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1. Chemical synthesis 

Chemistry. General Methods. All commercial reagents were used without further purification. Dry 
solvents were obtained directly from a drying solvent system. Chromatographic purifications were 
performed using silica gel (Sigma-Aldrich, 230-400 mesh). Automated chromatographic purification was 
performed with Puriflash 430 system (Interchim) using Teledyne Isco normal phase RediSepRf cartridge 
and detection by UV absorption (214 nm). High-resolution mass spectra were obtained electron spray 
ionization (ESI), positive mode (Thermo Scientific LTQ OritrapXL or MicroToF Bruker Daltonics). 
Preparative RP-HPLC was performed with Waters Prep LC4000 Chromatography System using a 
Reprospher 100 (C18-DE, 100 mm x 30 mm, particle size 5 µM, 100 Å pore size) column from Dr. Maisch 
GmbH and a Waters 489 Tunable Absorbance Detector operating at 214 nm. 1H, 13C, and 19F-NMR spectra 
were recorded at 300MHz, 75MHz, and 376MHz respectively (Bruker AVANCE III HD 300 or DPX-300). For 
very small amounts, 1H and 13C-NMR spectra were recorded at 400MHz and 100MHz, respectively (Bruker 
AVANCE II 400). Chemical shifts are quoted relative to solvent signals. MestreNova was used for further 
analysis of the spectra. The following abbreviations for multiplicities were used: s = singlet, d = doublet, t 
= triplet, q = quartet, p = pentet, m = multiplet, dd = doublet of doublets, dt = doublet of triplets, tt = 
triplet of triplets, and br s = broad singlet. TLC plates (Merck silica gel 60 F254) were used to monitor the 
reaction progress, and spots were visualized under UV (254 nm). The purity of all tested compounds was 
> 95% (Table S1, S2). The chromatographic purity of the bioisosteric capsaicinoids was determined using 
a High-Performance Liquid Chromatograph (Shimadzu®-PROMINENCE) coupled to a C18 column (Waters®-
µBondpak C18, 3.9 x 300 mm). For the hybrid capsaicinoids the purity was confirmed by analytical RP-
UHPLC with detection at 214nm, on a Dionex Ultimate 3000 RSLC System (DAD-3000 RS Photodiode Array 
Detector) and Dionex Acclaim RSLC 120 column (C18, 3.0 x 50 mm, particle size 2.2 μm, 120 Å pore size) 
at a flow rate of 1.2 mL/min. Data recording and processing was done with Dionex Chromelon 
Management System (v. 6.8), and Xcalibur (v. 2.2, Thermo Scientific). Eluents for analytical HPLC were as 
follows: A: miliQ-deionized water with 0.05% TFA and D: HPLC-grade acetonitrile with 0.05% TFA. 
Conditions for analytical HPLC were as follow: the flow stays in 90% A and 10% D for 4.0 min, then in 25 
min from 90% A and 10 % D to 0 % and 100 % D, then staying on 100% D. Eluents for analytical and 
preparative RP-UHPLC were as follow: A: miliQ-deionized water with 0.05% TFA and D: HPLC-grade 
acetonitrile/miliQ-deionized water (9/1) with 0.05% TFA. Conditions for analytical RP-UHPLC were as 
follow: in 4.5 min from 100% A to 100% D, then staying on 100% D, or in 7.5 min from 100% A to 100% D, 
then staying on 100% D. Conditions for preparative RP-UHPLC were described after compound 
characterization. Chemical names were generated using ChemDraw Professional 17.0 (PerkinElmer 
Informatics). 

4-((tert-butyldimethylsilyl)oxy)-3-methoxybenzaldehyde (5). In a round-bottom flask containing a solution 
of 4 (2.1 g, 1 eq.), imidazole (1,9 g, 2 eq.), and DMAP (84.3 mg, 0.05 eq.) in DCM (50 mL) was added 
dropwise a solution of tert-butyldimethylsilyl chloride (2.5 g, 1.2 eq.) in DCM (50 mL). The reaction mixture 
was stirred for 2 h, at r.t. The reaction was quenched by the addition of saturated solution of NH4Cl (50.0 
mL). The organic phase was extracted. Another 50.0 mL of saturated solution of NH4Cl was added and 
extracted. The organic phase was washed with Brine (2 x 50.0 mL) and water (2 x 50.0 mL) and dried over 
MgSO4. The solvent was evaporated under vacuum and the crude was column chromatographed 
(hexanes:EtOAc, 9:1) to afford the desired compound as a colorless oil (3.7 g, quant.). 1H NMR (300 MHz, 
CDCl3): δ 9.65 (s, 1H), 7.21 (d, J = 1.9 Hz, 1H), 7.17 (dd, J = 8.0, 1.9 Hz, 1H), 6.77 (d, J = 7.9 Hz, 1H), 3.67 (s, 
3H), 0.81 (s, 9H), -0.00 (s, 6H).13C NMR (75 MHz, CDCl3): δ 191.1, 151.8, 151.5, 131.1, 126.3, 120.8, 110.2, 
55.5, 25.7, 18.6, -4.5. 

4-((4-cyclohexylpiperazin-1-yl)methyl)-2-methoxyphenol (6). General procedure A: In a round-bottom 
flask containing a solution of 5 (2.7 g, 1 eq.), N1-Boc-piperazine (2 g, 1.1 eq.) and AcOH (100 µL) in dry DCE 
(50 mL) was added NaBH(OAc)3 (2.8 g, 1.3 eq.) and the reaction mixture was stirred for 48h h, at r.t. After 
completion (TLC), the reaction mixture was evaporated under vacuum. The crude was re-suspended in 
DCM for silica loading. After column chromatography (hexanes:EtOAc, 9:1 to 5:5 + 0.5% Et3N) the 
intermediate was solubilized in a mixture of DCM/TFA (1:1; 40 mL) and was stirred for 90 min, at r.t. The 
solvents were removed under vacuum. The crude compound was solubilized in EtOAc and precipitated by 
the addition of dry Et2O to afford the desired free-piperazine compound as a white solid, used for the 
synthesis of 6-9 (2.5 g, 45 %). 1H NMR (300 MHz, CD3OD): δ 7.12 (d, J = 1.2 Hz, 1H), 6.95 (dd, J = 8.0, 1.4 
Hz, 1H), 6.89 (d, J = 8.0 Hz, 1H), 4.25 (s, 2H), 3.83 (s, 3H), 3.48 (dd, J = 27.9, 4.1 Hz, 8H), 1.00 (s, 9H), 0.15 
(s, 6H).13C NMR (75 MHz, CDCl3): δ 152.8, 147.8, 124.9, 124.1, 122.1, 115.5, 61.9, 55.9, 42.4, 26.1, 19.3, -
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4.5. In a round-bottom flask containing a solution of the previously obtained free-piperazine compound 
(311 mg, 1.1 eq.) in dry DCE (5 mL) was added Et3N (280 µL, 4 eq.). After 15 min, cyclohexanone (52 µL, 1 
eq.) and NaBH(OAc)3 (144 mg, 1.3 eq.) were added, and the mixture was stirred for 24 h, at r.t. The 
reaction mixture was evaporated under vacuum. The crude was re-suspended in DCM and was column 
chromatographed (hexanes:EtOAc, 5:5 + 0.5% Et3N) afforded the protected intermediate, used in the next 
step without further purification. To the previously obtained compound, a solution of TBAF (in THF, 1.1 
mL, 1 M) was added dropwise, and the reaction was stirred for 3 h, at r.t. Upon completion, the reaction 
was quenched by the addition of saturated solution of NaHCO3 (3.0 mL) and was extracted with EtOAc (2 
x 10.0 mL). The collected organic phase was washed with Brine (2 x 10.0 mL) and water (2 x 10.0 mL), and 
dried over Na2SO4. The solvent was removed under vacuum. After work-up, the crude was solubilized in 
MeOH/HCl (3.0 M) and was precipitated by the addition of dry Et2O as a white powder (140 mg, 37 %). 1H 
NMR (300 MHz, D2O): δ 7.15 (d, J = 1.5 Hz, 1H), 7.02 (m, 2H), 4.39 (s, 2H), 3.90 (s, 3H), 3.44 (m, 9H), 2.12 
(d, J = 11.1 Hz, 2H), 1.92 (d, J = 12.9 Hz, 2H), 1.67 (m, 1H), 1.42 (m, 4H), 1.15 (m, 1H).13C NMR (75 MHz, 
D2O): δ 147.8, 146.8, 124.8, 119.8, 115.9, 114.9, 66.3, 60.4, 56.0, 48.1, 45.5, 26.5, 24.3, 24.2. HRMS m/z 
calculated for C18H29N2O2: 305.2224 [M+H]+; found, 305.2220.  

4-((4-((1s,4s)-4-ethylcyclohexyl)piperazin-1-yl)methyl)-2-methoxyphenol (7). 7 was synthesized by 
reacting the previously obtained free-piperazine compound (311 mg, 1.1 eq.) and 4-ethyl-cyclohexanone 
(71 µL, 1 eq.)  following the general procedure A and was obtained as a white powder (119 mg, 59 %). 1H 
NMR (300 MHz, CD3OD): δ 7.15 (d, J = 2.0 Hz, 1H), 6.90 (dd, J = 8.1, 2.0 Hz, 1H), 6.77 (d, J = 8.1 Hz, 1H), 
4.29 (s, 2H), 3.82 (s, 3H), 3.76-3.49 (m, 9H), 2.47 (d, J = 2.6 Hz, 4H), 1.85-1.47 (m, 9H), 1.33 (p, J = 7.3 Hz, 
2H), 0.82 (t, J = 7.4 Hz, 3H).13C NMR (75 MHz, D2O): δ 147.8, 146.8, 124.8, 119.8, 115.9, 114.9, 66.3, 60.4, 
56.0, 48.0, 45.8, 33.2, 27.0, 23.3, 21.7, 11.3.HRMS m/z calculated for C20H33N2O2: 333.2537 [M+H]+; found, 
333.2532. 

4-((4-((1s,4s)-4-(tert-butyl)cyclohexyl)piperazin-1-yl)methyl)-2-methoxyphenol (8). 8 was synthesized by 
reacting the previously obtained free-piperazine compound (311 mg, 1.1 eq.) and 4-tert-butyl-
cyclohexanone (77 mg, 1 eq) following general procedure A and was purified by RP-UHPLC (from 
75%A25%D to 65%A35%D in 30 min; RT7min: 2.33 min) to be afforded as white powder (89 mg, 30 %). 1H 
NMR (300 MHz, C6D6): δ 7.03 (d, J = 8.0 Hz, 1H), 6.88 (d, J = 1.7 Hz, 1H), 6.81 (dd, J = 8.0, 1.8 Hz, 1H), 3.34 
(s, 2H), 3.19 (2, 3H), 2.45 (s, 8H), 2.08 (t, J = 8.0 Hz, 1H), 1.95 (d, J = 14.6 Hz, 2H), 1.54-1.34 (m, 4H), 1.19 
(tt, J = 13.4, 2.9 Hz, 2H), 1.04 (tt, J = 11.7, 3.7 Hz, 1H), 0.92 (s, 9H). 13C NMR (75 MHz, C6D6): δ 147.1, 145.7, 
130.8, 122.5, 114.4, 111.8, 63.5, 58.4, 55.2, 54.1, 50.5, 48.8, 32.8, 29.6, 27.8, 21.6. HRMS m/z calculated 
for C22H37N2O2: 361.2850 [M+H]+; found, 361.2843. 

2-methoxy-4-((4-((1s,4s)-4-phenylcyclohexyl)piperazin-1-yl)methyl)phenol (9). 9 was synthesized by 
reacting the previously obtained free-piperazine compound (311 mg, 1.1 eq.) and 4-phenyl-
cyclohexanone (87 mg, 1 eq.)  following general procedure A, and was purified by RP-UHPLC (from 
75%A25%D to 65%A35%D in 30 min; RT7min: 3.66 min) to be afforded as a white powder (151 mg, 50 %). 
1H NMR (300 MHz, C6D6): δ 7.25 (ddd, J = 15.0, 10.7, 4.7 Hz, 4H), 7.10 (tt, J = 7.0 Hz, 1H), 7.04 (d, J = 8.0 
Hz, 1H), 6.89 (d, J = 1.7 Hz, 1H), 6.82 (dd, J = 8.0, 1.7 Hz, 1H), 3.37 (s, 2H), 3.20 (s, 3H), 2.51-2.45 (m, 9H), 
2.11 (t, J = 2.9 Hz, 1H), 2.05-1.87 (m, 4H), 1.55-1.50 (m, 2H), 1.35-1.25 (m, 2H). 13C NMR (75 MHz, C6D6): δ 
147.9, 147.1, 145.8, 130.7, 128.7, 127.4, 126.2, 122.5, 114.5, 111.8, 63.5, 58.8, 55.2, 54.1, 50.4, 44.4, 28.9, 
28.7. HRMS m/z calculated for C24H33N2O2: 381.2537 [M+H]+; found, 381.2526.  

