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Abstract:

Analysis of the results of studies of dockihgnd7a with c-Met kinase led to the identification of
benzofljoxazol-2(3H)-one-quinolone derivatives as potdniighibitors of this enzyme. A
molecular hybrid strategy, using a 4-ethoxy-7-situsd-quinoline core and a
benzofljoxazol-2(3H)-one scaffold, was employed to desiggmbers of this family for study as
inhibitors of the kinase and proliferation of EBGCzélls. Most of the substances were found to
display good to excellent c-Met kinase inhibitorgtidties. The results of a structure-activity
relationship (SAR) study led to the discovery ohbgd]oxazol-2(3H)-one-quinoloné&3, which
has 1G, values of 1 nM against c-Met kinase and 5 nM aggimoliferation of the EBC-1 cell
line.
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1. Introduction

c-Met, encoded by Met proto-oncogene, is a recefytosine kinase (RTK) whose binding
with the hepatocyte growth factor (HGF) inducesesalvcomplex signaling pathways that result
in cell proliferation, migration and invasion [1-4Aberrant c-Met activation, mutation,
amplification and translocation play important mlén cancer formation, progression,
dissemination, as well as drug resistance [5-9]rddwer, elevations of both c-Met and HGF are
also associated with poor clinical outcomes forcearpatients [10,11]. As a result, c-Met kinase
has received considerable attention as an atteaiztrget for cancer treatment.



During the last decade, the utilization of a stetbased drug design approach Ha3 led to
the discovery of a number of small molecules, whdssess various pharmacophores, such as
triazolopyridazines [13], triazolotriazines [14ljinolones [15-20dnd quinoxalines [21fhat have
c-Met inhibitory activities. Furthermore, a sigodint number of c-Met inhibitors are in clinic
trails at the current time (Fig. 1).

Figurel

The benzafloxazol-2(3H)-one ring system is an important staléeature of molecules that
have a diverse array of biological properties idolg anti-inflammatory, cytotoxicity, anti-tumor
and neurological activities [22-26]. More pertinémtthe current study is the report by workers at
the Merck company that although berdlokazol-2(3H)-onel (Fig. 2A) is a modest c-Met
inhibitor (ICso = 1.6 uM)[27], it has poor cellular inhibitory activity aget c-Met dependent
EBC-1 cell proliferation. Based on observations enamh a previous investigation of
pyridazinone-quinoline derivatives, we speculateat the greatly lowered cellular activity bfis
a consequence of the presence of the polar carearaip [28], which is not compatible with the
hydrophobic hinge pocket of the enzyme. We speedltiat replacement of the carbamate by the
more hydrophobic quinoline moiety (asah in Fig. 2A) would enhance both hydrogen bonding
(with Met1160) and hydrophobic interactions wittMet and lead to an improvement of cellular
activity (Fig. 2A). Importantly, a quinoline moiegerving as a motif to promote hinge binding is
prevalent in a number of known c-Met inhibitorsg(FL).

Based on the proposal made above, substances  rdngtai the
benzo[d]oxazol-2(3H)-one-quinolone scaffold wersigeed by using a molecular hybridization
strategy to be novel c-Met inhibitors (Fig. 2A). €Tlhesults of studies in which and 7a are
docked with c-Met kinase revealed that bedim{azol-2(3H)-one moiety iTa exactly matches
the binding model established usihgSpecifically,7a exists in a “U” shape conformation in the
ATP binding pocket of c-Met kinase where it is saiuthed between Met 1211 and Tyr1230 (Fig.
2B). In addition, the quinoline ring nitrogenia forms a hydrogen bond with Met1160 instead of
a carbonyl group, and the substituent at C7 ofghi@oline moiety appears to extend into the
solvent exposed region of the protein. SAR studieere explored using selected
benzoflloxazol-2(3H)-one and quinolone ring substitutedlags of7a (see Tables 1 and 2). The
results of this effort demonstrated that the bedfipapzol-2(3H)-one-quinolond3 is a potent
c-Met inhibitor and it displays anti-proliferati@ctivity against EBC-1 cells.

Figure2
2. Results and Discussion
2.1 Chemistry

The routes employed to synthesize benzo[d]oxaZHRbne-quinoloneda-7g are outlined
in Scheme 1. 6-Methylbenzo[d]oxazol-2(3H)-one, pred from commercially available
2-amino-5-methylphenol [27], was subjected to Nyktion with
2-bromoethoxyttbutyl-dimethylsilane) to form the corresponding aMylated derivative3.
Removal of the TBS group iB generated alcoha}, which was subjected to Buchwald cross
coupling with 7-substituted-4-chloroquinolines 6 to form the target

benzo[d]oxazol-2(3H)-one-quinolone&-7g. Intermediateste-6g used in these routes were
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generated by O-alkylation reactions of 4-chloroqiiive-7-ol [29] followed by amination
reactions with secondary amines.

Scheme 1

The methods used to prepare benzo[d]oxazol-2(3ld)eprinolonesrh-7i, 11, 12 and 13 are
outlined in Scheme 2. 4-Chloro-7-methoxyquinoline or 4-cbl@rbromoquinoline [30] were
reacted with Zert-butoxyethanol to produce the corresponding O-ethdarivatives9, which
were transformed to the respective alcohifls Mesylation of the hydroxyl group 0 was
followed by N-alkylation reactions with substitutbdnzoflloxazol-2(3H)-ones8 [27]to produce
benzo-oxazole substituted quinolonts Alternatively, 7h-7i and 12a-12c were generated by
Suzuki or Buchwald cross coupling reactions of¢theesponding bromo-substituted analags
Finally, the pyrazole derivativé3 was prepared by using a double Suzuki reactiotilbfwith
1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborouy})-1H-pyrazole.

Scheme 2
2.2 SAR Development and Lead Generation

An evaluation of the inhibitory activities of theefizo[d]oxazol-2(3H)-one-quinolone&-i
against c-Met kinase and proliferation of EBC-liselas carried out. The results of this SAR
exploration, focusing on the effects of quinolong €ubstituents are given in Table 1. The
findings show that these substances display exteilidnibitory activities against c-Met kinase
with 1Csq values in the 3.4-11.0 nM range. The C7 substituen the quinolone ring, which
modeling studies suggested would extend into theesbexposed region of the protein, have an
obvious effect on the cellular activity as deteredirby using the EBC-1 cell proliferation assay. In
line with this reasoning, the results (Table 1)wghbat introduction of hydrophilic substituents
leads to a dramatic improvement in proliferatiohilaition. For example7d-7g containing more
hydrophilic C7 substituents have cellular actitigith G values in the 120-330 nM range. In
addition,7d in which the carbamat®oiety in1 is replaced by a quinoline moiety is a more potent
cell proliferation inhibitor. Furthermor&g which contains a four carbon linker, is less pbtean
7e and7f, indicating that a linker length of two or thresrtoons is optimal for inhibition. Asl@h
possessing an amino side chain has a more potéulacénhibitory activity than doe3e which
contains an alkoxy side chain. Finally, introduatiof highly water soluble N-methylpyrazole
substituents, produc&s, which displays the most potent cell proliferatiohibitory activity (1G
= 35 nM) of substances in this family. NotabW, has the nearly the same anti-proliferation
inhibitory activity as does Crizotinib and a 10ddbwer ratio of cellular to enzymatic 4¢values
than this reference substances.

