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Molecular Biology

The EthR gene was cloned into a pHATS5 vector!' using BamHI and EcoRI restriction sites.
Escherichia coli BL21 (DE3) (Novagen) strain was used for EthR expression. Fresh
overnight starting culture (25 mL) grown in LB media overnight at 37 °C, 220 rpm was
added to LB media (1L) and incubated at 37°C until the colony reached ODgyy ~0.8. The
culture was the induced with IPTG (1mM) and incubated at 37 °C, 220 rpm, for an additional
3 h. The cells were harvested by centrifugation (4200 g for 20 min at 4 °C) and re-suspended
in lysis buffer [S0 mM Hepes (pH 7.5) and 150 mM NaCl; 25 mL] supplemented with
EDTA-free complete protease inhibitor cocktail (Roche). The cells were lysed by sonication
(10 pulses of 30 s each) and debris was removed by centrifugation (35000 g for 1 h at 4 °C).
The supernatant was loaded onto a 5 mL HiTrap IMAC Fast Flow column (GE Healthcare)
charged with Ni?* at Sml/min rate and washed with buffer (50 mM Hepes pH 7.5, 150 mM
NaCl and 20 mM imidazole; 50 mL). After elution with elution buffer (50 mM Hepes pH 7.5,
150 mM NaCl and 250 mM imidazole), the protein was further purified by size exclusion
chromatography (Superdex 200) and concentrated (4200 g at 4 °C) using 10 kDa Amicon®
Ultra concentrators.

X-ray crystallography

Crystallisation of EthR was performed using the sitting-drop vapour diffusion method at 25
°C. A drop consisted of 1.0uL of reservoir solution (1.7-2.1M ammonium sulphate, 0.1M
MES-Na (pH 6-7), 5-15% (v/v) glycerol and 7-12% (v/v) 1,4-dioxane) and 0.5-1.0uL of
protein solution (20mg/ml EthR, 0.5M NaCl, 15mM Tris/HCl pH 8.0 and 10% (v/v)
glycerol).? Compounds (100mM in DMSO) were mixed with mother liquor (1.9M
ammonium sulphate, 0.1IM MES-Na pH 6.5 and 12.5% (v/v) glycerol) to a final
concentration of 1-10mM. EthR crystals were washed free from 1,4-dioxane by placing them
in 1,4-dioxane free mother liquor for a few hours. The washed EthR crystals were then
transferred to the fragment-containing solutions and incubated for 1-16 h. Crystals were
cryoprotected by passing them briefly through mother liquor containing 20% (v/v) of
ethylene glycol and then flash-frozen in liquid nitrogen. X-ray crystallographic datasets were
collected at the European Synchrotron Radiation Facility (Grenoble, France) and at the
Diamond Light Source (Harwell, UK). X-ray datasets were indexed and integrated using
autoPROC3, XDS* and Mosfilm®. The scaling of datasets was carried out using
SCALA/AIMLESS software.® Structures were solved using the molecular replacement
method with PHASER’ (PDB ID 1T56 was used as search probe). Structures were further
refined with Refmac5® (part of CCP4° suite), PHENIX!? or BUSTER!! to satisfactory level of
R/Rfree using maximum-likelihood restrained refinement. Ligand restrain files were prepared
by Dundee PRODRG?2 server,!? libcheck!3 or PHENIX elbow software. Every structure was
modelled manually in Coot'* (including ligand and essential water molecules). Images of X-
ray crystal structures in figures were prepared using PyMOL (http://www.pymol.org).
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Figure S1 X-ray crystallography data collection and final refinement statistics



Figure S2 X-ray crystal structure showing a full view of an EthR monomer with two
molecules of ligand 22 bound to it. (PDB code SEZQG)

22
105 =20 M
LE=0.31

Figure S3 X-ray crystal structure of ligand 22 bound to EthR. One molecule of 22 spans sub-
pockets I and II, while a second molecule of 22 occupies sub-pockets III and IV of the EthR
binding cavity. (PDB code SEZQG)



Figure S4 Usual shape of the EthR pocket consisting of sub-pockets I, II, III and IV as
defined by the binding of fragments 1 and 2 (crystal structures of the two fragments are
overlaid on top of each other). (PDB codes 5F1J and 5F27)



Figure S5 Crystal structure of 28 bound to EthR (the two different binding modes for this
ligand are super-imposed). Although the conformations of the side chains of residues Phe184
and Trp138 preclude the formation of sub-pockets III and IV in the sense of Figure S3,
compound 28 is still capable of binding to the protein by altering the shape of the EthR
hydrophobic cavity and moulding it around its own scaffold. (PDB code SFOH)

Biophysical assays

Differential scanning fluorimetry (DSF)

DSF measurements were carried out using a Bio-Rad CFX Connect machine with a 96-well
reaction module. Samples (50 pl each) containing EthR (20 uM), NaCl (150 mM), Tris.HCl
(20 mM, pH = 8.5), SYPRO orange (2.5x) and test compound (100 uM) in water were
prepared in 96-well plates. The 96-well plates were heated linearly from 25 °C to 95 °C using
a temperature increment of 0.5 °C every 30 seconds. Melting curves represent plots of the
fluorescence emission intensity at Ay.x 490/575 nm of each sample against temperature.
Melting temperatures (T,,) were determined as the temperatures at which the minima on the
negative first derivatives of the melting curves occurred.

Isothermal titration calorimetry (ITC)

An aqueous solution of the fragment to be tested (1 mM) was prepared containing NaCl (300
mM), Tris.HCI (20 mM, pH = 8.0), de-DMSO (10% v/v) and glycerol (to match the 10% v/v
glycerol content in the EthR stock solution). A separate aqueous solution of EthR (50 uM)
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containing NaCl (300 mM), Tris.HCI (20 mM, pH = 8.0) and DMSO-d¢ (10% v/v) was
prepared and placed in the sample cell of a MicroCal iTC,y microcalorimeter (GE
Healthcare). The fragment solution was then titrated to the EthR solution over 39 injections
(first injection of 0.4 pl and subsequent injections of 1.0 pl). Data was fitted to a one site
binding model using Origin software.
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Figure S6 ITC trace for 4-(4-(3-Oxo0-3-(pyrrolidin-1-yl)propyl)piperidin-1-yl)benzonitrile 15

Surface plasmon resonance (SPR)

The SPR assay was carried out using a BIAcore T100 instrument as described previously.?
The assay was designed to measure the interaction of EthR with the eth4 promoter DNA
sequence (106 bp — experimental DNA), immobilised via biotin-streptavidin linkage onto an



SA Series S Sensor Chip (BIAcore). DNA from pUC19 (113 bp) was used as the control
against non-specific binding. The experimental (106 bp) and control (113 bp) DNA
fragments were produced as described previously.!>!® Biotinylated control and experimental
DNA were immobilized to the chip surface to achieve stable fixation levels of 247 and 252
resonance units (RU) respectively.

For screening, EthR/ fragment solution (1-2 pM EthR and required concentration of fragment
made up in running buffer (2 mM MgCl,, 10 mM Tris-Cl pH 7.5, 0.1 mM EDTA, 200 mM
NacCl, 2% (v/v) DMSO) was flowed over the chip at 20 pL/min for 180 s. The dissociation
time was 180 s. To determine binding levels, the response of the control channel at steady
state was subtracted from that of the experiment channel. The chip was regenerated between
samples using 0.03% w/v SDS in running buffer (passed at a flow rate of 20 puL/ min for 60

S).

For 1Cs, calculations, the SPR response of EthR binding to the immobilized DNA was
measured at various concentrations of compound. The resulting RUs were used to fit the data
using nonlinear regression with variable slope dose-response inhibition constrains on
GrapfPad PRISM 5.00. ICsy values were calculated as the compound concentrations
necessary to inhibit 50% of the maximal interaction between EthR and its DNA operator
sequence.

CMPD_17
100~

% of inhibition

-0.5 0.0 015 110 1:5 2.0 2.5
log[cmpd], uM

Figure S7 ICs, curve (SPR) for N-((1-(4-Cyanophenyl)piperidin-4-yl)methyl)pyrrolidine-1-

carboxamide 17



Chemistry

General Information

'"H NMR and 3C NMR spectra were recorded using Bruker DPX-400 or Bruker DPX-500
NMR spectrometers. Chemical shifts are given in parts per million (ppm). All 3C NMR
spectra are proton decoupled. For molecules, in which restricted amide rotation gives rise to
multiple signals per nucleus, all signals observed are reported in the 'H NMR and '*C NMR
spectra and the appropriate ratios of peaks in the 'H NMR spectra reflect the ratios of
different rotamers, Compounds 3, 11, 12 and 13 were shown to be rotamers in the |H NMR.
Coupling constants are reported in Hz where interpretable and the conventional abbreviations
for assigning peak multiplicity are used as follows: s = singlet, d = doublet, t = triplet, m =
multiplet, br = broad.

High resolution mass spectrometry (HRMS) was performed using a Waters LCT Premier
high-resolution spectrometer in electrospray ionisation (ESI) mode.

LCMS spectra were recorded using a Waters HClass UPLC system coupled to a Waters
single quad detector eluting at a constant flow rate of 0.8 ml/ min using a constant gradient of
5 —100% acetonitrile in 0.1% v/v aqueous formic acid.

Infrared spectrometry was performed using a Perkin-Elmer One FTIR Spectrometer with
attenuated transmittance reflectance (ATR). The abbreviations (w) and (br) have been used to
describe weak and broad IR absorbances respectively.

All commercially available reagents were used as purchased without further purification. All
organic solvents used were either freshly distilled or purchased as anhydrous. Purification of
intermediates and final compounds was carried out by automated flash column
chromatography using Biotage SNAP Kp-Sil pre-packed columns run on either Biotage
Isolera One or Biotage Isolera Four instruments.

Microwave reactions were performed using a Biotage Initiator system under reaction
conditions as indicated for each individual reaction.

Following aqueous work-up, organic solutions of intermediates and final compounds were
dried using Isolute ® phase separators from Biotage (referred to as hydrophobic frits).

The purity of the compounds was measured by LC-MS with UV-Vis detection and all
compounds were of a purity of > 95% unless otherwise stated.
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Synthetic Schemes

Figure S8 Synthesis of 3-(1-(4-((methylamino)methyl)phenyl)piperidin-4-yl)-1-(pyrrolidin-
1-yl)propan-1-one (5)
NH \NBoc

a) NBoc

100% b
6 Br 7B
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d)
100% 73% 86% 99%
OH
25 33

5

31 32 34

a) di-tert-butyl dicarbonate, THF; 22 °C; b) water, 35 % wt aqueous ammonia (pH = 6 — 7), Rh on activated
alumina, H, (8 bar); 95 °C; 48 h; c) K,COs, H,0, di-fert-butyl dicarbonate, NEt; THF; 0 — 22 °C; 4 h; d)
pyrrolidine, COMU, diisopropylethylamine, DCM; 22 °C; ¢) DCM, TFA, 2 h; then DCM, K,COs, 60 h; f)
Pd(OAc),, KO'Bu, 2-(di-tert-butylphosphino) biphenyl, toluene; 100 °C, 4 h; g) 4.0 M HCl in dioxane; 15 min.

Figure S9: Synthesis of 4-(4-(3-oxo0-3-(pyrrolidin-1-yl)propyl)piperidin-1-yl)benzonitrile
(15) and Ethyl 4-(4-(3-0x0-3-(pyrrolidin-1-yl)propyl)piperidin-1-yl)benzoate (16)
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a) K,CO;, DMSO, 90 °C, 16 h; b) K,CO3;, DMSO, 90 °C, 3 h.
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Figure S10: Synthesis of 3-methyl-1-(pyrrolidine-1-carbonyl)-1H-imidazol-3-ium iodide
(36)

° R S
b
Né\N)LN/\\N 34), GN N 4), C/N NN
N E l—/ -
carbonyldiimidazole 35 36

a) pyrrolidine, carbonyldiimidazole, THF, 22 °C; b) Mel, DCM, 22 °C.

