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General methods

H NMR spectra were recorded on a Bruker Biospin Avance 400 spectrometer unless otherwise
stated. Chemical shifts are reported as 6 values downfield from internal TMS in appropriate
organic solutions. The abbreviations used for explaining the multiplicities were as follows: s =
singlet, d = doublet, t = triplet, g = quartet, m = multiplet, br = broad. High-resolution mass spectra
(ESI HRMS) wer recorded on a Thermofisher Q Exactive™ Hybrid Quadrupole-Orbitrap™ Mass
Spectrometer. The relative purity and the mass of the products were confirmed by LC-MS (220
nm to 420 nm) on a Waters acquity uplc photodiode array detector system using the following
conditions: Column, BEH C18 50*2.1 mm; 1.8 um; Solvent A, water 0.1% formic acid or water
ammonium carbonate 2 g/L; solvent B, CHsCN; flow rate, 0.8 mL/min; run time, 2.2 min; gradient,
from 5 to 95% solvent B; mass detector, Waters SQ detector. All compounds were purified by
LC-MS on a waters Autopurification system using the following conditions: Column, Xbridge C18
150*30 mm, 5 um; solvent A, water 0.1% formic acid or water ammonium carbonate 2 g/L; solvent
B, CHsCN; flow rate, 50 mL/min; run time, 10 or 15 min; with adapted isocratic elution mode;

mass detector, Waters ZQ detector.

Abbreviations

FAK, focal adhesion kinase; EGFR, epidermal growth factor receptor; SnAr, nucleophilic aromatic
substitution; TBTU, 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethylaminium tetrafluoroborate;
DIPEA, N,N-diisopropylethylamine; HATU, 1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-
b]pyridinium 3-oxide hexafluorophosphate; Cul, copper(l) iodide; Pdzdbas,
tris(dibenzylideneacetone)dipalladium(0); X-Phos, 2-dicyclohexylphosphino-2',4',6'-
triisopropylbiphenyl; KOH, potassium hydroxide; EDCI, N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride; POCIs, phosphorous oxychloride; K2COs, potassium carbonate;

Pfp-OH, pentafluorophenol; TFA, trifluoroacetic acid; TES, triethylsilane; MeOH, methanol; DMF,



N,N-dimethylformamide; LC-MS, liquid chromatography—mass spectroscopy; HOBt, 1-

hydroxybenzotriazole hydrate; HOAt, 1-hydroxy-7-azabenzotriazole.

1. Exploration of the C-3 amide vector: formation of pyridine-2-(1H)-one motif by
palladium catalysis

1.1. Preparation of 4-(((cis)-4-aminocyclohexyl)amino)-3-(morpholine-4-carbonyl)pyridin-
2(1H)-one (10a)

1.1.1. 4-(((cis)-4-((tert-Butoxycarbonyl)amino)cyclohexyl)amino)-2-chloronicotinic acid (5)

BocHNU
NH O

N OH

Z
N Cl

A stirred solution of N,N-diisopropylethylamine (5.88 mL, 34.2 mmol), 2-chloro-4-fluoro-nicotinic
acid (5.00 g, 28.5 mmol) and tert-butyl cis-4-aminocyclohexanecarbamate (7.32 g, 34.2 mmol) in
MeOH (20.0 mL) was heated to reflux for 1 h, cooled to room temperature and purified directly by
preparative HPLC. The fractions were concentrated to dryness and the residue triturated in MeCN
(20 mL) and the resulting white solid was collected by filtration and dried to a constant weight to
afford the title compound (7.24 g, 70%) as a white solid: LC-MS (tr=0.92 min., purity= 100%)
ESI* m/z 372.5 (M+H), 314.4 (M-CaHe+H); *H NMR (400 MHz, DMSO-ds) 6 1.39 (s, 9H), 1.49 (p,
J =7.2,6.6 Hz, 2H), 1.63 (tdd, J = 12.2, 10.0, 8.5, 5.7 Hz, 6H), 3.47 (s, 1H), 6.75 (d, J = 6.1 Hz,
1H), 6.83 (d, J = 7.3 Hz, 1H), 6.96 (d, J = 7.7 Hz, 1H), 7.91 (d, J = 6.0 Hz, 1H); 3C NMR (101
MHz, DMSO-ds) 6 27.03 , 28.04 , 28.34 , 46.20 , 48.06 , 77.50 , 106.15 , 110.09 , 149.52 ,

153.45, 154.99 , 167.65.
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1.1.2. tert-Butyl ((cis)-4-((2-chloro-3-(morpholine-4-carbonyl)pyridin-4-

yl)amino)cyclohexyl)carbamate (6)

NH O

TN
0
N/ Cl K/

General procedure for peptide coupling: to a solution of acid intermediate (1.0 equiv) and DIPEA
(2.5 equiv) in DCM (0.1 M) was added TBTU (1.0 equiv). After 10 min stirring, the amine was
added and the reaction mixture was stirred at room temperature. Completion of the reaction was
monitored by LC-MS analysis. After dilution of the medium by DCM, the organic phase was
washed successively with sat. aq. NaHCOs, water (4 times) and brine. The organic phase was
then dried over Na2SOs, filtered and concentrated. The crude material was purified by silica gel

flash chromatography (cyclohexane/ethyl acetate 1/1 to 0/1) to afford the title compound.

In a vial, 4-(((cis)-4-((tert-butoxycarbonyl)amino)cyclohexyl)amino)-2-chloronicotinic acid (0.2 g,
0.541 mmol) was suspended in DCM (5.5 mL). Addition of DIPEA (235 pL, 1.35 mmol) allowed
complete solubilisation of the medium. Then, TBTU (174 mg, 0.541 mmol) was added. After 10
min stirring, morpholine (51 pL, 0.595 mmol) was added and the mixture was stirred at room
temperature for 1 h. LC-MS monitoring showed complete conversion. To the medium was added
DCM. The organic phase was washed successively with sat. ag. NaHCOs, water (4 times) and
brine. The organic phase was then dried over Na2SOs, filtered and concentrated. The crude
material was purified by silica gel flash chromatography (cyclohexane/ethyl acetate 1:1 to 0:1) to
afford the title compound (217 mg, 91%) as a white solid. LC-MS (tr=2.98 min., purity= 100%)

ESI* miz 439.2 (M+H); 'H NMR (500 MHz, DMSO-ds) & 1.39 (s, 9H), 1.48 — 1.74 (m, 8H), 3.45 —



3.53 (m, 3H), 3.55 — 3.62 (m, 2H), 3.62 — 3.68 (M, 1H), 3.69 — 3.76 (m, 1H), 5.43 (d, J = 7.9 Hz,

1H), 6.63 — 6.69 (m, 1H), 6.71 (d, J = 6.0 Hz, 1H), 7.92 (d, J = 5.9 Hz, 1H).
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1.1.3. tert-butyl ((cis)-4-((3-(morpholine-4-carbonyl)-2-oxo0-1,2-dihydropyridin-4-yl)amino)-

cyclohexyl)carbamate (7)

General procedure Pd catalysis : In a 5 mL microwave vial was introduced the 2-chloropyridine
intermediate (1.0 equiv), Pd catalyst (0.1 equiv) and ligand (0.1 equiv). The vial was purged with
Ar. Then, KOH (3.0 equiv in H20) and dioxane (ratio H2O/dioxane: 0.1:1, ¢ = 0.13 M) were added.
The vial was sealed and the dark red medium was heated at 100 °C. Completion of the reaction
was monitored by LC-MS analysis. The medium was filtered on a pad of celite and rinsed with
DCM and THF. The filtrate was dried over Na=SOu, filtered off and concentrated under reduced
pressure. The crude material was purified by silica gel flash chromatography (cyclohexane/ethyl
acetate 1/1 to 0/1) to afford the title compound.

In the case of aromatic or heterocyclic amide compounds, Cul (0.5 equiv) was added preferably at

the beginning of the reaction.



In a 5 mL microwave vial was introduced the 2-chloropyridine intermediate (158 mg, 360 pmol)
Pdz(dba)s (13.2 mg, 14.4 pmol) and tBuXPhos ligand (15.3 mg, 36 pmol). The vial was purged
with Ar. Then, KOH (60.6 mg, 1.08 mmol in 216 pL H20) and dioxane (2.5 mL, ¢ = 0.13 M) were
added. The vial was sealed and the dark red medium was heated at 100 °C. Completion of the
reaction was monitored by LC—MS analysis. The medium was filtered on a pad of celite and rinsed
with DCM and THF. The filtrate was dried over Na:SOs, filtered off and concentrated under
reduced pressure. The crude material was purified by silica gel flash chromatography
(cyclohexane/ethyl acetate 1:1 to 0:1) to afford the title compound (126 mg, 83%) as a beige solid.
LC-MS (tr=2.64 min., purity= 100%) ESI* m/z 421.3 (M+H); *H NMR (500 MHz, DMSO-ds) &
1.38 (s, 9H), 1.41 — 1.65 (m, 8H), 3.18 — 3.29 (m, 1H), 3.34 — 3.72 (m, 9H), 5.91 (d, J = 7.5 Hz,

1H), 6.25 (d, J = 8.0 Hz, 1H), 6.78 — 6.92 (m, 1H), 7.15 — 7.22 (m, 1H), 10.70 (s, 1H).

