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SYNTHESIS

Experimental Section

General. Reagents and solvents were purchased as reagete gral used without further
purification. CompoundsL,* 2,* 182 23" and 24"* were prepared according to previously
reported procedures. All reactions were perfornmestandard glassware under an inert Ar gr N
atmosphere. Microwave irradiation reaction wasqrened in a Biotage Initiator™. Evaporation
and concentration were done at water aspiratospresand drying in vacuo ati@orr. Column
chromatography: silica gel 60 (230-400 mesh, 0.0463 mm) was purchased from E. Merck.
Thin Layer Chromatography (TLC) was performed oasglor aluminium sheets coated with
silica gel 60 bEs4 purchased from E. Merck, visualization by UV light by revelation with
ethanolic phosphomolybdic acid. IR spectra {§rwere measured on an ATI Mattson Genesis
Series FTIR instrument. NMR spectra were recorded Bruker AC 300, AC 400 or JEOL ECX
400 with solvent peaks as reference. Compounds wleeacterized byH, *C, and NMR as
well as by'H-'H correlation and'H-'*C experiments when necessary. All The following
abbreviations were used to describe the multiphgit s=singlet, d=doublet, t=triplet,

m=multiplet, quint.=quintuplet br s=broad singlet.

1 J.-F. Nierengarten, J. lehl, V. Oerthel, M. Hall& M. lllescas, A. Mufioz, N. Martin, J. Rojo, Manchez-
Navarro, S. Cecioni, S. Vidal, K. Buffet, M. Durka, P. VincentChem. Commun. 2010,46, 3860.

2. lehl and J.-F. NierengarteZhem. Eur. J. 2009,15, 7306.

®R. J. Kaufman and R. S. Sidhu et&lOrg. Chem. 1982,47, 4941; M. Touaibia, A. Wellens, T. C. Shiao, Q.
Wang, S. Sirois, J. Bouckaert and R. RBgemMedChem, 2007,2, 1190; P. van der Peet, C. T. Gannon, |. Walker,
Z. Dinev, M. Angelin, S. Tam, J. E. Ralton, M. Jc@bnville and S. J. William&hemBioChem 2006,7, 1384; .
Ferrandiz-Huertas, J. Isac-Garcia, F. Pérez-Badard F. Santoyo-Gonzale&ynthesis 2005,6, 939.

*Y. Yamada, K. Matsuura and K. KobayadBiigorg. Med. Chem. 2005,13, 1913.
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Compound 4

_— \N
Cul / DIEA / DMF O\/\Q/ _\’\ o

0]
: o 4 é?

A solution o0f23 (22 mg, 0.1 mmol, 1 eq.22 (18 mg, 0.12 mmol, 1.2 eq.), DIBA41.8 pL, 0.24
mmol, 2 eq.) and Cul (9.5 mg, 0.05 mmol, 0.5 egdry DMF (200.0 uL) was warmed to 80°C
under microwave irradiation during 1 hour. The soks were then evaporated under reduced
pressure. Column chromatography (§i€tOAc to EtOAc/EtOH 8:2) gavé (14 mg, 35%) as a
yellow oil. [0]p?® (MeOH, ¢ = 0.5) = +26.2H NMR (21.1°C, 400 MHz, BD) § = 7.95 (s,1 H),
4.82 (d,J = 1.4 Hz, 1 H), 4.62 (ABJ =12.4 Hz, 2 H), 4.43 (t) = 6.4 Hz, 2 H), 3.97 (§ = 5.5
Hz, 2 H), 3.78 (ddJ = 1.6 and 3.2 Hz, 1 H), 3.71 (m, 1 H), 3.64-3.58 {nH), 3.62 (m, 1 H),
3.52 (t,J = 9.9 Hz, 1 H), 3.54-3.48 (m, 1 H), 2.17 (quikkz 5.9 Hz, 2 H), 0.95 (s, 9 H}°C
NMR (21.6°C, 101 MHz, BO) 6 = 181.8, 125.4, 99.5, 72.9, 70.5, 69.9, 66.7, 68068, 59.7,
48.1, 38.5, 28.2, 26.18. MFOF-MS-ES+): m/z: 242.15 (100%, [MeB1106+NH,]"), 404.2041
(88%, [M+HT"). HRMS: calcd for GHzoN3Og, [M+H] *: 404.2027, found: 404.2041.

Compound 5

o) o
HO - 22 HO - N
HO H - HO N="N
/

N
OM/ Cul / DIEA / DMF Oﬁz\w RS Jé)v

(58%)

The same procedure described for compotimés applied witt24 (15 mg, 0.058 mmaol, 1 eq.),
22 (12 mg, 0.069 mol, 1.2 eq.), DIEA (20.0 uL, 0.IhBnol, 2 eq.) and Cul (5.0 mg, 0.0262

® DIEA : Diisopropyl Ethylamine
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mmol, 0.5 eq.) in dry DMF (120 pL). The solution svevarmed to 80°C under microwave
irradiation during 1 hour. The solvents were theaperated under reduced pressure. Column
chromatography (Si§) EtOAc to EtOAC/EtOH 9:1) gavi (15 mg, 58%) as a yellow oila]p*
(MeOH, ¢ = 0.2) = +4.7*H NMR (21.8°C, 400 MHz, BD) 5 = 7.73 (s,1 H), 4.74 (s, 1 H), 4.29
(t, J= 6.2 Hz,2 H), 3.99 (tJ = 5.5 Hz, 2 H), 3.82 (m, 1 H), 3.75 (@ 11.9 Hz, 1 H), 3.69-3.62
(m, 3 H), 3.57-3.43 (m, 3 H), 2.65 &= 7.1 Hz, 2 H), 2.20 (m, 2 H), 1.67-1.51 (m, 4 H)O (s,

9 H). *C NMR (22.0°C, 101 MHz, BD) § = 181.7, 99.7, 72.7, 70.6, 70.1, 67.4, 66.7, 68069,
48.0, 38.5, 28.2, 27.9, 26.2, 25.2, 24.3. MS (TOS-EB+): m/z: 468.23 (100%, [M+N3]
913.47 (21%, [2M+Nd). HRMS: calcd for GoH3sN3OgNa, [M+Na]: 468.2316, found:
468.2292. Rf = 0.16 (EtOAC/EtOH).

