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U5 AuUveINg

To5 WU (Sorafenib) LHue1TinlsnAlAsUNI53UTIRINBIANITAIMITHAL LIV
an3g0.u3n1 (Food and Drug Administration of the United States, US FDA) Walalunis
v @ @ 1 Yo [ Vo @ <
Snwlsmuet5eiu wazdoulasun1ssusadildsnwussele wavusSedneedlussuzanay
Tnedinalnlunisdudalawanalsvsia (multikinase inhibitor) Taewanie B-Raf wag VEGFR-2

1 I3 L, v oa = vy a ° = v =
aeslsfiny sorafenib Sallauannsalunispadutignssuaiionsuasinatiafewn
AT HRgsdunseiowiug sorafenib sialusiieNRuIANTRMIGAFvuATAANAT ALY

A . A g . . . . .
9981 IAUUNUNAIU phenoxy ring MUULAUNEN hag picolinamide ring 989 sorafenib
e 1,2,3-triazole MigouseiuasumIuULTUATvYuuvdas o lngaunsadunsien
sorafenib derivative 1a & @ 12U § 7581 nucleophilic addition wa ¢ 1,3-dipolar
cycloaddition loayiusnman 49 luananisesasnanangs (nasuideilosiuves 13

Tuanagnsealinendnussesudsyned)

ARanIIAdeUgNSn1sSuraduzSiU HepG2, waduziSalan A549,
L%aa‘um%qqqﬁqﬁ HUCCA-1, 1waduziSasinnaany1d MOLT-3 way HL-60 wasiwadusisasi
U T47-D ey MDA-MB-231 #2875 MTT Wag XTT assay WU731 sorafenib derivative &
Auanunsaluntsdudamaduziiediu HepG2 wavaduzifudun T47-D 1iAfian ud
aqﬁuﬁﬁug’awaémL%Wﬁ@ﬁﬂéﬂﬁﬁﬁﬂ Inglaana 12e (R = o-Cl), 12y (R = p-CFy), 121" (R
= o-isopropyl) kag 12m’ (R = p-t-Bu) ﬁqm%‘é’ugqmaéum%qﬁu HepG2 Wig Ui
sorafenib AU LUU LAl half-maximal inhibitory activities (ICso) 11U 5.02+2.07,
5.97+2.14, 5.40+0.35 Wag 5.57+0.91 uM a1ua1au (sorafenib 4@ ICs WINAYU 5.97+0.71
uM) Lwiﬁqw'éé’fugaﬁaaﬂdw doxorubicin Usguau 8-10 1911 (doxorubicin dA1 ICsy LYINAU
0.59+0.10 uM) drun1sfudseaduzidaduy Ta7-D u sorafenib derivative 12 (R = p-
CL, 12 (R = p-B), 12h’ (R = p-Et) Az 12p’ (R = p-NHAC) {lA1 ICs 1¥117U 5.10+0.80,
6.00+0.06, 10.59+2.03 way 11.28+0.42 uM aud iy fauansnsaduduvadusiGadu

Ta7-D 1#%in11 sorafenib qﬁqmﬂizmm 3 191 (sorafenib fA1 ICs 1111AU 14.80+0.43 uM)



WRtiean1 doxorubicin ﬁaaﬁqmﬂﬁzmm 8 111 (doxorubicin 81 1Cs, 111117 0.67+0.07
uM) nnsFnAEITuSsEindlaTaLazgrsnThan nuindnvaglasaiimes
oyusfiduasituannsaduduraduns HepG2 uay T47-D 167 Insiangnyusada
(alky) vuwmBULTuTI@eusefui 1,23 triazole fiflvuialvg) wavalaau (halogen)

[
= =

waznylasvigeslsumiia (CF,y) ssteiindsz@ndnmlunisdudagaduaSelanvu uaznis

Y 1Y

WNUTIVDIVLUUNTEWILY para sxvililuanafigvsdudueaduzseldfegnaditedAty

o

NATANHIAIATRAMNTIUNIZLANZS (Selectivity Index, SI) I@Anurnuadie
yfinen MRC-5 wuin sorafenib derivative fiauanansalunissudaeadusiaiu HepG2
Ignginzasniign Ineflluana 12m’ bay 12e fid SI gaflan Fannniievisans 3.2-
4.4 win Tun15@nw1 binding mechanism 984 sorafenib derivative 12e way 12m’ Tulwss
TUsfiu B-Raf way VEGFR2 Wlg Uity sorafenib Wusnasiedesanuisaiiin interaction Tu

FLNNTINALAENU sorafenib B9aenARBIUNaNITVIAFDUUINITININ

PNHANIINAaDINInUALandlfiul sorafenib derivative 12m’ uag 12e i
Usgansnmlunmsdudasaguzse HepG2 laauaziinutasnianin sorafenib fuluuLay
doxorubicin Fuduliianafiavilufnwaudiniundy wazarusaimunluiluesnw

TsauziSsdusaly
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MR. SITTISAK OEKCHUAE : SYNTHESIS AND CYTOTOXICITY TOWARDS CANCER
CELL LINES OF SORAFENIB DERIVATIVES WITH TRIAZOLE AS A CORE STRUCTURE
THESIS ADVISOR : ASSISTANT PROFESSOR PANUPUN LIMPACHAYAPORN, Dr.rer.nat.
Sorafenib is the first drug approved by the Food and Drug Administration of
the United States (US FDA) for treatment of advanced liver. Later, it was approved for
the treatment of advanced kidney, and thyroid cancers. Sorafenib inhibits various
kinases, in particular B-Raf and VEGFR-2. However, sorafenib has low bioavailability
and many side effects. This research aimed to synthesize new sorafenib derivatives
which the core phenoxy and picolinamide ring of sorafenib were replaced with a
1,2,3-triazole ring linked with a substituted aromatic ring. Forty-nine analogues were
synthesized successfully via nucleophilic addition and 1,3-dipolar cycloaddition with
excellent yields (The preliminary results of 13 analogues were reported previously in

my undergraduate thesis).

Their inhibitory properties of HepG2 liver cancer cells, A549 lung cancer
cells, HUCCA-1 callbladder cancer cells, MOLT-3 and HL-60 blood cell carcinoma
cells, and T47-D and MDA-MB-231 breast cancer cells were investigated by MTT and
XTT assays. It was found that the sorafenib derivatives expressed excellent inhibitory
effects on HepG2 liver cancer cells and T47-D breast cancer cells, whereas they
showed moderate to poor-inhibitory activities against other tested cell lines. Among
the synthetic derivatives, compounds 12e (R = o-Cl), 12y (R = p-CF3), 12i" (R = o-
isopropyl), and 12m’ (R = p-t-Bu) exhibited best inhibitory effects on HepG2 similar to
the original sorafenib, with the ICs, values of 5.02+2.07, 5.97+2.14, 5.40+0.35, and
5.57+0.91 uM, respectively (Sorafenib had ICs, value of 5.97+0.71 pM), but they
inhibited approximately 8-10 folds less than doxorubicin (Doxorubicin had ICs, value
of 0.59+0.10 uM). For inhibitory activity towards T47-D, the targets 12¢ (R = p-Cl), 12j
(R = p-Br), 12h’ (R = p-Et), and 12p’ (R = p-NHAC) possessed the ICs, values of
5.10+0.80, 6.00+0.06, 10.59+2.03, and 11.28+0.42 uM, respectively, which were up to

3-fold superior and 8-fold inferior to sorafenib (Sorafenib had an ICs, value of



14.80+0.43 pM), and doxorubicin (Doxorubicin had an ICsy value of 0.67+0.07 uM),

respectively.

The structure-activity relationships indicated that the substitution on
aromatic ring linking a triazole with large alkyl groups, halogen and trifluoromethyl
group (CF;) enhanced their cytotoxicity against HepG2 and T47-D. para-Substituted
version showed higher inhibitory activities significantly. Furthermore, it was evident
that 12e and 12 m’ exhibited the highest selectivity index (SI) towards HepG2, which
studied through the cytotoxicity towards normal embryonic lung fibroblast (MRC-5).
The SI values of the derivatives were 3.2-4.4 times more than those of sorafenib and
doxorubicin. For the binding interaction, the sorafenib derivatives 12m’ and 12e were
studied in the B-Raf and VEGFR-2 proteins comparing with sorafenib. Both
compounds interacted with the binding sites near to that of sorafenib. The results

agreed well with their biological activities.

With these evidences, sorafenib derivatives 12e and 12 m’ have been
identified as the potent anti-HepG2 agents with higher safety profile than the original
sorafenib and doxorubicin. Their ‘pharmacological  properties should be further

studied. The candidates could be developed as the agents for the HCC therapy.
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ms¥nwifiaslsausidaiulaslden sorafenib anunsaldiimssnuligiisiongdasniy
e 7-8 ieundsnnldsunisinuimitu'! wasusidn sorafenib awtieEinegueaditagléd
usien sorafenib fisangaunn lsgaevlultannsadhsunssnuld wonNTIN1TSY
Foenisdinatrafes? ﬁqﬁqgﬂ@@%MLﬁﬁﬁﬁﬂizLLaLﬁam (Bioavailability) latiies 38-49% v
Tdeadldenluysunadiuin'® Sailvien sorafenib fauthaulathunduduwuulunswau
lassaiafinuszansnmmsinwasfananevin Sailugoninvusseilsoly

a

Tuauddeilgidesiaruaulalunisiauilassasiduianagn sorafenib 11

' [ ¥
a a Yaa = 14 =

Usgansnmlunissnuilsauzisdlnfou annadiufeweten iun1sn1snduenlifody
warAunUsEansnnnisdudanesaiindy q lnedidesmilinuideiidusuimedunis

WawnluanaeilunisinwlsauziSieluauaatilugnisndnensnulsausiialiiesly



Uszma F9azidunisannistiidnel wazenadsmarinlieflglunisdnulsauzisedisiananas

Welvighenildansassdriunssnwla

1.2 InqUszas

~ Y] ¢ Y L Ao & pRp
1) WeBpnwUULATFIATIZROYNRUSYD sorafenib Nilalnsialeailuwnunasidl
wnltudigndlunisdudaradueiie
2) Wenageugndn1sdudurasuzis wasAnwinnuduiussznindasadiay
gVidMeTInIm (Structural-Activity Relationship (SAR)) Tunisdugaeaduzise
=2 a . . o & . aa v o I3 < v
3) Anw1IN154in interaction YaaYRUS sorafenib NiNsEUTNgaduzSlanly
waennaaed lnen1sviluanarsienns (molecular docking) tiotluuuianidlunisiamuie
Aoy
A = & A el ° ' >3 . 13 &
4) INDANYIAMUUUNEADLIRAR LarATUIUAT selectivity index (SI) UaagaaNzL39

a9 9 Feazazvioulizansnmuazanulasn et nduasizila

1.3 aUNAFIUVRINUIIY

Y R | o ¢ e ] ¢ 2 Y
@HWUﬁGU@\T sorafenib V]@@ﬂLLUULLaSE‘NLﬂiqﬁﬁmqmﬁIUﬂqiﬂ‘UﬂﬁL%aamgLﬁﬂiﬁLﬂaLﬂﬂﬁ

w3efnIlaNaeY sorafenib AUKUUNTBE doxorubicin

1.4 YAULVNINUIY

1) eankuUUkaAzduATIENRYNUSYRY sorafenib 1179 phenoxy TuknunaldkazdIu
wiladuludvesluana sorafenib AULUUNWNUTIAIEIT 1,2,3-triazole FaroRUINUUTUT
Tvyununyiaeing o Aduwnueeing o vuisuudy lneduasgridiul)isen 1,3-lalwaisly
laauendtu (1,3-dipolar cycloaddition) #3eUfAzenman (Click reaction)

o 5 I3 < d’l’ £ [y I3 3 Y

2) MAgaUAINAINITOlUN1TEVTNTaANZITUTUDIAUAUARNZISIAU (HepG2),
uzL59U0n (A549), uz15999U5 (HUCCA-1), uziiudaidena1d (MOLT-3 way HL-60) was
UglSa@uY (T47-D wag MDA-MB-231) Tunaennnass smewailan MTT uSewmaiia XTT

a A o vl Y P ° i . ey
assay Lagla3euasNFuAs1Eila AU utunils wazdiuaaauLagnIA1 %inhibition
1391 %cell viability Inadnaisndunsizilaignsaaziilunaaouiiieniean 1Cs, Wiguiu

sorafenib AuLuUYSeeNNldSuduaauziSwinoy q fell



3) Anwiaruduiusszninelaseadisuazgninie@anan (Structural-Activity
Relationship (SAR)) 7848y fusvas sorafenib laanuuuuarduasiziladlunisduds
\wadNLLS

4) Anwin19ifin interaction vasaytus sorafenib Afgnasuinsaduztaldaly
naeanAasd len15vi1 molecular docking Tulusfiu B-Raf way VEGFR-2

5) maa‘ummLﬂuﬁwiamaét,?jaqﬁmam (normal embryonic lung fibroblast
(MRC-5)) uagFuramadsinusnarzadunsiudivadusids (Selectivity Index (SI))

v sa o

\WeusziliuUsgansammsdugavaduzsaiuanulaendeveseyiusndunsenle
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UNi 2

3

e
(W]
Z

g1

=b.
=
=)}

UIY

2.1 glg5Wiu (Sorafenib)!*

Twsuliu (Sorafenib) fidon1an13énin Nexavar® uegsiausnitosdniseisuay
g1983an5gaLuInT (US FDA) SusedlildlunisinuidUisuziiediu (hepatocellular
carcinoma %38 HCQ), uz159le (Renal carcinoma, RCC) LLazmﬁ@fL‘maﬁJﬁimzazqﬂa’m
Taswduenlungu Multikinase inhibitor 7il4udenisiaqiiuinuaznisunsnszaisvs
\waduwi5e (Targeted cancer therapy) Feanansoduda receptor waneutnluNgs Receptor
Tyrosine kinase (RTKs) Im&Jmiaaﬂqﬁn‘émmiaﬁuE?Qﬂizuauﬂﬂiﬁaﬁmymwmwﬁu Ras-Raf-

Mek-Erk pathway T4 MAP kinase pathway W& ¥ Receptor fiieadeslun Ej 4 pro-

angiogenic RTKs (VEGFRs, PDGFRP, FGFR1, c-Kit, Flit-3 haw RET) faidlunisdudanalnns
AnugL3a08197112431239 (Molecular targeted therapy) d@awnaliiinnisaiu cell
proliferation Wag angiogenesis Fudunszulunsasrmasndenll ilfiwaduzidain
pendlauuazesaoas wwad Tliwaduzgeldamsowsgiulauazunsnszangluds
ofongadduld’>

uananil sorafenib SuAnsumsizenuenduldreudrsios Teanmnsaldsuiuedh
Ju iletheifiuuszAndninlunisinw fadu sorafenib Jadudnmadenuislunistnu
fUnsuziSeiunaruzifarinduluszozanarnilianansafunmssnulagisau 1wu nskide
waznsldiadvtn udedrslsAnugUannziSaduszazgnauiilisunisinuiieen
sorafenib fslsiamnsasnuilvimeninald seildifioadnenglveglduiu 7-8 ieundsain
I#sunssnyvintu’! uasiausinen sorafenib avanunsdeinengvesiingls wiviides
fawen sorafenib Sisnafideuttegs Fniliasvanemelianmsadnfnisinunild uae
gnilauaninsalunisgeduiingnssuaion (bioavailability) Waliies 38-49% vinlvisedlden
TutSuadiuin'® wenainilen sorafenib Sufinadradesiinuldvos Ae feuazifiiuruuna
uazldu (Hand foot syndrome) Anmduladings innzidensendie vieuds aauldondou

waztUoo1mns Wudu!? atdideiin1sinnunaveselussezenaaly &2
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Trifluoromethyl Picolinamide ring
phenyl ring o
Cl 5 O N-CHs
J | _n H
CF; N "N
H H

Pyridine Methylamide

A7 10 1p59a319v83en sorafenib lagwansasnusenaudiusiing 9 vasluana

2.2 nalnn1seangnivasen sorafenib (Mechanism of action of Sorafenib)

nalnn1seengndues sorafenib az1un13dudan1svineuves Receptor tyrosine
kinase (RTKs) na1ev¥da L¥u Vascular endoterium growth factor receptor (VEGFR),
Platelet derived growth factor receptor (PDGFR), stem cell factor receptor (c-Kit) wag

Fit-3 I RTKs wiandlagiiunumaiaglunisimiifaiuagunisdearsateluwaduas

[y

5211319W7U Signal transduction @sluussan RTKs § VEGFR-2 ferdulusiuditnisvauled

ey e iulusAuSuduves signal transduction cascade Tunsgulauni1sasis

nasadantuy (angiogenesis) Fatdunszuiunisuanaynliminuziss asdunisdesiunse

AuANNIasdyId signal transduction Serdunuavneafinzalunsiugueaduzise ™

L a ¥

162l g Wnuanlaitnideanaueagldidu tyrosine kinase inhibitor Tunislufuriu

(% (%
o ] o

receptor VEGFR tiangnganseuiunsaedayayia wanaintiuen sorafenib ague kinase

'
a

U fie Raf serine/threonine kinase Miinn1snateiuglu dadulusfunddglunszuiuns

dsdey el WU MAPK cascade (mitogen-activated protein kinase) wal¥nszuaunis
auto-phosphorylation li@1usaiintuselule vlfandiuiuveswaduziss
(proliferation), 1fisIN13A18YBIEAGLELSS (apoptosis) LarYgANTEUIUNNTATIMADALADA
Tm! (angiogenesis) lUiasuraduzise dawaliiwaduyiEa1noenTlauLareImsnatass

218-20

& o 4 L3 < 1 a a ! o (% ! d' (Y
YA ‘I/I']IViL"?JaalISLiﬂ‘lllﬁ’lll'ﬁﬂL%ﬁﬁy}L@]UI@LLﬁ%LL‘Wﬁﬂigf\]WEJI‘UENE]’JEJ’JS&’JUE)UVL@I fraanaly

AN 11
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Endothelial (Vascular or Lymphatic) Cell

Tumor Cell or Pericyte
----- i LI
Paracrine Stimuation ."‘ \‘4 .."\
« VEGF-A "
GF-C

------- Autocrine Joo::- S ~
&« ~
TGFa ;
« PDGF. *
.
v
v
; D )¢’
.
L
K Sorafenib l @
L]
]
o I>o
Angiogenesis:

Mllochondnal
1 Differentiation
Proliferation

'

. Apoptosis
@-0 Migration
Tubule formation

Sorafenib

aw? 11 nalnn1seengnsuasen sorafenib KuNsEUBY kinases Tu MAPK pathway

Survival
Proliferation

18, 22

2.3 Binding mechanism wa structural features Y8381 sorafenib
Tl a.e. 2015 Peng Wu wazamg® laAnwinalnnisduiuluanaidmvanegvessn

sorafenib lagn15AnNanen sorafenib lulusiiu VEGFR-22 wag B-Raf?' Famuinen

sorafenib fidaw binding site id ey 4 dau Fauanslunnd 12 uaz 13 fail
Allosteric pocket #38d71 trifluoromethyl phenyl ring Tugau interaction U3

VEGFR-2 Wu3 Wi interaction funsnesiludidiu hydrophobic fideuseululnss

1.
TUsAU d1u interaction 999 B-Raf WuUI1LAA TI-TU interaction U Asp593 wazlu

drudusgnaeuseumensneziluiilu hydrophobic
2. Hydrogen bond pocket %50@71 urea moiety Tugau interaction 999 VEGFR-2

WUILAR interaction U Glugs5, Asp1046, Cys1045 waglutanaurtulusiu diu

interaction ¥4 B-Raf WuU1LAin interaction fiu Asp593
3. Hydrophobic pocket #58d7u phenoxy ring Tu@au interaction 499 VEGFR-2

wulnkiliAa interaction 199119 duLie9d1uv09 linker Wintiy @4 interaction
Y94 B-Raf wul1LAn TI-TT stacking tiag hydrophobic interaction AU Phe594 iag

Leu 513
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4. Adenine pocket #38d7u picolinamide ring Tudqu interaction U9 VEGFR-2
wuiuAn H-bond interaction fu Cys919 uazlaanauilulusiiu @au interaction
289 B-Raf Wu1LAna TI-TU interaction AU Try530 wagiia H-bond interaction 11U
Cys531
I1NHANISANY interaction vasluianagl sorafenib TulusAulusAu VEGFR-2 uag
Tusiu B-Raf wudwnaanluluianaen sorafenib tufinnudifey usmnaziinisudeuulas
Tasaadrevesluianaen sorafenib anansaasuutasliyndu Famsidenivdsuntadludiy
7l interaction fidesenvazderanuaunsalunisiia interaction Tulnsslusiu B-Raf uae
VEGFR-2 Wty shlvonasiinusyansnmlunsdud wwadusiddinsauls Tnsazdiuléi
a3 phenoxy ring \udiuiifiasunadlalunisidsuuyas iesnnludiusainaradudfieos
linker TulUsAu VEGFR-2 usifl interaction Tu B-Raf U TT-TT interaction #an1siUasunias
drumananausninng heterocyclic figaasdauaesnusdiuag aromatic uunuiiludy

Aananle Lol interaction dunsaezdludy q Tulwsdlusiunaedlifungsdu

H—bond.

A —%N—Q‘ \ N« H bond

HN »

NH

Hydre »ﬂ\(‘ e o \

e b‘ dpou V'
on o

cl CFs Hydrophebic Adaatne
pocket

Allostericipocket

® ’___ ® & 0.'.
,'_”

@ i . -

AN 12 MNWUU 2 05 ey 3 1R V99lASIASIINANTENI1981 sorafenib kaglusau
VEGFR-2% 2
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H-bond .
Y — .
v HN—@—O \ /N 4 .H-bond
HN—( o
o

“?“.f"‘w;‘!ﬂ?. o \

H-bond POCKE!
Cl CF3 Hydrophobic

pocket

AN 13 MNLUU 2 T5 1ay 3 05 U99lASIAS1INANT¥NI1987 sorafenib kazlusiu B-Raf>>

24

2.4 ATuazienasineadasivaywus sorafenib (sorafenib derivatives)

Tul f.¢. 2012 Wenhu Zhan wazane® lavIn15eanuuuLasduasiziluiana
\@eunuy sorafenib Tneilntsiudyundasimin 3 udnn duddsuudasdi phenoxy ring
Immﬁmg halogen a4Uu4 aromatic wonarmiuduvasuudasludu picolinamide ring
Immmuﬁmﬂ' methyl amide #2819 trifluoromethyl imidazolyl LLaziuﬁauqmﬁwaﬁﬁWﬂws
WasuuwUas fie @ trifluoromethyl phenyl ring ImaL‘U?ﬁ"auuﬂawyjﬂqﬁ%’uuawﬁ’%mmmi
unuituuag aromatic Aauandluniwdl 14 andutilanadeusuuiidanseildunms
naAoUgNENSTUS I YadUZIS MDA-MB-231, BGC-823 uay SMMC-7721 wag c-Raf kinase
wuhlaenadeunvuiianuansalunisfudusaduziieiosninluana sorafenib Funuy
wiiledinsdaues trifluoromethyl phenyl ring iy asiinanuanunsalunisdudsd
\figuwimsednin Tneluianaidansezneunasiunazmy trifluoromethyl Tilushumaia
nIeiasuny trifluoromethyl tuoznounaoiu nsasmuntsnisunuilfnasd
auanansalunsiudasaduzss MDA-MB-231 T#Rnd1e1 sorafenib 2-6 Wi uasinilu

WAadUELSe SMMC-7721 41nn1181 sorafenib 2 11 aefiiaduatuisalunisduda
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\waauyiSe BGC-823 ilwuiiniugn sorafenib Imsaziiulain trifluoromethyl phenyl ring

wagsuvidlunsununiidiuddglunsdudusaduzislasgnsdnau

poRleg
F.C NJLN
H H g

Sorafenib

different l

substituents

SN gec

X=H, CI
Target compounds

Picolinamide

Al 14 TuanaldBuluy sorafenib ¥99Ans Wenhu Zhan uazansz™
Tul .61 2013 Cui-rong Zhao wasAng® lavinisesnuuukazduasiziluana
B8ULUU sorafenib IneiAsuuiaddinwes picolinamide ring luduved R, Saunufise
indazole Wway azaindazole uanNIINTUHFWIN5IUALURYAEIUYD trifluoromethyl
ohenyl Tudauaas Aridlu p-trifluoromethylphenyl ring fakan dlunindl 15 a1ndusi
Tuanadeunuuiidaasesiliuhmvaaeuguinisdudaeaduzds HepG2 uaz Bel-7402

wunluanadeusuuiinavawnsalunisduduvadussdosninluana sorafenib fukuy

o
cl o’ o0~ N-CH
J’L I ~N H
F;C N~ N
H H
Sorafenib

! 1
w i T

H H
Target compounds

ar= :@\ \©\'

= indazole or azaindazole

A 15 Tuanaldeukuu sorafenib ¥8eAns Cui-rong Zhao awAny™
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Tud .6, 2014 Ke Tang uazaniz? WAnwilauanaldeunuy sorafenib HLC-080 7
FnsiUasuuladlasaadneued sorafenib anudrlneamzludinues phenoxy ring i1
naphthalene 1unufi duly trifluoromethyl phenyl ring lévinn1sinerneuvanaesy
900 wazlUdsunlasdiuves picolinamide ring Widudiuves sulfonamide 7iunnsns
oonld Fauandluninii 16 wuidignilunisduduradus Smaissdaiifniluanae
sorafenib Funuumatewin nsawizluugSsdldiluana HLC-080 dqilunisdudsls
Finin sorafenib 3-5 Wi wazuzifasuiluana HLC-080 fqmiluniséiudsiinin sorafenib

2-4 1 fauandlun1sen 1

o}
cl A O _CH,4
j@\ A ,©, | _n H
FsC N~ N
H H
Sorafenib

4

naphthalene @8g
hi-14
JQ S i

HLC-080

A 16 lassasrsluanatdeuiuy sorafenib HLC-080°

Cell lines Organs 1C50 (1M)

HLC-080 Sorafenib
U251 Brain 20.81%£3.51 33.24%5.23
SH-5Y5Y Brain 45.36+5.24 32.70x£5.81
MGC803 Stomach 15.68+3.95 20.83£4.18
BGCA23 Stomach 26.94+4.75 37.26541
Ketr3 Kidney 7.96+2.07 16.01+4.18
HT-29 Colon 1.83+0.35 9.37+1.18
HCT-8 Colon 553+1.29 18.27+3.52
HCT-116 Colon 5.66+0.96 12.93+2.89
HepG2 Liver 4.10%£1.29 17.03x3.42
SMMC-7721 Liver 748+1.88 16.40=3.63
Bel7402 Liver 15.73%3.61 12.59%3.49
A549 Lung 27.64x4.77 29.60*4.61
A2780 Ovary 14.12x3.21 22.04*3.63
HELF Normal lung 23.77x2.101 25.53x2.51

M1319% 1 MIANlaNAGEULUY sorafenib vadnm Ke Tang WagAnis”’
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Tud A.A. 2015 Chunjiang WU wazanz® Ideenuuuluanaifieldduisaduzise
91nlananaen sorafenib , Tananaen regorafenib uazluanaen Kis751 dseviaanslaanail
poNg3lun3suss VEGFR-2, cKit, PDGFROL uay FGFR-2 Tnslaanaiioaniuulvallévi
n9UAsuRUAtEIuTeY phenoxy ring U89 sorafenib tnsifneznauves fluorine wilulu
@M meta-position AU urea moiety #9si1931nlatana regorafenib MAnlusiuni
ortho-position ysnanvuduUasunlasdudiu urea Uiy sulfonylurea wazilas
triftuoromethyl phenyl ring Ju1g aromatic ﬁﬁmim?auwawgLmuﬁLLazﬁ%mﬂwma
aromatic umneneiy Fauandunmd 17 mnduiluanafiesnuuunazdansiedldly
naaougnslunssudusadugzise A49, HeLa, MCF-7 wag PC-3 nuindgnslunisuss

Waduzi51esnIe sorafenib 11N

\0 o
o_ «a o o\G)LH,CHg,
peilonc i aa s b

Sorafenib, X=H
Ki8751 Regorafenib, X=F

different
substituents “s” /@[
~N

R—I
X=H,F
Target compounds

I

Al 17 Tulanalfenuiuy sorafenib ¥89An Chunjiang Wu wazans?

Tul a.f. 2015 Ay Mahmoud M. wazenis™ lavinniseeniuuwasdunsienluians
{BEULUY sorafenib 91nTatana sorafenib waglaana regorafenib Tnelasuiasdnyes
phenoxy ring Iay Ly fluorine atom i meta-position AUAIUVDY urea moiety LAy
WasuLUaIEIuTe picolinamide ring 0 1,3,4-oxadiazole ﬁL%amiaagjﬁmq aromatic
wonnniuduladsunasaines trifluoromethyl phenyl ring $3ufudu urea Tnedifidans
urea Tidadn wagyhnsdsuuvaniu amide %Qﬁﬂ?iLUgﬂuLLUaﬂMyjLmuﬁlLLaxﬁ’leﬁﬂuu
23 aromatic dsuanslunnd 18 Mt luanadsunuuiidaaseildunhnimeasy
qusnsSudteadugide HCT-116, ACHN, SNB-75, PC-3, HOP-92, MDA-MB-468, KM12, SK

MEL waz OVCAR-3 wuinlanadeunuuiinuaiuisalunisdudugaduzisaiosnin
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luiana sorafenib Aunuy laganizluanafitnisiuasuuiasdiu urea uansliiuds

ANMUEATYYDIY urea Uagaa trifluoromethyl

o
cl ° O ~p-CHs
J v M
9 NN
X

Sorafenib, X=H
Regorafenib, X=F

N.-N
| \
& O\J\QF@RZ
R1)LN F
. H R{= Ar, ArNH
different R,=H, Cl, OMe

substituents
Target compounds
A Wil 18 TalanaldBLuY sorafenib 199 Mahmoud M. Wagaz?

