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ABSTRACT:

Idiopathic pulmonary fibrosis (IPF) is a progressiviife-threatening and
interstitial lung disease with the median surviekbnly 3 to 5 years. However, due to
the unclear etiology and problems in accurate diagn up to now only two drugs
were approved by FDA for the treatment of IPF anelirt outcome responses are
limited. Numerous studies have shown that TgGB-the most important cytokine in

the development of pulmonary fibrosis and playsoke ithrough its downstream
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signaling molecule TGF-binding receptor Smads p@motln this paper, compounds
bearing 2(1H)-quinolone scaffold were designed Hiadr anti-fibrosis effects were
evaluated. Of these compoun@8f was identified as the most active one and could
inhibit TGF-induced collagen deposition of NRK-49F cells anduse fibroblasts
migration with comparable activity and lower cytatoty than nintedanilin vitro.
Further mechanism studies indicated tR@f reduced the expression of fibrogenic
phenotypic proteimi-SMA and collagen by inhibiting the TGH/Smad dependent
pathways and ERK1/2 and p38 pathways. Moreover,peoed with the nintedanib,
20f (100 mg/kg/day, p.o) more effectively alleviatedlagen deposition in lung tissue
and delayed the destruction of lung tissue strectooth in bleomycin-induced
prevention and treatment mice pulmonary fibrosiglet® The immunohistochemical
experiments further showed tha&0f could block the expression level of
phosphorylated Smad3 in the lung tissue cells, whigsulted in its anti-fibrosis
effectsin vivo. In addition,20f demonstrated good bioavailability (F = 41.55% vs
12%, compare with nintedanib) and an appropridteiehtion half-life (Ty», = 3.5 h),
suggesting tha20f may be a potential drug candidate for the treatroépulmonary

fibrosis.

Keywords:
Pulmonary fibrosis; Collagen accumulation; Bioigoes; TGH/Smad pathway;

Anti-fibrosis effects.
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1. Introduction

Idiopathic pulmonary fibrosis (IPF) is the most aoon idiopathic interstitial
pneumonia [1]. Like other interstitial lung diseaséhe characteristic of idiopathic
pulmonary fibrosis is progressive scarring or feasathat is distributed and deposited
between the interstitial spaces of the lungs [ZABjdering normal gas exchange and
decreased lung capacity and leading to clinical @ggms such as unexplained
exertional dyspnea, chronic dry cough, or Velcke Icrackles on examination with
the median survival time of three to five yearsniraliagnosis [4]Although the
pathogenesis of IPF has not been elucidatézigenerally believed that early stage is
pneumonia and lung injury, and the late stageasdiposition of extracellular matrix
(collagen fiber).

The treatment of pulmonary fibrosis progressedyeabwly due to the unclear
etiology and problems in accurate diagnosis. Exdapy tissue transplantation,
considering the characteristics and possible pathesgjs of IPF, drugs with various
mechanisms had also been applied to the clinieatrtrtent, such as antifibrotic agents
(nintedanib, 1, and pirfenidone 2), antioxidants (N-Acetylcysteine3 [5]),
corticosteroids (Prednisone4 [6]), immunomodulatory cytokines (Interferon
gamma-B [7]), anticoagulants (Warfarirg [8]), anti-gastroesophageal reflux agent
(Proton pump inhibitors and antacid medication ,[9Bnd anti-pulmonary
hypertension drug (Sildenaff,[10]) et al. Figure 1). Up to now, only nintedanifil)
and pirfenidong2) were approved by FDA for the treatment of IPlre former was a

multi-tyrosine kinase inhibitor mainly targeting BER, FGFR and PDGFR, and
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could consistently and significantly slow diseasegpession by reducing the annual
rate of decline in forced vital capacity by approgaiely 50% versus placebo in IPF
patients [11-13]. However, due to its poor oral availability and metabolic
instability [14], as well as side effects caused dff¢target effects, nintedanib in
clinical application also has limitations. Simildnings happened to pirfenidgnan
inhibitor for TGF$ production and TGIB-stimulated collagen production. Although
clinical trials have demonstrated that it coulduesl the decline in lung function in
IPF patients, there are concerns about the adwbtse reactions. Post-marketing
surveillance in Japan revealed that 24.3% of patidiscontinued pirfenidone therapy
because of adverse drug reactions [15]. Henceiaaiti and also safety drugs were
urgently needed for IPF treatment.

In recent years, the study of multiple cytokinegha lung has made important
progress in the study of the mechanism of pulmofiirgsis. Among the cytokines
involved in pulmonary fibrosis, transforming growtictor TGFB is the most deeply
studied and plays an important role in the onsdt@ogression of the disease [16].
TGF$1 plays an important role in regulation of inflamorg processes, ECM
production, and stem cell differentiation as wels &-cell regulation and
differentiation. Therefore, it is considered todeectly related to fibrosis. Inhibition
of the binding of TGH3 to its receptor and the function of related Smaatgins
become a critical strategy for anti-fibrosis retgerExcept pirfenidone, the safety and
scientific validity of Epigallocatechin-3-gallateEGCG, 7), a fibroblast specific

inhibitor of LOXL2 and TGHB1 signaling, has now been evaluated in patients wit



89 pulmonary fibrosis in the phase Il clinical studg 2019 (NCT03928847).

90 Isoalatolactone derivativ@ exhibited promising efficacy in a bleomycin-induced
91  pulmonary fibrosis mice model through inhibition ®GF{/Smad3 pathway [17].

92 Cynnamoyl anthranilate analogue FTO019) (nhibited TGFBl1 and PDGF-BB

93 induced collagen productiom vitro, and subsequent research showed that it also

94  reduced the fibrotic scar in the diseased kidn&y.[1
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97 Figure 1. Compounds reported for the treatment of idiopgpliknonary fibrosis.
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In our previous reports, compourid, a 4-substituated coumarins derivative,
was found to be a promising, potential, orally wtcandidate for the treatment of
fibrotic disease by its inhibition of TGFSmad3 pathway and anti-inflammation
efficacy [19]. However, the anticoagulant effectamumarin scaffold may increase
patient mortality during the treatment of pulmonfibyosis, such as warfarin (5) [20].
Herein, considering that quinolone scaffold is Wydgsed in the pharmaceutical field
[21, 22],as well as the poor druggability of nintedanib dméts indolinone scaffold,
bioisosteres and scaffold hopping [23] strategiesevwapplied to design a new series
of compounds bearing 2(1H)-quinolone scaffoldFigre 2). Hydrophobic
heterocycles were also introduced to the termirfaR(@H)-quinolone scaffold to
explore its effects on biological activity. Fingllyothin vivo andin vitro experiments
were conducted to verify the anti-fibrotic effectdatoxicity of these compounds, as

well as the underlying mechanism.
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Figure 2. Design a novel series of compounds with anti-fibreffects by bioisosteres and

scaffold hopping.

2. Chemistry

Considering the poor druggability of nintedanib ahsldvantages of coumarin
scaffold, we designed a series of compounds be&(Hyquinolinone scaffold with
different terminal substituent to improve its dragdity. To be specific,we
considered the influence of several factors on ifisvitro activity: different
hydrophobic groups at the terminal, different link¢oms between 2(H)-quinolinone
and benzene ring, electron-withdrawing substituémtbenzene ring, and different
substitution locations in 2(H)-quinolinone.

4-Hydroxy-2(H)-quinolinone 1) was halogenated to obtain 2,



128  4-dibromoquinoline %), and 4-bromoquinolin-2(1H)-one3)(was got by hydrolysis
129  reaction. The important intermediatecomprised NH-linker was synthesized though
130 Buchwald—Hartwig reaction catalyzed by Xantphos and@®d(dbay.
131 T-butyloxycarboryl was removed under acidic comtii, and then the exposed amino
132 group was reacted with chloroacetyl chloride toagbtimportant intermediaté.
133 Specificmethods were shown Bcheme 1

134

135  Scheme 1. General procedure for the synthesis ofrapounds 7a-71.

OH Br Br
B ek, o
Pz
N (6] N 0
n N Br H ﬁ
2 3 4

NH2 \H/\Cl /@/ \H/\R

“Cﬁl @d eel

136 5 6 Ta-71

NHBoc

o

137 Reagents and conditions: (a) TBAB;(B, toluene, 100, 6 h, 42%; (b) hydrobromic acid,
138  1,4-dioxane, 90, 4 h, 75%; (c) 4-(tert-butoxycarbonylamino)anilin&antphos, Pgdba},
139  t-BuOK, dioxane, 130, 24 h, 66%; (d) trifluoroacetic acid, rt, overnigB2%; (e) chloroacetyl
140 chloride, E4N, DMF, 0-251, 4 h, 95%; (f) RNH, EtN, DMF, rt, overnight, 45-84%.

141

142 It was simpler to synthesize compoul@b12] when the linker atom was sulfur

143 atom. 4-Hydroxy-2(H)-quinolinonel] was reacted with POgand heated to 100to



144  get 2,4-dichloroquinoline8), and 4-chloroquinolin-2(1H)-oneQ) was obtained by
145  hydrolysis reaction as the same method for 4-branmadin-2(1H)-one ). Lower
146  reactivity intermediat® was stirred with KCO; and 4-aminobenzenethiol in DMF at
147 1300 to obtain 4-((4-aminophenyl)thio)quinolin-2(1H)-®i{L0). Compoundl6a160
148  with oxygen atom as the linker atom also started frokydroxy-2(H)-quinolinone
149 (1), which was then stirred with 1-fluoro-4-nitrobemz and KCO; in DMF at 100
150  to get 4-(4-nitrophenoxy) quinolin-2(1H)-on&3). Under the catalysis of iron powder
151  and concentrated hydrochloric acid, nitro group wetuced to get intermediale

152 for subsequent reaction. Speciinethods were shown Bcheme 2

153
154 Scheme 2. General procedure for the synthesis ofrapounds 12a-12| and 16a-160.
NO, NH2
OH [ | jﬁa W/\R
SRS eC s -
so TN »! @@ et
N O
H N° "0 N o
H H
1 13 14 16a-160
la NH2
a jﬁn
o , je) Q v @
C, ™ OO, -
X
155 8 9 10 12a-121

156  Reagents and conditions: (a) PQQOQ 7, 6 h, 65%; (b) hydrochloric acid, 1,4-dioxane[ 9@ h,
157  73%; (c) 4-aminothiopenenol,,&O;, DMF, 1307, 6 h, 58%; (d) chloroacetyl chloride, s8Nt
158 DMF, 07, 4 h, 0-257; (e) RNH, E&N, DMF, rt, overnight, 62-90%; (f) 4-fluoronitrobeene,
159  K,COs DMF, 1001, 6 h, 72%; (g) Fe, HCI, MeOH /8 = 9/1, 851, 4 h, 90%.

160

161 The introduction of fluorine atom to the drug sture has been reported to
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beneficially change its activities. A series of g@munds containing fluorine atom on
the benzene ring were synthesized to verify it¢ogical activityin vitro. Due to the
strong electrophilicity of 3,4-difluoronitrobenzeneit was stirred with
4-Hydroxy-2(H)-quinolinone X) and KCOs;in DMF at room temperature without
heating to obtain 4-(2-fluoro-4-nitrophenoxy)quime2(1H)-one (7). Subsequent
route to synthesize compoun2@a-200 (Scheme 3)was similar to that of compound
16a-160

In order to explore the effect of the substituenbsifjon of the
2-hydroxyquinoline skeleton on its activity, we thigied to connect the substituents
at the C-6 and C-7 positions and synthesized cong®fAla-21cand 22a-22c¢
Specific and subsequent routes to synthesize these compaoamedsshown in

Supporting Information (Scheme S1).

Scheme 3. General procedure for the synthesis ofrapounds 20a-200, 21a-12c, and 22a-22c.

H
m/\a d /QNThR
o o
|
A F

A =2-quinolinone  17a: 4- SUDStlt“tEd 2-quinoli 18a: 4-sub 19a: 4-substituted-2-quinolinone  20a - 200: 4-substituted-2-quinolinone
17b: 6-substi 2-quinoli 18b: 6-substi li 19b: 6-substituted-2- qumolmone 21a - 21c¢: 6-substituted-2-quinolinone

@\/1 17¢: 7-substituted-2- qumolmone 18c: 7-substituted-2-quinoli 19¢: 7-substituted-2-quinoli 22a - 22¢: 7-substituted-2-quinolinone
N O

H

Reagents and conditions: (a) 3,4-fifluoronitrobEme, KCO;, DMF, rt, overnight; (b) Fe, HCI,
MeOH/H,O = 9/1, 857, 4 h; (c) chloroacetyl chloride, &, DMF, 071, 4 h, 95%; (d) RNk E&N,

DMF, rt, overnight.

3. Results and discussion

3.1 Anti-fibrotic activity of compounds on NRK-49Fcellsin vitro.
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Fibrosis is characterized by excessive collagerosigpn between the cells of
diseased tissues. Thus, flmevitro screening cell model was established to determine
the deposited collagen amount between cells. Aaegrtb our previous published
and other reports [19, 24, 25], T@Hnduced NRK-49F cells (rat fibroblast cells)
produce a large amount of intercellular collagepadéion that is similar to the
characteristic of fibrosis. Thus, we adopted itaaseffective and conveniemt vitro
screening model for anti-fibrotic evaluation. Thehibition rates of collagen
deposition for all synthesized compounds were syesaly tested on TGB-induced
NRK-49F cells at a concentration of iM. Simultaneously, the survival rates (SR)
of NRK-49F cells were also tested by MTT assayenfy theirin vitro toxicities.

Compoundsra-7!1 with different terminal substituent were synthesliznitially
under the inspiring of nintedanib, which own santeogen atom as linker atom. As
shown inTable 1, most of compounds had weaker collagen deposinhbibition
effects in compared with nintedanib. However, wanid that nintedanib exhibited
significantly toxicity to NRK-49F cells judging fro low survival rate of NRK-49F
cells (40% survival rate (SR)). Interestinglj, showedrelatively strong collagen
deposition inhibition effect and low toxicity to MRA9F cells among them (73%
inhibition rate (IR)). Whether the Boc group withlarge steric hindrance at the
terminal of its structure resulted in its activilmprovement still needed further

confirmation.

Table 1. Collagen accumulation IR and cell SR of 7al.
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H
N

e

X
N (0]
H
Ta-71
Cpd R IR (%) SR (%) Cpd R IR (%) SR (%)
[o]
7a 1@ 5991 +7.61 7249+382 7 N 38.97 £+0.31 72.55 + 3.47
X 9 $
‘?{N
N
7b \(IO 24.42 +2.68 75.40+1.12 7h O/ = 50.20 +2.12 83.49 £ 1.65
I???_/
hO . (\NBoc
7c \{NQ 40.86 £ 2.99 81.91+£3.66 7i \ENJ 73.34 +2.85 67.52 +4.96
H
7d N 20.08 £6.43 82.55+0.33 7j ‘KN 49.99 +1.47 83.55 +6.48
X J o
Oy g
7e \{NQ 38.93+1.31 78.04 £+3.33 7k IYN\/ 44.24 +6.94 82.58 +2.22
(\N/\ H
7f \{NQ 4595 +5.34 64.78 +2.66 7| \{N\/ 28.71 £5.19 83.71 +£0.94
nintedanib 95.47 £2.65 40.02 +2.46

Inhibitory effects against TGB-induced total collagen accumulation in NRK-49FIselt a
concentration of 1QM. Cell survival rate is calculated by MTT assageTresults are the means *

SD of at least three independent experiments.

