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Table S1. Optimization of the DA reaction between 3 and each maleimide by 'H NMR spectroscopy.

Ent. Maleimide Eq. Solvent Time (day) T (°C) Conv.(%)® Endo/Exo®
1 Chloroform 1d 40 15 7/3
2 MeOH 1d 40 25 5/2
3 DMSO 1d 40 n.de n.d®
4 Acetonitrile 1d 40 37 5/2
5 Acetonitrile-MW¢ 1d 40 70 2/1
6 30 eq Acetone 1d 40 42 7/3
7 N-Octyl Acetone 1d RT 17 3/1
8 Acetone 3d RT 40 7/3
9 Acetone 1d 65 75 4/5
10 Acetone 3d 40 70 2.11
1 Acetone 5d 40 83 1.7/1
12 56 Acetone 1d 40 8 2/1
13 q Acetone 3d 40 22 5/3
14 Chloroform 1d 40 17 11
15 MeOH 1d 40 29 3/2
16 Acetonitrile 1d 40 56 3/2
17 Acetonitrile-MW¢ 1d 40 86 1/2
18 . 30 eq Acetone 1d 40 40 3/2
19 N-p-nitropheny| Acetone 1d RT 15 5/1
20 Acetone 1d 65 70 1/3
21 Acetone 3d 40 69 3/5
22 Acetone 5d 40 83 1/3.8
23 56 Acetone 1d 40 20 5/3
24 q Acetone 3d 40 32 5/7

a Determined by 'H NMR. Briefly, 5 mg of 3 was dissolved in 0.7 mL of acetone-ds with 2 UL of anhydrous DMF as
a reference standard. In a 3 mm NMR tube with cap, the final solution of complex 3 was added to each maleimide.
The sample was agitated for 5 min, and the NMR tube was sealed with parafiim. The NMR tube was heated in an
oil bath at different temperatures. The 'H NMR resonances corresponding to 4aendo and 4aexo adducts at 5.24 and
5.12 ppm, respectively and at 5.38 and 5.24 ppm for 4bendo and 4bexo adducts, respectively, were used to calculate
the %conversion of DA reaction (and isomer ratio). These experiments were done in two to triplicate.

b Free benzene was detected in the 'H NMR spectra.

¢ Reaction performed in a microwave (MW) reactor (0 psi, 6.5 W).
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Table S2. Crystallographic data and structure refinement for complexes 3 and 4acxo. Complexes were structurally
characterized by single-crystal X-ray analysis.?

3

4anO

Empirical formula
Formula weight
Crystal size [mm3]
Crystal colour

C20H20BCIF4N4O2Ru
571.73
0.38x0.22x0.2

clear light orange

C36H16BCIF4N506Ru
868.11
0.2x0.18x0.04

clear light colourless

Crystal shape Block Plate
Crystal system Triclinic Monoclinic
Space group (number) P1(2) P2,/c (14)

Unit cell dimensions

a [A] = 9.0308(4)

a[A] = 14.619(5)

b[A] = 9.5157(4)

b [A] = 14.258(4)

c [A] = 14.3909(7)

c[A] = 21.155(7)

a [°] = 82.575(2) a[°]=90
B[1=78.701(2) B [°1=106.214(12)
y [?] = 63.403(1) y[]1=90
Volume [A3] 1083.16(9) 4234(2)
V4 2 4
Pcaic [gem™] 1.753 1.362
F(000) 572 1788
M [mm™] 5.079 2.770
Temperature [K] 150 150
Radiation Ga Ky (A=1.34139 A) Ga Ky (A =1.34139 A)
Index ranges -11<hs<11 -17<h<16
-11<k<12 -17<k<15
-18<1<18 -25<1<20
20 range [°] 54510 121.30 (0.77 A) 6.59 to 110.58 (0.82 A)
Reflections collected 34010 16543
Independent reflections 4812 7760
Rint = 0.0349 Rint = 0.0583
Rsigma = 0.0232 Rsigma = 0.0574
Data/parameters/restraints 4812/64/335 7760/300/444
Goodness-of-fit on F? 1.100 1.051
Final R indices R1=0.0246 R1=10.0960
[220(N)]°° wR> =0.0643 wR; =0.2704
Final R indices R1=0.0247 R1=0.1390
[all data] wR> = 0.0643 wR> =0.3197
Largest diff. peak and hole [eA-] 0.88/-0.56 0.61/-0.49
CCDC deposition no. 2100514 2100515

a Single crystals were obtained by slow evaporation of the solutions of complexes 3 and 4aexo in dichloromethane
and ethyl acetate, respectively. Structures were solved by direct methods using XT and refined by full-matrix least-
squares methods against F? by XL." 2

bRy = Z||Fol - |Fell / Z|Fol.

©WR2 = {E[W(Fo? - F2)?] 1 Z[w(Fo2)}"?
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Table S3. Estimated lipophilicity (LogP) for some of the compounds reported in this study.

Compounds LogP (estimated)?
N-octyl maleimide 3.18
N-p-nitrophenyl maleimide 0.89
3° 1.90
43P 3.26
4b® 1.79
5a° 3.26

aThe ALOGSP 2.13 4 software was used to estimate the LogP values presented in this table.

bThis value represents the estimated LogP of the N,N-donor ligand corresponding to this complex.’
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Figure S1. RP-HPLC chromatogram (semi-preparative C18 column, H,O/acetonitrile) of a mixture of 2aendgo and
2a¢x, (prior to separation).
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Figure S2. RP-HPLC chromatogram (semi-preparative C18 column, H>O/acetonitrile) of a mixture of 2bendo and
2bexo (prior to separation).
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Figure S3. RP-HPLC chromatogram (semi-preparative C18 column, H,O/acetonitrile/0.1% TFA) of 4@endo (prior to
separation).
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Figure S4. ESI-MS spectra of 4@endo-1 (2), 4@endo-2 (D) and 4aexo (C) (positive mode, H,O/acetonitrile/0.1% acetic

acid).
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Figure S5. Solubility assessment of complexes 3 (a), 4a (b), 4b (c), 5a (d), N-octyl maleimide (e) and N-p-
nitrophenyl maleimide (f) in DMSO-ds using 'H NMR spectroscopy at various concentrations. DMSO stock solutions
were filtered (0.22 ym) prior to the analysis. The linearity between concentration and the signal intensity of one of
the protons resonances for each compound was considered as an indication of the solubility of that compound at

the desired concentration.
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Figure S6. Solubility assessment of complexes 3 (a), 4a (b), 4b (c), 5a (d), N-octyl maleimide (e) and N-p-
nitrophenyl maleimide (f) in H20/0.5% DMSO using absorbance at 274-278 nm at various concentrations. Stock
solutions in DMSO were diluted in miliQ water to reach the concentrations that were used for the in vitro cell viability
assay (final DMSO concentration = 0.5%). Solutions were filtered (0.22 uym) prior to the analysis. The concentration
of saturation of the compounds in this media was assessed by determining the concentration at which the maximum
absorbance intensity was observed.
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Figure S7. '"H NMR spectra of complex 4a (bottom) (4@endo/4@exo: 2/1) and its hydrogenation product 5a (top)
(5@endo/5aexo: 2/1) in acetone-ds.
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Experimental section

General remarks

All chemicals were purchased from commercial suppliers and used without further purification. Ru(7?-CeHs)Cl2]2,°
N-octylmaleimide,” N-p-nitrophenylmaleimide,® 2-((prop-2-ynyloxy)methyl)furan,® and 2-(azidomethyl)pyridine,'°
were synthesized according to literature procedures. All solvents were dried using a solvent purification system
(Pure Process Technology). The absorbance of multi-well plates (510 nm) was measured using a Tecan Infinite
M1000 PRO microplate reader. NMR spectra ('H, '*C{'H}, COSY, HSQC and HMBC) were recorded on 400 MHz
Varian and 600 MHz Bruker Avance Il NMR spectrometers. Chemical shifts (0) and coupling constants (J) are
reported in parts per million (ppm) and Hertz (Hz), respectively. 'H and "*C{'H} NMR spectra were referenced to
solvent peaks as an internal standard, and spectral assignments were confirmed by 2D experiments. High-
resolution and high accuracy mass spectra (HR-ESI-MS) were obtained using an Exactive Orbitrap spectrometer
(Department of Chemistry, McGill University) or an LTQ Orbitrap (CQIB-INRS) from ThermoFisher Scientific.
Column chromatography was performed using a Biotage Isolera One flash purification system with silica gel KP-
Sil SNAP cartridges. Semi-preparative separation was performed using an Agilent 1260 Infinity Il HPLC equipped
with an Agilent Pursuit 5 C18 150 x10.0 mm column. Diffraction measurements were performed on a Bruker
Venture Metaljet k-geometry diffractometer with a Metal Jet using Helios MX Mirror Optics as monochromator and
a Bruker CMOS Photon III detector (Department of Chemistry, Université de Montréal). Elemental analyses of Ru
complexes were performed by ThermoFisher Flash 2000 analyzer with Mettler MT5 balance (ANALEST,
Department of Chemistry, University of Toronto). All statistical analyses were done using the GraphPad Prism 6.01
software. ANOVA analysis was used for testing the significance of the difference between the means and a p-value
<0.05 was considered statistically significant.

Synthesis of 1. Ligand 1 was prepared by reacting 2-((prop-2-ynyloxy)methyl)furan (265 mg, 1.95 mmol) with 2-
(azidomethyl)pyridine (313 mg, 2.33 mmol) in a mixture of water/THF (1:1) (2 mL). The reaction was catalyzed by
adding drop by drop an aqueous solution of CuS0O4.5H,0 (0.389 mL, 0.5 M) and then an aqueous solution of
sodium ascorbate in water (0.778 mL, 0.5 M). The solution mixture was stirred vigorously for 2-4h at room
temperature and the completion of reaction was confirmed by GC-MS. The solvent was evaporated, and the crude
product was purified by flash chromatography (Rs= 0.24, hexane/ethyl acetate, 50:50). The most intensive band
was collected, the solvent was then evaporated under vacuum to give ligand 1 (420 mg, 80%) as a yellowish oil.
"H NMR (600 MHz, CDCls): 6y = 8.56 (ddd, J = 4.9, 1.9, 0.9 Hz, 1H, H10), 7.68 (s, 1H, H20), 7.65 (td, J=7.7, 1.8
Hz, 1H, H9), 7.36 (dd, J = 1.9, 0.9 Hz, 1H, H6), 7.23 (ddd, J=7.7, 4.9, 1.1 Hz, 1H, H8), 7.16 (dt, J = 7.8, 1.1 Hz,
1H, H1), 6.31 (dd, J = 3.3, 0.9 Hz, 1H, H4), 6.30 (d, J = 3.3, 1H, H5), 5.62 (s, 2H, H13), 4.65 (s, 2H, H18), 4.51 (s,
2H, H2) ppm. 3C{'H} NMR (150 MHz, CDCl3): 6c = 155.4 (C12), 152.3 (C19), 150.7 (C10), 146.2 (C3), 143.9
(C6), 138.3 (C9), 124.4 (C20), 124.4 (C8), 123.4 (C1), 111.3 and 110.8 (C4/5), 65.1 (C2), 64.3 (C18), 56.5 (C13)
ppm. HR-ESI-MS m/z (+): [M + Na]* calc. for C14H14NsNaO;* 293.1009, found: 293.1008.

