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Three series of novel 4-phenoxypyridine derivatives were synthesized and evaluated for their c-Met kinase
activities and cytotoxic activities against A549, H460, HT-29 cancer cell lines. Furthermore, colony formation,

acridine orange/ethidium bromide staining, apoptosis, and wound-healing assay of 26a were performed.




Design, synthesis and biological evaluation of novel
N-[4-(2-fluorophenoxy)pyridin-2-yl]cyclopropanecar boxamide derivatives as potential c-M et
kinase inhibitors

Ju Lidf, Yilin Gond, Jiantao SHj Xuechen Hab Yang Wan§ Yunpeng Zhot
Yunlei Hol, Yajing Lit®, Shi Dind™*, Ye Cheri**

2College of Pharmacy of Liaoning University, APl Engineering Technology Research Center of Liaoning Province, 66 Chongshan Road,
Huanggu District, Shenyang 10036, P. R. China.

®Key Laboratory of Sructure-Based Drug Design and Discovery (Shenyang Pharmaceutical University), Ministry of Education, 103
Wenhua Road, Shenhe District, Shenyang 110016, PR China

“Corresponding author: Shi Ding. Tel./Fax: 86-24-6220 2469. E-mail: dingshi_destiny@163.com.

* Corresponding author: Ye Chen. Tel./Fax: 86-24-6220 2469. E-mail: sy-chenye@163.com.

Abstract

Three series of novel 4-phenoxypyridine derivativesntaining 4-methyl-6-oxo-1,6-dihydropyridazine-
3-carboxamide, 5-methyl-4-oxo-1,4-dihydropyridazBiearboxamide and 4-methyl-3,5-dioxo-2,3,4,5-
tetrahydro-1,2,4-triazine-6-carboxamide moietiesrevaynthesized and evaluated for thair vitro inhibitory
activitives against c-Met kinase and cytotoxic dtities against A549, H460, HT-29 cancer cell lin€he results
indicated that most of the compounds showed moglé@tgood antitumor activitives. The most promising
compound6a (with c-Met 1G;, value of 0.01:M) showed remarkable cytotoxicity against A549, H46@%] HT-29
cell lines with 1Gy values of 1.5M, 0.72 uM and 0.56uM, respectively. Their preliminary structure-actyvi
relationships (SARs) studies indicate that 4-me#gtdioxo-2,3,4,5-tetrahydro-1,2,4-triazine-6-catamide was
more preferred as linker part, and electron-wittding groups on the terminal phenyl rings are beregfifor
improving the antitumor activitives. Furthermorae tcolony formation, acridine orange/ethidium brden{AO/EB)
staining, apoptosis, and wound-healing ass&@pafwere performed on HT-29 and/or A549 cell lines.

Keywords: Synthesis, 4-Phenoxypyridine derivativeMet inhibitors, Antitumor activity, Docking styd

1. Introduction

c-Mesenchymal epithelial transition factor (etMlis a receptor tyrosine kinase that is normadiyvated by its
natural ligand hepatocyte growth factor/scattetdia(HGF/SF) [1]. The HGF/c-Met axis plays an inaoit role in
normal embryonic development and organ regenerakimwever, aberrant activation of c-Met can inceetise
tumorigenicity and metastatic potential of tumali<f]. Like other oncogenic pathway, overexpreasir mutation
of protein members of this pathway is a drivingtéador numerous cancers [3]. Consequently, the ld@®fet
signaling pathway has been emerging as an atteatztiget for cancer therapies [4].

To date, numerous examples of successful therapéuiterventions with small molecule c-Met kinase
inhibitors have been reported [5]. These small sukec-Met kinase inhibitors were mainly dividedoirmype | and
Type IlI, according to the structural features aimtling mode to the c-Met kinase. As disclosed rdgenertain
mutations near the active site of c-Met may caeséstance of type | inhibitors. In contrast, typénhibitors are
postulated to be more effective against these muatbecause their binding interactions extend beybe entrance
to c-Met'’s active site [6-8]. During the past tezays, numerous type 1l c-Met inhibitors have beiscavered and
some of them are launched or in clinical trialsstsas Cabozantinib [9], BMS-777607 [1BMS-794833 [11],
Foretinib [12] and NPS-1034 [13] (Fig. 1). Amongeth, 4-phenoxypyridines play a key role and havenbee
extensively studied [14-18]. A good example of &pbxypyridine-based type Il c-Met inhibitors is BM37607,



which inhibits the kinase activity of c-Met &= 3.9 nM), as well as that of Axl (kg=1.1 nM), Ron (IGy = 1.8
nM), and Tyro3 (IGy = 4.3 nM), is currently undergoing phase Il clalitrials for various cancers [10].

As described in Fig. 1, structurally, most of type-Met inhibitors may be disconnected into threeieties: a
4-phenoxypyridine  core (moiety A, usually subsétut 4-phenoxypyridine, 4-phenoxyquinoline,
4-phenoxypyrrolopyridine, and 4-phenoxythienopyrédi a phenyl or substituted phenyl group (moie}yaBd a
linker bridge (moiety C). Importantly, there sholdd two structural characteristics on the linkeddpe (moiety C)
between moiety A and B. One was ‘5-atom regulatiarfiich means six chemical bonds distance exidigtgveen
moiety A and B; the other was that the linker sbdazdntain both hydrogen-bond donor or acceptoradréast one
amide group. Various linear chains and heterocyitigs can be introduced to the main chain of Sratmker
[19-21].
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Fig. 1. The representative c-Met kinase inhibitors areddbrresponding general structure.

With the goal of finding more 4-phenoxypyridine-bds type Il c-Met inhibitors,
N-[4-(2-fluorophenoxy)pyridin-2-ylJcyclopropanecartamide was used as the moiety A.
4-Methyl-6-ox0-1,6-dihydropyridazine-3-carboxamid&;methyl-4-oxo-1,4-dihydropyridazine-3-carboxamided
4-methyl-3,5-dioxo-2,3,4,5-tetrahydro-1,2,4-triazi6-carboxamide fragments were introduced into rtiweety C
via cyclization strategy based on the ‘5 atoms reguatFurthermore, various substituents were inficetl at the
phenyl ring (moiety B) to investigate their effeds activitives. Accordingly, three series of 4-pbrypyridine
derivatives were designed and synthesized to stuelystructure-activity relationships (SARs) anddfipromising
antitumor agents (Fig. 2).

In the current study, all target compounds werdh®sized and evaluated for thigvitro inhibitory activitives
against c-Met kinase and cytotoxic activitives agaihuman lung adenocarcinoma cell line (A549), &urlung
cancer cell lines (H460) and human colon cancel loed (HT-29) cancer cell lines. Their structuretiaity
relationships (SARs) were further explored. Fumhenre, the colony formation, acridine orange/ethidibromide
(AO/EB) staining, apoptosis, and wound-healing yss#H 26a were performed on HT-29 and/or A549 cell lines.
Additionally, a docking analysis was also performeelucidate the binding mode of the target comp6a with
c-Met kinase.
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Fig. 2. Design strategy and structures of the target comgs.

2. Results and discussion

2.1 Chemistry

The key intermediat&0 was synthesized according to the route outline8dheme 1. Commercially available
4-chloropyridin-2-amine was condensed with cyclgamecarbonyl chloride in the presence giNEib provides,
which underwent a nucleophilic substitution withfl@ro-4-nitrophenol to give the desired intermedi®.
Reduction of the nitro group &fwith iron powder and acetic acid in ethyl acetatater (10:1 v/v) provided aniline
compoundL0.

Scheme 1. Reagents and conditions: (i) cyclopropanecarboribrie, EtN, CH,CI,, rt, 12 h; (ii) 2-fluoro-4-nitrophenol,
chlorobenzene, reflux, 40 h; (iii) Fe (powder), HOQA&thyl acetate /water (5:1 v/v), reflux, 2 h.

The synthesis of target compountia-f were summarized in Scheme 2. The condensatiommfmercially
available ethyl acetoacetate with different subtd diazotized anilines in the presence of sodagetate in
ethanol/water mixture afforded intermediatd®?a-f as yellow solids. The cyclization ofl2a-f with
(ethoxycarbonylmethylene)triphenylphosphorane fluxeng toluene gave compound8a-f, which were converted
to acidsl4a-f using sodium hydroxide solution at 8Q for 5 h [22, 23]Acids 14a-f were then condensed with
intermediatel0 in the presence of HATU and it in DMF at room temperature overnight to affor@ ttarget
compounddb5a-f.
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Scheme 2. Reagents and conditions: (i) Nap®Cl, H,0, 0°C, 30 min; (ii) Ethyl acetoacetate, AcONa, EtOH2®°C, 2 h; (iii)
PhP=CHCOOE, PhMe, reflux, 12 h; (iv) NaOH, THF 4®f 50°C, 5 h; (v)10, HATU, EtN, DMF, rt,12 h.

