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ARTICLE INFO ABSTRACT

Handling Editor: Z Liu Acute lung injury (ALI) and sepsis, characterized by systemic inflammatory response syndrome, remain the major
causes of death in severe patients. Inhibiting the release of proinflammatory cytokines is considered to be a
promising method for the treatment of inflammation-related diseases. In this study, a total of 28 4-oxo-N-phenyl-
1,4-dihydroquinoline-3-carboxamide derivatives were designed and synthesized and their anti-inflammatory
activities in J774A.1 were evaluated. Among them, derivative 13a was found to significantly inhibit lipopoly-
Sepsis saccharide (LPS)-induced expression of the proinflammatory cytokines interleukin-6 (IL-6) and tumor necrosis
Anti-inflammatory factor-a (TNF-a) on J774A.1, THP-1 and LX-2 cells, and inhibited the activation of the NF-kB pathway.
SARs Furthermore, administration of 13a in vivo significantly improved the symptoms in LPS-induced ALI mice,
including alleviation of pathological changes in the lung tissue, reduction of pulmonary edema, and inhibition of
macrophage infiltration. Moreover, the administration of 13a in vivo significantly promoted survival in LPS-
induced sepsis mice. 13a demonstrated favorable pharmacokinetic properties with Ty, value of 11.8 h and F
value of 36.3%. Therefore, this study has identified a novel 4-oxo-N-phenyl-1,4-dihydroquinoline-3-carboxamide
derivative, 13a, which is an effective anti-inflammatory agent. The findings have laid a foundation for the further
development of agents to treat ALI and sepsis.

Keywords:
4-ox0-N-phenyl-1,4-dihydroquinoline-3-
carboxamide derivatives

Acute lung injury

1. Introduction

Acute lung injury (ALI) and sepsis are common life-threatening dis-
eases caused by acute inflammation [1,2]. The clinical description of ALI
has been established for >50 years. ALI is characterized by acute, pro-
gressive respiratory distress and persistent hypoxemia. However, ad-
vances in its treatment can only be traced back >20 years [3]. Sepsis is

an organ dysfunction syndrome caused by the dysregulation of the host
response system to systemic infection. In ALI and sepsis, multiple
proinflammatory cytokines are synthesized and released from the innate
immune system as a defense mechanism against invading pathogens and
infections. However, large amounts of proinflammatory cytokines are
systemically released during immune activation, which often leads to
widespread inflammation, multi-organ failure, and even death.
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Currently, ALI and sepsis are recognized as important global healthcare
issues [4,5].

Lipopolysaccharide (LPS), an endotoxin derived from gram-negative
bacteria, is a potent inducer of acute inflammation, which can cause ALI
and sepsis (Fig. 1) [6,7]. In addition, LPS is a powerful activator of
toll-like receptor 4 (TLR4). After stimulation with LPS, the receptor
polymer TLR4/MD2/LPS was formed, wherein myeloid differentiation 2
(MD2) is an essential recognized helper receptor for TLR4 to recognize
LPS [8,9]. The stimulation of LPS triggers the TLR4/MD2 downstream
signal transduction, such as the activation of the NF-kB pathway, which
then upregulates the expression of inflammation-related genes and in-
creases the release of proinflammatory cytokines, such as cytokine
interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a). Cumula-
tively, these factors lead to the occurrence of inflammatory-related
diseases [10-13].

Presently, there is no approved drugs for ALI and sepsis despite
several candidates having entered to the clinical study, such as i-
citrulline, Aspirin, Ibuprofen and Resatorvid as shown in Fig. S1
[14-17]. Most of the reported therapeutic agents are in the stage of
preclinical research and biological activity evaluation, such as Iso-
fraxidin and Shikonin, Chalcone derivatives 7w, fisetin derivatives 5e,
small molecule compounds 2-Methylquinazolin-4(3H)-one and 4-Octyl
Itaconate [18-22]. Drug therapy for ALI and sepsis is also extremely
limited owing to drug resistance and toxicity issues. Therefore, it is very
important to develop an effective anti-inflammatory drug with a new
structural scaffold [23]. Inhibiting the release of proinflammatory cy-
tokines may thus be a potential strategy for the treatment of
inflammatory-related diseases [24].

Our research group has been undertaking the works involved in
designing, synthesizing and evaluating anti-inflammatory drugs for over
a decade. By applying the combination principle, several derivatives
with anti-inflammatory properties have been designed and synthesized,
such as N-[3-(1H-indol-5-yl)-1H-indazol-5-yl]-2,6-dichlorobenzamide
(22m) and  5-(3,3-dimethylureido)-N-[4-(4-methylpiperazin-1-yl)
phenyl]-1-[4-(trifluoromethyl)benzyl]-1H-indole-2-carboxamide (14g)
through the combination of indole, indazole, or benzyl group and so on,
as depicted in Fig. 2 [25,26]. Analyses of the structures of 22m and 14g
revealed that they both contained fragments of arylamide, which re-
sembles paracetamol, a drug commonly used in clinical practice for its
antipyretic and analgesic properties [27]. Similar to arylamide, para-
cetamol is composed of a fragment of 4-(hydroxyphenyl)amide.
Accordingly, we designed the molecular skeleton containing three por-
tions of moiety A (Al and A2), B, and C as shown in Fig. 3. By trans-
ferring the oxygen atom in the 4th position (moiety Al) to the 3rd
position (moiety A2) of phenyl amide, two types of molecular skeletons
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Fig. 1. NF-xB pathway, an important pathway in LPS-induced TLR4/MD2
signaling in ALI and sepsis.
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were designed. We found that quinolone antibacterial drugs (Difox-
acine, Levofloxacin, Ozenoxacin, etc.) basically have quinolone struc-
ture. Difloxacin was mainly used for animal bacterial infection in a
clinical setting [28]. Levofloxacin and Ozenoxacin have been reported to
have anti-inflammatory effects, and so we introduced quinolone struc-
ture to the molecular skeletons to serve as moiety B [29,30]. Different
substituents were introduced into the phenyl group of moiety B to study
their effects on activity. In addition, we found that some compounds had
the 6,7-dimethoxyquinazoline structure, such as the epidermal growth
factor receptor (EGFR) inhibitor Gefitinib. EGFR signaling has been
implicated in inflammatory disease [31,32]. At the same time, we also
found that some reported anti-inflammatory compounds containing the
quinazoline structure, such as 6b in Fig. 2 [33]. And so, we introduced 6,
7-dimethoxyquinazoline or 6,7-dimethoxyquinoline to moiety C with
the assistance of the bioisosterism principle. Therefore, two types of
target compounds were designed according to the combination
principle.

In this study, we designed and synthesized a total 28 4-oxo-N-phenyl-
1,4-dihydroquinoline-3-carboxamide derivatives and then evaluated the
inhibitory effect of these derivatives on the release of proinflammatory
cytokines in vitro. Among these, 13a exhibited the best inhibitory effect
in vitro, and could inhibit the activation of the NF-xB pathway. More-
over, 13a could improve the symptoms of LPS-induced ALI and sepsis in
vivo.

2. Results
2.1. Chemistry

The synthetic route for 4-oxo-N-phenyl-1,4-dihydroquinoline-3-car-
boxamide derivatives is illustrated in Scheme 1. Briefly, 1-(2-chlor-
ophenyl)ethan-1-one (1) was reacted with dimethyl carbonate and
sodium hydride (NaH) in chlorobenzene to obtain methyl 3-(2-chlor-
ophenyl)-3-oxopropanoate (2). Intermediate 2 was reacted with N,N-
dimethylformamide dimethyl acetal (DMF-DMA) in toluene to get
methyl (Z)-2-(2-chlorobenzoyl)-3-(dimethylamino)acrylate (3). De-
rivatives 4a-4g were obtained via nucleophilic substitution reactions of
intermediate 3 in toluene with aminobenzene of different substituents,
which were, in turn, converted to intermediates 5a-5g by reacting with
cesium carbonate (CspCO3) and potassium carbonate (K3COs). Subse-
quently, 5a-5g were hydrolyzed under alkaline conditions to derive
6a-6g. 4-Chloro-6,7-dimethoxyquinoline (7a) or 4-chloro-6,7-dime-
thoxyquinazoline (7b) was reacted with 3-nitrophenol (8a) or 4-nitro-
phenol (8b) using nucleophilic substitution reactions to acquire the
intermediates 9a-9d. Later, 10a-10d were prepared via the reduction of
the nitro groups of 9a-9d using catalytic iron and ammonia chloride in
ethanol. Finally, the corresponding amines (10a-10d) were reacted
with the corresponding acids (6a-6g) to produce 11a-11g, 12a-12g,
13a-13g, and 14a-14g using 2-(7-azab-enzotriazol-1-yl)-N,N,N’,N'-
tetramethyluronium hexafluorophosphate (HATU) as the condensation
agent under the presence of N-ethyl-N,N-diisopropylamine (DIPEA) in
N,N-dimethylformamide (DMF).

Reagents and conditions: (i) NaH, tetrahydrofuran (THF), 85 °C,
2.5 h. (ii) DMF-DMA, toluene, 120 °C, 2 h (iii) Different substituted
aminobenzenes, toluene, 110 °C, 5.5 h. (iv) CsyCOs3, K5COs3, toluene,
150 °C, 10 h. (v) NaOH, 1,4-dioxane, 85 °C, 2 h. (vi) NayCO3, Nal,
chlorobenzene, 130 °C, 12 h (vii) Catalytic iron, ethanol, 50 °C, 6 h (viii)
DMF, HATU, DIPEA, room temperature, 16 h.

2.2. Biological evaluation

2.2.1. Preliminary evaluation of the derivatives inhibiting LPS-induced
release of TNF-a and IL-6

LPS plays a key role in the progression of the systemic inflammatory
response, especially the release of proinflammatory cytokines such as IL-
6 and TNF-a [34-36]. Therefore, the effects of 4-oxo-N-phenyl-1,
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Combination principle used in our previous work
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Fig. 2. Typical structures. 22m and 14g are the anti-inflammatory agents reported by our group based on the combination principle. Representative agents
(paracetamol, difloxacin, ozenoxacin, gefitinib, and 6b) drew our attention to this study.
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Fig. 3. Design and modification strategy based on the combination principle.

