Fmoc-Ser-Pro-Gly-Hex-OH 1a
1 Fmoc-D-Ser-Pro-Gly-Hex-OH 1b ~ |
600 T |
400 |
. il B - -Glv- =
S l [ 3/ Fmoc-Pro-Gly-Hex-OH 6
] (] &
] i1 N
0 SR 0.1 A N 7 VA == —— - s
5 10 15 20 2% 30 35 40 45 mil

Figure S1. HPLC trace of Fmoc-Ser-Pro-Gly-Hex-OH 1a, its racemized D isomer 1b and the
unreacted starting peptide 6. Analyses were performed with Waters XTerra® RP 18 (4.6 mm x
250 mm) reverse phase column. UV absorption was measured at 280 nm and the flow rate was 1
mL/min. The percentage of B was increased according to a linear gradient of 1%-35% in 9 min,

kept at 35% for 3 min, and then increased from 35% to 48% in 27 min.
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HPLC trace of Fmoc-Ser(Ac3;GalNAca)-Pro-Gly-Hex-OH

MWD1 G, Sig=280,16 Ref=360,100 (YALONG\DEF_LC 2010-09-14 21-18-19\TNSERPROTHR0001.D)

mAU 4 o ®
250 3 E §
: Fmoc-D-Ser(Ac;GalNAca)- Sgf
200 CliHas- ~
E Pio-GlyHex-QH.25 ﬂ E ‘ Fmoc-Ser(Ac;GalNAca) -
Lk e Pro-Gly-Hex-OH 2a
100 3 Fmoc-Pro-Gly-Hex-OH 6—> i| I\
50—f ‘I | Ii ‘;
E AR i
0 — . ST A (] R N S
5 10 15 20 25 30 35 40 45 mi

Figure S2. HPLC trace of Fmoc-Ser(AcsGalNAca)-Pro-Gly-Hex-OH 2a, its epimerization D
isomer 2b and the unreacted starting peptide 6. Analyses were performed with the same

conditions as those for obtaining Figure S1.
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HPLC trace of Fmoc-Ser(Ac;GalNAca)-Ser-Gly-Hex-OH

MWD1 G, Sig=280,16 Ref=360,100 (YALONG\DEF_LC 2011-05-24 18-10-28\004-0501.D)
0

mAU ¥ 3
PE Fmoc-D-Ser(Ac;GalNAca) —— & ©
- -Ser-Gly-Hex-OH S$21 | ({TeFmoc-Ser(AcﬁalNAca}-
: lll | Ser-Gly-Hex-OH 520
207 =
5 Fmoc-Ser-Gly-Hex-OH s18 & | |
10—; ™8 [l
0 _: )___}\'_— ST - ”"I\| "I I\lvI I\‘ A ——
L L B E R L L R R S R S EL N R R LB R B NN S B FLEN L B N
5 10 15 20 25 30 35 40 45

Figure S3. HPLC trace of Fmoc-Ser(Ac;GalNAca)-Ser-Gly-Hex-OH S20, its epimerization D
isomer S21 and the unreacted starting peptide S18. Analyses were performed with the same

conditions as those for obtaining Figure S1.
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HPLC trace of Fmoc-Ser(Ac;GalNAca)-Ser(Acz;GalNAca)-Gly-Hex-OH

MWD1 G, Sig=280,16 Ref=360,100 (YALONG\DEF_LC 2011-05-24 18-10-28\008-0901.D)

mAU Fmoc-Ser(Ac;GalNAca)- E
60 Ser(Ac;GalNAca)-Gly-Hex-OH 524
50 \ |
40 Fmoc-D-Ser(Ac;GalNAca)-
o Ser(Ac,GalNAca)-Gly-Hex-OH $25 \§ h
5
p ~ ™
20 Fmoc-Ser(Ac;GalNAca)-Gly-Hex-OH S22 5 rlx '
10 8 i ||
0 —t —— — - - - ‘;A,I’I ‘\1 L'I,.\'. L"_'n' —
T T T T l T T T T ] T T T T l T T T T I T T T T I T T T T ] T T T T l T T T T l T 3 T T
5 10 15 20 25 30 35 40 ¢

Figure S4. HPLC trace of Fmoc-Ser(Acs;GalNAca)-Ser(AcsGalNAca)-Gly-Hex-OH S24, its

epimerization D isomer S25 and the unreacted starting glycopeptide S22. Analyses were

performed with the same conditions as those for obtaining Figure S1.
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HPLC trace of Fmoc-Ser(Acz;GalNAca)-Leu-Gly-Hex-OH

MWD1 G, Sig=280,16 Ref=360,100 (YALONG\DEF_LC 2011-07-19 17-08-101004-0101.D)
mAU _ %
80

