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S1. Synthesis

S1.1 Synthesis of linked mannose compounds
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Scheme S1. Synthesis of short mannose headgr8dp

2,3,4,6-Tetra-O-acetyl-1-(2-benzyloxycar bonylamino-ethoxy)-mannose (S3)
2,3,4,6-Tetra®-acetylD-mannopyranosyl trichloroacetimidate (500 mg, 1rBgol, 1 eq.) and
N-Z-ethanolamine (396 mg, 2.03 mmol, 2 eq.) weresaliged in dry THF (10 mL) in a round
bottom flask in the presence of activated molecaiaves. The mixture was stirred at —30 °C and
trimethylsilyl trifluoromethanesulfonate (50 uL,206 mmol, 0.271 eq.) in THF (5 mL) was
added slowly. The reaction was allowed to warmaom temperature and stirred for a further 5
hours, at which point mass spectroscopy showedartirsg material. The molecular sieves were
removed by filtration, and the solvent removed frtme filtrate under reduced pressure. The
residue was purified using flash column chromatpgya(3:7 ethyl acetate/40-60 °C petroleum
ether slowly increasing to 1:1, on silica). Theguot was obtained as a clear oil (328 mg, 62%);
TLC R; 0.23, (4:6 ethyl acetate/40-60 °C petroleum eth&)NMR (400 MHz, CDC}, 25 °C) :

04 1.99 (3 H, s, Ac Ch), 2.03 (3 H, s, Ac CkJ, 2.08 (3 H, s, Ac CkJ, 2.15 (3 H, s, Ac CH,
3.41-3.47 (3 H, m, B,NHCBz, NH), 3.56 (1 H, ddd®J = 3.7, 5.6, 10.1 Hz, O&,H,), 3.77 (1 H,
3J=13.8, 5.5, 9.7 Hz, OCl,), 3.96 (1 H3J = 1.7, 5.5, 11.8 Hz, sugar H-5), 4.07 (1 H, iz
1.5, 12.1 Hz, sugar Hzf 4.26 (1 H, dd?J = 5.6, 12.2 Hz, sugar Hy6 4.82 (1 H, d2J = 1.2 Hz,
sugar H-1), 5.11 (2 H, s, @GAr), 5.24 (1H, dd3J = 1.2, 3.1 Hz, sugar H-2), 5.27 (1H, dd=
9.9, 11.5 Hz, sugar H-4), 5.31 (1H, dd,= 3.2, 9.9 Hz, sugar H-3), 7.31-7.35 (5 H, m, ArHtC
NMR (100 MHz, CDC}, 25 °C) :6c 21.0 (2 x CH), 21.2 (CH), 21.4 (CH), 41.0 (CH), 62.8
(CHy), 66.4 (CH), 67.2 (Ch), 68.0 (CH), 69.1 (CH), 69.3 (CH), 69.7 (CH), 98.1 (CH), 1@8.
128.9 (5 x CH), 136.8 (C), 156.8 (C=0), 170.0-17(40x C=0);MS (ES) m/z 548.6 [M+Na]
(100%), 526.6 [M+Na+H] (92%); HRMS (ES’) m/z calculated for GH3,NO;," expected
526.1925, found 526.1912, calculated fogH;NO,Na" expected 548.1744, found 548.1725.

2,3,4,6-Tetra-O-acetyl-1-(2-aminoethoxy)-mannose ($4)
2,3,4,6-Tetrad@-acetyl-1-(2-benzyloxycarbonylaminoethoxy)-mann¢Sg 80 mg) was dissolved
in EtOH (5 mL) in a round bottom flask. 10% Pallahi hydroxide on carbon (10 mg) was added,
the mixture was stirred under,Mor 5 minutes, then flushed with hydrogen andrstirunder
hydrogen for 30 minutes. The hydrogen was removetlthe reaction filtered over Celite, and
the Celite washed with ethanol. The solvent was ttvaporated under reduced pressure to yield
a clear oil (45 mg, 75%) that gave satisfactorycsmscopic datd; TLC R 0.1 (4:6 ethyl
acetate/40-60 °C petroleum ethét; NMR (400 MHz, CDC}, 25 °C) :5,1.99 (3 H, s, Ac CH),
2.04 (3H, s, Ac Ch), 2.10 (3 H, s, Ac ChJ, 2.16 (3 H, s, Ac CH}, 2.93 (2 H, bs, B,NH,), 3.50

(1 H, ddd,®) = 5.0, 5.1, 10.2 Hz, O€.Hy), 3.74 (1 H, ddd®) = 5.0, 5.1, 9.9 Hz, OCHy,), 4.00