The target compounda-h were synthesized according to the method sumnthnz&cheme 3. According to
the similar synthesis procedure Hta-h, diazotization of the substituted anilines withldison nitrite in aqueous
hydrochloric acid, followed by condensation withydt3-oxopentanoate in basic medium afforded threesponding
intermediates 17a-h in good to excellent yields. The cyclization di7a-h with DMF-DMA afforded
l-aryl-4-oxo-1,4-dihydropyridazine-3-carboxylic dastersl8a-h, which were converted to acid analogi@a-h
by hydrolysis in agueous NaOH [24]. Finally, intemiiatesl9a-h were coupled with intermediaf® using HATU
as coupling reactant to afford the target compo@0dsh.
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Scheme 3. Reagents and conditions: (i) Nap®ICl, H,O, 0°C, 30 min; (ii) ethyl 3-oxopentanoate, AcONa, Et@-25°C, 2 h; (ii)
DMF-DMA, PhMe, reflux, 12 h; (iv) 10% NaOH, 5C, 4 h; (v)10, HATU, EtN, DMF, rt, 12 h.

The target compound®6a-i were obtained using a five-step synthetic routdirmd in Scheme 4. Ethyl
(2-cyanoacetyl)carbamate was added to a freshlyhegized different substituted phenyl diazoniumocdbe,
obtained by action of sodium nitrite on substitutadline hydrochloride, in the presence of sodiuretate in
ethanol to give the ethyl [2-cyano-2-(2-arylhydnagiacetyl]carbamate derivati@a-i, which were converted into
analogues23a-i by intramolecular cyclization in the presence ofdism acetate in refluxed acetic acid.
N-methylation of23a-i with iodomethane in anhydrous DMF, in the presesfceodium hydride, gave the desired
intermediates?4a-i, which were hydrolyzed with acetic acid and hythtodc acid gave rise to carboxylic acid



derivatives25a-i [15, 25]. Coupling reaction o25a-i with intermediatel0 produced the corresponding target
compound®6a-i in the presence of HATU andzBtin DMF at room temperature.
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Scheme 4. Reagents and conditions: (i) Na®IClI, H,O, 0°C, 30 min; (ii) ethyl (2-cyanoacetyl)carbamate, AcONa, EtOH(C0 2 h;
(iii) HOAc, AcONa, reflux, 2 h; (iv) NaH, CHE, DMF, 0°C, then rt. 5 h; (v) HOAc, HCI, }0, reflux,4 h; (vi)10, HATU, Et&N, DMF,
rt, 12 h.

2.2 Biological evaluation
2.2.1 Invitro c-Met kinase assays and analysis of the structure-activity relationships

All the newly synthesized 4-phenoxypyridineidatives (5a-f, 20a-h, and26a-i) were evaluated for thein
vitro inhibitory activity toward c-Met kinase using mbtyi shift assay. Foretinib was used as a positwetrol, with
the results expressed as half-maximal inhibitonycemtration (IGy) values presented in Table 1. TheJalues are
the average of at least three independent expetsmen

As illustrated in Table 1, all the tested comnpads showed moderate to excellent c-Met kinasgigctvith I1Csg
values ranging from 0.016 to 3.5M, which indicated that introduction of the 4-mdtBy5-dioxo-2,3,4,5-
tetrahydro-1,2,4-triazine-6-carboxamide, 5-methydx-1,4-dihydropyrid azine-3-carboxamide or 4-nyéthroxo-
1,6-dihydropyridazine-3-carboxamide framework t6-atom linker” moiety of pyridine-based c-Met kinase
inhibitor maintained the c-Met inhibitory efficacjNotably, Nine of them 20a-d, 26a-d, 26f, 26g) exhibited
promising activity against c-Met kinase withsjGralues less than 0.1M, and compoun®6a demonstrated the
best activity with an g, value of 0.01GM.

The structure-activity relationship (SAR) was comiged by the introduction ob*atom linker” that contains
different kinds of nitrogen aromatic heterocyclietlbeen moiety A and moiety B. Based on the phariogial
data in Table 1, we could deduce that differéstitom linker” had a marked influence on c-Met kinase potency
with the following rank order generally: 4-methybadioxo-2,3,4,5-tetrahydro-1,2,4-triazine-6-caraowde >
5-methyl-4-oxo-1,4-dihydropyridazine-3-carboxamielel-methyl-6-oxo-1,6-dihydropyridazine-3-carboxamidror
example, the activity of compouribb (ICso = 0.031uM, R = 4-F) was higher than compougdb (ICs, = 0.044
uM, R = 4-F) and compound5b (ICs, = 0.15uM, R = 4-F), which suggested 4-methyl-3,5-diox0;2,3-
tetrahydro-1,2,4-triazine-6-carboxamide was moedgured.

Further analysis revealed that compounds with #maes'5-atom linker” but different substituents on the
terminal phenyl ring (moiety B) showed different Met inhibitory efficacy. Introduction of
mono-electron-withdrawing groups (mono-EWGSs), eillgchalogen groups, on the phenyl ring led tocsifive
effect in activity, such as compoun2xc (R = 4-Cl, 1G, = 0.057uM) and26b (R = 4-F, 1Go = 0.031uM). However,



strong-withdrawing groups and double-electron-widlvdng groups (double-EWGs) and mono-electron-dogat
groups (mono-EDGSs) exhibited a negative effect cameg to no substituent on the phenyl ring, sucboaspound
20f (R = 4-Ch, ICsq = 0.24uM), compound26h (R = 3-Cl-4-F, 1Gy = 0.37uM) and20e (R = 4-OCH, 1C5o = 0.28
uM). Incorporation of double-electron-donating greydouble-EDGSs) such as 3, 4-dimethoxy analo@Qh: (ICso

= 3.54uM; 26i: IC5o = 2.08uM) lowered the efficiency even further. Moreovemnvas worth noting that the position
of R group was closely related to c-Met inhibit&f§iciency as well. Compounds with 4-substitutecipyi group
(15b, R = 4-F, 1G = 0.15uM; 20b, R = 4-F, I1Go = 0.044uM; 26¢, R = 4-Cl, IG, = 0.046uM) displayed higher
potency than those with 2-substituted phenyl gridigd, R = 2-F, 1Go = 0.88uM; 20d, R = 2-F, 1Gy = 0.062uM)
or 3-substituted phenyl groupdg, R = 3-Cl, IGo = 0.098uM).

Tablel

Cytotoxicity of target compounds against A549, H&4B@ HT-29 cells and c-Met kinase inhibitiorvitro.

F
® s
(o]
°fj
o
H

|C50 (IJ.M) +SD a

compc.  CRED> (R c-Met A549 H460 HT-29
15a __o H 0.35 + 0.04 485+033  430+027  293:0.21
15D NNy 4F 0.15 +0.02 3.07+024  2.61+0.14  3.9426
15¢ 0 4-Cl 0.23 +0.05 6.38:0.72 349031 2014
15d 2-F 0.88 +0.10 464+041  584+049 4139
15e 2-Cl 1.05 £ 0.09 547038  2.62+0.09 4422
15f 4-OCH 272+013  1056+0.73 13.09:+0.96  8.36 +0.61
20a oL H 0.076 £0.004  4.67+0.16 285015  1.56+0.08
20b ,‘{nwi‘]?}, 4-F 0.044£0.007  1.82+0.12  07920.09 %4810
20c o 4-Cl 0.057£0.005  6.74+0.44 223012  @6B04
20d 2-F 0.062+0.008  279+0.11  1.83:0.14  23BU8
20e 4-OCH 0.28 + 0.04 7.91+064  17.16+1.08  5.35:0.13
20f 4-CR 0.24 +0.06 6.84:050  7.45:052  2.92£0.27
20g 3-Cl-4-F 0.47 +0.09 4.64+037  3.89+025 837 0.56
20h 3,4-diOCH  3.54£0.37 875+0.46 526031  9.87£0.72
26a o o H 0.016 £0.002  1.59+0.09 072005  0.56+0.04
26b \{nWIN,N S 4F 0.031+0.004  3.42+0.16  0.64+0.06 08
26¢ 0 4-Cl 0.046 £0.006  3.02+0.25 119011  @&B07
26d 2-F 0.058 +0.008  256+0.13 137013 24616
266 4-OCH 0.94 +0.07 586059 656046  2.69+0.13
26f 3-F 0.073+£0.003  213+0.18  3.01:0.18  16Bll
269 3-Cl 0.098 +0.005  4.18+0.37  1.96+0.14 320820
26h 3-Cl-4-F 0.37 £ 0.09 4.67+029  3.36+0.27 614:0.38
26i 3,4-diOCH  2.08£0.19 6.18+0.45  7.94:0.66  3.78£0.23

Foretinity -- -- 0.004 +0.0003 1.05:0.08  0.81:+005  Q9BO7

& Data presented is the mean + SD value of thregpident determinations.

PUsed as a positive control.



2.2.2 Invitro antiproliferative activity

All the target compounds were further evaluated foeir antitumor activitives against three c-Met
overexpressed human cancer cell lines, namely ABd4éhan lung adenocarcinoma cell line), H460 (hutosuy
cancer cell line) and HT-29 (human colon cancerlived) together with foretinib as the positive tah by a MTT
assay. The data listed in Table 1 revealed thahaltarget compoundé5a-f, 20a-h, and26a-i) possessed moderate
to strong cytotoxicity against the three tested logds, and high selectivity for of inhibition H8Gand HT29 cells,
and five of them were more potent than foretinitaiagt one or more cell lines. Among them, compog6éa
exhibited remarkable inhibitory activity against #and HT-29 cell lines with Kgvalue of 0.72 and 0.56M,
respectively, which were more potent than thathef positive control foretinib (I&g= 0.81uM and 0.98uM). The
cytotoxic activities of these compounds showed laingtructure—activity relationships (SARs) withmeuarized in
the c-Met kinase level: (a) compounds with 4-me®-dioxo-2,3,4,5-tetrahydro-1,2,4-triazine-6-cathmide as
“5-atom linker” exhibited strong cytotoxicity thahe other two linkers (b) compounds bearing monod&/@n the
phenyl ring(F or Cl) were generally more activerntithose with double-EWGs or EDGs; (d) the cytotityiof
compounds with substituent at 4-position of pheimd were higher than those with substituents la¢iopositions.

