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Abstract

This research is aimed to design and develop the new anticancer agent as targeted
therapy using aeroplysinin-1 derivative as lead compounds. The new agent is designed to be
an IKB kinase beta (IKK—B) inhibitor by mean of computer-aided drug design. The designed
compound which is N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-hydroxybenzamide was
able to synthesized from 3, 5-bis(trifluoromethyl) aniline and 3, 5-dibromo-2-hydroxy benzoic
acid by amidation reaction. After purification, its structure was characterized by spectroscopic
methods via infrared, nuclear magnetic resonance and mass spectroscopy. The results from
these 3 spectroscopic methods were in agreement with the structure of N-(3, 5-
bis(trifluoromethyl) phenyl)-3, 5-dibromo-2-hydroxybenzamide. The new compound has a
molecular formula of C,.H,Br,F,NO,, its molecular weight is 507.02 and showed melting point at

187.4 ° C. Its structure was shown below

i

HO

Br
The MTT assay for anticancer activities of this N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-

dibromo-2-hydroxybenzamide were performed in human cervical cancer cell lines(CaSki) and
human hepatoma cell line (HepG2). The results showed that N-(3, 5-bis(trifluoromethyl)phenyl)-
3, 5-dibromo-2-hydroxybenzamide at concentration 5 uM was able to inhibit cancer cell growth.
Its half maximal inhibitory concentration (IC,,) in CaSki and HepG2 cell lines were 4.85 + 1.23
and 3.31 pM 2 + 6.3 pM respectively, while the compared compound, doxorubicin possessed
its ICy at 1.6 £ 0.95 and 1.73 + 0.85 M respectively.

The results from overall studies indicated that the compound which is designed to act as
targeted therapy using computer-aided drug design process possessed anticancer activity in

the same level as doxorubicin as hypothesized. The chosen compound was synthesized and



test for its activity in a short time with the test results met with objectives. The new compound
also possessed good activity and is able to be used as a prototype of cancer drugs in the

future. These process saves the cost of developing new drugs and significantly reduces

research time.

Output/Outcome
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Abstract

This research is aimed to design and develop the new anticancer agent as targeted therapy
using aeroplysinin-1 derivative as lead compound. The new compound is designed to be an IKB
kinase beta (IKK-B) inhibitor using computer-aided drug design(CADD) technique. The newly
designed compound was able to synthesized by amidation reaction from 3, 5-bis(trifluoromethyl)
aniline with 3, 5-dibromo-2-hydroxy benzoic acid and its structure was characterized by
spectroscopic methods via infrared, nuclear magnetic resonance and mass spectroscopies. The
results from spectroscopic methods were in agreement and revealed that the synthesized compound
was N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-hydroxybenzamide (Z1) with molecular weight
of 507.02. Its molecular formula is C,,H,Br,F,;NO, and the melting point is 187.4 °C.

The MTT assay for anticancer activity of this N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-
2-hydroxybenzamide (Z1) were performed in two human cervical cancer cell lines (CaSki) and human
hepatoma cell lines (HepG2). It was shown that at concentration 5 pM, N-(3, 5-bis(trifluoromethy!)
phenyl)-3, 5-dibromo-2-hydroxybenzamide (Z1) was able to inhibit cancer cell growth and its half
maximal inhibitory concentration (IC,;) in CaSki and HepG2 cell lines were 8.06 and 3.314.85 + 1.23
and 3.37 + 0.34 uM respectively, compared to those of doxorubicin which were 1.60 + 0.95 and 1.73
+ 0.85 uM respectively.

The results from overall studies indicated that the compound which is designed to
act as targeted therapy using computer-aided drug design process possessed anticancer activity
in the same level as doxorubicin as hypothesized. The chosen compound was synthesized and
test for its activity in a short time with the test results met with objectives. The new compound also
possessed good activity and is able to be used as a prototype of cancer drugs in the future. These

process saves the cost of developing new drugs and significantly reduces research time.

Keywords : Chemotherapy, Targeted therapy, Aeroplysinin-1 derivative, IKB kinase beta (IKK-B}
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I

inhibitor of nuclear factor kappa-B kinase subunit beta

Nuclear Transcription factor kappa-B

= Human IkB kinase beta

= (98—(90!.70[3.12(1))-2,3,9,10,1 1,12-hexahydro-10-hydroxy-10-
(methoxycarbonyl)-9-methyl-9,12-epoxy-1H-di-indolo[1,2,3-
fg:3',2',1'-kl]pyrrolo[3,4-i][1,6]benzodiazocin-1-one

= Infrared

= Nuclear Magnetic resonance

= Tetramethylsilane

= Differential Scanning Calorimetry

= human cervical cancer cell lines

= human hepatoma cell lines

= (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
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(Materials and Methods)

1. wezasilauazailnsailunsyinade
1.1. AANAAIADT
Notebook PC, Processor Core(TM) i5-3210 M CPU @2.50GHz with 4 GB of RAM,
Microsoft Windows 7 Ultimate
Notebook PC, Processor Core(TM) i5-5200U CPU @2.20 GHz with 4 GB of RAM,
Microsoft Windows 10
1.2. Tdsunsy
AutoDock 4.0
Cygwin64
ChemDraw Ultra 12.0
Chem3D Ultra 12.0
1.3. witeaileuazgunanl
Glass chromatography column (Sigma-Aldrich, USA)
Magnetic bar (Fisher Scientific, USA)
Magnetic stirrer (Fisher Scientific, USA)
TLC tank (Fisher Scientific, USA)
TLC plates (Merck, Germany)
UV lamp (254/365nm 6-Watt 230V 50Hz 0.12Amps, Cambridge, UK)
Rotary evaporator (254/365nm, Buchi Thailand Ltd.)
Fourier-Transform Infrared spectroscopy (Thermo Spectra-Tech, P/N 700-0085,
Ver3.9 10/01, Shelton, USA and APW1200202, Becthai Thailand)
Nuclear Magnetic Resonance Spectrometer, 400 MHz (Bruker, Germany)
Mass Spectrometer (Bruker, Germany)
Analytical balance (Sartorius, Switzerland)

Centrifuge (Thermo Fisher, USA)



Inverted microscope (Olympus CKX41, USA)

Bioharzadous Hood Type 2A (Telstar, Spain)

Humidified incubator 37 °C, 5% CO, (Mitre 4000 Serie, Contherm”, NZ)
Vortex (vertex-2 genie, Scienctific Industries, USA)

Water bath 37°C (WiseBath ", Korea)

Pipette gun (Biohit Midi Plus, SARTORIUS)

Serological pipette, 5ml, 10 ml (SPL Life Sciences, Korea)

Auto Pipette, 1000 pl, 200 pl, 10 ul, 2 pl (RAININ)

Well slide chamber (SPL Life Sciences, Korea)

Multichannel Pipettes (Research Plus, Eppendorfﬁ". USA)

Reagent Reservoir (SPL Life Sciences, Korea)

Plastic ware (Glasslock, USA)

25 cm?, 75 cm’ Cell culture flask (SPL Life Sciences,Korea)

96 well plate (SPL Life Sciences, Korea)

Surfactant-free cellulose acetate syringe filter 0.2 uM (Minisart”, Sartorius, Germany)
Microplate reader (Versa Max, USA)

High speed refrigerated micro centrifuge (MX-307 Tomy Koky, JAPAN)
Hemocytrometer, cover slide (Boeco, Germany)

Autoclave (Systec, Germany)

Electrophoresis power supply (Fisher Scientific, USA)

Eppendorf BioSpectrometer® basic spectrophotometer (Eppendorfa, Germany)
Heat box (Thermo Fisher, USA)

Microcentrifuge tube 1.5 ml (Thermo Fisher”, USA)

Parafilm M film (Sigma-Aldrich, USA)

UV Gel documentation system (Bio rad, USA)

Horizontal gel tray (Fisher Scientific, USA)