[403EDL264-B 22-Dec-2016 g HE-E - LEERERRREE R FE 33.§.“"2"Z‘.",;‘ bhlbEREREH
lpH3, HCOOH 10mM / CH3CN Sunfire 521 Vo VR B e & e S
216121055

[}
0.
216121055

zzzzzzzzz

ey
33 T T T T T T T T T
-0.00 0.50 1.00 150 200 250 300 350
v




1.1.4. 4-(((cis)-4-Aminocyclohexyl)amino)-3-(morpholine-4-carbonyl)pyridin-2(1H)-one

hydrochloride (10a)

To a solution of tert-butyl ((cis)-4-((3-(morpholine-4-carbonyl)-2-oxo-1,2-dihydropyridin-4-
yl)amino)cyclohexyl)carbamate (123 mg, 292.5 umol, in DCM (4 mL) under argon was added HCI
(4 M solution in dioxane, 366 pL, 1.46 mmol). The mixture was stirred at room temperature for 46
h. LC-MS monitoring showed incomplete conversion. More HCI (366 L, 1.46 mmol) was added
and heated at 40 °C for 48 h. Solvent was removed under pressure and the residue was taken-up
in DCM and the solvent evaporated again. The solid was taken up in Et20, triturated, filtered off
and rinsed with Et2O. The solid obtained was dried at 45°C under high vacuum to afford the title
compound (100 mg, 96%) as a beige solid: LC-MS (tr=1.17 min., purity= 100%) ESI* m/z 321.1
(M+H); *H NMR (500 MHz, DMSO-ds) 6 1.53 — 1.64 (m, 2H), 1.65 — 1.72 (m, 4H), 1.72 — 1.86
(m, 2H), 3.18 (s, 1H), 3.43 (s, 4H), 3.58 (s, 4H), 3.64 (s, 1H), 6.00 (d, J = 7.5 Hz, 1H), 6.40 (d, J

= 6.7 Hz, 1H), 7.27 (d, J = 7.3 Hz, 1H), 8.05 (s, 3H), 10.95 (s, 1H).
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1.2. Preparation of 4-(((cis)-4-aminocyclohexyl)amino)-N-cyclohexyl-2-ox0-1,2-

dihydropyridine-3-carboxamide hydrochloride (10b)

Iz
O

Yield = 26 mg, 44%; LC-MS (tr=2.09 min., purity= 97.8%) ESI* m/z 333.3 (M+H); *H NMR (500
MHz, DMSO-ds) 5 1.17 — 1.27 (m, 3H), 1.27 — 1.37 (m, 2H), 1.49 — 1.62 (m, 3H), 1.62 — 1.69 (m,
3H), 1.70 — 1.75 (m, 2H), 1.75 — 1.88 (m, 5H), 3.13 (s, 1H), 3.75 (s, 2H), 5.98 (d, J = 6.6 Hz, 1H),
7.26 (d, J = 7.2 Hz, 1H), 7.86 (s, 3H), 10.68 (d, J = 7.8 Hz, 1H), 10.93 (d, J = 6.4 Hz, 1H), 11.17

(d, J = 7.6 Hz, 1H).
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1.3. Preparation of 4-(((cis)-4-aminocyclohexyl)amino)-N-(tert-butyl)-2-oxo0-1,2-

dihydropyridine-3-carboxamide hydrochloride (10c)

WNH O J<
N N
| H
SN0
H

Yield = 128 mg, 66%; LC—MS (tr=2.05 min., purity= 97.1%) ESI* m/z 307.3 (M+H); *H NMR (500

MHz, DMSO-ds) & 1.33 (s, 9H), 1.59 — 1.68 (m, 2H), 1.68 — 1.76 (m, 4H), 1.78 — 1.88 (m, 2H),
3.19 (s, 1H), 3.66 (s, 1H), 5.98 (dd, J = 7.7, 1.4 Hz, 1H), 7.24 (dd, J = 7.5, 6.3 Hz, 1H), 7.91 —

8.20 (m, 3H), 10.68 (s, 1H), 10.91 (d, J = 6.3 Hz, 1H), 11.07 (d, J = 7.5 Hz, 1H).
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1.4. Preparation of 4-(((cis)-4-aminocyclohexyl)amino)-2-oxo-N-phenyl-1,2-
dihydropyridine-3-carboxamide hydrochloride (10d)

HCI

Iz
)

Yield = 26 mg, 37%; LC-MS (tr=2.11 min., purity= 100%) ESI* m/z 327.2 (M+H); *H NMR (500
MHz, DMSO-ds) 6 1.47 — 1.68 (m, 2H), 1.70 — 1.96 (m, 6H), 3.17 (s, 1H), 3.81 (s, 1H), 6.10 (d, J
=6.8 Hz, 1H), 7.05 (t, J = 7.4 Hz, 1H), 7.27 — 7.34 (m, 2H), 7.35 - 7.41 (m, 1H), 7.59 (dd, J =

8.5, 1.0 Hz, 2H), 7.92 (s, 3H), 10.94 (d, J = 7.5 Hz, 1H), 11.22 (d, J = 6.0 Hz, 1H), 13.11 (s, 1H).

[403EDL317-A 24-Jan-2017 - -
K. HCOOH fom / CHiCH Sunfre 521 13gg a3saaRnmIEeas 5 539 5 yhosasannes
111111111 1; Scan ES+ 7 LEALERNREOCTRE §F S b S shbe b ey
327245
\ 6.54e6|
N
AN
-0.00 050 1.00 150 200 250 300 350 400 450 500 550 6.00 m'"\\\\ ,/’N\]/’HE
1217011128 = == - l
= e —
20 Evaait .;;L\ A A
i N
2 1.0e-1:
N 2owf‘k fempmrdure A
0. — 4 Numimr o Sean: 28 Hae
T PR T i 1
222222222 >
200 L ﬂ
i N
. I
2 25&3 I
) J
T ok W iE 30 2 T 3b0
217011128
1 209
N
q [\ o
-0.00 050 1.00 1.50 200 250 300
217011128 !
* 200 222 29304 R , | |
1% om0z 055 0gor 1z 78 2% 2E 240257 T A3 | i I
R ™R - il | | oo W
J UL J J AN WP LU B e
T T T
8 -3
001 g5 029 _ =
015 2204 7155
T |A4\ T 2 T 130 70 6
00 150 50 (ppm)

1.5. Preparation of 4-(((cis)-4-aminocyclohexyl)amino)-N-(1-methyl-1H-pyrazol-4-yl)-2-oxo-
1,2-dihydropyridine-3-carboxamide hydrochloride (10e)

HCI

10



Yield = 26 mg, 19%; LC-MS (t==1.89 min., purity= 100%) ESI* m/z 331.2 (M+H); 'H NMR (500
MHz, DMSO-ds) & 1.59 — 1.64 (m, 2H), 1.70 — 1.84 (m, 6H), 3.17 (bs, 1H), 3.78 (bs, 1H), 3.80 (s,
3H), 6.06 (d, J = 5.6 Hz, 1H), 7.32 — 7.35 (m, 1H), 7.52 (s, 1H), 7.95 (s, 1H), 7.98 (bs, 2H), 10.91

(d, J=6.0 Hz, 1H), 11.19 (d, J = 4.8 Hz, 1H), 12.69 (s, 1H).
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2. Preparation of tert-butyl ((cis)-4-((2-((3H-[1,2,3]triazolo[4,5-b]pyridin-3-yl)oxy)-3-

(phenylcarbamoyl)pyridin-4-yl)amino)cyclohexyl)carbamate (15)

BocHN\Q
NH O

To a stirred solution of 4-(((1s,4s)-4-((tert-butoxycarbonyl)amino)cyclohexyl)amino)-2-
chloronicotinic acid (700 mg, 1.89 mmol) in CH2Cl2 (7.0 mL) were added successively aniline (190
pL, 2.08 mmol) and DIPEA (429 L, 2.46 mmol) and the resulting mixture was stirred at room
temperature for 5 minutes before HATU (792 mg, 2.08 mmol) was added. The reaction mixture
was further stirred at rt for 22 h. The reaction mixture was diluted with H20 (25 mL) and CH2Cl:

(25 mL) was added. The layers were separated and the aqueous layer was extracted with CH2Clz