(4-cyclohexylpiperazin-1-yl)(4-hydroxy-3-methoxyphenyl)methanone (11). General procedure B: In a 
round-bottom flask was added 4-hydroxy-3-methoxybenzoic acid (10, 841 mg, 1 eq.), N1-Boc-piperazine 
(1 g, 1.1 eq), EDCl (1 g, 1.1 eq) and DMAP (672 mg, 1.1 eq.) in DCM (50 mL). The mixture was stirred for 
17 h at r.t. until all the reagents were solubilized. Upon completion, the reaction mixture was evaporated 
under vacuum and the crude was re-suspended in DCM for silica loading. Column chromatography 
(Hexanes:EtOAc, 5:5) afforded the Boc-protected intermediate, used in the next step without further 
purification. The obtained compound (1 g, 1 eq.) was added to a round-bottom flask and was suspended 
in an aqueous solution of HCl (1 M). The suspension was refluxed for 2 h, then the solvent was removed 
under vacuum. The gummy residue was solubilized in a minimal amount of water and lyophilized to afford 
the desired free-piperazine compound as a white powder, used for the synthesis of 11-14  (822 mg, 60%). 
1H NMR (300 MHz, D2O): δ 7.06 (d, J = 1.5 Hz, 1H), 6.98-6.90 (m, 2H), 3.84 (s, 7H), 3.58 (s, 2H), 3.31 (s, 
4H).13C NMR (75 MHz, D2O): δ 172.5, 147.4, 147.4, 125.3, 120.9, 115.3, 111.4, 56.0, 43.0, 40.3. In a round-
bottom flask containing a solution of the previously obtained free-piperazine compound (108 mg, 1.1 eq.) 
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in dry DCE (5 mL) was added Et3N (195 µL, 4 eq.). After 15 min, cyclohexanone (37 µL, 1 eq.) and 
NaBH(OAc)3 (101 mg, 1.3 eq.) were added, and the mixture was stirred for 48 h, at r.t. Upon completion, 
the solvent was removed under vacuum. The compound was purified by RP-UHPLC (from 90%A10%D to 
60%A40%D in 20 min; RT7min: 1.47 min) and was afforded as a white powder (54 mg, 31 %). 1H NMR (300 
MHz, D2O): δ 7.09 (s, 1H), 7.01-6.95 (m, 2H), 4.12 (bs, 1H), 3.86 (s, 3H), 3.54-3.18 (m, 7H), 2.08 (d, J = 10.9 
Hz, 2H), 1.90 (d, J = 12.8 Hz, 2H), 1.66 (d, J = 12.6 Hz, 1H), 1.52-1.26 (m, 4H), 1.21-1.08 (m, 1H). 13C NMR 
(75 MHz, D2O): δ 172.3, 147.5, 125.1, 121.0, 115.3, 111.5, 66.1, 56.0, 48.0, 26.6, 24.4. HRMS m/z 
calculated for C18H27N2O3: 319.2016 [M+H]+; found, 319.2022. 

(4-((1s,4s)-4-ethylcyclohexyl)piperazin-1-yl)(4-hydroxy-3-methoxyphenyl)methanone (12). 12 was 
synthesized by reacting the previously obtained free-piperazine compound (150 mg, 1.1 eq.) and 4-ethyl-
cyclohexanone (71 µL, 1 eq.) following general procedure B, and was obtained as a white powder (41 mg, 
21 %). 1H NMR (300 MHz, CD3OD): δ 7.09 (d, J = 1.9 Hz, 1H), 7.00 (dd, J = 8.1, 1.9 Hz, 1H), 6.87 (d, J = 8.1 
Hz, 1H), 4.42 (s, 2H), 3.89 (s, 3H), 3.61 (d, J = 12.4 Hz, 2H), 3.50 (t, J = 13.0 Hz, 2H), 3.20 (ddd, J = 24.4, 11.7, 
3.1 Hz, 3H), 1.95-1.91 (m, 2H), 1.83-1.58 (m, 7H), 1.44 (qi, J = 7.3 Hz, 2H), 0.93 (t, J = 7.4 Hz, 3H). 13C NMR 
(75 MHz, CD3OD): δ 172.7, 150.5, 149.2, 126.1, 122.2, 116.1, 112.6, 67.5, 56.6, 35.1, 28.9, 24.7, 23.0, 12.4. 
HRMS m/z calculated for C20H31N2O3: 347.2329 [M+H]+; found, 347.2316. 

(4-((1s,4s)-4-(tert-butyl)cyclohexyl)piperazin-1-yl)(4-hydroxy-3-methoxyphenyl)methanone (13). 13 was 
synthesized by reacting the previously obtained free-piperazine compound (150 mg, 1.1 eq.) and 4-tert-
butyl-cyclohexanone (77 mg, 1 eq.) following general procedure B, as was obtained a white powder (53 
mg, 26 %). 1H NMR (300 MHz, CD3OD): δ 7.10 (d, J = 1.8 Hz, 1H), 7.00 (dd, J = 8.1, 1.9 Hz, 1H), 6.87 (d, J = 
8.1 Hz, 1H), 4.35 (s, 2H), 3.89 (s, 3H), 3.76-3.63 (m, 4H), 3.40 (t, J = 3.5 Hz, 1H), 3.15 (td, J = 12.0, 3.0 Hz, 
2H), 2.28 (d, J = 14.0 Hz, 2H), 1.82-1.72 (m, 4H), 1.48-1.34 (m, 2H), 1.23 (tt, J = 11.2, 3.1 Hz, 1H), 0.92 (s, 
9H). 13C NMR (75 MHz, CD3OD): δ 172.7, 150.6, 149.2, 126.1, 122.2, 116.1, 112.6, 65.0, 56.6, 51.2, 33.5, 
28.0, 26.8, 22.6. HRMS m/z calculated for C22H35N2O3: 375.2642 [M+H]+; found, 375.2626. 

(4-hydroxy-3-methoxyphenyl)(4-((1s,4s)-4-phenylcyclohexyl)piperazin-1-yl)methanone (14). 14 was 
synthesized by reacting the previously obtained free-piperazine compound (150 mg, 1.1 eq.) and 4-
phenyl-cyclohexanone (87 mg, 1 eq.) following general procedure B, and was obtained as a white powder 
(52 mg, 24 %). 1H NMR (300 MHz, CD3OD): δ 7.40 (d, J = 7.5 Hz, 2H), 7.31 (t, J = 7.6 Hz, 2H), 7.18 (t, J = 7.2 
Hz, 1H), 7.08 (d, J = 1.7 Hz, 1H), 6.99 (dd, J = 8.1, 1.8 Hz, 1H), 6.86 (d, J = 8.1 Hz, 1H), 4.37 (s, 2H), 3.88 (s, 
3H), 3.67-3.53 (m, 4H), 3.42 (s, 1H), 3.15 (td, J = 12.1, 3.0 Hz, 2H), 2.98 (s, 1H), 2.34-2.26 (m, 2H), 2.06-1.85 
(m, 6H). 13C NMR (75 MHz, CD3OD): δ 172.7, 150.5, 149.1, 144.9, 129.6, 128.3, 127.1, 126.1, 122.2, 116.1, 
112.6, 66.4, 56.6, 49.6, 39.3, 29.1, 25.0. HRMS m/z calculated for C24H31N2O3: 395.2329 [M+H]+; found, 
395.2312.  

5-((4-((1s,4s)-4-(tert-butyl)cyclohexyl)piperazin-1-yl)methyl)pyridin-2(1H)-one (16). In a round-bottom 
flask containing a solution of 6-hydroxy-nicotinaldehyde (15, 616 mg, 1 eq.) in dry DCE (50 mL) was added 
N1-Boc-piperazine (1 g, 1.1 eq.). After 5 min stirring, NaBH(OAc)3 (1.3 g, 1.3 eq.) was added, and the 
mixture was stirred for 48 h, at r.t. Upon completion, the reaction mixture was diluted with DCM (25 mL) 
and was extracted with an aqueous solution of HCl (3 x 25mL; 1.0 M). The collected aqueous phase was 
basified with an aqueous saturated solution of NaHCO3 and extracted with EtOAc (2 x 25.0 mL). The 
organic phase was dried over Na2SO4 and evaporated under vacuum to yield the intermediate as white 
solids, used in the next step without further purification. The compound (1.1 g, 1 eq.) was solubilized in a 
mixture of DCM: TFA (1:1, 20 mL) and was stirred at r.t. for 90 min. The reaction mixture was then 
evaporated and the residue was solubilized in water (50.0 mL) and lyophilized to afford the desired 
compound as a white powder, used for the synthesis of 16 and 17 (1.6 g, 78 %). 1H NMR (300 MHz, D2O): 
δ 7.82-7.78 (m, 1H), 6.72 (dd, J = 2.0, 4.1, 10.2 Hz, 2H), 4.37 (s, 2H), 3.64 (s, 8H), 3.60 (s, 1H). 13C NMR (75 
MHz, D2O): δ 164.5, 144.8, 138.8, 120.0, 117.5, 108.7, 57.1, 47.7, 40.7, 40.3. In a round-bottom flask 
containing a solution of the previously obtained free-piperazine compound (147 mg, 1.2 eq.) in dry DCE 
(5 mL) was added Et3N (280 µL, 4 eq.). After 15 min, 4-tert-butyl-cyclohexanone (77 mg, 1 eq.) and 
NaBH(OAc)3 (144 mg, 1.3 eq.) were added, and the mixture was stirred for 24 h, at r.t. The reaction mixture 
was evaporated under vacuum. The crude was purified by RP-UHPLC (from 75%A25%D to 70%A30%D in 
30 min; RT7min: 1.61 min) to be afforded as a white powder (43 mg, 15 %).  1H NMR (300 MHz, C6D6): δ 
7.19 (d, J = 2.3 Hz, 1H), 6.92 (s, 1H), 6.59 (d, J = 9.3 Hz, 1H), 2.76 (s, 2H), 2.43 (s, 4H), 2.19 (s, 4H), 2.05 (d, 
J = 7.2 Hz, 2H), 1.94 (d, J = 14.1 Hz, 2H), 1.51-1.36 (m, 4H), 1.21 (t, J = 13.0 Hz, 1H), 1.09-1.00 (m, 1H), 0.92 



S6 
 

(s, 9H). 13C NMR (75 MHz, C6D6): δ 165.7, 143.4, 133.9, 120.2, 117.2, 58.9, 58.3, 53.6, 50.3, 48.7, 32.8, 
29.5, 27.8, 21.6. HRMS m/z calculated for C20H34N3O: 332.2696 [M+H]+; found, 332.2682.  

5-((4-((1s,4s)-4-phenylcyclohexyl)piperazin-1-yl)methyl)pyridin-2(1H)-one (17). 17 synthesized by reacting 
the previously obtained free-piperazine compound (147 mg, 1.2 eq.) and 4-phenyl-cyclohexanone (87 mg, 
1 eq.) as in 17, and was obtained as a white powder (95 mg, 45 %).  1H NMR (300 MHz, C6D6): δ 14.26 (s, 
1H), 7.30-7.18 (m, 5H), 7.10 (tt, J = 7.0, 1.5 Hz, 1H), 6.89 (d, J = 2.0 Hz, 1H), 6.61 (d, J = 9.3 Hz, 1H), 2.77 (s, 
2H), 2.54 (tt, J = 11.0, 3.6 Hz, 1H), 2.33 (s, 4H), 2.20 (s, 4H), 2.09 (s, 1H), 2.05-1.87 (m, 4H), 1.57-1.52 (m, 
2H), 1.32 (t, J = 12.9 Hz, 2H). 13C NMR (75 MHz, C6D6): δ 165.8, 147.8, 143.2, 134.1, 128.7, 127.3, 126.2, 
120.4, 116.9, 59.1, 58.7, 53.6, 50.3, 44.3, 28.9, 28.7. HRMS m/z calculated for C22H30N3O: 352.2383 [M+H]+; 
found, 352.2372.  

