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A) General methods

All commercial materials were used without further purification, unless indicated. '"H NMR and "*C
NMR were recorded on BRUKER AVANCE I 300 Mhz ('H: 300MHz, "°C: 75.3MHz), BRUKER
AVANCE 1I 400 Mhz (‘H: 400MHz, *C: 100.2 MHz) or BRUKER AVANCE III 600 Mhz ('H:
600MHz, “C: 150.3 MHz) spectrometers. The chemical shifts for the NMR spectra are reported in
ppm relative to the solvent residual peak'. Coupling constants J are reported in hertz (Hz). The
following abbreviations are used for the multiplicities: s, singlet; d, doublet; t, triplet; q, quartet; qt,
quintet; st, sextet; m, multiplet; br, broad; dd, doublet of doublet. Yields refer to isolated material
determined to be pure by NMR spectroscopy and thin-layer chromatography (TLC), unless specified
in the text. Analytical TLC was performed on Fluka Silica Gel 60 F254. Analytical HPLC were
performed on a Dionex Ultimate 3000 UHPLC with a diode array detector and analysed using the
Chromeleon 7 software. Preparative HPLC were performed on a JASCO AS-1555 HPLC with a Jasco
UV-2075 Plus detector. High resolution mass spectra were performed by the CESAMO (Talence,
France) and were recorded on Qg-TOF tandem mass spectrometer (APl Q-STAR Pulsari, Applied
Biosystems). Experiments under microwave irradiation were performed using a Biotage Initiator 2.5.

! Fulmer, G. R.; Miller, A. J. M.; Sherden, N. H.; Gottlieb, H. E.; Nudelman, A.; Stoltz, B. M.; Bercaw,]. E.;
Goldberg, K. I. Organometallics 2010, 29, 2176
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B) Organic syntheses

a)  Synthesis of 2-(aryl-di-tert-butylsilyl)-N-methyl-imidazole tags

2-(di-tert-butyl(phenyl)silyl)-1-methyl-1H-imidazole 2a

Under nitrogen, 1-methylimidazole (0.75 mmol, 61.6 mg) was dissolved in 1.75

/ mL of dry THF, and a r-butyllithium solution (1.6M in hexane, 0.825 mmol, 1.1

/>_3,© eq., 0.51 mL) was added at -80°C. After stirring at -80°C for 10 min, di-tert-

butylsilyl bis(trifluoromethanesulfonate) (1.125 mmol, 1.5 eq., 496 mg) and a

phenyllithium solution (1.9M in dibutyl ether, 1.5 mmol, 2 eq., 0.8 mL) were

2a successively added dropwise. The reaction was allowed to warm to room

temperature and stirred for 16h at rt. The crude reaction mixture was concentrated under reduced

pressure and the residue was purified by column chromatography on a silica gel (cyclohexane/EtOAc:

90/10; Rf = 0.5) to give 2a (188.5 mg, 84%) as a yellow powder. 'H NMR (300 MHz, CDCl) & (ppm)

7.63-7.60 (m, 2H), 7.40-7.34 (m, 3H), 7.32 (s, 1H), 7.00 (s, 1H), 3.40 (s, 3H), 1.16 (s, 18H) °C NMR

(75 MHz, CDCl5) & (ppm) 148.2, 136.3 (2C), 135.1, 130.5, 129.3, 127.7 (2C), 123.3, 36.8, 29.4 (6C),

20.7 (2C). *Si NMR (59 MHz, CDCl3) (5 ppm) -5.90. HRMS (ESI/TOF*) CsHyN,Si [M+H]*
calculated 301.2094, found 301.2104. MP (°C): 76-77.

1-bromo-4-(methoxymethoxy)benzene

Under nitrogen, 4-bromophenol (10 mmol, 1.73g) was dissolved in 10 mL

o Yo~ of dry dichloromethane. Chloromethyl methyl ether (11 mmol, 1.1 eq., 0.88

mg, 0.84 mL) and N, N-diisopropylethylamine (11 mmol, 1.1 eq., 1.42 g,

1.92 mL) were added at 0°C. Then, the mixture was stirred at room temperature for 48h. The reaction

was quenched with an aqueous saturated solution of ammonium chloride (10 mL). The aqueous layer

was extracted three times with dichloromethane (3x 10 mL), and the combined organic layers were

washed with brine (10 mL), dried over magnesium sulfate and the solvent was removed under reduced

pressure. The crude product was purified by column chromatography on a silica gel

(cyclohexane/dichloromethane: 80/20 ; Rf = 0.3) to give 1-bromo-4-(methoxymethoxy)benzene (1.85

g, 86%) as a colorless oil. 'H NMR (300 MHz, CDCl5) & (ppm) 7.38 (d, 2H, J = 9.0 Hz), 6.93 (d, 2H, J

= 9.0 Hz), 5.14 (s, 2H), 3.46 (s, 3H). °C NMR (75 MHz, CDCl3) & (ppm) 156.4, 132.3 (2C), 118.2
(2C), 114.3,94.5, 56.26. HRMS (EI") CsHoBrO, [M]" calculated 215.9786, found 215.9785.

2-(di-tert-butyl(4-(methoxymethoxy)phenyl)silyl)-1-methyl-1H-imidazole 2b

Under nitrogen, 1-methylimidazole (0.75 mmol, 61.6 mg) was
N/ \~/ dissolved in 1.75 mL of dry THF, and a n-butyllithium solution (1.6M
[ />—Si4©70MOM in hexane, 0.825 mmol, 1.1eq., 0.51 mL) was added at -80°C. After
N /*\ stirring at -80°C for 10 min, di-tert-butylsilyl
bis(trifluoromethanesulfonate) (1.125 mmol, 1.5 eq., 496 mg), 1-
bromo-4-(methoxymethoxy)benzene (1.5 mmol, 2 eq., 326 mg) and a n-
butyllithium solution (1.6M in hexane, 1.65 mmol, 2.2 eq., 1.03 mL) were successively added
dropwise. The reaction was allowed to warm to room temperature and stirred for 16h at rt. The crude

2b

reaction mixture was concentrated under reduced pressure and the residue was purified by column
chromatography on a silica gel (cyclohexane/EtOAc: 90/10; Rf = 0.3) to give 2b (81.4 mg, 70%) as a
brown powder. 'H NMR (300 MHz, CDCl;) 6 (ppm) 7.54 (d, 2H, J = 8.6 Hz), 7.31 (s, 1H), 7.03 (d,
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2H, J = 8.6 Hz), 6.99 (s, 1H), 5.20 (s, 2H), 3.50 (s, 3H), 3.42 (s, 3H), 1.15 (s, 18H). *C NMR (75
MHz, CDCl;) § (ppm) 158.4, 148.4, 137.7 (2C), 130.5, 127.1, 123.2, 115.5 (2C), 94.3, 56.3, 36.7, 29.4
(6C), 20.7(2C). *Si NMR (59 MHz, CDCl;) (8 ppm) -6.81. HRMS (ESI/TOF*) C,0H3,N,0,Si [M+H]*
calculated 361.2305, found 361.2308. MP (°C): 100-101.

4-((1-methyl-1H-imidazol-2-yl)-di-tert-butylsilyl) phenol 2¢

2b (0.6 mmol, 205.8 mg) was dissolved in 12 mL of methanol and 6 mL of

/ an aqueous solution of sulfuric acid (6.2M) was added. The mixture was

/>*SI4©* stirred at 50°C for 24h. The reaction was quenched with an aqueous

solution of sodium bicarbonate, and extracted with dichloromethane (2x 10

mL). The combined organic layers were dried over magnesium sulfate and

2c the solvent was removed under reduced pressure. The crude mixture was

purified by column chromatography on silica gel (cyclohexane/EtOAc: 70/30; Rf = 0.3) to give 2¢

(171 mg, 90%) as a white solid. 'H NMR (300 MHz, MeOD) & (ppm) 7.44 (d, 2H, J = 8.6 Hz), 7.2 (d,

1H, J = 1.1 Hz), 7.18 (d, 1H, J = 1.1 Hz), 6.85 (d, 2H, J = 8.6 Hz), 3.43 (s, 3H), 1.13 (s, 18H). °C

NMR (75 MHz, MeOD) 6 (ppm) 159.8, 149.3, 138.7 (2C), 130.7, 124.9, 124.4, 116.1 (2C), 37.4, 29.8

(6C), 21.4(2C). ¥’Si NMR (59 MHz, MeOD) (8 ppm) -6.53. HRMS (ESI/TOF") C;5H,sN,0Si [M+H]*
calculated 317.2043, found 317.2053. MP (°C): 98-99.

2-(2-(2-(prop-2-ynyloxy)ethoxy)ethoxy)ethanol

Under nitrogen, triethylene glycol (10 mmol, 1.50 g, 1.34

O/\/O\/\ O/\/O\/ mL) was added to a solution of potassium ters-butoxide (5

mmol, 0.5 eq., 561 mg) in 40 mL of dry THF and the mixture

was stirred for 30 min at rt. Propargyl bromide (5 mmol, 0.5 eq., 594.8 mg, 445.5 uL) was added and

the mixture was stirred at room temperature for 24h. The reaction mixture was filtered on celite and

washed with ethyl acetate (2x 10 mL). The solvent was removed under reduced pressure and the

residue was purified by column chromatography on a silica gel (EtOAc: 100%; Rf = 0.5) to give 2-(2-

(2-(prop-2-ynyloxy)ethoxy)ethoxy)ethanol (775 mg, 41 %) as a colorless oil. 'H NMR (300 MHz,

CDCls) & (ppm) 4.18 (d, 2H, J = 2.4 Hz), 3.72-3.57 (m, 12H), 2.42 (t, 1H, J = 2.4 Hz). "C NMR (75
MHz, CDCl;) 6 (ppm) 79.6, 74.7, 72.6, 70.7, 70.4, 70.4, 69.2, 61.8, 58.5.

2-(2-(2-(prop-2-ynyloxy)ethoxy)ethoxy)ethyl 4-methylbenzenesulfonate

Under argon, triethylamine (12.5 mmol, 2.5 eq., 1.74

\©\ o mL) was added to a solution of 2-(2-(2-(prop-2-

4 ~ ynyloxy) ethoxy) ethoxy)ethanol (5 mmol, 0.94 g)

> \O/\/O\/\O/\/O\// Zn(}i] tri}llnethylali]line hyc}llrochloride (0.5 mmol, O%l

eq., 47.8 mg) in 6 mL of dry acetonitrile at rt. Then, a solution of p-toluenesulfonyl chloride (10

mmol, 2 eq., 1.90 g) in dry acetonitrile (6 mL) was added to the mixture at 0°C and stirred at room

temperature for 24h. The solvent was removed under reduced pressure and the residue was purified by

column chromatography on a silica gel (Cyclohexane/EtOAc: 70/30; Rf = 0.4) to give 2-(2-(2-(prop-2-

ynyloxy)ethoxy)ethoxy)ethyl 4-methylbenzenesulfonate (80%) as a colorless oil. '"H NMR (300 MHz,

CDCly) 6 (ppm) 7.80 (d, 2H, J = 8.2 Hz), 7.34 (d, 2H, J = 8.2 Hz), 4.19 (d, 2H, J = 2.3 Hz), 4.17-4.14

(m, 2H), 3.70-3.59 (m, 10H), 2.44 (s, 3H), 2.42 (t, 1H, J = 2.3 Hz). °C NMR (75 MHz, CDCl;) &
(ppm) 144.9, 133.2, 129.9 (2C), 128.1 (2C), 79.7, 74.7,70.9, 70.7, 70.6, 69.4, 69.2, 68.8, 58.5, 21.8.
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2-((4-(2-(2-(2-(prop-2-ynyloxy)ethoxy)ethoxy)ethoxy)phenyl)di-tert-butylsilyl)-1-methyl-1H-
imidazole 2d

Compound 2¢ (0.08 mmol, 27.1 mg) was

N/ P dissolved in dry THF (3 mL) under argon.