Figure S11: Synthesis of compounds 17, 18, 19 and 20
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CN
o
a) K,CO;, DMSO, 90 °C; b) TFA, DCM, 22 °C; c) cyclopentaneacetic acid, DCM, diisopropylethylamine,
COMU, 22 °C; d) THF, H,0, LiOH, 75 °C; e) 3-methyl-1-(pyrrolidine-1-carbonyl)-1H-imidazol-3-ium iodide,
NEt;, DCM, 22 °C; 18 h.
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Figure S12: Synthesis of compounds 21 and 22

2 O 2
9 N N
N~ 48 % \W B 41%
41 N__— \J
cae
+
NH

Cl
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N~ o,
2% | o 48 %
2 N_ O

a) 1) 4-(aminomethyl) piperidine, toluene, acetophenone, p-toluenesulfonic acid; Dean-Stark; 5 h; ii) 2-
chloropyrimidine, NEt;, 95 °C; 18 h; iii) 5 M HCI; b) 4-(aminomethyl) piperidine, 1-pentanol, Na,CO;, 2-
chloropyridine, 130 °C; 24 h; c¢) 3-methyl-1-(pyrrolidine-1-carbonyl)-1H-imidazol-3-ium iodide, NEt;, DCM,
22 °C; 3 h.

Figure S13:  Synthesis of  3-(1-(4-cyanophenyl)piperidin-4-yl)-N-(3-(piperidin-1-
yl)phenyl)propanamide (23)

Jk
OUNHZ . %W o

b) | 88 %

a) DCM, diisopropylethylamine, COMU, 22 °C; b) TFA, DCM, 22 °C; 2 h; c) 4-fluorobenzonitrile, K,COs,
anhydrous DMSO, 100 °C; 3 h.

82 %
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Figure S14: Synthesis of  3-(1-(4-cyanophenyl)piperidin-4-yl)-N-(3-(piperidin-1-
yl)benzyl)propanamide (28)

O o ok
N@NHZ ' OK/\QTO#/ 60 % @y WQ
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43 25

b) | 80%

@ " @
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N 60 % N
o 28 45 O

a) DCM, diisopropylethylamine, COMU, 22 °C; b) TFA, DCM, 22 °C; 2 h; c) 4-fluorobenzonitrile, K,COs,
anhydrous DMSO, 100 °C; 3 h.

Figure S15: Synthesis of  3-(1-(4-Cyanophenyl)piperidin-4-yl)-N-(4-(piperidin-1-
yl)benzyl)propanamide (29)

OKTM+AA©Y%QM KLWWQXk

b)|65%
CN
G 0 e o O
O 5 a3 ©

a) DCM, diisopropylethylamine, COMU, 22 °C; b) TFA, DCM, 22 °C; 2 h; c) 4-fluorobenzonitrile, K,COs,
anhydrous DMSO, 100 °C; 3 h.

General procedure A !7

Amine (1 eq.), carboxylic acid (1 eq.) and diisopropylethylamine (5 eq.) were dissolved in
anhydrous DCM (2 mL). COMU (1.1 eq.) was added and the reaction mixture was stirred at

room temperature for 16 — 24 h. The solvent was evaporated in vacuo. The residue was
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dissolved in EtOAc (10 mL) and washed with water (2 x 10 mL). The organic layer was

concentrated in vacuo and the crude material was purified by flash column chromatography.

General procedure B (TFA deprotection) '3

The Boc-protected amine was dissolved in DCM (6 mL). TFA (3 mL) was added and the
reaction mixture was stirred at room temperature for 1 - 5 h. The solvent was evaporated in
vacuo. The crude material was dissolved in DCM (10 mL) and washed with saturated
aqueous sodium bicarbonate. The organic extracts were dried using a hydrophobic frit and

evaporated in vacuo.

Synthesis

3-Cyclopentyl-1-(3-(4-((methylamino)methyl)phenyl)tetrahydropyrimidin-1(2 H)-

P

HN

yl)propan-1-one (3)

tert-butyl-(4-(3-(3-cyclopentylpropanoyl)tetrahydropyrimidin-1(2H)-yl)benzyl)(methyl)

carbamate (13) (11.2 mg, 26 umol) was dissolved in anhydrous DCM (0.67 mL) and TFA
(0.33 mL) was added. The reaction mixture was stirred at room temperature for 2 h, after
which the solvents were removed in vacuo. The residue was re-dissolved in DCM (5 mL) and
washed with saturated aqueous NaHCO; (2 mL). The DCM layer was separated and dried by
passing through a hydrophobic frit. The solvent was evaporated in vacuo and the residue was
purified by automated flash chromatography (0 — 10% 2M methanolic ammonia in DCM).
Amine 3 was isolated as colourless gum (5.3 mg, 62%); 'H NMR (400 MHz, CDCl;) & 7.27 —
7.23 (m, 2H), 7.02 — 6.97 (m, 1.2H), 6.95 — 6.91 (m, 0.6H), 5.00 (s, 1.2H), 4.77 (s, 0.6H),
3.75 (s, 2H), 3.73 = 3.70 (m, 0.6H), 3.67 — 3.59 (m, 1.2H), 3.59 — 3.50 (m, 1.2H), 3.44 — 3.32
(m, 0.6H), 2.48 (s, 3H), 2.45 — 2.40 (m, 6H), 2.37 — 2.30 (m, 1.2H), 2.01 — 1.70 (m, 7H), 1.70
—1.47 (m, 5H), 1.11 (m, 2H); 3C NMR (125 MHz, CDCl3) 6 171.8, 148.1, 147.7, 130.6,
129.8, 128.8, 117.3, 116.7, 65.4, 59.6, 54.8, 54.6, 49.2, 49.2, 45.5, 41.7, 39.8, 35.2, 34.8,
32.5,31.5,31.3, 25.1, 23.9; IR, Vpnax (ATR): 3251 (br), 2945, 2866, 1635 cm’'; HRMS (m/z):
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[M + H]* caled for C,0H3,N30, 330.2540; found, 330.2525; LCMS (ESI) [M + Na]* m/z:

352.3, retention time = 1.50 min.

3-Cyclopentyl-N-(3-(piperidin-1-yl)phenyl)propanamide (4)

SARaaT

Prepared according to general method A using 3-(piperidin-1-yl)aniline 24 (50 mg, 0.28
mmol), 3-cyclopentylpropionic acid (40.5 pL, 0.28 mmol), diisopropylethylamine (247 pL,
1.42 mmol), DCM (2.5 mL) and COMU (134 mg, 0.31 mmol). Purification by flash column
chromatography (0 — 33 % EtOAc in pet. ether 40/ 60) afforded the amide 4 as a pale pink oil
(53 mg, 62 %). TLC (EtOAc/ pet. ether 40/ 60, 1: 2, v/ v), Ry = 0.38; 'H NMR (400 MHz,
CDCl) 6 7.35(dd,J=2.4,2.0 Hz, 1H), 7.17 (dd, /= 8.3, 7.7 Hz, 1H), 7.11 (s, 1H), 6.81 (dd,
J=17.7,2.0 Hz, 1H), 6.69 (dd, J= 8.3, 2.4 Hz, 1H), 3.24 — 3.14 (m, 4H), 2.41 — 2.31 (m, 2H),
2.01 — 1.41 (m, 15H), 1.23 — 1.06 (m, 2H); 3C NMR (125 MHz, CDCl;) 6 171.4, 152.8,
138.8, 129.3, 112.2, 110.1, 107.8, 50.4, 39.7, 37.2, 32.5, 31.8, 25.8, 25.2, 24.3; HRMS (m/z):
[M + HJ" caled for C9Hy9N,0O, 301.2280; found, 301.2277; LCMS (ESI) [M + H]" m/z:

301.3, retention time = 1.79 min.

3-(1-(4-((Methylamino)methyl)phenyl)piperidin-4-yl)-1-(pyrrolidin-1-yl)propan-1-one

C)
O
@M
\©\/H\

Compound 14 (16 mg, 49 umol) was dissolved in 4.0 M HCI in 1, 4-dioxane (0.5 mL) and
stirred at room temperature for 2 h, after which the solvent were removed in vacuo. The
residue was re-dissolved in DCM (5.0 mL) and washed with saturated aqueous NaHCO; (1.0
mL). The organic layer was dried by passing through a hydrophobic frit and the solvent was
removed in vacuo to give amine 5 as a colourless gum (7.8 mg, 62%); 'H NMR (400 MHz,
CDCl;) 6 7.11 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 8.4 Hz, 2H), 3.58 (s, 4H), 3.45 — 3.28 (m, 6H),
2.64 — 2.55 (m, 2H), 2.37 (s, 2H), 2.30 — 2.16 (m, 2H), 1.95 — 1.83 (m, 2H), 1.84 — 1.68 (m,
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4H), 1.65 — 1.55 (m, 3H), 1.39 — 1.28 (m, 2H); IR, viuax (ATR): 3410 (br), 2930, 1675, 1611
cm'l; HRMS (m/z): [M + H]" caled for CyoH3,N;30, 330.2540; found, 330.2527; LCMS (ESI)
[M — CH3NH]" m/z: 299.5, retention time = 2.87 min.

tert-Butyl 5,6-dihydropyrimidine-1(4H)-carboxylate (9)

1, 4, 5, 6-tetrahydropyrimidine (200 pl, 2.4 mmol) was dissolved in anhydrous THF (4.0 mL)
and triethylamine (0.68 mL, 4.8 mmol) was added. The reaction mixture was stirred and
cooled in an ice/ water bath. Di-fert-butyl dicarbonate (0.58 g, 2.7 mmol) was added, the ice/
water bath was removed and the reaction mixture was stirred at room temperature for 18 h.
The solvent was removed in vacuo and the residue was purified by automated flash
chromatography (0 — 10% MeOH in DCM) to give tert-butyl 5,6-dihydropyrimidine-1(4H)-
carboxylate (9) as colourless liquid (295 mg, 66%); 'H NMR (400 MHz, CDCl;) & 8.12 —
7.96 (m, 1H), 3.62 — 3.55 (m, 2H), 3.46 — 3.36 (m, 2H), 1.91 — 1.80 (m, 2H), 1.52 (s, 9H); 13C
NMR (125 MHz, CDCl;) ¢ 151.8, 143.7, 82.8, 43.8, 40.7, 28.0, 20.5; IR, Vi (ATR): 2977,
1714, 1640 cm™'; HRMS (m/z): [M + H]" caled for CoH7N,O,, 185.1290; found, 185.1289.

tert-Butyl tetrahydropyrimidine-1(2H)-carboxylate (10) '°

O N._NH
\1/ \g/

To a solution of tert-Butyl 5,6-dihydropyrimidine-1(4H)-carboxylate (9) (100 mg, 0.54
mmol) in MeOH (3.0 mL) was added potassium borohydride (41 mg, 1.08 mmol) at 0 °C.
The reaction mixture was then allowed to warm up and was stirred at room temperature for 2
h. Ice (3.00 g) was then added and the quenched reaction mixture was stirred for 10 minutes.
The solvent was evaporated in vacuo and the residual aqueous was extracted with
dichloromethane (2 x 15 mL). The organic layer was separated and dried by passing through
a hydrophobic frit. The solvent was removed in vacuo and the product was purified by
automated flash chromatography (0-10% MeOH in DCM) to give fert-butyl
tetrahydropyrimidine-1(2H)-carboxylate (10) as colourless oil (65 mg, 65%). TLC (MeOH/

17



DCM, 1: 9, v/ v), R = 0.18; "H NMR (400 MHz, Chloroform-d) & 4.38 (s, 2H), 3.61 — 3.51
(m, 2H), 3.04 — 2.94 (m, 2H), 2.68 (s, 1H), 1.64 — 1.53 (m, 2H), 1.48 (s, 9H); IR, Vi,ax (ATR):
3312 (br), 2974, 2936, 2859, 1684 cm’'; HRMS (m/z): [M + H]" caled for CoHgN,O»,
187.1447; found, 187.1443.

tert-butyl 3-(3-cyclopentylpropanoyl)tetrahydropyrimidine-1(2H)-carboxylate (11)

Prepared according to gemeral method A (above) using tert-butyl tetrahydropyrimidine-
1(2H)-carboxylate (10) (62.3 mg, 0.34 mmol), 3-cyclopentylpropionic acid (47.8 ul, 0.34
mmol), diisopropylethylamine (291 pL, 1.7 mmol), COMU (158 mg, 0.37 mmol) and DCM
(2.5 mL). Purification by automated flash chromatography (20 — 100% EtOAc in pet. ether
40 — 60) afforded amide 11 as pale yellow oil (101 mg, 97%); 'H NMR (400 MHz, CDCl;) &
5.05 (s, 0.4H), 4.95 (s, 1.6H), 3.69 (t, J= 5.6 Hz, 2H), 3.56 (t,J = 5.6 Hz, 2H), 2.49 (s, 1.6H),
2.33 (br s, 0.4H), 1.85 — 1.72 (m, 3H), 1.71 — 1.55 (m, 7H), 1.48 (s, 10H), 1.22 — 1.03 (m,
2H); 3C NMR (125 MHz, CDCly) 6 172.4, 171.7, 153.9, 153.1, 80.6, 58.9, 58.1, 53.4, 44.3,
43.2, 41.6, 39.8, 32.5, 32.3, 31.6, 28.3, 25.1; HRMS (m/z): [M + H]* calcd for C,;H3;N,03,
311.2335; found, 311.2341; IR, Vyax (ATR): 2944, 2865, 1696, 1651 cm™!.