2.2.3. Colony formation inhibition ability of 26a
Colony formation assay is commonly used to deitez longterm effects of cytotoxic agents on carumlt
growthin vitro. Colony formation assay can be used not only tasmee direct immediate impact of compounds on

cancer cells but also to estimate anti-prolifeefpotency or long-term recurrence prevention effiaaf compounds
[26]. According to the results of MTTin vitro clonogenic assay was performed to measure thepaaiferation
capabilityi.e. the ability of a single cell to grow into a colorhis assay tests each and every cell in the p&pnl

for its ability to undergo unlimited divisions [27Based on the most excellent activity against KTeglls, cell
proliferation inhibiting ability of compoun@6a was measured using colony formation assay. Thdtsesom the
Fig. 3 showed that the colony formation efficiency fr@®3+1.21 % in control decreased to 12.2 + 1.27t%.&
uM and 4.8 £ 0.45 % at 10.0M, respectively. These experiments indicated tlmmhpound26a suppressed the
colony formation and inhibited the unrestrictedwgtto of HT-29 cancer cells in a concentration-degerananner.

Control 26a: 1.0 uM

26a: 10.0 uM

o - n = SN - | ST

Fig. 3. Various concentrations of compoupgh inhibited colony formation of HT-29 cells for 7yda
2.2.4. Apoptosis induction ahility of 26a

Compound26a was further confirmed by an acridine orange (A@jtbum bromide (EB) assay to examine the
occurrence of apoptosis in HT-29 cells. EB was #blpenetrate through intact membranes of livescatid colors
DNA as green fluorescence, while AO was only takenby apoptotic cells with damaged membranes aeaori
DNA as orange fluorescence. Therefore, normaldelés appeared uniformly stained green in colorlyEgpoptotic
cells contained bright green condensed bodies eir tiuclei representing nuclear DNA fragmentatiom dater
apoptotic cells presented colored orange nucleicatithg that their membranes are broken [28, 29Fan be



inferred from Fig.4 that the control cells showemtmal morphology and appeared green in color. Esmence
microscopic images of cells treated with 1M and 10.0uM of compound26a clearly showed the morphological
changes such as cell shrinkage, membrane blebbimgmatin condensation and apoptotic body formation
suggesting that compou28a induced dose-dependent cell death in HT-29 caselexvia apoptosis.

Control

26a: 1.0 UM 26a: 10.0 UM

£ % . Fl

Fig. 4. AO/EB stainéd apoposis of HT-29 cell lines witffedent concentrations of compougfa for48 h.
Subsequently, apoptosis was measured by Annexih d@Bble staining by flow cytometry to quantify the

percentage of cells undergoing apoptosis by compd@a according to known procedures [30]. This assay
facilitate the detection of live cells, early apaifit cells, late apoptotic cells and necrotic celg-29 and A549
cells were seeded per well in six-well plates amdentreated with compouritba of different concentrations (0, 1.0
and 10.0uM) for 48 h, respectively. The result was showrFig. 5. The upper right section represents the cells
which were in the late apoptotic cells, and thedpwght section represents the early or middlepagmis. Results
from the Fig5 indicated that the percentage of total apoptotits (early and late apoptotic cells) from 9.7%
(control) increased to 15.8 % at uM, 29.2 % at 10.GuM, in HT-29 cells, and the same trend was obsemed
A549 cells. The increase of total apoptotic ceildicated that compourzba induced apoptosis in HT-29 and A549
cells in a dose dependent manner.
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Fig. 5. Compoun®6a induces cell apoptosis of HT-29 and A549 cell limgitro.



2.2.5. Cell migration inhibition ability of 26a

Cell migration is a highly coordinated and rstep process that plays a critical role in pregien of cancer.
Cancer cells often have a highly metastatic natWeund-healing assay is a simple and inexpensivihaodeto
study the directional migration of celisvitro [31]. Thus, we investigated the antimigratory effef compoun®6a
on A549 celldn vitro using wound-healing assay. As shown in Fig. &rdit 12, 36 and 72 h at 0 and &M study
revealed that compouritba was sufficient to block the movement of most A%4ds at a dose of 1,0M compared
to the control. These results indicated that comg@éa strongly inhibited A549 cell motility.
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Fig. 6. Effect of compoun@6a in vitro migration potential of A549 cells.

2.2.6. Binding mode analysis

To further elucidate the binding mode of compourddetail docking analysis was performed. In oudgtthe
co-crystal structure of foretinib (GSK1363089) wittMet was selected as the docking model (PDB 1@ec8LQ8).
The docking simulation was conducted using Glide(Z€hrédinger 2014), since Glide uses a hierartbides of
filters to search for possible locations of thelid in the active-site region of the receptor. Shape and properties
of the receptor are represented on a grid by skgifarent sets of fields that provide progressivemore accurate
scoring of the ligand poses. The image files weneegated using Accelrys DS visualizer 4.0 systehe Binding
mode was exemplified by the interaction of compogéa with c-Met. As shown in Fig. the N atom of pyridine
and the NH of cyclopropanecarboxamide interactedh wilet1160 via two hydrogen bonds, and the
4-methyl-3,5-dioxo-2,3,4,5-tetrahydro-1,2,4-triazi@-carboxamide moiety formed three hydrogen bownidth
Aspl1222 and Lys1110, respectively. Meanwhile, pyridng, the phenyl ring at 4-position of pyridirend the
phenyl ring at 1-position of triazine formed threer interactions with Tyr1159, Phel223 and Phell3peetively.
All these interactions contribute to the tight bimgland greatly enhance the inhibitory potencg2Gz.
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Fig. 7. Binding poses of compouriba with c-Met (A); 2D interactions of the docking nelaf26a to c-Met (B)



3. Conclusion

In  summary, twenty-three novel 4-phenoxypyridine ridgives containing 4-methyl-6-oxo-1,6-
dihydropyridazine-3-carboxamide,  5-methyl-4-oxo-dlidydropyridazine-3-carboxamide and 4-methyl-3,5-
dioxo-2,3,4,5-tetrahydro-1,2,4-triazine-6-carboxdenimoieties as c-Met inhibitors were designed, tsgized and
evaluated for their biological activitives. The eening of c-Met kinase activities and cytotoxiclgd to the
identification of a most promising compougéa (c-Met IGsg = 0.016uM) with 1Csq values of 1.59M, 0.72uM
and 0.56.M against A549, H460, and HT-29 cells, represengimgomising lead for further optimization. Thetiimli
SARs analysis disclosed that the 4-methyl-3,5-diB)&4,5-tetrahydro-1,2,4- triazine-6-carboxamidaffeld was
more preferred as linker part, and electron-wittding groups on the terminal phenyl rings are beegfifor
improving the antitumor activitives. Meanwhile, aoy formation assays, AO/EB assays, cell apoptassays by
flow cytometry, and wound-healing assays on HT-88/ar A549 cells results indicated that compo@6d could
suppress the colony formation on HT-29 cells, imd#tr-29 and A549 cells apoptosis, and inhibit A%&s
motility. Further studies on structural optimizatiand biological activities about these derivatiaess still underway
in our laboratory and will be reported in the fgtur

4. Experimental

4.1. Chemistry

Unless otherwise specified, all melting poiwesre obtained on a Beijing Taike X-4 microscopy tingl point
apparatus and were uncorrectdd.NMR spectra were recorded on a Bruker Biospin BBz or Bruker Biospin
400 MHz instrument using TMS as the internal stashdall chemical shifts were reported in ppm. IResppa were
recorded as KBr pellets on a Perkin-Elmer Spcetama FT-IR spectrometer. MS spectra were obtaine@ron
Agilent 6460 QQQ mass spectrometer (Agilent, USAglgsis system. All materials were obtained frormoeercial
suppliers and were used without further purificatiReactions’ time and purity of the products wewenitored by
TLC on FLUKA silica gel aluminum cards (0.2 mm thiess) with fluorescent indicator 254 nm. Column
chromatography was run on silica gel (200-300 m#&sin) Qingdao Ocean Chemicals (Qingdao, Shandohimal
The key intermediatekla-f, 12a-f, 13a-f and14a-f were synthesized based on the previous literataethods [22,
23]. The key intermediate¥6a-c, 17a-h, 18a-h and 19a-h were synthesized according to our previous refdorte
procedures [24]. The key intermedia®is-b, 22a-i, 23a-i, 24a-i and25a-i were synthesized according to previous
reported procedures [15, 25].