4-dihydroquinoline-3-carboxamide derivatives on LPS-induced release
of proinflammatory cytokines IL-6 and TNF-a by J774A.1 were evalu-
ated [37,38]. The inhibitory effects of all synthesized compounds were
screened using an enzyme-linked immunosorbent assay (ELISA), and the
inhibitory abilities are presented in Table 1. First, J774A.1 macrophages
were preincubated with the derivatives at a concentration of 10 pM for
30 min. The macrophages were then challenged with LPS (0.5 pg/mL)
for 24 h at 37 °C under 5% CO». The results showed that most of the
derivatives inhibited the LPS-induced release of TNF-a and IL-6. With
regard to IL-6, compounds 11g, 13a, 13b, and 13f showed strong
inhibitory effects, whereas compounds 13a, 13b, 13f, and 13g signifi-
cantly inhibited the release of TNF-a. Among these compounds, 13a and
13b exhibited the strongest inhibitory effect on LPS-induced TNF-a
(82.58% and 83.07%, respectively) and IL-6 (75.05% and 77.39%,
respectively) expression.

2.2.2. Structure-activity relationships

In this study, some obvious structure-activity relationships (SARs)
were discerned. As shown in Table 1, when moiety A was A2, the
compounds exhibited a weaker inhibitory effect on TNF-q; for example,
only four compounds in 11a-12g showed anti-inflammatory effects.
However, the compounds comprising moiety Al demonstrated a
significantly enhanced inhibitory effect on the release of TNF-o; for
example, 11 compounds in 13a-14g displayed strong anti-inflammatory
activities. Unlike the above scenario, the compounds consisting of
moiety Al as well as those consisting of moiety A2 showed an inhibitory
effect on the release of IL-6. However, after careful comparison, com-
pounds comprising moiety A1 were found to exert a stronger anti-
inflammatory effect on IL-6. For example, the inhibitory effects of 13a
(75.05%) and 14b (56.98%) were significantly stronger than those of
11a (44.84%) and 12b (45.44%).

The test results indicated that the changes in the substituent intro-
duced in moiety B were closely related to the alterations in the activities
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Table 1

Structure and anti-inflammatory screening of compounds.
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Scheme 1. Stepwise synthetic route for the target compounds.

Compound R X (%) inhibition (10 pM)*

IL-6 TNF-a
11a 4-H C 44.84 +7.92 NA"
11b 4-F [¢ 51.29 + 5.20 NA
11c 4-Cl [¢ 60.17 + 0.50 NA
11d 4-Br [¢ 37.09 + 2.75 NA
1le 2-F-4-Br [¢ 52.89 + 3.17 NA
11f 3-Cl-4-F [¢ 49.71 + 2.54 32.64 + 4.12
11g 4-OCF; [¢ 66.37 + 4.05 33.29 + 12.01
12a 4-H N 42.44 + 1.94 NA
12b 4-F N 45.44 + 5.07 NA
12¢ 4-Cl N 32.33 + 4.69 NA
12d 4-Br N 20.42 + 2.25 NA
12e 2-F-4-Br N NA NA
12f 3-Cl-4-F N 33.88 +11.92 35.97 £ 11.16
12g 4-OCF; N 10.39 + 2.86 7.66 + 8.42
13a 4-H [¢ 75.05 + 1.63 82.58 + 1.17
13b 4-F [¢ 77.39 + 3.55 83.07 + 1.15
13c 4-Cl [¢ 32.04 + 8.48 63.48 + 1.30
13d 4-Br [¢ 41.72 + 4.38 71.67 + 4.49
13e 2-F-4-Br [¢ 26.71 + 1.04 NA
13f 3-Cl-4-F [¢ 62.24 + 6.45 67.65 + 3.929
13g 4-OCF; [¢ 50.49 + 3.85 67.61 + 4.692
14a 4-H N 38.10 + 10.57 30.53 + 12.49
14b 4-F N 56.98 + 11.54 47.99 + 8.930
1l4c 4-Cl N 30.46 + 8.956 NA
14d 4-Br N NA 22.35 + 6.431
14e 2-F-4-Br N 13.28 + 4.81 NA
14f 3-Cl-4-F N 39.56 + 6.73 48.03 £ 5.166
14g 4-OCFs N 35.93 + 2.94 54.90 + 4.757

@ Statistical significance relative to LPS group was indicated.

b NA indicates no activity.

of these derivatives. Generally, when the atomic radius of the para-
substituent of the phenyl group in moiety B was large, the inhibitory
effects of the compounds on the release of proinflammatory cytokines
were poor. For example, when the substituent in moiety B was 4-Br
(11d, 12d, and 14d), the effects of inhibition were poor both in IL-6
and TNF-«; the inhibition rate of IL-6 was 37.09%-41.72% and that of
TNF-o was NA-22.35%. However, when a substituent with a small
atomic radius, such as 4-H (11a and 13a) or 4-F (11b and 13b), was
introduced into moiety B, the activities were improved and the inhibi-
tion rate of IL-6 was 44.84%-77.39%. The inhibitory effects on TNF-o
also showed a similar pattern, with 11f, 12f, 13b, and 14b, demon-
strating stronger inhibitory effects than other compounds in the same
series. Moreover, when two substituents were introduced, the inhibitory

effects of the compounds on IL-6 were decreased.

Finally, when X in moiety C was a carbon atom, the activities of the
compounds inhibiting the release of proinflammatory cytokines were
significantly stronger than when X was a nitrogen atom. For example,
the inhibitory effects of 11f (49.71%, 32.64%), 13c (32.04%, 63.48%),
and 13d (41.72%, 71.67%) for IL-6 and TNF-« were stronger than those
of 12f (33.88%, 35.97%), 14c¢ (30.46%, NA), and 14d (NA, 22.35%).

In conclusion, among the compounds screened, 13a and 13b were
found to display the most significant inhibitory effects on IL-6 and TNF-
o. Analyzing the structures of these two compounds revealed that both
had moiety Al and that X in moiety C comprised carbon atoms. The only
difference was that in moiety B, R of 13a was 4-H and R of 13b was 4-F.
Interestingly, the atomic radius of the F atom was very close to that of
the H atom, and they were very small. The 4-oxo-N-phenyl-1,4-dihy-
droquinoline-3-carboxamide derivatives 13a and 13b appear to be
promising compounds.

Subsequently, cytotoxicity experiments were performed on com-
pounds with strong anti-inflammatory activities. As expected, 13a and
13b did not exhibit cytotoxicity at 10 pM concentration in J774A.1
macrophage (Fig. 4). Therefore, 13a and 13b were selected to investi-
gate the potential dose-dependent inhibition of cytokines.

2.2.3. Dose-dependent inhibition of IL-6 and TNF-a release by active
compounds

The denoting 50% inhibition (ICsg) concentrations of two active
compounds (13a and 13b) were obtained using dose-response experi-
ments. As shown in Fig. 5A and B, 13a and 13b inhibited LPS-induced
release of proinflammatory cytokines in a dose-dependent manner.
Both for IL-6 and TNF-q, the ICsq values of 13a (1.332, 2.403 pM) were
lower than those of 13b (2.333, 3.460 pM). Nextly, we evaluated the
effect of 13a on LPS-induced release of pro-inflammatory cytokines IL-6
and TNF-a from THP-1 (Fig. 5C and E) and LX-2 (Fig. 5D and F). This

MTT (24h)

180

£
EWU
g 50

DMSO 11f 11g 12d 12¢ 12f 12g 13a 13b 13c 14a 14d 14f 14g (10 uM)

Fig. 4. Cell viability was detected by MTT assay and expressed as the per-
centage of the control group (DMSO).
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finding signified that 13a had a better inhibitory effect at lower con-
centrations and has an anti-inflammatory effect on human cells, hence,
4-0x0-N-phenyl-1,4-dihydroquinoline-3-carboxamide derivative 13a
was selected for subsequent experiments.

2.2.4. Dose-dependent inhibition of some proinflammatory cytokines at
transcript levels by 13a

LPS induces inflammation via the TLR4/MD2 cascade. To investigate
the anti-inflammatory mechanism of 13a in J774A.1 and THP-1, the
effect of the compound on the gene expression of TLR4/MD2-dependent
inflammatory cytokines was observed [39-41]. The alterations in some
proinflammatory cytokines at the gene transcription level were
measured using real-time quantitative PCR (RT-qPCR). The findings
implied that 13a inhibited the transcription of IL-6, TNF-o, and IL-1p in
LPS-induced J774A.1 and THP-1 in a dose-dependent manner (Fig. 6A,
B, 6C, 6D, 6E and 6F). The above data suggest that 13a exerts its

anti-inflammatory  effect by inhibiting the transcription of
IL-6 TNF-a
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Fig. 5. 13a and 13b inhibited the LPS-induced
release of proinflammatory cytokines in a dose-
dependent manner. First, J774A.1 macrophages
were preincubated with 13a and 13b in decreasing
concentrations (10, 5, 2.5, 1.25 pM) for 30 min and
then stimulated with LPS (0.5 pg/mL) for 24 h. THP-1
and LX-2 were preincubated with 13a in decreasing
concentrations (10, 5, 2.5, 1.25 pM) for 30 min and
then stimulated with LPS (0.5 pg/mL) for 24 h. The
contents of IL-6 (A, C, E) and TNF-a (B, D, F) were
detected by ELISA. Data were expressed as the mean
+ SEM of 3 independent experiments. When
compared with the LPS group, the difference was
found to be statistically significant (***p < 0.001 and

25 125 (M)

Atk

13a ICy= 2.908 % 0.552

*xxkp < 0,0001).

e amount of cytokines

CON IPS 10 5 25 125 (aM)

LPS 0.5 pg/mL

proinflammatory genes.

2.2.5. Primary test on stability of 13a in vitro

To investigate the stability of the 13a in vitro, a primary test carried
out by using UV-visible absorption spectra similar to the method we
recently reported [42]. 13a was dissolved in phosphate buffer (pH 7.4).
And then, the optical density (OD) values were measured by using
ultraviolet-visible (UV-visible) within 30 min as shown in Fig. 7. Our
data revealed that the OD value of 13a did not change with time, which
indicated its stability in this method.

2.2.6. Inhibition of LPS-induced activation of NF-xB pathway in J774A.1
macrophage by 13a

LPS-induced release of proinflammatory cytokines can be regulated
by the activation of the NF-xB pathway. Phosphorylation of p65 and
degradation of IkB-a are necessary steps for the activation of this
pathway [43,44]. Therefore, the effect of 13a on the activation of the

Fig. 6. Derivative 13a inhibited LPS-induced tran-
scription of proinflammatory genes in J774A.1 and
THP-1. J774A.1 and THP-1 were pretreated with 13a
in decreasing concentrations (10 and 5 uM) for 0.5 h,
followed by stimulation with LPS (0.5 pg/mL) for 6 h.
(A, D) IL-6, (B, E) TNF-a, and (C, F) IL-1f were
measured by RT-qPCR. Data were expressed as the
mean + SEM of 3 independent experiments and
normalized to the p-actin and control group (**p <
0.01, ***p < 0.001, and ****p < 0.0001 when
compared to LPS).