[ >—si 4@0/\/0\/\0/\/0\// Then, potassium fert-butoxide (0.12 mmol,

N 1.5 eq., 13.5 mg) and a solution of 2-(2-(2-

2d (prop-2-ynyloxy)ethoxy)ethoxy)ethyl  4-

methylbenzenesulfonate (0.12 mmol, 1.5

eq., 41 mg) in dry THF (2 mL) were added at rt. The reaction was stirred at room temperature for 24h

and a saturated aqueous solution of NaHCO; was added (10 mL). The mixture was extracted three

times with ethyl acetate (3x 10 mL) and the combined organic layers were dried over magnesium

sulfate. The solvent was removed under reduced pressure and the residue was purified by column

chromatography on silica gel (dichloromethane/EtOAc: 80/20; Rf = 0.3) to give 2d (32.8 mg, 85%) as

a yellow oil. 'H NMR (300 MHz, CDCl3) 8 (ppm) 7.52 (d, 2H, J = 8.4 Hz), 7.31 (d, 1H, J = 1.0 Hz),

6.99 (d, 1H, J = 1.0 Hz), 6.92 (d, 2H, J = 8.4 Hz), 4.2 (d, 2H, J = 2.4Hz), 4.16-4.13 (m, 2H), 3.89-3.98

(m, 2H), 3.76-3.67 (m, 8H), 3.40 (s, 3H), 2.41 (t, IH, J = 2.4 Hz), 1.14 (s, 18H). ’C NMR (75 MHz,

CDCL) 6 (ppm) 159.7, 148.4, 137.6 (2C), 130.4, 125.8, 123.2, 118.3, 114.0 (2C), 74.7, 70.9, 70.8,

70.6, 69.8, 69.3, 67.2, 58.5, 36.7, 29.4 (6C), 20.7 (2C). *’Si NMR (59 MHz, CDCl;) (& ppm) -6.87.
HRMS (ESI/TOF") C,,H,oN,0,Si [M+H]" calculated 487.2986, found 487.2984.

di-tert-butyl(4-(2-(2-(2-(prop-2-ynyloxy)ethoxy)ethoxy)ethoxy)phenyl)silane

4-(Di-tert-butylsilyl)phenol (3.4 mmol, 802 mg)
. was dissolved in dry THF (30 mL) under argon.
H—Si@o/\/o\/\o/\/o\// Then, potassium fert-butoxide (5.1 mmol, 1.5
eq., 572.2 mg) and a solution of 2-(2-(2-(prop-2-
ynyloxy)ethoxy)ethoxy)ethyl 4-
methylbenzenesulfonate (5.1 mmol, 1.5 eq., 1.74 g) in dry THF (15 mL) were added at rt. The reaction
was stirred at room temperature for 24h and a saturated aqueous solution of NaHCO; was added (10
mL). The mixture was extracted three times with ethyl acetate (3x 10 mL) and the combined organic
layers were dried over magnesium sulfate. The solvent was removed under reduced pressure and the
residue was purified by column chromatography on silica gel (cyclohexane/EtOAc: 70/30; Rf = 0.6) to
give the title compound as a colorless oil. (298 mg, 67%). 'H NMR (300 MHz, CDCl3) & (ppm) 7.47
(d, 2H, J = 8.6 Hz), 6.89 (d, 2H, J = 8.6 Hz), 4.19 (d, 2H, J = 2.4 Hz), 4.15-4.12 (m, 2H), 3.87-3.84
(m, 2H), 3.82 (s, 1H), 3.75-3.72 (m, 2H), 3.70-3.66 (m, 6H), 2.41 (t, 1H, J = 2.4 Hz), 1.02 (s, 18H).
C NMR (75 MHz, CDCl;) § (ppm) 159.6, 137.2 (2C), 126.6, 114.0 (2C), 79.8, 74.6, 70.9, 70.8, 70.6,
69.9, 69.3, 67.1, 58.54, 29.1 (6C), 19.2 (2C). *Si NMR (59 MHz, CDCl;) (5 ppm) 12.53. HRMS
(ESI/TOF") C,3H330,Si [M+Na]" calculated 429.2431, found 429.2428.
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b)  Determination of the pKa of [2b-H]'/2b

2b (0.1 mmol, 36.1 mg) and 0.4 mL of an aqueous solution of HCI (0.4 mmol, 1M) were added to
90mL of water. Then, the resulting solution was titrated with an aqueous solution of NaOH (0.02M)
and after each addition, the pH was measured by a pHmeter (H12211, Hanna Instruments) to follow
the titration. The pKa of [2b-H]"/2b (6.26) was read on the pH = f(VNaOH) plotting at the half-
equivalence of [2b-H]" + HO" — 2b + H,0.

The measured pH values are summarised in the following table:

V(I\I?I?H) pH V(l\IﬁlI?H) pH V(I\I?I?H) pH V(I\ITIilI?H) pH V(l\rf]?H) pH V(FIEI?H) pH

0 2.48 6.75 2.63 13.5 2.8 20 3.05 26.5 4.09 33.5 9.79
0.25 2.49 7 2.63 13.75 2.81 20.25 3.06 27 4.33 33.75 9.88
0.5 2.5 7.25 2.64 14 2.82 20.5 3.07 27.25 4.54 34 9.97

1 25 7.5 2.64 14.25 2.83 20.75 3.09 27.5 4.67 34.25 10.05
1.25 2.51 7.75 2.65 14.5 2.83 21 3.11 27.75 4.93 34.5 10.11
1.5 2.51 8 2.65 14.75 2.84 21.25 3.13 28 548 34.75 10.15
1.75 2.52 8.25 2.66 15 2.84 21.5 3.14 28.25 5.71 35 10.19

2 2.52 8.5 2.67 15.25 2.85 21.75 3.16 28.5 5.85 35.25 10.24
2.25 2.52 8.75 2.67 15.5 2.86 22 3.18 28.75 591 355 10.29
25 2.53 9 2.68 15.75 2.86 22.25 32 29 5.99 35.75 10.33
2.75 2.54 9.25 2.68 16 2.87 22.5 3.22 29.25 6.06 36 10.36

3 2.54 9.5 2.68 16.25 2.89 22.75 3.24 29.5 6.13 36.25 10.39
3.25 2.54 9.75 2.69 16.5 2.89 23 3.28 29.75 6.19 36.5 10.42
35 2.55 10 2.7 16.75 2.9 23.25 3.3 30 6.26 36.75 10.44
3.75 2.55 10.25 2.7 17 291 235 3.32 30.25 6.35 37 10.47

4 2.56 10.5 2.71 17.25 2.92 23.75 3.36 30.5 6.45 37.25 10.49
4.25 2.56 10.75 2.72 17.5 2.93 24 3.39 30.75 6.56 37.5 10.51
4.5 2.57 11 2.73 17.75 2.94 24.25 3.43 31 6.69 37.75 10.53
4.75 2.57 11.25 2.74 18 2.95 24.5 3.36 31.25 6.81 38 10.54

5 2.58 11.5 2.74 18.25 2.96 24.75 3.5 31.5 7.04 38.25 10.58
5.25 2.58 11.75 2.75 18.5 2.97 25 3.55 31.75 7.25 38.5 10.59
5.5 2.59 12 2.76 18.75 2.99 25.25 3.61 32 8.59 38.75 10.61
5.75 2.6 12.25 2.76 19 2.99 25.5 3.69 32.25 9.05 39 10.63

6 2.61 12.5 2.77 19.25 3.01 25.75 3.78 325 9.29 39.25 10.65
6.25 2.61 13 2.78 19.5 3.02 26 3.86 32.75 9.51 39.5 10.66
6.5 2.62 13.25 2.79 19.75 3.04 26.25 4.04 33 9.63 39.75 10.67
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pH

12

10

Plotting of the pH as a function of the volume of aqueous NaOH added:

6,26

15 20 25 30 35 40
VNaOH (mL)
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c) Syntheses of the conjugated precursors

(29)-2-(R)-0-3-(4-((2-(2-(2-(4-(di-tert-butyl(1-methyl-1H-imidazol-2-yl)sily) phenoxy)ethoxy)
ethoxy)ethoxy)methyl)-1H-1,2,3-triazol-1-yl)propanyl]-cinchonidine 3a

\

O-[3-azidopropanyl)]-(2S)-2-(R)-cinchonidine (0.19 mmol, 0.95 eq., 71.6 mg), pentahydrate copper
sulfate (0.04 mmol, 0.2 eq., 9.9 mg) and sodium ascorbate (0.2 mmol, 1 eq., 39.6 mg) were added to a
solution of compound 2d (0.2 mmol, 116.9 mg) in tBuOH/H,0: 3/1 (4 mL). The mixture was stirred
for 5 min at 100°C under microwave irradiation (40 W). The crude reaction mixture was concentrated
under reduced pressure and the residue was purified by column chromatography on silica gel
(EtOAc/MeOH/NH;: 95/5/1; Rf = 0.5 ) to give compound 3a (97.1 mg, 59%) as a yellow oil. 'H NMR
(600 MHz, CDCl;) & (ppm) 8.88 (d, 1H, J = 4.3 Hz), 8.14 (s, 1H), 8.13 (s, 1H), 7.71 (t, 1H, J = 7.6
Hz), 7.57 (t, 1H, J =7.9 Hz), 7.50 (d, 2H, J = 8.8 Hz), 7.45 (m, 1H), 7.40 (d, 1H, J = 4.1 Hz), 7.30 (s,
1H), 6.97 (s, 1H), 6.90 (d, 2H, J = 8.8 Hz), 5.76-5.70 (m, 1H), 4.97-4.92 (m, 2H), 4.64 (s, 2H), 4.52-
4.43 (m, 2H), 4.13 (m, 2H), 3.85 (m, 2H), 3.73-3.71 (m, 2H), 3.68-3.65 (m, 7H), 3.43-3.40 (m, 1H),
3.39 (s, 3H), 3.37-3.33 (m, 2H), 3.15 (m, 1H), 3.07 (m, 1H), 2.75-2.59 (m, 2H), 2.29 (m, 1H), 2.19 (m,
2H), 1.84 (m, 1H), 1.78-1.64 (m, 3H), 1.57 (m, 1H), 1.13 (s, 18H). °C NMR (150 MHz, CDCl5) &
(ppm) 159.7, 150.2, 148.7, 148.4, 146.0, 145.4, 141.6, 137.7 (2C), 130.7 (2C), 130.4, 129.3, 126.9,
126.5, 125.8, 123.2, 122.6, 114.7, 114.0 (2C), 70.9 (2C), 70.7 (2C), 70.7 (2C), 69.9, 69.8, 67.2, 65.9,
64.8, 60.6, 56.8, 47.5, 43.2, 39.8, 36.6, 30.8, 29.8, 29.4 (6C), 27.9, 20.7 (2C). *Si NMR (119 MHz,
CDCl;) (8 ppm) -6.88. HRMS (ESI/TOF") CyHgN;0sSi [M+H]" calculated 864.5202, found
864.5203.

