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nsfudsmasydulavonsadusdldfinidaumis meta uay para mudiy Taeluana
15e (0-CN) gz 15j (m-NH,) flauanunsalunissudusadusibesiv HepG2 A18 ICsy =
3.191 UM waz 3.588 M n1ud1du elndidsstuetgesuniu (Cy, = 3.871 M) waw
Luiana 15a (0-Cl) wag 15k (o-NHAC) fianuannsolumsiuduradusidasiu Huh? §e ICs,
= 1.011 pM wae 1.197 pM Andnen9esiilu (ICs = 2.930 uM) JsindnUseuna 2.9 was
2.5 wh sy uenanilluiana 15¢ (0-NO,) idneawlumstiudsiintueaduz v
Waosviingae Insfimnundufivdowad HepG2 Way HUh7 aae ICsy = 3.734 pM uag 1.632
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59317203 : Major (CHEMISTRY)
Keyword : sorafenib analogue, multikinase inhibitor, triazole, targeted cancer drug,
liver cancer cell line

MR. YOTIN MATAKO : SYNTHESIS AND BIOLOGICAL EVALUATION TOWARDS
HEPG2 AND HUH7 CELL LINES OF 1,2,3-TRIAZOLE-CONTAINING SORAFENIB
ANALOGUES : THE REPLACEMENT OF PICOLINAMIDE RING OF SORAFENIB. THESIS
ADVISOR : PANUPUN LIMPACHAYAPORN, Ph.D.

Sorafenib (1) is the first oral drug approved by Food and Drug
Administration of USA (US FDA) in 2005 for treatment of advanced HCC. However,
sorafenib possesses unexpected adverse effects and limitation of pharmacological
properties. Even the patients are treated with sorafenib, the survival rate is still low.
Herein, we aim to improve cytotoxicity of drug against liver cancer cell lines. Thus,
the structure of sorafenib was modified by replacement of the picolinamide ring with
1,2,3-triazole connecting with a substituted benzene. Totally, 18 novel 1,2,3-triazole-
containing Sorafenib derivatives (4b-4s) were prepared successfully via diazotization,
substitution and Huisgen 1,3-dipolar cycloaddition with good to excellent yields. The
inhibitory evaluation towards HepG2 and Huh7 of the 18 synthetic analogues and 13
analogues (15a-15m) from  Chanikarn ~Eamsaard’s studies (2019)*"" revealed that
unsubstituted compound (R = H; db) was inactive (ICs, >50) for both cell lines,
whereas the analogues with substituted benzene ring significantly improved the
activities. For the potent inhibitors, they.inhibited Huh7 more efficiently than HepG2.
Substitution at ortho-position with-various groups on the benzene ring adjacent to
triazole exhibited superior inhibitory activities than substitution at meta- and para-
positions, respectively. Compounds 14e (0-CN) and 14j (m-NH,) showed inhibitory
property towards HepG2 with ICsy = 3.191 uM and 3.588 uM, similar to sorafenib (ICs
= 3.871 pM). For Huh7 inhibition, analogues 14a (o-Cl) and 14k (o0-NHAC) possessed
the best cytotoxicity against Huh7 with ICsq = 1.011 pM and 1.197 puM, which were ca.
2.9 and 2.5-fold better than sorafenib (IC5, = 2.930 uM), respectively. Furthermore,
compound 15¢ (0-NO,) was a potent inhibitor for both HepG2 and Huh7 with ICso =

3.734 uM and 1.632 pM, respectively, which were as active as sorafenib towards



HepG2 and 1.8-fold superior to sorafenib towards Huh7.
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WUEJ’]ﬂV]?IﬂGLuUiuLVIﬂIWEJﬂEmuLi\‘iﬂaﬂ (14.1%) 509890 nTunzi599U (13.7%) ULLSA1UL
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(11.4%) wazuzifedld (10.6%) Auaiy usuzi3eiuildnsinisidediniigsiian Taogads

Y 9

99.4% Faunninwzisedn 3 win AougiSeen uziSaduy uazuzSedld ATsnsnns
\HeIn 89.2% 30.3% Wag 56.6% nuawiu’ danandlugunini 1

Age-standardized (World) incidence and mortality rates, top 10 cancers

Incidence Mortality

Breast

Liver

Lung

Cervix uteri

Colorectum

Prostate

Gallbladder

Ovary

MNon-Hodgkin lymphoma

Leukaemia

50 10
ASR (World) per 100 000

sUa il 1 8ns1guRnisaluiueny (age-standardized incidence rate, ASR) 4848757
guRnisal’

uzi598U (hepatocellular carcinorna %158 HCO) WunziSsiinuldvialan Tnaianng
Uszinaluwnfoutusadsandlng Tnedasadosdinelianlsauzdeiv Wy nsinide
hifasusniauTuas@izods (nudhiosay 90 vesiheumssiuiinsindel fasusniauiuay
Fuaneu) nMsruueansgedUsunaun nssudsenivemisiivuileusyramendu
(aflatoxin) wagdthefidulsaduuds? nsnmnitadelsailussosBuduannsnild 3 33
el 1. nMsmsaemszdukean ilelsiuluden 2. nsldiedesiiefiy Wy wissdans
9126 uaziAdosionmsdnoufinumed \udy 3. mapdnunsronsadienanzie o
praoiteds? dagiiumsinwuzifeivanunsovinldvaneiBamanumnzan Tiun n1s
Ndn nsdnenifeuusiaiulaenss miﬁmmﬁami@mﬁuﬁmamLﬁamLLmﬁldeaLgm
1599 warensnwLgISIuLUUT I ABIwadNELSS (targeted cancer drug 7 Gdlutlagiiu
flenfilesunns$usesan FDA (Food and Drug administration of USA) mmm 3 Afey1Ye
5T (Sorafenib; 1) 81L5lnsUHTAU (Regorafenib; 2) wagslawiniiu (Lenvatinib; 3)*> ¢
Tnoillassasamaaiifsguaiwd 2
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Lenvatinib (3) 1,2,3-Triazole-Containing Sorafenib Analogues (4)
gﬂmwﬁ 2 Inssadamaadvesgasnfiu (1), islnsamdu (2) 1wty (3) wazluana
Beunuugesniliuiumuisileduhidvessesindumens 1,23 lnsielea @)

Tnssadraneseniis 3 fauszneuludne 4 dhemsitddnyie 1) 2aumuillddds 2) wy
g136 (urea) 3) 2sHuend (phenoxy) wag 4) eslsuifnfianinsnaiiaiusslelasiau (H-
Bond) wavdunsisewuuln-ln (T interaction) I Seusirenss 3 freziidernans
Uszns wingaitadedin wu onflsangeiliiemibiannsadhdansinvidesn
wanidlduaznatufisdnvaneussns uenaniresiduduefusnillasunsiusesann
99ANITOIMITUA LY 1WINANSFBLUINT (Food and Drug administration of USA, FDA) 14lu
n1s¥nwiuzssdulussazanain (advanced hepatocellular carcinoma; HCC) TH & usid
2550° wardsanusadussouleinasvinlundulate (muttikinase)® femauadana s
Tidnaiimensunng aulasenuuuiazdunzsieyiustorimdududiuiuuin tilean
HATI9LABNTD8 WAUIALUANINNEY (pharmacological properties) TsiiA3LzaNN1A
JuuagiauUseansanlunissuineaduySaiuiitndises i Snvisldunluana
deuwvulunageutuuziSeriindun Snvansviaiefinuianuduiussenindasadiuay
quisMeTInm

Tusuideneunth §3duldseaunsuiuasulasiaisuasdaasziluiana
Bouuuures iy sufwanisnaaeugriduadugifenneg $auauNin 1wy Ang
wUswasuiinefidaslan (phenyl halide) Wu1i1 3-CFs, 4-Cl-disustituted U290 Hadl
mwddgysienudufivseiwad (cytotoxicity) msiasuannyySoidunylsley S
(thiourea), LUNTagise (benzyl urea) 138 chalcone ﬁﬁiﬁqwéﬂﬂiﬁuégqmaéml,%aamm‘ 10,
1 psiwdguainmgBmes (ether) unylsleBined (thicether) vilsiquinisdudamadunss
8114 (HCT116), uiFadiuy (MDA-MB-231) uasnzidadongnuann (PC-3) lindu waznis
wnuiiileduilud (picolinamide) feenmelslafiania (heterocycle) 1wy 2unuiilad
w1lug (nicotinamide) Tws1@u (pyrazine) A3unladu (quinazoline) Aurg1aulalow
(quinazatinedione) 1 udu greifinussansainnisduduwadusidednld (HCT116),



ARULLTIRINI (B16) uetTuinun (MCF-7) uaziwaduzi5aiu (HepG2) wasluadus5edn

Wangya s

1 a

MnuITeneuntifinantieiu giviuiinisasegveaiidaslan nyyise uaz

a

197luend datnudrfyneanuduiviowaauzise lnglaniznisunuiinladullua
(picolinamide) fmetannalsleiAacieg M lluanaidouwuuli@nanmiudu dewang
Aananesativayunmsunuiailaduludvesmesiiuiies 1,2,3-laselya dduiana

feonuuu 4 (A 2) asvililuanadsuwuuiivszansamlunsdudueaduzisasiu

viowaduviSednaudiudy Inens 1,23 leseleaauisaindunsaseruuuln-lw (T
interaction) fUUSIIAILSS (active site) wiloufurseglsundnlunudserounti yonainie
1,23 lnsweloaauisafindunsiseawuulelns@ian (hydrophilic interaction), Wuss
lalasiau (hydrogen bond), AuadansAunsnesilusssuv1Adafau (Histidine), Ay
fisrenszUINSInIUEAT (metabolism) waedlgndnisdinmiivanuans wu fu
wuATIiSe (antibacterial activity), #1uazi5e (anticancer activity) Wusu'® fauansiagialy
gﬂmwﬁ 3 uanmaﬁ@%’ammdnaLuu%uﬁamﬁma 1,23 1astelwa aunsorfinsunsnsen
wuulalasilan/lalasluda (hydrophilicZhydrophobic interaction), sumsisaauuuln-ln

(T-TC interaction), Wuszlalasiau (hydrogen bond) #30A1uINENE (steric) AUUSLILTS
yoeuladnianufsitesiunisduduvaduziSalaanaie
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Anticacer agent Antimicrobial agent Antibacterial agent
sUnwil 3 Tassadamaieiiueseniiing 1,23 lnsieleaiduesdusznou
galutlagiuinadimanisunng auleosnuuuiayduaeioyiusgosinduidy
Srununnualallfjmaaougnisudueadusieiu (HepG2 uaz Huh?) wntin Tueided
aulaflazduansilianadeunvuresnduiiing 1,23 lnselvaunuiisiladunludues
gas iy tewausyansamlunsiuduraduziSeiu (HepG2 wag Huh?)
ANULInINBLAzIngUsEAIAYaINITAnY
1. Anvuazdenidumaiivisnzauiianlunsdaaneyiluanaitimang
2. sonuutlassaduazduasgiluanadsunvuresuniuiiignilunisduds
LRRHETNY

(%
[

3. VpdeugydNsSuduTaauiidy warAnwauduiusidlassaisargnosuds

ANUAFIUVIINTANY

gosuduilugidusniildlunisdudusaduziseivlussozqnaiu (advanced
hepatocellular carcinoma 38 HCC) 8nisergasunduaiunsaduduoulednareviialu



nalatua (multikinase)® Safiaanmunzauiiazthudulianasunuulunsiaune dean
Q"’E%’aﬁm'j']fh:ﬁmiLﬂﬁaumﬂwgﬁiﬂﬁuﬂuﬁ (picolinamide) tuas 1,2,3-lnsielwa (triazole)
mmfwzv‘iﬂﬁmﬁqwéﬁﬁﬁmwswmﬂ 1.2.3 lpsielvaildefvasUsensdsl Wi fanuadns
Aunsnozillugainau (Histidine amino acid) 4AMULENYIABNTEUIUAITIUAIUDATH @11150
a$198unsAzeuuuln-ln (-7 interaction) uassiustlelnsiauls uasdigndnnadanini
mannvane’ Tasmadluanadsuuulumuideiasiienudufviowaduniedy HepG2
LaE Huh? Wuturieniaasiinnus s dewadusdusdassdaiumnniy

YDULUANISANE

1. Anwwazdendunsimingaufiaalunisduaseiluanadyuluugesiniy
(Sorafenib) s 1,2,3- lnstelaa (1,2,3-triazole) WussAUsznay

2. &unsigiluianaldsunuusesundu (Sorafenib) fiunufingiladuilud
(picolinamide) A1814 1,2,3-1915@1%1’71'61'@ﬁ’mqwu%uﬁﬁmgLmu‘ﬁ'umﬂﬁhﬁu 39
aunsaduasielaainluanauaalay (alkyne) wawielas (azide) uuisen Click
reaction

3. dluanadmineidaesegildlunedeugnianuduiviowadugifeduain
HepG2 way Huh7 1n8yinas screening fiannuidiudu 50 M (cut off)

4. n&Inn"1397 screening fiarnandudy 50 uM dawuindlaanadgnisudenns
wiyivlaveawaduziSdldiinnindes 50 ez lnanafenailunaasunieni
axiBentu Aam 1Cs (half maximal inhibitory concentration) tnerndananaunsa
nemAtla MTT assay
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v = o/ a
dayaingafiugasuunily
a ~N A I 1 ® < Y A % 3.11
819035 UWIU AT919n19A191 Nexavar® Llue niudansnitldlunisdues
ulginatsyialungulaiua (multikinase inhibitor) LA T8IAUNTNIIUIULAZNT
v A 1 < % . A
asrmasnidenlnivesuztisdu (hepatocellular carcinoma %38 HCCQ) Imzazqﬂam
dy a (% Y <
wananilgesurivaiuisaldludnuigUisuzisalnsrezqanaiu (advanced renal cell
carcinoma; RCOM wazuziSsraulnsesa (thyroid cancen)!’ lednale sasnuiiuaiunsa
fudveulainareviinlungulaiua (oral drug multikinase) Tnetoulasilawaduiouleyy
dAgAneTesnunsasdye I (cell signaling) N15UU (proliferation) N1sassldULADA
Tl (angiogenesis) waxN15M18 (apoptosis) Vouaduzise’! Mmemananinaduiiliege
sunduiignsfiamisaduduzisalenaruviia (broad-spectrum anticancer potency)!!
| I3 G ) Y A A o § Y ) ! Y ¢
agulsimuanldiglunissnwimegesiiuiulisiangs vidlviguevaluldannsaiiba
mM3snwills wazdadingdaelasunssnmmesesBuinuindensinissendindidn lag
Cheng wazany'® Menwidwauedentasugivesiivansadneg@ingUielae
a & o & I AV Yo a A & v Ay M o =~
WNAWies 2.3 Weu laedUlenlasueniiongedinde 6.5 weouuavgueiililasuedeny
\ade 4.2 1hou'®

AosanURLNdunan1dns (Pharmacodynamic Properties)

gosuiuibugmuililunissudneulsivatesialungulaua (multikinase
inhibitor) Aa vascular endothelial growth factor receptor (VEGFR)-1, VEGFR-2, VEGFR-3,
platelet-derived growth factor receptor (PDGFR)—B, KIT, FLT-3, RET, RET/PTC] and
downstream intracellular serine/threonine kinases in the MAPK cascade [e.g. wild-
type BRAF, mutant BRAF-and CRAF (Raf-1)] Tnelaiuameaniasiisadostunsdsdayy o
(signaling) N15LUIAY (proliferation) Msaserasnldonlnil (angiogenesis) WaEN1TOENOW
%@ (apoptosis) Tulwaauzise

@13 Tyrosine kinase inhibitors (TKIs) nﬂﬁaiﬂmmmé’uégaﬂ'rst,ﬁayﬁuimsuaq HCC
Iganun wansliduingesmiuiinadodunansasdyaavenvadusdmansidun
wonmiloanidunis MAPK Sadumanaiuidiuieidedunisisuduarnisaiyves
HCC iy PI3K/Akt/ mTOR, JAK/STAT, Wnt/ B—catenin, cMET uway IGF pa’thvvay5

Sorafenib Wil lwaduziSsdiunneniunaln MAPK-independent #anguuuds
ABT09UN1TANAIY8Y anti-apoptotic Bcl-2 proteins 1 Mcl-1 Lagliun1Hhan199nvas
p53-upregulated modulator-of-apoptosis (PUMA) uana1niifeiin1s1891u31993 Wy



[y 1

g1adnansENUNIIANTY Wy nMsiaSugnsvesiledan T-effector I NzdawadLlateN

§ AaY v 5

Larann1sUTIVUTIULANNANNU

Y 9

AavanURLNdvaauAIans (Pharmacokinetic Properties)

gosUWluliTg1UsEansua (bioavailability) 38-49% amu1sadunulusaulea 99.5% (in
vitro) @11150M3IAN19933158 77% Uaendz 19% wavlpseiinussana 25-48 3lue’

NATN9LALIYDIENYRTBNTU WY 81015999 LSARINUY HINTILIAe 1UDe1115 ULn
an WU Uanveakazidgalasu’

Decreasing Tumor Cell Proliferation Decreasing Angiogenesis

0 Ve Angiogenesis:
o Differentiation
" o - ? Proliferation
(NUCLEUS ¥ Migration
GD» (wucLeusE vegr _
s %Proli A 1 (NUCLEUS) Tubule formation

Survival

sUnwil 4 nalnnseenguivestes v’

%asmﬂﬁuﬁqwéé’u& MAPK pathway Wag receptor tyrosine kinases ENULREIER
vlviwaduzidsannisutsitazannsainaviaonidoslval fgunmit 4%

gL5inT WAL (Regorafenib) n3engeslsasinily (Fluoro-Sorafenib) gnimun
Tneu3oven Bayer Tuusemeiwesiulul 2554 Silassadsfinnuunnsiannges s
iluenduwindu uazlueiiiinalnnisesngns snttadugmuitannsadudausivlawals
wanAmane (oral drug multikinase) Ad1efueges Wiy Fsavduduieniumsadroaen
\denlual (angiogenesis) N15La5eUtAULR NSUNSNTEABUBINLLSY (Metastasis) widlouiuen
Y931 WU Laza1nn15ANEI preclinical Wudwﬁqmémqmé’ﬁwm (Pharmacological
Activity) fifnIe1gesuniu lnefiussadnsninsediu VEGF receptor, C-KIT wag TIE2
inniewes il (Aeatunsdesunsaimasnidenlvsivemzie) duanslugaiwd
5 guslnsunfiulasunissusesan US FDA Tudl 2555 TunisSnwiusiSaanlduglusyes
anau wseldldnaininemasnlunisinuviuziswesdldlng ssozuninszate uaglud
2560 13 FDA l¢susesensinsunduiannsaldlunssnuusdadiuiilinevausssosnae
WU nathaiewweseniine sounde Woems e unaluun Yivtnan wazaam

mulafngadusiu®® 2



Molecular Regorafenib Sorafenib
target IC,, (nM) £ SD IC,, (nM) £ SD
c-RAF 2.5406 613

BRAF 28+10 22+6
BRAFY60%E 19+6 38+9
VEGFR- | 13+0.4 NA
VEGFR-2 4.2+].6* 90£15
VEGFR-3 461107 20+6

TIE-2 311146 NA
PDGFR-( 2243 57120
FGFR-I 202418 5804100
C-Kit 712 68+21

RET 1.5+0.7 NA

Flt-3 NA 58+20

Notes: *Murine VEGF-R. Strumberg D, Schultheis B. Expert Opin Investig Drugs.
2012;21(6):879-889, copyright © 2012, Informa Healthcare. Reproduced with
permission of Informa Healthcare.*

gﬂmwﬁ 5 61 1Cso v0dEwas lduazesinsundulunisduddusauiifontosiunis
Seulnveeuise?

