Electronic Supplementary Material (ESI) for RSC Medicinal Chemistry.
This journal is © The Royal Society of Chemistry 2022

Supporting Information

Development of subtype-selective
covalent ligands for the adenosine Ay
receptor by tuning the reactive group



Table of contents

General Chemistry
Synthetic Procedures
Dipropyl-substituted xanthines
Monopropyl-substituted xanthines
Biological procedures
Cell lines
Radioligands
Chemicals
Cell culture and membrane preparation
Radioligand displacement assays
Wash-out assays
Data Analysis
Computational Procedures
Docking of LUF7982 in the adenosine A, receptor
NMR Spectra

References

12
20
20
20
20
20
20
21
21
22
22
23
60



General Chemistry

All commercially available reagents and solvents were obtained from Sigma Aldrich, Fisher Scientific,
VWR chemicals, Biosolve and J&K Scientific. All reactions were carried out under an N, atmosphere,
unless noted otherwise. Thin layer chromatography was performed on TLC Silica gel 60 F254 (Merck)
and visualized using UV irradiation at a wavelength of 254 or 366 nM. 'H NMR, *C NMR and °F NMR
spectra were recorded on a Bruker AV-400 (400 MHz), Bruker AV-500 spectrometer (500 MHz) or
Bruker AV-600 spectrometer (600 MHz). Chemical shift values are reported in ppm (8) using
tetramethylsilane or solvent resonance as the internal standard. Coupling constants (J) are reported in
Hz. Multiplicities are indicated by s (singlet), d (doublet), t (triplet), h (hextet) or m (multiplet) followed
by the number of represented hydrogen atoms. Compound purity was determined by LC-MS, using a
LCMS-2020 system (Shimadzu) coupled to a Gemini® 3 um €18 110A column (50 x 3 mm). In brief,
compounds were dissolved in H20:MeCN:t-BuOH 1:1:1, injected onto the column and eluted with a
linear gradient of H20:MeCN 90:10 + 0.1% formic acid to H20:MeCN 10:90 + 0.1% formic acid over the
course of 15 minutes.

Synthetic Procedures
Dipropyl-substituted xanthines
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Scheme 1 Synthesis of 3- and 4-fluorosulfonate benzoic acid.

1 2 R =3-SO,F 8 R = 3-SO,F
3 R =4-SO,F 9 R =4-SO,F
4 R = 3-0OSO,F 10 R = 3-OSO,F
5 R =4-0OSO,F 11 R = 4-OSO,F
6 R = 3-NHBoc 12 R = 3-NHBoc
7 R =4-NHBoc d E» 13 R =3-NCS
14 R = 4-NHBoc
d [, 15r=-4ncs

Scheme 2 Synthesis of the N*, N3-dipropyl-substituted xanthines.
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A
tert-Butyl 3-hydroxybenzoate (31)*
3-Hydroxybenzoic acid (849 mg, 6.15 mmol, 1.0 eq) was suspended in dry benzene (100 mL) and
refluxed. N,N-Dimethylformamide di-tert-butyl acetal (5.0 g, 24.59 mmol, 4.0 eq) was added dropwise
over 20 minutes and the mixture was refluxed an additional 30 minutes. The mixture was then cooled,
washed with water (50 mL), a saturated NaHCO; solution (2 x 50 mL) and brine (50 mL). The organic



layer was dried over MgSQ,, filtered and concentrated under reduced pressure. The residue was
purified by column chromatography (Pentane:EtOAc 5:1) to yield 31 as a colorless oil (440 mg, 2.27
mmol, 37%).

TLC (Pentane:EtOAc 5:1) R = 0.43.

1H NMR (400 MHz, CDCl3) & [ppm] = 7.64 (dd, J = 2.7, 1.6 Hz, 1H), 7.54 (dt, ) = 7.7, 1.3 Hz, 1H), 7.48 (s,
1H), 7.27 (t, J = 7.9 Hz, 1H), 7.08 (ddd, J = 8.1, 2.6, 1.0 Hz, 1H), 1.58 (s, 9H).

HPLC 99%, RT 9.686 min. LC-MS [ESI - H]*: 193.00.

OH

PN
tert-Butyl 4-hydroxybenzoate (32)?
tert-Butanol (49.5 mL, 521 mmol, 36.0 eq) was added to a solution of 4-hydroxybenzoic acid (2.0 g,
14.48 mmol, 1.0 eq) and DMAP (88 mg, 0.72 mmol, 0.05 eq) in dry THF (50 mL). A solution of DCC (3.0
g, 14.48 mmol, 1.0 eq) in dry THF (50 mL) was added dropwise over 30 minutes. The mixture was stirred
overnight at rt. The formed side-product was removed by filtration and the filtrate was concentrated,
dissolved in DCM. A saturated NaHCO; solution was added and the aqueous layer was extracted with
DCM (3 x), dried over MgSQ,, filtered and concentrated under reduced pressure. The residue was
purified by column chromatography (Pentane:EtOAc 5:1) to yield 32 as a white solid (1.4 g, 7.41 mmaol,
51%).
TLC (Pentane:EtOAc 5:1) R; = 0.50.
1H NMR (400 MHz, CDCl5) & [ppm] = 7.89 (d, J = 8.8 Hz, 2H), 6.86 (d, J = 8.8 Hz, 2H), 1.59 (s, 9H).

OSO,F

A

tert-Butyl 3-((fluorosulfonyl)oxy)benzoate (33)3

[4-(Acetylamino)phenyl]imidosulfuryl difluoride (AISF) (854 mg, 2.72 mmol, 1.2 eq) was added to a
solution of 31 (440 mg, 2.27 mmol, 1.0 eq) in dry THF (10 mL). DBU (751 uL, 4.98 mmol, 2.2 eq) was
added and the mixture was stirred at rt for 1 h. EtOAc (50 mL) and 0.5 M HCI (50 mL) were added and
the mixture was extracted with EtOAc (3 x 50 mL). The organic layers were combined, washed with
brine, dried over MgSQ,, filtered and concentrated under reduced pressure. The residue was purified
by column chromatography (Pentane:EtOAc 9:1) to yield 33 as a colorless oil (571 mg, 2.07 mmol,
91%).

TLC (Pentane:EtOAc 9:1) Ry = 0.90.

1H NMR (400 MHz, CDCl;) 6 [ppm] = 8.05 (dt, J = 7.4, 1.5 Hz, 1H), 7.96 — 7.92 (m, 1H), 7.58 — 7.53 (m,
1H), 7.53 - 7.48 (m, 1H), 1.61 (s, 9H).

13C NMR (101 MHz, CDCl5) 6 [ppm] = 163.7, 150.0, 134.9, 130.4, 129.7, 124.9, 122.1, 82.5, 28.2.

0SO,F

K

tert-Butyl 4-((fluorosulfonyl)oxy)benzoate (34)



AISF (777 mg, 2.47 mmol, 1.2 eq) was added to a solution of 32 (400 mg, 2.06 mmol, 1.0 eq) in dry THF
(10 mL). DBU (683 uL, 4.53 mmol, 2.2 eq) was added and the mixture was stirred at rt for 1 h. EtOAc
(50 mL) and 0.5 M HCI (50 mL) were added and the aqueous layer was extracted with EtOAc (3 x 50
mL). The organic layers were combined, washed with brine, dried over MgSQ,, filtered and
concentrated under reduced pressure. The residue was purified by column chromatography
(Pentane:EtOAc 9:1) to yield 34 as a colorless oil (494 mg, 1.79 mmol, 87%).

TLC (DCM:MeOH 98:2) R;=0.83.

1H NMR (400 MHz, CDCl;) 6 [ppm] = 8.12 (d, J = 8.9 Hz, 2H), 7.39 (dd, J = 9.0, 0.9 Hz, 2H), 1.60 (s, 9H).

OSO,F

HO” S0

3-((Fluorosulfonyl)oxy)benzoic acid (35)

TFA (8.27 mL, 107 mmol, 60.0 eq) was added to a solution of 33 (571 mg, 2.07 mmol, 1.0 eq) in DCM
(8 mL). The mixture was stirred for 3 h at rt, after which the reaction showed full completion. The
solvents were evaporated under reduced pressure to yield 35 as a white solid (455 mg, 2.07 mmol,
guant).

1H NMR (400 MHz, CDCl;) 6 [ppm] = 11.83 (s, 1H), 8.23 -8.17 (m, 1H), 8.10 (s, 1H), 7.68 — 7.60 (m, 2H).

OSO,F

HO” o
4-((Fluorosulfonyl)oxy)benzoic acid (36)

TFA (8.27 mL, 107 mmol, 60.0 eq) was added to a solution of 34 (494 mg, 1.79 mmol, 1.0 eq) in DCM
(8 mL). The mixture was stirred for 3 h at rt, after which the reaction showed full completion. The
solvents were evaporated under reduced pressure to yield 36 as a white solid (394 mg, 1.79 mmol,
guant).

1H NMR (400 MHz, CDCl5) & [ppm] = 8.26 (d, J = 9.0 Hz, 2H), 7.48 (d, J = 8.5 Hz, 2H).
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3-((6-Amino-2,4-dioxo-1,3-dipropyl-1,2,3,4-tetrahydropyrimidin-5-yl)carbamoyl)benzenesulfonyl
fluoride (2)

EDC-HCI (933 mg, 4.86 mmol, 1.1 eq) and DIPEA (770 uL, 4.42 mmol, 1.0 eq) were added to a solution
of 5,6-diamino-1,3-dipropyluracil (1) hydrochloride (1511 mg, 5.75 mmol, 1.3 eq) and 3-
(fluorosulfonyl)benzoic acid (903 mg, 4.42 mmol, 1.0 eq) in dry DMF (21 mL). The mixture was stirred
overnight at rt. EtOAc (15 mL) was added and the organic layer was washed with water (400 mL) and
brine (100 mL), dried over MgSO, and concentrated under reduced pressure. The residue was purified
by column chromatography (DCM:MeOH 99:1 - 97:3) to yield 2 as yellow solid (1085 mg, 2.63 mmol,
60%).

TLC (DCM:MeOH 98:2) R;=0.27



1H NMR (400 MHz, CD;0D) & [ppm] = 8,75 (s, J = 1.8 Hz, 1H), 8.51 (d, J = 7.9, 1.4 Hz, 1H), 8.28 (d, J =
8.1, 1.3Hz, 1H), 7,89 (t, J = 7.9 Hz, 1H), 3.98 — 3.92 (t, 2H), 3.92 — 3.86 (t, 2H), 1.79 — 1.70 (d, 2H), 1.70
—1.61(d, 2H), 1.02 (t, J = 7.4 Hz, 3H), 0.96 (t, J = 7.5 Hz, 3H).

SO,F
e
\/\N)J]:NH
4-((6-Amino-2,4-dioxo-1,3-dipropyl-1,2,3,4-tetrahydropyrimidin-5-yl)carbamoyl)benzenesulfonyl
fluoride (3)
EDC-HCI (932 mg, 4.86 mmol, 1.1 eq) and DIPEA (752 puL, 4.32 mmol, 1.0 eq) were added to a solution
of 5,6-diamino-1,3-dipropyluracil (1) hydrochloride (1161 mg, 4.42 mmol, 1.0 eq) and 4-
(fluorosulfonyl)benzoic acid (902 mg, 4.42 mmol, 1.0 eq) in dry DMF (20 mL). The mixture was stirred
for 2.5 h at rt. EtOAc (150 mL) was then added and the organic layer was washed with water (150 mL).
The aqueous layer was extracted with EtOAc (2 x 50 mL). The organic layers were combined, washed
with water (3 x 100 mL), brine (100 mL), combined, dried over MgSO, and concentrated under reduced
pressure to yield 3 as an off-white solid (749 mg, 1.82 mmol, 41%).
TLC (Pentane:EtOAc 1:1) R; = 0.49.
1H NMR (400 MHz, (CD3),CO) & [ppm] = 8.34 (d, J = 8.3 Hz, 2H), 8.19 (d, J = 8.5 Hz, 2H), 6.46 (s, 1H),
3.97 (t,) = 7.8 Hz, 2H), 3.82 (t, ) = 7.3 Hz, 2H), 1.72 (h, J = 7.4 Hz, 2H), 1.58 (h, J = 7.5 Hz, 2H), 0.94 (t, J
= 7.4 Hz, 3H), 0.87 (t, ) = 7.5 Hz, 3H).

0SO,F
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3-((6-Amino-2,4-dioxo-1,3-dipropyl-1,2,3,4-tetrahydropyrimidin-5-yl)carbamoyl)phenyl
sulfurofluoridate (4)

EDC-HCI (420 mg, 2.19 mmol, 1.1 eq) was added to a solution of 35 (439 mg, 1.99 mmol, 1.0 eq) in dry
DMF (10 mL). 5,6-Diamino 1,3-dipropyl uracil (1) hydrochloride (524 mg, 1.99 mmol, 1.0 eq) was added
and the mixture became a pink solution. DIPEA (693 uL, 3.98 mmol, 2.0 eq) was added and to form a
clear orange solution. The mixture was then stirred for 4 h, upon which no starting material was
detected anymore by LCMS. EtOAc (50 mL) was added and the organic mixture was washed with brine
(3 x50 mL). The aqueous layers were combined and back-extracted with EtOAc (3 x 50 mL). The organic
layers were combined, dried over MgSQO,, filtered and concentrated under reduced pressure. The
residue was purified by silica column chromatography to yield 4 as yellow substance (329 mg, 0.77
mmol, 39%).