Bioisosteric replacement and scaffold hopping e techniques widely applied
in structural optimization of lead compounds toussl toxicity and improve activity.
To be specific, when the linker atoms nitrogen atomcompounds7a-7| was
substituted by sulfur atom or oxygen atom, theatfef linker atoms on biological

activity were evaluated and discussed. The rewdts listed inTable 2



216 Table 2. Collagen accumulation IR and cell SR of H212| and 16a-160.

H H
N N
oy oy
(o) (o)
S (0}
X X
N o N o
H H
217 12a-121 16a-160
Cpd R IR (%) SR (%) Cpd R IR (%) SR (%)

O
O

12a 80.88+2.39 87.05+5.13 16a 68.05 +6.38 82.21+2.74

X X
12b \(Q 28.37+7.65 93.46+2.63 16b \{NO 2742 +541  78.46+1.95
9 S
12¢ Equ 53.38+4.78 77.44+3.37 16¢C - S 59.27+3.80  95.74+4.54
12d Y]C( 2859 +8.17 115.78 +4.55 16d YIO/ 31.52+7.86  79.92+6.73
Oy Y
12e \{NQ 39.97+7.03 86.69+3.93 16e \(NQ 43.66 +4.42  80.18 +1.33
N Q
12f @{f 56.57 +0.88 77.95+1.93 16f \i@% 78.33 +3.57 92.17 +2.11
[o] o
12g (N 39.38+3.02 101.31+4.3 16g (N 50.02 +11.41 96.28 +5.24
o N
| |
N N
12h > 5114+205 80.31+4.37 > 43.92+478  81.22+261
. oy 16h iy
) (\NBoc ) (\NBoc
12i N 7237 +6.87 T71.25+4.26 16i N 76.24+415  75.60+4.72
U K
12j \;NC 52.97+2.21 83.92+341 16j (N 73.23+547  92.67+2.31
(o] \<N\)
12k \{(/ 58.62+9.83 85.49+5.88 16k \{(/ 86.07 £2.02  96.26 +2.44
H H
12l ‘(N\/ 51.09+7.84 87.69+8.85 16l ‘(N\/ 25.36 £+3.25  89.24 +2.64
(N NS
16m ,{Ny 58.11+2.23 95.14+1.09 160 \{NQ 41.73+8.79  91.69+3.34
H
16n \;N@ 46.02+5.45 96.04 £3.82 nintedanib 9547 +2.65  40.02 +2.46
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Inhibitory effects against TGB-induced total collagen accumulation in NRK-49FIzedlt a
concentration of 1@M. Cell survival rate is calculated by MTT assalieTresults are the means +

SD of at least three independent experiments.

As shown inTable 2, compared witl¥a-71, the collagen inhibition rate and cell
survival rate amon@2a12|l and16m-160 have been improved to some extent when
the NH-linker was replaced by S-linker or O-linkeespectively. Among them,
compoundl2ain S-linker series and6k in O-linker series showed good collagen
inhibition rate (80% and 86%) and low toxicity (138ad 4%). Compoundsi, 12i
and 16i with the terminal Boc group demonstrated relagivatceptablein vitro
anti-fibrotic activities (73%, 72% and 76%). Howewehen the terminal Boc group
was removed 16m), it exhibited poorin vitro activity (58%), suggesting that a
hydrophobic group with a large spatial positioriheg terminal might be beneficial for
anti-fibrotic activityin vitro. In order to verify our suspicionsompoundl6f and16j
with similar steric hindrance groups and less Sodole to metabolism were
subsequently synthesized. Results showed that plgdbic group with a large spatial

position at the terminal did play crucial partsollagen accumulation inhibition.

Table 3. Collagen IR and cell SR of 20a-220, 21a€lnd 22a-22c.

H
F N
R
:©/ \([)]/\ 0 o X II;I] F
1 \)J\ R/\n/ \©: m
R
O\)\l N F N o 0 0 N o
H H H
N O
H
20a-200 21a-21c¢ 22a-22¢



Cpd R IR (%) SR (%) Cpd R IR (%) SR (%)
H
20a YD 49.49£652 9643247 201 N~  5057+593 99.35+112
20b O 38.27+4.76  87.18+3.07 20 S 60.27 £2.16  93.31+2.29
\<N . T4, . T o. m %N\) . T Z. . T Z.
o 4
20c \{NQ 4728+7.12  90.77+1.71 20n X \Q) 53.92+7.32 90.8+1.44
N
20d R{NO/ 4594 +255  104.93 +3.04 200 \:@ 49.07+4.19 89.61+7.28
Y ?
20e \{NQ 73.87+5.12  98.95+0.82 2la \KNQNJW 3457+3.54  95.19 +3.13
(o] (\NBoc
20f \i@% 87.53+3.05 9752+226 2lb N 57.43t3.59  85.62+2.31
i K
20g (N 42.73+6.36  108.38+3.04 2ic @ 61.53+3.21  83.32+4.24
W X
'\q [o]
20h { >~ 60.74+6.01 9859356 22a \KNQNJW 56.59+2.67  98.23 +3.25
I???_/
. (\NBoc (\NBoc
20i N 89.13+3.97 86.18+5.65 22b N 76.37+2.78  89.65 +2.36
20j ]@k 78.04+394  93.11+4.78 22 @k 67.7245.45  89.77 +3.41
X X
20k Y(/ 58.81+6.03 106.12+2.32  nintedanib 95.47+2.65 40.02+2.46
238 Inhibitory effects against TGB-induced total collagen accumulation in NRK-49FIcedt a
239  concentration of 1QM. Cell survival rate is calculated by MTT assageTresults are the means =
240  SD of at least three independent experiments.
241
242 Next, compounds with fluorine atom substitutiontmnzene ring were designed

243  for both biological activity bioavailability impraments. As shown ifiable 3, most
244  compounds with fluorine substitution demonstratedtdy anti-fibrotic effects and

245 lower cytotoxicity than their corresponding compdsiri6al6o. 20m possessed

246  weaker anti-fibrotic activity and less cytotoxicithan compound0i owning Boc
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group (similar to compounds6i and16m).

Finally, 21a21c and 22a22c were synthesized to investigate the anti-fibrosis
effect of substitution at different positions ore tA(1H)-quinolone21a21c owning
substitution at C-6 position showed significant rdase in anti-fibrotic activityn
vitro, which is similar to compound®a22c substituted at C-7 position. Compounds
20f, 20i and 20j with excellent bioactivityin vitro and low toxicities were further
selected as candidate compounds for further io experiments.

In general, the initial structure-activity relatginp could be concluded as
follows: firstly, the linker atom affects the cytadcity of these compounds.
Compounds with oxygen atom as the linker demorestrite lowest cytotoxicity than
those with nitrogen atom arsdilfur atom. Secondly, hydrophobic groups with éairg
steric hindrance at the end of the piperazine romoptributed greatly to the
anti-fibrotic activities but caused greater cytatiies such agi, 12i, and16i. Then,
the introduction of fluorine atom on the benzenagrivas beneficial to enhance
anti-fibrotic activity and reduce cytotoxicity tmme extent. Finally, substitution at
C-6 and C-7 position decreased anti-fibrotic atgidnd showed a little cytotoxicity
effect to NRK-49F cells. However, compounti8a with tetrahydropyrrole and6k
with diethylamine due to some certain exceptioss alhibited excellent anti-fibrotic
activity in vitro, which was inconsistent with the basic structuwtvay relationship.
Taken together, five compounds @Pa, 16k, 20f, 20i, and 20jwith potential
anti-fibrosis activities were selected for furthéetermination of Ig values with

potential anti-fibrosis activities. As exhibited ifable 4, those five compounds
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showed an order of magnitude of inhibitory activityith nintedanib against
TGFf-induced total collagen accumulation in NRK-49F Ielith ICso range

between 3.89 and 6.12\.

Table 4. IC5o values against TGFB-induced total collagen accumulation in NRK-49F céd.

Entry IC 50(uM) Entry IC 50(uM)
12a 5.33 £ 0.35 16k 5.27 £ 0.42
20f 3.89 £ 0.46 20i 6.12 £ 0.32
20j 4.47 = 0.52 nintedanib 1.10 £ 0.13

The results are the means £ SD of at least thaependent experiments.

Collagen fibers between cells were straightforwasdialized through Sirius Red
staining. It was found thédlt2a 16k, 20i, 20j and 20f could significantly reduce the
production of filamentous collagefigure 3). Moreover, it's also worth noting that
the cell number of TGB-induced NRK-49F cells left after treatment of thes
compounds was much higher than that of nintedaviiich was consistent with MTT

results, indicating thalt2a, 16k, 20i, 20j and 20¥vere safer than nintedanib.
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Figure 3. Picro-Sirius Red (PSR) staining for the total agdla accumulation induced by TGF-

in NRK-49F cells.

3.2 12a, 16k, 20f, 20i and 20j inhibited TGH-induced fibroblasts migration
Fibroblasts migration to the fibrotic lessions silated by concomitant
cytokines (like TGH31) plays an important role in pulmonary fibrosis6];2so
inhibiting fibroblasts migration can delay the pess of pulmonary fibrosis.
Accordingly, the effects of selected compounds elh migration was accessed
by wound healing assays. The results indicated 1Raf 16k, 20f, 20i, 20j and
nintedanibcould inhibit TGF-induced migration of mouse fibroblast L929 cells a
different level with a concentration of 10M, while 20f exhibited the best

anti-migration capacity Higure 4). Hence, 20f was finally chosen as further
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298  Figure 4. Wound healing assay were performed to accessnthibition effects of fibroblast

299  migration byl2a 16k, 20f 20i, 20j andnintedanib L929 cells were treated with/without TGF-
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(5 ng/mL) and compounds (1M). Data were collected after 12 and 24 hours.
3.3 20f inhibited protein expression of collagen &nd a-SMA in TGF-B-induced
NRK-49F Cells.

a-Smooth muscle actiri{SMA) in myofibroblasts [27] and excessive colladgen
deposition [28] in extracellular matrix were halika of fibrosis. Therefore, the
abilities of 20f to suppress protein expression @SMA and collagen | were
investigatedn vitro. As shown inFigure 5, the protein expression levels @SMA
and collagen | were obviously over-expressed in -paiduced NRK-49F cells,
whereas treatment witBOf or nintedanib significantly inhibited their expsémns,
suggesting that botBOf and nintedanib inhibited-SMA expression and collagen

accumulation in the response to TG Etimulation.

s . | Collagen 1

e - | SMA

D D same Se=. S p-actin

- - 40 20 - 20f

- - - - 20 Nin
TGF-p

Figure 5. Protein expression levels of Collagen | ar8MA were probed through western blot.

NRK-49F cells were treated with/without TGRS ng/mL) and compound0f (20 and 4QuM)
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for 24 h.B-actin was used as a loading control.
3.4 20f exhibited anti-fibrotic activity by inhibiting TGF-p/Smad2/3-dependent
and independent pathways.

Since activation of Smad pathway is the primary asiwveam signaling pathway
of TGF and Smad proteins have been implicated in bleamycduced lung fibrosis
[29], the expression of total and phosphorylateda@&mand Smad3 were further
detected by immunoblot to test the hypothesis2B&might block the primary step of
TGF9 signaling via the regulation of Smads.

As shown in Figure 6A, TGF{f stimulation significantly increased the
phosphorylation levels of Smad2 and Smad3, whareasment witl20f significantly
reduced this phosphorylation in a dose dependennaraHowever total Smad2 and
Smad3 proteins were constitutively expressed arré wet affected by TGB-or 20f
treatment.

Smad3-independent pathway including the ERK1/2 @@j p38 MAP kinase
[31] has also been reported in TGHAaduced fibrosis [32]. Activated ERK1/2 and
p38 in turn conveys the signal to the Smad2/3 Viasphorylation and active the
Smad signaling pathway. Therefore, the T@&mad2/3-independent pathway was
further explored. NRK-49F cells were cultured wathwithout TGFf in the presence
or absence oR0f for indicated times. As shown iRigure 6B, TGF{f stimulation
obviously increased the phosphorylation level of KER and p38, whereas
cotreatment witi20f significantly inhibited theiphosphorylation levels of ERK1/2

and p38 Both total p38 and ERK1/2 were constitutively eegeed and were not
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affected by TGH3 or 20f treatment.
On the basis of these observations, it could beladed that20f ameliorated
fibrosis by inhibiting both TGF/Smad2/3-dependemid aindependent pathways,

including Smad2, Smad3, ERK and p38 phosphorylation

A B
| — | p-Smad2 | J—— | pp38
e ——— LT | e | P38
| - | p-Smad3 [ - | p-ERK1/2
[ ————— Smad3 E T = = T T "R

|—- — — GAPDH I---—-—| GAPDH
= - 40 - = 40 20 40 20

20 40 20 20f 20f

1h 2h 1h 2h
TGF-p TGF-p

Figure 6. (A) Effects of 20f on TGFg-induced phosphorylation of Smad2 and Smad3 in
NRK-49F cells. NRK-49F cells were treated with/waitti 20f (20 and 4QuM) for 1 and 2 hours
and then treated with TGF-(5 ng/mL) for 1h. (B) Effects of20f on TGFg-induced
phosphorylation protein expression of p38 and ERKf/NRK-49F cells. NRK-49F cells were
treated with/withouR0f (20 and 4QuM) for 1 and 2 hours and then treated with Tj& ng/mL)

forlh. GAPDH was used as a loading control.

3.5 Pharmacokinetic experiment of 20f.

The plasma concentration—-time curves 28f after a single dose in rats were
shown inFigure S1 (Supporting Information). The plasma concentrations 20f
rapidly reached peak, and gradually declined aijtat administration. As shown in

Table 5, the oral bioavailability oROf was determined to be 41.55% (n = 5), much



355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

better than nintedani@pproximately 12% in rats [20]).

Table 5. Pharmacokinetic parameters for 20f in SDats.

20f
Compound
Intravenous injection Oral administration

dose (mg/kg) 5 5

tmax (M) 0.08 4.33

t12 (D) 4.39 3.5

AUC . (ng/L*h) 13149.76 5463.86
F (%) 41.55

3.6 Effects of 20f on Bleomycin-induced pulmonaryitbrosis model.

To further verify anti-fibrotic potency o20f in vivo, two bleomycin induced
lung fibrosis models (one for prevention model #malother one for treatment model)
were employed in our study. Mice challenged withMBI(3 U/kg) at day O were
treated with20f (50 or 100 mg/kg) and nintedanib (50 mg/kg) at dldgr prevention
model and the whole administration process last3fbrdays. For treatment model,
every experimental setting was the same except Hwmh compounds were
administrated only from day 8 to day AHidqure 7A). Survival rates, hydroxyproline
(an indicator of collagen deposition) level, hisgit analysis (Masson’s trichrome
staining, hematoxylin and eosin (H&E) staining angmunocytochemistry) were
further performed to evaluate anti-fibrosis effeaft20f.

As shown in Figure 7B, in prevention model,20f (50 or 100 mg/kg)
demonstrated comparable survival rate with nintédgdB0 mg/kg). However, in

treatment model20f (50 mg/kg) showed better survival rate than niateld. BLM
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induction resulted in a large amount of collagerdéposit in lung tissue in model
group, which was consistent with the hydroxyprolmsult Figure 7C and 7D.
Both 20f and nintedanib could inhibit collagen deposition aeduce hydroxyproline
content in lung tissue in prevention model. Howgwdren treatment started at day 8
(treatment model), there was no significant diffee in the reduction of collagen
deposition in nintedanib group in comparison witbdal group. In contrasOf still
showed a significant blocking effect on collageruaulation, particularly at high

doses (100 mg/kgF{gure 7D).
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Figure 7. The anti-fibrotic potencies of 20h vivo. C57BL/6 male mice were intratracheal

instillated with BLM (3 U/kg) to induce pulmonaribfosis, and the lungs were harvested at the

end of experiment for the following analyses. (A)dihg schedule of prevention model (day 1-30)

and treatment model (day 8-21). (B) Survival cureE80f and nintedanib for pulmonary fibrosis.

(C) Hydroxyproline contents in lung tissues of eagbup were measured as described in the

methods section. (D) Representative images denatimgtrmasson’s trichrome of lung tissues
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from experimental groups as indicated in Experimsgittion. Scale bars, 100 um. Data were
presented as means (SD of the group. *p < 0.05<p01, compared with the BLM treatment.