3-Cyclopentyl-1-(tetrahydropyrimidin-1(2H)-yl)propan-1-one (12)

H@M

)
Prepared according to general method B (above) using compound 11 (100 mg, 0.32 mmol),
DCM (3.3 mL) and TFA (1.6 mL). The solvent was evaporated in vacuo and the residual oil
was dissolved in saturated aqueous NaHCO; (5 mL). The pH of the solution was adjusted to
pH 10 using 10% aqueous NaOH and the aqueous was extracted with EtOAc (2 x 20 mL).
The combined organic layers were dried by passing through a hydrophobic frit and the
solvent was evaporated in vacuo. Amine 12 was isolated as a colourless gum (70 mg, 100%);
'"H NMR (400 MHz, CDCls) & 4.53 (s, 1H), 4.41 (s, 1H), 3.77 — 3.67 (m, 1H), 3.67 — 3.56 (m,
1H), 3.09 — 2.97 (m, 2H), 2.70 (s, 1H), 2.40 — 2.27 (m, 2H), 1.84 — 1.71 (m, 3H), 1.71 — 1.46
(m, 8H), 1.19 — 1.02 (m, 2H); 13C NMR (126 MHz, CDCl;) 6 171.6, 171.0, 61.8, 57.7, 45.7,
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45.5,45.1, 41.5, 39.9, 32.6, 32.5, 31.78, 31.5, 28.3, 27.4, 25.1; IR, Vinax (ATR): 3300 (br),
2946, 2865, 1683, 1630 cm'; HRMS (m/z): [M + H]* calcd for C,H,3N,0, 211.1810; found,
211.1814.

tert-Butyl (4-(3-(3-cyclopentylpropanoyl)tetrahydropyrimidin-1(2H)-
yDbenzyl)(methyl)carbamate (13)

Compound 12 (37.5 mg, 0.18 mmol), tert-butyl-(4-bromobenzyl)(methyl)carbamate (42.9
mg, 0.8 eq), 2-(di-tert-butylphosphino)biphenyl (10.6 mg, 20 mol%), potassium fert-butoxide
(28.0 mg, 1.4 eq) and palladium (II) acetate (4.0 mg, 10 mol%) were suspended in anhydrous
toluene (1.5 mL) in a 2 mL microwave vial and nitrogen was bubbled through the reaction
mixture for 10 min. The vial was sealed and the reaction mixture was stirred and heated to
100 °C in a microwave for 4 h. The reaction mixture was filtered through Celite™ and the
Celite pad was washed with EtOAc (20 mL). The filtrate was collected and the solvent was
removed in vacuo. The crude oil was purified by automated flash chromatography (0 — 100%
EtOAc in pet. ether 40 — 60) to afford amide 13 as colourless gum (12.9 mg, 21%); 'H NMR
(400 MHz, CDCls) 6 7.25 — 7.08 (m, 2H), 7.08 — 6.87 (m, 2H), 5.00 (s, 1.3H), 4.78 (s, 0.6H),
442 — 4.26 (m, 2H), 3.80 — 3.69 (m, 0.7H), 3.70 — 3.59 (m, 1.3H), 3.58 — 3.48 (m, 1.3H),
3.47 - 3.36 (m, 0.7H), 2.80 (s, 3H), 2.50 — 2.39 (m, 0.7H), 2.39 — 2.29 (m, 1.3H), 1.91 — 1.70
(m, 5H), 1.71 — 1.55 (m, 3H), 1.56 — 1.44 (m, 12H), 1.18 — 1.03 (m, 2H); 3C NMR (100
MHz, CDCl;) & 171.9, 156.1, 155.7, 147.0, 129.7, 128.8, 128.7, 117.6, 116.9, 79.6, 65.7,
59.8, 52.0, 51.2, 49.6, 45.4, 41.5, 39.8, 33.7, 33.7, 32.5, 32.5, 31.4, 31.3, 28.5, 25.1, 23.9,
23.8; IR, Vmax (ATR): 3317 (br, w), 2946, 2866, 1690, 1646, 1613 cm'!; HRMS (m/z): [M +
H]" caled for Cy5sH39N303, 430.3070; found, 430.3087.
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tert-butyl methyl(4-(4-(3-0xo0-3-(pyrrolidin-1-yl)propyl)piperidin-1-yl)benzyl)carbamate

14)
QNM@“CCT%

3-(Piperidin-4-yl)-1-(pyrrolidin-1-yl)propan-1-one 34 (71 mg, 0.34 mmol), tert-butyl (4-
bromobenzyl)(methyl)carbamate (81 mg, 0.8 eq), 2-(di-tert-butylphosphino)biphenyl (20.1
mg, 20 mol%), potassium fert-butoxide (53.0 mg, 1.4 eq) and palladium (II) acetate (7.6 mg,
10 mol%) were suspended in anhydrous toluene (3.0 mL) in a 5 mL microwave vial and
nitrogen was bubbled through the reaction mixture for 10 min. The vial was sealed and the
reaction mixture was stirred and heated to 100 °C in a microwave for 4 h. The reaction
mixture was filtered through celite and the celite pad was washed with EtOAc (20 mL). The
filtrate was collected and the solvent was removed in vacuo. The crude oil was purified by
automated flash chromatography (0 — 100% EtOAc in pet. ether 40 — 60) to afford amide 14
as pale yellow gum (31 mg, 21%). TLC (EtOAc, 100%), R¢ = 0.14; '"H NMR (400 MHz,
CDCl5) 6 7.15 (s, 2H), 6.90 (s, 2H), 4.35 (s, 2H), 3.68 -3.65 (m, 2H), 3.53 — 3.38 (m, 4H),
2.83 —2.74 (m, 6H), 2.38 — 2.27 (m, 2H), 2.07 — 1.61 (m, 9H), 1.49 (s, 10H); 13C NMR (125
MHz, CDCl;) 6 171.4, 164.7, 156.0, 155.6, 128.8, 128.4, 116.5, 79.6, 66.7, 52.1, 51.3, 47.3,
46.6, 45.7, 38.4, 33.7, 32.4, 32.0, 31.7, 31.0, 28.5, 26.2, 24.4; IR, vpn.x (ATR): 2925, 2858,
1689, 1635 cm™'; HRMS (m/z): [M + H]" calcd for C,5H39N303, 430.3070; found, 430.3049.

4-(4-(3-Ox0-3-(pyrrolidin-1-yl)propyl)piperidin-1-yl)benzonitrile (15)

O

Compound 34 (20 mg, 95 pumol), 4-fluorobenzonitrile (10.4 mg, 86 pumol) and potassium
carbonate (17.8 mg, 129 umol) in DMSO (0.1 mL) were heated to 90 °C for 16 h. The crude
reaction mixture was purified by automated flash chromatography (0 - 100% gradient of
EtOAc in petroleum ether 40 - 60) to afford nitrile 15 as a colourless gum (12.1 mg, 41%).
TLC (100% EtOAc), Ry = 0.17; 'TH NMR (400 MHz, CDCl;) 6 7.50 — 7.45 (m, 2H), 6.89 —
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6.82 (m, 2H), 3.91 — 3.80 (m, 2H), 3.51 — 3.46 (m, 2H), 3.46 — 3.40 (m, 2H), 2.92 — 2.81 (m,
2H), 2.37 —2.27 (m, 2H), 2.04 — 1.93 (m, 2H), 1.93 — 1.78 (m, 4H), 1.72 — 1.51 (m, 3H), 1.39
—1.23 (m, 2H); BC NMR (125 MHz, CDCl;) 4 171.3, 153.4, 133.5, 120.3, 114.2,99.2, 47.7,
46.6, 45.7, 35.4, 31.7, 31.5, 31.1, 26.1, 24.4; IR, Vi (ATR): 2937, 2870, 2214 (CN), 1638,
1602 cm'; HRMS (m/z): [M + H]" caled for C9H,6N30, 312.2076; found, 312.2076; LCMS
(ESI) [M + H]" m/z: 312.3, retention time = 2.11 min.

Ethyl 4-(4-(3-0x0-3-(pyrrolidin-1-yl)propyl)piperidin-1-yl)benzoate (16)

e

0]

Compound 34 (26.5 mg, 126 umol), ethyl 4-fluorobenzoate (16.6 pL, 113 pmol) and
potassium carbonate (26.1 mg, 189 mmol) in anhydrous DMSO (0.1 mL) were heated to 100
°C for 3 h. After cooling to room temperature, the crude reaction mixture was purified by
flash column chromatography (0 - 100% gradient of EtOAc in petroleum ether 40 - 60) to
afford ester 16 as white amorphous solid (5.2 mg, 12%). TLC (100% EtOAc), R;= 0.14; 'H
NMR (400 MHz, CDCl;) 8 7.97 — 7.89 (m, 2H), 6.90 (br s, 2H), 4.35 (q, J = 7.1 Hz, 2H),
3.87 (d, J = 12.4 Hz, 2H), 3.55 — 3.38 (m, 4H), 2.86 (dd, J = 12.4 Hz, 2H), 2.38 — 2.28 (m,
2H), 2.03 — 1.94 (m, 2H), 1.93 — 1.79 (m, 6H), 1.73 — 1.52 (m, 3H), 1.39 (t, J = 7.1 Hz, 3H);
3C NMR (125 MHz, CDCl3) 6 171.4, 166.7, 154.2, 131.2, 119.3, 113.7, 68.0, 60.3, 48.2,
46.6, 45.7, 35.4, 31.8, 31.5, 31.2, 26.1, 25.6, 24.4, 14.5; IR, v (ATR): 2933, 2871, 1697,
1635, 1609 cm™'; HRMS (m/z): [M + H]" calcd for C,1H;3;N,03, 359.2335; found, 359.2328;
LCMS (ESI) [M + H]" m/z: 359.3, retention time = 2.34 min.

N-((1-(4-Cyanophenyl)piperidin-4-yl)methyl)pyrrolidine-1-carboxamide (17)

o O,

Compound 40 (20 mg, 93 pumol) and compound 36 (28.5 mg, 93 umol) were dissolved in
DCM (0.75 mL) and triethylamine (12.9 pL, 93 umol) was added. The reaction mixture was
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stirred at room temperature for 18 h, after which it was concentrated in vacuo. Purification by
flash column chromatography (0 — 10 % MeOH in DCM) afforded the nitrile 17 as colourless
oil (22.9 mg, 79 %). TLC (DCM/ MeOH, 19: 1, v/v): R¢=0.29; "H NMR (400 MHz, CDCl;)
0 7.48 (dd, J = 8.8, 2.4 Hz, 2H), 6.86 (dd, J = 8.8, 2.4 Hz, 2H), 4.43 — 4.28 (m, 1H), 3.96 —
3.77 (m, 2H), 3.45 — 3.27 (m, 4H), 3.25 — 3.11 (m, 2H), 2.96 — 2.75 (m, 2H), 2.07 — 1.63 (m,
7H), 1.42 — 1.19 (m, 2H); 13C NMR (100 MHz, CDCl;) 8 156.8, 153.3, 133.5, 120.3, 114.2,
99.2,47.5,45.9, 45.6, 36.7, 29.3, 25.6; IR, viax (ATR): 3386 (br, w), 2924, 2869, 2212, 1710,
1601 cm™!'; HRMS (m/z): [M + H]" caled for C;sH,s0Ny, 313.2028; found, 313.2028; LCMS
(ESI) [M + H]" m/z: 313.3, retention time = 1.87 min.