TLC (DCM:MeOH 96:4): Rf = 0.41

IH NMR (500 MHz, (CD;),SO) & [ppm] = 9.17 (s, 1H), 8.16 — 8.10 (m, 2H), 7.80 (dd, J = 8.3, 1.4 Hz, 1H),
7.72 (t, ) = 8.0 Hz, 1H), 6.84 (s, 2H), 3.85 (t, ) = 8.1, 7.2 Hz, 2H), 3.73 (t, ) = 7.2 Hz, 2H), 1.60 — 1.54 (m,
2H), 1.53 = 1.47 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H), 0.83 (t, J = 7.4 Hz, 3H).

13C NMR (126 MHz, (CD3),S0) 6 [ppm] = 164.6, 159.0, 151.7, 150.4, 149.4, 137.3, 130.7, 128.7, 123.8,
120.5, 86.8, 43.7, 41.9, 20.9, 20.8, 11.2, 10.7.



19F NMR (471 MHz, (CD3),SO) & 39.0.

0SO,F
e
\/\N)j:NH
4-((6-Amino-2,4-dioxo-1,3-dipropyl-1,2,3,4-tetrahydropyrimidin-5-yl)carbamoyl)phenyl
sulfurofluoridate (5)
EDC-HCI (312 mg, 1.63 mmol, 0.9 eq) was added to a solution of 36 (376 mg, 1.71 mmol, 0.9 eq) in dry
DMF (7.5 mL). The mixture was stirred for 30 min and then 5,6-diamino 1,3-dipropyl uracil (5)
hydrochloride (476 mg, 1.81 mmol, 1.0 eq) and DIPEA (257 uL, 1.48 mmol, 1.0 eq) were added. The
mixture was stirred for 5 h, upon which DIPEA (257 uL, 1.48 mmol, 1.0 eq) was added. The mixture was
then stirred overnight. EtOAc (25 mL) was added and the organic layer was washed with water (2 x 25
mL), dried over MgSQ,, filtered and concentrated under reduced pressure. The residue was purified
by column chromatography (PE:EtOAc 7:3 - 0:1) to yield 5 as an orange solid (387 mg, 0.90 mmol,
50%).
TLC (DCM:MeOH 98:2) R; = 0.53.
1H NMR (500 MHz, (CD3),C0O) 6 [ppm] =9.13 (s, 1H), 8.18 (d, J = 8.9 Hz, 2H), 7.44 (d, J = 8.7 Hz, 2H),
6.63 (s, 2H), 3.88 (t, ) = 7.8 Hz, 2H), 3.77 (t, J = 7.2 Hz, 2H), 1.65 (h, J = 7.2 Hz, 2H), 1.52 (h, J = 7.5 Hz,
2H), 0.91 (t,J =7.4 Hz, 3H), 0.82 (t, ) = 7.5 Hz, 3H).
13C NMR (126 MHz, (CD3),C0) & [ppm] = 165.1, 160.5, 152.1, 151.6, 150.2, 134.6, 130.4, 120.5, 88.0,

44.2,42.3,21.0,21.0, 10.6, 10.2.
19F NMR (471 MHz, (CD5),CO) & [ppm] = 38.2.

o ©
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tert-Butyl (3-((6-amino-2,4-dioxo-1,3-dipropyl-1,2,3,4-tetrahydropyrimidin-5-

yl)carbamoyl)phenyl)carbamate (6)

3-(Boc-amino)benzoic acid (474 mg, 2.00 mmol, 1.0 eq), EDC-HCI (422 mg, 2.20 mmol, 1.1 eq) and

DIPEA (350 pL, 2.00 mmol, 1.0 eq) were added to a solution of 5,6-diamino 1,3-dipropy! uracil (1)

hydrochloride (525 mg, 2.00 mmol, 1.0 eq) in dry DMF (10 mL). The mixture was stirred for 3 h, after

which another 2.0 equivalents of DIPEA were added (350 pL, 2.00 mmol, 1.0 eq). The mixture was

stirred for another hour and then diluted with EtOAc (80 mL). The organic layer was washed with water

(3 x 80 mL), brine (80 mL), dried over MgSQ,, filtered and concentrated under reduced pressure. The

residue was purified by column chromatography (DCM:MeOH 90:10 = 95:5) to yield 6 as an off-white

solid (446 mg, 1.00 mmol, 50%).

TLC (DCM:MeOH 97:3) R;=0.42

1H NMR (400 MHz, (CDs3),C0) 6 [ppm] =8.05 (t,J = 2.0 Hz, 1H), 7.70 (dd, J = 8.0, 1.5 Hz, 1H), 7.62 (ddd,

1=7.8,1.8,1.1Hz, 1H), 7.36 (t, ) = 7.9 Hz, 1H), 3.94 (t, ) = 7.8 Hz, 2H), 3.80 (t, J = 7.3 Hz, 2H), 1.72 (h, J

=7.1Hz, 2H), 1.65-1.51 (m, 2H), 1.49 (s, 9H), 0.94 (t, ) = 7.4 Hz, 3H), 0.87 (t, ) = 7.5 Hz, 3H).



07" N” "NH,

tert-Butyl (4-((6-amino-2,4-dioxo-1,3-dipropyl-1,2,3,4-tetrahydropyrimidin-5-
yl)carbamoyl)phenyl)carbamate (7)

4-(Boc-amino)benzoic acid (237 mg, 1.00 mmol, 1.0 eq), EDC-HCI (211 mg, 1.10 mmol, 1.1 eq) and
DIPEA (174 pL, 1.00 mmol, 1.0 eq) were added to a solution of 5,6-diamino 1,3-dipropyl uracil (1)
hydrochloride (263 mg, 1.00 mmol, 1.0 eq) in dry DMF (5 mL). The mixture was stirred for 4 h, after
which LCMS indicated full consumption of starting material. EtOAc (50 mL) was added and the organic
layer was washed with water (2 x 50 mL) and brine (50 mL). The aqueous layers were combined and
back-extracted with EtOAc (2 x 50 mL). The organic layers were combined, dried over MgSQ,, filtered
and concentrated under reduced pressure. The residue was purified by column chromatography
(DCM:MeOH 99:1 - 90:10) to yield 7 as an off-white solid (302 mg, 0.68 mmol, 68%).

TLC (DCM:MeOH 95:5) R; = 0.27.

1H NMR (400 MHz, CD;0D) 6 [ppm] = 7.93 (d, J = 8.8 Hz, 2H), 7.49 (d, J = 8.8 Hz, 2H), 3.88 — 3.81 (m,
2H), 3.81-3.75 (m, 2H), 1.68 — 1.56 (m, 4H), 1.54 (s, 9H), 0.96 (t, J = 7.4 Hz, 3H), 0.90 (t, ) = 7.4 Hz, 3H).
13C NMR (101 MHz, MeOD) 6 [ppm] = 170.3, 162.1, 154.7, 154.2, 152.2, 144.4, 130.0, 128.4, 118.4,
89.0, 81.2,45.7,44.0, 28.7, 22.2,22.0, 11.6, 11.2.

SO,F
H
N
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3-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-pur|n-8-yl)benzenesulfonyl fluoride (8)

PPSE (approximately 5 mL) was added to 2 (1085 mg, 2.63 mmol, 1.0 eq). The mixture was refluxed for
4 h at 170 °C and afterwards cooled down to rt overnight. MeOH (50 mL) was added and the formed
residue was collected by filtration and subsequently purified by silica column chromatography
(DCM:MeOH 99.5:0.5 = 85:15) to yield 8 as an off-white solid (281 mg, 0.71 mmol, 27%).

TLC (DCM:MeOH 99.5:0.5) R; = 0.60.

1H NMR (400 MHz, (CD5),S0) & [ppm] = 14.32 (s, 1H), 8.83 (t, J = 1.7 Hz, 1H), 8.61 (d, J = 8.0 Hz, 1H),
8.22(d,J=8.9 Hz, 1H), 7.93 (t, ) =8.0 Hz, 1H), 4.02 (t, ) = 7.4 Hz, 3H), 3.86 (t, ] = 7.4 Hz, 2H), 1.74 (hept,
J=7.4 Hz, 2H), 1.58 (hept, J = 7.5 Hz, 2H), 0.91 (d, J = 7.4 Hz, 3H), 0.87 (t, ) = 7.4 Hz, 3H).

13C NMR (101 MHz, (CD5),S0) & [ppm] = 155.1, 151.5, 149.0, 147.9, 134.8, 133.6 (d, J = 24.1 Hz), 132.4,
131.7.130.3, 126.4, 109.6, 45.5, 43.2, 21.8, 21.8, 12.1, 12.0.

19F NMR (471 MHz, (CD5),S0) & [ppm] = 66.5.

HPLC 100%, RT 11.292 min. LC-MS [ESI + H]*: 395.05.

Q

4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)benzenesulfonyl fluoride (9)



PPSE (approximately 2 mL) was added to 3 (500 mg, 1.21 mmol, 1.0 eq), refluxed for 1 h at 170 °C and
afterwards cooled down to rt. MeOH was added and the product was allowed to crystallize overnight.
The residue was collected and purified by silica column chromatography (DCM:MeOH 99.5:0.5 -
98.5:1.5) to yield 9 as an off-white solid (46 mg, 0.12 mmol, 10%).

TLC (DCM:MeOH 98:2) R = 0.40.

IH NMR (500 MHz, (CD5),S0) & [ppm] = 14.41 (s, 1H), 8.47 (d, J = 8.6 Hz, 2H), 8.29 (d, J = 8.7 Hz, 2H),
4.03 (t,) =7.2 Hz, 2H), 3.88 (t,J = 7.3 Hz, 2H), 1.75 (h, ) = 7.4 Hz, 2H), 1.59 (h, J = 7.5 Hz, 2H), 0.91 (t, )
=7.5Hz, 3H),0.88 (t,J = 7.4 Hz, 3H).

19F NMR (471 MHz, (CD5),SO) & [ppm] = 66.8.

HPLC: 97%, RT 11.395 min. LC-MS [ESI + H]+: 395.05.

e
S

3-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)phenyl sulfurofluoridate (10)

PPSE (2 mL) was added to 4 (329 mg, 0.77 mmol, 1.0 eq) and refluxed at 170 °C. The mixture was stirred
for 4 h and afterwards cooled down to rt. Water (50 mL) was added and the aqueous mixture was
extracted with DCM (3 x 50 mL). The organic layers were combined, washed with brine (50 mL), dried
over MgSQ,, filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (DCM:MeOH 99.5:0.5 - 98:2) to yield 10 as a white solid (186 mg, 0.45 mmol, 59%).
TLC (DCM:MeOH 99.5:0.5): Rf = 0.44.

1H NMR (500 MHz, (CD3),SO) & 14.11 (s, 1H), 8.28 — 8.20 (m, 2H), 7.77 — 7.68 (m, 2H), 4.01 (t,J = 7.2
Hz, 2H), 3.86 (t, J = 7.4 Hz, 2H), 1.74 (h, J = 7.4 Hz, 2H), 1.58 (h, J = 7.4 Hz, 2H), 0.89 (dt, J = 12.1, 7.4 Hz,
6H).

13C NMR (126 MHz, (CD3),S0) & 154.2, 150.6, 150.0, 148.1, 147.5, 131.7, 131.4, 127.0, 122.5, 118.5,
108.4, 44.5,42.2,20.8,11.2, 11.0.

19F NMR (471 MHz, (CDs),SO) & 39.6.

4-(2,6-Dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)phenyl sulfurofluoridate (11)

PPSE (2 mL) was added to 5 (387 mg, 0.90 mmol, 1.0 eq) and refluxed at 170 °C. The mixture was stirred
for 4 h and afterwards cooled down to rt. Water (50 mL) was added and the aqueous layer was
extracted with DCM (3 x 25 mL). The organic layers were combined, washed with brine (50 mL) and
concentrated under reduced pressure. The residue was purified by column chromatography
(DCM:MeOH 99.75:0.25 - 99.5:0.5) to yield 11 as a white solid (198 mg, 0.48 mmol, 53%).

TLC (DCM:MeOH 98:2) R; = 0.68.

1H NMR (500 MHz, (CD3),S0O) & [ppm] = 14.06 (s, 1H), 8.32 —8.26 (m, 2H), 7.76 (d, J = 8.9 Hz, 2H), 4.01
(t, ) = 6.9 Hz, 2H), 3.90 — 3.83 (m, 2H), 1.74 (h, J = 7.4 Hz, 2H), 1.58 (h, J = 7.5 Hz, 2H), 0.90 (t, ) = 7.4 Hz,
3H), 0.87 (t,J = 7.5 Hz, 3H).

13C NMR (126 MHz, (CD3),S0) 6 [ppm] = 154.2, 150.6, 150.3, 148.2, 148.0, 129.6, 128.8, 121.9, 108.4,
44.5,42.2,20.8, 20.8, 11.2, 11.0.

19F NMR (471 MHz, (CD3),S0) 6 [ppm] = 39.0.

HPLC 98%, RT 11.524 min. LC-MS [ESI + H]*: 411.10.
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tert-Butyl (3-(2,6-dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)phenyl)carbamate (12)

2 M NaOH (5 mL) was added to a solution of 6 (446 mg, 1.00 mmol, 1.0 eq) in dioxane (5 mL). The
mixture was refluxed for 3 h at 120 °C. The reaction was then cooled down to rt and water (65 mL) was
added. The aqueous layer was washed with EtOAc (4 x 80 mL). The organic layers were combined,
dried over MgSQ,, filtered and concentrated under reduced pressure. The residue was purified by
column chromatography (DCM:MeOH 99:1 - 97:3) to yield 12 (170 mg, 0.40 mmol, 40%) and Boc-
deprotected 12 (65 mg, 0.20 mmol, 20%), both as an off-white powder. The products were combined
and used directly in the next reaction (0.60 mmol, 60%).

