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Graphical Abstract

Synthesisand Biological Evaluation of New MET Inhibitors

with 1,6-Naphthyridinone Scaffold
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F =12%, CL = 5.0 L/h/kg (rat). Excellent drug-likeness:

F =57%, CL = 0.02 L/h/kg (rat).
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ABSTRACT: A potent and novel MET inhibitor,
5-((4-((2-amino-3-chloropyridin-4-yl)oxy)-3-fluord@nyl)amino)-3-(4-fluorophenyl)-1,6-na
phthyridin-4(1H)-ones§), was designed and synthesized via a scaffoldihgpgirategy of a
2,7-naphthyridinone MET kinase inhibit@r Lead compoun@ had good potency (Kg of
9.8 nM), but unfavorable pharmacokinetic profilés< 12%, CL = 5.0 L/h/kg). Systematic
structural optimization of compound resulted in9g (MET, 1C5 = of 9.8 nM) with a
comparable MET potency to that of compouhdnd a favorable pharmacokinetic profife (
= 63%, CL = 0.12 L/h/kg). Further study of the datization of N(1) amine group &g led
to the discovery oR3a with good MET potency (I§g of 7.1 nM), promising VEGFR-2
selectivity (3226-fold), and a markedly drug-likeesamprovementH = 57.7%, CL = 0.02
L/h/kg). The excellent VEGFR-2 selectivity and feable drug-likeness dt3g suggest that

the 1,6-naphthyridine moiety could be used as aswifold for kinase inhibitor discovery.

KEYWORDS: 1,6-Naphthyridone, MET kinase inhibitor, Pharmaoekic profiles,
VEGFR-2 selectivity
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1. Introduction

The heterodimeric transmembrane protein MET is aeptr tyrosine kinase (RTK)
known as a hepatocyte growth factor receptor (HGER)pon activation by hepatocyte
growth factor receptor, MET demonstrates pivotdiesoin many fundamental cellular
processes including survival, proliferation, diéetiation, migration, invasion, and
motility.>” Dysregulation of MET/HGF signaling has been regirto induce proliferation,
invasion, metastasis, tumor angiogenesis, and ihsigtance of cancer cells across a broad
spectrum of tumor$*® Thus, MET has attracted considerable attentioa pstential target

for cancer treatment.

2
(Cabozantinib) (BMS-777607)

Figure 1. Examples of multi-targeted MET inhibitors.

To date, several MET-targeting agents have beed tesalisrupt HGF/MET signaling
including HGF and MET antibodiesand small-molecule kinase inhibitdt§-*3
Antibody-based therapies primarily prevent liganédmated activation of the receptor, while
small-molecule inhibitors can prevent ligand-depsrid activation as well as
ligand-independent activation; thus, a small-mdie®dET inhibitor could benefit a different,
and potentially larger, cancer patient populatfbft.The first small molecule MET inhibitor
is cabozantinib ¥), which was approved by the FDA for the treatmehtprogressive
metastatic medullary thyroid cancer (20128ince then, many derivatives of cabozantinib
have been reported including compould (BMS-777607), which exhibits desirable

drug-likeness and modest selectivity to VEGFR-2
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Figure 2. Examples of 2,7-naphthyridine and 1,6-naphthyridine

Naphthyridines are common in various natural potsluand are pharmacologically
important®. Compounds containing a 2,7-naphthyridine scaffaleé a novel class of
bispyridine structures in many natural alkaloidd aginthetic productg-igure 2, compounds
3, 4).1%?° These products usually possess variant biologicéivities such as antibiotic,
cell-protecting, and anticancer activity. This makbem attractive pharmaceutically active
fragments for further drug discovety.

The 1,6-naphthyridine is an isomer of 2,7-naphthtige, and its derivatives can inhibit
multiple kinases including Lck, IGF-1R, Abl, FGFRIET, and ALK (Figure 2, compound
5).22 Furthermore, 1,6-naphthyridines were designed @&RF1 and VEGFR-2 kinase
inhibitors with positions 2- and 7- substituteddryamino and 3- substituted by aryl groups.
This suggests that various substitutions on thiseascaffold could confer diverse biological
activities (Figure 2, compour®).?>2°

In our previous research, knowledge of the bindmngde of BMS-777607 in MET
kinases led to the introduction of 2,7-naphthyrha fragments into block C based on the
“scaffold hopping strategy.” The resulting earlyndalate 7 showed excellent potenéy.

Here, in order to further explore SARs and optintlee drug-likeness of naphthyridine-based

derivatives, compoundwas selected as a starting point for this research.
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Figure 3. Design of 1,6-naphthyridine derivatives based snadfold-hopping strategy.

According to our previous studies, compouhdisplayed comparable MET enzymatic
activity as2 due to the conservation of the key H-bond intévast between the carbonyl
group in block C with residues Asp1222 and the angiroup in block A with the Met1166.
Here, these two key H-bond interactions were r@cgrand the 1,6-naphthyridine derivative
8 was designed based on the scaffold-hopping syratédpeteroatom migration to further
optimize block C. Furthermore, inspired by the disry of VEGFR-2/MET inhibitor
altiretinib?"° detailed structure activity relationship (SAR) sasdof block A and block C

were carried out to optimize the drug-likeness.

2. Chemistry

The most attractive route to 5-substituted 1,6-ttapidines8 was via an intermediate
with a displaceable 5-halo group for direct nuclabp substitution reactions with the
appropriate amines. With this consideration in mimeé designed an efficient synthetic
strategy illustrated in Schente The aldol reaction o0 with ethyl formate followed by

condensation with 2-chloropyridin-4-amid@ and cyclization yielded the key intermediate
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chlorinated 1,6-naphthyridint. The intermediat&5 was smoothly obtained using a method
modified from the literaturé’ Due to the presence of the active N(1) amine grisup
intermediate 14, the palladium-catalyzed Buchwald coupling reactifailed to afford
compoundl6. Thus, we decided to explore more applicable r@aatonditions to assemble
the chlorinated 1,6-naphthyridiné4 and aromatic aminel5 because protection and
deprotection of the amine group would result inuenbersome synthetic route. Eventually,
we determined that the reaction proceeded smowottdyPTSA acid-isopropanol system. The
precipitated compound6 was easily purified and had excellent yields. Fnadoffman

degradation delivere8in high yield.

N_Cl Y N
A
&(\Ir /N Cl | _ NH, | |
| N N _~
oH NH, H J
OEt | 12 X 15 F NH O F
— OBt ——> NH  — | | — 15 »
F o i) ii) | iii) iv) o
(o] OEt cl O
F Cl
F N
F P | NH
-
N 2
(o]
10 1 13 14 16

16
8 :_\v) Hoffman degradation

Scheme 1. Reagents and conditions: i) NaH, ethyl format€;;0i) HCI, EtOH, reflux; iii) PhO, 250°C;
(iv) PTSA, isopropanol, 8€; and (v) PhI(OAg) EtOAc/CHCN/H0.

The synthesis of target compoun@sand 23 included a route that started from
N-acylated-4-(4-amino-2-fluorophenoxy)pyridin-2-arai 1) as the other key intermediate
(Scheme?2). Briefly, commercially available 2-chloropyriddvol (17) was reacted with
1,2-difluoro-4-nitrobenzene  18) under base conditions to yield
2-chloro-4-(2-fluoro-4-nitrophenoxy)pyridinelq). This was further reacted with different
types of acid amides under Pd-catalyzed conditioroduce intermediat2). Intermediate
20 was then reduced using iron powder and catalytiousnts of ammonium chloride in

ethanol to obtain key intermediat®l. Another intermediate22 for the synthesis of
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compounds23 was obtained by the subsequent substitution mraaf 14 with different
halides or substituted oxirane in the presence &0%. Then, target compound@sand 23

were prepared similar tt6.
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Scheme 2. Reaction conditions and reagents: HCKs;, DMF, r.t.; (i) NH;,COR, dppf, Pgdba),
CsCQ0;, 1,4-dioxane, 8%; (iii)) Fe, NH,Cl, EtOH, KO, reflux; (iv) K;COs;, DMF, r.t.; and (v) PTSA,
isopropanol, 80C.

3. Resultsand Discussion

We initially studied if the 1,6-naphthyridine magretan serve as a key pharmacophoric
group to demonstrate MET inhibition. Therefore, tAeaminopyrimidine core and the
terminal phenyl ring were reserved based on thenated structure of compound in the
newly designed compourl A generally utilized 2-fluoro-1,4-substituted plyklinker was
also adopted from the newly reported inhibitors.otio delight,8 (ICso = 9.8 nM) had similar
MET potency a&/ (ICso = 9.9 nM) and2 (ICsp = 7.6 nM). This indicated that the scaffold
hopping of heteroatom migration was an effectivategy and led to a new scaffold for
further optimization.

Next, molecular docking was performed to furtherfyehe design strategy and provide
rational direction for optimization. The dockingsudt demonstrated tha& interacted with

protein almost exactly as in the solved cocrystalcsure of 2 (Figure 4). The
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2-aminopyrimidine core anchors the inhibitor to thiage region via two hydrogen bonds
with Met-1160, whereas the central phenyl ring ratés byrn-stacking with Phe-1223; the
carbonyl group and the N(1) amine group of 1,6-tlayidinone fragment interact by
H-bonding with Aspl1222 and Glul227, respectively.hisT implicated that

1,6-naphthyridinone provides a new hydrogen bongiatgern to better fit the subpocket of
MET versus 2,7-naphthyridinone; the terminal pheainyg occupies a allosteric hydrophobic
pocket. The docking results revealed that, in @&odito the key pharmacophoric group
1,6-naphthyridinone fragment, the dual hydrogendosystem of 2-aminopyrimidine core is
essential for maintaining activity. More importantthe newly introduced functionalizable
N(1) amine group of 1,6-naphthyridin-4(1H)-one nigienay provide more optimization

options than 2,7-naphthyridin-2(1H)-one.

Phe1223
Met1160

Glul127,

h )

> : >
Asp1222 .

Phe1223

Lys1110
Glul127»,

1)

Figure4. (A) Cocrystal structure df bound to the inactive conformation of MET kinasengin;'’ (B)
Our reported binding mode @fwith MET;?® (C) The proposed binding mode ®fvith MET; (D) The
binding mode overlay & (purple),7 (white), and? (light blue) with MET. The navy blue dashed lines
represent H-bonds between residues ®jth and2.
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With the binding conformations o8 in hand and encouraged by the discovery of
VEGFR-2/MET inhibitor altiretinib, a SAR study ofdek A was first performed (Tabl®.