BLM, bleomycin; Nin, nintedanib.)

Both the Ashcroft scores and H&E staining were alsed to evaluate the
anti-fibrosis effects oR0Of. Results demonstrated that the lung tissues wereefy
damaged in mice instilled with BLMF{gure 8A and 8B), whereas administration
with 20f and nintedanib notably protected the alveolau@sstructure (red arrow) and
ameliorated the infiltration of inflammatory cellgellow arrow) in prevention model
(Figure 8A, upper panel). However, in the treatment moddhydal treatment with
nintedanib at day 8 failed to ameliorate fibro&6f (100 mg/kg) still exhibited the
ability to protect structure of lungsFigure 8A, lower panel). These findings
implicated that 20f showed potentially promising therapeutic effects both
prevention and treatment models of pulmonary fiistos

To further validate the mechanism 208f in vivo, the phosphorylation level of
Smad3 in lungs tissues was tested. As depicte@igare 8C, BLM-induced mice
elevated level of Smad3 phosphorylation in lungues. Relative to nintedanib, oral
administration of20f could more effectively suppress Smad3 phosphaoyidevel,

which was in accordance with the immunoblot resulsigure 6.
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Figure 8. (A) Representative images demonstrating hematoxatid eosin (H&E) staining of

lung tissues from experimental groups as indicateskperiment section. (B) Ashcroft scores of
lung tissues from experimental groups as indicateéxperiment section. (C) Representative
images demonstrating p-Smad3 staining of lung ¢is$tom experimental groups as indicated in
experiment section. Scale bars, 100 um. Data wersepted as means (SD of the group. *p <

0.05, **p < 0.01, compared with the BLM treatmdsL.M, bleomycin. Nin, nintedanib.)

Taken together,20f exhibited beneficial therapeutic effects, spealific in
survival rate improvement, collagen deposition dase in lung tissue, as well as the
lung tissue protection. Further immunohistochemiegberiments showed th&0f
also inhibited phosphorylated expression level wia83, which was downstream of

TGF{ pathway, and eventually contributed to its artirdbis effect.
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4. Conclusion

In this study, a series of compounds bearing 2(dudrolone scaffold inspired
by bioisosteres and scaffold hopping strategieewasigned and synthesized, and
then their anti-fibrotic effects were evaluatedvitro. 20f was further selected to
perform the mechanism studies due to its excetltelibagen deposition inhibition in
NRK-49F cells, low cytotoxicity, as well as decemtti-migration activity in L929
cells. Mechanism studies showed tR&f significantly suppress the expression of
fibrogenic phenotypic protein (such asSMA and collagen]) in vitro by western
blot analysis. Additionally, it also decreased gi®sphorylation level of Smad 2/3,
ERK and p38, indicating that TGF#Smad signaling pathway played crucial roles for
collagen deposition reduction. Moreove@f (50 and 100 mg/kg/day, p.o.) effectively
alleviated collagen deposition in lung tissue aathged the destruction of lung tissue
structure in both prevention and treatment modilsvas worth noting tha®Of
demonstrated better survival rate than ninteda®ilhhsequent immunohistochemical
experiments further showed that the expressior l&#vehosphorylated Smad3 in the
lung tissue cells significantly declined after treant with20f. All these phenomena
and results illustratedOf effectively alleviated lung damage induced byatracheal
instillation of bleomycin in mice, and these beoigi effects should attribute to its
inhibition of TGFB/Smad dependent and in-dependent pathway as wéi$ dew
cytotoxicity. Considering the excellent bioavailéli (F = 41.55%) and suitable
eliminated half-life time (1, = 3.5 h),20f could be a potential drug candidate for the

treatment of IPF.
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5. Experimental
5.1 Chemistry.

All the chemical solvents and reagents used inghidy were analytically pure
without further purification and commercially aable. TLC was performed on 0.20
mm silica gel 60 k4 plates (Qingdao Ocean Chemical Factory, ShandGhma).
Visualization of spots on TLC plates was done by lig¥t and . NMR data were
measured fotH NMR at 400 MHz and fol’C NMR at 101 MHz on a Bruker Avance
400 spectrometer (Bruker Company, Germany) usingSTad an internal standard.
Mass spectra (MS) were obtained by a Q-TOF Prienmerss spectrometer
(Micromass, Manchester, UK). Purification of thadi compounds were performed
with reverse phase high-performance liquid chrograohy (RP-HPLC). All final
compounds were purified te85% chemical purity as determined by HPLC with UV
detection at 254 nm. Further details on the arayttonditions used for individual
compounds may be found in the Supporting Infornmatio

General procedure for synthesis of Phenylenediamine derivative.
2,4-dibromoquinoline (2). 4-hydroxyquinolin-2(1H)-one (4.83 g, 0.03 mol) argAB
(19.32 g, 0.06 mol) were dissolved in methylbenz&®® ml) in an oven-dried round
bottom flask. Then s (17.04 g, 0.12 mol) was added dropwise to theti@ac
mixture in 1 hour. At the same time, the reactiomtare was heated to 100and
stirred at 100 for another 6 h. After the reaction was finisheahitored by TLC, the

solution was cooled to room temperature and alkabf pH 9 with ice NaHC®@
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saturated solution. The organic phase was sepaaatedried over anhydrous p&O,,
then evaporated under vacuum to obtain an oildlkek product. Petroleum ether (200
ml) was added to the crude product and stirred aBOuminutes. The mixture was
filtered, then the filter liquor was collected ashted in vacuum to obtain compound 2
as a yellow solid (3.61 g, 42% yield) without fugttpurification. MS (ES): [M + H]"
calculated for gHsNBr,, 284.8789; found, 285.8901.

4-bromoquinolin-2(1H)-one (3). Compound 2 (3.5 g, 0.012 mol) was dissolve in
1,4-dioxane (30 ml) in a round bottom flask andteéeéaHydrobromic acid which
consisted of 60% water (30 ml) then was added eantixture after it was heated to
901J. The reaction mixture was stirred at[9QCafter the reaction was finished
monitoring by TLC. Then the cloudy mixture wasdikd to give a yellow filter cake
until it was cooled to room temperature. The resllsolid was washed with
1,4-dioxane and water , and dried under vacuunfféodsa yellow solid (2.46 g, yield
90%). MS (ESI): [M + H]* calculated for gHgNBrO, 222.9633; found, 223.971*H
NMR (400 MHz, DMSOd) § 12.06 (s, 1H), 7.82 (dd,= 8.1, 1.0 Hz, 1H), 7.61 (ddd,
J=8.4,7.3,1.3Hz, 1H), 7.36 (@= 8.2 Hz, 1H), 7.33 — 7.28 (m, 1H), 7.03J& 1.5
Hz, 1H).

tert-butyl  (4-((2-oxo-1,2-dihydroquinolin-4-yl)amino)phenyl)carbamate  (4).
Compound 3 (2.24 g, 0.01 mol), potassium tert-bid®x2.80 g, 0.025 mol) and
tert-butyl (4-aminophenyl) carbamate (2.49 g, 0.0t@l) were suspended in dry
1,4-dioxane (50 ml). Then a solution of,Rtba) (0.915 g, 1 mmol) and Xantphos

(2.02 g, 3.5 mmol) in dry 1,4-dioxane (10 ml), wexdded to the mixture and the
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round-bottom flask was sealed off with nitrogeneThsulting suspension was stirred
at 100 °C under nitrogen for 16 h. The mixture Viltered to give a brown filter liquor,
then removed under reduced pressure to afforddegstoduct which was purified by
silica gel column chromatography (DCM/MeOH=12:1pftord 2.32 g (yield 66%) of
the desired product as a brown solid. MS {ESM + H]" calculated for GgH,:N3O0s,
351.1583; found, 352.1665H NMR (400 MHz, DMSOsdg) 6 10.95 (s, 1H), 9.41 (s,
1H), 8.52 (s, 1H), 8.10 (d,= 7.9 Hz, 1H), 7.57 — 7.45 (m, 3H), 7.29 — 7.23 (),
7.23 -7.13 (m, 3H), 5.46 (d,= 0.9 Hz, 1H), 1.49 (s, 9H).

4-((4-aminophenyl)amino)quinolin-2(1H)-one (5). Compound 4 (2.2 g, 6.26
mmol) was put in a round-bottom flask and trifluacetic acid (20 ml) was slowly pour
into the flask. The reaction mixture was stirred@m temperature overnight. The
solution was removed under reduced pressure todatin oil-like crude product.
NaHCG; saturated solution (50 ml) was then added to thdecproduct, which was
then extracted with DCM (20 ml) three times, washéth brine and dried over
NaSO4. The solvent was removed by evaporation unaemum to a brown solid as
compound 5 (1.51 g, yield 92%). MS (ESI[M + H]" calculated for @H13NsO,
251.1059; found, 252.114%H NMR (400 MHz, DMSOdg) § 10.82 (s, 1H), 8.32 (s,
1H), 8.09 (d,J = 7.8 Hz, 1H), 7.46 (dd] = 11.3, 4.1 Hz, 1H), 7.28 — 7.21 (m, 1H),
7.18 — 7.08 (m, 1H), 6.94 (d,= 8.6 Hz, 2H), 6.67 — 6.60 (m, 2H), 5.25 (s, 1514
(s, 2H).

2-chloro-N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)amino)phenyl)acetamide  (6).

Chloroacetyl chloride (0.80 g, 7.17 mmol) was addidpwise to a mixture of
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compound 5 (1.5 g, 6 mmol) and triethylamine (1g21.2 mmol) in freshly distilled
DMF (50 ml) in an oven-dried round bottom flaskOag°C for 30 minutes and at room
temperature for further 3 h. After the reaction mamed by TLC was over, water (150
ml) was add to the reaction mixture under stirriagd the suspended mixture was
filtered to give a brown solid as compound 6 (1g8§ield 95%). MS (ES): [M + H]*
calculated for GH1N;O,Cl, 327.0775; found, 328.0852H NMR (400 MHz,
DMSO-ds) 6 11.02 (s, 1H), 10.89 (s, 1H), 8.71 (s, 1H), 8d9€ 8.1 Hz, 1H), 7.72 (d,
J=8.6 Hz, 2H), 7.50 (§ = 7.6 Hz, 2H), 7.33 — 7.27 (m, 3H), 7.16J& 7.5 Hz, 1H),
5.58 (s, 1H), 4.35 (s, 2H).

General procedure for synthesis of compounds 7a-7I. Compound6 (1.0 equiv)
with catalytic equivalent KI was dissolved in frgslistilled DMF in an oven-dried
round bottom flask. Different aliphatic amines (&8quiv) was added dropwise. The
reaction mixture was stirred at room temperatureafimut 4 hours. After the reaction
monitored by TLC was over, water was added to #aetion mixture under stirring,
and the suspended mixture was filtered. The credalue was purified by column
chromatography on silica gel to obtain the finadarcts.

N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)amino) phenyl)-2-(pyrrolidin-1-yl )aceta-m
ide (7a).Yield: 62%; white solid; MS (ES): [M + H]" calculated for GH2:N4O,,
362.1743; found, 363.1821 NMR (400 MHz, DMSO#dg) J 10.96 (s, 1H), 9.74 (s,
1H), 8.55 (s, 1H), 8.10 (d,= 7.8 Hz, 1H), 7.70 (d] = 8.8 Hz, 2H), 7.49 (] = 7.3 Hz,
1H), 7.26 (tJ = 8.8 Hz, 3H), 7.17 (f] = 7.6 Hz, 1H), 5.54 (s, 1H), 3.25 (s, 2H), 2.60 (d

J=5.3 Hz, 4H), 1.80 — 1.72 (m, 4HJC NMR (101 MHz, DMSO#ds) § 169.18, 163.40,
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151.01, 139.84, 135.93, 135.55, 130.97, 125.13,822121.22, 120.87, 116.13,
114.29, 94.12, 60.02, 54.19, 23.95.

N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)amino) phenyl)-2-(piperidin-1-yl )aceta-mi
de (7b). Yield: 84%; white solid; MS (ES): [M + H]" calculated for GH24N4O,,
376.1899; found, 377.19731 NMR (400 MHz, DMSOsg) 6 10.97 (s, 1H), 9.71 (s,
1H), 8.56 (s, 1H), 8.11 (d,= 7.8 Hz, 1H), 7.69 (d] = 8.8 Hz, 2H), 7.49 (dd} = 11.3,
4.1 Hz, 1H), 7.27 (t) = 7.6 Hz, 3H), 7.20 — 7.13 (m, 1H), 5.55 (s, 18107 (s, 2H),
2.50 (td,J = 3.9, 2.1 Hz, 4H), 1.62 — 1.53 (m, 4H), 1.45371(m, 2H).**C NMR (101
MHz, DMSO-dg) 6 168.97, 163.41, 150.99, 139.84, 135.76, 135.68,9173 125.15,
122.83, 121.23, 120.81, 116.14, 114.30, 94.14,4634.58, 25.94, 24.03.

2-mor pholino-N-(4-((2-oxo-1,2-dihydroquinolin-4-yl Jamino) phenyl Jacetamide
(7c). Yield: 80%; white solid; MS (ES): [M + H]" calculated for GH2:N4Os,
378.1692; found, 379.17784 NMR (400 MHz, MeOD) 8.08 (d,J = 7.9 Hz, 1H),
7.68 (d,J = 8.8 Hz, 2H), 7.57 ({1 = 7.2 Hz, 1H), 7.40 — 7.26 (m, 4H), 5.86 (s, 1382
—3.74 (M, 4H), 3.20 (s, 2H), 2.65 — 2.58 (M, 4H).

2-(4-methyl piperidin-1-yl)-N-(4-((2-oxo-1,2-dihydroquinolin-4-yl yamino)phenyl )
acetamide (7d). Yield: 75%; white solid; MS (ES): [M + H]* calculated for
CoaH26N4O2, 390.2056; found, 391.21284 NMR (400 MHz, DMSO¢) 0 10.98 (s,
1H), 9.71 (s, 1H), 8.57 (s, 1H), 8.12 {cd= 8.0 Hz, 1H), 7.70 (dl = 8.7 Hz, 2H), 7.50 (t,
J=7.4Hz, 1H), 7.27 (] = 8.1 Hz, 3H), 7.18 (] = 7.5 Hz, 1H), 5.56 (s, 1H), 3.10 (s,
2H), 2.85 (dJ = 11.4 Hz, 2H), 2.14 (| = 10.7 Hz, 2H), 1.60 (d= 11.4 Hz, 2H), 1.33

—1.21 (m, 3H), 0.92 (d} = 6.0 Hz, 3H).
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2-(4-methylpiperazin-1-yl)-N-(4-((2-oxo-1,2-dihydroinolin-4-yl)amino)phenyl
Yacetamide(7e). Yield: 66%; white solid; MS (ES): [M + H]* calculated for
CooH25Ns02, 391.2008; found, 392.218%4 NMR (400 MHz, DMSO¢) 0 10.96 (s,
1H), 9.72 (s, 1H), 8.55 (s, 1H), 8.10 {ck 7.9 Hz, 1H), 7.68 (dl = 8.8 Hz, 2H), 7.49 (t,
J=7.2 Hz, 1H), 7.26 (dd = 8.1, 6.2 Hz, 3H), 7.17 (3,= 7.6 Hz, 1H), 5.54 (d] = 1.3
Hz, 1H), 3.12 (s, 2H), 2.51 (s, 4H), 2.36 Jc& 24.3 Hz, 4H), 2.18 (s, 3H).

