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A series of novel c-Met/HDAC Dual Inhibitors was designed and synthesized.

14x showed potent cytotoxicity against tested cell lines and better enzymatic inhibition.

Cell apoptosis study revealed 14x was very effective in the induction of apoptosis in a
dose-dependent manner in HCT-116 cells.

Cdll cycle analysis showed that 14x significantly caused G2/M-phase arrest in HCT-116 cells.
Docking mode indicated 14x could form critical bonding interactions with c-Met and HDAC.
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Abstract

Clinically, a single agent that simultaneously bits multiple targets has been widely used in cance
treatment to overcome complicated dose design atiecancer resistance. Inspired by the synergistiects
between c-Met and HDAC in tumor development, a heegies of c-Met/HDAC bifunctional inhibitors was
designed and synthesized by merging the pharmaceplod HDAC inhibitor into a c-Met inhibitor. Alhe target
compounds were evaluated for their biological agtivthe most potent compoundd4x, exhibited strong
inhibition against HDAC1 with an I of 18.49 nM and remarkable inhibitory activity aga c-Met with an 1G,
of 5.40 nM, respectively. In additioh4x efficiently inhibited the proliferation of HCT-1181CF-7 and A549 cell
lines with 1G;, values of 0.22uM, 1.59 uM and 0.22uM, respectively, which were superior to the refesen
compounds Cabozantinib and SAHA. Futhermdex induced apoptosis and cause cell cycle arrestatMG
phase. Docking experiments on c-Met and HDAC enzyraeealed the key interactions betwddx with the
target protein. These results indicated th¥at was a potent dual c-Met/HDAC inhibitor and desdri@r further

investigation.
Keywords: c-Met; HDAC; synthesis; antitumor activity
1. Introduction

c-Mesenchymal-epithelial transition factor (c-M&t)a prototype member of a subfamily of heterodimer
receptor tyrosine kinases (RTKs) whihalso known as hepatocyte growth factor rece(i@FR) [1]. The
activation of c-Met by HGF induces several compdggnal pathways that result in cell proliferati@uyrvival,
motility, angiogenesis and invasion [2-3]. Howewbe overexpression of HGF has been linked to huraacers,

thus c-Met kinase has emerged as a promising tlogeancer treatment. During the last few yeaggesal small
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molecule c-Met kinase inhibitors were under ingegion which offered significant therapeutic oppaoities for
the treatment of tumors. At present, two kinaséitdrs targeting c-Met have been apaproved by Foati Drug
Administration (FDA) Fig. 1). Crizotinib, a dual inhibitor of c-Met/ALK kinas&vas approved by FDA in August
2011 for the treatment of patients with ALK-posttisdvanced or metastatic non-small cell lung cafid8CLC).
Cabozantinib (XL-184), first launched in the U.S2013, is used for the treatment of prostate camoeltiple
myeloma, small cell lung cancer and others carcaadm2019, the FDA approved Cabozantinib for pesievith
advanced hepatocellular carcinoma (HCC) who had Ipeeviously treated with Sorafenib [4-5]. Howevilie
current development of c-Met inhibitors is also going smoothly. Savolitinib, an exquisitely seieetc-Met
inhibitor, was found with all therapies in the sagtfor advanced NSCLC with which patients ultinhatgevelop
therapeutic resistance [6-8]. Crizotinib case @sidiad reported on-target c-Met mutations includag30H/C,
D1228N/H and D1231Y single-point alterations in NSC[9]. Although Cabozantinibtend to have a broader
activity spectrum to overcome the acquired resedaran expected increased tolerability burdemmparing to
Crizotinib and Savolitinib had been indica{d®-11]

Epigenetic aberrations contribute to tumor genaenadnd development. Among the numerous epigenetic
enzymes, human histone deacetylases (HDACs) aaendyfof 18 enzymes that have key effects on nuogro
cellular functions [12-13]. The over-expressiorHBPACs is observed in different human cancers, foeeethey
are regarded as promising antitumor drug targe#d. [Hence, the developments of HDAC inhibitors are
proceeding intensively in academia and pharmaadutiempanies. Five HDAC inhibitors have been laeudch
namely, Vorinostat (SAHA), Romidepsin (FK228), Belstat (PXD-101), Panobinostat (LBH-589), and
Chidamide Fig. 1). In addition, multiple small molecule HDAC inhibis are also being investigated in clinical
trials. Although HDAC inhibitors and other epigeineagents showed efficacy in hematologic malignesici

challenges still remain in treating against solid tumors [15-17].
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Fig. 1. Structures of several representative c-Met andE hibitors.



Recently, molecular hybridization paradigm becaménteresting and smart way to defeat the multifedte
cancer disease by a single molecular entity that\aa several mechanisms just like a magic buleinsiderable

studies have demonstrated that c-Met and its doeanst signaling pathways can be influenced by HDAGH
directly and indirectly. In addition, HDACI, whidhhibit HGF production [18], can also disrupt theadetylation
of nonhistone proteins such as tubulin, Hsp90, p&Bd Bcl-2. Hence, the HDACi can make the
pro-growth/pro-survival client proteins (e.g., RAKT, c-Src, etc.) degradation [19-2Hs part of the ongoing
research, we decided to design and synthesizaah gedual c-Met/HDAC inhibitors, with the aim afchieving

multitargeted therapy to overcome anti-cancer t@sie.

2. Results and discussion

2.1. Insilico analysis and design of compounds

In our previous study, we found a compound AC-3&8 through an in-house high-throughput screening.
By using a molecular docking studye found that the quinoline and pyridazinone moadtyhe AC-386 occupy
the hinge region of the ATP binding site to formotwydrogen bonds with the residues of c-Met protein
Furthermore, the NH of amide bond form one hydrogend with Asp1222 residue§&if. 2). Therefore, the
modifications of both two moieties could not be hMelerated. Noting that the substituent atd the quinoline
moiety extends into the solvent exposed regiorhefprotein, which suggested that this site can bdifiad.
Besides, most of HDAC inhibitors share a generalrpiacophore comprising three pafgy( 3), a zinc binding
group, a hydrophobic linker and a surface recogmitiap [23]. For the classic pharmacophoric moéiélAC
inhibitors, the zinc binding group (ZBG) is the mamportant part of HDAC inhibitors, in which hydamic
acid and ortho-aminoanilide are the two privilegett binding groups [24]. In addition, compoundsgeEssing a
hydrazide moiety as the zinc binding group have &lksen reported [25-26]. Based on our previous codde
docking study, we incorporated hydroxamic acid fiomality into G of the quinoline pharmacophore of c-Met
inhibitors with a proper spacer expect to obtaialditMet/HDAC inhibitors. Inspired by the aforemiented
evidence, using pharmacophore fusion strategy, Ifoxgroxamic dual c-Met/HDAC inhibitors were ratalty

designed and synthesizdelg. 3).
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Fig. 2. (A) Proposed binding mode of AC-386 in the ATP lgicof c-Met (PDB code 3LQ8). (B) 2D molecular dogkimodel of
AC-386 with protein crystal structure of c-Met.
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Fig. 3. Design strategy of dual c-Met/HDAC inhibitors.
2.2. Chemistry

2.2.1. Synthesis of target compounds 14a-14y.

The synthetic route to obtain the desired targetpmunds $cheme ] is given in the following: the key

intermediate8a-8gwere treated with intermediatéa-12mto give condensed amide produt8a-13y which

were then ammoniated via NBIH in dry methanol to give the target hydroxamiicl@ompoundd.4a-14y[27].



HO N HO =
R, NH, . o 9 R, NG AR N Ry N XN
T ey e SRRt
o N a ) b o
N° — o
z
O. ! O. P N
~ \n'ﬁ?o Nig oL ~ TrH\o N HO m’ﬁ\o NC
o o o
8a-8g 12a-12m 13a-13y 14a-14y

13a,14a:n=1,Ry=H,R;=H,Ry=2-CF;  13b,14b:n=1,R=H,Rp=CH3,R;=3-CF3,4-Cl  13c,14c:n=1,Ry=H,R,;=CHy,R;=2-CH, 13d,14d:n=3,R,=F R,=CH;,R;=2-CH;  13e,14e:n=3,R,=F R,=CHy,R;=H

13f,14f:n=3,Ry=F,R,=H,Re=2-CH, 139,14g:n=3,R=F,R,=CHy,Ry=2-F 13h,14h:n=3,R,=H,R,=CHy,Ry=2-F 13,14i:n=3,R{=H,R=CH3,R;=2-CHy 13},14j:n=3,R,=H,Rp=H,Ry;=H
13k,14k:n=5,Ry=F ,R,;=CH3,R3=2-F  131,141:n=5,R,=F,R,=CHs,R;=H 13m,14m:n=5,R4=H,R,=H,Ry=2-CH; 13n,14n:n=5,R;=H,R,=CH3,R;=2-CH;  130,140:n=6,R1=H,R,=CH3,Rs=H

13p,14p:n=6,Ry=H,R,=CH3,R3=2-CH; 13q,14q:n=6,R,=H,R,=CHs,R3=3-C1,4-F 13r,14r:n=6,R1=H,R,=CH;,R3=2,4-2CH;  13s,145:n=6,R;=H,R,=CH;,R;=3-CF; 13t,14t:n=6,R,=F,R,=CH3,R;=2-CH;
13u,14u:n=6,R\=F,R;=H,Ry=2-CH;  13v,14v:n=6,Ry=H,R,=CHy,Ry=3-CH; 13w,14w:n=6,R,=H,R,=CH3,R;=4-CH;  13x,14x:n=6,R;=H,R,=H,Rs=H 13y,14y:n=6,R1=H,R,=CH,CH3,Rs=H

Scheme 1Preparation of derivatives #a-14y Reagents and conditions: (a): HATUgNEt DCM, 40101, 3-5 h; (b): NHOHHCI,
NaOH, anhydrous, CIDH, rt, 2-6 h;

The synthesis of key intermediat€3a-8g is summarized inScheme 2. Commercially available
acetovanillonel reacted with different bromo esters to aff@ed2d, which were treated with fuming nitric acid to
obtain 3a-3d respectively. Treatin@a-3d with DMF-DMA provided 4a-4d, which were cyclized to give
intermediate$a-5d, respectively. After chlorination of quinolin-44)-one5a-5d, the desired intermediatéa-6d
were obtained. 7a-7g were obtained through nucleophilic substitution thwi p-nitrophenol or

2-fluoro-4-nitrophenol in chlorobenzene, which wezduced by WPdto yield the desired intermediat8a-8g
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2a,3a,4a,5a,6a:n=1 2b,3b,4b,5b,6b:n=3 2¢,3¢,4¢,5¢,6¢:n=5 2d,3d,4d,5d,6d:n=6 7a,8a: n=1,R;=H

7b,8b: n=3,R,=H  7¢,8¢c: n=3,R;=F 7d,8d: n=5,R,=H  7e¢,88e: n=5,R,=F  7f8f: n=6,R;=H  7g,8g: n=6,R=F

Scheme 2 Preparation of intermediat8s-8g. Reagents and conditions: (a) different bromo est&i60;, DMF, 8011, 3-4 h; (b)
fuming HNG; anhydrous DCM, -51, 6-8 h; (c) DMF-DMA, toluene, 110 °C, 7-8 h; (d) pewder, AcOH, r.t, 30 min, 80 °C, 1-2 h;
(e) POCY, 8511, 6-7 h; (f) 2-fluoro-4-nitrophengd#nitrophenol, PhCI, 1401, 20-24 h; (g) H, Pd/C(10%),CHOH, 4011, 3-5 h.

