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Abstract

In our continuing efforts to develop novel c-Methiinitors as potential anticancer candidates, aeseof new

N-sulfonylamidine derivatives were designed, syritegsvia Cu-catalyzed multicomponent reaction (M@RYhe key step, and

evaluated for their in vitro biological activitiegyainst c-Met kinase and four cancer cell lines4@®5HT-29, MKN-45 and

MDA-MB-231). Most of the target compounds showedderate to significant potency at both the enzynsedand cell-based

assay and possessed selectivity for A549 and HdaR8er cell lines. The preliminary SAR studies dest@ted that compound

26af (c-Met IG5, = 2.89 nM) was the most promising compound contpavith the positive foretinib, which exhibited the

remarkable antiproliferative activities, with Jvalues ranging from 0.28 to 0.7&1. Mechanistic studies d?6af showed the

anticancer activity was closely related to the king phosphorylation of c-Met, leading to cell aydrresting at G2/M phase

and apoptosis of A549 cells by a concentration-dépet manner. The promising compowthf was further identified as a

relatively selective inhibitor of c-Met kinase, whialso possessed an acceptable safety profildaandable pharmacokinetic

properties in BALB/c mouse. The favorable drug-tiges o26af suggested thad-sulfonylamidines may be used as a promising

scaffold for antitumor drug development. Additidgathe docking study and molecular dynamics simoes of26af revealed a

common mode of interaction with the binding siteceflet. These positive results indicated that commoi®6af is a potential

anti-cancer candidate for clinical trials, and dese further development as a selective c-Met itdrib

Keywords N-Sulfonylamidine; c-Met inhibitors; Cu-catalyzeddk-component reaction; biological evaluation; doglstudy.



1. Introduction

Mesenchymal-epithelial transition factor (c-Metlsatermed as hepatocyte growth factor receptorHRIGis a structurally
distinct member of heterodimeric transmemeric rearefyrosine kinase composed of an extracellul@hain and a membrane
spanningB chain that are connected by a disulfide bond [1Pfosphorylated c-Met further triggers the actoratof
downstream signaling pathways such as the Ras/MA&FS¢c and PI3K/Akt pathways that contributes ® gulation of many
physiological processes including cell proliferatisurvival, motility, migration, morphogenic difemtiation and angiogenesis
[3-7]. Aberrant c-Met signaling is implicated iretldevelopment and progression in a variety of husddid cancers such as
thyroid cancer, lung cancer, gastric cancer, cotateancer, pancreatic cancer, prostate canesral canceretc [8-12]. More
importantly, convincing evidences disclosed thahlmverexpression of c-Met and MET amplificatiorvédeen correlated with
advanced disease stage and poor prognosis [13-GBhermore, crosstalk between c-Met and otherpteceayrosine kinases
promotes aggressive tumor behavior and resistancertventional cancer therapy [16,17]. Therefarkikition of the abnormal
activation of c-Met/HGF signaling pathway represeone of the most promising therapeutic targetshin discovery of
anticancer drugs.

Up to now, many strategies have applied to reguta¢eabnormal activation of c-Met/HGF signaling ey and small
molecule c-Met kinase inhibitors as one of the npwsmising approaches has been attracted more arel aitention [18-24].
The advantage of small molecule inhibitors via th&acellular kinase domain is that they can effety block both
ligand-dependent and independent activation of ¢-J@8-31]. Although the development of small-mollece-Met tyrosine
kinase inhibitors (TKIs) started much later thaheotstrategies, significant progress has been me@atly with a considerable
number of compounds entering clinical trials orngeapproved as anticancer drugsg( 1). The reported small-molecule
inhibitors can be roughly divided into two typesailing to their structures and binding modes wWithkinase catalytic domain
of c-Met, namelytype | andtype Il [32-34]. As reported recentlfype Il inhibitors may be more effective thype | inhibitors
against the mutations near the active site of c-bstausaype Il inhibitors are assumed to be able to walk awaynftbe
gatekeeper and bind beyond the entrance of thetaMive site [35-39]. Variougype Il c-Met inhibitors have been developed
to narrow the gap between bioactive compounds amahiping anticancer candidates, leading to stype Il c-Met inhibitors
entering clinical trials [40-43]. However, a po@lextivity profile may make the relatégbe || Met inhibitors display a certain
degree of toxicity in various organs, or lead tdaptimal dosing for the c-Met inhibition in clinicapplications [44,45].
Accordingly, discovery of novetype Il c-Met inhibitors with improved selectivity profde particularly to VEGFR-2, and

minimal side effects becomes a high priority [46].
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Fig. 1. The representative c-Met kinase inhibitors dfedent types.

As shown inFig. 1, the structures dfype Il c-Met inhibitors can be disconnected into fourtsifblock A—-D) according to

their structures and interaction characteristicth yprotein molecular. Usually, the modification mbiety A and moiety B is

constrained since the binding modes of c-Met kinaiie type Il inhibitors. The modification of moiety C, includjrinear and

cyclic fragments between moieties A and B, is tlesinsuccessful strategy to develop new c-Met intibj which is known as

‘5 atoms regulation/hydrogen-bond donors or acceptsr [47-50]. These structural characteristics indéchthat exploring a

suitable linker might be a feasible way to discaweveltype Il c-Met inhibitors. Although many efforts have beeaidpto the

construction of the 5-atom linkefFig. 2), one-pot synthesis of the 5-atom linker is stilignificant challenge. Multicomponent

reactions (MCRs) deemed to satisfy this criteriorview of their ability to generate structurallyeise molecules in a simple

one-pot reaction [51,52]. It is worth to note ttia¢ marriage of MCRs and combinatorial synthess ihaovated medicinal

chemistry by boosting diversification of organic leaules to discover new drug candidates. Amidir3s55] and sulfonates

[56,57] have attracted continuous attention duethiir fundamental roles in many selective drugshwlitw toxicity,

sulfonylamidine Fig. 2) could be a potential linker candidate for c-Mdtibitors. To our delight, the sulfonylamidine So&d

also conformed to the characteristics of theatoms regulatiori and contained bothydrogen-bond donor and acceptor In

this context, we hope that by using sulfonylamidasethe 5-atom linker could facilitate the discgvef highly selective c-Met

inhibitors. Accordingly, we reported for the firditme the one-pot synthesis of the sulfonylamidimkdr via Cu-catalyzed

modified Click chemistry [58-61], which providedrapid approach towards the synthesis of new-dedigailet inhibitors.

Meanwhile, various substituents were introduced itite moiety A, moiety D as well as the moiety Ga{ém linker) to

investigate the effects on activity. All target quonnds were evaluated for their c-Met kinase agtignd antiproliferative

activities against four cancer cell lines, inclglid460, HT-29, MKN-45 and MDA-MB-231. Moreover, tlieell apoptosis and



cycle arrest, western blotting, acute toxicity esébity index, kinase selectivity and pharmacokimerofiles and docking study

of the representative compoufdaf were further explored. Inspiringl6af showed remarkable antiproliferative effects, high

selectivity to c-Mewvs VEGFR-2, favorable pharmacokinetic properties andcceptable safety profile, which sugge&teaf is

a potential anti-cancer candidate for clinicallssiand deserves further development as a selecfifet inhibitor.
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Fig. 2. Various moiety C structures with linear or cycli@®m linkers.

2. Results and discussion

2.1. Chemistry

2.1.1. Synthesis of 3-fluoro-4-(thieno[3,2-b]pyriei-yloxy)aniline $) and 3-fluoro-4-(thieno[3,2-d]pyrimidin-4-yloxy)dime

©)

As shown inScheme 1 3-fluoro-4-(thieno[3,2-b]pyridin-7-yloxy)anilin& was synthesized from commercially available

3-amino-2-thiophenecarboxylic acid methyl estericivlunderwent saponification reaction followed tecdrboxylation reaction

under basic conditions to afford 3-aminothioph&mveith good overall yield [62]. Condensation bfvith Mander’s reagent and

subsequent intramolecular cyclization in hot diphether provided K-thieno[3,2-b]pyridin-7-on& in 65% overall yield [63].

7-Chloro-thieno[3,2-b]pyridind was obtained in 83% vyield by treatiBgn exposure of phosphorus oxychloride. Etherifiorat

of 4 with 4-amino-2-fluorophenol generated amBElén 68% yield, and 20% of was recoveredThe intermediat® was also

synthesized starting from 3-amino-2-thiophenecaylioxacid methyl ester as illustrated Bcheme 1 This commercially

available material underwent a sequence of forroylatcyclization, and chlorination to affol8lin 47% overall yield [64].

Coupling of 4-chloro-thieno[3,2-d]pyrimidingwith 4-amino-2-fluorophenol in the presence of Nahield the intermediate



in 76% yield [65].
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Scheme 1.Reagents and conditions: (a) i) 2 M NaOH, reflu®, rin; ii) oxalic acid, 1-propanol, 38 °C, 45 mith) triethyl orthoformate,
2,2-dimethyl-1,3-dioxane-4,6-dione, 85 °C, overmigfc) PhO, 240 °C, 30 min; (d) POgIl DMF (cat.), 0 °C— reflux, 2 h; (e)
4-amino-2-fluorophenol, NaH, DMSO, 0 °6 60 °C, overnight; (ff HCOOH, A©, 0 °C— r.t., 12 h; (g) ammonium formate, formamide, 180 °

8 h; (h) oxalyl chloride, DMF (cat.), GBI, 0 °C— reflux, 3 h.

2.1.2. Synthesis of 4-((6,7-dimethoxyquinazolif}dxy)-3-fluoroaniline 14)

The synthesis of intermedial®d was depicted irBcheme 2 Regioselective nitration of 3,4-dimethoxybenza@id followed
hydrogenation with Hin the presence of Raney nickel afforded 2-amifteedmethoxybenzoic acidl in 57% overall yield,
which underwent an intramolecular cyclization imnfiamidine to give quinazolinorie with good efficiency [66]. Subsequently,
chlorination of quinazolinonel2 using phosphorous oxychloride followed by ethesifion with 4-amino-2-fluorophenol

provided amidd.4in 48% overall yield [65].

le) [e] [e] o cl
/OD/“\OH a /O:Cf‘\OH b /O:©\)‘\OH c /OﬁNH d /O:@gN e ° SN
o o NO, o NH, ~o N/) o N/) o N/)
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Scheme 2Reagents and conditions: (a) HN@0%), 60 °C, 5 h; (b)  Raney nickel, 2-propanol, 40 °C, 5 h; (c) formdenil50 °C, 8 h; (d)

POCE, 0 °C— reflux, 9 h; (e) 4-amino-2-fluorophenol, NaH, DMS®°C— 60 °C, overnight.

2.1.3. Synthesis of 6,7-disubstituted-4-phenoxydjnes22a-f

As shown inScheme 3 the key intermediates of 6,7-disubstituted-4-mhxgquinolines 22a-f were synthesized from
commercially available 4-hydroxy-3-methoxyacetopre® which was alkylated with iodomethane, 1-brontabe or
1-bromo-3-chloropropane under basic reaction canditto providel5a—c in excellent yields. Regioselective nitration and
subsequent aminomethylenation withN-dimethylformamide dimethyl acetal (DMF-DMA) to affl intermediatesl7a-—c,
which underwent an intramolecular cyclization ie tiresence of iron powder and acetic acid to @Be-c with good overall
efficiency. Compound48a- were converted into compoundSa—c on exposure of phosphorus oxychloride in high weld
Treatment of19c with different secondary amines under basic coowitito generate the intermedia8a-d. Compounds
19a-b and20a-d were subjected to a two-step sequence of etherdfitand hydrogenation for the elegant synthesianailes

22aHf.
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Scheme 3. Reagents and conditions: (a) &H K,CO,;, acetone, r.t, 4 h; (b) 1-bromobutane,CK;, DMF, 80 °C, 10 h; (c)
1-bromo-3-chloropropane,,R0O;, DMF, r.t., overnight; (d) concentrated nitric @¢20%), 0 °C, overnight; (¢) DMF-DMA, toluene, Itef, 10 h;
(f) Fe (powder), AcOH, 80 °C, 2 h; (g) PQCDMF (cat.), reflux, 1 h; (h) secondary amines, BNNal, 85 °C, 10 h; (i) 2-fluoro-4-nirophenol,

chlorobenzene, 140 °C, 20 h; (j) Sp€H,O, EtOH, 70 °C, 6 h.

2.1.4. Synthesis of benzylsulfonyl azi?leak

The condensation of thiourea with different subgtiti alkyl chlorides23a-k followed by chlorosulfonation with
N-chlorosuccinimide afforded sulfonyl chlorid24ak [67]. Further substitution d¥4a—kwith sodium azide provided sulfonyl
azides25a—ksmoothly in moderate overall yields.

S
NH, CI
o)

S )J\ 7 /,O
Cl a S” 'NH, b S c S.
Rg * HzNJ\NHZ—> [R{j/\ } - R@Q’ o — R©/(\)” N;

23ak 24a-k 25a-k
R =H, 4-Me, 3-Me, 2-Me, 4-F, 3-F, 2-F, 4-Cl, 4-Br, 3,4-di-Cl, 4-CF5

Scheme 4(a) reflux, 1 h; (b) NCS, 2 M HCI, GJ&N, 0 °C— r.t., 0.5 h; (c) Nah 0 °C—r.t., 2 h.
2.1.5. Synthesis of target compounds bearing syltiamdine scaffold

A variety of amines5, 9, 14 and 22a-f were successfully employed as an efficient reacgiagner in the Cu-catalyzed
three-component reaction in the presence of pyidiatalyst to afford the desired-sulfonylamidine-containing target
compound®6a-am in moderate to excellent yields [68,69]. The coupleaction has extremely broad substrate scopiealli
three components of alkyne, sulfonyl azide and aniiime reaction took place under very mild reactionditions and displayed
excellent functional group compatibility. The raantpossibly proceeds through a ketenimine interatedwhich is generated
in situ from the Cu-triazole cycloadduct followegt Bimorph rearrangement via-diazoimine species readily react with an
amine along with release of;Mas. Altogether, the Cu-catalyzed three-componenpling reaction could be an efficient and
convenient method to combine several active maidtiéo one molecule, and could be convenient tolémpnt structural
modification via alternation of diverse starting teré@ls. All newly synthesized target compoundsenpurified by column

chromatography and their structures were charaetetly NMR, MS and elemental analysis.
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2.2. Biological evaluation
2.2.1. In vitro enzymatic assays and structurevégtrelationships

The c-Met enzymatic assays of all newly synthesizgdet compounds were evaluated using homogené@oesresolved
fluorescence (HTRF) assay. Foretinib was used assitiye control, and the results expressed as #ffenfaximal inhibitory
concentration (I6) values were presentedTiable 1, as mean values of experiments performed in ¢efi.

As illustrated inTable 1, these novel derivatives bearifhgsulfonylamidine moiety were found to be active ingac-Met
kinase with 1G, values ranging from 2.89 to 76.55 nM; three ofhth@6af, ICs= 2.89 nM;26ah, ICso= 4.02 nM;26aj, ICs=
3.83 nM) showed comparable potency with foretini®s& 2.15 nM), indicating that the introduction of timew moiety
N-sulfonylamidine as ‘five-atom linker’ maintainddet potent c-Met kinase inhibitory efficacy. Thetimi SARs study of moiety
A was performed. Compoun@$a (IC50=37.43 nM, R = H, R= n-butyl) and26b (ICso= 28.62 nM, R = 4-F, R= n-butyl)
bearing the block thieno[3,2-b]pyridine-7-f1 only displayed moderate c-Met kinase inhibitoryidt compared with the
positive foretinib. The replacement of the thien2{B]pyridineAl with thieno[3,2-d]pyrimidineA2 (26¢ ICso = 60.25 nM, R =
H, Ry = n-butyl; 26d, ICso = 42.48 nM, R = 4-F, R=n-butyl) and 6,7-dimethoxyquinazolir&3 (26¢ I1Cso = 74.58 nM, R = H,
R; = n-butyl; 26f, ICs, = 50.87 nM, R = 4-F, R= n-butyl) all resulted in a significant loss of potgn Inspiringly, compounds
26g-h (26g ICso= 25.74 nM, R = H, R= n-butyl; 26h, ICso = 20.12 nM; R = 4-F, R= n-butyl) bearing the block
6,7-dimethoxyquinolined4 displayed greater potency than compouflaf, suggesting that the quinoline pharmacophore is
more suitable for vander Waals interactions with blackbone of c-Met kinase. Accordingly, quinoldezivatives were further
studied in the following work.

Considering the vital role of 5-atom linker on &ityi, comprehensive quinoline analogs with diveRe substituents,
including phenyl, methoxymethyl, hydrogen atom ytlohexenyl, 3-pyridyl and 3-thienyl were investiga to further discover
the structure-activity relationships. The SARs blase 1G, values indicated that the; Broup played an important role for the
c-Met kinase inhibitory efficacy. The introductiofi phenyl @6i, ICso= 76.55 nM, R = H, R= Phenyl) led to 2.9-fold decrease

compared with26g (ICso= 25.74 nM, R = H, R= n-butyl). Simultaneously, five-membered heterocydioups were also



explored, such as 3-pyridg@6q (ICso =60.58 nM, R = H, R= 3-pyridyl) and 3-thienyR6s (ICso = 55.58 nM, R = H, R=
3-thienyl), which led to 2.4- and 2.2-fold loss iaity in against c-Met kinase compared wiffog indicating that the
electron-rich five membered ring made an advereeebn c-Met inhibitory potency. Moreover, the leeementn-butyl (269,
ICs0 = 25.74 nM, R = H) with 1-cyclohexengi6o (ICso = 50.54 nM, R = H, R= 1-cyclohexenyl) resulted in 1.9-fold loss
activity. However, with the introduction of H atoom R, compound®6m (ICso = 20.36 nM, R = H, R= H, increased 1.3-fold)
displayed a slight increase on c-Met inhibitonjigf€y in comparison wit26g To our delight, introduction of methoxymethyl
26k (ICso = 15.64 nM, R = H, R= methoxymethyl) showed a significant increase-dfet inhibitory activity. The above results
suggested that electronic effect and steric hirmrarf R group were sensitive to the c-Met kinase inhilyitactivities. Further
studies about the effect of Broup are in progress in our laboratory and veélréported upon in the future.