Ethyl 4-(4-((pyrrolidine-1-carboxamido)methyl)piperidin-1-yl)benzoate (18)

()
ON H/\C ©\K(<DO\/

Compound 39 (24.4 mg, 93 umol) and compound 36 (28.5 mg, 93 umol) were dissolved in
DCM (0.75 mL) and triethylamine (12.9 pL, 93 umol) was added. The reaction mixture was
stirred at room temperature for 18 h, after which it was concentrated in vacuo. The crude
residue was purified by flash column chromatography (0 — 10 % MeOH in DCM) to afford
the ester 18 as white amorphous solid (25 mg, 75 %). TLC (DCM/ MeOH, 19: 1, v/v): R¢=
0.28; '"H NMR (400 MHz, CDCl3) 6 7.92 (d, J= 8.7 Hz, 2H), 6.87 (d, /= 8.7 Hz, 2H), 4.43 —
4.26 (m, 3H), 3.96 — 3.78 (m, 2H), 3.43 — 3.26 (m, 4H), 3.26 — 3.11 (m, 2H), 2.92 — 2.75 (m,
2H), 1.96 — 1.88 (m, 4H), 1.88 — 1.70 (m, 3H), 1.42 — 1.26 (m, 5H); '*C NMR (100 MHz,
CDCl) 6 166.7, 156.9, 154.1, 131.2, 119.4, 113.8, 60.3, 48.0, 46.0, 45.5, 36.7, 29.4, 25.6,
14.4; IR, Ve (ATR): 3310, 2923, 2870, 1699, 1629, 1604 cm™'; HRMS (m/z): [M + H]* calcd
for CyoH3003N3, 360.2287; found, 360.2285; LCMS (ESI) [M + H]" m/z: 360.3, retention

time = 2.00 min.
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N-((1-(4-Cyanophenyl)piperidin-4-yl)methyl)cyclopentanecarboxamide (19)

g 0.

Prepared according to gemeral method A using compound 40 (20 mg, 93 pmol),
cyclopentaneacetic acid (15.1 pL, 139 pmol), DCM (1.0 mL), DIPEA (81 pL, 465 umol) and
COMU (43.8 mg, 102 pmol). Purification by flash column chromatography (0 — 100 %
EtOAc in pet. ether 40/ 60) afforded the nitrile 19 as pale yellow gum (24.4 mg, 84 %). TLC
(EtOAc), R;=0.39; '"H NMR (400 MHz, CDCl;) 8 7.58 — 7.45 (m, 2H), 6.95 — 6.78 (m, 2H),
5.66 — 5.52 (m, 1H), 3.96 — 3.80 (m, 2H), 3.30 — 3.14 (m, 2H), 2.94 — 2.78 (m, 2H), 2.64 —
2.44 (m, 1H), 1.97 — 1.68 (m, 8H), 1.68 — 1.53 (m, 3H), 1.44 — 1.22 (m, 2H); 13C NMR (125
MHz, CDCl;) 6 176.4, 153.3, 133.5, 120.2, 114.3, 99.4, 47.4, 45.9, 44.6, 36.3, 30.5, 29.2,
25.9; IR, Viax (ATR): 3427, 3362 (w), 2943, 2869, 2215, 1652, 1602 cm'; HRMS (m/z): [M
+ H]* caled for C9Hy6N30, 312.2076; found, 312.2084; LCMS (ESI) [M + H]* m/z: 312.3,

retention time = 1.99 min.

Ethyl 4-(4-(cyclopentanecarboxamidomethyl)piperidin-1-yl)benzoate (20)

OﬁL NACNOgoJ

Prepared according to general method A (above) using compound 39 (20 mg, 76 pumol),
cyclopentaneacetic acid (12.4 pL, 114 pmol), DCM (1.0 mL), DIPEA (66.4 pL, 381 umol)
and COMU (35.9 mg, 84 umol). Saturated brine (10 mL) was used instead of distilled water
during the aqueous work-up in order to achieve separation of the ethyl acetate and aqueous
layers. Purification by flash column chromatography (0 — 100% EtOAc in pet. ether 40/ 60)
afforded the ester 20 as white crystalline solid (18.8 mg, 69%). TLC (EtOAc/ pet. ether 40/
60, 1: 1, v/ v), Rg=0.48; 'TH NMR (400 MHz, CDCl;) 6 7.92 (d, J = 8.8 Hz, 2H), 6.87 (d, J =
8.8 Hz, 2H), 5.70 — 5.56 (m, 1H), 4.41 — 4.26 (m, 2H), 3.94 — 3.83 (m, 2H), 3.26 — 3.14 (m,
2H), 2.93 —2.76 (m, 2H), 2.60 — 2.45 (m, 1H), 1.94 — 1.70 (m, 9H), 1.65 — 1.55 (m, 2H), 1.43
—1.29 (m, 5H); 13C NMR (125 MHz, CDCl;) & 176.6, 166.7, 154.1, 131.2, 119.5, 113.8,
60.3, 47.9, 46.0, 44.8, 36.3, 30.5, 29.3, 25.9, 14.4; IR, vpmx (ATR): 3262, 3083 (w), 2929,
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2870, 1699, 1637, 1609 cm™'; HRMS (m/z): [M + H]" caled for C,;H3;N,O3, 359.2329;
found, 359.2332; LCMS (ESI) [M + H]" m/z: 359.3, retention time = 2.18 min.

N-((1-(Pyridin-2-yl)piperidin-4-yl)methyl)pyrrolidine-1-carboxamide (21)

0
N

Compound 36 (41.9 mg, 0.14 mmol) was dissolved in DCM (1.0 mL) and a solution of (1-
(Pyridin-2-yl)piperidin-4-yl)methanamine (42) (26.1 mg, 0.14 mmol) in anhydrous DCM (0.5
mL) was added followed by triethylamine (19 pL, 0.14 mmol). The reaction mixture was
stirred at room temperature for 3 h. The solvent was removed in vacuo and the crude residue
was purified by automated flash chromatography (0 — 10 % MeOH in EtOAc) to afford urea
21 as an off-white solid (18.8 mg, 48%). 'H NMR (400 MHz, CDCl;) & 8.19 (ddd, J = 5.0,
2.0, 0.9 Hz, 1H), 7.46 (ddd, J = 8.9, 7.1, 2.0 Hz, 1H), 6.67 (dd, J = 8.6, 0.9 Hz, 1H), 6.58
(ddd,J=7.1,5.0, 0.9 Hz, 1H), 4.39 — 4.26 (m, 3H), 3.42 — 3.29 (m, 4H), 3.24 — 3.13 (m, 2H),
2.90 —2.74 (m, 2H), 1.99 — 1.88 (m, 4H), 1.89 — 1.71 (m, 3H), 1.38 — 1.17 (m, 2H); 3C NMR
(100 MHz, CDCls) 6 159.5, 156.9, 147.9, 137.4, 112.7, 107.3, 46.1, 45.5, 45.4, 37.1, 29.6,
25.6; IR, vimax (ATR): 3300 (NH), 2915, 2872, 1630, 1597 cm’!; HRMS (m/z): [M + H]* calcd
for C16H,sN40, 289.2028; found, 289.2026.

N-((1-(Pyrimidin-2-yl)piperidin-4-yl)methyl)pyrrolidine-1-carboxamide (22)

0
N

Compound 36 (0.08 g, 0.26 mmol) was dissolved in anhydrous DCM (1.5 mL) and (1-
(Pyrimidin-2-yl)piperidin-4-yl)methanamine (41) (0.05 g, 0.26 mmol) was added followed by
triethylamine (36.2 pL, 0.26 mmol). The reaction mixture was stirred at room temperature for
3 h, after which the solvent was removed in vacuo. The crude residue was purified by
automated flash chromatography (0 — 10% MeOH in DCM) to afford compound 22 as
colourless oil (31.2 mg, 41%). TLC (DCM/ MeOH, 19 : 1, v/ v), R = 0.18; 'H NMR (400
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MHz, CDCl;) 6 8.30 (d, J = 4.7 Hz, 2H), 6.45 (t, /= 4.7 Hz, 1H), 4.83 — 4.71 (m, 2H), 4.33
(t,J=6.1 Hz, 1H), 3.42 — 3.28 (m, 4H), 3.17 (t, /= 6.1 Hz, 2H), 2.96 — 2.77 (m, 2H), 1.97 —
1.87 (m, 4H), 1.88 — 1.73 (m, 3H), 1.29 — 1.12 (m, 2H); 3C NMR (100 MHz, CDCl;) &
161.7, 157.7, 156.9, 109.3, 46.2, 45.5, 43.8, 37.2, 29.8, 25.6; IR, vpn.x (ATR): 3294, 2923,
2872, 1626, 1582 cm'; HRMS (m/z): [M + H]" caled for C;sHxNsO, 290.1975; found,
290.1967; LCMS (ESI) [M + HJ* m/z: 290.3, retention time = 1.50 min.

3-(1-(4-Cyanophenyl)piperidin-4-yl)-N-(3-(piperidin-1-yl)phenyl)propanamide (23)

NH

Compound 27 (20 mg, 63 pmol), 4-fluorobenzonitrile (6.6 mg, 54 umol) and potassium
carbonate (12.6 mg, 91 umol) in anhydrous DMSO (0.1 mL) were heated to 100 °C for 3 h.
The reaction mixture was cooled down to room temperature and purified by flash column
chromatography to afford nitrile 23 as white solid (16.6 mg, 63 %). 'H NMR (400 MHz,
CDCl) 6 7.52 — 7.45 (m, 2H), 7.37 — 7.32 (m, 1H), 7.18 (dd, J = 8.3, 8.1 Hz, 1H), 7.13 (s,
1H), 6.86 (dd, J= 8.1, 2.4 Hz, 2H), 6.83 — 6.79 (m, 1H), 6.70 (dd, /= 8.3, 2.4 Hz, 1H), 3.93 —
3.80 (m, 2H), 3.24 — 3.13 (m, 4H), 2.93 — 2.81 (m, 2H), 2.46 — 2.36 (m, 2H), 1.91 — 1.79 (m,
2H), 1.80 — 1.66 (m, 5H), 1.66 — 1.53 (m, 4H), 1.42 — 1.26 (m, 2H); '3C NMR (125 MHz,
CDCly) 6 170.8, 153.3, 152.9, 138.7, 133.5, 129.4, 120.3, 114.2, 112.3, 110.0, 107.7, 99.2,
50.4, 47.7,35.2, 34.7, 31.7, 31.4, 25.7, 24.3; IR, vmax (ATR): 3332, 2937, 2849, 2209, 1684,
1601 cm'; HRMS (m/z): [M + H]" caled for Co6H33N40, 417.2654; found, 417.2665; LCMS
(ESI) [M + H]" m/z: 417.3, retention time = 2.12 min.