10 N 6\ 5
97N N=Nyg
) 18 —
BQQ\/N\/)_\ Y4
1%13 20 O
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General procedure for the synthesis of 2a and 2b. In a 35 mL pressure vessel sealed with a silicone cap (CEM),
acetonitrile (25 mL) was added to ligand furan 1 (1.0 eq) and maleimides (15 eq). The reaction was carried out with
a CEM Discover S microwave reactor (T = 40°C, power: 6.5 W, P: 0 psi, hold time: 24h) and was followed by TLC
(hexane/ethyl acetate, 1:9). After 24h, the completion of the reaction was confirmed by 'H-NMR (acetone-ds), then
the solvent was evaporated. The crude product was dissolved in minimum amount of dichloromethane and loaded
on 50 g KP-Sil column (Biotage SNAP) and eluted with hexane/ethyl acetate to afford the ligand DA 2a or 2b.

Synthesis of 2a. Ligand 1 (218 mg, 0.81 mmol) was reacted with N-octyl maleimide (2.6 g, 12.42 mmol). After
purification by flash chromatography (Rs= 0.19, hexane:ethyl acetate, 15:85), ligand 2a was obtained (2aendo/2@exo:
1.5/1) (358 mg, 93%) as a colorless 0il. 2aendo and 2aexo Were separated by further purification with 1260 Infinity Il
LC system (Agilent) using a semi-preparative RP column (Pursuit C18 150%10.0 mm, 5 ym) using a CH3CN/H.O
gradient (H.O/acetonitrile, 80:20 to 40:60 in 25 min, flow: 3.0 mL min'). 2aengo. 'H NMR (600 MHz, acetone-ds):
On = 8.56 (dt, J = 4.9, 1.3 Hz, 1H, H9), 8.05 (s, 1H, H12), 7.80 (td, J= 7.7, 1.8 Hz, 1H, H7), 7.32 (dd, J= 7.6, 4.9
Hz, 1H, H8), 7.26 (d, J = 7.8 Hz, 1H, H6), 6.41 (dd, J = 5.8, 1.7 Hz, 1H, H20), 6.32 (d, J = 5.8 Hz, 1H, H21), 5.72
(s, 2H, H14), 5.22 (dd, J = 5.5, 1.7 Hz, 1H, H19), 4.72 (s, 2H, H15), 4.18 and 4.09 (d, J = 12.1 Hz, 2H, H17), 3.61
(dd, J=7.7,5.5 Hz, 1H, H18), 3.45 (d, J = 7.7 Hz, 1H, H22), 3.23 (t, J = 7.3 Hz, 2H, H30), 1.39 (m, 2H, H31), 1.32
—1.19 (m, 10H, -CHz-), 0.87 (t, J = 7.0 Hz, 3H, H37) ppm. 3C{'H} NMR (150 MHz, acetone-ds): 5c = 175.8 and
175.5 (C25/26), 156.3 (C5), 150.4 (C9), 145.5 (C11), 138.0 (C7), 135.9 (C21), 135.9 (C20), 124.9 (C12), 124.0
(C8), 122.9 (C6), 92.1 (C23), 80.1 (C19), 68.9 (C17/17’), 65.5 (C15), 55.8 (C14), 48.5 (C18), 46.6 (C22), 38.8
(C30), 32.5 (-CHy-), 29.9 (2C, -CHy-), 28.1 (C31), 27.5 (-CHz-), 23.2 (-CHy-), 14.3 (C37) ppm. 2@exo. 'H NMR (600
MHz, acetone-dg): 6 = 8.56 (dt, J = 4.8, 1.4 Hz, 1H, H9), 8.03 (s, 1H, H12), 7.79 (td, J= 7.7, 1.8 Hz, 1H, H7), 7.33
(dd, J=7.6,4.9 Hz, 1H, H8), 7.26 (d, J = 7.8 Hz, 1H, H6), 6.55 (dd, J = 5.7, 1.7 Hz, 1H, H20), 6.52 (d, J = 5.7 Hz,
1H, H21), 5.71 (s, 2H, H14), 5.10 (d, J = 1.7 Hz, 1H, H19), 4.73 and 4.68 (d, J = 12.1 Hz, 2H, H15), 4.24 and 3.85
(d, J=11.5 Hz, 2H, H17), 3.40 (td, J = 7.0, 1.6 Hz, 2H, H30), 3.02 (d, J = 6.4 Hz, H18), 2.93 (d, J = 6.4 Hz, 1H,
H22), 1.50 (m, 2H, H31), 1.33 = 1.20 (m, 10H, -CH-), 0.87 (t, J = 6.9 Hz, 3H, H37) ppm. *C{'H} NMR (150 MHz,
acetone-ds): 6c = 176.8 and 175.5 (C25/26), 156.3 (C5), 150.4 (C9), 145.6 (C11), 138.7 (C21), 138.0 (C7), 137.3
(C20), 124.9 (C12), 124.0 (C8), 122.9 (C6), 91.4 (C23), 81.8 (C19), 68.6 (C17), 65.6 (C15), 55.7 (C14), 50.7 (C18),
49.1 (C22), 38.9 (C30), 32.5 (-CH2-), 29.5 (2C, -CH»-), 28.2 (C31), 27.2 (-CH>-), 23.3 (-CH2-), 14.3 (-CH3, C37)
ppm. HR-ESI-MS m/z (+): [M + HJ* calc. for CasH3sNsO4* 480.2605, found: 480.2599; [M + Na]* calc. for
CasH3sNsNaO4* 502.2425, found: 502.2415; [2M+Na]* calc. for Cs;HgsN1oNaOg* 981.4957, found: 981.4950.
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Synthesis of 2b. Ligand furan 1 (100 mg, 0.37 mmol) was reacted with N-p-nitrophenylmaleimide (1.21 g, 5.56
mmol). After purification by flask chromatography (Rr= 0.40, hexane/ethyl acetate, 15:85), ligand 2b was obtained
(2bendo/2bexo: 1/4) (115 mg, 80%) as a colorless foam. 2bendo and 2bexo Were separated by further purification with
1260 Infinity Il LC system (Agilent) using a semi-preparative RP column (Pursuit C18 150%10.0 mm, 5 ym) using
a HyOf/acetonitrile gradient (H.O/acetonitrile, 85:15 to 40:60, flow: 3.0 mL min™'). 2bendo. 'H NMR (600 MHz,
acetone-ds): oy = 8.55 (dt, J=4.8, 1.8 Hz, 1H, H9), 8.32 (d, J = 9.1 Hz, 1H, H32 and H34), 8.07 (s, 1H, H12), 7.78
(td, J=7.7,1.8 Hz, 1H, H7), 7.53 (d, J = 9.1 Hz, 2H, H31 and H35), 7.31 (ddd, J = 7.6, 4.8, 1.1 Hz, 1H, H8), 7.27
(d, J=8.0 Hz, 1H, H6), 6.65 (dd, J = 5.8, 1.6 Hz, H20), 6.56 (d, J = 5.8 Hz, 1H, H21), 5.72 (s, 2H, H14), 5.38 (dd,
J=5.5,1.6 Hz, 1H, H19), 4.75 (s, 2H, H15), 4.24 and 4.17 (d, J = 12.1 Hz, 2H, H17), 3.87 (dd, J = 7.8, 5.5 Hz, 1H,
H18), 3.72 (d, J = 7.8 Hz, 1H, H22) ppm. 3C{'H} NMR (150 MHz, acetone-ds): 6c = 174.3 and 174.1 (2C, C25/26),
156.3 (2C, C30/33), 105.5 (C9), 147.9 (C5), 145.4 (C11), 138.7 (C7), 138.0 (C20), 136.3 (C21), 128.4 (2C,
C31/C35), 125.0 (2C, C32/34), 124.9 (C12), 124.0 (C8), 122.9 (C6), 92.6 (C23), 80.6 (C19), 68.7 (C17), 65.4 (C15),
55.8 (C14), 48.8 (C18), 46.9 (C22) ppm. 2bexo. 'TH NMR (600 MHz, acetone-dg): 61 = 8.53 (ddd, J = 4.9, 1.9, 1.0
Hz, 1H, H9), 8.33 (d, J = 9.0 Hz, 2H, H32 and H34), 8.04 (s, 1H, H12), 7.75 (td, J= 7.7, 1.8 Hz, 1H, H7), 7.63 (d,
J=9.1Hz, 2H, H31 and H35), 7.29 (ddd, J= 7.7, 4.8, 1.1 Hz, 1H, H6), 7.25 (dd, J= 7.9, 1.1 Hz, 1H, H8), 6.62 (dd,
J=5.7,1.7 Hz, 1H, H20), 6.59 (d, J = 5.7 Hz, 1H, H21), 5.70 (s, 2H, H14), 5.28 (d, J = 1.8 Hz, 1H, H19), 4.72 (q,
J =7.0 Hz, 2H, H15), 4.31 and 3.99 (d, J = 11.5 Hz, 2H, H17), 3.31 (d, J = 6.5 Hz, 1H, H18), 3.18 (d, J = 6.5 Hz,
1H, H22) ppm. 3C{'H} NMR (150 MHz, acetone-ds): 6c = 175.6 and 174.3 (2C, C25/26), 156.2 (2C, C30/33),
150.4 (C9), 147.8 (C5), 145.4 (C11), 139.0 (C7), 138.9 (C20), 137.6 (C21), 128.3 (2C, C31/C35), 125.0 (C12),
124.8 (2C, C32/34), 123.9 (C8), 122.9 (C6), 92.0 (C23), 82.3 (C19), 68.3 (C17), 65.5 (C15), 55.7 (C14), 51.3 (C18),
49.6 (C22) ppm. HR-ESI-MS m/z (+): [M + H]* calc. for C24H21NsO6* 489.1517, found: 489.1510; [M + Na]* calc.
for Ca4H20NsNaOg* 511.1337, found: 511.1328; [2M+Na]* calc. for CsgHaoN12NaO12* 999.2781, found: 999.2774.
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Synthesis of 3. Under N, atmosphere, 10 mL of dry ethanol was added to Ru(7-CeHs)Cl2]2 (50 mg, 0.1 mmol)
and ligand 1 (60 mg, 0.22 mmol) in the presence of 52 mg of NH4BF4 (0.497 mmol) in a Schlenk flask. The reaction
mixture was refluxed and stirred for 3h. The mixture was cooled down to room temperature and the precipitate was
filtered and washed with ethanol/diethyl ether and dried in air to afford the final complex 3 (54 mg, 95%) as a light
brown solid. "H NMR (600 MHz, acetone-ds): oy = 9.27 (dd, J = 5.8, 1.5 Hz, 1H, H8), 8.48 (s, 1H, H13), 8.13 (id,
J=7.7,15Hz, 1H, H6), 7.86 (dt, J = 7.9, 1.1 Hz, 1H, H5), 7.62 (ddd, J = 7.3, 5.7, 1.3 Hz, 1H, H7), 7.54 (dd, J =
1.9, 0.8 Hz, 1H, H20), 6.43 (dd, J = 3.2, 0.8 Hz, 1H, H18), 6.37 (dd, J = 3.2, 1.8 Hz, 1H, H19), 6.29 and 5.94 (d, J
=15.7 Hz, 2H, H3), 6.24 (s, 6H, CgHs), 4.62 (m, 2H, H14), 4.53 (s, 2H, H16) ppm. "*C{'H} NMR (150 MHz, acetone-
de): Oc = 159.8 (C8), 154.5 (C4), 152.4 (C12), 148.7 (C17), 143.9 (C20), 141.4 (C6), 130.1 (C13), 127.0 (C5),
126.6 (C7), 111.2 (C19), 110.8 (C18), 87.9 (6C, CsHs), 64.6 (C16), 63.1 (C14), 55.4 (C3) ppm. "®F{'H} NMR (565
MHz, acetone-ds) &r = —=151.22 (s, 4F, '°BF4), —151.27 (s, 4F, ""BF4). Found (%): C, 40.88; H, 3.53; N, 9.69.
C20H20BCIF4N4O2Ru1-H20 requires C, 40.73; H, 3.76; N, 9.50. HR-ESI-MS m/z (+): [M]* calc. for C2oH20CIN4O2Ru*
485.0313, found: 485.0318; [2M+BF4]* calc. for C40H40BCl.F4sNgOsRuz* 1057.0660, found: 1057.0703; HR-ESI-MS
m/z (-): [M] calc. for BF4 87.0035; found 87.0020.
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General procedures for the synthesis of 4a and 4b. Method 1: in a 35 mL pressure vessel sealed with a silicone
cap (CEM), acetonitrile (25.0 mL) was added to the mixture of 3 (1.0 eq) and maleimides (30 eq). The Diels-Alder
reaction was carried out with a CEM Discover S microwave reactor (T = 40°C, power: 6.5 W, P: 0 PSI, hold time:
24h). After 24h, the completion of the reaction was confirmed by 'H-NMR (acetone-ds), then the solvent was
evaporated with rotary evaporator. The crude product was dissolved in minimum amount of dichloromethane and
loaded on 50 g KP-Sil column (Biotage SNAP) and eluted with CH>Cl,/MeOH to afford Ru complex DA 4a and 4b
correspondent (two consecutively purifications were needed). Method 2: in a 15 mL Pyrex® tube, 5 mL of ethanol
anhydrous was added to the mixture of ligand DA 2a or 2b (1.5 eq), [Ru(n8-CsHs)Cl2]2 (1.0 eq) and NH4BF,4 (3.5
eq). The tube was sealed carefully with parafilm to prevent the evaporation of solvent. The reaction was carried
out at room temperature for 48h. The completion of the reaction was confirmed by 'H-NMR (acetone-ds). The
solvent was evaporated then the crude product was re-dissolved in 1-2 mL of dichloromethane and the solution
was filtered on a Celite pad. Complexes 4a and 4b were obtained by adding 2 mL of Et;0, scratching the flask with

