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Compound8i bound to Axl with a I§ value of 1.1 nM, and inhibited its kinase actiwith an
ICsovalue of 26 nM. Furthei exhibited extraordinary target selectivity over 4i@ases, with a
S(10) and S(35) value of 0.022 and 0.42 auMQ and significantly inhibited the phosphorylation
of Axl and dose dependently inhibited cell invasiamnd migration in TGPl induced

MDA-MD-231 breast cancer cells.
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Abstract

Axl is a new promising molecular target for antipkstic therapies. A series of quinolone
antibiotic derivatives were designed and synthelsa® new selective Axl inhibitors. One of the
most promising compoun8 bound tightly to Axl with aKy value of 1.1 nM, and inhibited its
kinase activity with an I value of 26 nM. The compound also significantlyibited the
phosphorylation of Axl and dose dependently inkiticell invasion and migration in TGH-
induced MDA-MD-231 breast cancer cells. In additioBi demonstrated reasonable
pharmacokinetic properties and exhibited extra@ndirtarget selectivity over 468 kinases except
for FIt3 (ICso = 50 nM)), with a S(10) and S(35) value of 0.028 8.42 at 1.QuM, respectively.
Compound3i may serve as a new valuable lead compound forefatnticancer drug discovery.
Keyword: Axl, quinolones, selective inhibitor, breast canc
1. Introduction

Axl is a tyrosine kinase that belongs to TAM samily which consists of three highly
conserved members (i.e., Tyro3, Axl and c-mer portoogene tyrosine kinase (Mer)) [1]. Upon
binding with the endogenous ligand growth arreseffit 6 (Gas6), Axl activates various signal
transduction cascades (e.g. PI3K/Akt, MEK/ERK am@CS/STAT etc) to mediate a number of

fundamental cellular processes including cell groahd survival, proliferation, differentiation,



cell adhesion and migration, invasion and angiogienestc [2]. Over-expression and/or
over-activation of Axl is frequently detected irvariety of human tumors, and closely correlated
to tumor aggressiveness and drug resistance [ByEregulation of Axl correlates with poor
prognosis in various types of human cancer. Fdaint®, increasing levels of Axl and Gas6 are
frequently found and Axl is one of most phosphagdaRTKs in over 50% of non-small cell lung
cancer cells (NSCLCs) [6-7]. Recent results alsbcated that up-regulation of Axl tends to be
closely correlated to lymph node metastasis and gowival of NSCLC patients and is one of the
important mechanisms mediated resistance to EGFgettd therapies [8]. The pathological role
of Axl in breast cancer has also been evidenced itby prominent role to trigger
epithelial-mesenchymal transition (EMT) and mediat clinical resistance against lapatinib and
traztuzumab in Her2+ and/or ER+ breast cancermqat{®]. Most recent studies revealed that AxI
is closely associated with the expression of prognad death-ligand 1 (PD-L1) and inhibition of
Axl led to significant reduction of PD-L1 expressiander basal conditions, suggesting its
promising potential in cancer immunotherapy [10ll€ctively, Axl becomes a new attractive
molecular target for anti-neoplastic drug discoady.

A number of well characterized small molecule kanaghibitors, e.g. NPS-1034)([12] and
Gilteritinib (2) [13] were reported to exhibit potent Axl inhibitiactivity (Figurel), but few of
them was developed by using Axl as the primaryeiar§everal classes of selective Axl kinase
inhibitors were also developed, among which TPOg®)3[14] and R428 (BGB3244) [15]
(Figurel) have been advanced into different stages ofcainnvestigation. Particularly, inhibitor
4, which is recognized as first selective Ax| inldbiwith an 1G, value of 14.0 nM, was granted
as “orphan-drug” designation for treatment of aguiesloid leukemia (AML) in 2014 [16]. Most
recently, drugd also met the first efficacy endpoint in a phaselifical trial in NSCLC patients
by combination with erlotinib [17]. However, Myem@nd our previous work independently
demonstrated that inhibitdris actually also target other kinases (e.g. REHG¥R2 and Flt3) as
potently as Ax[18-19]. Thus, it is in urgent need to discovergnare selective Axl inhibitor to
explore the biological function of Axl. We have @g®d and synthesized a series of 4-oxo-1,
4-dihydroquinoline-3-carboxamides as novel selecthxl inhibitors 6, Figure 2) in which a
substituted quinazoline was utilized as a potefitiagje region binding moiety and a quinolone

was adapted as a “dual hydrogen bond acceptor (DHBAup [19]. Further improving the



pharmacokinetic properties &fled to compound with potent Axl inhibitory activity and ideal
pharmacokinetic property, which indicated that arbphilic group as larger as N-methyl
piperazine is tolerant in the DHBA region (Fig2g This promising result inspired us that
guinolone antibiotics with similar hydrophilic gneumay be utilized as favourable substitutes for
the DHBA segment 06. Quinolone represents the pharmacophore of anriammioclass of FDA
approved antibiotics, including ciprofloxacin, eacin, sarafloxacin, and marbofloxacin etc [20].
Following James Black’s famous saying “the mositfinlbasis of the discovery of a new drug is
to start with an old drug” [21], we introduced dtially used quinolone drugs into compouhds

a “DHBA group” and successfully obtained a new slaf quinolone-based selective Axl

inhibitors (Figure?).
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Figure 1. Chemical structures of reported Axl inhibitors.

head region linker DHBA group
—_— A

4 | Ay
N
H\P;‘D\/
F N
_0 | SN 5 (9im)
Ax11Csy = 4.0 "M
oA
OH
YE%EN
|
~ HO
' ) ’ e Mo
N N 6 O j@/ ~ Quinolone
F Hm/ 7 (Nadifloxacin) o drugs
j@ 0 O . % 0 SN
o drug repurposing | J
© o N7
- \N 6
I /) 8a-1
o N AxIIC5o=111nM

Figure 2. Design of the new potential selective Axl inhilogo



2. Chemistry

The designed compounds were readily synthesizada protocol outlined in Scheme 1.
Briefly, commercially available 4-chloro-6, 7-dirhexyquinazoline §) was treated with
4-amino-2-fluorophenollQ) to yield compoundl by a nucleophilic substitution. Intermedidie
was then condensed with various FDA approved gom®lantibiotics {) to afford the final
products8 in good yields
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Scheme 1. Synthesis of compounda-l. Reagents and conditions: (a) Sodium hydride (NaH),
N,N-dimethylformamide (DMF), 0 °C, 75%; (b)
2-(7-aza-1H-benzotriazol-1-yl)-1,1,3,3-tetrametlghium hexafluorophosphate (HATU), ethyl
diisopropylamine (DIPEA), DMF, room temperatureg),(dvernight, 75-90%.
3. Results and Discussion

Kinase inhibitory activities of the designed campds against Axl were evaluated via a
well-established fluorescence resonance energysfean(FRET)-based 'Ayte assayq22].
Inhibitor 4 was utilized as a positive control to validate 8weening conditions. Under the
experimental conditiong} exhibited strong inhibitory potency against Axitvan 1G, value of
8.8 nM, which is similar to the reported défablel) [15].