IL-1B

A

CON LPS 13a-1013a-5(uM)

0.5 ug/mL
IL-6
5250—
%200—
w—
o
=150
S
[}
£100
<
g
E 50
R ‘
CON LPS 13a-1013a-5(pM)
.
0.5 pg/mL

CON LPS 13a-1013a-5(uM)

0.5 pg/mL
TNF-a

<150—

z

o

£

‘5100

-

c

=

o

£

T 50|

o

2

=

(1]

°

¢ gL

CON LPS 13a-1013a-5(uM)
[E——
0.5 pg/mL

CON LPS 13a-1013a-5(uM)

0.5 ug/mL

L

IL-1B
1500

Relative amount gf mRNA

CON LPS 13a-1013a-5 (uM)
[l
0.5 ug/mL




J. Yang et al.
1.5-
13a — 0Omin
5min
1.0 :gmf“
(=] —_— min
o
\\ — 20min
0'5_ — 25min
— 30min
0.0 ] L] 1 1 1
300 400 500 600 700

Wavelength (nm)

Fig. 7. The UV-visible absorption spectra of the compounds 13a in the sta-
bility test.

NF-kB pathway was assessed. In J774A.1 macrophages treated with 13a,
both LPS-induced phosphorylation of p65 (p-p65) and degradation of
IkB-a was found to be inhibited in a dose-dependent manner (Fig. 8A, C,
and 8D). Phospho-NF-kB P65 (Ser536) (93H1) Rabbit mab #3303 was
used to measure phosphorylation on p65. Ser536 is an important
phosphorylation site of RelA/p65, which can be phosphorylated by a
variety of phosphorylation kinases, such as IkB kinase (IKK), TANK
binding kinase (TBK1), ribosomal subunit kinase I (RSKI), etc. Consis-
tent with the above results, 13a significantly reduced the LPS-induced
nuclear translocation of p65 in J774A.1 macrophages (Fig. 8B and E).
These findings imply that 13a may exert its anti-inflammatory effects by
inhibiting the activation of the NF-xB pathway.

2.2.7. The protective effect of 13a on LPS-induced ALI in mice

The manifestations of LPS-induced ALI were hypercellularity, alve-
olar wall thickening, pulmonary edema, destruction of normal lung ar-
chitecture, etc. [45-47]. The therapeutic effect of 13a in LPS-induced
ALI mice was assessed. One experimental concentration (20 mg/kg) was
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13a (UM) - - 10 5 10
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used to verify the effect of 13a. Dexamethasone (DXMS, 20 mg/kg),
whose main pharmacological effects are anti-inflammatory, antitoxic,
antiallergic, and anti-rheumatic, was used for positive comparison.
Histological analysis disclosed that the LPS-induced mice exhibited
significant structural disruption of the lung tissue and alveolar wall
thickening and that these phenomena were significantly improved in
13a- and DXMS-treated mice (Fig. 9A). The value of the lung wet/dry
ratio was used to express the degree of inflammation and lung edema,
and the lung wet/dry ratios of 13a- and DXMS-treated mice were
significantly lower than those of the LPS-induced mice (Fig. 9B).
Furthermore, pulmonary edema was significantly improved. The total
number of cells in the bronchoalveolar lavage fluid (BALF) increased
significantly in the LPS-induced mice because of the acute inflammatory
response, especially the number of neutrophils. Protein concentrations
and number of total cells, especially the number of neutrophils, were
reduced in the BALF of 13a- and DXMS-treated mice compared with
those of the LPS-induced mice, which further suggests that 13a exerted
an anti-inflammatory effect (Fig. 9C, D, and 9E). It was exciting to note
that the protective effect of 13a was close to that of DXMS in some as-
pects, such as wet/dry ratio (B) and neutropenia (E), and even better
than that of DXMS in some aspects, such as protein concentration (C)
and total cell reduction (D).

Patients with ALI have been reported to demonstrate significantly
elevated levels of proinflammatory cytokines in the blood circulation
and in the BALF as well as increased macrophage infiltration in the lung
tissue [48-50]. As expected, the levels of IL-6 and TNF-a were signifi-
cantly increased in the BALF and serum of LPS-induced mice, whereas
they were significantly decreased in 13a- and DXMS-treated mice
(Fig. 10A, B, 10C, and 10D). It has been reported that LPS-induced ALI
mice demonstrate alterations in gene expression, which are predomi-
nantly manifested as increased expression of inflammation-related
genes, such as those encoding IL-6, TNF-a, and IL-1f in the TLR4/MD2
pathway. The expression levels of IL-6 and TNF-a in the lung tissue were
measured. As anticipated, LPS significantly induced the transcriptional
expression of these cytokines, whereas 13a or DXMS treatment
decreased their expression (Fig. 10E and F).

Fig. 8. Derivative 13a may exert an anti-
inflammatory effect by inhibiting the activation of
the LPS-induced NF-kB pathway. (A) J774A.1 mac-
rophages were pretreated with 13a for 2 h, followed
by treatment with LPS (0.5 pg/mL) for 30 min. The
activation of NF-kB was determined by measuring the
levels of IkB-a and p-p65. GAPDH and p65 were used
as the loading controls. The detection of protein levels
of p-p65, p65, IkB, and GAPDH were determined by
Western blotting. (B) P65 staining. Cy3-conjugated
secondary antibody (Green) was positive. The cells
were counterstained with DAPI (blue). (C, D) Densi-
tometric quantification of IkB-a and p-P65. (E)
Quantification of p65 nucleocyte count (****p <
0.0001 when compared to LPS).
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Fig. 9. Derivative 13a protected against LPS-induced
ALI in a mouse model. C57/BL6 mice were adminis-
tered 13a or DXMS (20 mg/kg) via gavage, and after
30 min, the mice were challenged with 5 mg/kg LPS
via an intratracheal injection. (A) Representative
histological images of mouse lung tissues. (B) Lung
wet/dry ratio. (C) Protein concentration in BALF. (D)
The number of total cells in BALF. (E) The number of
neutrophils in BALF. Data are presented as mean +

A

D E SEM. n = 5 mice per group. (*p < 0.05, **p < 0.01,
‘:.; 2 ***p < 0.001, and ****p < 0.0001 when compared
- g with the LPS group).
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Next, macrophage-specific F4/80 antibodies were used for immu-
nohistochemical staining to examine whether 13a reduced macrophage
infiltration. The data indicated that macrophage infiltration was
significantly reduced in the lungs of 13a- or DXMS-treated mice
compared with the LPS-treated mice (Fig. 10H and K). Collectively,
these data appear to confirm the protective effect of 13a in the LPS-
induced ALI model, and the effect was very close to that of DXMS and
even surpassed it in some aspects. For example, as shown in Fig. 10C and
D, the anti-inflammatory effect of 13a in the blood circulation was better
than that of DXMS, and it was very close to that of DXMS in other as-
pects, as shown in Fig. 10A, B, 10E, and 10F.

2.2.8. Protection offered by 13a against LPS-induced sepsis in the mouse
model

Finally, the protective effect of 13a against LPS-induced sepsis was
determined [51,52]. Observing the survival rate of LPS-induced sepsis
mice revealed that the survival rate was improved in 13a-treated mice

CON LPS 13a DXM

LPS+DXMS

compared with only LPS-induced mice (Fig. 11A). Furthermore, 13a
significantly improved the weight loss caused by sepsis (Fig. 11B). After
24 h of 13a treatment, the weight of the mice began to recover and
returned to normal after 6 days. However, the weight of the mice
induced by LPS continued to decrease and did not start to recover until
96 h later. Moreover, there was a huge gap compared with the normal
weight. The spleen, the largest lymphoid organ, is a major source of
circulating proinflammatory cytokines and plays a crucial role in im-
munity. All experimental mice were dissected and the major organs were
weighed, which revealed that the spleen was significantly enlarged in
the LPS-stimulated mice under the condition of weight loss (Fig. 11C).
Compared with the control group, H&E staining of the spleen tissue of
the LPS group showed obvious white pulp and lymph node hyperplasia.
Specifically, the periarterial lymphatic sheath was markedly thickened,
and the demarcation between white and red pulp was indistinct. These
phenomena were improved in the 13a-treated group (Fig. 11D). These
findings imply that 13a also demonstrated a good therapeutic effect on
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Fig. 11. Derivative 13a protected against LPS-
induced sepsis in the mouse model. C57BL/6 mice
were orally administered 13a (20 mg/kg) and then
intraperitoneally injected with LPS (20 mg/kg) 1 h
later. (A) Mouse survival was monitored every 12 h
for 6 days. Logical survival curves were used to
analyze the data (n = 12 per group). (B) The weight
of the mice was monitored every 24 h for 6 days.
(C-F) Weighing of the organs, such as kidney (C),
liver (D), heart (E), and spleen (F) of mice. (G)
Representative histological images of mouse spleen
tissue (*p < 0.05, **p < 0.01, compared with the LPS
group).

sepsis and may be a promising compound.

2.2.9. PK study of 13a in rats

The pharmacokinetic properties of compound 13a were evaluated
following intravenous and oral delivery in rats, respectively. Com-
pounds 13a demonstrated favorable pharmacokinetic properties, with
AUC value of 22,922 pg/L-h, Ty /5 value of 11.8 h following a 10 mg/kg
oral dose, and F value of 36.3%, respectively (Table 2). This suggests
that compound 13a should be suitable for oral administration.

3. Conclusions

In this study, a series of 4-oxo-N-phenyl-1,4-dihydroquinoline-3-
carboxamide derivatives were designed and synthesized and their anti-
inflammatory activities were evaluated. Most compounds could effec-
tively inhibit the release of the proinflammatory cytokines TNF-a and IL-
6 caused by LPS. The structure-activity relationship study revealed that
the activities of the compounds were increased in the case of a substit-
uent with a smaller atomic radius at the 4-position of the benzene ring of
moiety B. For example, when R was 4-H or 4-F, the anti-inflammatory
effects were stronger than when R was 4-Cl or 4-Br. Furthermore,
when the compounds comprised moiety Al, their anti-inflammatory
activities were significantly stronger than when the compounds
comprised moiety A2. Moreover, the results signified that when the X of
the C part was a carbon atom, the anti-inflammatory activities were
significantly stronger than when X was a nitrogen atom. Initial anti-
inflammatory screening and dose-dependent screening alluded that
13a was the most potent derivative. Additionally, 13a was able to
inhibit LPS-induced activation of the NF-kB pathway, which, in turn,
reduced the transcription of proinflammatory genes and the release of
proinflammatory cytokines, thereby alleviating the LPS-induced in-
flammatory response. This promising derivative exerted an obvious
protective effect on LPS-induced ALI mice and significantly reduced the
levels of proinflammatory cytokines in serum and BALF. Furthermore,
13a decreased the mRNA levels of some proinflammatory cytokines in

Table 2
PK Study of compound 13a in Rats.

parameter iv (1 mg/kg) po (10 mg/kg)
AUC(o_y (pg/L-h) 6316 22,922

Tmax (h) 5.0

T1/2 (h) 8.9 11.8

Crax (ng/L) 1362 1680

F (%) 36.3

the lung tissue, improved the histopathological changes in the lung
tissue, and reduced macrophage infiltration. The protective effect of 13a
in ALI mice was close to that of DXMS and even surpassed DXMS in some
aspects. Derivative 13a also had an obvious protective effect on LPS-
induced sepsis mice, slowing down death and improving weight loss.
Thus, our findings signify that 4-oxo-N-phenyl-1,4-dihydroquinoline-3-
carboxamide derivative 13a is a promising candidate for the treatment
of ALI and sepsis.