(1 H, H, ddd,?J = 3.0, 5.5, 10.1 Hz, sugar H-5), 4.11 (1 H, 8= 2.8, 12.2 Hz, sugar H)
4.28 (1 H, dd®) = 5.3, 12.2 Hz, sugar Hs% 4.85 (1 H, dJ = 1.8 Hz, sugar H-1), 5.25 (1 H, dd,
%)= 1.7, 3.6 Hz, sugar H-2), 5.29 (1 H, ddi= 9.6, 9.8 Hz, sugar H-4), 5.35 (1 H, dd,= 3.2,
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10.0 Hz, sugar H-3)*C NMR (100 MHz, CDC4, 25 °C) :8¢ 20.6 (2 x CH), 20.7 (CH), 20.9
(CH,), 41.4 (CH), 62.5 (CH), 66.2 (CH), 68.6 (CH), 69.1 (CH), 69.6 (CH), 7q®H,), 97.8
(CH), 169.7-170.6 (4 x C=OMS (ES") m/z 422.1 (63%), 392.4 [M+H](97%), 170.1 (100%);
HRMS (ES") m/z calculated for GH,sNO1o" expected 392.1556, found 392.1551.
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Scheme S2. Synthesis of long mannose headgr&ap
Synthesis of monoazido triethylene glycol
Synthesis of compound@®b andS7 was achieved by modification of literature procesu

Formation of monotosylated triethylene glycol (S6)>

Triethylene glycol (10 g, 66.591 mmol) and tosylocide (15 g, 78.7 mmol, 1.2 eq.) were dissolved
in CH,CI, (100 mL).The mixture was cooled to 0 °C and sileide (20 g, 86.3 mmol, 1.08 eq.) was
added followed by potassium iodide (1.90 g, 11.4alni®.143 eq.). The reaction was stirred for 30
minutes and filtered through a small plug of silieashing through with ethyl acetate. The solvent
was removed under vacuum and purified using colahmomatography (silica/ethyl acetate) to yield
a clear viscous oil (10.290 g, 51 %)L C R; 0.45 (ethyl acetate}d NMR (400 MHz, CDC}, 25 °C)

: 8y 2.45 (4 H, s, ® + tosyl (Hs), 3.57 (2 H, t3J=4.8, TEG ®1,), 3.61 (4 H, s, 2 x TEGIg,), 3.71
(4H, m, 2 xTEG €l,), 4.17 (2 H, t3J = 4.8, TEG ®l,), 7.35 (2 H, d®J = 8.0, 2 x tosyl A+ (meta

to sulphate)), 7.80 (2 H, &) = 8.3, 2 x tosyl A (ortho to sulphate))}*C NMR (75 MHz, CDC},

25 °C) :6c21.6 (CH), 61.6 (CH), 63.5 (CH), 69.3 (CH), 70.4 (CH), 71.0 (CH), 72.4 (CH), 127.8
(CH), 128.0 (CH), 129.8, (CH), 130.0 (CH), 132.%,(C45.0 (C);MS (ES") mVz 305.1 [M+HT (100
%), 306.1 [M+2H] (17 %);HRMS (ES") m/z calculated for GH.,,0sS’, expected 305.1053, found
305.1083.

Formation of monoazido triethylene glycol (S7)*

Monotosylated triethylene glyco86, 1 g, 3.286 mmol) was dissolved in dry DMF (25 m&pdium
azide (1.07 g, 16.462 mmol, 5 eq.) was added aadntixture heated at 70 °C overnight under
nitrogen. Water (50 mL) was added and the reactiotiure cooled. The product was then extracted
using ethyl acetate (3 x 30 mL), which was thenhedswith water (3 x 25 mL) and dried over
anhydrous sodium sulphate. The ethyl acetate veasrégmoved under vacuum and the crude mixture
purified using column chromatography (silica gdljgtacetate) to yield a clear liquid (280 mg, 58 %)
TLC R 0.41 (ethyl acetate)d NMR (300 MHz, CDC}, 25 °C) :8, 3.06 (1 H, s, @), 3.31 (2 H, t,
%)= 3.8, TEG ®i,N3), 3.51 (2 H, t3J = 3.7, TEG ®,CH,0OH), 3.59 (6 H, m, 3 x TEGI@;), 3.63 (2

H, t, %) = 3.2, TEG ®,0H); *C NMR (75 MHz, CDC}, 25 °C) :5c 50.5 (CH), 61.5 (CH), 69.9
(CHy), 70.3 (CH), 70.5 (CH), 72.5 (CH); MS (ES) m/z176.1 [M+HT (100 %), 198.1 [M+Nd](44