The substituted dihydropyridazine-4-carboxylic atRha-12m,which were used for the central amidation
step as described Bcheme 3J28-30] were prepared from the corresponding $wibstl anilinea-9j. Azo ester
intermediateslOa-10m were obtained from benzenediazonium chloride bytiea with different ethyl acyl
acetate, which were reacted with DMF-DM# cyclization to obtainedla-11m The cleavage of the ethyl esters

11a-11mwith NaOH providedl2a-12m
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Scheme 3 Preparation of intermediatd2a-12m.Reagents and conditions: (a) i: conc HCI, NaN&@,O, 0 °C,0.5 h; ii: different
ethyl acyl acetate, AcONa,,8/EtOH, rt, 5-8 h; (b) DMF-DMA, toluene, 110 °C, 338(c) NaOH, HO, 40°C, 2-5 h;

2.3. Biological evaluation
2.3.1. HDAC1 and c-Met enzymatic activity assay

Initially, the abilities of compound&4a-14yto inhibit HDAC1 and c-Met were preliminarily sereed at 100

nM concentration, respectively, with SAHA, Cabozaibtand AC-386 as the positive controls.
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Table 1.HDAC1 and c-Met inhibitory activities of target commdsl4a-14y

Compd. 0 R R, Ry HDAC Linhibition @ c-Metinhibition @
100nM? 100nM?
1l4a 1 H H 2-Ch 1.2% 56.3%
14b 1 H CH 3-Ck,4-Cl 5.2% 50.2%
14c 1 H CHs 2-CH, NI 63.5%
14d 3 F Ch 2-CH; 8.0% 95.5%
1l4e 3 F ChH H 2.5% 98.3%
14f 3 F H 2-CH 6.0% 93.5%

149 3 F CH 2-F 7.1% 94.0%




14h 3 H CH; 2-F 9.2% 90.8%

14i 3 H CH 2-CH, 10.7% 98.5%
14j 3 H H H 12.6% 96.4%
14k 5 F CH 2-F 61.1% 89.1%
141 5 F CH H 53.3% 95.0%
14m 5 H H 2-CH 62.1% 90.4%
14n 5 H CH; 2-CH 36.9% 95.7%
140 6 H CH H 86.6% 88.6%
14p 6 H CH 2-CH 89.1% 78.6%
14q 6 H CHs 3-Cl,4-F 40.0% 61.1%
14r 6 H CH 2,4-(CHy), 65.3% 63.8%
14s 6 H CH; 3-Ch 35.3% 46.3%
14t 6 F CH 2-CH 53.0% 63.1%
14u 6 F H 2-CH 59.5% 76.7%
14v 6 H CHs 3-CHs 62.0% 76.5%
14w 6 H CHs 4-CH 47.6% 72.8%
14x 6 H H H 88.0% 96.9%
14y 6 H CH,CHs H 86.4% 78.2%
SAHA® 88.4% 2.80%
XL-184° - 93.1%
AC-386° — 93.8%

2All compounds were assayed at least twice, andhttibitory values were averaged.
®NI = no inhibition.

“Used as a positive control.

The biological data listed ifiable 1 showed that all compounds showed similar or superidet inhibitory



activities even compared with the positive contrblswever only half of the compounds inhibited HDIAGver
50% rate at 100 nM. The SARs on the length ofitileet were firstly studied. Compouniida 14b and14cwith

a one-carbon linkedid not show any appreciable inhibition against HOA@hibition rates ranging from 0 % to
5.2%). As the length of the linker was increasedhtee carbons, a weak HDAC1 potency was still nlesk
However, the c-Met activity was enhanced aboutfdld-(14c inhibition rate 63.5 %vs 14i: inhibition rate
98.5%). As the linker length increased further .(elgk and 14l), HDAC1 potency was boosted by over 20-fold
(e.g.,14l vs 148. Of particular note, compounds with six-carbarkér exhibited notable HDAC1 potency (e.g.,
140, 14p and14X), comparable to that of the launched HDAC inhitsite.g., SAHA). This study clearly showed
that the linker length is highly important for HDAGactivity, probably because the short linker coutd lead
their hydroxamate groups to the zinc ion to forme#fiective interaction. These results also suggestat six
carbon atoms chain of the linker region was thénmgdtgroup to maintain the inhibitory activitiesrfeIDAC1.
Interestingly, the linker length had no significamfluence on c-Met inhibition of these dual inhdss. (e.g.14i:
inhibition rate 98.5%14n: inhibition rate 95.7%14p: inhibition rate 78.6%).

Further studies were performed to determine hqvaffects activity. Compound4i with a H atom on the
phenyl ring exhibited better activity thddd with a fluorine atom. The increase in activity aso be observed
by comparing compoundistp (HDACL: inhibition rate 89.1 %; c-Met: inhibition rate 78 with 14t (HDAC1.:
inhibition rate 53.0 %; c-Met: inhibition rate 636).

Additional investigations were performed to stutlg effect of different substituents on the pheimg on
the enzymatic activity. Introduction of electrontwdrawing groups on the phenyl ring led to a slighdss in
c-Met inhibitory activity as compared with compogndgith electron-donating group4c vs 14b; 14i vs 14h).
Once we identified suitable substituents, we thmmstigate which position affects activity, theules showed
that the ortho-substitution is better than the nagichthe para-substitution of the phenyl ribggvs 14vvs 14w).

The last investigation was performed by introduciliferent R to the dihydropyridazine ring to explore

whether the size of Rgroup was closely related to antitumor activitpwéver, the introduction of methyl or
ethyl group can not lead to an obvious improvenreattivity (e.g.,14x : HDAC1.: inhibition rate 88.0 %; c-Met:

inhibition rate 96.3%3140 HDACL1.: inhibition rate 86.6 %; c-Met: inhibition rate 88t614y. HDAC1.: inhibition
rate 86.4 %; c-Met: inhibition rate 78.2%).

Considering the potent activity of compouridi, 14x and14y in inhibition of c-Met and HDAC1, the Kg
values were determined. As showedTable 2, the tested compounds exhibited excellent c-Metymmatic

potency with IGy values ranging from 5.40 to 19.86 nM and modeHDACL1 enzymatic potency with kg



values ranging from 18.49 to 34.84 nM. In particuompoundl4x showed the most potent activity against
HDAC1 with an 1Gy of 18.49 nM, which was comparable to that of SAHBs, = 14.15 nM). However, the
potency ofl4x against c-Met (16 = 5.40 nM) was slightly superior to AC-386 £C= 7.42 nM), and was

6.9-fold higher than that of XL184 (k= 37.28 nM).

Table 2 Enzymatic assays for HDAC1/c-Met inhibition.

Compd. HDAC1 ICsq (nM) + SD? c-Met 1G5, (NM) £ SD?
140 34.03+0.22 19.86 +0.10
14x 18.49 +0.18 5.40 + 0.05
14y 34.84 +0.36 14.23 +0.15

SAHA® 14.15+0.25 NT

XL-184° NT 37.28 +1.10

AC-386" NT 7.42 £0.20

2SD: standard deviation.
®Positive control.
NT= not tested.

2.3.2. Invitro cytotoxic activities

After the synthesis and evaluation for enzymatitvdy assays of these compounds, antiproliferaéffects
of these compounds against HCT-116 (human cologeranA549 (human lung adenocarcinoma) and MCF-7
(human breast cancer) cell lines were tested UdiNg assay.

Table 3.The antiproliferative activities df4a-14yagainst HCT-116, MCF-7and A549 cell lines in vitro

|C50 a(“mol/l_) +SD

Compd. n R Ry Rs
HCT-116 MCF-7 Ab49
1l4a 1 H H 2-Ch 9.50 £0.40 6.32+£0.41 >20
14b 1 H CH 3-CR;,4-Cl 0.35+0.03 3.48 £0.20 1.59+0.31
14c 1 H CH 2-CH; 9.26 +1.01 8.78 £2.13 5.98 +0.10
14d 3 F Ch 2-CH; 2.04 £0.03 2.60+0.12 2.09 £0.30

14e 3 F CH H 0.66 +0.15 1.90+0.23 1.90+0.11




14f 3 F H 2-CH 3.98 +0.07 3.20+£0.14 5.74 £0.61

149 3 F ChH 2-F 1.12 +0.05 2.10+£0.17 1.37£0.02
14h 3 H CH; 2-F 0.95 +£0.08 2.65+0.21 3.92 £0.36
14i 3 H ChH; 2-CH; 0.64 +0.03 1.60+0.01 4.46 £0.51
14j 3 H H H 0.94 +0.04 7.41+1.10 9.26 +0.46
14k 5 F CH 2-F 0.59 +0.02 2.32+0.04 1.32+0.50
14| 5 F CH H 0.69+0.14 2.33+0.10 4.17 £0.09
14m 5 H H 2-CH 0.70 £0.02 4.36 £0.50 3.92+0.17
14n 5 H CH; 2-CH, 0.29 £0.03 1.83 +0.06 1.82+0.21
140 6 H CH; H 0.15+£0.02 1.61+0.10 0.42 £0.04
1l4p 6 H CH; 2-CH, 0.66 £0.05 1.83+0.22 3.13+0.37
14q 6 H ChH; 3-Cl4-F 0.37 +£0.06 2.20+0.10 0.38 £0.04
14r 6 H ChH; 2,4-(CHy), 0.44 +0.06 243+0.21 1.84+0.33
14s 6 H CH; 3-Ck 0.59 +0.02 0.75+0.11 0.78 +0.05
14t 6 F CH 2-CH; 230+041 269+0.11 4.28 £0.32
14u 6 F H 2-CH 4.39+£0.89 3.65+0.15 >20
1l4v 6 H CH; 3-CH; 0.37 £0.03 1.68 +0.10 0.28 £0.09
14w 6 H CH; 4-CH, 0.40 £0.02 2.56 £0.15 0.16 £ 0.04
14x 6 H H H 0.22 £0.09 1.59 +0.06 0.22 £0.04
14y 6 H CHCH; H 0.30+0.01 1.21+0.22 0.23+0.03
SAHAP 0.55+0.13 2.00+0.20 1.70+£0.12
XL-184° 4.67 £0.05 598 +0.15 7.80 £0.40
AC-386" 0.37+£0.02 0.63 +0.05 1.12 +0.10

 Inhibition values represent the average of at l#ase independent experiments.

®Used as a positive control.

Data inTable 3illustrated that the target compournti#a-14yexhibited moderate to potent antiproliferation



activities against one or more tested cancer eeéfls potencies in the single digit micromole rangéjch were
mostly in accordance with the trend in enzymatitivitg. Similarly, a clear dependency of the potgrmn the
linker length is present, where the antiprolifaratpotency initially increased with the elongatiminthe linker.
Compoundsl4qg, 145 14v, 14x and 14y with six carbon linkers were the more potent coomats. Interestingly,
most of the compounds were more potent against Hi®Teell line than the other two cancer cell lifkCF-7
and A549), indicating that the target compoundshinlze used in treating human colon cancer. Amoegnth
compoundl4x exhibited the best activity against all of thetddscell lines with 1G, values of 0.22M, 1.59uM
and 0.221M against HCT-116, MCF-7 and A549 cell lines respety.

We further examined the HCT-116, MCF-7 and A549 lieés with a phase-contrast light microscope for
changes in cell morphology in response to 72 hrireat with 0.5uM, 1.0 uM and 4.0uM 14x (Fig.4). Through
electronic microscope, some cells appear to bededirformation of membrane bubbles and apoptotitielso To
our surprise,14x did not only affect cell morphology but also sigbninhibits cell proliferation even at the
concentration of 0.5uM. Because compound4f showed the highest potency in inhibition of bothll c

proliferation and c-Met/HDAC enzyme, it was advashéer further evaluation.

control

control 0.5 pm 1.0 pMm 4.0 uM
control 0.5 upMm 1.0 pm 4.0 uM

Fig.4. HCT-116, MCF-7 and A549 cell states after treatmeitit wehicle,0.5uM, 1.0 uM L and 4.0uM 14x for 72h.Figures are

representative of r 3 experiments.