With the suitable Rgroup (methoxymethyl) in hand, the influence ofsditbents on the phenyl ring R was further studied.
The SARs based on dEvalues also revealed that the R group also playednportant role for the c-Met kinase inhibitory
efficacy due to its essential interactions with lifydrophobic pocket of c-Met. In comparison wak (ICso = 15.64 nM, R = H)
bearing no substituent on phenyl ring, the incaapon of mono-donating groups (mono-EDGs) showeghtiee tendency in
potency, such a@bu (ICs= 18.72 nM, R = 2-C}), 26V (ICso = 22.45 nM, R= 3-CHs) and26w (ICso = 27.86 nM, R = 4-CFJ. In
view of these results, the utilization of EDGs wat further pursed. Inspiringly, introduction of nelectron-withdrawing
groups (mono-EWGs, such as F and Cl) on the phimylshowed positive influences on activity. It wasrth to note that
incorporation of the mono-EWGs at 4-position of iienyl @61, ICso = 9.12 nM, R = 4-F, increased 1.7-fold) showedghér
preference than that of mono-EWGs at 3-posit@8y,( ICso = 11.36 nM, R = 3-F, increased 1.4-fold) and 2ipws of the
phenyl 6x, ICso = 13.28 nM, R = 2-F, increased 1.2-fold). Howevhe introduction of double electron-withdrawinggps
(26ab, IG5 = 8.38 nM, R = 3,4-di-Cl) showed a slight decrease c-Met inhibitory efficacy in comparison with
mono-electron-withdrawing derivativ@@z ICso = 5.35 nM, R = 4-Cl), which suggested a mono-stiietl phenyl ring is more
desirable than a disubstituted phenyl ring. Theothiction of strong EWGs to phenyl ring derivat®gac (ICso = 46.32 nM, R =
4-CF;, decreased 2.9-fold) resulted in a significantcréase in activities compared widk, suggesting that the phenyl
probably need a properly electron density. The tainde effect of the bulky substituents likely dachpiee potency because of
the more steric anal®faa (ICso = 24.65 nM, R = 4-Br, decreased 1.6-fold) showediaus decreased activity compared with
26k, indicating that the hydrophobic pocket of c-Metsafairly sensitive to the size of substituents.

Based on the understanding of the cocrystal straichetween c-Met and foretinib, the quinoline mort(moiety A) on the
left side not only forms hydrogen bonds with theI 58 and Met1160 residues and also maintains vafdels interactions
with the c-Met backbone. In addition, this quinelisystem is directed toward a solvent-exposed avhah provides an

opportunity for the introduction of polar and hydhilic groups. Encouraged by these results, anawgontained polar groups



on 7-position of quinoline were prepared for SARIeration. The replacement the metho2¢% ICso = 5.35 nM,A4, R = 4-Cl,
R: = methoxymethyl) at the 7-position of quinolinettwn-butoxy @6ad 1Csq =12.12 nM,A5, R = 4-Cl, R = methoxymethyl)
led to a 2.3-fold decrease in c-Met inhibitory wityi, which revealed the length of carbon tetheswg#gnificant to activity.
According to the previous research, a three-catbtirer between these amines and the quinoline ders determined to be the
optimal length for improving the potency. Thus,feliént amines at the end of this tether were inyatgd, and all of them
improved the inhibitory potency of c-Met compareitw26z and26ah which can be explained by the vander Waals intiena
between the carbon tether and the c-Met backboagedBon pharmacological dataTiable 1, it was found that the introduction
of water-soluble group at 7-position of quinolingcteus had a marked influence on c-Met inhibitdficacy in the preferential
order of morpholinyl 3N-methyl piperazinyl > piperidinyl > 4-methyl pipdmyl.

The pharmacological data above indicated that #hwerfble moiety A (quinoline pharmacophore), and #ppropriate
electronic density and steric hindrance on theoBaalinker are the main reasons for the inhibitocyivéty of c-Met kinase.
Moreover, the pharmacological data demonstrated tie hydrophobic pocket of c-Met kinase can accoomste the
mono-EWGs of the phenyl ring (moiety D), especiahe Cl atom atpara-position of phenyl rings. Additionally, the
introduction of different hydrophilic groups at Bsition of quinoline nucleus made a positive inflae on c-Met inhibitory

efficacy.

Table 1.In vitro c-Met kinase activities of target composba-am
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22¢, A6 22d, A7 22¢, A8 22f, A9
Compd. A R. R c-Met ICso (NM)
26a Al n-Butyl H 37.43 £ 2.56
26b Al n-Butyl 4-F 28.62 +2.74
26¢ A2 n-Butyl H 60.25 + 4.36
26d A2 n-Butyl 4-F 42.48 + 3.25
26e A3 n-Butyl H 74.58 + 4.93
26f A3 n-Butyl 4-F 50.87 £+ 3.45
269 A4 n-Butyl H 25.74 +1.98
26h A4 n-Butyl 4-F 20.12+1.64

26i A4 Phenyl H 76.55 +5.82



26j A4 Phenyl 4-F 63.26 + 4.85

26k A4 Methoxymethyl H 15.64 £ 1.64
26l A4 Methoxymethyl 4-F 9.12+1.26
26m A4 H H 20.36 £ 2.12
26n A4 H 4-F 16.55 +1.84
260 A4 1-Cyclohexenyl H 50.54 + 4.66
26p A4 1-Cyclohexenyl 4-F 44.37 £3.35
26q A4 3-Pyridyl H 60.58 + 4.68
26r A4 3-Pyridyl 4-F 52.72+6.29
26s A4 3-Thienyl H 55.58 + 4.47
26t A4 3-Thienyl 4-F 44.25 + 3.46
26u A4 Methoxymethyl 2-Methyl 18.72+1.54
26v A4 Methoxymethyl 3-Methyl 22.45+2.78
26w A4 Methoxymethyl 4-Methyl 27.86 +3.23
26x A4 Methoxymethyl 2-F 13.28+1.76
26y A4 Methoxymethyl 3-F 11.36 £ 0.98
26z A4 Methoxymethyl 4-Cl 5.35+0.63
26aa A4 Methoxymethyl 4-Br 24.65 +1.86
26ab A4 Methoxymethyl 3,4-di-Cl 8.38 £0.85
26ac A4 Methoxymethyl 4-CEk 46.32 +3.24
26ad A5 Methoxymethyl 4-Cl 12.12 £ 0.95
26ae A5 Methoxymethyl 3,4-di-Cl 16.53 £ 1.69
26af A6 Methoxymethyl 4-Cl 2.89+£0.35
26ag A6 Methoxymethyl 3,4-di-Cl 6.26 + 0.84
26ah A7 Methoxymethyl 4-Cl 4.02£0.51
26ai A7 Methoxymethyl 3,4-di-Cl 8.14 +0.83
26aj A8 Methoxymethyl 4-Cl 3.83+£0.46
26ak A8 Methoxymethyl 3,4-di-Cl 7.18 +0.68
26al A9 Methoxymethyl 4-Cl 5.12 £ 0.65
26am A9 Methoxymethyl 3,4-di-Cl 8.22+0.84
Foretinib 2.15+0.18

2.2.2. In vitro antiproliferative assays of targetmpounds against four human tumor cell lines

The MTT assay was used to evaluate the cytotoxdfittarget compounds to four human tumor cell ljniasluding three

c-Met-addicted cancer cell lines A549 (human lugcimoma), HT-29 (human colon adenocarcinoma), M&&N(human

gastric cancer) and a c-Met less-sensitive MDA-MB-Ztriple-negative human breast cancer), takimgtiioib as positive

control. The results were expressed as half-maximhébitory concentration (I6) values and listed ifable 2, as mean values

of independent experiments performed in triplicate.

As shown inTable 2, most of the target compounds showed moderatgdellent cytotoxic activities to the four tumor lcel

lines tested in vitro, with 1§ values ranging from 0.28 to 32.481. The activity of four target compounds to certaancer

lines was similar or higher than that of foretinibdicating that the introduction df-sulfonylamidines as the 5-atom linker



maintained significant cytotoxicity. Higher potenass observed that quinoline nucleus as the mdiety comparison with
other pharmacophores such as thieno[3,2-b]pyridibethieno[3,2-d]pyrimidineA2 and 6,7-dimethoxyquinazoling3. What's
more, most of the target compounds displayed gobigraliferative potency against A549, while theiproliferative potency
against the other three cell lines was relativagrp indicating that this series of target compaunthy possess selectivity for
A549 cell. To our delight, the most promising compd 26af exhibited remarkable cytotoxicity against A549, RB9-and
MDA-MB-231 with ICs, values of 0.28 + 0.04, 0.32 + 0.03, 0.72 + 0.06, udspectively, which were 1.2-1.5 folds more axtiv
than foretinib. The study on structure-activityateédnships (SARs) revealed that these analogs shwiweilar properties as
summarized in the c-Met kinase level mentioned ab(ly quinoline nucleus as the moigtygenerally exhibited higher potency
than other pharmacophores such as thieno[3,2-bljpgriAl, thieno[3,2-d]pyrimidineA2 and quinazolinéA3; () the target
compounds showed excellent selectivity toward A549; (Ill) R; were substituted with methoxymethyl afforded falale
cytotoxicity against four human tumor cell lineB/)(the EWGs (such as F and Cl) on the moiety Delfieed to the potency,
and the potency gfara-substituted phenyl ring (moiety D) was higher thiaat ofortho- andmetasubstituted phenyl rings; (V)
bulky electron-withdrawing groups on the phenylgrigsuch as Br and GFled to an obvious decrease in cytotoxicity; (VI)

different cyclic tertiary amino groups at the 7-tios of quinoline were advantageous for the potsmbtoxicity.

Table 2.Cytotoxic activities for target compoun@éa-amagainst A549, HT-29, MKN-45 and MDA-MB-231 cell &g in vitro.

IC 50 (Mmol/L) + SD

Compd.

A549 HT-29 MKN-45 MDA-MB-231
26a 8.68 £ 0.95 9.63 £0.86 11.46 +1.32 15.28 + 0.97
26b 6.23+0.76 7.06 £1.14 9.17 +1.28 1455 +1.75
26¢ 17.28 + 2.03 18.64 +1.54 21.85+1.12 25.55+3.34
26d 10.34 +1.33 11.15+0.75 12.46 + 1.57 16.82 + 2.65
26e 27.12+1.84 30.52 £2.43 ND ND
26f 18.63 £ 2.12 22.14 +2.68 23.36 £ 1.58 31.76 £ 3.46
269 7.55+0.82 8.26 £ 0.69 9.28+1.08 12.83 +1.44
26h 4.60 +0.24 5.18 £0.52 5.54 +0.63 9.04 £ 0.65
26i 28.45 £ 2.65 32.63+2.24 26.33£1.95 ND
26j 20.36 £ 1.82 23.66 +£2.18 ND 3249 %274
26k 3.14+£0.42 3.52+0.28 4.05 +0.36 6.64 +0.57
26l 1.42+0.16 1.68 £ 0.22 2.15+0.25 4.24 +0.33
26m 5.16 + 0.52 5.85+0.35 5.99 + 0.63 9.29+0.63
26n 3.76 £0.25 4.12 +0.38 455 +0.42 7.65 +0.52
260 12.15+0.85 14.46 + 1.44 16.26 +1.14 20.45+1.88
26p 9.43+0.94 10.32 +1.45 15.24 +1.26 19.65 + 1.69
26q 18.12+1.35 20.56+1.85 22.86+1.75 28.28 +3.16
26r 13.16 +0.74 15.45+1.66 18.63 +1.45 22.30£2.54
26s 14.26 + 0.74 16.46 + 0.85 ND 23.83+£3.15

26t 10.06 +1.22 11.24 +£0.96 11.86 +1.34 19.52 +1.45



26u 4.15 +0.36 4.85+0.61 5.16 + 0.64 8.19+0.91

26v 7.54 +0.56 8.02 +0.75 9.15+1.16 13.06 +1.52
26w 8.02 +0.68 8.74+£0.94 9.75+1.22 13.66 + 1.56
26x 2.85+0.35 3.16 £0.39 3.26 +0.43 5.67 +0.63
26y 2.14+0.18 247041 3.52. +0.45 5.34 +0.63
26z 0.62 +0.09 0.91 +0.07 1.05+0.13 2.32+0.27
26aa 7.14 +0.65 8.03 £ 0.92 11.28 +1.46 12.12+1.38
26ab 0.71+0.08 0.88 +0.12 1.16 £0.15 3.32+0.27
26ac 11.35+0.86 13.24+1.12 15.26 + 1.46 20.37 £2.04
26ad 2.56 +0.32 2.85+0.28 3.05+0.61 5.46 +0.63
26ae 3.53+0.48 4.05+0.51 4.36 +£0.72 7.19+0.64
26af 0.28 +0.04 0.32+0.03 0.48 +0.06 0.72 +0.06
26ag 0.47 +0.08 0.59 +0.07 0.72+0.05 1.04 £0.12
26ah 0.35+0.05 0.41 +0.06 0.65+0.06 1.12+0.23
26ai 0.67 +0.07 0.78 +0.05 0.88 +0.09 0.93+0.13
26aj 0.32+0.03 0.36 + 0.04 0.61 +0.07 1.24+0.15
26ak 0.61 +0.09 0.74 +0.06 0.82+0.11 1.35+0.16
26al 0.38 +0.05 0.55+0.04 0.76 +0.08 1.56 £0.14
26am 0.72+0.12 0.88 +0.09 1.15+0.15 1.98+0.18
Foretinib 0.41 +0.05 0.46 +0.03 0.064 £ 0.007 0.95+0.09

Bold values show the Kgvalues of the prepared compounds lower than thesaf the positive control foretinib. ND: Not demined.

#Used as a positive control.

2.2.3. cell apoptosis and cycle arrest

In view of A549 cell line displayed higher sendivthan the other three tested cancer cell lime86&f in the preliminary

cytotoxicity profile, A549 cells were used in oueahanistic study. To investigate the specific maigmas of antiproliferative

activity associated witt26af on human tumor cells, the effect 26af on A-549 cell apoptosis and cells cycle analysis wa

confirmed indirectly using Flow Cytometer by dould&ining with FITC-annexin V and propidium iodiditially, we

investigated the effect d¥6af on apoptosis induction. As shown fig. 3, the flow cytometric analysis showed significant

increase in the percentage of Annexin-FITC/PI-pasiapoptotic cells after A549 cells were treatath\26af with a series of

concentrations (0.25, 0.5, and 1.0 puM). Specifigalompared with the control group, compoud@af (1.0 uM) could

significantly induce the late apoptotic (30.99%)daearly apoptotic (15.69%), the similar trend wdssesved in other

concentrations (0.25, 0.5 pM). The results indideteat compoun@6af can induce apoptosis in a concentration-dependent

manner in the early and late stages of apoptosisedWer, the percentage of Annexin-FITC/PIl-posityp@ptotic cells oR6af

was higher than (annexin V positive cell populati®®af versus foretinib, early apoptosis: 15.69% versig23%,; late apoptosis:

30.99% versus 22.90%) that of foretinib when treatéth the same concentration (1.0 uM), which cooédconcluded that

compound6af can induce apoptosis of A549 more efficient thanetinib. Subsequently, we examined the effe@6atf on cell

cycle distribution and induction of apoptosis iffefient phases in A549 cells. As shownFig. 4, after the cells were treated



with vehicle or various concentrations 26af (0.25, 0.5, and 1.0 uM), DNA content of the congobup displayed a typical
histogram in exponentially growing cells. The irasing concentration &6af caused the percentage of A549 cells in G2/M
phase was significantly increased by a concentratependent manner, similar with the effect oftiaik on A549 cells. Taken
together, these synergistic results demonstrat@?8af displayed a significant inhibitory effect on theolifieration of A549

cells, which may be achieved by cell cycle arre&2/M phase of cell mitosis and subsequently agggtinduction in cellular.
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Fig. 3. The effect oR6af on A549 cells apoptosis by Annexin-FITC/PI douktaining.
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Fig. 4. The effect oR6afon A549 cells cycle distribution cycle distribution pyopidium iodide staining with RNase.
2.2.4. Western blotting analysis of c-Met

Biochemical and cellular cytotoxic data demonstiateat compoun@6afwas an excellent c-Met inhibitor. In order to hiet
investigate whether the c-Met kinase inhibitior26&f in a cell-free system can be recapitulated in yivestern blotting assay
as part of the mechanistic validation was carrigte determine the effect @baf on c-Met activation in A549 cells. A549 cells
were treated with different concentrations26&af for 1 h or DMSO as negative control. Afterwardss ttells were harvested,
lysed and subjected to western blotting analysih wie antibodies of phospho-Met (Tyr1234/1235)winich the level of
GAPDH served as loading control. As shown Rig. 5 compound26af showed excellent inhibition against c-Met
phosphorylation in a concentration-dependent manfeese data are consistent with the biochemicdl aatlular cytotoxic
potency Table 1, 9, which suggested that compoudélf inhibited the activity of c-Met contributes mairtly the suppression
of A549 cell proliferation regardless of the medstio complexity in c-Met signaling pathways andsstalk with other receptor

tyrosine kinases.
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Fig. 5. Effect of compoun@6af on c-Met kinase phosphorylation in A549 cells.

2.2.5. Acute toxicity test

To explore the safety profile of theBesulfonylamidine derivatives, the acute toxicity2ffaf was evaluated in mice. Sixty
8-week-old male BALB/c mice were randomized inte groups (n = 10) to receive 0 (vehicle only), 1200, 300, or 400
mg/kg of 26af intraperitoneal injection on day zero. One growgs\kept without treatment as a normal control. Axigénwere
observed for 15 days. Treatment wibaf at 400, 300 mg/kg killed 50%, 30% of the mice pessively. At the lower dose (O,
100, and 200 mg/kg), all treated animals showea@mwrmalities, anaphylactic responses, allergictiaas, significant body
weight loss and even animal deaths and were athjzes the normal control animals throughout theeexnent. These results

(Table 3) suggested that administration2&faf at or below 200 mg/kd.p.) may be safe for mice.

Table 3. Acute toxicity profile of compoun@6atf.

Does (mg/kg) Mice (N) Deaths (N) Survival on day 18%6)

400 10 5 50
300 10 3 70
200 10 0 100
100 10 0 100
Vehicle 10 0 100
Normal 10 0 100

2.2.6. Selectivity index

In order to find out whether thedésulfonylamidine derivatives are selective to ndreglls, the cytotoxicity of compound
26af against Human umbilical vein endothelial cells (HE®) and human normal colorectal mucosa epithedtkl(EHC) were
evaluated. As shown ifiable 4, the results demonstrated that compoRfdf was found to be more selective to normal cells
than to cancer cells in comparison with foretiriibe selectivity index of compourizbafto HUVEC, FHC cells were 4.2 and
19.1, respectively, which was superior to thathef positive foretinib (selectivity index to HUVEG.9; FHC, 8.3). Based on the

results, we could infer that compouP@af has moderate selectivity towards cancer cells ouamnal cells.