5-(4-((1s,4s)-4-(tert-butyl)cyclohexyl)piperazine-1-carbonyl)pyridin-2(1H)-one (19). In a round-bottom 
flask was added 6-hydroxynicotinic acid (18, 696 mg, 1 eq.), N1-Boc-piperazine (1 g, 1.1 eq), EDCl (1 g, 1.1 
eq) and DMAP (672 mg, 1.1 eq.) in DCM (50 mL). The mixture was stirred for 17 h at r.t. until all the 
reagents were solubilized. Upon completion, the reaction mixture was washed with an aqueous solution 
of HCl (3 x 254 mL; 1.0 M). The resulting organic phase was dried over MgSO4 and evaporated. The 
obtained intermediate was used in the next step without further purification. The compound (1.0 g, 1 eq.) 
was dissolved in a mixture of DCM (25.0 mL) and TFA (25.0 mL) and was stirred at r.t., for 90 min. The 
reaction mixture was cooled in an ice bath and H2O (50.0 mL) was added to it. The aqueous phase was 
extracted and washed with DCM (2 x 50.0 mL). The collected aqueous phase was partially evaporated 
under vacuum and was lyophilized to yield the desired compound as a white powder, used for the 
synthesis of 19 and 20 (1.1 g, 70%). %). 1H NMR (300 MHz, D2O): δ 7.81 (d, J = 2.2 Hz, 1H), 7.72 (dd, J = 9.4, 
2.6 Hz, 1H), 6.65 (d, J = 9.4 Hz, 1H), 3.88 (t, J = 10.6, 5.2 Hz, 4H), 3.32 (t, J = 10.6, 5.2 Hz, 4H). 13C NMR (75 
MHz, D2O): δ 168.6, 164.5, 141.7, 136.7, 119.2, 114.6, 42.8. In a round-bottom flask containing a solution 
of the previously obtained free-piperazine compound (177 mg, 1.1 eq.) in dry DCE (5 mL) was added Et3N 
(280 µL, 4 eq.). After 15 min, 4-tert-butyl-cyclohexanone (77 mg, 1 eq.) and NaBH(OAc)3 (144 mg, 1.3 eq.) 
were added, and the mixture was stirred for 24 h, at r.t. The reaction mixture was evaporated under 
vacuum. The crude was purified by RP-UHPLC (from 75%A25%D to 60%A40%D in 30 min; RT7min: 1.70 min) 
to be afforded as a white powder (16 mg, 6 %). 1H NMR (300 MHz, CD3OD): δ 7.78 (d, J = 2.1 Hz, 1H), 7.70 
(dd, J = 9.5, 2.6 Hz, 1H), 6.56 (d, J = 9.4 Hz, 1H), 4.31 (s, 2H), 3.67 (d, J = 45.8 Hz, 4H), 3.36 (t, J = 3.5 Hz, 
1H), 3.13 (s, 2H), 2.28 (d, J = 15.5 Hz, 2H), 1.77 (dd, J = 21.9, 8.9 Hz, 4H), 1.43-1.17 (m, 3H), 0.90 (s, 9H). 
13C NMR (75 MHz, CD3OD): δ 168.9, 165.2, 142.1, 138.6, 120.7, 114.9, 65.0, 51.1, 33.5, 27.9, 26.8, 22.5. 
HRMS m/z calculated for C20H32N3O2: 346.2489 [M+H]+; found, 346.2490. 

5-(4-((1s,4s)-4-phenylcyclohexyl)piperazine-1-carbonyl)pyridin-2(1H)-one (20). 20 synthesized by reacting 
the previously obtained free-piperazine compound (177 mg, 1.1 eq.) and 4-phenyl-cyclohexanone (87 mg, 
1 eq.) as in 19, and was purified by RP-UHPLC (from 75%A25%D to 60%A40%D in 30 min; RT7min: 1.62 min) 
to be afforded as a white powder (96 mg, 23 %).  1H NMR (300 MHz, D2O): δ 7.84 (d, J = 2.1 Hz, 1H), 7.75 
(dd, J = 9.4, 2.5 Hz, 1H), 7.47-7.40 (m, 4H), 7.30 (dt, J = 8.4, 2.1 Hz, 1H), 6.69 (d, J = 9.5 Hz, 1H), 4.36 (s, 2H), 
3.68-3.46 (m, 5H), 3.18 (dt, J = 12.3, 3.3 Hz, 2H), 3.03 (s, 1H), 2.25-2.15 (m, 2H), 2.01-1.81 (m, 6H). 13C NMR 
(75 MHz, D2O): δ 168.5, 164.6, 144.1, 141.6, 136.9, 128.7, 127.3, 126.2, 119.4, 117.5, 114.4, 65.2, 48.6, 
37.1, 27.3, 23.2. HRMS m/z calculated for C22H28N3O2: 366.2176 [M+H]+; found, 366.2184. 

1-((1s,4s)-4-phenylcyclohexyl)-4-(pyridin-3-ylmethyl)piperazine (24). General procedure C: In a round-
bottom flask containing a solution of 1-(4-phenylcyclohexyl)piperazine1 (169 mg, 1.1 eq.), in dry DCE (5 
mL) was added Et3N (280 µL, 4 eq.). After 15 min, nicotinaldehyde (21, 47 µL, 1 eq.), and NaBH(OAc)3 (144 
mg, 1.3 eq.) were added, and the mixture was stirred for 24 h, at r.t. The reaction mixture was evaporated 
under vacuum and was purified by RP-UHPLC (from 75%A25%D to 60%A40%D in 20 min; RT7min: 1.56 min) 
to be afforded as a white powder (193 mg, 68 %).  1H NMR (300 MHz, C6D6): δ 8.73 (d, J = 1.6 Hz, 1H), 8.53 
(dd, J = 4.7, 1.6 Hz, 1H), 7.38 (dt, J = 7.7, 1.9 Hz, 1H), 7.29-7.36 (m, 4H), 7.10 (dt, J = 6.9, 1.7 Hz, 1H), 6.79 
(dd, J = 7.7, 4.7 Hz, 1H), 3.14 (s, 2H), 2.52 (tt, J = 11.1, 3.9 Hz, 1H), 2.28 (s, 8H), 2.09-2.06 (m, 1H), 2.02-
1.83 (m, 4H), 1.55-1.49 (m, 2H), 1.34-1.24 (m, 2H). 13C NMR (75 MHz, CDCl3): δ 151.1, 149.1, 147.9, 136.1, 
134.3, 128.7, 127.3, 126.2, 123.2, 60.4, 58.7, 53.9, 50.3, 44.3, 28.9, 28.7. HRMS m/z calculated for 
C22H30N3: 336.2434 [M+H]+; found, 336.2435. 

1-((6-methoxypyridin-3-yl)methyl)-4-((1s,4s)-4-phenylcyclohexyl)piperazine (25). 25 was synthesized by 
reacting 1-(4-phenylcyclohexyl)piperazine1 (169 mg, 1.1 eq.) and 6-methoxynicotinaldehyde (22, 69 mg, 



S7 
 

1 eq.) following general procedure C, and was afforded as a white powder (94 mg, 43 %).  1H NMR (300 
MHz, D2O): δ 8.25 (d, J = 2.2 Hz, 1H), 7.98 (dd, J = 8.8, 2.5 Hz, 1H), 7.44-7.38 (m, 4H), 7.29 (ddd, J = 8.5, 
5.6, 3.0 Hz, 1H), 7.08 (d, J = 8.8 Hz, 1H), 4.38 (s, 2H), 3.99 (s, 3H), 3.58 (s, 8H), 2.99 (s, 1H), 2.16 (dd, J = 
13.2, 10.9 Hz, 2H), 1.94 (ddd, J = 16.2, 15.7, 8.3 Hz, 6H). 13C NMR (75 MHz, D2O): δ 164.5, 147.8, 144.1, 
143.7, 128.7, 127.2, 126.2, 118.6, 111.2, 65.3, 57.0, 55.0, 48.0, 46.7, 37.5, 27.2, 23.4. HRMS m/z calculated 
for C23H32N3O: 366.2540 [M+H]+; found, 366.2521.  

1-((6-bromopyridin-3-yl)methyl)-4-((1s,4s)-4-phenylcyclohexyl)piperazine (26). 26 was synthesized by 
reacting 1-(4-phenylcyclohexyl)piperazine1 (337 mg, 1.2 eq.) and 6-bromo-nicotinaldehyde (23, 186 mg, 1 
eq.) following general procedure C, and was afforded as a white powder (294 mg, 60 %).  1H NMR (300 
MHz, C6D6): δ 8.19 (d, J = 1.4 Hz, 1H), 7.29-7.20 (m, 4H), 7.10 (dt, J = 7.0, 1.7 Hz, 1H), 7.03-6.96 (m, 2H), 
2.91 (s, 2H), 2.53 (tt, J = 11.0, 3.8 Hz, 1H), 2.3 (s, 4H), 2.2 (2, 4H), 2.07 (t, J = 3.0 Hz, 1H), 2.02-1.84 (m, 4H), 
1.56-1.51 (m, 2H), 1.37-1.24 (m, 2H). 13C NMR (75 MHz, C6D6): δ 150.9, 147.8, 141.3, 138.9, 133.8, 128.7, 
127.8, 127.3, 126.3, 59.3, 58.67, 53.8, 50.2, 44.3, 28.8, 28.7. HRMS m/z calculated for C22H29BrN3: 
414.1539 [M+H]+; found, 414.1526.  

5-((4-((1s,4s)-4-(m-tolyl)cyclohexyl)piperazin-1-yl)methyl)pyridin-2(1H)-one (30). In a round-bottom flask 
containing a solution of 4-(m-tolyl)cyclohexan-1-one (27, 378 mg, 1 eq.) and benzylpiperazine (416 µL, 1.2 
eq.) in dry DCE (10 mL), was added AcOH (100 µL,). After 15 min, NaBH(OAc)3 (593 mg, 1.4 eq.) was added 
and the mixture was stirred for 48 h at r.t. The solvent was removed under vacuum and the crude was 
purified by column chromatography (hexanes:EtOAc, 9:1 + 0.5 % Et3N). The obtained intermediate was 
dissolved in Et2O and was precipitated by the addition of a methanol solution of HCl (3.0 M). The collected 
solids were washed with Et2O and hexanes and were used in the next step without further purification. 
The previously obtained compound was dissolved in a mixture of methanol (27 mL) and AcOH (106 µL, 2 
eq.). To this stirring solution, Pd/C (30 mg, 0.3 eq.) was added and the reactional mixture was stirred for 
16 h, at r.t., under H2 atmosphere. The reaction mixture was filtered through a pad of Celite to remove 
the catalyst (washed with MeOH, 3 x 50 mL). The solvent was removed under vacuum and the compound 
was purified by RP-UHPLC (from 100%A0%D to 80%A20%D, in 20 min; RT5min: 1.58 min). The desired 
compound was obtained as white powder (385 mg, 38 %). 1H-NMR (300 MHz, D2O, δ = ppm): δ 7.23 (dt, J 
= 18.3, 7.7 Hz, 3H), 7.09 (d, J = 7.4 Hz, 1H), 3.85-3.35 (m, 9H), 2.90 (d, J = 3.2 Hz, 1H), 2.30 (s, 3H), 2.10 (dd, 
J = 17.0, 6.9 Hz, 2H), 2.00-1.78 (m, 6H). 13C-NMR (75 MHz, D2O, δ = ppm): δ 144.2,138.8, 128.7, 127.8, 
126.8, 124.1, 65.5, 45.9, 40.5, 37.4, 27.1, 23.3, 20.4. In a round-bottom flask containing a solution of the 
previously obtained compound (195 mg, 1.1 eq.) and 15 (45 mg, 1 eq.) in dry DCE (4 mL), was added Et3N 
(223 µL, 1.4 eq.). After 15 min, NaBH(OAc)3 (110 mg, 1.3 eq.) was added and the mixture was stirred for 
24 h at r.t. The solvent was removed under vacuum and the crude was purified by RP-UHPLC (from 
80%A20%D to 60%A40%D, in 20 min; RT5min: 1.61 min). The desired compound was obtained as white 
powder (181 mg, 76 %). 1H-NMR (300 MHz, CD3CN:D2O, 3:1, δ = ppm): δ 7.57 (d, J = 7.7 Hz, 1H), 7.16 (t, J 
= 7.5 Hz, 1H), 7.08 (d, J = 9.7 Hz, 1H), 6.99 (d, J = 7.3 Hz, 1H), 6.50 (d, J = 10.0 Hz, 1H), 4.04 (s, 2H), 3.50 (s, 
12H), 3.36 (dd, J = 10.2, 5.0 Hz, 1H), 2.82-2.76 (m, 1H), 2.27 (s, 3H), 2.04-1.88 (m, 7H), 1.79-1.71 (m, 2H). 
13C-NMR (75 MHz, CD3CN:D2O, 3:1, δ = ppm): δ 164.5, 145.6, 144.9, 139.3, 139.1, 129.4, 128.8, 127.7, 
125.1, 121.2, 118.8, 109.5, 65.5, 57.4, 48.7, 48.0, 39.9, 28.4, 25.0, 21.5. HRMS m/z calculated for 
C23H32N3O: 366.2540 [M+H]+; found, 366.2552.  