Table 1. In Vitro AxI Kinase Inhibitory Activities of Inhibitor§a-1.?
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% AxI kinase inhibition was determined by using @REA-based Z'-Lyte assay according to the
manufactory’s instructions (Invitrogen, Carsbad A).SThe compounds were incubated with the
kinase reaction mixture for 1.0-1.5 h before mearm@nt. Reported data are means from 3
independent experiments in which the variatiorss lthan 20%.

All of the designed compounds exhibited potent &mnactivity against Axl with 16 values
ranged from 0.020 uM to 1.25 uM (Taldle It was also shown that the quinolone antibiotitth
mono-substituted piperazine group or free amindyatroxyl group, such as ciprofloxaciBa,
enoxacin 8d), sarafloxacin &g), tosufloxacin 8h), nadifloxacin 8i) and the intermediate of
prulifloxacin @l), displayed favourable AxI inhibitory activitie$Qso = 0.020-0.054 uM). While
the derivatives of quinolone antibiotics with N-stituted @b, 8f and 8k) or steric hindrance
piperazine §e) displayed less potency. We also determined thé iAkibitory activity of
compound1l and quinolone antibioti@i. The results showed that boii and 7i have no
inhibitory activity against Axl kinase, thus comfied the contribution of quinolone block on Axl
inhibitory activity of designed compounds. Takemoiwonsideration both the kinase inhibitory
potency and structural novelty, we ch@&¢o do further evaluation.

The binding affinity of compoundi with Axl protein was further determined using an
active-site-dependent competition binding assaynduooted by DiscoveRx Corporation, San
Diego, USA)[23]. It was shown that compour&i tightly bound to Axl with a binding constant

(Kg) value of 1.1 nM. We also profiled the target stléty of 8i against a panel of 468 kinases



(including 403 non-mutated kinases) using the Die&x screening platform at a concentration of
1.0 uM, which is approximately 909 times higher than Kgvalue against Axl. The results
revealed tha8i displayed excellent target selectivity with S($);L0) and S(35) scores of 0.01,
0.022 and 0.042, respectively (Tald8). The major “off target” hits included colony stihating
factor-1 receptor (CSF1R), discoidal domain recept(DDR1), DDR2, FMS-like tyrosine kinase
3 (FIt3), v-kit Hardy-Zuckerman 4 feline sarcomaalioncogene homolog (Kit), serine/threonine
kinase 10 (LOK) and nerve growth factor receptofTAA) etc (Supporting Information). The
binding affinities Kgy) or kinase inhibitory activities (I of compound8i against these “off
targets” were further determined by using DiscoveRatform or our in-house kinase assays
(Table2). It was shown that compour®il exhibited an approximately 25~1000-fold less poyen
against the majority of the “off target” kinasesitwthe exception of FIt3 and LOK, which
displayed an Ig; value of 50 nM and K4 value of 8 nM, respectively. The binding affinitief 8i
with the other TAM tyrosine kinase members (Tyra8l dMer) were also determined. It was
shown thaBi exhibited a 25 fold less potency against Mer iy value of 25 nM, while it was
much less potent to Tyro3 withky value of 750 nM. These results collectively supgdrthat
compoundBi achieved an obviously better target selectivigntthe positive contral at the same

concentration (Figur8).
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Figure 3. KINOMEscan kinase selectivity profiles 8f and4 (R428).
Table 2. Binding affinities or kinase inhibition of compourdil against a panel of “off target”

kinases.

Kinase Kg or 1Csq (UM) Kinase Kgor ICsp (UM)




Axl 0.001%0.026 KIT >10°

ABL >10° LOK 0.008
AKT1/2/3 >10 MER 0.02%
CSF1R >10 PDGFRA >16
DDR1 >10 PDGFRB 0.793
DDR2 >10 TRKA 0.128
EGFR >10 TYRO3 0.756
FIt3 0.056 ZAK >10°

4 The binding affinities Kq) were determined by using DiscoveRx’s platformThe kinase
inhibitory activities (1Go) were evaluated by using “in-house” kinase assBRgported data are
means from 3 independent experiments in which #ntion is less than 20%.

The Axl inhibitory effect of compoun8i on the activation of Axl and downstream Akt signal
was also validated by determining the phosphooatevel of Axl and Akt in MDA-MB-231
breast cancer cells which expressing a high lef/éixb (Figure 4). The results revealed thait
dose-dependently inhibited the phosphorylation gf @AxI (Tyr702)) and the downstream Akt
(pAkt(Thr308)) at a low concentration, while theéalcamount of corresponding proteins remained

unchanged as determined by western blot analy8#JA-MB-231 cancer cells.
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Figure 4. Compoundi and4 inhibits activation of Axl and its downstream sadjng pathway in
MDA-MB-231 cells. The cells were treated with orthgut compoundi or 4 for 4h at the
indicated concentrations, respectively.

It is well documented that Axl is closely involvadthe tumor cell EMT transition process. In

breast cancer, Axl was identified as an EMT induetfelctor to participate in a positive feedback



loop that sustains the malignant mesenchymal pkpaobf breast tumor cells [24]. As
transforming growth factor beta receptor (T@F-is a widely recognized EMT inducer [25],
therefore, the potential antitumor activity &fwas further validated by determining the levels of
EMT associated proteins in MDA-MB-231 cells (Figuse As expected, TGB1 treatment
significantly induced EMT process as determinedthy expression level of EMT markers (a
decrease of epithelial cell biomarker E-cadherid @amcrease of mesenchymal cell marker
N-cadherin). The results also revealed that treatnué 8 dose dependently increases the
expression of epithelial marker E-cadherin and eses the expression of mesenchymal marker
N-cadherin in MDA-MB-231 cells as determined by wes blot analysis, which suggestidcan
reverse TGH1 induced expression of the EMT markers in a degpeddent manner.