Table 4. The cytotoxicity of compoung@6af against HUVEC, FHC, and HT-29 cell lines.

IC 5o (mol/L) £ SD
Compd.
HUVEC FHC HT-29
26af 1.35+0.21 6.12 + 0.56 0.32 £0.03

Foretinib 0.42 +£0.05 3.83+0.42 0.46 £ 0.06




2.2.7. Enzymatic selectivity assays

Considering its remarkable potency against c-Mea&eé in vitro and in vivo, compourbaf was selected to further
investigate the kinase selectivity profile. Theibifory activity of 26af against a panel of kinases including c-Met family
member Ron, highly homologous kinase ALK and otbeven tyrosine kinases were assayed using the lereogs time
resolved fluorescence (HTRF) methothable 5). In contrast to its high potency against c-Més{l= 2.89 nM),26af also
exhibited high inhibitory effects against c-Kit g 4.26 nM) and FIt-3 (I = 7.28 nM). Moreover26af demonstrated
moderate selectivity against PDGERPDGFRS, Ron, VEGFR-2 and Flt-4 kinase (133-fold, 196-fold!3-fold, 233-fold,
124-fold, respectively). Additionally26af exhibited a slight or no tyrosine kinase inhibit@gtivity against EGFR and ALK
(ICs0> 10 uM). Compared with foretinit®6af significantly increased the selectivity for VEGRR-which provide a novel
scaffold to investigate the selectivity and redW&GFR-2 related side effects. In summary, all thielences mentioned above

suggested th&6af was a relatively selective inhibitor of c-Met kesa

Table 5.Kinase selectivity profile of compourzbaf and foretinib.

Enzyme 1Cso (NM)

Enzyme
26af Foretinib
c-kit 4.26 6.52
PDGFR: 384 5.52
PDGFR3 565 10.63
Ron 412 3.92
VEGFR-2 673 4.26
EGFR >10,000 3180
Flt-3 7.28 5.24
ALK >10,000 >5,000
Flt-4 358 4.95
c-Met 2.89 2.15

2.2.8. Pharmacokinnetic (PK) profile of the seldatempoun@6af

With its remarkable in vitro enzyme and cell poieacthe pharmacokinetic properties of oral anthirgnous administrated
26af were further evaluated in BALB/c mouse, and trseiits were summarized reble 6. After oral administration, compound
26af (8 mg/kg) presented favorable PK profiles, in tyjerapid absorptionTma= 2.5 h), high maximum concentratioB.fx=
1228.4 ng/mL), high plasma exposure (AJG 6.8 ug.h.mr), accepted elimination half-lifeT(,= 3.5 h), and well clearance
(1.18 L.h*.kg™). After intravenous injecting6af (2 mg/kg), the maximum concentration was 675.6nhg/plasma exposure was
2.3 pdhmL™?, and elimination half-life was 1.8 h. To our déligcompound®6af had a moderate oral bioavailability (74%) in
mouse. Given the promising overall PK profiles éimel novelty ofN-sulfonylamidine moiety, which suggested compog@tdf

could be a potential candidate for cancer therasgxving further study.



Table 6.Pharmacokinetic profiles of compou@fafin BALB/c mouse.

Route Does (mg/kg) Tu(h) Crax (Ng.MLY) Tmax(h) AUC,.. (ug.h.mLY CL (L.hkg™h F (%)
i.v. 2 1.8 675.6 — 2.3 -
p.o. 8 35 1228.4 25 6.8 1.18 74

2.3. Molecular docking studies and molecular dyr@n{MD) simulations

To further explore the binding modes of target compls with the active site of c-Met, molecular dogksimulation studies

were carried out by using Autodock 4.2 packageeBam the in vitro inhibition results, we selectammpound26af, the best

c-Met inhibitor in this study, as ligand exampladahe structures of c-Met/VEGFR-2 were selectethaslocking model (PDB

ID code: 3LQ8, 3U6J, respectively). In blind doakiprocess, the one conformation with the lowestlibip energy was used to

predict the protein-aptamer binding spots. The ibimdnodes of compour2baf with c-Met or VEGFR-2 were shown Fig. 6A,

6B, respectively. As shown iRig. 6A, the nitrogen atom of quinoline, the oxygen atdnsufonyl group in compoun@6af

formed two H-bond interactions with residue Met1X6®@ Lys1110 of c-Met, respectively. Omerrinteraction between the

2-fluorophenyl ring of compoun@6af and Phel223 has been formed simultaneously. ingpir the nitrogen atom of

morpholine formed one H-bond interaction with residAsn1171. In contrast, the nitrogen atom of dinepthe nitrogen atom

of NH in 26af only formed two H-bond interactions with VEGFR-@sidue Cys919 and Thr916 as showrFig. 6B. The

differences between the two binding modes (c-MeVEGFR-2) might be the main reasons that the c-8édgctive preferred

than VEGFR-2 in terms of compou2éaf. More importantly, the complex structure 28afic-Met (Fig. 6A, -20.57 kcal/mol)

with lower binding energy from precise docking prss compared witk6afVEGFR-2 ig. 6B, -8.53 kcal/mol).

The results obtained from the above docking analgsbvoked us to explore the dynamic behavior bfet-26afforetinib

complexes. A total of 10 ns simulation time wasdwmrted and MDs trajectory was employed for extracthe refined binding

model Fig. 6C). The binding interface were mainly located ateéhregions, part A, part B and part C, one schentigram

for each region were shown kig. 6D, Fig. 6E andFig. 6F. In part A, the terminal 4-chlorophenyl ring 26af fitted into the

hydrophobic pocket which was formed hydrophobicrammiesidues Vall155, Leul157, Thr1126, Met1131,1188, Phel134,

Phe1200, Leu1195, Val1139 and Leullef@, Compared with foretinib, the terminal phenyl rimpiety of26af was not fully

exposed to the hydrophobic pocket, which made tldrdphobic effects oR6af seemed to be relatively weaker than that of

foretinib. In part B, the oxygen atom of sulfonybgp in compoun@6af formed a H-bond with residue Lys1110. Additiordy,

salt-bridge effects was observed between the oxwygem of sulfonyl group and residue Lys1110 becafskys belongs to

polar amino acid. Moreover, the branch chain of -CH,-O-CH; formed hydrophobic interactions with another hydrabic

pocket that consisted of Asp1222, Asn1209, PhelRR81211, Leul140 and Leull5&ic The results suggested that the

interactions ofN-sulfonylamidine moiety might be the main reasdret the antiproliferative activities @6af was superior to

that of foretinib. For part C, the nitrogen atomgainoline in compoun@6af formed one H-bond with residue Met1160, which



was similar with the complex of foretinib/c-Met. Taur surprise, the nitrogen atom of morpholine fedmanother H-bond
interaction with the residue Asn1171. In summahgse results of the docking studies and MD sinmariatishowed that
4-phenoxyquinoline derivatives containifigsulfonylamidine moiety could act synergisticallyinteract with the binding sites
of c-Met, suggesting that tHe-sulfonylamidine moiety could serve as an excell@atform from which to develop potential

antitumor candidates.

Mz Part B

Fig. 6. (A) Binding pose of compoun®6af with the active site of c-Met. Compou@éaf was showed in colored sticks, green: carbon abbne:
nitrogen atom, pink: oxygen atom, yellow: sulfuorat (B) Binding pose of compourbaf with the active site of VEGFR-2. (C) Overlay 28af
(green color) in the same cavity along with forigti(pink color) as the reference molecule (A, B &)d (D) The interaction details of part A. (E)

The interaction details of part B. (F) The inteiactdetails of part C.

3. Conclusion

In summary, differentN-sulfonylamidine derivatives as potent c-Met intobs were designed, synthesized and evaluated
employing a well-planned optimization strategy nwestigate the influence of linkers as well asedéht moieties A and D on
the expected antitumor activity. Most of the targetnpounds demonstrated potent antiproliferatieviies in A549, HT-29,
MKN-45 and MDA-MB-231 cell lines as well as c-Mehkse, which suggested the introductiorNesulfonylamidineas as the
5-atom linker maintained or even increased thentatetivity. The preliminary SAR studies was catrieut, and26af was
identified as the most potent and relatively sélect-Met inhibitor at both the enzyme-based arlttbzesed assay compared
with that of foretinib. The cell cycle and apoptosesults proved that compou6af presented a significant inhibitory effect on
the proliferation of A549 cells, which may be acleié by periodic blocking and apoptosis inductionttie G2/M phase.

Furthermore26af inhibited phosphorylation levels of c-Met prot@nA549 cells by a dose-dependent manner. In audithe



safety profiles oR6af were further studied and no obvious toxicity waserved in acute toxicity tests. Molecular dockaig
26afinto ATP binding site of c-Met and VEGFR-2 wasfpened, and the results suggested g&sf could bind with the active
site of c-Met better than that of VEGFR-2. Meanwhthe preliminary results in vivo reflected thatrpound26af possessed
promising overall PK profiles, and the favorablegiikeness oR6af indicated thatN-sulfonylamidine could be used a novel
scaffold for the development of c-Met inhibitorsoligctively, these positive results highlight ttaMet inhibitor 26af is a

potential antitumor candidate, warranting furthrereistigation and development.

4. Experimental
4.1. Chemistry

Common reagents and materials were purchased foonmercial sources and were used without furtheiffipation unless
otherwise noted. Organic solvents were routinelgddand/or distilled prior to use and stored ovetanular sieves under argon.
Analytical thin layer chromatography (TLC) was merhed on precoated silica gel 60 GF254 plates. hFlegslumn
chromatography was run on silica gel (200-300 mesbjn Qingdao Ocean Chemicals (Qingdao, Shandortgnal
Visualization on TLC was achieved by use of UV tigh54 nm) or iodine*H and**C NMR spectra were recorded on Bruker
Avance Il 400 MHz NMR using tetramethylsilane (TM&s internal standard. The chemical shifts areesged in ppm and
coupling constants are given in Hz. DatafdtNMR are recorded as follows: chemical shiftgpm), multiplicity (s = singlet; d
= doublet; t = triplet; q = quarter; p = pentet=nmultiplet; br = broad), coupling constant (Hzjteigration. Data foFFC NMR
are reported in terms of chemical shit ppm). Mass spectra were recorded on a BrukemoBiak APEXII49e spectrometer
with ESI source as ionization. Melting points wereasured by using a Gongyi X-5 microscopy digitaltmg point apparatus
and are uncorrected. Elemental analysis was peefbram an Elemental Analyzer vario EL Cube instrum@ti yields are
unoptimized and generally represent the resultsifigle experiment.

4.1.1. General procedure for preparation of 3-flaat-(thieno[3,2-b]pyridin-7-yloxy)aniline 5} ,
3-fluoro-4-(thieno[3,2-d]pyrimidin-4-yloxy)anilin€) and 4-((6,7-dimethoxyquinazolin-4-yl)oxy)-3-floaniline (L4)

According to the reported methods as show&déheme land Scheme 2the preparation of intermediat8s9 and 14 were
obtained in a multistep process start with comnadlciavailable 3-amino-2-thiophenecarboxylic acicethyl ester and
3,4-dimethoxybenzoic acid, respectively. And tthesdetails of synthesis were not be listed here.
4.1.1.1. 3-fluoro-4-(thieno[3,2-b]pyridin-7-yloxy)dine (5)

Yellow solid, m.p.: 112-114 °GH NMR (400 MHz, DMSO#dg) 6 8.49 (d,J = 5.2 Hz, 1 H), 8.13 (dl = 5.6 Hz, 1 H), 7.57 (d,
J=5.6Hz, 1 H), 7.10 (4 =9.2 Hz, 1 H), 6.57 (d] = 5.2 Hz, 1 H), 6.53 (ddl = 2.4, 13.2 Hz, 1 H), 6.45 (dd= 2.0, 8.4 Hz, 1

H), 5.55 (br s, 2 H)C NMR (100 MHz, DMSQdg) 6 160.1, 158.7, 154.4 (d,= 242.1 Hz), 149.5, 148.9 (d= 10.3 Hz), 132.0,



128.8 (d,J = 12.5 Hz), 124.9, 124.1 (d,= 1.6 Hz), 120.5, 110.0 (d,= 2.1 Hz), 102.8, 101.3 (d,= 20.7 Hz). ESI-MSm/z
261.1 [M+HF.
4.1.1.2. 3-fluoro-4-(thieno[3,2-d]pyrimidin-4-ylo)aniline ()

Brown solid, m.p.: 159-161 °GH NMR (400 MHz, DMSO#ds) 6 8.70 (s, 1 H), 8.46 (d,= 5.2 Hz, 1 H), 7.66 (d] = 5.6 Hz,

1 H), 7.08 (tJ = 9.2 Hz, 1 H), 6.50 (dd} = 2.0, 12.8 Hz, 1 H), 6.42 (dd= 1.6, 8.4 Hz, 1 H), 5.47 (br s, 2 HJC NMR (100
MHz, DMSOg) ¢ 163.5, 163.1, 154.3 (d,= 241.4 Hz), 154.2, 148.7 (d,= 10.3 Hz), 137.3, 127.9 (d,= 13.1 Hz), 124.2,
116.2, 109.5 (dJ = 1.8 Hz), 101.0 (d] = 20.9 Hz). ESI-MSmM/z262.1 [M+H]".

4.1.1.3. 4-((6,7-dimethoxyquinazolin-4-yl)oxy)-3efloaniline (L4)

Brown solid, m.p.: 225-227 °GH NMR (400 MHz, DMSQGds) 6 8.56 (s, 1 H), 7.52 (s, 1 H), 7.40 (s, 1 H), 7.02 € 8.4 Hz,
1 H), 6.52 (ddJ = 2.4 Hz,J = 12.8 Hz, 1 H), 6.42 (dd,= 2.0 Hz,J= 8.4 Hz, 1 H), 5.39 (br s, 2 H), 3.96 (s, 3 H)348(s, 3 H).
*C NMR (100 MHz, DMSOdg) § 164.5, 155.7, 154.3 (d,= 241.2 Hz), 152.2, 150.0, 148.7, 148.3)¢; 10.3 Hz), 128.5 (d]
=13.0 Hz), 124.1, 109.5, 109.2, 106.7, 101.1@21.0 Hz), 100.5, 56.1, 55.9. ESI-M8/z316.1 [M+H].

4.1.2. General procedure for preparation of 3-flagt-(6,7-disubstituted quinolin-4-yloxy)anilinez2@-f)

The preparation of intermediate8a— has beeillustrated in detail in our previous work [70] sisown inScheme 3so the
synthesis method would not be listed here.
4.1.2.1. 4-((6,7-Dimethoxyquinolin-4-yl)oxy)-3-floaniline 22a)

White solid, m.p.: 193-195 °GH NMR (400 MHz, DMSOss) 6 8.45 (d,J = 5.6 Hz, 1 H), 7.51 (s, 1 H), 7.38 (s, 1 H), 7(07
J=8.4Hz, 1 H), 6.56 (dd] = 2.4, 13.2 Hz, 1 H), 6.47 (dd= 2.0, 8.8 Hz, 1 H), 6.39 (d,= 5.2 Hz, 1 H), 5.50 (s, 2 H), 3.93 (s,
6 H).*C NMR (100 MHz, DMSOdg) ¢ 160.0, 154.3 (d) = 242.0 Hz), 152.4, 149.1, 148.8, 148.50¢,10.4 Hz), 146.1, 129.2
(d,J=12.5 Hz), 124.0, 114.4, 110.0, 107.7, 101.4,2,048.9, 55.6. ESI-MS1/z315.2 [M+HT.
4.1.2.2. 4-((7-Butoxy-6-methoxyquinolin-4-yl)oxyfitBroaniline 22b)

Light yellow solid, m.p.: 196-198 °&H NMR (400 MHz, CDCJ) 5 8.45 (d,J= 5.2 Hz, 1 H), 7.57 (s, 1 H), 7.40 (s, 1 H), 7.02
(t,J=8.8 Hz, 1 H), 6.55 (dd = 2.8, 12.0 Hz, 1 H), 6.50-6.47 (m, 1 H), 6.39)¢,5.2 Hz, 1 H), 4.19 (§ = 6.8 Hz, 2 H), 4.03
(s, 3 H), 1.96-1.88 (m, 2 H), 1.58-1.49 (m, 2 HR(t,J = 7.2 Hz, 3 H)}3C NMR (100 MHz, CDGJ) § 160.8, 155.0 (dJ =
246.8 Hz), 152.3, 149.7, 148.5, 146.5, 145.6)(d,9.5 Hz), 132.5 (d) = 12.6 Hz), 124.3, 115.3, 110.0 = 2.9 Hz), 108.3,
103.7 (dJ=21.2 Hz), 101.7, 99.6, 68.6, 56.1, 30.7, 19.28 1BSI-MS:m/z 357.2 [M+HT.
4.1.2.3. 3-Fluoro-4-((6-methoxy-7-(3-(morpholin4pyopoxy)quinolin-4-yl)oxy)aniline22c)

Light yellow solid, m.p.: 217-219 °GH NMR (400 MHz, CDCJ) 6 8.45 (d,J = 5.2 Hz, 1 H), 7.56 (s, 1 H), 7.41 (s, 1 H),
7.02 (t,J=8.8 Hz, 1 H), 6.57-6.53 (m, 1 H), 6.49 (dd; 1.6, 8.4 Hz, 1 H), 6.39 (d,= 5.2 Hz, 1 H), 4.26 (J = 6.4 Hz, 2 H),

4.02 (s, 3 H), 3.71 (1= 4.4 Hz, 4 H), 2.57 () = 7.2 Hz, 2 H), 2.48-2.44 (m, 4 H), 2.14-2.10 (M{)2°C NMR (100 MHz,



CDCl;) 6 160.8, 155.1 (dJ = 247.6 Hz), 152.1, 149.7, 148.9, 146.7, 145. 0 9.6 Hz), 132.5 (d) = 12.7 Hz), 124.4, 115.5,
111.0 (d,J=2.9 Hz), 108.6, 103.7 (d,= 21.2 Hz), 101.9, 99.7, 67.2, 67.0, 56.2, 55.47536.0. ESI-MSm/z 450.2 [M+NaJ.
4.1.2.4. 3-Fluoro-4-((6-methoxy-7-(3-(piperdined)pyopoxy)quinolin-4-yl)oxy)aniline22d)