%), 217.1 [M+CHCN+H]" (93 %), 235.1 [M+CHCN+NaJ (51 %);HRMS (ES) nvz calculated for
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CsH13N3sO3Na’, expected 198.0855, found 198.084B:; : cm? 3403.8 (broad, OH), 2916.0 (broad,
CH), 2874.5 (broad, CH), 2106.6 (sharg).N

Formation of 2,3,4,6-tetra-O-acetyl-1-(9-azido-triethylene glycol)-mannose (S8)%
2,3,4,6-Tetra@-acetylb-mannopyranosyl trichloroacetimidatéSl, 100 mg, 0.203 mmol) and
monoazido triethylene glycolS¢, 42 mg, 0.240 mmol, 1.2 eq.) were dissolved in @HCl;, (5
mL). 4 A molecular sieves were added, then the umextplaced under an inert atmosphere and
cooled to 0 °C. Boron trifluoride diethyl etheratg5 plL, 0.122 mmol, 0.6 eq.) was added
dropwise and the reaction was stirred for 1.5 hatir®om temperature. Triethylamine was added
dropwise until the BFwas quenched, the mixture was filtered and theesdl was removed
under from the filtrate under reduced pressure. Tasidue was purified using column
chromatography (silica gel/4:6 ethyl acetate/40*60petroleum) to yield a viscous clear oil (74
mg, 72 %).TLC R 0.43 (1:1 ethyl acetate/40-60 °C petroleum eth&t)NMR (400 MHz,
CDCls, 25 °C) 04 1.92 (3H, s, OCC}H, 1.98 (3 H, s, OCC}H, 2.04 (3 H, s, OCCh, 2.09 (3 H,

s, OCCH), 3.34 (2 H, t°J = 5.0, TEG CHN3), 3.62 (9 H, m, 4 x TEG CH+ TEG GyH.), 3.75

(1 H, dt,*J=5.2, 8.7, TEG gHy), 4.01 (1 H, m, sugar H-5), 4.04 (1 H, dd= 2.2, 12.4, sugar
H-6,), 4.23 (1 H, dd®J = 5.2, 12.5, sugar Hgf 4.81 (1 H, d?J = 1.6, sugar H-1), 5.19 (1 H, dd,
3) = 1.8, 3.4, sugar H-2), 5.23 (1 H, dd,= 9.9, 10.6 sugar H-4), 5.29 (1 H, dd,= 3.3, 10.1,
sugar H-3)*C NMR (101 MHz, CDC}, 25 °C) :5c20.7 (2 x CH), 20.8 (CH), 20.9 (CH), 50.6
(CH,), 62.4 (CH), 66.1 (CH), 67.4 (Ch), 68.4 (CH), 69.1 (CH), 69.5 (CH), 70.0 (9H70.1
(CHy), 70.6 (CH), 70.7 (CH), 97.7 (CH), 169.8 (C=0), 170.0 (C=0), 170.1 (CsQYy0.8
(C=0); MS (ES) m/z506.1 [M+H] (10 %), 528.1 [M+Nd] (100%), 529.1 [M+H+Nd] (23%);
HRMS (ES") mvz calculated for GH3:N3;0:.Na", expected 528.1800, found 528.180R: cmi’
2926 (br, CH), 2106 (sh,IN 1747 (sh, C=0).

Formation of 2,3,4,6-tetr a-O-acetyl-1-(9-amino-triethylene glycol)-mannose (S9)>
2,3,4,6-Tetra@-acetyl-1-(9-azido-triethylene glycol)-mannos88( 75 mg, 0.149 mmol) was
dissolved in ethanol (5 mL). 10 % Palladium on cloat (2 mg) was added and the mixture was
placed under nitrogen. The mixture was evacuatedpdaced under a hydrogen atmosphere, then
stirred for 2 hours at room temperature. The mixtwas then filtered through celite and the
solvent evaporated to yield a clear oil (63 mg, $3% NMR (400 MHz, CDC}, 25 °C) :5, 1.93
(3H,s,Ac CH), 1.98 (3 H, s, Ac CH, 2.04 (3 H, s, Ac CH, 2.09 (3 H, s, Ac Ch), 3.39 (2 H,