5-((4-((1s,4s)-4-(3-(trifluoromethyl)phenyl)cyclohexyl)piperazin-1-yl)methyl)pyridin-2(1H)-one (31). In a 
round-bottom flask containing a solution of 4-(3-(trifluoromethyl)phenyl)cyclohexan-1-one (28, 488 mg, 
1 eq.) and benzylpiperazine (416 µL, 1.2 eq.) in dry DCE (10 mL), was added AcOH (100 µL,). After 15 min, 
NaBH(OAc)3 (593 mg, 1.4 eq.) was added and the mixture was stirred for 48 h at r.t. The solvent was 
removed under vacuum and the crude was purified by column chromatography (hexanes:EtOAc, 9:1 + 0.5 
% Et3N). The obtained intermediate was dissolved in Et2O and was precipitated by the addition of a 
methanol solution of HCl (3.0 M). The collected solids were washed with Et2O and hexanes and were used 
in the next step without further purification. The previously obtained compound was dissolved in a 
mixture of methanol (16 mL) and AcOH (74 µL, 2 eq.). To this stirring solution, Pd/C (21 mg, 0.3 eq.) was 
added and the reactional mixture was stirred for 16 h, at r.t., under H2 atmosphere. The reaction mixture 
was filtered through a pad of Celite to remove the catalyst (washed with MeOH, 3 x 50 mL). The solvent 
was removed under vacuum and the compound was purified by RP-UHPLC (from 95%A05%D to 
70%A30%D, in 20 min; RT5min: 1.66 min). The desired compound was obtained as white powder (311 mg, 
28 %). 1H NMR (300 MHz, D2O): δ 7.71 (s, 1H), 7.65-7.52 (m, 3H), 3.89-3.54 (m, 9H), 3.06 (t, J = 5.5, 2.4 Hz, 
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1H), 2.21-2.10 (m, 2H), 2.06-1.84 (m, 6H). 13C NMR (75 MHz, D2O): δ 144.9, 131.0, 130.3, 129.9, 129.2, 
123.8 (q, J = 3.8 Hz), 122.9 (q, J = 3.7 Hz), 117.5, 65.3, 46.0, 40.6, 37.5, 26.9, 23.2. 19F NMR (376 MHz, D2O): 
-62.3, -75.6. In a round-bottom flask containing a solution of the previously obtained compound (270 mg, 
1.1 eq.) and 15 (56 mg, 1 eq.) in dry DCE (5 mL), was added Et3N (280 µL, 1.4 eq.). After 15 min, NaBH(OAc)3 
(140 mg, 1.3 eq.) was added and the mixture was stirred for 24 h at r.t. The solvent was removed under 
vacuum and the crude was purified by RP-UHPLC (from 70%A30%D to 55%A45%D, in 20 min; RT5min: 1.74 
min) and was obtained as white powder (284 mg, 81 %). 1H-NMR (300 MHz, CD3CN:D2O, 3:1, δ = ppm): δ 
7.60-7.55 (m, 4H), 7.52-7.45 (m, 2H), 4.07 (s, 2H), 3.52 (s, 8H), 2.96-2.89 (m, 1H), 2.04 (ddd, J = 11.7, 10.4, 
5.2 Hz, 2H), 1.96-1.90 (m, 5H), 1.84-1.75 (m, 2H).13C-NMR (75 MHz, CD3CN:D2O, 3:1, δ = ppm): δ 164.3, 
147.0, 144.8, 139.5, 132.1, 131.2, 130.7, 130.3, 127.4, 125.0, 124.8 (q, J = 3.8 Hz), 123.9 (q, J = 3.8 
Hz),121.3, 119.5, 118.7, 109.1, 65.2, 57.4, 48.6, 48.1, 40.1, 28.1, 25.1. 19F NMR (376 MHz, CD3CN:D2O, 3:1, 
δ = ppm): δ -62.9, -76.0. HRMS m/z calculated for C23H29F3N3O: 420.2257 [M+H]+; found, 420.2265. 

5-((4-((1s,4s)-4-(2-(trifluoromethyl)phenyl)cyclohexyl)piperazin-1-yl)methyl)pyridin-2(1H)-one (32). In a 
round-bottom flask containing a solution of 4-(2-(trifluoromethyl)phenyl)cyclohexan-1-one (29, 365 mg, 
1 eq.) and benzylpiperazine (312 µL, 1.2 eq.) in dry DCE (7.5 mL), was added AcOH (100 µL,). After 15 min, 
NaBH(OAc)3 (445 mg, 1.4 eq.) was added and the mixture was stirred for 48 h at r.t. The solvent was 
removed under vacuum and the crude was purified by column chromatography (hexanes:EtOAc, 9:1 + 0.5 
% Et3N). The obtained intermediate was dissolved in Et2O and was precipitated by the addition of a 
methanol solution of HCl (3.0 M). The collected solids were washed with Et2O and hexanes and were used 
in the next step without further purification. The previously obtained compound was dissolved in a 
mixture of methanol (10 mL) and AcOH (46 µL, 2 eq.). To this stirring solution, Pd/C (13 mg, 0.3 eq.) was 
added and the reactional mixture was stirred for 16 h, at r.t., under H2 atmosphere. The reaction mixture 
was filtered through a pad of Celite to remove the catalyst (washed with MeOH, 3 x 50 mL). The solvent 
was removed under vacuum and the compound was purified by RP-UHPLC (from 95%A05%D to 
70%A30%D, in 20 min; RT5min: 1.69 min). The desired compound was obtained as white powder (215 mg, 
27 %). 1H NMR (300 MHz, D2O): δ 7.74-7.60 (m, 3H), 7.40 (t, J = 7.4 Hz, 1H), 4.07-3.50 (m, 9H), 3.19-3.12 
(m, 1H), 2.38 (d, J = 16.5 Hz, 1H), 2.03 (tt, J = 16.5, 3.8 Hz, 1H), 1.87-1.68 (m, 4H). 13C NMR (75 MHz, D2O): 
δ 144.5, 132.5, 128.0, 127.4, 127.0, 126.6, 126.4, 126.0 (q, J = 6.1 Hz), 63.9, 47.0, 40.2, 38.0, 26.9, 25.0. 
19F NMR (376 MHz, D2O): -58.8, -75.6. In a round-bottom flask containing a solution of the previously 
obtained compound (215 mg, 1.1 eq.) and 15 (45 mg, 1 eq.) in dry DCE (4 mL), was added Et3N (223 µL, 
1.4 eq.). After 15 min, NaBH(OAc)3 (110 mg, 1.3 eq.) was added and the mixture was stirred for 24 h at r.t. 
The solvent was removed under vacuum and the crude was purified by RP-UHPLC (from 70%A30%D to 
55%A45%D, in 20 min; RT5min: 1.75 min) and was obtained as white powder (186 mg, 72 %). 1H-NMR (300 
MHz, CD3CN:D2O, 3:1, δ = ppm): δ 7.80 (d, J = 7.9 Hz, 1H), 7.64 (d, J = 9.2 Hz, 3H), 7.50 (t, J = 7.5 Hz, 1H), 
7.34 (t, J = 7.6 Hz, 1H), 6.56 (d, J = 9.8 Hz, 1H), 4.10 (s, 2H), 3.69 (s, 8H), 3.37 (s, 1H), 3.04 (t, J = 8.5 Hz, 1H), 
2.34 (t, J = 13.4 Hz, 2H), 2.00-1.82 (m, 5H), 1.67 (d, J = 10.1 Hz, 2H). 13C-NMR (75 MHz, CD3CN:D2O, 3:1, δ 
= ppm): δ 163.8, 161.6 (q, J = 35.7 Hz), 145.4, 139.6, 133.4, 129.8, 128.2, 127.8, 127.7, 127.5, 126.5 (q, J = 
6.0 Hz), 124.1, 120.8, 119.4, 118.3, 115.6, 109.7, 64.2, 57.0, 49.0, 48.1, 39.8, 28.0, 26.6. 19F NMR (376 
MHz, CD3CN:D2O, 3:1, δ = ppm): δ -59.3, -76.1. HRMS m/z calculated for C23H29F3N3O: 420.2257 [M+H]+; 
found, 420.2270.  

4-hydroxy-4-(3-(trifluoromethyl)phenyl)cyclohexan-1-one (37). A dry three-neck round-bottom flask 
equipped with a condenser was charged with Mg (349 mg, 1.4 eq.) and dry THF (1.0 mL) under Argon 
atmosphere. To this suspension, a solution of 1-bromo-3-trifluormethyl-benzene (33, 1.7 mL, 1.2 eq.) in 
dry THF (0.4 mL) was added dropwise using an addition funnel. The reaction mixture was stirred under 
reflux and Argon atmosphere for 30 min. The obtained Grignard-reagent was used in situ, without 
purification. After cooling the previous mixture to r.t., a solution of 1,4-dioxaspiro[4.5]decan-8-one (1.6 
g, 1 eq.) in dry THF (1 mL) was added dropwise and the reaction was stirred for another 30 min, under 
reflux and Argon atmosphere. The reaction was quenched by addition of aqueous saturated solution of 
NH4Cl (6 mL) and was extracted with Et2O (3 x 50 mL). The combined organic phase was dried over MgSO4 
and evaporated under vacuum. The obtained residue column chromatographed (hexanes:EtOAc, 95:05 
to 75:25) to yield the intermediate 35 used in the next step without further purification. In a round-bottom 
flask containing a solution of 35 (2.7 g, 1 eq.) was dissolved in a mixture of acetone and H2O (1:1, 160 mL). 
To this solution, PPTS (4.4 g, 2.0 eq.) was added and the mixture was stirred at 60 °C for 6 h. The organic 
solvent was removed under vacuum and the resulting aqueous phase was extracted with EtOAc (3 x 100 
mL). The collected organic phase was dried over Na2SO4 and evaporated. The crude was column 
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chromatographed (hexanes:EtOAc, 9:1) to yield the desired ketone as a white powder (1.9 g, 71 %).  1H 
NMR (300 MHz, C6D6, δ = ppm): δ 7.62 (s, 1H), 7.29 (d, J = 7.7 Hz, 1H), 7.07 (d, J = 8.0 Hz, 1H), 6.93 (t, J = 
7.8 Hz, 1H), 2.49 (td, J = 14.0, 6.6 Hz, 2H), 2.09 (dd, J = 4.7, 2.1 Hz, 1H), 2.05 (dd, J = 4.7, 2.1 Hz, 1H), 1.51 
(td, J = 13.7, 4.7 Hz, 2H), 1.42-1.33 (m, 2H). 13C NMR (75 MHz, C6D6, δ = ppm): δ 208.2, 149.2, 130.8 (q, J = 
31.9 Hz), 129.0, 128.3, 124.1 (q, J = 3.7 Hz), 121.7 (q, J = 3.8 Hz), 71.6, 38.1, 37.1. 19F NMR (376 MHz, C6D6, 
δ = ppm): δ -62.1. 