Lenvatinib (Lenvima®, gndfmunlng Eisai Co. vesuszmadiiu) 1usmiudifigns
Fudanisadravasnidealnil Gneiogenesis inhibitor) 1ngW1uM1a VEGF receptors
(VEGFR1-3), FGF receptors (FGFR1-4), PDGF, receptor QU (PDGFRQU), KIT wag RET oy
I¢¥un1sensi@ann FDA Tud 2557 TildlumssnwueiSilvsesrilinouausssionisinuse
asusiutiunssdlolefiu (radioactive iodine-refractory differentiated thyroid cancer) way
Tud 2560 FDA Fuseslildl Lenvatinib el ifugidadenusa (frontline) lunsinuinzise
fuszaranauviioufuegesniiu TngnanisAnyimenaiasyozil 3 (phase 3 trial) 189
&1 Lenvatinib lugtasuziiedivszezanany laglien Lenvatinib auia 12 w3a 8 Tadnsu
Juagiuthmiindediniing (1afsdetu) Wisuiisuiuniuen Sorafenib 400 fiadndu (Tu
avansnde) Sadugnmnsgiu nansAnwinuin AlreuzSIduneUauawosn Lenvatinib i
#eelunin (noninferion) &1 Sorafenib Tnswuinnsinerglasiadsvesitsnguilssuen
Lenvatinib uag Sorafenib luunnsinsiusgnsditdodfey® 2



Ki (nM) 1Cso" (nM)

Kinase Gene Type

Lenvatinib Lenvatinib Sorafenib
VEGFRI (FLT1) Wild type 1.3 4.7-22 21
VEGFR2 (KDR) Wild type 0.74 3.04.0 20.6
VEGFR3 (FLT4) Wild type 0.71 23 15.7
FGFR1 Wildt type 22 46-60.8 335-340
FGFR2 Wild type 82 26.6 146-150
FGFR3 Wild type 15 51.6 339
FGFR3 K650E 28 110-113 100-104
FGFR3 K650M 62 251 110
FGFR4 Wild type NA 43 3400
KIT Wild type 11 85.4 140-144
KIT V560G NA 0.7 4.6
KIT T6701 NA 410 60
KIT V654A NA 520 920
RET Wild type 1.5 6.4 14.6
RET M918T NA 12 33
PDGFRa Wild type NA 29 1.6
PDGFRa V561D NA 25 54
PDGFRa T6741 NA 630 86
PDGFRp Wild type NA 39-160 27
LCK Wild type NA 130 960
FRK Wild type NA 160 370
HER4 Wild type NA 170 >10000
BRK Wild type NA 180 8300
HGK Wild type NA 400 3300
ABL Wild type NA 660 1050
EPHB2 Wild type NA 660 710
FGR Wild type NA 910 1200
EGFR Wild type NA 6206500 >10000
c-Met Wild type NA 100-520 >10000

The Applicant examined the kinases activity and the enzyme selectivity profile of lenvatinib using an in vitro homogenous proximity tyrosine kinase assay with HTRF,
ELISA and MSA. * ICso: Half-maximal inhibitory concentration. NA: Not available

gﬂmwﬁ 6 A1 ICso Y0981 NN utarenauIiduluni198uds Receptor tyrosine
kinases (RTKs)*?

a %
FF33UNIIUNNYIVDN

lungueuddevesnns Yao LWWARuiNsansiAgIfunIsimuIgges iy M1sais

wwAuazgluyssmalulaosuaiuiawad a.a. 2555 auiiadagdu (2562) laafian
Vanun 9 adudsil

Tud 2555 Yao uaganz™ leeenuuunardauanzsiluanadounuugesiniy dsiins
unudivgigiSe (urea) snelslogi3e (thiourea) wagsinnisuiuasudiisiidaiglad (phenyl
halide) wazUanatelud (terminal amide) T#g1uau 20 Tutanaiumnsinafudsgunind 7
wagldilunageunmsdudnisesyiiulnvonsadusdasdald (HCT116) waziwaduzse
1ua (MDA-MB-231) nansviadeugvswuinnmsunuiivunyielud fenyiiens (wu wy n-
butyl wag benzyl) asﬁﬂiﬁqméamaq YIALAYIUII9veInY R g19avdmanannsiud s
waduIS ANty %3 methyl Lansnstuduradie MDA-MB-231 wag HCT-116 (ICs
= 16.1-30.6 uM) 3 cyclohexyl LLammié’ug’qmsw%fylﬁdmﬁﬁ&ia HCT116 (ICsp = 9.15~



26.15 uM) warnsunuivuidaslas dwadensfudasadugSaiuananeiumilouiu
AsnuURUUUaNeLe s FaandlasIasIeanseazan ICs, vasansnuiaulananslunisien 12

(@)
S © | N ”—R
Ar\NJLN _N
H H

sua i 7 lassafumaeiiveduanaisunuugesindulunguanuideves Yao uazauy
Tud 2555%

AN5199 1 hanalassasiamazan 1Cs Tun1sdudasaduzissdnld (HCT116) wasivaduetSadn
13l (MDA-MB-231)%*

ICs0 (UM)
Ar R HCT116 MDA-MB-231
CF,
/@\ §—Me 30.6 £ 0.9 334 + 1.5
FsC s
cl
j@\ 3 Me 253+ 1.0 29.7 + 0.7
F3C s
F
j@\ §-Me 16.1+ 2.5 80.1 + 4.2
F ¥
cl
j@\ §{> 9.15 + 0.7 >200
FAC %

Sorafenib 78+08 36 + 2.1

Tul 2555 Yao wazame’ lasanwuulazdunsiznluanadsusuugasniu gad
nswnuivgeise (urea) melslagise (thiourea) LWasun sunuivwsiivendan 1,4 {Wu

U 3

1,3-disubstitution warUsudsunlsildaiglanwazUaiewlun Inelunuiseddunsiey
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Tuanadsunuulnifanun 23 luanafiuansrsfudaguaind 8 uagtilunaasuiy
waduuL S ld (HCT116) waduzisausuy (MDA-MB-231) wawlaaduuisasangnmunn (PC-
3) WU1 HCT116, MDA-MB-231 way PC-3 §1A1 ICso = 2.8-52.0 M, 21.2-75.0 UM was
2.2-45.6 UM Aua1FU TneansTidn1sunudi Ry #78 benzylamino 13e cyclohexylamino
group ﬁqm%iumﬁué’?&ﬁﬁniwamW\Iﬁu (78 +1.1puM, 6.8 = 0.9 uM) 2.8 lLag 3 1
d15U PC-3 (2.8 + 0.4 pM) way HCT-116 (2.2 + 0.4 uM) AUAINULAZHANITNAFDU MDA-
MB-231 §lf ICso = 21.2-40.2 M Fslndidsaduanslusudsonounth (29.7-122.5 uM) N3
wnufivuaeiuendain 1,4 Wu 1,3-disubstitution vinliifinanudufivdeisaduzise

(cytotoxicity) @1115U PC-3 way HCT-116 Fauanlassasieaisuazan 1Cs vasasnuaula

L
Ar\N/U\ 0 N R

N
H H

wanslum1sen 2°

suamnn 8 lassasremaaiivetluanaiieuwuuresinilu Tunguawideves Yao uasauy
Tud 25557

AN5199 2 LanIlAIAS19LaEAN ICs, TunisfudauwaduziSsdnld (HCT116) wazwaduzisasn
u (MDA-MB-231) wazisaduzissmeugnmun (PC-3)°

ICso (IJM)
Ar R HCT116 MDA-MB-231 PC-3
Cl /
$-NH
jil 15113 35.7 £ 1.2 16.1 + 1.1
FsC s
Cl
i©\ %—NI-/I_ 6.9 + 1.9 221+ 18 8.5+ 1.4
FsC s
Cl
j©\ N 93+ 1.0 212+ 1.0 6.8+ 1.5
J R i N 07 i .0+ 1.
FiC § HN—
Cl
j@ HN@ 28+ 0.4 34.2 + 1.5 2.2+04
FsC 3 W,
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T
D 224 + 1.0 402+ 1.1 121+ 1.9
FsC s k'

Sorafenib 78+ 1.1 36.6 + 2.1 6.8+ 0.9

wazlul 2555 Yao wazaAny’ wulnluanddeneuntivesnguvaauinuii lsleese
dunnusinzsaaduazieldunu pyrolidine asviliiingrdlunisdiufvadusss
S1ld (HCT116) waziwadsiougnuun (PC-3) undu Jsldeenuuuuardansziluana
Fouuvugeruniiuiioun 2 §3dfesmoes (ethen uarlsladines (thicether) Fafinsunuil
vyjgi3e (urea) selslogi3s (thiourea) Wnuil methyl amide Fe29umIu pyrrolidine waz
vnsufuvdsuisiidaslad Tnslumideddueneiluanadousuulmivomn 23
Tuanafiuansnafudagunng 9 uazihlunnaeuntssudamaiainsivlnvessaduz oo
gnuun (PC-3) uei5eantd (HCT116) wazigadueisauiuy (MDA-MB-231) wui1 PC-3 ICs
=5.2-99.0 umol/L HCT116 1Cs=5.9-128.1 pumol/L MDA-MB-231 dauiwzyjlajﬁqm‘ésmi’u
Tuanadifsiidlaisladidu 3-CF, 4-Cl-disubstituted uag 3,5-CFs-disubstituted Lazd3d
felsToBmesflandnianind3damesuszana 3 Whuae 4 wihdwiuiwad PC-3 uag HCT116
puadu Jananslasaiisansiaye ICs, vasansitnailauandlunisiedt 37

(@)
LD
Ar\N)LN _N
H  H
X=0,S8

sUn il 9 lassasimaaivedluianadieuwuuges iy Tunguauideves Yao uavauy
Tud 2555

AN5199 3 LaRalASIES1ATAT 1Cs, Tunsduduraduzisaanld (HCT116), waduztSuuy
(MDA-MB-231) uazigaduziSemougniunn (PC-3) 7

ICs0 (M)

Ar X PC-3 HCT116 MDA-MB-231

cl
j@\ 0 220+ 18 11.2 + 0.9 501 + 2.2
FsC s
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CF3
0 16.8 + 1.9 212 + 1.0 388 + 1.5
FsC d
cl
j@ S 73404 59+ 0.6 80.8 + 3.0
FsC >
CF,
S 52+ 0.8 83+ 1.0 202 + 1.8
FsC ol
Sorafenib 6.8+ 1.1 78+ 1.1 36.6 + 2.1

¥ 2556 Yao uazamuy® ldpanuuuiazduameiluanadounuuresiniu Ssflnns
unuiivjende felslegise Bmediiulsledmes wazdudsuiiidasladuazuaeiolus
Tnglunuafeidnaneiluanaidousuulnidanun 21 luanafiuandatudssunind 10
uaziluneaoufuiead HCT-116 wag MDA-MB-231 nuindiviarsluanafidgnslndidestu
grwes Wiy uaziiledsuanmyuiia (methyl) fioludifulelnaionda (cyclohexyl) An
ICsp AAINTIB1INT5 1 (QMBANTEImesUNTY) dnSuiraduziiedild (HCT116) Bniis
IuLaqaiu%'%éﬁ fianusunziinsewas HCT-116 WINALEaE MDA-MB-231 HCT116 1Cs,
- 1.8-78.0 M Fanandlaseadisansuasen 1Cs, vasansiinaulanansluasied 42

(0]
S S | N H—R
AV\N)J\N _N
H H

sUnnd 10 lassafrmaefivesluanaideuiuuresiniy lunqueuideves Yao wag
Aoy Tt 25567

AN519% 4 wandlAsIESIakazAn 1Cs, lun1sduduraduzisaanld (HCT116) wavwaduzi5adn
13l (MDA-MB-231) %

ICs0 (M)

Ar R HCT116 MDA-MB-231

F \;’5 ‘?%
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T, O
1.8+07 5200
FsC ¥ K
cl
j@\ s Me 120+ 2 84.0 + 4.2
FsC ’d

Sorafenib 78+ 1.1 36.6 + 2.1

U 2558 Yao wazaz? vinsduaseieyiudsoriduiasnaaougndlunig
fusmaduzide Tnewuitlunuideneuni 1) lslegides (thiourea) iisseAnSnmns
fuasaduzise 2) gwiia (methyl) fialudagsinlidiqnilunissudaidan 3) nsunud
WUV 1,3 (1,3-disubstitution) aeflgnslun1sdudsiinda 1,4-disubstitution warluauided
fdedslduaneioyiussonliuiifinsunuivjgse melslegise dimesilulsledimes
Wasumsunuiivesisiliiaain 1,4 Wu 1,3-disubstitution waziUasuainislwsaudu 2,5-0
Tadunlud (2,5-nicotinamide) Tnefimanadn 1) 819aiin siUasun1sdud active site 2)
2,5-disubstitution anansnifiunisazatstiinsglifinsaistusylalasiaunieluluiana
yoayillaAunlug (nicotinamide) 3) ASWNUTILUU 2,5-disubstitution LiuAUARIBATIT
g1MIFIUTLAFUT0991n FDA wazUiuasuineiiaiglan'?

nduiluanalvifiduaseildiomn 14 Tuanafunndsiudagunimi 11 1
nagounstiudimsiasaivinvewsaduzidednld (HCTL16) tziEaduy (MDA-MB-231)
uziSaraugnyLn (PC-3) wagalz 39y (HepG2) wuiluanadiuannvesanuideiinndaa
drviuwaduziien 4 9in A0 1Cy = 2.21-53.75 UM, 2.33-69.34 uM, 1.98-67.38 uM,
4.55-85.34 pM fifindaaas1lfiu (8.41 + 0.19 UM, 17.84+ 1.93 uM, 10.98 + 0.67 M,
10.48 + 1.52 uM) dmsuigaauziseald uziSasiug uzSwougnuuinuasuslieiu was
ﬁnﬂmamimaaqugwudﬂLﬁaﬁwgﬁaaLﬁﬂmiau (electron-withdrawing group) 7lusa 2 ny
vuasilila sxdiguiifnindinfdidnaseuliivsmyifioduagidednisunuiivuidlnity
(pyridine) Uy 2,5-disubstitution (nicotinamide) %q%'éaﬂdﬂ 2,4-disubstitution wagil
Tadunlud (5.35) vinlmAansduiu MDA-MB-231 wuulmififindmyludiu (24.89) fa 5 11
2999°U398nUNLN (BMCL90, LLamImaa%Nmsﬁqgﬂmwﬁ 12)'
M1 1Cs vosansiihaulanansluassil 5

H
Ar\NJ\N 0 N

H H

FILANILATIATIIENTHAY
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sUnn? 11 lassaframaniiveduanaideuwuugesiu lunguauideves Yao uay
Aodg Tutl 2558'

O
BOSSChGR]
BMCL9o

sUnm i 12 lassasemaaiivesans BMCL9o™

AN5199 5 wandlAIaEs1akazan 1Cs, Tunsdudasadusissantd (HCT116), wadusiSadnuy
(MDA-MB-231), iwaduzi3asaugnuann (PC-3) uazuzi3edu (HepG2)™2

ICso (HM)
Ar HCT116 MDA-MB-231 PC-3 HepG2
Br.
jij\ 3.12 +0.55 3.02 +0.42 2.67 +0.02 8.53 + 0.56
F3C X
CF,4
2.50 « 0.35 2.67 +0.15 5.86 £ 0.25 455 + 0.34
FaC ¥
cl
jg\ 2.21 +0.09 2.33 + 0.22 1.98 + 0.23 535+ 0.21
FsC s
BMCL90o 14.58 + 0.34 42.43+ 0.68 16.38 +0.38  24.89 + 1.45
Sorafenib 8.41 « 0.19 17.84 +1.93 10.98 + 0.67 10.48 + 1.52

Tu¥ 2560 Yao uazany® lfvhnsduasegouiuseesiniu Tnalueuidedldvmun
2 F3dReBmos (ether) uazlslodines (thioether) wyudivg] picolinamide (pyridine) Wy
quinazoline Wasun sunufivesiifanin 1,4 Wu 1,3-disubstitution wazlduduiudeni
widaiglad andutdluanaluiifs 17 lwanafiuandsfudegunind 13 Tunaaeunis
Fudinsiasyivlnvenvaduzdedild HCT116 way HCT115 wudﬂmaqaﬁaulmﬁﬁqw'é
(IC50=8.21-87.77 UM, 6.96-87.36 LM @ m3U HCT116 way HCT115 auasiv) fgnitense
SUNTU (ICso=12.81 pM, 14.12 uM d1915U HCT116 wag HCT115 audisv) wazdsdmduy
thioether axdiquaiiAnid3d ether 1ntiuthansiidgndafian (GD-09) lunaaeunisduds
mssaiulnvevaduziwiedudn 15 ¥infe SW-480, HT-29, LNCap, PC3, DU145,
BGC-823, MNK-45, AGS, MCF-7, MDA-MB-231, SiHa, Hela, H460, LLC wag B16 W‘U’Jl’lﬁi]ﬁflé
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fi5n11 (8.43+0.32 pM, 14.88+1.31 uM) 81905 1UWTU (14.30+1.82 UM, 23.98+1.91 pM)
dmiuiraduzidadiug (MDA-MB-231) uazton (HA60) warnuindsdlsledinmesiigniaianiy
FadswmesmiouruluaiTenounti Jaanslasadaasuazan ICs, vasasiunaulanans
Tumsnedi 62

| O
(@)
WOWE)
A
NP N
H H
X=0orS

sUnn? 13 lassaframaaiiveddutanaidsunuugesiniu Tunquauideves Yao way
Aodg Tutll 2560

A15197 6 uandlaseadtanaren 1Cs, lunstudnvaduzisedld (HCT116 wag HCT15)%
ICso (HM)
Ar X HCT-15 HCT-116
F
O 49.60 + 4.96 33.63 = 1.45
FaC i
F
S 8.21 + 0.50 6.96 + 0.73
FsC ol
Sorafenib 12.81 = 1.06 14.12 = 0.85

N e

Tu® 2561 Yao wazanuz' lovinnsduasiginanenudsaiul 2560 (N9Uus 2 F58A0

Bes (ether) wazlsledines (thioether) Lmu‘ﬁ'mﬂ' picolinamide (pyridine) 18 uwny]

@

al

quinazoline Wasunsunuiivenaiiiiaann 1,4 1Ju 1,3-disubstitution wagldusuivasy
wiidaiglasd) Tagluauidetunndnmsaiidulsleg Fe (thiourea) unmugFe (urea) uazldii
anslmiianun 14 luanafiunndrsiudagunmit 14 lneaeunissudamaasnivlnmes
waauSsald (HCT116) ugiSaiuy (MCF-7) ugiSeiiants (B16) uaztoulwsl (EGFR uaz
VEGFR-2 FaufuteulasidrfgfiAesdoatunisiiusiuau nswisuaninvewead n1s
inAsuilveawaduaznisadramasadenlul) wuinilefivyiedidnnseu (electron-
withdrawing group) fuse 2 najuwIsida (9w -F, -CL, -Br, -CF) azﬁqwéﬁﬁadwmsﬁﬁwyﬂﬁ
SiEnmseunazddlsledmefiiumruausalunissudueuladitiaes Tneen 1Cs, luauide
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1 (8.35-9.57 uM, 14.79-32.43 uM, 5.57-42.16 uM) AalnaiAgenugasuiiu (10.55 uM,
17.87 uM, 9.29 uM) duSutwaduzisaantd (HCT116) uziSadug (MCF-7) wagugissiimila
(B16) Fenanslassadisansuaze 1Cs, vosansiiunaulananslunisiedt 71

| o
(@)
L)
A
r\NJLN y \N)
H H
X=0QorS

sUnni 14 Tassaframaaiivesluanaifeuwuugestiniu Tunguauidevss Yao wag
Ay Tul 2561

A15199% 7 handlassasianazen 1Cs Tunisduduaaduziadnld (HCT116), uzisadiuy
(MCF-7) wazugi5aiinila (816)H

ICs0 (UM)
Ar X EGFR VEGFR-2 HCT116 MCF-7 B16
Cl
o 0.02 0.05 9.13 1772  6.11
FsC 5
of
S 0.01 0.07 8.11 2091 7.89
FsC s
Br
j@\ S 0.01 0.08 8.35 15.66  5.57
FsC ¥
Sorafenib 0.02 0.08 10.55 17.87  9.29

Tul 2561 Yao uazany? Idhmsdaameieyiusvesuniu Tnsduamevitomn 3 3
3dAe 1. Wasu Bwmesifulsledines 2. WasuaNBmes (ethen) ulslegi3e (thiourea)
wavdmedilulslodnes 3. Wasuandmes (ether) Julslegi3e (thiourea) ua 1,4-8nas
Ju 131sTedmed Inuws 3 334 vinnrsunuiidadlnsdmdu 250ladulud 2,5-
nicotinamide) uUstdsuiieiifaglas uazldanslusdionun 20 Taana fuansrafuss
sunwdl 15 lunpaeunsdiudanmaaiafiulavessaduniedld (HCT116) warusSsRanily

(B16BL6) WUINTIAT 1 fifn ICs = 5.29-7.09 M, 24.59-45.18 M F347 2 Te ICs, = 4.90-
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dde‘d

52.44 uM, 24.59-69.29 uM %3@n 3 dan ICso = 5.02-39.49 uM, 19.22-67.46 uM AN U9
UNTU ICs = 8.41 pM, 36.48 uM g nSutwaauziSeanld (HCT116) uwazugiSaRania
(B16BL6) 1u&a10U I@W;J"Lﬁiaamai (thioether) i 2,5- Aeadunlua (2,5- nicotinamide)
Froiiulszansamnisduiuvaduside uay ﬂ’]imwumal,aﬂmaul,t,m Funed 3,4 Ui
19ifalan mim‘wmmswmLaulszmLLaquﬁmmﬂmwummumaamuamiﬂsaaiwmi
LazAn 1Cs, vesansfiuaulauandunisiei 8

" NN AN NN
| H g | ) H
s S
0 .
Series A Series B
LACT
H
A
r\NJ\N SN
HoH
Series C

sUai 15 lassasriemaaiiveduianaiiguhuugasinilu lungduauideves Yao uaz
ANz Viavide 3 T34 (A, B uay C) 1wl 2561°

A19197 8 handlAsIadIaazen ICs, Tunisdudausaduzisedld (HCT116) wazuzisaimvils
(B16BL6)’

ICs0 (M)
Ar HCT116 B16BL6

F3C %

CI:©/ 5.29 + 0.55 24.59 + 0.60

Series A

FsC %,

F:©/ 6.37 = 0.48 29.32 + 1.31
Series B

FsC LY
uj@/ 5.18 + 0.53 19.75 + 0.63

Series C
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CF,
5.02 £ 0.27 54.16 + 2.69
FsC
Series C
Sorafenib 8.41 + 0.19 36.48 + 3.52

