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58302802 : Major ORGANIC CHEMISTRY
Keyword : copper sensor, fluoride sensor, fluorescence sensor, fluorophore,
fluoroionophore

MR. YORDKHUAN TACHAPERMPON : DESIGN AND SYNTHESES OF VISIBLE AND
NEAR-INFRARED FLUORESCENT SENSORS FOR COPPER AND FLUORIDE ION DETECTION
THESIS ADVISOR : ASSOCIATE PROFESSOR NANTANIT WANICHACHEVA, Ph.D.

Two novel fluorescence sensors were developed for detection of copper
and fluoride ions. Sensors | composed of an aza-boron-dipyrromethene (aza-BODIPY)
core as near-infrared (NIR) fluorophore covalently bound to two di-2-picolylamine
moieties was conceived for near-infrared Cu** detection in aqueous solutions. Sensor
| was synthesised by aldol condensation, 1,4-Michael addition, reduction, amide
formation and N-alkylation of the amine. Spectroscopic properties and binding abilities
with several metal ions were investigated in phosphate buffered saline (pH 7.4):
acetonitrile (95:5 v/v) with Triton X-100 via fluorometric titrations. The fluorescence of
sensor | was quenched selectively by cupric ions-in the presence of alkali- and
transition-metal-ions. A detection-limit of 13 ppb was measured for this system, and
this is significantly lower than permissible levels of Cu?"in drinking water according to
the guidelines described by the U.S. Environmental Protection Agency (EPA) and by
the World Health Organization (WHO). Application of the sensor in detecting Cu®" in
HepG2 cells was demonstrated. Sensor |l based on 2-Amino phenylboronic acid pinacol
ester covalently bound to one unit of fluorescein aldehyde moieties was designed for
the optical detection of F ions. Sensor Il was synthesised by Reimer-Tieman reaction,
imine formation. The binding behaviours of the sensor was investigated in terms of
sensitivity and selectivity by fluorescence spectroscopy. Especially, sensor Il provided
the highly F-selective ON-OFF fluorescence behaviour by discriminating various

interfering anionic species in aqueous organic solutions.
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vigealsa-wudooninluUinamiuduuasige uwidefilooousglumsazars leseuazidn
Juiulelelunesniiduwesaauamigeaisawudlitosa  lnganuduvewamgonisa
wusTlanasazuiuUTinaleseuluasavane

‘Lumui%’aﬁ%ﬁ']Lauﬁ%mﬁaaﬂLLUULLazé‘ﬁLﬂiwﬂmaqms‘fﬁuwa% dwiunsiadn
looaunesunsuazigeslsduialumifilanimlags (high sensitivity) wazfimudmeanza
solossunaunsuarigoolsigs (high selectivity) Bnitsanunsatiluuszgndldanldaia Tng

. Y] o N A O o & Ao aa o w | v a v
MIﬂﬁQﬁﬁWﬂLLﬁﬂﬂﬂﬂﬂ’]WW 3 aﬂVNf:NLUUQWU’J"\]EW]NF’T)'W@J%']@QJ SU'JEIIUﬂ']iLLﬂ{]@V']ﬂQLL'J@aaM

=

Tneunisimunaissdenseisnsaasuanuduivludwindeunligeendudou GA
JulUmuunmeveaunuimuasegiaazdiauuied  adudvass wea.  2560-2564
gnsaansnsiiulawazilulinsivdwandemionisiaueundidy  wazgnsamansnig

WLINefans malulad 398 wasuimnssy

S l N
| _N N~ 0
CNK/ \/Nij © O
H H N x
MATaPRN(E S= 9 0
N
o) o 7 )Y o) OH
S N\ N - IB\O*B p
B
OO
O3
MeO OMe O
I (aza-BDP-DPA) 1l (DFB)

A 3 lassaigwedauanaivang

IUIZHIAVNIUITY

1) ieeenuuurgeaisavuiduesulalmi  dmiunriainlessunsin  way
loosurigoslsd fianunsadauaszituldlnglfidunmenisdunneifine uasdsendn Weld
Juwwimndlunisiauduweshudondydsely

2) \flesenuuuiiuwesuinlmidmiunsiainlossunesuns  uazlessurgeslss
PININNIZLAIZA  (selectivity) 7o9la  (sensitivity) wazaIuNTaATIZRTIUTIIULEY
BeseidanunnlalagliismaigeesawuianinsalnUldegrediussdnsam

3) iieeenuuuduwesuialnilifiruannsansiainlessunons  uazloseu

Wgoalsd Tuasavaredunidnsedinanniuniussdusznau (aqueous solution)



Uselonildsuvesaise

1) aunsoduagiduseifiasnin  flnszuunsduansidie  lidudeu
FununsdansIeien uavanansansiain lessunssuns uazleseurgeslsldetisdime
rasldifisuinduiedosionauns

2) awnsathiduwesiildanmsdaunsiumsaiamuinn leoounsauns uaz
lovoungoslss Aflgaauli fawdumzanzasgsiulessunssunsuazlossurigeslss i
arariadligs msutsduluaniiziiflessusunudugiien wagiian detection limit i Snita

§9E1U150NA@BUA1F0819LUSTITUT R LA LUBUIAR

YDULINVDITUITY

1) 90NkUY dauATziasienalsusansiiugesneawnuazigeslsiviinlv 2 ile

o < gy wa A a 6
2) dndugesindiiduasizilalunegounnaudinissesuas luaisazaedunse

Toeiundussrlsenauld



UNi 2

[

UNANIYNNYIVDY

msoenuUULazdLATIEIvgeaLsamudidugesdviuninlesawsneg e
a (3 av Yo VU a v 1 ! a g.’/ v v
wetlangesisasudaninsalnUlasuauaulaandnifeerunivaty nviadaiamn
nszvuNsAneuLasasvdeulsinalessulane ieldusslevinsludnmuninuasid
Usunas AemsihngeslsleleluresuildlunisfinmunasasiainUsunalessulansmin (Ju
watlaflasuauaulanninideeguunsnaty laelnddedwmisiasiaunisdunsien
13 < ) vy a a
asgesisawud  lunisesnuuugealsawuiiduwesiuareenuuuliiusEanianlunis
andulessuitaulagian visluiuaiudethlunsiiasedt (sensitivity) wagAudnmg
.o = 4 & v o Aa s g

g (selectivity) - sdansldnuvlgesisauddugesTuiviazaneniiunduy
perUsEnoU Weliaunsaldsulanuiedisais 1wy thanuasinne Wudu

v [y <

TurmAneninusiliduansiietas  unaAsefiedestudumesdmsunsiate
lopoulave Tnssuddeiiviausioziiu nseenuuuayiaussuudumed Tngldudnuos
Pearson acid base concept (HSAB) ﬁgﬂﬁuwﬂﬂﬂ Ralph G. Pearson 1utl 1969 lngndnns
Fnanlenanliilessunia hard acid azeninsainyfAzealaegeniniuayairaiusyd
wdausfiuleosuniia hard base @wlosouriia soft acid awamsainufiseliogns
sndnazadreiusyiudauseiulosautin soft base sutiuludiuveslelolunesazdnase
nsndulossulanzeilanieg  awlsesulilunuidenaisaty [57-76] way ey
Tnssadmaeivesduimesurdn tanswalunng 4-10

Freg1aenATedld fluorescein Jurlgeslswes toun 1wl a.e. 2007 Lippard wae
Az [57] lailelelunesetin  N=(2-aminobenzyl)-3,9-dithia-6-azaundecane 18U
seminaphtho fluorescein aldehyde VT’]‘I/Tﬁ’TﬁILﬁuW@@@IiW@%Lﬁ@ﬁ’]ﬂ’]iﬁﬁLﬂi’wﬁL%Ulej@%
Useon da Tuansazaty 50 mM PIPES, 100 mM KCL, pH 7 lae # detection limit winfiu 50
nM LLazLLamé’zgﬁngQaaLial,ezjuﬁﬁmmmaﬂéiu 530 nm waglulifeniu Wang uavmu
(58] lminlalalunaswiia thiosemicarbazide 1nsoiu fluorescein derivative %ﬂL“ﬁJUWQ@@Iﬁ
Wod Lilevhnsduassidusmes 4b wuin Wuwesalnd Sawannsalunissnivlessu
wanlley laluansazarednivles HEPES 50 mM, 100 mM KCL, pH 7.0 Insuanadyainiges
[SAUSTiAuEIAaY 521 nm deuilul A, 2010 Mc Quade waz ame [59] leilololy

Wosuda  2-methyl-8-aminoquinoline  Faiilulasiauassezmeududiuuseneuuiseidn



fungoaisadu (4c) wae wuidumesaunsafindunsiseriulossunesundliogisdime
g wavAnziiduliiduwesvlalluuseendld  WiensiadeuuazinanuUIua
loosunsuasluasararstiiazluwadiiddn - usna1nil Burdette waz amz [60] Fald
duasziduwesaeiiniiusznoumevigeslswesyinngonsadu  uay  lolelunesyile
bis(2-pyridyl methylamine(dipicolylamine) (ad) ioliludumesdinzdlunisinny
Usunaloosudingdluwaausyam uaziieltusylovdlunisfnwinissudsdyaiuvoisas
Uszamnilnasiod i

7 NN P

N N
(0] O, O. OH

9¢
HOOC O

(4d)

l COOH

(4a)

il 4 lassasronaeiivesduweinigeslsesvlinngoaisaduduesdiuszney

Snvadalingeelsnesnuauladnulin fe aza-BODIPY Fulungeslswesiniinis
AenduLazaguadlugnteiulnadunsise (nearinfrared region) @siuszlewily
n3tlUUssenAlglunuaIumIee [N FuUTINTN BAgINGIEIEnIvINeT wenINUANLT)
maulutialnadaddunsisa - Geuliuselowilunisfinymianuadddn . iesannuaslugaild

1% 4 1 a al [ a 1 a < y | . o [~1
nasuteEnTliaisuiuaNganaEluYkaIn e iU (Visible region) vilvilaivlu
JunTesawadddliTin  dwadenonsAnwsvuy neluwaddadiTinunty  sIudns

YSudsulassasrelaaamanedmnsunisinunldny feiauideiiiiendasiu aza BODIPY

Aa
Tl .A. 2012 Jokic wazaue [61] lalauansdaunsizrioyiusuas aza BODIPY (5a)
wuInSuwesviadinnuimizanzawelossulusnou TuansazanenauszniIng

EtOH:buffer Tudnsndu 1:1 v/v lngliedudszanslunisganduuasgelagiiavindu 80000
Mtem ™ wngdusuihundssgnaldilu pH probe 16 sounlud a.a. 2013 Adarsh uazaaz
[62] levauan1sduasizsi nitrile ion probe 5b lnensunuilusneuuy phenyl femy
amino WU11 5b AN NIz 296 nitrile ion 1aedl detection limit AU 20 ppb 1ng
A )~ N = = 2 A al < vy

Nasevarvaziimsiasudandiuludider  luanneiiilossu  aunsausuiulanign

Wamngdmsunsasiaiasgiile sy LAYEINITOUINIRUAIUURIUDINTEAN 7390



10

solid-state 19 waganunsathluuszgndldly sunmeauula deuilul a.a. 2015 Liu wae
Aoz [63] Ilauensdauasigiansuszneu 5c laeld aza BODIPY lnefimsufuidsu
Tassad1edeny) boronic acid wuiiansuszneu wledfiarwannsalunisesoiatima
nalraludenlfetnssumnzazas neflaunsa faszduthmangladldsnitsedutine
ngleafidogludonvasauund 40 wh  Fsensvdademsuadutismiueniadulngyed
Junsusndanalyl interference fiflogluidenlaill Mmssunumiemgiilinanisiinse
farugniosuazindefionntu uazaraalull am. 2016 Jiang uasame [64] Ifausns
dupszviansuszneu 5d tneld aza- BODIPY lnevidfjn3eniiu 3-(thiophen-2-yl)-2H-azirine
wuhidumesiaifimuaunsolumnnaialessulsonlfeisdumeiaizas Snviaide
hhduesulndludseendld ilensnaeunazinnmUTinalessuusonnelumad

A9il330 MCF-7 18

MeO OMe

(5a) (5b) (5¢) (5d)

i 5 lassasanaedveaiuwesidvgeslsresvlin aza-bodipy [Wueduszney

ned1aedde et nseenkuudINYeIigeslswesllayiusves

fluorescein uag aza BODIPY Wussnuszneuraadumasniilunisnsiainlesoulanymneg

1%
va o

uenanilfivedsaulesenuuuiardaaszivgeatsalvuiduse sdanudunzianz i
losounauns  uazloseungeslsd  laweenuuudiuvedlelelueslvitlevneululnsiau
ozmoNooNTAL uavermeudaefiluesduszney  vilvigeelsasudiduiesilad
AN waediuszaniamlunisasiinlossunauns dwiegrenuidensumii
fifeadesiunsesniuuuasduaneingessauidue sdmiunninloosunoung

[

J

pad)}
be

Tul A.A. 2005 Zeng wazmz [65] laviniseenuuurgoaisawudiduees 6 3
Usgnaume azatetrathia vhuthiluleleluresuidewseiungeslswesyiin BODIPY Jail
A L ! = < = - [J =2 < 4
nIgANGULAILaYNNIANELATRElUYITIRLBNTL (A 6) WevhmsAnwiduges 6 lu

ansazangUiles HEPES (20 mM, pH = 7.0) wuinduwesvlialiinsaewaingoaisaisud
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WUU OFF-ON system wagilinsanduseninaduiees 6 solesaunauwndludnsdiu 1:1 lng
Lfin1ssneaudn detection limit  wagillonaaeuANUTINIILAVBATULDT WU
a3 6 Tanudeiulessuvewnsgs desuiuleseulavewindue laun Ni*t Ca®

Co* Mg?* Zn®" Cd?* Fe* Cr** uay K" 1Jusu

Rel. Emission Intensity

550 600 650 700

F¢l Fj

Ca?* Mg?*Mn?* Fe?* Co?* Ni?* Cu?* Zn?* Cu*

= 1 13 = < s
A 6 uandlassadnsiaresAusvneuNINANTeudULes 6 n1sAsuaNgeeLTalUAly
ansazareUviles HEPES (20 mM, pH = 7.0) Tuan1ziilllessuneuwassitediulossu

FUNIUTLARIGE

Tl a.A. 2009 Aksuner wasaniz [66] lovihniseenuwuuigesisawuiduees 7
Ineld  4-(1-phenyl-1-methylcyclobutane-3-yl)-2-(2-hydroxy-5-romobenzylidene)amino
thiazole Wulelelumes (nnd 7) uazidevhnisnuidugesfinanuuiidunedmes wui
WHuwes 7 flszuunmismeuasgosisaleudiluy ON-OFF system finvmieniadu 527 uily
lms Jen detection limit WU 5.66 x 107 M (35.97 ppb) wagiinsindusyninaduises
7 selessunswndusasdin 1.1 usnanildenedeunnusumznzamenduges 7
wuhidumessiaifimusuneivlessunsunsgs Wadleutulosoulavevindug 1dun
Na*K* Mg? Ca*" Zn®* MnZ* Hg?* Ni?* Co?* Pb*Cd* Fe?" Cr** Ag* way Lit 1Judu
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250,000
200.000 |
H3C
5 18000
N
[ Iy
§” MscH
50.000 |
HO Br
0000 L L
[ 4 4758 5000 550.0 6000
quu ngjai 7 Wavelength (nm)

Ail 7 wanslassadinazesrusznouniualveondues 7 uaznisaeuasigoeLsayus

a e a s A ' o a
YUNFUNDALNDINAINEIAAU 527 nm ﬂ@uua%‘waﬂﬂqilmlll@a@u

souhul A.e. 2013 Wang havanz [67] léiniseenuuungesisawusiduees 8
gl 1-pyrenecarboxaldehyde LﬂulaIaIuWaiL%auﬁaﬁuﬂgaaﬁﬂa%ﬁm
benzothiazolenhydrazone (nwdl 8) eviinsinwaduees 8 Tuansazanedviines HEPES
(5mM, pH = 7.0) wmfﬂLsﬁuwa%ﬂjﬁm‘fﬁmimaLmeQaaLsamuﬁqu OFF-ON system uagil
anudedhilunsanfuivlessumesasginin Tnedmsdndusewinaduwes 8 seloseu
vowndlusnsdiu 1:1 wagdien detection limit WAU 2.73 x 10° M (173.48 ppb) e
NAFBUAIUTUNIZLINSNVOUTIUTDT NudnTduees 8 Tanudumeiulessuvewnigege
Slafleutulossulanzaiinaus - vsnanifluanizfiilesouneunansavaneiinsudoud
Mndudeweuduliid  Fdiusslovddwmsidlumnsaieseitesiusasmsiluidly

JUAIAFAUUN

1800

H 1500

N ‘
IN_j'/ :@ 1200
E i ﬂsq..

0 2 4 & 8 10

™1/

g

Intensity

|
z
w
g

g

450 500 550 600 650 700

< s
LYULYDS 8 Wavelength (nm)

=]
T

BEessc oSN

:

- = =
1A Gf ot Gt R RS B K M Mot N R et

g ey e g e NP = s

a Y 13 a I I
AN 8 LLaﬂﬂIﬂ'ﬁﬂaiqﬂLLﬁ%@\?ﬂUiSﬂ@‘UVﬂﬂLﬂlISUENLGUULG?Jaﬁ 8 ﬂ?iﬂqﬂLLaﬂwqaaLﬁﬂLsﬁuc‘ﬂu

a1sazansuWines HEPES wasmsiwasugveadulvas
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Tl aue. 2015 Li wazauz [68)] leviniseanuuuvlgesisawudiduses 9 laglddu
yovigeslswesifiu boron azadipyromethene (aza-BODIPY) (nwil 9) Fsiinsgandunad
uazmsaenaseglutisinueaiiu ievinsdnwiduwes 9 luasazate phosphate
buffered saline (PBS) nuilduiwes 9 ﬁmimaLLaQWQaaLiﬂL%wﬁLLUU OFF-ON system lag
lafl#finsseaiudn detection limit WenpaeumuumzizasondumeinuIniuees
9 fmnudumzivloounswnsguieisuiulessulansaiingus loun K Mg® Ca®* Zn®

Mn%* Hg?* Ni** Co?" Pb?*Cd** Fe?* Cr** uay Ag* 1Jusu

-
[~
(=]

100 4
80
60
40 4
20

(=1

2 S S S

Normallzed Ratlometric PA Turn-or

%
%

S & & O
& S48 & o

o,

a o 3 )~ < ¢ o | ~
AINN 9 LLa@ﬂIﬂﬁﬂﬁﬁqqLLagaﬂﬂﬂﬁgﬂ@UW"I\‘iLﬂlISUENLGUUL"UEJﬁ 9 LLEWa@]ﬁanUIUﬂqiLUaEJULLUaQ
duananisaeuangoaisawuilugisasargtines PBS (pH = 7.4) diefinsiiulessou

W@QLLWQLL@%I@B@M?UWJUSU‘]

ANFIBE199AIB T UT AU zIINITeaNwUvdLvadlalalunasiitiosnaw
TUlP5AU  LarermMaNaNTLIWUUIRYIENDY ﬁﬂiﬁﬂ/\lqaaLsaLszjuﬁlf?juma%ﬁlﬁﬁﬂmuﬁwL‘vm
WA wardivsgdnsamlunisnniainlessuneuns  wendniliidedaulangestsaimus
& saa Y] ¢ = )~ a .
Guwesiiiauaunsalunisnsivinloseunigesls Fesieznouveslusounse boronic

¥ U [ 4

acid \Jupsduszney Tnesegrsnuidoreunthi Aieafestunseenuuuuasduases
vigooisawuidumesdmiunsiatalesounigoolsd S
fegnanuideildasiitlormenlusouiussiusznouiielinsiainloooungoslss
Loun Tl a.A. 2002 Lakowicz way A [69] ldoanuuuuagdauneioyiusves charcone
sy boronic acid Yivthiidulelelues iievhnsdauaszsidusesvigeslsd 9a lu
asaraenaNTEIIfULUeA (2:1 vA) TeefimsAsundasesdaurigootsaisus

wuuldudndulaenss sounlul 2009 Xu wazame [70] lednlelelunasyiin imidazolium


http://www.sigmaaldrich.com/catalog/product/sigma/p4417
http://www.sigmaaldrich.com/catalog/product/sigma/p4417
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wslerfu boronic acid ileduassiduires 9b wuin Wuwesuling feuannsalumsen
Juleeaungeslse laluansazane CH,CN/HEPES (95:5 v/v) lnguansdayayiaingoaisaigus
UL blue shift anansaneadtulddenlan fienuenirduain 445 nm S 370 nm Fadu
nan19Nusylalasauszinslossurigeslsifuayiiudues imidazolium fiduis C-H Ty
T A.fl. 2005 Badugu uazany (71 I¥eeniuurgoaisaeusiidenuaninsnazagludlés
Wuwes oc Tneld boronic acid ulelelumesideuseturigeslsnlasaiin quinolinium 1o
yhmsfinviduiges 9c lumsazansih nuiidodulesousigeslsdadly iumesvdniiing
AeuasTigesLsaLTUiAnAITiALEIAAY 546 nm wasidya il Usngluiianueniadu
450 nm  Snvedaansaneaeulslursesiuneanesedussanfonnals warludientu
Koskela wazasue [72] Ié’é’amﬁwﬁagﬁuémm benzocrown-ether iousaiiu boronic acid
9d  Ineflawanunsasniulessulmuadeuiaslossungoolsd  Wedinsdndulesauay
ﬁﬂNﬁiﬁLﬁ@ﬂ’ﬁﬂ’]BLLﬁQWQaaLiﬁL%uﬁﬁLﬁmsﬁu

souhul 2007 Nicolini wazamy (73] lasenuuurlgesisawudiidumes 9e lngld
BUYNUS merocyanine Feuru phenyl boronic acid I@EJL%uL%aémﬁmﬁﬁﬁwmsgmﬂﬁuum'ﬁ'
AueTAaY 571 nm Taefinswasudainlaliddiduding shee K binding constant 111U (1.93
+ 0.53) x 10° " goanlull 2008 Galbraith Lagamy [74] ledaunsisiidues of lagld
oyWusves phenol (@auiiu phenyl boronic acid LﬁaﬁmsLﬁulaaauwQaaiséaﬂumﬁazma
chloroform  9zinniswasndnlalufi@dudvdes wesiinsmouasiianasesdyaio
Waoaisawud sieulul 2011 Rao uay Ravikanth [75] lseenuuungeeisawusiduees 9g
lngldayius porphyrin oxasmaragdyrin FeuRU boronic acid Tagnuindlefimsiulesouy
wgoelsilumsazats CH,Cl, axliAnsgandulasiianasiinnueniadu 446, 475 wag 705
nm wazindanalnifinansgnedu 455, 487 taz 720 nm laewlefuindieauns
Benesi-Hildebrand wuinduwesinisduivlossungealsiuuu 1:1 f8A K yding constant
wiriu 1.3 x 10" M Tut 2007 Tan wagang [76] ldesnuuuuazdunievivigealsagud
uwes oh Tngldoyiug 4-N, N-dimethylaminobenzonitrile Feufu phenyl boronic acid
wudeidslessungoslsdaziinsmeuasesdyyangesisaisudiianas fimnuenady
464 way 352 nm lagiianalnluy twisted-intramolecular-charge-transfer (TICT) fgen K
binding constant WINTU 147 x 10%, 2.37 x 10%, and 2.10 x 10° """ luansagate DMF THF uag

