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Abstract

In the past five years, our team had been committexdick chemistry
research, exploring the biological activity of B:Zjiazole by
synthesizing different target inhibitors. In thisudy, a series of novel
indole-2-one derivatives based on 1,2,3-triazoleaffsitls were
synthesized for the first time, and their inhibytaactivity on vascular
endothelial growth factor receptor-2 (VEGFR-2) wested. Most of the
compounds had shown promising activity in the VEGFRnNnase assay
and had low toxicity to human umbilical vein endsdial cells
(HUVECSs). The compound3d (ICso = 26.38 nM) had better kinase
activity inhibition ability than sunitinib (16 = 83.20 nM) and was less
toxic to HUVECs. Moreover, it had an excellent titory effect on
HT-29 and MKN-45 cells. On the one hand, by tubanfation assay,
transwell, and western blot analysis, compout@®d could inhibit
VEGFR-2 protein phosphorylate on HUVECs, therebyhibiting
HUVECs migration and tube formatiomn vivo study, the zebrafish
model with VEGFR-2 labeling also verified that caaopd13d had more
anti-angiogenesis ability than sunitinib. On th&eost hand, molecular
docking and molecular dynamics (MD) simulation fesishowed that
compoundl3d could stably bind to the active site of VEGFR-2sBd on
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the above findings, compounti3d could be considered an effective
anti-angiogenesis drug and has more developmem¢ ¥aan sunitinib.
Keywords: 1,2,3-Triazole; Anti-angiogenesis; VEGFR-2; Zelsiaf

1. Introduction

Angiogenesis is the formation of new blood vesssissprouting or
splitting from pre-existing blood vessels [1-4].pllys a critical role in
the pathogenesis of various disorders, most notiolywth and metastasis
of solid tumors [5]. The growth and metastasis whars require new
blood vessels to transport nutrients and oxygen\f&$cular endothelial
growth factor (VEGF) is a highly specific vascukemdothelial growth
factor that is overexpressed in most solid tum@fsExcessive VEGF in
solid tumors promotes the angiogenesis of adjddeotd vessels, and the
excessive production of blood vessels can causanthalance of the
metabolic microenvironment and accelerate tumorasion and
metastasis [6,8,9]. Therefore, anti-angiogenesianisessential form of
inhibiting tumor growth and metastasis [10-12].

Vascular endothelial growth factor receptor-2 (VEGE), as the vital
receptor of VEGF, which activated by VEGF initiatgsvnstream signal
transduction, ultimately leads to angiogenesis,otuproliferation, and
migration [7,13]. Therefore, a long-held concepttthnhibition of
VEGFR-2 would cause efficient anti-angiogenesis aadtitumor
response [14,15]. At present, the small moleculegGF¥R-2 inhibitors
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have emerged as promising anti-angiogenesis ageydasist a wide
variety of cancers, such as sorafenib, cabozantamol sunitinib, and
applied in clinical cancer therapyFig. 1) [16-18]. However,
chemotherapy drugs can cause specific adverseefidets and affect
patients' health [19]. Therefore, it is necessaryfihd low toxicity

VEGFR-2 inhibitors with a novel structure to trezncer and enrich
VEGFR-2 inhibitors [7].

In the course of identifying various chemical fragnts that could
serve as a scaffold for novel anti-angiogenesisntageour programs
began with the indolin-2-one derivative sunitingdbpotent multitargeted
kinase inhibitor of VEGFR-2, PDGFR, and c-KIT kieas[20-22]. The
privileged indolin-2-one scaffold (red dashed regta in Fig. 1) was
regarded as the most promising pharmacophore lgrtdithe active site
of VEGFR-2 kinase [23,24]. Moreover, it should beinped out that
numerous indolin-2-one derivatives have been redoras potent
antitumor agents [23,25-28]. Therefore, the ind@Hane scaffold was
selected as a nucleus to develop a new VEGFR-2bitohi The
combination principle of multiple pharmacophoreg fiteveloping a
single molecule usually may enhance biologicalvagtiand improve
bioavailability [29]. In our previous work, inspaddy various biological
properties of 1,2,3-triazole (blue dashed rectangkag. 1), which could
bind with biomolecular targets to fulfill its eneiged role as potential
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pharmacophore [30-32], two series of 1,2,3-triaztdevatives 7S-13n,
B-10n in Fig. 1) had been independently reported as potent ardgitum
agents in our laboratory [33-35].

Based on the findings mentioned earlier, we havenhaespired to
design and synthesize a series of novel derivatieesed by insertion of
a 1,4-diphenyl-H-1,2,3-triazole moiety on the active nucleus of
indolin-2-one through an ethylene briddgad. 1). Herein, twenty-eight
novel indolin-2-one derivatives bearing 1,2,3-tol@z moiety and their
VEGFR-2 kinase inhibitory activity were reportedh€Be derivatives
exhibited potent inhibition of VEGFR-2 tyrosine kse activity and
efficiently inhibited angiogenesis with less toxycin vitro andin vivo,
suggesting that these derivatives could be corsid@romising lead

compounds for further development of novel antitaggnesis agents.
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Fig. 1. Structures of sorafenib, cabozantinib, sunitinils-1I3n, B-10n
and design of the target compounds.
2. Results and discussion
2.1. Chemistry

The synthetic pathway adopted to prepare novel
indole-2-one-1,2,3-triazole derivatives13g14n) was depicted iIn
Scheme 1 First, the preparation of different substitutemida benzene

(2a-2n) involved diazo-reaction and displacement reactatth sodium
6
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azide (NaN) (synthetic detail procedure is given in the Exmpental
section) [35]. Click chemistry is a practical apgecb for generating a
1,2,3-triazole unit [34]. The novel intermediatds-4n) were obtained in
high yields via Cu (I)-catalyzed azide-alkyne cymddition (CUAAC)
between aryl-azide2&2n) and commercial 4-ethynylbenzaldehy®® (
in the presence of sodium ascorbate and GUZHO as a catalyst in
DMF and water mixture as the solvent system [38p TompoundS8-10
were prepared from compoungiss via Sandmeyer's method described in
the literature [37,38], reduced which using hydnazhydrate to give
compound 11-12 [39]. Finally, the title compoundsl8a-14rn were
accomplished by employing Claisen-Schmidt condemsatreaction
between indolin-2-ones1{-12 and various 1,2,3-triazole aromatic
aldehydes 4a-4n) with a catalytic amount of piperidine as a base, |

41].
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Scheme 1Reagents and conditions: (i) NaiJ®ICl, NaN;,, CH,Cl,, H,O,
0-5C, 3-5 h; (ii) CuSQ@ 5H,0, ascorbic acid, KI, DMF, }D, 50C, 6-10
h: (iii) chloral hydrate, Ng80O,, NH,OH- HCI, HCI, H,0, 85C, 3 h; (iv)
conc HSO,, 60C, 0.5 h, 9C 1.5 h; (v) NH, * H,O, EtOH, HO, 100C,
10 h; (vi) EtOH, piperidine, 8C, 4-8 h.

The known intermediate8-12 and novel intermediate4a-4n were
characterized by melting points and spectroscagshbrtiques'H NMR,
ESI-MS), and the target compoundS84-14r) also were characterized by
melting points and spectroscopic techniqdesNMR, *C NMR, HRMS,
and FT-IR). The melting points of intermediat8sl?2 approximately
matched with melting points data in existing literas [42,43].

Since the indole-2-one derivative has an exocydtiable bond, the
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target compounds could exist in the form Bfor Z isomers. As for
compound13m, 14a 14b, 14j, 14k, and 14m, the '"H NMR spectra
revealed the existence of their insepardblé mixtures, even th&/Z
ratios using the corresponding chemical shifts srtelgrals. However,
because we could not separate them from the sijeh column
chromatography or conventional method, tf@ NMR spectra of these
mixtures were not shown.

Although several documents had reported that thedoga of title
compounds obtained in the similar synthetic methadere
Z-configurations [44,45], confirmation of the stethemistry of
indole-2-one-1,2,3-triazole derivatives still beuesite. Thus, the most
potency compound3d, as the representative compound, was chosen to
undergo the NOESY experiment. The NOE correlatiéig.(2) between
Hs (0=7.73 ppm) and H (0=7.85 ppm) suggested that the isomer
obtained correspond #@-configuration Z-13d), which should not exist in
E-configuration E-13d). This result also illustrated that other compaind

(exceptl3m, 144 14b, 14j, 14k, and14m) also wereZ isomers.
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Fig. 2.NOESY of the representative compoutf&Ht.

2.2. Biological evaluation

2.2.1. VEGFR-2 inhibitory assay in vitro and structure-activity
relationship study (SAR)

To evaluate the inhibitory effects of sunitinio aall indole-2-one
derivatives based on 1,2,3-triazole scaffoldS8af14r) on VEGFR-2
kinase activity, VEGFR-2 inhibitory assay was aadrout and the results
were summarized ifable 1. Based on the VEGFR-Rinase activity
evaluation, the preliminary structure-activity teaship (SAR) in this
work was summarized.

10



1 Table L The IG, value of compoundslBa-14r) and sunitinib against

2 VEGFR-2, HT-29 celldiIKN-45 cells, and HUVECSs.

ICs0”
Compd R' R® VEGFR-2 HT-29 MKN-45(uM) HUVECs
NO. (M) (M) (M)
13a H T 9311#1.95 7.07¢1.10 11.59:0.81 12.68+1.69
CH,
13b H f@ 110.60£2.37 8.71+0.48  9.77+0.86  14.69:0.93
13c H “T " 44674094 3.94+0.38  4.69+0.24  13.700.13
13d H Tl 26.38+1.09 161:045 1924037  7.94:0.36
13e H \f@ 115.42+2.37 10.53+0.79 12.540.97  19.26+1.07
13f H (7 200 >20 >20 >20
139 H \*’;@\F 198.54+1.37 17.73+3.80 16.70+0.82  14.71:0.23
Cl
13h H ¥ >200 >20 >20 >20
13; H (77 >200 >20 >20 >20
13] H ;Q\ 162.81+2.36 13.99£0.41 16.2120.99  18.24%0.58
CN
13k H ¥ 169.42+1.45 14.39+1.44 14.6320.53  19.72+1.02
\;é CN
13| H (T >200 >20 >20 >20

11



13m

13n

14a

14b

14c

14d

14e

14f

149

14h

14i

14

14k

14|

14m

¥
2,
5 cl

178.91+1.36 15.78+2.55

108.36+0.88 9.67+0.39

99.67+0.73 8.12+1.29

71.55+0.16  5.87+0.32

89.16+0.63 7.32+0.64

36.90+0.54 3.98+0.61

139.50+1.65 8.98+0.42

171.12+1.09 12.97+0.72

192.51+0.47 >20

119.93+1.36 5.95+0.27

186.44+1.02 10.46+0.43

170.18+2.19 11.24+0.86

187.24+2.88 13.98+0.43

193.41+0.97 >20

190.07+1.98  >20

12

>20

8.89+0.42

11.13+0.17

7.21+1.90

6.81+1.49

34.62+0.34

8.51+0.54

8.19+1.30

>20

7.54+0.55

14.08+0.88

15.81+0.52

15.21+0.73

>20

>20

>20

>20

13.70+0.13

8.63+0.27

9.88+0.76

13.83+0.42

14.36+1.99

17.25+1.22

>20

18.24+0.58

19.42+0.59

19.58+2.14

>20

>20

>20



14n

F ‘i\@{ 168.89+2.34 16.52+¢0.77  >20 20

sunitinib - - 83.20+1.36 10.34+0.96 9.25+0.77  6.37%+0.59
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a: ICso values are presented as mean values of at leasé timdependent
determinations.