1.2 A19LA
3, 5-dibromo-2-hydroxybenzoic acid (Sigma-Aldrich, USA)
7-Azaindole (Sigma-Aldrich, USA)
2-Aminopyridine (Sigma-Aldrich, USA)
3, 5-Bis(trifluoromethyl) aniline (Sigma-Aldrich, USA)
Sodium sulphate anhydrous crystal (Carlo Erba, Italy)
Sodium chloride (Carlo Erba, Italy)
Sodium bicarbonate (Ajax, USA)
Methanol (Avanter Performance Materials, USA)
Ethyl acetate (Ajax, USA)
Hexane (Avanter Performance Materials, USA)
Silica gel 1.07734.2500 (Merck, Germany)
Dichloromethane (Labscan, USA)
Dimethyl sulfoxide d6 (Sigma-Aldrich, USA)
Chloroform-d (Sigma-Aldrich, USA)
Deuteriated water,D,O (Sigma-Aldrich, USA)
Dulbeclo’s Modified Eagle Medium (DMEM) (Gibco”, USA)
Fetal Bovine Serum (FBS) (Gibco”, USA)
Penicillin Streptomycin (Gibco”, USA)
HEPES, free acid (Hyclone™  USA)
Sodium pyruvate 100 mM solution (Hyclone™, USA)
10 X Phosphate Buffered saline pH 7.4 (PBS) (Vivantis Inc. USA)
0.25% Trypsin-EDTA (Invitrogen, U.S.A)
3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide (MTT) (invitrogen™)
70% Ethanol (Fluka, Germany)
Dimethyl sulphoxide (DMSO) for MTT assay (Carlo Erba, France)
Dimethyl sulphoxide (DMSO) Ultra pure (Vivantisinc, USA)
Trypan Blue Stain 0.4% (Gibco™, USA)

Cell culture freezing medium (Gibco®, USA)
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5, &', 6, 6'-tetrachloro-1, 1’, 3, 3'-tetraethylbenzimidazolylcarbocyanine iodide (JC-1)
(Invitrogen, USA)

2', T'-dichlorofluorescein diacetate (DCHF-DA) (Life Technologies, USA)
2.5% Glutaraldehyde (Sigma-Aldrich, USA)

Ribonuclease A (Vivantis Inc,USA)

4', 6-daimidino-2-phenylindole (DAPI) (AppliChem, USA)

Propidium lodide [1mg/mL] (Invitrogen, USA)

Glyceral (Sigma-Aldrich, USA)

Blood and cell culture DNA mini kit (Qiagen, Germany)

Agarose powder (VWR Life Science, USA)

SYBR Safe DNA gel stain (Invitrogen, USA)

1X Tris/Borate/EDTA buffer (TBE buffer) (Thermo Fisher”, USA)

6X DNA Loading dye (Fermentas”, USA)

GeneRuler 1Kb DNA ladder (Fermentas, USA)
Isopropanol (Fluka, Germany)

TE buffer (Sigma-Aldrich, USA)



2. aaaniuIUIRE
2.1 maAnsuazaanuuulassaielagldnaniainad
2.1.1 mawsanuazAnidanianaidatuanavung fe IKB kinase 8 (IKK-8)
Tnenisidanuazinlnsaaing 3 15 184 targeted molecule Aa IKK-8 aIngudiaya

(4KIK, Human IkB kinase beta, http:/www.rscb.org/pdb/) A4uU ligand ﬁ‘ﬂq"lugﬂuﬁﬂuuﬂlu

31U .pdb file wwwFedilu pdbat file iwal&1lun1s docking

2.1.2 wired ligand Aaz141un docking
a. wrenlATAS4 2 BF uaz 3 35 aaearrneanuuusoalilsunay Chem 3D 10

n1g minimize energy At MM2 tuiiniflulWg Protein dat bank (.pdb)

b. W1A9a514 ligand Awanlianduneu 2.1.2 a. a1 lulusunsu Autodock

4.0 Waviin1s docking uazwiAAIHusslunsduiueulsl IKKB wazmeniunaiue
binding energy (Usznaumat intermolecular energy UAZ torsional energy) WaE docking energy
(ﬂ?:nﬂuﬁ’m intermolecular energy WAz internal energy) Tnesea U conformation AR binding

. sl
energy Was docking energy Lﬂuﬂ‘umnﬂqm

2.2 MSRANULLAS 113l
Tneinsl4lAsaai1aedeayiug Aeroplysinin-1 1niduanssiuuuy (lead compounds) Tu

' il o : "
nmreanuuy Tnearsfeanuuyludil Aniduanslungy aromatic amide 9 benzamide

Br
Br HO

HO, OMe

2T

HOu,,,, | .
Br @] Br

CN
JUR 1 womanaseanuuuas mean Aeroplysinin-1

¥ 1 3 7
N1 W Taratea s i deanuuul TUnimudumneu 2.1
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2.3. NISARLABNEIS IUNLNARILATIZA

NIARABNANT WK IREN N1 EUATIZAARA1 TN NUANNNS ATl

1. AMUAAIAINNN9N docking 2odTATea1elunszuaunng 2.1

74
2. Anuende ez uIniunaulunfsduaTzians

L4 ]
3. Anlanauazanendelunsdauansisiuuararsaulun il jisen

@
4, 3282 NaN IWNNTAAUI AN TR

5. ANTHLTENBUAT % yield WiFannuisen

as = o as
2.4 NFRIATIZRANTNIASUNITARLAAN

ae 13 unIAN A amidation ANA19EGY A amines WAz carboxylic acids 14T

BT amides 1evasflieanuuuly Ujiseuanadsgdans

NH,  HOOC y R’
R R N
=+ s R®
(@]

;a;‘l.lﬁ 2 Amidation reaction 214919 amine WA¥ carboxylic acid

2.5 N1SAILATIENAT

1.

2.

4 carboxylic acid A1 5.14 mmol @1 round bottom flask UM 100 mL

[Aix toluene 15 mL aslu flask anniwin g naugRanasauiia 0 °C

RN oxalyl chloride (0.64 mL, 7.20 mmol) ATNAIE dimethylformamide 2 - 3 &I/
| o o aaa 3 = a o

Uaeeliiarsazaruuaniinlfjitanta lussaanimveslulnsiau Agoumnil 0 °C

WU 20 WA

ANUuNg U HAuaITara1eisaninan uasiiUfizeuuy reflux dedn 1.5

daluanalfussennialulngiau
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=l

5. FumEefanNazatueandn WaalRN dichloromethane 5 mL adlu flask ARvegwda
=S ]

waneg

6. LANANIALAENANUDI amine (7.71 mmol) Uag triethylamine (0.72 mL, 5.14 mmol)
dl [l 3 £ 73 o - ar 2
hazauat)lu dichloromethane 10 mL avlu flask uazlarsiiUizeniuniels
yssgnnAlulnsiauuiu 24 $9lug

7. A dichloromethane 100 mL aluansazans uaziinisindnansduidaniils
FaeN13Ane 1 M NaOH a1191 30 mL 1 AT mxdiog 191 100 mL 8n 3 A3

£ @ ] v
8. 1M dichloromethane lUAnAminwdaRaatjfny anhydrous MgSO, aMntiuszive

LY

dichloromethane aanfAneLATe rotary evaporator

a &
2.6 N1SUANA1S IWLTANEAE column chromatography
thasnldannde 2.5 lusndaludeunAsdinuasin lildansisgnaniniufosdanis
column chromatography Tagl% hexane : dichloromethane Tugmsndau 6 : 4 1y mobile
ar ai o & i o dl = 1
phase Uz MEAITaEA8ATBLUTAAN column ufn tatsAiwaeet T flask i

v
Amagasinsaasaludunausaly

. = 2
2.7 MsANEANANLANIGAIHAN A0 985 NAIATIZHLA
aasy =l dllf =4
pusHTAMaRERANdNfesmadnen Ae  Anuatsnsolunsazans  waznIMNan