a spatula and then drying the precipitate under vacuum.

Synthesis of 4a. Method 1: 3 (100 mg, 0.175 mol) was reacted with N-octyl maleimide (1.050 g, 5.02 mmol). After
two consecutive purifications by flask chromatography, 4a was obtained (4@endo/4@exo: 1.7/1) (29 mg, 21%) as a
yellowish solid. Method 2: Ligand 2a (2aendo/2aexo: 2) (27 mg, 0.0346 mmol) was reacted with [Ru(n®-CeHs)Cl2]2
(19 mg) in the presence of NH4BF4 (14 mg, 0.103 mmol) in EtOH anhydrous (5 mL). After purification, 4a was
obtained (4aendo/4aexo: 1.5/1) as a yellowish solid (40 mg, 90%). 4@endo. "H NMR (600 MHz, acetone-de): 61 = 9.29
(t, J=6.3 Hz, 1H, H9), 8.53 (s, 1H, H12), 8.15 (t, J = 7.5 Hz, 1H, H7), 7.88 (d, J = 7.4 Hz, 1H, H6), 7.64 (t, J= 6.7
Hz, 1H, H8), 6.42 (dd, J = 5.7, 1.6 Hz, 1H, H20), 6.31 (dd, J = 5.8, 3.0 Hz, 1H, H21), 6.28 and 5.97 (d, J = 15.6
Hz, 2H, H14), 6.26 (m, 6H, CsHs), 5.23 (d, J = 5.2 Hz, 1H, H19), 4.78 (m, 2H, H15), 4.24 (dd, J = 12.2, 9.7 Hz, 1H,
H17), 4.14 (dd, J = 12.2, 10.7 Hz, 1H, H17), 3.60 (dt, J = 13.4, 6.6 Hz, 1H, H18), 3.47 (d, J = 7.6 Hz, 1H, H22¢nq0-
2), 3.42 (d, J = 7.6 Hz, 1H, H22¢n40-1), 3.23 (t, J = 7.3 Hz, 1H, H30endo-2), 3.18 and 3.14 (dt, J = 13.2, 7.3 Hz, 1H,
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H30endo-1), 1.38 (M, 2H, H31), 1.33-1.11 (m, 10H, -CH,-), 0.86 (t, J = 7.0 Hz, 3H, H37) ppm. *C{'H} NMR (150
MHz, acetone-ds): 6c = 175.9 and 175.5 (2C, C25 and C26), 159.9 (C9), 154.5 (C5), 148.5 (C11), 141.4 (C7),
136.1 (C20), 135.8 (C21), 131.0 (C12), 127.4 (C6), 126.7 (C8), 91.9 (C23), 88.2 (6C, CsHs), 80.2 (C19), 69.2
(C17endo-2) and 68.8 (C17endo-1), 64.9 (C15endo-2) and 64.8 (C15¢ndo-1), 56.2 (C14), 48.6 (C18), 46.7 (C226nd0-2) and
46.5 (C22ndo-1), 38.8 (C30), 27.5 (C31), 32.5, 29.8, 28.1, 27.5, 23.2 (5C, -CHy-), 14.3 (-CHs, C37) ppm. "*F{'H}
NMR (565 MHz, acetone-ds) 6 = —150.69 (s, 4F, "°BF4), —150.75 (s, 4F, "'BF4). 4@cxo. '"H NMR (600 MHz,
acetone-ds): On = 9.28 (d, J = 5.7 Hz, 1H, H9), 8.51 (d, J = 5.7 Hz, 1H, H12), 8.14 (t, J = 7.5 Hz, 1H, H7), 7.86 (d,
J=7.7 Hz, 1H, H6), 7.63 (t, J = 6.6 Hz, 1H, H8), 6.56 (m, 1H, H20), 6.54 (t, J = 6.4 Hz, 1H, H21), 6.28 and 5.95
(d, J = 15.6 Hz, 2H, H14), 6.25 (s, 6H, CsH¢), 5.12 (t, J = 1.9 Hz, 1H, H19), 4.81 and 4.74 (m, 2H, H15), 4.28 (dd,
J=11.4,4.4 Hz, 1H, H17) and 3.88 (dd, J = 11.5, 3.3 Hz, 1H, H17), 3.39 (q, J = 6.7 Hz, 2H, H30), 3.03 (dd, J =
6.4, 3.8 Hz, 1H, H18), 2.97 (t, J = 6.6 Hz, 1H, H22), 1.50 (m, 2H, H31), 1.33-1.11 (m, 10H, -CH»-), 0.86 (t, /= 7.0
Hz, 3H, H37) ppm. *C{'H} NMR (150 MHz, acetone-ds): 5c = 176.8 and 175.6 (2C, C25 and C26), 159.8 (C9),
154.5 (C5), 148.8 (C11), 141.4 (C7), 138.6 (C20), 137.5 (C21), 130.2 (C12), 127.1 (C6), 126.6 (C8), 91.2 (C23),
88.0 (6C, Ce¢Hs), 81.9 (C19), 69.0 (C17), 65.1 (C15), 55.7 (C14), 50.7 (C18), 49.1 (C22), 39.0 (C30), 27.3 (C31),
32.5,29.9, 29.8, 28.3, 23.3 (5C, -CHj-), 14.4 (-CHa, C37) ppm. "®F{'H} NMR (565 MHz, acetone-ds): & = -151.06
(s, 4F, 1°BF4), —151.11 (s, 4F, ""BF4). Found (%): C, 46.70; H, 4.84; N, 8.47. C32H39BCIFsNs04Ru.-2CHCI; requires
C, 46.43; H, 4.74; N, 8.33. HR-ESI-MS m/z (+): [M]* calc. for CsH39CINsOsRuU* 694.1729, found: 694.1738;
[2M+BF4]* calc. for CesH7sBCloFsN19OsRuz*™ 1475.3492, found: 1475.3521; HR-ESI-MS m/z (-): [M] calc. for BF4
87.0035; found 87.0020.
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NOTE: After purification of 4@endo by HPLC (H2O/acetonitrile/0.1% TFA), two different isomers (for which the
counterion was replaced by trifluoroacetate during the analysis) were separated. HPLC method: A: H.O + 0.1%
trifluoroacetic acid (TFA), B: acetonitrile + 0.1% TFA; 0-2 min 15% B, 2-40 min 60% B, 40-43 100% B, 43-47 min
100% B, 47-50 min, 15% B, flow: 3.0 mL min™". 4@endo-1. "H NMR (600 MHz, acetone-dg): 61 = 9.27 (d, J = 5.7 Hz,
1H, H9), 8.65 (s, 1H, H12), 8.13 (t, J = 7.4 Hz, 1H, H7), 7.90 (d, J = 7.5 Hz, 1H, H6), 7.63 (t, J = 6.6 Hz, 1H, H8),
6.41 (td, J = 6.3, 1.6 Hz, 1H, H20), 6.31 (d, J = 5.7 Hz, 1H, H21), 6.46 and 6.00 (d, J = 15.4 Hz, 1H, 2H, H14),
6.27 (s, 6H, CgHs), 5.23 (dd, J = 5.5, 1.6 Hz, 1H, H19), 4.77 (m, 2H, H15), 4.21 and 4.13 (d, J = 12.1 Hz, 2H, H17),
3.59 (dd, J = 7.6, 5.5 Hz, 1H, H18), 3.42 (d, J = 7.5 Hz, 1H, H22), 3.20 and 3.13 (dt, J = 13.6, 7.3 Hz, 2H, H30),
1.36 (m, 2H, H31), 1.33-1.11 (m, 10H, -CH,-), 0.86 (t, J = 6.9 Hz, 3H, H37) ppm. *C{'"H} NMR (150 MHz, acetone-
dg): 6c = 175.9 and 175.5 (2C, C25 and C26), 159.8 (C9), 154.7 (C5), 148.6 (C11), 141.4 (C7), 136.0 (C20), 135.8
(C21), 130.6 (C12), 127.1 (C6), 126.6 (C8), 91.9 (C23), 88.1 (6C, Ce¢Hs), 80.2 (C19), 68.8 (C17), 64.7 (C15), 55.8
(C14), 48.5 (C18), 46.5 (C22), 38.8 (C30), 27.6 (C31), 32.5, 29.6, 28.1, 28.1, 23.0 (5C, -CH>-), 14.3 (C37) ppm.
F{'H} NMR (565 MHz, acetone-d¢): &6r = -75.75 (s, 3F, CF3COO). HR-ESI-MS m/z (+): [M]* calc. for
C32H39CINsO4Ru* 694.1729, found: 694.1722; HR-ESI-MS m/z (-): [M] calc. for CF3COO- 112.9856, found
112.9857. 4@endo-2- '"H NMR (600 MHz, acetone-ds): on = 9.28 (d, J = 5.8 Hz, 1H, H9), 8.53 (d, J = 4.7 Hz, 1H,
H12), 8.14 (t, J = 7.6 Hz, 1H, H7), 7.90 (d, J = 7.5 Hz, 1H, H6), 7.63 (t, J = 6.6 Hz, 1H, H8), 6.43 (td, J=6.3, 1.6
Hz, 1H, H20), 6.31 (d, J = 5.7 Hz, 1H, H21), 6.46 and 6.02 (d, J = 15.4 Hz, 2H, H14), 6.26 (s, 6H, CsHs), 5.23 (dd,
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J =56, 1.7 Hz, 1H, H19), 4.78 (m, 2H, H15), 4.23 and 4.11 (d, J = 12.1 Hz, 2H, H17), 3.62 (dd, J = 7.6, 5.5 Hz,
1H, H18), 3.47 (d, J = 7.6 Hz, 1H, H22), 3.23 (t, J = 7.3 Hz, 1H, H30), 3.18 and 3.14 (dt, J = 13.2, 7.3 Hz, 2H, H30),
1.39 (m, 2H, H31), 1.33-1.11 (m, 10H, -CH,-), 0.86 (t, J = 7.0 Hz, 3H, H37) ppm. *C{'"H} NMR (150 MHz, acetone-
dg): 0c = 175.0 and 174.6 (2C, C25 and C26), 159.0 (C9), 153.7 (C5), 147.7 (C11), 140.5 (C7), 135.2 (C20), 134.9
(C21), 129.5 (C12), 126.2 (C6), 125.8 (C8), 91.1 (C23), 87.2 (6C, CsHe¢), 79.3 (C19), 68.3 (C17), 64.0 (C15), 54.7
(C14), 47.6 (C18), 45.8 (C22), 37.9 (C30), 27.3 (C31), 29.4, 28.9, 30.0, 26.7, 22.3 (5C, -CH-), 13.4 (C37) ppm.
F{'H} NMR (565 MHz, acetone-dg): 6 = -75.87 (s, 3F, CF;COO). HR-ESI-MS m/z (+): [M]* calc. for
C32H39CINsO4Ru* 694.1729, found: 694.1721; HR-ESI-MS m/z (-): [M] calc. for CF3COO- 112.9856, found
112.9857.

