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Cell lines
Kinase inhibition (IC5, nM)
A549 (0.5 uM inhibition ratio, %)

H446 (0.5 uM inhibition ratio, %)

A549 xenograft TGI

(10 mglkg, %)

EGFR VEGFR-2 normoxia hypoxia normoxia hypoxia
10a 5.90 36.78 6.75 75.86 18.95 84.37 63.9
10g 0.69 67.84 13.76 82.25 20.52 77.90 49.1

Novel TKls with enhanced anti-tumor activity under hypoxia

Hypoxia is an inherent and significant difference between most solid tumors and healthy tissues.

Herein, we designed a series of hypoxia-targeting TKIs to increase anti-tumor efficiency and

reduce the adverse effects, by introducing 3-nitro-1,2,4-triazole moiety onto the EGFR/VEGFR-2

dual inhibitor vandetanib. Two lead compounds, 10a and 10g, demonstrated enhanced

anti-tumor activities under hypoxia compared to vandetanib, which also shown enhanced

inhibitory activities on tumor growth and reduced toxicities in tumor xenograft models compared

to vandetanib and the vehicle control.
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Abstract

Tyrosine kinase inhibitors (TKIs) have achievedstahtial clinical effects for cancer treatment whibusing a
number of adverse effects. Since hypoxia is annsitr difference between solid tumor and healtsgues, one
strategy to overcome the adverse effects of TKte isnhance the specificity of anti-tumor activity selectively
targeting hypoxic region of tumors. Herein, we dasid and synthesized a series of novel 4-anilimagquailine
derivatives by introducing 3-nitro-1,2,4-triazoleogp to the side chain of vandetanib with modifimatof aniline
moiety. Lead compound40a and10g, exhibited potent inhibitory activity against EGERd VEGFR-ZXinase.
Moreover, these two compounds were shown to entamég@roliferative activities on A549 and H446lsainder
hypoxic conditions compared to vandetanib and dtiaally down-regulate VEGF gene expressidn.vivo
studies confirmed thdtOa and 10g not only inhibited tumor growth in A549 xenografts BALB/c-nu mice but
also significantly reduce toxicity associated withight loss compared to vandetanib. These resutfgest that
EGFR/VEGFR-2 dual inhibitors,0a and10g emerged as potential hypoxia-selective anti-tudrogs with less
toxicity for inhibiting in vitro andin vivo models of non-small cell lung cancer cells.

Keywords: Tyrosine kinase inhibitor ; 3-nitro-1,2,4-triazqlélypoxia; EGFR; VEGFR-2, Vandetanib
1. Introduction

A number of tyrosine kinase inhibitors (TKIs) haveen developed as therapeutics for cancers andnshow
significant anti-tumor effects [1]. Among thesedsine kinases, epidermal growth factor receptorHE)Gand
vascular endothelial growth factor receptor (VEGRER) among those prominent targets. However, tmécali
experience revealed that EGFR/VEGFR TKIs could inducexpected serious toxic effects, such as cutaneou
and oral adverse reactions, hypertension, arrhgthanid diarrhea [2]. These toxicities of EGFR/VEGHRsTare
mainly caused by the inhibition of EGFR/VEGFR signglpathways in healthy tissues [3]. One feasibiztegy
to decrease or avoid adverse effects is to incrimsepecificity of TKIs against tumor cells. Hypaxs a known
inherent difference between solid tumors and hgalfsues, which represents a unique characteostic solid
tumor that 10%-50% of tumor cells exist in a hymomiicroenvironment [4Hypoxia plays a crucial role in solid
tumor survival and development. Previous studieg le@nfirmed that hypoxia could promote the expoessf
various transcription factors, growth factors, dapebsine kinase receptors, including hypoxia-indleifactor-1
(HIF-1), vascular endothelial growth factor (VEGIp)atelet-derived growth factgy-(PDGF$), and epidermal



growth factor receptor (EGFR). Most of these hypakiaen proteins can induce angiogenesis and aeteléhe
growth and migration of tumor cells through tyraskinase signaling pathways [5]. Moreover, hypasgiane of
the main reasons for radio- and chemotherapy aesist of solid tumors [6]. Thus, hypoxia is poteliytia
exploitable in cancer treatment, and moleculesyjpoRia-driven pathways, especially TKIs, represatactive
and feasible therapeutic “targets” to distinguismor from healthy tissues.

For example, VEGFR inhibitors inhibit tumor angiogeis to enhance blood vessels atrophy and tumor
hypoxia [7]. Thus, TKIs coupled with a hypoxia-tatgd group, may improve the specificity of TKIstimmor
under hypoxia and overcome some adverse effeciger&estudies have been conducted to discover poten
hypoxia-targeted group for drug development. Cobathpounds are one of these hypoxia-targeted catedida
which can be used to induce hypoxia in cell incidmatue to the Co (lll)/Co (II) redox potential [8h the
absence of oxygen, Co (lll) in drug-Co (Ill) compleould turn to Co (ll) by a biochemical reduction.€Th
reduced Co (Il) showed significant ligand labilignd the drug was released after dissociation, twbauld be
utilized as a hypoxia trigger in hypoxia-targeteddrugs [9]. However, as a metallic element, theuawlation
and metabolism of cobailt vivo limited its application as the anti-cancer drube®lectron-affinity compounds,
nitroimidazole derivatives, have been developeblyg®xia-activated and radiosensitizing agents enatherapy
since the 1960s. 2-nitroimidazole group was usedsdmeral drug designs as the hypoxia-selectiveyerig
including the phosphoramidate mustard prodrug TR-@ofosfamide, phase Ill) [10]. The 4-aminoquinlaze
pharmacophore was widely used as an EGFR/VEGFR«im&dbitor in the past few years [11]. In our goais
research, a series of novel nitroimidazole-sulisiitd-anilinoquinazoline derivatives were developgaoupling
with EGFR/VEGFR-2 dual inhibitor vandetanib (Zactfin&igure 1). The lead compound LYL-1016f in ref
[12], Figure 1) from this study showed an increase of anti-turactivity under hypoxia than normoxia [12].
However, the high electron-affinity of nitroimiddeoderivatives also contributes to their potentigiotoxicity
[13] and poor pharmacokinetic properties [14] dfraimidazole, which limit its druggability. The tumity of
candidate compound LYL-10 was observed in previougvo study, and adverse reactions of vomit, diarrhea,
asthenia, weight loss, and apparent abdominaltireptvere documented in more than half of the B#dtB/c-nu
mice. Hence, nitroimidazole may not be an idealdadate to construct hypoxia-selective drugs TKlan&ole
(AK-2123, Figure 1), a 3-nitro-1,2,4-triazole derivative, showed d$aniradio-sensitizing activities and much
lower cytotoxicity than other 2-nitroimidazoles &gs, which had been tested as a radiosensitiz&hase |l

clinical trials in radiotherapy for solid tumor [[L3t indicated that 3-nitro-1,2,4-triazole had tttearacteristic of an
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Figure 1.Structures of vandetanib, LYL-10, AK-2123 and targempounds



In this study, we developed a series of novel higptargeted EGFR/VEGFR-2 inhibitors with
3-nitro-1,2,4-triazole motif. To our knowledge, ghis the first study to develop a hypoxia-selectiigl
harboring EGFR/VEGFR-2 inhibitory activity of vandatb, which may reduce the level of active compoimd
non-malignant tissue resulting in the decreasbé@fidverse effects while enhancing the inhibitdfyog on tumor
cells under hypoxia. Moreover, two lead compouh@a and10g were identified as potent candidates for cancer

therapy based on our initial screening and valfaliy in vitro and in vivo models.
2. Results and Discussion

2.1 Design and synthesis of novel hypoxia-selective EGFR/VEGFR-2 inhibitor

Our previous research confirmed that introducindroimidazole groups onto the side chain of
4-anilinoquinazoline scaffold did not affect its ERYVEGFR-2 inhibitory activities[12]. In a similatrategy,
3-nitro-1,2,4-triazole moiety (AK-2123) was linked the 4-anilinoquinazoline scaffold by long ettdrains
(Figure 1). This long ether side chain was also found imterlb and gefitinib [16]. The relationship between
substitutions on the benzene ring and derivatitviies has been discussed in our previous wogq,[hich
provided a stragtegy to modify 4-anilinoquinazolfoedeveleoping novel EGFR/VEGFR-2 dual inhibitdence,
in this study, we selected representative subistitstto obtain several target compounds, which verther
evaluated by variouis vitro andin vivo cancer models.