3-(Piperidin-1-yl)aniline (24) 2°

O

NH,

1-(3-nitrophenyl)piperidine 30 (1.0 g, 4.9 mmol) was dissolved in a mixture of methanol (6.7
ml) and EtOAc (13.3 mL) and 10% wt Pd/ C (50 mg, 5% wt) was added. The reaction
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mixture was hydrogenated under H, (3.5 bar) at room temperature for 16 h. The catalyst was
removed by filtration through Celite™ and the filtrate was concentrated in vacuo to afford 3-
(piperidin-1-yl)aniline 24 as a colourless liquid (0.83 g, 97 %). 'H NMR (400 MHz, CDCl;) &
7.05 (dd, J = 8.2, 7.8 Hz, 1H), 6.40 (ddd, J = 8.2, 2.3, 0.9 Hz, 1H), 6.30 (dd, J=2.3, 2.1 Hz,
1H), 6.21 (ddd, J = 7.8, 2.1, 0.9 Hz, 1H), 3.59 (s, 2H), 3.18 — 3.11 (m, 4H), 1.76 — 1.66 (m,
4H), 1.63 — 1.53 (m, 2H); 3C NMR (125 MHz, CDCl;) & 153.4, 147.2, 129.8, 107.4, 106.5,
103.4, 50.6, 25.8, 24.4; HRMS (m/z): [M + H]" caled for C;;Hj7N,, 177.1392; found,
177.1389.

3-(1-(tert-Butoxycarbonyl)piperidin-4-yl)propanoic acid (25) 2!
O

HOMQ ;‘(

O
A solution of 3-(Piperidin-4-yl)propanoic acid (32) (100 mg, 0.64 mmol) and potassium

carbonate (176 mg, 1.27 mmol) in distilled water (1.25 mL) was cooled to 0 °C and a
solution of di-tert-butyl-dicarbonate (139 mg, 0.64 mmol) in THF (1.25 mL) was added to
the reaction. The reaction mixture was stirred at room temperature for 4 h, after which the
THF was removed in vacuo and the resulting aqueous solution was washed with diethyl ether
(1 x 5 mL). The aqueous layer was acidified with 1 M HCI to pH ~ 2 and extracted with ethyl
acetate (3 x 10 mL). The combined organic layers were dried using a hydrophobic frit and the
solvent was evaporated in vacuo to afford the title compound as a colourless oil (120 mg,
73%). '"H NMR (400 MHz, CDCl3) 8 4.17 — 4.04 (m, 2H), 2.76 — 2.63 (m, 2H), 2.48 — 2.35
(m, 2H), 1.71 — 1.66 (m, 2H), 1.66 — 1.58 (m, 2H), 1.54 — 1.38 (m, 10H), 1.20 — 1.05 (m, 2H);
3C NMR (125 MHz, CDCl3) 6 179.2, 154.9, 79.4, 43.7 (br), 35.4, 31.7, 31.2, 31.1, 28.4; IR,
Vmax (ATR): 3183 (br), 2914, 1733, 1661 cm™'; HRMS (m/z): [M + H]* calcd for C13H;,NOy,
256.1554; found, 256.1553.
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tert-Butyl-4-(3-0x0-3-((3-(piperidin-1-yl)phenyl)amino)propyl)piperidine-1-carboxylate
(26)

O B
{370
NH

Prepared according to general method A using 3-(piperidin-1-yl)aniline 24 (31 mg, 0.18
mmol), 3-(1-(tert-Butoxycarbonyl)piperidin-4-yl)propanoic acid (25) (30 mg, 0.12 mmol),
diisopropylethylamine (100 pL, 0.57 mmol), anhydrous DCM (2.0 mL) and COMU (55 mg,
0.13 mmol). Purification by flash column chromatography (0 — 67 % EtOAc in pet. ether 40/
60) afforded the amide 26 as yellow foam (39.9 mg, 82 %). TLC (EtOAc/ pet. ether 40/ 60, 2:
1, v/ v), Rg= 0.44; 'TH NMR (400 MHz, Chloroform-d) 4 7.34 (s, 1H), 7.18 (dd, /= 8.4, 7.9
Hz, 1H), 7.03 (s, 1H), 6.80 (d, /= 7.9 Hz, 1H), 6.70 (d, J = 8.4 Hz, 1H), 4.11 (s, 2H), 3.26 —
3.14 (m, 4H), 2.78 — 2.62 (m, 2H), 2.46 — 2.32 (m, 2H), 1.77 — 1.66 (m, 8H), 1.65 — 1.53 (m,
3H), 1.48 (s, 9H), 1.23 — 1.06 (m, 2H); 3C NMR (125 MHz, CDCls) 4 170.9, 154.8, 152.8,
138.7,129.4,112.4, 110.1, 107.7, 78.7, 50.5, 43.9, 43.4, 35.5, 34.8, 31.9, 28.5, 25.7, 24.3; IR,
Vmax (ATR): 3310 (br), 2929, 2852, 1690, 1659 cm''; HRMS (m/z): [M + H]" calcd for

Cy4H3gN305, 416.2913; found, 416.2922; LCMS (ESI) [M + H]" m/z: 416.4, retention time =
1.93 min.

N-(3-(Piperidin-1-yl)phenyl)-3-(piperidin-4-yl)propanamide (27)

SRR

NH

Prepared according to general method B using compound 26 (38 mg, 0.09 mmol), DCM (3.3
mL) and TFA (1.7 mL). Piperidine 27 was isolated as pale yellow oil (25.4 mg, 88 %). 'H
NMR (400 MHz, CDCl;) ¢ 7.33 (dd, J = 2.3 Hz, 1H), 7.16 (dd, J = 8.1 Hz, 1H), 6.81 (dd,
1H), 6.68 (dd, J = 8.3, 2.3 Hz, 1H), 3.21 —3.13 (m, 4H), 3.12 — 3.02 (m, 2H), 2.65 — 2.52 (m,
2H), 2.42 — 2.31 (m, 2H), 1.81 — 1.63 (m, 10H), 1.63 — 1.53 (m, 2H), 1.50 — 1.38 (m, 1H),
1.22 — 1.06 (m, 2H); '*C NMR (125 MHz, CDCls) 6 171.3, 152.8, 138.8, 129.3, 112.2, 110.2,
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107.8, 50.4, 46.7, 35.8, 34.8, 33.4, 32.6, 25.7, 24.3; IR, vma (ATR): 3245 (br), 2930, 2852,
1660, 1607 cm™'; HRMS (m/z): [M + H]" caled for C9H3oN30, 316.2389; found, 316.2389.

3-(1-(4-Cyanophenyl)piperidin-4-yl)-N-(4-(piperidin-1-yl)benzyl)propanamide (28)

0]

AT O

Compound 46 (27.7 mg, 84 pumol), 4-fluorobenzonitrile (9.2 mg, 76 umol) and potassium
carbonate (17.4 mg, 126 umol) in anhydrous DMSO (0.1 mL) were heated up to 100 °C for 3
h. The reaction mixture was then cooled down to room temperature and purified by flash
column chromatography to afford nitrile 29 as white solid (21.8 mg, 60 %). TLC (EtOAc), Ry
=(.28; 'H NMR (400 MHz, CDCl3) 6 7.51 — 7.45 (m, 2H), 7.21 — 7.14 (m, 2H), 6.91 (d, J =
8.2 Hz, 2H), 6.88 — 6.82 (m, 2H), 5.61 (s, 1H), 4.36 (d, J = 5.4 Hz, 2H), 3.90 — 3.78 (m, 2H),
3.21 - 3.10 (m, 4H), 2.91 — 2.78 (m, 2H), 2.29 — 2.21 (m, 2H), 1.88 — 1.45 (m, 11H), 1.37 —
1.22 (m, 2H); 3C NMR (125 MHz, CDCl3) & 172.3, 153.3, 151.7, 133.5, 128.9, 128.4, 120.3,
116.5, 114.2,99.3, 50.6, 47.7, 43.3, 35.3, 33.8, 32.0, 31.4, 25.7, 24.2; HRMS (m/z): [M + HJ*
caled for C,;H;35N40O, 431.2811; found, 431.2830; LCMS (ESI) [M + H]" m/z: 431.4,

retention time = 1.64 min.

3-(1-(4-Cyanophenyl)piperidin-4-yl)-N-(3-(piperidin-1-yl)benzyl)propanamide (29)
@ i
N N
H L
CN

Compound 43 (20 mg, 61 pmol), 4-fluorobenzonitrile (6.6 mg, 54 umol) and potassium
carbonate (12.6 mg, 91 pmol) in anhydrous DMSO (0.1 mL) were heated up to 100 °C for 3
h. The reaction mixture was then cooled down to room temperature and purified by flash
column chromatography to afford nitrile 28 as colourless gum (19.8 mg, 84%). "H NMR (400
MHz, CDCl;) 8 7.51 — 7.45 (m, 2H), 7.26 — 7.19 (m, 1H), 6.90 — 6.82 (m, 4H), 6.76 — 6.71
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(m, 1H), 5.67 (t, J= 5.7 Hz, 1H), 4.40 (d, J = 5.7 Hz, 2H), 3.90 — 3.79 (m, 2H), 3.22 — 3.12
(m, 4H), 2.91 — 2.77 (m, 2H), 2.31 — 2.23 (m, 2H), 1.86 — 1.76 (m, 2H), 1.76 — 1.49 (m, 9H),
1.37 — 1.24 (m, 2H); 3C NMR (125 MHz, CDCl;) 8 172.3, 153.3, 152.6, 139.0, 133.5, 129.4,
120.3, 118.5, 116.0, 115.5, 114.2, 99.3, 50.5, 47.7, 44.2, 35.3, 33.8, 32.0, 31.4, 25.8, 24.2; IR,
Vmax (ATR): 3279 (br), 2925, 2852, 2214, 1638, 1603 cm'!; HRMS (m/z): [M + H]" calcd for
C,7H35N,40, 431.2811; found, 431.2795; LCMS (ESI) [M + H]" m/z: 431.3, retention time =
2.01 min.

1-(3-Nitrophenyl)piperidine (30) 2°

O
NO,

To a solution of 1-fluoro-3-nitrobenzene (0.75 uM, 7.1 mmol) in DMSO (7.0 mL) were
added potassium carbonate (1.47 g, 10.6 mmol) and piperidine (1.4 mL, 14.2 mmol). The
reaction mixture was stirred at 90 °C for 40 h. After cooling to room temperature, the mixture
was diluted with EtOAc (60 mL) and washed with water (2 x 50 mL) and saturated brine (50
mL). The organic layer was dried over anhydrous Na,SO, and concentrated in vacuo.
Purification by flash column chromatography (0 — 10 % EtOAc in pet. ether 40 - 60) afforded
1-(3-nitrophenyl)piperidine 30 as an orange liquid (1.34 g, 92%). 'H NMR (400 MHz,
CDCl) 6 7.70 (dd, J = 2.1, 2.5 Hz, 1H), 7.59 (ddd, J = 8.2, 2.1, 0.9 Hz, 1H), 7.33 (dd, J =
8.2, 8.2 Hz, 1H), 7.18 (ddd, J = 8.2, 2.5, 0.9 Hz, 1H), 3.32 — 3.20 (m, 4H), 1.77 — 1.67 (m,
4H), 1.68 — 1.57 (m, 2H); 3C NMR (125 MHz, CDCl;) 6 152.4, 149.3, 129.5, 121.4, 112.9,
109.8, 49.7, 25.4, 24.1; HRMS (m/z): [M + H]" calcd for C;;H;sN,O,, 207.1134; found,
207.1135.