00

P
-

Fmoc-Ser(Ac;GalNAca)-Leu-Gly-Hex-OH S28 4—>f

Fmoc-D- Ser(Ac;GalNAca)-Leu-Gly-Hex-OH S29——>

60 |
40 i

50,697

1

20 Fmoc-Leu-Gly-Hex-OH $26 > |||

] A
04—~ - - S o~ e ___JJ_'Lr_u._’ L,_ e - S
— e 4

Figure S5. HPLC trace of Fmoc-Ser(Ac;GalNAca)-Leu-Gly-Hex-OH S28, its epimerization D
isomer S29 and the unreacted starting peptide S26. Analyses were performed with Waters
XTerra® RP 18 (4.6 mm x 250 mm) reverse phase column. UV absorption was measured at 280
nm and the flow rate was 1 mL/min. The percentage of B was increased according to a linear
gradient of 1%-25% in 9 min, kept at 25% for 1 min, increased from 25% to 29% in 8 min, kept
at 29% for 1.5 min, increased from 29% to 32% for 3.5 min, and then increased from 32% to

45% in 16 min.

S30



HPLC trace of Fmoc-Ser(AcsGalp1-3Ac2GalNAca)-Pro-Gly-Hex-OH

MWD1 G, Sig=280,16 Ref=360,100 (YALONG\DEF_LC 2011-06-07 13-51-25\005-0501.D)

mAUé ‘f
1403 iﬁ Fmoc-D-TF(Ac)-Pro-Gly-Hex-OH 1b
1204 |
100 3 | 8
803 Fmoc-Pro-Gly-Hex-OH6 ~~ | 3
o " 2 I, Fmoc-TF(Ac)-Pro-Gly-
g - 8 | Hex-OH 1a
- I\ A I
Q_f—u — SR —‘—'-‘uﬁ—'-—'”"\r " .‘n——- e
L AL R S S B B B N B B B EUL A B S SN B S B ENL B R B B S B L B R [ B L B I L B R
5 10 15 20 25 30 35 40 45 min

Figure S6. HPLC trace of Fmoc-Ser(AcsGalf1-3Ac,GalNAca)(TF(Acs))-Pro-Gly-Hex-OH 3a,
its epimerization D isomer 3b and the unreacted starting peptide 6. Analyses Waters XTerra® RP
18 (4.6 mm X 250 mm) reverse phase column. UV absorption was measured at 280 nm and the
flow rate was 1 mL/min. The percentage of B was increased according to a linear gradient of

1%-35% in 7 min, kept at 35% for 3 min, increased from 35% to 48% in 27 min.
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HPLC trace of Fmoc-Ser(Ac;GlcNAca)-Pro-Gly-Hex-OH

MWD1 G, Sig=280,16 Ref=360,100 (SADDAM\DEF_LC 2011-05-31 17-34-26\001-0101.D)
MAU - Fmoc-Ser(Ac3GIcNAca)-Pro-GIy-Hex-OHr4a I
N
\

N
Il

80
. Fmoc-D-Ser(Ac;GlcNAca)-Pro-Gly-Hex-OH 4b
40—: [

] Fmoc-Pro-Gly-Hex-OH6— | | ||

20 U

PN —— L UL — — - — e

N B T N S T S S A S e e LS A
5 10 15 20 25 30 35 40 45

Figure S7. HPLC trace of Fmoc-Ser(Ac;GlcNAca)-Pro-Gly-Hex-OH 4a, its epimerization D
isomer 4b and the unreacted starting peptide 6. Analyses were performed with Waters X Terra”
RP 18 (4.6 mm x 250 mm) reverse phase column. UV absorption was measured at 280 nm and
the flow rate was 1 mL/min. The percentage of B was increased according to a linear gradient of

1%-35% in 9 min, kept at 35% for 3 min, increased from 35% to 48% in 27 min.
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HPLC trace of Fmoc-Ser(Ac;GlcNAcp)-Pro-Gly-Hex-OH

MWD1 G, Sig=280.16 Ref=360,100 (SADDAM\DEF_LC 2010-12-07 15-06-22\001-0101.D)

mAU 1

E Fmoc-Ser(Ac;GIcNAcB)-Pro-Gly-Hex-OH 53—/

] I

200 I [

150 Fmoc-D-Ser(Ac,GIcNAcB)-Pro-Gly-Hex-OH5b—>/| | |

100 AR

] O R

50 Fmoc-Pro-Gly-Hex-OH6 + || | |
e i R A0 VA U S U

L I e e L s e e o L B s e s e L e o e e IS s e e e e e E A
5 10 15 20 25 30 35 40 45 min

Figure S8. HPLC trace of Fmoc-Ser(AcsGlcNAc)-Pro-Gly-Hex-OH S5a, its epimerization D
isomer 5b and the unreacted starting peptide 6. Analyses were performed with Waters XTerra®
RP 18 (4.6 mm x 250 mm) reverse phase column. UV absorption was measured at 280 nm and
the flow rate was 1 mL/min. The percentage of B was increased according to a linear gradient of

1%-31% in 7 min, kept at 31% for 5 min, increased from 38% to 48% in 27 min
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