Fourteen target compounds were designed and syreldsy seven steps as showrSitheme 1which were
started from 7-benzyloxy-6-methoxyd3quinazolin-4-one 1) and 3-nitro-1,2,4-triazole5). The intermediate
7-benzyloxy-4-chloro-6-methoxy-quinazoling) (was obtained fromd by refluxing in thionyl chloride and then
reacted with anilines in isopropanol to give cripdeducts of3a-4g which were further treated by trifluoroacid to
deprotect benzyl group at 80 °C, then adjusted pHOtdy ammonium hydroxide [17]These steps led to the
production of white to yellow powders of intermedm 4a-4g with moderate yields of 75%-88%. The
intermediate methyl 2-(3-nitro-[1,2,4]triazol-1-gbetate §) was prepared as yellow solid fromand methyl
chloroacetate in the presence of a bas€£(X) in refluxing acetonitrile with a good yield of 986. The amide
intermediate7a-7c were prepared fron® and amino polyethylene glycols by aminolysis reactin refluxing
methanol with acceptable yields varying from 43.8%%%. Sulfonylation ofa-7cwas reacted in pyridine at
0 °C with a catalytic amount of 4-dimethylaminopyniel (DMAP). 8a-8c were all faint yellow jellies with
relatively lower yields of 20.8%-65.7%. Target campds 9a-9¢ 10a-10g, and 11a-11d were obtained by
intermediategta-4g connecting with8a-8cin the presence of LO; in DMF at 85 °C with moderate yields of
52.2%—68.9%. All of the target compounds were atterized by'H-NMR, C-NMR, *F-NMR, and HRMS

analysis.
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Scheme 1.Synthesis of target compounds. Reagents and comslit{i) SOCJ, DMF, reflux; (ii) Substituted
anilines, i-PrOH, 60°C; (iii) TFA, 80°C, then ammonium hydrd&i (iv) Methyl chloroacetate, KOs,



acetonitrile, reflux; (v) amino polyethylene glyspimethanol, reflux; (vip-TsCl, DMAP, pyridine, 0°C to rt;
(vii) K ,CO5, DMF, 85°C

2.2 Invitro biological activities

The abilities of targeted compounds to inhibit EGHRl VEGFR-2 were evaluated by kinase inhibitoragss
with LYL-10 and vandetanib as positive controls. Zkewn inTable 1, more than half of the tested compounds
(LYL-10, 10a 10¢ 10d, 10e 10g 11a 11b, and11g exhibited more potent EGFR inhibitory activitiegttwthe
ICsp values ranging from 0.37 to 12.93 nM, which warpesior to that of vandetanib &= 19.76 nM). Most of
targeted compounds with a long link chain betweamiinoquinazoline and 3-nitro-1,2,4-triazole (B=or 3;103
10¢ 10d, 10e 10g 11a 11b, and11c ICs, from 0.37 to 12.93 nM) showed more potent inhityiteffects on
EGFR than those compounds with a short side cham 1n9a, 9b, and9c; ICs, from 18.54 to 43.56 nM). It
indicated that the length of the linker betweenadie and quinazoline moiety could dramatically etffdhe EGFR
inhibitory activity of targeted compounds. Mosttbe target compounds showed relatively enhanceitbiiaty
activities against VEGFR-2 kinase (§Cfrom 36.78 to 4082.09 nM) than vandetani®a showed a similar
inhibitory activity against VEGFR-2 kinase g 36.78 nM) to vandetanib (= 33.26 nM). The Ig, values of
9a and 10g for VEGFR-2 were lower than 100 nM, but the rektargeted compound showed a dramatically
higher 1G, for VEGFR-2, which were about 5-122 folds of ireses compared to vandetanib. Moreover, LYL-10
showed a slightly more potent inhibitory activitgadnst VEGFR-2 with a 27.13 nM {gthan vandetanib. It
seemed that target compounds with bulky and healggken atoms on aniline moiety exhibited betteikitbry
activity to VEGFR-2 kinase, and the length of tivkIgroup also significantly impact the VEGFR-2 itoitory
activity. Several target compounds retained poEEBER/VEGFR-2 inhibitory activities similar to vandatb.
Among these compounds)aand10gdemonstrategotent inhibitory activities against EGFR and VEGER4th
the IGyvalues of 5.90/36.78 nM and 0.69/67.84 ifMgure 2). 10gshowed higher inhibitory activity against
EGFR than VEGFR-2, since thesiralue of10g against EGFRvas 100-fold more potent than VEGFR-2. At the
same time 10g still have potent inhibitory activity against VERR2 with an IG lower than 70 nM, which was
still in the same order of magnitude as vandetamld LYL-10. Therefore,10g was still considered as an
EGFR/VEGFR-2 dual inhibitor.

Table 1.Invitro EGFR and VEGFR-2 kinase inhibitory activity assagults of target compounds.

Substituents IC 50 (nmol/L)
Compounds

n X1 Xz X3 EGFR VEGFR-2
9a 1 F H Br 43.56 86.84
9b 1 Cl H F 48.07 517.33
9c 1 Br ChH 18.54. 183.56
10a 2 Br 5.90 36.78
10b 2 Cl H F 20.83 4082.09
10c 2 H Br CH 0.37 407.47
10d 2 H F F 3.70 1104.22
10e 2 H F H 3.11 1196.59
10f 2 H H F 16.43 864.18
109 2 F Cl Cl 0.69 67.84
1la 3 F Br 4.95 216.77
11b 3 Cl H F 12.93 2865.05
1llc 3 H Br CH 6.24 244.76



11d 3 H F F 19.97 1883.43

LYL-10 - F H Br 3.23 27.13
vandetanib - F H Br 19.76 33.26
A) 120 120
:Z . . 104 o 7 10g

EGFR inhibition (%)

01 10 1000 . 100
Compound concentration (nM)
B)

VEGFR:2 inhibition (%)

0.1 100 o1 100
Compound concentration (nM)

Figure 2.inhibition ratio curves o10aand10g (A) EGFR; (B) VEGFR-2. Ten compound concentratiohs
40000, 10000, 2500, 625, 156, 39, 10, 2, 1, ancBl.2vere set in the assay.

Thein vitro anti-proliferative effects of target compounds evevaluated against the A549 (adenocarcinomic
human alveolar basal epithelial cells) and H446r#@n small cell lung cancer cells) cell lines byngsietrazolium
salt (WST-8) assay under normoxic or hypoxic caadd. The potential radio-sensitizing activitiestafgeted
compounds were also evaluated under the hypoxiditton with the exposure dose of 8 Gy. Under norimox
conditions, 0.5 uM of target compoun@s, 103 10b, 10¢ 10f, 10g, or 113 inhibited about 5~20% of cell growth
for both cancer cell lines, which was less pothahtvandetanib that inhibited 21.06% and 25.58%etfgrowth
in A549 and H446 cellsTable 2 andFigure 3 A-B). Under hypoxic conditions, target compoutig exhibited
stronger anti-proliferative activities (75.86% ohibition in A549 cells and 84.37% of inhibition 446 cells) in
both cell lines than vandetanib (67.26% of inhdsitin A549 cells and 77.67% of inhibition in H44élls) (Table
2 and Figure 3 A-B). Moreover, under hypoxic condition combining lwitrradiation, 10a was the only
compound that showed stronger inhibitory effectshmngrowth of both cancer cell lines than vandetéfable 2
andFigure 3 A-B).

In order to estimate the hypoxic hypoxia-enhanaatiitamor activities of tested compounds, the irtiity
activities caused by CofLhnd irradiation alone need to be taken out. Hetemm kinds of hypoxic sensitive
enhancement ratiodiSER,,, and HSER,,.r, Were used to quantitatively evaluate the enharinaibitory
activities in normoxia/hypoxia and hypoxia/hypoximaadiation respectivelyTable 2 and Figure 3 C-D). All
target compounds demonstrated evidently highR,,, values (1.07~1.36) than vandetarttSER,,, = 1.05) on
A549 and H446 cells, and target compouridlg and10g, exhibited the beddSER,,, values of 1.32 and 1.36 on
A549 cells; however, when combined with irradiatibested compounds and vandetanib showed simiegrlo
HSERp+1r Values (0.80~0.96) on both A549 and H446 celsble 2 and Figure 3 C-D). Target compounds
containing 3-nitro-1,2,4-triazole moiety,0a and 10g demonstrated more potent hypoxia-targeted irdmpit
activities than vandetanib on the growth of A54@ &%446 cells under hypoxic conditions. Moreovegesi two
target compounds only showed additive effect withdiation. No synergistic radio-sensitizing adtes were
observed in these assays.