m, CH,NH,), 3.49 (2 H, t] = 4.85, TEG EI,CH,NH,), 3.59 (9 H, m, 4 x TEG CH+ TEG
CwyHa), 3.75 (1 H, dt®J = 4.3, 8.4, TEG GHy), 4.00 (1 H, m, sugar H-5), 4.04 (1 H, dd= 3.2,
11.1, sugar H-§, 4.22 (1 H, dd3J = 4.9, 12.2, sugar Hgf 4.81 (1 H, d3J = 1.5, sugar H-1),
5.19 (1 H, dd3J = 1.68, 2.94, sugar H-2), 5.22 (1 H, dd= 8.2, 8.8, sugar H-4), 5.27 (1 H, dd,
%) = 2.8, 8.9, sugar H-3}2C NMR (100 MHz, CDC}, 25 °C) :8c20.7 (2 x CH), 20.8 (CH),
20.9 (CH), 41.1 (CH), 62.4 (CH), 66.1 (CH), 67.4 (Ch), 68.5 (CH), 69.1 (CH), 69.2 (CH),
69.9 (CH), 70.2 (CH), 70.6 (CH), 70.7 (CH), 97.7 (CH), 169.7 (C=0), 170.0 (C=0), 170.1
(C=0), 170.7 (C=0)MS (ES’) m/z 480.2 [M+H] (100 %); HRMS (ES") m/z calculated for
C,0H3sNO;,H* 480.2081, found 480.2072R: cmi* 3404 (NH), 2926 (br, CH), 1747 (sh, C=0).
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S1.2 Synthesis of galactose analogue of 2 (S13)
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Scheme S2. Synthesis of short galactose headgr8if
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Scheme S3. Synthesis of short galactose i B3.

2,3,4,6-Tetra-O-acetyl-1-(2-benzyloxycar bonylamino-ethoxy)-gal actose (S11)

Pentaacetyl galactos&10, 500 mg, 1.28 mmol) and-Z-ethanolamine§2, 300 mg, 1.54 mmol, 1.2
eg.) were dissolved in dry dichloromethane (15 nilfje solution was cooled to 0 °C, stirred under
N, and BR.Et,O (0.5 mL, 4.81 mmol, 3.1 eq.) was added dropwilHee reaction was stirred
overnight. The reaction was then quenched withiEl mL) and the solvent evaporated. The crude
mixture was then acetylated using,8c(3 mL) and pyridine (9 mL) for 1 hour and thewtmn was
evaporated. The product was purified using colurhromatography (4:6 ethyl acetate/40-60 °C
petroleum ether on silica) to yield a clear oil939g, 59%)TLC R 0.53 (4:6 ethyl acetate/40-60 °C
petroleum ether)lH NMR (500 MHz, CDC}, 25 °C) :64 1.90 (3 H, s, Ac Ck}, 1.93 (3 H, s, AC
CHs), 1.95 (3 H, s, Ac CH, 2.07 (3 H, s, Ac Ch), 3.32 (2 H, m, &,NHCBz), 3.62 (1 H, ddd¥J
(H,H) =10.2, 7.1, 3.6 Hz, €H,CH,), 3.80-3.82 (2 H, m, OCH,CH, and sugar CH-5), 4.06 (2 H,
d,%J (H,H) = 6.6, sugar C}), 4.38 (1 H, d2J (H,H) = 7.9, sugar CH-1), 4.93 (1 H, dd,(H,H) = 3.4,
10.5, sugar CH-3), 5.02 (2 H, s, PR, 5.10 (1 H, dd®J (H,H) = 8.0, 10.4, sugar CH-2), 5.19 (1 H,
t, % (H,H) = 5.4, NHCBz), 5.31 (1 H, dd®J (H,H) = 0.7, 3.4, sugar CH-4), 7.25 (5 H, m, Ar g
NMR (126 MHz, CDC}, 25 °C) :5c 20.5-20.7 (4 x ChJ, 40.8 (CH), 61.3 (CH), 66.7 (CH), 67.0
(CH), 68.8 (CH), 69.4 (Ch), 70.7 (2 x CH), 101.5 (CH), 128.2 - 128.5 (5 x)CH36.5 (C), 156.3
(C=0), 169.6-170.4 (4 x C=OMS (ES) m/z 549.6 [M+Na+Hf* (28%), 526.6 [M+H] (100%);
HRMS (ES") m/z calculated for gH3:NO, . Na" expected 548.1738, found 548.1747.

2,3,4,6-Tetra-O-acetyl-1-(2-amino-ethoxy)-galact ose (S12)
2,3,4,6-Tetraacetyl-2-(2-benzyloxycarbonylaminoestf)-galactose §11, 100 mg, 0.19 mmol) was
dissolved in ethanol (5 mL). 10% palladium hydrexidn carbon (10 mg) was added and a rubber
stopper was used to plug the flask. The mixture stiased under MNfor 5 minutes, then flushed using
a balloon of H and stirred under Hor 30 minutes. The Hballoon was removed and the reaction
was filtered over celite, washing with EtOH. Thé®Ht was then evaporated under vacuum to yield a
clear oil (73 mg, 99%TLC R; 0.1 (4:6 ethyl acetate/40-60 °C petroleum etHetNMR (500 MHz,
CDCl;, 25 °C) :64 1.96 (3 H, s, OCHjy), 2.02 (3 H, s, OCRB,), 2.04 (3 H, s, OCBH,), 2.13 (3 H, s,
OCCHy), 2.81 (1 H, m, G,H,NH,), 2.84-2.91 (1 H, m, CjH,NH,), 3.14 — 3.17 (2 H, bs, N 3.58