4-hydroxy-4-(2-(trifluoromethyl)phenyl)cyclohexan-1-one (38). A dry three-neck round-bottom flask 
equipped with a condenser was charged with Mg (342 mg, 1.4 eq.) and dry THF (1.0 mL) under Argon 
atmosphere. To this suspension, a solution of 1-bromo-2-trifluormethyl-benzene (34, 1.7 mL, 1.2 eq.) in 
dry THF (0.4 mL) was added dropwise using an addition funnel. The reaction mixture was stirred under 
reflux and Argon atmosphere for 30 min. The obtained Grignard-reagent was used in situ, without 
purification. After cooling the previous mixture to r.t., a solution of 1,4-dioxaspiro[4.5]decan-8-one (1.6 
g, 1 eq.) in dry THF (1 mL) was added dropwise and the reaction was stirred for another 30 min, under 
reflux and Argon atmosphere. The reaction was quenched by addition of aqueous saturated solution of 
NH4Cl (6 mL) and was extracted with Et2O (3 x 50 mL). The combined organic phase was dried over MgSO4 
and evaporated under vacuum. The obtained residue column chromatographed (hexanes:EtOAc, 95:05 
to 75:25) to yield the intermediate 36 used in the next step without further purification. In a round-bottom 
flask containing a solution of 36 (471 mg, 1 eq.) was dissolved in a mixture of acetone and H2O (1:1, 20 
mL). To this solution, PPTS (1 g, 2.0 eq.) was added and the mixture was stirred at 60 °C for 6 h. The organic 
solvent was removed under vacuum and the resulting aqueous phase was extracted with EtOAc (3 x 50 
mL). The collected organic phase was dried over Na2SO4 and evaporated. The crude was column 
chromatographed (hexanes:EtOAc, 9:1) to yield the desired ketone as a white powder (292 mg, 38 %).  1H 
NMR (300 MHz, C6D6, δ = ppm): δ 7.61 (dd, J = 7.9, 0.9 Hz, 1H), 6.96 (td, J = 7.9, 1.1 Hz, 1H), 6.82 (dd, J = 
16.5, 8.0 Hz, 2H), 2.61-2.50 (m, 2H), 2.09 (d, J = 2.1 Hz, 1H), 2.05 (dd, J = 4.2, 2.1 Hz, 1H), 1.77-1.62 (m, 
4H), 1.52 (s, 1H). 13C NMR (75 MHz, C6D6, δ = ppm): δ 208.6, 147.3, 131.5, 128.5, 127.6, 127.4, 123.8, 73.0, 
38.6, 38.6, 37.1. 19F NMR (376 MHz, C6D6, δ = ppm): δ -53.4.  

5-((4-((1r,4r)-4-hydroxy-4-(3-(trifluoromethyl)phenyl)cyclohexyl)piperazin-1-yl)methyl)pyridin-2(1H)-one 
(39, 3OG). In a round-bottom flask containing a solution of 37 (1.9 g, 1 eq.) and benzylpiperazine (1.5 mL, 
1.2 eq.) in dry DCE (72 mL), was added AcOH (400 µL,). After 15 min, NaBH(OAc)3 (2.1 g, 1.4 eq.) was added 
and the mixture was stirred for 24 h at r.t. The solvent was removed under vacuum and the crude was 
purified by column chromatography (hexanes:EtOAc, 7:3 + 0.5 % Et3N). The obtained intermediate was 
dissolved in Et2O and was precipitated by the addition of a methanol solution of HCl (3.0 M). The collected 
solids were washed with Et2O and hexanes and were used in the next step without further purification. 
The previously obtained compound was dissolved in a mixture of methanol (65 mL) and AcOH (210 µL, 2 
eq.). To this stirring solution, Pd/C (55 mg, 0.3 eq.) was added and the reactional mixture was stirred for 
16 h, at r.t., under H2 atmosphere. The reaction mixture was filtered through a pad of Celite to remove 
the catalyst (washed with MeOH, 3 x 100 mL). The desired compound was obtained as white powder (540 
mg, 18 %). 1H NMR (300 MHz, D2O): δ 7.90 (s, 1H), 7.84 (d, J = 7.8 Hz, 1H), 7.72 (d, J = 7.7 Hz, 1H), 7.64 (t, 
J = 7.8 Hz, 1H), 3.59 (s, 9H), 2.69 (d, J = 14.0 Hz, 2H), 2.24 (d, J = 10.2 Hz, 2H), 1.95-1.85 (m, 2H), 1.56 (q, J 
= 10.8 Hz, 2H). 13C NMR (75 MHz, D2O): δ 162.9 (q, J = 35.3 Hz), 143.0, 130.7 (t, J = 31.9 Hz), 129.8, 129.7, 
129.6, 124.9 (q, J = 3.6 Hz), 122.9 (q, J = 3.8 Hz), 116.4 (q, J = 301.5 Hz), 71.8, 64.7, 45.9, 40.7, 34.0, 23.3. 
19F NMR (376 MHz, D2O, δ = ppm): -62.3, -75.6. In a round-bottom flask containing a solution of the 
previously obtained compound (540 mg, 1.1 eq.) and 15 (198 mg, 1.2 eq.) in MeOH (15 mL) was added 
NaBH3CN (102 mg,1.2 eq the mixture was stirred for 24 h at r.t. The solvent was removed under vacuum 
and the crude was purified by column chromatography (DCM:MeOH, 95:5 + 0.5 % Et3N to 92:8 + 0.5 % 
NEt3). The product was dissolved in Et2O and was precipitated by the addition of a methanol solution of 
HCl (3.0 M) to obtain the desired product as white powder (335 mg, 48 %). 1H-NMR (400 MHz, D2O, δ = 
ppm): δ 7.90 (s, 1H), 7.85 (d, J = 7.9 Hz, 1H), 7.76-7.73 (m, 2H), 7.65 (t, J = 7.8 Hz, 1H), 6.70 (dd, J = 10.4, 
2.2 Hz, 1H), 4.26 (s, 2H), 3.60-3.58 (m, 9H), 2.69 (d, J = 14.1 Hz, 1H), 2.26-2.23 (m, 2H), 1.94-1.87 (m, 2H), 
1.56 (q, J = 10.7 Hz, 2H). 13C-NMR (100 MHz, D2O, δ = ppm): δ 164.5, 162.9 (q, J = 35.4 Hz), 144.8, 143.0, 
138.5, 130.5 (q, J = 32.0 Hz), 129.9, 129.7, 128.2, 125.5, 124.9 (q, J = 3.8 Hz), 122.9 (q, J = 3.7 Hz), 122.8, 
120.0, 116.3 (q, J = 291.8 Hz), 109.2, 71.8, 64.5, 56.7, 48.0, 46.4, 34.0, 23.5. 19F NMR (376 MHz, D2O, δ = 
ppm): δ -62.3, -75.6. HRMS m/z calculated for C23H28F3N3O2: 436.2206 [M+H]+; found, 436.2207. 
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5-((4-((1r,4r)-4-hydroxy-4-(2-(trifluoromethyl)phenyl)cyclohexyl)piperazin-1-yl)methyl)pyridin-2(1H)-one 
(40). In a round-bottom flask containing a solution of 38 (292 mg, 1 eq.) and benzylpiperazine (235 µL, 1.2 
eq.) in dry DCE (11 mL), was added AcOH (100 µL). After 15 min, NaBH(OAc)3 (335 mg, 1.4 eq.) was added 
and the mixture was stirred for 48 h at r.t. The solvent was removed under vacuum and the crude was 
purified by column chromatography (hexanes:EtOAc, 7:3 + 0.5 % Et3N). The obtained intermediate was 
dissolved in Et2O and was precipitated by the addition of a methanol solution of HCl (3.0 M). The collected 
solids were washed with Et2O and hexanes and were used in the next step without further purification. 
The previously obtained compound was dissolved in a mixture of methanol (12 mL) and AcOH (38 µL, 2 
eq.). To this stirring solution, Pd/C (11 mg, 0.3 eq.) was added and the reactional mixture was stirred for 
16 h, at r.t., under H2 atmosphere. The reaction mixture was filtered through a pad of Celite to remove 
the catalyst (washed with MeOH, 3 x 50 mL). The solvent was removed and the desired compound was 
obtained as white powder (113 mg, 19 %). 1H NMR (300 MHz, D2O): δ 7.90 (d, J = 7.8 Hz, 1H), 7.75 (d, J = 
7.8 Hz, 1H), 7.65 (t, J = 7.3 Hz, 1H), 7.51 (t, J = 7.2 Hz, 1H), 3.63 (s, 8H), 3.52 (s, 1H), 2.45 (t, J = 9.5 Hz, 2H), 
2.26 (d, J = 10.0 Hz, 2H), 1.97 (t, J = 17.4 Hz, 4H). 13C NMR (75 MHz, D2O): δ 144.3, 132.1, 128.8 (q, J = 7.2 
Hz), 128.3, 127.9, 127.6, 127.2, 126.7, 123.0, 72.9, 63.6, 46.5, 40.9, 34.0, 22.4. 19F NMR (376 MHz, D2O, δ 
= ppm): -53.8. In a round-bottom flask containing a solution of the previously obtained compound (113 
mg, 1.1 eq.) and 15 (28 mg, 1 eq.) in dry DCE (2.5 mL), was added Et3N (128 µL, 4 eq.). After 15 min, 
NaBH(OAc)3 (63 mg, 1.3 eq.) was added and the mixture was stirred for 24 h at r.t. The solvent was 
removed under vacuum and the crude was purified by RP-UHPLC (from 80%A20%D to 70%A30%D, in 20 
min; RT5min: 1.49 min) and was obtained as white powder (91 mg, 60 %). 1H-NMR (400 MHz, D2O, δ = ppm): 
δ 7.90 (dd, J = 7.9, 0.8 Hz, 1H), 7.79-7.76 (m, 2H), 7.71 (d, J = 7.9 Hz, 1H), 7.66-7.62 (m, 1H), 7.51 (t, J = 7.6 
Hz, 1H), 6.71 (d, J = 10.2, 4.5 Hz, 1H), 4.33 (s, 2H), 3.67-3.62 (m, 9H), 2.41 (dd, J = 18.1, 8.9 Hz, 2H), 2.31 
(dd, J = 13.7, 7.3 Hz, 2H), 2.00-1.93 (m, 4H). 13C-NMR (100 MHz, D2O, δ = ppm): δ 164.5, 162.9 (q, J = 35.4 
Hz), 144.8, 144.2, 138.6, 132.1, 128.9 (q, J = 7.4 Hz), 128.2, 128.0, 127.5 (q, J = 30.9 Hz), 126.2, 123.5, 
120.1, 116.4 (q, J = 291.9 Hz), 109.0, 72.7, 63.9, 56.7, 47.8, 47.0, 33.9, 22.3. 19F NMR (376 MHz, D2O, δ = 
ppm): δ -53.9, -75.6. HRMS m/z calculated for C23H28F3N3O2: 436.2206 [M+H]+; found, 436.2209. 

(E)-N'-(4-hydroxy-3-methoxybenzylidene)hexane-1-sulfonohydrazide (41). In a round-bottom flask 
containing an ice-cold solution of hydrazine hydrate (9.4 mL, 10 eq.) in THF (10 mL) was added dropwise 
a solution of hexane-1-sulfonyl chloride (1.6 mL, 1 eq.) in THF (10 mL). The reaction mixture was stirred 
for 1 h, at 0 °C, then, it was allowed to warm to r.t. and was stirred for an additional 1 h. The reaction 
mixture was extracted with EtOAc (5 X 5 mL) and was dried over Na2SO4. The resulting solution was 
evaporated and was solubilized in a minimal amount of chloroform. To this solution, hexane was slowly 
added to precipitate the desired compound as a white solid (1.5 g, 82 %). Then, in a round-bottom flask 
containing a solution of the previously obtained compound (270 mg, 1 eq.) in MeOH (30 mL), was added 
dropwise a solution of 4 (228 mg, 1 eq.). The reaction mixture was stirred for 5 h, under reflux. Under 
completion (TLC), the reaction mixture was evaporated and column chromatographed (hexanes:EtOAc, 
50:50) to yield the desired compound as an yellow sticky oil (419 mg, 89 %). 1H NMR (300 MHz, CDCl3): δ 
7.95 (s, 1H), 7.76 (s, 1H), 7.29 (d, J = 1.7 Hz, 1H), 7.02 (dd, J1 = 1.7 Hz, J2 = 8.4 Hz, 1H), 6.89 (d, J = 8.1 Hz, 
1H), 5.90 (s, 1H), 3.92 (s, 3H), 3.28 (t, J = 8.0 Hz, 2H), 1.85 (p, J = 7.7 Hz, 2H), 1.43 (p, J = 3.6 Hz, 2H), 1.30-
1.25 (m, 4H), 0.85 (t, J = 6.9 Hz, 3H).13C NMR (75 MHz, CDCl3): δ 148.0, 146.8, 125.5, 122.8, 114.0, 107.6, 
55.9, 50.9, 31.0, 27.7, 22.9, 22.0, 13.7. HRMS m/z calculated for C14H23N2O4S: 315.1373 [M+H]+; found, 
315.1366. 

