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vnfunfialeged 91 ldfiaududu 20 ppm 1381505 Tgilaieiiswmalangesisalgud
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Fuiwed MNH Usznaudiseyitusveanungiodiudeusorvlsnsduiaiudiuvedlelelunesiid
anusumedensdniuleseunouns lasannsndaeseiiunsiufisenfissduneuiion 1nms
naaauUszansnmnsindulessudiieg mewmalianimigesisaludnudn MNH Jaud1meiagsgs
salooaunodund lngkanidagiungosisauduuy OFF-ON luaisavaiy acetonitrile Aty
aafUsynauwazdl Stokes shift in313 (~183 nm) Tneiduigas MNH annsasnduiulessuneunsiie
MTdIU 1:1 INNAANTIATIZNAEID Job’s plot wazala molecular modeling wazdiAn detection
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59317202 : Major CHEMISTRY
Keyword : COPPER SENSOR, FLUORESCENCE SENSOR, IONOPHORE, FLUOROPHORE,
FLUOROIONOPHORE, PETROLEUM MARKER

MR.  NIRAWIT KAEWNOK : SYNTHESIS OF FLUORESCENCE COMPOUNDS
BASED ON [5]HELICENE DERIVATIVES FOR UTILIZING AS PETROLEUM MARKER AND
COPPER( 1) SENSOR THESIS ADVISOR :  ASSOCIATE PROFESSOR NANTANIT
WANICHACHEVA

Two new fluorescence compounds (MCA and MNH) based [5]helicene derivatives

were synthesized for the applications of petroleum marker and Cu** sensor. MCA was the novel
[5]helicene-based petroleum marker, which was prepared via simple synthetic route. Its structure
contained [5]helicene moiety as a fluorophore connected to cardanol, for increasing oil-soluble
capability. This synthetic marker presented invisible color in gasohol 91 with a workable level at
20 ppm. It could be simply detected by fluorescence spectrophotometer and provided good
stability in gasohol 91 for 3 months. In the other application, [5]helicene-based fluorescence
compound could be used as a cu™t -specific fluorescence sensor. Sensor MNH consisted of
[5]helicene derivatives coupled to hydrazine. It was successfully. synthesized through simple one-
step reaction. The potency of Cu’" detection among different ions has been studied using
fluorescence spectrophotometer.. The results showed that MNHindicated a highly sensitive
fluorescence response toward Cu” with OFF-ON fluorescence system in aqueous acetonitrile
solution and revealed very large Stokes shift (~183-nm). The binding of MNH with Cu”* was found
to be 1:1 ratio by Job’s plot analysis and the molecular modeling study. The detection limit of
MNH for Cu** determination was estimated to be 2.57 ppb, and was lower than drinking water
permission concentration specified-by the U.S. EPA and WHO. Moreover, the sensor has the
potential for the detection of Cu®in biological samples by enhancement fluorescence from the

intracellular area in HepG2 cellular system.
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lulnsiauiinisandulooeunssundlagly non-bonding orbital (NMWw21EB) SEAUNGIIU
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o

non-bonding orbital vasarmeululasiauaziiAmInINsEAundaIy HOMO Yoaduiwes v

[ '
U A

TinsguIunIs intramolecular electron transfer liaunsaifinld deliu Weodwweslasy
[ a LY [ Y [ £% d‘ a LY [
nAwLLEs BianaseulusgAundany HOMO aglafundsunseduindoungseaundany
LUMO waaifutges uasiiloszuufninisaanasiiuasganniziiy Sidnaseufissiundanu
LUMO vaafiulgosazanunsninfouilatdssdundsiy HOMO veaduwesld viliinnis
ANELAINGRBLTAIUFDDNNT NTTUIUNITAGDUNVOIBIANATOUNOTUIBLNT 1F8Nn

N38UIUNTT photoinduced electron transfer (PET)[9, 10]

OFF ON

Energy 4 Energy 1\

LUMO

F’ET/ H ........ » hv
HOMO + HOMO

LUMO

,|_

+
;|i

excited Non-_bonding excited Non-bonding
sensor  orbital of N sensor t
" orbital
atom N Cu2*

A% 5 nalnuedanszuiuns Photoinduced Electron Transfer (PET) Tuani1ienausnay

lopau (#18) wasndin1sendulasay (¥37)

1

Tuing1inusulafiniseenuuukarduATIZ a1 T 0eLAIN BT UARINYWUS

v
CY A a

YoanunzleddunaunsadiuUssynildiduaisvieiomusinduidiomnds (MCA) uag

(%
a v o

Wuwesnsiadulessunewns (MNH) Slassadtsiansnind 6 dnisdaudumuidenln
AUEIAYAUTYMEILINRDNTIUM NANIAD N1T9NUUULAEILATIZRANTVILAT D9UN"Y
?:’ C% dy a I v a qol o dy a 1 [y
Wdudonds (MCA) LTUMIHAILINTEUIUNTRAAINLAZATIFEOULNTUABLINE$5IAUNNS
ldUszlevdannninasadeanniudenvediaugirsiuniuniluveunds (waste) Tu
a @ 1 a ¢ = @) Ao W v Y a

nsvvIuNsHaadaugiiunud Jadugnamnssundrdgnianialavesusemalngliie
Usgleilgean n1seanuuukazdunseiidugesiiensisdulossunatuns (MNH) 1unis
[ A & A aa Id a Y Yo a [N v Y =
Waunasesdlanseisnsivaeuanuluiivvedansnidnlnadinligwndudou ensia

a ¢ X a P P Y]
A1V U UV aNE oAl UAILINa 0N FUTUlUAIULUINIIVD ILH LN AU



o o

\AsygNaLardIANwiI Aadunduans w.e. 2560-2564 gnsaiansnisiaulafiidudinsiu
dundouiianNsimuIeg19didu wavenseansnsimuInermans wmalulad 35y uag

YINNTIU

(o]
- 0
O CH CH
N—NH, N \©/( 2)14CH3
(0]
o
MNH MCA

A7 6 lassasnvestuanaitdivang

o/

AUTTAAYRNIUIRY

1) iilevanuuuuasdaangimsinedomneluitudomas ensiadeunis
FrsvaBremantsiiisy Sennsonsninseildediedivssansningeds
mavlgeaisawudaUninsalny

2) \eoenuuulardiasizinedlaudulgesntinmandilunisiSeauas e

n3339UlpoBuNRILAY Bea1aIanTIRdlATlUBUTIN wasAnlaaged

(%
Y

UseAnSangianangesisagudadnlnsalny 8nvedellanudmniziangas

a4 (high selectivity) uazilauiadbags (high sensitivity)

o

Usgleviifianadnagldiuannisisei
1) anansodsansiiedomneindudemdediiduunmsdaamesis wasdinn
JedlaemanmatanisamnimuasUiinavesihdudomadls uazanunsonde
Tudamnalvdla
2)  aunsminnvesdsanidenvesdiausshsfiumuitaduveanieiis (waste)

Y

MNNsHEAEIANNIRNNUAINgRaMNTINTNE AN alivesUsewmelne

o

wldusgleviuasiiuyaalmnniu
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annsanauregenluasiiaIemuediudemdsia vty Nanuisatian
WAUIF 1S UIEM529T9kaRAM NN ITULLU D UTDIUNTULTDLNEAY haLiie
Uselerlun193uUnUseLNNBarANLLANAN YNt WYL nasNagunnungly

Y

geamnssuvna e luluouan
ausandniduresuiamunisuyunsduasizin Janudiniziaizag uaz
~ ! | ) P W A ~ |
1A2117991209N1959579 79 00 UNBILAI AL RS UWINAULASBIL DI IATLNG LYY
Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES),
Atomic Absorption Spectrometry, Anodic Stripping Voltammetry, X-ray
Fluorescence Spectrometry Lag Microprobes
WarmurasanlulAIailonsainloaaunadasnaiunsafanun1sUulau

vadlavenaaundluwasinguruLasdaIndonluninauulagse

YBULUAVDITUIY

1)

PONIUY dUATIEMLATHENENTUTANTaNTIAT oL et UG A

HuesngITulsesuneIlaINe YIS TE LAz IEATY

] [

Y1an5vinase e e mna sl ludnduasieila lUneaauauuRni1s5 09
WA (Fluorescence properties) MU LTDING

o [ 6 1y Ao wAa =
JuFuesnsiadulesaunodunsndnnsigdila lunadauan URn15iS 0 9waa

(Fluoresencence properties) luasazanedunsdlnefiiniussfusynou
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UNi 2

[

UNANIYNNYIVDY

nstiassenamigessaudutdidudureid miufianuuaznsiainlossy
Tangmiin Wumnallafilasuanufiousgisunvians Hoindanudninizianzisgsleosy

a i

aula a111509599AT 1AL UTIRANLATIUTU I AEUTEANS A Mg UWINAY

v
v A

wadaunsgndmiuiinsgilossusiie) uenaintifainsussendldansisesuasigesisa
& & [ = ) & a v = & aa = Y

LGZI'LJG]L‘Uua’]i‘ﬂ’]Lﬂi@ﬂﬂﬂ?ﬂiuuqmum@LW’ﬁ\‘IG]'JEJ FIUUITNITVUIVBINITWRIUINTZUIUNNT

FAMULALATIvEaULITURaNEY WaUselovtlun1sabunUTELANUD I UL BLNE duaY

AS1ADUNITVITLNBILUITINTEUIUNITHANUBINANA NNV IR SHAT

FBasAeamnazanaaeundndusinidlpseddieniafnasiiedemunelign
Wantdegneunuudl11] wazdnssenulunaigunaniiTemieiu fieg19wesansvin
wIeauneafacieg (nandt 7) 1un lawfatedu (diphenylamine) way A3fen3u
(quinizarin) gniinunlifuansinadesmunsludifiuinaanuiou (heating oil) Au3u
(coumarin) Qﬂﬁmﬂ{ﬂ,ﬁumﬁﬁwm%wmdwfwﬁuﬁ”m upnaniansvinaieamanedug 7
nsdaanegiuarmenuld fiegeded lelwuulsiasluu (isobenzofuranone)[12]
wiwslldanUfATesEinensnendn (phthalic) Aueysiudvesiiuea Wuansiiadesuned
1124 (purple marker) 30ayusYRIAIRYITY (quinizarin derivatives)[13] a1sUsenevasls
WIANLEEU LU BUNUTVBS 2-kundatadiu (2-naphthylamine derivatives)[14] auWu5vo4
wounsIAIluUY U 1,4-laleasendusunsindluu (1,4-dihydroxyanthraguinones)

[ s

[15]a15Usgnoutolsy (azo compounds) laun suWusveuiiatelefues
(phenylazophenol) tay tWiatalghunsea (phenylazonapthol)[16-18] waga15¥i1
iseamneiliFouamgosisawudlaun silalve1du (Phthalocyanine) wazuunsilalsen

1Ju (Naphthocyanine)[19-21]
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CsHy CsHy7
RoWos
0 HN’\/\/\
CHj; CH3

o) NN O
o O‘O CQ ; O
® I

isobenzofuranone quinizarin 2-Naphthylamine

O rmmnt o
wd

O OH
N(OCH,CH,0CH,CH,0CH;CH3)5
50
et o)
O OH GN N OH Q
HsC  CHs OCHjs O

1,4-Dihydroxyanthraquinones azo compounds

2 7 TAseasn9weda1 ViAo e untiutingnge) [11-18]

'
=

pgalsimunuitansviasemnedulngazddynidesnisazanglushiuldomas

[ [
Y] [ KY

Wosnasvinasesmtiewaitilassassluanandaninuitigs AuANa1salung

Y

o w

avaslutiiudeasudree lridesdatuntsinluldusslevd wazsndudosldisnisana

mgfiazatswaz/MIoriufnsenuiteauaninzanlutuneaunising s faudasiinis

(%
1 o £%

witgymsesnisazatemenisiinduiligvidlvluluena wu msdiumglelaseisueu
19817 (long chain hydrocarbon) LieiidaNuaNIsalun1saza1slulidy wLaisn15aIna
= & D% a 4 g v av ¢ = o
fivangtuneuuazldnuyulunisndnas el dladowidesmenuinismisuansyin
= 5 o & a v e a = ] o | 3
s iuendIneyiusveweafauuduldnsminueveddlalasaisueu

agluyae C10-C14 wan1svaassnuIwiszundymnisazaglulduianddls wided

YOINNALUTUNBUNITAILATIEN

s I3 U sav v Y] 2 3 I a s &
A3Auea (cardanol) Wueyriusiildanaisafinandendiauzaieiunudeudy

&

a a < ! a (3 [y A < 1 a &
50@\‘1LﬁEJf\]Wﬂqmﬁ'ﬁﬁﬂiillﬂﬂiﬂ\la@LN@&IS&I’NM&IW’]UM[22] A3ANANLURDNLLANZUINAUNIUAY

3 I aAa a [ a = a . . a
L‘IJ“LJLL‘VI@QV]&I?W@LL@uWﬂﬂﬂﬂQQIUﬂiNWNQQMWﬂ LAZLUBNIALBUIAIAN (@anacardic acid) LNA
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n1sAA1suBNdlan (decarboxylated) Naglananduaidursswauves 3-usarailuea (3-
alkylphenol mixture) #dufanazliduda (1a-1d luanil 1)[23] Feazareldiluiau
dasanandmueafuansilinuilussdussnevluthsudemads anunsandalaludsunn
119 1PN warldanvesvdeningnamnssuiiflulssmelng FafuTafienumanyan
otnsBafiarldnnsausaunldifussdussneudmiudunszsiansvinade wmaunedmduiiu
Fowds egnalsfnmswauninueaaduisiudomadaensdinsifalunisnsaainse

1ud 2004 Suwanprasop karamg[24] ladisienuasasnienisiiasnuealifaLUauag

PruneseuduaisinesesunsuTuaowas lnga1sviesoamuigsinailauiannnisima

(%
=]

nytole (azo-) WlUusneglsunfnvadarsniues (nmd 8) FaansvineTomunamaiilag

WWadmudailadiuianaiuaisagateivavesedaulaiediu (ethylene diamine) @15%1
-dl s 7 1 ¥ al ’Oj LY 1 1 v a 1

IATRIMIEAINAITATLEARINE 1IN SIAYa1e AR LT winuIdaanugaeiniunig

A5197LATILINA9E19LTLD99IARBINIUNNTANAAEAISazA8LUAYD e AU LAl uLaz vin A

¥
a 1%

suulunsiasgvigaiusneie

R4 C15H31n

R1-R4 b 4 H, C|, CH3, OCH3, N02

AN 8 1ASIaS199ENSYIe T auLNsUT U oA A S uealuasRUsEnau

dmsunisesnuuuLaznIsduATIZNgoBLTEUAIdUITesIenTIadulenauves

Taugutin Inedrulugazldnannisves Pearson acid base concept (Hard Soft Acid Base

Principle) @1ann1s Hard Soft Acid Base na1al171 lesaunsesznauyl Hard Ao lessu

wsoaznoudfivumdnuaziuszludiurunin (high charge states) Famuneds vinliniin

a v . | = N a

nswasuwiasveslseqlasnn (weakly polarizable) dqulossunsoasnoud Soft Ao losou
= Aa 1 a 2 o o = = o § ¥ a

wsoaznaunlvunlnguaziiusedudiuiutos (low charge states) Baviangdia vilviiia
a &

nsdsuwlavelsladne (strongly polarizable) lnglosaunsosvnouniinuau iy

Hard 22iAndunsdsevsoasausinseiiseuinanuleansulossunsseznauidy Hard
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1% [y 1

AU WuReatuiu Soft azadrausansevisenineiulannulessuniessneuiu Soft
Mgy Rnnann1sinauIteiu ladvatenuidensunthidneieudunsisivgostsa
wuduwesiiennivlessuvedlansutdnuiinmngg enfiwu Wulwesdmsuaniuloosu
v dneenuuulviddiuves lelelunes (ionophore) NUszneumearnaunilnmauUd
= o A &l . a

Wu Soft Judenlalelolunesniiovneululasiau (nitrogen) WagormpuDDNTLAU (Oxygen)
I L3 P a [ [ o & o 1
Wussausznauiiofinaudiniziatzasiunisnsiadulossuuns waziilelelunesaingn

rowiungeslsnasuiiamieg Falfegsunanuideiieivestadaluil

o)
X o
\ |
(Et),N oo X

< 3
LU 1

[ T

Fluorescence Intensity (a.u.)

6001

Wavelength (nm)

P [ < 4 A
AINN 9 TAs9as 19 voaauLges 1 LLa3ﬂ’1§ﬂ’]8LL?NWQE'J’E]LiﬁLGZIUGﬂUﬂﬂ’]’JBVIEJVLEJEJEJUV]’ENLLGN

USU0URN99)

Tl A, 2012 Jiang waganiz[25] lariimsdaaseiiduansdmsuandvlessu
noswnsyinlugd Ingld 8-hydroxyquinotine tulelolunesinujisedousaiuayiusves
. < | 4 < 4 Al o < § a o 1 YY)
coumarine tJudungeslsles (@wwes 1) el iduwesyiladinanlunaasunisindu
legaunaias nudrdaudnniziaizasaeielossunesiadluszuudinazatonay
CHCN:H,0 (99:1 v/v) Inglvideyeyaungeatsaigudlussuy OFF-ON fluorescence switch

'
a

AUETIAGUNTEAY (A 365 nm uazAEuAIgRaLTARUAZIEANIAINE1IAAY (M) 460

LY ]

nm A1 detection limit WAy 1.16 pM wazdisnsidulunisiinasusenaultedouliionn

Juloosunawwnndu 1:1 (Puwwes 1 : Cu?)
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2 4|
DEY, gl
/ \

— NN NN —
N N
_/ AN

HO

OH

‘ — pure BDBP
BDBP+Cu’’

Absorbance (a.u.)