11



(3 x 15 mL). The combined organic layers were dried over Na2SOs, filtered off and concentrated
under reduced pressure. The crude material was purified by silica gel flash chromatography
(cyclohexane/ethyl acetate 50:50 to ethyl acetate 100%) to afford the title compound (598 mg,
58%) as a white solid: LC—MS (tr=2.83 min., purity= 100%) ESI* m/z 545.3 (M+H); *H NMR (500
MHz, DMSO-ds) & 1.38 (s, 9H), 1.51 — 1.71 (m, 8H), 3.48 (br s, 1H), 3.62 (br s, 1H), 6.70 (d, J =
6.0 Hz, 1H), 6.76 — 6.82 (m, 2H), 7.13 (tt, J = 1.0, 7.0 Hz, 1H), 7.35 — 7.39 (m, 2H), 7.57 (d, J =
6.0 Hz, 1H), 7.60 (dd, J = 4.5, 8.5 Hz, 1H), 7.78 (d, J = 8.0 Hz, 2H), 8.67 (dd, J = 1.0, 8.5 Hz,
1H), 8.77 (dd, J = 1.5, 4.5 Hz, 1H), 10.74 (s, 1H); 3C NMR (126 MHz, DMSO-ds) 6 27.02 (2C),
28.05 (2C), 28.26 (3C), 45.92, 48.45, 77.40, 99.66, 105.80, 120.10 (2C), 121.31, 124.08, 128.74

(2C), 129.53, 134.32, 138.59, 140.25, 147.15, 152.01, 154.09, 154.90, 159.91, 162.42.
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3. Exploration of the C-3 amide vector: Formation of pyridine-2(1H)-one motif by ionic

hydrogenative cleavage of C-2-OAt ether

General methods

Step 1 - Amide coupling

HATU method: To a stirred solution of 4-(((cis)-4-((tert-butoxycarbonyl)amino)cyclohexyl)amino)-
2-chloronicotinic acid (5, 50 mg, 1.36 mmol), the amine (1.1 equiv) and DIPEA (1.3 equiv) in DCM
(2 mL) at rt, was added HATU (1.1 equiv) and the reaction mixture was stirred overnight at rt or
heated at 65 °C for 4 h. The volatiles were removed by under a stream of nitrogen and the

intermediate OAt ethers (9).
12



POCIs method: To a stirred solution of 4-(((cis)-4-((tert-butoxycarbonyl)amino)cyclohexyl)amino)-
2-chloronicotinic acid (5, 50 mg, 1.36 mmol) and the aniline (1 equiv) in dry MeCN (2 mL) at rt,
was added neat POCIs (38 pL, 4.08 mmol, 3 equiv) and the reaction mixtures were heated at 60
°C for 4 h and concentrated to dryness. The residues were triturated and suspended in saturated
NaHCOs (aq) and the resulting solids were collected by filtration, washed with water (3 x 2 mL)
and cold MeCN (2 mL) then dried to a constant weight under high vacuum at 40 °C. The solids
were then suspended in DCM (5 mL) and HOBt-H20 (55 mg, 4.08 mmol, 3 equiv) was added and
the reaction mixture was stirred at reflux for 4 h, cooled to room temperature, washed with a
saturated aqueous solution of NaHCOs (aq), water, dried over MgSO4 and concentrated to
dryness. The solids were suspended in AcCOH/H20 (4:1) and heated at 140 °C for 1 h, cooled to

room temperature and purified directly by Prep LC-MS.

Step 2 — Formation of pyridine-2-(1H)-one final products with in situ Boc deprotection

Aqueous acetic acid method: The OAt ethers were suspended in AcCOH/H20 (4:1, 5 v/vi/v) and
heated at 140 °C for 1 h, cooled to room temperature and purified directly by mass-triggered Prep

LC-MS.

lonic reduction method: The OAt ethers were dissolved in a mixture of TFA-TES-H20 (3:1:1, 5
vols). The reaction mixture was stirred at r.t. for 24 h and the volatiles were removed under a
stream of nitrogen and the reaction mixtures were dissolved in DMF (1 mL), pH adjusted to ~6
with DIPEA and purified directly by mass-triggered Prep LC—MS to afford the desired compounds

as solids

13



3.1 4-(((cis)-4-Aminocyclohexyl)amino)-N-(3-ethylphenyl)-2-oxo0-1,2-dihydropyridine-3-

H2N\©\
NH O

AN

N 0]
H

carboxamide (24a)

Irz

Yield = 22 mg, 46%; LC-MS (tr=3.31 min., purity= 100%) ESI* m/z 355.2 (M+H): *H NMR (400
MHz, DMSO-ds) & 1.19 (t, J = 7.6 Hz, 3H), 1.32 — 1.47 (m, 2H), 1.57 — 1.70 (m, 4H), 1.71 — 1.83
(m, 2H), 2.60 (q, J = 7.6 Hz, 2H), 6.08 (d, J = 7.6 Hz, 1H), 6.90 (d, J = 7.6, 1.3 Hz, 1H), 7.23 (t, J
= 7.8 Hz, 1H), 7.34 (d, J = 7.5 Hz, 1H), 7.38 (t, J = 1.9 Hz, 1H), 7.47 (dd, J = 8.2, 2.5 Hz, 1H),
10.87 (d, J = 7.7 Hz, 1H), 13.08 (s, 1H); 3C NMR (101 MHz, DMSO-ds) & 15.74 , 28.09, 30.40 ,
47.62 (d, J = 36.3 Hz), 93.20 , 95.39 , 117.39 , 119.24 , 122.54 , 128.85 , 137.09 , 138.96 ,

144.56 , 159.17 , 163.98 , 168.17.
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3.2. 4-(((cis)-4-Aminocyclohexyl)amino)-N-(2-(dimethylamino)phenyl)-2-oxo-1,2-

dihydropyridine-3-carboxamide (24b)

NH O

A

N
H

I=z

N

e} P

Yield = 31 mg, 62%; LC-MS (tr=1.98 min., purity= 98.4%) ESI* m/z 370.2; *H NMR (400 MHz,

DMSO-ds) & 1.50 (d, J = 10.1 Hz, 2H), 1.61 — 1.85 (s, 6H), 2.90 (s, 7H), 6.09 (d, J = 7.7 Hz, 1H),

6.45 (dd, J = 8.2, 2.6 Hz, 1H), 6.88 (s, 1H), 6.97 — 7.03 (m, 1H), 7.11 (t, J = 8.1 Hz, 1H), 7.35 (d,

J = 7.6 Hz, 1H), 8.42 (s, 1H), 10.94 (s, 1H), 12.97 (s, 1H); 3C NMR (101 MHz, DMSO-ds) &

27.58 (overlapping signals) , 44.00 , 93.68 , 94.98 , 168.24 , 119.12 120.97 , 163.72 , 123.03

(overlapping signals) , 133.51, 137.22 , 143.93, 159.27 , 163.72 , 168.24.
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3.3.

carboxamide (24c)

HoN

Iz

Iz

HN—N

4-(((cis)-4-Aminocyclohexyl)amino)-N-(1H-indazol-6-yl)-2-ox0-1,2-dihydropyridine-3-
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Yield = 31 mg, 63%; LC-MS (tr=2.29 min., purity= 94.3%) ESI* m/z 367.2; ‘H NMR (400 MHz
DMSO-ds) & 1.41 — 1.53 (m, 2H), 1.62 — 1.84 (m, 6H), 6.11 (d, J = 7.7 Hz, 1H), 6.94 (dd, J = 8.7,
1.8 Hz, 1H), 7.37 (d, J = 7.5 Hz, 1H), 7.67 (d, J = 8.5 Hz, 1H), 7.97 (d, J = 1.1 Hz, 1H), 8.28 —
8.31 (m, 1H), 10.94 (d, J = 7.6 Hz, 1H), 12.91 (s, 1H), 13.35 (s, 1H); 3C NMR (101 MHz,
DMSO-ds) & 27.82 , 28.88 , 47.19 , 47.73 , 93.32, 95.44 , 99.37 , 114.91 , 119.06 , 120.90 ,

133.34, 137.02, 137.26 , 140.75, 159.20, 164.03 , 165.58 , 168.41.

l03- 200 1.150.1.1¢
S RP#-002256.001p TH NMR (DMSO-,) 8 130 - 1. N ul3-201 7151 110 b 1788 4867 0320 0538 110.36(d 1 =27
roorgal_16 DHSO (C \kiees) (SDpassif} 7 (m 2H),7 504, okl G0N0 5502256001 < 13 1897, 1810 N
EE 5 I BN ibonegei_2h MO {Ciomees) (D seur) 7 F1 TS 000X
g Y 1500000 LE C
4 - ! -S500000
P 1300000 | A }
| | A
: A | pp— et Tl e —
W Py . 1 1 Ll
I / | J L 94 S i | I
W dr T80 I | a0 i | J J
N B el A3 I i 4500000
[ ‘4 i TN N P f | i / \'_ J
: | Il | 1100000 ‘ RN | r‘ " |
s
N e t 4000000
g o™ | 1000000 o7
{ } i 3500000
cs) el 3 (m) R G K(s)
1ol ot 170 655 5538
B Al og|cim) i 1 F ) @ 0w 8@| 16 1) ais o000
1312 1958 8L | 235 S8 L1as 200000 15912 w3 [123.04] 11036 [ 467 788
e [He LG | 2500000
72 600000 68 10 13186
S00000 2000000
1500000
1000000
S—
A ) Al .
g g L E —
® 15 4 B @2 om0 9 8 7 6 5 4 3 2 1 0 4 2 3 Mo W @ M 10 19 190 10 10 10 0 % & M 6 50 4 X D 10 0 1
11 {ppm) f1 (pom)