Compound 6

OH 0O O
13 > HO ° = N NWO)%
HO H N=N
Cul / DIEA / DMF o 6
)

(67%

A solution of13 (67 mg, 0.15 mmol, 1 eq20 (see structure below, 63 mg, 0.37 mmol, 2.5 eq.),
DIEA (52 pL, 0.30 mmol, 2 eg.) and Cul (3 mg, 0.0h#&ol, 0.5eq.) in dry DMF (2 mL) was
stirred 24 hours at room temperature. The solweete then evaporated under reduced pressure.
Column chromatography (S}OEtOAc to EtOAC/EtOH 85/15) gaw& (41mg, 67%) as a yellow
oil. [0]p?° (MeOH, ¢ = 1.2) = 20.Z2H NMR (19.7°C, 400 MHz, CBDD) & = 7.74 (s, 1 H), 7.36
(d,J=85Hz,2H),7.31 (d=8.5Hz,2H),4.81 (d]=1.6 Hz, 1 H), 4.61 (AB)=12.4 Hz, 2

H), 4.37 (tJ=7.1 Hz, 2 H), 4.15 (s, 2 H), 4.07 {t= 6.4 Hz, 2 H), 3.82 (m, 1 H), 3.81 (d#lF

1.8 and 3.4 Hz, 1 H), 3.70 (dd= 3.9 and 9.4Hz, 1 H), 3.67 (m, 1 H), 3.0 {, J= 9.9 Hz, 1

H), 3.54 (dddJ = 2.3, 5.7 and 9.9 Hz, 1 H), 2.74 Jt= 7.8 Hz, 2 H), 2.26 ({) = 7.3 Hz, 2 H),
2.00-1.88 (m, 4 H), 1.61 (quint), = 7.6 Hz, 2 H), 1.17 (s, 9 H}*C NMR (22°C, 100 MHz,
CD;OD) 6 = 178.7, 173.8, 138.2, 131.3, 127.7, 122.2, 9849, 81.8, 73.7, 71.3, 70.8, 68.0,
67.3, 63.4, 61.6, 49.6, 34.6, 29.4, 28.9, 28.22,2P2.3, 21.6MS (TOF-MS-ES+): m/z617.32
(100%, [M+H]), 639.30 (100%, [M+Nd). HRMS: calcd for GHsN4Og, [M+H]™: 617.3181,
found: 617.3189. Rf = 0.23 (EtOAC/EtOH 8:2).
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Compound 8

H 14 THF/A H 8
(90%)

A solution of14 (5.93 mL, 92.40 mmol, 2 eq.) aidé (4.63 mL, 46.20 mmol, 1 eq.) in dry THF
(30.0 mL) was heated under reflux for 3 days. Thlvent was evaporated under reduced
pressure. Column chromatography (§i8tOAc/MeOH 85:15) afforde® (6.48 g, 90%) as a
yellow solid.'H NMR (21.8°C, 400 MHz, CDG) & = 5.74 (bs, 1 H), 4.05 (dd,= 2.5 Hz,J =

5.3 Hz, 2 H), 3.65 (q) = 6.0 Hz, 2 H), 2.26 (t) = 7.1 Hz, 2 H), 2.23 (t) = 2.5 Hz, 1 H), 1.76
(m, 3 H), 1.60 (m, 2 H**C NMR (22.0°C, 101 MHz, CDG) 6 = 172.9, 79.7, 71.7, 62.2, 35.8,
31.9, 29.3, 21.7. MS (TOF-MS-ES+): m/z: 178.083®0, [M+Na]), 278.1318 (32%,
[M+CsHgO-+Na]"). HRMS-ESI: calcd for gH13NO.Na’ [M+Na]™: 178.0838 found: 178.0835.
Rf = 0.4 (EtOAc/MeOH 9:1).

Compound 9

AcO - _ AcO - |
AcO - AcO
. BFaEt,0/CH,Cl,

16 (T7%) 9

Alcohol 17 (5.12 g, 21.80nmol, 1.7 eq.) and BFELO (8.11 mL, 64.00 mmol, 5 eq.) were added
dropwise to a solution df6 (5.00 g, 12.80 mmol, 1 eq.) in dry @&, (100.0 mL) at 0°C under
an argon atmosphere. The mixture was allowed tormtarroom temperature and stirred at this
temperature for 24 hours. The solution was thenhe@swith a saturated aqueous NaHCO
solution (2x 100 mL), then water (100 mL). The amuse phase was extracted with £LHp (3 x
100 mL). The combined organic layers were driedravigSQ, filtered and concentrated.
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Column chromatography (SOCy/EtOAc 9:1 to Cy/EtOAc 5:5) afforde®l (5.57 g, 77%) as a
white solid. p]p?° (CHCL, ¢ = 1) = + 44.3'H NMR (23.4°C, 400 MHz, CDG) & = 7.69 (dJ =

8.2 Hz, 2 H), 7.08 (d) = 8.2 Hz, 2 H), 5.35 (dd] = 3.4 and 9.9 Hz, 1 H), 5.30 @= 9.9 Hz, 1

H), 5.27 (ddJ = 3.4 and 1.6 Hz, 1 H), 4.85 (d= 1.4 Hz, 1 H), 4.57 (ABJ = 12.1 Hz, 2 H),
4.28 (m, 1 H), 4.06 (m, 1 H), 3.97 (ddb 2.5, 5.3 and 9.6 Hz, 1 H), 2.14, 2.11, 2.03, 1488,