2.3.3. Cell apoptosis study



In addition, we wanted to understand the mechawkoell death,14x was selected for apoptosis study in
HCT-116 cells using annexin V-FITC and PI stainangd analyzed by flow cytometryif. 5). After treating
HCT-116 cells with 0.2:M, 1.0 uM and 5.0uM of 14x for 48 h, the percentage of apoptotic cells wd9%,
11.53% and 21.48%, respectively, which displaydtdgaer apoptosis level than control (3.48%). It veaglent

that14xis effective in the induction of cancer cell apmgi$ in a dose-dependent manner.

control 0.2 yM

1.19% 1.44% 0.90% O 1.84%

o |

95.33% il . 2.04% 2.35%
-] ; 1 Q4
2100 107 7102 ) 108 104 0 102 108 10*
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4.12% 3.09% 2.96% 2.25%
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1

PI
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Fig. 5. Compoundl4x induced apoptosis in HCT-116 celfSells were treated with various concentrationd4f for 48 h and then
analyzed the Annexin V-FITC/PI staining test by floygometry analysis. Values represent the mearD+15= 3. The percentage of

cells in each part is indicated.
2.3.4. Cdll cycle analysis

To probe the effect of compouddx on various phases of cell cycle progressifiow cytometry experiment
was performed on HCT-116 cells. After treatmenHQT-116 cells withl4x for 48 h at indicated concentrations
(0.2 uM, 1.0 uM, 5.0 uM), the cells were fixed and stained with PI, thEAcontent was evaluated by flow
cytometric method. The obtained results were coegarith non-treated HCT-116 cells as control. Agvet in
Fig. 6-7, it was clearly observed that the percentage ltff teG2/M-phase for compouridix was increased from
11.74% (control group) to 14.59%, 80.03%, and &h2ZThese results confirmed that compoubdix

significantly caused G2/M-phase arrest in HCT-1&sdn a dose dependent manner.
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treated withl4x at 1.0uM; (D) treated withl4x at 5.0uM.
2.3.5. Binding Mode of the c-Met/HDAC Dual Inhibitors.

To investigate the binding mode of compoudd with c-Met and HDAC1, molecular docking studiesreve
performed [23,31]. As shown Fig. 8: A, B (PDB ID: 3LQ8), the quinoline scaffold fits wetito the c-Met ATP
binding pocket and forms a hydrogen bond with #sdue of Met1160. The H atom of the amide and\tladom
of pyridazinone scaffold of compourddx formed two hydrogen bonds with Asp1222. In addititne carbonyl of
pyridazinone formed hydrogen bond with Lys1110. sehimteractions were identified as the key drivimige for
the c-Met binding. It was also revealed that thdrbyamic tail formed two hydrogen bonds with resisiwof
His1162 and Asnl1171, which resulted in the improseimof c-Met activity comparing to the hit AC-386.
Compoundl4x bound with HDAC1 (PDB ID:1C3S), mainly through ZB6&ig. 8: C, D). The hydroxamic acid

of 14x coordinated to the catalytic Zrof HDAC1 and formed hydrogen bond with His170.
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Fig. 8.(A) Proposed 3D binding mode of compou#k in the active site of c-Met (PDB: 3LQ8B) Proposed 2D binding mode of
compoundl4x in the active site of c-Met (PDB: 3LQ8)C) Proposed 3D binding mode of compoutdk in the active site of
HDAC1 (PDB: 1C3S).D) Proposed 2D binding mode of compoui#tk in the active site of HDAC1 (PDB: 1C3S). The figuvas

generated using PyMol (http://www.pymol.org/).

3. Conclusions

In conclusion, on the basis of structural inforrmatior HDAC as well as the available structureatgti
relationship data of our previous c-Met inhibi®€-386, we designed a novel chemical series of himbitors
simutaneously targeting c-Met and HDAC. In biocheahassays, most of analogues showed potent iiamilof
c-Met and HDACL1 enzymatic activity. In additionetSAR analyses around the linker and substituextsi$ to
find a lead moleculel4x. The results of antiproliferative activity indieat that14x significantly exhibited
inhibitory activity against HCT-116, MCF-7 and A54@ll lines. Cell apoptosis study fouddx was highly
effective in the induction of apoptosis in a dogpehdent manner. Cell cycle analysislék by flow cytometry
showed cell cycle arrest in G2/M phase. Compdlddcould bind well with active sites of c-Met and HBA in
molecular docking study. Overall4x was a potential lead compound for cancer thetagtgnsive investigations
of the pharmacokinetics amd vivo activity of 14x are ongoing in our lab and the results will beorggd in due

course.



4. Experimental
4.1 Chemistry

Unless otherwise specified, all materials were iabth from commercial suppliers and were used withou
further purification. Reactions’ time and purity tife products were monitored by TLC on FLUKA siligal
aluminum cards (0.2 mm thickness) with fluoreséedicator 254 nm. Column chromatography was ruisibca
gel (200-300 mesh) from Qingdao Ocean Chemicalsgdgio, Shandong, China). All melting points were
obtained on a Biichi Melting Point B-540 apparatBsichi Labortechnik, Flawil, Switzerland) and were
uncorrected. Mass spectra (MS) were taken in ESlenom Agilent 1100 LC-MS (Agilent, Palo Alto, CASA4).
The reverse phase HPLC was conducted on an Adilg®® Infinity chromatograph, which was equippedhwit

ZORBAX SB-C18 column (250 mm x 4.6 mm). The molglease A was methanol, and mobile phase B was 30
mM NaH,PO, in water (pH 2.5). The gradient 0£55% A was run at a flow rate of 1.0 mL/min over rah.

High-resolution mass spectra (HRMS) were measuiiddam Agilent Accurate-Mass Q-TOF 6530 in ESI mode
(Agilent, Santa Clara, CA, USAfHNMR and**C NMR spectra were performed using Bruker spectterse

(BrukerBioscience, respectively, Billerica, MA, UB#ith TMS as an internal standard.
4.1.1 Preparation of ethyl 2-((4-(4-aminophenoxy)-6-methoxyquinolin-7-yl)oxy)acetate (8a) [ 29]

4.1.1.1 Preparation of ethyl 2-(4-acetyl-2-methoxyphenoxy)acetate (2a)

To a solution of 4-hydroxy-3-methoxy-acetophenog@.q g, 120.5 mmol) in DMF (200 mL) was added
K,CO; (17.4 g, 126.5 mmol) and ethyl 2-bromoacetate (2f).426.5 mmol). The reaction mixture was then
stirred at 80 °C for 3 h. The mixture was then pdunto cold water (500 mL) with vigorously agitagi and the
resulting precipitate was filtered-off, washed withter, and dried under vacuum to afford the tdenpound?a
(27.5 g, 90.5%) as a white solid. MS (ESI) m/z: 253M+H]".
4.1.1.2 Preparation of ethyl 2-(4-acetyl-2-methoxy-5-nitrophenoxy)acetate (3a)

A stirred solution oRa (25.0 g, 99.2 mmol) in C¥l, (250 mL) was cooled to 10 °C, fuming HNE6.8 g,
495.8 mmol) was added at an appropriate rate kgehim temperature below -5 °C. The reaction mixinues
allowed to stir at -5 °C for 6 h, then poured intdd water (200 mL), the organic layer was sepdrated washed
with water (200 mL), then concentrated under redumressure to afford cruda as a light yellow solid (24.3 g,
82.5%). MS (ESI) m/z: 298.13 [M+H]

4.1.1.3 Preparation of ethyl (E)-2-(4-(3-(dimethylamino)acryl oyl)-2-methoxy-5-nitrophenoxy)acetate (4a)



20.0 g (67.3 mmol) o8a was suspended in 200 mL of toluene at room tenyresahen DMF-DMA (24.0 g,
202.0 mmol) was added to a solution. The reactiaa eated to 110°C until TLC showed the compledibtine
reaction. After cooling to rt, the resultant sokds collected by filtration, washed with toluen® (8L), and then
dried under vacuum to yielth as a yellow solid (14.4 g, 60.8%). MS (ESI) m&323 [M+H]".
4.1.1.4 Preparation of ethyl 2-((6-methoxy-4-oxo-1,4-dihydroquinolin-7-yl)oxy)acetate (5a)

Fe powder (11.1 g, 199.0 mmol) was added to aisalaff 4a (14.0 g, 39.8 mmol) in acetic acid (70 mL) at
60 °C in batches, then the mixture was stirred0at® for 2 h. The hot solution was filtered througgiite and
washed with hot acetic acid. The combined filtnates cooled to rt, the resultant solid was colledtgdiltration
and washed with acetic acid (10 mL) to afféadas a pale solid (7.2 g, 65.0%). MS (ESI) m/z: 33§M+H] "
4..1.1.5 Preparation of ethyl 2-((4-chloro-6-methoxyquinolin-7-yl)oxy)acetate (6a)

A mixture consisting of 7.0 g (25.3 mmol) 6& and 56.0 mL (8 v/m) of phosphorus oxychloride was
refluxed for 8 h whereby a clear solution was fadme€hereafter, the excess unreacted phosphorusioxige
was evaporated in vacuo and the residual oil waseggbinto ice water. The precipitate formed undgorous
stirring conditions, thereby was collected by vauiltration, dried under reduced pressure to afforoductéa
as a white solid (6.3 g, 83.7%). MS (ESI) m/z: 2gM+H] *.
4.1.1.6 Preparation of ethyl 2-((6-methoxy-4-(4-nitrophenoxy)quinolin-7-yl)oxy)acetate (7a)

4-nitrophenol (4.2 g 30.5 mmol) was added to aestirsolution oféa (6.0 g, 20.3 mmol ) in 60 mL
chlorobenzene, then the reaction mixture was reflufor 25 h whereby a clear solution was formederirh
evaporated in vacuo, the resulting precipitate adaed to 100 mL DCM, the organic portion was washitid 10%
w/w agueous sodium bicarbonate solution (3 x 50, 1tilg organic layer was evaporated in vacuo aretidmder
reduced pressure to afford prodidatas a pale solid (4.8 g, 60.4%). MS (ESI) m/z: 389M+H] .
4.1.1.7 Preparation of ethyl 2-((4-(4-aminophenoxy)-6-methoxyquinolin-7-yl)oxy)acetate (8a)

10% Pd/C (0.45 g, 10%w/w) was added to a stirrédtisn of 7a (4.5 g, 11.3 mmol ) in 45 mL methanol
under H, then the mixture was stirred at 40 °C for 4 hteAttompletion of reaction, it was allowed to ctwl
room temperature. The solution was filtered throoglite and washed with methanol (10 mL), then exaiwas
evaporated in vacuo and dried under reduced peessuafford producBa as a rubricans solid. (4.0 g, 96.2%).
MS (ESI) m/z (%): 369.32 [M+H]

The preparation of the key intermedia&s8g are the same way as to preparat8an So the synthesis
method would not be listed here.

4.1.2 Preparation of ethyl 4-((4-(4-aminophenoxy)-6-methoxyquinolin-7-yl)oxy)butanoate (8b)



Pale solid; total yield: 12.7%; MS (ESI) m/z (%27322 [M+H].

4.1.3 Preparation of ethyl 4-((4-(4-amino-2-fluorophenoxy)-6-methoxyquinolin-7-yl)oxy)butanoate (8c)

Black solid; total yield: 10.5%; MS (ESI) m/z (%15.21 [M+H]J.

4.1.4 Preparation of ethyl 6-((4-(4-aminophenoxy)-6-methoxyquinolin-7-yl)oxy)hexanoate (8d)

Black solid; total yield: 9.8%; MS (ESI) m/z (%)23.33 [M+HT.

4.1.5 Preparation of ethyl 6-((4-(4-amino-2-fluorophenoxy)-6-methoxyquinolin-7-yl)oxy)hexanoate (8e)

Black solid; total yield: 12.8%; MS (ESI) m/z (%43.42 [M+H]J.

4.1.6 Preparation of ethyl 7-((4-(4-aminophenoxy)-6-methoxyquinolin-jepty)heptanoatésf)

Black solid; total yield: 14.1%; MS (ESI) m/z (%439.38 [M+H].'H NMR (600 MHz, DMSOsd)  8.42 (d,J =
5.3 Hz, 1H), 7.50 (s, 1H), 7.34 (s, 1H), 6.93J¢; 8.7 Hz, 2H), 6.67 (d] = 8.8 Hz, 2H), 6.36 (d] = 5.2 Hz, 1H), 5.18
(s, 2H), 4.12 (t) = 6.5 Hz, 2H), 4.05 (q] = 7.1 Hz, 2H), 3.93 (s, 3H), 2.30 {t= 7.4 Hz, 2H), 1.80 (p] = 6.7 Hz, 2H),
1.57 (p,d = 7.4 Hz, 2H), 1.47 (p] = 7.5 Hz, 2H), 1.37 (q] = 8.1 Hz, 2H), 1.18 (] = 7.1 Hz, 3H).

4.1.7 Preparation of ethyl 7-((4-(4-amino-2-fluorophenoxy)-6-methoxyquinolin-7-yl)oxy)heptanoate (8g)

Black solid; total yield: 15.1%; MS (ESI) m/z (%57.35 [M+HT.

