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1. Chemical synthesis and data analysis

Preparation of 1-[(7-bromoheptyl)oxy]-4-chlorobenzene (1)

4-Chlorophenol (0.75 g; 5.83:10-3 mol) was added to the freshly-prepared sodium ethoxide (0.134 g; 5.83-10-3
mol) solution in anhydrous ethanol (15 mL) and stirred for 30 minutes at room temperature. Then, the previously-
prepared sodium 4-chlorophenoxide solution was added dropwise to a solution of 1,7-dibromoheptane (1.5 g;
5.81:10° mol) in 30 mL anhydrous ethanol heated to 65 °C. The reaction was stirred overnight at 80 °C. The
solvent was removed under vacuum and the residue was diluted by 30 mL water, and extracted 3x30 mL with
DCM. The combined organic phases were dried over anhydrous Na,SOs. The solvent was removed under vacuum

and the crude product was purified by column chromatography (hexane/DCM 17:3) to yield the pure product.

1-[(7-bromoheptyl)oxy]-4-chlorobenzene (1): Ci3HgBrClO. M=305.64. Colourless solid. 47.17 % yield. R=0.49
(hexane/DCM 17:3). mp: 47.5-48.5 °C. 'H NMR (600 MHz, CDCl;) & ppm 7.23-7.21 (m, 2Hphenoxy.
C(CHCH),CCl), 6.83-6.79 (m, 2HPhenoxy. - C(CHCH),CCl), 3.92 (t, 2H, OCH»; J=6.48Hz), 3.42 (t, 2H, BrCH>;
J=6.81Hz), 1.89-1.85 (m, 2H, CH,CH,Br), 1.79-1.75 (m, 2H, OCH,CHs>), 1.49-1.45 (m, 4H, CH,CH,>CH>), 1.42-
1.36 (m, 2H, CH,CH>CHa). 1*C NMR (150.95 MHz, CDCI5) & ppm 157.66 (1Cauat/phenoxy. \C(3) 129,25 (2Cphenoxy.
C(CHCH),CCl), 125.31 (1Cauat/phenoxy. - C(CHCH),CCl), 115.71 (2CPhenoxy: C(CHCH),CCl), 68.13 (1C, OCH,),
33.93 (1C, CH»Br), 32.68 (1C, CH,CH:Br), 29.07 (1C, OCH,CH>), 28.49 (1C, CH,CH,CH,), 28.06 (1C,
CH>CH,CH>), 25.86 (1C, CH,CH>CH»).

Preparation of 1-[7-(4-chlorophenoxy)heptyl]piperazine (2)

1-[(7-bromoheptyl)oxy]-4-chlorobenzene (1) (0.737 g; 2.41-107 mol) in 20 mL methanol heated to 40 °C was
added dropwise to a solution of piperazine (1.04 g; 1.21:102mol) in 70 mL methanol heated to 60 °C. The reaction
was stirred overnight at 70 °C. The solvent was removed under vacuum and the residue was diluted with 20 mL
DCM. The precipitate was discarded. The solvent was removed under vacuum and the crude product was purified

by column chromatography (DCM/MeOH/25% NHsaq. 89:10:1) to yield the pure product.

1-[7-(4-chlorophenoxy)heptyl|piperazine (2): C;7H27CIN,O. M=310.86. Colourless sticky oil. 86.65 % yield.
R~0.53 (DCM/MeOH/25% NHsaq. 89:10:1). 'H NMR (600 MHz, CDCI5) & ppm 7.22-7.21 (m, 2HPhenoxy.
C(CHCH),CCl), 6.82-6.80 (m, 2HPhrowy. C(CHCH).CCI), 3.91 (t, 2H, OCH,; J=6.53Hz), 2.91-2.90 (m,
AHPpiperaziney '3 A1 (br, 4HPPerazine) 2 31 (t, 2H, CHoNPiPera7ine J = 7 80Hz), 1.78-1.74 (m, 2H, OCH,CH>), 1.69 (br.
1H, NH*), 1.53-1.48 (m, 2H, CH,CH,CHy), 1.46-1.42 (m, 2H, CH,CH,CH>), 1.39-1.31 (m, 4H, CH,CH,CH>).
13C NMR (150.95 MHz, CDCl;) & ppm 157.69 (1Cauat/phenoxy. - C(Q), 129.24 (2CPhenoxy. C(CHCH),CCl), 125.27
(1Cavat/phenoxy. " C(CHCH),CCl), 115.72 (2CPhenexy: C(CHCH),CCl), 68.24 (1C, OCH,), 59.43 (1C, CH,Npiperaziney
54.67 (2Cpiperaziney - 46 13 (2CPPerazine) - 2930 (1C, CH,CH>CH,), 29.13 (1C, CH,CH.CH,), 27.53 (IC,
CH,CH,CH>), 26.61 (1C, CH,CH»CH>»), 25.94 (1C, CH,CH,CH,).

Preparation of 4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl}butanenitrile (3)
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Potassium carbonate (1.39 g; 1.00-102 mol) and 4-bromobutyronitrile (0.40 g; 2.70-107 mol) was added to a
solution of 1-[7-(4-chlorophenoxy)heptyl]piperazine (2) (0.626 g; 2.01:107 mol) in 20 mL acetonitrile. The
reaction was stirred overnight at 80 °C, then filtered. The precipitate was discarded. The solvent was removed
under vacuum and the crude product was purified by column chromatography (EtOAc/MeOH/Triethylamine
89:10:1) to yield the pure product.

4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl} butanenitrile (3): Cz;H32CIN3O. M=377.95. Colourless sticky
oil. 85.40 % yield. R=0.37 (EtOAc/MeOH/Triethylamine 89:10:1). "H NMR (600 MHz, CDCI;) & ppm 7.22-7.21
(m, 2HPhenoxy.  C(CHCH),CCl), 6.82-6.80 (m, 2HPenxy: C(CHCH),CCl), 3.91 (t, 2H, OCH»; J=6.52Hz), 2.53-2.41
(m, 12H, 8HPpiperazine  NpiperazineCH, CH,CH,CN), 2.32 (t, 2H, O(CHy)sCH,oNPPerazine - J = 7 80Hz), 1.82 (qt, 2H,
CH,CH,CN), 1.76 (qt, 2H, OCH,CH>), 1.54-1.48 (m, 2H, CH,CH,CHz), 1.48-1.42 (m, 2H, OCH,CH,CHs), 1.39-
1.29 (m, 4H, CH>CH,CH>). 1*C NMR (150.95 MHz, CDCI;) § ppm 157.70 (1Cauat/phencxy. (), 129.24 (2Cphenoxy.
C(CHCH),CCl), 125.27 (1Cavat/phenoxy. ' C(CHCH),CCl), 119.79 (1C® C=N), 115.73 (2CPrenoxy: C(CHCH),CCI),
68.23 (1C, OCH,), 58.75 (1C, O(CH,)sCH,NPpiperaziney - 56 32 (1C, NpiverazineCH,CH,CH,CN), 53.23 (2Cpiperazine)
53.08 (2Cpireraziney - 2929 (1C, CH,CH,CHy), 29.13 (1C, OCH,CH,), 27.51 (1C, CH,CH,CHy), 26.84 (1C,
CH>CH,CH,), 25.94 (1C, CH.CH»CH,), 22.75 (1C, CH,CH,CN), 14.93 (1C, CH,CN).

Preparation of 4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl} butan-1-amine (4)

LiAIH4 (0.26 g; 6.85-10° mol) was added to a solution of 4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-
yl}butanenitrile (3) (0.65 g; 1.72-103 mol) in 30 mL anhydrous diethyl ether. The reaction was stirred overnight
at room temperature, then the mixture was quenched by dropwise addition of water (16 equiv.) and 10 % NaOH
solution (16 equiv.) stirred for two hours, then filtered. The precipitate was discarded. The organic layer was dried
over Na,SQ, then the solvent was removed under vacuum and the crude product was purified by column

chromatography (DCM/MeOH/25% NHj3 aq. 39:10:1) to yield the pure product.

4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl} butan-1-amine (4): C,;H3CIN3O. M=381.98. Beige solid. 84.63
% yield. R=0.47 (DCM/MeOH/25% NH3 aq. 39:10:1). mp: 74.6-76.3 °C. 'H NMR (600 MHz, CDCI;) & ppm
7.22-7.21 (m, 2HPremxy: C(CHCH),CCl), 6.81-6.80 (m, 2HPhemoxy- C(CHCH),CCl), 3.91 (t, 2H, OCHy; J=6.53Hz),
2.71 (t,2H, CH,NH,, J = 6.88Hz), 2.48 (br, SHPPer7ine) 2 36-2 31 (m, 4H, CH,NPiPeraziney 11 76 (qt, 2H, OCH,CH,),
1.57 (br, 2H, *, NH»), 1.55-1.42 (m, 8H, CH,CH,CH>), 1.39-1.29 (m, 4H, CH,CH,CH>). 3*C NMR (150.95 MHz,
CDCIl;) & ppm 157.68 (1Cawat/phenoxy. (@), 129.21 (2CPhenoxy C(CHCH),CCl), 125.24 (1Cauat/phenoxy.
C(CHCH),CCl), 115.71 (2CPreroxy- C(CHCH),CCl), 68.21 (1C, OCHy), 58.79 (1C, CH,Npiperaziney - 58 54 (1C,
CH,Npiperaziney - 53 77 (2Cpiperazine) " 53 25 (2CPireraziney 47 11 (1C, CH,NHy), 31.78 (1C, CH,CH,CHb), 29.27 (1C,
CH,CH,CH,), 29.10 (1C, OCH»CH,), 27.51 (1C, CH,CH»CH,), 26.84 (1C, CH>CH,CH,), 2591 (1C,
CH,CH,CH>), 24.32 (1C, CH,CH,CH>).

Preparation of N-{4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl}butyl}benzamide (5a)
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Benzoyl chloride (0.117 g; 8.32-10* mol) in 10 mL DCM was added dropwise to a solution of 4-{4-[7-(4-
chlorophenoxy)heptyl]piperazin-1-yl}butan-1-amine (4) (0.276 g; 7.23-10* mol) and triethylamine (0.30 g;
2.96-107 mol) in 15 mL DCM. The reaction was stirred for three hours at room temperature. The mixture was
washed three-times with 15 mL water and dried over Na,SOs. The solvent was removed under vacuum and the
crude product was purified by column chromatography (EtOAc/MeOH/Triethylamine 89:10:1) to yield the pure
product.

N-{4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl}butyl}benzamide =~ (5a):  CysH4CIN3O,.  M=486.09.
Yellowish solid. 92.86 % yield. R=0.22 (EtOAc/MeOH/Triethylamine 89:10:1). mp: 104.8-106.8 °C. 'H NMR
(600 MHz, CDCl5) 6 ppm 7.76-7.75 (m, 2H*™, C(CHCH),CH), 7.50-7.47 (m, 1H™™ C(CHCH),CH), 7.43-7.41
(m, 2H*°™ C(CHCH),CH), 7.22-7.21 (m, 2HPterxy- C(CHCH),CCl), 6.82-6.80 (m, 2HPPex: C(CHCH),CCl),
6.69 (br, 1H, NH), 3.91 (t, 2H, OCH,; J=6.52Hz), 3.48 (dt, 2H, CH,NH), 2.47 (br, 8HPIPer27ine) 2 41.2 38 (m, 2H,
CHpNpirerazine; =7 00 Hz), 2.31-2.28 (m, 2H, CHpNPPerazine; =7 80 Hz), 1.77 (qt, 2H, OCH,CH>), 1.68-1.61 (m,
4H, CH,CH,CH,), 1.54-1.42 (m, 4H, CH,CH,CH,), 1.38-1.31 (m, 4H, CH,CH,CH,). '*C NMR (150.95 MHz,
CDCl5) & ppm 167.70 (1C% C=0), 157.71 (1Cauat/phenoxy. " C(Q)  135.04 (1Caat/aomy 13124 (1C¥om,
C(CHCH),CH), 129.25 (2Cphenoxy. . C(CHCH),CCI), 128.50 (2C*°™, C(CHCH),CH), 126.94 (2C&°m,
C(CHCH),CH), 125.29 (1Cauat/phenoxy. - C(CHCH),CCl), 115.74 (2CpPhenoxy C(CHCH),CCl), 68.24 (1C, OCH>),
58.71 (1C, CH,Npiperaziney - 57 99 (1C, CH,NPiperazine) 53 19 (2(Cpiperazine) - 53 ()7 (2CPiperaziney 39 45 (1C, CH,NH),
29.28 (1C, CH,CH>CHa), 29.13 (1C, OCH,CH>), 27.50 (1C, CH>CH,CH>), 27.46 (1C, CH>CH>CH>), 26.79 (1C,
CH>CH,CHy), 25.94 (1C, CH2CH,CH>), 24.48 (1C, CH,CH,CH»).

Preparation of N-{4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl}butyl}-4-(trifluoromethyl)benzamide (5b)

4-(Trifluoromethyl)benzoyl chloride (0.157 g; 7.53-10* mol) in 10 mL DCM was added dropwise to a solution of
4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl} butan-1-amine (4) (0.25 g; 6.54-10* mol) and triethylamine
(0.25 g; 2.47-107* mol) in 15 mL DCM. The reaction was stirred for three hours at room temperature. The mixture
was washed three-times with 15 mL water and dried over Na;SOs. The solvent was removed under vacuum and
the crude product was purified by column chromatography (EtOAc/MeOH/Triethylamine 39:10:1) to yield the

pure product.

N-{4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl} butyl}-4-(trifluoromethyl)benzamide (5b): C20H39CIF3N30,.
M=554.09. Yellowish solid. 97.24 % yield. R=0.42 (EtOAc/MeOH/Triethylamine 39:10:1). mp: 113.0-115.0 °C
'H NMR (600 MHz, CDCI;) & ppm 7.86-7.85 (m, 2H¥*™ (CHCH),CCF3), 7.69-7.67 (m, 2H*°™ (CHCH),CCF3),
7.22-7.20 (m, 2HPRemowy- C(CHCH),CCl), 6.99 (br, 1H, NH), 6.81-6.80 (m, 2HPrenoxy: C(CHCH),CCl), 3.91 (t, 2H,
OCH,, J=6.50Hz), 3.48 (dt, 2H, CH,NH), 2.46-2.68 (m, 10H: 8HPperazine | CH,NPiperazine) 9 26 (t, 2H, CH,NPiperazine,
J=7.50Hz), 1.76 (qt, 2H, CH,CH,CH>), 1.69 (qt, 2H, CH.CH,CH>), 1.63 (qt, 2H, CH,CH,CH>), 1.48-1.42 (m, 4H,
CH,CH,CH,), 1.38-1.29 (qt, 4H, CH,CH,CH,). '*C NMR (150.95 MHz, CDCl;) § ppm 166.51 (1C%4t C=0),
157.77 (1Cavat/phenoxy. /() 138.57 (1Cvat/arem. CC(0)), 133.33, 133.12, 132.89, 132.68 (1Cauat/aom. CCF3), 129.25
(2Cphenoxy. - C(CHCH),CCI), 127.49 (2C™™, (CHCH),CCF3), 125.34 (1Cauat/phenoxy. - C(CHCH),CCl), 126.43,
124.63, 122.82, 121.01 (1C, CF3), 115.81 (2Cphenoxy. C(CHCH),CCl), 125.56,125.54 (2Ca™ (CH).CCF3), 68.30
(1C, OCH>), 58.69 (1C, CHpNPpiperazine) - 57 98 (1C, CH,NPiPerazine) - 53 75 (2Cpiperazine) |53 ()6 (2CPiperaziney 40,16 (1C,
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CH,NH), 29.26 (1C, CH,CH,CH,), 29.14 (1C, CH,CH,CHy), 27.48 (1C, CH,CH,CH,), 27.41 (1C, CH,CH,CH,),
26.79 (1C, CH,CH,CHy), 25.94 (1C, CH,CH,CH,), 24.53 (1C, CH,CH,CH,).

Preparation of N-benzyl-4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl}butan-1-amine (6a)

LiAIH4 (0.109 g; 2.87-107 mol) was added to a solution of N-{4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-
yl}butyl}benzamide (5a) (0.337 g; 6.93-10* mol) in 40 mL anhydrous diethyl ether. The reaction was stirred
overnight at room temperature, then the mixture was quenched by dropwise addition of water (16 equiv.) and 10
% NaOH solution (16 equiv.) stirred for two hours, then filtered. The precipitate was discarded. The organic layer
was dried over Na;SOy, then the solvent was removed under vacuum and the crude product was purified by column

chromatography (DCM/MeOH/25% NHj3 aq. 89:10:1) to yield the pure product.

N-benzyl-4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl} butan-1-amine (6a): C,3sH4,CIN3O. M=472.11. White
waxy solid. 81.96 % yield. R=0.71 (DCM/MeOH/25% NH3 aq. 89:10:1). mp: 53.8-55.8 °C.'H NMR (600 MHz,
CDCl5) & ppm 7.32-7.31 (m, 4H*"*, C(CHCH),CH), 7.25-7.23 (m, 1H*" C(CHCH),CH), 7.22-7.20 (m,
2HPhenoxy: - C(CHCH),CCI), 6.81-6.80 (m, 2HPenxy-  C(CHCH),CCl), 3.90 (t, 2H, OCH>; J=6.52Hz), 3.78 (s, 2H,
PhCHoNH), 2.66-2.29 (m, 14H, 8Hpiverazine; CH,Npiperazine’. NHCH,CH,), 2.00 (br. 1H, NH*), 1.78-1.73 (m, 2H,
OCH,CHa), 1.54-1.52 (m, 4H, CH,CH,CH), 1.50-1.42 (m, 4H, CH,CH,CH>), 1.39-1.30 (m, 4H, CH,CH,CHy,).
BC NMR (150.95 MHz, CDCl;) & ppm 157.67 (1Cawatphenoxy. - (), 140.29 (1Cwatbenzy 129 20 (2CPhenoxy:
C(CHCH),CCl), 12835 (2CP C(CHCH),CH), 128.09 (2C**, C(CHCH),CH), 126.88 (1Cbnz
C(CHCH),CH), 125.23 (1Cauat/phenoxy. - C(CHCH),CCl), 115.69 (2CPhenoxy: - C(CHCH),CCl), 68.20 (1C, OCH,),
58.76 (1C, CHpNPiperazine) - 58 54 (1C, CH,NPipereziney 153 95 (1C, PhACH,NH), 53.23 (2CPiperazine) 53 21 (2CPiperazine
49.25 (1C, CH2CH>NH), 29.26 (1C, CH,CH>CH>), 29.09 (1C, CH>CH>CH>), 28.05 (1C, CH.CH,CH>), 27.49 (1C,
CH>CH,CH,), 26.81 (1C, CH.CH»CH,), 25.90 (1C, CH,CH>CH»), 24.72 (1C, CH,CH>CH>).

Preparation of 4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl}-N-[4-(trifluoromethyl)benzyl]butan-1-amine
(6b)

LiAlH4 (0.095 g; 2.50-10" mol) was added to a solution of N-{4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-
yl}butyl}-4-(trifluoromethyl)benzamide (5b) (0.338 g; 6.10-10* mol) in 40 mL anhydrous diethyl ether. The
reaction was stirred overnight at room temperature, then the mixture was quenched by dropwise addition of water
(16 equiv.) and 10 % NaOH solution (16 equiv.) stirred for two hours, then filtered. The precipitate was discarded.
The organic layer was dried over Na;SOy, then the solvent was removed under vacuum and the crude product was

purified by column chromatography (DCM/MeOH/25% NH3 aq. 139:10:1 and 89:10:1) to yield the pure product.

4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl}-N-[4-(trifluoromethyl)benzyl|butan-1-amine (6b):
Cx9H41CIF3N30. M=540.10. Orange waxy solid. 80.85 % yield. R=0.79 (DCM/MeOH/25% NH3; aq. 89:10:1). mp:
43.0-45.0 °C.'H NMR (600 MHz, CDCl5) § ppm 7.58-7.57 (m, 2H**™, C(CHCH),CCF3), 7.45-7.44 (m, 2H>°™,
(CHCH),CCF3), 7.22-7.21 (m, 2HPnxy- . C(CHCH),CCl), 6.82-6.80 (m, 2HPPmx- C(CHCH),CCI), 3.91 (t, 2H,
OCH»; J=6.52Hz), 3.85 (s, 2H, NCH,Ph), 2.65 (t, 2H, CH,CH,NH, J = 6.44 Hz), 2.47 (br, 8H, SHpiPerazine) 3 36.

S5



2.30 (m, 4H, CH,NPPe7ine) 1 86 (br, 1H, NH*), 1.79-1.74 (m, 2H, OCH,CH>), 1.54-1.42 (m, 8H, CH,CH,CH.),
1.39-1.29 (m, 4H, CH,CH,CHs). *C NMR (150.95 MHz, CDCl;) & ppm 157.69 (1Cauvphenoxy.  CQ), 144.47
(1Cauatiaromy 129 49, 129.27, 129.06, 128.85 (1Cauwt/arom CCFy), 129.22 (2CPhenoxy. C(CHCH),CCl), 128.26
(2C@om (CHCH),CCF3), 126.93, 125.13, 123.33, 121.53 (1C, CF3), 125.30 (1Caw/phenoxy.  C(CHCH),CCI),
125.28, 125.25 (2C*™, C(CHCH),CCF3), 115.72 (2Crhenoxs. C(CHCH),CCI), 68.21 (1C, OCHa), 58.75 (1C,
CH,CH,NPiperweine) 58 49 (1C, CH,CH,NPPerzine) 5339 (1C, PhCH,NH), 53.19 (4CPieriney 4927 (1C,
CH,CH,NH), 29.26 (1C, CH,CH,CHa), 29.10 (1C, CH,CH,CH,), 28.04 (1C, CH,CH,CH,), 27.49 (IC,
CH>CH,CH,), 26.79 (1C, CH,CH,CH,), 25.91 (1C, CH,CH,CH,), 24.67 (1C, CH,CH,CH,).

Preparation of 1-benzyl-1-{4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl} but-1-yl}-2,3-di(terz-
butoxycarbonyl)guanidine (7a)

1,3-bis(tert-butoxycarbonyl)-2-methylisothiourea (0.181 g; 6.23-10* mol) and mercury II chloride (0.170 g;
6.26:10* mol) were sequentially added to an ice-cooled mixture of N-benzyl-4-{4-[7-(4-
chlorophenoxy)heptyl]piperazin-1-yl} butan-1-amine (6a) (0.268 g; 5.68:10* mol) and triethylamine (0.29 g;
2.86-1073 mol) in 30 mL DCM. The ice bath was removed and the reaction was stirred for eighteen hours at room
temperature, then filtered. The precipitate was discarded. The filtrate was washed sequentially twice with 15 mL
H,O and twice with 15 mL brine. The combined organic phases were dried over Na,SOs, then the solvent was
removed under vacuum and the crude product was purified by column chromatography

(EtOAc/MeOH/Triethylamine 89:10:1) to yield the pure product.

1-benzyl-1-{4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl} but-1-yl}-2,3-di(fert-butoxycarbonyl)guanidine
(7a): C39HeoCINsOs. M=714.38. Colourless oil. 67.82 % yield. R=0.45 (EtOAc/MeOH/Triethylamine 89:10:1).
"H NMR (600 MHz, CDCl;3) & ppm 9.98 (br, 1H, NH), 7.33-7.31 (m, 2H*°™, C(CHCH),CH ), 7.28-7.24 (m,
3H#m C(CHCH),CH), 7.22-7.21 (m, 2Hrteroxy-  C(CHCH),CCl), 6.82-6.80 (m, 2HPrenoxy-  C(CHCH),CCl), 4.65
(br, 2H, NCH,Ph), 3.91 (t, 2H, OCH,; J=6.51Hz), 3.34 (br, 2H, CH,CH,NC(N)), 2.43 (br, 8H, 8HPiPer27iney 3 33_
2.26 (m, 4H, CHpNPiperazine) 11 78-1.73 (m, 2H, OCH,CHa), 1.59-1.54 (m, 2H, CH,CH>CHb>), 1.49 (m, 18H, CHs),
1.46-1.30 (m, 10H, CH,CH,CH,). 1*C NMR (150.95 MHz, CDCl3) & ppm 171.13 (1C, C=0), 162.72 (1C, C=0),
156.03 (1Cauat/phenoxy. Q) 156.24 (1CM, C=N), 136.37 (1Cat/arom C(CHCH),C), 129.22 (2CPhenoxy:
C(CHCH),CCI), 128.62 (2Cm™  C(CHCH),CH), 127.86 (2C*™, C(CHCH),CH), 127.55 (1C#om™,
C(CHCH),CH), 125.25 (1Cauat/phenoxy. - C(CHCH)>CCI), 115.72 (2CPhenoxy- - C(CHCH),CCl), 81.89 (1C% Boc),
79.37 (1C™2 Boc), 68.22 (1C, OCH,), 58.77 (1C, CH,CH,NPiPerazine) = 58 02 (1C, CH,CH,NPiperazine) 153 24 5312
(4Cpiperaziney 50 52 (1C, NCH,Ph), 47.26 (1C, CH,CH,NC(N)), 29.28 (1C, CH,CH>CH,), 29.11 (1C, CH,CH>CH,),
28.21 (1C, CH,CH,CHy), 28.13 (6C, CHs), 27.51 (1C, CH,CH,CH>), 26.82 (1C, CH,CH,CH,), 25.10 (1C,
CH,CH,CH,), 23.86 (1C, CH,CH,CH>).