4. Experimental
4.1. Chemical synthesis

Generally, all chemicals were of reagent grade and used without
purification. The melting points of all compounds were determined
using a Fisher—Johns melting apparatus, and the melting points were
uncorrected. 'H NMR and '3C-HMR spectra were recorded on a 400 MHz
spectrometer (Bruker Corporation, Switzerland) with TMS as an internal
reference, and the chemical shifts were reported in parts per million.
Electron-spray ionization mass spectra in positive mode data were ob-
tained using a Bruker Esquire HCT spectrometer. All reactions were
monitored using thin-layer chromatography (250 silica gel 60 Fas4 glass
plates), and flash column chromatography purifications were performed
using Merck silica gel 60 (230-400 mesh ASTM).

4.2. Procedure for the synthesis of intermediates 6a-6g

1-(2-chlorophenyl)ethan-1-one (1 g, 6.5 mmol) and NaH (1.3 g,
60%) were added to an anhydrous THF (30 mL) under an ice bath and
stirred for 30 min. Later, dimethyl carbonate (3 g, 32 mmol) was added
to the mixture and allowed to react for 3 h at 85 °C. Dilute hydrochloric
acid was slowly added to the mixture, and the pH was adjusted to 3.
Next, water (65 mL) was added to remove the water-soluble impurities,
and dichloromethane (CH2CL,, 3 x 65 mL) was added for extraction.
The organic phase was dried through anhydrous magnesium sulfate
(MgS0O4) and concentration in vacuo to obtain intermediate 2 with a
yield of 75%.

Intermediate 2 (20 mmol) and DMF-DMA (9 mL, 80 mmol) were
dissolved in toluene (6 mL), and the mixture was refluxed at 120 °C for 2
h. Toluene was removed with an oil pump vacuum, and the residue was
dissolved in CHCLy (150 mL). The organic phase was washed with
water (3 x 40 mL) and saturated brine (80 mL) to remove the water-
soluble impurities. Finally, the organic phase was dried over anhy-
drous sodium sulfate, and the solvent was removed in vacuo to get
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intermediate 3 with a yield of 75%.

Intermediate 3 (10 mmol) and an appropriate amount of aniline (11
mmol) were dissolved in toluene (20 mL), and the mixture was reacted
at 110 °C for 4 h to obtain intermediates 4a-4g. Subsequently, Cs2CO3
(3.26 g 10 mmol) and K,CO3 (1.38 g 10 mmol) were added to the
mixture, the temperature was increased to 150 °C, and the reaction was
continued for 6 h Cs;CO3 was then removed via suction filtration, and
the filtrate was concentrated in vacuo to obtain the crude products 5a-5g
with a yield of 60%-75%.

5a-5g (10 mmol) and NaOH (20 mmol) were dissolved in 1,4-
dioxane/water (2 : 1), and the reaction system was heated to 100 °C
for 2 h. Then, 1,4-dioxane was removed using an oil pump vacuum,
saturated brine (20 mL) was added to dissolve the residue, and dilute
hydrochloric acid was added to adjust the pH to 3. At this point, a large
amount of precipitate was produced, which was collected using suction
filtration and dried to obtain the crude products. Finally, the crude
products were purified with silica gel chromatography using CH,Cl, and
MeOH in a ratio of 8:1 to derive the intermediates 6a-6g with a yield of
65%-75%.

4.2.1. 4-oxo-1-phenyl-1,4-dihydroquinoline-3-carboxylic acid (6a)

Yellow power; yield: 63.1%. 'H NMR (400 MHz, CDCl3) 6 14.91 (s,
1H), 8.84 (s, 1H), 8.60 (d, J = 8.1 Hz, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.70
(s, 1H), 7.69 (d, J = 3.2 Hz, 2H), 7.61 (t,J = 7.6 Hz, 1H), 7.48 (d, J = 3.2
Hz, 1H), 7.47 (d, J = 2.5 Hz, 1H), 7.19 (d, J = 8.6 Hz, 1H).

4.2.2. 1-(4-fluorophenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid
(6b)

Yellow power; yield: 66.5%. 'H NMR (400 MHz, CDCl3) 5 14.82 (s,
1H), 8.82 (s, 1H), 8.62 (d, J = 7.9 Hz, 1H), 7.73 (t, J = 7.9 Hz, 1H), 7.63
(t, J = 7.3 Hz, 1H), 7.49 (d, J = 4.8 Hz, 1H), 7.47 (d, J = 4.3 Hz, 1H),
7.41 (s, 1H), 7.38 (d, J = 8.4 Hz, 1H), 7.15 (d, J = 8.4 Hz, 1H).

4.2.3. 1-(4-chloro-2-fluorophenyl)-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid (6¢)

Yellow power; yield: 70.3%. TH NMR (400 MHz, CDCl3) 6 14.79 (s,
1H), 8.80 (s, 1H), 8.60 (d, J = 8.0 Hz, 1H), 7.74 (t, J = 7.7 Hz, 1H), 7.69
(s, 1H), 7.67 (s, 1H), 7.63 (t, J = 7.6 Hz, 1H), 7.45 (s, 1H), 7.43 (s, 1H),
7.17 (d, J = 8.5 Hz, 1H).

4.2.4. 1-(4-bromophenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid
(6d)

Yellow power; yield: 60.9%. TH NMR (400 MHz, CDCl3) 6 14.78 (s,
1H), 8.79 (s, 1H), 8.60 (d, J = 8.0 Hz, 1H), 7.85 (s, 1H), 7.83 (s, 1H),
7.74 (t, J = 7.8 Hz, 1H), 7.63 (t, J = 7.6 Hz, 1H), 7.38 (s, 1H), 7.36 (s,
1H), 7.17 (d, J = 8.6 Hz, 1H).

4.2.5. 1-(4-chloro-2-fluorophenyl)-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid (6e)

Yellow power; yield: 58.7%. TH NMR (400 MHz, CDCl3) 6 14.68 (s,
1H), 8.75 (s, 1H), 8.61 (d, J = 7.9 Hz, 1H), 7.76 (t, J = 7.7 Hz, 1H), 7.66
(s, 1H), 7.64 (s, 1H), 7.62 (s, 1H), 7.41 (t, J = 8.0 Hz, 1H), 7.08 (d, J =
8.5 Hz, 1H).

4.2.6. 1-(3-chloro-4-fluorophenyl)-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid (6f)

Yellow power; yield: 55.1%. 14 NMR (400 MHz, CDCl3) & 14.72 (s,
1H), 8.81 (s, 1H), 8.63 (d, J = 8.0 Hz, 1H), 7.78 (t, J = 7.6 Hz, 1H), 7.67
(d, J = 7.6 Hz, 1H), 7.63 (d, J = 5.5 Hz, 1H), 7.50 (t, J = 8.2 Hz, 1H),
7.43 (d, J = 7.4 Hz, 1H), 7.18 (d, J = 8.1 Hz, 1H).

4.2.7. 4-oxo-1-(4-(trifluoromethoxy)phenyl)-1,4-dihydroquinoline-3-
carboxylic acid (6g)

Yellow power; yield: 68.1%. 1H NMR (400 MHz, CDCl3) § 14.71 (s,
1H), 8.76 (s, 1H), 8.56 (d, J = 8.1 Hz, 1H), 7.71 (t, J = 7.8 Hz, 1H), 7.59
(t,J=7.6 Hz, 1H), 7.53 (s, 1H), 7.51 (s, 1H), 7.51 (s, 1H), 7.49 (s, 1H),
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7.12 (d, J = 8.6 Hz, 1H).
4.3. General procedure for the synthesis of intermediates 10a-10d

4-Chloro-6,7-dimethoxyquinoline (7a) or 4-chloro-6,7-dimethoxy-
quinazoline (7b) and 3-nitrophenol (8a) or 4-nitrophenol (8b) were
dissolved in toluene (10 mL), Nal (0.1 mmol) was added as a catalyst,
and NayCO3 (20 mmol) was added to adjust the pH. The mixture was
reacted at 130 °C overnight and spin-dried to obtain crude products
9a-9d with a yield of 60%-70% Intermediates 9a-9d (10 mmol) were
dissolved in a mixed solution of water (5 mL) and ethanol (10 mL),
following which reduced iron powder (20 mmol) and ammonium
chloride (20 mmol) were added to the solution and allowed to react at
50 °C for 6 h. After the completion of the reaction, the inorganic residues
were removed via filtration and the filtrate was dried in vacuo to obtain
the crude product. Finally, the crude product was purified with silica gel
chromatography using CH,Cl, and MeOH in a ratio of 10:1 to acquire
10a-10d with a yield of 60%-70%.

4.3.1. 3-((6,7-dimethoxyquinolin-4-yl)oxy)aniline (10a)

White power; yield: 59.7%. 1H NMR (400 MHz, CDCl3) §8.53 (d, J =
5.3 Hz, 1H), 7.57 (s, 1H), 7.45 (s, 1H), 7.25 (t, J = 8.0 Hz, 1H), 6.62 (d, J
=8.0Hz, 1H), 6.60 (s, 1H), 6.58 (s, 1H), 6.53 (d, J = 2.1 Hz, 1H), 5.22 (s,
2H), 4.08 (d, J = 4.3 Hz, 6H).

4.3.2. 3-((6,7-dimethoxyquinazolin-4-yl)oxy)aniline (10b)

Yellow power; yield: 50.7%. 'H NMR (400 MHz, CDCl3) & 8.67 (s,
1H), 7.57 (s, 1H), 7.34 (s, 1H), 7.31-7.26 (m, 1H), 6.66 (dd, J = 4.7, 2.1
Hz, 1H), 6.64 (d, J = 4.3 Hz, 1H), 6.61 (d, J = 2.0 Hz, 1H), 5.33 (s, 2H),
4.09 (s, 6H).