Light yellow solid, m.p.: 194-196 °GH NMR (400 MHz, CDCJ) 6 8.45 (d,J = 5.2 Hz, 1 H), 7.57 (s, 1 H), 7.38 (s, 1 H),
7.02 (t,J=8.8 Hz, 1 H), 6.56 (ddl= 2.4, 12.0 Hz, 1 H), 6.50 (d,= 8.4 Hz, 1 H), 6.40 (d] = 5.2 Hz, 1 H), 4.24 (§ = 6.0 Hz,

2 H), 4.01 (s, 3 H), 2.86-2.82 (m, 4 H), 2.40-2(86 2 H), 1.88-1.85 (m, 4 H), 1.61-1.57 (m, 4 HE NMR (100 MHz,
DMSO-ds)  160.6, 154.8 (dJ = 241.1 Hz), 152.3, 149.8, 149.3, 149.0J¢ 10.8 Hz), 146.7, 129.7 (d,= 12.7 Hz), 124.4,
114.9, 110.6, 108.9, 102.0 @@+ 5.5 Hz), 101.8, 99.6, 67.2, 56.2, 55.6, 54.66286.1, 24.6. ESI-MS1/z426.3 [M+HT.
4.1.2.5. 3-Fluoro-4-((6-methoxy-7-(3-(4-methylpigmne-1-yl)propoxy)quinolin-4-yl)oxy)aniline Ze

Light yellow solid, m.p.: 202—204 °GH NMR (400 MHz, CDCJ) 6 8.45 (d,J = 5.2 Hz, 1 H), 7.57 (s, 1 H), 7.40 (s, 1 H),
7.02 (t,J=8.8 Hz, 1 H), 6.58 (dd,= 2.4, 12.0 Hz, 1 H), 6.54 (dd~= 2.4, 9.2 Hz, 1 H), 6.41 (d,=5.2 Hz, 1 H), 4.26 (1 = 6.4
Hz, 2 H), 4.03 (s, 3 H), 2.64-2.50 (m, 8 H), 2.863 H), 2.11 (tJ = 10.8 Hz, 2 H), 1.91-1.87 (m, 2 HjC NMR (100 MHz,
CDCl) 6 160.7, 155.1 (dJ = 246.5 Hz), 152.2, 149.7, 148.8, 146.7, 145.8 (9.5 Hz), 132.4 (d) = 12.5 Hz), 124.3 (d] =
1.9 Hz), 115.4, 111.0 (d,= 2.7 Hz), 108.6, 103.6 (d,= 21.2 Hz), 101.8, 99.7, 67.3, 56.1, 55.1, 54301 546.0, 26.3. ESI-MS:
Mz 441.3 [M+HJ".
4.1.2.6. 3-Fluoro-4-((6-methoxy-7-(3-(4-methylpigiee-1-yl)propoxy)quinolin-4-yl)oxy)anilin@2f)

Light yellow solid, m.p.: 190-192 °CGH NMR (400 MHz, CDCJ) ¢ 8.45 (d,J = 5.2 Hz, 1 H), 7.59 (s, 1 H), 7.40 (s, 1 H),
7.05 (t,J = 8.8 Hz, 1 H), 6.54 (dd),= 2.4, 12.0 Hz, 1 H), 6.50 (dd= 2.8, 8.8 Hz, 1 H), 6.41 (d,= 5.2 Hz, 1 H), 4.26 (] = 6.4
Hz, 2 H), 4.02 (s, 3 H), 2.96 (d~= 11.6 Hz, 2 H), 2.61-2.57 (m, 2 H), 2.16-2.14 2ri), 1.96 (t) = 10.8 Hz, 2 H), 1.65 (dl =
10.4 Hz, 2 H), 1.32-1.29 (m, 3 H), 0.96 Jd; 6.0 Hz, 3 H)**C NMR (100 MHz, CDGJ) 6 160.7, 155.1 (d] = 246.5 Hz), 152.2,
149.7, 148.8, 146.7, 145.8 @= 9.5 Hz), 132.5 (d) = 12.7 Hz), 124.4, 115.4, 111.0, 108.7, 103.0(21.1 Hz), 101.8, 99.7,
67.5, 56.1, 55.4, 54.0, 34.2, 30.8, 26.4, 21.9:MS1m/z 440.2 [M+HT.

4.1.3. General procedure for preparation of sulfieeBides24a—k

Various alkyl halide23ak (2.5 mmol) and thiourea (0.19 g, 2.5 mmol) werlured together in EtOH (2.5 mL) for 1 h.
After removal of EtOH at reduced pressure, theinbthsolid was slowly added to a mixture of NCS38lg, 10 mmol), 2 M
HCI (0.68 mL) and MeCN (4 mL) over 15 min. Upon qadetion of the reaction (TLC monitoring), the sattevas removed
under vacuum. Then B (5 mL) was added to the residue and stirred Somin, the resulting solid was filtered and driextler
an infrared lamp to afford the corresponding suyffahlorides24a-k Without further purification24a-k was added in portions
to a solution of Na®l (195 mg, 3 mmol) in acetone/8 (10 mL, acetone/# = 1:1) at O °C. After being stirred at room

temperaturefor 4 h, the reaction mixture was commaged in vacuo and 3@ (10 mL) was added to the residue. The aqueous



solution was extracted with CHC{3 x 10 mL). The combined organic layers were wdstvith brine, dried over N8O,
filtered and concentrated under reduced presswafidal sulfonyl azide®5a—k
4.1.3.1. Phenylmethanesulfonyl azidéd)

White solid, yield: 65%, m.p.: 50-52 °@H NMR (400 MHz, CDCJ) 6 7.48-7.44 (m, 5 H), 4.54 (s, 2 HJC NMR (100
MHz, CDCE) 6 131.0, 129.9, 129.3, 126.7, 61.6. ESI-M$z 198.0 [M+HTJ".
4.1.3.2. (2-Methylphenyl)methanesulfonyl azRish)

White solid, yield: 57%, m.p.: 38-40 °64 NMR (400 MHz, CDCJ) 6 7.42 (d,J = 7.6 Hz, 1 H), 7.34 (d] = 6.4 Hz, 1 H),
7.29-7.27 (m, 2 H), 4.61 (s, 2 H), 2.48 (s, 3 ¥J. NMR (100 MHz, CDGJ) 5 138.7, 131.9, 131.3, 130.1, 126.8, 125.2, 59.4,
19.7. ESI-MSm/z212.1 [M+HTJ.
4.1.3.3. (3-Methylphenyl)methanesulfonyl azRisc)

White solid, yield: 66%, m.p.: 39-41 °&4 NMR (400 MHz, CDCJ) ¢ 7.29-7.27 (m, 1 H), 7.24-7.22 (m, 2 H), 7.20 (&)1
4.44 (s, 2 H), 2.34 (s, 3 HYC NMR (100 MHz, CDGJ) ¢ 139.1, 131.6, 130.6, 129.1, 128.0, 126.5, 61.8.2HSI-MS:m/z
212.1 [M+H]".
4.1.3.4. (4-Methylphenyl)methanesulfonyl azRisd)

White solid, yield: 78%, m.p.: 56-58 °éH NMR (400 MHz, CDCJ) 6 7.34 (d,J = 8.0 Hz, 2 H), 7.24 (d] = 7.6 Hz, 2 H),
4.49 (s, 2 H), 2.39 (s, 3 H'C NMR (100 MHz, CDGJ) § 140.1, 130.8, 129.9, 123.6, 61.7, 21.3. ESI-K&:212.1 [M+H]".
4.1.3.5. (2-Fluorophenyl)methanesulfonyl azi2ieg(

White solid, yield: 69%, m.p.: 40—42 °@84 NMR (400 MHz, CDCYJ) 6 7.51-7.43 (m, 2 H), 7.25-7.16 (m, 2 H), 4.63 (5l)2
3C NMR (100 MHz, CDGJ) ¢ 161.4 (d,J = 249.0 Hz), 132.7 (dl = 2.2 Hz), 132.1 (dJ = 8.2 Hz), 125.0 (dJ = 3.7 Hz), 116.1
(d,J =21.2 Hz), 114.4 (d] = 14.2 Hz), 54.9. ESI-MSN/z 216.0 [M+H]".
4.1.3.6. (3-Fluorophenyl)methanesulfonyl azi2if(

White solid, yield: 74%, m.p.: 48-50 °@4 NMR (400 MHz, CDCJ) 6 7.48-7.43 (m, 1 H), 7.27-7.17 (m, 3 H), 4.55 (5l)2
3C NMR (100 MHz, CDGJ) ¢ 162.8 (dJ = 246.7 Hz), 130.9 (dl = 8.3 Hz), 128.8 (d] = 7.8 Hz), 126.8 (dJ = 3.0 Hz), 118.0
(d,J=22.3 Hz), 117.1 (d = 21.0 Hz), 61.3. ESI-MSW/z 216.1 [M+H]".
4.1.3.7. (4-Fluorophenyl)methanesulfonyl azi2iegj

White solid, yield: 82%, m.p.: 43-45 °¢H NMR (400 MHz, CDC)) § 7.47—7.44 (m, 2 H), 7.14 (,= 8.4 Hz, 2 H), 4.51 (s,
2 H).™C NMR (100 MHz, CDGJ) ¢ 163.7 (dJ = 249.1 Hz), 132.9 (d} = 8.7 Hz), 122.6, 116.5 (d,= 21.8 Hz), 61.0. ESI-MS:
m/z216.1 [M+HF'.
4.1.3.8. (4-Chlorophenyl)methanesulfonyl azi2fehf

White solid, yield: 85%, m.p.: 65-67 °& NMR (400 MHz, CDGJ) 6 7.44—7.39 (m, 4 H), 4.50 (s, 2 HjC NMR (100



MHz, CDCE) 6 136.3, 132.3, 129.6, 125.2, 61.1. ESI-M$z 232.0 [M+HTJ".
4.1.3.9. (4-Bromophenyl)methanesulfonyl az#s)(

White solid, yield: 85%, m.p.: 71-73 °@4 NMR (400 MHz, CDCJ) 6 7.59 (d,J = 8.4 Hz, 2 H), 7.34 (d] = 8.4 Hz, 2 H),
4.48 (s, 2 H)*C NMR (100 MHz, CDGJ) § 132.6, 132.5, 125.7, 124.5, 61.2. ESI-M®z276.1 [M+H]".
4.1.3.10. (3,4-Dichlorophenyl)methanesulfonyl aziis)

White solid, yield: 65%, m.p.: 72—74 °@&4 NMR (400 MHz, CDCJ) 6 7.56 (d,J = 2.0 Hz, 1 H), 7.53 (d] = 8.0 Hz, 1 H),
7.31 (dd,J = 2.4, 8.4 Hz, 1 H), 4.47 (s, 2 HC NMR (100 MHz, CDGJ) ¢ 134.7, 133.6, 132.8, 131.3, 130.1, 126.7, 60.5.
ESI-MS:m/z 288.0 [M+Nal.
4.1.3.11. (4-Trifluoromethylphenyl)methanesulforzytia @5k)

White solid, yield: 48%, m.p.: 81-83 °@&4 NMR (400 MHz, CDCJ) 6 7.72 (d,J = 8.0 Hz, 2 H), 7.61 (d] = 8.0 Hz, 2 H),
4.59 (s, 2 H)®C NMR (100 MHz, CDGJ) 6 132.1 (qJ = 32.8 Hz), 131.5, 130.7, 126.3 (= 3.7 Hz), 123.7 (¢) = 270.8 Hz),
61.2. ESI-MSm/z266.0 [M+H]".

4.1.4. General synthetic procedure for target coomuis26a-am

To a stirred mixture of Cul (0.042 mmol), sulforagide (0.48 mmol) and alkyne (0.52 mmol) in CHQO mL), amine
nucleophile (0.4 mmol) was added slowly at roompgerature under anNMitmosphere. Pyridine (0.52 mmol) was added poior t
the addition of nucleophiles. After the reactionswampleted, as monitored with TLC, the reactioxtane was diluted by
adding CHCJ (10 mL) and saturated aqueous /&Hsolution (20 mL). The mixture was stirred for agiditional 30 min and two
layers were separated. The aqueous layer was ®draith CHC} (3 x 20 mL). The combined organic layers weredioger
anhydrous MgS@ filtered, and concentrated in vacuo. The residae purified by flash chromatography on silica gghg a
mixture of hexane and ethyl acetate as eluentfitoch€ompoundg6a-am.
4.1.4.1. N'-(Benzylsulfonyl)-N-(3-fluoro-4-(thieBg?-b]pyridin-7-yloxy)phenyl)hexanamidin26g)

White solid, yield: 74%, m.p.: 99—-101 °&4 NMR (400 MHz, CDCJ) § 8.53 (s, 1 H), 7.78 (dl = 5.2 Hz, 1 H), 7.58 (dl =
5.2 Hz, 1 H), 7.46-7.33 (m, 5 H), 7.24-7.15 (m,)2 6468 (s, 1 H), 6.50 (d,= 4.8 Hz, 1 H), 4.35 (s, 2 H), 2.10-1.97 (m, 2 H),
1.74-1.53 (m, 2 H), 1.30-1.21 (m, 4 H), 0.86)d,7.2 Hz, 3 H)**C NMR (100 MHz, CDGJ) § 168.0, 160.0, 158.6, 153.9 (,
= 248.5 Hz), 148.8, 137.1 (d,= 11.3 Hz), 136.8 (d] = 9.1 Hz), 131.5, 131.2, 130.8, 129.7, 128.6,32824.7, 123.3, 118.2,
111.5 (d,J = 22.0 Hz), 103.2, 61.1, 35.6, 31.6, 27.9, 22291Anal. Calcd. For £HsFN:0sS;: C, 61.04; H, 5.12; N, 8.21.
Found: C, 61.05; H, 5.10; N, 8.23. ESI-M8z512.2 [M+H]".
4.1.4.2. N-(3-Fluoro-4-(thieno[3,2-b]pyridin-7-ylg}ohenyl)-N'-((4-fluorobenzyl)sulfonyl)hexanamid{@éb)

White solid, yield: 78%, m.p.: 92-94 °&4 NMR (400 MHz, CDGCJ) ¢ 8.53 (d,J =4.8 Hz, 1 H), 7.79 (d] = 5.2 Hz, 1 H),

7.59 (d,J = 5.2 Hz, 1 H), 7.42-7.39 (m, 2 H), 7.20—7.02 4nH), 6.84-6.78 (m, 1 H), 6.51 (@= 5.2 Hz, 1 H), 4.31 (s, 2 H),



2.04-1.94 (m, 2 H), 1.76-1.56 (m, 2 H), 1.32-1.27 4 H), 0.86 (tJ = 6.8 Hz, 3 H)*C NMR (100 MHz, CDGJ) ¢ 168.1,
162.9 (d,J = 246.3 Hz), 160.1, 158.4, 153.9 (ds 247.9 Hz), 148.6, 137.1 (d= 13.3 Hz), 136.8 (d] = 7.0 Hz), 132.5 (d] =
7.8 Hz), 131.7, 125.7, 124.6, 123.3, 122.4, 1181%.6 (d,J = 21.5 Hz), 111.6 (d) = 22.9 Hz), 103.2, 60.2, 35.7, 31.6, 27.9,
22.2, 13.8. Anal. Calcd. Forg1,5F:Ns0sS;: C, 58.96; H, 4.76; N, 7.93. Found: C, 58.98; H,74 N, 7.95. ESI-MSm/z 530.1
[M+H]*.

4.1.4.3. N'-(Benzylsulfonyl)-N-(3-fluoro-4-(thie8¢-d]pyrimidin-4-yloxy)phenyl)hexanamiding6¢)

White solid, yield: 82%, m.p.: 123-125 °&{ NMR (400 MHz, CDCJ) § 8.69 (s, 1 H), 8.02 (d = 5.2 Hz, 1 H), 7.60 (d =
5.6 Hz, 1 H), 7.56-7.32 (m, 6 H), 7.18-7.10 (m,)1 6470-6.64 (m, 1 H), 4.35 (s, 2 H), 1.82—1.534nh), 1.34-1.21 (m, 4 H),
0.88 (t,J = 6.8 Hz, 3 H)*C NMR (100 MHz, CDGJ) ¢ 167.9, 163.4, 163.1, 154.0, 153.9 Jc; 247.5 Hz), 136.4 (dl = 9.0
Hz), 136.1 (dJ = 13.9 Hz), 135.9, 131.2, 130.9, 129.7, 128.6,42R4.4, 123.7, 118.1, 111.4 {d5 22.7 Hz), 61.1, 35.6, 31.5,
27.7,22.2,13.9. Anal. Calcd. FossH,sFN/OsS;: C, 58.58; H, 4.92; N, 10.93. Found: C, 58.604t90; N, 10.94. ESI-MSn/z
513.2 [M+HF.
4.1.4.4. N-(3-Fluoro-4-(thieno[3,2-d]pyrimidin-4epty)phenyl)-N'-((4-fluorobenzyl)sulfonyl)hexanameli6d)

White solid, yield: 84%, m.p.: 118-120 °& NMR (400 MHz, CDCJ) 6 8.67 (s, 1 H), 8.01 (dl = 4.8 Hz, 1 H), 7.56 (d] =
5.2 Hz, 2 H), 7.42-7.33 (m, 2 H), 7.20-7.07 (m,)26499 (t,J = 8.0 Hz, 1 H), 6.79-6.74 (m, 1 H), 4.27 (s, 2 HY}2-1.53 (m,

2 H), 1.27-1.23 (m, 6 H), 0.83 (= 6.4 Hz, 3 H)}3C NMR (100 MHz, CDGJ) 6 168.0, 163.4, 162.9, 162.8 (= 245.7 Hz),
153.9, 153.8 (dJ = 248.2 Hz),136.4 (dl = 9.4 Hz), 132.2, 136.1, 132.6 (0= 7.7 Hz), 125.7, 124.3, 123.7, 118.2, 117.4,815.
(d,J=21.5Hz), 111.6 (d] = 22.3 Hz), 60.2, 35.6, 31.5, 27.7, 22.2, 13.%lAGalcd. For &H,4FN4OsS;: C, 56.59; H, 4.56; N,
10.56. Found: C, 56.61; H, 4.59; N, 10.55. ESI-M#&531.1 [M+H]".

