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Aza-Ylid intermediate 1

Tributyl phosphine (17 pL, 0.7 mmol) was added to 2-N-acetylamido-2-deoxy-f3-D-
glucopyranosyl azide (17 mg, 0.7 mmol) in ds-acetonitrile (1 mL). After 45 min, nmr
revealed complete conversion to the aza-yild intermediate 1; oy (400 MHz, d;-MeCN)
0.94 (9H, t,J 7.2 Hz, 3 x CH3), 1.36-1.53 (12H, m, 6 x CH>), 1.61-1.81 (6H, m, 3 x CH,),
1.91 (3H, s, Ac), 3.19-3.22 (1H, m, H-5), 3.33 (1H, at, J 8.8 Hz, H-2), 3.43 (1H, at,
J9.0 Hz, H-4), 3.50 (1H, at, J 9.5 Hz, H-3), 3.66-3.74 (2H, m, H-6, H-6"), 4.41 (1H, dd,
Ji12 8.2 Hz, Jup 21.1 Hz, H-1); 8p (250 MHz, d;-MeCN) 37.4;' m/z (ESI") 421 (M+H",
100%); HRMS (ESI") caled. for CoH4N,OsP (M+H") 421.2831. Found 421.2835.
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General method for synthesis of N-linked glycoamino acids:

Amino acid (1 equiv) 1-hydroxybenzotriazole (1  equiv) and 1,3-
dicyclohexylcarbodiimide (1 equiv) were stirred in anhydrous acetonitrile (1.5 mL) under
an atmosphere of argon. After 30 min the azide sugar (1.1 equiv) and tributyl phosphine
(1.1 equiv) were added and the reaction mixture stirred for a further 16 h. The reaction
mixture was concentrated in vacuo and the residue was purified by flash column
chromatography (ethyl acetate then water:isopropanol:ethyl acetate, 1:2:5) to afford the

glycoamino acid.

N-a-9-Fluorenylmethoxycarbonyl-N-3-(2-N-acetylamido-2-deoxy-—D-

glucopyranosyl)-L-asparagine tert-butyl ester 2

(0]
HO
HO o
HO OtBu
NHAc (0] NHFmoc

Yield 87%; m.p. 178.5-180.5 °C [Ref 182-184 °C]"; [a]p*! +2.0 (¢, 0.5 in MeOH); Viax
(KBr) 3323 (br, N-H, O-H), 1750, 1703, 1661, 1627 (s, C=0) cm™; &y (500 MHz,
CD;0D) 1.48 (9H, s, 3 x CH3), 1.93 (3H, s, Ac), 2.68 (1H, dd, Juu.cu 7.2 Hz, Jencw 15.7
Hz, CHH’CaH), 2.73 (1H, dd, Juncx 5.0 Hz, CHH’CoH), 3.45-3.49 (2H, m, H-4, H-5),
3.68 (1H, dd, Js¢ 2.7 Hz, Jss 11.4 Hz, H-6), 3.77 (1H, at, J 9.9 Hz, H-2), 3.85 (1H, d, J
11.7 Hz, H-6"), 4.24 (1H, at, J 6.6 Hz, CHH Fmoc), 4.32 (1H, at, J 7.0 Hz, CHpmoc), 4.44
(1H, at, J 3.5 Hz, CHH’pmoc), 4.97 (1H, d, J 9.7 Hz, H-1), 7.33 (2H, at, J 7.3 Hz, Ar-
H3Fmoc), 7.41 (2H, at, J 7.3 Hz, Ar-Hdgnoc), 7.68 (2H, d, J 7.4 Hz, Ar-H2pmoc), 7.81 (2H,
d, J 7.5 Hz, Ar-H5kmec); 8¢ (100 MHz, CD;0D) 21.9 (g, CH3), 27.2 (g, C(CH:)s), 37.6 (d,
aCCH>), 48.7 (d, CHgmoc), 51.7 (d, a-C), 55.1 (d, C-2), 61.7 (t, C-6), 67.0 (t, CHagmoc),
70.8 (d, C-5), 75.3 (d, C-3), 78.7 (d, C-4), 79.4 (d, C-1), 82.1 (s, C(CH3)3), 119.9 (d, Ar-
C5kmoc), 125.2 (d, Ar-C2pmoc), 127.2 (d, Ar-C3pmoc), 127.8 (d, Ar-Clgmec), 141.6, 144.2 (2
x s, Ar-C), 171.0, 171.7, 173.5 (3 x s, s x C=0); m/z (ESI') 612 (M-H', 100 %); HRMS
(ESI) caled. for C31H3sN3010 (M-H") 612.2557. Found 612.2542.
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N-0-9-Fluorenylmethoxycarbonyl-N-pB-(2-/V-acetylamido-2-deoxy-f—D-