UADHIUAIUBIANT

2.7.1 MINARAUANNAINITALUNITAEANE
Tunsdinansluveude  nismsaaeuAnanBnaiN@ndition Wun nsdne
pnanIlunrazaeassaTluiIaTae i Meatiniuansanmdudovizedsy

g4 Iaufsfipududasvelsildn 1 111 methanol, , chloroform, hexane 1l

2.7.2 NMSUIAANABNLUAINIEIE Differential scanning calorimetry (DSC)
VHdud s siniswaguudaaniananubau (thermal transition) 1848719870819 N1ETR

MR UULAINAINY (NM9RAUTEAEWANIL) 1896719698L1N AN vidaan gumni lu
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ussennAfignacuAn  Belunidell  aslidantsgandanuluanzilfuuaniuzaesans
q

ar

Auarsilitalanyoiciureud  Wemnguugl  A193znANAN LAz RHUADIUEAN

ar

209U UIBUMAT TINGWIUNGNAANAUSTANRUSILAMABNINAITIB4ANT TUNNNATBINIT

q

wWasuan uz luan 189NN

2.8 mafigatitaseairamaniiuassnsNdasRla

2.7.2 Infrared Spectroscopy (IR) Spectrometry

Humaiiailiguisiululuianarasaalsznayduitd FolunAduiazlimaiail
L‘ﬁ"ﬂQ]ﬂ’ITLﬂ?iltluLLUﬂQMQﬁ@“ﬁ’uﬂuTﬂNﬁ%’NLﬂﬁ‘ﬂ’mﬂ’]i‘ﬁ’;ﬂﬁuLﬁﬂUﬁ’Uﬁ’lﬁ‘ﬁﬁdLﬂi"]:HﬂLMﬂ Tneng
WIUNA1TAEAE KB disc

3611991 KBr disc 1R85

- thanshdanssild 10 mg ldadlu mortar Huseud Lty KBr disc

- BN KBr (IR grade) 50 mg 1 mortar

- dmsuagnanaissesidiuwas duileasdun

- thasfiunazBunude lWenuiukaatesiiani KBr disc

- s KBr disc ldmnsganauuas infrared

- uinua

2.7.3 Nuclear Magnetic Resonance (NMR) Spectrometry

HumAlANTANIAANAUNAIILAINAUINUHIMAN T84T AR BATEIE 6 UG AT AT
=l ' ar <4 4 Bll = =l = =l ar é’ ' 1% dl ' ar
HANWANANTY virewdnseisliaiduaressinaiinifuaiuned luaniazwinfeniuansnany

o o & o P Ve v oo o o o
ﬂqzlu’a’ﬂéfy']uﬂ'\ifﬂﬂﬂﬂuWﬁﬂ\?quﬂlenmq\?ﬂquﬂ .].u\'l']u']QElu qu?ﬂ@ﬂﬂunﬁ?@lﬂnﬂuwrﬂ\ﬂ\ﬂu

L2
ar B o

189i0AREE18d H uas C azman 1edluianaszuinansisfiuiuans mindunseils Jeasdl

U H UATATUMLNTEY protons (A1 chemical shift) 1BdwsasuyWaiduLANc1eiY

NNTLATENFITAINTUIN NMR

F
=

- azmaasludvinasanailmAaneznaneas H Tunsnaaasil lsiazae Ao

dimethylsulfoxide-d6
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o a! [ ] e a O 24
- thansazananegluaendmiudn 'H uaz “C-NMR lldnduau H waz ¢ nels
auuudimanInin 400 MHz
- ldans tetramethylsilane (TMS) 1flu reference standard

2.7.4 Mass Spectrometer (MS) Spectrometry

v o s ]

| k3
fumatianisamadanlivanmedauenuassielssqa  (mz)  wazmtminluana

i
=l g

(molecular weight, M.W) 184a157faansinszilaetnegnsies fnlimmulasaiimiani
‘9’1 4 = e dy 2/ = cd”ét ns’ s 2 A a
we9a 7t 16 Tenddatiaclimaiiailinen dminTuana wazdanaedlasaianiinnann

nisuanvineeswusyluliianaesasnduns il

NNSLATENANSAIUTUIN Mass
- aza18d1? 5 mg lusannazane Aa methanol
- anasdi lugaunaingseg

- uAnua

ﬁ( - -
2.8 NSNAFAUNEAIUNISLALTATRILTRANTIFIA2E3T MTT assay

o o .
2.8.1 MSINZIREUTARNZITINAAINUALLTARNLITIAL (CaSki and HepG2 cell

lines)

UAaNzITNUINNAQN CaSki WASITARNEITNAL HepG2 A1uau 2x10° cell/m TG
1u 75 cm’ cell culture flask Aata1171A8ITAE DMEM 1 luinlug humidified incubator
auuni 37°C 7ifl 5% o, funan 23 fu auradifinduandulsznn 10 wh uasildauou

wasszanns 1x10° cells/ml AawtnEmaa L subculture alilun1masnssalls

N15911 subculture

- liulngaemisiinean

 dnafurtadiing PBS Buffer pH 7.4 Lsains 68 mi AR PBS aani

- lAN 0.25% Trypsin-EDTA 1 ml

- silaltiailug humidified incubator gUMAR 37°C AIfl 5% CO, Usznny 12 Wil tite
infadugreaniumedifon alfiluamsazaagur
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- IAn complete media 9 ml iNaug U384 0.25% Trypsin-EDTA

9

- ppiuaaaneARALdnaLi Flask [udla

- vanetuaadudaAuanaiunasnie 1 IFadEuiu 1x10%cells/m

- AALIAAAIN Flask i (WRnmsiiduandld) eanunld Flask Tnd

- AtaadBuuR 1x10°ells/mi Fiog DMEM Un1ug Incubator nelAgnumnil 37°C,

1 CO, 5% Wunan 2-3 Tu

MSUULIAS

i
=l

UAIANN trypsinized aulfiuadineauda tasnaztinld i lun1maassfeafluriad

=

137, > 98% T9azN N 1TTUATUIULTAANHTAR (viable cell count) #a81@ trypan blue i

v
PUAZIBEAAIT UIARAINAIINT 10 Pl VEARILUUKHUNIIITAN WANTUR 0.4% trypan blue

i/

10 pi 1 autopipette ARAUAINANLHANTY AAEadiaNALRINMEARILL hemocytometer 7

ala

#l cover slide Tnag] M lludrwiuaadnidinnaléindes Inverted microscope Tnanfuigag
niaInlwted 5 184 A TeUNENE A19%08 UNT9T AT UASTeIRINNATa AsgUT 3 Tasad

P R i i o - i | , A w -
Vm‘mm:blnmﬂam WU18Y trypan blue LurﬂqqqﬂaNﬂT:'ﬂLﬂuﬂU 1Nﬁquqﬁ'ﬂmqum'ﬂ1ﬁ“mﬂﬂ°ﬂ'ﬂ\1

\
ol 5

9 ]
wAANNTIAEN IR daulaaan NFInAzAnR1N[RY A UIUEAsNNTIR a1u1TnAuelfiann

Il
el e

Am (cells/ml) = AunLEadanuuUlA x dilution factor x 10°

=l

o r:dl =i
[MUIULTARNH

ar

ANUIUTBIAIL

(dilution factor = 2, W1 hemocytometer 5 Ta4)
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, 1 mm |

= L f‘_ CORNER
SQUARE

i B

[

7UN 3 uansgil Hemocytometer uazAUMYa TR NI ITAS

D

2.8.2 msvedauanuiuAsdaraduzialinungnuazitaduzis s
(Cytotoxicity assay)

dunaunsEENLTAS
1, aENAg BusuRAEdY 2x10° cells/mi 2y 96 well plate Tuifu1ms 100
pl/well
2. Wnluuislug humidified incubator gruug 37°C il 5% CO, U 24 Fali
3. isadumageuiuasidans i 5o sdindu 0 - 500 pM uRen ey

doxorubicin (DOX) (Positive control) fina udindiu 0 - 25 pM uu 48 Falug

FuRaUNIsIATETTAATTInAAEmATIA MTT assay
1. Lﬁyﬂw’ﬂﬂﬂ"lu 96 well plate 1ﬂﬁumﬂﬁQﬂLﬂ‘§:ﬂd High speed refrigerated micro
centrifuge 7 5000 rpm 5 W
2. AU supernatant fia Wivdausiday pellet
3. ANEMNBEALTAH DMEM (non-Phenol red) adltl 100 ul/well
4. vengns MTT Aislaanadindiu 5 g/L, 10 pliwell a3y 96 well plate
5. viltinlug humidified incubator gruugdl 37°C A 5% CO, 4 Falis