CH,CL, anua1nu
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OH 9%a CHs /PR g
HO.
i o 0
OH o) /> g0
N N
o HO OH 9e
0 J
e

SO

P TES

a % a ¢ saa I3 %
AN 10 Iﬂiﬂa'ﬁ']\‘ﬁ/mﬂLﬂiJ‘U@QW%:IJE]@LiﬂLsﬂuG’]L‘?JNL"?IE]?V]@JE]%G]@@JIU?@ULUU@QQU?%?]E)‘U

mndegaidbluineiu Sngesisaisuiidusosvanyia  Aaunsadnduldis
loosuvosuns uarlesoungeslsr widiuvedlelelunesiililumssndulosausansiinu
pdietu  Vilviamnsntludsvendldluniseanuuuvigosisaeudidume s msudn fusis
lopouneauns  havloooungeslsdlitissavsnnly  Tavlgesisawudifuwesidns
oonuuulidrulelelunesidumy boronic acid asimwanunsalunisdurvlessurigeslss
Ingavmouvadlusauazansaaisiuseaivleosungoslsdlod dwaliinluansvigosls

1 a

Wosnilassasviialvi Fufamsivdsullaswesdansazais kazn1snnangossauus

¥
va A= o LY <

faedly anpuantRidnsfandumeimaneviaifivg boronic acid Tunsnsaady
lovoaurigeslss waziinmmnzavesnaddunsihanimuduyanaaeudmsulingata
LLazammmmiﬂuL‘f‘yJawumlaaauwQaavLiﬁlé’

Tnevimuafing1nand asdiuldhmslindnnisgessawudmugiuniseenuuule
Telunefhliiianusinzianzasiulessuiisaiaiu TrgnsiaLIUTEaNSNINTDS
duwetusgiunsusudsulauaindludiuigoslses tiowaanwlesnisinssh
(sensitivity)  wazmsufuildsulasadidnlololunes  eWmuianusmizazas
(selectivity)  solosauiifoimsimssiioliivszdnsamld  wazdugesdinanuans

AuIszasiulessuifesMTlaTIsila  Bnnsdadianuaiunsalunisaieuadiges

isalruAlugnnueuiuls (visible region) Tutaslnddunsisa (near-infrared region) &l
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Usglevtisonsuluinuldlugunsalnsiaaeulossulavglunimauuseldle aGRN
melugadsruuaddin  naonsuansoldnadeunilossusiegiidusunseluimg  way
01N LU Wi famanemaineas waldl evnamea stinsAnmumsudeues
Tongmidnluuvasisssuni vae  uardunndenluneauildnuuuimagesummsiamg
AswgRuardsnuuisRatuAUaDs WA, 2560-2564 —gmsmansit 4 maEulaiduding

[y

AUAILINADULNDNITHAILNTITY LAZENSANEATN 8 NTWAIUINGIAIENS NALULAEITY way

9
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uni 3

Asn1sAniiuIuIY

Tuinednudint Ieenuuuuasduameilasadmosmslgeoisasudifumes 7
frnuannsonnainlosounswuniiarloooungoolss vislwi 2 vla wansiesnmil 11
lown Wuwes | wag Il Inevigeasawud@uies | Usznausieeyiusues aza-BODIPY v
wihungeslsvlesifouseduleloluniesulin  di-2-picolylamine  duasvgooLsaLLws
Guwes Il azlinnadenldngeslswesuiln fluorescein wviufAseniulelelunesviin 2-

Aminophenylboronic acid pinacol ester

(e}

® ®
N N~
Z >N N
s B N

g J O
N H
0 0 Nses
\\\SJ N g]J }\‘ o o) OH
= N 5 IB\O*B p
B
OO P
MeO OMe Q

| (aza-BDP-DPA) Il (DFB)

a o ¢ s
AN 11 Iﬂi\iﬁiqﬂwgaaﬁavﬂumLGUUL"Uai I az ll
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Suannsdaasizvivigealsnesyiin aza-BODIPY (6) muisn13datAT18Mva s

Burgess kazAng [77] laet3uainn1sdansieialsusenay chalcone (3) Ingr1uUizen

aldol condensation 9MnNUWNUHATEN 1,4-Michael addition laa15Useneu nitro-ketone

(@) n1up18n15a31939 dipyrrole (5) 3nnuyinUAisen reduction A8 Hy, PA/C wagiin

UA3e11U BFOEt, tieas1aduansusznaulusoutienin aza-BODIPY (6) n1umae¥in

UfA381 amide formation fiu bromoacetylbromide l@@15Uszneu aza-BDP-Br (7) uazlu

Tumaugaving vujizen N-alkylation fu di-2-picolylamine l@ansvigeaisaisudiduiess |

AININA 12

Woghaol o

KOH, MeOH

rt, 24 h

NH40Ac BuOH

reflux 48 h.

58 % yield

>//\Br
N
\ N\ / | X
B =
—_—
CH3CN, Etz;N DIPEA, DMF,

rt, 30 min

7
68 % yield

AR 12

O,N NO,
N
\ NH N

NO
fo) 2
CH NOZ KOH O
MeO MeOH, reflux 24 h  MeO
4 NO,
93 % yleld 79 % yield
) PAIC, Hy 1 atm H2N NH,
CHZCIZ MeOH (1:1)
rt, 24.h
\ N\ /
2) 'PrEtN, BF30Et,
CH,Cly, rt; 24h
74 % yield
| A
N /
C Cu
\
\ Nog
rt, 18h

47 % yield

LAUNNTAUATIZAT USRS |
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1.1 NMsdaAsILE1sUSENBU chalcone (3)
(0]

0 (0]
CHy H KOH, MeOH =
+ rt, 24 h
MeO MeO
1 2 N02 3 NOZ

A7 13 auni1sufisensdunsisansusenau chalcone (3)

7 g 4-methoxy acetophenone (1) YSu1w 6.0 nsu (004 lua) uaz 3-
nitrobenzaldehyde (2) Usunu 6.0 n3u (0.041 Tua) Tduinnunauauin 250 1adans azany
18 MeOH U3um5 200 fiadans antalANtua KOH Usunas 2.83 ndu (0.05 Tua) aslulu
asazatnay vnnsmuuiseiisanaivenduszaznat 24 $alus szdunmiiunzney
Yosuddndesseunnaun Wensusmianawhmsusnazneuiiliazatsesnanaisazaiy
F18N15N50ILUVANANNRY DINTUEIIMZNBURIE MeOH vl i uudaldasusznay
chalcone (3) LHuvpandsduausuna 10.48 A5y Anluldesidudnananlaivinnu 93%
Uil dunousellaglainunisuenuiand) Tnsdumamsdaunseiuanaianm

713

1.2 N15a1ASITRETISUTENBU nitroketone (4)

o o NO,
= CH3NO,, KOH
MeO O O MeOH, reflux 24 h > MeO O O
3 NO, 4 NO,

A 14 gunsufizeantsdansieniansdsenau nitroketone (4)

3 chalcone (3) Usunay 9.80 n¥a (0.034 Tua) ldvandunauvunn 250 fadans

avaneie MeOH U3unns 150 fadans anntulfuiua KOH Usuna 233 nfu (0.042
lua) uay nitromethane Usu1as 50 addns (0.93 Tua) asluluansazate wag reflux 1u
szoziaan 24 $2lu9 esdunafiuindnzneuduiniaseuliniy 1oAsURIMUALIAIYN
ansavansliiiuas uazuunnzneufillazaluoenanasaraluRIunNIINTBIMUUANAILGY
NTUE1IRENOURIE MeOH Aivinliidunds 18ansUsenou nitroketone (4) 1uvoauded

wnasaulsuna 9.46 n3u Anluesidusnandnlawindu 79% Wlldlulfaseduneu

s
a

AalUlaglaii un1suenuIgns) naldun1einsdaasIsikanifanIng 14
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1.3 A158aATIZIENsUSENBY dipyrrole (5)

o~ O
o NO,
O O NH4OAc, 1-BuOH B S N
MeO reflux 48 hr N\_NH Nx
;b wh¥e
MeO OMe

A7 15 aunisufisennisdansizviansusenau dipyrrole (5)

Y

4 nitroketone (4) U3u1au 9.07 n31.(0.026 Tua) ldavinfunauvuin 250 faddns
aranu@ie 1-butanol USHIRs 150 GaAaAS 9nniulfsl NH.OAC USunal 42 n3u (0.54 Tua)
asluluansarane vns reflux Wusvesaan 48 Fale sxdunadiuindnsneudduiniy
Soasuimuanawhliansazaneifuasiigamniuszana 40°C nifuida 1-butanol sen
fheiaes rotary evaporator {iia MeOH fifuasly wagsaiidlilunvuglaiudeiifigungd
suduaan 30 Wil MINPUINTLENALNDUBENITNANIAYANERIINTTNTBILUUARAIINY
nudemzneudig MeoH 7ivintHifuudaldansuszneu dipyrole (5) Wuvasudsdsn
U3 4.56 niu Anduesidusenanliivhiu 58% (hluliluugasedunousdelulaglsl

HUNSLENUTANG) LABEUN 1N TELATIZALARIAINING 15

1.4 msdaasziansUsznau aza-BODIPY (6)

N NO,
Oz O O 1) Pd/C, Hy 1 atm HoN O

CH,Cl5:MeOH (1:1)
= S\ rt, 24 h _ =~

N\NH N 2).i ProEtN, BF;0Et, \

! CH,Cly, 1t, 24 h

MeO 5 OMe MeO 6 OMe

A 16 aun1sUFAseINsduATIERansUsEney aza-BODIPY (6)

%1 dipyrrole (5) Usunau 0.80 n¥u (.33 fiadlua) ldviadunauauin 100 faddns
ALANMILAITIIATANENENTENI1Y CH,Cl:MeOH Tudnsndiu 1:1 v/v laeddsuinssiu 40
find8n3 andudiy Pd/C Usina 0.19 n¥u (1.8 fadlua) nuufisennielausseiniauia
lalasiau (hydrogen atmosphere) ﬁqmm:ﬁﬁauﬂuizazwm 24 F7lus 93FunmaLiugd

arsazarolasulduaundudy WoATUAINUA NTDINIAISUIUDEN AINTUANAIEFIVN
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AYANYNANTENING CH,Cl:MeOH Tudnsdiu 1:1 vAv auasazatawdudingau Adndsin
avaNgeandeLASeq rotary evaporator leasusznoutfursudedindududsuna 0.67
nu Anfuesifudnananldivhiu 92% ehlulHluliisendunoudellnglisunisuen
U3gms)

thuvihufazedelnedsansdanann Usum 0.24 n3u (0.44 Tadlua) ldvamiunas
YUIA 50 Hadans azalrunly dry CH,CL USuiew 20 Hadans ndu LAY N,N-
diisopropylethyl amine (i-Pr,EtN; DIPEA) U5u1a5 0.8 fiadans (4.58 fadlua) vinn15niu
UiRsenneldussenaensneuiigumgiiieadussezina 20 wnit Weasuimuananiiy
boron trifluoride etherate 48% w/v (BF;OEt,) aslug1sazaaUsuins 2.0 Naddns (6.76
findlua) ntdwihnsniuu§isenneldusssnaenineufigungiteadus sazinan 24
Flus ansavarvaziasuaindinGuduBudidendy deasusmuaianilvatagae
ansazanedusvedluioulunisuan (satNaHCO,) U3unas 50 fiaddns s1uau 3 A% pu
&8 brine US11m5 30 fa3ans s1uau 1 A% WdAvansazatetn CH,CL vinmidntesnlne
WHia anh. Na,50, asluUsuaandniosuaziiluindna cHCLoanlneldin3os rotary
evaporator kagkgnasiuIansaigineila column chromatography lnglddvinazane
NENTYNI19 hexane:EtOAc tudnsaday 1:1 vAv 181 mobile phase laa1suseneu aza-
BODIPY (6) 1Juvesudsdifianduuiunm 0.19 niu Anduusiifudinananlamyindu 74% e

Re winiu 0.30 Lagtdun1anisdunsnsiiansnaning 16

1.5 p1saaAsIERaIsUSENOU aza-BDP-Br (7)

CH3CN, Et3N
rt, 30 min

MeO 8 OMe MeO 7 OMe
A 17 aunsuisenisdaasieviansusenay aza-BDP-Br (7)

%1 aza-BODIPY (6) U3uas 0.073 ndu (0.12 fiadlua) ldvandunauawia 25 Jaddns
azaedig dry CH,CN Usuns 8 $addns aanduify dry EtN deimihdiduuauiung

0.20 §iaddns (3.42 fadlua) nauujisennisldusserniauianisnoui 0 °C 1Wuaan 10

Qe

a

w191 3NTULAY bromoacetylbromide UTu195 0.1 Jaddns (1.15 fadlua) nulfhsen
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AelausseInIAeIsneungun)iiviod 1 43w LileATuULIa1YIIN1TA13R CHCN 9BNe9e

Y
[

\AS8Y rotary evaporator 91NWULAL CH,CL, asluu3uins 30 faddns drlvadagie sat.
NaHCO; Usu1ns 30 daddns 31uu 3 %1 mude brine USums 30 Jadans s1uau 1 ads
ntufivansazatedu CH,CL Aldfsnuoenlasi@u anh. Na,s0, asluUsunandndes
wazthlufdn CH,CL, oanlaeldip3es rotary evaporator Mnswenansliusgnsaienatie
column chromatography tagldsarinazatenausening CHCLEtOAC 13U N SRTdI
95:5 v/v i dilu mobile phase lasUsenau aza-BDP-Br (7) iluveudesdidoady
USunay 0.032 n$u Anndulesifudnananlavindyu 68% lagdian R winiu 0.46 IaeLdung

(% ¢ L d‘
NTAUATIEULLAAININ TN 17

1.6 N15EWATIZALTUDS aza-BDP-DPA (1)

%i”“*sg

Z_
\/

rt, 18h

= aaa
AN 18 ﬁllﬂ'ﬁ‘daﬂi‘éﬂﬂ’ﬁﬁx‘iLﬂi’]%%L‘UHL%@i I

9 aza-BDP-Br (7) USu1as 0.1 3w (0.1 Tadlua) ldvandunauvuin 25 Haddns
avanenay dry N,N-dimethyl-formamide (DMF) USu1as 5 iaddns annduLia NA-
diisopropylethyl amine (iPr,EtN; DIPEA) gavhmifiduuaysunns 0.30 fiaddns (2.2 iad
Tua) 9ntuiiiy Di-2-picolylamine U103 0.2 faddns (1.4 fadlua) muujiseinield
UssEIMARNSneuiiaamgiivies 18 Halue Weasunawinsfidn DMF eenselA3es rotary

1%

evaporator MAUULAN CH,Cl, asluUung 30 fadans irluanineaiy sat. NaHCO; Usuns
30 fiadans 31U 3 AT NTULAUAITAZAa18TY CHLCL Alaf1dntisanlagLdy anh.

a & v ° o w v A °
Na,SO, asluusnraanioy uazulunindn CH,CL eanlagldia3es rotary evaporator i1
n1suwenashiusgnsalsmailla column chromatography lngldfavinazatenansening
CH,Cl, : MeOH 8n31@71 90:10 vAv vintinililu mobile phase loidutees | \Juveoauded
Wendudsunu 0.062 ndu Anvdulesidudnananlaindu 47% laeilan R wihdu 0.5 Tag

LAUN NN THFRATILILEAIAININT 18
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[ ¢ < 4
2. N969LAIISWLYULYDT I
o ¢ ¢ s a o ¢ s .
msdaasIzingosLsauidues Il Suannsdunsieivgeslsrles fluorescein
monoaldehyde (9) #1uUA381 Reimer-Tieman M1135v84 Liu 9nduyin1sdansien
Wuwes Il TaglduiAsen schiff base formation 52113 fluorescein monoaldehyde (9)
ag 2-Amino phenylboronic acid pinacol ester (10) ié’mﬁwQaaLsaLs&usﬁL%uwa% Il e

Y Y] ¢ s Vo a'
LEAUNINNTANATE VLG ULYDS I LLa(ﬂﬂI’]@ﬂ.ﬂ']‘W‘Vl 19

CHCl3, NaOH

MeOH
(63%)

/

10 HO O O O o}
MeOH, CH,Cl;
(72%) Q O
Y Il (DFB)

a Y o ¢ s
AINN 19 LFUNNNTELATIEALGULGDT

B—0—B
NH, >

%T .

O

j )

C[ 4 P 0 OH
4
N

2.1 N584A3129 fluorescein monoaldehyde (9)

O._H
HO 0 0 HO 0 0
CHCls, NaOH
COOH MeOH COOH
O (63%) O
8 9

A7 20 aun1sUfATeINsdunsIziansUsenau fluorescein monoaldehyde (9)
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Tun1sduns1erians fluorescein monoaldehyde (9) aunsadauasiesikuUfAzen
Reimer-Tieman #1333909 Liu wazamy [78] uandlamanind 20 Taeds fluorescein (8)
USunad 0.26 n5U (0.78 Aaalua) ldvianunauauin 10 Jaddns aza1eaie MeOH U
1.0 fiadans Mntuduansazarsladeulonsonles Aty 50% wa USinm 3.0 ndu
wazaaelsvlesy (CHCL) Usuna 0.80 fladdns nuufisemsenliimiuseuaugamgiita 55
°C Hussezinan 18 Falus azldasazansddudy dleasusmunnailiasazaroduay
wihifugaumgdivies 9 nduisatsazans hydrochloric acid (HCU fifinranduduiniy 5 M
uasazareiinnudunans mwaauﬁwmmmﬁmﬁmﬁaL%ﬂ'ﬁ%&g@ﬂﬁﬁ%m nduuen
nznauiiliazaiseoniainaisazasdienisnsaswuuanauiy wazinznoudlauugnley
U%qwéﬁmmﬂﬁﬂ preparative thin layer chromatography lagld@avinasatenauszning
CH,ClEtOAC §951d9U 90:10 v/ ¥iawitiadivdlu mobile phase Mdansusznoununeiay 9
Wuveawdedduyusuna 0.060 nfu Anduiueiidudnananlamnny 31% lnedlan R winiu

0.3 TAgLEUNIINITALATIEALAAIAINING 20

2.2 M3FUATITMTWD3 || (DFB)

(@]

S v
(@)

B\O

O« _H
oo (R SN PR’
NFg y 0 0 OH
Pz B-0—B

o) y /
MeOH, CH,Cl, HO o N
‘ COgpl (72%) O
O (
FA
9 (FA) o Il (DFB)

] aaa 9 ¢ ¢
AN 21 amﬂﬁﬂgﬂﬁEﬂﬂ’]Sﬁx‘iLﬂi’]%‘ViL%uL%ai Il

%3215 fluorescein monoaldehyde (9) (0.115 g, 0.32 mmol) lavnAunauauIn 25
mL azaneag dry. CH,Cl, USHe1s 1.0 mL wag dry methanol USues 3.0 mL MntAuiY
2-Aminophenylboronic acid pinacol ester (10) Y3u1a 0.044 g (0.33 mmol) ﬁazmaasﬂu
dry methanol 2.0 mL mumiazmsﬁqmmﬁﬁmlﬂunm 2 Falug mﬂﬁmﬁmqmmﬁﬂu
60 °C wazmusedn 18 Halws Weasunarasianzneudivides esnaudildundssae
CH,CL, wazdislius azldiduses I Juvewddmasduddua 0.104 nfu Anduedidus

NARARLAYINAU 72% TAgLEUNIINISAILATIZABEAIAININT 21
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3. nsnadeulszansnmlunisindulessunesunuazlessusuniuduguaaduiyes |
Soldansusznevrigeatsamuidumefinudy  SnhasnAnwandimsanlnsa
17 Tagnsinnsgandunasiiomanuenadugsanvesnisganauuas (\,) wazianisane
LadievANENAAUIEATaINIIMELAs (A.,) veaduieslufihasanefusngaslunis
Ansigilenounesuainauiiundnwanuaansalunisanduiulessunsung (Cu®) uway
Anwnmssuniuannleseulaveaindue fiannsonuldlusssurfuarduandenlagld

wadanalgesisawusianingalnt (fluorescence spectroscopy)

3.1 managauanuiadbilunisandulessunaiunsvatuees | (sensitivity)

msfinwiruietlilunsindulessunasunwendumes | vilneldwadngi-3a.0a
awnlnsalnd uazmedlavgosisawusiauninsalnd laefnwimuannsalunsuasuuuag
dyanaunsgenaunamLarsELaTIgosIsalUReITaatE eS| el
lovouiiaula lfud lossunatundlagazinsindy unisganduudsuasnismeuadiges
sauivesmsaraedmeesigninieadutines | 3.00 faddns  Tuanmeillifloosy
yesunsntuaginnslamaazaslesouneatattumsaraodumes uasdunmnis
WasuulasdryaunsganautaswasmIMEuamIaea ALY fiAnnmsiAlosay

V1DILAIFIATATS

3.1.1 NNSATIUAITAZANYLTULYDS | NATUTY 1 X 10° M
Faduwes I USuanngg avarelu CH,CN Tuvaadsunnsvuna 10.00 fadans i
< & Y 3 & a < fY aa .