(1 H, ddd2J (H,H) = 3.8, 7.2, 10.0, O&.H,), 3.86-3.91 (2 H, m, OCHi,and sugar H-5), 4.08 — 4.17
(2 H, m, sugar CH), 4.48 (1 H, d3J (H,H) = 8.0 Hz, sugar H-1), 5.00 (1 H, &#(H,H) = 3.4, 10.5,
sugar H-3), 5.18 (1 H, dd) (H,H) = 8.0, 10.4, sugar CH-2), 5.37 (1 H, 8#i(H,H) = 0.7, 3.3, sugar
H-4); ®C NMR (126 MHz, CDC}, 25 °C) :5¢ 20.5-20.8 (4 x Ch), 41.5 (CH), 61.3 (CH), 67.0
(CH), 68.8 (CH), 70.5 (2 x CH), 72.1 (g 101.5 (CH), 169.6-170.4 (4 x C=QYIS (ES) n/'z
392.1 [M+H] (100%); HRMS (ES) mvz calculated for GH.NO;, expected 392.1556, found
392.1567.

S4/S20



Noble, Flitsch, Liem and Webb Supplementary information

2,2,3,3,4,45,5,6,6,7,7,8,8,9,9-Hexadecafluor o-10-(pyr en-1-ethoxy)-decycloxy-N-(2-a-D-(2,3,4,6-

tetr a-O-acetyl)-galactopyranosyl-ethyl)-acetamide
(2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9-Hexadecafluorqg@y@en-1-ylmethoxy)-decycloxy)-acetic acidl, (
50 mg, 0.068 mmol) was dissolved in dry £H (2 mL). The solution was stirred under nitroged an
dicyclohexylcarbodiimide (DCC) (18 mg, 0.087 mmd.,29 eq) was added followed hby-
hydroxysuccinimide (10 mg, 0.0879 mmol, 1.27 e@he solution was left to stir for 3 h at room
temperature, after which time a milky white pretdfe had formed. The reaction mixture was filtered
through cotton wool to remove the urea precipitatel 2,3,4,6-tetr®-acetyl-1-(2-aminoethoxy)-
galactose $12, 37 mg, 0.095 mmol, 1.40 eq.) was added in dry@H0.25 mL). The mixture was
stirred under dry nitrogen overnight. The crude tome was washed with NaHG@nd water, dried
over MgSQ and the CHCI, evaporated under reduced pressure. The crudenmiwtas then purified
using flash column chromatography (3:2:1 ethyl aegthloroform/cyclohexane on silica) to yield a
light-yellow solid (52 mg, 78%)TLC R; 0.25 (3:2:1 ethyl acetate/chloroform/cyclohexaieNMR
(300 MHz, CDC}, 25 °C) :64 1.98 (3 H, s, Ac Ch), 2.03 (3 H, s, Ac CH}, 2.04 (3 H, s, Ac Ck},
2.13 (3 H, s, Ac CH), 3.47-3.50 (2 H, m, B,NH), 3.69 (1 H, ddd?J (H,H) = 3.6, 7.1, 10.6,
OCH.Hy), 3.86-3.91 (2 H, m, OCHi,and sugar H-5), 4.01 (2 H,*] (H,F) = 14.0, CHKCF,), 4.06 (2
H, t,%J (H,F) = 14.2, CKCF,), 4.09 — 4.15 (4 H, m, §&,CONH, sugar Ch), 4.47 (1 H, d®J (H,H) =
7.9, sugar CH-1), 5.00 (1 H, d, (H,H) = 3.4, 10.5, sugar CH-3), 5.19 (1 H, d&#(H,H) = 7.9, 10.5
sugar CH-2), 5.39 (3 H, m, Ar-GHsugar CH-4), 6.75 (1 H,%] (H,H) = 5.6, amide NH), 7.97 - 8.34
(9 H, m, pyrene CH):2C NMR (75 MHz, CDC}, 25 °C) :5¢ 20.8-20.9 (4 x Ch), 39.1 (CH), 61.6
(CH,), 66.8 (t,3J (C,F) = 25.8, Ch), 67.3 (CH), 68.5 (£J (C,F) = 25.3, Ch), 68.6 (CH), 69.1 (CH),
71.1 (CH), 71.2 (CH), 72.3 (G} 73.4 (CH), 101.5 (CH), 123.3 (CH), 124.8 (CH), 124.9 (58
(C), 125.8 (2 x CH), 126.4 (CH), 127.5 (CH), 12{d81), 128.2 (CH), 128.5 (CH), 129.4 (C), 129.9
(C), 131.1 (C), 131.5 (C), 132.1 (C), 168.4 (C=099.8 — 170.4 (4 x C=OM S (ES) m/z 1130.1
[M+Na]" (12%), 1108.4 [M+H] (8%), 916.0 (30%), 894.0 (14%), 471.3 (12%), 442®%), 331.0
(41%), 266.2 (67%), 215.2 [pyrene@H(100%);HRM S (ES’) mVz calculated for GsHa:F1eNOaNa"
expected 1130.2215, found 1130.2249.