Synthesis of 4b. Method 1: 3 (80 mg, 0.14 mol) was reacted with N-p-nitrophenylmaleimide (920 mg, 4.22 mmol).
After two consecutive purifications by flask chromatography, 4b was obtained (4bendo/4bexo : 1/3.8) (27 mg, 25%)
as a yellowish solid. Method 2: 2b (2bendo/2bexo: 1/2) (50 mg, 0.102 mmol) was reacted with [Ru(n®-CeHg)Cl2]2 (34
mg) in the presence of NH4BF4 (25 mg, 0.238 mmol) in EtOH anhydrous (5 mL). After purification, 4b was obtained
(4bendo/4bexo: 1/4) as a yellowish solid (68 mg, 87%). 4bendo. 'TH NMR (600 MHz, DMSO-d): 61 = 9.11 (d, J= 5.7
Hz, 1H, H9), 8.64 (d, J = 5.6 Hz, 1H, H12), 8.32 (dd, J = 9.0, 7.8 Hz, 1H, 2H, H32/34), 8.14 (t, J = 7.6 Hz, 1H, H7),
7.78 (m, 1H, H6), 7.63 (t, J = 6.7 Hz, 1H, H8), 7.47 and 7.41 (d, J = 9.0 Hz, 2H, H31/35), 6.66 and 6.63 (dd, J =
5.8, 1.6 Hz, 1H, H20), 6.55 (m, 1H, H21), 6.22 and 5.73 (d, J = 15.6 Hz, 2H, H14), 6.14 (m, 6H, CsHeg), 5.39 (t, J =
6.6 Hz, 1H, H19), 4.70 (m, 2H, H15), 4.19 and 4.10 (m, 2H, H17), 3.84 (ddd, J = 13.6, 7.7, 5.5 Hz, 1H, H18), 3.61
and 3.57 (d, J = 7.7 Hz, 1H, H22) ppm. 3C{'H} NMR (150 MHz, DMSO-d): &c = 173.5 and 173.4 (2C, C25/26),
158.7 (C9), 153.3 (C5), 146.7 (C11), 143.3 (2C, C30/33), 140.5 (C7), 135.6 (C20), 135.1 (C21), 129.6 (C12), 127.8
and 128.7 (2C, C31/35), 126.0 (C6), 125.7 (C8), 124.3 (2C, C32/34), 91.1 (C23), 86.7 (6C, CeHs), 79.2 (C19), 67.7
(C17), 63.6 (C15), 54.1 (C14), 47.7 (C18), 46.2 (C22) ppm. "°F{'H} NMR (565 MHz, acetone-ds): & = -150.91 (s,
4F, '°BF4), =150.96 (s, 4F, ""BF4). 4bexo. "TH NMR (600 MHz, DMSO-dk): 61 = 9.13 (d, J = 5.3 Hz, 1H, H9), 8.60 (s,
1H, H12), 8.34 (m, 2H, H32/34), 8.13 (tdd, J = 7.7, 2.6, 1.6 Hz, 1H, H7), 7.78 (t, J = 7.4 Hz, 1H, H6), 7.63 (t, J =
6.7 Hz, 1H, H8), 7.58 (m, 2H, H31/35), 6.61 (td, J = 5.6, 1.6 Hz, 1H, H20), 6.55 (m, 1H, H21), 6.22 and 5.72 (m,
2H, H14), 6.13 (s, 6H, CsHs), 5.24 (dd, J = 3.9, 1.6 Hz, 1H, H19), 4.70 (m, 2H, H15), 4.29 and 3.93 (d, J = 12.3 Hz,
2H, H17), 3.28 (d, J = 6.6 Hz, 1H, H18), 3.13 (dd, J = 6.5, 4.9 Hz, 1H, H22) ppm. *C{'H} NMR (150 MHz, DMSO-
dg): 6c = 175.0 and 173.5 (C25/26), 158.7 (C9), 153.3 (C5), 147.0 (C11), 146.7 (C30/33), 140.5 (C7), 137.5 (C21),
136.9 (C20), 129.4 (C12), 127.7 (2C, C32/34), 126.0 (C6), 125.6 (C8), 124.3 (2C, C31/35), 90.6 (C23), 86.7 (6C,
CsHs), 80.9 (C19), 67.7 (C17), 63.7 (C15), 54.1 (C14), 50.3 (C18), 48.8 (C22) ppm. "°F{'H} NMR (565 MHz,
acetone-ds): &F = -151.28 (s, 4F, '°BF4), -151.33 (s, 4F, "'BF,). Found (%): C, 44.05; H, 3.59; N, 9.40.
C30H26BCIF4NeOsRu1-¥2CH2Cl, requires C, 44.01; H, 3.27; N, 9.74. HR-ESI-MS m/z (+): [M]* calc. for
C30H26CINsOsRu* 703.0640, found: 703.0644; HR-ESI-MS m/z (-): [M] calc. for BF4- 87.0035; found 87.0018.
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Synthesis of 5a. The hydrogenation of 4a (50 mg, 0.064 mmol) was carried out with a H-Cube® reactor
(ThalesNano) in 30 min using a catalyst cartridge 10% Pd/C in acetone (20 bar, flow rate: 1.0 mL/min, 23°C). After

reaction completion, the solvent was evaporated and 5a was obtained as a yellowish solid (48 mg, 95%) by adding
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Et,0 and scratching the vessel with a spatula. 5aendo. "H NMR (600 MHz, DMSO-ds): 6+ = 9.13 (d, J = 6.0 Hz, 1H,
H9), 8.63 (s, 1H, H12), 8.14 (t, J= 7.4 Hz, 1H, H7), 7.79 (t, J = 7.1 Hz, 1H, H6), 7.64 (t, J = 6.7 Hz, 1H, H8), 6.21
(d, J =15.6 Hz, 1H, H14) and 5.73 (d, J = 15.4 Hz, 1H, H14), 6.14 (s, 6H, CsHe), 4.77 (q, J = 6.1 Hz, 1H, H19),
4.71 (m, 2H, H15), 3.85 (m, 2H, H17), 3.48 (m, 1H, H18), 3.34 and 3.28 (m, 1H, H22), 3.32 (m, 2H, H30), 1.74 (m,
2H, H21), 1.62 (m, 2H, H20), 1.45 and 1.40 (m, 2H, H31), 1.28 — 1.14 (m, 10H, -CH>-), 0.84 (t, J= 7.0 Hz, 3H, H37)
ppm. 1¥C{'H} NMR (150 MHz, DMSO-d;): 6c = 175.7 (2C, Cosand Czs), 158.7 (C9), 153.3 (C5), 146.8 (C11), 140.4
(C7), 129.5 (C12), 126.0 (C6), 125.6 (C8), 87.6 (C23), 86.7 (6C, CsHs), 77.0 (C19), 69.0 (C17), 63.5 (C15), 54.0
(C14), 51.6 (C18), 50.4 (C22), 37.9 (C30), 29.1 (C20), 28.9 (C21), 26.3 (C31), 31.1, 28.5, 28.4 22.0, 27.1 (5C, -
CHz-), 13.9 (-CHs, C37) ppm. "*F{'H} NMR (565 MHz, acetone-d;): &r = —148.22 (s, 4F, 1°BF,), -148.28 (s, 4F,
""BF4). 5@cxo- 'TH NMR (600 MHz, DMSO-dg): 6+ = 9.13 (d, J = 6.0 Hz, 1H, H9), 8.60 (s, 1H, H12), 8.14 (t, /= 7.4
Hz, 1H, H7), 7.79 (t, J = 7.1 Hz, 1H, H6), 7.64 (t, J = 6.7 Hz, 1H, H8), 6.21 (d, J = 15.6 Hz, 1H, H14), 5.73 (d, J =
15.4 Hz, 1H, H14), 6.14 (s, 6H, CeHe), 4.64 (m, 1H, H19), 4.65 (m, 2H, H15), 3.96 (dd, J = 19.1, 11.1 Hz, 1H, H17),
3.75(d, J=11.1 Hz, 1H, H17), 3.12 (d, J = 7.1 Hz, 1H, H22), 3.04 (dd, J = 6.9, 4.2 Hz, 1H, H18), 3.27 and 3.18
(dt, J = 13.6, 7.2 Hz, 2H, H30), 1.41 (m, 2H, H31), 1.76 (m, 2H, H20), 1.62 (m, 2H, H21), 1.28 — 1.14 (m, 10H, -
CHz-), 0.83 (t, J = 7.2 Hz, 3H, H37) ppm. 3C{'H} NMR (150 MHz, DMSO-d;): 6c = 177.4 and 175.5 (2C, C25 and
C26), 158.7 (C9), 153.3 (C5), 146.8 (C11), 140.5 (C7), 129.4 (C12), 125.9 (C6), 125.5 (C8), 86.6 (C23), 86.7 (6C,
CeHe), 78.5 (C19), 68.7 (C17), 63.7 (C15), 54.0 (C14), 50.5 (C18), 50.3 (C22), 37.9 (C30), 28.9 (C31), 25.9 (C20),
26.9 (C21), 31.1, 28.5, 28.4, 22.0, 26.2 (5C, -CHy-), 13.9 (C37) ppm. "*F{'H} NMR (565 MHz, acetone-d;): or =
-148.56 (s, 4F, '9BF,), -148.61 (s, 4F, ''BFs). Found (%) C, 4745, H, 533; N, 8.63.
C32H41BCIF4NsO4Ru1-¥2CHCl, requires C, 47.29; H, 5.13; N, 8.48. HR-ESI-MS m/z (+): [M]* calc. for
C32H41CINsO4Ru* 696.1885, found: 696.1860; HR-ESI-MS m/z (-): [M] calc. for BF4- 87.0035; found 87.0036.
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Cell culture. All protocols used for biological studies were approved by the Institutional Research Ethics Committee
of INRS-Centre Armand-Frappier Santé Biotechnologie. The human breast cancer cell lines, MCF-7 and T47D
were respectively provided by Prof. Chatenet and Prof. Plante (INRS). MCF-7 cells were grown routinely in RPMI-
1640 containing fetal bovine serum (FBR, 10%). The growth medium for T47D cells was ATCC-formulated RPMI-
1640 Medium supplemented with sodium pyruvate (0.11 g/L), HEPES (2.38 g/L), bovine insulin (10 pg/mL) and
10% fetal bovine serum. All cell growth media were supplemented with 1% penicillin/streptomycin. All cell culture
products were purchased from Gibco, Invitrogen and Sigma-Aldrich. The growth of cells was carried out in a
humidified atmosphere of 5% CO2/95% air at 37°C. Passage of cells was performed at 70-80% confluency of cells
(verified under microscope) by harvesting with trypsin:EDTA solution and seeding at a 1:4 to 1:10 ratio into 75 mL