4.1.4.5. N'-(Benzylsulfonyl)-N-(4-((6,7-dimethoxyazolin-4-yl)oxy)-3-fluorophenyl)hexanamidirg6 €

White solid, yield: 68%, m.p.: 132-134 °&1 NMR (400 MHz, CDCJ) § 8.56 (s, 1 H), 7.56-7.30 (m, 8 H), 7.21-7.13 (m, 1
H), 6.69-6.62 (m, 1 H), 4.31 (s, 2 H), 4.04 (s, 3403 (s, 3 H), 2.14-2.11 (m, 2 H), 1.70-1.53 2nt), 1.27—1.20 (m, 4 H),
0.83 (t,J = 6.8 Hz, 3 H)*C NMR (100 MHz, CDGJ) 6 167.8, 164.6, 156.2, 153.9 (= 246.7 Hz), 152.5, 150.5, 149.5, 136.7
(d,J=13.5Hz), 136.1 (d] = 9.2 Hz), 131.2, 130.9, 129.8, 128.6, 128.4,82B18.1, 111.5 (d] = 24.0 Hz), 106.7, 100.9, 61.1,
56.5, 56.4, 35.6, 31.6, 27.7, 22.2, 13.9. Analc@afFor GeHa:FN4OsS: C, 61.47; H, 5.51; N, 9.89. Found: C, 61.455154; N,
9.90. ESI-MSm/z589.2 [M+Na].
4.1.4.6. N-(4-((6,7-Dimethoxyquinazolin-4-yl)oxyjkBorophenyl)-N'-((4-fluorobenzyl)sulfonyl)hexandme (26f)

White solid, yield: 75%, m.p.: 124-126 °& NMR (400 MHz, CDCJ) 6 8.56 (s, 1 H), 7.55-7.53 (m, 2 H), 7.42-7.34 (m, 2
H), 7.28 (s, 1 H), 7.20 (8,= 8.0 Hz, 1 H), 7.12-7.05 (m, 1 H), 7.00Xt 8.0 Hz, 1 H), 6.79-6.74 (m, 1 H), 4.26 (s, 2 4p4 (s,

3 H), 4.02 (s, 3 H), 2.19-2.14 (m, 2 H), 1.71-1(58 2 H), 1.26-1.23 (m, 4 H), 0.83 {t= 6.4 Hz, 3 H)2*C NMR (100 MHz,



CDCl) 6 167.9, 164.6, 162.9 (d,= 246.3 Hz), 156.2, 153.9 (d~ 247.5 Hz), 152.4, 150.5, 149.5, 136.9)¢, 12.0 Hz), 135.0
(d, J = 8.5 Hz), 132.6 (d) = 8.2 Hz), 125.7, 123.9, 118.2, 115.5Jd; 21.6 Hz), 111.7 (d] = 23.4 Hz), 110.1, 106.7, 100.9,
60.2, 56.4, 35.6, 31.5, 27.7, 22.2, 13.9. Analc@aFor GeH3aoF2N4OsS: C, 59.58; H, 5.17; N, 9.58. Found: C, 59.595H5; N,
9.61. ESI-MSm/z 607.2 [M+Na].

4.1.4.7. N'-(Benzylsulfonyl)-N-(4-((6,7-dimethoxpglin-4-yl)oxy)-3-fluorophenyl)hexanamidin26g)

White solid, yield: 76%, m.p.: 141-143 °& NMR (400 MHz, CDC}) ¢ 8.46 (d,J = 5.2 Hz, 1 H), 7.65 (dl = 11.6 Hz, 1 H),
7.56 (s, 1 H), 7.50-7.41 (m, 3 H), 7.37 (s, 1 H30%#7.29 (m, 2 H), 7.22—7.20 (m, 1 H), 7.12(%, 8.4 Hz, 1 H), 6.36 (dl = 4.4
Hz, 1 H), 4.33 (s, 2 H), 4.02 (s, 3 H), 3.98 (${)32.78-2.63 (m, 2 H), 1.75-1.72 (m, 2 H), 1.2261(m, 4 H), 0.80 (t) = 6.0
Hz, 3 H)."*C NMR (100 MHz, CDGJ) 6 167.9, 160.1, 154.0 (d,= 246.5 Hz), 153.1, 149.8, 148.5, 146.7, 137.8 &12.7 Hz),
136.3 (dJ = 9.5 Hz), 130.8, 129.8, 128.6, 128.4, 123.4,21815.6, 111.7 (dl = 23.3 Hz), 107.4, 102.2, 99.5, 61.1, 56.2, 56.1,
35.6, 31.6, 27.9, 22.2, 13.8. Anal. Calcd. FasHz:FN;OsS: C, 63.70; H, 5.70; N, 7.43. Found: C, 63.71,5t1,2; N, 7.46.
ESI-MS:m/z566.2 [M+H]".
4.1.4.8. N-(4-((6,7-Dimethoxyquinolin-4-yl)oxy){8erophenyl)-N'-((4-fluorobenzyl)sulfonyl)hexanaml 26h)

White solid, yield: 68%, m.p.: 152—-154 °& NMR (400 MHz, CDC})) ¢ 8.47 (d,J = 4.4 Hz, 1 H), 7.65 (dl = 11.6 Hz, 1 H),
7.57 (s, 1 H), 7.51-7.38 (m, 3 H), 7.16 (s, 1 H)A7t,J = 8.0 Hz, 2 H), 6.83-6.76 (M, 1 H), 6.37 Jd; 5.2 Hz, 1 H), 4.31 (s, 2
H), 4.04 (s, 3 H), 4.01 (s, 3 H), 2.26-2.17 (m, )2 H74-1.54 (m, 2 H), 1.25-1.24 (m, 4 H), 0.82 &, 5.6 Hz, 3 H)*C NMR
(100 MHz, CDC}) 6 168.0, 162.9 (d] = 245.2 Hz), 160.1, 154.0 (d= 249.3 Hz), 153.2, 149.8, 148.4, 146.7, 137.9 &l13.9
Hz), 136.3 (dJ = 10.0 Hz), 132.5 (d] = 7.6 Hz), 125.7, 123.4, 118.2, 115.6, 115.5](d, 21.5 Hz), 111.9 (d] = 23.2 Hz),
107.4, 102.2, 99.5, 60.2, 56.2, 56.1, 35.7, 31769,222.2, 13.8. Anal. Calcd. ForfH3:FN30sS: C, 61.74; H, 5.35; N, 7.20.
Found: C, 61.76; H, 5.35; N, 7.21. ESI-M82606.2 [M+Na].
4.1.4.9. N'-(Benzylsulfonyl)-N-(4-((6,7-dimethoxipglin-4-yl)oxy)-3-fluorophenyl)-2-phenylacetamidi®6i)

Light yellow solid, yield: 54%, m.p.: 104-106 °@4 NMR (400 MHz, CDCJ) 6 8.47 (d,J = 4.8 Hz, 1 H), 7.55 (s, 1 H),
7.48-7.47 (m, 3 H), 7.41 (s, 2 H), 7.40-7.27 (n)67.12 (t,J = 8.4 Hz, 1 H), 6.86-6.82 (m, 2 H), 6.33 Jd5 5.2 Hz, 1 H),
4.40 (s, 2 H), 4.36 (s, 2 H), 4.05 (s, 3 H), 4.833 H).**C NMR (100 MHz, CDGJ) 5 164.8, 159.9, 154.0 (d,= 249.3 Hz),
153.1, 149.8, 148.5, 146.8, 138.4 J&5 13.4 Hz), 135.3 (d] = 8.6 Hz), 132.8, 130.9, 130.0, 129.8, 129.6,8,2828.5, 128.4,
123.5, 118.3, 115.5, 111.9 @F 22.7 Hz), 107.7, 102.2, 99.3, 61.1, 56.2, 586016. Anal. Calcd. For £H,sFNs;OsS: C, 65.63;
H, 4.82; N, 7.18. Found: C, 65.64; H, 4.81; N, 728I-MS:nm/z586.2 [M+H]".
4.1.4.10. N-(4-((6,7-Dimethoxyquinolin-4-yl)oxyf@erophenyl)-N'-((4-fluorobenzyl)sulfonyl)-2-phdmgetamidine 26j)

Light yellow solid, yield: 62%, m.p.: 93-95 °&4 NMR (400 MHz, CDCJ) 6 8.47 (d,J = 5.2 Hz, 1 H), 7.55 (s, 1 H), 7.51 (d,

J=11.6 Hz, 1 H), 7.45-7.42 (m, 5 H), 7.28 & 6.4 Hz, 2 H), 7.14 (] = 8.4 Hz, 1 H), 7.05 (] = 8.4 Hz, 2 H), 6.93-6.80 (m,



2 H), 6.33 (dJ = 4.8 Hz, 1 H), 4.39 (s, 2 H), 4.36 (s, 2 H), 4(853 H), 4.04 (s, 3 H}°C NMR (100 MHz, CDGJ) § 164.8,
164.1, 161.7, 161.1 (d,= 247.0 Hz), 154.0 (d] = 248.7 Hz), 153.1, 149.8, 148.5, 146.9, 138.9@,12.8 Hz), 135.2 (d] =
9.6 Hz), 132.8, 132. 6 (d,= 8.2 Hz), 129.9, 129.6, 128.4, 125.7, 123.5,3,1815.6 (dJ = 21.5 Hz), 112.0 (d] = 22.4 Hz),
107.6, 102.2, 99.4, 60.1, 56.2, 56.1, 40.6. Analc@ For G;H,7FN3OsS: C, 63.67; H, 4.51; N, 6.96. Found: C, 63.694132;
N, 6.97. ESI-MSm/z603.2 [M]'".

4.1.4.11. N'-(Benzylsulfonyl)-N-(4-((6,7-dimethaxyglin-4-yl)oxy)-3-fluorophenyl)-(3-methoxy)proanidine 26Kk)

Yellow solid, yield: 73%, m.p.: 148-150 °&4 NMR (400 MHz, CDCJ) 9 8.85 (br s, 1 H), 8.51 (d,= 5.2 Hz, 1 H), 7.61 (dd,
J=2.4,12.0 Hz, 1 H), 7.58 (s, 1 H), 7.46-7.44 8), 7.37-7.32 (m, 3 H), 7.19 {t= 8.4 Hz, 1 H), 7.05-7.03 (m, 1 H), 6.38
(d,3=5.2 Hz, 1 H), 4.35 (s, 2 H), 4.07 (s, 3 H), 4853 H), 3.70 (t) = 5.2 Hz, 2 H), 3.44 (s, 3 H), 3.21 {5 5.2 Hz, 2 H)**C
NMR (100 MHz, CDC}) ¢ 165.4, 160.0, 154.1 (d,= 248.8 Hz), 153.0, 149.7, 148.6, 146.8, 138.0 &12.3 Hz), 135.8 (d] =
9.3 Hz), 130.8, 129.8, 128.6, 128.4, 123.5, 118,1 € 3.2 Hz), 115.5, 111.7 (d,= 22.6 Hz), 107.7, 102.2, 99.4, 68.8, 60.9,
58.9, 56.2, 56.1, 33.9. Anal. Calcd. FogtsFNsOsS: C, 60.75; H, 5.10; N, 7.59. Found: C, 60.735H2; N, 7.60. ESI-MS:
Mz 554.2 [M+HJ".
4.1.4.12. N-(4-((6,7-Dimethoxyquinolin-4-yl)oxyft@erophenyl)-N'-((4-fluorobenzyl)sulfonyl)-(3-meity)propanamidine2@l)

Yellow solid, yield: 76%, m.p.: 145-147 °84 NMR (400 MHz, CDCJ) ¢ 8.89 (br s, 1 H), 8.51 (d,= 5.2 Hz, 1 H), 7.63 (dd,
J=1.6,12.0 Hz, 1 H), 7.58 (s, 1 H), 7.44 (s, 2 F¥2—7.40 (m, 1 H), 7.20 @@= 8.4 Hz, 1 H), 7.06—7.02 (m, 3 H), 6.38 Jd;
5.2 Hz, 1 H), 4.32 (s, 2 H), 4.07 (s, 3 H), 4.053#1), 3.73 (tJ = 5.2 Hz, 2 H), 3.45 (s, 3 H), 3.24 Jt= 4.8 Hz, 2 H)®*C NMR
(100 MHz, CDCY) 6 165.4, 162.9 (d] = 246.2 Hz), 159.9, 154.1 (d= 248.4 Hz), 153.0, 149.7, 148.6, 146.9, 138.1(12.4
Hz), 135.7 (dJ = 9.3 Hz), 132.5 (dJ = 8.2 Hz), 125.7 (dJ = 3.0 Hz), 123.5, 118.1 (dJ,= 2.9 Hz), 115.6 (dJ = 21.5 Hz),
111.8 (dJ = 22.8 Hz), 107.7, 102.2, 99.3, 68.8, 60.0, 5882, 56.1, 34.0. Anal. Calcd. FopsH,7F:N3O6S: C, 58.84; H, 4.76;
N, 7.35. Found: C, 58.87; H, 4.75; N, 7.37. ESI-M#& 572.3 [M+H]".
4.1.4.13. N'-(Benzylsulfonyl)-N-(4-((6,7-dimethaxyglin-4-yl)oxy)-3-fluorophenyl)acetamidin2gm)

Light yellow solid, yield: 46%, m.p.: 126-128 °&{ NMR (400 MHz, CDCJ) ¢ 8.75 (br s, 1 H), 8.46 (d,= 5.2 Hz, 1 H),
7.64 (d,J = 11.6 Hz, 1 H), 7.57 (s, 1 H), 7.50—7.43 (m, 3 HB8 (s, 1 H), 7.35-7.32 (m, 2 H), 7.20-7.11 Zrh{), 6.38 (dJ =
4.8 Hz, 1 H), 4.35 (s, 2 H), 4.04 (s, 3 H), 4.013#), 2.46 (s, 3 H)*C NMR (100 MHz, CDGJ) 6 164.3, 160.2, 154.0 (d,=
248.4 Hz), 153.2, 149.8, 148.4, 146.6, 138.Q0(12.3 Hz), 136.1 (d] = 9.2 Hz), 130.9, 129.6, 128.7, 128.6, 123.5,418,J
= 3.1 Hz), 115.6, 111.7 (d,= 22.6 Hz), 107.3, 102.3, 99.5, 61.0, 56.2, 218alACalcd. For &H»4FN3;OsS: C, 61.29; H, 4.75;
N, 8.25. Found: C, 61.30; H, 4.77; N, 8.24. ESI-M#532.2 [M+Na].

4.1.4.14. N-(4-((6,7-Dimethoxyquinolin-4-yl)oxyft3erophenyl)-N'-((4-fluorobenzyl)sulfonyl)acetainiel 26n)



Light yellow solid, yield: 49%, m.p.: 119-121 °&{ NMR (400 MHz, CDCJ) ¢ 8.68 (br s, 1 H), 8.48 (d,= 5.2 Hz, 1 H),
7.65 (d,J=12.0 Hz, 1 H), 7.57 (s, 1 H), 7.43-7.40 (m, 2 H38 (s, 1 H), 7.18-7.11 (m, 2 H), 7.03)(t 8.4 Hz, 2 H), 6.38 (d,
J=4.8Hz, 1 H), 4.32 (s, 2 H), 4.05 (s, 3 H), 4823 H), 2.53 (s, 3 Hf*C NMR (100 MHz, CDG))  164.3, 163.0 (dJ =
247.1 Hz), 160.1, 154.0 (d,= 248.0 Hz), 153.3, 149.9, 148.5, 146.7, 138.3 & 12.7 Hz), 136.0 (d] = 9.5 Hz), 132.6 (d] =
8.0 Hz), 125.6 (dJ = 3.3 Hz), 123.5, 118.2, 115.7 (W7 21.5 Hz), 115.6, 111.8 (d,= 22.7 Hz), 107.4, 102.3, 99.5, 60.1, 56.2,
22.0. Anal. Calcd. For £H23F:N3OsS: C, 59.20; H, 4.39; N, 7.97. Found: C, 59.21;4k87; N, 7.94. ESI-MSm/z 528.1
[M+H]*.
4.1.4.15. N'-(Benzylsulfonyl)-2-(cyclohexen-1-y§4N((6,7-dimethoxyquinolin-4-yl)oxy)-3-fluorophdagcetamidine 260)

White solid, yield: 68%, m.p.: 141143 °& NMR (400 MHz, CDCJ) § 8.50 (d,J = 4.4 Hz, 1 H), 7.60-7.58 (m, 2 H), 7.47
(d,J = 11.6 Hz, 2 H), 7.44-7.43 (m, 2 H), 7.37—7.333mh), 7.19 (tJ = 8.4 Hz, 1 H), 7.02—7.00 (m, 1 H), 6.38 Jcs 4.8 Hz, 1
H), 4.36 (s, 2 H), 4.06 (s, 3 H), 4.04 (s, 3 HE3(s, 2 H), 2.13-2.10 (m, 2 H), 1.95-1.94 (m, 2 HE5-1.60 (m, 4 H:*C
NMR (100 MHz, CDC}) ¢ 164.6, 159.9, 154.2 (d,= 249.0 Hz), 153.1, 149.8, 148.7, 147.0, 138.4 (12.5 Hz), 135.4 (d] =
9.2 Hz), 132.1, 130.9, 130.7, 129.9, 128.6, 12823,6, 117.9 (d) = 2.8 Hz), 115.6, 111.7 (d,= 22.6 Hz), 107.8, 102.3, 99.4,
61.0, 56.2, 43.0, 28.5, 25.5, 22.7, 21.8. Analc@aFor G;Hs,FNsOsS: C, 65.18; H, 5.47; N, 7.13. Found: C, 65.175H9; N,
7.13. ESI-MSmVz590.2 [M+HTJ".
4.1.4.16. 2-(Cyclohexen-1-yl)-N-(4-((6,7-dimethaxgqlin-4-yl)oxy)-3-fluorophenyl)-N'-((4-fluorobeyiysulfonyl)acetamidine
(26p