4.1.8 General procedure for preparation intermediates (10a-10m)

To a mixture of substituted phenyl amine (60.0 mnaoid 6 M/L HCI (60 mL), NaN©@(5 g, 72.0 mmol) in
H,O (200 mL) was added dropwise at0 . After the detign of addition, the reaction mixture was stiregt 0°C
for 30 min, then added into a mixture of differetttyl acyl acetate (63.0 mmol), anhydrous sodiuetade (180.0
mmol) and EtOH (200 mL) at @ and stirred for aeoth h. Then the mixture was filtered, and thedsiwas
dried to afford light yellow solidé0a-10min 70-95% yields.
4.1.8.1 Preparation of ethyl 3-oxo-2-(2-(2-(trifluoromethyl) phenyl) hydrazono)butanoate (10a)

Yellow solid; yield: 74.1%; MS (ESI) m/z (%): 302 IM+H]".

4.1.8.2 Preparation of ethyl 2-(2-(4-chloro-3-(trifluoromethyl) phenyl)hydrazono)-3-oxopentanoate (10b)
Light yellow solid; yield: 79.8%; MS (ESI) m/z (%351. 25 [M+H].

4.1.8.3 Preparation of ethyl 3-oxo-2-(2-(o-tolyl)hydrazono)pentanoate (10c)

Yellow solid; yield: 84.2%; MS (ESI) m/z (%): 268.2M+H]".

4.1.8.4 Preparation of ethyl 3-oxo-2-(2-(o-tolyl)hydrazono)butanoate (10d)

Yellow solid; yield: 88.1%; MS (ESI) m/z (%): 24%.IM+H]".

4.1.8.4 Preparation of ethyl 2-(2-(2-fluorophenyl)hydrazono)-3-oxopentanoate (10€)

Yellow solid; yield: 95.0%; MS (ESI) m/z (%): 26 L.IM+H]".



4.1.8.5 Preparation of ethyl 3-oxo-2-(2-phenylhydrazono)pentanoate (10f)

Light yellow solid; yield: 70.1%; MS (ESI) m/z (%249.15 [M+HT.

4.1.8.6 Preparation of ethyl 2-(2-(3-chloro-4-fluorophenyl)hydrazono)-3-oxopentanoate (10g)
Yellow solid; total yield: 82.7%; MS (ESI) m/z (%301.11 [M+HT.

4.1.8.7 Preparation of ethyl 2-(2-(2,4-dimethyl phenyl)hydrazono)-3-oxopentanoate (10h)
Light yellow solid; yield: 77.5%; MS (ESI) m/z (%77.18 [M+HT.

4.1.8.8 Preparation of ethyl 3-oxo-2-(2-(m-tolyl)hydrazono)pentanoate (10i)

Yellow solid; yield: 92.3%; MS (ESI) m/z (%): 265.IM+H]".

4.1.8.9 Preparation of ethyl ethyl 3-oxo-2-(2-(p-tolyl)hydrazono)pentanoate (10j)

Light yellow solid; yield: 90.6%; MS (ESI) m/z (%263.15 [M+HT.

4.1.8.10 Preparation of ethyl 3-oxo-2-(2-phenylhydrazono)butanoate (10k)

Yellow solid; yield: 79.5%; MS (ESI) m/z (%): 23B.IM+H]".

4.1.8.11 Preparation of ethyl 3-oxo-2-(2-(3-(trifluoromethyl)phenyl)hydrazono)pentanoate (101)
Light yellow solid; yield: 82.1%; MS (ESI) m/z (%317.19 [M+HT.

4.1.8.12 Preparation of ethyl 3-oxo-2-(2-phenylhydrazono)hexanoate (10m)

Light yellow solid; yield: 94.4%; MS (ESI) m/z (%263.15 [M+HT.

4.1.9 General procedure for preparation intermediates (11a-11m)

Appropriate intermediat&é0a-10m (20.0 mmol) was suspended in 50 mL of tolueneoahr temperature,
then DMF-DMA (60.0 mmol) was added to a solutioheTreaction was heated to 110 °C until TLC shovired t
completion of the reaction. After cooling to rtetresultant solid was collected by filtration, wagiwith toluene
(20 mL), and then dried under vacuum to yiEla-11mas yellow solids in 66-82% vyields.
4.1.9.1 Preparation of ethyl 4-oxo-1-(2-(trifluoromethyl)phenyl)-1,4-dihydropyridazine-3-carboxylate (11a)

Yellow solid; yield: 84.0%; MS (ESI) m/z (%): 318.IM+H]".

4192 Preparation of ethyl
1-(4-chloro-3-(trifluoromethyl) phenyl)-5-methyl -4-oxo- 1,4-dihydropyridazine-3-car boxyl ate (11b)

Yellow solid; yield: 79.7%; MS (ESI) m/z (%): 36 5.IM+H]".

4.1.9.3 Preparation of ethyl 5-methyl-4-oxo-1-(o-tolyl)-1,4-dihydropyridazine-3-carboxylate (11c)

Yellow solid; yield: 74.9%; MS (ESI) m/z (%): 273.IM+H]".

4.1.9.4 Preparation of ethyl 4-oxo-1-(o-tolyl)-1,4-dihydropyridazine-3-carboxylate (11d)

Yellow solid; yield: 78.4%; MS (ESI) m/z (%): 252.2M+H]".



4.1.9.5 Preparation of ethyl 1-(2-fluorophenyl)-5-methyl-4-oxo-1,4-dihydropyridazine-3-carboxylate (11€)
Yellow solid; yield: 65.9%; MS (ESI) m/z (%): 27B.IM+H]".

4.1.9.6 Preparation of ethyl 5-methyl-4-oxo-1-phenyl-1,4-dihydropyridazine-3-carboxylate (11f)

Yellow solid; yield: 74.6%; MS (ESI) m/z (%): 252.2M+H]".

4.19.7 Preparation of ethyl 1-(3-chloro-4-fluorophenyl)-5-methyl-4-oxo-1,4-dihydropyridazine-3-carboxylate
(11g)

Yellow solid; total yield: 82.2%; MS (ESI) m/z (%311.10 [M+HT.

4.1.9.8Preparation of ethyl 1-(2,4-dimethyl phenyl)-5-methyl-4-oxo-1,4-dihydropyridaz ne-3-carboxylate (11h)
Light yellow solid; yield: 70.1%; MS (ESI) m/z (%287.15 [M+HJ.

4.1.9.9 Preparation of ethyl 5-methyl-4-oxo-1-(m-tolyl)-1,4-dihydropyridazine-3-car boxylate (11i)

Yellow solid; yield: 66.3%; MS (ESI) m/z (%): 273.IM+H]".

4.1.9.10 Preparation of ethyl 5-methyl-4-oxo-1-(p-tolyl)-1,4-dihydropyridazine-3-car boxylate (11j)

Yellow solid; yield:69.9%; MS (ESI) m/z (%): 273.181+H] ".

4.1.9.11 Preparation of ethyl 4-oxo-1-phenyl-1,4-dihydropyridazine-3-carboxylate (11k)

Yellow solid; yield: 79.3%; MS (ESI) m/z (%): 245, IM+H]".

4.1.9.12 Preparation of ethyl 4-oxo-1-(3-(trifluoromethyl)phenyl)-1,4-dihydropyridazne-3-carboxylate (111)
Yellow solid; yield: 81.0%; MS (ESI) m/z (%): 322.3V+H]".

4.1.9.13 Preparation of ethyl 5-ethyl-4-oxo-1-phenyl-1,4-dihydropyridazine-3-carboxylate (11m)

Yellow solid; yield: 80.1%; MS (ESI) m/z (%): 273.IM+H]".

4.1.10 General procedure for preparation intermediates (12a-12m)

NaOH (100.0 mmol) was added to a stirred solutibmiermediatella-11m(20.0 mmol ) in 40 mL kD,
then the reaction mixture was heated at 40 °C fBrh2whereby a clear solution was formed. Thenrdaetion
mixture was cool to room temperature, acidifiedN6HCI) to afford substituted aciddZa-12m) as white
precipitates in 90-96% yields.
4.1.10.1 Preparation of 4-oxo-1-(2-(trifluoromethyl)phenyl)-1,4-dihydropyridazine-3-carboxylic acid (12a)
Yellow solid; yield: 94.2%, MS (ESI) m/z (%): 289.0M-H];
4.1.10.2 Preparation of
1-(4-chloro-3-(trifluoromethyl) phenyl)-5-methyl -4-oxo- 1,4-dihydropyridazine-3-carboxylic acid (12b)

White solid; yield: 91.7%, MS (ESI) m/z (%): 333.3+H]";

4.1.10.3 Preparation of 5-methyl-4-oxo-1-(o-tolyl)-1,4-dihydropyridazine-3-carboxylic acid (12c)



White solid; yield: 94.9%, MS (ESI) m/z (%): 245.[M+H]";

4.1.10.4 Preparation of 4-oxo-1-(o-tolyl)-1,4-dihydropyridazine-3-carboxylic acid (12d)

White solid; yield: 90.2%, MS (ESI) m/z (%): 231.03+H]";

4.1.10.5 Preparation of 1-(2-fluorophenyl)-5-methyl-4-oxo-1,4-dihydropyridazine-3-carboxylic acid (12€)

Yellow solid; yield: 92.4%, MS (ESI) m/z (%): 248.5M+H]"; *"H NMR (600 MHz, DMSOdg) 5 15.16 (s, 1H),
8.98 (dd,J=1.8, 1.0 Hz, 1H), 7.77 (td,= 7.9, 1.7 Hz, 1H), 7.70-7.63 (m, 1H), 7.58 (diid, 10.8, 8.4, 1.3 Hz, 1H),
7.47 (td,J = 7.8, 1.3 Hz, 1H), 2.11 (d,= 1.0 Hz, 3H).

4.1.10.6 Preparation of 5-methyl-4-oxo-1-phenyl-1,4-dihydropyridazine-3-carboxylic acid (12f)

Light yellow solid; yield: 96.5%, MS (ESI) m/z (%29.24 [M-H];

4.1.10.7 Preparation of 1-(3-chloro-4-fluorophenyl)-5-methyl-4-oxo-1,4-dihydropyridazine-3-carboxylic acid
(129)

Yellow solid; total yield: 94.9%, MS (ESI) m/z (%283.13 [M+HT;

4.1.10.8 Preparation of 1-(2,4-dimethyl phenyl)-5-methyl-4-oxo-1,4-dihydropyridazine-3-carboxylic acid (12h)
Light yellow solid; yield: 90.3%, MS (ESI) m/z (¥959.21 [M+HT;

4.1.10.9 Preparation of 5-methyl-4-oxo-1-(m-tolyl)-1,4-dihydropyridazine-3-carboxylic acid (12i)

White solid; yield: 94.1%, MS (ESI) m/z (%): 245.IM+H]";

4.1.10.10 Preparation of 5-methyl-4-oxo-1-(p-tolyl)-1,4-dihydropyridazine-3-carboxylic acid (12))

White solid; yield: 90.9%, MS (ESI) m/z (%): 245.p8+H]"; *H NMR (600 MHz, DMSOds) & 15.57 (s, 1H), 9.23
(s, 1H), 7.70 (dJ = 8.4 Hz, 2H), 7.43 (d] = 8.1 Hz, 2H), 2.40 (s, 3H), 2.15 (s, 3H).

4.1.10.11 Preparation of 4-oxo-1-phenyl-1,4-dihydropyridazine-3-carboxylic acid (12k)

White solid; yield: 95.3%, MS (ESI) m/z (%): 215.p8-H]; *H NMR (600 MHz, DMSO#dg) § 15.08 (s, 1H), 9.11
(d,J= 7.8 Hz, 1H), 7.78 (dl = 7.3 Hz, 2H), 7.63 (] = 7.9 Hz, 2H), 7.54 ({ = 7.4 Hz, 1H), 7.07 (dl = 7.7 Hz, 1H).
4.1.10.12 Preparation of 5-methyl-4-oxo-1-(3-(trifluoromethyl)phenyl)-1,4-dihydropyridazine-3-carboxylic acid
(121

White solid; yield: 91.0%, MS (ESI) m/z (%): 298.p@+H]";

4.1.10.13 Preparation of 5-ethyl-4-oxo-1-phenyl-1,4-dihydropyridazine-3-carboxylic acid (12m)

White solid; yield: 90.4%, MS (ESI) m/z (%): 245.p8+H]"; '"H NMR (600 MHz, DMSOsdg) 5 15.48 (s, 1H), 9.09
(s, 1H), 7.82 (dJ = 7.4 Hz, 2H), 7.64 (0 = 7.9 Hz, 2H), 7.56 (] = 7.4 Hz, 1H), 2.59 (q] = 7.5 Hz, 2H), 1.20 (§ =
7.5 Hz, 3H).