Tt 2556 Chen uavauz'! dvhnsdaaneioyiusomesmdulaeasuangise
(urea) LU uBagi3e (benzyl urea) wazuusidsuiudiaeluduazildaisladldasing
sanua 22 luianafuandrafudsgunand 16 dlunaaeuniséufusaduzise 4 via Ao
LS AUL (MX-1) U9y (HepG2) uwiSsln (Ketr3) uazugiSaantd (HT-29) wuin p-Cl,
m-CFs fhsfifadignslunsdudssad HepG2 (Csp = 5.69 pM) fidnd1sesuniu (ICs = 8.05
uM) Uszanad 1.4 win nylididnmseu wumy p-CHs tag p-OCH; vinlia 1Cso agluting 31.6
UM 9 50 UM Feuandlastadisansuayen ICs, vatansivaulauandlunisnedi o1

sUn i 16 lassaframaeiveslutanaideuwuugesiniiu Tunquauideves Chen uag
Auglul 2556

A191991 9 LanalATIAS1UAEAT ICso TuNMTTUSILBISUAUN (MX-1) 1215990 (HepG2) way
yuisale (Ketr3)™

ICs0 (M)
Ar R MX-1 HepG2 Ketr3 HT-29
cl o
j@\ N 136 569 731 136
F3C ¥ HH/\/ \)
Sorafenib 843 805 104 113

Tt 2558 Wufu wazaug?’ lavinn1sduaseieyiuseigesiniunivg daliay
Se(Sulfonylurea) 2 3dInaldnuiu 11 lananuandadufsguaing 17 waziluin
nageufuwadusiiaven (A549) Unnuagn (Hela) ugi3adus (MCF-7) uaguziSesion
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anuan (PC-3) WUt Series | S8 ICsg = 27-86 M, >60 M, 16.5-80.56 LM, 17.97-
68.87 UM Series Il §1A1 ICsy = 32.59-57.42 UM, 24.65-44.32 pM, 17.19-69.25 uM, lailé
FUIAN B9 2 %’%éﬁqwéﬁuéndwmmmgm d1115U A549 (ICs = 6.53 + 0.82 uM), Hela
(ICsp= 8.08 £ 0.91 uM) MCF-7 (ICs0 = 4.21 + 0.62 uM) g PC-3 (ICso = 11.05 + 1.0 uM)
puaInu’’

(0] F 0]

Series | Series Il

o = a

sUa R 17 lassadamaniiveseuiusewesudunivy dalniagise (Sulfonylurea) 1
2 g5dvas Wufu uazane Tud 25587

Tl 2559 Branka wazanie ' lavinnisdaasigioyiusyesniu N8n15unuinig

aa L. [ = . o a 4:4' a I3
wiulniau (pyridine) LuawmiIulng13u (pyrazine) wazvinniswusiasuisildaislan
wazwitaielud Mnduiluanalmilunuidedne 9 luanafiwanssiudeguniwi 18 1J

v a a 3 < < = < [ P

NAdaUNITAUNITIRTYLAUIRURNwadNzSudaldene1a (CEM) uzliafinidonund
(Moltd/C8) uzisudinfiu (HepG2) uzisaunungn (Hela) uzisaanld (SW620) usiSasuy
(MCF-7) ugi59Uan (WI-38) wavlwanueisavon (A549) lnevntutanatuawidell Sgnslunis
Fudanmsasaiulpvesaduziiuaziniudinisiangasurasiwadugisananingwesum
U lnganiznrsnaaauluan HepG2 A1 1Cs ANA18199 5 UNTU (IC50=6.2 uM) §19 9 11
FauanalATIds19a@shaz Al 1Csy vasansiuhaulatanslunisne 10

SO
Ar\NJ\N NN
Ho H I

sUnni 18 lassasimaaivedluianaifsusuugesiniu lunaduawideves Branka uaz
Anugludl 2559"°

A15197 10 LanalAseasauaza ICs TunsdudauziSeiu (HepG2)!

ICs0 (M)

Ar R HepG2

Br\@\; 5\0 0.7 +0.1

Ir=z



20

Cl
j@ o Son 09+ 0.1
FsC >
Cl
j@ ;‘\Q 0.7 + 0.1
FsC >

Sorafenib 6.2+ 1.8

Ul 2560 Pengwu uazany? Idmsdaunsmehoyiusvesniu 4 334 vavua 23
Tuana Muansafusisguaiwdl 19 TnsunuiingeiSe (urea) Wursumulwalea (pyrazole)
Auanenety 4 wuukaziinsulsivasuiisnuudasladuazwdfiaelud wuitluanaly
mAdei fgvisunisadyiulnventadusieen (A549) uiSeiu (HepG2) uxisuduy
(MCF-7) LLasz%mau@Jﬂmmﬁﬂ (PC-3) 71 wudﬂuLaqaé’mamﬁm'ﬁwﬁ 11 A7 1Cs HN
WazdAMNTUNIZI1E (ICso = 2.84 pM, 1.85 uM, 1.96 pM, 3.54 uM) 11NN ILO TN
U (ICso = 2.92 uM, 3.44 pM, 3.18 pM, 3.24 pM) dusulwaauziSalan (A549) uzi5asiu
(HepG2) uzifawinua (MCF-7) uazuziiaseagnuann (PC-3) muandu Ssuandlassaineans
uawA ICso vasansihiraulandnslumieil 112

O
N Z
JOS | \\HZN i

wg S>\;NH Ar)N\\)/ §

Ar/k)\f'e

sUad 19 lassasamaaiiveseunusegesinidundawmiulnslea (pyrazole) s 4 &

3

Ar

-e

Jdv83 Pengwu Wavag Tul 25607

A15719% 11 wanslassadanazan ICs Tunsdudusaduziseuon(A549) ugiSedu (HepG2)
Uz SufuY (MCF-7) uasuziSwongnuun (PC-3)

ICs0 (UM)
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A549 HepG2 MCF-7 PC-3
Br
@\(ﬁ/& 2.84 +0.78 1.85 £ 0.03 196 £ 0.28 3.54 + 0.61
HN-N
Sorafenib 2.92 + 0.68 3.44 + 0.50 318 £0.18 3.24 +0.45

Tud 2560 Mingze uazams? Iivinisdunsgheyiussesuniulmivianun 25
Tutanaiunndfsiudaguainit 20 Tnsunuiivgyi3e (urea) sorsuniu 1,2,3-lnsielea
(1,2,3-triazole) wazvinisudsidsuihsfidalad andutilmanalunuideidlunaasy
gniFunsasyiiuTnvestzidadnum (MCF-7) uaguziedld (HCT-29) wuinluanads
wanslumsned 12 ﬁq‘m'§ (ICso = 0.20 +0.01 UM, 0.61 + 0.12 uM) AiRndre1ges AU
(ICso = 5.29 + 0.32 uM, 43.30 + 1.36 M) 26.5 uag 80 Wil duSuwaauziseinlduazazisae

Unuagnauafiy Beanslassassasiase 1Cs vasansiaulawandlunisien 127
0

N:N
Ar \
’&/N\©\ 4 | X/
N
o N

X =0, NH

sUmi 20 lassasnamaniivedulanaldeuuuugestinty unguauideves Mingze uag
Ay Tul 25607

A15197 12 wandlasaasiaaza 1Cs Tun1sduduaaduziSeald (HCT-29) wazuziSadiuy
(MCF-7)%

ICs0 (UM)

Ar X HT-29 MCF-7
Q NH 0.20 = 0.01 0.61 +0.12
F

Sorafenib 529 + 0.32 4330 + 1.36

Tt 2561 Farshid wazaz' levinnisdaaseieyiussesidulneununnyeise
(urea) saetolua (@amide) 29iiladunlus (picolinamide) 1 w24 quinoxalinedione wag
wsiasuineiidawlan ldansluainvue 9 luananuansisiudsguani 21 anduid
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Tuanafdaaszildlunaaeugndnisiunisasyfulaveauzisasug (MCF-7) uazuzis
Urnunan (Hela) 15 wudtluianailal 1Cs oglug 16.87 - 53.05 pM wag 18.12 - 55.92
UM @ nsunzisadnuy (MCF-7) wazuzisadnnuagn (Hela) Bauanslasaasneansuazal 1Cs

Yasa1snuraulanandlunisien 13%°
H H

VO

sua i 21 lassadamaaiivedluianadeunuuresiniu lunduanuideves Farshid wag
Ay Tut 2561"°

AN51991 13 analassasiamazn 1Cs Tun1sdudasaduzisuiuy (MCF-7) wazugisauin
ungn (Hela) ©

ICs0 (UM)

Ar MCF-7 Hela

16.87 + 1.04 18.12 + 0.86

FsC
\©\§ 16.94 = 1.54 18.15 + 1.80
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UNN 3

M IAHUIUINY

wuIRANITERNULULLAILANE

dlofinn3ai1n 153U (binding mode) vase1 Sorafenib (A) Lenvatinib (B) futawlas]
VEGFR2 wuisililatglas (phenyl halide) fulglaalnsiia (cyclopropyl) 4ufiu allosteric
pocket (UTnunilsveseuluiunwin WeduiuluanatdngagsitliAnnsasuulas
sUweaeulusiluudinnss (active site) lsimsviauveseulssivasundadly) iuna
Tivygise (urea) uazlulnsiauuwisiladulud (picolinamide) uagailudu (quinoline)
ansaianusglalasiauivuinanswoseulyila 199uend (phenoxy) LAnsuRsAZYN
(interaction) U hydrophobic pocket agasfiladunlualasAIluduIindunsnsen

2 wonv1niltiafnun X-ray crystallography %1919

(interaction) AU adenine pocke
oulesd BRAF Auees iy nuigesnviuiindunsiseanuusiiaisaeuled BRAF
TndiAssiuusnasaeuled VEGFR2Y! Tayrsildatgladinndunsiseniu hydrophobic
pocket ina1nnsnezilurind Tu (566 uay 504), :au (503) v3Ulawiu (507) wazlole
fdu (512 war 571) ndgisgasruiusylalasiaununsneziiluviiansaueaunfniunsangmi
fin 29fluendiindunsiseadu hydrophobic pocket Aifinaannsasindadu (513) funs
Totlu (528) NH vwisiladulunasasiuselalasiaunu SH v0s@awdu wavezlsundnaes

anledunlumindunsasenuubn-lwivlseslsuidanidasaiiu (594 way 582) waznsu
Tawviu (530) fisguaami 22°!



A Hydrophobic
Adenine pocket
pocket <

g

LD S NH’
v 2NN
o N/ OO N

T Guunnn

HN o)
/ o) ..4

.F3C
Allosteric

pocket

Sorafenib
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B | V Adenine pocket
(0] N
1) Hydrophobic
HaN 5 pocket
(o] 0 Cl
" -
\@NH ! Allosteric
7//N pocket
o 0
Lenvatinib
Hydrophobic
Hydrophobic pocket pocket Adenine Pocket

Asp593 Tyr528

poS¥en k...

n- i interactions

Trp507 Phe594
Leu566&504 G'“5°° Phe582
Val503 Trp530
lle5128571

3UNNT 22 N15n153U (binding mode) wattaulasl VEGFR2 Aulassaiismaniives

Sorafenib (A) Lenvatinib (B)* tag X-ray crystallography szwinaioulesl BRAF wazge

iU (C)*

lunuidsiladaasieiluenaifouwuugeswnfuniiag 1,2,3-laselgaununiila

dunludveswes v &9 1,23 laseleaideusienuisuuduniingunuiuanaieiu (4)

dy a v ! 4 ¥ ! aa (3 1 = | aa o w !
‘LJE’Jﬂﬁ]']ﬂ‘L!I‘LJQ']‘U'J‘\]EJﬂ@u%uq‘lﬂiﬂﬁl\‘I'WU’J’l’quaLﬁl’ﬁﬂ ‘ViquJEqJJLiﬂLL@S?QWU@ﬂ‘UNﬂ’J’]Mﬁ’]ﬂ@IW@

nseangustunsdudurasuziie “uazae 1,23 nselvalduiserlsundnfianunsnaiig

Wuszlalasauuardunsisewuuln-ln adredungiladunludveswesiniiu wenanilds

AANEnU 4 ’NLawma‘[ﬂszjlﬁaiuqm%’ﬂdauwﬁﬂﬁmmsaLﬁmﬁ’ﬂamwiumﬁﬁusTﬂLsnaémL%ﬂ’?)'ﬂ

yangYun et 9

’e]ﬂ‘VN’N 1,23 lmL@Iszjasmmawmﬂﬂiumsmuwu L‘WSJF’TJ’W@JN“U’J‘UENI@JLaﬂa

fanupdeiunsnezilludainau IA1ulEiysRonIzUIUNITUATUDATL ﬁ'liJTﬁﬂLWllWUﬁ%

lalasiaulauasiignemeanmivainvane’ dagunaawi 23
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Hydrophobic pocket Hydrophobic
pocket
Cl | 0

) H- bond Donor
J-L and Acceptor

FsC N N

H H -
Tt 1

H-bond Donor Sorafenib (1) v

and Acceptor

H- bond Acceptor
Hydrophilic/Hydrophobic
Important activity N’N 1 n- it interaction

H- bond Donor/ Acceptor
O\A/
]@L U a)

1,2,3-Triazole- Contalnlng Sorafenib Analogues (4

JUANT 23 Lunfinn1seRNkULkAENSRIATIETluENAEEuLULLRTIHIUNTNG 1,2,3-103
lwaknuneiladunludvewas Wty (4)

Experimental section

aswail Yan uaziAsesilenly

A15098 U SLBlaUR waza1sailauy Qﬂ%ammm%@'m Sigma-Aldrich, Tokyo
Chemical Industry (TCI) ta2 Acros Organics él’m%’uﬁ’aﬁﬂazawﬁw&gwﬁﬁ%mlﬂuﬁaﬁw
azmmzﬁuﬁﬁmmﬁqw‘éqa (analytical grade) %ﬂgﬂ%@ﬂ’]ﬁ]’mU%ﬁw Sigma Aldrich tay
RCI Labscan, dmiusviaganeiilduonarslvuianslisesu commercial grade 11270
Carlo Erba way RCI Labscan l@un waniwu (hexane), lapaslsiiiny (dichloromethane;
DCM), 1a#ians@ienen (ethyl acetate; FtOAQ),LluNIUBa (methanol), wag n- mmuaa (n-
butanol) Tnesfvinazarainaniiaz ggAndunuuenould, dnduiilddud RO ik
N3¥UIUNT Reverse Osmosis (RO) d1n5uNIsIAsIenfinmutagnsIvdavaisuasuisen
199nead (Thin Layer Chromatography; TLC) 14 Silica gel 60 Fosq 910 USH% Merck R
anunsaRanNaNTULTILeaTldfesad UV finnnuenadu (\) 254 nm uasdanueadimiuly
msu,aﬂmﬂﬁﬁqwégﬂ%@mmﬂu%t:fm Merck

Payatiafesuunuanisloiuud (Nuclear Magnetic Resonance; NMR) 984516
lelelnuvadlaana H, °C waz F gatfuiindneia3os Bruker AVANCE 300 spectrometer
(300 MHz @1%3U "H NMR, 75 MHz d@1%3u °C NMR wag 282 MHz d1m3U “F NMR) Tagld
favinazaty CDCls, DMSO-ds WAy acetone-ds aAg chemical shift Tusuie ppm., fA1
coupling constant (J) w@aslunuiy Hertz (Hz) wazians multiplicity %ﬂgﬂ@%maé”m s =
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singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad d11¥uf1%1
avany CDCls 14 Tetramethylsilane (TMS) 184 internal standard @5y H, *C-NMR set
7 chemical shift wirffu 0 ppm, Fav1azas DMSO-ds set 71 chernical shift snffu 2.50
ppm Kkay 39.5 ppm @115 H uag *C NMR audisu wagld CFsCOOH 1Ju internal
standard #1%15U °F-NMR set i chemical shift WU -76.55 ppm, wazfaviazans
acetone-ds set 71 chemical shift 2.06 ppm waz 29.9 pprm d1%5U H way C NMR
PUAINU

foyanaveduianagniuiinAimiaseuszq (mass/charge; m/z) feiedes Bruker
Daltonics - microTOF lagld ESI positive mode

IAMaDUMal (melting point) vesndnfasiiduvesudmildainiadomiga
naRULa Stuart scientific melting point apparatus SMP2
General procedure A: Synthesis of various phenyl azides using diazotization and
substitution.

To a stirred solution of aniline (14b-14q) in 50% aqueous HCl solution below
0 °C was treated with a solution of sodium nitrite in water dropwise, while
maintaining the temperature of the reaction mixture below 0°C. The reaction mixture
was stirred at this temperature for 30 min. Then, it was added to a stirred solution of
sodium azide in water which was cooled below 5 °C.-The resulting mixture was
stirred to complete reaction for-about 30 min. After this time, the reaction mixture
was diluted with H,O (30 mL) and extracted with DCM (3 x 50 mL). The combined
organic phase was washed with brine (1 x 50 mL) and dried over anhydrous Na,SO.
The solvent was removed under reduced pressure to afford the corresponding
phenyl azide derivatives. (5b-5q). The product was used in the next step without

further purification.®

General procedure B: Construction of 1,2,3-triazole ring using Huisgen 1,3-dipolar
cycloaddition.

To a stirred suspension of azide 5a-5q, alkyne 7 or 13, and sodium ascorbate
in n-BuOH:H,O (1:1, 3 mL) was added 1M aqueous CuSOgq5H,0 solution at room
temperature. The reaction mixture was stirred at 65 °C for 2 h. After that, H,O (5 mL)
and 10% v/v aqueous NHs solution (2.5 mL) were added to the obtained mixture,
which was subsequently extracted with EtOAc (3 x 70 mL). The collected organic
phase was dried over anhydrous Na,SOy, filtered and concentrated under reduced
pressure. The residue was purified by flash column chromatography or

recrystallization to obtain 1,2,3-triazole compound 8 and 4a-4q.33
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Synthesis of sorafenib analogue 4a by route 1

benzyl azide (5a)

o
5a

A stirred solution of benzyl bromide (0.50 mL, 4.20 mmol, 1.0 eq) and sodium
azide (0.33 g, 5.11 mmol, 1.2 eq) in DMSO (8 mL). The reaction mixture was stirred at
room temperature for 19 h. After that, the reaction solution was diluted with H,0O (20
mL) and extracted with dichloromethane (3 x 50 ml). The combined organic phase
was dried over with anhydrous Na,SQy, filtered and removed under reduced pressure
afforded benzyl azide (5a)** (0.61 g, 4.58 mmol, quantitative yield) as light yellow oil.

'H NMR (300 MHz, CDCly) O (ppm): 4.32 (s, 2H), 7.10-7.40 (m, 5H); *C NMR (75 MHz,
CDCly) O (ppm): 54.8, 128.2 (20), 128.3,128.8 (20), 135.4.

N-acetyl-4-amino-1-propargyloxybenzene (7)

S
)L”Q O

7
To a stirred solution of compound 6 (0.15 ¢, 0.99 mmol, 1.0 eq) and

potassium carbonate (0.17 g, 1.25 mmol, 1.3 eq) in DMF (5 mL) was added propargyl
bromide (0.1 mL, 1.20 mmol, 1.2 eq) dropwise at room temperature. The reaction
mixture was stirred at room temperature for 6 h. After this time, additional propargyl
bromide (0.1 mL, 1.20 mmol, 1.2 eq) was added dropwise and stirred at room
temperature for 18 h. The reaction mixture was carefully quenched with H,O (20 mL)
and extracted with diethyl ether (3 x 30 mL). The combined organic phase was
washed with brine (1 x 30 mL), dried over anhydrous Na,SO, and concentrated under
reduced pressure. The residue was purified by flash silica gel column

chromatography (silica gel, 60% EtOAc in hexane) to provide N-acetyl-d-amino-1-
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propargyloxybenzene (7) (96.3 mg, 0.51 mmol, 77%) as white solid. Mp. = 121-124 °C;
'H NMR (300 MHz, CDCly) O (ppm): 2.10 (s, 3H), 2.52 (t, J = 2.4 Hz, 1H), 4.64 (d, J =
2.1 Hz, 2H), 6.88 (d, J = 9.0 Hz, 2H), 7.40 (d, J = 9.0 Hz, 2H), 8.13 (br s, 1H); >*C NMR

(75 MHz, CDCls) 3 (ppm): 24.1, 56.1, 75.6, 78.6, 115.3 (2C), 122.0 (2C), 132.0, 154.3,
168.9.

N-(4-((1-benzyl-1H-1,2,3-triazol-4-ymethoxy)phenylacetamide (8)

Mj’“b

The synthesis of compound 8 was accomplished smoothly using azide 5a (66.9 mg,
0.50 mmol, 1.0 eq), alkyne 7 (94.9 mg, 0.50 mmol, 1.0 eq), sodium ascorbate (5.2 mg,
26 umol, 0.05 eq), IM CuSO4-5H,0 (25 L) and n-BuOH:H,O (1:1; 1 mL) as describe in
the general procedure B. The crude product was purified by recrystallization using
water to obtain 1,2,3-triazole 8 (152.6 mg, 0.47 mmol, 95%) as white solid. Mp. =
137-139 °C; 'H NMR (300 MHz, acetone-dg)-O (ppm): 2.93 (s, 3H), 5.14 (s, 2H), 5.65 (s,
2H), 6.95 (d, J = 9.0 Hz, 2H), 7.30-7.42 (m, 5H), 7.56 (d, J = 9.0 Hz, 2H), 8.06 (s, 1H),
9.09 (br s, 1H): 3C NMR (75 MHz, acetone-dy) O (ppm): 24.1, 54.2, 62.6, 114.6 (20),
121.5(20), 124.7, 128.9 (2Q), 129.1, 129.7 (20), 134.1, 137.0, 144.8, 155.4, 168.6.

