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ABSTRACT

c-Met/HGF overexpression has been detected in thaman malignancies including tumors
which are resistant to anticancer therapy. Disngpthe aberrant c-Met/HGF axis has enjoyed
significant progress in both preclinical and clalicantitumor campaign. To eliminate the
OCH,-related metabolic deficiency of our previouslyedpd triazolotriazin®, we synthesized a
series of CH/CFR-linked triazolotriazines and assessed their c-Bigivities, leading to the
highly potent compound3 with ICs, values of 0.24 nM of enzymatic activity in c-Metda0.85
nM of cellular activity in EBC-1 cancer cell linas well as with complete tumor regression in
EBC-1 xenograft mice model at dose of 25 mg/kg arial administration. Based on its potent
anti-proliferative activities and favorable pharmkioetic properties23 has been selected as a

drug candidate for preclinical investigation.

1. INTRODUCTION

The receptor tyrosine kinase c-Met, also knownegmtocyte growth factor receptor (HGFR),
is a disulfide-linked transmembrane heterodimer mased of a short extracellularchain and a
membrane spanning chain.[1, 2]Physiologically, HGF/c-Met axis mediates a diveasey of
biological processes such as branching morphogenegiration, motility, proliferation, survival,
wound healing, and angiogenesis, during embryoeieldpment and tissue repair.[3-5] Aberrant
c-Met signaling activation due to gene amplificafieearrangement, point mutation, as well as
autocrine or paracrine HGF stimulation has beewlired in the progression of many types of
human malignancies.[6-12] Importantly, overexpr@ssf HGF and/or c-Met has been associated
with poor prognosis or metastatic progression.ddition, HGF/c-Met over-activation engaged in
mediating intrinsic or acquired resistance to terdeherapies. For exampRIET amplification
correlates with approximately 20% of NSCLC patiedéveloping acquired resistance against
EGFR inhibitors.[13, 14] Thus, c-Met axis has emeér@s a promising target for therapeutic

medication of cancer.

Recently, HGF/c-Met biological antagonists, antiesd against c-Met or HGF, and

small-molecule c-Met inhibitors have been emplogasdthe strategies to inhibit the abnormal

2



c-Met/HGF axis for clinical anticancer campaignJ25 Small-molecule c-Met inhibitors can be
roughly divided into ATP-competitive and non-ATPrgpetitive inhibitors.[26Most of the c-Met
inhibitors in clinical development are ATP-compegtt ATP-competitive c-Met inhibitors of the
first generation usually target other kinases,ewample, BMS-777607 is simultaneously active
against c-Met and other receptor tyrosine kinagesL(and Ron),[27] and XL184 inhibits
VEGFR-2 besides c-Met.[28, 29] While the inhibitas$ the second generation all share a
relatively conserved structure which bind to thePAdinding pocket in a “U” shape, displaying
high selectivity,[30, 31] representatively, JNJ38805,[32] AMG337,[33] and INCB28060[34]
areselective c-Met inhibitors (Figure 1). During theveélopment of selective c-Met inhibitors, the
OCH,-linked moleculel (Figure 2) suffered O-dealkylation metabolism.[&milar problem
emerged in our previously reported O-linked trianahzine 2,[35] this compound possessed
potentin vitro c-Met activity, but showed poan vivo antitumor activities in the c-Met-driven
xenograft models through oral administration (dat& shown). The previous approach to
eliminate such a liability was to replace the QQmker with NHCH, (1a) or CHCH; (1b),
leading to a significant improvement in the metabgroperties (Figure 2).[33, 36] Here, we
introduced a more robust carbon linkage, such asdCiEF, to eliminate the metabolic deficiency
(Figure 2), resulting in the identification of theghly potent and selective c-Met inhibitor
6-(difluoro(6-(4-fluorophenyl)-[1,2,4]triazolo[4,B}{1,2,4]triazin-3-yl)methyl)quinoline as an

antitumor agent for preclinical study.

<Figure 1>

<Figure 2>

2. RESULTSAND DISCUSSION

2.1. CH2- /CF2-Linked Triazolotriazines

To improve the metabolic liability of compourai we designed and synthesized a series of
CHy-/CFx-linked triazolotriazines. The enzymatic and cdaliulactivities of the CHlinked
triazolotriazines were summarized in Table 1. Camgavith the lead compoure) compounds

3-21 exhibited decreased c-Met enzymatic potency. Amibrggn, analogue8, 9, 10, and 14
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outperformed their counterparts with c-Metsd@alues ranging from 0.42 nM to 0.59 nM; the
indole derivativesl9, 20, and 21 displayed a significant loss in both enzymatic aedlular

activities, suggesting that the quinoline segmea @essential to maintaining good c-Met potency.

Given that CH linker might also suffer from metabolic instabjijd7], we further replaced
the CH linker with a CEk linker. To this end, the GHinkage version of four CHlinked
compounds 3, 12, 14, and16) with excellent enzymatic and cellular potency everepared. As
shown in Table 2, the GHinked analogue24, 25, and 27 maintained the enzymatic potency
compared with their CHlinkedanalogued 2, 14, and16, respectively. The 6-phenyl Ghknked
compound22 displayed a six-fold drop in potency comparedtsocbunterpar8; to our delight,
when replacement of this phenyl with 4-fluoropheinythe structure 022, the resulting analogue
23 displayed a nearly twelve-fold increase in enzymatotency compared t@2 and was
equipotent to the lead compourad To explore the isosteric effect, furan analodifewas
synthesized, and it was three-fold more potent thanthiophene analog4 in c-Met enzyme.
Given these enzymatic data, the,diRked analogues with excellent enzymatic acti2g, 25,
26, and27) were assayed in c-Met-addicted EBC-1 cell lime] they displayed sub-nanomolar to
nanomolar 1G, values. Therefore, compound@s, 25, 26, and 27 were chosen for further

evaluation.

<Table 1>
<Table 2>

2.2. Selection of Drug Candidate

The highly potent compoun@s, 25, 26, and27 were assessed for their pharmacokinetic (PK)
profiles. As shown in Table 3, the PK data28f 25, 26, and27 were obtained in rats after single
iv (2 mg/kg), andpo (10 mg/kg) administrationi{ dose of25 was increased to 10 mg/kg).
Different from their similarity of in vitro cellular activity, compound25 showed low
bioavailability (9.4%) and AUE.,. To identify the candidate for further profilinggmpound<3,

26, and 27 with both potent target inhibition and optimal Rioperties were evaluated in the
EBC-1 xenograft model. Mice bearing EBC-1 cancellscevere administrated the selected

compounds orally twice daily for 21 days at thei¢ated doses. Body weight of the mice and



volume of the tumor were measured twice a weeksuksmarized in Table 23 and27 showed
significant inhibition on tumor growth, and tumaegression was observed at the dose of 25
mg/kg, while26 showed much weaker tumor growth inhibition (TGI 586 @ 25 mg/kg). Of
note, a body weight increase was observed at lastbsdo23-treated groups whereas weight loss
emerged irR7-treated (25 mg/kg) group, indicating low toxictfycompound3 (data not shown).
Based on the above results, compoB8&dtood out as a new orally-available c-Met inhibitdth

highin vitro andin vivo activities. Therefore, compour2d was elected for further evaluation.

<Table 3>
<Table 4>

2.3. X-ray Co-Crystal Structure of Compound 23 witktMet kinase domain

In order to elucidate the structure based actoft®3 to c-Met, we determined the co-crystal
structure of the c-Met kinase domain in complexhvd8. In general 23 bound into the ATP
binding pocket of c-Met with a “U shape” and th@dse domain adopted a “DFG-in” inactive
conformation (Figure 3). The detailed structurelysiga revealed that the quinoline moiety of the
compound occupied the adenosine binding site byifay a canonical hydrogen bond (H-bond)
with the main-chain NH of Met1160 at the hinge oegi(Figure 3B). Replacement of the
quinoline segment with an indole core would disrepth a H-bonding interaction, which may
explain the significant potency loss 1, 20, 21 which all contain the indole core instead of the
guinolone in23 (Table 1). In addition, the triazolotriazine rinpe other essential part @8,
formed then-n stacking interactions with Tyr1230 at the activatioop and meanwhile a H-bond
was formed between N1 of triazole and the mainrciNti of Aspl1222 at the DFG motif. The
substitutedp-fluoryl phenyl group on the triazolotriazine cooé 23 further stabilized ther-n
stacking interactions (Figure 3B), contributing ttee 10-fold biochemical potency increment
against c-Met compared ®2 (Table 2). Therefore, the complex structure reagtdhe binding
mode of23 with the c-Met kinase domain and helped to exptbe2eSARSs of triazolotriazines as

inhibitors of c-Met.