Preparation of 1-{4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl}but-1-yl}-2,3-di(tert-butoxycarbonyl)-1-[4-
(trifluoromethyl)benzyl]guanidine (7b)
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1,3-bis(tert-butoxycarbonyl)-2-methylisothiourea (0.132 g; 4.54-10* mol) and mercury II chloride (0.123 g;
4.53-10**mol) were sequentially added to an ice-cooled mixture of 4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-
yl}-N-[4~(trifluoromethyl)benzyl|butan-1-amine (6b) (0.223 g; 4.13-10* mol) and triethylamine (0.21 g; 7.73-10°
4 mol) in 30 mL DCM. The ice bath was removed and the reaction was stirred for eighteen hours at room
temperature, then filtered. The precipitate was discarded. The filtrate was washed sequentially twice with 15 mL
H,0 and twice with 15 mL brine. The combined organic phases were dried over Na,SOj, then the solvent was
removed under vacuum and the crude product was purified by column chromatography

(EtOAc/MeOH/Triethylamine 89:10:1) to yield the pure product.

1-{4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl} but-1-yl}-2,3-di(tert-butoxycarbonyl)-1-[4-
(trifluoromethyl)benzyl]guanidine (7b): CsHsoCIF3NsOs. M=782.38. Colourless oil. 78.02 % yield. R=0.41
(EtOAc/MeOH/Triethylamine 89:10:1). 'H NMR (600 MHz, CDCI;) & ppm 10.01 (br, 1H, NH), 7.60-7.59 (m,
2H°™ C(CHCH),CCF3;), 7.43-7.42 (m, 2H¥*™, C(CHCH),CCF3), 7.22-7.21 (m, 2HPherowy. C(CHCH),CCl), 6.82-
6.80 (m, 2Hphenoxy: - C(CHCH),CCI), 4.77 (br, 2H, NCH,Ph), 3.91 (t, 2H, OCH»; J=6.51Hz), 3.32 (br, 2H,
CH,CH>NC(N)), 2.43 (br, 8H, 8Hpirerazine) '3 322 27 (m, 4H, CHoNPiPeraziney 11 78-1.73 (m, 2H, OCH,CH>), 1.59-
1.54 (m, 2H, CH,CH,CH>), 1.50 (m, 18H, CH3), 1.46-1.42 (m, 6H, CH,CH>CH>), 1.39-1.31 (m, 4H, CH,CH>CH.).
3C NMR (150.95 MHz, CDCI;) & ppm 171.14 (1C, C=0), 162.62 (1C, C=0), 157.70 (1Caat/ohenoxy. ' C(Q), 156.24
(1C%a C=N), 140.68 (1Cat/arom.  C(CHCH),CCF3), 130.08, 129.82, 129.55, 129.34 (1Cauat/arom. ' CCF;), 129.23
(2Cphenoxy. - C(CHCH),CCI), 127.99 (2C*m™, C(CHCH).CCF;), 126.79, 124.99, 123.19, 121.38 (1C, CF3),
125.59,125.56  (2C*™, C(CHCH),CCF;), 12526 (1Cauat/henoxy.  C(CHCH),CCIl), 115.72 (2CPphenoxy:
C(CHCH),CCl), 82.13 (1C Boc), 79.63 (1C Boc), 68.23 (1C, OCH,), 58.76 (1C, CH,CH,NPpiperaziney - 57 92
(1C, CH,CH,Npiperaziney ' 53 23 53 14 (4CPirerazine) 50,97 (1C, NCH,Ph), 48.13 (1C, CH,CH,NC(N)), 29.28 (1C,
CH,CH,CH>), 29.12 (1C, CH,CH»CH), 28.15 (6C, CHj3), 28.04 (1C, CH,CH,CH>»), 27.51 (1C, CH,CH,CH,),
26.82 (1C, CH,CH,CH»), 25.21 (1C, CH2CH>CH2), 23.86 (1C, CH,CH,CH>).

Preparation of 1-benzyl-1-{4-{4-[7-(4-chlorophenoxy)heptyl|piperazin-1-yl}but-1-yl} guanidine trihydrochloride
(ADS10377)

4M solution HCl-dioxan (1.92 mL; 7.69:10 mol) was added dropwise to a solution of the 1-benzyl-1-{4-{4-[7-
(4-chlorophenoxy)heptyl]piperazin-1-yl}but-1-yl}-2,3-di(fert-butoxycarbonyl)guanidine (7a) (0.275 g; 3.85-10*
mol) in 20 mL chloroform. The reaction was stirred overnight at room temperature, then the solvent was removed
under vacuum. The crude product was evaporated twice from chloroform and twice from EtOAc, then

recrystallized from anhydrous ethanol to yield the pure product.

1-benzyl-1-{4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl} but-1-yl} guanidine trihydrochloride (ADS10377):
C29H44CINsO-3HCL. M=623.53. White solid. 71.25 %. mp: 215.1-216.8 °C. 'H NMR (600 MHz, CD;0D) & ppm
7.46-7.43 (m, 2H*™™, C(CHCH),CH), 7.39-7.36 (m, 1H*>™, C(CHCH).CH), 7.33-7.31 (m, 2H™,
C(CHCH),CH), 7.27-7.26 (m, 2Hpreroxy. C(CHCH),CCl), 6.92-6.91 (m, 2HPrerowy- C(CHCH),CCl), 4.72 (s, 2H,
NCH,Ph), 4.01-3.99 (t, 2H, OCH,; J=6.36Hz), 3.89 (br, 4HPirerazine) - 3 65 (br, 4Hpiperazine) 3 47.3 45 (t, 2H,
CH,CH>NC(N), J=7.80Hz), 3.32-3.29 (m, 4H, CH,CH,NPPerazine) 1 89-1.76 (m, 8H, CH,CH,CH>), 1.57-1.55 (m,
2H, CH,CH,CH,), 1.51-1.49 (m, 4H, CH,CH>CH>). 3*C NMR (150.95 MHz, CD3;0D) & ppm 159.36 (1 Cavat/phenoxy.
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CO), 158.40 (1C, C=N), 136.31 (1Ce/aom  C(CHCH),C), 130.30 (2CPrxy:, C(CHCH),CCI), 130.15 (2C=m.,
C(CHCH),CH), 129.20 (1C¥™ C(CHCH),CH), 128.02 (2C*™, C(CHCH),CH), 126.37 (1Cauat/phenoxy.
C(CHCH),CCl), 117.04 (2CPhenoxy.  C(CHCH),CCl), 69.26 (1C, OCH,), 58.21 (1C, CH,CH,Npiverazine) 57 52 (1C,
CH,CH,NPipereine) 52 78 (1C, NCH,Ph), 49.85 (4CPPer7ine) 49 62 (1C, CH,CH,NC(N)), 30.16 (1C, CH,CH,CHy),
29.81 (1C, CH,CH,CHy), 27.45 (1C, CH,CH.CHy), 26.87 (1C, CH,CH,CH,), 25.27 (1C, CH,CH,CH,), 24.86
(1C, CH,CH,CHs), 22.05 (1C, CH>CH,CHy). Anal. Caled: C 55.86 %; H 7.60 %; N 11.23 %. Found: C 55.89 %;
H7.71 %; N 11.07 %.

Preparation of 1-{4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl} but-1-yl}-1-[4-
(trifluoromethyl)benzyl]guanidine trihydrochloride (ADS10376)

4M solution HCl-dioxan (1.78 mL; 7.13:10° mol) was added dropwise to a solution of 1-{4-{4-[7-(4-
chlorophenoxy)heptyl]piperazin-1-yl} but-1-yl}-2,3-di(fert-butoxycarbonyl)- 1-[4-

(trifluoromethyl)benzyl]guanidine (7b) (0.279 g; 3.57:10* mol) in 20 mL chloroform. The reaction was stirred
overnight at room temperature, then the solvent was removed under vacuum. The crude product was evaporated
twice from chloroform and twice from EtOAc, then recrystallized from anhydrous ethanol to yield the pure

product.

1-{4-{4-[7-(4-chlorophenoxy)heptyl]piperazin-1-yl} but-1-yl}-1-[4-(trifluoromethyl)benzyl|guanidine
trihydrochloride (ADS10376): C3Ha3CIF3NsO-3HCL. M=691.53. White solid. 75.83 %. mp: 233.5-235.1 °C. 'H
NMR (600 MHz, CD3;0OD) & ppm 7.76-7.75 (m, 2H*°™, C(CHCH),CCF3), 7.52-7.50 (m, 2H*°™, C(CHCH),CCF3),
7.27-7.26 (m, 2HPhenoxy.  C(CHCH),CCl), 6.92-6.91 (m, 2Hphenoxy.  C(CHCH),CCl), 4.79 (br, 2H, NCH,Ph), 4.01-
3.99 (t, 2H, OCH,; J=6.35Hz), 3.91 (br, 4HPPerazine) - 3 65 (br, 4HPPerazine) 3 51-3.49 (t, 2H, CH,CH.NC(N),
J=7.8Hz), 3.33-3.31 (m, 4H, CH,CH,Npirerazine:)y  1.88-1.80 (m, 8H, CH,CH.CH,), 1.57-1.54 (m, 2H,
CH,CH>CH,), 1.51-1.49 (m, 4H, CH,CH,CH,). *C NMR (150.95 MHz, CD;0OD) & ppm 159.58 (1Cauat/phenoxy.
CO0), 158.53 (1C, C=N), 141.07 (1Cavat/arem. \C(CHCH),CCF3), 131.56, 131.35, 131.14, 130.94 (1Cawat/arom. CCF3),
130.30 (2Cphenoxy.  C(CHCH),CCl), 128.44 (2Caom C(CHCH),CCF5), 128.28, 126.48, 124.68, 122.88 (1C, CF5),
126.97, 126.95 (2C*™, C(CHCH),CCF3), 126.37 (1Cauat/phenoxy.  C(CHCH),CCl), 117.03 (2Cphenoxy.
C(CHCH),CCl), 69.26 (1C, OCH>), 57.52 (1C, CH,CH,NPiperazine) |54 13 (1C, CH,NPiPerezine) 52 39 (1C, NCH,Ph),
50.03 (4Cpiperazine) 49 72 (1C, CH,CH.NC(N)), 30.17 (1C, CH,CH>CH>), 29.81 (1C, CH,CH>CH,), 27.45 (1C,
CH,CH,CH,), 26.88 (1C, CH,CH,CH,), 25.33 (1C, CH,CH,CH»), 24.87 (1C, CH,CH,CH,), 22.02 (1C,
CH>CH,CH>). Anal. Caled: C 52.11 %; H 6.70 %; N 10.13 %. Found: C 52.25 %; H 6.91 %; N 9.95 %.

Preparation of (3-bromopropyl)benzene (8)

3-Phenyl-1-propanol (0.50 g; 3.67-107 mol) in 7 mL toluene was slowly added to an ice-cooled mixture of
phosphorus tribromide (1.39 g; 5.14:103 mol) in 10 mL toluene. The ice bath was removed and the reaction was
stirred overnight at room temperature. Then 50 g of ice-cubes was added and the mixture was extracted 3x20 mL
with DCM. The combined organic phases were dried over anhydrous Na,SO4. The solvent was removed under
vacuum and the crude product was purified by column chromatography (Hexane/DCM 10:1) to yield the pure
product.
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(3-bromopropyl)benzene (8): CoH11Br. M=199.09. Colourless liquid. 65.45 % yield. R=0.78 (Hexane/DCM 10:1).
"HNMR (600 MHz, CDCl3) & ppm 7.31-7.28 (m, 2HPP™!. C(CHCH),CH), 7.22-7.19 (m, 3HPr¥!: C(CHCH),CH),
3.40 (t, 2H, CH,Br, J = 6.59Hz), 2.78 (t, 2H, PhCH,, J = 7.37Hz), 2.17 (qt, 4H, CH,CH,CH,). *C NMR (150.95
MHz, CDCIl5) & ppm 140.53 (1Cwavphenyl  CCH,), 128.55 (2CPrew!, C(CHCH),CH), 128.49 (2Cphem!,
C(CHCH),CH), 126.16 (1CPtem: " C(CHCH),CH), 34.16 (1C, CH,CH,CH,), 39.97 (1C, PhCH>), 33.12 (1C,
CH;Br).

Preparation of 3-(4-chlorophenyl)propyl methanesulfonate (9)

Methanesulfonyl chloride (0.56 g; 4.89-10- mol) and triethylamine (0.69 g; 6.82-103 mol) were sequentially added
to an ice-cooled 3-(4-Chlorophenyl)-1-propanol (0.60 g; 3.52-10*mol) in 15 mL DCM. The ice bath was removed
and the reaction was stirred for one hour at room temperature. The mixture was sequentially washed with 10 mL
water and 10 mL brine and dried over Na;SOs. The solvent was removed under vacuum and the crude product was

purified by column chromatography (DCM) to yield the pure product.

3-(4-chlorophenyl)propyl methanesulfonate (9): CioH3C103S. M=248.73. Colourless oil. 88.10 % yield. R=0.78
(DCM). 'H NMR (600 MHz, CDCl;) & ppm 7.27-7.26 (m, 2HP"»! C(CHCH),CCl), 7.13-7.12 (m, 2HPhen!
C(CHCH),CCI), 4.22 (t, 2H, OCH,, J = 6.31Hz), 2.99 (s, 3H, CH3), 2.73 (t, 2H, PhCH>), 2.06 (qt, 2H,
CH,CH,CH,). 3C NMR (150.95 MHz, CDCI;) & ppm 138.74 (1Caat/phenyl CCH,), 132.08 (1Cavatphenyl. - CCY),
129.77 (2CPheml C(CHCH),CCI), 128.68 (2CPhem: - C(CHCH),CCl), 68.78 (1C, OCH,), 37.40 (1C, SCH3),
30.91(1C, PhCH>), 30.58 (1C, CH,CH>CHa).

Preparation of 4-(piperazin-1-yl)butanenitrile (10)

4-bromobutyronitrile (1.00 g; 6.76:10- mol) in 20 mL chloroform was added dropwise to a solution of piperazine
(2.91 g; 3.38:102mol) in 60 mL chloroform heated to 60 °C. The reaction was stirred for two hours at 60 °C. The
precipitate was discarded. The solvent was removed under vacuum and the crude product was purified by column

chromatography (DCM/MeOH/25% NHj3 aq. 89:10:1) to yield the pure product.

4-(piperazin-1-yl)butanenitrile (10): CgH;sN3. M=153.22. Colourless oil. 89.86 % yield. R~=0.34
(DCM/MeOH/25% NHj3 aq. 89:10:1). 'H NMR (600 MHz, CDCl5) & ppm 2.89-2.87 (m, 4HPPerazine) 2 45.2 41 (m,
8H: 4Hpiperazine  NpiperazineCH, CH,CH,CN), 2.17 (s, 1H, NH), 1.84-1.79 (qt, 2H, CH,CH>CH>). '*C NMR (150.95
MHz, CDCI5) & ppm 119.63 (1C%2, C=N), 56.78 (1C, NprerazinCH,CH,CH,CN), 54.22 (2CPiperazine) - 45 86
(2Cpiperaziney 92 48 (1C, CH,CH,CN), 14.79 (1C, CH,CN).

Preparation of 4-[4-(3-hydroxypropyl)piperazin-1-yl]butanenitrile (11)

3-Bromo-1-propanol (0.81 g; 5.83-10-* mol) was added to a solution of Triethylamine (2.24 g; 2.21-102 mol) and
4-(piperazin-1-yl)butanenitrile (10) (0.85 g; 5.42:10° mol) in 30 mL acetonitrile. The reaction was stirred
overnight at 80 °C. The solvent was removed under vacuum and the residue was diluted with 15 mL of 5 %
potassium carbonate solution and extracted 2x20 mL with chloroform. The combined organic phases were dried
over anhydrous Na,SOs. The solvent was removed under vacuum and the crude product was purified by column

chromatography (EtOAc/MeOH/Triethylamine 30:10:1) to yield the pure product.
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4-[4-(3-hydroxypropyl)piperazin-1-yl]butanenitrile (11): C;;H2N30. M=211.30. Yellowish sticky oil. 85.38 %
yield. R=0.22 (EtOAc/MeOH/Triethylamine 30:10:1). "H NMR (600 MHz, CDCI;) § ppm 4.95 (br, 1H, OH), 3.79
(t, 2H, OCH>), 2.61 (t, 2H, HOCH,CH,CH,NPiperaziney '3 552 40 (m, 12H: 8HPpiperazine  Npirerazine CH, CH,CH,CN),
1.80 (qt, 2H, HOCH>CH,), 1.71 (gt, 2H, CH,CH>CN). '3C NMR (150.95 MHz, CDCI5) § ppm 119.62 (1C%at,
C=N), 64.46 (1C, OCH>), 58.62 (1C, HOCH,CH,CH,NPiPerazine) - 56 08 (1C, NpiperazineCH,CH,CH,CN), 53.22
(2Cpiperaziney 152 99 (2CPiperaziney 2711 (1C, HOCH>CH>), 22.69 (1C, CH,CH>CN), 14.83 (1C, CH,CN).

Preparation of 4-{4-[3-(3-phenylpropoxy)propyl]piperazin-1-yl}butanenitrile (12a)

TBAI (tetra-n-butylammonium iodide) (0.017 g; 4.60:10° mol) was added to a solution of 4-[4-(3-
hydroxypropyl)piperazin-1-yl]butanenitrile (11) (0.197 g; 9.32-10* mol) and (3-bromopropyl)benzene (8) (0.186
g;9.34:10* mol) in 2.05 mL 40 % NaOH. The reaction was stirred overnight at room temperature, then the mixture
was extracted 4x2.5 mL with diethyl ether. The combined organic phases were dried over anhydrous Na,SO4. The
solvent was removed under vacuum and the crude product was purified by column chromatography

(EtOAc/MeOH/Triethylamine 30:5:1) to yield the pure product.

4-{4-[3-(3-phenylpropoxy)propyl]piperazin-1-yl} butanenitrile (12a): CyHzN30. M=329.48. Yellowish sticky
oil. 40.72 % yield. R=0.43 (EtOAc/MeOH/Triethylamine 30:5:1). '"H NMR (600 MHz, CDCI5) § ppm 7.29-7.26
(m, 2HPY™. C(CHCH),CH), 7.19-7.17 (m, 3HPh™! C(CHCH),CH), 3.45 (t, 2H, OCH,CH,CH,Npiperazine - j =
6.42Hz), 3.41 (t, 2H, OCH.CH,CH,Ph, J = 6.42Hz), 2.68 (t, 2H, PhCH,, J = 7.50Hz), 2.53-2.41 (m, 14H:
gHpiperazine - CH,Npiperazine | CH,CN), 1.91-1.86 (m, 2H, CH,CH»Ph), 1.85-1.77 (m, 4H, CH,CH,CH,). 3C NMR
(150.95 MHz, CDCl5) & ppm 141.99 (1Caat/phenyl ' CCH,), 128.46 (2CP™! C(CHCH),CH), 128.29 (2CPheny!,
C(CHCH),CH), 125.74 (1CPreny!. C(CHCH),CH), 119.77 (1C%4, C=N), 69.95 (1C, OCH,CH,CH,Ph), 69.04 (1C,
OCH,CH,CH,Npiperaziney = 56 25 (1C, N=CCH,CH,CH,Npperaziney - 55 53 (1C, OCH,CH,CH,NPiperaziney - 53 (9
(2Cpiperaziney - 57 85 (2Cpireraziney 37 33 (1C, PhCHy), 31.27 (1C, PhCH,CH,), 27.01 (1C, OCH,CH,CH,Npiperaziney
22.71 (1C, CH>CH,>CN), 14.93 (1C, CH,CN).

Preparation of 4-{4-{3-[3-(4-chlorophenyl)propoxy]propyl}piperazin-1-yl} butanenitrile (12b)

Sodium hydride (60 % dispersion in mineral oil) (0.14 g; 3.50-10~* mol) was slowly added to a solution of 4-[4-
(3-hydroxypropyl)piperazin-1-yl]butanenitrile (11) (0.458 g; 2.17:102 mol) in 10 mL anhydrous N,N-
dimethylacetamide under an argon atmosphere. The reaction was stirred for 90 minutes at 50 °C. Then, the mixture
was cooled at 25 °C and a solution of 3-(4-chlorophenyl)propyl methanesulfonate (9) (0.65 g; 2.61:10> mol) in 5
mL anhydrous N, N-dimethylacetamide was slowly (2 hours) added. The reaction was stirred overnight at room
temperature. Then the mixture was cooled at 10 °C and a solution of 0.51 g sodium chloride in 6.1 g water was

slowly added. The mixture was extracted 4x20 mL with toluene. The combined organic phases were extracted
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1x8mL 2M HCI. The aqueous phase was then washed with 10 mL toluene. The aqueous phase was treated with
0.9 mL 6M sodium hydroxide to pH 12, and then extracted 3x10 mL with water. The organic phase was dried over

anhydrous Na;SOj4. The solvent was removed under vacuum to yield the pure product.

4-{4-{3-[3-(4-chlorophenyl)propoxy]propyl}piperazin-1-yl} butanenitrile ~ (12b): CyH3CIN3O. M=363.92.
Yellowish oil. 79.43 % yield. R=0.59 (EtOAc/MeOH/Triethylamine 30:5:1). 'H NMR (600 MHz, CDCl3) § ppm
7.24-723 (m, 2HPr  C(CHCH),CHCI), 7.12-7.10 (m, 2HPhw!: C(CHCH),CHCI), 3.43 (&, 2H,
OCH,CH,CH,NPperazine - J = 6 34Hz), 3.49 (t, 2H, OCH,CH,CH,Ph, J = 6.23Hz), 2.65 (t, 2H, PhCH,, J =
7.61Hz), 2.46-2.40 (m, 14H: 8Hpiverazine . CH,Npirerazine | CH,CN), 1.87-1.74 (m, 6H, CH,CH,CH,). *C NMR
(150.95 MHz, CDCl;) § ppm 140.45 (1Cwatphenyl  CCH,), 131.47 (1Catphenyl. - CCl), 129.81 (2CPheny!
C(CHCH),CCl), 128.38 (2CPhenyl  C(CHCH),CCI), 119.71 (1C™at C=N), 69.65 (1C, OCH,CH,CH,Ph), 69.17
(1C, OCH,CH,CH,NPiPeraziney 56 29 (1C, CHpNPiPeraziney - 55 49 (1C, CH,pNPiPerazine) = 53 91 (2Cpiperaziney - 53 1]
(2Cpiperaziney 31 70 (1C, PhCHy), 31.17 (1C, PACH>CH,OCH>CH>), 27.23 (1C, OCH,CH,>CH,NPPerazine) 93 80 (1C,
CH,CH,CN), 14.90 (1C, CH,CN).

Preparation of 4-{4-[3-(3-phenylpropoxy)propyl]piperazin-1-yl} butan-1-amine (13a)

LiAlH, (0.34 g; 8.96:10° mol) was added to a solution of 4-{4-[3-(3-phenylpropoxy)propyl]piperazin-1-
yl}butanenitrile (12a) (0.743 g; 2.26-103 mol) in 30 mL anhydrous diethyl ether. The reaction was stirred
overnight at room temperature, then the mixture was quenched by dropwise addition of water (16 equiv.) and 10
% NaOH solution (16 equiv.) stirred for two hours, then filtered. The precipitate was discarded. The organic layer
was dried over Na;SOy, then the solvent was removed under vacuum and the crude product was purified by column

chromatography (DCM/MeOH/25% NHsaq. 39:10:1) to yield the pure product.