flasks. Cells were used up to 15 passages after thawing.

In vitro cell viability assay. Cell viability was assessed by the SRB colorimetric assay described by Vichai and
Kirtikara with some slightly modifications.'" Briefly, cell culture treated 96-well plates (Sarstedt) were used to seed
cells at a density of 1 x 104 cells/well for MCF-7 and T47D cancer cells and were pre-incubated in a humidified
atmosphere at 37°C, 5% CO, for 24 h with drug-free complete growth medium. Stock solutions of test compounds
were prepared in DMSO and the final concentration of DMSO was kept constant at 0.5% (non-cytotoxic
concentration for cells). To achieve final concentration of 1, 4, 12.5, 25, 50, 75, 100 and 150 uM of drug solution,
200 pL of fresh and complete growth medium containing 0.5 uL of each stock solution was added to each well.
Cancer cells were exposed also to drug-free complete growth medium, complete growth medium containing 0.5%
DMSO as a negative control and complete growth medium containing 25% DMSO as a positive control. After
incubation for 48h, 100 uL of cold trichloroacetic acid (TCA, 10% w/v) was added in each well to fix cells without
removing the cell culture supernatant. After fixation at 4°C for 1 h, TCA was removed, and each well was washed
three to four times with slow-running tap water then air-dried. Afterward, cells were exposed to a SRB solution
(0.057% wi/v) for 30 min at room temperature, then unbound SRB in each well were removed by washing three
times with acetic acid solution (1% v/v) before drying cell-plate in air. To dissolve the protein-bound dye, 200 pL of
10 mM Tris bas solution (pH 10.5) was added to each well and cell-plate was stored in a dark-room for 30 min.
Absorbance in each well was recorded with a microplate reader at 510 nm. Cell viability versus different
concentration of each compound was reported. ICso values, concentrations that respectively inhibit cell metabolic
activity by 50% was also determined from concentration-effect curves by interpolation. This assay was carried out

in three independent sets of experiments, each experiment with three or four replicates per concentration level.
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NMR and HR-ESI-MS spectra

=

20000
19000
18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

I el
] —

10.99
1.04
2024
211 &
205

r-1000

92 90 88 86 84 82 80 78 76 74 72 70 68 6.6 &4) 6.2 6.0 58 56 54 52 50 48 46 44 4.2

Chemical Shift (ppm

"H NMR spectrum of 1 (CDCls).

~155.4
~152.3
—150.7
—146.2
—143.9
—138.3
124.4
124.4
123.4
1113
1108
78.6
78.4
78.2
_~65.1
~64.3

<
{

—56.5

T T T T T T T

160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 8 80 75 70 65 60
Chemical Shift (ppm)

3C{'H} NMR spectrum of 1 (CDCl5).

S17

55



293.10081
1004

90—
563.21346
80—
70
60—
50
40+
307.08023
30 /
20 /

104 7141004 /373.12715

577.19259

d
o / L 48503212 e 2,5“‘0 777.28762 847.48817 944.00524  1108.47464 1230.28362 1307.36614 1494.90090 1642.24205 1792.80239 1987.44224 2058.46144 2201.01487 2287.35038
I i e o AL Iy A sy o T T T — T T T T T T T

T T T T T T T T T 1T — T T T T T T T T T T
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1900 2000 2100 2200 2300
miz

T T T T T T T T
1400 1500 1600 1700 1800

293.10081
100~

90—
80—
70
60—
50
40+
30

20+ 294.10413

292.72714 293.07420 | | 29323473 293.47952 294.07622 A 29424113 295.10701

T T T T T T T T T T T T T T T
2928 293.0 2932 2934 2936 2938 294.0 2942 294.4 2946 2948 295.0 295.2 2954 295.6
miz

HR-ESI-MS spectrum of 1, positive mode.

S18



o o o o o o (=]
$8s8s8gg88s888888ssss8s 8
P Mo BN NN S e e e D, B, B
980,
mw.og o
88'0
Ty
4 s
mw.i i
€C°T 60'€|
WM”H U bE'0T
y = v1'Z
7 Iﬁ
87T
87’1
621 — [
0¢'1
8e'T
8¢'T
66T
W'l ) i
e F 00z
€TEr © © - ¥ w0t
., - N = No.ﬁ
roi Y
860
F 102
Fwn
F oot
F 502
o
qu
90T
SN
€0'T
£ es0
F et
F eor[ @
F 00T
o

Chemical shift (ppm)

"H NMR spectrum of 2aendo (acetone-ds).

300

250

200

r150

100

50
0

€b1

N.mm/
Sz
182,
S'6C

QL7

L'6C
8'6Z
8’6y
0°0€
T'0€
(41
S'ZE
8'8€
L9%
S'8b-
8'sS

SS9

6'89

1°08—

1°26—

6721
bz
61/

6'SET
goer>
oger/

ssp1/
+0ST—
€951

S'SLT
m.mﬁv

40 30 20

50

170 160 150 140 130 120 110 100 90 80 70

180

Chemical Shift (ppm)

3C{'H} NMR spectrum of 2aendo (acetone-ds).

S19



2800
2400
2200
2000

-1800

36
37

34
35

32
33

2 3
25 N
18 2670 21

17
0]
23] 22
A 21\ 19
20
2acy0

/1

N=N 15 P
N

14

B/N
7

o m o (=3
E88E8gg88. 8
1 f f f N 1 1 i 1 1 o o o (=] o o (=3 (=] o
O T o~ (=3 @ O T o~ (=} (=3 w [=] (=1
N B N o Qg B R hp g U T (@ D TR TR
€T
m.m~/ ;
2 LTy
%oﬁ.m 782 _
_ o~ 562 .
FeW ~d -
- [ 60z 8'62
T
T'0E
il b z0¢] -
143 )
6'8€ 3
~ T'6b-
S Em_\ 5/ 8
B VT Q mmw\ o
107[ ] 7 a/ "
° S'89 ™
¥0' 8 o/
o 818~ Lo
.o Wi = o Ol S&
F<E e PN
8 « v'16 ) 2
e ({00 I m o5
€ YT
wi| 2 5 TR 4
z £0'T .m 3 ONQRY 3
Fund o el Q
01 O o S W
e N$ Ny ~
W 6221 z-z
L s - 0v21 T
! 6T z—{o
[ o)) / e}
ELETF @~
E —— R Y ¥ 4 0'8ET
L8
9'GhT
F~ §'0517
v 20'T £'95T~
—— 07
JT Z20'T
2 F ot @ §'SLT~
89T
IJT 00'T

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical Shift (ppm)
3C{"H} NMR spectrum of 2aex, (acetone-ds).
S20

180




Relative Abundance
T A K O

|§5 15431

2i3.04579

1971477

237 14591
T

50224149

98143498
480 25968

211813

29310071
l PR gggpyy 12002 S182%3 553 37600 747 48508
-

459.39505 47196526

250

63440722 61 48560
i T

850

814.37866 551 60658
T T
800 850

922 22430 363 24975
T T T
900

13 T T
350 450 500 550 600 700 e

mz

1000

50224149

450 25988

48126317

518 236

505 31339
ars712%2 amrgasrs | |*%3%%%2 aas 30065 gy 6752 a9 177y ave 2394 ‘PP 50137550 || 508331 5e0 47301 51539105
r T T r

T
470

T
495

mz

[5192392 525 31152 52520127
T T

75 480 a8s 0 500 5 510 515 520 525

HR-ESI-MS spectrum of 2a (2aendo/2aex0: 1.5/1), positive mode.

S21



8000
7500
7000
6500
6000
5500
5000
-4500
4000
3500
3000
2500
2000
1500
1000
500

SS°E

mm.m\

8S°€
r

i

65'€
1€
we’
98°¢
(8°€
88¢
68'E

9Ty

8T'H
€T ]
STh
0S¥

09'p
09t
€Lb
SLh
L£°G"
L£°5
8€'S
8€'S
1]
s

55'9
95'9
59'9,
59'9
99'9-
99'9
9T'L7
L
L
VA
[4y2

e —

[‘l

e —

et el

€5°L
€S54

8Lt .
8Ly
mo.ﬁ

€1'8
1€'8y
1€8

e8|

€8

§5'8y -
S5'84

65’8

95'8

580
5580

vor'T

680

=80T

=480
=S80

vH0'l
20T
ELLT
FST'T
=060

¥69'T

=00t

3.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
Chemical shift (ppm)

8.5

"H NMR spectrum of 2bendo (acetone-ds).

rLuuu

r900

r800

r700

r600

r500

r400

r300

r200

r100

0Lb~
8'8b

8'56—

5'59—
LB~

908—

£76—

62eT
S‘NL
641

o.mﬁw
Prra

£9ET,
08ET~
et/

pShL
6LbT

5051/
£95T~

LT~
X Tacd

180 170 160 150 140 130 120 110 100 20 80 70 60 50 40
Chemical Shift (ppm)

190

3C{'H} NMR spectrum of 2bendo (acetone-ds).