Further quantitative polymerase chain reaction RPanalysis showed that treatment of A549 cells With



UM of vandetanib,10a or 10g could down-regulate VEGF expression under normaxicypoxic conditions
(Table 3 and Figure 4). Both targeted compoundsa and10g, demonstrated more potent inhibitory effects on
VEGF expression in A549 cells compared to vandbtani

Table 2.1n vitro anti-proliferative activity assay results (inhibit ratios andHSER) in normoxia, hypoxia and

hypoxia + irradiation

Inhibition ratios (%)
Compounds  Cell line _ . . HSERnhyp © HSERhyp+ir ©
normoxia Hypoxia?® hypoxia + IR°
A549 21.06 67.26 81.44 1.05 0.94
vandetanib

H446 25.58 77.67 82.02 1.04 0.88

A549 14.87 72.99 80.31 1.19 0.90

%a H446 16.76 76.34 79.03 1.07 0.85
A549 6.75 75.86 86.41 1.32 0.96

10a H446 18.95 84.37 88.66 1.17 0.93
A549 10.33 69.01 77.88 1.17 0.89

100 H446 13.87 80.31 83.35 1.14 0.89
A549 5.48 65.39 69.18 1.15 0.80

1oc H446 18.65 77.71 80.10 1.08 0.86
A549 8.43 72.53 76.94 1.25 0.86

10f H446 11.08 78.70 80.58 1.13 0.86
A549 13.76 82.25 80.70 1.36 0.87

109 H446 20.52 77.90 85.04 1.07 0.91
A549 16.04 74.36 80.36 1.20 0.90

Ha H446 20.38 78.81 84.92 1.08 0.91

b
aControI group in hypoxia was performed with 200 CoCI2 solution and blank group with corresponding amount of DM 8radiation was conducted at

24 h late after administration under the absorbed dose3yf &nd then cultured for another 24 h before CCK-8 S(em,:gmzllrcmzﬂk values in A549 and

H446 group were 59.94%/64.13% and 65.84%/68.77%.
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Figure 3. Invitro inhibition ratios in normoxia, hypoxia and hypoxiarradiation on A5494) and H446 cellsR); HSER values of
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Table 3.VEGF gene expression level assay results of teltggh in hypoxia/normoxia

Compounds Control ° Vandetanib © 10a 10g
Normoxia 1.0000 0.6457 0.1571 0.1833
Hypoxia? 1.0000 0.2457 0.0011 0.0037

2 hypoxia was performed with 2 CoCl, solution ° VEGF/EGF gene expression levels in control granpig/poxia or normoxia was

calculated as 1.0000, respectively and independéMEGF gene expression levels of vandetanib were fegfrfiL2].
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Figure 4. VEGF gene expression level assay results of testeghounds (pmol/L).

2.3. Molecular docking

In order to study the mechanism of target compol@d inhibiting the activity of relevant kinases, the
molecular docking was conducted to analyze theewfft binding patterns dfOa or vandetanib to EGFR or
VEGFR-2 based on available crystal structures ele¢htwo receptor kinases (EGFR: PDB code 4123 and
VEGFR-2: PDB code 2RL5). As shown Kigure 5A, the structural modeling of the drug-protein coenpl
showed that the binding pattern bda to EGFR was similar to vandetanib, which the foioraif important
hydrogen bonds (H-bonds) between the backbone amamb residue Met793 of EGFR and N1 atom of
quinazoline moiety was observed in both drugs withilar H-bond distanced Qa 2.607 A, vandetanib: 2.685 A).
Moreover, the aniline moieties dDa and vandetanib were observed to insert into EGIRRdsophobic pocket
coplanarly, but the 3-nitro-1,2,4-triazole side iohaf 10apositioned in the solvent with no any additionabéid
with EGFR Figure 5A). The structure model dfdaand VEGFR-2 complex showed that the aniline mesetf
10a and vandetanib occupied the narrow and deep hiidime pocket of VEGFR-2, and two critical H-bonds
formed between the backbone amino acid residue ®ysBYEGFR-2 and quinazoline N1 atom of drugs wiith
distances of 3.101 ALpa) and 3.095 A (vandetanibfFigure 5B). Unlike the coplanar binding mode b®a or
vandetanib to EGFR, the 3-nitro-1,2,4-triazole sitiain of10afolded as a U shape, which contributed toa
stacking interaction with the Phe1047 residue oG¥R-2 and further stabilized this folding structuvoreover,
three additional H-bonds were formed betw&8aand VEGFR-2 Figure 5B). An extra H-bond formed between
quinazoline N2 atom dfOaand the side chain hydroxyl group of Thr916 residéiVEGFR-2 with a distance of
3.281 A, and another two H-bonds were found betwibenside chain carbonyl oxygen atomldfa and the
backbone residue Asn923 of VEGFR-2 with a distasfc2.895 A and 3.319 A at the gate of hydropholmicket
(Figure 5B).
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Figure 5. The docked poses of compoub@a (C: yellow; N: blue; O: red) or vandetanib (C: maigem: blue; O:
red) at the ATP binding cleft of EGFR kinase (cy@h), and VEGFR-2 kinase (coraBB). H-bonds are shown in
red lines A) or sky-blue lines B). The pictures were generated using Chimera. Soackblone amino acid
residues were hidden.

A schematic diagram shown Figure 6 was given to illustrate how substituents and limkugp length
influenced the binding between compounds and VE@GRRetein. As shown ifrigure 6A, bulky and heavy
halogen atoms (Br or ClI) on aniline moieties of commuiscontributed more hydrophobicity and electronegstivi
than fluorine atoms or methyl groups, which causeeinforced affinity for binding to VEGFR-2, esprly when
it fits into the narrow and deep hydrophobic pockEtVEGFR-2. Since the triazole side chain of compis
situated at the solvent portion, advisable bulky heavy halogen atoms on aniline would balancétthe/center”
of target compounds and stabilized it in the compl@arget compounds with 4-bromo-2-fluoro- and
3,4-dichloro-2-fluoro- substituted aniline moietiseowing higher VEGFR-2 kinase inhibitory activitievere
attributed to that the substitutions were bulky d®édvy enough to balance the barycenter as wedlffasded
appropriate hydrophobicity and electronegativityemforce the binding complgfigure 6A). The length of the
link group between 3-nitro-1,2,4-triazole and quinine also influenced the binding pattern. Trigzotoiety in
10awith appropriate length (n=2) contributed to tteding betweeri0aand VEGFR-2, which formed a U shape
structure like a fishhook to further stabilize dipigtein interaction by the formation of key H-bar{Bligure 6A).
This special U shape structure was believed to ongrthe affinity of targeted compouritDa binding to
VEGFR-2. The short linking group (n=1) 8& could prevent the formation of U shape structesulting in the



triazole group of the drug blocking the gate of toyghobic pocket and reducing the formation of H-d®mno
stabilize the complexFigure 6B). With a longer link group #&3), the triazole group of the drug would be
impacted by solvent effect and shift the “barycente the solvent region, which was detrimentalatcstable
drug-protein complexFigure 6C); Longer link groups also contributed to the exdssbility that might cause

unexpected pernicious influence, such as hERG potaghannel inhibition [18].
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Figure 6. (A) Bulky and hydrophobic halogen atoms of aniline etwireinforced the binding complex; the
appropriate linking group length (n=2) contributdte “fishhook” binding pattern through &n stacking
interaction and key H-binds formed with the resgl@®@ys919, Asn923 and Thr916 of VEGFR-B) The short
linking group caused a sterically hindered effacth@ opening of the hydrophobic pocke) (The long linking

group shifted the “barycenter” to the solvent regiwhich resulted in an unstable drug-receptor derap

Taking in vitro kinase inhibitory activities and docking study uks into account, the preliminary
structure-activity relationships (SAR) were obtaingte length of linking group impacts activitiesadratically,
and a proper length (n=2) was favorable to keep FFSEGFR-2 inhibition; substituent on aniline wasalito
VEGFR-2 selectivity, and advisable bulky and hedalogen atoms substituted anilines were conduaive t
EGFR/VEGFR-2 inhibitory activities. More compoundusture optimization would be undertaken according

the SAR guideline in the future.