We found that compared to the positive drug (soitiCsy = 83.20
nM), most compounds exhibited excellent inhibitagtivity against
VEGFR-2. The semi-inhibitory concentration s§Cvalue of seven
compounds X3a, 13¢ 13d, 14a14d) was less than 100 nM, which all
showed excellent inhibition to VEGFR- 2. Furthermoi3d (ICgs =
26.38 nM) andl4d (ICso = 36.9 nM) exhibited the best activities among
them.

Moreover, we analyzed the effect of two substitudioof the
indolin-2-one,13a-13n(R; = H) and 14a-14n(R,= F) possessed similar
ICso values for each comparison. It showed that thetgubon effect of
the indole-2-one part might not have too obvioudu&aon the
structure-activity relationship. Then, concerningpe t activity of
derivatives with an unsubstituted or substitutednyh group attached to
triazole scaffold, incorporation of unsubstituteaepyl group or phenyl
substituted by electron-donating groups led to comps13a-13dand
14a-14d with the better inhibitory action on VEGFR-2 r@lat to the
electron-withdrawing groups substituted analdi®e(13nandl14e-14r).

Furthermore, the activity of tolyl substituted amtsubstituted derivatives

13
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was 4-CH>3-CH;>2-CH;>H. Besides, there was no significant
difference in the inhibitory activity between elext-withdrawing groups.

The results showed that the phenyl side groups tifulesl with
electron-donor groups might significantly influenioelole 1,2,3-triazole
scaffolds' increased potency. In contrast, eleewvithdrawing groups
might have a common effect or decrease the inmmpitxtivities of
scaffolds.
2.2.2. HT-29 cédll lines, MKN-45 cdll lines, HUVECs proliferation assay
invitro

CCK-8 assay was used to explore the effects oktazgmpounds on
the cell proliferation of human colon cancer (HT-2@ll lines,human
gastric cancer (MKN-45) cell lines, and human umhllvein endothelial
cells (HUVECSs).The positive control sunitinib was also conducted t
assess the inhibitory abilities of cell prolifedati of all compounds,
shown as Ig, values, and summarized fable 1 Including the most
potency compound3d verified by the VEGFR-2 kinase inhibition assay,
the target compounds' overall toxicity to HUVECssviawer than that of
sunitinib.Furthermore, compount3d had a good effect on inhibiting cell
viability for HT-29 and MKN-45 cells. Interestinglgombined with the
VEGFR-2 kinase inhibition assay results, the conmadiBd could inhibit
the kinase activity of VEGFR-2 more effectively thaunitinibin vitro
and simultaneously had less toxic to HUVECs.
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2.2.3. Anti-angiogenesis effect in vitro

Based on the above experimental results, comp&@ddad the most
potential to become a VEGFR-2 inhibitor. Therefdhe, inhibitory effect
of compoundl3d on angiogenesis was further explored. Transwel wa
used to explore the inhibitory ability of compouh8d on HUVEC cell
migration, and the results were shownFig. 3A. As the compound
concentration increased, the migration ability o\HECs decreased,
signified that the changes have occurred in a curaon-dependent
manner. Since compound3d was less toxic to HUVECs at low
concentrations, the facts excluded the migratonybition of compound
13d caused by toxic effects. At the same time, HUVE®@3e treated
with the same concentration of compoubh®d to explore its effect on
HUVECS' ability to form tubules, and the resultsrevehown inFig. 3B.
Similarly, the tube formative length decreased wita concentration of
13dincreased.

These data indicated that compouth8d could inhibit HUVECs
migration and tube formatiom vitro, which was an essential step in

inhibiting angiogenesis.
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Fig. 3. Compound 13d inhibited HUVECs migration and the tube
formation. @A) Transwell analyzed the inhibitory effects cdmpound
13d on HUVECs migration. ) Effects of compound.3d on the tube
formation of HUVECSn vitro.
2.2.4. \\estern blot analysis and anti-angiogenesis research in vivo.
Furthermore, Western blot was carried out to amalWEGFR-2
protein's phosphorylation on HUVECs cell membrarags different
compound concentrations. The results were shovwkigare 4A. As the
concentration of compound.3d increased, the phosphorylation of

VEGFR-2 in HUVECs decreased. That is, the activatd VEGFR-2
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decreased. Simultaneously, to verify the effectcompound13d on
inhibiting angiogenesisn vivo, four groups of blood vessel-specific
fluorescent transgenic zebrafish, in a total of 4@gre used for
anti-angiogenesis research. Zebrafish is curretitly ideal vascular
biology research and anti-tumor angiogenesis drnguation model,
which can intuitively observe angiogenesis. Thailtsswere shown in
Fig. 4B. At a 40 mg/L concentration, compouri8d had a better
inhibitory effect on zebrafish internode vasculks\{) angiogenesis than
sunitinib. Also, compound3d even effectively inhibited zebrafish ISV
regeneration at a lower concentration (20 mg/L).

In general, compounti3d could effectively inhibit the phosphorylation
of VEGFR-2 with better anti-angiogenesis abilityarthsunitinibin vivo.

These results were significantly different.

17
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Fig. 4. The compound.3d could inhibit the phosphorylation of VEGFR-2
and the angiogenesis of zebrafish microvess@l\Mestern blot analysis

of the phosphorylation changes of VEGFR-2 with @asing compound

13d concentration.R) The effects of compounti3d and sunitinib on the

neovascularization of zebrafismvivo.

2.3. Molecular modeling

2.3.1. Molecular docking study

Molecular docking simulations were performed usvi@E (Molecular
Operating Environment, version 2016.08, Chemicam@ating Group
Inc., Canada) software to study the possible bopdattern of target
compounds in the active site of VEGFR-2. Moreotleg, crystal structure
of VEGFR-2 in complex with sunitinib (PDB ID: 4AGDQyas adopted in
the docking calculations. The best docking confdionaof the potent
compoundl3d based on the compound activity against VEGFR-2aden
was selected as the most probable binding confasmaihe positive
drug sunitinib, as the co-crystallized ligand, wasdocked using the
same procedure 48d.

The re-docking result demonstrated that sunitiki.(5B) could stack
well with the original ligand Kig. 5A), two H-bonds predicted by the
simulation of sunitinib were exactly the same tostn existed in the
crystal structure, and the Arene-H conjugates werghly the same.
These data strongly certified the feasibility ofe tlsimulation and

19
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rationalized the predictive interactions of the eound 13d with
VEGFR-2 Fig. 50).

The docking conformation of compountd in the binding site
showed that carbonyl on the indole fragment forraesgtrong H-bond
with Phel047, the lateral phenyl and the phenylugrdnked to the
indole formed Arene-H conjugates with Val848 andi&40, respectively.
By contrast, either H-bonds or the Arene-H intecad of 13d were less
than sunitinib. Simultaneously, as a whole moleculdd spatially
extended more in-depth into the pocket of protehis provided a
reasonable explanation that compouli8d had better kinase activity
inhibition ability than sunitinib, which was coniied by the VEGFR-2

kinase assay.

20



Fig. 5. The 2D diagram and 3D representation of origimgadd @A),
sunitinib B) and compound.3d (C) showing their interactions with the
VEGFR-2 active site (PDB code: 4AGD).
2.3.2. Molecular dynamics (MD) simulation

Based on the compound activity against VEGFR-2danghe docking
conformation of the potent compout8d obtained in MOE (Molecular

21
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Operating Environment) was selected to conduct cutde dynamics
(MD) simulation in-depth the binding pose. MD sim@tibn was then
carried out in explicit agueous solution for 10 Rer comparison, MD
simulation of positive control sunitinib in complexth VEGFR-2 was
also performed.

The stability of two systems under simulation wasleated by the

root-mean-square deviation (RMSD) of the backbdama related to the

starting structuresHg. 6). As can be seen in the plots, all systems were

stable during the 10-ns MD simulation; the valuds RMSD of
compoundl3d remained between 2 and 2.5 A afeaching the summit,

which demonstrated that the hit compouti®id was stabilized in the

active site.
o
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Fig. 6. RMSD tendency of two system&3d and sunitinib) versus time in
the 10 ns MD simulation.
2.4. Toxicity prediction

Table 2 The pharmacokinetic studiesI8d and sunitinib.

Compound Pharmacokinetic studies

NO. Water Plasma protei Acute Oral Tetrahymena
solubility ° binding ° Toxicity ¢ pyriformis ©

13d -3.051 0.831 1.773 1.299

Sunitinib  -3.217 0.914 2.683 1.653

® unit: logS;® unit: 100%:% unit: kg/mol;®unit: pIGGsy (ug/L).

As a comprehensive and open-source tool, admetSAR wsed to
predict13d and sunitinib's toxicity, and the results were shawTable 2
[46]. Since the acute oral toxicity units and Teym@ena pyriformis are
kg/mol and plGG, (ug/L), respectively (the lower value represents th
lower toxicity), compoundL3d had low toxicity than sunitinib in both
toxicity prediction assays, which inconsistent wthie result of HUVECs
proliferation assay.

3. Conclusion

The newly synthesized indolin-2-one derivatives edas on
1,2,3-triazole scaffolds, evaluated as VEGFR-2 hitbrs, showed
promising activity in the VEGFR-2 kinase inhibitiassay. Among them,
compound 13d showed better activity inhibition on VEGFR-2 and
lowered toxicity to HUVECs, and had an excellerttilntory effect on
HT-29 and MKN-45 cells than sunitinidranswell and tube formation

experiments showed that compouh8d inhibited HUVECs migration
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and tube formation ability in a concentration-deget manner.
Furthermore, western blot analysis manifested camg@gal3d could
decrease the phosphorylation of VEGFR-2 in HUVE&dhe same time,
by using VEGFR-2 specific fluorescent transgenidoraésh, the
inhibitory effect of compound3d on angiogenesis was verifiéa vivo.
Besides, the rationality and scientificity of maléar design were verified
by docking research and molecular dynamics sinariati

In conclusion, we designed and synthesized comp&@dds a novel

VEGFR-2 inhibitor that is more effective, less txihan sunitinib.

Compound 13d provided a better choice for drug research and the

development of new VEGFR-2 inhibitors.
4. Experimental
4.1. Chemistry

4.1.1. General methods
Unless otherwise stated, all chemical reagents soldents were

purchased from commercial sources and can be usbdutv further
purification. Melting points were measured on ailtagy electrothermal
melting point apparatus without calibration. By nthilayer
chromatography (TLC), using GF254 silica gel froom@lao Ocean
Chemical Company (Qingdao, China), the reactiongm@ss was
monitored with a fluorescent indicator on a 254ntasg plate and
visualized by ultraviolet light. Column chromatoghy was performed
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using silica gel (200-300 mesh) from Qingdao Odgéhamical Company
(Qingdao, China), recordéti NMR and**C NMR spectra on a Bruker
AMX500 (*H at 500 MHz, °C at 126 MHz) magnetic resonance
spectrometer at ambient temperature. All NMR speutere recorded
using DMSOdg as a solvent, and chemical shifts were reporteplpm
(parts per million) relative to tetramethylsilan€EMS) as an internal
standard.

