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Abstract

Limitation of capsaicinoids and capsinoids raised from the pungency and the structural
instability, respectively leading to less applications use from both natural substances. However,
capsaicinoids and capsinoids are received much attention due to the application use as food
supplementary especially for weigh control. In this investigation, three main approaches are
focused in order to discover the new compounds or develop the suitable derivatives that fit
with the need of the end user; 1) reduction of pungency of capsaicinoids 2) stability
enhancement of capsinoids and 3) preparation of the novel metabolite for future food
supplementary. It was revealed that three different capsaicinoid derivatives, N-(d-hydroxy-3-
methoxybenzyl)-5-(1H-indol-1-yDpentanamide (IC5) N-(4-hydroxy-3-methoxybenzyl)-6-(1H-indol-
1-yDhexanamide (IC6) waz  N-(4-hydroxy-3-nitrobenzyl)-5-(5-nitro-1H-indol-1-ypentanamide
(NIC5), exhibited less toxicity to skin fibroblast cell that indirectly indicated for less irritation and
less pungent. Moreover, two capsinoid derivatives, acetyl capsiate and reverse ester capsiate
possessed much better stability than those in capsinoids, which rapidly decomposed in water or
ethanol within minutes. In addition to reduction of pungency and stability improvement,
capsaicin sulfate was firstly synthesized with high yield and can transform itself to capsaicin
under certain condition and this camouflage property make capsaicin sulfate can be further
used as the next candidate for food supplementary. Finally, medium chain fatty acid, which
prepared via simple acid hydrolysis of capsaicin, was one of the leading food supplementary for

weigh control.
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3.1 N5A38U 90% capsaicinoids AMNEITENANINAIBISTNITANKEAN

TuenAdeildanssaduiie capsaicinoids dmsunmsudulassadsliiamuinanas saustaldidu
aspasnilunsssen metabolite fiaula uazldansatnndnuuunenulunisin formulation uaznu
AruA Bedadldansatandnluinniias dsdumanion capsaidniods ilauuiguanseiu
nnwsndsdusumeiivssninuasmanzaudmiumsanenisei

1nen15LeIeU capsaicinoids ﬁﬂamu%qwéﬁmqﬁu annsaisuainnsldndnan (WEnfilssann
Tassmsfmurszuunisdgnniniilssidensiluanimuindeniiunndnaiu) unouauuisinisads
freezdlau wavinissemeesdlauesnaununarldasataniniidnvanduvewnamindunadui
capsaicinoids Uszanas 30% w/w dai1luldlun1svh formulation wie@nwianumasa

dmSun1smsey 90% capsaicinoids Yuanusavlalnensanudnsesvinazareiifidasile
Youazenandnviniu 1.9% dodindaninuie (A 7) vedvinnsBusulasadiaves 90%
capsaicinoids faeinaila H-NMR wudayeiaes aromatic proton Tugas 6.60-7.90 ppm drudiiu
long chain hydrocarbon Wudaayiadlugng 1.00-2.30 ppm uazfid daufedaaiaves amide proton 7
5.91 ppm Sefldnuaisit broad wazdyey10e methoxy proton 7 3.84 ppm TeiEUSUNANITIATIZN
diadudaemada mass spectrometry Wu ESI-MS: m/z [M-H]" 9484 capsaicin Wag dihydrocapsaicin
WU 304.1918 wag 306.2075 MuaIsu

auuiiai 65 °C wu 72 dalus afafraazilnu
yizniilssan (16a19) winfilssuiiqua Capsicum oleoresin
13.5 Ailanfu 6% capsaicinoids (w/w) 30% capsaicingids (w/w)
111 ~85% (wiw) 2.0 Alanfu (100%) 386 N3 (19.3%)
po e s
ueinguaae - anuaniudinazanendidasn o
- Ll
wnmeaa+iianaw/laaaalslimu
. 3z H = =
Crude capsaicinoids Capsaicinoids HanR212-1uABIua
65% capsaicinoids (w/w) >90% capsaicinoids (w/w)
175 Nfu (8.8%) 38 NTU (1.9%)

AN 7 N15anakaEN1SYN capsaicinoids TAUTansanwInilss
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3.2 SR8 capsaicin IAAMUARAAAS

[loanAuLlavesanIngal capsaicinoids Tunsanunilasld capsaicin iuansiilélunisane
oty MetluuimenisuSuaudelanaudady 3 uwamede 1) miﬂ%’mﬂ?iaumju hydroxyl 7129
aromatic 2) miﬂ%’mﬂ?ﬁmmjm methoxy 7174 aromatic waz 3 n1sUSuidsuduiiiiu long chain

hydrocarbon

3.2.1 msﬂ%’uﬂqa capsaicin é’?ﬂﬁ’liﬂﬁju acetate carbamate phosphate proline wag
glucose 7 hydroxyl group 98479 aromatic (s18as188a33n15d0ATRkanslunIaNwIn 1.1 uay
%’aga spectroscopic data Tun1AnwIn 1.2)

dufunwrAnlunisuudsulassadiaves hydroxyl group 7179 aromatic wavunfiagdanals
ANULEAANA mmﬂsﬁayjamiﬁﬂwwaﬂﬁSﬂﬂuﬁsimmim Higashigushi kagmeuy Faldvinaswen
capsaicin glucopyranoside 31AWIn Capsicum C.annuum, C. frutescens, Wag C. chinense Fonulu
USunauiitesuazldfantiniadrnmdtiauls wildfland@iinfon! Suildanuuianlunisuiu
Tnssadnedl hydroxyl sroup Fu lneuufandneaunsariliisuas ouavuananing waziiierun
dundasusianunsousulasulassaiiaundu capsaicin Tandsnisldom wu ndsnism nsiu wie
nsan Weliflautinedinmitdesnis

ﬁj\‘iﬁ?umimﬁlﬂu hydroxyl group #1749 aromatic é’mmiﬂeju acetate ﬂf:jjm carbamate ﬂf:jj:u
phosphate wag ngal proline IﬁgﬂLﬁaﬂiuLﬁaﬂﬁuLWiwmmmgﬂLﬂﬁaulﬂLﬁu capsaicin Idadluly
$19mens 1zl enzyme unzaulusrsniefiazinnas hydrolysis NANANTAINA

aiflunsdnasegiudadu nsduasen gucose capsaicin inulusssuwAdisufisen
glycosylation 581114 capsaicin fU glucose? Way NSEUATIEY acetyl capsaicin carbamate capsaicin
phosphate capsaicin &g proline capsaicin é’awﬁﬁ%m esterification $¥%119 capsaicin ag acetic
anhydride dimethylcarbamoyl chloride phosphoryl chloride iba¢ Boc-L-proline Wieduasin
acetyl capsaicin carbamate capsaicin phosphate capsaicin wag proline capsaicin MMNd1AU

fainstusulassadieduld ms iludeyandndmiunistusuludesiures acetyl capsaicin
carbamate capsaicin phosphate capsaicin e proline capsaicin lagwui1 1)acetyl capsaicin i1
ESI-MS: m/z 348 [M+H]", 370 [M+Na]", 386 [M+K]" 2) carbamate capsaicin A1 ESI-MS: m/z 377
[M+H]*, 399 [M+Nal*, 415 [M+K]* 3) phosphate capsaicin &fi1 ESI-MS: m/z 384 [M-H]™ wag 4)
proline capsaicin ESI-MS: m/z 525 [M+H]", 541 [M+Na]"

d1115U glucose capsaicin ﬁ?ul%%’aga 'H NMR wag MS Tun1s8udulasiasng wuan NMR v84
slucose capsaicin 9WUfyey10uManves glucose 7 4.86 ppm (d, 1H anomeric proton) fveding
glucose oMU capsaicin kag 1A ESI-MS m/z 490.2411 [M+H]*
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o O

OY
)k )k K,CO3, Acetone 0
(0] H
reflux, 24 h N
= OCHj

Acetyl Capsaicin ‘

\
N__Cl

- Y K,CO3, Acetone
o reflux, 24 h
OCHjy

Carbamate Capsaicin

OH

o
e
H Cl—P=Cl EtsN, CH,Cl,
N Cl rt, 24 h
= OCH,4 ocH
3

(0]
capsaicin 0 k
HO i Phosphate Capsaicin HN
1) N" 0 °
(0]

DMAP, DCC, CH,Cly H\/@:
rt, 24 h = N OCH,3
(6]

2) HCI, CHClI;

Proline Capsaicin
CH,0H

TAGF w\OH
1-) BF4.0Et,, anh. CH,Cl, \/©:
TMG (R.T. /3 h) OCH,

2.) MeOH (R.T./2h.)
K,COj3

Glucose Capsaicin

A 8 UFATeINsduATIsieuiusued capsaicin faeanslungy acetate, carbamate, phosphate
proline WLa¥ glucose i hydroxyl group 9833 aromatic

3.2.2 n3UFUUT capsaicin Tifianadnanasdrenisunudings methoxy ¥8424 aromatic
(wazdunisnisduazuandunianuin 1.1 wag Toya spectroscopic data Tuntanuan 1.2)

dmsuninAnlunsuuusdlasiadnees capsaicin feumsinnanmsiemeivesnmsidndu
489 capsaicin U TRPV1 9 nuidediniuunyes Zeng wazanzlul 20153 WUIINGU methoxy Y8939
aromatic lallafldhuRsvesfunmsiindunsisensu TRPVL vilvnisusulassasnafiduniedl Tihitas
denadoautinnedanimues capsaicin 10 edinguunuiifimnzaulunisdnuilde nqu electron
withdrawing (A W 9)  ws1zdlAuaIunsalunis manipulation A5LAR stacking interaction $¥1#31924
aromatic fiu TRPVL 8 uaziiflaesiilaudfimedanmiity uasannanisasesudodu nui ns
il nitro group WUl methoxy group dswaseAusEAELFRsTURMTEAAT
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OH OH
H
H\/©/ MN
MN F
o (0]

Demethoxy capsaicin Fluoro capsaicin
OH OH
H H
1 X 1 I
= Br = NO,
o o]
Bromo capsaicin Nitro capsaicin

OH !
= OCF3 MN F
© o

Trifluoromethoxyl capsaicin
vl cap Difluoro capsaicin

AW 9 LWININSUTUUT capsaicin Tllanuinanasiienisunuiings methoxy
V929 aromatic #7g ﬂfcj:u electron withdrawing group

ﬁgaﬁlLmeNmiﬁﬁmi’wﬁ%m demethoxy capsaicin fluoro-, bromo-, nitro-, trifluoromethoxyl-
waz difluoro capsaicin @nansauvsliiu 3 Jumeundnie 1) M3wIeudII aromatic amine 2) N3
W38y long chain fatty acid wag 3) N3 coupling 21119 aromatic amine Wag long chain fatty acid
8 peptide coupling reagent (AT 10)

Tun1siw3oa aromatic amine HuiSuann1siUasungs aldehyde Ty oxime wazsiing
reduction 11U amine (A1w 10) d1n5u demethoxy capsaicin ﬁ?ﬂ“fﬁj 4-hydroxy benzaldehyde
Juasi3udu d@9u bromo- way nitro capsaicin tuld  4-hydroxy benzaldehyde W1v1UfAsen
bromination Wa¥ nitration Lﬁam%uauﬁuﬁ‘%a bromo wag nitro benzaldehyde (AW 11) uag
d1m3u fluoro-, difluoro-, kag trifluoromethoxyl capsaicin ﬁ?u Tun1swssn aldehyde Fousuainans
lungy phenol 11¥1UATe11 U hexamethylenetriamine e lvile auusvas fluoro-, difluoro- Uag
trifluoromethoxyl benzaldehyde (1w 12)

%gumawiamﬁamiLm%‘wauﬁuﬁ‘%aﬂ aromatic amine @11Suayus fluoro-, difluoro- wax
trifluoromethoxyl benzaldehyde 1115 reduction Ae35989 Ganett® Ay palladium/carbon ngla
annzwialalasiaunaznsaifiondnidenis hydrogenation UL aromatic waglaayius fluoro-,
difluoro- ay trifluoromethoxyl benzyl amine ﬁgaﬁf%faEJamJaamaméma@iuizﬁuﬂmﬂmﬁqaﬁaaqu
Tuya9 35-76% d@1115U 4-hydroxy benzaldehyde wagayiius bromo benzaldehyde 5uﬁwﬂ§ﬁ%m
reduction 1ag/ld Zn wag ammonium chloride lﬁaqﬁuﬁmaﬂ demethoxy benzyl amine Wag bromo
benzyl amine Ingfegavvanandnagluszauuiunalsagluyie 28-35% wagdmiuauius nitro
benzaldehyde #111%11U§A%81 reduction 1aeld ammonium formate laayWusuas nitro benzyl
amine Tne¥esazvaamananagi 31% (1w 13)
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Synthesis Hydrolysis

Ry from capsaicinoids
OH
H
R4

AW 10 ANFINITEUATIZH capsaicin THTAMUARAAAINMENITLNUTING] methoxy U89 aromatic

moiety

Br2 OH
MeOH, 0°C, 1 h H
—_— Br

(0]

OH
T(©/ ] bromo benzaldehyde
H
o HNO; T(©:OH
H,S0y, rt, 30 min H o
4-hydroxy benzaldehyde NO2

o

nitro benzaldehyde

A 11 N15FUATIZN benzaldehyde derivatives
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OCF;,
OH
HMTA
TFA, 60 °C
trifluoromethyl phenol
F
OH
HMTA
TFA, 60 °C
fluoro phenol
F
OH
HMTA
F TFA, 60 °C

difluoro phenol

OCF,
OH

o

trifluoro benzaldehyde

F
OH

[0}

fluoro benzaldehyde

OH

0]

difluoro benzaldehyde

AN 12 NM3804AT19 fluoro benzaldehyde derivatives InglgUfjiseves Duff Reaction’

NOH

NHZOH Hcl  FsCO

NaHCO3/H20/Requx HO

F3CO:©)L
0

i NH2OH.HCI F.

H NaHCO3/H,0/Reflux HO

F
—_—
(e}
o NOH
H NH,OH.HCI yH
Na,CO3/H,0
axL05/H HO
NHZOH HCI ﬁ
NaCO3/H0 o

(0]

NH20H HCI

HO

o]
Brﬁ
H
HO

NOH

H__— < 5

NaHCO3/H20/Requx HOQ)‘\

Pd/H F5CO
_ PdH,  Fs NH,.HCI
conc. HCI/EtOH

trifluoro benzyl amine

Fj@/\NHz.HCI
HO

fluoro benzyl amine

F
NH,.HCI
HO
F

difluoro benzyl amine

Pd/H,
conc. HCI/EtOH

Pd/H2
conc. HCI/EtOH

Zn/NH4CI
nNH,C NH,.HCI
Reflux
demethoxy benzyl amine
Zn/NH4CI Br:
NH,.HCI
Reflux
HO

bromo benzyl amine

OzN:©)LH Ammonium formate OZN:@/\NHZ‘HCI
(]
HO 190°C HO

Nitro benzyl amine

A 13 NSFUATIER benzyl amine derivatives

%umaquﬁwﬁamm%wia benzyl amine derivatives fiu long chain fatty acid iléansi acid
hydrolysis 984 capsaicinoids 1iial#lé long chain fatty acid fiazerawazdnalidevasvoinananly
U381 coupling reaction guuazdesamsviliuianslutuneuaniing Mddudulassadisves long
chain fatty acid ‘ﬁ%imu%umaumi coupling A 8-methyl-6-nonenoic acid A28 'H NMR 2wy
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Soyeuneudt 2.35 (&, 2H, CHy, J=7.5Hz), 2.23 (dq, H, CH, J=13.2Hz, J=6.7Hz), 2.00 (q, 2H, CHa, J=6.9Hz)
Uuni1sBudures double bond coupling pattern Tulassasne (nw 14)

WU coupling reaction ¢%1314 benzyl amine derivatives AU long chain fatty acid
Ineld standard peptide coupling agent L HOBt/TBTU %58 HOBt/EDC Gﬁuﬁ’wﬁmaqmjmmuﬁw
29 aromatic (AW 15-16) siaiinisusnansliuiansly HPLC Tunsusnuaziiudulassadrsanviesie
'H NMR tileszynsiiensievedlaseai1asening aromatic amine Wag long chain fatty acid F3aziiin
19w amide bond Imaammﬁm%waa NH 289 amide bond (1H) Vié’cyapmﬂizmm 5.74-6.11 ppm
sauviald HRMS saududulaseadewes capsaicin derivatives AdaLAS1E%TY Wudn 1) demethoxy
capsaicin A" Caled. For Ci7HsNO,: m/z 276.20, found m/z 276.1958 (M+H)* 2) bromo capsaicin
Calcd. For Ci7H24BrNO2: m/z 354.11, found m/z 354.1063 (M+H)". 3) nitro capsaicin Calcd. For
C17H24N0q: m/z 320.17, found m/z 321.1809 (M+H)". 4) trifluoromethoxyl capsaicin Calcd. For
CigH24F3sNO3: m/z 359.17, found 360.1832 m/z (M+H)". 5) fluoro capsaicin Calcd. For Ci7H24FNO,Na:
m/z 316.17, found m/z 316.1683 (M+Na)". wag 6) difluoro capsaicin Calcd. For Ci7H3F3NOy: m/z
330.1675, found m/z 330.1641 (M+H)".

O
=
o
H3;CO NM (0]
H /\OM
HO Ethanolysis  H3CO NH,HCI
—_—
o * i
H3CO "
s N HO
H

Pure capsaicinoids

/\OM . - ) y
Base hydrolysis (E)-8-methyl-6-nonenoic aci

B —
(¢}

o Fnn

8-methylnonanoic acid

AW 14 N1580ATIET MCFA 91nUASEN hydrolysis ¥8sansainaInman

0]

R o)
NH, HCI P DIEA/TBTU R NM/
+ HO _— > H
HO HO

HOBt/DMF

R = -H, -Br, -NO2 R = -H, -Br, -NO2

AN 15 N13dATI8 demethoxy capsaicin bromo capsaicin kag nitro capsaicin IngUfAzen
coupling reaction Mg HOBt/TBTU Jusaisaufjizen
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o
R R -
k NHp.HCI HOM HOBYEDC.HCI ! NM
Et;N/DMF

HO

R, Ry
Ry=0OCF3, Ry=H Ry=0OCF3, Ry=H
Ri=F, Ry =H Ri=F Ry=H
Ry =F, Rp=F Ri=F, Ry=F

AN 16 N15EUATIEY fluoro capsaicin difluoro capsaicin kag trifluoromethoxyl capsaicin 1ag
U381 coupling reaction sive HOBt/EDC Lusissufizen

3.2.3 N15U3UU3s capsaicin TlianuRaanawsitunisuiuussludau fatty acid residue wag
aromatic moiety (8azdunIsn1sduATIERLandluNIAKNYIN 1.1 uag {Jjaga spectroscopic data Tu
AANWIN 1.2)

ﬁm%’umiaaﬂu:uUiumi‘d%’“U‘UiﬁmNa%ﬁmﬁﬁgummwawami'vlmaaﬂuu‘jyaﬁuﬁwujﬂ nitro
capsaicin ldinsszareiAnsainnisuaumasiiniou saufunsusuauevesatslduas long chain
hydrocarbon LLazLﬁluﬂEﬂ:Nﬁﬁﬁmﬂﬁmﬁﬂ stacking interaction fivaneanele wieliaiunsaifiunisiin
Sunsiseniu TRPVL Tei® wasthitessiiviiaudimednmiiilusasfinnudinanas weillassadeiild
ponuuuliiiianun 9 lassadne uazanunsnsiinisdunsgildlneujisensening vanillyl amine
derivatives iU MCFA derivatives #18 standard peptide coupling agent lﬁLﬁumiwamﬁmeﬁﬁhm
(1w 17-18)

NAN13&9LATIEN indole capsaicin analogues (IC5, IC6 wag IC7)

dm5un13daAsIzit indole capsaicin analogues (IC5, IC6 way IC7) laspvazuninandnlyiniu
45%, 41%, uay 78% MNEGU arsnanduailddusudiomeada H NMR Gandumanuan 1.2) Tne H
NMR 284 indole capsaicin kansauduRusszninmseglsufnvesdiu vanillylamine fu indole Tngdi
'H NMR LLamé’zyfyﬂmﬁ 6.68, 6.72, 6.80 ppm LUu proton vuasezlsurfn (3H) 7 4.22 ppM V84
methylene ﬁL%amaE“Jiw'jwaawu%uﬁ’uﬁuﬁzLalm‘ (2H) wa 71 3.73 ppm 284 methoxy (3H) Tnadiu
dyaalusaeuves indole derivatives ﬂiﬂﬂgé’ﬁywmﬁ 7.00-7.52 uay 6.40 ppm v93190uUlaa (6H)
WA deygy1uuad long chain hydrocarbon 7l 1.23-1.37 uay 4.2 ppm 84 IC5 (8H) , IC6 (10H) wag IC7
(12H) muadu wagyinn1sdudulaseasnenie HRMS Tagnuan indole capsaicin analogues (IC5, IC6
way IC7) ﬁﬁﬂﬁﬂ‘ﬁﬁa calcd. for Cy1H2aN,0sNa: m/z 375.1678, found m/z 375.1679 [M+Na]*. calcd.
for CyoHagN,OsNa: m/z 389.1844, found m/z 389.1836 [M+Na]*. wag calcd. for CyzHogN,O3Na: m/z
403.1999, found m/z 403.1992, [M+Na]*. mua1nu

HAN389LATIZIA nitroindole capsaicin analogues (NIC5, NIC6 Waz NIC7)

dmsun13daAsIEIA nitroindole capsaicin analogues (NIC5, NIC6 waz NIC7) lasosazuoinanan
WINAU 3%, 72%, uaz 65% PUAIEU @1snansueiiladudusmomeda TH NMR (uansluniauwan 1.2)
Tae 'H NMR wa4 nitroindole capsaicin uansdauayiaufi 6.60-6.80 ppm 1 proton vuaseglsundn (3H)
7l4.23 ppm ¥8s methylene '1'7iL%auaaujswdwwLuu%uﬁuﬁuﬁzLaizuﬁ (2H) uae 7 3.73 ppm Y83 methoxy
(3H) Tnedrudynalusaeunes nitroindole derivatives Usingdya il 7.40-8.53 uag 6.64 ppm v
2lulnsdulaa (5H) wae dryey1auves long chain hydrocarbon 7 1.21-2.17 wag 4.23 ppm v84 IC5
(8H) , IC6 (10H) kaz IC7 (12H) M1ua19U wagynn1seudulasaas19978 HRMS tagnuin nitroindole
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capsaicin analogues (NIC5, NIC6 tag NIC7) fiendiiiae caled for C,1H,3N505Na: m/z 420.1539, found
m/z 420.1530, [M+Na]*. calcd for CoHosN3sOsNa: m/z 434.1683, found m/z 434.1686, [M+Nal*.
calcd for Co3H27:NsNaOs: m/z 448.1849, found m/z 448.1843, [M+Nal*. a1ud1nu

NAN13A1ATIZNA nitroindole nitrocapsaicin analogues (NINC5, NINC6 uag NINC7)

AUSUNSELATIZIA nitroindole nitrocapsaicin analogues (NINC5, NINC6 wag NINC7) la5oy
AYUBINANAMYINTU 35%, 35%, uaz 30% AUANU ansHanSuInlaTuSuRemada H NMR (wandly
aeuuan 1.2) Iag 'H NMR 904 nitroindole nitrocapsaicin LLamé’iyfmmﬁ 7.99, 7.60 uay 7.10 ppm 1Ju
proton ueglsunin (3H) 71 4.37 ppm ¥es methylene MiFenagszninnauuduiuiusyielud (2H) uas
71 3.73 ppm w83 methoxy (3H) Tagdndyanaidusneunes nitroindole derivatives Uiﬁﬂgé’@@ﬂmﬁ 6.75,
7.56, 7.63, 8.04 uae 8.56 ppm vondlulasdulaa (5H) ) uae dnyaynasves long chain hydrocarbon i
1.29-2.21 uay 4.31 ppm ¥4 IC5 (8H) , IC6 (10H) way IC7 (12H) muanau kasinnstudulasiaing
A28 HRMS 1agwuin nitroindole nitrocapsaicin analogues (NINC5, NINC6 way NINC7) fiAneaiie
caled for CyoHaoNaOgNa: m/z 435.1277, found m/z 435.1275, [M+Na]* calcd for Cy1H2oN4OgNa: m/z
449.1435, found m/z 449.1432, [M+Na]* calcd for CyHaNsOgNa: m/z 463.1585, found m/z
463.1588, [M+Na]*. am1uasu

(0]

Ry . R
R o j©/\NH2 HCl _ QAH
N

AW 17 M3EUATIZY capsaicin derivatives U%’Uﬂ§a1udau fatty acid residue Wae aromatic moiety
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OH CH3 OH CH3 OH
; NO,
N-(4-hydroxy-3-methoxybenzyl)-5-(1 H-indol-1-yl) N-(4-hydroxy-3-methoxybenzyl)-5-(5-nitro-1H-indol-1-yl) ~ N-(4-hydroxy-3-nitrobenzyl)-5-(5-nitro-1 H-indol-1-yl)
pentanamide, IC5 pentanamide, NIC5 pentanamide, NINC5

OH cH3 OH CH3 OH
NO,

N-(4-hydroxy-3-methoxybenzyl)-6-(1H-indol-1-yl)  N-(4-hydroxy-3-methoxybenzyl)-6-(5-nitro-1H-indol-1-yl)

hexanamide, IC6 hexanamide, NIC6 N-(4-hydroxy-3-nitrobenzyl)-6-(5-nitro-1H-indol-1-yl)
hexanamide, NINC6

OH CH3 OH CH3 OH

o ? NO,
N-(4-hydroxy-3-methoxybenzyl)-7-(1H-indol-1-yl)  N-(4-hydroxy-3-methoxybenzyl)-7-(5-nitro-1H-indol-1-yl)
heptanamide, IC7 heptanamide, NIC7 N-(4-hydroxy-3-nitrobenzyl)-7-(5-nitro-1H-indol-1-yl)

heptanamide, NINC7

A 18 1A598579 capsaicin derivatives ‘U%’U‘Uqﬂ‘udau fatty acid residue Wa¥233 aromatic

3.3 Maaun capsinoids Tnsu3ulsdlfinnnuasiaufiatu

ndayalsylevivesansiungu capsinoids Fiunswmatgnd wagldduanaduenms
ﬁm%’umsmuqmﬁmﬁfﬂ wagin15vidu commercial product wiAUAITIYBIENS capsinoids Tu
HAR A UNTI formulation IUiiJGUENﬂE’]ﬁuLﬁ@ﬁﬂﬂ’ﬁﬁa’lﬂﬁ’a‘u@ﬂ capsinoids Hainnaliineiaves
capsinoids AnTudcuatuneun1siuiiied nsadadag non- polar solvent 131 ¥91nnN19Anelu
Jeaduveanguidowuin capsiate Faduansvdnlungy capsinoids Huazaanedalegnties 50% lu
a1 30 Wit wazaraanefegesIngInelda nnriiunsauazang wekrunaln quinone methide
degradation (A7 19)

[0} o}
3 H,CO
H,COD/\O )W\( 3 OW
-
HCo Y
g Capsiate Capsiate radical

[0} [0}
H QA
H;CO OMY 3CO (”OJ\/\/\/Y
. o
(0] *0
Capsiate radical
(0]
. OW

fatty acid free radical

N

H,CO H;CO. ..
3 @/\Ocm ﬁ HO-CH,
-—
HO 0D
Methyl Ether Qui Methide Inter

AN 19 nalnnsaaesiued capsiate W1l quinone methide degradation
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9nnaln WU'j'mzjuﬁﬁma&iamiamaﬁamnﬁqmﬁa hydroxyl group vin radical Wielauuasmie
Ausouazaaisdiu quinone methide wazyinuiseniu protic solvent Lau 11 way alcohol 1¢
9819570157 é’fﬂﬁ?umﬂuﬂa;u capsinoids 33luiiadiesdmnnazanslu polar protic solvent ALsIE91UT
i’ lunsnund iueuwmanilosasanunsafisanunsd 2 wuuie 1) ¥inns deactivation nau
hydroxyl Taen15¥1 protection §i78 protecting groups fiunzay war 2) Usulassadiawazadu
fulaves ester bond wietleatiun1siiin quinone methide degradation (AW 20)

‘ (@]
(@)
:@/\OM
HO

Capsiate

S *
:@AO)K/\/\/\K OWOW
R-0 HO ©

Protected-Capsiate Reverse ester Capsiate

AN 20 wInINsiiuAuAIiIvesanstungu capsinoids 2 WuUfe 1) ¥11n13 deactivation Ngy
hydroxyl taz 2) Usulassasnsiazadusiiinisues ester bond

3.3.1 m’a‘U%’quiﬁﬁmmmﬁ?tﬁuﬁuﬁ%ﬂ carbamate / phosphate / proline / acetate i
hydroxyl group 98474 aromatic (518agiden3zn1sduasigkandluatanuIn 1.1 wag Joya
spectroscopic data Tunipuwn 1.2)

Tulwvausn A15vin protection mjm hydroxyl ¥4 capsiate ({d9n capsiate Wufunuvesans
Tungu capsinoids ins1ziUsinmiinniianlusssusi) fonguunuiiiuangaudu ldvhmadenldnga
@13 carbamate / phosphate / proline / acetate lunsusulassasraduiierfuiunisanaiuifinues
capsaicin iszanusaldeunilu capsiate Wiflodlulusene (aw 21)

\ 9 \ Q
)(l Zjij/\ow \T i ::@AOM/

Acetate-Derivatives Carbamate-Derivatives
6 i | i
=
(¢] =
H o O)M/ o OM
e ;
HO™ 10
OH
Proline-Derivatives Phosphate-Derivatives

A 21 lpseasanaailveansiaun capsinoids Inen1susulsalidianuasalinfume carbamate
/ phosphate / proline / acetate 91 hydroxyl group U84 aromatic

matllun1sdansneyt acetyl capsiate Huagly acetyl vanillyl alcohol ¥UAzeNiu 8-methyl-6-
nonenoic acid lagld Mitsunobu reaction vil¥u3ansA1e column chromatography (30:70 EtOAC :
Hexane) wag HPLC lanansiueiidu acetyl capsiate lasasazvasnananiniu 67% eldudulaseasng
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#38 'H NMR 01818 acid free COCL nudeyaynaunand 5.03 (2H) 9 methylene ﬁagiszwdwqaa
aromatic way long chain fatty acid wazgudulaseadieniy HRMS Taanu Caled. for CigHpsOa: m/z
306.1831, found m/z 329.1736 (M+Na)*

d9u carbamate- phosphate- uaz proline capsiate TuldlauisadunseRlanuionsunuls
dlosannlalanmnsariinis coupling daufiviiu alcohol fu long chain fatty acid ¢ mmﬁaqmmmzﬁm
protecting groups fifuwnlng wie coupling reagent 819 lilnanzay eadosinisusuaniiglu
113 coupling lusiiindsluewan (M 22)

OH o 0
TPP, DIAD H3;CO =
. HO 7 e O j@/\o
THF o
O\fo 0}\

Acetyl capsiate

HsCO

Acetyl vanilly alcohol
AN 22 NM3FUATIEN acetyl capsiate

3.3.2 nUFudgslifiannunsiaiatuludauves fatty acid residue

Tun1susulaseadiawuiniedl 2 fen1sdansizi reverse ester capsiate iatostulilsiAn
N198818A7U89a15W11 quinone methide TA8yi1N15&1LA18%%91N homovanillic acid ¥MU{AZeU
7-methyl-5-octenol Iagld peptide coupling reagent Tun1sideusie homovanillic acid fu alcohol
WaEYNIIANHANINN hexane 1A reverse ester capsiate 588aLUDINANANLVINAU 60% NAWWIINTITHYN
#28 HPLC vailtusulassadnede TH NMR wudaamand 5.41-5.24 (2H) vea methylene proton #
9¢5¥1711929 homovanillic acid uag long chain fatty acid wazBudiunisiin ester bond fe FTIR 7
\@uAAY 1,735 (C=0 stretching) waz 1,035 (C-O stretching) (1w 23) (S18azidenian1sduATILinans
luniprwan 1.1 uay Uoya spectroscopic data lunianuIn 1.2)

H3C0mow
[¢]
HO

reverse ester capsiate

+
(0]
HO

homovanillic acid 7-methyl-5-octenol

AN 23 NSFUATIZH reverse ester capsiate
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3.4 N15LM38U metabolites Y84 capsaicinoids was capsinoids

metabolite vasa15lungal capsaicinoids wae capsinoids 1 iuansBnngundsiifuualtilums
Wansesenduansiasuemisuas drug candidate lalusunan lunuidedlgsndunisinwisudy
LagNUI1 metabolite AL lTufiFlunMsdLaTzsinazAnudesenuuiu 2 ngude 1) metabolite
vo9anslundy capsaicinoids Aifiy #ndugs wdo microoreanism nlUldviernsanautaiiiniou
ANAN ey 2) metabolite FAnannIsaaIefaves capsinoids kag LAnA1NN1T biodegradation U84

capsaicinoids

3.4.1) N15M380 metabolite Va9 capsaicinoids Wag capsinoids Tuduv9924 vanilliod
dmsunisdunseikazfny) metabolite MY dnITugs 3o microorganism Ululdn3e
nsanautinidasouanasvosanslungy capsaicinoids 1t N197i3danuinnuauuIsUssanndaain
a a [ d‘ .. . < .. . P 1 & I a Y
AUNSNLA3ELUREU capsaicinoids TULUU capsaicinoids sulfate AilailaninsseAeLAoImoRInlsLay
annsaldsulassasreandunndu capsaicin neldangMmunzay Jeaudfinnaiiaiunsainly
Uszendlglunisvindu drug candidate laluewan (aw 24)

QM oM

| |
(e} o
) l N < ] K
(e} (0}
! o ! o
Capsaicin sulfate ester Dihydrocapsaicin sulfate ester

AN 24 1598379989 capsaicin tag dihydrocapsaicin sulfate ester

NA9LATIZN capsaicin Lay dlhydrocapsalcm sulfate Lmauiﬂmﬂmimmgmm'ﬁv‘mw
capsaicin hag dihydrocapsaicin AU ﬂimav\liﬂwamwﬂmmua mﬂﬂiLLaﬂmaMﬁma column
chromatography Tuﬁmavmmzl@maﬂammm capsaicin Wa¢ dihydrocapsaicin sulfate ester Wag
gudulaseasnanie ES-MS wu capsaicin sulfate ester 1M1 m/z A calcd. [M-H]- (CigHp7NOgS)
384. 1486, found 384.1502 wae dihydrocapsaicin sulfate ester gA1 m/z Aw caled. [M-H]-
(C18H20NOgS) 386.1643 found 386.1738 A1Ua9U

3.4.2 M5M384 metabolite Y89 capsaicinoids wagz capsinoids Tudau fatty acid residue
TaeTd Wittig reaction
dm3U metabolite filinannnsaanefves capsinoids wag ina1n biodegradation 184
capsaicinoids 1 mefluiselimudfaiu metabolite fiiAnannnsaanesaves capsinoids 91n13
gnAuseunsonas insnzazyinlilailuanslungu vanillyl alcohol waz medium chain fatty acid
ARt (AW 25) LAEN19LA bioconversion T capsaicin #1728 microorganism a¥1% metabolite Tu
NduYes medium chain fatty acid Wudieariu (1w 26)
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0} HO =
o L'-I_L )M/
3 :@/\O =
—_— +
° H3;CO
8 OH
Capsiate radical
HO

o
T, o)
H,CO OM
. HO
o)
—_— .