Ut A.a. 2016 Chunjiang WU wazaniz™ Ideanuuuluianaiieldiuimaduzise
9nluianaen sorafenib wazluana gefitinio lngluananasnuuulnildvinisasunyas
d2UU99 phenoxy ring 3 linker 109 sorafenib +Ju benzyl amine wazwasunlag
picolinamide ring U quinazoline ring AudIUTDLITNATIU Imaﬁwmﬂmuﬁwg R; US4
Fananadageznaulelnsiauniongu methoxy uonaintuduudsuuyasdiues
trifluoromethyl phenyl ring LﬂuMgLquﬁiuﬁ%mﬁwiN 9 Y9939 aromatic fauansluninl
19 winduiluanafleaniuunazduasmzrldlunageugrinissudueaduste HepG2,
MGC-803 wag A549 wuinluiananivgunudludunis R, iuezneulalasiou uas R, Wy
p-tert-butyl, p-nitro waglalasiau ﬁqwéiumas"fu&waémL%@Iﬂé’lﬁmLLazﬁﬂ’iﬂumaL%é
owfleuiu sorafenib uay gefitinib dauluanaiiinyunuilusumis R, Wungy methoxy
way R, U o-methoxy, p-tert-butyl, p-nitro ﬁqm%ﬁumaé’ué’jﬂL%aéml,%fﬂﬂé’lﬁw,t,azaﬂ’h
Tuiana sorafenib 2-3 witlulwaduzi3s A549 lalfieuiiu sorafenib Fediigaiilevunuiily
FILNUS R, o-methoxy LLawijmuﬁ’Lum"mméa R, Mlu p-tert-butyl %a:ﬁqméé’uga
WwadugL3afiAndn sorafenib way gefitinib Tunniwad lnsdnin sorafenib Uszan 1-2 i

way gefitinib Usennu 2-4 11



19

F:©\ quinazoline ring o}
Cl O _CH
cl NH |/\O D\ j}\ ’©/ \C])J\H 3
o\/\/”\) F;C ” ” =N

N= |
Ny o
Gefitinib Sorafenib
different quinazoline ring
substituents R,
e
NP N
H H Nl
X=H,F <N
R,= H, OMe

R,= different functional group

Target compounds

A 19 lulanaldeuluy sorafenib ¥esRad Chunjiang Wu  kaganie™
Tud p.a. 2016 Mingze Q.uazaniz™ lavinaseentuunazdunsziluianaldeuwuy
sorafenib lnetUasulUasdruuss phenoxy ring Taai@u fluorine atom 91 meta-position
VR i 5 g p . . . & .. aa
AUAIUVBY urea moiety kaztUAEULUAIEIUVBY picolinamide ring 1 UUI pyridine N34
1,2,4-triazole UNTpUABAFILWUS 2 VDI pyridine usnaNUTUUAsULUaIdIUVD
trifluoromethyl phenyl ring MUAgULUAMUNUTLAZAUNUIULIN aromatic Fauandly
a ng o = A o 1% o £ v o 3 <
A 20 AntiuluanalfeukuuNguas1gRlau NS age U nEN1sEus ueanuise
HT-29, H460 waz MDA-MB-231 wualuanadsuuwuudaauaninsatunsdudusadustss
Tndgeiuluanadeuluy sorafenib Aukuy lagn1nALEILY3 trifluoromethyl phenyl
. Yy a o a a % gj I3 < vl |
ring Lidainazvililuanadeuiuuiinnuaiunsalunisdudugadusisalanninluang

sorafenib AULUUUTZUNN 2-4 b9
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Picolinamide

F3C NJLN
H H ‘

Sorafenib

Picolinamide

different
substituents

£
2N o 2

Target compounds

WA 20 TanaideuLuy sorafenib 983 Mingze Q.uavAnuz"

Tud A.e. 2016 El-Damasy wazanz® ldsanuuuluanawasWau1oyiusues

. = Y o a | . a Y] 1 Y
sorafenib @elavn19U A8 uLUAIAIY phenoxy ring TA8UNUNAIUFINEI1IAI823
benzold]thiazole wazapnuuuluanalniasiwuy Ao wuuiwasuwUasdiu urea moiety
U amide uazuuufidenadiuans urea moiety Mindian waziUdsunUasnyunuiuas
AUV trifluoromethyl phenyl ring AauaaslunIni 21 ndeantudluanad
penuuukazdunszilalunnaeugndnisdudueaauziie HCT-116 way SK-BR-3 Ui
Tuanawuufiasuulasain urea moiety 1w amide fgnslumsdudugaduzisalndiaes
81 sorafenib Inaidudiufigdines trifluoromethyl phenyl ring Lidaiiy wazdauninng
LﬂﬁauLLUaﬂ%ijquﬁLﬂu 3,5-bis-trifluoromethylphenyl Wag 3,5-bis-cholrophenyl d@7u
Tuanawuuiidansdiuaes urea moiety idadanaziignslunisdudueaduzisdalndifeiu

. 1 Ao 1 . YU a = £ o 5 I3 < v J
sorafenib wedIUNEIAEIUVBY Urea moiety Miduiuasignslunisduduraduzialanni
wuuasuuUasdiu urea moiety 1 amide wonantudaimaaoun1sduds enzyme Tu
B-Raf"*" uay C-Raf kinase wuinluanafiaanuuuvisaesuuundngwnuidu 3,5-bis-

trifluoromethylphenyl figvslun1sgaganlnalAssiu sorafenib 11n
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(o]
L l_n M
FaC N” N
H H

Sorafenib

o o
R@_( s O N-CHs
=IO T

different =

substituents
Target compounds

Al 21 Tuanalieuluy sorafenib ¥99AM El-Damasy uazAny’!

Tul a.A. 2017 Min Wang wagatie? lavinn1seanwuusasdunsieiluana
\@8ULUU sorafenib lngfsasd1uaes phenoxy ring hay picolinamide ring WalAv1n1s
Wasuuasluiana sorafenib udau urea moiety Tuifuliiana pyrazole @slspanuuuan
Wanum 4 wuu warldvinisiasuudadiuves trifluoromethyl phenyl ring Ia g
Wasuwamiladduuasiumisuesnsunuiiuug aromatic fauansluninil 22 Nty
ﬁﬂmaqaLﬁamwuﬁé’aLﬂ513ﬁ1é’mﬁ'm’ﬁmaauqwémsé’uQy’m,sziaa‘ml,%ﬂ A549, HepG2,
MCF-7 uag PC-3 wudilatanauuufiiivigjunudiuuas aromatic 1Ju bromine Tusumi
meta-position Inefiil pyrazole scaffold 1uuuuit 1 Srnuanunsalunistudusaduzids
A549, HepG2 Way MCF-7 lafn11 sorafenib auuyu laafiad ICs, Ao 2.84+0.78 UM,
1.85+0.03 UM Wa s 1.96+0.28 UM AU aaf U Lagdl sorafenib 51A1 2.92+0.68 M,
3.44+0.50 pM tag 3.18+0.18 UM AUFIAU
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(o]
cl o o~ A, CHs
JL l ~N H
FsC N~ N
H H

Sorafenib

(o]
dlffe:rent o x o i N HJCHs
substituents T X _N

x= I~ «"’\@:"« sa(N—N NN
1

HN—N
2 NH, 3 4 H,N

Target compounds

Al 22 Talanaldyuluy sorafenib YadAn Min Wang wagame™

Tul A.A. 2018 Shaofeng Sun wasAme® leeaniuuluanawaziauloyiusves
sorafenib taelavnastUaguslaiddu oxysen atom V89 phenoxy ring Tuly Lana
sorafenib LU sulfur atom @sldeonuutnIsUNUAYEY sulfur atom @oauuy Ae wnuily
FILNUS para- Wag meta-position AU urea moiety Felgdnisiudsuntas urea moiety
Ju thiourea usnantudaldguulasdauaad picolinamide ring sJu nicotinamide ring
wardaudsuulaanves trifluoromethyl phenyl ring Immﬂ?iaul,l,ﬂawagjl,muﬁLLaw‘hLmu'q
msunLiiuLg aromatic dakanslun il 23 wdmnduldiluanafioonuuuuasdanse
luneaougnsnssuduvadusSsaewiin fe HCT-116 way BL6BL6 nuiraunsaduds
waduznSsanariialdfiniy sorafenib Ussana 2 wh uenaniudideldinluanafidunsey
181U&uds multikinase enzyme T3Usznauludng B-Raf, B-Raf*™ uay VEGFR-2 Wuin
anun3nduds kinase enzyme ananldlndiAesiu sorafenib un Tnewuinluanadidiqns

fni1 sorafenib Wulutanafidamnsdiu trifluoromethyl phenyl ring 13 daunisivasunias

1%
[

[ = [ val £ Y A v 1 = J v Y a R !
Lﬂwyjau%wﬂmqmmawmmuaamﬂmaﬂaumﬂﬂamaqmmuwﬂumwm para- Wae

meta-position U urea moiety
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(o]
ci = o AN -CHs
JL I ~N i
FsC N~ N
H H

Sorafenib

meta,
para-position

Z X, = =\ Q0
X HJLﬂ X / HN—=CH,

different X=0,S
substituents

Target compounds

A il 23 luianaideulluy sorafenib Ue9 Shaofeng Sun uayany®

Tud f.A. 2019 Mohamed A. Zeidan kaganz? lasonuuuluanauasiaunoyius
984 sorafenib aldvin1seenuuuluianaludassuuy lnsuuuusniddsunUasdiuves
phenoxy ring 3 4 N=(3 -aminophenylpicolinamide & a 1y Avunlatdiuved
triftuoromethyl phenyl ring ﬁﬁwgl,muﬁlumq aromatic ﬁLLGlﬂGiNﬁu, 24 naphthalene,
benzyl war1 cyclohexane uonaniudalgiuasuudadludiuves urea moiety \uaes
WUU Aauuufidansdy urea Mdufy wazuuuiiAsuwlandu thiourea druwuuiiasdld
\WasuwUasd1uved phenoxy ring +81 N-(3-aminophenylpicolinamide wufiu uwini1nis
WasuuUas trifluoromethyl phenyl ring sauAvaEIU urea \Ju amide dithiocarbamate ¢

wanslunand 24 ndnduiilinananesnwuuuazdaunsieilaluneaeugnalunisdues

[ <@ ! PN Ad v . Yy Aa Aa
ARNELIY AS49 W‘U’J']IllLaQEWIE]@ﬂLL‘UUI‘L!LLU‘ULL?H‘WV]EN?N urea moiety VL’J@QLW&I‘VIZJ‘VI

[

WnUAULIY aromatic 10U p-NO,, p-Me warn15unufiag trifluoromethyl phenyl ring 28
=) £ o & 3 < v 1 . a £ o & 1
naphthalene ign5dudagaanziielafania sorafenib Inedignslunisdudiuinnin
sorafenib 2, 38 wag 3 Wi MNEIAU widwAsuwandy thiourea luanaiifingunud
Ju p-NO, alignsduduwanuzisalannia sorafenib iiemgifen lnedgnslunisdugs
11nNT7 sorafenib 2 Wi drulianaiesnuuulunuunagesaziignslunsdudagaduzsled
1NN sorafenib lurainuraevigfleddy A wuunil n=1 uagdl X= CH,, O, N-cyclohexyl,
N-allyl, N-Boc, N-phenyl tag N-2-pyrimidinyl Inefignslun1sdugiuinnin sorafenib 2,

15,2, 4, 4, 1 uaz 19 i1 MUE1AU WazduwuUNg n=2 wazdl X= N-2-pyrimidinyl 1gv35
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Tumséudaléfindr sorafenib Tneflquslunisdudannniy sorafenib 2 Wi usnandugide
felsinlaanafioonuuuiaesuuulunaaeunisduds VEGFR-2 Tuiwadueits A549 wui
Tuianafieonuuulunuunsniifidans urea moiety Vikafiufivgunuiivuas aromatic 1y
p-cyclohexyl ﬁqw§5USQL%aéuzL§qiﬁ§ﬂjw sorafenib Imaﬁqw%fiumié’uégmmm’jw
sorafenib 2 Wi widruiasunuandu thiourea luanafifivgjunuiidu hydrogen agdl
risudaeaduziieldinin sorafenib dauluanafieanuuulunuuiiaesnsdiqnilunissuds
waaNz3aldANINndT sorafenib Tunainuanewyilandu fe WUUTIE n=1 wagdl X= CH,, N-
Boc uaz N-phenyl Inefigndlunissudaunnnia sorafenib 7, 2 uag 2 Wi auddu wae
AUUUAE n=2 uagl X= N-phenyl fiflgndlunisdudalddnia sorafenib Tnennsluns

gUgau1nNIN sorafenib 2 N

(o]
cl ° oAl -CHs
JL l ~N H
FiC N” N
H H

Sorafenib
N-(3-aminophenyl)picolinamide N-(3-aminophenyl)picolinamide
X o XN o] Q\ o
R.NJLNQ\N N k/N\IrSHJLH N | Ny
H H H | » s n=12 =
R= aromatic ring witﬁ=vgr,i§us functional group X= CHy, O, N-Me, N-cycmh.ex.yl.’
naphthalene, benzyl, cyclohexane , N-allyl, N-Boc; N-Ph, N-2-pyrimidiny!
(thio)urea series target compounds amide-dithiocarbamate series target compounds

A 24 Tuanaldeukuy sorafenib Y8R Mohamed A. Zeidan waganiy™
3INN5ANYIBURUTVOS sorafenib luswidenladisneaulivatgadu finis
WaguuwUaslaseasieved sorafenib nainnaley wagnuitaynusivaidul gnsduds

L3 < 1% a [ ! a" . A

wanuzslavatesia annsdananuitnisasuwdadiuanaen sorafenib 913 phenoxy
ring Mt unnunasvesluianavessl sorafenib wag picolinamide ring Wu §ams¥nun
UsednsamnisdudenisasyivlnveseaduziSmaneyiald waglunatensdluana
WWeukuUignsAnIa sorafenib AULUU #1991NN15UABULUAIAIUDY trifluoromethyl
. . Ao a Y o § va v I & aa =
phenyl ring ag urea moiety Ndn1sAguRUataMMIINsSuuvadu S aLazlinTs

Tindusu 39A29A982U trifluoromethyl phenyl ring wag urea moiety 13 WAdIUYD
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. A @ . . . . . < | A
phenoxy ring MU UBNUNAIILAY picolinamide ring ¥4 sorafenib LU UFIUNAIUITE
Wavuwlaslaseadns ienidlifignslunisgiduvaduziSsldfvunaznainvatssdadule
maly



26

uni 3

NANIINAADILAZDAUIIINANITNAADY

3.1 M3eanuwuUlATIEE19YB9RYNWUS sorafenib

1INN1TANEINTSLARA interaction 910 X-ray crystallography 49381 sorafenib 1u
TUsiu VEGFR-2 uazlusiiu B-Raf2 2 2 wudwnarlulaianaen sorafenib dufianiuddsy
Ran1sie interaction lnelassasiavesluianaen sorafenib aunsauuady 4 ddu leun
trifluoromethyl phenyl ring, urea moiety, phenoxy ring Lag picolinamide ring FWLAM
Tunaw@ 10 Tnsuuldnluniseenuuueyiusd sorafenib §3Toldvin1snsdu
triftuoromethyl phenyl ring Viwady Fadudiu allosteric pocket I@&ﬁudauﬁgﬂﬁamau
srenseezdlufidu hydrophobic waziludauiilinisdsundas osan trifluoromethyl

1 %4

phenyl ring fia2131Yu lipophilicity ﬁaaqLLa’JmﬂmiLmuﬁé’wawam chlorine way
trifluoromethyl UUISLAIULUUT Y FeazgnralunisiiudiesnveserlunszuIuns
metabolism 1% uenaIntudweusain interaction fu Asp593 18 Feanauddeiiil
s1eulifansUasuntasdau trifluoromethyl phenyl ring nudwhlrlauanaldeukuuen

25 29 ¥991nN9UIVeN LR

sorafenib fauansalunssudugadus sitanasednsdivodiny
eebinuininiselalianuddyfunsasdnils Wesnasilaiinnuausalunis
fudaraduzdeiinnimdolndifuaiue sorafenib Sudutududdayiidwasoniseeng’
Tunsdudumadunde

du urea moiety Wudufianu1saiia H-bond interaction futhuaznsnesiiludid
FlulUsAule fe Glusss, Aspl0a6-waw Cys1045 Tlusiu VEGFR-2 waz Asp593 lulusiiu
B-Raf su3dudrilvgjuandliifiuinnisiivng urea lulianaazdeliluanadounuudndlu

A 27,30, 31

nsfudusadusisaataviialas 1Yan9NLHINT189UIINTUAULUAIEIU urea

(%
[

moiety vinbiluanaldsuwuuiignsdud ugaduzinas® 2!

Faliprsiasunlasany
Tavanaduil

d7u phenoxy ring ﬁLfJuLmuﬂawuaqimaqam sorafenib 1udiuitanunsaia T
TU stacking tag hydrophobic interaction U Phe594 wag Leu 513 TulUs@u B-Raf Lies
sl daululusiu VEGFR-2 phenoxy ring Wuiies linker ity aazifiuldindqu

Aana1788 interaction AulUsAu VEGFR-2 e Fedresionisivasuiuimiengau q 7
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#7111508579 TI-TU stacking interaction L[ 9#%12991@ 11190170 interaction AN1NNI179
= ° a' ! I3 = vy A4 a
phenoxy @enrinvinisilasunlanisasdiuessnnud uisumuiuuduliiiefia T

stacking way hydrophobic interaction iU Phe594 uag Leu 513 Tulusfu B-Raf Inwena

nswasuuvaandungy heteroaromatic Aflgnsn19TININ LA 29 triazole® usiu Wi

a o

duasulvluanaduuwuy sorafenib TgMsn19TINMNARLNINETY InganauITeniisnean
1ifan1sasuntasdiu phenoxy ring Muwnunatsvesluianasn sorafenib wu3in1s
Wasuwlasdiunanan wu wWasuwlaadu naphthalene ring, benzylamine, WUaeu

FILNUINITUNUNVOS phenoxy ring 910 para- Ju meta-, heteroaromatic ring kag N-(3-

aminophenyUpicolinamide 1wy agyililuianaidaunuuen sorafenib dgnsnnvu" 2"

202133 FaPudrunaunsarinsildsuudasiianasn sorafenib udrenadwaliifignavig

I MNATU

! . . . . <) ! = a " . v 3
@31 picolinamide ring WJuaIUNAIW5OLNA H-bond interaction NUUAZNIABLI

TuifdnTulusauld de Cys919 Tulusiu VEGFR-2 wag Cys531 lulUsiu B-Raf uananiu
Franu15aLAa TTT interaction AU Trp530 lulusiu B-Raf I¢ Fsludruiiludruiianunsa

Wasuuvandurwnamuudundngunuinuansasld iesaindsaiunse ia T

o

interaction fiu Trp530 Tulusfiu B-Raf 1a lngainsuiadendsisnulifnsiasundasdiu
picolinamide ring wuinnsidsutyasdrudenans wu wWasuulaaudu sulfonamide,

quinazoline ring Wz nicotinamide ring Hudu asv‘fﬂﬁiwaqalﬁamwum sorafenib :ﬁim%

da 9730 33

Y& v | e = 1 a & | =
NAOYU LLa@ﬂiVTLVU?WIﬂiQaiWQIUﬁ?u‘UNWQWNUfﬂ'ﬁqu%fl dru1saasulduaiunse

[y 1% = 1 P [ r-:l' . 1
anwagliianalanainaiy Jududiunaunsainisiuasunladiuanagn sorafenib uaa

p19dsnalidinssnuIgnEn s Tinmseanu sldtareafignsNndu (1513duuanude
3gld substituted phenyl ring FangAana1dunazwmuIzauLiesaInaIuIsaasie -1
interaction lawagnyunuiiaganunsnaine H-bond 1¢)

luauddeiigidedevinnisesnuuuluianasyiusued sorafenib lngAsdIuves

A [ 1

trifluoromethyl phenyl ring wagaiu urea moiety LIAaLAw Lﬁawwmﬂud’mwﬁmmmami
pangvavetlaanaen sorafenib Aslanadlud1enu wilavinnisiudeuwtasdiu phenoxy
 de . oy oy

ring MUuwnunasveslilanae sorafenib wagadiu picolinamide ring S lnsuwnuiiane
14 1,2,3-triazole M heteroaromatic 1iaeanfansdrInvasmuuuduliieia TI-TT

stacking fiu Phe594 uaz Leu513 wawiiin interaction 8u 9 Tulusiu B-Raf 1¢ wenaniiy
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Phenoxy ring a‘];‘[‘jf;al:ﬂggumju hc\tcroarc\nc PiCOLinamide ring ﬂ?iﬂ‘a‘mﬂgﬂuuﬁu aromatic ring
ring iioiuUsEAns nmilunsduduvaauziss Ingfnwmaves functional group UAEWATBINTS
[16118],[19,[20}[21] wiudlusudafiupnsnefut SHHELIE]

______________________

m 2}
5 o
=0}
)
=
\Y
), 4
I=
A"
(2]
=
RIS

______________________

: NG
| B “‘ H'J
l /‘“"' Sorafenib\. l

nstdsunlas trifluoromethyl phenyl ring uaz AsiUAsULaY phenoxy ring Lag picolinamide
Yudnl urea wvhblianaiiaannsalumsduds  ring anunsamiadszdninmlunisdugugaduzslas

[201,[221,124]
Aromatic ring

¢ i \T |
F-C N Z N !
: N TN

wasuzisanas fatuaisaearui i fut” 1ndatu daiudsanunsndoundasansdruilla

__________

Taanatfigunuy Sorafenib

Ml 25 wwAnlunIseRnkUulIaNaFauLUY sorafenib Aidlasieleaduwnunasves

NI
U

14 1,2,3-triazole d heteroatom t8u nitrogen atom 14 3 atom #A%8lun15LAA hydrogen
bond 19 danalvinuandfinisazaletnnvy wazdelitendnraieUsen1s Ae luanalidnuae
Aa1eAfsiunInaxdludaisau (Histidine) Mnlviglignyinangdte usnanduduaiesde
nszuauMIvinenulusene lnedudiu 1,2,3-triazole Wunfenlunisihudenluianadn
mgfuelinUsEanEAmYegnansgInn®® vilvideaulaiigudiug 1,2,3-triazole 1
wnuiludiuves phenoxy ring datduiies linker Tulusfu VEGFR-2 feanunsailasuduns
au 9 Weduasuwarinunuaudinise1vesuana sorafenib TiRdwWu wagludiuveinis
d‘ ] . . . . Y o d‘ d' ! [ U ¥

wWasullasdau picolinamide ring tavinnisivasulladlagunuidIudina1aiig 19 nIuiuY
A 08 Y | . Y A a . . ) a

Fu Feagyilndsnsdiuaes aromatic 1Iifawia T-TT interaction Ay Try530 Tulus@u B-Raf
16 wazimnisasuwlamyiladduuuisumuuududu electron withdrawing group,

electron donating group, polar, non-polar, H-bond donor kag H-bond acceptor 1u

MUY WeAnwiAuduiussenindlassainsazniseangusluntsdudauraduzise
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AanandlunIng 25 wenantugidedwiniseenwuuluanaveseyiuslesiniuindniag

1,2,3-triazole Wussdausznovluluana dewansluaini 26 lnevinn1sfnean binding

a

interaction tiaidunuinislunisesnuuunazimuiluanalysinduniivszansamlunis
Ao

guealusAu B-Raf Loy VEGFR-2 adusalilueurnn Tnuan binding interaction wanglu

A15199 2 LAy 3 ANUATRU

= N
of N 0
o 1) N\ / OH N\ /
)H/\ NH FoC = NH
F.C N~ NZ ! N CH
8 H N 0 CHs N=p 0 3
cl
M2

N:N'

M1

0
cl Y cl 570
jg\‘/\ A j@\ i /N
NH FsC NJ\(\ >
FaC /,NO O CHs \ Ho Nz —
N:N =N
M3 N/ AN M4
CI]@ 4 N,
ay iy
H .
N=N
M5

Ml 26 oyiiuslesuNduniiag 1,2,3-triazole 1 ussdusznaululuana M1-M5

a919dl 2 miwﬁﬂﬂ"] binding energy, Van der Waals, hydrogen bond, amino acid
interactions Wag hydrogen bond length m@nayﬁuﬁ%%ﬂﬁuﬁﬁw 1,2,3-triazole 1Ju

asrusznaululuana M1-M5 lulusiu B-Raf Inewseuiniguiuluanalesiniuauwuy

Binding energy

Compounds VDW H-Bond Amino acid residue H-bond length (A)
(kcal/mol)
M1 -148.51 -133.02  -15.49 LYS482, TRP530 290, 2.47
M2 -126.19 -106.36  -19.84 LYS482, GLU500 2.84,1.88
M3 -141.43 -137.93 -3.50 CYS531, GLY592 2.39, 2.29
M4 -135.97 -129.47 -6.50 ASP593, GLU500, GLY592 2.13,2.82, 2.68
M5 -138.59 -122.68  -1591 CYS531, LYS482 1.91, 2.71

Sorafenib -176.75 -161.70  -15.05 ASP593, GLU500, GLY592 1.88, 1.97, 2.27
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Gl’]i']\‘iﬁ 3 mi’maqﬂﬁ"] binding energy, Van der Waals, hydrogen bond, amino acid
interactions k&8¢ hydrogen bond length %aﬁayﬁuﬁ%i%‘if\lﬁuﬁﬁw 1,2,3-triazole 1

asdusznaululuana M1-M5 Tulusiu VEGFR-2 Tngiueuiieuiuluanalesinduiuuuy

Binding
H-bond length
Compounds energy VDW H-Bond Amino acid residue )
A
(kcalVmol)
M1 -116.48 -102.81  -13.67 CYS919, LYS868, PHE1047 2.16,2.74,2.23
M2 -125.01 -108.75  -16.26 ASP1046, LYS868, PHE1047 2.84,3.10, 2.56
M3 -117.20 -117.20 - ASP1046, HIS1026 217, 2.64
M4 -120.49 -103.30 -~ -17.19 LYS868, PHE918 271, 2.26
M5 -127.00 -113.28 - -13.72 CYS919, LYS868, PHE918 2.33,2.75,2.25
ASP1046, CYS919, 1.36, 2.22,
Sorafenib -127.30 -114.75  -12.55
CYS1045, GLU88S 2.84,1.79

3.2 N3AATIZABYWUSUDY sorafenib 715179 1,2,3-triazole {UULAUNAIUNUIS

phenoxy 12a-12p’

% (% a o

MsdalnsIgsioysiusYes sorafenib fig3Iveaaniuy 12a-12p’ 338151910013
daAs1g9i ureido alkyne 9 @90 isocyanate 7 Wwag propargyl amine (8) N1uUfATen
Nucleophilic addition TneyiUfAselusaviazaie dichloromethane figangiiveaduy
nan 6 9l 18 ureido alkyne 9 91% anntusinsdanszs Phenyl azide 11a-11p” 910
auIUEY4 aniline 10a-10p” H1uUfASE1 Diazotization InevinuAsenluansazate 50%
HCL figaungl 0-5 °C iuaan 1 #alus If substituted phenyl azide 11a-11p’ Raust 75%-
quantitative yield Aaunlaiin1sas19dIuYe98 1,2,3-triazole 3 Taetin ureido alkyne 9
Lag Phenyl azide 11a-11p’ u1vinUfAse1 1,3-dipolar cycloaddition (click reaction) Tu
fvhavanenansEnine n-butanol wazt Tudnsdiu 1:1 figungfl 65 °C Wuian 2 Falus
Inedl ascorbic acid 18U reducing agent way copper(lUsulfate pentahydrate 1JudiaLss

Ujazen Tilauanailmaneifosns 12a-12p’ faus 70%-quantitative yield Fauandly

AN 27 Ay 15199 4



y H2N/8\\\
j@\ 0 dry DCM
FsC N* 6 h, rt
7 91%
NH,
\ 1. NaNO,, 50% HCI,
| 0-5 °C, 30 min
R 2. NaN3, NaOAc,
0-5 °C, 30 min
Aniline derivatives  75%-quantitative yield
10a-10p’
N3

ascorbic acid,

31

JOR

@
/
/

Phenyl azide

11a-11p’

Cl o Cl o =2
Py . | X 1M CuS0,.5H,0, Py IR
FiC NN FiC NTNTON
N=N

%
R n-BuOH : H,0, 65 °C, 2. h

9 11a-11p’ 70%-quantitative yield

12a-12p’

il 27 dunnanisdaasizilianadeusuy sorafenib Nillasieleadunnunans

A1919% 4 Lans functional group NuANAINAL (R) wazTegazkanan (%yield) 109 phenyl

azide 11a-11p’ way target molecules 12a-12p’

Phenyl azide 11

Target molecules 12

R anilines
compounds yield compounds yield
H 10a 11a quant. 12a 98%
o-F 10b 11b 99% 12b 78%
m-F 10c 11c 96% 12c 92%
p-F 10d 11d 99% 12d 80%
o-Cl 10e 11le 95% 12e 91%
m-Cl 10f 11f 95% 12f 86%
p-Cl 10¢g 11¢g 99% 12¢ 99%
o-Br 10h 11h quant. 12h 90%
m-Br 10i 11i quant. 12i quant.
p-Br 10j 11j quant. 12j 87%
o-l 10k 11k 96% 12k 70%
m-I 10l 11L 99% 121 92%
p- 10m 11m 99% 12m 89%
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0-OH 10n 11n quant. 12n 99%
m-OH 100 110 quant. 120 99%
p-OH 10p 11p quant. 12p 85%
o0-OMe 10q 11q 99% 12q 88%
m-OMe 10r 11r 99% 12r 96%
p-OMe 10s 11s 98% 12s 89%
o-Me 10t 11t quant. 12t 82%
m-Me 10u 11u quant. 12u 89%
p-Me 10v 11v quant. 12v 90%
0-CF; 10w 11w quant. 12w 99%
m-CF5 10x 11x quant. 12x 98%
p-CF; 10y 11y quant. 12y 98%
o-CN 10z 11z quant. 12z 95%
m-CN 10a’ 11a’ 95% 12a’ 97%
p-CN 10b’ 11b’ 99% 12b’ 97%
o-NO, 10¢’ 11c¢’ 99% 12¢’ 89%
m-NO, 104’ 11d’ 99% 12d’ 95%
p-NO, 10e’ 11e’ quant. 12e’ 92%
o-Ethyl 10f’ 11f 80% 12f’ 94%
m-Ethyl 10¢g’ 11¢’ 98% 12¢’ 98%
p-Ethyl 10h’ 11k’ quant. 12h’ quant.
o-isopropyl 101’ 117 75% 121’ 79%
m-isopropyl 10j’ 11j’ 92% 12j’ 88%
p-isopropyl 10k’ 11k’ quant. 12k’ 93%
m-tert-Butyl 10U 11U 96% 12U 85%
p-tert-Butyl 10m’ 11m’ 99% 12m’ 87%
m-CO,H 10n’ 11n’ 99% 12n’ 90%
p-CO,H 100’ 110’ quant. 120’ 94%
p-NHAC 10p’ 11p’ 99% 12p’ 99%
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va

nEanduiitelddaasesiluanatvang 12q° (R = 0-NHy), 12" (R = m-NH,)
LAy 125’ (R = p-NHp) 9nluana 12¢’, 12d° uaz 12e’ (R = NO,) a1ua1du iiudasen
reduction %a&%;{jﬁ@ﬁ%’uluim%ﬂ% tin () chloride dihydrate 1Ju reducing agent lunsa
lelasmaoinduduiigumgfi 0 °C Svgumgiivies Minduiiugamaiidu 65 °C ifuan 3
Falug agldluanaitimung 1297, 120 uaz 12’ (R = NH,) ¢onanan 93%, 96% uaz
94% pddy Fauansluanii 28 Mndufidelddunmeiluanadvne 12 uas 120
(R = NHAC) 910 12g” wag 12r’ (R = NH,) #1uUfiZe1 nucleophilic substitution A2
acetic anhydride Tusavagagnausenig dichloromethane way tetrahydrofuran lu
dasnd 1:1 fgamgiiviondunar 10 it azldluanatimane 12t uay 12u’ 99% uay