It has been demonstrated that EMT mediated AxlagpHation is essential for breast cancer
invasiveness and metastasis [24]. Thus, encourbhygeits promising repressing ability on the
TGF$1 induced EMT transition, we also determined thppsession activity oBi on TGF1
induced tumor migration by a well-established tvegls assay. It was shown that treatment of
compound3i moderately inhibited the migrating process in MD¥B-231 cells, suppressing the
TGF$1 (10 ng/mL) induced cell migration by ~14.9%, &®&7% at concentrations of 1.0 and
5.00uM, respectively, compared with the untreated cdn{fegures 6A, 6B). We further
evaluated the inhibitory effect & on the invasiveness of MDA-MB-231 breast cancelsday
using a matrigel mediated Boyden chamber assaywds shown that compoundi
dose-dependently inhibited the invasiveness of MBB-231 cancer cells. Treatment Bf at
0.04, 0.2, 1.0 or 5.aM for 24 hours inhibited cancer cell invasion by7-4%, ~34.4%, ~73.8%
and ~90.3%, respectively (compared to the B&R10 ng/mL) treatment; Figuré& and6C).
These results collectively suggested the promigiogential of compoundi to serve as a lead

compound for further drug discovery.
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Figure 5. Compound8i reverses the expression of the EMT markers indmed GF$1 in
MDA-MB-231 cells as determined by western blot il
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Figure 6. Compound8i suppresses migration and invasion of MDA-MB-231lisce(A)
Compound 8i suppresses migration and invasion induced by PBGF10 ng/mL) in
MDA-MB-231 cells. (B, C) Quantity analysis of midi@n (B) and invasion (C). The results are
presented as the mean + standard deviation, *P<0ddbpare with TGIB1 treatment).

Given the promising Axl inhibitory activitin vitro, we further investigated preliminaiy vivo
pharmacological properties & in Sprague-Dawley (SD) rats (TabB. Plasma levels of the
compounds were monitored after a single oral dég5ang/kg or an i.v. dose of 2.5 mg/kg. The
results showed tha8i exhibited reasonable pharmacokinetic (PK) propeniith an area under
concentration—time curve (AUE,)) value of 25944.7ig/L*h and a T, value of 5.68 h at an oral
dose of 25 mg/kg. The (a (2386.9ug/L=3.6 uM) occurred at 4.0 h postdose, which was 138
times higher than its g value against AxI kinase.

Table 3. Pharmacokinetic profile of compoudin SD rats

8i

oral (25 mg/kg) i.v. (2.5 mg/kg)

AUC (0-0) (ug/L*h) 25944.7 20680.6

Cmax (ig/L) 2386.9 4358.2



T1/2 (h) 5.68 4.26

Tmax (h) 4.0 -
CLz (L/h/kg) -- 0.12
BA (%) 12.5% --

Moreover,8i was well tolerated and there was no animal deatibwious body weight change
and obvious toxicity to liver and kidney after thréce received 200 mg/kg, 400 mg/kg or 800
mg/kg administration o8i (Tables4 and Figure?). These results suggested ti@tnay serve as a

start point for further drug discovery.

Table 4. 8i has no effects on survival and weight of ICR mice

Doss(mg/K g) Number Weight(g)
od 7d 0d 7d

0 6 6 23.840.9 27.9+1.1
50 6 6 23.5£1.2 27.7+15
100 6 6 23.9+£1.2 27.6+1.6
200 6 6 23.340.9 25.8+1.2
400 6 6 23.7£1.1 26.1+1.3
600 6 6 23.9+1.2 25.6+1.5
800 6 6 24.1+1.3 25.2+1.6

Vehicle 200 mg/kg 400 mg/kg  800mg/kg
— T

Liver X400

Figure 7. HE staining showed th& had no obviously toxicity to liver and kidney. IQRice
were singly treated with vehicle or 8i, then thesties of liver and kidney were harvested after 7
days for HE staining.
4. Conclusion

In summary, a series of quinolone antibiotic denixes were designed and synthesized as novel
selective Axl inhibitors. One of the most promisiogmpounds8i tightly bound with Axl and

suppressed Axl kinase activity witia value of 1.1 nM and an kgvalue of 26 nM, respectively,



but it is significantly less potent for a paned®3 nonmutated kinases evaluated afudMQwhich

is approximately 909 times higher thanKigvalue against Axl) with the exception of FIt3. Bhu
to the best of our knowledg®, represents one of the most selective Axl inhilsitordate8i also
demonstrated reasonable PK properties and potanitlgit the phosphorylation levels of Axl.
Furthermore8i dose dependently blocked T@E-induced EMT and suppressed tumor invasion
and migration in MDA-MB-231 breast cancer cells. $trong Axl binding affinity and excellent
target selectivity make compoudnot only a promising lead compound for drug discyJait
also a valuable research probe for further biokigiovestigation of its target.

5. Experimental Section

5.1 General methods for chemistry

All reagents and solvents were purchased from cawiedesources without further purification.
Flash chromatography was performed using 300 miésh gel. All reactions were monitored by
TLC using silica gel plates with fluorescence F2Bd BV light visualization’H NMR spectra
was recorded on a Bruker AV-400 spectrometer atMBi2 or a Bruker AV-500 spectrometer at
500 MHz. **C NMR spectra was recorded on a Bruker AV-500 spewter at 125 MHz.
Coupling constantsJ] are expressed in hertz (Hz). Chemical shif)}sof NMR are reported in
parts per million (ppm) units relative to an int@rstandard (TMS). Low resolution ESI-MS were
recorded on an Agilent 1200 HPLC-MSD mass spectieimand high resolution ESI-MS on an
Applied Biosystems Q-STAR Elite ESI-LC-MS/MS magestrometer. Purity of compounds was
determined by reverse-phase high performance lighidmatography [HPLC, Dionex Summit
HPLC (Column: Diamonsil C18, 5.am, 4.6 x 250 mm (Dikma Technologies); detector:
PDA-100 photodiode array; injector: ASI-100 auteitpr; pump: p-680A)] to be >95%. A flow
rate of 1.0 mL/min was used with mobile phase ofdtein H,O with 0.1% modifier (ammonia,
vIv).

N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)-3-fluor ophenyl)-6-ethyl-1,2-dimethyl-7-(4-methylp
iper azin-1-yl)-4-oxo-1,4-dihydr oquinoline-3-car boxamide (6)

Compound6 was prepared by following a procedure similarhattof8i. '"H NMR (500 MHz,
DMSO-dg) 6 11.19 (s, 1H), 8.57 (s, 1H), 8.08 (s, 1H), 7.9, (= 13.3, 2.2 Hz, 1H), 7.59 (s, 1H),
7.49 (d,J = 8.9 Hz, 1H), 7.44 (d] = 8.6 Hz, 1H), 7.42 (s, 1H), 4.00 (s, 3H), 3.993(d), 3.82 (s,

3H), 3.03 (M, 4H), 2.74 (Gl = 7.5 Hz, 2H), 2.66 (s, 3H), 2.54 (m, 4H), 2.273H), 1.27 (tJ =



7.5 Hz, 3H).”*C NMR (125 MHz, DMSQdy) 6 173.67, 166.23, 164.58, 156.42, 156.11, 152.71,
152.60, 150.77, 149.45, 140.62, 138.92)(d,10.9 Hz, 1C), 135.14, 134.80 (= 13.0 Hz, 1C),
125.80, 124.80, 121.67, 118.29, 115.98, 109.62,0608.07.28, 106.50, 101.06, 56.68, 56.56,
55.47, 52.10, 46.28, 35.62, 23.09, 19.57, 14H9RMS (ESI) for GoH2gF2NgOsS [M+H]",
calcd: 641.2854, found: 641.2882PLC analysis: MeOH-D (85:15), 10.76 min, 97.64%
purity.