4-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)aniline (9)

N=N

O\/g/N
H2N/©/

9
The mixture of N-(4-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)phenyl)acetamide
(8) (91.9 mg, 0.29 mmol, 1.0 eq) in 2 M ageous NaOH solution (6 mL) was stirred at
90 °C for 24 h. The resulting solution was diluted with H,O (30 mL), followed by
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addition of 2 M ageous HCl solution (6 mL). It was extracted with diethyl ether (3 x
30mL). The combined organic phase was washed with brine (1 x 30 mL), dried over
anhydrous Na,SO,4 and concentrated under reduced pressure. The crude product was
purified by flash column chromatography (silica gel, 80% EtOAc in hexane) to deliver
4-((1-benzyl-1H-1,2,3-triazol-4-y)methoxy)aniline (9) (71.3 mg, 0.22 mmol, 82%) as
white solid. Mp. = 115-117 °C; *H NMR (300 MHz, CDCl;) O (ppm): 5.05 (s, 2H ), 5.45 (s,
2H ), 6.57 (d, J = 9.0 Hz, 2H), 6.76 (d, J = 9.0 Hz, 2H), 7.20-7.23 (m, 2H), 7.25-7.37 (m,
3H), 7.49 (s, 1H); *C NMR (75 MHz, CDCly) O (ppm): 54.0, 62.8, 116.1 (20), 116.3 (20),
122.7, 128.1 (20), 128.7, 129.0 (20), 134.6, 140.7, 144.9, 151.2; HRMS (ESI+, MeOH):
m/z = 281.1397 [M+H]"calcd. 281.1397 for CysH;7N40.

1-(4-((1-benzyl-1H-1,2,3-triazol-4-ymethoxy)phenyl)-3-(4-chloro-3-

(trifluoromethylphenylurea (4a)
N=N

pel € 5o’
FaC NJkN
H H
4a
To stirred solution-of 4-chloro-3<(trifluoromethyl)phenyl isocyanate 10 (61.1 g,

0.28 mmol, 1.3 eq) and-aniline 9 (60.3 mg, 0.22 mmol, 1.0 eq) in DCM 4 mL. The
mixture solution was stirred at room temperature for 24 h. After this time, the
solvent was evaporated under reduced pressure to give the crude product 4a. The
crude product was purified by flash column chromatography (silica gel, 50% EtOAc in
hexane) to provide 1-(4-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-3-(4-chloro-3-
(trifluoromethyl)phenylurea (4a)™ (82.1 mg, 0.16 mmol, 75%) as white solid. Mp. =
204-206 °C; *H NMR (300 MHz, DMSO-d) O (ppm): 5.09 (s, 2H), 5.61 (s, 2H ), 6.97 (d, J
= 9.0 Hz, 2H), 7.25-7.50 (m, 7H), 7.59 (d, J = 8.7 Hz, 1H), 7.63 (dd, J = 8.7, 2.1 Hz, 1H),
8.09 (d, J = 1.8 Hz, 1H), 8.27 (s, 1H), 8.66 (s, 1H), 9.10 (s, 1H); >C NMR (75 MHz, DMSO-
ds) O (ppm): 52.9, 61.3, 115.0 (20), 116.7 (q, Jrc = 6.0 Hz), 120.5 (20), 122.1 (0, Jsc =
2.3 Hz), 122.8 (q, Uge = 271.5 Hz), 122.9, 124.6, 126.3 (q, “Jec = 30.0 Hz), 127.9 (20),
128.1, 128.8 (20), 131.9, 132.5, 136.0, 139.6, 143.2, 152.6, 153.6; ’F NMR (282 MHz,
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DMSO-ds) O (ppm): -63.83; HRMS (ESl+, MeOH): m/z 524.1072 [M+Nal*; calcd.
524.1072 for CyeH;oCIFsNsO,Na.

Synthesis of sorafenib analogue 4a by route 2
1-(4-chloro-3-(trifluoromethyl)phenyl)-3-(4-hydroxyphenyl)urea (12)
12

To stirred solution of 4-chloro-3-(trifluoromethyl)phenyl isocyanate 10 (0.5700
g, 2.57 mmol 1.3 eq) and 4-aminophenol (11) (0.22 ¢, 2.0 mmol, 1.0 eqg) in DCM 14
mL. The mixture solution was stirred at room temperature for 24 h. After this time,
removed under reduced pressure and the crude residue was purified by flash
column chromatography (silica gel, 60% EtOAc/hexane) to provide 1-(4-chloro-3-
(trifluoromethyl)phenyl)-3-(@-hydroxyphenylurea (12)*? (0.5600 g, 1.70 mmol, 85%) as
white solid. Mp. = 223-225 °C; 'H NMR (300 MHz, DMSO-dy) O (ppm): 6.71 (d, J = 8.9
Hz, 2H), 7.23 (d, J= 9.0 Hz, 2H), 7.50-7.65 (m, 2H), 8.09 (br s, 1H), 8.48 (s, 1H), 9.02 (s,
1H), 9.13 (s, 1H); *C NMR (75 MHz, DMSO-dy) O (ppm): 115.7 (2C), 117.1 (g, *Jrc = 6.0
Hz), 121.7 (2Q),122.5 (q, Ype = 2.3 Hz), 123.3,123.3 (q, "Jrc = 2715 Hz), 127.1 (q, ZJpc =
30.0 Hz), 130.8,132.4, 140.0, 153.2, 153.4; %F NMR (282 MHz, DMSO-ds) O (ppm): -
63.13; HRMS (ESl+, MeOH):-m/z = 353.0275 [M+Nal'calcd. 353.0281 for
CyaH1oCIFsNLO,Na.

1-(4-chloro-3-(trifluoromethyl)phenyl)-3-(4-(prop-2-yn-1-yloxy)phenylurea (13)

gz

=

OLE O
FaC NJkN
H H
13

Propargyl bromide (0.15 mL, 1.68 mmol, 1.2 eq) and K,CO5 (0.52g, 1.58 mmol,

1.0 eq) were added to a stirred solution of phenol 12 (0.15 g, 0.99 mmol, 1.0 eq) in

DMSO (5 mL) at room temperature. The reaction mixture was stirred at this
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temperature further for 8 h. After that, the reaction was carefully quenched with H,0O
(10 mL) and extracted with diethyl ether (3 x 30 mL). The combined organic phase
was washed with brine (1 x 30 mL), dried over anhydrous Na,SO, and concentrated
under reduced pressure. The crude product was purified by flash silica gel column
chromatography (silica gel, 60% EtOAc in hexane) to provide 1-(4-chloro-3-
(trifluoromethyl)phenyl)-3-(4-(prop-2-yn-1-yloxy)phenylurea (13)** (0.39 g, 1.05 mmol,
80%) as white solid. Mp. = 195-197 °C; 'H NMR (300 MHz, DMSO-d,) 5(ppm): 3.54 (t,
J =21Hz 1H), 475 (d, J = 2.1 Hz, 2H), 6.93 (d, J = 9.0 Hz, 2H), 7.38 (d, J = 9.0 Hz,
2H), 7.58 (d, J = 8.7 Hz, 1H), 7.63 (dd, J = 8.7, 2.1 Hz, 1H), 8.10 (d, J = 2.1 Hz, 1H), 8.68
(s, 1H), 9.09 (s, 1H); **C NMR (75 MHz, DMSO-d,) O (ppm): 55.6, 78.1, 79.6, 115.3 (20),
116.7 (9, Jec = 6.0 Hz), 120.6 (20), 122.2 (0, Jrc = 2.3 Hz), 122.9 (q, Use = 271.5 Hz),
123.0, 126.7 (q, %Jee = 30.0 Hz), 132.1, 133.0, 139.6, 152.7, 152.8; “F NMR (282 MHz,
DMSO-dy) O (ppm): -63.03; HRMS (ESl+, MeOH): m/z = 391.0432 [M+Na]’; calcd.
391.0437 for Cy7H;,CLF3N,O,Na.

Alternative synthesis of alkyne 13 from isocyanate 10 (alkyne 13 was purified
in single step)

1-(4-chloro-3(triftuoromethyl)phenyl)-3-(4-(prop-2-yn-1-yloxy)phenylurea (13)

/

Clj@\ q /©/O\//
FsC NJ\N
H H

13

A stirred solution of 4-chloro-3-(trifluoromethyl)phenyl isocyanate 10 (3.2100
g, 14.49 mmol, 1.05 eq) and 4-aminophenol (11) (1.5081 ¢, 13.82 mmol, 1.0 eq) in
DCM (90 mL) was stirred at room temperature for 1 h. After this time, the solvent
was evaporated under reduced pressure to give the crude product 12.'% Propargyl
bromide (1.5 mL, 16.80 mmol, 1.2 eq) and K,CO; (2.3221 ¢, 16.80 mmol, 1.0 eq) were
added to a stirred solution of compound 12 (1.5106 g, 13.80 mmol) in DMSO (60 mL)

at room temperature. The reaction mixture was stirred at this temperature further for
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8 h.*® After that, the reaction was carefully quenched with H,O (50 mL) and extracted
with EtOAc (3 x 120 mL). The combined organic phase was washed with brine (1 x 50
mL), dried over anhydrous Na,SO, and concentrated under reduced pressure. The
crude product was purified by flash column chromatography (silica gel, 30% EtOAc in
hexane) to provide 1-( 4-chloro-3-( trifluoromethyl) phenyl) -3-( 4-( prop-2-yn-1-
yloxy)phenylurea (13) (4.28 ¢, 11.6 mmol, 84% over two steps) as light yellow solid.
Mp. = 195-197 °C; 'H NMR (300 MHz, DMSO-d) O (ppm): 3.54 (t, J = 2.3 Hz, 1H), 4.75
(d, J = 2.4 Hz, 2H), 6.93 (d, J = 9.1 Hz, 2H), 7.34 (d, J = 9.1 Hz, 2H), 7.58 (d, J = 8.9 Hz,
1H), 7.62 (dd, J = 8.9, 2.1 Hz, 1H), 8.10 (d, J = 2.1 Hz, 1H), 8.71 (s, 1H), 9.13 (s, 1H).

Remark: The obtained 'H NMR spectrum of 13 prepared with this route agreed with

the spectrum of 13 in previous synthesis.

1-(4-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-3-(4-chloro-3-

(trifluoromethylphenylurea (4a)
N=N,

RSN Ll
FsC NJ\N
H  H

4a

The synthesis of compound 4a was accomplished smoothly using azide 5a
(70.3 mg, 0.53 mmol, 1.2 eq), alkyne 13 (160.0 mg, 0.43 mmol, 1.0 eqg), sodium
ascorbate (4.4 mg, 22 pymol, 0.05 eq), IM CuSO4-5H,0 (22 uL) and n-BuOH:H,O (1:1;
1.6 mL) as describe in the general procedure B. The crude product was purified by
recrystallization to obtain 1-(4-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-3-(4-
chloro-3-(trifluoromethyl)phenylurea (4a) (0.19 g, 0.38 mmol, 89%) as white-gray
solid. Mp. = 204-206 °C; 'H NMR (300 MHz, DMSO-dy) O (ppm): 5.09 (s, 2H ), 5.62 (s,
2H), 6.97 (d, J = 9.0 Hz , 2H), 7.25-7.50 (m, 7H), 7.59 (d, J = 8.7 Hz, 1H), 7.63 (dd, J =
6.9, 2.1 Hz, 1H), 8.09 (d, J = 1.8 Hz, 1H), 8.28 (s, 1H), 8.71 (s, 1H), 9.14 (s, 1H).
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Remark: The obtained 'H NMR spectrum of 4a prepared with this route agreed with
the spectrum of 4a synthesized by the route 1.

Synthesis of various sorafenib analogues 4b-4s

Azidobenzene (5b)

N3

O

5b

Azidobenzene (5b) was prepared successfully using aniline 14b (0.30 mL, 3.28
mmol, 1.0 eq), sodium nitrite (346.9 mg, 5.02 mmol, 1.5 eq) in 50% ageous HCl
solution (5 mL) and a solution of sodium azide (433.3 mg, 6.67 mmol, 2.0 eq) in
water (5 mL) as described in the general procedure A. The desired azidobenzene
(5b)*° (393.4 mg, 3.30 mmol, 100% yield) was obtained as brown oil. 'H NMR (300
MHz, CDCl;) §(ppm): 6.94 (dd, J =8.7, 1.2 Hz, 2H), 7.06 (tt, J = 8.4, 1.2 Hz, 1H), 7.26
(t, J = 7.8 Hz, 2H); *C NMR (75 MHz, CDCl) O (ppm): 119.1 (20), 124.9, 129.8 (20),
140.1.

1-Azido-2-fluorobenzene (5¢)
N3
)’
5c
1-Azido-2-fluorobenzene (5¢) was prepared successfully using aniline 14c
(0.9965 ¢, 8.97 mmol, 1.0 eq), sodium nitrite (1.0578 ¢, 15.33 mmol, 1.7 eq) in 50%

ageous HCLl solution (10 mL) and a solution of sodium azide (1.0578 g, 16.27 mmol,

1.8 eq) in water (10 mL) as described in the general procedure A. The desired 1-
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azido-2-fluorobenzene (5¢)* (1.3270 g, 9.68 mmol, 99% vyield) was obtained as light
yellow oil. *H NMR (300 MHz, CDCls) O (ppm): 7.18 (m, 4H); *C NMR (75 MHz, CDCL,)
O (ppm): 117.1 (d, Ysc = 18.0 Hz), 121.6, 125.9 (d, Jec = 3.8 Hz), 126.7 (d, Jpc = 7.5

Hz), 127.5 (d, 2sc =10.5 Hz), 154.3 (d, Yec = 245.3 Hz); °F NMR (282 MHz, DMSO- dg) O
(ppm): -128.75.

1-Azido-3-fluorobenzene (5d)

N3

o3

5d

1-Azido-3-fluorobenzene (5d) was prepared successfully using aniline 14d
(1.0000 ¢, 9.00 mmol, 1.0 eq), sodium nitrite (0.8775.¢, 13.50 mmol, 1.5 eq) in 50%
ageous HCl solution (10 mL) and-a solution of sodium azide (0.9315 g, 13.50 mmol,
1.5 eq) in water (10 mL) as described in the general procedure A. The desired 1-

azido-3-fluorobenzene (5d) (1.0752 ¢, 7.84 mmol, 87% yield) was obtained as
colorless oil. *H NMR (300 MHz, CDCls) 5(ppm): 6.84 (dt, J = 10.1 Hz, 1H), 6.93 (ddd, J
= 8.1 Hz,J=21Hz J=08Hz 1H), 6.93 (tdd, J = 8.6 Hz, J= 2.4 Hz, J = 0.8 Hz, 1H),
7.37 (dt, J = 8.4Hz, J = 6.9°Hz, 1H); *C NMR (75 MHz, CDCls) O (ppm): 106.7 (d, Zec =
25.5 Hz), 111.9 (d, Zec = 21.0 Hz), 114.7 (d, Jec = 3.0 Hz), 130.9 (d, *Jec = 9.8 Hz),

141.9 (d, J = 9.8 Hz), 163.5 (d, Ysc= 246.0 Hz) ; F NMR (282 MHz, DMSO-dg) O (ppm):
-113.00.

1-Azido-4-fluorobenzene (5e)
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F
5e

1-Azido-4-fluorobenzene (5e) was prepared successfully using aniline 1de
(1.0000 g, 9.00 mmol, 1.0 eq), sodium nitrite (0.8775 ¢, 13.5 mmol, 1.5 eq) in 50%
ageous HCl solution (10 mL) and a solution of sodium azide (0.9315 g, 13.50 mmol,
1.5 eq) in water (10 mL) as described. in the general procedure A. The desired 1-
azido-4-fluorobenzene (5e)* (1.0137 g, 7.39 mmol, 82% yield) was obtained as light
yellow oil. 'H NMR (300 MHz, CDCl;,) O (ppm): 6.95-7.26 (m, 4H); *C NMR (75 MHz,
CDCls) O (ppm): 116.7 (d; Yec = 23.3 Hz, 20),120.4 (d, *Jic ='8.3 Hz, 2C), 135.8 (d, “Jc
= 3.0 Hz), 160.0 (d, Yrc = 243.0 Hz).

1-Azido-4-chlorobenzene (5f)

N3

Cl
5f

1-Azido-4-chlorobenzene (5f) was prepared successfully using aniline 14f
(0.5008 ¢, 3.94 mmol, 1.0 eq), sodium nitrite (1.0827 ¢, 15.69 mmol, 4.0 eq) in 50%
ageous HCL solution (10 mL) and a solution of sodium azide (0.5116 ¢, 7.87 mmol,
2.0 eq) in water (10 mL) as described in the general procedure A. The desired 1-
azido-4-chlorobenzene (5f)*¢ (0.5336 g, 3.47 mmol, 90% vyield) was obtained as light
yellow oil. 'H NMR (300 MHz, CDCls) O (ppm): 7.22 (td, J = 9 Hz, J = 3 Hz, 2H), 7.25
(td, J = 9 Hz, J = 3 Hz, 2H); *C NMR (75 MHz, CDCls) O (ppm): 120.2 (20), 129.8 (2C),
130.2, 138.7.
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1-Azido-4-methylbenzene (5g)

N3

59
1-Azido-4-methylbenzene (5¢) was prepared successfully using aniline 14g
(1.000 ¢, 9.33 mmol, 1.0 eq), sodium nitrite (0.9656 ¢, 13.99 mmol, 1.5 eq) in 50%
ageous HCl solution (10 mL) and a solution of sodium azide (0.9097 g, 14.00 mmol,
1.5 eq) in water (10 mL) as described in the general procedure A. The desired 1-
azido-4-methylbenzene (5¢)*" (0.9814 g, 7.37 mmol, 79% yield) was obtained as light
yellow oil. 'H NMR (300 MHz, CDCls) O (ppm): 2.30 (s, 3H), 6.89 (d, J = 9.0 Hz, 2H),

7.12(d, J = 9.0 Hz, 2H).

N3

©/CF3

5h

1-Azido-2-(trifluoromethy)benzene (5h)

1-Azido-2-(trifluoromethyl)benzene - (5h) was prepared successfully using
aniline 14h (1.0025 g, 6.22 mmol, 1.0 eq), sodium nitrite (0.6438 g, 9.33 mmol, 1.5 eq)
in 50% ageous HCl solution (10 mL) and a solution of sodium azide (0.6065 g, 9.33
mmol, 1.5 eq) in water (10 mL) as described in the general procedure A. The
desired 1-azido-2-(trifluoromethyl)benzene (5h) (0.5595 ¢, 2.99 mmol, 48% yield) was
obtained as colourless oil. 'H NMR (300 MHz, CDCls) O (ppm): 7.35 (br d, J = 7.8 Hz,
1H), 7.55 (br d, J = 8.0 Hz, 1H), 7.71 (br d, J = 7.9 Hz, 1H), 7.7 (br t, J = 7.7 Hz, 1H); °C

NMR (75 MHz, CDCls) O (ppm): 119.3 (q, Yec = 30.8 Hz), 120.6, 123.1 (g, Usc = 270.8
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Hz), 125.0, 127.1 (q, *Jec = 5.3 Hz), 134.1, 137.91 (g, “Jec = 0.8 Hz); *°F NMR (282 MHz,

DMSO-d) O (ppm): -62.04.

1-Azido-3-(trifluoromethyl)benzene (5i)

NE

L,

5i

3

1-Azido-3-(trifluoromethyl)benzene . (5i) 'was prepared successfully using
aniline 14i (1.0581 g, 6.57 mmol, 1.0 eq) , sodium nitrite (0.6799 ¢, 9.85 mmol, 1.5 eq)
in 50% ageous HCl solution (10 mL) and a solution of sodium azide (0.6406 g, 9.86
mmol, 1.5 eq) in water (10 mL) as described in the general procedure A. The

desired 1-azido-3-(trifluoromethylbenzene (5i)°" (0.4918 g, 2.63 mmol, 40% yield)

was obtained as colourless oil. "H NMR (300 MHz, CDCls) 5(ppm): 7.35(dd, J = 2.1,
1.6 Hz, 1H), 7.43 (ddd, J = 8.0, 1.3, 0.6 Hz, 1H), 7.51 (dt, J = 7.8, 0.7 Hz, 1H), 7.63 (br t,
J = 7.9 Hz, 1H); °C NMR (75 MHz, CDCl) O (ppm): 115.8 (g, >ec = 3.8 Hz), 121.5 (g,
*Jec = 4.5 Hz), 123.1, 123.6 (q, YUre = 270.8 Hz), 130.7 (g, Jsc = 32.3 Hz), 131.1, 140.7;

F NMR (282 MHz, DMSO-d;) O (ppm): -63.36.