Tablel

An additional SAR study was carried out to expldhe effects of substituents on the
benzofljoxazol-2(3H)-one moiety in the benzo[d]Joxazol-2§3bhe-quinolones. The results
(Table 2) show thafa, 11b, 11d and12b, each of which contains a C6 substituent, extibfter
inhibitory activities against c-Met kinase than dta, 11c, 11e and 12c, which possess C5
substituents. Interestingly, the results of thekiag studies also showed that the space available
for a benzaflloxazol-2(3H)-one C5 substituent in the ATP bindsiig of c-Met protein is limited.

As a result, according to the results of dockinglgts with12b and12c (Fig. 3), introduction of a
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C5 substituent promotes a shift of the positiobiafling an inhibitor, which causes weakening of
then-n stacking interactions with Tyr1230 of c-Met. Fuatinore, the results show that substances
possessing both sterically and electron donatiogpg (e. g.7a with methyl andllg with amino
group), display more potent enzymatic inhibitorytidties than do analogs with electron
withdrawing groups (e. g11b with a fluoride group andld with a methyl formate group). Also,
12a containing a sterically bulky electron donatingpw has a highly decreased inhibitory
activity. In general, the findings show that sulogibn on the benzdJoxazol-2(3H)-one moiety
leads to no significant improvement in cellularivtt for substances in the family that do not
possess a hydrophilic C7 substituent that is ne@ddide solvent-exposed region of the protein.
Moreover, only1lg and 12b with an amino or N-methylpyrazole substituent & @f the
benzofljoxazol-2(3H)-one moiety display moderate EBC-1uwtat inhibition.

Table2

Figure3

Based on the results of the SAR study presentedveabave designed the
benzo[d]oxazol-2(3H)-one-quinolond3 (Fig. 4), which contains two N-methylpyrazole
substituents thatombine the favorable effects seen by introducinbsstuents on both the
benzofljoxazol-2(3H)-one scaffold and quinolone moietygrficantly, biological evaluation
showed thafl3 is an excellent c-Met inhibitor on both the enzjimand EBC-1 cellular levels
(ICso = 1 and 5 nM, respectively). The results of a duogkstudy with13 revealed that both
N-methylpyrazole groups extend into hydrophiliciceg of the kinase where they enjoy favorable
hydrophilic interactions (S, Figure S1).

Figure4

3. Conclusions

In conclusion, by using a molecular hybridizatidrategy, novel benzdloxazol-2(3H)-one
derivatives bearing 7-substituted-4-enthoxyquirelimoiety were designed to serve as c-Met
inhibitors. In accord with reasoning developed malgsis of the results of docking studies,
replacement of the carbamate grougd iwith a quinolone motif to enhance hinge region bigg
and introduction of a hydrophilic C7 substituent quinolone to promote favorable interactions
with water leads to benzo[d]oxazol-2(3H)-one-quimas that have significantly improved c-Met
kinase and cell proliferation inhibitory activitieginally, biological evaluation ofl3, which
contains two N-methylpyrazole groups selected byliaing the favorable substitution patterns
seen with both the benzi)pxazol-2(3H)-one and quinolone fragments, showkat it is an
excellent c-Met inhibitor on both enzymatic and EBCellular levels. Further evaluation and
optimization of the drug-like properties t8 are currently under investigation.

4. Experimental Section
4.1 General Information

'H NMR and**C NMR spectral data were recorded on with Variamddey 500, 400 or 300
NMR spectrometer and Chemical shify (vere reported in parts per million (ppm), and the
signals were described as brs (broad singlet)pdiét), dd (doublet of doublet), m (multiple), g
(quarter), s (singlet), and t (triplet). Couplingnstants J values) were given in Hz.
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Low-resolution mass spectra (ESl)was obtained usigi(ent HPLC-MS (1260-6120B) and all
final compounds had purity >95% determined by udifigh Pressure Liquid Chromatography
(HPLC) using a ZorbaxEclipase XDB-C18 column elgtimith a mixture of MeCN/Water (V:V =
70: 30).

4.2 The Procedure for Preparation of
3-(2-((tert-butyl dimethylsilyl)oxy)ethyl)-6-methyl benzo[ d] oxazol-2(3H)-one (3)
A solution of triphosgene (1.93 g, 6.5 mmol) in witous THF (40 mL) was added to a

solution of 2-amino-5-methylphenol (10 g, 8.1 mmaf}d EtN (2.3 mL) in anhydrous THF (40
mL) at O °C. The resulting solution was stirred@m temperature (RT) for overnight and was
diluted with water (10 mL). After 30 min, the reiact mixture was concentrated in vacuo and the
residue was extracted with ethyl acetate (50 mL¥B combined organic layer was washed by
saturated sodium chloride solution for three tintkied over anhydrous N&O, and concentrated
under reduced pressure to afford 6-methylbenzopijok2(3H)-one as an off-white solid. Yield
83% (1.93g). MS (ESIN50.1 [M+H]".

A solution of 6-methylbenzo[d]oxazol-2(3H)-one.{® g, 5.0 mmol) in DMF (30 mL) was
added with (2-bromoethoxyft-butyl)dimethylsilane (1.43 g, 6.0 mmol) and,C&5(1.95 g, 6.0
mmol). The reaction mixture was stirred at 50 °@eA5 h, the mixture was poured into water (60
mL) and then was extracted with ethyl acetate (2«3 The combined organic layer was
washed by water for two times and saturated sodibloride solution for one time, dried over
anhydrous Nz50, and concentrated under reduced pressure. Thaueesids purified by silica
gel chromatography to affofglas a white solid. Yield 85% (1.31 gH.NMR (400 MHz, CDC}))

3 7.01 (d,J= 0.6 Hz, 1H), 6.95 (d] = 1.0 Hz, 2H), 3.90 (d] = 8.5 Hz, 4H), 2.38 (d] = 0.4 Hz,
3H), 0.81 — 0.78 (m, 9H), -0.06 — -0.09 (M, 6H). KFESI):308.2 [M+H].

4.3 The Procedure for Preparation of 3-(2-hydrdxy@t6-methylbenzo[d]oxazol-2(3H)-or(d)
A solution 0f3 (0.92 g, 3.0 mmoljn THF (30 mL) and water (10 mL) was added with S|

(5 mL) and the mixture was stirred at RT for 1heTkaction mixture was concentrated in vacuo
and the residue was extracted with ethyl acetdienf2x3). The combined organic layer was
washed by 20 mL of 1N NaOH for two times and satataodium chloride solution for one time,
dried over anhydrous N&0O, and concentrated under reduced pressure. Thaieesids purified
by silica gel chromatography to affodcas a white solid. Yield 75% (0.43 4. NMR (300 MHz,
CDCl) 6 6.98 (s, 1H), 6.95 (s, 2H), 3.95 — 3.88 (m, 4H392t,J = 4.8 Hz, 1H), 2.35 (s, 3H). MS
(ESI): 194.1 [M+H].

4.4 The General Procedure for Preparatiofced
The mixture of dibromaliphatic analogue (25.0 mmol) and 4-chloroquinglinl (895 mg,

5.0 mmol) in DMF (20 mL) was added with®O5(3.45 g, 25.0 mmol) and stirred at 50 °C for 5
h. Then the reaction mixture was cooled to roonmptenature and quenched with water (20 mL).