AN58TANULTUDSNAWINYE 1 x 10> M 91AUULIDINENTaLAULTULDIAILID serial
dilution TnetiUnarsazaeidulyasaInvInuwsnn 2.00 JaaansadluvinuSuinsauia 10.00
05ans WaUSUUSHINSAIY CHLCN glransasanadueasnanududu 2 x 104 M 91nu
WWoaarsazanudnasalastiunansazaodulwasanvinidasun  0.50 Hadansadluwin
USuesoum 10.00 Hadans 3nUULAN Triton X-100 UsH1as 2.0 pL wazUsuusuinsaigun

Unrannleseu azldasazareiduwesiinnududuanyine 1 x 10° M
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3.1.2 N15M38NANTaza18 1090 UNBILAY
LM38UA15ALAENDILA(NUBSARBLTH NANMUILTU 1.0 x 107 M 1agnN15TINDLAY
(INWasAaaLsm USunas 0.0370 NSU adluwInU3uImsaue 10.00 Jaddns wausuusunnseaie

YU lenau

3.1.3 nMvageunlewaliag3-3di0a aunlnsalnd

o @ 4 P Y v -5 v o 1 A =

ansazatodues | Anududu 1.0 x 10° M Tudviazaienisginiunisfine
W Windaunisganduuas Tuaneiliilossunens ngld duhavane viiniu
[ & [ < § Y o
{Ju blank 91nduazvinslamseansazalglosouvans adluansazatuidusosuadauns

oM NUREULUAUBIFYRNMNTAANAULEINIANE AT UGN

3.1.4 msnagauslemaliangaaisairuaunlnsalny

o < s = v v L5 o o ' a Py

ansazaudues | NANuINTY 1.0 x 10° M Tudwiazaieseginiunisdne
1WE lilifmé’agzymmimaLmeQaaLﬁaL%uﬁmﬂmi"l,mmeéhamsasmalaaauwammLLa”a

dunansiUasunlasesdanmunisaekasigeaisawudniiniu lagldaminiiweslunis

NAFBUAIUANTIN 1

i ] A & o ¢ ¢ < s
19191 1 LL?{W\T@’]‘W"I?WNL@aimﬂUﬂqﬁjﬂwqaaLﬁaL%umL%uL%aﬁ%@QLsﬁUL%'ﬂﬁ |

\WuLwes I
Condition 5 mM PBS buffer (pH 7.4): acetonitrile
(95:5 v/v) with 0.5% triton X-100.
Ao (nM) 650
A, (nm) 717
Slit width (nm) 10.0/10.0
Scan speed (nm/min) 500
Range (nm) 650-800
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3.2 msmAAuEuIsasgatunsindulessuneuns veuduwes | (detection
limit)
nnuansegeuanudethlunisindulessuvewawenduwes | (sensitivity)

ansaduMAmNaInIamgalunseindu  (detection  Umit)  Tasnisadrensivl
ANNFNTUSTENINANNTNTRIF Y NN TR LAHGRBLTALIUS (AU y) TUAIUTNTUYD
lopounasmasiiiuatly wnu %) azldaunsnsnifarudiiusidadunsal
Yy =mx+cC

Sormualst m Ae Auduvenstvidunss

c fip YARALNY y

Mnduthmeudy uaraqefinuny y Tldainaunsmsmameanuansasiaaiunsg

v o

nau

(Blank — 3SD)—c
/ slope
Wiefnualit SD As A1AINNLTEUUNINTFIY

1N

3.3 ms'vnrfhmﬁauqa%mmsﬁuﬁ'ulaaauwammwaw‘fmwjaé | (Association
constant)
ﬂﬁmmmﬁauaamaama%’uﬁ’ulaaaummm (Kysso0) AIN@UNTT Benesi-Hildebrand
[79] snuaun1s (1) veuduwes | v‘i’ﬂ,maﬁnwwmmmmaaluﬂ15LU§8ULLU@Q%’@@WW@@
sausesasazatadues Wedinsidulesoulavediauls 1iud lossunswns adluly
USinadiiniy  nanafe a]w‘hmﬁi’mﬁzg@wa,mlgaaLiﬁL%uﬁLéué]’umaqawsazawsu%uma%ﬁgﬂ
WIpLAuUSuns 3.00 fieaans luanneilidfleseulane ntuidlansndeansazane
TosouvaunsiiwIouly 5@LﬂG]ﬂ’]iLU?BHLLU@W@Q%@JE@’]QJWQ@@LiﬁL%UﬁﬁLﬁ@%ﬂﬂ’lﬂ%ﬁﬂﬂﬁ
dulesaulansluusazads %é’qmmLﬁumﬁLﬁ'wﬁw%amiaﬂawaﬁﬁg@mmﬁmaLLmV\Iqaa
e Tnesmuasmsdwedane Tunsvedeunumsedi 1

aun1s Benesi-Hildebrand;

T ! + ' (1)
(A-A) K (A -A)[MT A oA

0 assoc max 0 max 0
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1

a1

MNnaNNsi (1) Saiensmuansnnudiiussewing oo Tuwwunu y uas

. Ve
wwunY x lansmniianyasanuduiusidudunss dawaliausamanNaunaKosed)

wosnsduiuloosulanyla lnamuuaAinsdmesang Al

Ao = enuduasgesisaeuivesmsaraeL e fENsY

A = anuduiasvigesisawudvesasaratedumeinauiulosoulans
Fenududulag

Ay = ﬂ’J’]ﬂJLsi’inJLLﬁ\‘iWQ’e}@LiﬁL%uﬁ‘Ua\‘lmiaSaﬂﬁJL%u%@%u’]ﬂﬁ@!ﬁmﬁﬂ Ay

lopaulanennudutugsgn
IMn*] = anuuuveslessulaneiaula
n = Swnwfulag @y 1, 2 uag 3

[

wuinmasiaunavesn1siuiulessulaneAnaliaInaNutureIn T MNaS19 WY fall

1

slope —
K (A -A)

assoc max 0

1

assoc
slope(A - AO)

max

3.4 NMsANYIANUINNWIZL1ZAsTUNSANIUloRBUNBINAY LazlooausUNIUBUY VB4
Wuwad | (selectivity)
msfinwaudinisaeuamgestsamusivauduges | - Mewedangosisaiyud
annsalnhlaefnwanuansalunisifeuudasdyaumsaeuasigoalsaus
I3 s A a a a =~
Yosasazatuidues | lensifulossunasasUIsuiisuamiuaunsalunisiuasunlas
duanansmeuaigeasawuddelinaiulessusuniudug  Tuasavanedueeingn

Y

WINIUUSUING 3.00 Haaans

3.4.1 MsiesuaIsazaeduwes | finnuiduty 1.0 x 10° M
wisnansazanedues | luiviasareneginiunsdnwuuas Tudnwasifeaiu

fumswseuansazanaduwesdmsunisnageualsthivesdues
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3.4.2 mawseuasazaneloosunaiuns uazlossusuniuiue

w3enansazanganindeveslossulansilosnaoisanmun 17 wia leud Agt A
BaZ* Ca®* Cd?* Co®" Cu?* Fe®* H? K Li* Mg? Mn?* Na* Ni* Pb?* uay Zn?* fianuidiudu
1 x 102 M TpgazanewndsveslessulanzdeiusenlossuluiauSinasuun 10.00

L GBRIN

3.4.3 NIAABUAIUTWNIZIRIZAIUNTSANTUloRRUNBIAY wazlosausuniu
U YouIULYes |

° 2 s a v v -5 v o | a ~

ansazatedues | 1ALl 1.0 x 10° M Tudyiazaiesegiiiunisdng
W I indyaunsaeuamigestsaauiainnisian snaigasavalsloaounaawag ki
dunansiUasunlaesdyanunsaewaigeaisalwudniiniy  WisuWeuiudyyin
nmsmeuasigeasauanlianmslamsamglossusuniuduy lagldannsiweslunis

NAFDUAIUANTIN 1

3.3.5 msAnwautAansaeudsgeslsasudluaniazitlessunssunssiuiulossy
suNuBuUandues | (competitive)
msfnwautiRinisaieiamigeslsaruivasduees | luannyidlessusuniudug
sufuleesunasnsmeweiiangesisaudaiinlnsalny vihlaemsindygiansaewas
WgeasawudaNNsiivasasanslosuvematluasazatugesUsung 3.00
fiadanslirnuduvesdyqransmenasigesisaguivasasavatsidugesanauszauna
500% V8NN UDIAYYIUNIIAIBLAIRR LA UATOIEI ST A8 T YD Turauedilidl
losouvoans  Wisulisufudyanunsasuasigesisaeudiinannainasazae
Tooausumuduqlifenudududuniaiuarduninvedlessuneunadluasazane

3 sl al |
L%um@ﬁﬁﬂl@@@um@%mﬁ@%

3.5.1 MsAseNd1TazaNeuwes | faududu 1.0 x 10° M
wisnansazanadues | lumviasaienesginiunsdnuuiua Tudnwausieniu

AUNSIeSELaTazaNUEULERS AT UNISTNAaRUANIRd ve LT U DS
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3.5.2 mawseuasacaneloosunssunuazlonausunaubug

wisuansazanganindeveslossulansilodnaoisanmun 17 wia thun Agt A
BaZ* Ca®* Cd?* Co®" Cu?* Fe®* H? K Li* Mg? Mn?* Na* Ni* Pb?* uay Zn?* fianuidiudu
1 x 102 M TpgazanewndsveslessulanzdeiusenlossuluiauSinasuun 10.00

L GBRIN

3.5.3 nsvagauanianIsaeuasngeatsaus Tuaniieiillesaunasunssiuiu
TooausunIUDU YD ITULDS |

° 2 s a v v -5 v o | a =

ansazatedues | 1Al 1.0 x 10° M Tudyiazaiesegiiiunisfing,
wud  Windyaunmseneuasigeeisaeud  laenswnansazanglessuvaunialy
ansaranaldues  WisuWeududygrunismetaigessawudiinainnishvlessy
noawasTIuAuNIAuleauTUNIUDUg AR MNTU T Laz AU TRt lo DR UNDILAIAY

Tuansazaroduees lasldrnisnilmoslunIsNAaounIuAIsIeN 1

3.6 MMIWIINTIEUVBNISNRENSUTENaULTNaUSE I duas | Aulosaunasung
(Job’s plot)

NMSNORSNEIUYINISNAESUSEN Ut uSE g uwes | Auloosunasaanley
wadavgeasawudauninsalnl  laen1smsnsdiuremnmsinasusenaudietauningi?
Meds Job’s plot Iegldinatlangesisawusaiuninsalntlunisinmuna lnenisiniey
ansazansnausTaduees warleeswlavediaulys  Tngliisnsdulaeluavesduises
Faus 0 F9 1 luvsunesansazanesiavun 10.00.dadans wagimsinAvesdyauviges.sa
wud  ntuthanisvnaesilenadisnsmsaninLduiugstwinssnsdulneluaves
Gued wnn ) uag (HoX Wny y) dofmunals

b = AnuduveamgesTawUdTesEsazaedueinewsulesaulany

| = eanudivesuaigesisaudvesasaraeduesidufiulooeulany

X = dandwlegluaveaduwes

dloadensmliansmnuduiusazuanssnsdiunisiinusinssysenitudumesiu
loooulans f\]’mﬂlﬁmiwgEJULLU@QﬁEjQ?jWUENF]I’] (HX  TpuiuAAINITIEMDTRAIEE A
a15197 2 iensnduvesmsiinansuseneuldoussinadumes | Aulosounaung
Tnelunsveassildifumes | anadudu 1.0 x 10° M wazlosaunosunsradudy 1.00 x

10° M



31

A15199 2 LAPNITUIERNTIdAIUNTSARAITUSENRUTIYauTauduULYas | Auloaaunauma

ved | wesiduwes Usunslonau twdaulua
(mL) NauAe(uL) vauduwas (X)
0 0 10.0 0
1 0.1 9.0 0.1
2 0.2 8.0 0.2
3 0.3 7.0 0.3
4 0.4 6.0 0.4
5 0.5 5.0 0.5
6 0.6 4.0 0.6
7 0.7 3.0 0.7
8 0.8 2.0 0.8
9 0.9 1.0 0.9
10 1.0 0 1.0

3.7 m3fnwIMsiiaasUsenaudedoussmdnadugas | nuloaaunaiunsiiedsnis
v o a 4 " .

afeuuuInaasluanan1ensunaes (computational molecular modeling)
msfinwinIsifinasuszneulsioussitndues 1 dulessuneawas  @wnsn
Wpszildainnislassadieifinganuifigavendugesiuaanznoy uazndinsduiv
lopounawns  srgIan1saswuuIaedlananiereNiawmes  ausuideuds  Density
Functional Theory (DFT-B3LYP) wanidn 6-311G** dmsusimnquuanuay Lan2DZ dmsu
losouvawas  9nuuihafmwamlasEdiindsnuifgavenduees | uas

a v ' < s LY ¥ .

asUssneudadeuseinaduwes | Aulessunswwasmegunmainlusunsy  Visual

Molecular Dynamics (VMD)
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4. msnagaudszansanlunsandulessuvigeslsa wazloaousunIudu ve R WS I

Soldansuszneurigestsaimuidue nuddnhasndnwmandinsanlnsaln
U Tnemsinmsgandunasilomenuennaugeanveansganauuas (A,)  waginnisee
uaaiilevnAnueAdugsanvaImsnsuas (A, veuduweslusiaransfivunzanlunis
Wnszvilessungeslsa newandnwanuaunsalunisanduivleseungeslsa (F) uae
Anwinssuniuanlessuausieduq  fianansemulslusssumiuasdundenlngldinada

MWQW@UE]@LiaL%uﬁaLﬂﬂimaIﬂﬂ (fluorescence spectroscopy)

4.1 msnagauanudadlalumsdniulessungeslsivaaduiyes Il (sensitivity)
= 1 [ ) < 4 o k4 a a aa
nsfnwanudeshilunisanduleseurigeslsa veuduwes Il vilagldinallng3-13
o awnlnsalnl  wasinatevigeasaaudaunivsalnl  lagAnwianuaiunsalunis
\WasuuwUasdygaun1sganiunduasnisaisuangenisawuivesasazaneduees Il e

[ Y I

a a a Y s A

fimsiilessuitaula laud lesewngeslsa nanfe svimsiadyaunisganduuauas
6 < 6 a X a a a

MIANBLEINGOBLTAGUATEIATTAZANBLT YRS NgNWSENTUUTIRS 3.00 Tadluns luaniiy

laidleosuvigeslss PnduagTnsemsnansazaislessuvigeslinadluasagans

Guwes  uardunensiisuidasdyanisnnnduladasniseenaigesaudiin

Mnnsiulessungoalsiudiazae

4.1.1 nMswSguasaranedues I finaududiu 1.0 x 10° M

Faduwes I U5uaausnee 10 mM PBS (pH 7.4): MeOH (1:9 vAv) luriau3unnsuung
1000 fadans Iensazanoduigesinududy 1.0 x 10° M 9ndudeasansazane
Wuwasemeds serial dilution lnstimansavaroiduiwesainviausnin 1.00 Jadansadlu
AUSIINTIUIN 10.00 Sadans waUsuUSinnsiie MeOH agldansazanaidusasiinam
dud 1.0 x 10 M mndudeansansavanednafdnediunansazanefumeiannuinides
11 1.00 fadansasluranusunasaus 10.00 fadans anduiy MeOH Usuns 3.0 fadans
uazUfulsinasiethusannleseu awldmsazaeidueesinududuanine 1.0 x 10°

M
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4.1.2 msin3euansazaiglessungealsn
wssnasavarewnseUnfianesludeuvigeslsniinnududy 1.0 x 107 M lnen1sds
wnszlafiavigealsd Ysuna 0.0261 3y asluriauiunsuunn 10.00 addns wiusu

USumsmeuiusdantessy

4.1.3 nmvegeunlewmaiiag3-3i0a aunlnsalnd

tansazanedues Il ianududu 1.0 x 10° M Tufhazaresegfiniunisiine
wuda W indnyananisganduias luannieitliflossungoslsd Tagld dviazans siiaty
Hu blank  9nduaghmslassrasazaglooouigeslsd  adumsasanifumesud

dauns 1iemnsidsuiUasesdyanmnisganaulaiinuenfungian

4.1.4 msnagauslemaliangaaisairudaunlnsalnt

° 2 s a Y v bry ) | a =
ihansazaoduas Il 1A sduty 1.0 x 10° M TuswiazaiessgAidiunisfing,

¥

Wy Windaunismeudmgessaisuinnnisiamsameasazatsloseurigeslsd

wndaunanisisuwlaswesdyaianisatuasigeaisaudniniu Wngldrmisiinesiu

NISNAFDUAUAITNT 3

i ] A & o ¢ ¢ < s
M1919N 3 LL?{W\T@’]‘W"I?WNL@aﬁmﬂUﬂqﬁjﬂwqaaLﬁaL%umL%uL%@ﬁ%@QL%ULsﬁﬁﬁ Il

\FuLwes I
Condition 10 mM PBS buffer (pH 7.4): acetonitrile (10:90 v/v)
A (nM) 485
A, (nM) 515
Slit width (nm) 10.0/10.0
Scan speed (nm/min) 500
Range (nm) 485-700
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4.2 msmAMuaansamaalunsinsulessurigeslsdvaaduiaes Il (detection

limit)
nuanmegeuaudedhilunisinduleseurigeslsdveaduwes I (sensitivity)
nAuAANNEINsaAaalunsindy (detection limit) Tngnnsasransianudusiug
serineanudinvesdy M sAeuaigealsalud  (wnu y)  Auanududuvedleseu
wgoolsdiinadly Wy x) axldanisnaniifianuduiudidadunsediel
y = mx + C
ofmuald m o mnuduesnsvldunse
c fip YARALNY y

Mnduthmeudy uaraqefinuny y Tldainaunsmsmameanuansasiaaiunsg
(Blank — 3SD)—c

= slope

lermuelyt SD fe ArAnadesuuNInTsIY

Juloaauan

4.3 msmf»hm‘ﬁauqa%aemsﬁ'uﬁu‘laaauﬂgaalié Koo  VouTuigas |l
(Association constant)
m'ﬁmmmﬁau@amaams%’uﬁ’ulaaauWQaalsﬁ (Koseo)  20@UNNS  Benesi-
Hildebrand [40] ANANNTT (1) wpadues Il lnefnuanuamsalunsiudsuulas
Fyanumigesisalsusvesaazaneiduwes elinsiiloosuiianla 1éud lessurigeslsd
aslUlutsunadiiudu - nanie %ﬁﬂmﬁmé’@mwvﬂqaaﬁaLsziué?l,‘%'uéfwummiazms
dureifignetestiuuiiing 3.00 faddns luannefilifloooulossungealsd antuisla
nsnsnuansazanslessumigeslaniiteiedll dunsnisiasunlawosdya urigesisaleus
fAnTy mwé’qmsLaafl,aaauwQaalim“LuLwiam%gq wdunadiunsiivdundenisanases
fynunsmeuasigesisalud tnefmuadnsiivedingg lunsmaaeumunsned 3

@unN1g Benesi-Hildebrand;

1 B 1 + 1 (1)

(A - AO) K (A - AO) [F]" A -A

assoc max

d % 1% o o € ' 1
MnEuNSH (1) Sasensmiuanenudniussewing o Tuwuiunu y was — Tu
WY X A2IANTINTTSN BueANUFUTUSIBLEUNTY AN lTaNNNT0MIAIAINANAB(K se00)

vain13duivlessungeslsnls lnemmuadimdivmeseingg sl
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Ag - anuduuasigesisaeudvsansaraefulsesiSusy

A = AnudusasgeeLsawuivesEaraedueiiaufulooey
vigeslsd firdudulag

Am =  enudiuasigesisaudvesansaraieifulse nniigandai
looourlgeslsiinnudidiugaan

[F] - eudiduvedlessurigeslsdiiala

n = dwnuduleg W 1, 2 uay 3

[

wuhaAsnaunavesn1sdvivlessungeslsamuinliananuduvensmnas ey Al

1

slope
K (A -A)

assoc max 0

1

assoc
slope(A- - AO)

max

4.4 nMsAnwANIInIzianzasluntsandulessuvigaslsnuaslesausuniudus) ves
\uwas Il (selectivity)
msfinwandfnisasuasgeslsagusvendues | Il mewadangosisaiyud
annsalnUhleednwnneanusalunmsilfsuwdasdyaunisaeuasigealsawus
< s A o a I3 = a
vosasaranelduwes Il elimsiiulessungealsd  WSsuiguauaansalunis
WasuwUasdyaianisaeiaiigoasawuddeiniswulesausuniuduy  luasazany

e sTignwseTulsuIng 3.00 Taddns

4.4.1 mawSeussazaraduas Il finnududu 1.0 x 10° M

wisasazaedumes Il lusvhazanesnefidunisdnwandy  ludnvas
Weniutunsnssuasaraeduesdmsunmageuaiiodlveaduses

4.4.2 naw3suansazanglessuvigeslsruazlessusuniudug

wisuansazanelessungeslsduaglessusuniuduqliun TBAF TBACL TBABr TBA
TBASCN uay TBAOAC luthusiAannlossuitrnudadu 1.0 x 102 M luvnuSunsaunn

10.00 188805
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4.4.3 nsnegauANInnIziazasiunisindulessungeslsauazlessusuniu
Fue veuduwos I

ansazanedues Il ianududu 1.0 x 10° M Tufhazaresegfiniunisiine
s WWindygunisaguamigeasaud  nnislamsameaisazanglessurlgeslse
LLé’aé’qmmmsm?%wuﬂawaaa“’zgzgmmimaLLaaWQaaLiawuﬁﬁLﬁm%yu Wiguieuiu
é’zyﬁgmmimaLLanQaaLiamuﬁﬁlﬁmﬂmﬂmLmsmﬁwlaaauiumuém Tagld

ANNNIIALMDS I UNITNAADUAIUANTIN 3

4.5 msanwandanismeusangeaisaudluanitzniilessuigaslnsiuiulessu
a < I'4 e
SUNIUBUS VDI ULTDS || (competitive)
msfinwandinisaesamigestsamusvonduges Il luanziilossusuniudue
sufuleseungeslsd  mewailangeasawusdaninsalnl vinlaensindayaunisae
waslgeaisauiaInnIsitdIseraeloseurlgeslsdatluaisavaredugessuins - 3.00
fiaddnsbinuiduvesdyauniseaiavigeesawudvetasasatodugesiiingy
Uszanal  50%  Ue4p7duvesdyaain1seeuaIae L sasuduetaIsaratei e’
Tuvauziliidlessuvigeslsasauineuiudyyianisaeuaingeaisasudniinannisiy
a vy Yy v & = ] a | I3
ansavanglesausunivduglniianudutuduniiaiuasdumirvadlessugeslsnasly

I saa 3
ansavaeduesilleosugesliney
4.5.1 MsA3BNEITaTANEITURs I iaanadudy 1.0 x 10° M
wisnansazanedumes Il - ludvihazanoseiiiunsdnwuiuas  Tudnwo

Wentuiumsnssuansazanefuwesaunsunisnadeuanuieshveaduaes

4.5.2 naw3suansazanglessuvigeslsduazlessusuniudug
wisuasavaneleosungoslsduaglossusuniuduqldun TBAF TBACL TBABr TBAI
TBASCN way TBAOAC luthusimanlessufinnududu 1.0 x 102 M luniauTnesvun

10.00 188805
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453 nvedeusNTANsAELEgesLsaudlusandziitlessungeslsisay
fulovausuniuduguaaduwes I

ansazanedues Il ianududu 1.0 x 10° M Tufhazaresegfiniunisiine
wud  Windyaunsmenamgesisawud  lnenisiivansaranglossungeslsdaslu
asazanoduwes  WSsuilsududganismeuamigestsasudiiinannsdsloooy
vigeslsdsiudumsifulossusumudugiimnududunilavinuasuiivesleseurigeslse