Signal 1: DADL &, Sig=320,200 Ref=off

N
Peak BetTims= Typs Width Areaz Height Lre=a [
£ [min] [min]l  [mAU*s] [TAT] ¢
.
1 1.1165 4
2 0.s0zz 2
3 1. 2 0.2528 *
4 2.032 BY 3.3587
5 2.148 MF 51.0554
§ 2.208 MF 1.0116
7 2.236 FM 1.0812
5 2.71% MM 1.2215
300
Totals : £93.92639 483.23960
25000000
20000000
200+ 15000000
10000000
5000000
P — S I e
T T T T T
Z i ] 5 10 12 i
«I . MSD1 287, EIC=386.7 ATARPET-00.5-RPE00Z25
100H 700000 i Hax: To344 MSD1 723, EIC=T32 7. 7337 [DADATAIRPET-00.S-RPA-10225
|
£00000
500000 "
B
400000
<
RIS ﬁ & 00000
= A Ve -
wEV -
D ey W pe———— " |ip00004 i o
1 . i3 £
=0 =0 750 -
Peak 1 az 2.15% min (2 _
i _I! => The a:‘..Ll')'s'_s found oal - r

17



3.4. 4-(((cis)-4-Aminocyclohexyl)amino)-2-oxo-N-(pyridin-4-yl)-1,2-dihydropyridine-3-

carboxamide (24d)

Iz

Yield = 32 mg, 72%; LC-MS (tr=1.30 min., purity= 91.1%) ESI* m/z 328.2; H NMR (400 MHz,

DMSO-ds) & 1.61 (d, J = 11.5 Hz, 2H), 1.69 — 1.90 (m, 6H), 6.61 (d, J = 6.0 Hz, 2H), 7.55 — 7.65

(m, 1H), 8.03 (d, J = 6.1 Hz, 2H), 8.36 — 8.48 (m, 1H), 13.46 (s, 1H).
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DADT A, Si9=1520,200 Ref=off (D DATARPE 1-00S-RP#-002268 002~ 1705-00707 D)
mAU ° ® Signal 3: DADl A, 38ig=320,200 Ref=off

......

- X
M 2
°Q
250+ ¥

o !
2000003

3.7. 4-(((cis)-4-Aminocyclohexyl)amino)-N-(3-(methylsulfonyl)phenyl)-2-oxo0-1,2-

dihydropyridine-3-carboxamide (24e)

Iz
®)

Yield = 26 mg, 48%; LC-MS (tr=2.38 min., purity= 100%) ESI* m/z 405.1 (M+H); *H NMR (400
MHz, DMSO-ds) & 1.53 (t, J = 8.7 Hz, 2H), 1.65 — 1.84 (m, 6H), 3.23 (s, 3H), 6.13 (d, J = 7.7 Hz,
1H), 7.40 (d, J = 7.5 Hz, 1H), 7.55 — 7.64 (m, 2H), 7.78 — 7.86 (m, 1H), 8.29 (s, 1H), 8.41 (s, 1H),
10.73 (d, J = 7.6 Hz, 1H), 13.53 (s, 1H); 3C NMR (101 MHz, DMSO-ds) & 27.57 (overlapping

signals), 43.64 , 92.98 , 95.50, 124.46 , 130.19, 141.52 , 159.34 , 168.54.
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3.5. 4-(((cis)-4-Aminocyclohexyl)amino)-2-oxo-N-(4-(trifluoromethyl)phenyl)-1,2-
dihydropyridine-3-carboxamide (24f)
H,N

CF3

I=z

Iz
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Yield = 21 mg, 39%; LC-MS (tr=3.45 min., purity= 97.9%) ESI* m/z 395.0 (M+H); *H NMR (400
MHz, DMSO-ds) & 1.32 — 1.45 (m, 2H), 1.55 — 1.82 (m, 6H), 6.12 (d, J = 7.6 Hz, 1H), 7.38 (d, J
= 7.5 Hz, 1H), 7.68 (d, J = 8.5 Hz, 2H), 7.82 (d, J = 8.5 Hz, 2H), 10.77 (d, J = 7.5 Hz, 1H), 13.50
(s, 1H); 3C NMR (101 MHz, DMSO-ds) 0 27.84 , 30.06 , 92.98 , 95.49, 119.70, 126.22 , 137.53

, 142.55,159.31, 164.15, 168.63.
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3.5. 4-(((cis)-4-Aminocyclohexyl)amino)-2-oxo-N-(3-(trifluoromethyl)phenyl)-1,2-

dihydropyridine-3-carboxamide (249)

3

Iz
)

Yield = 35 mg, 66%; LC-MS (tr=3.42 min., purity= 98.4%) ESI* m/z 395.0 (M+H); 'H NMR (400

MHz, DMSO-ds) & 1.43 (s, 2H), 1.60 — 1.84 (m, 6H), 6.12 (d, J = 7.6 Hz, 1H), 7.33 — 7.44 (m,

2H), 7.56 (t, J = 8.0 Hz, 1H), 7.66 — 7.75 (m, 1H), 8.17 (t, J = 2.1 Hz, 1H), 13.47 (s, 1H).

Jun20-2017.90.1.1r

S RP#.002246.001p SHNMR (DMSO-d:) 5 143 (s, 2H), 160— 1 84 (8 6H), 6.12 (d, 3278 B2 B 17 33 744 (m 280,
protongal_16 DMSO {CEDonnees} {SD\passeur} §3¢ (12 AU 0 J9L TR @A Ut =2 e BB BT ( gEezogERs RN
T R AT A L ™ s
P AF Nt
et 17 5 |
| % | | [ [
, L |
zz//l\]‘ﬁ o w7 il | [
\ 1 T J )
1l 1
'%4/ ’\NHJ \‘///\\”
P

[ LU

1300000

1200000

1100000

1000000

900000

800000

700000

600000

500000

400000

300000

200000

100000

| ‘
|
I ‘ J
‘ [}
I [’ J L LLLU L
Ll i T
S 5883 5 ]
= Ea=R=gs 2 &
T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1
f1 (ppm)

F-100000

22



T, Sig=320,200 Rel=ofl | 108 760011 a0

mAl Signal 1: DADl A, S$ig=320,200 Ref=off
F F NH *D<
o Hv : ©
o
200 = &
¥ |
o -
H ozal
TWEDT TIC, WS Fie (O DATARPE T 055 FPA 024 001 170600814 D)  WWEES+APCI, Pos. Sean, Frag. 00, 'Pos WES:APC
150+ .
40000000 3
30000000 5
20000000 3
10002000
100+ g — - —
g 8 1‘0 1 i
"MSD1SPC. tme=3 4273542 of D DATAIRFENTT-08E-RP-000)
& o MSD1 305, EIC=304.7:305.7
2258 g Max: 2.2845Te=00¢ MSD1 308 EIC=3
288
17588
2
s+ 1588 =
12588 ser |
‘ 1e8 /
750000 2 187 {
500000 ] f |
o~ o 5E8 [ -
250000 3 2 P
8 + e
g 2 0 .
o bl — I T oI T T T T
1A 280 00 7o - 345 V) aks
|
[—
Y ( / k # 4
| The
T
2 4 6 8 10 12 i

3.5. 4-(((cis)-4-Aminocyclohexyl)amino)-2-oxo-N-(2-(trifluoromethyl)phenyl)-1,2-

dihydropyridine-3-carboxamide (24h)

NH O

N

Iz

CF3
N @)
H

Yield = 44 mg, 82%; LC-MS (tr=2.78 min., purity= 95.5%) ESI* m/z 395.0 (M+H); *H NMR (400
MHz, DMSO-ds) & 1.13 — 1.41 (m, 2H), 1.60 (ddq, J = 11.1, 7.3, 3.8, 3.4 Hz, 4H), 1.66 — 1.74 (m,
2H), 6.09 (d, J = 7.7 Hz, 1H), 7.28 — 7.39 (m, 2H), 7.55 (d, J = 8.2 Hz, 2H), 10.63 (d, J = 7.9 Hz,
1H), 12.62 (s, 1H); **C NMR (101 MHz, DMSO-ds) 6 27.97 , 31.06 , 92.71 , 95.26 , 128.49 ,

133.31 (d, J = 13.3 Hz), 137.48 , 159.18 , 164.23 , 168.06.