The mixture was extracted with ethyl acetate (30xB)L The combined organic layer was
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washed by saturated sodium chloride solution forehtimes, dried over anhydrous,S@), and
concentrated under reduced pressure. The crudeigirddvas reacted further directly without
the purification.

The mixture of5 (4.0 mmol) and secondary amine (20.0 mmol) in D{6 mL) was added
K>CO;(20.0 mmol) and stirred at 50 °C for 5 h. Then fibaction mixture was cooled to room
temperature and quenched with water. The mixture exdracted with ethyl acetate (30 mLx3).
The combined organic layer was washed by satursdddim chloride solution for three times,
dried over anhydrous N80, and concentrated under reduced pressure. Theieasis purified

by silica gel chromatography to affoBd-6g.

4.4.1. 4-chloro-7-(3-(pyrrolidin-1-yl)propoxy)quitioe (6¢).
Yellow solid (8 %, 2 stepsjH NMR (300 MHz, CDC}) 5 8.68 (d,J = 4.8 Hz, 1H), 8.10 (d] =

9.1 Hz, 1H), 7.42 (s, 1H), 7.33 (@= 4.6 Hz, 1H), 7.30 (s, 1H), 4.19 {t= 6.3 Hz, 2H), 2.72 —
2.63 (M, 2H), 2.55 (s, 4H), 2.14 — 2.04 (m, 2HBOL(S, 4H). MS (ESI): 291.1 [M+H]

4.4.2. 4-chloro-7-(3-(4-methylpiperazin-1-yl)progdguinoline 6d).
Yellow solid (76%, 2 stepsH NMR (300 MHz, CDCJ) & 8.68 (d,J = 4.6 Hz, 1H), 8.10 (d] =

8.9 Hz, 1H), 7.41 (s, 1H), 7.33 @= 4.5 Hz, 1H), 7.29 (s, 1H), 4.18 Jt= 6.3 Hz, 2H), 2.58 (d]
= 7.1 Hz, 2H), 2.55 (s, 8H), 2.29 (s, 3H), 2.052d). MS (ESI): 320.2 [M+H]

4.4.3. 4-(3-((4-chloroquinolin-7-yl)oxy)propyl)mdnpline ©e).
Yellow solid (81%, 2 stepsH NMR (300 MHz, CDCJ) 5 8.67 (d,J = 4.8 Hz, 1H), 8.10 (d] =

9.2 Hz, 1H), 7.41 (d) = 2.5 Hz, 1H), 7.33 (d] = 4.8 Hz, 1H), 7.30 — 7.26 (m, 1H), 4.18Jt
6.3 Hz, 2H), 3.75 — 3.70 (m, 4H), 2.59 — 2.53 (i), 22.52 — 2.44 (m, 4H), 2.05 (dt= 13.5, 6.5
Hz, 2H). MS (ESI): 307.1 [M+H]

4.4.4. 4-(2-((4-chloroquinolin-7-yl)oxy)ethyl)morpline (6f).
Yellow solid (75% ,2 stepsH NMR (300 MHz, CDCJ) & 8.69 (d,J = 4.8 Hz, 1H), 8.11 (d] =

9.2 Hz, 1H), 7.41 (d) = 2.5 Hz, 1H), 7.35 (d] = 4.8 Hz, 1H), 7.33 — 7.29 (m, 1H), 4.29 {c=
5.6 Hz, 2H), 3.80 — 3.73 (m, 4H), 2.89.Jt= 5.6 Hz, 2H), 2.69 — 2.56 (m, 4H). MS (ESI): 283.
[M+H]".

4.5 The General Procedure for Preparatioreetg.
A solution of the corresponding compoudi. mmol) in dry toluene (20 mL) was added with

(252 mg, 1.3 mmol), Pd(OAg)22 mg, 10 mol%), SPhos (82 mg, 20 mol%) angCCs (651 mg,

2 mmol) . The mixture was stirred at 110 °C undgorn atmosphere for 12 h and then cooled to
room temperature. The solution was removed in vaand the residue was extracted with ethyl
acetate (20 mLx3). The combined organic layer washed by saturated sodium chloride solution
for three times, dried over anhydrous,8@, and concentrated under reduced pressure. The

residue was purified by silica gel chromatograghgftord 7a-7g.



4.5.1. 3-(2-((7-methoxyquinolin-4-yl)oxy)ethyl)-6ethylbenzo[d]oxazol-2(3H)-on&4).

White solid (60%)H NMR (300 MHz, CDC}) & 8.64 (d,J = 5.3 Hz, 1H), 7.88 (d] = 9.2 Hz,
1H), 7.33 (dJ = 2.4 Hz, 1H), 7.11 — 7.01 (m, 4H), 6.59 {ds 5.3 Hz, 1H), 4.49 (t) = 5.1 Hz,
2H), 4.35 (tJ = 5.1 Hz, 2H), 3.92 (s, 3H), 2.39 (s, 3HC NMR (151 MHz, CDGJ) 5 161.06 (s),
160.84 (s), 154.71 (s), 151.56 (s), 151.18 (s),8018s), 133.02 (s), 128.85 (s), 124.22 (s), 122.97
(s), 118.60 (s), 115.56 (s), 110.97 (s), 108.0,11@7.14 (s), 99.22 (s), 65.43 (s), 55.46 (s), 31.5
(s), 21.42 (s). MS (ESI): 351.2 [M+H]Purity: >95%.

45.2.  3-(2-((7-(2-methoxyethoxy)quinolin-4-yl)oxethyl)-6-methylbenzo[d]oxazol-2(3H)-one
(7b).

White solid (56%)'H NMR (400 MHz, CDC}) 6 8.64 (d,J = 5.4 Hz, 1H), 7.89 (ddl = 9.2, 6.2
Hz, 1H), 7.35 (dJ = 2.1 Hz, 1H), 7.15 (ddl = 9.1, 2.4 Hz, 1H), 7.04 (d,= 3.9 Hz, 3H), 6.61 (d,
J=05.4 Hz, 1H), 4.50 (1 = 5.1 Hz, 2H), 4.36 (1) = 5.1 Hz, 2H), 4.28 — 4.21 (m, 2H), 3.84 - 3.78
(m, 2H), 3.47 (s, 3H), 2.39 (s, 3H). MS (ESI): 3@BVI+H]". Purity: >95%.

4.5.3.6-methyl-3-(2-((7-(3-(pyrrolidin-1-yl)propo)guinolin-4-yl)oxy)ethyl)benzo[d]oxazol-2(3H
)-one ((c).

White solid (40%)H NMR (400 MHz, CDC}) & 8.66 (d,J = 5.2 Hz, 1H), 7.91 (d) = 9.1 Hz,

1H), 7.35 (s, 1H), 7.09 (di,= 6.4, 2.9 Hz, 4H), 6.62 (d,= 5.3 Hz, 1H), 4.52 (1) = 5.1 Hz, 2H),

4.38 (t,J=5.1 Hz, 2H), 4.17 (] = 6.3 Hz, 2H), 3.79 — 3.70 (m, 4H), 2.60 — 2.56 2id), 2.51 (s,

4H), 2.42 (s, 3H), 2.11 — 2.02 (m, 2H). MS (ESH8SB [M+HT". Purity: >95%.

4.5.4.6-methyl-3-(2-((7-(3-(4-methylpiperazin-1gppoxy)quinolin-4-yl)oxy)ethyl)benzo[d]oxa
zol-2(3H)-one Td).