I s v a a
asluansazanelduwas tneldAmIns1twastunIsNAEaUANNANSIN 3

4.6 MsmERTdveINsingTUsznauldsdouseninaduwes I Aulessu

Wgealsd (Job’s plot)
MIgnsdreIainaIsUsenaulsdousenitadumes 11 Auloseurgeslsd

% a i3 | v 1 a a v
mewaiangesisawusaUninsalnd - lagnmsndnsndluresnisiinaisusenauiisdou
Aana1 faeTs Job’s plot TegldinatiangeasagusaiuninsalnUlunisianiuna lagnis
wssNansaraenasEInduwes  uavloveungeslsraula lnglvilidnsdrulaeluaves
<3 o‘gj J = a gj a aa o o J [y
Wuesasus 0 8 1 Tudsinesaisavalevianun 10.00 Jaddns wazviinsinAvesdygyia
Waealsalwud  ntUIHaNIINaaenliinanTikansaudiussenigndlag
Tuavoaduaas Wnu x) hag (o)X (WAw y) Wadvuale

ANITNYRALEYgpasaUATeEITAT AT uwesiouAN laeaY

lo
ool

| ANULVDIUEINg ORISR UATavE sag e U Indufdlessungeslsa

X = dasdulesliaveuduines

Hoaunsmuaninudiiusasuanidnsdiunisifausansyiseniaduresiu
lovounigeslss nAnsiABULUasTigIgauesn (HyX Tnefmunmsdimeseiieg au
M99 4 ilevndanduvesmaiinansuszneudedoussinaduises Il Aulossurigeslsd
Tnelunisvanesildiduiees I mrmududu 1 x 104 M uarlosungeslsdmamdudu 1.00 x

10° M



a5l 4 wassmImSandumainansuszneudeureadumes I Auleseu
Wgealsd
ved | wesiduwes Usunslonau twdaulua
(mL) Waaalsd (uL) vauduwas (X)
0 0 10.0 0
1 0.1 9.0 0.1
2 0.2 8.0 0.2
3 0.3 7.0 0.3
4 0.4 6.0 0.4
5 0.5 5.0 0.5
6 0.6 4.0 0.6
7 0.7 3.0 0.7
8 0.8 2.0 0.8
9 0.9 1.0 0.9
10 1.0 0 1.0

38
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uny 4

NANISAIIUIIUIY

NNHansdLATIEansIeuamgesisasuiiduseiidazelin nuiBnsmaassild
nanliudaiiu nuildgeasamud dumesdmiunnaiuleseuninl 2 ¥ia fio Huwes
| war I 9ntanhaisUszneunaonae 2 wieiduassildindnwidiemaia  Nuclear
Magnetic Resonance Spectroscopy (NMR) wag High resolution mass spectroscopy
(HRMS-ESI) iitoduiulassadravosansusynouiidauaseild mntuiidumesinunisiudy
lassasadumageuuseansnmlunisesiadulessu lna@uwes | naasulsyansanlu
nsnsiadulensuneuns ludisavaneasrnahfusvnazanedunsd Tuvasiidueos
Il naapuUsEAvsnmlunisarinduleseungoslsd lumsarmenausswinsthiugayiazans

a a6 v £y dy
Bun3d loNan1sNAaInIl

1. msBudulassadravanduies |

Tumsdansziiduees | annsadunsizimengeelslesvia aza BODIPY lauisu
IINNFEUATIEI5UITNaUYHA chalcone (3) Inenuufisen aldol condensation 9Nty
WUfAsen 1,4-Michael addition laansUsenau nitro-ketone (4) MNTuaa dipyrrole
(5) museUfAsen reduction WagiARSefY BF;OFt, easaduasusznauluseu
156N aza-BODIPY (6) ﬁ]’lmfuﬁﬂﬂﬁﬁ%m amide formation fiu’ bromoacetyl-bromide 1¢
a13Usyneu aza-BDP-Br (7) LLﬁﬂU%HG]EJu@@ﬁWEJ Y381 nucleophilic substitution iy
di-2-picolylamine Idasvigonisaudiduiees | Sensusgnouiiintuluusiasdunouves
nMsAaURRte IdinslinneinalnnisifeuiiteuarBudilassareesansiidunseils

v
v

eAsMsaUnInsalnUaadl

1.1 1A598519904 chalcone (3)

2NN 22 Taseas19vesansusenau chalcone (3)
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NNSANYLATIRS19MNAIBY chalcone (3) TngasnsadninsalnUanusagudu

[
Y a

lassasnelanatl

'H NMR (300 MHz, CDCLy): 0 3.90 (s, 3H), 7.01 (d, J = 8.7 Hz, 2H), 7.61 (t,/ = 8.3
Hz, 1H), 7.67 (d, J = 16.2 Hz, 1H), 7.81 (d, J = 15.9 Hz, 1H), 7.91 (d, J = 7.5 Hz, 1H), 8.06
(d, J = 9.0 Hz, 2H), 8.22 (d, J = 8.4 Hz, 1H), 8.50 (s, 1H) ppm (AW 23); 1°C NMR (75
MHz, CDCLl,): O 55.6 (CH5), 114.1 (2CH), 122.2 (CH), 124.6 (2CH), 130.0 (CH), 130.6 (Q),
131.0 (2CH), 134.3 (CH), 136.9 (C), 140.8 (CH), 148.8 (C), 163.9 (0), 187.8 (C=0) ppm (AN
7l 24-25)

1.740
0.009
0.000

|
§

0
1 5 6
o TO,

3 4
Me0” 1 9 8
NO,

Cewd 0 & 7

AN 23 'H NMR @Unasuesansusenauvdnegsas 3



(o)} wn LCOoONOHOOTWLWOTINANML
-~ o] O MOOAVOVITN-HO @® WO m =

2 EmEgaoanousaae i = 5
| o ™ MOVWITNOOOITITNL T . . o
@ o TLTOOMOOMONNN A ~r~ Y ('2] .
- - A A A A A A A A A A A A S~~~ ['s] o
MeO

NO,

| l T l ; L
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T T T T T T T T T T T T T T T T T T

T T
19 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

AN 24 °C NMR @ Unasuaadansusenauingsat. 3

55.57
0.00

o

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

AR 25 1°C DEPT135 NMR atnnsuuesansusenauvaneias 3



a2

N9d9LATIZYEN5UTENOY aza-BODIPY (6) #lAS13%MN135U04 Burgess LazAay [77]
wasvhnsnsedeuUSeuiisussminalnady  Tunstusulassadromandl  Aildainns
Fuarzituanasufiinissenulinuenanse1sds [77] Ineduanaisinansedausnie
asUszneumneay 3 WeRensalasiadiewesasusznou waska tH NMR anasuves
ansUsEneuvnean 3 (nndl 23) uandlidudnuardyguvediusnou 9 nay uidldeyayo

v [y

oA A W P ! P Y] & ~
donguianunsnudulasiaiienuiveuliognsdnauacll  dyginveddsneuiising o
funia chemical shift (O) 71 7.81 wag 7.91 ppm Fadudayanuiinanlusneuuuaiiueu
o A o W = 1 [} A a 1 @ ° 1 a a
AUV 4 wag 5 audeu DeUsngdaaiiuTnauuwlvandinItesanfinls
pouvuwearurill vselal O unniiaeuiuszanianlusneuuuteanuiily Aaeund

fifn O 4.5-6.5 ppm) ewnmslasudnsnaannlulasusuuiuvesasassiuein 3-
nitrobenzaldehyde  wagmdaniueliavesasnadueiln  d-methoxy  acetophenone
uonnldygadianwugidu doublet wawdlan coupling constant () Wity 16.2 wag 15.9

Hz aNaRy B9LAnaINNS coupling AUz UTRIlUSREUUUAITUDURMUNLST 4 Lag 5

Tuieaieniu °C NMR awWnnsu (nandl 24-25) wuihddaaiansueuves CH Uiﬂﬂgﬁ R
122.2 waz 140.8 ppm FuReainAIsueus il 4 was 5 auddu Iﬂamaﬁﬂsmg
donmdosiunavas 'H NMR way °C NMR filgiintssissiuliiounind [77] Ssanusadudy
¢ ansUszneuvaneiat 3 Retuaianmisdaesiest laaiausnalnnsiaujAzendanm

i 26

MeO

NO,

(0] Oy
O
P00 — -
MeO HB
N02 MeO

o 5 NO,

OH

Al 26 nalnnsinUfAzevetansUsEnoununeaY 3



a3

1.2 1A598519904 nitro-ketone (4)

AN 27 1A5985719999815U58N8U nitro-ketone (4)

INNIANYIIATIATININANVDY nitro-ketone (4) TaedanvainlnsalnUaiunse
fusilassadldet

'H NMR (300 MHz, CDCL): & 3.45 (d, J = 6.9 Hz, 2H), 3.88 (s, 3H), 4.32-4.42 (m,
1H), 4.70-4.75 (m, 1H), 4.86-4.93 (m, 1H), 6.94 (d, J = 9.0 Hz, 2H), 7.53 (t, J = 7.8 Hz, 1H),
7.68(d, J=7.8Hz, 1H), 7.91(d, J = 9.0 Hz, 2H), 8.15(d, J = 8.4 Hz, 1H), 8.19 (s, 1H) ppm
(M9 28); 13C NMR (75 MHz, CDCLy): & 39.8 (CH), 40.7 (CH,), 55.1 (CH5), 79.0 (CH,), 113.8
(2CH), 122.2 (CH), 122.8 (CH), 129.7 (O), 129.9 (CH), 130.3 (2CH), 134.8 (CH), 142.9 (O),
148.5 (0), 163.9 (C), 194.8 (C=0) ppm (21 29-30)

0.000

N \\m\\/ \%///

e 1 B30
——1.254

3
1 2 4
10
8
7
9 i b
r T T T T T T T T T T
9 8 6 5 4 3 2 1 0 ppm

e el sl &l

AN 28 'H NMR a@lnasuesansusenauvungtay 4
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AN 29 °C NMR aiunasuvesalsusenauvdngwa 4

L9*

£6
6T
4%
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80

€0

9L

€z’
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T
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WaNNTUNLASIAS1989E1SUTENBUNLNELEY 4 kaska ‘H NMR awUnasy (nwi 28)

wundnsuansdnuasdynvedusney 10 nau  willdyaadeinguiaiunsagudu

£%
a o

lassassnuuusuliogistnauill dygruvedusnouiiusing o funis chemical shift

(O) 71 4.70-4.75 waz 4.86-4.93 ppm FududygruiinanlusnouuuasusufLid 6
gj Y A 1 [y A a 1 =3 ° 1 a a ) A A

Waei feinunngdyaraiivinaaunwimandmniezdvhanlusneuill viedlan O
wnndlaiguiverdvhanlusneumiy Wesainnislasudninaanuylulas vesanseesiu
#la nitromethane usnaniidygadidnwazidu multiplet F9ina1nn1s coupling ey
wazAuTIlUIMOUUUAISUBUAIUNUIT 6 uaz 1AAn1T coupling AulUsnauLuAITUDU

U s

AW 5 Bnene Tuvueafeldu C NMR @wnnsu (A wi 29-30) wunddgiunisuou

Y99 CH, Usng# O 79.0 ppm Tafinanersususiiunisi 6 laenafiusingaenndesiuna
299 "H NMR wag °C NMR alesinissieaulinauniind [77] 3saruisagudulein ansuseneu

weaY 4 1AnTuesInsduasien nsduenalnnisiauansendainini 31

© /\ O>

~ f P £ 32 NS

AR AR
Q/ H CO

S
> OMe
NO, 5

g) NO, o NO,
J 0 (5 0
s
MeQ Q MeO 6
H* No, NO,
A i 31 nalnnsiinUfisevesasussnoununetas 4

1.3 lased319va4 dipyrrole (5)

3 o
S N\ \
N\_NH Nx
MeO OMe

it 32 Tassadavesansuseneu dipyrrole (5)



a1susenau dipyrrole (5) ldamnsadudulassadrslamewaiianisaninsalnd
desnansuszneuldannsaazangldluimhavaneduviddnneia  Alddmiviesegine
weansanlnsalnd  winududlethluvufitesde  Idaswdadusinannsodudy
Tnssadldsemetamsaininsalnd dafuanansoasuléd ansdszneu dipyrole (5)
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aaa v =

aunsadaaeilaasauarinisauenalnnisiinuizenfning 33
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NO \ NO NO
<0 ’ (HB NE . NH 2
.H*’
170 =5 N0 — OO
MeO MeO MeO
- NO, NO, NO,
PN
H | H
H
OH HO
N N9 1) N-OH HN—OH
NH, %) 0 HT transfer
HN -H,0 HN
_— —_— — \
Oha® Qpad O
MeO MeO MeO
NO, NO, NO,
A
NH N
-H,0 N =TT\
OO Lo
5 7 rs >
MeO
S
MeO 7 OMe

A 33 nalnnsiinUfAsewesansUsznauniieas 5

1.4 TA59857199849 aza-BODIPY (6)

OMe

A 34 Tpssadnevesansusenau aza-BODIPY (6)
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INMTANENLATIASIINILALYDY  aza-BODIPY (6) legdonsaiunlnsalnlaiunse

[
A U Y A

gudulassadnelasatl

'H NMR (300 MHz, DMSO-dy): O 391 (s, 6H), 6.77 (d, J = 7.8 Hz, 2H), 7.15-7.26
(m, 6H), 7.35 (d, J = 7.5 Hz, 2H), 7.44 (s, 2H), 7.51 (s, 2H), 8.19 (d, J = 8.7 Hz, 4H) ppm
(M9 35); 13C NMR (75 MHz, DMSO-dy): © 56.0 (2CHs,), 114.9 (5CH), 115.2 (2CH), 116.2
(2CH), 119.6 (CH), 123.8 (20), 129.7 (4CH), 132.1 (2CH), 132.9 (2Q), 143.7 (2C), 144.9 (20),
149.1 (20), 157.5 (20), 162.3 (2C) ppm (ﬂWW‘ﬁI 36-37)

3.914
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T T T T T T T T T 1
5 40 35

g B

©w -

30 25 20 15 1.0 05 ppm
AN 35 'H NMR a@lnasuuasasusenauningasy 6
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WaiansananlasasaeasusEnaunLneLaY 6 (N 35) waz 'H NMR aunasy
(00 36) wandliiiiudygyramedusaouniuand1siunatanguuin Weaniilassadsuun
Tngy walldyaias 2 nquitaansadudulassadaldegrsdnaulaefidnuazdu singlet uaz

o

Unngdyanuinaauuivindiniesdrinlusrouuy  woaduiily Tasdygnves
Iﬂim@UﬂEijLiﬂﬁUi’mQ a1 fhutls chemical shift (8) # 7.44 ppm FadudyaaiiAngn
TUsmauuuasuauiumied 3 uasdaaiaiian & Wity 7.51 ppm Faduduaafiinein
TUsneuvumiveaudumisdl 2 lnefidyaavedusneuvumivewiumisi 2 azusing

'
L a 1 [y

éJ
dugranusnaEuLLimandIng FyaanveduinouuuaSusuAILU 3 Wesannis
193udnsnaanozmoululnsan BWaINUBTU FINANANLITOIUNITAIBIENATIU 980T
Y v o #7 1 o & vy cs a av v
Hudulainasusenauraneal 6 LANTUITINNTEAATITY wazlednisSeuisunanle
INNINAAINAUNEYDd "H NMR wag °C NMR (A 36-37) Aladinissienulineuniini
[77] wazdin1swauenalnnisiiauAzenninindg 38 Tumenssiudaumnansusznoununewa

6 liiinduasesnnnsdanneimsasnudyniavedusneudiianwuzidu singlet e Ui

aunLvanA e 1 dyayiaivingu

W N= e NS s s
SRS Pd/C, H, e,
MeO 7 OMe MeO OM
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e

MW 38 nalnnsinUfisevesansusenoumnea 6



1.5 TA5965719%849 aza-BDP-Br (7)

A 39 TAssadrsvesansuseneu aza-BDP-Br (7)

50

NMTANELEATIASININATVEY  aza-BDP-Br (7) legdonsainlnsalnlaiuise

[
=) U Yo a

gudulassasnalaeadl

'H NMR (300 MHz, DMSO-dj): O 3.95 (s, 6H), 4.16 (s, aH), 7.21 (d, J = 9.0 Hz, aH),
7.54 (t, ) = 7.8 Hz, 4H), 7.73 (d, J = 7.8 Hz, 2H), 7.97 (d, J = 7.2 Hz, 2H), 8.24 (d, J = 9.0

Hz, 6H), 10.61 (s, 2H) ppr (A1n71-40); °C NMR (75 MHz, DMSO-dy): & 30.8 (2CH2), 56.1
(2CH3), 115.0 (5CH), 120.3 (2CH), 120.8 (CH), 121.2 (2CH), 123.6 (2C), 125.7 (2CH), 129.7
(2CH), 132.3 (4CH), 132.8 (2C), 139.3 (20), 142.7 (2C), 144.9 (2C), 157.9 (20), 162.5 (2C),

165.4 (2C) ppm (ATl 41-42); HR-ESI MS 99An1SAIUI6 CsgH30BBr,F,NsONa* (M+Na)*

852.0603 m/z, NN15NAEU 852.0612 m/z. (Al 43)
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Mass Spectrum List Report

Analysis Info
Analysis Name 0838U§60013100?.d Acquisition Date  1/31/2017 12:03:31 PM
Method Tune_wide_POS_pin_600.m Operator Administrator
Sample Name  aza-BDP-aceBr Instrument micrOTOF 72
aza-BDP-aceBr
Acquisition Parameter Set Corrector Fill 50V
Source Type ESI lon Polarity ] Positive Set Pulsar Pull 337V
Scan Ran_ge n/a Capillary Exit 2500V Set Pulsar Push 337V
Scan Begin 50 m/z Hexapole RF 600.0V Set Reflector 1300V
Scan End 3000 m/z Skimmer 1 750V Set Flight Tube 9000V
Hexapole 1 250V Set Detector TOF 2295V
Intens. i
X104 +MS, 0.1-0.1min #(6-8)]

3] 852.0612

2.

1..

610.0180
452.1209 l
A b il Ll;.huunu.!uli . 1189.8964 .
400 600 800 1000 1200 miz

AR 43 HR-ESI MS annsunnsasusenounsnaias 7

BN LASIASI9B9EISUSENBUNLIELEY T hagka ‘H NMR awUnasy (nw# 40)

[

WUINKE H NMR uaaslilivdnuusdyaiavesusnou 8 ngu Jaesnguiaiunsadudu

£
= o

lassaseanwiueulaeg1etniauded dyninvedusnauiuiing o duns chemical shift

g

Q) 71 4.16 ppm Hdnwauzidu singlet Faludyaaiminainlusneuuuaisuousuied 9

& [ =

waz udyananusngusnaauiundmandiniiezanianlusmeuiily wiedlen O uinn

o

= Y a

daguivegaranlusneuily lesinnislisuvsnannesmenlusiu  uasvyaisue

D

a ‘:l'

fa Afleuannsalumsfedidonsey wazdyaunduiiaes Tdnwasidy singlet e &
WU 10.61 ppm FaAeanlusmewuuessenlulasiausumid 10 %ammaaﬂqau‘lmwﬁ
‘quJ'L@lmﬁﬁm%umﬂﬂ'ﬁé’ﬂmiwﬁ Twhueufeafu °C NMR awnnsu (nndl 41-42) wuindl
foyanaunsuouves CH, Usngil & 30.8 ppm Sufnainasuousumiedl 9 Snviedl HR-ES|
MS aUnadu Gallmmseiuansuszneunnelay 7 dawadiusngaenndesiunaes 'H NMR
13C NMR wae Mass specturm (it 43) Seanunsadudulein ansuszneununeian 7 \intu

a o/ 6 a aaa [ A
FWANNTAUAINCNK IG]EJLﬁu@ﬂﬁiﬂﬂ’]'ﬁmﬂﬂgﬂﬁﬂ’]GNﬂ'W\W] a4
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aza-BDP-Br

awil 44 nalnnsiinufise1vesansusenay aza-BDP-Br (7)

1.6 1A596519009L9ULw03 aza-BDP-DPA (1)

X |\
|/N N~

N N\\«H O O HWN N
(0] LS N\ { (6}
\ N\ /N\
B
D
MeO OMe

2NN 45 1pseasavnaudulyas |

Pnmsanwlassasaediveudumes | laedsmsaninsalaUanunsadudy
Tassadnsldadl

'H NMR (300 MHz, €DCL,): © 3.52 (s, 4H), 3.90 (s, 8H), 3.93 (s, 6H), 7.14 (m, 12H),
7.34 (m, 4H), 7.55 (t, J = 6.0 Hz, 4H), 7.78 (d, J = 7.8 Hz, 2H), 7.88 (d, J = 8.4 Hz, 2H),
8.14 (d, J = 6.0 Hz, 4H), 8.27 (s, 2H) 8.56 (d, J = 4.8 Hz, 4H), 11.10 (s, 2NH) ppr (Al
46); >C NMR (75 MHz, CDCL;): O 55.4 (2CH5), 58.9 (2CH,), 60.2 (4CH,), 114.3 (4CH), 118.8
(2CH), 120.2 (2CH), 120.6 (2CH), 122.4 (4CH), 123.2 (4CH), 124.1 (2C), 125.1 (2CH), 127.8
(20), 128.9 (2CH), 129.9 (20), 131.7 (4CH), 132.9 (2C), 136.5 (4CH), 139.0 (20), 143.2 (20),
145.3 (20), 149.2 (4CH), 158.1 (20), 162.0 (20), 170.1 (2C) ppm (ﬂ'lWﬁ?ll 47-48); HR-ESI MS
RNNTANUIN CeoHssBF N, O, (M+H)T 1066.4494 m/z, 3nnnNsnageu 1066.4491 m/z

(mwﬁi 4a9).
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AWH 48 13C DEPT135 NMR alnnsuvaaduies |

__Mass Spectrum List Report

Analysis Info
Anaiyu Name OSSUYT5980307004.d Acquisition Date 3/7/2016 4:24:51 PM
esi_tune_wide_pos_20150911.m Operator Administrator
Sample Name aza_BDP_DPA Instrument micrOTOF 72
aza_BDP_| DPA
Acquistion Parameter SetComecior Fl 50V
Source Type ESI lon Polarty Positive Set Pulsar Pull 37V
Scan Range n/a Capillary Exdt 3000V Set Pulsar Push 37v
Scan Begin 50 miz Hexapole RF 6000V Set Reflecior 1300V
Scan End 3000 nmvz Skimmer 1 700V Set Flight Tube 9000 V
__ Hexapole 1 50V _Set Detector TOF 2295V
Intens. | o T - +MS_ 0.40 4min #{24-25
l‘lUsj
5 1066.4491 ,
10°
4 l
i |
051 1165 3418 i
1
8273414 9152427 8 S 1302.3824 : k.
700 80C 900 1000 1100 1200 1300 1400 1500 mvz

