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I3 4. Structure of indolizino [3,2— ¢] quinoline and various

normalized fluorescence spectra
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9 5. Intracellular imaging of IQs compared with lysotracker
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1. Initial screening of indolizino[3,2—
c] quinolines

Ra

R, R, D—CHO or RCHO R, R,
Y FeCly, (0.2 equiv) Z = or
RSN CH,Cl, RSN Y
H,N 60°C,16 h =N
1 45~83 %

1QB27: R=Et, Ry=H, Ry=COOCHg, Rg=H 1Q111 X=S, R4=H, Ry=H, Rg=H, R,=CI
1Q18: X=0, R1=CHg. Ry=H, R¢=H, Rs=H
1Q21: X=NH, R4=H, R,=COOCH¢, R¢=H, R4=H
1Q25: X=0, R4=H, Ro=H, R¢=Br, Rs=H
1Q421 X=S, Ry=H, Ry=H, Rg=H, R,=H
1Q44, X=S, Ry=H, R;=COOCH¢, Re=H, Rs=H
1Q521 X=S, Ry=CHg, Ry=H, R¢=H, R4=H
1Q531 X=0, Ry=CHg, Ry=H, R¢=H, R4=CI
1QB28) X=0, R4=H, Ry=COOCH¢, Re=H, R4=H

Scheme 1. Synthesis of indolizino [3,2— ¢l quinoline derivatives

2 Ao = 7] HRHYW ¢eFst indolizino [3,2— ¢l quinoline
S =AEP0] fluorescent metal sensorz FLE 5 Q=X dolr 7]
a4, scheme 1S Ea|4 ¥ E-ringol 5282 heterocycleS
Zh= FEASES AFESHAYE E-ringoll heteroatom®] £Aj3tthH, C—

ring®l] £48H= quinoline moiety 2] nitrogen®} &7 chelating unit©.=

A§T 5 9L Aolekn stk



1.1 Metal screening in H,O
718 HRE FEE 9 AMES f718eA FEdve AL
AUTh wEbA dAd 22 Al Alse 8 AHo] PR #7]gvlol A
&3l fluorescent metal sensor EAEFS A5 olElst A|ge
Aol AREE itk weEbd FR =

fluorescent sensor® &3k ¢ Q& EHo] QA otrr] e

Nl A =

WA g Aol A screenings FIWBIATE AP ANA] WA A
indolizino [3,2—clquinoline®] =% d©ole & Az EAHE0]
TEHX  HoF= absorbance spectrum= Fal3ke]  absorbance
ol 7Hd =2 3PS excitation 3PHO®E  AFE-3SITE Sreening©ll
AFESE 1Q F A5 E-ring®ll €48~ heterocycle® FFol wahA
Ui 4 21°m thiophene©] & IQ11, 1Q42, 1Q44, 1Q52, furan©]
#ololi= 1Q18, 1Q53, 1Q25, ~12]aL pyrrole] & 1Q21& AH-3IIth
w3l screeningoll= 77HA #4 o]& (Ag', Cd*Y, Co®f, Cu®', Fe’',
Mg”", Pb*") & ARg-3kSiT

TEHN|A  screenings s Ay AFESE  indolizino[3,2-
clquinoline F%A| 9714 B&F B4 Aol FF Al7]= wg ekshA

Uelbgth(2d S1-19 S7). =2 779 Zd¥E Ay urle] oA

1}

l

¢ %N

AdutA 07 &Aoo halogend4(Cl, Br)7F = A5 7] 239 IQ

EEPANAY FPo] tE FmAE wE o @2 3F AE

F

Ho]Fth E-ring®ll thiopheneo] 3= -9 HU; furan®] EASH=
fFEAEe] 2o 22 Y S UERith Q112 Ag', Cd*', Co®’, Cu*”

Fe’, Mg®", Pb*" AHEst RE S5l disix Fgo] Fasts RES

\e)



BolFr AduAds HoFA Xaelth 1Q42« TVH a5= T oW
o el = WskE vebA ekodth 1Q44= AAl FEE DWellA
25 7kt BES HolRANL Cd¥, Cu®’, Fe', Pb*' & A7bebale
o 2 FFo T HoFHh 1 FolME FeltelA 1 F7kEo]
n]-- FA vERETh 1Q52% kel IQ11WHI o] thro w4 o]
e Aol glol &del ZAskqltt 1Q182 1Q52¢14 thiophene©]
furan® 2 whpl Al 1Q52K Tt 252 w2 ¥ % Fe’, Cu™’,
po*fell dielA FFe] AE HolFolrh IQ53¥ 1Q25% olf %
ofZof thall deAde]l W& Holx sttt Pyrroles Zi= 1Q219] 7+
=4 AA e ggo] FEHelN FrledTt Aaskes Eae HERY]
el screening= X1 EHA] Aokt 1Q41(=1Q6) 2 1Q42¥1 2] d e}
ol o"|  Wzt: uEhA otk o’ AdE dlEgew
indolizino [3,2— ¢]quinoline =45 T ¥l 2] & FF # A9
HolF= 1Q18°] turn—off &3 AAM=E 2§