TLC (DCM:MeOH 98:2) R; = 0.42.

1H NMR (400 MHz, (CD3),S0O) & [ppm] = 13.88 (s, 1H), 9.57 (s, 1H), 8.27 (s, 1H), 7.75 (d, ) = 7.7 Hz, 1H),
7.55 (d, ) = 8.0 Hz, 1H), 7.41 (t, ) = 7.9 Hz, 1H), 4.06 (t, J = 6.9 Hz, 2H), 3.90 (t, ) = 7.5 Hz, 2H), 1.85 — 1.72
(m, 2H), 1.71 - 1.55 (m, 2H), 1.53 (s, 9H), 0.95 (t, J = 6.2 Hz, 3H), 0.91 (t, J = 6.4 Hz, 3H).
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8-(3-Isothiocyanatophenyl)-1,3-dipropyl-3,7-dihydro-1H-purine-2,6-dione (13)

TFA (3 mL) was added to a suspension of 12 (0.60 mmol, 1.0 eq) in DCM (7 mL) and the mixture was
stirred for 1 h at rt. TLC indicated full consumption of starting material and therefore 2 M NaOH (65
mL) was added to neutralize the reaction. The aqueous layer was extracted with EtOAc (4 x 60 mL).
The organic layers were combined, dried over MgSQ,, filtered and concentrated to yield the respective
amine. 3 M HCI (32 mL) was added to the crude amine to form a suspension. Thiophosgene (450 pL,
5.87 mmol, 9.8 eq) was added and the mixture was stirred for 2 h at rt. The mixture was then diluted
with water (75 mL) and the aqueous layer was extracted with EtOAc (4 x 100 mL). The organic layers
were combined, dried over MgSQ,, filtered and concentrated under reduced pressure. The residue was
purified by column chromatography (DCM:MeOH 98:2 - 90:10) to yield 13 as an off-white powder
(173 mg, 0.46 mmol, 77% over two steps).

TLC (DCM:MeOH 9:1) R;= 0.26.

1H NMR (400 MHz, (CD3),S0O) 6 [ppm] = 13.99 (s, 1H), 8.13 (s, 1H), 8.09 (d, J = 7.9 Hz, 1H), 7.58 (t, J =
7.9 Hz, 1H), 7.51 (d, J = 9.0 Hz, 1H), 4.01 (t, J = 6.8 Hz, 2H), 3.86 (t, J = 7.3 Hz, 2H), 1.74 (h, J = 7.4 Hz,
2H), 1.58 (h, J = 7.5 Hz, 2H), 0.91 (t, J = 7.4 Hz, 3H), 0.87 (t, J = 3.6 Hz, 3H).

13C NMR (101 MHz, (CDs),S0): 6 [ppm] = 154.1, 150.6, 148.1, 148.0, 134.9, 131.0, 130.7, 130.4, 127.1,
125.6, 123.7,108.2, 44.5, 42.2, 20.9, 20.9, 11.2, 11.1.

HPLC 97%, RT 12.229 min. LC-MS [ESI + H]*: 370.10.
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tert-Butyl (4-(2,6-dioxo-1,3-dipropyl-2,3,6,7-tetrahydro-1H-purin-8-yl)phenyl)carbamate (14)

2 M NaOH (10 mL) was added to a solution of 7 (302 mg, 0,68 mmol, 1.0 eq) in dioxane (10 ml). The
mixture was refluxed at 120 °C for 2 h and afterwards allowed to cool down to rt. Water (50 mL) was
then added and the aqueous layer was extracted with EtOAc (3 x 50 mL). The organic layers were
combined, dried with MgSQ,, filtered and concentrated under reduced pressure to yield 14 as an off-
white solid (242 mg, 0,566 mmol, 84 % yield).

TLC (DCM:MeOH 98:2): Rf = 0.42.

1H NMR (400 MHz, CDCl5) & [ppm] = 13.11 (s, 1H), 8.22 (d, J = 8.3 Hz, 2H), 7.51 (d, J = 8.3 Hz, 2H), 4.16
(t, ) =7.4 Hz, 2H), 4.06 (t, ) = 7.6 Hz, 2H), 1.93 — 1.81 (m, 2H), 1.78 — 1.69 (m, 2H), 1.54 (s, 9H), 1.02 -
0.93 (m, 6H).

13C NMR (101 MHz, CDCl5) 6 [ppm] = 155.8, 152.7, 151.8, 151.2, 149.9, 140.8, 128.1, 123.5, 118.3,
107.9,67.2,45.4,43.4, 28.5, 21.5, 21.5, 11.6, 11.3.
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8-(4-Isothiocyanatophenyl)-1,3-dipropyl-3,7-dihydro-1H-purine-2,6-dione (15)

TFA (6 mL) was added to a suspension of 14 (242 mg, 0.57 mmol, 1.0 eq) in DCM (12 mL). The mixture
immediately became a clear solution. The mixture was stirred for 1 h, upon which TLC showed full
consumption of starting material. 2 M NaOH (50 mL) was added and the aqueous phase was extracted
with EtOAc (3 x 50 mL). The organic layers were combined, dried over MgSO,, filtered and
concentrated. 3 M HCI (30 mL) was added to the crude amine to form a suspension. Thiophosgene
(437 pL, 5.70 mmol, 10.0 eq) was added and the mixture was stirred for 2 h at rt. Water (70 mL) was
then added and the aqueous layer was extracted with EtOAc (4 x 100 mL). The organic layers were
combined, dried over MgSQ,, filtered and concentrated under reduced pressure. The residue was
purified by column chromatography (DCM:MeOH 99.75:0.25 - 99:1) to yield 15 as a white powder
(144 mg, 0.39 mmol, 68% over two steps).

TLC (DCM:MeOH 9:1) R = 0.30.

1H NMR (500 MHz, (CD3),S0) & [ppm] = 13.95 (s, 1H), 8.16 (d, J = 8.7 Hz, 2H), 7.56 (d, J = 8.7 Hz, 2H),
4.01(t,)J=7.5,7.0Hz 2H), 3.86 (t,) =7.3 Hz, 2H), 1.74 (h, ) = 7.3 Hz, 2H), 1.58 (h, ] = 7.4 Hz, 2H), 0.93
—0.85 (m, 6H).

13C NMR (126 MHz, (CD;),S0) 6 [ppm] = 154.1, 150.6, 148.5, 148.3, 134.7, 131.3, 127.9, 127.7, 126.6,
108.2, 44.4, 42.2,20.8 (2C), 11.2, 11.0.

HPLC 98%, RT 12.194 min. LC-MS [ESI + H]*: 370.10.
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Scheme 3 Synthesis of 1-propyl 5-6-diamino uracil.
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Scheme 4 Synthesis of the N'-propyl-substituted xanthines.

6-Amino-3-propylpyrimidine-2,4(1H,3H)-dione (37)*
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23 R = 3-SO,F

24 R = 4-SO,F

25 R = 3-0SO,F
26 R = 4-0OSO,F
27 R = 3-NHFmoc
28 R = 3-NCS

29 R = 4-NHFmoc
30 R = 4-NCS
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6-aminouracil (20.00 g, 157 mmol, 1.0 eq) and ammonium sulfate (500 mg, 3.78 mmol) were added to
a three-neck flask. HMDS (99 ml, 472 mmol, 3.0 eq) was added and the suspension was refluxed at 200
°C. After 2 h the suspension became a clear solution. The solution was cooled down to 80 °C and the
HMDS was distilled off by boiling at 200 °C for 8 h. The solution was then cooled to 70 °C and iodine
(150 mg, 0.591 mmol, cat) and 1-bromopropane (29 mL, 314 mmol, 2.0 eq) were added. The mixture
was refluxed at 70 °C overnight. Extra 1-bromopropane (14.5 mL, 157 mmol, 1.0 eq) was added and
the mixture was refluxed at 120 °C for 8 h, following by stirring at 70 °C overnight. Full conversion of
starting material was observed and the mixture was put on ice. A saturated bicarb solution (400 mL)
was gradually added. The dirty pink suspension was filtered over a glass filter and subsequently washed
with water (100 mL), toluene (100 mL) and diethyl ether (100 mL). This yielded pure 37 as an

orange/brown solid (21.439 g, 127 mmol, 81 % yield).
TLC (DCM:MeOH 9:1): R¢ = 0.46.

1H NMR (500 MHz, (CDs),SO) 6 [ppm] = 10.31 (s, 1H), 6.16 (s, 2H), 4.53 (d, J = 1.9 Hz, 1H), 3.71 - 3.50

(m, 2H), 1.46 (h, J = 7.5 Hz, 2H), 0.81 (t, J = 7.5 Hz, 3H).

13C NMR (126 MHz, (CDs),SO) 6 [ppm] = 162.9, 153.5, 151.0, 74.1, 40.2, 21.0, 11.2.

o)\r;l NH,
H

6-Amino-5-nitroso-3-propylpyrimidine-2,4(1H,3H)-dione (38)*



37 (21.439 g, 127 mmol, 1.0 eq) was dissolved in 300 mL H,0:AcOH 1:1 at 65 °C. Sodium nitrite (10.97
g, 159 mmol, 1.3 eq) was added in parts to the stirring solution. An immediate color change was
observed from brown to purple and back to brown. After approximately 30 minutes brown vapors
started to form (NO,). At this point the reaction was cooled on ice, filtered over a glass filter and
washed thoroughly with water. This yielded 38 as a brown solid (18.429 g, 93 mmol, 73 % vyield).

TLC (DCM:MeOH 9:1): R; = 0.29.

1H NMR (400 MHz, (CH;),S0) & [ppm] = 11.40 (s, 1H), 8.03 (s, 1H), 3.79 (t, J = 7.4 Hz, 2H), 1.59 (h, J =
7.5 Hz, 2H), 0.89 (t, J = 7.5 Hz, 3H).

13C NMR (101 MHz, (CH5),SO) 6 [ppm] = 161.2, 149.2, 144.5, 139.7, 41.4, 20.8, 11.2.
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5,6-Diamino-3-propylpyrimidine-2,4(1H,3H)-dione (16)°
38 (1000 mg, 5.05 mmol, 1.0 eq) was dissolved in MeOH (40 ml) and brought under an N, atmosphere.
platinum(lV) oxide (20 mg, cat) was added and the mixture was flushed two times with H, (g). The
mixture was stirred for 1 h under H,(g), after which a white/grey precipitate had formed. DCM (180
mL) was added and the mixture was filtered over Celite. The Celite was washed with 10% MeOH in
DCM (100 mL) and the filtrate was concentrated under reduced pressure. This yielded 16 as an
orange/brown solid (806 mg, 4.38 mmol, 87 % yield). This was used in the next steps without further
purification.
1H NMR (400 MHz, (CD5),SO) & [ppm] = 5.56 (s, 2H), 3.70 — 3.59 (m, 2H), 1.48 (m, 2H), 0.81 (t, J = 7.5
Hz, 3H).

SO,F

0 ©
\/\N)j:NH
o)\rﬁ NH,

H
3-((6-Amino-2,4-dioxo-3-propyl-1,2,3,4-tetrahydropyrimidin-5-yl)carbamoyl)benzenesulfonyl
fluoride (17)

EDC-HCI (688 mg, 3.59 mmol, 1.20 eq) was added to a solution of crude 16 (551 mg, 2.99 mmol, 1.0
eq) and 3-(fluorosulfonyl)benzoic acid (641 mg, 3.14 mmol, 1.05 eq) in dry DMF (10 mL). The mixture
was stirred overnight at rt. Water (80 mL) was then added and the aqueous layer was extracted with
EtOAc (13x). The organic layers were combined, washed with brine (10 mL), dried over MgSO, and
concentrated under reduced pressure. The residue was purified by column chromatography
(DCM:MeOH 96:4 - 90:10) to yield 17 as a white solid (598 mg, 2.99 mmol, 54%).

TLC (DCM:MeOH 9:1): R = 0.48.

1H NMR (500 MHz, (CDs),SO) & [ppm] = 10.55 (s, 1H), 9.37 (s, 1H), 8.66 (t, J = 1.8 Hz, 1H), 8.45 (dt, J =
7.9, 1.4 Hz, 1H), 8.31 (ddd, J = 8.0, 2.0, 1.1 Hz, 1H), 7.92 (t, J = 7.9 Hz, 1H), 6.28 (s, 2H), 3.66 (t, ) = 7.2
Hz, 2H), 1.51 (h, J = 7.5 Hz, 2H), 0.84 (t, J = 7.5 Hz, 3H).

13C NMR (126 MHz, (CD3),S0) 6 [ppm] = 164.3, 160.6, 150.6, 149.9, 136.6, 135.8, 131.6 (d, J = 23.6 Hz),
130.7, 130.6, 127.6, 86.3, 40.9, 21.0, 11.2.

19F NMR (471 MHz, (CD3),S0O) 6 [ppm] = 66.1.

HPLC RT 7.393 min. LC-MS [ESI + H]*: 371.00.



4-((6-Amino-2,4-dioxo-3-propyl-1,2,3,4-tetrahydropyrimidin-5-yl)carbamoyl)benzenesulfonyl
fluoride (18)

EDC-HCI (513 mg, 2.67 mmol, 1.3 eq) was added to a solution of crude 16 (379 mg, 2.06 mmol, 1.0 eq)
and 4-(fluorosulfonyl)benzoic acid (462 mg, 2.26 mmol, 1.1 eq) in dry DMF (8 mL). The mixture was
stirred at rt overnight. Water (80 mL) was then added and the aqueous layers was extracted with EtOAc
(7x). The organic layers were combined, washed with brine (10 mL), dried over MgSO, and
concentrated under reduced pressure. The residue was purified by column chromatography
(DCM:MeOH 95:5 - 90:10) to yield 18 as a yellow solid (100 mg, 0.27 mmol, 13%).