6. antutin T umnAaaietas high speed refrigerated micro centrifuge # 5000 rpm

16



5 U
7. M@ supernatant 74 Wivdousidon pellet
8. arantnznausie DMSO U3ums 80 pLiwell
9. ﬂ’l‘lﬂﬁ'ﬂﬁhﬂﬁ‘i@mnﬁuumﬁﬂﬂLﬂ?’c‘N microplate reader fi494AAu 570 nm

10. wanamaellsunsy SoftMax Pro 6.3

} 4
o =l

¥ [l
11, ansuihAm N Awanm % cell viability Taglignssatl

% cell viability = ﬁﬁnﬂiqmnﬁuLLﬂdmﬂa sample x 100

AINITHANALUAILEY control

2.8.3 MSILATITANINAD A (statistic analysis)

nsaaszdaNiunrrevasieraanzi3UnuAgn (CaSki cells, SiHa cells) uax
waaravllnG (HaCaT cells) finzinalla MTT A=iNNIMAREYEN 3 AT (n=3) @aunving
T sunsa microcal origin 6.0 LanswatduA1afidue + standard error of mean (S.E.M.) lag

=l e

14 Student's t-test IntiAn p-value<0.05 uansieANUANATBLNTTEAATUN194TH

17



NANITIAE

(Results)

v 5 .
1. NMMTARLARANAITAULLY (Lead Identification)
i = A ; =y = o
AINMINUNIWITIUNITULNEMN AT 8T TN AN ML DT gvBnandeinen §R4e
aula @n959sNT ANV A Aeroplysinin-1 TadluansnlFiseauntswmuntaseasna
Ar @ Il o ;w < n&' el L7 = ' ]
wazqn Hathedaan Tnaanizgnisiunads 3elERmasulisn fatunssuaunisds
ﬁfynvnm@’u‘nﬂﬁ(cell signaling pathway) W&z inhibitor of nuclear factor kappa-B
kinase subunit beta (IKK-[} enzyme) lael IKK-[3 enzyme T fidaufendasiunisiainy

@
VAU TRYBLIaaNZTY WUIE IKK-B enzyme gnsunqwisagnauganisnieuazgdanali
y ) 3

¥
= o

v 9
waanzFmeansiRToAuTalUfee Al 91ddel 3alfiaen IKK-B enzyme B wilu
whunngreanisaeniuue’ wananil IKK- enzyme deiidayarasiaraainenglugn

1
@ =l

fpayaiiilu protein databank Failudayahamnsnrin i lunseanuuusaanszuaunis

NABNRUFADTLAHTIUR

9 i
wananBlERseUnIsiaRuszaaslnsad1e 4-Phenyl-7-azaindole Ml IKK-[3
inhibitor(39) AU amino acid AWMLY cysteine 99 waY methionine111 AsIELULR
active site 984 IKK-3 enzyme satiu nswamnlaseaineann aeroplysinin-1 fignunsniia

o o | 9 Ar AJ ot o o ral J
WWEZNU |KK-B enzyme @:**mﬂLuum@'a'anqwﬁﬂlfaam?wwmmlummnuLﬂwmﬂmnmmu
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Lead Identification

-3 s ™
Natural Marine
Compounds Known
- Compounds
Aeroplysinin-1
y, _ 7-Azaindole

|

Computer-Aided
Drug Design Process

Structure Modofication

|

Designed Compounds

Synthesis

I

Anticancer Activity Testing

MTT assay

717 4 nseuuuenansdrauinaeddeiUiuulaew
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2. Computer-Aided Drug Design

2.1 Validation of Target Molecule

1714 targeted molecule @ﬁﬂﬂ’mgﬁﬂﬂiﬂ protein data bank Tnaianizludnwoe
ligand-enzyme complex @:ﬁﬂﬂ’}?[ﬂ?fmﬁﬂum’mgﬂﬁ’ﬂdLﬁfﬂ@lm’mmﬁwm enzyme LAY
ANMNAUNIZIA1ZA9184 ligand TuN199LAU enzyme TreiasfuAl RMSD < 2A° lunisiag
T 5denld enzyme IKK-B $9a 4KIK Wazld ligand 1un199in validation Aa K_252A (gﬂﬁ
5a, 5b Az 6)

a1NN"3¥ validation §1F1 RMSD winrfu 0.43 (msnsefl 1) §Asedelilaseaing 4KIK

N7 docking WazAn® parameters #1947 Tunseanuuuansfinspanianes

A1519% 1 N7 Validate wulad IKB kinase beta (IKK-8)

PDB Code Binding Energy (Kcal/mol) | % @u1@nlu cluster LG RMSD (A%)

4KIK -6.77 16 0.43

gﬂ‘ﬁ 5 X-ray crystallography 184 enzyme IKK-8 §9@ 4KIK (a) Wa ligand:; K-252A (b)
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GluB?A*—"\’
J/ R

Val29A

Met96A
llel65A
Aspl66A

val1524 \})
Cys99A

Leu2lA
Glyl02A

Glul49A

o ""‘IIH

U7 6 wamannsduaaIans K-252A fiu IKK-f3 or 4KIK enzyme

https://www.rcsb.org/structure/4KIK

2.2 Design of Target Compounds

B v o

LRGN m‘gﬁ’uﬁ Aeroplysinin-1 A8 aromatic analogues NeRauN1aulE

«
o

) a | = P S Y S . a
ANINAGNTINUNITAN TAFBTARNZTININTY §I48R988N aromatic analogues Huiilu
AMUTBIATNAZRBNWLIL

Twrtuzipeaii 1@Tseaueed Liddle J et al (39-40) Nuansdauaaalnsaginegns 7-
azaindole tim hydrogen bond iU enzyme IKB kinase beta (3171 7) A7 N atom AU

v

7 fiu CYS99 uar MET 111 faduasliindeyatinnfudauraslaseainaluniseanuuy Tne
=l a - | a = a o’ [ 2/ g A =
HuwIAaNd1 naNdunaImnsanaRUse H MU enzyme Wnluluianaansiug iazidau
M 1ilAsea51920981 92 BNULLIE HAMNANUNIZIANLAIAD enzyme WASITARNLTURNNN
A” ] = s n’; A | & o Q i [ a o s
YUNAIAN AU Qf:@ﬂ@ﬂlmuwmu‘um 7-azaindole ring HIWEIUN laannsinanussiuans
BYWUSUIY Aeroplysinin-1 Aa aromatic analogues AINWUATIAAELANTIBANULILAYE
TUsunsumaniamaiingldnsiiaussiu amino acid CYS 99 uaz Met 111 lunnsiaan

A1 uN KU ZITRNU TR UM

21



0 N

O>s/ o

(T
N N

4!] 9 = o/
7U7 7 Tn9a@519 4-Phenyl-7-azaindole (a) WAEN19AA hydrogen bond v CYS 99 (b)
(Liddle et al, 39)

o —_—
Tassainansneaniuuainsnagylasaainelinagl 8

HO Br

Br

/
Iz /
=

P
N

/ HO, Br

o}

£

N

H
z Br

g7 8 wamsnswamwnazasnuuLlANaEeansing
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Taeidauaed ring A azifludiufinnadnasiiia affinity Lmzm?‘@qﬂémmms uazifludouid
w3] amine Wliiana el lun1eind §Tsaniu carboxylic acid 20asfidauaes ring B Az
Lﬂumuﬁﬁmmmmnwﬁuﬁﬂum Aeroplysinin-1 WARANY 4-methoxy B8N sagannlyl
SNNTOMNENSRaEY carboxylic aid "ﬁfﬂ«‘l&;l: 4-methoxy Tuluianals neiludunouils

aanuuuaisly 3 series A8 X, Y WAL Z

2.3 NMFINABIFITNAANULLUAZM AT TRaTanTUsunsHARNNILADS
= [l 74 = T v ] b3
naannsAnEnisaanwuLans v ine lireuiamaiidndes lnantsAneuans
AWlumned 7 Tnelasea$ia 3, 5-dibromo-2-hydroxy benzoic acid azmanulazaasng
amines 4RGN Hae Wusziolud muiliuanclugy 8 TnAnmwisRwmaialdainnisvin
docking 184 conformations N4ULBN active site 184 enzyme Imgiiunnaiinwuse
lalnsiaunniumiansaeziln CYs99 Wluuan wietafinnsifiausziunseesilusmauls