96% sauanslunTwi 29

cl NO, NH
(o) = Cl [e) = z
J\ | 1) SnCly2H,0, )L |
FiC N™ONT NN conc HCI, 0°C to rt Z X
’ NN 5 FaC NTNTYON
N=N 2) reflux at 65°C, 3 h N=N

12¢' (R =0-NO,) 129" (R = 0-NH;; 93%)

12d' (R = m-NO,) 12r' (R = m-NH,; 96%)

12¢' (R = p-NO,) 12s' (R = p-NH,; 94%)

WA 28 uassmsdunTIsLar Seuasnandnvedluanaiving 12q°-12s’

CHs
Cl NH o 6 H,NT<O
T8 oo T e I )
FiC T CH,CLTHF FsC NTONTNON
/\(\ (1:1), rt, 10 min H H o =N

12r' (R = m- NHZ) 12t' (R = 0-NHAc; 99%)
12s' (R = p-NH,) 12u’ (R = m-NHAc; 96%)

AN 29 LamInIsduATIEikaSesasnandnvadlanailmine 12t uay 120’

lunisdaasiziluanadmuny 12v’ uag 12w’ (R = CONHMe) anansadaunsizila
910 12n’ way 120’ (R = COOH) lae vy §ASuniu methylamine hydrochloride i
31 Hexafluorophosphate Azabenzotriazole Tetramethyl Uronium (HATU) W9 u amide
coupling reagent wag N,N-Diisopropylethylamine (DIPEA) Wutua Tusavinazaney NN-
dimethylformamide (DMF) figaugiivoanfuiduat 16 Falus azlaluanaidvung 12v’

wag 12w’ (R = CONHMe) GreHanan 77% wag 72% audisu sauandluning 30
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CHa
H

o} o}
OH
e o A
s « | MeNHzHCI, e |
FsC N N = / 2
3 NN dryDMF, it, 16h  FsC N H/\N/=\NN

H N=N HATU, DIPEA H
12n'= m-CO,H 12v'= m-CONHMe; 77%
120'= p-CO,H 12w'= p-CONHMe; 72%

i 30 Uit msduassinasiesasnandnvatianaidving 12v’ uag 12w’

$ o o
3.3 HANTNAFBUNGN19TINN (Biological activities) UazA1SANIAMNTUNUSVDINTS
$ %
29NNENINYININLTILATIATIS (Structure-Activity Relationships, SARs) Ya99YWUS

sorafenib

v 6

FAdeuszaumudnialunisduasigiouius sorafenib 12a-12w’ wdaRntugIe

q
(%

i laanadimaneis 49 lana (usnuiduluenafduassiioduuuamsly
nsanw il esdulussiulsaannsiomn 13 luana)® VLUV]Wﬁ@Ui]VIéﬂ’]iETUgﬂL%ﬁﬁﬂJ%L%ﬂ
FUARTY 9 ArgwmAlA 344,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
assay (MTT assay) #3stniaiia sodium 3"-[1- (phenylaminocarbonyl)-3,4-tetrazolium]-bis
(4-methoxy6-nitro)-benzene sulfonic acid hydrate (XTT assay) 1u Sosduaryinas
VNADULUY screening Yavansdainsizivinnududu 25 i luwadusidadu HepG2 wind
Sosazn1ssyiulavagad (%cell viability) Uosni1nsominiusosas 55 92UININIAT
aududulunissufedenas 50 #se Iy (half maximal inhibitory concentration) Aol
uamnﬂﬁé’@ié’ﬁwmsﬁé’qmeﬁlﬁmmmaauqmémsé’ué’ju’qLsaaa‘ml,%waﬂ A549, 19aduzL599
1 HUCCA-1, waduzibadiadon MOLT-3 uag HL-60 waslwaduziSuduy T47-D uay
MDA-MB-231 Tnausyansninlunistiudsasuanidionn 1Cs, nazlfiouiu sorafenib uaz
doxorubicin (positive control) Faanstauandlunnsed 5
MnmsneaeugvissuSuadunieiu Hepa2 wuitlmanadwane 7 luana Téun
12e (R = o-Cl), 12f (R = m-CL), 12y (R = p-CF3), 12i" (R = o-isopropyl), 12k’ (R = p-
isopropyl), 12U (R = m-t-Bu) wag 12m’ (R = p-t-Bu) :ﬁ%’aaazmiagiamawﬁaéﬁ’m’h%’aﬂ
a2 55 wazilen 1Cs, Wiy 5.02+2.07, 9.81+5.02, 5.97+2.14, 5.40+0.35, 20.95+4.17 was
5.57+0.91 pM anuasu aziuldinluanaidmanenatsluana ldun 12e (R = o-Cl), 12y
(R = p-CFs), 121" (R = o-isopropyl) kae 12m’ (R = pt-Bu) flaanuaruisalunisduds

adUZSIRy HepG2 lamiisuwinduluianaen sorafenib Auwuy (sorafenib Je1 ICs, Aw
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5.97+0.71 uM) uadefinauanuisalunisdudawadusi59du HepG2 Aiteaningn
doxorubicin Usgu1ad 10 1711 (doxorubicin 3@ 1Cs, @B 0.59+0.10 uM) Tun1s@ny

ANFNNUTTENINLATIATIUALINTNITININ (Structure-Activity Relationships (SARs))

s

Pnuan1sfuduradueisilaig o ves0unus sorafenib Muanslumisnedl 5 wulteyus

sorafenib Alaifivgunuiiuuauudy R = H) unvazlifignisuduvaduSeiu HepG2 1ae

£
=

LmL:uaﬂ,awLmuwﬂmuwuﬁmmduLaﬂamqmausmmsuu T,msﬂmaﬂmﬂmmwmqwﬁwam
‘mjfﬂ Usgnauluseluana 12e (R = o-Cl), 12y (R = p-CF3), 12" (R = o-isopropyl) az
12m’ (R = p-t-Bu) Fsflgitiisuwiniuluanas sorafenib Fukuy Faziuldinnisunud
voagHaiduludunis ortho- uag para- sxvilimnuannsolumsiufivaduziboiy

HepG2 ladnIlusumnis meta- eg1ataiau lngvinwseuiieusianyflenduaznuinly

calal

N&uYeINgY halogen wmﬂauwuﬁmamamaa’%mﬂumiLmuﬁﬁmmmmaalumﬁé’ué’q

ya a

Lszjaamzl,iqlmmm uaﬂmﬂuumwmmam alkyl wag trifluoromethyl finuanunsalunis

(% U aa 1 U

VEINALYUNU Imawm'ﬂ,uﬂau alkyl azfSouazvaen1sasyiula (%Cell viability) anas
Luamwu methyl, ethyl, isopropyl lag tert-butyl auaau szmil,wmmmawu alkyl

laisidh (hydrophobic) ilUuLAs aromatic agvilyayius sorafenib Sarwannsaluns

FudawaduziSeiu HepG2 lamsnndelu lngnan1snnassaonnassiunanisvin molecular
docking 8¢y WUTNEINVBN aromatic Ny laituTLANAeiUIzIdLAA interaction Tu

druiluna phenoxy wedlutanag sorafenib Fatludruved hydrophobic pocket 34 91

Tieyius sorafenib fa11uaunsalundsé Judaumaduzisasiu HepG2 iRtuegalifuddsy
wazidlouuas aromatic fvgilsrfuduny e (hydrophilic) mawﬁqmuwmmmmm
< g ¢ <

hydrogen bond vinl#gnafudauwasuzisslaanas Feaursoasy SARs lutgaduzisedy

[%
1l o

HepG2 leinnsunuiiveamyiladdudmnnyilsifidiuazezneunasiulusums ortho-
uay para- aganuIaTBfingVaNITinmeseuius sorafenib Tumsdudueaduy Sy
HepG2 1@ ﬁ%%’aﬁqmmﬂmLaﬂaL§sJuLLUUﬁé’amezﬁlﬁmmmé‘J’Uégaﬂszmums signal
transduction 11 receptor tyrosine kinase tileunuluian nagn sorafenib FULUU B9

Y Y o

nsvuIunsfanantullegluwadusndmatssin vlideiinnuaulatheyius sorafenib

'
o

Fdupzildlunageunuaunselunsiudusadus Saidndy o wuty

q/

A3dedslddonluanaiduunuy sorafenib unsindudiwnulunaaeugnsdiu
aaNzSIUan A549, Wwaduzi5gnf HUCCA-1 wazwaduzisadnden MOLT-3 tiednw)

qisLDosdu wutreyius sorafenib naaeufinruannsalunisdudueadusiSeen A549
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LaziadUZLINR HUCCA-1 IiiToe enLiusysius sorafenib 12) (R = p-Br) waw 12p’ (R
= p-NHAQ) fifimrnuanunsalunisdudusaduzifenatind HUCCA1 iR Taedian IC, Ao
10.85+0.36 uae 11.28+4.95 uM aud iy Jefiqndfninen sorafenib fuuuuUszaia 3
W1 (sorafenib fifn 1Cs, #0 33.19+1.45 pM) usteedlsfinuoyius sorafenib Wadeslana

Ngusduditesninen doxorubicin Usganas 9 111 (doxorubicin @1 ICs, A 1.21+0.04

% [

uM) drunsdudarasuzisadaden MOLT-3 wuineuwus sorafenib 12’ (R =p-NO,) waz

3

'
o =

12m’ (R = p-t-Bu) flanwanansolunissudelalusesudia Tnedlen 1C, wirfu 14.75+0.43
uag 11.18+1.15 pM anuadiu wifignigudaiosninen doxorubicin sgnadiulédn Fates
n31UsEUI 1,400 111 (doxorubicin #A1 1Cso 1Y 0.01+0.00 pM) i3 Telalvinng
nedeurNAIIalunsfuitsadin e uviiavaseyius sorafenib nluiana Faiu

= I3 @ 02.’1 a [ 1 v oA A [l (%
N13@N®1 SARs Tugaduzisasanuyindsldaisaaguls Wesmnuanismaaesiliasuiu

(%
2N

wenantugIvedildnaaeugrsnisdudusaduzistdaidon HL-60 wultdiuun

2
= U U L3

ayWus sorafenib dauaruiTedudugaasningiities lneiluananiinuaiunsadugs

3

waduziasadon HL-60 ldlussiuieuthed desznoulusielaana 12y (R = p-CFy),
12e’ (R =p-NO,), 12i’ (R = o-isopropyl), 12\ (R = m-t-Bu) az 12m’ (R = p-t-Bu) A1
ICoo 710 19.4120.50, 22.5043.39, 17.77+1.62, 21.5542.68 4@y, 18.04+2.20 Audsy g

Tutanans 5 luanafiauaniasalunisdudusaduzisa HL-60 N161n11e1 sorafenib Uae

q q

Nanuszuas 4 win (sorafenib 3R 1Cs, AB 5.35+0.38 UM) wagdudswiningn doxorubicin

4 I

UsgfianUszunal 150 win (doxorubicin dA7 1Cs, VY 0.12+0.02 pM) F931NENTNI
a = P 1 s A 1 [ 1 =2 a

Fnmaiunsadne) SARs ladmyilanduiuend1eiulungu halogen, nyfsdiannseu
(electron withdrawing group) LLaaﬁngﬂﬁﬁumﬁaLﬁﬂmau (electron donating group) &
Auasatunsdugneadusianliunnaneiu uiduwdliungnsnis@inmvesoyius

su aa

sorafenib AL NTUANVUIAYDIMLUNUT Bavglafduniivunlngaziiaiuaiunsalunis
v O 3 < v 1 1 s Ao < 1 o 1 . a1

fugawaduziialaanimvyilsiduniivunadneg1etniau 1 t-Bu wag isopropyl aviA1 ICs,
Andny ethyl wag methyl ag13dnlan wanaNUUMY trifluoromethyl allauaunsaly

[y gj 3 & Aa 1 1 1 v £ a o

n1sfudaradusiiananiiy methyl lWURY wazINgMENTInmdsaunsaasunanis
wnuvemyilandunuaniuladinisununuuie aromatic lusunis para- aganansavinly
auus sorafenib Arwaunsalunisduduraduzisslafninisunuiilusundduseng

FALIU
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MNMIAdeUUENSuSsaduzadiuy T47-D uay MDA-MB-231 wuinaywus
sorafenib @usnniiauannsalunsdudaeaduzidadua Ta7-D 1#And1 MDA-MB-231
1ne 12g (R = p-Cl), 12j (R = p-Br), 12h’ (R = p-ethyl) wag 12p’ (R = p-NHAC) (a1n 49
§7) ﬁqm%ﬁuﬁa T47-D lemaudn9d 4A1 ICs, A 5.10+0.80, 6.00+0.06, 10.59+2.03 wLay
11.28+0.42 uM auasu luvaizfien sorafenib wazen doxorubicin A1 f1A 1Cs, =
14.80+0.43 pM uaz 0.67+0.07 uM si9 T47-D muaiu uansliiiiuinayius sorafenib i
fupreituiiauannsolunsdudaeaduznsadn Ta7-0 1§Rndnen sorafenib Funuy
unitgaiia 3 Wi widsifosning doxorubicin AfignUszanm 8 wih lunsAne SARs w84
aunus sorafenib luiwaduzisadu T47-D wuireyius sorafenib fdaruaiunsalunis
fudugaduziaiinanldfiilusufuasssesinsaduziiediu HepG2 Tnsnuineyius
sorafenib AifgiflardunnUszinyiimuiiving aromatic Tuswmis para- axdianuansnse
Tunsduamaduzaldfnindumis meta- wag ortho- sgdniau Tnemyileidulunds
halogen Usznauseezneunaesy (CL) wazlusiu (Br) szdaefiulszansamlunisduds
waduzdadiuy T47-0 1dnndsty uanaantdunyilsddu ethyl uagny NHAC 84
auauisaluntsdudalddwuiy lagluiana 12¢ R = p-Cl) waz 12j (R = p-Bn) &
arwannsolumstiuasaduzSaionanldfiisumiity Ssiifianlundu halogen waglumy
flardudu uwiegrslsmuvgileiduiidnsyiafududiufidmadenisoonqnivesoyius
sorafenib Tun1sfudfnvasuzisaiuy Ta7-D ou Insdaudidauddyuindogninis
Fanmueseyitug sorafenib Ae FILMLNNITWNTAULIA aromatic T3 ngnEN1sTanInay
Lﬁulﬁﬁfj’mLﬁ]u’jﬁmiLmuﬁsuawagjﬂﬁ%uiumﬁmeiq para- U4 aromatic 9zvi iy
UszAnBamuasayius sorafenib lun1adudsmaduyiSudiuy Ta7-D IHATuegdaiay
drunsfudagaduziiadiuyg MDA-MB-231 wuinousius 12t (R = o-NHAC) iiesiufien

¥

Nneystusfinaaey 49 luianadislqndfiase Iy, = 6.114.74 uM Fluiana 12’ R = o-

1%
[

NHAC) fiaanua1unsalunisdudelafnanen sorafenib 3 11 (sorafenib A1 ICs, =
19.32+1.65 uM) watlaaning1 doxorubicin 2 11 (doxorubicin #A1 ICs = 3.31+0.07 uM)
Fauanans1adl 5 Tnen1s@nw) SARs veseyius sorafenib Tulwaduziaduy MDA-MB-
231 wuinoywus sorafenib finrwanunsalunisdudusadunufananlvios lneynvy
fleftufigniniedinmildunndeiu sniudsddaiana 126 R = o-NHAC) Lilesluiana
Aenfifianuanunsalunisdudaeaduziiadug MDA-MB-231 Tdfesslaniau Tudiuves
msunuiivemyilsrduiiunnsrsiuuung aromatic wuignsnisdinmagiiuunltufindy

ﬁl ﬂl o 1 o U 1 dl o 1
Wiaunulusumis ortho wae meta > para MuAU agaglanauiiantusiiumus ortho-
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wanenylaidu deliuisanuisaasu SARs lun1sduguwadusiiadiug MDA-MB-231 vy
aunus sorafenib lidnn1sununvemyileidu acetanilide (NHAC) Tusiunia ortho- g

TinUsgansanlunsdudueaduziiusiun MDA-MB-231 iafign

NsANEIMENNTINMUAE SARs vesauus sorafenib luiwadldoyfinuan MRC-5
yiewaduni wuieyius sorafenib fmuannsolumstiudueadunalétiosunn Tnudan
Ineyiian 1Cso ﬁqﬁmmdw 50 uM Taedien sorafenib HA1 ICs, WAy 19.73+1.68 UM waze
doxorubicin A1 1Cs, WU 2.26+0.22 uM Gsuansliifiudsmnudmzianzadunsiuds
waduziiilaeilinsenudaisadunfvesanius sorafenib furnnienvisaesuiin sniiu
Wigaluiana 12g (p-Cl) uay 12s (p-OMe) Wifin1sduduwaduniigs Inufien IC, Ao

14.59+4.17 uay 21.23+2.51 yM sua1au

91NANIINAAUNEIUSNTaduZISudafIg 9 BAZN1ANYY SARs UBIOYNUS

9

[
o

sorafenib azwiuladnauRUS sorafenib Mleenuuunazduaszviiauaiunsalunsduds
LAAUZISIRY HepG2, 1aduzi59nau1a HUCCA-L, WwaduziSaiIun T47-D waziwaduzis
WUl MDA-MB-231 ladni1n3etfieuwinen sorafenib AUWUU WAlUAIUENTNITETUES
Y4 Ao v O s < 1 PR 1 A« 1 .. @ al
BUNUDLNANULIYULILGAAULLIIAIG ) letioaningn doxorubicin ke doxorubicin AHAINY

'
a

Juiiwdowadunfge Inulassadiseyius sorafenib Adadlnsieloailuununanesfigide
ponLUURAzduATIeRTRN NS U NTaduzS a9 19 ieliTuegiuduwriauazngunud

P Y a I3 < o fao X a L o O
vwvuduideiuitlasielea Lasvlinveteaduziss suusndLaTendulgnsnisdugs

wadus5IiU HepG2 Mlanwiu wazdinuduiiviowaduni MRCS 61 Fuililuang



[68°0] [99°0] [69'T] [68C] (L0°T] [€0'T]
96 1F62'65 (%€6'LS), 4-d pz1
62°¢FC699  €L6F1I868  PO6FC0GE ¢ TFPSOC  6U9FGEGS 9¢'8F8LTLS
[16°0] [L6°0] [18'7] [Ge¢] (L¢T] [68°0]
£9'¢+19'19 (%bZ°09), 4-w Z1
[8'8F8Y' L9  GLGFeCe9 T1¢TIF0TpE  9¢'0F.e81  P8eFI6DY YU CF6L 69
[88°0] (p2°0] [18'1] (16C] [90°T] [G6°0]
p1'6705°¢L (%91°61), 4-0 qct
LLOFpLe8 09 PpF16'66 PIDFSO0b - 8E1+8C°GC LI61FST69 9L TFbe L
(€T 1<] [62°1<]
[ (%9¢°¢8), H ezl
GZ'0F19C0T  9p0+6£7¢CL
[ceT] [0¢¢]
[c0'T] [69°¢] [65°0] (00°T]
89'1+¢L'61 evo anN (65°01), - qlusjelos,
G91FCe61 8¢0FSES GrTFelee 100+759°61
FO8V1 TL0¥.6°S
[89°0] [L¢¢] [€8'81] [9¢?] (/8'T] (1871 [c8¢]
¢C’0+9¢’¢ - upignioxoQ
L00¥T¢’e  L00¥/90 Z200FZT0 . 000FT00 ~ POOFTICT <COOFLv0 OTO0F69°0
G-DdW 1¢C-dN-VYaW a-Lvl 09-TH ¢-LTOW T-V2ONH 6v5v ¢odaH
Y punodwo)

[IS] “(Aanigein 1229, “(Wrl) %D ‘ssun neD

UPIGNIOXOP LRZETINATING GIUSJRIOS LRNUNRBKT MZT-BZT GIUSIRIOS QrUMAENENR ([IS] XoPU| ALIAND1SS) BEALEIALMILEIELLYRNRLLY

2T (ANIGRIA 11929) WM GZ NRIERINMLLYANLIAMRINCR W] NEITBLEILLURBRBE (W) %DI) 0 RERGLAMLIAMSERINBNALLUMN]BLLITLENLLY G WMLELY



[69°0] [T1°0T] [08°0] (w1°7] [6G°6] [6°T]
88'1F99°09 (%STGL), ig-d et
L9b¥20'88  90°0F009 H9ZIFS09L €LHTFEEES 9¢0FSG80T 627F¢8¢E
[¢6°0] [001] [8p°1]
1¢°¢FC0°¢s an an AN (%T1L08), ig-w 121
6V°CFT LS €TTIFSTES  PE0FGLSE
[68°0] [0g°0] (0v'T]
0T'¢F06'2S an an AN (%6£°19), 1g-0 Yzt
61°CFLE6S | 88¢FILLE
[98°7] [cp0] [81°0]
LTYF6S T _ _ (%92ZL), -d sz1
08°0¥0TS €8 1FS9CC 0L 7+36'C8
[0G°9]
[96°0] [00T] [021]
€5¢F8L¢9 an an N~ (%11°29), D-w 321
€6TFIL99  9TTIFROVY  €TTFIGLE
Z0G¥186
[ccCT]
[26°0] [62°0] [81°1]
ISEFIV 19 an an AN (%0L°29), D0 21
16'1F7¢8'99 99 /F/v' /L 88¢IF60CS
10CF20G
G-DYW 1¢Z-aW-YaW a-Lvl 09-TH ¢-1TOW T-¥DDNH 695V zodeH
Yy punodwo)

[IS] “(Axnigein 1190%),

‘(W) 95D ‘saun 118D

o



(T6°0] [c0'T] [09°T]
p1'GF10'89 aN aN AN (%S59°¢l), SNO-0 bz1
01CI+80'GL  SGP'eFp899  8ICF6LCY
[€L0] [96°0] [(11Z] [60°¢] [08°0] (18°0]
99°6+85°69 (%12°99), HO-d dz1
CS0TFp8 Y6 €L CFLGCL  LLLFe6Ce S8IFIGCC 6L0Fev’ L8 DCLFG8'G8
[(07°¢<] (62 p<]
_ aN AN (%cCL'88), HO-w A
CLCFCC6e 15D F6C8C
[8e7e<] [80°'¢<]
_ aN aN - (%b9pl), HO-© uzt
LLIFCTTS  CS'e+iv6e
[08°0] [00°T] [£9'T]
19°9%C6'6p _ anN AN (%S0°€9), I-d wet
89°91+61°¢9 61/.%¥9L°60 19'1+26°6C
[€6°0] [88°0] [8Y'T]
el c+sl6v anN @\ AN~ (%.LC'88), l-w 1217
66'1FCL¢S  vIeF1099 89 0FvCce
[16°0] [¢80] (1e'1]
G6'¢+50°6Y anN anN AN (%¢0°09), |-O AT
GOeFel s 8PIF996S  9¢CFUDLL
G-DdW TeC-dW-VYaW d-Lvl 09-TH ¢-L1OW 1-V2ONH %24 zodaH
¥ punodwo)

[IS] ‘(Aanigein 119D9%), ‘(M) %D ‘saun 119D

4%



[(60°T] (be'T] 61°Z] [8¢°Z]
LS1+81°¢9 aN adN (%2¢'18), W xZt
65°¢F81'8S  G9GF0C LYy 9V LF6L8C 9SG PFLLLC
[90°T] (p1°1] [02°T] [¢6'T]
6£°0+2¢8'85 anN adN (%€£8°L9), £4-0 mct
1L°6Fpp'sG  0G°¢+e81S  ¢L0¥05pe  080+Fv90¢
[0T°T]
06'0+F£6'66 _ anN aN (%8L°06), sw-d NCT
99 1+CT'16
[10Z<]
_ aN aN adnN (%EY'69), SN-W neit
¢6'6769°09
[16°0] (18°0] [L¢°T]
CCe*L919 aN anN dN (%6C7CL), SIN-O 1
€8'1+¢189  LT0F09°9L  ¢O0v+00°Gh
16°¢*F¢C’1¢ an aN aN (%SC19), sNO-d st
[06°0] (82°0] (82'T]
81'6+509L aN anN dN (%£9°G1), SINO-W 1zt
19°67¢9v8  ¢6'1F1CL6  G6'1FI8CY
G-DdW TeC-dW-VAN a-LvL 09-TH ¢-LTOW 1-V2ONH 6vSv ¢odaH
¥ punodwo)

[IS] ‘(Aaigein 11929, ‘(M) %D ‘saun 119D

47



[SO'T] [90°T] [€67C] [8v¥] [96°T] [€0'T]
05'v+80°99 (%1¢°0L), ‘ON-d A
16°¢+0L°C9  ClTVFLYCO  6L°¢FCGCC eV OFSLYT  GLCFYCch 65 D+88'¢9
(88701 [92°0] [95°T]
69°G+0b'89 aN aN adN (%8029), ‘ON-W Pt
£6'¢+6999  Ob'1+p89L  G6'TF6LLe
[68°0] [62°0] [ce1]
9¢°G+495°09 aN dN anN (%26°L1), ‘ON-0 oAt
LCYF9e89  LT0+60'18  19°GF¢09Y
[06°0] [¢670] [S6°T] [59°¢] [98°0] [08°0]
9¢°0+50v9 (%P1eTT), ND-d 4ct
¢10T+96'0L  CS0*F¢l'69  G96FP8CL  650F9G°LT 88 I+elbL DL 6FU1 08
[0Z'1] [60°T] [c67C]
66°CFCL 66 an aN anN (9%9.1°89), ND-W ecl
96'9+11°¢8  6¢/.¥05'16 81'LFU8¢Ce
[68°0] [62°0] [90°T]
£9°9%CL6G aN anN anN (%26°99), ND-© zz1
8L¢FOV'L9  LO0CFI6'GL 1601F.LL99
(18°6]
[86°0] [92'1] [20°¢] [ce¢]
16°¢+6585 dN aN (%12°6¢), “4-d K21
91'/%98°65  9T'T+099b  09°0FIv'6l Gb0+el8l
ANAITN
G-DdWN TeC-dW-VaW d-Lvl 09-TH ¢-1L10W 1-V2OONH %24 zodaH
Y punodwo)

[IS] ‘(Aanigein 119D9%), ‘(M) %D ‘saun 119D

1%



[G1°¢]

[50°T] [26°Z] a
12019659 an anN N ('%01°05), 1Adoidosi-d DA
6v°€F0L'CY  T1L0%6572C
LTDFG6°0C
[0Z'1] [05°Z]
09'G1F62°¢L _ an an aN  (%b1°29), 1Adoidosi-w [zt
€Z0F62'19 €¢'1F8T 6T
[60°01]
[66°0] [10°T] [20°¢]
€0’ LFLYbS aN an AN~ (%06'82), 1Adoidosi-o 121
6£9F91°GS  660TF1L°ES  C9TFLLLL
SC0TOVS
[26°0] [ZT4]
CHOTF6LGL an anN AN (%T11°€9), Wuia-d Mzt
€1'8F6£C8 €0°TF65°0T
[12°1] r4%4
b2 GF69'06 _ an an aN - (%68'8L), AR 521
10'p¥22'8. 19°0%G.0p
[¢6°0] [¢L0] [6G'T]
78'1F19°LS anN an N (%Z8'69), Ayi3-o Nra
99°¢F0979  §SGFI008 TG TFIELIE
G-DUW 1¢Z-aN-YaW a-Lvl 09-TH ¢-LTOW T-¥DDNH 6vSY ZodsH
Y punodwo)

[IS] ‘(Anigein 1929%)), ‘(M) 91 ‘saun 119D

4%



[62°0] [92°0] [9v°'1]
8L eThe 9 aN aN AN  (%C1°L9), CHN-w JCt
8Y'v+60'6L  08C*C818  Tve+.9¢h

[0¢'1<] (e 1<] [05Z<]
an an aN  (%LLD9), HN-0 bzt
0CPZF26'c6  PU'SF8LT6 8L 6F19°8Y
[60'1<]
_ | (%.608), H‘OD-d 0zZ1
04ZF05°9L
an an AN (%L2'96), H‘OD-W Uzt
[G9pT]
[c2'1] [92°0] (25 1] [0g12] (X5 [902]
L0'GF6518 (%.0'pb), Ang-uep-d wet
1€°9F80'99 beg'GFL890T  CZFb0'8T ST TFBL'IT  L9CIFE0SE CI0FI96¢
T60F.GG
(169]
[11°1] [L1¢]
16 T1F52'89 _ an an N (%6¢9p), Ang-usr-w A2T
cTOFHE 19 89'Z¥GS'12Z
€0c+886
G-DYIN 1¢Z-aN-YaW a-LbL 09-TH ¢-LTOW T-¥DDNH 695V zodaH

¥ punodwo)
[IS] ‘(Aanigein 119D9%), ‘(M) %D ‘saun 119D

G



[£6°0] (18] (121]
88'LF12°C9 an aN AN (%15°09), 2WHNOD-d M1
CLYF8G99  CU'GFHOIZ  LSTFIV9C
[LZ1<] [2g1<] [292<]
an an N (%gebl), SWHNOD-W AZT
L007¢898  160¥7¢6'¢c8  19CFITCH
[61°6<] [9p'1<] [61¢<] [626<]
_ I (%92°9L), SYHN-d dz1
ZV'OF8T'TT 26'CCFV8G).  €T6TEIVE - G6VFETTL
[LZ1<] [12'1<] [21¢s] [8E <] [611<] [11°1<]
(%€T°¢6), OVHN-W net
/8'GFC0/8 0L'GFC6'06 8L 6¥8LGe €L TFOCSE  1T€F6926 8T 9FLT b6
[L2°8] [G80] [£ST]
bG'ZF09°¢S an aN N~ (%99°65), OYHN-0 A2t
VLIVFIT9  Ob'bF0.29  660F86DE
[12'1<] [68°Z<] [65°¢<]
_ an aN  (%6981), HN-d SCT
Z8'TFIL00T  89'0FL0Ch 8P IF68¢E
G-DYN T1¢Z-aW-Yaw a-Lvl 09-TH ¢-1T0W T-VDDNH 6vSY zodaH
¥ punodwo)

[IS] ‘(Aanigein 119D9%), ‘(M) %D ‘saun 119D

4%



(358)q0Jql4 SUN) DJUOAIGUUD 1BULIOU) G-DYN {(Jodued 3sealq aAnesau-a1dul) T¢Z-gW-Yaw {(ewouldied ysealq juspuadap
-SUoUOY) O-/pL {(Bluuayna) d1kdo)eAwold 3Inde) 09-TH ‘(Blwayna) dniseiqoydwA) 23nde 1192-7) ¢-1TOW (51192 ewouidiedolisueioyd
uewny feyl) T-¥DDONH {(S2ul 1192 BWOUPDIED SuNn) uewNny) 6hGY  (SSun )19 ewoupied Jeynpdoieday) zodeH N 0T S

0531 4N 6T s 05y) fouiwilag 10N = gN qw/en 0g 1e aARdeu| = | {10)0D amJ] DAIID)95-49D0URD A)Yd1Y SUledIpul 00'¢ T SNBA [S )92

8¢ ‘L¢

J2DURD 1Oy 053] /)90 1eULIOU 0y 05D ‘Xapu| AHANDS)3S = [IS] AN GZ 1B AIIGeIA 11909 = (KIIGRIA 119D9) (91)ASO) QIURJRIOS = GIUSJRIOS.