A series of acylation modifications of 2-aminopymiine core were performed with the
dual hydrogen bond system reserved in order tomipdi its drug-likeness. Overall,
substitution on the 2-aminopyrimidine core was welérated and maintained inhibitory
activity. Compounda bearing an acetyl group displayed aggl@alue of 21.4 nM, which
is approximately 2.1-fold less potent than that@ipound8. The potency of compound
9b (MET, ICs0 = 4.7 nM) with a propionyl group is twice as higérhaps due to the sterics
of the propionyl group. When either the butyryl gpoor pentanoyl group with a long alkyl
chain was employed, compoufid (MET, 1Csp = 14.8 nM) an®d (MET, ICso = 14.7 nM)
only displayed a slight loss (1.5-fold) in enzynaiaty, which might benefit from the
flexibility of the alkyl chain. Meanwhile, incorpation of an isobutyryl grou®é) resulted
in a 1.8-fold loss of potency (MET, $¢= 17.7 nM). MET potency was slightly impaired
by about 2.9-fold as the sterically bulky pivalayloup ©f) was employed further. The
VEGFR-2 selectivity was increased by more than 2:86ld (MET, IGo = 28.1 nM;

VEGFR-2, 1G, >3000 nM).
Table 1. Activity of compoundsa-I against MET/VEGFR-2 kina8and metabolic stability in human

microsomes.
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ICs0, NM? Met Stab

Compds. & MET VEGFR-2 (T1/2, min)
8 - 9.8 68 189.8
%9a Me 21.4 38.1 -
9b Et 4.7 20.2 163.0
9c n-Pr 14.8 194 -
od n-Bu 14.7 26.9 -
9e i-Pr 17.7 230.1 -
of t-Bu 28.1 >3000 -

9g j\ 8.1 8.8 7925
oh M 24.0 61.2 ]
oi O/\ 9.8 >3000 80.4

9j HOL 2, 9.9 58.9 434.0
ok “Oj/\ 11.8 288.9 248.9
ol “0% 35.0 >3000 :

2 (BMS-777606) 7.6 138.7 ;

& In vitro kinase assays were performed with the indicatedfigu recombinant MET or VEGFR-2
kinase domains (nM).

Steric effects might be the main cause of MET pojeoss, and steric effects were
more crucial for maintaining VEGFR-2 activity. Huetmore, the cyclopropanecarbonyl
group Og), cyclobutanecarbonyl groupK), and cyclohexanecarbonyl group)(were also
employed. Compounélg (MET, ICso = 8.1 nM) and compouné (MET, ICso = 9.8 nM)
showed comparable MET activity & while 9h (MET, ICso = 24.1 nM) showed a 2.4-fold
loss in MET potency. More interestingl§g displayed excellent VEGFR-2 inhibitory
activity (ICsp = 8.8 nM), and9i with a sterically bulky substituent displayed good
selectivity against VEGFR-2 (>306-fold). This unstmres the importance of steric effects
in maintaining VEGFR-2 activity. In addition to tlaékyl acyl group, we also explored the
2-hydroxyacetyl group  9%), 2-hydroxypropanoyl group  9K), and

2-hydroxy-2-methylpropanoyl groug@lj. Similar steric effects were also the main factor
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for MET potency and VEGFR-2 selectivity. CompoW)d(MET, 1Cso = 9.9 nM) anddk
(MET, ICs0 = 11.8 nM) showed comparable MET activity to compd8. Compounddl

(MET, ICsp = 35 nM) showed a 3.5-fold loss in MET potency,ile/ltompound9l also

showedgood VEGFR-2 selectivity (>306-fold) because of skerically bulky substituent.

N
Figure 5. (A) The proposed binding mode & (yellow) and 9g (pink) with MET; (B) Surface
representations @i binding to Met;(C) The proposed binding mode 8ff (yellow) and 9g (pink) with
VEGFR-2;(D) Surface representations @fbinding to VEGFR-2

In order to better understand the SAR of block A #re selectivity between MET and
VEGFR-2 of 9i, molecular docking was further performed. As illated in Figure5,
compound9g and9i were both docked into the binding site of MET lsegPDB: 3F82)
and VEGFR-2 kinase (PDB: 3U6J). For MET kinase,adp&opropanecarbonyl groupd)
and cyclohexanecarbonyl group)(all formed well hydrophobic interactions with réses

TRY1159 and LSY1161 (FiguréA, 5B). As for VEGFR-2 kinase, sterically smaller

10



1  cyclopropanecarbonyl group &g could be well tolerated, however, the replacenoént
2 cyclopropanecarbonyl group by sterically bulky oyexanecarbonyl group introduced
3  steric clash with residue LYS1161, which shoulddsponsible for the impaired VEGFR-2
4 potency of9 (Figure5C, 5D). Taken together, substitutions on the 2-aminapigline

5 core were more tolerated for MET potency than VE&F-Rhis can lead to the design of

6 selective MET inhibitors against VEGFR-2.

7 Next, selected potent compounds with good MET il activity were incubated with

8 human liver microsomes initially evaluate metabolic stability (Takl¢. Tablel shows that

9 compound9b (bearing propionyl group) had a moderate half-l{fe,, = 163.0 min)
10 comparable to that & (T12= 189.8 min). Compoungélg with a cyclopropanecarbonyl group
11 was very stable in human liver microsomesg/ (¥ 792.5 min), and compour@ with a
12  cyclohexanecarbonyl group exhibited high clearaates (T, = 80.4 min).

13 Table 2. Activity of compounds23a-d against MET/VEGFR-2 kina8eand metabolic stability in

14  human microsomes.

Y]
=
F@NH o} F
o
O X
V)KN N® 23
15 H
ICs0, NM? Met Stab
Compds. R, .
MET VEGFR-2 (T2, min)
23a Me 7.1 22,910 882.6
23b Et 15.6 1380
23c HO 33.8 10,450
23d “OW 25.9 >30,000 -
2 7.6 138.7 -
16 & In vitro kinase assays were performed with the indicatedigu recombinant MET or VEGFR-2

17  kinase domains (nM).

11
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Thus, the potential impact of,Rubstituent on the MET inhibition was investigateith
9g as the lead compound (Talde The introduction of a methyl group to the N(Dspion
(23a) led to a slight increase (1.3-fold) of MET potgn@ET, IC5o = 7.1 nM). More
importantly, the methylation of the NH group reedltin a significant increase in VEGFR-2
selectivity by 3226-fold (VEGFR-2, Kg = 22910 nM). The ethyl group was then employed,
and 23b displayeda 1.2-fold MET potency loss and an 88-fold improvement in VEGFR-2
selectivity.

To investigate the optimal substituent on the Nydsition, compound3c (bearing a
hydroxyethyl group) and compoun#3d (bearing a propan-2-ol group) were further
synthesized. While these compounds had a potessyagainst MET (3.4-fold and 2.7-fold),
they still maintain high VEGFR-2 selectivity. Thesssults indicate that sterically suitable
methyl group might be optimal, and fine-regulatadmewly introduced functionalizable N(1)
amine group of 1,6-naphthyridin-4(1H)-one moietynpared to 2,7-naphthyridin-2(1H)-one
could also lead to selectivity improvement. Everreramazing is tha?3a was slightly more

stable (> = 882.6 min, Tabl@) than9g in human liver microsomes

MERTK(cMER) [

- X MmMJdL ¥y < NS T A T T O ~TNMEEY AT S0 L - - X
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N S farmEe et Y I 109 0LXXgagc X9 ZZXnnWESS 3 § o
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¥
a
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Q

>80% 50%-79% <50%
Figure 6. Preliminary results of kinase profile 28a (Inhibitory rate in JuM)

Then, the broad spectrum kinase profile23a is represented in the form of heat map in

Figure 6 using inhibitory rate in JuM for fifty other kinases. Like most class Il c-Met

12



10

11

12

13

14

15

16

17
18

inhibitors, 23a also showed high inhibitory effects against AXIGR, FLT3, cMer, TRKA,
TRKB and TYROS3 (inhibitory rate > 80% in M). And the inhibitory activity of23a
against important kinases was further assayed uiinghomogeneous time resolved
fluorescence (HTRF) method. As shown in TaRldén contrast to its high potency against
MET (ICso = 7.1 nM),23a can also strongly inhibit AXL (I = 8.0 nM) and Mer (I =

4.2 nM) at low nanomolar level. Moreov@Ba demonstrated moderate selectivity against
FLT4 and RON (83.2 fold and 48.7 fold, respectiyebnd good selectivity against other

forty two kinases (inhibitory rate < 80% inuM).

Table 3. Kinase selectivity profile 023a

kinase 1Go, NM kinase 1Go, NM
AXL 8.2 TRKA 32.9

FLT4 591.0 TRKB 58.8
cMER 4.2 TEK(Tie2) 26.3
RON 346.0 TYRO3(RSE) 41.1

Antiproliferative activities of all the synthesizecbmpounds against NIH-H460
(human lung cancer), HT-29 (human colorectal cgraned MKN-45 (human gastric cancer)
cell lines were also evaluat@alvitro using Cabozantinib as a positive contd$ shown in
Table 4, most of the new compounds and Cabozantinib disdlanoderate inhibitory
activity against the tested cancer cell lin€ampounds8, 9b and 9e exerted good and
broad-spectrum antiproliferative activity againse tested cancer cell linesspecially for

compounde (inhibitory rate of 83.4-95.4% in0 uM).

Table 4. Antiproliferative activity of synthesized compoundgainst NIH-H460, HT-29 and MKN-45
cell lines.

Inhibitory rate (% in 1QM)?

Compds.
NIH-H460 HT-29 MKN-45
8 79.1% 56.2% 85.7%
%9a 58.2% 36.8% 77.1%
9b 69.7% 68.7% 92.1%

13



N

10

11

12

13

14

9c
9d
%e
of
9
%h
9
9
9k
9
23a
23b
23c
23d
Cabozantinib

49.7%
71.8%
84.6%
56.7%
54.6%
43.6%
72.1%
53.6%
56.0%
54.3%
15.6%
11.0%
52.1%
67.4%
54.8%

23.5%
-42.2%
83.4%
-45.8%
25.5%
46.0%
8.7%
18.5%
47.8%
-2.9%
24.8%
15.8%
3.5%
-2.6%
29.0%

64.6%
62.7%
95.4%
62.5%
81.8%
52.8%
55.2%
63.0%
67.3%
57.8%
30.9%
31.9%
41.8%
44.3%
49.1%

®Data are presented as the means + SDs of thregeindent experiments.

Following thein vitro experimentsjn vivo PK properties of three compound 9g,

23a) were determined in rat. As shown in TabJehe chemical structure of blocks A and C

had a significant influence on the PK propertiesr aital administration and intravenous

injection in rats. The newly designed 1,6-naphtiiye derivatives8 had a worse oral

exposure and oral bioavailability in the rat thaa teported 2,7-naphthyridine derivatives.

However, 9g, with

the 2-aminopyridine core of block A acylatedy the

cyclopropanecarbonyl group, afforded a lower totahrance CL (0.12 L/h/kg) after oral

dose of 5 mg/kg leading to a 12.8-fold higher plasAlUCy., (42.2 h*ug/mL) and a

1.25-fold longer half-life Tx(6.4 h) compared t@. A favorable oral bioavailabilityH =

63%) was also observed leading to the favorablerativé®K profiles of 9g. More

encouragingly, when the methyl group was introduged the N(1)-position o@g, a

particularly lower total clearance CL (0.02 L/h/Kgfold lower to that oBg) of 23a was

observed after an oral dose of 5 mg/kg. This lea mnoarkedly higher plasma AYC(232.6

14
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h*ug/mL; 69-fold higher to that of) anda much longer half-life 11, (20.6 h; 4-fold longer
to that of 7). Overall, compound23a displayed the best PK profiles. That means that
fine-regulation of N(1)-position could lead to ineqpements in drug-likeness.