< 4
WHULYRS 2 i

T T T T

300 400 500 600 700
Wavelength (nm)

] o < 4 A a 1y
A9 10 1AS9aS 1998 0IULDT 2 LLa5ﬂ’13@ﬂﬂﬂuuﬂﬂu&ﬂ’]’wﬂmLLﬁSlﬂJiJI@E)E]UV]@QLLWQ

Wl A.A. 2013 Chang kagAne[26] S1euduwesdmsuniiainlossunasns lng

(% L3

duas1eilaa1nansusenay benzil iaU)fisen condensation iU hydrazine n1uA3e

aaa

U n3gn schiff base formation U d-(diethylamino)-2-hydroxybenzaldehyde laans

a o & [ s = = a & I3 A o & s
nanAuluduees 2 fudlegnouvedulnsiauuazesndiauiuesrlseneu Wounduiwes
Tunegeumnuanansalunisindulosaulaneningilamieg wuil danudnmziatvasgeie
n13nsI99ulenaunawailufIRiazatenay DMSO:H,0 (8:2, v/v) NALg1IAAUNITANE

wasgedn (Ao, 561 nm lasduwesinisiasuwdasdygrarigeoisaiguduuy ON-OFF

Y

(%
a o [

fluorescence switch lazdupsarsazarudumasivasuaindiassdudtiinianiendenis

v o

snulessunadusdlnsdaunnlanianilan

WGuas 3

] o < ¢ o 3 I s
amnn 11 Iﬂﬁﬂa'ﬁ']ﬂ%@\‘iL%UL%a'ﬁ 3 LAZATLLAAY ngﬂmWQaaL'ialfuuméuaqmumaﬂumaa

A aaa aa P
addiFimluannenivazliilosaunasuwna



Tulifieaifull Wang wazame(27] Hsnunisduaseigeasawudiduosia
auNusve9 rhodamine Wungeelsnessedniulelelunesuiia 8-hydroxyquinoline-2-
carbaldehyde Faflozmouvasiulasauiuesdusznou (Fwwas 3) annsdnwinuin
Fuwesadaiiianusumsanzasielossunsadduiiviiazare twines Tris-HCLEtOH
(7:3 v/v, pH = 7.4) #1 detection limit (11U 0.19 pM Tneuansdayanmgeaisauusiy
S%UU OFF-ON fluorescence switch ﬁmmmm?{umzéju (M) 500 nm wagdiAuduuas
vigooisaleudgeaniiauenady (A, 562 nm wonanideanansansadulossunewns

Tuwaddslidinlaonene

‘%; é '=Aﬁ- -‘:‘:—r-‘ﬁ/-w\\a\—--j;— PES ﬁs
BNP Cuz‘ Cd?* Fe® Hg?* Ni%* Pb* Zn*" Ag' Co" r3* Fe®! K'

e e e o e

BNP Cu* Cd?* Fe* Hg* Ni% Pb* * Ag' Co* Cr* Fe*

WWuwas 4

P 1 < 4 = o~ < 1
A9 12 laseas e veaduwas 4 LLazmSLUaaumaﬂaﬁazmm%uLszjaﬂuaﬂnzﬂaw,l,az

nadfulooounoLag

Tud A/ 2018 Wang waramz(28] lddnassiduigesviinlminfeyiusves 2,3-
modified boron-dipyrromethene (Bodipy) LﬁquaaI‘;Wa%ﬁﬁﬂf]ﬁ%mL“?jamiaﬁu pyridine-
2-ylmethamine 1Uulelolunes (uwas 4) annisanwinginssunisaniulessulany
wifneineg nuidumesedntiinusinesolosounaun lnuanadayangoaLsalsus
finmenaau (Ae,) 539 nm waggandulasiianueandunszdu (A.) 500 nm Tuiawi
arany H,O:DMSO (60:40 v/v) laedl detection limit 1WA 0.53 pM Lagdlensid@iunisiia
asUszneudetouiiesniulessunenssaduwefidu 1:1 (Juwes 4 : CU?) ansazans
szldsunndwdeadudihuflefinisdndulossunsuns Fsanunsadunanisivdeuuvadls

AEMLUAN
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3600

2400 - 22/ A
R H :
~ N = 1000 o
3.8/ .
4.2,
1200- 4.6
/5.0
54/ | 0
600 // 5.8 = AN 3
/) == X
Lq]'ul,qjaﬁ 5 600 640 680 720 760 800
Wavelength (nm)

ATNA 13 Imqa%wwawfiuma% 5 LLagﬂ’W’iL‘Ua‘HULLUaQﬂ’]iﬂ’WEJLLﬂQWQ@@LiﬂL%UGﬂUﬂﬂTASﬁ

0 1 2 3 4 5 6
[Cu®1/10°mol/L

Intensity (au)

1900UNBILAIANUTUTUASS)

a

Tul a.a. 2015 Li wazame[29] ladingeslswesyiia naphthalene dimide vin
Ufisendeusiontu imidazole (Wuiwed 5) wuindumwesadaiiimusumzinizasgdunis
ns133Ulovounsunslumiiazatetinines HEPES a1 detection limit AU 1.8 uM
wazuansa e sdyganlgosisawuigiaaiinmeadu (A, 646 nm usnaINLs
fiuszansamlunspsainsizsilosounosunsluadddidinlnsianinisanasmesdya o

Wgeasaiwud Tuangniinisiniuleseunsuwns wenaini deaunsaimundugunsel

NAABU test strips Wag silica gel plates d@wsuitaTizilesounssundlasnmie

A
/9
N NS
WS
N
\

<@ 4
LYULYDT 6

None Ca®* N Li" A

2NN 14 Taseas1svenduwad 6 waznisildsunlasdvesasazatedusasnielduas UV

Tuanneninlessulansyinsiigg asly

v
v A

Tutifgafiull Cao waganz[30] lasiesungeasasuiiduiresyialvil lay
duasiziiaineyusves densyl lWausadu sulfonamide (W@uwas 6) Waurlunagau

Uszansamnisindulessulanzaiinsisg wuin danudeshinazdunizianzasiolosou
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noad ludihazargdwines HEPES laguaninisivfgunlasdnyaiungeaisasuiuuy
ON-OFF fluorescence switch &A1 detection limit 1M118U 29 nM Lagd1u150053970

lopaunasnsluwasgdalidinle

210004
1 cu
150004 - 522 nm
.., 150000 o
H |
£ 120000 -
g Ag A Ba¥, Co el el o8,
g 200007 ot Rt Fet Mg K LI Mg
4 O B . I T B
Mn™ Ni™, Na’, Pb™" S0 Zn" [free
é 60000 4
30000 4
< ¢ 0 T T L
200 S50 600 650
LYULYDT 7 '

Wavelength/nm

P k4 < ' A a
AN 15 laseaseveagueas 7 LLﬁSﬂ’]iﬂ’]EJLLﬁQWQEJEJLiﬁL%um(iuaﬂﬂ’lelMﬂ’]iLﬁlﬂJl’eJ@@u

Tavizviingee

Tul A.a. 2016 Bao warame[31] leepnuuukasduasiziiduwesdmiuindu
lovaunsunsuiinlviaineyiusues fluorescein wag pyrrole (Wwwas 7) Wuwesylinil
411150753970 1e00UNDILAINIENITWRBUT Y I geBLsAUALUY OFF-ON
fluorescence switch tnagigdnmiziaazsgaluditazatadwines HEPES lngnisiia

a v 1 < Y v ! < < 4
a15UsEnauiedeuseninaduigesiulossunswnelidnsndiuvesdu 101 (Wwwas 7 :

Cu®) wazdlan detection limit VAU 0.296 uM

N
o

=
(=2}
T

k

Fluorescence intensity (au)
=
N

g + 1only,
1 +/common metal ions
0=5=0 /
4 5
HN. i
NH, [

400 450 500 550 600 650 700
Wavelength (nm)

WGuas 8

a o < ¢ Aa a
AINN 16 Iﬂi\‘iﬁi’]\‘i‘ﬂ@ﬂlﬁﬂﬂlﬂjai 8 LLa%ﬂ'ﬁﬂ’]‘EJLLHQW@JEJE)LﬁﬁL“UUWKELuaﬂTJSVIZJﬂ'ﬁLWNVLEJ@'E]L!

Tanzviinginge
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s

Choi wagAne[32] S189uNIsduATIEingeaLsaudduesvlialv Inetoyius
903 densyl Ludiuveanigeslses weousedu hydrazine liduduwes 8 Jsfiauiasl

LAZINUNILLIZIRBN159NIU oo UNeILndluiIazatedwwas PBS Taanalnn1saniu

aaa

VRH1uUAZ8 hydrolysis a5ed1uis hydrazine vilviansazaieiUasunisiseuasand

Ly [

widaududda fA1 detection limit Windu 60 nM wananiifiausansiratnusuialosay

Noswadludlegnatlaansladnee

2.0
L cu K Cat Na' Mgt AMZn*Hg™ Ag’ Pb¥'Co™ mﬁc#_cu'ﬂse’

HO

O NH, ) |

CLXT |
o)

<@ 4
LYULYRS 9

L and L+other

2
metal ions LsCu

L+Hg"

0.0 + T T T T
200 300 400 500 600 700 800
Wavelength/nm

o Y [ s = i 2 ) a
AN 17 Iﬂi\‘iﬂiqﬂﬂ@ﬂtqjumai 9 LL'ﬁ3ﬂ'ﬁL‘UaHULLUﬁQﬂWﬂWiQWﬂauMﬁQQWﬂLG]‘LII@E]E]UIE’IVT%

YRR

Tul a.A. 2017 Hou kavane(33] lasnsnunsduaszivgesisawuiiduigasviln
Trderud§Aseniestunsuingafe UjA581 condensation 5¥1319 1, 2-
diaminoanthraquinone Wagsalicylaldehyde laidutduitgas 9 Feaursasndulessu

Y 1 o o o Aa oo ¢
nownsliogrsdnwiziatzaslusvazarenidinluesausenou (THF:H,O (1:1 vAv)) 1y
wanImUNA Y N gRRLTALTURANAATIAINEIARY 604 nm LiladnTuleaunaILALaL

wWaguuUasdygraumngoalsaiwudiuy ON-OFF fluorescence switch hagaansndunanis

Wasuuasdvesansazaeansuydudildsenlan fien detection limit Wit 89 nM
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20004

N
o
=3
o

15004

30 equiv

10001

I __=z
Fluorescence Intensity

1

=3

o
2
o

0 .| T ¥
400 450 500 550

WGuwas 10

Wavelenath{nm}

Al 18 lassadsvenduiwas 10 uasnisiasuuasdygnvgeeisauiluan1ignd

1900UNDILAINAMULTLTUFN

lul A.A. 2018 Ghorai wazame[34] leivlgeelsviesyila pyrene 11U ATEN

a

Wouranu benzilmonohydrazone tHulalelunes (Yulwas 10) WWuwasyiaildund

ee

mzmsiamié’ﬂ%’ulaaawmLLmImaﬁmimﬁwuﬂaaé@mmvﬂqaaLsawwﬁuw OFF-ON
fluorescence switch Tufviazaty CHiCN:H,0 (2:1 v/v) uanadayaiungoslsaigusigign
fiaue1andu (e, 433 nm Lﬁa@mﬂﬁuwé’qmuﬁmmawaﬂﬁuﬂszﬁu (Aey) 305 nm HA
detection limit WU 7.8 nM wazdnsIduNsiAnasUsEneudadousyninuduresuay

loopunsswaady 1:1 (Guwes 10 : Cu®)
O 1000
O e 800

0
HO\:S\\O v O

NH 400-

0
- . 0=8=0 400 450 500 550
FULYDT 11 OH

600

F (a.u.)

Wavelength / nm

A 19 lassadsveaduees 11 uasn1siasuulasdygingeeisawuiiuaniieid

1900U NOILAINAUTUTURIS)

Wang warang[35] laseugesisawuddugesdmsunsisdulossuneuns
¥im 3,30- [biphenyl-4,40-diyldi(E)diazene-2,1-diyl]bis(4-aminonaphthalene) (L FULYDS

11) fiavaiadhiazdnnziaizasgeenisandulossunsuwaslaeiinsiuisuudasdyay
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Waeaisalusluy OFF-ON fluorescence switch ludvinagargdwines Tris-HCL dei1nns

AANALLAFIEATAINETIAGY (o) 360 Nm LagAIBLEINGRBLITAUAGIEATIAINNETIAGY

v
a o a

(Aer) 407 nm gnunsadananisiasunlaswesdansazangandwaadudintulamendan
Aeundsannsiivlessuneansasluasavaneifuwes wavila detection limit 1infiu

0.12 uM

NUNAMNIIBNNE1INTY Fzuindugeineawasgnesniuulniiiosnouves
Tulnsiausareondaulussrusenauludrulelealunes wWsliindunsisenaniulesau
NOWAINIUNG WY Hard Soft acid base uenanil ssrusenaudrdyneluliuanangeeisa

¢ & ¢ A A o U ) & Y wa
udiBuwesAorgealsles Miedumimtiuansdyaugeaisaisus edolnnaudd
a aa | Y a £ a . = = a A a
Wauaea Wy dA1duUsganswaas (quantum yield, @) g9 Tanuadesidauasig
(photostability) slusAdeilvianuaulasyiusvotnunziaddu (Slhelicene derivative)
Woeaninisaguasnlugie visible wavdd1duUseanIBas (quantum yield, D) aq
lnelul A.A. 2009 Dr.Thanasat Sooksimuang kagRng[36] lAdATIERaTNaNINUALLEE
Fu ([5]helicene, M201) w1Uszgndlydly OLED uagldandnidnsarsnguillanelive
a15Usenau 3,12- aunen®-5,6,9,10-mn5¢balas-Hs11-1,3-lalelu-[51.883u LHaanie
miﬂizﬂa‘umju [5]helicene 10 ortho-condensed polycyclic aromatic compounds 34

v = . ! v o X = N

a1u1snAEuAINgeBLTAl UALIRINN Lagll quantum yield Aaudieas Nl Junangiag
W ldidungoelsnes (fluorophore) tilaesrefiautfnduar gl undeniiuildvin

& s o 1Y) = A % ax o ‘:ll
LULYBININUAN IﬂiﬂfﬁqflﬂqﬁLﬂm%@ﬂaqu]Naﬁﬂﬂﬁgﬂ@ULWU@%L@@‘UULLE?@Q@QJT]WV] 20

MeO

MeO

2NN 20 uanalassas1amuAiiveIa1sUsENaULNURLLEaTY ([5]helicene, M201)

° o s & saa Y aa & ! s
ﬁ']‘VﬁUWQ@E]LiﬁL‘?IumL‘(lum@iV]ﬂJ@iéWUﬁaﬂaﬂ qumLS@%ULUumuWQQQBWaiMWEJWLJ

a v

agldrpsuninilleiiguivigeslsnesviindus dsinegreunauideseluil 1wl 2014 Li

wavanz[37] ladunsigivgeaisawudiduigesulin tetrahydro[5lhelicene thioimide
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(Fuwad 12) Feflausinizeizasenisandulessuysonuuy OFF-ON fluorescence
switch Tushazangdviines HEPES Tngaouasmgosisaludgaaniinamennadu (A.,) 507
nm wazaunsadannnsildsunlasdvesansazarglddrenlan anndinaadudud
WaeangudsInMsiiulessulsenadluasazany

1200

S ———
- 0w ‘.
1000 - .§ » /‘/
S Hg™ g: 7
~ 800 o
R 3 o A
N—/ = :
> 600
)
=
S £ 400
200
R = (CH3)10CH3 R
450 500 550 600 650 7004
L;jul,eda’% 12 Wavelength / nm

il 21 Tassadvenduees 12 uasnsidsunlainseisuasigoaisaudluanieidl

nsifuleauUTeNAMUITNIUAILY

oyl 2018 Anuwut Petdum uaganie[38] lisneaunisesnwuunasdaunsies
vigoasawudidugas vl ileusiusveanunzieaduluigeslsvies uagld 2-(a-(2-
aminoethylsulfanybbutylsulfanyDethanamine 1Julelelusles (Guiwes 13) Wuwesuia
ifmnutedhuarimnsnaizasgadenssnduloosuiunuu OFF-ON fluorescence switch
Tudavinazae CH;OH:H,O (9:1 v/v) &A1 detection limit LYiaAU 93 nM waga1u15auIu

Ussgndldliasgiusuaeyniauiluvedlessulanzdu (silver nanoparticle) la

Wuwas 13
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no
ions

Ag't Cu?" Hg?' Pb* Ca?* Cd** Co?" Fe** Nat K' Ba?' AP* Ni2* Mn?* Li* Mg?* Zn**

'
[y

AN 22 1Assas1venduwes 13 wazn1swasudvesarsazatenielduas UV luaniizasn

Julopaudu

v

dmsunuidell ainisesnuuukazduneiansisesuamlgosisawuiainoyius

3

YoanunzieaduiiansadunUssgndliiluaisinasomusuniudomduasiduiyes

o w [y

p5193UleauNDIAs Bnadudusitenlinudidfulyriadsnndonsaudl nanife

o o

N199RNLUULALELATILNANTIATDMLI8 YT U amEAY [WunTHaILINTZUIUNTARANY

warAsIAavEIT U aMAITAINAUASITUsElamiaInnInva wAs N 1WA snvadinNs L9

I3

wuslduveunie (waste) Tunseuiunisuanidausaineiunud Jaduanamnssufdn

9

Y o <

nenelivesUssalngliAnystlonigsan vonanidedumuidousniifinmsihoyiug
vosnunzsdtusiaunduansiieiomuothiudamas e dmiuniseanuuunay
duanziidumefiflensiaduleseunaung iumswanasasdievieisnsaaeumnuy
fiwvaslaneviinlnddillidesndudou lansniinneinsuideuvedanenesundly

duwandon FudulUununurn kiR uLASEEAaLa dsnuuie Aadundudes w.a,

'
v Aa

2560-2564 gngmansnisiivlailufinsdvdsindoufionisWauiogadedu way

gNSAERSNITNALTIME1Rans wAlulad 338 uasuinnssy
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uni 3

A5n1sANHuIUIIY

v

dufuineninusadull fiduldesnuuuuardungiasdowuamgonisaeusian
pyWusvoununzEaTy ((5helicene) siavua 2 wia dmsulfifudumeinmainlosoy
ysuAazaIIIASomIetdudomas fuanduniwd 23 dmsuidugeiviouns MNH
Usgnaudneeyitusveununziaddy ((5)helicene) vnihiidusigeslsvlesideudeiulansy

FU (hydrazine) ¥utndulalelures drnsuarsvinasomuigdiduieinds MCA

! 2 v [ s

Useneunigaunusvaununziaddu ([5helicene) WausanuayiusvesaIsniuea

9

Y I3

(cardanol) lsunanvesdelugaaimnssunisndalauzaiiuniugd Jauidediiodu

] o s

a o aa aa . [ 41' [V~ [
UIYLIANUNITUIDUNUDVDINUNELEAYU ([5]helicene) MWWWUWLW@I%LUuﬁWiVH

9

\A509ULN8 TN BLNAY

MNH MCA

[y

o o = ¢ & a a &
AINN 23 Iﬂiﬂaﬁ’]\iﬂ’ﬁlﬁaﬂLLﬂQWQ@@LﬁaL%u@Wﬂ 2 VUA IUQ'TU'JQEJ‘H

1. MIFNATITTUDS MNH

aaa

N15duATITMTULLES MNH @1u15ad9aszilinudfi3en imidation s21ing

=

[5]helicene anhydride (1) AU hydrazine hydrate (2) Tuan1g#il glacial acetic acid 11
wihdunse Tneflaunsufienmsduasgiifuees MNH wansfanid 24

MeO MeO

glacial acetic acid

O + NHyNH-H,0
DMF, 110°C, 1 h

MeO

1 2

AN 24 aun1sUfisensdaasisiiduees MNH



25

M3daaseRdumes MNH Buands [5helicene anhydride (1) U3unas 0.20 n3u
(0.48 Hadlua) ldasluvinfunauauin 10 adans 9 nduazatodaeg NN-
dimethylformamide Us1Aaniin (dry DMF) Y3u1915 3.0 #iadans Ly hydrazine hydrate
(2) USu 0.8 iaddns (25.0 fiadlua) way glacial acetic acid USunad 1.0 Jadans aslu

a

= = o v s

a13ara1y NMuaIsazateoungil 110 asrwalliea (°C) AelausseiniAensnau (argon

[ QIJ d‘ o = ¥ p 4 ¥

atmosphere) 1Wuszgziian 1 43109 Waasuiiuaia) Jamgaliainusounazsely
I a a v & ay v H . .

a1sarareduasioungivies Intunaisavareilaasluiiisaainlessu (deionized

water) U3u1ns 20 fiaddns uwazniuaisazaigegnuusadunal 2530 uad aziiie

AENOUAMADITU TIUIUINTDILUVAAAIUTULN DA UAZNDUN LA LAZA19ALNDUAIYUN

(% '
a all

Usnannlessuduuinu 50 Haddns Hmenouildliuiuasiliuianideitnmamnadn
%1 (recrystallization) 2981918 2an8HaNs¥97319 MeOH:CH,CL, Tudnsidru 1: 1 1ne
USums (vv) aglaansuandaailunsneufivdos 183.0 Jaansu Anduiesifunanan
WinAu 88% wazyinn1sanudn (single crystal) w75 vapor diffusion A5z UUMIaTaIe

Hes MeOH:CH,CL (1 1vA)

2. psdaATIEREITINASEIMaNELnL MCA
nsdalAsIERENsTLAS e NI TRIWES MCA 3R1nnisdaazsiasdsznou
WuNELaY 5 Sudueinufasen imidation 3g1419 [5lhelicene anhydride (1) fu
ethanolamine (2) Tuan175#d clacial acetic acid ¥antaddunsa leaisnandudidu
a1susznaunuieLa 4 mﬂﬁ?uﬁwmﬁmﬁﬁ%m mesylation AU methanesulfonyl chloride
Tuan il triethylamine vushiidwa Teasudnsasiduaisusznoununeas 5 Tu
%umuqmﬁwﬂwmiﬂizﬂawmsJLaﬁu 5 119U §Ase1 o-alkylation Tuan1igiua NaOH fiu
hydrogenated cardanol (7) ﬁNWUﬂﬁiﬁﬂﬂﬁﬁ%m hydrogenation ¥ 84 unsaturated

cardanol (6) 4187 loduansyineSeanu1eu1d UL oInds MCA Salantduni19nig

FUATILALUNIND 25
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lacial acetic acid
o + HzN\/\OH 94>
DMF, 110°C, 24 h