White solid (45%)H NMR (400 MHz, DMSO) 8.54 (d,J = 5.4 Hz, 1H), 7.90 (d] = 9.2 Hz,
1H), 7.25 - 7.14 (m, 2H), 7.11 — 7.02 (m, 2H), 688,J = 8.2, 0.9 Hz, 1H), 6.85 (d,= 5.5 Hz,
1H), 4.56 (tJ = 4.9 Hz, 2H), 4.39 (1] = 4.9 Hz, 2H), 4.15 (] = 6.1 Hz, 2H), 2.88 (s, 4H), 2.75 —
2.65 (m, 4H), 2.55 (s, 3H), 2.37 (s, 3H), 2.12602m, 2H), 1.25 (d) = 6.4 Hz, 1H). MS (ESI):
477.3 [M+HT. Purity: >95%.

4.5.5.6-methyl-3-(2-((7-(3-morpholinopropoxy)quimsh-yl)oxy)ethyl)benzo[d]oxazol-2(3H)-on

e (7e).

White solid (53%)H NMR (300 MHz, CDC}) & 8.56 (d,J = 5.3 Hz, 1H), 7.81 (d] = 9.2 Hz,
1H), 7.25 (dJ = 2.4 Hz, 1H), 7.03 — 6.95 (m, 4H), 6.52 Jds 5.3 Hz, 1H), 4.42 () = 5.1 Hz,
2H), 4.28 (t,J = 5.1 Hz, 2H), 4.08 () = 6.3 Hz, 2H), 3.70 — 3.63 (m, 4H), 2.49 {d; 7.0 Hz,
2H), 2.41 (dJ = 4.3 Hz, 4H), 2.33 (s, 3H), 1.95 (dbi= 14.0, 7.0 Hz, 2H}*C NMR (151 MHz,
CDCly) 4 160.81 (s), 160.39 (s), 154.71 (s), 151.58 (s2,8%(s), 133.02 (s), 128.87 (s), 124.21
(s), 122.94 (s), 118.81 (s), 115.51 (s), 110.991@8.02 (s), 107.85 (s), 99.18 (s), 67.01 (S)296.
(s), 65.42 (s), 55.53 (s), 53.76 (s), 41.54 (s)226s), 21.43 (s). MS (ESI): 464.2 [M+H]
Purity: >95%.

4.5.6. 6-methyl-3-(2-((7-(2-morpholinoethoxy)quimah-yl)oxy)ethyl)benzo[d]oxazol-2(3H)-one
(7).

White solid (57%)H NMR (300 MHz, CDC}) & 8.63 (d,J = 5.3 Hz, 1H), 7.88 (d] = 9.1 Hz,
1H), 7.48 — 7.40 (m, 1H), 7.31 (@~ 2.4 Hz, 1H), 7.09 (dd] = 9.3, 2.5 Hz, 1H), 6.60 (d,= 5.3

Hz, 1H), 4.49 (tJ = 5.1 Hz, 2H), 4.35 () = 5.1 Hz, 2H), 4.31 — 4.20 (m, 2H), 3.81 — 3.70 (m
10



4H), 2.87 (ddJ) = 11.6, 6.0 Hz, 2H), 2.67 — 2.56 (m, 4H), 2.381¢; 6.6 Hz, 3H), 1.75 (s, 3H).
LCMS (ESI): 450.2 [M+H]. Purity: >95%.

4.5.7. 6-methyl-3-(2-((7-(4-morpholinobutoxy)quimel-yl)oxy)ethyl)benzo[d]oxazol-2(3H)-one
(79).

White solid (50%)H NMR (300 MHz, CDC}) & 8.63 (d,J = 5.3 Hz, 1H), 7.88 (d] = 9.2 Hz,
1H), 7.30 (s, 1H), 7.13 — 6.97 (m, 4H), 6.59J¢& 5.2 Hz, 1H), 4.49 (d] = 4.8 Hz, 2H), 4.35 (]

= 4.9 Hz, 2H), 4.11 (1) = 6.4 Hz, 2H), 3.72 (d] = 4.3 Hz, 4H), 2.45 (d] = 4.6 Hz, 6H), 2.40 (s,
3H), 1.95 — 1.83 (m, 2H), 1.73 (s, 2W)S (ESI): 478.3 [M+H]. Purity: >95%.

4.6 The General Procedure for Preparatiotilof

A solution of 2-{ert-butoxy)ethanol (708 mg, 6 mmol) in DMF (40 mL) wadded with NaH
(480 mg, 12 mmol). After stirred for 15 minutessubstitued-4-chloroquinoline (4 mmol) was
added to the mixture and then stirred at 40 °Cof@rnight. The reaction mixture was quenched
with water and extracted with ethyl acetate (30 B)L.Xhe combined organic layer was washed
by saturated sodium chloride solution for threeetindried over anhydrous D, and
concentrated under reduced pressure. The residsgwified by silica gel chromatography to
afford 9.

Compound (2.0 mmol) was dissolved in TFA (10ml), and th&iSon was stirred at RT for 1
hour. Then the mixture was concentrated in vacubtla@ residue was extracted with ethyl acetate
(20 mLx3). The combined organic layer was washed @ NaOH solution for two times and
saturated sodium chloride solution for one timéediiover anhydrous N8O, and concentrated
under reduced pressure to g\

10 (2.0 mmol) was dissolved in toluene (20 mL) and #olution was cooled to 0 °C. The
mixture was slowly added with & (4.0 mmol) and methanesulfonyl chloride (0.19 r2l4
mmol), respectively. The reaction mixture was stirat room temperature for 30 minutes and then
guenched with water. The mixture was extracted withyl acetate (30 mLx3). The combined
organic layer was washed by saturated sodium cldosolution for three times, dried over
anhydrous N#50, and concentrated under reduced pressure. The qmatkict was further
reacted directly for next step without further [figetion.

The crude product above (2.0 mmol) was dissolvedMF (20mL). The corresponding
benzofljoxazol-2(3H)-one (2.4 mmol) and £30; (782 mg, 2.4 mmol) was added to the solution.
The reaction mixture was stirred at 50 °C for 5nrd @¢hen cooled to room temperature. The
mixture was diluted with water (40 mL) and then wafacted with ethyl acetate (20 mLx3). The
combined organic layer was washed by saturatedisodhloride solution for three times, dried
over anhydrous N&O, and concentrated under reduced pressure. Theueewsids purified by
silica gel chromatography to affold.

4.6.1. 3-(2-((7-methoxyquinolin-4-yl)oxy)ethyl)-5athylbenzo[d]oxazol-2(3H)-ond 1a).

White solid (36%, 4 stepsH NMR (300 MHz, CDC}) § 8.64 (d,J = 5.3 Hz, 1H), 7.89 (dJ =
9.2 Hz, 1H), 7.32 (s, 1H), 7.08 (@= 7.7 Hz, 2H), 7.01 (s, 1H), 6.92 @@= 8.1 Hz, 1H), 6.60 (d,
J=5.3 Hz, 1H), 4.48 (d] = 5.1 Hz, 2H), 4.35 (d] = 5.0 Hz, 2H), 3.92 (s, 3H), 2.42 (s, 3HC
NMR (101 MHz, CDC}) 6 162.45 (s), 162.21 (s), 156.23 (s), 153.05 (s2.6% (s), 142.10 (s),
135.32 (s), 132.48 (d] = 30.6 Hz), 124.55 (s), 124.36 (s), 119.99 (sh.94 (s), 111.30 (s),
110.65 (s), 108.56 (s), 100.64 (s), 67.11 (s), ®GH, 42.84 (s), 22.92 (s). MS (ESI): 351.1
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[M+H]".. Purity: >95%.