LY



3.4 p1sAneIRNEINNsalun1sTud LUadusi59981991NNIANZa9 (targeted cancer
drug) WiumsARYdauIwisianzaslun1siudawadusise (Selectivity Index

(sn) waaagﬁus‘ sorafenib

Ve

a v a o Aa v O s 2 aa
Q?‘U?JNF’TJ']M'&UIQIU?‘IW?W@JU']EJWVlﬂJﬂ'J']@Jﬁ']ﬂJWiﬂIUﬂ'ﬁEJUENL‘UaaﬂJSLﬁ\TWN

[y

Tusideil
AUTUNIELANE9 (targeted drug therapy) Aofignadudusaduzise ualifinnuludiv

Va v o v s

viofiaruduiusidowadund §ideTniouiius sorafenib 1 49 Tuianalunaaauni
Huiivdewadidoyfaluven MRC-5 Faduwaduni (normal cel) Tnsuanaidusifvil
ANUTUNNZIZA9 (Selectivity Index; SI) Seninswaduzisiaziwadund Feasvioulidiuds
grsnssudaeaduyeogesinzzasuesayius sorafenib Tasitlinsenuseisadun
u 1 Tnganwanimaasinissudseaduni (MRC-S) nuireyus sorafenib fifidels
genuuULardunszianulufiv (ytotoxicity) fewadund (normal cell) s Tned ICs, >
50 uM Wudulng FamnSeufisuduadineninudiinizianzas (Selectivity Index
() sewhwadunsasadUnAvsnuieunus sorafenib fif1 SI = 3 wanglulanauans

'3 <

37,38 1 ne 1 o & g o o
LACAIMUFINITOLUNTITYUYIYRAUSLIINUAITUINNIS LIS

Tiiuiiaudasnde
(targeted drug therapy) TnedlawSauiioud S 5ENINOUIUS sorafenib fuen sorafenib
waze1 doxorubicin Agwudteuius sorafenib viatelulanaildl Sl aandten sorafenib wag
81 doxorubicin Taanizedabalulgaduzi3efy HepG2 fleysus sorafenib HA1 S|
1INNT181 sorafenib ware doxorubicin §1 6 lakana Usenauldmeluana 12e (R = o-
CL, 12f (R = m-Cl), 12y (R = p-CF3), 12i" (R = o-isopropyl), 12U" (R = m-t-Bu) hay 12m’
(R = p-t-Bu) FaflAn S| 0g5EMI19 6.50.89 14.65 Inge sorafenib waze1 doxorubicin AN
Sl Ao 3.30 uaz 3.83 Awddy Fsluianaiidan SI Aigsian fe Tuiana 12m’ (R = p-t-Bu)
Taeiien Sl A31nn9187 sorafenib waze1 doxorubicin 4.4 Way 3.8 Wimwady wazly
waduziSaduy T47-D eyWus sorafenib ATAY SIu1ANI187 sorafenib LAz
doxorubicin 3 lutana Usgnaulumeluana 12) (R = p-Br), 12h’ (R = p-ethyl) uag 12p’

(R = p-NHAQ) @aflin S ogjsewing 7.12 f13 10.11 381 sorafenib waze doxorubicin AN

'
al

Sl e 1.33 waz 3.37 muddu Tasluianaiifien Sl figsiian Ae laana 12j R = p-Bn) laedl
A1 Sl iurnndnen sorafenib wazen doxorubicin 7.6 way 3.0 A ua1sU Tnedilu
waduzISadul MDA-MB-231 aysfus sorafenib 12t” (R = o-NHAC) Ssdlein SI winffu 8.77
F981 sorafenib waze1 doxorubicin §A1 Sl Ao 1.02 waz 0.68 auarsu lnefiad Sl 7

11nNI187 sorafenib waze doxorubicin &9 8.6 way 12.9 Wihauawy dvmsuiraauzi3eg
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15 HUCCA-1 wifdnen ICs, YBIDYWUS sorafenib dlowfiguiuen sorafenib AuLUUNToYN
doxorubicin azdiA1 1Cs, Aifisuimiegenineiiaessia usninifieuausingiazas
FoladuzISRINA S| AewUTioyius sorafenib Hufleudnnzitgasgegeningvisans
ginun Taed auuS sorafenib 12j (R = p-Br) wag 12p’ (R = p-NHAC) e S ﬁgam’wm
sorafenib WU 9.5 uay 16.6 Wi wazen doxorubicin WU 3.0 wag 5.2 Whauasu 39
wansdaUszansamuazauvasasiosenislafusmionmulasadraioldiduesnw

TsAuzlSINAluDUNAN

v a0 o

NANTANYINAVDIANRTLADATINTUNIZLA1239 (Selectivity Index; SI) 581314
waduziwazwadund azdiuliiioyus sorafenib fauduwiziaizaslunisduds
waduiaiy HepG2 1nitgn waghifususuasslumaduzifad T47-D wag MDA-MB-
231 IngluwaduziSeiinduagiia S fifisumwievosnitevisaenia fadugideded
auaulalunisiluana 12m’> waz 12e lWdnwinalnnisiia binding interaction sialy
TUshu B-Raf war VEGFR-2 dudulusiufiderdaslunisdudanssuiunsnsiniesen

(proliferation) wagnszUIUNTES RGOl (angiogenesis) TulwaduziSaateuin

3.5 n1sAnwnalanisiiia Binding Mechanism ¥asauwus sorafenib Liguiulaanaen

sorafenib AULUU

a 2 L4

5eld i@ onounN us sorafenib 12e (R = o-Cl wag 12m’ (p-tert-Bu) 71

q

v
W
Y
o

9 s

AuEnLTalunsfudueaauzs iU HepG2 Taaisuvinfuen sorafenib fuluuuazilan
S| Migefignanaduiunsnveseyius sorafenib R uaﬂmﬂﬁ?uﬂgaaaﬂmaqaé’qLﬂué’mmu
ﬁuaqmil,muﬁimﬁ"]meﬁé’wé’ﬁgﬁqaaqﬁwLmu'wuN aromatic 11@Nw¥1 binding mechanism
Y89YIUS sorafenib Tulusiy B-Raf uag VEGFR-2 A3g molecular docking H1ulusunsy
IGEMDOCK v2.1 Tagannuanisdinumuineyius sorafenib fsaasdluanaannsnidiluifa
interaction Tulwselusiu B-Raf wag VEGFR-2 lusnuvuaieafuiuluianagl sorafenib
duuuy Taelulnsslusiu B-Raf ((mil 31) nuindrus aromatic veseystus sorafenib 73]
ﬂwiLmuﬁsuawyjﬁqﬁﬁﬁuﬁﬁmﬁuﬁumﬁqaaﬂmLaqavﬁwl‘uLﬁmé’umﬁ%mmqﬁ’udau%m
phenoxy ¥asluiana sorafenib AULUY Fadududilitdn (hydrophobic) kagnunisaing
Wusglalasiau (hydrogen bond) 5¥1319d7u urea vodluana 12m’ (@H1) Aunsnesiily

GLU500 TulnselusAumilouduen sorafenib dauluiana 12e Fiq9) ldnunisiia
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interaction 1nefia3 1,2,3-triazole fiUsznaulusieezneylulnsiaudls 3 eznaueraauise
Aansasaiuselalasiau (hydrogen bond) unufiluauves urea I Fefiuanslunndi 31
lngn1siia interaction vadluana 12e (@u39) war 12m’ @f1) lulnselUsiu B-Raf il
wanuiguileifisuivlutanas sorafenib (-176.75 kcal/mol) IngfiAn -112.20 uag -
132.73 kcal/mol aruadu feuanslunisiedl 6 Feazuiulédn sorafenib dn151in
interaction AlAw&umNIeuRuS sorafenib siaesnnlulnsslusi iflesann sorafenib

ansnasiaiuselalasiaulauinnineyiiusyiaesaindiuvees picolinamide 39l

binding energy fish

(

\

A 31 nalnnasiAn interaction yaaluana 12e (o-Cl); (@), 12m’ (p-t-Bu); (F)

wazliianay sorafenib AuLuy (BAX); @dw) lulwsslusiu B-Raf (PDB ID: 1UWH)
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A15197 6 wasalunsiAn interaction (kcal/mol) funsmezalululnsslusiu B-Raf uaz
VEGFR-2 maﬁauﬁuﬁ sorafenib 12e (0-Cl), 12m’ (p-t-Bu) uagen sorafenib (BAX) Aae

397151 molecular docking

Binding Hydrogen
Protein ~ Compounds energy Amino acid residue bond length
(kcal/mol) (A)
12m’ -132.73 GLU500:0 2.05
12 -112.2 - -
B-Raf < L
GLU500:0, GLN529:0 2.22,2.70,
BAX -176.75
CYS531:0, GLY592:H 2.95, 2.27
ASP1046:0, LYS868:H 2.56,2.92,
12m’ -101.77
LYS868:H 2.88
12e -108.00 GLUB8S5:0, CYS1045:H 2.52,3.03
VEGER-2 CYS919:H, CYS919:0 2.10, 2.03,
GLUB85:0, HIS1026:H 2.62, 2.76,
BAX -152.82 CYS1045:H, CYS1045:H 2.56, 2.87,
GLU917:0, CYS919:0 2.33, 2.86,
1YS920:0 2.64

dhunaifin interaction lulwsslusiiu VEGFR-2 waseyiiug sorafenib fsandluiana
wuinlaanaveae s bind AeuvuslndiAesi UM unUgaes sorafenib @) ura
trifluoromethyl phenyl 283liana 12e (d39) ﬂé’wwmagﬂumuﬁiﬁﬁ%ﬂa (hydrophobic)
finT3fUdIUVD929 phenoxy Vaslulana sorafenib FUKUU 8191H0991n@1171501AA
interaction lafAtuaIu urea lngtinnisasisuselelnsiau (hydrogen bond) Aunsnozdilu
GLU885 uar CYs1045 lulnsslusiumilauiulauiana sorafenib Auuuy dulaiana 12m’
(@) MafuuFEITU sorafenib wagnuInd@IUI aromatic ve9 12m’ (@il) Aifin1sunud
yoanglanduidiluiAn interaction M359AUAILYDI99 phenoxy voslutana sorafenib
Fuuuy uenaniudsaunsnifanisadisiusylelasiau (hydrogen bond) sewinsdiumas
urea luluanafunsnegiily ASP1046 lulwsalusiuls waldmiieudven sorafenib siukuy
Wulfgatuiunsiinnisastanuselalasiau (hydrogen bond) s¥r319dIuv8929 1,2,3-
triazole Tuluianafunsnasiily LYS868 Tulnsalusiu VEGFR-2 launisifin interaction vas
Tuana 12e (@) uay 12m’ @) lulnsalusiu VEGFR-2 fndsnugailewiieuiuluiana

g1 sorafenib TneilAn -108.00, -101.77 wag -152.82 kcal/mol auansu sananslunisnedi
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6 Jaaziiiulein sorafenib finstAin interaction NldwasuAINIIOUNUS sorafenib 1isas
wnlulnselushiu 1189970 sorafenib aunsaasrsiuselalasiaulauinnitayiusvsasdann

d1UV998 picolinamide Feviludl binding energy Mg

AWl 32 nalnn3ifin interaction veslilana 12e (o-CV); (Fxa9), 12m’ (p-t-Bu); @il
wazliianag sorafenib AulUU-(BAX); (@du) lulnselusiu VEGFR-2 (PDB ID: 4ASD)

IINNSANYINTILAA interaction YaIRUWUS sorafenib 12e (@179) wag 12m’ (Fl1)
Tulnsalusiu B-Raf waz VEGFR-2 wudilianansaesindsnulunisiie interaction gani
g1 sorafenib AuluvIN kieg1slsimuluanansdesdunsafin interaction Aunsneziily

Ao w a val v ) ] 5 I3 @ & @
NdrAglulnsslusiulan aonmdestuauaisalun1Tdudugeauzise lnoanzigaauziss

Y

AU HepG2 laafisutvindue sorafenib wana1ntuaInn15Ane1 molecular docking 849

1 1Y

WuIdnwazlaseainaves tiazole YasayusNosnuuULazduATIERaINITALAA

interaction AU binding site Y09 B-Raf Lay VEGFR-2 16d lngagiiulainig 1,2,3-triazole

anunsaiansasaiuselalasiau (hydrogen bond) uwnufid@iuwes urea 19 uenantualIu

' [
S 1 [ IR

984979 aromatic NYBURBAUAIUVD 9 1,2,3-triazole W1 bUwnuAluduntuian

(hydrophobic) 1% uf U3 phenoxy Wnunalsvesluanaen sorafenib AULUY B9

(%
RS

aannaesiunanisinen SARs Angilsrduilungualifida (hydrophobic) 9g¥iluidl
AEsatunsduguraduesmvateilaa wenaintundindunidu acetanilide dl

hydrogen bond donor &g hydrogen bond acceptor IuiuLaqa%ﬁmmmmsalums
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Fudavadusislafnaresin Inolawensunuiivusuunduly para-position 819
Lﬁ@ﬁﬂﬂ%gjﬂﬁ%ﬁ%dﬂL‘T]umuﬁ'mmsaLﬁmﬂ’uﬁﬂﬂmwu (hydrogen bond) WnuaIUD9
29 picolinamide I¢ usna1ndudIuvesas picolinamide mmmgmmuﬁlﬁﬁ’mé’ﬂwm
TassadredulasduililuanadsfienuanunsalunsdudasadusSsldifiounifuen
sorafenib fuuuy datumndesnsiauluanaliiusyansamlunissudusadunsdlda
inBaduannsafiunuevestuanalneifudiuge picolinamide n3ounudidieng
heteroaromatic ¥linau 9 o19vliin interaction TéfinannBeTy Wolwiuszansamly

U g.JI 3 <@ dy L
nsdudausaduzisnunIule
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4. Experimental

4.1. Chemicals, Materials and Methods

Reagents and starting materials were purchased from Tokyo Chemical
Industry (TCl), Sigma-Aldrich, Arcos Organics, BDH chemicals, Riedel-de-Haen, Fluka,
Carlo Erba, J.T. Baker, and RCl Labscan. They were analytical grade and used as
received without purification. The commercial materials such as sodium chloride and
sodium bicarbonate were used as received in the work-up step. The commercial
solvents consisted of hexane, ethyl acetate, dichloromethane, and methanol were
obtained from I.C.P. CHEMICALS CO., LTD. company which were distilled before used
for column chromatography. The analytical solvents were obtained from RCl Labscan
and Carlo Erba company which were used in the reactions and dried solvents. That
was dried with the applicable procedure. For the air and moisture-sensitive reaction
or intermediate were set under argon atmosphere. Silica gel F60 (Silicycle, Canada,
40-63 um, 60A) was used for flash column chromatography and Silica gel 60 Fysg;
aluminum sheet, 0.2-.mm  layer thickness (Merck) was used for thin-layer
chromatography (TLC), which was traced for proceeding of the reactions. All reactions
and column chromatographic separations were monitored by TLC analysis using

precoated silica gel 60 TLC sheets, visualized by a 254 and 365 nm UV lamps.

4.2 Apparatus and Instruments

All products were characterized by nuclear magnetic resonance spectroscopy

(NMR). 'H NMR (300 MHz), *C NMR (75 MHz), and F NMR (282 MHz) spectra were
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recorded on a Bruker AVANCE 300 using CDCls;, Acetone-dg, DMSO-dg or MeOD-d, on
5 mm diameter tubes. The chemical shifts (8) were reported in units of part per
million (ppm). Coupling constants (J) were reported in Hertz (Hz) and refer to
tetramethylsilane (TMS) as an internal standard (O 0.00 ppm) or trifluoroacetic acid
(CF5COOH) (& -76.55 ppm) or residual signals of CDCls (&, 7.26 ppm, or O¢ 77.22
ppm), Acetone-ds (8 2.05 ppm, or O¢ 29.84 and 206.26 ppm), DMSO-ds (O} 2.50
ppm, or Oc 39.52 ppm) or MeOD-d, (&, 3.31 ppm, or O¢ 49.00 ppm). The signals
were reported as follows: chemical. shifts, multiplicity, coupling constant. The
multiplicities were given as s = singlet, d = doublet, t = triplet, g = quartet, dd =
doublet of doublet, dt = doublet of triplet, td = triplet of doublet, tt = triplet of
triplet, ddd = doublet of doublet of doublet of doublet, dddd = doublet of doublet
of doublet of doublet, m = multiplet, br = broad. DEPT and 2D NMR including COSY,
HMQC and HMBC were performed for identification of complicated structures and
some target compounds. High resolution mass spectra (HRMS) were performed using
an ESI and APCI ionization technique on a Bruker Daltonics MicroTOF spectrometer
and reported as mass per charge ration (m/z). Melting points were measured on a
Blchi Melting Point B-545 apparatus. Solvents were evaporated by rotary evaporators
on BUCHI (R-114) and BUCHI (R II) machines. The cytotoxicity of synthesized
compounds and positive control towards cell lines was analyzed by MTT assay using
a microplate reader (Packard bioscience) for determination of cell viability

percentage and ICs, values.

4.3 Chemistry

Synthesis of sorafenib derivatives 12a-12p’ was accomplished in 3-4 steps
starting from isocyanate 7 via nucleophilic addition, Huisgen 1,3-dipolar cycloaddition
and functional group. Initially, 4-chloro-3-trifluoromethylphenyl isocyanate (7)
underwent nucleophilic addition with propargylamine (8) to produce ureido alkyne 9
in high yield. In parallel, phenyl azides 11a-11p’ was synthesized from aniline

derivatives 10a-10p’ via diazotization in 75% to quantitative yields. The 1,2,3-triazole
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moiety was constructed from ureido alkyne 9 and phenyl azides 11a-11p’ via 1,3-
dipolar cycloaddition (click reaction) to give the target sorafenib derivatives 12a-12p’
in excellent yield. The sorafenib derivatives 12q'-12s' synthesized from compounds
12c'-12e" through reduction reaction using tin (Il) chloride dihydrate in concentrated
hydrochloric acid. The sorafenib derivatives 12t> and 12u’ were further synthesized
from compounds 12’ and 12s’, respectively. While, the sorafenib derivatives 12v'
and 12w' were further synthesized from the molecules 12n' and 120", respectively.
These products were completed using HATU as an amide coupling reagent with
methylamine hydrochloride. The sorafenib derivatives 12a, 12b, 12c, 12d, 12g, 12j,
12p, 12b’, 12e’, 12m’, 120’, 12p’, and 12u’ were given form Bachelor of Science

thesis.

4.3.1. The procedure for preparation of ureido alkyne 9
=

A solution of 4-chloro-3-(trifluoromethyl)phenyl isocyanate (7) (2.79 g, 12.59
mmol, 1.05 eq) and propargyl amine (8) (767.9 pL, 11.90 mmol, 1.00 eq) in dry
dichloromethane (80.0 mL) was. stirred at room temperature for 1 h. The reaction
mixture was concentrated under reduced pressure to give the desired product 1-(4-
chloro-3-(trifluoromethyl)phenyl)-3-(prop-2-yn-1-ylurea (9) (3.17 g, 91% vyield) as a
white solid which was used without further purification. Mp = 122-123 °C; 'H NMR
(300 MHz, acetone-dj) O 3.07 (s, 1H), 4.02 (dd, 2H, J = 5.6 and 2.4 Hz), 6.31 (br s, 1H),
7.48 (d, 1H, J = 8.7 Hz), 7.68 (dd, 1H, J = 8.7 and 2.0 Hz), 8.08 (d, 1H, J = 2.2 Hz) and
8.48 (br s, 1H); °C NMR (75 MHz, acetone-dj) 0 155.4, 140.7, 132.6, 128.4 (g, J = 30.8
Hz), 123.9 (g, J = 270.8 Hz), 123.8, 123.4, 117.8 (g, J = 6.0 Hz), 81.8, 71.9 and 29.8; '°F
NMR (282 MHz, CDCly) & -63.59 (s, 3F); HRMS (ESI+): m/z = 299.0169 'M+Na]*; calcd.
299.0175 for [(Cy,HsCIFsN,0)+Nal*.
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4.3.2. General procedure A for preparation of phenyl azide 11a-11p’*

A stirred solution of aniline derivatives 10 (6.00 mmol, 1.00 eq) in 50% HCl
(8.1 mL, 0.74 M) at 0 °C was treated dropwise with an aqueous solution of sodium
nitrite (1.24 ¢, 18.00 mmol, 3.00 eq) in H,O (12.0 mL), while maintaining the
temperature of the reaction mixture below 0 °C. The reaction mixture was stirred at 0
°C for 30 min, then a sodium azide (780 mg, 12.00 mmol, 2.00 eq) in H,O (8.0 mL)
was added, followed by addition of a sodium acetate (984 mg, 12.00 mmol, 2.00 eq)
in H,O (8.0 mL) at below 0 °C. After stirred for 30 min, the reaction mixture was
diluted with water (80 mL) and extracted with dichloromethane (3 x 50 mL). The
combined organic phase was washed with an aqueous sodium hydrogen carbonate
solution (1 x 20 mL), dried over anhydrous sodium sulfate and filtered out. The
solvent was removed under reduced pressure to obtain phenyl azides (11a to 11e’,
11¢’, 11h’, and 11j’ to 11p’), which was used further without purification, whereas
the crude product of phenyl azides 11f" and 11i° were purified by column

chromatography (silica gel, pure hexane).

4.3.2.1. azidobenzene (11a)

O

3

The preparation of azidobenzene (11a) was performed starting from aniline
10a as described in the general procedure A. The azide 1la was obtained as a
black oil (715 mg, 100% ). The product was used in the next step without further
purification. *H NMR (300 MHz, CDCls) 6 6.94 (br dd, 2H, J = 8.7 and 1.2 Hz), 7.06 (br
td, 1H, J = 8.4 and 1.2 Hz) and 7.26 (br t, 2H, J = 8.1 Hz); "*C NMR (75 MHz, CDCls) 0
140.1, 129.8 (20), 124.9 and 119.1 (20Q).
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4.3.2.2. 1-azido-2-fluorobenzene (11b)
b
N3

The preparation of 1-azido-2-fluorobenzene (11b) was performed starting
from aniline 10b as described in the general procedure A. The azide 11b was
obtained as a brown oil (816 mg, 99% vyield). The product was used in the next step
without further purification. *H NMR (300 MHz, DMSO-d) 8 7.10-7.26 (m, 4H); *C NMR
(75 MHz, DMSO-d,) & 154.3 (d, J = 245.3 Hz), 127.5 (d, J = 10.5 Hz), 126.7 (d, J = 7.50
Hz), 125.9 (d, J = 3.8 Hz), 121.6 and 117.1 (d, J = 18.0 Hz); "*F NMR (282 MHz, DMSO-

dy) O -128.75 (1F).

4.3.2.3. 1-azido-3-fluorobenzene (11c)

N3/©\F

The preparation of  1-azido-3-fluorobenzene (11c) was performed starting
from aniline 10c as described in the general procedure A. The azide 11c was
obtained as a deep brown oil (790 mg, 96% yield). The product was used in the next
step without further purification. "H NMR (300 MHz, CDCls) ©6.73 (dt, 1H, J = 9.6 and
2.4 Hz), 6.83 (dd, 1H, J = 8.1 and 2.1 Hz), 6.85 (dddd, 1H, J = 11.1, 9.0, 2.4 and 0.6 Hz)
and 7.30 (ddd, 1H, J = 14.7, 8.1 and 6.3 Hz); *C NMR (75 MHz, CDCl;) & 163.5 (d, J =
246.0 Hz), 141.9 (d, J = 9.8 Hz), 142.0 (d, J = 9.8 Hz), 114.7 (d, J = 3.0 Hz), 111.9 (d, J =
21.0 Hz) and 106.8 (d J = 25.5 Hz); *°F NMR (282 MHz, DMSO-dy) & -113.00 (1F).

4.3.2.4. 1-azido-4-fluorobenzene (11d)

oy
N3
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The preparation of 1-azido-d-fluorobenzene (11d) was performed starting
from aniline 10d as described in the general procedure A. The azide 11d was
obtained as a brown black oil (814 mg, 99% yield). The product was used in the next
step without further purification. *H NMR (300 MHz, CDCls) 8 6.94-7.10 (m, aH); **C
NMR (75 MHz, CDCl;) & 160.0 (d, J = 242.7 Hz), 135.8, (d, J = 2.9 Hz), 120.3 (2C, d, J =
8.2 Hz) and 116.6 (2C, d, J = 23.1 Hz); *°F NMR (282 MHz, CDCl;) 6 -118.46 (1C).

4.3.2.5. 1-azido-2-chlorobenzene (11e)

Cl

=

The preparation of 1-azido-2-chlorobenzene (11e) was performed starting

from aniline 10e as described in the general procedure A. The azide 1le was
obtained as a brown oil (875 mg, 95% yield). The product was used in the next step
without further purification. 'H NMR (300 MHz, CDCl,) 8 7.07 (td, 1H, J = 7.8 and 1.5
Hz), 7.17 (dd, 1H, J = 8.1 and 1.5 Hz), 7.29 (td, 1H, J = 8.1 and 1.5 Hz) and 7.37 (dd,
1H, J = 8.1 and 1.5 Hz); *C NMR (75 MHz, CDCLy) O 137.2, 130.7, 127.9, 125.6, 125.0
and 119.7.

4.3.2.6. 1-azido-3-chlorobenzene (11f)

A

3

The preparation of 1-azido-3-chlorobenzene (11f) was performed starting
from aniline 10f as described in the general procedure A. The azide 11f was
obtained as a light brown oil (875 mg, 95% vyield). The product was used in the next
step without further purification. 'H NMR (300 MHz, CDCls) & 6.90 (ddd, 1H, J = 8.1,
2.1 and 0.9 Hz), 7.00 (t, 1H, J = 2.1 Hz), 7.10 (ddd, 1H, J = 8.1, 2.1 and 0.9 Hz) and
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7.26 (t, 1H, J = 8.1 Hz); >)C NMR (75 MHz, CDCls) o) 141.5, 135.5, 130.6, 125.0, 119.0
and 117.2.

4.3.2.7. 1-azido-4-chlorobenzene (11g)

3

The preparation of 1-azido-4-chlorobenzene (11g) was performed starting
from aniline 10g as described in the general procedure A. The azide 11g was
obtained as a light brown oil (912 mg, 99% yield). The product was used in the next
step without further purification. 'H NMR (300 MHz, CDCly) 0 6.92 (d, 2H, J = 8.7 Hz)
and 7.23 (d, 2H, J = 9.0 Hz); **C NMR (75 MHz, CDCly) O 138.7, 130.2, 129.82 (2C) and
120.2 (20).

4.3.2.8. 1-azido-2-bromobenzene (11h)

Br

e

The preparation of 1-azido-2-bromobenzene (11h) was performed starting

from aniline 10h as described in the general procedure A. The azide 11h was
obtained as a deep brown oil (1.19 g, 100% vyield). The product was used in the next
step without further purification. 'H NMR (300 MHz, CDCls) & 6.99 (td, 1H, J = 7.9 and
1.5 Hz), 7.15 (dd, 1H, J = 8.0 and 1.5 Hz), 7.33 (td, 1H, J = 8.0 and 1.4 Hz) and 7.53
(dd, 1H, J = 8.0 and 1.4 Hz); *C NMR (75 MHz, CDCl,) o 138.5, 133.7, 128.5, 125.9,
119.4 and 113.9.
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4.3.2.9. 1-azido-3-bromobenzene (11i)

N’:Br

3

The preparation of 1-azido-3-bromobenzene (11i) was performed starting
from aniline 10i as described in the general procedure A. The azide 11i was
obtained as a deep brown oil (1.19 g, 100% vyield). The product was used in the next
step without further purification. 'H NMR (300 MHz, CDCl,) O 6.94 (ddd, 1H, J = 7.8,
2.2 and 1.3 Hz), 7.16 (t, 1H, J = 1.9 Hz), 7.19 (t, 1H, J = 7.8 Hz) and 7.25 (dt, 1H, J = 8.0
and 1.3 Hz); *C NMR (75 MHz, CDCls) 0 141.3, 130.6, 127.8, 123.2, 122.0 and 117.5.

4.3.2.10. 1-azido-4-bromobenzene (11j)

je
N

3

The preparation of 1-azido-4-bromobenzene (11j) was performed starting
from aniline 10j as described in the general procedure A. The azide 11j was
obtained as a brown oil (1.19 ¢, 100% yield). The product was used in the next step
without further purification. "H NMR (300 MHz, CDCls) 06.95 (d, 2H, J = 8.7 Hz) and
7.41 (d, 2H, J = 9.0 Hz): *C NMR (75 MHz, CDCls) O 139.2, 132.7 (2C), 120.6 (2C) and
117.7.

4.3.2.11. 1-azido-2-iodobenzene (11k)
I: :
N3
The preparation of 1-azido-2-iodobenzene (11k) was performed starting from

aniline 10k as described in the general procedure A. The azide 11k was obtained as

a black brown oil (1.41 g, 96% yield). The product was used in the next step without
further purification. 'H NMR (300 MHz, CDCls) 0 6.86 (td, 1H, J = 7.8 and 1.5 Hz), 7.13
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(dd, 1H, J = 8.1 and 1.5 Hz), 7.38 (td, 1H, J = 7.5 and 1.5 Hz) and 7.78 (dd, 1H, J = 7.9
and 1.5 Hz); *C NMR (75 MHz, CDCl;) & 140.8, 139.3, 128.9, 125.6, 117.8 and 87.7.