White solid, yield: 71%, m.p.: 132-134 °&& NMR (400 MHz, CDCJ) § 8.50 (d,J = 4.8 Hz, 1 H), 7.61 (dd, = 1.6, 12.0 Hz,
1H),7.57(s,1H),7.51(s,1H), 7.43-7.40 ()37.21 (tJ = 8.4 Hz, 1 H), 7.06-6.98 (m, 3 H), 6.37 Jd5 4.8 Hz, 1 H), 4.32
(s, 2 H), 4.07 (s, 3 H), 4.04 (s, 3 H), 3.66 ($1)22.14-2.10 (m, 2 H), 1.97-1.95 (m, 2 H), 1.6601(m, 4 H).**C NMR (100
MHz, CDCE) 6 164.7, 163.0 (d) = 246.4 Hz), 159.9, 154.2 (8~ 249.4 Hz), 153.1, 149.8, 148.7, 147.0, 138.9 & 12.2 Hz),
135.3 (d,J = 8.6 Hz), 132.6 (d] = 8.2 Hz), 132.0, 130.8, 125.8 (i 2.5 Hz), 123.7, 118.0, 115.6 (t 21.4 Hz), 111.8 (d]
= 23.0 Hz), 107.9, 102.2, 99.4, 60.2, 56.2, 43815225.5, 22.7, 21.8. Anal. Calcd. Foglds;FNsOsS: C, 63.25; H, 5.14; N,
6.91. Found: C, 63.26; H, 5.12; N, 6.92. ESI-M#z630.2 [M+NaJ.
4.1.4.17. N'-(Benzylsulfonyl)-N-(4-((6,7-dimethaxipglin-4-yl)oxy)-3-fluorophenyl)-2-(pyridin-3-yl¥&tamidine 260)

Yellow solid, yield: 42%, m.p.: 121-123 °6H NMR (400 MHz, CDCJ) § 8.51 (s, 1 H), 8.46 (dl = 4.8 Hz, 1 H), 8.17 (s, 1
H), 7.70 (dJ=7.2 Hz, 1 H), 7.58 (dl = 12.0 Hz, 1 H), 7.55 (s, 1 H), 7.46-7.45 (m, 2'HB9 (s, 1 H), 7.36-7.29 (m, 4 H), 7.14
(t, J= 8.4 Hz, 1 H), 7.06-7.04 (m, 1 H), 6.66—6.62 {nt), 6.36 (d,) = 4.8 Hz, 1 H), 4.40 (s, 2 H), 4.24 (s, 2 H), 4(643 H),
4.02 (s, 3 H)*C NMR (100 MHz, CDG)) ¢ 163.5, 159.9, 154.1 (d,= 248.1 Hz), 153.1, 150.1, 149.8, 148.6, 148.5.94

138.4 (dJ = 11.9 Hz), 137.5, 135.8 (d,= 7.6 Hz), 131.0, 130.6, 129.6, 128.7, 124.4, 1242B.6, 118.5, 115.6, 112.0 @~



22.9 Hz), 107.7, 102.3, 99.4, 61.1, 56.2, 37.8.|ABalcd. For GH>;FN,OsS: C, 63.47; H, 4.64; N, 9.55. Found: C, 63.44; H,
4.66; N, 9.56. ESI-MS1/z587.2 [M+HT.
4.1.4.18. N-(4-((6,7-Dimethoxyquinolin-4-yl)oxyft@erophenyl)-N'-((4-fluorobenzyl)sulfonyl)-2-(pgim-3-yl)acetamidine
(261
Yellow solid, yield: 44%, m.p.: 112-114 °&4 NMR (400 MHz, CDCJ) ¢ 8.51 (s, 1 H), 8.46 (d = 4.8 Hz, 1 H), 8.15 (s, 1
H), 7.74 (d,J = 7.2 Hz, 1 H), 7.61 (d] = 12.0 Hz, 1 H), 7.55 (s, 1 H), 7.44-7.41 (m, 2 HB8 (s, 1 H), 7.34 —7.31 (m, 1 H),
7.24-7.22 (m, 1 H), 7.15 ,= 8.4 Hz, 1 H), 7.06-7.03 1,= 8.0 Hz, 3 H), 6.35 (dl = 4.8 Hz, 1 H), 4.37 (s, 2 H), 4.27 (s, 2 H),
4.04 (s, 3 H), 4.02 (s, 3 HC NMR (100 MHz, CDGJ) 5 164.2, 163.6, 161.8, 159.9, 154.0J¢ 248.9 Hz), 153.1, 151.2 (d,
= 245.9 Hz), 149.8, 148.6, 146.9, 138.5J¢ 11.8 Hz), 137.4, 135.8 (d,= 8.5 Hz), 132.7 (d] = 8.1 Hz), 130.6, 125.5, 124.5,
123.6, 118.4, 115.7 (dl = 21.5 Hz), 115.6, 112.1 (d, = 21.8 Hz), 107.6, 102.3, 99.4, 60.2, 56.2, 37.8alACalcd. For
CaiH2672N40sS: C, 61.58; H, 4.33; N, 9.27. Found: C, 61.604131; N, 9.30. ESI-MSwz 605.2 [M+HT'".
4.1.4.19. N'-(Benzylsulfonyl)-N-(4-((6,7-dimethaxyglin-4-yl)oxy)-3-fluorophenyl)-2-(thien-3-yl)atznidine 269
Light yellow solid, yield: 62%, m.p.: 116-118 °& NMR (400 MHz, CDCJ) ¢ 8.48 (d,J = 5.2 Hz, 1 H), 7.55 (s, 1 H), 7.51
(d,J=12.0 Hz, 1 H), 7.47-7.35 (m, 7 H), 7.16—7.12 2nhj), 7.00 (d,) = 4.4 Hz, 1 H), 6.89-6.87 (m, 1 H), 6.34 Jd; 5.2 Hz,
1 H), 4.39 (s, 2 H), 4.37 (s, 2 H), 4.05 (s, 3403 (s, 3 H)™*C NMR (100 MHz, DMSQds) 6 163.7, 159.1, 153.1 (d,= 245.1
Hz), 152.6, 149.5, 148.8, 146.4, 136.9Jd; 12.1 Hz), 136.6 (d] = 9.7 Hz), 134.7, 130.9, 130.5, 128.5, 128.1, 92726.1,
123.8, 123.3, 118.5 (dl = 2.4 Hz), 114.5, 110.7 (d = 22.6 Hz), 107.8, 102.2, 98.9, 59.9, 55.7, 3#dal. Calcd. For
CadH26FN:05S,: C, 60.90; H, 4.43; N, 7.10. Found: C, 60.91; M54 N, 7.08. ESI-MSnz 614.2 [M+NaJ.
4.1.4.20. N-(4-((6,7-Dimethoxyquinolin-4-yl)oxyft3erophenyl)-N'-((4-fluorobenzyl)sulfonyl)-2-(thie-yl)acetamidine261)
Light yellow solid, yield: 56%, m.p.: 107-109 °@4 NMR (400 MHz, CDCJ) 6 8.47 (d,J = 4.0 Hz, 1 H), 7.55 (s, 1 H),
7.42-7.42 (m, 3 H), 7.40 (s, 1 H), 7.29-7.26 (nk})27.15 (t,J = 8.4 Hz, 1 H), 7.04 (J = 8.4 Hz, 3 H), 6.88-6.86 (m, 1 H),
6.33 (d,J= 5.2 Hz, 1 H), 4.40 (s, 2 H), 4.34 (s, 2 H), 4(6853 H), 4.02 (s, 3 H}*C NMR (100 MHz, CDG)) ¢ 164.4, 164.2,
161.7, 158.7 (dJ = 246.4 Hz), 154.0 (dl = 248.7 Hz), 153.1, 149.8, 148.6, 146.8, 138.9(l11.9 Hz), 135.2 (d] = 8.8 Hz),
132.6 (d,J = 8.4 Hz), 132.5, 128.5, 127.9, 125.6 {d; 2.3 Hz), 125.5, 123.5, 118.3, 115.6 & 21.5 Hz), 111.9 (d] = 22.5
Hz), 107.6, 102.2, 99.4, 60.1, 56.2, 35.2. Analc@aFor GoHzsMN30sS;: C, 59.10; H, 4.13; N, 6.89. Found: C, 59.09; K54
N, 6.90. ESI-MSm/z610.2 [M+H]".
4.1.4.21. N-(4-((6,7-Dimethoxyquinolin-4-yl)oxyft@erophenyl)-3-methoxy-N'-((2-methylbenzyl)sulfiprppanamidine Z6u)
Yellow solid, yield: 78%, m.p.: 115-117 °&4 NMR (400 MHz, CDCJ) 6 8.84 (br s, 1 H), 8.51 (d,= 5.2 Hz, 1 H), 7.58 (s,
1H),7.56 (ddJ=2.0,12.0 Hz, 1 H), 7.43 (s, 1 H), 7.41J& 7.2 Hz, 1 H), 7.22-7.16 (m, 4 H), 7.10-7.08 {nt{), 6.39 (dJ

= 5.2 Hz, 1 H), 4.42 (s, 2 H), 4.07 (s, 3 H), 4853 H), 3.66 (&) = 5.2 Hz, 2 H), 3.43 (s, 3 H), 3.17 Jt= 5.2 Hz, 2 H), 2.41 (s,



3 H). 3C NMR (100 MHz, CDGJ) § 165.7, 160.0, 154.1 (d,= 249.0 Hz), 153.0, 149.7, 148.7, 147.0, 138.3(d,12.1 Hz),
138.2, 135.7 (dJ = 9.5 Hz), 131.8, 130.8, 128.7, 128.1, 126.1,82818.4 (dJ = 3.1Hz), 115.5, 111.8 (d,= 22.5 Hz), 107.8,
102.2, 99.4, 68.8, 58.9, 58.0, 56.2, 33.5, 20.(alAGalcd. ForGHsFN3;O6S: C, 61.36; H, 5.33; N, 7.40. Found: C, 61.37; H,
5.33; N, 7.42. ESI-MS1/z568.2 [M+HT.
4.1.4.22. N-(4-((6,7-Dimethoxyquinolin-4-yl)oxyft@erophenyl)-3-methoxy-N'-((3-methylbenzyl)sulfiprppanamidine 26v)
Yellow solid, yield: 72%, m.p.: 124-126 °&4 NMR (400 MHz, CDC}) ¢ 8.87 (br s, 1 H), 8.50 (d,= 5.2 Hz, 1 H), 7.65 (dd,
J=20,11.6 Hz, 1 H), 7.58 (s, 1 H), 7.43 (s, 1 H27 (s, 1 H), 7.24-7.23 (m, 2 H), 7.18](t 8.8 Hz, 1 H), 7.13 ({] = 3.6 Hz,
1 H), 7.08-7.06 (m, 1 H), 6.38 (@= 5.2 Hz, 1 H), 4.32 (s, 2 H), 4.06 (s, 3 H), 4(853 H), 3.69 (tJ = 5.2 Hz, 2 H), 3.44 (s, 3
H), 3.22 (t,J = 5.2 Hz, 2 H), 2.31 (s, 3 HI’C NMR (100 MHz, CDGJ) 6 165.4, 159.9, 154.1 (d,= 248.9 Hz), 153.0, 149.7,
148.7, 146.9, 138.3, 138.0 @ 12.2 Hz), 135.8 (d] = 9.4 Hz), 131.5, 129.6, 129.3, 128.5, 128.0,3,2B18.0 (d,J] = 3.0 Hz),
115.5, 111.6 (d) = 22.9 Hz), 107.8, 102.3, 99.4, 68.8, 60.9, 5882, 33.8, 21.3. Anal. Calcd. FopsH30FN;06S: C, 61.36; H,
5.33; N, 7.40. Found: C, 61.35; H, 5.31; N, 7.43I-K1S: m/z568.2 [M+HT.
4.1.4.23. N-(4-((6,7-Dimethoxyquinolin-4-yl)oxyft3erophenyl)-3-methoxy-N'-((4-methylbenzyl)sulfjprppanamidine 26w)
Yellow solid, yield: 82%, m.p.: 129-131 °&4 NMR (400 MHz, CDC}) ¢ 8.85 (br s, 1 H), 8.51 (d,= 5.2 Hz, 1 H), 7.64 (dd,
J=2.4,12.0 Hz, 1 H), 7.59 (s, 1 H), 7.44 (s, 1 133 (dJ = 7.6 Hz, 2 H), 7.21-7.15 (m, 3 H), 7.06-7.04 {nk}), 6.39 (d,) =
5.2 Hz, 1 H), 4.31 (s, 2 H), 4.07 (s, 3 H), 4.053(#1), 3.69 (tJ = 5.2 Hz, 2 H), 3.44 (s, 3 H), 3.22 §t= 5.2 Hz, 2 H), 2.31 (s, 3
H). *C NMR (100 MHz, CDGJ) § 165.4, 160.0, 154.1 (d,= 248.5 Hz), 153.0, 149.7, 148.7, 146.9, 138.4.1%d,J = 12.5
Hz), 135.8 (dJ = 9.3 Hz), 130.7, 129.3, 126.7, 123.5, 118.1J(d,3.2 Hz), 115.5, 111.7 (d,= 22.7 Hz), 107.8, 102.2, 99.4,
68.8, 60.7, 58.9, 56.2, 33.8, 21.2. Anal. Calcd. G&gHzFN3;O6S: C, 61.36; H, 5.33; N, 7.40. Found: C, 61.385134; N, 7.43.
ESI-MS:mz590.2 [M+Na.
4.1.4.24. N-(4-((6,7-Dimethoxyquinolin-4-yl)oxyft@erophenyl)-N'-((2-fluorobenzyl)sulfonyl)-3-meRypropanamidine26x)
Yellow solid, yield: 71%, m.p.: 137-139 °H NMR (400 MHz, CDCJ) § 8.89 (br s, 1 H), 8.51 (d,= 5.2 Hz, 1 H), 7.59 (s,
1 H), 7.58-7.57 (m, 1 H), 7.55 (ddi= 1.6, 7.2 Hz, 1 H), 7.44 (s, 1 H), 7.32-7.28 (nh})17.21-7.13 (m, 2 H), 7.08-7.06 (m, 2
H), 6.39 (d,J = 5.2 Hz, 1 H), 4.44 (s, 2 H), 4.07 (s, 3 H), 4843 H), 3.73 (t) = 5.2 Hz, 2 H), 3.45 (s, 3 H), 3.25 Jt= 5.2 Hz,
2 H).®*C NMR (100 MHz, CDGJ) § 165.5, 161.2 (d) = 247.4 Hz), 160.0, 154.1 (d,= 248.7 Hz), 153.0, 149.7, 148.7, 146.9,
138.2 (d,J = 12.5 Hz), 135.7 (d] = 9.4 Hz), 132.6 (dJ = 2.3 Hz), 130.4 (d] = 8.3 Hz), 124.3 (d] = 3.6 Hz), 123.5, 118.2 (d,
= 3.0 Hz), 117.4 (d) = 14.4 Hz), 115.7 (d] = 21.7 Hz), 115.5, 111.7 (d= 22.7 Hz), 107.8, 102.3, 99.4, 68.6, 59.0, 56325,
33.9. Anal. Calcd. For £H7F:N3O6S: C, 58.84; H, 4.76; N, 7.35. Found: C, 58.854H8; N, 7.35. ESI-MSWz572.2
4.1.4.25. N-(4-((6,7-Dimethoxyquinolin-4-yl)oxyft@erophenyl)-N'-((3-fluorobenzyl)sulfonyl)-3-mefypropanamidine26y)

Yellow solid, yield: 68%, m.p.: 134-136 °@&4 NMR (400 MHz, CDCJ) 6 8.90 (br s, 1 H), 8.51 (d,= 5.2 Hz, 1 H), 7.58 (s,



1 H), 7.53 (dd)) = 2.4, 12.0 Hz, 1 H), 7.43 (s, 1 H), 7.34-7.29 {nk}), 7.22—7.15 (m, 3 H), 7.07-7.01 (m, 2 H), 689 = 5.2
Hz, 1 H), 4.33 (s, 2 H), 4.06 (s, 3 H), 4.04 (#)33.73 (t,J = 5.2 Hz, 2 H), 3.45 (s, 3 H), 3.25 Jt= 5.2 Hz, 2 H)}*C NMR
(100 MHz, CDC}) 6 165.5, 162.6 (d] = 245.1 Hz), 159.9, 154.1 (@~ 248.8 Hz), 153.0, 149.7, 148.7, 146.9, 138.3 &12.3
Hz), 135.6 (d,J = 9.3 Hz), 132.1 (d] = 8.0 Hz), 130.1 (d] = 8.1 Hz), 126.6 (d] = 2.6 Hz), 123.6, 118.4 (d,= 3.3 Hz), 117.8
(d,J=22.0 Hz), 115.6 (dl = 7.1 Hz), 115.4, 111.7 (d,= 22.6 Hz), 107.8, 102.3, 99.4, 68.8, 60.4, 59602, 33.9. Anal. Calcd.
For GgH27FN306S: C, 58.84; H, 4.76; N, 7.35. Found: C, 58.834H8; N, 7.36. ESI-MS1/z572.2 [M+HT.
4.1.4.26. N'-((4-Chlorobenzyl)sulfonyl)-N-(4-((&lifnethoxyquinolin-4-yl)oxy)-3-fluorophenyl)-3-methipropanamidine262
Yellow solid, yield: 76%, m.p.: 146-148 °&4 NMR (400 MHz, CDC}) 4 8.90 (br s, 1 H), 8.52 (d,= 5.2 Hz, 1 H), 7.62 (dd,
J=2.4,12.0Hz, 1 H), 7.58 (s, 1 H), 7.43 (s, 1 HB8 (d,J = 8.4 Hz, 2 H), 7.32 (d] = 8.4 Hz, 2 H), 7.20 ( = 8.4 Hz, 1 H),
7.03-7.01 (m, 1 H), 6.39 (d,= 5.2 Hz, 1 H), 4.31 (s, 2 H), 4.07 (s, 3 H), 4(853 H), 3.72 (tJ = 5.2 Hz, 2 H), 3.45 (s, 3 H),
3.24 (t,J = 5.2 Hz, 2 H)**C NMR (100 MHz, CDGJ) ¢ 165.5, 159.9, 154.1 (d,= 248.2 Hz), 153.0, 149.8, 148.8, 146.9, 138.3
(d,J=12.3 Hz), 135.6 (d] = 10.0 Hz), 134.7, 132.2, 128.8, 128.4, 123.6,218B15.5, 111.9 (dl = 22.6 Hz), 107.9 (d] = 3.4
Hz), 102.3, 99.4, 68.8, 60.2, 59.0, 56.2, 34.0.1ABalcd. For GgH7CIFN3OgS: C, 57.19; H, 4.63; N, 7.15. Found: C, 57.22; H,
4.62; Cl, 6.03; N, 7.18. ESI-M$vz588.2 [M+H[]".
4.1.4.27. N'-((4-Bromobenzyl)sulfonyl)-N-(4-((6 iladthoxyquinolin-4-yl)oxy)-3-fluorophenyl)-3-metlipropanamidine Z6ag)
Yellow solid, yield: 82%, m.p.: 151-153 °&4 NMR (400 MHz, CDC}) 4 8.90 (br s, 1 H), 8.53 (d,= 4.8 Hz, 1 H), 7.62 (dd,
J=2.0,11.6 Hz, 1 H), 7.59 (s, 1 H), 7.49 (s, 1 H¥5 (d,J = 8.0 Hz, 2 H), 7.31 (d] = 8.0 Hz, 2 H), 7.20 ({ = 8.4 Hz, 1 H),
7.03-7.00 (m, 1 H), 6.39 (d,= 5.2 Hz, 1 H), 4.29 (s, 2 H), 4.07 (s, 3 H), 4(653 H), 3.72 (tJ = 5.2 Hz, 2 H), 3.45 (s, 3 H),
3.24 (t,J = 5.2 Hz, 2 H)**C NMR (100 MHz, CDGJ) ¢ 165.5, 159.9, 154.1 (d,= 248.4 Hz), 153.1, 149.8, 148.8, 146.9, 138.3
(d,J = 12.3 Hz), 135.6 (d] = 9.3 Hz), 132.5, 131.8, 128.9, 123.6, 122.9,218,J = 3.2 Hz), 115.6, 111.9 (d,= 22.8 Hz),
107.9, 102.3, 99.4, 68.8, 60.3, 59.0, 56.2, 33rtalACalcd. For &H,/BrFN;OgS: C, 53.17; H, 4.30; N, 6.64. Found: C, 53.20;
H, 4.31; N, 6.65. ESI-MS1/z654.1 [M+Na].
4.1.4.28. N'-((3,4-Dichlorobenzyl)sulfonyl)-N-(4({-dimethoxyquinolin-4-yl)oxy)-3-fluorophenyl)-&tnoxypropanamidine
(26ab
Yellow solid, yield: 71%, m.p.: 135-137 °@4 NMR (400 MHz, CDCJ) 5 8.93 (br s, 1 H), 8.51 (d,= 5.2 Hz, 1 H), 7.58 (s,
1 H), 7.55 (dd,) = 2.4, 12.0 Hz, 1 H), 7.52 (d,= 2.0 Hz, 1 H), 7.43 (s, 1 H), 7.41 (= 8.4 Hz, 1 H), 7.27 (dd} = 2.0, 8.0 Hz,
1 H), 7.22 (dJ = 8.8 Hz, 1 H), 7.09-7.07 (m, 1 H), 6.41 Jck 5.2 Hz, 1 H), 4.27 (s, 2 H), 4.07 (s, 3 H), 4(653 H), 3.74 (1)
= 5.6 Hz, 2 H), 3.46 (s, 3 H), 3.25 {t= 5.6 Hz, 2 H)}*C NMR (100 MHz, CDGJ) ¢ 165.7, 159.9, 154.1 (d, = 249.0 Hz),
153.1, 149.8, 148.7, 147.0, 138.51d; 12.5 Hz), 135.4 (d] = 9.3 Hz), 132.9, 132.7, 132.6, 130.5, 130.2, 1,3023.6, 118.5 (d,