4-{4-[3-(3-phenylpropoxy)propyl]piperazin-1-yl} butan-1-amine (13a): C,0H3sN30. M=333.51. Yellowish sticky
oil. 84.54 % yield. R=0.65 (DCM/MeOH/25% NHsaq. 39:10:1). 'H NMR (600 MHz, CDCI;) § ppm 7.29-7.27
(m, 2HPY™. C(CHCH),CH), 7.19-7.17 (m, 3HPt»! C(CHCH),CH), 3.44 (t, 2H, OCH,CH,CH,Npiperazine - J =
6.46Hz), 3.41 (t, 2H, OCH,CH,CH,Ph, J = 6.44Hz), 2.77 (t, 2H, CH:NH,, J = 6.32Hz), 2.68 (t, 2H, PhCH>, J =
7.80 Hz), 2.55-2.37 (m, 14H: 8HPpiperazine  CH,Npiperazine NH,*), 1.89 (qt, 2H, CH.CH,Ph), 1.77 (qt, 2H,
OCH,CH,CH,Npiperazine) 1 59-1.55 (m, 4H, NH,CH,CH>CH>). 3C NMR (150.95 MHz, CDCI;) 8 ppm 141.96
(1Cavat/ohenyl - CCH,), 128.43 (2CPeml C(CHCH),CH), 128.27 (2CPhem! C(CHCH),CH), 125.69 (1CPheny!
C(CHCH),CH), 69.89 (1C, OCH>CH,CH,Ph), 69.07 (1C, OCH,CH,CH,NPperaziney - 58 19 (1C, NH,CH,
CH,CH,CH,NPiperazine) - 55 42 (1C, OCH,CHoCH,NPiPerazine) = 53 04 (2Cpiverazine) - 52 96 (2Cpireraziney - 41 30 (1C,
CHoNHy), 32.29 (1C, PhCHy), 31.24 (1C, PhCH,CH»), 30.36, 24.36 (2C, NH,CH>CH,CH»), 27.14 (1C,
OCH,CH,CH,Npiperazine)

Preparation of 4-{4-{3-[3-(4-chlorophenyl)propoxy]propyl}piperazin-1-yl } butan-1-amine (13b)

LiAlH,4 (0.18 g; 4.74-107 mol) was added to a solution of 4-{4-{3-[3-(4-chlorophenyl)propoxy]propyl} piperazin-
1-yl}butanenitrile (12b) (0.43 g; 1.18-:10" mol) in 50 mL anhydrous diethyl ether. The reaction was stirred
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overnight at room temperature, then the mixture was quenched by dropwise addition of water (16 equiv.) and 10
% NaOH solution (16 equiv.) stirred for two hours, then filtered. The precipitate was discarded. The organic layer
was dried over Na;SOy4, then the solvent was removed under vacuum and the crude product was purified by column

chromatography (DCM/MeOH/25% NHsaq. 89:10:1) to yield the pure product.

4-{4-{3-[3-(4-chlorophenyl)propoxy]propyl}piperazin-1-yl} butan-1-amine (13b): CyH34CIN3O. M=367.96.
Yellowish oil. 82.95 % yield. R=0.40 (DCM/MeOH/25% NHsaq. 89:10:1). 'H NMR (600 MHz, CDCl5) & ppm
7.24-722 (m, 2HPhew. C(CHCH),CCIl), 7.11-7.09 (m, 2HPP®.  C(CHCH),CCI), 3.43 (t, 2H,
OCH,CH,CH,NPperazine - J = 6 45Hz), 3.38 (t, 2H, OCH,CH,CH,Ph, J = 6.34Hz), 2.71 (t, 2H, CH.NH,, J =
6.87Hz), 2.65 (t, 2H, PhCH>), 2.48 (br, 8HPPeraziney 2 47 (t, 2H, CHoNPiPerazine) 19 34 (t, 2H, CHpNPiPerazine) 1 85 (qt,
2H, CH,CH,Ph), 1.76 (qt, 2H, OCH,CH,CH,NPiPeraziney 1 55.1 45 (m, 2H, CH,CH,CH,), 1.47-1.43 (m, 2H,
CH,CH,CH,), 1.37 (br, 2H, NH>). '*C NMR (150.95 MHz, CDCl5) § ppm 140.46 (1Caat/phenyl ' CCHy), 131.47
(1Cavat/phenyl. = CCT), 129.82 (2CPhe C(CHCH),CCIl), 128.38 (2CPrew!:  C(CHCH),CCIl), 69.64 (1C,
OCH,CH>CH,Ph), 69.22 (1C, OCH,CH,CH,Npiperaziney - 58 56 (1C, NH,CH, CH,CH,CHyNPiperazine) 55 57 (1C,
OCH,CH,CH,NPpiperaziney - 53 29 (4Cpireraziney 47 18 (1C, CH,NH>), 31.89 (1C, CH,CH,CH,), 31.70 (1C, PhCH>),
31.18 (1C, CH,CH,Ph), 27.24 (1C, OCH,CH,CH,NPiperaziney 94 35 (1C, CH,CH,CH>).

Preparation of N-{4-{4-[3-(3-phenylpropoxy)propyl]piperazin-1-yl}butyl} benzamide (14a)

Benzoyl chloride (0.14 g; 9.96:10“ mol) in 10 mL DCM was added dropwise to a solution of 4-{4-[3-(3-
phenylpropoxy)propyl]piperazin-1-yl}butan-1-amine (13a) (0.30 g; 8.99-10* mol) and triethylamine (0.45 g;
4.45-10” mol) in 15 mL DCM. The reaction was stirred for three hours at room temperature. The mixture was
washed 3-times with 15 mL water and dried over Na;SO4. The solvent was removed under vacuum and the crude

product was purified by column chromatography (EtOAc/MeOH/Triethylamine 49:10:1) to yield the pure product.

N-{4-{4-[3-(3-phenylpropoxy)propyl|piperazin-1-yl} butyl} benzamide (14a): C,7H39N30,. M=437.62. Yellowish
sticky oil. 81.55 % yield. R=0.36 (EtOAc/MeOH/Triethylamine 49:10:1). 'H NMR (600 MHz, CDCI;) & ppm
7.76-7.75 (m, 2H*™, C(CHCH),CH), 7.49-7.45 (m, 1H**™, C(CHCH).CH), 7.43-7.41 (m, 2H*™,
C(CHCH),CH), 7.29-7.26 (m, 2HP"! C(CHCH)>CH), 7.19-7.17 (m, 3H?P"*»! | C(CHCH),CH), 6.73 (br, 1H, NH),
3.48 (dt, 2H, CH,NH), 3.44 (t, 2H, OCH,CH,CHpNPiPerazine - J = 6 45Hz), 3.41 (t, 2H, OCH,CH,CH,Ph, J =
6.43Hz), 2.68 (t, 2H, PhCH,, J = 7.20 Hz), 2.51-2.35 (m, 12H: 8HPirerazine CH,Npiperazine) 1 89 (qt, 2H, CH,CH,Ph),
1.76 (qt, 2H, OCH,CH,CH,NPPerazine) 1 68-1.61 (m, 4H, NH,CH,CH>CH,). '*C NMR (150.95 MHz, CDCl5) §
ppm 167.72 (1C%2 C=0), 141.99 (1Cat/phenyl " CCHy), 134.99 (1Caat/aromy 131 25 (1C*°™, C(CHCH),CH),
128.49 (2Caom  C(CHCH),CH), 128.45 (2Crhenyl . C(CHCH),CH), 128.29 (2CPrenyl - C(CHCH),CH), 126.93
(2Cwom C(CHCH),CH), 125.74 (1CPm: C(CHCH),CH), 69.92 (1C, OCH.CH>CH,Ph), 69.09 (1C,
OCH,CH,CH,Npireraziney - 57 91 (1C, NHCH,CHCH,CH,NPiperazine) - 55 49 (1C, OCH,CH,CH,NPiperazine) - 53 11
(2Cpiperaziney 52 95 (2Cpiperaziney - 39 88 (1C, CH,NH), 32.32 (1C, PhCH,), 31.27 (1C, PhCH,CH>), 27.39, 24.38
(2C, NH,CH,CH,CH,), 27.11 (1C, OCH,CH,CH,Npiperaziney
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Preparation of N-{4-{4-[3-(3-phenylpropoxy)propyl]piperazin-1-yl}butyl}-4-(trifluoromethyl)benzamide (14b)

4-(Trifluoromethyl)benzoyl chloride (0.25 g; 1.19-10-* mol) in 10 mL DCM was added dropwise to a solution of
4-{4-[3-(3-phenylpropoxy)propyl]piperazin-1-yl} butan-1-amine (13a) (0.359 g; 1.08:10 mol) and triethylamine
(0.53 g; 5.38:107* mol) in 15 mL DCM. The reaction was stirred for three hours at room temperature. The mixture
was washed three-times with 15 mL water and dried over Na,SO,. The solvent was removed under vacuum and
the crude product was purified by column chromatography (EtOAc/MeOH/Triethylamine 39:10:1) to yield the

pure product.

N-{4-{4-[3-(3-phenylpropoxy)propyl]piperazin-1-yl} butyl}-4-(trifluoromethyl)benzamide (14b): C,sH3sF3N30,.
M=505.62. Yellowish sticky oil. 72.61 % yield. R=0.52 (EtOAc/MeOH/Triethylamine 39:10:1). 'H NMR (600
MHz, CDCI;) & ppm 7.88-7.87 (m, 2H¥™), 7.69-7.68 (m, 2H¥*™), 7.29-7.26 (m, 2HP"*»  C(CHCH),CH), 7.19-
7.18 (m, 3HPhe! C(CHCH),CH), 7.05 (br, 1H, NH), 3.48 (dt, 2H, CH,NH), 3.43 (t, 2H, OCH,CH,CH,Npiperazine,
J = 6.48Hz), 3.41 (t, 2H, OCH,CH,CH,Ph, J = 6.44Hz), 2.68 (t, 2H, PhCH>», J = 7.80 Hz), 2.50-2.34 (m, 12H:
gHpiperazine - CH,Npiperaziney - 1 89 (qt, 2H, CH,CH,Ph), 1.75 (qt, 2H, OCH,CH,CH,NPiperaziney - 1 71-1,67 (m, 2H,
NH>CH,CH,CH>), 1.66-1.62 (m, 2H, NH,CH>CH,CH,). '*C NMR (150.95 MHz, CDCI;) § ppm 166.49 (1C®,
C=0), 141.97 (1Caat/rhenyl  CCH,), 138.37 (1Caat/aom. - CC(0)), 133.28, 133.07, 132.85, 132.64 (1Cauat/arom.
CCF3), 128.45 (2CPhenw!: C(CHCH),CH), 128.29 (2CPhew!: C(CHCH),CH), 125.74 (1CPhen! C(CHCH),CH),
127.49 (2C*om (CHCH),C CF3), 126.39, 124.57, 122.78, 120.98 (1C, CF3), 125.54,125.52 (2C*™, (CH),CCF3),
69.93 (1C, OCH,CH,CH,Ph), 69.01 (1C, OCH,CH,CH,Npiperaziney = 57 81 (1C, NHCH,CH,CHCH,Npiperaziney
55.44 (1C, OCH,CH,CH,NPpiperazine) |53 ()6 (2CPiperaziney 57 81 (2Cpiperaziney 39 99 (1C, CH,NH), 32.31 (1C, PhCH>),
31.25 (1C, PhCH>CH,), 27.25, 24.28 (2C, NH,CH,CH,CH>), 27.08 (1C, OCH,CH,CH,Npiperazine),

Preparation of N-{4-{4-{3-[3-(4-chlorophenyl)propoxy]propyl}piperazin-1-yl}butyl}benzamide (14c)

Benzoyl chloride (0.11 g; 7.82-10* mol) in 10 mL DCM was added dropwise to a solution of 4-{4-{3-[3-(4-
chlorophenyl)propoxy]propyl} piperazin-1-yl} butan-1-amine (13b) (0.25 g; 6.79:10* mol) and triethylamine
(0.34 g; 3.36:107* mol) in 15 mL DCM. The reaction was stirred for three hours at room temperature. The mixture
was washed three-times with 15 mL water and dried over Na,SO,. The solvent was removed under vacuum and
the crude product was purified by column chromatography (EtOAc/MeOH/Triethylamine 49:10:1) to yield the

pure product.

N-{4-{4-{3-[3-(4-chlorophenyl)propoxy]propyl}piperazin-1-yl} butyl} benzamide (14c¢): Ca7H33CIN3O,.
M=472.06. Yellowish sticky oil. 90.74 % yield. R=0.35 (EtOAc/MeOH/Triethylamine 39:10:1). 'H NMR (600
MHz, CDClI;) & ppm 7.76-7.75 (m, 2H**™, C(CHCH),CH), 7.49-7.46 (m, 1H*™, C(CHCH),CH), 7.43-7.40 (m,
2H°m  C(CHCH)>CH), 7.24-7.23 (m, 2HPren¥!. C(CHCH),CCl), 7.12-7.10 (m, 2HP"™! C(CHCH),CCl), 6.65 (br,
1H, NH), 3.48 (dt, 2H, CH,NH), 3.43 (t, 2H, OCH,CH,CH,NPiPerazine | J = 6 42Hz), 3.39 (t, 2H, OCH,CH,CH,Ph,
J = 6.35Hz), 2.66 (t, 2H, CIPhCH,), 2.48 (br, 8HPiPeraziney 2 A1 (t, 4H, CH,NPiPerazine) 1 85 (qt, 2H, CH,CH,Ph),
1.75 (qt, 2H, OCH,CH,CH,NPPerazine) 11 70-1.60 (m, 4H, CH,CH>CH>). *C NMR (150.95 MHz, CDCl;) § ppm
167.68 (1C%a C=0), 140.46 (1Cauat/phenyl CCH,), 135.11 (1Cavat/aromsy =137 50 (1Cavat/phenyl. ' CCl), 131.22 (1Cao™,
C(CHCH),CH), 129.82 (2Crhew! C(CHCH),CCI), 128.49 (2C¥™, C(CHCH),CH), 128.40 (2Cphen!
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C(CHCH),CCI), 12695 (2C™™, C(CHCH),CH), 69.68 (IC, OCH,CH.CH,Ph), 69.15 (IC,
OCH,CH,CH,NPPe2ine) 57,95 (1C, CHoNPPerzine), 5548 (1C, CHoNPiPerine), 53 18 (2CPiveraine) 53,02 (2CPiperazine)
39.93 (1C, CH:NH), 31.72 (IC, CIPhCH,), 31.18 (1C, PhCH,CH,), 27.49 (1C, CH,CH,CHy), 27.18 (IC,
CH2CH:CH.), 24.42 (1C, CH,CH:CH).

Preparation of N-{4-{4-{3-[3-(4-chlorophenyl)propoxy]|propyl}piperazin-1-yl} butyl}-4-
(trifluoromethyl)benzamide (14d)

4-(Trifluoromethyl)benzoyl chloride (0.20 g; 9.59-10* mol) in 10 mL DCM was added dropwise to a solution of
4-{4-{3-[3-(4-chlorophenyl)propoxy]propyl} piperazin-1-yl} butan-1-amine (13b) (0.28 g; 7.61-10* mol) and
triethylamine (0.39 g; 3.85-107 mol) in 15 mL DCM. The reaction was stirred for three hours at room temperature.
The mixture was washed three-times with 15 mL water and dried over Na;SOs. The solvent was removed under
vacuum and the crude product was purified by column chromatography (EtOAc/MeOH/Triethylamine 49:10:1)
to yield the pure product.

N-{4-{4-{3-[3-(4-chlorophenyl)propoxy]propyl} piperazin-1-yl} butyl}-4-(trifluoromethyl)benzamide (144d):
C3H37CIF3N30,. M=540.06. White solid. 87.35 % yield. R=0.26 (EtOAc/MeOH/Triethylamine 39:10:1). mp:
87.0-89.0 °C. 'H NMR (600 MHz, CDCl5) & ppm 7.87-7.86 (m, 2H*™), 7.67-7.66 (m, 2H¥°™), 7.23-7.22 (m,
2HPhenyl C(CHCH),CCl), 7.11-7.10 (m, 2HPre¥!: . C(CHCH)CCl), 7.07 (br, 1H, NH), 3.48-3.45 (m, 2H, CH,NH),
3.42 (t, 2H, OCH,CH,CH,Npiperazine - J = 6 46Hz), 3.38 (t, 2H, OCH,CH,CH,Ph, J = 6.34Hz), 2.65 (t, 2H,
CIPhCHy), 2.47 (br, 8HPPerazine) 2 40 (t, 2H, CH,NPPerazine) 2 37 (¢, 2H, CH,NPiperazine) 1 84 (qt, 2H, CH,CH,Ph),
1.73 (qt, 2H, OCH>CH,CH,NpiPeraziney 1 69-1.61 (m, 4H, CH,CH,CH>). '3C NMR (150.95 MHz, CDCl5) § ppm
166.45 (1C®at C=0), 140.42 (1Cwatvhenyl  CCHy), 138.45 (1Cwatfaromy 13326, 133.04 132.83, 132.61
(1Cauatfarom. - CCF5), 131.42 (1Caatphenyl. - CCI), 129.76 (2CPe!: C(CHCH),CCI), 128.33 (2Cphenyl
C(CHCH),CCl), 127.47 (2C*™, C(CHCH),CCF3), 126.39, 124.58, 122.78, 120.91 (1C, CF3), 125.47, 125.45
(2C@om C(CHCH),CCF3), 69.63 (1C, OCH,CH>CH2Ph), 69.03 (1C, OCH,CH,CH,NPPPerzine) - 5784 (1C,
CH,Npiperaziney - 55 38 (1C, CH,NPiperazine) - 53 12 (2Cpiperazine) 5 89 (2Cpireraziney - 4003 (1C, CH,NH), 31.65 (1C,
CIPhCH>), 31.11 (1C, PhCH,CH>), 27.31 (1C, CH,CH,CH>), 27.10 (1C, CH,CH>CH>), 24.34 (1C, CH,CH,CH>).

Preparation of N-benzyl-4-{4-[3-(3-phenylpropoxy)propyl]piperazin-1-yl}butan-1-amine (15a)

LiAlH4 (0.11 g; 2.89-107° mol) was added to a solution of N-{4-{4-[3-(3-phenylpropoxy)propyl]piperazin-1-
yl}butyl} benzamide (14a) (0.321 g; 7.33:10* mol) in 30 mL anhydrous diethyl ether. The reaction was stirred
overnight at room temperature, then the mixture was quenched by dropwise addition of water (16 equiv.) and 10
% NaOH solution (16 equiv.) stirred for two hours, then filtered. The precipitate was discarded. The organic layer
was dried over Na;SOy, then the solvent was removed under vacuum and the crude product was purified by column

chromatography (DCM/MeOH/25% NHj3 aq. 89:10:1) to yield the pure product.

N-benzyl-4-{4-[3-(3-phenylpropoxy)propyl]piperazin-1-yl}butan-1-amine  (15a): Cy7H4N3;O. M=423.63.
Yellowish sticky oil. 78.85 % yield. R=0.81 (DCM/MeOH/25% NH3 aq. 89:10:11). 'H NMR (600 MHz, CDCI;)
8 ppm 7.33-7.31 (m, 4H¥*™ C(CHCH),CH), 7.29-7.23 (m, 3H: 1H¥™ C(CHCH),CH; 2HP"*"! C(CHCH),CH),
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719-717 (m, 3thenyl<’ C(CHCH)ZCH)o 380 (S, 2H, NCEZPh), 344 (t, ZH, OCE2CH2CH2NpiPeraZine’ J= 648[—[2)’
3.41 (t, 2H, OCH,CH,CH,Ph, J = 6.42Hz), 2.67 (m, 4H: PhCH,, CH,CH,NH), 2.54-2.33 (m, 12H: 8Hpirerazine,
CH,Npiperaziney 2 (09 (br, 1H, NH), 1.89 (qt, 2H, CH,CH,Ph), 1.77 (qt, 2H, OCH,CH,CH,NPiPerazine) 1 551 53 (m,
4H, NH,CH,CH,CH,). 1*C NMR (150.95 MHz, CDCl3) & ppm 141.98 (1C®atphenyl CCH,), 140.12 (1Cauat/arom:),
128.44 (207, C(CHCHY,CH), 128.38 (207, C(CHCH),CH), 128.27 (2C*™. C(CHCH),CH), 128.14
(2C™m, C(CHCH),CH), 12691 (1C™™, C(CHCH),CH), 125.71 (1Cr»', C(CHCH)CH), 69.89 (IC,
OQHzCHzCHzPh), 6915 (IC, OCHZCHzCHzNPiPerazine)’ 5849 (IC’ NHCHchchngsziperuine)’ 5553 (1C’
OCHzCHZQHzNPiperazine), 53.92 (1C, NCH,Ph), 53.19 (ZCPiperazine), 53.16 (2cpiperazine)’ 49.21 (1C, CH,CH,NH),
32.31 (1C, PhCH,), 3126 (1C, PhCH,CH»), 27.99, 24.69 (2C, NH,CH.CH,CH,), 27.17 (1C,
OCH ZQHZCHsziperazine) )

Preparation of 4-{4-[3-(3-phenylpropoxy)propyl]piperazin-1-yl}-N-[4-(trifluoromethyl)benzyl]butan-1-amine
(15b)

LiAlH4 (0.16 g; 4.22:107 mol) was added to a solution of N-{4-{4-[3-(3-phenylpropoxy)propyl]piperazin-1-
yl}butyl}-4-(trifluoromethyl)benzamide (14b) (0.395 g; 7.81:10 mol) in 30 mL anhydrous diethyl ether. The
reaction was stirred overnight at room temperature, then the mixture was quenched by dropwise addition of water
(16 equiv.) and 10 % NaOH solution (16 equiv.) stirred for two hours, then filtered. The precipitate was discarded.
The organic layer was dried over Na,SOy, then the solvent was removed under vacuum and the crude product was

purified by column chromatography (DCM/MeOH/25% NHj3 aq. 189:10:1) to yield the pure product.

4-{4-[3-(3-phenylpropoxy)propyl]piperazin-1-yl}-N-[4-(trifluoromethyl)benzyl]butan-1-amine (15b):
CasHa0F3N30. M=491.63. Colourless sticky oil. 93.22 % yield. R=0.63 (DCM/MeOH/25% NH3 aq. 189:10:11).
"H NMR (600 MHz, CDCl5) & ppm 7.58-7.57 (m, 2H*°™ C(CHCH),CCF3), 7.44-7.43 (m, 2H*°™, C(CHCH),C
CF3), 7.29-7.26 (m, 2HP"™! C(CHCH),CH), 7.19-7.18 (m, 3HPP»!  C(CHCH),CH), 3.84 (s, 2H, NCH,Ph), 3.44
(t, 2H, OCH,CH,CH,Npiperazine - j = 6 48Hz), 3.41 (t, 2H, OCH,CH,CH,Ph, J = 6.42Hz), 2.68 (t, 2H, PhCH,CH,,
J =17.80 Hz), 2.63 (t, 2H, CH,CH,NH, J = 6.58 Hz), 2.58-2.32 (m, 12H: §HPPerazine. CH,Npiperezine) 1 91-1.82 (m,
3H: PhCH,CH,, NH), 1.77 (qt, 2H, OCH,CH,CH,NPPeraziney 1 531,51 (m, 4H, NHCH,CH>CH>). '3C NMR
(150.95 MHz, CDCl5) & ppm 144.60 (1Cauat/arom. - C(CHCH),CH), 142.00 (1Cat/phenyl CCH,), 129.53, 128.18,
126.77, 125.38 (1C, CF3), 129.46, 129.25, 129.03, 128.81 (1Cauat/arom - CCF3), 128.46 (2CP™! C(CHCH),CH),
128.29 (2Crhem! . C(CHCH),CH), 12823 (2C*™, C(CHCH),CCFs), 125.73 (1Crhew' C(CHCH),CH),
125.28,125.26 (2C¥m  C(CHCH),CCF3), 69.92 (1C, OCH,CH,CH,Ph), 69.17 (1C, OCH,CH,CH,NPpiperaziney
58.52 (1C, NHCHCH,CH,CH,Npiperazine) - 55 59 (1C, OCH,CH,CH,NPiperazine) = 53 47 (1C, NCH,Ph), 53.23
(2Cpiperazine) 53 71 (2CPiperazine) 49 31 (1C, CH,CH,NH), 32.33 (1C, PhCH,CH,), 31.28 (1C, PhCH,CH>), 28.08,
24.68 (2C, NH,CH>CH,CH3,), 27.18 (1C, OCH,CH,CH,Npiperazine)

Preparation of N-benzyl-4-{4-{3-[3-(4-chlorophenyl)propoxy|propyl}piperazin-1-yl} butan-1-amine (15¢)
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LiAlHs (0.10 g; 2.64-10° mol) was added to a solution of N-{4-{4-{3-[3-(4-
chlorophenyl)propoxy]propyl} piperazin-1-yl} butyl} benzamide (14¢) (0.321 g; 6.79-10* mol) in 30 mL
anhydrous diethyl ether. The reaction was stirred overnight at room temperature, then the mixture was quenched
by dropwise addition of water (16 equiv.) and 10 % NaOH solution (16 equiv.) stirred for two hours, then filtered.
The precipitate was discarded. The organic layer was dried over Na,SOy, then the solvent was removed under
vacuum and the crude product was purified by column chromatography (DCM/MeOH/25% NH3 aq. 89:10:1) to
yield the pure product.