Table 5. Invivo PK profiles of selected compounds irffat

7° 8 99 23a
N.O. 2.5mg/kd 10 mg/kd 2.5mg/kd 10mg/kd 1 mg/kd 5mg/kg 1mg/kd 5 mg/kd
(i.v.) (p.0.) (i.v.) (i.9.) (i.v.) (i.9.) (i.v.) (i.9.)
t,(h) 3.2 5.1 0.5 1.0 6.8 6.4 25.4 20.6
tah) - 1.2 0.03 2.7 - 7.3 - 8.7
Crax(HO/ML) - 1.6 16.4 0.6 1.9 2.7 6.5 7.8
AUCq., (h*pg/mL) 3.1 6.7 4.5 2.2 13.5 42.2 80.6 232.6
Vz (L/kg) 3.6 - 0.4 7.5 0.7 1.1 0.4 0.6
CL (L/h/kg) 0.8 - 0.6 5.0 0.08 0.1 0.01 0.02
MRT (h) - - 0.3 3.0 8.5 11.4 10.8 32.4
F (%) - 54 - 12 - 63 - 58

Vehicle: 70% PEG400-30% wat€l,.,, maximum concentratioin,y, time of maximum concentration;
T2, half-lif; AUCq.,, area under the plasma concentration time curkecl@aranceVz, volume of
distribution; and, oral bioavailability” Data reported as the average of three aniff@is. previously
reported lead compouffd

4. Conclusions

Our previous research of 2,7-naphthyridinone-badass || MET kinase inhibitors was
combined with a scaffold-hopping strategy of hetgoon migration to make compourdd
with a 1,6-naphthyridin-4(1H)-one moiety. This smilvas the lead compound with good
potency but poor pharmacokinetic profilés £ 12%, CL = 5.0 L/h/kg after an oral dose of
10 mg/kg). The detailed SAR studies of block A tegliin the discovery of the new
1,6-naphthyridone-based MET kinase inhibfgr(MET, 1Cso of 9.8 nM) with a comparable
MET potency to that of compouritland favorable pharmacokinetic profilés£ 63%, CL =
0.1 L/h/kg, AUG-,=42.2 h*ug/ml, T,,= 6.4 h after oral dose of 5 mg/kg). Additional wor
led to the functionalizable N(1) amine group ak8h (MET, ICs of 7.1 nM). More
importantly, by tuning the N(1)-positiorZ3a displayed an amazing VEGFR-2 selectivity

improvement (3226-fold) as well as an improvemendiug-likenessK = 58%, CL = 0.02
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L/h/kg, AUGy., = 232.6 h*upg/ml, T = 20.6 h after oral dose of 5 mg/kg). Excellent
VEGFR-2 selectivity and the favorable drug-likenest 23a have shown that the
1,6-naphthyridine moiety could be used as a nevifdddain kinase inhibitor discovery.

Further studies are underway.

5. Experimental
5.1. General Methods

Unless otherwise noted, all chemical reagents wenemercially available and treated
with standard methods. Silica gel column chromatphy (CC). silica gel (200-400 Mesh;
Qingdao Makall Group Co., Ltd; Qingdao; China). \&oits were dried in a routine way
and redistilled. All reactions involving air- or fisture-sensitive reagents were performed
under a nitrogen or argon atmosphere. Melting goifitcompounds were measured on a
Melt-Temp Il apparatus and uncorrectéd. NMR spectra (400 MHz ) andC NMR (100
MHz) spectra were recorded on a Bruker BioSpin Adtréshield Plus AV 400)
spectrometer as deuterochloroform (CE@r dimethyl sulfoxideds (DMSO-dg) solutions
using tetramethylsilane (TMS) as an internal stash@&= 0) unless noted otherwise. MS
spectra were obtained on an Agilent technologie206fjuadrupole LC/MS (ESI).
High-resolution mass spectra (HR-MS) were obtaiordan Agilent 6224 TOF LC/MS
(USA) All reactions were monitored using thin-laygromatography (TLC) on silica gel
plates. Yields were of purified compounds and wexeoptimized.
5.2. General proceduresfor the synthesis of inter mediates 11, 13, 14
5.2.1. @)-ethyl 2-(4-fluorophenyl)-3-hydroxyacrylatdl). A dried flask was charged with
sodium hydride (12 mmol), ethyl 2-(4-fluorophenygigsatel0 (10 mmol), ethyl format (12
mmol) and anhydrous DMF (50 mL) under nitrogen. Tgture was heated to 100 °C and
stired for 3 h. Ice-cold water was added, and thixture was extracted with
dichloromethane. The organic layer was dried anmtteotrated. The residue was purified
by chromatography (Hexane/EA = 5:1) to yidlHas a yellow liquid (90%)H NMR (600
MHz, DMSO-dg) 5 11.03 (s, 1H), 7.87 (s, 1H), 7.32Jt= 8.0, 5.4 Hz, 2H), 7.12 (8,= 9.0
Hz, 2H), 4.11 (q) = 7.2 Hz, 2H), 1.21 () = 7.2 Hz, 3H). MS (ESI): 210.1 (M)
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5.2.2. @-ethyl 3-((2-chloropyridin-4-yl)amino)-2-(4-fluophenyl)acrylate 13). A
solution of11 (5 mmol), 2-chloropyridin-4-aminel?, 5 mmol) and HCI (20 mmol%) in
ethanol (30 mL) was heated to 75 °C under nitrdger2 h. The mixture was filtered, and
the solid was washed with ice-cold ethanol to yit8das a yellow solid (83%)H NMR
(400 M, DMSOsg) 6 8.17 (d,J = 5.6 Hz, 1H), 8.05 (dJ = 13.2 Hz, 1H), 7.41-7.45 (m,
1H), 7.06-7.11 (m, 2H), 7.02 (d,= 9.6 Hz, 1H), 6.84 (s, 2H), 6.72 @@= 5.6 Hz, 1H),
6.54 (d,J = 13.2 Hz, 1H), 4.25 (q] = 7.2 Hz, 1H), 1.29 (t) = 7.2 Hz, 1H); MS (ESI):
320.1 (MJ.

5.2.3. 5-chloro-3-(4-fluorophenyl)-1,6-naphthyrigd(ilH)-one (4). A solution of 13 (3
mmol) in diphenyl oxide (20 mL) was heated to 280uhder nitrogen for 2 h. The mixture
was cooled to room temperature and the resulted sehs washed with petroleum
(30-60°C) to affordl4 as yellow solid (11%)*H-NMR (400 M, DMSO#d6) 6 12.40 (bs,
1H), 8.31 (dJ = 5.6 Hz, 1H), 8.16 (s, 1H), 7.66 @ = 5.6 Hz, 2H), 7.47 (d] = 5.6 Hz,
2H), 7.23 (d,J = 6.8 Hz, 2H).**C NMR (150 MHz, DMSQd6) §173.7, 162.5, 160.9,
150.6, 148.1, 147.6, 138.1, 131.1, 124.4, 117.5,111113.0. MS (ESI): 274.0 (M)

5.3. General proceduresfor the synthesis of intermediates 15, 19, 20a-I

5.3.1. 4-(4-amino-2-fluorophenoxy)-3-chloropicoln@e (15). The intermediatel5 was
smoothly obtained using a modified method from fmes published work! 'H NMR (400
MHz, CD30D)J 8.29 (d, 1HJ = 5.6 Hz), 7.00 (t, 1H) = 8.8 Hz), 6.79 (d, 1H) = 5.6
Hz), 6.63-6.55 (m, 2H)**C NMR (100 MHz, DMSOd6) 6 166.6, 160.8, 154.1, 153.9,
149.0, 148.7, 128.5, 123.7, 115.9, 110.1, 110.01.3Z0HRMS (ESI): calcd for
C12H9N3O2CIF (M+H): 282.0440, Found: 282.0447.

5.3.2. 2-chloro-4-(2-fluoro-4-nitrophenoxy)pyridiri@9). A dried flask was charged with
2-chloropyridin-4-0l17 (38.6 mmol),1,2-difluoro-4-nitrobenzen&8 (38.6 mmol),K,CO;
(46.3 mmol) and DMF (200 ml). The mixture was siifrat room temperature until the
completion of the reaction as monitored by TLC wgsigl ice-cold water (600 ml) was
added, and the mixture was stirred for 5h. Theteréd, the filter cake was washed with
water and dried under infrared light to yield thesided producl9 (80%).'H NMR (600
MHz, DMSO-ds) 5 8.44 (d,J = 10.2 Hz, 1H), 8.40 (d] = 4.2 Hz, 1H), 8.21 (d] = 9.0 Hz,
1H), 7.68 (tJ = 7.8 Hz, 1H), 7.33 (s, 1H), 7.20 (s, 1H). MS (E®68.1 (M) .

17



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

5.3.3. N-(4-(2-fluoro-4-nitrophenoxy)pyridin-2-yhjatamide(20a). A solution of19 (3.7
mmol), acetamide (4.4 mmol), dppf (0.372 mmol)z(Bda) (0.186 mmol) in 1,4-dioxane
(25 mL) was heated to 80 °C and stirred under génountil the completion of the reaction
as monitored by TLC analysis. The mixture was rdte and the filtrate was concentrate
and purified by chromatography (Hexane/EA = 20olyield 20a as a pink solid (91%fH
NMR (600 MHz, DMSO#g) 5 10.70 (s, 1H), 8.42 (d,= 10.2 Hz, 1H), 8.28 (d} = 5.4 Hz,
1H), 8.19 (dJ = 8.4 Hz, 1H), 7.78 (s, 1H), 7.61 {t= 8.4 Hz, 1H), 6.83 (s, 1H), 2.06 (s,
3H). MS (ESI): 291.1 (M).

5.3.4. N-(4-(2-fluoro-4-nitrophenoxy)pyridin-2-yhgpionamide(20b). Prepared according
to the procedure for the preparation of 20a, from
2-chloro-4-(2-fluoro-4-nitrophenoxy)pyridinEd and propionamide to yiel#b as yellow
solid (85%),"H NMR (600 MHz, DMSOeg) & 10.70 (s, 1H), 8.46 (dl = 10.2 Hz, 1H),
8.30 (d,J = 5.4 Hz, 1H), 8.20 (d] = 8.4 Hz, 1H), 7.79 (s, 1H), 7.61 (&= 8.4 Hz, 1H),
6.83 (s, 1H), 2.44 (g} = 7.2 Hz, 2H), 1.10 () = 7.2 Hz, 3H). MS (ESI): 305.1 (V)

5.3.5. N-(4-(2-fluoro-4-nitrophenoxy)pyridin-2-yijyramide(20c). Prepared according to
the procedure for the preparation of 20a, from
2-chloro-4-(2-fluoro-4-nitrophenoxy)pyridind9 and butyramide to yiel®0c as white
solid (92%),"H NMR (400 MHz, DMSOsg) § 10.70 (s, 1H), 8.46 (dl = 10.6 Hz, 1H),
8.31 (d,J = 5.6 Hz, 1H), 8.22 (d] = 8.8 Hz, 1H), 7.83 (d] = 2.0 Hz, 1H), 7.64 () = 8.4
Hz, 1H), 6.87 (dJ = 5.6 Hz, 1H), 2.36 () = 7.2 Hz, 2H), 1.57 (m] = 7.2 Hz, 2H), 0.89
(t, J = 7.6 Hz, 3H). MS (ESI): 319.1 (M)

5.3.6. N-(4-(2-fluoro-4-nitrophenoxy)pyridin-2-yiptanamidg20d). Prepared according
to the procedure for the preparation of 20a, from
2-chloro-4-(2-fluoro-4-nitrophenoxy)pyriding9 and pentanamide to yiel2Dd as white
solid (92%),"H NMR (400 MHz, DMSOeg) & 10.65 (s, 1H), 8.43 (dd), = 10.4, 2.8 Hz,
1H), 8.29 (dJ = 5.6 Hz, 1H), 8.26 — 8.14 (m, 1H), 7.80 Jcs 2.4 Hz, 1H), 7.62 (] = 8.8
Hz, 1H), 6.85 (dd,) = 6.0, 2.4 Hz, 1H), 2.37 (§,= 7.6 Hz, 2H), 1.52 (q] = 7.6 Hz, 2H),
1.38 — 1.16 (m, 2H), 0.87 @= 7.2 Hz, 3H). MS (ESI): 333.1 (M)

5.3.7. N-(4-(2-fluoro-4-nitrophenoxy)pyridin-2-y$pbutyramid€20e). Prepared according

to the procedure for the preparation of 20a, from
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2-chloro-4-(2-fluoro-4-nitrophenoxy)pyriding and isobutyramide to yieldOe as white
solid (91%),"H NMR (600 MHz, DMSOeg) & 10.65 (s, 1H), 8.43 (dl = 10.2 Hz, 1H),
8.29 (d,J = 5.4 Hz, 1H), 8.20 (d] = 8.4 Hz, 1H), 7.80 (s, 1H), 7.62 (&= 8.4 Hz, 1H),
6.86 (dd,J = 5.4, 1.8 Hz, 1H), 2.73 (dg, = 13.2, 6.6 Hz, 1H), 1.04 (s, 6H). MS (ESI):
319.1 (M) .