Dihydrocapsiate radical

AN 25 N154AA medium chain fatty acid MinINNsEAEAITBIENSTIUNGY capsinoids

b N
MN \/©:0/ )\/Mr o/
(0]

(0]

capsaicin Dihydrocapsaicin

Bioconversion

)\/\/\/YO“ MOH

0 0
(E)-8-methylnon-6-enoic acid 8-methylnonanoic acid
HO HO
OH
MOH M MOH
0 o o)
w-hydroxy nonenoic acid B-hydroxy nonenoic acid 8-methylenedec-6-enoic acid

AN 26 metabolite Iuﬂﬁjmaﬂ medium chain fatty acid MtAna1n bioconversion U84 capsaicin fg

microorganism

Tun15&9LAs189% medium chain fatty acid 989 8-methyl-6-nonenoic acid uag 8-
methylnonanoic acid @13150¥1N19891AT12RA8N15YIN transesterification U84 capsaicinoids A28
ethanol u&n s base hydrolysis azldnansaueiiduveuvadla %qmmiaﬁwﬂﬁiLLaﬂiﬁU%qméﬁw
column chromatography #1178 20% ethyl acetate Tu hexane laasHaNIENING 8-methyl-6-
nonenoic acid kag 8-methylnonanoic acid wagannsausnliudgnisese HPLC uagdminilans
A luUTUIgEINTAYIINISUENKUY fractional distillation n1eldan1izanaiudule weilann H
NMR wudnliinudyaialugae 6-8 ppm daduredas aromatic Tundndueiiduasizvld wagny
Fueyraudl 5.36 (2H) 109 methylene proton ﬁagﬂiamﬁu carboxylic acid (AW 27)
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:©/\NH2HCI
—_—
N
H3CO i Ho
3 N HO
H
HO

Pure capsaicinoids

(e}
=
o

H3CO NJ\/\/\/\( ¢}

:©/\H /\OM
HO Ethanolysis H3CO

)?\/\/\/Y
)?\/\/\/Y

/\OM L Bmetit - cid
Base hydrolysis (E)-8-methyl-6-nonenoic aci

_ =

oFmnny Sy

8-methylnonanoic acid

AN 27 N1381ATIEI MCFA 91nUATEN hydrolysis vasansainaInwan

N15daATIEN metabolite Tunguwes medium chain fatty acid 7iinan bioconversion
484 capsaicin #28 microorganism 1 MinamensEne 3 3 ffuans (1 26) Ae ©-
hydroxy nonenoic acid B-hydroxy nonenoic acid ita¢ 8-methylene-6-decenoic acid ﬁdﬁwuiﬂ ‘171’5\‘1
@-hydroxy nonenoic acid waz B-hydroxy nonenoic acid §elianunsadaunseild seiiilosninans
fesilunsdamsesifinuadosiuasin selfaldol condensation lédne

dmulunsinien 8-methylene-6-decenoic acid 1 anwnsawdeuldannisviiufasen
Wittig reaction 5211713 (5-carboxypentyl)triphenylphosphonium bromide AU 6-oxohexanoic acid
Lazansdaduiidaasizilaluvin Wittig reaction fu 2-methylene-butanal ﬁqm‘wgﬁ 0 °C aels

b4

usse1nALAalulasian wagyitusgnsaieds column chromatography fiely wudta1suadndnueii

Fuasenteuduvenay £,7-diasteroisomeric tnsouazvainananyintu 60% waziudulasiasiaans
nanAuTITsmATA mass spectrometry AU 182.1234

+O4\H/\

2-methylenebutanal

+ —_— Ho)J\/\/\/\”/\

O

Bre Phspw 8-methylenedec-6-enoic acid
OH

(5-carboxypentyl)triphenylphosphonium bromide

AN 28 NM3FUATIZN 8-methylenedec-6-enoic acid
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3.5 NSNAFBUNITITANYLABIAUNINIA

2INN158ONUUUNTHUATIZOYRUSYEIANT capsaicn THilauLinanas Feutaseniiu 3
WuUINSUNNTERNLUY AD mim?iawy}muﬁﬁs?’nmm hydroxyl U124 aromatic, mim?{awy}muﬁﬁ
Rune O-methoxyl U179 aromatic warn1suSusUasuludiuiiifu long chain hydrocarbon tu
%umaumaﬁnmsiamﬁamﬁmsw“ﬁmmLﬁmmmiauﬁuﬁ capsaicin fidaATzRTY

nsusefiumanuiinensnlagisaaau 13eni1 Scoville Heat Units (SHU) 'Jﬁﬂ'liumm]”%m
nagouduiifiusraunisallunisdudiosns Immamw%msaumﬂmsmamwmumﬂumiaumEJmma
wdsaniuiahundessieiildianududuiamansgaududy waziiAinsiivesnisdoans
(Dilution factor) Ailfvesansazarendnindiuau lngagldmigvaaeudy annsofusanildilaeilaidan
WHANIAIIAMIA1 SHU Teg 1.5 SHU fiavinduaauda 1 ppm witudagduiivwimislunisussidiu
anuiavesnindiemadaiivarnatedfiutu Tnsanizegneds nsUsediumnudinannisinszise
watlalasunlnnsfaussaugs (HPLO) Tngismsmaniarasatausuna capsaicin Tngmsivunnmiae
muinveaniniiu arinany3una capsaicin U'%’qm'é'ﬁ' 1 ppm azlanuiiin 15 - 16 a1uniag SHU
WaZAINITVDI American Spice Trade Association (ASTA) isqiﬁ@mﬂ%mm capsaicin A28 15,000,000
SHU usidmiunuided oymusues capsaicin fidaasgiduiuliannsaldnsinnesicmanuiauuy
sHU ¢ sedlunisfinunidsdlafinisianmsvageunnudiadiunissemedosumadinnds Normal
Human Dermal Fibroblast (NHDF) laglainaila XTT Assay (sodium 3’-[1-[(phenylamino) carbo-nyll-
3, 4-tetrazolium]-bis (4-methoxy-6-nitro) benzene-sulfonic acid hydrate Lﬁuﬁﬂjﬂ%ﬁhmqmﬁ@ 1ng
Uszifiuananuduiivneiwad Normal Human Dermal Fibroblast (NHDF) (518/a8188AN1SAanduans
Tuniawwan 1.1)

Tunsnageuaulufivuessyiusvesas capsaicin sowgadlnlusuaias aunsanaaeuniy
MsATIvEUNTIITInTonvead (viability) fiszduaidutusineg veseyusueas capsaicin lng
ATI9EEUIINANLITIIT U s TTidNaRe LM UBAT warAuaNysalvedevead Kumatla XTT
Assay (sodium 3’-[1-[(phenylamino) carbo-nyl]-3, 4-tetrazolium]-bis (4-methoxy-6-nitro) benzene-
sulfonic acid hydrate dadumeadaildsunissensuindmiugndes wiud uaziinuainaueluns
NAdOU

oglsinuiilosananseyiudves capsaicin fanuansavesmsavansluemsidsagadiionn
Frduludunounismeasuiemaieiiwesendeitisarats (solubilizer) Tumsnaaou Gevnegideld
Fonld PEG 400 (polyethylene slycol 400) WWusagsazatelunisnaaeu ilesain PEG 400 tdus
Prvararefifanudufivtos Seaunsoldluvimafiuinniifdisazarevindudmsuldlunisdas
A¥aUA1TOYNUGVY capsaicin Tuomsideasad TaeneITelauusiuIniensfinyinmsmaaauaiy
Hufivresanseyiudues capsaicin siawradiilusuanas oonilu 3 dunou il

1. mymeanududuiinsauvesintisarans PEG 400 (solubilizer) lupmsiaoaad

2. memanududuves capsaicin fiiliAnanudufivsewadinlusuanas

3. MaSpuifisussauanuduiivdeisad Wlusuaiasiaes capsaicin wazoyiusueas capsaicin

3.5.1 msmanudutuiivnzauvesiagisazanes PEG 400 lussideawad
{09970 PEG 400 grianlfifushdsavansvesanseyitusves capsaicn luomaidsnsad
(DMEM-low glucose) dmsumsnagaulumiidsei suiuludunsuusnvesmsvnaeuisdesiinismaaey
waududures PEG 400 fiwmunzanlunisiéifustisazane ilidelfiAnanudufivieisad
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Ilusuanad Swziilinsmaseunnuduiivdewaslutuneuseldlifinamnundufiviiunn PEG
400 S35y Feagsilinanismaaeuanuluiivioiwaduedans capsaicin wag oyWusyes capsaicin i
ANugndes wsiug wazidedie nsznanaaouildavdunanudufivewadfinnananseyius
Y84 capsaicin whily Valinamsnegeuaufufiveesiitisazans PEG 400 faududusiigg Tu
osasuradsowadinlusuanas wanediniss 7

A1519 7 NaN1SNAERUANUTUREYDY PEG 400 siawadlnlusuanasd Annududy 0.5-10 %v/v

Concentration of PEG 400 (%v/v)

TIME Control

10 7.5 5 4 3 2.5 2 1.5 1 0.5
1 0.724 0.498 | 0.524 | 0.553 | 0.564 | 0.559 | 0.623 | 0.694 | 0.699 | 0.678 | 0.719
2 0.745 0.484 | 0.518 | 0.563 | 0.577 | 0.557 | 0.607 | 0.685 | 0.689 | 0.732 | 0.689
3 0.682 0.499 | 0.528 | 0.565 | 0.572 | 0.533 | 0.612 | 0.709 | 0.707 | 0.698 | 0.732

Average 0.717 0.494 | 0.523 | 0.560 | 0.571 | 0.550 | 0.614 | 0.696 | 0.698 | 0.703 | 0.713
%Viability | 100.00 | 68.98 | 73.13 | 78.30 | 79.79 | 76.80 | 85.79 | 97.25 | 97.58 | 98.18 | 99.67

SD 4.55 1.72 0.96 1.15 1.15 2.67 1.33 1.74 1.29 3.85 3.13
120 A
1

3 1
> 60 A
K]
U
S 40 A

20 A

0 T T T T T T T T T T 1
Control 0.5 1 1.5 2 2.5 3 4 5 7.5 10
Concentration of PEG 400 (% v/v)

AN 29 NANISNAFDUAIULTUYDY PEG 400 Nilnasamnuduiwvousasinlusuatas

PINNANITNAFBUNUTIETAZATE PEG 400 fianududu 29% vv 61 % cell viability 7ilaiunnsing
funguanuauegiitediayd p<0.5 daeldinfiarandudu 2% vy ves PEG 400 HlideliAnaan
Juiiwsawadlnlusuatas fuiudadenldarsavars PEGA00 fimudiudy 29% v ilumnududud
wngaudniulfiduidisarats lunsiigazansans capsaicin uay auusues capsaicin Mldmazgou
mufuiivrawadllusuaasluduneussld
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3.5.2 n15ANUNTuYes capsaicin fivliAannudiuiviowadlnlusuanad

nsdnuridifunismanududures capsaicin UsaniiviiliAnaulufivdeisad
Tnlusuanad Aevilviwadegsenlitiosnit 80 % (@aruluiivsdewad) dwmsuldlunisimuaiy
ﬂ‘%mmmmsﬁwﬁwmﬁ’aLLUsmUﬂmaaauﬁuéﬁuaq capsaicin Viavlsﬂumswmaauiusﬁzumausialﬂ JGEEE
imsilssuifisuaudufivees capsaicin Uiamwmmmmumm 125-1000 pg/ml an1siidinson
yougaslusumad Tngvihnsmageusiuau 3 e (e 3 §7) e muamududuiiniveuluns
nadeuadufivioisadvasoyiusves capsaicin lunsmaseudely sinanismaaeuranlufiv
Y84 capsaicin U%@%éﬁﬂ’ﬂM%’MWhﬂ Tuomsiasaadiiiftieazans (PEG 400) 29%v/v sewadly
Tusuanas wandRInIgIe 8

A1519 8 wan1svaaauANULTURvee capsaicin Aowaalnlusuaan finududu 125-1000 pg/ml

TIME Concentration of Capsaicin (ug/mL)
Control
(Average) 1000 900 800 700 600 500 250 125
1 100.00 74.22 76.11 79.21 79.64 82.61 88.27 93.07 94.35
2 100.00 76.45 76.69 77.39 78.1 81.27 82.09 92.31 92.84
3 100.00 76.29 77.13 77.71 78.99 81.31 89.63 93.69 96.84
% Viability | 100.00 75.65 76.64 78.10 78.91 81.73 86.66 93.02 94.68
SD 0.00 1.24 0.51 0.97 0.77 0.76 4.02 0.69 2.02
120 -
100 A
— ———
3 80 - _:[_ Bl ——
= ] =
=
m©
S 60 -
3
X 40 A
20 ~
0
125 250 500 600 700 800 900 1000

Concentration of Capsaicin (ug/mL)

AN 30 HAMNBYTOATDUTAGTAIAINUTUTUYDY capsaicin AGUs 125 — 1000 pg/ml

MnnIageUNUhAILNTuTes capsaicin Fausszauaandudu 700 pg/mL Fuludidn %
cell viability oun1 80% (Huiiwsiowwad) Wolfisutunguenuau fufuainmsnyidsaunsoaguls
31 capsaicin fiszfuaududy 700 pg/ml wiarieumindu 2.3 mM Wuanududuiidesiigad

! Y a [ a J (3 [ gj Ya v = A L4 ¥ ¥ dl [ U
neliinauduiivdeadlilusuanad dulumeidedadenldanududun 2.3 mMm 1dudiuds
AIUANYBIYINUSYBIENS capsaicin Tun1snaaeutunausialy
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3.5.3 msl3puiisuszauanudunedawadinlusuaiaduas capsaicin wazaywusvag

capsaicin
mInedeusziuaMILduivreasoyiusves capsaicin dowadlnlusuaias lnansinuily

Mudseavimsieudieumuduiiviewadszwing capsaicin wagoyusues capsaicin 15gdy
anudfuioasuie 2.3 mM Faduanududuil capsaicin neliAnanudufivsewadllusuaias
Tngvhnisneaesiisnun 2 a3t (adsae 3 67) lnenagideazuisszavanuduiivesndu 4 szaulae
Wisuifeufungueuauiiduewnadsatoflaifians capsaicin waveyiusues capsaicin Ae

najm?‘i 1 : %cell viability >80% §1931 non-cytotoxic siowsaa NHDF

nejm'?i 2 : %cell viability ﬁagﬂuﬁm 70-79% §1931 non-cytotoxic AoLwaa NHDF

najuﬁ 3 : %cell viability 7iliiunnein991nans capsaicin sgnsiiveddayfinudotiu 95%

ﬂajuﬁ 4 : %cell viability Wouna1a1s capsaicin §1871 cytotoxic faLwaa NHDF 11131 capsaicin

Nnuamsnadeulesiuissiuamududu 2.3 mM veseyitusues capsaicin iflerUSsuiieuriy
capsaicin wuinfloyius capsaicin fideliAnaudufivdewwadinlusuanad favua 7 oyius
Usenaundy CSC, DHC, NIC7, Ca-CAP, HCAP, DCAP Wag DHCAP fan1w 31 lagwuineyiusves
capsaicin 71l indole ag nitroindole LussAUsznevdulng srufseyiusues capsaicin i1
UFuugeludiuvas O-methoxyl fidn cell viability qa%‘ummdw 70 9% 3wl (813U HCAP way DCAP)
wipgalsfnumanisinuididuuimadesiulunisussidiuanudauas nsszaneifosiifingld
aldaretiosuaghifinslédninaaadunisinu Ssdmnanseuiusilafifiuunlduid annsathunld
dm3ulumsAnuluguuuy 3D-reconstructed human epidermis test Iéfvioly sagsinllatoyanmn
seanewfesseRmisdinadifunnd iy

(0}
H3CO N = H3;CO N
H H
HO

Capsaicin DCAP
(0] (0]
H3CO N = H,CO N
? H Q H
HO*(‘S)‘*O cse HO*‘CS‘)*O DHC
o (@]
H
N Z H N
H H
HO HO
HCAP DHCAP
| (0] (0] NO
o M 2
SN o HO =
‘ Ca-CAP NIC7

7w 31 lassadamnaniivesoyiius capsaicin Mlufivsowadinlusuanas
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M1519 9 A duiiwselsad Wlusuanadves capsaicin Wazayius capsaicin NAUdNTU 2.3 mM

CHEMICAL STRUCTURE CODE TIME 1 | TIME 2 | Average | SD Results Note

o)
”3“’]@”qu Capsaicin | 67.06 | 69.25 | 6816 | 1.55 >80% Control
HO
[e]
H3CO. =
Q ]@AHW CsC 67.4 69.32 68.36 1.36 | not significant -

HO-$-0
[¢]
o
HyCO
g ]@A”M DHC | 6678 | 6893 | 678 | 152 | cytotoxic -

HO*?*O
[e]

(o]

”3°°]©AQWN IC5 87.84 | 9035 | 89.10 | 177 >80% -
HO =

o) =

”“’ﬁ@ﬁum“ IC6 8174 | 8615 | 8395 |3.12 >80% -

HO
[e]

H3;CO M .
j@ﬁﬁ N Ic7 7269 | 765 74.60 | 2.69 | non-cytotoxic -
HO

HyCO jL/\/\ NO:

]@AH N NIC5 7745 | 8347 | 8046 | 4.26 >80% -

HO =

[) —

”3°°D”5MN vo, NIC6 | 7249 | 75.15 | 7382 | 1.88 | non-cytotoxic | insoluble

HO

5 PN Ne2 P ]
" CODAQ N NIC7 | 6839 | 697 | 69.05 | 093 | not significant | insoluble
HO

NO,
OZND”uWN NINC5 | 709 | 7182 | 7136 | 0.65 | non-cytotoxic -
HO =
0 —
OQNﬁuM” vo, NINC6 | 70.06 | 71.66 | 70.86 | 1.13 | not significant | insoluble
HO
OzN )OK/\/V\ No
Dﬁu N NINC7 | 73.18 | 7836 | 7577 | 3.66 | non-cytotoxic -
HO =
| o]
)OL(’DAQW\( AS-CAP | 71.82 | 7395 7289 | 1.51 | non-cytotoxic -
[0
| (o]
0 © NM
%:@AH Isb-CAP 73.78 76.1 74.94 1.64 | non-cytotoxic -
O
(o]

|
O =

\i@ﬁﬁw CaCAP | 67.65 | 69.27 | 6846 | 1.15 | not significant -
(0]

B’j@”uw Br-CAP | 7217 | 74.64 7341 | 1.75 | non-cytotoxic -

HO

H;CO .
]@”uw DCAP 67.25 | 69.32 6829 | 1.46 | not significant -

HO
o
H N = .
]@”H HCAP 66.53 | 68.18 | 6736 | 117 | cytotoxic -
HO
o
“ﬁuw DHCAP | 68.02 | 70.68 69.35 | 1.88 | not significant -
HO
o
OyN N = .
ﬁ” NCAP 72.84 | 74.08 7346 | 0.88 | non-cytotoxic -
HO
(]

OZNﬁHM DNCAP | 7333 | 73.26 | 7330 | 005 | non-cytotoxic -
HO

Nt 1 : %cell viability >80% 991 non-cytotoxic #ewwad NHDF 16U 1C5, IC6 uaz NIC5
ngud 2 : %cell viability fiaglutag 70-79% a1 non-cytotoxic Aawad NHDF dur IC7, NIC6, NINC5, NINC6, NINC7, As-CAP, Isb-CAP, BrCAP, NCAP uag
DNCAP
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mjuﬁ 3 : %cell viability Aliupnseanans capsaicin atmﬁﬂﬂﬁﬁzyﬁmﬂm%aﬁu 95% 1giA CSC, NIC7, Ca-CAP, DCAP wag DHCAP

ﬂejmﬁ 4 : %cell viability Wosn11ens capsaicin fi9dn cytotoxic folwad NHDF lan DHC uay HCAP

%Cell Viability

100.00

90.00

80.00

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00

M =
-:I.L ue -1[-1-'} 4 B
Fl &
I OE A A = o5 [
Y e L O e A D A S AR R R OR R R R R
U SN TR KD Y S S GO O O SRS ST © a6 NG Sl ¢ SNG SlENG aNNG aNING SR
& Q\;& OQ@ SNV NN g9y 9Ny Y
f

< a .. v € R | &
A 32 Anuluiivred capsaicin kavoyusued capsaicin sowas nlusuaad
NILAUAMUTIUTU 2.3 MM
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3.6 MINAFBUANUAIRINETAENIIZVDIQUNATULAZUERSY A8 HPLC technique

LﬁaLﬂuﬂwsé‘ué’uLLmﬁ@lumnﬁummmGhsuaqauﬁué capsinoids Al#eenuuuii 2 Lmeaﬁa
N19 protection 7 hydroxyl group ¥®9 capS|n0|ds LAz 1SUSULAZASURLIALIYEY ester bond Ll
LilAnn1saanefrau quinone methide tu awnsavinsvageunisaatesiludostusomaia
HPLC laevi1n13tm3es Reverse ester capsiate /Acetyl capsiate Wag Capsiate A210L9UTW 1 mM
azvangly polar protic solvent (CH;0OH:H,0/80:20 v/v with 0.025 M CH;COOH) LLazﬁ’m’liLﬁUHﬁ
9aumdl ambient condition uazvimTileTgiUTInumsfinandenny 6 daluadunan 24 dalu

91101519 10 wanU3unaiingndoues Reverse ester capsiate Lay Acetyl capsiate Wiguiu
Capsiate wugsuly 24 4aluq W1 Reverse ester capsiate Way Acetyl capsiate §afiusunaiilal
Wasuulas lurnedl capsiate wdeifissfosay 85 ndan 24 dalus 1indeyardosiutaddn mufu
Tnseadoaeuuuansaiiununiale dmsu acetyl capsiate Y 115 protection nay hydroxyl
Huiie partial protection LLazmmia‘wqmaaﬂié’gf]{uﬁ’uamwmm A9 ns@nunluaniagdl pH e
gnadaalinIsAnyuiisidy

A1979 10 LAAIUSHUALLADUDY Reverse ester capsiate Wz Acetyl capsiate WiguAu Capsiate
nn9 6 Faluadunian 24 43109 91 ambient condition

Sppazansansiinande
1381 (YY.)
Reverse ester Capsiate | Acetyl Capsiate Capsiate
0 100.00 + 0.00 100.00 £ 0.00 | 100.00 + 0.00
6 100.02 + 0.02 100.30 + 0.49 93.49 + 2.08
12 100.01 + 0.03 100.02 + 1.12 91.84 + 2.12
18 100.08 + 0.12 99.01 + 0.79 86.43 + 2.24
24 100.21 + 0.07 100.28 + 0.67 85.70 + 0.56
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3.7 n1swi3ea formulation flwaNzauvas capsaicinoids ﬁl&’ﬂ%’uﬂ@iﬁ’ﬁm’nmﬁmmm capsinoids
fifiannunsdiiuty waz metabolites 494 capsaicinoids waz capsinoids e snageuauth
A199)

Tunsfnensi formulation Amsnzautusugunumuiiasdonansidaudaivnsaunsed
audAnlmAuL1Y formulation 91 capsaicinoids AilAnainanas capsinoids MifiAu AL
ez metabolites 7ifautHin1sdinndia wiiilesnindvldlddinisdine toxicity warUiunafiduaszly
Dowuogluviuna 100-500 fiadniy dafudwhnsfinuinisi formulation Tudesiuves capsaicin
593l core structure vidnvasayusuasanou ileludeyaidesiulunish formulation vesoyius
Sugseoly

3.7.1 manTeandafastasataninguuuuila
mim%smﬁmﬁmffﬁmiaﬁmﬁﬂgﬂmefﬂammL%’Wﬁuqaﬁﬁmmmﬁaﬁwwms;lmwLLagmq
Wil wazdinngnisldnuuiuegetes 2 U lagldansaiansnainnisidevesanie Iduwazanes (w.a.
2558) %"’qu“ﬁJumaaﬁmw%ﬂﬁﬁmmwi’fu%uqa fignwazdunia ddmady fusuaeaisdfey capsaicin
¥oway 2.85 wax dihydrocapsaicin Yoway 2.58 lnsiniin wieamdur1sives capsaicin uas
dihydrocapsaicin $eeaz 5.43-5.45 Taetmn duandlunsis 11

A1919 11 LanINan1TIATIziUTUNal capsaicin way dihydrocapsaicin Tuansadansnidudu

Y. Ysuuans
UINUNAIDYY
Code (o) capsaicin dihydrocapsaicin capsaicin + dihydrocapsaicin
m
s (mg) (mg) (mg) (% weight/weight)

Capsicum-2 157.2 4.48 4.05 8.53 5.43
Capsicum-3 162.1 4.64 a.17 8.81 5.44
Capsicum-4 161.9 4.66 a.1v 8.83 5.45

3.7.2 ma‘m’%auwﬁmﬁm%msaﬁhw’%ngﬂLmuﬁlﬂammL%'m%'u%aaaz 50 Tagsiwtin

Tunisienldnediued Hydroxypropyl Methylceullulose (HPMC) finumin 2 sz Ao
ANS waz AN15 Tnenisindeuduansazaronedimesiduduiirudududosas 20 Tngtimidn st 2 v in
Induthansazanewedwesiduduiiniouldumausiufuasatansndudu Tngldasavaronediwes
WUIUSEaY 12.5, 25 way 50 Tnethutinvessnumuedu wagynmsnaaedudnuazifoitulngld
A158auIIRR 2 ¥ila fe Tween 80 Faduansanussiamafdrfusuinlad uas Span 80 Fdniuiu
sl mmdudutosas 2.5 uag 5.0 Inetwiinuossiunudidu mntulddiunauvesansazans
NORLNDILAZATAALIIRIRIA1EY AU Auandlun1T1e 12 uaga519 130 wazduiinnanisnnassiuiiiay
mendamsiiudunaiuiu 24 $9lus
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A1519 12 UARINATNBNENIINIEAINYBINEARd a1 sananingUL v lanudutuiosay 50 lng
Y1U1N 3UAU 20% HPMC A1utdudusesay 12.5, 25 way 50 laguintin wag/use Tween 80 way
Span 80 AMULINTUSIBAY 2.5, 5.0 wag 10.0 laguwiin

AMUTUTURALTU Yow/w

Rx Capsicum 20% 20% Tween  Span Water UUNNKA
HPMC HPMC 80 80 ANWAUSNINIEATN
AN5 AN15

1 500 - - - - 500 wonidudndladduiituasn g9
Useanad 0.4 @3l v
a15ann

2 50.0 125 - - - 375 andunznoudduieuriou
wiewludla Fansanneuuu
390.9 @,

3 500 25.0 - - - 250 endusgneuddunszanediegly
ansafansnitsisaon

4 50.0 50.0 - - - 0.00 LLaﬂLﬁudauTaﬁﬁuwaamqq 1.9
23l auuududvesansaiansn

5 50.0 - 12.5 - - 375 anidumynoudduiinviavasn

6 500 - 25.0 - - 250 endusgneuddunszanedegly
ansafinwiniiaviaen

7 500 - 50.0 - - 000 wonidudnlafifunasags 15
3. auuududvesansain

8 50.0 - - 2.5 - 475 andunznoudduiiivas

9 50.0 - - 5.0 - 150  anunzneudduistmaen

10 500 - - 10.0 - 100 andunznevdduisiman

11 500 - - - 25 415 enduszneudduduhmatyy
fvamaon

12 500 - - - 50 450  endupgneudduduhamatiy
vhaviaen

13 500 - - - 100 400 endupzneudduduhaaty
fvhaviaen

14 500 25.0 - 2.5 - 225 Whiuld uildiDudementu 1
dla voswedwesunsnluans
anm

15 50.0 25.0 - 5.0 - 200 Whuld uildiDudementu 1
dla voswediwasunsnluans
anm

16 50.0 - 25.0 2.5 - 225 anunznevuddunarliiduie

LREINU



AMUTUTURALTY Yow/w

Rx Capsicum 20% 20% Tween  Span Water UUNNKA
HPMC HPMC 80 80 ANWUINIINIBAN
AN5 AN15
17 500 - 25.0 5.0 - 200  andungneuddunavuendu
dularinuuugs 1 v
18 50,0 25.0 - - 25 225  andupznevudduuarliifuile
e
19 50.0 25.0 - - 50 200  andupgnevudduluimady
waglaifuidenont
20 50,0 - 25.0 - 25 225  endurzneudduuazliifuile
LRI
21 50.0 - 25.0 - 50 200 LLﬂﬂLﬁu%uiaﬁﬂuéwqqﬂ 0.5 @l

¥ [~ = [
AUV UFETENA

M1319 13 WERINaANBUENINENNYRINITHERTagansaiansnguiuuilanududuiosas 70 g

YT SNV 2% HPMC AN5 wag AN 15 Auudusasay 7.5, 15 kay 30 Wngtintn way/19e

Tween 80 uag Span 80 ANULULTUSOYAE 2.5, 5.0 Lag 6.0 Ingulutin

Rx

AMUUTUAALTY Yow/w

Capsicum

20% 20%
HPMC

AN5 AN15

Tween

HPMC 80

Span 80

Water

L =1
Yuiinwa
ANWUZNINIYAN

22

23

24

25

26

27

28

29

70.0

70.0

70.0

70.0

70.0

70.0

70.0

70.0

15.0 - -

30.0 - -

- 15.0 -

- 30.0 -

30.0

15.0

0.0

15.0

0.00

27.5

25.0

24.0

wenidunznauaduiang
71890

Y yal o [ a <
whiulannuansanansndu
Wawneanu
wWrnuleaiuansanansnidu
d’lj = U

WaLenu
wWnuleaiuansatansnidu
WaLmEINUY WANLALINAIT
24

Y] Yy o [ a I3
whnuladnuansanansnidu
WaLmEINUY WANLALINAIT
24

Y] Yy o [ a I3
Wwhnulaanuansanansniu
WaLeanu
whtulannvansanansnidu
WaLeanu
WrnuldRnuasanansnidy
Wawennu
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AaMududuAndy Yow/w Juiinua
Rx Capsicum 20% 20% Tween Span 80 Water ANWUSNINIYATW
HPMC HPMC 80
AN5 AN15
30 70.0 - § - 2.5 275 anungneuddu
31 70.0 _ - : 5.0 250 weniu 2 Fu peneudoeu
ninegiuaseimasauas
auuududansain
32 70.0 - - - 6.0 200 quilouansaiausiduden
Tifuieerfufvansarin
33 70.0 15.0 - 2.5 - 125 Wasudueenuns Wuie
ClReh!
34 70.0 15.0 - 5.0 - 100  Wasuddueenuns Wuile
WEINU Lenland 33
35 70.0 - 15.0 2.5 - 125 wenudulasiiuansas 0.4
23l
36 70.0 - 15.0 5.0 - 100 wenudulasiiuansgs 0.5
3.
37 70.0 15.0 - - 2.5 125  Whnuldatuansadansnidu
Wowieniu
38 70.0 15.0 - - 5.0 100  wWhiuldatvansanansndu
Wiy
39 70.0 - 15.0 - 2.5 125 wenludlasiiuans ge 0.4
3.
40 70.0 - 15.0 - 5.0 100 weniudwladiuans g1 0.4
3.
41 70.0 30.0 - - - - Tiddudodetu ndu
(0% YInLAINEvBIRTRDUAARA
PG) soUIN Haneliudrene
LenTu

mﬂmamimaaqmim%‘am‘h%’umiaﬁ’ﬁw%ﬂgﬂLLUUﬁﬂaﬁi’mau 41 15U NN 33 LAASANUYEUE
asanansnitutusueunlllanandvassindue wunswseNmsulaensitasanaws Nl uNaL
[ %; o.'/ [ I~ 2 % v Y o w a" Gl o w a" %; £ I3 o
Auinnauldnazidumnuiutuesasanasauay 50 (F5U 1) wse 70 (B15uR 22) Ineuindn Nagyin
Tiansadansnanagneuesnundudunzneuddy annuuivinismeasdlaensdusinsuniinsanasnau
TudnuwauzipgaiuduSun 12 Nlduuseneuresansanansn Span 80 wazii Sewag 50.0, 5.0 uay
45 Ipetniin suafu NdnwuznIsanaznauU @I duAduULTNaNaL/f1Taaen Salkandluy
AN 34



39

N, Capsicom
o> 1p9/06 4
o000 sy.0- O

AN 33 LARIPNWULVBIATANANS NLYUVUS AU

AW 34 LARISUN 12 Ainsanaznauldudduvesaisadiansn

a ¢ a L. o v o aa & v |
NAN3ILATIERMUTUIETS capsaicin Tudnsua 12 Alnsanaznaududdy wuinaunse
WATINUTUI capsaicin Anndosgluiiulasesay 53.24-58.85 laguwiln nusunaildsunuly
f1susesay 50.0 Tnsvunin wassliiuiinisanaznauvssansadadunznouddudululaduayinlv
USunal capsaicin ansnasusegnsla nanAesisuaisadaian1sannznewdudduidunisiasunlas
AUAIFINIINEATINT BT NAREN T AT UL UAIANNAIAINIATII DL A UAUAITAN AN NLUNTULSUAUN
lufinisanaznau druniinisanaenaududdutuaiuisatiunldle Mederafinainnisiisdu
a15UsenauLTegaungaunadutazatsludvinazateMuuizaulunszuIun1sIASIENn 28 HPLC &9
TumeluRansfiegludnuaidedaudnanildansalisaiiiniou vioeengnimanduineils uw
dieiddsnneudifaiunsaazate wageangndsmandyineiladely usegrelsinin drsundnig
< Ay ~ ' o A & Y a o ) a o fala v '
anagneududduiasinadensindulagevesjuilandwiundnduanndueluiemainssly
FsunlesunisAnaaniafneauasslutuda lUfasSunian vz duiilawmeddu luie
Wunznauddu nnendanistAutduranuiuy 24 $alue hazanudunialiiinaumeanannuinen 34
& o W d' 1 d{' o w d' a 3 1 [ @ QIJ =3
WIABANSUN 24, 29 way 42 wikledane1SuN 24 LAANISWENTUUNAIUAIENSINITAU 24 F7139 39
= o U dl o U dl dl o = U = 1
WABASUN 29 haginsui 42 M ld@nwianuassmaedlussezeniasld



2 E

La‘lJ'VW]’]i‘U Rx 29 -A (mw 30 PIALYATYE)
'vmm 0 \hoU

LAUNARISU Rx 42-A (MUT 30 aeAwaLfua)

K381 0 Loy

L@aUNFI3U Rx 29-B (AUT 40 asALwaLTed)
71381 0 Lhau

L@YARISU Rx 42-B (LAUT 40 peALwadea)
71381 0 Loy

A 35 @15azane capsicum f19819 LITFITUAINe) a0 0 Lo (aetile 2017-12-07)

emne

29 l

La‘U‘V]Gl’]i‘U Rx 29 -A (Lﬂ‘U‘V] 30 DA YaLTed)
m’gm 3 lhou

E!!!

La‘U‘V]Gl’]i‘U Rx 42 A (Lﬂ‘U‘V] 30 DA LwaLTed)
m’gm 3 lhou

L@UNFISU Rx 29-B (1AUT1 40 peALwadea)
71381 3 Loy

La‘UV]GﬁS‘U Rx 42 B ( Lﬂ‘U‘V] 40 DA TaLToa)
mm 3 hou

NN 36 @158¥a18 capsicum fI9819 lYNANTUR9°) MIa 3 oy (AneLile 2018-03-13)

—— ‘f-

La‘UWﬂ’liU Rx 29 -A (LﬂUV] 30 DA waLTed)

V]L’Jﬁ’] 6 Wou

L@vARIFU Rx 42-A (MUT 30 aerwaldus)
1781 6 LHou

AN 37 @158¥a8 capsicum f29813 lTNAISURN9°) IL1an 6 e (aeLile 2018-06-06)
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ynsnmaeaiisiialagldirhazareeiinfimsentulmifu Deep Eutectic Mixture (DEM) &
w3onldannnisuaLinAnans 1877 (Sucrose) $a3iU Chlorine Chloride (ChC) ludnsidau 1:1 auld
Huremaumemenmitiisnualanaz duniea Ansanwudmuinaunsadunlddusvhazansiia
fuansatnansssuAnassia (Wilkene: 2015, Craveiro: 2016) Eutectic Mixture vaneds ansimdu
mamsﬁqﬁﬁ@waammmqq 2 yianausuinduasuaunisnienmiinatoduvesivan n30ilqn
aosimaTivnas Ghntgamaiives) villdvesmaufiiidnuastuninuasidam annsnazaneansaiio
fidhtion (Wioazaneen) 16a

Tnensissussuansatandndudusiudu DEM fimududuves DEM Yosaz 20-80 Tag
gty Tasfinnssufiniestuihunfeutvansasninduduiudu (hiui 42) wansmaaes
wanslun1sne 14

M1319 14 uanaadnvagnINennvamaniasiasatianingUuuulanududuiesay 20-100
I ntin wag Deep Eutectic Mixture (DEM) Asiutusasay 0-80 tneivin

Rx ANudutuAndu Yow/w UudinNa
d1sanansn DEM ANYAIZNIINIBATN

42 100.0 - ansafnduileder hmadi/e deudhmilous
Inalad Lifingnou

43 80.0 20.0 LL&’JﬂaaﬂLﬁu%’umaﬂmaaﬁ'@@huuuuag DEM Auans
Faau Anugevesdulawiiuuiunm DEM ldas
Ao 1lua

a4 60.0 40.0 woneenutuvosansanasuuLas DEM duans
Forau mnugevesadnilaviiiuuiuin DEM fildas
Ao 2w g

a5 40.0 60.0 woneenutuvesansafaduuLas DEM duans
Forau mnugevesdnilaviiiuuiuin DEM fildas
1Ufio 2Tu 3

46 20.0 80.0 LLEJﬂaaﬂLﬁu%'umaﬂ615aﬁmﬁﬂuuuLLaz DEM Anuans
Faau Anugevesdulawiivuiunm DEM ldas
lUfio 3Tu g

MnwansAnuludosdiuresnsh formulation A4 capsaicin i model fuwuy annsoagy
18sil Tunsvhansataninduduiinrmiags dnady aunsofuiigungd 30 °C uag 40 °C 14
Hurauiu Tngliiinnsidsuwdasiamianigainuazninadl Usuiaansdifey capsaicin uaz
dihydrocapsaicin hifinsiUasuutasegadfodfynnada wazniswisuisulidnnaduniadess
grevnduiivinazats nsifiuanuvingisansnedwes wienisldansanussieiia enataeldsi3ull
Snwaizinendinisnioy ureziduiinsuendurionnaznoududdundsaind sialiuiy 24 4aluq
wandliifiuinnsifuansatanindnvasududuanneiminzay Weswniduanneiifiauasiana
yanenmLazmaeiia ndesnisianlden wu dluneanauadusfuimsnifiousuanuiale
INNNINTFIU AITUIENTATANS NN TUAINE1INIT019AEkEANBTRAAINTNTUSPEAY 70 1nY
U3u103 minlideenisldueanssednsefivinazarsdun3sau arsldansanusefieia 1wy Tween 80 7
audududesay 5-10 Tnevtin udrduasanelimduiedefudeunsiluld
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uni 4
ayunansAnen

Indesiinvesnisiduseleviives capsaicinoids way capsinoids fie 1) Tunsdindnifafitanslu
naw capsaicinoids Hu Aiiavesanslunguildmasgnanndensiluldusslend maeddodtaves
USinaues capsaicinoids Afesulaaifieliilduselovinaznandnan wazguslnadnilvalsiasnsany
seAuinves capsaicinoids 18 dfugeddvanamaiialunsandesiiail wu n13vi encapsulation
904 capsaicinoids feun1sthlulduselevidaismaundunsiuimundundnsos 2) lunsdininiill
Lﬁmﬁ'ﬁuﬁmimju capsinoids Tatideiin155eeAe capsinoids Aelindamsiziinnsaanadany p-
quinone methide degradation pathway uagliinwlushvasaneifldadwmaliddymsswinemsana
N19HEN LLazmiLLUngﬁu meitlunuddediumunamaunsiauiwes mawsen capsaicinoids e
tfovas anslungy capsinoids fiflnrmAinfiuty wassuuamsiivanzanlun1sadsy metabolites
YBY capsaicinoids Wy capsinoids

Tnguwamnslunisananandavesanslungy capsaicinoids # 3 wuanisde 1) Mmsuiulasungy
hydroxyl #174 aromatic 2) miﬂ%’um?ﬁmmju methoxy 7174 aromatic wag 3) nsUsuasudruiiiu
long chain hydrocarbon wua1 IC5, IC6 wag NIC5 fpaduiiusie skin fibroblast ﬁaaﬁqm

dnsunaiuauasivesaslungs capsinoids Ty Suuamienisusulsel 2 uumneie 1) vin
n13 deactivation N hydroxyl Iagn15vi1 protection <e protecting groups Aanzau uay 2) Usu
Tssaseuaradumuntaues ester bond iedlasiunisiin quinone methide degradation wuiilu
Lﬁaﬂﬁu ‘17?& 2 WU NENLNTOILAINAIF VDS capsinoids 1A ﬁdﬂﬁﬁ%wu partial protection Y84
acetyl capsiate WLy WUU reverse ester capsiate

d1un13tmIsu metabolite fu nsAneifedldauaulslumsnien capsaicin sulfate i
novel capsaicin derivatives fivdu partial protection wagaunsausulUasudu capsaicin 133 uifu
anmefifmun wngaudmiunisdu candidate Tunsfinwfisiduse ﬁqﬁmqmmwﬁ%’aﬁﬁ%ﬁumi
s198urendnsinsnisdunseiuarnislduselonivesarsingty Fuanslunianuan 2 uenain
capsaicin sulfate ud3 @15kungy medium chain fatty acid Lavi1n15&§1A19R8N1591 hydrolysis
910 capsaicinoids %demmﬂé’ﬂ‘%mmﬁqq wAd1m¥U medium chain fatty acid Unadafifilassadng
Fudoudiifamilunsduasziiomnnsliadosves intermediate MiAnty

anvhefaniaiwien capsaicinoids formulation fifinuawildvhnisAnuludesu wudinig
Fuansatanindnvasdududuannsimnzan Weswinfuanneiidauasiiimismeninuas
il mindesnsthunldiu Wy hluveanauadlusiuimindeusuaudalfidmumnsgu
AITNANTANANINTUTUAINEIINTDANAIBLANDTAAUTINTUS oA 70 TnsUTuIng

Mnmsduasgoyiusianualunsfinuil arseyiusieqldgninlufnuidudsluminsay
fineq FaliAe oufusues capsaicin il indole uag nitroindole 1HuasdUsenaulddasioluinis@nw
beta amyloid activity finaizunduenans univendevouuniu a15lungu medium chain fatty acid ¢l
dsaluvhnsfinwinisvenefivesmaenidoniinausunmerans wnine duasuasunsilsa wag Ay
30an158 chloresterol inaizindvaans uninendouiina wareyuusues halogenated capsaicin
dsluvinisfnuiserdes adipogenesis war adipolysis wag acetylcholine esterase inhibition g
Wndveans unIveaeuiing



AMANUIN 1.1
S19aLLDYAITNISNAADY



A2
1) @384 90% capsaicinoids AMNEITENANINAIYIZNITANNEAN

F/N15NAang

thiawdnfilssan (gnuasiiariana) snidindaeen dwiin 13.5 Alansu evludeuiigumagd 65 °C
quwisldinauu 72 Falus (wanilssiuszane 85 %) tnandnilovuiudiuntuusauaziden (6%
capsaicinoids w/w) Fsimdnwinua 2.0 Alandu ldadudmatadinvuin 20 ans vinisafndne
acetone 10 3n3 Tne33n139un1usie mechanical stirer u1u 1 42lus nsesansadaninaenainnin
WINAIENTEAIMNTBS (YANTBY suction) 14NANTNINE acetone 10 Ans Tawansafnndniinsaslaidn
fefu s2e acetone BBNIUNUARIEMELATDITZIMELULANANGY Fzldansatnndndunadudnuae
Wureunainile (capsicum oleoresin, 30% capsaicinoids) dmidn 386 n3u (19.3% yield) azaneen
TR AN ANTEIINEINIUBA-1N YIN15ATARENES carotenoids 8BNRI8@1TAAY hexane
MnunsataLenans capsaicinoids senanduemuea-iduasazas dichloromethane szt
fvinavatgeonauwsielaansana crude capsaicinoids fidnwagiduvesudutindunady (crude
capsaicinoids, 65% capsaicinoids) Wwiin 175 n3u (8.8% yield) vhnsanadniudavhazatefiidasm
yi1g 2-3 afaauldans capsaicinoids Aifidnwazifundnsuifuinduia-mieuaa (capsaicinoids,
>90% capsaicinoids) tmiin 38 N3 (1.9% yield) fanm 1.1.1 wazdudulpssadredemaia HNMR

ez mass spectrometry

Capsaicin

'H-NMR (CDCls, 400 MHz): & (ppm) = 0.93 (d, J = 6.8 Hz, 6H), 1.36 (m, 2H), 1.63 (m, 2H), 1.97 (q,
J = 6.8 Hz, 2H), 2.17-2.21 (m, 3H), 3.84 (s, 3H), 4.32 (d, J = 5.5 Hz, 2H), 5.33 (m, 2H), 5.91 (s, 1H),
6.72 (d, J = 8.0 Hz, 1H), 6.79 (s, 1H), 6.84 (d, J = 8.0 Hz, 1H).