MsCl, NEt;
CH,Cly, t, 24 h

CH,)14CH
N/\/O\©/( 2)14CH3 NaOH OH
o] DMF, reflux at 160°C
(CH2)14CH3
MCA 7
Hap,PIC
CHoCly, 1t
OH
(CHz)7R
6
R=-(CH,)7CHs

R= -CH=CH(CH,)sCH3
R= -CH=CHCH,CH=CH(CH,),CH
R= -CH=CHCH,CH=CHCH,CH=CH,

AN 25 LEUNIINISAILATIZNAISVINAT DINUEUNN WY aINES MCA

2.1 MsduAsTIEREITUsENa UG 4

(0]
- o)
lacial acetic acid
o + HZN\/\OH d
DMF, 110°C, 5 h
O
o

A 26 aunsufisensdeaTsiansUseneuraneay 4

AMIFATITRATUSZABUNLBLEY 4 13U1NY [5]helicene anhydride (1) U316y
0.20 A5y (0.48 faalua) ldasluvinnunanauin 10 Jadans 3nUuazateng NN-
dimethylformamide Us1@91n11 (dry DMF) US1195 3 1addnT iy ethanolamine (3)

USuieu 0.8 Hadans (13.3 Uadlua) waz clacial acetic acid USuned 0.8 Naddns aslu
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a

asazans muasazatefigumgll 110 esrmwaldea (°0) nmeldusssniaensneu (argon
atmosphere) 1uszoziian 5 $alus ieasudmuaian Jmealiniueunazseld
asavaneifuasfigumniives antumarsazarsitldadluiusmainlooou (deionized
water) U315 20 fiaddns uwasniuaisazaigagaguusauuna 25-30 uiil aziinnzneud

WAITUTIUINTIIMUUARANUAULNBLAURENBUT I karA1InENaUAI8tNUS AN oY

[
a a a

WuUSun 50 fadans Nensnaunlaliwiie azlaa1susenaunuieay 4 Wuvadwdsdmviag
181.0 fadn3u AndulesiGuinandniviaiu 82% diluvihuisetuselulaglduunisuen

UIENd
2.2 N5FUATIEREITUTENBUNUIBLAY 5

MsCI, NEt,

OH
N7 CH,Cly, rt, 24 h

AN 27 aun1syFAseInnsdansienansusenaununeiay 5

NNFANATIZNANTUTTNOUNLIIAY 5 LFUAUIINAZA8EITUIZNOURLIELAY 4 NN
0.21 n5u (0.46 Ta@lua) Ay dichloromethane (CH,Cl,) Usuans 8.0 Hadans luvinny
NALUWIA 25 Naddns ntAN triethylamine (Et;N) Ysu1as 0.16 Jadans (1.15 dadlua)
nelAusseInIAe1snou (argon atmosphere) irnnsnauansazatstuian 15 uadl 7
gauni 0 °C LilBATUMMUALIAN ABE® LU methanesulfonyl chloride (MsCl) ag13tlag
14lulasUius (micropipette) U3u1as 0.089 fadans (1.15 Jadlua) 91ndusinnisnau

1 I QIJ dl a v U 6

ansazangsiailunian 24 Filusgamgiivies a1eldusseanieensneu (argon atmosphere)

Weasumuuaawiy dichloromethane (CH,CL) TtiusunastaasiuUssana 15 Sadans

PJransavaenauunannneunus AN lessu (deionized water) Usunes 20 Tadans 91u7u

1%
o o

3 assannduLAugudichloromethane unfi1dauteenld sodium sulfate anhydrous (anh.

Na,SO,) lnadnasluludsunaanies anntuiiluseive dichloromethane sanlagly
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rotary evaporator n1eldisyuugayIna leaisndnduglianvusdurewuldiniedou
Unnenuignslaegldimaia column chromatography A38M3vI1asA 18 NANTENTNN
FtOAC:CH,Cl, 8ns1dau 1:10 Ined3uing (vAv) A1 R wiiu 0.32 laansusenaununeia

5 Wuvesndadmades 134 1ansu Anduesidudnananwindy 54%

2.3 NN589LATIZHEI5USENBU hydrogenated cardanol (7)

OH OH
H, 1 atm, Pd/C

CH2C|2, rt

(CHy)7R (CH2)14CH3
6 7
R=-(CH3);CH3
R= -CH=CH(CH_)sCHs

R= -CH=CHCH,CH=CH(CH),CHj
R= -CH=CHCH,CH=CHCH,CH=CH,

A 28 aun1sufisen1sduasisiansuseneau saturated cardanol (7)

n13dILATIERa1IUSE N YU hydrogenated cardanol (7) Buaindeansusznau
unsaturated cardanol (6)-1.000 n5u (3.35 fiadlua) asluaaniunanauin 25 daadns
azaude dichloromethane Y3ums 10.0 fiaddns ainturess Hinasisafiisen Pd/C
35.6 N5u (0.335 faalua) asluarsazans niugrsazatanielaussennialalasiau
(hydrogen atmosphere) A21316U 1 atm ﬁqquﬁﬁauﬁunm 48 §2lus loasu
fmunan tasaratsunnsesiianadane PA/C eanll anduihaisazanedilanionds
91nn13nsesluidniiiazane dichloromethane tngldia3as rotary evaporator wae
ﬁﬂMWLLaﬂU%qwéﬁaﬂLwﬂﬁﬂ column chromatography Tusguuansazalawan CH,Cl:MeOH

(97:3 v/v) @iA1 R = 0.70 laarswdndusiluveunaiduiniaseu 820 fiadnsu Anlu

Wosidusnandnwindu 82%
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2.4 NISHATIZREITNATDINU18UNIL UL DINEY MCA

(0]
7
o DOW;
NaOH O O\Q(CHZ)14CH3
(CHZ)MCHB DMF, reflux, 24 h O‘
o

5 7 MCA

AN 29 aun1sUHATEINTEUATIERENTVILATRIINEUNTUTINES MCA

N15&9AsIERasrAIe mure U onas MCA 3ua1ndeansuseneu
hydrogenated cardanol 0.071 n5u (0.23 fadlua) uay NaOH 0.0093 nsu (0.23 fadlua)
adurinfunanuin 25 daaans azangdas N N-dimethylformamide Usiaainia (dry
DMF) Y3115 4.0 fiadans 91ntiuiineaisussneuminetas 5. Usunas 0.050 ndu (0.094 fiad
Tua) 3Wdnd duian 24 Falus easutmuainat dransazatsuniansaviiazans NN-
dimethylformamide (DMF) aangfeieios rotary evaporator aneldfszuuanane ANy
11 crude wazanedag dichloromethane (CH,CL) Usunns 20 Tadans dhanafngieii
Us1aa1nlooeou (deionized water) 20 Haaans §9U1u 3 A%e TnetAuduansazane
dichloromethane (CH,CL,) Handdntnlneia sodium sulfate anhydrous (anh. Na,SO,)
Usinandnides 9rndutinansazaiodu dichloromethane (CH,ClLy) 1an13msvinazanenag
Lﬂiaﬂ rotary evaporator RERIEEE TUUE N YINTFA Vl'lmiLLEJﬂUSﬁ‘l/lé argwmAla column
chromatography TusguuaIsaratenauszning CH,CL:MeOH (99:1 v/v) Ry = 0.75 agld
NAnS Y MCA Tifidnvanduvounaidivies 47.0 fadndu AnduedFudnandnmingu

68%

3. msnadauyszansanlunisntadulessulaenesunsvaaduiwas MNH

<

\Hesnnvlgeeisawudiduges MNH fduasigilaiduaisyialugd Fadeatdiun

'
a

Anwauaudiuaimemealinngeasaudaalnsalnl ieliaseiniaueInaund

' A % PN o o a a6
AINIINANAULE (Ao WAZNITANYULEINGODLTALIUS Aerr) awam‘lummazawaums ey

ﬁWLUuax‘iﬂ‘Uiuﬂ@U "U’]ﬂ‘LlULaE]ﬂiuUUG]’JVI’]aua’]EJV]L‘I/Ill’] adun ?ﬂ@

q

aa

SEUUMYINAZANEDUNIEN

Wuwesaiusansiaduleseunswnsamiiodiui@nyiniiuiedly (sensitivity) uag
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ANNT NI RBNTATIATULeDRUNBILAY (selectivity) YoaduLges BnvisAnwinis
nsradulessuneunsUisuiisuiulessusunIuaiinduy (competitive) A1UsEANTNILTS
AIBUANNIINGRBLTAUR (fluorescence quantum yield; Q) dns1dIuNTsIAnaNsUsENOY

WataunI835ue9 Job (Job’s plot) karA1AINaNAareIn1sAa15UsENaULTItaULLlD

Wuwasanduiulessunaaund (Association constant; Kie)

4. nmsnagauauiadhilunisnsiadulessunasung (sensitivity)
1 Y < I3 =1 v

N15NA@aUANNLBINTUNT915799U 090 UNDILAI TR T ULYDS MNH tafAnwIn2e
wallangeaisaudaininsalny 1aELSeUaA1TaZa8v T UDs MNH hazUiun

< It a AP, v v W & A
A150rA18U0ATULRSIIUTUNT 3.00 Uadans waddndyqiungeaisawudnuasuwdas
noulazudufulenounesnslunsazasy Funaiunisiasuilasnuduvesdygianis

A a X Ay v ° v o ' a
AeuasgeaLsauainfu lngranisnageuildaissainluldmuameininaunaves
M53UlepaUNBIAY (K,wp) Tadupivenauausalunisiinasusenouldadousyning

Wuwasiulosaunaauwne Inganuisasiulnlaannaunisves Benesi-Hildeband

4.1 PISLASENETaYaN8LIUas MNH
WSNEITAYAEUL DS MNH Tuaisazvatanan CHCN:H,O (9:1, v/v) Tuvan
USumsuunn 10.0 fiadans Inilanududusudy 1.00x10> M 9ntuioansaisazans
Wuwaseeis serial dilution Tneliauiduduanasiiay 10 1w auldanududuwindu

1.00x10° M U519 10.0 fiaddns

4.2 N15M38Ua5a2a8 1090 UNDILAY
= 1 < [ ) a I3
AsANEIALIBIIvaRduwas MNH lalaawmseuasazatulossunawaulas
AABLSANITANUTNTY 1.00x107% M Tudnduusiaainleasu (deionized water) USu195
10.0 fiaddns NNUULIPINNETATANe PRI UNDILALUBSAABLSH M85 serial dilution 1ng
Iaudutuanas 10 Wi auldanududugayneminy 1.00x10° M J3u1ns 10.0 dadans

TagUSuUsuInsmMetnnauls1aanleeau (deionized water)
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4.3 NMINAGIY
rarsazatefiulges MNH Mnseulalyindgyaiungeaisaisud dunanis

WaguuUasasdyaangeaisawudiiintuilelinslamsnaisazaiglessunsiund ag

AMUAAINITIIRB A9 TlTluNIIVARDUAINITISN 2

A15°9% 2 wansamdwesnldlunisiavigeeisawudiduges MNH

BAIANYID
Scan speed Slit width 4 4
Ao (NM) Aern (M) ARUNANE
(nm/min) (nm)
(nm)
373 556 300 5 400-700

5. NMINAFIUAIUINNIZLAIZAN (selectivity)

[ < s [y a 1 Ve 1%
NINAFDUAIUINNIZLANS VBT ULYDT MNH ﬂulaaau%ummm lafnwaaY

[ YY)

a (3 IS [ v
wealangessauianinsalnl lngn1sindyyiuvgesisawudainnisiamsnaig

A)

%4
= == a

ansarangleosunsalmiadluaITaraladiuwesNgeTERTNYTIINS 3.00 Jaddns Weudu

[ a

dygyrangeaisawunmiinainnisiawsnaigaisazatglessusuniuyindus asly

o

< sl = X [y a [ Y o = [
ﬁ’]ia%ﬁ’]EJL"UUL""UE’]i‘I/IQﬂLG]?EJEJ‘UUiUﬁﬂ‘Hm%L@EJ’Jﬂu aELNANTIT U UL YRV UIUNADD

g7} U

saluATErINMsiawsamgaIsavaglossuyaiuninaznslamsnaiglosoudue

5.1 N1SIAsENEITazaNeL YU Ds MNH
WisNa1saratgdues MNH Tuaisazatanay CH,CN:H,0 (9:1 v/v) Tuvan
YSu1msun 10.00 188805 WLALLIUTULTUAULYNAY 1.00x10™> M 91nUULIDA4

ansaranadugesaulinududugaemiaiu 3.00x10° M wazliu3uins 50.0 faddns

5.2 Mswsuasazatglesaunasuanazlossusuniuviinaus
o [ 4 [ a I
NSNAABUANIUNIZLNZ W VDUTULLDS MNH ilalasinsenalsazaiganinge
vosleeaulansiUosaasisaviavun 17 wia lawn Cu®t He** Ag Ba?* Ca’* Cd*" Co?" Fe**
K" Mn?* Na* Ni** Pb?* Mg®" AP Li* wag Zn?" Thdanuidudulsuausinny 1.00x102 M Tu

110517910 1990u (deionized water) USu1ms 10.0 1a8a#s 91nUULI9919815a%a18 00y



32

wlnR199 A2833 serial dilution TagliAududuanas 10 wiraulanrududuwingu
1.00x10° M Y3115 10.0 Jaddns lagUsuusuinsaisurusiaainlessu (deionized

water) wudeuiunIsAneIAILIadll (4.2)

5.3 n1nasiau
) < 1 a a v o & o
UNd19aga8L UL T MNH 1/|Lmaulﬁlmﬂaigzmmw:;jjamiamum GNP
a o s a é{ A o
LU@BULLU@Q%@Q%@Q@WNWQ@@LiaLst‘LJGWlLﬂ(ﬂsﬂu LmaumﬂmmemiazmalaaauwENLLm
~ a o 2 s a A ° ! a 5 1 et
L‘UiEJ'ULV]EJUﬂUi@E]@uGUQQLﬂa@LUaiﬂﬁ@Lim‘(ﬁu@@uG] I@aﬂmmmwwmmaimm VlfLsﬁ‘LJﬂ’]'i

NAFBUAIUNITIN 2

6. MINAgaUANA1NTTUNNTATIR TR lenauNB LA sluan1ETlleasusunIuLin
'Ezl"u‘] (competitive studies)
nsnadeuauasalunsindulessunswnaduaneidleseusuniusiindug
ausafnuilasiumatinngeasauaaiuninsalnd lnonsindyqinmgeoisaivud
Tuwngiouuasvdufsasaraslesaunaunsadluarsagatsdumesiignndoutuly
Usums 3.00 Nadans f\mé’ﬁmmLﬁumﬂﬂﬁmmawaaﬁmmwmﬂgaaLsamuﬁLﬁwﬁu 50-60%
wdniusuivasazarevadlosusunaneinnieg luusnsuwaramududuiivingy

ansavangleoaunpinsiifuadlulunsausn uarindyaangesisawudsnasin1endans

Wilepausuniuvlinnnee

6.1 N1sLAsENETaTaneLduas MNH
Wisuasaratudues MNH agwseuludnuasideiiuiunisAnwiaiuiady
(4.1) winsfnwimnuanunsalunisdnduleseunewndluanneiiflossusuniuviindug
(competitive studies) azin3aulifiusuins 50.0 fiaddns WulRsafunisn3ouaisiie

maaumwm‘hwammwau%uma% (5.1)
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6.2 nswseuasazanglonsunasnazlooausunIUBIAEU
mMsveaeuAuasalunsindulessunewnduanmziiflossusuniuaiindug
goaduwes MNH vildlnowIsuansazaisainindevedlossulanzilesnasisniianun 17
w¥ia Town Cu? He?" Ag™ Ba®" Ca?* Cd?* Co®* Fe®* K Mn?" Na* Ni** Pb?* Mg?* A" Li*
waz Zn? Tdaududy 1.00x10% M luansazaieiindudsiaainlossy (deionized

water) Usu1ns 10.00 Lagans

6.3 NSNAFAU

Yra1sazanedulwas MNH ﬁLm%mlﬁlﬂi’mﬁaﬂywmv@aaLiamuﬁ A9nenIg

Wasuulaswesdyy1amlgaatsalguaiinndu wadinnslawmsnansazatslosaunaanns
a ~ ) & ¢ a A ° ' a & 1 a

Wisusuivlessuvesndalasrastinuingus) laen1nuaaInisdimesange Alglunis
NAADUAINAISIN 1 9INUUAT NI INLAANIAIIUTUNUSTEUI19A7 normalized
fluorescence intensity (I¢/lo ) Tuliwannu y wazatinvedlesousieg Mduaciuluwunwnu x
Tnen

ANy aigeelsduiTetasavaeiiuesnewdtlosen

S
1

iy
ANLULVDI Y

gruvlgeesauRvaIasazmeduresrdLilonsu

F
I

7. n15nIAIUsEANTAINLTIAIDUANNIINGRBLTALUA (fluorescent quantum
yield)

nMsmANUsEansnmdnleuiunagesisawuivenduwes Wun1smdnsidiy

yosuaulineuiignanseeninsied uulinouiigngandu Tasansitinnisaeuasigostsa

WUALAR AxiANINE 1 FeausamwIulenuaunsy 1

Slope, r]i
Q, = Q(stq) (Slopest) (nid) ............... (1)

We  Q = Quantum yield 99381302984
Qstg = Quantum yield 99981311A3551U
Slope, = Amenuduainasvianuduiusseninnsmeuaigeaisa

LHUANUNITAAN UL URIANTHIDENS
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Slopeyy = AenuduIInATaudiussEnInsAeLasigeaLsa
HUANUNSRANTURASYBIANTUINTFIU
N = refractive index 983628 za0a1A0E 19

Netd = refractive index vasyinasangaIuInTgIU

7.1 nswsedasazaredugesiaransazatylonaunaung
asavarsduweswseuludnuuriielfunisinwiainudedhs (4.1) TnewSaulnd
aadudugavinendu 1.00x10° M Turanu3unes 10.0 §addns wazusuu3umsaig CH,CN
dusuansazarelossunananwssdludnuaziferiunisanwanuleshiwudediu (4.1)

Toglvianudutudu 1.00x102 M

7.2 NISATENAITALANENINTTIU
WIBUAITALANYUINTFIY 9,10-diphenylanthracene Tuarsazans CH,CN udy
1.00x10™ M U305 10.0 fiaddns wisldiluasuiesgaulunisdiuimen quantum yield

YpaguLEas MNH

7.3 N1nadau

a1sazaneiduges MNH Usu105 3.00 Iaddns 1 indyaiavigosisaausiag

ARUAAINITILADSAI9E) AINATTNT 3

A13199 3 A151ekansAINIIITmesNldlun1sinvgeaisawwudiiia AU TEANT AN

AIBUANNIINGDBLTALTUA

Scan speed | Slit width |  99Au81IAAUN ANEIABUYBINT
Aoy (NM) .
(nm/min) (nm) AN (nm) ANBLAS; Ao (NM)

373 300 5.0 400-700 530
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nduiluindinisgandunasiinnueniadunsedu (A) 373 nm wagianisane
uasigoo-sapLAfinueAduTeINIMEL (Ao, Fauandy a151e 3 wagyimsiadd
Tnensidersansazanedinaniadeay 2/3 wh edielion 3 ads udathAnsgandunasuas
meuasiiale nadnsmanudiussErinssmeuasigoolsaleaRluLLILAY v LATAY
msganduuastuuuiuny x iehauduvesnswidunsadils luduaue quantum yield