<Figure 3>



2.4. Compound 23 was a Potent and Highly Selectisdet Inhibitor

Compound23 was distinguished for its remarkable potency agairMet kinasén vitro and
in vivo. To determinate the kinases selectivity, we asbdétgeenzymatic activity in 23 additional
kinases. As summarized in Table 5, compoBBdarely inhibited a panel of kinases, including
c-Met family member Ron and highly homologous k&asxl, Tyro3, c-Mer (1Gy >1 uM),

indicating tha23 was a selective c-Met inhibitor.

<Table 5>

2.5. Compound 23 Inhibited c-Met Phosphorylation @its Downstream Signaling Pathways

To further assess the kinase activity28fin cellular level, we measured its effect on the
phosphorylation of c-Met and its downstream sigiatnolecules in the representative cancer cell
or model cells (EBC-1, MKN45, BaF3/ TPR-Met, and7W¥85 cells) that cover the frequently
occurring oncogenic forms of c-Met, includin§ylET amplification, MET chromosomal
rearrangemenfTPR-MET), and HGF stimulation.[38, 39] Among these cdliBC-1 and MKN45
cells harbor an amplifiedMET gene, and BaF3/TPR-Met cells stably express atioainsely
active c-Met resulting from a chromosomal rearrangt, US7MG cells respond well to HGF
stimulation. As shown in Figure 23 significantly inhibited the phosphorylation of ceand its
downstream signaling molecules (Akt and Erk)[38,v8& a complete abolishment at 10 nM in
each of these cell lines. These results suggebt#®3 effectively suppressed c-Met activation
and its signaling, regardless of the mechanistimptexity in c-Met activation across different

cellular contexts.

<Figure 4>

2.6. Compound 23 Significantly Inhibited c-Met-added Proliferation of Human Cancer Cells

Activated c-Met is known to trigger cancer cell [gsyation.[5] Therefore, we assessed the
effect of 23 on cell proliferation in a broad panel of humamaa cell lines harboring different
backgrounds of c-Met expression/activation. Compdsignificantly inhibited the proliferation
of the c-Met-constitutively activated EBC-1, and Mi5 cells, with 1G, values of 0.85 nM and
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0.46 nM, respectively (Table 6). Moreov&3 effectively inhibited the proliferation of the
genetically engineered BaF3/TPR-Met cells, whichtdeed c-Met-dependent cell growth. In
contrast23 showed over 10000-fold less potency in cells \ath c-Met expression or activation
(Figure 5). These data indicated tH28 specifically inhibited c-Met-dependent cancer cell

proliferation.

<Figure 5>

<Table 6>

2.7. Compound 23 Inhibited c-Met-addicted Cell Maion, Invasion, and Scattering

In addition to the modulation of cell proliferaticactivation of the HGF/c-Met axis promotes
cell migration and invasion, which contributes tee tmetastatic characteristics of malignant
cells.[40] Thus the impact &3 in this regard was evaluated by Transwell-basegration and
invasion assays of HGF-treated NCI-H441 cells. fdwmilts showed th&3 strongly suppressed

HGF-induced cell migration and invasion in a dospehdent manner (Figure 6A, B).

Activated HGF/c-Met signaling, also known to promdhe cell scattering that stimulates
cells to abandon their original environment, is allrhark of cancer invasiveness and
metastasis.[41] Since HGF stimulation could resudtisruption and scattering of the MDCK cell
colonies, we assayed the effect23f on cell scattering behavior using HGF-stimulateBGK
cells. As shown in Figure 6C, compou®8l inhibited the HGF-induced cell scattering of MDCK

cells in a dose-dependent manner, completely bigegell spreading at the dose of 10 nM.

Together, the above data suggested #®tsignificantly impaired the cell motility and

invasiveness mediated by the HGF/c-Met axis.

2.8. Compound 23 Suppressed c-Met-mediated InvaGik@vth



c-Met activation in epithelial cells is known todimce a series of biological responses,
including migration, matrix degradation, cell mplitation, and survival, which collectively gives
rise to a unique multistep program known as invagjvowth.[42]In vitro, this morphogenetic
program was recapitulated by stimulating the sudperMIDCK epithelial cells that cultured in a
three-dimensional extracellular matrix (collagenlhwHGF.[43, 44] We evaluated the inhibitory
efficacy of 23 in this phenotype. As expected, MDCK cells in #isence of HGF displayed the
round cysts, whereas HGF-stimulated MDCK cells fednthe multicellular-branched structures.
The branching morphogenesis of HGF-stimulated MDGHIs was obviously inhibited by
compound23 (Figure 6D), indicating tha3 suppressed the c-Met-mediated invasive growth

phenotype.

<Figure 6>

2.9. In vivo c-Met-driven Tumor Growth Inhibition idies of Compound 23

To further determinate thm vivo antitumor features of compour#8, we assessed it in
MKN45 and EBC-1 xenograft models. As shown in Fegir23 displayed significant antitumor
activity in a dose-dependent manner in both tunssrografts. For the MKN45 model, treatment
with 23 at 6.25, 12.5, and 25 mg/kg resulted in significamor growth inhibition, with an
inhibitory rate of 46.8%, 80.1%, and 96.5%, respebt (Figure 7A). Similar results were
observed in the EBC-1 xenograft (Figure 7B). Moexppartial or complete tumor regression was
observed in the EBC-1 model at the dose of 25 mg¥all doses teste®3 was well tolerated

with no observatory weight loss (data not shown).

<Figure 7>

3. CHEMISTRY

The preparation of3-27 is summarized in Scheme 1. Intermediaf?s68, prepared
according to the literature method,[35] were cosgenwith a carboxylic acid under the
participation  of the coupling reagents hydroxybénamole (HOBT) and

1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hgdhloride (EDCI) at ambient temperature to
8



give 28-51. Intermediate28-51 were cyclized to the triazolotriazines in acet@aunder reflux.
However, only 5% yield of the desired prod@8twas obtained in acetic acid under reflux, instead
85% yield of byproduc®3a was formed. Therefore, the reaction condition &hbe optimized to

improve the yield.

Scheme 2 summarizes the reaction conditions wesfigaged. We first employed pivalic acid
in place of acetic acid in consideration that theris effect oftert-butyl could inhibit the
generation of the byproduct, but this reaction gal@w yield of23 (32%) and a medium yield of
byproduct23b (50%). Then using methanesulfonic acid as theizigg agent23 was obtained in
45% yield accompanying with 50% yield of intermedi6 which was the decomposed product
of 47. When polyphosphoric acid (PPA) was used, thetimaanproved slightly, and the yield of

23 increased to 55%, together with 40% yield of defilated byproduc23c.

Since the reaction generates one molecule of wdtaing the formation of the
triazolotriazine, we envisioned that the water gatealin situ was the culprit of formation &f3c
which would be produced fro@8 in presence of water, and such assumption waeloanaited by
preparing23c from 23 by adding small amount of water into PPA at thegerature of 146C
(presented in Supporting Information). Thus 20%sgpthorus pentoxide (w/w) was added to the
reaction mixture to remove the generated water, 2hdvas obtained in good yield (77%)

accompanying with low yield &3c (20%).

High reaction temperature might also be the caoseléfluorination of23, however when
the reaction temperature was lowered from $@0to 90°C, the reaction mixture became a
gummy complex and could hardly be stirred. To deseehe high viscidity of the reaction mixture,
DMF was added to the reaction mixture and the yal@3 increased to 85%. To our delight,
when the temperature further reduced td®5the yield of23 increased to 90%, with only 1.5%

yield of 23c. Using the optimized condition, we prepared 1@%k23 for preclinical study.

<Scheme 1>

<Scheme 2>



4. CONCLUSION

A series of CH/CFR-linked triazolotriazines were designed and syngeesto overcome the
metabolic deficiency of the OGHinked triazolotriazin€2. Among them, compound3, 26, and
27 possessed potent enzymatic and cellular c-Metities and favorable PK profiles. Compound
23 outperformed its counterparts due to good antidprative potency on EBC-1 xenograft
model and low toxicity. Further evaluation unradktbat23 specifically inhibited c-Met kinase
activity, impairing c-Met phosphorylation and theowhstream signaling across different
oncogenic forms in c-Met overactivated cancer celtgl model cells. Beside23-treated
inhibition was observed in c-Met driven cellulareplotype. Furthermor@3 displayed significant
antitumor activities in c-Met-driven EBC-1 and MKBl&enografts. Given its excellent antitumor
activities and favorable pharmacokinetic properti#shas been selected as an anticancer drug
candidate for further development. We thereby ojgtith the process of preparation 28 and

prepared a sufficient amount 28 for a preclinical study.