ESI-MS: m/z 304.1867 [M-H], 340.1627 [M+Cl], 350.1913 [M+COOH]

Dihydrocapsaicin

'H-NMR (CDCls, 400 MHz): § (ppm) = 0.84 (d, J = 6.6 Hz, 6H), 1.12 (m, 2H), 1.22-1.32 (m, 6H),
1.49 (m, 1H), 1.63 (m, 2H), 2.17-2.19 (m, 2H), 3.84 (s, 3H), 4.32 (d, J = 5.5 Hz, 2H), 5.91 (s, 1H),
6.72 (d, J = 8.0 Hz, 1H), 6.79 (s, 1H), 6.84 (d, J = 8.0 Hz, 1H).

ESI-MS: m/z 306.2022 [M-HT, 342.1782 [M+Cl], 352.2073 [M+COOH]



A-3

auutisi 65 °C wu 72 dalug anafeazdlnu
B
»”
yiEniilssan (Lﬁqu) winfilssuiiqua Capsicum oleoresin
13.5 Alanfu 6% capsaicingids (w/w) 30% capsaicinoids (w/w)
11 ~85% (Wwiw) 2.0 ilanfu (100%) 386 N (19.3%)

wenfudng R anuAniudinazanefifidasin o
lanmea+tivianau/laaselstimy d
Crude capsaicinoids Capsaicinoids HANRA112-mABIUIA
65% capsaicinoids (w/w) >90% capsaicinoids (w/w)
175 Niu (8.8%) 38 N3 (1.9%)

AW 1.1.1 M3anakazn1svin capsaicinoids TuSansanniniilss



A-d

2) W38 capsaicin WlAMULANAAA

2.1) U%’UU@Q capsaicin é‘]"sams’luna;iu acetate, carbamate, phosphate, proline uwag
glucose 91 hydroxyl group ¥8429 aromatic

2.1.1) M3dUATIZY acetyl capsaicin

111 capsaicin (0.65 mmol) azanglusiavinazaie acetone (5 ml) L@y potassium carbonate (0.98
mmol) kag acetic anhydride (6.55 mmol) a1udnu lagufisenvzgnlvianuieunuusndndatele
vssnauialulasioudune 24 $alus mnduarsnavazgnidliBulugnmaiivesuasiinlussmes
vhavangeen nandusidniivdeasgninluuenlivianifomaia redinilasulansfuudan (20%
ethylacetate/dichloromethane) ansdaaszsitldazogluguvosisulaliuid Andudesas 91 veq
nanAua Budulassaitmioweia H-NMR wag Mass spectrometry

Acetyl capsaicin

'H-NMR (CDCls, 400 MHz): & (ppm) = 6.97-6.99 (d, 1H), 6.90 (s, 1H), 6.83-6.85 (d, 1H), 5.69 (s, 1H),
5.28 5.41 (m, 1H), 4.41-4.42 (d, 2H), 3.82 (s, 3H), 2.31 (s, 3H), 2.19-2.23 (t, 2H), 1.97-2.02 (q, 1H),
1.62-1.68 (m, 4H),1.35-1.43 (m, 1H), 1.26-1.31 (m, 2H), 1.13-1.17 (m, 1H), 0.94-0.95 (d, 3H), 0.84-
0.86 (d, 3H)

ESI-MS: m/z 348 [M+H]", 370 [M+Na]", 386 [M+K]"

2.1.2) NMIFUATIZY carbamate capsaicin

11 capsaicin (0.49 mmol) lUazarsludivinazany acetone (5 ml) Lfs potassium carbonate
(0.74 mmol) uag dimethylcarbamoy! chloride (4.91 mmol) audndu Ujisenazgnivianuiouwuy
Hdndneldussemeantalulanawdunat 24 $alus mndudeislilnsulugumgiviosazaily
sumedinihazatseen wandusildzgauenlvivignssmeomainaedinilasulansituudan (20%
ethylacetate/dichloromethane) ansduneiiildazeglusuvenituivieda Andufesas 55 veq
nanAua Budulassaitmoweia 'H-NMR uag Mass spectrometry

Carbamate capsaicin

'H-NMR (CDCls, 400 MHz): & (ppm) = 6.99-7.01 (d, 1H), 6.87 (s, 1H), 6.80-6.82 (d, 1H), 5.76 (s, 1H),
5.28-5.31 (m, 1H), 4.37-4.40 (d, 2H), 3.81 (s, 3H), 2.99-3.13 (dd, 3H), 2.16-2.22 (m, 2H), 1.97-1.99
(dd, 1H), 1.63-1.67 (m, 2H),1.38-1.41 (m, 1H), 1.25-1.32 (m, 4H) 0.95-0.96 (d, 3H), 0.81-0.85(d, 3H)
ESI-MS: m/z 377 [M+H], 399 [M+Na]", 415 [M+K]*

2.1.3) n3daAT12% phosphate capsaicin

111 capsaicin (0.49 mmol) lWaratsluiaviiazane dichloromethane (15 ml) 91nuLAa
diethylamine (4.91 mmol) uaz phosphoryl chloride (1.47 mmol) asluansazaremuansu sl
UfRzonitgamgiviesnieldusseimeauialulasiaudune 24 $alus ileladaudnianswandildunsu
pH WdiAwindy 12 ¢ 1 M sodium hydroxide thansazanefildluszmeivinazaedunsdenn udn
1luusu pH Wilunansdhensa hydrochloric acid thasufiwdeluvliuissemadianiense aisi
Iszgnuenliiuiavssemaieainesamanodiuilasulansituudani (SiliaBond® C18, Silicycle) Tng
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Tdwawmdouiduasazanenaussninaiuazesdlnslulasd ndnduinliszeglugivesuddindes An
Juewvay 20 veswdniug dudulassairememnaiia *H-NMR wag Mass spectrometry

Phosphate capsaicin

'H-NMR (CDCls, 400 MHz): & (ppm) = 7.49-7.51 (d, 1H), 6.87 (s, 1H), 6.76-6.78 (d, 1H), 5.31-5.42
(m, 2H) 4.28 (s, 2H), 3.81 (s, 4H), 2.20-2.23 (t, 3H), 2.02-1.97 (dd, 2H), 1.59-1.66 (m, 2H),1.35-1.40
(m, 2H), 0.96-0.97 (d, 6H)

ESI-MS: m/z 384 [M-H]

2.1.4) nM3duATIZY proline capsaicin

11 capsaicin (0.49 mmol) Boc-L-proline (0.54 mmol) wag 4-dimethylaminopyri-dine (DMAP)
(0.2 mmol) lUazarelusavinazane dichloromethane (10 m) 9nduifuansazaisves NN-
dicyclohexylcarbodiimide (DCC) (1.47 mmol) asluansazaiekay éi’jﬂﬁﬁwﬁﬁ'%aﬂuqmmﬁﬁaqmsfl,éf
vssenewdalulasiauduna 24 $lus thansuauiildlunsemenounazihluseme fviazaneoen
wanfudiildazgnuenlivignifioimaianeduilasuilans fivudani (20% ethylacetate/
dichloromethane) uaafiidangundas Boc Aren15iINTA sulfuric acid iudulunendi asly
A199¥ANUNANYDY sodium chloride hagnsa hydrochloric acid Wloadsuiaves hydrochloric acid
Mnturesufaszgninluinasinuarsoyiusues capsaicin 7l N-Boc Proline Humgjuntos (0.1 ) 7
azaielu chloroform (50 ml) Uszunal 30 w1 dlawafaudnhansaranslussmedviavaiseen Susu
lAssassmematia Mass spectrometry

Proline capsaicin
ESI-MS: m/z 525 [M+H]", 541 [M+Na]"

2.1.5) MIduATIEI glucose capsaicin
UfAsewtseandu 2 Junsufie 1) n15dwAI1% tetraacetyl-a-D-glucose fluoride tiialdidu
reagent @1MSUANLASIEY capsaicin- B-D-glucopyranoside Lag 2) N15E9LASIEY capsaicin-p-D-

glucopyranoside

R.T./7h.

o)\o o OA\O
o o \(f o O wF
)LO\\. "’o/go HF-pyridine(70:30)% )ﬁo\\- -,,OJQO
o) (o]
Y Y

1,2,3,4,6-penta-O-acetyl-(alpha/beta)-D-glucopyranoside Tetraacetyl-alpha-D-glucose fluoride
(PAG) (TAGF)

A 1.1.2 U§ATeIN15duAT189 tetraacetyl-a-D-glucose fluoride

N13A9LATIZNANT tetraacetyl-a-D-glucose fluoride duas1zilaeldy 1,2,3,4,6-penta-O-acetyl-
a/B-D-glucopyranoside ¥MUAATENU 70% HF-Pyridine Migaumgivies wWuwia 7 93lus Wieujizen
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Aetuauysaind Wivaeavesansazansranfinioulduradusaiuds mndulivarsazangliiu
naneiansazanedudaves sodium bicarbonate wavafadiuansazane dichloromethane gL
vhazargeenuazuenuigniiienedutlasuilansii (100% dichloromethane) linandnsians
tetraacetyl-a-D-glucose fluoride Mif&nwaizidunavasudaden @Eadudevar 62 vosarsudnsiod)
Budulassasismemaiin "H-NMR spectroscopy

Tetraacetyl-a-D-glucose fluoride

'H-NMR (400 MHz, CD50D): § (ppm) = 1.97-2.15 (s, 12H), 4.11-4.22 (m, 2H), 4.28 (dd, J1 = 12.2,
J2 =3.8Hz, 1H), 4.95 (ddd, J1 = 24.2, J2= 10.2, J3= 2.8 Hz, 1H), 5.15 (t, J = 9.8 Hz, 1H), 5.49 (t, J
= 9.9 Hz, 1H), 5.74 (dd, J1 = 52.9, J2 = 2.7 Hz, 1H)

HO
H
j©\/ N X on ]@\/H Y
H3CO H3CO
TAGF K2CO3

o o
o BF3.0Et,, anh. CH,Cl, MeOH (R.T./2h.) Capsaicin-p-D-glucopyranoside
Capsaicin TMG (RT./3h.)

A 1.1.3 UfA3en15d8AI129 capsaicin-B-D-glucopyranoside

N1989LA312%a13 capsaicin-g-D-glucopyranoside vildlagiin capsaicin ¥iMUA3811U boron
trifluoride etherate ( BFs-OEty), tetraacetyl- alpha- D- glucose fluoride @ & 1,1,3,3- tetra-
methylguanidine ﬁazmaagﬂumsazma dichloromethane fivhlusiaannin aneldussenniea
lulnsiau Wuan 3 $alus dleufAteninduanysniudrdosq iuatsazaisduiaves sodium
bicarbonate asll wazafingay ethylacetate uavszmesvhazatseen antudulnumadouasues
we nauansazareliiAnufionduinan 2 Falus wasviliuigvidneitanudndearsozaenay
ST LeaRaL

TanansTuet capsaicin-8-D-glucopyranoside Wuvesudsdunn @adudosay 79 vesansuandoum)

A o

gudulpssasnsmemata 'H-NMR, *C-NMR, FT-IR uag Mass spectrometry

Capsaicin-f-D-glucopyranoside

'H-NMR (400 MHz, CD30D): § (ppm) = 0.96 (d, J = 6.7 Hz, 6H), 1.39 (m, 2H), 1.63 (m, 2H), 1.99
(q,J = 6.7 Hz, 2H), 2.22 (t, J = 7.6 Hz, 2H), 2.21 (m, 1H), 3.38-3.51 (m, 4H), 3.68 (dd, JI = 12.1 Hz,
J2 =5.1Hz, 1H), 3.86 (dd, J1 = 15.1 Hz, J2 = 1.7 Hz, 1H), 3.85 (s, 3H), 4.30 (s, 2H), 4.86 (d, 1H
anomeric H), 5.36 (m, 2H), 6.82 (d, J = 8.2 Hz, 1H), 6.94 (s, 1H), 7.11 (d, J = 8.3 Hz, 1H)

C-NMR (400 MHz, CD50D): & (ppm) = 176.04, 150.93, 147.18, 139.15, 127.86, 121.26, 118.19,
113.26, 102.99, 78.20, 77.86, 74.93, 71.36, 62.52, 56.73, 43.77, 36.98, 33.25, 32.28, 30.34, 26.56,
23.11 (x2)

FT-IR: 3566, 3363, 3285, 2961, 2921, 2855, 1647, 1597, 1538, 1514, 1467, 1427, 1372, 1265, 1219,
1154, 1130, 1108, 1075, 1052, 1018, 969, 898, 858, 799, 730, 715, 671, 590, 527, 507, 419 cm*
ESI-MS: m/z 490.2411 [M+H]"
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2.2) M3U3UUFe capsaicin liiAulnanasdaan1sunuiings methoxy U84 aromatic moiety
2.2.1) M3d4AT18% benzaldehyde derivatives

Br, OH
MeOH, 0°C, 1 h H
Br
(¢}

OH
Hp T
HNO, OH
© H,S0y, 1t, 30 min HT(Q:
NO,
0

2 1.1.4 M3duAII¥% benzaldehyde derivatives

n1989ATIEY 3-bromo-4-hydroxybenzaldehyde
dunsznlagldufjisen electrophilic aromatic substitution fiu 4-hydroxybenzaldehyde lng

14 bromine solution tJustetaud 11 Bromine solution (1.0 mol eq.) azaelu methanol (2.00 mL)
#10°C mﬂﬁ?uﬁasg] L@ bromine solution aslu 4-hydroxy benzaldehyde (1.0 mol eq.) 7 0 °C waz
Udeelgamgiifisdufagamgiivies 1unan 1 42l Wevinufitenateauysaiuda uansazats 5%
sodium bisulfite luansazaneney afindae diethyl ether (3 x 20 mL) 91nTuda1sazaEnaLde
asaya1udud sodium bisulfite (5 x 30 mL) wazansazane brine (3 x 15 mL) ¥ilWuIqnssenisan
wande ethanol andusinliuiandsnadsdroimainneduilasuilnns il (methanol/
dichloromethane, 9 : 1) loasuandusiduvoandeduny Andusdesay 75 vowdniue dudulaseasis
pematla "H-NMR spectroscopy

3-bromo-4-hydroxybenzaldehyde
'H-NMR 400 MHz (ds-DMSO): § (ppm) = 9.78 (br, 1H, CHO), 8.06 (s, 2H, Ar), 7.76 (s, 1H, Ar), 3.34
(br, 1H, OH)

n1989ATIEY 3-nitro-4-hydroxybenzaldehyde

dm3un13duAIIYA 3-nitro-4-hydroxybenzaldehyde 19Uf{A3e1 nitration laglednse nitric acid
wagnsA sulfuric acid WWuSietaus W1 4-hydroxy benzaldehyde (1.0 mol eq.) azaelunsa sulfuric
acid (2.00 mL) ﬁqmmﬁtﬁu (fiuda) mﬂﬁ?uﬁaaf] wenasaNasluasazateldu nitrating solution
(37% we3n3a sulfuric acid 1.2 mol eq. 65% nsA nitric acid 1.2 mol eq.) ﬁ’]ﬂﬁﬂ%mﬁqmmﬁﬁmlﬂu

1387 30 U ANUUMATITaTaeNANAIlULILTY NIUAUNTLIIANALNBUVDILT 1A LNADI NTBIA2E
cooled ethanol (5 x 5 mL) ¥iu3gnaaen1sanudnsie ethanol nsedwazyinliudis landnsdaaidu
Yaddednane Anlusesay 70 vowdniue dudulassadienewmeia H-NMR wag FT-IR

3-nitro-4-hydroxybenzaldehyde

'H-NMR 400 MHz (CDCl): & (ppm) = 11.03 (s, 1H, OH), 9.94 (s, 2H, CHO), 8.63 (d, 1H, Ar, J=2.0
Hz,), 8.15-8.12 (m, 1H, Ar), 7.31 (t, 1H, Ar, J=8.8 Hz,)

FT-IR (KBr) cm™: 3,230 (OH), 1,686 (C=0), 1,566 1,332 (NO,)
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2.2.2) M3dAs184 fluoro benzaldehyde derivatives

OCF, OCF;

OH OH
HMTA

—_—

TFA, 60 °C
F
OH
HMTA H
TFA, 60 °C

F

OH
HMTA !
F TFA, 60 °C

AW 1.1.5 N15d91AT129 fluoro benzaldehyde derivatives tngldufjize1vas Duff

OH

OH

AT

3-trifluoro-4-hydroxy benzaldehyde, 3-fluoro-4-hydroxy benzaldehyde wag 3,5-difluoro-4-
hydroxy benzaldehyde T4UjA3e1v09 Duff daaszi %Gﬂﬁﬁ%mﬁllﬂu formylation reaction U§)i3en
19 hexamethylenetetramine (HMTA, 1.2 mol eq.) 1JuSiolaun ﬁmﬁﬁ%mﬁ’umiﬁy’mﬁ]’u phenol
derivatives (1.0 mol eq.) Meldan1ignsa (@1sazaiensa TFA, 5 mL) ﬁqmmﬁ 60 °C \Juwan 24-48
Hlus Woufitenasaauysaiudviinisatnge ethyl acetate (3 x 20 mL)

d1915U 3-trifluoro-4-hydroxy benzaldehyde v‘iw'%fjméé’mL%ﬂﬁﬂﬂaé’uﬁimmimﬂﬁ?\l (1%
methanol/dichloromethane) AnlduSeuay 44 voanansiael, 3-fluoro-4-hydroxy benzaldehyde %1
uianifemaianeduilasuilang @l (2% methanol/dichloromethane) Anllufosay 41 vos
NARS I wag 3,5-difluoro-d-hydroxy benzaldehyde ﬁwu%qwéé’aa%%ﬂﬁmﬂmﬁﬂé’w 40% ethanol Tu
asazaretn Andudosay 82 vewwandmel Susulassadieiaenada THNMR, PCNMR, FT-R was

Mass spectrometry

3-trifluoromethyl-4-hydroxy benzaldehyde

'H-NMR (400 MHz, CDCLs): & (ppm) = 9.86 (1H, s, CHO), 7.77 (2H, m, ArH), 7.19 (1H, d, J=8.4 Hz,
ArH)

3C-NMR: (100 MHz, CDCls) & (ppm) = 190.0, 153.5, 130.8, 130.1, 122.3, 122.0, 119.4, 118.0

FT-IR (KBr) cm™: 3,338 (OH stretching), 2,854 (C-H stretching of CHO), 1,678 (C=0 stretching of
CHO)

HRMS: Calcd. for CgH5F303: m/z 206.0190, found m/z 207.0322 (M+H)"

3-fluoro-4-hydroxy benzaldehyde

'H-NMR (400 MHz, CDCls): & (ppm) = 9.84 (1H, d, J=2 Hz, CHO), 7.66-7.60 (2H, m, ArH), 7.15 (1H,
t, /=8 Hz, ArH)

3C-NMR: (100 MHz, CDCls) & (ppm) = 190.03, 152.59, 150.20, 149.76, 128.61, 117.75, 115.81
FT-IR (KBr) cm™: 3,138 (OH stretching), 2,846 (C-H stretching of CHO), 1,672 (C=0 stretching of
CHO)
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HRMS: Calcd. For CiHgFO2: m/z 141.0346, found 141.0330 m/z (M+H)*

3,5-difluoro-4-hydroxy benzaldehyde

'"H-NMR (400 MHz, CDCLs): & (ppm) = 9.81 (1H, t, J=4.0 Hz, CHO), 7.55-7.42 (2H, m, ArH)
3C-NMR: (100 MHz, CDCls) & (ppm) = 189.04, 153.17, 150.72, 139.03, 128.39, 113.37

FT-IR (KBr) cm™: 3,138 (OH stretching), 3,216 (OH stretching), 2,733 (C-H stretching of CHO), 1,689
(C=0 stretching of CHO)

HRMS: Calcd. For CsHsF,00: m/z 159.0252, found 159.0244 m/z (M+H)"

2.2.3) N5d4AT184 benzylamine derivatives

n13§0A3 benzylamine derivatives wisoanidu 2 Funeuldun 1) msdunseidouny
aldehyde 1#1uny] oxime TneldUfATo w0 Nelson waz 2) iUFATeN reduction 1Wasumy oxime
Tidumy amine tngld hydroxylamine hydrochloride tJu3taiaud mﬂﬁ?uﬁﬂilgjﬁ%m reduction lagld
Zn waz ammonium chloride Widawaus duduy specific reducing agent f‘ﬁ’wgﬁaﬁ%’u oxime

ZnINH,CI
Q)k _NH,OH.HCI Q)L _ ZnNHG L NH, HCI
HO Na,CO3/H,0 Reflux
o)
ZnINH,Cl B
Brjij)LH _NH,OHHCI @)LH 4 r NH,.HCI
HO Na,COxH0 g Reflux

AN 1.1.6 N15d1ATIZ benzylamine derivatives lngUfAseiAne1u oxime
1% aNa Y . . & &
wgnsAIglagly Zn war ammonium chloride 1UuSioLaus

n738%AT1¢34-hydroxy benzylamine

d19%3U 4-hydroxy benzylamine &uas1zilagld 4-hydroxy benzaldehyde (1.2 mol eq.) 18u
ansmady U811 hydroxylamine hydrochloride (NH,OH.HCL, 2.0 mol eq.) Tneldinaudush
Wazany amqmmﬁmiazmaaqﬁwéwﬁwﬁq WaTABY ) MYAATAYANENEL sodium carbonate (1.0
mol eq) Mnduthasazaenaneenantudarindndd 45 °C 1 funan 1 $alus 30 Wit eufisen
Lﬁmsﬁuamyiaiué’a anmeae ethyl acetate (3 x 25 mL) lolunansieives 4-hydroxy benzaldehyde
oxime Lluveaudadunn 1ilelfuanFasives oxime derivatives (1.0 mol eq.) wd1ti13sinUfAzen
reduction ffu activated zinc (3.0 mol eq.) Tneld methanol iudviazane (10.0 mL) 91nduy
ammonium chloride (NHeCl (3.0 mol eq.) Sul&n4# 70 °C 18uinan 4 $alus levifAsenintu
auysoiudaatagie ethyl acetate (3 x 20 mL) &sduansazansBuridiearsazans brine (3 x 20 mL)
wdruulBunansdae 6 M HCL wandusifiindusgluguvesinde amine hydrochloride derivatives
anwarvewdidrn Andufosar 21 Gudulassadeamaila 'H-NMR uaz FT-R

4-hydroxy benzylamine hydrochloride
'H-NMR (400 MHz, D,0): § (ppm) = 6.89-6.71 (m, 2H, Ar), 6.61-6.58 (m, 2H, Ar), 4.09 (s, 2H, CH,).
FT-IR (KBr) cm™: 3,436 (NH), 1,615 (NH)
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n1989ATIEY 3-bromo-a-hydroxy benzylamine

N1589LATIER 3-bromo-ad-hydroxy benzylamine 1435tnTuugULA8IAUNITIHTEN d-hydroxy
benzylamine findaundrsdiu Tagludiun1siiufasen reduction Tdnannisiinufazen 3 dalua
nansaueidladunde 3-bromo-a-hydroxy benzylamine hydrochloride dnwasiduraudadvin An

JuSesay 28 vewdnsiue dudulasaasreves d-hydroxy benzylamine hydrochloride wag 3-bromo-
4-hydroxy benzylamine hydrochloride pagnatia FT-IR wag *H-NMR

3-bromo-4-hydroxy benzylamine hydrochloride

'H-NMR (400 MHz, D,0): & (ppm) = 7.04 (d, 1H, Ar, J=1.94 Hz), 6.92-6.90 (m, 1H, Ar), 6.62 (d, 1H,
Ar, J=8.0 Hz), 4.18 (s, 1H, CHy)

FT-IR (KBr) cm™: 3,413 (NH), 3,160 (OH)

nN7158uAT12Y fluoro bebzylamine derivatives

d115un15d9LAT18% 3-trifluoromethoxy- 4- hydroxy benzylamine, 3-fluoro- 4- hydroxy
benzylamine waz 3,5-difluoro-4-hydroxy benzylamine 14n151inUfA3e WU oxime widloudjAsen
136U wituneun1svURASe reduction 1435103 Ganett 4 palladium on carbon LHu3io1aus
Ufnseninnelaanizuialalasiauiaznin Uﬁﬁ%mﬁﬁ]u direct hydrogenation wagnaniasanis
hydrogenation U39 aromatic XanSaueifldiindunde amine hydrochloride derivatives n15%1
Uiseuanssanin 1.1.7

NOH

F3;CO E
NHZOH HCI 3 H Pd/H, 3CO NH,.HCI
NaHCO3/H20/Requx HO conc. HCI/EtOH

HO

F3CO

NOH

F F
Q)L NHZOH HCI H Pd/H, NH, HCI
NaHCO3/H20/Requx HO conc. HCI/EtOH Ho I ]
F
NHZOH HCI Pd/Hz NH,.HCI
conc. HCI/EtOH
NaH003/H20/Requx HO HO

F
A 1.1.7 N15§UATIZI benzylamine derivatives Inglisved Nelson wag Ganett

N15E9LATI8MR 3-trifluoro- 4- hydroxy benzylamine 14 3- trifluoromethoxy- 4- hydroxy-
benzaldehyde (1.0 mol eq.) ¥i1UfjAselaely hydroxylamine hydrochloride 1du3ioiaus Toeldaing
i sodium hydrogen carbonate (1.2 mol eq.) \Judivinavaie ﬁ?%Wﬁﬂ%ﬁqmwgﬁ 80 °C 1¥uian
3 dalu leufAseuintuauysaiudy mnduidviduiigamgiives udafinde ethyl acetate (3 x 20
mL) wdhduasazaredunidluissmeliuiaoeiessmewuuannuiy WnHanSuT oxime
derivatives (1.0 mol eq) #il# lUshuUFR3en reduction Tnelaifesrilsiuianinou suseunsviifisen
14 palladium on carbon (1.2 mol eq.) Wusteuwaus vufaseneldannzuialalasiauiaznin lag
14 ethanol Wugvharats figungiveadunat 4 4alus eufiSefnduauysaind vharsazans
NAUNTBINT celite udrzivedvihazatseen viliudanidnenisnnudndae ethyl acetate Tngld
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ethanol U co-solvent Namﬁm%ﬁlﬁaﬁugﬂ“uaﬂmﬁa amine hydrochloride 984 3-trifluoromethoxy-
4-hydroxy benzylamine hydrochloride dnwauziduvoswdedvn Andusosay 31 voandnimne

nN1989LAT189 3-fluoro-4-hydroxy benzylamine wag 3,5-difluoro-4-hydroxy benzylamine
UAsenliutguAgIfun15dansient 3-trifluoromethoxy-4-hydroxy benzylamine hydrochloride
19AU Nﬁmﬁmeﬁﬁlé’agjhgﬂmﬁa amine hydrochloride dnwaztJuveaudedun 3-fluoro-4-hydroxy
benzylamine hydrochloride wag 3,5-difluoro-4-hydroxy benzylamine hydrochloride Andusesay
71 WAY 76 YDINANAMN A1uanu dudulaseasianigmaia H-NMR, >C-NMR, FT-IR wag Mass
spectroscopy

N158UTUlATIaT19U0 9 3- trifluoromethoxy- 4- hydroxybenzylamine hydrochloride,
3-fluoro-4-hydroxybenzylamine hydrochloride ae 3,5-difluoro-4-hydroxybenzylamine hydro-
chloride Budulassasnsmamatia "H-NMR, >°C-NMR, FT-IR wag Mass spectrometry

3-trifluoromethoxy-4-hydroxybenzylamine hydrochloride

'H-NMR (400 MHz, D,0): § (ppm) = 7.45 (1H, s, J=1.8 Hz, ArH), 7.33 (1H, dd, ArH), 7.12 (1H, d,
J=8.4 Hz, ArH), 4.13 (2H, s, CH>)

C-NMR: (100 MHz, D;0) § (ppm) = 148.8, 129.3, 125.1, 123.7, 118.3, 117.4, 115.4, 42.32

FT-IR (KBr) cm™: 3,120 (N-H stretching), 1,604 (N-H bending)

HRMS: Calcd. For CgHgFsNO,: m/z 207.0507, found 208.0635 m/z (M+H)*

3-fluoro-4-hydroxybenzylamine hydrochloride

'H-NMR (400 MHz, D,0): § (ppm) = 7.22 (1H, dd, J=11.9, 2.0 Hz, ArH), 7.11 (1H, dd, J=8.4, 2.1 Hz,
ArH), 7.03 (1H, t, J=7.9 Hz, ArH), 4.12 (2H, s, CH,)

C-NMR: (100 MHz, D;0) § (ppm) = 152.39, 150.00, 125.75, 125.22, 118.27, 117.05, 42.42

FT-IR (KBr) cm™: 3,179 (N-H stretching), 1,626 (N-H bending)

HRMS: Calcd. For CsHoFON: m/z 142.0663, found 142.0644 m/z (M+H)*

3,5-difluoro-4-hydroxybenzylamine hydrochloride

'"H-NMR (400 MHz, D,0): § (ppm) = 7.10 (2H, dd, J = 8, 4 Hz, ArH), 4.12 (2H, s, CH,)

FT-IR (KBr) cm™: 3,418 (NH stretching), 1,632 (NH bending of amine)

HRMS: Calcd. For C;HgF,ON: m/z 160.0568, found 160.0560 m/z (M+H)*
n1989ATIEY 3-nitro-4-hydroxybenzylamine

+ —
NH,OH + HCOOH ———= NH,HCOO + H,0
-10°C

AN 1.1.8 Uﬁﬁ%mmim‘%w ammonium formate



OzND)J\H Ammonium formati O2N]©ANH2HCI
O
Ho 190°C HO

AN 1.1.9 NM3d1ATIEN 3-nitro-4-hydroxy benzylamine hydrochloride TngldUfiizenvee Leuckart

SmMSUNSEUATIEN 3-nitro-d-hydroxybenzylamine 1 THUHAT1 Leuckart daAs1e9 Funou
n51UfATeuseenidu 2 funeude 1) n151@38x ammonium formate wag 2) N15FUATIZI
3-nitro-a-hydroxy benzylamine 1agly ammonium formate JuSieraud

N154@388 ammonium formate 3811 ammonium hydroxide (1.0 mol eq.) wiliSud
0 °C 9 ntfuLiin formic acid (1.0 mol eq.) 8819919 aslu ammonium hydroxide ﬁgﬂﬁﬂﬁlﬁuué’a
unszsansazarerdunans nausedn 30 unit udinudefigungiiviessodn 3 $alus WeujAsen
Antuauysaiudriluszivedhazaredemaianieais Ifaisudefusiveania ammonium
formate AnLdusosaz 92 voswdnsdn

97njuLn ammonium formate (6.0 mol eq.) ﬁL@%ﬂulmUﬁﬂﬂﬁﬁ%mﬁu 3-nitro-4-hydroxy
benzaldehyde (1.0 mol eq.) 3n&nS7 190 °C WHuan 4 Falus ndsanduddevansnanliundaia
conc.HCL (2 mL) udvh3ndndsnadsit 100 °C \unan 1 $alue ileufAseifntuanysainds nses
AZNOULEIA1IMY ethanol ViWaAnduailiusansaienisanudnae ethanol lenandnaiduvesuded
yrandes Andudevay 64 vewdnduel Budulassaireiemain H-NMR uaz FT-IR

3-nitro-4-hydroxybenzylamine hydrochloride

'"H-NMR (400 MHz, D,0): & (ppm) = 8.18 (s, 1H, Ar), 7.71-7.66 (m, 1H, Ar), 7.24-7.21 (m, 1H, Ar),
4.21 (s, 2H, CH,)

FT-IR (KBr) cm™: 3,283 (NH), 3,121 (OH), 1,536 and 1,337 (NO,)

2.2.8) M3duA129% MCFA
AUN30FUATILILA 2 wWINNafAe 1) duATIERaIN Wittig reaction war 2) launannmsvinuisen

hydrolysis U capsaicinoids #ilaanansanansn

n13589ATI8Y MCEA el Wittie reaction

r B — .
HO ——— > HO - HO &

145°C Br KO'Bu/anh.DMF

AN 1.1.10 ununmnsyinufisen Wittig reaction
11 6-bromohexanoic acid (1.0 mol eq.) ¥i1UfA5811U triphenylphosphine (1.2 mol eq.) i
145 °C vuan 4 Falus andussliBuiigumniies wazanndndae triturating agent (anh.CHCL

Y



A-13

dry ether, 1: 1) u§2dwdnde chloroform gavieyinliuiaviseaisazany dichloromethane ¢
HARATLNGD tri-phenylphosphine Wuvesdsdan Andudesas 92 voswaniued

Aou1u1Lnde tri-phenylphosphine (1.0 mol eq.) vi1U{AS811u isobutyraldehyde
(1.2 mol eq) Tngld anh.DMF usiavhazans naufigaungd 0 °C neldusssniaualulasiau andu
Aowe inasavaneraNadly potassium t-butoxide (2.5 mol eq.) 71 anh.DMF muufasendune 1
s 30 Wit 7 0 °C wdannduriinismuuaten 9 25 °Cdunan 1 Au WeufATeAntuauysel
W& wansavaneravasluiiuds ans triphenylphosphine oxide A¢ANAZNBUAINT YINN1INTDINLNDU
pNMYIENToILULANYINA Lazd1aiealsazaty benzene ATl 2 M HCL HeANBE Y Tuduves
ansazanegnanafe diethyl ether (4 x 25 mL) &stuansavandun3sieasazas brine uasyili
wiadagiadeassmeLuanaudu ¥uianidemaianeduilasunlansiil (50% ethyl acetate/

hexane) leansnandamimdunanduanauvas £/2 isomer

j\/\/\>/ 2M NaNO, i
= —_—
/
HO oM HNO, HO)M/

A 1.1.11 UHUANANTEUATIEH E-isomer 989 MCFA

ilnsanwanAausiiildann Wittig reaction 1y Zisomer fatuiadesinisiuasy isomer 91 2
\Ju £ agld 2 M sodium nitrite (NaNO,) (1 mol eq.) luan1znsa (6 M HNOs, 2 mol eq.) vufAzen
fiu £/Z-isomer MCFA (28 mol eq.) figamgil 80 °C tlutaan 1 §2lus 30 wnit leviufAsenasa
anysaludaatadag diethyl ether Iniudansazaredunidfoansazans brine (3 x 20 mL) 1hdu

1%
o w a

asazanedunIdssivedninaraigesn nanduviaveglugUuiuures nitrosonium cation Anwauzingiud
\Na0988UvBY (F£)-8-methylnon-6-enoic acid Budulassasienismatin "H-NMR spectroscopy

(Z)-8-methylnon-6-enoic acid
'H-NMR (400 MHz, CDCls): & (ppm) = 5.36 (m, 2H), 2.55 (m, 1H, CH), 2.35 (t, 2H, CH,, J=7.5Hz),
2.05 (m, 2H, CHy), 1.64 (m, 2H, CH,), 1.38 (m, 2H, CH,), 0.93 (d, 6H, 2xCH3, J=6.8Hz)

(E)-8-methylnon-6-enoic acid
'H-NMR (400 MHz, CDCLs): & (ppm) = 5.36 (m, 2H), 2.35 (t, 2H, CH,, J=7.5Hz), 2.23 (m, 1H, CH),
2.05 (m, 2H, CH,), 1.64 (m, 2H, CH,), 1.38 (m, 2H, CH,), 0.93 (d, 6H, 2xCH3, J=6.8Hz)
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M38uATIE MCFA 91n01591UJA%e7 hydrolysis 91na15Us¥ney capsaicinoids #lA91nn13