4.1.2. The synthesis of substituted azido benzenes (2a-2n)

Compound?a was synthesized by using the following procediicea
stirred solution of anilin€la) (3.00 g, 32.21 mmol) in dichloromethane
(120 mL) were added 30 mL of aqueous NaN@67 g, 38.66 mmol)
solution and 37% concentrated hydrochloric acid IJHC3 mL)
successively. After 0.5 h of stirring atd) a solution of sodium azide
(NaNs) (2.93 g, 45.10 mmol) dissolved in water (20 mLaswadded
dropwise, and the reaction mixture was kept stir@ 0-5C for 3-5 h.
The progress of the reaction was monitored thrahghTLC test. After
the reaction was completed, the organic phase e@arated and washed
with brine, dried over anhydrous pBO,, filtered, and the solvent was
removed under reduced pressure. The residue waseg@uoy column
chromatography on silica gel using petroleum etioerafford the title
compound as pale yellow oil liquid.

Compounds 2b-2n were prepared using the identical synthetic
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procedure aga
4.1.3. The synthesis of substituted azido benzenes (4a-4n)

Compound4a was synthesized by using the following procedure:
Reaction of commercially 4-ethynylbenzaldehy@8e((.00 g, 7.68 mmol)
with azidobenzene?g) (1.01 g, 8.45 mmol) in 15 mL of DMF proceeded
at 50C for 5 h in the presence of 4 mL of aqueous copngfate
pentahydrate (CuSebH,0) (0.15 g, 0.60 mmol), ascorbic acid (0.15 g,
0.85 mmol) and a catalytic amount of KI. The pregref the reaction
was monitored through the TLC test. After the rigacivas completed,
the reaction was added 100 mL of water and exuacith ethyl acetate
(3100 mL).The combined extracts were washed with brine, doneer
anhydrous N#50,, filtered, and the solvent was removed under reduc
pressure. The crude residwas purified by column chromatography on
silica gel using ethyl acetate/petroleum etherffare the title compound
as pale yellow solid.

Compounds 4b-4n were prepared using the identical synthetic
procedure ada
4.1.3.1. 4-(1-phenyl-1H-1,2,3-triazol-4-yl)benzal dehyde (4a)

Light yellow solid, yield: 49.52%, mp: 187G '*H NMR (500 MHz,
DMSO-ds) § 10.04 (s, 1H, CHO), 9.50 (s, 1Hstriazole), 8.18 (dJ = 7.6
Hz, 2H, Ar-H), 8.05 (d,J = 7.5 Hz, 2H, Ar-H), 7.97 (d] = 7.8 Hz, 2H,
Ar-H), 7.65 (t,J = 7.4 Hz, 2H, Ar-H), 7.54 (t) = 7.3 Hz, 1H, Ar-H).
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ESI-MS [M+H]" m/z: 250.13.
4.1.3.2. 4-[ 1-(o-tolyl)-1H-1,2,3-triazol-4-yl ] benzal dehyde (4b)

Light yellow solid, yield: 45.15%, mp: 119& ‘H NMR (500 MHz,
DMSO-de) § 10.04 (s, 1H, CHO), 9.16 (d,= 1.5 Hz, 1HH-triazole),
8.18 (s, 2H, Ar-H), 8.04 (d] = 3.1 Hz, 2H, Ar-H), 7.52 (s, 3H, Ar-H),
7.46 (s, 1H, Ar-H), 2.23 (s, 3H, GHESI-MS [M+H] m/z: 264.15.
4.1.3.3. 4-[ 1-(mrtolyl)-1H-1,2,3-triazol-4-yl] benzal dehyde (4c)

Light brown solid, yield: 44.12%, mp: 174G 'H NMR (500 MHz,
DMSO-ds) 6 10.04 (s, 1H, CHO), 9.48 (s, 1Hstriazole), 8.17 (d) = 7.7
Hz, 2H, Ar-H), 8.04 (d) = 7.7 Hz, 2H, Ar-H), 7.80 (s, 1H, Ar-H), 7.75 (d,
J=7.5Hz, 1H, Ar-H), 7.52 (1] = 7.7 Hz, 1H, Ar-H), 7.35 (d] = 7.0 Hz,
1H, Ar-H), 2.44 (s, 3H, CH). ESI-MS [M+H] m/z: 264.15.
4.1.3.4. 4-[ 1-(p-tolyl)-1H-1,2,3-triazol -4-yl] benzal dehyde (4d)

Light brown solid, yield: 46.14%, mp: 189.4-19€3'H NMR (500
MHz, DMSO<dg) § 10.04 (s, 1H, CHO), 9.46 (d] = 1.8 Hz, 1H,
H-triazole), 8.17 (dJ = 6.4 Hz, 2H, Ar-H), 8.04 (dl = 6.4 Hz, 2H, Ar-H),
7.84 (d,J = 6.4 Hz, 2H, Ar-H), 7.45 (d] = 6.6 Hz, 2H, Ar-H), 2.40 (s, 3H,
CHs). ESI-MS [M+H] m/z: 264.16.
4.1.3.5. 4-[ 1-(2-fluorophenyl)-1H-1,2,3-triazol-4-yl] benzal dehyde (4€)

Light yellow solid, yield: 46.26%, mp: 126@. *H NMR (500 MHz,
DMSO-dg) 6 10.05 (s, 1H, CHO), 9.30 (s, 1Hstriazole), 8.20 (dJ = 7.1
Hz, 2H, Ar-H), 8.04 (dJ) = 7.2 Hz, 2H, Ar-H), 7.93 (t) = 7.6 Hz, 1H,
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Ar-H), 7.64 (d,J = 10.4 Hz, 2H, Ar-H), 7.49 (1] = 6.8 Hz, 1H, Ar-H).
ESI-MS [M+H]" m/z: 268.10.
4.1.3.6. 4-[ 1-(3-fluorophenyl)-1H-1,2,3-triazol-4-yl] benzal dehyde (4f)
Light brown solid, yield: 44.25%, mp: 179®@ 'H NMR (500 MHz,
DMSO-dg) 5 10.03 (s, 1H, CHO), 9.53 (s, 1Hstriazole), 8.15 (d) = 7.8
Hz, 2H, Ar-H), 8.04 (dJ = 7.8 Hz, 2H, Ar-H), 7.90 — 7.83 (m, 2H, Ar-H),
7.72 — 7.66 (m, 1H, Ar-H), 7.39 (1 = 8.4 Hz, 1H, Ar-H). ESI-MS
[M+H]* m/z: 268.09.
4.1.3.7. 4-[ 1-(4-fluorophenyl)-1H-1,2,3-triazol -4-yl] benzal dehyde (49)
Yellow solid, yield: 46.54%, mp: 2036. 'H NMR (500 MHz,
DMSO-dg) 6 10.04 (s, 1H, CHO), 9.47 (s, 1H;triazole), 8.16 (d) = 6.8
Hz, 2H, Ar-H), 8.07 — 7.94 (m, 4H, Ar-H), 7.51 (dbiz 9.1, 4.8 Hz, 2H,
Ar-H). ESI-MS [M+H] m/z: 268.10.
4.1.3.8. 4-[ 1-(2-chlorophenyl)-1H-1,2,3-triazol-4-yl] benzal dehyde (4h)
Light yellow solid, yield: 42.05%, mp: 121@ 'H NMR (500 MHz,
DMSO-ds) 6 10.04 (s, 1H, CHO), 9.26 (s, 1H;triazole), 8.19 (d) = 7.8
Hz, 2H, Ar-H), 8.04 (d,J) = 7.8 Hz, 2H, Ar-H), 7.82 (t) = 8.0 Hz, 2H,
Ar-H), 7.68 (t,J = 7.6 Hz, 1H, Ar-H), 7.63 (tJ = 7.5 Hz, 1H, Ar-H).
ESI-MS [M+H]" m/z: 284.03.
4.1.3.9. 4-[ 1-(3-chlorophenyl)-1H-1,2,3-triazol-4-yl] benzal dehyde (4i)
Light yellow solid, yield: 46.15%, mp: 191@ 'H NMR (500 MHz,
DMSO-ds) 6 10.04 (s, 1H, CHO), 9.57 (s, 1Hstriazole), 8.15 (d) = 6.1
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Hz, 2H, Ar-H), 8.09 (s, 1H, Ar-H), 8.04 (d,= 4.7 Hz, 2H, Ar-H), 7.98 (d,
J=6.3 Hz, 1H, Ar-H), 7.68 (] = 6.2 Hz, 1H, Ar-H), 7.61 (d] = 6.1 Hz,
1H, Ar-H). ESI-MS [M+H] m/z; 284.13.
4.1.3.10. 4-[ 1-(4-chlorophenyl)-1H-1,2,3-triazol -4-yl] benzal dehyde (4)
Light brown solid, yield: 38.95%, mp: 202G 'H NMR (500 MHz,
DMSO-dg) 6 10.04 (s, 1H, CHO), 9.53 (s, 1H;triazole), 8.16 (dJ = 8.1
Hz, 2H, Ar-H), 8.04 (dJ = 8.2 Hz, 2H, Ar-H), 8.00 (dJ = 8.8 Hz, 2H,
Ar-H), 7.73 (d,J = 8.8 Hz, 2H, Ar-H). ESI-MS [M+H]m/z: 284.11.
4.1.3.11. 2-[4-(4-formylphenyl)-1H-1,2,3-triazol-1-yl] benzonitrile (4K)
Light brown solid, yield: 49.42%, mp: 217G 'H NMR (500 MHz,
DMSO-dg) 6 10.06 (s, 1H, CHO), 9.44 (s, 1Hstriazole), 8.20 (d) = 7.7
Hz, 3H, Ar-H), 8.07 (dJ = 7.8 Hz, 2H, Ar-H), 8.01 (d] = 16.1, 7.9 Hz,
2H, Ar-H), 7.82 (tJ = 7.5 Hz, 1H, Ar-H). ESI-MS [M+H]m/z: 275.12.
4.1.3.12. 3-[4-(4-formylphenyl)-1H-1,2,3-triazol-1-yl] benzonitrile (4l)
Light brown solid; yield: 43.19%, mp: 102G 'H NMR (500 MHz,
DMSO-de) 6 10.04 (s, 1H, CHO), 9.60 (s, 1H;triazole), 8.48 (s, 1H,
Ar-H), 8.34 (d,J = 7.4 Hz, 1H, Ar-H), 8.14 (d) = 7.4 Hz, 2H, Ar-H),
8.03 (dd,J = 21.2, 6.6 Hz, 3H, Ar-H), 7.86 (f = 7.8 Hz, 1H, Ar-H).
ESI-MS [M+H] m/z: 275.13.
4.1.3.13. 4-[ 4-(4-formyl phenyl)-1H-1,2,3-triazol - 1-yl] benzonitrile (4m)
Light brown solid, yield: 44.05%, mp: 113G 'H NMR (500 MHz,
DMSO-dg) 6 10.04 (s, 1H, CHO), 9.64 (s, 1Hstriazole), 8.19 (dJ = 8.8
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Hz, 2H, Ar-H), 8.15 (d,) = 6.7 Hz, 4H, Ar-H), 8.04 (d] = 8.1 Hz, 2H,
Ar-H). ESI-MS [M+H]" m/z: 275.10.

4.1.3.14.

4-{1-[ 4-chloro-3-(trifluoromethyl)phenyl] -1H-1,2,3-triazol -4-yl } benzal de
hyde (4n)

Light yellow solid, yield: 45.64%, mp: 209@ 'H NMR (500 MHz,
DMSO-dg) 0 10.03 (s, 1H, CHO), 9.66 (s, 1H;triazole), 8.40 (s, 1H,
Ar-H), 8.30 (d,J = 8.7 Hz, 1H, Ar-H), 8.13 (dJ = 7.9 Hz, 2H, Ar-H),
8.03 (t,J = 8.6 Hz, 3H, Ar-H). ESI-MS [M+H]m/z: 352.10.