ANUANN1SA 1 saly

8. NSMBATIEINVBINSIANEITUTZNBUIT IO UA28ITN15989 Job (Job’s plot)
N1SUIDATIAIUNITANAITUTENBULTITOUNI8ITN15VB Job laAnwIsIemALe
Waoaisawuralninsal lagnsiaduginngestsawudluszuuniirvdulua (mole
fraction) ¥3eonsna@udwILluaveslospunDILAIREs LILINAT DI TUw RS TUS T I@IUR A9
o | a a v < 6 o al
ANSUIDAIIEIUNTANFNTUSTNOULTITBUYDITULBS MNH 211150919 laenI1sins e
= & Y v q o a ) P = s
AN58YAUTULYDINANUTUTY 2.00x10™ M TuanuwazheInunSIASsuaNTaLaNULI UL S
Twide n1s@nwiauladh (@.1) waztivnansazatedueas MNH TilaUSuamiumnisedn
3 asluvand3unsvuin 10.0 Baddns wasusuliiivsuesaamedu 10.0 $addns ses
n1agany CH,CN:H,O (9:1 vAv) laglifesivasasarglosaunacung annuuiiluin
doyaraunisenguasigeasawudneuinlaaaunaawnd (Iy) lnegAmuaniiivnesanieg ay
A15197 1 fauAtalTazatslesuNaasluTInaIsazaNuL T U asT19AY TneTidns1diu
USinauiiununisisd 4 uanhlddadyaimunisasuasigessawuindinisiiulessy
N0uAe (1) INTUATIINTINUAAIAMUFUNUTTENINNAAUVDY |-l AUtAwEINTUAVDS
logaumnaauas () N1ANUEIAFUNLAAIFY Y IUNgoBLTAUAZIEATULLILAY ¥ UaslaudIy

Tuavedloaaunaalnd (X) TULUILAY X WBUIEASI@IUVBINISIANEITUTENBULTIT DY

Syrnaduwes MNH fulesaunasuns
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A1519% 4 M1 LARINITIIBNTIAIUNITANAITUTENAULTIT UVD LT ULL S P85 UR Job

Usung Usunslesau . .
L wwdaulua (mole wwdaulua (mole
U0 UGS NDIAY
§ L R fraction) ¥@s fraction) vasloaauy
| addns) (lulaséns) ..
LYULYDI NBWAI (X;)
(2.00x10”°M) | (1.00x10°M)
0 0 20 0 1.0
1 0.1 18 0.1 0.9
2 0.2 16 0.2 0.8
3 0.3 14 0.3 0.7
4 0.4 12 0.4 0.6
5 0.5 10 0.5 0.5
6 0.6 8 0.6 0.4
7 0.7 6 0.7 0.3
8 0.8 4 0.8 0.2
9 0.9 2 0.9 0.1
10 1.0 0 1.0 0.0

9. MINIAIAINENAAYRINITIUIDDU (K e00c)

Association constant (K,.o) %38 AIAINNISIAA (formation constant) #50ANAY

L@0eININ (stability constant, K) n58A10fiaunavedn1siinansusenauidatau #3150

N
NFUNIIN 2

Nauna
Wa L R
M R
=]
n R

L+ nM M, L
M, L
Kassoc = [l_] [M]ﬂ
s
looaulany

Fuulesulany
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Kosoe 0D Association constant (K,

nsAUIMMAIAINaNnavaIn1sIuiulessulagldaunisvas Benesi-Hildeband[39]

1 1 1

= +
(lF'lo) Kassoc*(lmax'lo)'[Cu2+]n |ma><'|0

NAUNISN 3 TANWULANUFUNUSITILAUNTI AIHUNNTAS NI NBEAIANUFUNUS

1 1
Ty y way
(o) P e

lopaunasnals Wamnuals

FENIN TULILNY X F8ENUTAMIAIAINANAATBINITTU
lo Ao enuduvesdyanumgeasawudvendugesneunsitlessy
NOILAY
I Ao enuduvesdygavigossawuivendugesnainisfivlessy
d’ 1% 1%
NounIAMTNTUla
me AD ANYRIdIMvIgR L TERUANINTIAN T AT WLR SN NS
looounoiun

] Ae o Swawdulag w1, 2,3

WU ArsaunaveInIsTuleaaunakas AINlAIINAINTUYRINTINTATITY il
1
Slope. = — o\ Y (4)
Kassoc(lmax'lo)
1
Kassoe = =< (5)

Stope(lmax'lo)

10. msfnwnsifinansusznaulsdoussnirtaduwes MNH  Aulessunawnsdsnis
A319uUUT1904lULaNan19AdNNINRY (computational molecular modeling)
=2 a a v ! < s [y
nsfnwINsina1suseneudedauseninaduges MNH fulesaumnaduns @1use
Anszilaannlassadrsiwmunzau (optimized structure) ¥adldulgasluaningnouLay
a1 Nnsindulessuneaiisnisasisuuaedluananneuiinesnussds uls

Density Functional Theory (DFT-B3LYP)[40] tu@alws 6-311G** §1m5usinngunanuas
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LanL2DZ dmiulosounawni[dl] anntusIenuRanIsinseilasaiisuanaiangay
YDUFULES MNH Laza1sUsznoudadoussninauduwes MNH fulooaunaiuna (MNH-

Cu” complex) fe3UnMINLUTUNTH Visual Molecular Dynamics (VMD)[42]

11. n15ANYIUTLANSNINNI5AT R looauNBILAYRTULas MNH Tuwaddedliaan

[
o

HepG2 cell lines (hepatic cancer 38 Wwaauzi3e) dmsuAnunlunuisedlasu

AUBYLATIENIINAIAIVITIINGT ANEINEIAIEnT un1inerdefaling laun1sAne

a ada a ¢

Uszdnsnmnisesiainlossunssunsedduires MNH Tusnedawaddldin aziinge
mMImeuamlgesisauivenduwesiiegnsluwad Tuannziiduaghifllessunssuas I
NswBEadzENNUNEAA T SIS MNH Wadu 50 mM ludvharvanedtviules PBS
(DMSO : PBS (1 : 9 v/v), pH 7.4) ﬁqquﬁ 37 °C 3393114115 Wit 1leasuiinuaan

:’1 o % & v % & o o’.JI Y =% o 6 1 ¥
NUUNINITANNYAAAIYAITALAWUNWDST PBS 97UU 2 AFI LAIINUNIAAUIUNAIY

a

CU(ClOy), Wity 10 MM figaungd 37 °C szeziaan 10 Wil waztilUduiinuanisaauas

Y

WaeaLTALTUAINATY

12. 1/|ﬂaa'uﬂ'J'mmmmiumsL‘iaaLLaanamiawuﬁ (fluorescence properties) wag
ﬂ'a'mmmmiumsm%a'ﬁ'ﬂmaﬂmmwLLaziJ%mm’Luﬁ'lﬁuL%aLwﬁwaamsﬁﬁ
LA3DIRUIEUINU MCA

'
a A

1H199971NA5NIATDINUNE UL D AN FuAT el uansyialuy Feazluiinng

891UKalAY Wneu ﬁqﬁ?umsﬁ']m%mmaﬁﬁﬁul,%aLwﬁq‘ﬁé’qmeﬁlﬁﬁ%gﬂﬂmﬁﬂm
audfnisiSeuasgooisawud lALA N199TI9d0Y Excitation spectrum Wag Emission
spectrum e3a1s7 RS s TuTamAiduaseldluiiurilasieg andutian
ﬁﬂmm'ﬁmni’ﬂmq@mmwLLazﬂ%uwmiuﬁwﬁuL%aLwaq meweliavgoaisawudanlngaln
U asramaruseshalunisined (sensitivity) Anwrgaemnududuiiansiiedomune
a1u19avinaule (working range) uag ﬁwﬁqmﬁuaqmwmﬁm (detection limit) 528%<

NAADUAMNI NV UALALANTVINATOIMUBUAINUNINTFIU ASTM
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12.1 msmaaummmmmmﬁmﬂLtaanaaLsawuﬁ%mmiv‘hl,ﬂ"”a"awmaﬁwﬂu’[,u
ﬁﬂﬁm‘%’mw?}ﬂ gasohol 91 gasohol 95 L&z diesel
mﬁwmaaummmmaaiumimmmmjaaLiaLszjuﬁsuaqmsﬁwm%awmaﬁwﬁu

Honds MCA Téfnwdemediarigesisasudaiunlnsaln® lasiniouasazarovesansi
3samusisudamas MCA fimnududusinge Tushegraiudomas 3 via laun
gasohol 91 gasohol 95 ag diesel mﬁuﬁwlﬂi’mé’mmmﬂgaamaLszmﬁ waziluIwaoan

1 1 [ 13

slANduiussenIdyy1ungoosaruiLarAUTITUY AT AT R IR U
& a A e B 3 Y Aaa = o ¢
NRIYIRN LW@ﬁﬂHqLLu’JIUlIﬂ'J']iJLUULﬂu@iQW@Wﬁ;@%@QﬂqiLUaUULLUaQa@wqmwaaaLﬁaL"U‘U@

Twhsfuksazstia

12.1.1 NSIASENENTAZANEVBIETIIATE NN aIWES 3 vin
3PuENTaTaNaTYlAS0iNe s MCA lughvinazans CH,CL Tiianududy

1000 ppm USu1n 10.0 §addes antuidossarsazats Wundennududu 200 ppm

US11m5 10.0 Haddns lneUSuusuansmeivinazals CH,CL 3na1sazangansluyy 200

ppm UiUnarsazaredsuing 0 0.20 0,40 0.60 0.80 kaz 1.00 Hadans Aua1nu asluwln

0O W & o

Usuimsaunn 10.0 dadans ndamaniiasaty CH,.CL menisidiausauiinlvidivinasany
seigeanlulviunnfiganieauuisain Anluusudinasmeiniiuwemnds selaasazany

VANUTNTUAATNEMIAY 04 8 12 16 way 20 ppm ANUEINU

12.1.2 n1inngau

v o

ansazanewsealude 12.1.1 lWindyaralgessawudlaesuainanududy

s

manlufsnnududugangn lnelesizidyginmgealsaisudnigai %Transmittance 1138

$RUaNIAINIY NAIAB

!
%T =100 x —

lo
ANNEINU (transmittance)

b
®
_'

I

aruduveasTiiudnly (intensity of transmitted light)

ANULYBIUATIRLEBNI (intensity of incident light)

dunanisdsunlasresdygrungesisasudiiniuuaz tuiinua laanmun

Y

1 a 6 1 A d’
ATNITTHABDIANE AlluN1INAFRUAINAITINN 5
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[

M13197 5 As1auansAInsdiwesnlelunisindyaangesisarudiiofnwiAua1unse
nsAne kasngealsaguAvesatsiuasomunslniuludleg1aiugamngs

gasohol 91 gasohol 95 uay diesel

A Scan speed | Slit width 19A2L81AAT AN NETIARUYBINTT

« (nm) -

) (nm/min) (nm) AN (nm) ANBLES; Ao (NM)
395 500 5.0 400-700 525

Y]

iievinmaaesardunAdyRINAITAg L oBL ALY YIHANITNAREY

o

Tunaenmnuduiussenindyaangosisawuiiazaududurasa siaTomu ey

A a i Y] | R a a o 3 v Aaa 2
LW@W"\]']?QJTJ'WIU@'JE]EJ'NH'WZJULGUE]Lwaﬂsﬂugﬂ,@uLLU'JI‘UNQ’JW@JLUULau@]iﬂVI@Wq@ e taan

nanAugTuelaulUAnenadusanaesans (stability) Tushduwdemdssely

12.2 msnadeumanududuiivanzaudwmiudaluidudemadideninsv
AsmAnu It uimIsaLYesa AT semg iy azvhmsinulnewmIey
asazanua LA BmEIE U aINES MCA Tuthsuiemasiideninsss anududu
0 20 40 60 80 wag 100 ppm AdIRU wdtlUTardyyIurgoasawud UINanIs
NARBININADANIINANFUTUTTENI Ty 1uvlgoals AR uiLagAULTI T UYe a5
wdowmnetiiy fiTsaneuifudunsaesdenaudidushtgefiainsansiaiiesgd

Y 1Y [J

Tneegneditdfny wazAtienieindvesasasareiidudssiivasuulaadedunanignuan

12.2.1 MawleuasazanevesENTiIASs NN aIna
3PLENTaYaNESYLAS0sNe1Ngu MCA Tushyinazans CH,CL Tifianuidudy
1000 ppm V31105 10.0 fiaddns arnduiievnsarsazasliindeninududy 500 ppm
USU195 10.0 8addns leeUSulsunsamedivinazany CH,CL 91n@15azangAINUliudu 500
ppm Uinansazaleu3uns 0 0.40 0.80 1.20 1.60 way 2.00 Hadans aud1au asluwin
U3nmsaunn 10.0 3adans Adadavhazans CH,CL donsiwiandowdielvsviazany
sumeaanlliunniigauioruwiain Usuiiestediiudomtsfidoniases asld

a1sazaeNianuudugavinewiniu 0 20 40 60 80 wag 100 ppm MINAIGU
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12.2.2 NSNAEY
rasazaemseulalude 13.2.1 lUiadygruvgesisawudlagzuainaiiy

N TUAEn lUTIAMUNTUgan wagAAImITivesituReiuansen 5

123 MsNAEDULERESATNYBsENTILAT WLt su oA sludaegsinduiiden
AA5129  (stability study)

dlodonmududuiimnyandmiuidvaduluisiudomanss Sunoudellie

nMsnaEeUdBUIETESANYBsEN VAT s A sTufegwiTu S e Tt

\evnaeuauaiesvesasiloagluthfimussozianegades 3 Weu

12.3.1 N1SS8NAITATAIEVBIFNTYINATDINUIYUILULY DLNAY
WIBNAITATANYESNATBIVNI8TNTY MCA Tusvayate CH,CL TRtiAnstudy

a

1000 ppm Usu1ns 10.0 fadans andudivnaisasaigun 2.00 daddas ldvaausuing
100.0 faddns MInfinarany CH,CL mensiiauseuiialviinazanesswmeaaniul
A = v a o a P Cas A a A oa a ¢ 9
WINNannIeIULIIaNy YSudSunsameunduiamisideninge aglaansazaluniny
WNTU 20 ppm soNlwUsasazatsldvan vial @1aunn 2.00 Tadans Maun 28 110 uag

Unndinuim vial Tradnivedesnunissemevasuingiy

12.3.2 n1nngadu

arsazateiwsenlude 12.3.1 Windyaungeaisawudaseay 4 van 19 15

[

Tu uATUTEERIAT 90 Tu IneTadyyiuvlgesisauivesdndulomanoun1siiuan s

wsowingiuaig dusuldidu blank Wewseuiisuniswdsunlasdygiargesisa

LHUA NDUPLLAL VA IANFTVILATO LU Y
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uni 4

NANISAIIUIIUIY

I
Y

PNNTFBATIVESoUATIgRBITAEUAT 2 lla ladinsiharsSesamigeatsa

A o v v - Y] v Y a .
WwunNdansigilautdudulassasrenaomaia Nuclear Magnetic Resonance

(%
0y o

Spectroscopy (NMR) wag High Resolution Mass Spectroscopy (HR-ESI MS) 21AU4UUIU

va (8% a i3 | G’Jj dy A
Vlﬂﬂ@Uﬂll‘UG]ﬂ’]’iﬂ']EJLLﬁ\‘iWQE]E]LiﬂL"UuG]WBEJL‘I/IF’IUFWW@JE]@LiﬁL%umﬁLUﬂIWiﬁIﬂU MIUATITLIDN

[ (Y] [y

uasigeasawud 2 Yllalunuided gnduasiziaunieldd selenilugauszasdnsneiu

Y

FaTin1sNAFRUNADUTIR1IAY NA1NAD NaATUBs Azt lUNAZaUUSLANSNINNITANTY

1%
{x o &

loosunaswnsluaisazanedunsdnazalsazaledunsdniundussrusenau dansuansyin
Ao aMNETuIziIAnkUTEANSANNsABL A gaaLsaL g uR lunandaaiundy
Wandswliaeneg 3nuuiNIfinwInsnsadn ludmunmwarusunaludfiudemnas

lonan1INAanInall

1. prstugulaseadng

PMNNANITHBATIZNASIS AT RaITABUALARZIIANATNMARRY NlAT18Y

a

Tuund 4 wuirldansvigosisalsuidumaidmivasaiuleosuneunsyinlmindsudn
WALAITYILATBINNNEUN UL BN AT DAl DNVt T B9800I IZNwaLEUTULATIASS

[

Y99a15N9@0IvRn eI S salUnlasalnUsadl

1.1 Taseadramaalivaaduigas MNH

AN 30 Imqa%ﬂqwLﬂﬁﬁuaaﬂ/\lqaawawuﬁ@uma% MNH



a3

NNTANEIATIAS1II0ALIUES MNH asnsadudulassasslaeisnisaunlasaln
UlEssd 'H NMR (300 MHz, CDCL): O 2.47 (s, 2H), 2.84 (t, J= 9.3 Hz 4H), 3.82 (s, 6H),
4.03 (d, 2H), 6.50 (dd, J= 8.7 Hz, j= 2.7 Hz, 2H), 6.80 (d, J = 3.0 Hz, 2H), 7.13 (d, J =
8.7 Hz, 2H) ppm; *C NMR (75 MHz, CDCis) O 24.3 (2CH,), 28.9 (2CH,), 55.2 (2CH,),
111.8 (2CH), 112.5 (2CH), 123.2 (20), 126.3 (20), 131.2 (2CH), 138.0 (20), 138.2 (20),
141.0 (20), 159.4 (20), 167.4 (2C=0) ppm. HR-ESI MS calcd for CygH,,N,04Na™ (M+Na)*
449.1472 m/z, found 449.1468 m/z.