2,2,3,34,4)5,5,6,6,7,7,8,8,9,9-Hexadecafluor o-10-(pyr en- 1-ethoxy)-decycloxy-N-(2-a-D-
galactopyranosyl-ethyl)-acetamide (S13)

The deprotection of 2,2,3,3,4,4,5,5,6,6,7,7,8,8%8adecafluoro-10-(pyren-1-ethoxy)-decyclaXy-
(2-0-D-(2,3,4,6-tetrad-acetyl)-galactopyranosyl-ethyl)-acetamide (12 mggs undertaken in the
same fashion as for the mannose compdnd yield a milky yellow solid (9 mg, 75%J.LC R; 0.2
(9:1 chloroform/methanol)H_NMR (400 MHz, CROD, 25 °C) :§, 3.43-3.91 (11 H, m,
CH,CH,;NH, CH,CH,NH, sugar OH-2,3,4,6, CH-5,6,), 4.07-4.28 (5 H, m, sugar CH-1,2,3,4,
CH,CONH), 4.37 (2 H, t3J (H,F) = 14.7 Hz, CKCF,), 4.40 (2 H, t3J (H,F) = 14.3 Hz CKCF)),
5.55 (2H, s, CHHAr), 7.45 (1H, t3) = 5.8 Hz, NH), 8.11-8.50 (9 H, m, pyrene CHC NMR (75
MHz, CDCh, 25 °C) :8¢c 40.4 (CH), 63.1 (CH), 68.2 (t,°J (C,F) = 25.6, Ch), 69.5 (t,°J (C,F) =
25.8, CH), 69.8 (CH), 73.2 (CH), 74.1 (CH), 74.1 (CH), 74.7 (CH), 75.1 (CH), 75.4 (CH), 1D5.
(CH), 125.0 (CH), 126.1 (C), 126.2 (CH), 126.3 (€©27.0 (CH), 127.1 (CH), 127.9 (CH), 129.0
(CH), 129.1 (CH), 129.3 (CH), 129.5 (CH), 131.1,(C€31.9 (C), 132.5 (C), 132.9 (C), 133.3 (C),
167.9 (C=0);MS (ES") m/z 962.0 [M+Na] (13%), 963.0 [M+Na+H] (8%), 940.1 [M+H] (5%),
748.0 [PFEGal-pyreneGHNa]" (32%), 726 [PFEGal-pyreneGHH]" (10%), 563.9 (37%), 266.2
(76%), 215.0 [pyreneCiff (100%); HRMS (ES’) m/z calculated for GHasF1eNOgNa™ expected
962.1798, found 962.1803.
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S2. 'H NMR spectra

2,3,4,6-Tetra-O-acetyl-1-(2-benzyloxycar bonylamino-ethoxy)-mannose
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2,2,3,3,4,45,5,6,6,7,7,8,8,9,9-Hexadecafluor o-10-(pyr en-1-ethoxy)-decycloxy-N-(2-a-D-(2,3,4,6-
tetr a-O-acetyl)-mannopyr anosyl-ethyl)-acetamide
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Monotosyl triethylene glycol (S2)

Supplementary information
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2,3,4,6-tetr a-O-acetyl-1-(9-azido-triethylene glycol)-mannose (S5)
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2,2,3,3,4,45,5,6,6,7,7,8,8,9,9-Hexadecafluor o-10-(pyr en-1-methoxy)-decycl oxy-N-(2-(2-(2-a-D-
(2,3,4,6-tetr a-O-acetyl)-mannopyr anosyl-ethoxy)ethoxy)ethyl))-amide
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mannopyranosyl-ethoxy)ethoxy)ethyl))-amide (3)
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2,3,4,6-tetr a-O-acetyl-1-(2-benzyloxycar bonylamino-ethoxy)-galactose (S9)