N-[3-(4-((2-(2-(2-(4-(di-tert-butyl(1-methyl-1H-imidazol-2-yDsilyl) phenoxy)ethoxy)ethoxy)
ethoxy)methyl)-1H-1,2,3-triazol-1-yl)propanvl]-biotinamide 3b

H?jLN: N=N \l/ \N
H I
B Ao

O
3b

1-Biotin-3-azidopropylamine (0.08 mmol, 0.95 eq., 27 mg), pentahydrate copper sulfate (0.017 mmol,
0.2 eq., 4.2 mg) and sodium ascorbate (0.084 mmol, 1 eq., 16.6 mg) were added to a solution of
compound 2d (0.084 mmol, 40.8 mg) in tBuOH/H,0: 3/1 (2.5 mL). The mixture was stirred for 5 min
at 100°C under microwave irradiation (40 W). The crude reaction mixture was concentrated under
reduced pressure and the residue was purified by column chromatography on silica gel
(dichloromethane/MeOH: 90/10; Rf = 0.4 ) to give compound 3b (34.4 mg, 53%) as a colorless oil. 'H
NMR (600 MHz, CDCls) 6 (ppm) 7.75 (s, 1H), 7.49 (d, 2H, J = 8.5 Hz), 7.45 (s, 1H), 7.14 (s, 1H),
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7.11 (s, 1H), 6.93 (d, 2H, J = 8.5 Hz), 6.64 (s, 1H), 5.78 (s, 1H), 4.63 (s, 2H), 4.50-4.48 (m, 1H), 3.38
(t, 2H, J = 6.8 Hz), 4.31-4.29 (m, 1H), 4.14-4.13 (m, 2H), 3.86-3.84 (m, 2H), 3.72-3.70 (m, 2H), 3.67-
3.64, (m, 6H), 3.47 (s, 3H), 3.26-3.19 (m, 2H), 3.13-3.10 (m, 1H), 2.89-2.86 (dd, 1H, J = 13.1 Hz, J =
4.9 Hz), 2.72-2.70 (m, 1H), 2.19 (t, 2H, J = 7.3 Hz), 2.11-2.67 (m, 2H), 1.74-1.60 (m, 4H), 1.42-1.39
(m, 2H), 1.14 (s, 18H). *C NMR (150 MHz, CDCLy) 8 (ppm) 174.1, 164.3, 160.1, 147.9, 145.1, 137.5
(20), 128.5, 128.4, 124.2, 123.6, 114.5 (2C), 70.9, 70.7, 70.6, 69.8, 69.7, 67.3, 64.6, 61.9, 60.3, 55.9,
48.1,40.7,37.5, 36.4, 35.8, 30.3, 29.3 (6C), 28.3, 28.1, 25.7, 20.7 (2C). ®Si NMR (119 MHz, CDCl5)
(5 ppm) -5.32. HRMS (ESI/TOF*) C4oHeNsOsSSi [M+H]" calculated 813.4511, found 813.4500.

f-D-1-Deoxy-1-[4-((2-(2-(2-(4-(di-tert-butyl(1-methyl-1H-imidazol-2-yl)silyl)phenoxy)ethoxy)
ethoxy)ethoxy)methyl)-1H-1,2,3-triazol-1-yl]-glucopyranose 3c

OH
_ \
HO o M\ o 0 \l/ N
HO N\/\/ ~ o \/\O@;Si«]
OH /ﬁ\\N

3c

1-Azido-1-deoxy-f-D-glucopyranose (0.095 mmol, 0.95 eq., 19.5 mg), pentahydrate copper sulfate
(0.02 mmol, 0.2 eq., 4.9 mg) and sodium ascorbate (0.1 mmol, 1 eq., 19.8 mg) were added to a
solution of compound 2d (0.1 mmol, 52.1 mg) in BuOH/H,0: 3/1 (3 mL). The mixture was stirred for
5 min at 100°C under microwave irradiation (40 W). The crude reaction mixture was concentrated
under reduced pressure and the residue was purified by column chromatography on silica gel
(dichloromethane/MeOH: 85/15, Rf = 0.5 ) to give compound 3¢ (29.5 mg, 45%) as a yellow oil. 'H
NMR (400 MHz, MeOD) (5 ppm) 8.20 (s, 1H), 7.54 (d, 2H, J = 8.5 Hz), 7.24 (m, 2H), 7.01 (d, 2H, J
= 8.5 Hz), 5.60 (d, 1H, J = 9.1 Hz), 4.65 (s, 2H), 4.15 (m, 2H), 3.91-3.84 (m, 4H), 3.72-3.70 (m, 3H),
3.67 (m, 6H), 3.56-3.49 (m, 3H), 3.45 (s, 3H), 1.15 (s, 18H). °C NMR (100 MHz, MeOD) (3 ppm)
160.1, 147.7, 144.6, 137.3 (20), 128.8, 124.5, 123.9, 122.9, 113.9 (2C), 88.2, 79.7, 77.1, 72.6, 70.3,
70.2 (2C), 69.5 (2C), 69.4, 66.9, 63.5, 60.9, 36.2, 28.4 (6C), 19.9 (2C). *Si NMR (79 MHz, MeOD) (3
ppm) -6.22. HRMS (ESI/TOF") C33H5;N500Si [M+H]" calculated 692.3685, found 692.3687.

D-2-Deoxy-2-[4-((2-(2-(2-(4-(di-tert-butyl(1-methyl-1H-imidazol-2-yl)silyl)phenoxy)ethoxy)
ethoxy)ethoxy)methyl)-1H-1,2,3-triazol-1-yl]-glucopyranose 3d

OH
0
HRo OH
N \
N°:l\/o o) \+/ N
oo
/i\ N

3d

2-Azido-2-deoxy-D-glucose (0.119 mmol, 0.95 eq., 24.4 mg), pentahydrate copper sulfate (0.025
mmol, 0.2 eq., 6.2 mg) and sodium ascorbate (0.125 mmol, 1 eq., 24.7 mg) were added to a solution of
compound 2d (0.125 mmol, 60.7 mg) in tBuOH/H,0: 3/1 (2.5 mL). The mixture was stirred for 5 min
at 100°C under microwave irradiation (40 W). The crude reaction mixture was concentrated under
reduced pressure and the residue was purified by column chromatography on silica gel
(dichloromethane/MeOH: 90/10; Rf = 0.3) to give compound 3d (50.9 mg, 62%) as a white powder.
'H NMR (600 MHz, CDCl3) & (ppm) 8.11 (s, 0.5H), 8.02 (s, 0.5H), 7.55 (d, 2H, J = 8.2 Hz), 7.26 (m,
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2H), 7.01 (m, 2H), 5.29 (d, 0.5H, J = 3.3 Hz), 5.12 (d, 0.5H, J = 8.2 Hz), 4.65-4.62 (m, 3H), 4.28-4.25
(m, 0.5H), 4.17-4.16 (m, 3H), 3.97-3.95 (m, 0.5H), 3.93 (dd, 0.5H, J = 11.6 Hz, J = 2.3 Hz), 3.86-3.84
(m, 2.5H), 3.80-3.73 (m, 1H), 3.71-3.69 (m, 2H), 3.67-3.64 (m, 6H), 3.55-3.44 (m, 4H), 1.15 (s, 18H).
3C NMR (150 MHz, CDCL3) & (ppm) 161.6, 149.1, 145.5, 138.7 (2C), 130.1, 126.4, 125.7, 125.4,
124.5, 115.4 (2C), 96.2, 92.7, 78.2, 75.5, 73.3, 72.4, 72.1, 71.7, 71.5, 70.7, 69.7, 68.4, 66.8, 65.0, 64.9,
62.6, 62.5, 37.7, 29.8 (6C), 21.4 (2C). ®Si NMR (119 MHz, CDCLy) (5 ppm) -6.03. HRMS
(ESUTOF") C3;Hs3N50,Si [M+H]" calculated 692.3685, found 692.3698.

3'-Deoxy-3'-[4-((2-(2-(2-(4-(di-tert-butyl(1-methyl-1H-imidazol-2-yl)silyl)phenoxy)ethoxy)
ethoxy)ethoxy)methyl)-1H-1,2,3-triazol-1-yl]-thymidine 3e

0
\kaH
HO N/&O
e
N \
"N ]\/0\/\0/\/0\/\0_@.\3’4%:]
3e

Zidovudine (0.119 mmol, 0.95 eq., 31.8 mg), pentahydrate copper sulfate (0.025 mmol, 0.2 eq., 6.2
mg) and sodium ascorbate (0.125 mmol, 1 eq., 24.7 mg) were added to a solution of compound 2d
(0.125 mmol, 60.7 mg) in tBuOH/H,0: 3/1 (2.5mL). The mixture was stirred for 5 min at 100°C under
microwave irradiation (40 W). The crude reaction mixture was concentrated under reduced pressure
and the residue was purified by column chromatography on silica gel (dichloromethane /MeOH: 95/5;
Rf = 0.3) to give compound 3e (66.3 mg, 74%) as a yellow powder. 'H NMR (400 MHz, CDCl;) &
(ppm) 7.75 (s, 1H), 7.52 (d, 1H, J = 0.8 Hz), 7.50 (d, 2H, J = 8.6 Hz), 7.31 (d, 1H, J = 1 Hz), 7.0 (d,
1H, J = 0.9 Hz), 6.9 (d, 2H, J = 8.6 Hz), 6.25 (t, 1H, J = 6.6 Hz), 5.43-5.39 (m, 1H), 4.68 (s, 2H),
4.40-4.38 (m, 1H), 4.15-4.13 (m, 2H), 3.97 (dd, 1H, J = 12.4 Hz, J = 2.4 Hz), 3.87-3.85 (m, 2H), 3.77-
3.66 (m, 9H), 3.42 (s, 3H), 2.92-2.88 (m, 2H), 1.9 (d, 3H, J = 1.1 Hz), 1.13 (s, 18H). °C NMR (100
MHz, CDCl;3) 6 (ppm) 163.9, 159.7, 150.5, 148.3, 145.6, 137.8, 137.7 (2C), 130.1, 125.6, 123.4,
122.9, 114.1 (2C), 111.3, 88.4, 85.4,70.9, 70.7 (2C), 70.1, 69.8, 67.2, 64.7, 61.6, 59.4, 37.7, 36.8, 29.4
(6C), 20.7 (2C), 12.6. *Si NMR (79 MHz, CDCl;) (5 ppm) -6.38. HRMS (ESI/TOF*) C3,HssN,OsSi
[M+Na]" calculated 776.3773, found 776.3771. MP (°C) : 85-86.