TLC (DCM:MeOH 9:1): R, = 0.48.

1H NMR (500 MHz, (CD5),SO) 6 [ppm] = 10.55 (s, 1H), 9.30 (s, 1H), 8.27 (s, 4H), 6.26 (s, 2H), 3.66 (t, J =
7.4 Hz, 2H), 1.55 - 1.46 (m, 2H), 0.84 (t, J = 7.5 Hz, 3H).

13C NMR (126 MHz, (CD;),SO) & [ppm] = 164.8, 160.5, 150.5, 149.9, 141.8, 133.4 (d, J = 23.7 Hz), 129.7,
128.3, 86.3, 40.9, 21.0, 11.2.

19F NMR (471 MHz, (CDs),S0) 6 [ppm] = 66.0.

HPLC RT 7.370 min. LC-MS [ESI + H]*: 371.00.
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3-((6-amino-2,4-dioxo-3-propyl-1,2,3,4-tetrahydropyrimidin-5-yl)carbamoyl)phenyl
sulfurofluoridate (19)

EDC-HCI (428 mg, 2.24 mmol, 1.2 eq) was added to a solution of crude 16 (343 mg, 1.86 mmol, 1.0 eq)
and 35 (430 mg, 1.96 mmol, 1.05 eq) in dry DMF (10 mL). The mixture was stirred overnight at rt. TLC
and LCMS showed full conversion of starting material and therefore water (80 mL) was added. The
formed precipitate was collected and the filtrate was extracted with 5% MeOH in hot CHCl;. The
organic layer was concentrated and both residues were purified by column chromatography
(CHCI;:MeOH 98:2 - 92.5:7.5), combined and re-crystallized in MeOH to yield 19 as a white solid (237
mg, 0.61 mmol, 33%).

TLC (CHCl3:MeOH 95:5) R; = 0.32.

'H NMR (500 MHz, (CD3),S0O) & [ppm] = 10.54 (s, 1H), 9.17 (s, 1H), 8.11 (d, J = 7.6 Hz, 2H), 7.86 — 7.76
(m, 1H), 7.72 (t, J = 8.0 Hz, 1H), 6.24 (s, 2H), 3.66 (t, J = 7.3 Hz, 2H), 1.50 (h, J = 7.5 Hz, 2H), 0.83 (t, J =
7.4 Hz, 3H).

13C NMR (126 MHz, (CD3),S0) 6 [ppm] = 164.5, 160.6, 150.6, 150.0, 149.4, 137.3, 130.8, 128.6, 123.8,
120.5, 86.4,41.0, 21.0, 11.2.

19F NMR (471 MHz, (CDs),SO) 6 [ppm] = 38.9.

HPLC 100%, RT 7.817 min. LC-MS [ESI + H]*: 386.95.
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4-((6-Amino-2,4-dioxo-3-propyl-1,2,3,4-tetrahydropyrimidin-5-yl)carbamoyl)phenyl

sulfurofluoridate (20)

EDC-HCI (446 mg, 2.33 mmol, 1.3 eq) was added to a solution of crude 16 (330 mg, 1.79 mmol, 1.0 eq)

and 36 (394 mg, 1.79 mmol, 1.0 eq) in dry DMF (10 mL). The mixture was stirred overnight at rt. TLC

and LCMS showed full conversion of starting material and therefore water (80 mL) was added. The

aqueous layer was extracted with EtOAc (4 x). The organic layers were combined, washed with brine

(10 mL), dried over MgSQO,, filtered and concentrated under reduced pressure. The residue was purified

by column chromatography (DCM:MeOH 94:6 - 90:10) and re-crystallized in MeOH to yield 20 as a

white solid (104 mg, 0.27 mmol, 15%).

TLC (CHCI3:MeOH 94:6) R¢ = 0.32.

'H NMR (500 MHz, (CD5),SO) 6 [ppm] = 10.51 (s, 1H), 9.09 (s, 1H), 8.14 (d, J = 8.5 Hz, 2H), 7.72 (d, J =

8.4 Hz, 2H), 6.19 (s, 2H), 3.66 (t, J = 7.2 Hz, 2H), 1.50 (h, J = 7.4 Hz, 2H), 0.84 (t, J = 7.4 Hz, 3H).

13C NMR (126 MHz, (CD3),S0) & [ppm] = 164.0, 159.6, 150.2, 149.6, 149.0, 134.4, 129.6, 119.9, 85.5,

39.9, 20.0, 10.2.

19F NMR (471 MHz, (CD3),SO) & [ppm] = 38.9.
HPLC 100%, RT 7.875 min. LC-MS [ESI + H]*: 386.95.
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(9H-Fluoren-9-yl)methyl (3-((6-amino-2,4-dioxo-3-propyl-1,2,3,4-tetrahydropyrimidin-5-
yl)carbamoyl)phenyl)carbamate (21)

3-(Fmoc-amino)benzoic acid (1.34 g, 3.74 mmol, 1.05 eq) and EDC-HCI (819 mg, 4.27 mmol, 1.2 eq)
were added to a solution of crude 16 (656 mg, 3.56 mmol, 1.0 eq) in dry DMF (20 mL). The mixture was
stirred for 2 days, after which LCMS and TLC showed full conversion of starting material. The DMF was
removed by heating under reduced pressure and water (100 mL) was added. The mixture was
extracted with EtOAc (4 x 100 mL), washed with brine (100 mL), dried over MgSQ,, filtered and
concentrated under reduced pressure. The residue was collected, washed several times with MeOH
and acetone and further purified by column chromatography (CHCl;:MeOH 95:5) to yield 21 as an off-
white solid (397 mg, 0.76 mmol, 21%).

TLC (CHCI3:MeOH 95:5) Rf = 0.20.

1H NMR (400 MHz, (CDs),S0) & [ppm] = 10.47 (s, 1H), 9.89 (s, 1H), 8.84 (s, 1H), 7.99 (s, 1H), 7.91 (d, J =
7.5 Hz, 2H), 7.77 (d, ) = 7.4 Hz, 2H), 7.65 (d, ) = 8.1 Hz, 2H), 7.43 (t,J = 7.4 Hz, 2H), 7.35 (td, J = 7.4, 1.3
Hz, 3H), 6.07 (s, 2H), 4.47 (d, J = 6.8 Hz, 2H), 4.32 (t, ) = 6.8 Hz, 1H), 3.66 (t, ) = 7.6, 7.1 Hz, 2H), 1.50 (h,
J=7.5Hz, 2H), 0.84 (t, ) = 7.5 Hz, 3H).
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(9H-fluoren-9-yl)methyl (4-((6-amino-2,4-dioxo-3-propyl-1,2,3,4-tetrahydropyrimidin-5-
yl)carbamoyl)phenyl)carbamate (22)

4-(Fmoc-amino)benzoic acid (1.89 g, 5.25 mmol, 1.2 eq) and EDC-HCI (1.09 g, 5.70 mmol, 1.3 eq) were
added to a solution of 16 (806 mg, 4.38 mmol, 1.0 eq) in dry DMF (16 mL). The mixture was stirred for
1 h, after which LCMS showed completion of the reaction. EtOAc (250 mL) was added and the organic
layer was washed with brine (3 x 100 mL). Upon addition of brine, a precipitate formed in the organic
layer. The precipitate was collected and recrystallized in MeOH to yield 22 as yellow/green solid (1.17
g, 2.22 mmol, 51%).

TLC (DCM:MeOH 98:2): Rf = 0.44.

1H NMR (400 MHz, (CD3),S0) 6 [ppm] = 10.62 (s, 1H), 10.01 (s, 1H), 8.76 (s, 1H), 7.92 (dd, J = 13.8, 7.9
Hz, 4H), 7.78 (d, J = 7.5 Hz, 2H), 7.54 (s, 2H), 7.45 (t, ) = 7.4 Hz, 2H), 7.37 (t, J = 6.8 Hz, 2H), 6.20 (s, 2H),
4.53 (d, ) = 6.7 Hz, 2H), 4.34 (t, ) = 6.6 Hz, 1H), 3.66 (t, J = 7.5 Hz, 2H), 1.51 (h, J = 7.1 Hz, 2H), 0.84 (t, J
=7.4 Hz, 3H).

13C NMR (101 MHz, (CD3),S0) & [ppm] = 165.8, 160.7, 153.3, 150.6, 149.9, 143.7, 141.7, 140.8, 128.8,
128.3,127.7,127.2,125.2,120.2,117.1, 87.0, 65.8, 46.6, 40.9, 21.0, 11.2.
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3-(2,6-Dioxo-1-propyl-2,3,6,7-tetrahydro-1H-purin-8-yl)benzenesulfonyl fluoride (23)

Trimethylsilyl polyphosphate (PPSE) (2.50 g, 13.72 mmol, 9.0 eq) was added to 17 (568 mg, 1.53 mmaol,
1.0 eq). The mixture was refluxed at 150 °C for 3.5 h under an N, atmosphere. LCMS measurements
indicated full conversion of the reaction. The mixture was cooled on ice and MeOH (25 mL) was added.
The mixture was stirred for 15 minutes and filtrated. The filtrate was stirred in MeOH (15 mL) and
filtrated again. The residues were combined, washed with cold MeOH and dried in vacuo to yield 23 as
a white powder (467 mg, 1.33 mmol, 86%).

TLC (DCM:MeOH 98:2) R; = 0.44.

1H NMR (500 MHz, (CD3),S0) 6 [ppm] = 14.11 (s, 1H), 11.95 (s, 1H), 8.78 (s, 1H), 8.55 (d, J = 8.0 Hz, 1H),
8.17 (d, J =8.0Hz, 1H), 7.89 (t, ) = 7.9 Hz, 1H), 3.80 (t, J = 7.4 Hz, 2H), 1.56 (h, J = 7.5 Hz, 2H), 0.87 (t, J
= 7.4 Hz, 3H).

13C NMR (126 MHz, (CDs),SO) 6 [ppm] =154.9, 150.9, 147.4, 147.0, 133.5, 132.6 (d, ) = 24.0 Hz), 131.4,
130.8,129.1, 125.5, 108.5, 41.5, 20.9, 11.2.

15F NMR (471 MHz, (CD5),S0) & [ppm] = 66.0.

HPLC: 100%, RT 9.095 min LC-MS [ESI + H]*: 353.00.

4-(2,6-Dioxo-1-propyl-2,3,6,7-tetrahydro-1H-purin-8-yl)benzenesulfonyl fluoride (24) (LUF7982)



PPSE (430 mg, 2.36 mmol, 9.0 eq) was added to 18 (97 mg, 0.26 mmol, 1.0 eq) and refluxed at 150 °C
for 7 h under an N, atmosphere. More PPSE (430 mg, 2.36 mmol, 9.0 eq) was added and the mixture
was refluxed for another 4 h, upon which LCMS measurements indicated full conversion of starting
material. The mixture was cooled on ice, MeOH (25 mL) was added and the formed crystals were
filtrated. The filtrate was stirred in MeOH (15 mL) for 15 minutes and filtrated again. The residues were
combined, washed with cold MeOH en dried in vacuo to yield 24 (LUF7982) as a white powder (68 mg,
0.19 mmol, 74%).

TLC (DCM:MeOH 98:2) R; = 0.44.

IH NMR (300 MHz, (CD5),SO) 6 [ppm] = 14.24 (s, 1H), 12.05 (s, 1H), 8.43 (d, J = 8.3 Hz, 2H), 8.28 (d, J =
8.3 Hz, 2H), 3.83 (t, J = 7.5 Hz, 2H), 1.69 — 1.47 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H).

13C NMR (126 MHz, (CD;),SO) 6 [ppm] = 154.98, 150.92, 147.68, 146.98, 135.92, 131.67 (d, ) = 23.9 Hz),
129.23, 128.02, 109.08, 41.54, 20.85, 11.19.

19F NMR (471 MHz, (CD3),S0O) 6 [ppm] = 66.8.

HPLC 99%, RT 9.124 min. LC-MS [ESI + H]*: 353.00.
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3-(2,6-Dioxo-1-propyl-2,3,6,7-tetrahydro-1H-purin-8-yl)phenyl sulfurofluoridate (25)

PPSE (2.2 g, 12.07 mmol, 22.2 eq) was added to 19 (210 mg, 0.54 mmol, 1.0 eq) and refluxed at 150 °C.
LCMS showed full conversion of starting material after 3h. Therefore the mixture was cooled on ice
and MeOH (50 mL) was added. The formed residue was collected and washed with cold MeOH.
Recrystallization in CHCl;/MeOH yielded 25 as a white solid (161 mg, 0.44 mmol, 80%).

TLC (DCM:MeOH 95:5) R; = 0.63.

'H NMR (400 MHz, (CD3),S0) & [ppm] = 14.00 (s, 1H), 11.98 (s, 1H), 8.22 (dd, J = 6.3, 2.0 Hz, 2H), 7.79
—7.67 (m, 2H), 3.82 (t, ) = 7.5 Hz, 2H), 1.57 (h, J = 7.5 Hz, 2H), 0.88 (t, J = 7.4 Hz, 3H).

13C NMR (126 MHz, (CD3),S0) 6 [ppm] = 154.9, 150.9, 150.0, 147.6, 147.5, 131.7, 131.5, 126.7, 122.9,
118.4, 108.3, 41.5, 20.9, 11.2.