HLJUT P-4 | LM v

r T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2
| L

o~ o |eu of
o |o |[of | |= o
o~ -l lo )

AH 31 'H NMR awnaduves MNH



\ /
il '

M\ww

T T T T T T T T T T T T T T T

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

AR 32 1°C NMR awnnsuwes MNH

T T T T T T T T T T T T T

T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

AW 33 DEPT-135 NMR awnaSuvas MNH

a4



a5

Intens.] +MS, 1.4-1.5min #(86-88)
x105
4 449.1468
34
2.
11 491.1577
ol , ; reedecpitlecuboal . i
200 250 300 350 400 450 500 550 600 650 700 m/z

AR 34 HR-ESI MS aunnsuaes MNH

dlofansunlaseadiaans MNH (A0 30) waz 'H NMR awnasuvosals MNH

<

(n il 3Duansliiudyiaedlusnou 7 agu aeil nguusnilan chemical shift (O) 2.47

ppm \Uu broad singlet 1Ana1nTUsROUYBS methylene (-CH,) UUATSUBUALTLS a HAun

71 0 2.84 ppm 1A nlUTABUUUAISUBUAILUUY b fdnwuzidu triplet 1osainiin

coupling fiu 2 TUspouaInAsusuiILie a dhandgauvedlUsnouuunISuousLLY

o

a

71 8 3.82 ppm fi&nwatdu singlet 71l integration gafign daundui & 4.03 ppm 1Hu

q

€

e methylene (-CH,) vua1sUaui UL d dautdumn O 6.50 6.80 way 7.13

[ A

Uudayayrauveslusnauuuas aromatic F3Usng deyeyaasil downfield ninlusneaungudue

—

T U

77
Y

Matlanu13ngudulaseasnanin HR-ESIMS Ingnuruialianaminiu 449.1468 m/z (30

AsA1uId (M+Na)™ tawindu 449.1472 m/z)

o

vonandfsauisatudulassadsuonduwes MNH Iédemaia X-ray diffraction
spectroscopy WAAINANITIHATIZAFININT 35 wazm5197 64809910 MNH 1n3euu197n
ansiagiu [5lhelicene anhydride (1) F3l#sngnunansiassilasadnandnuudn dus
UINan15IAIIzAlATIES1aNanves [5]helicene anhydride (1) uafusiewUSeuliiaunu
Wwwas MNH 21ARaN15LASIE3MUIN conformations 989 1 uag Wulwes MNH fanwus
Agufiu Tnemy methoxy group (-OCH,) vawasstuanadlulufiemafentu dwy yu
30 (torsion angles) fid il (C1-C15-C17-C19) (C15-C17-C19-C21) way (C17-C19-
C21-C14) 904 1 f@1M1AU 34.41 20.11 and 30.01 Audfu luvagfiyuda (torsion
angles) 71Ut (C1B-C158-C17B-C19B) (C15B-C17B-C19B-C21B) way (C17B-C19B-

C21B-C14B) 9991 9ul90$ MNH Janvindu 32.61 24.81 hag 29.61 AINAISU LaAILALALIN

conformation vaduas MNH lulauanssldannimuunntindisiuSesuiisuiuaisaady 1



[5]helicene anhydride (1)

MNH

a6

AT 35 HanTIATIElASIES19HANVe4 [SThelicene anhydride (1) uagidwwas MNH

a9l 6 wanstoya Crystallographic data Y83uiges MNH

Bond precision:

Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

VA

Mu (mm-1)
F000

F000"’

h,k, lmax
Nref

Tmin, Tmax
Tmin’

C-C = 0.0020 A

a=21.755(4)
alpha=90
273 K

Calculated
4085.6(13)
Pbcn

-P 2n 2ab

C26 H22 N2 04
C26 H22 N2 04
426 .46

1.387

8

0.766

1792.0
1797.56
26,13,20

4044
0.795,0.795
0.795

b=11.303(2)

Wavelength=1.54178

c=16.615(3)
gamma=90

Reported
4085.8(14)
Pbcn

-P 2n 2ab

C26 H22 N2 04
C26 H22 N2 04
426.46

1.387

8

0.766

1792.0

26,13,20
4010
0.656,0.754

Correction method= # Reported T Limits: Tmin=0.656 Tmax=0.754
AbsCorr = MULTI-SCAN

Data completeness= 0.992

R(reflections)= 0.0429( 3276)

S = 1.036

Npar= 292

Theta(max)= 72.430

wR2 (reflections)= 0.1221( 4010)




a7

Pnan1seudulassasismemaia NMR HR-ESI MS uag single crystal analysis
anunsofigaillaindulasiadne MNH 95 adinalnvesufjisen imidation Tunisdamsizs

Wuwas MNH a1unsatauanalnlasaning 36

AW 36 nalnnsifeufizensduasiziiduiees MNH

1.2 Tassasramandivasansusznav 4

AN 37 Tassasrtanadivesasusenau 4



a8

NNTANINATIFSIIMINATveIEITUTENOU 4 a1unsadudulassasnalaeioniea
WilnsalnDldssd H-NMR (CDCL, 300 MHZ) & ( (ppm): 2.30-2.45 (br-s, 2H), 2.74-2.76 (m,
4H), 3.73 (s, 6H), 3.78 (s, 4H), 3.90-4.00 (br-s, 2H), 6.43 (d, J = 8.7 Hz, 2H), 6.73 (d, J =
2.7 Hz, 2H), 7.05 (d, J = 8.7 Hz, 2H); *C NMR (CDCls, 75 MHz) O (ppm): 23.23 (2CH,),
28.01 (2CH,), 39.58 (CH,), 54.20 (2CHs), 60.35 (CH,), 110.84 (2CH), 111.48 (2CH), 124.06
(20), 125.44 (4C), 130.29 (2CH), 137.09 (20), 139.96 (2C), 158.42 (2C), 168.55 (2C=0);
HR-ESI MS calcd CygH,sNNaOs* for (M+Na)* 478.1625 m/z, found 478.1620 m/z.

. 882

1
—1.172

0,000
—~-0.082

(]

AR 38 IH NMR alnndiuvesansusenau 4



MR A AR A T
oy
N

L H I ! . |

T T 1] T T T T T T T
180 160 140 120 100 80 60 40 20 PPM

AWE- 39 °C NMR awnnduessansseneu 4

> ENg=N =g o o O o =
- S & e i - o i i | =3
© 28 aa s = S S m .
= a9 == S 3 TR =
MeO.
SOV,
O Ot
S
MeO
L} . L
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm

ATWH 40 DEPT-135 NMR allnasuvpsansusenau 4
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] +MS, 0.1min #(6)|
x104 ] 478.1620 |

413.2649

4 301.1398 { L
100 200 300 400 500 600 700 800 900 m/z

AW 41 HR-ESI MS annSaesansusenou 4

dlefarsanlaseadieasusenau 4 (nnmdl 37) uag 'H NMR awnafuves
a1sUsznav 4 (nmil 38) uandWidiudygavesiusneu 8 ndu fall nduusniie chemical
shift (0) 2.30-2.45 ppm anuauzidu broad singlet tinainlusneauwas methylene (-CH,)
VUAISUBURIWIALS a §aNNTl & 2.74-2.76 ppm Ana1ntUseuULAISUBUR WIS b §]
anwazu multiplet danadyimaelUsnauuuaIsUBUAILULY ¢ n3alUsnBUYBY
methoxy group (-OCH;) 76373 ppm Hanwauztlu singlet fifi integration ¢4&n Faund
0 3.78 ppm Lﬂué’zyzywmsuaa methylene (-CH,) UUATTUBUAILIULS d LAz e ieeain
methylene Tansiumisdoudaiuanauiiian EN gefo lulnsiauozneuvamy amide
LazeaNBlauernaNueIny hydroxyl 39Us1ng) Yoyaraulusnauiiving fu dnanfidn & 3.90-
4.00 ppm tJudyraesiusnoutuasusumiimis f dnwusiu broad peak daundumn

)

0 6.43 6.73 Laz 6.50 Wudgyn uvelUsnouuuls aromatic 39U 1N Fey gy 18d9

[
v A

downfield nIlUsnoUNgNdUEY ellatuisagudulaseaineain HR-ESI MS TngnuaAula
luianawiniu 478.1620 m/z (AI1nnasAItans (M+Na)* Lawinfiu 478.1625 m/z) Fedlan
TndAesiudeanunsadudulaidulassadiswesaisusznou 5 959 uaziinsiauenalnnis

[ L4 (% |
FAUATIEVLEAINININN 42
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Al 42 nalansieufnseanisduasisianslszneu 4

1.3 lassasramaaiivasansusenau 5

A9 43 1Asaasiamiaaiiveealsusenau 5

lAssasramaadvesansusenou 5 aunsadudulaseasnelagdsnisaiunlnsalnd
"H-NMR (CDCls, 300 MHz) & (ppm): 2.40-2.60 (br-s, 2H), 2.80-2.90 (m, 4H),

3.06 (s, 3H), 3.82 (s, 6H), 4.02 (t, J = 5.4 Hz,2H), 4.05-4.08 (br-s, 2H), 4.49 (t, J = 5.4 Hz,
2H), 6.53 (d, J = 2.7 Hz, 2H), 6.82 (d, J = 2.7 Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H); °C NMR
(CDCls, 75 MH2) & (ppm): 24.29 (2CH,), 29.02 (2CH,), 36.83 (CH,), 37.91 (CHs), 55.22
(2CH,), 65.86 (CH,), 111.91 (2CH), 112.52 (2CH), 124.98 (2C), 126.44 (4C), 131.33 (2CH),
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138.26 (20), 140.98 (20), 159.51 (20), 168.60 (2C=0); HR-ESI MS calcd CyoHy;NNaO,S*