2.4 In vivo anticancer activity

The targeted compoundi)aand10g, were selected to further investigate their antiearactivity in mouse
modes based on their high antiproliferative acgtivderived fromin vitro studies. The ability o10a and10g to
suppress tumor growth in the A549 tumor cell xeafignodels were further compared to vandetanib. Ma&
BALB/c-nu mice were randomly divided into the vehiclentrol group, the experimental groups (treatetth Wda
or 10g), and the positive control group (treated with detanib). Respectively, each group consisted of 5
tumor-bearing mice. The mice were treated wifla 10g and vandetanib with oral administration of 10 kag/
drugs daily for 17 days, and tumor size and theybedight of the mouse were measured daily.inrvivo
dose-dependent anti-proliferation experiments, egrciup consisted of 3 tumor-bearing mice. The migge
treated withl0aand10g with oral drug administrations of 5 mg/kg, 15 mgénd 50 mg/kg daily for 18 days, and



tumor size were measured at day 4, 6, 8, 11, 1ani51L8.

As shown inFigure 7A, 10a exhibited remarkable inhibition on A549 tumor gtbwith a tumor growth
inhibitions (TGI) of 63.93% at day 17 compared ¢mirols. The TGI value dfOaat day 17 was similar to that of
vandetanib (TGIl: 62.06%kigure 7A), indicating that thein vivo antitumor activity of10a was similar to
vandetanib. After treatment of 7 days, the tumduwe slowly increased in thiE)a 10g, andvandetanib groups,
and thelOg group showed a faster tumor growth tHfla and vandetanib, which indicated that these comg®un
could not completely control tumor growth in A548nografts.10g still showed a distinct inhibitory effect on
tumor growth (TGI=49.05% at day 17) compared towéleicle control group. Thug¢0aand10gremained potent
inhibitory activities against A549 tumor growth imouse models. Moreover, the tumor growth inhibgiaf10a
and 10g were dose-dependent in A549 xenografts (Figure TB& highest TGl of 80.5% was observed in the
mice treated with 50 mg/kg df0aat day 18. The TGI value d0g at day 18 were found to be 28.10%, 63.90%,
76.33% for treatment of 5 mg/kg, 15 mg/kg, and Sfkm respectively, while those valuesidfawere 31.22%,
68.31%, and 80.55%. Evidently, the TGI valued 0§ were much lower than those Ba indicating that theén
vivo antitumor activity oflOgwas less potent than thatidja (Figure 7B).

The in vivo toxicity of targeted compounii®aand10gwas evaluated in BALB/c-nu mice, using vandetanib
as control. The mice were monitored for body weigfinge and clinical signs of toxicity. The testeide were
well tolerated with oral administrations &0a and 10g and no significant weight loss was observed dutire
treatment up to 17 days compared to the vehicléralogroup Eigure 7C). However, the mice in vandetanib
group showed a notable weight loss during the 8rstays of treatment compared to the vehicle cogirmup,
while their weights were back on to normal gradpafter day 9 Eigure 7C). The maximum tolerated dose (MTD)
assessed fotOawas 100 mg/kg (five times a week for two weekshwivo days off for a weekend) on male
BALB/c-nu mice, and the treated animals exhibitedchiically observable sign of toxicity or weightdse. The
results suggested that targeted compoub@sand10g,developed in this study had potent antitumor &gtivith

lower toxicity in A549 mouse model, which presenteovel and promising EGFR/VEGFR-2 inhibitors as
anticancer reagents.
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Figure 7. (A) Effect of compoundlOa and 10g on tumor growth in A549 xenograft modeB)( Effect of
administration dose on tumor growth in A549 xenéignsodel; C) Mice weight changes during administration;

A549 cells (1 x 10 cells) were implanted sc in the flank of BALB/c-mice. Seven days after implantation,



mice were orally administrated the tested dosdy,dmid the body weights of mice were measured/dail
3. Conclusions

In order to overcome the toxicity of LYL-10, whidh a nitro-imidazole derivative of the EGFR/VEGFR-2
dual inhibitor vandetanib, we designed and syn#ieeka series of 3-nitro-1,2,4-triazole derivatibased on the
structure of vandetanib as novel hypoxia-targetedittamor compounds. Then vitro kinase inhibitory
experiments showed that most of 3-nitro-1,2,4-tdezlerivatives developed in this study retainettppEGFR
inhibitory activities. Meanwhile, the lead compoagntiOa and10g, exhibited potent VEGFR inhibitory activities
that were similar to vandetanib. The molecularkitug study confirmed thatOa could bind with EGFR and
VEGFR-2 with a great affinity. Further biologicauidies showed that most of the targeted compouhdsed
enhanced inhibitory activities in hypoxia toward§48 and H446 cells compared to vandetanib. Furgeae
expression assays confirmed thi&& and 10g could strongly inhibit the VEGF gene expressiorAB49 cells,
which might contribute to the potent anti-proliféva activities of these two compounds in hypoBased orin
vivo anticancer testl0a and 10g showed notable inhibitory effects and safety omdu growth and good
dose-dependence in dose-dependent anti-prolifaratiperiments in A549 xenograft models.

In conclusion, a series of novel 4-anilinoquinazelTKIs were designed and synthesized. To our kengd,
this was the first study to introducing 3-nitro-#2riazole onto vandetanib to develop a potent EMEGFR-2
dual inhibitor with low toxicity targeted hypoxiokd tumors. The lead compoundg)a and10g were identified
to be the most potent inhibitors byvitro assays10aand10g alsoshowed prominent efficacy and drug safety in
tumor xenograft models. ThusQaand10g provide a foundation for further structure optiation and biological

investigation to develop effective cancer therajgeagent targeted hypoxic tumors.
4. Experimental Section
4.1 Chemical synthesis section

4.1.1 General

Reactions were monitored by thin-layer chromatogya@.C) using silica gel 60 UV254 pre-coated silica
gel plates. Detection was using a UV lamp. Flashrmno chromatography was performed on 300-400 miéish s
gel. 'H-NMR, *C-NMR, and**F-NMR were recorded on a BRUKER AVANCE IIl spectromef@ruker Ltd.,
Faellanden, Switzerland) at 600 MHz/151 MHz/564 Mbizan AV400 spectrometer at 400 MHz/100 MHz/376
MHz. Chemical shifts were reported in ppm using DM&solution without TMS or CFghs internal standards.
Mass spectra (ESI-MS) were performed on Agilent0LPIPLC-6310 liquid chromatography mass spectrometer
(Agilent Ltd., Palo Alto, CA, USA). High resolutiomass spectrometry (HRMS) was performed on VG ZAB-HS
gas chromatography mass spectrometer (VG Instrigedt, England). All reagents and solvents puretidsom

commercial sources without further purification.

4.1.2 Synthesis of methyl 2-(3-nitro-[1,2,4]triaZolyl)acetate §)

11.41 g5 (0.1 mol, 1 eq) and 15.29 g potassium carbonattl (fnol, 1.1 eq) was added to 100 mL
acetonitrile and stirred at 50 °C for 0.5 h, the tonig turned to be bright yellow. 16.05 g methybmoacetate
(0.105 mol, 1.05 eq) was added to the mixture #mah treflux until no5 appeared on TLC. The mixture was
cooled to room temperature and filtrated. Thediktirwas evaporated under reduced pressure, amesidee was
dissolved in a mixture of ethyl acetate and waldre organic layer was separated and the aqueoas Vs
extracted twice. The organic extracts were comhimktd (anhydrous N8Q,) and evaporated to dryness to
afford 17.23 ¢ as brownish solid with the yield of 95.1%; ESI-Mfz = 187.04 [M + HJ; *"H-NMR (400 MHz,
DMSO-dg): 6 (ppm): 3.73 (s, 3H), 5.43 (s, 2H), 8.86 (s, 1H)