glucopyranosyl)-L-asparagine allyl ester 3

0

Hgo o H

HO OM
NFAC 5 NHFmoc

Yield 62 %; amorphous solid; [a]p> +5.0 (¢, 0.5 in MeOH); Vimax (KBr) 3363 (br, N-H,
0-H), 1750, 1668 (s, C=0) cm™; &y (500 MHz, de-DMSO) 1.77 (3H, s, CH3), 2.52 (1H,
dd, Jenon 7.0 Hz, Jepew 16.1 Hz, CHH?), 2.65 (1H, dd, Jenon 5.8 Hz, CHH”), 3.06-3.12
(2H, m, H-4, H-5), 3.23-3.27 (1H, m, H-6), 3.43-3.45 (1H, m, H-3), 3.53 (1H, dd, J 9.6
Hz, J 19.1 Hz, H-2), 3.66 (1H, ad, J 10.9 Hz, H-6"), 4.21-4.34 (3H, m, CHgmoc, CHafmoc),
4.46 (1H, dd, J 6.8 Hz, J 14.3 Hz, aH), 4.53-4.57 (2H, m, CH,-CH), 4.82 (1H, at, J 9.4
Hz, H-1), 4.97,5.01 (2H, 2 x 5, 2 x OH), 5.19 (1H, d, J 10.5 Hz, CHH’=CH), 5.30 (1H, d,
J 17.3 Hz, CHH’=CH), 5.88 (1H, ddd, J 5.1 Hz, J 10.3 Hz, J22.1 Hz, CH=CH,), 7.33
(2H, t, J 7.3 Hz, Ar-H3), 7.43 (2H, t, J 7.4 Hz, Ar-H4), 7.65 (1H, d, J 8.3 Hz, NHaH),
7.71 (2H, d, J 7.4 Hz, Ar-H2), 7.78 (1H, d, J 8.9 Hz, NH-Ac), 7.90 (2H, d, J 7.5 Hz, Ar-
H5), 8.25 (1H, d, J 9.1 Hz, NH-H1); 8¢ (125 MHz, ds-DMSO) 22.7 (q, CH3), 39.8 (t,
CH,0.C), 46.6 (d, CHpmoo), 50.2 (d, aC), 54.5 (d, C-2), 60.9 (t, C-6), 64.9 (t, CH,-
CH=CHy>), 65.8 (t, CHapmoc), 70.5 (d, C-4), 74.5 (d, C-3), 78.7 (d, C-5), 78.9 (d, C-1),
117.9 (t, CH,=CH), 120.1 (d, Ar-C5), 125.2 (d, Ar-C2), 127.1 (d, Ar-C3), 127.6 (d, Ar-
C4), 132.4 (d, CH=CHy,), 140.7, 143.7 (2 x s, Ar-C), 155.8, 169.2, 169.9, 171.1 (4 x s, 4 x
C=0); m/z (ESI') 620 (M+Na', 100 %); HRMS (ESI") calcd. for C3oH3sN30;oNa
(M+Na") 620.2220. Found 620.2216.