4.1.1. N-(4-Chloropyridin-2-yl)cyclopropanecarboxamide (8)

Cyclopropanecarbonyl chloride (9.30 g, 89.00 mmad)s dissolved in dried GE&l, (30 mL) and drop-wise
added to a mixture of 4-chloropyridin-2-amine (8@8.45 mmol), EN (20.78 g, 205.35 mmol) and GEl, (80
mL) in an ice bath, which was then removed to r#igetemperature to room temperature and stirred2ch. The
resulting mixture was sequentially washed with 2R9€0O; (50 mL x 3) and brine (50 mL x 3), and the organic
phase was separated, dried over anhydrouSQlafiltered, and the filtrate was evaporated un@eluced pressure.
The crude product obtained was purified by siliehapromatography to give 9.78 g (72.66%)18fs a white solid.
IR (KBr) cm; 3241.8 (NH), 1706.5 (C=0), 1670.1, 1588.4 (C=MNj73.5, 1537.4, 1403.3H-NMR (400 MHz,
DMSO-dg) 6 11.04 (s, 1H), 8.30 (d = 5.2 Hz, 1H), 8.15 (s, 1H), 7.21 @@= 5.2 Hz, 1H), 2.00 (m, 1H), 0.85 (m,
4H); MS (ESI) m/z(%): 197.1 [M+H]

4.1.2. N-(4-(2-Fluoro-4-nitrophenoxy)pyridin-2-yl)cyclopropanecarboxamide (9)
A stirring mixture of compoun@ (8.00 g, 40.68 mmol) and 2-fluoro-4-nitrophends.d8 g, 101.71 mmol) in
chlorobenzene (100 mL) was refluxed for about 48fter cooling to room temperature, the reactioxtorie was



concentrated under reduced pressure to yield aspéite The solid was dissolved in @B, (150 mL), and washed
with saturated KCO; aqueous solution (80 mL x 4), then brine (60 mé)xand dried over anhydrous §$&,
concentrated under reduced pressure to affordwarbsolid, which was was purified by silica gel ametography to
give 7.13 g (55.24%) d as a light yellow solid. IR (KBr) cth 3417.7 (NH), 1687.3 (C=0), 1616.7 (C=N), 1528.7
(C=Caron), 1492.5 (C=Gom); 'H NMR (600 MHz, DMSOsdg) 5 11.00 (s, 1H), 8.43 (dd,= 10.3, 2.2 Hz, 1H), 8.30
(d,J=5.7 Hz, 1H), 8.19 (dd,= 9.0, 1.9 Hz, 1H), 7.76 (d,= 2.2 Hz, 1H), 7.61 (1] = 8.5 Hz, 1H), 6.86 (ddl = 5.6,
2.2 Hz, 1H), 2.04 — 1.95 (m, 1H), 0.78J& 6.3 Hz, 4H); MS (ESI) m/z(%): 318.1 [M+H]

4.1.3. N-(4-(4-Amino-2-fluorophenoxy)pyridin-2-yl)cycl opropanecar boxamide(10)

A mixture of compoun® (6.00 g, 18.91 mmol), iron powder (5.28 g, 94.560t), acetic acid (11.36 g, 189.10
mmol), water (20 mL) and ethyl acetate (100 mL) Wwaated to reflux for 2 h. After completion of treaction as
indicated by TLC, the mixture was filtered immedigt The organic layer of the filtrate was sepatateashed with
water, dried over anhydrous PO, filtered, and the filtrate was evaporated undeuced pressure when white
solid appeared, which was filtered to obtain 3.§64y61%) of10 as light yellow solid. IR (KBr) cift 3411.2 (NH),
3025.9 (CHon), 1736.6 (C=0), 1617.8 (C=N), 1510.4 (Caf); "H NMR (600 MHz, DMSO#dg) & 10.79 (s, 1H),
8.15 (d,J = 5.7 Hz, 1H), 7.59 (s, 1H), 6.95 {t= 9.0 Hz, 1H), 6.67 — 6.61 (m, 1H), 6.49 (dd; 13.1, 2.2 Hz, 1H),
6.40 (d,J = 8.7 Hz, 1H), 5.44 (s, 2H), 2.03 — 1.88 (m, 161¥,6 (br, 4H); MS (ESI) m/z(%): 288.1 [M+H]310.1
[M+Na]".

4.1.4. General procedure for Preparation of the target compounds (15a-f, 20a-h and 26a-i)

A mixture of the corresponding acidsl#-f, 19a-h or 25a-h, 1.30mmol), compoundO (1.00 mmol), HATU
(1.50 mmol), EN (3.00 mmol), and DMF (8 mL) was stirred at rooemperature for 12 h. The residue was
dissolved in CHCI, (50 mL) and the resulting mixture was sequentialyshed with 20% ¥COs; (30 mL x 3) and
brine (30 mL x 3), and the organic phase was s&gfirdried, and evaporated. The crude product rddaivas
purified by silica gel chromatography to affdi8a-f, 20a-h or 26a-i as white solids.

4.1.4.1. N-(4-((2-(Cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)-4-methyl -6-oxo-1-phenyl-1,6-
dihydropyridazine-3-carboxamide (15a)

Yield: 74.6%; M.p.: 212-215C; IR (KBr, cm?): 3388.9 (NH), 1676.1 (C=0), 1575.8 (C=N), 1500.6
(C=Carom); *H NMR (600 MHz, CDC}) & 8.97 (s, 1H), 8.62 (s, 1H), 8.11 = 5.8 Hz, 1H), 7.84 — 7.67 (m, 2H),
7.61 (d,J=7.6 Hz, 2H), 7.54 () = 7.8 Hz, 2H), 7.47 (] = 7.4 Hz, 1H), 7.25 (s, 1H), 7.14 {t= 8.6 Hz, 1H), 6.91
(d,J=1.0 Hz, 1H), 6.62 (dd} = 5.8, 2.3 Hz, 1H), 2.66 (d,= 0.7 Hz, 3H), 1.51 (m, 1H), 1.03 (dt= 8.0, 4.0 Hz,
2H), 0.88 — 0.80 (m, 2H}’C NMR (150 MHz, CDGJ)) § 172.30, 166.08, 160.32, 159.31, 154.23)(d,249.7 Hz),
153.21, 148.87, 144.42, 140.51, 137.78, 137.08 &1,12.5 Hz), 135.69 (d] = 9.6 Hz), 130.88, 129.03, 128.88,
125.35, 123.51, 116.11, 109.40 (= 23.1 Hz), 107.88, 100.54, 20.36, 15.78, 8.29; (&SI) m/z (%): 500.2
[M+H] ™.
4.1.4.2. N-(4-((2-(Cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)-1-(4-fluorophenyl)-4-methyl -6-
oxo-1,6-dihydropyridazine-3-carboxamide (15b).

Yield: 78.3%; M.p.: 200—-202C; IR (KBr, cm?): 3392.8 (NH), 3255.8 (NH), 1674.2 (C=0), 1585G=N),
1504.5 (C=Gom); "H NMR (600 MHz, CDC})  8.92 (s, 1H), 8.64 (s, 1H), 8.12 (= 5.7 Hz, 1H), 7.82 — 7.68 (m,
2H), 7.60 (dd,J = 8.8, 4.7 Hz, 2H), 7.26 — 7.18 (m, 3H), 7.14)(t 8.6 Hz, 1H), 6.91 (s, 1H), 6.64 (dbx 5.7, 2.2
Hz, 1H), 2.66 (s, 3H), 1.57 — 1.45 (m, 1H), 1.10.97 (m, 2H), 0.93 — 0.79 (m, 2HJC NMR (150 MHz, CDGJ) 5
172.33, 166.06, 162.30 (d= 249.6 Hz), 160.20, 159.24, 154.23 Jd&; 249.7 Hz), 153.20, 148.87, 144.57, 137.99,
137.12 (dJ = 12.3 Hz), 135.62 (d] = 9.5 Hz), 130.85, 129.63, 128.52, 127.30J(d,8.8 Hz), 123.53, 115.97 (d,
= 23.1 Hz), 109.43 (dJ = 23.2 Hz), 107.97, 100.43, 20.35, 15.78, 8.30; (ESI) m/z (%): 518.1[M+H],
540.1[M+Na], 556.1[M+K].



4.1.4.3. 1-(4-Chlorophenyl)-N-(4-((2-(cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)-4-methyl -6-
oxo-1,6-dihydropyridaz ne-3-carboxamide (15c)

Yield: 81.9%; M.p.: 191-193C; IR (KBr, cm™): 3207.6 (NH), 1664.6 (C=0), 1589.3 (C=N), 1494.8
(C=Carom); *H NMR (600 MHz, CDC}) & 8.89 (s, 1H), 8.44 (s, 1H), 8.12 = 5.8 Hz, 1H), 7.82 — 7.66 (m, 2H),
7.59 (d,J = 8.8 Hz, 2H), 7.50 (dl = 8.8 Hz, 2H), 7.24 (s, 1H), 7.15 Jtz 8.6 Hz, 1H), 6.92 (i = 7.4 Hz, 1H), 6.63
(m, 1H), 2.66 (s, 3H), 1.55 — 1.43 (m, 1H), 1.07.60 (m, 2H), 0.89 — 0.81 (m, 2HYC NMR (150 MHz, CDGJ) 5
172.37, 166.05, 160.17, 159.09, 154.21Xe, 249.6 Hz), 153.26, 148.85, 144.57, 138.87, 138137.10 (dJ =
12.3 Hz), 135.65 (d] = 9.4 Hz), 134.69, 130.85, 129.14, 126.62, 123146,15, 109.41 (d] = 23.2 Hz), 107.99,
100.44, 20.33, 15.73, 8.29; MS (ESI) m/z  (%): 33M+H]", 556.1 [M+Na].
4.1.4.4. N-(4-((2-(Cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)-1-(2-fluorophenyl)-4-methyl -6-
oxo-1,6-dihydropyridaz ne-3-carboxamide(15d).