2-(4-ethyl piperazin-1-yl)-N-(4-((2-oxo-1,2-dihydroquinolin-4-yl yamino)phenyl)
acetamide (7f). Yield: 48%; white solid; MS (ES): [M + H]® calculated for
CoaH27Ns0,, 405.2165; found, 406.22384 NMR (400 MHz, DMSO€) 0 10.97 (s,
1H), 9.74 (s, 1H), 8.56 (s, 1H), 8.11 {c& 8.0 Hz, 1H), 7.69 (dl = 8.5 Hz, 2H), 7.50 (t,
J=7.4Hz, 1H), 7.27 (] = 7.4 Hz, 3H), 7.18 (] = 7.4 Hz, 1H), 5.55 (s, 1H), 3.13 (s,
2H), 2.52 (s, 4H), 2.45 (s, 4H), 2.34Jt= 14.1, 7.0 Hz, 2H), 1.00 3,= 7.1 Hz, 3H).

2-(4-acetyl piperazin-1-yl)-N-(4-((2-oxo-1,2-di hydroguinolin-4-yl Jamino)phenyl)
acetamide (7g). Yield: 80%; white solid; MS (ES): [M + H]* calculated for
CoaH2sNs0s, 419.1957; found, 420.203%4 NMR (400 MHz, DMSO¢) 0 10.98 (s,
1H), 9.82 (s, 1H), 8.57 (s, 1H), 8.11 ¢k 7.7 Hz, 1H), 7.70 (dl = 8.8 Hz, 2H), 7.55 —
7.44 (m, 1H), 7.27 (dd = 7.9, 5.2 Hz, 3H), 7.20 — 7.13 (m, 1H), 5.551¢d), 3.50 (dd,
J=10.1, 5.8 Hz, 4H), 3.18 (s, 2H), 2.58 — 2.52 2id), 2.50 — 2.46 (M, 2H), 2.00 (s,
3H).13C NMR (101 MHz, DMSO¢ds) 6 168.66, 168.49, 163.39, 150.98, 139.84, 135.77,
135.69, 130.98, 125.13, 122.83, 121.23, 120.95,181414.29, 94.17, 61.92, 52.89,
46.07, 21.64.

2-(4-(dimethylamino)pi peridin-1-yl)-N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)
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amino)phenyl)acetamide (7h). Yield: 45%; white solid; MS (ES): [M + H] " calculated
for CosH200sN2, 419.2321; found, 420.239% NMR (400 MHz, DMSO¢) 6 10.96 (s,
1H), 9.78 (s, 1H), 8.57 (s, 1H), 8.12 {d; 8.0 Hz, 1H), 7.70 (dl = 8.7 Hz, 2H), 7.50 (t,
J=7.6 Hz, 1H), 7.27 (1 = 7.6 Hz, 3H), 7.18 (] = 7.6 Hz, 1H), 5.55 (s, 1H), 3.16 (s,
2H), 3.02 — 2.95 (m, 2H), 2.87 — 2.77 (m, 1H), A576H), 2.22 (t] = 11.2 Hz, 2H),
1.89 (d,J = 11.7 Hz, 2H), 1.73 — 1.60 (m, 2H}C NMR (101 MHz, DMSOdg) &
168.78, 163.50, 151.07, 139.70, 135.71, 135.63,0831125.14, 122.92, 121.36,
120.94, 116.15, 114.26, 94.08, 62.32, 61.68, 5223%1, 26.87.

tert-butyl 4-(2-oxo-2-((4-((2-oxo-1,2-dihydroquinolin-4-yl)amino)phenyl)amino)
ethyl)piperazine-1-carboxylate (7i). Yield: 82%; white solid; MS (ES): [M + H]"
calculated for GsH310sN4, 477.2376; found, 500.22724 NMR (400 MHz, DMSO#)
§11.00 (s, 1H), 9.93 (s, 1H), 8.65 (s, 1H), 8.16)(d 8.1 Hz, 1H), 7.71 (dl = 8.8 Hz,
2H), 7.50 (tJ = 7.7 Hz, 1H), 7.28 (ddl = 11.4, 8.6 Hz, 3H), 7.17 (,= 7.3 Hz, 1H),
5.56 (s, 1H), 3.39 (s, 4H), 3.19 (s, 2H), 2.51472m, 4H), 1.41 (s, 9H}*C NMR (101
MHz, DMSO-dg) 6 168.53, 163.44, 154.36, 151.04, 139.80, 135.7%,683 130.97,
125.09, 122.95, 121.25, 120.89, 116.14, 114.3D949.30, 61.94, 52.89, 28.54.

N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)amino) phenyl)-2-((tetrahydro-2H-pyran-4
-yl)amino)acetamide (7j). Yield: 57%; white solid; MS (ES): [M + H]" calculated for
CooH24N40s, 392.1848; found, 393.19284 NMR (400 MHz, DMSO€) 0 10.96 (s,
1H), 9.87 (s, 1H), 8.55 (s, 1H), 8.10 {d; 7.8 Hz, 1H), 7.69 (dl = 8.8 Hz, 2H), 7.49 (t,
J=7.2 Hz, 1H), 7.26 (dd] = 7.9, 5.2 Hz, 3H), 7.17 (§,= 7.6 Hz, 1H), 5.54 (s, 1H),

3.84 (dt,J = 11.4, 3.4 Hz, 2H), 3.33 (s, 2H), 3.28 (d& 11.5, 2.1 Hz, 2H), 2.68 — 2.58
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(m, 1H), 1.77 (dJ = 12.5 Hz, 2H), 1.31 (ddd, = 14.5, 11.5, 3.7 Hz, 2H}*C NMR
(101 MHz, DMSOe€g) 0 170.94, 163.42, 151.01, 139.83, 135.85, 135.58,983
125.26, 122.82, 121.25, 120.52, 116.15, 114.291946.22, 53.84, 50.16, 33.56.

2-(diethylamino)-N-(4-((2-oxo-1,2-dihydroguinolin-4yl Jamino)phenyl )acetamide
(7K). Yield: 45%; white solid; MS (ES): [M + H]" calculated for GH24N4O,,
364.1899; found, 365.19744 NMR (400 MHz, MeOD)5 8.13 — 8.08 (m, 1H), 7.69 (d,
J=8.8 Hz, 2H), 7.58 (] = 7.7 Hz, 1H), 7.41 — 7.26 (m, 4H), 5.86 (s, 1319 (s, 2H),
2.88 (q,J = 7.2 Hz, 4H), 1.20 (] = 7.2 Hz, 6H).

2-(ethylamino)-N-(4-((2-oxo- 1,2-dihydroquinolin-4-yl Jamino)phenyl )acetamide
(71). Yield: 47%; white solid; MS (ES): [M + H]" calculated for GH2004No,
336.1586; found, 337.1663H NMR (400 MHz, DMSOds)  10.98 (s, 1H), 10.35 (s,
1H), 8.58 (s, 1H), 8.11 (d,= 8.1 Hz, 1H), 7.66 (d] = 8.7 Hz, 2H), 7.51 (1] = 7.6 Hz,
1H), 7.29 (tJ = 9.0 Hz, 3H), 7.18 (1] = 7.6 Hz, 1H), 5.58 (s, 1H), 3.80 (s, 2H), 2.94 (q
J=7.1Hz, 2H), 1.18 (ddl = 9.0, 5.4 Hz, 3H).

General procedure for synthesis of diphenyl sulfide derivative.
2,4-dichloroquinoline (8). 4-hydroxyquinolin-2(1H)-one (10 g, 0.062 mol) wastfput
in a round-bottom flask and PQQKO ml) was slowly pour into the flask in 1 hour
under stirring. After stirring for another 30 mieat the black mixture was heated to
1001 and stirred for another 6 hours. When it was abdteroom temperature, the
solution was removed under reduced pressure toda#fo oil-like black product. Ice
NaHCG; saturated solution was added to the mixture slawkyl no bubbles formed.

Ethyl acetate (100 ml) was added subsequentlyofdenic phase was separated, dried
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over anhydrous N&Q,, and then evaporated. Petroleum ether (200 ml)added to
the crude product and stirred about 30 minutes.nixéure was filtered, then the filter
liquor was collected and dried in vacuum to obtaimpound 8 as a yellow solid (7.9 g,
65% yield) without further purification. MS (ES1 [M + H]" calculated for gHsNCl,,
196.9799; found, 197.9877.

4-chloroquinolin-2(1H)-one (9). Compound 8 (7.0 g, 0.035 mol) was dissolve in
1,4-dioxane (30 ml) in a round bottom flask andtbééaHydrochloric acid which
consist of 60% water (30 ml) then was added toribeure after it was heated to 90
The reaction mixture was stirred at/9@fter the reaction was finished monitored by
TLC. Then the cloudy mixture was filtered to giveyellow filter cake until it was
cooled to room temperature. The resulted solid e@stith 1,4-dioxane and water, and
dried under vacuum to afford the yellow solid (5¢69ield 90%). MS (ES): [M + H]*
calculated for gHgNOCI, 179.0138; found, 180.014%1 NMR (400 MHz, DMSO¢)
§12.05 (s, 1H), 7.81 (dd,= 8.1, 1.0 Hz, 1H), 7.60 (ddd= 8.4, 7.3, 1.3 Hz, 1H), 7.35
(d,J=8.2 Hz, 1H), 7.32 — 7.27 (m, 1H), 7.03 (s, 1H).

4-((4-aminophenyl)thio)quinolin-2(1H)-one. (10). Compound 9 (5,0 g, 0.03 mol),
4-aminobenzenethiol (7.0 g, 0.06 mol) angCK; (12.42g, 0.09 mol) were put in a
round bottom flask, then DMF (200 ml) was added.eWkhe mixture was heated to
1301, 4-chloroquinolin-2(1H)-one (5.37g, 0.03 mol) veakled and stirred for another
6 hours. After the reaction was finished monitdogdl LC, the mixture was cooled to
room temperature and 400 ml water was added to tosuspending mixture. Then

solid was collected through a filter. After purdiby silica gel column chromatography
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(DCM/MeOH=24:1), brown solid was afforded as commibl0 (4.66 g, yield 58%).
MS (ESI: [M + H]"* calculated for @H1.N,OS, 268.0670; found, 269.0618.NMR
(400 MHz, DMSO#g) 6 11.53 (s, 1H), 7.82 (d, = 7.6 Hz, 1H), 7.59 — 7.52 (m, 1H),
7.33(d,J=8.1Hz, 1H), 7.23 (] = 7.7 Hz, 3H), 6.72 (dl = 8.5 Hz, 2H), 5.74 (s, 2H),
5.56 (s, 1H).

2-chloro-N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)thio)phenyl)acetamide (10).
Compound 11 was prepared as the same method aeoncp; brown solid, yield
95%. MS (ESI): [M + H]" calculated for ¢H;3N,0,SCI, 344.0386; found, 345.0392.
'H NMR (400 MHz, DMSO#dg) 5 11.65 (s, 1H), 10.76 (s, 1H), 7.84 (dd; 8.3, 3.2 Hz,
3H), 7.67 — 7.54 (m, 3H), 7.36 (@= 8.2 Hz, 1H), 7.26 (] = 7.5 Hz, 1H), 5.58 (s, 1H),
4.34 (s, 2H).

General procedure for synthesis of compounds 12a-12| was same as compounds
7a-7l.

N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)thio)phenyl )-2-(pyrrolidin-1-yl Jacetamide
(12a). Yield: 71%; white solid; MS (ES): [M + H]" calculated for gH»1N30,S,
379.1354; found, 380.142%#4 NMR (400 MHz, DMSOds) § 11.62 (s, 1H), 10.04 (s,
1H), 7.87 (dd,) = 15.0, 8.2 Hz, 3H), 7.58 (,= 7.8 Hz, 3H), 7.35 (d] = 8.0 Hz, 1H),
7.27 (dJ=8.0 Hz, 1H), 5.57 (s, 1H), 3.30 (s, 2H), 2.61443), 1.77 (ddJ = 6.5, 3.2 Hz,
4H).13C NMR (101 MHz, DMSO¢ds) 6 169.82, 162.77, 160.67, 152.46, 141.33, 138.48,
137.02, 131.70, 123.73, 122.42, 121.39, 120.86,391116.33, 115.55, 60.07, 54.16,
23.95.

N-(4-((2-ox0-1,2-dihydroquinolin-4-yl)thio)phenyl )-2-(pi peridin-1-yl Jacetamide
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(12b). Yield: 75%; white solid; MS (ES): [M + H]" calculated for gH»3N30,S,
393.1511: found, 394.15884 NMR (400 MHz, DMSOee) 6 11.63 (s, 1H), 9.99 (s,
1H), 7.90 — 7.82 (m, 3H), 7.59 (ddii= 10.9, 6.2, 1.6 Hz, 3H), 7.35 (#= 7.7 Hz, 1H),
7.29 — 7.24 (m, 1H), 5.58 (s, 1H), 3.12 (s, 2H302- 2.45 (m, 4H), 1.58 (d1,= 11.0,
5.7 Hz, 4H), 1.42 (d] = 5.0 Hz, 2H)"3C NMR (101 MHz, DMSOds) 6 169.68, 160.69,
152.48, 141.15, 138.46, 137.06, 131.72, 123.74,4822121.35, 120.96, 117.39,
116.34, 115.54, 63.18, 54.53, 25.90, 24.02.

2-mor pholino-N-(4-((2-oxo-1,2-di hydroquinolin-4-yl)thio)phenyl Jacetami de(12c).
Yield: 68%; white solid; MS (ES): [M + H]" calculated for gsH21N303S, 395.1304;
found, 396.1383'H NMR (400 MHz, DMSOdg) o 11.59 (s, 1H), 10.03 (s, 1H), 7.82
(dd,J = 11.4, 8.6 Hz, 3H), 7.55 (dd= 12.6, 8.0 Hz, 3H), 7.31 (d= 8.2 Hz, 1H), 7.22
(t, J = 7.6 Hz, 1H), 5.53 (s, 1H), 3.73 — 3.53 (m, 48115 (s, 2H), 2.47 (s, 4HJ°C
NMR (101 MHz, DMSOsdg) 6 169.16, 160.70, 152.49, 141.16, 138.46, 137.05,713
123.74, 122.45, 121.42, 121.03, 117.40, 116.355P1%6.55, 62.56, 53.62.

2-(4-methyl piperidin-1-yl)-N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)thio)phenyl)
acetamide (12d). Yield: 81%; white solid; MS (ES): [M + H]" calculated for
Co3H2sN30,S, 407.1667; found, 408.174% NMR (400 MHz, DMSO+dg) ¢ 11.63 (s,
1H), 9.98 (s, 1H), 7.86 (dd,= 10.6, 8.0 Hz, 3H), 7.62 — 7.55 (m, 3H), 7.35Xd,7.7
Hz, 1H), 7.29 — 7.23 (m, 1H), 5.57 (s 1.1 Hz, 1H), 3.13 (s, 2H), 2.85 (& 11.6 Hz,
2H), 2.14 (tJ = 10.4 Hz, 2H), 1.60 (d= 10.2 Hz, 2H), 1.36 — 1.21 (m, 3H), 0.92.4d,
= 6.1 Hz, 3H).13C NMR (101 MHz, DMSOdg) 0 169.71, 160.69, 152.48, 141.15,

138.46, 137.05, 131.71, 123.74, 122.45, 121.36,962017.40, 116.34, 115.53, 62.80,



687 53.93, 34.26, 30.32, 22.27.

688 2-(4-methyl pi perazin-1-yl)-N-(4-((2-oxo-1,2-di hydroguinolin-4-yl thio)phenyl)

689 acetamide (12€). Yield: 70%; white solid; MS (ES): [M + H]* calculated for
690  CxH2N4O,S, 408.1620; found, 409.170® NMR (400 MHz, DMSO+dg) 6 11.67 (s,
691  1H), 10.19 (s, 1H), 7.86 (dd;= 18.9, 8.2 Hz, 3H), 7.58 (1,= 8.3 Hz, 3H), 7.38 (dl =
692 8.2 Hz, 1H), 7.25 ( = 7.6 Hz, 1H), 5.57 (s, 1H), 3.17 @ 7.6 Hz, 2H), 2.54 (s, 4H),
693  2.38 (s, 4H), 2.18 (s, 3H).