5.3.8. N-(4-(2-fluoro-4-nitrophenoxy)pyridin-2-yliymalamide (20f). Prepared according to
the procedure for the preparation of 20a, from
2-chloro-4-(2-fluoro-4-nitrophenoxy)pyridinE and pivalamide to yiel@0e as white solid
(87%),*H NMR (600 MHz, DMSOsg) 5 10.60 (s, 1H), 8.43 (d,= 10.2 Hz, 1H), 8.30 (d,
J=5.4 Hz, 1H), 8.20 (d] = 8.4 Hz, 1H), 7.80 (s, 1H), 7.62 {t= 8.4 Hz, 1H), 6.86 (dd]
=5.4, 1.8 Hz, 1H), 1.19 (s, 9H). MS (ESI): 333w){.

5.3.9. N-(4-(2-fluoro-4-nitrophenoxy)pyridin-2-yNclopropanecarboxamide (20g).
Prepared according to the procedure for the préparaof 20a, from
2-chloro-4-(2-fluoro-4-nitrophenoxy)pyridind9 and cyclopropanecarboxamide to yield
20g as white solid (91%)'H NMR (600 MHz, DMSOds) & 10.60 (s, 1H), 8.41 (d,= 9.0
Hz, 1H), 8.28 (dJ = 5.4 Hz, 1H), 8.20 (d] = 8.4 Hz, 1H), 7.83 (s, 1H), 7.62 {t= 8.4 Hz,
1H), 6.84 (dJ = 3.6 Hz, 1H), 1.96 (s, 1H), 0.96 — 0.81 (m, 4M$B (ESI): 317.1 (M) .
5.3.10. N-(4-(2-fluoro-4-nitrophenoxy)pyridin-2-ghclobutanecarboxamide (20  h).
Prepared according to the procedure for the préparaof 20a, from
2-chloro-4-(2-fluoro-4-nitrophenoxy)pyridinE9 and cyclobutanecarboxamide to yi€lth
as Light yellow solid (89%):H NMR (600 MHz, DMSO€g) 6 10.45 (s, 1H), 8.41 (d} =
9.0 Hz, 1H), 8.28 (d] = 5.4 Hz, 1H), 8.20 (d] = 8.4 Hz, 1H), 7.83 (s, 1H), 7.62 {t= 8.4
Hz, 1H), 6.84 (dJ = 3.6 Hz, 1H), 3.40 - 3.30 (m, 1H), 2.23 - 2.13 @hl), 2.08 (dJ = 9.0
Hz, 2H), 1.97 -1.85 (m, 1H), 1.78 (s, 1H). MS (ESB1.1 (M) .

5.3.11. N-(4-(2-fluoro-4-nitrophenoxy)pyridin-2-ghclohexanecarboxamide (20i).
Prepared according to the procedure for the préparaof 20a, from
2-chloro-4-(2-fluoro-4-nitrophenoxy)pyridinE and cyclohexanecarboxamide to yiei
as yellow solid (88%)'H NMR (600 MHz, DMSOdg) & 10.61 (s, 1H), 8.45 (dl = 10.2
Hz, 1H), 8.29 (dJ = 5.4 Hz, 1H), 8.20 (d] = 8.4 Hz, 1H), 7.80 (s, 1H), 7.62 Jt= 8.4 Hz,
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1H), 6.86 (t,J = 6.0 Hz, 1H), 2.48 (s, 1H), 1.93 — 1.45 (m, 5H¥5 — 0.96 (m, 5H). MS
(ESI): 359.1 (MJ .

5.3.12. N-(4-(2-fluoro-4-nitrophenoxy)pyridin-2-y2-hydroxyacetamide(20j). Prepared
according to the procedure for the preparation o0R0a, from
2-chloro-4-(2-fluoro-4-nitrophenoxy)pyridingd and 2-hydroxyacetamide to yieRDj as
yellow solid (59%)H NMR (400 MHz, DMSOsds) 5 9.91 (s, 1H), 8.42 (dd, = 10.4, 2.4
Hz, 1H), 8.28 (dJ = 5.6 Hz, 1H), 8.18 (dJ = 8.8, 2.4, 1.2 Hz, 1H), 7.76 (d,= 2.4 Hz,
1H), 7.62 (t,J = 8.8 Hz 1H), 6.87 (dd] = 5.6, 2.4 Hz, 1H), 5.65 (8 = 6.0 Hz, 1H), 4.01
(d,J= 6.0 Hz, 2H). MS (ESI): 307.1 (M)

5.3.13. N-(4-(2-fluoro-4-nitrophenoxy)pyridin-2-yP-hydroxypropanamide  (20Kk).
Prepared according to the procedure for the préparaof 20a, from
2-chloro-4-(2-fluoro-4-nitrophenoxy)pyridingd and 2-hydroxypropanamide to yieRf)

as yellow solid (70%3IH NMR (600 MHz, DMSOsg) & 9.84 (s, 1H), 8.45 (d] = 10.2 Hz,
1H), 8.31 (s, 1H), 8.21 (d, = 9.6 Hz, 1H), 7.78 (s, 1H), 7.65 = 6.0 Hz, 1H), 6.91 (s,
1H), 5.86 (s, 1H), 4.20 (s, 1H), 1.27 (s, 3H). NES(): 321.1 (M} .

5.3.14. N-(4-(2-fluoro-4-nitrophenoxy)pyridin-2-y2-hydroxy-2-methylpropanamide
(201). Prepared according to the procedure for the préparaof 20a, from
2-chloro-4-(2-fluoro-4-nitrophenoxy)pyridin@9 and 2-hydroxy-2-methylpropanamide to
yield 201 as yellow solid (83%)'H NMR (600 MHz, DMSOedg) § 9.62 (s, 1H), 8.54 (d] =
10.2 Hz, 1H), 8.40 (d] = 5.4 Hz, 1H), 8.30 (d] = 9.6 Hz, 1H), 7.84 (s, 1H), 7.75 {t=
8.4 Hz, 1H), 7.01 (dJ = 5.4 Hz, 1H), 6.13 (s, 1H), 1.41 (s, 6H). MS (ESB5.1 (M) .

5.4. General proceduresfor the synthesis of intermediates 21a-|

5.4.1 N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl@amide (21a). To the mixture of
N-(4-(2-fluoro-4-nitrophenoxy)pyridin-2-yl)acetanad 20a, 2.06 mmol), NHCI (6.18
mmol), ethanol (18 mL) andJ@ (2 ml) added iron powder (6.18 mmol) slowly. Upgbe
completion of addition, the reaction mixture wasitiee at reflux for 1 h, and then filtered
immediately. Subsequently, the filtrate was con@datl and anhydrous ether (5.0 mL) was
added to the residue, then stirred for 0.5 h ahchted to give the compour®ila as a
yellow solid (81%)H NMR (600 MHz, DMSOsg) & 10.48 (s, 1H), 8.13 (s, 1H), 7.60 (s,
1H), 6.95 (s, 1H), 6.79 — 6.15 (m, 3H), 5.44 (s),2M02 (s, 3H)*C NMR (150 MHz,
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DMSO-d6) 6 170.1, 164.0, 154.5, 154.0, 152.3, 150.5, 14523,41 121.9, 114.2, 108.5,
101.3, 24.3. MS (ESI): 261.1 (1)

5.4.2.  N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yijjpionamide  (21b).  Prepared
according to the procedure for the preparatiolaf, from 20b to yield 21a as a brown
solid (85%),'H NMR (600 MHz, DMSOeg) & 10.42 (s, 1H), 8.11 (s, 1H), 7.61 (s, 1H),
6.88 (s, 1H), 6.74 — 6.23 (m, 3H), 5.44 (s, 2HB32(s, 2H), 0.99 (s, 3H}*C NMR (150
MHz, DMSOd6) 6 173.4, 166.7, 155.6, 154.3, 149.7, 148.8, 1293,3 110.5, 107.3,
101.9, 99.5, 29.7, 9.7. MS (ESI): 276.1 (M3H

5.4.3. N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yQtyramide (21c). Prepared according
to the procedure for the preparation2df, from 20c to yield 21c as a white solid (88%),
'H NMR (400 MHz, DMSOdg) § 10.47 (s, 1H), 8.16 (d, = 5.6 Hz, 1H), 7.66 (d] = 2.0
Hz, 1H), 6.99 (tJ = 8.8 Hz, 1H), 6.64 (dd] = 5.6, 2.4 Hz, 1H), 6.55 (dd,= 13.2, 2.4 Hz,
1H), 6.46 (dd, = 8.8, 1.6 Hz, 1H), 5.52 (s, 2H), 2.34Jt= 7.2 Hz, 2H), 1.57 (W] = 7.6
Hz, 2H), 0.89 (tJ = 7.2 Hz, 3H)X*C NMR (150 MHz, DMSOd6) § 172.6, 166.7, 155.5,
153.9, 149.7, 148.9, 129.5, 124.3, 110.5, 107.3,9.(09.6, 38.4, 18.6, 14.0. MS (ESI):
289.1 (M) .

5.4.4.  N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yBptanamide  (21d).  Prepared
according to the procedure for the preparatiorka, from 20d to yield 21d as a white
solid (80%)*H NMR (400 MHz, DMSOds) & 10.44 (s, 1H), 8.14 (d,= 5.6 Hz, 1H), 7.64
(s, 1H), 6.97 () = 9.2 Hz, 1H), 6.62 (dd] = 5.6, 2.4 Hz, 1H), 6.50 (dd,= 12.4, 2.0 Hz,
1H), 6.43 (d,J = 8.4 Hz, 1H), 5.46 (s, 2H), 2.34 {t= 7.2 Hz, 2H), 1.63 — 1.42 (m, 2H),
1.27 (q,d = 7.2 Hz, 2H), 1.01 — 0.73 (m, 3HYC NMR (150 MHz, DMSOd6) & 172.8,
166.7, 155.6, 154.3, 149.7, 129.5, 129.4, 124.6,3.1107.3, 101.9, 99.6, 36.2, 27.3, 22.1,
14.10. MS (ESI): 303.1 (M).