4.1.11 General procedure for preparation of intermediates (13a-13y)



A mixture of8a-8g(1.0 mmol) and different intermediat&é®a-12m(1.3 mmol), HATU (1.3 mmol) and TEA
(2.3 mmol) in DCM (15 mL) was stirred at reflux f8¢5 h. After being cooled to rt, the mixture waashed
successively with 10% aqueous potassium carbopatéan (20 mLx3) and brine (20 mLx2), the orgapltase
was dried over anhydrous sodium sulfate. The swdisl removed by filtration, and the filtrate was cemtrated to
yield the13a-13yrespectively, yeilds 70.3-82.5%. Without any puafion, the intermediates were used for next
procedure.

4.1.12 General procedure for preparation of target compounds (14a-14y)

A solution of sodium hydroxide (4.0 g, 100.0 mmial)methanol (14 mL) was added to a stirred solugbn
hydroxylamine hydrochloride (4.7 g, 67.2 mmol) ietlranol (24 mL) at O °C. The reaction mixture wiarsexl at
0 °C for 1 h. The precipitate was removed by filma and the filtrate was collected to provide fres
hydroxylamine solution which was stored in a redragjor before use. The appropriate est@a13y(1.0 mmol)
was added to the above freshly prepared hydroxylarsolution (15 mL) at 0 °C, then NaOH (0.04 g/hfol)
was added to the solution. The reaction mixture stased at room temperature for 2-6 h. The reactioxture
was neutralized with 6 N HCI. The formed preciftatas collected by filtration, washed with wateiged in
vacuo and purified by silica gel chromatographgfford target compoundsta-14yin 41.2-87.5% yields.
41121
N-(4-((7-(2-(hydroxyamino)- 2-oxoethoxy)-6-methoxyquinolin-4-yl)oxy) phenyl)-4-oxo- 1-(2-(trifluoromethyl ) phenyl
)-1,4-dihydropyridazine-3-carboxamide (14a)

White solid; Yield: 79.1%; M.p.: 188-190C; HRMS (ESI) (m/z): [M+H] calcd for GoH,3FsNsO;,
622.1466;
found, 622.1472*H-NMR (400 MHz, DMSOds)  (ppm): 11.89 (s, 1H), 10.91 (s, 1H), 9.08 (s, 134J8 (d,J =
7.8 Hz, 1H), 8.48 (dJ = 5.3 Hz, 1H), 8.04 (d] = 7.8 Hz, 1H), 7.98 (d] = 7.6 Hz, 1H), 7.94-7.76 (m, 4H), 7.54
(s, 1H), 7.36 (s, 1H), 7.30 (d~= 8.6 Hz, 2H), 6.94 (dl = 7.7 Hz, 1H), 6.51 (d] = 5.2 Hz, 1H), 4.65 (s, 2H), 3.95
(s, 3H)."*C NMR (151 MHz, DMSQd6) 6 169.18 , 163.86 , 159.75 , 159.18 , 151.10 , 150149.30 ,148.94 ,
147.44 , 146.08 ,144.93 , 140.57 , 135.52 ,1341881,21 , 129.05, 127.69 , 123.74 , 121.92 ,121B4.57 ,
119.57, 115.59,109.07 , 103.41 , 99.38 , 665572 .

41122
1-(3-chloro-4-(trifluoromethyl) phenyl)-N-(4-((7-(2-(hydroxyamino)-2-oxoethoxy)-6-methoxyqui nolin-4-yl ) oxy) phe
nyl)-5-methyl-4-oxo-1,4-dihydropyridaz ne-3-carboxamide (14b)

Light yellow solid; Yield: 86.2%; M.p.: 182-184 °G&tRMS (ESI) (m/z): [M+H] calcd for G;H24CIFsNsOy,



670.1245; found, 670.12584-NMR (400 MHz, DMSOds) 6 (ppm): 11.99 (s, 1H), 10.90 (s, 1H), 9.21 (s, 1H),
9.07 (s, 1H), 8.49 (d] = 5.3 Hz, 1H), 8.33 (d] = 2.7 Hz, 1H), 8.19 (dd] = 8.8, 2.7 Hz, 1H), 8.09-7.99 (m, 1H),
7.92-7.84 (m, 2H), 7.55 (s, 1H), 7.37 (s, 1H), 182 = 8.8 Hz, 2H), 6.53 (d] = 5.3 Hz, 1H), 4.65 (s, 2H), 3.96
(s, 3H), 2.14 (s, 3H).

41123

N-(4-((7-(2-(hydroxyamino)-2-oxoethoxy)-6-methoxyquinolin-4-yl ) oxy) phenyl ) -5-methyl -4-oxo-1-(o-tolyl)-1,4-dih
ydropyridazne-3-carboxamide (14c)

Light yellow solid; Yield: 87.5%; M.p.: 198-200 °GRMS (ESI) (m/z): [M+H] calcd for G;H»gNs0,
582.1962; found, 582.19724 NMR (400 MHz, DMSOds) § 12.52 (s, 1H), 11.96 (s, 1H), 10.91 (s, 1H), 909
J=1.6 Hz, 1H), 8.80 (d] = 1.1 Hz, 1H), 8.49 (d] = 5.3 Hz, 1H), 8.03 (dd} = 12.8, 2.4 Hz, 1H), 7.61-7.41 (m,
7H), 7.37 (s, 1H), 6.52 (d, = 5.2 Hz, 1H), 4.66 (s, 2H), 3.97 (s, 3H), 2.243d), 2.18 (s, 3H)**C NMR (151
MHz, DMSO-6) 6 170.00 , 164.25 , 160.49 , 159.59 , 154.71 , $3.051.60 , 149.85 , 149.35 , 146.39 ,
143.69 , 143.23, 143.00, 133.48 , 131.89 , 131E#.34 , 127.56 , 126.28 , 124.72 , 117.10 ,3115109.45 ,
102.76 ,99.65, 66.47 ,56.18 , 17.48, 13.21 .

41124
N-(3-fluoro-4-((7-(4-(hydroxyamino)-4-oxobutoxy)-6-methoxyquinolin-4-yl ) oxy) phenyl )-5-methyl -4-oxo- 1-(o-tol yl
)-1,4-dihydropyridazine-3-carboxamide (14d)

Yellow solid; Yield: 70.0%; M.p.: 164-168C; HRMS (ESI) (m/z): [M+H] calcd for GsH3:FNsO;,
628.2105;
found, 628.2081*H-NMR (400 MHz, DMSOds) d (ppm): 12.52 (s, 1H), 10.48 (s, 1H), 8.81 (s, IHJ5 (s, 1H),
8.48 (d,J = 5.2 Hz, 1H), 8.03 (ddl = 12.7, 2.4 Hz, 1H), 7.61-7.42 (m, 7H), 7.40 {4),16.50 (d,J = 5.2 Hz, 1H),
4.16 (t,J = 6.4 Hz, 2H), 3.96 (s, 3H), 2.24 (s, 3H), 2.2A & 7.4 Hz, 2H), 2.12 (s, 3H), 2.05 &= 6.9 Hz, 2H).
3¢ NMR (151 MHz, DMSQd6) 6 169.99 , 168.95, 160.49 , 159.56 , 152.21 , 150149.93 , 149.25, 146.74 ,
143.72 , 143.23 , 143.00, 137.50 , 136.64 , 1334#1.89 , 131.56 , 130.34 , 127.56 , 126.28 ,7124117.09
114.90, 109.18, 108.95, 102.54 , 99.44 , 683817 , 29.14 , 25.00, 17.49,13.21..

4.1.125
N-(3-fluoro-4-((7-(4-(hydroxyamino)-4-oxobutoxy)-6-methoxyquinolin-4-yl ) oxy) phenyl )-5-methyl -4-oxo- 1-phenyl-
1,4-dihydropyridazne-3-carboxamide (14€)

Yellow solid; Yield: 80.1%; M.p.: 182-184 °C; HRM&SI) (m/z): [M+H] calcd for GH,gFNsO;,

614.1924;



found, 614.1901*H-NMR (400 MHz, DMSO#g) 6 (ppm): 12.30 (s, 1H), 10.46 (s, 1H), 9.11J¢ 1.1 Hz, 1H),
8.73 (d,J = 1.7 Hz, 1H), 8.48 (d] = 5.2 Hz, 1H), 8.05 (dd} = 12.8, 2.4 Hz, 1H), 7.88-7.81 (m, 2H), 7.64 (dd,
= 8.6, 7.2 Hz, 2H), 7.61-7.46 (m, 4H), 7.40 (s, 16451 (dJ = 5.1 Hz, 1H), 4.16 () = 6.4 Hz, 2H), 3.97 (s, 3H),
2.20 (t,J = 7.4 Hz, 2H), 2.15 (s, 3H), 2.04 (m, 2HC NMR (151 MHz, DMSQd6) 5 170.06 , 168.96 , 160.64 ,
159.58 , 154.74 , 153.11 , 152.21 , 149.94 , 14912%.73 , 144.47 , 143.41 , 140.02 , 137.51 ,8481130.11 ,
129.04,124.75,121.83, 117.04 , 114.89, 109110B.95 , 102.52 , 99.44 , 68.08 , 56.19 , 2924199 , 13.34 .
4.1.12.6
N-(3-fluoro-4-((7-(4-(hydroxyamino)-4-oxobutoxy)-6-methoxyquinolin-4-yl ) oxy) phenyl )-4-oxo- 1-(o-tolyl)-1,4-dihy
dropyridazine-3-carboxamide (14f)

Yellow solid; Yield: 73.0%; M.p.:149-151 °C; HRMSES$I) (m/z): [M+H] calcd for GyH,oFNsO,
614.2002;
found, 614.1985'H-NMR (400 MHz, DMSO#€) 6 12.18 (s, 1H), 10.45 (s, 1H), 8.73 (s, 1H), 8d1(= 5.9 Hz,
1H), 8.48 (d,J = 5.2 Hz, 1H), 8.00 (dd} = 12.7, 2.4 Hz, 1H), 7.58-7.42 (m, 7H), 7.40 (4),36.93 (d,J = 7.7 Hz,
1H), 6.50 (dJ = 5.2 Hz, 1H), 4.16 (1] = 6.5 Hz, 2H), 3.96 (s, 3H), 2.25 (s, 3H), 2.20& 7.4 Hz, 2H), 2.04 (p,
J=7.0 Hz, 2H).
4.1.12.7
N-(3-fluoro-4-((7-(4-(hydroxyamino)-4-oxobutoxy)-6-methoxyquinolin-4-yl) oxy) phenyl)- 1-(2-fluorophenyl)-5-met
hyl-4-oxo-1,4-dihydropyridazine-3-carboxamide (149)

Yellow solid; Yield: 74.9%; M.p.: 164-168C; HRMS (ESI) (m/z): [M+H] calcd for GyH,gFNsO-,
632.1892;
found, 632.1874'H-NMR (400 MHz, DMSOdg) 6 12.15 (s, 1H), 10.47 (s, 1H), 8.88 (s, 1H), 8341H), 8.49
(d,J=5.3 Hz, 1H), 8.01 (ddl = 12.8, 2.5 Hz, 1H), 7.80 @,= 7.8 Hz, 1H), 7.71-7.43 (m, 6H), 7.40 (s, 1H}16.
(d,J = 5.4 Hz, 1H), 4.16 (] = 6.4 Hz, 2H), 3.97 (s, 3H), 2.20 §t= 7.4 Hz, 2H), 2.11 (s, 3H), 2.04 (m, 2H).
411238
1-(2-fluorophenyl)-N-(4-((7-(4-(hydroxyamino)-4-oxobutoxy)-6-methoxyquinolin-4-yl ) oxy) phenyl)-5-methyl-4-oxo
-1,4-dihydropyridazine-3-carboxamide (14h)

White solid; Yield: 81.4%; M.p.:170-172 °C; HRMSSB (m/z): [M+H] calcd for G;H,gFNs0-, 614.1989;
found, 614.1976'H-NMR (400 MHz, DMSOds) d (ppm): 12.06 (s, 1H), 10.48 (s, 1H), 8.87 (s, IHJ6 (s, 1H),
8.48 (d,J = 5.2 Hz, 1H), 7.86 (d] = 8.6 Hz, 2H), 7.80 (s, 1H), 7.71-7.42 (m, 3HR97(s, 1H), 7.31 (d) = 8.5

Hz, 2H), 6.50 (dJ = 5.2 Hz, 1H), 4.16 (] = 6.4 Hz, 2H), 3.95 (s, 3H), 2.21 Jt= 7.4 Hz, 2H), 2.11 (s, 3H), 2.05



(m, 2H).°*C NMR (151 MHz, DMSQd6) 6 169.92 , 168.99 , 160.23 , 160.03 , 155.93 , 1754152.16 , 150.32 ,
149.81, 149.14 , 146.67 , 145.48 , 142.78 , 1361¥».06 , 131.58 , 130.92 , 127.68 , 125.90 ,(22121.87 ,
117.53,117.40, 115.54, 108.84 , 103.60 , 9968006 , 56.12 , 29.15, 25.01, 13.16 .