(E)-N'-(4-hydroxy-3-methoxybenzylidene)octane-1-sulfonohydrazide (42). 42 was synthesized from 
hydrazine hydrate (9.4 mL, 10 eq.) and octane-1-sulfonyl chloride (2 mL, 1 eq.) following the same 
procedures for compound 41 and was obtained as an yellow sticky oil (478 mg, 56 %). 1H NMR (300 MHz, 
CDCl3): δ 8.00 (s, 1H), 7.77 (s, 1H), 7.29 (d, J = 1.5 Hz, 1H), 7.03 (dd, J1 = 1.8 Hz, J2 = 8.1 Hz, 1H), 6.90 (d, J = 
8.4 Hz, 1H), 5.91 (s, 1H), 3.93 (s, 3H), 3.28 (t, J = 8.0 Hz, 2H), 1.86 (p, J = 7.7 Hz, 2H), 1.45-1.38 (m, 2H), 
1,27-1.24 (m, 8H), 0.85 (t, J = 6.8 Hz, 3H).13C NMR (75 MHz, CDCl3): δ 148.4, 148.2, 147.0, 125.8, 123.0, 
114.3, 107.9, 56.1, 51.1, 31.7, 29.0, 28.9, 28.2, 23.1, 22.5, 14.0. HRMS m/z calculated for C16H27N2O4S: 
343.1686 [M+H]+; found, 343.1680. 

(E)-N'-(4-hydroxy-3-methoxybenzylidene)heptanehydrazide (43). In a round-bottom flask containing an 
ice-cold solution of hydrazine hydrate (1 mL, 10 eq.) in DCM (6 mL), was added dropwise a solution of 
heptanoyl chloride (310 µL, 1 eq.) in DCM (6 mL). The reaction mixture was stirred for 1 h, at 0 °C, then, it 
was allowed to warm to r.t. and was stirred for additional 1 h. The reaction mixture was quenched by the 
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addition of H2O (10 mL). The solution was transferred to a funnel and an aqueous solution of HCl 5% (5 
mL) was added. The mixture was extracted and the aqueous phase was re-extracted with DCM (2 X 15 
mL). The organic phase was collected, dried over MgSO4 and evaporated. The resulting residue was 
solubilized in a minimal amount of DCM and was precipitated as a white solid (144 mg, 50 %) by the 
addition of hexane. The compound was used in the next step without further purification. This 
intermediate (144 mg, 1 eq.) was solubilized in EtOH (5 mL) and was added dropwise to a solution of 4 
(152 mg, 1 eq.) in EtOH (5 mL), followed by AcOH (2 drops), and the reaction mixture was stirred at r.t., 
for 2 h. The reaction was quenched by the addition of cold H2O until precipitation. The solids were filtered 
off and dried under vacuum. The crude was then, column chromatographed (hexanes:EtOAc, 1:2) to 
afford the desired compound as a white solid (137 mg, 25 %). Note that N-acyl-hydrazones are known to 
generate a mixture of interconversible rotamers of the amide bound (sym/antiperiplanar) yielding 
duplicated NMR peaks.2,3 1H NMR (300 MHz, CDCl3): δ 9.84 (s, 0.3H), 8.71 (s, 0.5H), 7.64 (s, 1H), 7.42 (s, 
1H), 7.07 (dd, J = 12.3, 9.1 Hz, 1H), 6.93 (d, J = 7.0 Hz, 1H), 3.97 (d, J = 5.7 Hz, 3H), 2.74 (t, J = 7.3 Hz, 1H), 
2.26 (t, J = 7.7 Hz, 1H), 1.76-1.67 (m, 2H), 1.33 (brs, 7H), 0.89 (s, 3H).13C NMR (75 MHz, CDCl3): δ 175.8, 
148.0, 147.1, 143.2, 127.6, 122.4, 114.7, 108.0, 33.0, 31.8, 29.3, 24.9, 22.7, 14.2. HRMS m/z calculated for 
C15H23N2O3: 279.1703 [M+H]+; found, 279.1710. 

(E)-N'-(4-hydroxy-3-methoxybenzylidene)nonanehydrazide (44). 44 was synthesized from hydrazine 
hydrate (0.68 µL, 10 eq.) and nonanoyl chloride (252 µL, 1 eq.) following the same procedures for 
compound 43 and was obtained as white solid (129 mg, 31 %). 1H NMR (300 MHz, DMSO-d6): δ  11.10 (s, 
0.5H), 11.00 (s, 0.5H), 9.60 (s, 0.1H), 9.42 (d, J = 6.1 Hz, 1H), 8.03 (s, 0.5H), 7.85 (s, 0.5H), 7.22 (d, J = 12.7 
Hz, 1H), 7.03 (d, J = 8.1 Hz, 1H), 6.80 (dd, J = 8.1, 1.3 Hz, 1H), 3.80 (d, J = 2.9 Hz, 3H), 2.58 (t, J = 7.3 Hz, 1H), 
2.16 (t, J = 7.3 Hz, 1H), 1.57 (dd, J = 13.4, 6.6 Hz, 2H), 1.25 (s, 11H), 0.86 – 0.81 (m, 2H). 13C NMR (75 MHz, 
CDCl3): δ  176.3, 147.9, 147.1, 143.6, 126.6, 122.3, 114.7, 108.1, 56.1, 32.9, 32.0, 29.6, 29.5, 29.3, 25.0, 
22.8, 14.2. HRMS m/z calculated for C17H27N2O3: 307.2016 [M+H]+; found, 307.2025. 

(E)-N-(2-(2-(4-hydroxy-3-methoxybenzylidene)hydrazineyl)-2-oxoethyl)hexane-1-sulfonamide (45). In a 
round-bottom flask containing a solution of methyl glycinate hydrochloride salt (226 mg, 1 eq.) in DCM 
(2.5 mL), was added Et3N (753 µL, 3 eq.). The reaction mixture was stirred at 0 °C for 10 min, followed by 
the dropwise addition of hexane-1-sulfonyl chloride (300 µL, 1 eq.) in DCM (2.5 mL). The reaction mixture 
was allowed to warm up to r.t. and was stirred for an additional 6 h. Under completion (TLC), the reaction 
mixture was extracted with H2O (3 X 10 mL) and the organic phase was collected and dried over MgSO4. 
The solvent was removed under vacuum until a minimal amount of DCM was enough to solubilize all the 
solids. Then, cold hexane was slowly added to precipitate the desired compound as a white solid (192 mg, 
45 %). Then, in a round-bottom flask containing a solution of the previously obtained sulfonamide (177 
mg, 1 eq.) in MeOH (185 µL), was added hydrazine hydrate (185 µL). The reaction mixture was stirred at 
r.t. for 3 h. Under completion (TLC), the solvents were removed under vacuum and the residue was 
solubilized in a minimal amount of EtOH. Hexane was added to the previous solution until precipitation 
of the desired compound as a white solid (131 mg, 75 %). Finally, in a round-bottom flask containing a 
solution of the obtained hydrazide-sulfonamide (47 mg, 1 eq.) in EtOH (1 mL), was added 4 (30 mg, 1 eq.) 
and AcOH (1 drop) in EtOH (1 mL). The reaction mixture was stirred at r.t. for 24 h. Under completion 
(TLC), the solvents were removed under vacuum and the residue was column chromatographed 
(hexanes:EtOAc, 75:25) to afford the desired compound as a white solid (65 mg, 87 %). 1H NMR (300 MHz, 
CDCl3): δ 9.13 (s, 1H), 7.69 (s, 1H), 7.24 (s, 1H), 7.08 (d, J = 8.4 Hz, 1H), 6.94 (d, J = 8.1 Hz, 1H), 5.93 (s, 1H), 
5.19 (t, J = 5.1 Hz, 1H), 4.40 (d, J = 5.1 Hz, 2H), 3.95 (d, J = 13.8 Hz,  3H), 3.08 (t, J = 8.0 Hz, 2H), 1.87 (p, J= 
7.8 Hz, 2H), 1.44-1.25 (m, 6H), 1.62 (s, 1H), 0.87 (t, J = 6.5 Hz, 3H). 13C NMR (75 MHz, DMSO-d6): δ 169.8, 
149.0, 148.7, 148.0, 147.9, 125.4, 125.3, 122.0, 121.2, 115.5, 115.4, 109.6, 109.1, 55.5, 52.4, 52.2, 43.3, 
30.7, 27.2, 23.0, 21.8, 13.8. HRMS m/z calculated for C16H25N2O5S: 372.1588 [M+H]+; found, 372.1582. 

(E)-N-(2-(2-(4-hydroxy-3-methoxybenzylidene)hydrazineyl)-2-oxoethyl)octane-1-sulfonamide (46). In a 
round-bottom flask containing a solution of methyl glycinate hydrochloride salt (112 mg, 1 eq.) in DCM 
(1.2 mL), was added Et3N (418 µL, 3 eq.). The reaction mixture was stirred at 0 °C for 10 min, followed by 
the dropwise addition of octane-1-sulfonyl chloride (196 µL, 1.1 eq.) in DCM (1.2 mL). The reaction mixture 
was allowed to warm up to r.t. and was stirred for an additional 6 h. Under completion (TLC), the reaction 
mixture was extracted with H2O (3 X 10 mL) and the organic phase was collected and dried over MgSO4. 
The solvent was removed under vacuum until a minimal amount of DCM was enough to solubilize all the 
solids. Then, cold hexane was slowly added to precipitate the desired compound as a white solid (122 mg, 
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52 %). Then, in a round-bottom flask containing a solution of the previously obtained sulfonamide (88 mg, 
1 eq.) in MeOH (825 µL), was added hydrazine hydrate (825 µL). The reaction mixture was stirred at r.t. 
for 3 h. Under completion (TLC), the solvents were removed under vacuum and the residue was solubilized 
in a minimal amount of EtOH. Hexane was added to the previous solution until precipitation of the desired 
compound as a white solid (87 mg, 99 %). Finally, in a round-bottom flask containing a solution of the 
obtained hydrazide-sulfonamide (133 mg, 1 eq.) and 4 (76 mg, 1 eq.) and AcOH (1 drop) in EtOH (1 mL). 
The reaction mixture was stirred at r.t. for 24 h. Under completion (TLC), the solvents were removed under 
vacuum and the residue was column chromatographed (hexanes:EtOAc, 75:25) to afford the desired 
compound as a white solid (178 mg, 89 %). 1H NMR (300 MHz, CDCl3): δ 9.85 (s, 0.1H), 9.69 (s, 1H), 8.03 
(s, 0.1H), 7.72 (s, 1H), 7.37 (s, 0.1H), 7.22 (s, 1H), 7.09 (d, J = 8.1 Hz, 1H), 7.01 (d, J = 8.1 Hz, 0.1H), 6.93 (d, 
J = 8.1 Hz, 1H), 6.85 (d, J = 8.0 Hz, 0.1H), 5.98 (s, 1H), 5.79 (t, J = 6.1 Hz, 0.1H), 5.34 (t, J = 5.1 Hz, 1H), 4.38 
(d , J = 5.1 Hz, 2H), 3.95 (s, 3H), 3.85 (s, 0.4H), 3.07 (t, J = 7.78 Hz, 2H), 1.85 (p, J = 7.5 Hz, 2H), 1.40-1.26 
(m, 10H), 0.86 (t, J = 6.0 Hz, 3H).13C NMR (75 MHz, CDCl3): δ 170.3, 148.5, 147.1, 146.3, 125.5, 123.0, 
114.5, 108.0, 56.2, 53.2, 44.3, 31.7, 29.1, 29.0, 28.4, 23.6, 22.6, 14.0.HRMS m/z calculated for C18H30N2O5S: 
400.1901 [M+H]+; found, 400.1891. 
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2. Copy of ¹H and ¹³C NMR spectra 