L1478 Aauanelum3ne 71 2
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as P~
3. NSABATIZNASTIDDNLLL
3 ﬂ'\?'&’ﬂtﬂﬁqgﬁ'ﬂqiﬁ'ﬂ’ﬂﬂuﬂﬂ X1
NMIAUATIZRANT X1 ArunsnduaTzilAann 3, 5-dibromo-2-hydroxy benzoic acid WAz 7-

azaindole A4 LLﬁm’Lugﬂ‘ﬁ 9

Br Br
HO HO
Oxalyl chloride, DMF
HO — o Cl
Br Toluene Br
0 (0]
7 NH
CH,Cl;, TEA =

~
~

Br

UM 9 uanalfiensdainnsiians X1

wudn WainrdaansiuarAnnnUisanfaawmaiia thin layer chromatography
9 1 1 1
(TLC) udia Liwudfansludiatuieindjizanain 24-48 49Tue Taaadn asldamnsn

UGTReN1A Wasannnisiive bulky 189 7-azaindole
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o =
3.2 N1TRILATIZNAITNABNULY Y1
MIAUATIZUANT Y1 AHI0RUATIEHLAAN 3, 5-dibromo-2-hydroxy benzoic acid Was 2-

aminopyridine fauanlugi 10

Br Br
HO HO
Oxalyl chloride. DMF
HO E==_—_————— Cl
Br Toluene Br
o) 0
N NH»
CH,Cl,, TEA
o N
Br
HO
8
x Br
=z N (o]

7% 10 uamslfisennisdanssians Y1

v =

ﬂd o -« = - Svm
Wanniduameiuazinnuliisensqamaila thin layer chromatography (TLC)

]
= o

109M38UATIEANT Y1 WudrlansImiiin eyl izen 24 Folue udansludiifinaul
2 1 ]
arsduidau vin 1% 'H-NMR spectrum ua@nd H peaks Lifnauuaznanannidanszifls e

2 L7
Ansanuandn Wansluldunutisenindani1sdansei 1 aF

3



Fe =
3.3 NSRILATIZTRAITVNIABNLUL Z1

NIAUATIZIANT Z1 AN Tndaasziléann 3, 5-dibromo-2-hydroxy benzoic acid

ua 3, 5-Bis(trifluoromethyl) aniline AauanalugLli 11

Br Br
HO HO
Oxalyl chloride. DMF
HO EE— Cl
Br Toluene Br
0 0]
F3sC NH,
CH,Cl,, TEA
CF;
Br
HO
FsC “
Br
6]
CF;

UM 11 wansdjidennisdansisians Z1

U

4 =

wannisdunziiazfinnul fidenfaamaila thin layer chromatography (TLC)

b ! i 3
o

189n13dAATIZANT Z1 wudidansludfiatuieinUfien 24 40l uasansludinlis

|
U

" PP | o
anroanuAn linandnndanwuziTuresudaidgnsuasdansei i luiunuininne
san1si ldnageuuasigaiillaseaine Tne 'H-NMR spectrum u@md H peaks Ndaauuas

u

TiRanmluilau
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L3 ]
ANNTAUATIEIANINT 3 i Aeldansnsndunsisd X1 18 §AdeRsinans X1 eanlu
£

J n; i = e« 1 el v = «
TURDUY LLﬂz'Q’mﬂ']ﬁ“ﬂﬂWW']ﬁ‘WNLﬁ!’ﬂﬁ‘[ﬁﬂd’]ﬂ?']‘].l?'l&1ﬂ’ﬂ']ﬂTﬂ?LLﬂ?Nﬂﬂ}JW')LWﬂT LANT Y1 WAz

£
o e o =8

z1 Healdsinaiu dalu §AdeRadendanssiarsiud Ae 21 Seliinandnlulfunnigeuss

QU

-
-

A iianalandians Y1 ainisdaamzidin Welilunsinmluiuneusely
Tnagns z1 aeiilseasradly N-(3, 5-bis (trifluoromethyl)phenyl)-3, 5-dibromo-2-hydroxy
benzamide ﬂ'\mﬁ‘nﬁ’amﬁ"}:ﬁ@'mﬂ'l?ﬁ?\iﬁu An 3, 5-bis (trifluoromethyl) aniline waz 3, 5-
dibromo-2-hydroxy benzoic acid 1ag/lfUfji7e1 amidation ﬁ@:ﬁmﬁ‘mﬁlﬂuug carboxylic
acid Wingjlugluasm] acyl chioride nawinUjfeniuaisngu amine LLﬂ:Lﬁﬂﬁwmi'lﬁu?‘fgw‘é

9
W&7 At maseuRuaNlRuarigallanats ludunausaly

4. MSATIARDUANANLANILARNANAURIANT N-(3, 5-bis(trifluoromethyl)

phenyl)-3, 5-dibromo-2-hydroxybenzamide (Z1)

4.1 Computational Chemical Data
AnantRnuafii@ndresansidaunnmeild aunsonmaseupuanifiniaiifo

L o

Tusunsumenfiome? feaslinmuanimsie Auansluansed 3

A9 3 uansAaNTANILATizasarsaInnIAu uredllsunsuAaNia el

Property Name Property value
Molecular Weight 507.02 g/mol
Molecular Formula CsHF:Br,NO,
Critical Volume 913.5 (cm’/mol)
LogP 5.95
tPSA 49.33
MR 88.78 (cm*/mol)
cLogP 7.24302
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logS -7.162
PK, 5.720
Rotatable Bond Count 0
Hydrogen Bond Donor Count 1
Hydrogen Bond Acceptor Coun =

4.2 Experimental Data

1 7

A194AATI NN IHLEaNEAEAEN19M79 column chromatography WA 11KA594

aauAuANTRNIARAANdNd 1 Ayhe Avnaisalunsazatelusainazaneme uaznis

v

WIANAARAENINAT (melting point) #8383 Differential Scanning Calorimetry (DSC)
421 ﬂ'.nNﬂqu'liﬂqluﬂﬂiﬂzﬂqﬁl‘llﬂﬂﬂ']i

AN 4 LaAANAINITn luNNTazant luAa RN aza 8 189ans

AYINazang (Solvents) AMNAINITO LUNITAZANE (Solubility)

Water lulazane

Methanol azanelfanilas

Diethyl Acetate azanulfaniian
Dimethylsulfoxide azanein

Acetonitrile azaelfiantias
Dichloromethane azane l#n
Toluene azaelin
Hexane azany 1HA
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4.2.2 NMSUIANAANAANLWAL (melting point) AIEIEN"S Differential Scanning
Calorimetry (DSC)

= %ar o 5 = = < oy a

[Heans IHFunaRIuANTar azins dauudaanenianan vdanaail i finng
wasnmadasuan uzansesdaiuresvas Ennsuldeugundn usiu G Dsc iy
watAn R zinageuasinan s inAINANIBAMNTRLILA T U RTBeAN L RPN
a1s1meg s Ineniunlinsmnnatuasianudiusinensaiunislaauulsipnnsieu
YBNANT TIET N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-hydroxybenzamide (Z1)
WARNAANRBNINAIFE DSC graph AIgL 12

41N DSC graph aziiun1sulasuulasesszduannieuludosguungil 183.8 - 190.5
o & =l = =4 o o | o i =
C TeluqaniansiiniaganaunaNIuANTauat9nd lurns s dsuulssanius