4.1.129

N-(4-((7-(4-(hydroxyamino)-4-oxobutoxy)-6-methoxyquinolin-4-yl)oxy) phenyl)-5-methyl -4-oxo- 1-(o-tolyl)-1,4-dih
ydropyridazne-3-carboxamide (14i)

Light yellow solid; Yield: 81.3%; M.p.: 187-189 °G{RMS (ESI) (m/z): [M+H] calcd for GsH3,Ns0,
610.2243; found, 610.223%4-NMR (400 MHz, DMSOds) & (ppm):8 12.41 (s, 1H), 10.48 (s, 1H), 8.77 (&
15.6 Hz, 2H), 8.48 (d] = 5.2 Hz, 1H), 7.86 (d] = 8.5 Hz, 2H), 7.61-7.42 (m, 5H), 7.38 (s, 1HR17(d,J = 8.5
Hz, 2H), 6.50 (dJ = 5.1 Hz, 1H), 4.16 () = 6.4 Hz, 2H), 3.95 (s, 3H), 2.24 (s, 3H), 2.20&,7.3 Hz, 2H), 2.12
(s, 3H), 2.05 (m, 2H)}*C NMR (151 MHz, DMSQd6) ¢ 170.10 , 168.99 , 160.16 , 160.08 , 152.13 , 150.3
149.79 , 149.20 , 146.77 , 143.77 , 143.26 , 142%%6.10 , 133.49, 131.86, 131.46, 130.30 ,527126.28 ,
122.02,121.90, 115.55,108.93 , 103.61 , 996805 , 56.11 , 29.16 , 25.02, 17.49 , 13.22 .
4.1.12.10
N-(4-((7-(4-(hydroxyamino)-4-oxobutoxy)-6-methoxyqui nolin-4-yl ) oxy) phenyl )-4-oxo- 1-phenyl - 1,4-dihydropyrida
zine-3-carboxamide (14j)

Light yellow solid; Yield: 81.0%; M.p.: 172-174 °G{RMS (ESI) (m/z): [M+H] calcd for G;H,gNs0,
582.1934; found, 582.19184-NMR (400 MHz, DMSOdg)  (ppm): 11.90 (s, 1H), 10.47 (s, 1H), 9.03Jd; 7.8
Hz, 1H), 8.75 (s, 1H), 8.48 (d,= 5.2 Hz, 1H), 8.02—7.73 (m, 4H), 7.63Jt= 7.8 Hz, 2H), 7.56-7.47 (m, 2H),
7.38 (s, 1H), 7.32 (dl = 8.8 Hz, 2H), 6.93 (d] = 7.8 Hz, 1H), 6.50 (d] = 5.2 Hz, 1H), 4.16 () = 6.4 Hz, 2H),
3.95 (s, 3H), 2.20 (1] = 7.4 Hz, 2H), 2.04 (1) = 7.1 Hz, 2H)*C NMR (151 MHz, DMSQd6) 5 169.21 , 168.56 ,
159.78, 159.71,151.72,149.94,149.39 , 3181817.98 , 146.38 , 142.88 , 141.74 , 135.69,712, 128.58 ,
121.67,121.45,121.36, 120.36, 115.12 , 1081%8.19, 99.18 , 67.64 , 55.72 , 28.73 , 24.60 .

411211
N-(3-fluoro-4-((7-((6-(hydroxyamino)-6-oxohexyl) oxy)-6-methoxyquinolin-4-yl) oxy) phenyl)- 1- (2-fluorophenyl)-5-
methyl-4-oxo-1,4-dihydropyridazne-3-carboxamide (14K)

Yellow solid; Yield: 71.3%; M.p.: 167-169C; HRMS (ESI) (m/z): [M+H] calcd for GsH3,F:NsO-,
660.2214;
found, 660.2202'H NMR (600 MHz, DMSOsdg) § 12.17 (s, 1H), 10.38 (s, 1H), 8.88 (s, 1H), 8§,11¢), 8.48 (d,

J=5.3 Hz, 1H), 8.01 (ddl = 12.7, 2.5 Hz, 1H), 7.80 (@,= 7.8 Hz, 1H), 7.65 (d] = 6.7 Hz, 1H), 7.62-7.53 (m,



3H), 7.49 (dtJ = 11.2, 8.2 Hz, 2H), 7.40 (s, 1H), 6.50 Jds 5.2 Hz, 1H), 4.15 () = 6.4 Hz, 2H), 3.96 (s, 3H),
2.11 (s, 3H), 2.01 (1) = 7.3 Hz, 2H), 1.82 (q] = 7.2 Hz, 2H), 1.60 (@] = 7.7 Hz, 2H), 1.45 (m, 2H}*C NMR
(151 MHz, DMSOd6) ¢ 169.37 , 168.99 , 160.03 , 159.16 , 153.86 , B51849.55 , 148.78 , 146.36 , 145.07 ,
142.46 , 137.01, 136.26 , 131.70, 131.21 , 130¥?7.27 , 125.53 , 124.34 ,117.15, 117.03 ,6416114.40 ,
108.72,108.44 ,102.08 , 98.96 , 68.21 , 5534621 , 28.22 , 25.19, 24.88 , 12.75 .

411212

N-(3-fluoro-4-((7-((6-(hydroxyamino)-6-oxohexyl) oxy)-6-methoxyqui nolin-4-yl) oxy) phenyl ) -5-methyl -4-oxo- 1-phe
nyl-1,4-dihydropyridazine-3-carboxamide (141)

White solid; Yield: 73.5%; M.p.: 134-136 °C; HRMBSI) (m/z): [M+H] calcd for G4HssFNsO;, 642.2298;
found, 642.2279*H NMR (600 MHz, DMSO#dg) & (ppm) 12.30 (s, 1H), 10.37 (s, 1H), 9.12 (s, 18469 (s, 1H),
8.49 (d,J = 5.1 Hz, 1H), 8.05 (d] = 12.8 Hz, 1H), 7.85 (dl = 8.3 Hz, 2H), 7.67—7.48 (m, 6H), 7.41 (s, 1H)16.5
(d,J=5.3 Hz, 1H), 4.15 (1) = 6.5 Hz, 2H), 3.97 (s, 3H), 2.15 (s, 3H), 2.QU& 7.3 Hz, 2H), 1.82 (] = 7.4 Hz,
2H), 1.60 (gJ = 7.4 Hz, 2H), 1.46 (q] = 7.6 Hz, 2H) .
4.1.12.13
N-(4-((7-((6-(hydroxyamino)-6-oxohexyl) oxy)-6-methoxyquinolin-4-yl ) oxy) phenyl )-4-oxo-1-(o-tolyl)- 1,4-dihydrop
yridazine-3-carboxamide (14m)

Yellow green solid; Yield: 81.0%; M.p.: 137-139 °GRMS (ESI) (m/z): [M+H] calcd for GHzNsO5,
624.2388; found, 624.23644-NMR (400 MHz, DMSO€s) 5 (ppm): 12.08 (s, 1H), 10.37 (s, 1H), 8.79 — 8159 (
2H), 8.47 (dJ = 5.2 Hz, 1H), 7.84 (d] = 8.6 Hz, 2H), 7.59—7.42 (m, 5H), 7.39 (s, 1HR07(d,J = 8.5 Hz, 2H),
6.92 (d,J = 7.6 Hz, 1H), 6.49 (d] = 5.2 Hz, 1H), 4.14 () = 6.6 Hz, 2H), 3.94 (s, 3H), 2.25 (s, 3H), 2.00 &
7.3 Hz, 2H), 1.81 (m, 2H), 1.67-1.55 (m, 2H), 1(#§ 2H).**C NMR (151 MHz, DMSQd6) 6 169.22 , 169.01 ,
159.79 ,159.52 , 151.90 , 149.96 , 149.42 , 1481417.21 , 146.34 , 144.65 , 142.69 , 135.59 ,11B3131.48 ,
129.92,127.18,125.90, 121.65, 121.52, 12010%.05,108.36 , 103.15, 99.12 , 68.18 , 553021 , 28.23,
25.20,24.89,17.11.

411214
N-(4-((7-((6-(hydroxyamino)-6-oxohexyl) oxy)-6-methoxyquinolin-4-yl)oxy) phenyl )-5-methyl -4-oxo- 1-(o-tolyl)-1,4-
dihydropyridazine-3-carboxamide (14n)

Yellow solid; Yield:78.5%; M.p.:175-177 °C; HRMS$B (m/z): [M+H] calcd for GsHzgNs0, 638.2554;
found, 638.2532'H-NMR (400 MHz, DMSOds) d (ppm): 12.41 (s, 1H), 10.37 (s, 1H), 8.79 (s, 1HJ0 (s, 1H),

8.47 (d,J = 5.2 Hz, 1H), 7.86 (d] = 8.9 Hz, 2H), 7.61~7.42 (m, 5H), 7.39 (s, 1HRO7(d,J = 8.9 Hz, 2H), 6.50



(d,J=5.2 Hz, 1H), 4.14 (1) = 6.1 Hz, 2H), 3.94 (s, 3H), 2.24 (s, 3H), 2.123{d), 2.01 (tJ = 7.2 Hz, 2H), 1.89—
1.75 (m, 2H), 1.60 (p) = 7.7, 7.3 Hz, 2H), 1.46 (d,= 14.6, 13.7 Hz, 2H):*C NMR (151 MHz, DMSQd6) 5
170.22 ,169.59, 160.31, 160.19, 152.40 , 150¥10.92 , 149.21 , 146.83 , 143.82 , 143.36 ,9912136.19 ,
133.59, 131.97, 131.61, 130.41, 127.64 , 126B22.14 , 122.02 , 115.56 , 108.82 , 103.656109.68.68 ,
56.17 ,32.71,28.72,25.70, 25.39, 17.5730.3.

4.1.12.15

N-(4-((7-((7-(hydroxyamino)-7-oxoheptyl ) oxy)-6-methoxyquinolin-4-yl)oxy) phenyl )-5-methyl -4-oxo- 1-phenyl-1,4-
dihydropyridazne-3-carboxamide (140)

Yellow solid; Yield: 84.2%; M.p.: 143-144 °C; HRMESI) (m/z): [M+H] calcd for GsHzgNs0-, 638.2558;
found, 638.2535H-NMR (400 MHz, DMSOd) J (ppm): 12.19 (s, 1H), 10.38 (s, 1H), 9.11 (s, IHJ1 (s, 1H),
8.47 (d,J = 5.2 Hz, 1H), 7.86 (dd] = 14.2, 8.4 Hz, 4H), 7.64 (1,= 7.7 Hz, 2H), 7.52 (d] = 3.5 Hz, 2H), 7.39 (s,
1H), 7.31 (dJ = 8.8 Hz, 2H), 6.50 (d] = 5.2 Hz, 1H), 4.14 () = 6.5 Hz, 2H), 3.94 (s, 3H), 2.14 (s, 3H), 1.99 (t
J=7.2 Hz, 2H), 1.81 (t) = 7.4 Hz, 2H), 1.60 (p] = 7.4 Hz, 2H), 1.45 (q] = 7.9 Hz, 2H). 1.35 (q] = 7.3, 6.8
Hz, 2H)."*C NMR (151 MHz, DMSQd6) 6 170.17 , 169.48 , 160.25 , 160.17 , 152.29 , 1501319.83 , 149.17 ,
146.82 , 144.60 , 143.44 , 139.93, 136.17 , 131%¥8.09 , 128.99 , 122.05, 121.84 ,121.83 ,4615108.82 ,
103.57,99.52, 68.61,56.11, 32.62 , 28.7672825.68 , 25.46 , 13.35..