4.1.4. The synthesis of substituted 2-(hydroxyimino)- N- phenylacetamide
(7-8)

Compound?7 was synthesized by using the following procediiea
stirred solution of anhydrous sodium sulfate (40g0@281.62 mmol) in
water (150 mL), chloral hydrate (10.00 g, 60.46 rym@as added. Then
the commerciallyaniline &) (3.00 g, 32.21 mmol), 37% concentrated
hydrochloric acid (3.6 mL), and hydroxylamine hychtoride (8.30 g,
119.45 mmol) were sequentially added. The mixtuas stirred at 8C
for 3 h. After the reaction was completed, the tieacsystem was cooled
to room temperature, filtered and dried to obtaiorade product as a
brown solid, which was uesd in the next step withpurification.

Compound8 were prepared using the identical synthetic promeas
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4.1.5. The synthesis of substituted indoline-2,3-dione (9-10)

Compound9 was synthesized by using the following procedwue:
round bottom flask was charged with compoun@.00 g, 12.18 mmol)
and concentrated sulfuric acida$0, (30 mL). After 0.5 h of stirring at
60 C, the temperature of the reaction mixture wastats 90C for 1.5 h.
After the reaction was completed, the reactionesystvas cooled to room
temperature and poured into ice water (80 mL). 3dl& precipitate was
filtered with suction, washed with water (4x50 ndr)d dried. The crude
residuewvas purified by column chromatography on silica gghg ethyl
acetate/petroleum ether to obtain an orange soiid {94C).

CompoundL0 (mp: 225C) were prepared using the identical synthetic
procedure a8.

4.1.6. The synthesis of substituted indolin-2-one (11-12)

Compoundll was synthesized by using the following procediicea
solution of compoun® (2.00 g, 14.00 mmol) in ethanol (50 mL) was
added 80% hydrazine hydrate (12.78 g, 203.90 mamal)water (30 mL).
The reaction mixture was stirred at i0Cor 10 h. The progress of the
reaction was monitored through the TLC test. Aftiee reaction was
completed, the solvent was removed under reducesspre. The crude
residuewvas purified by column chromatography on silica gghg ethyl
acetate/petroleum ether to afford the title comgloas pale yellow solid.

Compoundl2 were prepared using the identical synthetic proceds
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11.
4.1.6.1. indolin-2-one (11)

Light yellow solid, yield: 72.06%, mp: 122@& 'H NMR (500 MHz,
DMSO-dg) 6 10.38 (s, 1H, N-H), 7.22 — 7.11 (m, 2H, Ar-H), $.,J =
7.4 Hz, 1H, Ar-H), 6.81 (dJ = 7.7 Hz, 1H, Ar-H), 3.45 (s, 2H, GH
ESI-MS [M+H] m/z: 134.03.
4.1.6.2. 5-fluoroindolin-2-one (12)

Light yellow solid, yield: 62.14%, mp: 142@. 'H NMR (500 MHz,
DMSO-dg) & 10.35 (s, 1H, N-H), 7.08 (d,= 8.4 Hz, 1H, Ar-H), 6.97 (1]
= 9.4 Hz, 1H, Ar-H), 6.77 (d) = 4.1 Hz, 1H, Ar-H), 3.48 (s, 2H, GH
ESI-MS [M+H] m/z: 152.06.

4.1.7. The synthesis of target compounds (13a-14n)

Compoundl13a was synthesized by using the following procedure:
Reaction of indolin-2-onesly) (1.00 g, 7.51mmol) with compourth
(2.06g, 8.26 mmol) in ethanol (35 mL) was proceeate®0C for 4-8 h in
the presence of catalytic amount of piperidine. Tregress of the
reaction was monitored through the TLC test. Aftiee reaction was
completed, the reaction system was cooled to roempérature. The
precipitate thus formed were collected by filtratiavashed with ethanol
(2x15 mL), and dried to yield pure target compour8h in moderate
yield.

Compoundl13b-14nwere prepared in moderate to good yields using
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the identical synthetic procedure3a.
4.1.7.1.
(2)-3-[4-(1-phenyl-1H-1,2,3-triazol-4-yl)benzylidene] indolin-2-one (13a)

Yellow powder, yield: 62.44%, mp: 243 FI-IR (KB, vmayx Crid):
3431 (NH), 1704 (C=O)}'H NMR (500 MHz, DMSO¢) 6 10.64 (s, 1H,
N-H), 9.43 (s, 1H, H-triazole), 8.10 (d= 7.8 Hz, 2H, Ar-H), 7.98 (d] =
7.7 Hz, 2H, Ar-H), 7.86 (dJ = 7.7 Hz, 2H, H-vinylic, Ar-H), 7.68 — 7.62
(m, 4H, Ar-H), 7.54 (tJ = 7.2 Hz, 1H, Ar-H), 7.25 (t) = 7.5 Hz, 1H,
Ar-H), 6.88 (t,J = 7.8 Hz, 2H, Ar-H)*C NMR (126 MHz, DMSOd;) ¢
168.48 (C=0), 146.59 (C-triazole), 142.88, 136.@5vinylic), 135.06,
134.09, 131.24 (C-triazole), 130.07, 130.03 (29.82 (2C), 128.67,
127.57, 125.37 (2C), 122.34, 121.03, 120.74, 12(Ck8inylic), 119.92
(2C), 110.02. ESI-HRMS calcd for,£,/,N,O [M+H]"365.1324, found:
365.1398.
4.1.7.2.

(2)-3-{4-[ 1-(o-tolyl)-1H-1,2,3-triazol -4-yl] benzylidene}indolin-2-one
(13b)

Orange powder, yield: 53.42%, mp: 289 FI-IR (KB, Vmax CMY):
3441 (NH), 1711 (C=0O)H NMR (500 MHz, DMSOd) 6 10.65 (s, 1H,
N-H), 9.08 (s, 1H, H-triazole), 8.11 (@= 7.8 Hz, 2H, Ar-H), 7.85 (d] =
7.7 Hz, 2H, H-vinylic, Ar-H), 7.67 (s, 1H, Ar-H),.63 (d,J = 7.6 Hz, 1H,
Ar-H), 7.56 — 7.50 (m, 3H, Ar-H), 7.46 (s, 1H, AH.24 (t,J = 7.6 Hz,
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1H, Ar-H), 6.94 — 6.84 (m, 2H, Ar-H), 2.24 (s, 38H,). °C NMR (126

MHz, DMSO-<) ¢ 168.50 (C=0), 145.77 (C-triazole), 142.88, 136.07

(C-vinylic), 135.11, 133.97, 132.91 (C-triazole}2153, 131.29, 129.99
(2C), 129.78, 127.55, 126.90, 125.83, 125.35 (2I4.76, 123.52,
122.33, 121.01 (C-vinylic), 120.77, 110.01, 17.31H{). ESI-HRMS
calcd for G4H1gN,O [M+H]" 379.1481, found: 379.1560.

4.1.7.3.

(2)-3-{4-[ 1-(m-tolyl)-1H-1,2,3-triazol-4-yl] benzylidene}indolin-2-one

(13c)

Brown powder, yield: 64.61%, mp: 240 FI-IR (KBr, vmax CNi%): 3405
(NH), 1700 (C=0)H NMR (500 MHz, DMSOd) 6 10.64 (s, 1H, N-H),
9.39 (s, 1H, H-triazole), 8.09 (d,= 7.2 Hz, 2H, Ar-H), 7.85 (d) = 7.3
Hz, 2H, H-vinylic, Ar-H), 7.81 (s, 1H, Ar-H), 7.76, J = 7.5 Hz, 1H,
Ar-H), 7.66 (s, 1H, Ar-H), 7.63 (dl = 7.5 Hz, 1H, Ar-H), 7.51 (t} = 7.4
Hz, 1H, Ar-H), 7.33 (dJ = 6.9 Hz, 1H, Ar-H), 7.24 (t) = 7.2 Hz, 1H,

Ar-H), 6.88 (t,J = 8.3 Hz, 2H, Ar-H), 2.44 (s, 3H, GH *C NMR (126

MHz, DMSO-s) § 168.49 (C=0), 146.51 (C-triazole), 142.88, 139.55

(C-vinylic), 136.40, 135.06, 134.06, 131.28 (Cdke), 130.04, 130.01
(2C), 129.58, 129.22, 127.56, 125.34 (2C), 122.831.01, 120.75,
120.30, 120.04 (C-vinylic), 116.98, 110.01, 20.7®H§). ESI-HRMS
calcd for G4H1gN4O [M+H]" 379.1481, found: 379.1550.

4.1.7.4.
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(2)-3-{4-[ 1-(p-tolyl)-1H-1,2,3-triazol-4-yl] benzylidene}indolin-2-one
(13d)

Yellow powder, yield: 51.64%, mp: 248 FI-IR (KB, vmayx Cri’):
3427 (NH), 1692 (C=0)"H NMR (500 MHz, DMSO#ds) ¢ 10.63 (s, 1H,
N-H), 9.35 (s, 1H, H-triazole), 8.53 (d= 8.2 Hz, 2H, Ar-H), 8.03 (d] =
8.2 Hz, 2H, Ar-H), 7.85 (d] = 7.3 Hz, 3H, H-vinylic, Ar-H), 7.73 (d] =
7.4 Hz, 1H, Ar-H), 7.45 (d) = 7.9 Hz, 2H, Ar-H), 7.23 (] = 7.6 Hz, 1H,
Ar-H), 7.01 (t,J = 7.5 Hz, 1H, Ar-H), 6.84 (dl = 7.7 Hz, 1H, Ar-H), 2.41
(s, 3H, CH). **C NMR (126 MHz, DMSOd;) 5 166.99 (C=0), 146.58
(C-triazole), 140.67, 138.34 (C-vinylic), 135.864123, 133.65, 132.50
(2C), 131.75 (C-triazole), 130.13 (2C), 128.85, .726 125.37, 124.76
(2C), 120.93, 120.11 (C-vinylic), 119.85 (2C), H%®. 109.23, 20.44
(CHs). ESI-HRMS calcd for @HoN,O [M+H]® 379.1481, found:
379.1550.

4.1.75. (2)-3-{4-[1-(2-fluorophenyl)-1H-1,2,3-triazol-4-yl] benzylidene}
indolin-2-one (13¢)

Yellow powder, yield: 57.81%, mp: 2324 FI-IR (KB, vmayx Crid):
3504 (NH), 1693 (C=0)'H NMR (500 MHz, DMSOd) ¢ 10.63 (s, 1H,
N-H), 9.19 (s, 1H, H-triazole), 8.12 (d= 7.9 Hz, 2H, Ar-H), 7.93 (] =
7.8 Hz, 1H, Ar-H), 7.85 (dJ = 8.0 Hz, 2H, H-vinylic, Ar-H), 7.68 — 7.59
(m, 4H, Ar-H), 7.48 (tJ = 7.6 Hz, 1H, Ar-H), 7.24 (t) = 7.7 Hz, 1H,
Ar-H), 6.88 (dd,J = 13.5, 7.3 Hz, 2H, Ar-H)*C NMR (126 MHz,
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DMSO-de) 5 168.47 (C=0), 154.69, 152.70, 146.21 (C-triazdldy.88,
135.02 (C-vinylic), 134.17, 132.50 (C-triazole),0199, 130.01 (dJ =
6.0 Hz, 2C, C-fluorobenzene), 127.60, 125.83 {d,= 3.3 Hz,
C-fluorobenzene), 125.44 (d,= 4.6 Hz, 2C, C-fluorobenzene), 124.86
(C-vinylic), 123.25 (d,J = 4.1 Hz, C-fluorobenzene), 122.33, 121.00,
120.74, 117.11, 116.96, 110.00. ESI-HRMS calcd @gH:cFN,O
[M+H] " 383.1230, found: 383.1307.