Cyclopropyl-N-(4-((6, 7-dimethoxyquinazolin-4-yl)oxy)-3-fluor ophenyl)-6-fluor 0-4-oxo-7-(pip
erazin-1-yl)-1,4-dihydr oquinoline-3-car boxamide (8a)

A mixture of 4-((6,7-dimethoxyquinazolin-4-yl)oxy-fluoroaniline @1, 100mg, 1
mmol),7-(4-(tert-butoxycarbonyl)piperazin-1-yl)-1-cyclopnggb-fluoro-4-oxo-1,4-dihydroquino
line-3-carboxylic acid {@) (150 mg, 1.1 mmol), HATU (180 mg, 1.5 mmol), antPBA
(0.16 mL, 3 mmol) in DMF (20 mL) was stirred absternight. Next, water was added to
the mixture, and the precipitates were filtratetie Filter cake was washed with water,
diluted with DCM, and concentrated in vacuo. Theuteng residue was purified by flash
chromatography on silica gel to get the produca aghite solid The resulting compound
(150 mg) was dissolved in 10 mL DCM, 5 mFCOOH was added slowly under ice bath, then
stirred at rt overnight. The organic solvent wamaeed under vacuum, and the resulting residue
was washed by saturated NaOH, then water was dddbe residue. The precipitate was filtered
and washed with EA and acetone to give the whivelyet (100 mg, 78%)H NMR (500 MHz,
CDCl;) 6 12.50 (s, 1H), 8.89 (s, 1H), 8.62 (s, 1H), 8.05)(d 13.5 Hz, 1H), 8.00 (dd; = 2.0 Hz,

J, = 12.0 Hz, 1H), 7.58 (s, 1H), 7.46 (= 9.0 Hz, 1H), 7.34 (m, 2H), 7.26 (s, 1H), 4.073),
4.06 (s, 3H), 3.52 (m, 1H), 3.28 {t= 4.5 Hz, 4H), 3.10 () = 4.5 Hz, 4H), 1.37 (m, 2H), 1.22 (m,
2H). °C NMR (125 MHz, CDG)) § 175.57, 164.87, 163.18, 155.96, 154.26)(d,246.3 Hz, 1C),
153.66 (dJ = 248.5 Hz, 1C), 152.89, 150.29, 149.44, 147.@5,89 (dJ = 10.1 Hz, 1C), 138.61,
137.80 (dJ =9.8 Hz, 1C), 135.32 (d,= 12.6 Hz, 1C), 123.82, 121.43 (ts 7.3 Hz, 1C), 116.09
(d, J = 3.0 Hz, 1C), 112.68 (dl = 23.3 Hz, 1C), 110.98, 110.31, 109.28 Jd; 23.0 Hz, 1C),
106.83, 104.67 (d] = 2.8 Hz, 1C), 101.10, 56.41, 56.39, 51.17, 514H497, 35.01, 8.24. HRMS
(ESI) for G3zH3zoFNegOs [M+H]+, calcd: 629.2319, found: 629.2306. HPLC lgas: MeOH-HO

(85:15), 17.78 min, 97.22% purity.



1-cyclopropyl-N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)-3-fluor ophenyl)-7-(4-ethylpiperazin
-1-yl)-6-fluor 0-4-oxo-1,4-dihydr oquinoline-3-car boxamide (8b)

The compound was prepared by following a procedimdlar to that of8i. *H NMR (500 MHz,
CDCl;) 6 12.50 (s, 1H), 8.89 (s, 1H), 8.63 (s, 1H), 8.06)(d 13.5 Hz, 1H), 8.00 (dd; = 2.5 Hz,

J, = 12.5 Hz, 1H), 7.58 (s, 1H), 7.46 (dd,= 0.5 Hz,J, = 8.5 Hz, 1H), 7.36 (m, 1H), 7.33(s, 1H)
7.28 (m, 1H), 4.08 (8H), 4.06 (s, 3H), 3.52 (m, 1H), 3.35 {tz 4.5 Hz, 4H), 2.69 (s, 4H), 2.52
(q, J = 7.0 Hz, 2H), 1.36 (m, 2H), 1.21 (m, 2H), 1.15)t 7.0 Hz, 3H).*C NMR (125 MHz,
CDCl;) ¢ 175.55, 164.86, 163.15, 155.94, 154.26](d,246.1 Hz, 1C), 153.64 (d,= 248.6 Hz,
1C), 152.92, 150.28, 149.46,147.03, 145.33)(d,10.4 Hz, 1C), 138.59, 137.82 @= 9.9 Hz,
1C), 135.32 (dJ = 13.0 Hz, 1C), 123.80, 121.47 = 7.3 Hz, 1C),116.07 (d, = 2.6 Hz, 1C),
112.66 (dJ = 23.1 Hz, 1C), 111.01, 110.32, 109.26Jd; 23.3 Hz, 1C), 106.86, 104.72, 104.70,
101.10, 56.40, 56.38, 52.53, 52.31, 50.00, 49.969%8 11.99, 8.23HRMS (ESI) for
CasH34FoNgOs [M+H] ", calcd: 657.2632, found: 657.2625. HPLC analyssOH-H,O
(85:15), 20.53 min, 98.36% purity

N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)-3-fluor ophenyl)-1-ethyl-6,8-difluor o-7-(3-methylpi

per azin-1-yl)-4-oxo-1,4-dihydr oquinoline-3-car boxamide (8c)

A mixture of 4-((6,7-dimethoxyquinazolin-4-yl)oxy-fluoroaniline @1, 315 mg, 1.0
mmol), 7-(4-(tert-butoxycarbonyl)-3-methylpiperazin-1-yl)ethyl-6,8-difluoro-4-oxo-1,4-
dihydroquinoline -3-carboxylic acid7¢, 490 mg, 1.0 mmol), HATU (574 mg, 1.5 mmol),
and DIPEA (0.5 mL, 3 mmol) in DMF (20 mL) was s#id at rt overnight. Next, water
was added to the mixture, and the precipitates firated. The filter cake was washed
with water, diluted with DCM, and concentrated ecuo. The produatvas then dissolved
in 10 mL DCM, 5 mL ECCOOH was added slowly under ice bath and stirtetiavernight. The
organic solvent was removed under vacuum, andethigdting residue was alkailized by saturated
NaOH. The precipitate was filtered and washed Eifhand acetone to give the white product
(485 mg, 75%)*H NMR (400 MHz,ds-DMSO) *H NMR (400 MHz, DMSOd) & 12.36 (s, 1H),
8.93 (s, 1H), 8.56 (s, 1H), 7.99 (dbs 12.0, 1.6 Hz, 1H), 7.94 (dd,= 12.0, 1.6 Hz, 1H), 7.56 (s,
1H), 7.51-7.45 (m, 2H), 7.40 (s, 1H), 4.62-4.57 @H), 4.00 (s, 3H), 3.98 (s, 3H), 3.58 (m, 2H),
3.49-3.40 (m, 3H), 3.29-3.17 (m, 2H), 1.48-1.45 @H), 1.26 (d,) = 6.4 Hz, 3H)**C NMR (125