5. EXPERIMENTAL SECTION

5.1. General Methods for Chemistry

All reagents and solvents were purchased from cawiaiesources and used as receiviét.
NMR and**C NMR were generated in DMS@; CDCk, or CD;OD on Varian Mercury 300, 400
or 500 NMR spectrometers. El (Low-resolution anghhiesolution mass spectra) were recorded
on a Finnigan/MAT95 spectrometer. ESI (high-resolutmass spectra) were tested on a Waters
Q-Tof Ultima apparatus. All melting points were e@tined on a Bichi B-510 melting point
apparatus and are uncorrected. HPLC conditions agr®llows: column, Agilent Eclipse Plus
C18 3.5uM, 4.6 mmx150 mm; solvent system, acetonitrile axaflow rate 1.0 ml/min; UV
detection, 254 nm; injection volume, |&.; temperature, 35 °C. All the assayed compounds

displayed a purity of >95% as confirmed by HPLC.
General Procedure for Preparation of Compounds 3-27

5.1.1. 6-((6-Phenyl-[1,2,4]triazolo[4,3-b][1,2,4]triazin-3-yl)methyl)quinoline (3) A mixture of
28 (500 mg, 1.403 mmol) and acetic acid (15 mL) Wwaated at 108C for 4 h. The reaction
10



mixture was then concentrated, and the residuepwased by silica gel chromatography, eluting
with CH,CIl,/MeOH (20:1) to yield3 as a white solid (385 mg, 81%), mp 224-226 °C.NIMR
(300 MHz, DMSOdg)  9.31 (s, 1H), 8.87 (dd, J = 1.8, 5.2 Hz, 1H), §&8 J = 1.2, 8.7 Hz, 1H),
8.16-8.19 (m, 2H), 7.98-8.01 (m, 2H), 7.85 (dd,2.4; 8.7 Hz, 1H), 7.61-7.64 (m, 3H), 7.53 (q,
J = 5.2, 8.7 Hz, 1H), 4.80 (s, 2H); 13C NMR (125 MIDMSOde) & 150.9, 148.3, 148.0, 147.9,
147.8, 147.3, 136.2, 134.4, 132.2, 132.1, 131.8,8.2C), 129.6, 128.3, 128.0 (3C), 122.2, 30.1.

HRMS (ESI) calcd [M + H] for CooH1sNg 339.1353, found 339.1362.

5.1.2. 6-((6-(4-(Benzyloxy)phenyl)-[1,2,4]triazolo[4,3-b][ 1,2,4]triazin-3-yl)methyl)quinoline (4)
The title compound was prepared fr@using a method analogous to the synthesis of campo
3. White solid (78%), mp 241-243 °&4 NMR (300MHz, CDC}) 6 8.95 (s, 1H), 8.89 (dl = 4.8
Hz, 1H), 8.11 (tJ = 7.8 Hz, 2H), 7.82-7.93 (m, 4H), 7.37-7.49 (m)6H16 (dJ = 8.7 Hz, 2H),
5.18 (s, 2H), 4.80 (s, 2H}’CNMR (150 MHz, DMSOdg)  161.6, 150.9, 148.1, 147.9, 147.6,
147.5, 147.3, 137.0 (2C), 136.2, 134.5, 131.4,7.22C), 129.6, 129.0 (2C), 128.5, 128.3 (2C),
128.0, 124.5, 122.2, 116.1 (2C), 70.0, 30.1. HRESI)calcd [M + H for C,7H»NgO 445.1771,

found 445.1783.

5.1.3. 6-((6-(3,4-Dichlorophenyl)-[1,2,4]triazolo[4,3-b][1,2,4]triazin-3-yl)methyl)quinoline (5)
The title compound was prepared fr@husing a method analogous to the synthesis of campo
3. White solid (69%), mp >250 °CH NMR (300MHz, DMSOds) 6 9.39 (s, 1H), 8.87 (dd] =
1.8, 4.2 Hz, 1H), 8.41 (d,= 2.1 Hz, 1H), 8.33 (d] = 7.2 Hz, 1H), 8.18 (ddl = 2.1, 8.4 Hz, 1H),
7.97-8.00 (m, 2H), 7.93 (d,= 8.4 Hz, 1H), 7.83 (ddl = 1.8, 8.7 Hz, 1H), 7.53 (dd,= 2.1, 8.4
Hz, 1H), 4.81 (s, 2H)**CNMR (125 MHz, DMSO€) 6 150.9, 148.0, 147.9, 147.8, 147.3, 146.2,
136.2, 134.9, 134.3, 132.8, 132.7, 132.0, 131.5,912129.6, 128.3, 128.1, 128.0, 122.2, 30.1.

HRMS (ESl)calcd [M + Naj for C,oH1,CloNgNa 429.0393, found 429.0399.

5.1.4. 6-((6-(3-Nitrophenyl)-[1,2,4]triazolo[4,3-b][1,2,4]triazin-3-yl)methyl)quinoline (6) The
title compound was prepared frdth using a method analogous to the synthesis of cangp@
White solid (88%), mp 225-227 °¢H NMR (300MHz, DMSOé) 6 9.46 (s, 1H), 8.47-8.91 (m,
2H), 8.61 (dJ = 8.1 Hz, 1H), 8.48 (dd] = 1.5, 4.8 Hz, 1H), 8.34 (d,= 8.1 Hz, 1H), 7.81-8.01

(m, 4H), 7.53 (dd,] = 3.9, 8.4 Hz, 1H), 4.83 (s, 2H)CNMR (150 MHz, DMSOgg) § 151.0,
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149.4, 148.3, 148.0, 147.9, 146.8, 147.5, 136.2,713134.4, 133.3, 131.4, 129.6, 128.5, 128.2,

128.1, 127.6, 123.0, 122.1, 30.1. HRMS (&)cd M for CyH13N;0, 383.1131, found 383.1138.

5.1.5. 6-((6-(4-Chlorophenyl)-[1,2,4]triazolo[4,3-b][1,2,4]triazin-3-yl)methyl)quinoline (7) The
titte compound was prepared fr@32 using a method analogous to the synthesis of cangp@
White solid (79%), mp >250 °GH NMR (300MHz, CDC}) § 8.94 (s, 1H), 8.88 (dd,= 1.2, 3.9
Hz, 1H), 8.05-8.11 (m, 2H), 7.79-7.90 (m, 4H), 7(BA) = 6.9 Hz, 2H), 7.41 (ddl = 4.2, 8.4 Hz,
1H), 4.81 (s, 2H)!*CNMR (150 MHz, DMSOsdg) 6 150.9, 148.1, 147.9, 147.8, 147.3, 147.2,
137.1, 136.2, 134.4, 131.5, 131.1, 129.9 (2C),822C), 129.6, 128.3, 128.1, 122.2, 30.1. HRMS

(ESI)calcd [M + HJ for CyH14CINg 373.0963, found 373.0962.

5.1.6. 6-((6-(4-Bromophenyl)-[1,2,4]triazolo[4,3-b][1,2,4]triazin-3-yl)methyl)quinoline (8) The

titte compound was prepared frd@38 using a method analogous to the synthesis of cangpd
Yellow solid (79%), mp >250 °CH NMR (300MHz, DMSO#dg) J 9.37 (s, 1H), 8.87 (d] = 3.9

Hz, 1H), 8.34 (dJ = 8.1 Hz, 1H), 8.14 (d] = 7.2 Hz, 2H), 7.96-8.01 (m, 2H), 7.80-7.86 (m, 3H)
7.53 (q,J = 3.9, 7.2 Hz, 1H), 4.79 (s, 2HJCNMR (125 MHz, DMSOds) § 150.9, 148.0, 147.9,
147.8, 147.3, 147.2, 136.2, 134.4, 132.8 (2C),3,31131.4, 130.0 (2C), 129.6, 128.3, 128.0, 126.0,

122.2,30.1. HRMS (EShalcd [M + HJ for CyoH14BrNg 417.0458, found 417.0459.