3-(Piperidin-4-yl)propanoic acid, (32) >

O

HO
NH

3-(4-Pyridine)acrylic acid (31) (1.0 g, 6.7 mmol) was suspended in distilled water (4.0 mL)

and the solution was adjusted to pH ~ 6-7 using 35% wt aqueous ammonia (0.3 ml). To the
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above suspension was added rhodium on activated alumina (100 mg) in distilled water (1.0
ml) and the resulting reaction mixture was hydrogenated under H, (8 bar) at 95 °C for 48 h.
After cooling to room temperature, the catalyst was removed by filtration through Celite™
and the solvent was removed in vacuo using a freeze-drier to afford 3-(piperidin-4-
yl)propanoic acid (32) as an off-white solid (1.06g, > 99%). 'H NMR (400 MHz, Methanol-
d4) 6 3.40 — 3.34 (m, 2H), 3.01 — 2.89 (m, 2H), 2.26 — 2.18 (m, 2H), 2.03 — 1.92 (m, 2H), 1.67
—1.57 (m, 3H), 1.46 — 1.30 (m, 2H); 13C NMR (125 MHz, CDCl3) § 181.9, 45.3, 35.7, 34.8,
33.6, 29.9; HRMS (m/z): [M + H]* calcd for CgH,NO,, 158.1176; found, 158.1173.

tert-Butyl 4-(3-ox0-3-(pyrrolidin-1-yl)propyl)piperidine-1-carboxylate (33)

oot

Prepared according to general method A (above) using 3-(1-(fert-Butoxycarbonyl)piperidin-
4-yl)propanoic acid (25) (95.4 mg, 0.37 mmol), pyrrolidine (40 upl, 0.37 mmol),
diisopropylethylamine (323 pl, 1.85 mmol), DCM (5.0 ml) and COMU (175 mg, 0.41 mmol).
Purification by flash column chromatography (0-10% gradient of MeOH in DCM) afforded
amide (33) as a colourless oil (99 mg, 86%). 'H NMR (400 MHz, CDCl3) 8 4.09 (br s, 2H),
3.48 (t, J= 6.8 Hz, 2H), 3.42 (t, /= 6.8 Hz, 2H), 2.79 — 2.62 (m, 2H), 2.36 — 2.25 (m, 2H),
1.98 (dd, J = 6.8 Hz, 6.8 Hz, 2H), 1.87 (dd, J = 6.8 Hz, 6.8 Hz, 2H), 1.75 — 1.57 (m, 4H),
1.54 — 1.41 (m, 10H), 1.22 — 1.05 (m, 2H); 13C NMR (125 MHz, CDCls) 6 154.9, 79.2, 66.9,
473, 46.7, 45.7, 43.9 (br), 38.4, 35.7, 32.0, 31.3, 28.5, 26.2, 24.4; IR, Vi (ATR): 2967,
2943, 2861, 1689, 1629 cm'; HRMS (m/z): [M + HJ" caled for Ci7H3;N,03, 311.2335;
found, 311.2327.

3-(Piperidin-4-yl)-1-(pyrrolidin-1-yl)propan-1-one (34)

tert-Butyl-4-(3-0x0-3-(pyrrolidin-1-yl)propyl)piperidine-1-carboxylate (33) (392 mg, 1.26
mmol) was dissolved in DCM (6.6 mL) and TFA (3.3 mL) was added. The reaction mixture

was stirred at room temperature for 2 h, after which time it was concentrated and dried in
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vacuo. The residue was re-dissolved in DCM (20 mL) and potassium carbonate (1.00 g) was
added and the resulting mixture was stirred vigorously for 60 h. The slurry was filtered
through a hydrophobic frit and the filtrate was concentrated and dried in vacuo to afford
piperidine 34 as a white amorphous solid (189 mg, 99%). The compound was used without
further purification 'H NMR (400 MHz, CDCls) & 3.44 — 3.31 (m, 4H), 3.06 — 2.97 (m, 2H),
2.59 (s, 1H), 2.57 — 2.49 (m, 2H), 2.26 — 2.16 (m, 2H), 1.96 — 1.85 (m, 2H), 1.85 — 1.74 (m,
2H), 1.69 — 1.59 (m, 2H), 1.59 — 1.49 (m, 2H), 1.44 — 1.29 (m, 1H), 1.17 — 1.01 (m, 2H); 13C
NMR (125 MHz, CDCly) 6 171.5, 66.5, 47.1, 46.3, 45.4, 38.2, 35.6, 32.9, 31.7, 31.6, 25.9,
24.2; IR, Vimax (ATR): 3278 ( br), 2931, 2869, 2776, 1626 cm™'; HRMS (m/z): [M + H]" calcd
for C1,H»3N,0, 211.1810; found, 211.1820.

(1H-imidazol-1-yl)(pyrrolidin-1-yl)methanone (35) %3

X
Sas

To a suspension of 1,1’-carbonyl diimidazole (1.00 g, 6.2 mmol) in anhydrous THF (10 mL
was added pyrrolidine (0.46 mL, 5.5 mmol) and the reaction mixture was heated at reflux for
18 h. After cooling to room temperature, the solvent was evaporated in vacuo and the residue
was re-dissolved in DCM (10 mL) and washed with water (2 x 10 mL). The organic phase
was concentrated in vacuo to give (1H-imidazol-1-yl)(pyrrolidin-1-yl)methanone (35) as an
off-white solid which was used without further purification (0.68 g, 67%). 'H NMR (400
MHz, CDCl;) ¢ 8.03 (dd, J = 1.1, 1.2 Hz, 1H), 7.37 (dd, J = 1.1, 1.4 Hz, 1H), 7.09 (dd, J =
1.2, 1.4 Hz, 1H), 3.70 — 3.60 (m, 4H), 2.07 — 1.95 (m, 4H); 3C NMR (125 MHz, CDCls) 3
149.7, 136.7, 129.4, 117.6, 48.9 (br), 25.5 (br); HRMS (m/z): [M + H]* calcd for CsH;,N;0,
166.0980; found, 166.0983.
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3-Methyl-1-(pyrrolidine-1-carbonyl)-1H-imidazol-3-ium iodide (36) >

0
)J\N/\\N+_

OO

1-(Pyrrolidin-1-ylcarbonyl)-1H-imidazole 35 (623 mg, 3.8 mmol) was dissolved in

anhydrous acetonitrile (7.5 mL) and iodomethane (1.0 mL, 16 mmol) was added. The
reaction mixture was stirred at room temperature for 40 h. The solvent was then evaporated in
vacuo to give 3-Methyl-1-(pyrrolidine-1-carbonyl)-1H-imidazol-3-ium iodide (36) as a pale
yellow amorphous solid (1.16 g, 92%). '"H NMR (400 MHz, CDCl;) 6 10.44 (dd, /= 1.4, 1.4
Hz, 1H), 7.85 (dd, J = 1.9, 1.4 Hz, 1H), 7.58 (dd, J= 1.9, 1.4 Hz, 1H), 4.33 (s, 3H), 4.02 (s,
2H), 3.69 (s, 2H), 2.12 — 2.04 (m, 4H); *C NMR (125 MHz, CDCl;) 6 144.7, 136.5, 123.6,
120.9, 50.8, 49.3, 38.1, 26.4, 24.1; HRMS (m/z): [M - 1" calcd for CoH4N50, 180.1137;
found, 180.1136.

Ethyl 4-(4-(((tert-butoxycarbonyl)amino)methyl)piperidin-1-yl)benzoate (37)

-G

4-(N-Boc-aminomethyl)-piperidine (200 mg, 0.93 mmol) was dissolved in anhydrous DMSO
(1.0 mL). Ethyl 4-fluorobenzoate (123 pL, 0.84 mmol) and potassium carbonate (193 mg,
1.40 mmol) were added and the reaction mixture was heated to 90 °C for 22 h. The reaction
mixture was then cooled to room temperature and purified by flash column chromatography
(0 — 100 % EtOAc in pet. ether 40/ 60) to afford ester 37 as a white solid (187 mg, 55 %).
TLC (EtOAc/ pet. ether 40/ 60, 1: 1, v/ v), R = 0.53; '"H NMR (400 MHz, CDCl3) 8 7.99 —
7.86 (m, 2H), 6.93 — 6.78 (m, 2H), 4.65 (s, 1H), 4.44 — 4.27 (m, 2H), 3.97 — 3.81 (m, 2H),
3.14-2.99 (m, 2H), 2.93 — 2.75 (m, 2H), 1.86 — 1.77 (m, 2H), 1.71 (s, 1H), 1.47 (s, 9H), 1.43
—1.27 (m, 5H); 3C NMR (125 MHz, CDCl3) 6 166.7, 156.0, 154.1, 131.2, 119.5, 113.8,
79.3, 60.3, 47.9, 46.0, 36.6, 29.3, 28.4, 14.5; IR, viax (ATR): 3333, 2980, 2921, 2865, 1699,
1674, 1605 cm™'; HRMS (m/z): [M + H]" calcd for C,0H31N,O,, 363.2284; found, 363.2268;
LCMS (ESI) [M + H]" m/z: 363.3, retention time = 2.35 min.
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tert-Butyl ((1-(4-cyanophenyl)piperidin-4-yl)methyl)carbamate (38)

%:H”CNQCN

4-(N-Boc-aminomethyl)-piperidine (200 mg, 0.93 mmol), 4-fluorobenzonitrile (102 mg, 0.84
mmol) and potassium carbonate (193 mg, 1.40 mmol) in DMSO (1.0 mL) were heated to 90
°C for 2 h. The reaction mixture was then cooled to room temperature and purified by flash
column chromatography (0 — 50 % EtOAc in pet. ether 40/ 60) to afford nitrile 38 as white
solid (217 mg, 74 %). TLC (EtOAc/ pet. ether 40/ 60, 1: 1, v/ v), R¢= 0.45; 'TH NMR (400
MHz, CDCl;) 6 7.52 — 7.46 (m, 2H), 6.90 — 6.83 (m, 2H), 4.64 (s, 1H), 3.95 — 3.82 (m, 2H),
3.15-3.02 (m, 2H), 2.97 - 2.79 (m, 2H), 1.88 — 1.78 (m, 2H), 1.73 (s, 1H), 1.47 (s, 9H), 1.41
—1.22 (m, 2H); BC NMR (100 MHz, CDCl;) 8 156.0, 153.3, 133.5, 120.2, 114.2,99.4, 79.3,
474, 45.9, 36.6, 29.1, 28.4; IR, vy (ATR): 3364, 2909, 2206, 1686, 1605 cm!'; HRMS
(m/z): [M + HJ" caled for C;gHy6N30,, 316.2020; found, 316.2017; LCMS (ESI) [M + H]*

m/z: 316.2, retention time = 2.17 min.

Ethyl 4-(4-(aminomethyl)piperidin-1-yl)benzoate (39)

-/
HZN/\CNO\S)O

Compound 37 (175 mg, 0.48 mmol) was dissolved in DCM (6.6 mL) and TFA (2.0 mL) was
added. The reaction mixture was stirred at room temperature for 2 h, after which it was
concentrated in vacuo. Water (10 mL) was added to the residue and the pH was adjusted to
pH 14 using 10% aqueous NaOH. The aqueous was extracted with EtOAc (2 x 30 mL) and
the organic phase was dried by passing through a hydrophobic frit. The solvent was
evaporated in vacuo to give ester 39 as white solid (126 mg, 100 %). 'H NMR (400 MHz,
CDCl;) 6 7.99 — 7.86 (m, 2H), 6.94 — 6.81 (m, 2H), 4.42 — 4.25 (m, 2H), 3.98 — 3.83 (m, 2H),
2.95 —-2.78 (m, 2H), 2.73 — 2.57 (m, 2H), 1.93 — 1.78 (m, 2H), 1.69 (s, 2H), 1.63 — 1.51 (m,
1H), 1.42 — 1.26 (m, 5H); 13C NMR (125 MHz, CDCl;) & 166.7, 154.2, 131.2, 119.4, 113.7,
60.3, 48.0, 47.8, 39.1, 29.4, 14.4; HRMS (m/z): [M + H]" caled for CsH,3N,0O,, 263.1754;
found, 263.1753.
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4-(4-(Aminomethyl)piperidin-1-yl)benzonitrile (40)

Compound 38 (192 mg, 0.61 mmol) was dissolved in DCM (6.6 mL) and TFA (3.3 mL) was
added. The reaction mixture was stirred at room temperature for 45 min, after which it was
concentrated in vacuo. Water (10 mL) was added to the residue and the pH was adjusted to
pH 14 using 10% aqueous NaOH. The aqueous solution was extracted with EtOAc (2 x 30
mL) and the combined organic layers were dried by passing through a hydrophobic frit. The
solvent was evaporated in vacuo to give amine 40 as white solid (120 mg, 92 %). 'H NMR
(400 MHz, CDCls) & 7.55 — 7.43 (m, 2H), 6.95 — 6.81 (m, 2H), 3.95 — 3.82 (m, 2H), 3.00 —
2.78 (m, 2H), 2.70 — 2.57 (m, 2H), 1.93 — 1.80 (m, 2H), 1.63 — 1.51 (m, 1H), 1.37 — 1.23 (m,
4H); 3C NMR (125 MHz, CDCl3) 6 153.3, 133.5, 120.3, 114.2, 99.2, 47.8, 47.6, 39.3, 29.3;
IR, Vinax (ATR): 3381, 3317 (w), 2917, 2821, 2209, 1688 (w), 1602 cm™'; HRMS (m/z): [M +
H]" caled for C3HgN3, 216.1501; found, 216.1507.