N-benzyl-4-{4-{3-[3-(4-chlorophenyl)propoxy]propyl}piperazin-1-yl}butan-1-amine ~ (15¢):  Cy7H4oCIN3O.
M=458.08. Yellowish sticky oil. 72.23 % yield. R=0.67 (DCM/MeOH/25% NH3 aq. 89:10:11). 'H NMR (600
MHz, CDCI;3) 6 ppm 7.33-7.30 (m, 4H**™, C(CHCH),CH), 7.26-7.24 (m, 1H**™, C(CHCH),CH), 7.23-7.22 (m,
2HPEenyl - C(CHCH).CCI), 7.11-7.09 (m, 2HP*™ C(CHCH),CCI), 3.79 (s, 2H, NCH,Ph), 3.43 (t, 2H,
OCH,CH,CH,Npiperazine - j = 6 47Hz), 3.38 (t, 2H, OCH,CH>CH,Ph, J = 6.33Hz), 2.66-2.63 (m, 4H, CH,CH>NH,
CIPhCH,), 2.46-2.33 (br, 9H: 8HPrerazine NH), 2.41-2.39 (m, 2H, OCH,CHCH,NPiPeraziney 2 34 (¢, 2H,
NCH,CH,CH,NPiPerazine | J = 7 11Hz), 1.85 (qt, 2H, CH,CHPh), 1.75 (qt, 2H, OCH,CH,CH,NPiPerazine) 1 55.1 52
(m, 4H, CH,CH,CH,). 3C NMR (150.95 MHz, CDCI;) § ppm 140.41 (1Caat/phenyl ' CCHy), 140.06 (1Cavat/arom-y
131.42 (1Cuat/phenyl. “CCY), 129.76 (2CPremyt C(CHCH),CCl), 128.35 (2CPhenl C(CHCH),CCl), 128.33 (2C°o™,
C(CHCH).CH), 128.11 (1C*°™, C(CHCH),CH), 126.92 (2C*™, C(CHCH),CH), 69.59 (1C, OCH,CH,CHPh),
69.15 (1C, OCH,CH,CH,NPiperaziney - 58 45 (1C, CHpNPiPerazine) - 55 47 (1C, CH,oNPiPerezine) 53 84 (1C, NCH,Ph),
53.19 (2Cpiperazine) 53 16 (2CPiperaziney 14916 (1C, CH,CHoNH), 31.65 (1C, CIPhCH,), 31.13 (1C, PhCH,CH>),
27.96 (1C, CH2CH>CHy), 27.17 (1C, CH.CH,CH»), 24.68 (1C, CH.CH2CHb).

Preparation of 4-{4-{3-[3-(4-chlorophenyl)propoxy]propyl}piperazin-1-yl}-N-[4-(trifluoromethyl)benzyl]butan-
1-amine (15d)

LiAlHs (0.10 g; 2.64:10° mol) was added to a solution of N-{4-{4-{3-[3-(4-
chlorophenyl)propoxy]propyl} piperazin-1-yl} butyl} -4-(trifluoromethyl)benzamide (14d) (0.334 g; 6.18-10* mol)
in 30 mL anhydrous diethyl ether. The reaction was stirred overnight at room temperature, then the mixture was
quenched by dropwise addition of water (16 equiv.) and 10 % NaOH solution (16 equiv.) stirred for two hours,
then filtered. The precipitate was discarded. The organic layer was dried over Na,SO,, then the solvent was
removed under vacuum and the crude product was purified by column chromatography (DCM/MeOH/25% NH3
aq. 89:10:1) to yield the pure product.

4-{4-{3-[3-(4-chlorophenyl)propoxy]propyl}piperazin-1-yl}-N-[4-(trifluoromethyl)benzyl]butan-1-amine (15d):
C2sH30CIF3N30. M=526.08. Yellowish sticky oil. 72.0 % yield. R=0.63 (DCM/MeOH/25% NH3 aq. 89:10:1). 'H
NMR (600 MHz, CDCl;) & ppm 7.57-7.56 (m, 2H*°™), 7.44-7.43 (m, 2H¥™),  7.24-7.22 (m, 2HPhew!,
C(CHCH),CCl), 7.11-7.10 (m, 2Hrhew!  C(CHCH),CCI), 3.84 (s, 2H, NCH,Ph), 3.43 (t, 2H,
OCH,CH,CH,NpPiperazine - J = 6 47Hz), 3.38 (t, 2H, OCH,CH.CH,Ph, J = 6.32Hz), 2.66-2.62 (m, 4H, CH,CH,NH,
CIPhCH.,), 2.46 (br, 8HPPerazine) 2 47 (t, 2H, CHoNPiPerazine) 2 34 (t, 2H, CHpNPPerszine j = 7 13Hz), 1.85 (qt, 2H,
CH,CH,Ph), 1.76 (qt, 2H, OCH,CH,CH,NPiperazine) 11 63-1.26 (m, SH, CH,CH,CH,, NH). *C NMR (150.95 MHz,
CDCl;) & ppm 144.74 (1Cavat/arom: - C(CHCH),CH), 140.59 (1Cavwat/phenyl CCH,), 131.46 (1Cat/phenyl "CCl), 129.79
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(2Crhenyl. | C(CHCH),CCI), 129.49, 129.28, 129.07, 128.85 (1Caat/aom.  CCF;), 128.36 (2CPhem!:, C(CHCH),CCl),
128.21 (2C@om™  C(CHCH),CH), 126.97, 125.17, 123.37, 121.57 (I1C, CF3), 125.52, 12523 (2C¥om,
C(CHCH),CCF3), 69.63 (1C, OCH,CH,CH,Ph), 69.19 (1C, OCH,CH,CH,Npiverazine) 58 52 (1C, CH,Npiverazine)
55.54 (1C, CH,NPperziney 53 45 (1C, NCH,Ph), 53.29 (2CPiverezine) 53 29 (2Cpiverviney 49 33 (1C, CH,CH,NH),
31.69 (1C, CIPhCH,), 31.16 (1C, PhCH,CH,), 28.12 (1C, CH,CH,CH.), 27.22 (1C, CH,CH,CH,), 24.71 (1C,
CH>CH,CHy).

Preparation of  1-(benzyl)-2,3-di(zert-butoxycarbonyl)-1-{4-{4-[3-(3-phenylpropoxy)prop-1-yl]piperazin-1-
yl}but-1-yl} guanidine (16a)

1,3-bis(tert-butoxycarbonyl)-2-methylisothiourea (0.178 g; 6.13-10* mol) and mercury II chloride (0.166 g;
6.11:10* mol) were sequentially added to an ice-cooled mixture of N-benzyl-4-{4-[3-(3-
phenylpropoxy)propyl]piperazin-1-yl} butan-1-amine (15a) (0.236 g; 5.57-10* mol) and triethylamine (0.28 g;
2.77-107 mol) in 25 mL DCM. The ice bath was removed and the reaction was stirred for eighteen hours at room
temperature, then filtered. The precipitate was discarded. The filtrate was washed sequentially twice with 15 mL
H,0 and twice with 15 mL brine. The combined organic phases were dried over Na;SOs, then the solvent was
removed under vacuum and the crude product was purified by column chromatography

(EtOAc/MeOH/Triethylamine 89:10:1) to yield the pure product.

1-(benzyl)-2,3-di(tert-butoxycarbonyl)-1-{4-{4-[3-(3-phenylpropoxy)prop-1-yl]piperazin-1-yl } but-1-
yl}guanidine (16a): CsgHsoNsOs. M=66591. Colourless sticky oil. 66.06 % yield. R~=0.39
(EtOAc/MeOH/Triethylamine 89:10:1). 'H NMR (600 MHz, CDCl;) & ppm 9.97 (br, 1H, NH), 7.34-7.31 (m,
2H°m  C(CHCH),CH), 7.29-7.25 (m, 5H: 3H¥™ C(CHCH),CH; 2HP"»  C(CHCH),CH), 7.19-7.17 (m,
3HPhem! | C(CHCH),CH), 4.65 (br, 2H, NCH,Ph), 3.44 (t, 2H, OCH,CH,CH,NPiperazine - | = 6 48Hz), 3.41 (t, 2H,
OCH,CH,CHPh, J = 6.42Hz), 3.35 (br, 2H, CH;CH,NC(N)), 2.69-2.67 (m, 2H, PhCH,, J = 7.20Hz), 2.60-2.33
(m, 10H: 8HPPerazine. QCH,CH,CHpNPIPerezine) 2 28 (t, 2H, NCHoCH,CH,CH,oNPPerazine | j =7 50Hz), 1.91-1.86 (m,
2H, CH,CH,Ph), 1.77 (qt, 2H, OCH>CH,CH,NpiPeraziney 11 59-1.53 (m, 2H, NCH,CH>CH,), 1.49 (m, 18H, CHs),
1.46-1.31 (m, 2H, NCH,CH>CH,). 3C NMR (150.95 MHz, CDCI5) & ppm 162.70 (1C, C=0), 156.02 (1C3ua¢,
C=N), 150.93 (1C, C=0), 141.99 (1Cat/phenyl ' CCH,), 136.36 (1Cauat/arom) 128.63 (2C*°™, C(CHCH),CH),
128.45 (2Crhew! C(CHCH),CH), 128.28 (2CPreny! C(CHCH),CH), 127.85 (2C*°™, C(CHCH),CH), 127.56
(1¢cerom C(CHCH)CH), 125.72 (1CPhe! - C(CHCH),CH), 81.95 (1C® Boc), 79.39 (1C%4 Boc), 69.90 (1C,
OCH,CH,CH,Ph), 69.17 (1C, OCH,CH,CH,Npiperaziney - 58 0] (1C, NCH,CH,CH,CH,Npiperaziney - 55 56 (1C,
OCH,CH,CH,Npiperaziney - 53 17 (2Cpiperazine) - 53 11 (2Cpireraziney - 51 62 (1C, NCH,Ph), 47.33 (1C, CH,C(N)N),
32.32 (1C, PhCH>), 31.27 (1C, PhCH,CH>), 28.20, 28.14 (6C, CH3), 27.16 (1C, OCH,CH,CH,NPpiperazine) 95 ()7
(1C, NCHCH,>CH, CH,NPiPerazine) - 23 83 (1C, NH,CHCH>CH,CH,Npiperazine)

Preparation of 2,3-di(tert-butoxycarbonyl)-1-{4-{4-[3-(3-phenylpropoxy)prop-1-yl]piperazin-1-yl}but-1-yl}-1-
[4-(trifluoromethyl)benzyl]guanidine (16b)
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1,3-bis(tert-butoxycarbonyl)-2-methylisothiourea (0.214 g; 7.37-10* mol) and mercury II chloride (0.200 g;
7.37-10*mol) were sequentially added to an ice-cooled mixture of 4-{4-[3-(3-phenylpropoxy)propyl]piperazin-1-
yl}-N-[4~(trifluoromethyl)benzyl]butan-1-amine (15b) (0.330 g; 6.71:10* mol) and triethylamine (0.338 g;
3.34:10° mol) in 30 mL DCM. The ice bath was removed and the reaction was stirred for eighteen hours at room
temperature, then filtered. The precipitate was discarded. The filtrate was washed sequentially twice with 15 mL
H,0 and twice with 15 mL brine. The combined organic phases were dried over Na,SOj, then the solvent was
removed under vacuum and the crude product was purified by column chromatography

(EtOAc/MeOH/Triethylamine 89:10:1) to yield the pure product.

2,3-di(tert-butoxycarbonyl)-1-{4-{4-[3-(3-phenylpropoxy)prop-1-yl]piperazin-1-yl} but-1-yl}-1-[4-
(trifluoromethyl)benzyl]guanidine (16b): C3oHssF3NsOs. M=733.90. Colourless sticky oil. 65.57 % yield. R=0.45
(EtOAc/MeOH/Triethylamine 89:10:1). 'H NMR (600 MHz, CDCl;) & ppm 9.99 (br, 1H, NH), 7.60-7.59 (m,
2H#m  C(CHCH),CCF3), 7.42-7.41 (m, 2H*°™, C(CHCH),CCF3), 7.29-7.26 (m, 2HPt¥: C(CHCH),CH), 7.19-
7.17 (m, 3HPre! C(CHCH),CH), 4.76 (s, 2H, NCH,Ph), 3.44 (t, 2H, OCH,CH,CH,NPiPerazine - J = 6 44Hz), 3.41
(t,2H, OCH,CH,CH,Ph, J = 6.42Hz), 3.33 (br, 2H, CH,CH,NC(N)), 2.68 (t, 2H, PhCH,CH,, J =7.80 Hz), 2.57-
2.36 (m, 10H: 8HPiPerazine . QCH,CH,CH,NPiPeraziney 2 3() (t, 2H, NCH,CH,CH,CH,NPiPerazine | j = 7 50Hz), 1.89 (qt,
2H: PhCH,CHy), 1.78 (qt, 2H, OCH,CH,CH,NPiPerazine) 1 59.1.54 (m, 2H, NCH,CH,CH,), 1.49 (m, 18H, CH3),
1.46-1.40 (m, 2H, NCH,CH,CH,). *C NMR (150.95 MHz, CDCI;)  ppm 171.16 (1C, C=0), 161.03 (1C, C=0),
156.20 (1CMat C=N), 141.98 (1Catphenyl ' CCH,), 140.64 (1Catarom - C(CHCH),CH), 130.09, 129.83, 129.62,
129.39 (1Cauat/arm. - CCFs), 128.45 (2CPrenyl C(CHCH),CH), 128.28 (2CP™! C(CHCH),CH), 127.97 (2C&°m,
C(CHCH),CCF3), 126.80, 124.97, 123.17, 121.47 (1C, CF3), 125.73 (1CPn C(CHCH),CH), 125.59,125.56
(2C#om- - C(CHCH),CCF3), 82.16 (1 C® Boc), 79.24 (1 C™* Boc), 69.92 (1C, OCH,CH>CH,Ph), 69.09 (1C,
OCH,CH,CH,Npireraziney - 57 86 (1C, NHCH,CH,CH,CH,NPiperazine) - 55 52 (1C, OCH,CH,CH,NPiperazine) - 53 ()4
(2Cpiperazine) 57 99 (2Cpiverazine) 50 93 (1C, NCH,Ph), 48.12 (1C, CH,CH,NC(N)), 32.31 (1C, PhCH,CH>), 31.26
(1C, PhCH,CH>), 28.14 (6C, CH3), 27.07 (1C, OCH,CH,CH,NpiPeraziney 125 16 (1C, NCH.CH,CHy), 23.71 (1C,
NCH>CH2CH»).

Preparation of  1-(benzyl)-1-{4-{4-{3-[3-(4-chlorophenyl)propoxy]prop-1-yl}piperazin-1-yl}but-1-yl}-2,3-
di(tert-butoxycarbonyl)guanidine (16¢)

1,3-bis(tert-butoxycarbonyl)-2-methylisothiourea (0.153 g; 5.27-10* mol) and mercury II chloride (0.14 g;
5.16:10* mol) were sequentially added to an ice-cooled mixture of N-benzyl-4-{4-{3-[3-(4-
chlorophenyl)propoxy]propyl} piperazin-1-yl}butan-1-amine (15¢) (0.22 g; 4.80-10* mol) and triethylamine
(0.24 g; 2.37-1073 mol) in 30 mL DCM. The ice bath was removed and the reaction was stirred for eighteen hours
at room temperature, then filtered. The precipitate was discarded. The filtrate was washed sequentially twice with
15 mL H,O and twice with 15 mL brine. The combined organic phases were dried over Na,SOj, then the solvent
was removed under vacuum and the crude product was purified by column chromatography

(EtOAc/MeOH/Triethylamine 89:10:1) to yield the pure product.

1-(benzyl)-1-{4-{4-{3-[3-(4-chlorophenyl)propoxy|prop-1-yl}piperazin-1-yl} but-1-yl}-2,3-di(tert-
butoxycarbonyl)guanidine (16¢): CssHssCINsOs. M=700.35. Colourless sticky oil. 68.45 % yield. R=0.39
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(EtOAc/MeOH/Triethylamine 89:10:1). 'H NMR (600 MHz, CDCI;) & ppm 9.91 (br, 1H, NH), 7.33-7.22 (m, 7H:
5Hm C(CHCH),CH; 2HPr! C(CHCH),CCl), 7.11-7.09 (m, 2HP"»! C(CHCH),CCl), 4.66 (br, 2H, NCH,Ph),
3.43 (t, 2H, OCH,CH,CH,NPperazine - J = 6 43Hz), 3.38 (t, 2H, OCH,CH,CH,Ph, J = 6.34Hz), 3.35 (br, 2H,
CH,CH,NC(N)), 2.65 (t, 2H, CIPhCHy), 2.45-2.39 (br, 10H: 8HPPer2zine . QCH,CH,CHpNPPerazine) -2 28 (t, 2H,
NCH,CH,CH,CH,NPperazine) - 1 85 (qt, 2H, PhCH,CH,), 1.76 (qt, 2H, OCH,CH,CH,NPiPer27iney - 1 57 (qt, 2H,
CH,CH,CH,), 1.49 (m, 18H, CHs), 1.43-1.39 (m, 2H, CH,CH>CHz). *C NMR (150.95 MHz, CDCl;) & ppm
162.71 (1C, C=0), 155.94 (1Ct, C=N), 150.95 (1C, C=0), 140.43 (1Caat/rhenyl ' CCH,), 136.43 (1Cauat/arom.)
131.45 (1Cawat/phenyl. - CCT), 129.79 (2CPem! C(CHCH),CCI), 128.61 (2C¥™, C(CHCH),CH), 128.36 (2CPhen!
C(CHCH),CCI), 127.87 (2C¥om C(CHCH),CH), 127.53 (1C*™, C(CHCH),CH), 81.88 (1C™" Boc), 79.34
(1C®at Boc), 69.63 (1C, OCH,CH,CH,Ph), 69.18 (1C, OCH,CH,CH,NPperazine) - 57 97 (1C, CHpNpiperaziney 55 53
(1C, CH,Npiperazine) 153 7() (2Cpiperazine) 53 11 (2Cpiperazine) 51 78 (1C, NCH,Ph), 47.47 (1C, CH,C(N)N), 31.68 (1C,
CIPhCH,), 31.16 (1C, PhCH,CH,), 28.18 (6C, CHj3), 27.18 (1C, OCH,CH,CH,NPiPeziney = 2510 (1C,
CH,CH,CH,), 23.85 (1C, CH,CH,CH>).

Preparation of 1-{4-{4-{3-[3-(4-chlorophenyl)propoxy|propyl} piperazin-1-yl} but-1-yl}-2,3-di(tert-
butoxycarbonyl)-1-(4-(trifluoromethyl)benzyl)guanidine (16d)

1,3-bis(tert-butoxycarbonyl)-2-methylisothiourea (0.138 g; 4.75-10* mol) and mercury II chloride (0.129 g;
4.75-10* mol) were sequentially added to an ice-cooled mixture of  4-{4-{3-[3-(4-
chlorophenyl)propoxy|propyl} piperazin-1-yl}-N-[4-(trifluoromethyl)benzyl]butan-1-amine  (15d) (0.228 g;
4.33-10* mol) and triethylamine (0.,219 g; 2.16-103 mol) in 40 mL DCM. The ice bath was removed and the
reaction was stirred for eighteen hours at room temperature, then filtered. The precipitate was discarded. The
filtrate was washed sequentially twice with 15 mL H,O and twice with 15 mL brine. The combined organic phases
were dried over Na,SOg, then the solvent was removed under vacuum and the crude product was purified by

column chromatography (EtOAc/MeOH/Triethylamine 89:10:1) to yield the pure product.

1-{4-{4-{3-[3-(4-chlorophenyl)propoxy|propyl} piperazin-1-yl} but-1-yl}-2,3-di(tert-butoxycarbonyl)-1-(4-

(trifluoromethyl)benzyl)guanidine (16d): CsoHs7CIF3NsOs. M=768.35. Yellowish sticky oil. 78.40 % yield.
R=0.43 (EtOAc/MeOH/Triethylamine 89:10:1). 'H NMR (600 MHz, CDCI5) & ppm 9.95 (br, 1H, NH), 7.59-7.58
(m, 2H¥™) 7.43-741 (m, 2H¥™), 7.24-722 (m, 2HP"™  C(CHCH),CCl), 7.11-7.10 (m, 2HPhen!
C(CHCH),CCI), 4.76 (br, 2H, NCH,Ph), 3.43 (t, 2H, OCH,CH,CH,Npiperazine - j = 6 48Hz), 3.38 (t, 2H,
OCH.CH,CHyPh, J = 6.33Hz), 3.33 (br, 2H, CH,CH.NC(N)), 2.65 (t, 2H, CIPhCH,), 2.49-2.39 (br, 10H:
gHpirerazine . OCH,CH,CH,NPiverazine) 9 28 (t, 2H, NCH,CH,CH,CH,NPirerazine) 1 85 (qt, 2H, PhCH,CH>), 1.76 (qt,
2H, OCH,CH,CH,Nppereziney -1 57 (qt, 2H, CH,CH,CHa), 1.49 (m, 18H, CH3), 1.43-1.41 (m, 2H, CH,CH,CH>).
BC NMR (150.95 MHz, CDCl5) & ppm 162.52 (1C, C=0), 156.13 (1C% C=N), 150.92 (1C, C=0), 140.75
(1Cauat/arom. © C(CHCH),CH), 140.44 (1Cauat/phenyl ' CCH,), 131.45 (1Cuatphenyl. - CCT), 130.08, 129.85, 129.64,
129.43 (1Cauat/arom: " CCFs), 129.79 (2CP™!, C(CHCH),CCI), 128.36 (2CP»! C(CHCH),CCI), 128.00 (2Caom.
C(CHCH),CH), 126.80, 124.99, 123.19, 121.39 (1C, CF3), 125.57, 125.54 (2C*™, C(CHCH),CCF3), 82.07
(1C™2 Boc), 79.62 (1C% Boc), 69.63 (1C, OCH,CH>CH,Ph), 69.16 (1C, OCH,CH,CH,NPiPerazine) 57 87 (1C,
CH,Npiperaziney - 55 51 (1C, CHpNpiperazine) 53 18 (2(Cpiperazine) ' 53 11 (2Cpiperaziny 50 91 (1C, NCH,Ph), 48.12 (1C,
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CH,C(N)N), 31.68 (1C, CIPhCH,), 31.16 (1C, PhCH,CH,), 28.16 (6C, CHs), 27.17 (1C, OCH,CH,CH,Npiveraziney
25.22 (1C, CH,CH,CH,), 23.84 (1C, CH,CH,CH,).

Preparation of 1-(benzyl)-1-{4-{4-[3-(3-phenylpropoxy)prop-1-yl]piperazin-1-yl} but-1-yl} guanidine
trihydrochloride (ADS10349)

4M solution HCI-dioxan (1.87 mL; 7.48:10~ mol) was added dropwise to a solution of the 1-(benzyl)-2,3-di(zert-
butoxycarbonyl)-1-{4-{4-[3-(3-phenylpropoxy)prop-1-yl]piperazin-1-yl} but-1-yl} guanidine (16a) (0.245 g;
3.68:10**mol) in 20 mL chloroform. The reaction was stirred overnight at room temperature, then the solvent was
removed under vacuum. The crude product was evaporated twice from chloroform and twice from EtOAc, then

recrystallized from anhydrous 2-propanol to yield the pure product.