4.1.3 General synthetic proceduré\spolyethyleneglycol-2-(3-nitro-[1,2,4]triazol-1-@Eetamid€7a-7¢)
Dissolved 2.00 & (10.74 mmol, 1 eq) and amino polyethylene glycoé@® in methanol, heated to reflux and
monitored the reaction by TLC. Evaporated solverdeunrreduced pressure af@rconsumed completely, the
residue was purified by silica gel column chromaapdpy to obtairya-c(CH,Cl,:MeOH=30:1>15:1).
N-(2-hydroxy-ethyl)-2-(3-nitro-[1,2,4]triazol-1-yl)acetamide (7a).Faint yellow solid powder with the yield of
81.2%; ESI-MS m/z = 215.16 [M + H]*H-NMR (400 MHz, DMSO#): & (ppm): 3.17 (ddJ, = 5.6 Hz,J,= 11.6
Hz, 2H), 3.43 (ddJ;= 5.6 Hz,J,= 11.6 Hz, 2H), 4.73 (t) = 5.6 Hz, 1H), 5.08 (s, 2H), 8.41 = 5.6 Hz, 1H),
8.82 (s, 1H)
N-[2-(2-hydroxy-ethoxy)ethyl]-2-(3-nitro-[1,2,4]triazol-1-yl)acetamide (7b).Faint yellow oil with the yield
88.5%; ESI-MS m/z = 259.19 [M + H]*H-NMR (400 MHz, DMSOd): § (ppm): 3.29 (m, 2H), 3.45 (m, 4H),
3.49 (m, 2H), 4.56 (] = 5.2 Hz, 1H), 5.10 (s, 2H), 8.44 Jt= 5.2 Hz, 1H), 8.82 (s, 1H)
N-{2-[2-(2-hydroxy-ethoxy)-ethoxy]-ethyl}-2-(3-nitro-[1,2,4]triazol-1-yl)-acetamide (7c).Faint yellow oil with
the vield 68.5%; ESI-MS m/z = 303.21 [M +H}{H-NMR (400 MHz, DMSO€): § (ppm): 3.28 (g, = 5.6 Hz,
2H), 3.41-3.51 (m, 6H), 3.53 (M, 4H), 4.60J& 5.2 Hz, 1H), 5.11 (s, 2H), 8.49 Jt= 5.2 Hz, 1H), 8.83 (s, 1H)

41.4 General synthetic procedure of (3-nitro-@dl2iazol-1-yl)acetyl aminopolyethyleneglycol
p-toluenesulfonateB@-8c)

7a-c (1 eq) and DMAP (0.05 eq) were dissolved in 15pgtidine and stirred in ice bath for 0.5 h. TsCB(1.
eq) was dissolved in 10 mL pyridine and then adttegwise to the reaction mixture in 1 h, then reetbice bath
and stirred overnight. The mixture was extractethwithyl acetate and 1 N HCI solution, organic layers
washed by 1 N HCI solution, water and brine, driétth\enhydrous N#50y, then evaporated solvent. The residue
was purified by silica gel column chromatographyhtain8a-c (hexane : ethyl acetate =3*11:2).
2-[2-(3-Nitro-[1,2,4]triazol-1-yl)-acetylamino]-ethyl p-toluenesulfonate (8a).Faint yellow jelly with the yield
of 20.8%; ESI-MS m/z = 370.07 [M + H]*H-NMR (400 MHz, DMSOeg): 5 (ppm): 2.29 (s, 3H), 3.14 (4= 5.6
Hz, 2H), 4.63 (tJ= 5.6 Hz, 2H), 5.44 (s, 2H), 7.13 @@= 8.0 Hz, 2H), 7.50 (d] = 8.0 Hz, 2H), 7.91 (t} = 5.6
Hz, 1H), 8.89 (s, 1H)
2-{2-[2-(3-Nitro-[1,2,4]triazol-1-yl)acetylamino]ethoxy}ethyl p-toluenesulfonate (8b).Faint yellow jelly with
the yield of 62.4%; ESI-MS m/z = 413.21 [M +H{H-NMR (400 MHz, DMSOds): § (ppm): 2.41 (s, 3H), 3.21
(dd,J;= 5.6 Hz,J,= 1.2 Hz, 2H), 3.38 (dd], = 5.6 Hz,J,= 11.2 Hz, 2H), 3.58 (] = 4.4 Hz, 2H), 4.12 (] = 4.4
Hz, 2H), 5.09 (s, 2H), 7.47 (d,= 8.4 Hz, 2H), 7.78 (d = 8.0 Hz, 2H), 8.44 () = 5.2 Hz, 1H), 8.82 (s, 1H)
2-(2-{2-[2-(3-nitro-[1,2,4]triazol-1-yl)-acetylamino]-ethoxy}-ethoxy)-ethyl p-toluenesulfonate (8c). Faint
yellow jelly with the yield of 65.7%; ESI-MS m/z 457.23 [M + H]; 'H-NMR (400 MHz, DMSO#dg): & (ppm):
2.41 (s, 3H), 3.24-3.27 (m, 2H), 3.42Jt 5.6 Hz, 2H), 3.45-3.50 (m, 2H), 3.58-3.60 (M) 28164-3.75 (m, 2H),
4.12 (dd,J, = 3.6 Hz,J,= 5.2 Hz, 2H), 5.10 (s, 2H), 7.48 @@= 8.0 Hz, 2H), 7.78 (d] = 8.0 Hz, 2H), 8.49 (f] =
5.2 Hz, 1H), 8.83 (s, 1H)

4.1.5 General synthetic procedure of target comge(da-9c, 10a10gand11a11d)

The quinazolinamineda-4g(1 eq) was dissolved in 10 mL DMF, potassium cagte (2 eq) was added and
stirred at 50 °C for 0.5 h. Intermedig8a-8c (1 eq) was dissolved in DMF and then added drapwasreaction
mixture. The reaction was monitored by TLC. The mmi&t was cooled to room temperature after reactant
consumed completely and then poured into water stithing for 0.5 h. Filtrated and dissolved thegpitate with
methanol, evaporated solvent under reduced presstee dryness with anhydrous 60, The residue was
recrystallized in methanol to obtain target compsun
N-(2-{4-[(4-Bromo-2-fluorophenyl)amino]-6-methoxy-quinazolin-7-yl}oxy)ethyl-2-(3-nitro-[1,2,4]triazol-1-yI
Jacetamide (9a).Faint yellow solid powder with the yield of 47.2%SI-MS m/z = 561.07, 563.06 [M+H]