4.3.2.12. 1-azido-3-iodobenzene (111)

The preparation of 1-azido-3-iodobenzene (111) was performed starting from
aniline 10l as described in the general procedure A. The azide 11l was obtained as
a black brown oil (1.46 g, 99% yield). The product was used in the next step without
further purification. "H NMR (300 MHz, CDCLy) 0 6.98(ddd, 1H, J = 8.1, 2.1 and 1.2 Hz),
7.06 (dd, 1H, J = 8.1 and 7.5 Hz), 7.37 (dd, 1H, J = 2.1 and 1.5 Hz) and 7.46 (dt, 1H, J =
7.5 and 1.5 Hz); *C NMR (75 MHz, CDCly) O 140.8, 133.5, 130.6, 127.6, 118.0 and
94.91.

4.3.2.13. 1-azido-4-iodobenzene (11m)

I
S

The preparation of 1-azido-4-iodobenzene (11m) was performed starting from
aniline 10m as described in the general procedure A. The azide 11m was obtained
as a black brown oil (1.46 g, 99% yield). The product was used in the next step
without further purification. 'H NMR (300 MHz, CDCly) 0 6.74 (d, 2H, J = 8.7 Hz) and
7.60 (d, 2H, J = 8.7 Hz); *C NMR (75 MHz, CDCly) & 139.8, 138.6 (20), 120.9 (2C) and
88.3.
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4.3.2.14. 2-azidophenol (11n)
pe
N3
The preparation of 2-azidophenol (11n) was performed starting from aniline
10n as described in the general procedure A. The azide 11n was obtained as a
black brown oil (1.24 g, 100% yield). The product was used in the next step without

further purification. "H NMR (300 MHz, CDCl,) O 5.41 (brs, 1H), 6.88 (m, 2H) and 6.99
(m, 2H); *C NMR (75 MHz, CDCl,) o 147.3, 126.0 (2C), 121.3, 118.5 and 116.2.

4.3.2.15. 3-azidophenol (110)

N3 : OH

3

The preparation of 3-azidophenol (110) was performed starting from aniline
100 as described in the general procedure A. The azide 11o was obtained as a
black brown oil (1.24 g, 100% yield). The product was used in the next step without
further purification. 'H NMR (300 MHz, CDCls) 6 5.14 (s, 1H), 6.49 (t, 1H, J = 2.2 Hz),
6.61 (dt, 2H, J = 8.1 and 2.3 Hz) and 7.18 (t, 1H, J = 8.1 Hz); >C NMR (75 MHz, CDCl,)
0 156.7, 141.4, 130.8, 112.2, 111.5 and 106.3.

4.3.2.16. 4-azidophenol (11p)

/©/OH
N3

The preparation of 4-azidophenol (11p) was performed starting from aniline
10p as described in the general procedure A. The azide 11p was obtained as a

black brown oil (1.24 g, 100% vyield). The product was used in the next step without
further purification. 'H NMR (300 MHz, DMSO-dj) 0 6.81 (d, 2H, J = 9.0 Hz), 6.89 (d,
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2H, J = 9.0 Hz) and 9.57 (brs, 1H); 13C NMR (75 MHz, DMSO-d,) 6 155.2, 129.9, 120.2
(20) and 116.8 (C2).

4.3.2.17. 1-azido-2-methoxybenzene (11q)
MeO
BS

The preparation of 1-azido-2-methoxybenzene (11q) was performed starting
from aniline 10q as described in the general procedure A. The azide 11q was
obtained as a black brown oil (886 mg, 99% yield). The product was used in the next
step without further purification. *H NMR (300 MHz, CDCls) O 3.86 (s, 3H), 6.89 (ddd,
1H,J =8.1, 7.8 and 1.5 Hz), 6.93 (dd, 1H, J = 7.2 and 1.5 Hz), 7.00 (dd, 1H, J = 7.8 and
1.8 Hz) and 7.09 (ddd, 1H, J = 8.1, 7.2 and 1.8 Hz); >C NMR (75 MHz, CDCl,) 0 151.7,

127.6, 125.1, 120.6, 119.9,111.4 and 55.0.

4.3.2.18. 1-azido-3-methoxybenzene (11r)

[\ Py : OMe

3

The preparation of 1-azido-3-methoxybenzene (11r) was performed starting
from aniline 10r as described in the general procedure A. The azide 11r was
obtained as a black oil (886 mg, 99% yield). The product was used in the next step
without further purification. 'H NMR (300 MHz, CDCl,) O 3.79 (s, 3H), 6.54 (dd, 1H, J =
2.4 and 2.1 Hz), 6.64 (ddd, 1H, J = 8.1, 2.1 and 0.9 Hz), 6.68 (ddd, 1H, J = 8.1, 2.4 and
0.9 Hz) and 7.25 (t, 1H, J = 8.1 Hz); *C NMR (75 MHz, CDCls) & 160.7, 141.1, 130.2,
111.0, 110.4, 104.8 and 54.9.



65

4.3.2.19. 1-azido-4-methoxybenzene (11s)

/©/OM8
N3

The preparation of 1-azido-4-methoxybenzene (11s) was performed starting
from aniline 10s as described in the general procedure A. The azide 11s was
obtained as a black oil (877 mg, 98% yield). The product was used in the next step
without further purification. *H NMR (300 MHz, CDCls) O 3.79 (s, 3H), 6.88 (d, 2H, J =
9.3 Hz) and 6.95 (d, 2H, J = 9.0 Hz); **C NMR (75 MHz, CDCls) & 156.9, 132.0, 119.7
(20), 114.8 (2C) and 55.0.

4.3.2.20. 1-azido-2-methylbenzene (11t)

Me

A

The preparation of 1-azido-2-methylbenzene (11t) was performed starting

from aniline 10t as described in the general procedure A. The azide 11t was
obtained as a black oil (799 mg, 100% yield). The product was used in the next step
without further purification. 'H NMR (300 MHz, CDCLs) 0 2.18 (s, 3H), 7.00 (td, 1H, J =
7.2 and 1.2 Hz), 7.06 (brd, 1H, J = 7.8 Hz), 7.12 (brd, 1H, J = 7.2 Hz) and 7.19 (td, 1H, J
= 8.1 and 1.2 Hz); ®*C NMR (75 MHz, CDCly) & 138.4,131.1, 129.6, 127.1, 124.6, 117.9
and 17.2.

4.3.2.21. 1-azido-3-methylbenzene (11u)

N’:Me

3

The preparation of 1-azido-3-methylbenzene (11u) was performed starting
from aniline 10u as described in the general procedure A. The azide 11u was

obtained as a black oil (799 mg, 100% vyield). The product was used in the next step
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without further purification. "H NMR (300 MHz, CDCl,) O 2.34 (s, 3H), 6.80-6.85 (m, 2H),
6.94 (brd, 1H, J = 7.8 Hz) and 7.22 (dd, 1H, J = 8.7 and 7.8 Hz); 3C NMR (75 MHz,
CDCls) 0 139.9, 138.8, 129.5, 125.8, 119.6, 116.1 and 21.3.

4.3.2.22. 1-azido-4-methylbenzene (11v)

jon
N3

The preparation of - 1-azido-4-methylbenzene (11v) was performed starting
from aniline 10v as described in the general procedure A. The azide 11v was
obtained as a black oil (799 mg, 100% vyield). The product was used in the next step
without further purification. *H NMR (300 MHz, CDCly) & 2.30 (s, 3H), 6.89 (d, 2H, J =
8.4 Hz) and 7.12 (d, 2H, J = 8.6 Hz): **C NMR (75 MHz, CDCly) & 137.2, 134.6, 130.3
(20), 118.9 (2C) and 20.8.

4.3.2..23. 1-azido-2-(trifluoromethyl)benzene (11w)

Fs;C

$<

The preparation of 1-azido-2-(trifluoromethyl)benzene (11w) was performed

starting from aniline 10w as described in the general procedure A. The azide 11w
was as a yellow oil (1.16 g, 100% vyield). The product was used in the next step
without further purification. *H NMR (300 MHz, DMSO-d,) (ppm): 7.35 (t, 1H, J = 7.8
Hz), 7.55 (d, 1H, J = 8.0 Hz), 7.71 (d, 1H, J = 7.9 Hz) and 7.73 (t, 1H, J = 7.7 Hz); B¢
NMR (75 MHz, DMSO-dj) 0 137.9 (g, J = 0.8 Hz), 134.1, 127.1 (g, J = 5.3 Hz), 125.0,
123.1 (g, J = 270.8 Hz), 120.6 and 119.3 (g, J = 30.8 Hz), YF NMR (282 MHz, DMSO-d,)

O -62.04 (3F).
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4.3.2.24. 1-azido-3-(trifluoromethyl)benzene (11x)

N /©\CF3

3

The preparation of 1-azido-3-(trifluoromethyl)benzene (11x) was performed
starting from aniline 10x as described in the general procedure A. The azide 11x
was as a yellow oil (1.16 g, 100% vyield). The product was used in the next step
without further purification. 'H NMR (300 MHz, DMSO-dy) (ppm): 7.35 (brs, 1H), 7.43
(ddd, 1H, J = 8.0, 1.3 and 0.6 Hz), 7.51(dt, 1H, J = 7.8 and 0.7 Hz) and 7.63 (t, 1H, J =
7.9 Hz); ®C NMR (75 MHz, DMSO-d) & 140.7, 131.1, 130.7 (q, J = 32.3 Hz), 123.6 (q, J
= 270.8 Hz), 123.1, 121.5 (g, J = 4.5 Hz) and 115.8 (q, J = 3.8 Hz); '’F NMR (282 MHz,
DMSO-d,) O -62.36 (3F).

4.3.2.25. 1-azido-4-(triftuoromethyl)benzene (11y)

N

3

The preparation of -1-azido-4-(trifluoromethyl)benzene (11y) was performed
starting from aniline 10y as described in the general procedure A. The azide 11y
was as a yellow oil (1.16 ¢, 100% vyield). The product was used in the next step
without further purification. 'H NMR (300 MHz, DMSO-dy) (ppm): 7.29 (d, 2H, J = 8.4
Hz) and 7.72 (d, 2H, J = 8.4 Hz); *C NMR (75 MHz, DMSO-d,) & 143.7, 127.0 (2C, q, J =
3.8 Hz0, 125.4 (q, J = 32.3 Hz), 124.1 (g, J = 270.0 Hz) and 119.8 (20); '°F NMR (282
MHz, DMSO-d,) & -62.35 (3F).

4.3.2.26. 2-azidobenzonitrile (11z)

O
N

3
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The preparation of 2-azidobenzonitrile (11z) was performed starting from
aniline 10z as described in the general procedure A. The azide 11z was as a brown
solid (865 mg, 100% vyield). The product was used in the next step without further
purification. mp = 47-48 °C; 'H NMR (300 MHz, CDCl,) 0 7.23 (td, 1H, J = 7.8 and 0.9
Hz), 7.27 (dd, 1H, J = 8.7 and 0.9 Hz), 7.61 (dd, 1H, J = 7.5 and 1.2 Hz) and 7.63 (td,
1H, J = 7.5 and 1.5 Hz); >C NMR (75 MHz, CDCl,) 0 143.3, 134.2, 133.9, 125.1, 118.9,
115.6 and 104.0.

4.3.2.27. 3-azidobenzonitrile (11a’)

Ny~ : “CN

The preparation of  3-azidobenzonitrile (11a”) was performed starting from
aniline 10a’ as described in the general procedure A. The azide 11a’ was as a
brown solid (822 mg, 95% vyield). The product was used in the next step without
further purification. mp = 52-53°C; "H NMR (300 MHz, CDCl,) O 7.24-7.29 (m, 2H), 7.43
(dt, 1H, J = 7.5 and 1.5 Hz) -and 7.48 (td, 1H, J = 7.5 and 1.5 Hz); °C NMR (75 MHz,
CDCly) 0 141.5, 130.7, 128.4,123.4,122.4, 117.9 and 113.9.

4.3.2.28. 4-azidobenzonitrile (11b°)

jop
N

3

The preparation of 4-azidobenzonitrile (11b’) was performed starting from
aniline 10b’ as described in the general procedure A. The azide 11b’ was as a
brown solid (856 mg, 99% yield). The product was used in the next step without
further purification. mp = 58-59 °C; 'H NMR (300 MHz, CDCly) & 7.11 (d, 2H, J = 9.0 Hz)
and 7.65 (d, 2H, J = 9.0 Hz); *C NMR (75 MHz, CDCly) & 144.9, 133.9 (2C), 119.8 (20),
118.4 and 108.3.
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4.3.2.29. 1-azido-2-nitrobenzene (11c’)
O,N
P

The preparation of 1-azido-2-nitrobenzene (11c’) was performed starting from
aniline 10c’ as described in the general procedure A. The azide 11c’ was as a light
brown solid (975 mg, 99% vyield). The product was used in the next step without
further purification. mp = 40-41 °C; 'H NMR (300 MHz, CDCl,) O 7.27 (ddd, 1H, J = 8.4,
7.5and 1.2 Hz), 7.35 (dd, 1H, J = 8.4-and 1.2 Hz), 7.64 (ddd, 1H, J = 8.1, 7.5 and 1.5
Hz) and 7.93 (dd, 1H, J = 8.1 and 1.5 Hz); "*C NMR (75 MHz, CDCl;) & 140.8, 134.7,
134.2,126.0, 125.1 and 120.9.

4.3.2.30. 1-azido-3-nitrobenzene (11d’)

Ny~ : "NO;,

The preparation of 1-azido-3-nitrobenzene (11d’) was performed starting from
aniline 10d’ as described in the general procedure A. The azide 11d’ was as a light
brown solid (975 mg, 99% yield). The product was used in the next step without
further purification. mp-=-51-52 °C, 'H NMR (300 MHz, CDCL,) 6 7.35 (ddd, 1H, J = 8.1,
2.1 and 0.9 Hz), 7.55 (t, 1H, J = 8.1 Hz), 7.89 (t, 1H, J = 2.1 Hz) and 8.00 (ddd, 1H, J =
8.1, 2.1 and 0.9 Hz); °C NMR (75 MHz, €DCl;) & 149.2, 142.0, 130.7, 125.0, 119.7 and
114.1.

4.3.2.31. 1-azido-4-nitrobenzene (11e’)

N

3

The preparation of 1-azido-4-nitrobenzene (11e’) was performed starting from
aniline 10e’ as described in the general procedure A. The azide 11e’ was as a light

brown solid (985 mg, 100% yield). The product was used in the next step without
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further purification. mp = 72-73 °C; 'H NMR (300 MHz, CDCl,) O 7.14(d, 2H, J = 9.3 Hz)
and 8.24 (d, 2H, J = 9.3 Hz); *C NMR (75 MHz, CDCls) & 146.9, 144.7, 125.9 (2C) and
119.4 (20).

4.3.2.32. 1-azido-2-ethylbenzene (11f’)

pe

3

The preparation of 1-azido-2-ethylbenzene (11f’) was performed starting from
aniline 10f’ as described in the general procedure A. The crude product was
purified by column chromatography- (silica gel, pure hexane) to obtain the product
11f as a yellow oil (706-mg, 80% yield). *HNMR (300 MHz, CDCls) O 1.17 (t, 3H, J =
7.5 Hz), 2.59 (g, 2H, J = 7.5 Hz), 7.06 (td, 1H, J = 7.5 and 1.2 Hz), 7.11 (dd, 1H, J = 7.8
and 1.2 Hz), 7.17 (ddd, 1H, J.= 7.5, 1.2 and 0.6 Hz) and 7.22 (ddd, 1H, J = 8.7, 7.8 and
1.5 Hz); *C NMR (75 MHz, €DCly) & 137.8, 135.7, 129.6, 127.1, 124.8, 118.0, 24.3 and
14.6.

4.3.2.33. 1-azido-3-ethylbenzene (11¢’)

T AL

3

The preparation of 1-azido-3-ethylbenzene (11g’) was performed starting
from aniline 10g’ as described in the general procedure A. The azide 11g’ was as a
black oil (865 mg, 98% yield). The product was used in the next step without further
purification. 'H NMR (300 MHz, CDCl,) 6122 (t, 3H, J = 7.6 Hz), 2.63 (q, 2H, J = 7.6
Hz), 6.81-6.87 (m, 2H), 6.97 (brd, 1H, J = 7.4 Hz) and 7.24 (dd, 1H, J = 7.8 and 7.6 Hz),
BC NMR (75 MHz, CDCls) O 146.3, 140.1, 129.8, 124.7, 118.6, 116.5, 28.9 and 15.4.
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4.3.2.34. 1-azido-4-ethylbenzene (11h’)

T

3

The preparation of 1-azido-4-ethylbenzene (11h’) was performed starting
from aniline 10h’ as described in the general procedure A. The azide 11h’ was as a
brown oil (883 mg, 100% vyield). The product was used in the next step without
further purification. "H NMR (300 MHz, CDCls) O 121 (t, 3H, J = 7.6 Hz), 2.62 (g, 2H, J =
7.6 Hz), 6.93 (d, 2H, J = 8.5 Hz) and 7.16 (d, 2H, J = 8.6 Hz); "*C NMR (75 MHz, CDCl,)
0 141.1, 137.6, 129.3 (2C), 119.1 (20), 28.5 and 15.7.

4.3.2.35. 1-azido-2-isopropylbenzene (11i’)

N3

The preparation of 1-azido-2-isopropylbenzene (11i’) was performed starting
from aniline 10i’ as described in the general procedure A. The crude product was
purified by column chromatography (silica gel, pure hexane) to obtain the pure
product 11i’ as ‘a colorless oil (745 mg, 75% yield). 'H NMR (300 MHz, CDCls) & 1.20
(d, 6H, J = 6.9 Hz), 3.20 (septet, 1H, ) = 6.9 Hz), 7.10 (td, 1H, J = 7.2 and 1.5 Hz), 7.11
(dd, 1H, J = 7.2 and 1.5 Hz), 7.21 (dd, 1H, J = 7.2 and 1.5 Hz) and 7.22-7.27 (m, 1H);
BC NMR (75 MHz, CDCL;) 6 140.1, 137.3, 127.0, 126.7, 125.0, 118.1, 28.0 and 22.9 (2C).

4.3.2.36. 1-azido-3-isopropylbenzene (11j°)

N3

The preparation of 1-azido-3-isopropylbenzene (11j’) was performed starting

from aniline 10j’ as described in the general procedure A. The azide 11j’ was as a
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black oil (890 mg, 92% vyield). The product was used in the next step without further
purification. 'H NMR (300 MHz, CDCl5) O 1.24 (d, 6H, J = 6.9 Hz), 2.69 (septet, 1H, J =
6.9 Hz), 6.85 (ddd, 1H, J = 7.8, 2.4 and 0.9 Hz), 6.87 (t, 1H, J = 2.1 Hz), 7.00 (brd, 1H, J
= 7.8 Hz) and 7.26 (td, 1H, J = 7.8 and 0.3 Hz); *C NMR (75 MHz, CDCl;) O 150.8,
139.9, 129.6, 123.1, 117.1, 116.4, 34.1 and 23.7 (20).

4.3.2.37. 1-azido-4-isopropylbenzene (11k’)

N3

The preparation of 1-azido-d-isopropylbenzene (11k’) was performed starting
from aniline 10k’ as described in the general procedure A. The azide 11k’ was as a
brown oil (967 mg, 100% vyield). The product was used in the next step without
further purification. 'H NMR (300 MHz, CDCl) O 1.23(d, 6H, J = 6.9 Hz), 2.88 (septet,
1H, J = 6.9 Hz), 6.95 (d, 2H, J = 8.4 Hz) and 7.20(d, 2H, J = 8.1 Hz); >C NMR (75 MHz,
CDCly) 6 1455, 137.5, 127.7.(2C), 118.9 (20), 33.6, 23.9 (20).

4.3.2.38. 1-azido-3-(tert-butyl)benzene (110°)

N3

The preparation of 1-azido-3-(tert-butyl)benzene (111’) was performed starting
from aniline 10U" as described in the general procedure A. The azide 111" was as a
yellow oil (1.01 g, 96% yield). The product was used in the next step without further
purification. 'H NMR (300 MHz, CDCL,) O 1.31 (s, 9H), 6.86 (ddd, 1H, J = 7.8, 2.1 and
1.2 Hz), 7.02 (t, 1H, J = 2.1 Hz), 7.16 (ddd, 1H, J = 7.8, 1.8 and 1.2 Hz) and 7.28 (t, 1H,
J = 7.8 Hz); *C NMR (75 MHz, CDCl;) & 153.2, 139.7, 129.4, 122.1, 116.3, 116.0, 34.8
and 31.2 (3Q).
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4.3.2.39. 1-azido-4-(tert-butyl)benzene (11m’)

N3

The preparation of 1-azido-4-( tert-butyl) benzene (11m’) was performed
starting from aniline 10m’ as described in the general procedure A. The azide 11m’
was as a black brown oil (1.04 g, 99% vyield). The product was used in the next step
without further purification. H NMR (300 MHz, CDCls) & 1.29 (s, 9H), 6.94 (d, 2H, J =
9.0 Hz) and 7.34 (d, 2H, J = 8.7 Hz): *C NMR (75 MHz, CDCl;) & 148.0, 137.1, 126.7
(20), 118.6 (20), 34.4 and 31.3 (30).

4.3.2.40. 3-azidobenzoic acid (11n?)

OH
N3/©\[(

0]

The preparation of 3-azidobenzoic acid (11n’) was performed starting from
aniline 10n’ as described in the general procedure A. The azide 11n’ was as a light
yellow solid (969 mg, 99% vyield). The product was used in the next step without
further purification. mp =-147-148 °C; 'H NMR (300 MHz, DMSO-d,) 0 7.36 (ddd, 1H, J
= 8.1, 2.4 and 0.9 Hz), 7.53 (dd, 1H, J = 8.1 and 7.8 Hz), 7.55-7.58 (m, 1H) and 7.75 (dt,
1H, J = 7.8 and 1.2 Hz); *C NMR (75 MHz, DMSO-d,) O 166.5, 139.9, 132.6, 130.3,
125.9,123.5 and 119.4.

4.3.2.41. 4-azidobenzoic acid (110°)
(0]

@OH
N3



74

The preparation of 4-azidobenzoic acid (110’) was performed starting from
aniline 100’ as described in the general procedure A. The azide 110’ was as a
brown solid (979 mg, 100% vyield). The product was used in the next step without
further purification. mp = 177-178 °C; 'H NMR (300 MHz, MeOD-d,) 0714, 2H, J =
8.8 Hz) and 8.03 (d, 2H, J = 8.8 Hz); >C NMR (75 MHz, MeOD-d,) 0 169.2, 146.4, 132.8
(20), 128.7 and 120.1 (20).

4.3.2.42. N-(4-azidophenyl)acetamide (11p°’)

SN S

The preparation of N-(4-azidophenyl)acetamide (11p’) was performed starting
from aniline 10p’ as described in the general procedure A. The azide 11p’ was as a
brown solid (1.05 g, 99% yield). The product was used in the next step without
further purification. mp = 115-116 °C; *H NMR (300 MHz, DMSO-d,) & 2.03 (s, 3H), 7.05
(d, 2H, J = 8.9 Hz), 7.62 (d, 2H, J = 8.9 Hz) and 10.01 (brs, 1H); °C NMR (75 MHz,
DMSO-dy) & 168.3, 136.7, 133.6, 120.5 (2C), 119.4 (2C) and 23.9.

4.3.3. General procedure B for preparation of sorafenib derivatives 12a-12p’*

To a stirred suspension of the obtained phenyl azides 11 (0.70 mmol, 1.30
eq), ureido alkyne 9 (150 mg, 0.54 mmol, 1.00 eq) and ascorbic acid (5 mg, 0.03
mmol, 0.05 eqg) in a solvent mixture of n-butanol and water (4.0 mL, 1:1) was added
1M aqueoeus copper(ll)sulfate pentahydrate solution (27 pL, 0.03 mmol, 0.05 eq) at
room temperature. The reaction mixture was stirred at 65 °C for 2 h, and then diluted
with water (5.0 mL), followed by addition of 10% v/v ag. ammonium hydroxide
solution (2.5 mL). After that, the resulting solution was extracted with ethyl acetate
(3 x 50 mL). The combined organic phase was washed with aqueous sodium chloride

solution (1 x 20 mL), dried over with anhydrous sodium sulfate and filtered out. The
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solvent was removed under reduced pressure. The crude product was purified by
column chromatography (silica gel, ethyl acetate in hexane) to obtain the product

12a-12p’.

4.3.3.1. 1-(4-chloro-3-(trifluoromethyl)phenyl)-3-((1-phenyl-1H-1,2,3-triazol-4-

yUmethylurea (12a)
Cl

o)
/
FsC N N/\(\/N

The preparation of the target compound 12a was performed starting from
ureido alkyne 9 and azide 11a as described in the general procedure B. The crude
residue was purified by flash .column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 12a (209 mg, 98% yield) as an orange-yellow solid. mp = 168-
169°C; *H NMR (300 MHz, DMSO-dg) & 4.45 (d, 2H, J = 3.0 Hz), 6.91 (br t, 1H, J = 5.7
Hz), 7.48 (tt, 1H, J =6.6.and 1.2 Hz), 7.55 (d, 1H, J = 8.8 Hz), 7.57-7.64 (m, 3H), 7.89
(dd, 2H, J = 8.3 and 1.2 Hz), 8.09 (d, 1H, J = 2.2 Hz), 8.67 (s, 1H) and 9.13 (s, 1H); °C
NMR (75 MHz, DMSO-dy) O 155.0, 146.7, 140.1, 136.8, 132.0, 130.1 (2C), 128.8, 126.8
(g, J = 30.8 Hz), 123.0 (g, J = 271.5 Hz), 122.7, 121.8 (g, J = 1.5 Hz), 121.1, 120.2 (20),
116.5 (g, J = 6.0 Hz) and 35.0; “F NMR (282 MHz, DMSO-d) & -63.41 (s, 3F); HRMS
(ESI+): m/z = 396.0838 [M+H]"; calcd. 395.0839 for [(C7H13CIF3N5O)+H]".

4.3.3.2. 1-(4-chloro-3-(trifluoromethyl)pheny)-3-((1-(2-fluoropheny)-1H-1,2,3-triazol-4-

yUmethylurea (12b)

The preparation of the target compound 12b was performed starting from

ureido alkyne 9 and azide 11b as described in the general procedure B. The crude
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residue was recrystallized using acetone as an solvent to provide 12b (174 mg, 78%
yield) as a white solid. mp = 168-169 °C; 'H NMR (300 MHz, DMSO-d,) O aaa(d, 2H, J
= 5.6 Hz), 6.92 (brt, 1H, J = 5.7 Hz), 7.34-7.61 (m, 5H), 7.77 (td, 1H, J = 7.8 and 1.6 Hz),
8.00 (d, 1H J = 2.2 Hz), 8.35 (d, 1H, J = 2.1 Hz) and 9.12 (s, 1H); *C NMR (75 MHz,
DMSO-dy) 0 154.9, 153.8 (d, J = 248.3 Hz), 146.1, 140.0, 131.9, 131.2 (d, J = 7.5 Hz),
126.7 (g, J = 30.8 Hz), 125.9, 125.6 (d, J = 3.8 Hz), 124.8 (d, J = 10.5 Hz), 124.3 (d, J =
4.5 Hz), 122.9 (q, J = 271.5 Hz), 122.5, 121.6 (g, J = 2.3 Hz), 117.4 (d, J = 19.5 H2),
116.3 (g, J = 6.0 Hz) and 34.8; F NMR (282 MHz, DMSO-d;) O -63.31 (3F), -125.54;
HRMS (ESI+): m/z = 414.0734 [M+H]": calcd 414.0745 for [(Cy7H;5ClF4NsO)+H]".

4.3.3.3. 1-(4-chloro-3-(trifluoromethyphenyl)-3-(1-(3-flucrophenyl)-1H-1,2, 3-triazol-4-

yUmethylurea (12c)

The preparation of the target compound 12c was performed starting from
ureido alkyne 9 and azide 11c as described in the general procedure B. The crude
residue was purified by flash-column chromatography (silica gel, 60% ethyl acetate in
hexane) to provide 12c (206 mg, 92% yield) as a white solid. mp = 182-183 °C; 'H
NMR (300 MHz, DMSO-dy)-O 4.44 (d, 2H, J = 5.5 Hz), 6.93 (brt, 1H, J = 5.6 Hz), 7.33
(tdd, 1H, J = 8.6, 2.5 and 0.81 Hz), 7.54 (d, 1H, J = 8.8 Hz), 7.59 (dd, 1H, J = 8.9 and
2.3 Hz), 7.63 (ddd, 1H, J = 8.3, 8.3 and 6.3 Hz), 7.80 (ddd, 1H, J = 8.1, 2.0 and 0.81 Hz),
7.85 (dt, 1H, J = 10.1 and 2.2 Hz), 8.10 (d, 1H, J = 2.3 Hz), 8.72 (s, 1H), 9.16 (s, 1H); *C
NMR (75 MHz, DMSO-dy) & 162.5 (d, J = 243.8 Hz), 154.8, 146.8, 140.0, 137.9 (d, J =
10.5 Hz), 131.9, 131.8 (d, J = 8.3 Hz), 126.6 (q, J/ = 30.0 Hz), 122.9 (q, J = 271.5 Hz),
122.5, 121.6, 121.1, 116.3 (g, J = 6.0 Hz), 115.9 (d, J = 3.0 Hz), 115.3 (d, J = 20.3 Hz),
107.5 (d, J = 26.3 Hz) and 34.8; F NMR (282 MHz, DMSO-d,) O -63.12 (3F), -112.29;
HRMS (ESI+): m/z = 414.0743 [M+H]"; calcd 414.0745 for [(C;7H;5CIFgNsO)+H]".
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4.3.3.4. 1-(4-chloro-3-(trifluoromethyl)pheny)-3-((1-(4-fluoropheny)-1H-1,2,3-triazol-4-

ylmethylurea (12d)

The preparation of the target compound 12d was performed starting from
ureido alkyne 9 and azide 11d as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 60% ethyl acetate in
hexane) to provide 12d (179 mg, 80% yield) as a white solid. mp = 189-190 °C; 'H
NMR (300 MHz, DMSO-d,) & 4.45(d, 2H, J = 5.6 Hz), 6.91 (brt, 1H, J = 5.6 Hz), 7.42 (¢,
2H, J = 8.8 Hz), 7.53 (d, 1H, J = 8.8 Hz), 7.58 (dd, 1H, J = 8.8 and 2.3 Hz), 7.94 (dd, 2H,
J=138and 9.1 Hz), 8.09.(d, 1H, J = 2.3 Hz), 8.65 (s, 1H)'and 9.13 (s, 1H); >*C NMR (75
MHz, DMSO-dy) 6 161.6(d, J = 244.5 Hz), 154.8, 146.6, 140.0, 133.2 (d, J = 3.0 Hz),
131.8, 126.6 (g, J = 30.8 Hz), 122.9(q, J = 271.5 Hz), 122.4, 122.3 (2C, d, J = 9.0 Hz),
121.5(q, J = 1.5 H2), 121.2,116.5(2C, d, J = 22.5 Hz), 116.2 (g, J = 5.3 Hz) and 34.84;
F NMR (282 MHz, DMSO-dy) & -63.53 (3F), <115.40; HRMS (ESI+): m/z = 414.0733
[M+H]"; calcd 414.0745 for [(C;7H,3ClF4NsO)+H]".