4.1.7.6. (2)-3-{4-[1-(3-fluorophenyl)-1H-1,2,3-triazol-4-yl] benzylidene}
indolin-2-one (13f)

Yellow powder, yield: 63.46%, mp: 24B. FI-IR (KB, vmayx CIid):
3286 (NH), 1687 (C=O)'H NMR (500 MHz, DMSOs) 6 10.66 (s, 1H,
N-H), 9.45 (s, 1H, H-triazole), 8.53 (d= 8.0 Hz, 2H, Ar-H), 8.02 (d] =
7.9 Hz, 2H, Ar-H), 7.90 — 7.81 (m, 3H, H-vinylic,rAd), 7.70 (dd,J =
19.4, 7.4 Hz, 2H, Ar-H), 7.38 (8,= 8.3 Hz, 1H, Ar-H), 7.22 (] = 7.4 Hz,
1H, Ar-H), 7.00 (tJ = 7.4 Hz, 1H, Ar-H), 6.83 (d] = 7.6 Hz, 1H, Ar-H).
3C NMR (126 MHz, DMSOdg) § 166.98 (C=0), 163.28, 161.33, 146.80
(C-triazole), 140.69, 135.78 (C-vinylic), 133.79i@zole), 132.52 (2C),
131.75 (d,J = 9.4 Hz, C-fluorobenzene), 131.41, 130.05) &, 4.1 Hz,
C-fluorobenzene), 128.87, 126.81, 125.39, 124.718),(220.92, 120.38
(C-vinylic), 119.66, 115.83 (dJ = 3.4 Hz, C-fluorobenzene), 109.23,
107.29 (d,J = 3.3 Hz, C-fluorobenzene). ESI-HRMS calcd for
CaaH16FN4O [M+H]" 383.1230, found: 383.1298.
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4.1.7.7. (2)-3-{4-[ 1-(4-fluorophenyl)-1H-1,2,3-triazol-4-yl] benzylidene}
indolin-2-one (13Q)

Yellow powder, yield: 63.91%, mp: 228 FI-IR (KB, vmayx Crid):
3448 (NH), 1686 (C=0)H NMR (500 MHz, DMSO#€) 6 10.66 (s, 1H,
N-H), 9.35 (s, 1H, H-triazole), 8.52 (d= 7.7 Hz, 2H, Ar-H), 8.01 (d] =
7.6 Hz, 4H, Ar-H), 7.81 (s, 1H, H-vinylic), 7.71,@= 7.1 Hz, 1H, Ar-H),
7.49 (t,J = 8.1 Hz, 2H, Ar-H), 7.21 (§ = 7.1 Hz, 1H, Ar-H), 6.99 (1] =
7.1 Hz, 1H, Ar-H), 6.83 (dJ = 7.3 Hz, 1H, Ar-H)*C NMR (126 MHz,
DMSO-ds) 6 166.96 (C=0), 162.55, 160.60, 146.69 (C-triazdld)).66,
135.82 (C-vinylic), 133.70 (C-triazole), 133.00 (d, = 3.0 Hz,
C-fluorobenzene), 132.51 (2C), 131.58, 130.02, 8&28126.74, 125.35,
124.76 (d,J = 3.2 Hz, 2C, C-fluorobenzene), 122.32 Jds= 8.9 Hz),
120.92 (C-vinylic), 120.51, 119.65, 116.65 (d, = 23.3 Hz,
C-fluorobenzene), 109.21. ESI-HRMS calcd fossHGeFN,O [M+H]"
383.1230, found: 383.1313.
4.1.7.8. (2)-3-{4-[1-(2-chlorophenyl)-1H-1,2,3-triazol-4-yl] benzylidene}
indolin-2-one (13h)

Yellow powder, yield: 64.14%, mp: 229, FI-IR (KB, vimayx CIi’):
3431 (NH), 1710 (C=0O)H NMR (500 MHz, DMSO#€) 6 10.63 (s, 1H,
N-H), 9.17 (s, 1H, H-triazole), 8.11 (d= 7.9 Hz, 2H, Ar-H), 7.89 — 7.78
(m, 4H, H-vinylic, Ar-H), 7.71 — 7.60 (m, 4H, Ar-HY.24 (t,J = 7.7 Hz,
1H, Ar-H), 6.88 (t,J = 9.0 Hz, 2H, Ar-H).**C NMR (126 MHz,
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DMSO-ds) J 168.47 (C=0), 145.81 (C-triazole), 142.89, 135.86
(C-vinylic), 135.05, 134.32, 132.55, 131.70, 131(Citriazole), 130.47,
130.02 (2C), 128.39, 128.29, 127.63, 125.41 (223,80, 124.08, 122.35,
121.03 (C-vinylic), 119.66, 110.02. ESI-HRMS calimst CyH;6CIN,O
[M+H] " 399.0934, found: 399.1011.

4.1.7.9. (2)-3-{4-[1-(3-chlorophenyl)-1H-1,2,3-triazol-4-yl] benzylidene}
indolin-2-one (13i)

Orange powder, yield: 60.19%, mp: 227 FI-IR (KBr, Vmax CNMY):
3430 (NH), 1685 (C=0O):H NMR (500 MHz, DMSOsg) J 10.66 (s, 1H,
N-H), 9.48 (s, 1H, H-triazole), 8.53 (d= 8.0 Hz, 2H, Ar-H), 8.10 (s, 1H,
Ar-H), 8.00 (ddJ = 18.4, 8.0 Hz, 3H, Ar-H), 7.84 (s, 1H, H-vinyli&).72
(d,J = 7.6 Hz, 1H, Ar-H), 7.68 (t] = 8.1 Hz, 1H, Ar-H), 7.60 (d] = 8.0
Hz, 1H, Ar-H), 7.22 (tJ = 7.5 Hz, 1H, Ar-H), 7.00 (t) = 7.3 Hz, 1H,
Ar-H), 6.84 (d,J = 7.6 Hz, 1H, Ar-H)*C NMR (126 MHz, DMSOdg) 6
166.97 (C=0), 146.80 (C-triazole), 140.68, 137.@6vinylic), 135.80,
134.10, 133.79, 132.53 (2C), 131.55, 131.42 (Cxtiig), 128.89, 128.44,
126.80, 124.77 (3C), 120.93, 120.42 (C-vinylic)971L, 119.67, 118.50,
109.23. ESI-HRMS calcd for H16CIN,O [M+H]" 399.0934, found:
399.1000.
4.1.7.10. (2)-3-{4-[ 1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl] benzylidene}
indolin-2-one (13))

Yellow powder, yield: 59.06%, mp: 235 FI-IR (KBr, vmax CMib):
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3432 (NH), 1689 (C=0)"H NMR (500 MHz, DMSO#ds) ¢ 10.66 (s, 1H,
N-H), 9.45 (s, 1H, H-triazole), 8.53 (d= 7.9 Hz, 2H, Ar-H), 8.02 (] =
8.4 Hz, 4H, Ar-H), 7.84 (s, 1H, H-vinylic), 7.74,@= 7.7 Hz, 3H, Ar-H),
7.22 (t,J=7.4 Hz, 1H, Ar-H), 7.01 () = 7.4 Hz, 1H, Ar-H), 6.84 (d] =
7.6 Hz, 1H, Ar-H)."*C NMR (126 MHz, DMSOds) § 166.98 (C=0),
146.81 (C-triazole), 140.67, 135.83 (C-vinylic),5133, 133.76, 132.95,
132.53 (2C), 131.49 (C-triazole), 129.80 (2C), 828.126.78, 125.61,
124.78 (2C), 121.61 (2C), 120.94, 120.33 (C-vinylit19.68, 109.23.
ESI-HRMS calcd for gsH1CIN,O [M+H]" 399.0934, found: 399.1018.
4.1.7.11.

(2)-2-(4-{4-[ (2-oxoindolin-3-ylidene)methyl] phenyl}-1H-1,2,3-triazol-1-y
l)benzonitrile (13k)

Brown powder, yield: 49.58%, mp: 282 FI-IR (KB, Vymax M) 3432
(NH), 1693 (C=0)H NMR (500 MHz, DMSO#g)  10.65 (s, 1H, N-H),
9.36 (s, 1H, H-triazole), 8.20 (d,= 7.8 Hz, 1H, Ar-H), 8.12 (d) = 7.7
Hz, 2H, Ar-H), 8.06 — 7.96 (m, 2H, Ar-H), 7.88 @iz 7.8 Hz, 2H, Ar-H),
7.82 (t,J = 7.5 Hz, 1H, H-vinylic), 7.67 (s, 1H, Ar-H), 7.68,J = 7.7 Hz,
1H, Ar-H), 7.25 (tJ = 7.6 Hz, 1H, Ar-H), 6.88 (t] = 7.7 Hz, 2H, Ar-H).
3C NMR (126 MHz, DMSOdg) ¢ 168.47 (C=0), 146.49 (C-triazole),
142.91, 137.65 (C-vinylic), 134.95, 134.74, 134.@34.39, 132.55
(C-triazole), 130.76, 130.29, 130.06 (2C), 127.%25.56, 125.52 (2C),
122.90, 122.38, 121.04, 120.74 (C-vinylic), 115.64,0.02, 106.97.
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ESI-HRMS calcd for &H1eNsO [M+H]* 390.1277, found: 390.1349.
4.1.7.12.

(2)-3-(4-{4-[ (2-oxoindolin-3-ylidene)methyl] phenyl}-1H-1,2,3-triazol-1-y
l)benzonitrile (131)

Yellow powder, yield: 60.12%, mp: 24D. FI-IR (KB, vmayx Crid):
3433 (NH), 1696 (C=O):H NMR (500 MHz, DMSOsg) ¢ 10.62 (s, 1H,
N-H), 9.52 (s, 1H, H-triazole), 8.49 (s, 1H, Ar-H)35 (d,J = 8.2 Hz, 1H,
Ar-H), 8.07 (d,J = 8.0 Hz, 2H, Ar-H), 8.01 (dJ = 7.7 Hz, 1H, Ar-H),
7.87 (d,J = 7.5 Hz, 3H, H-vinylic, Ar-H), 7.66 (s, 1H, Ar-HY.62 (d,J =
7.7 Hz, 1H, Ar-H), 7.25 (t) = 7.7 Hz, 1H, Ar-H), 6.88 (1] = 7.9 Hz, 2H,
Ar-H). ®°C NMR (126 MHz, DMSOds) ¢ 168.46 (C=0), 146.85
(C-triazole), 142.92, 136.87 (C-vinylic), 134.934133, 132.53, 132.18,
131.24 (C-triazole), 130.06 (2C), 127.71, 125.4C)(2124.79, 124.49,
123.26, 122.36, 121.02, 120.74, 120.38 (C-vinylit),7.62, 112.74,
110.02. ESI-HRMS calcd for £H:gNsO [M+H]® 390.1277, found:
390.1355.
4.1.7.13.