12 H).*C NMR (23.1°C, 101 MHz, CD@) & = 170.7, 170.1, 170.0, 169.8, 137.8, 135.9, 130.0
(2C), 96.8, 94.0, 69.6, 69.1, 69.1, 68.9, 66.25621.0, 20.86, 20.79 (2C). MS (TOF-MS-ES+):
m/z: 587.0384 (100%, [M+N&] 582.0824 (38%, [M+NHE"). HRMS-ESI: calcd for
Co1H251010Na", [M+Na]*: 587.0385, found: 587.0384. Rf = 0.68 (Cy/EtOAL)1:

Compound 10

9 OAc (0]

OAc
PdCly(PPhj), / Cul 5 H~~
o AcO - P N OH
10

DMF / EtzN o
(74%)

A mixture of mannosid® (1.00 g, 1.77 mmol, 1 eq§,(830.0 mg, 5.31 mmol, 3 eq.),38t(0.49
mL, 3.54 mmol, 2 eq.), PdgPPh), (124.0 mg, 0.18 mmol, 0.1 eq.) and Cul (6.7 m§50.
mmol, 0.2 eq.) in dry and degazed DMF (10 mL) waatléd under microwave irradiation (6
minutes at 120°C). The mixture was cooled to O9dted with EtOAc and washed with brine (3
x 50 mL). The combined aqueous layers were exuaati¢h EtOAc. The combined organic
layers were dried over MgS(Xiltered and concentrated. Column chromatogra@i,, EtOAc
to EtOAc/MeOH 8:2) gavé0 (0.77 g, 74%) as a yellow o[k]p*° (CHCk, ¢ = 1.0) = + 53.9'H
NMR (22.9°C, 400 MHz, CDG) 6 = 7.40 (d,J = 8.2 Hz, 2 H), 7.27 (d] = 8.5 Hz, 2 H), 5.97
(bs, 1 H), 5.35 (dd] = 3.2 and 10.1 Hz, 1H), 5.28 (Bt= 9.9 Hz, 1 H), 5.27 (dd]= 1.6 and 3.4
Hz, 1 H), 4.86 (dJ= 1.4 Hz, 1 H), 4.61 (ABJ = 12.4 Hz, 2 H), 4.28 (dl = 5.0 Hz, 2 H), 4.28-
4.23 (m, 1 H), 4.03 (m) = 2.3 Hz,J= 12.4 Hz, 1 H), 3.96 (ddd,= 2.3, 5.0 and 9.9 Hz, 1 H),
3.65 (t,J =6.2 Hz, 2 H), 2.28 (1) = 7.3 Hz, 2 H), 2.13, 2.10, 2.02, 1.98 (4 s, 12HJ,7 (m, 2
H), 1.61 (m, 2 H)}*C NMR (21.5°C, 101 MHz, CDG) & = 172.8, 170.8, 170.2, 170.1, 169.8,
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136.7, 122.5, 132.0, 128.1, 97.0, 85.4, 83.1, 68964, 69.2, 68.8, 66.1, 62.4, 62.2, 35.9, 32.0,
30.1, 21.7, 21.0, 20.9, 20.8. MS (TOF-MS-ES+): n¥22.24 (100%, [M+H]), 614.22 (70%,
[M+Na]*), 1183.48 (50%, [2M+H). HRMS-ESI: calcd for @HazNOyH', [M+H]":
592.2389,found: 592.2387. Rf = 0.60 (EtOAC/MeOH)9:1

Compound 11

OAc
1) MsCI / DMAP / pyr 5 H~~
_ AcO ~ Z N N3
10 o Acm \/@/\ H
11

2) NaN3 / DMF o
(90%)

MsCI (0.40 mL, 5.15 mmol, 4 eq.) was added to atsmh of alcoholl0 (0.762 g, 1.29 mmol, 1
eg.) and DMAP (0.031 g, 0.26 mmol, 0.2 eq.) in pyyidine (13 mL) under argon atmosphere at
0°C. The mixture was stirred during 1 hour themiteidi with EtOAc and washed with brine (3 x
50 mL). The combined aqueous layers were extragtdbdEtOAc. The combined organic layers
were dried over MgSg filtered and concentrated. The residue was usélde next step without
further purification. The mesylated intermediateswdéssolved in DMF (13 mL) and NgN0.41

g, 6.44 mmol, 5 eq.) was added. The solution wiaedtat 60°C during 4 hours. The mixture
was then diluted with EtOAc and washed with a saad solution of NECI. The agueous layer
was extracted with EtOAc and the combined orgaayeids dried over MgSQ filtered and
concentrated. Column chromatography ($iOy/EtOAc 8:2 to Cy/EtOAc 5:5) affordedl (0.72

g, 90%) as a colorless oik]p* (CHCk, ¢ = 1.0) = + 45.9. IR (neat): = 2099 (N). *H NMR
(19.9°C, 400 MHz, CDG) 6 = 7.41 (dJ=8.2 Hz, 2 H), 7.28 (d] = 8.2 Hz, 2 H), 5.71 (s, 1 H),
5.36 (ddJ=3.4 and 10.1 Hz, 1 H), 5.30 (dblz 9.9 Hz, 1 H), 5.27 (ddl= 1.6 and 3.4 Hz, 1 H),
4.86 (d,J = 1.6 Hz, 1 H), 4.62 (ABJ = 12.1 Hz, 2 H), 4.28 (d] = 5.0 Hz, 2 H), 4.26 (m, 1 H),
4.03 (m, 1 H), 3.96 (ddd,= 2.3, 5.0 and 9.9 Hz, 1 H), 3.30Jt5 6.6 Hz, 2 H), 2.26 (t)=7.1
Hz, 2 H), 2.14, 2.10, 2.03, 1.99 (4 s, 12 H), 1180% (m, 2 H), 1.69-1.61 (m, 2 HYC NMR
(22.1°C, 100 MHz, CDG) 6 =171.9 170.7 170.1 170.0 169.8, 136.7, 132.0,0.222.5, 97.0,
85.3 83.2, 69.6, 69.4, 69.2, 68.8, 66.1, 62.5,,53528, 30.1, 28.5, 22.8, 21.0, 20.9, 20.8. MS
(TOF-MS-ES-): m/z: 661.24 (100%, [M+COOMNL277.47 (25%, [2M+COOH] HRMS-ESI:
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calcd for GgH3gN4O1;COOH, [M+COOH]: 661.2363, found: 661.2352. Rf = 0.32 (Cy/EtOAc
1:1).
Compound 12