MHz, ds-DMSO) ¢ 173.87, 164.49, 162.76, 158.70, 158.45, 156.48,005(d,J = 243.4 Hz, 1C),



153.85, 152.57, 151.17, 150.76, 149.44, 137.83 £d10.3 Hz, 1C), 135.26 (d,= 13.1 Hz, 1 C),
132.29 (d,J = 13.6 Hz, 1C), 127.141 (d,= 6.9 Hz, 1C), 125.11, 123.73 (@= 8.0 Hz, 1C),
116.50 (dJ = 11.9 Hz, 1C), 110.23, 109.59, 108.53J¢; 22.9 Hz, 1C), 107.56 (d,= 22.9 Hz,
1C), 101.02, 56.69, 56.53, 53.93, 53.77, 51.464Q1743.59, 16.45 (d] = 4.9 Hz, 1C), 15.83.
HRMS (ESI) for GsHsiFsNgOs [M+H]", calcd: 649.2333, found: 649.2361. HPLC
analysis: MeCN-HO (70:30), 6.81 min, 97.43% purity.
N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)-3-fluor ophenyl)-1-ethyl-6-fluor 0-4-oxo-7-(piper azi
n-1-yl)-1,4-dihydro-1,8-naphthyridine-3-car boxamide (8d)

The compound was prepared by following a procedimdar to that of8a. *H NMR (500 MHz,
CDCl;) 6 12.51 (s, 1H), 8.79 (s, 1H), 8.63 (s, 1H), 8.13)(d 13.5 Hz, 1H), 7.80 (dd; = 2.0 Hz,

J, = 12.0 Hz, 1H), 7.58 (s, 1H), 7.46 = 8.5 Hz, 1 H), 7.33 (s, 1H), 7.28 (m, 1H), 4.41=
7.0 Hz, 2H), 4.08 (s3H), 4.06 (s, 3H), 3.82 (1 = 4.5 Hz, 4H), 3.04 (1) = 4.5 Hz, 4H), 1.82 (s,
1H), 1.51 (t,J = 7.0 Hz, 3H).**C NMR (125 MHz, CDGJ) 6 175.65, 164.86, 163.05, 155.95,
154.26 (dJ = 245.9 Hz, 1C), 152.91, 150.37 = 9.0 Hz, 1C), 150.28, 149.46, 147.36 &
257.0 Hz, 1C), 146.02, 144.65, 137.80Jd; 9.6 Hz, 1C), 135.34 (d, = 13.1 Hz, 1C), 123.81,
120.66 (d,J = 21.9 Hz, 1C), 116.10 (d, = 2.9 Hz, 1C), 115.11 (d] = 3.0 Hz, 1C), 112.20,
110.32, 109.29 (d) = 23.3 Hz, 1C), 106.86, 101.10, 56.40, 56.38, 884B.32, 47.44, 46.11,
15.03.HRMS (ESI) for GiH29F2N;Os [M+H]", calcd: 618.2271, found: 618.2264. HPLC
analysis: MeOH-EO (85:15), 16.99 min, 96.81% purity.
5-amino-1-cyclopropyl-N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)-3-fluor ophenyl)
-7-((3S,5R)-3,5-dimethylpiper azin-1-yl)-6,8-difluor 0-4-oxo-1,4-dihydr oquinoline-3-car boxam
ide (8e)

The compound was prepared by following a procedimdar to that of8i. *H NMR (500 MHz,
de-DMSO0) 8 12.19 (s, 1H), 8.58 (s, 1H), 8.53 (s, 1H), 7.96)e 12.5 Hz, 1H), 7.55 (s, 1H),
7.44-7.37 (m, 5H), 3.98 (s, 3H), 3.97 (s, 3H), 384 = 12.0 Hz, 2H), 3.10 (s, 2H), 2.92 Jt=
11.5 Hz, 2H), 1.90 (s, 2H), 1.13-1.07 (m, 10H}C NMR (125 MHz,ds-DMSO) 5 178.94,
172.67, 164.49, 162.77, 156.42, 154.03Jd; 243.3 Hz, 1C), 152.56, 150.73, 149.67, 149.38,
139.76 (dJ = 230.5 Hz, 1C), 137.85 (d,= 9.75 Hz, 1C), 136.92 (d,= 13.3 Hz, 1C), 135.11 (d,
J =13.1 Hz, 1C), 133.20, 128.35, 124.96, 116.4®,.838) 109.15, 108.50 (d,= 23.5 Hz, 1C),

107.28, 107.15, 101.00, 56.66, 56.50, 56.05, 2115994, 9.01, 8.95HRMS (ESI) for



CasH34FsN;7Os [M+H] ", calcd: 690.2646, found: 690.2622. HPLC analyssOH-H,O
(90:10), 10.22 min, 95.56% purity.
N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)-3-fluor ophenyl)-6,8-difluor o-1-(2-fluor oethyl)-7-(4
-methylpiperazin-1-yl)-4-oxo-1,4-dihydr oquinoline-3-car boxamide (8f)