N-0-9-Fluorenylmethoxycarbonyl-N-B-(-B—D-glucopyranosyl)-L-asparagine tert-

0
HO

HO o X
HO OtBu

OH (6] NHFmoc

butyl ester 4

Yield 50 %; [a]p> +3.7 (¢, 1.0 in MeOH); 8y (400MHz, CD;0D) 1.47 (9H, s, 3 x CHj),
2.80 (2H, dd, J 2.9 Hz, J 6.5 Hz, CH,aH), 3.27 (1H, at J 9.1 Hz, H-2), 3.20-3.34 (2H, m,
H-4, H-5), 3.43 (1H, at, J 8.7 Hz, H-3), 3.67 (1H, dd, Js 5 5.1 Hz, Jo 11.9 Hz, H-6), 3.85
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(1H, dd, Js¢ 2.1 Hz, H-6"), 4.24 (1H, at, J 7.0 Hz, CHpuoc), 4.28-4.40 (2H, m, CHapmoc),
4.49 (1H, at, J 5.7 Hz, aH), 4.90 (1H, d, Ji2 9.7 Hz, H-1), 7.33 (2H, at, J 7.4 Hz, Ar-
H3Fmoc), 7.40 (2H, at, J 7.3 Hz, Ar-H4gmoc), 7.68 (2H, d, J 7.3 Hz, Ar-H2gmoc), 7.80 (2H,
d,J 7.5 Hz, Ar-HSpmoc); 8c (100 MHz, CD;OD), 26.9 (q, CHs), 37.1 (t, CHyaC), 47.0 (d,
CHrmoc), 51.2 (d, aC), 61.3 (t, C-6), 66.8 (t, CHarmoc), 70.0 (d, C-5), 72.5 (d, C-2), 77.6
(d, C-3), 78.2 (d, C-4), 79.6 (d, C-1), 82.7 (s, C(CH3)3), 119.6 (d, Ar-CSpmoc), 124.9 (d,
Ar-C2Fmoc), 126.8 (d, Ar-C3pmoc), 127.4 (d, Ar-Cpmec), 141.2, 143.8 (2 x 5, Ar-C), 157.0,
170.7, 171.8 (3 x s, C=0); m/z (ESI') 595 (M+Na', 100 %)."

N-o-[(1,1-Dimethylethoxy)carbonyl]-N-B-(2-NV-acetylamido-2-deoxy-f-D-

glucopyranosyl)-L-asparagine benzyl ester 5

(0]
HO
HO o X
HO OBn
NHAc O NHBoc

Yield 62 %, m.p. 100.3-101.8 °C; [a]p> + 29.0 (¢, 1.0 in MeOH); Vimax (KBr) 3363 (br,
N-H, O-H), 1668, 1652, (s, C=0) cm™'; 8y (400 MHz, CD;0D) 1.42 (9H, s, C(CHs)3),
1.97 (3H, s, NHAc), 2.72 (2H, d, J 5.2 Hz, aCHCH,), 3.33-3.35 (1H, m, H-4), 3.47 (1H,
dd, J 4.8 Hz, J 8.7 Hz, H-3), 3.65-3.85 (4H, m, H-2, H-5, H-6, H-6"), 4.56 (1H,
Jorcu 5.3 Hz, Juncw 7.2 Hz, aH), 4.97 (1H, d, J1, 9.6 Hz, H-1), 5.16 (2H, s, CH,Ph),
7.30-7.37 (5H, m, 5 x Ar-H); 8¢ (100 MHz, CD;0D) 23.4 (q, NHC(O)CH3), 29.1 (q,
C(CH3)3), 38.9 (t, CH,aCH), 52.3 (d, a-C), 56.5 (d, C-2), 63.1 (t, C-6), 68.5 (t, CH,Ph),
72.2 (d, C-4), 76.7 (d, C-3), 80.2 (d, C-5), 80.7 (d, C-1), 112.8 (s, C(CH3)3), 130.3 (d, 5 x
Ar-C), 137.6 (s, Ar-C), 158.3 (s, OC(O)N), 170.3, 173.5, 174.9 (3 x s, C=0); m/z (EST")
526 (M+H", 100 %); HRMS (ESI") calcd. for Cy4H3sN3010 (M+H") 526.2401. Found
526.2404.

N-0-[(1,1-Dimethylethoxy)carbonyl]-/N-pB-(2-N-acetylamido-2-deoxy-3-D-
glucopyranosyl)-L-asparagine anilide 6

0
HO
HO o R /©
Ho

NHAC 5 NHBoc
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Yield 53 %, m.p. 207-209 °C; [a]p'’ + 7.4 (¢, 1.0 in CHCl3); vinax (KBr) 3414 (br, N-H,
0-H), 1692, 1667, 1628 (s, C=0) cm'; 8y (CD;0D, 400 MHz) 1.47 (9H, s, C(CHs)3),
1.98 (3H, s, CH3), 2.66 (1H, dd, Jenon 6.9 Hz, Jewcw 15.8 Hz, CHH?), 2.75 (1H, dd,
Jew.on 5.5 Hz, CHH?), 3.35-3.37 (2H, m, H-4, H-5), 3.46-3.51 (1H, m, H-3), 3.65-3.70
(1H, m, H-6), 3.75 (1H, at, J 9.9 Hz, H-2), 3.84 (1H, d, J 11.6 Hz, H-6"), 4.58-4.60 (1H,
bm, aH), 5.00 (1H,d, J 9.7 Hz, H-1), 7.11 (1H, t, J 7.4 Hz, p-Ar-H), 7.32 (2H, t, J 7.7 Hz,
m-Ar-H), 7.56 (2H, d, J 7.9 Hz, o-Ar-H); ¢ (CD;0OD, 100 MHz) 21.9 (q, CHs3), 27.7 (q,
C(CH3)3), 33.7 (t, CH,aC), 48.7 (d, aC), 55.2 (d, C-2), 61.8 (t, C-6), 71.0 (d, C-5), 75.3
(d, C-3), 78.7 (d, C-4), 79.4 (d, C-1), 117.7 (s, C(CH3)3), 120.7 (d, 0-Ar-C), 124.5 (d, p-
Ar-C), 128.8 (d, m-Ar-C), 138.4 (s, Ar-C), 159.0, 171.0, 173.7 (2 x s, C=0); m/z (ESI')
509 (M-H', 100); HRMS (ESI") calcd. for C,3H3sN4O9 (M-H") 511.2404. Found
511.2425.