(Z/E)-4-(4-{4-[ (2-oxoindolin-3-ylidene)methyl] phenyl }-1H-1,2,3-triazol -1
-yl)benzonitrile (13m)

Yellow powder, yield: 53.41%, mp: 24L FI-IR (KB, vimayx Crid):
3430 (NH), 1684 (C=0O)'H NMR (500 MHz, DMSO¢) 6 10.63 (s, 1H,
N-H), 9.56 (s, 0.3H, H-triazole), 9.53 (s, 0.7H td#&zole), 8.52 (d,] =
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7.8 Hz, 1.3H, Ar-H), 8.20 (d] = 7.7 Hz, 2H, Ar-H), 8.14 (d] = 8.3 Hz,
2H, Ar-H), 8.08 (dJ = 7.6 Hz, 0.7H, Ar-H), 8.02 (d] = 7.9 Hz, 1.3H,
Ar-H), 7.86 (d,J = 7.7 Hz, 0.6H, H-vinylic, Ar-H), 7.82 (s, 0.7H,
H-vinylic), 7.71 (d,J = 7.4 Hz, 0.7H, Ar-H), 7.65 (s, 0.3H, Ar-H), 7.1,
J=7.7 Hz, 0.3H, Ar-H), 7.23 (g} = 9.2, 7.6 Hz, 1H, Ar-H), 7.00 (§,=
7.4 Hz, 0.7H, Ar-H), 6.89 (d] = 8.0 Hz, 0.7H, Ar-H), 6.84 (d,= 7.7 Hz,
0.7H, Ar-H). ESI-HRMS calcd for GH1eNsO [M+H]* 390.1277, found:
390.1349.

4.1.7.14.

(2)-3-(4-{1-[4-chloro-3-(trifluoromethyl ) phenyl] -1H-1,2,3-triazol-4-yl } be
nzylidene)indolin-2-one (13n)

Yellow powder, yield: 63.92%, mp: 210 FI-IR (KB, vmayx Cri’):
3432 (NH), 1677(C=0)'H NMR (500 MHz, DMSO¢) § 10.66 (s, 1H,
N-H), 9.59 (dJ = 2.1 Hz, 1H, H-triazole), 8.53 (d,= 6.6 Hz, 2H, Ar-H),
8.43 (s, 1H, Ar-H), 8.32 (d} = 8.4 Hz, 1H, Ar-H), 8.03 (] = 7.5 Hz, 3H,
Ar-H), 7.84 (s, 1H, H-vinylic), 7.72 (dl = 6.5 Hz, 1H, Ar-H), 7.22 (1] =
6.5 Hz, 1H, Ar-H), 7.00 (tJ = 6.4 Hz, 1H, Ar-H), 6.83 (d] = 6.1 Hz, 1H,
Ar-H). *C NMR (126 MHz, DMSOds) § 166.94 (C=0), 146.98
(C-triazole), 140.67, 135.73 (C-vinylic), 135.333186, 133.26, 132.53
(2C), 131.23 (C-triazole), 130.06, 128.89, 127.8f1 J = 31.6 Hz,
C-trifluoromethylphenyl), 126.84, 125.38, 125.0841/5 (d,J = 3.6 Hz,
2C, C-trifluoromethylphenyl, Ar-C), 123.23, 120.9120.64 (C-vinylic),
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119.67, 119.15 (dJ = 5.2 Hz, C-trifluoromethylphenyl), 109.22.
ESI-HRMS calcd for &H:sCIFsN,O [M+H]® 467.0808, found:
467.0887.

4.1.7.15. (Z/E)-5-fluoro-3-[4-(1-phenyl-1H-1,2,3-triazol-4-yl)benzylidene]
indolin-2-one (14a)

Orange powder, yield: 69.92%, mp: 229 FI-IR (KB, Vmax CIMY):
3432 (NH), 1687 (C=O)}'H NMR (500 MHz, DMSOs) 6 10.67 (s, 1H,
N-H), 9.44 (s, 0.5H, H-triazole), 9.42 (s, 0.5H td#&zole), 8.54 (d,] =
7.8 Hz, 1H, Ar-H), 8.12 (dJ = 8.0 Hz, 1H, Ar-H), 8.06 (d] = 7.9 Hz, 1H,
Ar-H), 7.97 (d,J = 7.6 Hz, 2H, Ar-H), 7.92 (s, 0.5H, Ar-H), 7.86, (=
7.7 Hz, 1H, H-vinylic), 7.74 (s, 0.5H, Ar-H), 7.5 J = 7.7 Hz, 2.5H,
Ar-H), 7.53 (t,J = 7.4 Hz, 1H, Ar-H), 7.33 (d] = 9.0 Hz, 0.5H, Ar-H),
7.11 (t,J = 9.0 Hz, 0.5H, Ar-H), 7.05 (] = 9.1 Hz, 0.5H, Ar-H), 6.88 (dd,
J = 8.4, 45 Hz, 0.5H, Ar-H), 6.81 (dd, = 8.3, 4.3 Hz, 0.5H, Ar-H).
ESI-HRMS calcd for gH:¢FN,O [M+H]* 383.1230, found: 383.1313.
4.1.7.16. (Z/E)-5-fluoro-3-{4-[ 1-(o-tolyl)-1H-1,2,3-triazol-4-yl]
benzylidene} indolin-2-one (14b)

Yellow powder, yield: 55.15%, mp: 2ZL FI-IR (KB, vmayx CIi’):
3432 (NH), 1701 (C=O)}'H NMR (500 MHz, DMSO¢) 6 10.68 (s, 1H,
N-H), 9.09 (dJ = 1.1 Hz, 1H, H-triazole), 8.54 (d,= 8.2 Hz, 1H, Ar-H),
8.12 (d,J = 8.0 Hz, 1H, Ar-H), 8.06 (d] = 8.2 Hz, 1H, Ar-H), 7.93 (s,
0.4H, Ar-H), 7.85 (dJ = 8.0 Hz, 1H, H-vinylic), 7.74 (s, 0.6H, Ar-H),
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7.67 (d,J = 9.0 Hz, 0.4H, Ar-H), 7.56 — 7.51 (m, 3H, Ar-H).48 — 7.43
(m, 1H, Ar-H), 7.32 (dJ = 9.2 Hz, 0.6H, Ar-H), 7.10 (f = 8.9 Hz, 0.6H,
Ar-H), 7.04 (t,J = 9.0 Hz, 0.4H, Ar-H), 6.88 (dd), = 8.0, 4.7 Hz, 0.6H,
Ar-H), 6.81 (dd,J = 7.8, 4.4 Hz, 0.4H, Ar-H), 2.24 (s, 3H, @H
ESI-HRMS calcd for gH:gFN,O [M+H]* 397.1386, found: 397.1463.
4.1.7.17. (2)-5-fluoro-3-{4-[ 1-(m-tolyl)-1H-1,2,3-triazol-4-yl] benzylidene}
indolin-2-one (14c)

Orange powder, yield: 65.29%, mp: 207 FI-IR (KBr, Vmax CNMY):
3432 (NH), 1686 (C=O):H NMR (500 MHz, DMSOsg) ¢ 10.66 (s, 1H,
N-H), 9.39 (s, 1H, H-triazole), 8.54 (d= 8.0 Hz, 2H, Ar-H), 8.05 (d] =
8.0 Hz, 2H, Ar-H), 7.92 (s, 1H, Ar-H), 7.81 (s, 1Hsvinylic), 7.75 (d,J
= 8.2 Hz, 1H, Ar-H), 7.66 (d] = 9.3 Hz, 1H, Ar-H), 7.52 (t) = 7.8 Hz,
1H, Ar-H), 7.34 (dJ = 7.6 Hz, 1H, Ar-H), 7.05 () = 9.4 Hz, 1H, Ar-H),

6.81 (dd,J = 8.6, 4.4 Hz, 1H, Ar-H), 2.45 (s, 3H, GH"C NMR (126

MHz, DMSO-ds) 6 166.99 (C=0), 158.74, 156.87, 146.52 (C-triazole),

139.55, 137.61 (C-vinylic), 136.85, 136.37, 133.8382.75 (2C), 132.08
(C-triazole), 129.58, 129.25, 126.31 = 8.6 Hz, C-fluorobenzene),
124.79 (2C, C-vinylic, Ar-C), 120.30 (d,= 6.3 Hz, C-fluorobenzene),
117.03, 114.98 (d] = 24.0 Hz, C-fluorobenzene), 109.94 Jd; 8.3 Hz,

C-fluorobenzene), 107.20, 107.00, 20.79 {CHESI-HRMS calcd for
C,4aH18FN,O [M+H]" 397.1386, found: 397.1460.

4.1.7.18. (2)-5-fluoro-3-{4-[ 1-(p-tolyl)-1H-1,2,3-triazol-4-yl] benzylidene}
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indolin-2-one (14d)

Orange powder, yield: 56.25%, mp: 204 FI-IR (KBr, Vmax CNMY):
3433 (NH), 1683 (C=O}H NMR (500 MHz, DMSOs) 6 10.67 (s, 1H,
N-H), 9.36 (s, 1H, H-triazole), 8.54 (d= 7.9 Hz, 2H, Ar-H), 8.05 (d] =
7.8 Hz, 2H, Ar-H), 7.92 (s, 1H, Ar-H), 7.84 @@= 7.6 Hz, 2H, H-vinylic,
Ar-H), 7.67 (d,J = 9.0 Hz, 1H, Ar-H), 7.45 (d) = 7.8 Hz, 2H, Ar-H),
7.05 (t,J = 9.1 Hz, 1H, Ar-H), 6.81 (dd] = 7.8, 4.2 Hz, 1H, Ar-H), 2.40
(s, 3H, CH). **C NMR (126 MHz, DMSOds) ¢ 167.01 (C=0), 158.76,
156.89, 146.50 (C-triazole), 138.35, 137.65, 13q@4&inylic), 134.19,
133.38, 132.76 (2C), 132.13 (C-triazole), 130.1@)(21.26.35 (d,) = 3.4
Hz, C-fluorobenzene), 124.80 (2C), 120.22 (C-vioyli119.82 (2C),
11499 (d,J = 24.1 Hz, C-fluorobenzene), 109.96 @@,= 8.1 Hz,
C-fluorobenzene), 107.12 (d= 25.4 Hz, C-fluorobenzene), 20.44 (gH
ESI-HRMS calcd for H:gFN,O [M+H]* 397.1386, found: 397.1464.
4.1.7.19.

(2)-5-fluoro-3-{4-[ 1-(2-fluorophenyl)-1H-1,2,3-triazol-4-yl] benzylidene}i
ndolin-2-one (14€)

Yellow powder, yield: 64.18%, mp: 248 FI-IR (KB, vmayx Cri’):
3432 (NH), 1699 (C=0O)H NMR (500 MHz, DMSOsg) J 10.66 (s, 1H,
N-H), 9.21 (s, 1H, H-triazole), 8.14 (d= 7.9 Hz, 2H, Ar-H), 7.93 (] =
7.6 Hz, 1H, Ar-H), 7.84 (d] = 7.8 Hz, 2H, H-vinylic, Ar-H), 7.73 (s, 1H,
Ar-H), 7.68 — 7.58 (m, 2H, Ar-H), 7.48 @,= 7.4 Hz, 1H, Ar-H), 7.31 (d,
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J=9.0 Hz, 1H, Ar-H), 7.09 () = 8.6 Hz, 1H, Ar-H), 6.90 — 6.84 (m, 1H,
Ar-H). **C NMR (126 MHz, DMSOdg) 6 168.44 (C=0), 157.95, 156.08,
154.71, 152.71, 146.14 (C-triazole), 139.21, 13§@&inylic), 133.72,
131.34 (C-triazole), 130.03 (2C), 127.32 Jd& 2.7 Hz, C-fluorobenzene),
125.83, 12557 (2C, C-vinylic, Ar-C), 125.45 (d, = 3.5 Hz,
C-fluorobenzene), 123.38 (d,= 4.2 Hz, C-fluorobenzene), 121.68 {d,
= 8.7 Hz, C-fluorobenzene), 117.06 (= 19.4 Hz, C-fluorobenzene),
116.41, 110.68 (dJ = 8.4 Hz, C-fluorobenzene), 109.23. ESI-HRMS
calcd for GaHisFN,4O [M+H]" 401.1136, found: 401.1201.