(8)-6-[4-((2-(2-(2-(4-(di-tert-butyl(1-methyl-1H-imidazol-2-yl)silyl)phenoxy)ethoxy)ethoxy)
ethoxy)methyl)-1H-1,2,3-triazol-1-yl]-2-(9-fluorenylmethoxvcarbonvl)aminohexanoic acid 3f

(o
. ng;iN‘NI\:)N\/ \~/ \N
7 O\/\o/\/o\/\o—< —Si— ]
O o) /’\ N

3f

N’-Diazo-L-Fmoc-lysine (0.19 mmol, 0.95 eq., 74.9 mg), pentahydrate copper sulfate (0.04 mmol, 0.2
eq., 10 mg) and sodium ascorbate (0.2 mmol, 1 eq., 39.6 mg) were added to a solution of compound
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2d (0.2 mmol, 98.9 mg) in fBuOH/H,0: 3/1 (4 mL). The mixture was stirred for 5 min at 100°C under
microwave irradiation (40 W). The crude reaction mixture was concentrated under reduced pressure
and the residue was purified by column chromatography on silica gel (dichloromethane /MeOH:
85/15; Rf = 0.5 ) to give compound 3f (58.5 mg, 35%) as a yellow oil. '"H NMR (600 MHz, MeOD) &
(ppm) 7.92 (s, 1H), 7.75 (d, 2H, J = 7.2 Hz), 7.62 (m, 2H), 7.49 (d, 2H, J = 8.5 Hz), 7.38-7.34 (m,
4H), 7.27 (t, 2H, J = 7.2 Hz), 6.97 (d, 2H, J = 8.5 Hz), 4.54 (s, 2H), 4.33 (m, 2H), 4.27 (m, 1H), 4.16
(m, 1H), 4.08 (m, 3H), 3.79 (m, 2H), 3.64 (m, 2H), 3.59 (m, 7H), 3.48 (s, 3H), 1.88 (m, 3H), 1.75-1.69
(m, 1H), 1.36 (m, 2H), 1.12 (s, 18H). >*C NMR (150 MHz, MeOD) & (ppm) 161.7, 158.9, 148.8, 145.4
(20), 145.2, 142.5 (20), 138.6 (20), 128.8 (20), 128.2, 128.1 (20), 126.3 (20), 126.2, 125.1, 124.5,
121.0 (2C), 115.6 (2C), 71.7 (2C), 71.5, 71.5, 70.7, 70.7, 68.4, 67.7, 65.0, 51.2, 48.4, 38.3, 33.0, 30.9,
29.7 (6C), 23.8, 21.3 (2C). The signal for CO,H was not detected. »Si NMR (119 MHz, MeQOD) (5
ppm) -4.76. HRMS (ESI/TOF") C4;sHguNgOgSi [M+H]" calculated 881.4627, found 881.4622.

4-((2-(2-(2-(4-(di-tert-butyl(1-methyl-1H-imidazol-2-yDsilyl)phenoxy)ethoxy)ethoxy)ethoxy)
methyl)-1H-1,2,3-triazol-1-yl]-Cyclo-RGD 3g

HZN\(

HN

NH

39

HO

Cyclo-RGDN;j; (0.04 mmol, 0.95 eq., 25.2 mg), pentahydrate copper sulfate (0.008 mmol, 0.2 eq., 2
mg) and sodium ascorbate (0.042 mmol, 1 eq., 8.3 mg) were added to a solution of compound 2d
(0.042 mmol, 20.4 mg) in tBuOH/H,0: 3/1 (2 mL). The mixture was stirred for 5 min at 100°C under
microwave irradiation (40 W). The crude reaction mixture was concentrated under reduced pressure
and the residue was purified by semi-preparative HPLC (Luna C18, 10um, 10*250mm, H,O+0.1%
TFA/CH3;CN+0.1% TFA: 95/5 to 24/76 linear gradient (0-15 min) then 24/76 to 5/95 linear gradient
(15-17 min), 5 mL/min, tz; = 11.87 min) to give compound 3g (32.1 mg, 72%) as a colorless oil. The
sample purity was checked by analytical HPLC (Luna CI18, 5um, 4.6*250mm, H,0+0.1%
TFA/CH;CN+0.1% TFA: 90/10 gradient to 10/90 (0-20 min) then isocratic (20-25 min), 1 mL/min, t3,
= 12.14 min). "H NMR (600 MHz, CDsCN/D,0) & (ppm) 8.44 (s, 1H), 8.18 (m, 1H), 8.15 (m, 1H),
8.12 (d, 2H, J = 8.4 Hz), 7.82 (m, 2H), 7.77-7-74 (m, 3H), 7.60 (d, 2H, J = 8.4 Hz), 5.24 (m, 1H), 5.16
(s, 2H), 5.13-5.11 (m, 1H), 4.42-4.39 (m, 1H), 4.37 (m, 2H), 4.22 (m, 2H), 4.20-4.16 (m, 9H), 3.95 (m,
1H), 3.67 (m, 2H), 3.48 (m, 2H), 3.37 (dd, 1H, J=16.9 Hz, J = 8.4 Hz), 3.16 (dd, 1H, /= 16.7 Hz, J =
6.3 Hz), 2.55 (m, 5SH), 2.38-2.33 (m, 1H), 2.31-2.26 (m, 2H), 2.17-2.09 (m, 2H), 2.05-1.96 (m, 3H),
1.73 (m, 1H), 1.69 (s, 18H), 1.53-1.49 (m, 2H). °*C NMR (150 MHz, CD;CN/D,0) & (ppm) 176.6,
176.5, 176.2, 175.3, 175.1, 173.7, 173.6, 163.3, 159.5, 149.3, 146.9, 140.4 (2C), 139.1, 132.0 (2C),
131.4 (20), 129.7, 127.1, 124.7, 123.5, 117.6 (2C), 72.8, 72.6, 72.5,71.9, 71.8, 69.9, 66.1, 57.8, 57.6,
55.1, 52.5, 52.20, 46.1, 43.4, 41.6, 39.8, 37.0, 32.6, 31.5, 31.0 (6C), 30.1, 27.3, 25.1, 22.6 (2C). *Si
NMR (119 MHz, CD;CN/D,0) (8 ppm) 1.06. HRMS (ESI/TOF*) Cs,Hg;N;30,,Si [M+H]" calculated
1116.6020, found 1116.6004.
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Analytic HPLC chromatogram of 3g:
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3'-Deoxy-3'-[4-((2-(2-(2-(4-(di-tert-butylsilyl)phenoxy)ethoxy)ethoxy)ethoxy)methyl)-1H-1,2,3-
triazol-1-yl]-thymidine 3h

0
N
HO N/go
0
N
N, Lo 0
3h 4\

Zidovudine (0.047 mmol, 0.95 eq., 12.6 mg), pentahydrate copper sulfate (0.01 mmol, 0.2 eq., 2.5 mg)
and sodium ascorbate (0.05 mmol, 1 eq., 11.9 mg) were added to a solution of di-tert-butyl(4-(2-(2-(2-
(prop-2-ynyloxy)ethoxy)ethoxy)ethoxy)phenyl)silane (0.05 mmol, 20 mg) in fBuOH/H,O: 3/1
(1.5mL). The mixture was stirred for 5 min at 100°C under microwave irradiation (40 W). The crude
reaction mixture was concentrated under reduced pressure and the residue was purified by column
chromatography on silica gel (dichloromethane /MeOH: 97/3; Rf = 0.1) to give compound 3h (22.1
mg, 70%) as a white powder. 'H NMR (300 MHz, CDCl;) & (ppm) 7.77 (s, 1H), 7.47-7.43 (m, 3H),
6.86 (d, 2H, J = 8.6 Hz), 6.22 (t, 1H, J = 6.5 Hz), 5.44-5.38 (m, 1H), 4.67 (s, 2H), 4.39-4.37 (m, 1H),
4.14-4.10 (m, 2H), 3.99-3.96 (m, 1H), 3.86-3.83 (m, 2H), 3.80 (s, 1H), 3.74-3.64 (m, 9H), 2.90-2.87
(m, 2H), 1.90 (s, 3H), 1.00 (s, 18H). *C NMR (75 MHz, CDCl;) & (ppm) 163.9, 159.5, 150.6, 145.7,
137.9, 137.3 (2C), 126.8, 123.0, 113.9 (2C), 111.3, 88.5, 85.4, 70.8, 70.7, 70.6, 70.0, 69.8, 67.1, 64.7,
61.6, 59.3, 37.6, 29.0 (6C), 19.1 (2C), 12.6. ¥Si NMR (59 MHz, CDCl;) (8 ppm) 12.47. HRMS
(ESUTOF") C33H5;N5OgSi [M+Na]" calculated 696.3399, found 696.3389.
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d)

General procedure

Optimization of the conditions of "’ F-fluorination

"F™", Acid
J ,
X-Si (e} o} y >
@ \/\O/\/ \/\O/_CN THF - dg
70°C
3h: X=H N/
3e: X =
L+
N

4e

Mesitylene (0.198 mmol, 6eq., 27 pL) and precursor 3e or 3h (0.033 mmol) were dissolved in 1 mL of
THF-dg. The fluoride source (x eq.) and the acid (y eq.) were added. The mixture was stirred at 70°C
for 2h. The reaction was followed by 'H-NMR at t = 0, 15, 30, 60, 90 and 120 min, and the
corresponding 'H NMR yields were determined by '"H NMR analysis of an aliquot of the mixture

using mesitylene as the internal standard.