19F NMR (471 MHz, CD;),S0O) & [ppm] = 38.9.

HPLC 97%, RT 9.332 min. LC-MS [ESI + H]*: 368.95.
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4-(2,6-Dioxo-1-propyl-2,3,6,7-tetrahydro-1H-purin-8-yl)phenyl sulfurofluoridate (26) (LUF7993)

PPSE (1.2 g, 6.59 mmol, 25.7 eq) was added to 20 and refluxed at 150 °C. The mixture was refluxed for
2 h, after which LCMS indicated full conversion of starting material. The mixture was cooled on ice and
MeOH (25 mL) was added. The formed precipitate was collected, washed with cold MeOH and
recrystallized in MeOH (15 mL). This yielded 26 (LUF7993) as a white powder (83 mg, 0.23 mmol, 88%).

TLC (DCM:MeOH 95:5) R; = 0.55.

1H NMR (500 MHz, (CD5),S0) & [ppm] = 13.90 (s, 1H), 11.94 (s, 1H), 8.26 (d, J = 8.9 Hz, 2H), 7.74 (d, J =
8.4 Hz, 2H), 3.81 (t, J = 7.4 Hz, 2H), 1.57 (h, J = 7.4 Hz, 2H), 0.87 (t, J = 7.4 Hz, 3H).

13C NMR (126 MHz, (CD5),S0) 6 [ppm] = 154.9, 151.0, 150.3, 148.1, 147.6, 129.8, 128.7, 121.9, 108.2,
41.5,20.9, 11.2.

19F NMR (471 MHz, (CD3),SO) & [ppm] = 38.94.



HPLC 99%, RT 9.327 min. LC-MS [ESI + H]*: 369.00.

(9H-Fluoren-9-yl)methyl (3-(2,6-dioxo-1-propyl-2,3,6,7-tetrahydro-1H-purin-8-yl)phenyl)carbamate
(27)

PPSE (3.44 g, 18.88 mmol, 25.0 eq) was added to 21 (397 mg, 0.76 mmol, 1.0 eq) and the mixture was
refluxed at 150 °C. After 3 h of stirring, TLC showed full conversion of the reaction. The mixture was
cooled down to rt and water (40 mL) and brine (10 mL) were added. The aqueous layer was extracted
by EtOAc (6 x 80 mL). The organic layers were combined, dried over MgSQ,, filtered and concentrated
under reduced pressure. This yielded 27 (269 mg, 0.53 mmol, 70%) as an off-white solid.

TLC (CHCI3:MeOH 95:5) Rf = 0.55.

1H NMR (400 MHz, (CD3),SO) 6 [ppm] =13.71 (s, 1H), 11.92 (s, 1H), 9.94 (s, 1H), 8.33 (s, 1H), 7.92 (d, J
=7.5Hz, 2H), 7.76 (t, ) = 7.1 Hz, 3H), 7.43 (t, ) = 7.5 Hz, 3H), 7.40 — 7.32 (m, 3H), 4.49 (d, J = 6.8 Hz, 2H),
4.33 (t,) =6.8 Hz, 1H), 3.82 (t,J = 7.5 Hz, 2H), 1.57 (h, J = 7.1 Hz, 2H), 0.88 (t, J = 7.4 Hz, 3H).

HPLC 95%, RT 11.075 min. LC-MS [ESI + H]*: 508.10.

8-(3-Isothiocyanatophenyl)-1-propyl-3,7-dihydro-1H-purine-2,6-dione (28)

20% Piperidine in DMF (6 mL) was added to remove the Fmoc group of 27 (265 mg, 0.52 mmol, 1.0
eq). The deprotection was complete after 5 min of stirring at rt. The solvents were then removed under
reduced pressure and the residue was washed with MeOH to remove the remaining N-Fmoc-
piperidine. 3 M HCI (25 mL) was added to the crude amine to form a suspension. Thiophosgene (333
uL, 4.35 mmol, 8.4 eq) was added and the mixture was stirred for 4 h at rt. The aqueous suspension
was filtered and the precipitate was washed thoroughly with EtOAc to yield 28 as a white solid (129
mg, 0.39 mmol, 75% over two steps).

TLC (DCM:MeOH 95:5) R = 0.62.

IH NMR (500 MHz, (CD;),SO) 6 [ppm] = 14.01 — 13.74 (s, 1H), 11.94 (s, 1H), 8.12 (t,J = 1.9 Hz, 1H), 8.06
(dt,J=7.9,1.3 Hz, 1H), 7.57 (t, ) = 7.9 Hz, 1H), 7.48 (dd, J = 8.0, 1.0 Hz, 1H), 3.80 (t, ) = 7.3 Hz, 2H), 1.56
(h, J = 7.3 Hz, 2H), 0.87 (t, ) = 7.4 Hz, 3H).

13C NMR (126 MHz, (CD3),S0) 6 [ppm] = 154.8, 150.9, 148.1, 147.4, 135.3, 131.0, 130.7, 130.5, 126.8,
125.5, 123.6, 108.1, 41.4, 20.8, 11.2.

HPLC 99%, RT 9.825 min. LC-MS [ESI - H]: 326.95.
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(9H-Fluoren-9-yl)methyl (4-(2,6-dioxo-1-propyl-2,3,6,7-tetrahydro-1H-purin-8-yl)phenyl)carbamate
(29)
PPSE (22 mL) was added to 22 (1.17 g, 2.22 mmol, 1.0 eq) and refluxed at 170 °C. After 5 h of stirring,
the mixture was cooled down to rt and water (250 mL) was added. The formed precipitate was
collected and purified by column chromatography (DCM:MeOH 99.5:0.5 = 95:5) to yield 29 as an
off-white solid (618 mg, 1.22 mmol, 55%).
TLC (DCM:MeOH 98:2) R; = 0.38.
1H NMR (400 MHz, (CD3),S0) 6 [ppm] 13.50 (s, 1H), 11.87 (s, 1H), 9.98 (s, 1H), 8.01 (dd, J = 16.6, 8.5
Hz, 2H), 7.92 (d, J = 7.4 Hz, 2H), 7.76 (d, J = 7.4 Hz, 2H), 7.63 — 7.51 (m, 2H), 7.43 (t, ) = 7.4 Hz, 2H), 7.36
(t,) = 7.3 Hz, 2H), 4.54 (d, ) = 6.6 Hz, 2H), 4.33 (t, ) = 6.5 Hz, 1H), 3.81 (t, J = 7.5 Hz, 2H), 1.57 (m, 2H),
0.87 (t,J = 7.4 Hz, 3H).
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8-(4-Isothiocyanatophenyl)-1-propyl-3,7-dihydro-1H-purine-2,6-dione (30) (LUF8002)

20% Piperidine in DMF (6 mL) was added to remove the Fmoc group of 29 (85 mg, 0.17 mmol, 1.0 eq).
The deprotection was complete after 5 min of stirring at rt. The solvents were then removed under
reduced pressure and the residue was washed with MeOH to remove the remaining N-Fmoc-
piperidine. 3 M HCI (3 mL) was then added to the crude amine to form a suspension. Thiophosgene
(150 pL, 1.96 mmol, 11.9 eq) was added and the mixture was stirred for 2 h at rt. LCMS indicated full
conversion of starting material, therefore water (50 mL) was added. The formed precipitate was
collected and washed with DCM (50 mL) and EtOAc (50 mL). The residue was dried under reduced
pressure to yield 30 (LUF8002) as an off-white powder (40 mg, 0.12 mmol, 71% over two steps).

TLC (DCM:MeOH 95:5) R; = 0.55.

1H NMR (500 MHz, (CD5),SO) 6 [ppm] = 13.81 (s, 1H), 11.94 (s, 1H), 8.13 (d, J = 8.7 Hz, 2H), 7.56 (d, J =
8.7 Hz, 2H), 3.82 (t, ) = 7.5 Hz, 2H), 1.57 (h, J = 7.3 Hz, 2H), 0.88 (t, J = 7.4 Hz, 3H).

13C NMR (151 MHz, (CD;),SO) & [ppm] = 154.9, 151.0, 148.6, 147.6, 134.7, 131.3, 128.1, 127.7, 126.7,
108.1, 41.5, 20.9, 11.2.

HPLC 95%, RT 9.834 min. LC-MS [ESI + H]*: 327.95.



Biological procedures

Cell lines

CHO-spap cells stably expressing the human A,z receptor (CHO-spap-hA,zAR) were kindly provided by
S.J. Dowell (Glaxo Smith Kline, UK). Chinese hamster ovary (CHO) cells stably expressing the human
adenosine A; receptor (CHOhA;AR) were kindly provided by Prof. S.J. Hill (University of Nottingham,
UK). Human embryonic kidney 293 cells stably expressing the human adenosine A,, receptor
(HEK293hA,,AR) were kindly provided by Dr. J. Wang (Biogen/IDEC, Cambridge, MA). CHO cells stably
expressing the human adenosine A; receptor (CHOhA;AR) were a kindly provided by Dr. K.N. Klotz
(University of Wirzburg, Germany).

Radioligands

[3H]8-(4-(4-(4-Chlorophenyl)piperazide-1-sulfonyl)phenyl)-1-propylxanthine  ([3H]PSB-603, specific
activity 79 Ci/mmol) was purchased from Quotient Bioresearch. [3H]1,3-dipropyl-8-cyclopentyl-
xanthine ([3H]DPCPX, specific activity 137 Ci/mmol) was purchased from ARC, Inc. [3H]4-(-2-[7-amino-
2-(furan-2-yl)-[1,2,4]triazolo[1,5-a][1,3,5]triazin-5-ylamino)ethyl) phenol ([3H]-ZM241385, specific
activity 50 Ci/mmol) was purchased from ARC, Inc. [3H]8-Ethyl-4-methyl-2-phenyl-(8R)-4,5,7,8-
tetrahydro-1H-imidazo[2,1-i]-purin-5-one ([3*H]PSB-11, specific activity 56 Ci/mmol) was a gift from
Prof. C.E. Muller (University of Bonn, Germany).

Chemicals

5’-N-ethylcarboxamidoadenosine (NECA), Né-Cyclopentyladenosine (CPA) and adenosine deaminase
(ADA) were purchased from Sigma Aldrich. ZM241385 was kindly donated by Dr. S.M. Poucher (Astra
Zeneca, Manchester, UK). CGS21680 was purchased from Ascent Scientific. PSB 1115 potassium salt
was purchased from Tocris Bioscience. All other chemicals were of analytical grade and obtained from
standard commercial sources.

Cell culture and membrane preparation
CHO-spap-hA,sR cells, CHOhA;AR cells, HEK293hA,,AR cells and CHOhA;AR were cultured and
membranes were prepared as previously reported.®

Radioligand displacement assays

Single point radioligand displacement assays on CHOhA,AR cells, HEK293hA,,AR cells and CHOhA;AR
cells were performed as previously reported.® Full curve radioligand displacement assays were
performed using ChO-spap-hA,sAR membranes and a concentration rage of competing ligand. 30 ug
of protein in a total volume of 100 pL assay buffer (0.1% CHAPS in 50 mM Tris-HCI pH 7.4) was taken
and pre-incubated for either 0 or 4 h with the competing ligand. ~1.5 nM [3H]PSB-603 was then added
and the membranes were co-incubated for 30 min at 25 °C. Nonspecific binding was determined in the
presence of 10 uM ZM?241385. Incubations were terminated by vacuum filtration to separate the
bound and free radioligand through prewetted 96-well GF/C filter plates using a Filtermate-harvester
(PerkinElmer). Filters were subsequently washed 5 times with ice-cold wash buffer (0.1% BSA in 50
mM Tris-HCl pH 7.4). The plates were dried at 55 °C after which 25 pL of MicroscintTM-20 cocktail
(PerkinElmer) was added to each well. After 3 h the filter-bound radioactivity was determined by
scintillation spectrometry using a 2450 MicroBeta? Microplate Counter (PerkinElmer).



Wash-out assays

100 pl of assay buffer (0.1% CHAPS in 50 mM TrisHCI pH 7.4) containing 1 uM of competing ligand (10
UM in case of PSB 1115) and 200 plL of assay buffer were added to 100 pL of ChO-spap-hA,zAR
membrane suspension (80 pg of protein) in a 2 mL Eppendorf tube. The tubes were incubated 2 h at
25 °C while shaking. The ‘washed’ group of samples was centrifuged (5 min, 13 200 rpm, 4 °C), the
supernatant was removed, the pellet was resuspended in 1 mL of assay buffer and incubated for 10
min at 25 °C while shaking at 900 rpm. The washing steps were repeated three times. After the last
washing step, the membrane pellets were resuspended in 300 pL of assay buffer to determine
radioligand displacement. Both washed and unwashed samples were transferred to test tubes and
incubated together with 100 pL of 1.5 nM [3H]PSB-603 for 2 h at 25 °C. Nonspecific binding was
determined in the presence of 10 uM ZM241385. The incubation was terminated by vacuum filtration
through prewetted 96-well GF/C filter plates using a Brandol M24 Scintillation harvester. Filters were
subsequently washed 3 times with ice-cold wash buffer (0.1% BSA in 50 mM Tris-HCl pH 7.4). The filter-
bound radioactivity was determined using a Tri-Carb 2900TR Liquid Scintillation Analyzer
(PerkinElmer).

Data Analysis

All data from radioligand displacement and wash-out assays were analyzed using GraphPad Prism 9.0
(GraphPad Software Inc., San Diego, CA). ICs, values were converted to K; values using the Cheng-
Prusoff equation.” The Ky values of [3H]PSB603 at CHO-spap-hA,sAR membranes (1.7 nM) was taken
from in-house determinations.