OH O

MeONa / MeOH o P~ ~on
10 ~ HOJ V©/ N
12

(87%) o)

MeONa (3.8 mg, 70.6 pmol, 1.1 eq.) was added wlwien of10 (38.0 mg, 64.2 umol, 1 eq.) in
dry MeOH (1.0 mL) at 0°C. After 15 minutes, theukisg solution was filtered over a short
column of Dowex 50WX8-200 (Hform). The resin was washed with®MeOH 1/1 (50 mL)
and MeOH (20 mL) and the solvents were evaporaieafford 12 (23.7 mg, 87%) as a white
foam.*H NMR (21.3°C, 400 MHz, BD) & = 7.35 (d,J = 8.0 Hz, 2 H), 7.26 (d] = 8.0 Hz, 2 H),
4.82(dJ=1.4Hz, 1 H),4.52 (AB)= 11.9 Hz, 2 H), 4.02 (s, 2 H), 3.83 (dtk 1.6 and 3.2 Hz,
1 H), 3.70 (dJ = 11.5 Hz, 1 H), 3.67-3.58 (m, 2 H), 3.55-3.49 &), 3.46 (tJ = 6.4 Hz, 2 H),
2.17 (t,J = 7.3 Hz, 2 H), 1.54-1.48 (m, 2 H), 1.45-1.40 (mHR °C NMR (22.1°C, 101 MHz,
D.,0O) 6 = 176.8, 137.4, 131.9, 128.5, 121.9, 99.5, 85243,873.0, 70.6, 70.0, 66.7, 69.0, 66.7,
61.2, 60.8, 35.3, 30.7, 29.5, 21.7. MS-ESI (TOF-ES+): m/z: 424.1973 (100%, [M+H)]
262.1433 (33%, [M-gH110s+NH,4]"). HRMS-ESI: calcd for gHoogNOgH", [M+H]: 424.1966,
found: 424.1973. Rf = 0.10 (EtOAc/MeOH 9/1).

Compound 13

MeONa / MeOH O \ )WN
11 "5 \/©/\ N 3
13

Y

(96%) o

MeONa (10 mg, 0.18 mmol, 1.1 eq.) was added tdwisn of 11 (100 mg, 0.16 mmol, 1 eq.) in
dry MeOH (1.5 mL) at 0°C. After 15 minutes, theukisg solution was filtered over a short
column of Dowex 50WX8-200 (Hform). The resin was washed with MeOH then water the

solvents were evaporated to affdr8 (70 mg, 96%) as a white foans]$>° (MeOH, ¢ = 1.0) = +
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53.2. IR (neat)v = 2099 (N). *H NMR (22°C, 400 MHz, CBOD) § = 7.37 (d,J = 8.0 Hz, 2 H),
7.31(d,J=8.0Hz, 2H), 481 (dl= 1.4 Hz, 1 H), 4.60 (ABJ = 12.1 Hz, 2 H), 4.16 (s, 2 H ),
3.83 (m, 1 H), 3.81 (dd] = 1.8 and 3.4 Hz, 1H), 3.69 (m, 1 H), 3.68 (dd 8.9 Hz, 1 H), 3.60
(dd,J = 8.9 and 9.9 Hz, 1 H), 3.56 (dddl= 1.8, 5.7 and 9.6 Hz, 1 H), 3.29 (m, 2 H), 2.25 &
2.25 Hz, 2 H), 1.72 (m, 2 H), 1.59 (m, 2 HJC NMR (21.9°C, 100 MHz, CEDD) 5 = 174.0,
138.2, 131.4, 127.7, 122.2, 99.5, 85.0, 81.8, 78163, 70.8, 68.0, 67.3, 61.6, 50.8, 34.9, 28.9,
28.0, 22.7. MS (TOF-MS-ES-): m/z493.1926 (100%, [M+COOH] 941.3866 (61%,
[2M+COOH]). HRMS: calcd for G;H»sN,0;COOH, [M+COOH]: 493.1940, found: 493.1926.
Rf = 0.10 (EtOAC).

Compound 20

tBuCOCI

/\/\OH _ /\/\O)J\ﬁ

DMAP / pyr
19 20
(76%)

Pivaloyl chloride (1.72 ml, 14.30 mmol, 1.2 eq.)snadded to a solution 4O (1.1 mL, 11.90
mmol, 1 eqg.) and DMAP (0.14 g, 1.19 mmol, 0.1eq.)dry pyridine (10 mL) at 0°C. The
solution was then stirred overnight at room temjpeea The solvents were evaporated under
reduced pressure. Column chromatography {S89 to Cy/AcOEt 8/2) gav20 (1.54 g, 76%) as

a colorless oil’H NMR (22°C, 400 MHz, CDG) & = 4.15 (t,J = 6.4 Hz, 2 H), 2.28 (dt] = 2.8
and 7.1 Hz, 2 H), 1.96 (§,= 2.8 Hz, 1 H), 1.86 (tt) = 6.9 and 6.4 Hz, 2 H), 1.19 (s, 9 H). MS
(TOF-MS-APCI+): m/z: 169.1221 ([M+H]. HRMS: calcd for GoH1702, [M+H]": 169.1223,
found: 169.1221. Rf = 0.67 (Cy/AcOEt 9:1).