694 2-(4-ethyl piperazin-1-yl)-N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)thio)phenyl)

695 acetamide (12f). Yield: 68%; white solid; MS (ES): [M + H]" calculated for
696  CagHagN4O,S, 422.1776; found, 423.185B NMR (400 MHz, DMSO+dg) ¢ 11.63 (s,
697  1H), 10.02 (s, 1H), 7.86 (1,= 8.5 Hz, 3H), 7.65 — 7.52 (m, 3H), 7.354¢; 8.1 Hz, 1H),
698  7.26 (t,J = 7.6 Hz, 1H), 5.57 (s, 1H), 3.17 (s, 2H), 2.554d), 2.44 (s, 4H), 2.34 (d,
699 = 7.1 Hz, 2H), 1.00 (tJ = 7.2 Hz, 3H).C NMR (101 MHz, DMSOdq) 6 169.35,
700 160.70, 152.50, 141.15, 138.44, 137.06, 131.72,7¥23122.46, 121.35, 120.99,
701 117.39, 116.35, 115.51, 62.33, 53.22, 52.62, 52.0412.

702 2-(4-acetyl pi perazin-1-yl)-N-(4-((2-oxo-1,2-dihydroguinolin-4-yl)thio)phenyl)

703  acetamide (12g). Yield: 72%; white solid; MS (ES): [M + H]* calculated for
704 CagH24N4O5S, 436.1569; found, 437.168% NMR (400 MHz, DMSO+dg) ¢ 11.63 (s,
705 1H), 10.09 (s, 1H), 7.86 (dd= 14.6, 8.3 Hz, 3H), 7.64 — 7.55 (m, 3H), 7.35)(d,8.2
706 Hz, 1H), 7.25 (ddJ = 11.3, 4.1 Hz, 1H), 5.57 (s, 1H), 3.51 (dck 10.1, 6.2 Hz, 4H),
707 3.23 (s, 2H), 2.59 — 2.53 (m, 2H), 2.49Jd 9.3 Hz, 2H), 2.00 (s, 3H).

708 2-(4-(dimethylamino)pi peridin-1-yl)-N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)thio)
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phenyl)acetamide (12h). Yield: 68%; white solid; MS (ES): [M + H]" calculated for
CooH2eN40,S, 436.1933; found, 437.200% NMR (400 MHz, DMSO+dg) 6 11.64 (s,
1H), 10.06 (s, 1H), 7.87 (dd= 12.9, 8.5 Hz, 3H), 7.64 — 7.54 (m, 3H), 7.36)(d,8.2
Hz, 1H), 7.26 (tJ = 7.5 Hz, 1H), 5.57 (s, 1H), 3.18 (s, 2H), 2.96J¢ 11.2 Hz, 2H),
2.52 (s, 1H), 2.37 (s, 6H), 2.19 Jt= 11.2 Hz, 2H), 1.82 (dl = 11.0 Hz, 2H), 1.66 —
1.52 (m, 2H).13C NMR (101 MHz, DMSOdg) 0 169.53, 160.72, 152.53, 141.17,
138.44,137.04, 131.72,123.73, 122.47, 121.42002117.40, 116.36, 115.49, 62.02,
52.62,41.11, 27.54.

tert-butyl-4-(2-oxo-2-((4-((2-oxo- 1,2-dihydroquinolin-4-yl )thio) phenyl Jamino)
ethyl)piperazine-1-carboxylate (12i). Yield: 88%; white solid; MS (ES): [M + H]"
calculated for GsH3oN4O4S, 494.1988; found, 495.2078; 1H NMR (400 MHz,
DMSO-dg) 6 11.63 (s, 1H), 10.07 (s, 1H), 7.86 (dc: 10.9, 8.7 Hz, 3H), 7.59 (dd=
12.5, 8.0 Hz, 3H), 7.35 (d,= 8.2 Hz, 1H), 7.26 (0 = 7.6 Hz, 1H), 5.57 (s, 1H), 3.40
(m, 4H), 3.21 (s, 2H), 2.49 (m, 4H), 1.41 (s, 9H).

N-(4-((2-ox0-1,2-dihydroquinolin-4-yl)thio)phenyl)-2-((tetrahydro-2H-pyran-4yl
)-amino)acetamide (12)). Yield: 70%; white solid; MS (ES): [M + H]" calculated for
CooH23N303S, 409.1460; found, 410.153H NMR (400 MHz, DMSO+dg) ¢ 11.63 (s,
1H), 10.16 (s, 1H), 7.85 (dd= 13.4, 4.8 Hz, 3H), 7.68 — 7.51 (m, 3H), 7.35)d,7.8
Hz, 1H), 7.30 — 7.21 (m, 1H), 5.57 (s, 1H), 3.84 Jck 11.4, 3.4 Hz, 2H), 3.38 (s, 2H),
3.28 (m, 3H), 2.64 (ddd,= 14.3, 10.2, 4.0 Hz, 1H), 1.82 — 1.74 (m, 2H36L- 1.23 (m,
2H).13C NMR (101 MHz, DMSOdg) 0 171.69, 160.68, 152.48, 141.21, 138.47, 137.14,

131.70, 123.73, 122.43, 121.09, 120.84, 117.39,34]14.15.53, 66.21, 53.78, 50.27,



731  33.54.

732 2-(diethylamino)-N-(4-((2-oxo-1,2-dihydroqguinolin-4-yl)thio)phenyl )acetamide

733 (12K). Yield: 76%; white solid; MS (ES): [M + H]" calculated for gH23N30,S,
734 381.1511; found, 382.158%1 NMR (400 MHz, DMSOds) 6 11.63 (s, 1H), 9.95 (s,
735 1H), 7.87 (dd,) = 18.0, 8.4 Hz, 3H), 7.63 — 7.54 (m, 3H), 7.35)(d,8.2 Hz, 1H), 7.30
736 —7.21(m, 1H), 5.58 (s, 1H), 3.21 (s, 2H), 2.63J(g 7.1 Hz, 4H), 1.04 (] = 7.1 Hz,
737 6H).13C NMR (101 MHz, DMSQOsds) 6 170.96, 160.68, 152.45, 141.01, 138.48, 137.06,
738  131.71, 123.74, 122.43, 121.33, 121.00, 117.403%18415.56, 57.89, 48.26, 12.40.
739 2-(ethylamino)-N-(4-((2-oxo- 1,2-dihydroquinolin-4-yl )thio)phenyl )acetamide

740  (121). Yield: 73%; white solid; MS (ES): [M + H]" calculated for @H;sN30,S,
741 353.1198; found, 354.12781 NMR (400 MHz, DMSOdg) 6 11.62 (s, 1H), 10.03 (s,
742 1H), 7.86 (tJ = 9.1 Hz, 3H), 7.67 — 7.54 (m, 3H), 7.35Jct 8.1 Hz, 1H), 7.25 (dd]

743 =11.3, 4.1 Hz, 1H), 5.57 (s, 1H), 3.33 (s, 2H§®(q,Jd = 7.1 Hz, 2H), 1.06 (1 = 7.1
744  Hz, 3H).13C NMR (101 MHz, DMSOdg) 6 171.42, 160.68, 152.47, 141.27, 138.47,
745  137.13, 131.70, 123.73, 122.43, 121.11, 120.81 391 116.34, 115.53, 53.13, 43.79,
746  15.43.

747 General procedure for synthesis of diphenyl ether derivative.

748  4-(4-nitrophenoxy)quinolin-2(1H)-one (13). 4-hydroxyquinolin-2(1H)-one (9.66 g,
749  0.06 mol) and KCO; (12.42 g, 0.09 mol) were put in a round bottorsKlahen DMF
750 (200 ml) was added to heat to 1001-fluoro-4-nitrobenzene (4.23 g, 0.03 mol) was
751  dissolve in another 20 ml DMF, and the solution vealsled to prepared mixture

752  dropwise in half an hour. The reaction mixture wtging at room temperature for
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another 6 hours. After the reaction was finisheditooed by TLC, the mixture was
cooled to room temperature and 400 ml water wasatimform a suspending mixture.
Then solid was collected through a filter. Afteyidig through a vacuum drying oven, a
pale yellow solid was afforded as compound 13 (@,1lield 72%). MS (ES): [M +
H]* calculated for @HioN,Os, 282.0641; found, 283.0718H NMR (400 MHz,
DMSO-dg) 5 11.75 (s, 1H), 8.37 (d,= 7.4 Hz, 2H), 7.87 (d] = 6.6 Hz, 1H), 7.62 (s,
1H), 7.55 (d,) = 6.8 Hz, 2H), 7.47 — 7.16 (m, 2H), 5.72 (s, 1H).

4-(4-aminophenoxy)quinolin-2(1H)-one (14). Compound 13 (5.66 g, 0.02 mol)
and iron Powder (4.48 g, 0.08 mol) was dispersed®00 ml mixture solution
(MeOH/H,0=9/1), then heated to 85 Concentrated hydrochloric acid (12 mol/L, 20
ml) was added to it dropwise at8%luring 20 minutes and stirring for another 4 hours
After the reaction was finished monitored by TL8e tmixture was cooled to room
temperature and removed under reduced pressuffotd erude product. Then water
(100 ml) was added to it and stirring for 10 mirsut€hen solid was collected through a
filter. After drying through a vacuum drying ovea, gray solid was afforded as
compound 14 (4.54 g, yield 90%). MS (ESIM + H]" calculated for GH1oN2O,,
252.0899; found, 253.097°H NMR (400 MHz, DMSO#€g) 6 11.60 (s, 1H), 7.95 (d,
=7.7 Hz, 1H), 7.60 (] = 7.4 Hz, 1H), 7.36 (] = 8.8 Hz, 5H), 7.25 (] = 7.3 Hz, 1H),
5.33 (s, 1H).

2-chloro-N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)oxy)phenyl )acetamide (15).
Compound 15 was prepared as the same method aendp; brown solid, yield

93%. MS (ESI): [M + H]" calculated for ¢H13N,OsCl, 328.0615; found, 329.0711.
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'H NMR (400 MHz, DMSOds) 6 11.55 (s, 1H), 10.47 (s, 1H), 7.97 {c; 8.1 Hz, 1H),
7.74 (d,J = 8.6 Hz, 2H), 7.60 (1] = 7.7 Hz, 1H), 7.35 (d] = 8.2 Hz, 1H), 7.26 (dd} =
14.6, 8.0 Hz, 3H), 5.32 (s, 1H), 4.29 (s, 2H).

General procedure for synthesis of compounds 16a-160 was same as compounds
12a-120.

N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)oxy) phenyl )-2-(pyrrolidin-1-yl Jacetamide
(16a). Yield: 46%; white solid; MS (ES): [M + H]+ calculated for GH»;N3Os,
363.1583; found, 364.165% NMR (400 MHz, DMSO#€g) § 11.54 (s, 1H), 9.87 (s,
1H), 7.98 (dJ = 7.9 Hz, 1H), 7.81 (d] = 8.8 Hz, 2H), 7.60 (] = 7.6 Hz, 1H), 7.36 (d,
J=8.2 Hz, 1H), 7.25 (] = 8.8 Hz, 3H), 5.31 (s, 1H), 3.27 (s, 2H), 2.61443), 1.76 (s,
4H).13C NMR (101 MHz, DMSQOsds) 6 169.37, 163.95, 163.20, 148.76, 139.52, 137.20,
132.04, 122.78, 122.19, 122.00, 121.65, 115.84,6114.00.29, 60.04, 54.19, 23.96.

N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)oxy) phenyl )-2-(pi peridin-1-yl Jacetamide
(16b). Yield: 65%; white solid; MS (ES): [M + H]+ calculated for GH23N30s,
377.1739; found, 378.18151 NMR (400 MHz, DMSO#€g) § 11.54 (s, 1H), 9.83 (s,
1H), 7.98 (dJ = 7.9 Hz, 1H), 7.80 (d] = 8.9 Hz, 2H), 7.60 (] = 7.7 Hz, 1H), 7.36 (d,
J=8.2 Hz, 1H), 7.25 (] = 7.3 Hz, 3H), 5.32 (s, 1H), 3.10 (s, 2H), 2.484(4), 1.64 —
1.54 (m, 4H), 1.42 (dJ = 4.8 Hz, 2H).*C NMR (101 MHz, DMSOdg) § 169.17,
163.94, 163.19, 148.81, 139.53, 137.05, 132.04,7822122.18, 122.04, 121.60,
115.84, 114.61, 100.31, 63.16, 54.58, 25.92, 24.04.

2-mor pholino-N-(4-((2-oxo-1,2-di hydroquinolin-4-yl ) oxy) phenyl )acetami de(16c¢).

Yield: 60%; white solid; MS (ESI+): [M + H]calculated for gH21N304, 379.1532;
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found, 380.1608'H NMR (400 MHz, DMSOs) 5 11.59 (s, 1H), 10.03 (s, 1H), 7.82
(dd,J = 11.4, 8.6 Hz, 3H), 7.55 (dd= 12.6, 8.0 Hz, 3H), 7.31 (d= 8.2 Hz, 1H), 7.22
(t, J = 7.6 Hz, 1H), 5.53 (s, 1H), 3.73 — 3.53 (m, 4BI15 (s, 2H), 2.47 (s, 4H}°C
NMR (101 MHz, DMSO€) 0 168.66, 163.94, 163.20, 148.85, 139.52, 137.05,063
122.78, 122.20, 122.05, 121.70, 115.85, 114.60,300®6.56, 62.53, 53.67.

2-(4-methyl piperidin-1-yl)-N-(4-((2-oxo-1,2-dihydroquinolin-4- yl)oxy)phenyl)-
acetamide (16d). Yield: 60%; white solid; MS (ES): [M + H]" calculated for
CoaH25N30s, 391.1896; found, 392.1978H NMR (400 MHz, DMSOsdg) 0 11.55 (s,
1H), 9.82 (s, 1H), 7.97 (d,= 7.8 Hz, 1H), 7.80 (d] = 8.8 Hz, 2H), 7.60 (] = 7.4 Hz,
1H), 7.36 (dJ = 8.2 Hz, 1H), 7.25 (] = 7.1 Hz, 3H), 5.32 (s, 1H), 3.11 (s, 2H), 2.85 (d
J=11.4 Hz, 2H), 2.13 (] = 11.0 Hz, 2H), 1.59 (dl = 11.1 Hz, 2H), 1.36 — 1.21 (m,
3H), 0.91 (d,J = 5.9 Hz, 3H).**C NMR (101 MHz, DMSOds) 5 169.19, 163.94,
163.20, 148.81, 139.53, 137.05, 132.03, 122.78,1822122.04, 121.61, 115.84,
114.61, 100.30, 62.77, 53.97, 34.28, 30.34, 22.27.

2-(4-methyl piperazin-1-yl)-N-(4-((2-oxo-1,2-di hydroguinolin-4-yl ) oxy) phenyl)-a
cetamide (16€). Yield: 45%; white solid; MS (ES): [M + H]* calculated for
CooH24N40s, 392.1848; found, 393.19244 NMR (400 MHz, DMSO+dg) 0 11.54 (s,
1H), 9.89 (s, 1H), 7.97 (d,= 7.3 Hz, 1H), 7.78 (d = 8.9 Hz, 2H), 7.64 — 7.56 (m, 1H),
7.36 (d,J = 8.2 Hz, 1H), 7.26 (dd} = 7.5, 4.9 Hz, 3H), 5.31 (s, 1H), 3.19 (s, 2HB2.
(m, 8H), 2.35 (s, 3H)*°C NMR (101 MHz, DMSOds) & 168.67, 163.96, 163.25,
148.86, 139.48, 136.99, 132.08, 122.77, 122.25,0022121.66, 115.86, 114.59,

100.26, 61.56, 54.28, 51.83, 44.91.