Yield: 74.6%; M.p.: 171-172C; IR (KBr, cm): 3408.3 (NH), 1670.4 (C=0), 1589.3 (C=N), 150€6-C;ony;

'H NMR (600 MHz, CDCJ) & 8.94 (s, 1H), 8.78 (s, 1H), 8.11 @tz 5.7 Hz, 1H), 7.74 (d] = 12.1 Hz, 2H), 7.48 (t,
J=6.8 Hz, 2H), 7.39 — 7.26 (m, 3H), 7.12Jt 8.6 Hz, 1H), 6.92 (s, 1H), 6.67 — 6.57 (m, 1H{K6 (s, 3H), 1.56 —
1.45 (m, 1H), 1.07 — 0.97 (m, 2H), 0.91 — 0.78 2id); MS (ESI) m/z (%): 518.1 [M+H] 540.1 [M+Na];

4.1.4.5. 1-(2-Chlorophenyl)-N-(4-((2-(cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)-4-methyl -6-
oxo-1,6-dihydropyridazine-3-carboxamide (15€).

Yield: 83.7%; M.p.: 173-176C; IR (KBr, cm?): 3402.4 (NH), 3298.9 (NH), 1672.3 (C=0), 1575@=N),
1517.9 (C=Gon); '*H NMR (600 MHz, CDC}) & 8.93 (s, 1H), 8.78 (s, 1H), 8.11 (= 5.8 Hz, 1H), 7.74 (dd] =
12.0, 2.1 Hz, 2H), 7.63 — 7.54 (m, 1H), 7.52 — 7#0Q3H), 7.25 (s, 1H), 7.12 @,= 8.7 Hz, 1H), 6.94 (d] = 0.9 Hz,
1H), 6.61 (ddJ = 5.8, 2.3 Hz, 1H), 2.68 (s, 3H), 1.56 — 1.43 {iH), 1.06 — 0.98 (m, 2H), 0.87 — 0.80 (m, 2H); MS
(ESI) m/z (%): 534.1 [M+H], 556.1 [M+Na].

4.1.46.  N-(4-((2-(Cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)- 1-(4-methoxyphenyl )-4-methyl -6-
oxo-1,6-dihydropyridazine-3-carboxamide (15f).

Yield: 82.1%; M.p.: 245-247C; IR (KBr, cm"): 3392.8 (NH), 3290.6 (NH), 1656.9 (C=0), 1595CEN),
1527.6 (C=Gion), 1502.6 (C=Gon); 'H NMR (600 MHz, CDC}) & 8.98 (s, 1H), 8.55 (s, 1H), 8.11 (#= 5.8 Hz,
1H), 7.82 — 7.68 (m, 2H), 7.52 (@= 8.9 Hz, 2H), 7.25 (s, 1H), 7.14 {t= 8.6 Hz, 1H), 7.03 (d] = 8.9 Hz, 2H),
6.90 (s, 1H), 6.62 (dd,= 5.7, 2.2 Hz, 1H), 3.87 (s, 3H), 2.65 (s, 3H}5l- 1.44 (m, 1H), 1.08 — 1.00 (m, 2H), 0.89
- 0.83 (m, 2H);*C NMR (150 MHz, CDGCJ) 5 172.2, 166.08, 160.38, 159.70, 159.47, 154.24) (249.7 Hz),
153.19, 148.89, 144.27, 137.52, 137.05)d; 12.6 Hz), 135.73 (d] = 9.4 Hz), 133.48, 130.70, 126.58, 123.50,
116.08, 114.16, 109.37 (d,= 22.9 Hz), 107.88, 100.53, 55.54, 20.34, 15.798;8MS (ESI) m/z (%): 530.2
[M+H] ™.
4.1.4.7. N-(4-((2-(Cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)-5-methyl -4-oxo-1-phenyl-1,4-
dihydropyridazine-3-carboxamide (20a).

Yield: 74.7%; M.p.: 262-265C; IR (KBr, cm): 3248.1 (NH), 3047.5 (Ckhn), 1685.8 (C=0), 1543.1C=N);

'H NMR (600 MHz, DMSOds) 5 12.30 (s, 1H), 10.88 (s, 1H), 9.11 (d= 0.6 Hz, 1H), 8.21 (d] = 5.7 Hz, 1H),
7.99 (dd,J = 12.7, 2.3 Hz, 1H), 7.84 (d,= 7.7 Hz, 2H), 7.71 — 7.60 (m, 3H), 7.53Jt 7.4 Hz, 2H), 7.40 (§ =
8.9 Hz, 1H), 6.74 (dd) = 5.7, 2.4 Hz, 1H), 2.14 (s, 3H), 2.01 — 1.93 (), 0.81 — 0.73 (m, 4H)?C NMR (150
MHz, CDCk) 6 172.14, 171.18, 166.22, 159.47, 154.20)(¢,248.3 Hz), 153.08, 148.90, 143.34, 142.24, 1B8.2
136.97 (d,J = 12.7 Hz), 136.76 (d] = 9.6 Hz), 133.17, 129.91, 129.63, 129.19, 128123.38, 121.62, 116.56,
109.83 (dJ = 23.6 Hz), 107.58, 100.95, 15.84, 13.61, 8.27;(ESI|) m/z (%): 500.1 [M+H], 522.1 [M+Nal].

4.1.4.8. N-(4-((2-(Cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)-1- (4-fluorophenyl)-5-methyl -
4-0x0-1,4-dihydropyridazine-3-carboxamide (20b).

Yield: 68.3%; M.p.: 179-181C; IR (KBr, cmi®): 3423.7 (NH), 1683.9 (C=0), 1545.0 (C=N), 149€8Cyon);



'H NMR (600 MHz, DMSOd) 5 12.22 (s, 1H), 10.81 (s, 1H), 9.00 (s, 1H), 8dAJ(= 5.7 Hz, 1H), 7.92 (dd] =
12.7, 2.3 Hz, 1H), 7.86 — 7.77 (m, 2H), 7.59J¢; 2.1 Hz, 1H), 7.44 (dd] = 14.4, 5.0 Hz, 3H), 7.33 ({,= 8.9 Hz,
1H), 6.67 (ddJ = 5.7, 2.4 Hz, 1H), 2.48 — 2.40 (m, 3H), 1.95 841(m, 1H), 0.74 — 0.65 (m, 4HYC NMR (150
MHz, DMSO-ds) & 173.27, 170.02, 165.70, 162.01 (d= 246.0 Hz), 160.51, 154.32, 153.89 Jdr 246.2 Hz),
149.98, 144.21, 140.23, 139.97 (s 2.7 Hz), 137.42 (d) = 9.9 Hz), 136.26 (d) = 12.3 Hz), 131.78, 124.62,
124.28 (dJ = 9.0 Hz), 116.97, 116.82, 108.93 Jd&s 22.9 Hz), 107.57, 99.65, 14.59, 13.31, 8.09;(®ESI) m/z (%):
518.2 [M+HT, 540.1 [M+Na].

4.1.4.9. 1-(4-Chlorophenyl)-N-(4-((2-(cyclopropanecar boxami do) pyridin-4-yl)oxy)-3-fluorophenyl)-5-methyl -4-
oxo-1,4-dihydropyridazine-3-carboxamide. (20c).

Yield: 84.0%; M.p.: 204-207C; IR (KBr, cmi®): 3417.9 (NH), 1672.3 (C=0), 1550.8 (C=N), 149€&Cyon);
'H NMR (600 MHz, DMSOedg) 5 12.21 (s, 1H), 10.88 (s, 1H), 9.11 (s, 1H), 8@1J(= 5.7 Hz, 1H), 7.98 (dd] =
12.7, 2.2 Hz, 1H), 7.88 (d,= 8.9 Hz, 2H), 7.70 (d] = 8.9 Hz, 2H), 7.66 (d] = 2.1 Hz, 1H), 7.56 — 7.49 (m, 1H),
7.40 (t,J = 8.9 Hz, 1H), 6.74 (dd] = 5.7, 2.4 Hz, 1H), 2.13 (s, 3H), 2.01 — 1.94 {iH), 0.81 — 0.73 (m, 4H)7C
NMR (150 MHz, CDC}) & 172.28, 171.16, 166.19, 159.26, 154.18 Xd; 248.9 Hz), 153.24, 148.86, 142.20,
141.66, 137.76, 137.00 (d,= 12.3 Hz), 136.65 (d] = 9.4 Hz), 135.18, 133.30, 130.02, 123.40, 122189.53,
109.79 (dJ = 22.9 Hz), 107.64, 100.92, 15.76, 13.58, 8.27;(ESI|) m/z (%): 534.1 [M+H], 556.1 [M+Nal].
4.1.4.10. N-(4-((2-(Cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)-1-(2-fluorophenyl)-5-methyl-4-
oxo-1,4-dihydropyridazine-3-carboxamide . (20d).

