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General methods

Unless otherwise stated, reagents were purchased from commercial suppliers and used without
purification. 2-Chlorotrityl chloride resin, Fmoc-Thr(Trt)-OH, Fmoc-D-Thr(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-OP{p were purchased from Novabiochem (Darmstadt,
Germany). 2-(7-Aza-1H-benzotriazol-1-yl)-N,N,N’,N -tetramethyl aminium
hexafluorophosphate (HATU), 1-Hydroxy-7-azabenzotriazole (HOAt), 2-(1H-benzotriazol-1-yl)-
N,N,N’,N’-tetramethylaminium hexafluorophosphate (HBTU), N-Hydroxybenzotriazole (HOBL),
N,N'-Dicyclohexylcarbodiimide (DCC), benzotriazol-1-yloxy)tripyrrolidinophosphonium
hexafluorophosphate (BOP), N, N-dimethylformamide (DMF), N-methyl-2-pyrrolidone (NMP),
N,N-diisopropylethylamine (DIEA), N-methylmorpholine (NMM), and 2,4,6-trimethylpyridine
(TMP) were 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 mmx250
mm) on a Waters PropL.C 4000 system (HPLC) with a waters 2996 photodiode array detector at
room temperature. Analyses of yields, epimerization and -elimination were recorded on an
Agilent 1200 Series HPLC using Waters XTerra® RP 18 (5pum 4.6 mmx 250mm). 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.
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Preparation of Fmoc-protected glyco-amino acids

Fmoc-Thr(Ac;GalNAca)-OH (S1)

AcO _OAc

(@)
AcO NHFmoc
AcHN H

© CO,H

N-(9H-fluoren-9ylmethoxycarbonyl)-(2-acetyl-2-deoxy-3,4,6-triacetyl-O-a-D-
galactopyranosyl)-L-threonine acid (S1). Compound S1 was prepare according to a previously
reported method.! "H-NMR (400 MHz, N, N-dimethylformamide-d;) & 7.96 (d, J = 7.5 Hz, 2H),
7.81(d,J=9.9 Hz, 1H), 7.76 (d, J = 8.7 Hz, 2H), 7.65 (d, J = 9.4 Hz, 1H), 7.46 (t, J = 7.5 Hz,
2H), 7.36 (t, ] = 7.4 Hz, 2H), 5.44 (d,J = 2.4 Hz, 1H), 5.16 (dd, J = 11.6, 3.2 Hz, 1H), 5.03 (d, J
=3.7 Hz, 1H), 4.53 (dd, J = 6.4, 1.5 Hz, 1H), 4.46 — 4.30 (m, 6H), 4.16 (d, J = 6.8 Hz, 2H), 2.17
(s, 3H), 2.06 (s, 3H), 1.96 (s, 3H), 1.94 (s, 3H), 1.37 (d, ] = 6.4 Hz, 3H). *C-NMR (CDCls, 100
MHz) 6 172.3, 170.4, 170.3, 170.2, 170.0, 162.4, 157.4, 144.4, 144.3, 141.34, 141.3, 127.9,
127.3, 127.25, 125.52, 125.50, 120.30, 120.29, 99.5, 75.9, 68.3, 67.7, 67.1, 66.7, 62.4, 59.0, 47.3,
22.5,20.1, 20.08, 20.0, 18.7. HRMS calcd for C33H33N,03Na [M + Na]* 693.2272, found

693.2225.
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Fmoc-D-Thr(Ac;GalNAca)-OH (S6)

AcO __0OAc
o)
AcO AcO __OAc .
NHFmoc s3Nsp 0 Pyridine
HO CO,B - AcO NHFmoc .\, cosH
250 AgClO, Nag 3
COan
S2 sS4
AcO _0OAc AcO _OAc

AcO&% NHFmoc PalC.H, AcO&% NHFmoc
AcHN MeOH, H,0,AcOH  AcHN 4
\('\COZBn Formic acid, 99% j/'\COzH
S5 S6
The unnatural glyco-amino acid, Fmoc-D-Thr(Ac;GalNAca)-OH S6, was synthesized using
similar procedures reported for S1. Briefly, N-Fmoc-D-threonine benzyl ester S2 (0.85 g, 0.1.97
mmol), the bromide donor S3 (0.93 g, 2.36 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 (0.81 g,
3.94 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 with
silica gel (80g) by EtOAc/Hexane (1:3) to give compound S4 (0.93 g, 64 %) as a white solid.
Reductive acetylation using thiolacetic acid produced the fully protected Fmoc-D-
Thr(Ac;GalNAca)-OBn S5 (0.60 g) in a 63% yield. Hydrogenation of S5 with10% Pd/C in
MeOH/H,0O/Formic acid (10/1/1, 6 mL) followed by RP- HPLC purification using a 0-48%
acetonitrile/H,O (0.1% TFA) gradient over 45 minutes to provide compound S6 (0.38 g) in 72%

yield as a white solid.