819 2-(4-(tert-butyl)pi perazin-1-yl)-N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)oxy) phen

820 yl)acetamide (16f). Yield: 46%; white solid; MS (ES): [M + H]" calculated for
821  CusHsoN4Os, 378.1692; found, 379.173% NMR (400 MHz, MeODY 8.11 (d,JJ =
822 7.3 Hz, 1H), 7.77 (dJJ = 8.9 Hz, 2H), 7.67 — 7.60 (m, 1H), 7.39 Jc& 8.2 Hz, 1H),
823  7.34 (tJ=7.7 Hz, 1H), 7.23 (dl = 9.0 Hz, 2H), 5.57 (s, 1H), 3.30 (s, 2H), 3.164(3),
824  2.86 (s, 4H), 1.32 (s, 9H)°C NMR (101 MHz, DMSOdg) 6 171.45, 168.71, 163.94,
825 163.19, 148.87, 139.53, 137.06, 132.05, 122.78,1922122.05, 121.71, 115.84,
826 114.60, 100.32, 61.93, 45.31, 42.01, 10.69, 7.43.

827 2-(4-(cyclopropanecar bonyl)pi perazin-1-yl)-N- (4-((2-oxo-1,2-dihydroquinolin-4-
828  yl)oxy)phenyl)acetamide (16g). Yield: 66%; white solid; MS (ES): [M + H]*
829  calculated for GsH2eN4Os, 446.1954; found, 447.189%44 NMR (400 MHz, DMSOdl)
830 J11.54 (s, 1H), 9.93 (s, 1H), 7.97 (k= 7.6 Hz, 1H), 7.80 (dl = 8.1 Hz, 2H), 7.59 (d,
831 J=7.2Hz, 1H), 7.35 (dl= 7.9 Hz, 1H), 7.25 (dl = 7.4 Hz, 3H), 5.31 (s, 1H), 3.75 (s,
832  2H), 3.55 (s, 2H), 3.21 (s, 2H), 2.58 (s, 2H), 2-50.44 (m, 2H), 1.97 (s, 1H), 0.81 —
833 0.58 (m, 4H).13C NMR (101 MHz, DMSOdg) ¢ 168.70, 168.63, 163.95, 163.22,
834  148.87, 139.52, 137.05, 132.05, 122.78, 122.19,0822121.72, 115.85, 114.61,
835 100.30, 61.92, 53.32, 46.05, 21.64.

836 2-(4-(dimethylamino)pi peridin-1-yl)-N-(4-((2-oxo-1,2-dihydroquinolin-4-yl )oxy)

837  phenyl)acetamide (16h). Yield: 41%; white solid; MS (ES): [M + H]" calculated for
838  CoeH2aN4Os, 420.2161; found,421.223714 NMR (400 MHz, DMSO¢k) 0 11.54 (s,
839  1H), 9.84 (s, 1H), 7.97 (d,= 8.0 Hz, 1H), 7.79 (d] = 8.8 Hz, 2H), 7.60 (] = 7.6 Hz,

840  1H), 7.35 (dJ=8.2 Hz, 1H), 7.25 (] = 7.2 Hz, 3H), 5.31 (s, 1H), 3.12 (s, 2H), 2.92 (d
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J=11.5Hz, 2H), 2.51 (m, 1H), 2.26 (s, 6H), 2.48 € 11.2 Hz, 3H), 1.76 (d,= 11.7
Hz, 2H), 1.54 (ddJ = 20.4, 11.4 Hz, 2H)}:3C NMR (101 MHz, DMSOdg) 6 169.00,
163.95, 163.20, 148.84, 139.52, 137.06, 132.06,7/822122.21, 122.05, 121.69,
115.86, 114.60, 100.28, 62.08, 50.80, 41.09, 25.55.

tert-butyl 4-(2-oxo-2-((4-((2-oxo-1,2-dihydroquinolin-4-yl)oxy)phenyl Jamino)
ethyl)piperazine-1-carboxylate (16i). Yield: 60%; white solid; MS (ES): [M + H]"
calculated for GgHsN4Os, 478.2216; found, 479.2274 ‘H NMR (400 MHz,
DMSO-dg) 6 11.54 (s, 1H), 9.90 (s, 1H), 7.97 (= 8.5 Hz, 1H), 7.79 (d] = 8.9 Hz,
2H), 7.62 — 7.56 (m, 1H), 7.35 (@= 8.2 Hz, 1H), 7.25 (dd,= 8.1, 4.1 Hz, 3H), 5.30 (s,
1H), 3.39 (m, 4H), 3.18 (s, 2H), 2.49 (m, 4H), 140 9H).*C NMR (101 MHz,
DMSO-dg) 6 168.69, 163.94, 163.21, 154.34, 148.86, 139.52,043 132.03, 122.78,
122.18, 122.04, 121.69, 115.85, 114.60, 100.3@77/%2.01, 52.92, 28.54.

N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)oxy) phenyl )-2-((tetrahydro-2H-pyran-4-yl
Yamino)acetamide (16j). Yield: 45%; white solid; MS (ES): [M + H]" calculated for
CooH29N304, 393.1689; found, 394.1782H NMR (400 MHz, DMSO¢k) 0 11.54 (s,
1H), 9.98 (s, 1H), 7.97 (d,= 7.5 Hz, 1H), 7.78 (dl = 8.9 Hz, 2H), 7.59 (] = 7.2 Hz,
1H), 7.35 (dJ = 8.2 Hz, 1H), 7.25 (dd} = 7.8, 5.5 Hz, 3H), 5.31 (s, 1H), 3.84 {c=
11.3 Hz, 2H), 3.34 (d] = 6.9 Hz, 2H), 3.30 — 3.24 (m, 2H), 2.64 (s 10.3, 5.1 Hz,
1H), 1.77 (dJ = 11.4 Hz, 2H), 1.31 (dd}, = 19.3, 11.2 Hz, 2H)}*C NMR (101 MHz,
DMSO-dg) 6 163.95, 163.20, 148.91, 139.53, 137.01, 132.08,712 122.21, 122.06,
121.82, 115.87, 114.59, 100.29, 59.98, 52.91, 52581, 25.00.

2-(diethylamino)-N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)oxy)phenyl Jacetamide



863  (16K). Yield: 55%; white solid; MS (ES): [M + H]" calculated for gH3N3Os,
864  365.1739; found, 366.1818:4 NMR (400 MHz, DMSOdg) ¢ 11.54 (s, 1H), 9.79 (s,
865 1H), 7.97 (dJ = 7.3 Hz, 1H), 7.80 (dl = 8.9 Hz, 2H), 7.62 — 7.57 (m, 1H), 7.35J&
866 8.2 Hz, 1H), 7.29 — 7.19 (m, 3H), 5.31 (s, 1H),83(&, 2H), 2.62 (qJ = 7.1 Hz, 4H),
867 1.04 (t,J = 7.1 Hz, 6H)3C NMR (101 MHz, DMSOds) ¢ 170.37, 163.93, 163.19,
868  148.85, 139.53, 136.91, 132.03, 122.78, 122.17,0822121.57, 115.84, 114.61,
869 100.32,57.81, 48.31, 40.65, 40.44, 40.23, 40.9823 39.61, 39.40, 12.38.

870 2-(ethylamino)-N-(4-((2-oxo- 1,2-dihydroquinolin-4-yl )oxy) phenyl )acetamide

871 (16l1). Yield: 55%; white solid; MS (ES): [M + H]" calculated for @HigN3Os,
872 337.1426; found, 338.15084 NMR (400 MHz, DMSO#ds) 6 11.56 (s, 1H), 10.45 (s,
873 1H), 7.97 (dJ = 7.3 Hz, 1H), 7.76 (d] = 8.9 Hz, 2H), 7.68 — 7.55 (m, 1H), 7.36 Jc:
874 8.2 Hz, 1H), 7.32 — 7.21 (m, 3H), 5.31 (s, 1H),73(3, 2H), 2.91 (qJ = 7.2 Hz, 2H),
875  1.18 (t,J = 7.2 Hz, 3H)3C NMR (101 MHz, DMSOds) o 165.87, 163.87, 163.21,
876  149.18, 139.50, 136.55, 132.11, 122.77, 122.39,2622121.46, 115.87, 114.57,
877 100.33, 49.35, 42.86, 12.23.

878 N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)oxy) phenyl )-2-(pi per azin-1-yl Jacetamide

879  (16m). Yield: 65%; white solid; MS (ES): [M + H]" calculated for @H2,N4Os,
830 378.1692; found, 379.1721 NMR (400 MHz, DMSOdg) ¢ 11.58 (s, 1H), 9.91 (s,
881 1H), 7.97 (dJ = 7.8 Hz, 1H), 7.80 (dl = 8.7 Hz, 2H), 7.60 (] = 7.5 Hz, 1H), 7.36 (d,
882 J=8.2 Hz, 1H), 7.25 (1= 6.9 Hz, 3H), 5.32 (s, 1H), 3.12 (s, 2H), 2.774¢4), 2.44 (s,
883 4H).13C NMR (101 MHz, DMSOdg) 0 168.92, 163.94, 163.22, 148.82, 139.54, 137.07,

884  132.03, 122.78, 122.17, 122.03, 121.64, 115.87.611400.31, 62.91, 54.37, 45.87.
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2-(4-ethyl piperazin-1-yl)-N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)oxy)phenyl)-ace
tamide (16n). Yield: 38%; white solid; MS (ES): [M + H]" calculated for ggHosN4O03,
406.2005; found, 407.20781 NMR (400 MHz, DMSO#€g) § 11.55 (s, 1H), 9.96 (s,
1H), 7.97 (dJ = 7.8 Hz, 1H), 7.78 (d] = 8.9 Hz, 2H), 7.61 (] = 7.7 Hz, 1H), 7.36 (d,
J=8.2 Hz, 1H), 7.26 (] = 7.9 Hz, 3H), 5.30 (s, 1H), 3.31 (s, 2H), 3.02 6H), 2.83 (q,
4H), 1.20 (tJ = 7.1 Hz, 3H)**C NMR (101 MHz, DMSOsdg) 6 171.10, 163.95, 163.22,
148.74, 139.52, 137.10, 132.05, 122.78, 122.20,1822121.31, 115.85, 114.61,
100.27, 66.22, 53.83, 50.14, 33.51.

2-(4-ethyl piperazin-1-yl)-N-(4-((2-oxo-1,2-dihydroquinolin-4-yl)oxy)phenyl)-ace
tamide (160). Yield: 53%; white solid; MS (ES): [M + H]" calculated for ggH24N4O0.,
420.1798; found, 421.208%1 NMR (400 MHz, DMSO€g) § 11.54 (s, 1H), 9.92 (s,
1H), 7.97 (dJ = 7.7 Hz, 1H), 7.79 (dl = 8.9 Hz, 2H), 7.60 (] = 7.2 Hz, 1H), 7.35 (d,
J=8.2 Hz, 1H), 7.24 (ddl = 7.9, 4.3 Hz, 3H), 5.31 (s, 1H), 3.51 {c= 4.1 Hz, 4H),
3.20 (s, 2H), 2.57 — 2.53 (m, 2H), 2.48 Jc: 4.8 Hz, 2H), 2.00 (s, 3HFC NMR (101
MHz, DMSO-dg) ¢ 168.39, 163.96, 163.22, 148.92, 139.50, 136.92,0B3 122.77,
122.24, 122.11, 121.72, 115.86, 114.58, 100.28/46(1.38, 51.25, 50.20, 40.64,
40.43, 40.22, 40.01, 39.80, 39.59, 39.38.

4-(2-fluoro-4-nitrophenoxy)quinolin-2(1H)-one  (17a). 4-hydroxy-2  (1H)
-quinolinone (3.22 g, 0.02 mol) and®O; (4.14 g, 0.03 mol) were dissolved in DMF
(200 ml) and stir at room temperature. Subsequedydifluoronitrobenzene (4.77 g,
0.01 mol) was dissolved in another 20 ml of DMF added dropwise to the previously

stirred reaction solution within half an hour.. &fthe reaction was stirred overnight at
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room temperature and then monitored by TLC the dayt 400 ml of pure water was
added to it.Then solid was collected through a filter. Afteyidg through a vacuum
drying oven, a pale yellow solid was afforded asmpound 13 (5.11 g, yield 85%). MS
(ESTI): [M + H]" calculated for @HoFN,O,, 300.0546; found, 301.0623H NMR
(400 MHz, DMSO#l) 6 11.76 (s, 1H), 8.45 (dd, J = 10.4, 2.7 Hz, 1H)28ddd, J = 9.0,
2.6, 1.3 Hz, 1H), 7.93 (dd, J = 8.0, 1.0 Hz, 1H317 7.72 (m, 1H), 7.68 — 7.58 (m, 1H),
7.40 (d, J = 8.2 Hz, 1H), 7.32 — 7.23 (m, 1H), §$8LH).

6-(2-fluoro-4-nitrophenoxy)quinolin-2(1H)-one (17b). Compound 17b was
prepared as the same method as compound 17a; bodidyyield 82%. MS (ES): [M
+ H]* calculated for GHoFN,O4, 300.0546; found, 301.06234 NMR (400 MHz,
DMSO-dg) 6 11.91 (s, 1H), 8.34 (dd,= 10.8, 2.7 Hz, 1H), 8.09 — 8.02 (m, 1H), 7.88
(d,J = 9.6 Hz, 1H), 7.56 (d] = 1.2 Hz, 1H), 7.43 (d] = 2.3 Hz, 2H), 7.13 (] = 8.7
Hz, 1H), 6.56 (dJ = 9.6 Hz, 1H).

7-(2-fluoro-4-nitrophenoxy)quinolin-2(1H)-one (17c). Compound 17c was
prepared as the same method as compound 17a; bodidyyield 86%. MS (ES): [M
+ H]" calculated for GHeFN,O4 300.0546; found, 301.0623H NMR (400 MHz,
DMSO-dg) § 11.73 (s, 1H), 8.40 (dd, J = 10.7, 2.7 Hz, 1H)34ddd, J = 9.1, 2.6, 1.3
Hz, 1H), 7.92 (d, J = 9.6 Hz, 1H), 7.76 (d, J =182 1H), 7.39 (t, J = 8.6 Hz, 1H), 7.04
—6.97 (M, 2H), 6.46 (d, J = 9.5 Hz, 1H).

4-(4-amino-2-fluorophenoxy)quinolin-2(1H)-one (18a). Compound 18a was
prepared as the same method as compound 14; boddnyseld 90%. MS (ES): [M

+ H]* calculated for @H1:FN,O,, 270.0805; found, 271.0883H NMR (400 MHz,
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DMSO-ds) § 11.60 (s, 1H), 7.95 (d,= 7.7 Hz, 1H), 7.60 (§ = 7.4 Hz, 1H), 7.36 (]
= 8.8 Hz, 5H), 7.25 (t} = 7.3 Hz, 1H), 5.33 (s, 1H).
6-(4-amino-2-fluorophenoxy)quinolin-2(1H)-one (18b). Compound 18b was
prepared as the same method as compound 14; boddnyseld 90%. MS (ES): [M
+ H]* calculated for @H1:FN,O,, 270.0805; found, 271.0883H NMR (400 MHz,
DMSO-ds) 5 11.87 (s, 1H), 7.88 (d,= 9.5 Hz, 1H), 7.45 — 7.35 (m, 2H), 7.31 Jc&
6.8 Hz, 2H), 7.25 — 7.12 (m, 2H), 6.52 {c& 9.4 Hz, 1H).
7-(4-amino-2-fluorophenoxy)quinolin-2(1H)-one (18c). Compound 18c was
prepared as the same method as compound 14; boddnyseld 90%. MS (ES): [M
+ H]* calculated for @H1:FN,O,, 270.0805; found, 271.0883H NMR (400 MHz,
DMSO-dg) § 11.59 (s, 1H), 7.86 (d, J = 9.5 Hz, 1H), 7.67)(&,8.5 Hz, 1H), 7.33 (dd,
J=15.3,8.0 Hz, 2H), 7.14 (d, J = 7.4 Hz, 1H)16- 6.77 (m, 2H), 6.38 (d, J = 9.4 Hz,
1H).
2-chloro-N-(3-fluoro-4-((2-oxo-1,2-dihydroquinolin-4-yl)oxy)phenyl Jacetamide
(19a). Compound 19a was prepared as the same methodhasaod 15; brown solid,
yield 95%. MS (ESI): [M + H]" calculated for H1,FN,OsCl, 346.0520; found,

347.0599H NMR (400 MHz, DMSO#) 6 11.63 (s, 1H), 10.69 (s, 1H), 7.92 (dd, J

56.5, 9.6 Hz, 2H), 7.62 (s, 1H), 7.47 (s, 2H), A&7 = 7.3 Hz, 1H), 7.27 (s, 1H), 5.35

(s, 1H), 4.31 (s, 2H).
2-chloro-N-(3-fluoro-4-((2-oxo-1,2-dihydroquinolin-6-yl)oxy)phenyl Jacetamide

(19b). Compound 19b was prepared as the same methodn@®uand 15; brown solid,

yield 95%. MS (ESI): [M + H]" calculated for H1,FN,OsCl, 346.0520; found,
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347.0599'H NMR (400 MHz, DMSOsds) § 11.80 (s, 1H), 11.31 (s, 1H), 7.83 (dc;
17.0, 5.7 Hz, 2H), 7.46 (d,= 8.7 Hz, 1H), 7.37 (d] = 8.9 Hz, 1H), 7.25 (dd] = 8.9,
2.5 Hz, 1H), 7.18 (dd] = 15.0, 5.7 Hz, 2H), 6.48 (d,= 9.5 Hz, 1H), 4.36 (s, 2H).