4.3.3. 4-((6,7-dimethoxyquinolin-4-yl)oxy)aniline (10c)

Yellow power; yield: 50.7%. 1{ NMR (400 MHz, DMSO-dg) 6 8.44 (d,
J=5.2Hz, 1H), 7.52 (s, 1H), 7.38 (s, 1H), 6.95 (s, 1H), 6.93 (s, 1H), 6.70
(s, 1H), 6.67 (s, 1H), 6.39 (d, J = 5.2 Hz, 1H), 5.17 (s, 2H), 3.95 (s, 6H).

4.3.4. 4-((6,7-dimethoxyquinazolin-4-yl)oxy)aniline (10d)

White power; yield: 68.1%. 1H NMR (400 MHz, CDCl3) & 8.66 (s,
1H), 7.59 (s, 1H), 7.34 (s, 1H), 7.08 (s, 1H), 7.06 (s, 1H), 6.82 (s, 1H),
6.79 (s, 1H), 5.33 (s, 2H), 4.10 (s, 6H).

4.4. General procedure for the synthesis of the compounds 11a-11g,
12a-12g, 13a-13g, and 14a-14g

The corresponding amines 10a-10d (1 mmol) and the acids 6a-6d
(1 mmol) were dissolved in DMF (6 mL), HATU (1 mmol) and DIPEA
(1.2 mmol) were added to the mixture, and an acid—amine condensation
reaction was performed at room temperature for 16 h. Next, ice water
was added dropwise to the mixture. A large amount of solid was
precipitated out, which was collected using suction filtration and dried
to obtain the crude products. These products were then dissolved in
ethyl acetate (10 mL). The organic phase was washed with water (3 x
20 mL) and saturated brine (40 mL) to remove DMF. Finally, the organic
phase was concentrated in vacuo and purified with silica gel chroma-
tography using CH,Cl,; and MeOH in a ratio of 20:1 to obtain 11a-11g,
12a-12g, 13a-13g, and 14a-14g as solids.

4.4.1. N-(3-((6,7-dimethoxyquinolin-4-yl)oxy)phenyD-4-oxo-1-phenyl-
1,4-dihydroquinoline-3-carboxamide (11a)

Yellow power; yield: 50.4%; m.p.: 215.7-217.1 °C. 'H NMR (400
MHz, CDCl3) 6 12.38 (s, 1H), 8.84 (s, 1H), 8.60 (d, J = 7.8 Hz, 1H),
8.57-8.50 (m, 1H), 7.89 (s, 1H), 7.69 (t, J = 7.4 Hz, 1H), 7.61 (s, 2H),
7.60 (d, J = 2.1 Hz, 1H), 7.58 (s, 1H), 7.55 (d, J = 5.5 Hz, 1H), 7.50 (d, J
= 9.0 Hz, 1H), 7.47 (s, 1H), 7.46 (s, 1H), 7.43 (d, J = 6.9 Hz, 1H),
7.41-7.35 (m, 1H), 7.11 (d, J = 8.4 Hz, 1H), 6.99 (d, J = 9.2 Hz, 1H),
6.63 (d, J = 5.1 Hz, 1H), 4.09 (s, 6H). '3C NMR (101 MHz, CDCls) &
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177.00, 163.11, 160.53, 154.97, 152.81, 149.48,148.95, 147.99,
146.86, 140.75, 140.58, 140.52, 133.00, 130.53 (2C), 130.32 (20),
127.24 (2C), 127.13,126.93, 125.76, 118.15, 117.28, 116.31, 116.11,
113.26,111.89, 107.80, 103.85, 99.64, 56.21,56.16. ESI-MS: m/z 544.2
[M+H] .

4.4.2. N-(3-((6,7-dimethoxyquinolin-4-yl)oxy)phenyD-1-(4-
fluorophenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (11b)

Yellow power; yield: 55.9%; m.p.: 189.5-190.8 °C. 'H NMR (400
MHz, CDCl3) § 12.45 (s, 1H), 8.88 (s, 1H), 8.62 (d, J = 7.9 Hz, 1H), 8.54
(d, J = 5.2 Hz, 1H), 7.90 (s, 1H), 7.67 (t, J = 7.2 Hz, 1H), 7.62 (s, 1H),
7.61-7.59 (m, 1H), 7.57 (d, J = 7.7 Hz, 1H), 7.49 (s, 1H), 7.48 (s, 1H),
7.47 (s, 1H), 7.46 (s, 1H), 7.37 (t, J = 8.3 Hz, 2H), 7.11 (d, J = 8.5 Hz,
1H), 6.99 (d, J = 8.0 Hz, 1H), 6.63 (d, J = 5.3 Hz, 1H), 4.09 (s, 6H). ESI-
MS: m/z 562.2 [M+H] *.

4.4.3. 1-(4-bromophenyl)-N-(3-((6,7-dimethoxyquinazolin-4-yl)oxy)
phenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (11c)

Yellow power; yield: 50.7%; m.p.: 226.0-227.1 °C. *H NMR (400
MHz, CDCl3) § 12.43 (s, 1H), 8.87 (s, 1H), 8.61 (d, J = 8.0 Hz, 1H), 8.54
(d, J = 5.2 Hz, 1H), 7.89 (s, 1H), 7.67 (d, J = 8.6 Hz, 2H), 7.64 (s, 1H),
7.61 (s, 2H), 7.58 (d, J = 8.2 Hz, 1H), 7.48 (d, J = 7.9 Hz, 2H), 7.44 (s,
1H), 7.42 (s, 1H), 7.13 (d, J = 8.4 Hz, 1H), 6.99 (d, J = 8.0 Hz, 1H), 6.62
(d, J = 5.3 Hz, 1H), 4.09 (s, 6H). ESI-MS: m/z 578.2 [M+H] .

4.4.4. 1-(4-bromophenyl)-N-(3-((6,7-dimethoxyquinolin-4-yl)oxy)
phenylD)-4-oxo-1,4-dihydroquinoline-3-carboxamide (11d)

Yellow power; yield: 52.9%; m.p.: 205.0-206.8 °C. 'H NMR (400
MHz, CDCls) 6 12.36 (s, 1H), 8.81 (s, 1H), 8.61 (d, J = 8.0 Hz, 1H), 8.54
(d, J=5.3 Hz, 1H), 7.89 (s, 1H), 7.69 (dd, J = 11.5, 4.0 Hz, 1H), 7.65 (d,
J =7.1 Hz, 1H), 7.63 (s, 1H), 7.61 (s, 2H), 7.59 (s, 1H), 7.59-7.54 (m,
1H), 7.48 (d, J = 5.9 Hz, 1H), 7.45 (s, 1H), 7.41 (t, J = 8.2 Hz, 1H), 7.04
(d, J = 8.5 Hz, 1H), 6.99 (d, J = 8.1 Hz, 1H), 6.63 (d, J = 5.3 Hz, 1H),
4.09 (s, 6H). ESI-MS: m/z 622.1 [M+H] *.

4.4.5. 1-(4-bromo-2-fluorophenyl)-N-(3-((6,7-dimethoxyquinolin-4-yl)
oxy)phenyl)-4-oxo-1,4-dihydroquinolne-3-carboxamide (11e)

Yellow power; yield: 53.3%; m.p.: 225.1-227.5 °C. 'H NMR (400
MHz, CDCl3) § 12.38 (s, 1H), 8.81 (s, 1H), 8.61 (dd, J = 8.1, 1.2 Hz, 1H),
8.54 (d, J = 5.4 Hz, 1H), 7.92 (t, J = 2.0 Hz, 1H), 7.70 (dd, J = 8.6, 1.5
Hz, 1H), 7.66-7.63 (m, 1H), 7.62 (s, 1H), 7.61 (d, J = 3.0 Hz, 1H), 7.59
(s, 1H), 7.59 (s, 1H), 7.57 (d, J = 4.2 Hz, 1H), 7.48 (t, J = 8.1 Hz, 1H),
7.41 (dd, J = 11.1, 5.3 Hz, 1H), 7.04 (d, J = 8.5 Hz, 1H), 6.99 (dd, J =
7.7,1.9 Hz, 1H), 6.65 (d, J = 5.4 Hz, 1H), 4.10 (d, J = 3.8 Hz, 6H). ESI-
MS: m/z 640.1 [M+H] *.

4.4.6. 1-(3-chloro-4-fluorophenyl)-N-(3-((6,7-dimethoxyquinolin-4-yl)
oxy)phenyl)-4-oxo-1,4-dihydroquinoine-3-carboxamide (11f)

Brown power; yield: 56.3%; m.p.: 225.1-227.5 °C. 'H NMR (400
MHz, CDCI3) 6 12.41 (s, 1H), 8.88 (s, 1H), 8.62 (d, J = 8.0 Hz, 1H), 8.54
(d,J=5.3Hz, 1H), 7.88 (s, 1H), 7.68 (t,J = 7.2 Hz, 1H), 7.61 (d, J = 4.0
Hz, 2H), 7.57 (d, J = 7.7 Hz, 1H), 7.54 (s, 3H), 7.50-7.44 (m, 2H), 7.12
(d, J = 8.5 Hz, 1H), 6.99 (d, J = 6.9 Hz, 1H), 6.62 (d, J = 5.3 Hz, 1H),
4.09 (s, 6H). ESI-MS: m/z 596.1 [M+H] *.

4.4.7. N-(3-((6,7-dimethoxyquinolin-4-yl)oxy)phenyl)-4-oxo-1-(4-
(trifluoromethoxy)phenyl)-1,4-dihydroquinoline-3-carboxamide (11g)
Yellow power; yield: 48.6%; m.p.: 182.2-184.1 °C. 'H NMR (400
MHz, CDCl3) § 12.50 (s, 1H), 8.92 (s, 1H), 8.69 (s, 1H), 8.62 (d, J = 8.2
Hz, 1H), 7.99 (s, 1H), 7.70 (d, J = 4.8 Hz, 1H), 7.67 (d, J = 3.5 Hz, 1H),
7.66 (s, 1H), 7.65 (s, 1H), 7.63 (s, 1H), 7.62 (s, 1H), 7.56 (t, J = 7.4 Hz,
1H), 7.51 (d, J = 8.3 Hz, 1H), 7.49 (d, J = 5.3 Hz, 1H), 7.47 (t, J = 4.2
Hz, 1H), 7.36 (s, 1H), 7.16 (d, J = 8.4 Hz, 1H), 7.08 (d, J = 9.0 Hz, 1H),
4.11 (s, 6H). 13¢ NMR (101 MHz, CDCl3) & 177.07, 163.06, 160.87,
154.68, 153.08, 150.12, 149.58, 148.36, 147.84, 146.20, 140.51,
140.21, 138.57, 133.39, 130.42, 129.02 (2C), 126.91 (2C), 126.01,
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122.76 (20), 117.84, 117.52, 116.41, 116.26, 113.32, 111.96, 111.88,
106.74, 103.64, 99.59, 56.10, 56.05. ESI-MS: m/z 628.2 [M+H] *.