Yield: 75.4%; M.p.: 178-186C; IR (KBr, cm'): 3477.7 (NH), 3261.6 (NH), 3030.2 (G}, 1687.7 (C=0),
1496.8 (C=Gom), 1417.7;*H NMR (600 MHz, CDCJ) 5 12.66 (s, 1H), 8.57 (s, 1H), 8.22 (b= 1.0 Hz, 1H), 8.11
(d,J=5.8 Hz, 1H), 7.99 (dd] = 12.2, 2.3 Hz, 1H), 7.81 (s, 1H), 7.74 @ds 7.9, 1.3 Hz, 1H), 7.48 (dd,= 21.2,
14.4 Hz, 2H), 7.39 — 7.28 (m, 2H), 7.16Jt 8.7 Hz, 1H), 6.59 (dd] = 5.8, 2.3 Hz, 1H), 2.26 (s, 3H), 1.57 — 1.47
(m, 1H), 1.10 — 1.03 (m, 2H), 0.89 — 0.82 (m, 2MB(ESI) m/z (%): 518.1 [M+H] 540.1 [M+Na].
4.1.4.11. N-(4-((2-(Cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)-1-(4-methoxyphenyl )-5-methyl -
4-ox0-1,4-dihydropyridazine-3-carboxamide (20g).

Yield: 76.6%; M.p.: 173-176C; IR (KBr, cm’): 3420.6 (NH), 3010.8 (Ckb,), 1687.7 (C=0), 1504.5
(C=Carom); 'H NMR (600 MHz, DMSO#dg) § 12.44 (s, 1H), 10.88 (s, 1H), 9.03 (s, 1H), 8@2E 5.6 Hz, 1H), 8.00
(d,J=12.6 Hz, 1H), 7.76 (d, = 8.9 Hz, 2H), 7.67 (s, 1H), 7.53 (@= 8.6 Hz, 1H), 7.40 ({ = 8.8 Hz, 1H), 7.17 (d,
J = 8.9 Hz, 2H), 6.75 (d] = 3.5 Hz, 1H), 3.85 (s, 3H), 2.14 (s, 3H), 2.08.92 (m, 1H), 0.84 — 0.68 (m, 4HY)'C
NMR (150 MHz, DMSO¢) 8 173.27, 169.96, 165.71, 160.55, 159.68, 154.33,906(d,J = 246.2 Hz), 149.97,
143.62, 140.18, 137.46 (d,= 9.7 Hz), 136.92, 136.23 (d,= 12.3 Hz), 132.06, 124.60, 123.40, 116.95, 115.06
108.93 (dJ = 22.9 Hz), 107.56, 99.67, 56.04, 14.59, 13.329;8MS (ESI) m/z (%): 530.2 [M+H] 552.1 [M+Na].
4.1.4.12. N-(4-((2-(Cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)-5-methyl -4-oxo-1-(4-(trifluoro
methyl) phenyl)- 1,4-dihydropyridazine-3-car boxamide (20f).

Yield: 69.2%; M.p.: 172-172C; IR (KBr, cm'): 3238.5 (NH), 1687.7 (C=0), 1560.4 (C=N), 151(C3Cyon),
1321.2 (CE); '"H NMR (600 MHz, DMSOdg) 5 12.07 (s, 1H), 10.88 (s, 1H), 9.20 (= 0.7 Hz, 1H), 8.21 (d] =
5.7 Hz, 1H), 8.10 (dJ = 8.6 Hz, 2H), 8.05 — 7.95 (m, 3H), 7.65 Jds 2.3 Hz, 1H), 7.54 (dd] = 8.9, 1.4 Hz, 1H),
7.41 (t,J = 8.9 Hz, 1H), 6.75 (ddl = 5.7, 2.4 Hz, 1H), 2.14 (s, 3H), 2.01 — 1.93 td), 0.77 (t,J = 5.6 Hz, 4H);
MS (ESI) m/z (%): 568.2 [M+H] 590.1 [M+Na].
4.1.4.13. 1-(3-Chloro-4-fluorophenyl)-N-(4-((2-(cyclopropanecar boxamido) pyridin-4-yl)oxy)-3-fluorophenyl)-5-
methyl-4-oxo-1,4-dihydropyridaz ne-3-carboxamide (20g).

Yield: 81.5%; M.p.: 194-197C; IR (KBr, cm): 3427.5 (NH), 1695.4 (C=0), 1552.7 (C=N), 150008 Caron);
'H NMR (600 MHz, DMSOdg) 5 12.17 (s, 1H), 10.88 (s, 1H), 9.11 (s, 1H), 8.8 (m, 2H), 8.05 — 7.94 (m, 1H),
7.92 —7.84 (m, 1H), 7.68 (dd= 28.8, 5.5 Hz, 2H), 7.54 (d,= 8.6 Hz, 1H), 7.40 () = 8.9 Hz, 1H), 6.74 (dd} =



5.7, 2.3 Hz, 1H), 2.12 (s, 3H), 2.02 — 1.92 (m, 18482 — 0.73 (m, 4H); MS (ESI) m/z (%): 552.1 [M{FH574.1
[M+Na]".

4.1.4.14. N-(4-((2-(Cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)- 1-(3,4-dimethoxyphenyl)-5-
methyl-4-oxo-1,4-dihydropyridazine-3-carboxamide (20h).

Yield: 86.1%; M.p.: 288-290C; IR (KBr, cmi®): 3248.1 (NH), 1687.7 (C=0), 1563.2 (C=N), 150@5Cyon);
'H NMR (600 MHz, DMSOd) 5 12.42 (s, 1H), 10.88 (s, 1H), 9.03 (s, 1H), 8@1J(= 5.7 Hz, 1H), 8.00 (dd] =
12.7, 2.3 Hz, 1H), 7.66 (d,= 2.2 Hz, 1H), 7.52 (ddl = 8.8, 1.3 Hz, 1H), 7.43 — 7.31 (m, 3H), 7.16Jd; 8.8 Hz,
1H), 6.74 (ddJ = 5.7, 2.4 Hz, 1H), 3.87 (s, 3H), 3.84 (s, 3HL4(s, 3H), 2.02 — 1.93 (m, 1H), 0.81 — 0.73 (m);4H
%C NMR (150 MHz, DMSQdy) § 173.27, 169.96, 165.71, 160.54, 154.32, 153.90 £246.2 Hz), 149.97, 149.47,
149.38, 143.59, 140.28, 137.46 (= 9.7 Hz), 136.90, 136.23 (d,= 12.3 Hz), 131.97, 124.59, 116.95, 114.21,
112.14, 108.93 (d] = 22.9 Hz), 107.57, 106.26, 99.66, 56.34, 56.2559, 13.32, 8.0aMS (ESI) m/z (%): 560.2
[M+H] ", 582.2 [M+Na].
4.1.4.15. N-(4-((2-(Cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)-4-methyl -3,5-di oxo-2-phenyl -
2,3,4,5-tetrahydro-1,2,4-triazine-6-carboxamide (26a).

Yield: 76.4%; M.p.: 247-249C; IR (KBr, cni®): 3416.7 (NH), 3246.5 (NH), 3060.4 (Gk), 2851.6 (CHy),
1738.7 (C=0), 1698.5 (C=0), 1660.6(C=0), 1578=N), 1507.5(C=Caron); 'H NMR (600 MHz, DMSOds) 5
10.96 (s, 1H), 10.88 (s, 1H), 8.22 @5 5.6 Hz, 1H), 7.90 (d] = 12.5 Hz, 1H), 7.66 (s, 1H), 7.63 — 7.52 (m, 5H),
7.48 (t,J = 7.1 Hz, 1H), 7.41 (1) = 8.9 Hz, 1H), 6.74 (d] = 5.5 Hz, 1H), 3.31 (s, 3H), 2.06 — 1.92 (m, 141R9 —
0.67 (m, 4H);*C NMR (150 MHz, DMSOdg) & 173.27, 165.65, 158.91, 155.06, 154.33, 153.80 £d246.1 Hz),
149.98, 148.47, 140.46, 137.09 Jds 9.7 Hz), 136.51, 136.45, 129.25, 128.93, 12612@,57, 117.14, 109.08 (d,
= 22.9 Hz), 107.57, 99.66, 27.76, 14.60, 8.09; BSI{ m/z (%): 517.2 [M+H].
4.1.4.16. N-(4-((2-(Cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)-2- (4-fluorophenyl )-4-methyl -
3,5-dioxo-2,3,4,5-tetrahydro-1,2,4-triazine-6-carboxamide (26b).

Yield: 82.4%; M.p.: 265-268C; IR (KBr, cm®): 3416.9 (NH), 3236.3 (NH), 2934.0 (G, 1725.7 (C=0),
1695.2 (C=0), 1610.3 (C=N), 1552.8 (C=N), 1508.6QG.m); ‘H NMR (600 MHz, DMSOds) & 10.93 (s, 1H),
10.88 (s, 1H), 8.21 (d,=5.7 Hz, 1H), 7.89 (dd, = 12.6, 2.3 Hz, 1H), 7.70 — 7.60 (m, 3H), 7.55,(@d 8.8, 1.3 Hz,
1H), 7.45 — 7.34 (m, 3H), 6.74 (ddi= 5.7, 2.4 Hz, 1H), 3.30 (s, 3H), 2.03 — 1.90 M), 0.77 (tJ = 5.9 Hz, 4H);
%C NMR (150 MHz, DMSQdg) 5 173.28, 165.65, 161.84 (d= 246.0 Hz), 158.85, 155.01, 154.32, 153.79(d,
246.5 Hz), 149.98, 148.53, 137.07 {ds 9.9 Hz), 136.76 (d] = 2.9 Hz), 136.52, 128.58, 128.52, 124.57, 117.14,
116.22, 116.07, 109.10 (d= 23.1 Hz), 107.59, 99.63, 27.76, 14.59, 8.09; (@SI) m/z (%): 535.2 [M+H], 557.1
[M+Na]".
4.1.4.17. 2-(4-Chlorophenyl)-N-(4-((2-(cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl )-4-methyl -
3,5-dioxo-2,3,4,5-tetrahydro-1,2,4-triazine-6-carboxamide (26c¢).