4.6.2. 6-fluoro-3-(2-((7-methoxyquinolin-4-yl)oxyyg/l)benzo[d]oxazol-2(3H)-onel{b).

White solid (30%, 4 stepsH NMR (300 MHz, CDC}) 5 8.65 (d,J = 5.3 Hz, 1H), 7.85 (d] =

9.2 Hz, 1H), 7.34 (s, 1H), 7.09 (@= 8.5 Hz, 2H), 7.01 (1) = 8.6 Hz, 2H), 6.61 (d] = 5.2 Hz,
1H), 4.51 (d,J = 5.0 Hz, 2H), 4.38 (d) = 4.7 Hz, 2H), 3.94 (d) = 6.7 Hz, 3H). MS (ESI):
355 .1[M+H]J". Purity: >95%.

4.6.3. 5-fluoro-3-(2-((7-methoxyquinolin-4-yl)oxytjg/l)benzo[d]oxazol-2(3H)-onel{c).

White solid (20%, 4 stepsH NMR (300 MHz, CDCY) & 8.65 (s, 1H), 7.88 (d] = 9.1 Hz, 1H),
7.34 (s, 1H), 7.14 (s, 2H), 6.96 (s, 1H), 6.851(), 6.62 (s, 1H), 4.51 (s, 2H), 4.36 (s, 2H), 3.93
(s, 3H)."*C NMR (151 MHz, CDG)) 5 161.16 (s), 160.75 (s), 154.72 (s), 151.48 (s}, 15 (s),
138.53 (s), 122.74 (s), 118.77 (s), 115.43 (s),MQd,J = 9.4 Hz), 108.98 (d) = 24.6 Hz),
108.77 (s), 107.16 (s), 99.21 (s), 97.28 (s), 919)965.43 (s), 55.49 (s), 41.82 (s). MS (ESI):
355.0 [M+H]'". Purity: >95%.

4.6.4. methyl
3-(2-((7-methoxyquinolin-4-yl)oxy)ethyl)-2-oxo-2 @hydrobenzo[d]oxazole-6-carboxylate
(11d).

White solid (17%, 4 steps)H NMR (300 MHz, CDC}) & 8.65 (d,J = 5.3 Hz, 1H), 8.03 (dd] =

8.2, 1.5 Hz, 1H), 7.89 (d,= 1.4 Hz, 1H), 7.82 (d] = 9.2 Hz, 1H), 7.33 (d] = 2.4 Hz, 1H), 7.24

(d, J = 8.3 Hz, 1H), 7.08 (dd] = 9.2, 2.6 Hz, 1H), 6.61 (d,= 5.3 Hz, 1H), 4.53 (1] = 4.9 Hz,
2H), 4.41 (tJ = 4.9 Hz, 2H), 3.94 (d] = 3.3 Hz, 3H), 3.92 (s, 3HY’C NMR (101 MHz, CDG))

6 167.52 (s), 162.53 (s), 162.10 (s), 155.76 (sP.95 (s), 152.55 (s), 143.68 (s), 136.64 (s),
127.88 (s), 126.60 (s), 124.11 (s), 120.18 (s),81.6s), 112.93 (s), 109.33 (s), 108.55 (s), 100.63
(s), 66.75 (s), 56.91 (s), 53.85 (s), 43.28 (s).(ESI): 395.1 [M+H]. Purity: >95%.

4.6.5. methyl
3-(2-((7-methoxyquinolin-4-yl)oxy)ethyl)-2-oxo-2 @hydrobenzo[d]oxazole-5-carboxylatEL€).
White solid (16%, 4 stepsH NMR (300 MHz, CDC}) & 8.67 — 8.63 (m, 1H), 7.97 — 7.89 (m,
2H), 7.33 (dJ = 2.5 Hz, 1H), 7.28 (s, 1H), 7.25 @z 2.1 Hz, 1H), 7.05 (ddl = 9.1, 2.6 Hz, 1H),
6.62 (dd,J = 5.3, 2.8 Hz, 1H), 4.53 (§, = 5.1 Hz, 2H), 4.49 — 4.41 (m, 2H), 3.98 {d; 4.2 Hz,
3H), 3.92 (dJ = 1.5 Hz, 3H). MS (ESI): 395.2 [M+H]Purity: >95%.

4.6.6. 6-methoxy-3-(2-((7-methoxyquinolin-4-yl)oxghyl)benzo[d]oxazol-2(3H)-ondXf).

White solid (37%, 4 stepsH NMR (300 MHz, CDC}) & 8.65 (d,J = 5.4 Hz, 1H), 7.89 (d] =

9.1 Hz, 1H), 7.34 (s, 1H), 7.08 &= 9.1 Hz, 2H), 6.85 (s, 1H), 6.79 = 8.9 Hz, 1H), 6.61 (d]

= 5.2 Hz, 1H), 4.50 (t) = 5.1 Hz, 2H), 4.35 (t) = 5.1 Hz, 2H), 3.92 (s, 4H), 3.81 (s, 3HC
NMR (151 MHz, CDC}) 6 161.06 (s), 160.81 (s), 156.33 (s), 154.78 (s1.35(s), 151.17 (s),
143.36 (s), 124.78 (s), 122.93 (s), 118.61 (s),54L%s), 109.38 (s), 108.52 (s), 107.16 (s), 99.23
(s), 97.75 (s), 65.45 (s), 56.06 (s), 55.46 (s)531s). MS (ESI): 367.1 [M+H] Purity: >95%.

4.6.7. 6-amino-3-(2-((7-methoxyquinolin-4-yl)oxyhgt)benzo[d]oxazol-2(3H)-onellg).
White solid (40%, 4 stepsH NMR (300 MHz, CDCY)) & 8.64 (s, 1H), 7.93 (d] = 9.0 Hz, 1H),
7.36 (s, 1H), 7.13 (s, 1H), 6.93 @z 8.3 Hz, 1H), 6.63 (s, 2H), 6.56 (s, 1H), 4.49Xd 5.3 Hz,
2H), 4.32 (dJ = 5.3 Hz, 2H), 3.93 (s, 3H). MS (ESI): 352.1 [M+HPurity: >95%.
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4.6.8. 3-(2-((7-bromoquinolin-4-yl)oxy)ethyl)-6-ntibenzo[d]oxazol-2(3H)-onel{h).

White solid (21%, 4 stepsH NMR (300 MHz, CDC)) & 8.72 (d,J = 5.1 Hz, 1H), 8.18 (s, 1H),
7.87 (d,J=9.0 Hz, 1H), 7.53 (d] = 9.5 Hz, 1H), 7.04 (s, 3H), 6.72 @= 5.3 Hz, 1H), 4.52 (1]
= 5.0 Hz, 2H), 4.37 () = 5.1 Hz, 2H), 2.39 (d] = 6.6 Hz, 3H). MS (ESI): 399.1, 401.0 [M+H]
Purity: >95%.

4.6.9. 6-bromo-3-(2-((7-methoxyquinolin-4-yl)oxyhgt)benzo[d]oxazol-2(3H)-onelli).