GC-HRMS calcd for gH1gBrFNgOs, miz = 561.0646, 563.0625 [M+H] found: 561.0643, 563.0623%-NMR
(600 MHz, DMSO#l): & (ppm): 3.38 (dt); = 5.4 Hz,J, = 4.2 Hz, 2H), 3.96 (s, 3H), 4.32 §t= 4.2 Hz, 2H), 5.13
(s, 2H), 7.24 (s, 1H), 7.48 (d, 1H), 7.54 (t, 1A%7 (d, 1H), 7.82 (s, 1H), 8.37 (s, 1H), 8.54)( 5.4 Hz, 1H),
9.55 (s, 1H);®®C-NMR (151 MHz, DMSOdg): & (ppm): 38.85, 52.52, 56.13, 68.95, 102.00, 107108.73,
117.48 (d2Jcr = 22.2 Hz), 119.21 (FJor = 24.6 HZ), 126.39 (fJer = 9.2 Hz), 127.44 (Flor = 11.2 HZ),
129.46, 147.94 (dJcr = 210.1 Hz), 148.10, 152.93, 155.79, 156.88, 158161.91, 164.80°F-NMR (376 MHz,
DMSO-dg) : 8 (ppm): -115.42.
N-(2-{4-[(2-Chloro-4-fluorophenyl)amino]-6-methoxy-quinazolin-7-yl}oxy)ethyl-2-(3-nitro-[1,2,4]triazol - 1-yl
Yacetamide (9b).Yellow solid powder with the yield of 67.1%; ESISVim/z = 517.12 [M+H] GC-HRMS calcd
for CyH1sCIFNgOs, mVz = 517.1151 [M+H], found: 517.1150*H-NMR (400 MHz, DMSOd): & (ppm): 3.36 (t,
J = 5.6 Hz, 2H), 3.96 (s, 3H), 4.34 (m, 2H), 5.152), 7.25 (s, 1H), 7.31 (td;= 9.6 Hz,J,= 2.8 Hz, 1H), 7.58
(m, 2H), 7.84 (s, 1H), 8.34 (s, 1H), 8.57 Jt= 5.2 Hz, 1H), 9.57 (s, 1H}*C-NMR (100 MHz, DMSOd): &
(ppm): 39.34, 53.08, 56.59, 69.46, 108.54, 108196,01, 115.22 (dJc.r = 21.2 Hz), 117.34 (F)c.r = 24.6 Hz),
131.63 (d3Jc.e = 9.1 Hz), 132.67 (FJc.r = 11.2 Hz), 133.44, 147.20, 148.57, 149.31, 15807 = 212.1 Hz),
158.07, 159.13, 161.58, 162.46, 1653:NMR (376 MHz, DMSOd,) : § (ppm): -114.11.
N-(2-{4-[(3-Bromo-4-methylphenyl)amino]-6-methoxy-ainazolin-7-yl}oxy)ethyl-2-(3-nitro-[1,2,4]triazol- 1-y
l)acetamide (9c).Faint green solid powder with the yield of 58.3E8I-MS m/z = 557.09, 559.09 [M+H]
GC-HRMS calcd for GH,,BrNgOs, miz = 557.0897, 559.0876 [M+H] found: 557.0899, 559.08784-NMR
(600 MHz, DMSO#d): & (ppm): 2.33 (s, 3H), 3.35 (8,= 5.6 Hz, 2H), 3.96 (s, 3H), 4.35 (m, 2H), 5.1578l),
7.21 (s, 1H), 7.32 (d, 1H), 7.78 (m, 2H), 8.131(d), 8.48 (s, 1H), 8.54 (i = 4.2 Hz, 1H), 8.83 (s, 1H), 9.45 (s,
1H): *C-NMR (151 MHz, DMSOdy): § (ppm): 21.69, 38.98, 52.59, 56.24, 68.96, 101198,89, 121.11, 123.40,
124.83, 130.56, 131.49, 138.80, 146.89, 148.92,685453.44, 156.03, 161.98, 164.80.
N-{2-[2-({4-[(4-Bromo-2-fluorophenyl)amino]-6-methaxyquinazolin-7-yl}oxy)ethoxy]ethyl}-2-(3-nitro-[1,2,4]
triazol-1-yl)acetamide (10a).Faint yellow solid powder with the yield of 56.1%SI-MS m/z = 605.10, 607.09
[M+H]"; GC-HRMS calcd for gH,3BrFNgOg, m/z = 605.0908, 607.0887 [M+H] found: 605.0906, 607.0885;
H-NMR (600 MHz, DMSOds): § (ppm): 3.35 (t,J = 5.4 Hz, 2H), 3.58 (t] = 5.4 Hz, 2H), 3.86 (1] = 4.2Hz, 2H),
3.96 (s, 3H), 4.30 (] = 4.2 Hz, 2H), 5.13 (s, 2H), 7.24 (s, 1H), 7.48H), 7.54 (t, 1H), 7.67 (d, 1H), 7.82 (s,
1H), 8.37 (s, 1H), 8.55 (= 5.4 Hz, 1H), 9.55 (s, 1H}*C-NMR (151 MHz, DMSOdy): & (ppm): 38.96, 52.55,
56.11, 68.01, 68.46, 68.95, 102.00, 107.74, 108.72,49 (d*Jc.r = 22.2 Hz), 119.20 (dJc.r = 24.6 Hz), 126.40
(d, 3Jcr = 9.2 Hz), 127.46 (Jcr = 11.2 Hz), 129.51, 147.90 (dc.r = 210.1 Hz), 148.08, 152.91, 155.79,
156.86, 157.46, 161.93, 164.78-NMR (376 MHz, DMSOds) : § (ppm): -115.45.
N-{2-[2-({4-[(2-Chloro-4-fluorophenyl)amino]-6-methoxyquinazolin-7-yl}oxy)ethoxy]ethyl}-2-(3-nitro-[1,2,4]
triazol-1-yl)acetamide (10b).Yellow solid powder with the yield of 64.1%; ESISMm/z = 561.13 [M+H],
GC-HRMS calcd for GH,,CIFNgOsmVz = 561.1413 [M+H], found: 561.1411*H-NMR (400 MHz, DMSOe):

& (ppm): 3.35 (tJ = 5.6 Hz, 2H), 3.59 () = 5.6 Hz, 2H), 3.86 (M, 2H), 3.96 (s, 3H), 4.3Q @hl), 5.15 (s, 2H),
7.23 (s, 1H), 7.31 (tdl; = 9.6 Hz,J,= 2.8 Hz, 1H), 7.59 (m, 2H), 7.86 (s, 1H), 8.331(sl), 8.59 (t,J = 5.2 Hz,
1H), 9.57 (s, 1H)*¥C-NMR (100 MHz, DMSOdg): 5 (ppm): 39.47, 53.06, 56.57, 68.49, 68.98, 69.48.34,
108.25, 109.03, 115.18 (Hlc.r = 22.2 Hz), 117.31 (d)c.r = 25.7 Hz), 131.69 (dJc.r = 9.2 Hz), 132.69 (Flc.r

= 11.2 Hz), 133.43, 147.24, 148.60, 149.34, 1584730 = 212.1 Hz), 158.11, 159.14, 161.59, 162.44, 185.2
F-NMR (376 MHz, DMSOd,) : & (ppm): -114.06.
N-{2-[2-({4-[(3-Bromo-4-methylphenyl)amino]-6-methayquinazolin-7-yl}oxy)ethoxy]ethyl}-2-(3-nitro-[1,2,4
Jtriazol-1-yl)acetamide (10c).Green solid powder with the yield of 68.9%; ESI-M8z = 601.11 [M+H];
GC-HRMS calcd for GH»sBrNgOg m/z = 601.1159, 603.1138 [M+H] found: 601.1160, 603.1146H-NMR
(600 MHz, DMSO¥d): & (ppm): 2.32 (s, 3H), 3.33 (,= 5.6 Hz, 2H), 3.57 (t] = 5.6 Hz, 2H), 3.84 (t] = 4.0 Hz,



2H), 3.96 (s, 3H), 4.30 (8 = 4.0 Hz, 2H), 5.13 (s, 2H), 7.20 (s, 1H), 7.321H), 7.79 (m, 2H), 8.12 (s, 1H), 8.48
(s, 1H), 8.52 (tJ = 4.2 Hz, 1H), 8.83 (s, 1H), 9.43 (s, 1FC-NMR (151 MHz, DMSOdg): 5 (ppm): 21.67, 38.99,
52.58, 56.21, 68.00, 68.48, 68.97, 101.91, 108122,.09, 123.38, 124.84, 130.55, 131.47, 138.76,87%4
148.93, 152.68, 153.40, 156.02, 161.95, 164.76
N-{2-[2-({4-[(3,4-Difluorophenyl)amino]-6-methoxyquinazolin-7-yl}oxy)ethoxy]ethyl}-2-(3-nitro-[1,2,4]triaz
ol-1-yl)acetamide (10d).Yellow solid powder with the yield of 58.9%; ESI-MBV/z = 545.17 [M+H];
GC-HRMS calcd for GH,,F,NgOg Mz = 545.1709 [M+H], found: 561.1711*H-NMR (400 MHz, DMSO€): &
(ppm): 3.36 (tJ = 5.6 Hz, 2H), 3.59 (t) = 5.6 Hz, 2H), 3.86 (M, 2H), 3.98 (s, 3H), 4.29 @hi), 5.15 (s, 2H),
7.22 (s, 1H), 7.44 (ddl; = 19.2 Hz,J,= 8.0 Hz, 1H), 7.60 (m, 1H), 7.84 (s, 1H), 8.08ddd = 13.2 Hz,J,= 7.6
Hz, J;= 2.0 Hz, 1H), 8.50 (s, 1H), 8.58 {t= 5.6 Hz, 1H), 9.60 (s, 1H}*C-NMR (101 MHz, DMSOdg): & (ppm):
39.46, 53.06, 56.72, 68.48, 68.95, 69.45, 102.88,36, 109.34, 111.46 ()cr = 21.2 Hz), 117.36 (fJer =
17.7 Hz), 118.57, 137.13 (llc.r = 9.2 Hz), 145.73 (ddJc.r = 241.4 Hz2Jc ¢ = 12.7 Hz), 147.40, 148.60, 149.21
(dd, Wk = 243.4 Hz,2cr = 12.7 Hz), 149.43, 153.05, 153.94, 156.44, 162145.27;'°F-NMR (376 MHz,
DMSO-dg) : 3 (ppm): -137.77 (*J.r = 23.2 Hz), -145.10 (dJ.r = 23.2 Hz).
N-{2-[2-({4-[(3-Florophenyl)amino]-6-methoxyquinazdin-7-yl}oxy)ethoxy]ethyl}-2-(3-nitro-[1,2,4]triazol-1-y
l)acetamide (10e)Faint yellow solid powder with the yield of 57.1%SI-MS m/z = 527.18 [M+H} GC-HRMS
calcd for GaHp3FNgOs Mz = 527.1803 [M+H], found: 527.1803; 'H-NMR (400 MHz, DMSOe): & (ppm):
3.35 (dd, J= 10.8 Hz, = 5.2 Hz, 2H), 3.59 (t, J = 5.6 Hz, 2H), 3.86 (11])23.99 (s, 3H), 4.29 (m, 2H), 5.15 (s,
2H), 6.93 (td, J= 8.4 Hz, 3= 2.0 Hz, 1H), 7.23 (s, 1H), 7.42 (dd=15.2 Hz, J= 8.0 Hz, 1H), 7.64 (d, 1H), 7.90
(m, 2H), 8.56 (s, 1H), 8.59 (t, J=5.2 Hz, 1H), 886 1H), 9.77 (brs, 1H}:*C-NMR (101 MHz, DMSOd,): &
(ppm): 39.45, 53.05, 56.81, 68.55, 68.92, 69.42,84) 107.68, 109.17, 109.39 {de.r = 7.8 Hz). 110.18 (FJcr