4-((tert-butyldimethylsilyl)oxy)-3-methoxybenzaldehyde (5).  
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4-((4-cyclohexylpiperazin-1-yl)methyl)-2-methoxyphenol (6). 
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4-((4-((1s,4s)-4-ethylcyclohexyl)piperazin-1-yl)methyl)-2-methoxyphenol (7). 
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4-((4-((1s,4s)-4-(tert-butyl)cyclohexyl)piperazin-1-yl)methyl)-2-methoxyphenol (8). 
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2-methoxy-4-((4-((1s,4s)-4-phenylcyclohexyl)piperazin-1-yl)methyl)phenol (9). 
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(4-cyclohexylpiperazin-1-yl)(4-hydroxy-3-methoxyphenyl)methanone (11). 
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(4-((1s,4s)-4-ethylcyclohexyl)piperazin-1-yl)(4-hydroxy-3-methoxyphenyl)methanone (12). 
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(4-((1s,4s)-4-(tert-butyl)cyclohexyl)piperazin-1-yl)(4-hydroxy-3-methoxyphenyl)methanone (13). 
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(4-hydroxy-3-methoxyphenyl)(4-((1s,4s)-4-phenylcyclohexyl)piperazin-1-yl)methanone (14). 
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5-((4-((1s,4s)-4-(tert-butyl)cyclohexyl)piperazin-1-yl)methyl)pyridin-2(1H)-one (16). 
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5-((4-((1s,4s)-4-phenylcyclohexyl)piperazin-1-yl)methyl)pyridin-2(1H)-one (17). 
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5-(4-((1s,4s)-4-(tert-butyl)cyclohexyl)piperazine-1-carbonyl)pyridin-2(1H)-one (19). 
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5-(4-((1s,4s)-4-phenylcyclohexyl)piperazine-1-carbonyl)pyridin-2(1H)-one (20). 
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1-((1s,4s)-4-phenylcyclohexyl)-4-(pyridin-3-ylmethyl)piperazine (24). 
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1-((6-methoxypyridin-3-yl)methyl)-4-((1s,4s)-4-phenylcyclohexyl)piperazine (25). 
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1-((6-bromopyridin-3-yl)methyl)-4-((1s,4s)-4-phenylcyclohexyl)piperazine (26).  
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4-(m-tolyl)cyclohexan-1-one (27). 
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4-(3-(trifluoromethyl)phenyl)cyclohexan-1-one (28). 
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4-(2-(trifluoromethyl)phenyl)cyclohexan-1-one (29). 
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5-((4-((1s,4s)-4-(m-tolyl)cyclohexyl)piperazin-1-yl)methyl)pyridin-2(1H)-one (30).  
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5-((4-((1s,4s)-4-(3-(trifluoromethyl)phenyl)cyclohexyl)piperazin-1-yl)methyl)pyridin-2(1H)-one (31).  
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5-((4-((1s,4s)-4-(2-(trifluoromethyl)phenyl)cyclohexyl)piperazin-1-yl)methyl)pyridin-2(1H)-one (32).  
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4-hydroxy-4-(3-(trifluoromethyl)phenyl)cyclohexan-1-one (37). 
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4-hydroxy-4-(2-(trifluoromethyl)phenyl)cyclohexan-1-one (38). 
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5-((4-((1r,4r)-4-hydroxy-4-(3-(trifluoromethyl)phenyl)cyclohexyl)piperazin-1-yl)methyl)pyridin-2(1H)-one 
(39, 3OG).  
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5-((4-((1r,4r)-4-hydroxy-4-(2-(trifluoromethyl)phenyl)cyclohexyl)piperazin-1-yl)methyl)pyridin-2(1H)-one 
(40). 

 

 

 

 



S50 
 

 

 

 

 

 

 

 



S51 
 

(E)-N'-(4-hydroxy-3-methoxybenzylidene)hexane-1-sulfonohydrazide (41). 
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(E)-N'-(4-hydroxy-3-methoxybenzylidene)octane-1-sulfonohydrazide (42). 

 

 

 

 

 



S53 
 

(E)-N'-(4-hydroxy-3-methoxybenzylidene)heptanehydrazide (43). 
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(E)-N'-(4-hydroxy-3-methoxybenzylidene)nonanehydrazide (44). 

 

 

 

 

 

 



S55 
 

(E)-N-(2-(2-(4-hydroxy-3-methoxybenzylidene)hydrazineyl)-2-oxoethyl)hexane-1-sulfonamide (45). 
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(E)-N-(2-(2-(4-hydroxy-3-methoxybenzylidene)hydrazineyl)-2-oxoethyl)octane-1-sulfonamide (46). 
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3. X-Ray crystal deposition 
CCDC 1997204, 1997203, 1997202, 1997201, and CCDC 1997205 contain the supplementary 
crystallographic data for this paper. These data can be obtained free of charge from The Cambridge 
Crystallographic Data Centre via www.ccdc.cam.ac.uk/structures. 

 

 
1 9 

 

 
19 31 

 

40 
Fig S1. X-ray crystal structures of 1 (CCDC 1997204), 9 (CCDC 1997203) 19 (CCDC 1997202), 31 (CCDC 
1997201), and 40 (CCDC 1997205) shown as ORTEP with ellipsoids drawn at the 50% probability level. 
Hydrogen atoms (white spheres, arbitrary radius) were located in the difference Fourier map and refined 
freely. CCDC codes contains the supplementary crystallographic data for this paper.  

  

https://d.docs.live.net/359eba8c43687226/1.%20Meus%20documentos/7.%20Unibern/5.%20Reymond%20Group%20-%20DCB/6.%20Manuscript/2.%20optimization/1.%20RSC%20MS%20and%20SI%20versions/www.ccdc.cam.ac.uk/structures
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4. Analytical purity for tested compounds 

Table S1. Analytical RP-UHPLC purity compounds 6-40 

Compound UPLC Purity (%)a Compound UPLC Purity (%)a 

6 99% 19 99% 

7 96% 20 > 99% 

8 > 99% 24 > 99% 

9 99% 25 98% 

11 > 99% 26 96% 

12 > 99% 30 > 99% 

13 > 99% 31 99% 

14 99% 32 99% 

16 > 99% 39 > 99% 

17 > 99% 40 > 99% 

aUHPLC. Dionex ULTIMATE 3000 RSLC chromatography system; Column, Dionex Acclaim® RSLC 120 C18, 

3.0 x 50 mm, particle size 2.2 m, 120 Å pore size; UV Detection, ULTIMATE 3000 RS Photo diode array 

detector. Eluents, A: water with 0.05% TFA and D: Acetonitrile/water (9/1) with 0.05% TFA. 

 

Table S2. Analytical RP-HPLC purity of compounds 41-46 

Compound HPLC Purity (%)a 

41 98% 

42 96% 

43 95% 

44 97% 

45 98% 

46 97% 
aHPLC. Shimadzu®-PROMINENCE system; Column, Waters®-µBondpak C18, 3.9 x 300 mm. UV Detection, 

Shimadzu® SPD-M10A VP Photo diode array detector. Eluents, A: water with 0.05% TFA and B: Acetonitrile 

with 0.05% TFA.  



S59 
 

5. TRPV6 FLIPR assay 

Calcium-5 was bought from Molecular Devices LLC. All other chemicals were purchased from Sigma-
Aldrich.  

hTRPV6 activity was measured using the HEK293 cell line stably overexpressing human TRPV6 as 
previously reported.1,4 Stable cells were trypsinized and plated at 7.5 x 104 cells/well onto poly-D-lysine 
coated 96-well black plates with clear bottom using 100 μl DMEM supplemented with 10% FBS and 2 mM 
glutamine without antibiotics or phenol-red. After 16 h the medium was replaced with 90 μL of nominally 
calcium-free (NCF) loading buffer (modified Krebs buffer containing 117 mM NaCl, 4.8 mM KCl, 1 mM 
MgCl 2, 5mM D-glucose, 10 mM HEPES, and calcium-5 fluorescence dye (50 μL/mL loading buffer)). Cells 
were incubated in the NCF-loading buffer at 37 °C for 1 h. Fluorescence Cd2+ measurements were carried 
out using FLIPRTETRA high throughput (Molecular Devices, LLC), fluorescence microplate reader. Cells were 
excited using a 470-495 nm LED module, and the emitted fluorescence signal was filtered with a 515-575 
nm emission filter (manufacturer’s guidelines). Stable Ca2+-free baselines were established for 50 seconds 
before 10 μL of a 10X compound was added to the cells. Cells were incubated at 37 °C and fluorescence 
was monitored in the presence of compound for an additional 5 minutes before administration of 100 μL 
of CdCl2 (final concentration: 50 μM). The activity of TPRV6 was measured by calculating the area under 
the curve of the Cd2+ entry traces. 

Screening experiments were done with 3 to 6 repeats per group at 10 µM (6-9, 11-14, 16-17, 19-20, 
24-26, 30-32, and 39-40) or 50 µM (41-46). Fluorescence signals were analyzed using the ScreenWorks 
3.1.1.8 software (Molecular Devices). Dose-response curves were generated (9-point curve, 6 
repeats/concentration, 2-fold serial dilution starting at 10 µM), and the IC50 values were extrapolated 
from these plots for each compound (GraphPad® Prism, v. 5.0, San Diego, CA, US). Inhibition curves were 
obtained by non-linear regression using the built-in log(inhibitor) vs. response-variable slope function 
(four parameters). 
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6. TRPV5 FLIPR assay 

hTRPV5 activity was measured in a similar experiment to as described above.5 Briefly, HEK293 cells 
were trypsinized and plated at 1.5 x104 cells/well onto Corning® 96-well black polystyrene clear bottom 
microplates (CLS3603 Sigma-Aldrich) coated with 100 μg/mL poly-D-lysine (P6407 Sigma-Aldrich) using 
100 μL phenol-red free DMEM with 10% FBS and 2mM glutamine without antibiotics. Cells were incubated 
at 37 °C for 24 h. on the following day, transfection was performed using 200 ng of pTagRFP-C1-hTRPV5 
and 0.6 μL Lipofectamine 2000 reagent/well. Fluorescent ion measurements using FLIPRTETRA were carried 
out 24h post-transfection. The FLIPR protocol for measuring hTRPV5 activity was identical to the one 
described for hTRPV6.  
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7. TRPV1 FLIPR assay 

hTRPV1 activity was measured using HEK293T cells transiently overexpressing TRPV1 as previously 
reported.6 Briefly, HEK293 cell were trypsinized and plated at 1.5 x104 cells/well onto Corning® 96-well 
black polystyrene clear bottom microplates (CLS3603 Sigma-Aldrich) coated with 100 μg/mL poly-D-lysine 
(P6407 Sigma-Aldrich) using 100 μL phenol-red free DMEM with 10% FBS and 2mM glutamine without 
antibiotics. Cells were incubated at 37 °C for 24 h. On the following day, transfection was performed using 
200 ng of pcDNA 3.1 hTRPV1 and 0.6 μL Lipofectamine 2000 reagent/well. 24 h after the transfection, the 
medium was replaced with 90 µL of loading buffer (modified Krebs buffer containing 117 mM NaCl, 
4.8 mM KCl, 1 mM MgCl2, 5 mM D-glucose, 10 mM HEPES, 1.8 mM CaCl2 and calcium-5 fluorescence dye 
(50 µL/mL loading buffer)). Cells were incubated in the loading buffer at 37 °C for 1 h in dark. Fluorescence 
Ca2+ measurements were carried out using FLIPRTETRA high-throughput, fluorescence microplate reader as 
described before. Stable baselines were established for 50 s before 10 µL of a 10X solution of compound 
39 or the TRPV1-inhibitor capsazepine (CPZ) prepared in 1.8 mM CaCl2-containing Krebs buffer was 
robotically administered to the cells. Cells were incubated and fluorescence was monitored in the 
presence of compound for an additional 5 min before administration of the agonist in 1.8 mM CaCl2-
containing Krebs buffer (final concentration of capsaicin in the assay plate was 100 nM). The activity of 
TRPV1 was measured by quantifying the area under the curve (AUC) of the fluorescence intensity, 
following administration of the agonist. 