for (M+Na)" 556.1400 m/z, found 556.1404 m/z.

~~~~~~~~~~~~~

EE8SSE=ISEES

\WV\W \ N\V/\H/!

d

— 1,590

JUJ : MJJLA e
T aee  eem e 8

AT 44 'H NMR allnpSuvesansusenau 5

wwwwwwww
—— e~~~

— 168,62
— 29,0
—24.31
—0.00

MeO.
SO TN
O—S—CH
G0
(0]
o]
MeO
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 PpPmMm

AR 45 1°C NMR awnnsuvesansuseneu 5
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0,00

—131.34

_—1
T~111.9
— 55,88
3.9
T

T T T T

T T T T T T
180 160 140 120 100 80 60 40 20 pPpm

AW 46 DEPT-135 NMR atUnnsimeaaisusyneu 5

imensdj . o ) T i ~ +MS, 0.5-0.5min #(30-31)|
x104] 556.1404

—CHj; |
I \
0 1

1.004

0.751

| 413.2653

0.501 I

0.251
‘ |

100 200 300 400 500 600 700 800 900 1000 m/z

AR 47 HR-ESI MS allnasiwesansusenou 5

defansanlassadasuszney 5 (il 43) war M NMR  awnaiuves
ansusenou 5 (awdl 40) uandidiudynnavedusneu 10 ngu el nguusndlen
chemical shift (0) 2.40-2.60 ppm anwauzidy broad singlet inanTUsROUTDS
methylene (-CH,) uuasusuiuvius a daunfi O 2.80-2.90 ppm iAeanlusaeuuy
AsuauiLs b Tanwusidu multiplet daundaypiuvedusnouuuAsusumuLALY ¢
vi3elusnaure mesyl gsroup (-OMs) 71 & 3.06 ppm dnwasiy singlet daunft O 3.82
ppm &nwaizidu singlet il integration gegn uveamnlusmeuuumy methoxy 38

AsuBuiALs d  dau?l O 4.02 ppm Wudgyenves methylene  (-CH,) vuAnsUBUY
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fumia e dnwaisdu triplet 1fosan coupling fuasslusnauuuASUOURUWLL f dAnT
O 4.05-4.08 ppm dnwaztdu broad singlet LAnanlusmeures methylene (-CH,) uu

ANSUBUALIAUS f ﬁL%@ﬁJﬁi@Myj mesyl (-OMs) O 6.53 6.82 uay 7.15 Wudyauvesusnou

[ 7
Y

U aromatic  3sUsngdail downfield  nilusaeungudug  vistlanunsadudy

1A5983519910 HR-ESI MS Iagmuenanaluanaviniu 478.1620 m/z (3nn1sAuans (M+Na)*

iy 478.1625 m/2) Gedianlndifsafuisannsoduduldindulasiadswesasusznoy
5 934 wagiimaiauenalnnisiAauiseinsdunssiansianimil 49

o) 0 o)

Cl—ﬁ—A\CH2 —>CAZI\—|S|,-C%H2—> S=cH,

AW 48 nalnnisiAnufiseinsduassviaisusenau 5

1.4 las9a319m1aAdives hydrogenated cardanol 7

A 49 Tassadravnaniives hydrogenated cardanol 7
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laseas1anmiaalives hydrogenated cardanol 7 @1m1508udulassasislngisnig
aUnins-alnd 'H-NMR (CDCls, 300 MHz) O (ppm): 0.87 (t, J = 6.7 Hz, 3H), 1.25 (s, 24H),
1.55(t,J = 7.4 Hz, 2H), 2.51 (t, J = 7.4 Hz, 2H ), 6.28 (s, 1H), 6.64 (t, / = 1.2 Hz, 1H),
6.66 (s, 1H), 6.72(d, J = 7.7 Hz, 1H), 7.09 (t, J = 7.7 Hz, 1H) *C NMR (CDCl;, 75 MHz)
S(ppm): 13.30 (CH3), 21.90 (CH,), 28.74 (CH,), 28.88 (9CH,), 30.51 (CH,), 31.14 (CH,),
35.05 (CH,), 111.75 (CH), 114.58 (CH), 120.02 (CH), 128.51 (CH), 144.08 (C), 154.68 (C)

-0.0002

2.5360
2.5111
2.4844
1.5822
1.5575
1.5330
—1.2587
0.8999
0.8785
0.8553

© o

A2 N, NARY,
b
ot
b
h g A
: ¢ g
f d A
4

AT 50 'H NMR anmsuves hydrogenated cardanol 7



| |11 V% NN\
OH
‘ l ‘ ‘ m [ LI 1
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
AN 51 °C NMR @tnm3uaes hydrogenated cardanol 7
|11 NN
| 1
TN
OH
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

AT 52 DEPT-135 NMR aiUnn3uves hydrogenated cardanol 7

56
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Jlefinnsanlaseadna hydrogenated cardanol 7 (0wt 49) uag 'H NMR aUnmsu

984 hydrogenated cardanol 7 (n1wil 50) wansliiudyanvedusnou 9 nau fail naqu
wsnilen chemical shift () 0.87 ppm Wudgynveslusnouvunsusuimus a dnyy
Ju triplet 1AnanA15 coupling fuaadlusmeudrafes dauia1 chemical shift (O) 1.25
ppm Wudygramesdusneuasldlolasaisveunaun 24 Tusneu daundl O 1.55 ppm

Id [ s [ 1 [y Id [ (%
Wudygad ¥93 methylene group (-CH,) UuAITUBUALIUS ¢ daunTudyyiuanyus
triplet 71 O 2.51 ppm veslUsABUUUASUBUMLIALS d F9Ann1S coupling Auaeslusneu
9fee 5pun9 O 6.28 ppm LU labile proton 483 hydroxyl group waw# O 6.64, 6.66,

6.72 waz 7.09 ppm Wudygradusnaunsduus aromatic JeUsngdaaalusnoud

downfield NITUTHDUAILLIDUS

1.5 Tassadramaalivesansvininsaaviuneuidiyu MCA

AN 53 1AT9E519N1LATIY9E1YINLATDINNELN T MCA

Tnssadramapiivesansiaiommaneing MCA aunsadudulasiaddlag s
wWnlnsalnd H-NMR (CDCls, 300 MHz) O (ppm) 0.87 (t, J = 6.7 Hz, 3H), 1.25 (s, 24H),
1.56 (t,J = 7.3 Hz, 2H), 2.52 (t,J = 7.3 Hz, 4H ), 2.85 (d, J = 6.0 Hz, 4H), 3.82 (s, 6H),
4.07 (m, 4H), 4.21 (t, J = 6.0 Hz, 2H), 6.51 (dd, j = 2.7 Hz, J = 8.7 Hz, 2H), 6.72 (m, 3H),
6.82 (d, J = 2.6 Hz, 2H), 7.14 (t, J = 8.3 Hz, 3H) *C NMR (CDCls, 75 MH2) & (ppm) 12.13
(CH,), 20.71 (CH,), 22.28 (2CH,), 27.10 (2CH,), 27.38 (CH,), 27.53 (2CH,), 27.61 (CH,),
27.71 (6CH,), 29.37 (CH,), 29.94 (CH,), 34.01 (CH,), 35.01 (CH,), 53.22 (2CH3), 62.66
(CH,), 109.58 (CH), 109.86 (2CH), 110.50 (2CH), 112.96 (CH), 119.20 (CH), 123.25 (20),
124.54 (2C), 127.10 (CH), 129.34 (2CH), 136.01 (4C), 139.02 (20), 142.63 (C), 156.48 (C),
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157.42 (2C), 166.88 (2C=0) HR-ESI MS calcd CaoHeoNOs* for (M+H)* 742.4466 m/z,

found 742.4528 m/z.

YoV rnHTOST T monnernno —“0 mom cwummos an~~
SORAS AR O AN ® Do ChR8SIHnaS 58 8RR Sna8ss OS5
DOMANHSNOO N o ® NOBRE @B T CoVmhe o~
mmmmmmmmmmmmmmmmmmmm oo 2@ Do CRLHAl Bma
FErrovovevowws 0 eeesewomn NI N N P b b i coo
i c
n m

% x I i f de
JM ‘IM Al : Kl |

<

0.0754
0.0107
=0.0002
-0.0112

r T T T T T T T T T T T T T T T =4 |
75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 ppm
Y e LR -
| [v|e] | aiffes| |0 © o o |9 <
dl 1 U o tﬂl ’(‘; U
AN 54 H NMR @UnasuusgasnitAIesanguniy MCA
I\ FEE VT AW Vool NN\
N/\/o\©/\/\/\/\/\/\/\/
|1 H\H L Ll
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

AN 55 °C NMR a@dnasuedansyvinemsaaiangingy MCA
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—64.64
—55.21
-0.00

[

T T T T T T T T T T T T T T T T

T T
170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 ppm

AT 56 DEPT-135 NMR alUnsisuvedansviniasesanesinsiy MCA

Intens, +MS, 1.8-2.0min #(108-119)
x10%
O 742.4528
61 I O “
[

44 o7 T

] 309.3134
2 663.4572 922.0202

1 502.7592 1 1075.8936  1207.3836

! iaddpdat L1 Lh.‘;.u...ln‘-: Lol dginling L 1 THWEH WA N RN N
200 400 600 800 1000 1200 miz

AN 57 HR-ESI'MS @UnmSuee9815vLA5 991811311 MCA

WIaNN5aUNlASIAS19EN5YILATB9MUNUNTW MCA (MW 53) kaz 'H NMR @nasy

3 o [

Y8351 LATRIMUEUITY MCA (2101 54) wansliiudyyiavesney 12 ngu el
nauwsndeAn chemical shift (9) 0.87 ppm Wudyauvsslusnouuuaisusudiumis a
o I . a . Y] v = o A . .

anwuztlu triplet 1ina1nN15 coupling AUABILUINOUTINALY §ANINAT chemical shift
(0) 1.25 ppm Judyanuvedusneuaaldlalasasveuraun 24 lusnou daui O 1.55
ppm udyaad 999 methylene group (-CH,) UUAISUBUAILILS ¢ 8A31 O 2.52 ppm &

anwuzidu triplet vpsdygrulusnouvun1suaudumis d AAnn1s coupling Auaes
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a o

Tspaudnafes 931iuIg1u peak fanwae broad Wesanddygravedlusnausdunis e

£ Y v v

FafldnwauziIu broad singlet gndousiuagseiian chemical shift ngaiu Tnsfidniiudy
fyayraedlusnouvuasuauiurls daunfian O 2.85 ppm Wudmminalusneuuy
Afuaudumis f §nu17l & 3.82 ppm dnwaizidiu singlet 71l integration gegn WWuvomn
TUsnouUuny methoxy n30A15UBUAILIUY g faundi & 4.07 ppm 1Hudyiaves
methylene (-CH,) 2 nguuuAIfuauRILIS h uaz i 1fi0san methylene Haaniny
Fousefuesmenvaseandiausarlulasiou vrlvdyyralusneuiaialndiestu daund
8 4.20 ppm Wudaalusneuvas methylene group (-CH,) Adunis j uazdl O 6.51,
6.72, 6.82, waz 7.14 ppr Judayralusneuiaduuuis aromatic 39U deyeyal
TUsmeudl downfield nilusnausunieeus sieianaisofudilasadnean HR-ESI Ms Tag
wuenaluanawiniy 742.4528 m/z (@1nnnsAtuans (M+H) Ieivinfu 742.4466 m/2) 3s

felndAsaiudsanunsad udulaindulaseadaveeasiaasosuieuisiy MCA 95uas

ansaauanalnnsinUfizeIn1sduasITRLanisianIng 58

OH

R’ R=-(CH)14CH3

aw? 58 nalnnisiinuAseinisduasieiasinasomuneuntiu MCA

2. managauyszniamlunisnsiaivlessunsunsuazlossusuniuviindug vas
\Guwas MNH Tufavhazansnaussning acetonitrile uaztn Tudasdau 9:1 vAv

nanduasiziuaziudulasiadiwesgoeisausiiduiges MNH udq Fai

e silinAnwantAimsmeuanigosisawusddemaiiegesisawudaunlasalnliile

Anwiarudedlilunisiaseat (sensitivity) kazAIINTINIZI129360 LoD UNDILAY

(selectivity) 8nnadnwinisaniulessunssunsluaniiznilessusuniudug agaie
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(competitive) navaiAn pH fifiden1sindvlossuneuas snsdrunisinaisuseneu
\Fetoufie358s Job (Job's plot) Aasiiaunavesnisiuiulessunaias (Association
constant; Kused) ANUTEANTAIMTIAIOURUNINGBBLTALTUA (fluorescence quantum
yield; @) Anwilassadnluananasainiindunsiserdulessuneswai(molecular
modeling) uazUszansnmnisnsainlossuneundueadaediiie
Tnensiiduiees MNH fidaasgsildun@nuUseansamnsinduleseunesuns
warleososuniuviindue ludinaratenan CH,CN:H,0 (9:1 vAv) Wil lo Do UNBILAILAE
losulanensuddu loooulanzdanlau wazdanlatlidinainmiee wisulasiiunge

Wesnaolsn (perchlorate salt) veslanginazasinagargluliusiaainlessu (Deionized

water)

2.1 namsuagauaudAnsAsusigesisaudlugnziifilossunasuadluiniazans
HENCH,CN:H,0 (9:1 v/v)

N13ANELAINAOBLTAYUATBITULTRS MNH Anwiludavinazaienan CHCN:H,0
9:1v/v)  lnefaniuaansuveinIsnguangoasamun (emission spectra) vadduibes
FewSsuansgeaisaeumduivesitudu 1.0 pM MHlossunesnslusuvennderesnas
19 LLazﬁmummmmmmﬁ'umzéju (excitation wavelength: A) Wiy 373 nm nan1s

NAADILEAIATIUAINT 59

140

Cuz*

105

70

35 4

Fluorescence Intensity (a.u.)

0
500 532 564 596 628 660

Wavelength (nm)

AN 59 MsAnguasigeaiTaLTUs (Ao, = 373 nm AT Aoy = 556 nm) vasLFuLas MNH

(1.0 uM) Tuasazaty CHsCN:H,0 (9 :1 v/v) Aounaznaniulossunsnudasnasisnd



62

ATULTUTURAIR a: 0.00 uM, b: 6.67 uM, c: 8.33 uM, d: 10.00 uM, e: 11.67 pM, f: 13.33

UM, g 15.00 pM,  h: 16.67 uM, i: 21.67 uM, j: 31.67 pM, k: 45.00 pM

! [ < s [y a o

Mnuansvaasmuil Msinfulessuveaduige’ MNH fuleesuneunilanuue
n15v19udusuy OFF-ON system Tu@ivinazatanas CH;CN:H,0 (9 :1 v/v) nanife

A i a - 1 o
aneiliiilessunesunsiinisasuaigeaisagudantagluyianiiugindu 400-700
nm lnedianueneiuiniinnuduwasigosisaudiadn (A, Wiy 556 nm lelasen
fmugnrdunszau (A, 373 nm uslslinisiiuvewnsUasrasisniinnududusiige as
Tunudn dyauasuaangoatsawuives MNH asfindu Tngn1saneuamigeaisaiyuived
< s a X & o ] [y a A a '
Wuweismntuludndiulaensaiuduinvasleosunewasivivadivluaisazats wuin
ANALATNNSAANAATRINITN T IAMUS I AMB 1A IUD 1 TuEeS MNH (detection Limit) &
AWYINAY 2.57 ppb @939n1311AN detection limit @usaaInlael

AR detection limit ATEYIMlAEMINARANTINAIAINUTUIUYDIVIDIUALT
wnasly (unu x) AU AeAYeIdmIa fluorescence intensity 719atA9 (LAY y) LB

ANUTUVRINTIN (slope) ANTUUINAUIUAINENNITN 6 TagTayasi 9 LanIRem1sIen 7

LALATIINIINLEAIAININGA 60

3SD
Detection limit =—— = (6)
slope

lagdl  SD Ap AN EaULNINSEIU (standard deviation) W84 blank
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A1519% 7 wansdayaildlunisAuiae detection limit vouduias MNH

N Fluorescence Intensity
[Cu®] (uM)
1st 2nd 3rd Avg. SD
0.00 14.70 14.86 14.81 14.79 0.08
8.33 32.77 34.39 33.47 33.54 0.81
10.00 44.50 44.00 45.46 44.65 0.74
11.67 55.57 55.10 55.08 55.25 0.28
1333 68.16 69.52 66.44 68.04 1.54
15.00 74.70 77.65 77.12 76.49 1.57
16.67 85.23 82.75 86.95 84.98 211
18.33 92.05 93.45 96.55 94.02 2.30
110.00

B .

e y = 6.0709x - 15.663

> 2 = 0.9952 .

= 80.00 A

c [ 2

2

£ o}

]

e .

8 50.00 -

[ &

g

o (]

20.00 r . T -
6.00 9.00 12.00 15.00 18.00 21.00

Concentration of copper ion (uM)

AN 60 n3mlhansmaduTUSIEINAdyaINNgeasauATANeIAGY (Ae,) 556

nm LaLAMNULLTUTDI DD UNDILAITLANAI LU

N13AIUIE
nNnNlAENNISIEURTIAD v = 6.0709x — 15.663 ; R? = 0.9794 La¥aINATNAABS
A1 SD 999 blank w1y 0.08

Fat Detection limit - (3 x 0.08) / 6.0709

0.04 puM

2.57 ppb.
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ML ANAINEINITOAIEATDINIIATIATU (detection limit) Auleseuvewnvesdues

MNH AU 2.57 ppb

2.2 mmagauANNEUIsalunIIganauladansilalalantasnIsANBLEIgaaLTALTUA
vauduwas MNH Tudn1azifinnsifulossunasuns
nan1snaaevanURlunIsganiukasdansbilelanuasnismeuadvigeeisawuives

Wuwes MNH ndaiulesaunsswadludyiazananas CH,CN:H,0 (9 :1 vAv) wARINAnIgU

'
a

7 61

0.24 60
3
—_ &
5 0.18 - 45 >
s E
g , 8
& £
8 012 4 - 30 g
S I}
c
3 3
< g
0.06 - 3 UV-Vis - 15 3
=
Fluorescence T

0 T T T 0

330 410 490 570 650

Wavelength (nm)

AMA 61 NSRANAuLAY UV-Vis tagmsnisuaigesisauivesduiges MNH Tusii

avanenal CHsCN:H,O (9-:1 vA) Tuaniizudaiulonounoiuns

]
a

MANANITMAADINUIIANNENAUTIduIesTin1TgAnFuLAsTA UV-Vis geiian
Winfu 373 nm uazAIAINENARUATNTABLANIgeBLsALTURZITigAINTU 556 nm Wans
Tiiudngl Stokes shift fin319da 183 nm Fennsiidlen Stokes shift n1aguilinlvdean
Ugyun self-absorption M%@ﬂﬁ'ﬁL%uL%@%@j@ﬂﬁuwé’amuuNéaumﬂimi’mmmm’m?iuﬁ
Wumesaauasigesisalwuieanun diwalinisaenasveuduigesiussdvininanas
uaﬂmﬂﬁé’w'saaﬂf]aujml,%‘aqé’muigwmiumummméqﬁ’nﬁmaq (light source) Fadu

Usglerilunsihluimundugunsaivegeulunipauiuwaznisnsiadinszileosunowns

Tushegranmadinnle
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2.3 n1swrdasanudunusmluidunss (Working range) vaeidutgas MNH Aua21u
v v
[uduvsslosaunadnag

Working range 9 439Auduiusseninedyaamgonsaigus iaganulu iy

lovaunsawnsifidnvasdudunssamisamle lnenaennsmszninadyyungos.sd

U (N y) Auanududuvedlossunaunsidivadlulunuls pm wnu x) o 9alaq lne
Toyariee) vosduEes MNH wanifiin1snen 8 uaznsnidunsauananagui 62

n15197 8 uansdeyanlilunisnasansmidunsuiiondisnnuduiusniludunsaves

WS MNH

[Cu®] (uM) Intensity
3.33 16.92
6.67 25.88
8.33 33.54
10.00 44.65
11.67 55.25
13.33 68.04
15.00 76.49
16.67 84.98
18.33 94.02
21.67 104.54
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120
3 y = 5.2866x - 5.6504
< R2 = 0.9851
2 90 -
[72])
c
8
E
Q
Q
c
S 60 -
7]
o
[o]
=
™
30 : : : : .
6 9 12 15 18 21 24

Concentration of copper (pM)

Al 62 naenuduiusserinadyanavigeisatuiveudures MNH fua1aiy

Wutuveslesaunewnsmuadll Tusmvinazanenas CHsCN:H,O (9 :1 vAv)

NAMT 62 Azruidyaiungostsauiwaza1nuduiuvedlosouneuned

o o & & Y] 1 | = P~ 2 = v a
Anuduiusidudunsaagludie 3.33 uM 09.21.67 uM dlA1 R® = 0.9851 @slndiAes 1 1N
v 1 Y Y W 1 = @ I A & s [ LY
ANUUTIIAMMLINYUAIN AU TUYIINI UL DT MNH mmmmammlaaauwmLmﬂmum

Magatenal — CHaCN:H,0(9 11 v/Av)

2.4 wamswmaauauﬁ'ﬁmimau,aanaaLsaLszmsﬂuam'azﬁﬁ‘laaawammLﬁauﬁ’ulaaau
FUNIUBUE

NANIINAFOUNITANELAINGDOLTAIUATR LT ULYDS MNH Tudivinazatenay

CH5CN:H,0 (9:1 v/v) Iuamwﬁﬁiaaaumaumauaﬂaaauiumuﬁlm Fadl Hg?* Zn®" Ag"

Cd?* Pb2" NiZ* Mg?* K Ba?* Li* A" Fe?* Co?* Mn?* Ca2'uay Na* wanesianinil 63 uaz 64
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Fluorescence Intensity (a.u.)

100

~
(3.}
L

4]
o
L

N
(3]
1

67

Pd2!

No ion

Cu?*

cd2+ Zn2+
Ni2+ 002+
Fe2+ Ag‘
Hg?* K*
Li*  Mg*
Ba2* Ca?*
Na* AR+
Mn2+

480

530

5é0
Wavelength (nm)

630

680

AT 63 nan1sANBRETHgRBLTAUA (As, = 373 nm, A, = 556 nm) YaUFULLDS MNH

(3.00  pM) lugviazangnay CHCN:H,0 (9:1 vA) luanaeiiiloseulangninafingigg

Toun

wag Na* (37.0 uM)

w
o

N
)

Normalized Fluorescence Intensity

e
)]

-
(4]
L

Cu2+ Hg2+ Zn2+ Ag+ Cd2+ Pb2+ Ni2+ Mg2+ K+ Ba2+ LI+ A[3+ Fe2+ C02+

2+ 2+
Mn Ca

f
e

@ Cu(ll)
cd(lny
+ Ag(l)
@ Pb(ll)
=Zn(l)
+ Ni(ll)
 Hyg(ll)
+K(I)
4 Ba(ll)
Li(1)
+ Al(llN)
s Fe(ll)
Co(ll)
+ Mn(ll)
e Ca(ll)
Na(l)
= Mg(ll)

-

(=]

10

20 30

lon concentration (M)

40

AT 64 nan1sANBREHgeeLTERUA (A, = 373 nm, A, = 556 nm) YauFULLDS MNH

(3.00 pM) Tusavhazaneman CHCN:H,0 (9:1 vAv) luanmsfidlessulansniinuinsie Tu

ANULYUTUTIANGAU
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AMd 64 LanIAUENRUSTEnI A dy Y1l eeLTaTURA Ve WD MNH i
ANE1IAAY 556 nm lelvndsnuiianugnadunsedu 373 nm Tukuiun y uagad
duduvedlesoulanenidnviamieg lukuaunu x nuirvgooisasuiiduigas MNH I
AU IInzanzasiuloseunewaadle wWisudeuiulessuviniug siinanisaaes
wanslidindndlednisfulosouneunsadivluasasareduites MNH avilsiAnnas
Lﬁwﬁuﬁuaqé@mmw%amiaL%uﬁashﬁmﬁm Iummzﬁé’agmmmsmEJLmeQaaLiamuﬁwé’a
dulesousuniusfindue Mun He?* Zn? Ag™ Cd?* Pb2" NiZ* Mg K* Ba®* Li* A" Fe?*
Co® Mn* Ca?* uar Na* fanudududeaduiulosounasuns (37.0 pm) liuananis

WasuulawdeiinsidsuulandntestivedisiuSsuiisuiumnuduniassudy (@n1en

o

(%
v

lufiloosulanglag Lﬁaﬂuiumsasam%lqaaLsawwﬁ%uma%) yonand daudunurdaunsain
WaealsawuAduIges MNH Tduasziliiutansannudumziaizasivlossunsunld
a = a v A Y a o aa ) v
fninlessusulsandalasunfivallessurdniaiuisannsunsnsernuesnaululnsiaule
WULREIN U0 UNDILAY TINANITNAADINNA1IUIT NP UFDARADINUNANTSIUAs UL UASE

Yasasaranugulwas MNH n1elanas UV Lanssanini 65

A1ndi 65 nsiUBeunlasdvetaisazaleiduges MNH (10 uM) Tudavinazatuna
CH5CN:H,0 (9:1 v/v) mgnasnisiduleesulagneninafinmnee) asil Cu®* Hg*" Pb*" Zn?*
Ag" Cd** Mn?" Co?" Ni** Mg?* Fe?* Ba?* Ca?* Li* K' Na'uag AL' (30 uM)

1%
tY

& 1 a a A sa a ] aa a
7\]3L‘Wu’)’]llLWUﬁmjﬂsﬂaﬂaqiagaqﬂL"?ITJL“UE]TV]mei@@@um@ﬂu@ﬂaﬂlﬂL‘Vl']uu‘V]llﬂ']iLi@ﬂ

¥
YY) =

wasdduusingegraiiulade Ay eaunsoasuladn vaeeisawudiduites MNH &
ANNTINIZIIEsselorauvaaNgs Weawnldawnsansiadulessusuniuvindus 1o

Tuszuusmvinazanemau CHsCN:H,O (9:1 v/v)
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2.5 nan1snagauaaasnsalunisinivlessunsasluaniaziifilessusuniuiin
51!6] YauduLwas MNH (Competitive studies)
nadavanURn1sAeLasanduwes MNH Tudvitazanana CHsCN:H,0 (9:1 vAV)
Tuannziiflleosunsawnssiudulossusuniudug ldud Cu?* He? Pb% Zn?" Agh Cd?*
MnZ* Co? NiZ* Mg Fe?* Ba** Ca® Li* K* Na*uay A’ lngluaisavansiivsunulossu
suniuey 1 wihveslesaunasns lnekaninanisnaasslugunimauduiusseninee
I/, %38 normailized fluorescence intensity (WA y) wazasavarsugesluan1sid
msinlossulanzwinmigg aslu Wau x)
Lﬁa ly = Fluorescence Intensity Yosansavauidues MNH neuliulosou
I = Fluorescence Intensity YsEnTava1uIiues MNH wdaiulosou

HANISNARDILAAIAINING 66

2.0

1.5

1.0

0.5

Normalized Fluorescence Intensity

0.0
SO S SN OO S E SN S
X X X x \s ™ Q\ o x \H x x R

T HFIFIFTSNF IS J’°®¢‘p}\ S F S §S
FIFIFIFIITE RS
SEFFFFF e

FFFIFLIE
S &EFSE &

AT 66 waAIHaN1IABuageBITaRUs (A, = 373 nm, Agy= 556 nm) Toudues
MNH (1.0 pM) Tushvhazaneray CH,CN:H,O (9:1 vA) Aifinsiinlossunaunadudu
50.0 pM luanniegfiflossusuniusilameg Wiun He? Zn2" Ag” Cd?* Pb2" NiZ* Mg?" K

Ba®* Li* A" Fe** Co** Mn®* Ca*" gy Na* 1 11 (50.0 pM)