(1-(Pyrimidin-2-yl)piperidin-4-yl)methanamine (41) >*

H2N/_<:>N_<\:i/>

Acetophenone (1.02 mL, 8.8 mmol), p-toluenesulfonic acid (17 mg, 1 mol%), 4-
(aminomethyl) piperidine (1.00 g, 8.8 mmol) and toluene (9 mL) were heated to reflux under
Dean-Stark conditions for 5 h. The reaction mixture was then cooled to room temperature and
its volume was measured to be 12.0 ml. An aliquot of the above solution (1.2 mL) was taken,
2-chloropyrimidine (100 mg, 0.87 mmol) and triethylamine (0.61 mL, 4.4 mmol) were added
and the reaction mixture was heated at 95 °C for 18 h. After cooling to room temperature, the
reaction mixture was extracted with 5 M HCI (2 x 9 mL). The combined aqueous layers were
washed with diethyl ether (20 mL) and the basified with 10% wt aqueous NaOH to pH 12-14.
The basic aqueous solution was extracted with EtOAc (2 x 30 mL). The combined organic
layers were dried with anhydrous MgSO, and evaporated in vacuo to give a brown gum,
which was purified by flash column chromatography (0 — 20% 7 M methanolic ammonia in
DCM) to give amine 41 as colourless gum (80 mg, 48%). TLC (DCM/ 7M NHj3; in MeOH, 9 :
1, v/ v), Rg= 0.30; '"H NMR (400 MHz, CDCl;) 6 8.29 (d, J = 4.7 Hz, 2H), 6.44 (dd, J = 4.7,
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4.7 Hz, 1H), 4.85 — 4.70 (m, 2H), 2.94 — 2.82 (m, 2H), 2.66 — 2.59 (m, 2H), 1.87 — 1.78 (m,
2H), 1.72 — 1.53 (m, 3H), 1.26 — 1.11 (m, 2H); '3C NMR (100 MHz, CDCl;) & 161.7, 157.7,
109.3, 48.0, 43.9, 39.8, 29.7; IR, Vinax (ATR): 3328, 2911, 2847, 1622 (w), 1583, 1542 cm’!;
HRMS (m/z): [M + HJ* caled for CoH Ny, 193.1453; found, 193.1452.

(1-(Pyridin-2-yl)piperidin-4-yl)methanamine (42) >

N—Q

4-(Aminomethyl)piperidine (100 mg, 0.88 mmol) was dissolved in 1-pentanol (1.0 mL) and
sodium carbonate followed by 2-chloropyridine (82 pL, 0.88 mmol) were added. The
reaction mixture was then stirred at 95 °C for 15 h and then at 130 °C for a further 24 h. After
cooling to room temperature, the reaction mixture was concentrated in vacuo to give a slurry
(approx. 1 mL), which was purified by flash column chromatography (0 — 10% 7N
methanolic ammonia in DCM) to give amine 42 as colourless oil (34.6 mg, 21%). TLC
(DCM/ 7M NHj; in MeOH, 9 : 1, v/ v), R;=0.15; 'H NMR (400 MHz, CDCl;) & 8.19 (ddd, J
=5.0, 2.0, 0.9 Hz, 1H), 7.47 (ddd, J = 8.9, 7.1, 2.0 Hz, 1H), 6.68 (ddd, J = 8.9, 0.9, 0.9 Hz,
1H), 6.59 (ddd, J = 7.1, 5.0, 0.9 Hz, 1H), 4.40 — 4.26 (m, 2H), 2.92 — 2.78 (m, 2H), 2.69 —
2.59 (m, 2H), 1.91 — 1.79 (m, 2H), 1.67 — 1.40 (m, 3H), 1.37 — 1.17 (m, 2H); '*C NMR (100
MHz, CDCl;) 6 159.6, 148.0, 137.4, 112.6, 107.6, 48.1, 45.5, 49.7, 29.5; IR, Viax (ATR):
3336, 3002, 2913, 2846, 1591, 1559 cm!; HRMS (m/z): [M + H]" calcd for C;;H;gNs,
192.1501; found, 192.1501.

(4-(Piperidin-1-yl)phenyl)methanamine (43) 2°

D Waw

4-(piperidin-1-yl)benzonitrile 49 (0.20 g, 1.1 mmol) was dissolved in anhydrous THF (1.0
mL) and cooled in ice/ water. Red-Al (65 % in toluene, 1.0 mL, 3.2 mmol) was added
dropwise. The reaction mixture was warmed up to room temperature and stirred for for 2 h.
The reaction mixture was cooled in ice/ water and quenched by the slow addition of water
(1.0 mL). The resulting mixture was filtered through Celite and washed with THF (3 x 10

mL). The filtrate was concentrated in vacuo to afford (4-(piperidin-1-yl)phenyl)methanamine
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43 as yellow liquid (220 mg), which was used in subsequent steps without further
purification. 'H NMR (400 MHz, CDCl;) 6 7.23 — 7.18 (m, 2H), 6.96 — 6.91 (m, 2H), 3.79 (s,
2H), 3.20 — 3.11 (m, 4H), 1.78 — 1.67 (m, 4H), 1.65 — 1.41 (m, 4H); HRMS (m/z): [M + H]*
calcd for C,H9N,, 191.1548; found, 191.1556.

tert-Butyl 4-(3-0x0-3-((4-(piperidin-1-yl)benzyl)amino)propyl)piperidine-1-carboxylate
44

ey

Prepared according to general method A using 4-(piperidin-1-yl)phenyl)methanamine 43
(36.9 mg, 0.19 mmol), 3-(1-(fert-Butoxycarbonyl)piperidin-4-yl)propanoic acid (25) (50 mg,
0.19 mmol), diisopropylethylamine (169 pL, 0.97 mmol), anhydrous DCM (2.5 mL) and
COMU (92 mg, 0.21 mmol). Purification by flash column chromatography (0 — 100 %
EtOAc in pet. ether 40/ 60) afforded the amide 44 as a colourless oil (49.7 mg, 60 %). TLC
(100 % EtOAc), Ry = 0.34; 'TH NMR (400 MHz, CDCl3) 8 7.20 — 7.14 (m, 2H), 6.94 — 6.89
(m, 2H), 5.57 (s, 1H), 4.40 —4.31 (m, 2H), 4.11 (s, 2H), 3.22 - 3.11 (m, 4H), 2.77 — 2.58 (m,
2H), 2.29 - 2.17 (m, 2H), 1.76 — 1.59 (m, 10H), 1.47 (s, 10H), 1.19 — 1.03 (m, 2H); 3C NMR
(125 MHz, CDCls) 6 172.4, 154.8, 151.7, 128.9, 128.4, 116.5, 79.3, 50.5, 44.2, 43.3, 35.6,
33.8, 32.1, 28.5, 25.7, 24.2; HRMS (m/z): [M + H]" calcd for C,5H4N303, 430.3070; found,
430.3068.

N-(4-(Piperidin-1-yl)benzyl)-3-(piperidin-4-yl)propanamide (45)

O@“@

Prepared according to general method B using compound 44 (48 mg, 0.11 mmol), DCM (3.3
mL) and TFA (1.7 mL). Piperidine 45 was obtained as off-white solid (29.4 mg, 80 %). 'H
NMR (400 MHz, CDCl;) ¢ 7.23 — 7.12 (m, 2H), 6.98 — 6.84 (m, 2H), 5.62 (s, 1H), 4.40 —
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4.28 (m, 2H), 3.20 — 3.11 (m, 4H), 3.12 — 3.02 (m, 2H), 2.63 — 2.53 (m, 2H), 2.27 — 2.17 (m,
2H), 1.81 — 1.52 (m, 11H), 1.48 — 1.33 (m, 1H), 1.19 — 1.03 (m, 2H); '*C NMR (125 MHz,
CDCly) & 172.7, 151.7, 129.1, 128.5, 116.5, 50.6, 46.6, 43.2, 35.9, 33.9, 33.3, 32.9, 25.7,
24.2; IR, Vimax (ATR): 3311, 2922, 2850, 2812, 1642, 1616 cnr'; HRMS (m/z): [M + H]* calcd
for C2oH3,N30, 330.2545; found, 330.2559.

(3-(Piperidin-1-yl)phenyl)methanamine (46) >°

<:/\'\14<j§>NH2

3-(piperidin-1-yl)benzonitrile 50 (0.30 g, 1.6 mmol) was dissolved in anhydrous THF (1.5
mL) and cooled in ice/ water. Red-Al (65 % in toluene, 1.5 mL, 4.9 mmol) was added
dropwise. The reaction mixture was warmed up and stirred at room temperature for 2 h. The
reaction mixture was cooled in ice/ water and quenched by the slow addition of water (1.0
ml). The resulting mixture was filtered through Celite and washed with THF (3 x 10 mL).
The filtrate was concentrated in vacuo to afford crude (3-(Piperidin-1-
yl)phenyl)methanamine 46 as dark yellow oil, which was used in subsequent steps without
further purification; 'H NMR (400 MHz, CDCls) 6 7.23 (dd, J= 7.6, 7.6 Hz, 1H), 6.92 (dd, J
=2.0, 1.3 Hz, 1H), 6.79 (dd, J=17.6, 2.0 Hz, 1H), 6.79 (dd, J= 7.6, 1.3 Hz, 1H), 3.84 (s, 2H),
3.24 - 3.14 (m, 4H), 1.79 — 1.67 (m, 6H), 1.66 — 1.51 (m, 2H); HRMS (m/z): [M + H]" calcd
for CjpHgN,, 191.1548; found, 191.1539.

tert-Butyl 4-(3-0x0-3-((3-(piperidin-1-yl)benzyl)amino)propyl)piperidine-1-carboxylate

(47)
A MC NP
IO o

Prepared according to general method A using (3-(piperidin-1-yl)phenyl)methanamine 46
(33 mg, 0.17 mmol), 3-(1-(fert-Butoxycarbonyl)piperidin-4-yl)propanoic acid (25) (30 mg,
0.12 mmol), diisopropylethylamine (100 uL, 0.57 mmol), anhydrous DCM (2.0 mL) and
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COMU (55 mg, 0.13 mmol). Purification by flash column chromatography (0 — 67 % EtOAc
in pet. ether 40/ 60) afforded the amide 47 as colourless oil (46.8 mg, 94 %). TLC (EtOAc/
pet. ether 40/ 60, 2: 1, v/ v), Rg=0.19; 'H NMR (400 MHz, CDCl;) 6 7.26 — 7.20 (m, 1H),
6.90 — 6.85 (m, 2H), 6.76 — 6.71 (m, 1H), 5.64 (s, 1H), 4.44 — 4.35 (m, 2H), 4.09 (s, 2H), 3.23
—3.12 (m, 4H), 2.77 — 2.60 (m, 2H), 2.32 — 2.17 (m, 2H), 1.80 — 1.53 (m, 10H), 1.47 (s,
10H), 1.19 — 1.02 (m, 2H); *C NMR (125 MHz, CDCl;) 4 172.5, 154.9, 152.5, 139.0, 129.4,
118.6, 116.0, 115.0, 79.3, 50.9, 50.5, 44.2, 35.6, 33.7, 32.3, 31.9, 28.5, 25.7, 24.2; IR, Vpnax
(ATR): 3313 (br), 2933, 2856, 1655 cm™'; HRMS (m/z): [M + H]" caled for CpsHyoN3Os,
430.3070; found, 430.3090.