2-chloro-N-(3-fluoro-4-((2-oxo-1,2-dihydroquinolin-7-yl ) oxy)phenyl Jacetamide
(19¢). Compound 19c was prepared as the same methodng®ood 15; brown solid,
yield 95%. MS (ESI): [M + H]" calculated for H1,FN,OsCl, 346.0520; found,
347.0599'H NMR (400 MHz, DMSOdg) & 11.50 (s, 1H), 11.01 (s, 1H), 7.84 (s, 2H),
7.64 (d, J = 8.3 Hz, 1H), 7.45 (s, 1H), 7.33 (¢,8.3 Hz, 1H), 6.80 (dd, J = 40.5, 13.0
Hz, 2H), 6.36 (d, J = 8.9 Hz, 1H), 4.34 (s, 2H).

General procedure for synthesis of compounds 20a-200, 21a-21c and 22a-22c
was same as compounds 16a-160.

N-(3-fluoro-4-((2-oxo-1,2-dihydroquinolin-4-yl )oxy)phenyl)-2-(pyrrolidin-1-yl)a
cetamide (20a). Yield: 72%; white solid; MS (ES): [M + H]* calculated for
Co1H20FNzOs, 381.1489; found, 382.15684 NMR (400 MHz, DMSOs) 6 11.70 (s,
1H), 10.53 (s, 1H), 7.96 (dd= 19.8, 5.3 Hz, 2H), 7.62 (d= 7.1 Hz, 2H), 7.43 ({] =
8.7 Hz, 2H), 7.27 (s, 1H), 5.34 (s, 1H), 3.44 (3),2.70 (s, 4H), 1.78 (s, 4H).

N-(3-fluoro-4-((2-oxo-1,2-dihydroquinolin-4-yl)oxy)phenyl )-2-(piperidin-1-yl)ac
gtamide (20b). Yield: 86%; white solid; MS (ES): [M + H]" calculated for
CooH2oFN3O3, 395.1645; found, 396.172%H NMR (400 MHz, DMSOs) 6 11.61 (s,
1H), 10.26 (s, 1H), 7.97 (dd,= 9.0, 6.3 Hz, 2H), 7.62 (dd,= 12.0, 4.8 Hz, 2H), 7.41
(g, J = 8.9 Hz, 2H), 7.27 () = 8.0 Hz, 1H), 5.34 (s, 1H), 3.13 (s, 2H), 2.42.42 (m,

4H), 1.61 — 1.52 (m, 4H), 1.40 @= 4.8 Hz, 2H)}C NMR (101 MHz, DMSOds) o
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163.03, 162.99, 154.75, 152.30, 139.50, 138.50,4038135.39, 135.27, 132.20,
124.49, 122.70, 122.36, 116.71, 115.98, 114.03,700808.47, 99.71, 54.13, 24.90,
23.30.

N-(3-fluoro-4-((2-oxo-1,2-dihydroquinolin-4-yl )oxy)phenyl )-2-mor pholino-aceta
mide (20c). Yield: 82%; white solid; MS (ES): [M + H]" calculated for g;HogFNzO4,
397.1438; found, 398.15254 NMR (400 MHz, DMSOds) § 11.67 (s, 1H), 10.31 (s,
1H), 7.97 (dddJ = 15.4, 10.6, 1.6 Hz, 2H), 7.66 — 7.55 (m, 2H327(dd,J = 18.4, 9.1
Hz, 2H), 7.31 — 7.21 (m, 1H), 5.34 (s, 1H), 3.78.58 (m, 4H), 3.20 (s, 2H), 2.57 —
2.52 (m, 4H).13C NMR (101 MHz, DMSOdg) 0 169.17, 163.08, 163.04, 154.72,
152.28, 139.47, 138.68, 138.58, 135.24, 135.12,2032124.39, 122.70, 122.37,
116.73, 115.98, 114.04, 108.73, 108.50, 99.66,%®5.34, 53.58.

N-(3-fluoro-4-((2-oxo-1,2-dihydroquinolin-4-yl )oxy)phenyl )-2-(4-methyl -piperidi
n-1-yl)acetamide (20d). Yield: 81%; white solid; MS (ES): [M + H]" calculated for
CoaH24FNzO3, 409.1802; found, 410.18784 NMR (400 MHz, DMSOs) 6 11.66 (s,
1H), 10.36 (s, 1H), 8.04 — 7.89 (m, 2H), 7.61 (@i, 14.2, 7.3 Hz, 2H), 7.42 (dd,=
20.1, 8.7 Hz, 2H), 7.27 (@,= 7.6 Hz, 1H), 5.34 (s, 1H), 3.17 (t 4.2 Hz, 2H), 2.92 (s,
2H), 2.26 (s, 2H), 1.61 (d,= 11.8 Hz, 2H), 1.30 (dd,= 21.9, 10.5 Hz, 3H), 0.92 (d,
= 6.0 Hz, 3H).13C NMR (101 MHz, DMSOdg) 6 163.04, 163.01, 154.74, 152.30,
139.50, 138.61, 138.51, 135.28, 135.16, 132.19,4P24122.70, 122.34, 116.68,
115.97, 114.04, 108.68, 108.46, 99.70, 53.73, 33UD4, 22.14.

N-(3-fluoro-4-((2-oxo-1,2-dihydroquinolin-4-yl )oxy) phenyl )-2-(4-methyl -pi per az

n-1-yl)acetamide (20e). Yield: 48%; white solid; MS (ES): [M + H]" calculated for
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CooH29FN4Os, 410.1754; found, 411.182% NMR (400 MHz, DMSO+dg) 0 11.67 (s,
1H), 10.28 (s, 1H), 7.96 (dd,= 19.0, 10.6 Hz, 2H), 7.60 (dd,= 16.8, 8.6 Hz, 2H),
7.42 (ddJ=16.5, 8.4 Hz, 2H), 7.27 @,= 7.5 Hz, 1H), 5.34 (s, 1H), 3.19 (s, 2H), 2.55
(s, 4H), 2.44 (s, 4H), 2.21 (s, 3HJC NMR (101 MHz, DMSOdg) 6 169.30, 163.04,
154.73, 152.29, 139.50, 138.72, 138.62, 135.21,0835132.18, 124.39, 122.70,
122.33, 116.66, 115.97, 114.04, 108.65, 108.459%2.01, 54.81, 52.86, 45.96.

2-(4-(cyclopropanecar bonyl)pi perazin-1-yl)-N-(3-fluoro-4-((2-oxo-1,2-dihydro-q
uinolin-4-yl)oxy)phenyl)acetamide (20f). Yield: 90%; white solid; MS (ES): [M + H]*
calculated for GsH,sFN4Os 464.1860; found, 465.1940H NMR (400 MHz,
DMSO-ds) § 11.70 (s, 1H), 10.53 (s, 1H), 8.02 — 7.94 (m, ZHH2 (t,J = 8.0 Hz, 2H),
7.44 (t,J=8.7 Hz, 2H), 7.27 (| = 7.4 Hz, 1H), 5.34 (s, 1H), 3.74 (s, 2H), 3.52(4),
3.27 (s, 2H), 2.59 (s, 2H), 1.98 (s, 1H), 0.71 4#d). °C NMR (101 MHz, DMSO#d)
0 171.48, 163.02, 162.77, 154.77, 152.33, 139.48,503 138.40, 135.37, 135.25,
132.22, 124.47, 122.72, 122.35, 116.76, 115.92,051408.81, 108.58, 99.72, 61.68,
45.07, 41.82, 10.69, 7.44.

2-(4-acetyl pi perazin-1-yl)-N-(3-fluoro-4-((2-oxo-1,2-dihydroqguinolin-4-yl )oxy)-p
henyl)acetamide (20g). Yield: 88%; white solid; MS (ES): [M + H]" calculated for
CosH2sFN4O4, 438.1703; found, 439.17844 NMR (400 MHz, DMSOs) 6 11.69 (s,
1H), 10.46 (s, 1H), 7.97 (@,= 10.6 Hz, 2H), 7.62 (s, 2H), 7.47 — 7.39 (m, ZH}7 (t,
J=7.5Hz, 1H), 5.34 (s, 1H), 3.50 (t= 3.8 Hz, 4H), 3.26 (s, 2H), 2.56 (s, 2H), 2.50 —
2.46 (m, 2H), 2.00 (s, 3H}°C NMR (101 MHz, DMSOsdg) § 169.20, 168.63, 163.04,

154.72, 152.28, 139.50, 138.72, 138.62, 135.24,1135132.19, 124.39, 122.70,



1017

1018

1019

1020

1021

1022

1023

1024

1025

1026

1027

1028

1029

1030

1031

1032

1033

1034

1035

1036

1037

1038

122.34, 116.70, 115.97, 114.04, 108.71, 108.480%1.73, 53.24, 46.05, 21.64.

2-(4-(dimethylamino)pi peridin-1-yl)-N-(3-fluoro-4-((2-oxo-1,2-dihydroquinolin-
4-yl)oxy)phenyl)acetamide (20h). Yield: 48%; white solid; MS (ES): [M + H]*
calculated for GyH,7FN,Os, 438.2067; found, 439.2140H NMR (400 MHz,
DMSO-dg) 6 11.67 (s, 1H), 10.39 (s, 1H), 8.02 — 7.92 (m, ZHH6 — 7.57 (m, 2H), 7.43
(dd,J = 17.8, 8.7 Hz, 2H), 7.27 (dd,= 11.2, 4.1 Hz, 1H), 5.34 (s, 1H), 3.24 (s, 2H),
3.00 (s, 3H), 2.66 (s, 6H), 2.24 Jt= 11.4 Hz, 2H), 2.00 (d, = 10.9 Hz, 2H), 1.77 (dd,
J =119, 3.2 Hz, 2H).13C NMR (101 MHz, DMSOdg) 0 169.33, 163.05, 154.72,
152.27, 139.49, 138.73, 138.63, 135.22, 135.09,2132124.39, 122.70, 122.37,
116.70, 115.98, 114.03, 108.71, 108.48, 99.67,38%4.30, 51.83, 39.49, 26.01.

tert-butyl4-(2-((3-fluoro-4-((2-oxo-1,2-dihydroquinolin-4-yl )oxy) phenyl Jamino)-
2-oxoethyl)pi perazine-1-carboxylate (20i). Yield: 85%; white solid; MS (ES): [M +
H]* calculated for GgHooFN4Os, 496.2122; found, 497.220%H NMR (400 MHz,
DMSO-dg) 6 11.63 (s, 1H), 10.08 (s, 1H), 7.95 (de 30.0, 10.2 Hz, 2H), 7.58 (ddi=
20.2, 7.5 Hz, 2H), 7.49 — 7.19 (m, 3H), 5.34 (s),13#40 (s, 4H), 3.20 (s, 2H), 2.50 (s,
4H), 1.41 (s, 9H)*C NMR (101 MHz, DMSOds) 5 169.13, 163.01, 154.77, 154.34,
152.33, 139.49, 138.43, 135.33, 132.22, 124.44,7822122.33, 116.74, 115.92,
114.05, 108.79, 108.58, 99.72, 79.27, 61.98, 52892, 28.53.

2-(4-(tert-butyl)pi perazin-1-yl)-N-(3-fluoro-4-((2-oxo-1,2-dihydroquinolin-4-yl)o
xy)phenyl)acetamide (20j). Yield: 79%; white solid; MS (ES): [M + H]" calculated
for CosH20FN4Os, 452.2224; found, 453.2300H NMR (400 MHz, DMSO€) 6 11.69

(s, 1H), 10.33 (s, 1H), 7.95 (dd= 19.0, 5.3 Hz, 2H), 7.61 @,= 7.3 Hz, 2H), 7.45 —
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7.38 (M, 2H), 7.26 (] = 7.5 Hz, 1H), 5.33 (s, 1H), 3.15 (s, 2H), 2.522(, 8H), 1.01
(s, 9H).l3C NMR (101 MHz, DMSOdg) ¢ 169.35, 163.03, 154.72, 152.29, 139.51,
138.72,135.08, 132.19, 124.38, 122.70, 122.34,/11615.98, 114.04, 108.69, 99.69,
62.17, 53.98, 45.56, 36.27, 26.09.
2-(diethylamino)-N-(3-fluoro-4-((2-oxo-1,2-dihydroquinolin-4-yl)oxy) phenyl)-ac
gtamide (20k). Yield: 75%; white solid; MS (ES): [M + H]" calculated for
Co1H2oFNzO3, 383.1645; found, 384.17224 NMR (400 MHz, DMSOs) 6 11.67 (s,
1H), 10.32 (s, 1H), 7.97 (ddd= 15.5, 10.6, 1.6 Hz, 2H), 7.67 — 7.58 (m, 2H}87-
7.37 (m, 2H), 7.27 (ddl= 11.3, 4.0 Hz, 1H), 5.35 (s, 1H), 2.70Jd; 5.8 Hz, 4H), 1.06
(t, J=7.1Hz, 6H).13C NMR (101 MHz, DMSOdg) 6 163.03, 163.01, 154.76, 152.32,
139.51, 138.49, 138.39, 135.32, 135.20, 132.18,4824122.70, 122.33, 116.68,
115.97, 114.04, 108.68, 108.45, 99.72, 57.01, 48.2B9.
2-(ethylamino)-N-(3-fluoro-4-((2-oxo- 1,2-dihydroquinolin-4-yl )oxy) phenyl)
acetamide (201). Yield: 62%; white solid; MS (ES): [M + H]" calculated for
C1oH18FNzOs, 355.1332; found, 356.140% NMR (400 MHz, DMSOs) 6 11.63 (s,
1H), 7.99 (dJ = 7.3 Hz, 1H), 7.92 (dd, = 13.1, 2.3 Hz, 1H), 7.66 — 7.59 (m, 1H), 7.54
(dd,J=8.9, 1.4 Hz, 1H), 7.44 (8,= 8.9 Hz, 1H), 7.37 (dl = 8.2 Hz, 1H), 7.27 ({ =
7.4 Hz, 1H), 5.34 (s, 1H), 3.33 (s, 3H), 2.60Xg,7.1 Hz, 2H), 1.06 (] = 7.1 Hz, 3H).
N-(3-fluoro-4-((2-oxo-1,2-dihydroquinolin-4-yl)oxy)phenyl )-2-(piperazin-1-yl)ac
gtamide (20m). Yield: 95%; white solid; MS (ES): [M + H]* calculated for
Co1H21FN4Os, 396.1598; found, 397.18744 NMR (400 MHz, DMSO¢) 6 10.04 (s,

1H), 7.98 (d,J = 8.0 Hz, 1H), 7.91 (d} = 13.0 Hz, 1H), 7.65 — 7.51 (m, 2H), 7.47 — 7.33
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(m, 2H), 7.26 (tJ = 7.6 Hz, 1H), 5.34 (s, 1H), 3.13 (s, 2H), 2.794d), 2.46 (s, 4H).