5.1.7. 6-((6-(3-Methoxyphenyl)-[1,2,4]triazolo[4,3-b][1,2,4]triazin-3-yl)methyl)quinoline (9)
The title compound was prepared fr@husing a method analogous to the synthesis of campo
3. Pale yellow solid (82%), mp >250 °& NMR (300MHz, DMSOds) 6 9.23 (s, 1H), 8.47-8.91
(m, 2H), 8.67 (dJ = 8.1 Hz, 1H), 8.45 (dd] = 1.5, 4.8 Hz, 1H), 8.31 (dl = 8.1 Hz, 1H),
7.81-8.01 (m, 4H), 7.63 (dd,= 3.9, 8.4 Hz, 1H), 4.83 (s, 2H), 3.88 (s, 3HE NMR (125 MHz,
DMSO-ds) 6 160.3, 150.9, 148.3, 148.0, 147.8 (2C), 147.3,2,3634.4, 133.4, 131.4, 131.0,
129.6, 128.3, 128.0, 122.2, 120.4, 117.9, 113.19,530.2. HRMS (ESlxalcd [M + H[ for

C,1H17NgO 369.1458, found 369.1465.

5.1.8. 3-(3-(Quinalin-6-ylmethyl)-[1,2,4]triazolo[4,3-b][1,2,4]triazin-6-yl)phenol (10) The title
compound was prepared froBb using a method analogous to the synthesis of canmpa8.
Yellow solid (63%), mp >250 °CH NMR (300MHz, DMSOé) 6 10.55 (s, 1H), 9.24 (s, 1H),

8.47-8.91 (m, 2H), 8.56 (d,= 8.1 Hz, 1H), 8.45 (dd] = 1.5, 4.8 Hz, 1H), 8.21 (d,= 8.1 Hz,
12



1H), 7.81-8.01 (m, 4H), 7.63 (dd, = 3.9, 8.4 Hz, 1H), 4.79 (s, 2H}°C NMR (150 MHz,
DMSO-dg) § 158.5, 150.9, 148.2, 148.0, 147.9, 147.7, 147.8,213134.4, 133.3, 131.4, 130.9,
129.6, 128.3, 128.0, 122.1, 119.2, 119.0, 114.3,.38RMS (ESI)calcd [M + H]J for CyH1sNgO

355.1302, found 355.1304.

5.1.9. 6-((6-(Quinolin-3-yl)-[1,2,4]triazolo[4,3-b][1,2,4]triazin-3-yl)methyl)quinoline (11) The
title compound was prepared frd6 using a method analogous to the synthesis of cangp®
White solid (82%), mp 219-221 °GH4 NMR (400MHz, DMSOé) 6 9.54 (d,J = 2.1 Hz, 1H),
9.40 (s, 1H), 9.03 (dl = 1.5 Hz, 1H), 8.83 (d] = 4.2 Hz, 1H), 8.31 (d] = 7.8 Hz, 1H), 8.21 (d]

= 8.1 Hz, 1H), 7.88-8.11 (m, 5H), 7.79dtF 7.8 Hz, 1H), 7.53 (¢] = 4.8, 8.7 Hz, 1H), 4.92 (s,
2H); *CNMR (125 MHz, CRCOOD) ¢ 154.2, 148.5, 148.4, 148.2, 147.5, 144.0, 143.2,614
139.2, 138.1, 137.0, 134.9, 132.4, 130.5, 129.8,512128.8, 123.8, 122.0, 121.0, 120.3, 115.6,

29.1. HRMS (ESlyalcd [M + HT for Cy3H1¢N, 390.1462, found 390.1463.

5.1.10. 6-((6-(Thiophen-2-yl)-[1,2,4]triazolo[4,3-b][1,2,4]triazin-3-yl)methyl)quinoline (12)
The title compound was prepared fr8husing a method analogous to the synthesis of cango
3. White solid (85%), mp 224-226 °¢H NMR (300MHz, DMSO#€) 6 10.39 (s, 1H), 9.70 (br s,
1H), 9.00 (s, 1H), 8.87 (d,= 4.2 Hz, 1H), 8.34 (d] = 8.1 Hz, 1H), 7.91-7.99 (m, 2H), 7.65-7.79
(m, 3H), 7.54 (dd) = 4.5, 8.4 Hz, 1H), 7.21 (dd, = 0.9, 5.4 Hz, 1H)**CNMR (150 MHz,
DMSO-dg) 6 150.8, 148.4, 147.7, 147.5, 147.2, 136.2, 134.8,5.3134.0, 132.1, 131.4, 129.5,
128.3, 128.0, 124.0, 122.1, 115.4, 30.1. HRMS (&lcd M for CigH1NeS 344.0844, found

344.0853.

51.11.

6-((6-(1-Benzyl-1H-pyrazol-4-yl)-[1,2,4]triazolo[4,3-b][ 1,2,4]triazin-3-yl)methyl)quinoline (13)
The title compound was prepared fr@88using a method analogous to the synthesis of cango
3. White solid (83%), mp 237-239 °¢H NMR (300MHz, CDC}) 5 8.87-8.85 (m, 1H), 8.68 (s,
1H), 8.11 (s, 1H), 8.07-8.02 (m, 3H), 7.81 (s, 1HY8-7.74 (m, 1H), 7.40-7.28 (m, 6H), 5.40 (s,
2H), 4.73 (s, 2H)*CNMR (150 MHz, DMSO€g) 6 150.8, 148.3, 147.8, 147.4, 147.3, 143.8,
139.1, 137.2 (2C), 136.2, 134.4, 131.7, 131.5,8,2@9.1 (2C), 128.4, 128.2 (2C), 128.1, 122.1,

115.9, 55.8, 30.1. HRMS (EStlcd [M + HJ for CoiH1gNg 419.1727, found 419.1734.
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5.1.12.

6-((6-(1-Methyl-1H-pyrazol-4-yl)-[1,2,4]triazolo[4,3-b][1,2,4]triazin-3-yl)methyl)quinoline

(14) The title compound was prepared fr@ using a method analogous to the synthesis of
compound3. White solid (81%), mp >250 °CH NMR (300MHz, DMSOds) 6 9.11 (s, 1H),
8.85-8.86 (m, 1H), 8.65 (s, 1H), 8.35 {ds 6.9 Hz, 1H), 8.26 (s, 1H), 7.98-8.01 (m, 2HB37(d,

J = 8.4 Hz, 1H), 7.49-7.53 (m, 1H), 4.71 (s, 2HRE3(s, 3H);"*CNMR (150 MHz, DMSO€) &
150.9, 148.3, 147.9, 147.4, 147.3, 143.9, 138.%,23.34.5, 132.1, 131.5, 129.6, 128.3, 128.1,

122.2, 115.5, 39.6, 30.1. HRMS (ES8icd [M + HJ for CigH1sNg 343.1414, found 343.1417.

5.1.13.

6-((6-(1-Ethyl-1H-pyrazol-4-yl)-[1,2,4]triazolo[4,3-b] [ 1,2,4]tr iazin-3-yl)methyl)quinoline (15)
The title compound was prepared frdthusing a method analogous to the synthesis of campo
3. White solid (88%), mp >250 °CH NMR (300MHz, CDC}) 6 8.88 (dd,J = 1.5, 4.5 Hz, 1H),
8.72 (s, 1H), 8.04-8.11 (m, 4H), 7.78-7.83 (m, 2HX0 (g,J = 4.2, 8.1 Hz, 1H), 4.76 (s, 2H),
4.25-4.33 (m2H), 1.60 (t,J = 6.9 Hz, 3H);"*CNMR (150 MHz, DMSOds) 5 150.9, 148.3,
147.9, 147.4, 147.3, 143.9, 138.7, 136.2, 134.%,8/3131.5, 129.6, 128.3, 128.1, 122.2, 115.3,

45.3, 30.1, 15.1. HRMS (Etalcd M for CygH16Ng 356.1498, found 356.1501.

5.1.14.
6-((6-(1-Propyl-1H-pyrazol-4-yl)-[1,2,4]triazol o[ 4,3-b][1,2,4]triazin-3-yl)methyl)quinoline (16)
The title compound was prepared frdthusing a method analogous to the synthesis of campo
3. White solid (66%), mp 120-121 °éH NMR (300MHz, DMSO#€) 6 10.96 (br s, 1H), 9.08 (s,
1H), 8.69 (s, 1H), 8.28 (s, 1H), 7.67 @5 7.5 Hz, 1H), 7.35 (tJ = 8.4 Hz, 2H), 6.99-7.09 (m,
2H), 4.57 (s, 2H), 4.18 (fi= 6.9 Hz, 2H), 1.28-1.89 (m, 2H), 0.87 Jt 7.2 Hz, 3H);*CNMR
(125 MHz, DMSO€g) 6 150.8, 148.3, 147.8, 147.4, 147.3, 143.9, 13836,2, 134.5, 131.5,
131.4, 129.6, 128.3, 128.1, 122.1, 115.2, 53.91,3#B.5, 11.3. HRMS (EShalcd [M + HJ for

CooH1gNg 371.1727, found 371.1734.