4.3.3.5. 1-(4-chloro-3<trifluoromethyl)phenyl)-3-((1-(2-chloropheny!)-1H-1,2,3-triazol-4-

yUmethylurea (12e)

The preparation of the target compound 12e was performed starting from
ureido alkyne 9 and azide 11e as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 40% ethyl acetate in
hexane) to provide 12e (211 mg, 91% yield) as a beige color solid. mp = 147-148 °C;
'H NMR (300 MHz, DMSO-dy) O 4.47 (d, 2H, J = 5.4 Hz), 6.93 (brt, 1H, J = 5.6 Hz), 7.51-
7.61 (m, 4H), 7.65 (td, 1H, J = 7.5 and 2.1 Hz), 7.76 (dd, 1H, J = 7.5 and 1.8 Hz), 8.08
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(d, 1H, J = 2.3 Hz), 8.40 (s, 1H) and 9.14 (s, 1H); *C NMR (75 MHz, DMSO-d,) & 154.9,
1455, 140.0, 134.6, 131.9, 131.6, 130.6, 128.5 (2C), 128.4, 126.7 (q, J = 30.0 Hz), 124.9,
122.9 (q, J = 271.5 Hz), 122.5, 121.6 (g, J = 2.3 Hz), 116.3 (g, J = 5.3 Hz) and 34.8; “F
NMR (282 MHz, DMSO-d,) & -63.17 (3F).

4.3.3.6. 1-(4-chloro-3-(trifluoromethyl)phenyl)-3-((1-(3-chlorophenyl)-1H-1,2, 3-triazol-4-

yUmethylurea (12f)

The preparation of the target compound 12f was performed starting from
ureido alkyne 9 and azide 11f as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 40% ethyl acetate in
hexane) to provide 12f (200 mg, 86% vyield) as a beige color solid. mp = 163-164 °C;
'H NMR (300 MHz, DMSO-d,) O 4.45 (d, 2H,J = 5.5 Hz), 6.93 (brt, 1H, J = 5.6 Hz), 7.51-
7.60 (m, 3H), 7.61 (t, 1H, J = 8.1 Hz), 7.92 (ddd, 1H, J = 7.8, 2.1 and 1.2 Hz), 8.05 (t, 1H,
J = 2.1 Hz), 8.10 (d, 1H, J = 2.1 Hz), 8:76 (s, 1H) and 9.15 (s, 1H); "°C NMR (75 MHz,
DMSO-dy) 0 154.8, 146.8, 140.0, 137.7, 134.2, 131.8, 131.6, 128.3, 126.6 (g, J = 30.0
Hz), 122.9 (q, J = 273.0 Hz), 122.4,121.6 (q,J = 2.3 Hz), 121.1, 119.7, 118.5, 116.2 (q, J
= 6.0 Hz) and 34.9; F NMR (282 MHz, DMSO-d,) & -63.06 (3F).

4.3.3.7. 1-(4-chloro-3-(trifluoromethyl)pheny)-3-((1-(4-chloropheny!)-1H-1,2,3-triazol-4-

Cl Cl
pe S W ;

The preparation of the target compound 12g was performed starting from

yUmethylurea (12g)

Iz

ureido alkyne 9 and azide 11g as described in the general procedure B. The crude
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residue was purified by flash column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 12g (230 mg, 99% yield) as a white solid. mp = 203-204 °C; 'H
NMR (300 MHz, DMSO-dy) 0 444 (d, 2H, J = 5.5 Hz), 6.93 (brt, 1H, J = 5.5 Hz), 7.55 (d,
1H, J = 8.8 Hz), 7.58 (dd, 1H, J = 8.9 and 2.2 Hz), 7.66 (d, 2H, J = 8.9 Hz), 7.95 (d, 2H, J
= 8.9 Hz), 8.10 (d, 1H, J = 2.0 Hz), 8.70 (s, 1H) and 9.16 (s, 1H); °C NMR (75 MHz,
DMSO-dy) 0 154.8, 146.7, 140.0, 135.5, 132.8, 131.8, 129.8 (20), 126.6 (g, J = 30.0 Hz),
1229 (q, J = 271.5 Hz), 122.4, 121.6 (2C), 121.6 (g, J = 1.5 Hz), 121.0, 116.3 (g, J = 6.0
Hz) and 34.8; F NMR (282 MHz, DMSO-dy) & -63.10 (3F); HRMS (ESl+): m/z =
430.0445 [M+H]"; calcd 430.0449 for [(Cy7H;3CLFsNsO)+H]™.

4.3.3.8. 1-((1-(2-bromophenyl)-1H-1,2,3-triazol-4-yl)methy!)-3-(4-chloro-3-
(trifluoromethyl)phenylurea (12h)
DAL =0
phd N NN
The preparation of the target compound 12h was performed starting from
ureido alkyne 9 and azide 11h as described in the general procedure B. The crude
residue was purified by flash-column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 12h (231 mg, 90% vyield) as a beige color crystal solid. mp = 144-
145 °C; 'H NMR (300 MHz, DMSO-d) O 4.47 (d, 2H, J = 5.3 Hz), 6.92 (brt, 1H, J = 5.4
Hz), 7.50-7.64 (m, 5H), 7.90 (brd, 1H, J = 7.5 Hz), 8.08 (d, 1H, J = 2.1 Hz), 8.37 (s, 1H)
and 9.14 (s, 1H); *C NMR (75 MHz, DMSO-dy) 6 155.3, 145.8, 140.1, 136.7, 134.1, 132.3
(20), 129.4, 129.1, 127.1 (q, J = 30.0 Hz), 125.3, 123.3 (g, J = 270.8 Hz), 122.9, 122.0 (q,

J = 1.5Hz), 119.2, 116.7 (g, J = 5.3 Hz) and 35.2; "’F NMR (282 MHz, DMSO-dj) 0 -
63.07 (3F).



80

4.3.3.9. 1-((1-(3-bromopheny!)-1H-1,2,3-triazol-4-y)methy!)-3-(4-chloro-3-

(triftuoromethyl)phenylurea (12i)
BON SN
FsC N NN Br

The preparation of the target compound 12i was performed starting from
ureido alkyne 9 and azide 11i as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 12i (256 mg, 100% yield) as a white solid. mp = 160-161 °C; 'H
NMR (300 MHz, DMSO-d,) & 4.45(d, 2H, J = 5.4 Hz), 6.92 (brt, 1H, J = 5.4 Hz), 7.53 (t,
1H, J = 8.1 Hz), 7.55 (d, 1H, J = 8.7 Hz), 7.59(dd, 1H, J = 9.0 and 2.4 Hz), 7.68 (brdd,
1H, J = 8.1 and 0.9 Hz), 7.95 (brdd, 1H, J = 8.1 and 1.2Hz), 8.10 (d, 1H, J = 2.1 Hz),
8.17 (t, 1H, J = 1.8 Hz), 8.76 (s, 1H) and 9.15 (s, 1H): *C NMR (75 MHz, DMSO-d,) O
154.8, 146.8, 140.0, 137.8, 131.8, 131.7 (2C), 131.2, 126.6 (g, J = 30.0 Hz), 122.9 (q, J =
271.5 Hz), 122.5 (2C), 121.6 (g, J = 2.3 Hz), 121.1, 118.9, 116.4 (q, J = 6.8 Hz) and 34.8;
F NMR (282 MHz, DMSO-dy) 8 -63.07 (3F).

4.3.3.10. 1-((1~(4-bromophenyl)-1H-1,2,3-triazol-4-yl methyl)-3-(4-chloro-3-

(trifluoromethyl)phenyl)urea (12j)

Cl Br
F3Cj©\ j\”/\@,\,/@

N=N

I=z

The preparation of the target compound 12j was performed starting from
ureido alkyne 9 and azide 11j as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 12j (223 mg, 87% yield) as a white solid. mp = 206-207 °C; 'H
NMR (300 MHz, DMSO-dy) 0 a.44 (d, 2H, J = 5.5 Hz), 6.93 (brt, 1H, J = 5.6 Hz), 7.54 (d,
1H, J = 8.8 Hz), 7.58 (dd, 1H, J = 8.9 and 2.3 Hz), 7.78 (d, 2H, J = 9.0 Hz), 7.88 (d, 2H, J
= 9.0 Hz), 8.09 (d, 1H, J = 2.2 Hz), 8.70 (s, 1H) and 9.16 (s, 1H); °C NMR (75 MHz,
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DMSO-d,) & 154.8, 146.8, 140.0, 135.9, 132.7 (2C), 131.8, 126.6 (q, J = 30.8 Hz), 122.9
(q,J = 271.5 Hz), 122.4, 121.9 (2C), 121.5, 121.2, 121.0, 116.3 (q, J = 5.3 Hz) and 34.8;
F NMR (282 MHz, DMSO-dy) & -63.13 (3F); HRMS (ESI+): m/z = 475.9930 [M+H]*;
calcd 473.9944 for [(Cy7H,5BrClFsNsO)+H]".

4.3.3.11. 1-(4-chloro-3-(trifluoromethy)phenyl)-3-((1-(2-iodophenyl)-1H-1,2, 3-triazol-4-

yUmethylurea (12k)

The preparation of the target compound 12k was performed starting from
ureido alkyne 9 and azide 11k as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 12k (197 mg, 70% yield) as a light-yellow solid. mp = 165-166 °C;
'H NMR (300 MHz, DMSO-d,) & 4.47 (d, 2H, J = 5.3 Hz),6.93 (brt, 1H, J = 5.3 Hz), 7.35
(td, 1H, J = 7.7 and 1.5 Hz), 7.46-7.65 (m, 4H), 8.08 (d, 1H, J = 6.5 Hz), 8.09 (d, 1H, J =
2.5 Hz), 8.32 (s, 1H) and 9.16 (s, 1H); *C NMR (75 MHz, DMSO-d,) & 154.7, 145.3,
140.0, 139.8, 139.7, 131.8, 131.7,.129.3, 127.9, 126.6 (g, J = 30.8 Hz), 124.5, 122.8 (q, J
= 270.8 Hz), 122.4, 1216, 116.3 (g, J = 6.0 Hz), 95.4 and 34.8; ’F NMR (282 MHz,
DMSO-d,) O -63.05 (3F).

4.3.3.12. 1-(4-chloro-3-(trifluoromethylphenyl)-3-(1-(3-iodophenyl)-1H-1,2,3-triazol-4-

yODmethylurea (120)

The preparation of the target compound 12l was performed starting from

ureido alkyne 9 and azide 11l as described in the general procedure B. The crude
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residue was purified by flash column chromatography (silica gel, 40% ethyl acetate in
hexane) to provide 121 (259 mg, 92% yield) as a beige color solid. mp = 164-165 °C;
'H NMR (300 MHz, DMSO-dy) O 4.44 (d, 2H, J = 5.4 Hz), 6.92 (brt, 1H, J = 5.4 Hz), 7.36
(dd, 1H, J = 8.1 and 7.8 Hz), 7.54 (d, 1H, J = 9.0 Hz), 7.59 (dd, 1H, J = 9.0 and 2.4 Hz),
7.83 (ddd, 1H, J = 7.8, 1.5 and 0.9 Hz), 7.95 (ddd, 1H, J = 8.1, 2.1 and 0.6 Hz), 8.10 (d,
1H, J = 2.4 Hz), 8.28 (dd, 1H, J = 2.1 and 1.5 Hz), 8.71 (s, 1H) and 9.14 (s, 1H); *C NMR
(75 MHz, DMSO-d) & 154.8, 146.8, 140.0, 137.6, 137.2, 131.9, 131.7, 128.0, 126.6 (q, J
= 30.0 Hz), 122.9 (q, J = 271.5 Hz), 122.5, 121.6 (g, J = 2.3 Hz), 121.1, 119.3, 116.3 (q, J
= 6.0 Hz), 95.4 and 34.8; *°F NMR (282 MHz, DMSO-d.) & -63.07 (3F).

4.3.3.13. 1-(4-chloro-3-(trifluoromethylphenyl)-3-(1-(4-iodophenyl)-1H-1,2,3-triazol-4-

yUDmethylQurea (12m)

The preparation of the target compound 12m was performed starting from
ureido alkyne 9 and azide 11m as described in the general procedure B. The crude
residue was purified by flash-column chromatography (silica gel, 40% ethyl acetate in
hexane) to provide 12m (251 mg, 89% vyield) as a yellow solid. mp = 195-196 °C; 'H
NMR (300 MHz, DMSO-d)-8 4.44.(d, 2H, J = 5.5 Hz),6.92 (ort, 1H, J = 5.5 Hz), 7.54 (d,
1H, J = 8.8 Hz), 7.58 (dd, 1H, J = 8.9 and 2.1 Hz), 7.73 (d, 2H, J = 8.7 Hz), 7.94 (d, 2H, J
= 8.7 Hz), 8.09 (d, 1H, J = 2.0 Hz), 8.68 (s, 1H) and 9.15 (s, 1H); °C NMR (75 MHz,
DMSO-d,) & 154.9, 146.8, 140.0, 138.6 (2C), 136.4, 131.9, 126.6 (q, J = 30.0 Hz), 122.9
(g, J = 271.5 Hz), 122.5, 121.9 (20), 121.6 (q, J = 2.3 Hz), 120.9, 116.3 (q, J = 5.3 Hz),
94.1 and 34.9; '°F NMR (282 MHz, DMSO-d;) & -63.26 (3F).
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4.3.3.14. 1-(4-chloro-3-(trifluoromethy)phenyl)-3-((1-(2-hydroxypheny)-1H-1,2, 3-
triazol-4-yl)methyl)urea (12n)
CI@\ o HO
FsC LN/\/\/NJQ

The preparation of the target compound 12n was performed starting from
ureido alkyne 9 and azide 11n as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 12n (220 mg, 99% vyield) as a brown-red solid. mp = 202-203 °C;
'H NMR (300 MHz, DMSO-dy) & 4.44(d, 2H, J = 5.4 Hz), 6.90 (brt, 1H, J = 5.5 Hz), 6.98
(td, 1H, J = 8.0 and 1.0 Hz), 7.10 (dd, 1H, J = 8.2 .and 0.9 Hz), 7.33 (td, 1H, J = 8.3 and
1.6 Hz), 7.54 (d, 1H, J = 8.9 Hz), 7.58 (dd, 2H, J = 7.9 and 1.6 Hz), 8.07 (d, 1H, J = 2.2
Hz), 8.33 (s, 1H), 9.12 (s, 1H) and 10.53 (brs, 1H); **C NMR (75 MHz, DMSO-d,) & 154.9,
149.5 (recheck! C-0), 145.1,.140.0, 131.9, 130.0, 126.7 (g, J = 30.0 Hz), 125.1, 124.6,

124.2,122.9 (q, J = 271.5 Hz), 122.4, 121.6 (g, J = 1.5 Hz), 119.6, 117.1, 116.3 (q, J =
6.0 Hz) and 34.9; *>F NMR (282 MHz, DMSO-dy) & -63.28 (3F);

4.3.3.15. 1-(4-chloro-3-(trifluoromethylphenyl)-3-((1-(3-hydroxypheny)-1H-1,2, 3-

triazol-4-yl)methylurea (120)

CIj@\ j\ /@\
FsC N ”/\ﬁ\lN OH
The preparation of the target compound 120 was performed starting from
ureido alkyne 9 and azide 110 as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 120 (220 mg, 99% vyield) as a white solid. mp = 231-232 °C; 'H
NMR (300 MHz, DMSO-dj) 0 4.43 (d, 2H, J = 5.4 Hz), 6.86 (ddd, 1H, J = 8.8, 2.2 and 1.1
Hz), 6.90 (brt, 1H, J = 5.6 Hz), 7.24-7.35 (m, 2H), 7.36 (t, 1H, J = 8.5 Hz), 7.54 (d, 1H, J =
8.8 Hz), 7.59 (dd, 1H, J = 8.9 and 2.3 Hz), 8.09 (d, 1H, J = 2.2 Hz), 8.59 (s, 1H), 9.13 (s,
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1H) and 10.00 (brs, 1H); *C NMR (75 MHz, DMSO-d,) & 158.5, 154.8, 146.4, 140.0,
137.7, 131.9, 130.8, 126.7 (q, J = 30.8 Hz), 122.9 (q, J = 271.5 Hz), 122.5, 121.6 (q, J =
2.3 Hz), 120.9, 116.3 (q, J = 6.0 Hz), 115.6, 110.4, 107.0 and 34.9; *°F NMR (282 MHz,
DMSO-dy) & -63.23 (3F).

4.3.3.16. 1-(4-chloro-3-(trifluoromethyl)phenyl)-3-((1-(4-hydroxyphenyl)-1H-1,2,3-

triazol-4-yl)methyl)urea (12p)
pYV NI
FaC NN

The preparation of the target compound 12p was performed starting from
ureido alkyne 9 and azide 11p as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 12p (189 mg, 85% vyield) as a light brown solid. mp = 139-140 °C;
'H NMR (300 MHz, DMSO-d,) & 4.43 (d, 2H, J = 5.5 Hz), 6.88 (brt, 1H, J = 5.6 Hz), 6.92
(d, 2H, J = 8.9 Hz), 7.52 (d, 1H, J = 8.8 Hz), 7.58 (dd, 1H,J = 8.9 and 2.3 Hz), 7.65 (d,
2H, J = 8.9 Hz), 8.09 (d, 1H, J = 2.3 Hz), 8.46 (s, 1H), 9.11 (s, 1H) and 9.93 (s, 1H); °C
NMR (75 MHz, DMSO-d) & 158.1, 155.3, 146.5, 140.5,132.3, 129.3, 127.1 (q, J = 30.8
Hz), 123.3 (g, J = 271.5 Hz), 122.9,122.3 (20), 122.0(q, J = 1.5 Hz), 121.3, 116.7 (q, J =
6.0 Hz), 116.5 (2C) and 35.3; '°F NMR (282 MHz, DMSO-d,) O -63.47 (3F); HRMS (ESI+):
m/z = 412.0772 [M+H]"; calcd 412.0788 for [(C;7H;3CIF3sNsO)+H]".

4.3.3.17. 1-(4-chloro-3-(trifluoromethyphenyl)-3-((1-(2-methoxyphenyl)-1H-1,2,3-

triazol-4-yl)methylurea (12q)

Cl o MeO
OB PeNe
FsC u/\(\N

N=

Iz
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The preparation of the target compound 12q was performed starting from
ureido alkyne 9 and azide 11q as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 40% ethyl acetate in
hexane) to provide 12q (202 mg, 88% vyield) as a white solid. mp = 176-177 °C; 'H
NMR (300 MHz, DMSO-dy) O 3.84 (s, 3H), 4.44 (d, 2H, J = 5.3 Hz), 6.90 (brt, 1H, J = 5.4
Hz), 7.13 (td, 1H, J = 7.8 and 1.2 Hz), 7.31 (dd, 1H, J = 8.4 and 1.2 Hz), 7.48-7.62 (m,
4H), 8.08 (d, 1H, J = 2.3 Hz), 8.29 (s, 1H) and 9.12 (s, 1H); *C NMR (75 MHz, DMSO-dj)
0 154.8, 151.6, 145.1, 140.0, 131.9, 130.6, 126.6 (q, J = 30.0 Hz), 125.8, 125.7, 124.6,
122.9 (q, J = 270.8 Hz), 122.4, 121.6 (g, J = 1.5 Hz), 120.9, 116.3 (g, J = 6.0 Hz), 113.0,
56.1 and 34.8; °F NMR (282 MHz, DMSO-dy) & -63.08 (3F).

4.3.3.18. 1-(4-chloro-3-(trifluoromethyl)phenyl)-3-((1-(3-methoxyphenyl)-1H-1,2,3-

triazol-4-yl)methyurea (12r)
=AY
FsC N/Y\N OMe

The preparation of the target compound 12r was performed starting from
ureido alkyne 9 and azide 11r as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 12r (221 mg, 96% vield) as a beige color solid. mp = 164-165 °C;
"H NMR (300 MHz, DMSO-d,) & 3.84 (s, 3H), 4.44 (d, 2H, J = 5.4 Hz), 6.93 (brt, 1H, J =
5.4 Hz), 7.03 (ddd, 1H, J = 3.0, 2.4 and 0.6 Hz), 7.43-7.51 (m, 3H), 7.54 (d, 1H, J = 8.7
Hz), 7.59 (dd, 1H, J = 8.7 and 2.1 Hz), 8.10 (d, 1H, J = 2.3 Hz), 8.70 (s, 1H) and 9.15 (s,
1H); ®C NMR (75 MHz, DMSO-d,) O 160.2, 154.8, 146.5, 140.0, 137.8, 131.9, 130.8,
126.6 (q, J = 30.0 Hz), 122.9 (q, J = 270.8 Hz), 122.4, 121.6 (g, J = 1.5 Hz), 121.1, 116.3
(g, J = 5.3 Hz), 114.3, 112.0, 105.6, 55.6 and 34.9; °F NMR (282 MHz, DMSO-d,) & -
63.08 (3F).



86

4.3.3.19. 1-(4-chloro-3-(trifluoromethyphenyl)-3-((1-(4-methoxyphenyl)-1H-1,2,3-

triazol-4-yl)methyl)urea (12s)
Cl 0 OMe
FsCI I L @

The preparation of the target compound 12s was performed starting from
ureido alkyne 9 and azide 11s as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 12s (205 mg, 89% vield) as a light orange solid. mp = 156-157 °C;
"H NMR (300 MHz, DMSO-dy) & 3.82 (s, 3H), 4.43 (d, 2H, J = 5.3 Hz), 6.90 (brt, 1H, J =
5.4 Hz), 7.11 (d, 2H, J = 9.0 Hz), 7.53 (d, 1H, J = 9.0 Hz), 7.59 (dd, 1H, J = 9.0 and 2.4
Hz), 7.79 (d, 2H, J = 9.0 Hz), 8.09 (d, 1H, J = 2.4 Hz), 8.55 (s, 1H) and 9.13 (s, 1H); *C
NMR (75 MHz, DMSO-ds) § 159.2, 154.9, 146.3,140.0, 131.9, 130.2, 126.7 (q, J = 30.0
Hz), 122.9 (g, J = 271.5 Hz), 122.5,121.7 (3F), 120.9, 116.3 (g, J = 5.3 Hz), 114.9 (20),
55.6 and 34.9; 'F NMR (282 MHz, DMSO-d.) & -63.08 (3F).

4.3.3.20. 1-(4-chloro-3-(trifluoromethyl)phenyl)-3-((1-(o-tolyl)-1H-1,2,3-triazol-4-

yUmethylurea (12t)

The preparation of the target compound 12t was performed starting from
ureido alkyne 9 and azide 11t as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 12t (182 mg, 82% vyield) as a light brown solid. mp = 166-167 °C;
'H NMR (300 MHz, DMSO-dy) O 2.14 (s, 3H), 4.46 (d, 2H, J = 5.3 Hz), 6.91 (brt, 1H, J =
5.5 Hz), 7.37-7.42 (m, 2H), 7.43-7.49 (m, 2H), 7.54 (d, 1H, J = 8.7 Hz), 7.59 (dd, 1H, J =
8.7 and 2.4 Hz), 8.09 (d, 1H, J = 2.3 Hz), 8.32 (s, 1H) and 9.13 (s, 1H); >C NMR (75 MHz,
DMSO-dy) 0 154.9, 145.4, 140.0, 136.4, 133.0, 131.9, 131.4, 129.8, 127.0, 126.7 (q, J =
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30.8 Hz), 126.0, 124.3, 122.9 (q, J = 271.5 Hz), 122.5, 121.6 (q, J = 2.3 Hz), 116.3 (g, J =
6.0 Hz), 34.9 and 17.5; 1°F NMR (282 MHz, DMSO-d,) O -63.18 (3F).

4.3.3.21. 1-(4-chloro-3-(trifluoromethylphenyl)-3-((1-(m-tolyl)-1H-1,2,3-triazol-4-

yUmethylurea (12u).

The preparation of the target compound 12u was performed starting from
ureido alkyne 9 and azide 11u as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 40% ethyl acetate in
hexane) to provide 12u (197 mg, 89% yield) as a white solid. mp = 188-189 °C; 'H
NMR (300 MHz, DMSO-dj) 8 2.40 (s, 3H), 4.44 (d, 2H, J = 5.4 Hz), 6.91 (brt, 1H, J = 5.4
Hz), 7.28 (brd, 1H, J = 7.5 Hz), 7.45 (t, 1H, J = 7.8 Hz), 7.54 (d, 1H, J = 8.7 Hz), 7.59 (dd,
1H, J = 9.0 and 2.4 Hz), 7.68 (brd, 1H, J = 8.1 Hz), 7.73 (brs, 1H), 8.09 (d, 1H, J = 2.2
Hz), 8.62 (s, 1H) and 9.14 (s, 1H); *C NMR (75 MHz, DMSO-d,) & 155.9, 147.4, 141.0,
140.6, 137.6, 132.8, 130.6, 130.1,127.6 (g, J = 30.8 Hz), 123.8 (g, J = 270.8 Hz), 123.4,
122.5 (g, J = 2.3 Hz), 121.8,121.3, 118.0, 117.3 (g, J = 6.0 Hz), 35.8 and 21.8; “*F NMR
(282 MHz, DMSO-dy) 6 -63.17 (3F).

4.3.3.22. 1-(4-chloro-3-(trifluoromethy)phenyl)-3-((1-(p-tolyl)-1H-1,2,3-triazol-4-

cl Me
F3c;©\ j\ V\N@/

The preparation of the target compound 12v was performed starting from

yOmethylurea (12v).

Iz
Iz

ureido alkyne 9 and azide 11v as described in the general procedure B. The crude

residue was purified by flash column chromatography (silica gel, 60% ethyl acetate in
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hexane) to provide 12v (199 mg, 90% yield) as a white solid. mp = 182-183 °C; 'H
NMR (300 MHz, DMSO-d,) & 2.38 (s, 3H), 4.44 (d, 2H, J = 5.5 Hz), 6.92 (brt, 1H, J = 5.6
Hz), 7.38 (d, 2H, J = 8.2 Hz), 7.55 (d, 1H, J = 8.8 Hz), 7.59 (dd, 1H, J = 8.9 and 2.3 Hz),
7.77 (d, 2H, J = 8.5 Hz), 8.10 (d, 1H, J = 2.2 Hz), 8.61 (s, 1H) and 9.15 (s, 1H); °C NMR
(75 MHz, DMSO-d,) & 154.8, 146.4, 140.0, 138.2, 134.5, 131.9, 130.2 (20), 126.6 (q, J =
30.0 Hz), 122.9 (q, J = 271.5 Hz), 122.4, 121.6 (q, J = 2.3 Hz), 120.8, 119.9 (20), 116.2
(g, J = 5.3 Hz), 34.9 and 20.5; *°F NMR (282 MHz, DMSO-d) O -63.31 (3F).

4.3.3.23. 1-(4-chloro-3-(trifluoromethyl)phenyl)-3-((1-(2-(trifluoromethyl)pheny!)-1H-
1,2,3-triazol-4-ylmethyurea (12w)
Clj©\ X RE
FsC A /\/\Nj@

The preparation of the target compound 12w was performed starting from
ureido alkyne 9 and azide 11w as described in-the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 12w (248 mg, 99% vyield) as a white solid. mp = 113-114 °C; 'H
NMR (300 MHz, DMSO-dy) 8-4.45(d, 2H, J = 5.4 Hz), 6.91 (brt, 1H, J = 5.4 Hz), 7.54 (d,
1H, J = 9.2 Hz), 7.58 (dd, 1H, J = 9.2 and 2.2 Hz), 7.67 (brd, 1H, J = 7.7 Hz), 7.84 (brt,
1H, J = 7.6 Hz), 7.91 (brt, 1H, J = 7.4 Hz), 8.02 (brd, 1H, J = 7.4 Hz), 8.07 (brs, 1H), 8.35
(s, 1H) and 9.15 (s, 1H); *C NMR (75 MHz, DMSO-d,) & 155.0, 145.6, 140.0, 134.4 (q, J
= 1.5 Hz), 134.0, 131.9, 131.1, 129.3, 127.5 (g, J = 5.3 Hz), 126.8 (g, J = 30.8 Hz), 125.5,
124.9 (g, J = 3.0 Hz), 123.0 (g, J = 271.5 Hz), 122.9 (q, J = 272.3 Hz), 122.5, 121.7 (q, J

= 1.5 Hz), 116.4 (g, J = 5.3 Hz) and 34.8; '°F NMR (282 MHz, DMSO-d,;) & -60.05 (3F), -
63.42 (3F).
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4.3.3.24. 1-(4-chloro-3-(trifluoromethyphenyl)-3-((1-(3-(trifluoromethyl)pheny!)-1H-

1,2,3-triazol-4-yl)methylurea (12x)
BN SONS
FsC N/Y\/N CF

The preparation of the target compound 12x was performed starting from
ureido alkyne 9 and azide 11x as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 40% ethyl acetate in
hexane) to provide 12x (245 mg, 98% vyield) as a white crystal solid. mp = 152-153
°C; 'H NMR (300 MHz, DMSO-d,) & 4.47 (d, 2H, J = 5.5 Hz), 6.94 (brt, 1H, J = 5.6 Hz),
7.54 (d, 1H, J = 8,8 Hz), 7.59 (dd, 1H, J = 8.9 and 2.3 Hz), 7.77-7.89 (m, 2H), 8.10 (d,
1H, J = 2.2 Hz), 8.21-8.33(m, 2H), 8.86 (s, 1H) and 9.17 (s, 1H); °C NMR (75 MHz,
DMSO-dy) O 154.9, 147.0, 140.0, 137.2, 131.9, 131.3, 130.6 (g, J = 32.3 Hz), 126.7 (q, J
= 30.0 Hz), 125.1 (q, J = 3.8 Hz), 123.9,.123.6 (q, J = 270.8 Hz), 122.9 (g, J = 271.5 Hz),
122.5, 121.6 (g, J = 1.5 Hz), 121.3,116.6 (g, J = 3.8 Hz), 116.3 (g, J = 5.3 Hz) and 34.9;
F NMR (282 MHz, DMSO-dy) 8 -63.01 (3F), -63.23 (3F).