J=3.1Hz), 115.6, 111.8 (d,= 22.6 Hz), 107.8, 102.4, 99.4, 68.7, 59.7, 59602, 34.0. Anal. Calcd. For,6Cl.FN3;OsS: C,



54.02; H, 4.21; N, 6.75. Found: C, 54.04; H, 41206.77. ESI-MSm/z622.1 [M+H]".
4.1.4.29.
N-(4-((6,7-Dimethoxyquinolin-4-yl)oxy)-3-fluoroph#)jr3-methoxy-N'-((4-(trifluoromethyl)benzyl)sulidjpropanamidine
(26a9

Yellow solid, yield: 54%, m.p.: 154-156 °¢4 NMR (400 MHz, CDGJ) § 8.92 (br s, 1 H), 8.51 (d] = 5.2 Hz, 1 H),
7.62-7.56 (m, 6 H), 7.44 (s, 1 H), 7.20)& 8.4 Hz, 1 H), 7.01-6.99 (m, 1 H), 6.38 Jd; 5.2 Hz, 1 H), 4.39 (s, 2 H), 4.07 (s, 3
H), 4.05 (s, 3 H), 3.73 (8= 5.2 Hz, 2 H), 3.45 (s, 3 H), 3.25 {t= 5.2 Hz, 2 H)**C NMR (100 MHz, CDGJ) ¢ 165.6, 159.9,
154.1 (dJ = 248.4 Hz), 153.1, 149.8, 148.7, 147.0, 138.4 (d12.4 Hz), 135.5 (d] = 9.2 Hz), 133.9, 131.2, 130.7 (= 32.4
Hz), 125.6 (qJ = 3.7 Hz), 124.0 (9] = 270.6 Hz), 123.6, 118.3 (d~ 3.3 Hz), 115.6, 112.0 (d,= 22.7 Hz), 107.9, 102.2, 99.4,
68.7, 60.5, 59.0, 56.2, 34.0. Anal. Calcd. FasHz7FsN3O6S: C, 56.03; H, 4.38; N, 6.76. Found: C, 56.044t87; N, 6.78.
ESI-MS:m/z 644.2 [M+NaJ.
4.1.4.30. N-(4-((7-Butoxy-6-methoxyquinolin-4-yl)pR-fluorophenyl)-N'-((4-chlorobenzyl)sulfonyl)a3ethoxypropanamidine
(26a0

Yellow solid, yield: 68%, m.p.: 115-117 °& NMR (400 MHz, CDCJ) 5 8.91 (br s, 1 H), 8.50 (d,= 5.2 Hz, 1 H), 7.62 (dd,
J=24,12.0Hz, 1 H), 757 (s,1H), 7.43 (s, 1 HB8 (dJ = 8.0 Hz, 2 H), 7.32 (d] = 8.0 Hz, 2 H), 7.19 (1 = 8.4 Hz, 1 H),
7.02-7.00 (m, 1 H), 6.37 (d,= 5.2 Hz, 1 H), 4.30 (s, 2 H), 4.20 3tF 6.4 Hz, 2 H), 4.05 (s, 3 H), 3.72 3t 5.2 Hz, 2 H), 3.45
(s, 3 H),3.24 () = 5.2 Hz, 2 H), 1.97-1.89 (m, 2 H), 1.59-1.50 2n#{), 1.00 (tJ = 7.2 Hz, 3 H)**C NMR (100 MHz, CDG))
0 165.5, 159.9, 154.1 (d,= 248.6 Hz), 152.6, 150.1, 148.6, 146.9, 138.3/,12.3 Hz), 135.6 (d] = 9.4 Hz), 134.7, 132.2,
128.8, 128.4, 123.6, 118.2 @= 2.9 Hz), 115.4, 111.9 (d,= 22.8 Hz), 108.5, 102.1, 99.4, 68.8, 60.2, 5962, 34.0, 30.8,
19.3, 13.9. Anal. Calcd. Fors®133CIFN;O6S: C, 59.09; H, 5.28; N, 6.67. Found: C, 59.105K0; N, 6.65. ESI-MS1/z 630.2
[M+H]*.
4.1.4.31.
N-(4-((7-Butoxy-6-methoxyquinolin-4-yl)oxy)-3-flephenyl)-N'-((3,4-dichlorobenzyl)sulfonyl)-3-metjpsopanamidine Z26a¢

Yellow solid, yield: 61%, m.p.: 107-109 °€H NMR (400 MHz, CDCJ) § 8.94 (br s, 1 H), 8.50 (d,= 5.2 Hz, 1 H), 7.56 (s,
1 H), 7.55-7.51 (m, 2 H), 7.42-7.40 (m, 2 H), 7286 (m, 1 H), 7.23 (§ = 8.4 Hz, 1 H), 7.08-7.06 (m, 1 H), 6.39 Jd; 5.2
Hz, 1 H), 4.27 (s, 2 H), 4.20 (,= 6.8 Hz, 2 H), 4.05 (s, 3 H), 3.74 §t= 5.2 Hz, 2 H), 3.46 (s, 3 H), 3.25 Jt= 5.2 Hz, 2 H),
1.96-1.89 (m, 2 H), 1.59-1.50 (m, 2 H), 1.00J(t 7.2 Hz, 3 H)*C NMR (100 MHz, CDGJ) ¢ 165.6, 159.9, 154.1 (d,=
248.9 Hz), 152.6, 150.1, 148.6, 146.9, 138.5)(d,12.2 Hz), 135.4 (d) = 9.1 Hz), 132.9, 132.7, 132.6, 130.5, 130.2, 1.30.
123.6, 118.5 (dJ = 3.2 Hz), 115.4, 111.8 (d,= 22.6 Hz), 108.5, 102.3, 99.4, 68.8, 68.7, 58970, 56.2, 34.0, 30.8, 19.3, 13.9.

Anal. Calcd. For GH3,ClLFN;OsS: C, 56.03; H, 4.85; N, 6.32. Found: C, 56.044185; N, 6.35. ESI-MS1/z663.1 [M]".



4.1.4.32.
N'-((4-Chlorobenzyl)sulfonyl)-N-(3-fluoro-4-((6-nheixy-7-(3-morpholinopropoxy)quinolin-4-yl)oxy)phBr3-methoxypropana
midine @6af)

Yellow solid, yield: 74%, m.p.: 122—124 °& NMR (400 MHz, CDCJ) 5 8.88 (br s, 1 H), 8.50 (d,= 5.2 Hz, 1 H), 7.62 (dd,
J=24,12.0Hz, 1 H), 7.57 (s, 1 H), 7.45 (s, 1 HB8 (dJ = 8.4 Hz, 2 H), 7.32 (d] = 8.4 Hz, 2 H), 7.20 (1 = 8.4 Hz, 1 H),
7.02-7.01 (m, 1 H), 6.38 (d,= 5.2 Hz, 1 H), 4.30 (s, 2 H), 4.27 {t= 6.4 Hz, 2 H), 4.05 (s, 3 H), 3.73-3.71 (m, 6 3145 (s, 3
H), 3.24 (t,J = 4.8 Hz, 2 H), 2.58 (] = 7.2 Hz, 2 H), 2.49-2.36 (m, 4 H), 2.17-2.10 1H{). *C NMR (100 MHz, CDGJ) 6
165.5, 159.9, 154.1 (d, = 248.5 Hz), 152.5, 150.0, 148.7, 146.9, 138.31(d,12.5 Hz), 135.6 (dJ = 9.3 Hz), 134.7, 132.2,
128.8, 128.4, 123.6, 118.2 @~ 3.2 Hz), 115.5, 111.9 (d,= 22.6 Hz), 108.7, 102.2, 99.5, 68.8, 67.3, 68M2, 59.0, 56.2,
55.4, 53.7, 33.9, 26.0. Anal. Calcd. FaukzsCIFN,O;S: C, 58.24; H, 5.46; N, 7.99. Found: C, 58.235H7; N, 8.02. ESI-MS:
m'z 723.2 [M+NaJ.
4.1.4.33.
N'-((3,4-Dichlorobenzyl)sulfonyl)-N-(3-fluoro-4-({&ethoxy-7-(3-morpholinopropoxy)quinolin-4-yl)oxygmyl)-3-methoxyprop
anamidine 26ag

Yellow solid, yield: 72%, m.p.: 110-112 °&4 NMR (400 MHz, CDGJ) 5 8.92 (br s, 1 H), 8.49 (d,= 5.2 Hz, 1 H), 7.56 (s,
1 H), 7.55-7.51 (m, 2 H), 7.44 (s, 1 H), 7.41J¢& 8.0 Hz, 1 H), 7.28-7.26 (m, 1 H), 7.23Xt 8.4 Hz, 1 H), 7.08-7.06 (m, 1
H), 6.39 (dJ =5.2 Hz, 1 H), 4.28-4.25 (m, 4 H), 4.04 (s, 3 B1y5-3.71 (m, 6 H), 3.46 (s, 3 H), 3.25)(t 5.2 Hz, 2 H), 2.58
(t, J = 7.2 Hz, 2 H), 2.50-2.48 (m, 4 H), 2.16-2.09 P1H). °C NMR (100 MHz, CDGJ) 5 165.7, 159.8, 154.1 (d,= 249.1
Hz), 152.5, 150.0, 148.6, 146.9, 138.5J¢ 12.2 Hz), 135.4 (d] = 9.3 Hz), 132.9, 132.7, 132.6, 130.5, 130.2, 1302B.6,
118.5 (dJ = 3.2 Hz), 115.5, 111.8 (d,= 22.6 Hz), 108.7, 102.3, 99.5, 68.7, 67.3, 63907, 59.0, 56.2, 55.4, 53.7, 34.0, 26.0.
Anal. Calcd. For g@Hs/CLFN,O;S: C, 55.51; H, 5.07; N, 7.62. Found: C, 55.505189; N, 7.60. ESI-MSn/z757.2 [M+NaJ.
4.1.4.34.
N'-((4-Chlorobenzyl)sulfonyl)-N-(3-fluoro-4-((6-nhetxy-7-(3-(piperidin-1-yl)propoxy)quinolin-4-yl)opphenyl)-3-methoxyprop
anamidine 26ah)

Yellow solid, yield: 64%, m.p.: 127-129 °84 NMR (400 MHz, CDCJ) 6 9.26 (s, 1 H), 8.49 (d,= 6.4 Hz, 1 H), 7.67 (dd},
=2.0, 12.0 Hz, 1 H), 7.56 (s, 1 H), 7.39 (s, 1 H}6 (d,J = 8.4 Hz, 2 H), 7.29 (d] = 8.8 Hz, 2 H), 7.19-7.12 (m, 2 H), 6.37 (d,
J=4.8Hz, 1 H),4.30 (s, 2 H), 423t 5.6 Hz, 2 H), 4.01 (s, 3 H), 3.74{t= 5.2 Hz, 2 H), 3.41 (s, 3 H), 3.30-3.28 (m, 2 H),
3.23 (t,J = 5.6 Hz, 2 H), 2.99-2.95 (m, 2 H), 2.48-2.33 4nh}), 1.76-1.73 (m, 2 H), 1.64-1.56 (m, 4 KL NMR (100 MHz,
CDCl) 6 165.5, 160.1, 154.0 (d,= 247.9 Hz), 151.8, 149.8, 148.9, 146.5, 138.00(d,12.4 Hz), 135.9 (d] = 9.1 Hz), 134.6,

132.2, 128.8, 128.5, 123.5, 118.3 J& 2.8 Hz), 115.8, 111.8 (d,= 22.7 Hz), 109.7, 102.4, 99.7, 68.9, 66.3, 6820, 56.1,



55.3, 53.7, 34.1, 24.0, 23.2, 22.4. Anal. Calcd. EgH4CIFN,OsS: C, 60.12; H, 5.77; N, 8.01. Found: C, 60.105H8; N,
8.03. ESI-MSmz699.3 [M+H]".

4.1.4.35.
N'-((3,4-Dichlorobenzyl)sulfonyl)-N-(3-fluoro-4-(®ethoxy-7-(3-(piperidin-1-yl)propoxy)quinolin-4ygky)phenyl)-3-methoxyp
ropanamidine 26ai)

Yellow solid, yield: 67%, m.p.: 113-115 °&4 NMR (400 MHz, CDCJ) 6 9.06 (s, 1 H), 8.50 (d, = 4.8 Hz, 1 H), 7.56 (dd},
=2.0,8.8 Hz, 1 H), 7.54 (s, 1 H), 7.51)¢, 1.6 Hz, 1 H), 7.41 (s, 1 H), 7.35-7.33 (m, 1 HP8-7.27 (m, 1 H), 7.21 3,=8.4
Hz, 1 H), 7.13-7.11 (m, 1 H), 6.39 (t= 4.8 Hz, 1 H), 4.26 (s, 2 H), 4.19{t= 5.2 Hz, 2 H), 4.00 (s, 3 H), 3.74 = 5.2 Hz, 2
H), 3.43 (s, 3 H), 3.25 (§ = 5.2 Hz, 2 H), 3.07-3.03 (m, 2 H), 2.94-2.86 fHl), 2.29-2.23 (m, 2 H), 1.81-1.75 (m, 2 H),
1.57-1.50 (m, 4 H:*C NMR (100 MHz, CDGJ) 6 165.6, 159.9, 154.1 (d,= 248.7 Hz), 151.8, 149.8, 148.9, 146.7, 138.4(d,
= 12.1 Hz), 135.6 (d] = 9.4 Hz), 132.9, 132.7, 132.6, 130.5, 130.3, 1,3023.6, 118.5, 115.9, 111.8 (®F 22.5 Hz), 109.1,
102.5, 99.7, 68.9, 66.3, 59.8, 59.0, 56.1, 55.3,581.1, 24.2, 23.3, 22.5. Anal. Calcd. FagHG,Cl,FN,OsS: C, 57.30; H, 5.36;
N, 7.64. Found: C, 57.31; H, 5.36; N, 7.66. ESI-M#% 733.2 [M+H]".
4.1.4.36.
N'-((4-Chlorobenzyl)sulfonyl)-N-(3-fluoro-4-((6-nhetxy-7-(3-(4-methylpiperazin-1-yl)propoxy)quinofing)oxy) phenyl)-3-met
hoxypropanamidine26aj)

Yellow solid, yield: 56%, m.p.: 132—-134 °84 NMR (400 MHz, CDCJ) 6 8.90 (br s, 1 H), 8.50 (d,= 5.2 Hz, 1 H), 7.62 (dd,
J=2.0,12.0 Hz, 1 H), .7.56 (s, 1 H), 7.43 (s,)1 H37 (d,J = 8.4 Hz, 2 H), 7.31 (d] = 8.0 Hz, 2 H), 7.19 (] = 8.4 Hz, 1 H),
7.02-7.00 (m, 1 H), 6.37 (d,=5.2 Hz, 1 H), 4.30 (s, 2 H), 4.25Jt= 6.8 Hz, 2 H), 4.04 (s, 3 H), 3.72Jt= 5.2 Hz, 2 H), 3.45
(s, 3 H), 3.24 (tJ = 5.2 Hz, 2 H), 2.59 (f] = 7.2 Hz, 4 H), 2.53-2.48 (m, 6 H), 2.31 (s, 3 P{},6-2.09 (m, 2 H)}*C NMR (100
MHz, CDCh) § 165.5, 159.9, 154.2 (d,= 248.3 Hz), 152.5, 150.1, 148.8, 147.1, 138.4 @ 12.2 Hz), 135.6 (d] = 9.4 Hz),
134.7, 132.2, 128.9, 128.4, 123.6, 118.2)(d,3.2 Hz), 115.5, 111.9 (d,= 22.8 Hz), 108.9, 102.2, 99.5, 68.8, 67.4, 6680,
56.3, 55.1, 54.9, 53.0, 45.9, 33.9, 26.4. Analc@aFor GsH.CIFNsOsS: C, 58.86; H, 5.79; N, 9.81. Found: C, 58.885H7;
N, 9.84. ESI-MSm/z 714.3 [M+H]".
4.1.4.37.
N'-((3,4-Dichlorobenzyl)sulfonyl)-N-(3-fluoro-4-(@ethoxy-7-(3-(4-methylpiperazin-1-yl)propoxy)quima-yl)oxy)phenyl)-3-
methoxypropanamidin®6ak)

Yellow solid, yield: 53%, m.p.: 118-120 °@&4 NMR (400 MHz, CDCJ) § 9.02 (br s, 1 H), 8.48 (d,= 4.0 Hz, 1 H), 7.55 (s,
1H), 7.51 (ddJ = 2.0, 11.6 Hz, 2 H), 7.42 (s, 1 H), 7.39d&; 8.0 Hz, 1 H), 7.26 (dd,= 1.6, 8.4 Hz, 1 H), 7.21 (,= 8.4 Hz,

1 H), 7.10-7.08 (m, 1 H), 6.38 @= 4.8 Hz, 1 H), 4.26 (s, 2 H), 4.23-4.22 (m, 242 (s, 3 H), 3.73 (11 = 5.2 Hz, 2 H), 3.43



(s, 3H),3.23 (t) = 5.2 Hz, 2 H), 2.62-2.58 (m, 10 H), 2.36 (s, 3 M)14-2.08 (M, 2 H}*C NMR (100 MHz, CDGJ) 6 165.6,
159.8, 154.1 (dJ = 249.1 Hz), 152.4, 150.0, 148.7, 146.9, 138.5)(d,12.4 Hz), 135.4 (dJ = 9.0 Hz), 132.9, 132.7, 132.6,
130.5, 130.2, 130.1, 123.6, 118.5 Jd; 3.0 Hz), 115.5, 111.8 (d,= 22.6 Hz), 108.7, 102.3, 99.5, 68.8, 67.2, 58970, 56.2,
54.8, 54.7, 52.4, 45.4, 34.0, 26.2. Anal. Calcd. EgH4Cl.FNsOS: C, 56.15; H, 5.39; N, 9.35. Found: C, 56.145H1; N,
9.36. ESI-MSm/z 748.2 [M+HTJ".