ﬂ']‘W‘ﬁ 49 HR-ESI MS anmsuapaiduises |

Wanansalassaeuduwes | wazka "H NMR aiuneasy (nndl 46) wuanainua

'H NMR uansliiiudnvuzdyagiuvedisneu 8 nau faeinguiianunsadudulasade

[ o

wiuouldegrstnaundl dygruveddusneuiusing a sunis chemical shift (O) 7 4.16

[

ppm Tdnuanlu singlet Faududuanafiieanlusaeuvuniveusiumiad 9 wasdu

o = a 1 <3 o 1 a a o A A 1 =~ I
aagﬁywmmﬂﬁﬂgmnmammmmaﬂmﬂ’naan'lmﬂIU'imaumiﬂ nIvUA1 8 UINNILUBDLNYU



a

fuegdnin Wsnewnild lesnnnislasudnsnannesnexlusiv wasvyansuetla X

AUANNTAIUNTAIBIANATOU LLazﬁﬁgmwmﬂduﬁaaq fidnuwandu singlet Al & Wiy
10.61 ppm FuAnnlusneuvuerasululnsiausumia 10 Feanunsafgaileingingelus
Antuanmsdaunsed Tuhuesieniu 1°C NMR awnndu (il 47-48) wuiniidaa o
mdusures CH, Usngil O 30.8 ppm dufnainansususiumisd 9 Snmadl HR-ESI MS
awnn3u Fedidnsafuiduees | Jawafiusngaenndesiunares 'H NMR °C NMR uag Mass
spectrum (Wil 49) Fsansaduduldin Suwed aza-BDP-DPA () 1Aedua3iaInns

dupszii lnatausnalnnisinufisendaning 50
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AWl 50 nalnnsiAnufiseivedumes aza-BDP-DPA (1)

o W [ < 4
2. ﬂ']iﬂuEJUIﬂi\iﬁs']\rU'ﬂ\iLSUULGI]Qi Il
o ¢ s & s a o ¢ s a
fﬁﬁaﬂLﬂﬁ’]%ﬁﬁqiwqaaLiaLeﬁumLGﬁUL%ai Il Lﬁlm’]ﬂﬂqﬁﬁﬂLﬂiqgﬂwqaaiiwaisUUW
fluorescein monoaldehyde (9) wwiuiAseiulelalunesailn 2-Aminophenylboronic

acid pinacol ester (10) laasngoaisauiiduies I
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2.1 lasead19999a15Usenau fluorescein monoaldehyde (9)
(@) H
HO o 0]
(L
O COOH

9
AN 51 1ASIE519M19ATY99815USENDUNUNELAT 9

PnnMsAnwIlaTEsLAivesdIsUssneurneay 9 lnedsnsanlnsalnd
annsadudulasasnalgsied

'H NMR (300 MHz, DMSO-dg): 0 6.61(d, J = 10.2 Hz, 1H), 6.79(d, J = 9.0 Hz, 1H),
6.88(s, 1H), 7.27-7.42(m, 3H), 7.70-7.74(m, 2H), 7.91(d, J = 7.8 Hz, 1H), 10.48(s, 1H)ppm
(MW 52); 3C NMR (75 MHz, DMSO-dg): 8 103.1 (CH), 113.9.7 (C), 116.6 (C), 119.4 (C),
124.5 (CH), 125.2 (CH), 126.4.(CH), 129.1 (CH), 129.5 (CH), 130.6 (CH), 131.5 (CH), 136.0
(CH), 148.4 (0), 152.4 (C),-154.8 (C), 154.7 (C), 156.1(C), 159.9 (O), 162.0 (C), 170.1 (C=0),
188.7 (CHO) ppra(anwiil 53-54); — HRMS (ESI) a10n1561108 CpyHsONa® (M+Na)*
383.0532, 91NN1SNAGBU 383.0532. (ANl 55);

10
H.__O !
HO ] (o] 3 2O
[ | | ]
15~ = 4 l
5
26 J _COOH
A Y x
8
H.2 |
L H.5 |
H6 | ‘
H.7 |
Hg | H3 ( |
Hal l’“ ||
H-10 |} ||H-1 |
il i
MV\JV)U
I v v vew v v Vv v v ’ 1 v T v ™ vv v v vy v
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AN 52 'H NMR @Unasuuesansusenauvdnegsas 9
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Intens. ] G i T +MS, 0.2min #(12
x105 383.0532
20

H__O
HO o (o)
15
L
COOH
O 301.1424
05

2 leL Ll_ - 521.4543

100 200 300 400 500 600 700 miz

Ly
0

AR 55 HR-ESI MS alUnnSuaesansusenounangias 9

definsanlasaivesasusenouvngay 9 (1mdl 51) uag 'H NMR awnadu
yoaasUsznaumneay 9 (nnil 52) wansliiiudyauvedusneu 7 ndu fil nguuand
A1 chemical shift (O) 6.61 ppm tinanlusnauuuaIsusumumus 1 (H-1) ddnwuzidu
doublet \flosanifin coupling fulusnauuumuausiumus 2 (H-2) daunit & 6.79 ppm
AnanTusnouvuAITUBURIIAUS 4 (H-0) Sanwagidu doublet dlosniAn coupling AU
TWsneuuuasuauiug 5 (H-5) §a1f 8 6.88 ppm LAranlusmouuuASUaUR LML 3
(H-3) fdnwauzdu singlet iflosan Liians coupling fuldsneulas daunit & 7.2-7.42
ppm AnnaulusaeuUNAISUBURILLY 2, 5, 6 (H-2, 5, 6) fanwazidu multiplet
dosnfianmuindeuadiediu 1in coupling fulusmonuuasuawiumidndides dauni
O 7.70-7.74 ppm AnangesluspouunAISUBUMAES 7,8 (H-7,8) Hdnwauzidu multiplet
{losarniia coupling AUTUSHELUBANSUBUR WL 6 (H-6) Waziumis 9 (H-9) daundl &
7.91 ppm AnannlusneuuuaFuaLslmis 9 (H-9) F8nwamidu doublet LiesaniAn
coupling fulUsnouMisnguuLANSUaLALYLI 8 (H-8) At & 10.48 ppm LAnNTU MY
UUANSUBUFIUMLS 10 (H-10) Uumy aldehyde fianwauzilu singlet dlosnidnly coupling
fulusnoulaian wagiianansadusulaseadienn HRESI MS Tnewudunaluanawhiy

383.0532 m/z (nn13Fuaad (M+Na)* 1ewiniu 383.0532 m/z) (1wl 55)
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2.2 Taseadrevaaduswas Il (DFB)
0

J5)
NQ L1
/ /O (6]

b-o—g OH
0 y /
RGOION Cr
(3L
5 Il (DFB)
a P P & ¢
A 56 Tassasramaaivaadumas i
= vV = @ 6 aa | =l U
INASANBATIAT N LATYBLTWEDS - I IeeSnsaninsalnUaiuisodudu

Tassadalgsed

'H NMR (300 MHz, DMSO-dg): O 6.62—6.71 (m, 3H), 6.93—6.97 (m, 1H), 7.09 (s,
1H), 7.19—7.41 (m, 4H), 7.76 (t, J = 7.5 Hz, 1H), 7.84-7.90 (m, 2H) 8.03 (d, J = 7.5 Hz, 1H),
9.53 (s, 1H), 10.23 (s, 1H), ppm (A1 57); '*C NMR (125 MHz, DMSO-dg): & 49.0 (2C),
82.6 (20), 103.6 (2CH), 105.3(2C), 108.8 (2C), 108.9 (2C), 109.8 (20), 113.9 (20), 115.1
(20), 117.6 (2CH), 124.5 (2CH), 125.3 (2C), 126.6 (2C), 129.2 (2CH), 129.4 (2CH), 130.8
(2CH), 136.5 (20), 137.3(20), 151.2 (2CH), 151.40 (2C), 151.6 (2C), 152.4 (2C), 152.7 (20),
159.9 (2C), 160.0 (20), 162.5(2C), 169.0 (C=0), 169.1 (C=0) ppm (AWl 58-59); HRMS
(ESI) 21nN13AUA CsgHaoBN,O1Na* (M+Na)t 927.1928 m/z, Annn1snagday 927.1938

m/z. (mwﬁl 60)
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AR 59 1°C DEPT135 NMR atnasuvaaduwas I

Confirmation of Expected Formula

Sample-1D
Analysis Name

Method used
lonisation Mode

yt604_flu-ald-BANH2

yt604_flu-ald-BANH2_ 358213 87 01_64561.d

Confimn Formula Positive 50to1500 loop inj.m

positive

electrospray (ESI)

+MS, 1.0-1.3min #(66-85), -Spectral Bkgrnd

Submitter yi6504 Yordkhuan Tachapermpon
Supervisor - Tony James

Acquisition Date 07/08/2018 09:54:32

Intens:i_ +MS, 1,0-1.3min #(66-85), -Spectral Bkgrnd
10
0.84
0.6 333.0752
927.1938
0.4
ol |
00l . Jormd Al . . 18313862
500 1000 1500 2000
# m/z I I% Area SN
1 3330752 5489 1000 179 5704.6
2 347.0910 1297 236 39 12331 fl
3 355.05%4 1083 198 23 9843 W N
4 4132843 2314 422 39 19259 (.f Lo -
5 4142722 1294 1236 17 10803 E-0-B
6 4473468 1000 199 37 10108 O"T’F =,
T 4521133 1492 272 48 1406.0 |
§ 9052141 2788 508 226 18567 P Mas
9 0271938 4472 B15 410 27686
10 9281906 1574 287 114 9714

ﬂ']‘W‘ﬁ 60 HR-ESI MS anmsuvaaduies Ii

Chemical Formula: CzaHa0BaMzMaly”
Exact Wass: B27.1528
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3. nmsvegauANansalun1sAneLasgealsaeun  LasANa1aIalun1sandy
losaunsswnaiisuiulossusuniuiue veuduiwes aza-BDP-DPA (1)
sletuiulassatrvenduwed | Aduasedld antudndnvaudinisaeuss
wgeaisasuslumsaymonauvesivharmeduniduash  efnwauaunsalumsdn
Fulooauneuns Wisuisuiulessusumudursemaiegesisamudaunlnsalnd way
Anwipdethlunsieset (sensitivity)  wazauduwzianzasiulesounssiag
(selectivity) vosduwes | Wisuiulessuradanensnuidy lessuvedanzdamlal way
losauvedanzdanladidsm Famssuanlossulanzveundoosimnurazainazanslutini
UsAanleeeu (D water) Tnen5293naInLAS03 Perkin Elmer Luminescence Spectrometer

LS-55 ﬁﬂmiﬁmmmmﬂﬂm%ﬂ%mmimHLLaﬂWQGBLiﬁL%uﬁ (fluorescence emission spectra)

T2 660-800 nm iervium AL, AU 650 nm

3.1 msnadauaMEansatunisaanausasdansillaanuazn1saeudsigealss
(3 < -4
\UA VDUTULYS |
HanMegeUaNtRlun1sganauLaEdansiblewen  Lavn1saeuasigeelsaluives
Wuwes | neuldnlossunsuns luaisazangnansening 5SmM phosphate buffered saline

(PBS) (pH 7.4) : acetonitrile (95:5 v/v) Hasl 0.5% triton X 100 LAASHafan Ml 61

1.2 | : 420 5
s
;:“ 1 4 L 100 %.
©
2 0.8 - 80 &
' whd
z £
$06 - - 60 @
= c
? 0.4 - L 40 O
£ 7]
< o
0.2 - L 20 ©
=
L
0 T T T = 0
600 650 700 750
Wavelength(nm)

AWl 61 MsganduLAs UV-Vis (Fthidu) waznisaeuas @uns) veaduiwes | (5.0 um) Tu
A158¥aN8NANTENIN 5mM phosphate buffered saline (PBS) (pH 7.4) : acetonitrile (95:5

v/Vv) W@ 0.5% triton X 100 Tuanmznoulfulooounasung
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NnHansAaemuI Wuwes | fnmsganduuazaouasmgeslsaisusigigaiiaaiy
§17AAU 680 nm LazABLAIHgEBIALTUAZeEATinIMEN 717 nm Sadumnusnadulurig
Tnddunsnsn (near infrared) 3sfivsslovdognannlunninndsegndldlunmineiedlo
Anneiinaliung wazdiansaiavadeussuuwadaiTinlddndy  esinaay

[

gadulutalndadunsse (near infrared) (Wuaduniindasnusi lavinanswadadiydin

3.2 NaN1IVIAFRUNANSENUYRLAT pH Tuansazatgran1sitauaegaatsaiguives

<@ 4
LYULYDT |

a v

Wesnnlunuideldesnisunduwesluussendldlunisnsiainusunalossu
noauasluiauludsingeuiassuudinim 3adiungnisfnwinansenuvesen pH lu
JEUUAONITITasuasvegoasaumiduges lagfnnunisiudsusuannuduves

[

doyranigesisalgudnouliulessuneswnt kagnduiulossunauns asluaisazany

e

Wuwes | (5.0 uM) luansazaneiien pH Ainge IANANITNARBILERIAINING 62

120

80 - Sensorl

—e—Sensor | + Cu(ll)

Fluorescence intensity (a.u.)

o L] L] T
4 5 6 7 8 9 10

pH value

A# 62 NMsiAsuLUasd a3 uaIngeaLsalun (A., = 485 nm uay A, = 560

nm) voatduLges 1(5.0 uM) Tuansaralgnausening 5mM phosphate buffered saline

'
a1

(PBS) #1An pH #1139 : acetonitrile (95:5 v/v) W&y 0.5% triton X 100
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PNuanIeaesandliiuiie pH uasdensanaswesdyainngosisasud oy
wuitluvaiznewdlossunawas i pH Wwiafu 4-10 IAANsAeLaesdy g uvlgeaisa
wudiounsil warluvazndufulossuneuns #i pH wiiiu 5-7.4 axfinisanasednyey o
wgooisawuiTnfigauazasdl  deulumideitadonmnaeuautinisZeuamigonisa
wudvoueuees | Tuansazanunansening 5mM  phosphate buffered saline (PBS):

acetonitrile (95:5 v/v) W@l 0.5% triton X 100 i1 pH wiriu 7.4

33 wWanedevanUAn1sAneuasngestsaudluniznilosaunauas va9
< 4
\uLEas |
MIABLENgoBITATUATaNTIWERS | Anwlaewsena1sngeaisauiiduyes
Wity 5.0 uM Tuansazanumausening 5mM phosphate buffered saline (PBS) (pH 7.4)
acetonitrile (95:5 v/v) W& 0.5% triton X 100 l4losaunewundlusuvetnfoneuntosding
LasMMuAAIAINENIAAUNTZSY (excitation wavelength: A.) Wiy 650 nm ifiefian

dua NN IAMEUAINGORLTAILAYRATLES NANTINAADILAAIRILUNING 63

Fluorescence intensity (a.u.)

660 680 700 720 740 760 780
Wavelength(nm)

A 63 M3neuagoeLsasud (A, = 650 nm wag Ae, =717 nm) v8aduees | (5.0
uM) TuansazanerauseniI1e 5mM phosphate buffered saline (PBS) (pH 7.4) : acetonitrile
(95:5 v/v) Waidl 0.5% triton X 100 ﬂ'auu,awé’qLazﬂ,aaauwaqLLmazs'?Jmmﬁﬂmm%’m%usme] a:
0 M, b: 0.33 pM, ¢ 0.67 uM, d: 1.0 pM, e: 1.33 pM, f: 1.67 UM, g: 2.33 uM, h: 3 UM, i:
3.67 uM, j: 4.33 UM, k: 5.0 uM, i 5.67 uM, m: 6.33 uM.
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Mnuansaaemuitluannziliflessuneuns vigeaisasudidumes | aouas
vigoaLsawulutemNeAay 660-780 nm lnefaugnnduvesnsmeLamigesisa
wudgsan (Ae,) Wiy 717 nm illeidilessunssunses@innadiuasazane shlinnsane
uasgeasALeuAvaduees | Trnanas (1 A, o Armeminaud) ludnuusudsundudy
ﬂ%mmiaaauwammﬁtﬂm‘ﬁu (32UU ON-OFF fluorescence signal) LLaBWU’iﬂumwmﬁﬁ
lopounosns Wuwes | Insmouamigesisawud iesnevmesilulnsiauves di-2-
picolylamine anunsaifnnisindeuiivesdidnnseulsifueyius aza BODIPY riunszuaunis
T dwalviiinsaeuasigosisawus  mendsnsifulossuneaunaiiauitutusiie
wuldumesazuansdygyameuamgosisawudanas Tursnnuenadu 660-800 nm
wazamaadudadnlnonsaifuuiinaleseunssuasiidiniuluasazats  siidonnanly
anmzidumes 1 fimsdnduiulossumnesussindumsuszneudedoundidsmali

N3¥UIUNS ICT gnduds

3.4 ﬂ'ﬂﬂfnummméﬁqmaamsmw%’u‘leaau‘mmu,m (detection limit)
MsfuIMmANLasIsaRgavesnnsnIadulesounoas  (detection  limit)
nszvhlagadensmanseuduiuSszmeeLddure e suasivasly (wny x) AU A
mmmwmmmLsi’fmaaé’sy,mgmwQaawamuﬁﬁfgmL‘%'uéfuauqmim6] unu y) lngdayasineg

LAAIRINTINLAAIAINING 64

M15199 5 Jeyamanuiduduueslooauotunitiinacly (uM), kay ANULYBIdY I

WoaLsaus, Ao, WinfU-717 nm

[Cu™] (uM) 0.33 0.67 1.00 1.33 1.67 2.33 3.00

-l (@.u.) 3.99 13.72 21.66 30.31 39.19 51.08 64.27
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120
-
3 e
o
~— .
2 e y=-20.343x + 109.58
@ 8o . R = 0.9918
2 o
€
£ -
8 .
c 'S
o 40 A }
Q -
w0 .
e ..
o
=
i
0 r T r r
0 1 2 3 4 5

Concentration of Cu?* (uM)

AN 64 NSINLARIANUAUNUSTLNINAINTUTUVD LD DD UNDILAILANAITUAIMUTUYD

duanamgonisauiveaiuees | 190l

N1SAIUIR
nnlaaunSIEdURTIAD v = -20.343x +109.58; R*= 0.9918

NUUNAIAMNTY LagA1adawnY y NHA1NANNITUIAIHINAIANEINNTOAEATUNIS
(Blank — 3SD)-c

v o

AAIUIN DL =

m
. (112.05- 3(0.8234))+109.58

—20.343
DL = 0.205 uM (13 ppb)

Fouanmsnagenuiac detection limit Tunisnsaadulossuneunszdinnves
Wuwes | Wiy 0.205 UM %313 ppb %aﬁﬁwﬁl’mdwmmmgmsuaw%mmlaaaumqLmﬂ,u
¥ Farmualae US Environmental Protection Agency (U.S. EPA) wag World Health
Organization (WHO) fiAvinAu 1.3 wag 2.0 ppm Auaau [80]

3.5 sy nadusidudunss (linear range)

Linear range Ao YRAMUAUNUSTENINANUTLVBIMAIGROITAYUALALAIY
duduvedlossunaswns  Afidnvasiudunse Fadedutinisldou  (working range)
aunsamlagnaennsenianuiNvesdyauvigeaisalud (LAY y) UasAuuty

vosloppuneiunsiANasluasazals (kb X) NIINULEAIFINING 65
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120
S .0
) e
-
2 ... y=-20.343x+ 109.58
£ 80 - .- R?=0.9918
L o
c
£ .-
3 .
c -
o 40 )
o -
7} .
e .9
o
=
s
0 r r r r
0 1 2 3 4 5

Concentration of Cu?* (uM)

a v o & ! i v Iy} ¢ & ¢
AMUN 65 neMuaRIANNANTUSTETI AN gRaLal UYL uIges |
(5.0 uM) MasLALloODUNDINAINAMTUTUATS)

v A

NNMT 65 ziiunsvuansnduiusiadudunsioglugie 0.2 uM e 4.5

£
o 1

uM Taedian R? = 0.9918 FslndlAss 1 wn sati FasanuldutunsnanIadudisiuanyay

san1silUldnsainlesunasuwadle

3.6 9n31dUNTNRANTUIENUTITRUkAEAARNAAYRIN SR laR WY o U
mMsveaeuiiamsnsiduszluanaveduees | Aulossunesuns Aldlunis

1An binding Anwlaeds Job’s plot lWNan1IVInaBIRNINg 66

100

v 2

0 01 02 03 04 05 06 07 08 09 1
mole fraction of sensor (X;)

0

] [ ! ! < 3 [y A a
AMNN 66 ﬂi?WLLﬁﬂﬂ@Mﬁ?ﬁ’JUi%M?’lﬂI&lLaqalfﬁulfﬁ@ﬁ I Aulessunsaunsnildlunisiina

asusznaulisgoudnulagdd Job’s plot
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9nNa Job’s plot wandliifiudn nsmsasuiisamdnleeluavenduees | 7
AUszana 0.33 tunansit nildluanaves | awnsadndulessunssunsld 2 luana (:Cu
- 1:2) MnurhmsAnseaEnsalumsinduresdumes | fulsesunssunsanuisaven
lﬁﬁaaﬁwmﬁamqamaamiLﬁmiaaauL%ﬂ%’au (association constant; K...) @eruiadldann
@1N15 Benesi-Hildebrand [79] ALENnIST (1)

L “ + ' (1)

(A - AO) K (A - AO) [Mn2*]" A -A

assoc max

wazasansmanuduiussening 1/[Cu* 1" (Wnw x) iU 1A - A) N19alac (N y)
WEPIAININT 66  waraNnsoMAIAIANRaTeIn1FIvivleaumaadlaINANtUYes

ASINNES9UVU ATl

1

slope =
K (A -A)

assoc max 0

1

assoc
slope(A - - AO)

max
TngnnInaennsInUd ounudr n' = 2 lugunsviilaaunsndannudu
L UATIEER TI9TITURANIIANYINIETT Job’s plot UALENNITARIUIMAT Kassoe MLV 3.2

x 101 M2

3.7 Wansinwgnsilasunlaivausuas | naukazrasnisaulesaunadnng lae
N13ATUIAUNI Molecular modeling
a)

Ad 67 wansanwuglassaiismemaia Molecular modeling 989 a) Wuwes | uay b)

Wuwas 1:Cu’ 9ms1dIu 1:2
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(%
N o

venaniifsfinsmualasefolusunsumoufinmesiiiunin Gaussian 09 [81] Tng
fvuaAslmeseneg aalsunsuitugiuves BALYP/6-311G6* antnelunmsdnies
Tnssadvesasusznau luannefiduarliflossunswuns Tnedadediilassadefida
afpsuavindsuinian lnelasiainevenduwed | Base uazansUsznoudetouves 1:Cu™
wanssan il 67 nudtluanneiiilloseunswns  Tugsazarefiinainnsiuamig
TUsUASUABNAMES ALIUINTINSIADDSALLAYEIDYABUNDILAY B FAILYUIUDIBLNDUUD
lulasiau (N) wavesneuaandiay (O) AmensyUIUNS electrostatic interactions lngleaau
NOWAIDLADULIN (PrnaNde) aziinlAoesfluniusznauvadlulasiay (N) 3 pxnau way
2¥PaURaNTIU (O) 1 DLABY AIBTTIZNIYINAU 1.93, 1.93, 2.08 A way 2.21 A auaisu
Tuvausiiloosunsuniozneuiides (aznauwnn) axinlpeesiuniveznauvedlulasiau (N)
3 9EAoY WareznaNeenTay (O) 1 axnoN AIBsEeEyINIAY 1.93, 1.93, 2.08 A way 2.20
A pnudidu TnefiinanuisiuesseRundsnusifigandsnamdusunsunsnonfiomes
Yaadules :Cu? Wisunuulewes | danvniu -211.65 kcal/mol

iiuInaIYanasegvnnlunsingsUsEneudsdoy  uansdt  Tuanaves
LCu?* Seraafivsainniinana | dasy ueninfauisndhetusuldinduees | anunso

v o

andulesounssaslalugnyidi 1:2 FansemunanisAinuiniemata Job’s plot wazlunis
AIUANAINANAAUBINISLAALODODUTITOU, Kysror DNVIENATNNIAAIUINMIAIAIINANTD
WU HOMO-LUMO l¢idnmae Tngnvikdleiwuge siianisanduiuloosunauns dawaln

energy gab AR89 ASLAASlLUNTN 68
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At = 46.686 At =45.194

o HOMO

1 1:Cu®
AN 68  LAAIAIAINLANANTDINGIIU  HOMO-LUMO. (energy gaps) aeinadla

Molecular modeling ¥adaiduians | way Wulwas LCu? onsidu 1:2

3.8 wanIsadavaNUAnIsAIeudIgesisaisudvaadulves | Tuaniziillessy
nasunafisuivlosausunaudue
nMsnageUAsAELaandues 1 Tuansavanenansyning  5mM phosphate
buffered saline (PBS) (pH 7.4): acetonitrile (95:5 v/AV) W& 0.5% triton X 100 Tunmeiidl
lopoumoains (Cu?) Tugveandossdinn Wisuifsudulunnziiflessusumuninssg
oun leseuusen (He?") leeoulufen (Na*) lossulnuvaden (K*) lesoumzia (PH?)
leoowman ( Fe®) lopsuunania (Mn?) lossuwanifisy (Cd?) lovsudniia (Ni#) losou
laveaa (Co?") lopauu (Ag") lopoununiii@ou (Mg?) lovsuumalduu (Ca®") lovauuuiow
(Ba”) wazlovoudingd (zn®) lesouwman (Fe?) lovsusaiiiien (AP wazloseulasifioy

(Cr*") LAMINARILUNINT 69 waz 70
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Hg(ll), Na(l), K(I), Pb(l),
Fe(lll), Mn(ll), Ni(ll), Co(ll),
Ag(l), Mg(l), Ca(ll), Ba(ll),
Zn(ll), Fe(l), Cd(ll), Al(l),
Cr(lll), and No lon

u.)