4.3.3.25. 1-(4-chloro-3-(trifluoromethy)phenyl)-3-((1-(4-(trifluoromethyl)pheny!)-1H-

1,2, 3-triazol-4-ylmethylurea (12y)

CIj@\ o CF3
ol
FsC ”/\@N

N=N

Iz

The preparation of the target compound 12y was performed starting from
ureido alkyne 9 and azide 11y as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 40% ethyl acetate in
hexane) to provide 12y (245 mg, 98% vyield) as a white solid. mp = 199-200 °C; H
NMR (300 MHz, DMSO-dy) 0 a.46 (d, 2H, J = 5.5 Hz), 6.94 (brt, 1H, J = 5.6 Hz), 7.54 (d,
1H, J = 8.8 Hz), 7.59 (dd, 1H, J = 8.9 and 2.3 Hz), 7.97 (d, 2H, J = 8.6 Hz), 8.10 (d, 1H, J
= 2.2 Hz), 8.20 (d, 2H, J = 8.5 Hz), 8.82 (s, 1H) and 9.17 (s, 1H); C NMR (75 MHz,
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DMSO-dy) & 154.9, 147.1, 140.0, 139.5, 131.8, 128.6 (q, J = 32.3 Hz), 127.2 (2C, q, J =
3.8 Hz), 126.7 (g, J = 30.0 Hz), 123.9 (q, J = 270.8 Hz), 122.9 (g, J = 271.5 Hz), 122.5,
121.6 (g, J = 1.5 Hz), 121.2, 120.4 (2C), 116.3 (g, J = 5.3 Hz) and 34.9; °F NMR (282
MHz, DMSO-d,) & -62.74 (3F), -63.19 (3F).

4.3.3.26. 1-(4-chloro-3-(trifluoromethylphenyl)-3-(1-(2-cyanophenyl)-1H-1,2,3-triazol-

4-yl)methylurea (12z)

The preparation of the target compound 12z was performed starting from
ureido alkyne 9 and azide 11z as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 60% ethyl acetate in
hexane) to provide 12z (216 mg, 95% yield) as a light yellow solid. mp = 162-163 °C;
'H NMR (300 MHz, DMSO-d,) & 4.49-(d, 2H, J = 5.5 Hz), 6.97 (brt, 1H, J = 5.6 Hz), 7.54
(d, 1H, J = 8.8 Hz), 7.59 (dd, 1H, J = 8.9 and 2.3 Hz), 7.75 (td, 1H, J = 7.6 and 1.2 Hz),
7.85 (dd, 1H, J = 8.0 and 1.0 Hz), 7.94 (td, 1H, J = 8.1 and 1.4 Hz), 8.10 (d, 1H, J = 2.3
Hz), 8.12 (dd, 1H, J = 7.5 and 1.3 Hz), 8.61 (s, 1H) and-9.17 (s, 1H); *C NMR (75 MHz,
DMSO-dy) & 154.9, 146.5, 140.0, 137.9, 134.8, 124.7, 131.8,130.1, 126.6 (g, J = 30.0
Hz), 125.7, 123.7, 122.9 (g, J = 271.5 Hz), 122.5, 121.6 (q, J = 1.5 Hz), 116.3 (q, J = 6.0
Hz), 115.9, 107.0 and 34.8; °F NMR (282 MHz, DMSO-d,) & -62.08 (3F).

4.3.3.27. 1-(4-chloro-3-(trifluoromethyphenyl)-3-((1-(3-cyanophenyl)-1H-1,2,3-triazol-

4-yl)methylurea (12a’)

cl
X2 L
FsC N NN CN
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The preparation of the target compound 12a’ was performed starting from
ureido alkyne 9 and azide 11a’ as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 60% ethyl acetate in
hexane) to provide 12a’ (220 mg, 97% yield) as a beige color crystal solid. mp = 212-
213 °C; 'H NMR (300 MHz, DMSO-d,) & 4.46 (d, 2H, J = 5.5 Hz), 6.95 (brt, 1H, J = 5.7
Hz), 7.54 (d, 1H, J = 8.8 Hz), 7.58 (dd, 1H, J = 8.8 and 2.3 Hz), 7.79 (t, 1H, J = 8.0 Hz),
7.94 (tt, 1H, J = 7.7 and 1.1 Hz), 8.09 (d, 1H, J = 2.3 Hz), 8.28 (ddd, 1H, J = 8.3, 2.2 and
1.0 Hz), 8.45 (brt, 1H, J = 1.7 Hz), 8.79 (s, 1H) and 9.18 (s, 1H); °C NMR (75 MHz,
DMSO-dy) O 155.8, 148.1, 141.0, 138.0, 133.0, 132.8, 132.2, 127.6 (g, J = 30.0 Hz),
125.5,124.2, 123.8 (g, J = 271.5 Hz), 123.4, 1225 (g, J = 1.5 Hz), 122.1, 118.8, 117.2 (q,
J = 5.3 Hz), 113.8 and 35.8; *°F NMR (282 MHz, DMSO-d,) & -62.14 (3F).

4.3.3.28. 1-(4-chloro-3-(trifluoromethyphenyl)-3-((1-(4-cyanopheny!)-1H-1,2,3-triazol-

4-ymethylurea (12b°)
R sy
F5;C N N =
{ | HMN

The preparation of the target compound 12b’ was performed starting from
ureido alkyne 9 and azide 11b’ as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 12b’ (220 mg, 97% vyield) as a light yellow crystal solid. mp =
223-224 °C; 'H NMR (300 MHz, DMSO-d) 0 a.a7 (d, 2H, J = 5.6 Hz), 6.93 (brt, 1H, J =
5.6 Hz), 7.50 (d, 1H, J = 8.8 Hz), 7.58 (dd, 1H, J = 8.8 and 2.3 Hz), 8.05 (d, 2H, J = 8.8
Hz), 8.08 (d, 1H, J = 2.4 Hz), 8.14 (d, 2H, J = 8.8 Hz), 8.82 (s, 1H) and 9.15 (s, 1H); *C
NMR (75 MHz, DMSO-dy) 0 154.9, 147.2, 140.0, 139.6, 134.2 (20), 131.8, 126.6 (q, J =
30.0 Hz), 122.9 (q, J = 271.5 Hz), 122.4, 121.6 (q, J = 2.3 Hz), 121.1, 120.3 (20), 118.1,
116.3 (g, J = 6.8 Hz), 110.9 and 34.8; F NMR (282 MHz, DMSO-d,) & -63.19 (3F);
HRMS (ESI+): m/z = 421.0783 [M+H]"; calcd 421.0791 for [(CgH;5CIFsNO)+H]".
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4.3.3.29. 1-(4-chloro-3-(trifluoromethylphenyl)-3-((1-(2-nitrophenyl)-1H-1,2,3-triazol-4-

Cl O,N
L)

N
H N=N

yUmethylurea (12c’)

Iz

The preparation of the target compound 12c’ was performed starting from
ureido alkyne 9 and azide 11c¢’ as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 60% ethyl acetate in
hexane) to provide 12¢’ (212 mg, 89% yield as a brown solid. mp = 159-160 °C; 'H
NMR (300 MHz, DMSO-dy) 8 4.47/(d, 2H, J = 5.5 Hz), 6.94 (brt, 1H, J = 5.5 Hz), 7.55 (d,
1H, J = 9.0 Hz), 7.59 (dd, 1H, J = 9.0 and 2.4 Hz), 7.78-7.87 (m, 2H), 7.94 (ddd, 1H, J =
9.6, 8.1 and 1.2 Hz), 8.10 (d, 1H,J = 2.4 Hz), 8.20 (dd, 1H, J = 8.1 and 1.5 Hz), 8.55 (s,
1H) and 9.13 (s, 1H); *CNMR (75 MHz, DMSO-dy) 6 154.8, 146.3, 144.1, 140.0, 134.3,
131.9, 131.0, 129.2, 127.4, 126.6 (q, J = 30.0 Hz), 125.5, 124.0, 122.9 (q, J = 271.5 Hz),
122.5,121.6 (q, J = 1.5 Hz), 116.3(q, J = 6.0 Hz) and 34.7; "’F NMR (282 MHz, DMSO-
dy) 6 -63.11 (3F).

4.3.3.30. 1-(4-chloro-3-(trifluoromethylphenyl)-3-((1-(3-nitrophenyl)-1H-1,2,3-triazol-4-

yUmethylurea (12d’)

The preparation of the target compound 12d’ was performed starting from
ureido alkyne 9 and azide 11d’ as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 60% ethyl acetate in
hexane) to provide 12d’ (226 mg, 95% vyield) as a yellow crystal solid. mp = 189-190
°C: 'H NMR (300 MHz, DMSO-d,) & 4.47 (d, 2H, J = 5.5 Hz), 6.95 (brt, 1H, J = 5.7 Hz),
7.54 (d, 1H, J = 8.7 Hz), 7.59 (dd, 1H, J = 9.0 and 2.4 Hz), 7.88 (dd, 1H, J = 8.4 and 8.1
Hz), 8.10 (d, 1H, J = 2.4 Hz), 8.31 (ddd, 1H, J = 8.1, 2.1 and 0.9 Hz), 8.41 (ddd, 1H, J =
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8.4, 2.4 and 0.9 Hz), 8.73 (t, 1H, J = 2.1 Hz), 8.92 (s, 1H) and 9.18 (s, 1H); >C NMR (75
MHz, DMSO-d;) & 154.8, 148.5, 147.1, 140.0, 137.2, 131.8, 131.5, 126.6 (g, J = 30.0 Hz),
125.9, 122.9, 122.8 (q, J = 271.5 Hz), 122.4, 121.5 (g, J = 1.5 Hz), 121.4, 116.2 (g, J =
5.3 Hz), 114.6, and 34.8; '°F NMR (282 MHz, DMSO-d,) & -63.06 (3F).

4.3.3.31. 1-(4-chloro-3-(trifluoromethy)phenyl)-3-((1-(4-nitrophenyl)-1H-1,2,3-triazol-4-

yUmethylurea (12e’)

The preparation of the target compound 12e’ was performed starting from
ureido alkyne 9 and azide 11e’ as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 60% ethyl acetate in
hexane) to provide 12e’ (219 mg, 92% vyield) as a light yellow solid. mp = 176-177 °C;
'H NMR (300 MHz, DMSO-dj) O 4.47 (d, 2H,J = 5.6 Hz),6.96 (brt, 1H, J = 5.6 Hz), 7.54
(d, 1H, J = 8.9 Hz), 7.59 (dd, 1H, J = 8.9 and 2.3 Hz), 8.10 (d, 1H, J = 2.3 Hz), 8.23 (d,
2H, J = 9.2 Hz), 8.43 (d, 2H, J = 9.2 Hz), 8.89 (5, 1H) and 9.19 (s, 1H); *C NMR (75 MHz,
DMSO-dy) 0 154.9,147.4, 146.6, 140.9, 140.0, 131.9, 126.6 (g, J = 30.8 Hz), 125.5 (20),
122.9 (g, J = 271.5 Hz), 122.5, 121.6 (q, J = 1.5 Hz), 121.4, 120.5 (2C), 116.3 (g, J = 6.0
Hz) and 34.8; “F NMR (282 MHz, DMSO-d,) 0 -63.14 (3F); HRMS (ESI+): m/z =
441.0691 [M+H]"; calcd 441.0690 for [(Cy7H;5CLFsNgO5)+H]*.

4.3.3.32. 1-(4-chloro-3-(trifluoromethyphenyl)-3-((1-(2-ethylphenyl)-1H-1,2, 3-triazol-4-

yUmethylurea (12f°)
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The preparation of the target compound 12f’ was performed starting from
ureido alkyne 9 and azide 11f’ as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 40% ethyl acetate in
hexane) to provide 12f’ (215 mg, 94% yield) as a white solid. mp = 153-154 °C; 'H
NMR (300 MHz, DMSO-dg) & 1.01 (t, 3H, J = 7.5 Hz), 2.42 (q, 2H, J = 7.5 Hz), 4.46 (d,
2H, J = 5.2 Hz), 6.90 (brt, 1H, J = 5.3 Hz), 7.35 (dd, 1H, J = 7.8 and 2.1 Hz), 7.40 (td,
1H, J = 7.8 and 2.1 Hz), 7.46-7.53 (m, 2H), 7.54 (d, 1H, J = 8.4 Hz), 7.59 (dd, 1H, J = 9.0
and 2.4 Hz), 8.09 (d, 1H, J = 2.2 Hz), 8.29 (s, 1H) and 9.13 (s, 1H); °C NMR (75 MHz,
DMSO-dy) O 154.8, 145.3, 140.0, 139.3,.135.8, 131.8, 130.1, 129.8, 126.9, 126.5 (q, J =
30.0 Hz), 126.3, 124.6, 122.9 (g, J = 270.8 Hz), 1224, 121.5(q, J = 1.5 Hz), 116.3 (q, J =
6.0 Hz), 34.9, 23.7 and 14.8; '’F NMR (282 MHz, DMSO-d,) & -63.07 (3F).

4.3.3.33. 1-(4-chloro-3-(trifluoromethyUphenyl)-3-((1-(3-ethylphenyl)-1H-1,2,3-triazol-4-

yUmethylurea (12¢g’)

The preparation of the target compound 12g’ was performed starting from
ureido alkyne 9 and azide 11¢’ as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 40% ethyl acetate in
hexane) to provide 12g¢’ (224 mg, 98% yield) as a beige color solid. mp = 148-149 °C;
'H NMR (300 MHz, DMSO-d) & 1.22 (t, 3H, J = 7.6 Hz), 2.70 (q, 2H, J = 7.6 Hz), 4.44 (d,
2H, J = 5.3 Hz), 6.92 (brt, 1H, J = 5.5 Hz), 7.32 (brd, 1H, J = 7.5 Hz), 7.48 (t, 1H, J = 7.8
Hz), 7.54 (d, 1H, J = 8.7 Hz), 7.59 (dd, 1H, J = 8.7 and 2.4 Hz), 7.70 (brd, 1H, J = 7.70
Hz), 7.75 (brs, 1H), 8.10 (d, 1H, J = 2.3 Hz), 8.65 (s, 1H) and 9.14 (s, 1H); °C NMR (75
MHz, DMSO-d,) O 154.8, 146.5, 145.9, 140.0, 136.7, 131.8, 129.7, 128.0, 126.6 (q, J =
30.8 Hz), 122.9 (g, J = 271.5 Hz), 122.4, 121.6 (q, J = 1.5 Hz), 120.9, 119.3, 117.3, 116.3
(g, J = 6.0 Hz), 34.9, 28.0 and 15.4; *°F NMR (282 MHz, DMSO-d,) O -63.06 (3F).
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4.3.3.34. 1-(4-chloro-3-(trifluoromethylpheny!)-3-((1-(4-ethylpheny)-1H-1,2, 3-triazol-4-

yOmethylurea (12h’)

The preparation of the target compound 12h’ was performed starting from
ureido alkyne 9 and azide 11h’ as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 40% ethyl acetate in
hexane) to provide 12h’ (229 mg, 100% yield) as a white solid. mp = 169-170 °C; 'H
NMR (300 MHz, DMSO-dy) & 1.21 (t, 3H, J = 7.6 Hz), 2.67(q, 2H, J = 7.6 Hz), 4.44 (d,
2H, J = 5.3 Hz), 6.91 (brt, 1H, J = 5.4 Hz), 7.40 (d, 2H, J = 8.4 Hz), 7.54 (d, 1H, J = 8.7
Hz), 7.59 (dd, 1H, J = 8.7 and 2.4 Hz), 7.79 (d, 2H, J = 8.4 Hz), 8.09 (d, 1H, J = 2.3 H2),
8.61 (s, 1H) and 9.13 (s, 1H); **C NMR (75 MHz, DMSO-d,) O 154.8, 146.4, 144.4, 140.0,
134.6, 131.8, 129.0 (20), 126.6 (g, J = 30.8 Hz), 122.9(q, J = 271.5 Hz), 122.4, 121.6 (q,
J = 2.3 Hz), 120.8, 120.0 (20), 116.3 (g, J = 6.0 Hz), 34.9, 27.7 and 15.4; "°F NMR (282
MHz, DMSO-d;) & -63.06 (3F).

4.3.3.35. 1-(4-chloro-3-(trifluoromethyphenyl)-3-(1-(2-isopropylphenyl)-1H-1,2,3-

triazol-4-ymethylurea (12i’)
A~ S

The preparation of the target compound 12i” was performed starting from
ureido alkyne 9 and azide 11i’ as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 40% ethyl acetate in
hexane) to provide 12i’ (187 mg, 79% vyield) as a white solid. mp = 172-173 °C; H
NMR (300 MHz, DMSO-dg) O 1.11 (d, 6H, J = 6.9 Hz), 2.56 (septet, 1H, J = 6.9 Hz), 4.46
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(d, 2H, J = 5.3 Hz), 6.93 (brt, 1H, J = 5.4 Hz), 7.31 (dd, 1H, J = 7.2 and 0.9 Hz), 7.39
(ddd, 1H, J = 8.7, 7.8 and 3.0 Hz), 7.50-7.62 (m, 4H), 8.09 (d, 1H, J = 2.1 Hz), 8.28 (s,
1H) and 9.13 (s, 1H); **C NMR (75 MHz, DMSO-dy) & 154.8, 145.3, 144.2, 140.0, 135.0,
131.8, 130.4, 126.8, 126.7, 126.6 (q, J = 3.0 Hz), 126.5, 124.9, 122.9 (q, J = 271.5 Hz),
122.4,121.6 (g, J = 1.5 Hz), 116.2 (g, J = 6.0 Hz), 34.9, 27.5 and 23.5 (20); '*F NMR
(282 MHz, DMSO-d,) O -63.07 (3F).

4.3.3.36. 1-(4-chloro-3-(trifluoromethyphenyl)-3-((1-(3-isopropylphenyl)-1H-1,2,3-

triazol-4-yl)methylurea (12j7)
{ IO

The preparation of the target compound 12j’ was performed starting from
ureido alkyne 9 and azide 11j’ as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 40% ethyl acetate in
hexane) to provide 12j’ (208 mg, 88% vyield) as a light yellow solid. mp = 162-163 °C;
'H NMR (300 MHz, DMSO-ds) © 1.24 (d, 6H, J = 6.9 Hz), 2.99 (septet, 1H, J = 6.9 Hz),
4.45 (d, 2H, J = 5.4 Hz), 6.92 (brt, 1H, J = 5.5 Hz), 7.35 (brd, 1H, J = 7.8 Hz), 7.48 (t, 1H,
J=78Hz), 754 (d, 1H, J = 8.7 Hz), 7.59 (dd, 1H, J = 8.7 and 2.1 Hz), 7.69 (ddd, 1H, J
= 7.8, 2.1 and 1.2 Hz), 7.75 (brt, 1H, J = 1.8 Hz), 8.09 (d, 1H, J = 2.3 Hz), 8.67 (s, 1H)
and 9.14 (s, 1H); ®C NMR (75 MHz, DMSO-dy) & 154.8, 150.6, 146.4, 140.0, 136.8,
131.8, 129.8, 126.6 (q, J = 30.0 Hz), 126.5, 122.9 (g, J = 270.8 Hz), 122.4, 121.6 (q, J =
1.5 Hz), 121.0, 118.0, 117.5, 116.3 (g, J = 6.0 Hz), 34.9, 34.4 and 23.6 (2C); F NMR
(282 MHz, DMSO-d,) 6 -63.07 (3F).
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4.3.3.37. 1-(4-chloro-3-(trifluoromethyphenyl)-3-((1-(4-isopropylphenyl)-1H-1,2,3-

triazol-4-yl)methylurea (12k’)
. Ly

The preparation of the target compound 12k’ was performed starting from
ureido alkyne 9 and azide 11k’ as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 40% ethyl acetate in
hexane) to provide 12k’ (220 mg, 93% yield) as a beige color solid. mp = 156-157 °C;
'H NMR (300 MHz, DMSO-dly) 0 1.23 (d, 6H, J = 6.9 Hz), 2.97 (septet, 1H, J = 6.9 Hz),
4.44 (d, 2H, J = 5.3 Hz), 6.91 (brt, 1H, J = 5.4 Hz), 7.44 (d, 2H, J = 8.7 Hz), 7.54 (d, 1H, J
= 8.7 Hz), 7.59 (dd, 1H, J = 8.7 and 2.4 Hz), 7.79 (d, 2H, J = 8.4 Hz), 8.09 (d, 1H, J = 2.3
Hz), 8.61 (s, 1H) and 9.13 (s, 1H); >C NMR (75 MHz, DMSO-d,) 0 154.8, 150.0, 146.4,
140.1, 134.7, 131.9, 127.6 (20), 126.7(q, J = 30.8 Hz), 122.9 (g, J = 271.5 Hz), 122.4,
121.6 (g, J = 1.5 Hz),-120.9, 120.1 (20), 116.3 (g, J = 5.3 Hz), 34.9, 33.1 and 23.7 (20);
F NMR (282 MHz, DMSO-d,) & -63.06 (3F).

4.3.3.38. 1-((1-(3-(tert-butylphenyl)-1H-1,2,3-triazol-4-y )methyl)-3-(4-chloro-3-

(trifluoromethyl)phenylurea (121°)
. SN

The preparation of the target compound 120" was performed starting from
ureido alkyne 9 and azide 11U’ as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 30% ethyl acetate in
hexane) to provide 12U’ (207 mg, 85% vyield as a white solid. mp = 187-188 °C; 'H
NMR (300 MHz, DMSO-dy) O 1.33 (s, 9H), 4.45 (d, 2H, J = 5.4 Hz), 6.91 (brt, 1H, J = 5.5
Hz), 7.48-7.51 (m, 2H), 7.54 (d, 1H, J = 8.7 Hz), 7.59 (dd, 1H, J = 8.7 and 2.4 Hz), 7.65-
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7.73 (m, 1H), 7.84 (brs, 1H), 8.10 (d, 1H, J = 2.1 Hz), 8.71 (s, 1H) and 9.14 (s, 1H); *C
NMR (75 MHz, DMSO-d) o 154.8, 152.8, 146.4, 140.0, 136.6, 131.8, 129.5, 126.6 (q, J =
30.0 Hz), 125.4, 122.9 (q, J = 270.8 Hz), 122.4, 121.6 (g, J = 1.5 Hz), 121.1, 117.4, 117.0,
116.3 (q, J = 5.3 Hz), 34.9, 34.7 and 30.6 (3C); '°F NMR (282 MHz, DMSO-d,) & -63.06
(3F).

4.3.3.39. 1-((1-(4-(tert-butylphenyl)-1H-1,2, 3-triazol-4-y)methy!)-3-(4-chloro-3-

(triftuoromethyl)phenylurea (12m’)
iy G

The preparation of the target compound 12m’ was performed starting from
ureido alkyne 9 and azide 11m’ as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, 40% ethyl acetate in
hexane) to provide 12m’ (212 mg, 87% yield) as a white crystal solid. mp = 94-95 °C;
'H NMR (300 MHz, DMSO-ds) 6 1.31 (s, 9H), 4.44 (d, 2H, J = 5.3 Hz), 6.91 (brt, 1H, J =
5.5 Hz), 7.50-7.63 (overlapped, 4H), 7.79 (d, 2H, J = 8.7 Hz), 8.09 (d, 1H, J = 2.1 Hz),
8.61 (s, 1H) and 9.14 (s, TH); °C NMR (75 MHz, DMSO-d,) © 154.9, 151.3, 146.4, 140.0,
134.4, 131.9, 126.7 (g, J = 30.0 Hz), 126.6 (2C), 122.9 (q, J = 271.5 Hz), 122.5, 121.6 (q,
J = 2.3 Hz), 120.9, 119.8 (20), 116.3 (g, J = 6.0 Hz), 34.9, 34.5 and 31.0 (30); YF NMR
(282 MHz, DMSO-dj) 0 -63.15 (3F); HRMS (ESI+): m/z = 452.1469 [M+H]"; calcd
452.1465 for [(CyyHyCLFsNsO)+H]".

4.3.3.40. 3-(4-((3-(4-chloro-3-(trifluoromethyphenylureido)methyl)-1H-1,2,3-triazol-1-

ylbenzoic acid (12n°)

1 @YOH
FsC NTNTYYON
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The preparation of the target compound 12n’ was performed starting from
ureido alkyne 9 and azide 11n’ as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, mixture of 1%
formic acid/50% ethyl acetate in hexane) to provide 12n’ (214 mg, 90% yield) as a
light brown solid. mp = 246-247 °C; 'H NMR (300 MHz, DMSO-d,) 0 4.46 (d, 2H, J =
5.4 Hz), 6.95 (brt, 1H, J = 5.5 Hz), 7.54 (d, 1H, J = 8.7 Hz), 7.59 (dd, 1H, J = 8.7 and 2.1
Hz), 7.72 (dd, 1H, J = 8.1, 7.8 Hz), 8.02 (brd, 1H, J = 8.1 Hz), 8.09 (d, 1H, J = 2.1 Hz),
8.16 (brdd, 1H, J = 7.8 and 1.5 Hz), 8.40 (brt, 1H, J = 1.5 Hz), 8.80 (s, 1H) and 9.18 (s,
1H); °C NMR (75 MHz, DMSO-d,) o 166.4, 154.9, 146.9, 140.1, 136.9, 132.6, 131.9,
130.4, 129.1, 126.6 (q, J = 30.8 Hz), 124.1, 122.9 (g, J = 270.8 Hz), 122.4, 121.5(q, J =
2.3 Hz), 121.2, 120.4, 116.3 (q, J = 5.3 Hz) and 34.9; F NMR (282 MHz, DMSO-d,) 6 -
63.42 (3F).

4.3.3.41. 4-(4-((3-(4-chloro-3-(triftluoromethyphenylureido)methyl)-1H-1,2,3-triazol-1-

ylbenzoic acid (120°)
(0]

NS TSNS )
FsC N H/\N(/:\NN

The preparation. of the target-compound 120’ was performed starting from
ureido alkyne 9 and azide 110’ as described in the general procedure B. The crude
residue was purified by flash column chromatography (silica gel, mixture of 1%
formic acid/60% ethyl acetate in hexane) to provide 120’ (223 mg, 94% vyield) as a
white solid. mp = 253-254 °C; 'H NMR (300 MHz, DMSO-d) & 4.45 (d, 2H, J = 5.5 Hz),
6.94 (brt, 1H, J = 5.6 Hz), 7.54 (d, 1H, J = 8.8 Hz), 7.59 (dd, 1H, J = 8.9 and 2.3 Hz),
8.05 (d, 2H, J = 8.9 Hz), 8.09 (d, 1H, J = 2.5 Hz), 8.12 (d, 2H, J = 8.9 Hz), 8.78 (s, 1H)
and 9.17 (s, 1H); *C NMR (75 MHz, DMSO-d,) 0 166.5, 154.9, 147.0, 140.0, 139.6,
131.9, 131.1 (20), 130.6, 126.7 (g, J = 30.0 Hz), 122.7 (q, J = 271.5 Hz), 122.5, 121.7 (q,
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J = 2.3 Hz), 121.1, 119.7 (20), 116.3 and 34.9; “F NMR (282 MHz, DMSO-d,) & -63.17
(3F); HRMS (ESI+): = 440.0728 [M+H]*; calcd 440.0737 for [(CygH;aCUFsNsO5)+H]*.

4.3.3.42. N-(4-(4-((3-(4-chloro-3-(trifluoromethyl)phenyureido)methyl)-1H-1,2,3-

triazol-1-ylphenyl)acetamide (12p°’)

Cl H Me
peS Mo

N=N

Iz

The preparation of the target compound 12p’ was performed starting from
ureido alkyne 9 and azide 11p’ as described in the general procedure B. The crude
residue was recrystallization in acetone as an solvent to provide compound 12p’
(242 mg, 99% vyield) as a light brown solid. mp = 238-239 °C, 'H NMR (300 MHz,
DMSO-dg) & 2.07 (s, 3H), 4.44 (d, 2H, J = 5.5 Hz), 6.92 (brt, 1H, J = 5.6 Hz), 7.54 (d, 1H,
J =8.8Hz), 7.59 (dd, 1H, J = 8.7 and 2.2 Hz), 7.75 (d, 2H, J = 9.2 Hz), 7.81 (d, 2H, J =
9.2 Hz), 8.09 (d, 1H,J = 2.2 Hz), 8:55 (s, 1H), 9.14 (s, 1H) and 10.18 (s, 1H); *C NMR (75
MHz, DMSO-d,) & 168.7, 154.9, 146.4, 140.0, 139.6,131.9, 131.7, 126.7 (q, J = 30.8 Hz),
1229 (q, J = 271.5 Hz), 121.5, 121.6 (g, J = 1.5 Hz), 120.8, 120.6 (2C), 119.7 (2C), 116.3
(g, J = 5.3 Hz), 34.9-and 24.0; '°F NMR (282 MHz, DMSO-d) & -63.82 (3F); HRMS (ESI+):
m/z = 453.1048 [M+H]"; calcd 453.1054 for [(CygH;7ClFsNgO,)+H]".

4.3.4. General procedure C for preparation of sorafenib derivatives 12q°-12s’*

A stirred solution of tin (Il) chloride dihydrate (208 mg, 0.92 mmol, 4.00 eq) in
conc HCL (1.0 mL) was stirred at 0 °C for 5 min and then the compound 12c’ (100
mg, 0.23 mmol, 1.00 eq) was added. The reaction mixture was stirred at 65 °C for 3 h.
The resulting solution was then cooled to room temperature, diluted with water
(30.0 mL), basified to pH 8 by using an aqueous sodium hydrogen carbonate solution

and extracted with ethyl acetate (3x50.0 mL). The combined organic phase was dried
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over with anhydrous sodium sulfate and filtered. The solvent was removed under
reduced pressure and the crude product was purified by column chromatography

(silica gel, ethyl acetate in hexane) to obtain compound 12q°.

4.3.4.1. 1-((1-(2-aminophenyl)-1H-1,2,3-triazol-4-yl)methyl)-3-(4-chloro-3-

(trifluoromethylphenylurea (12q°)

CIKj\ o H,N
T I
FaC NN

N=N

Iz

The preparation of the target compound 12q’ was performed starting from
target compound 12c’ as described in the general procedure C. The crude residue
was purified by flash column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 129’ (88 mg, 93% vyield) as a light brown-red crystal solid. mp =
107-108 °C; 'H NMR (300 MHz, DMSO-d,) & 4.46 (d, 2H, J = 5.3 Hz), 6.70 (td, 1H, J =
7.5 and 1.2 Hz), 6.89 (brt, 1H, J = 5.4 Hz), 6.94 (dd, 1H, J = 8.1 and 1.2 Hz), 7.21 (td,
1H, J = 7.5 and 1.5 Hz), 7.22 (dd, 1H, J = 8.1 and 1.2 Hz), 7.54 (d, 1H, J = 8.7 Hz), 7.59,
(dd, 1H, J = 9:0-and 2.4 Hz), 8.09 (d, 1H, J = 2.3 Hz), 8.26 (s, 1H) and 9.15 (s, 1H); °C
NMR (75 MHz, DMSO-d) 0 154.8, 145.2, 142.0, 140.0, 131.9, 129.9, 126.6 (g, J = 30.0
Hz), 125.2, 123.6,122.9 (q, J = 271.5 Hz), 122.4,122.2, 121.5, 116.9, 116.4, 116.2 (q, J
= 5.3 Hz) and 27.9; *°F NMR (282 MHz, DMSO-d.,) & -63.07 (3F).