4.1.4.38.
N'-((4-Chlorobenzyl)sulfonyl)-N-(3-fluoro-4-((6-nhetxy-7-(3-(4-methylpiperidin-1-yl)propoxy)quinoHayl)oxy)phenyl)-3-met
hoxypropanamidine2@al)

Yellow solid, yield: 59%, m.p.: 110-113 °&4 NMR (400 MHz, CDCJ)  9.24 (br s, 1 H), 8.47 (d,= 5.2 Hz, 1 H), 7.64 (dd,
J=20,12.0 Hz, 1 H), 7.53 (s, 1 H), 7.37 (s, 1 H34 (dJ = 8.4 Hz, 2 H), 7.27 (d] = 8.4 Hz, 2 H), 7.17-7.09 (m, 2 H), 6.35 (d,
J=4.8Hz, 1H),4.27 (s, 2 H), 4213t 5.6 Hz, 2 H), 3.98 (s, 3 H), 3.71 Jt= 5.2 Hz, 2 H), 3.38 (s, 3 H), 3.28-3.25 (m, 2 H),
3.21 (,J= 5.6 Hz, 2 H), 2.95 (1] = 7.2 Hz, 2 H), 2.46—2.40 (m, 2 H), 2.34-2.30 ), 1.73-1.70 (m, 2 H), 1.62-1.53 (m, 3
H), 0.94 (d,J = 6.0 Hz, 3 H)*C NMR (100 MHz, CDGJ) § 165.4, 159.9, 154.0 (d,= 248.1 Hz), 151.9, 149.7, 148.7, 146.7,
138.0 (dJ =12.6 Hz), 135.8 (d] = 9.4 Hz), 134.5, 132.1, 128.7, 128.4, 123.4,3,1815.6, 111.7 (d] = 22.7 Hz), 108.9, 102.3,
99.6, 69.0, 66.6, 60.2, 58.9, 56.1, 55.0, 53.2,3&1.9, 29.6, 24.8, 21.1. Anal. Calcd. FggHG:CIFN,OsS: C, 60.62; H, 5.94; N,
7.86. Found: C, 60.65; H, 5.95; N, 7.88. ESI-M%z 713.3 [M+H]".
4.1.4.39.
N'-((3,4-Dichlorobenzyl)sulfonyl)-N-(3-fluoro-4-(@ethoxy-7-(3-(4-methylpiperidin-1-yl)propoxy)quines-yl)oxy)phenyl)-3-
methoxypropanamidin®6am)

Yellow solid, yield: 56%, m.p.: 107—109 °@&4 NMR (400 MHz, CDCJ) 6 9.23 (s, 1 H), 8.48 (dl = 4.8 Hz, 1 H), 7.58 (d]
=12.4 Hz, 1 H), 7.54 (s, 1 H), 7.49 (s, 1 H), 7(8:0 = 8.0 Hz, 2 H), 7.24-7.14 (m, 3 H), 6.38 {d5 4.8 Hz, 1 H), 4.25 (s, 2 H),
4.22 (t,J=6.0 Hz, 2 H), 3.99 (s, 3 H), 3.73Jt= 5.2 Hz, 2 H), 3.40 (s, 3 H), 3.33-3.30 (m, 2 8123 (t,J = 5.2 Hz, 2 H), 3.00
(t,J=7.6 Hz, 2 H), 2.49 (§ = 9.2 Hz, 2 H), 2.38-2.34 (m, 2 H), 1.76-1.73 ), 1.67-1.53 (m, 3 H), 0.96 (@~ 6.0 Hz, 3
H). *C NMR (100 MHz, CDGJ) 5 165.6, 159.8, 154.0 (d,= 248.6 Hz), 151.9, 149.8, 148.8, 146.7, 138.31(d,12.2 Hz),
135.7 (dJ =9.1 Hz), 132.8, 132.6, 130.5, 130.3, 130.2,328B18.5 (dJ = 3.1 Hz), 115.8, 111.8 (d,= 22.7 Hz), 109.0, 102.6,
99.7, 68.9, 66.5, 59.7, 59.0, 56.1, 55.0, 53.3,331.7, 29.6, 24.6, 21.1. Anal. Calcd. F@gHG,Cl.FN4OsS: C, 57.83; H, 5.53;

N, 7.49. Found: C, 57.82; H, 5.56; N, 7.51. ESI-M#z 769.2 [M+Na].

4.2. Biology

4.2.1. Cytotoxicity against tumor cells assay



The cancer cells were cultured in minimum essemtiatlium (MEM) supplemented with 10% fetal bovineuse (FBS).
Approximately 4 x 18cells per well, suspended in MEM medium, were plateto each well of a 96-well plate and incubated i
5% CQ at 37 °C for 24 h. The test compounds were addeblet culture medium at the indicated final conagigns and the
cell cultures were continued for 72 h. Fresh MTTwaded to each well at a final concentration pfyinL and incubated with
cells at 37 °C for 4 h. The formazan crystals wdissolved in 100 pL of DMSO per each well, and dhsorbency at 492 nm
(for the absorbance of MTT formazan) and 630 nm tffie reference wavelength) was measured with ti8A reader. All
compounds were tested three times in each of thénes. The results expressed asol@Inhibitory concentration of 50%) were

the average of three determinations calculatedsimguthe Bacus Laboratories Incorporated Slide SeafBliss) software.

4.2.2. Tyrosine kinases assay

The tyrosine kinases activities were evaluatedgubiomogeneous time-resolved fluorescence (HTRFjyasss previously
reported protocol [71]. Briefly, 20 mg/mL poly (Gluiyr) 4:1 (Sigma) was preloaded as a substrag884well plates. Then 50
puL of 10 mM ATP (Invitrogen) solution diluted inriase reaction buffer (50 mM HEPES, pH 7.0, 1 M DI™M MgCh, 1 M
MnCl,, and 0.1% NaB) was added to each well. Various concentratiorcoofpounds diluted in 10 pL of 1% DMSO (v/v) were
used as the negative control. The kinase reactaminitiated by the addition of purified tyrosine&se proteins diluted in 39
uL of kinase reaction buffer solution. The incubattime for the reactions was at 25 °C for 30 naingd the reactions were
stopped by the addition of 5 pL of Streptavidin-¥56and 5 pL of Tk Antibody Cryptate working solutito all of wells. The
plates were read using Envision (PerkinElmer) & @2 and 615 nm. The inhibition rate (%) was caftad using the following
equation: % inhibition 100 = [(Activity of enzymeitiv tested compounds - Min)/(Max -Min)] x 100 (Make observed enzyme
activity measured in the presence of enzyme, satiestrand cofactors; Min: the observed enzyme igciiv the presence of

substrates, cofactors and in the absence of enzy@igyalues were calculated from the inhibition curves.

4.2.3. Induction of apoptosis and cell cycle anialys
4.2.3.1. Analysis of cellular apoptosis

Apoptosis was detected by an Annexin V-FITC/pramdi iodide double staining kit (BD Biosciences) sinc
AnnexinV-fluorescein isothiocyanate (Annexin V-FIT@ a protein that possesses high affinity to phasidyl serine PS,
which can be detected by staining with Annexin I€land counter staining with propidium iodide (PAB49 cells were
seeded in 6-well plates and allowed to grow foh24 culture medium and then treated with vehitl®,uM of foretinib, 0.25,
0.5 and 1.QuM of 26af. The cells were incubated at 37 °C, 5%,C@ 12 h. Cells were harvested by centrifugatioi2 @O0
r/min for 5 min and washed with ice-cold PBS salntiThe supernatant was abandoned and 195 pL abdmiv-FITC binding

buffer solution (10 mM HEPES, 140 mM NaCl, and &\&! CaC}, at pH 7.4) was added to resuspend the cells. Wétets, 5



puL of Annexin V-FITC and 10 pL of propidium iodidgaining solution were added and the solution wa®dngently. Next,
these samples were incubated in dark at room texnperfor 30 min and the labeled cells were analyze flow cytometer

(FACScan, Bection Dickinson).

4.2.3.2.Flow cytometric analysis of cellcycle dtmition

Cell cycle analysis was carried out through flovioayeter. A549 cells were seeded in 6-well plates (BF cells/well),
incubated in the presence or absence6aff and foretinib at the indicated concentrations at@7or 24 h, 5% C@ Cells were
washed twice with phosphate buffer saline, hardebtecentrifugation and then fixed in ice-cold 7@#anol overnight. After
the ethanol was removed the next day, the celle vesuspended in ice-cold PBS, treated with RNa@éefgen Biotech, China)
at 37 °C for 30 min, and then incubated with theAD3taining solution propidium iodide (PIl, KeygeroBich, China) at 4 °C for
30 min. DNA cell cycle profiling was determined byeasuring DNA content by using flow cytometer (FAGS, Bection

Dickinson), and the percentage of G1, S, G2/M aedis calculated by using ModFit LT version 3.0.

4.2.4. Western Blotting analysis
A549 cells were cultured under regular growth ctiods to the exponential growth phase. Then A54% ¢6.0 x 10

cells/dish) were incubated with or witha2éaf at various concentrations for 6 h. After incubatithe cells were collected by
centrifugation and washed twice with phosphatedyeff saline chilled to 0 °C. The cells were homagghin RIPA lysis
buffer containing 150 mM NacCl, 50 mM Tris (pH 7.4% (w/v) sodium deoxycholate, 1% (v/v) Triton Xal®.1% (w/v) SDS,
and 1 mM EDTA (Beyotime, China). The lysates wereubated on ice for 30 min, intermittently vortex@eery 5 min, and
centrifuged at 12 500 g for 15 min to harvest thpesnatants. Next, the protein concentrations wletermined by a BCA
Protein Assay Kit (Thermo Fisher Scientific, Roakfolllinois, USA). The protein extracts were resttuted in loading buffer
containing 62 mM Tris-HCI, 2% SDS, 10% glyceroldasb 3-mercaptoethanol (Beyotime, China), and the mixtae boiled
at 100 °C for 10 min. An equal amount of the pregi50 mg) was separated by 8—-12% sodium dodelfgtesypolyacrylamide
gel electrophoresis (SDS-PAGE) and transferred itooaellulose membranes (Amersham Biosciences,leLi@halfont,
Buckinghamshire, UK). Then, the membranes werekigidavith 5% nonfat dried milk in TBS containing IP&een-20 for 90
min at room temperature and were incubated overmigfn specific primary antibodies (CST, USA) at’@. After washing
three times with TBS, the membranes were incubatitd the appropriate HRP-conjugated secondary edids at room
temperature for 2 h. The blots were developed withanced chemiluminescence (Pierce, RockfordpilinUSA) and were

detected by an LAS4000 imager (GE Healthcare, Weh&eWisconsin, USA).

4.2.5. Acute toxicity test



Sixty 8-week-old male BALB/c mice (SLRC Laboratofyiimal Inc., Shanghai, China) were used to evalsatgle-dose
toxicity. Mice were randomly divided into six graaifn = 10) and received a single intraperitone@ction of 26af at 0
(vehicle), 100, 200, 300, or 400 mg/kg on day 8peetively. One group was untreated as the norordt@. The mouse death
was monitored daily, body weight was measured e8etlpys for 15 days. At the end of experimentaiogerall animals were
euthanized by C&and necropsied for gross lesion examination fosibtes damage to the heart, liver, and kidneys. Asslies

from the liver, lung, kidney, and spleen were weigjlidata not shown).

4.2.6. Pharmacokinetic profiles of the selected maund

The pharmacokinetic parameters2@af was determined in BALB/c mice (SLRC Laboratory #ai Inc., Shanghai, China).
A total of 12 mice were randomly divided into twingps in this study (n = 6 each for i.v. and proug). The mice were fasted
overnight prior to dosing and fed 4 h postdosee&hserum samples were collected from each mousdirshtwo samples by
retro-orbital bleed and the third sample by cargiaocture. Each animal received a sir@fiaf as a solution in PEG 400/water
(70:30) by either oral administration (8 mg/kg) intravenous injection (2 mg/kg). Blood samples weodlected into the
microcentrifuge tubes containing heparin at 5,20min, 0.5, 1, 3, 6, 8, 10, 12, and 24 h time oiallowing iv dosing and at 5,
10, 20 min, 0.5, 1, 3, 6, 8, 10, 12, and 24 h feilg oral dosing. The blood samples were centriduge8000 rmp for 5 min and
the plasmas were stored at -20 °C until analydis. glasma samples were deproteinized with aceterstntaining an internal
standard. The mixture was vortex-mixed thorougloly ¥0 min at 1500 rpm, and then centrifuged at 6§G0r 10 min. The
supernatant was transferred to another clean 9f-web plate and centrifuged again at 6000 g fornid. Finally, the
compound concentrations in supernatant were meadwyel C/MS/MS. The results were shown as the marimplasma
concentration (Gay), the time to reach peak plasma concentrationy), terminal half-life T.;), the area under the plasma

concentration-time curve from zero to time infifUC,..), the total clearance&() and bioavailability [f).

4.3. Docking studies

For docking purposes, the three-dimensional straatfithe c-Met (PDB code: 3LQ8) and VEGFR-2 (POle: 3U6J) were
obtained from RCSB Protein Data Bank [72]. Hydrogésms were added to the structure allowing for@mpate ionization at
physiological pH. The protonated state of sevargidrtant residues was adjusted by using SYBYL 6(9ripos, St. Louis,
USA) in favor of forming reasonable hydrogen bonithvithe ligand. Molecular docking analysis was iegirout by the
Autodock 4.2 package to explore the binding modetttie active site of c-Met or VEGFR-2 with its msponding ligand. All
atoms located within the range of 5.0 A from argnabf the cofactor were selected into the actite, sind the corresponding
amino acid residue was, therefore, involved in® dlative binding site if only one of its atoms vea$ected. Other parameters

were all set as default in the docking calculatiohf calculations were performed on Silicon Gragshivorkstation. Then, in



order to check the stability of protein-ligand cdexp the best docking conformations that with tbedst docking energy
(c-MetR26af, VEGFR-226af) and the crystal structureof c-Met/foretinib weeenployed for molecular dynamics (MD)
simulations. It was carried out by AMBER softwaversion 16), using AMBER ff99sb force field for cphax [73]. Hydrogen
atoms were added to the initial c-Me8Af and VEGFR-226af complex model using the leap module, setting @liz residues
as their default protonation states at a neutravplde. The complex was solvated in a cubic peciddix of explicit TIP3P
water model that extended a minimum 10 A distamomfthe box surface to any atom of the solute.bsihd lengths were
constrained using the SHAKE algorithm and integratiime step was set to 2 fs using the Verlet lespfalgorithm. To
eliminate possible bumps between the solute anddivent, the entire systems was minimized in tteps Firstly, the complex
was restrained with a harmonic potential of thenfdr (Ax)>with a force constant k = 100 kcal/rit@h 2. The water molecules
and counter ions were optimized using the steegestent method, followed by the conjugate gradieethod. Secondly, the
entire system was optimized by using the first stegthod without any constraint. These two minimarasteps were followed
by annealing simulation with a weak restraint (kKLl80 kcal/mofA?) for the complex and the entire system was heated
gradually in the NVT ensemble from 0 to 298 K 08@0 ps. After the heating phase, a 10 ns MD sinaawvas performed
under 1 atm. The constant temperature was selett288 K with the NPT ensemble. Constant tempezatas maintained
using the Langevin thermostat with a collision freqcy of 2 ps. The constant pressure was maintained employiteojsic
position scaling algorithm with a relaxation timie2ops. Based on the final 10 ns MDs trajectorydB8napshots were extracted

from the last 3 ns trajectory for the refined bivgimodel.
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Highlights

° 39 novel N-sulfonylamidines were designed and synthesized for biological evaluation
° Compound 26af displayed an 1Cs, value of 2.89 nM against c-Met kinase

o 26af inhibited A549 cells by inducing apoptosis and G2/M phase cell cycle arrest

° 26af had desirable pharmacokinetic properties and an acceptable safety profile

L] Docking studies indicated the mode of interaction with the binding site of c-Met
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