N-(9H-fluoren-9ylmethoxycarbonyl)-D-threonine benzyl ester (S2). 'H-NMR (400 MHz,
CDCl3) 6 7.77 (d, J="7.6 Hz, 2H), 7.61 (d, J =7.4 Hz, 2H), 7.29-7.42 (m, 9H), 5.71 (d, J= 8.9

Hz, 1H), 5.22 (dd, J = 17.1, 12.3 Hz, 2H), 4.38-4.46 (m, 3H), 4.23 (t, /= 7.0 Hz, 1H), 2.16 (br,
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1H), 1.24 (d, J = 6.0 Hz, 3H). >C-NMR(100 MHz, CDCl3) & 171.0, 156.7, 143.6, 141.3, 141.2,
135.2, 128.5, 127.6, 125.1, 120.0, 119.9, 68.0, 67.4, 67.2, 59.2,47.1, 19.9, HRMS calcd fro
CyH2sNOs [M + H]" 432.2, found432.1
N-(9H-fluoren-9ylmethoxycarbonyl)-(2-azido-2-deoxy-3,4,6-tri-O-a-D-galactopyranosyl)-D-
threonine benzyl ester (S4). "H-NMR (400 MHz, CDCl3) § 7.77 (d, J= 7.6 Hz, 2H), 7.61 (d, J
=17.5 Hz, 2H), 7.29-7.42 (m, 9H), 5.61 (d, J=9.7 Hz, 1H), 5.23-5.26 (m, 3H), 5.19 (dd, J=11.2,
3.2 Hz, 1H), 5.11 (d, J=3.6 Hz, 1H), 4.59 (dd, J=9.7, 2.3 Hz, 1H), 4.47 (dd, J= 6.4, 2.3 Hz,
1H), 4.41 (dd, J="7.5, 1.5 Hz, 2H), 4.23 (t, J= 7.1 Hz, 1H), 3.85-3.91 (m, 3H), 3.55 (dd, J =
11.2, 3.6 Hz, 1H), 2.13 (s, 3H), 2.09 (s, 3H), 1.99 (s, 3H), 1.30 (s, 3H). *C-NMR (100 MHz,
CDCls) 6 170.3, 169.93, 169.9, 169.6, 156.6, 143.6, 414.3, 141.2, 134.9, 128.7, 125.1, 119.9,
95.2,73.1,67.3,61.7,58.4,57.2,47.1, 20.6, 20.5, 15.2. HRMS calcd for C3gH4oN4O;2Na [M +
Na]" 744.2540, found744.2548.
N-(9H-fluoren-9ylmethoxycarbonyl)-(2-acetyl-2-deoxy-3,4,6-triacetyl-O-a-D-
galactopyranosyl)-D-threonine benzyl ester (S5). 'H-NMR (400 MHz, CDCl3) & 7.75 (d, J =
7.5 Hz, 2H), 7.64 (d, J= 7.3 Hz, 2H), 7.28-7.41 (m, 9H), 5.75 (t,J = 9.8 Hz, 2H), 5.24-5.16 (m,
3H), 4.98-4.93 (m, 2H), 4.56-4.44 (m, 3H), 4.30 (dd, /= 6.2, 3.1 Hz, 1H), 4.23 (d, J= 6.6 Hz,
1H), 3.93-3.88 (m, 3H), 2.13 (s, 3H), 2.01 (s, 3H), 1.94 (s, 6H), 1.31 (d, J= 6.4 Hz, 3H). "*C-
NMR (100 MHz, CDCl3) 6 170.9, 170.3, 170.2, 170.0, 156.5, 143.7, 143.5, 141.3, 134.8, 128.7,
128.5,127.7,127.0, 124.9, 124.8, 120.0, 119.97, 94.9, 72.9, 68.0, 67.7, 67.1, 67.07, 67.0, 61.8,
58.5,47.7,47.2,23.1,20.73, 20.7, 20.5, 15.5. ESI MS calcd for C40H44N,0;3Na [M + Na]"
783.2741, found 783.2795.

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

galactopyranosyl)-D-threonine acid (S6). 'H-NMR (400 MHz, N, N-dimethylformamide-d;) &
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7.98 —7.92 (m, 3H), 7.77 (dd, J = 21.1, 7.5 Hz, 2H), 7.63 (d, ] = 9.8 Hz, 1H), 7.46 (td, ] = 7.4,
4.4 Hz, 2H), 7.40 — 7.30 (m, 2H), 5.37 (d, J = 2.4 Hz, 1H), 5.11 — 5.03 (m, 2H), 4.56 — 4.37 (m,
6H), 4.24 (m, 3H), 3.99 (dd, J = 10.8, 6.3 Hz, 1H), 2.15 (s, 3H), 2.01 (s, 3H), 1.97 (s, 3H), 1.96
(s, 3H), 1.24 (d, ] = 6.2 Hz, 3H). C-NMR (100 MHz, N, N-dimethylformamide-d;) 5 172.5,
170.6, 170.4, 170.3, 169.9, 157.4, 144.7, 144.3, 141.5, 128.1, 127.4, 125.7, 125.6, 120.4, 94.2,
71.7, 68.6, 67.6, 67.2, 66.7, 61.8, 59.1, 47.5, 47.3, 22.5, 20.3, 20.2, 14.8. HRMS calcd for

C33H38N2013Na [M + Na]+ 6932272, found 693.2282.