4.4.8. N-(3-((6,7-dimethoxyquinazolin-4-ylDoxy)phenyl)-4-oxo-1-phenyl-
1,4-dihydroquinoline-3-carboxamide (12a)

White power; yield: 37.8%; m.p.: 246.4-248.0 °C. 'H NMR (400
MHz, CDCl3) § 12.50 (s, 1H), 8.92 (s, 1H), 8.69 (s, 1H), 8.62 (d, J = 7.7
Hz, 1H), 7.99 (s, 1H), 7.68 (d, J = 6.3 Hz, 1H), 7.66 (s, 1H), 7.66 (s, 1H),
7.65 (s, 1H), 7.63 (s, 1H), 7.62 (s, 1H), 7.56 (t,J = 7.4 Hz, 1H), 7.51 (d, J
= 8.3 Hz, 1H), 7.49 (s, 1H), 7.48 (d, J = 2.5 Hz, 1H), 7.36 (s, 1H), 7.16
(d, J = 8.4 Hz, 1H), 7.08 (d, J = 7.9 Hz, 1H), 4.11 (s, 6H). ESI-MS: m/z
567.2 [M+Na] *.

4.4.9. N-(3-((6,7-dimethoxyquinazolin-4-yl)oxy)phenyl)-1-(4-
fluorophenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (12b)

Yellow power; yiled: 32.6%; m.p.: 260.1-261.4 °C ! H NMR (400
MHz, CDCl3) § 12.42 (s, 1H), 8.84 (s, 1H), 8.67 (s, 1H), 8.58 (d, J = 8.0
Hz, 1H), 7.96 (s, 1H), 7.63 (t, J = 7.2 Hz, 1H), 7.60 (d, J = 8.2 Hz, 1H),
7.59 (s, 1H), 7.54 (t,J = 7.5 Hz, 1H), 7.48 (d, J = 8.3 Hz, 1H), 7.46-7.44
(m, 1H), 7.43 (s, 1H), 7.41 (s, 1H), 7.35 (s, 1H), 7.32 (d, J = 8.6 Hz, 1H),
7.07 (d, J = 8.7 Hz, 1H), 7.04 (d, J = 8.2 Hz, 1H), 4.08 (s, 6H). ESI-MS:
m/z 563.2 [M+H] ™.

4.4.10. 1-(4-chlorophenyl)-N-(3-((6,7-dimethoxyquinazolin-4-yl)oxy)
phenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (12c)

Yellow solid; yiled: 31.5%; m.p.: 273.4-274.8 °C. TH NMR (400 MHz,
CDCl3) 6 12.49 (s, 1H), 8.87 (s, 1H), 8.74 (s, 1H), 8.62 (d, J = 7.5 Hz,
1H), 8.03 (s, 1H), 7.83 (s, 1H), 7.81 (s, 1H), 7.68 (t, J = 7.9 Hz, 1H), 7.64
(s, 1H), 7.62 (s, 1H), 7.61 (d, J = 3.9 Hz, 1H), 7.57 (d, J = 7.2 Hz, 1H),
7.52 (t, J = 8.1 Hz, 1H), 7.39 (s, 1H), 7.37 (s, 1H), 7.14 (d, J = 8.4 Hz,
1H), 7.07 (d, J = 9.3 Hz, 1H), 4.14 (d, J = 7.8 Hz, 6H). '3C NMR (101
MHz, CDCl3) § 176.96, 165.91, 162.86, 156.65, 152.66, 151.95, 150.74,
147.73, 147.11, 140.58, 140.18, 138.92, 136.50, 133.18, 130.81 (2C),
129.96, 128.69 (2C), 127.10 (2C), 125.91, 117.97, 117.82, 117.07,
113.98, 112.16, 110.68, 105.40, 101.26, 56.75, 56.52. ESI-MS: m/z
579.3 [M+H] .

4.4.11. 1-(4-bromophenyl)-N-(3-((6,7-dimethoxyquinazolin-4-yl)oxy)
phenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (12d)

Yellow solid; yiled: 33.5%; m.p.: 280.1-281.7 °C 1 H NMR (400 MHz,
CDCl3) 6 12.45 (s, 1H), 8.86 (s, 1H), 8.72 (s, 1H), 8.61 (d, J = 7.9 Hz,
1H), 8.00 (s, 1H), 7.82 (s, 1H), 7.80 (s, 1H), 7.67 (t,J = 7.7 Hz, 1H), 7.63
(s, 1H), 7.61 (s, 1H), 7.58 (d, J = 7.7 Hz, 1H), 7.54 (d, J = 12.3 Hz, 1H),
7.49 (d, J = 8.1 Hz, 1H), 7.38 (s, 1H), 7.36 (s, 1H), 7.13 (d, J = 8.4 Hz,
1H), 7.07 (d, J = 7.9 Hz, 1H), 4.12 (d, J = 4.5 Hz, 6H). ESI-MS: m/z
623.1 [M+H] *.

4.4.12. 1-(4-bromo-2-fluorophenyl)-N-(3-((6,7-dimethoxyquinazolin-4-
yDoxy)phenyD-4-oxo-1,4-dihydroquinoline-3-carboxamide (12e)

White solid; yiled: 34.7%; m.p.: 217.4-218.6 °C. 'H NMR (400 MHz,
CDCl3) 6 12.36 (s, 1H), 8.81 (s, 1H), 8.69 (s, 1H), 8.62 (d, J = 8.0 Hz,
1H), 7.97 (s, 1H), 7.69 (t, J = 7.2 Hz, 1H), 7.64 (s, 1H), 7.61 (d, J = 6.3
Hz, 3H), 7.57 (d, J = 7.2 Hz, 1H), 7.50 (t, J = 8.1 Hz, 1H), 7.42 (t, J =
8.2 Hz, 1H), 7.36 (s, 1H), 7.09 (d, J = 7.7 Hz, 1H), 7.04 (d, J = 8.5 Hz,
1H), 4.11 (s, 6H). '3C NMR (101 MHz, CDCls) § 177.12, 165.42, 162.51,
158.66, 155.82, 153.07, 152.93, 150.16, 149.33, 147.89, 140.15,
140.00, 133.46, 130.36, 129.88, 129.40, 127.17, 127.02, 126.00,
125.34,121.50, 121.28, 117.73,117.33, 117.05, 114.16, 112.84,
110.83, 106.80, 101.17, 56.41 (2C). ESI-MS: m/z 641.1 [M+H] *.

4.4.13. 1-(3-chloro-4-fluorophenyl)-N-(3-((6,7-dimethoxyquinazolin-4-
yDoxy)phenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (12f)

White solid; yiled: 37.7%; m.p.: 265.1-267.0 °C. 'H NMR (400 MHz,
CDCl3) 6 12.37 (s, 1H), 8.85 (s, 1H), 8.68 (s, 1H), 8.61 (d, J = 7.1 Hz,
1H), 7.96 (s, 1H), 7.69 (t, J = 7.1 Hz, 1H), 7.63 (s, 1H), 7.61 (s, 1H), 7.60
(s,1H),7.57 (d,J=7.7 Hz, 1H), 7.50 (t,J = 8.1 Hz, 1H), 7.45 (d, J = 8.1
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Hz, 1H), 7.42 (d, J = 2.5 Hz, 1H), 7.36 (s, 1H), 7.12 (s, 1H), 7.09 (d, J =
9.2 Hz, 1H), 4.11 (d, J = 1.3 Hz, 6H). 3C NMR (101 MHz, CDCl3) &
176.91, 165.44, 162.59, 155.85, 153.03, 152.94, 150.18, 149.32,
147.64, 140.49, 140.00, 136.84, 133.31, 130.06, 129.89, 127.50,
127.43, 127.18, 127.02, 125.99, 118.52, 118.29, 117.71, 117.59,
117.33,114.14, 112.34, 110.82, 106.78, 101.16, 56.42, 56.41. ESI-MS:
m/z 597.2 [M+H] ™.

4.4.14. N-(3-((6,7-dimethoxyquinazolin-4-yl)oxy)phenyl)-4-oxo-1-(4-
(trifluoromethoxy)phenyl)-1,4-dihydroquinoline-3-carboxamide (12g)

White solid; yiled: 35.7%; m.p.: 273.1-274.0 °C. H NMR (400 MHz,
CDCl3) 6 12.41 (s, 1H), 8.88 (s, 1H), 8.69 (s, 1H), 8.62 (d, J = 7.9 Hz,
1H), 7.97 (s, 1H), 7.68 (t,J = 7.2 Hz, 1H), 7.64 (s, 1H), 7.62 (s, 1H), 7.59
(d, J =7.5Hz, 1H), 7.57 (d, J = 2.9 Hz, 1H), 7.55 (s, 1H), 7.53 (d, J =
6.7 Hz, 2H), 7.49 (d, J = 8.1 Hz, 1H), 7.36 (s, 1H), 7.12 (d, J = 8.5 Hz,
1H), 7.09 (d, J = 8.1 Hz, 1H), 4.11 (d, J = 0.9 Hz, 6H). ESI-MS: m/z
651.2 [M+Na] .