4.1.7.20.

(2)-5-fluoro-3-{4-[ 1-(3-fluorophenyl)-1H-1,2,3-triazol-4-yl] benzylidene}i
ndolin-2-one (14f)

Orange powder, yield: 51.56%, mp: 281 FI-IR (KBr, Vmax CNY):
3432 (NH), 1685 (C=0)H NMR (500 MHz, DMSO#€) 6 10.65 (s, 1H,
N-H), 9.45 (s, 1H, H-triazole), 8.53 (d= 8.1 Hz, 2H, Ar-H), 8.03 (d] =
8.2 Hz, 2H, Ar-H), 7.93 — 7.82 (m, 3H, H-vinylicyA), 7.74 — 7.62 (m,
2H, Ar-H), 7.39 (tJ = 8.5 Hz, 1H, Ar-H), 7.04 (t] = 8.9 Hz, 1H, Ar-H),
6.81 (dd,J = 8.1, 4.4 Hz, 1H, Ar-H)**C NMR (126 MHz, DMSOdg) &
168.43 (C=0), 163.27, 161.32, 156.08, 146.62 (&ztle), 139.23,
137.63 (d,J = 10.4 Hz, C-fluorobenzene), 136.70 (C-vinylicB3176,
132.75, 131.78 (dJ = 9.3 Hz, C-fluorobenzene), 131.34 (C-triazole),
130.08 (2C), 127.35 (dJ = 2.8 Hz, C-fluorobenzene), 125.47 (2C),
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124.83 (C-vinylic), 120.46 (d] = 8.8 Hz, C-fluorobenzene), 116.34 {d,
= 23.6 Hz, C-fluorobenzene), 115.80 (M= 2.9 Hz, C-fluorobenzene),
110.70 (d,J = 8.1 Hz, C-fluorobenzene), 107.50 (d,= 3.8 Hz,
C-fluorobenzene). ESI-HRMS calcd fop#:sF,N,O [M+H]* 401.1136,
found: 401.1212.

4.1.7.21.

(2)-5-fluoro-3-{4-[ 1-(4-fluorophenyl)-1H-1,2,3-triazol-4-yl] benzylidene}i
ndolin-2-one (149)

Orange powder, yield: 66.81%, mp: 262 FI-IR (KB, Vpax CMY):
3440 (NH), 1689 (C=0)H NMR (500 MHz, DMSO€) 6 10.66 (s, 1H,
N-H), 9.36 (s, 1H, H-triazole), 8.52 (d= 8.1 Hz, 2H, Ar-H), 8.04 — 7.97
(m, 4H, Ar-H), 7.88 (s, 1H, H-vinylic), 7.64 (d,= 8.5 Hz, 1H, Ar-H),
7.49 (t,J = 8.5 Hz, 2H, Ar-H), 7.03 (tJ = 8.8 Hz, 1H, Ar-H), 6.80 (dd]
= 8.2, 4.3 Hz, 1H, Ar-H)*C NMR (126 MHz, DMSOds) § 167.00
(C=0), 162.54, 160.59, 158.74, 156.87, 146.62 i&zote), 137.56,
136.84 (C-vinylic), 133.42, 132.96 (d,= 2.8 Hz, C-fluorobenzene),
132.74 (2C), 131.95 (C-triazole), 126.36 {d&; 3.7 Hz, C-fluorobenzene),
124.78 (2C), 122.25 (d,= 9.0 Hz, C-fluorobenzene), 120.53 (C-vinylic),
116.62 (d,J = 23.1 Hz, 2C, C-fluorobenzene), 114.95 Jds 23.8 Hz,
C-fluorobenzene), 109.92 (d,= 8.3 Hz, C-fluorobenzene), 107.09 {d,
= 25.4 Hz, C-fluorobenzene). ESI-HRMS calcd fegHGsF.N,O [M+H]"
401.1208, found: 401.1215.
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4.1.7.22.
(2)-3-{4-[ 1-(2-chlorophenyl)-1H-1,2,3-triazol -4-yl] benzylidene}-5-fluoroi
ndolin-2-one (14h)

Yellow powder, yield 57.36%, mp: 225, FI-IR (KBr, vmax CiY): 3432
(NH), 1708 (C=0)!H NMR (500 MHz, DMSOsg) § 10.68 (s, 1H, N-H),
9.19 (s, 1H, H-triazole), 8.13 (d,= 7.8 Hz, 2H, Ar-H), 7.89 — 7.78 (m,
4H, H-vinylic, Ar-H), 7.74 (s, 1H, Ar-H), 7.71 =61 (m, 2H, Ar-H), 7.32
(d,J=9.1 Hz, 1H, Ar-H), 7.10 (t] = 8.7 Hz, 1H, Ar-H), 6.88 (dd} = 8.0,
4.5 Hz, 1H, Ar-H)."*C NMR (126 MHz, DMSOdg) § 168.44 (C=0),
157.96, 156.08, 145.73 (C-triazole), 139.21, 13qQWinylic), 134.29,
133.67, 131.70, 131.45, 130.46 (C-triazole), 13Ga0), 128.47, 128.33
(d, J = 14.0 Hz, C-fluorobenzene), 127.32 (d, = 3.0 Hz,
C-fluorobenzene), 125.49 (2C), 124.20 (C-vinyli21.69 (dJ = 8.7 Hz,
C-fluorobenzene), 116.34 (d= 23.8 Hz, C-fluorobenzene), 110.70 {d,
= 8.4 Hz, C-fluorobenzene), 109.33 M= 25.7 Hz, C-fluorobenzene)
ESI-HRMS calcd for gH.sCIFN,O [M+H]" 417.0840, found: 417.0921.
4.1.7.23.

(2)-3-{4-[ 1-(3-chlorophenyl)-1H-1,2,3-triazol -4-yl] benzylidene}-5-fluoroi
ndolin-2-one (14i)

Orange powder, yield: 64.52%, mp: 288 FI-IR (KBr, Vmax CMY):
3432 (NH), 1685 (C=0)H NMR (500 MHz, DMSOsg) ¢ 10.66 (s, 1H,
N-H), 9.47 (s, 1H, H-triazole), 8.53 (d= 8.0 Hz, 2H, Ar-H), 8.08 (s, 1H,
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Ar-H), 8.02 (d,J = 8.0 Hz, 2H, Ar-H), 7.97 (dJ = 8.1 Hz, 1H, Ar-H),
7.90 (s, 1H, H-vinylic), 7.66 (q] = 7.9 Hz, 2H, Ar-H), 7.59 (dJ = 8.0
Hz, 1H, Ar-H), 7.04 (tJ = 9.0 Hz, 1H, Ar-H), 6.80 (dd] = 8.2, 4.3 Hz,
1H, Ar-H). **C NMR (126 MHz, DMSOdg) J 166.99 (C=0), 158.74,
156.88, 146.72 (C-triazole), 137.49 @~ 14.2 Hz, C-fluorobenzene),
136.87 (C-vinylic), 134.10, 133.52, 132.76 (2C),11®, 131.53
(C-triazole), 128.44, 126.44 (d,= 2.9 Hz, C-fluorobenzene), 126.29 (d,
J = 8.9 Hz, C-fluorobenzene), 124.81 (2C), 120.4%iftylic), 119.68,
118.47, 115.00 (d] = 23.9 Hz, C-fluorobenzene), 109.95 Jd; 8.1 Hz,
C-fluorobenzene), 107.12 (d,= 25.4 Hz, C-fluorobenzene). ESI-HRMS
calcd for GaH1sCIFN,O [M+H]* 417.0840, found: 417.0914,

4.1.7.24.

(Z/E)-3-{4-[ 1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl] benzylidene}-5-fluo
roindolin-2-one (14j)

Orange powder, yield: 48.67%, mp: 283 FI-IR (KB, Vmax CIMiY):
3439 (NH), 1687 (C=O)H NMR (500 MHz, DMSOsg) ¢ 10.67 (s, 1H,
N-H), 9.45 (d,J = 11.2 Hz, 1H, H-triazole), 8.53 (d,= 8.3 Hz, 1H,
Ar-H), 8.10 (d,J = 8.6 Hz, 1H, Ar-H), 8.02 (dd] = 14.0, 8.5 Hz, 3H,
Ar-H), 7.91 (s, 0.5H, Ar-H), 7.86 (d,= 8.0 Hz, 1H, H-vinylic), 7.73 (dl
= 7.4 Hz, 2.5H, Ar-H), 7.66 (d] = 9.0 Hz, 0.5H, Ar-H), 7.31 (d} = 9.2
Hz, 0.5H, Ar-H), 7.11 (tJ = 8.8 Hz, 0.5H, Ar-H), 7.04 () = 8.9 Hz,
0.5H, Ar-H), 6.88 (ddJ = 8.4, 4.6 Hz, 0.5H, Ar-H), 6.81 (dd= 8.3, 4.3
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Hz, 0.5H, Ar-H). ESI-HRMS calcd for GH:sCIFN,O [M+H]* 417.0840,
found: 417.0909.

4.1.7.25.

(Z/E)-2-(4-{4-[ (5-fluoro-2-oxoindolin-3-ylidene)methyl] phenyl}-1H-1,2,3
-triazol-1-yl)benzonitrile (14k)

Brown powder, yield: 58.26%, mp: 218 FI-IR (KBr, vmax cM*): 3439
(NH), 1690 (C=0)H NMR (500 MHz, DMSOd) 6 10.68 (s, 1H, N-H),
9.36 (s, 1H, H-triazole), 8.55 (d,= 7.7 Hz, 1.7H, Ar-H), 8.19 (d = 7.2
Hz, 1H, Ar-H), 8.14 (dJ = 7.2 Hz, 0.3H, Ar-H), 8.07 (d,= 7.6 Hz, 1.7H,
Ar-H), 7.99 (t,J = 9.3 Hz, 2H, Ar-H), 7.93 (s, 0.8H, Ar-H), 7.88, (ti=
6.8 Hz, 0.3H, Ar-H), 7.81 (t) = 6.7 Hz, 1H, H-vinylic), 7.74 (s, 0.2H,
Ar-H), 7.67 (d,J = 8.4 Hz, 0.8H, Ar-H), 7.32 (d} = 8.8 Hz, 0.2H, Ar-H),
7.10 (d,J = 8.7 Hz, 0.2H, Ar-H), 7.05 (t] = 8.8 Hz, 0.8H, Ar-H), 6.88 (s,
0.2H, Ar-H), 6.81 (d,J = 4.6 Hz, 0.8H, Ar-H). ESI-HRMS calcd for
CoaH1sFNsO [M+H]" 408.1182, found: 408.1260.
4.1.7.26.