< 120 -

@0
o
L

w
<)
R

Cu(ll)

Fluorescence intensity (a
1]
o

660 700 740 780
Wavelength(nm)

AT 69 NIANBUAINGORLTAILATRATWRES | (5.0 uM). Tuansaratenaussning 5mMm
phosphate buffered saline (PBS) (pH 7.4) : acetonitrile (95:5 v/v) W& 0.5% triton X 100
Tuanmeiflesausnaqldun Cu?; He?, Pb%, Agh, Zn?", BaZ', Ca®, Co?", Fe®, MnZ", Na",

Ni*, K*, Mg?*, Fe?*, Cd?*", A" wag Crr* (5.0 uM)

1.2 4 o Na(l)
ey |le(||)
7z xAg(l)
§ 1 oo A A A A A A XK()
£ 5 ” . ! R Fe(lll)
° L +1FrFT - T A 7 |- com
208 ¢° -Mn(ll)
] ® ecu(ll)
2 ® +Hg(ll)
5 0.6 - L Acd(ll)

.

3 —Mg(ll)
b L Ca(ll)
o 0.4 1 .. |=Ba)

N R
s .. Ni(ll)
xZn(ll)
g 0.2 1 ¢ ° Fe(ll)
= = Al(Il)
0 e o cr(li)

T T — 00— @ —©@ —® T

0 2 4 6 8 10 12 14

lon concentration(uM)

AW 70 Msmeasigelsalnus (Ao, = 650 nm way A, = 717 nm) vesduiges | (5.0
uM) TuansazanrausenI1e 5mM phosphate buffered saline (PBS) (pH 7.4) : acetonitrile
(95:5 vAv) @ 0.5% triton X 100 Twanmediflossulansveuniossdinnudinsneg Tu

YSununananu
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AT 70 wanIAIudIRLSIEIINeA normalized fluorescence intensity (kAU
y) vesdayanagealsamuifiauenadu 717 nm wazarsnduduveslosauviiasineg (unu
W wuinduwes | fanwdumnzianzasgeatulessuneuns Taeillenrunduiuveslossy
NoALAiNLINTY A1 normalized fluorescence intensity Suwiltiuanasetdnautazasd
1‘14‘17{?191 Tunariindafulessusunmusindug Toud Tessuusen (He?*) lesoulmiiey (Na*)
Tooaulnunadey (<) lessunzia (Pb2) lesswndn ( Fe*) losauuuaniila (Mn?) losau
wanwley (Cd?) lesaudinia (Ni?) lessulausad (Co?) levaudu (Ag) leapuuuniiide
(Mg?) lovounpai@on (Ca?) lovounulion (Ba®") wazlovoudingd (zn*) losouman (
Fe’") losousgiuilon (AP uagloseulasdley () Tuanudududediuiuleseu
NN lzu'LLamnmUﬁaumemsmaLLaanaaLsawuﬁ M‘%@ﬁmim?smuﬂawaaﬁzyﬁym
Hoean

dndiuinanzlosouvosuaaintuiitinisuans fyumgosisaleusisinge luvai
lovouniindulsifinisuanidygaungestsaisus mﬂmamimaaaﬁammﬁmmmaqﬂiﬁdﬂ

Wuwes | Ianudumnzanzasgilunisandvlessunewnadiafisuivlossusiindug

3.9 Mwagvasarsazaaduwas | nigldnasUnfuasuas UV Tuniiziiilessu
Nauns Wisuiisunulosausuniudug

( ) -« = - = - - - 4 : 3 % - - - 8-
- K + N - Wt ~ - - -~

- » . > v -~ -~
lon Cu?* Hg** Pb?* Ag* Zn?* Ba?* Ca?* Co?* Fe® Mn?* Na* Ni** K* Mg?* Fe?* Cd** AP* Cr**

-

&
+

(% e 1a 14 I ) E 3 J ) k J it
.35 A S s T ; BT e i P . {
|Ion lCu” Hg?* Pb?* Ag* Zn?* Ba?* Ca?* Co?* Fe* Mn?* Na* Ni#* K* Mg?* Fe?* Cd** AP+ Cr“]

A — e T et TNt T T . eI e .. et Tt ottt TNt T ... ot T oI ot It I o

__so=3

29 71 nmanevesansavanadueas | (24 uM) neldnas UV (a) warwaslnd (b) Tune
ldduezdlosou Cu* wazlovsusuniusingg Al Hg™', Pb*, Ag*, Zn*, Ba®*, Ca®*, Co?,

Fe®, Mn?*, Na*, Ni**, K*, Mg**, Fe?*, Cd?*, AU uaz Cr’* (40 uM)
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nAmaneneldlasUn® uavias UV uanshiiuinduees | Sanudimizianzas
nolesounssnsliofisuiulossusuniusiinoug  lagluanneiiilovsunewuns  agiing
AauasgeaLaruirendues | wavansonewnennUandudideineliuaund way
was UV (nnd 71) TuvusAllefinsifulossusidadulaun Hg*, Pb?, Ag', Zn?*, Ba®*, Ca?*,
Co?, Fe*, MnZ, Na*, NiZ*, K*, Mg?*, Fe*, Cd%, A" uag Cr** adluansavareiduiwes | 1ile
wosneanUanaglifinmsiasunlamisnelduasund  wazlas UV Feauanansalunig
a' a & s v a A Y & aa a A al g
Wasudveaduweinulauas UV andillvndududidsnnaesduanniziillosounssin ity

a '3 1 LY} 1 dy v
TUselerlng19unnlun1snsI9aaUnI loaaunNadwnd a1 siegnala i UogRu

3.10 wamsnaseUFLliiNsABLdWgeaLsawudvasduwei | luan1ziillessy
nasunssmiulosausunIubue
nMsnageUaNURNsABLEedduwes | luansazatenausyning 5mM phosphate
buffered saline (PBS) (pH 7.4) : acetonitrile (95:5 v/v) W&d-0.5% triton X 100 Tuannei
flessunewmasruiulossusuniudug Mud lesswusen (He?) lesauluiiey (Na*) lesouy
Tnuvadon (<) leoaupsi (Pb®) loeouwdn ( Fe) lesouwusnidla (Mn®) loseu
waadlen (Cd?) losaudiniia (N2 lessulausad (Co?") loveniu (Ag) lesouuuniide
(Mg?) lovounpalfen (Ca*) losounulien (Ba®!) wazlovoudingd (zn*) losouman (
Fe”") looauagiluily (AP uazleeaulasitien () Ingluaisarareiusunalessusuniy
1NN lesounNoIwad 1 117 ag10 1in
Inguansran snaaadlugUnsmaudiusseninge 1/ (wnu y) wagylinuedans (Wnw x)
e l, = Fluorescence Intensity. vasgnsaganelduees | neuiulonsuy
l- = Fluorescence Intensity vasansazangiduiaes | nduiuloosu

LAAINAGININA 72 way 73
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1.

0.8 -

006 -
S

04 -

0.2 -

0 o
\\\\\\\\\ﬂ\\\\\\\\'\\i\\\\\
QQ\Q&?@&\\O DLt NS *0\\@ \oo\-e\\ Q\\Q \\?'&G\\ N
IOSIONONS QSN NSRS

EEEE GG E G LI LT

Al 72 nMsneuaigoeLsalsud (A., = 650 nm way A, = 717 nm) veaduiwes | (5.0
uM) Tuansazaerauszine 5SmM phosphate buffered saline (PBS) (pH 7.4) : acetonitrile
(95:5 v/v) W&l 0.5% triton X 100 luantzdiflessusunudutu 2.33 uM Feuuly
ansazanefiflloosuneunadudu 2.33 UM

1 -
0.8 -
0 0.6 -
s
0.4 -
0.2 -
0 4
o‘\q\\\o\\\ NEROONIIN \\@e@s\)(\\\@\;@\z&“
\ N
&&@&v@v®%®®v®®®v
RN \0 x G 0\ \,\0\0\) N \0\ RN

\"\"\"\" \"*\*\"\"\"\”\"\"\"\"\"
Al 73 MImeuasgosisawust (Ao, = 650 nm wag A, = 717 nm) veaduiges | (5.0
uM) Tuluaisaganenanszd’s 5mM phosphate buffered saline (PBS) (pH 7.4) :

acetonitrile (95:5 v/v) W@y 0.5% triton X 100 Tuanzfidlossusumududu 23.3 UM 138

Yuluansazaefiillonounounddutu 2.33 uM



76

NnHanINAaeslunMINAgumNEsalunsindUlosunen e iuges
| Tuanmefitlessusduduiisuniu Inawisuasazaneiivseneudelossunaunadudy
2.33 uM Yueglulossusuniuwiaduq loun lessuuson (He) loooulufen (Na*) leseu
Tnuvaden (K7 lessunziy (Pb?) lessuwndn ( Fe*) lossuwuinidla (Mn?) leseu
waadlen (Cd?) levsudinia (Ni?) lessulausas (Co?") lovaulu (Ag) lesouluniides
(Mg*) lovounpai@in (Ca*) lovounuiien (Ba®!) uazlovoudingd (zn*) lovouman (
Fe?") lopausgiuiuy (AP waglosoulasifloy (1) Wudu 233 pM (10 Wiweay
dudulossuneauny) anamd 73 dunalddn dyanasigesisawudilimdsanidslossy
newunIsiulossusunudug dnswasuudasiesnin +10% vesdya avgosisaleus
wdinsiiulossunstnaiiswdnafey Tuaadidiuin wnlussuufinnatailoseusin
Juglounuszinm 10 wihwetliualoosumemns uwes | dnuansdayqnos ON-OFF

fluorescence LLazmmmﬁﬂf{’MaaawaaLLmaeifmi’wwawwmqq

3.11 wamsenwauansalunsandulessunssuasvanduees | meluwag
HepG2
MNAMENITANISMeLAMigestsaudvadules 1 filiAiAnudeshiuas
A nzzasiigs Feldinniidumes | wmeaeuluiead HepG2 @y human lver
cancer cell lines) Taeviigamindl 37 °C e 30 udi aeluasazaetvilasvleauin
(phosphate-buffered- saline) - l¥lospunauadlusivesinfonauniosding \ieRna

Foyey1uN1IAB LA HGEBLTAIUATDUYULYES NANTTVAGRWAAIRIUN T 74
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Bright field Green channel Blue channel Overlay
a : .

) o - . ~ s
(- 4 <N (‘ ) -3
c ’,.“ - ‘,\:‘1 S
2 'd * 4 5
. - Q.
4 o) RECH D 0
N S STy ¥

50 pm

AMA 74 pmn1seenasHgeaisalun/waeUnd aglusad HepG2 meiduigas | (50 uM)

Tneuniigamall 37 °C unan 30wyl agluaisavateinieswean (phosphate-
buffered saline) fiulegaunsuatlusuvednfenounosan 1ANULLTY () 0 pM, (b)

20 pM, (c) 50 pM PuFIRU

NNHaNSNAaRIMSindUlesaunawasasduees | n1eluwad HepG2 wuinwaa
ALGUeS | 2Anadilie1nanul s 74a kaziiladinisiulesounaasiAULTuTY
20 uaz 50 pM Izadwalin1sAeuLangealTALYUAILARE |anaIRININ T4b-c AUAIRUTS

o & s ) fa aaa v
ANUTAUGUL DT | ll'TUi%QﬂmﬂmUﬂqﬁmi’Jf\n@i@@@uwaﬂLL@QﬂWﬂIUL‘Gﬁ@ﬁQN%’J@i@
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4.  nIvegauANaInTalunIsAneLasgealaleun  LagAdNa1NIalun1sAndy
levauvigeslsiiisuiulessusuniudug veaaduwas Il (DFB)
dedusulassadsvenduees I fduamedld anduthudnwauifinnsaeuas
Wgeoisawusluasazalenay 10 mM PBS buffer wag MeOH (1:9 v/v) ilfn
auanansalumsindulessunigeslss Wisuiisuiulessusumuduasemaievgosisa
wudaunlasalnl wazAnwiniuieshilunisinseyt (sensitlity) LagANTUNILLAINU
loooungeslsd (selectllity) voafuwas Il \isuiulessuausineg dausduanindelossuln
nszdafauenluiouusassiinazargluifiusanlesou (O water) lneamainainiedos

Perkin Elmer Luminescence Spectrometer LS-55 ¥iNN1SARAUELUNATUYDINITAELES

Wgaawﬁmwﬁ (fluorescence emission spectra) 1ua3g 500-590 nm e wun A, Wity

495 nm

4.1 wanIadaUNanIENUYasA pH Tuasazarasienisisaudagaalsalsuivuas
< 4
\uLes
Wesnluaniaed sosnsthdugesivuszandldlumsenainUsnnalossuy
Wgealsanuuleuludaindeuuaessuudinn. Jahuignisfinwnansenuvesen pH Tu
FZUUABNIIIS BT BINGOBLTAIUAT UL Tnefngmun1sasuulaninuduves
(% 6 1 a L2 v A 3
dyanamgensaudnewfslossurigeslsd  uasndunuloseurlgeslsd  adumsavaty

Wuwes (6.33 mM) luansazanaiin pH a9e lARAN1SNARBILERIRININT 75

12

1 b e -t - - "
038 - o

=064 “
04 o o - - - - "
0.2 - @ Sensor
= Sensor+TBAF
0
5 6 7.4 8 9 10 11
pH

Al 75 muﬂ?auuﬂmé’mmﬂmﬁmLLaquaaLiamuﬁ (Aex = 495 nm UaY Ay, = 515 nm)
vouduiwes Il (4.0 mM) luansazanenan 10 mM PBS buffer A pH #1399 wag MeOH (1:9

v/v) feudvlessuvigeslss (@du) uasvdudulessurigaslse @) (TBAF 0.5 mM)
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PNuaNIVeaeuandliiuie pH Snasdensiistuvesdyyungoaisaud 1oy
A1 pH NAsiuagdmanansituuresdygalivinduegsldansanianisalld Gea1nua

IS

mMaveaes  dunaiunisiintuvesdygavigesisarudegndaaunaniussuunie  pH

WU 7.4-11.0 #9tuluaud8830aennadauan URn1sis0waaa oL@ uAUD Y UL DS

luansagangiiA pH Wiy 7.4 Wesnannsaussendldluwadddidinla

4.2 wan1svedauantanIsmeussngeasaudlunsiilosaungesalsa  was
< 4
\Wuias Il
msmeuaigoaisauivesduges Il Anwlaewsuansngoaisawudiduges
udy 0.27 pM Tuansagane 10 mM PBS (pH 7.4) : MeOH (1:9 v/v) l4leauvigealsdly
amvenndewmaselafia  weuludlen — uazivupAIAINeNIAGUNTER  (excitation
wavelength: A.) Wiy 495 nm tiiefnsnudaginnisaeiaaigestsasuiveaduibes

NANISNARDILAAIAILUNINT 76

80000 A

e
60000 - r\

Fluorescence Intensity (a.u.)

40000 -
2.0 mM
20000 -
0 r . — S ——
500 550 600 650

Wavelength (nm)

Al 76 msmmmﬂgamsamuﬁ (Aox = 495 nm Uag Aoy, =516 nm) vaaduiwes 11 (0.27
uM) luansaganenay 10 mM PBS (pH 7.4) : MeOH (1:9 v/v) feuuasnauiulossungeslsd
ﬁmmvﬁwﬁueﬁm a: 0 M, b: 0.067 pM, c: 0.133 pM, d: 0.267 uM, e: 0.4 M, f: 0.567 UM,
g: 1.0 UM, h: 1.67 uM, i 3.33 UM, j: 6.33 uM k:10.0 uM :13.33 uM.
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PnuanveassnuIluanzihifilossuvigeslsd vgeelsawudiduges I ae

LaIngeaLTaUAluY9ANEIAAY 500-590 nm lagdlAue1IAAUYRINITANELAINgDRLTA

wuigean (A.,) wiriu 516 nm dledilossuvigeslsatluasavas dwalirnuiduuas

9

WaoaisawuAvendues Il daanas @ Ao, o anuemedudy) ludnvauzwlsiniuiv

'
a =

Usinalleeaungeslss fdfiudu (ssuu ON-OFF fluorescence signal) uagnuiniiendny

Q

£ 2

dudureslessungeslsmiuduiu 23 whwesmnududuresduesazvhlidyaunges
LSRG UAINAIIUAINTIANAIINFYYIUTNAU 80% @1W150TAAT quantum  yield (Q) VB3

Wuwaslewinnu 0.31 (19 Fluorescein 1uansssds) [82]

4.3 AAduENINTaRgAYaINITAsIaTUleeaurigeslsd (detection limit)
MsFAAIAIEIINsaMEnveIN1TnIadulessumigeslss  (detection  limit)
nsgshlagasansmuansaNdsius seminsenudiduve sigoslsafiduadly (wnu x) Ay
ﬂ'%agEJ‘UE’NF’]’JW?,JL%M%@Qﬁ@@?MWQ@@LiﬁL%uﬁﬁ%ﬁi@9] A y) Wemenuduvasnsm
(slope) RntuthunfuIumLEng 7 5 Tnedonannag uanssnsmiuansianind 77
Detection limit = 3SD/slope

log#  SD Ao AbesuuEInsgIL (standard deviation) Y84 blank

M13199 6 Yeyaarauiniuvedlosaungeslsamanadly (LM), wag ANUTLVBIFYYI

WaoeLsalsun, Ag WinAu 516 nm

Sensor I Fluorescence Intensity
[F1 (um) 1 2 3 Avg. SD lo-lavg
0 82913 82968 82906 82929 33.95585 0

0.05 82094 82257 82762 82371 348.2858 558
0.06 81400 81870 82166 81812 386.2797 1117
0.08 81319 81385 81888 81530.67 311.2143 1398.333
0.1 81076 80968 81862 81302 487.9713 1627
0.12 81016 80588 81580 81061.33 497.5513 1867.667
0.16 80879 80487 81560 80975.33 542.9478 1953.667
0.2 80623 80108 79645 80125.33 489.2303 2803.667
0.24 80068 79628 79049 79581.67 511.0776 3347.333
0.3 78272 76688 78675 77878.33 1050.368 5050.667
0.4 77255 75500 75529 76094.67 1004.983 6834.333
0.8 69885 70460 69598 69981 438.9453 12948
1.2 64315 64005 63770 64030 273.3587 18899
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__25000
S
@ y =15991x - 70.986
~ 20000 A Rz = 0.9968
>
®
8 15000 -
£
]
€ 10000 -
Q
Q
/)]
2 5000 -
]
=
L

0 b T T

0 0.5 1 1.5

Concentration of Fluoride ion (mM)

Al 77 nsmkaninuALRussEnINmLtuvedlosaungeslsd [F] Pdnacly (wnu
X) fiu Aedevesnuduvosdyanamigesisamudiyalag wa y) veaduies I
N13AUIO

N3 axlAauNsIEuATIRa Yy = 15991x — 70.986; R? = 0.9968 LA¥IINAITNAQDS

A1 SD ¥849 Blank 110U

o Detection limit ves [F] 35D/slope = (3x33.95)/15991

0.00637 mM = 6.37 uM

0.121 ppm = 121.0 ppb

AU A1AINENNITARIEAYRINSNTITIRNUleosUgeslse Wfiu 121.0 ppb

AITUINNTNARBINUIIAY- detectionlimit  Tun1smsiaduleseungeslsd ves
Guwes Il Wiy 6.37 pM e 121 ppb BadlAsniauasgiuresuiunalessungeslse
Tuthfy eimualagseauvemanninglsuas osdn1seundislan (WHO) lanvuslid

Usunaileseuvigeslsiunsgniluinulageanliiv 1.5 adnsusiedns [31-32] uagesAnis

v

windaaanaeueisn (US-EPA) InsuSunalesaungeslsaunsgiluiimulagegalsiiiv
a.

o

0 Uaansuseans [33]
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4.4 nsmgaeanudunusfifudunse (inear range)
Linear range A YRAUAUTUSTEVINANUTLVBILATIGRBITAYUALALAIY
Wutuvedlosaungeslsa ffidnvazludunsy Fafaduriansldanu (working range)
mmmwﬂlﬂswaammwliswmmmL%’:Jsuaqé’wmwQaaLiamuﬁ LAY y) WAZAULTNTY

votlosaurlgeslsaiifiuadluasazats (Wnu x) NTMLAAAINING 78

24000

y =15991x - 70.986
R?*=0.9968

20000

16000

12000

8000 -

4000 -

Fluorescence Intensity (a.u.)