INNINA 66 WARINIIANLUEINGDOLTATUATBUTWLDS MNH (1.00 pM) Tudiavin
azaneraN CH5CN:H,O (9:1 v/v) Ninsifulessunesuaadutu 50.0 pm luannziidlesou

Tanzufindu loun He? Zn® Ag' Cd?* Pb2" NiZ* Mg? K Ba?* Li* A" Fe?* Co?* Mn?*
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Ca® uaz Na' 1ievuagluszuu Uunm 1 wihwesUSinalooounoans (50.0 pM) wuiile
Wuloesuneoswnsasluluansararsvewduiwes MNH A1 Normalized Fluorescence
Intensity (/1;) fia1iafu 1.61 waziiowulossurinduascivluarsazarsvonduwes
MNH ﬁﬁlaaauwmumagﬂiwudﬁm I/l ﬁmuﬂ?@uuﬂma@iuma 1.49-1.86 wamalyLiudn
Guwes MNH §ipsussansamnisdniulessunssunslneuansdyqyiamgeoisauinuy
OFF-ON fluorescence switch Mauidia ufiinlussuudiviinisnsiatailossulansdug
laun He?* Zn?" Ag™ Cd?* Pb?* Ni#* Mg?* K" Ba?* Li* A" Fe?* Co?" Mn?" Ca®* uay Na® 139

Uuegusunm 1 whvedloaauvasund

2.6 HAN1M1AT Quantum yield vaduLLas MNH
nTnAasInUIE e AL Iges MNH iaaue1adunszdu (A
Windu 373 nm v liiAansmsLasigossaeuAgganaNe1Inay (A, 530 nm u
d1582a78 acetonitrile N1511A1 quantum vyield 214 9,10-diphenylanthracene[49-52]
lassaisuansianindt 67 Wuansimsgrvinsinsnisganauuas UV-Vis Lagnnsnouss
WgeasauivesgIsavateduwesluan 1enouwasndviulossunaung niuanae
ANTINANUFURUT ST NAIN TANAULEILAZNITATELAINGDBLTAL YU WeavAAudy

INIVLEURTINDLNAUIGINEUNITA 7
5UM 67 lasaasnamnaniives 9,10-diphenylantracene

Slope, r]i
Q, = Q(std) (Slopestd> (”ftd) .................. (7)

e Q= Quantum yield U99a15@29819

Qg = Quantum yield 19#131191951U
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Slope, = A1PNTUIINNTIMANUEUTUSSEnINNITAELANIg PRl
LHUANUNTAANAULEIVDIANTAIDENS

Slopesq= A1PUTUIINNTIMANUFUTUSSENTINITAB LA RaLTH
LBUATUNIIYANTULANVDIATUINTTIY

Ty = refractive index ¥84A3VNaga18@13619819

Nstd = refractive index maﬂﬁ%ﬁﬂazawmmmgm

NATAUIUNUTIT WULwes MNH A1 quantum yield winiu 0.49 Tuananizilaidl
msiislesaunauaIuara1 quantum yield Wi 0.69 Tuan1ieiinsifulossunauns
adld 10 Wi uansliiiudnszuIunis Photo induced electron transfer (PET) gnéfugaly

linsaeuasigeeisauiintiulisdugesiniuivlossuneuas

2.7 NANISHIDNTIEIUNITIVTENTNTULYDS MNH AU laoaunaswnsdieiISuas Job
(Job’s Plot) kazA1AINaNAAYDINI5IAALaaauULTsdaU (Association constant;
KOSSOC)

‘ﬂ' 1 | 1 @ [ 1 [ =
NINAARANEINEINTIdINTEYITlLaANAvaNEULes  MNH  fuleesuvaunfnm

10875 Job’s plot lonan1maasIninIni 68

24
N v 4
\y,
Z: )
1.8 1 AR
§ /// : N ]
= ,/. - i
= 124 o N
///. : \\
: &
0.6 /,; \\‘
g :
oL N
0 ¢-22 - %
0 0.2 0.4 0.6 0.8 1

Mole fraction of copper ion

A 68 NIMlLanIgnIEdUTENINlLEaNaTeLTWEes MNH Aulossunauasildlunis

1A binding AnwlaeAs Job’s plot
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21nka Job’s plot uandliiudn Wuwed MNH nilsluianaaunsodnivloseu
Vokad Wasaasisn 1 luana (MNH : Cu® = 1:1) mﬂﬁuﬁqﬁﬂmmmﬁammaaﬂmﬁ@
a15UsEnauLletouseninglessunauneiuduas (Association constant; Kag.o) t0eld
@1n15 Benesi-Hildebrand  4azaunsaAIUIAT Koo WAAIAU 1.35x 10° M

miﬁmmmﬂaﬁamamaﬂmmﬁmmsﬂszﬂauL%q‘%’au (Association constant; Kueoc)
Tneldaunis Benesi-Hildebrand nszvilagnasnansanan 1/ [Cu? A x) AU 1/0-1o) 7

0lAe) (N y) HaEAIUAINENNITN 8

Kassoe = (1/5l0pe)lmmclmin) e, (8)
e e = AUTU VDI AINGDRLIAGUATRIATAT AL TULYDS MNH
nouliu lopaunaalag
i = mmLSﬁmmLLmW@JaaLﬁamuﬁﬁﬁmﬁaaqm
lo > AINLTLVD LA DRI UATDIATAT AT UL MNH

a v =
Sudulufilossunaswadluaisazane
I '4 AU VDI NGOBLIABUATRIATATA 8L TUIYDS MNH

Aenudadiunies vedlopaunesunduasazany

M1319% 9 wanstayarANtutuvatloruneLasiitinadly [Cu®], A1 1/[Cu™] (A
WUTUYDI 09 UNDILAITILELAILY) ANAINUUVDIFUUIUNAD DL A UAVDIATALANY

A U

Wuwas MNH wag A1 1/(x-l) Aildannmseuiaeaduwes MNH 9 A, WU 373 nm

[Cu®] 1/[Cu?*T", ( x10%),
IntenSity (IF) 1/(IF_IO)
(10> M) (n=1)
3.20 64.48 3.13 0.029
3.47 70.32 2.88 0.025
3.73 76.07 2.68 0.022
4.00 80.65 2.50 0.020
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[Cu®'] 1/[Cu®7", (x10%),
Intensity (Ir) 1/(1e-1o)
(10° M) (n=1)
4.33 89.53 2.31 0.017
4.67 92.22 2.14 0.016
5.33 99.57 1.88 0.014
0.03
y = 1E-06x - 0.0089
R? = 0.9627 -
fﬁ 0.02 %y
0.01 . .
18000 23000 28000 33000
1/[Cu2']

AT 69 NTINAINNITATUIUAINALNIT Benesi-Hildebrand ¥o9tduwas MNH o n = 1

ANSAIUIEY

MnnswlaaunIsidunsIfe

o8 slope = 1.0x10°°,

A9

(%
LYY

JUU

Kassoc

Kassoc

lmax = 103.92, min

(1/slopellax-min)
1.0x10%x + 0.0089 ; R? = 0.9627

= 29.66

(1/(1.0x10))(103.92-29.66)

1.35x 10* M

[ 1 a a v [ 3 ! LYY
PANITIFIUNITNAAITUIZNDULVIUBU VBT ULEDT MNH G]E]ﬂ']’ﬁﬂﬂ?\]‘UbLE]E]E]u

noawandy nilwonds (MNH: Cu = 1:1) wazaiusaAnnumafiaunaveansinlossy

WIYOU, Kyeeoe WAINAU 1.35 x 10* M (n = 1)
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2.8 nan1sanwIn1silasunlaclassadisvanduisad MNH luaniiznaunasnasnnau
lovaunasunsnramaiinnie molecular modeling

@) (b)

AnA 70 dnwurlaseaseveadues MNH alaainmaiia molecular modeling ; (a)
1As9as19vanduwas MNH luaniiznaunisandulesaunaannd (b) 1assasiy

Yauduas MNH Tuaniiendwniulooounauag

AMNNIANINIBNALA molecular modeling vaufuwes MNH iduiuleosu
noaundluansavaty acetonitrile wurlun1siindunsnaensErINeduLes MNH fulossu
newas wianslagefiuniuesneululasiauved hydrazine uwazernaueoNBauVRINY
carbonyl 1ngilsyagiNTE DA AU 2.02 Wag 2.11 #MNa1AU AN 70 FINGI91U

YY) 1 I 6 = 1% a al a [
nsTuiusEnasugesnulosenolunwlsornenvadlasias @i sin1viiy -3054.89

a.u.

2.8 wan1sAnwINIsIWAsURUaY IH NMR ailnaduvaaduwes MNH luaniiznousas
nadn1sandulessunasunfremaianie 'H NMR spectrometry (*H NMR
titration)

MsAnwNIUABLLUas TH NMR aiUnnsuveaduees MNH luaniziounasnds
fnsulovsunans Wedudumsiinsunsiserssninuduwesiuleosunauns 9303z
198A153A1E9 'H NMR awnsnsuveaduees MNH neudylasaunsaundludiviarany
deuterated acetonitrile 91ndulmnsnlessunssuaslulsua 0.5 eq uaz 1.0 eq ashd

asazatedulesiiazinluiasiedt tH NMRaUnasudnasy tieiasun1siudsullasues
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AUNASUTENINANNENDULALLAZNA LA DDDUNDILAY HANITNAADILAAIAININGD 71 WAy

AN19N 9

MNH + 1.0 eq. of Cu™ ‘ c

i |
MNH + 0.5 eq. of Cu?* c
(-

N /| /\ a
__NUUL N S N

f
£ 11
roll

A9 71 Tassasramaeiivadduwas MNH wag 'H NMR awnssuvsaduwasidseuiieu

5e7I8 anneglifinsifulovounssnsuazvasifuloeounoiuniliuim 0.5 uay 1.0 eq.

A151991 10 A1 chemical  shift Yaubulwas MNH WSsuiisuseninaan iz luiinisidiy

lo99Uu N2IUAILAEALRLODDUNDILAY

0 of MNH with 0 of MNH with 1.0
0 of MNH - 2+
Proton 0.5 eq. of Cu eq. of Cu
(ppm)
(ppm) (ppm)
a 2.37-2.59 2.25-2.67 2.18-2.63
b 2.84 2.85 2.65-3.13
C 3.82 32.82 3.81
d 4.05 4.08-4.89 Not observed
e 6.50 6.50 6.49
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0 of MNH with 0 of MNH with 1.0
. 0 of MNH 2t o
roton 0.5 eq. of Cu eq. of Cu
(ppm) g K
(ppm) (ppm)
f 6.80 6.80 6.79
g 7.15 7.12 7.11

PnraaUnadulunmd 71 asdiuddlelinafulessunswuaduaisazasasiing
vi W&y y1aves 'H NMR fdnvay broad Mlesannauauti paramagnetic vedlosau
nodund waziileifulooaunouny 0.5 eq astuarsavarsduresnundyralusnoues
methylene (d) 7ien & 4.05 ppm vzifans shift LU upfield Suand & Uszana 4.08-4.89
ppm wavidlodulessuvewasasiuidu 1.0 eq. WuMd lUInaUTDs methylene (d)
welUiilesaniinnis shift v upfield AUTIAY peak vosdyy1alusnou (e) 7o
Yszunad 3.79 ppm mamwmaaqﬁaa@ﬂﬁaqﬁ’umamiﬁﬂmma molecular modeling i
WU 1900 UNILAUAAOUATAIBIAY donor atom lawn lulasiausynouuazendiau

prmaNTBAdues MNH waswmilsathlidyann O vedusneudiamsaddsuulasiy

2.9 HaN1INAEUNIANIUIeBBUNaILAIVRNITUIYRS MNH Tufdvinazatenaussning
CH,CN: HEPES buffer (9:1 vAv) fidn pH di1afiu

Wefnwinansznuvesan pH sadssansninnssndulessunswnswaaduies

MNH az@nuluszuuiavatenauszning CH,CN: HEPES buffer (9:1 v/v) 7 pH 5.0-9.0

o =
WEAAINANITNANDININTINN 72
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100

-MNH

(=]
o

MNH+Cu(ll)

[=2]
o

Fluorescence Intensity (a.u.)
B
o

N
o

5 6 7 8 9
pH

ANG 72 nMsAeuaangeesawud A= 373.nm, Ag,= 556 nm) Baaduiges MNH (2.40
uM)  ilednlessunewnt Cu2 (66.7 pM) Tudiaraiesves HEPES buffer 7 pH

5.0-9.0

NN 72 Agifiuguees MNH Siusyaniamnisandulossunssunsanaiie
pH Aty lne@ulrosinanulaaiugig pH 5-7.5 f31501910015 RS UL UAIUD S

'
[ a

¢ Ao | o ! A i N PPN v
ammmWQaaLiaL%umwﬂumn pH fena wazllesainal pH eagludsdlddinmindu 7.20

g

NUANITNNABITRININITUTDS MNH drursalszansldlusietiaeadaddinle

2.10 wan1suadaulszansainnisandvlessuns wnsvasduiyas MNH lulwad
a daa
Al

dwmsunsfineusednsniunisandulessunssunslugaadsditien lavinnsnegeu
11 HepG2 cell lines (hepatic cancer %30 Wwaduzi59) IneaiiAs1zn1sAeRagoDLsd
wusvengwwesiogngluwad luanzifiuazlidlossunauas Tudriazaretines

PBS (DMSO : PBS (1 : 9 v/v), pH 7.4) IfnansveaatuansfanIng 73
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T o 2t ::
hea oes 3
D " -“ . -" 3
RN . ‘ 2
REN AR R 3
AR SRR
R 3§ A
SN £k &
P P \ A4
BT ReNGERY ‘1 RSN \)
Ry AR T ORL N 3
; A éll-” \ ;R
\\, .20 um
22 FZERN e - v

AT 73 nansnnaeulsEansussansnannasanaulesounesunendumes MNH lu
HepG2 cells (A-C) nmieng HepG2 cells Tuanmeiifiiduens MNH wildidl Cu(Clo,), (D-F):

AMgne HepG2 cells luantizfifidumas MNH uaz Cu(ClO,), 20

INAINT 73 agiuinluaniiznliillossunawesnisluwad Wuwes MNH 9

wansdyrungeosaausiag (AC) usledilossunawndluwad Wuiwes MNH wans

=3 ' =]

fyanlgessaudigueg1aiiuladn (O-F) waasiduiges MNH awnsansavinlossy
o eluwaddalidinld Inelinswasuudasdyaavgesisasudlussuy OFF-ON

fluorescence switch Hasndulosaunewnaunelnulussuvalsagane

3. nAgaUAINAINI T luNI Tt uaINgRaLTaIUA (fluorescence properties) WAz
anuarsalunisasradiantsguatnuazysuiuludiduidaindevesdnsiin
LAWY MCA

A o ¢ Y % o < 5 v & a . °
dieduassruasudulassaiisvesansinaiomunsidudomaandy deluasn
a1sunAnwantinisisesuangeaisagus lakn N15nTI988Y Excitation spectrum wag

Emission spectrum 984815%11A3891u18 Ut uidainasndaunsizilaludidusdnmnige)

NUUTLIANINITIATIETS N kar U luiudands sematinngossa

wuRaunlnsalnd asramauiashilun1siaset (sensitivity) l@digsninassasiudisiu

(stability) S9N IMAHRUAMNINYBINLTUNLALANTVINATOIMUIBLAINNUIATFIU ASTM
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3.1 msmaaumwmmmmimﬂLLaeraaLiawuﬁmaqmiﬁﬂLﬂ‘%'awmﬂﬁﬁﬁu MCA Tu
Freghandudemas gasohol 91 gasohol 95 wag diesel

mimaa‘ummmmaaiumimaLLquaaLiaLsauﬁsuaaa’ﬁﬁ’m%wmaﬁwﬁu
donds MCA dAnwidemaianlgeaisausanlnsalnd thiudemas 3 vin lHun
gasohol 91 gasohol 95 uae diesel iilpsmnduthiudiinssmireannlutiomann Tno¥a
”zy;gmvdgaaLsaL%uﬁmaqmiﬁﬂLﬂ%wmaﬁwﬁuﬁmmﬁwﬁumqq Tuhsfuusazeila iny
g1InAUNIABUATNgoRITALEUA (Ao, ) 525 nm lelndanuiinuenedunsedu e, )
395 nm ﬁ]Wﬂﬁ?uﬁflmwaamﬂiﬂv\lﬂ’amé’mﬁuﬁ‘iwdwé’ﬁgmw\lqaaLiaL%uﬁLLazmmﬁmﬁu
10915 AT MUB T oI E ednwinualduaundudunsefidfigauonis

Waguuwlasdyaaigealsaaudlutiuuaassiln NanImMAReILEnafaguin 74-76

35

b)

28

21

Fluorescence Intensity

0 4 8 12 16 20
Concentration of MCA (ppm)

sUN 74 nsvluansnuduiussenindyninvigesisauduayaududuresa svin
\A309MN8U1EIY MCA Tutihiiu gasohol 91
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gunsaluazasiadl

1.

gunsal

1.1 v Nuclear Magnetic Resonance 300 MHz: Bruker 300

1.2 1583 UV-visible spectrometer: HP-8453

1.3 \3asFluorescence spectrometer: Perkin Elmer Luminescence

spectrometer model LS-55B

1.4 1503 Mass spectrometer: ESI-FT-ICR (High resolution) Bruker BioAPEX 70e

Spectrometer

1.5 X-Ray Diffraction spectrometer, Bruker Sc XRD D8 venture

1.6 1A304 Rotary evaporator: Buchi Rotavapor R-114

1.7 w384 Vacuum pump: Tokyo Rikakikai Co., Ltd. model A-3S

1.8 1383 Hot air oven: Binder model ED115 (E2)

1.9 wdeadsasiBon (MAdln 4 sunys); Denver instrument model S-234
1.10 3ostiaziBon (mades 4 funie): Mettler Toledo model AB204
1.11 pdeq Hotplate and stirrer: Framo model M21/1
1.12 Micropipette: Finnpipette, HH10711 vu1@ 1-10 Jl
1.13 TLC Silica gel 60 F254 aluminium sheet, Merck
1.14 gUnsaldmsuimsuusL preparative TLC: Desaga Brinkmann
1.15 n3gA1unIes: Advantec VNAUHILAUENA 110 mm
1.16 NIgA1uNTed: Advantec AUIALHUNIMANINA1 70 mm
1.17 nesufaiiugiu
1.18 ﬁ@ﬂi@\‘iLLUUﬁ@ﬂ’J’m&I}u
1.19 Clamp uag Clamp Holder
1.20 Head space vial wag caps VU9 2 Uaaans

1.21 TLC Silica gel 60 F254 aluminium sheet, Merck



89

2. #15.A3

2.1 Acetonitrile , LAB-SCAN, (M,, = 41.05 ¢/mol)

2.2 Aluminium perchlorate, Sigma-Aldrich (M,, = 484.47 ¢/mol)

2.3 Argon gas: Masser Specialty Gas Co., Ltd. (99.999 %)

2.4 Anhydrous sodium sulphate, Sigma-Aldrich

2.5 Barium perchlorate, Sigma-Aldrich (M,, = 390.29 ¢/mol)

2.6 Calcium perchlorate, Sigma-Aldrich (M,, = 311.04 g/mol)

2.7 Cadmium perchlorate hexahydrate, Strem chemical (M,, = 311.30 ¢/mol)

2.8 Cardanol substance (I5UAIWOYLATIENAIN FALAT. BUT LNYTAL; IHIAINTAS

1URINYIDY)

2.9 Chloroform D, Sigma-Aldrich

2.10
2.11
212
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
2.21
2.22
2.23
2.24
2.25

2.26

Cobalt perchlorate hexahydrate, Sigma-Aldrich (M,, = 365.93 ¢/mol)
Copper Perchlorate hexahydrate, Strem chemical (M,, = 370.54 ¢/mol)
Dichloromethane, MERCK, (M,, = 84.93 ¢/mol)

Dimethylformamide, LAB-SCAN, (M,, = 73.10 ¢/mol)

Diesel, PTT Public Company Limited

Ethanol, Fluka, (M,, = 46.06 ¢/mol)

Ethyl acetate (distillation)

Hydrazine hydrate, Sigma-Aldrich, (M,, = 50.060 g¢/mol)

Hexane, J.T. Baker

Glacial acetic acid, Sigma-Aldrich, (M,, = 60.05 g¢/mol)

Gasohol 91, PTT Public Company Limited

Gasohol 95, PTT Public Company Limited

Iron perchlorate hydrate, Sigma-Aldrich (M,, = 354.22 g/mol)

Lead perchlorate hydrate, Strem chemical (M,, = 406.09 ¢/mol)
Lithium perchlorate, Strem chemical (M,, = 160.45 g/mol)
Magnesium perchlorate hydrate, Fluka (M,, = 253.84 g/mol)

Methanol, Fluka, (M,, = 32.04 ¢/mol)



2.27
2.28
2.29
2.30
2.31
2.32
2.33
2.34
2.35
2.36
2.37
2.38

Mercuric perchlorate hydrate, Strem chemical (M,, = 372.06 g¢/mol)
Manganese perchlorate, Fluka (M,, = 361.93 ¢/mol)

Nickel perchlorate, Strem chemical (M,, = 365.76 ¢/mol)

Potassium hydroxide, Sigma-Aldrich (M,, = 56.11 ¢/mol)

Silver perchlorate monohydrate, Strem chemical (M,, = 207.32 g¢/mol)
Sodium hydroxide: Fluka (> 98.0 %, M,, = 40.00 ¢/mol)

Sodium perchloride, Strem chemical (M,, = 122.44 ¢/mol)

Sodium sulfate anhydrous: Sigma-Aldrich (99.0 %)

Triethanolamine: CARLO (d = 1.124 ¢/mL, M,, = 149.19 ¢/mol)
Triethylamine: Ridel-de-Haen (99 %, d = 0.73 ¢/mL, M,, = 101.19 g¢/mol)
Zinc perchlorate, Fluka (M,, = 372.36 ¢/mol)

[5]Helicene derivative (M201) l@5UAMoUYAIIZAN A3, SUAERT; MTEC
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Novel Cu2+-specific "Turn-ON" fluorescent probe
based on [S5]helicene with very large Stokes shift
and its potential application in living cells¥

Mirawit Kaewnok,® Anuwut Petdum,® Jitnapa Sirirak.® Adisri Charoenpanich,”
Waraporn Panchan,” Somboon Sahasithiwat,” Thanasat Sooksimuang” and
Nantanit Wanichacheva 0+

A novel fluorescent sensor based on a [Slhelicene dye bearng hydmzine (1} was synthesized through a
simple reaction. The sensor was fully chamcterized by MMR. single crystal X-ray analysis, and HRMS
spectrometry. Fluorescence technigue was also employed to study the ability of 1 for the detection of
cu®t amaong different ions. It was found that 1 exhibited a highly sensitive fluorescence response toward
Cu™ with a "Tum-ON" fluorescence enhancement and = very large Stokes shift of ~183 nm. The
sensor selectively bound to Cu® in the presence of various metal jons, such as Cd*, Ag*, Pb®, Zn®*,
MY, Hg®*, K, Li*, Ba®™, A, Fe®™, Co*, Mnf*, Ca®, Na*, and Mg®* in aqueous acetonitrile solution.
The Cu™* detection limit was 2.6 ppb (3m/slopel, which was lower than the pemmissible concentration in
drinking water determined by the US EPA and WHO. In addition, the sernsor can enhance fluorescence
from the intrecellular area in the HepG2 cellular system. Hence, it has the potential for the detection of

reclifnic Cu®* in biological samples.

Introduction

Copper is an important trace element that is directly involved
in numerous biological processes, particularly in the central
nervous system. In the human body, suitable amount of Cu®™ is
required in microgram scale, The over intake and the accumu-
lation of Cu™ in the human body could lead to incomplets
neurodevelopment as well as many diseases including Wilson's,
Abheimer's, and Parkinson's.” ™ Cu® is also toxic to algae, fungi,
and fish and thus affects aquatic life.* Therefore, a sensor for the
simple and rapid Cu™-detection in emvironmental and biclogical
samples is necessary,

Fluorescent sensors have recently attracted much attention
as they can be applied for the qualitative and quantitative
detection of neutral molecules, such as saccharide, water,
and L-histidine™ ™ as well as protons [(H™),'" anions,” ' and

? Department of (hemistry, Faruly of Sdence, Sijpakom Universiy,
Nakhon Pathom 73000, Thaidand. E-mail: wanichacheva nantaniti@ema . com,
wanichachevg nifsw acchy Fox +66 34 277 356 Tel: 66 34 255 797
' Department of Bolagy, Faruty of Sciencg Sdpakorn University,
Nakhan Pathom 73000, Thadand
© National Metal and Materials Technology Ceneer (MTEC]
Fothurmihani 12120, Thadand
t Electronic supplementary information (ESI) available. OCTH 1587045, For EST
and crystallographic data in F or other electmnic format see DO 1010897
e s 176

5540 | New J. Chern. 2018, 42, 5540-5547

cations®*? induding Cu™. " * Moreover, fluorescence technique
is advantageous as it is relatively inexpensive, rapid and non-
destructive. However, the inherent quenching nature of Cu™
owing to its paramagnetic property and unfiled d-shell limits
the application of Cu™ sensors™ ™ as noticing the change in the
fluorescent signal would be difficult. Consequently, “TurnON"
Cu™ fluorescent sensors are required. For Cu™ fluorescent sen-
sors, the selectivity is controlled by the Cu™-selective coord ination
of an ionophore, while the sensitivity is governed by the optical
properties of the fuorophore, Herein, [Slhelicene was chosen as
the fluorophore due to its unique photophysical properties, such
as excellent photostability, large extincton wefficient, intense
fluorescence signal in the visible region (lu, > 500 nm), and a