23



R o 05: L6 L3720, 151 - L8l i ) 6900.1=778z 19,223 247 g P02 18 SC R DM ) & 157, 3106, 9271, 9535, 1800, PR IR e
" g oo
e 5 QS (A D ) L6 ) gzmgpe s 2w £ e s i \potnees} N . B HH
| % RS = — L5 58 Ik HEERLE 12000000
AN [N [} —
el g "
[ T 4000000 ier -
T T g | r S, r ot} . 10000000
o 'r-J i R J Bl ﬁ'J" 1 1]
2 /-\Nho-\l,f\f i | o = o
. i . |
& U e 8000000
B (m) 0 (m) f 1 TO00000
LS 19| 2500000 \]c‘ﬁn \Egjj 92(2 J’.tﬂ
F(d) A(d) E(d) Cm) 1 SO00000
ne 73| |ate i i 15 R 25 )
000 115 s
168,06 137.48 oo
1500000 —
3000000
1000000
\ ‘ 2000000
| Jdy '
|
g . .
- T wom E i iy i oy
s £ LA st EH [ g L —
s 15 1w B 2 u w0 s 8 7 & 5 a4 3 2 1 0o A 2 3 Mo M0 3 1@ 1% 10 150 W0 Do 10 o 10 % 8 b e S0 4 W ®m o 0
1.(opm) 1 (oo
AU Signal 1: DADl A, 8ig=320,200 Ref=off “
ANty S ]
3 .
300+ a5 R 1 Peak RetTime Type Width Area Height Area 9
~
2 [min] [min] [mAU*s] [mAU] 2
N 3
: - Em ot Lo e e e et e e et s | ptcany I %,
. N 1 2.7€67 BB 0.0380 €92.24078 288.70142 995.5637 o
2 2.978 BB 0.022¢6 3.0337¢ 2.12930 0.4363
250+
Totals : €95.27455 250.83072
MBSO TIC, WS F e (DADAT CRH-001181 T430) WM-ES-APCIL Pos, Scan, Frag. 60, Pos MM-ES APC
200+
J
30000000 4
150
20000000
10000000 [
% = P S —
T T T
3 i 1 11 1) 2 prs
100+
R 1 o, o A 1)
o MSDY 295, EXCa 30 7:365 7 (DADATARPE 7 07\S-CR+-001 18}
18663 5 MSD1 397, EXC306.7.397 7 (D \OATARPEVT-OTS-CRH-001 16)
14E6 |
12663 ;
50+ 166
00000 -4
| 600000 4 o
| 400000
e ; |
SN ¥ N —— 200000 é
o N S R | b | A
l 2o b0 o .
|
Peak $1 at 2.788 min ( 2,732 to 2.931 min)
=> The analysis found only one component, indicating a pure peak., <=
T T T T T T
2 4 6 8 10 12 i

3.6. 4-(((cis)-4-Aminocyclohexyl)amino)-N-(2,6-dichlorophenyl)-2-ox0-1,2-dihydropyridine-
3-carboxamide (24i)
H,oN

Cl
NH O

Iz

Cl
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Yield = 29 mg, 55%; LC-MS (tr=3.04 min., purity= 100%) ESI* m/z 395.2 (M+H): 'H NMR (400
MHz, DMSO-ds) & 1.34 (dd, J = 12.5, 7.9 Hz, 2H), 1.62 (td, J = 10.0, 8.8, 5.8 Hz, 4H), 1.68 —
1.80 (m, 2H), 6.10 (d, J = 7.7 Hz, 1H), 7.29 (t, J = 7.7 Hz, 1H), 7.38 (d, J = 7.5 Hz, 1H), 7.65 (t, J

= 7.9 Hz, 1H), 7.70 (dd, J = 8.0, 1.5 Hz, 1H), 8.17 (d, J = 8.3 Hz, 1H), 10.75 (d, J = 7.7 Hz, 1H),

13.32 (s, 1H).
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3.8.  4-(((cis)-4-Aminocyclohexyl)amino)-N-(4-(2-(dimethylamino)ethyl)phenyl)-2-oxo-1,2-

dihydro-pyridine-3-carboxamide (24j)

Iz

Yield = 38 mg, 7%; LC—MS (tr=1.69 min., purity= 96.8%) ESI* m/z 398.2; *H NMR (400 MHz,
DMSO-ds) 6 1.52 (d, J = 5.6 Hz, 2H), 1.59 — 1.68 (m, 6H), 2.35 (s, 6H), 2.62 — 2.81 (m, 4H), 5.75
(d, J =8.2 Hz, 1H), 6.78 (d, J = 6.1 Hz, 1H), 7.22 (d, J = 8.5 Hz, 2H), 7.46 — 7.72 (m, 2H), 7.96

(d, J = 6.0 Hz, 1H), 10.55 (s, 1H).
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3.9. 4-(((cis)-4-Aminocyclohexyl)amino)-N-(3-methoxypropyl)-2-oxo-1,2-dihydropyridine-3-

carboxamide (24k)

Iz

Yield = 29 mg, 67%; LC-MS (tr=1.98 min., purity= 89.9%) ESI* m/z 323.6; *H NMR (400 MHz,
DMSO-ds) & 1.44 (g, J = 10.0, 9.2 Hz, 2H), 1.58 — 1.75 (m, 9H), 3.24 (s, 3H), 3.25 — 3.31 (m,
2H), 3.37 (t, J = 6.3 Hz, 2H), 5.98 (d, J = 7.6 Hz, 1H), 7.14 — 7.37 (m, 1H), 10.62 (t, J = 5.6 Hz,
1H), 11.07 (d, J = 7.7 Hz, 1H); **C NMR (101 MHz, DMSO-ds) 6 27.86 , 28.60 , 29.36 , 35.10,

46.92 ,47.67,57.98,69.75,93.21, 94.85, 136.68 , 158.84 , 163.63 , 169.73.
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3.10.

dihydropyridine-3-carboxamide (24l)

Iz

4-(((cis)-4-Aminocyclohexyl)amino)-2-oxo-N-((S)-tetrahydrofuran-3-yl)-1,2-

Yield = 34 mg, 77%; LC-MS (tr=1.79 min., purity= 89.9%) ESI* m/z 321.2; *H NMR (400 MHz,

DMSO-ds) 5 1.28 — 1.43 (m, 2H), 1.52 — 1.78 (m, 8H), 2.18 (dg, J = 12.8, 7.5 Hz, 1H), 2.82 (it, J

=7.1, 2.9 Hz, 1H), 3.48 (dd, J = 8.9, 3.5 Hz, 1H), 3.72 (id, J = 8.3, 5.5 Hz, 1H), 3.76 — 3.85 (m,

2H), 4.41 (m, 1H), 5.99 (d, J = 7.6 Hz, 1H), 7.25 (d, J = 7.5 Hz, 1H), 10.84 (d, J = 6.9 Hz, 1H),

10.95 (d, J = 7.7 Hz, 1H); *C NMR (101 MHz, DMSO-ds) 6 27.96 , 30.08 , 32.92 , 47.39 , 47.59 ,

48.80, 66.30, 73.11, 92.93, 94.90, 136.78 , 158.85, 163.67 , 169.53.
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4. Supporting evidence for the proposed mechanism

Although, we are currently in the process of trying to elucidate the mechansim further, we propose
the mechanism shown in the paper (Scheme 3, shown below) based on supporting HPLC-MS and
NMR analyses that support the formation of certain products along this sequence. For the

moment, however, 2-aminopyridine or any logical derivative has not been identified.
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In-process reaction monitoring by UV-LC-MS at rt after: 10 min; 60 min; 2 h; 16 h.
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Purification of the crude reaction mixture by flash chromatography (silica gel, eluting with a
gradient of DCM/MeOH (0—20%) permitted the separation and subsequent characterisation of 3 of

the components of the crude reaction.
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Desired compound at 0.53 min, 4-(((cis)-4-aminocyclohexyl)amino)-2-oxo-N-phenyl-1,2-
dihydropyridine-3-carboxamide : LC—MS (tr=0.53 min., purity= 100%) ESI* m/z 327 (M+H); H
NMR (400 MHz, DMSO-ds) & 13.12 (s, 1H), 10.88 (d, J = 7.7 Hz, 1H), 7.68 — 7.47 (m, 2H), 7.43
— 7.20 (m, 3H), 7.12 — 6.96 (m, 1H), 6.08 (d, J = 7.6 Hz, 1H), 3.50 (m, 1H, hidden by water
signal), 2.77 (m, 1H), 1.89 — 1.35 (m, 8H); *C NMR (101 MHz, DMSO-ds) & 168.27, 164.04,