Experiments

"H NMR Yields
Experience| Precursor “F“ (x equiv) Acid (y equiv) t=0 | t=151t=301t=601t=90 [t=120

min min min min min min

1 3e TBAF (1.5 equiv) AcOH (10 equiv) 0 20 50 70 80 85
2 TBAF (1.5 equiv) AcOH (10 equiv) 0 0 10 20 30 30
3 3e KE/ Kryptofix (151 A .01 (10 equiv) 0 50 | 70 | 80 | 90 | 90

equiv)

3e TBAF (1.5 equiv) AcOH (10 equiv) 0 0 10 20 20 20

3e TBAF (1.5 equiv) 0 0 0 0 0 0

6 3e TBAF (1.5 equiv) NH,CI (10 equiv) 0 20 20 30 50 50
7 3e TBAF (1.5 equiv) CH;SO5H (1.5 equiv) 0 60 90 100 100 100
3e TBAF (1.5 equiv) (1.5 equiv)? 0 50 64 81 82 93

3e (1.5 equiv) - 0 44 72 84 89 90

10° 3e 0.1 M HF,q (0.5 equiv) - 0 24 58 68 76 88
3e 0.1 M NaF, (0.5 equiv)|1.0 M HCl,q (0.5 equiv)| 0O 22 56 74 90 90
12 3e 0.1 M NaF,, (0.5 equiv)| AcOH (10 equiv) 0 40 70 80 90 100

*DMSO-ds was used as solvent. "PS-SO;H = Sulfonic acid functionalized polystyren resin (1.18

mmol/g). “A 1:1 mixture of H,O and THF-dg was used as solvent, trimethoxybenzene was used as

internal standard.
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1H NMR yield (%)

Evolution in time of the '"H NMR yields of 4e under various conditions of fluorination:
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e) PF-Fluorination of precursors 3a-g

(25)-2-(R)-0-[3-(4-((2-(2-(2-(4-(di-tert-butylfluorosilyl) phenoxy)ethoxy)ethoxy)ethoxy)methyl)-
1H-1,2.3-triazol-1-vl)propanyl]-cinchonidine 4a

Mesitylene (0.06 mmol, 6eq., 8.3 uL.) and compound 3a (0.01 mmol, 8.8 mg) were dissolved in 1 mL
of THF-ds. Aqueous hydrofluoric acid (15 pmol, 1.5eq., 0.1 M, 150 puL) was added. The mixture was
stirred at 70°C for 2h. A 100% "H NMR yield was determined by 'H NMR analysis of an aliquot of
the mixture using mesitylene as the internal standard. The solvent was removed under reduced
pressure and the residue was purified by column chromatography on a silica gel (CHCI;/MeOH: 95/5;
Rf = 0.2) to give compound 4a (2.3 mg, 29%) as a yellow oil. 'H NMR (400 MHz, CDCl5) & (ppm)
8.90 (d, 1H, J=4.4 Hz), 8.25 (m, 1H), 8.15 (d, 1H, J=8.4 Hz), 7.74 (t, 1H, J = 6.8 Hz), 7.62 (m, 1H),
7.50 (m, 3H), 7.42 (d, 1H, J = 4.2 Hz), 6.92(d, 2H, J = 8.4 Hz), 5.69 (m, 1H), 4.96 (m, 2H), 4.66 (s,
2H), 4.50 (m, 2H), 4.13 (m, 2H), 3.85 (m, 2H), 3.74-3.66 (m, 9H), 3.49-3.42 (m, 3H), 3.20 (m, 2H),
2.82 (m, 2H), 2.39 (m, 1H), 2.22 (m, 2H), 1.91 (m, 3H), 1.25 (m, 2H), 1.03 (s, 18H), 0.85 (m, 2H). °C
NMR (100 MHz, CDCl;) & (ppm) 160.1, 150.2, 148.7, 145.5, 135.6 (2C, d, J = 4.2 Hz), 130.7, 129.5,
127.3, 126.2, 124.8 (2C, d, J = 14.1 Hz), 123.3, 122.6, 118.6, 114.1 (2C), 77.4, 70.9 (2C), 70.8 (2C),
70.7 (2C), 69.9, 69.8, 67.2, 66.4, 66.1, 64.8, 60.5, 56.5, 47.6, 43.4, 30.8, 29.7, 27.7, 27.5 (6C), 20.5
(2C, d, J = 12.8 Hz). *Si NMR (79 MHz, CDCl;) (8 ppm) 14.39 (d, J = 297 Hz). "°F NMR (376 MHz,
CDCl3) (8 ppm) -183.7. HRMS (ESI/TOF") C,;sHgNsOsSiF [M+H]" calculated 802.4733, found
802.4725.

N-[3-(4-((2-(2-(2-(4-(di-tert-butylfluorosilyl) phenoxy)ethoxy)ethoxy)ethoxy)methyD-1H-1,2,3-
triazol-1-yl))propanyl]-biotinamide 4b

4b

Mesitylene (0.06 mmol, 6eq., 8.3 uL) and compound 3b (0.01 mmol, 8.2 mg) were dissolved in 1 mL
of THF-ds. Aqueous hydrofluoric acid (15.0 umol, 1.5eq., 0.1 M, 150 uL) was added. The mixture
was stirred at 70°C for 2h. A 100% 'H NMR yield was determined by '"H NMR analysis of an aliquot
of the mixture using mesitylene as the internal standard. The solvent was removed under reduced
pressure and the residue was purified by column chromatography on a silica gel
(dichloromethane/MeOH : 90/10; Rf = 0.5) to give compound 4b (2.3 mg, 31%) as a colorless oil. 'H
NMR (400 MHz, CDCl;) & (ppm) 7.72 (s, 1H), 7.50 (d, 2H, J = 8.4 Hz), 6.92 (d, 2H, J = 8.4 Hz), 6.68
(t, 1H, J= 6.1 Hz), 6.39 (s, 1H), 5.44 (s, 1H), 4.66 (s, 1H), 4.50 (m, 1H), 4.40 (t, 2H, J = 6.5 Hz), 4.30
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(m, 1H), 4.14 (m, 2H), 3.86 (m, 2H), 3.86 (m, 2H), 3.74-3.65 (m, 9H), 3.27-3.23 (m, 2H), 3.15-3.11
(m, 1H), 2.90 (dd, 1H, J = 12.7 Hz, J = 5.2 Hz), 2.72 (m, 1H), 2.19 (m, 2H), 2.11 (m, 2H), 1.42 (m,
2H), 1.03 (d, 18H, J = 1.05 Hz. *C NMR (100 MHz, CDCl3) § (ppm) 173.7, 163.9, 159.9, 135.5 (2C,
d, J=4.0 Hz), 124.7 (d, J = 13.5 Hz), 113.9 (2C), 70.8 (2C), 70.6 (2C), 70.5, 69.8, 69.7, 67.0, 64.7,
61.8, 60.2, 55.7, 48.0, 40.6, 36.4, 35.7, 30.0, 28.1, 27.9, 27.4 (6C), 25.5, 20.3 (2C, d, J = 11.9 Hz). *Si
NMR (79 MHz, CDCls) (8 ppm) 14.40 (d, J = 294 Hz). '°F NMR (376 MHz, CDCL) (5 ppm) -188.7.
HRMS (ESI/TOF*) C3sHsoNOsSSiF [M+Na]* calculated 773.3862, found 773.3862.

f-D-1-Deoxy-1-[4-((2-(2-(2-(4-(di-tert-butylfluorosilyl)phenoxy)ethoxy)ethoxy)ethoxy)methyl)-
1H-1,2.3-triazol-1-yl]-glucopyranose 4c

OH

Hao N\/\/O\/\O/\/O\/\OQ;T;F

OH
4c

Mesitylene (0.084 mmol, 6eq., 11.6 uL.) and compound 3¢ (0.014 mmol, 10 mg) were dissolved in 1
mL of THF-dg. Aqueous hydrofluoric acid (21.0 pmol, 1.5eq., 0.1 M, 210 pL) was added. The mixture
was stirred at 70°C for 2h. A 100% 'H NMR yield was determined by '"H NMR analysis of an aliquot
of the mixture using mesitylene as the internal standard. The solvent was removed under reduced
pressure and the residue was purified by column chromatography on a silica gel
(dichloromethane/MeOH: 90/10) to give compound 4¢ (4.2 mg, 48%) as a colorless oil. 'H NMR (600
MHz, MeOD) 6 (ppm) 8.19 (s, 1H), 7.52 (d, 2H, J = 8.5 Hz), 6.98 (d, 2H, J=8.5 Hz), 5.59 (d, 1H, J =
9.3 Hz), 4.65 (s, 2H), 4.15 (m, 2H), 3.90-3.84 (m, 4H), 3.72-3.69 (m, 3H), 3.67-3.65 (m, 6H), 3.57-
3.54 (m, 2H), 3.51-3.48 (m, 1H), 1.04 (d, 18H, J = 0.2 Hz). °C NMR (150 MHz, MeOD) & (ppm)
161.7, 146.0, 136.6 (2C, d, J = 4.10 Hz), 125.6 (d, J = 13.5 Hz), 1244, 115.2 (2C), 89.6, 81.2, 78.5,
74.1,71.7,71.6,71.5, 70.6, 70.8 (2C), 68.3, 64.9, 62.4, 27.8 (6C), 21.1(2C, d, J = 13.2 Hz). *’Si NMR
(119 MHz, MeOD) (5 ppm) 14.26 (d, J = 293 Hz). '’F NMR (376 MHz, CDCl;) (8 ppm) -189.6.
HRMS (ESI/TOF") C,0HysN;300SiF [M+Na]" calculated 652.3036, found 652.3032.

D-2-Deoxy-2-[4-((2-(2-(2-(4-(di-tert-butylfluorosilyl)phenoxy)ethoxy)ethoxy)ethoxy)methyl)-1H-
1,2,3-triazol-1-yl]-glucopyvranose 4d

OH
o
"o OH
N
'y . Y
N O\/\O/\/ \/\O‘Q;T;F

4d

Mesitylene (0.132 mmol, 6eq., 18.4 uL) and compound 3d (0.022 mmol, 15 mg) were dissolved in 1
mL of THF-dg. Aqueous hydrofluoric acid (33.0 pmol, 1.5eq., 0.1 M, 330 uL) was added. The mixture
was stirred at 70°C for 5h. A 100% 'H NMR yield was determined by '"H NMR analysis of an aliquot
of the mixture using mesitylene as the internal standard. The solvent was removed under reduced
pressure and the residue was purified by column chromatography on a silica gel
(dichloromethane/MeOH: 90/10; Rf = 0.3) to give compound 4d (5.0 mg, 36%) as a yellow oil. 'H
NMR (600 MHz, MeOD) 6 (ppm) 8.10 (s, 0.5H), 8.0 (s, 0.5H, s), 7.52 (d, 2H, J = 8.6 Hz), 6.99 (d,
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2H, J = 8.6 Hz), 5.28 (m, 0.5H), 5.12 (s, 0.5H), 4.65 (m, 2.5H), 4.58 (m, 1H), 4.27-4.24 (m, 0.5H),
4.17-4.13 (m, 3H), 3.99-3.92 (m, 1H), 3.87-3.84 (m, 2H), 3.80-3.73 (m, 1H), 3.72-3.70 (m, 2H), 3.67-
3.64 (m, 6H), 3.55-3.43 (m, 1H), 1.08 (d, 18H, J = 1.1 Hz). >*C NMR (150 MHz, MeOD) & (ppm)
161.7, 145.5, 145.3, 136.6 (2C, d, J = 3.9 Hz), 126.4, 125.5 (d, J = 14.6 Hz), 124.5, 115.2 (2C), 96.2,
92.7,78.2,75.6, 73.3, 72.4,72.2, 71.8, 71.7, 71.6, 71.5, 70.8, 70.7, 69.7, 68.3, 66.9, 65.1, 65.0, 62.7,
62.5, 59.5, 27.8 (6C), 24.8, 21.1 (2C, d, J = 12.7 Hz), 20.7, 13.9. ®Si NMR (119 MHz, MeOD) (5
ppm) 14.26 (d, J = 294 Hz). ’F NMR (282 MHz, MeOD) (5 ppm) -189.6 HRMS (ESI/TOF")
CyoH4sN306SiF [M+Na]* calculated 652.3036, found 652.3046.