5.4.5.  N-(4-(4-amino-2-fluorophenoxy)pyridin-2-@iibutyramide (21e). Prepared
according to the procedure for the preparatiolal, from 20e to yield 21e as a yellow
solid (81%),'H NMR (600 MHz, DMSOeg) 5 10.44 (s, 1H), 8.14 (s, 1H), 7.63 (s, 1H),
6.96 (s, 1H), 6.64 (s, 1H), 6.50 (H= 12.0 Hz, 1H), 6.41 (s, 1H), 5.46 (s, 2H), 2.301H),
1.03 (s, 6H)*C NMR (150 MHz, DMSOd6) & 176.7, 166.7, 155.6, 154.4, 149.6, 148.8,
129.5, 124.4, 110.5, 107.4, 101.9, 99.5, 34.9,. MS(ESI): 289.1 (M) .
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5.4.6. N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yiyjplamide (21f). Prepared according
to the procedure for the preparatior2aé, from 20f to yield 21f as a white solid (89%3H
NMR (600 MHz, DMSOdg) 5 9.82 (s, 1H), 8.16 (d} = 5.4 Hz, 1H), 7.64 (s, 1H), 6.97 {t,

= 9.0 Hz, 1H), 6.67 (s, 1H), 6.52 (@= 13.2 Hz, 1H), 6.43 (d] = 8.4 Hz, 1H), 5.47 (s,
2H), 1.19 (s, 9H)*C NMR (150 MHz, DMSOd6) 6 177.7, 166.7, 155.6, 154.5, 149.4,
148.8, 129.5, 124.4, 110.5, 107.6, 101.9, 100.@,277.2. MS (ESI): 303.2 (M)

5.4.7.  N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yWdopropanecarboxamide (21g).
Prepared according to the procedure for the préparaf 21a, from 20g to yield21g as a
white solid (89%)H NMR (600 MHz, DMSO—¢s) 5 10.79 (s, 1H), 8.15 (d} = 5. 4 Hz,
1H), 7.59 (s, 1H), 6.95 (] = 9.0 Hz, 1H), 6.67-6.61 (m, 1H), 6.49 (dd= 13.2, 2.4 Hz,
1H), 6.40 (dJ = 8.4 Hz, 1H), 5.44 (s, 2H), 2. 03-1.88 (m, 1H);76 (br, 4H).*C NMR
(150 MHz, DMSO€db6) 6 173.2, 166.7, 155.6, 154.3, 149.7, 148.8, 12924.3] 110.4,
107.4, 101.9, 99.5, 14.6, 8.1. MS (ESI): 287.1%(M)

5.4.8. N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yWdobutanecarboxamide (21h).
Prepared according to the procedure for the préparaf 21a, from 20h to yield 21h as a
yellow solid (80%)*H NMR (600 MHz, DMSOdg) & 10.37 (s, 1H), 8.15 (s, 1H), 7.67 (s,
1H), 6.99 (s, 1H), 6.80 — 6.06 (m, 3H), 5.51 (s),2438 (s, 1H), 2.17 (s, 2H), 2.06 (s, 2H),
1.90 (s, 1H), 1.77 (s, 1H}°C NMR (150 MHz, DMSOd6) & 174.3, 166.7, 155.6, 154.4,
149.7, 148.9, 124.3, 110.5, 107.3, 101.9, 99.65,391.8, 18.0. MS (ESI): 301.1 (f1)

5.4.9. N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yWdohexanecarboxamide (21i).
Prepared according to the procedure for the préparaf 21a, from 20i to yield 21i as a
white solid (80%).H NMR (400 MHz, DMSO€g) 5 10.35 (s, 1H), 8.10 (d] = 5.6 Hz,
1H), 7.59 (dJ = 2.0 Hz, 1H), 6.94 (t) = 8.8 Hz, 1H), 6.61 (dd] = 5.6, 2.4 Hz, 1H), 6.48
(dd,J =13.2, 2.4 Hz 1H), 6.39 (dd,= 8.8, 2.4 Hz, 1H), 5.46 (s, 2H), 2.44 (s, 1HY11-
1.67 (m, 5H), 1.43 — 1.05 (m, 5HJC NMR (150 MHz, DMSQOd6) & 175.8, 166.7, 155.6,
154.4, 149.6, 148.9, 129.5, 124.3, 110.5, 107.3,909.5, 44.7, 29.4, 25.8, 25.6. MS
(ESI): 329.2 (M .

5.4.10. N-(4-(4-amino-2-fluorophenoxy)pyridin-2-2}hydroxyacetamid€21j). Prepared
according to the procedure for the preparatior?lsH, from 20j to yield 21j as a light
brown solid (82%)H NMR (400 MHz, DMSOds) & 9.68 (s, 1H), 8.13 (d] = 5.6 Hz,
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1H), 7.59 (s, 1H), 6.95 (] = 9.2 Hz, 1H), 6.64 (dd] = 5.6, 2.4 Hz, 1H), 6.49 (dd, =
13.2, 2.4 Hz, 1H), 6.40 (dd,= 8.8, 2.0 Hz, 1H), 5.75 (@,= 6.0 Hz, 1H), 5.47 (s, 2H), 3.97
(d, J = 6.0 Hz, 2H)**C NMR (150 MHz, DMSQd6) 5 171.9, 166.8, 155.5, 153.2, 150.0,
149.0, 129.4, 124.3, 110.5, 107.8, 101.8, 99.4.64S (ESI): 277.1 (M).

5.4.11. N-(4-(4-amino-2-fluorophenoxy)pyridin-2-42 hydroxypropanamide (21k).
Prepared according to the procedure for the préparaf 21a, from 20k to yield 21k as a
white solid (81%)*H NMR (600 MHz, DMSO€g) & 9.65 (s, 1H), 8.17 (dl = 4.8 Hz, 1H),
7.62 (s, 1H), 6.98 () = 8.4 Hz, 1H), 6.70 (s, 1H), 6.51 (@= 12.6 Hz, 1H), 6.42 (d] =
8.4 Hz, 1H), 5.86 (dJ = 4.8 Hz, 1H), 5.48 (s, 2H), 4.16 = 6Hz, 1H), 1.26 (dJ = 6.6
Hz, 3H). 3 NMR (150 MHz, DMSQd6) 6 174.3, 166.9, 155.5, 153.2, 150.0, 148.9,
129.4, 110.5, 107.9, 103.9, 101.9, 99.2, 67.0.MS (ESI): 291.1 (M).

5.4.12. N-(4-(4-amino-2-fluorophenoxy)pyridin-2-8}hydroxy-2-methylpropanamide
(211). Prepared according to the procedure for the patipa of21a, from 20l to yield 21l

as a white solid (79%JH NMR (600 MHz, DMSOdg) § 9.41 (s, 1H), 8.19 (s, 1H), 7.64
(s, 1H), 6.99 (s, 1H), 6.88 — 6.29 (m, 3H), 5.9713), 5.44 (s, 2H), 1.35 (s, 6HYC NMR
(150 MHz, DMSO€b6) 6 176.1, 167.0, 155.5, 153.0, 150.0, 148.9, 1292441 110.5,
108.1, 101.9, 98.8, 72.9, 27.7. MS (ESI): 305.2*(M)

5.5. General proceduresfor the synthesis of intermediates 22a-d

5.5.1. 5-chloro-3-(4-fluorophenyl)-1-methyl-1,6-dipyridin-4(1H)-one (22a). A dried
flask was charged with 5-chloro-3-(4-fluoropheny$-naphthyridin-4(1H)-onél4 (1.8
mmol), iodomethane (2.18 mmolK,CO; (5.3 mmol) and DMF (5 ml). The mixture was
stirred at room temperature for 3h. Then, the reaanhixturewas poured intowater (60.0
mL), the precipitate was collected by filtrationdawashed with water, and dried under
infrared light to yield the desired prodi&3a. *H NMR (600 MHz,DMSO-dg) 6 8.43 (d,J

= 6.0 Hz, 1H), 8.29 (s, 1H), 7.69 (@@= 6.6 Hz, 1H), 7.67 (d] = 6.0 Hz, 1H), 7.61 (d] =
6.0 Hz, 1H), 7.25 (tJ = 8.7 Hz, 2H), 3.85 (s, 3H}*C-NMR (100 M, DMSOds) 5 173.2,
162.6, 161.0, 151.0, 148.5, 148.0, 143.9, 131.8,11218.4, 115.0, 111.4, 41.1. MS (ESI):
288.1 (M) .

5.5.2. 5-chloro-1-ethyl-3-(4-fluorophenyl)-1,6-napyridin-4(1H)-one (22b). Prepared

according to the procedure for the preparation o0R2a, from
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5-chloro-3-(4-fluorophenyl)-1,6-naphthyridin-4(1ldie 14 and iodoethane to yiel@Pb as

a white solid (86%)*H NMR (600 MHz,DMSO-dg) J 8.42 (d,J = 6.0 Hz, 1H), 8.31 (s,
1H), 7.75 — 7.68 (m, 3H), 7.25 (= 8.7 Hz, 2H), 4.33 (q] = 7.2 Hz, 2H), 1.36 (1 = 7.2

Hz, 3H).13C-NMR (100 M, DMSOs€g) 6 173.3, 162.623, 161.030, 151.403, 148.57336,
147.1,142.8, 131.1, 124.6, 118.7, 115.1, 111.14,48.3. MS (ESI): 302.1 (M)

5.5.3. 5-chloro-3-(4-fluorophenyl)-1-(2-hydroxyethy,6-naphthyridin-4(1H)-one (22c).
Prepared according to the procedure for the prépara of 22a, from
5-chloro-3-(4-fluorophenyl)-1,6-naphthyridin-4(1ldhe 14 and oxirane to yield®2c as a
white solid (46%)H NMR (600 MHz, DMSO€s) 5 8.39 (d,J = 6.0 Hz, 1H), 8.19 (s, 1H),
7.74 (d,J = 6.0 Hz, 1H), 7.72 — 7.65 (m, 2H), 7.24Jt8.4 Hz, 2H), 5.01 (s, 1H), 4.38 (s,
2H), 3.76 (s, 2H)*C-NMR (100 M, DMSOde) 6 173.4, 162.6, 161.0, 151.3, 148.3, 147.8,
144.0, 131.0, 123.8, 118.7, 115.2, 111.4, 59.2.98S (ESI): 348.1 (M).

5.5.4.
5-chloro-3-(4-fluorophenyl)-1-(2-hydroxy-2-methygpyl)-1,6-naphthyridin-4(1H)-one
(22d). Prepared according to the procedure for the préparaof 22a, from
5-chloro-3-(4-fluorophenyl)-1,6-naphthyridin-4(1ldpie 14 and 2,2-dimethyloxirane to yield
22d as a white solid (46%JH NMR (600 MHz,DMSO-dg) 6 8.41 (d,J = 6.0 Hz, 1H), 8.21
(s, 1H), 7.76 (dJ = 6.0 Hz, 1H), 7.72 — 7.64 (m, 2H), 7.26J& 8.7 Hz, 2H), 5.09 (s, 1H),
4.38 (s, 2H), 1.21 (s, 6H)*C-NMR (100 M, DMSO#€) & 173.4, 162.6, 161.0, 151.1, 148.9,
147.7, 144.8, 130.9, 123.3, 118.5, 115.1, 112.8,®&1.1, 27.6MS (ESI): 346.1 (M) ..