1-(benzyl)-1-{4-{4-[3-(3-phenylpropoxy)prop-1-yl]piperazin-1-yl} but-1-yl } guanidine trihydrochloride
(ADS10349): C2sH43NsO-3HCI-1.5H,0. M=602.08. White solid. 58.69 %. mp:174-176 °C. 'H NMR (600 MHz,
CD;OD) & ppm 7.45-7.42 (m, 2H**™, C(CHCH),CH), 7.38-7.35 (m, 1H**™, C(CHCH),CH), 7.31-7.27 (m, 4H:
2Hprewl. | C(CHCH),CH; 2H*°™, C(CHCH),CH), 7.22-7.21 (m, 2HPt™' C(CHCH),CH), 7.19-7.17 (m, 1Hphen!
C(CHCH),CH), 4.71 (br, 2H, NCH,Ph), 3.86 (br, 4HPirerazine) '3 71.3,57 (br, 6H: 4HpPerazine; QCH,), 3.50 (t, 2H,
OCH,, J=7.50Hz), 3.45 (t, 2H, CH,CH,NC(N); J=7.50Hz), 3.39 (t, 2H, CH,NPiPerazine | j=7 50Hz), 3.28 (m, 2H,
CHpNpiperazine)y = 2 71 (t, 2H, PhCH,CH,, J=7.62Hz), 2.12-2.08 (m, 2H, CH,CH,CH,), 1.94-1.89 (qt, 2H,
CH,CH,CH,), 1.83-1.75 (m, 4H, CH,CH>CH>). *C NMR (150.95 MHz, CD;OD) & ppm 158.41 (1C, C=N),
143.25 (1Cauat/phenyl CCHy), 136.31 (1Catarom. C(CHCH),C), 130.16 (2C*°™, C(CHCH),CH), 129.49 (2CPhent,
C(CHCH),CH), 129.42 (2CPh C(CHCH),CH), 129.22 (1C¥™, C(CHCH),CH), 128.02 (2C¥°™,
C(CHCH),CH), 126.91 (1CPem! C(CHCH),CH), 71.49 (1C, OCH,), 68.42 (1C, OCH>), 57.79 (1C, NCH,Ph),
57.52 (1C, CHpNpirerazine)y - 56 31 (1C, CH,pNPiPerazine) 49 91 (4Cpiveraziney 49 62 (1C, CH,CH,NC(N)), 33.39 (1C,
PhCH,CH»), 32.46 (1C, CH,CH>CH»), 25.61 (1C, CH.CH»CH»), 25.30 (1C, CH,CH,CH,), 22.14 (1C,
CH,CH,CH,). Anal. Calcd: C 55.86 %; H 8.20 %; N 11.63 %. Found: C 55.75 %; H 8.53 %; N 11.65%.

Preparation of 1-{4-{4-[3-(3-phenylpropoxy)prop-1-yl]piperazin-1-yl} but-1-yl}-1-(4-
(trifluoromethyl)benzyl)guanidine trihydrochloride (ADS10350)

4M solution HCl-dioxan (1.92 mL; 7.68:10° mol) was added dropwise to a solution of the 2,3-di(tert-
butoxycarbonyl)-1-{4-{4-[3-(3-phenylpropoxy)prop-1-yl]piperazin-1-yl} but-1-yl}-1-(4-

(trifluoromethyl)benzyl)guanidine trihydrochloride (16b) (0.282 g; 3.84:10* mol) in 20 mL chloroform. The
reaction was stirred overnight at room temperature, then the solvent was removed under vacuum. The crude
product was evaporated twice from chloroform and twice from EtOAc. The residue was stirred twice with EtOAc
at 70 °C, then the supernatant was carefully decanted from the precipitate. The precipitate was evaporated and

dried to yield the pure product.

1-{4-{4-[3-(3-phenylpropoxy)prop-1-yl]piperazin-1-yl} but-1-yl}-1-(4-(trifluoromethyl)benzyl)guanidine
trihydrochloride (ADS10350): Cy9H4,F3NsO-3HCI-0.5H,0. M=652.06. White solid. 67.46 %. mp: 211.8-213.2
°C. 'H NMR (600 MHz, CD;0D) & ppm 7.76-7.75 (m, 2H**™, C(CHCH),CCF3), 7.52-7.50 (m, 2H°™,
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C(CHCH),CCF3), 7.30-7.28 (m, 2HP*»! C(CHCH),CH), 7.23-7.22 (m, 2HP*»" C(CHCH),CH), 7.20-7.18 (m,
[HPhenyl C(CHCH),CH), 4.80 (br, 2H, NCH,Ph), 3.92 (br, 4Hperzine) 3 68 (br, 4HpiPerazine) 3 60-3.58 (t, 2H,
OCH,, J=5.60Hz), 3.52-3.49 (m, 4H, OCHa; CH,CH,NC(N)), 3.41-3.39 (m, 2H, CH,NPiPerazine) 3 34.3 33 (t, 2H,
CH,Npiverazine: =5 60Hz), 2.73-2.70 (t, 2H, PhCH,CHa, J=7.50Hz), 2.14-2.10 (m, 2H, CH,CH,CH,), 1.95-1.83
(m, 6H, CH,CH,CHy). 3C NMR (150.95 MHz, CD;0D) 8 ppm 158.53 (1C, C=N), 143.26 (1Caw/phenyl CCHy),
141.07 (1Cowataom  C(CHCH),CCFs), 131.56, 131.35, 131.14, 130.92 (1Cawat/aom  CCFs), 129.50 (2CPhen!,
C(CHCH),CH), 129.42 (2CPen. C(CHCH),CH), 128.46 (2C™, C(CHCH),CCFs), 128.28, 126.48, 124.68,
122.88 (1C, CFs), 126.98, 126.96 (2C¥o™, C(CHCH),CCF3), 126.89 (1CPen!. C(CHCH),CH), 71.48 (1C, OCH.),
68.39 (1C, OCH,), 57.52 (1C, CH,NPiverziney 56 30 (1C, CH,NPpereine) 52 42 (1C, NCH,Ph), 49.96 (4Cpiverazine)
49.74 (1C, CH,CH,NC(N)), 33.40 (1C, PhCH,CHy), 32.46 (1C, CH,CH,CH,), 25.58 (1C, CH,CH,CHy), 25.35
(1C, CH,CH,CHy), 22.05 (1C, CH,CH,CHy). Anal. Caled: C 53.42 %; H 7.11 %; N 10.74 %. Found: C 53.35 %;
H7.15 %; N 10.73 %.

Preparation of 1-(benzyl)-1-{4-{4-{3-[3-(4-chlorophenyl)propoxy]prop-1-yl}piperazin-1-yl}but-1-yl} guanidine
trihydrochloride (ADS10278)

4M solution HCl-dioxan (1.56 mL; 6.24-10-* mol) was added dropwise to a solution of the 1-(benzyl)-1-{4-{4-{3-
[3-(4-chlorophenyl)propoxy|prop-1-yl}piperazin-1-yl} but-1-yl}-2,3-di(tert-butoxycarbonyl)guanidine (16¢)
(0.219 g; 3.13:10“*mol) in 20 mL chloroform. The reaction was stirred overnight at room temperature, then the
solvent was removed under vacuum. The crude product was evaporated twice from chloroform and twice from
EtOAc. The residue was stirred twice with EtOAc at 70 °C, then the supernatant was carefully decanted from the

precipitate. The precipitate was evaporated and dried to yield the pure product.

1-(benzyl)-1-{4-{4-{3-[3-(4-chlorophenyl)propoxy]prop-1-yl}piperazin-1-yl} but-1-yl} guanidine
trihydrochloride (ADS10278): C2sH4CINsO-3HCL. M=652.06. White solid. 53.54 %. mp: 189.7-192.0 °C. 'H
NMR (600 MHz, CD;OD ) 6 ppm 7.45-7.42 (m, 2H*°™), 7.37-7.35 (m, IH*™, C(CHCH),CH), 7.31-7.28 (m,
4H: 2H#om; 2HpPhemyl. C(CHCH),CCl), 7.22-7.21 (m, 2HP*™! C(CHCH),CCl), 4.71 (br, 2H, NCH,Ph), 3.92-3.64
(br, 8H, 8Hpireraziney '3 58 (¢, 2H, OCH,, J = 5.68Hz), 3.48 (t, 2H, OCH,, J = 6.33Hz), 3.45 (t, 2H, CH,CH,NC(N),
J =7.80 Hz), 3.41 (br, 2H, CH,NPPerazine) '3 31 (br, 2H, CH,NPiPerazine) '3 71-2 69 (m, 2H, CIPhCHb>), 2.12 (qt, 2H,
PhCH>CH>), 1.90 (qt, 2H, OCH,CH,CH,Npiperazine) 11 85 (qt, 2H, CH,CH,CH>), 1.78 (m, 2H, CH,CH>CH,). 3C
NMR (150.95 MHz, CD;0D) § ppm 158.37 (1C%4, C=N), 142.07 (1CatPhenyl - CCH,), 136.32 (1Cauat/arom),
132.58 (1Cauat/phenyl. “CCY), 131.14 (2CPrenyl C(CHCH),CCl), 130.13 (2C™, C(CHCH),CH), 129.44 (2CPhem!,
C(CHCH),CCl), 129.18 (2C**™, C(CHCH).CH), 128.03 (1C**™, C(CHCH),CH), 71.22 (1C, OCH2), 68.38 (1C,
OCHb>), 57.51 (1C, CHpNPiperaziney 156 32 (1C, CHoNPPerazine) 153 76 (1C, NCH,Ph), 49.94 (4Cpireraziney 149 62 (1C,
CH,C(N)N), 32.66 (1C, CIPhCH,), 32.28 (1C, PhCH,CH,), 25.53 (1C, OCH2CH,CHpNPPerazine) - 25 26 (1C,
CH>CH,CH,), 22.03 (1C, CH,CH,CH>). Anal. Caled: C 55.18 %; H 7.44 %; N 11.49 %. Found: C 55.18 %; H
7.54 %; N 11.48 %.

521



Preparation of 1-{4-{4-{3-[3-(4-chlorophenyl)propoxy]propyl}piperazin-1-yl} but-1-yl}-1-(4-
(trifluoromethyl)benzyl)guanidine trihydrochloride (ADS10279)

4M solution HCI-dioxan (1.58 mL; 6.32:10-* mol) was added dropwise to a solution of the 1-{4-{4-{3-[3-(4-
chlorophenyl)propoxy]propyl}piperazin-1-yl}but-1-yl}-2.3-di(tert-butoxycarbonyl)-1-(4-

(trifluoromethyl)benzyl)guanidine (16d) (0.243 g; 3.04:10*mol) in 20 mL chloroform. The reaction was stirred
overnight at room temperature, then the solvent was removed under vacuum. The crude product was evaporated
twice from chloroform and twice from EtOAc. The residue was stirred twice with EtOAc at 70 °C, then the
supernatant was carefully decanted from the precipitate. The precipitate was evaporated and dried to yield the pure

product.

1-{4-{4-{3-[3-(4-chlorophenyl)propoxy]propyl}piperazin-1-yl} but-1-yl}-1-(4-
(trifluoromethyl)benzyl)guanidine trihydrochloride (ADS10279): CoH41CIF3NsO-3HCI-H,O. M=695.52. White
solid. 43.66 %. mp: 210.4-212.4 °C. 'H NMR (600 MHz, CD;OD )  ppm 7.76-7.73 (m, 2H*°™), 7.52-7.50 (m,
2H@omy) - 7.30-7.28 (m, 2HPrem! C(CHCH),CCl), 7.23-7.21 (m, 2HP"™! C(CHCH),CCl), 4.79 (br, 2H, NCH,Ph),
3.94 (br, 4Hpieeraziney 3 67 (br, 4Hpireraziney 3 58 (¢, 2H, OCH,, J = 5.68Hz), 3.51-3.48 (m, 4H, OCH,,
CH>CH,NC(N)), 3.42 (br, 2H, CH,Npiperaziney 3 35 (b, 2H, CHpNPiperazine) 9 71.2 69 (t, 2H, CIPhCH,, J = 7.80Hz),
2.15-2.10 (m, 2H, CH>CH,CH2>), 1.93-1.82 (m, 6H, CH,CH,CH>). *C NMR (150.95 MHz, CD;0D) & ppm 158.46
(1Cat C=N), 142.07 (1Cat/arom = C(CHCH),CH), 141.08 (1Cauat/phenyl CCH,), 132.58 (1Cauat/phenyl - CCY),
131.51, 131.29, 131.08, 130.86 (1Cawat/aom  CCF3), 131.14 (2CPhew!: C(CHCH),CCI), 129.42 (2CPheny!,
C(CHCH),CCI), 128.45 (2C*™ C(CHCH),CH), 128.28, 126.48, 124.68, 122.89 (1C, CF3), 126.95, 126.92
(2C*om, C(CHCH),CCFs), 71.21 (1C, OCH,), 68.37 (1C, OCH,), 57.50 (1C, CH,NPireraziney 5656 (1C,
CH,Npiperaziney 157 37 (1C, NCH,Ph), 49.98 (4Cpirerazine) 149 69 (1C, CH,C(N)N), 32.60 (1C, CIPhCH>), 32.27 (1C,
PhCH,CH>), 25.52 (1C, OCH>CH,CH,NPpireraziney 55 30 (1C, CH,CH,CH>), 21.98 (1C, CH,CH,CH,). Anal. Calcd:
C 50.08 %; H 6.67 %; N 10.07 %. Found: C 50.04 %; H 6.72 %; N 9.81 %.

Preparation of 3-(piperidin-1-yl)propanenitrile (17a)

Acrylonitrile (1.37 g; 2.58°10"2 mol) was added dropwise to a solution of piperidine (2.00 g; 2.35:102mol) in 70
mL methanol. The reaction was stirred overnight at room temperature, then the solvent was removed under vacuum

to yield the pure product.

3-(piperidin-1-yl)propanenitrile (17a): CgHi4sNo. M=138.21. Yellowish liquid. 99.80 % yield. R=0.52 (EtOAc).
"H NMR (600 MHz, CDCI;) & ppm 2.67 (t, 2H, CHpNpiveridine: j=7 20Hz), 2.50 (t, 2H, CH.CN; J=7.22Hz), 2.44-
2.42 (m, 4Hpireridine N(CH,CH,),CH>), 1.61-1.57 (m, 4HPireridine N(CH,CH,),CH>), 1.45-1.42 (m, 2HPpiperidine
N(CH>CH,)>CH>). '3C NMR (150.95 MHz, CDCl;) § ppm 118.96 (1C% C=N), 54.09 (1C, CH,Npiperidiney 53 97
(2Cpiperidine . N(CH,CH,)>CH>), 25.77 (2CPiperidine N(CH,CH,)>CH,), 24.02 (1CPireridine N(CH,CH,),CH>), 15.16
(1C, CH.CN).

S22



Preparation of 4-(piperidin-1-yl)butanenitrile (17b)

4-bromobutyronitrile (1.738 g; 1.17-102mol) in 20 mL acetonitrile was added dropwise to a solution of piperidine
(1.00 g; 1.17°10"2 mol) and potassium carbonate (8.10 g; 5.87:10"2 mol) in 30 mL acetonitrile. The reaction was
stirred for 72 hours at room temperature. The precipitate was discarded. The solvent was removed under vacuum
and the crude product was purified by column chromatography (EtOAc/ Triethylamine 90:1) to yield the pure
product.

4-(piperidin-1-yl)butanenitrile (17b): CoHisNo. M=152.24. Colourless liquid. 96.14 % yield. R=0.41
(EtOAc/Triethylamine 90:1). '"H NMR (600 MHz, CDCl;) § ppm 2.41 (t, 2H, CHoNPiperidine: =7 18Hz), 2.39 (t,
2H, CH,CN; J=6.92Hz), 2.35 (br, 4Hpireridine N(CH,CH,),CH>), 1.82 (qt, 2H, CH,CH>CH>), 1.58-1.54 (m,
4Hpiperidine N(CH,CH,),CHa), 1.44-1.42 (m, 2HPPeridine. N(CH,CH,)>CHz). '*C NMR (150.95 MHz, CDCI;) & ppm
119.84 (1C:a C=N), 57.09 (1C, CHpNpiperidiney 54 48 (2Cpiveridine . N(CH,CH,),CH,), 25.94 (2Cpiperidine,
N(CH,CH,),CHy), 24.36 (1Cpiperidine N(CH,CH»),CH>), 22.90 (1C, CH,CH,CHy), 14.93 (1C, CH,CN).

Preparation of 3-(piperidin-1-yl)propan-1-amine (18a)

LiAlH4 (3.57 g; 9.41-102 mol) was added to a solution of 3-(piperidin-1-yl)propanenitrile (17a) (3.25 g; 2.35-10°
2mol) in 120 mL anhydrous diethyl ether. The reaction was stirred overnight at room temperature, then the mixture
was quenched by dropwise addition of water (16 equiv.) and 10 % NaOH solution (16 equiv.) stirred for two hours,
then filtered. The precipitate was discarded. The organic layer was dried over Na,SO,, then the solvent was
removed under vacuum and the crude product was purified by column chromatography (DCM/MeOH/25% NH3aq.
49:10:1) to yield the pure product.

3-(piperidin-1-yl)propan-1-amine (18a): CgHisN,. M=142.24. Yellowish sticky oil. 80.24 % yield. R=0.22
(DCM/MeOH/25% NHsagq. 49:10:1). '"H NMR (600 MHz, CDCI;) & ppm 2.76-2.66 (m, 2H, CH,Npiperidiney 3 37_
2.34 (m, 6H: 4Hpireridine. N(CH,CH»),CH,; CHoNHL), 1.66 (qt, 2H, CH,CH,CHy), 1.60-1.56 (m, 4Hpiperidine,
N(CH,CH,),CH,), 1.43 (br, 4H: 2Hpreridine. N(CH,CH,),CHa, NH>). *C NMR (150.95 MHz, CDCl5) & ppm 57.18,
(1C, CH,Npiperidine) 54 57 (2Cpiperidine N(CH,CH,),CHa), 40.75 (1C, CH,NH>), 29.88 (1C, CH,CH,CH>), 25.86
(2Cpiperidine. N(CH,CH,),CHy), 24.36 (1CPiperidine. N(CH,CH,)2CHo).

Preparation of 4-(piperidin-1-yl)butan-1-amine (18b)

LiAlH4 (1.44 g; 3.79-102 mol) was added to a solution of 4-(piperidin-1-yl)butanenitrile (17b) (1.446 g; 9.49-10
3 mol) in 50 mL anhydrous diethyl ether. The reaction was stirred overnight at room temperature, then the mixture
was quenched by dropwise addition of water (16 equiv.) and 10 % NaOH solution (16 equiv.) stirred for two hours,
then filtered. The precipitate was discarded. The organic layer was dried over Na,SO,, then the solvent was
removed under vacuum and the crude product was purified by column chromatography (DCM/MeOH/25% NH3agq.
39:10:1) to yield the pure product.
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4-(piperidin-1-yl)butan-1-amine (18b): CoHyN>. M=156.27. Yellowish liquid. 53.77 % yield. R~0.28
(DCM/MeOH/25% NHsaq. 39:10:1). '"H NMR (600 MHz, CDCl5) & ppm 2.71 (t, 2H, CH.NH>; J=6.79Hz), 2.38
(br, 4Hpireridine. N(CH,CH»),CH>), 2.30 (t, 2H, CH,NPiperidine; j=7 50Hz), 2.22 (br, 2H, NHa, *), 1.60-1.56 (m,
4Hpireridine. N(CH,CH,),CH>), 1.55-1.51 (m, 2H, CH,CH>CH>), 1.49-1.43 (m, 4H: 2HpriPeridine N(CH,CH,)>CHy;
CH,CH>CH,). ®C NMR (150.95 MHz, CDCl;) & ppm 59.18, (1C, CH,Npireridine) 54 50 (2(piperidine
N(CH>CH,)>CH,), 41.89 (1C, CH,NH>), 31.59 (1C, CH,CH,CH,), 25.86 (2CPireridine. N(CH,CH,)>CHb), 24.38
(1C, CH2CH,CHy), 24.32 (1CPiperidine. N(CH,CH,)>CH>).

Preparation of 1-(3-bromopropyl)-4-chlorobenzene (19)

3-(4-Chlorophenyl)-1-propanol (1.00 g; 5.8610-*mol) in 6 mL toluene was slowly added to an ice-cooled mixture
of phosphorus tribromide (2.22 g; 8.20-10 mol) in 5 mL toluene. The ice bath was removed and the reaction was
stirred overnight at room temperature. The 30 g of ice-cubes were added and the mixture was extracted 3x15 mL
with DCM. The combined organic phases were dried over anhydrous Na,SOs. The solvent was removed under
vacuum and the crude product was purified by column chromatography (Hexane/DCM 10:1) to yield the pure
product.

1-(3-bromopropyl)-4-chlorobenzene (19): CoHoBrCl. M=233.53. Colourless liquid. 53.36 % yield. R~=0.46
(Hexane/DCM 10:1). '"H NMR (600 MHz, CDCI3) & ppm 7.27-7.25 (m, 2H*™ C(CHCH),CCl), 7.13-7.12 (m,
2H#em C(CHCH).CCl), 3.37 (t, 2H, CH,Br; J=6.51Hz), 2.75 (t, 2H, PhCH,, J=7.38Hz ), 2.15 (qt, 2H,
CH,CH>CH,). *C NMR (150.95 MHz, CDCI;) & ppm 138.94 (1Cavat/arem. | CCHy,), 131.94 (1Cauat/arom: ), 129.89
(2¢C#om C(CHCH),CCl), 128.60 (2C*°™, C(CHCH),CCl), 33.95 (1C, CH>), 33.27 (1C, CH»), 32.74 (1C, CH>).

Preparation of 4-(4-chlorophenyl)butan-1-ol (20)

Borane-fert-butylamine-complex (4.88 g; 5.61:102mol) was added to an ice-cooled mixture of aluminum chloride
(3.74 g; 2.80-10"2mol) in 40 mL DCM. After 10 minutes 3-(4-chlorobenzoyl)propionic acid (2.00 g; 9.41-103 mol)
was slowly added to the reaction mixture. The reaction was stirred was refluxed for 9 days at 40 °C under an argon
atmosphere. After cooling the mixture was poured under vigorous stirring into 140 g of ice-cubes with 50 mL of
0.2 M HCI. After two hours of stirring the organic phase was separated and washed 3 times with 50 mL of water,
saturated aqueous NaHCOs. The organic phase was dried over anhydrous Na,SO4. The solvent was removed under

vacuum and the crude product was purified by column chromatography (DCM) to yield the pure product.

4-(4-chlorophenyl)butan-1-ol (20): C1oH13Cl0. M=184.66. Colourless liquid. 70.35 % yield. R=0.35 (DCM). 'H
NMR (600 MHz, CDClI3) 6 ppm 7.24-7.23 (m, 2H**™, C(CHCH).CCl), 7.11-7.09 (m, 2H**™, C(CHCH),CCl),
3.65 (t, 2H, CH,OH; J=6.20Hz), 2.62 (t, 2H, PhCH,, J=7.60Hz ), 1.68 (qt, 2H, HOCH,CH,), 1.59 (qt, 2H,
PhCH,CH,), 1.36 (br, 1H, OH). 3*C NMR (150.95 MHz, CDCl;) & ppm 140.71 (1C®a+aom " CCH,), 131.41
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(1Cauat/arom. - CCT), 129.70 (2C*°™, C(CHCH),CCI), 128.34 (2C=om, C(CHCH),CCl), 62.61 (1C, CH,OH), 34.94
(1C, PhCH>), 32,13 (1C, PhCH,CHy,), 27.43 (1C, HOCH,CH>).

Preparation of 1-(4-bromobutyl)-4-chlorobenzene (21)

4-(4-chlorophenyl)butan-1-ol (20) (0.387 g; 2.09-10- mol) in 5 mL toluene was slowly added to an ice-cooled
mixture of phosphorus tribromide (0.79 g; 2.92:10* mol) in 5 mL toluene. The ice bath was removed and the
reaction was stirred overnight at room temperature. The 30 g of ice-cubes were added and the mixture was
extracted 3x15 mL with DCM. The combined organic phases were dried over anhydrous Na,SO4. The solvent was
removed under vacuum and the crude product was purified by column chromatography (Hexane/DCM 10:1) to

yield the pure product.

1-(4-bromobutyl)-4-chlorobenzene (21): CioH2BrCl. M=247.56. Colourless liquid. 78.84 % yield. R~=0.63
(Hexane/DCM 10:1). 'H NMR (600 MHz, CDCI5) § ppm 7.25-7.23 (m, 2H*™, C(CHCH),CCl), 7.10-7.09 (m,
2Hom C(CHCH),CCI), 3.41 (t, 2H, CH,Br; J=6.69Hz), 2.61 (t, 2H, PhCH,, J=7.62Hz ), 1.87 (qt, 2H,
PhCH,CH,CH,CH,Br), 1.75 (qt, 2H, PhCH,CH,CH,CH,Br). 3C NMR (150.95 MHz, CDCl;) § ppm 140.18
(1Cavatfarom. " CCH,), 131.63 (1Cwatarom. " CCY), 129.69 (2Ca™- C(CHCH),CCl), 128.47 (2C°™, C(CHCH),CCl),
34.30 (1C, CH,C**™), 33.43 (1C, CH,Br), 32.08 (1C, PhCH>CH>CH,CH,Br), 29.69 (1C, PhCH,CH,CH,>CH>Br).