3'-Deoxy-3'-[4-((2-(2-(2-(4-(di-tert-butylfluoroesilyl)phenoxy)ethoxy) ethoxy)ethoxy)methyl)-1H-
1,2,3-triazol-1-yl]-thymidine 4e

0
7 NH
HO N&o
N
v o 0
N ~ o0 \/\O—@Si—F
4e /}\

Mesitylene (0.198 mmol, 6eq, 27 uL) and compound 3e (0.033 mmol, 25 mg) were dissolved in 1 mL
of THF-ds. Aqueous hydrofluoric acid (49.5 umol, 1.5eq., 0.1 M, 495 uL) was added. The mixture
was stirred at 70°C for 2h. A 90% 'H NMR vyield was determined by 'H NMR analysis of an aliquot of
the mixture using mesitylene as the internal standard. The solvent was removed under reduced
pressure and the residue was purified by column chromatography on a silica gel
(dichloromethane/MeOH: 95/5; Rf = 0.3) to give compound 4e (19.9 mg, 87%) as a yellow oil. 'H
NMR (300 MHz, CDCl;) 6 (ppm) 7.77 (s, 1H), 7.50-7.47 (m, 3H), 6.90 (d, 2H, J = 8.6 Hz), 6.22 (t,
1H, J = 6.6 Hz), 5.44-5.38 (m, 1H), 4.68 (s, 2H), 4.40-4.38 (m, 1H), 4.1-4.12 (m, 2H), 4.00-3.95 (dd,
1H, J = 12.1 Hz, J = 2.3 Hz), 3.87-3.84 (m, 2H), 3.79-3.65 (m, 9H), 2.91 (t, 2H, J = 6.9 Hz), 1.91 (s,
3H), 1.02 (d, 18H, J = 1.0 Hz). °C NMR (100 MHz, CDCl;) & (ppm) 164.0, 159.9, 150.6, 145.7,
137.9, 135.56 (2C, d, J = 4.9 Hz), 1249 (d, J = 14.3 Hz), 123.10, 114.1 (2C), 111.3, 88.7, 85.4, 70.9,
70.7, 70.6, 70.04, 69.8, 67.2, 64.9, 61.6, 59.4, 37.6, 27.46 (6C), 20.4 (2C, d, J = 12.8 Hz), 12.5. Si
NMR (59 MHz, CDCl3) (5 ppm) 14.37 (d, J = 297 Hz). '°’F NMR (282 MHz, CDCl3) (5 ppm) -188.6.
HRMS (ESI/TOF") C33Hs5oNsOsSiF [M+Na]* calculated 714.3304, found 714.3304.

(8S)-6-[4-((2-(2-(2-(4-(di-tert-butylfluorosilvl)phenoxy)ethoxy)ethoxy)ethoxy)methyl)-1H-1,2,3-
triazol-1-yl]-2-(9-fluorenylmethoxycarbonyl)aminohexanoic acid 4f

O. Oj\NH N;N\/ \‘/
HOL 75 N__ o) O i—
O W N o \/\OO/S’\F

4f

S18



Mesitylene (0.09 mmol, 6eq, 12.5 uL) and compound 3f (0.015 mmol, 13.3 mg) were dissolved in 1
mL of THF-dg. Aqueous hydrofluoric acid (22.5 pumol, 1.5eq., 0.1 M, 225 uL) was added. The mixture
was stirred at 70°C for 3h. A 100% 'H NMR yield was determined by '"H NMR analysis of an aliquot
of the mixture using mesitylene as the internal standard. The solvent was removed under reduced
pressure and the residue was purified by column chromatography on a silica gel
(dichloromethane/MeOH: 95/5; Rf = 0.1) to give compound 4f (4.1 mg, 33%) as a yellow oil. 'H
NMR (600 MHz, MeOD) & (ppm) 7.93 (s, 1H), 7.78 (d, 2H, J = 7.7 Hz), 7.67-7.64 (m, 2H), 7.50 (d,
2H, J = 8.3 Hz), 7.38 (m, 2H), 7.30 (m, 2H), 6.95 (d, 2H, J = 8.3 Hz), 4.57 (s, 2H), 4.38-4.31 (m, 4H),
4.20 (t, 1H, J =6.2 Hz), 4.11 (m, 2H), 4.07 (m, 1H), 3.81 (m, 2H), 3.66 (m, 2H), 3.61 (m, 7H), 1.90
(m, 2H), 1.70 (m, 1H), 1.38 (m, 2H), 1.03 (d, 18H, J = 1.0 Hz). C NMR (150 MHz, MeOD) & (ppm)
161.7, 158.5, 145.9, 145.4, 145.2, 142.6 (2C), 136.5 (2C, d, J = 4.2 Hz), 128.8 (2C), 128.2 (2C), 126.3
(2C), 125.5 (d, J = 13.7 Hz), 125.0, 120.9 (2C), 115.2 (2C), 71.7 (2C), 71.5, 71.5, 70.8, 70.8, 68.3,
67.8, 64.9, 51.2, 48.5, 32.6, 30.8, 27.8 (6C), 23.8, 21.1 (2C, d, J = 12.7 Hz). The signal for CO,H was
not detected. *’Si NMR (119 MHz, MeOD) (8 ppm) 14.26 (d, J = 294 Hz). "’F NMR (282 MHz,
MeOD) (8 ppm) -189.5. HRMS (ESI/TOF") CyHsoN,OgSiF [M+Na]® calculated 841.3978, found
841.3982.

[4-((2-(2-(2-(4-(di-tert-butylfluorosilyl)phenoxy)ethoxy)ethoxy)ethoxy)methyl)-1H-1,2,3-triazol-
1-y1]-Cyclo-RGD 4g

HNNH
x

1 0 N=N \‘/
OY\HJ\\‘\\/\/N\/\/O\/\O/\/O\/\O\Q‘&_F
" g AN

HN
o) N‘:Lﬁ
O
o
HO

Mesitylene (0.042 mmol, 6eq, 5.8 uL.) and compound 3f (7.0 umol, 8.5 mg) were dissolved in 1 mL of
THF-dg. Aqueous hydrofluoric acid (10.5 pmol, 1.5eq., 0.1 M, 105 uL) was added. The mixture was
stirred at 70°C for 3h. A 90% "H NMR yield was determined by 'H NMR analysis of an aliquot of the
mixture using mesitylene as the internal standard. The solvent was removed under reduced pressure
and the residue was purified by semi-preparative HPLC (Luna C18, 10um, 10*250mm, H,O+0.1%
TFA/CH;CN+0.1% TFA: 95/5 to 5/95 linear gradient (0-20 min), 5 mL/min, t3, = 16.67 min) to give
compound 4g (5.3 mg, 72%) as a colorless oil. The sample purity was checked by analytical HPLC
(Luna C18, 5pum, 4.6¥250mm, H,0+0.1% TFA/CH;CN+0.1% TFA: 90/10 gradient to 10/90 (0-20
min) then isocratic (20-25 min), 1 mL/min, t3; = 17.18 min). 'H NMR (400 MHz, CD;CN/D,0) o
(ppm) 7.79 (m, 1H), 7.52 (d, 2H, J = 8.3 Hz), 7.27 (m, 2H), 7.22 (m, 3H), 6.96 (d, 2H, J = 8.3 Hz, 4.59
(t, 1H, J = 6.9 Hz), 4.56 (m, 2H), 4.29 (t, 2H, J = 6.3 Hz), 4.21-4.18 (m, 2H), 4.12 (m, 2H), 3.95 (m,
1H), 3.79-3.77 (m, 3H), 3.64-3.57 (m, 9H), 3.33 (m, 1H), 3.10 (m, 2H), 3-2.96 (m, 1H), 2.90-2.85 (m,
1H), 1.78 (t, 1H, J = 6.3 Hz), 1.59 (m, 1H), 1.52 (m, 1H), 1.25-1.20 (m, 6H), 1.09 (m, 2H), 1.02 (d,
18H, J = 1.1 Hz), 0.86 (m, 1H). *Si NMR (119 MHz, CD;CN/D,0) (& ppm) 14.78 (d, J = 297 Hz). "°F

NMR (282 MHz, CD;CN/D,O) (8 ppm) -185.6. HRMS (ESI/TOF") CsoH76N;;0,;SiF [M+Na]*
calculated 1076.5371, found 1076.5382.
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Analytic HPLC chromatogram of 4g:
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300 'ﬂ Fluoration pour 18F #53 RGDSIF UV_VIS_2 WVL:238 nm

11-17.183

250

200

-

[y}

(=}
1.

[y

=

(=]
1.

501

-50]

-100 _-| T T T T T T T T T T T T T T T T T T T T T T T T T T 1
00 50 10.0 15.0 200 250 300
Time [min]

C) Radiosyntheses

18F- (in 300uL

\‘/ N of NaCl,g) ‘-_@P
. 7 - TTay S-_18F
~_©;T\—<N] Conditions 4;

/
3e, 3g ['8Fl4e, ['®Fl4g
(2) NaCIaq (300pL, (1) Waste
0.9% w/w)
(2)
m QMA"8F-
/["°0O]H,0
Injecting
Loop (3)
Waste == C18 Column VT

(4) CH3CN /H,0
(+0.1% TFA)

Collecting
Vial
Reaction
Vial

S20




a. Radiosynthesis of ['°F] 4e

No-carrier-added ['*F]fluoride was produced by the '*O(p,n)"*F nuclear reaction by irradiation of
enriched ["®*OJH,0.[*F]Fluoride production: Bombardment: 30-60 min; 30-60 pA; target volume 1.8-
2.5 mL; 24-110 GBq were obtained. ['*F]Fluoride was trapped on an anion-exchange resin cartridge
(Sep-Pak QMA light, Waters). The cartridge was eluted with an aqueous solution of NaCl (0.9% w/w,
300 puL) and the resulting saline solution was transferred to the reaction vial previously loaded with a
THEF solution of the silylated precursor and the acid. The resulting mixture was allowed to react at 70
or 100 °C under constant stirring for 15 min. After this time, the mixture was diluted with mobile
phase (4 mL), and the resulting solution was injected into a semi-preparative HPLC (Luna C18, Sum,
10#250mm, H,0+0.1% TFA/CH;CN+0.1% TFA: 30/70 isocratic (0-20 min), 2.5 mL/min, t;jgrye =
11.7 min). Then, the activity of the collected fraction of ['°F]4e was measured and the purity of a
precise fraction of the sample was checked by analytical HPLC (Luna C18, Sum, 4.6*250mm,
H,0+0.1% TFA/CH;CN: 35/65 isocratic (0-30 min), 1 mL/min, t;jgre = 11.53 min). The molar
quantity in the sample was determined by fitting the UV pic area into a calibration line previously
realized, then allowing to calculate the molar activity of the whole collected fraction containing
['*Flde.