Yield: 85.3%; M.p.: 284-286C; IR (KBr, cm®): 3414.1 (NH), 3250.2 (NH), 3076.9 (Gk}, 2923.1(CHy),
1734.6 (C=0), 1691.1 (C=0), 1665.3(C=0), 1579.4NE;=504.9 (C=Gon); "H NMR (600 MHz, CDC}) & 10.92
(s, 1H), 8.45 (s, 1H), 8.12 (d,= 5.7 Hz, 1H), 7.88 (dd} = 11.9, 2.2 Hz, 1H), 7.77 (s, 1H), 7.57 Jd; 8.8 Hz, 2H),
7.48 (d,J = 8.8 Hz, 2H), 7.38 (d] = 8.1 Hz, 1H), 7.19 (t) = 8.6 Hz, 1H), 6.63 (dd] = 5.7, 2.2 Hz, 1H), 3.54 (s,
3H), 1.55 — 1.45 (m, 1H), 1.12 — 0.97 (m, 2H), 0:90.76 (m, 2H)*C NMR (150 MHz, CDG)) 5 172.37, 166.05,
156.43, 156.16, 154.19 (d= 249.8 Hz), 153.26, 148.83, 147.35, 138.02, 1B{5J = 12.4 Hz), 135.71 (d = 9.4
Hz), 134.97 132.40, 129.25, 126.35, 123.56, 116.89,90 (d,J = 23.3 Hz), 107.83, 100.75, 28.21, 15.75, 8.30; MS
(ESI) m/z (%): 551.1[M+H], 573.2[M+Na].
4.1.4.18. N-(4-((2-(Cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)-2- (2-fluorophenyl )-4-methyl -
3,5-dioxo-2,3,4,5-tetrahydro-1,2,4-triazine-6-carboxamide (26d).

Yield: 71.9%; M.p.: 249-252C; IR (KBr, cmi’): 3336.9 (NH), 1737.9 (C=0), 1697.4 (C=0), 1596CEN),



1498.7 (C=Grom); 'H NMR (600 MHz, DMSOds) & 10.98 (s, 1H), 10.87 (s, 1H), 8.20 {d& 5.7 Hz, 1H), 7.87 (dd,
J=12.6, 2.2 Hz, 1H), 7.68 — 7.34 (m, 7H), 6.73,@d 5.7, 2.4 Hz, 1H), 3.30 (s, 3H), 1.96 (m , 1HY,O(t,J = 6.3
Hz, 4H); MS (ESI) m/z (%): 535.1 [M+H]557.1 [M+Na].

4.1.4.19. N-(4-((2-(Cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)-2-(4-methoxyphenyl )-4-methyl -
3,5-dioxo-2,3,4,5-tetrahydro-1,2,4-triazine-6-carboxamide (26€).

Yield: 83.7%; M.p.: 210-212C; IR (KBr, cm'): 3415.5 (NH), 3238.4 (NH), 3065.9 (Gk}), 2917.6 (CHuy,
1736.4 (C=0), 1697.7 (C=0), 1663.0 (C=0), 1608.6N{; 1578.3 (C=N), 1541.8 (Czfs), 1511.8 (C=Gom); 'H
NMR (600 MHz, DMSO+dg) 8 10.93 (s, 1H), 10.88 (s, 1H), 8.21 §d& 5.7 Hz, 1H), 7.90 (ddl = 12.6, 2.2 Hz, 1H),
7.65 (d,J = 2.2 Hz, 1H), 7.59 — 7.52 (m, 1H), 7.49 Jds 8.9 Hz, 2H), 7.40 (t) = 8.9 Hz, 1H), 7.08 (d] = 9.0 Hz,
2H), 6.73 (ddJ = 5.7, 2.4 Hz, 1H), 3.82 (s, 3H), 3.30 (s, 3HP- 1.91 (m, 1H), 0.77 (8 = 6.7 Hz, 4H);**C
NMR (150 MHz, DMSO¢dg) 8 173.27, 165.65, 159.46, 158.93, 155.16, 154.33,806(d,J = 246.1 Hz), 149.98,
148.60, 137.10 (dl = 9.9 Hz), 136.47 (d] = 12.2 Hz), 136.08, 133.42, 127.62, 124.56, 11,7112.35, 109.06 (d
= 23.0 Hz), 107.57, 99.66, 55.88, 27.77, 14.59;8MS (ESI) m/z (%): 547.2 [M+H]
4.1.4.20. N-(4-((2-(Cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl)-2-(3-fluorophenyl )-4-methyl -
3,5-dioxo-2,3,4,5-tetrahydro-1,2,4-triazine-6-carboxamide (26f).

Yield: 74.1%; M.p.: 255-257C; IR (KBr, cmi"): 3416.9 (NH), 3243.6 (NH), 3065.9 (Gkl), 2934.1 (CHyp,
1740.7 (C=0), 1700.8 (C=0), 1662.9 (C=0), 1601.8N§; 1547.6 (C=Gon); 'H NMR (600 MHz, DMSOdq) &
10.92 (s, 1H), 10.88 (s, 1H), 8.21 §ds 5.6 Hz, 1H), 7.90 (d] = 12.5 Hz, 1H), 7.72 - 7.29 (m, 7H), 6.81 — 6.6¥ (
1H), 3.31 (s, 3H), 1.97 (d,= 4.9 Hz, 1H), 0.86 — 0.70 (m, 4HJC NMR (150 MHz, DMSOdg) & 173.28, 165.65,
161.97 (dJ = 244.3 Hz), 158.80, 154.78, 154.33, 153.79(,246.1 Hz), 149.98, 148.33, 141.64 Jd& 10.5 Hz),
137.06 (dJ = 9.6 Hz), 136.84, 136.52 (d= 12.2 Hz), 130.95 (dl = 9.0 Hz), 124.56, 122.28, 117.20, 115.82)(d,
= 20.8 Hz), 113.50 (d] = 25.0 Hz), 109.14 (d} = 23.1 Hz), 107.58, 99.65, 27.77, 14.59, 8.09; (@SI) m/z (%):
535.2 [M+HT.
4.1.4.21. 2-(3-Chlorophenyl)-N-(4-((2-(cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl )-4-methyl -
3,5-dioxo-2,3,4,5-tetrahydro-1,2,4-triazine-6-carboxamide (26g).

Yield: 81.4%; M.p.: 175-178C; IR (KBr, cm?): 3415.8 (NH), 3263.7 (NH), 3071.4 (Gk}), 2851.6 (CHy),
1735.1 (C=0), 1688.6 (C=0), 1661.0 (C=0), 1578.¢NE 1548.1 (C=Gon), 1506.1 (C=Gon); *H NMR (600
MHz, CDCLk) 8 10.90 (s, 1H), 8.76 (s, 1H), 8.12 (& 5.7 Hz, 1H), 7.88 (d] = 11.8 Hz, 1H), 7.78 (s, 1H), 7.64 (s,
1H), 7.52 (dJ = 3.5 Hz, 1H), 7.47 — 7.34 (m, 3H), 7.18Jt 8.6 Hz, 1H), 6.71 — 6.55 (m, 1H), 3.53 (s, 3HR9 —
1.47 (m, 1H), 1.10 — 1.00 (m, 2H), 0.90 — 0.79 2i); MS (ESI) m/z (%): 551.1 [M+H] 573.1 [M+Na].
4.1.4.22. 2-(3-Chloro-4-fluorophenyl)-N-(4-((2-(cycl opropanecar boxamido) pyridin-4-yl ) oxy)- 3-fluorophenyl)-4-
methyl-3,5-dioxo-2,3,4,5-tetrahydro-1,2,4-triazine-6-carboxamide (26h).

Yield: 79.4%; M.p.: 174-176C; IR (KBr, cm?): 3420.5 (NH), 3257.8 (NH), 3070.9 (Gk), 2923.1 (CHy),
1741.8 (C=0), 1660.3 (C=0), 1600.9 (C=N), 1578.4N{, 1547.2 (C=Gon), 1499.2 (C=Gon); *H NMR (600
MHz, DMSO-ds) 5 10.91 (s, 1H), 10.88 (s, 1H), 8.21 {d& 5.7 Hz, 1H), 7.97 — 7.80 (m, 2H), 7.63 (@t 17.8, 6.6
Hz, 3H), 7.55 (dJ) = 8.7 Hz, 1H), 7.40 (&) = 8.9 Hz, 1H), 6.74 (dd] = 5.7, 2.3 Hz, 1H), 3.30 (s, 3H), 2.02 - 1.91
(m, 1H), 0.81 — 0.71 (m, 4H); MS (ESI) m/z (%): 5B@M+H]", 591.1 [M+Na].
4.1.4.23. N-(4-((2-(Cyclopropanecar boxamido)pyridin-4-yl)oxy)-3-fluorophenyl) - 2-(3,4-dimethoxyphenyl)-4-
methyl-3,5-dioxo-2,3,4,5-tetrahydro-1,2,4-triazine-6-carboxamide (26i).