= 21.0 Hz), 118.18, 130.33 (W = 9.5 Hz), 141.68 (dJc.r = 11.2 Hz), 146.42, 148.60, 149.56, 152.72, 155.40
(d, Yer = 254.4 Hz), 161.28, 162.43, 163.67, 16557:NMR (376 MHz, DMSOd,): 5 (ppm): -112.68.
N-{2-[2-({4-[(4-Florophenyl)amino]-6-methoxyquinazdin-7-yl}oxy)ethoxy]ethyl}-2-(3-nitro-[1,2,4]triazol-1-y
l)acetamide (10f).Faint yellow solid powder with the yield of 52.2®&SI-MS m/z = 527.18 [M+H} GC-HRMS
calcd for GaHp3FNgOs MYz = 527.1803 [M+H], found: 527.1805'H-NMR (400 MHz, DMSOd): & (ppm): 3.35
(dd, J;= 10.8 Hz,J,= 5.2 Hz, 2H), 3.57 (tJ = 5.6 Hz, 2H), 3.85 () = 4.0 Hz, 2H), 3.97 (s, 3H), 4.29 (m, 2H),
5.13 (s, 2H), 7.23 (m, 3H), 7.78 (d#},= 8.8 Hz,J,= 5.2 Hz, 2H), 7.83 (s, 1H), 8.43 (s, 1H), 8.56](t 5.2 Hz,
1H), 8.84 (s, 1H), 9.51 (s, 1HYC-NMR (100 MHz, DMSOdy): & (ppm): 39.45, 53.05, 56.84, 68.55, 68.92, 69.43,
102.66, 107.68, 109.17, 116.87 {de.r = 6.6 Hz), 119.19 (e = 18.4 Hz), 141.65, 146.42, 148.61, 149.46,
152.72 (d e = 252.4 Hz), 161.29, 162.45, 163.57, 16607%:NMR (376 MHz, DMSOd) : & (ppm): -119.28.
N-{2-[2-({4-[(3,4-Dichloro-2-fluorophenyl)amino]-6-methoxyquinazolin-7-yl}oxy)ethoxy]ethyl}-2-(3-nitro-[1,
2,4]triazol-1-yl)acetamide (10g)White solid powder with the yield of 52.2%; ESI-M&z=595.10 [M+H];
GC-HRMS calcd for GH,,ClLFNgOg, MYz = 595.1023 [M+H], found: 595.1021*H-NMR (400 MHz, DMSO#l):

& (ppm): 3.33 (tJ = 5.6 Hz, 2H), 3.57 () = 5.6 Hz, 2H), 3.85 (m, 2H), 3.95 (s, 3H), 4.29 @hl), 5.12 (s, 2H),
7.23 (s, 1H), 7.58 (m, 2H), 7.79 (s, 1H), 8.391), 8.52 (t,J = 5.4 Hz, 1H), 8.83 (s, 1H), 9.69 (br.s., 1H);
%C-NMR (400 MHz, DMSOd): 5 (ppm): 38.96, 52.56, 56.08, 68.06, 68.44, 68.98,.97, 107.71, 108.73,
119.58 (d2Jc.e = 19.2 Hz), 125.26 (dJcr = 2.0 Hz), 126.74, 127.30 (Hlc. = 13.1 Hz), 128.56, 146.88, 148.07,
149.05, 152.76, 153.04 (Hlo.r = 251.5 Hz), 153.65, 156.64, 161.93, 164XB:NMR (376 MHz, DMSOd,) : &
(ppm): -113.48.
N-(2-{2-[2-({4-[(4-Bromo-2-fluorophenyl)amino]-6-mehoxy-quinazolin-7-yl}oxy)ethoxy]ethoxy}ethyl)-2-(3
nitro-[1,2,4]triazol-1-yl)acetamide (11a).Faint yellow solid powder with the yield of 51.2%SI-MS m/z =
649.12, 651.12 [M+H]} GC-HRMS calcd for GH,BrFNgO;, mz = 649.1170, 651.1150 [M+H] found:
649.1168, 651.1149H-NMR (400 MHz, DMSOdy): & (ppm): 3.32 (tJ = 5.4 Hz, 2H), 3.58 (m , 4H), 3.86 (m,



4H), 3.96 (s, 3H), 4.35 (§ = 4.2 Hz, 2H), 5.11 (s, 2H), 7.25 (s, 1H), 7.451H), 7.54 (t, 1H), 7.65 (d, 1H), 7.80
(s, 1H), 8.35 (s, 1H), 8.56 (= 5.4 Hz, 1H), 9.54 (s, LH}*C-NMR (100 MHz, DMSOd): & (ppm): 39.03, 52.57,
56.08, 68.10, 68.67, 68.86, 69.64, 69.91, 101.99,7B, 108.71, 117.56 (Hc.r= 9.0 Hz), 119.33 () = 23.8
Hz), 126.40 (d2Jcf = 12.2 Hz), 127.52, 129.57, 147.92 {d;.c = 207.3 Hz), 148.13, 152.94, 153.57, 155.42,
156.89, 157.92, 161.90, 164.7%-NMR (376 MHz, DMSOdy) : 8 (ppm): -115.55 (£Jy.- = 7.5 Hz).
N-(2-{2-[2-({4-[(2-Chloro-4-fluorophenyl)amino]-6-methoxy-quinazolin-7-yl}oxy)ethoxy]ethoxy}ethyl)-2-3-
nitro-[1,2,4]triazol-1-yl)acetamide (11b).Yellow solid powder with the yield of 54.9%; ESISVim/z = 605.17
[M+H]*; GC-HRMS calcd for GH,sCIFNgO; mVz = 605.1675 [M+H], found: 605.1671*H-NMR (400 MHz,
DMSO-<dg): & (ppm): 3.35 (tJ = 5.6 Hz, 2H), 3.56 (m, 4H), 3.87 (m, 4H), 3.9638l), 4.29 (tJ = 4.2 Hz, 2H),
5.14 (s, 2H), 7.23 (s, 1H), 7.30 (tt},= 9.6 Hz,J,= 2.8 Hz, 1H), 7.59 (m, 2H), 7.88 (s, 1H), 8.341(d), 8.57 (tJ