6 0.5 1 1.5
Concentration of Fluoride ion (mM)

Al 78 nuuansndudiRLSTEIeALIduve i ageasawusveniuees I

(5.0 M) vidadleesurlgeel AUt tusie

AT 78 udiunsInkanInNdNiusinnludunsieglurag 0.05 mM s
1.2 mM lpgiian R? = 0.9968 FalnalAes 1 110 A9t 929AUuTUsInaR L dugen

winzausian1silUldnsiainlossungeslsala

4.5 dns1drunsiinansUsEnaudsdourasAAaunavaInsiinlasaudedou
- (Y ! ! < s LY s
mMvaaeuiiomansdusEniluanavenduwes Il fulessurgeslsd Aldlunis

1An binding Anwlaeds Job’s plot lonan1naeIRinIng 79
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2000

1600 -

1200 -

Io'l

800 -

400 -

0 0:2 0:4 0:6 0:8 1
[FJ([DFB]+{F])

A 79 nsmlianednsdiusenilanavetuees Il Aulessungeslsdnldlunis iin

asusznaudisdoudnwlagdd Job’s plot

nua Job’s plot wandlidiuin  asmidnduiisnidlaeluavenduwes I 7
AUszInas 0.65 tuuansi1 wildluanavesduwe’ I asnsadndulessusigeslsdls 2
Tuena (LF = 1:2) PniwhmsAnwmimansalunsdndvrendumes I fuleeeu
analiﬁmmmuaﬂlﬁﬁwﬂ'ﬂmﬁ'au@asumﬂmﬁmlaaaul,%a%’au (association  constant;
Koeso) Berunadlgainanis Benesi-Hildebrand [79] sgaunnsi (1)

L ! N’ (7)

(A-AO) K (A=A ) [Mn2n A -A

assoc  max 0 max 0

wazasNIINATNAINUSTENINA 1/[F ] (nw X) AU 1/AA - Ag) M3ala (Wnu y)
LERIFININT 80 UazanmnsaniAIAsiaunarasnisIuiulesaungeslss lnananutuves
n3nas1ey Al

1

slope =
K A -A)

assoc max 0

1

assoc
slope(A -A)

max 0
19891NNSNADANT VWU WawnuAl n = 2 Tuaunisvinlrlaaunisndanudy
LEUNTIE9ER TaNTIIURANISANYIAILTE Job’s plot WagatnNTOAIUINAT Koo WU 1.4

x108 M2
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4.6 wan1sAnwIMaUAsuuaswaduiwes Il frewaiia 'H NMR swnadu Tuannag
nauuaznainsiulesaungeaalsa (*H NMR titration)
nsAnwINsUAsuLUas tH NMR awnasuveaduges I luannienouuasndady
loooungeslsd fedudunsiindunsizonseninaduesiulosoungeslsd aznszsilag
MyBATIeE 'H NMR  adnesuveuduwes  newdulessungeslsdludiinazans
deuterated dimethyl sulfoxide mﬂﬁ?ulmmelaaauvdqaalsﬁiuﬂ%mm 1.0 equiv., 2.0
equiv. kag 4.0 equiv. asluauaiu tharsazanefuwes lUhaest 'H NMR awnasudn
ads  ilefnumaAsuulamesainasussminnousasndaulesounigeslsd  fiaa

Y Y ) cs' Ql'
bUUYUANE WANTTNAADILLAAIAIATINNT 80 LAy 7

He
L T
v "o o OH
B-0-B
£
i 'll
1 | i .
I I | Mib —_
I it R P Sensor + 4.0 equiv F- |
i
e
l ] liu I|'r Lo ) H
I WJU WL sensor +2.0 equiv F- |
" TR Y -
I ‘l WAL O ',l | Sensor+1.0 equivF- |
DU | Y | VAL WP R U & W VA G o —,
"
N=CH
-OH ’ Hn H H i
[ ) MH'{'I ] He,f“d-h HiHT'
| |4 \ | 1) | 3 -
1 i ensor g
N i SN ___!l "h'-a"LJIlLL.FJL‘\,___._ |

A9 80 Taseasramaaiivaaduees Il waz 'H NMR awnasuvsaduwwas I Tuanznau

7

3

5 Ippm]

wayndsiulossungealsn Usuia 1.0, 2.0 uay 4.0 equiv.
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M157199 7 @1 chemical shift sauduges Il luannznaunazndufulossuvigeslse

Proton O of DFB O of DFB with | O of DFB with | O of DFB with

(ppm) 1.0 equvi. of 2.0 equvi. of 4.0 equvi. of

TBAF (ppm) TBAF (ppm) TBAF (ppm)
H. 6.63 6.55 6.49 6.38
Hp 6.68 6.56 6.51 6.60
Hc 6.71 6.70 6.70 6.70
Hgq 7.21 7.18 7.18 7.18
He 7.31 7.30 7.29 7.28
Hs 7.39 1.35 7.35 7.35
He 7.75 1.72 1.67 7.64
Hi, 7.24 1.22 1.22 7.24
H 7.10 6.93 6.87 6.77
H; 6.94 6.97 6.94 7.02
Hy 7.85 7.81 7.80 7.67
H, 7.88 7.87 7.87 7.90
Hi 8.03 8.03 8.02 8.01
H, 9.54 9.51 9.51 9.54

-OH 10.25 Not observed Not observed Not observed

nua H NMR aidnasy Tuninid 80 veaduwed Il azmiuladndeiinisiiy lessu

Wgeslse adluansazaney awilvidyainees 'H NMR awnasu fdnwue board éintes lay

‘WmfwLﬁaLaulaaauﬂ/\lqaaliﬁﬁmmL,Sﬁm%u 1.0 equiv deyg1adue9 -OH (10.25 ppm) lemaly

[y

was A

lUsmeauuwseslsan@nidnng shift Tunedtu up-field 1@ntes Wasanninduns

Asenrivlessungeslsniinatly lnsaaindunainainnisilessungeslsdlnsannseuly

7 p,-orbital veseznoNlusoULazaINaiulUInauUUIOLLTUIRN
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4.7 wanaesevanTAnIsABudvigesisawudvanduwes I Tuanziiillessy
waeslsdiivuiulesausuniudueg

nsnadeunIAeLaaLdues Il luansavaty 10 mM PBS (pH 7.4) : MeOH (1:9

wv) Tunmgiilessurigeslsd (F) veundewmmszdafia wWisuiflsudulunneiiflesey

sunuaiingnge) TBAF TBACL TBABr TBAI TBASCN war TBAOAC wansnadslunng 81

Cl, Br, I, SCN,

: 80000 -
CH,COO- and No ion

60000 -
40000 -

20000 -

Fluorescence Intensity (a.u.)

500 550 600 650
Wavelength (nm)

A 81 NNIANBUENGODLSAIUAVATWLDS 1 (0.27 uM) (A, = 495 nm uay A, = 516

nm) luansagatenas 10 mM PBS (pH 7.4) - MeOH (1:9 v/A) Wan1izfidlosusineg F, CU
, Br, I, SCN” wag AcO(3.33 uM)

uiuinanizlessungeslsimintuninisuansdyqauvgoeisawudman  Tuvae
Al a A 2] (7 i3 gj éj Y1
nlesauriinduliiiinsuansdyyiungeaisaaud MnuanIseaesiuaianansaagulad

W3 I Temnudumizianzasgilunisaniulessungeslsadledisuiulessuriinduy
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4.8 fMwangvasasazaaduwas 1l aeldnasunfnazuas UV Tuniziiilessu

Waoalsa Wisuiiisuiulesausuniudue

I’ SCN AcO-

No
lon F Cl- Br I SCN  AcO-

AT 82 NnanevesanTazangBueas 1186 M) nelduasun@la) wazias UV (b) lune

filsifluazillonaurigeslsd uazlosausuniusiieg el £, CL, Br, I, SCN way AcO (10.0 pM)

nnnaensldnasunfnazuas UV handlmiuingues 1 1anudiniziangad

solepsurgealsnillavipuiulossusuniusiinou Ingluaneniilossungeslsn avinig
2 I~ I'4 v 1 I~ = & ¥ a

AeuamlgeasalrUAreudues Il uaganunsaussmemUadudiviosnglduasund was
weld UV (01w 82) Tuvaugiidiedinnsiduleasusinaulawn F, CL, Br, I, SCN” uag AcO™ a4
Tuansazaradueas Il ianaisonuatazlisinisilasunlasianisldlasund wazwas UV
Fapmnuanusalunisidsuavesduwasaielduas UV anddendududidenvdoddy
anghilloseungeslsaiy  dusslevdegrannlunisnsisdeumlosaungeslsaluans

froenalalulody

4.9 wansagsuaNTANIsABLEWgeRITATUdvanduwes I Tuaniziillessy
waeslsswiulessusuniudus

nsnageuaNURnIsAeLasenduees Il Tuansazanewan 10 mM PBS (pH 7.4) :

MeOH (1:9 v/v) luannziiiflessunigeslsdsuiulessusumudun léud CU, Br, I, SCN

way AcO lagluansazanefivsunalessusuniuninnitlessungealsd 10 Wi lasuanang

NS08 UNINATINAMNFURUSTENINAT /1o (WAL Y) wazslauesas (WAl X)
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e l, = Fluorescence Intensity vasansazanaiduas Il neuiisloosu
I = Fluorescence Intensity vesasaraneduees Il nduiulooau

LAAINARINING 83

-
b

-
1

o
[

o
®
.

o
=

o
(]

Normalized fluorescence intensity

«03 vi(x vgx @YS ¢ ;\@V‘ .\@v
&L g < <& &
£ oL & &
& &

AW 83 M3mnauasgoaLsalus (g, = 495 nm WAz Aoy, = 516 nm) vaaduiwes 11 (0.25
uM) luansazatenas 10 m PBS (pH 7.4) : MeOH (1:9 v/v) luanmedidlossusunududi

33.0 UM L%aﬂuiumiazmﬂﬁﬁlaaauWQaakﬁﬁmﬁu 3.3 UM

Mnuansnaassiiiunismageumnuaansalumsandulossuvigeslsives
< s A a o A [ Y a = £
Guwes Il Tuaanizndlesswiidududisuniu - Inewssuasarareiisenaumeleosy
vgealsadudu 3.3 uM Yueglulogeusuniuvlindus taud F, CU, Br, I, SCN kag AcO
Nt 33 pM (10 wihwesauindulessungeslse) :nami 83 dunaladndyyiniges

say v o a ¢ Y ‘:1' = A o '
sawuinlavdminddlessurigesliisiuiulessusunmiudug  dnsiwdsundastdesndi

9 s o a s = a o o Y &

+10% vosdyauvigealsawudvainisfiulossurigealsaissiafies dunansliiuii
mnlussuunnsinindlessuvinduqelulssina 10 wihwesSunalessurigeslse
a3 1l Snsuansdtyeyias ON-OFF fluorescence wasaunsasindulossungaalsnogns

RTRETRRERRGR
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uni 5

#5UNan15AHUUIRY

Tuinendnusd Idoenuuuuasdnnszilasadsemigooisaudidugosyiall
2 %iin Ao ansvigeasaudiduges | (aza-BDP-DPA) linsiainlossunaiunt uazansviges
sawuiguges Il (OFB) Tdnivinlossurigeslsd

asvigesisalwudiduiees | Usznaufiony aza-BODIPY sivnthiidusigesls
Wesieusorulololunasuia di-2-picolylamine lnowdugasuinil awnsansiainlenou
maqLLNMﬁﬁazmaﬁﬁﬁ’lLﬂuaﬂﬁﬂizﬂaulﬁaEifmi’uwwLmzmqqLﬁ'mﬁwﬁuiaaauﬁluq

Tawn Cu* Hg?* Pb?" Ag" Zn?* Ba?* Ca*" Co*" Fe* Mn?* Na* Ni** K" Mg?* Fe?* Cd?* Al**

'
IS o

way Cr** Tnedlan detection limit Wiy 0.205 uM wse 13 lulasnSuredns Faiiasinid
AnsgIuvesUIunaleosunasunstuify Gsimualaeg United State Environmental
Protection Agency (U.S. EPA) ha g World Health Organization (WHO) fia1tvindu 1.3

[ a

adnsusedns lnewduiges | waninsilasullasdyaiagossawudludnuay ON-OFF

)

(%
= Y [

Snsanansadangmavdoudandifeatuiudifenns dsamnsodunanisalivdsunda
l§fenddn dsluanavanduives tiinnslneeniuniulesouneiuns UsInezney
Tulnsiau 3 eznoulardznaNoNBALTaIMYAISURlA 1 92Rall MLBUATASEILUU cation-
dipole interaction. 1A NgIAAUlLNTRANALLAMAYANIAGUIUNTANELAIZIARDE
Tugannuenrduiilngsulstsn Seindsouiuazasnsatifugesiduaseilailuly
asviavsunallossunawndugad HepG2 Juduwaduzdeiuly
ansvigeasawunduges - Il - aziinsdenlyvigeslsvesulin  fluorescein
monoaldehyde u1vufAseiulelelunesvlin  2-Aminophenylboronic acid pinacol
ester Faflmudumzianzasielossungeslsige WeiSsuifisuiulessusuniudug 1éun
TBAF  TBACL TBABr TBAI TBASCN uaz TBAOAC laguansdeaunisnsiadulossu
anaiiéé’hsjmiLﬁwﬁumaﬁmmmmsﬁaaLLaquaaLiamwﬁ (3¥uu ON-OFF fluorescence
signal) uazléen detection limit v9sn1smsr93nloooungeslsdiisn winfu 6.37 uM wie 121
ppb  BsflAdninnasgiuresmaananglsluas asdnseunsielan (WHO) firmuslyid
Uninalessungeslsfnsguluinduldgeanldiiu 1.5 Gedndusiedns uazesdnsiving
Awandououdnt (US-EPA) fimstiinailossungeslsdunsgniluhiulfgeaaliifiu 4.0

I a

fiadnusiedns uenanilllevgesisawuiidugesiuiulessungeslsd ssuaninsiaeud
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485
515

121
6.37
0.31

1.4 x10° M

1:2
5-1200

Andeg - lalulid

Ine@ugesianueil  Idnanmiiieneiiazanunsaimuinesendugunsaingiain

lopaunauninazngeslsdlunipauuviseynyadeuegtilalusuAnlasdauisaunn

UseynAldnudieg19a1nsssuyfla






92

gunsaluazasiadl

1.

gunsal

1.1
1.2
13

1.4

1.5

1.6
1.7
1.8
1.9
1.10
1.11
1.12
1.13
1.14

1.15
1.16
1.17
1.18
1.19
1.20

1389 Nuclear Magnetic Resonance 300 MHz: Bruker 300

1389 UV-visible spectrometer: HP-8453

1304 Fluorescence spectrometer: Perkin Elmer Luminescence spectrometer
model LS-50B

\A394 Fluorescence spectrometer: Perkin Elmer Luminescence spectrometer
model LS-55

1399 Mass spectrometer: ESI-FT-ICR (High resolution) Bruker BioAPEX 70e
spectrometer

A3 Rotary evaporator: Buchi Rotavapor R-114

Lﬂ%lad Vacuum pump: Tokyo Rikakikai Co., Ltd. model A-3S

1384 Hot air oven: Binder model ED115 (E2)

\3esdsasiBun (aflow 4 fuvtia): Denver instrument model S-234
\3esdsasiBun (aflow 4 dauvitia): Mettler Toledo model AB204

A384 Hotplate and stirrer: Framo model M21/1

Micropipette: Finnpipette, HH10711 941 1-10 pL

TLC Silica gel 60 Fysq4 aluminium sheet, Merck

Silica gel 60 F,s, containing gypsum @3U preparative thin layer
chromatography, Merck

qﬂmaﬂﬁm%’mm’%ammu preparative TLC: Desaga Brinkmann

N3¥A1BNTEN: Advantec YHIALEUAIUAUENA1T 110 mm

N3A1ENTO8: Advantec YUIALEUHIUALENAI 70 mm

iSeaufiugiu

ﬁﬂﬂ’i@x‘iLLUUﬁ@ﬂ’J’]Mﬁu

Clamp Wag Clamp Holder
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2.1

2.2

23

2.4

2.5

2.6

2.7

2.8

2.9

2.10
2.11
212
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
2.21
222
2.23
2.24
2.25
2.26
2.27
2.28
2.29
2.30

Acetonitrile: LAB-SCAN

Ammonium acetate: AR/ACS (M,, = 77.08 g¢/mol)

Anhydrous sodium sulphate, BDH

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

Barium acetate, Sigma-Aldrich (M,, = 255.43 ¢/mol)

Boron trifluoride etherate: ACROS (48%, M,, =141.93 ¢/mol )
Bromoacetyl bromide: Sigma-Aldrich (> 98%, M,, = 201.84 g/mol))
1-Butanol: BHD

Cadmium acetate dihydrate, Fluka (M,, = 266.52 ¢/mol)

Calcium acetate, Fluka (M, = 158.17 ¢/mol)

Chloroform-d (contains 1% v/v of TMS): Sigma-Aldrich (99.8 atom %D)
Chloroform: LAB-SCAN

Cobalt acetate tetrahydrate, Fluka (M,, = 249.09 ¢/mol)

Copper acetate monohydrate, Fluka (M,, = 199.65 g/mol)
Cysteamine hydrochloride: Fluka (= 97.0 %, M, = 113.61 ¢/mol)
Deionized water: Departmentment of chemistry, Silpakorn University
Deuterium oxide-d2: Sigma-Aldrich (99.99 atom %D)
Dichloromethane (distillation)

Dichloromethane (for analysis): MERCK (99.8 %)

Diethylamine: Fluka (d = 0.707 ¢/mL, M,, = 73.14.¢/mol)
N,N-Diisopropylethylamine: Sigma-Aldrich (> 99.0%, M,, = 129.24 g¢/mol)

N,N-Dimethylformamide, Sigma-Aldrich (d = 0.944 ¢/mL, M,, = 73.10 ¢/mol)

Dimethylsulfoxide-dé: Wilmad (99.9 atom %D)
Ethanol (distillation)

Ethanol (absolute for analysis): MERCK
Ethylacetate (distillation)

Fluorescein standard: ACROS (M,, = 332.30 g¢/mol)
Hexane (distillation)

Hydrochloric acid: HCl (Mw = 36.46 g/mol)

Iron acetate, Fluka (M,, = 232.98 ¢/mol)
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231
2.32
2.33
234
2.35

2.36
2.37
2.38
2.39
2.40
241
242
243
244
2.45
2.46
2.47
2.48
2.49
2.50
2.51
252
253
2.54
2.55
2.56
2.57
2.58
2.59
2.60

Lead acetate, Carlo erba (M,, = 235.29 ¢/mol)

Lithium perchlorate trihydrate: Strem chemical (99 %, M,, = 311.30 g¢/mol)
Magnesium acetate tetrahydrate, Sigma-Aldrich (M,, = 214.46 ¢/mol)
Manganese acetate tetrahydrate, Fluka (M,, = 245.09 ¢/mol)
Manganese perchlorate hexahydrate: Strem chemical (99 %, M,, = 253.84
g/mol)

Mercuric acetate, Fluka (M,, = 318.68 g/mol)

Mercuric perchlorate hydrate: Sigma-Aldrich (98 %, M,, = 372.06 ¢/mol)
Methanol (distillation)

Methanol (for analysis): MERCK (99.9 %)

Methanol-d4: Cambridge Isotope Laboratories, Inc.(99.8 atom %D)
4-Methoxyacetophenone: Fluka (= 99.0 %, M,, = 365.69 ¢/mol)
Nickel acetate tetrahydrate, BHD (M,, = 248.84 ¢/mol)

Nickel perchlorate hexahydrate: Fluka (> 98.0 %, M,, = 365.69 g¢/mol)
Nitric acid

3-Nitrobenzaldehyde: Fluka (= 95.0 %, M,, = 150.17 ¢/mol)
Nitromethane: Fluka (= 98.0 %, M,, = 61.04 ¢/mol)

Palladium acetate: Sigma-Aldrich (M,, = 224.49 g/mol)
Palladium-charcoal activated hydrogenation catalyst: Merck (10% Pd)
Potassium acetate: KC,H;0, (Mw =98.14 g/mol), Fluka

Potassium bromide: KBr (Mw.= 119.002 g/mol), Merck

Potassium chlorate: KClOs (Mw = 122.55 g/mol), Fluka

Potassium chloride: KCl (Mw = 74.5513 g/mol), Fluka

Potassium cyanide: KCN (Mw = 65.12 g¢/mol), Fluka

Potassium fluoride: KF (Mw = 58.0967 g/mol), Fluka

di-Potassium hydrogen Phosphate: K,HPO, (Mw = 174.2 g¢/mol), Fluka
Potassium hydroxide: Fluka (M,, = 56.11 ¢/mol)

Potassium iodide: KI (Mw = 166.003 g/mol), Ajax

Potassium nitrate: KNO; (Mw = 101.1032 ¢/mol), Merck

Potassium sulfate: KSO, (Mw = 174.259 ¢/mol), Merck

Pyridine: CsHsN (Mw = 79.10 g¢/mol)
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261
2.62

2.63
2.64
2.65
2.66
2.67
2.68
2.69
2.70
2.71
212
2.73
2.74
2.75

2.76
277
2.78
2.79

95

Silica gel 60 (0.063-0.200 mm) @1%15U column chromatography, Merck

Silica gel 60 F,s5, containing gypsum &@113U preparative thin layer
chromatography, Merck

Silver acetate, Acros (M,, = 166.91 ¢/mol)

Silver perchlorate monohydrate: Strem chemical (99 %, M,, = 207.32 ¢/mol)
Sodium acetate, Fluka (M,, = 82.03 ¢/mol)

Sodium bicarbonate: Sigma-Aldrich (M,, = 84.01 ¢/mol)

Sodium borohydride: Sigma-Aldrich (M,, = 37.83 g¢/mol)

Sodium chloride (M,, = 58.5 ¢/mol)

Sodium hydroxide: Fluka (= 98.0 %, M,, = 40.00 ¢/mol)

Sodium methoxide: Fluka (= 98.0 %, M,, = 54.02 ¢/mol)

Sodium perchlorate: Fluka (98 %, M,, = 82.03 g/mol)

Sodium sulfate anhydrous: Sigma-Aldrich (99.0 %)

Sulfuric acid, LAB-SCAN (98% w/w, 1.84 ¢/mL, M,, = 98.08 g¢/mol)
Tetrahydrofuran (Analytical reagent; A.R.): LAB-SCAN (99.8 %)
1,2,3,3-tetramethyl-3H-indoliumiodide: Cj,HgIN (Mw = 301.17 ¢/mol), Sigma-
Aldrich Chemistry

Triethylamine: Ridel-de-Haen (99 %, d = 0.73 ¢/mL, M,, = 101.19 ¢/mol)
Tris(hydroxymethyl)aminomethane buffer, Sigma-Aldrich (M,, = 121.41 ¢/mol)
Zinc acetate dehydrate, Fluka (M,, = 219.51 ¢/mol)

Zinc perchlorate hexahydrate: Sigma-Aldrich (M, = 372.36 ¢/mol)
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se¥ednuste
Ade ALY
OX fluorescence quantum yield
°C degree celsius
A wavelength
pL microlitter
UM micromolar
AAS atomic absorption spectrometry
anh. anhydrous
br board (NMR spectroscopy)
CH,CL, dichloromethane
BC NMR carbon 13 nuclear magnetic resonance
spectroscopy
d doublet (NMR spectroscopy)
dd doublet of doublet (NMR spectroscopy)
DFT density functional theory
DI deionized
DMSO dimethyl sulfoxide
DNP double numerical polarization
U.S. EPA United States Environmental Protection Agency
Ebing binding energy
em emission
eq. equivalent
EtOAC ethyl acetate
EtOH ethanol
ex excitation
FDA Food and Drug Administration
PET Photoinduced Electron Transfer

h hour
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HCl hydrochloric

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid

'H NMR hydrogen nuclear magnetic resonance
spectroscopy

H,O water

HOMO the highest occupied molecular orbital

HR-MS high resolution mass spectrometry

Hz Hertz

ICP-AES inductively coupled plasma-atomic emission
spectrometry

J coupling constant (NMR spectroscopy)

Kassoc association constant

KoCO4 potassium carbonate

LUMO the lowest unoccupied molecular orbital

M mass (mass spectroscopy)

M molar

m multiplet (NMR spectroscopy)

MeOH methanol

min minute

mL milliliter

mmol milli-mole

MW molecular weight

m/z mass to charge ratio (mass spectroscopy)

NaCl sodium chloride

NaOMe sodium methoxide

NaOH sodium hydroxide

Na,SOq4 sodium sulfate

EtsN triethylamine

nm nanometer

OSHA Occupational Safety and Health Administration
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part per billion

part per million

quartet (NMR spectroscopy)
flow rate

singlet (NMR spectroscopy)

triplet (NMR spectroscopy)

tetrahydrofuran

volume by volume

weight by volume
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Near-infrared aza-BODIPY fluorescent probe for
selective Cu?* detection and its potential in living
cell imagingf¥

Yordkhuan Tachapermpon,? Sopida Thavornpradit,® Adisri Charoenpanich,®
Jitnapa Sirirak,® Kevin Burgess 2 © and Nantanit Wanichacheva {2/ *?