Fmoc-Thr(Ac;GlcNAc)-OH (S8)

l;l HFmoc
HO. A~
AcO . \‘ACOOH AcO o NHFmoc
AcO ACO&&
AC&/OAC > AcO O COOH
NHAc  BFs E4,0, CH,Cl, NHAC
s7 28% S8

N-(9H-fluoren-9-ylmethoxycarbonyl)-O-(2-acetyl-2-deoxy-3,4,6-triacetyl-O-p3-D-
gluctopyranosyl)-L-threonine S8 was synthesized according to a reported method”. Peracetylated
GlcNAc S7(1.2 g, 3.08 mmol) and 4 A molecular sieves were placed in a flask under argon, and
anhydrous CH,Cl; (15 mL) was added. The reaction mixture was cooled to 0 °C, BF5-Et,0O (1.17
mL, 9.25 mmol) was added dropwise, and the reaction was stirred at room temperature
overnight. The reaction mixture was cooled to 0 °C, Et;N (0.43 mL, 1 equiv.) was added, and
the reaction was stirred for 10 min. A solution of Fmoc-Thr(Trt)-OH (1.28, 3.76 mmol) in
CH,CL,/MeCN (1:2) was added, and the reaction was allowed to stir at room temperature for 4d
and monitored by TLC CDCl3/MeOH/AcOH (10:1:0.2). The reaction mixture with neutralized
with Et;N, diluted with CH,Cl,, filtered over celite, and concentrated. The residue was first
filtered through a silica gel column with CHCl3/MeOH (40:1-10:1), then purified by RP-HPLC,
and filtered through silica gel column CH,Cl,/MeOH (20:1-5:1) to provide compound S8 as a
white solid (0.28 g, 28%). 'H-NMR (400 MHz, N, N-dimethylformamide-d;) & 7.94 (d, J=7.5
Hz, 2H), 7.82 (d, J = 7.5 Hz, 2H), 7.47-7.43 (m, 2H), 7.40 — 7.34 (m, 2H), 6.65 (d, /= 8.9 Hz,
1H), 5.31 (t,J=10.0 Hz, 1H), 4.96 (dd, J = 18.8, 9.2 Hz, 2H), 4.48-4.42 (m, 1H), 4.36-4.25 (m,
5H), 4.12 (dd, J=12.1, 2.5 Hz, 1H), 3.93-3.88 (m, 1H), 3.83 (dd, J=19.2, 8.8 Hz, 1H), 2.03 (s,
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3H), 2.027 (s, 3H), 1.99 (s, 3H), 1.90 (s, 3H), 1.28 (d, J= 6.3 Hz, 3H). C-NMR (100 MHz,

N, N-dimethylformamide-d;) 6 171.9, 170.5, 170.2, 170.15, 169.8, 157.0, 144.5, 144.4, 141.5,
128.0, 127.5, 125.8, 125.8, 120.4, 120.38, 99.6, 75.3, 73.0, 71.6, 69.6, 67.0, 62.6, 59.2, 54.5, 47 .4,
22.7,20.3,20.25, 20.2, 17.1. HRMS calcd for C33H3sN,O3Na [M + Na]+ 693.2272, found
693.2266.

Fmoc-D-Thr(Ac;GlcNAcp)-OH (S9)

NHFmoc
AcO HO COOH AcO NHFmoc
AcO % o - ACO&O
AcO Ac > AcO COOH
NHAc BF5* Et,O, CH,CI, NHAc
S7 14% S9

The synthesis of N-(9H-fluoren-9-ylmethoxycarbonyl)-O-(2-acetyl-2-deoxy-3,4,6-triacetyl-O-f-
D- gluctopyranosyl)-D-threonine (S9) was carried out using a similar procedure as described for
compound S8 to provide compound S9 as a white solid (0.14 g, 14%). "H NMR (400 MHz, N,N-
dimethylformamide-d;) 6 7.94 (d, J= 7.5 Hz, 2H), 7.85 (d, /= 7.4 Hz, 2H), 7.80 (d, /= 8.9 Hz,
1H), 7.45 (t, J=7.5 Hz, 2H), 7.40 — 7.32 (m, 2H), 6.97 (d, /= 9.2 Hz, 1H), 5.32 (dd, /= 10.4,

9.5 Hz, 1H), 4.93 (dd, J = 18.3, 9.0 Hz, 2H), 4.44 — 4.25 (m, 6H), 4.14 (dd, /= 12.1, 2.4 Hz, 1H),
3.95-3.79 (m, 2H), 2.06 (s, 3H), 2.03 (s, 3H), 1.98 (s, 3H), 1.88 (s, 3H), 1.34 (d, /= 6.4 Hz,
3H). >C NMR (100MHz, N,N-dimethylformamide-d;) & 171.9, 170.5, 170.4, 170.1, 169.9, 162.7,
162.4,162.1, 157.2, 144.5, 144.47, 141 .4, 141.43, 128.0, 127.5, 127.4, 125.9, 120.4, 102.1, 77.2,
73.0,71.5, 69.6, 66.9, 62.5, 59.1, 54.5, 47.3, 22.8, 20.3, 20.2, 18.9. HRMS calcd for

C33H3sN,013Na [M + Na]™ 693.2272, found 693.2254.