The compound was prepared by following a procediméar to that of8i. *H NMR (500 MHz,
de-DMSO0) 6 12.35 (s, 1H), 8.84 (s, 1H), 8.57 (s, 1H), 8.00)(d 12.5 Hz, 1H), 7.88 (dl = 12.0
Hz, 1H), 7.57 (s, 1H), 7.48 (m, 2H), 7.41 (s, 1495-4.86 (m, 4H), 4.00 (s, 3H), 3.99 (s, 3H),
3.33 (s, 4H), 2.45 (s, 4H), 2.23 (s, 3C NMR (125 MHz, CDG)) 6 174.61, 164.83, 162.44,
155.97, 155.01 (dJ = 249.0 Hz, 1C), 154.27 (d, = 246.3 Hz, 1C), 152.88, 150.87, 150.30,
149.47, 145.94 (dd};, = 6.4 Hz,J, = 244.4 Hz, 1C), 137.54 (d,= 9.5 Hz, 1C), 135.51 (d, =
13.0 Hz, 1C), 133.82 (1 = 13.8 Hz, 1C), 126.58 (d,= 5.2 Hz, 1C), 123.87, 122.87 @= 7.9
Hz, 1C), 116.12 (dJ = 2.8 Hz, 1C), 111.03, 110.30, 109.331d; 23.1 Hz, 1C), 108.81 (d,=
22.9 Hz, 1C), 106.86, 101.08, 81.25 (dds 5.4 Hz,J, = 172.3 Hz, 1C), 58.30 (dd; = 14.9 Hz,
J, = 20.4 Hz, 1C), 56.40, 56.38, 55.52, 50.89(t= 4.0 Hz, 2C), 46.34. HRMS (ESI) for
Ca3H30F4NgOs [M+H]+, calcd: 667.2287, found: 667.2290. HPLC lgss: MeOH-HO (85:15),
14.66 min, 99.56% purity.
N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)-3-fluor ophenyl)-6-fluor o-1-(4-fluor ophenyl)-4-oxo-
7-(piper azin-1-yl)-1,4-dihydr oquinoline-3-car boxamide (8g)

The compound was prepared by following a procediméar to that of8a. *H NMR (500 MHz,
de-DMSO) 6 12.51 (s, 1H), 8.61 (s, 1H), 8.54 (s, 1H), 7.96 {M), 7.92 (dJ = 13.0 Hz, 1H),
7.81 (m, 2H), 7.55 (m, 3H), 7.45 (m, 2H), 7.391bl), 3.98 (s, 3H), 3.97 (s, 3H), 2.91 (s, 4H),
2.77 (s, 4H)*C NMR (125 MHz,ds-DMS0) ¢ 179.96, 169.27, 167.73, 167.65 Jds 246.1 Hz,
1C), 161.20, 158.84 (d,= 243.5 Hz, 1C), 158.03 (d,= 247.0 Hz, 1C), 157.33 (d,= 24.4 Hz,
1C), 155.53, 154.21, 152.94 @ 23.1 Hz, 1C), 150.41(d,= 10.4 Hz, 1C), 143.81, 142.61 (o,
= 9.8 Hz, 1C), 141.87, 140.00 @@= 12.9 Hz, 1C), 135.11, 129.81, 125.13Jd; 7.3 Hz, 1C),
122.58 (dJ = 23.4 Hz, 1C), 121.18, 116.58, 115.24, 114.33,28, 112.03, 111.17, 105.79 (,
=12.6 Hz, 1C), 61.43, 61.27, 55.73, 50.BIRMS (ESI) for GgHooF3sNgOs [M+H] ", calcd:

683.2224, found: 683.2226. HPLC analysis: MeOdH85:15), 13.93 min, 95.12%

purity.



7-(3-aminopyrrolidin-1-yl)-1-(2,4-difluor ophenyl)-N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)
-3-fluor ophenyl)-6-fluor 0-4-oxo-1,4-dihydr o-1,8-naphthyridine-3-car boxamide (8h)

The compound was prepared by following a procedimdar to that of8a. *H NMR (500 MHz,
de-DMSO0) 6 12.52 (s, 1H), 8.75 (s, 1H), 8.57 (s, 1H), 8.06](d,13.0 Hz, 1H), 7.98 (dl = 12.5
Hz, 1H), 7.85 (m, 1H), 7.59 (m, 2H), 7.47 (ts 12.5 Hz, 2 H), 7.41 (s, 1H), 7.36 Jt= 8.0 Hz,
1H), 4.62 (s, 2H), 4.00 (s, 3H), 3.99 (s, 3H), 3(62 5H), 2.02 (s, 1H), 1.76 (s, 1IHJC NMR
(125 MHz, CDC}) 6 176.04 (d,J = 1.6 Hz, 1C), 164.78, 163.03 (dH,= 10.9 Hz,J, = 251.1 Hz,
1C), 162.59, 157.83 (dd; = 12.4 Hz,J, = 253.9 Hz, 1C), 155.96, 154.19 (5 246.1 Hz, 1C),
152.77, 150.29, 149.38, 148.92 Jc; 12.6 Hz, 1C), 146.39 (d,= 256.3 Hz, 1C), 146.15, 145.98,
137.62 (dJ = 9.6 Hz, 1C), 135.36 (d,= 13.3 Hz, 1C), 130.00 (d,= 10.1 Hz, 1C), 124.72 (dd,
Ji = 4.3 Hz,J, = 13.3 Hz, 1C), 123.82, 118.45 (= 20.6 Hz, 1C), 116.07 (d,= 2.6 Hz, 1C),
112.69, 112.41 (d] = 2.5 Hz, 1C), 112.01 (dd; = 3.4 Hz,J, = 22.5 Hz, 1C), 110.24, 109.20 (d,
J =23.0 Hz, 1C), 106.76, 104.94 Jt= 23.5 Hz, 1C), 101.03, 56.61, 56.57, 56.38, 5648692,
30.32. HRMS (ESI) for H,/FsN;Os [M+H]", calcd: 702.2083, found: 702.2074. HPLC
analysis: MeOH-BHO (85:15), 12.42 min, 99.81% purity.
N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)-3-fluor ophenyl)-9-fluor o-8-(4-hydr oxypiperidin-1-

yl)-5-methyl-1-0x0-1,5,6,7-tetr ahydropyrido[3,2,1-ij]quinoline-2-car boxamide. (8i)

A mixture of 4-((6,7-dimethoxyquinazolin-4-yl)oxy3-fluoroaniline @1, 315 mg, 1
mmol), Nadifloxacin (433 mg, 1.2 mmol), HATU (570gm1.5 mmol), and DIEA (0.5
mL, 3 mmol) in DMF (20 mL) was stirred at rt oveght. Next, water was added to the
mixture, and the precipitates was filtrated. Thieificake was washed with water, diluted
with DCM, and concentrated in vacuo. The resulthegidue was purified by flash
chromatography on silica gel to get the product asite solid (460 mg, 70 %) NMR
(500 MHz,ds-DMSO) § 12.66 (s, 1H), 8.95 (s, 1H), 8.57 (s, 1H), 8.02)& 13.0 Hz,
1H), 7.89 (dJ = 13.0 Hz, 1H), 7.58 (s, 1H), 7.48 (m, 2H), 7.411H), 4.87 (s, 1H), 4.75
(s, 1H), 4.00 (s, 3H), 3.99 (s, 3H), 3.68 (s, 1B1R0-3.13 (m, 3H), 2.96-2.92 (m, 2H),
2.16-2.06 (m, 2H), 1.90-1.83 (m, 2H), 1.63-1.50 @hl), 1.43 (d,J =6.5 Hz, 3H)."*C
NMR (125 MHz, ds-DMSO) 6 175.04, 164.47, 163.30, 157.47 (M= 247.3 Hz, 1C), 156.41,

154.04 (dJ = 243.5 Hz, 1C), 152.51, 150.74, 149.41, 147.42,33 (dJ = 13.6 Hz, 1C), 138.01



(d,J = 9.4 Hz, 1C), 135.06 (d, = 12.9 Hz, 1C), 133.57, 126.65, 124.92, 124.13(d8.1 Hz,
1C), 116.22, 109.79, 109.60, 109.56, 108.37J(d,23.1 Hz, 1C), 107.21, 101.03, 57.09, 56.60,
56.46, 49.08, 35.86, 35.50, 25.58, 20.05, 18H4RRMS (ESI) for GsHisF:NsOg [M+H]", calcd:
658.2424, found: 658.2416. HPLC analysis: MeOy3H85:15), 10.63 min, 99.51% purity. MW:

657.66, cLogP: 3.314, tPSA: 125.29.