1-Azido-4-(trifluoromethyl)benzene (5j)

N3

CF,
5

1-Azido-4-(trifluoromethylbenzene (5j) was prepared successfully using

aniline 14j (0.9774 ¢, 6.07 mmol, 1.0 eq), sodium nitrite (0.6278 g, 9.10 mmol, 1.5 eq)
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in 50% ageous HCl solution (10 mL) and a solution of sodium azide (0.5915 ¢, 9.10
mmol, 1.5 eq) in water (10 mL) as described in the general procedure A. The

desired 1-azido-d-(trifluoromethylbenzene (5§)*® (0.5225 g, 2.79 mmol, 46% yield)
was obtained as colourless oil. *H NMR (300 MHz, CDCL,) 5(ppm): 7.09 (d, J = 8.4 Hz,

2H), 7.59 (d, J = 8.4 Hz, 2H); *C NMR (75 MHz, CDCls) O (ppm): 119.79 (2C), 124.07 (q,
Yee = 270.0 Hz), 125.39 (g, Yec = 32.3 Hz), 127.02 (q, *Jec = 3.8 Hz, 20), 143.74 (q, “Jec

= 0.8 Hz); F NMR (282 MHz, DMSO-dq) O (ppm): -62.04.

4-Azidobenzonitrile (5k)

N3

CN
5k

4-Azidobenzonitrile (5k) was prepared successfully using aniline 14k (0.9987 g,
8.45 mmol, 1.0 eq), sodium nitrite (0.8814 ¢, 12.77 mmol, 1.5 eq) in 50% ageous HCl
solution (10 mL) and a solution of sodium azide (0.8427 g, 12.96 mmol, 1.5 eq) in
water (10 mL) as described in the general procedure A. The desired 4-

azidobenzonitrile (5k) 36 (1.1237 g, 7.80 mmol, 92% yield) was obtained as light
yellow solid. *H NMR (300 MHz, CDCls) O (ppm): 7.77 (m, 2H), 7.66 (m, 2H); *C NMR

(75 MHz, CDCly) O (ppm): 108.3, 118.4, 119.8 (20), 133.9 (2C), 144.9.

1-Azido-4-nitrobenzene (51)
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NO,
51

1-Azido-4-nitrobenzene (51) was prepared successfully using aniline 14l
(1.0109 ¢, 7.32 mmol, 1.0 eq), sodium nitrite (1.0535 ¢, 15.27 mmol, 2.1 eq) in 50%
ageous HCLl solution (10 mL) and a solution of sodium azide (0.9473 g, 14.57 mmol,
2.0 eq) in water (10 mL) as described in the general procedure A. The desired 1-
azido-4-nitrobenzene (50 (1.1661 g, 7.11 mmol, 97% yield) was obtained as yellow
solid. 'H NMR (300 MHz, CDCls) & (ppm): 7.14 (d; J = 9.3 Hz, 2H), 8.24 (d, J = 9.3 Hz,

2H); *C NMR (75 MHz, CDCly) O (ppm): 119.4.(20), 125.9 (20), 144.7, 146.9.

2-Azidophenol (5m)

N3

Cr”
5m

2-Azidophenol (5m) was prepared successfully using aniline 14m (0.9978 ¢,
9.15 mmol, 1.0 eq), sodium.nitrite (0.9453 ¢, 13.70-mmol, 1.5 eq) in 50% ageous HCl
solution (10 mL) and a solution of sodium azide (0.8905 g, 13.70 mmol, 1.5 eq) in
water (10 mL) as described in the general procedure A. The desired 2-azidophenol

(5m)*’ (1.1489 g, 8.51 mmol, 93% vyield) was obtained as dark violet oil. 'H NMR (300
MHz, CDCly) O (ppm): 6.49 (t, J = 2.2 Hz, 1H), 6.61 (dt, J = 9.0 Hz, J = 2.4 Hz , 2H),

7.18 (t, J = 9.0 Hz, 1H); °C NMR (75 MHz, CDCl) 5(ppm)z 106.3, 111.5, 112.2, 130.8,
141.4, 156.7.
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3-Azidophenol (5n)

N3

ol

5n

3-Azidophenol (5n) was prepared successfully using aniline 14n (1.0775 g,
9.87 mmol, 1.0 eq), sodium nitrite (1.0376 g, 15.04 mmol, 1.5eq) in 50% ageous HCl
solution (10 mL) and a solution of sodium azide (0.9783 ¢, 15.05 mmol, 1.5 eq) in
water (10 mL) as described in the general procedure A. The desired 3-azidophenol
(5n) (1.1489 ¢, 8.51 mmol, 93% yield) was obtained as dark violet oil. *H NMR (300
MHz, CDCLs) O (ppm): 6.49 (t, J = 2.2 Hz, 1H), 6.61 (dt, J = 9 Hz, J = 2.4 Hz, 2H), 7.18 (t,
J = 9 Hz, 1H); ®C NMR (75 MHz, CDClLy) O (ppm): 106.3, 111.5, 112.2, 130.8, 141.4,

156.7.

4-Azidophenol (50)

N3

OH
50

4-Azidophenol (50) was prepared successfully using aniline 140 (1.0896 g,
9.98 mmol, 1.0 eq), sodium nitrite (2.1148 g, 30.65 mmol, 3.1 eq) in 50% ageous HCl
solution (10 mL) and a solution of sodium azide (1.5784 g, 24.28 mmol, 2.4 eq) in
water (10 mL) as described in the general procedure A. The desired 4-azidophenol
(50)*° (1.3782 g, 10.19 mmol, quantitative yield) was obtained as dark purple oil. 'H
NMR (300 MHz, CDCls) O (ppm): 6.81 (d, J = 9.0 Hz, 2H), 6.89 (d, J = 9.0 Hz, 2H), 9.57

(bs, 1H); C NMR (75 MHz, CDCls) O (ppm): 116.8 (2C), 120.2 (20), 129.9, 155.2.
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N-(3-Azidophenylacetamide (5p)

N3

L.

5pH

N-(3-Azidophenyl)acetamide (5p) was prepared successfully using aniline 14p
(1.0100 ¢, 6.72 mmol, 1.0 eq), sodium nitrite (1.3500 ¢, 19.56 mmol, 2.9 eq) in 50%
ageous HCLl solution (10 mL) and a solution of sodium azide (0.8200 ¢, 12.61 mmol,
1.9 eq) in water (10 mL) as described in the general procedure A. The desired N-(3-
azidophenyl)acetamide (5p) (0.8841 g, 5.02 mmol, 76% yield) was obtained as yellow
solid. "H NMR (300 MHz, COCLy) & 2.17(s, 3H), 6.76 (br d, J = 7.4 Hz, 1H), 7.19 (br d, J
= 8.2 Hz, 1H), 7.26 (t, J = 7.8 Hz, 1H), 7.3¢ (br s, 1H), 7.80 (br s, 1H); *C NMR (75 MHz,

CDCly) & 24.5,110.6, 114.7,116.2, 130.1, 139.3, 140.8; 168.8.

N-(4-Azidophenylacetamide (5q)

ISP
AN
H
5q

N-(d-Azidophenyl)acetamide (5q) was prepared successfully using aniline 14q
(1.0000 g, 6.66 mmol, 1.0 eq), sodium nitrite (1.3500 g, 19.57 mmol, 2.9 eq) in 50%
ageous HCl solution (10 mL) and a solution of sodium azide (0.8820 g, 13.56 mmol,
2.0 eq) in water (10 mL) as described in the general procedure A. The desired N-(4-

azidophenyl)acetamide (5q) (1.0323 g, 5.86 mmol, 88% yield) was obtained as yellow
solid. "H NMR (300 MHz, DMSO-dy) O (ppm): 2.15 (s, 3H), 7.05 (td, J = 9.0, 3.0 Hz, 2H),

7.62 (td, J = 9.0, 3.0 Hz, 2H), 7.69 (br s, 1H); >C NMR (75 MHz, DMSO-dy) O (ppm):
24.4,119.4 (20), 121.5 (2C), 134.9, 135.8, 168.6.
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1-(4-chloro-3-(trifluoromethyl)phenyl)-3-(4-((1-phenyl-1H-1,2,3-triazol-4-

yUmethoxy)phenylurea (4b)

N=N,
ReB TS Ra
FsC N)kN
H H
4b

The synthesis of compound 4b was accomplished smoothly using azide 5b
(142.5 mg, 1.2 mmol, 2.0 eq), alkyne 13 (225.3 mg, 0.61 mmol, 1.0 eq), sodium
ascorbate (7.3 mg, 0.037 mmol, 0.06 eq), 1M ageous CuSOy4-5H,0 solution (34 pL) and
n-BUOH:H,O (1:1; 3 mL) as describe in the general procedure B. The crude product
was purified by flash column chromatography (silica gel, 50% EtOAc in hexane) to
obtain 1,2,3-triazole delivertives 4b (296.5 mg, 0.61mmol, 100% yield) as gray-white
solid. Mp. = 227-228 °C; *H NMR (300 MHz, DMSO-d;) O (ppm): 5.20 (s, 2H ), 7.03 (d, J
= 9.0 Hz, 2H), 7.40 (d, J = 9.0 Hz, 2H), 7.50 (tt, J = 9.0, 3.0 Hz, 1H), 7.55-7.66 (m, 4H),
7.92 (dt, / =9.0, 3.0 Hz, 2H), 8.10 (d, J = 3.0 Hz, 1H), 8.67 (s, 1H), 8.94 (s, 1H), 9.09 (s,
1H); *C NMR (75 MHz, DMSO-dy); O (ppm): 61.3, 115.0 (20), 116.5 (q, *Jee = 5.7 Haz),
120.2 (20), 120.5.(2C), 122.0(q, *Jc = 2.3 Hz), 122.8, 122.9 (20), 122.9 (q, Jpc = 271.5
Hz), 126.7 (q, “Jsc = 30 Hz), 128.8,129.9, 132.0, 132.6, 136.6, 139.6, 144.0, 152.6, 153.5;
YF NMR (282 MHz, DMSO-dy) O (ppm): -63.68; HRMS (ESI+, MeOH) : m/z 510.0915
[M+Na]"; calcd. 510.0915 for Cys5H;7CIFsNsO,Na.

1-(d-chloro-3-(trifluoromethyl)phenyl)-3-(4-((1-(2-fluoropheny)-1H-1,2,3-triazol-4-

yUmethoxy)phenylurea (4c)
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N=N
N
Cl (0] =~
D\ o /@/ \)\/
J F
FsC N~ N
H H
4c

The synthesis of compound 4c was accomplished smoothly using azide 5b
(180.2 mg, 1.31 mmol, 2.0 eq), alkyne 13 (240.4 mg, 0.65 mmol, 1.0 eq), sodium
ascorbate (7.1 mg, 0.036 mmol, 0.06 eq), IM ageous CuSOy4-5H,0 solution (36 pL) and
n-BUOH:H,O (1:1; 3 mL) as describe in-the general procedure B. The crude product
was purified by flash column chromatography (silica gel, 40% EtOAc in hexane) to
obtain 1,2,3-triazole delivertives 4¢ (296.5 mg, 0.61 mmol, 100% yield) as white solid.
Mp. = 222-224 °C; 'H NMR (300 MHz, DMSO-d}) O (ppm): 5.22 (s, 2H ), 7.04 (d, J = 9.0
Hz, 2H), 7.41(d, J = 9.0 Hz, 2H), 7.45 (td, J = 9.0, 3.0 Hz, 1H), 7.57 (td, J = 9.0, 3.0
Hz, 1H), 7.58-7.67 (m, 3H), 7.86 (td, J = 9.0 Hz, J = 3.0 Hz, 1H), 8.11 (d, J = 3.0 Hz, 1H),
8.71 (s, 1H), 8.73 (d, J = 3.0 Hz 1H), 9.13 (s, 1H); *C NMR (75 MHz, DMSO-d,) O (ppm):
61.1, 115.0 (20), 116.7 (g, *Je = 6.0-Hz), 117.4 (d, %Jee = 11.3 Hz), 120.5 (20), 122.1 (q,
YJec = 2.8 Hz), 122.9, 1229 (q, Ype = 277.5Hz), 124.7, 125.6 (d, *Jec = 3.8 Hz), 126.0,
126.1 (d, “Jre = 3.0 Hz), 126.7 (q, *Jpc = 30.8 Hz), 131.4 (d, “Jpe = 8.3 Hz), 132.0, 132.7,
139.6, 143.5, 152.6, 153.5(d, e = 0.8 Hz), 153.9(d, Jrc = 249.0 Hz); “F NMR (282
MHz, DMSO-dy) O (ppm): ~125.88.(s, 1F), -63.31 (s, 3F); HRMS (ESl+, MeOH) : m/z
528.0823 [M+Na]’; calcd. 528.0821 for C,3HsClF4NsO;Na.

1-(4-chloro-3-(trifluoromethyl)phenyl)-3-(4-((1-(3-fluorophenyl)-1H-1,2,3-triazol-4-

yUmethoxy)phenyl)urea (4d)

N=N i
N
Cl (0] =~
T8y N
F5C N)kN
H H
4d



aq

The synthesis of compound 4d was accomplished smoothly using azide 5d
(178.3 mg, 1.30 mmol, 2.0 eq), alkyne 13 (238.7 mg, 0.65 mmol, 1.0 eq), sodium
ascorbate (8.3 mg, 0.041 mmol, 0.06 eq), IM ageous CuSOy4-5H,0 solution (45 pL) and
n-BuOH:H,O (1:1; 3 mL) as describe in the general procedure B. The crude product
was purified by flash column chromatography (silica gel, 40% EtOAc in hexane) to
obtain 1,2,3-triazole delivertives 4d (286.1 mg, 0.57 mmol, 88% vyield) as light brown
solid. Mp. = 222-224 °C; *H NMR (300 MHz, DMSO-d) O (ppm): 5.20 (s, 2H ), 7.03 (d, J
= 9.0 Hz, 2H), 7.13 (td, J = 9.0, 1.2 Hz, 1H), 7.40 (d, J = 9.0 Hz, 2H), 7.55-7.69 (m, 3H),
7.83 (tt, J = 12.0 Hz, J = 3.0 Hz, 2H), 8.10 (d, J = 2.1 Hz, 1H), 8.71 (s, 1H), 8.99 (s, 1H),
9.13 (s, 1H); **C NMR (75 MHz, DMSO-dls) O (ppm): 61.3, 107.7 (d, ZUsc = 26.3 Hz), 115.1
(20), 115.6 (d, re = 21.0 Hz), 116.1(q, e = 3.0 Hz), 116.7 (g, Jec = 6.0 Hz), 120.6
(20), 1221 (q, YJpe = 2.8 H2),122.9 (q, U = 271.2 Hz), 123.0 (20), 126.8 (q, “Jpc = 30.3
Hz), 131.9, 132.0, 132.7, 137.8 (d, “Jec = 10.4 H2), 139.6, 144.3, 152.7, 153.5, 162.5 (d,
Yee = 243.8 Hz); F NMR.(282 MHz, DMSO-d,) O (ppm): -112.35 (s, 1F), -63.30 (s, 3F);
HRMS (ESI+, MeOH) : m/z 528.0823 [M+Na]"; caled. 528.0821 for C,3H;CIFsNsO,Na.

1-(d-chloro-3-(trifluoromethyl)phenyl)-3-(4-((1-(4-fluorophenyl)-1H-1,2,3-triazol-4-

yUmethoxy)phenyl)urea (4e)

el Q”f%

The synthesis of compound 4e was accomplished smoothly using azide 5d
(85.5 mg, 0.624 mmol, 1.0 eq), alkyne 13 (230.0 mg, 0.624 mmol, 1.0 eq), sodium
ascorbate (6.2 mg, 0.031 mmol, 0.05 eq), IM ageous CuSO,-5H,0 solution (31 pL) and
n-BuOH:H,O (1:1; 3 mL) as describe in the general procedure B. The crude product

was purified by flash column chromatography (silica gel, 50% EtOAc in hexane) to



a5

obtain 1,2,3-triazole delivertives 4e (292.5 mg, 0.58 mmol, 93% vyield) as white solid.
Mp. = 221-223 °C; 'H NMR (300 MHz, DMSO-dj) O (ppm): 5.20 (s, 2H ), 7.03 (d, J = 9.0
Hz, 2H), 7.42 (d, J = 9.0 Hz, 2H), 7.46 (t, J = 9.0 Hz, 2H), 7.59 (d, J = 9.0 Hz, 2H), 7.96
(dt, J = 9.0, 3.5 Hz, 2H), 8.11 (d, J = 2.1 Hz, 1H), 8.70 (s, 1H ), 8.90 (s, 1H ), 9.15 (s, 1H);
C NMR (75 MHz, DMSO-dy) O (ppm): 61.3, 115.0 (2C), 116.3 (q, *Je- = 6 Hz), 116.8 (d,
“Jee = 23.3 Hz, 20), 120.5 (20), 122.1 (q, *Jee = 2.3 Hz), 122.6 (d, *Jee = 9.0 Hz, 20),
122.8 (g, Usc = 271.5 Hz), 122.9, 123.1, 126.7 (q, “Jec = 30.8 Hz), 132.0, 132.7, 133.1 (d,
e = 2.3 Hz), 139.6, 144.1, 152.6, 153.5, 161.7 (d, Jsc = 244.5 Hz); °F NMR (282 MHz,
DMSO-d;) O (ppm): -114.80 (s, 1F), -63.35 (s, 3F); HRMS (ESI+, MeOH) : m/z 506.1007
[M+Na]"; calcd. 506.1002 for C,3H;¢ClF;N5O».

1-(d-chloro-3-(trifluoromethyl)phenyl)-3-(4-((1-(4-chlorophenyl)-1H-1,2,3-triazol-4-
yUmethoxy)phenylurea (4f)

SO @”Q

The synthesis of compound 4f was accomplished smoothly using azide 5f
(218.1 mg, 1.42 mmol, 2.0 eq), alkyne 13 (262.8 mg, 0.71 mmol, 1.0 eq), sodium
ascorbate (10.1 mg, 0.051. mmol, 0.07 eq), IM ageous CuSO,-5H,0 solution (36 pL)
and n-BuOH:H,O (1:1; 3 mL) as describe in the general procedure B. The crude
product was purified by flash column chromatography (silica gel, 50% EtOAc in
hexane) to obtain 1,2,3-triazole delivertives 4f (361.8 mg, 0.70 mmol, 98% vyield) as
light yellow solid. Mp. = 227-229 °C; *H NMR (300 MHz, DMSO-dy) O (ppm): 5.19 (s, 2H
), 7.02 (d, J = 9.0 Hz, 2H), 7.40 (d, J = 9.0 Hz, 2H), 7.52-7.63 (m, 2H), 7.65 (d, J = 9.0 Hz,
2H), 7.95 (d, J = 9.0 Hz, 2H), 8.09 (br s, 1H ), 8.70 (s, 1H), 8.96 (s, 1H), 9.12 (s, 1H); *C
NMR (75 MHz, DMSO-d) O (ppm): 61.3, 115.0 (2C), 116.4 (q, *Je = 5.3 Hz), 120.5 (20),
121.8 (20), 122.1 (q, “Jpe = 2.4 Hz), 122.8 (q, Jpc = 271.5 Hz), 122.8, 126.7 (q, e =
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30.0 Hz), 129.9 (20), 131.9, 132.7, 133.0, 135.4, 139.6, 144.2, 152.6, 153.5; *’F NMR (282

MHz, DMSO-d,) §(ppm): -63.38; HRMS (ESI+, MeOH) : m/z 544.0525 [M+Na]*; calcd.
564.0525 for CysH;sCLFsNsO,Na.