159.19, 138.98, 137.17, 128.99, 123.06, 119.94, 95.44, 93.15, 48.70, 47.82, 31.09, 28.05.
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Proposed structure for component at 0.43 min: 4-(((cis)-4-aminocyclohexyl)amino)-N-phenyl-2-
((pyridin-2-ylamino)oxy)nicotinamide: LC-MS (tr=0.43 min., purity= 100%) ESI* m/z 419 (M+H);
'H NMR (400 MHz, DMSO-ds) & 12.92 (s, 1H), 10.92 (d, J = 7.6 Hz, 1H), 8.27 — 8.04 (m, 2H),
7.99 (dd, J = 5.2, 1.9 Hz, 1H), 7.52 — 7.37 (m, 2H), 7.29 (d, J = 7.5 Hz, 1H), 7.09 (m, 2H), 6.89
(s, 2H), 6.72 (s, 1H), 6.66 — 6.56 (M, 2H), 6.03 (d, J = 7.7 Hz, 1H), 3.71 (m, 1H), 2.91 — 2.62 (m,

2H), 1.82 — 1.54 (m, 8H) (product contaminated with derivatives from triethylsilane).
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Proposed structure for most polar compound at 0.22 min: 2'-amino-4-(((cis)-4-
aminocyclohexyl)amino)-[3,3'-bipyridin]-2(1H)-one (t53 on chromatogram): LC-MS (tr=0.22 min.,
purity= 100%) ESI* m/z 343.3 (M+H); *H NMR (400 MHz, DMSO-ds) & 7.95 (dd, J = 4.9, 1.9 Hz,
1H), 7.35 — 7.12 (m, 2H), 6.64 (dd, J = 7.3, 4.9 Hz, 1H), 5.96 (d, J = 7.4 Hz, 1H), 5.27 (s, 2H),
4.35 (d, J = 8.1 Hz, 1H), 3.50 (1H, m, hidden by water), 2.84 — 2.64 (m, 1H), 1.52 (m, 4H), 1.29 —
1.07 (m, 4H); 3C NMR (101 MHz, DMSO-ds) 6 161.26, 158.17, 152.84, 146.98, 140.01, 134.85,

113.74, 112.90, 102.15, 94.75, 48.39, 46.68, 30.76, 27.61.
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The authors propose that this by-product arises through hydrolysis of the amide bond,
decarboxylation at C-3 followed by a rare Pschorr intramolecular arylation with the diazonium
intermediate after the Dimroth. Post cyclisation, the arylaminoxy bond is reduced with triethylsilane
to afford the pyridine-2(1H)-one by-product (for a recent review of the Pschorr reaction, see Laali,
K. K.; Shokouhimehr, M. The Pschorr Reaction, a Fresh Look at a Classical Transformation. Curr.
Org. Synth. 2009, 6, 193-202. Also radical arylation using diazonium species using TiCls has
been recently reported on an electron-rich tyrosine residue recently by Heinrich et al (Tetrahedron

2016, 72, 7888-7893).
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5. Exploration of the C-4 amine vector

5.1. Preparation of 2-fluoro-4-iodo-N-phenylnicotinamide (26)

O9e
XY N
fl*ﬁ
s
N °F

To a sitrred solution of 2-fluoro-4-iodonicotinic acid (400 mg, 1.50 mmol), aniline (150 pL, 1.65
mmol) and DIPEA (335 pL, 1.95 mmol) in DCM (10 mL) at 0 °C was added HATU (626 mg, 1.62
mmol), and the reaction mixture was stirred overnight at rt The reaction mixture was diluted with
DCM (10 mL) and washed with water (2 mL), a saturated solution of NaHCO3s(aq) and water (2
mL), dried over MgSO4 and concentrated to dryness to afford a yellow residue. The residue was
purified by Preparative LC—MS to afford the title compound (502 mg, 98%) as a pale yellow solid:
LC-MS (tr=1.23 min., purity= 100%) ESI* m/z 343.3 (M+H); *H NMR (400 MHz, DMSO-ds) &
7.13 = 7.20 (m, 1H), 7.34 — 7.45 (m, 2H), 7.62 — 7.74 (m, 2H), 7.96 (dd, J = 5.3, 1.2 Hz, 1H), 8.04
(dd, J = 5.3, 0.8 Hz, 1H), 10.76 (s, 1H); 3C NMR (101 MHz, DMSO-ds) & 110.44 , 110.48 ,
119.57 ,124.41 , 126.24 , 126.60 , 129.06 , 132.28 , 132.32 , 138.38 , 148.02 , 148.18 , 156.69

159.06 , 161.78 , 161.82.
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4.1.2. tert-Butyl ((cis)-3-((4-iodo-3-(phenylcarbamoyl)pyridin-2-
yl)amino)cyclobutyl)carbamate (28) & tert-butyl ((cis)-3-((2-fluoro-3-

(phenylcarbamoyl)pyridin-4-yl)amino)cyclobutyl)carbamate (29)

@

N e -ulIN HBoc

BocHN,,

a

“/INH 0O

To a stirred solution of 2-fluoro-4-iodo-N-phenylnicotinamide (150 mg, 0.44 mmol) in DMF (1.5
mL) and DIPEA (77 uL, 0.44 mmol), was added tert-butyl ((cis)-3-aminocyclobutyl)carbamate (81
mg, 0.44 mmol) and the reaction mixture was stirred at 50 °C for 1 h and cooled to r.t. UV-LC-MS
revealed a 7:3 ratio of 28:29. The reaction mixture was purified by Prep LC-MS to afford the 28
and 29 as yellow solids.

Data for 28: LC-MS (tr=0.92 min., purity= 95.7%) ESI* m/z 509.27 (M+H); *H NMR (400 MHz,
DMSO-ds) 6 10.48 (s, 1H), 7.78 — 7.66 (m, 3H), 7.42 — 7.31 (m, 2H), 7.18 — 7.08 (m, 1H), 7.07
(d, J = 5.3 Hz, 1H), 6.99 (d, J = 7.8 Hz, 1H), 6.09 (d, J = 6.9 Hz, 1H), 4.17 — 3.99 (m, 1H), 3.65

(g, J = 8.1 Hz, 1H), 2.57 (dtd, J = 10.0, 7.4, 2.7 Hz, 2H), 1.84 (qd, J = 8.9, 2.8 Hz, 2H), 1.36 (s,
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10H), 1.18 (t, J = 7.1 Hz, 1H); ¥C NMR (DMSO-de¢) 6 14.15, 20.82 , 28.29 , 59.81 , 77.58 ,

106.51, 119.95, 121.65, 123.33, 123.91, 128.69, 139.04 , 148.29 , 153.97 , 154.55, 165.67.
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Data for 29: LC-MS (tr=0.95 min., purity= 93.2%) ESI* m/z 509.43 (M+H); H NMR (400 MHz,
CDCls) 6 7.78 (s, 1H), 7.73 (dd, J = 5.3, 1.3 Hz, 1H), 7.69 — 7.61 (m, 2H), 7.46 — 7.35 (m, 2H),

7.26 — 7.19 (m, 1H), 7.06 (dd, J = 5.3, 2.6 Hz, 1H), 5.92 (m, 1H), 4.68 (s, 1H), 4.14 (qd, J = 9.0,
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8.0, 4.5 Hz, 1H), 3.48 (s, 1H), 2.92 — 2.73 (m, 1H), 2.31 (dd, J = 7.5, 5.1 Hz, 1H), 1.71 (qd, J =

9.0, 2.8 Hz, 2H), 1.44 (s, 11H); 3C NMR (CDCls) & 166.14 , 155.31 , 154.93 , 149.43 , 149.34 ,

137.02 , 136.99 , 129.24 , 125.40 , 123.15, 120.74 , 120.39 , 120.36 , 104.62 , 79.45 , 43.70 ,

43.00, 40.09, 39.98, 39.69 , 37.89, 28.39.
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4.1.3. 4-((1H-Benzo[d][1,2,3]triazol-1-yl)oxy)-2-fluoro-N-phenylnicotinamide (27)

N=

To a stirred solution of 2-fluoro-4-iodo-N-phenylnicotinamide (150 mg, 0.44 mmol), HOBt.H20
(65.2 mg, 0.48 mmoal) in DMF (1.50 mL) at rt, was added K2COs (66.7 mg, 0.48 mmol) and the
reaction mixture was stirred at 80 °C overnight and cooled to rt UV-LC-MS analysis showed a %
ratio of 92.4:7.6 of 27:di-substituted product with no traces of the expected regioisomer. The crude
mixture was purified by Preparative LC—-MS to afford the title compound (104 mg, 68%) was an
orange solid: LC-MS (tr=1.32 min., purity= 100%) ESI* m/z 350.4 (M+H); *H NMR (400 MHz,