N-a-[(1,1-Dimethylethoxy)carbonyl]-N-B-(B-D-glucopyranosyl)-L-asparagine anilide

7
H%&/HMHQ
O 6 NHBoc

Yield 47 %, clear oil; [o]p>' + 4.8 (¢, 0.5 in MeOH); Vmax (thin film) 3423 (br, N-H, O-
H), 1637 (s, C=0) cm™; 8y (400 MHz, CD;0D) 1.47 (9H, s, 3 x CH3), 2.73-2.81 (2H, m,
CH,), 3.28 (1H, at, J 9.2 Hz, H-2), 3.32-3.38 (2H, m, H-4, H-5), 3.43 (1H, at, J 8.7 Hz,
H-3), 3.64 (1H, dd, Js56 5.2 Hz, Js ¢ 11.9 Hz, H-6), 3.83 (1H, dd, J5¢ 2.1 Hz, H-6"), 4.58-
4.61 (1H, m, aH), 4.92 (1H, d, J1» 9.4 Hz, H-1), 7.12 (1H, t, J 7.4 Hz, p-Ar-H), 7.32 (2H,
t, J 7.8 Hz, m-Ar-H), 7.56 (2H, d, J 7.9 Hz, o-Ar-H); ¢ (100 MHz, CDs;0OD) 27.7 (q,
C(CHs3)3), 37.9 (t, CH»), 52.4 (d, aC), 61.7 (t, C-6), 70.4, 78.6 (2 x d, C-4, C-5), 73.0 (d,
C-2), 77.7 (d, C-3), 80.0 (d, C-1), 120.7 (d, 0-Ar-C), 124.5 (d, p-Ar-C), 128.8 (d, m-Ar-
0), 138.4 (s, C(CH3)3), 143.5 (s, Ar-C), 156.7, 171.2, 172.2 (3 x s, C=0); m/z (ESI+) 492
(M+Na+, 100%); HRMS (ESI+) caled. for C;H3N3O9Na (M+Na+) 492.1958. Found
492.1952.
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N-a-9-Fluorenylmethoxycarbonyl-N-B-(2-N-Acetylamido-4-O-(2-N-acetylamido-2-

deoxy-B-D-glucopyranosyl)-2-deoxy-B-D-glucopyranosyl)-L-asparagine tert-butyl

HO HO Q
HO HO OtBu

NHAG
NHAC 5 NHEmoc

ester 8

Yield 61 %; [a]p® +2.0 (¢, 1.0 in DMSO); 8y (500 MHz, de-DMSO) 1.40 (9H, s, 3 x
CHs), 1.79, 1.84 (6H, 2 x s, 2 x Ac), 2.46 (1H, dd, Jeuon 1.7 Hz, Joncw 16.2 Hz,
CHH’aH), 2.60 (1H, dd, Jew on 5.5 Hz, CHH’oH), 3.04-3.76 (12H, bm, H-2a, H-2b, H-
3a, H-3b, H-4a, H-4b, H-5a, H-5b, H-6a, H-6b, H-6’a, H-6’b), 4.20-4.24 (1H, m,
CHEmoc), 4.30-4.33 (3H, m, CHappoe, 0H), 4.43 (1H, d, J,, 8.7 Hz, H-1b), 4.82-4.87 (1H,
m, H-1a), 7.33-7.35 (2H, m, Ar-H3), 7.41-7.44 (2H, m, Ar-H4), 7.48 (1H, d, J 8.2 Hz,
NHoH), 7.63 (2H, d, J 8.6 Hz, Ar-H2), 7.72 (2H, d, J 7.3 Hz, Ar-H5), 7.79 (1H, d, J 8.1
Hz, NH-H2b), 7.85 (1H, d, J 7.5 Hz, NH-H2a), 8.24 (1H, d, J 9.0 Hz, N-Hy.jink); Sc
(100MHz, d-DMSO) 23.5 (q, CHs), 28.1 (q, C(CHs)3), 40.3 (t, CH,aC), 46.6 (d,
CHemoc), 50.9 (d, aC), 55.0, 56.6 (2 x d, C-2a, C-2b), 60.9, 62.2 (2 x t, C-6a, C-6b), 66.3
(t, CHarmoc), 71.9, 73.8, 75.3, 78.1, 78.4, 82.8 (6 x d, C-3a, C-3b, C-4a, C-4b, C-5a, C-
5b), 79.7 (d, C-1a), 81.3 (s, C(CHs)3), 103.4 (d, C-1b), 118.1 (d, Ar-C5), 125.9 (d, Ar-
C2), 127.8 (d, Ar-C3), 128.4 (d, Ar-C4), 141.6, 144.5 (2 x s, 2 x Ar-C), 196.6, 170.5,
170.7 3 x s, C=0); m/z (ESI") 839 (M+Na', 100%); HRMS (ESI') calcd. for
C30H5,N4015Na (M+Na") 839.3327. Found 839.3320.