¥

nveswiviiifuresma uarqangean1es peak Aa 187.4 °C AvLiU A15A9iAT8990

WRANIMAIN 187.4 °C
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L8 miﬁ'gqmﬂ‘é‘m%"lwl’mmﬁ‘ll‘aami N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-

dibromo-2-hydroxybenzamide (Z1)

nsnsadauinNaimaaiiaesasidanmeilifaairsasiiani spectroscopy

18un Infrared Spectroscopy, Nuclear Magnetic Spectroscopy WAL Mass Spectroscopy

5.1 nsiganlaseasrenasans N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-

dibromo-2-hydroxybenzamide (Z1) aaatnaiia Infrared Spectrometry

dansidinnsilfaneiondadoanmminliegluplies Ker dise  iienmawuy
WeAdululaseasnafinaiaies infrared spectroscopy Tmﬂ@mﬂﬂﬁ'ﬂuuﬂﬂwmuﬁLﬁﬂqﬁﬂdlu
naARUEE amide wudn T4 IR spectrum 2849813 N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-
dibromo-2-hydroxybenzamide (Z1) f{ﬁm;!: NH fifnumis wavenumber 3323.87 om #ifluu
single peak safludnwoize secondary amine (gﬂﬁ 15) uarlitsng peak ludnwouy
doublet 184 primary amine Fanuluansiadiu fe 3, 5-bis(trifluoromethyl) aniline Avtsnglu
317 13 unz WL M C=0 amide 7l wavenumbers 1635.33 uaz 1616.20 cm’ Tuanuziivy c=0
184 carboxylic acid 184 3, 5-dibromo-2-hydroxy benzoic acid AWU wavenumber 1669.04
cm’ ummni‘fe‘]’ﬂﬂﬂmng | OH 224 carboxylic acid T4 IR spectrum 184813491AT1=U N-(3,
5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-hydroxybenzamide Siduis annislaeulas
1 IR spectra fananadinadiu uanaWidiuinmgfliReadiaslunnsdainm eifion §ien amidation
e Wy primary amine 184 3, 5-bis(trifluoromethyl) aniline wax W] carboxylic acid 124 3, 5-
dibromo-2-hydroxy benzoic acid 13y @09 N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-

2-hydroxybenzamide (Z1) 3414 amide derivative AnunlAsaanyAgIulIaR

5.1.1 Infrared spectrum URIHITAIAY 3, 5-bis(trifluoromethyl) aniline
Infrared spectrum 284 #1556 3, 5-bis(trifluoromethyl) aniline WraNIALAT KBr disc WARIAY

517 13 UaTM139N 5

a
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AT197 5 WARYA1 wavenumber 284 functional groups Alulnseasa 3, 5-bis(trifluoromethyl)

aniline
Wavenumber (cm™) characteristic Attributed to
3505.74, 3417.48 Doublet, medium N-H stretching, primary amine
3083.77, 3045.83 Doublet, weak =C-H, aromatic
1639.68 Singlet, strong N-H bending, primary amine
1470.73 Triplet, medium C=C, aromatic
1280.48 singlet C-N
1126.25, 1178.45 doublet, strong C-F
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& o
5.1.2 Infrared spectrum AR4819MIMY 3, 5-dibromo-2-hydroxy benzoic acid

Tupded infrared spectrum 184 ANTHAAY 3, 5-dibromo-2-hydroxy benzoic acid wiseulng
6

[ A i
7% KBr disc WAAIAIZLIN 14 wazRNT19T

A1$199 6 WAAYAT wavenumber 984 functional groups ilulnsaase 3, 5-dibromo-2-
hydroxy benzoic acid

Wavenumber (cm™) characteristic Attributed to

3231.87 Doublet, medium

O-H stretching, phenal

3500-3000 Broad , medium

O-H stretching, carboxylic acid

3093.71, 3,057.75 multiplet, weak =C-H, aromatic

1655.49 Singlet, strong C=0 stretching, carboxylic acid

1595.89 Triplet, medium C=C, aromatic

1,226.26, 1178.11

Singlet, strong C-0O stretching

874.00 Singlet, strong C-Br
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5.1.3 Infrared spectrum 849815 N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-
hydroxybenzamide (Z1)

AU infrared spectrum 289 ATNAUATIZ AR A19 N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-

dibromo-2-hydroxybenzamide (Z1) wizen1neAs KBr disc uanaA3gLn 15 uaznignai 7

A15197 7 WAAAT wavenumber 184 functional groups Nl lulAseasna N-(3, 5-

bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-hydroxybenzamide (Z1)

Wavenumber (cm™) characteristic

Functional group

3294.36

Singlet, medium

N-H stretching, secondary amide

3107.61, 3055.71

Multiplet, weak

=C-H, aromatic

1639.94

Singlet, strong

C=0 stretching

1584.33, 1547.30

doublet

Amide band

1440.91, 1493.90

Triplet, medium

C=C, aromatic

1281.83 Singlet, medium C-N stretching
1130.25 Singlet, strong C-F, aliphatic
1184.17 Singlet, strong C-0, aromatic
684.64 Singlet, medium

C-Br
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52 n%‘ﬁgﬁﬁtﬂ‘a‘aﬂa"ﬁa‘lj@m’ls N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-

hydroxybenzamide (Z1) AaELATaY Nuclear Magnetic Resonance (NMR) Spectrometer

nnatharsdannsinldllnmaaaulanseaiefoamalln - nuclear  magnetic
resonance (NMR) spectroscopy iNansaagautilauazaiuay protons Nl lulaseaiaiieuiy

9 1 >
ANTAIFU WAT 1A TR

5.2.1 "H-NMR spectrum ﬁl'aaﬁ'\‘iﬁ’{‘iﬁ‘u 3, 5-bis(trifluoromethyl) aniline

gﬂﬁ 16 11U 'H-NMR spectrum 184 3, 5-bis(trifluoromethyl) aniline Tufninazans
DMSO-d6 11129 0-10 ppm ez peaks 18437U1U protons W spectrum yavmawindu 5
protons 1Agl protons U84 primary amine peak ‘wuﬁ 6.127 ppm %d peak Hanuoue singlet
fasanlaifinig coupling dau aromatic protons WUluga9 6.0-7.1 ppm WA integrated 328y
Hwiniu 3 protons ansausIuIL protons ﬁ@g@ma‘ammm aromatic ring 184lAseas19 Tae

o 1 o = i :J
LWL peaks 9MUU protons WALTUAUBN protons wanalun319h 8 LL@:EIJVI 16

A19199 8 UAAYAIT8Y 1H-NMR Spectrum (ppm) 184 3, 5-bis(trifluoromethyl) aniline

4749 0-10 ppm
Assigned Hs Signal position Relative Number of Multiplicity
(ppm) Protons
NH, 6.127 2 S
Ha 6.990 1 S
Hb'He 7.114 2 S
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5.2 n1sganlaseasIenasans N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-

hydroxybenzamide (Z1) pagLATaY Nuclear Magnetic Resonance (NMR) Spectrometer

Anmnnasdaansin i llnssasularaiefioamalin - nuclear  magnetic
resonance (NMR) spectroscopy iWansaaaaLIinuazanuau protons N lulANas ey

2

a9RaFY wai 14 1 usail

5.2.1 "H-NMR spectrum ?J'aamiﬂuvaﬁu 3, 5-bis(trifluoromethyl) aniline

gﬂﬁl 16 1l 'H-NMR spectrum 284 3, 5-bis(trifluoromethyl) aniline Tusiavinazane
DMSO-d6 Tuda4 0-10 ppm faqzml peaks 184313 protons 1 spectrum Fanuawih iy 5
protons Tog protons 184 primary amine peak W‘U‘ﬁ 6.127 ppm %d peak HAnmole singlet
Hasannlifinng coupling 821 aromatic protons wuludag 6.0-7.1 ppm UAT integrated $98 U
IAwinfiu 3 protons Hamsadan protons ﬁ'@fgmmmuﬂm aromatic ring 1847A79a%19 {Ag