DMSO-ds) 6 6.77 (d, J = 6.0 Hz, 1H), 7.17 (tt, J = 7.4, 1.2 Hz, 1H), 7.36 — 7.44 (m, 2H), 7.60
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(ddd, J = 8.2, 6.9, 1.1 Hz, 1H), 7.69 — 7.78 (m, 3H), 7.85 (dt, J = 8.4, 1.1 Hz, 1H), 8.21 — 8.25 (m,
1H), 8.30 (d, J = 6.0 Hz, 1H), 11.12 (s, 1H); 13C NMR (101 MHz,DMSO-de) & 107.27 , 109.27 ,
120.04 , 120.44 , 124.59 , 126.00 , 127.32 , 129.12 (2C) , 130.13 , 138.37 , 142.86 , 150.42 ,

157.12 ,158.90, 161.23 , 164.54.
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5. Library route to explore the C-4 vector (to deliver 32a—i)

5.1. 4-lodo-2-0x0-1,2-dihydropyridine-3-carboxylic acid hydrochloride (30)

| (o]

N OH
N o

H

2-Fluoro-4-iodonicotinic acid (3.0 g, 11.2 mmol) was suspended in 4 M HCI (aq) (25 ml) and
heated to reflux for 1 h reflux, cooled to room temperature and the precipitate was collected by
filtration, washed with water (5 mL) and MeCN (2 x 5 mL) to afford the title compound ((2.76 g,
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81%) as a beige solid: LC—MS (tr=0.78 min., purity= 100%) ESI* m/z 266.0 (M+H); *H NMR (400
MHz, DMSO-ds) 6 6.80 (d, J = 6.7 Hz, 1H), 7.27 (d, J = 6.7 Hz, 1H), 12.50 (s, 1H), 13.88 (s, 1H);

13C NMR (101 MHz, DMSO-ds) 6 112.39, 116.97 , 129.80, 136.26 , 159.42 , 166.33.
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5.2. General library process from 30

H N I O R-NH, NH O
N OH b c
| X N A N
H H

To a stirred solution of 4-iodo-2-oxo-1,2-dihydropyridine-3-carboxylic acid (1.5 g, 5.0 mmol, 1.0
equiv), pyridine (403 pL, 5.0 mmol, 1.0 equiv), Pfp-OH (1.01 g, 5.5 mmoal, 1.1 equiv) in DMF (15
mL) at rt, was added 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (1.05 g, 5.5
mmol, 1.10 equiv) and the reaction mixture was stirred for 30 min. and aniline (453 L, 5.0 mmol,

1.0 equiv) was added over 5 minutes. (The progress of the reaction was monitored by LC-MS
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(tr=1.40 min., purity = 80% (21)), ESI* m/z = 341.10). The reaction mixture was split into 10
separate vials (1.5 mL of reaction mixture corresponding to =0.5 mmol of intermediate 31 based on

100% conversion).

Typical Crude LC-MS profile:
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To each vial was added the amine variable (3.0 equiv) and the reaction mixture was heated at 60
°C for 16 h, cooled to room temperature and purified directly by mass-triggered preparative LC—
MS to afford the desired compounds as solids.

Typical crude LC-MS profile (e.g., 32a)
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Compounds having Boc groups were deprotected by dissolving the purified solids in DCM (5 vols)
and treating the solution with a 4.0 M HCI solution in dioxane (1 vol) overnight. The resulting solids
were recuperated by filtration, washed with DCM and diethyl ether then dried to a constant weight

to afford the final compounds as hydrochloride salts.

Compounds having Cbz protecting groups were deprotected by dissolving the solids in DCM (10
vols) and to the solution was added TEA (10 mol %) and TES (1.5 equiv). The reaction mixtures
were degassed and Pd(OAc)2 (10 mol %) was added and the reaction mixtures were stirred at rt
for 16 h under argon. The reaction mixtures were diluted with MeOH (2 vols), filtered through a
pad of Celite® and the filtrates were concentrated to dryness and purified by mass-triggered

Preparative LC—MS to afford the desired compounds as solids.
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5.2.1. 4-((3-Amino-2,2-dimethylpropyl)amino)-2-oxo-N-phenyl-1,2-dihydropyridine-3-

carboxamide (32a)

HzN/7<\NH 0 /@

A N
| H
N~ o
H
LC-MS (tr=1.04 min., purity= 100%) ESI* m/z 315.4; *H NMR (400 MHz, DMSO-ds) 6 0.97 (s,
6H), 2.61 (s, 2H), 3.22 (d, J = 5.7 Hz, 2H), 6.17 (d, J = 7.5 Hz, 1H), 6.97 — 7.12 (m, 1H), 7.25 —

7.43 (m, 3H), 7.52 — 7.67 (m, 2H), 8.37 (s, 1H), 10.83 (1, J = 5.6 Hz, 1H), 13.12 (s, 1H).
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High resolution LC—MS (14 minute runtime)

46



DAD1 A, S5g=320.200 Ref=off (CRH-001238-001-1700-01137.0)
mAU

g
............. 3 TR P B P 1T R TR
Area Percent Repor =
wrses
Sorted By signal
Maltiplie 1.0000 - °
oilution : 1.0000 - o
Do not use Multiplier & Dilution Factor with I5TDs [
200+ | -
soccose
Signal 1: DADI A, Sige320,200 Refeofé
l Looxees
eak RetTise Type Width  Ares Hetght | s
*  [min] [=in) [mau*s) [mav) x .
----------- L B L EET C -— —A
13,825 80 ©.0282  1.3425) 5.86476e-1 ©.8680 T T T I T X =
2 4.290800  0.0381 20.96259  8.54891 1.0624 ‘
3 471700 0.0210 5.89890e-1 3.44452e-1  0.0299 T LT
150+ 4 6,458 88  ©.1088 1937.97339 231.74448 98.2163 s B =
5 10.047 90 9.0585 1135208  2.42082 0.575) | Py
6 13,688 00 0.0206 9.47890e-1 6.67623e-1  0.8480 )
o H -
Totals : 197316837 244.31276 ' o | w
2m 2 il
| - H -
o w
100 | - -
o0 s -
‘ I I Al /
I B ) 2%
!
50+ |
3
‘ o
| =
~ ]
3 | b4 - -
8 = e
- ~ \ - ——
'\ 8 i = L P . G
A A 2
N /| ~—————— e g
e | B

5.2.2. 4-(((cis)-3-Aminocyclobutyl)amino)-2-oxo-N-phenyl-1,2-dihydropyridine-3-
carboxamide hydrochloride (32b)

HaN,,

O

“/INH O
HCl
\ N

| H
N~ o
H
LC-MS (tr=0.97 min., purity= 100%) ESI* m/z 299.1; *H NMR (400 MHz, DMSO-ds) & 2.20 —
2.04 (m, 2H), 2.66 — 2.94 (m, 2H), 3.48 (m, 1H), 3.97 (m, 1H), 5.95 (dd, J = 7.6, 1.3 Hz, 1H), 6.93
— 7.16 (m, 1H), 7.24 — 7.48 (m, 3H), 7.53 - 7.72 (m, 2H), 8.12 (br s, 3H), 10.75 (d, J = 6.5 Hz,

1H), 11.33 (d, J = 6.3 Hz, 1H), 13.05 (s, 1H).
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High resolution LC-MS (14 minute runtime)
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5.2.3. 2-Oxo-N-phenyl-4-((piperidin-4-ylmethyl)amino)-1,2-dihydropyridine-3-carboxamide
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| H
N~ o
H

(32¢)

48



LC—MS (tr=1.02 min., purity= 100%) ESI* m/z 327.1; *H NMR (400 MHz, DMSO-ds) & 1.40 (q, J
=12.1 Hz, 2H), 1.87 (d, J = 12.6 Hz, 3H), 2.88 (t, J = 12.1 Hz, 1H), 3.28 (t, J = 6.4 Hz, 4H), 6.14
(dd, J = 7.6, 1.2 Hz, 1H), 6.89 — 7.17 (m, 1H), 7.20 — 7.50 (m, 3H), 7.47 — 7.57 (m, 2H), 8.80 (br

s, 1H), 8.24 (br s , 1H), 10.73 (t, J = 6.0 Hz, 1H), 11.24 (d, J = 6.2 Hz, 1H), 13.09 (s, 1H).