19383 >90% capsaicinoids

HO Ethanolysis H3CO:©/\NH2HCI
—_—
.
) HO

/\OM ) et 6 i« acid
Base hydrolysis (E)-8-methyl-6-nonenoic aci

[

O
(0]
/\O
M HOM
8-methylnonanoic acid

aaa

A 1.1.12 NM5FUATIER MCFA 91nUANILT hydrolysis YDIANTANAINNIN

‘Uﬁﬁ%mLﬁm?’fumﬂmsﬁngﬁ%m hydrolysis 484 >90% capsaicinoids (1.0081 n3u) n1elaaniaz
n3A (4 N HCL 50 mL) Iaeld ethanol 1udiinazane %Wé’ﬂ%ﬁammﬁ 90 °C 1 funan 36 Falus e
‘Ugmmauam Fnsatasae petroleum ether (2 x 50 mL) dhdusavazatedunidsziveaoniie
\3oesEmBLULanANiy IEHanSausnandnvai Sudivaes yhuanisemaiaaedinilasunle-
n317 (5-20% ethyl acetate/hexane) lANGASgNENTEWING ethyl (E)-8-methyl-6-nonenoate Lag
ethyl 8-methylnonanoate

FunouANIUINEN A NANTY NI ethyl (E)-8-methyl-6-nonenoate wag ethyl 8-
methylnonanoate 919614 (0.2320 ¢) ¥iMUfA381 hydrolysis snadsluanneiduiua (@ N KOH 10 mL)
Tagld 1,d-dioxane 10 mL uag DMF 10 mL 1udwiazats vufAsenduna 2 alus deufizen
Auan naAnusu pH=2 #28 6 M HCLwdanauansazatede 15 undl aanduiinisadadae
petroleum ether (2 x 20 mL) seivefvhazatsdunideandeindsssemenuuanaudy vuians
mewmailnnadullasunlans il (20% ethyl acetate/hexane) lanandausiluvesnallavesasnauves
(F)-8-methyl-6-nonenoic acid way 8-methylnonanoic acid Bufiulassasrtensmaiia H-NMR

(E)-8-methylnon-6-enoic acid

'H-NMR (400 MHz, CDCLy): & (ppm) = 5.36 (m, 2H), 2.35 (t, 2H, CH,, J=7.5Hz), 2.23 (dg, H, CH,
J=13.2Hz, J=6.7Hz), 2.00 (q, 2H, CH,, J=6.9Hz), 1.64 (m, 2H, CH,), 1.41 (m, 2H, CH,), 0.96 (d, 6H,
2xCHa, J=6.8Hz)

8-methylnonanoic acid
'"H-NMR (400 MHz, CDCls): & (ppm) = 2.35 (t, 2H, CH,, J=7.5Hz), 1.64 (m, 2H, CHy), 1.52 (m, 1H,
CH), 1.34-1.28 (m, 6H, 3xCH,), 1.16 (m, 2H, CH,), 0.86 (d, 6H, 2xCHs, J=6.6Hz)
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2.2.6) NMIFUATITY capsaicin derivatives
113894A312Y capsaicin derivatives lagly N.N-diisopropylethylamine (DIEA), 2-(1H-benzotri-

azole-1-yl)-1,1,3 3-tetramethylaminium tetrafluoroborate (TBTU) uag 1-hydroxybenzotri-azole
(HOB) 1fu coupling agent

0]

R 0
NH HCI P DEATBTU R NW
+ HO —_— H

HOBY/DMF

R = -H, -Br, -NO2 R = -H, -Br, -NO2
AN 1.1.13 M3dAI189 capsaicin derivatives Ingufizen coupling sy amide

Jlodaasiei MCFA nUfHATe1 Wittig a3 1111 coupling U benzylamine derivatives A3g
amide coupling reagent Uﬁﬁ%mﬁiﬁfjjﬁﬂmﬂzﬁ 14 DIEA (2.2 mol eq.) uag TBTU (1.1 mol eq.) {usie
s vUA3e11u benzylamine derivatives (1.2 mol eq.) ngldaniizusserniaufialulasiau 1u
e 6 Halus anthuneaufiseuazaiade ethyl acetate uazviliuanddomaiianodunilasuile-
n5H (MeOH/CH,Cl,, 1:9) wayyinn1sdudulasiasienismatn 'H-NMR wag Mass spectroscopy 184
HARAUI AN (E)-N-(4-hydroxybenzyl)-8-methyl-6-nonenamide, (E)-N-(3-bromo-a4-hydroxybenzyl)-
8-methyl-6-nonenamide wag (£)-N-(3-nitro-4-hydroxybenzyl)-8-methyl-6-nonenamide AR Ui
IRt uludnuazinulaliia veus (E)-N-(d-hydroxybenzyl)-8-methyl-6-nonenamide wa (F)-N-
(3-bromo-4-hydroxybenzyl)-8-methyl-6-nonenamide uagiduvaaudediniasoouvos (E)-N-(3-nitro-
4-hydroxybenzyl)-8-methyl-6-nonenamide Anliuipsas 34, 38 wazd2 vesnans s muay dudu
lassasemswaila H-NMR, °C-NMR, FT-IR ay Mass spectrometry

(E)-N-(4-hydroxybenzyl)-8-methyl-6-nonenamide

'H-NMR (400 MHz, CDCLls): & (ppm) = 7.06-7.03 (d, 2H, Ar, J=8.4 Hz,), 6.78-6.77 (d, 2H, Ar, J=4
Hz), 6.01 (s, 1H, NH), 5.17-5.14 (m, 2H, CH,), 4.31-4.29 (d, 2H, CH,, J=8 Hz), 2.54-2.53 (m, 1H, CH,),
2.22-2.17 (m, 2H, CH,), 2.03-1.99 (m, 2H, CH), 1.65-1.62 (m, 2H, CH,), 1.38-1.32 (m, 2H, CH,), 0.93-
0.91 (d, 6H, CHs, J=8 Hz)

3C-NMR: (100 MHz, CDCls) & (ppm) = 138.2, 129.5, 126.6, 115.7, 43.2, 36.8, 35.0, 32.3, 31.1, 31.0,
29.8,29.4, 25.3, 25.2, 22.8, 21.0

FT-IR (KBr) cm™: 3,290 (NH), 2,955 (OH), 1,644 (C=0)

HRMS: Calcd. For Ci7H2sNO,: m/z 275.19, found m/z 276.19 (M+H)"

(E)-N-(3-bromo-4-hydroxybenzyl)-8-methyl-6-nonenamide

'"H-NMR (400 MHz, CDCLs): & (ppm) = 7.33-7.32 (d, 1H, Ar, J=4 Hz), 7.04-7.02 (d, 1H, Ar, J=8 Hz),
6.90-6.88 (d, 1H, Ar, J=8 Hz), 6.11 (br, 1H, NH), 5.32-5.29 (m, 2H, CH,), 4.29-4.28 (d, 2H, CH,, J=4
Hz), 2.54-2.52 (m, 1H, CH), 2.22-2.19 (m, 2H, CH,), 2.04-1.99 (m, 2H, CH,), 1.65-1.59 (m, 2H, CH,),
1.38-1.30 (m, 2H, CH,), 0.91-0.89 (d, 6H, CH3 J=8 Hz)

2C-NMR: (100 MHz, CDCls) & (ppm) = 138.2, 131.5, 129.0, 128.9, 126.6, 116.0, 63.2, 42.6, 36.6,
35.0, 31.1, 31.0, 30.4, 29.8, 29.4, 25.3, 21.0
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FT-IR (KBr) cm™: 3,349 (NH), 2,927 (OH), 1,644 (C=0)
HRMS: Calcd. For Ci7H24BrNO,: m/z 353.10, found m/z 354.11 (M+H)*

(E)-N-(3-nitro-4-hydroxybenzyl)-8-methyl-6-nonenamide

'"H-NMR (400 MHz, CDCLs): & (ppm) = 7.97-7.96 (d, 1H, Ar, J=2 Hz), 7.52-7.50 (d, 1H, Ar, J=8 Hz),
7.11-7.09 (d, 1H, J=8 Hz), 6.01 (br, 1H, NH), 5.34-5.31 (m, 2H, CH,), 4.39-4.38 (d, 2H, J=4 Hz), 2.23-
2.20 (m, 1H, CH), 1.97-1.96 (m, 2H, CH,), 1.65-1.61 (m, 2H, CH,), 1.38-1.34 (m, 2H, CH,), 1.23 (s, 2H,
CH,), 0.94-0.90 (d, 6H, CH3, J=16 Hz)

3C-NMR: (100 MHz, CDCls) & (ppm) = 138.2, 126.5, 123.8, 120.6, 115.5, 63.2, 42.3, 36.7, 36.5, 35.0,
32.3,31.0, 30.4, 29.8, 29.4, 25.3, 25.1, 22.8, 21.0

FT-IR (KBr) cm™: 3,311 (NH), 2,962 (OH), 1,644 (C=0), 1,545 wag 1,318 (NO,)

HRMS: Calcd. For Cy7H2aN,Oq: m/z 320.17, found m/z 321.18 (M+H)*

N13894A51¥94 capsaicin derivatives 1ae 1% HOBt 4a e (3-dimethylaminopropyl)-N' -
ethylcarbodiimide hydrochloride (EDCHCL t{lu coupling agent

Ynansuan MCFA 71l¢in1s hydrolysis 990 capsaicinoids (1.2 mol eq.) W1viNUfsen coupling
Wus amide U benzylamine derivatives (1.0 mol eq.) lagls EDC.HCL (2.4 mol eq.) way HOBt (2.4
mol eq.) tHusietaud Ingld anh.DMF ufvinazane iujazerneldussermanialulngiou 7

aamniivies WWuan 24 alus

0
R
Ri NHp.HCI HOM/ HOBYEDC.HCI 1 HM/
Et;N/DMF

HO

R R2
R1=0CF3;, Ry=H R;=0CF;, R,=H
Ri=F Ro=H Ri=F, Ry=H
Ri=F Ry=F Ry =F, R,=F

A 1.1.14 M358UATIEA capsaicin derivatives lngld HOBt wag EDC.HCL Ju coupling reagent

Lmaﬂgﬂiml,ﬂmsuuammmum MlAmdnanemeasazaty brine Lagainnay ethyl acetate (3 x
20 mL) 91nUUANTUANTaZa18UNTIAIY 10% citric acid (3 x 20 mL) kag 0.5 M NaHCOs (3 x 20
ML) Audy nanduaildainnsdunszieniduaisuausening capsaicin kag dihydrocapsaicin
derivatives dsiuiailuvinliuiandsomaiia HPLC a¢ldnan st capsaicin derivatives u3ans
NARAN (£)-N-(4-hydroxy-3-(trifluoromethoxy)benzyl)-8-methyl-6-nonenamide, (F)-N-(3-fluoro-a-
hydroxybenzyl)-8-methyl-6-nonenamide wag (£)-N-(3,5-difluoro-4-hydroxybenzyl)-8-methyl-6-
nonenamide fdnwasidu thindlalsifidt 3 nansuet Andudesay 16, 7 uag 20 veaNanw Budy
lassasememaila 'H-NMR, ®C-NMR, FT-IR uag Mass spectrometry
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(E)-N-(3-trifluoromethoxy-4-hydroxybenzyl)-8-methyl-6-nonenamide

'H-NMR (400 MHz, CDCl5): & (ppm) = 7.10 (2H, m, ArH), 6.96 (1H, m, Ar), 5.74 (1H, s, NH), 5.33
(2H, m, CH=CH), 4.37 (2H, d, J = 5.8 Hz, CH,), 2.21 (3H, m, CH,,CH), 1.99 (2H, m, CH,), 1.64 (2H, m
CHy), 1.38 (2H, p, J = 7.6 Hz, CH,), 0.95 (6H, d, J = 6.8 Hz, CH3, CH5)

3C-NMR: (100 MHz, CDCls) & (ppm) = 173.23,147.47, 138.29, 131.31, 127.64, 126.56, 121.08,
119.54, 117.73, 42.83, 36.78, 33.32, 31.11, 29.37, 25.35, 22.78

FT-IR (KBr) cm™: 3,279 (N-H stretching), 1,623 (N-H bending).

HRMS: Calcd. For CigHpsF3NOs: m/z 359.17, found 360.1832 m/z (M+H)*

(E)-N-(3-fluoro-4-hydroxybenzyl)-8-methyl-6-nonenamide;

'"H-NMR (400 MHz, CDCL,): & (ppm) = 6.97 (1H, dd, J= 12, 4 Hz, ArH), 6.94-6.87 (2H, m, ArH), 5.42-
5.26 (2H, m, CH=CH), 4.33 (2H, d, J=4 Hz), 2.26-2.16 (3H, m, CH,, CH), 1.98 (2H, g, /=8 Hz, CH,),
1.69-1.60 (2H, m, CH,), 1.41-1.34 (2H, m, CH,), 0.94 (6H, d, J=4 Hz,CH)

3C-NMR: (100 MHz, CDCls) & (ppm) = 173.43,152.42, 150.05, 143.46, 138.29, 131.08, 126.57,
124.15, 117.71, 115.34, 42.96, 36.76, 32.28, 31.10, 29.37, 25.34, 22.78

HRMS: Calcd. For Ci7HqFNOsNa: m/z 316.17, found m/z 316.1683 (M+Na)*

(E)-N-(3,5-difluoro-4-hydroxybenzyl)-8-methyl-6-nonenamide;

'H-NMR (400 MHz, CDCls): & (ppm) = 6.75(2H, d, J = 8.4 Hz, ArH), 5.48-5.20 (2H, m, CH=CH),
4.31 (2H, d, J = 5.6 Hz, CH,), 2.31-2.15 (3H, m, CH, CH,), 2.02-1.94 (2H, m, CH,), 1.72-1.59 (2H, m,
CH,), 1.42-1.34 (2H, m, CHy), 0.94 (6H, d, J=6.8 Hz)

3C-NMR: (100 MHz, CDCls) & (ppm) = 173.75, 153.34, 150.86, 126.53, 110.83, 42.67, 36.69, 32.28,
31.10, 29.37, 25.30, 22.77

HRMS: Calcd. FOr C;7H,3FsNO,: m/z 330.1675, found m/z 330.1641 (M+H)*
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2.3) nsUsuugshiliananinanadiiunisuiuusslusu fatty acid residue waz aromatic moiety

NMSE4LATIZI capsaicin derivatives ﬁﬂ%’uﬂ@ﬂudau fatty acid residue L@y aromatic moiety
wsseniu 3 Jumeu fie 1) Madunssiday aromatic Tl amine derivatives, 2) mM3danseidau
MCFA uag 3) n1391Uf{A381 coupling 581319du aromatic moiety wag MCFA @ig amide coupling

agent

A 1.1.15 N1589LATIEY capsaicin derivatives U%’Uﬂqﬂudau fatty acid residue Wag aromatic

moiety

2.3.1) N54UATIZYAIU aromatic Ty amine derivatives
N71584AT12% vanillyl amine

WIBNAITaTa18NANYD Y vanillin (9.86 mmol), hydroxylamine (11.83 mmol) wag sodium
acetate (11.83 mmol) luansazaeyn wazniuansavareway 80 °C 1unan 3 $alus 9nduldeslsr
Lﬁuaqmﬁqmmﬁﬁaq AzAAnZNOUYEIENSHANA LTuATNTBIMENBUTIANTY uavdNeFietindurane
ads 9218 vanilyl oxime Anifudosay 65 voswAnsmal flen R = 0.17 (CH,CL) Budulasadrefe
watla "H-NMR

Vanillyl oxime
'H-NMR (400 MHz, Chloroform-d): & (ppm) = 8.07 (s, 1H), 7.22 (d, J = 1.9 Hz, 1H), 7.00 (dd, J; =
8.2, J, =19 Hz, 1H), 6.92 (d, J = 8.2 Hz, 1H), 3.92 (s, 3H)

ntuth vanillyl oxime (5.98 mmol) 171 hydrogenation $38 5%Pd/C 0.40 n¥u fiazanely
EtOH 50 fiadans neldusseiniauialalawauuaziiunsa HCL 5 fiaddns lnewfiuuuuseiies 10 und
vhuFAsenitgamgiivies 4 Halus thansavanemannsesiiu celite plug wazthansazangluszimesh
azangoonuarinIsnaznewly acetone NSBILATAMZNOUANEASY TS TEMEiTaza1eeaN
aglAans d-hydroxy-3-methoxybenzylamine hydrochloride Anidusesas 91 vpsanswanduet dA1 Re
= 0.31 (25% MeOH :CH,Cly) Budulassasnamenatin 'H-NMR wag FT-IR

4-hydroxy-3-methoxybenzylamine hydrochloride
'H-NMR (400 MHz, DMSO-de): & (ppm) = 9.22 (s, 1H), 8.43 (s, 3H), 7.19 (d, J = 1.9 Hz, 1H), 6.85
(dd, J; = 8.1, J, = 2.0 Hz, 1H), 6.79 (d, J = 8.1 Hz, 1H), 3.86 (g, J = 5.7 Hz, 2H), 3.76 (s, 3H).
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FT-IR (ATR) cm™%: 3,163 (N-H stretching), 3,024 (C-H stretching), 1,611 (N-H bending), 1,258 wa¥
1,033 (C-O stretching)

N7158UATILY 3-nitro-4-hydroxybenzylamine

0O o
N N
H HNOj O H Ammonium formate ©: NH,
—_— _—
HO H,S0O, HO 190 °C HO

2 1.1.16 N15FUATIER 3-nitro-a-hydroxybenzylamine 18 Leuckart reaction

Mnsdunsizilaeay ¥any 4-hydroxybenzaldehyde (8.19 mmol) Tunsa sulfuric acid (2 mL)
ezl fuseersiuds arntudes ivaisanenauszning 0.43 mL nitrating solution (9.01 mmol
Y84 37% sulfuric acid kag 9.02 mmol U3 65% nitric acid) mumsavmawamqmmwaawunm
30 Wi wazmansazanewanasluiuduaz musuinasnou ¥n1snsewnzneuilintuLaz a9t
ethanol 1Hu a1nduvinlfuianidienisnnuindis ethanol atlfarsnan Susives 3-nitro-d-
hydroxybenzaldehyde mnﬁ?uﬁﬂmLﬂﬁaulﬁag:iugﬂmaaLaﬁué’wmsﬁﬂ 3-nitro-4-hydroxyben-
zaldehyde (1.19 mmol) u1vi1UAse1iy ammonium formate (5.98 mmol) ﬁqmw{]ﬁ 190 °C \Hu
987 ¢ F2lua waziin nsa HCL (2 mb) wazyiinas reflux @ 100 °C3n 1 F2lus azldngnounedans
NARS S 3-nitro--hydroxybenzylamine Juvasudedindos AnduSovay 64 v0sa150ans 9t HaAn
Re = 0.07 (10% MeOH/CH,Cl,) Budulassasnsmemadin 'H-NMR wag FT-IR

3-nitro-4-hydroxybenzylamine

'H-NMR (400 MHz, D,0): & (ppm) = 8.25 (d, J = 2.3 Hz, 1H), 7.74 (dd, J; = 8.7, J, =2.3 Hz, 1H),
7.26 (d, J = 8.7 Hz, 1H), 4.23 (s, 2H)

FT-IR (ATR) cm™: 3,281 (N-H stretching), 3,089 (C-H stretching), 1,631 (N-H bending), 1,534 and
1,332 (NO, stretching), 1,240 (C-O stretching)

2.3.2) NN5AATIENEIU MCFA derivatives
ﬁ75§ﬁ74ﬂi73ﬁayﬁuﬁwa\7 indole acetic acid

o)

N, I 1) NaH/DMF ©\/\>
Br—{CH,}-C—OEt

(L - srfoub-on oo [

H 2) 4M KOH / 1M HCI (éH )
n=4-6 72/ n

AN 1.1.17 M3dauns1eiayiusued indole acetic acid aae alkylation wag hydrolysis

Mn1sdaasizilasazans Indole (1.0 mol eq.) Tu anh.DMF 91n1uLHN NaH (17.1 mmol) nu
ansazanenaufigamgivienduian 3 alus angaumnivesansavatenauasini 0 °C uazifinans ethyl-
5-bromopentanoate %39 ethyl-6-bromohexanoate %38 ethyl-7-bromoheptanoate (1.2 mol eq.)
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muasazaned 0 °C 1 FalusuasyuAsedodn 20 Salusfigaungiivies anthufiu ansavans am KOH
4 L muansazanewan 1 $alus Minaivansazatensa 1M HCL auld pH 2 aandushnisaiadae
dichloromethane (2x50 mL), brine (3x25 mL) wagviiliudgnisomainnoduiilasunlans @l (25%
FtOAC/Hexane) a¥ldansuansasiduisiudiina ves indole acetic acid analogues

5-(1H-indol-1-yUpentanoic acid 1Juidudiinia Andusesay 34 vesarsnansiuel da1 Re = 0.44
(50% EtOAc/Hexane) Budiulassasnsmiemaia "H-NMR, °C-NMR, FT-IR wag Mass spectrometry

5-(1H-indol-1-yl)pentanoic acid

'H-NMR (400 MHz, DMSO-d): & (ppm) = 12.02 (s, 1H), 7.54 (d, J = 7.0, 1H), 7.46 (dd, J; = 8.3, J;
=1.0Hz 1H),7.35(d, J = 3.1 Hz, 1H), 7.12 (td, J; = 7.1, J, = 1.2 Hz, 1H), 7.01 (td, J; = 6.9, /, = 1.0
Hz, 1H), 6.42 (dd, J; = 3.0, J, =0.8 Hz, 1H), 4.17 (t, J = 7.0 Hz, 2H), 2.23 (t, J = 7.4 Hz, 2H), 1.82 -
1.70 (m, 2H), 1.52-1.40 (m, 2H)

13C-NMR: (100 MHz, DMSO-d) & (ppm) = 174.21, 135.62, 128.49, 128.07, 120.87, 120.36, 118.77,
109.68, 100.36, 45.12, 40.14, 33.16, 29.28, 21.85

FT-IR (ATR) cm™: 3,048 (C-H stretching), 1,699 (C=0 stretching), 1,312 (C-O stretching).

6-(1H-indol- 1-yDhexanoic acid tJuindudtiinia Anludesay 66 vasasuansuel flA1 Re = 0.25
(25% EtOAc/Hexane) 8udulasaasnamemaia "H-NMR, >C-NMR, FT-IR wag Mass spectrometry

6-(1H-indol-1-yl)hexanoic acid

'"H-NMR (400 MHz, DMSO-dp): & (ppm) = 12.00 (s, 1H), 7.53 (d, J = 7.9 Hz, 1H), 7.44 (dd, J; = 8.3,
Jo=1.0Hz 1H), 7.34 (d, J = 3.1 Hz, 1H), 7.12 (td, J; = 7.5, J, = 1.0 Hz, 1H), 7.00 (td, J; = 7.5, J, =
1.0 Hz, 1H), 6.41 (dd, J = 3.0, 0.8 Hz, 1H), 4.14 (t, J = 7.1 Hz, 2H), 2.17 (t, J = 7.3 Hz, 2H), 1.80 -
1.68 (m, 2H), 1.58 — 1.45 (m, 2H), 1.31 — 1.17 (m, 2H)

3C-NMR: (100 MHz, DMSO-d) & (ppm) = 174.31, 135.60, 128.50, 128.07, 120.86, 120.36, 118.74,
109.66, 100.31, 45.29, 33.55, 29.56, 25.84, 24.08

FT-IR (ATR) cm™: 3,048 (C-H stretching), 1,700 (C=0 stretching), 1,312 (C-O stretching).

7-(1H-indol-1-ylheptanoic acid 1utnsiudiina Anduissas 63 vosansuandue da1 Ry = 0.25
(25% EtOAc/Hexane) Budulassasianiomaiia *H-NMR, °C-NMR, FT-IR ay Mass spectrometry

7-(1H-indol-1-yl)heptanoic acid

'"H-NMR (400 MHz, DMSO-d): & (ppm) = 11.97 (s, 1H), 7.53 (d, J = 7.8 Hz, 1H), 7.45 (dd, J = 8.3,
1.0 Hz, 1H), 7.34 (d, J = 3.1 Hz, 1H), 7.11 (td, J; = 7.6, J, = 1.0 Hz, 1H), 7.00 (td, J; = 7.5, J, = 1.0

Hz, 1H), 6.41 (dd, J = 3.1, 0.8 Hz, 1H), 4.14 (t, J = 7.1 Hz, 2H), 2.17 (t, J = 7.3 Hz, 2H), 1.79 - 1.67

(m, 2H), 1.53 — 1.39 (m, 2H), 1.36 — 1.16 (m, 4H)

3C-NMR: (100 MHz, DMSO-d) & (ppm) = 174.35, 135.60, 128.48, 128.05, 120.83, 120.34, 118.71,
109.64, 100.29, 45.32, 33.50, 29.64, 28.05, 25.93, 24.34

FT-IR (ATR) cm™: 3,048 (C-H stretching), 1,703 (C=0 stretching), 1,305 (C-O stretching)
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SAUATIEOUNUSYDY nitroindole acetic acid

O,N 0 O,N \
m +  Br{CHy-C—OEt _ 1) NaH/DMF
N n — N

H 2) 4M KOH / 1M HCI (CHy)
n=4-6 r-0 n

A 1.1.18 N15daATIEOYRUS nitroindole acetic acid 778 alkylation and hydrolysis

Fn1sdnaseilagazans 5-nitroindole (1.0 mol eq.) Tu anh.DMF a1nwutiia NaH (3.0 mol
eq.) muaﬂiavmamamﬁammﬁﬁauﬂunm 3 4la4 aﬂammﬁﬁuaﬂmia3m&1mauaqmﬁ 0 °C uazifu
@13 ethyl-5- bromopentanoate ethyl-6-bromohexanoate #39 ethyl-7- bromoheptanoate (1.2 mol
eq) muasaga1sil 0 °C 1 lusuazviiufAsendedn 20-24 mﬂmmmmwm i d1savans
4M KOH 4 mL nauansavatenay 1 92lu vnsiivansazanensa 1M HCL auld pH 2 agldmenauves
answanduniduvesdsdindesues nitroindole acetic acid

5-(5-nitro- 1H-indol- 1-yl)pentanoic acid tJuvesudedindos Anlusosay 96 vosa1snaniua
A1 Re = 0.56 (10% MeOH/CH,Cly) Budulassadteniamaiin H-NMR, ’C-NMR, FT-IR wag Mass

spectrometry

5-(5-nitro-1H-indol-1-yl)pentanoic acid

'H-NMR (400 MHz, Chloroform-d): & (ppm) = 8.58 (d, J = 2.2 Hz, 1H), 8.11 (dd, J; = 9.1, J, =2.3
Hz, 1H), 7.34 (d, J = 9.0 Hz, 1H), 7.24 (d, J = 3.2 Hz, 1H), 6.68 (dd, J; = 3.2, J, = 0.7 Hz, 1H), 4.20 (t,
J=7.0Hz 2H), 2.38 (t, J = 7.2 Hz, 2H), 1.99 - 1.86 (m, 2H), 1.70 — 1.59 (m, 2H)

3C-NMR: (100 MHz, Chloroform-d) & (ppm) = 178.01, 141.77, 138.90, 130.96, 127.92, 118.46,
117.41, 109.26, 104.30, 46.66, 33.29, 29.64, 22.05

FT-IR (ATR) cm™: 3,109 (C-H stretching), 1,698 (C=0 stretching), 1,503 and 1,329 (NO, stretching),
1,315 (C-O stretching)

HRMS: calcd for Cy3H1aN,OgNa: m/z 285.0849, found m/z 285.0846, [M+Na]*

6-(5-nitro-1H-indol-1-yUhexanoic acid {Juvesudsdinies Anlusovay 94 vosarswandue A1 R =
0.56 (12.5% MeOH/CH,Cl,) Budiulassaiieniamadin 'H-NMR, >C-NMR, FT-IR wag Mass spectrometry

6-(5-nitro-1H-indol-1-yl)hexanoic acid

'H-NMR (400 MHz, Chloroform-d): § (ppm) = 8.58 (d, J = 2.3 Hz, 1H), 8.11 (dd, J; = 9.1, J, =2.2
Hz, 1H), 7.34 (d, J = 9.1 Hz, 1H), 7.24 (t, J = 3.3 Hz, 1H), 6.68 (d, J = 3.2 Hz, 1H), 4.18 (t, J = 7.0 Hz,
2H), 2.35 (t, J = 7.3 Hz, 2H), 1.95 - 1.85 (m, 2H), 1.74 — 1.61 (m, 2H), 1.44 - 1.31 (m, 2H)
3C-NMR: (100 MHz, Chloroform-d) & (ppm) = 178.55, 141.73, 138.93, 131.01, 127.88, 118.44,
117.37, 109.29, 104.19, 46.73, 33.63, 30.04, 26.40, 24.24

FT-IR (ATR) cm™: 1,699 (C=0 stretching), 1,506 and 1,320 (NO, stretching), 1,288 (C-O stretching).
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HRMS: calcd for CiaHigN,OgNa: m/z 299.1004, found m/z 299.1002, [M+Na]*

7-(5-nitro- 1H-indol- 1-yl)heptanoic acid 1Juvesudedindos Antduiovay 78 vosa15wandua
A7 Re = 0.46 (10% MeOH/CH,Cl,) Budulassasianieinain 'H-NMR, PC-NMR, FT-IR wag Mass
spectrometry

7-(5-nitro-1H-indol-1-ylheptanoic acid

'H-NMR (400 MHz, Chloroform-d): & (ppm) = 8.58 (d, J = 2.2 Hz, 1H), 8.11 (dd, J; = 9.1, J; = 2.2
Hz, 1H), 7.34 (d, J = 9.1 Hz, 1H), 7.23 (d, J = 3.2 Hz, 1H), 6.67 (dd, J; = 3.2, J, =0.8 Hz, 1H), 4.16 (t,
J=T7.1Hz 2H), 2.33(t, J = 7.3 Hz, 2H), 1.93 —= 1.79 (m, 2H), 1.67 — 1.57 (m, 2H), 1.45 — 1.26 (m,
aH)

3C-NMR: (100 MHz, Chloroform-d) & (ppm) = 178.91, 141.69, 138.94, 131.01, 127.85, 118.42,
117.32, 109.29, 104.11, 46.88, 33.73, 30.11, 28.64, 26.64, 24.50

FT-IR (ATR) cm™: 1704 (C=0 stretching), 1,508 and 1,335 (NO, stretching), 1,297 (C-O stretching).
HRMS: calcd. for Ci5H1gN,OqNa: m/z 313.1163, found m/z 313.1159, IM+Nal*

2.3.3) mM3viAsen coupling 5¥%I19dU aromatic moiety Wag MCFA #28 amide coupling
agent

Ry
R Ry N
* N | R, =-OCHj;, R, =-NO,
(CH)y  Ry=-NO, Rp=-NO,

|
(CHp),  HOBY, EDC.HCI é=0 n=4-6

NH, - HCI t=0 TEA, DMF |
] ITIH
OH CH,
Ry = -OCHs, -NO, R, = -H, -NO,
n=4-6
R4
OH

% s

A 1.1.19 ﬂﬁﬁ\‘il,ﬂ'ﬁzﬁauwuﬁ capsaicin

NSFUATIBVRYNUS capsaicin duAsIzilagazany Indole acetic acid analogues (1.0 mol eq.)
luansazany anh. DMF antiuangamgivesansazaiassndl 0 °C fes1siuds uasifin EDCHCL (1.2
mol eq.) wag HOBt (1.2 mol eq.) muansazanenaul 0 °C iuan 30 unil uagitgamaiiviesdn 30
Ul mﬂﬁ?ulﬁmmiazmsmamszw vanillylamine hydrochloride (1.2 mol eq.) kag triethylamine
(3 mol eq.) flazanwaglu anh. DMF vhn13viUfATen 24 Falue illeAuanufasevinisidearsdie
@138za78 brine uazainaly ethyl acetate Yiduansazaredunidunadadivaisazats 10% citric
acid waw 0.5 M NaHCO; wagdntindne sodium sulfate a¢lfansansnansusivaseyius capsaicin

N-(4-hydroxy-3-methoxybenzyl)-5-(1H-indol-1-yl)pentanamide ﬁ’]lﬁU%E‘j%'ﬁgéj’JUﬂ@ﬁﬂﬁiﬂiﬂﬂ@ﬂﬁﬂ
(50%FtOAC:Hexane, Re= 0.25) 1uvasndedvn andudesay 45 vasansudnsig dudulassadname
wialla 'H-NMR, >C-NMR, FT-IR 1iag Mass spectrometry
N-(4-hydroxy-3-methoxybenzyl)-5-(1H-indol-1-yl)pentanamide
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'H-NMR (400 MHz, Me-thanol-d,): & (ppm) = 7.52(d, J = 7.9 Hz, 1H), 7.35(d, J = 8.3 Hz, 1H),
7.14(d,J = 3.1 Hz 1H), 7.11 (td, J; = 8.2, J, = 7.0 Hz, 1H), 7.00 (td, J; = 7.5, J, = 7.0 Hz, 1H), 6.80
(s, 1H), 6.72 (d, J = 8.0 Hz, 1H), 6.68 (dd, J; = 7.8, J, = 1.1 Hz, 1H), 6.40 (dd, J; = 7.6, J, = 0.9 Hz,
1H), 4.22 (s, 2H), 4.16 (t, J = 7.0 Hz, 2H), 3.73 (s, 3H), 2.22 (t, J = 7.3 Hz, 2H), 1.89 — 1.77 (m, 2H),
1.68 — 1.55 (m, 2H)

3C-NMR: (100 MHz, Methanol-ds) & (ppm) = 175.46, 149.00, 146.80, 137.42, 131.45, 130. 14,
128.92, 122.21, 121.64, 121.43, 120.01, 116.12, 112.48, 110.36, 101.75, 56.32, 46.73, 43.98, 36.56,
30.86, 24.40

FT-IR (ATR) cm™: 3,278 (N-H stretching), 3,095 (C-H stretching), 1,645 (C=0 stretching), 1,622 (N-H
bending), 1,513 (C=C stretching), 1,241 and 1,118 (C-O stretching)

HRMS: calcd. for Cy1H24N,0O3Na: m/z 375.1678, found m/z 375.1679 [M+Na]*

N-(4-hydroxy-3-methoxybenzyl)-6-(1H-indol-1-ylhexanamide ﬁﬂﬁu'%ajwééhaﬂaé’mﬁimuﬂmmﬁﬂ
(2% MeOH:CH,Cl,, R = 0.26) Wuvaadedvnn Andudosay 41 ve9a1suansug dudulasiasiame
wialla 'H-NMR, °C-NMR, FT-IR tiag Mass spectrometry

N-(4-hydroxy-3-methoxybenzyl)-6-(1H-indol-1-yl)hexanamide

'H-NMR (400 MHz, Me-thanol-dy): & (ppm) = 7.52(d, J = 7.9 Hz, 1H), 7.34 (d, J = 8.3 Hz, 1H),
7.15(d,J = 3.2 Hz, 1H), 7.11 (td, J; = 7.6, J, = 1.0 Hz, 1H), 6.99 (J; = 7.6, J, = 0.9 Hz, 1H), 6.84 (s,
1H), 6.74 (d, J = 8.0 Hz, 1H), 6.69 (dd, J; = 8.1, J, = 1.9 Hz, 1H), 6.39 (d, J = 3.8 Hz, 1H), 4.22 (s,
2H), 4.14 (t, J = 6.9 Hz, 2H), 3.81 (s, 3H), 2.17 (t, J = 7.4 Hz, 2H), 1.87 — 1.78 (m, 2H), 1.68 — 1.57
(m, 2H), 1.35 - 1.22 (m, 2H)

3C-NMR: (100 MHz, Methanol-da) & (ppm) = 175.73, 149.0, 146.9, 137.5, 131.53, 130.1, 128.97,
122.16, 121.63, 121.50, 119.95, 116.14, 112.64, 110.36, 101.65, 56.38, 46.84, 43.98, 36.88, 31.02,
27.43, 26.59

FT-IR (ATR) cm™: 3,316 (N-H stretching), 3,045 (C-H stretching), 1,651 (C=0 stretching), 1,626 (N-H
bending), 1,511 (C=C stretching), 1,239 and 1,121 (C-O stretching)

HRMS: calcd. for CoHosN,OsNa: m/z 389.1844, found m/z 389.1836 [M+Na]*

N-(4-hydroxy-3-methoxybenzyl)-7-(1H-indol-1-yl)heptanamide V?’]IﬁU%EjVIé@WJ’JUﬂ@ﬁmiﬂﬂimﬂ@ﬂiﬂﬂ
(50% FtOAc:Hexane, Rr = 0.18) WWuvaswdsdvn Andusovay 78 vosasuaniue dudulasasiame
wialla 'H-NMR, >C-NMR, FT-IR 1ag Mass spectrometry

N-(4-hydroxy-3-methoxybenzyl)-7-(1H-indol-1-yl)heptanamide

'H-NMR (400 MHz, Me-thanol-dy): & (ppm) = 7.52(d, J = 7.9 Hz, 1H), 7.35 (dd, J; = 8.2, J; = 1.0
Hz, 1H), 7.15(d, J = 3.1 Hz, 1H), 7.11 (td, J; = 7.6, J, = 1.0 Hz, 1H), 6.99 (td, J; = 7.5, J, = 1.0 Hz,
1H), 6.84 (d, J = 1.7 Hz, 1H), 6.73 (d, J = 8.0 Hz, 1H), 6.70 (dd, J; = 8.1, J, = 1.8 Hz, 1H), 6.40 (dd,
J;=3.1,J,=009Hz 1H), 4.23 (s, 2H), 4.13 (t, J = 7.0 Hz, 2H), 3.80 (s, 3H), 2.17 (t, J = 7.4 Hz, 2H),
1.84 — 1.75 (m, 2H), 1.63 - 1.52 (m, 2H), 1.37 - 1.23 (m, 4H)
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3C-NMR: (101 MHz, Methanol-d.) & (ppm) = 175.90, 148.98, 146.81, 137.45, 131.55, 130.12,
128.97, 122.13, 121.61, 121.45, 119.94, 116.09, 112.53, 110.37, 101.60, 56.35, 46.91, 43.96, 36.94,
31.19, 29.78, 27.57, 26.89

FT-IR (ATR) cm™: 3,279 (N-H stretching), 3,054 (C-H stretching), 1,637 (C=0 stretching), 1,599 (N-H
bending), 1,510 (C=C stretching), 1,234 and 1,122 (C-O stretching)

HRMS: calcd. for CysH,sN,0sNa: m/z 403.1999, found m/z 403.1992, [M+Nal*

N-(4-hydroxy-3-methoxybenzyl)-5-(5-nitro-1H-indol-1-y)pentanamide ﬁﬂiﬁu%qwéﬁaaﬂaﬁmﬂiﬂi—
111AN517 (100% EtOAc, Re = 0.48) 1Juvaaundsdindes Asvdudavas 73 vosa1snansiue dudu
lassasememaila 'H-NMR, *C-NMR, FT-IR uag Mass spectrometry

N-(4-hydroxy-3-methoxybenzyl)-5-(5-nitro-1H-indol-1-yl)pentanamide

'"H-NMR (400 MHz, Acetone-dg): & (ppm) = 8.53 (d, J = 2.2 Hz, 1H), 8.04 (dd, J = 9.1, 2.2 Hz, 1H),
7.50(d, /= 9.1 Hz, 1H), 7.40 (d, J = 3.2 Hz, 1H), 6.82 (d, J = 1.7 Hz, 1H), 6.74 - 6.64 (m, 3H), 4.28
- 4.20 (m, 4H), 3.75 (s, 3H), 2.24 (t, J = 7.3 Hz, 2H), 1.91 — 1.79 (m, 2H), 1.69 — 1.56 (m, 2H)
3C-NMR: (100 MHz, Methanol-da) & (ppm) = 175.27, 148.98, 146.85, 142.63, 140.28, 132.78,
131.46, 129.23, 121.47, 118.72, 117.69, 116.11, 112.54, 110.69, 104.73, 56.32, 47.23, 44.00, 36.40,
30.79, 24.23