White solid (35%, 4 stepsH NMR (300 MHz, CDC}) § 8.64 (d,J = 5.3 Hz, 1H), 7.82 (d] =
9.2 Hz, 1H), 7.37 (ddd] = 9.3, 5.7, 2.3 Hz, 3H), 7.13 — 7.02 (m, 2H), 6(6Q = 5.7 Hz, 1H),
4.49 (dd,J = 9.0, 3.9 Hz, 2H), 4.35 (] = 5.0 Hz, 2H), 3.92 (s, 3H). MS (ESI): 415.0, 417.
[M+H]". Purity: >95%.

4.6.10. 5-bromo-3-(2-((7-methoxyquinolin-4-yl)oxthgl)benzo[d]oxazol-2(3H)-onelyj).

White solid (31%, 4 stepsH NMR (300 MHz, CDCJ) § 8.54 (d,J = 5.3 Hz, 1H), 7.62 (d] =
9.2 Hz, 1H), 7.43 (ddd] = 9.3, 5.7, 2.3 Hz, 3H), 7.11 — 7.02 (m, 2H), 6(§4 = 5.7 Hz, 1H),
4.47 (dd,J = 9.0, 3.9 Hz, 2H), 4.33 (] = 5.0 Hz, 2H), 3.97 (s, 3H). MS (ESI): 415.0, 417.
[M+H]". Purity: >95%.

4.6.11. 6-bromo-3-(2-((7-bromoquinolin-4-yl)oxy)gtlbenzo[d]oxazol-2(3H)-onellk).

White solid (27%, 4 stepsH NMR (300 MHz, CDCY)) & 8.73 (d,J = 5.1 Hz, 1H), 8.20 (s, 1H),
7.81 (d,J = 8.9 Hz, 1H), 7.55 (d] = 8.7 Hz, 1H), 7.41 (s, 1H), 7.39 (s, 1H), 7.06J& 8.8 Hz,
1H), 6.72 (dJ = 5.3 Hz, 1H), 4.52 (1) = 4.9 Hz, 2H), 4.39 (d] = 5.2 Hz, 2H). MS (ESI): 463.1
[M+H]". Purity: >95%.

4.7 The General Procedure for Preparation of
6-methyl-3-(2-((7-((3-morpholinopropyl)amino)quiimi4-yl)oxy)ethyl)benzo[d]oxazol-2(3H)-on
e (7h).

A solution of 11h (400 mg, 1.0 mmol) in toluene (20 mL) was added hwit
3-morpholinopropan-1-amine (288 mg, 2.0 mmol) ,@%k), (22 mg, 10 mol%), SPhos (82 mg,
20 mol%) and G£0O; (651mg, 2.0mmol). The reaction was stirred fohl&t 110 °C under argon
atmosphere and then cooled to room temperaturenitktere was concentrated in vacuo and the
residue was extracted with ethyl acetate (20 mL¥Bg combined organic layer was washed by
saturated sodium chloride solution for three tintkigd over anhydrous N&O, and concentrated
under reduced pressure. The residue was purifiesiliog gel chromatography to affoih as a
gray solid. Yield 25% (115 mgjH NMR (300 MHz, CDC)) § 8.52 (d,J = 5.4 Hz, 1H), 7.77 (d]
= 9.0 Hz, 1H), 7.03 (dJ = 3.0 Hz, 3H), 6.94 (d] = 2.1 Hz, 1H), 6.78 (dd] = 9.0, 2.3 Hz, 1H),
6.45 (d,J = 5.4 Hz, 1H), 4.46 (1) = 5.1 Hz, 2H), 4.33 (1) = 5.0 Hz, 2H), 3.79 — 3.71 (m, 4H),
3.31 (t,J = 6.3 Hz, 2H), 2.53 (d] = 6.5 Hz, 2H), 2.49 (d] = 4.1 Hz, 4H), 2.39 (s, 3H), 1.86 (s,
2H).*C NMR (101 MHz, CDG)) & 162.38 (s), 156.18 (s), 152.74 (s), 152.45 (s),.45 (s),
144.21 (s), 134.37 (s), 130.24 (s), 125.64 (s),928s), 118.93 (s), 114.53 (s), 112.37 (s), 109.48
(s), 105.55 (s), 99.13 (s), 68.53 (s), 66.68 ()15 (s), 55.19 (s), 44.56 (s), 43.00 (s), 31.13 (s
26.25 (s), 22.87 (s). MS (ESI): 463.2 [M+HPurity: >95%.

4.8 The General Procedure for Preparation of
6-methyl-3-(2-((7-(1-methyl-1H-pyrazol-4-yl)quinak4-yl)oxy)ethyl)benzo[d]oxazol-2(3H)-one
(7).
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A solution of11h (400 mg, 1.0 mmol) was dissolved in tulene (20mi)ai50ml over-dried
flask and was added with 1-methyl-4-(4,4,5,5-tettiml-1,3,2-dioxaborolan-2-yl)-1H-pyrazole
(270mg, 1.3mmol), Pd(dppfl, (81.6mg, 10mol%) and @805 (651mg, 2.0mmol). The mixture
was stirred for 12 h at 100 °C under argon atmasplkEhen the reaction mixture was cooled to
room temperature and was concentrated in vacuorédigue was extracted with ethyl acetate (10
mLx3). The combined organic layer was washed byratgd sodium chloride solution for three
times, dried over anhydrous )0, and concentrated under reduced pressure. Theieesids
purified by silica gel chromatography to givieas a pale yellow solid. Yield 55% (220 mg)H
NMR (400 MHz, CDC}) 6 8.70 (dJ = 5.4 Hz, 1H), 8.13 (s, 1H), 8.01 @5 8.7 Hz, 1H), 7.90 (s,
1H), 7.79 (s, 1H), 7.61 (dd,= 8.7, 1.6 Hz, 1H), 7.06 (§,= 4.6 Hz, 3H), 6.69 (d] = 5.4 Hz, 1H),
4.54 (t,J = 5.1 Hz, 2H), 4.39 () = 5.1 Hz, 2H), 3.98 (s, 3H), 2.40 (s, 3% NMR (126 MHz,
DMSO0) 6 161.04 (s), 154.57 (s), 151.85 (s), 149.25 (s2,341 (s), 136.83 (s), 134.69 (s), 132.54
(s), 128.97 (dJ = 12.5 Hz), 124.42 (s), 124.24 (s), 122.76 (s2.62 (d,J = 29.8 Hz), 121.66 (s),
119.09 (s), 110.44 (s), 109.26 (s), 101.18 (s4%6s), 48.82 (s), 41.49 (s), 21.06 (s). MS (ESI):
401.2 [M+HT. Purity: >95%.

4.9 General Procedure for Preparation of
3-(2-((7-methoxyquinolin-4-yl)oxy)ethyl)-6-morphalbbenzo[d]oxazol-2(3H)-ond 2a).