N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)-3-fluor ophenyl)-9-fluor o-3-methyl-10-(4-methylpi

per azin-1-yl)-7-oxo-3,7-dihydr o-2H-[ 1,3,4] oxadiazino[6,5,4-ij] quinolone-6-carboxamide (8j).

The compound was prepared by following a procedimar to that ofgi. *H NMR (500 MHz,
ds-DMSO0) 6 12.47 (s, 1H), 8.73 (s, 1H), 8.56 (s, 1H), 7.99 (i), 7.57 (m, 2H), 7.45 (m, 2H),
7.41 (s, 1H), 5.32 (s, 2H), 4.00 (s, 3H), 3.99¢3), 3.33 (m, 4H), 3.03 (s, 3H),2.45 (s, 4H), 2.24
(s, 3H)."*C NMR (125 MHz,ds-DMSO) 6 174.54, 164.51, 162.78, 156.44, 155.69)(d, 244.5
Hz, 1C), 154.08 (d) = 243.5 Hz, 1C), 152.59, 150.77, 149.46, 144.38,86 (dJ = 7.4 Hz, 1C),
137.88 (d,J = 10.0 Hz, 1C), 135.20 (d, = 12.8 Hz, 1C), 131.45 (d,= 14.1 Hz, 1C), 125.07,
123.89, 121.49 (d] = 8.1 Hz, 1C), 116.39, 109.60, 109.53, 108.48(@+,22.8 Hz, 1C), 107.27,
104.45 (d,) = 23.4 Hz, 1C), 101.02, 82.64, 56.68, 56.52, 5565054, 46.47, 43.2HRMS (ESI)
for CssHaFoN,Og [M+H], calcd: 660.2377, found: 660.2373. HPLC analysis:

MeOH-H,O (85:15), 15.48 min, 99.89% purity.

(S)-N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)-3-fluor ophenyl)-9-fluor o-3-methyl-10-(4-methy
Ipiper azin-1-yl)-7-oxo-3,7-dihydro-2H-[ 1,4] oxazino[ 2,3,4-ij Jquinoline-6-car boxamide (8k)

The compound was prepared by following a procediméar to that of8i. *H NMR (500 MHz,
d-DMSO0) § 12.59 (s, 1H), 8.95 (s, 1H), 8.57 (s, 1H), 8.00 1id), 7.58 (m, 2H), 7.46 (m, 2H),
7.40 (s, 1 H), 4.92 (m, 1H), 4.57 @z 10.5 Hz, 1H), 4.38 (dl = 9.5 Hz, 1H), 4.00 (s, 3H), 3.99
(s, 3H), 3.33 (m, 4H), 2.63 (s, 4H), 2.37 (s, 3H}7 (d,J = 7.0 Hz, 3H)*C NMR (125 MHz,
ds-DMSO) 6 174.84, 164.52, 163.30, 156.43, 155.78](d, 244.0 Hz, 1C), 154.09 (d,= 243.5
Hz, 1C), 152.59, 150.76, 149.45, 146.00, 140.79 (7.1 Hz, 1C), 138.02 (d,= 10.1 Hz, 1C),
135.11 (dJ = 12.9 Hz, 1C), 131.39 (d,= 14.8 Hz, 1C), 125.06, 124.81, 122.07Jd; 8.6 Hz,
1C)116.36, 109.84, 109.60, 108.46 Jd= 22.9 Hz, 1C), 107.27, 103.97 @~ 23.3 Hz, 1C),
101.02, 68.64, 56.68, 56.52, 55.39, 54.85, 50.680} 18.36HRMS (ESI) for G4H3,F2NgOg

[M+H]", calcd: 659.2424, found: 659.2425. HPLC analy®isOH-H,O (85:15), 15.81



min, 98.54% purity.
N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)-3-fluor ophenyl)-6-fluor o-1-methyl-4-oxo-7-(pipera
zin-1-yl)-1,4-dihydro-[1,3]thiazeto[ 3,2-a]quinoline-3-car boxamide (8l)

The compound was prepared by following a procedimdar to that of8a. '"H NMR (400 MHz,
DMSO-dg) 6 12.12 (s, 1H), 8.57 (s, 1H), 7.98-7.91 (m, 1HR27(d,J = 13.9 Hz, 1H), 7.58 (s,
1H), 7.44 (ddJ = 3.9, 1.6 Hz, 2H), 7.42 (s, 1H), 6.86 Jds 7.3 Hz, 1H), 6.36 (q] = 6.1 Hz, 1H),
4.00 (s, 3H), 3.99 (s, 3H), 3.17 Jt= 4.6 Hz, 4H), 2.94-2.82 (m, 4H), 2.11 (s 6.1 Hz, 3H)°C
NMR (125 MHz, CDC}) 6 174.25, 164.81, 163.82, 162.12, 154.24 (d, J =Kz, 1C), 153.62,
152.87, 151.65, 150.267, 149.44, 145.6Q)(€,10.6 Hz, 1C), 137.38 (d,= 10.0 Hz, 1C), 135.56,
135.35 (dJ = 13.3 Hz, 1C), 123.79 (d,= 1.8 Hz, 1C), 120.75 (d,= 7.4 Hz, 1C), 115.82 (d,=
3.1 Hz, 1C), 114.05 (d] = 23.5 Hz, 1C), 110.05 (d,= 23.5 Hz, 1C), 106.84, 105.23, 101.07,
99.89, 69.37 , 56.37, 56.36, 51.03, 51.00, 45.822& 1.00HRMS (ESI) for G,H»gF2NgOsS
[M+H] ", calcd: 647.1883, found: 647.1882. HPLC analy®isOH-H,O (80:20), 15.66
min, 96.78% purity.