Preparative HPLC chromatogram of ['°F]4e obtained from 3e:

Product; 18F, Process: MPPF, Batch No AZTSIF 19-01 17, Operator fxfn, Start of Synthesns 1911012017 11:50:31, Page 1N

1 : ; : : : i HPLC GammaDeteclot

Time / min
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Analytic HPLC chromatogram of the collected fraction of ['°F]4e obtained from 3e:

2 19-10-17
Sample Name: 28-04-10 Injection Volume: 20,0
Vial Number: 2 Channel: uv Vvis 4
Sample Type: unknown Wavelength: 260
Control Program:  AZTSIF iso colonne Luna CQ 35 65 TFA / Bandwidth. 1
Quantif. Method: DEFAULT Dilution Factor: 1,0000
Recording Time: 19/10/2017 12:40 Sample Weight: 1,0000
Run Time (min): 30,00 Sample Amount: 1,0000
25,0 1 W_VIS 1
JiAL 1 - AZTSIF - 11,534 VWVL:254 nrr)
=) | |
<
E o] |
o 12,5
5 |
s i
=] |
L -
{ _1_!\/‘—"‘-"*—"—\#‘-\_'-\! ———— — __—_._J\—)—flj L —_—
, ! i S
-5,0
3 000. 2 Gabi
JmV
| 1 - AZTSIF - 11,861
_ Y ||
> i
£ i
o 1250 \ \
E .
S . |
> i [
ot | |
_2 U
'500 T T T | T T T T | T T T | T T T | T T T | T Ir?-lr.I
0,0 5,0 10,0 15,0 20,0 25,0 30,0
Terps de retention [min]
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
V_VIS| UV_VIS_1 UV_VIS_1 UV_VIS_1 UV_VIS_1 UV_VIS_1 UV_VIS_1 UV_VIS_1
min mAU  mAU*min %
n.a. 11,563 AZTSIF 23,428 5,661 100,00 n.a. BMB*"
Total: 23,428 5,561 100,00 0,000
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Screening of conditions for the radiosynthesis of ['*F]de

.. Activity of | Activity d
Aqueous Activity at [lsF]4e in yield Molar | Mean? of Mean" of
Bom- . . the end of b . . molar
E bard- solution for Reacting Vial Condi- bombar- GBq (AY) activity AY activit
Xp ar . g . . Ta . y
QMA elution tions . (Time, (Radio- (GBq/ | (Mean of
ment dment in . c (GBq/
(% wiw) GB decay chemical pmol) RCY) mol)
q corrected) yield) "
. 3e (10 mg, 13.3umol),
. 30min | 300uL NaCl | THF (400uL), HCl,, | 70°C - o é'ﬁn 3.0% p
J0uA (09%)  |(IM, 1 equiv, 13.3uL), | 15min 089) | G7%)
H H,0 (82.7uL) '
42min 3e (10 mg, 13.3umol), o 11.6
2 - | 3R NGl Crpe s00uL), HL, | P07 79 @ min, | 130% | ygg | a6
(0.9%) : 9 | 15min (17.5%) 6+
55uA (IM, 1 equiv, 13.3uL) 13.8) 0.03% | 188 +
58min 3e (10 mg, 13.3umol), N 11.5 175+ 5
3| - | e | THEGOOML, HCL, | HO TS 785 | @omin, |08 181 | 0.02%)
55uA o (IM, 1 equiv, 13.3pL) 13.8) D7
59min 3e (5 mg, 6.6umol), o 38.5
4 -3 O?B'I; ;;‘Cl THF (300uL), HCI,, 11050micn 106 | G1min, | 2;"33/;) 166
S5pA 27 (1M, 1 equiv, 6.6uL) 46.1) e
59min 3e (5 mg, 6.6pmol) 204 28.6 =
5 RN 0(231;(17\1;0 THF (300uL), HCl,, 11050m(i:n- 88,7 | (29 min, (5;'(7)3‘0) 115 (i'z:/"+ 1::’)2 *
55uA 27 (1M, 1 equiv, 6.6uL) 24.5) 7 2 0% )
58min 3e (5 mg, 6.6umol), . 26.4 )
6 R 0?8]5 (17\1;1(:1 THF (300pL), HCl,, IIOSOm(i:n- 94 (30 min, ég'g?) 109
55uA o7 (1M, 1 equiv, 6.6uL) 31.8) 07
58min 3e (5 mg, 6.6umol), o 22.5
7| - ey | THEGOOML)PS- | 0 EC | 965 | @omin, | Soo | el
55uA o7 SO,H (6 mg, | equiv) 27.0) 7
51min 3e (5 mg, 6.6umol), o 32
8 - | BORL NGl g (300uL), Acom | 100°¢ 105 | @omin, | 200% | 103 | e,
60uA (0.9%) (10 equiv, 3.8uL) | Lomin 387) | G69%) or
H quv, 5.ou : 2.3% 89 +
54min 3e (5 mg, 6.6umol), o 27.6 (349 = 20
o | - | e | THEGOOuL) AcOH | 0T 016 | Glmin | 50F |75 | 28%)
60uA 2 (10 equiv, 3.8uL) 33.4) 2
55min 4e (4,6 mg, 6.6pmol), o 0.4
10 - 30%‘% qN;‘CI THF (300uL), HC,, 110501nicn- 94 (30 min, (g'gg") nd
S55uA 7 (1M, 1 equiv, 6.6uL) 0.5) e
59min 3h (4,5 mg, 6.6pumol), o 0
11 - 30%‘%;;‘0 THF (300uL), HC,, 110501nicn- 75 (39 min, 0 nd
60uA 27 (1M, 1 equiv, 6.6uL) 0)
58min 3h (4,5 mg, 6.6pumol), o 0
12 - 30%‘%;;‘0 THF (300uL), AcOH 110501nicn- 80 (39 min, 0 nd
60uA o (10 equiv, 3.8uL) 0)
600pL H,0,
. ImL CH3CN | 3h (7,3 mg, 10 umol),
i, 65min | = ,co5+ DMSO B00uL). | 60°C- | o0 | Sg(ifin 33.4% -
S5uA K2.2.2.) AcOH (5 equiv, 15min ) 84.6) > (46.3%)
H Azeotropic 3.0uL) '
drying
57min 300uL 3e (5 mg, 6.6umol), o
14 - Na,SO, THF (300uL), HC,, IIOSOmiCn_ 110 (431(3)'45;) (gg'%") 111
55uA (2.1%) (IM, 1 equiv, 6.6uL) : e

“From the end of bombardment to the measurement of the activity of [""F]4e. "Calculated as the activity in the
collected vial divided by the activity at the end of bombardment (x100). "Molar activity determined by
HPLC/radio HPLC. “mean + standard deviation of the n experiments. nd = Non determined. PS-SO;H = Sulfonic
acid functionalized polystyren resin (1.18 mmol/g).
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Preparative HPLC chromatogram of ['*F]4e obtained from 3h in aqueous conditions (entry 12):

Product: 18F, Process MPPF Batch No AZTSIH 21-03 18 Operator fxfn Start of Synthesns 2110312018 11 45 45 Page 1

- Cut

OP«r—“J--*<-r-w R \1—}-1-,\*\ [ R A R e M el A s AL st T e B s I T o et B Gl s sl
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Time / min
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Preparative HPLC chromatogram of ['®F]4e obtained from 3h in anhydrous conditions (entry

13):

Product: 18F, Process: MPPF, Batch No.: AZTSiH 23-03-18, Operator: fxfn, Start of Synthesis: 23/03/2018 11:10:18, Page 1/1

6000011*7 L S - 5.--.5----i-‘.‘.lf...HFLG.GammaEDetefcgforf, . T -~ o, ..... ——— 1

7 " JIRRER SRS OO OISR RN NN S AN ISR JOUE N0 L1 TR 0TS ) OO SYE SIS SOOSI PUPS OS POO MU ARSI

400001 RO TITTI STPITIITT IR NP AT oottt b ..... ..... :

20000t

10000+ ioovrbor bbb N R X it Pagk e b
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Analytic HPLC chromatogram of the collected fraction of ['°F]4e obtained from 3h in anhydrous

conditions (entry 13):

1 23-03-18
Sample Name: 23-03-18 Injection Volume: 20,0
Vial Number: 3 Channel: Gabi
Sample Type: unknown Wavelength: n.a.
Confrol Program:  AZTSIF iso colonne Luna CQ 35 65 TFA ACN sans Bandwidth: n.a.
Quantif. Method: DEFAULT Dilution Factor: 1,0000
Recording Time: 23/03/2018 12:25 Sample Weight:  1,0000
Run Time (min): 19,91 Sample Amount.  1,0000
23-03-18 #1 23-03-18 Gabi
3 000 -
i 1-11,981
2 000
1 000+
0 1 J
'SDQ T T T I T T I T T T | T T T I T T T | T T T | I T T T | T T T I T n:.ln
0,0 20 4.0 6,0 8,0 10,0 12,0 14,0 16,0 18,0 19,9
System Suitability Test Results:
No. |Test Name Sample Condition Peak Condition Test Result
Number of executed single tests: n.a. Total test result: n.a.
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b. Radiosynthesis of [ & [4g

No-carrier-added ['*F]fluoride was produced by the '*O(p,n)"*F nuclear reaction by irradiation of
enriched ["®*OJH,0.[*F]Fluoride production: Bombardment: 50-60 min; 60-65 pA; target volume 1.8-
2.5 mL; 48-94 GBq were obtained. ['*F]Fluoride was trapped on an anion-exchange resin cartridge
(Sep-Pak QMA light, Waters). The cartridge was eluted with an aqueous solution of NaCl (0.9% w/w,
300 puL) and the resulting saline solution was transferred to the reaction vial previously loaded with a
THEF solution of the silylated precursor and the acid. The resulting mixture was allowed to react at 100
°C under constant stirring for 15 min or 30 min. After this time, the mixture was diluted with mobile
phase (4 mL), and the resulting solution was injected into a semi-preparative HPLC (Luna C18, Sum,
10*¥250mm, H,0+0.1% TFA/CH;CN: 50/50 isocratic (0-30 min), 2.5 mL/min, tgp4g = 18.6 min).
Then, the activity of the collected fraction of ['*F]4g was measured and the purity of a known amount
of the sample was checked by analytical HPLC (Luna C18, Sum, 4.6*250mm, H,0+0.1%
TFA/CH;CN: 50/50 isocratic (0-30 min), 1 mL/min, t;sp4e = 16.23 min). The molar quantity was
determined by fitting the UV pic area into a calibration line previously realized, allowing to calculate
the molar activity of the whole collected fraction containing ['*F]4g.