5.6. General proceduresfor the synthesis of targets 8, 9a-o and 23a-d

5.6.1. 5-(4-(2-amino-3-chloropyridin-4-yloxy)-3-thuophenylamino)-3-(4-fluorophenyl)-
1,6-naphthyridin-4(H)-one (8). A solution of 5-chloro-3-(4-fluorophenyl)-1,6-
naphthyridin-4(1H)-oné4 (0.5 mmol), 4-(4-amino-2-fluorophenoxy)-3-chloropiin-
amide15 (0.5 mmol) and PTSA (0.5 mmol) in isopropanol (©Q) was heated to 90 °C
under nitrogen for 2 h. The mixture was filteredddhe solid was washed with ice-cold
ethanol to yield 3-chloro-4-(2-fluoro-4-((3-(4-floa@phenyl)-4-oxo-1,4-dihydro-1,6-
naphthyridin-5-yl)- amino)phenoxy)picolinamid& as yellow solid (80%). A solution of
above carboxy amide derivatii® (1 mmol) and (diacetoxyiodo)benzene (1.1 mmol) in

acetonitrile (10 mL) was stired at O °C for 1 h.eTfesulted solution was concentrated in
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vacuum and purified by chromatography (CH/MeOH = 20:1) to yield8 as a yellow
solid (33%), mp 295-296 °CH-NMR (400 M, DMSO#g) 6 13.14 (s, 1H), 12.41 (bs, 1H),
8.33 (d,J = 10.8 Hz, 1H), 8.16-8.18 (m, 2H), 7.70-7.76 (1H);37.46 (d,J = 6.8 Hz, 1H),
7.23-7.29 (m, 3H), 6.86 (d] = 4.8 Hz, 1H), 6.35 (s, 2H), 5.95 (d,= 4.8 Hz, 1H);
3C-NMR (100 M, DMSOs€g) 0 178.0, 162.2, 160.1, 157.4, 155.6, 154.4, 152.@.414
147.2, 146.0, 139.0, 138.3, 134.2, 131.0, 130.8,312122.7, 116.0, 114.7, 108.1, 106.9,
103.2, 100.1. MS (ESI). 492.1 [M+H]HR-MS (El) m/z calcd for &H1¢CIFaNsO,,
491.0961; found 492.1039 [M+H]

5.6.2.
N-(4-(2-fluoro-4-((3-(4-fluorophenyl)-4-oxo-1,4-didro-1,6-naphthyridin-5-yl)amino)phe
noxy)pyridin-2-yl)acetamide  4-methylbenzenesulfenat (9a). A  solution  of
5-chloro-3-(4-fluorophenyl)-1,6- naphthyridin-4(14dhe 14 (0.5 mmol),
N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl)acetamid®la (0.5 mmol) and PTSA (0.5
mmol) in isopropanol (10 mL) was heated to 90 °@armitrogen for 2 h. The mixture was
filtered, and the solid was washed with ice-cold haebl to vyield
N-(4-(2-fluoro-4-((3-(4-fluorophenyl)-4-oxo-1,4-didro-1,6-naphthyridin-5-yl)amino)phe
noxy)pyridin-2-yl)acetamide 4-methylbenzenesulfengda) as white solid (61%)m.p.
248-249 °CH NMR (600 MHz, DMSOds) § 13.42 (s, 1H), 13.18 (s, 1H), 11.57 (s, 1H),
8.31 (s, 2H), 8.16 — 7.94 (m, 2H), 7.74 (s, 2HB17= 7.41 (m, 4H), 7.37 (s, 1H), 7.32 —
7.20 (m, 2H), 7.16 — 7.06 (m, 3H), 7.04 (s, 2HR&(s, 3H), 2.15 (s, 3H}*C NMR (150
MHz, DMSOd6) 6 177.2, 171.6, 168.5, 162.9, 154.8, 154.4, 153%2,41 147.5, 145.7,
144.4, 139.2, 138.3, 136.1, 131.8, 131.2, 130.8,512125.8, 124.9, 124.6, 121.8, 115.3,
115.2, 109.0, 107.1, 104.4, 100.2, 24.4, 21.2. HR{&SI): calcd for G7H19F2NsO3
[M+Na]* 522.1348, found: 522.1349.

5.6.3.
N-(4-(2-fluoro-4-((3-(4-fluorophenyl)-4-oxo-1,4-didro-1,6-naphthyridin-5-yl)amino)phe
noxy)pyridin-2-yl)propionamide 4-methylbenzenesuklite(9b). Prepared according to the
procedure for the preparation of 9a, from
5-chloro-3-(4-fluorophenyl)-1,6-naphthyridin-4(1ldhe 14 and
N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl)propiomade 21b to yield 9b as a white

25



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

solid (52%), m.p. 257-258 °CH NMR (600 MHz, DMSOdg) 5 13.42 (s, 1H), 13.16 (s,
1H), 11.53 (s, 1H), 8.36 — 8.25 (m, 2H), 8.12 (4),18.03 (d,J = 5.4 Hz, 1H), 7.80 — 7.64
(m, 2H), 7.54 (s, 2H), 7.51 — 7.43 (m, 2H), 7.381(d), 7.35 — 7.20 (m, 2H), 7.17 — 7.07
(m, 3H), 7.07 — 6.97 (m, 2H), 2.45 @= 7.2 Hz, 2H), 2.29 (s, 3H), 1.07 (= 7.2 Hz,
3H). *3C NMR (150 MHz, DMSQd6) § 177.2, 175.3, 168.8, 162.9, 161.3, 154.8, 154.4,
153.2, 151.2, 147.6, 145.6, 143.8, 139.2, 138.4,3,3130.5, 128.6, 125.9, 125.0, 124.7,
115.4, 115.3, 109.2, 107.0, 104.4, 100.2, 29.92,29.1. HRMS (ESI): calcd for
CagH21F2NsO3 [M+Na]* 536.1505, found: 536.1505.

5.6.4.
N-(4-(2-fluoro-4-((3-(4-fluorophenyl)-4-oxo-1,4-didro-1,6-naphthyridin-5-yl)amino)phe
noxy)pyridin-2-yl)butyramide 4-methylbenzenesulf&9c). Prepared according to the
procedure for the preparation of 93, from
5-chloro-3-(4-fluorophenyl)-1,6-naphthyridin-4(1ldhe 14 and
N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl)butyrade 21c to yield 9c as a white solid
(57%), m.p. 251-252 °C*H NMR (600 MHz, DMSOdg) 5 13.44 (s, 2H), 11.82 (s, 1H),
8.32 (d,J = 4.8 Hz, 2H), 8.09 (s, 1H), 8.02 (#l= 6.6 Hz, 1H), 7.80 — 7.72 (m, 2H), 7.60 —
7.51 (m, 2H), 7.51 — 7.44 (m, 3H), 7.29Jt= 8.4 Hz, 2H), 7.23 (s, 1H), 7.15 — 7.06 (m,
3H), 2.44 (tJ = 6.6 Hz, 2H), 2.29 (s, 3H), 1.62 (&= 7.2 Hz, 2H), 0.91 (] = 7.2 Hz, 3H).
3C NMR (150 MHz, DMSQOd6) 6 177.2, 174.5, 168.7, 162.9, 161.3, 154.8, 15463,2,
151.3, 147.6, 145.7, 143.9, 139.2, 138.3, 131.8,513128.6, 125.9, 125.0, 124.7, 115.4,
115.3, 109.1, 107.0, 104.4, 100.4, 38.4, 21.2,,1828. HRMS (ESI): calcd for
CagH23F2NsO3 [M+Na]* 550.1661, found: 550.1662.

5.6.5.
N-(4-(2-fluoro-4-((3-(4-fluorophenyl)-4-oxo-1,4-didro-1,6-naphthyridin-5-yl)amino)phe
noxy)pyridin-2-yl)pentanamide 4-methylbenzenesudfte{9d). Prepared according to the
procedure for the preparation of 9a, from
5-chloro-3-(4-fluorophenyl)-1,6-naphthyridin-4(1ldhe 14 and
N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl)pentanala 21d to yield 9d as a white solid
(54%), m.p. 250-251 °C*H NMR (600 MHz, DMSOdg) 5 13.44 (s, 1H), 13.26 (s, 1H),
11.68 (s, 1H), 8.38 — 8.26 (m, 2H), 8.10 (s, 1HY28(d,J = 6.0 Hz, 1H), 7.77 — 7.72 (m,
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2H), 7.63 — 7.51 (m, 2H), 7.48 (d,= 7.8 Hz, 2H), 7.38 (s, 2H), 7.30 (&= 9.0 Hz, 2H),
7.19 (d,J = 5.4 Hz, 1H), 7.12 (d] = 7.8 Hz, 2H), 7.06 (d] = 6.6 Hz, 1H), 2.43 (t] = 4.8
Hz, 2H), 2.34 (, 3H), 1.57 (§,= 7.2 Hz, 2H), 1.31 (df] = 7.2 Hz, 2H), 0.88 (] = 7.2 Hz,
3H). ¥3c NMR (150 MHz, DMSQCd6) 6 177.2, 174.7, 168.8, 162.9, 161.3, 154.8, 154.3,
153.2, 151.1, 147.6, 145.5, 143.7, 139.2, 138.4,23131.3, 131.2, 130.5, 128.6, 125.9,
125.1, 124.7, 115.4, 115.3, 109.3, 107.0, 104.8,31(86.3, 26.8, 22.0, 21.2, 14.1. HRMS
(ESI): calcd for GoHasF2NsOs [M+Na]* 564.1817, found: 564.1819.

5.6.6.
N-(4-(2-fluoro-4-((3-(4-fluorophenyl)-4-oxo-1,4-dydro-1,6-naphthyridin-5-yl)amino)phe
noxy)pyridin-2-yl)isobutyramide 4-methylbenzenesufite(9e). Prepared according to the
procedure for the preparation of 9a, from
5-chloro-3-(4-fluorophenyl)-1,6-naphthyridin-4(1ldhe 14 and
N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl)isobugymide 21e to yield 9e as a white
solid (54%), m.p. 215-216 °CH NMR (600 MHz, DMSOsg) & 13.43 (s, 1H), 13.19 (s,
1H), 11.55 (s, 1H), 8.35 — 8.28 (m, 2H), 8.10 (4),18.02 (d,J = 6.0 Hz, 1H), 7.74 (s, 2H),
7.54 (s, 2H), 7.48 (d] = 7.8 Hz, 2H), 7.44 (s, 1H), 7.28 {t= 8.4 Hz, 2H), 7.17 (s, 1H),
7.12 (d,J = 7.8 Hz, 2H), 7.04 (d] = 6.6 Hz, 1H), 2.85 — 2.63 (m, 1H), 2.28 (s, 3H)I1
(m, 6H).13C NMR (150 MHz, DMSQd6) 6 178.5, 177.2, 168.9, 162.9, 161.3, 154.8, 154.3,
153.2, 151.3, 147.6, 145.5, 143.6, 139.2, 138.4,3,3130.4, 128.6, 125.9, 125.1, 124.8,
122.5, 115.4, 115.3, 109.4, 107.0, 104.4, 100.4,35AL.2, 19.2. HRMS (ESI): calcd for
CagH23F2NsO3 [M+Na] " 550.1661, found: 550.1660.

5.6.7.
N-(4-(2-fluoro-4-((3-(4-fluorophenyl)-4-oxo-1,4-dydro-1,6-naphthyridin-5-yl)amino)phe
noxy)pyridin-2-yl)pivalamide 4-methylbenzenesulftm#9f). Prepared according to the
procedure for the preparation of 9a, from
5-chloro-3-(4-fluorophenyl)-1,6-naphthyridin-4(1ldpe 14 and
N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl)pivalade 21f to yield 9f as light yellow
solid (51%), m.p. 196-197 °CH NMR (600 MHz, DMSOeg) & 13.40 (s, 1H), 13.02 (s,
1H), 10.97 (s, 1H), 8.38 (d,= 6.6 Hz, 1H), 8.30 (d] = 5.4 Hz, 1H), 8.20 (s, 1H), 8.06 (s,
1H), 7.74 (ddJ = 7.8, 6.0 Hz, 2H), 7.56 (s, 3H), 7.48 (d= 7.8 Hz, 2H), 7.32 — 7.25 (m,
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3H), 7.12 (dJ = 7.8 Hz, 2H), 7.01 (d] = 5.4 Hz, 1H), 2.35 — 2.13 (m, 3H), 1.25 (s, 9H).
¥c NMR (150 MHz, DMSQCd6) 6 180.0, 177.2, 169.5, 162.9, 161.3, 154.8, 15468,11
151.2, 147.5, 145.6, 142.4, 141.2, 139.2, 138.8,5,3131.3, 130.5, 128.6, 125.9, 125.1,
124.7, 115.4, 115.3, 109.9, 107.0, 104.4, 100.77,281.2. HRMS (ESI): calcd for
CaoH25F2NsO3 [M+H] ¥ 542.1998, found: 542.1994.