Computational Procedures

Docking of LUF7982 in the adenosine A,g receptor

The A,sAR homology model was retrieved from the GPCRdb.8 Several orientations of the extracellular
loop 3 (EL3) loop region (between residue numbers 258 and 270) were generated using MODELLER,?
to obtain viable orientations of the Lysine residues in the binding site. 3D coordinates of LUF7982 were
generated using rdkit.° Thereafter, LUF7982 was manually docked in the receptor model using
PyMOL,™ and subsequently minimized using the all-atom minimization tool in ICM Pro.?? Residue
numbers are presented with their Ballosteros-Weinstein numbering scheme.!3 Distances given in A are
the distances calculated between the N-atom of the lysine residue and the S-atom of the sulfonyl
fluoride warhead.



NMR Spectra

GEG'D
856'0
9610
o't
aro't
CEDT
ST
T
63T
@29t
BT
0997
8/9T
2697
et !
TEST
05T
mmnTw e
g8
PROEN

Q03 ZEE'EY

Q0P GEEE

0%k ObE'E

QOB PHEE

Q0% BREE
£EBE
TG E
S6E'E
006'E
PIGE
ZEG'E
T186'E —
15E/y
POTE
<43
ObT'h
B51%

Ottt

WOa % 55—

e
Iog ¢ e
o

L

178 =
T —_
878

e

%

Eoer

868

ELE

ETE

8158 o
ErE I
e

058

E I

H NMR (CD50D, 400 MHz)
(0]

|

_
l

16T
68T

F 680

A mo
=950
180

-1.0

-0.5

T
0.0

T
3.0

35

7.0 6.5 6.0 535 50 45 4.0
f1 (ppm)

T
T 4]

8.0

T T T
9.5 9.0 8.5

T
13.0 12,5 12.0 11.5 11.0 105 10.0

ava u
£98°0
9880
EZ6'0
THe'0
0960
SRE'T
81T
QESTT
§85°T
#48°T
25T
119°T
0E9'T
S£9°F
EB9'T
21T
TELT
05T
694°T
BUDJEIY GED'Z,
BuDjEOY SkD'2
aupjaay Dma.mw
BUDIEIY 50°E

auogany fap'g

OZHEER'E

B6SE
Dw.mw
SEE'E

fhH'E
a96’E
986'E

L% '9=—

BIT'E
v@ﬁ.mW-
GRF'8
nmm.mﬁn
T5€°8

BbS B

TH NMR ((CD5)2CO, 400 MHz)

il

N

PEE
W aE

W {144
il

o

01
E=T2T

12.0 115 110

5.5 5.0 4.5 4.0 3.3 3.0 2.5 2.0 1.5 1.0 0.5 0.6 05 -10
f1 (ppm)

6.0

100 95 90 85 80 75 70

105



e
s
9z8'D
W'
958°D
998'D
L8
268D
2060
Lot
2ol
96T
s
9251
8651
2951
15T
0851
£65'T
Boo'L
90y
Lot
2691
Fas

OSWA £6k 2

0SWA 96k 24

0SWa 00 m)w.

Ok k05 27

0SWa 20527

dnia 22227,
Al Nmm.m.w.
e
O2H £b€'E—

Z0LE
h:.mW.
TELE
[)::
PPEE
no9ge
bPbE
956" €
BS6E
096" €
E£6°E

WIATES G

TH NMR ((CD3):S0, 500 MHz)

2 TE
Fogz

g
m e

F 081
Farz

T-651

E&n
mdmc

F-95'1

Foza

11.5 11.0 105 10.0

-1.5

20 15 10 05 00 -05 -1.0

90 85 80 75 70 65 60 55 50 45 40 35 30 25
f1 (ppm)

9.5

20z
b 02

05l 065
0SWA 7 6E
05l ¥ 65
OSld § 65
OSWA & 6E
OSld &' 65
05l 0 01
o1
=

/98—

soz1="
gEL—
ELEN
£0ETC

ELE1—

(e
yosI—
15"
resT—

po1—

T3¢ NMR ((CD3),S0, 126 MHz)

NHy

20

40

70

80

T T
210 200

T
220

f1 (ppm)



DHE—

18F NMR ((CD1),S0, 471 MHz)

S

O/

-20 -30 -40 -50 -60 -70 -80 -90 -100

-10

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

008’0
518°0
neg’o
E68°0
806°0

ELIeCEFa: I
ELJuiE]
ELJulE]

88E'T
EDS'T

8151
ZEST
65T
295 T
19T
679'T
Pl
099°L
549'1
6891
6891

——

f——

Y0 FIE T~

:
aun vy 05024
LRI 507
auejaoy 650°7)

95L°E
TiLE
98LE
698E, —
mmm.mW = E
005'E

29013 620k

I 01 ERD'R|

29013 £50°|

ELTSER P

SO 1107
suo i3y b N.

EPST 9~
SE29'9— -

9EP IS

ESb 4~ -

297°8 .
mm;v. =

L8V -

TH NMR ((CD4);CO, 500 MHz)

F89t

Trer

FIat

o

2.5 2.0 1.5 1.0 0.5 0.0 0.5 -1.0

3.0

100 95 90 85 80 75 70 65 60 55 50 45 40
f1 (ppm)

]



T

g0

Lo

SYOE 002~

[t
aL0JEIY § A2,
DRI B~
aunfeny g gz
auojEay [ GML.
I0RIY 7' 6T
Bu0g@2Y £ 62
aunfEay 5 6z

s

[

WOW SRS —

ras—

S0ZF—

#'0ET—
APET—

05T

ﬁ.mmﬁ\

J

26 MHz)
o

Tgar—
WOIA T 0T

4

BCNMR ((CD5)sCO.

aUDjEIY 50—

7

0%,

4

-10

210 200 190 180 170 160 150 140 130 120 110 100 ] 80

220

f1 (ppm)

oeE—

*F NMR ((CD3),S0, 471 MHz)

N
7

T T T T T T T T
-30 40 -50 -60 -70 -80 -0 -100

T
-20

20

40

70

T
a0

T
100

f1 (ppm)



vasu
080
8880
60
k6’0
8560
S41°T
S8P'T
LESTT
955°'T
#L8°T
EGS'T
Z19°T
TEXT
0L9°F
£RI'T
S0/°T

SELT
PRk 6

BUeR0Y GED'E
BUDJEIY GRD'E
aunyjady 050°

TS
auejE0Y T90°E
80°Z

i

\
e
Z50E
asT'E
wmm.mv

09g°E

E9EE
OTHBISE
08LE~]
68LE ﬁ
POE'E
B08'E
EI8E
£EZRE
9T6'E
ShG'E \
POG'E
614
£65'S
oA
£5E°E
£
019'¢
£19°¢
519¢
2194
6E9'¢
ZE9'E
PETL
9E' ¢
(s |
T69'¢
569,
[t

B0
3 Fars
) Fard
k08

#50°8
650°8

TH NMR ((CD4),CO, 400 MHz)

i

#H'E
Mmmm

L}
WNHN
[V

- Eb e
REZ

E-E0T
T
- L' 0

EIe0

12.0 115 11.0 105 100

3.0 25 20 15 10 05 00 -0.5 -10

3.5

60 55 50 45 40
f1 (ppm)

90 85 80 75 70 65

9.5

£88°0
1060
0Ze'0
BEG'D
956°0
S5£6'0
[0}
£L5T
wmﬂwr
E95°1
8581
ALERY
1z91
9T
0991
na9'1

958 —
LB —

03 OTE'E—
0LLE
BELE
BOE'E
91 8'E
9E8'E
PSEE

OaH 068 —

ZBb L~
e

IO
obes "

H NMR (CD,0D, 400 MHz)

= pee
:J LE
L 18

Wﬂ [~ &b

e 1
= E ..

-= Foe

60 55 50 45 40 35 3.0 25 20 15 10 05 00 -0.5 -10
f1 (ppm)

6.5

7.0

9.5 8.0 8.5 8.0

10.0



TEIm
g1

L4
TEL

LAE—

[Rae
Fa-1

Q0B ' B

a0R 98k

aoew &b

QoA 06k
Q0 26k
Ao ¥eb-]
aceld vep

eE—

F8r—

bAET—
[T

bbb —
2251,
ZH§T~
w51

L4 )

EDLT—

3CNMR (CD50D, 126 MHz)

-10

70 60 50 40 30 20 10

a0

210 200 190 180 170 160 150 140 130 120 110 100

220

f1 (ppm)

8580
980
880
5680
5060
vy
bEST
£55'1
151
0651
6091
LETT
6691
act
9Ec ]
£sc1
(773
1621
0SWa T8k 2
0Sid 561 2~}
0SIa 105 ..w.
05 505 2
0Slia 605 2

OFH 9bE'E—
I E
09y mW
BLEE

100
DE0
LED P

BT L
.“MEW.
£56 ¢

PIT 8
9gz 8"
098

pera->

9zg e
nEs mw‘
SEEE

ZZEFT—

TH NMR ((CD3)50, 400 MHz)

Lwh_:
= Felz

TEE
Nmmm

EFsrz
Ferz

E#0T
E-e01

0T
=E07

Feso

Fe

s

e

f1 (ppm)



oer
~m~v
giE—

OSkA & 6

05kd 0Dk

DmEDMD_\J
n_m_an__\o_\ %
DSk £ 0k~
OSkI 6 0 )
OSKA T T~
Z'Eb

& Gk

Te0T—

bzt
m.oﬂ//f
£1en
.“.NEW
PEET
LEET

7
FrET .\w

20T~
[T e
g1~
IS TE

13C NMR ((CD5)S0, 101 MHz)

T
-10

20

40

70

T
200

T
210

f1 (ppm)

19F NMR ((CD1):S0, 471 MHz)

§99—

T T T T T T T
-40 -50 -60 -70 -80 -90 -100

T
-30

20

40

70

T
el

T
100

f1 (ppm)



a%a u
088 0
568 0 F
268 0

€160

826 0
92z 1

1551 Fe
995 1§
18514
965 T4

11914 e
929 1+ - e Gt
s
TEL :T

]

LT
T9L T~
SL0T

—_— F1re
ST o Fuae

OSWA E6k' 2
DS 6k
OSlA 005 &

DS 05

m.__
0SkWa L0527

98 e
wmmmW. O E—— u 6T
ThE £ = 5
= =1 [ ¥

020 = e
SE0'E
TR

WIa 55L 55— ——

7
f1 (ppm)

[LL: T}
FATAN:} ————— ~rrie— =967
[} el —— 6T
LY w%

19 NMR ((CD5).S0, 471 MHz)

g99—

H NMR ((CD5),S0, 500 MHz)
0

50 40 30 20 10 -0 20 230 -40 -50 -60  -70 -80  -90  -100
f1 (ppm)

60

a0 80 70

100




30w
EED
2830
8880
L6810
2150
ST
£55 1
[Pt
8519
Sw;;
41914

660 1
PILTY
62¢ T

b1

851

OB E6F 2
CEE 96 7
cewa ooz
osa v 2
oskd o5 7

AL

OZH THEE—

EPEE
858 MW. s
ELFE T

£66'E s
(00w
Ty

noz ¢
[y
80 ¢
aee
12
sze s
bEL L —_
5524
ez 8
cecs g
6T 8
T8 -
1sz8 |
852 8 O“ﬂuo
Q

H NMR ((CD5);S0, 500 MHz)
)
A

10

= ulles

|

i

Fsr'e

e
B0

EGET
BT

F 66T

Fore

Feso

F

L

f1 (ppm)

o1
& ﬁﬂv
80—

OSWa 0 6Ey
085Wd 2 6E-|
OS5I b HE~
OSWG & 6E—
OSWG &£ 6E~
O8I 6" 6E
05l 00
[l
Eite

e —

sarr—"
SEIr—
[FzaENg
PIED
STE

G ibT
kT AN
oosE=F
905t W
ThsT

¢ NMR ((CD5),S0, 126 MHz)

L

e e Al

|
PO

T T T
210 200 190

T
220

T
-10

20

40

50

70

f1 (ppm)



-70 -80 -90 -100

-60

bog D
680 F
168D
E68'0
9050
15
0551 L o
951
6251
[
ms.:ﬁ i
L = - 1 *E -
6041
vzt
6EC T
£5¢ 1]
891

eactd e
OB € B 27
050 962~

10 -10 -20 -30 -40 -50
f1 (ppm)

20

19 NMR ((CD3),S0, 471 MHz)

30

10
90 80 70 60 50 40

o0

OZHEZEE—

858°E B

mhm.mW.