4.4.15. N-(4-((6,7-dimethoxyquinolin-4-yloxy)phenyl)-4-oxo-1-phenyl-
1,4-dihydroquinoline-3-carboxamide (13a)

Yellow solid; yiled: 55.7%; m.p.: 225.1-226.6 °C. TH NMR (400 MHz,
CDCl3) 6 12.47 (s, 1H), 8.97 (s, 1H), 8.64 (d, J = 7.8 Hz, 1H), 8.54 (s,
1H), 7.95 (s, 1H), 7.93 (s, 1H), 7.69 (s, 1H), 7.68 (s, 2H), 7.64 (d, J = 7.8
Hz, 1H), 7.60 (s, 1H), 7.57 (d, J = 7.5 Hz, 1H), 7.53 (s, 1H), 7.51 (s, 1H),
7.49 (s, 1H), 7.24 (s, 1H), 7.22 (s, 1H), 7.17 (d, J = 8.5 Hz, 1H), 6.57 (d,
J = 5.0 Hz, 1H), 4.10 (s, 6H). 1°C NMR (101 MHz, CDCl3) & 177.03,
163.47, 163.08, 154.72, 150.59, 149.06, 147.95, 144.86, 140.77,
142.46, 140.46, 137.18, 133.06, 130.55 (2C), 130.36, 127.26 (2C),
127.09, 126.89, 125.80, 122.30 (2C), 121.57 (2C), 118.19, 116.08,
111.84,104.31,102.91, 99.76, 56.74, 56.42. ESI-MS: m/z 544.2 [M+H]
+

4.4.16. N-(4-((6,7-dimethoxyquinolin-4-yl)oxy)phenyD)-1-(4-
fluorophenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (13b)

Yellow solid; yiled: 59.3%; m.p.: 256.9-258.8 °C. TH NMR (400 MHz,
CDCl3) § 12.40 (s, 1H), 8.93 (d, J = 3.1 Hz, 1H), 8.63 (d, J = 8.0 Hz, 1H),
8.52 (d, J =5.1 Hz, 1H), 7.93 (s, 1H), 7.91 (d, J = 2.9 Hz, 1H), 7.68 (t, J
= 7.7 Hz, 1H), 7.61 (d, J = 3.0 Hz, 1H), 7.57 (d, J = 8.1 Hz, 1H),
7.53-7.45 (m, 3H), 7.38 (t, J = 9.7 Hz, 2H), 7.24 (d, J = 3.0 Hz, 1H),
7.22(d, J = 3.0 Hz, 1H), 7.12 (d, J = 10.4 Hz, 1H), 6.55 (s, 1H), 4.09 (s,
6H). '3C NMR (101 MHz, CDCl3) & 176.98, 162.79, 161.47, 153.22,
149.96, 149.71, 148.00, 147.90, 145.84, 140.81, 136.49, 136.46,
133.12, 130.94, 129.38, 129.29, 128.85, 127.08, 127.01, 125.82,
122.13 (2C), 121.61 (2C), 117.88, 117.76, 117.53, 112.10, 107.02,
103.26, 99.61, 56.26 (2C). ESI-MS: m/z 562.2 [M-+H] *.

4.4.17. 1-(4-chlorophenyl)-N-(4-((6,7-dimethoxyquinolin-4-yl)oxy)
phenylD)-4-oxo-1,4-dihydroquinoline-3-carboxamide (13c)

Yellow solid; yiled: 55.2%; m.p.: 249.1-250.2 °C. 1H NMR (400 MHz,
CDCl3) & 12.41 (s, 1H), 8.93 (s, 1H), 8.64 (dd, J = 8.1, 1.4 Hz, 1H), 8.53
(d, J = 5.4 Hz, 1H), 7.96-7.94 (m, 1H), 7.93-7.91 (m, 1H), 7.71-7.69
(m, 1H), 7.68 (s, 1H), 7.66 (d, J = 2.8 Hz, 1H), 7.63 (s, 1H), 7.62-7.56
(m, 1H), 7.54 (s, 1H), 7.47 (d, J = 1.9 Hz, 1H), 7.46-7.44 (m, 1H),
7.26-7.24 (m, 1H), 7.23 (s, 1H), 7.15 (d, J = 8.5 Hz, 1H), 6.58 (d, J =
5.4 Hz, 1H), 4.10 (s, 6H). *C NMR (101 MHz, CDCl3) 6 177.01, 162.73,
160.91, 152.81, 150.25, 149.48, 148.94, 147.68, 146.84, 140.60,
138.94, 136.51, 136.21, 133.15, 130.82 (2C), 128.72 (2C), 127.09,
125.88,122.12(2C), 121.64 (2C), 117.82 (2C), 116.12,112.28, 107.83,
103.38, 99.59, 56.21, 56.16. ESI-MS: m/z 578.2 [M+H] -

4.4.18. 1-(4-bromophenyl)-N-(4-((6,7-dimethoxyquinolin-4-yl)oxy)
phenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (13d)

White solid; yiled: 58.8%; m.p.: 257.1-259.0 °C 1 H NMR (400 MHz,
CDCl3) 8 12.38 (s, 1H), 8.92 (s, 1H), 8.64 (d, J = 8.0 Hz, 1H), 8.53 (d, J
=5.2 Hz, 1H), 7.93 (s, 1H), 7.91 (s, 1H), 7.84 (s, 1H), 7.82 (s, 1H), 7.68
(t, J=7.8 Hz, 1H), 7.62 (s, 1H), 7.58 (d, J = 7.2 Hz, 1H), 7.47 (s, 1H),
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7.40 (s, 1H), 7.38 (s, 1H), 7.24 (s, 1H), 7.22 (s, 1H), 7.15 (d, J = 8.5 Hz,
1H), 6.55 (d, J = 5.3 Hz, 1H), 4.09 (d, J = 1.8 Hz, 6H). ESI-MS: m/z
622.1 [M+H] *.

4.4.19. 1-(4-bromo-2-fluorophenyl)-N-(4-((6,7-dimethoxyquinolin-4-yl)
oxy)phenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (13e)

Yellow solid; yiled: 60.3%; m.p.: 248.5-250.1 °C 1 H NMR (400 MHz,
CDCl3) & 12.31 (s, 1H), 8.86 (s, 1H), 8.63 (d, J = 8.0 Hz, 1H), 8.53 (d, J
= 5.3 Hz, 1H), 7.93 (s, 1H), 7.91 (s, 1H), 7.70 (t,J = 7.3 Hz, 1H), 7.65 (s,
1H), 7.63 (s, 1H), 7.61 (s, 1H), 7.58 (d, J = 7.8 Hz, 1H), 7.46 (s, 1H),
7.43 (d, J = 8.5 Hz, 1H), 7.24 (s, 1H), 7.22 (s, 1H), 7.06 (d, J = 8.5 Hz,
1H), 6.54 (d, J = 5.3 Hz, 1H), 4.09 (d, J = 2.0 Hz, 6H). ESI-MS: m/z
662.0 [M+Na] *.

4.4.20. 1-(3-chloro-4-fluorophenyl)-N-(4-((6,7-dimethoxyquinolin-4-yl)
oxy)phenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (13f)

Yellow solid; yiled: 54.5%; m.p.: 210.1-211.2°C. H NMR (400 MHz,
CDCl3) & 12.33 (s, 1H), 8.90 (s, 1H), 8.63 (d, J = 7.4 Hz, 1H), 8.52 (d, J
=5.3Hz, 1H), 7.93 (s, 1H), 7.90 (s, 1H), 7.70 (t,J = 7.2 Hz, 1H), 7.63 (d,
J=6.3Hz, 1H), 7.61 (s, 1H), 7.59 (d, J = 7.5 Hz, 1H), 7.49 (d, J = 8.6
Hz, 1H), 7.45 (d, J = 7.6 Hz, 2H), 7.24 (s, 1H), 7.22 (s, 1H), 7.13 (d, J =
8.5 Hz, 1H), 6.54 (d, J = 5.3 Hz, 1H), 4.09 (d, J = 2.1 Hz, 6H). ESI-MS:
m/z 596.2 [M+H] *.

4.4.21. N-(4-((6,7-dimethoxyquinolin-4-yl)oxy)phenyl)-4-oxo-1-(4-
(trifluoromethoxy)phenyl)-1,4-dihydroquinoline-3-carboxamide (13g)
Yellow solid; yiled: 57.1%; m.p.: 230.5-232.0 °C. 'H NMR (400 MHz,
CDCl3) 8 12.40 (s, 1H), 8.93 (s, 1H), 8.65 (d, J = 8.0 Hz, 1H), 8.53 (d, J
=5.4Hz, 1H), 7.96 (s, 1H), 7.93 (s, 1H), 7.71 (t,J = 7.8 Hz, 1H), 7.63 (s,
1H), 7.62 (s, 1H), 7.59 (d, J = 2.7 Hz, 1H), 7.58 (s, 1H), 7.57 (s, 1H),
7.56 (s, 1H), 7.54 (s, 1H), 7.25 (s, 1H), 7.23 (s, 1H), 7.15 (d, J = 8.5 Hz,
1H), 6.59 (d, J = 5.5 Hz, 1H), 4.11 (s, 6H). ESI-MS: m/z 628.2 [M+H] *.

4.4.22. N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)phenyl)-4-oxo-1-
phenyl-1,4-dihydroquinoline-3-carboxamide (14a)

Yellow solid; yiled: 40.5%; m.p.: 246.8-247.8 °C. 'H NMR (400 MHz,
CDCl3) 6 12.47 (s, 1H), 8.97 (s, 1H), 8.72 (s, 1H), 8.64 (d, J = 7.9 Hz,
1H), 7.98 (s, 1H), 7.97 (s, 1H), 7.67 (s, 3H), 7.64 (s, 1H), 7.63 (d, J = 2.5
Hz, 1H), 7.61-7.54 (m, 2H), 7.50 (d, J = 4.2 Hz, 1H), 7.49-7.46 (m, 1H),
7.30 (s, 1H), 7.28-7.26 (m, 1H), 7.17 (d, J = 7.0 Hz, 1H), 4.12 (d, J =
3.0 Hz, 6H). ESI-MS: m/z 545.2 [M+H] .

4.4.23. N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)phenyl)-1-(4-
fluorophenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (14b)

White solid; yield: 44.3%; m.p.: 248.0-250.0 °C. 'H NMR (400 MHz,
CDCl3) 812.40 (s, 1H), 8.93 (s, 1H), 8.69 (s, 1H), 8.64 (d, J = 8.1 Hz,
1H), 7.97 (s, 1H), 7.95 (s, 1H), 7.67 (t,J = 7.6 Hz, 1H), 7.62 (s, 1H), 7.58
(t, J = 7.4 Hz, 1H), 7.50 (dd, J = 7.3, 3.6 Hz, 2H), 7.42 (d, J = 0.7 Hz,
1H), 7.40 (d, J = 2.0 Hz, 1H), 7.38 (s, 1H), 7.30 (s, 1H), 7.29-7.27 (m,
1H), 7.12 (d, J = 8.5 Hz, 1H), 4.11 (s, 6H). ESI-MS: m/z 585.2 [M+Na]
+.

4.4.24. 1-(4-chlorophenyl)-N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)
phenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (14c)

Yellow solid; yiled: 48.1%; m.p.: 305.1-306.5 °C. H NMR (400 MHz,
CDCl3) 612.37 (s, 1H), 8.92 (d, J = 2.9 Hz, 1H), 8.67 (d, J = 2.7 Hz, 1H),
8.63 (d, J = 9.5 Hz, 1H), 7.96 (s, 1H), 7.94 (s, 1H), 7.67 (s, 1H), 7.66 (s,
1H), 7.61 (s, 1H), 7.59 (d, J = 8.5 Hz, 1H), 7.56 (d, J = 7.6 Hz, 1H), 7.46
(d, J = 2.7 Hz, 1H), 7.44 (d, J = 2.6 Hz, 1H), 7.36 (d, J = 2.8 Hz, 1H),
7.30 (s, 1H), 7.28-7.26 (m, 1H), 7.13 (dd, J = 8.5, 2.0 Hz, 1H), 4.10 (s,
6H). ESI-MS: m/z 579.3 [M+H] .