A near-infrared (NIR) fluorescent sensor 1 composed of an aza-boron-dipyrromethene (aza-BODIPY)
core covalently bound to two di-2-picolylamine moieties was conceived for Cu?* detection in aqueous
solutions. Spectroscopic properties and binding abilities with several metal ions were investigated in phos-
phate buffered saline (pH 7.4): acetonitrile (95:5 v/v) with Triton X-100 via fluorometric titrations. The
fluorescence of sensor 1 was quenched selectively by cupric ions in the presence of alkali- and
transition-metal-ions. A detection limit of 13 ppb was measured for this system, and this is significantly
lower than permissible levels of Cu?* in drinking water according to the guidelines described by the U.S.
Environmental Protection Agency (EPA) and by the World Health Organization (WHO). Application of the

rsc.li/dalton

Introduction

Copper is an essential trace element in all biological systems
and it is particularly important for the functions of several cel-
lular enzymes." However, copper pollution has become more
widespread due to the increase in the use of Cu-containing
materials in industry and agriculture,” and excessive accumu-
lation of Cu®" in humans is associated with several neurode-
generative diseases such as Menkes syndrome, Wilson’s
disease, and Alzheimer’s disease.’

Methods_for the quantitative detection of Cu®' include
atomic absorption spectroscopy. (AAS),* electrochemistry,”
inductively ‘coupled plasma-atomic emission spectrometry
(ICP-OES),°® and inductively coupled plasma mass spectroscopy
(ICP-MS).” Most of these techniques require sophisticated
instruments, specially trained operators, and significant time
to perform; these factors limit their applications for on-site
and real-time detection.

Fluorescence-based techniques are not constrained in the
same ways as many other methods for the quantitative detec-

“Department of Chemistry, Faculty of Science, Silpakorn University,

Nakhon Pathom 73000, Thailand. E-mail: ichach i il.com,
wanichacheva_n@su.ac.th
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TX 77842, USA

tElectronic supplementary information (ESI) available. See DOI: 10.1039/
¢7dt03481d
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sensor in detecting Cu?* in HepG2 cells was demonstrated.

tion of Cu®*; hence there is considerable interest in this area;
indeed, fluorescent probes for Cu** based on carbazole,® rho-
damine,’ fluorescein,'® pyrene'' and naphthalimide'? have
been prepared. Unfortunately, most of these Cu*'-sensitive
probes have excitation or emission maxima that overlap with
fluorophors in biological samples; this leads to lower signal-
to-noise and damage to living cells on illumination. Thus for
many applications, fluorescent sensors should optimally
absorb/emit in the red/near-infrared (NIR) spectral region
(650-800 nm) where cellular autofluorescence is minimal
and for which light penetration into biological tissues is
deeper.

In this work, we aimed to develop a Cu®' near-infrared
(NIR) fluorescent sensor based on aza-boron-dipyrromethene
(aza-BODIPY) fluors. Aza-BODIPYs have strong absorption and
emission in the near IR region, large molar extinction coeffi-
cients (¢) and tend to permeate living cells.'” However, aza-
BODIPY-based fluorescent probes, especially cation-chemo-
sensors, are rare,'* possibly because they are hydrophobic and
poorly water soluble. However, we hypothesized that using aza-
BODIPY scaffolds to support di-2-picolylamine fragments was
an attractive strategy for two reasons. Firstly, di-2-picolylamine
fragments tend to interact strongly with Cu®".'> Secondly,
these highly hydrophilic moieties might compensate for the
poor solubilities of aza-BODIPY dyes in aqueous media.
Consequently, the NIR probe 1 was conceived for its potential
to detect Cu®" in aqueous media via excitation and emission
detection at wavelengths that are conducive to imaging biologi-
cal samples (Fig. 1).

Dalton Trans., 2017, 46, 1625116256 | 16251
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Fg. 1 Structure of sensor 1.

Results and discussion

Sensor 1was synthesized as described in Scheme 1. The photo-
physicd properties of 1 were investigated in 5 mM phosphat
buffered sdine {PBS) {pH 7.4):acetonitrile {95:5 wW) with
05% Triton X-100 by UVwisible and fluorescence measure-
ments. Triton X-100 was added into the solution system as a
surfactant to improve the solubility of 1 in buffer. The absorp-
tion spectrum of 1 exhibited maximum absorbance a 680 nm
{£=5.18 x 10*M " cm ™), whereas the fluorescence spectrum
showed a long fluorescence emission wavelength in the near-
IR region, approximately at 717 nm as shown in Fig.2a.

Sensitivity studies of 1 were determined by fluorescence
spectroscopy {Fig. 2b). Sensor 1 without ou?* demonstrated
strong fluorescence at 717 nm upon excitation at 650 nm in
5 mM phosphate buffered sdine {PBS; pH 7.4):acetonitrile
{95:5 viv) with 0.5% Triton X-100. Progressive quenching of
the fluorescence of sensor 1 was observed when a solution of 1
was gradudly titrated with Cu®". Complete “ON-OFF" fluo-
rescence switching of 1 is dtributed to the paramagnetic pro-
perties of Cu? {unfilled d-shell of Cu?") causing strong fluo-
rescence quenching through electron transfer.’®

The effect of coexisting anions on the fluorescence response
of 1to Cu?" was studied using acetate, perchlorate, nitrate and
chloride salts. The results showed that although there were

3
o o =
" KeM e O & O kg KL ®
= N W T Y
Ho, o no 5w
s e

3% s

[T e [Nt

AT PLOH @,\ 4
i S
A 1 FFm AR OR,

; Q @ o

¥

Scheme 1 Synthesis of sensor 1.
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Fig.2 @) and ission spect 1GD pM)in
5 mM PBS buffer (pH 7.4): acetonitrile 95:5 v/v) with 0.5% Triton
X-100. (b) Auorescence emission spectra e= 650 nm) of 1 G.0 pM)in
5 mM PBS buffer (pH 7.4):acetonitrile 05:5 viv) with 05% Triton
X-100 as a function of [Cu']; a D M, b: 0.33 M, c: D67 M, d: 1.0 M,
e 133 pM, f: 167 pM, g: 233 pM, h: 3 pM, - 367 M, j: 433 pM,
K50 pM, I:567 M, m: 633 M.

coexisting anions in the solution of 1, the fluorescence
quenching of 1 upon the addition of cu? was observed. The
best sensitivity of 1 for Cu® sensing was found when the
anion was acetate {(ESl, Fig. SB1).

In addition, the effect of pH in the range of 4-10 on the
sensitivity of 1 was investigated and the results are shown in
the ESI {Fig. $101). The optimum sensitivity of 1 was found a
pH 5.0-7 4. In our work, the sensitivity and selectivity studies
of 1 were performed in PBS buffer & pH 7.4 in order to illus-
trate that 1 can be applied for the determination of Cu? at the
pH of physiological and biologica samples.

A detection limit of 0.2 pM or 13 ppb was determined for 1
sensing o {from 3SD per slope"), This limit is sufficiently
low for the detection of Cu? in dietary and environmentd
sources since it is lower than the maximum allowed levels of
©u?" in drinking water, specified by the WHO (2.0 ppm) and
the US EPA{13 ppm),“md comparable or lower than other
recently reported Cusensors™> as shown in Table 1.
However, the known cu?"sensors that gave lower detection
limits operated in the visible region or lacked selectivity.

A Job’s plot analysis of emission fluorescence at 717 nm as
a fundtion of the molar fractions of 1 {up to a tota concen-
tration of 10 pM) was performed to ascertain the 1 o Tt
binding stoichiometry. Maximad fluorescence intensity was
observed at a mole fraction of 1 of approximately 033 {Fig. 3),
which indicated the existence of 1:2 stoichiometry between 1
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Table 1 Companison of the recently reported Cu®* sensors

Paper

Nse 0 O
A

CQu?sensor  Working system AoiAam (NM) Detection limit (M) Interfaence  Ref.

A HEFESbuffer (20 mM, pH 7.4) 442/458, 567 1x 1077 (6.3 ppb) None (2015)"
B TrisHO buffer (50 mM, pH 7.2) 370/508 1.3 x 1077 (8.6 ppb) 01>
[ CHALN 365/475 43x10°(27ppm) Zn> {2015
D CHLONMHO(1: 1wv) 310/410 1.0 x107°(0.63ppm) None (2015
E PBS(10mM, pH 7.5, 20% CH3CN) 365/555 25x10°%(0.16ppm) Fe™* {2016y
F BOHMH,0(1:1 v, pH 7.0) 530/554 7.0 x 1077 {44 ppb) Fe** {2015
G PBS+0.1% QL (pH 7.4) 697/— No ddta None {2015
Sensor 1 PBSbuffer (5 mM, pH 7.4, 5% CH3CN) + 0.5% Triton X100  650/717 21 x1077(13 ppb) None Thiswork

o
0 01 02 03 04 05 06 07 08 09 1
mole fraction of sensor (X))

Fg. 3 Job's plot andysis of 1 with the Cu®* complex in 5 mM PBS
buffer (pH 74): acetonitrile (95 : 5 viv) with 0.5% Triton X-100 solutions
(A= 650 nm). The tatd concentrations of 1 and Cu?* were 10 pM.

and Cu® ions. As expected, two Cu”" ions were chelated a the
two units of DPA moieties, which contained three nitrogen
atoms and were electron donors which were suitable for a
strong interaction with Cu? via favorable dedrostatic inter-
action. Based on this Jbb’s plot, the association constant
{Kasod) Of 1-Cu®* was evaluated by the Benesi-Hildebrand
plot,® assuming a1:2 ratio of 1:Cu”=32 x 10" M2

Fig. 4 illustrates optimized structures of 1 and the 1:Cu*
complex obtained at the DFT-B3LYP level with 6-311G** for
main group elements and LanlL2DZ for o in water with
IEEPCM . The starting structure of the 1:u% complex was
designed using a 1:2 ratio of sensor to Cu? from .Jbb’s plot
results. A complex formation energy of —272 64 kcad mol "was
obtained. Interestingly, the amide carbonyl oxygen aom of the
carbonyl groups served as one of the binding sites of the
sensor to Cu® with distances of 219 A and 2.20 A for each

Thisjoumd is€ The Roya Sociely of Chemitry 2017

Fig. 4 Optimized structures in water using the Gaussian 09 program.
(@ 1, cadculated with the B3LYP/6-311G** basis set and () 1: 2 complex
formaion of 1:Cu?*, cdculated with B3LYP/6-311G** and Lanl2DZ for
[T
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Cu®" ion. Moreover, HOMO, LUMO and the HOMO-LUMO
energy gap of 1 and 1:Cu”* complexes were explored and are
shown in Fig. S11.}

Selectivity studies were performed from the fluorescence of
1 as a function of several metal ions, Cu**, Hg*", Pb>*, Ag",
an+Y Baz+7 Caz+, COB, Fe'”, andr7 Na*, Ni2+, K+, Mgz+ Fez+7
cd*, A" and Cr**, in phosphate buffered saline (PBS; pH 7.4) :
acetonitrile (95:5 v/v) with Triton X-100 solution. The fluo-
rescence of 1 was quenched by Cu®" (see above), but not by the
other metal ions (Fig. 5a). These data indicate that the nitro-
gen atoms of di-2-picolylamine connected to the aza-BODIPY
fluorophore provided stronger binding affinity towards Cu**
compared to the other ions under these solvent conditions.

To investigate the Cu®" selectivity of 1 in the background of
competing ions, the fluorescence signals of 1 in the solutions
of Cu®" with 1 or 10 eq. of other ions were observed and are
shown in Fig. 6. The results showed that there was a relatively
consistent Cu*'-induced fluorescence quenching in both 1 and
10 equivalents of background competitive ions (23.3 pM each
of Hg?", Pb**, Ag", Zn**, Ba®", Ca*", Co*", Fe*’, Mn**, Na’, Ni*",
K', Mg*', Fe*', cd*, AP’* and Cr*') and Cu*" (2.3 pM). The
selectivity of 1 for Cu®* over Hg>" and Zn*' is notable because
all three ions tend to have similar complexation behavior.

The high Cu®"-selectivity of 1 was illustrated by chromo-
genic changes as well as the fluorogenic ones. The green fluo-
rescence of 1 disappeared when Cu*" was added to the PBS
buffer solutions, while interfering ions such as Hg*', Pb*',
Ag', Zn*", Ba*, Ca*, Co*', Fe’*, Mn*, Na’, Ni*, K", Mg*’,

*, €d**, A**, and Cr’* still showed strong emission under
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Fig. 5 (a) Fluorescence spectra (lex = 650 nm) of 1 (5.0 uM) with the
addition of Cu?*, Hg?*, Pb?*, Ag*, Zn?*, Ba®*, Ca®*, Co?*, Fe**, Mn?*,

a*, Ni2*, K*, Mg?*, Fe?*, Cd?*, Al®* and Cr** (5.0 uM). (b) Normalized
emission intensity (717 nm) of 1 (5.0 pM) versus the concentration of
various metal ions.
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Fig. 6 ~Competitive experiments of 1~Cu?* (lem = 717 nm) in 5 mM PBS
buffer (pH 7.4) : acetonitrile (95:5 v/v) with 0.5% Triton X-100 (lex =
650 nm). (a) [1] = 5.0 pM, [Cu?*] = 2.33 UM and [M"™*] = 2.33 M, (b) [1] =
5.0 UM, [Cu?*] = 2.33 pM and [M"*] = 23.3 pM. The error bars represent
the standard deviation.
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Fig. 7 (a) Fluorescence change and (b) chromogenic change of 1
(24 pM).in 5 mM PBS buffer (pH 7.4) : acetonitrile (95:5 v/v) with 0.5%
Triton X-100 solutions upon the addition of various metal ions of Cu?*,
Hg?*, Pb?*, Ag*, Zn?*, Ba?*, Ca®*, Co?*, Fe3*, Mn®*, Na*, Ni?*, K*, Mg?*,
Fe?*, Cd?*, Al**, and Cr®* (40 pM).

UV light (Fig. 7a). The addition of Cu®" to the buffer solutions
of 1 demonstrated that the color changed from green to light-
green, which were easily visualized as shown in Fig. 7b.

The following experiments were performed to test the
sensors in live cells. HepG2 cells (liver hepatocellular carci-
noma) were incubated with 1 (50 pM) for 4 h at 37 °C in
growth media, under physiological pH conditions. In the
absence of additional Cu?*, there was intense intracellular
fluorescence upon excitation in green and blue channels
(Fig. 8a) which confirmed that 1 was cell-permeable. When

This journal is © The Royal Society of Chemistry 2017
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Fig. 8 Bright field and fluorescence images in the green and blue chan-
nels of HepG2. The fluorescence image of cells incubated with 1 (50 pM)
at 37 °C growth media (10% DMSO) in each concentration of Cu(OAc);:
(a) 0 uM, (b) 20 uM, (c) 50 pM, respectively.
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HepG2 cells were pre-incubated in Cu®* (20 pM and 50 pM) for
1 h prior to 1 exposure, the fluorescence intensities in the
green and blue channels were quenched and showed weaker
fluorescence from the intracellular area (Fig. 8b and c). This
result clearly demonstrated that 1 could detect Cu** and had a
good potential for tracking Cu*' in living cells.

Experimental
Materials and instrumentation

The reagents and solvents were obtained from Sigma-Aldrich
Corporation and were used as received. The acetate salts were
purchased from Strem Chemicals, Inc.

NMR spectra were obtained by using a Bruker Avance 300
spectrometer operating at 300 MHz for 'H and at 75 MHz for
C in CDCl; and DMSO. HRMS results were carried out by
using a Thermo' Electron LCQ-DECA-XP, electrospray ioniza-
tion ion trap mass spectrometer. UV-Visible absorption spectra
were obtained by a single beam Hewlett Packard 8453 spectro-
photometer. Fluorescence emission spectra were determined
by a PerkinElmer Luminescence spectrometer LS 55 with exci-
tation and emission slit widths at 10.0 nm. The scan rate was
300 nm min~".

Cell culture and fluorescence imaging

The HepG2 (liver hepatocellular carcinoma) cell lines were pro-
vided by the Department of Biology, Faculty of Science, Silpakorn
University (Thailand). HepG2 cells were incubated with 50 pM 1
in growth media (10% DMSO), for 4 hours at 37 °C. Cells were
washed twice in PBS followed by 1 hour of incubation at 37 °C in
PBS with no copper or 20 pM or 50 pM Cu(OAc),.

This journal is © The Royal Society of Chemistry 2017
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Syntheses of compounds 3-6

The title compounds were prepared in the same manner as in
the previous report.”’

Synthesis of compound 2

Dried triethylamine (0.2 mL, 3.4 mmol) was added to the solu-
tion of compound 3 (73 mg, 0.1 mmol) in 8.0 mL dried aceto-
nitrile. The solution was stirred and cooled down at 0 °C for
15 min under an argon atmosphere. Then, bromoacetylbro-
mide (0.1 mL, 1.2 mmol) was added into the reaction and
stirred at room temperature under an argon atmosphere. The
reaction was followed by TLC. After completion, the solvent
was removed by a rotary evaporator. The residue was dissolved
in dichloromethane (30 mL) and extracted with sat. NaHCO;
(30 mL x 3) and brine (20 mL). The organic phase was dried
over anhydrous Na,SO,. The dichloromethane was removed
under vacuum. Finally, the crude product was purified by pre-
parative thin layer chromatography using CH,Cl,:EtOAc
(95:5, Re = 0.45) to provide compound 2 (32 mg, 68%) as a
dark green solid; "H NMR (300 MHz, DMSO-d): & 3.95 (s, 6H),
4.16 (s, 4H), 7.21 (d, J = 9.0 Hz, 4H), 7.54 (t, J = 7.8 Hz, 4H),
7.73 (d, J = 7.8 Hz, 2H), 7.97 (d, J = 7.2 Hz, 2H), 8.24 (d, J =
9.0 Hz, 6H), 10.61 (s, 2H) ppm; *C NMR (75 MHz, DMSO-d,):
5 30.8 (2CH,), 56.1 (2CH,), 115.0 (5CH), 120.3 (2CH),
120.8 (CH), 121.2 (2CH), 123.6 (2C), 125.7 (2CH), 129.7 (2CH),
132.3 (4CH), 132.8 (2C), 139.3 (2C), 142.7 (2C), 144.9 (2C),
157.9 (2C), 162.5 (2C), 165.4 (2C) ppm; HR-ESI MS caled
for C;sH3(BBr,F,N;O,Na" (M + Na)" 852.0603 m/z, found
852.0612 m/z.

Synthesis of sensor 1

Di-2-picolylamine (0.1 mL, 0.7 mmol) was added to the solu-
tion of compound 2 (100 mg, 0.1 mmol), N,N-diisopropyl-
ethylamine (0.3 mL, 2.2 mmol) in dried N,N-dimethyl-forma-
mide 5.0 mL. The solution was stirred for 5 h at room tempera-
ture under an argon atmosphere. The solvent was removed by
a rotary evaporator. The residue was dissolved in dichloro-
methane (30 mL) and extracted with sat. NaHCO; (30 mL x 3).
The organic phase was dried over anhydrous Na,SO,. The
solvent was removed under vacuum. Finally, the crude product
was purified by preparative thin layer chromatography using
CH,Cl,:MeOH (90: 10, R = 0.5) to provide sensor 1 (62 mg,
47%) as a dark green solid; "H NMR (300 MHz, CDCl,): § 3.52
(s, 4H), 3.90 (s, 8H), 3.93 (s, 6H), 7.14 (m, 12H), 7.34 (m, 4H),
7.55 (t,J = 6.0 Hz, 4H), 7.78 (d, ] = 7.8 Hz, 2H), 7.88 (d, ] = 8.4
Hz, 2H), 8.14 (d, ] = 6.0 Hz, 4H), 8.27 (s, 2H) 8.56 (d, = 4.8 Hz,
4H), 11.10 (s, 2NH) ppm; "*C NMR (75 MHz, CDCL): § 55.4
(2CH3;), 58.9 (2CH,), 60.2 (4CH,), 114.3 (4CH), 118.8 (2CH),
120.2 (2CH), 120.6 (2CH), 122.4 (4CH), 123.2 (4CH), 124.1 (2C),
125.1 (2CH), 127.8 (2C), 128.9 (2CH), 129.9 (2C), 131.7 (4CH),
132.9 (2C), 136.5 (4CH), 139.0 (2C), 143.2 (2C), 145.3 (2C),
149.2 (4CH), 158.1 (2C), 162.0 (2C), 170.1 (2C) ppm; HR-ESI
MS caled for Co,Hs55BF,N;;0,” (M + H)" 1066.4494 m/z, found
1066.4491 m/z.
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