5.1.15. Tert-butyl
4-(4-(3-(quinolin-6-ylmethyl)-[1,2,4]triazolo[4,3-b][1,2,4]triazin-6-yl)-1H-pyr azol-1-yl)piperi

dine-1-carboxylate (17) The title compound was prepared frd@using a method analogous to
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the synthesis of compours White solid (14%), mp 112-114 °éH NMR (300MHz, CDC}) ¢
8.89 (d,J = 3.9 Hz, 1H), 8.72 (s, 1H), 8.05-8.12 (m, 4HY9%~7.83 (m, 2H), 7.42 (= 3.9, 7.8
Hz, 1H), 4.77 (s, 2H), 4.32-4.37 (m, 3H), 2.89-2(8Y 2H), 2.12-2.21 (m, 2H), 1.94-2.04 (m,
2H), 1.49 (s, 9H)®*CNMR (150 MHz, DMSO€,) 6 154.3, 150.9, 148.4, 147.8, 147.4, 147.3,
143.9, 138.4, 136.2, 134.5, 131.5, 129.8, 129.8,31228.1, 122.1, 115.3, 79.4, 59.2, 32.3 (2C),

30.1 (3C), 28.6 (3C). HRMS (ESI) calcd [M +Hbr CoHagNO, 512.2517, found 512.2531.

5.1.16.

6-((6-(1-(Piperidin-4-yl)-1H-pyr azol-4-yl)-[1,2,4]triazolo[4,3-b] [ 1,2,4] triazin-3-yl)methyl)qui
noline (18) A mixture of 17 (350 mg, 0.648 mmol), GEOOH (0.5 mL, 6.842 mmol), and DCM
(25 mL) was stirred at room temperature for 5 he Témaction mixture was then concentrated, and
the residue was purified by silica gel chromatogyaeluting with CHCI,/MeOH (10:1) to yield
18 as a white solid (59 mg, 21%), mp 125-127 & NMR (300 MHz, CDCJ) 6 9.12 (s, 1H),
8.85-8.86 (m, 1H), 8.78 (s, 1H), 8.32-8.35 (m, 18128 (s, 1H), 7.97-7.99 (m, 2H), 7.79-7.83
(m, 1H), 7.53 (qJ = 3.9, 7.8 Hz, 1H), 4.71 (s, 2H), 4.45-4.58 (m,)2BL92-3.97 (m, 1H),
3.12-3.31 (m, 3H), 2.70-2.75 (m, 1H), 2.05-2.14 {H), 1.75-1.94 (m, 2H)**CNMR (150
MHz, DMSOdg) 6 150.9, 148.4, 147.8, 147.4, 147.3, 143.9, 13836,2, 134.5, 131.5, 129.8,
129.6, 128.3, 128.1, 122.1, 115.3, 59.2, 44.9 (32, 32.1, 30.1. HRMS (EStplcd [M + HT

for CpoH2:Ng 412.1993, found 412.2002.

5.1.17. 3-((1H-indol-3-yl)methyl)-6-(4-(benzyloxy)phenyl)-[1,2,4]triazolo[4,3-b][1,2,4]triazine
(19) The title compound was prepared fr@l® using a method analogous to the synthesis of
compound3. White solid (69%), mp 241-243 °¢H NMR (300MHz, DMSOdg) d 10.95 (br s,
1H), 9.29 (s, 1H), 8.15 (d,= 9.0 Hz, 2H), 7.66 (d] = 8.1 Hz, 1H), 7.32-7.50 (m, 7H), 7.24 (d,

= 9.0 Hz, 2H), 6.96-7.09 (m, 2H), 5.25 (s, 2H),24(6, 2H);"*CNMR (150 MHz, DMSO#€) &
161.5, 148.3, 147.7, 147.6, 147.3, 137.0, 136.8,7122C), 129.0 (2C), 128.5, 128.3 (2C), 127.4,
124.6, 121.6, 119.1, 119.0, 116.1 (2C), 111.9,4.08C), 70.0, 20.7. HRMS (EStplcd [M + HT

for C,6H21NsO433.1771, found 433.1773.

5.1.18. 3-((1H-indol-3-yl)methyl)-6-(4-bromophenyl)-[1,2,4]triazolo[4,3-b][1,2,4]triazine (20)

The title compound was prepared frdshusing a method analogous to the synthesis of campo
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3. White solid (49%), mp 241-243 °84 NMR (300MHz, DMSO#gg) 6 10.96 (br s, 1H), 9.32 (s,
1H), 8.14 (d,J = 8.4 Hz, 2H), 7.86 (d] = 8.4 Hz, 2H), 7.68 (d] = 7.8 Hz, 1H), 7.32-7.34 (m,
2H), 6.97-7.10 (m, 2H), 4.64 (s, 2HCNMR (125 MHz, DMSO¢,) § 148.5, 147.7, 147.6,
147.0, 136.6, 132.8 (2C), 131.5, 130.0 (2C), 12725.9, 124.6, 121.6, 119.0 (2C), 111.9, 108.3,

20.7. HRMS (ESlyalcd [M + HJ for CyoH14BrNg 405.0458, found 405.0463.

5.1.19. 3-(3-((1H-indol-3-yl)methyl)-[1,2,4]triazolo[4,3-b][1,2,4]triazin-6-yl)phenol (21) The
titte compound was prepared froth using a method analogous to the synthesis of cantpd
White solid (56%), mp 214-216 °éH NMR (300MHz, DMSOdg) J 10.95 (br s, 1H), 9.92 (s,
1H), 9.26 (s, 1H), 7.57-7.69 (m, 3H), 7.44Xt 7.8 Hz, 1H), 7.33-7.35 (m, 2H), 6.96-7.09 (m,
3H), 4.63 (s, 2H)*CNMR (150 MHz, DMSO€g) ¢ 158.5, 148.3, 147.9, 147.8, 147.7, 136.6,
133.4, 130.9, 127.3, 124.5, 121.7, 119.2, 119.9,012C), 114.2, 111.9, 108.4, 20.7. HRMS (ESI)

calcd [M + HJ for CigH1sNgO 343.1302, found 343.1303.

5.1.20. 6-(Difluoro(6-phenyl-[1,2,4]triazolo[4,3-b][1,2,4]triazin-3-yl)methyl)quinoline (22)
The title compound was prepared frdéusing a method analogous to the synthesis of cango
3. White solid (39%), mp 164-166 °6H NMR (300MHz, CDC}) 6 9.14 (s, 1H), 9.03 (dl = 2.4
Hz, 1H), 8.25-8.33 (m, 3H), 8.00-8.10 (m, 3H), #B®7 (M, 3H), 7.54 (ddl = 3.9, 8.7 Hz, 1H);
¥CNMR (150 MHz, DMSO6) 6 153.1, 150.2, 149.3, 149.0, 148.8, 143.0 &,36.3 Hz), 137.6,
132.4, 131.6, 131.5 (§, = 24.9 Hz), 130.4, 129.9 (2C), 128.1 (2C), 121%7.4 (t,J = 5.6 Hz),
126.7, 123.0, 117.7 (1 = 239.4 Hz). HRMS (ESltalcd [M + HJ for CyHisF:Ng 375.1164,

found 375.1168.

5.1.21.

6-(Difluoro(6-(4-fluorophenyl)-[1,2,4]triazolo[4,3-b][ 1,2,4]triazin-3-yl)methyl)quinoline  (23)
Method A: the title compound was prepared fréfrusing a method analogous to the synthesis of
compound3. Off-white solid (5%), mp 208-210 °CH NMR (300MHz, DMSO#€s) ¢ 9.53 (s,
1H), 9.06 (dd,) = 1.8, 3.9 Hz, 1H), 8.61 (d,= 8.4 Hz, 1H), 8.50 (s, 1H), 8.15-8.24 (m, 3HNEB.
(dd,J = 1.8, 8.1 Hz, 1H), 7.69 (§,= 3.9, 8.1 Hz, 1H), 7.51 (§ = 9.0 Hz, 2H):**CNMR (100

MHz, DMSO<ds) J 166.0, 163.5, 152.9, 150.1, 149.1 Jd= 86.8 Hz), 148.5, 143.1 (1,= 35.6
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Hz), 137.7, 131.6 (i] = 24.9 Hz), 130.8 (d] = 12.0 Hz, 2C), 130.1, 128.1 @= 2.8 Hz), 127.5,
127.3 (t,J = 5.2 Hz), 127.2 (t) = 5.1 Hz), 123.0, 118.4 (1,= 239.5 Hz), 117.1 (d] = 22.6 Hz,

2C). HRMS (ESI)calcd [M + HJ for CogH1FsNg 393.1070, found 393.1074.