£80°E [ P = Eeoe
DS..“N. i — Eae T

SI0F
BEDH

WIQESS 5— p—

M~
€94
DNEV & sl et -
biz'8 . |L
tres — = Fooe
Fean
o
N o =
0
~
o™ N
o
L=
=]
=~
= e
= -
8 = /N -
s
m S A
- & =
]
(&5 =
o moRi— Mo o) ~ Fwo[™
=
=
S




13 233kEe2
CNMR ((CD4),50, 126 MHz) =5k 3

s2a33 me = GuRkaRORE wa w

ZREEEE 28 = g Feys=hnre =3 oo

SN v s A

0
\,/\N NH
Py |/ A0
0 N N s~
0 \F
\) 11
]
I
]
1
]
Ll e gty
220 210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 a0 50 40 30 20 10 1] -10 -2
f1 (ppm)
2 F NMR ((CD5),S0, 471 MHz)
1
8]
\/\\N HH
)\ | /> < > X 0
N S
0 N SN
< ) i
11
A
100 90 a0 70 60 50 40 30 20 10 1] -10 -20 -30 -40 -50 -6l -70 -80 -0 -100

f1 (ppm)



OSAA Tk 7

DSa 005 27
OSlA 505 77
OSA 605 27

DS 56k N.W

B8 £
£98 mw.
988 &
500
ZE0' 4
BED'

FEES—

WO 658 65—
Fh9 S
k9 9
2999
£99° 9
LS
61T
BET' £

[T
8T L
LEE L
ESE' £
TEL
ThE £
o0s' &

g &
B0L L
BEL
BED 8

9ES b—

EPEET—

H NMR ((CD5),S0, 400 MHz)

11/

F05E
By

Foet
v
560

F iR

e

Fomn

=

i

L=

f1 (ppm)

Lasu
980
588°0
+08°0
+06°0
oo
551 il —

0451
mmmé#
L0971
ot
BZLY
th;W
59.°1

e

””

OSWa TEk'E
05w mm_\.my
0SId 005 m&
05kial 505°2
OSWa 6052~

OZH ObE'E~,

ThE'E
010k
LE0F

THAE
aom.mW
BIBE

Bk
nes's
295°¢
88°L
ey
Ling
hma.mw
ZET'®

986°ET—

TH NMR ((CD3);S0, 400 MHz)

PIE

@z

fane Falra
=
-
—

- 1w
- M_“.o.o

01
= X 'l

Feso

15.0 145 140 135 13.0 125 120 11.5 11.0 10.5 10.0

25 20 15 1.0 05 00

3.0

3.5

4.5 4.0

90 85 80 75 70 65 60 55 50
1 (ppm}

95



L
wzv
B0E—

Ol 6 88
OSWa T'6E
03I £ 6E )__F

el

DSA £ BE~)

OSA &' BE )

OSA T 0 -
ok
St

8 —

LETT
m.mNﬂVr
T~

#0ET
L0ET w

B'0ET
BPET \\

T8k
081 <

s

BCNMR ((CD1),S0, 101 MHz)

T
-10

20

40

50

70

T
220

T
230

f1 (ppm)

EIDAD 0924~
E0S5'L
ELS nv

£0E°8
hmm.mv

LOT'ET—

"HNMR (CDCl,, 400 MHz)

J

mLJ

)

|

——

——

F 9

F 006
L
9E'Z

BE'T
2E'Z

Fac

Fore

wmcc

-

b ey

-

f1 (ppm)



ETE
9 SV.
81
5 ﬂmv

58—

¥ Ep—
L2

L9

€000 89,
€000 T e
£pad §' &

BCNMR (CDCls, 101 MHz)

60T

E mz\\
SETT—
ﬁ.mmﬁ/r

BOFT—

66PT
TS
81517
m.mmiﬁ

B'SST

NH
il

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220

45

- Fa0z
oz

2858° L
045 hv

5518
Nhﬂ.mv

H NMR ((CD,),S0, 500 MHz)

ESEET—

LLJ\._L

|
|
!

||L Feoz

Fowz

I

f1 (ppm)



on
NZHY
yoE—

OS5 0 GE
05l 26
S ¥ 6E

OSlA £ 6E -

DSA & 6E -

L=t a N
[y
L

801

3921~
szt
s EW
el
rver

£'8b1
S8kl W
9051

IFE R

BCNMR ((CD1),S0, 126 MHz)

20

40

60

70

80

T
210

T
220

f1 (ppm)

L

TE8 c\\

bbb T

Bar' T —

agr' T
505°T

QSKA Tk Ty

DS 56k m./_,»

0540 005 27—
OSIa 505 2
05 605 27

HO3W 861" £~
HO®W oD.m:W

DEH CRETE
TE9'E
9p9" £-
059°€
#69°E
B899 €

£95°5—

"H NMR ((CD,),S0, 400 MHz)

Feoe

Feoe

Faer

TFest

4.0

T
5.0

f1 (ppm)



oo
SER'D
ose'n

81
EBF'T
Bk 1
ETST
BZ&'1

EbS'T

OS5l 26t" 2
OS5I T6b 2
OSka 008 m.nw.
OS5l #0827
OSlA £08 mn‘

OFTH bbE E—

fPIE
€99 mw
LLTE

6279 —

0ne" £
918 L
[4208
one' g
Z0e'8
F0E 8
£0E°8
9T 8
gTE'®
oZe' s
ZZE R
LEP B
O 8
b 8
ESk' 8

950" &
85k 8
B59'8
1998
599'8

SEE b

18501T—

H NMR ((CD1),S0, 500 MHz)

L.

B )
- eI..lLA
&
3
™
gy :
flJ \\||IK_
= —
e —
[a]
I
w—_co
I
= o
z £ 3
“— 75 m—
e} L

Feoe

et

Foet

Hlmc~

Eee0

Fooin
F-g50

.Tmn_n

Feo

.—Vn_u:

11,5 11.0 185 10.0 9.3 2.0 8.3 8.0 7.3 7.0 6.3 6.0 3.3 5.0 4.5 4.0 3.5 3.0 2.3 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

12.0

[ S

nre—

OS5k 0 6
05k 2 6|
OSHA ¥ 6

OSkA § 68 u

DSKWA £ 6E

D5KA &' GE -

DSk 0 O
[

E98— "

9LE
m.nmﬂ./.
£0ET
S1E1 —
£1 mﬂw
v

Y

[T
a5t~

9091 —
Eb9T—

13C NMR ((CD1),S0, 126 MHz)

40

50

70

T
210

T
220

f1 (ppm)



-10 -20 -30 40 -50 -60 -70 -80 -90 -100

5=0

0

90

100

19F NMR ((CD2),S0, 471 MHz)

e
9E8 0
1580

29°T
EB'T
26T LT
ZIs'T

£E51
Tps' T
OSHO £6 2
OSKA 96k 24
OSka 005
OSHA P05 T
0ska 805 2
OZH SEEE,

9B

859°€

199°€ N
PITE -
99E

f1 (ppm)

9z 9— —

TeEg— - -

=

£0E 6— —

- GpE0T— b Ie]

TH NMR ((CD3),S0, 500 MHz)
o]

18

Fsal

Frar

Fooe

T 560

Fero

-1.0

T T T T
9.5

12.0 115 11.0 105 10.0




13 FER3823
C NMR ((CD1)250, 126 MHz) FESTIcE
mognn  mme B e o e mn ewme E &
23 [E %I 9Aoad 2 SEREERAR = =
I W W AL
O\\
-l [
W
(6]
o]
(0]
L
NH
o)\m NHp
'—|| 1
I|
18
‘ ‘ ‘ - : - . - ; - ; - ; ‘ ; ‘ ‘ - ‘ - ; - -
220 210 200 190 180 170 160 150 140 130 120 110 100 90 81 70 60 50 40 30 20 10 -10
f1 (ppm)
2 CNMR ((CD2),S0, 471 MHz)
O\\ F
S/
N
0
0
0
\\/\ MNH
|
o)\br NH5
H
18
; \ : - . : - : \ . : - : \ . \ - ; : : \
100 90 80 70 60 50 40 30 20 10 10 -0 -30 40 50 -60 -70  -80 90  -100

0
f1 (ppm)



%00
me.oW
k80
91
T8k 1
Shb T
0151
§Z8°1
ksl

OS5l 966" 2,
OS5k 005"
OSlA # 05 Nﬂt

OZH BSE'En

TH NMR ((CD5),S0, 500 MHz)

PPIETY
S59'E
859'E
199'E
EL9E

tbZ 99—

s
L1
EES L
ELTArs
808 NN
w184
LS
oo

9906 —

50T

.Tmmm

Feoz

Fwe

HTmn_ﬁ

Fvor

“on't

Fove

Feeo

T

%0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0

9.5

11.5 1i.0 105 100

12.0

f1 (ppm)

1
oi—

OSWA 0 6E
OSWa T 6|
OSWA ¥ 6E
OSKWA § BE
OSlWA £ 6E
OSWA & BE
O5kidl 00|
ol

# 98—

§0L1-"
FELTT

98I~
F0ET

ELET—

#obT
o cmﬁV

m:mﬁ\\

9091 —
S¥9T—

BCNMR ((CD1),S0, 126 MHz)

-10

30 20 10

40

70

T
210

T
220

f1 (ppm)



18F NMR ((CDs),S0, 471 MHz)

B'8E

s
o\

T T T T T T
-50 -60 -70 -80 -00 -100

T
40

-30

T
-20

20

40

70

T
90

T
100

f1 (ppm)

P80
L3
BT
EGF T
8057
EZS'T
BES'T

OSKA 26k 25,
OSk 96 NW
OSIA 005 T

OZH EEE E~

EPIE:
£59° mw
149°E

LB1'9—

(A Fas
BEL hv

SZ1'8
Zrl mv

980" 6

G050T—

TH NMR ((CD-),S0, 500 MHz)

argn
i e
43 QW —_—

W _

s

J‘ L JJ

e

Jk_Ju

3

Fsoe

Fine

Froe

HToo.ﬁ

Taet

Froe

Toot

Feeo

12.0

45 40 35 30 25 20 15 1.0 05 0.0 -05 -L0

90 85 80 75 70 65 60 55 5.0
1 (ppm)

9.5

11.5 110 105 100



13, ZEE3RE8
CNMR ((CD5),S0, 126 MHz) S332z3%
0 S o il 4 i s2gpoaes & i
g 8 =maf g 8 g 8 SERERERA 2 =
|1 il |1 e Y
o]
O\S//
/A
0 0]
o]
\/\ NH
N
A |
0 N NH, |
| i
H
20
1
T T r T r T T T T T T T T T T T T r T r T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)
"F NMR ((CD;),S0, 471 MHz) B
o}
O\S//
7 F
o]
]
\\/\ NH
]
O}\N NHy
|
H
20
PR T L S pi sl 1
T T T T T T T T T T T T T T T T T T T T T
100 ag 80 70 a0 50 40 30 20 10 0 -10 -20 30 -40 -50 60 -70 -80 -0 -100

f1 (ppm)



2rg 0
mmm.av
5580
96k’ 1
vhv.ﬁW
EBE T
1187
0ES'T
BPST

05 TEr 21
OS] 56k 7
0Ska 005 %‘
0Skd 505
m.t_

[
z
z
OSlA 605" T

OZH Z5€ E~
LEYE
589°€
£9e”

BHE b
fm.vw
EEE'F
99" ¢
EBF' b

EL0° 9
mmm.h./r
BEE" [
ESE L
95E" £
TLE L
SLE° L
LWL
TEE £
abb £

BEY L
mmm.h/.
09L&

B L
50674

PO L
mmo.h.\-
ATE 8

BER B—

86—

((CD1),S0, 400 MHz)

= uror—

'HNMR

-

4

d

J

/

|

Foee

TFoez

T e

it
Froz

Fuwe

BUE
are
ST
we
Ere
0T

Foot

AWW 60

Feso

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 05 -1.0
f1 (ppm)

11.0

I 0
abE aV.

E98'D

ol
291
e
BEF T
BIS'T
LES'T
ESST

OSIa 908 2
0SWA0Ts NJ_&

S0 9—

£SE L
ELEL
TeE L
OEF &
[
[4 s
LES N\|
T8
06 L
L8 L
0Ted
8T8 L
LA
SWA—

Q00—

129'01—

"H NMR ((CD5),S0, 400 MHz)

Fooe

Froe

Fawr

Feor
Tt

Tt

'z
%ﬂ.n
gl

661
P

Fseo

Tosn

Frao

T T T T T
11.0 105 10,0 95

11.5

12.0

-1.0

0.5

0.0



e

=

OS5 6 B8
0SWa T 6E

OSlA E' BE )
DS 5 6E

kil

05 & 6E~]
0SWa T ok
99—

g5

0as—

Tt
N.:Na”
VSEr
[
h.hmﬁk

EBIT—F
k) mmﬁ\

B0bT —
LERT—
0BT~

gngr="
eesr-"

£09T—

8591~

BCNMR ((CD4),S0, 101 MHz)

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

210

OSWA Z bk &
OSWA 96k 2]
OS5I 005 2]

OZH T £~

TBSE
mmm.mw
nee

BB
mmw.mW-
T L
norg
mhﬁ.mv
BES'
555 mv

BiOR
mhn.mN\
[4: T}

ESHTT—

"H NMR ((CD5),S0, 500 MHz)
1

]

e

—_—

Fere

Fue

Fee

oot

ot

=20
=007

Teot

For

f1 (ppm)



=
60—

0S5k 0 68
OS5k T 68
0Ska ¥ BE
0Skid 5 68—
0SkA £ 667
0Skd & 68
OS5k 00k

5Tk

SROT—

§521
Sz/.
m.oﬂ/
Ve
SZET
h.mﬂw

SEET

Uik —
oy
wosr-"
b5 —

13C NMR ((CD5),S0, 126 MHz)

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220

f1 (ppm)

09—

18F NMR ((CD3),S0, 471 MHz)

20

T
50 45 40
f1 (ppm)

55

T
60

70

73

95

T
100

15



OSA S6b° T
DS GGk H.W-

OSkWa 0TS -
OTH ObE E—

ST8°€
LE8E
DER'E
PESE
SbEE

6928
98z's
8k 8-
swa?
T verer—
=
o
=1
@
o
1]
A
=
=]
2
O Gezpi—
=
=
ES

24 (LUF7982)

LJ |L_.JL A_Ji ;

f1 (ppm)

£
L T A

05 966
05Wd £ BE)
05 & n_mzw

OSWA ' 0k
QS b 0F)
05l 9" 0

Tk

S607—

T8I~
26—

TEET
E mmﬁW

S9e7-"

Vb1 —=
T wvﬁk\\

srsi"
5551 —

BC NMR ((CD5),S0, 126 MHz)

24 (LUF7982)

T T T T T T T T T
190 180 170 160 150 140 130 120 110

200

210

-10

ag a0 70 60 50 40 30 20 10

100

220

f1 (ppm)



18F NMR ((CD1),S0, 471 MHz)

g'99—

24 (LUF7982)

T T T T T T
-50 -60 -70 -80 -90 -100

T
-40

T
-30

20

40

70

T
a0

T
100

f1 (ppm)

9ET
prem- —
£480

€057

1251

b5 T Ees
6557

1651

9657

Qm_lﬂwavﬁ.
Dm_aommr.mw
QS L66°T

OSkha £8k" 2

O5KWA 8k 2

OZH 0FE' E—

9LE
i —
s MW —

Erge

N‘A
2EI— / =}

TH NMR ((CD3),S0, 400 MHz)
o
N
\
b

—m—— 112

||l FEne

————— Tz

f1 (ppm)



[ S
B0E—

OSiid 0 6
OSIa & BE)
OSWA b 6|
05T 5§ 6E
0SKa £ 6E
08k ' B6E
OSWa 0 Db
R

E'ROT—

(Sl 5
SEzI—
£9E
STEN
£TE

SLbT
TP V
oSt \\1
(018
L2313 s

BCNMR ((CD4),S0, 126 MHz)

-10

210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10

220

f1 (ppm)

"F NMR ((CD;),S0, 471 MHz)

25

T T T T T T T T
-30 40 -50 -60 -70 -80 -a0 -100

T
-20

20

40

70

T
ag

T
100

f1 (ppm)



[ai=la)
[ai=la)
OS5k
OS5l
OSka

ozH

SEL L k.
mmn.mv

mvmm r
99z mv

EPOTT—

LORET—

H NMR ((CD5),S0, 500 MHz)

| —

3

L

)

i

26 (LUF7993)

J .