FT-IR (ATR) cm™: 3,273 (N-H stretching), 3,100 (C-H stretching), 1,646 (C=0 stretching), 1,623 (N-H
bending), 1,509 and 1,328 (NO, stretching), 1,282 (C-O stretching)

HRMS: calcd for CpH3N3sOsNa: m/z 420.1539, found m/z 420.1530, [M+Nal*

N-(4-hydroxy-3-methoxybenzyl)-6-(5-nitro-1H-indol-1-yhexanamide ﬁﬂﬁﬁé’j%éﬁmﬂaﬁmﬁmm—

190517 (100% EtOAC, R = 0.46) 1uvasndedinda andusovay 72 vasarsuansiug dudulasaasi
MumAla 1H—NMR, 13C—N!\/\R, FT-IR waig Mass spectrometry

N-(4-hydroxy-3-methoxybenzyl)-6-(5-nitro-1H-indol-1-yl)hexanamide

'"H-NMR (400 MHz, Methanol-dy): § (ppm) = 8.52(d, J = 2.2 Hz, 1H), 8.04 (dd, J; = 9.1, J, = 2.3
Hz, 1H), 7.48 (d, J = 9.1 Hz, 1H), 7.40 (d, J = 3.2 Hz, 1H), 6.84 (d, / = 1.8 Hz, 1H), 6.73 (d, J = 8.0
Hz, 1H), 6.70 (d, J = 1.9 Hz, 1H), 6.67 (dd, J; = 3.3, J, = 0.9 Hz, 1H), 4.22 (d, J = 3.6 Hz, 2H), 4.19
(d, J = 7.0 Hz, 2H), 3.80 (s, 3H), 2.18 (t, / = 7.3 Hz, 2H), 1.90 - 1.78 (m, 2H), 1.71 - 1.58 (m, 2H),
1.35 - 1.21 (m, 2H)

2C-NMR: (100 MHz, Methanol-dg) & (ppm) = 175.60, 148.96, 146.84, 142.56, 140.30, 132.81,
131.52, 129.18, 121.48, 118.72, 117.65, 116.12, 112.60, 110.69, 104.67, 56.35, 47.33, 43.97, 36.77,
30.97, 27.29, 26.47

FT-IR (ATR) cm’: 3,277 (N-H stretching), 1,634 (C=0 stretching), 1,611 (N-H bending), 1,507 and
1,336 (NO, stretching), 1,272 (C-O stretching)

HRMS: calcd for CooHasN3OsNa: m/z 434.1683, found m/z 434.1686, [M+Na]*
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N-(4-hydroxy-3-methoxybenzyl)-7-(5-nitro-1H-indol-1-y)heptanamide ﬁﬁiﬁﬂ%qwéﬁaaﬂaﬁmﬂﬂi—
1119n37% (100% EtOAC, Re = 0.53) tuveswdsdinias anvlusavay 65 vasasnandmue dudy
lassasemsmaila H-NMR, °C-NMR, FT-IR lay Mass spectrometry

N-(4-hydroxy-3-methoxybenzyl)-7-(5-nitro-1H-indol-1-yl)heptanamide

'H-NMR (400 MHz, Methanol-dy): & (ppm) = 8.52(d, J = 2.2 Hz, 1H), 8.05 (dd, J; = 9.1, J, =9.12.3
Hz, 1H), 7.49 (d, J = 9.1 Hz, 1H), 7.41 (d, J = 3.2 Hz, 1H), 6.84 (d, J = 1.7 Hz, 1H), 6.72(d, J = 7.9
Hz, 1H), 6.70 (d, J = 1.9 Hz, 1H), 6.68 (d, J = 3.3 Hz, 1H), 4.23 (s, 2H), 4.19 (t, J = 7.1 Hz, 2H), 3.80
(s, 3H), 2.17 (t, J = 7.3 Hz, 2H), 1.85 — 1.77 (m, 2H), 1.62 — 1.54 (m, 2H), 1.39 — 1.21 (m, 4H)
3C-NMR: (101 MHz, Chloroform-d) & (ppm) = 175.83, 148.97, 146.82, 142.57, 140.31, 132.82,
131.58, 129.19, 121.46, 118.72, 117.65, 116.12, 112.59, 110.69, 104.64, 56.37, 47.41, 43.96, 36.90,
31.11, 29.68, 27.47, 26.81

FT-IR (ATR) cm™: 3,476 (-OH stretching), 3,288 (N-H stretching), 1,635 (C=0 stretching), 1,612 (N-
H bending), 1,506 and 1,336 (NO; stretching), 1,262 (C-O stretching)

HRMS: calcd for CysHp7N3sNaOs: m/z 448.1849, found m/z 448.1843, [M+Na]*

N-(4-hydroxy-3-nitrobenzyl)-5-(5-nitro- 1H-indol-1-yl)pentanamide ﬁwiﬁu%qwééﬁaﬂaé’uﬁimmﬂm-
N5 (100% EtOAc, Rr = 0.43) Wuvesuwdsdinias Andusovar 35 vesansndnine Sudulaseasna
RERIG 1H—NMR, 13C—N!\/\R, FT-IR waig Mass spectrometry

N-(4-hydroxy-3-nitrobenzyl)-5-(5-nitro-1H-indol-1-yl) pentanamide

'H-NMR (400 MHz, Acetone-de): & (ppm) = 8.56 (d, J = 2.3 Hz, 1H), 8.04 (dd, J; = 9.1, J, = 2.3 Hz,
1H), 7.99 (d, J = 2.2 Hz, 1H), 7.63 (d, J = 9.1 Hz, 1H), 7.60 (dd, J; = 8.6, J, =2.2 Hz, 1H), 7.56 (d, J =
3.2 Hz, 1H), 7.10 (d, J = 8.6 Hz, 1H), 6.75 (d, J = 2.5 Hz, 1H), 4.37 (d, J = 6.0 Hz, 2H), 4.34 (t, J = 7.1
Hz, 2H), 2.29 (t, J = 7.3 Hz, 2H), 1.99 — 1.84 (m, 2H), 1.72 - 1.60 (m, 2H)

C-NMR: (100 MHz, Acetone-ds) & (ppm) = 172.91, 154.23, 142.24, 139.77, 137.68, 133.34, 132.77,
128.71, 124.22, 120.63, 118.37, 117.21, 110.70, 104.40, 47.00, 42.16, 35.90, 30.50, 23.55

FT-IR (ATR) cm™: 3,302 (N-H stretching), 3,036 (N-H stretching), 1,641 (C=0 stretching), 1,629 (N-
H bending), 1,536 and 1,330 (NO; stretching), 1,261 (C-O stretching)

HRMS: calcd for CooHaoNaOgNa: m/z 435.1277, found m/z 435.1275, [M+Nal*

N-(4-hydroxy-3-nitrobenzyl)-6-(5-nitro-1H-indol- 1-yl)hexanamide ﬁwiﬁu?qmééﬁaﬂaé’mﬁmmﬂm—
N33 (100% EtOAC, Re = 0.46) 1Juvesudedinios Andusesay 35 vesansuaniu dudulaseasis
pemata "H-NMR, PC-NMR, FT-IR Wag Mass spectrometry

N-(4-hydroxy-3-nitrobenzyl)-6-(5-nitro-1H-indol-1-yl)hexanamide

'H-NMR (400 MHz, Acetone-dq): § (ppm) = 8.56 (d, J = 2.2 Hz, 1H), 8.04 (dd, J; = 9.1, J, = 2.3 Hz,
1H), 7.99 (d, J = 2.2 Hz, 1H), 7.64 (d, J = 9.1 Hz, 1H), 7.60 (dd, J; = 8.6, J, =2.3 Hz, 1H), 7.56 (d, J =
3.2 Hz, 1H), 7.12 (d, J = 8.6 Hz, 1H), 6.74 (d, J = 3.1 Hz, 1H), 4.37 (d, J = 6.1 Hz, 2H), 4.32 (t, J = 7.2
Hz, 2H), 2.22 (t, J = 7.3 Hz, 2H), 1.94 - 1.83 (m, 2H), 1.74 - 1.61 (m, 2H), 1.37 - 1.33 (m, 2H)
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3C-NMR: (100 MHz, Acetone-ds) & (ppm) = 173.14, 154.22, 142.08, 139.79, 137.64, 133.42, 132.82,
128.70, 124.14, 120.64, 118.35, 117.21, 110.73, 104.35, 47.06, 42.12, 36.33, 30.68, 27.01, 25.78
FT-IR (ATR) cm™: 3,262 (N-H stretching), 3,099 (N-H stretching), 1,630 (C=0 stretching), 1,579 (N-
H bending), 1,532 and 1,325 (NO; stretching), 1,251 (C-O stretching)

HRMS: calcd for Cp1HpoNaOgNa: m/z 449.1435, found m/z 449.1432, [M+Na]*

%

N-(4-hydroxy-3-nitrobenzyl)-7-(5-nitro-1H-indol- 1-ylheptanamide Fliusansaomeduiilasuile-

q
a

n517 (100% EtOAC, Re = 0.55) Wuvaswdedumdne antdusesas 30 vasansuanius dudulassasn
pemata "H-NMR, ®C-NMR, FT-IR Wag Mass spectrometry

N-(4-hydroxy-3-nitrobenzyl)-7-(5-nitro-1H-indol-1-yl)heptanamide

'H-NMR (400 MHz, Acetone-dg): & (ppm) = 8.56 (d, J = 2.3 Hz, 1H), 8.05 (dd, J; = 9.1, J, =2.3 Hz,
1H), 8.00 (d, J = 2.2 Hz, 1H), 7.64 (d, J = 9.1 Hz, 1H), 7.61 (dd, J; = 8.6, J, =2.2 Hz, 1H), 7.57 (d, J =
3.2 Hz, 1H), 7.12(d, J = 8.6 Hz, 1H), 6.75(d, J = 3.2 Hz, 1H), 4.37 (d, J = 6.1 Hz, 2H), 431 (t, J = 7.2
Hz, 2H), 2.21 (t, J = 7.3 Hz, 2H), 1.93 — 1.81 (m, 2H), 1.66 — 1.54 (m, 2H), 1.40 — 1.29 (m, 4H).
3C-NMR: (100 MHz, Acetone-dg) & (ppm) = 173.26, 154.20, 142.11, 139.80, 137.66, 133.47, 132.78,
128.69, 124.14, 120.61, 118.36, 117.21, 110.72, 104.36, 47.13, 42.12, 36.41, 30.75, 29.36, 27.13,
26.13

FT-IR (ATR) cm™: 3,296 (N-H stretching), 3,108 (N-H stretching), 1,642 (C=0 stretching), 1,629 (N-
H bending), 1,536 and 1,315 (NO; stretching), 1,247 (C-O stretching)

HRMS: calcd for CpoHaNaOgNa: m/z 463.1585, found m/z 463.1588, [M+Na]*
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3) NSWAILN capsinoids Taguiuusslvsiannuasiainuauludiu fatty acid residue
3.1) A1989LATITH capsiate

0
H,CO NaBH,  H;CO
el e va
HO BMHC o
A 1.1.20 N158UATIEN 3-methoxy-4-hydroxyl benzyl alcohol

NINSEILASIERLALATANE 3-Methoxy-4-hydroxybenzaldehyde (1.45 mmol) Tu ethanol
(5 mL) wagyhlbmdumiegensliude Wuasavatenauvesds reducing agent (1.74 mmol w84 sodium
borohydride (NaBHg) UWag 5 mL Y84 0.01M NaOH) aniutdesligumgiivesasavalgnausng

a v ) =] & o Y 1% [ @
gaumiiviesiazniuluig 5wl antuuiulndunsesie 6M HCL aglangnouvandedun nyes
ATNOUTLANTU Lagyinnsannansazatunie ethyl acetate (3 x 20 mL) Weaselnefivinasaiuooniay
anWanaae dichloromethane aglaansnansmaiJuresudediinaseu aAnlusovay 84 vasans
HARA U AT Re = 0.43 (9:1 CH,Cl:MeOH); Budulassasameinaia H-NMR

3-methoxy-4-hydroxyl benzyl alcohol
'H-NMR 400 MHz (CDCls): & (ppm) = 6.93-6.83 (m, 3H), 4.60 (d, 2H, J=5.6 Hz), 3.90 (s, 3H)

J;S W Tep,DIAD H}coijA M

AN 1.1.21 M3duAI18IA capsiate sUAse Mitsunobu’s

MN1TFUATILAATYUATALANENANVRIOYNUS aromatic benzyl alcohol (0.268 mmol) 85%
(E)-8-methyl-6-nonenoic acid (0. 224 mmol) ke tnphenytphosphme (0.353 mmol) luansazane
anh.THF (3 mL) nauansazanenaud 0 °C Wuvan 30 wiil &9 ntuiis DIAD (0.353 mmol) ey
ﬂgﬂsmmqmmwaamunm 24 3139 maauqmﬂgﬂﬁmmmﬁmmmmazmaaaﬂLLawﬂ,m%qmé
meuwmadaneaudlasuilans il (30:70 EtOAc:Hexane) laansuandusinausyning (€) uag (2) isomers
¥09a15HAR STt capsiate 1uthiula Amdudesas 67 vesansnanduat A1 R = 0.55 (30:70
FtOAc:hexane) Budulassasiemeinaiin "H-NMR, >*C-NMR, FT-IR uag Mass spectrometry
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Capsiate

'H-NMR 400 MHz (CDCls): & (ppm) = 6.88-6.87 (m, 3H), 5.36-5.32 (m, 2H), 5.03 (s, 2H), 3.89 (s, 3H),
2.33 (t, 2H, J=7.6 Hz), 2.17-2.03 (m, 1H), 1.98-1.97 (m, 2H), 1.66-1.61 (m, 2H), 1.38-1.37 (m, 2H),
1.27-1.26 (m, 2H), 0.95 (d, 6H, J=6.8 Hz)

>C-NMR: 100 MHz (CDCls) & (ppm) = 173.1, 147.7, 147.6,139.6, 129.3, 124.8, 124.7, 115.8, 111.3,
66.7, 56.1, 34.0, 33.7, 31.7, 29.3, 25.1, 22.6

HRMS: Calcd. m/z 306.1831, found m/z 329.1736 (M+Na)*
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3.2) N15duATIZRRYNUS  (E)-7-methyl-5-octen-1-yl 2-(4-hydroxy-3-methoxyphenyl)-

acetate (Reverse ester 7-Capsiate)

HO
o] HO
H;CO OH /\/\/\)\ 4>DCC/DMAP :©\)OJ\ /\/\/\)\
s * HO HsCO 0 N

HOBt
Homovanillic acid (E)-7-methyloct-5-octenol (E)-7-methyl-5-octen-1-yl 2-(4-hydroxy-3-
methoxyphenyl)acetate
+
3CO (¢}

H X
(Z)-7-methyloct-5-octenol

(E)-7-methyl-5-octen-1-yl 2-(4-hydroxy-
3-methoxyphenyl)acetate

+

AN 1.1.22 M58UATIZH Reverse ester 7-Capsiate A1y esterification

Mmnsdansignlasazaty homovanillic acid (2.62 mmol) HOBt (4.36 mmol) (E/2)-7-methyl-
5-octenol (2.18 mmol) iag DMAP (4.36 mmol) Tu anh.CH,CL, (5.00 mL) uazangaumngivedansazaly
NENLT 0 °C frpgnsinuds antduliuansazans DCC (4.36 mmol) fiaz mﬂasﬂ,u anh CH,CL, (2. OO
mL) mamsmmwu dropwise LLameQﬂsmmmmwmwunm 24 F3lus n&awniunsenzneud
Lﬂmuuavmm nausae dichloromethane 1w dnduasazaiedunsdunannsie diethyl ether (3 x
20 mL) wag @15a¥ang brine (3 x 20 mL) iumammaum8aaﬂﬁ]u1®mimammsmLLaumﬂMUiqwﬁmaEJ
weianedullasunlnng il (EtOACHexane/30:70 v/v) agldansrandasnduisiulaliid Andutovay
62 VIA1SHANAUN HA1 Re = 0.54 (30:70 EtOAC:Hexane) @1SNARAUNHNANTENIN (E/2)-isomer
ianswannig HPLC (column, VertiSepTM UPS Cyg, 4.6 x 250 mm, 5 pm, mobile phase,
CH5OH:H,0/80:20 v/v with 0.025 M CHsCOOH, flow rate 0.5 mL/min, detection UV 280 nm) gugiu
lassasemowaia 'H-NMR uag FT-IR

(E)-7-methyl-5-octen-1-yl 2-(4-hydroxy-3-methoxyphenyl)acetate

'"H-NMR 400 MHz (CDCL): & (ppm) = 6.85 (d, J = 8.0 Hz, 1H), 6.81 (d, J = 2.0 Hz, 1H), 6.76 (dd, J =
8.1, 2.1 Hz, 1H), 5.41 - 5.24 (m, 2H), 4.10 — 4.05 (m, 2H), 3.87 (s, 3H), 3.53 (s, 2H), 2.22 (dqg, J =
13.4, 6.7 Hz, 1H), 2.01 - 1.93 (m, 2H), 1.61 (ddd, J = 18.7, 10.0, 4.9 Hz, 2H), 1.44 - 1.32 (m, 2H),
0.97 - 0.93 (m, 6H)

FT-IR (KBr) cm™: 3,447 (O-H stretching), 1,735 (C=0 stretching), 1,035 (C-O stretching)
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3.3) N5AATIZA (F)-8-methyl-6-nonen-1-yl 2-(4-hydroxy-3-methoxyphenyl)-acetate
wag 8-methylnonyl 2-(4-hydroxy-3-methoxyphenyl)acetate (Reverse ester 8-Capsiate)

HO o HO
_ DCC/DMAP D\)OL
H;CO OH + HO —_— =
3 M/ p—— HaCO OM/
illi i E)-8-methyl-6- |
Homovanillic acid (E)-8-methyl-6-noneno (E)-8-methyl-6-nonen-1-yl 2-(4-hydroxy-3

+ -methoxyphenyl)acetate
HOM/
HO
O
8-methylnonanol
HyCO OM/

8-methylnonyl 2-(4-hydroxy-3-methoxyphenyl)acetate
AN 1.1.23 N5FUATIEH Reverse ester 8-Capsiate P esterification

Mn1sdaaszilagazaiy homovanillic acid (3.38 mmol) HOBt (5.64 mmol), (E)-8-methyl-6-
nonenol, 8-methylnonanol (2.82 mmol) wag DMAP (5.64 mmol) Tu anh.CH,Cl, (5.00 mL) wazan
ammﬁmaqmﬁaumawammﬁ 0 °C fresnsiuds anntufsansazans DCC (5.64 mmol) ﬁawmaazﬂu
anh.CH;Cl, 2. 00 mL) AIENTANLUY dropwise LLaumUQma’mammwmL'Uunm 24 3139 nd39n
Hunsenznoufiiind uuazdranznousae dichloromethane 1fu Yiduansararedunidunaiagae
diethyl ether (3 x 20 mL) wag @15aga1y brine (3 x 20 mL) sywmvinazatseonazlaasuandwe
wazvhliiusavssewmaianeduilasunlnngifl (EtOAcHexane/30:70 v/v) agldansnan s dutiiy
Talsiflid Andusesay 77 vesanswandmet 4a1 Re = 0.52 (30:70 EtOAC:Hexane) @15HARNA uaiHa
S¥UIN9 (E/2)-isomer 1n15uenn3g HPLC (column, VertiSepTM UPS Cyg, 4.6 x 250 mm, 5 um,
mobile phase, CH3OH:H,0/80:20 v/v with 0.025 M CH;COOH, flow rate 0.5 mL/min, detection UV
280 nm) Budulassasismemaia H-NMR way FT-IR

(E)-8-methyl-6-nonen-1-yl 2-(4-hydroxy-3-methoxyphenyl)acetate wag 8-me-thylnonyl 2-
(4-hydroxy-3-methoxyphenyl)acetate

'"H-NMR 400 MHz (CDCls): d (ppm) = 6.94 — 6.80 (M, 6H), 5.44 — 5.21 (m, 2H), 4.12 — 3.99 (m, 4H),
3.92 — 3.88 (m, 6H), 3.76 (s, 2H), 3.57 (s, 2H), 2.30 — 2.12 (m, 1H), 2.03 - 1.86 (m, 2H), 1.72 — 1.55
(m, 4H), 1.53 - 1.43 (m, 1H), 1.40 - 1.18 (m, 12H), 1.18 — 1.07 (m, 2H), 0.99 — 0.91 (m, 6H), 0.90 -
0.80 (m, 6H)

FT-IR (KBr) cm™: 3,447 (O-H stretching), 1,735 (C=0 stretching), 1,035 (C-O stretching)
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4) w38u metabolites Y89 capsaicinoids ag capsinoids (small scale)
4.1) N1TEWATIZHENS capsaisinoids sulfate ester 31n&13 capsaicinoids

eH oH
O=§=O :
(0} o
T2k T2k
0 N \”/\/\/\)\ 0 N M
' o) ' o
Capsaicin sulfate ester Dihydrocapsaicin sulfate ester

A 1.1.24 1A538519119LASVD98NS capsaisinoids sulfate ester

4.1.1) msé’ame”ﬁLLavmmsmu’%aw'émi capsaicin sulfate ester 911813 capsaicin

ﬂ’]iﬁ\‘imi’]”%a’ﬁ capsaicin sulfate ester annsaiinlalaenisimseuansazatoutseandu 3
waen sl 1). W3ENaITAYaY capsaicin thonin 1.2438 N3y (4.07 mmol) Tu N, N-dimethylformamide
(DMF) 5.1 fadans ldlunasnatanatafnindnsefiduauin 15 faddns AddJaaidn 2). wiey
a15azany dicyclohexylcarbodiimide (DCC) dmidn 4.2000 n$a (20.36 mmol) Tu DMF 7.1 Sadans
Tunaenatanarainindnsefiauuuin 50 faddns Nl deadn 3). wisuaisazaiansa sulfuric acid
danedn 0.4032 n3u (4.11 mmol) lu DMF 5.1 fiadans lunasnadanatadnlnansefiduvuin 15
fiaaans il dnain tarsazarefimsoulens 3 vaeaudlusrsiudwanndoiidusauiy 15 und
Mntuhansazane capsaicin wiuiwieulduldadunasnaisazats DCC agasing Yarlain
weliidniu thansazateansnse sulfuric acid uwaiduieSeuldivldaslunasnansazaonauves DCC
uay capsaicin 88195937 Yarlaiin weusen Wdrfuegaseidlasnu 15 wni asifinasnoudan
99813 dicyclohexylurea (DCU) Lindu msaadeuaiuauysnivesfiselnsldinadafiuaiseslas
1119517 (Thin layer chromatography; TLC) uansazane ethylacetate liilausunnssaudu 200
Jadans niuasazanglianiu NToENRENaUEY1IV0Id1S DCU 89NANNE1TATaIUNIUNTEAENTDY
Whatman Lue$ 1 &nzneusisaisazaiy ethylacetate 200 fadans MiansazaredilaluusnuIans
sosewmadnneduilasuninnsiflaglddanea 60 WHumansivnsyzauawuseasazanonauiii
ammonium hydroxide mamgjéf’w 0.3% 294 100% ethylacetate, 5% methanol/ethylacetate Way
10% methanol/ethylacetate A udsy WiusILaITazasndnsasiuenld szimelenfvhazaigoen
UNDULIY LANETazaINEY 1 6o 1 587319 ethylacetate way hexane asluvIAI8IEINARTUINE
NARZNBUEYT NTBILENAZNBUTVIIVONEITHAR T UTAIENTEANNTBY Whatman LUs 1 a19ngnau
freansazatunay 1 fe 1 551379 ethylacetate wag hexane ¥iansudndaadilaluviliuianield
anmzanyana lians capsaicin sulfate ester filnuuzduvodsdvdmin 0.810 n¥u Ay
a1snanAugSe8ay 51.60 Ye9dsHanS Mg Budulasasienonaida H-NMR, PC-NMR, FT-IR Lag

Mass spectrometry

Capsaicin sulfate ester

'H-NMR (CDCls, 400 MHz): & (ppm) =0.96 (d, J = 6.7 Hz, 6H), 1.38 (m, 2H), 1.64 (m, 2H), 2.01 (m
2H) 2.23 (m, 3H), 3.83 (s, 3H), 4.32 (s, 2H), 5.37 (m, 2H), 6.82 (d, J = 10.2 Hz, 1H), 6.96 (s, 1H), 7.39
(d, J=8.2Hz 1H)


https://en.wikipedia.org/wiki/Dicyclohexylurea
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C NMR (CDCls, 400 MHz): & (ppm) = 23.1, 26.6, 30.4, 32.3, 33.3, 37.0, 43.9, 56.6, 113.5, 120.5,
123.6, 127.9, 137.7, 139.1, 142.1, 153.2, 176.0

ESI-MS: m/z 384.1502 [M-H]

FT-1IR: 564, 634, 707, 751, 812, 851, 966, 1030, 1058, 1130, 1159, 1248, 1297, 1418, 1457, 1512,
1540, 1596, 1644, 2867, 2925, 3317

4.1.2) mié’qmswﬁuazmsLLEJﬂU'%qm'émﬂm dihydrocapsaicin sulfate ester 31n&19
dihydrocapsaicin

N9d9LATIZRANS dihydrocapsaicin sulfate ester @usainlalagn1siaseNaITazaIsLUus
senu 3 viaen fail 1).inSeuasazans dihydrocapsaicin ti9ndn 1.0000 31 (3.25 mmol) Tu DMF
4.1 findans TdlunaeratanarafnindnseRduuwin 15 Jaddns Al Unain 2). wisuasazans DCC
¥midn 3.3570 n¥u (16.27 mmol) Tu DMF 5.7 faddns lunaenaianaradnindnsofiduvuin 50
fladans Aidindnain 3). wisuaisazaransa sulfuric acid 1adn 0.3221 nda (3.28 mmol) lu DMF
4.1 fadans lunaenaananainlndnsefiaueuin 15 Jaaans M Unadn taisavarefinIodldn
aunaonutlusrsiudwanndeiiiudauin 15 wiit aantuaisazane dinydrocapsaicin wiiduil
wisnlanldaslunasnansazats DCC og1953m57 Ymelladn e liidiu dharsavaneansnin
sulfuric acid wiBufiwseuldldadlunaonaisazaenauves DCC uaz dihydrocapsaicin 981959152
Vneloiadin weusen Widrfuegiesiaionu 15 uifl awifinnenoudvivesals DCU AsIaeUAIy
anysalveslisenlagldmaiaiuaeosinsunlnnsil Wiuaisazaiy ethylacetate Wildusunssu
Wy 150 Hadans nuaisazarelimdniu nseswenngnoudv11v09d1s DCU 88n1NaNTavangnIu
A5¥ATENT8 Whatman o3 1 d19nznausisansazay ethylacetate 150 fiadans taisazansiile
Wusnuiansdefomaianedinlasunlnnsilaglidaniea 60 [umlansivinissgaiudiduse
415a%a18uaudil ammonium hydroxide W& d® §JJ' Aay 0.3% 999 100% ethylacetate, 5%
methanol/ethylacetate uaz 10% methanol/ethylacetate nUaNRU \iusILATAZAERANTUTTIREN
19 52meL1@INaza1800NIULAD UL LANANTAZANENEN 1 /o 1 531NN ethylacetate uag hexane
Al UVIAVDIEITHAN AUNVLLAARZN DUV NTOILENAZNDUAVIIVIANTNANS UTNAIINTTATYNTDY
Whatman 1U93 1 819AgnNaUn18d@15asatgndy 1 6o 1 581319 ethylacetate Wway hexane 11ans
wAnfnusialalusinliuianneldanizaninia léans dinydrocapsaicin sulfate ester Aiflanwugdu
veudedvntnidn 0.456 n¥u Anduanswandaridosas 36.18 vosansnandnet Sudulasiadienie
wiatla 'H-NMR, >°C-NMR, FT-IR wag Mass spectrometry

Dihydrocapsaicin sulfate ester

'H-NMR (CDCls, 400 MHz): & (ppm) = 0.88 (d, J = 7.2 Hz, 6H), 1.18 (m, 2H), 1.33 (m, 6H), 1.53 (m,
1H), 1.63 (m, 2H), 2.23 (t, J = 7.5 Hz, 2H), 3.82 (s, 3H), 4.32 (s, 2H), 6.81 (d, J = 10.3 Hz, 1H), 6.96 (s,
J=2.0Hz 1H), 7.38 (d, J = 8.2 Hz, 1H)

3C NMR (CDCls, 400 MHz): & (ppm) = 23.0, 27.1, 28.4, 29.1, 30.4, 30.7, 37.1, 40.1, 43.8, 56.6,
113.5, 120.5, 123.6, 137.7, 142.0, 153.2, 176.1

ESI-MS: m/z 386.1738 [M-HI

FT-1R: 564, 637, 715, 750, 812, 852, 862, 1033, 1052, 1133, 1161, 1220, 1270, 1415, 1470, 1514,
1543, 1596, 1645, 2853, 2923, 3319
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4.2) NMSNAUT metabolite Y89 capsaicinoids waz capsinoids Tugau fatty acid residue

Tagly Wittig reaction
MOH

(0]
;
A 1.1.25 1A598519114LA3v0e 8-methylenenon-8-enoic acid (1)

4.2.1) MI§UATITYA 8-methylenenon-6-enoic acid (1)

N5&UATILI 8-methylenenon-8-enoic acid @N150EUATIEALANABUUINIG NTHUATIEH
H1UUATE Wittig reaction @11150d9A5121lAg 01 ABLWINIIDENUDY 2 WUINN N1TEULATIEH 8-
methylene-6-decenoic acid (1) w4l 1 mmsaé’umwﬁlé’mﬂmaﬁwﬂﬁﬁ%mawiwmsﬁy’qﬁu (2-
bromomethyl- butene)tnphenylphosphomum bromide (4) uag 6-oxohexanoic acid (5) H1UUfNTEN
Wittig reaction Tneansaadiu (2-bromomethyl-butene)triphenylphosphonium bromide (4) §4.A513%
Laenen15viUfA3e1353139 2-bromomethyl-butene (6) waz triphenyl phosphine (7) #1uUf{A%eM
nsuwnuit eg1alsfinnu 2-bromomethyl-butene (6) ansadauasziild 2 35 o371 duasevilade
U7A381 bromination ¥84 2-methylbut-1-ene (9) fidsiAs1gsilaanUfAsersening
(methyltriphenylphosphonium iodide iU 2-butanone (11) W1u Wittig reaction waz3s 2 duasen
1791nU§A381 bromination ¥89 2-methylenebutan-1-ol (10) lngdumszriainufisen reduction
Y949 2-methylene-butanal (12) ﬁé’qmew‘lﬁmﬂﬂﬁﬁ%mswdw 1-butanal (13) wag formaldehyde
(14) HuUFATEN a-methylenation d1m5uansRas 6-oxohexanoic acid (5) ansnduazslian
UfA381n119,Un239989 2-hydroxycyclohexanone dimer (8) Tudu n15&9A512% 8-methylene-6-
decenoic acid (1) IuLL‘u’mN‘Vl 2 mmmmmswvwlmmamsmﬂgmtsn Wittig reactlon 381719 (5-
carboxypentyl) triphenylphosphonium bromide (15) Alé a1 nunsen N1TUNUATENING 6
bromohexanoic acid (16) AU triphenyl phosphine (7) ag 2-methylene-butanal (12) ) Feldann
U381 a-methylenation w84 1-butanal (13)
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toluene ®1° ﬁ(\ t-BUOK/THF NBS

PPh3 + |I—=CH3 —— Ph3P—CHj3
RT, 16h 0°C - rt. 16h p-TSA, H,0,
7 18 19 11 9 100 °C 4h
Et,N NaBH PBr.

0PN H)k _ BN /W(\ _ NaBHs OH 3 ﬁ(\

CHscOOH Et,0, CH3OH, Et,0,0°C -rt.

13 14 0°C-rt. 10

toluene ®
/Wr\Br . F’Ph3 _ R Ph3P

120 °C 18h )

Br n-BulLi or t-BuOK

6 7 4 - )Mr\
THF, -78 °C

OH
o) o
NalO,, H20/THF M~ ~0
o) 48h 2|Ho
OH
8

5

0 © o}

J A~ ~_Br + PPh toluene Brw
HO rorre PhaP OH

120 °C 18h
16 7 15 12

t-BuOK

DMF, 0 °C

A 1.1.26 LWININISEUATIEN 8-methylenenon-8-enoic acid (1)

PNUHUNINAABINITAUATIER 8-methylene-6-decenoic acid (1) AINANTNAY @110
FuAs1EAlAaIN 2 WUING Ao

LL‘ZJTJW']\?ﬁ, 1
UAA3e Wittig reaction 984 (2-bromomethyl-betene)triphenyl phosphonium bromide (4) uas 6-

oxohexanoic acid (5)

® o} o}
A + HO HO

4 5 1

2 1.1.27 YR58 Wittig reaction ¥89 (2-bromomethyl-betene)triphenyl phosphonium bromide
(4) Waz 6-oxohexanoic acid (5)

NM1389LAT1Z9 8-methylene-6-decenoic acid (1) @1u15089LAT1ZAA8 Wittig reaction 783
(2-bromomethyl-butene)triphenylphosphonium bromide (4) AU 6-oxohexanoic acid (5) F9 (2
bromomethyl-butene)triphenylphosphonium bromide (4) mmmé’qmeﬁlﬁmﬂﬂg’jﬁ%mmﬂmuﬁ
5¥%I9 tripehylphosphine fiu 2-bromomethyl-butene (6) Ine 2-bromomethyl-butene (6) A3
%910 2 35 #9357 1 duas1esildanufAsen bromination ¥es 2-methyl-butene (9) waz33il 2
duas1enilaainujAzen bromination ¥a3 2-methylene-butanol (10) @1 6-oxohexanoic acid (5) 141
NNUHNTLWUA9UBS 6-hydroxycyclohexanone dimer (8) Fiseavdonelul
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n1989ATIEY 2-bromomethyl-butene (6)
1.1 MsduAs1E9t 2-bromomethyl-butene (6) 8359 1

S)

® |
PPh3 + I—CHy — = PhoP—CHy + [ > -—--» T\ e Br/ﬁ(\
0

7 18 19 11 9 6
AN 1.1.28 NM5FUATIER 2-bromomethyl-butene (6) A8357 1

N15§94A512% 2-bromomethyl-butene (6) L3uFUIINN15E14ATI29 (methyltriphenyl
-phosphonium iodide (18) é’wﬂﬁﬁ%mmﬂmuﬁfaaa iodomethane (17) U triphenylphosphine 1
asfilivinufisesiesae Wittig reaction fu 2-butanone (11) ¢ 2-methyl-butene (9) niuansi
181U%1UAA387 bromination sieauls 2-bromomethyl-butene (6) Tuneunisdaasizifanatdl
easdenneluil

1.1.1 mM3duas1g9 (methyltriphenylphosphonium iodide (19)

PPh3 + I—CH; —t2UeM® _ ph.p—CH, I
RT, 16h
7 18 19

A 1.1.29 M5&uATIEI (methyltriphenylphosphonium iodide (19)

a¥ane triphenylphosphine (7) #tin 18.0000 g Tu THF U195 75 Aaddns (68.60 mmol) uag
W@y iodomethane (18) Usu93 8.4 §adans (135 mmol) Tu THF U3uws 75 ledans asluvianunas
muasfigaumaiiviendunan 16 Halus meldussermeaufalulasiau Weasunainmsnsesuuuan
ausulagld buchner funnel wazdsmznaudae diethyl ether avldnznaudy Yiluldluduneu
anly
1.1.2 M3dauAT189 2-methyl-butene (9) fe Wittig reaction

o
® | t-BUOK/THF
“N . PhyP-CH, /\H/
0 0°C-rt. 16h
1 19 9

A 1.1.30 NM5&UATIER 2-methyl-butene (9) fe Wittig reaction

R methyltriphenylphosphonium iodide (19) #in 29.2452 g (72 mmol) azanelu THF
VBinms 90 fiadans lurindunauuuy 2 Ao utlugraiuds annduiiiy t-BuOK 8.0751 ¢ (72 mmol) av
fngnoufindoufintu muasfigamnd 0 °C iuian 45 it iflensuian Assquen 2-butanone (11)
Usums 5.4 fladdns (60 mmol) flazanelu THF 90 fiadans nauasefienmgiiveadunan 16 $alus
dlensuinan thansazaeunduddiudi arntuiarsiildluleszed H-NMR waziluldludunou
daly
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1.1.3 n15d9LA5189 2-bromomethyl-butene (6) TaaldUjA5e1 bromination U84
2-methyl-butene (9)

/W‘/ NBS R /ﬁ(\Br
p-TSA, H,0,
100 °C 4h
9 6

AN 1.1.31 M3duAI12Y 2-bromomethyl-butene (6) InelgufA3en bromination

azae 2-methyl-butene (9) #in 0.7500 n3u Tu THF Usu1e1s 5.8 fadans luriniunauwuy
2 AR ’i]ﬁﬂﬁ'uLan N-bromosuccinimide 3.0648 N34 (17 mmol) wag p-toluene sulfonic acid 0.2963
A%y (1.7 mmol) mwddiu ¥imssndndfigunall 100 °C 1Buian 4 $alus leasunavirliidud
QN ivias wazifnd1Usang 100 fiaddns afndedavinazats ethyl acetate (3x50 mL) T2
a1sazatsdudunid uazvinliusisfae sodium sulfate wagnsenatsazatsuvinudansnodaeis
watanaaulasunlansIi (10% EtOAC/hexane)

1.2 N3&0ATIZI 2-bromomethyl-butene (6) #8337 2

o)
o HJ\H s OA{(\ s Ho/\(\ s Br/w/\
13 14 12 10 6

A 1.1.32 M3&uATIER 2-bromomethyl-butene (6) §eAET 2

'
a

N15§0ATIER 2-bromomethyl-butene (6) 357 2 3uduaINN13&LATIENA 2-methylene-
butanal lnglgUA5e1 a-methylenation ¥84 butanal

[y

(13) fu formaldehyde (14) 1han57ibgluvi
UfjA381 reduction 1@ 2-methylene-butanol (10) 9101w lUyi1Uf{A581 bromination Aels 2-
bromomethyl-butene (6) d1azidannnaluil

1.2.1 N3duA312% 2-methylene-butanal (12) MeUfiAzen a-methylenation

(o]
X, e o
OM + H H /\H/\
CH3;COOH
13 14 12

A 1.1.33 M3duA3189 2-methylene-butanal (12) MeUAse a-methylenation

WAy formaldehyde (14) Y3115 60 §addns (600 mmol), diethylamine USuns 52 {adans
(500 mmol) asluvandunaut3uns 250 faaans antudy glacial acetic acid U31103 29 1adans
(500 mmol) figaumgfl 0 °C A1 wazlsh pH vesansazatBiniy 6-7 Tawdeunnansazatvgamadl
72 °C mﬂﬁ?uﬁamm@ 1-butanal (13) U31195 45 fiadans (500 mmol) W1u addition funnel aelu
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1287 30 W9 LBATUMAIYINITNIUEIS T U 30 WA LEBASULIANYIIN15LAUE15A283T steam
distillation (b.p. 68-72 °C) \ivansaugamniues distillation §3 90 °C AnUWRANATAZATE brine NT01
wasiiufgaumail -40 °C
1.2.2 M3&1A5189 2-methylene-butan-1-ol (10) MeUf{A381 reduction

NaBH
/ﬁ‘/%O 4 /ﬁ(\OH
Et,0, CH;0H,

12 0°C-rt.