1-(3-chloro-4-(trifluoromethyl)phenyl)-3-(4-((1-(p-toly)-1H-1,2,3-triazol-4-

yUmethoxy)phenylurea (4g)

08 @rdv@a

The synthesis of compound 4g¢ was accomplished smoothly using azide 5g
(83.1 mg, 0.62 mmol, 1.0 eq), alkyne 13 (230.0 mg, 0.62 mmol, 1.0 eq), sodium
ascorbate (6.2 mg, 0.031 mmol, 0.05 eqg), 1M ageous CuSO,-5H,0 solution (31 pL) and
n-BuOH:H,O (1:1; 3 mL) as describe in the general procedure B. The crude product
was purified by flash column chromatography (silica gel, 50% EtOAc in hexane) to
obtain 1,2,3-triazole derivative 4g (241.9 meg, 0.48 mmol, 77% yield) as gray-white
solid. Mp. = 227-229.°C; *H NMR (300 MHz, DMSO-d,;) O (ppm): 2.38 (s, 3H ), 5.19 (s, 2H
), 7.04 (d, J = 9.0 Hz, 2H), 7.40 (d, J = 9 Hz, 2H), 7.41°(d, J = 9.0 Hz, 2H), 7.59 (d, J = 9.0
Hz, 2H), 7.64 (dd, J = 9.1, 2.1 Hz, 1H), 7.78 (d, J = 9.0 Hz, 1H), 8.11 (d, J = 2.3 Hz, 1H),
8.71 (s, 1H ), 8.88 (s, 1H), 9.14 (s, 1H); *C NMR (75 MHz, DMSO-d,) O (ppm): 20.7, 61.3,
115.1 (20), 116.7 (g, Jee = 6.0 Hz), 120.1 (20), 120.7 (2C), 122.2 (q, e = 2.4 H2),
122.8, 122.9 (q, Uge = 271.5 Hz), 123.0, 126.8 (q, Zrc = 30.8 Hz), 130.4 (20), 132.0,
132.7, 134.4, 138.5, 139.6, 144.0, 152.7, 153.6; *°F NMR (282 MHz, DMSO-d,) 5(ppm): -
64.34.; HRMS (ESI+, MeOH) : m/z 502.1255 [M+H]"; calcd. 502.1253 for CyqH0CLFsN5O,.
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1-(3-chloro-4-(trifluoromethylphenyl)-3-(4-((1-(2-(trifluoromethy)phenyl)- 1H-1,2,3-

triazol-4-ylmethoxy)phenylurea (4h)

N=N
N
of 0
O \)\/
R FaC
FsC N"ON
H H
4h

The synthesis of compound 4h was accomplished smoothly using azide 5h
(153.4 mg, 0.82 mmol, 1.5 eq), alkyne 13 (203.2 mg, 0.55 mmol, 1.0 eq), sodium
ascorbate (5.5 mg, 0.028 mmol, 0.05eq), 1M ageous CuSO,-5H,0 solution (28 pL) and
n-BuUOH:H,O (1:1; 3 mL) as describe in the general procedure B. The crude product
was purified by flash column chromatography (silica gel, 50% EtOAc in hexane) to
obtain 1,2,3-triazole delivertives 4h (241.9 mg, 0.48 mmol, 77% yield) as white solid.
Mp. = 233-237 °C; 'H NMR (300 MHz, DMSO-dy) O (ppm): 5.23 (s, 2H ), 7.03 (d, J = 9.1
Hz, 2H), 7.40 (d, J = 9.1 Hz, 2H), 7.59 (d, J = 9.0 Hz, 1H), 7.64 (dd, J = 9.0 Hz, 2.3 Hz,
1H), 7.82-7.92 (m, 2H), 8.10 (d, J = 2.1 Hz, 1H), 8.23-8.34 (m, 2H), 8.73 (s, 1H), 9.14 (s,
1H), 9.15 (s, 1H); >C.NMR (75 MHz, DMSO-d,) O (ppm): 61.4, 115.3 (2C), 116.9 (q, e
= 6.0 Hz), 117.0 (g, Jre = 165 Hz), 120.9 (2C), 122.4 (q, “Je¢ = 6.0 Hz), 123.1 (q, e =
271.5 Hz), 123.2, 123.3, 123.8 (g, Urc = 270.8 Hz), 124.2, 126.9 (g, “Jrc = 30.8 Hz), 130.8
(g, 2Jre = 32.9 Hz), 1311, 132.2, 132.8,137.2, 139.7, 144.6,152.9, 153.1 (a, Jee = 19.5
Hz), 153.7; 'F NMR (282 MHz, DMSO-dy) O (ppm): -63.25 (s, 3F), -63.47 (s, 3F); HRMS
(ESI+, MeOH) : m/z 556.0975 [M+H]": calcd. 556.0970 for C,gH;/CLFgNsO,.

1-(3-chloro-4-(trifluoromethyl)phenyl)-3-(4-((1-(3-(trifluoromethyl)phenyl)-1H-1,2,3-

triazol-4-yl)methoxy)phenylurea (4i)

N=N
N
Cl 0] S
LA™
F3C NN CF3
H H 4
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The synthesis of compound 4i was accomplished smoothly using azide 5i
(154.6 mg, 0.83 mmol, 1.5 eq), alkyne 13 (201.9 mg, 0.55 mmol, 1.0 eq), sodium
ascorbate (5.5 mg, 0.028 mmol, 0.05 eq), IM ageous CuSOy4-5H,0 solution (28 pL) and
n-BuOH:H,O (1:1; 3 mL) as describe in the general procedure B. The crude product
was purified by flash column chromatography (silica gel, 50% EtOAc in hexane) to
obtain 1,2,3-triazole delivertives 4i (230.8 mg, 0.42 mmol, 76% yield) as white solid.
Mp. = 233-237 °C; 'H NMR (300 MHz, DMSO-dy) O (ppm): 5.21 (s, 2H ), 7.04 (d, J = 9.0
Hz, 2H), 7.40 (d, J = 9.0 Hz, 2H), 7.60 (d, J = 8.7 Hz, 1H), 7.64 (dd, J = 8.7 Hz, 2.3 Hz,
1H), 7.75(d, J = 7.5 Hz, 1H), 7.87 (s, 1H), 7.92 (t, /= 7.5 Hz, 1H), 8.04 (dd, J = 7.5, 1.3
Hz, 1H), 8.11 (d, J = 2.1 Hz, 1H ), 8.66.(s, 1H), 8.73 (s, 1H), 9.15 (s, 1H); °C NMR (75
MHz, DMSO-dy) O (ppm); 61.2, 115.1(20), 116.7 (0, *Jrc = 5.3 Hz), 120.5 (2C), 122.1 (q,
e = 2.3 Hz), 122.8 (g, Jpe = 272.3 Hz), 122.9, 122.9 (q, e = 271.5 Hz), 124.9 (q, “Jee
= 31.5 Hz), 126.3 (q, “Jic = 30.8 Hz), 127.3, 127.5 (q, *Jre = 5.3 Hz), 129.4, 131.2, 132.0,
132.7, 134.1, 134.2 (q, Jee = 1.5 Hz), 139.6, 143.1, 152.6, 153.6; °F NMR (282 MHz,
DMSO-dy) O (ppm): -63.37 (s, 3F), -60.03 (s, 3F); HRMS (ESk+, MeOH) : m/z 556.0972

[M+H]+, CaLCd. 556.0970 for C24H17CU:6N502.

1-(3-chloro-4-(trifluoromethyphenyl)-3-(4-((1-(4~(trifluoromethy)phenyl)- 1H-1,2,3-

triazol-4-ylmethoxy)phenyl)urea (4j)

0.3 ©”©3

The synthesis of compound 4j was accomplished smoothly using azide 5j
(153.8 mg, 0.82 mmol, 1.5 eq), alkyne 13 (200.2 mg, 0.54 mmol, 1.0 eq), sodium
ascorbate (5.6 mg, 0.028 mmol, 0.05 eq), IM ageous CuSO,-5H,0 solution (28 uL) and

n-BuOH:H,O (1:1; 3 mL) as describe in the general procedure B. The crude product
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was purified by flash column chromatography (silica gel, 50% EtOAc in hexane) to
obtain 1,2,3-triazole delivertives 4j (259.3 mg, 0.46 mmol, 86% yield) as white solid.
Mp. = 234-238 °C; H NMR (300 MHz, DMSO-dy) O (ppm): 5.23 (s, 2H ), 7.04 (d, J = 9.0
Hz, 2H), 7.41 (d, J = 9.0 Hz, 2H), 7.60 (d, J = 8.8 Hz, 1H), 7.67 (dd, J = 9.0 Hz, 1.9 Hz,
1H), 8.00 (d, J = 8.6 Hz, 2H ), 8.11 (d, J = 1.7 Hz, 1H), 8.19 (d, J = 8.4 Hz, 2H), 8.71 (s,
1H), 9.10 (s, 1H), 9.12 (s, 1H); *C NMR (75 MHz, DMSO-dy) O (ppm): 61.2, 115.1 (20),
116.7 (q, “Jrc = 6.0 Hz), 120.56 (2C), 120.64 (2C), 122.1 (q, Jee = 6 Hz), 122.9, 122.9 (q,

Y = 273.0 Hz), 123.1, 123.9 (g, YUre = 273.0 Hz), 126.7 (g, Zre = 30.0 Hz), 127.3 (q,

’Jec = 3.8 Hz, 20), 128.8 (q; “Jec = 32.3 Hz), 132.0, 132.7, 139.4, 139.6, 144.5, 152.6,

153.5; 1F NMR (282 MHz, DMSO-ds) O (ppm): -63.34 (s, 3F), -62.89 (s, 3F); HRMS (ESI+,
MeOH) : m/z 556.0973 [M+H]"; calcd. 556.0970 for CyqHi7CIFgNsO,.

1-(4-chloro-3-(trifluoromethyl)phenyl)-3-(4-((1-(4-cyanophenyl)-1H-1,2,3-triazol-4-

yUmethoxy)phenylurea (4k)

poN: @”Q

The synthesis of compound 4k was accomplished smoothly using azide 5k
(191.5 mg, 1.34 mmol, 2.1 eq), alkyne 13 (233.8 mg, 0.63 mmol, 1.0 eq), sodium
ascorbate (10.7 mg, 0.054 mmol, 0.07eq), IM ageous CuSO4-5H,0 solution (45 pL)
and n-BuOH:H,O (1:1; 3 mL) as describe in the general procedure B. The crude
product was purified by flash column chromatography (silica gel, 50% EtOAc in
hexane) to obtain 1,2,3-triazole delivertives 4k (282.3 mg, 0.54 mmol, 87% vyield) as
light yellow solid. Mp. = 227-231 °C; 'H NMR (300 MHz, DMSO-dy) O (ppm): 5.21 (s, 2H
), 7.03 (d, J = 9.0 Hz, 2H), 7.39 (d, J = 9.0 Hz, 2H), 7.57 (d, J = 9.0 Hz, 1H), 7.64 (dd, J =
9.0, 3.0 Hz, 1H), 8.08 (d, J = 3.0 Hz, 2H), 8.09 (d, J = 9.0 Hz, 2H), 8.17 (d, J = 9.0 Hz,
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1H), 8.70 (s, 1H), 9.09 (s, 1H), 9.12 (s, 1H); *C NMR (75 MHz, DMSO-dy) O (ppm): 61.2,
111.1, 115.0 (20), 116.6 (g, “Jec = 6.0 Hz), 118.1, 120.5 (4C), 122.0 (q, Jpc = 2.6 H2),
122.8 (0, Jee = 2715 Hz), 122.9, 123.0, 126.7 (q, “Jec = 30.0 Hz), 131.9, 132.7, 134.3
(20), 139.5, 139.6, 144.6, 152.6, 153.4; °F NMR (282 MHz, DMSO-ds) O (ppm): -63.33;
HRMS (ESI+, MeOH) : m/z 535.0869 [M+Nal’; calcd. 535.0868 for CpqH:sCIFsNsO,Na.

1-(4-chloro-3-(trifluoromethyl)phenyl)-3-(4-((1-(4-nitrophenyl)-1H-1,2,3-triazol-4-

yUmethoxy)phenylurea (4l)

poll: Q”Qz

The synthesis of compound 4l was accomplished smoothly using azide 5l
(201.8 mg, 1.13 mmol, 1.8 eq), alkyne 13 (234.6  mg, 0.64 mmol, 1.0 eq), sodium
ascorbate (8.1 mg, 0.041 mmol, 0.06 eq), 1M ageous CuSO;-5H,0 solution (34 uL) and
n-BuOH:H,O (1:1; 3 mL) as describe in the general procedure B. The crude product
was purified by flash column chromatography (silica gel, 50% EtOAc in hexane) to
obtain 1,2,3-triazole delivertives 4l (273.5 mg, 0.51 mmol, 80% yield) as light yellow
solid. Mp. = 201-203 °C; *H NMR (300 MHz, DMSO-dg) O (ppm): 5.22 (s, 2H ), 7.02 (d, J
= 9.0 Hz, 2H), 7.39 (d, J = 9.0 Hz, 2H), 7.57 (d, J = 9.0 Hz, 1H), 7.63 (dd, J = 9.0, 3.0 Hz,
1H), 8.09 (d, J = 2.1 Hz, 1H), 8.24 (d, J = 9.0 Hz, 2H ), 8.46 (d, J = 9.0 Hz, 2H), 8.70 (s,
1H), 9.12 (s, 1H), 9.15 (s, 1H); 3C NMR (75 MHz, DMSO-dy) O (ppm): 61.2, 115.0 (20),
116.6 (g, Jec = 5.3 Hz), 120.5 (2C), 120.7 (20), 122.0 (q, *Jec = 2.0 Hz), 122.8 (q, Urc =
271.5 Hz), 122.9, 123.2, 125.6 (20), 127.1 (q, ZJre = 30.0 Hz), 131.9, 132.7, 139.6, 140.8,
144.7, 146.8, 152.6, 153.4; F NMR (282 MHz, DMSO-dy) O (ppm): -63.30; HRMS (ESI+,

MeOH) : m/z 555.0768 [M+Nal"; calcd. 555.0766 for CysH;4CIF3NgO4Na.
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1-(4-chloro-3-(trifluoromethyl)phenyl)-3-(4-((1-(2-hydroxyphenyl)-1H-1,2,3-triazol-4-

yUmethoxy)phenylurea (4m)

N=N
N
Cl (0]
(o) \)\/
J HO
FsC N N
H H
4m

The synthesis of compound 4m was accomplished smoothly using azide 5m
(112.1 mg, 0.83 mmol, 1.5 eq), alkyne 13 (204.1 mg, 0.55 mmol, 1.0 eq), sodium
ascorbate (5.5 mg, 0.028 mmol, 0.05 eq), IM ageous CuSOy4-5H,0 solution (28 pL) and
n-BuOH:H,O (1:1; 3 mL) as describe in the general procedure B. The crude product
was purified by flash column chromatography (silica gel, 50% EtOAc in hexane) to
obtain 1,2,3-triazole delivertives 4m (255.8 mg, 0.51 mmol, 93% vyield) as dark violet
solid. Mp. = 218-221°C; 'H NMR (300 MHz, DMSO-d,) O (ppm): 5.20 (s, 2H ), 6.99 (dd, J
= 9.0 Hz, J = 1.2 Hz, 1H), 7.05 (d, J =9.0 Hz, 2H), 7.13(dd, J = 9.0 Hz, J =1.2 Hz, 1H),
7.30-7.36 (m, 1H), 7.41 (d, J = 9.0 Hz, 2H), 7.56-7.67 (m, 2H), 7.63 (dd, J = 9.2, 2.3 Hz,
1H), 8.11 (d, J = 2.3 Hz, 1H), 8.:60 (s, 1H), 8.71 (s, 1H), 9.14 (s, 1H), 10.61 (br s, 1H); **C
NMR (75 MHz, DMSO-dj) 5(ppm): 612, 115.0 (20), 116.7 (g, Y = 6.0 Hz), 117.1,
119.6, 120.6 (20), 122.1 CJrc = 2.4 H2), 122.9 (q, "Jec = 270.8 Hz), 123.0, 124.5, 125.3,
126.2, 126.7 (q, “Jre.= 30.0 Hz), 130.3,132.0, 132.6, 139.6, 142.6, 149.8, 152.6, 153.7;
F NMR (282 MHz, DMSO-dg)-O (ppm): -63.50. HRMS (ESl+, MeOH) : m/z 504.1047
[M+H]"; calcd. 504.1045 for CyqH17CLFgNsO,.

1-(4-chloro-3-(trifluoromethy)phenyl)-3-(4-((1-(3-hydroxyphenyl)-1H-1,2,3-triazol-4-

yUmethoxy)phenyl)urea (4n)
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N=N,
N
Cl 0
IS NS
FsC N)LN OH
H H
4n

The synthesis of compound 4n was accomplished smoothly using azide 5n
(163.9 mg, 1.2 mmol, 2.0 eq), alkyne 13 (223.8 mg, 0.61 mmol, 1.0 eqg), sodium
ascorbate (12.0 mg, 0.061 mmol, 0.05 eq), 1M ageous CuSO,-5H,0 solution (30 pL)
and n-BuOH:H,O (1:1; 3 mL) as describe in the general procedure B. The crude
product was purified by flash column chromatography (silica gel, 60% EtOAc in
hexane) to obtain 1,2,3-triazole delivertives 4n (271.3 mg, 0.54 mmol, 89% yield) as
white solid. Mp. = 209-211 °C; *H NMR (300 MHz, DMSO-dg)-O (ppm): 5.18 (s, 2H ), 6.88
(dt, J=7.2Hz,J =17 Hz 1H), 7.02 (d, J = 9.0 Hz, 2H), 7.27-7.36 (m, 3H), 7.39 (d, J =
9.0 Hz, 2H), 7.58 (d, J/ = 9.0 Hz , 1H), 7.63 (dd, J = 9.0, 2.3 Hz, 1H), 8.10 (d, J = 2.3 Hz,
1H), 8.71 (s, 1H), 8.87 (s, 1H), 9.13 (s, 1H); *C NMR (75 MHz, DMSO-d) O (ppm): 61.3,
107.1, 110.6, 115.1 (2C), 115.8, 116.7 (9, e = 5.3 Hz), 120.6 (2C), 122.1 (q, *Jpc = 2.4
Hz), 122.8, 122.9 (q, Ure = 271.5 Hz), 123.0, 126.8 (g, “Jrc = 30.0 Hz), 130.9, 132.0,
132.7, 137.6, 139.6, 143.9, 152.7, 153.6, 158.5; *°F NMR (282 MHz, DMSO-d,) O (ppm): -
63.31.; HRMS (ESl+, MeOH) : m/z 526.0864 [M+Na]’; calcd. 526.0864 for
C,5H,/CLFsNsO5Na.

1-(4-chloro-3-(trifluoromethyl)phenyD)-3-(4-((1-(4-hydroxyphenyl)-1H-1,2,3-triazol-4-

yUmethoxy)phenyl)urea (4o)

N=N,
N
Cl 0]
O T Lo
F3C NJ\N
H H
40
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The synthesis of compound 4o was accomplished smoothly using azide 50
(147.9 mg, 1.1 mmol, 1.0 eq), alkyne 13 (242.7 mg, 0.658 mmol, 1.0 eq), sodium
ascorbate (7.8 mg, 0.0340 mmol, 0.05 eq), 1M ageous CuSO4-5H,0 solution (34 pL)
and n-BuOH:H,O (1:1; 3 mL) as describe in the general procedure B. The crude
product was purified by flash column chromatography (silica gel, 60% EtOAc in
hexane) to obtain 1,2,3-triazole delivertives 4o (322.4 mg, 0.64 mmol, 97% vyield) as
purple-red solid. Mp. = 235-237 °C ; *H NMR (300 MHz, DMSO-d,;) O (ppm): 5.17 (s, 2H
), 6.93 (dt, J = 9.0, 3 Hz, 2H), 7.02 (d, J = 9.0 Hz, 2H), 7.39 (d, J = 9 Hz, 2H), 7.59 (d, J =
9.0 Hz, 1H), 7.63 (dd, J = 9.0, 2.3 Hz, 1H), 7.67 (dt, J = 9.0, 3.0 Hz, 2H), 8.09 (d, J = 3.0
Hz, 1H), 8.68 (s, 1H), 8.74 (s, 1H), 9.11(s, 1H), 9.96 (s, 1H); °C NMR (75 MHz, DMSO-dj)
O (ppm): 61.3, 115.0 (20), 116.1 (2C), 116.6 (g, “Jre = 5.3 Hz), 120.6 (20), 122.0 (30),
122.7, 122.9, 123.1 (g, "Jee = 271.5 Hz), 126.7 (g, “Jre = 30.0 Hz), 128.8, 132.0, 132.6,
139.6, 143.7, 152.6, 153.6, 157.8 ; “F NMR (282 MHz, DMSO-d,) O (ppm): -63.96; HRMS
(ESl+, MeOH) : m/z 526.0865 [M+Na]"; calcd. 526.0864 for C,5H,7ClFsNsO5Na.

N-(3-(4-((4-(3-(d-chloro-3-(trifluoromethylphenylureido)phenoxy)methyl)-1H-1,2,3-

triazol-1-yl)phenyl)acetamide (4p)

N=N

AN
SO LR

N
H H
4p

The synthesis of compound 4p was accomplished smoothly using azide 5p
(147.8 mg, 0.84 mmol, 1.5 eq), alkyne 13 (208.2 mg, 0.56 mmol, 1.0 eq), sodium
ascorbate (5.5 mg, 0.028 mmol, 0.05 eq), 1M ageous CuSO,4-5H,0 solution (28 pL) and
n-BuOH:H,O (1:1; 3 mL) as describe in the general procedure B. The crude product
was purified by flash column chromatography (silica gel, 80% EtOAc in hexane) to

obtain 1,2,3-triazole delivertives 4p (234.0 mg, 0.44 mmol, 76% yield) as brown solid.
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Mp. = 251-254 °C; *H NMR (300 MHz, DMSO-d,) O (ppm): 2.10 (s, 3H ), 5.20 (s, 2H ),
7.03 (d, J = 9.0 Hz, 2H), 7.41 (d, J = 9.0 Hz, 2H), 7.49-7.66 (m, 5H), 8.11 (d, J = 2.2 Hz,
1H), 8.31 (s, 1H), 8.87 (s, 1H), 8.88 (s, 1H), 9.32 (s, 1H), 10.31 (s, 1H); °C NMR (75 MHz,
DMSO-dy) O (ppm): 24.1, 61.2, 110.6, 114.5, 115.0 (2C), 116.6 (g, e = 6.0 Hz), 118.9,
120.4 (20), 122.0 (q, “Jpe = 2.4 Hz), 122.8, 122.9 (g, Uee = 271.5 Hz), 126.8 (q, e =
30.0 Hz), 130.2, 132.0, 132.7, 136.8, 139.6, 140.6, 144.1, 152.6, 153.5, 162.5, 168.8; “°F
NMR (282 MHz, DMSO-dy) O (ppm): -63.27; HRMS (ESI+, MeOH) : m/z 545.1310 [M+H]";
calcd. 545.1311 for CysHy CLF3NGOs.