(2)-3-(4-{4-[ (5-fluoro-2-oxoindolin-3-ylidene)methyl] phenyl }-1H-1,2,3-tr
1azol-1-yl)benzonitrile (14l)

Yellow powder, yield: 63.43%, mp: 24B. FI-IR (KB, vmayx Crid):
3430 (NH), 1679 (C=O)}'H NMR (500 MHz, DMSO¢) 6 10.68 (s, 1H,
N-H), 9.53 (s, 1H, H-triazole), 8.54 (d= 7.9 Hz, 2H, Ar-H), 8.49 (s, 1H,
Ar-H), 8.35 (d,J = 8.3 Hz, 1H, Ar-H), 8.02 (] = 7.6 Hz, 3H, Ar-H), 7.92
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(s, 1H, Ar-H), 7.87 (tJ = 8.0 Hz, 1H, H-vinylic), 7.67 (d] = 8.8 Hz, 1H,
Ar-H), 7.05 (t,J = 9.0 Hz, 1H, Ar-H), 6.81 (dd} = 8.3, 4.3 Hz, 1H, Ar-H).
3C NMR (126 MHz, DMSOdg) § 166.99 (C=0), 158.75, 156.88, 146.85
(C-triazole), 137.52, 136.83 (C-vinylic), 133.6132179 (2C), 132.23,
131.68, 131.25 (C-triazole), 130.27, 126.52 @@, = 3.2 Hz,
C-fluorobenzene), 124.84 (2C), 124.55, 123.31, @20(C-vinylic),
117.64, 115.05 (d] = 24.3 Hz, C-fluorobenzene), 112.71, 109.98](d,
8.3 Hz, C-fluorobenzene), 107.16 (@,= 25.4 Hz, C-fluorobenzene).
ESI-HRMS calcd for H;sFNsO [M+H]* 408.1182, found: 408.1265.
4.1.7.27.

(Z/E)-4-(4-{4-[ (5-fluoro-2-oxoindolin-3-ylidene)methyl] phenyl}-1H-1,2,3
-triazol-1-yl)benzonitrile (14m)

Yellow powder, yield: 59.91%, mp: 215 FI-IR (KB, vmax CIiY):
3432 (NH), 1684 (C=O)}'H NMR (500 MHz, DMSO¢) 6 10.68 (s, 1H,
N-H), 9.10 (s, 1H, H-triazole), 8.54 (d= 8.2 Hz, 1H, Ar-H), 8.12 (d] =
8.0 Hz, 1H, Ar-H), 8.06 (dJ = 8.2 Hz, 1H, Ar-H), 7.93 (s, 0.4H, Ar-H),
7.85 (d,J = 7.9 Hz, 1H, H-vinylic), 7.74 (s, 0.6H, Ar-H),67 (d,J = 8.8
Hz, 0.4H, Ar-H), 7.56 — 7.50 (m, 3H, Ar-H), 7.46 {H, Ar-H), 7.32 (d,)
= 9.2 Hz, 0.6H, Ar-H), 7.11 (1] = 8.8 Hz, 0.6H, Ar-H), 7.05 (f] = 8.9
Hz, 0.4H, Ar-H), 6.88 (dd] = 8.3, 4.6 Hz, 0.6H, Ar-H), 6.81 (dd= 8.3,
4.3 Hz, 0.4H, Ar-H). ESI-HRMS calcd forgH:sFNsO [M+H] " 408.1182,
found: 408.1259.
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4.1.7.28.
(2)-3-(4-{1-[4-chloro-3-(trifluoromethyl ) phenyl] -1H-1,2,3-triazol-4-yl } be
nzylidene)-5-fluoroindolin-2-one (14n)

Orange powder, yield: 47.50%, mp: 261 FI-IR (KBr, Vmax CMY):
3432 (NH), 1684 (C=O)'H NMR (500 MHz, DMSO¢) 6 10.66 (s, 1H,
N-H), 9.58 (s, 1H, H-triazole), 8.52 (d= 7.5 Hz, 2H, Ar-H), 8.41 (s, 1H,
Ar-H), 8.31 (d,J = 8.7 Hz, 1H, Ar-H), 8.01 (dJ = 6.9 Hz, 3H, Ar-H),
7.89 (s, 1H, H-vinylic), 7.64 (dl = 8.7 Hz, 1H, Ar-H), 7.03 (t] = 8.8 Hz,
1H, Ar-H), 6.80 (s, 1H, Ar-H)**C NMR (126 MHz, DMSOdq) § 166.96
(C=0), 158.73, 156.86, 146.91 (C-triazole), 137.486.87 (C-vinylic),
135.35, 133.60, 133.01 (d,= 64.2 Hz, 2C, Ctrifluoromethylphenyl),
131.61 (C-triazole), 130.30, 127.81 (dJ = 31.7 Hz, C-
trifluoromethylphenyl), 126.49 (dl = 3.0 Hz, Ctrifluoromethylphenyl),
126.26 (dJ = 8.8 Hz, Cirifluoromethylphenyl), 124.94 (d} = 29.6 Hz,
2C, C-fluorobenzene, Grifluoromethylphenyl), 123.23, 121.06, 120.73
(C-vinylic), 119.15 (dJ = 5.5 Hz, C-fluorobenzene), 115.03 {5 24.0
Hz, C-fluorobenzene), 109.96 @+ 8.4 Hz, C-fluorobenzene), 107.13 (d,
J = 25.1 Hz, C-fluorobenzene). ESI-HRMS calcd foryHz4CIF4N4O
[M+H]" 485.0787, found: 485.0793.

4.2. VEGFR-2 kinase assay in vitro

The ADP-Glo kinase assay kit (Promega, Madison) wsasd for

VEGFR-2 kinase analysis. According to manufactaristructions, The
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general procedure is as follows: 20 uL mix VEGFRif#ase (Invitrogen,
USA), 30 pL substrate (ADP-Glo, 50 uM), 30 pL AT (uM) and 20
uL different concentrations (0 nM, 25 nM, 50 nM,010M, 200 nM) of
test compounds, and the total volume in a 96-wglfitiproof microtiter
plate are 100L of final buffer Incubate in liquid. Wells contany

substrate and compound-free kinase were used amalloveaction
controls. The assay plate was incubated at 37°@G@omin in the dark.
Use a full-wavelength microplate reader to perfatetection at dual

wavelengths to obtain fluorescence values, which farther used to

calculate IGyvaluesThe obtained data were compared with sunitinib as a

standard inhibitor for VEGFR-2.
4.3. Cdll culture and CCK-8 assay in vitro

Human colon cancer (HT-29) cellsyman gastric cancer (MKN-45)
cells, human umbilical vein endothelial cells (HU¥& were purchased
from the China Cell Resource Bank and recordedCagdreration cells.
Standardized training according to the protocolled by the supplier
dilute fibronectin to 1 mg/mL with sterile waterdd 25 mL Fetal Bovine
Serum (FBS), 5 mL Endothelial Cell Growth Supplem@&CGS), and 5
mL P/S solution to 500 mL Endothelial Cell MediuBBGQM) (ScienCell,
SC-1001). These operations are protected from. Iightompounds were
dissolved in DMSO as a 1 mM stock solution. Furtdautions of all
compounds were performed in DMEM (GIBCO, 21127-0@2pmplete
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medium. The compound was serially diluted to tmalficoncentration:
1.25 uM, 2.5 uM, 5 uM, 10 pM, 20 uM. The concemrapf DMSO is
0.5% [47].

The antiproliferative activity was determined usithg CCK-8 assay
[48]. HT-29, MKN-45, and HUVECs of F4 generationreecultured in
culture flasks. When the number of cells reache%,8the cells were
harvested and transferred to a 96-well plate @ceatith fibronectin at a
concentration of 2 mg/cthand cultured at 3000 cells per well overnight.
ECM complete medium was aspirated in DMEM comptagslium, and
50 ng/mL VEGF was added. 100 pL of the diluted coumul was added
to the corresponding experimental wells. The metwas incubated for
24 h, and 10 mL of CCK-8 reagent was added to eathand incubated
for 4h. The optical density (OD) of each well watatted at 490 nm.

4.4. Transwell assay

A transwell chamber (pore size |8n; Corning Costar, Cambridge,
Massachusetts, USA) was used to measure the moigraapacity of
HUVEC. For transwell analysis, HUVECs were treatath serum-free
DMEM medium containing different concentrationscoimpoundl3d (0
uM, 0.2 uM, 0.4 uM or 0.8 uM) for 24 hours, and then collected and
counted. 1x1DHUVECSs were inoculated into the upper chamber,taad
lower chamber contained DMEM medium supplementdd 0% serum.
After 24 hours of incubation, the filter was fixedmethanol and stained
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with 0.1% crystal violet. Gently wipe the upper fage of the filter,
image under the microscope, and count the totabeurmf HUVECSs that
have migrated through the filter's lower surfacgl.[4
4.5. Tube formation

After treated with different concentrations (M, 0.2 uM, 0.4 uM or
0.8 uM) of compound13d, the HUVECs were collected. 1X1@ells
HUVECs were seeded on Matrigel's surface (#354E23ning, USA),
then cultured for 6 hours. The tube formation wasnt observed and
photographed with a microscope. Use image pro @oiware to
calculate the total length of tubes.
4.6 Western blot analysis

HUVECs were treated with different concentratioQsuM, 0.2 uM,
0.4uM or 0.8uM) of compoundl3d for 24 hours. Primary antibody (100
uL/cm2): VEGFR-2 (26415-1-AP, Proteintech Group),VIpGFR-2
(Tyr951) (#2471, Cell Signaling Technology). Thelldar level of
protein was determined by standard western blatting
4.7. Zebrafish labeling and culture

The research group cooperated with China Zebrédestource Center
(CZRC) to construct a blood vessel marker zebrafisi(kdrl:EGFP))
with a genotype of s843Tg/+, which was recordedhasFO generation.
Collect the fish eggs of the F2 generation, and alifferent
concentrations of target compounds to the cultahatisn after 24 hours
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to make the final concentration of the culture 8olu40 mg/L. After 24
hours of action, the zebrafish were anesthetimedvo, and the internode
angiogenesis and sprouting were observed undarfaga microscope.
4.8. Molecular docking study

Molecular docking study was carried out with MOE dletular
Operating Environment, version 2016.08, Chemicam@ating Group
Inc., Canada) [50]. Two mol2 format files of compdud.3d andsunitinib
were subjectetb energy minimization with Amber10: EHT force-fieh
MOE. The crystal structure of VEGFR-2 in complexhwsunitinib (PDB
ID: 4AGD) was downloaded from Protein Data Bank

(https://www.rcsb.org/) and successively optimizedth Structure

Preparation and Protonate 3D [51]. The ligand ata@e chosen as the
docking site in the docking procedure, which wasdtwted with default
parameters.
4.9. Molecular dynamics (MD) simulations

MD simulations of two systems in PDB format werand@oacted using
NAMD software (version 2.14), and configuratioreilwere generated in
VMD (visual molecular dynamics) [52]. Energy minmation and
equilibration with Gasteiger—Huckel charges usedtZBmann's initial
velocity in CHARMM 22 force field file, which perfoed in a 15 A3
size water box. Ultimately, 10 ns MD simulations foree proteins at
constant temperature (300 K) and pressure (1 ateng warried out to
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analyze three systems' binding affinity and stgbili
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® A novel VEGFR-2 inhibitor based on 1,2,3-triazole scaffold was
identified.

® Compound 13d had better kinase activity inhibition ability than
sunitinib.

® Compound 13d could inhibit angiogenesis more effectively than

sunitinib.
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