11i (415mg, 1.0mmol) was dissolved in toluene (20mLRi®»0OmI over-dried flask and was
added with morpholine (174mg, 2.0mmol) , Pd(CA@2mg, 10mol%), SPhos (84mg, 20mol%)
and CsCO; (651mg, 2.0mmol). The mixture was stirred for 12ahh 110 °C under argon
atmosphere. Then the reaction mixture was cooleddm temperature and was concentrated in
vacuo. The residue was extracted with ethyl ac€RfienLx3). The combined organic layer was
washed by saturated sodium chloride solution foeeghimes, dried over anhydrous,8&)y and
concentrated under reduced pressure. The residsewified by silica gel chromatography to
afford 12a as a brown solid. Yield 53% (223mt). NMR (300 MHz, CDC}) & 8.64 (d,J = 5.3
Hz, 1H), 7.90 (d,) = 9.1 Hz, 1H), 7.33 (d] = 2.4 Hz, 1H), 7.12 — 7.03 (m, 2H), 6.85 {ds 2.1
Hz, 1H), 6.78 (dd) = 8.6, 2.3 Hz, 1H), 6.60 (d,= 5.3 Hz, 1H), 4.50 (1] = 5.1 Hz, 2H), 4.34 (1]
= 5.1 Hz, 2H), 3.92 (s, 3H), 3.89 — 3.84 (m, 4H)}L43— 3.06 (m, 4H)MS (ESI): 422 [M+H].
Purity: >95%.

4.10 General Procedure for Preparatiof2if-12c.

11i or 11j (1.0mmol) was dissolved in 1,4-dioxane (20mL) iBGanl over-dried flask and was
added with the corresponding boric acid (1.3mmd&(dppfHCl, (82mg, 10mol%) and GEOs
(651mg, 2.0mmol). The mixture was stirred for 1@tH00 °C under argon atmosphere. Then the
reaction mixture was cooled to room temperatureveal concentrated. The residue was extracted
with ethyl acetate (10 mLx3). The combined orgdaiger was washed by saturated sodium
chloride solution for three times, dried over antoys NaSQO, and concentrated under reduced
pressure. The residue was purified by silica gedriatography to afford2b-12c.

4.10.1.
3-(2-((7-methoxyquinolin-4-yl)oxy)ethyl)-6-(1-meth§H-pyrazol-4-yl)benzo[d]oxazol-2(3H)-on
e (12b).

White solid (70%)*H NMR (400 MHz, CDC}) 5 8.63 (dd,J = 10.8, 5.3 Hz, 1H), 7.88 (d,= 9.2
Hz, 1H), 7.71 (s, 1H), 7.58 (s, 1H), 7.33 — 7.27 &id), 7.15 (dJ = 8.1 Hz, 1H), 7.07 (dd} = 9.1,
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2.5 Hz, 1H), 6.60 (dJ = 5.2 Hz, 1H), 4.51 () = 5.0 Hz, 2H), 4.37 () = 5.0 Hz, 2H), 3.94 (s,
3H), 3.91 (s, 3H}’C NMR (126 MHz, CDG)) & 161.13 (s), 160.88 (s), 154.56 (s), 151.48 (s),
151.07 (s), 145.57 (s), 143.29 (s), 136.58 (s),82%), 128.29 (s), 126.87 (s), 122.91 (s), 122.52
(s), 121.12 (s), 118.72 (s), 108.67 (s), 107.651@].06 (s), 99.25 (s), 65.45 (s), 55.48 (s), 81.6
(s), 39.16 (s). MS (ESI): 417.2 [M+H]Purity: >95%.

4.10.2.
3-(2-((7-methoxyquinolin-4-yl)oxy)ethyl)-5-(1-meth§H-pyrazol-4-yl)benzo[d]oxazol-2(3H)-on

e (12c).

White solid (65%)™H NMR (300 MHz, DMSO) 8.60 (d,J = 5.2 Hz, 1H), 8.09 (s, 1H), 7.88 (d,
J=8.3 Hz, 2H), 7.72 (s, 1H), 7.29 @= 1.8 Hz, 2H), 7.25 (d] = 2.4 Hz, 1H), 6.90 — 6.85 (m,
2H), 4.53 (dJ = 4.3 Hz, 2H), 4.41 (d] = 4.7 Hz, 2H), 3.86 (s, 3H), 3.84 (s, 3H% NMR (101
MHz, CDCk) & 161.02 (s), 160.67 (s), 154.63 (s), 151.62 (s),. 1% (s), 141.22 (s), 136.55 (s),
131.90 (s), 129.22 (s), 126.88 (s), 122.85 (s),8@%s), 120.03 (s), 118.64 (s), 115.44 (s), 110.56
(s), 107.16 (s), 105.90 (s), 99.23 (s), 65.87%5)44 (s), 41.50 (s), 39.17 (s). MS (ESI): 417.1
[M+H]". Purity: >95%.

411 General Procedure for Preparation of
6-(1-methyl-1H-pyrazol-4-yl)-3-(2-((7-(1-methyl-1plyrazol-4-yl)quinolin-4-yl)oxy)ethyl)benzo[
d]oxazol-2(3H)-one 13).

11k (464mg, 1.0mmol) was dissolved in 1,4-dioxane (2PimLa 50ml over-dried flask and
was added with 1-methyl-4-(4,4,5,5-tetramethyl-d-@ioxaborolan-2-yl)-1H-pyrazole (540mg,
2.6mmol) , Pd(dppfLCl, (164mg, 20mol%) and @S0s (1.3g, 4.0mmol). The mixture was stirred
for 12 h at 100 °C under argon atmosphere. Thenrg¢hetion mixture was cooled to room
temperature and was concentrated. The residue xtested with ethyl acetate (10 mLx3). The
combined organic layer was washed by saturateduisodhloride solution for three times, dried
over anhydrous N&O, and concentrated under reduced pressure. Theueewsids purified by
silica gel chromatography to givi8 as a pale yellow solid. Yield 42% (196nit).NMR (300
MHz, CDCk) 6 8.71 (d,J = 5.1 Hz, 1H), 8.08 (s, 1H), 7.99 @ 8.7 Hz, 1H), 7.89 (s, 1H), 7.74
(d,J=4.4Hz, 2H), 7.57 (dl = 8.6 Hz, 2H), 7.39 — 7.30 (m, 2H), 7.17 J& 8.1 Hz, 1H), 6.67 (d,
J = 5.2 Hz, 1H), 4.54 () = 4.9 Hz, 2H), 4.40 (t) = 5.0 Hz, 2H), 3.97 (s, 3H), 3.95 (s, 3K
NMR (101 MHz, CDC}) 6 162.55 (s), 156.22 (s), 152.63 (s), 150.39 (s4.38!(s), 138.32 (s),
137.77 (s), 135.89 (s), 130.88 (s), 129.53)¢&; 11.2 Hz), 128.65 (s), 125.74 (s), 124.20 (s),
123.69 (dJ = 24.2 Hz), 123.53 — 122.72 (m), 122.59 (s), 12(@sj, 110.18 (s), 108.95 (s), 101.70
(s), 66.94 (s), 42.93 (s), 40.21 (s), 30.99 (s).(ESI): 467.1 [M+H]. Purity: >95%.