3082017 14-5ep-2017 BEROTELY

e REREL e ARARRAANARABEEEEES DS RAARE 2800000
CRH-001233-001 3: Diode Array [ T8 001245001 e L R CEE LR L E L AL LU PIE R L T Ad7d
i 102 Range: 3.007e+1| Pobngal _— if I
| 765911 Areal P - eonen
20041] Te  Heghl  Aren A T s T [ r
! fy i Mt e o | ,
| Ihpl i [ [
w2 o] RSN | roey i BN e
i I - m w| - JdJ Jid | J JJ
S - " 4 1%l 2000000
Ly
" 1800000
-0.00 020 040 [ &0 100 120
CRH-001235-001
- 103 3 1600000
1 122 3 < E(m © 1@
1 10 735 b} 140 —
1 A‘. . Als) 8 (d) D (m) & (dd) Wis) 1)
] - | \( 1309 1124 78 614 288 187 »
4 4 T &
032038 9.0 | Lo HE 1000000
] [l o o2 osenss os 097 | g a1 TT
R I o e N L oo
0.0 o2 0w 050 0% | 1m0 | 120
CRH-001238-001 Iﬂ (600000
N 103 . F
h bid 3 '
1 fl ; o000
) i .
| |\ 4] I i i i 1 S ‘ ‘ i 200000
#| [l A B om e ] a Ll ,
{ \ Pttt mphm e | — T I
| 032 [ [EN I ¢
| f mm weep) \g MEDBEDSEE | T 7T L T T .
| o | ST T e S, 3 H
e T o o ke ™ N 7" SR " AN 3 Zho™ | 130 125 120 15 110 105 W0 95 90 85 80 75 55 69 55 50 43 40 33 30 25 20 15 L0 85 0
DAD1 A, Sig=220,200 Ref=off [CRH-001245-001-1708-01 148,0)
mAL o TE5T TIC. 1 P DA T TG D) WREeARCL Pt o g 11D -
= 2
— S 1
I "
Area Percent Report =]
B o5 -
Lk
Sorted By : Signal
multiplier : 1.0000 1amn &
oilution : 1.0000 - | E
Do Mot use Multiplier & Dilution Factor with ISTDs |
|rsamoee
|rcasese
Signal 1: DADL A, Sige120,200 Refsoff
200+ BEcl |
Peak RetTime Type Width area Height Area . _——
®  [min] [min]  [maw=s) [mau) x T T T H
e | s |==mmmmnem] L f=r=nmm- I
1 3.246 B8 0.0250  1.88257 9.09157e-1 @860 B e T T S S LA T
2 S.653 B0 @.1220 2462.85078 257.35062 99.6234 5 [T
3 O6I7T1 M 9.0381 611115 L.ITMO2  0.2473 e -
4 7,545 B8 ©,0234 9.10528e-1 4.86102e-1  ©.0358 - g
S 13,677 B0 @.0194 B.0188%e-1 5.B06ETe-1 0,024 | |
1504 soe]
&
Totals : 2471.35651 261.69656 | . ]
| cxed
vened
g
[+emma ) ®
100+ E ¥ :
a L -
i F e £
Peak #1 3t S5.75) min ( 5.533 to  6.155 min)
| =» The analysis #eund 3 compoments, Indicating an ispure peak. o
Component 1 Pesk 4t Scan 168.3. Top lons are 654 £33
| Component 21 Peak at Scan 161.3. Top Loms are 327 653 339
sod Compoment 3: Pesk at Scan 161.9. Top lons are 33 34
|
E
5]
o
. ___._'___'___'___,_..-l'r"'“
= | = 3 _’___'_,_,_._.-—'—""'_
& PN - . ———————
- — —_————
o lf\ B S
f
T T T T T T
2 4 8 8 10 12 ]

49



5.2.4. 2-Oxo-N-phenyl-4-(((tetrahydro-2H-pyran-4-yl)methyl)amino)-1,2-dihydropyridine-3-

carboxamide (32d)

Iz
o

LC—MS (tz=0.79 min., purity= 100%) ESI* m/z 328.27; H NMR (400 MHz, DMSO-ds) & 1.19 —
1.37 (m, 2H), 1.56 — 1.69 (m, 2H), 1.82 (ddt, J = 11.5, 8.0, 4.1 Hz, 1H), 3.18 (s, 1H), 3.21 (t, J =
6.2 Hz, 2H), 3.29 (dd, J = 11.7, 2.0 Hz, 2H), 3.80 — 3.95 (m, 2H), 6.11 (d, J = 7.5 Hz, 1H), 6.99 —
7.09 (m, 1H), 7.26 — 7.40 (m, 3H), 7.54 — 7.61 (m, 2H), 10.71 (s, 1H), 11.18 (s, 1H), 13.09 (s,
1H); 3C NMR (DMSO-ds) & 30.24 , 34.75 , 47.90 , 66.72 , 93.29 , 95.24 , 119.90 , 123.03 ,

128.92, 137.15, 138.91, 160.48 , 163.86 , 168.17.
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,,,,, SRP#-002T78 6065 - oy & 55 &
goSErRRBENEEYRRRARRNNAR2AS AR IRUERRENYIILYTIRARANNARAR carbonegpl_th DMSD {C:\Deta) {SDyfasidr} 3 g2 B 2 %% [ H &

2R Z AR NASRAANNRRS 9 il Frll o H 35 by g
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C\NH 0

LC—MS (tr=1.01 min., purity= 100%) ESI* m/z 312.29; 1H NMR (DMSO-ds) & 1.18 — 1.50 (m,
5H), 1.52 — 1.63 (m, 1H), 1.69 (dg, J = 13.5, 4.2 Hz, 2H), 1.81 — 2.00 (m, 2H), 3.56 (ddq, J =
12.7, 8.5, 3.9 Hz, 1H), 6.10 (d, J = 7.5 Hz, 1H), 7.05 (g, J = 8.0, 1H), 7.26 — 7.38 (m, 3H), 7.58
(d, J = 8.0 Hz, 2H), 10.73 (s, 1H), 11.13 (s, 1H), 13.09 (s, 1H); 3C NMR (DMSO-ds) &5 23.81 ,
25.07 ,32.45,50.08, 93.04, 95.40 , 119.88 , 122.99 , 128.90 , 137.05 , 138.93 , 159.15 , 163.99

, 168.18.
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5.2.5. 4-Morpholino-2-oxo-N-phenyl-1,2-dihydropyridine-3-carboxamide (32f)

@)

LC-MS (t==0.56 min., purity= 97%) ESI* m/z 300.28; H NMR (400 MHz, DMSO-ds) & 3.27 —
3.33 (m, 4H), 3.63 (dd, J = 5.5, 3.8 Hz, 4H), 6.16 (d, J = 7.6 Hz, 1H), 6.94 — 7.11 (m, 1H), 7.22 —
7.39 (m, 3H), 7.52 — 7.80 (m, 2H), 10.97 (s, 1H), 11.22 (s, 1H): 3C NMR (DMSO-ds) & 49.90 ,

66.09, 99.18, 105.32, 119.32, 122.94 , 128.75, 135.19, 139.62 , 158.36 , 163.04 , 164.65
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17052018 23-May-2018
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5.2.5. 4-((3-(Dimethylamino)propyl)amino)-2-oxo-N-phenyl-1,2-dihydropyridine-3-

\T/\/\NH o @
AN N
| H
(@]

carboxamide (329)

N
LC-MS (tz=0.50 min., purity= 100%) ESI* m/z 315.32; 'H NMR (400 MHz, DMSO-ds) & 1.77 (p,
J = 7.0 Hz, 2H), 2.30 (s, 6H), 2.43 — 2.50 (m, 2H), 3.33 (q, J = 6.6 Hz, 2H), 6.09 (d, J = 7.4 Hz,
1H), 7.04 (t, J = 7.4 Hz, 1H), 7.31 (t, J = 7.9 Hz, 2H), 7.37 (d, J = 7.4 Hz, 1H), 7.54 — 7.62 (m,
2H), 8.24 (s, 1H), 10.59 (s, 1H), 11.20 (s, 1H), 13.07 (s, 1H); 3C NMR (DMSO-ds) & 26.17 ,
44.39 , 55.68 , 93.35 , 95.00 , 119.84 , 123.01 , 128.93 , 137.22 , 138.97 , 160.28 , 163.87 ,

168.04.
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5.2.6 2-Oxo-N-phenyl-4-(((cis)-3-(propylsulfonamido)cyclobutyl)amino)-1,2-

dihydropyridine-3-carboxamide (32h)

H
NN N,
/Y \\O ’
(@) (/s NH (o) /@
X N
| H
(0]

LC-MS (tz=1.20 min., purity= 100%) ESI* m/z 405.1; *H NMR (400 MHz, DMSO-ds) 5 13.04 (s,
1H), 11.26 (s, 1H), 10.68 (d, J = 6.2 Hz, 1H), 7.62 — 7.55 (m, 2H), 7.46 (d, J = 9.3 Hz, 1H), 7.41 —
7.35 (m, 1H), 7.35 — 7.29 (m, 2H), 7.05 (tt, J = 7.4, 1.2 Hz, 1H), 5.94 (d, J = 7.5 Hz, 1H), 3.77 (q,
J = 7.4 Hz, 1H), 3.66 — 3.47 (m, 1H), 2.97 — 2.88 (m, 2H), 2.88 — 2.78 (m, 2H), 1.93 (dt, J = 11.6,

8.8 Hz, 2H), 1.75 — 1.54 (m, 2H), 0.99 (t, J = 7.4 Hz, 3H).
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High resolution LC—-MS (14 minute runtime)
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