Fmoc-Thr-Pro-Gly-Hex-OH (1)
1. 20 % piperidine/DMF

o 2. Fmoc-L-Thr(OTrt)-OH, HO,, 4 O
mocC
FmocN NN . 3. 90% TFA/DCM H
H o) o) o)
o) o)
1
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Compound 1 was synthesized starting from S10. Prior to coupling, the resin (60 mg, 17.8 umol)
was swollen in CH,Cl, for 0.5 h, followed by removal of the Fmoc-group with 20% piperidine in
DMF (2x 2.0 mL) for 15 min, and then washed with CH,Cl, (3% 2.0 mL) and DMF (2x 2.0 mL).
The appropriate amount of Fmoc-Thr(Trt)-OH (2 eq, 35.6 umol), HATU (2 eq, 35.6 pmol),
HOAt (2 eq, 35.6 umol), and TMP (2eq, 35.6 umol) in DMF(0.5 mL) 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 Ac,O (10%)/pyridine (10%)
in THF (2%1 mL) at room temperature for 15 min. The resin was washed with DMF (2x5 mL),
CH,Cl; (3%5 mL), and the peptide was cleaved off with a mixture TFA/ CH,Cl, (90:10) (1.0
mL) at room temperature for 1.5 h. The crude product was purified by silica gel flash
chromatography using a mixture of MeOH and CH,Cl, (1:20)to give 1 as white foam. 'H-NMR
(400 MHz, CDs0D) 6 7.83 (d, /= 7.5 Hz, 2H), 7.69 (d, J = 7.4 Hz, 2H), 7.42 (t, /= 7.4 Hz, 2H),
7.34 (t,J=17.6 Hz, 2H), 4.49 — 4.36 (m, 3H), 4.26 (t, J = 6.5 Hz, 1H), 4.11 (dd, /= 10.0, 4.1 Hz,
1H), 4.00 — 3.82 (m, 2H), 3.79 — 3.67 (m, 1H), 3.30-3.16 (m, 2H), 2.29 (dd, J = 14.7, 7.3 Hz, 2H),
2.17-1.96 (m, 3H), 1.67-1.54 (m, 5H), 1.45 —1.30 (m, 4H), 1.24 (d, /= 6.4 Hz, 3H). 13C-NMR
(100 MHz, CDs;0D) & 173.5, 170.8, 169.9, 157.2, 143.8, 141.2, 127.4, 126.7, 124.7, 119.5, 67.0,
66.5, 61.0, 58.2, 42.1, 38.9, 38.8, 28.9, 28.6, 28.4, 26.1, 26.0, 24.8, 24.5, 24.3, 21.1, 18.4.

HRMS caled for C3,H40N4Og [M + Na]+ 631.2744, measured 631.2732.
Fmoc-D-Thr-Pro-Gly-Hex-OH (S11)

1. 20 % piperidine/DMF

° 2. Fmoc-D-Thr(OTrt)-OH, \:/OH H \)OJ\
H HATU/HOAYTMP : (jﬁfN OH
N /\/\/\n/
Fmoglj\rfN\)J\N/\/\/\n/ONO FmocHN/\[r H
H o) o]
o) o)
S11

3.90% TFA/DCM e}

$10

Compound S11 was synthesized and purified according to the general procedure described for 1.
'H-NMR (400 MHz, CD;0D) 87.83 (d, J= 7.5 Hz, 2H), 7.69 (d, J = 7.4 Hz, 2H), 7.42 (t, J = 7.4
Hz, 2H), 7.34 (t, J= 7.6 Hz, 2H), 4.49 — 4.36 (m, 3H), 4.26 (t, /= 6.5 Hz, 1H), 4.14-4.07 (m,

1H), 4.00 — 3.82 (m, 2H), 3.79 — 3.67 (m, 1H), 3.30-3.16 (m, 2H), 2.29 (dd, J = 14.7, 7.3 Hz, 2H),
2.17 - 1.96 (m, 3H), 1.69-1.52 (m, 5H), 1.45 — 1.30 (m, 4H), 1.24 (d, J = 6.4 Hz, 3H). C-NMR
(100 MHz, CDs0D) 6 173.5, 170.8, 169.9, 157.2, 143.8, 141.2, 127.4, 126.7, 124.7, 119.5, 67.0,
66.5, 61.0, 58.2, 42.1, 38.9, 38.8, 28.9, 28.6, 28.4, 26.1, 26.0, 24.8, 24.5, 24.3, 21.1, 18.4.

HRMS caled for C3,H4oN4Og [M + Nal]+ 631.2744, measured 631.2737.
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Fmoc-Thr(Ac;GalNAca)-Pro-Gly-Hex-OH (2)

AcO _OAc

cf
1. 20 % piperidine/DMF AcHN

o,
o 2. Fmoc-Thr(AczGalNAca)-OH H (0]
H HATU/HOAt/TMP N OH
FmocN N\)J\ ONO FmocHN N \)J\Nw
NN 3. 90% TFA/DCM H
) H ) 0 (¢] (@]

$10 2

Fmoc-Thr(Ac;GalNAca)-Pro-Gly-Hex-OH 2 was synthesized and purified according to the
general procedure described for 1. 'H-NMR (400 MHz, CD;0D) & 7.90 — 7.80 (m, 3H), 7.71 (d,
J=7.2Hz, 2H), 7.56 (d, ] =9.2 Hz, 1H), 7.43 (t,J = 7.5 Hz, 2H), 7.35 (t, ] = 7.4 Hz, 2H), 5.43
(d,J=2.4 Hz, 1H), 5.16 (d, J =3.5 Hz, 1H), 5.10 (dd, J = 11.4, 3.0 Hz, 1H), 4.56 (dd, ] = 6.1,
2.8 Hz, 2H), 4.49 — 4.05 (m, 9H), 3.81 (d, J = 3.5 Hz, 2H), 3.69 (t, ] = 5.2 Hz, 2H), 3.21 (m, 3H),
2.31(t,J=7.3 Hz, 3H), 2.17 (s, 3H), 2.05 (s, 3H), 1.97 (s, 3H), 1.94 (d, J = 7.5 Hz, 3H), 1.66 (m,
2H), 1.55 (m, 2H), 1.43 — 1.35 (m, 2H), 1.32 (d, T = 5.2 Hz, 3H), 0.92 (m, 2H). >*C-NMR (100
MHz, CD;0D) 175.7, 174.6, 173.0, 172.9, 172.1, 172.0, 159.7, 146.1, 146.05, 143.6, 143.58,
129.7, 129.1, 129.0, 127.0, 126.9, 121.9, 121.9, 101.7, 78.2, 71.2, 69.8, 69.1, 68.5, 64.2, 62.7,
59.7,44.4,41.2,36.0,31.3,31.0, 30.9, 28.4, 28.35, 26.9, 26.7, 23.9, 23.4, 21.6, 21.5, 21.4, 20.3.
HRMS caled for C46HsoNs5O16 [M + Na]+ 960.3854, measured 960.3845.