4.12 ELISA Kinase Assay

The effects of indicated compound on the activitéx-Met kinases were determined using
enzyme-linked immunosorbent assays (ELISAs) withifigad recombinant proteins. Briefly, 20
ug/mL poly (Glu,Tyr)., (Sigma, St. Louis, MO, USA) was pre-coated in 9lvwplates as a
substrate. A 5@L aliquot of 10 umol/L ATP solution diluted in kinase reaction buffé50
mmol/L HEPES [pH 7.4], 50 mmol/L Mggl0.5 mmol/L MnC}, 0.2 mmol/L NgV0O,, and 1
mmol/L DTT) was added to each well;l. of various concentrations of indicated compound
diluted in 1% DMSO (v/v) (Sigma) were then addeaatch reaction well. DMSO (1%, v/v) was
used as the negative control. The kinase reactms initiated by the addition of purified c-Met
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tyrosine kinase proteins diluted in 48 of kinase reaction buffer. After incubation fad éin at

37 °C, the plate was washed three times with praisgbhuffered saline (PBS) containing 0.1%
Tween 20 (T-PBS). Anti-phosphotyrosine (PY99) awdijp (100uL; 1:500, diluted in 5 mg/mL
BSA T-PBS) was then added. After a 30-min incubratid 37 °C, the plate was washed three
times, and 10QL horseradish peroxidase-conjugated goat anti-mdgGe(1:2000, diluted in 5
mg/mL BSA T-PBS) was added. The plate was thenbiatad at 37 °C for 30 min and washed 3
times. A 100u4L aliquot of a solution containing 0.03%®, and 2 mg/ml o-phenylenediamine in
0.1 mol/L citrate buffer (pH 5.5) was added. Thacten was terminated by the addition of 80

of 2 mol/L H,SO, as the color changed, and the plate was analyasay tla multi-well
spectrophotometer (SpectraMAX 190, Molecular Desjcunnyvale, CA, USA) at 490 nm. The
inhibition rate (%) was calculated using the follogr equation: [1 — (A490/A490 control)] x
100%. The IGyvalues were calculated from the inhibition curwe$wo separate experiments.4.6
Western Blot Analysis

4.13 Cell Proliferation Assay

Cells were seeded in 96-well tissue culture pla@s.the next day, cells were exposed to
various concentrations of compounds and furtheuped for 72h. Finally, cell proliferation was
determined using sulforhodamine B (SRB; SigmaL8tis, MO, USA) assay.l§ values were
calculated by concentrationresponse curve fitting using a SoftMax pro-basedtr-fiarameter
method

4.14 Docking Studies
The crystal structure of the PF- 04217903 with d-Memplex (code ID: 3ZXZ) was

downloaded from the Protein Data Bank. Subsequehiywaters were deleted, hydrogen atoms
were added to the protein .The 3D Structures ottmepound 2 and 7a were built and minimized
by molecular mechanics.

The conformation analysis was conducted using Aatd.2. 100 conformations for each
provided by the Lamarckian Genetic Algorithm andlgred of the predicted energy. The image

files were generated using pymol system.
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Table, Figure and Scheme Captions

Table 1. SAR study probing effects of C7 substituents oimgjone moiety.

Table 2. SAR study of the effects of C5 and C6 substituesrisbenzo[d]oxazol-2(3H)-one
scaffold.

Figure 1. Representative small-molecule c-Met inhibitors vgjthinoline pharmacophores.

Figure 2. A. Strategy used to design benzo[d]Joxazol-2(3H)-quinolone derivatives as c-Met
kinase inhibitors. B. Predicted interactionslofgreen) and/a (yellow) with the residues in the
ATP binding pocket of c-Met protein. (The dockingudy was performed using AutoDock
Tools-1.5 and a triazolopyridazines-Met crystal ptex (PDB code: 3ZC5) was used.)

Figure 3. Predicted binding modes dPb (green) andl2c (yellow) with the c-Met protein.
Introduction of C5 substitution leads to a shift ime benzo[d]oxazol-2(3H)-one molecule,
weakeningr-n stacking interactions with Tyr1230 (shown in line)

Figure 4. The design of lead compouid.

Scheme 1. Synthesis ofa-79.”
Scheme 2.Synthesis ofh-7i, 11, 12 and 13.°
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ety

Compound R c-Met I&(nM) EBC-1? ICso(MM)
Ta So” 7.6 >0.50
7b o On 35 >0.50
7c SN 5.9 >0.50
7d S O} 5.1 017
7e R ! 3.8 0.17
7f T 38 0.12
7g A% 110 033
7h L $) 6.0 0.058
7 o 34 0.035
Crizotinib 1.0 0.053

Table 1. SAR study probing effects of C7 substituents vimgjone moiety.
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Compound R c-Met 16 (nM) EBC-2 ICso(HM)
7a 6-Me 7.6 >0.5
11a 5-Me 19.5 >0.5
11b 6-F 42.3 >0.5
11c 5-F 105.1 >0.5
11d 6-COOMe 33.5 >0.5
11e 5-COOMe 93.6 >0.5
11f 6-OMe 15.7 >0.5
11g 6-NH 0.8 0.16
12a 649 47.8 >0.5
12b 6- S 5.6 0.1
12¢ 5. 18.9 >0.5
Crizotinib 0.9 0.044

Table 2. SAR study of the effects of C5 and C6 substituesrisbenzo[d]oxazol-2(3H)-one
scaffold.

22



o

0 LN o F H H
J@Q " N o N
o | ) o o H/
° F N. =/ F o
L LY ¢s FAAA
¥ o '
H H N -

N o
Cabozantinib INC-280 Foreitinib

Launched Phase ll Phase Il
|
N_O
e I X
[e] S N
o =
o 0. J/\/\”/ o
bz z - A
N o/\/\N/\I N (o) m
~ ~
k/o o N

AM7 MG10
Preclinical Preclinical AMG-58

Preclinical

-

Figure 1.Representative small-molecule c-Met inhibitorswgjtiinoline pharmacophores.
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Figure 2. A. Strategy used to design benzo[d]oxazol-2(3H)-quinolone derivatives as c-Met
kinase inhibitors. B. Predicted interactionslofgreen) and’a (yellow) with the residues in the
ATP binding pocket of c-Met protein. (The dockintudy was performed using AutoDock
Tools-1.5 and a triazolopyridazines-Met crystal ptex (PDB code: 3ZC5) was used.)
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Figure 3. Predicted binding modes dPb (green) andl2c (yellow) with the c-Met protein.
Introduction of C5 substitution leads to a shift time benzo[d]oxazol-2(3H)-one molecule,
weakeningt-n stacking interactions with Tyr1230 (shown in line)
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Scheme 1. Synthesis ofa-79.”

T e \@cj e e
6-methylbenzol[d] 3  ortes I

oxazol-2(3H)-ones
o,
N0
Br 7a-7g

4- chloroqumolm
7-ol

® Reagents and conditions: (a) (2-bromoethoxy) fiatid) dimethylsilane, GEOs, DMF, 50°C;
(b) 3N HCI, THF:HO = 3:1, rt, overnight; (c) Br(ChHinBr, CsCOs;, DMF, 50°C; (d) secondary
amines, KCO;, DMF, 50°C; (e) Pd(OAc), SPhos, GE£0Os, Toluene, 116C, 5h.
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Scheme 2.Synthesis ofh-7i, 11, 12 and 13.°
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“Reagents and conditions: (a) 2-(tert-butoxy)ethaNaH, DMF, 40°C, overnight (b) TFA, rt,
30-60 min; (c) (i) MsCl, BN, THF, 0°C, 30 min; (ii)8, C$COs, DMF, 50°C, 5h; (d) Boric acid
ester, Pd(dppfLCl,, CsCOs, 1,4-dioxane, 100C, overninght; (€) amines, Pd(OAc)SPhos,

CsCQO;, toluene, 116C, 5h.
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