Yield: 82.2%; M.p.: 208-212C; IR (KBr, cnmi'): 3415.0 (NH), 3252.7 (NH), 2923.1 (GkD, 2846.2 (CHyy,
1722.9 (C=0), 1702.2 (C=0), 1604.0 (C=N), 1550.£CGor), 1508.5 (C=Gon); 'H NMR (600 MHz, CDC)) 5
10.96 (s, 1H), 8.57 (s, 1H), 8.12 (& 5.8 Hz, 1H), 7.89 (dd} = 11.9, 2.2 Hz, 1H), 7.78 (d,= 1.5 Hz, 1H), 7.39 (d,
J=8.8 Hz, 1H), 7.21 — 7.11 (m, 2H), 7.07 {ds 2.4 Hz, 1H), 6.94 (d] = 8.7 Hz, 1H), 6.63 (dd] = 5.8, 2.3 Hz,
1H), 3.93 (s, 3H), 3.91 (s, 3H), 3.54 (s, 3H), 1-51.50 (m, 1H), 1.09 — 1.03 (m, 2H), 0.89 — 0.88 BH); **C



NMR (150 MHz, CDC}) § 172.34, 166.12, 156.57, 156.43, 154.19 Jd; 249.7 Hz), 153.20, 149.64, 149.08,
148.73, 147.70, 137.42 (d,= 12.6 Hz), 135.84 (d] = 9.2 Hz), 132.59, 131.79, 123.53, 117.96, 116130,75,
109.87 (d,J = 23.2 Hz), 108.93, 107.81, 100.75, 56.09, 281876, 8.32; MS (ESI) m/z (%): 577.2[M+H]
599.2[M+NalJ.

4.2. Pharmacology

4.2.1. c-Met kinase assay

Thein vitro kinase assays were performed by mobility shifags3he solution of peptide substrates, ATP,
appropriate kinase (Carna), and various conceoirsitof tested compounds were mixed with the kimasetion
buffer (50 mM HEPES, pH 7.5, 0.0015% Brij-35, 10 mMigCl,, 2 mM DTT), with blank DMSO as the negative
control. The kinase reaction was initiated by tleliton of tyrosine kinase proteins diluted in 3R pf kinase
reaction buffer solution and incubated at 28 °C Xdn. Then, 25 pL of stop buffer (100 mM HEPES, pH.5,
0.015% Brij-35, 0.2% Coating Reagent #3, 50 mM EDWas added to stop reaction. The data were cetlemh
Caliper at 320 nm and 615 nm and converted to itiiibvalues. 1Gy was presented in MS Excel and the curves
fitted by XLfit excel add-in version

4.2.2. MTT assay in vitro

The anti-proliferative activities of compountfsa-f, 20a-h or 26a-h were evaluated against A549, H460 and
HT-29 cell lines using the standard MTT asgayitro, with Foretinib as the positive control. The cancell lines
were cultured in minimum essential medium (MEM) gement with 10% fetal bovine serum (FBS). Approaien
4 x 10 cells, suspended in MEM medium, were plated oatthavell of a 96-well plate and incubated in 5%,@0
37 °C for 24 h. The tested compounds at the indicated ¢oncentrations were added to the culture nmedind the
cell cultures were continued for 72 h. Fresh MTBwadded to each well at a terminal concentratidn.gf/mL, and
incubated with cells at 37C for 4 h. The formazan crystals were dissolvedd8 mL DMSO each well, and the
absorbency at 492 nm (for absorbance of MTT formpaad 630 nm (for the reference wavelength) waasomed
with an ELISA reader. All compounds were teste@é¢htimes in each of the cell lines. The resultsesged as 1§
(inhibitory concentration 50%) were the averagesttoke determinations and calculated by using theuB
Laboratories Incorporated Slide Scanner (Blissivsate.

4.2.3. Soft agar colony-formation assay

The colony formation assay has been the galadsird for determining the effects of cytotoxicrageon cancer
cell growthin vitro [32]. Briefly, HT-29 cells (1x1%) in 300uL RPMI1640 15% FBS medium were diluted in 300
uL of 0.4% agar containing various concentrationg6at to give a final agar concentration of 0.2%. Thisesgar
mixture was poured over a hardened agar base Ia wfe24-well plates and allowed to solidify. Ortbe top layer
solidified, 500uL of RPMI 1640 medium containing 15% FBS was placedop to keep the agar moist. Cells were
grown at 37 °C in a 5% G@umidified atmosphere for 7 days. Then 1@0of MTT solution was added to each
well, and after 4 hours of incubation at 37 °C, tolgoaphs were captured

4.2.4. AO/ EB assay

HT-29 cells were added to a final concentratioref(/mL in a 6-well plate, and the plate was incubdted
24 h. Cells were treated with various concentratiohcompoun®6a. After being cultured for 48 h, control cells
and treated cells were washed with PBS which statedi], and then dual fluorescent staining solution (20
containing 10Qug/mL AO and 10G.g/mL EB was added to each well for 10 min, and t@rered with a coverslip.
The morphology of apoptotic cells was examinedgiflimorescent microscope.

4.2.5. Apoptosis assay



Apoptosis was measured by flow cytometry using Aimé&//propidium iodide (PI) double staining. HT-29
A549 cells were added to a final concentrationf@/mL in a 6-well plate, and the plate was incubdted4 h.
Cells were treated with various concentrations arthpound26a. After being cultured for 48 h, control cells and
treated cells were harvested and washed with PBStheen resuspended in 1201 xbinding buffer incubated in the
mixture of JuL Annexin V-FTIC and LL Pl for 10 min at room temperature in dark plagéée cells were
resuspended in 4Q0 1xbinding buffer just before flow cytometric apsis.

4.2.6. \Wbund-healing assay

A549 cells were added to a final concentration>xdf®mL in a 6-well plate, and the plate was incubdte®4
h. Twenty-four hours later, when the cells react@ufluency, scratches were created with sterileniL(ipette tips
and images were captured using phase contrastsoapyg at 0 h, 12 h, 36 h and 72 h after treatméht Iv0 pM of
compound26a.
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Legends

Fig. 1. The representative c-Met kinase inhibitors amddbrresponding general structure.

Fig. 2. Design strategy and structures of the target comgs.

Scheme 1. Reagents and conditions: (i) cyclopropanecarborhbrie, EtN, CH,CI,, rt, 12 h; (ii) 2-fluoro-4-nitrophenol,
chlorobenzene, reflux, 40 h; (iii) Fe (powder), HOA&thyl acetate /water (5:1 v/v), reflux, 2 h.

Scheme 2. Reagents and conditions: (i) NaB®Cl, H,0, 0°C, 30 min; (ii) Ethyl acetoacetate, AcONa, EtOH2®°C, 2 h; (iii)
PhP=CHCOOEt, PhMe, reflux, 12 h; (iv) NaOH, THF 4®f 50°C, 5 h; (v)10, HATU, EtN, DMF, rt,12 h

Scheme 3. Reagents and conditions: (i) Nap®ICl, H,O, 0°C, 30 min; (ii) ethyl 3-oxopentanoate, AcONa, Et@-25°C, 2 h; (ii)
DMF-DMA, PhMe, reflux, 12 h; (iv) 10% NaOH, 5C, 4 h; (v)10, HATU, EtN, DMF, rt, 12 h.

Scheme 4. Reagents and conditions: (i) Na®IClI, H,O, 0°C, 30 min; (ii) ethyl (2-cyanoacetyl)carbamate, AcONa, EtOH(C0 2 h;
(iii) HOAc, AcONa, reflux, 2 h; (iv) NaH, CKE, DMF, 0°C, then rt. 5 h; (v) HOAc, HCI, $0, reflux,4 h; (vi)10, HATU, Et&N, DMF,
rt, 12 h.

Table 1 Cytotoxicity of target compounds against A549, H4®@ HT-29 cells and c-Met kinase inhibitimrvitro.



Fig. 3. Various concentrations of compouggh inhibited colony formation of HT-29 cells for 7 yda

Fig. 4. AO/EB stained apoptosis of HT-29 cell lines wdifferent concentrations of compou@éia for 48 h.

Fig. 5. Compound6a induces cell apoptosis of HT-29 and A549 cell limgitro.

Fig. 6. Effect of compoun@6a in vitro migration potential of A549 cells.

Fig. 7. Binding poses of compouriiba with c-Met (A); 2D interactions of the docking m&df26a to c-Met (B)
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Three series of novel 4-phenoxypyridine derivatives were designed and synthesized.

The target compounds showed c-Met kinase activities and cytotoxic activities

Compound 26a showed an | Cs, value of 0.016 uM against c-Met kinase.

The cytotoxic activities of 26a were more potent than foretinib against H460 and HT-29 célls.

Compound 26a could suppress the colony formation, induce cells apoptosis and inhibit cells motility.
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