Fmoc-D-Thr(Ac;GalNAca)-Pro-Gly-Hex-OH (S12)
AcO _OAc

e
AcO
1. 20 % piperidine/DMF AcHN

(0]
o 2. Fmoc-D-Thr(AczGalNAca)-OH ~ H\)OI\

H HATU/HOAY/TMP A N OH
EmocN N\)J\ ONO FmocHN N ”/\/\/\ﬂ/
moe N 3.90% TFA/DCM 5 o S
o} (0]

S$10 S§12

Compound S12 was synthesized and purified according to the general procedure described for 1.
'H-NMR (400 MHz, CD;0D) & 7.83 (d, J= 7.5 Hz, 2H), 7.72 (dd, J = 6.8, 2.7 Hz, 2H), 7.42 (m,
2H), 7.35 (m, 2H), 7.29 (d, J= 8.6 Hz, 1H), 5.41 (d, /= 2.8 Hz, 1H), 5.09 (dd, J=11.6, 3.1 Hz,
1H), 5.04 (d, J=3.6 Hz, 1H), 4.72 (dd, J=10.8, 5.8 Hz, 1H), 4.55-4.50 (m, 2H), 4.37 (dd, J =
8.4,4.7 Hz, 1H), 4.27 (t,J = 5.9 Hz, 1H), 4.21-4.00 (m, 4H), 3.88 — 3.81 (m, 1H), 3.80 — 3.63 (m,
2H), 3.31 —3.03 (m, 1H), 2.28 (t, J=7.5 Hz, 2H), 2.18 — 2.09 (m, 4H), 2.07 — 1.92 (m, 10H),
1.69 — 1.49 (m, 4H), 1.44 — 1.28 (m, 6H), 1.21 (d, J = 6.1 Hz, 3H), 0.94-0.88 (m, 1h). *C-NMR
(100 MHz, CDs0OD) & 175.6, 174.3, 173.0, 172.9, 172.7, 172.2, 171.8, 159.8, 146.1, 146.0, 143.6,
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143.55, 129.73, 129.71, 129.1, 129.07, 127.0, 126.9, 121.9, 96.2, 73.1, 70.4, 69.3, 68.8, 68.7,
63.4,63.3,59.7,44.5,41.2,35.7,31.64,31.63,31.56, 31.5, 31.2, 31.19, 30.7, 28.2, 26.9, 26.5,
23.5,21.5,21.47,21.4, 16.7. HRMS calcd for C4sHsoN5O16 [M + Na]" 960.3854, measured
960.3843.

Fmoc-Thr(Ac;GlcNAcp)-Pro-Gly-Hex-OH (3)
OAc
1. 20 % piperidine/DMF ACO%
2. Fmoc-Thr(AczGIcNAcB)-OH  AcO o . (0]
H\i o HATU/HOAYTMP AcHN . H\)J\N/\/\/\H/OH
FmocN H/\/\/\ﬂ/ S 3. 90% TFA/DCM FmocHN H o
o} o} o} o

$10 3

Fmoc-Thr(Ac;GlcNAcP)-Pro-Gly-Hex-OH 3 was synthesized and purified according to the
general procedure described for 1. "H-NMR (400 MHz, CD;0D) & 7.71 (d, J = 7.1 Hz, 3H),
7.55(d,J=7.4 Hz, 2H), 7.30 (t, /= 7.2 Hz, 2H), 7.27 — 7.18 (m, 2H), 5.19 — 5.10 (m, 1H), 4.91
—4.82 (m, 1H), 4.62 (d, J= 8.5 Hz, 1H), 4.38 —4.22 (m, 3H), 4.16-4.11 (m, 2H), 4.03 — 3.64 (m,
7H), 3.50 (dd, J=16.4, 7.4 Hz, 1H), 3.15 — 3.04 (m, 2H), 2.18 (t, /= 7.4 Hz, 3H), 1.92 — 1.81 (m,
13H), 1.56 — 1.41 (m, 5H), 1.26 (dt, J= 14.5, 7.4 Hz, 4H), 1.12 (d, J = 6.3 Hz, 3H). "C-NMR
(100 MHz, CDs0OD) 6 173.2, 172.2, 170.8, 170.3, 170.0, 169.8, 162.0, 161.6, 156.9, 143.7,
143.66, 141.2, 141.18, 127.4, 126.8, 124.7, 124.6, 119.6, 118.1, 115.2, 99.6, 75.9, 72.4, 71.6,
68.7,66.4,61.8, 61.3,57.8, 54.1, 42.1, 38.9, 29.0, 28.6, 28.5, 26.1, 26.0, 24.8, 24.4, 24.38, 21 4,
19.3,19.1, 19.09, 15.6. HRMS calcd for C46Hs9N5016 [M + Nat]+ 960.3854, measured 960.3839.