AU peaks A7UIU protons UAZTHAL2Y protons WAAYTUAI97 8 UazgL 16

A131991 8 UAAIA128Y 1H-NMR Spectrum (ppm) 284 3, 5-bis(trifluoromethyl) aniline

494 0-10 ppm
Assigned Hs Signal position Relative Number of Multiplicity
(ppm) Protons
NH, 6.127 2 S
Ha 6.990 1 S
Hb /Hc 7.114 2 s
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5.2.2 "H-NMR spectrum ‘n’aaﬁ'l‘mgaﬁu 3, 5-dibromo-2-hydroxy benzoic acid

gﬂff‘i 18 lu 'H-NMR spectrum 284 3, 5-dibromo-2-hydroxy benzoic acid Tugiann
axa1t DMSO-d6 lutae 0-16 ppm %Q@:W‘U peaks Lﬁiu’]’ll’m’%ﬂu’m protons W spectrum
Vi 2 protons 4msaTLs UL protons ARlulAsadsne Taesumis peaks VAN g
dsnglutgae 7.8-8.0 ppm uay integrated AWMy 2 protons Gaiflu peaks 284 aromatic
protons TuiAgea314 CRT-RNENR peaks A1UIY protons WAZTHAY8Y protons WAA AN TT O

uazgLlv 18

A139% 9 WAAYAYDY 'H-NMR Spectrum (ppm) 984 3, 5-dibromo-2-hydroxy benzoic

acid 1749 0-10 ppm

Assigned Hs Signal position (ppm) | Relative Number Multiplicity
of Protons
H1 8.050 1 dJ=24Hz
8.044
H2 7.886 1 d,J=24Hz
7.880
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AU peaks 284 carboxylic OH Was phenolic OH Wi @14iAA intramolecular YR

intermolecular H-bond %1% peak Nan®ue broad 11n ludag 10-13 ppm

Br Br
0
0
\ Y
/ —
HO \
HO H==-0

intramoleculat H-bond

Br

7 intermoleculat H-bond

giﬁl 20 Intramolecular WAz intermolecular H-bond 184 3, 5-dibromo-2-hydroxy benzoic acid

5.2.3 'H-NMR spectrum 224819 N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-
hydroxybenzamide (Z1)

"H-NMR spectrum 184413 N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-hydroxy
benzamide (Z1) TWFAa1azane e DMSO-d6 lugae 0-13 ppm LLﬂtLLﬂmQﬁ\igﬂﬁ 21470 'H-
NMR spectrum WU peak 7l 11.684 ppm HANME singlet uazat] ugaq downfield 1w peak
984 NH 194 secondary amide Uas peaks 194 7.9-8.4 ppm ins protons (U184 aromatic

v ]
protons 784119A839Y TneRAumLd peaks ATUIUUAZTHAT8Y protons uARSIWANI9T 10 uaz
3Un 21
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A197197 10 UAANAITBY TH-NMR Spectrum (ppm) 183 N-(3, 5-bis(trifluoromethyl) phenyl)-

3, 5-dibromo-2-hydroxybenzamide (Z1) 194 0-12 ppm

Assigned Hs Signal position (ppm) | Relative Number Multiplicity
of Protons
NH 11.241 1 s
Ha /Hb 8.442 2 s
Hc 7.930 1 s
H1 8.200 1 d J=20Hz
8.195
H2 8.063 1 dJ=24Hz
8.057
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Br

HO H,
Ha
H
FiC N
Br
0 Ho
Hec Hb
CF3

g 23 Protons Tulaseas1enes N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-hydroxy-

benzamide (Z1)

FaC

CF3

517 24 uansdausas functional groups luarsavsiuninaafiesluninifinwuss amide

789479 1V

\Hau1 'H-NMR spectrum wasansidaunszils (gUan 21) Tufeumeudy "H-NMR

=b. =i

spectra UBNATAIFY An 3, 5-bis(trifluoromethyl) aniline (gﬂ 16) wax 3-chloro salicylic acid

1
=l

(317 18) azwuacNusNEALan U199 11 wazgLdi 25
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A = o o 1 N .
A19197 11 IWTELIRELAIUIL protons WALATUIL 'H-NMR peaks 11194 aromatic region

ang 19U Aromatic protons 41U peaks 194 aromatic region
A2 3 2
B2 2 2

A2B2 9 4

5.2.4 "C-NMR spectrum B985 N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-

hydroxybenzamide (Z1)

*C-NMR spectroscopic technique ilunafiafligainuunnsineesiinged carbons

notluaniwuandenuanseiu Iaeg “C-NMR spectrum 284 N-(3, 5-bis (trifluoromethyl)

phenyl)-3, 5-dibromo-2-hydroxybenzamide (Z1) L&A ﬁ'\ﬁgﬂﬁ 26-27 wazlum139n 12 39

i ' i = & i ., i
peaks 184 carbons ﬁwlu'] TAun carbonyl carbon TIRZWLNATLWLN downfield mﬂﬁ’ﬁmlu

spectrum AB 11 167.270 ppm WAL carbon AMUMMT 1 iy unwiiiilu wa hydroxyl Azwy

peak NifiA downfield \ui Ae 7 156.109 ppm
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200

0-200 ppm

BN

26 C-NMR Spectrum (ppm) 189 N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-hydroxybenzamide (Z1)

109
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mmaﬁ 12 WAPNANT8Y C-NMR Spectrum (ppm) UBY N-(3, 5-bis(trifluoromethyl) phenyl)-3,

5-dibromo-2-hydroxybenzamide (Z1) 124 0-200 ppm

Assigned Cs Signal position (ppm)

C=0 167.270
C1 156.109
C3 140.219
C7 139.208
C5 131,388
C9/C11 131.027
C8/C12 130.509
CF3 121.572
C6 119.950
@yl 118.052
C4 113.294
C2 110.443
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Br
HO

ZT

F,C
3 Br

CF;
717 28 usmesuL carbons Tulaseaieaes N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-

dibromo-2-hydroxybenzamide (Z1)

5.3 MsNFAnULATIAT1912981T N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-
hydroxybenzamide (Z1) 5’Jmﬂ“:"ﬂa Mass Spectrometer (MS)

AN mass spectra 1aI817 N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-
hydroxybenzamide (Z1) ﬁﬁqtﬂm:ﬁ'lugﬂﬁ 28 A¥NWU peak uan fragment JadquiiBanin
molecular ion (M+) Taazuiani fﬁuﬁnTuLﬂqﬁmﬂqﬁﬁ? 5 M+ peak Medl miz = 507.2 ol
AN ﬁquﬁniulﬂqﬂ'ﬂﬂqﬂﬁi Z1 aniziRnaiudaurasnisuaniin lulasaaitesans daifio
ANMIUANTBINUES amide #VH1H peaks 7y fragment 184 3, 5-dibromo-2-hydroxy

si. = ] J o cll
benzoyl cation 4N mass = 279.0 Tiilu base peak 183 mass spectrum U G]x‘lLLﬂm'lug‘ﬂ 29

CF3 — =1+

o8 s

{
FsC N &5 : N
N -

HO HO
Br [ Br |
m/z = 507.02 m/z = 279.0

gﬂ‘ﬁ 29 ua@na fragmentation pattern 984@19 N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-

2-hydroxybenzamide (Z1)
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6. nsAAsTnaniiluasAlsznanlulaseaisuasans N-(3, 5-bis
(trifluoromethyl)phenyl)-3, 5-dibromo-2-hydroxybenzamide (Z1) Aaeag
elemental analysis

AINGATHIANATBIAT mmﬁ‘mﬁﬂmmmﬂ'nmﬁ’lrqﬁ;ﬂumﬁﬂ?xnﬂuluiumqmm

arsiilseanysianiaiannaluluana IaedBnnsnEandn elemental analysis lHNaRIA171S

N 13 G19an9il

A19197 13 wassilBunneedlsznaueeesng uluianaaes N-(3, 5-bis(trifluoromethyl)

phenyl)-3, 5-dibromo-2-hydroxybenzamide (Z1)

siiilluesAUszney | Calculation (%) Found (%) A2B2.H,0
C 35.53 34.731 + 0.034 34.31
H 1.39 1.717 + 0.018 1.73
N 2.76 2.653 + 0.016 2.67