10
AN 1.1.34 M3duA3129 2-methylene-butan-1-ol (10) MeUfAsen reduction

11 2-methylene-butanal (12) USu1ms 1.25 Aadans (11.89 mmol) tanaslugisazaiy
diethyl ether U methanol (8 mL : 2 mL) lurandunau 2 Ao vilhdulaeudlugiaiudgungd
0 °C 91Nt AL Wi sodium borohydride 0.5314 ¢ (14.04 mmol) ndsa iy sMuAsTigaugs
0 °C 1fuman 1 Falus Lﬁaﬂsuna'1mumsazawﬁaﬁqmmﬁﬁm%ﬂ 3-4 a3 WeAsunaiu diethyl
ether U303 10 fiaddns arntudieaisazansldnsieusn uazdredeniusinns 20 fiadans wns

a

WENTUU WagTUBUNSY InetulninunainmeaIvnaranedunsd diethyl ether (2x20 mL) 11015574

1% [ o

FUANTDUNSELUETU wazyinliAalaewdy sodium sulfate 91NUUYINNN5AT09 waztansazanailaly
seimgneldanuau Fedrvdn dnluiesiest H-NMR wazih llolutuneudal

1.2.3 n3dA318% 2-bromomethyl-butene (6) Ingldufjisen bromination

/YOH PBr; . /w‘/\Br
Et,0,0 °C - rt.

10 6

AN 1.1.35 N15dA5129% 2-bromomethyl-butene (6) TnelldUfiATeN bromination

inasazanundndug (10) 3nUe 1.2.2 wiln 0.7065 n3u (8.202 mmol) tauaslu diethyl
ether USunms 10 fiadans Tdwanfunauuuy 2 ae vilhdulasurlugraiudeaugungd 0 °C neld
vssenawialulngiau Aveuen phosphorus tribromide U3snas 0.57 Jaddns (6.0308 mmol) uag
U sReTigumniivos 8-10 Falus WeasunnavhliiBuiioamad 0 °C way quench donaifntuds
Mnugeansazargldlunenenuarasneingnads wenduiuastuansazane Sundd annthuadadu
¥héne diethyl ether (3x10 mL) wdrsanduansazaedunididndeny ilduidasnisiu sodium
sulfate warnses thansavangluszmeneldannusu Faimdn iluiesed H-NMR waziluldly
Funoudaly

A15§9A319% 8-methylene-6-decenoic acid (1) 13uduaInnIsduasIvRasaefu (2-
bromomethyl- butene) triphenylphosphonium bromide (4) TagldUiAse1n1suny flae 2-
bromomethyl-butene (6) fiu triphenylphosphine (7) uag 6-oxohexanoic acid (5) lagldufisenn
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29989 6-hydroxycyclohaxanone dimer (8) 91n1uLa7157kevi1 Wittie reaction M 8-methylene-6-
decenoic acid (1) is1sazidunnsil

2. M3&WATILA (2-bromomethyl-butene)triphenylphosphonium bromide (4) Ingldufiizen

]
ATILLNUN
toluene ®
/\H/\Br + PPh3 Phsp\/l»L/
120 °C 18h o
Br
6 7 4

AN 1.1.36 N5EUATIEN (2-bromomethyl-butene)triphenylphosphonium bromide (4)
TnglgufAzensunui

%4 triphenylphosphine (7) n1in 1.9096 ¢ (7.28 mmol) Tdasluvinfunauwuu 2 Ao 9Nt
LA toluene UsUms 7.5 mL LLavmumi'«aumia“mamumammﬂu LA 2- bromomethyl butene (6)
wiin 0.5238 n3u (3.514 mmol) asld mmssWaﬂwammm 120 °C (Junan 18 $alus doasunaniis
1‘1/1Laqummmawzlmmmauasun Mnsnseslagld buchner funnel kagdsngnouAle dry diethyl
ether anntuthanslssmeneldnnususasivly desiccator ot lUldludunoudaly

3. M3dUATIER 6-oxohexanoic acid (5) IaglduAzenUnas
(@)
NalOy4, H20/THF M~
Ct :Q = 2 Ho -0
5
AN 1.1.37 N15dA31294 6-oxohexanoic acid (5) Inglgufiizentnag
L@ 2-hydroxycyclohexanone dimer (8) %iin 0.5010 A$3 (2.19 mmol) azatelu THF
USuns 27 fadans TurinnunauuSung 100 dad8ns 21nUULAN sodium periodate tin 1.1720 n3u
(5.47 mmol) uaru1U3ums 18 faddns muaslidiiuneamagiiientuan 48 4alu Wenasunai
N1513991981982a8918 ethyl acetate USunns 45 adans a1wiea1sazaiy brine (2x20 mL) 1At
inlvwislaenisilussimenieldenudu 11 crude product Ml luviusgrsmemeatinnaduiilasuile-
N3
4. M3&uATIZR 8-methylene-6-decenoic acid (1) Ane Wittig reaction MuLuINIM 1
® 0 0
n-Buli or -BuOK
Ph3P\)J\/ + HO)J\/WO e HO)J\/\/\/\H/\
B THF, -78 °C
a 5 1

A 1.1.38 N158ATIEY 8-methylene-6-decenoic acid (1) fg Wittig reaction
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M3&uATIZH 8-methylene-6-decenoic acid (1) @NuNsaduaTIzsieae Wittie reaction (wwannail
1) Tnads (2-bromomethyl-butene)triphenylphosphonium bromide (4) wiin 0.6420 n¥u (1.5608
mmol) aslumadunauutifu -40 °C wazneldussenaudalulasion aniuiu THF Y3anes 6.00
faddns nulvavansuazaumil -40 °C Ui Ay e n-Buli UTiAs 0.78 1adans (t-BuOK 0.1751
9) Muanssafigamgil 25 °C Wua 2 s ieasunaudansaraeluriauiiselidu 78 °C uaz
{uanazaty 6-oxohexanoic acid (5) ni¥n 0.2200 N3 (1.5608 mmol) fiazately THF U303 6.00
fadans lnedoeqnen 6-oxohexanoic acid (5) atluaisazany mﬂﬁ?umumwiaﬁqmmﬁ 25 °C \Ju
a1 24 Falus easunan vnsieanslaenisiiu diethyl ether USuas 10 3adans wazifiu HCL
U313 3.8 Tadans diansazansandedie HCL 1, a1sazans brine gy 10 fadans ¥insmudy
SuvIsilsiluvinliuialagld MeSO, uaznsesthansaraeluszimenisldmnuduy dhluvhuiavdee
wadanaauilasunlansfsely

UMWY 2
UAn3en Wittig reaction ¥ad (5-carboxypentytriphenylphosphonium bromide (15) uay 2-

methylene-butanal (12)

Br® 0 ?

® = - =
phsp® -~ 0
. o . /ﬁ(\ HOW

15 12 1

2 1.1.39 UHA381 Wittig reaction ¥4 (5-carboxypentyltriphenylphosphonium bromide (15)
uag 2-methylene-butanal (12) (W9 2)

MM3&AT129 8-methylene-6-decenoic acid (1) wuInnefl 2 BuduannsduasIedt a1589
fu (5-carboxypentyl) triphenylphosphonium bromide (15) 1a SI%U ﬁ ASEINITUNUNTVDY 6-
bromohexanoic acid (16) fu triphenylphosphine (7) waziiansasduitdauasizilglusii Wittig
reaction iU 2-methylene-butanal (12) dieliile 8- methylene-6-decenoic acid (1) fisavdondal
1. n15dA3129 (5-carboxypentyltriphenylphosphonium bromide (15) TngldufiAzannis
Wi

o) ® 0

J\/\/\/B toluene
HO Fe PPh; — = Ph3P\/\/\)J\OH

120°C,48h O
16 7 15

A 1.1.40 M38ATI8Y (5-carboxypentyltriphenylphosphonium bromide (15)
Inglguisensunui

94 triphenylphosphine (7) tin 7.38 N3 (28.1 mmol) laasluvinnunauwuy 2 A 1ALy
WAy toluene USu®s 80 fiaddns warniuasazateawduilawfeniu iy 6-bromohexanoic acid (16)
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#iin 5.00 N3U (25.69 mmol) vin1s3nandiigamadl 120 °C Wunian 48 Falue Weasunanvzlinzneu
dU17 ANATAIU pH Y83a15aza1861nI1 7 vin1Tnsesuuvanauaulaely buchner funnel wazdis

1 . & v [y <@ . d" o g
prnauale dry diethyl ether 3nntuszmengldainusunazinuly desiccator Wi lulelutunou
dnly

2. M3&uATITH 8-methylene-6-decenoic acid (1) $ae Wittie reaction WM 2

o

O
t-BuOK
Phapw + o&\ﬂ/\ ~ HO =
o OH DMF, 0 oC

B s 12 1
AN 1.1.41 N15§ATIZY 8-methylene-6-decenoic acid (1) Ay Wittig reaction ANLUUINGT 2

%3 (5-carboxypentyltriphenylphosphonium bromide (15) #in 1.0000 n$u (2.18 mmol)
adluriafunauuuy 2 Ao US1nns 50 Jadans aanthuiy DMF U3uns 4.2 fiadans waz 2-methylene-
butanal (12) U3u1ns 0.22 §addns (2.22 mmol) nmuanstitdniy uiifufiquugdl 0 °C aneld
vssemauialulasiau wisnaisarateiua lneda t-BuOK miin 1.9000 N3y (16.93 mmol) avaelu
DMF U331¢15 5.25 faddns Turiafunauy3ung 25 Haddas 7 0 °C Aewqiin t-BuOK asluansazaiy
aldehyde Lag phosphonium salt ﬁwmimumsﬁqmwgﬁﬁaa 15 Flua ensunanmansazaisadly
dhuiuded3unng 15.75 fiadans arntunisnses dreansazaneiinseslalansiouen d1efae 2M
HCL (2x25 mL) @fmeae diethyl ether (4x20 mL) &198p@1sazans brine (4x15 mL) ¥ns55udy
asavanedunie waslin MeSO, wagnsesthansaranslsemeneldanudu tluiusansmewmeaia
AoantllaTulans Wealy
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5) msnadauanulunwluwadinlusuatdd
nsnagouAduRvnawad lilusuadn @115 NAERUNIUN1TASIANTSHTINTBRTB YRR
(Viability) ?ﬁﬁuagﬁumwﬁwﬁmaqmi capsaicin LaroYNus capsaicin fidamarnownueddy uas
AINLANY TNV e Nuigad aduwnata XTT (sodium 3’-[1-{(phenylamino) carbo-nyl]-3, 4-
tetrazolium]-bis (4-methoxy-6-nitro) benzene-sulfonic acid hydrate ?&dLﬂuLwﬂﬁﬂﬁﬁmmgﬂﬁm
wiugh Tanuaiiane warlddunmsseuiudmivlidumassnluniseaeunsidinsonvousad
5.1) mMsmanududufivanzauvasia¥auazate PEG 400 (solubilizer) Tuawnsideuvad
Wevanududuvesaisazans PEGA00 Mwunzand wiuldidustisazats (solubilizer) a1s
capsaicin Uag dUNUSURY capsaicin \fosanndesiinlunisavarsans capsaicin luenmsiasasad
(DMEM-low glucose) Imaansidudunsnanasmsslinelminanuduivrasad
/N15NAaBg
Cell type: Normal Human Dermal Fibroblast (NHDF)
Passage number: 5
Samples: PEG400 Asudu 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 7.5 uag 10% v/v

1) Wwaduiin 1 x 10° wad enseaneimegluamsidsasaduiun 200 lulasins Yiln
adlu 96-well plate udwin1sugaafianzaumgl 37 ssmwaded waz CO, Usua 5 wWosidud
= o
Wuran 24 17l

2) NAINTUULDIILALTAALNI8N UAIA AR TABIYaa LUUTILl FBS 2niiu
Ao msassead (Ml Fetal Bovine Serum) Miflansavane PEGA00 Mieglunnududusingg (0.5, 1,
15,2,2.5,3,4,5 7.5 uaz 10% v/v) adluluswaau3uing 200 lasans

3) lW9ATU 24 F1a9 U9 TALISaA INANATANR LA LTUTURNY 9N WAIAISLEAARNE
PSR RadRUUNliE FBS (2 5u) antiufivansazane XTT solution adlunguas 50 lulasdnsuas
Wuemsidsaieag (Nlall FBS) aslunauar 200 lulasdns wadtiluuud 37 ssrnealduawas CO,
U 5 Wesiduddunan a4 $alus

4) 1uA1ANTULAITNIANE1IAAY 490 urlwuns lagvinnisAnwiUIeuiiguiuwadgn

éj a ‘g 13 £ [ Y 1 = Y t:l':u ¥
wnzidedduanizund (e mnsiigagadusiaainatsann) lneusulviainis gandudiuasiialaain
fegwadgninzdedluan1izund dilesidus Nwadlidiney (% cell viability) Wity 100 Wesidud
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A1519 1.1.1 Nan1sNAasuANUUREYaY PEG 400 siatwadlnlusuanas fanududy 0.5-10 %v/v

Concentration of PEG 400 (%v/v)

TIME Control

10 7.5 5 4 3 2.5 2 1.5 1 0.5
1 0.724 0.498 | 0.524 | 0.553 | 0.564 | 0.559 | 0.623 | 0.694 | 0.699 | 0.678 | 0.719
2 0.745 0.484 | 0.518 | 0.563 | 0.577 | 0.557 | 0.607 | 0.685 | 0.689 | 0.732 | 0.689
3 0.682 0.499 | 0.528 | 0.565 | 0.572 | 0.533 | 0.612 | 0.709 | 0.707 | 0.698 | 0.732
Average 0.717 0.494 | 0.523 | 0.560 | 0.571 | 0.550 | 0.614 | 0.696 | 0.698 | 0.703 | 0.713
%Viability | 100.00 | 68.98 | 73.13 | 78.30 | 79.79 | 76.80 | 85.79 | 97.25 | 97.58 | 98.18 | 99.67
SD 4.55 1.72 | 0.96 1.15 1.15 2.67 1.33 1.74 1.29 3.85 3.13

Control

0.5% PEG400 1% PEG400

1.5% PEG400

2% PEG400 2.5% PEG400

3% PEG400

4% PEG400 5% PEG400

MW 1.1.42 3U19@84 (cell morphology) 9nnsveaauaudufivues PEG 400 sie

7.5% PEG400

10% PEG400

waa llusuanad NAUINTY 0.5-10 %v/v Nnaaueie 10X
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5.2 Msmanuuduves capsaicin fivhltAaanuduivdowadinlusuanad
demearududuiiinlfiefivdowadWlusuatadves capsaicin wieldimunseduainy

uduvesoyiius capsaicin dwsuldidududsaivaulunisidseuifisunarmuluiivaewadssning
capsaicin flua15oYRus capsaicin fidunszaitu Tneen %cell viability §osnnnin 80% wieawiteuiu
naumUAN (Wadfigningidsdluanizsund semnsidsaeadusmainats capsaicin uazoyiusas
capsaicin) feazldnslniannuluivrowas

28n135910804

Cell type: Normal Human Dermal Fibroblast (NHDF)

Passage number: 6

Samples: 125, 500, 600, 700, 800, 900 uag 1,000 pg/mL of Capsaicin

1) deadusunal 1 x 10 1wad %ﬂﬂizmEn?hagﬂuammﬁmwaéﬂ%mm 200 lulasanstiumadlu
96-well plate Wvihmsuuwadianzgamndl 37 ssrwailoa uas CO, USuas 5 Wadldud 1unan
24 1l

2) nntuthemsaeugadiinesn widawadisensasweaduuuiilill FBS sniuiu
omsiasaad (Alifl Fetal Bovine Serum) #islens capsaicin azangaglunududusieg (125 - 1,000
lulasnsureiiadans) adluluwaausung 200 lulasans neldansavats PEGA00 Judvinazansuay
Avualudiusuna PEGA00 T 2% v/v

3) loasu 24 dalus thensidisswadiinguans capsaicin Tupnududusingg sen wddawed
Fuenshsssaduuuiilill FBS (2 sou) andudinansazats XTT solution asluvguaz 50 lulasdns
wazfnonadenad (il FBS) adluvauar 200 Tulasang udhluvadl 37 ssmisadeauas CO,
Uswas 5 wWesiuddunan ¢ $lus

4) Srurgandunasiinmemedu 490 uiluiuns Tnsvinsfnwivieuiieufueadiigninsdes
TuannsUnd (ensiasaeadusaanasaria) Imw%ﬂﬁ@hmi@mﬂﬁué]’aLmﬁi’mlé’ﬁ]'méf’gasmﬁLezjaégﬂ
wnzidedluanzund fwesiduifiuadiiFines (% cell viability) Wity 100 wWedkius
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A1519 1.1.20ansnagounudufivves capsaicin fetwadlnlusuatad Nandudy 125-1000

pe/ml ﬂ%ﬂ‘ﬁ 1

2% Concentration of Capsaicin (ug/mL)
Sample | Control
PEG400 1000 900 800 700 600 500 250 125
1 0.534 0.515 0.408 | 0.417 0.439 0.44 0.445 0.486 0.521 0.516
2 0.542 0.548 0.411 0.411 0.435 0.437 0.445 0.481 0.496 0.511
3 0.569 0.566 0.402 | 0424 | 0429 | 0.433 | 0.469 | 0485 | 0.514 | 0.525

Average 0.548 0.543 0.407 | 0.417 | 0.434 | 0.437 | 0.453 | 0.484 | 0.510 | 0.517
% Viability | 100.00 99.03 74.22 | 76.11 | 79.21 | 79.64 | 82.61 | 88.27 | 93.07 | 94.35

SD 3.30 4.84 1.37 2.55 0.55 3.01 0.81 1.16 1.56 1.13
120 AN 1
100 I | _ .
.'é\ 80 L = = I T
8 60
>
X a0
20
0
Control 2% PEG400 125 250 500 600 700 800 900 1000

Concentration (ug/mL)

AN 1.1.43 HaANNBYTOAVBATAGTAAIITNTUVEY capsaicin AIUs 125-1000 pg/ml AT 1
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A1519 1.1.3 nan1snagoundnudufivves capsaicin fetwadlnlusuatan Nandudy 125-1000

pe/ml ﬂ%ﬂ‘ﬁ 2

2% Concentration of Capsaicin (ug/mL)
Sample Control
PEG400 | 1000 900 800 700 600 500 250 125
1 0.568 0.555 0.453 | 0452 | 0.447 | 0.453 | 0.467 | 0.471 | 0.504 | 0.507
2 0.586 0.558 0.414 | 0.415 0.44 0.454 | 0.452 | 0.462 | 0.524 | 0.536
3 0.549 0.568 0.435 | 0.439 | 0.431 | 0.423 | 0.465 | 0.465 | 0.489 | 0.538
Average 0.568 0.560 0.434 | 0.435 | 0.439 | 0.443 | 0461 | 0.466 | 0.524 | 0.527
% Viability 100 98.71 7645 | 76.69 | 77.39 | 78.10 | 81.27 | 82.09 | 92.31 | 92.84
SD 3.27 1.21 3.36 3.59 0.98 1.78 4.07 1.83 4.37 4.52
120 AN 2
100 I =
I 1
2 8 ) - I = I I
| 60
S
S 40
20
0
Control 2% PEG400 125 250 500 600 700 800 900 1000

Concentration (ug/mL)

AN 1.1.44 HAANBYTEATDUYAANIANUTUTIUYDY capsaicin Aaus 125-1000 pg/ml ATIN 2
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A5 1.1.4 wansnadeuanudufivwies capsaicin sewadinlusuanad finnududy  125-1000

pg/ml a%ait 3

2% Concentration of Capsaicin (ug/mL)
Sample Control
PEG400 1000 900 800 700 600 500 250 125
1 0.505 0.494 0.393 | 0.401 | 0.398 | 0.407 | 0.423 | 0.449 | 0.477 | 0.494
2 0.539 0.518 0.391 | 0.398 | 0.399 | 0.404 | 0.419 | 0.472 | 0.486 | 0.501
3 0.508 0.493 0.4 0.398 | 0.409 | 0.415 0.42 0.47 0.491 | 0.508
Average 0.517 0.502 0.395 | 0.399 | 0.402 | 0.409 | 0.421 | 0.464 | 0.485 | 0.501
% Viability 100 96.97 76.29 | 77.13 | 77.71 | 7899 | 81.31 | 89.63 | 93.69 | 96.84
SD 3.57 2.78 1.40 1.47 2.79 0.49 1.38 1.50 0.43 1.19
120 ASN 3
100 1 1 T . .
> 8 = T - - .
] 60
N
S 40
20
0
Control 2% PEG400 125 250 500 600 700 800 900 1000

Concentration (ug/mL)

AN 1.1.45 HAANBYTOATDUYASNNAIUTUTIUYDS capsaicin A%HA 125-1000 pg/ml AT 3
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Control Capsaicin 125 pg/mL

Capsaicin 500 pg/mL Capsaicin 600 pg/mL

Capsaicin 700 pg/mL Capsaicin 800 pg/mL

Capsaicin 900 pg/mL

Capsaicin 1,000 pg/mL

W 1.1.46 3Us10984 (cell morphology) nsnaaeuaulufivres capsaicin Aowadlnlusuatad
NAMUTNTU 125-1000 pg/ml NNNEITeNe 10X
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5.3 nsweuiiisuszauadnuluiviaigadlnlusuaiaduas capsaicin wazayWusvas

capsaicin
thanseyiusvesuaUlsduiiduanesituiieududuieatuans capsaicn (700 lailasnusio

fiaddns w30 2.3 fiadluans) wmeaeuanulufivdaigadaeisnisiierdudiesiu lnean %cell
viability #asunnningy capsaicn saudsnmaifeufunguenuey (wadfigninizidoduanizdnd 3
mmmgmwaﬁﬂiwmwnaﬁ capsaicin LLazawﬁuﬁ‘%aﬂ capsaicin)

38n15Meaas

Cell type: Normal Human Dermal Fibroblast (NHDF)

Passage number: 7

Samples: Capsaicin, CSC-sulfate, DHC-sulfate, IC5, IC6, IC7, NIC5, NIC6, NIC7, NINC5, NINC6,
NINC7, CAP, As-CAP, Isb-CAP, Ca-CAP, BrCAP, DCAP, HCAP, DHCAP, NCAP, DNCAP, LCAP wag PCAP

1) YiwadUiim 1x10° wad Fsnszeiegluomnsidsagaduiin 200 Tulasanstiun adly
96-well plate Wvihmsuuwadianzgamndl 37 ssrwaila uag CO, USunas 5 Wedldud 1Hunan
24 s

2) wimntuhenadeneadiinesn uddagadieonsdsssaduuuilill FBS anduida
omsiAsaad (il Fetal Bovine Serum) 7iflans capsaicin LLazauﬁuﬁ’maﬂ capsaicin (Capsaicin,
CSC-sulfate, DHC-sulfate, IC5, 1C6, IC7, NIC5, NIC6, NIC7, NINC5, NINC6, NINC7, CAP, As-CAP,Isb-
CAP, Ca-CAP, BrCAP, DCAP, HCAP, DHCAP, NCAP, DNCAP, LCAP ay PCAP) azmaagjﬁmm
Wty 2.3 fedluansasliluwadu3uns 200 lulasdns Tesldansazats PEGA00 udiavatsuay
AvuamiUsuna PEGA00 Tufiu 2% v/v

3) \lensu 24 Falus WewnsReaeadiinauasatnlunnududusne son uddeadiie
pwnsABTaduuUllll FBS (2 sou) Mntufiuansazans XTT solution asluviauay 50 Talasansuas
Fuewnsiasated (il FBS) avluvauay 200 Tulasdes uwdahluvail 37 ssnwaleauss CO,
Ve 5 Weddudifuina 4 4l

4) Srurgandunasiinmemedu 490 uiluiuns Tnsvinsfnwivieuiieufueadiigninsdes
Tuanzdnd (emsiasasadusiAanans capsaicin uag auus capsaicin) lagusulvirnisaanaus
uasifaldandeguiwadgnimededduannsund fefduifiuadidiney (% cell viability) Wity
100 wWosius
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M1519 1.1.5 nannuduiivsewadinlusuaiadiues capsaicin Wavoyiius capsaicin iszAuaududu

2.3 Jadluans AN 1

Capsaicin and capsaicin derivatives ( Conc. 2.3 mM)

TIME Control 2% CSC- DHC-
Capsaicin IC5 IC6 IC7 NIC5 | NIC6 | NIC7
PEG400 sulfate sulfate
1 1.37 1.30 0.90 0.90 0.90 1.16 1.07 0.98 1.00 0.96 0.89
2 1.33 1.33 0.90 0.90 0.89 1.19 1.09 0.98 1.07 0.98 0.91
3 1.33 1.30 0.90 0.92 0.91 1.19 1.13 0.97 1.06 0.98 0.95
Average 1.34 1.31 0.90 0.91 0.90 1.18 1.10 0.98 1.04 0.97 0.92
%Viability | 100.00 97.40 67.06 67.40 66.78 87.84 | 81.74 | 72.69 | 77.45 | 72.49 | 68.39
SD 1.84 1.31 0.33 1.45 1.06 1.37 2.48 0.46 3.83 1.00 3.21
Capsaicin and capsaicin derivatives ( Conc. 2.3 mM)
TIME As- Isb- Ca-
NINC5 | NINC6 | NINC7 BrCAP | DCAP | HCAP | DHCAP | NCAP | DNCAP
CAP CAP CAP
1 0.96 0.95 0.99 0.99 0.97 0.91 0.98 0.89 0.91 091 0.96 1.00
2 0.95 0.91 1.00 0.99 0.99 0.92 0.98 0.90 0.88 0.90 0.99 0.97
3 0.95 0.97 0.97 0.92 1.02 0.90 0.96 0.92 0.89 0.94 0.99 0.99
Average 0.95 0.94 0.98 0.97 0.99 0.91 0.97 0.90 0.89 091 0.98 0.99
%Viability | 70.90 70.06 73.18 | 71.82 | 73.78 | 67.65 | 7217 | 67.25 | 66.53 68.02 72.84 73.33
SD 0.34 3.36 1.49 4.24 223 0.94 1.23 1.44 1.35 1.98 1.49 1.27
A9 1.1.6 nanrundufiviemadlnlusuaiadives capsaicin uazayus capsaicin fisyiuauidudy
2.3 fadluans daft 2
Capsaicin and capsaicin derivatives ( Conc. 2.3 mM)
TIME Control 2% CSC- DHC-
PEGA00 Capsaicin sulfate sulfate IC5 IC6 IC7 NIC5 | NIC6 NIC7
1 1.21 1.21 0.86 0.86 0.86 1.14 1.09 0.96 1.07 0.92 0.86
2 1.29 1.24 0.89 0.88 0.88 1.11 1.07 0.96 0.99 0.98 0.88
3 1.27 1.25 0.86 0.87 0.86 1.16 1.08 0.95 1.08 0.93 0.88
Average 1.25 1.24 0.87 0.87 0.86 1.13 1.08 0.96 1.05 0.94 0.87
% Viability 100.00 98.51 69.25 69.32 68.93 90.35 | 86.15 | 76.50 | 83.47 | 75.15 | 69.70
SD 3.37 1.74 1.82 0.89 1.31 2.27 0.60 0.59 4.78 3.82 1.22
Capsaicin and capsaicin derivatives ( Conc. 2.3 mM)
TIME As- Isb- Ca-
NINC5 | NINC6 | NINC7 BrCAP | DCAP | HCAP | DHCAP | NCAP | DNCAP
CAP CAP CAP
1 0.93 0.90 0.99 0.92 0.98 0.87 0.94 0.87 0.86 0.88 0.93 0.89
2 0.88 0.89 0.99 0.97 0.92 0.87 0.94 0.87 0.85 0.90 0.91 0.92
3 0.89 0.90 0.97 0.90 0.97 0.87 0.93 0.87 0.86 0.88 0.94 0.94
Average 0.90 0.90 0.98 0.93 0.95 0.87 0.94 0.87 0.86 0.89 0.93 0.92
%Viability | 71.82 71.66 78.36 7395 | 76.10 | 69.27 | 74.67 | 69.32 | 68.18 70.68 74.08 73.26
SD 3.15 0.76 1.06 3.79 3.68 0.07 0.44 0.07 0.35 1.71 1.56 2.87
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M99 1.1.7 aguranisvadeunnulufiviewsadues capsaicin wazayiusues capsaicin

A1UN

JoES

AN 1

AN 2

NUYLIA

1 Capsaicin (CAPS) - - AUSuuLie
2 CSC-sulfate not significantly not significantly -

3 DHC-sulfate cytotoxic cytotoxic -

a4 IC5 >80% >80% -

5 IC6 >80% >80% -

6 IC7 non-cytotoxic non-cytotoxic -

7 NIC5 >80% >80% -

8 NIC6 non-cytotoxic non-cytotoxic insoluble
9 NIC7 not significantly not significantly insoluble
10 NINC5 non-cytotoxic non-cytotoxic -

11 NINC6 not significantly not significantly insoluble
12 NINC7 non-cytotoxic non-cytotoxic -

13 As-CAP non-cytotoxic non-cytotoxic -

14 Isb-CAP non-cytotoxic non-cytotoxic -

15 Ca-CAP not significantly not significantly -

16 Br-CAP non-cytotoxic non-cytotoxic -

17 DCAP not significantly not significantly -

18 HCAP cytotoxic cytotoxic -

19 DHCAP not significantly not significantly -

20 NCAP non-cytotoxic non-cytotoxic -

21 DNCAP non-cytotoxic non-cytotoxic -
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Control 2% PEG400 Capsaicin Csc

DHC IC5 ICé6 IC7

NIC5 NIC6 NIC7 NINC5

NINC6 NINC7 As-CAP Isb-CAP

Ca-CAP BrCAP DCAP HCAP

DHCAP NCAP DNCAP

MW 1.1.47 3Us10984 (cell morphology) nsnageuaulufiviesadues capsaicin
wAzeUNUEYRY capsaicin
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NIC6 NIC7 NINC6

U

AW 1.1.48 @139uRUS capsaicin Mledninlunisazans lown NIC6, NIC7 uag NINC6 7iaududu 2.3

Y

faaluans Wneldansazane PEG 400 udvivazannaziivualniluSuia PEGA00 TutAu 2% v/iv
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6) NMSNAFIUANUAIAIYVIBYWUS capsinoids nelaan1azvasamniiuazuasnineg dag HPLC
technique

28n15910804

arusavinnis@nwilaely HPLC Tnein3sy capsinoid derivatives A213L7uu 1 mM Tagldy
polar protic solvent (CH;OH:H,0/80:20 v/v with 0.025 M CHsCOOH) Taeninnsifiuliigaigil 25 °C
wazvnsiasaranefiveiiaseimusinanaundeuss capsinoids derivatives lagvinnnsisansazane
AFumsiemeindias 20 ul wagvhmsliesginng 6 Faluaduna 24-48 Falus
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S

7) w38y formulation Aiunzauwas capsaicinoids ﬁl&’ﬂ%’uﬂ@iﬁ’ﬁm’nmﬁmmm capsinoids 913

AMUASAIRANTY uaz metabolites 184 capsaicinoids waz capsinoids aiin1svagauausd

A199)

28n135910804

daudl 1 wisundndusiasataninguuuila
wenanfasiasataninguuuuiilannududugeiiiauesiaiimnanisnmuasmaed uay

fiongmsldnuuedistios 2 U lngldasatandnainmsisevesgite ouazames (ne. 2558) Fady

miaﬁ’ﬂw%ﬂﬁﬁmmvﬁwﬁuqq fidnvartunia Shaady Seseivsunaesddy capsaicin Sevay

2.85 wag dihydrocapsaicin 5ovag 2.58 Tngdrnin wisdndurisiuves capsaicin Wag

dihydrocapsaicin Soeaz 5.43-5.45 Tagnimrdn dauandlumisg 1.1.8

A1919 1.1.8 LanIWan15ILATI¥sUIUN capsaicin wag dihydrocapsaicin Tuansanansniuudy

¥ e Ysuuans
UINUNAIDYY
Code (me) capsaicin dihydrocapsaicin capsaicin + dihydrocapsaicin
m
s (mg) (mg) (mg) (% weight/weight)

Capsicum-2 157.2 4.48 4.05 8.53 5.43
Capsicum-3 162.1 4.64 a.17 8.81 5.44
Capsicum-4 161.9 4.66 a.17 8.83 5.45

1. m‘%amw%mﬁm%miaﬁmw‘%ﬂgﬂLLUUﬁﬂammvﬁmﬁﬁaaaz 50 Tnevwtin

Ténedwes Hydroxypropyl Methylculluose (HPMC) finnumida 2 sedu e AN5 way AN15
Tnen3ouduansazanenodmedfiduduiionududutosas 20 Tngthuiin st 2 viia anduthansazane
wodwesduduiiwdouldunausiutvaisatandndudu Ingldarsazarenedueiduduiosas 12.5,
25 uay 50 Tnethviinuosisuaudeu

msneassludnvaziioriulpeldasanusiieiia 2 ¥in #e Tween 80 Fufuasanusaia
Al fuiuilea way Span 80 Aiindufuidulss Anudududosas 2.5 way 5.0 Tnetudnues
A1SURNEINY mﬂﬁ?uﬁdaumamaﬂmiazmstaﬁLma%LLazmsamLmﬁaﬁwhm QU RGO RERE
1.1.9 uag 139 1.1.10 granimaaesiuiuasdisliu 24 $aludatufings



A-55

M1319 1.1.9 Uanmadnyagnnenmasdndusiasaiansnsuwuuilannududuiasag 50 log
Y1U1N 3UAU 20% HPMC A1utdudusesay 12.5, 25 way 50 laguintin wag/use Tween 80 way
Span 80 ANULNTUSeYaE 2.5, 5.0 way 10.0 Ineuntn

anudududndu Y%w/w

Rx  Capsicum 20% 20% HPMC  Tween  Span  Water Juiinua
HPMC AN5  AN15 80 80 .
1 50.0 - - - - 500  wonidudnladduiitunaon geszana
0.4 %, snuvududansadin
2 50.0 125 - - - 375 anduszneudduiouroun mdedy
ddlad ansadamuuugs 0.9 .
3 50.0 25.0 - - - 250  sanduszneuddunsyanedegluasars
wWinvhvaviaon
4 50.0 50.0 - - - 000  usnidudnlaiifuvasngs 1.9 v
suvududvasansaiansn
50.0 - 12.5 - - 375  andunzneudduriiimaen
6 50.0 - 25.0 - - 250  sanduszneuddunsyanedegluasars
wWinvhvaviaon
7 50.0 - 50.0 - - 000  usnidudnlaiifuvasngs 1.5 .
suvududvesansain
50.0 - - 2.5 - 475  andupzneudduriiimaen
50.0 - - 5.0 - 450  andunzneudduriiimaen
10 50.0 - - 10.0 - 400  anuszneuddutsiiaos
11 50.0 - - - 2.5 475  andunzneudduduthmandu/siai
naen
12 50.0 - - - 5.0 450  andupzneudduvuhmad/siii
viaen
13 50.0 - - - 10.0 400  andunzneudduduthmandu/sia
naon
14 50.0 25.0 - 2.5 - 225 uild uwilidwidedendu fanda
YpaneAmesUNInluaIsaiA
15 50.0 25.0 - 5.0 - 200 vihiuld wiliduiereatu feandag
YoanodmesunInluaIsann
16 50.0 - 25.0 2.5 - 225  andunzneudduuarliifudorioaty
17 50.0 - 25.0 5.0 - 200  anfungneudduuazuendudiula
AMUUUGY 1 .
18 50.0 25.0 - - 2.5 225  andunzneudduuarliifudoroaty
19 50.0 25.0 - - 5.0 200  anduszneudduduthmaduuasliifu
ey
20 50.0 - 25.0 - 2.5 225  andupzneuddunaslifudeweaiu
21 50.0 - 25.0 - 5.0 200 wonidutulasudnegs 0.5 e, fuuy

Wudansadna
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M1919 1.1.10 LAAIHAANBUENNNENNTBINITHERS AN TanansnIULuLilarududuiosas 70
1811 S3URU 2% HPMC ANS wag AN 15 Auudusaeay 7.5, 15 wag 30 Wngtivin way/use
Tween 80 Wag Span 80 AMMLUNTUTBEY 2.5, 5.0 Lay 6.0 lnauntin

anududuanduy Y%w/w Jufinwa
Rx Capsicum 20% 20% Tween 80 Span 80 Water ANWAUTNINIBAIN
HPMC HPMC
AN5 AN15

22 70.0 - - - - 30.0 wondupznoudduriiimasn

23 70.0 15.0 - - - 15.0 dhiileafuansatnnsnduile
LREnY

24 70.0 30.0 - - - 0.0 dhiuldAruansafnnsnduile
e

25 70.0 - 15.0 - - 15.0 dhiilAfuansatnnsnduile
WREIU wantlauinnia 24

26 70.0 - 30.0 - - 0.00 dhiuldruansatansniduie
WREIU wantlauinnia 24

27 70.0 - - 2.5 - 275 dhiilAfuansatnsnduile
et

28 70.0 - - 5.0 - 25.0 dhiuldafuansatansniduie
LRy

29 70.0 - - 6.0 - 24.0 dhiulgauansatansniduie
et

30 70.0 - - - 2.5 27.5 andunyneuddu

31 70.0 - - - 5.0 25.0 wonifiu 2 $u azneuddounitey
fuaersaenuaysuuududen
Janm

32 70.0 - - - 6.0 24.0 auilouasanausiludon Ly
iawenfufuansarin

33 70.0 15.0 - 2.5 - 125 Wasuailueenuas Wuiedeniu

34 70.0 15.0 - 5.0 - 10.0 Wasuailueenuas Wuiedeniu
uantlanan 33

35 70.0 - 15.0 2.5 - 12.5 weniduduladuansas 0.4 au.

36 70.0 - 15.0 5.0 - 10.0 weniduduladuanigs 0.5 vu.