Method B: a mixture of 200 g polyphosphoric aci@l,gtphosphorus pentoxide, and 200 mL
DMF was mechanically stirred, when the temperataciced to about 4%, 47 (20 g, 0.0487
mol) was added to the mixture with stirring, theuking complex was heated at &5 for 72 h.
The gummy reaction complex was poured into ice wiitring until homogeneous phase formed,
then ammonia water was added dropwise to alkatieartixture, the brown solid was harvested
by filtration. Then the brown solid was stirred isopropanol for 3 h, after filtration and dry,

yielded23 as off-white solid (17.1 g, 90%).

5.1.22. 6-(Difluoro(6-(thiophen-2-yl)-[1,2,4]triazolo[4,3-b][1,2,4]triazin-3-yl)methyl)quinoline
(24) The title compound was prepared fret® using a method analogous to the synthesis of
compound3. Pale yellow solid (41%), mp 227-229 °& NMR (300MHz, CDC}) § 8.99-9.01
(m, 2H), 8.23-8.33 (m, 3H), 8.10 (@= 8.7 Hz, 1H), 7.88 (d] = 3.9 Hz, 1H), 7.72 (d] = 5.4 Hz,
1H), 7.52 (qJ = 4.8, 8.7 Hz, 1H), 7.24-7.27 (m, IHJCNMR (150 MHz, DMSO#€g) ¢ 153.1,
149.4, 149.0, 148.5, 146.3, 143.0Jt 36.0 Hz), 137.8, 134.5, 134.0, 132.1, 131.9 &,24.6
Hz), 130.1, 127.7, 127.2 @,= 5.6 Hz), 126.7, 124.3, 123.1, 117.6)(t 240.0 Hz). HRMS (EI)

calcd M for CigH10F-NeS 380.0656, found 380.0660.

5.1.23.
6-(Difluoro(6-(1-methyl-1H-pyrazol-4-yl)-[1,2,4]triazolo[4,3-b] [ 1,2,4]triazin-3-yl)methyl)quin
oline (25) The title compound was prepared frddhusing a method analogous to the synthesis of
compound3. White solid (43%), mp 238-240 °éH NMR (300MHz, CDC}) 6 9.02 (d,J = 1.8

Hz, 1H), 8.83 (s, 1H), 8.23-8.26 (m, 3H), 8.02-8(6§ 3H), 7.45-7.52 (m, 1H), 4.04 (s, 3H);
¥CNMR (125 MHz, DMSOds) 6 153.0, 150.3, 149.1, 148.8, 145.0, 142.8 &,35.8 Hz), 138.9,
137.5,132.4, 131.7 (§,= 25.3 Hz), 130.3, 127.6, 127.3JtF 6.3 Hz), 126.7, 123.0, 118.0 JtF

241.6 Hz), 115.1, 39.6. HRMS (ES#lcd [M + HJ for CigH13F>Ng 379.1226, found 379.1230.

5.1.24. 6-(Difluoro(6-(furan-2-yl)-[1,2,4]triazolo[4,3-b][1,2,4]triazin-3-yl)methyl)quinoline

(26) The title compound was prepared frdfd using a method analogous to the synthesis of
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compound3. Yellow solid (39%), mp 217-219 °GH NMR (300MHz, CDC}) ¢ 9.08 (s, 1H),
9.02 (d,J = 3.9 Hz, 1H), 8.24-8.29 (m, 3H), 8.08 (&5 9.3 Hz, 1H), 7.78 (s, 1H), 7.48-7.52 (m,
1H), 7.39 (dJ = 3.3 Hz, 1H), 6.72 (d] = 2.1 Hz, 1H);"*CNMR (150 MHz, DMSO#€) ¢ 153.0,
149.5, 149.0, 148.7, 148.6, 146.5, 143.1(t 36.0 Hz), 141.4, 137.8, 131.6 {t= 24.8 Hz),
130.1, 127.6, 127.3 (@,= 5.4 Hz), 126.8, 123.0, 118.0, 117.8)( 240.0 Hz), 113.8. HRMS (ESI)

calcd [M + HJ for CigH11F.NgO 365.0957, found 365.0961.

5.1.25.
6-(Difluoro(6-(1-propyl-1H-pyrazol-4-yl)-[1,2,4]triazol o[ 4,3-b][1,2,4]triazin-3-yl)methyl)quin
oline (27) The title compound was prepared fréfusing a method analogous to the synthesis of
compound3. Yellow solid (45%), mp 81-83 °CH NMR (300MHz, CDC}) 6 9.05 (s, 1H), 8.84

(s, 1H), 8.26 (m, 3H), 8.01-8.11 (m, 3H), 7.51 (Hi), 4.21 (tJ = 6.9 Hz, 2H), 1.90-2.00 (m,
2H), 0.98 (tJ = 7.5 Hz, 3H)}*CNMR (125 MHz, DMSOe€g) 6 153.0, 150.5, 149.2, 148.7, 145.1,
142.9 (t,J = 36.0 Hz), 138.9, 137.7, 133.0, 131.9)(t 25.3 Hz), 130.3, 127.8, 127.3 Jtz 6.4
Hz), 126.1, 123.4, 118.1 = 240.3 Hz), 115.7, 53.9, 23.4, 11.3. HRMS (ESlgd [M + HJ for

C20H17F2N8 4071539, found 407.1545.
5.2. ELISA Kinase Assay

The effects of compounds on the activities of uasityrosine kinases were determined using
enzyme-linked immunosorbent assays (ELISAs) withfigd recombinant proteins. Briefly, 20
pg/mL poly (Glu,Tyr).; (Sigma, St Louis, MO, USA) was pre-coated in 96hvpdates as a
substrate. A 5@ aliquot of 10umol/L ATP solution diluted in kinase reaction buff&0 mmol/L
HEPES [pH 7.4], 50 mmol/L Mg&l 0.5 mmol/L MnC}, 0.2 mmol/L NgvO,, and 1 mmol/L
DTT) was added to each welll of various concentrations of compourdiited in 1% DMSO
(v/v) (Sigma, St Louis, MO, USA) were then added toheaaction well. DMSO (1%v/v) was
used as the negative control. The kinase reactamimitiated by the addition of purified tyrosine
kinase proteins diluted in 48 of kinase reaction buffer. After incubation fd fin at 37 °C, the
plate was washed three times with phosphate-bdffeatine (PBS) containing 0.1% Tween 20
(T-PBS). Anti-phosphotyrosine (PY99) antibody (100 1:500, diluted in 5 mg/mL BSA T-PBS)

was then added. After a 30-min incubation at 37tR€ plate was washed three times, and 100
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horseradish peroxidase-conjugated goat anti-ma@(G€1:2000, diluted in 5 mg/mL BSA T-PBS)
was added. The plate was then incubated at 37 P@0anin and washed 3 times. A 10QD-
aliquot of a solution containing 0.03%,®, and 2 mg/mLo-phenylenediamine in 0.1 mol/L
citrate buffer (pH 5.5) was added. The reaction igasinated by the addition of Q. of 2 mol/L
H,SO, as the color changed, and the plate was analygied) & multi-well spectrophotometer
(SpectraMAX 190, from Molecular Devices, Palo Al@), USA) at 490 nm. The inhibition rate
(%) was calculated using the following equation:—1A490/A490 contro)] X 100%. The IGvalues

were calculated from the inhibition curves in tvaparate experiments.