‘ & o - =i < e ala =
WL ﬂ']TV]ﬂ\?mTQQﬂ@Uﬁ'IWWLﬂuﬂQﬂﬂi‘zﬂﬂU Nﬂqu’HUﬂ% AIUU HANAATISUR]

o i A ° i °
IndnRsaiuAnAwInlfinesanshit 1 lianalulasaaing

7. Mmavagaugnamunsiulnue T fNiSnIdns N-3, 5-bis

(trifluoromethyl)phenyl)-3, 5-dibromo-2-hydroxybenzamide (Z1) na®

walla MTT

msmmqu‘%rmmm? N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-

hydroxybenzamide (Z1) ’Lumsﬂ’u&mm?mmwaﬁu:L’%qﬂqnum@Jn (human cervical
cancer cell lines: CaSki) WALIMARNZAINAL (human hepatoma cell line, HepG2) @
adEusuln st 24 9l wlatumadiuans A2B2 Arnudiadny 0-500 uM
WA doxorubicin (DOX) AN 0-25 UM (positive control) kas 0.5% DMSO
(negative control) 14 96 well plate WA 48 'ﬁ"fﬂm ﬂﬁ’w’miuﬁﬂwﬂﬁnﬁm:ﬂmwﬂ@ﬁ
nelEn&as microscope AN MO IR UTARNZ5 CaSki LAPIAINNTIT 14 UATANHLE

YRITARNLFFU LARIAIA1T9N 15
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%

wudnlunguivsgag 0.5% DMSO vfwn@ﬁu“f%‘amﬂmﬂn (CaSki) WRLITAANZITIAL
nwnzing wsasaugUnszans LawwﬂﬂmmviﬂﬂmwmmuL'm'u wazH
SuamadinEiunnng1 90% Luﬂim@urmmtmwﬁ mﬂﬂmmimqmmnwum R
LLmﬂEi’\d‘ﬂﬁﬂﬂf}:uvnﬂﬁﬁﬂuﬁ’mms N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-
hydroxybenzamide ((Z1) wa¥ doxorubicin ﬁmaﬁ@zﬁgﬂéwﬂau L?i'aﬁwmﬁ;ﬂuqaﬁ”ﬁ
(bleb) uazlalawandaagass AnwmiznismzAuiebiudu wuadastdiuauann deidn
wnadugaannidalidne

ANNTAATIEIMNAUIUN95 AT AT TRE AR INATIA MTT WU LTadTILN Aot
@19 N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-hydroxybenzamide ((Z1) wae
doxorubicin §uauigadiisantinanamAadndLTasa TR AuLAN AR NGHT
Uufne 0.5% DMSO aginafiitd1Atun19ania (P < 0.01) eI ARTAAR HemATlA
MTT A NENRUSALNIANEN AN HOUZIBUTARAENARY microscope

N1INAaaLUssansnInIBIaT N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-
hydroxybenzamide(Z1) lum?ﬂ’u{ﬁmmﬂ?mLﬁuimmmﬂﬁu:ﬁqﬂqﬂmqﬂ (CaSki) Wuan
@19 N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-hydroxy benzamide (Z1) ﬂm’m

; y

indin 5 uM BuduganiaasyiruinresgasuzFanuagnls uazaaniinduaesans N-
(3, 5-bis(trifluoromethyl)-phenyl)-3, 5-dibromo-2-hydroxybenzamide((Z1) ﬁﬁ’ﬂﬁms
winyiulnreaaduzdanuagn arad 50 % (50% inhibitory concentration, IC,,) 11
WL 4.85 + 1.23 M luanisiians doxorubicin Hien IC., WinAL 1.60 + 0.95 pM AAUAR
faens gl 30 a, b uazmnsed 15

NANINARBLLUTTANTNINIRIAT N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-
dibromo-2-hydroxybenzamide(Z1) 'Lunwé’mf&nwm?mﬁutwﬂmL“ﬁﬂﬁu::l,?\iﬁu (HepG2)
WU N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-hydroxy benzamide (Z1) 17;
AN 5 uM fémi’u&amm?‘mLﬁ‘uim’ﬂmL*ﬁﬂﬁu:ﬁ\zﬁuiﬁvﬁuﬁu wazANENduIea

#19 N-(3, 5-bis(trifluoromethyl)-phenyl)-3, 5-dibromo-2-hydroxybenzamide((Z1) M1
nswasayLinTesaduzI3siL anse 50 % (50% inhibitory concentration, 1C, ) HAN
Winriu 3.37 + 0.34 pM Tuanusans doxorubicin JA7 IC,, WAL 1.73 + 0.85 uM AILAAY

fains W lugil 31 a, b uazm1s9n 16
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rr’l'\‘a"mﬁl 16 WARYA IC,, (UM) 189817 N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-

hydroxybenzamide (Z1) Wax doxorubicin

TUALTARNLLI ANFRAIATIZN Z1 Doxorubicin
CaSki 485+1.23 1.60 + 0.95
HepG2 3.37+£0.34 1.73+0.85

=L

NUANNFISEFanad1esiy a9 ldeanuuuls 3 419 annsnduaT i1l 2 419 uazansi

Da

= «

anmthnmeaeugvinaenauigallasaiali § 1419 A @19 21 Haannisigan
TAaaseudn Ae ang N-(3, 5-bis(trifluoromethyl)phenyl)-3, 5-dibromo-2-hydroxylbenzamide

4 = oy a s o o o = nw s
wie Z1 Tansignasiuniaiuineeseaduz G lusrdLmaaiu doxoribicin
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ajtuarendme/Aansalnannsie

(Conclusion and Discussion)

o

= e 3 J’ = n-i‘ " & dl a o -3 4 o= i
nudeaiiduuddsifainidineirun e fnsuzFangulu Ae ngu small
molecules TAINIFNEINZEULLRNINNZIANZNABTAGNZIS 1T targeted therapy Tnaidan
BYNUTLDNE1T aeroplysinin-1 1iduassiuuLL (lead compound) Tunnswamn Tned
whuanaluniseengmsiieulad KB kinase beta (IKK-B) Bvluavauniswmuneninuue 54l
e liiemalianiseenuuuaning 1nsruaunimiepaniiame’ (Computer-aided drug

" & -’z/ dl 3 aly o [ J =
design) 1l ludunaunisaanuuuen Seiunautiaiunsonn lfitlasannidivung Aa enzyme
IKB kinase beta (IKK-8) fat/luguiinyaies protein data bank ¥nl#anunIndnaesqnenn
VT (active site simulation) 184873UAENNIALAUIB481 9L enzyme Tulsunsunng
panRaee i Tedayanldainnszuaunimisneniome fresanIfiuuuLuaTaf siaanuuL gn
iufasnnuaziisuisuiveglaniauazanuidulylfdnanshas nuuy asfiuua i

' - T v L4
ansignannniiesfedle Tedureullanunndnaedduiana lfvainuatsuuuuasingd )l

v
= oer

. - < ' x
aundrazldiansinadiaziignen uazluauddeil arsfinnainnszuaunisi e @19 X1, Y1

[
el £

LAz Z1 antiuennasiaunsdanmsiflifaadiesrulnsasanean v 3 fil leAanisi

B8nd1 retro synthesis wudrinnansiiiuse amide agfluluianaieaunsnidennszuauns

Aunrzifaanjisen amidation Tneld an9Radiu Aa aniline uax carboxylic acid 16
hudunaunisdanmzing 3 413 wudn ans X1 ifinTen Tuanizit arg Y1 91

]
o

dannfli ulBnananiion TiansuazliaunsamnudnldlulBnmmnnne doudns Z1
fuansidenilinandngemanasuazidgrainneriiludnm luiunewsely safu fideds
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