J Q‘L_

Teoe

Feoe

TFoanz

Fowr
Fooe

Tawn

Fowa

12

f1 (ppm)

B

GoE—

OS5I 0 6
OSWO € BE|
OSbA b 6E
OSWA § 6E~
OSWA £ 6E
OSkc] & BE )
OSIa O -
Bl

e —

BCNMR ((CD1),S0, 126 MHz)

g

N
Vi
N

H 26 (LUF7993)

110

120

150

160

200

210

-10

1] 80 70 60 50 40 30 20 10

100

130

140

180 170

190

220

f1 {ppm)



18F NMR ((CD1),S0, 471 MHz)

Ry
-
o
o
P
[w =—I

26 (LUF7993)

T
-100

T T T T T T
-30 40 -50 -60 -70 -80 -90

T
-20

-10

T
90

T
100

f1 (ppm)

8580
280
mmm.nw
pzst
£bS'T
7951
[
6657
919'1

OSkO 16k T
DSKHQ 56k ﬁ:/_.r

TSFCOI0S
QS 50872/

0Sa 605 27

OFHR9E £—

TH NMR ((CD3),S0, 400 MHz)

L64E
oﬁm.mv
PETE
BOE'H
omm.vw
EPEP
[

[0

0pE £
DOE"L
SLE L
[: 04
ST £
PER L
[ s

Fd L
194 NW.
[):F s
BOE L
ey hﬂ

LTE'B—

BEG 6—

0EG'IT—

WLET—

|-

ne

|

|

L

|

J

E0EE

Free

Eue

Far
Fowe

[
ae
Fbe
B0

F-160

Feo

E460

Fegin

]

10

11

12

f1 (ppm)



$580
Em.aw
£88°0 o o

925'1
151
955'1
1457
985'1
1091
0SWa E6k T
05 96k 24
0Ska 005’ N\,w.
OSWA #0524
0ska a5z

OTH bk’ £~

064 E
508 mW
nea’ e

a9’ £
b L
EBF L
i s
08s" &
5957 £~
188 £
ak0’ g
GE0" 8
2508
29078
59078
B90° 8
I8
e
e

ETT—

BIFET—

H NMR ((CD5),S0, 500 MHz)

—

Y 10| D

FLLE

Frez

E-80T

._||man_

oo

12

f1 (ppm)

Tn—

yoE—

OS5 0 GE
OS5k 266
QS ¥ 68

PR

OSWA £ 6E
OSkA &' 6E
OSWa 0 0F-|

¥ ir

e —

BCNMR ((CD1),S0, 126 MHz)

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 a0

T
220

f1 (ppm)



5580

bt —_

2680

BES'T
gENy
54577 -
PES'T

OSWA TG Ty
OSlA Sik" Nﬂw

EEE

- FeZz

f
05ka 505 27
OSlA 605" 77
S9T €~
OTH 69p’ m./

BEEE
STEd
ﬂmm.vw
BhE b

165 vﬂ.
Bb5

ThE L
BGE" £
BLE L
S L
FEF L
(4= 05
$85°L
88574
609" £
kL L
99 NV
0TE L
BEG L
LB L
BEE' L
AT0°8
k0" 8
#B0 6

#BE 6—

£98'TT—

Z0SET—

H NMR ((CD5),S0, 400 MHz)

{7
:m.mW|

o EgrE

oo
Frat

5T

= BS'T

et
F-997

et

o

]

Loy
—

f1 (ppm)

OS5 6k T
05 96k 2
0SWd 005 Z uf

TOSWOR0G £
OSWA £05 i

OSWa 125 27
GETE

T0EE
978 mW.fl.[f;
TERE
955 ¢
ehm.hv. Bk
9zr's
mz.mv. &
S.///
/N
LERTT— — M
&
TN

STEET—

"H NMR ((CD5),S0, 400 MHz)

30 (LUFS002)

Fooz

Fse1

Fore

Eest

Fost

Foor

Faan

el

12

f1 (ppm)



2t
B0E—

OSKA 1 6E
OSIWA & 68
osWa b m_m,ﬂ

s

O3l £ 6E
DSA 8 6E -
OS5k & 6E

81k

TROT—

£92T~
Ffiatrd
T mam\.ﬁ
€11

sver"

9 b —
8T
orsr~
EhSE—

BCNMR ((CD1),S0, 151 MHz)

30 (LUF8002)

Ll

Ly

-10

210 200 190 180 170 160 150 140 130 120 110 100 an 80 70 60 50 40 30 20 10

220

f1 (ppm)

065 T
o1y ﬁv

580 E—

Tin £y
540 &
640 4
T8O ¢
£60 &
60 &

LS
or e

PET &
biT hW
PO i
SEb =
VES 4]
265 & ﬁ
05 2]
£55 ¢
955 £}
095 -4
€49 4
249 4]
o5 &
v ed

(Y

"H NMR (CDCl, 400 MHz)

I

3

i

wmﬂ.o

F-pin
FE0T

GE0
HWHmo.ﬁ

F00T

T T T T
2.5 2.0 15 1.0 0.5 0.0 -0.5 -1.0

T
3.0

4.0

5.0

f1 (ppm)



200" o —

9851 —

ShE'D
1589
9589
8989 —
€89
0289

£00D 0924

28
BLEL
LN —

968'L y
TOEL
BOGL

H NMR (CDCl;, 400 MHz)

J Fozs

HIIII_ Tore

——— TO0E

32

9.3 9.0 8.5 8.0 7.5 7.0 6.3 6.0 3.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 13 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)

10.0

S000—

S09°T — — )

EPAD 09T ¢
[0
Fs
Sk s
Bob £
Tgé
BOS ¢
[A5-¥4
8154
RIS/
TE5E
BEG
OESE
£pS LA
BrSL

D55 ¢
895 ¢S

6
6L
s66¢
6L =

SE08
BEOR

ESOE
5008
Ta0g

H NMR (CDCly, 400 MHz)

v
/

Ze08 (=]

.

'
“

.
s
)

33

-1.0

-0.5

1.5

2.0

4.5 4.0

5.0

f1 (ppm)



f1 (ppm)

13C NMR (CDCl,, 101 MHz) Bk
™ =2 LY e [LELE -] i
I = R o =
AR TR N
0
O\S,:f
4 F
0
)( .
0 0
33
]
| | |
g PRI it M s b B o e o T o et
]

: : - - - - - : : . - - - ; - : : : - - - - - :
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10 0 -10
f1 (ppm)

13C NMR (CDCl,, 101 MHz) g
IR e P T 2 g
EE RO R = s
e i 1 i
P
o7 N\
0
. .
J J'I
)(O .
34
||
]
L . il
L W i
" T T T T T T T v T T T T T T T T T T T T T T T
0.5 10.0 95 90 85 &0 75 70 65 60 55 S50 45 40 35 30 25 20 15 1.0 05 00 -05 -10



200 - —

5T —

EPAad 0984 —
[AL-IF3
819
EET'S
BED'L
BP9L
699°¢
9608
S81°8
BET'E
G618
Tog'8
F0Z'8
90’8
ores

fatit: I 8

H NMR (CDCls, 400 MHz)

HO

35

Faoe

T
s0T

G680

13.0 125 12.0 115 11.0 10.5 100

90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -0.5 -1.0
f1 (ppm)

9.5

"H NMR (CDCls, 400 MHz)

Z00° 0

05z T —

E[0aD 09T £~

£9p'E g
81 hV T

B8
G T8
5508 —

i 4ﬂtﬁ o S

5

98 o
ZiT'8
BLT'E

F
S/
W\
o]

o]
W
-

HO

36

E-8E]

Forz

T T T
105 100

120 115 11.0

5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0 05 -1.0¢
f1 (ppm)

6.0



600
a0y GW —_—
nzw o

nzw'

SEb T

051~ ———
9T A
nab'T

S6bT

OSla E6 2

0ska £05 27

OZH TEE' €A
85 m/

w 133
IL Faor

565 E
665 |
Z0v'E: i
£19°E

1654 %
segy

951 9— —_
™

500 MHz)
NH,

L eI — —

TH NMR ((CD1),S0
)N\
37

L wmaﬁ

—— Tmo

prae 1 W 8T

——= TFr1s0

3.0 25 20 15 10 @35 068 05 -1«

3.5

11.5 11.0 105 100 9.5

12.0

Y

| £ o .

OSkA 068
08I0 7' 6E |
OSkQ b 6E |
OSka 5 6¢

0SNG £ BE -}

OSWA &' 6E -]

OSWa 0" 0
o

i

oTsr— -y
SESI—

GEar— -

13C NMR ((CD2),S0, 126 MHz)
N
o)\

T
-10

20

40

50

70

T
210

T
220

f1 (ppm)



OZH$9E" £

608" £

920 8—

SHETT— rr!

H NMR ((CD5),S0, 400 MHz)

LLLE
! e
064 mW =3

w0

;—,Ymmﬁ

50 45 40 35 30 25 220 15 10 05 00 -05 -1.0

5.5

90 85 80 75 70 65 6.0

9.5

125 120 115 11.0 10.5 10.0

f1 (ppm)

M
Boz—

OSWd 6 8E
OS5k T BE
05 € BE
OSWA § 6E
OSWd ¢ 6E
OS5I 6 6E
0SIa 1 0
[0

& mmﬁ\.
StbT—
2 ovﬁ./.

21—

BC NMR ((CD5),S0, 101 MHz)
o]

NH

T
-10

20

40

50

70

T T
200 180

T
210

f1 (ppm)



References

10
11
12

13

M. G. Moloney, D. R. Paul, R. M. Thompson and E. Wright, Tetrahedron: Asymmetry, 1996, 7,
2551-2562.

M. Softje, S. Acker, R. Plarre, J. C. Namyslo and D. E. Kaufmann, RSC Adv., 2020, 10, 15726—
15733.

H. Zhou, P. Mukherjee, R. Liu, E. Evrard, D. Wang, J. M. Humphrey, T. W. Butler, L. R. Hoth, J.
B. Sperry, S. K. Sakata, C. J. Helal and C. W. Am Ende, Org. Lett., 2018, 20, 812—-815.

J. Hockemeyer, J. C. Burbiel and C. E. Miller, J. Org. Chem., 2004, 69, 3308—-3318.

C. E. Muller and J. Sandoval-Ramirez, Synthesis (Stuttg)., 1995, 19995, 1295-1299.

T. Amelia, J. P. D. Van Veldhoven, M. Falsini, R. Liu, L. H. Heitman, G. J. P. Van Westen, E.
Segala, G. Verdon, R. K. Y. Cheng, R. M. Cooke, D. Van Der Es and A. P. lJzerman, J. Med.
Chem., 2021, 64, 3827-3842.

Y.-C. Cheng and W. H. Prusoff, Biochem. Pharmacol., 1973, 22, 3099-3108.

A. J. Kooistra, S. Mordalski, G. Pandy-Szekeres, M. Esguerra, A. Mamyrbekov, C. Munk, G. M.
Keser(i and D. E. Gloriam, Nucleic Acids Res., 2021, 49, D335-D343.

B. Webb and A. Sali, Curr. Protoc. Bioinforma., 2016, 54, 5.6.1-5.6.37.

RDKit: Open-source cheminformatics, http://www.rdkit.org.

The PyMOL Molecular Graphics System, version 2.6.0a0, Schrodinger, LLC.

M. Totrov & R. Abagyan, in Drug-Receptor Thermodynamics: Introduction and Applications,
Wiley & Sons, 2001, pp. 603—-624.

J. A. Ballesteros and H. Weinstein, in Receptor Molecular Biology, ed. S. Sealfon, Academic
Press, 1995, vol. 25, pp. 366-428.