S22



10000
9000

8000

7000
6000
5000
4000
3000
2000
1000
0

r-1000

17 31 32
O 0 $3NO,
23\ 22 "
\ 25 3035 a
20 19 126°0

r}r—N 15 °
N /11 21
12

9
|
6% 14

7

2 bexo

EbT'T
BOT'T

FH0'T

FE0'T

807

HE0'T

L &4

»90°T
00T

vb0'T
00T

7502
hoo'r

201
0T
%oo.a

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
Chemical Shift (ppm)

8.0

8.5

"H NMR spectrum of 2bexo (acetone-ds).

1800
1700

1600

1500
1400
1300

1200

1100

1000

900

800

700

600

500

400
300
200
100
0

562
962
96z
162
8'62
0'0€
Tog
zos
96p
€15
res’

§'S9—
€'89—

€8

0Z6—

6221
6'€2T M
8T
0'szT
€821
9LET~
0'8€17
8'8ET /
0'6€T
v.mi
8LbT
05T
951/

[ 7AGN
9'SLT

17 31 32
O O 33 NO,
23M | 22 N
\ 25 3035 24
20 19 15260

1

O

iN)1_5/
I,
12

N
1
N

14

5

9
|
7
6

2bexo

100

Chemical Shift (ppm)

30

80 70 60 50

90

170 160 150 140 130 120 110

180

3C{"H} NMR spectrum of 2bexo (acetone-ds).

S23



Relatve Abundance

Relative Abundance

21314583

489 15103
271.11865

51113284

293 10074

999 27740

20303544 | 231 05232 l 33512515 38511426
T T T T “r T
200 2% 300 3% 400 4% 500 550 600

45018720 45126193

lsznmv
75.1
450 18729 s b S75.18793 604 25008

mz

= T
65 700 750

48915103

488 21042 | 490 15417

48664850 | ‘9‘||5735

495 48767 497 37534

800

70129004 73506411 78124506 823 26065
T

T
8%0

50013586 505 33386

T
458

466 23227 471 36530 47502853 48112059 48293481
T T T T T T T T T T T T
460 462 464 465 468 47 4an 4ars 476 478 480 482 484
mz

T T T T

486 488 490 492

T
404

T
496

T
498

HR-ESI-MS spectrum of 2b (2bengo/2bexo: 1/4), positive mode.

S24

T T T

500 502 504 506



4000

r3500

3000
2500
2000
1500
1000
500
-0

v0'C
0Ty
S0°'C
90°C
90°C
98°C
mm.L
09'%
£9%
yob
L9V
6'S
96°'S
€79
¥T'9
SZ'9
LT9
1€9
9€'9
LE9
LE9
8€'9
€9
€9
b9
r'91
£5°¢
€5°¢
bS'L
¥S'L
9L
9L
€92
Y94
Y94
8L
587 f
S84
98,
(8L
(8L
11'8
11°87
€1'8
£1'8
81’8’
9’6
LT6
876
826

—

Ryt e

L ~50'¢
[=2] = .
o 2 — 5]

BF,
16
—1
O~
20

b0
'188'9
4617
+66'(
66'0

t

6

2660
g0
A60'T
/S0°T

6670

=001

5

Chemical shift (ppm)

"H NMR spectrum of 3 (acetone-db).

9000

8000

7000
6000
5000

4000

3000

2000

1000

b'SS—

T°€9~
9v9~

648—

8'0TT~.
ra {34

9921~
0z’
T0ET”

e
L8548
eevr’
L9861
v'IST~
SPST—
65T

T

140 130

160

120
Chemical Shift (ppm)

40

50

110

150

170

180

3C{'H} NMR spectrum of 3 (acetone-ds).

S25



[ 3BUU

—-151.22
—--151.27

| B [
: 8 "'Ru“"::l BF4 2600
”‘N' Nz 14 -2400
el Z Nj_\o 16 s
5 3 13

1600
1400
1200
1000
! 800
-600
r400
200
0
--200
T T T T T T T T T T T T T T T T T T T T T T T
50.1 -150.3 -150.5 -150.7 -150.9 -151.1 -151.3 -151.5 -151.7 -151.9 -152.1 -152.3
Chemical Shift (ppm)
1911
F{"H} NMR spectrum of 3 (acetone-d).
485.03178
100 =1
80
60 43712_31657 525.28869
40 il z=1
20 217.10503 305.15764 393.21002 591.17602  694.17471 784.13556 94712:01997 1057.07027 1199.09827 1273.39265 1471.69335 1531.37550 1628.10271 1776.75479 192564180 1990.71179
2= = 2=1 2=2 2=1 = 7 =1 2=1 =2 =1 2= 2=1 2=7 =7 2=7
L T o o e e AL s B i e e ey et ey e ey
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
miz
485.03178
z=1
100 487.03131
80 484.03350 z=1
z=1
60 462.03449 48303291 486.03268
40 479.03600 P 1 =1 488.03439 489.02981
20 473.34606 475.32410 476.30564 2=7 7=1 z=1 z= 490.03299 491.03368 493.01401 494.18311 496.01324 497.01143
2=? 2= 2=7 -— | | 2=t o= =7 z=1 2=1_ 2=1
L T e L
474 475 476 477 478 479 480 481 482 483 484 485 486 487 488 489 490 491 492 493 494 495 496 497
miz
HR-ESI-MS spectrum of 3, positive mode.
87.00195
1009 (=7
95
90-
85
80
75
70
65
60
55
50
45
40
35
30
25-
20 148.94851
=1
1 112.98415
10 =?
212.07430
5 = 255.23255 407.00303 479.51758 556.96788 618.95137 672.52816 801.67637 939.50348 1022.80562
| a4 1 -y z=1 z=? z=1 z= _z=7 z=? z=? z=7
1(‘)0 260 360 A60 560 660 760 660 960 10b0

miz

HR-ESI-MS spectrum of 3, negative mode.

S26



[=]
S 8 8 8 8 =] m 8 8 8
b i v T N ip ; i N b s
u
o)
6v'C 2
6v'C (=)
05 =
15T
152 3
ko
- = _J
o J
05~ L THT
09~ k17
o 2
046~ i %
9's” © bm ket
v19 w )
TT— ) Feco
€9, Fz6T
9 3z o
\ 22
—2 o
+ =
59¢ o_De
LT N 06T
08 o't
b1'8— Lo
09'8— FS0'T
6— koot

85 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 35 30 2.5 2.0 1.5 1.0 0.5 0.0
Chemical Shift (ppm)

9.0

"H NMR spectrum of 3 in DMSO-ds after 48h at room temperature.

r160

r150

140

r130

r120

r110

r100

80

r70

60

50

H40

r-10

6v'C
0S¢
0S¢

05
(£
ob'b
ob'b
b
£b'b
0S'S
s's
29's
¥8'S ﬁ
(85

[8S

L6'S
86'S
809
809
809
809
9
T9y

Water

€TL
€Tt
€L
€L
€L
'L
SbL
ooN;
1944
19~
062
062

6L
€6
€6
81’8
9%'8
98
168

FI2'¢

»80°T
#$9'0
v6E'T
08'S
880
0T

wmm.o
0'T
ot
LL0'T
10T
.\ 0

Foot

35 3.0 2.5 2.0

4.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
Chemical Shift (ppm)

9.0

9.5

"H NMR spectrum of 3 in DO containing 1% DMSO-ds (110 mM NaCl) after 2h at room temperature.

S27



900
-850

800

r750

r700
650
600
550

500

450

400

350

300

250
200
150
r100
50
0
-50

580
580
980
180
180
80’
880’
or't
1181
61T

UCt
1T
127
ST'T
87T
621
SE'T
9T
8€'T
6€'T
s
€€
vT'E
09°€
€1
ST'b ﬁ
17

£y ﬁ

€T
9y
Wy
8Ly
€7
TS ﬁ
92’9
97'9
1€'9
1€°9
€9
€9
59
9
w9 ﬁ
€9
voz ).
88
erg
s1'8]
£5°8
626/

#1077
v €01
Tﬁﬁé

v 860
~ €60

160
189
177
€0'T

:
UL
Pl

< e

N 660
-<F 960
y Or'T
=<k 260
-} 00T

5
Chemical shift (ppm)

"H NMR spectrum of 4aendo (acetone-ds).

r700

r650

600

550

500

450

400

350

300

250

200

r150
100
50

8921~
vz’
60617
8'SET
1°9€T 7
atate

vap1/
SHST~
6651

§'SLT
an«v

|

||

90

Chemical Shift (ppm)

40 30 20 10

50

70

80

160 150 140 130 120 110 100

170

3C{'H} NMR spectrum of 4aendo (acetone-ds).

S28



—~=-150.69
~-150.75

-148.7 -148.9

413.21207 4 182 /
261.13105 3] f 8}93 82 56931500 / \51724416 98334170 1095.38042 1154.43255 1387.33495

(- SR N R )

-149.1 -149.3 -149.5 -149.7 -149.9 -150.

vy

76

—_

3

e = —r S ——

-150.3 -150.5 -150.7 -150.9
Chemical Shift (ppm)

T ~r

—r T ————T
-151.1

-151.3

9F{'H} NMR spectrum of 4aendo (acetone-ds).

——r

-151.5 -151.7 -151.9 -152.1

~r

£24000
F23000
+22000
F21000
20000
F19000
18000
F17000
."16000
:15000
F14000
13000
.'12000
F11000
F10000
[ 9000
.'8000
F7000
F6000
k5000
F4000
F3000
F2000
F1000
to
-1000
F-2000

694.17375

716.23865

639.41057 /774 19968
1475.35209
i

1658.40335 1746.47147

1851.50596

L o e e e e e ) B e e e e S SR

300 400

100
50
697.17602
698.17300
% 68715030 %817731 so07545 ) ﬂ { i

1 T
1100
miz

T T T 1T
500 600 700 800 900 1000

694.17375
696.17321
603.17492 w05 17484
691.17554 69217488 .

699.17447 700.17985 701.39147 702.3978;

T T T T T T T T T
1200 1300 1400 1500 1600

9

T
1700

704.27612

100

688.17666 690.17491

694.17396

696.17372
693.17478

691.17524 692.17457 ‘ 695.17530

697.17641 505 17363

699.17554 700.17801 701.18056 702.18313 703.18570 704.18823

HR-ESI-MS spectrum of 4a (4acndo/4@exo : 1.7/1), positive mode

87.00198

196.99527

11298423 21207438 281.24830 36522561 503.04191 602.26625 72813468 801.07362 869.11501 978.75180

T T T T T T T T
100 200 300 400 500 600 700 800 900 1000
miz

HR-ESI-MS spectrum of 4a (4acndo/4@exo : 1.7/1), negative mode.