N-(3-(Piperidin-1-yl)benzyl)-3-(piperidin-4-yl)propanamide (48)

@ 0
N\©/\HJ\/\@
NH

Prepared according to general method B using compound 47 (43 mg, 0.10 mmol), DCM (3.3
mL) and TFA (1.7 mL). Piperidine 48 was isolated as colourless oil (21.3 mg, 65 %). 'H
NMR (400 MHz, CDCl;) & 7.25 — 7.17 (m, 1H), 6.90 — 6.82 (m, 2H), 6.73 (d, J = 7.4 Hz,
1H), 5.75 (s, 1H), 4.39 (d, J = 5.5 Hz, 2H), 3.21 — 3.12 (m, 4H), 3.12 — 3.01 (m, 2H), 2.65 —
2.51 (m, 2H), 2.28 — 2.18 (m, 2H), 2.03 (s, 1H), 1.77 — 1.53 (m, 10H), 1.48 — 1.33 (m, 1H),
1.20 — 1.03 (m, 2H). 3C NMR (125 MHz, CDCl;) § 172.8, 152.6,139.1, 129.4, 118.5, 116.0,
115.5, 50.5, 46.6, 44.1, 35.9, 33.8, 33.2, 32.9, 25.8, 24.3; IR, vyax (ATR): 3271 (br), 2927,
2854, 1640, 1600, 1554 cm™!'; HRMS (m/z): [M + H]" calcd for C,0H3,N30, 330.2545; found,
330.2556.

4-(Piperidin-1-yl)benzonitrile (49) 2°

o

4-Fluorobenzonitrile (0.50 g, 4.1 mmol) and piperidine (0.82 mL, 8.3 mmol) were dissolved
in DMSO (3.5 mL). Potassium carbonate (0.86 g, 6.2 mmol) was added and the reaction
mixture was heated up to 90 °C for 8 h. After cooling to room temperature, the reaction

mixture was diluted with EtOAc (30 mL) and washed with water (2 x 25 mL) and saturated
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brine (25 mL). The organic phase was dried by passing through a hydrophobic frit and
evaporated in vacuo to afford 4-(piperidin-1-yl)benzonitrile 49 as an off-white solid (0.78 g,
> 99%). TLC (EtOAc/ pet. ether 40/ 60, 1: 9, v/ v), Ry=0.29; 'H NMR (400 MHz, CDCl;)
7.51 —7.46 (m, 2H), 6.89 — 6.83 (m, 2H), 3.40 — 3.31 (m, 4H), 1.74 — 1.63 (m, 6H); LCMS
(ESI) [M + H]" m/z: 187.2, retention time = 2.38 min.

3-(Piperidin-1-yl)benzonitrile (50) 2°

O

3-Fluorobenzonitrile (0.50 mL, 4.7 mmol) and piperidine (0.92 mL, 9.3 mmol) were
dissolved in DMSO (3.5 mL). Potassium carbonate (0.97 g, 7.0 mmol) was added and the
reaction mixture was heated up to 90 °C for 40 h. After cooling to room temperature, the
reaction mixture was diluted with EtOAc (30 mL) and washed with water (2 x 25 mL). The
organic layer was dried by passing through a hydrophobic frit and concentrated in vacuo. The
residue was purified by flash column chromatography (0 — 10 % EtOAc in pet. ether 40/ 60)
to afford 3-(piperidin-1-yl)benzonitrile 50 as a colourless liquid (493 mg, 57 %). TLC
(EtOAc/ pet. ether 40/ 60, 1: 9, v/ v), Rg=0.15; 'H NMR (400 MHz, CDCl;) 6 7.33 — 7.25
(m, 1H), 7.14 — 7.09 (m, 2H), 7.06 — 7.00 (m, 1H), 3.24 — 3.15 (m, 4H), 1.74 — 1.66 (m, 4H),
1.65 — 1.58 (m, 2H); '*C NMR (125 MHz, CDCls) 6 151.7, 129.6, 121.6, 120.0, 119.4, 118.4,
112.7, 49.5, 25.3, 23.9; HRMS (m/z): [M + H]" caled for Ci,H;sN,, 187.1235; found,
187.1237; LCMS (ESI) [M + H]* m/z: 187.2, retention time = 2.34 min.

3-Cyclopentyl-N-(3-(piperidin-1-yl)benzyl)propanamide (51)

o

N

aok
Prepared according to general method A using (3-(piperidin-1-yl)phenyl)methanamine 43
(50 mg, 026 mmol), 3-cyclopentylpropionic acid (56.3 uL, 0.39 mmol),

diisopropylethylamine (229 pL, 1.3 mmol), anhydrous DCM (2.0 mL) and COMU (124 mg,
0.29 mmol). Purification by flash column chromatography (0 — 50 % EtOAc in pet. ether 40/
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60) afforded the amide 51 as yellow oil (52.3 mg, 63 %). TLC (EtOAc/ pet. ether 40/ 60, 1: 1,
v/ v), Ry = 0.29; 'H NMR (400 MHz, CDCl;) 8 7.26 — 7.19 (m, 1H), 6.90 — 6.83 (m, 2H),
6.77 — 6.70 (m, 1H), 5.68 (s, 1H), 4.46 — 4.36 (m, 2H), 3.23 — 3.11 (m, 4H), 2.32 — 2.17 (m,
2H), 1.85 — 1.45 (m, 15H), 1.20 — 1.02 (m, 2H); '3C NMR (125 MHz, CDCl;) 4 173.0, 152.6,
139.1, 129.4, 118.5, 116.0, 115.5, 50.5, 44.1, 39.8, 36.2, 32.5, 32.0, 25.8, 25.1, 24.3; IR, Vinax
(ATR): 3266, 3085 (w), 2935, 2855, 2801, 1638, 1599 cm™'; HRMS (m/z): [M + H]" calcd for
Cy0H31N,0, 315.2436; found, 315.2429.

3-Cyclopentyl-N-(4-(piperidin-1-yl)benzyl)propanamide (52)

O

Prepared according to general method A using (4-(piperidin-1-yl)phenyl)methanamine 46
(50 mg, 026 mmol), 3-cyclopentylpropionic acid (37.6 uL, 0.26 mmol),
diisopropylethylamine (229 pL, 1.3 mmol), anhydrous DCM (2.5 mL) and COMU (124 mg,
0.29 mmol). Purification by flash column chromatography (0 — 100 % EtOAc in pet. ether 40/
60) afforded the amide 52 as white crystalline solid (61 mg, 74 %). TLC (100 % EtOAc), R¢
=(0.53; 'TH NMR (400 MHz, CDCl;) 8 7.21 — 7.13 (m, 2H), 6.95 — 6.86 (m, 2H), 5.68 (s, 1H),
4.39 — 4.30 (m, 2H), 3.21 — 3.10 (m, 4H), 2.28 — 2.15 (m, 2H), 1.87 — 1.45 (m, 15H), 1.19 —
1.04 (m, 2H); 3C NMR (125 MHz, CDCl3) 6 172.9, 151.6, 128.8, 116.5, 50.6, 43.2, 39.7,
36.1, 32.4, 32.0, 25.7, 25.1, 24.2; HRMS (m/z): [M + H]* caled for C,0H;3;N,0, 315.2436;
found, 315.2433; LCMS (ESI) [M + H]" m/z: 315.4, retention time = 1.64 min.
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3-Cyclopentyl-N-(3-(piperidin-1-yl)phenyl)propanamide (4)
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3-(1-(4-((Methylamino)methyl)phenyl)piperidin-4-yl)-1-(pyrrolidin-1-yl)propan-1-one
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4-(4-(3-Oxo0-3-(pyrrolidin-1-yl)propyl)piperidin-1-yl)benzonitrile (15)
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4500

Ethyl 4-(4-(3-0x0-3-(pyrrolidin-1-yl)propyl)piperidin-1-yl)benzoate (16)
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N-((1-(4-Cyanophenyl)piperidin-4-yl)methyl)pyrrolidine-1-carboxamide (17)

6000
5500
L5000
4500
4000
3500
3000
2500
2000
1500
1000
500

=500

T
BT
et
=T
=T
e
€8T
Ge s
5T
e
52T
9¢1
R i =
BL'T s S
08T

w R
|
D

f
F
1(m)
132
I
'M'
I\.
e

f
H (m)
.8B
|
1
i
T
2

[
€8T
j2: 3
E'T
8T
S8'T L
98T ™y

G (m)
2.86

B8
F(m)
3.18
I\_‘u'l‘\_'_/l

m)

161 s

&
|
i
E
3135
|
T
z

%

-
D (m)
3.87

€8¢ T

R
™~
J
€ (m)
436

<
n
III
B [dd)
6las
1
L
g

E:
{r=1
,
Afdd)
a7
|
L, TN
T
&

pon20@cam.ac.uk

janus-1h.std
V264741

CADZ/PON31
CDCI3
Position: 41

PNikiforov

46

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

8.0




7000

6500
6000
5500
5000
4500
4000

3500

3000

2500
2000

1500

Ethyl 4-(4-((pyrrolidine-1-carboxamido)methyl)piperidin-1-yl)benzoate (18)

=500

6219
0ET
=T
€1
SE'T

8E'TH)

6E T
£LTH =
€L

PET

SET

94T

LLT

84T

64T

18T

06'Ln

s

d g
5

V264742.10.fi
CAD2/PON313
PNikiforov

V264742

Jim)
138

1(m)
182

192

Hi(m})

F{m)
3.18

G (m)

2.84

janus-1h.std
pon20@cam.ac.uk
V264742

CDCI3

Position: 42
V264742

E[m)
3136

D (m)

3.88

433

cl(m)

B (d)

6.87

A(d)
7.92

47

Lo

e
89E

Pt

TFest
Fav

I—ES'E

ooz

4.0 35 3.0 2.5 2.0 15 1.0 0.5

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

3.0



N-((1-(4-Cyanophenyl)piperidin-4-yl)methyl)cyclopentanecarboxamide (19)
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Ethyl 4-(4-(cyclopentanecarboxamidomethyl)piperidin-1-yl)benzoate (20)
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N-((1-(Pyridin-2-yl)piperidin-4-yl)methyl)pyrrolidine-1-carboxamide (21)
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N-((1-(Pyrimidin-2-yl)piperidin-4-yl)methyl)pyrrolidine-1-carboxamide (22)
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3-(1-(4-Cyanophenyl)piperidin-4-yl)-N-(3-(piperidin-1-yl)phenyl)propanamide (23)
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3-(1-(4-Cyanophenyl)piperidin-4-yl)-N-(3-(piperidin-1-yl)benzyl)propanamide (29)
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3C NMR

3-Cyclopentyl-1-(3-(4-((methylamino)methyl)phenyl)tetrahydropyrimidin-1(2H)-
yl)propan-1-one (3)
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3-Cyclopentyl-N-(3-(piperidin-1-yl)phenyl)propanamide (4)
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4-(4-(3-Oxo0-3-(pyrrolidin-1-yl)propyl)piperidin-1-yl)benzonitrile (15)
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Ethyl 4-(4-(3-0x0-3-(pyrrolidin-1-yl)propyl)piperidin-1-yl)benzoate (16)
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N-((1-(4-Cyanophenyl)piperidin-4-yl)methyl)pyrrolidine-1-carboxamide (17)
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Ethyl 4-(4-((pyrrolidine-1-carboxamido)methyl)piperidin-1-yl)benzoate (18)
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din-4-yl)methyl)cyclopentanecarboxamide (19)
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Ethyl 4-(4-(cyclopentanecarboxamidomethyl)piperidin-1-yl)benzoate (20)
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N-((1-(Pyridin-2-yl)piperidin-4-yl)methyl)pyrrolidine-1-carboxamide (21)
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1-carboxamide (22)
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3-(1-(4-Cyanophenyl)piperidin-4-yl)-N-(3-(piperidin-1-yl)phenyl)propanamide (23)
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3-(1-(4-Cyanophenyl)piperidin-4-yl)-N-(4-(piperidin-1-yl)benzyl)propanamide (28)
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3-(1-(4-Cyanophenyl)piperidin-4-yl)-N-(3-(piperidin-1-yl)benzyl)propanamide (29)

f1 (ppm)
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Example LCMS spectrum

Ethyl 4-(4-(3-0x0-3-(pyrrolidin-1-yl)propyl)piperidin-1-yl)benzoate (16)
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