5.3. Cell Culture

The human gastric cancer cell lines SNU-1, SNU-8J918, AGS, MGC-803, BGC-823, and
BGC-7901; the human lung cancer cell lines SPC2RC-A4, Calu-3, NCI-H441, NCI-H661,
NCI-H226, NCI-H3122, NCI-H596, and NCI-H1299; theurhan breast cancer cell line
MDA-MB-231; the human colon cancer cell line HCT811the human renal cell adenocarcinoma
cell line 786-0; the human epithelioid carcinomd tee PANC-1 and the Madin-Daby canine
kidney (MDCK) cell line were purchased from Amencdype Culture Collection (ATCC,
Manassas, VA, USA). The hepatic carcinoma cell BMMC-7721 and the human lung cancer
cell lines HCC827,BEL-7404, NCI-H292, NCI-H358, NB#60 were obtained from the Institute
of Biochemistry and Cell Biology, Chinese AcadenfySgiences (Shanghai, China). The human
gastric cell line MKN-45 and the human NSCLC catliel EBC-1 were purchased from Joint
Conference of Restoration Branches (JCRB). Themaupie-B cell line BaF3 was obtained from
ATCC and grown in RPMI 1640 containing 10% fetalvine serum (FBS) and 10%
WEHI-conditioned medium as a source of murine latéiin 3. The genetical architectures was
generated from transfecting the BaF3 cell line v@ipression vector containing ti®R-MET
cDNA (Addgene) and subsequent selecting in puromyfivitrogen Corporation). All the cell
lines were routinely maintained in media accordimghe suppliers’ recommendations. Except of
special instructions, cell culture reagents wertaiokd from Life Technologies, Inc. Cells were

routinely maintained according to recommendatidrtheir suppliers.
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5.4. Western Blot Analysis

U87MG cells were serum-starved for 24 h, treateith wie indicated dose @3 for 1 h at

37 °C, stimulated with HGF (100 ng/mL, PeproTech¢l® Hill, NJ, USA) for 15 min, and then
lysed in 1xsodium dodecyl sulfate (SDS) sampledsutEBC-1, MKN-45, and BaF3/TPR-Met
cells were treated with the indicated dos@®for 1 h at 37 °C and then lysed in 1xSDS sample
buffer. The cell lysates were subsequently resolegd10% SDS-PAGE and transferred to
nitrocellulose membranes. The membranes were profitbdthe appropriate primary antibodies
[c-Met (Santa Cruz, CA, USA), phospho-c-Met, phasptiRK1/2, phospho-AKT, and AKT (all
from Cell Signaling Technology, Beverly, MA, US/Agnd GAPDH (KangChen Biotech, Shanghai,
China)] and then with horseradish peroxidase-caigd) anti-rabbit or anti-mouse 1gG. The
immunoreactive proteins were detected using anregtachemiluminescence detection reagent

(Thermo Fisher Scientific, Rockford, IL, USA).

5.5. Cell Proliferation Assay

Cells were seeded in 96-well tissue culture plabesthe next day, the cells were exposed to
various concentrations of compounds and furthetused for 72 h. Cell proliferation was then
determined using sulforhodamine B (SRB, from Sighidrich, St Louis, MO, USA) or the
thiazolyl blue tetrazolium bromide (MTT, from Sigmddrich, St Louis, MO, USA) assay. The
ICso values were calculated by concentration-responseecfitting using the four-parameter
method. Each reagent and concentration was testeads in triplicate during each experiment,

and each experiment was performed at least 2 times.

5.6. Cell Migration and Matrigel Invasion Assays

For the migration assays, 1.5 X1ells in serum-free media were placed into theeupp
chamber of an insert (8m pore size; Corning Inc.). For the invasion assays x10 cells in
serum-free media were placed into the upper chambemn insert coated with Matrigel (BD
Bioscience). Serum-free medium was added to therdalmamber with or without recombinant

human HGF (100 ng/mL). After 24 h of incubation3at°C , the cells remaining on the upper
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membrane were removed with cotton wool, whereasctiis that had migrated or invaded
through the porous membrane were stained with Octystal violet for 15 min at room
temperature. Finally, migrated and invasive cellsenvimaged in 5 different fields of each filter.

Images were obtained using an Olympus BX51 miciosco

5.7. Cell-scatter Assay

MDCK cells (1.5x16 cells per well) were plated in 96-well plates agrdwn overnight.
Increasing concentrations 88 and HGF (100 ng/mL) were added to the approprighs, and
the plates were incubated at 37 °C and 5%, @ 24 h. The cells were fixed with 4%
paraformaldehyde for 15 min at room temperature @t stained with 0.2% crystal violet,

washed with water, and dried. Images were obtaisaty an Olympus IX51 microscope.
5.8. Cell Branching Morphogenesis Assay

MDCK cells at a density of 2xf@ells/mL in DMEM medium were mixed with an equal
volume of collagen | solution and plated at 0.1 wetll in a 96-well culture plate. After incubation
for 60 min at 37 °C and 5% GQ@o allow the collagen to gel, HGF (100 ng/mL) withwithout
23 at various concentrations dissolved in 1@0of growth medium was added to each well. The
medium was replaced with fresh growth medium evgrgl. Images were obtained using an

Olympus IX51 microscope after 5d.
5.9. S.c. Xenograft Models in Athymic Mice and ifve Antitumor Activity Studies

Nude mice were used for ah vivo studies. The mice were housed and maintained under
specific-pathogen free conditions in accordanceh witstitutional Animal Care and Use
Committee. Cells at density of 5-10%1i@i 200 uL firstly implanted s.c. into the right flank of
each nude mice and then allowing to grow to 700-18@d, defined as a well-developed tumor.
After that, the well-developed tumors were cut itit6 mni fragments and transplanted s.c. into
the right flank of nude mice. When the tumor volureached 100 to 200 ninthe mice were
randomly assigned into vehicle and treatment grqaps 6 in treated group, n = 12 in vehicle
group). Vehicle groups were given vehicle alona] atratment groups receiv@d as indicated

doses vigpo administration once daily for indicated days. Bimes of the tumors were measured
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twice per week using microcaliper. The tumor volurfiBvY) was calculated as: TV =
(lengthxwidtif)/2 and the individual relative tumour volume (RTWps calculated as follows:
RTV = V¢/V,, where V is the volume on each day, ang i¥ the volume at the beginning of the
treatment. RTV was shown on indicated days as thdian RTV + SE indicated for groups of
mice. Percent (%) inhibition values (TGI) were mead on the final day of study for drug-treated
compared with vehicle-treated mice and are caledlas 100 x { [(Vreated Final day~ Vreated Day )

I (Vvenicle Final day— Vvenicle pay 9]}- Significant differences between the treatedsus the vehicle

groups (R0.05) were determined using Student’s t test.
5.10. Co-crystallization of 23 and c-Met

Co-crystallization of the c-Met kinase domain witlfe compound3 was carried out by
mixing a solution of the protein-ligand complex lvéin equal volume of precipitant solution (100
mM Tris-HCI pH 7.3, 5% isopropanol, 12% MPD, 12-14#RG5KMME). The protein-ligand
complex was prepared by adding the compound tprttein solution to a final concentration of 1
mM 23. Co-crystallization utilized the vapour-diffusionethod in hanging drops. Crystals were
flash frozen in liquid nitrogen in the presencenal solution supplemented with 25% glycerol.

Details of the crystal structure can be obtainechfthe PDB database.

Supplementary Material Synthetic procedures and analytical data for mégtiates reported in

this article and structure determination of c-Metomplex with23.
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Captions

Figure 1. The representative selective c-Met inhibitors.
Figure 2. Strategies to eliminate the Ogktlated metabolic deficiency.

Figure 3. Co-crystal structure d?3 in complex with the kinase domain of c-Met. Thé pide of
the structure is 5EOB. (A) Compoug8 bound at the ATP-binding site of c-Met with a “sfiape.
(B) The interactions o3 with the surrounding residues, including two H-ierbetween the
compound and the backbone amide of Met1160 and 2 at the hinge region and the DFG
motif, respectively.

Figure 4. Compound?3 suppressed the phosphorylation of c-Met and igndtream signaling in
various cells (EBC-1 Cells (A), MKN45 cells (B), BATPR-Met cells (C), and U87MG cells (D).
Cells were treated with indicated concentrationg3for 1 h and analyzed by immunoblot.

Figure 5. Compound23 specifically inhibited c-Met-dependent cancer gaibliferation. The
anti-proliferation activity o3 against a panel of tumor cell lines originatingnfr different tissue
types was determined by a sulforhodamine B (SRBarofMTT assay. The kg values were
plotted as the mean+SD (nM) from three separateer@xents or estimated values from two
separate experiments.

Figure 6. Compound23 prevented HGF-induced migration, invasion, scitgrand invasive
growth phenotypes. Compou28 impaired migratory (A) and invasive (B) ability BICI-H441
cells induced by 100 ng/mL of HGF (Scale bar, 1ff); MDCK cell scattering induced by HGF
was inhibited by23 (C) (Scale bar, 1&m); Compound23 prevented HGF-induced branching
morphogenesis (D). MDCK cells were cultured in agén gel with 100 ng/mL of HGF, and
tubule-like structure was photographed after 5-nlegtment (Scale bar, 10n). Representative
pictures presented in A-D were taken from three@hdent experiments.

Figure 7. Compound23 potently inhibited c-Met-dependent tumor growthviro. Inhibitory
activity of 23 on the tumor growth in MKN45 (A) and EBC-1 (B) xagrafts. The tumor-bearing
mice were administrated (p@p twice daily for 3 weeks. Mean relative tumor vokim SE was
shown (n = 6 in treated group, n = 12 in vehicleug). **P<0.01, **P<0.001 vs vehicle group,
determined using Student’s t test.