5.6.8.
N-(4-(2-fluoro-4-((3-(4-fluorophenyl)-4-oxo-1,4-dydro-1,6-naphthyridin-5-yl)amino)phe
noxy)pyridin-2-yl)cyclopropanecarboxamide 4-mettgrizenesulfonate(9g). Prepared
according to the procedure  for  the preparation oPa, from
5-chloro-3-(4-fluorophenyl)-1,6-naphthyridin-4(1ldpe 14 and
N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl)cyclogsanecarboxamid2lg to yield 9g as
light yellow solid (46%), m.p. 220-222 °&4 NMR (600 MHz, DMSOds) & 13.43 (s, 1H),
13.23 (s, 1H), 11.94 (s, 1H), 8.34 — 8.27 (m, B4)9 (d,J = 10.8 Hz, 1H), 8.01 (dl = 5.4
Hz, 1H), 7.78 — 7.71 (m, 2H), 7.57 — 7.51 (m, 2A%8 (d,J = 6.6 Hz, 2H), 7.42 (s, 1H),
7.29 (t,J = 7.8 Hz, 2H), 7.16 — 7.09 (m, 3H), 7.05 Jd; 5.4 Hz, 1H), 2.28 (s, 3H), 1.96 (s,
1H), 0.96 — 0.81 (m, 4H)*C NMR (150 MHz, DMSOd6) 5 177.2, 175.1, 168.7, 162.9,
161.3, 154.8, 154.3, 153.2, 151.1, 147.6, 145.8,9,4139.2, 138.4, 135.9, 131.3, 131.2,
130.4, 128.6, 125.9, 125.1, 124.8, 115.4, 115.9,2,.07.0, 104.4, 100.3, 21.2, 15.2, 9.5.
HRMS (ESI): calcd for gH,1FN5O3 [M+H] " 526.1612 found: 526.1613.

5.6.9.
N-(4-(2-fluoro-4-((3-(4-fluorophenyl)-4-oxo-1,4-dydro-1,6-naphthyridin-5-yl)amino)phe
noxy)pyridin-2-yl)cyclobutanecarboxamide 4-methylbenesulfonate (9h). Prepared
according to the procedure  for the preparation oBa, from
5-chloro-3-(4-fluorophenyl)-1,6-naphthyridin-4(1idhe 14 and
N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl)cyclokarecarboxamid@lh to yield 9h as
light yellow solid (46%), m.p. 235-236 °&4 NMR (400 MHz, DMSOds) & 13.68 (s, 1H),
13.41 (s, 1H), 11.61 (s, 1H), 8.34 — 8.26 (m, ZH).7 (s, 1H), 8.08 (d] = 6.0 Hz, 1H),
7.77 (dd,J = 8.4, 5.6 Hz, 2H), 7.63 (s, 1H), 7.59 — 7.45 &H), 7.30 (t,J = 8.8 Hz, 2H),
7.21 —7.11 (m, 5H), 3.47 — 3.36 (m, 1H), 2.313(), 2.28 — 2.20 (M, 2H), 2.20 — 2.09 (m,
2H), 2.02 — 1.90 (m, 1H), 1.87 — 1.75 (s, 1HC NMR (150 MHz, DMSQd6) § 177.3,
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175.5, 167.9, 166.6, 163.6, 162.7, 161.1, 154.8,115152.3, 148.5, 147.2, 145.9, 139.8,
138.9, 138.2, 131.3, 130.9, 128.5, 128.4, 125.4,712115.3, 115.2, 108.6, 107.1, 104.1,
100.3, 24.7, 21.2, 18.0. HRMS (ESI): calcd faphGaFNsOs [M+Na]*562.1661, found:
562.1663.

5.6.10.
N-(4-(2-fluoro-4-((3-(4-fluorophenyl)-4-oxo-1,4-didro-1,6-naphthyridin-5-yl)amino)phe
noxy)pyridin-2-yl)cyclohexanecarboxamide 4-methylbenesulfonate (9i). Prepared
according to the procedure  for  the preparation 0Ba, from
5-chloro-3-(4-fluorophenyl)-1,6-naphthyridin-4(1ldhe 14 and
N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl)cycloharecarboxamideli to yield 9i as
light white solid (60%)m.p. 238-239 °C*H NMR (600 MHz, DMSOsds) § 13.39 (s, 1H),
13.14 (s, 1H), 11.50 (s, 1H), 8.30 (s, 2H), 8.151(), 8.03 (s, 1H), 7.73 (s, 2H), 7.52 (s,
2H), 7.49 — 7.42 (m, 2H), 7.37 (s, 1H), 7.31 — 7(842H), 7.17 — 7.07 (m, 3H), 7.02 (s,
1H), 2.45 (s, 1H), 2.27 (s, 3H), 1.85 — 1.55 (m),5H42 — 1.08 (m, 5H}:3C NMR (150
MHz, DMSO4d6) 6 177.5, 177.2, 169.8, 168.9, 162.9, 161.3, 15652,8, 154.4, 153.2,
151.3, 147.5, 145.6, 143.5, 139.2, 138.3, 131.8,513128.6, 125.9, 125.0, 124.6, 115.4,
115.3, 109.3, 107.0, 104.4, 100.4, 44.9, 28.9,,28%3, 21.2. HRMS (ESI): calcd for
CzoH27F2NsO3 [M+H] " 568.2082 found: 568.2084.

5.6.11.
N-(4-(2-fluoro-4-((3-(4-fluorophenyl)-4-oxo-1,4-didro-1,6-naphthyridin-5-yl)amino)phe
noxy)pyridin-2-yl)-2-hydroxyacetamide  4-methylbenesulfonate (9j). Prepared
according to the procedure  for  the preparation 0Ba, from
5-chloro-3-(4-fluorophenyl)-1,6-naphthyridin-4(1ldhe 14 and
N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl)-2-hydkgacetamide2l] to yield 9j as light
yellow solid (52%), m.p. 217-218 °CH NMR (400 MHz, DMSOsdg) & 13.35 (s, 2H),
10.79 (s, 1H), 8.31 (s, 1H), 8.26 (s, 2H), 8.101¢d), 8.01 (s, 1H), 7.77 — 7.62 (m, 3H),
7.58 — 7.36 (M, 4H), 7.26 (s, 2H), 7.17 — 7.034H), 4.07 (s, 2H), 2.28 (s, 3HC NMR
(150 MHz, DMSO€db6) 6 177.2, 175.6, 173.8, 168.4, 162.8, 161.2, 15454 .5 153.2,
151.1, 147.5, 145.7, 145.3, 143.3, 139.0, 138.3,0,3134.4, 131.3, 130.6, 128.6, 125.9,
124.9, 124.5, 115.4, 115.2, 109.1, 107.0, 104.8,8,(62.0, 21.2. HRMS (ESI): calcd for

29



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

C,7H10FN504 [M+Na]* 538.1297, found: 538.1298.

5.6.12.
N-(4-(2-fluoro-4-((3-(4-fluorophenyl)-4-oxo-1,4-didro-1,6-naphthyridin-5-yl)amino)phe
noxy)pyridin-2-yl)-2-hydroxypropanamide 4-methylzemesulfonate (9k). Prepared
according to the procedure  for  the preparation oPa, from
5-chloro-3-(4-fluorophenyl)-1,6-naphthyridin-4(1ldpe 14 and
N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl)-2-hydxgpropanamide21lk to yield 9%k as
light yellow solid (57%), m.p. 232-233 °&4 NMR (600 MHz, DMSOds) & 13.43 (s, 1H),
13.18 (s, 1H), 10.92 (s, 1H), 8.38 (ds 6.6 Hz, 1H), 8.31 (d] = 5.4 Hz, 1H), 8.17 (s, 1H),
8.04 (d,J = 6.0 Hz, 1H), 7.74 (dd} = 8.4, 6.0 Hz, 2H), 7.66 (s, 2H), 7.53 (s, 2H}%77(d,J

= 7.8 Hz, 1H), 7.29 (t) = 9.0 Hz, 2H), 7.21 (d] = 6.4 Hz, 1H), 7.11 (d] = 7.8 Hz, 2H),
7.04 (d,J = 6.6 Hz, 1H), 4.27 (q] = 6.6 Hz, 1H), 2.27 (d, 3H), 1.30 (d, 6.6 Hz, 3L}
NMR (150 MHz, DMSOd6) 6 177.2, 176.6, 169.0, 162.9, 161.3, 154.8, 15453.2,
150.7, 147.6, 145.6, 144.1, 139.2, 138.3, 136.3,33131.2, 130.5, 128.6, 125.9, 125.0,
124.7, 115.4, 115.3, 109.5, 107.0, 104.4, 100.9,671.2, 20.8. HRMS (ESI): calcd for
CagH21F2NsO,4 [M+Na]" 552.1454, found: 552.1454.

5.6.13.
N-(4-(2-fluoro-4-((3-(4-fluorophenyl)-4-oxo-1,4-didro-1,6-naphthyridin-5-yl)amino)phe
noxy)pyridin-2-yl)-2-hydroxy-2-methylpropanamide  ndethylbenzenesulfonate (91).
Prepared according to the procedure for the prépara of 9a, from
5-chloro-3-(4-fluorophenyl)-1,6-naphthyridin-4(1ldhe 14 and
N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl)-2-hydxg-2-methylpropanamide 211 to
yield 91 as light yellow solid (59%), m.p. 241-242 °& NMR (400 MHz, DMSOds) &
13.38 (s, 1H), 13.18 (s, 1H), 10.89 (s, 1H), 887J(= 6.4 Hz, 1H), 8.29 (d] = 5.6 Hz ,
1H), 8.12 (s, 1H), 8.00 (d,= 6.4 Hz, 1H), 7.76 — 7.65 (m, 3H), 7.52 (s, 2AH15 (d,J =
8.0 Hz, 2H), 7.30 — 7.22 (m, 3H), 7.09 {ds 7.6 Hz, 2H), 7.03 (d] = 5.6 Hz, 1H), 2.28 (s,
3H), 1.36 (s, 6H)*C NMR (150 MHz, DMSQOd6) & 178.5, 177.2, 169.2, 162.9, 161.3,
154.8, 154.4, 153.2, 150.7, 147.5, 145.7, 143.8,213138.3, 137.2, 136.4, 131.3, 130.5,
128.6, 125.9, 125.0, 124.6, 115.4, 115.3, 109.7.010104.4, 100.8, 73.0, 27.6, 21.2.
HRMS (ESI): calcd for goH23FNsO4 [M+Na]* 566.1610, found: 566.1610.
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5.6.17.
N-(4-(2-fluoro-4-((3-(4-fluorophenyl)-1-methyl-4-ox1,4-dihydro-1,6-naphthyridin-5-yl)a
mino)phenoxy)pyridin-2-yl)cyclopropanecarboxamide-mdthylbenzenesulfonate23a).
Prepared according to the procedure for the prépara of 9a, from
5-chloro-3-(4-fluorophenyl)-1-methyl-1,6-naphthyiriegd(1H)-one 22a and
N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl)cyclogsanecarboxamid®lg to yield 23a
as yellow solid (53%), m.p. 216~218%€, NMR (400 MHz, DMSOdg) & 13.56 (s, 1H),
11.87 (s, 1H), 8.39 (s, 1H), 8.34 — 8.12 (m, 3HJ57 7.66 (m, 2H), 7.54 — 7.40 (m, 4H),
7.33 — 7.22 (m, 3H), 7.12 — 7.05 (m, 3H), 7.03J&; 6.4 Hz, 1H), 3.88 (s, 3H), 2.28 (s,
3H), 1.94 (s, 1H), 0.97 — 0.82 (m, 4K}C NMR (150 MHz, DMSOd6) & 176.6, 175.2,
169.1, 162.9, 161.1, 155.0, 153.0, 152.0, 150.9,8,4145.6, 145.0, 143.5, 138.4, 131.3,
130.5, 128.6, 125.9, 124.8, 124.2, 115.5, 115.3,511109.4, 107.5, 102.7, 100.0, 41.6,
21.2, 15.2, 9.6. HRMS (ESI): calcd forzd8.3F>NsOs; [M+Na]® 562.1661, found:
562.1663.