= 5.2 Hz, 1H), 9.58 (s, 1H}3C-NMR (100 MHz, DMSOd,): & (ppm): 39.47, 53.06, 56.57, 68.49, 68.52, 68.98,
69.11, 69.46, 108.60, 108.23, 109.11, 115.18¥d: = 22.2 Hz), 117.29 (dJcr = 25.7 Hz), 131.68 (dJc.r = 9.2
Hz), 132.60 (d3Jcr = 11.2 Hz), 133.38, 147.25, 148.57, 149.36, 153072 = 212.1 Hz), 158.10, 159.13,
161.57, 162.45, 165.32%F-NMR (376 MHz, DMSO#d) : & (ppm): -114.10.
N-(2-{2-[2-({4-[(3-Bromo-4-methylphenyl)amino]-6-mehoxy-quinazolin-7-yl}oxy)ethoxy]ethoxy}ethyl)-2-(3
nitro-[1,2,4]triazol-1-yl)acetamide (11c).Faint green solid powder with the yield of 66.6%SIBIS m/z =
645.14, 647.13 [M+H} GC-HRMS calcd for GH.gBrNgO; mVz = 645.1421, 647.1400 [M+H]found: 645.1423,
647.1401*H-NMR (600 MHz, DMSO#): & (ppm): 2.30 (s, 3H), 3.35 (1,= 5.4 Hz, 2H), 3.54 (m, 4H), 3.86 (m,
4H), 3.96 (s, 3H), 4.34 (§,= 4.2 Hz, 2H), 5.15 (s, 2H), 7.19 (s, 1H), 7.33XH), 7.78 (m, 2H), 8.10 (s, 1H), 8.49
(s, 1H), 8.50 (tJ = 4.2 Hz, 1H), 8.83 (s, 1H), 9.44 (s, 1FC-NMR (151 MHz, DMSOdg): 5 (ppm): 21.63, 38.92,
52.59, 56.26, 68.09, 68.17, 68.42, 68.48, 68.92,a4) 108.94, 121.16, 123.36, 124.81, 130.56, 1311.88.78,
146.82, 148.87, 152.66, 153.43, 159.92, 161.52,6864
N-(2-{2-[2-({4-[(3,4-Diflucrophenyl)amino]-6-methoxy-quinazolin-7-yl}oxy)ethoxy]ethoxy}ethyl)-2-(3-nitro-[
1,2 4]triazol-1-yl)acetamide (11d)Yellow solid powder with the yield of 42.2%; ESISVn/z = 545.20 [M+H];
GC-HRMS calcd for GH,eF,NgO; Mz = 589.1971 [M+H], found: 589.1968'H-NMR (400 MHz, DMSO€): &
(ppm): 3.35 (tJ = 5.6 Hz, 2H), 3.57 (m, 4H), 3.86 (M, 2H), 3.983Hl), 4.28 (m, 4H), 5.15 (s, 2H), 7.22 (s, 1H),
7.42 (dd,J; = 18.8 Hz,J,= 7.6 Hz, 1H), 7.56 (m, 1H), 7.84 (s, 1H), 8.09 (th)), 8.50 (s, 1H), 8.54 (§,= 5.6 Hz,
1H), 9.61 (s, 1H)®C-NMR (101 MHz, DMSOdg): & (ppm): 39.51, 53.09, 56.66, 68.43, 68.48, 68.409%,
69.42, 102.30, 108.31, 109.28, 111.36%,r = 22.4 Hz), 117.28 (FJcr = 16.6 Hz), 118.48, 137.03 @lcr =
8.6 Hz), 145.47 (dd-Jc.r = 237.4 Hz2)cr = 11.1 Hz), 147.44, 148.10, 148.98 (li}.- = 241.4 Hz2Jcr = 11.1
Hz), 149.38, 153.16, 153.92, 156.39, 162.40, 1865%NMR (376 MHz, DMSOd,) : & (ppm): -137.71 (d3Jxr

= 23.2 Hz), -145.07 (). = 23.2 H2).

4.2 Molecular docking section

Docking studies of compount@iOa with EGFR (PDB ID: 4123) and VEGFR-2 (PDB ID: 2RL5) nee
performed using vandetanib as a comparison. Theculzlr docking procedure was performed by the Glidek
method using Schrédinger software (Schrodinger Cadew York, NY, USA) as previously described [12].

Docking results were visualized using Chimera saféw@&ersion humber: 1.13).

4.3 Biological test section

All cell lines mentioned above were purchased f@efl Bank of China Science Academy (Beijing, China).
The above cells were cultured in RPMI-1640 (GibcopgGddSA) with 10% fetal calf seru'WEGFR-2 (Carna,
Cat.No 08-191,), EGFR (Carna, Cat.No 08-115), Peptidd-P22 (GL Biochem, Cat. No. 112393), ATP (Sigma,
Cat. No. A7699-1G) and staurosporine (MCE, Cat. No:-1$¥41) were used for kinase inhibitory assay. CCK-8
assay kit (BestBio Corp., Shanghai, China) were apjfied vitro anti-proliferative assays. Primer seqoes of



VEGF andp-actin (Sangon Corp., Shanghai, China) were use®/EGF/EGF gene expression inhibition tests.
Cobalt chloride hexahydrate was purchased from Sigldach (St. Louis, MO, USA). All of the test coropnds
were dissolved in DMSO for use.

4.3.1 Kinase inhibitory assay
14 target compounds, LYL-10 and vandetanib wereeserd in vitro using staurosporine as the reference

compound.Tested compounds angference compound were dissolved in DMSO to obdairg solutions with
different concentrations of 40M, 10 uM, 2.5 uM, 625 nM, 156 nM, 39 nM, 10 nM, 2 nM, 1 nM and &.
Transfer 1QuL of the compound from the source plate to a new8b plate as the intermediate plate. Addi@0
of 1x kinase buffer (50 mM HEPES, pH 7.5, 0.0015%-85) to each well of the intermediate plate. Mhe
compounds in an intermediate plate for 10 min oshaker. Transfer L of each well from the 96-well
intermediate plate to a 384-well plate in duplisattOuL of 2.5 x enzyme solutions were added to each wofell
the 384-well assay plate and incubated at room éeatpre for 10 min; then 16 of 2.5 x peptide solution were
added to each well of the 384-well assay plateiacabated at 28 °C for a specified period.j250f stop buffer
(100 mM HEPES, pH 7.5, 0.015% Brij-35, 0.2% Coatin@dgant, 50 mM EDTA) were added to stop reaction.
Collect conversion data from Caliper program; congertversion values to inhibition values by Equatibn

Percent inhibition (%) = (max-conversion)/(max-min}.00.
where “max” stands for DMSO control; “min” stands for l@m@ntrol.
Fit the data in XLFit excel add-in version 5.4.@&btain 1G, values by Equation (2):

Y=Bottom + (Top-Bottom)/(1+(IGy/X) HillSlope)

4.3.2In vitro anti-proliferative assay in hypoxia and normoxia

Evaluation of the anti-proliferative activity in pgxia and normoxia of the compounds was perfornsaogu
the CCK-8 assay as previously described [12]. In Rigoe irradiation group, cobalt (Il) chloride soloh was
added (except for blank group ashtroly, coc1,group) and incubated for 24 h, then was irradiateithe dose of
8 Gy for another 24 h at 37 °C in 5% £Q0uL CCK-8 solution was added to per well and incub&bednother
1 h. Measured absorbance at 450 nm in a plateraadecalculated for inhibition ratios.

Hypoxic sensitive enhancement ratietSER,,,) were calculated using Equation (3):

[hyp
Ithor + (1 - Irnor) X IrCoClz

HSERyyp =

Where Ir,, andlr,, mean the inhibition ratios of target compounds vandetanib in hypoxia and
normoxia;lrcec, Means the inhibition ratios of CoGyroup and CoGtirradiation group on A549 and H446
cells.

Irradiation-hypoxic sensitive enhancement ratldSER,,,+1r,) Was calculated using Equation (4):

1rhyp+1R
Irhyp + (1 - Irhyp) X IrCoClz+IR

HSERhypHR =

Where I, g means the inhibition ratios of target compoundsvandetanib in hypoxiatirradiation;
Ircoct,+1r Means the inhibition ratios of Cogirradiation group on A549 and H446 cells.

4.3.3Invitro VEGF gene expression inhibition assays
Evaluation of the VEGF gene expression levels imaxja and normoxia of the compounds was perfornsed a

previously described[12].

4.3.41n vivo anticancer activity assay
Mice were orthotopically implanted witim vitro cultured A549 cells (1 x 1Gells per mouse). After 6 or 7
days of cell inoculation, mice were divided int@gps, and the administration of tested compounds started.



Tumor dimensions were measured using a caliper tledody weight of animals was monitored dailymbu
volume (mnj) was calculated using the formul#xb)/2, wherea = shortest tumor diameter in millimeters, d@nd
= longest tumor diameter in millimeters. Tumor gtiounhibition (TGI) was calculated using Equatid):
TGI (%) = [1-(Vi-Vo)/ (Ve V etro)] * 100
Where { means tumor volume of treated mice ang; ¥hat untreated control animalsp &d V.o mean
tumor volumes of treated mice and control animath@ day starting the administration.
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Highlights

*Fourteen novel 4-anilinoquinazoline derivatives containing 3-nitro-1,2,4-triazole moiety with
dual EGFR/VEGFR-2 kinase inhibitory activities were designed and synthesized.

*Lead compounds, 10a and 10g, showed enhanced anti-proliferative activity on cancer cells
under hypoxia compared to vandetanib.

*10a and 10g not only inhibited tumor growth in A549 xenografts but also significantly reduce
toxicity associated with weight loss compared to vandetanib.