The current HEK-hTRPV1 method employs a constant concentration of Ca2+ (1.8 mM) in the assay 
buffer during the whole experiment.6 We observed that addition of compound 39 at 10.0 µM did not 
activated the channel, as the recorded baseline remained comparable to DMSO treatment. Upon addition 
of capsaicin (100 nM) the channel was activated and a high influx of Ca2+ was immediately recorded. The 
activation of the TRPV1 channel is supposed to occur through displacement of lipids in the 
transmembrane domain. This allosteric effect was investigated in depth through functional assays, by co-
crystallization/cryo-EM methods, molecular dynamics simulations and mutagenesis.7–9 The O-
methylcathecol head and the amide linker of capsaicin are the pharmacophoric features responsible for 
its binding to TRPV1. The long hydrophobic tail mediates Van der Waals interactions with apolar residues, 
resembling  the interactions found for the phospholipids.10 We believe that the replacement of the O-
methylcathecol to pyridine/pyridone and the amide to piperazine in compounds 1 and 39 explains their 
lack of activity on TRPV1. 

 

Fig S2. Average recording of Ca2+ entry in HEK-hTRPV1 cells pretreated for 5 min with either DMSO, 
capsazepine (CPZ) or 39. Data shown is mean (n = 3) of a single experiment. Ca2+ influx was achieved by 
10 min treatment of cells with 100 nM capsaicin in 1.8 mM CaCl2 containing Krebs buffer. Quantification 
reveals that 10 µM of 39 inhibited 2% the Ca2+ influx through capsaicin-activated hTRPV1. The positive 
control CPZ inhibited 100% at 10 µM. 
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8. Electrophysiology 

HEK293 cells (DSMZ, Germany) were cultivated in DMEM medium containing 10% FCS, 100 μg/ml 
streptomycin and 100 U/ml penicillin. 24 h before the experiments, a transient transfection with the 
peYFP-C1 TRPV6 plasmid was performed by utilising TransFectinTM Lipid Reagent (Bio-Rad). 
Electrophysiological experiments were conducted at room temperature (20 - 24°C) in the whole-cell 
configuration with an Ag/AgCl reference electrode. Voltage ramps over a time period of 200 ms from -90 
to +90 mV were performed every 5 s with a holding potential of 50 mV. The internal pipette solution 
consisted of 145 mM Cs-methanesulfonate, 8 mM NaCl, 5 mM MgCl2, 10 mM HEPES and 20 mM EGTA, 
pH 7.2. The extra cellular solution (10 mM Ca2+) contained: 145 mM NaCl, 5 mM CsCl, 1 mM MgCl2, 10 
mM HEPES, 10 mM glucose and 10 mM CaCl2, pH 7.4. The leak-correction of the currents were conducted 
by subtraction of the remaining leak currents after La3+ bock. The liquid junction potential was determined 
as 12 mV, though applied voltages were not corrected. All patch-clamp experiments were conducted at 
least on 2 different days. As a control the application of the equivalent amount (as of the inhibitor) of 
DMSO in 10 mM Ca2+ solution was used. Graphs and statistical analyses were performed with OriginPro 
software (version 9.1, for Windows, OriginLab, Northampton, MA). The unpaired t-test was conducted to 
statistically evaluate the effect of the inhibitors. 

  



S63 
 

9. SOCE FLIPR assay 

MDA-MB-231 cells were trypsinized and plated at 6 x 104 cells/well onto 96-well black plates with clear 
bottom using 100 μl phenol-red free RPMI medium supplemented with 10% FBS. SOCE activity was 
measured 16 h later using the previously described FLIPR assay.11  After 16 h the medium was replaced 
with 50 μL of NCF loading buffer and the cells were incubated at 37 °C for 40 min, following which 50 µL 
of 2X drugs were manually applied (GSK-7975A, 1 or 39) and the cells were incubated for another 20 min. 
The SOCE inhibitor GSK-7975A (cat. no. AOB4124-1) was purchased from Aobious, Gloucester, MA, USA. 
Stable Ca2+-free baselines were established for 50 seconds before 50 μL of a 3X thapsigargin (Tg) was 
robotically administered to the cells. Cells were incubated at 37 °C and fluorescence was monitored in the 
presence of Tg for an additional 10 minutes before administration of 50 μL of 4X CaCl2. The activity of 
SOCE was measured by calculating the area under the curve of the Ca2+ entry traces. 
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10. Confocal microscopy  

HEK-hTRPV6 were trypsinized and plated at 1 x 104 cells/well onto poly-D-lysine coated Nunc Lab-Tek II 
8-well chambered coverglass plates (Faust Laborbedarf AG, Schaffhausen) using 100 μl DMEM 
supplemented with 10% FBS and 2 mM glutamine without antibiotics or phenol-red. After 24 h of 
incubation at 37 °C, the medium was replaced by 200 µL/well of a mixture of Leadmiun Green (final 
concentration: 5 ng/µL), Hoechst 33258 (final concentration: 1 ng/µL) and  wheat germ agglutinin Alexa 
Fluor® 594 conjugate (final concentration: 5 ng/µL) in NCF buffer. The chamber was covered with 
aluminum foil and was incubated at 37 °C for 30 min. Then, the buffer was removed, cells were washed 
twice with fresh NCF buffer (2 x 200 µL) and another 190 µL of NCF containing 10X of 39 was added. For 
control cells, 200 µL of NCF was added after washing. The chamber was mounted in the confocal 
microscope and 10 µL of CdCl2 (final concentration: 50 μM) was added right after the start of imaging 
(total duration: 30 min). 

The cells were imaged at 100X lenses with a confocal, laser scanning microscope setup using a Nikon 
Eclipse TE2000-E fully automatized inverted, epifluorescence microscope outfitted with Nikon D-Eclipse 
C1 laser confocal optics. The system equipped with a violet-diode (405 nm) and a multiline Argon (457-
515 nm) from Melles Griot, and a Helium/Neon (594 nm) lasers from JDS Uniphase. Nikon EZ-C1 3.6 
confocal imaging software installed on an HP xw4400 workstation was used for image acquisition. 
Brightness and contrast were adjusted with ImageJ. 

 

Fig S3. Time-course of Cd2+ uptake in HEK-hTRPV6 cells with Leadmiun Green (LG), wheat germ agglutinin 
Alexa Fluor® 594 conjugate (AF), and Hoechst 33258 (H) along 30 min. Images were collected using 
confocal microscopy (Nikon Eclipse TE2000-E, 100X). HEK-hTRPV6 cells were incubated with fluorescent 
dyes for 30 min at 37 °C. To these cells DMSO (A) or 39 (10 µM, C) was applied followed by a solution of 
Cd2+ (50 µM). The total fluorescence intensity for each channel was plotted in graphs (B) and (D), 
respectively for DMSO and compound 39. Images were collected with excitation for LG at λex = 488 nm 
and emission at λem = 520 nm, H at λex = 352 nm and emission at λem = 461 nm, and AF at λex = 590 nm and 
emission at λem = 617 nm. White bars denote 20 µm.  
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11. Cadmium toxicity 

The XTT assay was used to evaluate cell toxicity. HEK293 wt and HEK-hTRPV6 cells were plated at a density 
of 1.5 x 104 cells/well in 96-well plates in DMEM medium supplemented with 10% FBS, 2mM L-Glutamine, 
100 U/ml Penicillin, 100 μg/ml Streptomycin (Sigma) and 1% non-essential amino acids (Bioconcept, 
Switzerland) and were incubated at 37 °C for 24 h. On the following day, the medium was replaced with 
DMEM medium containing CdCl2 at concentrations ranging from 50 to 0.05 μM. 39 was used in the 
treatment group at either 1.0 and 10 µM. The blank consisted in medium containing only DMSO (0.01%). 
Cells were incubated for 24 h at 37 °C. Then, 25 μL of XTT (with 1.25 % of PMS) was added to each well 
and incubated at 37 °C for 2 h. Subsequently, the absorbance was read at 650 nm and subtracted from 
the absorbance of 450 nm by spectrophotometry (Vmax Kinetic Microplate Reader, Molecular Devices 
LLC). The resulting subtracted absorbance for each Cd2+ concentration (At) was expressed as a percentage 
of viable cells relative to the blank (Ab)  

% 𝑣𝑖𝑎𝑏𝑙𝑒 𝑐𝑒𝑙𝑙𝑠 =
𝐴𝑡

𝐴𝑏

𝑥100 

Where At: treatment absorbance; Ab: blank absorbance.  

The percentage of viable cells was plotted, and the inhibition curves obtained by non-linear regression 
using the built-in log(inhibitor) vs. response-variable slope function (GraphPad® Prism, v. 5.0, San Diego, 
CA, US). 

   

   
Fig S4. XTT cell viability curve of HEK293 wt and HEK-hTRPV6 under Cd2+ in presence or not of 39 (1.0 and 
10 µM). Data shown represent each replicate (n = 4/concentration) from 2 independent experiments. 
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12. Antiproliferative activity 

Unless specified cell culture reagents were obtained from Gibco, Life Technology, Switzerland. MCF-7 
(human mammary adenocarcinoma), MDA-MB-231 (human mammary adenocarcinoma) were obtained 
from the ATCC cell bank. T47D (human mammary ductal carcinoma) cell line was obtained from NIH cell 
collection. These cells were grown in RPMI medium complemented with 10% FBS, 2mM L-Glutamine, 100 
U/ml Penicillin and 100 μg/ml Streptomycin (Sigma) and 1% non-essential amino acids (Bioconcept, 
Switzerland). HEK293 (human embryonic kidney) and SKOV-3 (human ovary adenocarcinoma) cell lines 
were obtained from the ATCC cell bank. HEK-hTRPV6 and HEK293 and SKOV-3 were grown in DMEM 
medium supplemented with 10% FBS, 2mM L-Glutamine, 100 U/ml Penicillin and 100 μg/ml Streptomycin 
(Sigma) and 1% non-essential amino acids (Bioconcept, Switzerland). 

The XTT assay was used to evaluate cell proliferation. Cells were plated at a density of 5 x 103 cells/well 
in 96-well plates and were incubated at 37 °C for 24 h. On the following day, the medium was carefully 
aspirated and replaced with 100 µL of a 39 or 1 at concentrations ranging from 100 µM to 0.4 μM. 
Doxorubicin (10 µM) and DMSO (0.01 %) were used as positive and negative controls, respectively. All the 
treatments used the original cell medium (RPMI or DMEM), depending on the cell line. Cells were 
incubated for a total of 6 days at 37 °C with the medium (treatment and controls) being replaced by a 
freshly prepared solution every 48 h. Then, 25 μL of XTT (with 1.25 % of PMS) was added to each well and 
incubated at 37 °C for 2 h. Subsequently, the absorbance was read at 650 nm and subtracted from the 
absorbance of 450 nm by spectrophotometry (Vmax Kinetic Microplate Reader, Molecular Devices LLC). 
The resulting subtracted absorbance for each compound concentration (At) was expressed as a 
percentage of viable cells relative to the negative control (Ab), and the percentage of viable cells was 
plotted and the inhibition curves obtained by non-linear regression using the built-in log(inhibitor) vs. 
response-variable slope function (GraphPad® Prism, v. 5.0, San Diego, CA, US). 

Table S3. IC50 activity of 1 and 39 against several breast cancer and HEK293 cell lines 

Cell line 
IC50 (µM)a 

1 39 

T47D 71.4 ± 1.0 ND 

MCF7 74.1 ± 1.0 ND 

MDA‐MB‐231 > 100 ND 

SKOV3 36.4 ± 1.5 ND 

HEK293 wt > 100 ND 

HEK‐hTRPV6 29.1 ± 0.6 ND 

aIC50 values of 1 and 39 against a panel of cancer cell lines. Data shown are mean ± SEM (n = 

3/concentration) of at least 3 independent experiments. ND = not determined, no inhibition of cell 

growth. 
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Fig S5. Photomicrographs show the morphological aspects of the control cultures of T47D cells (A), and 
treated with 1 (100 µM, B); 39 (100 µM, C); doxorubicin (10 µM, D). Cells were imaged at 20X with an 
inverted microscope (Nikon Eclipse TiU).  
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