Compound 22

1) tBuCOCI
o)

DMAP / pyr

2) NaN3 / DMF

21 22
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Pivaloyl chloride (2 mL, 16.7 mmol, 1.2 eq.) wasled to a solution of alcoh@ll (2.0 g, 13.9
mmol, 1 eq.) and DMAP (0.24 g, 1.39 mmol, 0.1 ag.dry pyridine (10 mL) at 0°C. The
mixture was then stirred for 15 hours at room temafpee and a saturated aqueous,GH
solution (50 mL) was added. The aqueous layer wasaed with CHCI, (3x 50 mL). The
combined organic layers were dried over MgSiiltered and concentrated. The residue was used
in the next step without further purification. Thesidue was diluted in dry DMF (10 mL) and
NaN; (4.51 g, 69.5 mmol, 5eq.) was added. The resu#ioigtion was stirred during two days at
60°C. The misture was cooled to room temperatudeaasaturated aqueous MH solution (50
mL) was added. The aqueous layer was extracted @HFCl, (3x 50 mL). The combined
organic layers were dried over Mgf@iltered and concentrated. The residue was usdtia
next step without further purification. IR (neat):= 2100 (N). 'H NMR (22°C, 400 MHz,
CDCly) 8 = 4.10 (t,J = 6.2 Hz, 2 H), 3.34 () = 6.8 Hz, 2 H), 1.87 (m, 2 H), 1.15 (s, 9 iC
NMR (22°C, 100 MHz, CDG) 6 =178.4, 61.2, 48.3, 38.8, 28.2, 27.2.

Compound 3

TBAF

13/ CuSO,
E—S .

A 1 M solution of TBAF in THF (0.37 mL, 0.37 mmolas added to a mixture &8 (80 mg,
0.027 mmol) 13 (156 mg, 0.35 mmol), CuS®H,O (0.4 mg, 0.003 mmol) and sodium ascorbate
(1.6 mg, 0.008 mmol) in Ci€l,/MeOH/DMSO (1:1:1, 3 mL). The resulting mixture wstgred
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at room temperature. After 24 h, methanol (10 miaswadded to the mixture and the resulting
orange precipitate filtered, extensively washedwitethanol then Cil, and dried under high
vacuum to give3 (172 mg, 86%) as a red solid. IR (neaty 3385 (O-H), 2129 (€C), 1740
(C=0), 1648 (C=0)'H NMR (DMSO-d;, 300 MHz):5 = 8.33 br s, 12 H), 7.82k s, 12 H),
7.26-7.46 (m, 48 H), 4.40-4.80 (m, 84 H), 4.20-4(88 36 H), 4.04-4.16 (m, 24 H), 3.60-3.75
(m, 24 H), 3.47-3.57 (m, 24 H), 3.33-3.45 (m, 36 BIp5-2.75 (m, 24 H), 2.10-2.20 (m, 24 H),
1.88-2.00 (m, 24 H), 1.70-1.85 (m, 24 H), 1.40-1(86 24 H).**C NMR (DMSO-d¢, 100 MHz):

6 = 171.5, 162.7, 145.6, 145.0, 140.7, 138.3, 13127,7, 121.7, 121.3, 99.1, 87.0, 81.4, 74.2,
71.0, 70.2, 68.8, 67.1, 67.0, 66.5, 61.2, 48.%,48).3, 34.3, 29.2, 28.5, 27.6, 22.0, 21.3.
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Characterization of compound 3

As shown in Figures S1 and S2, tH€ NMR spectrum of fullerene hexakis-add@ds in full
agreement with it§-symmetrical structure and shows the expected lsdoathe 6 equivalent
malonate addends. Only 3 signals out of the 5 dgdeones are however observed for the
fullerene C atomsd = 68.8 for the sp3 C atom; 140.7 and 145.0 ppmtHersp2 C atoms).
Indeed, these 3 signals are reminiscent of thoskeothree non-equivalent fullerene C atoms of
the hexakis-adduct carrying achiral addends (ov@rasymmetry). No influence of the overall
symmetry of3 which isT could be deduced and the two pairs of diastereogg® C atoms are
pseudo-equivalent. Similar observations have beeorted for related 4g derivatives: Mass
spectra of3 were recorded under different conditions (MALDI-F@nd ESMS). However, as
reported for related fullerene-sugar conjugatésgh level of fragmentation prevented the

observation of the expected molecular ion peak.
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Fig. S1 *C NMR (top) and DEPT (bottom) spectra of compoBndcorded in DMSO+
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Fig. S2 *C NMR spectrum of compound recorded in DMSO (* = residual MeOH);
unambiguous assignment was achieved with the Hellpeocorresponding DEPT spectrum (see
Fig. S1).
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Fig. S3 *H NMR spectrum of compour@irecorded in DMSO+4
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HAEMAGGLUTINATION INHIBITION ASSAYS

General method

Inhibition of haemagglutination by FimH, multivalindisplayed as the fimbrial tip adhesin of
type-1 fimbriated Eschrichia coli uropathogeni@sts, allow a first biological evaluation of the
multivalent character of the mannoside-functioraliullerenes. Haemagglutination is observed
as the red blood cells being held in suspensiooutiir the formation of a space-filling cross-
linked network with the fimbriated bacteria.

The UTI89 clinical isolate engineered for continsdype-1 fimbriation was grown statically at
37°C for 48 hours in LB medium and analyzed fornhagglutination of guinea pig red blood
cells (Harlan Laboratories). Both bacteria andbiedd cells (RBCs) were washed 3 times in ice-
cold PBS (17mM K/NakPQ,, 150mM NaCl). PBS was used for all dilutions. 9éHwound-
bottom microtiter plates were used for the dilusion

The titer for agglutination was determined in aoifdilution series in PBS of the bacteria in a
volume of 25uL. Well 1 is a negative control without bacteria B6 uL PBS. 25uL PBS and 50
pL 5% RBCs were added to a final 1@0 volume. Upon 1 hour at’€, the titer was determined
as the lowest concentration of bacteria that |duaiEmagglutination.

A bacterial concentration of twice the determinegrhagglutination titer was kept constant in
the haemagglutination inhibition assays. First, #0l@ dilution series of the inhibitory
compounds was performed in @& PBS with 10% DMSO. Instead, in well 1 only p& PBS
was added as a negative control..250f the bacterial solution and 30 of 5% red blood cells
were added to reach a final volume of 100 The plate was left at°€ for 1 hour before read-
out minimum inhibition concentration (MIC) is presed in table S1.