Preparation of 3-(4-chlorophenyl)-N-[3-(piperidin-1-yl)propyl]propan-1-amine (22a)

1-(3-bromopropyl)-4-chlorobenzene (19) (0.194 g; 8.29-10*mol) in 10 mL acetonitrile was added dropwise to a
solution of 3-(piperidin-1-yl)propan-1-amine (18a) (0.118 g; 8.29:10* mol) and potassium carbonate (0.57 g;
4.12-10°3 mol) in 20 mL acetonitrile heated to 60 °C. The reaction was stirred overnight at 60 °C. The precipitate
was discarded. The solvent was removed under vacuum and the crude product was purified by column

chromatography (DCM/MeOH/25% NHsaq. 89:10:1) to yield the pure product.

3-(4-chlorophenyl)-N-[3-(piperidin-1-yl)propyl]propan-1-amine (22a): C;7H27CIN,. M=294.86. Yellowish waxy
solid. 42.68 % yield. R=0.33 (DCM/MeOH/25% NHsaq. 89:10:1). mp: 114.0-116.0 °C. '"H NMR (600 MHz,
CDClI3) & ppm 7.26-7.24 (m, 2H**™, C(CHCH),CCl), 7.12-7.11 (m, 2H**™, C(CHCH),CCl), 4.09 (br, 1H, NH,
*), 2.81 (t, 2H, NHCH,CH,CH,NPPeridine - j=6 38Hz), 2.71 (t, 2H, NHCH,CH,CH,Ph, J=7.50Hz), 2.66 (t, 2H,
NHCH,CH,CH,Ph, J=7.68Hz), 2.47-2.38 (m, 6H: 4HPreridine. N(CH,CH,),CH,; NHCH,CH,CH,NPperidiney - 1 9]
(qt, 2H, NHCH,CH,CH,Ph), 1.80 (qt, 2H, NHCH,CH,CH,NPPeridine) 11 60-1.57 (m, 4HpPPeridine N(CH,CH,),CH>),
1.45 (m, 2HPPeridine N(CH,CH,),CH>). '*C NMR (150.95 MHz, CDCl;) § ppm 140.12 (1Ct/arem. ' CCH,), 131.56
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(1Cauat/arom. - C ), 129.65 (2C*om C(CHCH),CCI), 128.43 (2C™ C(CHCH),CCl), 57.99, (1C, CH,Npiperidine)
54.59 (2Cviveridine . N(CH,CH,),CHy), 49.00 (1C, CH,NH), 48.82 (1C, CH,NH), 32.82 (1C, CH,C™), 30.91 (1C,
CH,CH,CH,Com), 25.95 (2CPiPeridine N(CH,CH,),CH,), 25.86 (1CPreridine N(CH,CH,),CH,), 24.38 (1C,
CH,CH,CH,Nwiveridine)

Preparation of N-(3-(4-chlorophenyl)propyl)-4-(piperidin-1-yl)butan-1-amine (22b)

1-(3-bromopropyl)-4-chlorobenzene (19) (0.298 g; 1.28:10- mol) in 10 mL acetonitrile was added dropwise to a
solution of 4-(piperidin-1-yl)butan-1-amine (18b) (0.200 g; 1.28:103 mol) and potassium carbonate (0.884 g;
6.39:103 mol) in 20 mL acetonitrile heated to 60 °C. The reaction was stirred overnight at 60 °C. The precipitate
was discarded. The solvent was removed under vacuum and the crude product was purified by column

chromatography (DCM/MeOH/25% NHsaq. 139:10:1) to yield the pure product.

N-(3-(4-chlorophenyl)propyl)-4-(piperidin-1-yl)butan-1-amine (22b): Ci3H29CIN,. M=308.89. Yellowish sticky
oil. 43.04 % yield. R=0.34 (DCM/MeOH/25% NHsaq. 139:10:1). 'H NMR (600 MHz, CDCl3) & ppm 7.24-7.23
(m, 2H**™ C(CHCH),CCl), 7.12-7.10 (m, 2H**™, C(CHCH),CCl), 2.64-2.60 (m, 6H: CH,C**™, CH,NH), 2.37
(br, 4Hpireridine. N(CH,CH,)>CH,), 2.30 (t, 2H, CHoNPiperidine | =7 20Hz), 1.81 (qt, 2H, PhCH,CH,CH,), 1.59-1.56
(m, 5H: (m, 4Hpireridine. N(CH,CH,),CHa, NH*), 1.43 (br, 2HPPeridine N(CH,CH,),CH»), 1.53-1.52 (m, 4H,
CH,CH,CH,CH,). *C NMR (150.95 MHz, CDCI;) § ppm 140.41 (1Cat/aom. ' CCHy), 131.44 (1Cavat/arom. " CCY),
129.67 (2C°™, C(CHCH),CCl), 128.37 (2C*™, C(CHCH),CCl), 59.26, (1C, CH,Npiperidiney - 54 53 (2 Cpiperidine
N(CH,CH,),CH>»), 49.75 (1C, CH,NH), 49.09 (1C, CH,NH), 32.95 (1C, CH,C*™), 31.37 (1C, PhCH,CH>CH»),
28.08 (1C, CH,CH,CH,CH,), 25.91 (2Cpireridine. N(CH,CH,)2CHy), 24.78 (1CPreridine. N(CH,CH,),CH,), 24.38
(1C, CH,CH>CH>CHa).

Preparation of 4-(4-chlorophenyl)-N-[3-(piperidin-1-yl)propyl]butan-1-amine (22¢)

1-(4-bromobutyl)-4-chlorobenzene (21) (0.409 g; 1.65:10° mol) in 10 mL acetonitrile was added dropwise to a
solution of 3-(piperidin-1-yl)propan-1-amine (18a) (0.258 g; 1.81:10 mol) and potassium carbonate (1.14 g;
8.25:10* mol) in 20 mL acetonitrile heated to 60 °C. The reaction was stirred overnight at 60 °C. The precipitate
was discarded. The solvent was removed under vacuum and the crude product was purified by column

chromatography (DCM/MeOH/25% NHsaq. 49:10:1) to yield the pure product.

4-(4-chlorophenyl)-N-[3-(piperidin-1-yl)propyl]butan-1-amine (22¢): CisH29CIN,. M=308.89. Yellowish sticky
oil. 43.33 % yield. R=0.69 (DCM/MeOH/25% NHiaq. 49:10:1). '"H NMR (600 MHz, CDCl3) & ppm 7.24-7.23
(m, 2H¥™, C(CHCH),CCI), 7.10-7.09 (m, 2H*™, C(CHCH),CCI), 2.72 (t, 2H, NpireridinCH,CH,CH,NH,
J=6.61Hz), 2.66 (t, 2H, PhCH>CH>CH>CH,NH, J=7.09Hz), 2.60 (t, 2H, CH>Ph, J=7.49Hz), 2.39-2.33 (m, 6H:
4Hpireridine N(CH,CH,),CHy; CHpNPiPeridine) 11 74 (qt, 2H, CH,CH,NPiperidiney 11 64 (qt, 2H, PhCH,CH,CH,CH,NH),
1.59-1.52 (m, 6H: 4Hrreridine N(CH,CH,),CH,; PhCH,CH,CH,CH,NH), 1.43-1.42 (m, 3H: 2HPpiperidine
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N(CH,CH,),CH,; NH*).*C NMR (150.95 MHz, CDCl5) & ppm 140.52 (1Cowat/aom. CCH,), 131.32 (1Couat/arom.
CCl), 129.64 (2C¥™, C(CHCH),CCI), 128.26 (2C¥™, C(CHCH),CCl), 57.96 (1C, CH,Npieridine) 54 51
(2Cpipetidine. N(CH,CH,),CHs), 49.23 (1C, PhCH,CH,CH,CH,NH), 49.00 (1C, NPperidineCH,CH,CH,NH), 34.94
(1C, CH,Com), 2829, 28.85 (2C, PhCH,CH,CH,CH,NH), 25.86 (2CPireridine N(CH,CH;),CHa), 25.76 (1C,
CH,CH,Npiveridiney 24 21 (] Cpiveridine. N(CH,CHa),CH).

Preparation of 1-(3-(4-chlorophenyl)propyl)-2,3-di(tert-butoxycarbonyl)-1-(3-(piperidin-1-yl)propyl)guanidine
(23a)

1,3-bis(tert-butoxycarbonyl)-2-methylisothiourea (0.317 g; 1.09-10 mol) and mercury II chloride (0.297 g;
1.09-10° mol) were sequentially added to an ice-cooled mixture of 3-(4-chlorophenyl)-N-[3-(piperidin-1-
yl)propyl]propan-1-amine (22a) (0.293 g; 9.94-10* mol) and triethylamine (0.503 g; 4.97-10 mol) in 30 mL
DCM. The ice bath was removed and the reaction was stirred for eighteen hours at room temperature, then filtered.
The precipitate was discarded. The filtrate was washed sequentially twice with 15 mL H,O and twice with 15 mL
brine. The combined organic phases were dried over Na,SOj, then the solvent was removed under vacuum and the
crude product was purified by column chromatography (EtOAc/MeOH/Triethylamine 139:10:1) to yield the pure
product.

1-(3-(4-chlorophenyl)propyl)-2,3-di(tert-butoxycarbonyl)-1-(3-(piperidin- 1-yl)propyl)guanidine (23a):
C23H4sCIN4O4. M=537.13. Yellowish sticky oil. 55.27 % yield. R=0.36 (EtOAc/MeOH/Triethylamine 139:10:1).
'"H NMR (600 MHz, CDCl;3) & ppm 10.75 (br, 1H, NH), 7.23-7.22 (m, 2H*°™, C(CHCH),CCl), 7.16-7.15 (m,
2H#om - C(CHCH),CCI), 3.32-3.29 (m, 4H, CH,NCHo>), 2.61 (t, 2H, CIPhCH,, J=7.61Hz), 2.37 (br, 4HFiperidine
N(CH>CH,),CH>), 2.26 (t, 2H, CH,NPiperidine | j=5 93Hz), 1.97 (qt, 2H, CIPhCH,CH.>), 1.72-1.68 (m, 6H: 4HPiperidine,
N(CH,CH,),CH,; CH,CH,CH,NPFiperidine) =1 581,47 (m, 20H: 2HPperidine: N(CH,CH,),CH,; CH3). '3C NMR
(150.95 MHz, CDCIs) & ppm 160.76 (1C, C=0), 151.89 (1C, C=0), 151.56 (1C™2, C=N), 140.01(1Caua-/arom.
CCHy), 131.46 (1Cauat/arm. - CCl), 129.75 (2C¥m C(CHCH),CCI), 128.38 (2C*°™, C(CHCH).CCl), 80.83 (1Cq
Boc), 78.00 (1Cq Boc), 53.97 (2CPireridine. N(CH,CH,)>CHy), 53.37 (1C, CHoNPPeridiney “45 96 (1C, CHoN), 44.26
(1C, CHN), 32.43 (1C, CIPhCHb>), 28.37(3C, CH3), 28.31 (3C, CH3), 27.46 (1C, CH.CH,CHy), 24.40 (2CPiperidine,
N(CH>CH,)>CH,), 24.28 (1C, CH,CH,CH,), 22.97 (1CPlreridine N(CH,CH,)>CH>).

Preparation of 1-[3-(4-chlorophenyl)propyl]-2,3-di(fert-butoxycarbonyl)-1-[4-(piperidin-1-yl)butyl]guanidine
(23b)

1,3-bis(tert-butoxycarbonyl)-2-methylisothiourea (0.164 g; 5.65-10* mol) and mercury II chloride (0.153 g;
5.65:10* mol) were sequentially added to an ice-cooled mixture of N-(3-(4-chlorophenyl)propyl)-4-(piperidin-1-
yl)butan-1-amine (22b) (0.159 g; 5.15:10* mol) and triethylamine (0.260 g; 2.57-1073 mol) in 20 mL DCM. The
ice bath was removed and the reaction was stirred for eighteen hours at room temperature, then filtered. The

precipitate was discarded. The filtrate was washed sequentially twice with 15 mL H,O and twice with 15 mL brine.
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The combined organic phases were dried over Na,SOys, then the solvent was removed under vacuum and the crude

product was purified by column chromatography (EtOAc/MeOH/Triethylamine 89:10:1) to yield the pure product.

1-[3-(4-chlorophenyl)propyl]-2,3-di(tert-butoxycarbonyl)-1-[4-(piperidin-1-yl)butyl]guanidine (23b):
C29H47CIN4O4. M=551.16. Yellowish sticky oil. 78.25 % yield. R=0.28 (EtOAc/MeOH/Triethylamine 89:10:1).
'"H NMR (600 MHz, CDCI5) & ppm 9.79 (br, 1H, NH), 7.24-7.23 (m, 2H**™, C(CHCH),CCl), 7.12-7.11 (m,
2H@om - C(CHCH),CCl), 3.42 (m, 4H, CH,NCH,), 2.59 (m, 2H, CH,C*™), 2.35-2.28 (br, 6H: 4Hpiperidine
N(CH,CH,),CH,, CH,Npiperidiney =191 (qt, 2H, CH,CH,CH,C¥™), 1.58-147 (m, 28H: @Hpiperidine
N(CH>CH,)>CH,; CH3s; CHCH,CH>CH,). *C NMR (150.95 MHz, CDCI5) § ppm 162.61 (1C, C=0), 155.42
(1Cwat C=N), 150.87 (1C, C=0), 139.65 (1C®a-arom = CCH,), 131.62 (1CMat/arom.— CCI), 129.70 (2C¥om,
C(CHCH),CCI), 128.45 (2C*m  C(CHCH),CCl), 81.74(1C% Boc), 79.17 (1C™* Boc), 58.76 (1C,
CH,Npiperidine) 54 53 (2Cpiperidine . N(CH,CH,),CH>), 47.75-47.62 (2C, CHoNCH,), 32.14 (1C, CH,C¥°™), 28.69
(1C, CH2CH,CH,Co™), 28.21 (3C, CH3), 28.08 (3C, CH3), 25.87 (2CPreridine. N(CH,CH»),CH>), 25.61(1C,
CH,CH,>CH,CHy), 24.37 (1CPPeridine. N(CH,CH,)>CH>), 23.87 (1C, CH,CH,CH,CH5>).

Preparation of 1-[4-(4-chlorophenyl)butyl]-2,3-di(fert-butoxycarbonyl)-1-[3-(piperidin-1-yl)propyl]guanidine
(23¢)

1,3-bis(tert-butoxycarbonyl)-2-methylisothiourea (0.221 g; 7.61-10* mol) and mercury II chloride (0.207 g;
7.62:10* mol) were sequentially added to an ice-cooled mixture of 4-(4-chlorophenyl)-N-[3-(piperidin-1-
yD)propyl]butan-1-amine (22¢) (0.214 g; 6.93-10“ mol) and triethylamine (0.350 g; 3.46-10 mol) in 20 mL DCM.
The ice bath was removed and the reaction was stirred for eighteen hours at room temperature, then filtered. The
precipitate was discarded. The filtrate was washed sequentially twice with 15 mL H,O and twice with 15 mL brine.
The combined organic phases were dried over Na>SOy4, then the solvent was removed under vacuum and the crude

product was purified by column chromatography (DCM/MeOH 20:1) to yield the pure product.

1-[4-(4-chlorophenyl)butyl]-2,3-di(tert-butoxycarbonyl)-1-[3-(piperidin-1-yl)propyl]guanidine (23¢):
C29H47CIN4O4. M=551.16. Colourless sticky oil. 63.64 % yield. R=0.35 (DCM/MeOH 20:1). '"H NMR (600 MHz,
CDClI3) 6 ppm 10.78 (br, 1H, NH), 7.23-7.22 (m, 2H**™, C(CHCH),CCl), 7.12-7.10 (m, 2H*°™, C(CHCH),CCl),
3.31-3.29 (m, 4H, CH,NCH,), 2.60 (t, 2H, CH,C¥™, J=7.51Hz), 2.39-2.26 (br, 6H: 4HPireridine N(CH,CH,),CH,,
CHpNpiperidiney 11 70-1.64 (m, 8H: 4Hpireridine. N(CH,CH,)>CH,; CH,CH,NPiperidine: CH,CH,CH,CH>), 1.58 (qt, 2H,
CH,CH,CH,CH3>), 1.49-1.48 (m, 20H: 2HPireridine. N(CH,CH,),CH,; CH3). '3C NMR (150.95 MHz, CDCI;) § ppm
160.89 (1C, C=0), 151.91 (1C® C=N), 151.62 (1C, C=0), 140.87 (1Cvat/arom- CCH,), 131.36 (1Cat/arom. CCY),
129.88 (2C? o™, C(CHCH),CCl), 128.36 (2C*™, C(CHCH),CCl), 80.77 (1C%* Boc), 77.99 (1C®* Boc), 53.99
(2Cpireridine N(CH,CH,)2CHy), 53.33 (1C, CHpNPireridiney - 46 39 (1C, CH,NCHy), 44.29 (1C, CHoNCHy), 34.92
(1C, CHyC¥m), 28.90 (1C, CHoCH,CH,C¥o™), 28.37 (6C, CH3), 26.09 (1C, CH,CH,pNpiperidiney 24 41, 24 31
(3Cpireridine N(CH,CH,)>CHy), 23.00 (1C, CH,CH,CHoC2o™).

Preparation of 1-(3-(4-chlorophenyl)propyl)-1-(3-(piperidin-1-yl)propyl)guanidine dihydrochloride (ADS10292)
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4M solution HCl-dioxan (1.29 mL; 5.16:10° mol) was added dropwise to a solution of the 1-(3-(4-
chlorophenyl)propyl)-2,3-di(tert-butoxycarbonyl)-1-(3-(piperidin-1-yl)propyl)guanidine (23a) (0.277 g; 5.16:10*
mol) in 20 mL chloroform. The reaction was stirred overnight at room temperature, then the solvent was removed
under vacuum. The crude product was evaporated twice from chloroform and twice from EtOAc, then

recrystallized from anhydrous 2-propanol to yield the pure product.

1-(3-(4-chlorophenyl)propyl)-1-(3-(piperidin-1-yl)propyl)guanidine dihydrochloride (ADS10292):
C1sH20CIN4-2HCI1. M=409.82. White solid. 75.51 %. mp: 248.0-250.0 °C with decomposition. 'H NMR (600 MHz,
CD;OD) 6 ppm 7.32-7.31 (m, 2H*™, C(CHCH).CCl), 7.28-7.27 (m, 2H**™, C(CHCH).CCl), 3.57-3.55 (m,
2HPiperidine ©3 473 44 (m, 4H, CH,NCHb>), 3.15-3.12 (m, 2H, CH,Npireridine) -3 (002,96 (m, 2HFPeridiney 2 71-2.68
(m, 2H, CIPhCH,CH>), 2.14-2.09 (m, 2H, CH,CH,NPPeridine) '3 (00-1,96 (m, 4H: 2HFPeridine; CIPhCH,CHa), 1.90-
1.86 (m, 3HPiperidiney 11 56-1.55 (m, 1HPperidine) 13C NMR (150.95 MHz, CD;0OD) & ppm 157.77 (1C, C=N), 141.22
(1Cauat/arom. - C(CHCH),CH), 132.96 (1Cauat/arm. = CCl), 131.04 (2C*™, C(CHCH),CCI), 129.62 (2Com™,
C(CHCH),CCl), 55.02 (1C, CH,Npiperidine) 54 61 (2CPiperidine. N(CH,CH,)>CH,), 49.70 (1C, CH,N), 47.07 (1C,
CH;N), 32.83 (1C, CIPhCH,), 29.92 (1C, CIPhCH,CH,), 24.27 (2CPireridine) 23 20 (1C, CH,CH,Npiperidine) =23 70
(1CPiperidiney - Anal. Caled: C 52.75 %; H 7.62 %; N 13.67 %. Found: C 52.64 %; H 8.00 %; N 13.34 %.

Preparation of 1-[3-(4-chlorophenyl)propyl]-1-[4-(piperidin-1-yl)butyl]guanidine dihydrochloride (ADS10300)

4M solution HCl-dioxan (2.01 mL; 8.06:10 mol) was added dropwise to a solution of the 1-[3-(4-
chlorophenyl)propyl]-2,3-di(tert-butoxycarbonyl)-1-[4-(piperidin-1-yl)butyl]guanidine (23b) (0.277 g; 4.03-10*
mol) in 20 mL chloroform. The reaction was stirred overnight at room temperature, then the solvent was removed
under vacuum. The crude product was evaporated twice from chloroform and twice from EtOAc, then

recrystallized from anhydrous 2-propanol to yield the pure product.

1-[3-(4-chlorophenyl)propyl]-1-[4-(piperidin-1-yl)butyl]guanidine dihydrochloride (ADS10300):
C19H31CIN4-2HCI1-0.5H,0. M=432.86. White solid. 33.06 %. mp: 187.8-189.4 °C with decomposition. 'H NMR
(600 MHz, CD;OD) 6 ppm 7.32-7.30 (m, 2H*°*™, C(CHCH),CCl), 7.27-7.25 (m, 2H**™, C(CHCH),CCl), 3.55
(br, 2HPiperidine) 3 44.3 38 (m, 4H, CH,NCH»), 3.13-3.11 (m, 2H, CHpNPireridine) '3 95 (br, 2HPiperidine) 2 69.2 67
(m, 2H, CIPhCH>CHb), 1.99-1.93 (m, 4H: CIPhCH,CH,, CH,CH,CHy), 1.87-1.77 (m, SHFPeridine) 1 71-1.66 (m,
2H, CH,CH,CH>), 1.56 (br, 1HPiperidiney 13C NMR (150.95 MHz, CD;0D) & ppm 157.67 (1C, C=N), 141.25
(1Cuatfarom. - C(CHCH),CH), 132.97 (1C®ataom = CCl), 131.04 (2C*°™, C(CHCH),CCI), 129.63 (2C¥°m,
C(CHCH),CCI), 57.75 (1C, CH,Npiperidine) 54 41 (2CPiveridine N(CH,CH,)>CH,), 49.63 (2C, CH,N), 32.84 (1C,
CIPhCH>), 29.96 (1C, CIPhCH,CH>), 25.51 (1C, CH,CH>CH,), 24.26 (2CFiperidiney 92 78 (1CPiperidiney 22 15 (1C,
CH>CH,CH,). Anal. Caled: C 52.72 %; H 7.92 %; N 12.94 %. Found: C 53.02 %; H 8.16 %; N 12.95 %.

Preparation of 1-[4-(4-chlorophenyl)butyl]-1-[3-(piperidin-1-yl)propyl]guanidine dihydrochloride (ADS10312)

4M solution HCl-dioxan (2.35 mL; 9.39:10 mol) was added dropwise to a solution of the 1-[4-(4-
chlorophenyl)butyl]-2,3-di(fert-butoxycarbonyl)-1-[3-(piperidin-1-yl)propyl]guanidine (23¢) (0.259 g; 4.69-10*
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mol) in 20 mL chloroform. The reaction was stirred overnight at room temperature, then the solvent was removed
under vacuum. The crude product was evaporated twice from chloroform and twice from EtOAc, then

recrystallized from anhydrous 2-propanol to yield the pure product.

1-[4-(4-chlorophenyl)butyl]-1-[3-(piperidin-1-yl)propyl]guanidine dihydrochloride (ADS10312):
C1oH3,CINg-2HCI-H,0. M=441.87. White solid. 93.13 %. mp: 171.4-173.4 °C with decomposition. "H NMR (600
MHz, CD;0D) 6 ppm 7.30-7.28 (m, 2H**™, C(CHCH),CCl), 7.23-7.22 (m, 2H**™, C(CHCH),CCl), 3.57-3.55
(m, 2HPiperidiney ©3 46.3.40 (m, 4H, CH,NCH,), 3.15-3.12 (m, 2H, CHpNpiperidiney '3 00-2.96 (m, 2HPiperidine) 2 71
2.68 (m, 2H, CIPhCH,CH>), 2.15-2.09 (m, 2H, CH>CH,CH>), 1.98-1.86 (m, SHPPeridin?) 1.70-1.67 (m, 4H,
CH,CH,CH,), 1.59-1.51 (m, 1HPPperidiney 13C NMR (150.95 MHz, CD;0OD) & ppm 157.69 (1C, C=N), 142.08
(1Cauat/arom. = O(CHCH),CH), 132.71 (1Cat/aom. CCJ), 131.12 (2C*™, C(CHCH),CCl), 129.47 (2Caom.
C(CHCH),CCl), 55.03 (1C, CH,Npireridiney = 54 60 (2CPiperidine. N(CH,CH,),CH,), 49.95 (1C, CHyN), 47.08 (1C,
CH;N), 35.81 (1C, CIPhCHy), 29.18 (1C, CH,CH,CH,), 27.91 (1C, CH,CH,CHy), 24.27 (2CPireridiney 123 21 (1C,
CHCH,CH,), 22.70 (1CFireridine) - Anal, Caled: C 51.65 %; H 7.98 %; N 12.68 %. Found: C 51.96 %; H 7.98 %;
N 12.68 %.