N-(3-fluoro-4-((2-oxo-1,2-dihydroquinolin-4-yl)oxy)phenyl )-2-((tetrahydro-2H-p
yran-4-yl)amino)acetamide (20n). Yield: 64%; white solid; MS (ES): [M + H]*
calculated for GH,FN4Os, 411.1594; found, 412.1878H NMR (400 MHz,
DMSO-ds) 5 11.63 (s, 1H), 10.16 (s, 1H), 7.99 (dds 8.0, 1.0 Hz, 1H), 7.93 (dd,=
13.1, 2.3 Hz, 1H), 7.65 — 7.59 (m, 1H), 7.54 (#id,8.9, 1.4 Hz, 1H), 7.44 (1,= 8.9 Hz,
1H), 7.37 (dJ = 8.1 Hz, 1H), 7.27 (dd, = 11.6, 4.5 Hz, 1H), 5.34 (s, 1H), 3.84 (it
11.4, 3.4 Hz, 2H), 3.33 (s, 2H), 3.28 (d& 11.5, 2.0 Hz, 3H), 2.64 (ddd= 14.3, 10.2,
4.0 Hz, 1H), 1.77 (dd] = 12.5, 1.7 Hz, 2H), 1.35 — 1.25 (m, 2H).

2-(4-ethyl pi perazin-1-yl)-N-(3-fluoro-4-((2-oxo-1,2-dihydroquinolin-4-yl)oxy)-ph
enyl)acetamide (200). Yield: 53%; white solid; MS (ES): [M + H]" calculated for
Co1H21FN4Os, 424.1911; found, 425.198% NMR (400 MHz, DMSOsdg) 0 11.70 (s,
1H), 10.42 (s, 1H), 8.02 — 7.92 (m, 2H), 7.66 <77, 2H), 7.43 (t) = 9.0 Hz, 2H),
7.30—7.23 (m, 1H), 5.34 (s, 1H), 3.36 (s, 4H333s, 2H), 2.63 (m, 6H), 1.06 (m, 3H).
¥C NMR (101 MHz, DMSOdg) ¢ 169.21, 163.05, 154.72, 152.28, 139.50, 138.71,
138.61, 135.22, 135.10, 132.19, 124.39, 122.70,3622116.66, 115.98, 114.04,
108.68, 108.45, 99.68, 61.74, 52.23, 52.04, 5S1.¥58.

2-(4-(cyclopropanecar bonyl)pi perazin-1-yl)-N-(3-fluoro-4-((2-oxo-1,2-dihydro-q
uinolin-6-yl)oxy)phenyl)acetamide (21a). Yield: 90%; white solid; MS (ES): [M +
H]* calculated for GH,sFN4Os, 464.1860; found, 465.194iH NMR (400 MHz,
DMSO-dg) § 11.73 (s, 1H), 9.99 (s, 1H), 7.88 — 7.79 (m, ZH3 (d,J = 8.9 Hz, 1H),

7.32(d,J=8.9 Hz, 1H), 7.26 (dd,= 8.9, 2.6 Hz, 1H), 7.22 — 7.13 (m, 2H), 6.50¢,
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9.6 Hz, 1H), 3.74 (s, 2H), 3.54 (s, 2H), 3.20 (3),2.56 (s, 2H), 2.50 (s, 2H), 1.97 (m,
J=12.6,7.7,4.8 Hz, 1H), 0.77 — 0.69 (m, 4H).

tert-butyl 4-(2-((3-fluoro-4-((2-oxo-1,2-dihydroquinolin-6-yl)oxy)phenyl Jamino)
-2-oxoethyl)piperazine-1-carboxylate (21b). Yield: 78%; white solid; MS (ES): [M +
H]* calculated for GgH2oFN4Os, 496.2122; found, 497.2263H NMR (400 MHz,
DMSO-dg) § 11.73 (s, 1H), 9.98 (s, 1H), 7.83Jt= 10.4 Hz, 2H), 7.42 (d} = 8.6 Hz,
1H), 7.35 - 7.22 (m, 2H), 7.17 (dil= 17.8, 8.7 Hz, 2H), 6.49 (d= 9.5 Hz, 1H), 3.38
(s, 4H), 3.17 (s, 2H), 2.48 (d= 4.9 Hz, 4H), 1.40 (s, 9H).

2-(4-(tert-butyl)pi perazin-1-yl)-N-(3-fluoro-4-((2-oxo-1,2-dihydroquinolin-6-yl)o
xy)phenyl)acetamide (21c). Yield: 65%; white solid; MS (ES): [M + H]" calculated
for CosH20FN4Os, 452.2224; found, 453.229%4 NMR (400 MHz, DMSOeg) 6 11.73
(s, 1H), 10.00 (s, 1H), 7.82 (t= 12.0 Hz, 2H), 7.47 — 7.08 (m, 5H), 6.50J¢; 9.6 Hz,
1H), 3.48 (s, 2H), 3.32 (s, 2H), 3.09 (s, 4H), 2A302H), 1.34 (s, 9H).

2-(4-(cyclopropanecar bonyl)pi perazin-1-yl)-N-(3-fluoro-4-((2-oxo-1,2-dihydro-q
uinolin-7-yl)oxy)phenyl)acetamide (22a). Yield: 92%; white solid; MS (ES): [M +
H]* calculated for GH,sFN4Os, 464.1860; found, 465.1946H NMR (400 MHz,
DMSO-dg) 6 11.48 (s, 1H), 10.06 (s, 1H), 7.91 — 7.81 (m, ZHH4 (d,J = 8.7 Hz, 1H),
7.50 (d,J = 8.8 Hz, 1H), 7.30 (] = 9.0 Hz, 1H), 6.84 (dd,= 8.6, 2.3 Hz, 1H), 6.76 (d,
J=2.1Hz, 1H), 6.36 (dl = 9.5 Hz, 1H), 3.74 (s, 2H), 3.54 (s, 2H), 3.212(3), 2.57 (s,
2H), 2.50 — 2.45 (m, 2H), 2.03 — 1.91 (m, 1H), 0-7864 (m, 4H).

tert-butyl4-(2-((3-fluoro-4-((2-oxo-1,2-dihydroquinolin-7-yl )oxy) phenyl Jamino)-

2-oxoethyl)pi perazine-1-carboxylate (22b). Yield: 86%; white solid; MS (ES): [M +
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H]* calculated for GgH2oFN4Os, 496.2122; found, 497.220%H NMR (400 MHz,
DMSO-dg) 6 11.48 (s, 1H), 10.03 (s, 1H), 7.86 (dck 11.5, 5.6 Hz, 2H), 7.64 (d,=
8.6 Hz, 1H), 7.49 (dJ = 8.9 Hz, 1H), 7.30 (] = 9.0 Hz, 1H), 6.84 (dd}= 8.6, 2.1 Hz,
1H), 6.76 (s, 1H), 6.36 (d,= 9.5 Hz, 1H), 3.37 (d] = 13.9 Hz, 4H), 3.19 (s, 2H), 2.48
(s, 3H), 1.40 (s, 9H).

2-(4-(tert-butyl)pi perazin-1-yl)-N-(3-fluoro-4-((2-oxo-1,2-dihydroquinolin-7-yl)o
xy)phenyl)acetamide (22c). Yield: 75%; white solid; MS (ES): [M + H]" calculated
for CosH20FN4Os, 452.2224; found, 453.2300H NMR (400 MHz, DMSO€) 6 11.50
(s, 1H), 10.05 (s, 1H), 7.89 — 7.80 (m, 2H), 765 8.7 Hz, 1H), 7.48 (dl = 8.8 Hz,
1H), 7.31 (tJ = 9.0 Hz, 1H), 6.83 (dd] = 8.6, 2.4 Hz, 1H), 6.77 (d,= 2.1 Hz, 1H),
6.36 (d,J = 9.5 Hz, 1H), 3.59 — 3.39 (m, 2H), 3.32 (s, 28i}1 (d,J = 39.2 Hz, 4H),

2.70 (s, 2H), 1.32 (s, 9H).

5.2 Biology
Cell culture

Rat kidney interstitial fibroblasts (NRK-49F celiné) were cultured in
Dulbecco's Modified Eagle's Medium (DMEM) mediunpplemented with 10% fetal
bovine serum (FBS) and antibiotics (10§'ml streptomycin, and 100 U/ml penicillin
G) in a 371 atmosphere of 95% humidified air and 5% 0O

Mouse fibroblast L929 were cultured in minimum Eggl medium (MEM)
medium supplemented with 10% fetal bovine serunmS)F&hd antibiotics (100g/ml

streptomycin, and 100 U/ml penicillin G) in al3atmosphere of 95% humidified air
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and 5% CQ.
Collagen accumulation inhibition ratein vitro.

The anti-fibrosis activities of the compounds weested in NRK-49F cells.
NRK-49F cells were subcultured in DMEM medium camiag penicillin 10% FBS,
50 U/ml penicillin and streptomycin in 50 ug/ml,daimcubated in 5% Cf£and 37°C
incubators. Then the NRK-49F cells were coverech @6 orifice plates (1 x f0
cells/hole), cultured with DMEM plus 5% FBS mediuvor three days. Then the
supernatant was removed and DMEM plus 1% ITS waeddor other two days.
Next the supernatant was removed and the DMEM plas TS medium containing
TGF$ (5 ng/ml) with or without 1QuM tested compounds to be tested was cultured
for two days. Then removed the supernatant anddadée paraformaldehyde (100
ul/hole) and fixed cells for thirty minutes at rootemperature. Next cells were
washed with PBS twice and 0.1% PSR dye solutiof (1fhole) was added into cells,
which were then incubated at room temperature for #hen removed of the dyeing
liquid, added 0.1% acetic acid (1@0 hole) three times to clean excess dye, dryed
and photographed cells under a microscope camasa, added 0.1 M NaOH (1Q
hole), shaked and dissolved at room temperaturthiidy minutes. Determine of each
hole OD under wavelength 540 nm to test which camgocould inhibit collagen
deposition. Total collagen accumulation inhibitegAdministration A value - control
A value) / (model A value - control A value) x100%ll assays were repeated in
triplicate.

Cell Survival Rate Measured by MTT Assay.
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The NRK-49F cells were plated in a 96-well plateaatlensity of 0.5 x O
cells/ml in a 100ul suspension and cultured overnight and the expmarial group
were added drugs at the concentration ofil0 After 72 h, 20ul of 5% (m/v) MTT
solution was added to each well and incubated toouts in the incubator. Then each
well was added 150l DMSO-d6. Finally, the absorbance (A value) of each welswa
measured on a microplate reader. Survival rate=Adhtnation A value - Zero A value)
/ (Blank A value - Zero A value) x100%. All assaysre repeated in triplicate.
Inhibition of L929 Cells Migration Assay

L929 cells were grown on a 35 mm dish to 100% earfte and then scratched
to form a 10Qum wound using sterile pipette tips. The cells wien cultured in the
presence or absence of TBK5 ng/ml) and compounds (1M/) in serum-freenedia
for 24 h. Images of the cells were taken at 0, 1@ 24 h using a lighthicroscope
(Nikon, Japan).

Western Blot Analysis.

The protein lysates were harvested using RIPA bufigth 1 mM
phenylmethanesulfonyl fluoride (PMSF) and proteis$gbitor cocktail, the protein
concentration was determined by a bicinchoninid éBICA) kit. Same Proteins (30—
40 ng) of each sample were separated on 10%-12% SDEHRfeE at 80 V for 20
minutes and then turn to 120 V for 1 h. And pradewere transferred onto PVDF
membranes at 80-100 V for 1.5 h, membranes werkétbin 5% (wt/vol) dried milk
in PBS with 1% Tween 20 and then incubated withititecated primary antibodies

at 4°C overnight. After incubation with HRP-conjbg@d secondary antibodies,
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immunoreactive bands were detected with the Superd iECL Plus HRP Substrate
Kit Solution (K22030, ABBKine). Primary antibodiesed weren-SMA (251411,
ZENBIO), collagen | (14695-1-AP, Proteintech), pasiB (AF3363, Affinity),
p-smad2 (18338S, CST), Smad2 (5339S, CST), SmadBE CST), p-p38 (ab4822,
abcam), p38 (ab170099, abcam), ERK1/2 (abl7942anahcp-ERK1/2 (340767,
ZENBIO), p-actin (AB2001, Abways), GAPDH (AB0037, Abways), ceadary
antibodies used were: Goat Anti-Rabbit IgG (H+L) HRAB0101, Abways), Goat
Anti-Mouse IgG (H+L) HRP (AB0102, Abways).
Bleomycin-Induced Lung Fibrosis Model.

Male C57BL/6 mice were obtained from Chengdu Ddssgerimental Animals
CO, LTD, and 8-week-old mice were used in all expents. C57BL/6 mice were
randomly divided into eight groups (n=10 each gjolyping fibrosis was induced in
male C57BL/6 mice by a single intratracheal institin of 3 U/kg of bleomycin in
0.075 mL of saline, and control mice received ana¢golume of saline only. There
are six groups of drug treatments: mice were oadiyinistered daily with nintedanib
(50 mg/kg),20f (50 mg/kg) and20f (100 mg/kg) from day 1 to day 30 (prevention
model) or day 8 to day 21 (treatment model).
Hydroxyproline Assay

The collagen contents in right lungs of mice werasured with a conventional
Hydroxyproline assay kit (Nanjing Jiancheng Bioemgring Institute, A030-2). In a

word, the right lungs were dried and acid hydrotlyzéhen the residue was filtered
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and the pH value was adjusted to 6.5-8.0. The kygroline analysis was performed
using chloramine-T spectrophotometric absorbance.
Hematoxylin-Eosin  Staining (H&E staining), Massion Staining and
Immunohistochemistry Staining

Left lungs were fixed in 10% formalin for 24 h aachbedded in paraffin. Then
lung sections (um) were prepared and stained with hematoxylin-essming and
Masson's trichrome staining, and also incubated thi¢ antibody at4 overnight for
immunohistochemistry staining. Images were coll@etsing an upright transmission

fluorescence microscope.

Abbreviations
FDA, Food and Drug Administration; TGF- transforming growth factds:

ECM, extracellular matrixp-SMA, a-smooth muscle actin; p.o., per os; VEGFR,
Vascular Endothelial Growth Factor Receptor 2; FGHbroblast growth factor
receptor-3; PDGFR, Platelet-derived growth factaceptor; LOXL2, lysyl
oxidase-like 2; rt, room temperature; DMF, N, N-[R@imylformamide; TBAB,
tetrabutylammonium bromide; TMS, Tetramethylsilan8AR, structure-activity
relationship; MTT, 3-(4,5-dimethylthiazol-2-yl)-2diphenyltetrazolium bromide; SD,
Standard Deviation; 1§, Inhibitory concentration 50; TLC, thin-layer
chromatography; UV, ultraviolet; NMR, nuclear magoeresonance; MS (ESI),
electrospray ionization mass spectrometry; DMSOméhyl sulfoxide; ITS,

Insulin-Transferrin-Selenium; PVDF, polyvinylidefiaoride; PK, pharmacokinetics.
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Highlights
Hybridization of 2(1H)-quinolone skeleton and hydrophobic group of nintedanib.
Successful application of bioisosteres reduced toxicity of compounds.
Anti-fibrosis by inhibiting TGF-p/Smad dependent and independent pathways.

Excellent anti-fibrotic effect under both prevention and treatment model in vivo.
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