We observed that Fullereddas not only inhibiting haemagglutination. It alslbows clustering of
the bacteria at the concentrations in wells 3 ansirilarly this is observed for fullererg&in

well 3.
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Table SI Inhibition of Haemagglutination.

Initial concentration MIC (UM)

Compound of compound in well o ] )
(minimum concentration required

2 (UM) for inhibition of haemagglutination)
4 1,611 100
1 434 3.4
5 1,700 6.6
2 394 1.5
12 1,889 29.4

3 333 10.4
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ISOTHERMAL TITRATION CALORIMETRY

General method

A VP-ITC (Microcal Llc., Northampton, MA, USA) wasperated at ZZ using 36 injections of
8 pL or 48 injections of 6uL into the 1.458 mL cell. All titration were directvhere the
compound was titrated into the FimH in solutiorthe cell, except for fulleren® where reverse
titration was performed. Prior the ITC, FimH waslgred extensively against 20 mM HEPES
pH 7,4 and 150 mM NaCl (buffer). The last dialysichange buffer was kept for dilution of the
FimH and compound stock solutions, prepared intodd#50. For the monome#s 5, 6and12,
intervals between injections were 300 secs, forftilerenesl, 2 and 3 intervals were at 600

SecCs.

The Origin program supplied by Microcal Inc. waedido fit the isotherm with the binding
constant (Ka, M), molar ratio (n) and enthalpies (cal/mole of atgt) using the model for one
type of binding sites and the entropic contribusiqieal.mol&.°C™") was derived from these

fittings.

The monomerdl, 5, 6 and12 were titrated at 120 to 140 pM concentrations ithoto 20uM
FimH in the cell. Fullerenes and2 were used at 1M and 40pM concentrations into 12 5V

to 15uM FimH in the cell in direct titrations. Direct fi@tions of3 with the previous fullerene
ITC conditions failed. Reverse titration of fulleee3 at 1uM in the cell with 10uM FimH and
including 5% DMSO led to a visible first bindinggue indicating nanomolar affinity, whereas in
20% DMSO in the same buffer, 48 titrations ofil6 of 36.2 uM FimH into 2 uM fullerene3
clearly showed FimH-fullerene aggregation with al+point at half-occupation (n = 0.5) of

fullerene3.
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Fig. S4 Titration of FimH with fullerene 1 in HEPES (20 mM, pH 7.4) and 150 mM NacCl
with 5% DMSO (in cell: FimH @15 pM; in syringe:l @ 40 uM) Top: raw calorimetric data.

Bottom: plot of the area under the peaks agairstrtblar ratio ofl to FimH (black squares) and
the best fit (solid line).
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Fig. S& Titration of FimH with fullerene 2 in HEPES (20 mM, pH 7.4) and 150 mM NacCl
with 5% DMSO (in cell: FimH @12.5 pM; in syringe2 @ 25 uM) Top: raw calorimetric data.
Bottom: plot of the area under the peaks agairstrtblar ratio o to FimH (black squares) and
the best fit (solid line).
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Fig. S& Titration of fullerene 3 with FimH in HEPES (20 mM, pH 7.4) and 150 mM NacCl
with 5% DMSO (in cell:3 @ 1 pM; in syringeFimH @ 10 uM) Top: raw calorimetric data.
Bottom: plot of the area under the peaks agairmstrtblar ratio of FimH t& (black squares).
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Fig. S7 Titration of fullerene 3 with FimH in HEPES (20 mM, pH 7.4) and 150 mM NacCl
with 20% DMSO (in cell:3 @ 2 pM; in syringeFimH @ 32.6 uM) Top: raw calorimetric data.
Bottom: plot of the area under the peaks agairesthtblar ratio of FimH t@ (black squares) and

the best fit (solid line).
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Fig. S8 Titration of FimH with monomer 4 in HEPES (20 mM, pH 7.4) and 150 mM NacCl
with 5% DMSO (in cell: FimH @20 pM; in syringe4 @ 120 uM)Top: raw calorimetric data.

Bottom: plot of the area under the peaks agairstrtblar ratio o# to FimH (black squares) and
the best fit (solid line).
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Fig. SQ Titration of FimH with monomer 5 in HEPES (20 mM, pH 7.4) and 150 mM NacCl
with 5% DMSO (in cell: FimH @20 pM:; in syringe5 @ 120 uM)Top: raw calorimetric data.

Bottom: plot of the area under the peaks agairstrtblar ratio o# to FimH (black squares) and
the best fit (solid line).
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Fig. S1Q Titration of FimH with monomer 6 in HEPES (20 mM, pH 7.4) and 150 mM NaCl
with 5% DMSO (in cell: FimH @15 pM; in syringe6 @ 140 uM)Top: raw calorimetric data.

Bottom: plot of the area under the peaks agairestrtblar ratio ob to FimH (black squares) and
the best fit (solid line).
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Fig. S11 Titration of FimH with monomer 12 in HEPES (20 mM, pH 7.4) and 150 mM NaCl
with 5% DMSO (in cell: FimH @20 pM; in syringe:12 @ 120 uM)Top: raw calometric data.
Bottom: plot of the area under the peaks agairestmblar ratio ofl2 to FimH (black squares)
and the best fit (solid line).
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SURFACE PLAMON RESONANCE

General method

The lectin domain of FimH was expressed as desthibeviously and purified at pH 4.0 in 50
mM HCOOH on a SPFF (sulfopropyl fast flow) ion eaolge column (GE Healthcare). A CM5
sensor chip (Biacore, GE Healthcare) has been doatth a layer of amino-functionalized

monovalent heptyl mannoside to 60 RU (response)uaitd the kinetics of FimH binding to the
sensor chip has been determined. All data collestiovere performed in HBS buffer

complemented with 3 mM EDTA and 0.01% Tween20. Regation was done with a single 10 s
injection of 50-100 mM NaOH in water.