Preparation of 1,3-bis(tert-butoxycarbonyl)-1-[3-(4-chlorophenyl)propyl]-2-methylisothiourea (24a)

Triphenylphosphine (0.507 g; 1.93:10° mol) and 1,3-bis(¢ert-butoxycarbonyl)-2-methylisothiourea (0.255 g;
8.78-10* mol) were sequentially added to a solution of 3-(4-Chlorophenyl)-1-propanol (0.30 g; 1.76:10~ mol) in
5 mL dry THF under an argon atmosphere. Then, 94 % diisopropyl azodicarboxylate (DIAD) (0.416 g; 1.93-10
mol) was added dropwise. The reaction was stirred overnight at room temperature. The solvent was removed under
vacuum and the crude product was purified by column chromatography (Hexane/EtOAc 15:1) to yield the pure
product.

1,3-bis(tert-butoxycarbonyl)-1-[3-(4-chlorophenyl)propyl]-2-methylisothiourea (24a): C21H31CIN,O4S.
M=443.00. Colourless sticky oil. 92.80 % yield. R=0.48 (Hexane/EtOAc 15:1). 'H NMR (600 MHz, CDCI5) &
ppm 7.25-7.23 (m, 2H*°™, C(CHCH).CCl), 7.13-7.12 (m, 2H*°™, C(CHCH),CCl), 3.55-3.52 (m, 2H, CH:N,
J=7.50Hz), 2.60 (t, 2H, CH,C**™, J=7.78Hz), 2.38 (s, 3H, SCH3), 1.97 (qt, 2H, CH,CH,CH>), 1.50 (s, 9H, CCH3),
1.46 (s, 9H, CCH3). '*C NMR (150.95 MHz, CDCl3) § ppm 162.82 (1C, C=0), 157.83 (1C, C=0), 151.78 (1Caa¢,
C=N), 139.74 (1Cat/arom. . CCHy), 131.62 (1Cat/arm - CCl), 129.71 (2Ca°™, C(CHCH),CCl), 128.45 (2Caom,
C(CHCH),CCl), 82.32 (1C®* Boc), 81.85 (1C®* Boc), 48.40 (1C, CH:N), 32.39 (1C, CH,C*™), 30.29 (1C,
CH>CH,CH>), 28.05 (3C, CCH3), 27.99 (3C, CCH3), 15.58 (1C, SCH3).

Preparation of 1,3-bis(zert-butoxycarbonyl)-1-[4-(4-chlorophenyl)butyl]-2-methylisothiourea (24b)

Triphenylphosphine (1.25 g; 4.76:107 mol) and 1,3-bis(tert-butoxycarbonyl)-2-methylisothiourea (0.629 g;
2.17-107 mol) were sequentially added to a solution of 4-(4-chlorophenyl)butan-1-ol (20) (0.80 g; 4.33-10~ mol)
in 12 mL dry THF under an argon atmosphere. Then, 94 % diisopropyl azodicarboxylate (DIAD) (1.02 g; 4.76°10

3 mol) was added dropwise. The reaction was stirred overnight at room temperature. The solvent was removed
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under vacuum and the crude product was purified by column chromatography (Hexane/EtOAc 15:1) to yield the

pure product.

1,3-bis(fert-butoxycarbonyl)-1-[4-(4-chlorophenyl)butyl]-2-methylisothiourea (24b): C,,H33CIN,O4S. M=457.03.
Colourless sticky oil. 93.63 % yield. R=0.52 (Hexane/EtOAc 15:1). 'H NMR (600 MHz, CDCl3) 8 ppm 7.23-7.22
(m, 2H*™ C(CHCH),CCl), 7.10-7.09 (m, 2H*°™, C(CHCH),CCl), 3.53-3.51 (m, 2H, CH:N), 2.60 (t, 2H,
CH,C™), 2.37 (s, 3H, SCH3), 1.70 (qt, 2H, CH,CHN), 1.60 (qt, 2H, CH,CH,C**™), 1.49 (s, 9H, CCH3), 1.46
(s, 9H, CCH;). 3C NMR (150.95 MHz, CDCl5) & ppm 162.78 (1C, C=0), 157.84 (1C, C=0), 151.87 (1Cuat,
C=N), 140.59 (1Caat/arom. - CCH,), 131.45 (1Cmat/arm - CCl), 129.71 (2Ca™, C(CHCH),CCI), 128.36 (2Caom,
C(CHCH),CCl), 82.19 (1C™* Boc), 81.79 (1C™* Boc), 48.62 (1C, CH,N), 34.75 (1C, CH,C*™™), 28.43 (1C,
CH,CH,C™), 28.35 (1C, CH,CH:N), 28.04 (3C, CCH3), 27.99 (3C, CCH3), 15.56 (1C, SCH3).

Preparation of 1-[3-(4-chlorophenyl)propyl]-1,2-di(tert-butoxycarbonyl)-3-[3-(piperidin-1-yl)propyl]guanidine
(25a)

1,3-bis(tert-butoxycarbonyl)-1-[3-(4-chlorophenyl)propyl]-2-methylisothiourea (24a) (0.16 g; 3.61-10* mol) was
added to a mixture of 3-(piperidin-1-yl)propan-1-amine (18a) (0.103 g; 7.24:10* mol) in 8 mL THF and 1 mL
water. The reaction was stirred overnight at 70 °C. Then, 10 mL EtOAc and 10 mL water were added. The organic
phase was washed with 10 mL brine and dried over Na,SO4. The solvent was removed under vacuum and the
crude product was purified by column chromatography (DCM/MeOH/25% NHsaq. 189:10:1) to yield the pure
product.

1-[3-(4-chlorophenyl)propyl]-1,2-di(fert-butoxycarbonyl)-3-[3-(piperidin-1-yl)propyl]guanidine (25a):
CsH4sCIN4O4. M=537.13. Yellowish sticky oil. 81.44 % yield. R=0.81 (DCM/MeOH/25% NHsaq. 189:10:1). 'H
NMR (600 MHz, CDCI3) & ppm 9.84 (br, 1H, NH), 7.24-7.22 (m, 2H*°™, C(CHCH),CCl), 7.12-7.10 (m, 2H*°™,
C(CHCH),CCl), 3.64 (t, 2H, CH.NBoc, J=7.18Hz), 3.31 (t, 2H, CH,NH, J=5.89Hz), 2.59 (t, 2H, CH,C*™,
J=7.75Hz), 2.35 (br, 6H: 4HPPeridine. N(CH,CH,)>CH,, CHpNPiPeridiney 1 87 (m, 2H, CH,CH,CH,C*o™), 1.75-1.73
(m, 2H, CH,CH,CH,Npiperidiney 1 55 (m, 4Hpiperidine N(CH,CH,)>CH,), 1.49 (s, 9H, CCH3), 1.45 (s, 9H, CCHa),
1.41 (m, 2HPPPeridine . N(CH,CH,)>CH,). 1*C NMR (150.95 MHz, CDCl5) § ppm 163.62 (1C, C=0), 160.83 (1C,
C=0), 152.88 (1C%2, C=N), 139.79 (1Cwat/aem = CCH,), 131.44 (1Cauatarm— CCl), 129.58 (2Caom,
C(CHCH),CCI), 128.95 (2C*m™, C(CHCH),CCl), 81.84 (1C™* Boc), 79.00 (1C™* Boc), 56.97 (1C,
CH,Npiperidine) 54 49 (2Cpiveridine N(CH,CH,)>CH,), 47.07 (1C, CH>NBoc), 42.89 (1C, CH,NH), 32.38 (1C,
CH,C¥o™), 30.44 (1C, CH,CH,CH,C*™), 28.13 (3C, CCH3), 28.07 (3C, CCH3), 25.63 (3C: 2(piperidine
N(CH2CH,)>CH,; CH,CH,CH,Npiperidine) /94 57 (1 Cpiperidine N(CH,CH»)>CHo).

Preparation of 1-[3-(4-chlorophenyl)propyl]-1,2-di(tert-butoxycarbonyl)-3-[4-(piperidin-1-yl)butyl]guanidine
(25b)

1,3-bis(tert-butoxycarbonyl)-1-[3-(4-chlorophenyl)propyl]-2-methylisothiourea (24a) (0.205 g; 4.63-10* mol)
was added to a mixture of 4-(piperidin-1-yl)butan-1-amine (18b) (0.144 g; 9.21-10* mol) in 12 mL THF and 1.5
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mL water. The reaction was stirred overnight at 70 °C. Then, 10 mL EtOAc and 10 mL water were added. The
organic phase was washed with 10 mL brine and dried over Na,SO4. The solvent was removed under vacuum and
the crude product was purified by column chromatography (DCM/MeOH/25% NHsaq. 189:10:1) to yield the pure
product.

1-[3-(4-chlorophenyl)propyl]-1,2-di(tert-butoxycarbonyl)-3-[4-(piperidin-1-yl)butylJguanidine (25b):
C29H47CIN4O4. M=551.16. Yellowish sticky oil. 76.37 % yield. R=0.75 (DCM/MeOH/25% NHsaq. 189:10:1). 'H
NMR (600 MHz, CDCI3) & ppm 9.78 (br, 1H, NH), 7.24-7.23 (m, 2H**™, C(CHCH),CCl), 7.11-7.10 (m, 2H*°™,
C(CHCH),CCl), 3.67 (t, 2H, CH.NBoc, J=7.80Hz), 3.24 (t, 2H, CH,NH), 2.58 (t, 2H, CH,C*™, J=7.73Hz), 2.33
(br, 4H: 4Hpireridine. N(CH,CH,),CH,), 2.28 (t, 2H, CH,NPiperidine =7 50Hz), 1.86 (qt, 2H, CH,CH,CH,C*o™), 1.62
(qt, 2H, CH,CH,CH,CH,), 1.58-1.39 (m, 26H: 6HPPeridine. N(CH,CH,),CH,; CH,CH>CH,CH,, CCH3). *C NMR
(150.95 MHz, CDCl;) § ppm 163.88 (1C, C=0), 160.95 (1C, C=0), 152.95 (1C%2, C=N), 139.77 (1Cauat/arom.
CCHy), 131.55 (1Cauat/arom. (1), 129.61 (2C¥™, C(CHCH),CCI), 128.39 (2C¥™, C(CHCH),CCl), 82.19 (1Cavat
Boc), 79.16 (1C™2 Boc), 58.62 (1C, CH,NPiperidine) 54 49 (2 Cpireridine. N(CH,CH,),CH>), 47.11 (1C, CH,NBoc),
43.73 (1C, CH,NH), 32.42 (1C, CH,C™™™), 30.51 (1C, CH.CH,CH,C?™), 28.18 (3C, CCH3), 28.11(3C, CCH3),
27.37 (1C, CH,CH,CH,CH,), 25.82 (2Cpiveridine N(CH,CH,),CHy), 24.32 (1Cpireridine. N(CH,CH,),CH,), 24.28
(1C, CH>CH,CH,CHo>).

Preparation of 1-[4-(4-chlorophenyl)butyl]-1,2-di(fert-butoxycarbonyl)-3-[3-(piperidin-1-yl)propyl]guanidine
(25¢)

1,3-bis(tert-butoxycarbonyl)-1-[4-(4-chlorophenyl)butyl]-2-methylisothiourea (24b) (0.40 g; 8.75-10* mol) was
added to a mixture of 3-(piperidin-1-yl)propan-1-amine (18a) (0.249 g; 1.75-:10" mol) in 20 mL THF and 2.5 mL
water. The reaction was stirred overnight at 70 °C. Then, 15 mL EtOAc and 15 mL water were added. The organic
phase was washed with 15 mL brine and dried over Na,SOs. The solvent was removed under vacuum and the
crude product was purified by column chromatography (EtOAc/MeOH/Triethylamine 89:10:1) to yield the pure
product.

1-[4-(4-chlorophenyl)butyl]-1,2-di(tert-butoxycarbonyl)-3-[3-(piperidin-1-yl)propyl]guanidine (25¢):
C29H47CIN4O4. M=551.16. Yellowish sticky oil. 75.31 % yield. R=0.43 (EtOAc/MeOH/Triethylamine 89:10:1).
'H NMR (600 MHz, CDCI5) & ppm 9.78 (br, 1H, NH), 7.23-7.21 (m, 2H*™, C(CHCH),CCl), 7.09-7.08 (m,
2H=m C(CHCH),CCl), 3.63 (br, 2H, CH>NBoc), 3.29 (t, 2H, CH,NH, J=6.08Hz), 2.59 (t, 2H, CH,C*°™,
J=6.84Hz), 2.34 (br, 6H: 4Hpreridine. N(CH,CH,),CH,, CH,NPPeridine) 11 72 (qt, 2H, NpiveridineCH,CH,), 1.59-1.56
(m, 8H: 4HPreridine. N(CH,CH,)>CHz; CH,CH>CH,CH,C*°™), 1.49 (s, 9H, CCH3), 1.45 (s, 9H, CCH3), 1.44-1.43
(m, 2HPPeridine N(CH,CH,),CH>). *C NMR (150.95 MHz, CDCl5) & ppm 164.50 (1C, C=0), 160.85 (1C, C=0),
152.97 (1Cat, C=N), 140.52 (1Cauatiarom " CCH,), 131.32 (1Caat/arom - CC), 129.62 (2C*°™, C(CHCH),CCl),
128.23 (2C*™, C(CHCH),CCI), 82.70 (1C%- Boc), 78.94 (1C% Boc), 58.95 (1C, CH,Npiperidine) =54 50
(2Cpiperidine . N(CH,CH,),CH,), 47.21 (1C, CH,NBoc), 42.92(1C, CH,NH), 34.58 (1C, CH,C¥™), 28.43 (1C,
CH,CH,C®m), 28.37 (1C, CH,CH,CH,C™™), 28.14 (3C, CCH3), 28.09 (3C, CCH3), 25.66 (3C: 2(piperidine
N(CH>CH,)>CH,; NpiperidineCH,CHy), 24.29 (1CPPeridine. N(CH,CH,)>CH»).
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Preparation of  1-[4-(4-chlorophenyl)butyl]-1,2-di(tert-butoxycarbonyl)-3-[4-(piperidin-1-yl)butyl]guanidine
(25d)

1,3-bis(tert-butoxycarbonyl)-1-[4-(4-chlorophenyl)butyl]-2-methylisothiourea (24b) (0.505 g; 1.10-10- mol) was
added to a mixture of 4-(piperidin-1-yl)butan-1-amine (18b) (0.345 g; 2.21-10" mol) in 25 mL THF and 3.12 mL
water. The reaction was stirred overnight at 70 °C. Then, 20 mL EtOAc and 20 mL water were added. The organic
phase was washed with 20 mL brine and dried over Na,SO4. The solvent was removed under vacuum and the
crude product was purified by column chromatography (EtOAc/MeOH/Triethylamine 89:10:1) to yield the pure
product.

1-[4-(4-chlorophenyl)butyl]-1,2-di(fert-butoxycarbonyl)-3-[4-(piperidin-1-yl)butyl|guanidine (25d):
C30H49CIN4O4. M=565.19. Colourless sticky oil. 82.21 % yield. R=0.28 (EtOAc/MeOH/Triethylamine 89:10:1).
'H NMR (600 MHz, CDCI;) & ppm 9.77 (br, 1H, NH), 7.23-7.22 (m, 2H¥°™ C(CHCH),CCl), 7.09-7.08 (m,
2Hem C(CHCH),CCl), 3.67 (t, 2H, CH2NBoc), 3.22 (t, 2H, CHoNH), 2.59 (t, 2H, CH,C*™, J=6.78Hz), 2.34
(br, 4H: 4HPiperidine. N(CH,CH,),CH>), 2.28 (t, 2H, CH,oNPiperidine) 1 59.1 44 (m, 32H: 6HPPeridine N(CH,CH,)>CHo;
CH,CH,CH,CH,Caom:; NpiperidineCH,CH,CH,CH,, CCH3). 3C NMR (150.95 MHz, CDCI5) & ppm 163.96 (1C,
C=0), 160.97 (1C, C=0), 152.75 (1C%2, C=N), 140.51 (1Caat/arem " CCH,), 131.37 (1Cat/arem. - CCI), 129.65
(2¢arom, C(CHCH),CCl), 128.30 (2C*™, C(CHCH),CCl), 82.04 (1C™* Boc), 79.08 (1C™* Boc), 58.61 (1C,
CH,Npiperidine) =54 51 (2Cpiperidine . N(CH,CH,),CH,), 47.18 (1C, CH,NBoc), 43.17 (1C, CH,NH), 34.63 (1C,
CH,Com™), 28.47 (2C, CH,CH,CH>CHy), 28.17 (3C, CCH3), 28.09 (3C, CCH3), 27.37 (1C, CH,CH,CH,CH>),
25.86 (2Cpireridine N(CH,CH,)>CHy), 24.35 (1CPPreridine. N(CH,CH»)>CH>), 24.32 (1C, CH,CH,CH,>CHb).

Preparation of 1-[3-(4-chlorophenyl)propyl]-3-[3-(piperidin-1-yl)propyl]guanidine dihydrochloride (ADS10298)

4M solution HCl-dioxan (1.47 mL; 5.88:10 mol) was added dropwise to a solution of the 1-[3-(4-
chlorophenyl)propyl]-1,2-di(tert-butoxycarbonyl)-3-[3-(piperidin-1-yl)propyl]guanidine (25a) (0.158 g; 2.94-10*
mol) in 15 mL chloroform. The reaction was stirred overnight at room temperature, then the solvent was removed
under vacuum. The crude product was evaporated twice from chloroform and twice from EtOAc, then

recrystallized from anhydrous 2-propanol to yield the pure product.

1-[3-(4-chlorophenyl)propyl]-3-[3-(piperidin-1-yl)propyl]guanidine dihydrochloride (ADS10298):
CisH20CIN4-2HCI. M=409.82. White solid. 65.83 %. mp: 152.0-153.0 °C. 'H NMR (600 MHz, CD;0D) & ppm
7.31-7.30 (m, 2H*°™ C(CHCH),CCl), 7.26-7.25 (m, 2H**™, C(CHCH),CCl), 3.59-3.57 (m, 2HPlperidine) '3 37.3 35
(m, 2H, CH2N), 3.26 (t, 2H, CHoN, J=7.11Hz), 3.21-3.18 (m, 2H, CHpNPPeridine) 13 012 97 (m, 2HPiperidiney "2 74.
2.71 (m, 2H, CIPhCH,CH,, J=7.80Hz), 2.12-2.07 (m, 2H, CH,CH,Npireridine) 1 97.1 87 (m, 7H: SHPiperidine,
CIPhCH>CH,), 1.57-1.55 (m, 1HPiperidine) 13C NMR (150.95 MHz, CD;OD) & ppm 157.54 (1C, C=N), 141.24
(1Cauatfarom. - C(CHCH),CH), 132.93 (1Cwat/aom. = CCl), 131.12 (2C*°™, C(CHCH),CCI), 129.59 (2C&om.,
C(CHCH),CCl), 55.47 (1C, CH,Npiperidine) 54 54 (2CPiperidine N(CH,CH,)>CH,), 42.18 (1C, CH,N), 39.85 (1C,
CH:N), 33.06 (1C, CIPhCH>), 31.51 (1C, CIPhCH,CH>), 24.87 (1C, CH,CH,NPiperidine) = 24 28 (2CPiperidiney 192 72
(1CPiperidiney - Anal. Caled: C 52.75 %; H 7.62 %; N 13.67 %. Found: C 52.69 %; H 8.01 %; N 13.59 %.
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Preparation of 1-[3-(4-chlorophenyl)propyl]-3-[4-(piperidin-1-yl)butyl]guanidine dihydrochloride (ADS10301)

4M solution HCl-dioxan (1.61 mL; 6.46:10° mol) was added dropwise to a solution of the 1-[3-(4-
chlorophenyl)propyl]-1,2-di(tert-butoxycarbonyl)-3-[4-(piperidin-1-yl)butyl]guanidine (25b) (0.178 g; 3.23-10*
mol) in 10 mL chloroform. The reaction was stirred overnight at room temperature, then the solvent was removed
under vacuum. The crude product was evaporated twice from chloroform and twice from EtOAc. The residue was

dissolved in 2 mL water and freeze-dried to yield the pure product as a salt.

1-[3-(4-chlorophenyl)propyl]-3-[4-(piperidin-1-yl)butyl]guanidine dihydrochloride (ADS10301):
C19H31CIN4-2HCI-0.5H,0. M=432.86. Sticky flakes/oil. 90.84 %. 'H NMR (600 MHz, CD;OD) & ppm 7.31-7.29
(m, 2H*°™ C(CHCH),CCl), 7.25-7.24 (m, 2H>°™, C(CHCH),CCl), 3.39 (br, 2HFireridine) '3 29.3 27 (m, 2H, CH,N,
J=7.00Hz), 3.25 (t, 2H, CH,N, J=7.05Hz), 3.13-3.11 (m, 2H, CH,Npiperidine | j=8 (01Hz), 3.16 (br, 2HPiperidiney 2 73.
2.71 (m, 2H, CIPhCH,CH,, J/=7.80Hz), 1.96-1.83 (m, 9H: SHPeridine; CIPhCH,CH,, CH,CH,CH>), 1.73-1.65 (m,
3H: [HPiperidine . CH,CH,CHy). '*C NMR (150.95 MHz, CD;0D) & ppm 157.55 (1C, C=N), 141.25 (1Cauat/arom.
C(CHCH),CH), 132.95 (1Cauat/arom. " ¢C]), 131.10 (2C*™, C(CHCH),CCI), 129.60 (2C*°™, C(CHCH),CCI),
57.75 (1C, CH,Npiperidine) 54 43 (2 CPireridine N(CH,CH,),CHz), 42.12 (1C, CH,N), 41.39 (1C, CH,N), 30.08 (1C,
CIPhCH,), 31.55 (1C, CIPhCH,CH,), 27.14 (1C,CH,CH,CH,), 24.34 (2CPiperidine) 22 84 (1CPiveridiney 22 44 (1C,
CH>CH,CH,). Anal. Calcd: C 52.72 %; H 7.92 %; N 12.94 %. Found: C 52.74 %; H 8.32 %; N 12.81 %.

Preparation of 1-[4-(4-chlorophenyl)butyl]-3-[3-(piperidin-1-yl)propyl]guanidine dihydrochloride (ADS10306)

4M solution HCl-dioxan (3.26 mL; 1.31:102 mol) was added dropwise to a solution of the 1-[4-(4-
chlorophenyl)butyl]-1,2-di(tert-butoxycarbonyl)-3-[3-(piperidin-1-yl)propyl]guanidine (25¢) (0.36 g; 6.53-10*
mol) in 20 mL chloroform. The reaction was stirred overnight at room temperature, then the solvent was removed
under vacuum. The crude product was evaporated twice from chloroform and twice from EtOAc. The residue was

dissolved in 4 mL water and freeze-dried to yield the pure product as a salt.

1-[4-(4-chlorophenyl)butyl]-3-[3-(piperidin-1-yl)propyl]guanidine dihydrochloride (ADS10306):
Ci19H31CIN4-2HCI-H,0. M=441.87. Sticky flakes/oil. 80.36 %. 'H NMR (600 MHz, CD;OD) & ppm 7.29-7.28 (m,
2Hom - C(CHCH),CCl), 7.23-7.21 (m, 2H*°™, C(CHCH).CCl), 3.58-3.55 (m, 2HPPeridine) - 3 36.3.34 (m, 2H,
CH2N), 3.26 (t, 2H, CHuN, J=6.94Hz), 3.20-3.17 (m, 2H, CH,NPPeridine) /2 99.2 96 (m, 2HPPeridine) 2 69-2.67 (m,
2H, CIPhCH,CH,, J=7.49Hz), 2.10-2.05 (m, 2H, CH,CH,NPperidine) -1 97.1 95 (m, 2HPPeridine) 1 91-1.84 (m,
3HPiperidine) 1 72 (qt, 2H, CH,CH,CH,), 1.65 (qt, 2H, CH,CH>CHy), 1.59-1.52 (m, 1HPiperidiney 13C NMR (150.95
MHz, CD;0D) & ppm 157.51 (1C, C=N), 142.09 (1Cawat/arem- - C(CHCH),CH), 132.68 (1Cat/arom " CC1), 131.14
(2Caom, C(CHCH).CCI), 129.51 (2C¥™, C(CHCH).CCI), 55.47 (1C, CH,Npireridine) 54 54 (2CPiperidine,
N(CH,CH,),CH>), 42.58 (1C, CH2N), 39.84 (1C, CHuN), 35.66 (1C, CIPhCH>), 29.46 (1C, CH,CH,CH>), 29.43
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(1C, CH,CH,CH,), 24.87 (1C, CH,CH,NpiPeridiney - 24 27 (2CPiperidine) 23 71 (1CPiveridine) - Anal. Caled: C 51.65 %;
H 7.98 %; N 12.68 %. Found: C 51.94 %; H 8.09 %; N 12.38 %.