Fmoc-D-Thr(Ac;GalNAca)-Pro-Gly-Hex-OH (S13)

OAc
1. 20 % piperidine/DMF AcO o
2. Fmoc-D-Thr(Ac3GIcNACB)-OH AcO

on o
0 AcHN . N
H HATU/HOAYTMP c
FmocN N\)J\ ONO « N N\)J\N/WYOH
N 3.90% TFA/DCM FmocHN H I
o 0 0 o}
S10 S$13

Compound S13 was synthesized and purified according to the general procedure described for 1.
'H-NMR (400 MHz, CD;0D) & 7.70 (d, J = 7.5 Hz, 2H), 7.56 (dd, J = 7.2, 4.3 Hz, 2H), 7.30 (t, J
=7.4 Hz, 2H), 7.22 (t,J= 7.1 Hz, 2H), 5.15 - 5.06 (m, 1H), 4.85 (t, J=9.7 Hz, 1H), 4.64 (d, J =
8.4 Hz, 1H), 4.41 — 4.27 (m, 3H), 4.19 — 3.92 (m, 4H), 3.79 — 3.59 (m, 5H), 3.06 (dd, J=13.8,
7.0 Hz, 1H), 2.97 — 2.86 (m, 1H), 2.21 — 2.10 (m, 3H), 1.95 - 1.71 (m, 14H), 1.56 — 1.32 (m, 5H),
1.24 - 1.15 (m, 6H). >C-NMR (100 MHz, CD;0D) & 173.2, 172.3, 170.8, 170.4, 169.9, 169.9,
169.8, 157.1, 143.7, 143.5, 141.2, 141.18, 127.4, 126.8, 126.78, 124.7, 124.6, 119.6, 101.2, 77.0,
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72.6,71.4,68.7,66.6,61.8,61.3,57.6,54.2,42.1, 38.8, 28.9, 28.6, 28.4,25.9,24.3,21.7, 19.2,
19.1, 17.3. HRMS calcd for C46Hs5oN50;6 [M + Na]" 960.3854, measured 960.3838.

Fmoc-Dehydroaminobutyrate-Pro-Gly-Hex-OH (S14)
1. 20 % piperidine/DMF

0
2. Fmoc-Thr(Ac3GIcNAcB)-OH H
HQOJ\ HATU/NMM (Pre 3h/12h) | N N\)J\N/\/\/\[(OH
FmocN N N/\/\/\”/O-NO FmocHN H o)
o) H o © ©

3.90% TFA/DCM

S10 S14
Compound S14 was synthesized starting from S10. Prior to coupling, the resin (60 mg, 17.8

pmol) was swollen in CH,Cl, for 0.5 h, treated with 20% piperidine in DMF (2% 2.0 mL) for 15
min to remove the Fmoc-group, and then washed with CH,Cl, (3% 2.0 mL) and DMF (2x 2.0
mL). The appropriate amounts of Fmoc-Thr(Ac;GlcNAcP)-OH (2 eq, 35.6 pmol), HATU (2 eq,
35.6 pmol), and NMM (8 eq, 142.4 umol) were preincubated at room temperature in DMF (0.5
mL) for 3 h, and then the mixture was immediately added to the resin. The reaction was allowed
to mix at room temperature for 12 h, followed by washing and capping the unreacted amino
groups with Ac,O (10%)/pyridine (10%) in THF (2x1 mL) at room temperature for 15 min. The
resin was washed with DMF (2x5 mL), CH,Cl, (3%5 mL), and the peptide was cleaved off with
a mixture TFA/ CH,Cl, (90:10) (1.0 mL) at room temperature for 1.5 h. The crude product was
purified by RP-HPLC using MeCN/water and silica flash chromatography using MeOH/ CH,Cl,
(1:20) to give 1 as white foam. 'H-NMR (400 MHz, CD;0D) §7.83 (d, J = 7.5 Hz, 2H), 7.72 (d,
J=1.3Hz, 2H), 7.43 (t,J= 7.3 Hz, 2H), 7.40 — 7.32 (m, 2H), 5.70 (q, J = 6.8 Hz, 1H), 4.76 (dd,
J=10.9,5.8 Hz, 1H), 4.49 (dd, J=10.9, 5.9 Hz, 1H), 4.41 — 4.33 (m, 1H), 4.26 (t,J = 5.6 Hz,
1H), 3.89 (dd, J=110.2, 17.0 Hz, 2H), 3.57 — 3.46 (m, 1H), 3.27 — 3.09 (m, 3H), 2.40 — 2.18 (m,
3H), 2.07 - 1.83 (m, 3H), 1.74 (d, J=7.1 Hz, 3H), 1.63 — 1.45 (m, 4H), 1.39 — 1.28 (m, 4H),
0.93 (t, J=6.7 Hz, 1H). "C-NMR (100 MHz, CD;0D) § 175.5, 172.3, 170.2, 157.8, 146.0,
145.8, 143.7, 143.6, 133.0, 129.8, 129.7, 129.1, 127.0, 126.9, 122.8, 122.7, 121.9, 121.8, 68.5,
63.6,51.4,44.3,41.1,31.4,30.6, 28.3, 26.9, 26.8, 12.9. HRMS calcd for C3;H33N4O7 [M +
Na]" 613.2638, measured 613.2624.
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HPLC analyses of products in coupling reactions

MWD1 G, Sig=280,16 Ref=360,100 (YALONG\DEF_LC 2012-03-16 10-34-59\001-0301.D)
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Figure S1. HPLC trace of Fmoc-Thr-Pro-Gly-Hex-OH.