37 70.0. 15.0 - - 2.5 12.5 dhuldsuansatnnsniduie
LReny

38 70.0 15.0 - - 5.0 10.0 dhiildAruansafnnsnduile
e

39 70.0 - 15.0 - 2.5 12.5 wenibudnladiuans g1 0.4 au.

40 70.0 - 15.0 - 5.0 10.0 wenibuduladiuans g1 0.4 au.

41 70.0 30.0 - - - - T fuioidensu nduviaugail

(40% PG) Aveimzneudduinseuvin feald

UAIADY Y WENTU
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M1919 1.1.11 UaAINaaN BN NNENMTBINERT M satansngULuuiilanududuiayay 20-
100 lpetniin waz Deep Eutectic Mixture (DEM) Augadusosas 0-80 lasuuiin

Rx aNudutuAndu Y%w/w Uuiinwa
A158NANIN DEM ANWUININIYAIN

a2 100.0 - ansarmdudedien athmad/en Aeudhmiiaus
Inalas Lifingnoau

a3 80.0 20.0 woneendiuduvesansaiagiuuuLas DEM duan
Forau Anugevesdnilaviniuuuie DEM fildas
Ao 1lua

a4 60.0 40.0 woneenutuvesansanafuuLLas DEM duans
Faau mnugevesdiulawiiiuuiuin DEM ldas
Ao 2w a

45 40.0 60.0 LL&’JﬂaaﬂLﬁu%’umaﬂmaaﬁ'@@huuuuag DEM #uang
Faau AnugevesdulawiiuUiunm DEM ldas
uAe 2lu 3

a6 20.0 80.0 woneenduduvesansaiagiuuuLas DEM duan

Foau Anuasvesdulawiiuuiunm DEM fldas
lUFia 31u g




AMANUIN 1.2
'H, *C-NMR, FT-IR uag Mass spectrum Ua9a15uanA e



1) m384 90% capsaicinoids ANE@SANANINAYITNITANKEN

n, N h, i
L _oH
g e c a H n
~
i 7Y% i Kk ©
0
M
H L OH
c S S A H\/@/N
! F D B J Kk ©
o)
.j}'J
k, K
[, L
m, M
/ e, f
CDCl3
N-H
|
o[~ - 0 N o
N ENEN o ~ o) S
ololo — — o~ ©
..... R i o o L SRR
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0

A 1.2.1 "H-NMR 983815 capsaicinoids >90% HPLC; (chloroform-d, 400 MHz)

¢d



x10 5 |-ESI Scan (6.512 min) Frag=100.0V 6-1.d

2.4+

229 [M+CLT HO

21 340.1627

/

1.6 [M_H]_

304.1867

081 [M+COOHT

0.6+ 350.1913
0.4

0.2+
378.9110 384.9295

292.1864 300.9048 310.?241 316.9440 328.1623 | 360.9053 37241I721

¢-d

200 205 300 305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390
Counts vs. Mass-to-Charge (m/z)

A 1.2.2 —ESI-MS m/z 983815 capsaicin Tua@1s capsaicinoids >90% HPLC



x10 5 |-ESI Scan (7.565 min) Frag=100.0V 6-1.d

[M+CLT

342.1782
2.2+ HO

ZT

6 [M-HT 0

1.4 306.2023

[M+COOHT

352.2068

0.8+

0.6+

0.4+

0.2

ol 293.1748 299.0794 , 316.9461 325.1783 330.9157 339.1961 367.0606 374':882

v-d

200 205 300 305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390
Counts vs. Mass-to-Charge (m/z)

A 1.2.3 —ESI-MS m/z 983613 dihydrocapsaicin Tua1s capsaicinoids >90% HPLC



2) W38y capsaicin THdANUARAAAS
2.1) Imamsﬂ%"uﬂq& capsaicin ﬁwmﬂuﬂﬁjm acetate carbamate phosphate proline wag glucose 71 hydroxyl group U84 aromatic moiety

Capzaicin-Ac in COCIS 0022016 (exp 4)
o q n, N
h, i
H, |
JJ
. [, L
, K
/ alg, A
m, M
‘// i b GD,E
’ d hi C
w N-H t * ' G ﬁF
i | | &

e i ] L -M‘*'H'»L&:—
= [ o | 0= [Eg — [ =t [y [} o = Onl — [ar]
S @ S & S S = S 6 & 5 = = & ¢ o=
— = — = — o o o [ ] — - — o = o2 o

. c ’ , , ;

7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)

AN 1.2.4 'H-NMR spectrum B4 acetyl capsaicin; (chloroform-d, 400 MHz)

G-g



x106 +ESI Scan (4.4-7.2 sec, 12 Scans) Frag=100.0V PK16001.d

o [M+K]T*
35 Y~ *386.1753
34 © [M+Na]*
¥ *370.2008
2.5 = OCH3
2 © [M+HT*
154 348.2185
1_
0.5-
. 336.2184 |‘|358.|2004 n ‘ |
T T T T T T T T T T T
300 310 320 330 340 350 360 370 380 390 400

Counts vs. Mass-to-Charge (m/z)

AN 1.2.5 Mass spectrum U84 acetyl capsaicin

9-d



2.1.1) m'iﬁ'ﬂmiwﬁauﬁuﬁmaﬂ glucose capsaicin

(CH3 x 4)
5
3 4
1 6a |6b
MJLWZA )
o e e - e
o ()] ~ ~ - T ()] o™
e o o S =™ i o
i o o i - N i o
T T T T T T T T T T T T T T T
0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

AN 1.2.6 'H-NMR spectrum 983a15uansiud tetraacetyl-o-D-glucose fluoride Tu chloroform-d

L9



H,0O

20160801.1.fid
G-CAP in MeOD 01/08/2016 (exp 1)

HO—_6'
42\ o
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A 1.2.7 'H-NMR spectrum ¥4 capsaicin-B-D-glucopyranoside



20160801.2.fid
13C G-CAP in MeOD 01/08/2016 (exp 2)

HO
(0]
OH H
N e
(e}
| o

LA L I I LA NN LA R DL LA R DL N I I R B L B

79.0 78.0 77.0 76.0 75.0 74.0 73.0 72.0 71.0 70.0
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T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

AN 1.2.8 °C-NMR spectrum 94 capsaicin-f-D-glucopyranoside
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1044

100+

95

90

85+
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704 O-H stretching )
N-H stretching
65
HO
1 o] -1
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551 N R
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1 o]
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4000 3500 3000 2500 2000 1500 1000 500400
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AN 1.2.9 FT-IR spectrum 83 capsaicin-f-D-glucopyranoside

01-9



x10 5 |+ESI Scan (0.077 min) Frag=100.0V CSC-Glupost 001.d
HOH,C

9.5 o

9 HO
o mo
] OH

7.5 H3CO
74 306.2070

Y
|

ZT

/

o

551 [M+Na]*

5+ 490.2418

1 200.1184
542.1827 565.3598

] 1821540 | 253.6075 294-?067| 338.3417 468'|2596. N

11-9

160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580
Counts vs. Mass-to-Charge (m/z)

AN 1.2.10 (+ESI) LC-MS-MS spectrum 2984 capsaicin-S-D-glucopyranoside



2.2) n13USuUss capsaicin liflanuAnanainien1sunuiingy methoxy Y84 aromatic moiety lagufii3en coupling reaction 521314 vanillylamine

derivatives iU medium chain fatty acid (MCFA) derivatives 1agld standard peptide coupling agent

Br

1
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A 1.2.28 'H-NMR spectrum 984 3,5-difluoro-4-hydroxybenzylamine hydrochloride Tu D,O
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AN 1.2.106 -ESI-MS scan mass spectrum U84 dihydrocapsaicin sulfate ester
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NANTSAATITAWIUSUUENS capsaicin wae dihydrocapsaicin
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1.3.1 M5AATIZARIUIUUETS capsaicin waz dihydrocapsaicin lTuansuansanansn

GUEITHY
>95%, Capsaicin (M2028) CAS Number 404-86-4 910 Capsicum sp. Fovnusom Sigma-Aldrich

~90%, Dihydrocapsaicin (M1022) CAS Number: 19408-84-5 %jamﬂﬁﬁw Sigma-Aldrich

M99 1.3.1 \Asesdlanaran e nlglun1siasien

HPLC Agilent 1260 Series HPLC

Reversed column VertiSep UPS C18 HPLC COLUMN, 4.6 x 250 mm, 5 um
Detector DAD detector at 280 nm reference off bandwidth 4 nm
Mobile phase A = 0.1% formic acid in water

B = acetonitrile

Elution Isocratic (50% A and 50% B)
Flow rate 1.2 ml/min
Injection volume 20 pl
Column temperature 25 °C
60 c
50 g 2
~ e g
% 40 o z;
o 0 5
g
8 20
o
34 10
<
0
40 O 5 10 15 20 25
Time (min)

AN 1.3.1 HPLC Immimumumnwmsummammgm capsaicin Wag dihydrocapsaicin
AAMUDUTU 100 pg/ml


https://www.sigmaaldrich.com/catalog/search?term=404-86-4&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=TH&focus=product
https://www.sigmaaldrich.com/catalog/search?term=19408-84-5&interface=CAS%20No.&lang=en&region=US&focus=product

C3

1. M5ANE method validation vesmadafildlunisiasey
1.1 NI5ATNNTINGINTFINYNTISUINIGIU capsaicin uae dihydrocapsaicin
N1SUENVBIAITUINTFIY capsaicin kaz dihydrocapsaicin Faududu 100 ug/ml Tneld
ANMEfne 1.3.1 wansdanin 1.3.1 3935nsneaesildleg dnarsaraeunnsgiu capsaicin kag
dihydrocapsaicin 71 5 szduanududu fie 5.0, 25.0, 50.0, 100.0 wag 200.0 pg/ml wuinan R? ldan
NIINUIRTFIUVDIANTUINTTIUUGRLIAUANIAININ 1.3.2

2000 (A) 2000 - (8)

1800 - 1800 -

1600 | 1600 -
2 1400 ’Q 1400 -
?é 1200 ‘Dé 1200 |
é 1000 - ;é 1000 -
i 800 y = 9.1487x - 3.2731 £ a0 | y = 8.9679x - 3.7171
w2 600 | R2 = 1.0000 %2 600 | R? = 1.0000

400 400

200 200

0 : 0
0 50 100 150 200 0 50 100 150 200
anududuvesansuauledu (pg/ml) mduduvosansialelasundledu (ug/ml)

AN 1.3.2 NIINNINTFIUVIENTNINTFIU capsaicin (A) way dihydrocapsaicin (B)
iAuNTU 5.0, 25.0, 50.0, 100.0 wag 200.0 pg/ml

310051 LIR5IUTIIAUNUTIAT RZ 910N INNIATFIUVOIAITUIATSIU capsaicin way
dihydrocapsaicin 31 1.0000 (unn31 0.995 Full) Faduaeeusuls
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1.2 71594797 limit of detection (LOD) ua¥ limit of quantification (LOQ)
ms‘maaumﬂ'ﬁmmLﬁﬁm%’uﬁmmﬁmmsﬂm’mwulﬁ (limit of detection; LOD) hagA31y
Lsuwuumawmmsﬂmﬂimmlm (limit of quantification; LOQ) ﬁmlmimmmi’] Ma'ﬁmmmu
capsaicin Wag dihydrocapsaicin W 2 wiln Aendudu 5 ug/ml 97U7uU 10 1 wudldnan1smeaaes
FIR139 1.3.2

A13519 1.3.2 A1 LOD way LOQ 9898151195514 capsaicin kag dihydrocapsaicin

5 4 ALY (ug/ml) ALY (ug/ml)
v capsaicin dihydrocapsaicin
1 5.19 5.03
2 5.22 5.04
3 5.12 5.02
a4 5.10 5.02
5 5.02 5.09
6 5.09 5.04
7 5.18 5.09
8 5.12 5.08
9 5.14 5.05
10 5.09 5.04
SD 0.06 0.03
LOD (3SD) 0.17 0.08
LOQ (10SD) 0.57 0.26

2INA1 1.3.2 WU LOD 483813 capsaicin tag dihydrocapsaicin 31 0.17 wag 0.08 pg/ml
waz LOQ &A1 0.57 uag 0.26 pg/ml AUaIAY

2. m'u?almwvmmﬂimmmi capsaicin ey dlhydrocapsalcm Tusheea

Faansavane capsicum lot no: 169/06 hanin 160 me arangiazUulsunsiu 50.0 ml fe
#158¥a18 95% LONIUDA NTBIENTATA18NIU syringe filter, nylon membrane 1A 0.45 pm U1 lUYi
NMTAATIEMUIUNIETS capsaicin Way dihydrocapsaicin sgtmatia HPLC

Fsansazanoiogng (mﬁmﬁm%msaﬁ’mw%gmwufﬂa) thwiin 100 mg avansuarUTuUTINMS
WU 25.0 ml swansazaty 95% Lonuea NT09E1TALANINIY syringe filter, nylon membrane Y11
0.45 um U lUviAslATIZRIIUIINU capsaicin Wag dihydrocapsaicin sewwailn HPLC
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A 1.3.3 HPLC Tasunlalnsunishenaedans capsaicin kag dihydrocapsaicin Tudagng
(A) = @13aza18 capsicum lot no: 169/06 (160 mg/50 mL)

(B) = ansavaneiavdisnsu Rx 29-A (iUl 30 ssrwadea) fivian 3 Weu (100 mg/25 mL)

(C) = ansaza1BLaindu Rx 42-A (Aiufl 30 earwaidea) faan 3 Weou (100 me/25 mL)

(D) = ansazaeavisnu Rx 29-B (fiufl 40 sarwaidea) fuan 3 Weou (100 me/25 mL)

(E) = ansazanelaviishdu Rx 42-B (Wiufl 40 esrwailes) a1 3 Wew (100 me/25 mL)
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A1519 1.3.3 NAN15ATIZIWIUSUENS capsaicin + dihydrocapsaicin Tuf7a819%it2a1 0 Lhau

ANLRABNAIINETT capsaicin . )
Code + dihydrocapsaicin Scoville Heat Units % Remaining n
(% weight/weight) (SHU)
Capsicum 5.44 (+0.013) 875,770 (+2,122) 100.00 (+0.242) 3
12-0-OM 2.90 (+0.027) 466,258 (+4,276) 53.24 (+0.488) 3
12-1-O0M 3.20 (x0.030) 515,348 (+4,909) 58.85 (+0.561) 3
Average 3.05 (£0.216) 490,803 (+£34,712) 56.04 (+3.964) 3
29-1A-0M 3.85 (+0.002) 620,029 (£292) 70.80 (+0.033) 3
29-2A-0M 3.89 (+0.019) 625,617 (£3,037) 71.44 (+0.347) 3
29-3A-0M 3.88 (+0.005) 624,212 (£749) 71.28 (+0.086) 3
Average 3.87 (£0.018) 623,286 (+£2,907) 71.17 (£0.332) 3
29-1B-OM 3.85 (+0.007) 619,406 (+1,189) 70.73 (+0.136) 3
29-2B-OM 3.89 (+0.015) 626,320 (+2,418) 71.52 (+0.276) 3
29-3B-OM 3.87 (+0.010) 623,084 (+1,629) 71.15 (+0.186) 3
Average 3.87 (£0.021) 622,937 (+3,459) 71.13 (£0.395) 3
42-1A-0M 5.50 (+0.008) 884,756 (+1,210) 101.03 (+0.138) 3
42-2A-0M 5.50 (+0.004) 885,663 (£710) 101.13 (+0.081) 3
42-3A-0M 5.48 (+0.005) 881,817 (x812) 100.69 (+0.093) 3
Average 5.49 (£0.012) 884,079 (+£2,010) 100.95 (+0.230) 3
42-1B-OM 5.47 (+0.003) 880,787 (£547) 100.57 (+0.062) 3
42-2B-0M 5.47 (+0.003) 881,157 (£510) 100.62 (+0.058) 3
42-3B-0M 5.49 (+0.013) 883,700 (£2,113) 100.91 (+0.241) 3
Average 5.48 (+0.010) 881,881 (+1,586) 100.70 (+0.181) 3
WU

VT’]ﬂ’]iLGUEJ"]ﬁ’ﬁaSaWEJ(;]J’JEJ‘EJ"]W!WU’JﬂlﬁLﬂULﬁ/@LaUUﬁuﬁQUH’ﬁ sampling Litevn153Aszeinn
U3u10ua13 capsaicin wag dihydrocapsaicin eniiuansazanasiegnauind 12-0 way 12-1 lalléiag
asazanslhluasaraneiieideaturounns sampling

Capsicurn Muan153msnzaifivaan To eu
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A1579 1.3.4 NAN15ATIZIWIUSUIENS capsaicin + dihydrocapsaicin Tufnag1fitaan 3 thau

ANLRABNAIINETT capsaicin ) )
Code + dihydrocapsaicin Scoville Heat Units % Remaining n
(% weight/weight) (SHU)
Capsicum 5.44 (+0.013) 875,770 (£2,122) 100.00 (+0.242) 3
29-1A-3M 3.84 (+0.012) 618,340 (+1,921) 70.61 (+0.219) 3
29-2A-3M 3.85 (+0.002) 620,125 (+254) 70.81 (+0.029) 3
29-3A-3M 3.83 (+0.007) 616,604 (+1,177) 70.41 (+0.134) 3
Average 3.84 (£0.011) 618,356 (+£1,761) 70.61 (£0.201) 3
29-1B-3M 3.79 (x0.008) 610,526 (+1,229) 69.71 (+0.140) 3
29-2B-3M 3.83 (x0.005) 617,180 (+866) 70.47 (+0.099) 3
29-3B-3M 3.81 (+0.002) 613,848 (+303) 70.09 (+0.035) 3
Average 3.81 (£0.021) 613,852 (+3,327) 70.09 (+0.380) 3
42-1A-3M 5.42 (+0.004) 873,417 (£623) 99.73 (+0.071) 3
42-2A-3M 5.43 (+0.005) 874,026 (+745) 99.80 (+0.085) 3
42-3A-3M 5.44 (+0.002) 875,550 (+290) 99.97 (+0.033) 3
Average 5.43 (£0.007) 874,331 (£1,099) 99.84 (+0.125) 3
42-1B-3M 5.41 (+0.035) 871,373 (£5,611) 99.50 (+0.641) 3
42-2B-3M 5.42 (+0.012) 872,666 (+1,861) 99.65 (+0.212) 3
42-3B-3M 5.41 (+0.006) 870,263 (+977) 99.37 (+0.112) 3
Average 5.41 (£0.007) 871,434 (+1,203) 99.50 (+0.137) 3
RAYLNA

nswetansazatemedamnuinbiduileweidiunouns sampling litevinsinsizsing
UUNans capsaicin kag dihydrocapsaicin
Capsicum TgnNan153ATIR981 TO 1hou

A1519 1.3.5 #an15aLasIEnIUSuIEns capsaicin + dihydrocapsaicin Tufaa819iitaan 6 hau

ANLRAENAIINETT capsaicin ) )
Code + dihydrocapsaicin Scoville Heat Units % Remaining n
(% weight/weight) (SHU)
Capsicum 5.44 (+0.013) 875,770 (£2,122) 100.00 (+0.242) 3
29-1A-6M 3.88 (+0.006) 624,112 (+1,015) 71.26 (+0.116) 3
29-2A-6M 3.89 (+0.007) 626,928 (+1,198) 71.59 (+0.137) 3
29-3A-6M 3.87 (+0.001) 623,284 (+152) 71.17 (0.017) 3
Average 3.88 (£0.012) 624,774 (£1,910) 71.34 (£0.218) 3
42-1A-6M 5.52 (+0.005) 888,562 (+870) 101.46 (+0.099) 3
42-2A-6M 5.49 (+0.007) 884,041 (+1,103) 100.94 (+0.126) 3
42-3A-6M 5.51 (+0.008) 886,438 (+1,337) 101.22 (+0.153) 3
Average 5.51 (£0.014) 886,347 (+2,262) 101.21 (+0.258) 3
‘Viil"lﬂL‘VW!

insgnasazatemagnamnuinliiduiedeadunounis sampling WieviN1531A3129n
UUNdans capsaicin kag dihydrocapsaicin
Capsicum TgNan153ATIREa1 TO 1hou
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A1519 1.3.6 NANT5LATIZRUSUENS capsaicin waz dihydrocapsaicin Tufaag1sfitian 0 tHau

¥ o . . S RRIGRE
Code HIMUNARBEN capsaicin dihydrocapsaicin capsaicin + dihydrocapsaicin
ey (mg) (mg) (mg) (% weight/weight)
Capsicum-2 157.2 4.48 4.05 8.53 543
Capsicum-3 162.1 4.64 4.17 8.81 5.44
Capsicum-4 161.9 4.66 a.17 8.83 5.45
12-0-0M-1 101.1 1.54 1.41 2.95 2.92
12-0-0M-2 101.2 1.52 1.38 2.90 2.87
12-0-O0M-4 101.6 1.55 1.40 2.95 2.90
12-1-0M-1 101.0 1.71 1.56 3.27 3.24
12-1-0M-2 101.9 1.70 1.55 3.25 3.19
12-1-0M-5 101.7 1.69 1.54 3.24 3.18
29-1A-0M-1 101.1 2.04 1.86 3.90 3.85
29-1A-0M-3 101.2 2.04 1.85 3.90 3.85
29-1A-0M-5 100.6 2.03 1.84 3.87 3.85
29-2A-0M-1 101.1 2.05 1.86 3.92 3.88
29-2A-0M-2 102.2 2.07 1.89 3.96 3.87
29-2A-0M-3 100.7 2.06 1.87 393 3.91
29-3A-0M-1 101.2 2.06 1.87 3.92 3.88
29-3A-0M-3 100.2 2.04 1.85 3.89 3.88
29-3A-0M-4 101.8 2.07 1.88 3.94 3.87
29-1B-0M-2 100.3 2.02 1.83 3.85 3.84
29-1B-0M-3 100.9 2.03 1.85 3.88 3.85
29-1B-0M-4 101.3 2.04 1.86 391 3.86
29-2B-0M-2 101.4 2.06 1.87 3.93 3.87
29-2B-0M-3 100.6 2.06 1.87 3.93 3.90
29-2B-0M-4 100.8 2.06 1.87 3.92 3.89
29-3B-0M-1 101.2 2.05 1.86 391 3.87
29-3B-0M-2 100.7 2.04 1.85 3.89 3.86
29-3B-0M-3 101.5 2.06 1.88 3.94 3.88
42-1A-0M-3 101.0 2.92 2.64 5.56 5.50
42-1A-0M-4 100.6 2.90 2.63 5.53 5.49
42-1A-0M-5 100.9 291 2.63 5.54 5.49
42-2A-0M-1 101.5 2.93 2.65 5.58 5.50
42-2A-0M-3 101.3 2.92 2.65 5.57 5.50
42-2A-0M-4 101.6 2.93 2.66 5.59 5.51
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A1519 1.3.6 NANN5ILATIZRUSUENS capsaicin waz dihydrocapsaicin Tufaag1sfitian 0 tHau

(si®)
¥ . . Ysuuans
Code HIMENATRE capsaicin dihydrocapsaicin capsaicin + dihydrocapsaicin
(mg) (mg) (mg) (mg) (% weight/weight)
42-3A-0M-2 101.0 2.90 2.63 5.53 5.48
42-3A-0M-3 101.3 291 2.64 5.55 5.48
42-3A-0M-5 101.3 291 2.64 5.54 5.47
42-1B-0M-1 101.2 2.90 2.63 5.53 5.47
42-1B-0M-2 100.8 2.89 2.62 5.52 5.47
42-1B-0M-5 101.4 291 2.64 5.55 5.47
42-2B-0M-1 100.8 2.89 2.62 5.51 5.47
42-2B-0M-4 100.8 2.89 2.62 5.52 5.47
42-2B-0M-5 100.9 2.90 2.63 5.52 5.48
42-3B-0M-2 101.1 2.90 2.63 5.53 5.47
42-3B-0M-3 100.9 291 2.64 5.54 5.49
42-3B-0M-4 100.6 2.90 2.63 5.53 5.50
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A1519 1.3.7 NAN153LAT1ZRUSUENS capsaicin waz dihydrocapsaicin Tufaag1sfitian 3 1oy

Y oo . J3ueuans
Code HIMENARBET capsaicin dihydrocapsaicin capsaicin + dihydrocapsaicin
e (mg) (mg) (mg) (% weight/weight)
29-1A-3M-1 99.9 2.00 1.82 3.82 3.83
29-1A-3M-3 101.6 2.05 1.86 3.91 3.85
29-1A-3M-4 101.4 2.05 1.85 3.90 3.85
29-2A-3M-1 100.2 2.03 1.84 3.86 3.85
29-2A-3M-2 101.5 2.05 1.85 3.91 3.85
29-2A-3M-4 100.1 2.03 1.83 3.86 3.85
29-3A-3M-3 100.8 2.02 1.83 3.85 3.82
29-3A-3M-4 101.2 2.04 1.84 3.88 3.84
29-3A-3M-5 100.0 2.01 1.82 3.83 3.83
29-1B-3M-3 101.5 2.02 1.83 3.85 3.79
29-1B-3M-4 100.6 2.00 1.81 3.81 3.78
29-1B-3M-5 101.2 2.02 1.83 3.84 3.80
29-2B-3M-2 101.3 2.04 1.84 3.88 3.83
29-2B-3M-3 100.7 2.03 1.83 3.86 3.83
29-2B-3M-4 101.3 2.04 1.85 3.89 3.84
29-3B-3M-1 101.5 2.03 1.84 3.87 3.81
29-3B-3M-2 100.7 2.02 1.82 3.84 3.81
29-3B-3M-5 100.0 2.01 1.81 3.81 3.81
42-1A-3M-2 100.8 2.87 2.59 5.47 5.42
42-1A-3M-3 101.0 2.88 2.60 5.48 5.43
42-1A-3M-5 100.7 2.87 2.59 5.46 5.42
42-2A-3M-1 100.4 2.86 2.59 5.45 5.43
42-2A-3M-2 100.5 2.86 2.60 5.46 5.43
42-2A-3M-4 100.2 2.86 2.58 5.44 5.43
42-3A-3M-2 100.6 2.87 2.60 5.47 5.44
42-3A-3M-4 100.1 2.86 2.58 5.44 5.44
42-3A-3M-5 100.5 2.87 2.60 5.47 5.44
42-1B-3M-1 100.0 2.83 2.56 5.39 5.39
42-1B-3M-2 100.9 2.86 2.58 5.44 5.40
42-1B-3M-3 100.4 2.88 2.60 5.47 5.45
42-2B-3M-2 100.8 2.87 2.59 5.47 5.42
42-2B-3M-4 101.2 2.89 2.61 5.50 5.43
42-2B-3M-5 100.4 2.85 2.58 5.43 5.41
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A1519 1.3.7 NAN153LAT1ZRUSUNENS capsaicin waz dihydrocapsaicin Tufaagnsfitian 3 1oy

(s1D)
¥ oo, Usuuans
UINRUNNIBYN
Code (o) capsaicin dihydrocapsaicin capsaicin + dihydrocapsaicin
m
s (mg) (mg) (mg) (% weight/weight)

42-3B-3M-2 101.4 2.88 2.60 5.48 5.41
42-3B-3M-3 100.3 2.85 2.58 543 5.41
42-3B-3M-4 101.1 2.86 2.59 5.46 5.40
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A1519 1.3.8 NAN153LAT1ZIRUSUNA capsaicin ag dihydrocapsaicin Tufaee199iia1 6 Loy

Y oo . J3ueuans
Code HIMENARBET capsaicin dihydrocapsaicin capsaicin + dihydrocapsaicin
e (mg) (mg) (mg) (% weight/weight)
29-1A-6M-2 100.7 2.04 1.87 3.91 3.88
29-1A-6M-3 100.9 2.04 1.87 3.91 3.87
29-1A-6M-5 100.4 2.03 1.86 3.89 3.87
29-2A-6M-1 100.1 2.03 1.86 3.89 3.89
29-2A-6M-3 100.3 2.04 1.87 3.91 3.90
29-2A-6M-5 100.4 2.04 1.87 3.91 3.89
29-3A-6M-3 100.5 2.03 1.86 3.89 3.87
29-3A-6M-4 100.4 2.03 1.86 3.89 3.87
29-3A-6M-5 100.5 2.03 1.86 3.89 3.87
42-1A-6M-3 100.3 2.90 2.63 5.53 5.51
42-1A-6M-4 100.4 2.90 2.64 5.54 5.52
42-1A-6M-5 100.9 2.92 2.66 5.57 5.52
42-2A-6M-3 100.3 2.88 2.63 5.51 5.50
42-2A-6M-4 100.2 2.87 2.63 5.50 5.49
42-2A-6M-5 100.1 2.88 2.61 5.49 5.48
42-3A-6M\M-1 100.6 2.90 2.64 5.54 5.51
42-3A-6M-2 100.3 2.89 2.63 5.51 5.50
42-3A-6M-4 100.0 2.89 2.63 5.51 5.51
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Abstract

In this investigation, capsaicin derivatives which containing indole or nitroindole in the tail region and a nitro group on the 4-
hydroxybenzyl residue at the head region, were designed to mimic the benzyl residue at the terminal part of the daphnane diterpenoid moiety
in resiniferatoxin (RTX). The novel capsaicin derivatives were readily synthesized using the peptide coupling reaction between heterocyclic
acetic acid derivatives and benzylamine derivatives with moderate yield. Furthermore, novel capsaicin derivatives were evaluated for their
ability to inhibit the production of tumor necrosis factor-alpha (TNF-aL), one of the pro-inflammatory cytokines, by lipopolysaccharides
(LPS)-stimulated human peripheral blood mononuclear cells (PBMCs) in which the transient receptor potential cation channel, subfamily
V, member 1 (TRPV1) channel is present. It was found that capsaicin derivatives containing nitroindole in the tail region and a nitro group
on the 4-hydroxybenzyl residue at the head region exhibited the highest activity for inhibition of TNF-Ql production, in comparison with

capsaicin, giving reductions from 47.65%-51.95% and basis for this significant enhancement of the anti-inflammatory activity could

potentially originate from the promotion of binding with TRPV1 on PBMCs through TU- TU stacking interactions provided from the

nitrobenzylic and nitroindole residues at both ends.

Keywords: Capsaicin, TNF-o, TRPV1, anti-inflammatory activity

Introduction
Capsaicin, an abundant active compound found in chilis, was first isolated in 1876 by Thresh et. al. (Thresh,

1876) and its structure was determined in 1919 by Nelson et. al. (Nelson., 1919). The hot and pungent properties
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are the prominent characteristic of capsaicin and generally cause irritation and burning sensation of the exposed area.
However, capsaicin remarkably possessed various interesting medical applications. For example, alleviation of
neuropathic pain (Maihofner & Heskamp, 2013) (Anand & Bley, 2011), utilization as antitumor agent (Sharma et
al., 2013), lowering the risk of degenerative diseases and obesity (Leung, 2014 ), treatment for cardiovascular and
gastrointestinal diseases (Sharma et al., 2013). Additionally, capsaicin has received much attention especially for
analgesic and inflammation treatment ( Kim & Lee, 2014; Devesa et al., 2011; Kim et al., 2003; Winter et al.,
1995), which involves the interaction between capsaicin and the transient receptor potential cation channel, subfamily
V, member 1 (TRPV1)(Tsuji & Aono, 2012).

TPRV1, the protein found in humans and mammals, is a lipophilic tetramer. Each monomer protein is made
from six transmembrane domains where domains S1, S2, S3, and S4 from the four monomer proteins are arranged in
four-folded symmetrical structure around ion-permeable channel. Furthermore, the S4-S5 linker located between
domains S4 and S5 acts as the allosteric regulator of channel gating. Finally, domains S5 and S6 together with their
linker, which forms the selectivity filter in other ion channels, form the ion channel and are involved in its functioning
(Figure 1). This receptor, which acts as nociceptor and non- selective cation channel, can be activated by capsaicin,

heat (43 'C), and acid (protons).

XI[9Y 2104

S4-85
linker

Figure 1 Representation of TRPV1 subunit structure, a lipophilic monomer, composed of S1 to S4 domain, S4-S5 linker and S5-pore-

S6 domain. (Liao et al., 2013)

In 2013, the 3D-structure of ratTRPV1 (rTRPV1), which shares 85.7% similarity with humanTRPV1
(hTRPV1), was initially revealed using cryo-EM technique to observe the rTRPV1 structure with 3.4 A resolution.
This study has visualized important information about the interactions inside the rTRPV1 structure. For example, the
S3 and S4 domains contain clusters of tyrosine and phenylalanine residues causing the S1-S4 domains to become
relatively rigid, and leading to their conformation being unchanged during the channel activation (Liao et al., 2013).

Even though the cryo-EM of rTRPV1 provided significant amount of detail for de novo atomic model construction, it
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still could not provide accurate information of the specific ligand-rTRPV1 interactions due to scattering around small

ligands such as capsaicin or resiniferatoxin (RTX)(Figure 2).

OCHj
HO.

o
H
3CO N =
H
HO

Capsaicin

Resiniferatoxin (RTX)

Figure 2 Chemical structures of vanilloid-containing compounds of natural origin capsaicin from; capsaicin and resiniferatoxin

Using combined structural computational approaches and functional analyses of cryo-EM data to rectify the
ambiguous information, it was revealed that the vanillyl group of bound ligands (e.g. capsaicin, resiniferatoxin) is
pointed downward towards the glutamic acid (E571) of the S4-S5 linker and is involved in hydrogen bonding with
the protein (Yang et al., 2015). Furthermore, the amide bond showed a strong interaction with threonine (T511) and
this was identified as the main contribution to capsaicin-rTRPV1 binding during the activation stage. Moreover, the
long hydrocarbon (HC) chain was pointed upward establishing non-specific Van der Waal interactions. Interestingly,
the HC chain of capsaicin was the first part that came in contact with rTRPV1 during the activation process before the
amide bond and vanillyl residue forming the hydrogen bonding with rTRPV1 (Yang et al., 2015). The activation
mechanism of rTRPV1 by capsaicin was proposed to involve dual hydrogen bonding formations. Once the hydrogen
bonding between threonine (T511) and the amide bond of capsaicin is established, the hydroxyl group of vanillyl
residue subsequently forms hydrogen bonding with glutamic acid (E571), which causes the S6 domain to move away
from the S5 domain causing the ion-permeable gate to be opened.

By employing the interpolated elastic network modeling (G(ENM), the authors found out that the phenylalanine
(F544) is the residue juxtaposed to the terminal part of the long HC chain of capsaicin. Additionally, it was mentioned
that the sterically demanding daphnane diterpenoid at the terminal part of RTX significantly assisted its tight-binding
during the gate opening. (Yang et al., 2015) Therefore, it was envisaged that the manipulation of the terminal region
of the HC chain in capsaicin should confer improved binding interaction with TRPV1 and consequently enhancement
of biological activities in areas such as anti-pain and anti-inflammatory.

In this work, we proposed the synthesis of novel capsaicin derivatives by installation indole and nitroindole
moieties in the tail part of the HC chain. The effect of the length (4 or 5 atoms) between the amide bond and the

heterocyclic residues was also to be investigated. The novel capsaicin derivatives were then to be evaluated for their
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anti-inflammatory activities using a TNF-QL production assay, which can be considered and indirect but simple and
quick method for preliminary screening to provide the evidence of TRPV1 interaction for potential novel ligands.
Methods and Materials

Materials and Apparatus

All reagents were analytical grade with > 979% purity and used without purification unless otherwise mentioned.
For the syntheses, the following compounds were used: 4 -hydroxybenzaldehyde, hydroxylamine hydrochloride, indole,
5-nitroindole, ethyl 5-bromovalerate, and ethyl 6-bromohexanoate (Sigma-Aldrich, Missouri, United States); 10%
Palladium on activated carbon and 1-hydroxy benzotriazole (HOBt) (Acros organic, Geel, Belgium); N-(3-
Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDC.HC1) (GL Biochem, Shanghai, China). For anti-
inflammatory assay, the following compounds and materials were used: lipopolysaccharides from Escherichia coli
(Sigma-Aldrich, Missouri, United States), RPMI 1640 without L-glutamine, trypan blue, fetal bovine serum (FBS)
(Thermo Fisher Scientific, Massachusetts, United States); Lymphoprep, penicillin streptomycin (pen strep), and
phosphate buffer saline (PBS) (Biotech and Scientific, Bangkok, Thailand); The human TNF-. Elisa kit (Advanced
Medical Science, Bangkok, Thailand). 'H NMR and '°C NMR spectra were recorded on a Bruker NMR
spectrometer operating at 400 MHz for "H NMR and 100 MHz for °C NMR in appropriate deuterated solvents.
Chemical shifts (0) were reported in part per million (ppm) relative to either tetramethylsiline (TMS) or the residual
protonated solvent signal as a reference. Coupling constants (J) were reported in hertz (Hz). Peak multiplicities were
reported in singlet (s), doublet (d), triplet (t), multiplet (m), doublet of doublets (dd) and triplet of doublets (td).
FT-IR spectra were recorded on a Perkin-Elmer Model 1600 Series FT-IR spectrometer in the wavenumber range of
4000-400 cm'. Mass spectra were measured in positive ion mode with a static accelerating voltage of +20 kV on a
Bruker Daltonics Microflex microTOF mass spectrometer using sodium formate for calibration.
Experiment

1. Synthesis of benzylamine derivatives 3 and 6

1.1 Synthesis of 4-hydroxy-3-methoxybenzylamine hydrochloride (3)

The mixture of vanillin (1) (1.00 eq.), hydroxylamine hydrochloride (1.20 eq.), and sodium acetate (1.20
eq.) were dissolved in water and stirred at 80 Cto produce oxime 2. After that, the oxime 2 (1.00 eq.) was reduced
using 109% palladium on carbon (400 mg) in ethanolic hydrochloride solution. The reaction mixture was filtered, dried

under reduced pressure to obtain 3 in 91% yield. R; = 0.31 (25% MeOH:CH,Cl,); melting point (mp): 225-226
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‘C; 'H NMR (400 MHz, DMSO-d,) & 9.21 (s, 1H), 8.44 (s, 3H), 7.19 (d, J = 2.0 Hz, 1H), 6.86 (dd, J, =
8.1, J, = 2.0 Hz, 1H), 6.79 (d, J = 8.1 Hz, 1H), 3.86 (s, 2H), 3.77 (s, 3H); ’C NMR (100 MHz, DMSO-d,)
5147.5,146.8,124.6,121.7,115.3,113.9, 55.7, 41.9; FT-IR (ATR) cm ; 3163 (N-H stretching) and 1611
(N-H bending)

1.2 Synthesis of 4-hydroxy-3-nitrobenzylamine hydrochloride (6)

4-hydroxybenzaldehyde (4) (1.00 eq.) was dissolved in sulfuric acid and cooled in an ice bath. The mixture
of ice-cold nitrating agent (Icke et al., 2003) 0.43 mL was slowly added. After that, the reaction mixture was stirred
at room temperature. The mixture was poured into ice and stirred until yellow solid was precipitated out, then filtered,
washed, and then crystallized from ethanol to obtain 5. Next, compound 5 (1.00 eq.) and ammonium formate (5.00
eq.) were mixed and refluxed at 190 “C. After that, the mixture was cooled and 37% HCIl (2.00 mL) was added and
further refluxed at 100 C. The crude 6 was slowly precipitated out, filtered, washed and recrystallized with absolute
ethanol to give pure 6 as light yellow crystal in 649% yield. R, = 0.44 (25% MeOH/CH,Cl,); mp: 265-266 C;'H
NMR (400 MHz, D,0) 8 8.25 (d, J = 2.3 Hz, 1H), 7.74 (dd, J, = 8.7, J, = 2.3 Hz, 1H), 7.26 (d, J = 8.7 Hz,
1H), 4.23 (s, 2H); '°C NMR (100 MHz, D,0) O 153.8, 138.0, 127.4, 126.3, 125.1, 120.7, 42.0; FT-IR
(ATR) cm™': 3281 (N-H stretching), 1631 (N-H bending), 1534 and 1332 (NO,, stretching); HRMS : calcd. for
C,H,N,O, : m/z 169.0608, found m/z 169.0605 [M]"

2. Synthesis of indole and 5-nitroindole acetic acid derivative 11-14

Indole derivatives 7 or 8 (1.00 eq.) were reacted with NaH (3.00 eq.) in anh. DMF and stirred at room
temperature. The mixture was cooled to O 'C and esters 9 or 10 (1.20 eq.) were added. The reaction mixture was
stirred at 0 'C and then at room temperature. The reaction mixture was hydrolyzed with 4M KOH and adjusted to pH
2 with 1M HCI to obtain crude product. The compounds 11-14 were subjected to column chromatography.