41.12.16
N-(4-((7-((7-(hydroxyamino)- 7-oxoheptyl ) oxy)-6-methoxyqui nolin-4-yl ) oxy) phenyl )-5-methyl -4-oxo- 1-(o-tol yl)-1,
4-dihydropyridazine-3-car boxamide (14p)

Yellow solid; Yield: 83.7%; M.p.: 141-143 °C; HRMESI) (m/z): [M+HT calcd for GgH3gNs07, 652.2724;
found, 652.2715'H NMR (600 MHz, DMSOds) & 12.41 (s, 1H), 10.37 (s, 1H), 8.79 (s, 1H), 84,0(= 5.1 Hz,
1H), 7.86 (dJ = 8.6 Hz, 2H), 7.55 (d] = 7.6 Hz, 1H), 7.50 (ddl = 10.8, 7.1 Hz, 3H), 7.45 {#= 6.9 Hz, 1H),
7.38 (s, 1H), 7.30 (dl = 8.6 Hz, 2H), 6.49 (d] = 5.1 Hz, 1H), 4.14 () = 6.1 Hz, 2H), 3.94 (s, 3H), 2.24 (s, 3H),
2.12 (s, 3H), 1.98 (1 = 7.2 Hz, 2H), 1.84 — 1.76 (m, 2H), 1.58-1.50 2#), 1.50-1.42 (m, 2H), 1.35 (§~= 7.3,
6.8 Hz, 2H)*C NMR (151 MHz, DMSQdg) & 170.09 , 169.45 , 160.14 , 160.10 , 152.28 , 15(139.83 ,
149.17 , 146.84 , 143.84 , 143.27 , 142.91 , 1361¥8.50 , 131.87, 131.43, 130.31, 127.54 ,226122.03,
121.90, 115.46, 108.84 , 103.58 , 99.51 , 685810, 32.62 , 28.76 , 28.73 , 25.68 , 25.4749713.22 .
4.112.17
1-(3-chloro-4-fluorophenyl)-N-(4-((7-((7-(hydroxyamino)- 7-oxoheptyl ) oxy)-6-methoxyqui nolin-4-yl ) oxy) phenyl )-5

-methyl-4-oxo-1,4-dihydropyridazine-3-car boxamide (14q)



Yellow green solid; Yield: 80.2%; M.p.: 199-201 BRMS (ESI) (m/z): [M+H] calcd for GsH3,CIFNsO;,
690.2074; found, 690.2056H4-NMR (400 MHz, DMSO#€g) & (ppm): 12.07 (s, 1H), 10.36 (s, 1H), 9.11 (s, 1H),
8.68 (s, 1H), 8.48 (d] = 5.2 Hz, 1H), 8.16 (ddl = 6.4, 2.8 Hz, 1H), 7.93—7.82 (m, 3H), 7.72)(§ 9.0 Hz, 1H),
7.53 (s, 1H), 7.39 (s, 1H), 7.35-7.27 (m, 2H), &1 = 5.2 Hz, 1H), 4.14 (1 = 6.6 Hz, 2H), 3.95 (s, 3H), 2.12
(s, 3H), 1.97 () = 7.3 Hz, 2H), 1.81 (1] = 7.3 Hz, 2H), 1.53 (] = 7.4 Hz, 2H), 1.46 (m, 2H), 1.36 {t= 7.6 Hz,
2H).

41.12.18
1-(2,4-dimethyl phenyl)-N-(4-((7-((7-(hydroxyamino)- 7-oxoheptyl )oxy)-6-methoxyquinolin-4-yl ) oxy) phenyl )-5-met
hyl-4-oxo-1,4-dihydropyridazine-3-carboxamide (14r)

Yellow green solid; Yield: 41.2%; M.p.: 152-154 °BRMS (ESI) (m/z): [M+H] calcd for G;H4oNsOy,
666.2863; found, 666.28581 NMR (600 MHz, DMSO#dg) & 12.43 (s, 1H), 10.35 (s, 1H), 8.76-8.72 (m, 1H),
8.68 (s, 1H), 8.47 (A = 5.2 Hz, 1H), 7.86 (d]l = 8.9 Hz, 2H), 7.51 (s, 1H), 7.42 @ 8.0 Hz, 1H), 7.38 (s, 1H),
7.33-7.27 (m, 3H), 7.26=7.21 (m, 1H), 6.49Jd, 5.2 Hz, 1H), 4.14 (] = 6.5 Hz, 2H), 3.94 (s, 3H), 2.38 (s, 3H),
2.19 (s, 3H), 2.11 (s, 3H), 1.97 Jt= 7.4 Hz, 2H), 1.81 (p] = 6.7 Hz, 2H), 1.54 (@] = 7.5 Hz, 2H), 1.46 (p] =
7.6 Hz, 2H), 1.35 (gJ = 8.2 Hz, 2H)."*C NMR (151 MHz, DMSQd6) §170.06 , 169.49 , 160.15 , 160.09 ,
152.29, 150.31, 149.83, 149.15, 146.82 , 143142.98 , 141.04 , 139.95, 136.10, 133.11 ,2B2131.47 ,
127.88,126.03, 122.02,121.88 , 115.46 , 1081813.56 , 99.51 , 68.60 , 56.09 , 32.62 , 2878.73 , 25.68,
25.47 ,21.00,17.40, 13.21 .

41.12.19
N-(4-((7-((7-(hydroxyamino)- 7-oxoheptyl ) oxy)-6-methoxyqui nolin-4-yl ) oxy) phenyl )-5-methyl -4-oxo-1-(3-(trifluoro
methyl)phenyl)-1,4-dihydropyridazine-3-carboxamide (14s)

White solid; Yield: 80.6%; M.p.:152-154 °C; HRMSSB (m/z): [M+H]" calcd for GgHssFsNsO7, 706.2441;
found, 706.2422*H-NMR (400 MHz, DMSO#€e) 5 (ppm): 12.08 (s, 1H), 11.95 (s, 1H), 10.36 (s, ,1#P1 (s,
1H), 8.47 (dJ = 5.2 Hz, 1H), 8.21 (d] = 22.8 Hz, 2H), 7.88 (d| = 8.1 Hz, 2H), 7.67-7.62 (m, 2H), 7.52 (m, 2H),
7.30-7.38 (m, 4H), 6.50 (d,= 5.2 Hz, 1H), 4.14 (] = 6.4 Hz, 2H), 3.95 (s, 3H), 2.14 (s, 3H), 1.999& 7.2 Hz,
2H), 1.81 (t,J = 7.3 Hz, 2H), 1.47 () = 7.2 Hz, 2H), 1.35 (@) = 7.5, 6.8 Hz, 2H)*C NMR (151 MHz,
DMSO-d6) ¢ 169.88 , 169.08 , 159.75 , 159.70 , 151.88 , 149.949.43 , 148.77 , 146.43 , 144.59 , 143.34 ,
139.40, 135.69 , 131.10, 131.00, 130.17 ,12583.03 ,121.64 , 121.46 , 118.06 , 118.03 ,1151038.42 ,
103.17,99.11, 68.20, 55.70, 32.21 , 28.3532825.27 , 25.06 , 12.88 .

4.1.12.20



N-(3-fluoro-4-((7-((7-(hydroxyamino)- 7-oxoheptyl ) oxy)-6-methoxyquinolin-4-yl ) oxy) phenyl)-5-methyl -4-oxo-1-(o-
tolyl)-1,4-dihydropyridazine-3-carboxamide (14t)

White solid; Yield: 82.3%; M.p.: 159-161 °C; HRMBSI) (m/z): [M+H] calcd for GgH37FNsO7, 670.2622;
found, 670.2605'H NMR (600 MHz, DMSO#dg)  12.52 (s, 1H), 10.36 (s, 1H), 8.80 (s, 1H), 8691H), 8.48 (d,
J=5.2 Hz, 1H), 8.03 (ddl = 12.7, 2.4 Hz, 1H), 7.63-7.42 (m, 7H), 7.40 {4),56.49 (d,J = 5.2 Hz, 1H), 4.15 (t,
J=6.5Hz, 2H), 3.96 (s, 3H), 2.24 (s, 3H), 2.123d), 1.98 (tJ = 7.3 Hz, 2H), 1.81 (] = 7.4 Hz, 2H), 1.54 (1]
= 7.5 Hz, 2H), 1.51-1.42 (m, 2H), 1.38-1.30 (m, 2B¢ NMR (151 MHz, DMSOd6) 6 170.01 , 169.48 ,
160.47 , 159.56 , 153.10, 152.36 , 149.97 , 149146.78 , 143.67 , 143.23 , 142.99 , 137.48 4386133.48 ,
131.89, 131.59 , 130.34 , 127.56 , 126.28 , 12417v7.09 , 114.81, 109.18 ,108.83 , 102.48 ,®9.88.64 ,
56.16 , 32.61, 28.75, 28.72, 25.67 , 25.4648713.21 .

411221
N-(3-fluoro-4-((7-((7-(hydroxyamino)- 7-oxoheptyl ) oxy)-6-methoxyquinolin-4-yl ) oxy) phenyl )-4-oxo-1-(o-tolyl)- 1,4
-dihydropyridazne-3-carboxamide (14u)

White solid; Yield: 78.2%; Mp: 138-14%C; HRMS (ESI) (m/z): [M+H] calcd for GsH3sFNsO;, 656.2420;
found, 656.2402'H-NMR (400 MHz, DMSOedg) 5 (ppm) 12.19 (s, 1H), 11.93 (s, 1H), 10.35 (s, 842 (d,J =
7.5 Hz, 1H), 8.68 (s, 1H), 8.48 (@~= 5.2 Hz, 1H), 8.00 (dd] = 12.8, 2.2 Hz, 1H), 7.58-7.46 (m, 6H), 7.40 (s,
1H), 6.93 (dJ = 7.5 Hz, 1H), 6.49 (d, J = 5.0 Hz, 1H), 4.15)(t 6.5 Hz, 2H), 3.96 (s, 3H), 2.25 (s, 3H), 1.97 (t
J = 7.3 Hz, 2H), 1.81 (m, 2H), 1.54 (t= 7.4 Hz, 2H), 1.50-1.43 (m, 2H), 1.35 (4= 7.6 Hz, 2H)*C NMR
(151 MHz, DMSOd6) ¢ 169.50 , 160.29 , 159.56 , 154.73 , 153.09 , ¥52B349.97 , 149.17 , 147.47 , 146.78 ,
145.15, 143.05, 137.31, 136.70 , 133.48 , 1311RD.35 , 127.60, 126.29 , 124.74 , 120.55 ,1117114.81 ,
109.03, 108.83,102.46 , 99.36 , 68.64 , 563%K62 , 28.75 , 28.72 , 25.67 , 25.47 , 17.51 .

4.112.22
N-(4-((7-((7-(hydroxyamino)- 7-oxoheptyl ) oxy)-6-methoxyquinolin-4-yl ) oxy) phenyl )-5-methyl -4-oxo- 1-(m-tol yl)-1,
4-dihydropyridazine-3-carboxamide (14v)

Yellow solid; Yield: 70.0%; Mp: 128-136C; HRMS (ESI) (m/z): [M+H] calcd for GgH3zgNsO5, 652.2720;
found, 652.2704'H-NMR (400 MHz, DMSO#é) & (ppm) 12.21 (s, 1H), 10.36 (s, 1H), 9.09 (s, 18469 (s, 1H),
8.48 (d,J = 5.2 Hz, 1H), 7.88 (d] = 8.9 Hz, 2H), 7.71-7.57 (m, 2H), 7.56—7.44 (m),ZH44—7.23 (m, 4H), 6.50
(d,J=5.2 Hz, 1H), 4.14 (1) = 6.5 Hz, 2H), 3.94 (s, 3H), 2.44 (s, 3H), 2.143(d), 1.98 (tJ = 7.3 Hz, 2H), 1.87—
1.74 (m, 2H), 1.53 (q) = 7.6 Hz, 2H), 1.46 (q] = 7.9 Hz, 2H), 1.35 (q] = 8.2 Hz, 2H)**C NMR (151 MHz,

DMSO-d6) ¢ 170.17 , 169.49 , 160.24 , 160.22 , 152.31 , 150.B49.84 , 149.11 , 146.74 , 144.44 , 143.40 ,



139.86 , 139.83, 136.18, 131.72, 129.88 , 1298B®.15, 122.04 , 121.83, 118.89, 115.45 ,7408103.57 ,
99.52,68.61,56.11, 32.62 , 28.76 , 28.7368525.47 , 21.34 , 13.32..