4.3.4.2. 1-((1-(3-aminophenyl)-1H-1,2,3-triazol-4-y)methyl)-3-(4-chloro-3-

(trifluoromethyl)phenylurea (12r°)
PONSUNS
FsC ” N/\/\IN NH

The preparation of the target compound 12r’ was performed starting from

target compound 12d’ as described in the general procedure C. The crude residue
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was purified by flash column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 12r’ (91 mg, 96% yield) as a brown-red solid. mp = 108-109 °C; 'H
NMR (300 MHz, DMSO-dy) 0443 (d, 2H, J = 5.5 Hz), 6.70 (dd, 1H, J = 8.1 and 1.2 Hz),
6.95 (brt, 1H, J = 5.4 Hz0, 6.99 (dd, 1H, J = 7.8 and 1.2 Hz), 7.15 (t, 1H, J = 2.1 H2),
7.22 (t, 1H, J = 8.1 Hz), 7.54 (d, 1H, J = 9.0 Hz), 7.59 (dd, 1H, J = 9.0 and 2.4 Hz), 8.09
(d, 1H, J = 2.3 Hz), 8.57 (s, 1H) and 9.21 (s, 1H); *C NMR (75 MHz, DMSO-d,) & 154.8,
148.7, 146.2, 140.0, 137.5, 131.8, 130.2, 126.6 (q, J = 30.0 Hz), 122.9 (q, J = 271.5 Hz),
122.4, 121.5, 120.7, 116.2 (g, J = 5.3 Hz), 114.6, 107.8, 105.6 and 34.9; F NMR (282
MHz, DMSO-d;) & -63.55 (3F).

4.3.4.3. 1-((1-(4-aminophenyl)-1H-1,2,3-triazol-4-y)methyl)-3-(4-chloro-3-

(triftuoromethyl)phenylurea (12s’)
S A
FsC N NP ON

The preparation of the target compound 12s’ was performed starting from
target compound 12e’ as described in the general procedure C. The crude residue
was purified by flash column chromatography (silica gel, 50% ethyl acetate in
hexane) to provide 12s’ (89 mg, 94% vield) as a brown solid. mp = 209-210 °C; 'H
NMR (300 MHz, DMSO-d,)-® 4.41 (d, 2H, J = 5.5 Hz), 6.73 (d, 2H, J = 8.8 Hz), 6.90 (brt,
1H, J = 5.6 Hz), 7.50 (d, 2H, J = 8.8 Hz), 7.54 (d, 1H, J = 8.8 Hz), 7.59 (dd, 1H, J = 8.9
and 2.3 Hz), 8.10 (d, 1H, J = 2.2 Hz), 8.39 (s, 1H) and 9.14 (s, 1H); °C NMR (75 MHz,
DMSO-dy) O 154.8, 147.7, 145.9, 140.0, 131.9, 127.0, 126.6 (g, J = 30.0 Hz), 122.9 (q. J
= 271.5 Hz), 122.5, 121.5 (30), 120.6, 116.2 (g, J = 5.3 Hz), 114.9 (2C) and 34.9; “F
NMR (282 MHz, DMSO-d,) & -63.94 (3F).
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4.3.5. General procedure D for preparation of sorafenib derivatives 12t’ and
12u’

A solution of compound 12g’ (100 mg, 0.24 mmol, 1.00 eq) and acetic
anhydride (28 pL, 0.29 mmol, 1.20 eq) in the mixture of dichloromethane and
tetrahydrofuran (1:1; 0.24 M, 1.0 mL) was stirred at room temperature for 10 min.
After that, the reaction solution was diluted with water (30.0 mL) and extracted with
ethyl acetate (3x30.0 mL). The combined organic phase was dried over anhydrous
sodium sulfate and filtered. The solvent was removed under reduced pressure and
the crude product was purified by column chromatography (silica gel, ethyl acetate

in hexane) to obtain compound 12t”.

4.3.5.1. N-(2-(4-((3-(4-chloro-3-(trifluoromethylphenylureido)methyl)-1H-1,2,3-triazol-

1-yUphenyl)acetamide (12t’)

(@] Me
Cl
NSV
F,C N N ~
3 N H/\NCN’N

The preparation of the target compound 12t" was performed starting from
target compound 129’ and acetic anhydride as described in the general procedure
D. The crude residue was purified by flash column chromatography (silica gel, pure
ethyl acetate) to provide 12t’ (108 mg, 99% yield) as a beige color solid. mp = 189-
190 °C; 'H NMR (300 MHz, DMSO-d,) O 1.89 (s, 3H), 4.44 (d, 2H, J = 5.4 Hz), 6.91 (brt,
1H, J = 5.6 Hz), 7.39 (td, 1H, J = 7.5 and 1.2 Hz), 7.47-7.61 (overlapped, 4H), 7.63 (dd,
1H, J = 8.1 and 1.2 Hz), 8.11 (d, 1H, J = 1.8 Hz), 8.21 (s, 1H), 9.17 (s, 1H) and 9.60 (brs,
1H); C NMR (75 MHz, DMSO-dj) o 168.8, 154.8, 145.5, 140.0, 131.8, 131.5, 131.3,
129.6, 127.4, 126.6 (q, J = 20.8 Hz), 126.4, 125.7, 123.7, 122.9 (q, J = 271.5 Hz), 122.4,
121.5, 116.2 (g, J = 6.0 Hz), 34.8 and 22.9; °F NMR (282 MHz, DMSO-d,) & -63.10 (3F).
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4.3.5.2. N-(3-(4-((3-(4-chloro-3-(trifluoromethylphenylureido)methyl)-1H-1,2,3-triazol-

I-yphenyl)acetamide (12u’)
BON PN
FsC N NN J\Me

The preparation of the target compound 12u’ was performed starting from
target compound 12r’ and acetic anhydride as described in the general procedure
D. The crude residue was purified by flash column chromatography (silica gel, pure
ethyl acetate) to provide 12u’ (104 mg, 96% vyield) as a light brown solid. mp = 241-
242 °C; 'H NMR (300 MHz, DMSO-d) &-2.08 (s, 3H), 4.45 (d, 2H, J = 5.3 Hz), 6.92 (brt,
1H, J = 5.1 Hz), 7.41-7.65 (m, 5H), 8.09 (d, 1H, J = 2.0 Hz), 8.27 (s, 1H), 8.57 (s, 1H), 9.13
(s, 1H) and 10.23 (brs, 1H); *C NMR (75 MHz, DMSO-d,) © 168.8, 154.8, 146.5, 140.6,
140.0, 136.9, 131.8, 130.2, 126.6 (g, J = 30.0 Hz), 122.9 (q, J = 271.5 Hz), 122.4, 121.6
(q,J = 1.5 Hz), 120.9, 118.7, 116.3 (g, J = 6.0 Hz), 114.4, 110.4, 34.9 and 24.1; “F NMR
(282 MHz, DMSO-d) © -62.86 (3F); HRMS (ESk+): m/z = 453.1054 [M+H]*; calcd
453.1054 for [(CygH{7CIFsNO)+H]".

4.3.6. General procedure E for preparation of sorafenib derivatives 12v’ and
12W742

The solution of compound 12n” (100 mg, 0.23 mmol, 1.00 eqg) and 1-
[ Bis( dimethylamino) methylene] -1H-1,2,3-triazolo[ 4,5-b]  pyridinium 3-
oxide hexafluorophosphate ( HATU) ( 95 mg, 0.25 mmol, 1. 10 eq) in dry
dimethylformamide (0.11 M, 2.1 mL) was stirred at room temperature for 20 min.
After that, methylamine hydrochloride (18 pL, 0.46 mmol, 2.00 eq) and N,N-
diisopropylethylamine (DIPEA) (120 pL, 0.69 mmol, 3.00 eq) were added. The reaction
mixture was stirred at room temperature for 18 h. Then, the reaction solution was
diluted with water (100.0 mL) followed by a saturated sodium chloride solution (5.0
mL), and then extracted with ethyl acetate (3x30.0 mL). The combined organic phase

was repeatly washed with a saturated sodium chloride solution (2x30.0 mL), dried
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over anhydrous sodium sulfate, and filtered. The solvent was removed under
reduced pressure and the crude product was purified by column chromatography

(silica gel, ethyl acetate in hexane) to obtain compound 12v’.

4.3.6.1. 3-(4-((3-(4-chloro-3-(trifluoromethyl)phenylureido)methyl)-1H-1,2,3-triazol-1-

yl)-N-methylbenzamide (12v’)

cl
o
Q! @YN
FsC NN N Me

The preparation of the target compound 12v’ was performed starting from
target compound 12n’ and methylamine hydrochloride as described in the general
procedure E. The crude residue was purified by flash column chromatography (silica
gel, 80% ethyl acetate in hexane) to provide 12v’ (80 mg, 77% yield) as a white solid.
mp = 191-192 °C; *H NMR (300 MHz, DMSO-d,) & 2.81 (d, 3H, J = 4.5 Hz), 4.46 (d, 2H,
J =53 Hz), 6.96 (brt, 1H, J = 5.4 Hz), 7.54 (d, 1H, J = 8.8 Hz), 7.59 (dd, 1H, J = 8.9 and
2.3 Hz), 7.67 (t, 1H, J = 7.9 Hz), 7.91 (brd, 1H, J = 7.9 Hz), 8.05 (brdd, 1H, J = 8.0 and
1.3 Hz), 8.10 (d, 1H, J = 2.2 Hz), 8.33 (t, 1H, J = 1.7 Hz), 8.66 (brd, 1H, J = 4.4 Hz), 8.71
(s, 1H) and 9.18 (s, 1H); *C NMR (75 MHz, DMSO-d.) O 165.5, 154.9, 146.8, 140.0,
136.7, 136.1, 131.9, 130.1, 127.1, 126.6 (q, J = 30.8 Hz), 122.9 (q, J = 271.5 Hz), 122.5,
122.4, 121.6, 121.1, 118.6, 116.3 (q, J = 6.0 Hz), 34.9 and 26.4; '°F NMR (282 MHz,
DMSO-d,) O -62.99 (3F).

4.3.6.2. 4-(4-((3-(4-chloro-3-(trifluoromethyl)phenyureido)methyl)-1H-1,2, 3-triazol-1-

yU-N-methylbenzamide (12w’)
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The preparation of the target compound 12w’ was performed starting from
target compound 120’ and methylamine hydrochloride as described in the general
procedure E. The crude residue was purified by flash column chromatography (silica
gel, 80% ethyl acetate in hexane) to provide 12w’ (75 mg, 72% vyield) as a white
solid. mp = 243-244 °C; *H NMR (300 MHz, DMSO-dy) & 2.81 (d, 3H, J = 4.4 Hz), 4.46
(d, 2H, J = 5.3 Hz), 6.94 (brt, 1H, J = 5.2 Hz), 7.54 (d, 1H, J = 9.0 Hz), 7.59 (dd, 1H, J =
9.0 and 2.1 Hz), 8.02 (s, 4H), 8.10 (d, 1H, J = 2.1 Hz), 8.58 (brd, 1H, J = 4.4 Hz), 8.75 (s,
1H) and 9.16 (s, 1H); *C NMR (75 MHz, DMSO-d,) & 165.5, 154.8, 146.8, 140.0, 138.3,
134.2, 131.8, 128.8 (20), 126.6 (g, J = 30.8 Hz), 122.9 (q, J = 217.5 Hz), 122 4, 121.5 (q,
J = 1.5Hz), 121.0, 119.5 (20), 116.2 (g, J = 5.3 Hz), 30.8 and 26.3; "’F NMR (282 MHz,
DMSO-d,) & -63.08 (3F).

4.4. Biology

4.4.1. Biological activity methods for HepG2 cancer cell lines

Details for cytotoxic —activity by - using = 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium-bromide (MTT assay), cells were plated at a density of 8x10°
cells/well onto a 96-well plate and incubated for 12 h. Afterward, 100 yL of media
containing serial 2-fold- diluted compounds were added to each well to the final
concentration of 1 100-3.125 pM.. DMSO . was used as vehicle control and its
concentration was maintained ‘at 0.5% v/v throughout all tested conditions. Cells
were exposed for 72 h to the compounds and cell viability was determination by
MTT assay. Briefly, cells were washed with phosphate buffer saline (PBS) solution
then incubated with 1 mg/mL for 4 h. Afterward a 100 uL of DMSO was added to
each well and mixed to dissolve formazan crystals. The absorbance at 550 nm was
measured using a microplate reader. All experiments were performed in triplicate.

Data were expressed as the ICsy and 95% confidence interval.


https://en.wikipedia.org/wiki/Di-
https://en.wikipedia.org/wiki/Methyl
https://en.wikipedia.org/wiki/Thiazole
https://en.wikipedia.org/wiki/Phenyl
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4.4.2. Biological activity methods for A549, HUCCA-1, T47-D, and MDA-MB-231
cancer cell lines and for MRC-5 cells

Details for cytotoxic activity by wusing 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT assay), cells were plated at a density of 2x10*
cells/well onto a 96-well plate and incubated for 24 h. Afterward, 100 uL of media
containing serial 2-fold diluted compounds were added to each well to the final
concentration. DMSO was used as vehicle control and its concentration was
maintained at 0.1% v/v throughout all tested conditions. Cells were exposed for 48 h
to the compounds and cell viability was determination by MTT assay. Briefly, cells
were washed with 0.5 mL of 0.1 M phosphate buffer saline (PBS) solution then
incubated with 50 pL of 0.5 mg/mL thiazolyl blue tetrazolium bromide for 4 h.
Afterward a 100 pyL of DMSO was added to each well and mixed to dissolve
formazan crystals. The absorbance at 570-590 nm was measured using a microplate
reader. All experiments were performed in-triplicate. Data were expressed as the ICs

confidence interval.®?

4.4.3. Biological activity methods for MOLT-3 and HL-60 cancer cell lines

Details for cytotoxic activity. by using sodium 3" -[1- (phenylaminocarbonyl)- 3,4-
tetrazolium]-bis (4-methoxy6-nitro) benzene sulfonic acid hydrate (XTT assay), cells
were plated at a density of 5x10 cells/well onto a 96-well plate and incubated for
24 h. Add 50 uL of the XTT labeling mixture and incubate for 18 h. Measure the
absorbance of the samples using a microplate reader. The wavelength to measure

absorbance of the formazan product is between 550 and 600 nm.**¢

4.5. Molecular modeling

To gain more information on protein-ligand interactions and binding energies,

molecular docking studies were conducted using iIGEMDOCK v2.1 software. The active


https://en.wikipedia.org/wiki/Di-
https://en.wikipedia.org/wiki/Methyl
https://en.wikipedia.org/wiki/Thiazole
https://en.wikipedia.org/wiki/Phenyl
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site of wild type B-Raf [PDB ID: 1UWH] and VEGFR-2 [PDB ID: 4ASD] were obtained

from the Protein Data Bank.
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'H NMR of compound 9 (300 MHz, Acetone-dy)
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'H NMR of compound 11a (300 MHz, CDCl5)
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'H NMR of compound 11b (300 MHz, CDCls)
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BC NMR of compound 11b (75 MHz, CDCLs)
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'H NMR of compound 11c (300 MHz, CDCl,)

LT10°0-
000" 0-
T10°0

0OTL"
8TL"
SZL”
vl
osL”
LSL”®
608"
918"
9€8”
£v8”
£€98°
g98"
TL8”
€L8"
€GC"
992"
LB8Z"
€6c”
sTE”
Tee”
cve”
8G¢g”

[l e e e e B B A (e B Xe e BRVs REVe JRUe BRts BRVe JRNe R Us JVe BRNo BT e JaVe]

ppm

3

o
-

y {g
g <
o

|“‘\ 1‘! “

wn

(|

TS ——




BC NMR of compound 11c (75 MHz, CDCl,)
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'H NMR of compound 11d (300 MHz, CDCls)
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'H NMR of compound 11e (300 MHz, CDCls)
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'H NMR of compound 11f (300 MHz, CDCl,)
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'H NMR of compound 11g (300 MHz, CDCl,)

000°0-—

eher
€g8’
oosg-
qL8”
288"’
€68°
006°
80¢”
8T¢C”
9zT”
ree”
ve”
8ve”
8¢¢’

[~~~ -0 Wwwwwww

‘MW

Cl

ppm

(=]
<
ol

[¢]
o
(4]

:



wdd 0c o€ or 0s 09 0L 08 06 OO0L OLL oOCL OEL OFL O0SIL 091 O0LL O08F 06}

l 4| e !i.

/N

~ =1 =]
o~ =]
~ N gy
[N

¥2°021
ZB 6ZT ——
BET ——

89°

(120D ‘ZHW G/) 81T punodwiod JO YN D,



'H NMR of compound 11h (300 MHz, CDCl,)
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'H NMR of compound 11i (300 MHz, CDCls)
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'H NMR of compound 11j (300 MHz, CDCl,)
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'H NMR of compound 11k (300 MHz, CDCl,)
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'H NMR of compound 111 (300 MHz, CDCl5)
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'H NMR of compound 11m (300 MHz, CDCl,)
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'H NMR of compound 11n (300 MHz, CDCl,)
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'H NMR of compound 110 (300 MHz, CDCl,)
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'H NMR of compound 11p (300 MHz, DMSO-dj)
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'H NMR of compound 11q (300 MHz, CDCl,)
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'H NMR of compound 11r (300 MHz, CDCl,)

TT0"0-

000°o—>
0

T10°

E6L”

LES”
AN
AN
AR
£€29°
LZ9”
0€9-
LB9”
059-
7S9-
LS9”
£99°
§99°
TLO”
7L
T69 "
£69°
669°
1oL
g81e”
cver”
AN

~r~r- O owwwwuwowwuwuwwwuwiuwuwwuwuww

OMe

ppm




wdd 0L o0z o0¢ Oy 05 09 0L 08 06 O00L OLL OZL OEL OFL OSL 09L OLZL 08L 06L 002 OLZ

8NO EN

/N

[ ]

)T ——
T
[T —"

0ET ——

i
"0
T

(RSN
© o

0€"0-
LB ¥S
28" ¥
o
£0
gz
80 " ThPT —

(120D ‘ZHW G/) 4TT punodwod JO YN D,



'H NMR of compound 11s (300 MHz, CDCl5)
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'H NMR of compound 11t (300 MHz, CDCl,)
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'H NMR of compound 11u (300 MHz, CDCl,)
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'H NMR of compound 11v (300 MHz, CDCls)
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'H NMR of compound 11w (300 MHz, DMSO-dy)
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BC NMR of compound 11w (75 MHz, DMSO-d,)
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'H NMR of compound 11x (300 MHz, DMSO-d,)
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C NMR of compound 11x (75 MHz, DMSO-dj)
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'H NMR of compound 11y (300 MHz, DMSO-dj)
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C NMR of compound 11y (75 MHz, DMSO-d,)
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'H NMR of compound 11z (300 MHz, CDCls)
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'H NMR of compound 11a’ (300 MHz, CDCl,)
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'H NMR of compound 11b’ (300 MHz, CDCl)
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'H NMR of compound 11¢’ (300 MHz, CDCLl,)
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'H NMR of compound 11d’ (300 MHz, CDCL,)
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'H NMR of compound 11e’ (300 MHz, CDCl,)
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'H NMR of compound 11f’ (300 MHz, CDCls)
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'H NMR of compound 11g’ (300 MHz, CDCl,)
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'H NMR of compound 11h’ (300 MHz, CDCls)
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'H NMR of compound 11i’ (300 MHz, CDCl,)
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'H NMR of compound 11j’ (300 MHz, CDCl,)
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'H NMR of compound 11k’ (300 MHz, CDCls)
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'H NMR of compound 11U (300 MHz, CDCls)
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'H NMR of compound 11m’ (300 MHz, CDCl,)
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'H NMR of compound 11n’ (300 MHz, DMSO-dj)
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'H NMR of compound 110’ (300 MHz, MeOD-d,)
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'H NMR of compound 11p’ (300 MHz, DMSO-d)
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BC NMR of compound 11p’ (75 MHz, DMSO-dj)
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C NMR of compound 12a (75 MHz, DMSO-dj)
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'H NMR of compound 12b (300 MHz, DMSO-dj)
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BC NMR of compound 12b (75 MHz, DMSO-d,)
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'H NMR of compound 12c (300 MHz, DMSO-d,)
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C NMR of compound 12c¢ (75 MHz, DMSO-d,)
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'H NMR of compound 12d (300 MHz, DMSO-dj)
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BC NMR of compound 12d (75 MHz, DMSO-d,)
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'H NMR of compound 12e (300 MHz, DMSO-d,)
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BC NMR of compound 12e (75 MHz, DMSO-d)
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'H NMR of compound 12f (300 MHz, DMSO-d,)
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BC NMR of compound 12f (75 MHz, DMSO-d,)
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'H NMR of compound 12g (300 MHz, DMSO-d,)
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C NMR of compound 12g (75 MHz, DMSO-d,)
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'H NMR of compound 12h (300 MHz, DMSO-d,)
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BC NMR of compound 12h (75 MHz, DMSO-d,)
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'H NMR of compound 12i (300 MHz, DMSO-d,)
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C NMR of compound 12i (75 MHz, DMSO-d,)
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'H NMR of compound 12j (300 MHz, DMSO-d,)
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BC NMR of compound 12j (75 MHz, DMSO-d)
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'H NMR of compound 12k (300 MHz, DMSO-d,)
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C NMR of compound 12k (75 MHz, DMSO-d)
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'H NMR of compound 121 (300 MHz, DMSO-dj)
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BC NMR of compound 120 (75 MHz, DMSO-d,)
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'H NMR of compound 12m (300 MHz, DMSO-d,)
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C NMR of compound 12m (75 MHz, DMSO-d)
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'H NMR of compound 12n (300 MHz, DMSO-d,)
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BC NMR of compound 12n (75 MHz, DMSO-d,)
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'H NMR of compound 120 (300 MHz, DMSO-d)
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C NMR of compound 120 (75 MHz, DMSO-d)
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'H NMR of compound 12p (300 MHz, DMSO-dj)
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BC NMR of compound 12p (75 MHz, DMSO-d,)
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'H NMR of compound 12q (300 MHz, DMSO-dj)
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BC NMR of compound 12q (75 MHz, DMSO-d,)
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'H NMR of compound 12r (300 MHz, DMSO-d,)
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C NMR of compound 12r (75 MHz, DMSO-d)
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'H NMR of compound 12s (300 MHz, DMSO-d)
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BC NMR of compound 12s (75 MHz, DMSO-d)
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'H NMR of compound 12t (300 MHz, DMSO-d,)
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C NMR of compound 12t (75 MHz, DMSO-d,)
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'H NMR of compound 12u (300 MHz, DMSO-d,)
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BC NMR of compound 12u (75 MHz, DMSO-d,)
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'H NMR of compound 12v (300 MHz, DMSO-dj)
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C NMR of compound 12v (75 MHz, DMSO-d,)
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'H NMR of compound 12w (300 MHz, DMSO-dy)
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BC NMR of compound 12w (75 MHz, DMSO-d,)
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'H NMR of compound 12x (300 MHz, DMSO-d,)
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C NMR of compound 12x (75 MHz, DMSO-dj)
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'H NMR of compound 12y (300 MHz, DMSO-dj)
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C NMR of compound 12y (75 MHz, DMSO-d,)
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'H NMR of compound 12z (300 MHz, DMSO-dj)

vev”
006~
90¢~
116G~

GE6

08¥% -
867"

676"
L96"
986 °
LZS"
966~
PLG®
€86 -
€09°
T19-
ceL-
9zL”
LwL”
IsL-
cLL”
LLL”®
ov8-
A4
L98"
oLg-
€16 ”
816"
6E6 "
(34
G96°
0Le "
€60°
00T"
60T"

NN AN N

e

Se———

L I B e e e S e e e e e e e el e e e e O S Sl Sl Sl e (e BV R U

Cl

FsC

ppm

96}

w0
a
(<)

~
‘Dj
N

(=10}
N

=3
2
-

o]
(=]
o




C NMR of compound 12z (75 MHz, DMSO-dj)
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'H NMR of compound 12a’ (300 MHz, DMSO-d,)
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C NMR of compound 12a’ (75 MHz, DMSO-d)

08"
19"
68"
LT
Sb-
L
00"
8¢-"

oL®
80"

£C”
e’
6€"
gL"
10"
ite
[4h
FS*
Le”
1c’
Sk
£9°
96°
Les
LL
LT
Fe:
61"
gL*
0"
20°
96"

6L"

"LTT

"8FT

1
6E
6E
oy
oy
0%
1874
184

V4

€11
LTIT

LTT
LTT
81T
81T
[xAan
ZzT
[N
[N
€21
¥zl
SC1T
SC1T
9¢1
LZT
LZT
8¢1
62T
el
el
€€T
8ET
0FT

Ssss\lkee=—=—"

SET —"

CN

Cl
FsC

ni

ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190



wdd ozlL- 00l- 08- 09- ov- 02- 0 0z ot
| | | | | | N | i |
N=N"y H
ND N_A N > N of4
o)
o)

GG 9L ——

PT €9 ——

(’P-OSWQ ‘ZHW Z82) (eZT punodwod 4O YN



'H NMR of compound 12b’ (300 MHz, DMSO-dy)
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C NMR of compound 12b’ (75 MHz, DMSO-d)
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'H NMR of compound 12¢’ (300 MHz, DMSO-dj)
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BC NMR of compound 12¢’ (75 MHz, DMSO-d)
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'H NMR of compound 12d’ (300 MHz, DMSO-dy)
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C NMR of compound 12d’ (75 MHz, DMSO-d)
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'H NMR of compound 12e’ (300 MHz, DMSO-d,)
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C NMR of compound 12e’ (75 MHz, DMSO-d,)
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'H NMR of compound 12f’ (300 MHz, DMSO-dj)
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C NMR of compound 12f” (75 MHz, DMSO-d,)
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'H NMR of compound 12g’ (300 MHz, DMSO-dj)
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3C NMR of compound 12g’ (75 MHz, DMSO-d,)
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'H NMR of compound 12h’ (300 MHz, DMSO-dj)

Ppm

OSI"[\ _3
50T T —x — = 0LE
ogz 1 ' ©
[ -
6T )
006°2 N
9062
11572 - J _2
1€9°Z2—= % —_— [ 002
969°2 o
189°¢2  Fa
LOL"T
[ ©
L ™
7887 N )
<
ZEV B
™~ — P 0
6hF T — ﬁg 961
- Le
L O
[ ©
n
o
o
16879

[ B u i o)}
o N O
M o o
~w W
J‘W
‘
I
6.5
n
@
o

8TF "L — L2
czsL ~
&QQ‘L\ T
. ;——_———q’ E— _|,n.
ocs 1Y — 2 &
L09"L Z S
ZLL"L N\ X — — 00’}
008" L
. 0
16078 L ) @ o0l
860°8 ZT o
L09"8 o) - te
ccT 6 ZT % | @ 660
L ©
=]




C NMR of compound 12h’ (75 MHz, DMSO-d,)
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'H NMR of compound 12i’ (300 MHz, DMSO-d,)
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BC NMR of compound 12i” (75 MHz, DMSO-d,)
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'H NMR of compound 12j’ (300 MHz, DMSO-dj)
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BC NMR of compound 12’ (75 MHz, DMSO-dj)
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'H NMR of compound 12k’ (300 MHz, DMSO-d)
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C NMR of compound 12k’ (75 MHz, DMSO-dj)
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'H NMR of compound 12U (300 MHz, DMSO-dy)
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C NMR of compound 120’ (75 MHz, DMSO-d)

06"

S8”
L9"
S6°
1 XA
0s”
8L”
90"
veE”

AN
oz’
Le:
Se”
£€0°
6E"
S0-
it
PS*
96"
0%’
L9
44
Z0-
£V
£8°
v
6Z"
Zs
£8
£9

9g”
A
08"

62T
“TET
"9£T
'OH/

0g
“FE
Fe
8t
g€

6E
6E
ob
ob

S\

911
911
911
911
LTT
LTT
1zt
1zt
121
YAl
2T —
Pl ——

‘szl —7F

9Z1
9z1
9zl
LZT
821

9FT
¢sT ——
PET ——

ZT

ZT

Cl
F,C

.

ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190



wdd ozlL- 00L- 08- 09- ob- 0z- 0 02 ov

9L —
9

SG°
50"

(°P-OSWA ‘ZHN 282) 1ZT punodwod JO YN 4,



'H NMR of compound 12m’ (300 MHz, DMSO-d})
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C NMR of compound 12m’ (75 MHz, DMSO-dj)
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'H NMR of compound 12n’ (300 MHz, DMSO-dj)
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C NMR of compound 12n’ (75 MHz, DMSO-d,)
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'H NMR of compound 120’ (300 MHz, DMSO-d})
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BC NMR of compound 120’ (75 MHz, DMSO-dj)
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'H NMR of compound 12p’ (300 MHz, DMSO-d)
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BC NMR of compound 12p’ (75 MHz, DMSO-dj)
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'H NMR of compound 12q’ (300 MHz, DMSO-d)

88% "
Fev-
00s”
90¢”
AR

€66 °

Eh A
€9F”
699"
PLO”
G69°
669"
oZL-
reL-
€98°
188°
668"
0¢e6 "
vee”
Lve"
156°
SLT-
08T~
0oe-
Loe-
Z1e”
sT1e”
9ze”
Tee”
8¢’
(447
8¢Z¢g”
LSS~
¢LS”
08¢~
¢09°
019"
€80°
T60°
LLe”

NN NN N

e /|

oo~~~ ~YWYOWYOWYW O WYY OO WO O ST ™M

N

H,N
/\(\
N=N

Cl
FsC

ppm

60 55 50 45 40 35 30 25 20 15 1.0

g

7.0
o

90 85 80 75

El

9.5

86}

~
@
o

| I3

o«
o
o™

[=11E"]
Qe {
|-




BC NMR of compound 12q° (75 MHz, DMSO-dj)
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'H NMR of compound 12r’ (300 MHz, DMSO-d})
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C NMR of compound 12r’ (75 MHz, DMSO-d)
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'H NMR of compound 12s’ (300 MHz, DMSO-d,)
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BC NMR of compound 12s’ (75 MHz, DMSO-dy)
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'H NMR of compound 12t’ (300 MHz, DMSO-dj)
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C NMR of compound 12t” (75 MHz, DMSO-d,)
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'H NMR of compound 12u’ (300 MHz, DMSO-dj)
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C NMR of compound 12u’ (75 MHz, DMSO-d,)
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'H NMR of compound 12v’ (300 MHz, DMSO-dy)
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BC NMR of compound 12v’ (75 MHz, DMSO-d)
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'H NMR of compound 12w’ (300 MHz, DMSO-d,)
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C NMR of compound 12w’ (75 MHz, DMSO-d,)
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