Table 1. c-Met Enzymatic and Cellular Activities of the @Hinked Triazolotriazines.
Table 2. c-Met Enzymatic and Cellular Activities of the £Einked Triazolotriazines.
Table 3. Pharmacokinetic Profiles @8, 25, 26, and27 in Rats.

Table 4. Antitumor Efficacy of Compound®3, 26, and27 in the EBC-1 Xenograft Model.
Table 5. Kinase Selectivity Profile a23.

Table 6. Anti-proliferative activity of23 on c-Met-addicted cell lines.
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Scheme 1. Synthesis of Compound3-27. Reagents and conditions: (a) 2-(quinolin-6-yljece
acid for28-42, 2-(1H-indol-3-yl)acetic acid foA3-45, 2,2-difluoro-2-(quinolin-6-yl)acetic acid
for 46-51, HOBT, EDCI, DIPEA, DMF; (b) HOAc, 108C; (c) CRCOOH, DCM.

Scheme 2. Optimization of Reaction Conditions for the Prepiaraof 23.
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Figure 1. The representative selective c-Met inhibitors.
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Figure 2. Strategies to eliminate the Ogktlated metabolic deficiency.
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Figure 3. Co-crystal structure i3 in complex with the kinase domain of c-Met. Thd pdde of
the structure is 5EOB. (A) Compougd bound at the ATP-binding site of c-Met with a “sfiape.
(B) The interactions o3 with the surrounding residues, including two H-erbetween the
compound and the backbone amide of Met1160 and 22 &t the hinge region and the DFG
motif, respectively.
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Figure 4. Compound?3 suppressed the phosphorylation of c-Met and igndtream signaling in
various cells (EBC-1 Cells (A), MKN45 cells (B), BATPR-Met cells (C), and U87MG cells (D).
Cells were treated with indicated concentration®3for 1 h and analyzed by immunoblot.
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Figure 5. Compound23 specifically inhibited c-Met-dependent cancer gaibliferation. The
anti-proliferation activity o3 against a panel of tumor cell lines originatingnfr different tissue
types was determined by a sulforhodamine B (SRBaroMTT assay. The g values were
plotted as the mean+SD (nM) from three separateer@xents or estimated values from two

separate experiments.
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Figure 6. Compound23 prevented HGF-induced migration, invasion, scatgrand invasive
growth phenotypes. Compoui28 impaired migratory (A) and invasive (B) ability bfCl-H441
cells induced by 100 ng/mif HGF (Scale bar, 100m); MDCK cell scattering induced by HGF
was inhibited by23 (C) (Scale bar, 1@m); Compound23 prevented HGF-induced branching
morphogenesis (D). MDCK cells were cultured in agén gel with 100 ng/mL of HGF, and
tubule-like structure was photographed after 5-tleagtment (Scale bar, 10n). Representative
pictures presented in A—D were taken from threefrehdent experiments.
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Figure 7. Compound23 potently inhibited c-Met-dependent tumor growthvivo. Inhibitory
activity of 23 on the tumor growth in MKN45 (A) and EBC-1 (B) xarafts. The tumor-bearing
mice were administrategd) 23 twice daily for 3 weeks. Mean relative tumor volkim SE was
shown (n = 6 in treated group, n = 12 in vehicleugy). **P<0.01, ***P<0.001 vs vehicle group,
determined using Student’s t test.
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Table 1. c-Met Enzymatic and Cellular Activities of the gHinked Triazolotriazines
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14 /NQ\/ ® 0.46:011  77.8 76.9

15 \/NJ\/ ® 410£0.90  97.1 85.5
N
/N\
16 /\/NQ\/ ® 120:0.10 884 88.1
N
N=
17 BOC/NUNQ\/ » 5.30+0.40 86.6 68.9
N=
18 N’Q\/ D 10.500.40  77.0 14.9
HNQ/ IN/
19 mo—_ ) @’§ 41320+1020 580  26.9
20 ) Q\? 129.2045.40  17.3 9.9
H
21 @‘f @’§ 126.60+2.50  10.2 8.2
HO H
JINJ38877605 - - 0.95+0.12 72.2 70.8

®The I1G values are shown as the mean + SD (nM) and thibiaty rates were estimated
from two separate experiments.

P|Cy, value is 79.5 NM.
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Table 2. c-Met Enzymatic and Cellular Activities of the £Enked Triazolotriazines

FF N
R /N‘N N =
T
c-Met EBC-1
Compd. R
1Cs0(NM) ICs0(NM)

22 2.80+0.10 ND

23 0.24+0.04 0.85+0.01

25 0.50+0.16 0.43+0.13

-
P~ )
24 [}\/ 1.404050  NB
ey
o,
O

26 0.50¢0.10  2.3020.11
N=

27 “N’Q\/ 0.90+0.10  0.67+0.23

INJ38877605 - 0.95+0.12  5.50%0.14

®The IGgs are shown as the mean + SD (nMlot
determined.




Table 3. Pharmacokinetic Profiles @B, 25, 26, and27 in Rat$

b b c c c
Compd. g_l;h/kg) E/Ls/lg) Tuz' () fnn;xmu (Th) ﬁll;-cﬁr_;omu P o)
23 2.83 4.89 1.23 869 1.00 2377 48.3
25 1.34 0.81 1.14 209 2.50 780 9.4
26 2.37 5.14 1.53 961 0.42 2042 48.0
27 1.84 3.20 1.21 1614 0.50 3387 61.6

®Experiments were carried out in male Sprague Dawdéy (n=3); dosey, 2 mg/kg (1% (v/v)
DMA, 9% (v/iv) Cremophor, 90% (v/v) salinejio, 10 mg/kg (0.5% (w/v) CMC-Na)°’data
obtained fromiv experiments‘data obtained frompo experiments’dose:iv, 10 mg/kg (10% (v/v)
DMSO, 10% (v/v) Tween 80, 80% (v/v) (40% (w/v) PEG4po, 10 mg/kg (10% (v/v) DMSO,
5% (v/v) Tween 80, 85% (v/v) saline).
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Table 4. Antitumor Efficacy of Compound3, 26, and27 in the EBC-1 Xenograft Modl

Compd. Dose (mg/kg) TGI (%)
vehicle / /

25 97.1 (2)
23

12.5 76.1

25 65.8
26

12.5 50.1

25 96.6 (2)
27

12.5 75.9

®po administration, bid/21, “()” is the number of thiece with complete tumor regression
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Table 5. Kinase Selectivity Profile g#3?

kinase 1Go (NM) kinase 1Go (NM)

c-Met 0.24+0.04 ErbB2 31.5%@1000nM
RON 33.9%@1000nM ErbB4 26.8%@1000nM
AXL 36.0%@1000nM FGFR1 12.8%@1000nM
Tyro3 10.1%@1000nM RET 29.9%@1000nM
Mer 13.5%@1000nM KDR 15.3%@1000nM
IGF1R 0.4%@1000nM Flt-1 11.5%@1000nM
ALK 2.1%@1000nM Flt-3 12.3%@1000nM
ROS1 10.6%@1000nM c-Kit 32.1%@1000nM
PDGFRe 31.4%@1000nM c-Src 13.7%@1000nM
PDGFR$ 19.6%@1000nM ABL 14.9%@1000nM
EGFR 33.2%@1000nM EPH-A2 6.1%@1000nM
EGFR/T790M-L858R 28.9%@1000nM EPH-B2 8.5%@1000nM

*The ability of 23 to inhibit the enzymatic activities of a panelreEombinant tyrosine kinases
was evaluated by ELISA assays, representingsli@s mean + SD or estimated values from two

separate experiments.
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Table 6. Anti-proliferative activity of23 on c-Met-addicted cell linés

Compd. ICs0 (NM)

EBC-1 MKN45 BaF3/TPR-Met
23 0.8510.01 0.4610.12 1.28+0.32
JNJ38877605  5.50+0.14 9.50+2.00 8.60+1.40

®Cso values were shown as mean + SD from three sepexptgiments.
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Scheme 1. Synthesis of Compound@s-27°
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®Reagents and conditions: (a) 2-(quinolin-6-yl)acettid for28-42, 2-(1H-indol-3-yl)acetic acid
for 43-45, 2,2-difluoro-2-(quinolin-6-yl)acetic acid fat6-51, HOBT, EDCI, DIPEA, DMF; (b)
HOAc, 100°C; (c) CRCOOH, DCM.
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Scheme 2. Optimization of Reaction Conditions for the Pregimm of23
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A series of CH,- / CF,-linked triazolotriazines as c-Met inhibitors were reported.
The compounds were assayed c-Met activities in both enzymatic and cellular level.

Based on good antitumor potency and PK profiles, 23 was selected as a drug
candidate.