Analyses of Fmoc-Thr-Pro-Gly-Hex-OH 1, its racemized D isomer S11, -elimination product
S14 and the unreacted starting peptide Fmoc-Pro-Gly-Hex-OH S10 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 with water (0.1 % TFA, solvent A) and acetonitrile (0.1%
TFA, solvent B). 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. All
data have an error of less than 0.3% based on repeat HPLC assays using the same standard
glycopeptide sample from our previous studies. The yield, epimerization, and B-elimination
were calculated from the peak area of corresponding peptides or glycopeptides that are absorbed
at 280 nm by Fmoc groups.
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MWD1 G, Sig=280,16 Ref=360,100 (YALONG\DEF_LC 2012-03-16 10-34-59\002-0501.D)
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Figure S2. HPLC trace of Fmoc-Thr(Ac;GalNAca)-Pro-Gly-Hex-OH.

Analyses of Fmoc-Thr(Ac;GalNAca)-Pro-Gly-Hex-OH 2, its racemized D isomer S12, 3-
elimination product S14 and the unreacted starting peptide Fmoc-Pro-Gly-Hex-OH S10 were
performed with the same conditions as those described in Figure S1.
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MWD1 G, Sig=280,186 Ref=360,10C (YALONG\DEF_LC 2012-03-16 10-34-59\003-0701.D)
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Figure S3. HPLC trace of Fmoc-Thr(Ac;GlcNAcp)-Pro-Gly-Hex-OH.
Analyses of Fmoc-Thr(Ac;GIcNAcp)-Pro-Gly-Hex-OH 3, its racemized D isomer S13, -
elimination product S14 and the unreacted starting peptide Fmoc-Pro-Gly-Hex-OH S10 were

performed with the same conditions as those described in Figure S1.
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Figure S4. Measurement of the yield, epimerization and B-elimination of condition 7 for
Fmoc-Thr(Trt)-OH via a HPLC assay.
(A) HPLC trace of three standard peptides mixtures, Fmoc-Pro-Gly-Hex-OH S10, Fmoc-Thr-
Pro-Gly-Hex-OH 1, and its racemized D isomer S11; (B) HPLC trace of the products from
coupling Fmoc-Thr(Trt)-OH to ProGlyHex resin using condition 7. Analyses were performed
with the same conditions as those for obtaining Figure S1. The B-Elimination product standard,
which was only obtained with small amount and not stable in solution, was not added to the
standard peptide mixtures for routine analysis. Three standard peptides mixtures, S10, 1, and
S11, were analyzed each time and compared with the HPLC trace in Figure S1 to determine the
retention time of the f-elimination product for each HPLC assay.
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(A) MWD1 G, Sig=280,16 Ref=360,100 (YALONG\DEF_LC 2011-12-12 17-50-18\001-0201.D)
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Figure SS. Measurement of the yield, epimerization and B-elimination of condition 7 for
Fmoc-Thr(Ac;GalNAca)-OH via a HPLC assay.

(A) HPLC trace of three standard peptides mixtures, Fmoc-Pro-Gly-Hex-OH S10, Fmoc-
Thr(Ac;GalNAca)-Pro-Gly-Hex-OH 2, and its racemized D isomer S12; (B) HPLC trace of the
products from coupling Fmoc-Thr(Ac;GalNAca)-OH to ProGlyHex resin using condition 7.
Analyses were performed with the same conditions as those described in Figure S1. The retention
time of the B-elimination product for each HPLC assay was derived from Figure S2 using the
similar method as that in Figure S4.
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(A) MWD1 G, Sig=280,16 Ref=360,100 (YALONG\DEF_LC 2011-12-21 09-58-07\002-0201.D)
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Figure S6. Measurement of the yield, epimerization and B-elimination of condition 7 for
Fmoc-Thr(Ac;GlcNAcp)-OH via a HPLC assay.

(A) HPLC trace of three standard peptides mixtures, Fmoc-Pro-Gly-Hex-OH S10, Fmoc-
Thr(Ac3;GIlcNAcP)-Pro-Gly-Hex-OH 3, and its racemized D isomer S13; (B) HPLC trace of the
products from coupling Fmoc- Thr(Ac;GlcNAcB)-OH to ProGlyHex resin using condition 7.
Analyses were performed with the same conditions as those described in Figure S1. The retention
time of the B-elimination product for each HPLC assay was derived from Figure S3 using the
similar method as that in Figure S4.
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Table S1. Summary of yields, epimerization and p-eliminaion for D-amino acids coupling
to ProGlyHex with condition 2

Fmoc-D-Thr(R)-OH, where R =

Coupling Conditions * Trt AczGalNAco Ac3GleNAcp
AAs: 4.4 eq Yields (%)° 40.3 97.0 7.6
HATU/HOALt: 4.4/0 eq Epimerization (%)° 4.13 0.18 24.4
NMM: 8.8 eq in NMP B-Elimination (%)" 16.6 23 92.4
3/12h

*Glyco-amino acids were coupled to Pro-Gly-Hex resin (10 mg, 2.97 umol) in 0.15 mL NMP. Preincubation time and coupling times are listed as
x/y h format. (e.g. 3/12 h =3 h pre-incubation followed by 12 h reaction time). *All yield and epimerization data have an error of less than 0.3%.
The yield refers to the percentage of D+L products relative to the total peptide (D+L products, f-elimination product, and truncated peptide).
Epimerization referes to the ratio of D glycopetide to the combined amount of D+L glycopeptide products.
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Table S2. Epimerization and p-elimination as a function of the concentration of TMP