; 3508 02860 BE %Ec SARAM ceis e
| e el VA RS T I [

mh / [ f / / J -

EA [

3 R N

i e R i e

aln ?‘!S 7!n lls nl.n SI_E sln 1.‘5 o t:;:“) !IS 30 25 zln 15 10 os
2,3,4,6-tetr a-O-acetyl-1-(2-amino-ethoxy)-gal actose (S10)

CEERL I

et N | W ey

CHCls : . ’I ' =
dil LTHD T

T T T T T T T T T T T T T T T
a0 7.5 70 (%1 (1] 55 50 45 40 10 x5 24 15 1.0 as o0

S11/S20



Noble, Flitsch, Liem and Webb Supplementary information

2,2,3,3,4,45,5,6,6,7,7,8,8,9,9-Hexadecafluor o-10-(pyr en- 1-ethoxy)-decycloxy-N-(2-a-D-(2,3,4,6-
tetra-O-acetyl)-galactopyranosyl-ethyl)-acetamide
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S3. Dynamic Light Scattering of 2 and 3 in agueous buffer
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Fig S1. Autocorrellation (experimental tracg Cumulant fit {) and regularization fit-f) and
calculated hydrodynamic radius of liggdn aqueous buffer.
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Fig S2. Autocorrellation (experimental tracg Cumulant fit {) and regularization fit-f) and
calculated hydrodynamic radius of liggdn aqueous buffer.
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4. Excimer formation for lipids 2 and 3 in agueous buffer and CAC deter mination
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Fig S3. Fluorescence spectra of (a) lifddand (b) lipid3 in aqueous buffer (20 mM MOPS, 100 mM
NacCl, pH 7.4) at 25 °C at concentrations of 20 WMA UM (-), 200 nM ), 20 nM €) and 2 nM{).

70
)

1.2 (a) o 601 (o)

| o 501 /
0.8} 40 |- /
301
0.4 204 /D
e 10k
o1 1 olomomn 12
11 9 -7 5 10 -9 -8 -7 -6 -5 -4

log[lipid 2] log[lipid 3]

E/M
E/M

Fig $4. E/M of (a) lipid2 and (b) lipid3 vs. log[lipid] for critical aggregation concentrati¢g6AC)
determination. The intercept of the two linear éitsresponds to the CAC value.
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S5. Observation of lipid rafts of 2 by fluor escence micr oscopy

Preparation of solid supported lipid films

To prepare the solid support, glass slides weranelg with piranha solution and oven-dried. Any
remaining residue was removed from the slides bghivg in absolute ethanol followed by further
drying overnight at 110 °C. A section of a polycarhte fluorescence cell was clamped firmly onto a
glass slide to provide a temporary, square-basdidnith an internal footprint of 1 cfn The bilayers
were prepared by incubating a suspension of unllameesicles prepared by sonication (34Q 2
mM lipid in 20 mM MOPS buffer, 100 mM NaCl, pH 7.4)ithin this well for an hour. After
incubation, the sample was rinsed with MOPS budiied the plastic well was removed to leave a
hydrated film on the glass surface. A cover-sligvaffixed with varnish to prepare the sample for
epi-fluorescence and confocal microscopy.

Fig S5. Fluorescence micrographs of solid supported éisyBilayers composed of DMPC with 1
mol% lipid 2 (left) exhibited a dark blue fluorescence under@API filter. Whereas bilayers
composed of 50 % mol/mol DMPC/cholesterol dopedh\imol%?2 (right) contained patches of

pyrene excimer, indicating phase separatiok &cale bar represents L.

S6. Fluor escence spectraof 1, 2 and 5 % mol/mol mannose lipid loadings
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Fig S6. Fluorescence spectra of (a) ligdand (b) lipid3 in DMPC at membrane loadings of 1 %
mol/mol (), 2 % mol/mol {) and 5 % mol/mol-.
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S7. Excimer formation due to phase separ ation of 2 and 3in DM PC/cholesterol vesicles.
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Fig S7. Fluorescence spectra of 1 % mol/mol (a) ligicand (b) lipid3 in vesicles composed of
DMPC (), 70/30 DMPC/cholesterot)and 50/50 DMPC/cholestera) @t 2 mM total lipid at 25 °C.

S8. Demonstration of complete incorporation of 2 and 3 in DMPC vesiclesat 1, 2 and 5 %
mol/mol; gel permeation chromatography.
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Fig S8. GPC elution profile of lipid 2 and lipid 3 in DMP&sicles at membrane loadings of 1 mol%
(1), 2 mol% @) and 5 mol% &) and in buffer ). No fluorescent material was elute@ibr 3 were
not incorporated in vesicles (Fig S6, S7).