Screening of conditions for the radiosynthesis of ['*F]4g

Activity of | Activity

P d
B z?qtl.lem;s ?hc tlv“g a; [ISF]4g in yield Molar | Mean® of Mealll of
e Baeevotae - Condi- | €O | © GBq AY)* | activity | AY | Mo
Exp bard- QMA Reacting Vial . bombar- . a . activity
ment elution (% tions dment in (Time, (Radio- (GBq/ | (Mean of (GBq/
W) GB decay chemical | pmol)* RCY) mol)
WIw q corrected) yield) Hmo
. 300uL 3g (7.4 mg, 6.6umol), o 0.6
1 5683“2' NaCl THF (300pL), HCl,, 1105()micn- 84 (42 min, ((1)'(7);/") 100
H 0.9%) | (1M, 1 equiv, 6.6uL) 0.8) e
3g (7.4 mg, 6.6umol),
, | 5omin- ol | THE (300uL). H,O | 100°C- | o ( ok 41% o6
60uA (100 uL), AcOH (10 | 15min © 1 (5.3%)
(0.9%) . 5.3)
equiv, 3.8uL)
. 300uL 3g (3.7 mg, 3.3umol), o 35
3 5696‘“2' NaCl THF (300uL), AcOH 11050micr1_ 84 (38 min, (‘5'%;/") 189
H (0.9%) (20 equiv, 3.8uL) 4.5) e
. 300uL 3g (3.7 mg, 3.3umol), o 3.8
4 Sgg‘“/‘;' NaCl THF (300uL), AcOH 130(?m(jjn_ 64 (60 min, (g'g;/") 82
H (0.9%) (20 equiv, 3.8uL) 5.6) e
. 300uL R 1.4
s [ Nk PaGzmemmi o[y | ol | 2% |
(0.9%) 2.4) )
. 300uL 3g (3.7 mg, 3.3umol), o 5.5
6 626‘“2' NaCl THF (300uL), AcOH lé)é)micn' 94 (60 min, (3'83) 116
H (0.9%) (2 equiv, 0.38uL) 8.5) - .
. 300uL 3g (3.7 mg, 3.3umol), o 16.5 cor
7 62(‘)‘“2' NaCl THF (300uL), AcOH lé)(g)micn_ 101 (58 min, ég';‘g@) 184 (52‘3 ?+ 1§g *
H (0.9%) (2 equiv, 0.38uL) 23.9) o7 79%)
. 300uL 3g (3.7 mg, 3.3umol), o 15.2 )
g |° 63(‘)‘“2' NaCl THF (300uL), AcOH lé)(g)micn_ 99 (62 min, ég';‘g@) 115
H (0.9%) (2 equiv, 0.38uL) 22.4) o7
. 300uL 3g (3.7 mg, 3.3umol), o 15.7
9 62(‘)‘“2' NaCl THF (300uL), AcOH lé)(g)micn_ 89 (61 min, (g'ggo) 101
H (0.9%) (2 equiv, 0.38uL) 23.1) o7

“From the end of bombardment to the measurement of the activity of ["*F]4g. "Calculated as the activity in the
collected vial divided by the activity at the end of bombardment (x100). *Molar activity determined by
HPLC/radio HPLC. “mean + standard deviation of the n experiments. nd = Non determined.
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Preparative HPLC chromatogram of [18F]4g:

Product: 18F Process MPPF Batch No RGD19 02 18 Operator fxfn Start of Synthesns 19/02/2018 12:34: 40 Page n

(I S 77 S R s R g e

HPLC Gamma Detector ﬁ ..

20000

e

AEanEs

e

e
T e e eveng o

1 2 3 4 56 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Time / min
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Analytic HPLC chromatogram of the collected fraction of ['°F]4g:

2 RGD 19-02
Sample Name: 28-04-10 Injection Volume: 20,0
Vial Number: 2 Channel: uv_vis_4
Sample Type: unknown Wavelength: 260
Control Program:  AZTSIF iso colonne Luna CQ 50 50 TFA £ EBandwidth: 1
Quantif. Method: DEFAULT Dilution Factor: 1,0000
Recording Time:  19/02/2018 14:31 Sample Weight: 1,0000
Run Time (min): 25,00 Sample Amount: 1,0000
16.0 1 UV VIS 2
T amAU 1.16.233 WAWL:230 nm
. .
‘E 10,04
g ]
[ &)
| =
3 i
S i
7]
= t
| LN _ N, —
-4.0
+00_2 Gabi
i f
o r1 - 16,467
|
- _| [
>
E 1 I
2 4l
5 [
S |
> [
il |
| I
|\ L L
-100 T T T T T T T T T T T T T T T T T T T T T T T |“in
0,0 50 10,0 15,0 20,0 250
Temps de retention [min]
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
V_VIS| UV_VIS_2 UvV_VIS_2 UV_VIS_2 UV_VIS_2 UV_VIS_2 UV_VIS_2 UV_VIS_2
min mAU mAU*min %
na. 16,23 na. 15,876 5,847 100,00 na. BMB*
Total: 15,876 5,847 100,00 0,000
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D) 'H, *C, ® Si and F NMR spectra

2-(di-tert-butyl(phenyDsilyl)-1-methyl-1H-imidazole 2a
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L i
T ! TR T T T iz T T T a8 2 TEpTT T R RS Bt RSt
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Date_ 20160607
SOLVENT cDCl3
SFOl 59.6451e83 MHz
NUC1 2981
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v
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T = T T
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e~ =~ O W
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3 Acquisition Parameters
i \
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2-(di-fert-butyl(4-(methoxymethoxy)phenyl)silyl)-1-methyl-1H-imidazole 2b

N NN 0NN OO - oo o]
NMUNMHMNOON ~N n = -t
N AR w ™ m -
T ] |
Ll .‘r I
Acquisition Parameters
Date_ 20160109
SOLVENT CDC13
NUC1 1H
SF 300.1318534 MHz
/\\F/
N
[/>—Si OMOM
M\Q
2b
| ' |“
I 4 1
7.4 7.2 7.0 ppm
| "
L B
- - —— T T e ————
745 7.0 6.5 6.0 §5:5 5.0 4.5 4.0 358 3.0 2.5 2.0 1.5 1.0 0.5 ppm
| 1)
c\;‘O. &A‘ o r";im ~
=

S32



@ | Nl (=] - fee]

= ™ -~ T O N oy (3] W ™M = < o~ Oy o=
4 ) N [y] -~ o ~ st mr-

@ @ ~ o~m . V

wn = o ™M NN — gt -~ -~ 0 o O O~~~ O

— — — - — o o T e s uy M NN

) )
T 7T
l I \ Y

Acquisition Parameters

Date_ 20160109
SOLVENT cpCl3
NUC1 13C
SFo1 75.4770503 MHz

.
)i OMOM
L

2b

ol

T T T I I T T T T I T T I
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4-((1-methyl-1H-imidazol-2-vl)-di-tert-butylsilyl) phenol 2¢

NNO OO < ™M o~ 3¢}
TTNNA A0 T ™M [ |
N e A SRR oo —
L) ] ]
f f
/\l/ Acguisition Parameters
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Acquisition Parameters
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2-((4-(2-(2-(2-(prop-2-ynyloxy)ethoxy)ethoxy)ethoxy)phenyl)di-ter¢-butylsilyl)-1-methyl-1H-

imidazole 2d
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(289)-2-(R)-0-[3-(4-((2-(2-(2-(4-(di-tert-butyl(1-methyl-1H-imidazol-2-yDsilyl)phenoxy)ethoxy)

ethoxy)ethoxy)methyl)-1H-1,2,3-triazol-1-yDpropanyl]-cinchonidine 3a
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Acquisition Parameters
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N-[3-(4-((2-(2-(2-(4-(di-tert-butyl(1-methyl-1H-imidazol-2-yl)silyl)phenoxy)ethoxy)ethoxy)
ethoxy)methyl)-1H-1,2,3-triazol-1-yD)propanyl]-biotinamide 3b
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f-D-1-Deoxy-1-[4-((2-(2-(2-(4-(di-tert-butyl(1-methyl-1H-imidazol-2-yl)silyl ) phenoxy)ethoxy)

ethoxy)ethoxy)methyl)-1H-1,2,3-triazol-1-yl]-glucopyranose 3¢
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BAcquisition Parameters
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D-2-Deoxy-2-[4-((2-(2-(2-(4-(di-tert-butyl(1-methyl-1H-imidazol-2-yl)silyl) phenoxy)ethoxy)
ethoxy)ethoxy)methyl)-1H-1,2,3-triazol-1-vyl]-glucopyranose 3d
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3'-Deoxy-3'-[4-((2-(2-(2-(4-(di-tert-butyl(1-methyl-1 H-imidazol-2-yDsilyl) phenoxy)ethoxy)
ethoxy)ethoxy)methyl)-1H-1,2,3-triazol-1-yl]-thymidine 3e
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S)-6-[4-((2-(2-(2-(4-(di-tert-butyl(1-methyl-1H-imidazol-2-yD)silyl) phenoxy)ethoxy)ethoxy)

ethoxy)methyl)-1H-1,2,3-triazol-1-yl]-2-(9-fluorenylmethoxycarbonyl)aminohexanoic acid 3f
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[4-((2-(2-(2-(4-(di-tert-butyl(1-methyl-1H-imidazol-2-yl)silyl)phenoxy)ethoxy)ethoxy)ethoxy)

methyl)-1H-1,2,3-triazol-1-yl]-Cyclo-RGD 3g
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3'-Deoxy-3'-[4-((2-(2-(2-(4-(di-tert-butylsilyl) phenoxy)ethoxy)ethoxy)ethoxy) methyl)-1H-1,2,3-
triazol-1-yl]-thymidine 3h
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(289)-2-(R)-0-[3-(4-((2-(2-(2-(4-(di-tert-butylfluorosilyl)phenoxy)ethoxy)ethoxy)ethoxy)methyl)-

1H-1,2,3-triazol-1-yl)propanyl]-cinchonidine 4a
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Acquisitien Parameters

Date_ 20170505
SOLVENT CDC13
NUC1 13¢
SFol 100.6424435 MHz

|
i MM’“w&LW‘m*MW\WLVE L\qMJWva

100 30 80 70 60 50 40 30 20

549



Acquisition Parameters
0000000000000
SSSSSSS

3333333333333

S50



N-[3-(4-((2-(2-(2-(4-(di-tert-butylfluorosilyl) phenoxy)ethoxy)ethoxy)ethoxy)methyl)-1H-1,2,3-
triazol-1-yDpropanyl]-biotinamide 4b
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f-D-1-Deoxy-1-[4-((2-(2-(2-(4-(di-tert-butylfluorosily) phenoxy)ethoxy)ethoxy)ethoxy)methyl)-
1H-1,2,3-triazol-1-yl]-glucopyranose 4c
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D-2-Deoxy-2-[4-((2-(2-(2-(4-(di-tert-butylfluorosilyl)phenoxy)ethoxy)ethoxy)ethoxy)methyl)-1H-

1,2,3-triazol-1-yl]-glucopyranose 4d
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3'-Deoxy-3'-[4-((2-(2-(2-(4-(di-tert-butylfluorosilyl) phenoxy)ethoxy) ethoxy)ethoxy)methyl)-1H-
1,2.3-triazol-1-yl]-thymidine 4e
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(8)-6-[4-((2-(2-(2-(4-(di-tert-butylfluorosilyl)phenoxy)ethoxy)ethoxy)ethoxy)methyl)-1H-1,2,3-
triazol-1-yl1]-2-(9-fluorenylmethoxycarbonyl)aminohexanoic acid 4f
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[4-((2-(2-(2-(4-(di-tert-butylfluorosilyl)phenoxy)ethoxy)ethoxy)ethoxy)methyl)-1H-1,2,3-triazol-
1-y1]-Cyclo-RGD 4g
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