N-(4-(4-((4-(3-(4-chloro-3-(trifluoromethyl)phenyl)ureido)phenoxy)methyl)-1H-1,2,3-

triazol-1-yDphenylacetamide (4q)

N=N
N
“CLEA A
FsC NJ\N
H H
4q

The synthesis of compound 4q was accomplished smoothly using azide 5q
(163.1 mg, 0.93 mmol, 1.5 eq), alkyne 13 (229.9 mg, 0.62 mmol, 1.0 eq), sodium
ascorbate (7.0 mg, 0.035 mmol, 0.06 eq), 1M-ageous CuSO4-5H,0 solution (34 pL) and
n-BuOH:H,O (1:1; 3 mL) as describe in the general procedure B. The crude product
was purified by flash column chromatography (silica gel, pure EtOAc) to obtain 1,2,3-
triazole delivertives 4q (317.1 mg, 0.58 mmol, 94% yield) as brown solid. Mp. = 236-
238 °C; 'H NMR (300 MHz, DMSO-d,) O (ppm): 2.08 (s, 3H ), 5.18 (s, 2H ), 7.02 (d, J =
9.0 Hz, 2H), 7.40 (d, J = 9.0 Hz, 2H), 7.60 (d, J = 9.0 Hz, 1H), 7.65 (dd, J = 6.9 Hz, J =
2.1 Hz, 1H), 7.82 (td, J = 9.0, 3.0 Hz, 4H), 8.10 (d, J = 3.0 Hz, 1H), 8.75 (s, 1H), 8.83 (s,
1H), 9.18 (s, 1H), 10.21 (s, 1H); C NMR (75 MHz, DMSO-dy) O (ppm): 24.1, 61.3, 115.0
(20), 116.6 (q, *Jgc = 6.0 Hz), 119.7 (20), 120.5 (2C), 120.8 (20), 122.1 (q, *Jpc = 2.4 H2),

122.6, 122.9, 122.9 (q, "Jrc = 271.5 Hz), 126.7 (q, “Jpc = 30 Hz), 131.6, 132.0, 132.7,
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139.6, 139.7, 143.9, 152.6, 153.5, 168.7; °F NMR (282 MHz, DMSO-d,) O (ppm): -63.58;
HRMS (ESl+, MeOH) : m/z 567.1130 [M+Na]*; calcd. 567.1130 for CpsH,0CLFsNsOsNa.

4-(4-((4-(3-(4-chloro-3-(trifluoromethyl)phenyl)ureido)phenoxy)methyl)-1H-1,2,3-triazol-

1-ylDbenzamide (4r)

N=N
N
BOR N AR ais
FsC NJ\N
H H
4

r

A stirred solution of compound 4k (105.5 mg, 0.21 mmol, 1.0 eq) and K,CO,
(41.1 mg, 0.29 mmol, 1.4 eq) in DMSO (1 mL) was added 30% ageous H,O, solution
(60 pL, 2.1 mmol, 10.0 eq) at room temperature. The reaction mixture was stirred at
this temperature for 2 h. After that, the reaction solution was diluted with H,O (30
mL) and extracted with EtOAc (3 x 30mL). The combined organic phase was dried
over anhydrous Na,SO4 and concentrated under reduced pressure. The residue was
purified by flash column - chromatography (silica gel, 100% EtOAc) to obtain
compound 4r (102.2 mg, 0.19 mmol, 94%) as white solid.** Mp. = 307-310 °C; 'H NMR
(300 MHz, DMSO-dy) O (ppm): 5.22 (s, 2H), 7.03(d, J. = 9.0 Hz, 2H), 7.39 (d, J = 9.0 Hz,
2H), 7.58 (d, J = 9.0 Hz, 1H), 7.64 (dd, J = 3.0, 9.0 Hz, 1H), 8.05-8.11 (m, 3H ), 8.16 (d, J
= 9.0 Hz, 2H), 8.73 (s, 1H), 9.07 (s, 1H), 9.15 (s, 1H); *)C NMR (75 MHz, DMSO-d,) O
(ppm): 61.3, 115.1 (2C), 116.6 (g, “Jec = 6.0 Hz), 119.6 (20), 120.5 (2C), 122.1, 122.9 (q,
YJee = 5.3 Hz), 122.9 (q, Jec = 2715 Hz), 126.7 (q, “Jrc = 30.0 Hz), 129.2 (20), 132.0,
132.7, 134.2, 138.4, 139.6, 144.3, 152.6, 153.5, 162.5, 166.8; '°F NMR (282 MHz, DMSO-
dy) 5(ppm): -63.56; HRMS (ESI+, MeOH): m/z 553.0973 [M+Na]"; calcd. 553.0974 for
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1-(4-((1-(2-aminophenyl)-1H-1,2,3-triazol-4-y)methoxy)pheny)-3-(4-chloro-3-

(trifluoromethylphenylurea (4s)

N=N
N
BON NS R (e
F4C NJ\N
H H
4

S

A stirred solution of SnCl,2H,0 (184.1 mg, 0.81 mmol, 4.0 eq) in conc. ageous
HCL solution (3 mL) was stirred at 0 °C for 5 min and then treated with compound 4l
(108.7 mg, 0.2 mmol, 1.0 eq). The reaction mixture was stirred at 65 °C for 2 h. After
this time, NaOH (3 mL) and H,O (30 mL) were added to the reaction mixture. It was
extracted with EtOAc (3 x 30 mL). The combined organic phase was dried over
anhydrous Na,SO4 and concentrated under reduced pressure. The crude product was
purified by column chromatography (silica gel, 50% EtOAc in hexane) to obtain
compound 4s (80.6 mg, 0.16 mmol, 80%) as a white solid. Mp. = 219-223 °C; 'H NMR
(300 MHz, DMSO-dj) 5(ppm): 5.15 (s, 2H), 6.78 (d, J = 9.0 Hz, 2H), 7.01 (d, J = 9.0 Hz,
2H), 7.39 (d, J = 9.0 Hz, 2H), 7.53.(d, J = 9.0 Hz, 2H), 7.58 (d, J = 8.9 Hz, 1H), 7.63 (dd, J
= 9.0, 3.0 Hz, 1H), 8.10 (d, J = 3.0 Hz, 1H), 8.67 (s, 1H), 8.77 (s, 1H), 9.20 (s, 1H); °C
NMR (75 MHz, DMSO-dj) O (ppm): 61.3, 115.0 (20), 115.1 (20), 116.7 (q, “Jec = 6.0 Hz),
120.6 (20), 121.7 (20), 122.1 (q, e = 2.4 Hz), 122.5, 122.9 (q, Jrc = 271.5 Hz), 123.0,
126.7 (q, 2Jec = 30.0 Hz), 126.9, 132.0,132.6, 139.6, 143.5, 147.8, 152.7, 153.6; ’F NMR

(282 MHz, DMSO-d,) & (ppm): -63.88: HRMS (ESl+, MeOH) : m/z 525.1024 [M+Na";
calcd. 525.1024 for C23H18CLF3N6OZNa.

¥
v o 3

NSNAFBUONSSUTUTARUZITS

ol 1 1-(4-((1-benzyl-1H-1,2,3-triazol-4-y)methoxy)phenyl)-3-(4-chloro-3-
(trifluoromethyl)phenylurea (4a) lunaageunulufivnowasuzisadadonvudeundusia
aunlens (MOLT-3) waduziSeUon (A589) uziesiu (HepG2) uwaziwaduzibwionn (HUCCA-1) Tu
viaonnnasIdemATABLTIT (MTT assay) Tneifiansnnaoel

duaduziSesuiutszana 2x 10° wadasluemsideagad DMEM Tu 10% FBS lu
maquyes 96 well culture plate Usil3lugimeidsawadiigumnd 37 °C Vsnaansusulasonlss
5 9% yHuran 24 Flus Mé’ﬂmﬂﬁuﬁwmmngmL%aéaaﬂf\nﬂwqm udLfuansazay 0.1% lawdia
Fawonlen (dmethylsulfoxide; DMSO) @ 8 ¢  1-(4<(1-benzyl-1H-1,2,3-triazol-4-
yDmethoxy)phenyl)-3-(4-chloro-3-(trifluoromethyl)phenylurea (4a) % 3 ® Etoposide # 3 @
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Doxorubicin hydrochloride Liuganuas finnadudusing dulilugimedonsadiigumnd 37
°C funan 48 2l ndeantudnsdae 0.5 mL 0.1 lwaars dundeveamadwines
(phosphate-buffered saline, PBS) solution, pH 7.4 wagiwu 0.5 mL 0.04 luaais nsale
lasaansn (0.04 M hydrochloric acid; 0.04 M HCD) Tulelglwswiuea (isopropanol) LA
a1saza1s 0.5 mg/mL MTT 50 lulasdnslunquisad Unliludimneidoaeadi gungd 37
°C \{uian 4 ¥alus tansazats MTT senuavazarsadnininiudaelelalnsnivea
(isopropanol) 0.5 mL LLas’iﬂmms@@ﬂﬁuLmé’wLfﬁf@q microplate reader finuenindy
570-590 ULULUAT mﬂﬁ?uﬁﬂﬁ’]mi@ﬂﬂﬁuLLmﬁlﬁlUMWm 1Cs0™

wazihluanaldeusuuresiniu 4b-as lunageunnuluiivsoad usiSu
HepG2 way Huh7 Turasannassmamaialduiidl (MTT assay)

[Aoawadusiiadiu HepG2 w3e Huh7 Tunauaes 96 well culture plate A2
iy 4.5 x 10° cells/200 L 283 DMEM medium culture/well Uslilugimsidonsadd
gunndl 37 °C Usinaanivoulaeanled 5 % Wulaan 20 F9las 9nduazanseeesiniy
warluanaifsunuuees iy 4b-ar fefavhazats DMSO wavdonsdeomadensad
wldasaraefianududusiisglaed DMSO 0.1% sourtiiemisidsseadeonainiad
nErntuiuomadsusadfifiomiansfideaseifanudutuinemacly vulilug
wngLdswadiiguugd 37.°C iwnan 48 Falas wdsanniudnedae 0.5 mL 0.1 Tuaans
dunderearintiives (phosphate-buffered saline, PBS) solution, pH 7.4 w@ida15azane
0.5 mg/mL MTT 100 lulasAashunquivad Uaililugimsidensadil gaungd 37 °C Wunan
3 alus thansazats MTT oenuagavatesdniiindufae DMSO 100 mL wazinanis
pANAuLAsAIBLATeY microplate reader inue19AAY 570 wiluluns nEutiAInTg
@mﬂﬁuumﬁlﬁlﬂmm ICsg
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Uni 4

NENT1INAEBY

nsAnwidunienisduasziluanadving da

n1sduasigsilianadinung (4a) a1u1s0dunsienils 2 duns Inaduniauwsn
anunsaduasizilaainnisinufisenseninslelolosnun (isocyanate) 10 Avoziilu 9
wazaziilu 9 awsnduaszilaannufisen 1,3-dipolar cycloaddition wazlnsniAaiadu
qyopagybﬁon)L§UWWqﬁaaﬂaﬁuﬂiaﬁhmﬁﬂzﬁiﬁaﬁﬂﬂﬁﬁéaﬂ 1,3-dipolar cycloaddition
sewiauealal (alkyne) 13 fuuudaielesd (5) Inefiuealatl (alkyne) 13 ansnsadunsigs
laanlelalosiiun (isocyanate) 10 Wuaa (phenol) 11 AulwswiAaluslua (propargyl

bromide) AIHUNTWGA 1

Route 1
N:N\N N=N
ReR Ne R A, O
— Y\ 7 +
FsC ” H FsC NCO N 9
4a 40
Huisgen 1,3-Dipolar
Cycloaddition
OH
O T
AcHN Z B
5 6
Route 2
N=N, Huisgen 1,3-Dipolar

N it =
cl j\ OJ\/ Cycloaddition ©/\N3 Cl j\ 0\//
FC: : “N” N7 : + :C\ /C
3 N Zi> 5 FiC N“N

H

4a
13

B o
+ +
//\Br
FsC NCO  HeN Z
10 1"

a . . v o & a a o
WKUAINT 1 Retrosynthetic analysis VaddunINIsdLATIZilUEaNAE UL LTI LNTEUN

Gy 1,2,3-losielwaunuinsiladunludvesesiniy
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luanadeunuugesuniduniivg 1,2,3-lnselgaunuinieiladunludvewesiniy

(4a) AUNIOFNATITILS 2 LAUNS

% o = a o v o P P
LAUNIIN AU INL@QﬁLﬁBuLLUU‘U@iWLWUU da QﬂaQLﬂﬁqgﬂﬂqﬂLﬁu'ﬂq\i‘ﬂﬂqua@

q

(longest linear sequence) #eUARTeN 4 $u Fauandluununmil 1 lnsanunsniduldann
nsifuea 6 whugiselnsmiaadumelnsmifalusiun® aglaaisusenaudala 7
fonandniosay 77 udnhwiuiiertuiuudaieled (5) feduasgiunainiuudalus
Tusuaslnfeueled® ndmintuadinsdaseles lngaziianugany 1,3-lalnadslulaa
wenATu (Huisgen 1,3-dipolar cycloaddition) Tnefinauies (I) WWudusaufise® vilila
asUsznouiithilasiolea 8 srenandniesar 95 deuomyesiwiiasenluaniivivaas
laazlidu 9 Msnandnioyay 82 wavuiezdau 9 Wyihujasendulelulesiiua 10 nu

)13

UfAsensiiusuuiianaleld (nucleophilic addition)? Auagldluianaideuwuusas

Tuvang da drenanandetay 75 Fan1sdanTisidunadisusuanesiluiuea 6 lny

v N N Y aaa o v a o ) a
Lauvrlwlﬂ’l’m?jﬂisljﬂgﬂiﬂ’l 4 YU MIYNANANITINTDYAL 45 ASNUATINN 2

Oﬂsr

benzyl bromide

NaNz, DMSO
rt, 19 h

quant. yield

o OHBI N\ & o Z @
PN B
H K2CO;4 H Cu?* Na ascorbate

DMF
6 rt, 24 h 7 H,O:n- EuOH (1:1)
) 65°C,2h
7% 95% 2 M aq.NaOH
90°C, 24 h
cl 82%

B S0
cl o AN FsC
Fscji)\u)oL /O/ b DC|1\/| 24 h /O/ b

75%
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WRUAIWH 2 duneiniisdmsumsduasesilaanaiouwuugesiiu da uaviosas

NANAS

umsitaas Tuanaidsuluuges iy da gnduasivisneidunisiienianse
UFA3e1 3 du Fwanduwwunind 3 lusuusnasdunsduesedaisusznauglslafiuea
12 NMIMUHATE5eNIN d-aziilufiuea (11) dulelelotiun 10 lnsinandnosas
85 wianiuthuvhuasentulnsaalusludluanisua® agldassznoudalai 13
denananiosas 80 TunouaaneluanaidounuuresNdy da annsodansiesdldtiy
Ufisengunu 1,3-lalwarslalaauanfdu (Huisgen 1,3-dipolar cycloaddition) 55%3198a
a1l 13 AuuwBaieled (5) laedinediles (1) Wudissfisen® lnelinandniovas 89 n1s
Fupngiluanadounuuresniy da dedunsdiBuduain deziluituea (1) las

L UNNENINGARIUULNTET 3 VU MUHARANTINTOAL 61 AIUNUAINT 3

i
FsC NCO
O = "y 8 10
H,N DCM, rt FsC NJ\N
1 24 h H H
85% 12

Br/\

K,CO3, DMSO

N3 rt, 6h, 80%
N=N _
N
Cljg\ J /©/o\/§/ T 2 CI\' : o : o FZ
FsC )LN CuSQy, Na ascorbate F3C ”J\N

N
HoH H,0:n-BuOH (1:1)
4a 65 °C, 2 h, 89% 13

WHUAINT 3 Ldunsigesdmsunsduaneiluanaidouwuugesinilu da wassovay

NANAR

IINNFANBREUNINMTFUATIZALUANAGEULUULDIWITY da wudtusaziduniad

ANUWIINEANNITdLATIERlanadg UL LT T WIHUNWANANe T Tnglduniausnivangay

a

Mgduasziluanadsusuugesmdunvinmsuusiasunyunui/nsununisidaslan
V93993 WNHU uardwmsuduneigeunngaunavduasziluanadsuiuugasiniuiih

nswUsasu/nsunuineiiladuilunveswes iy e niiusednsninaandt msed
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IuutuvelfisendesniiuariSovagHaninTIuganINAUNILTN ABNINIILADINTT
dupseiluanadeuluuresiniulagununisiladunludgesiiuiiens 1,2,3-laselea

Jaledenidunngesndunssiluanadeusuugesiy ab-ar

$ IS dy 1 =
N5USLLUUNANTNIIYINT asduraiwaduziSevasly LANAYURUU 4a

% o « [ al a Y = Y o
wasanUszauanudnsalunisdaunsziluanaideunuuges iy da udd Faldi

I a 1 L3 < a ¥ 1 I3 < [=1 A
da lunaaeuanuluiiviowaauziie 4 sialunasannass laun waduziSudadenyn
Beunaurilndunesn (MOLT-3) lwaauzisalon (A549) wadugiswieuid (HUCCA-1) uag
WARULLSIHU (HepG2) mewmafladuiiil (MTT assay) lananisnageuaiiuduiivee

AR SITILEARIA I8N ICsq (half-maximal inhibitory concentration) faandlunsnei 14

A15199 14 wansanuduiwiowasurisdunasnnnassiLandsigan IC5q (half-maximal

inhibitory concentration) Tuniaglilastuaans (uM) vesluanatdeuwuuidming 4a

LaaNLS ICso (UM)
MOLT-3 >100
A549 >100
HuCCA-1 >100
HepG2 69.46 +1.12

Mnnan1snaaeunuITlianaldsusuures Ny da dnnuduiivdeisaduziieiu HepG2
TnediAn ICs, Winiu 69.46 pM waliifiaudufivdewaduzise (IC, >100 uM) 8n 3 wiin
AowasuziSaudnidenv1ndounduvinauness (MOLT-3) iwaduziSauaon (A549) uay
3 < 1 901 = = Y o ¥ 1 a 1 a = - a
ANz 5WIBUNR (HUCCA-1) Faldimunlaseasnemalagnisifungununaauuisuudunie
fulnsiolaaiiofinussdauiloanu receptor MlUsednininnisduduraaugiiedu

1%

HepG2 wag HuUh7 ATu

nsdaasziieunusiiaelen (phenyl azide) 5b-5q

9
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s

nsdaaTgviiidatelad (phenyl azide) 5b-5q ausadaaTIgsilaaInayiusos i
du (aniline derivertive) 14b-10q W1uUfA3elawelylnadu (diazotization) lnegldlumey
Tulmsn (sodium nitrite; NaNO,) Tugnnignsa wFIntuAasuUALUUTAaleEneyls
11@n (nucleophilic aromatic substitution) aaelgiReuelen (sodium azide; NaN;) agla
arsusznevilfatelan (phenyl azide)*? 5b-5q ﬁﬁmy}muﬁLmﬂ&i’mﬁuuazﬁ%aaazmamamﬁa

UNINA 4

NH, Ns
1. NaNO,/ HCI
| A 2. NaN; X
=
R/ 40%-quantitative yield R/ =
5b; R=H, quant. 5j; R=p-CF3, 46%

5¢; R=0-F, quant. = 5k; R=p-CN, 97%
5d; R=m-F, 87% 51, R=p-NO,, 97%
5e; R=p-F, 93% 5m; R=0-0OH, 93%.
5f; R=p-Cl, 90% 5n; R=m-OH, 97%
5g9; R=p-CHj, 93%  50; R=p-OH, quant.
5h; R=0-CF3, 48%. 5p; R=m-NHAc, 76%
5i; R=m-CF3, 40% 5q; R=p-NHAc, 88%

WRUAIWA 4 N1sdaneReyiusitaweled 5b-5q wazsaasuananilla

nsdaasziluanadsusuugasnniutmvung 4b-ds

4-pyiluuea (d-aminophenol) (11) vinufAseniu 4-aasls-3-(lasvigeslsuia)
Wilalelwlweiun (d-chloro-3-(trifluoromethyl)phenyl isocyanate; 10) Tudavinazanula
Aaslsinu (dichloromethane; DCM) aglaarsusenauiluea (phenol) 121 ntiiiuea
(phenol) 12 uvinu)Aselnswnfatadu (propargylation) fulnswiAaluslus (propargyl
bromide) Tuaniiziva® ﬁ]ﬂﬁLLaalﬁﬁﬁﬁgL% (ureido alkynes) 13 84% overall yield
mﬂ‘ijjuﬁﬁﬂﬁﬁ%m 1,3-dipolar cycloaddition s¥n319euusiiatelys (phenyl azide
derivatives) 5b-5q fuusalenififig3e (ureido alkynes) 13 Gailludeuusanosiun (sodium

ascorbate) Wui3Ag uazaalives (I) iudiseljisen® axldasndnsiod db-4q il

nyilaifuuang1aiu 76%-quantitative yield lng51891u308asNANEARIUNUATNA 5
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cl OH cl o OH
. - AT e Y 8 Y
FsC NCO  HoN Th  fFc

N~ °N
H H
10 11 12
= K,CO3;/DMSO
| e
N Br 84% over 2 steps

N=N @R X
N ) | Cl o F
s Noaialt=Ye S Nonet
JLN FsC NN

2+
FiC Cu<*/Na ascorbate

H H,0:n-BuOH(1:1),
4b-4q 65°C, 2h 13
76%-quant.
4b; R=H, quant. 4j; R=p-CF3, 86%

4c; R=0-F, 92% 4k; R=p-CN, 87%
4d;: R=m-F, 88% 41; R=p-NO,, 80%
4e; R=p-F, 93% 4m; R=0-OH, 93%.
4f; R=p-Cl, quant.  4n; R=m-OH, 89%
4g; R=p-CHj, 77% 40; R=p-OH, quant.
4h; R=0-CF3, 91%. 4p; R=m-NHAc, 86%
4i; R=m-CF;, 76% 44; R=p-NHAc, 94%