4.1.12.23

N-(4-((7-((7-(hydroxyamino)- 7-oxoheptyl ) oxy)-6-methoxyquinolin-4-yl )oxy) phenyl )-5-methyl -4-oxo-1-(p-tolyl)- 1,4
-dihydropyridazine-3-carboxamide (14w)

Light yellow solid; Yield: 78.3%; M.p.: 203-204°G{RMS (ESI) (m/z): [M+H] calcd for GgH3gNsOy,
652.2726; found, 652.27084-NMR (400 MHz, DMSOds) 5 (ppm): 12.23 (s, 1H), 10.37 (s, 1H), 9.08 (s, 1H),
8.47 (d,J = 5.2 Hz, 1H), 8.06 (s, 1H), 7.88 (@= 8.9 Hz, 2H), 7.76-7.70 (m, 2H), 7.52 (s, 1H%37(d,J = 8.3
Hz, 2H), 7.38 (s, 1H), 7.36—7.27 (m, 2H), 6.50dd; 5.2 Hz, 1H), 4.14 () = 6.6 Hz, 2H), 3.94 (s, 3H), 2.40 (s,
3H), 2.14 (s, 3H), 1.98 (d,= 7.2 Hz, 2H), 1.82 (d] = 8.5 Hz, 2H), 1.54 (1) = 7.3 Hz, 2H), 1.46 (s, 2H), 1.38—
1.31 (m, 2H).*C NMR (101 MHz, DMSOdg) & 169.70 , 169.04 , 159.87 , 159.76 , 151.88 , 1319.449.90 ,
148.78 , 146.44 , 144.00 , 140.83 , 139.43 , 138185.78 , 131.35, 130.03, 121.65, 121.42 ,1121115.04 ,
108.43,103.17,99.11, 68.20, 55.70, 32.A.3%, 28.32, 25.27, 25.06 , 20.50, 12.93 .
4.1.12.24
N-(4-((7-((7-(hydroxyamino)-7-oxoheptyl ) oxy)-6-methoxyquinolin-4-yl ) oxy) phenyl )-4-oxo- 1-phenyl - 1,4-dihydropy
ridazine-3-car boxamide (14x)

Light yellow solid; Yield: 58.3%; M.p.: 215-217 °G{PLC purity: 99.52%, retention time = 21.267 min.
HRMS (ESI) (m/z): [M+H] calcd for G,H3,NsO5, 624.2359; found, 652.23304-NMR (400 MHz, DMSO¢) &
(ppm): 11.90 (s, 1H), 10.36 (s, 1H), 9.03Jd; 7.8 Hz, 1H), 8.68 (s, 1H), 8.47 @z 5.2 Hz, 1H), 7.93-7.76 (m,
4H), 7.63 (tJ = 7.7 Hz, 2H), 7.57-7.48 (m, 2H), 7.38 (s, 1HR6/7.26 (m, 2H), 6.93 (d,= 7.8 Hz, 1H), 6.49
(d,J=5.2 Hz, 1H), 4.14 (t) = 6.5 Hz, 2H), 3.94 (s, 3H), 1.97 {t= 7.3 Hz, 2H), 1.81 () = 7.4 Hz, 2H), 1.51
(dg,J = 31.1, 8.2, 7.7 Hz, 4H), 1.35 (= 7.5 Hz, 2H)**C NMR (151 MHz, DMSOd6) § 169.61 , 169.48
160.17 , 160.11 , 152.28 , 150.36 , 149.84 , 149114B.38 , 146.84 , 143.28 , 142.14 , 136.09 ,1130128.98 ,
122.07 , 121.85, 121.77 , 120.76 , 115.44 ,1088¥B.54 , 99.52 , 68.60 , 56.11 , 32.62 , 2828.73 , 25.68 ,
2547 .
4.1.12.25
5-ethyl-N-(4-((7-((7-(hydroxyamino)- 7-oxoheptyl ) oxy)-6-methoxyquinolin-4-yl) oxy) phenyl )-4-oxo- 1-phenyl - 1,4-di
hydropyridazine-3-carboxamide (14y)

Light yellow solid; Yield: 78.3%; M.p.: 185-187 °@®{RMS (ESI) (m/z): [M+H] calcd for GgHagN50,

652.2722; found, 652.27184-NMR (400 MHz, DMSO#dg) & (ppm): 12.15 (s, 1H), 10.36 (s, 1H), 8.96 (s, 1H),



8.68 (s, 1H), 8.48 (d] = 5.2 Hz, 1H), 7.87 (dd] = 16.2, 8.1 Hz, 4H), 7.64 {,= 7.7 Hz, 2H), 7.53 (d] = 6.3 Hz,
2H), 7.38 (s, 1H), 7.31 (d, = 8.5 Hz, 2H), 6.50 (d] = 5.1 Hz, 1H), 4.13 (q] = 9.2, 7.8 Hz, 2H), 3.94 (s, 3H),
2.59 (q,J = 7.5 Hz, 2H), 1.98 (1] = 7.3 Hz, 2H), 1.81 (] = 7.5 Hz, 2H), 1.54 (p] = 7.4 Hz, 2H), 1.46 (il = 7.6
Hz, 2H), 1.34 (pJ = 7.6, 7.2 Hz, 2H), 1.21 (] = 7.5 Hz, 3H).”*C NMR (151 MHz, DMSOds) 5 169.60 ,
169.48 , 160.33 , 160.18 , 152.29 , 150.32 , 149810.19 , 146.83 , 145.32 , 143.55 , 139.20 ,6836136.17 ,
130.07 ,128.99 , 122.05, 121.99 , 121.85 , 115M%8.83 , 103.58 , 99.53 , 68.61 , 56.11 , 32BR76 , 28.72

25.68 ,25.46,20.61,12.56.
4.2. Pharmacology

4.2.1. Invitro antiproliferative assays

The antiproliferative activities of compoundida-14ywere evaluated against HCT-116, MCF-7 and A549
cell lines by the standard MTT assay in vitro, WBAHA, AC-386 and Cabozantinib as the positive controte T
cancer cell lines were cultured in minimum essémiedium (MEM) supplement with 10% fetal bovine wsar
(FBS). Approximate 4 x Tcells, suspended in MEM medium, were plated itchewell of a 96-well plate and
incubated in 5% C@at 37°C for 24 h. The tested compounds at the indicadted €éoncentrations were added to
the culture medium and incubated for 72 h. FresiTMas added to each well at the terminal conceatraif 5
pug/mL, and incubated with cells at 3T for 4 h. The formazan crystals in each well weissolved in 10QuL
DMSO, and the absorbency at 492 nm (for absorbaficelTT formazan) and 630 nm (for the reference
wavelength) was measured with an ELISA readerofthe compounds were tested three times in eatteatell
lines. The results, expressed agl{hhibitory concentration 50%), were the averagfethree determinations and
calculated relative to the vehicle (DMSO) contrglthe Bacus Laboratories Incorporated Slide Sca(Bkss)
software.
4.2.2 In vitro enzymatic assays
4.2.2.1 Invitro HDAC1 enzymatic assays

The following materials were purchasddDAC1 (BPS, Cat. No. 50051384-well plate (Perkin Elmer, Cat.
No. 6007279)The compounds were dissolved into 10 mM stock BRPAMMSO.
4.2.2.1.1 Experimental Methods

Prepare 1x assay buffer (modified Tris Buffer),ntheansfer compounds to assay plate by Echo in 100%
DMSO. The final fraction of DMSO is 1%. Then we dde prepare enzyme solution in 1x assay buffediAgl

trypsin and Ac-peptide substrate in 1x assay buffemake the substrate solution. Transferul5of enzyme



solution to assay plate or for low control trandfsiuL of 1x assay buffer. Reactions were incubated omin at
room temperature and added ll0of substrate solution to each well to start rieectRead the plate on Synergy
MX with excitation at 355 nm and emission at 460after incubating for another 60 min at room terapge.
4.2.2.1.2 Curvefitting
Fit the data in Excel to obtain inhibition valuesng equation (1)
Equation (1): Inh %=( Max-Signal)/ (Max-Min)*100
Fit the data in XL-Fit to obtain I§g values using equation (2)
Equation (2): Y=Bottom + (Top-Bottom)/(1+(gX)*HillSlope)
Y is %inhibition and X is compound concentration.
4.2.2.2 Invitro c-Met enzymatic assays

The target compounds were tested for their actagfgtinst c-Met Tyrosine kinases through the mgtdglitift
assay [32-33]. All kinase assays were performe@bhwell plates in a 50 pL reaction volume. The kméuffer
contains 50 mM HEPES, pH 7.5, 10 mM Mg@.0015% Brij-35 and 2 mM DTT. The stop buffer tains 100
mM HEPES, pH 7.5, 0.015% Brij-35, 0.2% Coating Redd3 and 50 mM EDTA. Dilute the compounds to 500
MM by 100% DMSO, then transfer 10 pL of compound teew 96-well plate as the intermediate plate,3ddL
kinase buffer to each well. Transfer 5 puL of ea@ll wf the intermediate plate to 384-well platekeTollowing
amounts of enzyme and substrate were used perkivelse base buffer, FAM-labeled peptide, ATP amzi/me
solution. Wells containing the substrate, enzymglSD without compound were used as DMSO control.I1dVel
containing just the substrate without enzyme wesedwas low control. Incubate at room temperaturd ®omin.
Add 10 pL peptide solution to each well. Incubat2&°C for specified period of time and stop reactior2byu L

stop buffer. At last collect data on Caliper pragrand convert conversion values to inhibition valueercent
inhibition = (max — conversion)/(max — min)100. ‘max’ stands for DMSO control; ‘min’ stands fow control

4.2.3 Flow cytometry

The HCT-116 cells were seeded in 6-well platess#eding density of 105 cells per mL. Twelve hdate,
various concentrations of compouhdix were added. Cells were treated with compoidixifor 48 h. Then cells
were transferred to EP tubes and washed three timitasPBS buffer. Then the procedures accordinghto
operating instructions of the kit were followed.tilately, cell apoptosis was analyzed using Annékiand
propidium iodide (Pl) double staining by flow cytetry. Early apoptotic cells were defined as Annexin
positive/Pl negative, late apoptotic cells as AnmédxPl-double positive and necrotic cells as AnneX

positive/PI positive.



4.2.4 Cell cycle distribution analysis

The effects of compounds on cell cycle progressiere determined using a standard propidium iod®de (
staining procedure followed by flow cytometry arsady Briefly, HCT-116 cells were seeded in six-wgktes
(5x10f/well) and then treated with different concentrasiof 14x for 48 h. The cells were collected and washed
twice with ice cold PBS, then fixed in ice-cold 7q%v) ethanol overnight at 4. The cells were washed again
by PBS, and then the cell DNA was stained with g4DGI (Beyotime) for 10 min. Data acquisition andabsis
were performed using a flow cytometer.
4.2.5 Molecular docking study

The crystal structure of c-Met (PDB entry code: 8)@n complex with XL880 and HDACs (PDB entry
code: 1C3S) in complex with SAHA were used for malar modeling. The protein structures were pregare
using the protein preparation wizard in Maestrdwgitandard settings. Grids were generated usidg,gliersion
4.5.208, following the standard procedure recomradnily Schrodinger software package version 2014. Th
conformational ensembles were docked flexibly udgiigle with standard settings in both standard exidla
precision mode. Only poses with low energy confdioms and good hydrogen bond geometries were ceresid
The pictures elucidating the protein-ligand intéiats were produced by Pymol (version 1.7.2.1).
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