Fig S9. GPC columns after elution of lipid 3 with 10 miffer. From left to right; 1 % mol/mol, 2 %
mol/mol and 5 % mol/mol in DMPC vesicles and asieettar suspension in buffer.
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Fig S10. GPC columns after elution of lipid 3 with 10 miffer under long wave UV light. From left
to right; 1 % mol/mol, 2 % mol/mol and 5 % mol/niIDMPC vesicles and as a micellar suspension
in buffer.

S9. Determination of K for 4-methylumbelliferyl-a-D-mannopyranoside (MUM) binding to
Con A

Concanavalin A/MUM solution (1.57 mM Con A, 2 uM NWJ 15 x 10 pL titres) was added to a
buffered solution of MUM (2 mL, 2 pM MUM, 20 mM MO® 100 mM NaCl, pH 7.4).
Fluorescence spectra were recorded (ex. at 31760ms)after each addition. The emission at 375
nm was fitted to a Stern-Volmer plot, which ga¢e (3.37 + 0.09) x 10M™? (K = K).

S10. Determination of K for 2 and 3 binding to Con A in solution; competition experiments
with MUM.

Titres of Con A/IMUM solution with2 or 3 (15 x 10 pL titres, 1.57 mM Con A, 20 p®lor 3, 2
UM MUM) were added to a solution of MUMith 2 or 3 (2 uM MUM, 20 uM2 or 3, 2 mL, 20
mM MOPS, 100 mM NaCl, pH 7.4). Fluorescence speuteae recorded (ex. at 317 nm) 60 s
after each addition. The emission of MUM (375 nmj gyrene monomer (379 and 395 nm)
overlaps when excited at 317 nm, while that of fhgene excimer was clear. Therefore
analogous titrations in the absence of MUM wergiedrout to give E/M ratios that allowed the
determination of the contribution of pyene monoraad thus MUM to the fluorescence at 375
nm. In a modification of the procedure of Landsahetoal,® a Scatchard plot was employed to
determineK from the resulting data. Equations S1 and S2 vused to resolve values for the
response (amount of bound ligamdl,and amount of unbound pyrene lipid {f{2]; or [3]f) at
each titre point.

. :1—%[[u]+ﬁ} (S1)

[PL:[Pl—[cl—B([ul—;] (s2)

Kcu - BKcu

Where [C], [U] and [P] are the total concentrationb Con A, MUM and pyrene lipid
respectively K., is the association constant of MUM with Con A ad& 1 —F,(0)/F, (F,(0) is
the initial MUM fluorescence at 375 nm). Plottin@P}; vs. r gave a linear plot with a gradient of
—K (Fig. S9) which gav& = (5.4 + 0.5) x 1dM™ for 2 andK was (6.9 + 1.1) x 1M for 3.
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Fig S11. (a) Fluorescence spectra of MUM (20 uM) lipid 3 (20 uM) ¢) and both (20 uM of each)
(-) in aqueous buffer (20 mM MOPS, 100 mM NaCl, pH)at 25 °C. (b) Fluorescence competition
experiment with increasing [Con A].
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Fig S12. Representative Scatchard plot from the MuMlipid 3 competition titration.
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S11. Isothermal titration calorimetry (I TC) datafor thetitration of Con A with lipid 3

Isothermal titration calorimetry was carried ouingsa Microcal VP-ITC calorimeter, with a cell
volume of 1.4384 mL. 24 x 12 L titres of a 2 mMusion of 3 (20 mM MOPS, 1 mM MnG| 1 mM
CaCh, 100 mM NacCl, pH 7.4, 5 vol % DMSO) were injeciatb the cell containing 200 uM Con A
(20 mM MOPS, 1 mM MnG| 1 mM CacC}, 100 mM NaCl, pH 7.4, 5 vol % DMSO), at 25 °C,ngsi
a reference power of 12 and stirring at 310 rprpid.B was also titrated into neat buffer to obtain
heats of dilution. The heats of dilution were sabted from the titration with Con A and curve-fitte
using a single-site binding model with Origin-IT@(sion 5).
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Fig S13. ITC traces for the titration of lipid into Con A (a). Heats of dilution were subtractedi
the data fit to a single site binding model (b).
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S12. Representative changes in _emission spectra during titrations of lipids 2 and 3 in
phospholipid vesicleswith Con A.
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Fig S14. Fluorescence quenching titrations with 1 % mol/lipid 2 in vesicles composed of (a)
DMPC and (b) 50/50 DMPC/cholesterol at 2 mM toiaild at 25 °C with increasing Con A
concentration.
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