very large Stokes shift, In fact, the interference caused by self
absorption can be reduced by the large Stokes shift of the sensor.
Hydrazine was employed as the jonophore because it could
provide a selective binding site for Cu™. """ Moreover, the polarity
of hydrazine is high, which an increase the hydrophiilicity of the
designed sensor, resulting in more applications in agqueous
organic solutions and biological systems,

Herein, the new fluorescent sensor 1 consisting of the
[5]helicene dye and & hydrazine moiety could exhibit selective
binding to Cu*", which can be verified through *Turn-ON”
fluorescence enhancement and a wery large Stokes shift, The
sensor 1 was prepared by a simple method and exhibited high
sensitivity and selectivity towards Cu*” among various metal

This joumal 5 © The Royal Society of Chemistry and the Centre Matioral de la Recherche Scientfigue 2018
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ions [Cd™, Ag”, Pb™, Zo®7, Ni¥7, Hg™, K7, Ba"™", Li", AP, Fe™,
Co®, Mn™", Ca®™, N&", and Mg'7) in aqueous acetonitrile
solution with a very low detection limit. In addition, 1 was
cell-permeable and provided strong emission upon the addi-
tion of Cu™ in the HepG2 cellular system. The results reported
herein demonstrated that the new class of (5 |helicene” sensor
provided great potential for emvironmental and biological
applications.

Results and discussion

Sensor 1 was prepared wo imidation between [5 ]helicene anhydride
2 and hydmzne monobydrate 3 under acidie conditons with good
vield [83%) as shown in Scheme 1. The synthetic route was simplke
and the sensor was fully characterized by *H NMR, C NMR, and
HEMS. The structure of 1 was further confirmed by Xeray analysis
as illustrated in Fig. 1. The single crystal was grown through
the vapor diffusion method wsing MeOH: CHCL, [1:1 viv) as
the solvent system,

The X-ray analysis of sensor 1 was performed on a single
crystal obtained from a racemic mixture of the precursor 2, As
shown in Fig, 1 and Table 51 (ESIF), the confommations of precursor
2 and sensor 1 are similar with the two methooye groups of both
compounds pointing in the same direction. The torsion angles
[C1-C15-C17-019), [C15-C17-C19-C21), and [C17-C19-C21-C14)
of 1 were 34.4%, 20.17, and 30.0°, respectively, while the torsion
angles (C1B-C15B-C17B-C19B), (C15B-C17B-C198-C218), and
[C17B-C19B-C21B-C14B] of precursor 2 were 3267, 24.8°, and

HsCO

94

NIC

067, respectively, The moietes in posidons 7 and 8 of the
maolecular structures of precursor 2 and sensor 1 were slightly
different, indicating that the core structure slightly affected the
conformation of these helice nes,

The molecular structure of 1 was designed in accordance
with the theoretical requirements for selective host-guest inter
actions in supramolecular che mistry, Sensor 1 contained nitrogen
and oygen atoms in the suitable geometry for favorable inter
actions with Cu™. In addition, 1 consisted of a hydrzine moiety
that increased the hydrophilicity of the sensor, allowing 1 to
operate in aqueous acetonitrile solutions, In contrast, precursor
2 was insoluble in water.

The UV-Vis and fluorescence spectra of 1, which has [5 helicens
as fluorophore, in agqueous acetonitrile solution revealed the max
imum ahsorption intensity [An.,) at 373 nm and the maximum
emission intensity at 556 nm (Fig. 2], The Stokes shift of 1 was very
large (183 nm) compered to that of Cu™-fluorescent sensing probes
reported previously (Table 1). In fac, the large Stokes shift of the
sensor provided several advantages, such as the reduction of the
self-absorption problem and the removal of the interference from
the light source,” which could be benefidal for the development
of real-ime detecting equipment and for application in sensing
biologicl samples,

For the quantitative analysis, the Cu"—s::ns[ng efficiency of 1
was monitored in agueous scetonitrile solution (HyO @ CHyCN,
1:9 v/v). The titration results were investigated in the presence
and shsence of Cu™ through flucrescence measurements upon
exdtation at 373 nm. As shown in Fg 3, 1 exhibited weak
fluorescence intensity in the absence of Cu®™. The gradual addition

HiCO
glacial acetic acid

-

+ NHgNHg* HyO

HiCO

Scheme 1 Synthesis of 1.

DMF, reflux 110 °C, 1 h

Fig.1 Crystal structures of (&) the [Slhelicene anhydride precursor 2 and (o) sensor 1.
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of Cu®™ into the sensor solution caused the enhancement of the
fuorescence signal at 556 nm and the "TurnON" of fuorescence
emission under UV light

The fluorescence quantum vield (&) of 1 was estimated to be
0.49 in acetonitrile solution with 9,10-diphenylanthracene as
ref. 20-32 Subsequently, the quantum vield () increased o
0.69 upon the addition 10 eq. of Cu*”, indicating that the
photoinduced electron transfer [PET] mechanism occurred,
Using 3a/m, where o is the standard deviation of blank samples
and m is the slope of the calibration curve, the detection limit
of 1 for the determination of Cu® was calculated to be 2.6 ppb.
Hence, 1 can be used for the detection of Cu™ in numerous
dietary and environmental sources, including drinking water,
in accordance with US. EPA (1.3 ppm) and WHO (2.0 ppm)

Table 1 Comparison of the as-prepared fluorescent sensors 1 with those reported previously for the detection of Cu™

i
4]
N =N NF i
L =
5

=
=3 k! e ,-{\ |
= N n =
OH N oH
MH
G H !
Entry Operation mode  Working system Agllem (nm)  Stokes shift (nm)  Detection limit Ref.
A Turn-OM CH,CN: HyO [9: 1 wv) IE0/AED 100 L1 % 107 M (&9 pph) 35 (2015)
B Turn-OFF CH,CN 293/367 7 23 x 107" M (146 ppb) 36 (2015)
C Turn-OFF HEPES buffer 4E2/525 43 20 = 1077 M (13 Ppb) 37 (2011)
(5] Turn-OM CH,OH : PES buffer (5: 5 wv) 556/576 20 30« 1075 M (191 ppb) 38 (2013)
E Turn-OFF HEPES : DMS0 (5: 1 wv) A30/47Y 15 50 % 107 M (32 ppb) 39 (2009)
F Turn-OFF Ha0: DMS0 (911 viv) 450/523 73 10 % 107 M (64 pph) a0 (2011)
G Turn-OFF Ethanol 32E/432 104 L0 = 107 M (64 ppb) 41 (2017)
H Turn-OM CH,CN: HEPES buffer (7: 3 wv)  446/500 54 L5 x 107 M (45 pph) 42 (2015)
I Turn-OnN CH,CN: PES buffer [5:5 viv) 452/482 n 50 % 107" M (32 ppb) 43 (2016)
Sensor 1 Turn-OM CHCN: Hyr [9: 1 wv) 373/556 163 404 % 107" M (26 pph)  This work
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Fluorescence Intensity (a.u.)

Wavetength (nm)

Fig.3 Fluorescence emission spectra (4. = 373 nm| of 1 1.0 pM) in
HpO: CHZCN (129 wiv) as a function of Cu™ -concentration.

specifications. ™ The sensitivity in terms of the detection
limit of 1 was comparable to or lower than that of previously
reported Cu™-fluorescent sensors™ ** as shown in Table 1.
The selectivity of 1 was investigated by monitoring the changes
in the fluorescence signals of 1 at 556 nm in the presence and
absence of various cations {Cu:", cd®, Ag, Pb*, Zn®, NI, Hg’*,
K, Ba™, Li, A7, Fe™', Co™, Mo™, Ca®, Ma”, and Mg™) in
agueous scetonitrile solution. Fig 4 shows the enhancement in

) 425
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1 - oo
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/ e
o / Mn? o
g — Wi b
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b
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Fig.4 {8 Fluorescence emission spectra of 1 (3,00 pM) in HeO  CHaCN
[1:9 wiv) after addition of cations [37.0 pM) and [bl normalized emission

intensity of 1 [3.00 pM] in HaO: CH2CN (109 wiv) wersus the concentration
of varous cations (370 pM).
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s

Fig. 5 Competitiee experiments on the 1-Cu™ systern with common
cations: [1] = 100 pM, [Cu®] = 500 WM, and [M™] = 500 pM in
HzO  CH2CM (1:9 vAY) [l = 373 nm).

Normalized Flucrescence intensity
H i~

the fluorescence intensity upon the add idon of Cu™. Other cations
caused insignificant changes in the Auorescence signals,

To investigate the selectivity of 1 as a Cu™ sensor, competitive
experiments were carried out by measuring the fluorescence
signals of the sensor in the presence of competing cations and
Cu®, The results shown in Fig. 5 indicate that the relatively
consistent Cu™-induced fluorescence enhancement was still
observed after the addition of Cu™ with competing cations
including ©d™, Ag”, Fb*", 20", NIi*", Hg™, K, Ba™, L7, AI™",
Fe'™, Co™, Mn™, Ca™, Na™, and Mg™.

The selectivity of 1 was also illustrated by the fluorogenic
changes under UV light as shown in Fig. 6. The “Turn-0N"
fluorescence of 1 was induced when Cu™ was added to the
solution. In contrast, the other cations (Cd™, Ag”, Pb™, Zo™, Ni™,
He™, K7, Ba™, L%, A", Fe™, Co™, Mn™, Ca™, Ng", and Mg™) did
not exhibit emission under UV light,

The 1:Cu™ binding stoichiometry was determined using
the Job's plot of the changes in emission fluorescence at
556 nm and the molar fractions of 1 up to a total concentration
of 20 uM. Madmal emission for 1 was obtained at a mole
fracion of 0.5 (Fig. 7), suggesting that the stoichiometry
between 1 and Cu® was 1:1. Moreover, based on the results
from Job's plot (1:1 for 1:Cu"" ratio), the association constant
(Kacsoe) of 1-Cu*™ was caleulated by the Benesi-Hilderbrand
plot*® and was determined to be 1.35 » 10° M~

Using the X-ray crystal structure of 1, a complex of 1-cu®
was designed. Sensor 1 and complex 1-Cu™ were then optimized
at the DFT-BALYP level with the 6-311G°* basis set for the main
group elements and LanL2DZ for Cu®” with the integral equation
formalism polarizable continuum model (IEFPCM). As expectsd,
the DFT-optimized structure of the 1-0u™ complex (Fig. 8) showed
the coordinstion between Cu™™ and the carbonyl mogen of the
helicene dye and the nitrogen of the hydrazine molety, This
coordination might oceur vio favorable electrostatic interactons
between Cu™ and the mggen and nitrogen atoms. The distances
between Cu®" to carbonyl oovgen and nitrogen atoms were found
to be 2.11 A and 2.02 A, respectively.

'H NMR titrations were carried out to further verify the
binding mechanism. The NMR spectra of 1 were recorded in
CD:CNin the presence and absence of Cu®”, The comparison of

MNew J. Chem., 2018, 42, S540-5547 | 5543



N3C

971

Paper

Fig. & Ruorogenic changes of 1[10 wM] in HzO: CHaCN [1: 9w/ upon addition of varous cations, Cu™, Cd™, Ag™, Pe™*, Zn™, NI**, Hg™, K*, Ba™, LY,

AP, Fe®, o™, Mn™, Ca™, Na*, and Mg™ (30 uM).
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Fig. 7 Jobs plot of binding of 1 with Cu™ in HeO:CHaCN (1: 9 wiv.
The total concentration of Land Cu'™ was 200 uM.

by

Fig. 8 Optimized structures of (a) sensor 1 and (o) 1-Cu** complex.

"H NMR spectra s illustrated in Fig. 9. Upon addition of ou™,
the peaks of the methylene protons (CHy) of the [5]helicene
muoiety (Hy) shifted upfield and combined with that of H, at
3.79 ppm. Furthermore, the peaks of the amino protons [Hy)
at 2.32-2.52 ppm are not observed after the addition of cu®”
(1.0 eq.). These results are consistent with the molecular
modeling results (Fig. 8), which indicated that Cu*" s bound
to donor atoms such as the nitrogen and oxygen atoms of
sensor 1 and induces environmental changes.

In this study, the effects of pH in the range of 5-9 on the
fluprescence emission of 1in the presence and absence of cu™
were systematically investigated. The results are shown in the
supplementary data [Fig. 55, ESIT). Upon the addition of o,
the fluorescence emission of 1 increased when the pH of the
buffers was in the range of 5-7. According to this observation,
the sensor can be used in biological samples,

To determine the potential of 1 for detecting Cu”™ in real
samples, fluorescence imaging was carried out to explore the
performance of the sensor in live cells. HepG2 cells (liver
hepatocellular carcinoma) were incubated with 1 (50 pM) for

15 min at 37 Cin growth media (pH 7.4). Before the addition of
Cu™" to the HepiG2 cells, a very small intracelluler fluorescence
occurred upon excitation in the blue channel (Fig. 108), which
indicates that 1 could enter the cell membrane, Then, the
HepG2 cells were incubated in 10 pM Cu(ClOy), for 15 minutes
and the fluoresce nce intensity in the blue channel enhanced in
the imtracellular area (Fig. 10E). This result clearly illustrates
that 1 can detect Cu®™ inlive cells and can potentially track Cu =
in biological samples. In addition, the toxicity of 1 was tested
with propidium iodine staining, a widely used method to
determine cell viability based on plasma membrane inbegrity
and permeability.**** The results illustrated that concentra-
tions of 1 up to 100 pM did not kill cells as shown by the
negative propidiom iodine stain (ESLY Fig. S6).

Experimental
Materals and instrumentation

In this study, for the synthesis part, all reagents and solvents
were commercially obtained from Fluka Chemical Corporation
and Sigma-Aldrich Corporation. For the ion sensing experiments,
perchlorate salts were used and purchased from Strem Chemicals,
Inc. Optical spectroscopic studies were carried out on with a
Perkin Elmer Luminescence Spectrometer LS 508, The sensitivity
and selectvity studies were performed in an analytical quartz

cuvette (path length = 1 em) with 500 nm min ™"

scan spoeed
and 5.0/5.0 nm excitaion/emission slit widths, NMR spectra
were recorded in CDCL; with TMS as an internal standard on
a Bruker Avance 300 Spectrometer operating at 300 MHz and
75 MHz for 'H and “C, respectively, Mass spectra were
recorded using & Thermo Electron LOQ-DECA-XP electrospray
ionization ion trap mass spectrometer. The X-ray measurement
of single crystals was recorded on a Bruker Sc¢ XRD D8 venture,
The optimized structures were approached by molecular mod-
eling analysis and density functional theory (DFT) calculations
using the Gaussian 09 prugr:un.'” The geometry optmization
was obtained at the DFT-B3LYP level using 6311G** for the
main group elements and LanL2DZ for |.'upp|:'|.'.'m Molecular

orbital images of 1 and the 1-Cuw** complex were obtained
iz VMD.*?

Synthesis procedure
Compound 2 was prepared in the same manner as previously
reported. ™
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Fig.9 *H NMR spectra of sensor 1 upon addition of Cu™ {0-10 eq) in CDLCN {left) and comparison table {right)
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Fig.10 Brignt field and fluorescence images in the blue channel of Hep(G2 incubated with 1 at 37 *Cin growth media in PBS with 10% DMSO (viv): (A-C
fluorescence images of Hep(G2 © n the absence of Cu{Q04)2: [D-F) HepG2 cellsinthe presence of sensor 1 and CuiCiOL)2 20 uM; (A and D): bright
field images of Iving Hep(2 celis in parts B and E respectively; (C and F): overlaid images of (A) and (B) and (D) and (EL respectiely.

to the mixture. The reaction was then heated at 110 °C under
argon atmosphere at atmospheric pressure for 1 h, Then, the
[5]Helicene anhydride (2, 0.0200 g, 0.485 mmol) was dissolved  reaction was left to cool down to room temperature before
in 3.00 mL of dimethyiformamide. Then, hydrazine monohydrate  pouring into 20 mL of deionized water and the solution was

Synthesis of 1

{3, 0.80 mL, 0.025 mol, excess] was added into the solution, stirred vigorously for 25-30 min. A yellow sediment was formed
followed by gradually addition of 1.00 mL of glacial acetic acid and was filtered under pressure using a Bichner funnel




MNaC

Finally, sensor 1 was obtained as a yellow solid (183 mg,
88% yield) via recrystallization using methanol and dichloro-
methane [1:1 viv). "H NMR (300 MHz, CDCly): § 2,47 (brs, 2H),
2.84 (m, 4H), 3.82 (s, 6H), 4.03 (m, 2H), 650 (dd, J = 8.7 Hz,
J =127 Hz, 2H), 6.80 (d, J = 3.0 Hz, 2H), 7.13 (d, J = 8.7 Hz, 2H)
pprm; YO NMR (75 MHz, CDC) & 24.3 (2CH:), 289 (2CH2),
55.2 (2CH:), 111.8 (2CH), 112.5 (2CH), 123.2 (2C), 126.3 (2C),
131.2 (2CH), 1380 [2C), 138.2 (2C), 141.0 (2C), 159.4 (2C), 167.4
(2C=0) ppm. HRMS (ESI) caled for CyHaN, 0 Na™ (M + Na)”
449.1472 mfz, found 449.1468 m/z.

Cell culture and fuorescence imaging

The HepG2 (hepatic cancer] cell lines were provided by the
Department of Biology, Faculty of Science, Silpakorn Unive rsity
(Thailand). The HepG2 cells were incubated with 50 pM of
sensor 1 in growth media [DMS0: PBS (1 :9v/v]) for 15 minutes
at 37 "C. The cells were washed twice in PBS before incubating
with 10 pM Cu(ClOy), for 30 minutes at 37 °C.

Cell toxicity

The HepG2 cells were seeded at 5000 cells per well ina 96-well
plate and incubated for 24 hours. The cells were exposed to
sensor 1 at concentrations of 0-100 pM for 15 minutes, followed by
4 hours incubation in complete growth media, The cells were
stined with propidium iodide and visualized under a fluorescent
microscope,

Conclusion

In conclusion, a novel [Slhelicene dervative basedfluorescence
sensor 1) for the highly selective detection of Cu™ was successfully
prepared with excelent yield. Fluorescence studies of 1 revealed its
high sensitivity for Cu™ detection with a *Tum-ON" switching
system with a wery large Stokes shift in aqueous acetonitrile
solution. The sensor 1 was further utilized o detect Cu™” in the
presence of competing metal jons, namely, Cd™, Ag™, Fb™, Zn™,
Ni¥, Hg™, K7, Ba™, Li", AP, Fe'”, Qo™ , Mn™", Ca™, Na™, and
Mg"". The detection limit for Cu® was 2.6 ppb, which was
much lower than the madmum conce ntration of Cu®™ permis-
sible in drinking water as specified by the US, EPA and WHO,
Moreover, the sensor displaved potential for the detection
of Cu™ in the applications imvolving biological samples and
physiological systems as evidenced by the enhancement of
fluorescence from the intracellular area in the HepG2 cellular
systern.
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