A solution affinity inhibition experiment was sep @as follows: a constant FimH concentration
(concentration B, a parameter that is fitted ingbkition affinity equation) was inhibited with a
series of 24 increasing concentrations (0 — 750 oMjhe compound (concentrations A, a
variable in the solution affinity equation). Tha&tic constants,land k, and R,ay derived from
the prior experiment, were kept constant to deteentihe non-inhibited FimH concentrations that
displayed binding to the heptyl mannoside on thp.ch

The solution affinity provided by the Biacore sadive using the equation:
(B-A-Kd)/2+(0.25*(A+B+Kd)*2-A*B)"0.5

with B presenting the uninhibited concentration EifnH, and A the variable compound

concentration.

The lowest cHifor fitting this equation was calculated as a fiorc of the functional valency n

of the compound, by multiplying the molar concetitra of the fullerene by n > 1.
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Fig. S12 (A) SPR raw data for fullererfe(Chi* = 0.761); (B) Inhibition curve without the fitting
for the multivalency (n = 1) for fullerenk (C) Chf = f(n) for fullerenel; (D) Inhibition curve
with the fitting for the multivalency (n = 3.4) &@illerenel (see Table S2).
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Table S2:Parameters K Kqy, B (uninhibited concentration of FimH) and thearsdard error SE,

to search the lowest éHor the fitting in function of functional valenayof fullerenel.

31

n KA(1/M) | KD(M) Initial Chi? KD SE(KD) | B SE(B)
Conc B

1 7,30E+08| 1,37E-09 6,42E-08 2,27E-17 1,37E09 HBH-@3| 6,42E-08| 1,42E-09
2 8,84E+07| 1,13E-08 6,71E-08 2,68E-18 1,13E-08 H-@9| 6,71E-08| 5,06E-10
3 3,76E+07| 2,66E-08 6,78E-08 8,83E-19 2,66E-08 H-@3| 6,78E-08| 3,01E-10
3.4 3,01E+07| 3,32E-08| 6,79E-08 8,22E-19 3,32E-08 1,61E-09 6,8t 2,94E-10
3.8 2,50E+07 4,00E-08 6,81E-08 8,71E-19 4,00B-088H-09| 6,81E-08 3,04E-10
3.9 2,40E+07| 4,17E-08 6,81E-08 8,92E-19 4,17B-0®6H-09| 6,81E-08 3,09E-10
4 2,30E+07| 4,34E-08 6,81E-08 9,16E-19 4,34E-08 E-0¢ | 6,81E-08| 3,13E-10
5 1,64E+07| 6,08E-08 6,83E-08 1,22E-18 6,08E-08 B0% | 6,83E-08| 3,67E-10
6 1,27eE+07| 7,86E-08 6,84E-08 1,55E-18 7,86E-08 HE09| 6,84E-08| 4,16E-10
7 1,04E+07| 9,65E-08 6,85E-08 1,83E-18 9,65E+08 EB&Y| 6,85E-08| 4,56E-10
8 8,73E+06| 1,15E-071 6,85E-08 2,08E-18 1,15E-07 BB | 6,85E-08| 4,88E-10
9 7,54E+06| 1,33E-0f 6,85E-08 2,28E-18 1,33E-07 EH-@3| 6,85E-08| 5,13E-10
10 6,63E+06| 1,51E-07Y 6,86E-08 2,46E-18 1,51H-07 8@ | 6,86E-08 5,35E-10
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Fig. S13 (A) SPR raw data for fullerer2 (Chi# = 0.237); (B) CHi= f(n) for fullerene2. (C)
Inhibition curve with the fitting for the multivahey (n = 6.5) of fulleren@.
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Table S3:Parameters K Kqy, B (uninhibited concentration of FimH) and themredard error SE,

7e-8 +

6e-8 +

5e-8 +

4e-8 -t

3e-8 +

2e-8 +

le-8 +

33

le-13

le-12

le-11

le-10

to search the lowest éHor the fitting in function of functional valenayof fullerene.

A - R N N N S A\ -

A4

A4

n KA(1/M) | KD(M) Initial Chi2 KD SE(KD) | B SE(B)
Conc B

1 7,52E+09| 1,33E-10 5,88E-08 1,28E-16 1,33E-10 H-@%| 5,88E-08| 2,67E-0f
2 9,90E+10| 1,01E-11 6,21E-08 4,11E-17 1,01E-11 BHXd| 6,21E-08] 1,56E-0f
3 4 46E+09| 2,24E-10 6,41E-08 1,32E-17 2,24E-10 BB8| 6,41E-08] 9,20E-1
4 4, 08E+08| 2,45E-09 6,51E-08 5,37E-18 2,45E-09 BB2| 6,51E-08| 5,98E-1
5 1,77E+08| 5,64E-09 6,57E-08 2,49E-18 5,64E-09 B-02| 6,57E-08 4,17E-1
6 1,01E+08| 9,93E-09 6,60E-O8 1,64E-18 9,93E-09 H-0®| 6,60E-08 3,44E-1
6,5 8,14e7 1,23e-8 6,62e-8 1,53E18 1,23E-08 1(0BE-6,62E-08| 3,34E-1(
7 6,78E+07| 1,48E-08| 6,63E-0§ 1,51E-18 1,48E-08 1,30E-09 6,68+ 3,34E-10
8 5,03E+07| 1,99E-08 6,64E-08 1,65E-18 1,99E-08 B-®2| 6,64E-08| 3,53E-1
9 3,96E+07| 2,52E-08 6,65E-08 1,90E-18 2,52E+08 BE02 | 6,65E-08| 3,81E-1
10 3,25E+07, 3,08E-08 6,66E-08 2,18E-18 3,08H-08 7TE2@9 | 6,66E-08 4,12E-1

O
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Fig. S14 (A) SPR raw data for fulleren® (Ch# = 0.197); (B) Inhibition curve without the
fitting for the multivalency (n = 1) for fullerer (C) Chf = f(n) for fullerenel; (D) Inhibition
curve with the fitting for the multivalency (n =3j.of fullerene3 (see Table S4).
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Table S4:Parameters K Kqy, B (uninhibited concentration of FimH) and thearsdard error SE,

36

to search the lowest éHor the fitting in function of functional valenayof fullerenes.