WHUAWT 5 1 unensdaasiginsdunsigiliianaitiiing b-aq uazSesavnananile

msﬂszﬂauﬁﬁmgﬂqﬁ%’uLﬂuﬂwﬁuaﬂmlmﬁ (carboxamide; CONH,) 4r @11158
duasgrldannasuszneviiingleelu ak inujiseieentiduivlalasiauesesnles
(hydrogen peroxide; H,0,) Tusvitazanulauiiagananlan (dimethyl sulfoxide; DMSO)
wldlunanadeuuuuresuduiiing 1,2,3-lnselvaunuisiladunludveswesuniuiiiy
T,:uLaqaLi’]mmaﬁﬁmgﬁaﬁ%’mﬂum%vaﬂmluﬁ (carboxamide; CONH,) 4r** lngiisauay

NAKAN 94 AILHUNINA 6

94%

N=N,
N H,0,, K,CO N=N
Cl (0} ~ 2VU2, RoLUs3, \
o) MK/ CN DMSO, rt., 2h /S/N
JJ\ - ' . % CONH,
FsC N~ °N
H H

4K 4r
N=N,
N N=N

Cl 0 O\A/ NO; SnCly2H,0/HCI /K/\N

I 80% S N2
FaC NN ’

H H

al 4s

WHUNINT 6 NMsdanszsilaanaiivang dr meufisersendndu (oxidation)* uag ds

mgUfAsen3andu (reduction)®
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Tuanaidvseifivgesdlu (amino; NH,) ds annsadansgiinuujitoddndu
(reduction) vangfleidululag (nitro; NO,) 4l saediu (I) Aaslsd lalawmsn (SnCly2H,0)
Tuannensa %lé’ﬂmLaqaLﬁauLLUU%amWﬁUﬁﬁwj 1,2,3-lnseloaunuiinefiladuilusvos
Yo LNLU LﬁquLaqaLﬂmmwﬁﬁwgazﬁiu (amino; NH,) 4s* lagisavaznanan 80 A

EUNINA 6

nan1snagaugnsaNuluiurawaduziSsunazanuduus ssndndassadwazgnd
N9YININ (SARs)

4 o
Nﬂﬂ']’iVlﬂﬁE)‘Ui]Vlﬁﬂ'J’]ﬁJLﬁuWUﬁlBL‘UE’IéﬁJSGQWU

mamimaauqm‘émiﬁug’qLézjaéuzﬁqéfu HepG2 wag Huh7 vadlulanalisuiuuee
s Aufiunuiineiladulas (picolinamide) fes 123 nstolwavaun 18 luana (4b-
4s) %gﬂﬁwmaﬁﬂswémﬁuwamﬁ‘mmaaquémaqmamwﬁmuﬁ Bewaen (15a-15m)*!
Tnefinanisnadeugnipudufivsomwadugdedudnanazdeaiinig screening A1y
WNTU 50 uM (cut off) LLé’aLﬁaﬂimaqaﬁﬁqméﬁﬁ (ICso<50 uM) 119181 1Cs, Tunaelulas
Twan$ (micromolar) Tnauanadanisnedi 15 Gemedaawmadasuiiil (MTT assay) Ineldee
sunuduansuansg1u (positive control) AT ICs, WU 3.871 uM waz 2.930 UM @15y
waduzIEaU HepG2 uay Huh? mudsu wanisvaassnsdudaeadusieiu HepG2 uas

Huh7 LanInanns1ed 15

N=N
N =\ R
N P
F5C N)LN
H H
15a-15m

sUn i 24 lassastmaaiivesluanafsunuugesiniuresnanviniug [edasin

(15a-15m) *

A13197 15 lassasisvedluianaidinuny (4b-4s) uaznanisadeugnsninunduiivae
L AdNISRU HepG2 uaz Huh7 Tngsiasiunaniaal 1Cs, (M) dusuluianadildlunis

AUTIINANITNARD



ICso (M)
Cpn. R HepG2 Huh?7
Sorafenib 3.871+1.74 2.930+0.65
4b H >50 >50
4c o-F 16.620 + 6.345 42.312 +9.905
4d m-F >50 31.00 +4.219
4e p-F >50 >50
15a* o-Cl >50 1.011+0.141
15b* m-Cl 37.237+£6.123 4800+ 1.676
af p-Cl >50 >50
15c* 0-CHs >50 2.437£0.518
15d* m-CHs 24,152+ 0.829 5.813 £ 0.863
4g p-CHs >50 >50
4h 0-CF3 >50 >50
4i m-CF3 >50 >50
4j p-CF3 >50 >50
15e* 0-CN 3.191 £ 0.906 15.315 £ 0.550
15f* m-CN >50 >50
a4k p-CN >50 >50
15g* 0-NO; 3.7341£1.364 1.632 £0.030
15h* m-NO; >50 >50
4] p-NO> >50 >50
4m 0-OH >50 >50
4n m-OH >50 >50
40 p-OH >50 >50
15i* 0-NH; 26.063 +4.377 3.718 + 1.268
15j* m-NH; 3.588 +£2.218 >50
4s p-NH; >50 >50
15k* o-NHAc 9.138 £ 1.346 1.197 £ 0.132
4p m-NHAc >50 >50
4q p-NHAc 19.198 + 6.436 15.882 £ 0.829
141* 0-CONH; 5.289+1.724 4.636 £0.182
15m*  m-CONH; 7.087 £ 0.390 1.633+£0.158
ar p-CONH; 29.285 + 1.664 11.554 +£ 0.898
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(% s

*ANIINABDIVDIUNANVTNIUA LBeNae1n (15a-15m) 1 414! ieaglaiuniuduius

seinilassadauazqrdduduranuuiieladaau
o L 1 Q‘ =
AMUFUNUSTZNIN9ATIES19UazgNEN19T20N (SARS)

& A &9 v g ~ a av oA a
NaﬂqﬁmﬂaaUﬂjqﬂJLUUWU%GLVTL'Viu’)'ﬂllLaQal:aEJULLUU%@?WLWUUWI@JN“HLLWUW (RZH;

1

4b) hifienuduiivrowaduiSiuna 2 wad (Cs >50 uM) usdlalanyunuiiunsmynudn

Y
£ o &

Tgnaiudu Ingluanan3anilavewianuaiial ICs, Woanin 50 uM uananldanudnin

(3

Tuanadnlvgiidgvidanudufiviomad Huh7 1nnd1 HepG2 snuiuluiana 4c (R = o-
F), 15e (R = 0-CN) 4@ 15§ (R = m-NH,) filmnudufivdowsad HepG2 11nnd1 Huh waz
A1sUNUT (substitution) sunis ortho aziidnenmlunstudinisiesaivinvesadly
ANI1AUMUS meta wae para MuaIRY dmiunmy (R) NH,, CHs, NHAC, F, CL, CONH,, CN,
wag NO, ¥ntdU 15j (R = m-NH,) ﬁﬁqw‘émiﬁugqmaéﬁﬁﬁu HepG2 (ICsy = 3.59 uM)

111121 HUh7 (ICsy >50 pM)

dlefiansamuduiussendnddassaiiweduanadsuwuuiuanudufivee
aaNzL5e (SARs) 8 19agtBen nulluanadsukuugasiuiliivygunun (R=H) laid
Auduiivdoadus SR 2 wad (ICs, >50 pM) wadlawdeunyunuiainlalasiau (H)

Jungessu (F) iawnezaeulndifiesiu (Galnuwmesnadues H wag F wiiiu 1.2 uas

'
a

1.35 A anuaiau®?) WmhLﬁaﬁwyjLmuﬁLﬁuwQaEﬁuﬁﬂﬁmmLﬁuﬁwﬁiamaémﬁmwﬁu 79
n1sunuvenyfandinagiinliluana de (R = o-F) AuUszansanlunisdudanis

Wigdulaveagasuzisalafinirluana dd (R = m-Pwagluiana de R = p-F) audwiy

& 1

dewasuanigesiu (F) WWuaassu (CV Mlunyanlaiau (halogen) milouiuuinasiud

Y

1
9 (3

Tt wuitraesulgrslunisdudugaduzisa HUh? gendtvgeeiude 40 uaz 6

Wi Fisunns ortho way meta Mg Tae 15a (R = 0-Cl) waz 15b (R = m-Cl) fA1 1Cq,

dsuwaduzise Huh7 dwindu 1.011 uM waz 4.800 pM aua sy lnediliana 15a e
g

1%
[

ICso ANINTRINNTAU 2.9 Wi dnSulwaduyise Huh? waegralsinulunsdlvesnisduds
HepG2 Tuiana 4c (R = o-F) nauilgnsfaninluiana 15a (R = o-Cl) uaziilawauiigunis
WUTIUUIULTUMENIILTA (methyl; CHs) wudnmsunuiivesmyiuiiavedluiana 15¢ (R

= 0-CH5) N1 15d (R = m-CH5) tag 4g (R = p-CHs) ANaIAUdInsULwaa Huh? d1msu

wad HepG2 nudniliealuiana 15d (R = m-CH,) windunidans Tuvugnnylasngesls
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a ada Y o I a ! | @& a1 ¢ 2 o o s
meawmﬂuqﬂiﬂaLﬂﬁ]ﬂﬂUﬁ&lﬂLﬂJma WU”J'W‘,LQJJJWJWNLUUWUW@L%aaN%Lﬁ@WUWﬂ 2 %998 (|C50 >50
uM)

a s

dmFunmjunuiidunyfedidnasou (CFs, CN, NO,) wuindmdumyunuil NO, ves
Tuana 15g (R = 0-NO,) fdnenmlunisesnguiianitwesuniuyseana 1.8 wirdwmiu
waa Huh? LLazﬁqwéﬁuga HepG2 lnalAesiugnunsgy, Mijmuﬁ CN¥asluana 15e (R
- 0-CN) Tdnenmlunisesngusiinnieesunivussang 1.2 whdmsuwas HepG2 uag
vy] CF5 Wunyjunuifildmunzan imswilfluanadounuy ah (R = o-CFy), 4i (R = m-
CF3), 4j (R = p-CFs) Iaiﬁim'é ﬁm%’uwyjt,muﬁ OH, NH, wag NHAC uanainazidunyli
dlanmseunaldaudy H-bond donor wag H-bond acceptor laanfae (OH, NH,, NHAC)
WudwmiﬁﬁwyjLquﬁLﬁulamaﬂ%a (OH) &@1 1Cs, >50 UM LLamdmyﬂamaﬂ%aﬂf@umﬂﬂ
WT A, mﬂ'Lmuﬁ NH, vaslana 15i (R = o-NH,) IAnudniziatzassewwad Huh? Loy
1A ICso Winfiu 3.718 pM lun1emsanudiuaiviy NH, ¥aslaiana 15) (R = m-NH,) ¢l
Sumzrawas HepG2 Tnefiad 1Cs, winfu 3.588 uM FslndiAssiumsdudmeasasuniy
(3.871 uM) uaziilownuil para vaaldiana 4s (R = p-NH,) %ﬁqm‘éﬁw LL@'Lﬁ'aLﬁumgaz%a
(acetyl) \fiean H-bond donor wiis H-bond acceptor LLdMyjazﬁIuﬁq 3 fAwnd [15k (R
= 0-NHAC), 4p (R = m-NHAC), 4q (R = p-NHAC)] WU'jﬂmaqaé’aﬂénﬁqwéﬁgﬂ HepG2 wag
Huh7 snulutanalaguiuy 4p (R = m-NHAC) A ICoo >50 UM 118 2 waduziia e
Taanaldeunuy 15k (R = o-NHAC) anansaimuinmndldifindutsemna 3 wih dmsuiis 2
WwaawarilA ICs (1.197 pM)-Anateesunitiu 2.5 wind mwsuwasd Huh7 waz 4q (R = p-

NHAC) fgvizununanivivdeseaaussidu Wonan1snaaesiiiiniivgesdfaaiunsaiam

1%
Va o = QJ ¢

audufiviowaduasald {Idedsladuasizindunuiifiannisaduldvs H-bond donor

&

B
Y
Ageiuniigu-osdRa (N-Acetyl; NHAC) Alangmisuananlua

waz H-bond acceptor Tnél

&

(carboxamide; CONH,) WU'jﬂ,maqa 150 (R = 0-CONH,), 15m (R = m-CONH,) wag 4r (R

=~ £

= p-CONH,) fiquidfifadiunn s 2 wadimileutuluanadeunuuiifngunuiidunisu-os3
fa Imglatana 15m (R = m-CONH,) H@1 ICso iU 1.633 puM Aind1gasuniy 1.8 i
d1usuLwad Huh qm’haLﬁaﬁmsmmmLﬂuwzﬂ'ﬁlﬁélﬁﬂmau (OH, NH,, NHAC) Uagnfa
BdnmTaU (CFs, CN, NO,) suaqmﬂ't,muﬁ (R) WU’jwmmLwag‘Lﬁ/ﬁqSLﬁﬂmauhidqmaﬁiaqmé
RANWERERALN Imﬁmg OH wag CFs L‘f]wgﬁhimmzam L‘wmLﬁaﬁwy}muﬁﬁménﬁﬂﬁ

Tuanadeunuulifignsn 2 waduzse
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luana 15a (R = 0-C) wag 15¢ (R = 0-CH,) FA1UTUNIEAUWad Huh?
maﬁqm Tneansoeansiian ICs, 410A91 50 UM drusuiead HepG2 wagdla ICs, WinAu
1.011 uM waz 2.437 uM Feiindne1gesnuniu 2.9 uaz 1.20 Win1ud1du dmiuiwad
Huh7, Taanatdeukuy 155 (R = m-NH,) fRnudenizinzasiueas HepG2 mm?'iqm R
Andges i lnefian ICs, 11U 3.588 UM wag >50 pM @SUlwad HepG2 way Huh?
sy dmsuluanalunguinuiiliana 15e ] = 0-CN) uag 15§ (R = m-NH) faa
Juiuwrowaauzi3siu HepG2 Taedlan ICs, WinAu 3.191 uM way 3.588 uM Farnirwosu
U 1.21 uag 1.08 Witmua1du dmsulwad HepG2, lauanatduuuwuy 15a (R = o-Cl), 15¢
(R = 0-CH,), 15¢ (R = 0-NO,), 15k (R = 0-NHAC) 4ag 15m (R = m-CONH,) danuifuiiy
AoLadNLSafU Huh? Taadan ICs, (AU 1.011 uM, 2.437 pM, 1.632 UM, 1.197 uM Way
1.633 uM Ferningosunilu 2.9, 1.20, 1.80, 2.45 way 1.79 Whawasu dwsuiwad Huh?
uananiluana 15¢ (R = o-NO,) fdnannlunaduduradumdiuiiitueadunsaisans
wiln lnefiAn 1Cs, 1WNAU 3.588 uM Wag 1.632 UM dansulgan HepG2 tag Huh7 auasu
FaflgrdlndiAatureswniudmiuead hepG2 uazldnanmluniseengnsiinnitves

U 1.8 Wndmsuwwad Huh?

'
va o 1 a

dwiunisiauiluanaldeuluuredarsnguilusuing §3ea1nitazasaiy
SEEEYINTENINN 1.2, 3-nsteleanurauudulrunniu viliauuduilanudassiiuuiniy
A a v = a [y aa [ a 1 fal a ¥ [ I3 v ‘:’{
Wiaiulonalmauud Ui sun sAseNUUS s IvaweulelfnetaanuuzSlaunTu

Wi dmsuteulel B-raf n1SiNS e MIIRINa129199E Y I UUTUNADASAS 8N UUS LI
! ¢ X . Py X o a a £
sevataulyduuuln-ln (TT-T interaction) Al aussdudaguaini 25 auanunsaiiugnsly

v O I3 g vy & o & a ° a a o
nsfudugaduzials uonantensazduasizrluanaifeuiuulagiinswusiuaeuine
wond 1w wWavwdu 1,3-disubstituted Naansafingndnisdinmlaegiann® nisenaas

dinvngeslsilulvmdeduensinsmiu®



g‘lmeﬁ 25 X-ray crystallography sznandtoulasl BRAF wagapsuniu (C)*
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UNN 5

agUNaN1INAAaDY
IllLaf]aL§EJ‘L!LL‘U‘U"U@i’]LWﬁUﬁﬁIﬂauﬂmﬁ"Um%@ﬁLWﬁUQﬂLLVluﬁG?]j’JEJMy: 1,2,3-1050
Toa 1 16 Twana ansnsadansedlddnsadeuiasomdn Wun msunuiinuuiangled
dneglsunin nsnnfawady wazgunu 1,3-lalnanslelaatenidu lnelinandnsiuseuaans

Aunn wagthansnanduandaulasmeuiizersendndume H,0, kagiantusie Sn/HCL lg

' (%
= 0y o

wandmeian 2 luana lnsnandnfesazmbon anduiiluanaitinune (target
compound) 13 18 I:uLaqa“l,ﬂmaaquémﬁé’ué'%L%aéuzﬁaﬁu HepG2 tag Huh7 A873
MTT assay wagiunefuseransnaaesiniunansaaeugrdvosusanviiniug Bey
a01a (15a-15m)*! wuiluanadulnadfigrsfiauidufivioiad Huh7 1nnd1 HepG2
warmaunuiivesyiisumis ortho Sdnenmlunisdusnsaniulnvessadusseiuss

#o4lafAnanmunus meta Wag and para ANEINY

Twana 15e (R = o-CN) daanduiivioigaduzisadu HepG2 unfign Jafinines

Filuyszana 1.2 wih llanadieusuy 15a (R = o-Cl) 4@z 15k (R = o-NHAC) findnanduy

[y

fiwrowaduzi59iu Huh? 1niian Jafniigasuidulssaia 2.9 waz 2.5 Wimudiau

[
o [y

wananilluiana 15¢ (R = o-NO,) fneamlunisdugsiiftuimaduzis

Y

UNANsABIviln
TnefignslndlAssdures i dudniuwas HepG2 kasiningosunduussuia 1.8 win

dusulwad Huh?
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;silﬂﬁwﬁ 28 'H NMR atunn§uv99 N-acetyl-4-amino-1-propargyloxybenzene
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;sﬂmwﬁ 29 °C NMR atUnniuves N-acetyl-4-amino-1-propargyloxybenzene
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sUAIWT 31 °C NMR atdnn¥u993 Na-((1-benzyl-1H-1,2,3triazol-d -
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sUnan# 33 °CNMR atUnn¥uves 4-((1-benzyl-1H-1,2,3triazol-4 -

yUmethoxy)aniline (9)
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BIORESOURCES RESEARCH UNIT

High resolution report

Acquisition Date 12/22/2016 1:18:07 PM
Analysis Name D:\Data\customen1A.d

Method NaFormate_pos.m Operator Stuichai Ext: 3560
Sample Name 1A Instrument micrOTOF Bruker
Calibrate by Sodium Formate

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Dry Heater 150 ?C
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 I/min
Scan End 1500 m/z Set End Plate Offset  -500 V Set Divert Valve Source

Intens. N \ +MS, 0.0min #1

x106] 281.1411
O\/K/N

HoN

2 144.0824 9

1 583.2589

253.1332
0 L L |

100 200 300 400 500 " 600 miz

Intens. +MS, 0.0min #1
x106

4 281.1411

303.1218

2631332 [ 3154225 337.1053
x108] ! C16H17N40O 1 28114

4] 281.1397

240 260 280 300 320 340 360 miz

Bruker Daltonics DataAnalysis 3.4 printed:  12/22/2016 5:14:41 PM " Page 10f 1

sUa W@ 34 MSatUnn¥uvos 4(1-benzyl-1H-1,2,3 triazol-4 -

yUDmethoxy)aniline (9)



— F3C Cl _~9.096
LO0— ¢ ] 8 662
/ 8.267
1.01 8.098
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— 7.648
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= 2] >:O 7.618
7.612
230 HN 7.600
= ™~17.571
7= IS -7.401
2 7.376
200 5 7.356
o 7.346
7.327
A 7.302
6.983
A N 6.953
a ] ‘l\\l
N”
199~ o ] —5.609
wh
2.08 ~ i ] —5.091
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|*5]
e —3.351
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sUANT 35 'H NMR aunasuves da Nildainnisdaasieilag route 1
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sUAn? 36 °C NMR alnnsuves da filaannisdunsienlag route 1
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BIORESOURCES RESEARCH UNIT

High resol

Analysis Name
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Acquisition Parameter
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High resolution report

Acquisition Date 2/7/2018 9:37:19 AM

Analysis Name  D:\Data\customer\CICFP30H.d
Method

NaFormate_pos.m Operator Sutichai Ext: 3560
Sample Name  CICFP30H Instrument micrOTOF Bruker
Calibrate by Sodium Formate
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
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High resolution report
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Acquisition Date  7/25/2017 12:42:54 PM
Analysis Name  C:\Documents and Settings\biotec\Desktop\cus\P 40H.d
Method NaFormate_pos.m Operator Stuichai Ext: 3560
Sample Name P 40H Instrument micrOTOF Bruker
Calibrate by Sodium Formate
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