Compound 11 brown oil (34 %); R, = 0.44 (50% EtOAc/Hexane); 'H NMR (400 MHz, DMSO-d,) O
12.02 (s, 1H), 7.54 (d, J = 8.0 Hz, 1H), 7.46 (d, J, = 8.3 Hz, 1H), 7.35 (d, J = 3.2 Hz, 1H), 7.12 (1d, J, =
7.7,J, = 1.0 Hz, 1H), 7.01 (td, J, = 7.5, J, = 1.0 Hz, 1H), 6.42 (dd, J, = 3.0, J, = 0.9 Hz, 1H), 4.17 (t, J =
7.0 Hz, 2H), 2.23 (t, J = 7.4 Hz, 2H), 1.82 — 1.70 (m, 2H), 1.52-1.40 (m, 2H); **C NMR (100 MHz, DMSO-
d;) 8174.2,135.6,128.5, 128.1, 120.9, 120.4, 118.8, 109.7, 100.4, 45.1, 33.2, 29.3, 21.9; FT-IR (ATR)

cm™'; 1699 (C=O0 stretching), 1312 (C-O stretching)
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Compound 12 brown oil (66 %); R, = 0.25 (25% EtOAc/Hexane); '"H NMR (400 MHz, DMSO-d,) O
12.00 (s, 1H), 7.53 (d, J = 8.0 Hz, 1H), 7.44 (d, J = 8.1 Hz, 1H), 7.34 (d, J = 3.1 Hz, 1H), 7.12 (d, J, =
7.5,J,=1.0 Hz, 1H), 7.00 (td, J, = 7.4, J, = 1.0 Hz, 1H), 6.41 (dd, J, = 3.0, J, = 0.8 Hz, 1H), 4.14 (1, J =
7.1 Hz, 2H), 2.17 (1, J = 7.3 Hz, 2H), 1.80 — 1.68 (m, 2H), 1.58 — 1.45 (m, 2H), 1.31 — 1.17 (m, 2H); '°C
NMR (100 MHz, DMSO-d,) & 174.3, 135.6, 128.5, 128.1, 120.9, 120.4, 118.7, 109.7, 100.3, 45.3, 33.6,
29.6, 25.8, 24.1; FT-IR (ATR) cm™'; 1700 (C=O stretching), 1312 (C-O stretching)

Compound 13 yellow solid (96%); R; = 0.56 (10% MeOH/CH,CL,); mp: 142-143 'C; 'H NMR (400
MHz, CDCL,) & 8.58 (d, J = 2.2 Hz, 1H), 8.11 (dd, J, = 9.1, J, =2.3 Hz, 1H), 7.34 (d, J = 9.0 Hz, 1H), 7.24
(d, J = 3.2 Hz, 1H), 6.68 (d, J, = 3.2 Hz, 1H), 4.20 (t, J = 7.0 Hz, 2H), 2.38 (t, J = 7.2 Hz, 2H), 1.99 -
1.86 (m, 2H), 1.70 - 1.59 (m, 2H); '°C NMR (100 MHz, CDCl,) & 178.0, 141.8, 138.9, 131.0, 127.9,
118.5, 117.4, 109.3, 104.3, 46.7, 33.3, 29.6, 22.1; FT-IR (ATR) Cm_l; 1698 (C=0 stretching), 1503 and
1329 (NO, stretching)

Compound 14 yellow solid (94%); R, = 0.56 (12.5% MeOH/CH,Cl,); mp: 130-132 'C; '"H NMR (400
MHz, CDCl,) 0 8.58 (d, J = 2.3 Hz, 1H), 8.11 (dd, J, = 9.1, J, =2.2 Hz, 1H), 7.34 (d, J = 9.1 Hz, 1H), 7.24
(t,J = 3.3 Hz, 1H), 6.68 (d, J = 3.2 Hz, 1H), 4.18 (t, J = 7.0 Hz, 2H), 2.35 (t, J = 7.3 Hz, 2H), 1.95 — 1.85
(m, 2H), 1.74 - 1.61 (m, 2H), 1.44 — 1.31 (m, 2H); °C NMR (100 MHz, CDCl,) & 178.6, 141.7, 138.9,
131.0, 127.9, 118.4, 117.4, 109.3, 104.2, 46.7, 33.6, 30.0, 26.4, 24.2; FT-IR (ATR) cm; 1699 (C=0
stretching), 1506 and 1320 (NO, stretching)

3. Synthesis of capsaicin derivatives 15-20

Compounds 11-14 (1.00 eq.) were dissolved in anh. DMF and then cooled to 0 °C with ice bath. EDC.HCI
(1.20 eq.) and HOBt (1.20 eq.) were added and the mixtures were stirred at O °C. and then at room temperature.
After that, the mixture of 3 or 6 (1.20 eq.) and triethylamine (3.00 eq.) was added, and the solution was at room
temperature. Next, the reaction mixture was diluted with brine, extracted with ethyl acetate. The organic layer was
washed with a citric acid solution (10% w/v), 0.5 M NaHCO, and dried over anh. sodium sulfate. The solution was
then concentrated to obtain crude products. The desired capsaicin derivatives 15-20 were purified by column
chromatography.

Compound 15 white solid (45%), R, = 0.25 (50%EtOAc:Hexane); mp: 122-123 'C; "H NMR (400 MHz,

CD,OD) & 7.52 (d, J = 7.9 Hz, 1H), 7.35 (d, J = 8.3 Hz, 1H), 7.14 (d, J = 3.1 Hz, 1H), 7.11 («d, J, = 7.7, J,
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= 1.0 Hz, 1H), 7.00 (td, J, = 7.5, J, = 1.0 Hz, 1H), 6.80 (d, J = 1.9 Hz, 1H), 6.73-6.66 (m, 2H), 6.40 (dd,
J,=17.6,1,=0.9 Hz, 1H), 4.22 (s, 2H), 4.16 (1, J = 7.0 Hz, 2H), 3.73 (s, 3H), 2.22 (t, J = 7.3 Hz, 2H),
1.89 - 1.77 (m, 2H), 1.68 - 1.55 (m, 2H); '°C NMR (100 MHz, CD,0D) & 175.5, 149.0, 146.8, 137.4,
131.5, 130.1, 128.9, 122.2, 121.6, 121.4, 120.0, 116.1, 112.5, 110.4, 101.8, 56.3, 46.7, 44.0, 36.6,
30.9, 24.4; FT-IR (ATR) cm™'; 3278 (N-H stretching), 1645 (C=0 stretching), 1622 (N-H bending), 1241
and 1118 (C-O stretching); HRMS : caled. for C,,H,,N,O,Na : m/z 375.1678, found m/z 375.1679 [M+Na]"

Compound 16 white solid (41%); R, = 0.26 (2% MeOH:CH,C1,); mp: 105-106 C; "H NMR (400 MHz,
CD,0D) 8 7.52 (d, J = 7.9 Hz, 1H), 7.34 (d, J = 8.3 Hz, 1H), 7.15 (d, J = 3.2 Hz, 1H), 7.11 (td, J, = 7.6, J,
= 1.0 Hz, 1H), 6.99 (J, = 7.6, J, = 0.9 Hz, 1H), 6.84 (d, J = 1.9 Hz, 1H), 6.76-6.67 (m, 2H), 6.39 (d, J =
3.8 Hz, 1H), 4.22 (s, 2H), 4.14 (t, J = 6.9 Hz, 2H), 3.81 (s, 3H), 2.17 (t, J = 7.4 Hz, 2H), 1.87 - 1.78 (m,
2H), 1.68 — 1.57 (m, 2H), 1.35 — 1.22 (m, 2H); °C NMR (100 MHz, CD,OD) & 175.7, 149.0, 146.9,
137.5, 131.5, 130.1, 129.0, 122.2, 121.6, 121.5, 120.0, 116.1, 112.6, 110.4, 101.7, 56.4, 46.8, 44.0,
36.9, 31.0, 27.4, 26.6; FT-IR (ATR) cm'; 3316 (N-H stretching), 1651 (C=O stretching), 1626 (N-H
bending), 1239 and 1121 (C-O stretching); HRMS : caled. for C,,H, ,N,O,Na: m/z 389.1844, found m/z
389.1836 [M+Na]"

Compound 17 yellow solid (73%); R, = 0.48 (100% EtOAc); mp: 134-135 C; '"H NMR (400 MHz,
CD,OD) & 8.53 (d, J = 2.2 Hz, 1H), 8.04 (dd, J, = 9.1, J, = 2.2 Hz, 1H), 7.50 (d, J = 9.1 Hz, 1H), 7.40 (d,
J = 3.2 Hz, 1H), 6.82 (d, J = 1.7 Hz, 1H), 6.74 — 6.64 (m, 3H), 4.28 — 4.20 (m, 4H), 3.75 (s, 3H), 2.24
(t, J = 7.3 Hz, 2H), 1.91 — 1.79 (m, 2H), 1.69 - 1.56 (m, 2H); ">C NMR (100 MHz, CD,0D) & 175.3,
149.0, 146.9, 142.6, 140.3, 132.8, 131.5, 129.2, 121.5, 118.7, 117.7, 116.1, 112.5, 110.7, 104.7, 56.3,
47.2, 44.0, 36.4, 30.8, 24.2; FT-IR (ATR) cm '; 3273 (N-H stretching), 1646 (C=0 stretching), 1623 (N-H
bending), 1509 and 1328 (NO, stretching), 1282 (C-O stretching); HRMS : caled. for C,;H,,N,O.Na: m/z
420.1539, found m/z 420.1530, [M+Na]”

Compound 18 yellow solid (72%); R, = 0.46 (100% EtOAc); mp: 115-116 'C; '"H NMR (400 MHz,
CD,OD) & 8.52 (d, J = 2.2 Hz, 1H), 8.04 (dd, J, = 9.1, J, = 2.3 Hz, 1H), 7.48 (d, J = 9.1 Hz, 1H), 7.40 (d,
J = 3.2 Hz, 1H), 6.84 (d, J = 1.8 Hz, 1H), 6.75-6.67 (m, 3H), 4.23 - 4.18 (m, 4H), 3.80 (s, 3H), 2.18 (t,
J = 1.3 Hz, 2H), 1.90 — 1.78 (m, 2H), 1.71 - 1.58 (m, 2H), 1.35 — 1.21 (m, 2H); '°C NMR (100 MHz,

CD,OD) & 175.6, 149.0, 146.8, 142.6, 140.3, 132.8, 131.5, 129.2, 121.5, 118.7, 117.7, 116.1, 112.6,
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110.7, 104.7, 56.4, 47.3, 44.0, 36.8, 31.0, 27.3, 26.5; FT-IR (ATR) cm'; 3277 (N-H stretching), 1634
(C=0 stretching), 1611 (N-H bending), 1507 and 1336 (NO, stretching), 1272 (C-O stretching); HRMS : calcd.
for C,,H,,N,O,Na: m/z 434.1683, found m/z 434.1686, [M+Na]" Compound 19 yellow solid (35%); R, =
0.43 (100% EtOAc); mp: 139-140 'C; 'H NMR (400 MHz, CD,COCD,) & 8.56 (d, J = 2.3 Hz, 1H), 8.04 (dd,
J,=9.1,J, = 2.3 Hz, 1H), 7.99 (d, J = 2.2 Hz, 1H), 7.63 (d, J = 9.1 Hz, 1H), 7.60 (dd, J, = 8.6, J, =2.2 Hz,
1H), 7.56 (d, J = 3.2 Hz, 1H), 7.10 (d, J = 8.6 Hz, 1H), 6.75 (d, J = 2.5 Hz, 1H), 4.39-4.31 (m, 4H), 2.29
(t, J = 7.3 Hz, 2H), 1.99 — 1.84 (m, 2H), 1.72 - 1.60 (m, 2H); °C NMR (100 MHz, CD,COCD,) & 172.9,
154.2,142.2, 139.8, 137.7, 133.3, 132.8, 128.7, 124.2, 120.6, 118.4, 117.2, 110.7, 104.4, 100.8, 47.0,

1

42.2, 385.9, 30.5, 23.6; FT-IR (ATR) cm ; 3302 (N-H stretching), 3036 (N-H stretching), 1641 (C=0
stretching), 1629 (N-H bending), 1536 and 1330 (NO, stretching), 1261 (C-O stretching); HRMS : calcd. for
C,,H,,N,O,Na: m/z 435.1277, found m/z 435.1275, [M+Na]"

Compound 20 yellow solid (35%); R, = 0.46 (100% EtOAc); mp: 124-125 C; '"H NMR (400 MHz,
CD,COCD,) & 8.56 (d, J = 2.2 Hz, 1H), 8.04 (dd, J, = 9.1, J, = 2.3 Hz, 1H), 7.99 (d, J = 2.2 Hz, 1H), 7.64
(d, J = 9.1 Hz, 1H), 7.60 (dd, J, =8.6,J,=2.3 Hz, 1H), 7.56 (d, J = 3.2 Hz, 1H), 7.12 (d, J = 8.6 Hz, 1H),
6.74 (d, J = 3.1 Hz, 1H), 4.37 (d, J = 6.1 Hz, 2H), 4.32 (t, J = 7.2 Hz, 2H), 2.22 (1, J = 7.3 Hz, 2H), 1.94
- 1.83 (m, 2H), 1.74 - 1.61 (m, 2H), 1.37 — 1.33 (m, 2H); '*C NMR (100 MHz, CD,COCD,) & 173.1,
154.2,142.1, 139.8, 137.7, 133.4, 132.8, 128.7, 124.1, 120.6, 118.4, 117.2, 110.7, 104.4, 100.8, 47.1,
42.1, 36.3, 30.7, 27.0, 25.8; FT-IR (ATR) cm '; 3262 (N-H stretching), 3099 (N-H stretching), 1640 (C=0

stretching), 1629 (N-H bending), 1532 and 1325 (NO, stretching), 1251 (C-O stretching); HRMS : calcd. for

C,,H,,N,O,Na: m/z 449.1435, found m/z 449.1432, [M+Na]"



R NN
N
o
HO
Head zone Middle zone  Tail zone
(@ OCHs OCHg OCH;
HO. NH,OH.HCI HO\©V Hy, 10% Pd/C HO
e -, .
\©YO NaOAc / water /N\OH EtOH / HCl NH* HCI
H 80 °C It
(1) (2) (3)91%
(b) NO, NO,
HO. HO HO
o HNO3 o  Ammonium formate \©\/NH2' el
H H2S0,4 H 190 °C
(4) (5) (6) 64%

R
© J R Q 1) NaH/DMF 4
+ B’MJ\ — N
“ '\ OEt
N 2) 4M KOH / 1M HCI (L’W(OH
n

o
(MR=-H (9 n=4 (1) R="-H, 34%
(8) R =-NO, (10)n=5 (12)R=-H, 66%
(13)R=-NO,, n=4, 96%
(14)R=-NO, n=5, 94%

=4,
=5,

n
n

Ry

HO.
H
n

(d) R NN
HO 2
\©\/ (/\/©/ HOBt, EDC.HCI °
NH," HCI  + N > ;
(Lk\(OH TEA, DMF
n R2

O

(3) Ry =-OCHj, (1) Ry=-H, n=4 (15) Ry =-OCHs, Rp=-H,  n=4, 45%
(6) Ry =-NO, (12) R;=-H, n=5 (16) Ry =-OCHs, Rp=-H,  n=5, 41%
(13) R;=-NO,, n=4 (17) Ry =-OCHs, Rp=-NO, n=4, 73%

(14) Ry=-NO,, n=5 (18) Ry =-OCHs, Rp=-NO, n=5, 72%

(19) Ry=-NO,, R,=-NO, n=4, 35%

(20) Ry=-NO,, R;=-NO, n=5, 35%

Scheme 1 Overview of the syntheses of capsaicin derivatives 15-20 divided into three steps: i) preparation of benzylamine derivatives
(a) and (b) ii) construction of indole and 5-nitroindole acetic acid derivatives (c) iii) formation of capsaicin derivatives via peptide
coupling reagents (d)
Biological activity

1. Peripheral blood mononuclear cells (PBMCs) procedure

Buffy coats were diluted with phosphate buffer saline (PBS) and gently mixed to give homogeneous buffy coat
solution. After that, the buffy coats solution ( 30 mL) was gently added on the top layer of lymphoprep (15 mL)
solution without spreading of blood. The mixture was then centrifuged at 800 x g with no break at approximately 20
Cina swing-out rotor. After centrifugation, the PBMCs were removed from the mixture, washed with PBS, then
centrifuged at 600 x g with break at approximately 5 Cin swing-out rotor. Finally, the PBMCs were washed with
PBS and centrifuged at 200 x g with break at approximately 5 Cin swing-out rotor to give the desired PBMCs.

2. Effect of capsaicin and capsaicin derivatives on cell viability

PBMCs in RPMI solution were added into 96-well plate at a concentration of 1x10° cell/well. The volume in
each well was 100 pL. Capsaicin and capsaicin derivatives in RPMI containing 1 %PEG (100 pL) were added to

achieve concentrations of 10, 100 and 200 pM and plates were incubated for 18 and 24 hours. After that, PBMCs
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suspension was mixed with trypan blue and then visually examined via microscope. A viable cell was a clear cytoplasm
whereas a nonviable cell was a blue cytoplasm.

3. Effect of capsaicin and capsaicin derivatives 15-20 TNF-O production by LPS-stimulated PBMCs
(modification of protocol from Hougee et al. (Hougee et al., 2005))

3.1 Sample preparation

PBMCs in RPMI solution were added into 96-well microplate at 1x1 0° cells/well in 100 pL of media. After
that, a mixture of 20 pM of compounds 15-20 in 1% of PEG/RPMI (50 uL) and 100 nM of LPS in RPMI (50
uL) was added to the test wells. The plates containing the cell suspension were incubated for 16 hours in 5% CO, at
37 °C. After that, the culture supernatant was collected.

3.2. Human TNF-Q assay procedure

The concentration of TNF-OU in culture supernatants was assessed by enzyme-linked immune sorbent assay
(ELISA). The assays were conducted utilizing the LEGEND MAX™ Human TNF-0. ELISA Kit with pre-coated
plates according to the manufacturer instructions. The supernatant solution was thawed, diluted properly in assay diluents
and assayed for TNF-QU concentration with duplicate run. The absorbance of each well was read at 450 nm on a
microplate reader (PerkinElmer Life Sciences, Downers Grove, IL, USA). TNF-0. was measured from standard curve
using Synergy H1 Hybrid Reader (Bio-Tek) and relative inhibition (%) was calculated as shown in the equation below:

Relative inhibition increase (%) = (Average conc. of TNF-(QL of capsaicin — Average conc. of TNF-QL of sample)x100

Average conc. of TNF-Ql of capsaicin

Results

In this investigation, the studied capsaicin derivatives 15-20 were inspired by mimicking the benzyl group of
the daphnane diterpenoid found in the terminal region of RTX, which might assist its extraordinary potency against
TRPV1 that was almost 6 orders of magnitudes greater than that of capsaicin. Moreover, the position of phenylalanine
(F544) located close to HC chain of capsaicin, as described the study by Yang et. al (Yang et al., 2015), could be
an interesting residue for the introduction of additional interactions. This led us to modify the HC chain of capsaicin by
placing either an indole or a nitroindole residue at its tail part and placing either vanillyl or 4-hydroxy-3-nitrobenzyl
residues at the head part (Scheme 1). Additionally, the length of the linker in the novel capsaicin derivatives was varied
to contain 4 or 5 atoms in order to observe the effect on the interaction of the potential ligands in the focus area of

TRPV1.
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Synthesis Part
Synthesis of benzylamine derivatives 3 and 6

Compound 3 was easily prepared via oximination and hydrogenation. Hydrogen gas was used at atmospheric
pressure to avoid over reduction of the aromatic residue. This reaction gave benzylamine 3 in high yield (919%). Next,
compound 6 was synthesized via nitration and reductive amination. Leuckart reaction (Crossley & Moore, 1944) for
chemoselective reduction to give the desired amine 6 in moderate yield (64%).
Synthesis of indole and 5-nitroindole acetic acid derivatives 11-14

Indole derivatives 11 and 12 and 5-nitroindole derivatives 13 and 14 alkylated on the nitrogen atom with
carboxy terminated alkyl chains were prepared via N-alkylation reaction (Fan et al., 1998) of indole (7) with
brominated alkyl ethyl esters 9 and 10 to obtain carboxylic acids 11 and 12, respectively in moderate yield (34-
66% ). Carboxylic acids 13 and 14 were obtained in high yield (94-96%) by reacting 5-nitroidole (8) with similar
reaction and reagents as those used in the synthesis of 11 and 12.
Synthesis of capsaicin derivatives 15-20

Capsaicin derivatives 15-18 were readily prepared by reaction between carboxylic acids 11-14 and
benzylamine 3 while capsaicin derivatives 19-20 were synthesized from reaction between carboxylic acids 13-14
and benzylamine 6 using EDC.HCI and HOBt as coupling reagent. Compounds 15-20 were obtained in satisfactory

yield (35-73%)

Biological activity

Determination of anti-inflammatory activity was performed using the inhibition of TNF-QL production assay,
which was selected as preliminary screening on PBMCs, which express TRPV1 and TRPV2; however, TRPV2 does
not respond on capsaicin or proton, but only to extreme heat (Montell, 2001 ). Therefore, the reduction of TNF-l
production, which could originate from the interaction of novel capsaicin derivatives with TRPV1, was used for the
simple and quick screening of the novel capsaicin derivatives in this investigation (Engler et al., 2007).

First, the suitable concentration of capsaicin and novel capsaicin derivatives needed to be identified prior to the
inflammation testing. Therefore, the cell viability test was initially conducted with the PBMCs by using the trypan blue;
it was found that PBMCs were more than 90% viable at 10 uM for both capsaicin and novel capsaicin derivatives. The

effect of capsaicin and all capsaicin derivatives on TNF-Ol production was studied at 5 pM, which is approximately 2
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times lower than the concentration at which PMBCs are more than 90 % viable and thus should ensure viability of the
cells during the testing. Positive control of TNF-Ql production by the PBMCs was obtained with their stimulation with
LPS in the absence of capsaicin and novel derivatives 15-20. The test runs were then performed with co-administration
of LPS and the test compounds. The production of TNF-Ol was evaluated using a commercial ELISA based kit with a
absorbance readout at 450 nm. The relative increment of inhibition of TNF-QL caused by the administration derivatives
15-20 in comparison to capsaicin was also calculated and is shown in Table 1.

Table 1 Preliminary data of concentration of TNF-0, production and relative increase inhibition of TNF-0L production comparing with

capsaicin after dose 5 pM of capsaicin and capsaicin derivatives 15-20 on LPS-stimulated PBMCs

Conc. of TNF-Oo Relative increase of inhibition of TNF-Ol production compared
Sample (pg/ml) with capsaicin (%)

PBMCs - -

PBMCs+LPS 426.55+9.35 -

PBMCs+LPS+15 45.10+1.82 29.15
PBMCs+LPS+16 49.13+0.68 22.81
PBMCs+LPS+17 42.35+0.23 33.46
PBMCs+LPS+18 43.81+0.46 31.18
PBMCs+LPS+19 33.32+0.23 47.65
PBMCs+LPS+20 30.58+0.91 51.95
PBMCs+LPS+Capsaicin 63.65+2.51 -

As can be seen in Table 1, PBMCs were stimulated with LPS in the absence of the tested compounds formed

426.55 pg/ml of TNF-O.. The content of TNF-Q released into the media dropped to 63.65 pg/ml upon the co-

administration of capsaicin. Furthermore, administrations of 15 and 16, which contain indole at the tail region,

exhibited content of TNF-Q significant lower in comparison to that obtained with capsaicin administration. The observed

TNF-OU concentrations were 45.10 pg/ml and 49.13 pg/ml for 15 and 16, respectively. Approximately, similar

contents of TNF-0L as with 15 and 16 were also observed after the administration of 17 and 18 that bear nitroindole

at the tail region. The concentrations of TNF-Ql in this case were 42.35 pg/ml and 43.81 pg/ml for compounds 17

and 18, respectively. Interestingly, 19 and 20, possessing nitroaromatic at the head part and nitroindole at the tail

part, showed the lowest TNF-Ol production with concentration of 33.32 pg/ml and 30.58 pg/ml, respectively.

Surprisingly, increasing the length of the HC chain between the amide bond and the heterocyclic residues from 4 to 5

carbon atoms did not show any significant effect on the inhibition of TNF-Q production. However, addition of nitro

group at both sides of capsaicin in 19 and 20 significantly improved the inhibition of TNF-Ql production.
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Discussion

In this study, we aim to demonstrate the relationship of increasing the anti-inflammatory activity and binding
interaction of ligands with TRPV1 with an indirect, easy, and simple approach. First, the mechanism of interactions of
TRPV1 signaling pathways and anti-inflammatory effects was previously discussed by Tsuhi et al (Tsuji & Aono,
2012). Second, the PBMCs that were employed in this investigation were also reported to express TRPV1 (Engler et
al., 2007). Therefore, the PMBCs were considered as a good choice for this study as there were expected to provide
results utilizing experiments that would be both cost and time effective.

Comparison of 15-18 with capsaicin has shown that the novel derivatives show increased relative inhibition of
TNF-Q productions with moderate increases in effectiveness (22.81%-33.46%) in comparison to capsaicin. This
improved performance probably originates from the replacement of the HC chain in capsaicin with indole and nitroindole
moieties that can interact with other molecules by hydrogen bonding via the NH moiety. (Shimazaki et al.,
2009) Additionally, nitroindole residue was previously incorporated into ribose or 2-deoxyribose as a universal base
in DNA and PNA (Loakes & Brown, 1994; Loakes et al., 1995; Wheaton et al., 2006) due to its non-ambiguous
complementary base pairing with strong binding interaction via 7t- T stacking interactions. Therefore, it is reasonable
to assume that the 7t-TC stacking interactions at the tail part of 15-18 would probably enable the indole and nitroindole
moieties to freely rotate inside the terminal part of the S1-S4 domain, which has relatively large content of aromatic
residues, to attain the decent binding interaction with TRPV1. This in turn probably causes better inhibition of TNF-QU
production than that seen for capsaicin, which contains only HC chain at the tail part possess, which devoid of Tt- Tt
stacking potential.

Furthermore, 17 and 18 exhibited improved inhibition of TNF-Ql production and this probably might originate
from the nitro group on nitroindole ring that strongly enhances dipole moment on aromatic rings, which is one of the
key parameters that contributes to TT- 7T stacking interactions by polarizing the aromatic ring and thereby promoting
electrostatic interactions (Loakes & Brown, 1994; Wheaton et al., 2006; Wichai, 2003). Moreover, the effect of
nitro group was even clearly revealed that when two nitro groups were attached on both the nitrobenzylic and nitroindole
moieties; consequently, 19 and 20 exhibited even more significantly improved inhibition of TNF-Q production due
to the dual-stacking interactions at both ends. The relative increase of inhibition of TNF-Ol for 19 and 20 comparing

with capsaicin reached 47.65% and 51.95%, respectively.
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The preliminary data of improved anti-inflammation effects of capsaicin derivatives 15-20 presented herein,
suggest that 15-20 could exhibit better binding with TRPV1 on PMBCs than capsaicin as a result of their improved
- TC properties. Clearly, 19 and 20 constitute the most promising compounds for further study of 7t- Tt stacking and
binding affinity in TRPV1

Conclusion

In conclusion, new capsaicin derivatives were designed with the aim to mimic the terminal part of RTX. The
ability to manipulate the binding interaction and the biological activity of the capsaicin derivatives was demonstrated.
The length of HC chain between the amide bond and heterocyclic residues showed no effect on the inhibition of TNF-
Qo production. However, the effect of the nitro groups present on aromatic residues at both ends of capsaicin derivatives
19 and 20 resulted in the most promising biological activity. These novel capsaicin derivatives with enhanced stacking
interactions at both ends should be one of the criteria for better design of capsaicin derivatives for pharmaceutical
applications in the future. However, the identification of exact position of indole and nitroindole moieties during their
interaction with TRPV1 receptor still needs further study by docking and simulation methods. Additionally, the standard
testing of compounds with HEK-293 cells expressing rTRPV1 and hTRPV1 is currently being performed.
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Fragamsduanzisaznsuenudgniasuaulefudamneameiainasuauledu

1. w3suarsazarsuadleduiiniin 1.2438 nfu (4.07 fadlua) lulawdanesunlus (N, N-
dimethylformamide) 5.1 fiaddns lalunaenatanatainlndnsoiduwuin 15 fadans At Inadin
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7.1 fiaddns Tuvaenatanaiafnlnansofidusuin 50 fadans AinDaadn

3. wisuansavanensadanin (sulfuric acid) duin 0.4032 n¥u (4.1 fadlua) lulawiiaviesan
s 5.1 fadans lunaosadananafinlndnseRauauin 15 fadans Al Jnain
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chromatography; TLC)
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1. Wiuswasasanordnsuaiuonls ssveodviazatseonauiouwis

12. idansazansnay 1 69 1 5¥r319eMansdianlasianigu astuvinuetdnsnaniuaziin
ATNOUAY

13. N0ILUNATNBUAVIIVIRTHANNUIABNTEAT1WNTBY Whatman LUBs 1 a19nenaunie
gsavanungd 1 o 1 Seninaefiassdinnlavianiau

14. thansuansaelaluviliutsneldannzayanna

15. IdasuaUlsdudaneanesiidnvuz duvesudsduntingn 0810 nfu Anduans
NanAuNsoray 51.60

sU 1 Tassadamaniifiduasieildvesasuauledudannioanas (capsaicin sulfate ester)
C1gH27NOgS, 57Mﬁfﬂiml,aqa 385.48 n5u/lua

'H NMR (CDCls, 400 MHz) O (ppm): 0.96 (d, J = 6.7 Hz, 6H), 1.38 (m, 2H), 1.64 (m, 2H), 2.01
(m, 2H) 2.23 (m, 3H), 3.83 (s, 3H), 4.32 (s, 2H), 5.37 (m, 2H), 6.82 (d, J = 10.2 Hz, 1H), 6.96 (s, 1H),
7.39 (d, J = 8.2 Hz, 1H).

2C NMR (CDCls, 400 MHz) & (ppm): 23.1, 26.6, 30.4, 32.3, 33.3, 37.0, 43.9, 56.6, 113.5,
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LCMS (ESD: Auanuan [M-H]- (CigHx7NO6S) finadianina/Usey (m/z) = 384.1486 laganwa
NFIATIINUIAAINIR/UTE] = 384.1502.


https://en.wikipedia.org/wiki/Dicyclohexylurea

D-23

FT-IR (Vmax, cm™): 564, 634, 707, 751, 812, 851, 966, 1030, 1058, 1130, 1159, 1248, 1297,
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ATNOUAY

13. N0ILUNATNBUAVIIVIRSHANNUIAIBNTEAIWNTBY Whatman LUes 1 a19nnaune
ansavanenal 1 e 1 SeuinuefiassBinnuasianiou

14. thansuansaelaluviliuisneldannzayanna

15 I¢anslalelasuauledudamnoamesiiidnvasiduvewdsdunimiin 0.456 nfy Anduans
NanAUISDYaY 36.18

s 2 Tnssananafifidunsisildvesanslalelnsuadlsdudamnieanes (dihydrocapsaicin
sulfate ester) CigHysNOgS, thuniinlanana 387.49 n¥u/lua

'H NMR (CDCls, 400 MHz) O (ppm): 0.88 (d, J = 7.2 Hz, 6H), 1.18 (m, 2H), 1.33 (m, 6H), 1.53
(m, 1H), 1.63 (m, 2H), 2.23 (t, J = 7.5 Hz, 2H), 3.82 (s, 3H), 4.32 (s, 2H), 6.81 (d, J = 10.3 Hz, 1H),
6.96 (s, J = 2.0 Hz, 1H), 7.38 (d, J = 8.2 Hz, 1H).

>C NMR (CDCls, 400 MHz) & (ppm): 23.0, 27.1, 28.4, 29.1, 30.4, 30.7, 37.1, 40.1, 43.8, 56.6,
113.5, 120.5, 123.6, 137.7, 142.0, 153.2, 176.1.
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LCMS (ESD: Auanuan [M-H]- (CigHxNO6S) fiadimnina/Usey (m/z) = 386.1643 lagainua
NFIATIINUIAAINIR/UTE] = 386.1738

FT-IR (Vmax, cm™): 564, 637, 715, 750, 812, 852, 862, 1033, 1052, 1133, 1161, 1220, 1270,
1415, 1470, 1514, 1543, 1596, 1645, 2853, 2923, 3319.

WBnslunsuseivgnanga

a U ay v [ v v a a ¢
LV@J@‘NﬂU‘VﬂWﬂaqj‘lﬁLLajﬁLUMjﬂlaﬂqiLﬂﬂLNEJﬂWiTJﬁS@HﬁI@EJﬁ@JH?m
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Jofiodns
1. nssudsnsduaneiasunUledussstamneamestialnillifasouainasuaUleduosniiie
Sou
1.1 nssaenisdaasigansuadledudamneamasanaisuadledu
1.2 nssasnsduazviasialelasuaulsdudaneanasainaisinlalasuadlagy

2. nysuABmsuenuigrsansuaulsdussddamnieamesidunseildliiauuignigdasldinaia
posudlasunns il §anuaa 60 Wuiaasdl innstesuasavasnauTes 100% Lofiaasdinn 5%
wnuoalulefiaez@ian uay 10% wmuesalulefiaszdinn mudiu lnsansazareitldvzgnusuanin
Thduvamenisdusesludoulansonled 0.01-1.00% eUsuanmvesnaduidaniaalimduiua

wazAsanNInvasatshaUledussstaNnnduas1eile liliaaesinduluiuansuadladuss s
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unasunIsUsEAYY
TumsdsdugiifunsiiaueBmsdaansiuazuenudansansuadledussddamnoamosaiii
frrsavigauazaai TnsansuanSasllmifidanseilatlifenuiadou uasmnnanisinugns
mandeingmuihanansndisaneinisan aansdniavreandudowiaFeild Aunaganusald
naunuansuadleduossfisinnuiniougsliluouan
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ANANUIN 3
W3auligu Output Mitdusludataualasenisuaznlagsy
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A1919 3.1 1W3guiisu Output Miauslutoiauslasin1shazNlaass

Output Tunsaiand (nad5alsits 100%)
Aansauludaisualasenis/mionnmsuivuny | wadnda | Tiiuszysmauazansudludivii
(%) ANUUNIT
1. NSLA38N 90% capsaicinoids MN&a1saNA | 100%
WINAIITNITANNEN
2. N5LA38Y capsaicin 1HRAMULEAaNAS 93%

2.1 M5UTUUe capsaicin éhamiﬂeju 80% | -phosphate wag proline capsaicin
acetate, carbamate, phosphate, proline lag FUATIELR LATDYAYYOIENTNANA B
slucose 71 hydroxyl group Y8434 aromatic Pduanenilaioy LWi’]%ﬁ’]iﬁ%’Jiﬁx‘iﬁ’]

Tilsianunsausnliusavdls

2.2 M3USUU3 capsaicin TilAuiinanas 100%
ﬁwﬂ’mmuﬁﬂdm methoxy U8439 aromatic
2.3 nM3U5UUR capsaicin Tillanuinanas 100%

Fun1sUSulseludu fatty acid residue wag

aromatic moiety

3. N1IWNAIUT capsinoids TaeUiuugelvdinnu | 62.5%
AT

3.1 miﬂ%’wqﬂﬁﬁmmmﬁaLﬁ'wﬁué’w 25% | carbamate- phosphate- tiaz proline
carbamate / phosphate / proline / acetate i capsiate ldanansadaasgila
hydroxyl group ¥893% aromatic dlosanldanunse coupling A

alcohol AU long chain fatty acid 141
mmﬁmmmﬂmju protecting groups
ﬁﬁmumimj %39 coupling reagent
anvliivingay Fao1afesinisusy
anmezlunis coupling

3.2 Mavsuuglinnuasiuiuduludures | 100%
fatty acid residue
4. NM15M384 metabolites Va9 capsaicinoids | 100%

WaE capsinoids

4.1 NM3W383 metabolite Y89 capsaicinoids 100%
uway capsinoids Tua1v9929 vanilliod

4.2 NM3M3EN metabolite W83 capsaicinoids 100%
uway capsinoids Tugqu fatty acid residue Il
Wittig reaction
5. NINAFBUNITITANYLABINUAINUS 100%
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Output Tunsaiandh (nad5alsits 100%)
Aanssuludaiduslassnis/mseanmsuiumay | wadnsa | Tiviussyauvauaznisuileivinu
(%) aniiunig
6. NINATBUANAIANYTAEN1IZVDY 100% | vIn1smeageu chemical stability Tu
a 3 14 . & v [% &
QUUANUAZUAIRN99 438 HPLC technique Uewuldnaaauluaniziiu

ambient condition Aa TuaneNlau
wawazaUngiusEa 30-35 83N
Wadyd WU @NSUAINUAIFIA b

o
7. MswSeu formulation AiuNzawas 45% | wiiilasandalylldfinnsAne toxicity
capsaicinoids Aildusuusslitiaainanas yesansoyiusiduaTeild way
capsinoids fifiaTuAsiauiindy way Uhinaiidaanesiludesiuegly
metabolites U84 capsaicinoids wa US1nal 100-500 fiadndy fafds
capsinoids ilainsnagauautAnigg MnsAnwINIY formulation Tu

S L. = a
\U8eAuv4 capsaicin il core
structure aNTBIDUINUTUAEL A
i A @ v & v o
fou aludeyailasrulunisi

formulation vadayiusausiall
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