Solid phase peptide synthesis

This was carried out manually on a rink amide resin. Amino acids were coupled using
HOBt, PyBOP, DIEA in DMF. Piperidine (20 % in DMF) was used to remove Fmoc
protecting groups. Double coupling was required for the coupling of N-linked
glycoamino acids and the two adjacent amino acids and HATU was used as an alternative
coupling agent for these steps also. TFA/TIS/H,O was used to cleave the glycopeptides

from the resin.
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Staudinger Ligation on tetrapeptide

Peptide (1 equiv, typically 10 mg), 1-hydroxybenzotriazole (1.5 equiv) and 1,3-
dicyclohexylcarbodiimide (1.5 equiv) were stirred in anhydrous DMF (1.5 mL) under an
atmosphere of argon. After 30 min the azide sugar (2 equiv) and tributyl phosphine (2
equiv) were added and the reaction mixture stirred for a further 72 h. The reaction
mixture was concentrated in vacuo and the residue was purified by reverse phase HPLC.
The absorbance of the starting peptide and glycopeptide were assumed identical in the

calculation of percentage conversion.

Tetramer glycopeptide 12

FmocHN—S—N—L—T—NH,

8 (500 MHz, d.-DMSO) 0.79 (3H, d, J 6.4 Hz, CHs-L), 0.84 (3H, d, J 6.6 Hz, CH;-L),
1.03 (3H, d, J 5.7 Hz, CH;5-T), 1.48 (2H, t, J 6.8, p-CH,-L), 1.58 (1H, d, J 6.7 Hz, yCH-
L), 1.81 (3H, s, Ac), 2.44 (1H, dd, Jep o 6.1 Hz, Jepcw 16.5 Hz, CHH’-N), 2.69 (1H, dd,
Jew on 6.3 Hz, CHH’-N), 3.03-3.07 (1H, m, H-4), 3.11-3.13 (1H, m H-5), 3.33-3.34 (1H,
m, H-3), 3.40 (1H, m, H-6), 3.51-3.53 (1H, m, H-2), 3.58 (2H, s, BCH,-S), 3.66-3.67
(1H, m, H-6"), 3.51-3.66 (3H, m, aH-T, BCH,-T), 4.12 (1H, d, J 6.8 Hz, aH-S), 4.21-
429 (4H, m, oH-L, CHmoe, CHopmoc), 4.58 (1H, d, J 6.6Hz, oH-N), 4.79 (1H, at,
J 9.6 Hz, H-1), 4.87 (1H, bs, OH-T), 5.09 (2H, bs, 3-OH, 4-OH), 5.18 (1H, bs, 6-OH),
7.34 (2H, t, J 7.9 hz, Ar-H), 7.43 (3H, t, J 7.4 Hz, Ar-H, NH-S), 7.58 (1H, d, J 7.9 Hz,
NH-T), 7.74 (2H, d, J 3.6 Hz, Ar-H), 7.85 (1H, d, J 8.3 Hz, NHAc), 7.99 (2H, d,
J 8.1 Hz, NH-L), 8.29 (1H, d, J 8.5 Hz, NH-N link), 8.33 (1H, d, J 7.0 Hz, NH-N); m/z
(EST") 858 (M+H", 100%); HRMS (ESI") calcd. for C4HssN;0;4Na (M+Na") 880.3699.
Found 880.3698.
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