5.6.18.
N-(4-(4-((1-ethyl-3-(4-fluorophenyl)-4-oxo-1,4-didyo-1,6-naphthyridin-5-yl)amino)-2-fl
uorophenoxy)pyridin-2-yl)cyclopropanecarboxamide mdthylbenzenesulfonate 23p,
0.6eg PTSA).Prepared according to the procedure for the préparaf 9a, from
5-chloro-1-ethyl-3-(4-fluorophenyl)-1,6-naphthymd#(1H)-one 22b and
N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl)cycloppsanecarboxamid@1g to yield 23b

as light yellow solid (53%), m.p. 195~197°® NMR (400 MHz, DMSO#ds) & 13.50 (s,
1H), 11.10 (s, 1H), 8.50 — 8.20 (m, 4H), 7.77 (4),37.60 — 7.45 (m, 3H), 7.45 — 7.21 (m,
3H), 7.20 —7.05 (m, 2H), 6.88 (s, 1H), 4.35J¢; 6.4 Hz, 2H), 2.31 (s, 1.8H), 1.96 (s, 1H),
1.40 (s, 3H), 0.82 (s, 4H}*C NMR (150 MHz, DMSOd6) & 176.8, 173.8, 167.0, 162.7,
161.1, 156.4, 154.7, 153.3, 153.0, 148.6, 148.6,24143.5, 139.1, 131.3, 131.0, 128.5,
125.9, 124.2, 123.7, 117.6, 115.3, 115.1, 109.8,2.4.07.8, 101.8, 99.7, 48.4, 39.5, 21.2,
14.6, 8.6. HRMS (ESI): calcd fors@H,sF:NsOs [M+H] * 554.1925 found: 554.1922.

5.6.19.
N-(4-(2-fluoro-4-((3-(4-fluorophenyl)-1-(2-hydroxyeyl)-4-oxo-1,4-dihydro-1,6-naphthyri

din-5-yl)amino)phenoxy)pyridin-2-yl)cyclopropanebaxamide 4-methylbenzenesulfonate
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(23c). Prepared according to the procedure for the préparaof 9a, from
5-chloro-3-(4-fluorophenyl)-1-(2-hydroxyethyl)-1r@&phthyridin-4(1H)-one 22c  and
N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl)cyclogsanecarboxamid®lg to yield 23c
as light yellow solid (53%), m.p. 160~161°€, NMR (600 MHz,DMSO-ds) & 13.69 (s,
1H), 11.84 (s, 1H), 8.35 — 8.25 (m, 2H), 8.20 (d),18.13 (s, 1H), 7.77 — 7.67 (m, 2H),
7.56 — 7.39 (m, 4H), 7.29 (,= 8.4 Hz, 2H), 7.23 (s, 1H), 7.19 @= 6.0 Hz, 1H), 7.15 —
7.05 (m, 4H), 4.42 (s, 2H), 3.76 (s, 2H), 2.263¢4), 1.90 (s, 1H), 0.97 — 0.83 (m, 4H¥3C
NMR (150 MHz, DMSOd6) 6 176.7, 175.0, 168.8, 162.9, 161.3, 155.3, 15458.2,
153.0, 151.1, 147.5, 145.6, 145.0, 144.0, 138.4,23130.5, 128.6, 125.9, 124.7, 123.7,
120.6, 115.5, 115.3, 109.2, 107.8, 102.8, 100.(,385.5, 21.2, 15.2, 9.5. HRMS (ESI):
calcd for GiH2sF2NsO4 [M+Na]* 592.1772 found: 592.1773.

5.6.20.
N-(4-(2-fluoro-4-((3-(4-fluorophenyl)-1-(2-hydrox®-methylpropyl)-4-oxo-1,4-dihydro-1,
6-naphthyridin-5-yl)amino)phenoxy)pyridin-2-yl)cygropanecarboxamide
bis(4-methylbenzenesulfonatgR3d). Prepared according to the procedure for the
preparation of 9a, from
5-chloro-3-(4-fluorophenyl)-1-(2-hydroxy-2-methygpyl)-1,6-naphthyridin-4(1H)-one

22d and N-(4-(4-amino-2-fluorophenoxy)pyridin-2-yl)cpgropanecarboxamid@lg to
yield 23d as light yellow solid (53%), m.p. 2 31~233%€, NMR (400 MHz, DMSO#) &
13.80 (s, 1H), 11.80 (s, 1H), 8.38 — 8.29 (m, B41 (d,J = 11.6 Hz, 1H), 8.12 (d = 6.8
Hz, 1H), 7.76 (dd) = 8.8, 5.6 Hz, 2H), 7.56 (s, 2H), 7.51 (s, 2HXI7(s, 2H), 7.41 (d] =
6.8 Hz, 1H), 7.35 (tJ = 8.8 Hz, 2H), 7.29 (s, 1H), 7.17 — 7.11 (m, 5438 (s, 2H), 2.31 (s,
6H), 2.05 — 1.80 (m, 1H), 1.21 (s, 6H), 1.02 — 01, 4H). **C NMR (150 MHz,
DMSO-d6) 6 176.7, 175.1, 168.9, 163.0, 161.3, 160.3, 1543,11 151.0, 148.8, 145.8,
145.4, 143.9, 138.5, 136.9, 136.8, 131.2, 130.8,612125.9, 124.9, 123.5, 121.5, 115.5,
115.4, 109.3, 107.6, 104.2, 100.0, 70.7, 61.4,,2712, 15.2, 9.6. HRMS (ESI): calcd for
CasH29F2N504 [M+H] * 598.2188 found: 598.2187.

5.7. Molecular docking.
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The three dimensional (3D) structure of the METakie complex (PDB code: 3F82) and
VEGFR-2 kinase (PDB code: 3U6J) complex were okthinom PDB database. All water
molecules and ligand were removed from the comptaxcture and hydrogen atoms were
added with pH equaling to 7.0 using Sybyl-X. Thet@ock 4.3° program was applied to
docking compoun@®, 9i and 9g into the binding site of MET kinase and compo®hdnd
9g into the binding site of VEGFR-2 kinaS&> The Gasteiger charges were used for this
inhibitors. In the docking process, a conformatlosearch was performed for the ligand
using the Solis and Wets local search method, aedLemarckian genetic algorithm
(LGA) *** was applied for the conformational search of theding complex of ligand
with the kinase. Among a series of docking pararsetthe grid size was set to be
70x70x80 in 3F82, 46x40x60 in 3U6J, and the uséd gpace was the default value of
0.375 A. Among a set of 100 candidates of the dddamnplex structures, the best one was
first selected according to the interaction eneepd was then compared with the

conformation of ligandd, BMS-777607) extracted from the crystal structure.

5.8. Biochemical Kinase Assays.

The ability of compounds to inhibit the activity afwide variety of kinases was testad
vitro. Enzyme assays were run in homogeneous time-egbdlivorescence (HTRF) format
in 384-well microtiter plates using purified kingsgurchased from Invitrogen. The HTRF
KinEASE TK kit (contains substrate-biotin, antibedsyptate, streptavidin-XL665,
5xenzymatic buffer and detection buffer) was puseldafrom Cisbio, and the kinase assays
were performed according to manufacture’s instansti After the kinases and the
compounds incubated at 25~30 °C for 5 min, theti@as were initiated by the addition of
2 ul of mixed substrate solution [mixed solution of ATSigma) and substrate-biotin]. The
final concentrations of kinases were atgk@nd the total reaction volume wasu8 Plates
were incubated at 30 °C for 30~60 min, then thetreas were quenched by the addition 8
ul mixed detection solution (mixed solution of awialy-cryptate and streptavidin-XL665 in
detection buffer). The fluorescence at 665 nm &2 rim was measured with PHERAstar

FS plate reader (BMG) using a time delay of 80 All kinases assays were conducted
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using ATP concentrations below the enzyig.p, and kinase-specific biotinylated
substrate peptides.

The data for dose responses were plotted as pdrdghition calculated with the data
reduction formula 100 x [1 Ug — Cy) / (C1 — Cy)] versus concentration of compound,
whereU is the emission ratio of 665 nm and 620 nm of $astpleC; is the average value
obtained for solvent control (2% DMSO), a@ is the average value obtained for no
reaction control (no kinase sample). Inhibition v@g were generated by plotting
percentage control activity versus {9gf the concentration of each kinase. ThgyNalues

were calculated by nonlinear regression with Graphprism 5.

5.9. Cell Proliferation Assay.

Cells were seeded in 96-well tissue culture pladesthe next day, cells were exposed to
various concentrations of compounds and furthertuced for 72 h. Finally, cell
proliferation was determined using thiazolyl blusrazolium bromide (MTT, Sigma)

assay.

5.10. Phar macokinetic profilesin SD rats

Compounds, 9g or 23a were dissolved in 70% PEG-400 solution and adrares to 3
male SD rats (weight ranging from 180 g to 220 @)ifv. and p.o. administration. The
dosing volume was 2 mL/kg (i.v.) or 10 mL/kg (p.dAfter administration, blood samples
were collected at the point including 5 min, 15 n88 min, 30 min, 1 h, 2 h, 4 h, 6 h, 8 h,
10 h, 24 h, 48h and 72h (i.v.) or 15 min, 30 mi,din, 30 min, 1 h, 2 h, 4 h, 6 h, 8 h, 10 h,
24 h, 48h and 72h (p.o.) for analyses, the coltebteod samples were centrifuged at 8000
rom for 5 min at 4C, and then analyzed after protein precipitatiod/MS/MS analysis of
compound8, 9g or 23a was performed under optimized conditions to obthie best
sensitivity and selectivity of the analyte in sééek reaction monitoring mode (SRM)
containing an internal standard. Plasma conceaotrdime data were measured by a
noncompartmental approach using the software WiniNoEnterprise, version 5.2

(Pharsight Co., Mountain View, CA).
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Highlights:

Synthesis and Biological Evaluation of New MET Inhibitorswith

1,6-Naphthyridinone Scaffold

e 1,6-Naphthyridinone was developed as a novel scaffold for the discovery of MET
inhibitor.

e The 1,6-naphthyridone fragment was designed via a scaffold-hopping strategy of
2,7-naphthyridinone MET kinase inhibitor.

e Compound 23a displayed good MET potency, promising VEGFR-2 selectivity

and favorable PK profiles.