D J - R N N, N S A\ -

4

N4

n KA(1/M) | KD(M) Initial Chi, KD SE(KD) | B SE(B)
Conc B

1 2,12E+10| 4,71E-11 6,01E-08 1,34E-16 4,71E-11 BE-09| 6,01E-08] 2,75E-0f
2 1,99E+11| 5,02E-12 6,34E-O8 4,68E-17 5,02E+12 BB®B| 6,34E-08| 1,66E-0¢
3 1,02E+12| 9,76E-13 6,55E-08 1,52E-L7 9,76Er13 BB®B| 6,55E-08] 9,84E-1
4 4 95E+08| 2,02E-09 6,65E-08 6,34E-18 2,02E-09 BB9| 6,65E-08| 6,47E-1
5 2,07E+08| 4,84E-09 6,72E-08 2,95E-18 4,84E-09 H-02| 6,72E-08| 4,53E-1
6 1,13E+08| 8,87E-09 6,76E-8 1,96E-18 8,87E-09 H-09 | 6,76E-08| 3,76E-1
6,5 8,99e+07, 1,11E-08 6,77/E-08 1,83E-18 1,11B-081H-09| 6,77E-08 3,65E-1
7 7,42E+07| 1,35E-08| 6,78E-08 1,81E-18 1,35E-08 1,33E-09 6,T#E- 3,65E-10
8 5,43E+07| 1,84E-08 6,80E-08 1,98E-18 1,84E-08 B-®F | 6,80E-08| 3,85E-1
9 4,24E+07| 2,36E-08 6,81E-08 2,27E-18 2,36E-08 BR08| 6,81E-08| 4,16E-1
10 3,46E+07, 2,89E-08 6,82E-08 2,60E-18 2,89H-08 5~@0 | 6,82E-08 4,48E-1

O
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Fig. S15 (A) SPR raw data for the monomeréChi = 0.2); (B)Inhibition curve of compound
(with the fitting n = 1).
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Fig. S16 (A) SPR raw data for monomes€Chi® =0.169); (B)Inhibition curve of compoun8
(with the fitting n = 1).
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Fig. S17 (A) SPR raw data for monome8dChi’ = 0.616); (B) Inhibition curve of compourtd
(with the fitting n = 1).
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Fig. S18 (A) SPR raw data for monomet& (Ch# = 0.239); (B) Inhibition curve of compound
12 (with the fitting n = 1).
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Table S5:Parameters K Kq4, B and their standard error SE, measured for mendrtn = 1).

n KA(1/M) | KD(M) Initial Chi? KD SE(KD) | B SE(B)
Conc B
1 1,43e7 7e-8 6,91e-8 8,23E-197,00E-08| 2,70E-09 6,91E-08 2,24E-10

Table S6:Parameters K Kq4, B and their standard error SE, measured for menértn = 1).

n KA(1/M) | KD(M) Initial Chi® KD SE(KD) | B SE(B)
Conc B
1 9,35e7 1,07e-8 6,62e-8 3,30E-18 1,07E-08 1,8DE-0,62E-08| 4,78E-1(

Table S7:Parameters K Kq4, B and their standard error SE, measured for menértn = 1).

n KA(1/M) | KD(M) Initial Chi? KD SE(KD) | B SE(B)
Conc B
1 1,08e8 9.25e-9 6,74e-8 1,74E-18 9,25E-09 1,06KE-6,74E-08| 3,07E-1(

Table S8:Parameters X Kq4, B and their standard error SE, measured for menath(n = 1).

n KA(1/M) | KD(M) Initial Chi KD SE(KD) B SE(B)
Conc B
1 3,04e7 3,29e-8 6,38e-8 3,23E-18 3,29E-08 3,20E:09 6,38KE-822E-10
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NMR DATA
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3¢ NMR (101 MHz, CROD)
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MODEL STRUCTURE OF MANNOSYLATED FULLERENE IN INTERA CTION WITH
6 FIMH MOLECULES

Presentation of a possible interaction model of the multivalent binding of FimH to a mannose-
functionalized fullerene. The respective crystal structures of C60 fullerene® and the FimH receptor binding
domain in complex with oligomannoside-3 have been employed to mimic the available interaction space
for FimH binding to the fullerene on a molecular scale (using Pymol, version 0.99).

For the figure, fullerene 2 was created by coupling bivalent derivatives of monomer 5 (ball-and-stick
model, blue for carbon, red for oxygen) onto the C60 architecture of the crystal structure (ball-and-stick
presentation, green carbon, white bonds, the front face was left unmodified for clarity). The fullerene 2
adduct is displayed with six a-D-mannosides plugged into the mannose-binding pocket of FimH, through
manual docking by superimposing the mannose onto the same mannose atomic positions in its crystal

® C60 crystal structure: |. Lamparth, C. Maichle-Mdssmer, A. Hirsch, Angew. Chem.1995, 107, 1755-1757;
Angew. Chem. Int. Ed. Engl. 1995, 34,1607-1609. doi: 10.1002/anie.199516071
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structure complex with FimH (reference 5 of the manuscript, Wellens et al.).7 To better visualize mannose
binding in the pocket of FimH, two out of six FimH molecules on opposite sides of the fullerene are shown
as semi-transparant molecular surfaces. The electrostatic surface presentation (left) shows positively
charged residues in blue and negatively charged residues in red. The tyrosine gate (tyrosines 48 and
137)® can be seen as two humps extending from the mannose binding pocket and pointing towards the
fullerene structure. The four other FimH molecules are shown with their secondary structure.

" FimH crystal structure: Reference 5 of the manuscript (Wellens et al. Plos One, 2008, 3, e2040).

8 Reference 12 of the manuscript: Mol Microbiol. 2005 Jan;55(2):441-55. Receptor binding studies disclose a novel
class of high-affinity inhibitors of the Escherichia coli FimH adhesin.
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