5.2 Cell Culture and Reagents

MDA-MB-231 cells were purchased from American typelture collection (ATCC).
MDA-MB-231 were maintained in Roswell Park Memoriattitute (RPMI)-1640 supplemented
with 10% fetal bovine serum (FBS), 100 U/mL petiicjl50 mg/mL streptomycin, and 2 mmol/L
glutamine in a humidified COncubator at 37 °C. All cells were passaged fes llhan 3 months
before renewal from frozen, early-passage stoctamda from the indicated sources.

The compound was dissolved in dimethyl sulfoxid®@&D, Sigma-Aldrich) at a concentration
of 10 mmol/L and stored at -20 °C. Primary antilesdagainst Ax| (8661), phosphor-Axl (T$%
5724), E-cadherin (3195), N-cadherin (13116), glgtehyde-3-phosphate dehydrogenase
(GAPDH, 2118) and anti-rabbit or anti-mouse IgG daoadish peroxidase (HRP)-linked
secondary antibodies were purchased from Cell 8igndechnology (CST, Boston, MA, USA).
Primary antibodies against v-akt murine thymomalvisncogene homolog (AKT, SC8312),
phosphor-AKT (SC16646R, SC7985R) were purchaseah fBanta Cruz Biotechnology (Santa
Cruz, CA)

5.3 Animals

Male Sprague Dawley mice were obtained from thav@hiCenter of Jinan University. Animal



experiments were performed in accordance with thal&for the Care and Use of Laboratory
Animals. All animal experimental procedures wer@raped by the Jinan University Animal
Policy and Welfare Committee.
5.41n Vitro Enzymatic Activity Assay

Axl and the Z'-Lyte Kinase Assay Kit were purchadeamn Invitrogen. The experiments were
performed according to the instructions of the nfiaciurer. The concentrations of kinases were
determined by optimization experiments and the eetige concentration was: Axl (PV3971,
Invitrogen) 0.22ug/uL. First, the compounds were diluted by three-fion 10™° M to 1x10*M
in DMSO and a 40QM of compound solution was prepareduf4 compound dissolved in 9@
water). Second, a 10@M ATP solution in 1.33xKinase Buffer was preparethird, a
kinase/peptide mixture containing 2xkinase andM! Tyr6 peptide (PV4122; Invitrogen) was
prepared right before use. Kinase/peptide mixtuae prepared by diluting Z’-LYTE Tyr6 peptide
(PV4122; Invitrogen) and kinase in 1xKinase Buffend 0.2uM Tyr6 phospho-peptide solution
was made by adding Z'-LYTE Tyr6 phospho-peptidelteKinase Buffer. The final 1QuL
reaction consists of 0.002 ng of AxIu® Tyr6 peptide in 1xkinase buffer. For each as@ylL
kinase reactions were made at first (including .5compound solution, HiL Kinase/Peptide
Mixture, and 2.5uL ATP solution). Mixed the plate thoroughly and ubated for one hour at
room temperature. Then 3. development solution was added to each well &edpiate was
incubated for 1.0 h at room temperature; the nosphapeptides were cleaved at this time. In the
end, 5puL stop reagent was loaded to stop the reaction. ther control setting, SulL
phospho-peptide solution instead of kinase/peptiiddure was used as 100% phosphorylation
control. 2.5uL 1.33xKinase Buffer instead of ATP solution wagdigs 100% inhibition control,
and 2.5uL 4% DMSO instead of compound solution was usethas0% inhibitor control. The
plate was measured on an EnVision Multilabel Red@erkin-Elmer). Curve fitting and data
presentations were performed using Graph Pad Pvisrsion 5.0. Every experiment was repeated
at least 2 times.
5.5 Western Blot Analysis

The western blot analysis was carried out by foltmgthe protocol described before. Briefly,
after the indicated treatment, cell lysates weréected dissolving cells in 1xSDS sample lysis

buffer (CST recommended). After being sonicated lamited, the supernatant of cell lysate were



used for western blot analysis. Cell lysates weesléd to 8-12% SDS-PAGE and separated by
electrophoresis. Separated proteins were therriekdtt transferred to a PVDF film. After being
blocked with 1xTBS containing 0.5% Tween-20 and B8f-fat milk, the film was incubated
with corresponding primary antibody followed by HR&hjugated secondary antibody. And the
protein lanes were visualized using ECL WesternttBlp Detection Kit (Thermo Scientific,
USA).
5.6 Cell Migration and Invasion Assay

Cell migration assays were evaluated in Transweintbers (Corning Costar). Cell invasion
assays were evaluated in Magrigel invasion cham{@osning Costar). 0.2~1 x 1@umor cells
were plated in the top chamber with medium withBBS. RPMI-1640 medium containing 2%
FBS with or without TGF$1 of 10 ng/ml and test compound (1.25~10 pmol/L} weded to the
bottom chamber. After incubation for 24 hrs at 87 the cells were fixed in 100% methanol and
stained with 0.25% crystal violet; and the cellatthad not migrated from the top surface of the
filters were removed with cotton. Migrated cells revequantitated by counting cells in six
randomly selected fields on each filter under arosicope at 200 magnification and graphed as
the mean of three independent experiments.
5.7 Determination of Pharmacokinetic ParameteRsats

Compound3i was dissolved in 0.5% CMC-Na solvents. Male Sprafasvley rats (190-230 g)
were dosed with the test compounds intravenousg)yafi 2.5 mg/kg and by oral gavage (po) at 25
mg/kg. Blood samples (0.2 mL) were then obtainedexternal jugular vein puncture at 0.25 h,
0.5h,1h,2h,4h,6h,8h, 24 h time pointd enllected into heparinized tubes. Samples were
centrifuged for cell removal, and the plasma sugtmt was then transferred to a clean vial and
subsequently stored in -80 °C prior to analysist Bample concentrations were determined by
LC/MS and pharmacokinetic parameters were caladilaseng Analyst 1.5.1 software.
5.81nvivo Acute Toxicity Study of compour@l

The ICR mice were randomly divided into an experitaegroup and a control group. Each
group contains 6 mice (male). The experimental gnmice were fed witt8i solution once at a
dose of 50, 100, 200, 400, 600 or 800 mg/kg. Thdrobanimals were treated with the same
volume of vehicle. After administration, all animmalere observed at 30 minutes, 1, 2, 4 and 6

hours, then during the remaining experimental pkrior a total of 7 days. All animals were



observed at least once per day. The animals’ baglghtvand survival were monitored every day.
In addition, their histopathology was all measuaiethe final observation time points.
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Quinolone 8i bound tightly to AxI with aKqvalue of 1.1 nM

8i dose dependently inhibited cell invasion and migration in TGF-B1 induced breast cancer
cells.

8i exhibited extraordinary target selectivity over 468 kinases with a S(10) and S(35) value of
0.022 and 0.42 at 1.0 uM, respectively.