S29

T
1800

T
1900

1989.84099
T
2000



650

600

550

500

450

400

350

300

250

200

150

100

50

F-50

Mo
2280

¥8°0
S8°0
S8°0
811
1T
€T
¥t

mN.ﬁW
(4!
(3
6v°C
0S°C
0S¢
0S¢
1S°¢ ﬁ
16°C

200

~150

100

50

-0

14 1.3 1.2 1.1 1.0 09 0.8

10C
6T
6T
b€ |
S0°€
0€°€
€€
e ﬁ
bE'E

(9%
69
69t
60'S]
01°sH
01°s
vL'S ﬁ
16'S]
$1°9
61°9
9b°91
8y'9’
S9'L7,
R.&
8L

L0°8
p1'8

85'8
(4%
£T'6

A

7

bS'€

w\oo.:

] 4

€01
SO'T

860

y0'T
L6'S
ST'T
20T
60°T

860
00T
€01

96'0

™M

4

Chemical shift (ppm)

5

o

"H NMR spectrum of 4aendo in DMSO-ds after 48h at room temperature.

r200
r150
100
50

1.1 1.0 09 08 07

1.2

Water

=50

b0
e
Ubb'0
%?.o
Zep0
bH0
2200

£00°T

TLE°9
910

o

£66'0
860

€0

Fe60[

4.5
Chemical Shift (ppm)

L8'0
%mﬁ.o I
FCETL

010l
20
e

=L60 |

L0017
J
=8v°0 |

0.0

0.5

30 25 20 15 10

3.5

4.0

85 80 725 70 65 60 55 5.0

9.0

"H NMR spectrum of 4aendo in D20 containing 1% DMSO-ds (110 mM NaCl) after 2h at room temperature.

S30



2500

2000

~1500

1000

500

580
98'0
80
0Ty
127
jtas
1
A
STl
sz'1
STT]
9’1
Vi
87’1
621
Se'T
9T
LT
E.mq
8¢’
2%
m¢.£
86°€
65°E
65y
09'€
oy ﬁ
bT'b

0Ty
ey
oY
WUy ﬁ

s
€7'S
€2’
v'S
(9
1€°9
€9
9
9 ﬁ
9

9
Vs i
8b'9
€9
162

€18 \
598

9761
(6

-—

T

vSL'6
¥4

/560
RLET
~10'T
Aory

#T1'T
Nttt
Fev'e

EST'T

90'T
H?E
YTl
1T
lggo

10T
+66'0
vC0'T

=£6'0

=00'T

20 15 1.0 05 00

25

3.0

35

4.0

725 70 65 60 55 50 45
Chemical Shift (ppm)

8.0

8.5

9.0

10.0 9.5

"H NMR spectrum of 4aendo-1 (acetone-ds) (with trifluoroacetate counterion).

450

400

350

300

250

200

r150

100

r50

£pT
m.mﬂ/
ST
'8¢
S'6C

062

967
L6t
867
267
267
6'62 *
0'0€
T'0€
z0g
szef
98¢
8¢
S
'8y
8'sS
L9
8'89
708
128
1'88
616’

o.mﬁ
ENK
9'0€T
8'SET {
T'9€T
€TbT
9'8pT/
LbST~
8651~

S'SLT~
6'SL17

100 90

110

20 10

30

70

80
Chemical Shift (ppm)

180 170 160 150 140 130 120

190

BC{'H} NMR spectrum of 4aendo-1 (acetone-ds) (with trifluoroacetate counterion).

S31



Relative Abundance

8000

7500

—-75.75

7000

6500

6000

5500

5000

4500

35 +4000
3746 3500
3000
2500
2000
F1500
1000

500

ro

3 20 100 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
Chemical Shift (ppm)

9F{'H} NMR spectrum of 4aendo-1 (acetone-ds) (with trifluoroacetate counterion).

60447224
213 14568
48503024
68368315
70490464 77 18835
241.00678 78476683
%63 04708 66148548
197 11457 27111850 33512481 36033776 447 29204 50533%62 4 51745631 749 537351 83014728 90816214 946 20888
X 250 300 350 400 %0 P 550 0 650 700 750 800 850 200 950 1000
mz
HR-ESI-MS spectrum of 4aendo-1, Positive mode (with trifluoroacetate counterion).
G 248 96028

%03

03
2 9 1120886
5 60
2
3 so] 154 97374
: 17496744

03
:

30 268 95395

2 190 94459 ‘ 38490520

20891760 |284 93148 520 90086
03 ‘ 440.59057 920 14422
1y b b l y Jpeores 40089463 | 49891526 ._l 56507406 63685395 601 96523 70285008 842 12624 i 995 16064
100 150 20 2% %0 %0 00 0 500 550 00 6% 7% 750 800 s %0 950 1000

m

HR-ESI-MS spectrum of 4aendo-1, Negative mode (with trifluoroacetate counterion).

S32



_sCl
2 /u\
8NN WM 15 °
I .\/)—/
7 s N 1 21
6~ 14 12
4agngo-2
32
35
34
37 36
1 ]
' 1 . : 1 1) 1
Lk JULJ« | ]
[ i LI, — 'r T [T pos
o g O 0 NN an o o m MM N O
S] Sao “NNOO - 1 - NO © ;D
10 9 8 7 6 3 2 1 0

5 3000

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

:2 z: :: :?:g :: ;; :3 :; T :g COMANNRONVNINTONAAORRREOON NN M
~N N nuneTTErmmMmmaNnN NwmomgssmmwoowNoooc\mm OO NMT
- o Rondian i e B B B B OG0 0 @ W nunesosTsmnmmmmmaNnN N NANANANONN~
(2 PANIRENE G NN ———— e = Ls00
CF3C00
| _sCl
+RuU
8NN =N 15 O 400
1
7 N\/)T/Z‘I \ 19
6 ~ 14 12 350
4aendo-2 300
32
35
34 250
37 36
200
150
100
50
0
190 180 170 160 150 140 130 120 110 100 9 8 70 60 S50 40 30 20 10

Chemical Shift (ppm)

BC{'H} NMR spectrum of 4aendo-2 (acetone-ds) (with trifluoroacetate counterion).

S33



—-75.87

1
9 +Ru
8/ N/ \:
TS |5
6 = 14

4aend0-2 30

A

3400

3200

2800
2600
2400

2200

1800
1600
1400

1200

T T T

20 10 0 -10 -20 -30 40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

30
Chemical Shift (ppm)
SF{TH} NMR spectrum of 4aendo-2 (acetone-ds) (with trifluoroacetate counterion).
. 60417212
1005 21314560
%03
e
® 704
% 604 685 20835
2 503 48503015
§ 404
& 4] 661 48562 70423483 772 18827
203
2 76293443 78161177
9 19711455 | 22911966 57 g5y 33512477 369 02763 ar20185 |l 508 39302 Lmﬁasnzm 617.45871 83014740 90816468 904620808 985 76735
1% 200 2% 20 3% 400 450 00 5% 0 650 “100 70 800 850 900 9%0 1000
mz
HR-ESI-MS spectrum of 4aendo-2, positive mode (with trifluoroacetate counterion).
) 248 06042
0
E
. 0] 11298871
£ o
5
2 w03 15407383
203 10094502 268 95415
23 20891785 28493168 oo 52091020
o3 30290453
3 | IAL I. | 31690795 l [ “OTM "939’556|15363M67 57886803 65688451 601 psars 79285037 842 12726 920.34450 996 16126
100 150 200 250 300 3% 400 Py 500 550 600 650 700 7% 800 8%0 %00 950 1000

mz

HR-ESI-MS spectrum of 4aendo-2, Negative mode (with trifluoroacetate counterion).

S34



+900
+800
1700
+600
F500
+400
1300

r200

100

o

r-100

n
o
o
e

J

\ geg
160
7 66T

860
00T
F 11T

iy

T
10T
E 10T

2

960
16°S
L
890
62T

AR R

860
60
80°T
if 60

P

= 00T

0.0

0.5

20 15 1.0

2.5

3.0

3.5

4.0

4.5

55 5.0
Chemical Shift (ppm)

70 65 6.0

7.5

8.0

8.5

9.0

10.0 9.5

"H NMR spectrum of 4aex. (acetone-ds).

200
190
r180

170
r160
150

140

130
r120

r110
r100
90

r80

70

F50
H40

30

r20
r10

oawﬁ
ﬁxwﬂw
Z0ET
SLET]
98eT
vIpT/
g'8p17/
SPST—
8657~

9'SLT~
8917

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical Shift (ppm)

190

3C{"H} NMR spectrum of 4aex, (acetone-ds).

S35



—~-151.06
~-151.11

8500

7500
7000
6500

5500
5000
4500

3500
3000
r2500
2000
1500

15 0 o 0
/11 ‘ 25N"30
20 g 260
4agyo

N
88
- m

-149.5 -150.0 -150.5 -151.0 1515

Chemical Shift (ppm)

9F{'H} NMR spectrum of 4aexo (acetone-ds).

S36



500

400

300

200
100

r0

€80
80
980
Pl
61°T
0zt
0Z'TH
.HN.T_.
€T
YT

STTg
am.ﬁN

g

0€'T
€7
6b°C
052
052
05
152
ST'ET

300

200

+100 600

o

1.00 0.90 0.80

120 1.10

1.30

DMSO —

|

91°e’
€€°E]
9e'e
LE'E
6€°€
e
90t
L0
(4% 4
1494
VA2
Uy
ST'S
'S
9T's
S1°9
0z'9
1€°9
[4%°)
w9
£b'9
¥9L
S9¢
8LL
08L
P18
98
€98
[4%°)
€16

e

13 26°0

20

Water

4aeyo

o Lo s

i

Lo

|

yir'e

L4
mwm.m
T

Rre
F9T°T
va0'T
v80'T
60

F26'T
FE0'T
EpTT
{01

A 0.
20T
Mwﬁ.ﬁ

290'1
901
00T
=860

F00°T

4

5
Chemical shift (ppm)

O

"H-NMR spectrum of 4aexo in DMSO-dj after 48h at room temperature.

S
50

45
40

35

30

r25

r20

F15

r10

5
0

r20
F15

10

14 13 1.2 11 1.0 09 08 07 06

—

DMSO

e

= 611
21

2T

= 860
AN

o~
<
)

Water

Roz

fero

0.0

.0 25 20 15 1.0 05

3

35

4.0

5.0 4.5
Chemical Shift (ppm)

5.5

"H-NMR spectrum of 4aexo in D20 containing 1% DMSO-ds (110 mM NaCl) after 2h at room temperature.

S37



3800

3600

3400
3200

3000

2800

-2600
2400
2200
2000

-1800
1600

1400
1200
-1000
800
600
400
r200
ro

r-200

-«
—
(=}

—

\zo1°T
w6bT'T

(ST}

-2 (90T

FEEET

~~—=E860'T
=68b'T

~P1L8

“Gep'T

LTI

BIST'T

e TLO'T
20917
“pLE'T

“RRL8ST

-~ =G20°T
=pT1'T

=6¢0°'T

=000°T

25

5.0 45 4.0 35 3.0

5.5
Chemical Shift (ppm)

6.0

8.0 75 7.0

85

9.0

9.5

0.0

"H NMR spectrum of 4bengo (DMSO-ds).

r130

r120

F110

100

90

80

70

re0

50

40

30

20

PELT
m..mﬁv

170 160 150 140 130 120 110 100 90 80 70 60 50 40
Chemical Shift (ppm)

180

13C{'H} NMR spectrum of 4bengo (DMSO-db).