Preparation of 1-[4-(4-chlorophenyl)butyl]- 3-[4-(piperidin-1-yl)butyl]guanidine dihydrochloride (ADS10310)

4M solution HCl-dioxan (2.79 mL; 1.11:102 mol) was added dropwise to a solution of the 1-[4-(4-
chlorophenyl)butyl]-1,2-di(¢ert-butoxycarbonyl)-3-[4-(piperidin-1-yl)butyl]guanidine (25d) (0.315 g; 5.57-10*
mol) in 15 mL chloroform. The reaction was stirred overnight at room temperature, then the solvent was removed
under vacuum. The crude product was evaporated twice from chloroform and twice from EtOAc. The residue was

dissolved in 4 mL water and freeze-dried to yield the pure product as a salt.

1-[4-(4-chlorophenyl)butyl]- 3-[4-(piperidin-1-yl)butyl]guanidine dihydrochloride (ADS10310):
C20H33CIN4-2HCI-H,0. M=455.89. Sticky flakes/oil. 59.84 %. 'H NMR (600 MHz, CD;OD) & ppm 7.29-7.28 (m,
2H°m  C(CHCH),CCI), 7.23-7.21 (m, 2H¥™ C(CHCH),CCl), 3.57-3.55 (m, 2HPireridine) = 3 30-3.27 (m, 2H,
CH1N, J=6.99Hz), 3.25 (t, 2H, CH,N, J=6.95Hz), 3.15-3.12 (m, 2H, CH,NPIPeridiney 12 98.2 94 (m, 2HPiperidiney 2 69.
2.67 (m, 2H, CIPhCH,CH>, J=7.45Hz), 1.98-1.95 (m, 2HFireridiney " 1 89-1.83 (m, 5H: 3HPperidine . CH,CH,CH>),
1.74-1.62 (m, 6H, CH,CH,CH>), 1.58-1.54 (m, 1HPiperidine) 13C NMR (150.95 MHz, CD;OD) & ppm 157.51 (1C,
C=N), 142.09 (1Cauat/arom. - C(CHCH),CH), 132.68 (1Cauat/arom = CCJ), 131.10 (2C™™, C(CHCH),CCl), 129.45
(2Crom C(CHCH),CCl), 57.69 (1C, CH,NPpiperidine) 154 39 (2CPiperidine N(CH,CH,),CH>), 42.50 (1C, CH>N), 41.89
(1C, CH,N), 35.65 (1C, CIPhCH,), 29.45 (2C, CH,CH,CHy), 27.12 (1C, CH.CH,CH,), 24.27 (2CFiperidine 122 77
(1CPiperidiney "2 37 (1C, CHCH>CH,). Anal. Calcd: C 52.69 %; H 8.18 %; N 12.29 %. Found: C 52.86 %; H 8.41
%; N 11.95 %.
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2. NMR spectra
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Figure S3.'H NMR spectra of compound ADS10300.
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Figure S4. 3C NMR spectra of compound ADS10300.
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Figure S8. 3C NMR spectra of compound ADS10298.

543




SpinWorks 4: ADS10301

NNNN L0 L0 L0 L) L0 L b i fing atatatatatatay
[RINININ] W NN 5-Y Woonmnd
S EN WRORNON QU I o wroXOUID
ARON ONUIO®NNOD W =3 BNOONWH

e N e = g

o © @ © © =

SO QW © © o

NG ® ® w @ -

o

I I I I I I
PPM 7.0 6.0 5.0 4.0 3.0 2.0

file: F:\Widma NMR\mst-1251\10\fid expt: <zg30>
transmitter freq.: 600.263707 MHz

time domain size: 65536 points

width: 12335.53 Hz = 20.5502 ppm = 0.188225 Hz/pt
number of scans: 16

freq. of 0 ppm: 600.260005 MHz
processed size: 32768 complex points
LB: 0.300 GF: 0.0000

Figure S9."H NMR spectra of compound 10301
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Figure S10. 3*C NMR spectra of compound ADS10301.
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Figure S11.'H NMR spectra of compound ADS10306.
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Figure S12. 3C NMR spectra of compound ADS10306.
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Figure S24.3C NMR spectra of compound ADS10278.
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Figure S25.'H NMR spectra of compound ADS10279.
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Figure S26. 3C NMR spectra of compound ADS10279.
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3. Pharmacological assay results.

3.1. Ex vivo assay for histamine H3R receptor antagonists on guinea pig ileum.

Male guinea pigs, weighing 300-400 g were euthanized by a blow to the neck. Following this, a 20-30 cm length
of the distal ileum, apart from the terminal 5 cm was rapidly removed and placed in phosphate buffer at room
temperature (pH 7.4) containing (mM) NaCl (136.9); KCI (2.6); KH,PO4 (1.47); Na,HPO4 (9.58) and
indomethacin (Sigma-Aldrich, St. Louis, MO, USA) (1-10° mol/L). The intraluminal content was rinsed and the
isolated intestine was cut into 1.5-2 cm segments. The preparations were mounted between two platinum electrodes
isotonically in a 20 mL organ bath filled with Krebs buffer: composition (mM) NaCl (118); KCI (5.6); MgSO4
(1.18); CaCl, (2.5); NaH,PO4H,0 (1.28); NaHCO; (25); glucose (5.55) and indomethacin (3-107 mol/L). The
solution was continuously bubbled with a 95 % O, : 5 % CO, mixture and maintained at 37 “C under a constant
load of 1.0 g (Hugo Sachs Hebel-Messvorsatz (T1-2)/HF-modem; Hugo Sachs Elektronik, Hugstetten, Germany)
connected to a pen recorder (Kipp & Zonen BD41, Delft, Holland). During an equilibration period of 60 min, the
Krebs buffer was changed every 10 min. The preparations were then continuously stimulated at 15-20 V at a
frequency of 0.1 Hz for a duration of 0.5 ms, with rectangular-wave electrical pulses (Grass Stimulator S-88; Grass
Instruments Co., Quincy, Massachusetts, USA). After about 30min, the twitches were recurrent. Five minutes
before (R)-(—)-o-methylhistamine (RAMH) (Toronto Research Chemicals Inc., North York, Canada),
administration, pyrilamine (Sigma-Aldrich, St. Louis, MO, USA) (1-10 mol/L concentration in organ bath) was
added. The first cumulative concentration-response curve was determined to RAMH (10 nM — 10 mM) at an
increasing concentrations spaced by three or 3.3-fold. The second to fourth curve was measured against increasing
antagonist concentration (incubation time 20 min). The pA,-values were calculated according to Arunlakshana
and Schild. [Br J Pharmacol Chemother. 14 (1959) 48—58] Statistical analysis was carried out with the Students’
t-test. In all tests, a p<0.05 was considered statistically significant. The pA; values were compared with the affinity

of thioperamide (Sigma-Aldrich, St. Louis, MO, USA).
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Figure S27. Twitch reduction of electrically stimulated guinea-pig ileum by R-(a)-methylhistamine (RAMH)
in the absence (m) and presence (A,V, ¢) compound ADS10377.
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Figure S28. Twitch reduction of electrically stimulated guinea-pig ileum by R-(a)-methylhistamine (RAMH)
in the absence (m) and presence (A,V, ¢) compound ADS10376.
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Figure S29. Twitch reduction of electrically stimulated guinea-pig ileum by R-(a)-methylhistamine (RAMH)
in the absence (m) and presence (A,V, ¢) compound ADS10349.
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Figure S30. Twitch reduction of electrically stimulated guinea-pig ileum by R-(a)-methylhistamine (RAMH)
in the absence (m) and presence (A,V, ¢) compound ADS10350.
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Figure S31. Twitch reduction of electrically stimulated guinea-pig ileum by R-(a)-methylhistamine (RAMH)
in the absence (m) and presence (A,V, ¢) compound ADS10278.
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Figure S32. Twitch reduction of electrically stimulated guinea-pig ileum by R-(a)-methylhistamine (RAMH)
in the absence (m) and presence (A,V, ¢) compound ADS10279.
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Figure S33. Twitch reduction of electrically stimulated guinea-pig ileum by R-(a)-methylhistamine (RAMH)
in the absence (m) and presence (A,V, ¢) compound ADS10292.
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Figure S34. Twitch reduction of electrically stimulated guinea-pig ileum by R-(a)-methylhistamine (RAMH)
in the absence (m) and presence (A,V, ¢) compound ADS10300.
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Figure S35. Twitch reduction of electrically stimulated guinea-pig ileum by R-(a)-methylhistamine (RAMH)

in the absence (m) and presence (A,V, ¢) compound ADS10312.
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Figure S36. Twitch reduction of electrically stimulated guinea-pig ileum by R-(a)-methylhistamine (RAMH)

in the absence (m) and presence (A,V, ¢) compound ADS10298.
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Figure S37. Twitch reduction of electrically stimulated guinea-pig ileum by R-(a)-methylhistamine (RAMH)
in the absence (m) and presence (A,V, ¢) compound ADS10301.
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Figure S38. Twitch reduction of electrically stimulated guinea-pig ileum by R-(a)-methylhistamine (RAMH)
in the absence (m) and presence (A,V, ¢) compound ADS10306.
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Figure S39. Twitch reduction of electrically stimulated guinea-pig ileum by R-(a)-methylhistamine (RAMH)
in the absence (m) and presence (A,V, ¢) compound ADS10310.
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Figure S40. Twitch reduction of electrically stimulated guinea-pig ileum by R-(a)-methylhistamine (RAMH)

in the absence (m) and presence (A,V, ¢) compound Thioperamide.
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3.2 Ex vivo assay for histamine HiR receptor antagonists on guinea pig ileum.

Male guinea pigs, weighing 300-400 g were euthanized by a blow to the neck. A 20-30 cm length of the distal
ileum, apart from the terminal 5 cm was rapidly removed and placed in phosphate buffer at room temperature (pH
7.4) containing (mM) NaCl (136.9); KCl (2.6); KH,PO4 (1.47); Na,HPO4 (9.58) and indomethacin (Sigma-
Aldrich, St. Louis, MO, USA) (1:10° mol/L). The intraluminal content was rinsed and the isolated intestine was
cut into 1.5-2 cm segments. The preparations were mounted isotonically in a 20 mL organ bath filled with Krebs
buffer: composition (mM) NaCl (118); KCI (5.6); MgSO4 (1.18); CaCl, (2.5); NaH,PO4 H,O (1.28); NaHCO3
(25); glucose (5.55), indomethacin (3-107 mol/L), and atropine (Sigma-Aldrich, St. Louis, MO, USA) (5108
mol/L). The solution was continuously bubbled with a 95 % O, : 5 % CO, mixture and maintained at 37 °C under
a constant load of 0.5 g (Hugo Sachs Hebel-Messvorsatz (T1-2)/HF-modem; Hugo Sachs Elektronik, Hugstetten,
Germany) connected to a pen recorder (Kipp & Zonen BD41, Delft, Holland). During an equilibration period of
40 min, the Krebs buffer was changed every 10 min. The first cumulative concentration-response curve was
determined to histamine (Sigma-Aldrich, St. Louis, MO, USA) (10 nM - 10 mM) at increasing concentration
spaced by three or 3.3-fold. The second to the fourth (or fifth) curve was measured in the presence of an increasing
concentration of antagonist (incubation time 10 min). The pA,-values were calculated according to Arunlakshana
and Schild. [Br J Pharmacol Chemother. 14 (1959) 48—58] Statistical analysis was carried out with the Students’
t-test. In all tests, a p<0.05 was considered statistically significant. The pA; values were compared with the affinity

of Pyrilamine (Sigma-Aldrich, St. Louis, MO, USA).
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Figure S41. Contraction of guinea-pig ileum by histamine in the absence (m) and presence (A,V, ¢) of

compound ADS10377
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Figure S42. Contraction of guinea-pig ileum by histamine in the absence (m) and presence (A,V, ¢) of

compound ADS10376
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Figure S43. Contraction of guinea-pig ileum by histamine in the absence (m) and presence (A,V, ¢, o) of

compound ADS1017
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Figure S44. Contraction of guinea-pig ileum by histamine in the absence (m) and presence (A,V, ¢) of
compound ADS1020
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Figure S45. Contraction of guinea-pig ileum by histamine in the absence (m) and presence (A,V, ¢) of

compound ADS10349
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Figure S46. Contraction of guinea-pig ileum by histamine in the absence (m) and presence (A,V, ¢) of

compound ADS10350
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Figure S47. Contraction of guinea-pig ileum by histamine in the absence (m) and presence (A,V, ¢) of
compound ADS10278
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Figure S48. Contraction of guinea-pig ileum by histamine in the absence (m) and presence (A,V, ¢) of

compound ADS10279
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Figure S49. Contraction of guinea-pig ileum by histamine in the absence (m) and presence (A,V, ¢) of

compound ADS10292
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Figure S50. Contraction of guinea-pig ileum by histamine in the absence (m) and presence (A,V, ¢) of

compound ADS10300
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Figure S51. Contraction of guinea-pig ileum by histamine in the absence (m) and presence (A,V, ¢) of

compound ADS10312
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Figure S52. Contraction of guinea-pig ileum by histamine in the absence (m) and presence (A,V, ¢) of

compound ADS10298
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Figure S53. Contraction of guinea-pig ileum by histamine in the absence (m) and presence (A,V, ¢) of

compound ADS10301
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Figure S54. Contraction of guinea-pig ileum by histamine in the absence (m) and presence (A,V, ¢) of

compound ADS10306
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Figure S55. Contraction of guinea-pig ileum by histamine in the absence (m) and presence (A,V, ¢) of

compound ADS10310
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Figure S56. Contraction of guinea-pig ileum by histamine in the absence (m) and presence (A,V, ¢, o) of

Pyrilamine
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3.3 hH3R radioligand displacement binding assay.

The radioligand displacement binding assay was performed in membrane fractions of HEK-293 cells stably
expressing hH3R. Cell cultivation and membrane preparation was performed according to Kottke et al. [T. Kottke,
K. Sander, L. Weizel, E.H. Schneider, R. Seifert, H. Stark, Eur J Pharmacol. 654 (2011) 200-208.] For the
radioligand displacement assay, radioactively labeled [*H]Na-methylhistamine was used at a final concentration
of 2 nM (KD = 3.08 nM). The total assay volume was set to 200 pL. The compounds were tested in several
appropriate concentrations between 100 uM and 0.1 nM. Pipetting was partly done by Freedom Evo® (Tecan).
Pitolisant was used to determine non-specific binding at a concentration of 10 uM. The membrane fraction (20
pg/well), test compounds and radiolabeled ligand were incubated for 90 minutes at 25 °C while shaking. The
bound radioligand was separated from the free radioligand by filtration through GF/B filters pre-treated with 0.3
% (m/v) polyethyleneimine using a cell harvester. Radioactivity was determined by liquid scintillation counting
using a MicroBeta® Trilux (Perkin Elmer). The data was obtained in duplicates in at least three independent
experiments. Non-specific binding was subtracted from the raw data to calculate specific-binding values. The
evaluation was performed with GraphPad Prism 6.1 (San Diego, CA, USA) using non-linear regression (one-site
competition with a logarithmic scale). The Ki values were calculated from the ICso values using the Cheng-Prusoff
equation. [C. Yung-Chi, W.H. Prusoff, Biochem Pharmacol. 22 (1973) 3099-3108] The statistical calculations
were performed on —log(K;). The mean values and 95 % confidence intervals were transformed to nanomolar

concentrations.
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Figure S57. hHs competition binding curve of compound ADS10377.
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Figure S58. hHs competition binding curve of compound ADS10376.
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Figure S59. hH3 competition binding curve of compound ADS1017.
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Figure S62. hH3 competition binding curve of compound ADS10350.
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Figure S65. hH3 competition binding curve of compound ADS10292.
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Figure S66. hHs competition binding curve of compound ADS10300.
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Figure S69. hHis competition binding curve of compound ADS10301.
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Figure S71. hH3 competition binding curve of compound ADS10310.
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3.4. Cell viability.

Table S1. ICso values calculated for ADS10310, ADS1017 and Doxorubicin based on MTT test results after

48 hours treatment of MDA-MB-231 and MCF-7 breast cancer cells and BJ normal skin fibroblast.

1Cso [uM] SI S
Cpd. BJ(ICs0)/MDA-MB-231 BJ(ICs0)/MCF-7
MDA-MB-231 MCF-7 BJ (ICs0) (ICs0)
ADS1017 19.86 24.71 38.97 1.96 1.58
ADS10310 115.16 82.94 231.47 2.01 2.79
Doxorubicin 1.85 2.12 4.87 2.63 2.20
SI — selectivity index

MDA-MB-231 and MCF-7 breast cancer cells.

Table S2. Cell viability (%) for ADS10310, ADS1017 based on MTT test results after 48-hour treatment of

Cell viability (% ) = SD
Cpd. Cell line
10 uM 20 uM 25 uM 40 uM 50 uM 75 uM 100 uM 125 uM
ADS1017 MDA-MB-231  77.66+1.42  58.93+4.50 23.84+1.90 5.75+0.29
MCEF-7 81.13+4.99  53.83+1.04  48.58+2.70 39.33£5.59 11.65+1.45
ADS10310 MDA-MB-231 93.83+5.27 82.12+1.69  70.83+0.13  62.82+2.15 = 42.04+2.94
MCF-7 79.57+1.33 60.51+1.86 = 57.12+£1.54  44.21+3.24 = 39.79£2.76
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Figure S72. The cytotoxicity of ADS10310, ADS1017 and doxorubicin against MDA-MB-231, MCF7 and
BJ cells.
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3.5. Inhibition of electric eel AChE and equine serum BuChE

The target compounds were tested for their inhibitory potency against cholinesterases using Ellman’s protocol,
modified for 96-well microplates. [G.L. Ellman, K.D. Courtney, V. Andres, R.M. Featherstone, Biochem
Pharmacol. 7 (1961) 88-95] All the reagents were purchased from Sigma—Aldrich (Steinheim, Germany). The
enzymes were prepared as 5 U/mL aqueous stock solutions and diluted before use to a final concentration of 0.384
U/mL. Then 20 uL of prepared enzyme solutions (AChE or BuChE) were added to the reaction mixture in the
wells, containing 25 pL of the target compound (or water in case of blank samples), 200 pL of 0.1 M phosphate
buffer (pH=8.0) and 20 pL of 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) (0.0025M). All those reagents were
preincubated for 5 min at 25 °C. The enzymatic reaction was initiated by the addition of 20 pL of substrate
acetylthiocholine iodide (ATC) (0.00375M) or butyrylthiocholine iodide (BTC) (0.00375M) solutions (depending
on the enzyme used). After 5 min of incubation, changes in absorbance were measured at 412 nm, using EnSpire
multimode microplate reader (PerkinElmer, Waltham, MA, USA). Target compounds were tested at a screening
concentration of 10 uM. Percent of enzyme inhibition was calculated based on the formula 100-(S/B)x100, where
S and B were the respective enzyme activities with and without the test compound, respectively. For the most
potent compounds, with at least 50% of the enzyme inhibitory activity, ICso values were determined. Calculations
were based on the absorbance measured at six different concentrations of inhibitor, then converted to the % of
enzyme inhibition, using the above presented formula. The obtained percentages of enzyme inhibition were plotted
against the applied inhibitor concentrations, using nonlinear regression (GraphPad Prism 9; GraphPad Software,
San Diego, CA, USA). Tacrine was tested as a reference compound. All the experiments were performed in

triplicate.
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Table S3. Inhibition of electric eel AChE and equine serum BuChE

HN YNHZ HN.__NH,
R N
/\/\/N N
N N
Formula A Formula B
R
R j\I]\H R,
NN NN
- /\M/n\©\ Q m H H n
H,N™ “NH Cl Cl
Formula C Formula D
eeAChE eeAChE 1Cs (uM) + eqBuChE eqBuChE ICs (nM)) +
Cpd. Formula/m/m/R/R: o/ 51y (1 0uM) + SD* sem® % inh. (10 pM) + SD* sem®
ADS10377 A/-/-/CI/H 343+£2.6 84.6+1.5 1.9+0.1
ADS10376 A/-/-/CI/CF; 27.8+£5.1 71.4+0.6 49+0.2
ADS1017 A/-/-/HH 49.7+0.7 70.8+0.6 5.1+0.1
ADS10349 B/-/-/H/H 64+1.3 324+42
ADS10350 B/-/-/H/CF; 1.0£0.2 283+3.2
ADS10278 B/-/-/CI/H 44.0+0.9 76.6+1.3 2.0+0.1
ADS10279 B/-/-/C1/CF; 474+1.2 67.5+0.5 48+0.1
ADS10292 C/1/1/-- 50.6 +0.8 109+ 0.4 54.3+4.7 84+0.2
ADS10300 C2/1/-/- 40.7+1.8 75.2+0.4 24+0.1
ADS10312 C/1/2/-/- 222+39 72.6+52 35+0.1
ADS10298 D/1/1/-/- 30.8+2.6 20.3+0.8
ADS10301 D/2/1/-/- 11.3+0.4 60.4 +0.7 59+0.1
ADS10306 D/1/2/-/- 17.8£0.7 89.4+0.1 1.6 +0.0
ADS10310 D/2/2/-/- 73+09 83.9+0.1 1.7+0.1
Tacrine 0.024 + 0.001 0.015 +0.001

 mean value + standard deviation (SD) of three independent experiments; °ICs, inhibitory concentration of electric eel AChE; mean value +
standard error of the mean (sem) of triplicate independent experiments; ¢ ICs, inhibitory concentration of BuChE from equine serum; mean

value + standard error of the mean (sem) of triplicate independent experiments.
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Figure S73. Inhibition of electric eel AChE by ADS10310 and tacrine.
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Figure S74. Inhibition of electric eel BuChE by compound ADS compounds and tacrine.

S92



4. In vitro metabolic stability.
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Figure S75. UPLC spectra after 120 min incubation of compound ADS10310 in TRIS buffer pH=7.4 at 37°C
without human liver microsomes (control reaction).
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Figure S77. MS spectra of ADS10310 and the most probable structure of its fragment with mass m/z =
182.93 based on analysis conditions.

HO OH OH
%, § OH
W HOH  OH
221105_GL-ADS-RA 153 (3.147) O
e 12198 Ne

P M1 N\/\/\\NHz

B /
y )
pa2s (7R 20815%
10 1 1" = 502.5
831010072 U224 o0y \ T T 24335 ggus  M819 eg7 41999 4047 50257 51847 55876 589.75
0 T T T T T T T T T I T T 1 § T T T T T T T T T
50 100 150 200 250 300 350 400 450 500 550 600

Figure S78. MS spectra of ADS10310 and the most probable structure of metabolite M1 with molecular
mass m/z = 205.13. The structure of the fragmented under analysis conditions M1 with mass m/z = 187.98

was also proposed.
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Figure S79. MS spectra of ADS10310 and the most probable structure of metabolite M2 with molecular
mass m/z = 381.23. The structure of the fragmented under analysis conditions M2 with mass m/z = 212.38
was also proposed. The most probable site of hydroxylation was marked in brackets.
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Figure S80. MS spectra of ADS10310 and the most probable structure of metabolite M3 with molecular
mass m/z = 362.08. The structure of the fragmented under analysis conditions M3 with mass m/z = 181.20
was also proposed. The most probable site of dehydrogenations was marked in brackets.
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Figure S81. The MetaSite 6.0.1. software prediction of the most probable sites of ADS10310 metabolism.
The darker red color - the higher probability to be involved in the metabolism pathway. The blue circle

marked the site of compound with the highest probability of metabolic bioconversion.
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Figure S82. The cytotoxicity of ADS10310 against HepG2 cells.
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