Coupling Conditions * Fmoc-Thr(R)-OH, where R =
AA/HATU /TMP (1:1:x), x= Trt Ac;GalNAco Ac;GlcNAcp

leq Yields (%) 74.2 86.6 932
Epimerization (%) <0.2% 0.6 0.3

B-Elimination (%)" 0.2 <0.2% 0.4

2eq Yields (%)° 82.6 91.2 99.0
Epimerization (%) <0.2% 0.5 0.4

B-Elimination (%)" 0.2 <0.2% 0.8

4eq Yields (%) 88.8 98.5 97.9
Epimerization (%) <0.2% 0.5 0.3

B-Elimination (%) <0.2% 0.2 1.6

8eq Yields (%)° 99.7 95.6 95.2
Epimerization (%) 0.2 0.5 0.5

B-Elimination (%)" <0.2% 0.2 42
12 eq Yields (%)® 99.6 97.5 93.6
Epimerization (%) 0.2 0.5 0.6

B-Elimination (%)" 0.2 <0.2% 6.1

16 eq Yields (%) 99.7 93.2 92.1
Epimerization (%) <0.2% 0.5 0.5

B-Elimination (%)" 0.2 0.2 7.5
20 eq Yields (%) 94.2 94.8 90.6
Epimerization (%)° <0.2% 0.6 0.2

B-Elimination (%)" <0.2% 0.2 9.0

*Glyco-amino acids were coupled to Pro-Gly-Hex resin (10 mg, 2.96 pmol) using the condition: AA/HATU/TMP=1:1:x in 0.15 mL DMF with 3
h pre-incubation followed by 2 h reaction time. ®All data have an error of less than 0.3%. The yield refers to the percentage of D+L products
relative to the total peptide (D+L products, B-elimination product, and truncated peptide). Epimerization referes to the ratio of D glycopetide to
the combined amount of D+L glycopeptide products.
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Table S3. Raw data for Table 2 (relative reaction rates)

AcO _OAc
. o
AcO NHFmoc
AcHN g

O coH

HATU/Base
Rx for x Min

Ac
Fmo

AcO _OAc

0}
O
AcHN

o o)
H
CHNI[TN NQkN/\/\/YOWO
0 o} H o}

+
OT 0
H
N N\)J\N/\/\/\H/OJV( >
FmocHN H
o) O O

Entry ﬁi:;nféol éf]t)ivaﬁ"“ reagent ]?I‘:(‘:‘CS_E:‘A)S_OH ?l:l:(gTrt)- Base (eq)  A(Truncated) A(Thr) A(Other) i‘z‘:/ Thr
(mL) OH (eq)
23.97min" 21.26 min®  28.49 min
[Thr(GalNAca)]*
Trla  5/1.5 Eﬁfg){om Thr(GalNAca) 2.0) 2.0 (1;1"3;) 3531.1 512.8 373.7 0.73
Trib  5/1.5 Zﬁfg){o’“ Thr(GalNAca) 2.0) 2.0 (1;1_\3;) 3562.1 478 3253 0.68
Trlc 5/1.5 gﬁ)}fg){OAt Thr(GalNAca) (2.0) 2.0 g‘gf 2749 411.4 283.1 0.69
23.97min" 21.26 min®  25.18 min [D-
Thr(GalNAco)]*
Tr2a  5/1.5 Zﬁfg){%t D- Thr(GalNAca) 2.0) 2.0 (1;1_\3;) 2856.4 409.5 376.8 0.92
T2b 515 gﬁfg){o’“ D- Thr(GalNAca) 2.0) 2.0 (Tﬁf 30233 4412 391.6 0.89
Te /1.5 Eﬁ;fg){om D- Thr(GalNAca) (2.0) 2.0 (1;1-\3;) 2935.1 382 344 0.90
23.97min" 21.26 min®  20.25 min (Ser)®
Tda  5/1.5 Eﬁ;fg){om Ser(OTrt) (2.0) 2.0 (1;1-\3;) 2467.6 327.6 1133.1 3.46
b 5/1.5 Zﬁfg){o’“ Ser(OTrt) (2.0) 2.0 (1;1_\3;) 4031 539.6 1481.7 275
T 5/1.5 2%7%?0At Ser(OTrt) (2.0) 2.0 (ng 2637.9 3416 1288.2 3.77
38.78 min® 32.91 min®  44.71 min
[Thr(GleNAcp)|
Trda  5/1.5 g{};fél){om Thr(GIcNAcp) 2.0) 2.0 (%f 881 372.8 950.3 2.55
Trdb  5/1.5 Eﬁ;fg){om Thr(GIcNAcB) (2.0) 2.0 (1;1-\3;) 815.6 400 10702 2.68
Trde  5/1.5 gﬁfg){o’“ Thr(GIcNAcB) (2.0) 2.0 (Tﬁf 840.5 356.8 939.7 2.63
38.78 min” 32.91 min®  46.15 min [D-
Thr(GIcNAcp)]
Trsa  5/1.5 gﬁ)ffé)HOAt D-Thr(GIcNAcB) 2.0) 2.0 (1;1.\(4);) 848.8 510.7 533.8 1.05
Tisb 5/1.5 gﬁf&HOAt D-Thr(GIcNAcB) 2.0) 2.0 (Tﬁf 962.5 533.9 541.4 1.01
Trse  5/1.5 g’ﬁfé)HOAt D-Thr(GIcNAcB) 2.0) 2.0 (%f 846.8 446.9 4347 0.97

Product ratios were evaluated with Waters XTerra® RP 18 (4.6 mm x 250 mm) reverse phase column using 2 different HPLC methods. UV absorption was
measured at 280 nm and the flow rate was 1 mL/min with water (0.1 % TFA, solvent A) and acetonitrile (0.1% TFA, solvent B). a) the percentage of solvent
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; b) the percentage of solvent

B was increased according to a linear gradient of 1%-28% in 8 min, kept at 28% for 3 min, increased from 28% to 36% in 39 min.
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