S38



- O F4uou

&

(=N =]

a8

Vi
13500
3000
2500
2000
F1500
1000
1500

L "

-148.9 -149.1 -149.3 -149.5 -149.7 -149.9 -150.1 -150.3 -150.5 -150.7 -150.9 -151.1 -151.3 -151.5 -151.7 -151.9 -152.1 -152.3
Chemical Shift (ppm)

9F{'H} NMR spectrum of 4bendo (acetone-ds).

4.59
4.58
457
4.56
455

14,54
4.14
4.12
4.05
3.96
3.76
3.74
3.58
3.57
3.21
3.20
2.50

®
3

i f

Water 400

DMSO

30
~ o
3 et
S o
6.5

i;
1.504

0.55
3.94
o 13.36
0.72
0.544

0.57+

10.624
0.51

0.53/
10.45

0.54-1
&

T T T

5.0 4.5

T T

S. 3.5 3.0 2.5

6.
Chemical Shift (

w

pm)

o

"H-NMR spectrum of 4bendo in D20 containing 1% DMSO-ds (110 mM NaCl) after 2h at room temperature.

S39



703.06444

100

80

60

40 691.12754 || 732.15202

\ /
\
20 oAy 485.03153
621.41938  \
261.13095 | ,393.20948 525.28881 \ \ 921.09498 984.29120 1042.00902 1205.35988 1278.16208  1405. 1 1493.12849 1571.33048 1699.51523 1772.42885 1853.24919 1942.63197
v EAERE v . - T T - T T = =T = = - = = T T
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
m/z
HR-ESI-MS of 4b (4bendo/4bexo : 1/3.8), positive modes.
1

100, B7:00185

80
60
40 92.92677
20

. 127.01357 196.99527 26514755 328.13314  380.16743 42525767 479.35620 517.76118 578.82041 610.06758 67012033 732.93737 775.00119 _825.04024 90123310 953.26741 1046.1069

. T T T T T T T T T T T T T T T T T T T T

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050
miz

HR-ESI-MS of 4b (4bendo/4bexo : 1/3.8), negative modes.

S40



34000

32000

130000

28000
126000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

14000

2000

0

r-2000

ae
ET'E
£r'e
Le
8Tt
60°€
SE'E
SE'E
SEEN

7 4
| VA 4
(444
{74
174
¥T'S
ST'SH
0L°S
0L's
[4%°}
[4%°]
€19
£1'9
€19
€59
$S'9
5’9
099
19'94
95,
LS°L
LS,
LSL
85,
85°L
8S¢
654
6S°L

T ——

6S°L

8LLT

8L’

€68,

bE'8
vE'8
SE'8
SE'8
SE'8
SE'8
9’8
858

ﬁ

——

658

BF,

32
NO,

31
30

17
) 022 O
2\

O

+
8.~ N/ ‘NaN

4

3

1

N

N

7

35

o

7 12

1

6

18 26

20

4bexo

F6b'T
=91

19
o 31
Sgp'T

60
59T
10T

=660

6
Chemical shift (ppm)

"H NMR spectrum of 4bexo (DMSO-db).

r260
250
r240
r230
F220
r210

r200

F190
r180

r170
r160
r150
140
r130
r120
r110
r100
r90

80
r70
60
S0
r40
30
r20
r10
ro

L8b—
€057
05—

£Ea—
8=

6'08—

£98—
9'06—

X7as
o.mmﬁw

0921~ .
pRrae/

veel

6'9ET~,

sLET

SObT

9T~

0P

£E5T—

£85T—

SEiT=
(T El

160 150 140 130 120 110 100 90 80 70 60 50 40
Chemical Shift (ppm)

170

13C{'H} spectrum of 4bexo (DMSO-db).

S41



4000

—-151.28
—-151.33

3500

i Cl §F4
9 +Ru/ 17 31 32 3000
8NN NN 15 P 9, 9 = NO,
2
A I{I\/)”_/m 25 N %
6 24 12 35 o 2500

20 18 260

4b

exo 2000
1500
1000

500

_ :

-152.1 -152.3 -152.5

-150.3 -150.5 -150.7 -150.9 -151.1 -151.3 -151.5 -151.7 -151.9

-150.1
Chemical Shift (ppm)

9F{'H} NMR spectrum of 4bexo (acetone-ds).

ﬁﬁsﬁﬁﬁegggghﬁ?ﬁﬁhﬁ%E@g??8&8383883#%838&8%22&82%;3%8
WWWWWOWVXONNNNNNNNNODOLOODLOLOONNULUOLLLULUONWMUEMMMMO MMM MOMHMMM NN
e ——— N RN N TR\ i N N S et g
@ -40
9 +Ru 31 32 r35
8NN =N 15 P 9, 2w NO,
| / 21 22 33
11 N
7 N 25 o
14 20 18 260 30
4beyo
F25
Water
20
H15
DMSO
10

bl Ny, r on AN R Y LAY et

8 38R B3I NS 53382

- =N ] - - O - W v v - O
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

Chemical Shift (ppm)

"H-NMR spectrum of 4bex, in D20 containing 1% DMSO-ds (110 mM NaCl) after 2h at room temperature.

S42



2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

-0

€80
80
S8°0
S8°0
61°1]
0T
17T
44
€T
v'T
ST
Lt
or'T
Wl
W1
[4 ¢
[A ¢
{38
V'l

SP'T
LTE
P8°€
S8°€
S8°€
98’
S9b
(74 4
(VA 4

Wy
we
8Lh
SLS
bI'9
0z'9
€29’
v9L
59
641
641
08
L0'8
1’8
1’8
b1'8
€9'8
9’8
e
e

—~ =

-

1

>

—

£1'6

Lk

ﬁ_}

|

v SL9'E

19571
¥ b60'T
i 195°€
EbOT'T
e

£ 6€9°0
W €EET

»0T'T
¥ 910°C

7 9640
{61t
£90°T

R4 (14

i 196°SH-

¥ 1€0°1

T
L 80t
¥ L00'T

= 1160

+ 000°1|

~-100
=200

0.5

25 20 15 1.0

3.0

85 80 75 70 65 60 55 50 45 40
Chemical Shift (ppm)

9.0

100 9.5

"H NMR spectrum of 5aendo (DMSO-db).

-400

350

300

250

200

150

100

50

ro

9'52T
0'921 >
s6c1”

SovT \
8'9pT~
€'EST
ﬁmmﬁ/

L'SLT
NmNﬂv

110

90 80 70 60 50 40 30 20 10

100
Chemical Shift (ppm)

180 170 160 150 140 130 120

190

3C{"H} NMR spectrum of 5aendo (DMSO-db).

S43



Retative Aoundance

§ %
g g 5000
I |
4500
4000
3500
3000
2500
2000
1500
1000
500
ro
-147.75 -147.85 -147.95 -148.05 -148.15 -148.25 -148.35 -148.45 -148.55 -148.65 -148.75
Chemical Shift (ppm)
9F{'"H} NMR spectrum of 5aendo (DMSO-ds).
696 18506
100
903
803 70424236
703
60
503
40 685 20065
20 21314523
203
o 174 17184 244 98895 £30.36800 5 s
(R 274965167 33512425 380 24065 447 29080 1 563 37516 66518260 74213320 818.05754 87032688 932 14160 987.37579
150 20 2% 00 30 100 450 500 550 500 6% 700 720 800 &0 90 st 1000
mwz
HR-ESI-MS of 5a (5acndo/5aexo : 1.7/1), positive modes.
87.00355
1004
e
%0
o 703
LS
% %
Z wd
&
»]
23 96.00708 996005
B 7139682 7861553 7926635 8024744 8161898 8326846 8431726 85193 [8662792 | BTSTIAT 8902428 021939 gy 4pg5 5250085 9394521 9478622 95 59775 9787363
w7 7 1 s & & & & e s e e 89 s & @ & & % % 9 %

mwz

HR-ESI-MS of 5a (5aendo/5@exo0 : 1.7/1), negative modes.

S44



4000

3500

3000

2500

2000

1500
1000
500

280
vwow
80
91’1
G
('
(1T
81'1
81’1
611
0z’
0z’
11
61
1
W'l
89'T
052
052
£€0°E
£€0°E
$0'€
S0'€
e
€r'E ﬁ
1€°€
e
€€
b€
9UL'E
S6'€
16'€
bo'p ﬂ
b9'p

S9'p
99
(9%
s
SL'S
$1'9
619
w9
S9L
8LL
oLt
$1°8]

—

18’
09'8 \
m—.mw
v1'6

£€66°0
[4(0n
6b'9

8¢6°0
156°0

8zE'E

€20'T

LE6'S
£90°T

L10°T
890°T
120°T

0€6°0

0.5

25 20 15 1.0

3.0

90 85 80 75 70 65 60 55 50 45 40
Chemical Shift (ppm)

9.5

"H NMR spectrum of 5aexo (DMSO-ds).

601
550

500

450

400

350

300

250

200

r150
r100
50

ro

D)

m.mwﬂ
m.mmﬂv
96217

sob1/
6'9bT

ozo1/
£€5T~
L'8ST \

9SLT~
SLLLF

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical Shift (ppm)

180

3C{'H} NMR spectrum of 5aexo (DMSO-db).

S45



~7500

~-148.56
~--148.61

7000

7 6500

w

6000

5500

5000

-4500

4000

3500

3000
2500
2000
-1500

1000

Il L

r-500

T T T T T T T T

-1480 -1484 -1488 -149.2 -1496 -150.0 -150.4 -150.8 -151.2

Chemical Shift (ppm)

-146.0 -1464 -146.8 -147.2 -147.6

19F{1H} NMR spectrum of 5aexo (DMSO-ds).

S46



REFERENCES

—_

G. Scheldrick, Acta Crystallogr., Sect. A: Found. Adv., 2015, 71, 3-8.

G. Sheldrick, University of Géttingen, Géttingen, Germany, 2016.

I. V. Tetko, J. Gasteiger, R. Todeschini, A. Mauri, D. Livingstone, P. Ertl, V. A. Palyulin, E. V.
Radchenko, N. S. Zefirov and A. S. Makarenko, J. Comput. Aided Mol. Des. , 2005, 19, 453-463.
4. VCCLAB, Journal, 2005.

5. J. J. Wilson and S. J. Lippard, J. Med. Chem., 2012, 55, 5326-5336.

6. M. Bennett and T. Matheson, J. Organomet. Chem., 1979, 175, 87-93.

7. A.S. Kalgutkar, B. C. Crews and L. J. Marnett, J. Med. Chem., 1996, 39, 1692-1703.

8. M. Sortino, V. Cechinel Filho, R. Corréa and S. Zacchino, Bioorg. Med. Chem., 2008, 16, 560-568.
9

1

@ N

L. Cao and L. Isaacs, Org. Lett., 2012, 14, 3072-3075.
0. M. D. Ogden, C. L. Hoch, S. I. Sinkov, G. P. Meier, G. J. Lumetta and K. L. Nash, J. Solution Chem.,
q2011, 40, 1874-1888.
11. V. Vichai and K. Kirtikara, Nat. Protoc., 2006, 1, 1112.

S47