4.4.25. 1-(4-bromophenyl)-N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)
phenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (14d)

Yellow solid; yiled: 46.6%; m.p.: 307.1-308.5 °C. 'H NMR (400 MHz,
CDCl3) 6 12.38 (s, 1H), 8.93 (s, 1H), 8.68 (s, 1H), 8.64 (d, J = 8.0 Hz,
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1H), 7.97 (s, 1H), 7.95 (s, 1H), 7.84 (s, 1H), 7.82 (s, 1H), 7.68 (t, J = 7.8
Hz, 1H), 7.62 (s, 1H), 7.59 (t, J = 7.4 Hz, 1H), 7.41 (s, 1H), 7.38 (s, 1H),
7.37 (s, 1H), 7.31 (s, 1H), 7.29 (s, 1H), 7.14 (d, J = 8.4 Hz, 1H), 4.11 (d,
J = 3.7 Hz, 6H). 13C NMR (101 MHz, CDCls) 5 176.98, 165.65, 162.59,
155.83, 153.05, 150.17, 149.28, 148.34, 147.60, 140.52, 139.50,
136.53, 133.80 (2C), 133.10, 129.00 (2C), 127.12, 127.09, 125.83,
124.46, 122.33 (2C), 121.60 (2C), 117.78, 112.37, 110.76, 106.82,
101.13, 56.43 (2C). ESI-MS: m/z 623.1 [M+H] ™.

4.4.26. 1-(4-bromo-2-fluorophenyl)-N-(4-((6,7-dimethoxyquinazolin-4-
yDoxy)phenyl)-4-oxo-1,4-dihydroquinoline-3-carboxamide (14e)

Yellow solid; yiled: 49.5%; m.p.: 251.3-252.7 °C. 'H NMR (400 MHz,
CDCl3) 8 12.34 (s, 1H), 8.86 (s, 1H), 8.76-8.69 (m, 1H), 8.64 (d, J = 7.9
Hz, 1H), 7.98 (s, 1H), 7.96 (s, 1H), 7.71 (t, J = 7.8 Hz, 1H), 7.66 (s, 1H),
7.63 (s, 2H), 7.61 (d, J = 8.0 Hz, 1H), 7.58 (s, 1H), 7.44 (t, J = 8.1 Hz,
1H), 7.31 (s, 1H), 7.29 (s, 1H), 7.06 (d, J = 8.4 Hz, 1H), 4.13 (d, J = 3.6
Hz, 6H). ESI-MS: m/z 641.1 [M+H] .

4.4.27. 1-(3-chloro-4-fluorophenyD)-N-(4-((6,7-dimethoxyquinazolin-4-
yDoxy)phenyD-4-oxo-1,4-dihydroquinoline-3-carboxamide (14f)

Yellow solid; yiled: 43.3%; m.p.: 251.1-216.3 °C. TH NMR (400 MHz,
CDCl3) 6 12.32 (s, 1H), 8.90 (s, 1H), 8.68 (s, 1H), 8.64 (d, J = 8.0 Hz,
1H), 7.96 (s, 1H), 7.94 (s, 1H), 7.70 (t, J = 7.8 Hz, 1H), 7.64 (s, 1H), 7.62
(s, 1H), 7.59 (d, J = 7.7 Hz, 1H), 7.51-7.45 (m, 1H), 7.45-7.41 (m, 1H),
7.37 (s, 1H), 7.31 (s, 1H), 7.29 (s, 1H), 7.13 (d, J = 8.5 Hz, 1H), 4.11 (d,
J = 3.9 Hz, 6H). ESI-MS: m/z 597.2 [M+H] ™.

4.4.28. N-(4-((6,7-dimethoxyquinazolin-4-yl)oxy)phenyl)-4-oxo-1-(4-
(trifluoromethoxy)phenyl)-1,4-dihydroquinoline-3-carboxamide (14g)

White solid; yiled: 42.9%; m.p.: 279.1-280.0 °C. 'H NMR (400 MHz,
CDCl3) 6 12.37 (s, 1H), 8.93 (s, 1H), 8.69 (s, 1H), 8.64 (d, J = 8.0 Hz,
1H), 7.96 (d, J = 4.7 Hz, 1H), 7.95 (s, 1H), 7.69 (t, J = 7.8 Hz, 1H), 7.61
(s, 1H), 7.59 (s, 1H), 7.57 (s, 1H), 7.57 (s, 1H), 7.55 (s, 1H), 7.53 (s, 1H),
7.41 (s, 1H), 7.31 (s, 1H), 7.29 (s, 1H), 7.14 (d, J = 8.5 Hz, 1H), 4.12 (s,
6H). 13C NMR (101 MHz, CDCl3) 6 176.99, 165.65, 162.55, 155.83,
153.04, 150.17,150.13, 150.11, 149.30, 148.36, 147.70, 140.58,
138.79, 136.50, 133.16, 129.17 (2C), 127.12, 125.87, 122.78 (20),
122.34 (20C), 121.60 (2C), 119.07, 117.72, 112.42, 110.76, 106.82,
101.12, 56.42 (2C). ESI-MS: m/z 629.2 [M+H] *.

4.5. Reagents

The chemicals and LPS were procured from Sigma (Sigma, St. Louis,
MO, USA). IL-6 and TNF-a ELISA kits were purchased from EBioscience
(eBioScience, San Diego, CA, USA). TRIzol, gene primers, and the one-
step M-MLV and Platinum SYBR Green qPCR SuperMix-UDG kit were
obtained from Invitrogen (Invitrogen, Carlsbad, CA, USA). Chem-
iluminescence EMSA kit, ECL detection reagent, cellular NF-xB p65
translocation kit, and hematoxylin and eosin kit were sourced from
Beyotime Biotechnology (Beyotime Biotech, Nantong, China). Anti-
GAPDH, anti-IkB-a, anti-p65, anti-p-p65 and anti-F4/80 were obtained
from Cell Signaling Technology (Danvers, MA, USA).

4.6. Cells and animals

J774A.1, THP-1 and LX-2 cells were obtained from Procell Life Sci-
ence &Technology Co., Ltd. (Wuhan, China) and cultured in a DMEM
medium containing 10% FBS at 37 °C with 5% CO». Six-week-old male
C57BL/6 mice were purchased from GemPharmatech Co, Ltd (NanJing,
China). All animal experiments conformed to the NIH guidelines, and all
experimental procedures were approved by the Animal Policy and
Welfare Committee of Wenzhou Medical University (Approval Number:
wydw2021-0329).

12

European Journal of Medicinal Chemistry 249 (2023) 115144
4.7. Determination of proinflammatory cytokines IL-6 and TNF-a

The levels of IL-6 and TNF-a in the culture medium, serum, and BALF
were detected using the ELISA kit according to the instructions of the
manufacturer. In cell-based experiments, the data were normalized to
the amount of total protein in lysates from the same culture.

4.8. Cytotoxicity assessment

J774A.1 macrophages were treated with the synthesized derivatives
at a concentration of 10 uM for 24 h. Subsequently, MTT (5 mg/mL) was
added to each well and incubated for 4 h. The absorbance at 490 nm was
measured with a Bio-Rad multi-well plate reader.

4.9. Real-time quantitative reverse transcription PCR assay

The total RNA was isolated from cells or lung tissues with TRIzol.
Total RNA concentration and purity were measured using the ultra-
violet-visible spectrophotometer Nanodrop 2000 (Thermo Scientific,
USA). RT-qPCR was performed using the M-MLV Platinum RT-qPCR kit
with the Eppendorf Realplex4 instrument (Eppendorf, Hamburg, Ger-
many). The transcript levels were normalized to those of the p-actin
reference gene.

4.10. Western blotting

The J774A.1 macrophages were preincubated with 13a (10, 5 pM) or
vehicle control (DMSO) for 2 h and then incubated with LPS (0.5 pg/mL)
for 30 min to activate NF-xB. The cells were then lysed with RIPA, and
total protein was collected. The protein concentrations were determined
using the Bradford assay. The protein samples were boiled in loading
buffer at 100 °C for 10 min, separated with 12.5% SDS-PAGE, and
transferred to the PVDF membrane. The PVDF membranes were blocked
with 5% milk for 1.5 h and subsequently incubated with primary anti-
bodies and secondary HRP-conjugated antibodies. Finally, the blots
were detected using an ECL detection reagent.

4.11. Detection of NF-kB p65 translocation in cells

To assess NF-kB activation, staining for p65 translocation in the cells
was performed using the cellular NF-kB P65 translocation tit according
to the manufacturer’s protocol.

4.12. Model of ALI

The mice were divided into four groups (n = 8 per group), which
were designated as “control” (received 0.9% NaCl), “LPS” (received 5
mg/kg LPS), “LPS + 13a” (received 20 mg/kg 13a and 5 mg/kg LPS),
and “LPS + DXMS” (received 20 mg/kg DXMS and 5 mg/kg LPS). The
mice were orally perfused with 13a and DXMS 30 min prior to the
intratracheal perfusion of LPS. After 6 h of LPS challenge, the mice were
sacrificed under chloral hydrate anesthesia. Lung tissue, serum, and
BALF were collected and stored at —80 °C.

4.13. Lung histopathology

The upper lobe of the right lung was fixed with 4% para-
formaldehyde and embedded in paraffin. The deparaffinized sections
were stained with the H&E kits, and standard light microscopy protocols
were used to assess the extent of lung injury.

The deparaffinized sections were stained with the macrophage
markers F4/80. Briefly, 10 mM sodium citrate buffer (pH 6.5) was used
to extract the antigen epitopes from the sections. After blocking the
endogenous peroxidase with 3% H0, the deparaffinized sections were
incubated with 5% BSA for 1 h and then with primary anti-F4/80
antibody for 12 h at 4 °C. The sections were later incubated with
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HRP-conjugated secondary antibody for 15 min, colored with 3,3-diami-
nobenzidine hydrochloride, stained with hematoxylin, and observed
microscopically.

4.14. Mouse model of sepsis

. The mice were divided into three groups (n = 12 per group), which
were designated as “control” (received the same volume of 0.9% NacCl),
“LPS” (received 20 mg/kg LPS), and “LPS + 13a” (received 20 mg/kg
13a and 20 mg/kg LPS). The mice were orally perfused with 13a and
DXMS 1 h before the intraperitoneal injection of LPS. Mouse survival
and weight were observed every 12 h for 6 days.

4.15. Statistical analysis

The data from different groups were analyzed using GraphPad Prism
8.0 software (GraphPad, San Diego, CA). The relevant data were
expressed as mean + SEM. P < 0.05 was considered statistically
significant.
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