IQ44+= turn—on HHF A= =g

ol
30,
o
k!
i
E
i
O
N
X

EAE T o] F /A BES Agsih 18la 1Q18el tisiA =

B B

SM2H protic solvent™A F7]8mel ethanolelX 137F4] =%

o

]% (Ag+, Cd2+ ,C02+, CU2+, F62+, F63+, Hg2+, K+, Mg2+, Ml’l2+, Na+,
Pb?*, Zn®"H) e td metal screenings H3A3ATH Y S8). 1 AT
LANHT} ethanololA] o W37 34 Hols= AdE A& 4 Aot

aEreg ol% T ZHEo] 54 F5] thek fluorescent sensor®



1.2 Solvent screening

THH A screenings 3 F, AATE 1Q18, 1Q44°] 54 =5
ojZo gt FF AMEA 7P #F Aed F e s Glsy]
98t WA solvent screeningS 2133 TE 1Q182] 7% ethanololl A
o FF WslEFol A YERWZ] wiitel solvent screening A S
Bl o & £1E e Aol HaAnh Solventi= 67H4 (methanol,
ethanol, DW, dimethylformamide (DMF), dimethylsulfoxide (DMSO),
methanol¥} DW] 1:1 &3 solvent) Z AHgal3l o Fe' S w7 zx}
20972 Fe''Es W Ho| 335 47 SA

IQ18°4 solvent screeninge &3t Azts Ard DMFS}
DMSOZ2 aprotic solventellA= Fe?t H7b A3o] ojwst W=
AANA T, protic solvent® AEsH 4714 solvento| M+ EF FF9
77F YEth 4714 protic solvent SolAE IQ182 ¥F A717}

7V =9k ethanololld 2 F9] 9 27 Yepstt (1" 6).
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% 6. Solvent screening for select proper solvent system to
investigate the effect of Fe®*" on IQ18. The bold line is for IQ18 (2
M) and the dotted line is after the addition of Fe®* (40 «M); (a)
DMF, (b) DMSO, (c) DW, (d) ethanol, (e) methanol, (f) methanol:DW

(1:1) solvent.

IQ44% Fe''& W3S W 7P & ¥ekE HAFE e 37

—

#1814 solvent screeninge A3yt (18 7). 11 AyE AwrdA
DMFY} DMSOS2}F 78 aprotic solventollA& &332 Z7h) 7HA4ae) 4
A7 A3 Qle Ao 2 YEREA|RE protic solvent?] ethanol, methanol,
DW, T+ DWS$¢ methanole] 1:1%Z 4o+ solvent EFolA &
H3e Z7PF Yt ew o] F ethanolelld 7HE & 39 S
btk =3 DWelAl 5788 spectrume B 450 nmollAe] 33
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% 7. Solvent screening for select proper solvent system to
investigate the effect of Fe®" on IQ44. The bold line is for 1Q44 (2
#M) and the dotted line is after the addition of Fe®" (40 pM).
Spectra of 1Q44 and 1Q44"Fe®" was recorded after 30 sec and 5
min respectively; (a) DMF, (b) DMSO, (c) DW, (d) ethanol, (e)
methanol, (f) methanol:DW (1:1) solvent; Ae=440 nm, slit

width=3 nm/5nm.
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2. Ratiometric fluorescent sensor, IQ18

2.1 Absorption and fluorescence spectra

1Q18%} Fe’* Atolof A3 2rgof w2 WM3ls #2317] f&)A Fe' & 0
FFold 109 7HA H7kskdA  ole]  we}  WEksk= UV-vis
absorption spectrum} fluorescence spectrum= @&ttt UV—vis
absorption spectrum< AH R Fe’'2 Hrlshd &42 absorption
spectrum®] Wdhk= Zl& = 4 3U3en, 53] 400 nm oA
absorbance®] 7} wWo] A4S ol9t WHHE 461 nmolA]
absorbance¢] 7Fg =7 S7FelRtt (19 8a). UV—Vis absorption
spectrum®A 461 nme] absorbance’} AA ZF7lst= S Fe’t &

9} 34 Dplottingdr ZZE HW, Fel'rl 149 HrlE o)lz®

absorbancex=2] = Z7}7} ¢lo] saturation®] YEhsE AdE 9S8 4
AANTHIH 8b).
(a) (b)

0.25- 0.184

020 0.15-

g 461 nm g 0121

0.15+4

g 400 nm = go.os-

50,10 § 0.064

0.054 0.034

BT 1 LA L e e

350 400 450 500 550 600 650 0 2 4 6 8 10
Wavelength (nm) [Fe**1 /1 [IQ18]

1% 8. Changes in the absorption spectra of IQ18(10 M) (a),
absorbance of IQ18 (10 #M) at 461 nm as a function of Fe®*

concentration (b) in ethanol
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o]o]A] fluorescence spectrum® W3E A& TH Y 9). Fel 24

£ 4= absorbance®] #ZA3FAE 400 nmeolA excitation A7)+ A%,

&3go] rarF YeERTH(IE 9a). 53], 486 nmellA 7HE =0d F39]
AZ17F AR faeske Ae B o Ao, oF ouf FAsqith
absorbance®] &7}l 461 nmolA excitation A% 4% 471 nm%-E
700 nm7FA| fluorescence spectrum= =438l 3o FH F7lsh=
BES T S AT (2H 9b). FF T7h= 543 nmellA] 7 E

Al vebskom oF 118 S7tetlth st =4 dleld 53 a5 o] o
g Agow FFe Tk AavE Zol dEhr] diiel, 1Q18°]
ratiometric fluorescent sensorzhil oAkttt webd F 719 o 1
Aol A excitation AAA DL fluorescence spectrum % 486 nm, 543
nmolA el 83 & Fe" %9} 34 plottingdl] Rt (719 9¢). 1

Azt % ploto] A% BFE AAY s A3 92 5 99tk
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g g E 5
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410 435 450 485 510 535 560 585 610 600 850 600 650

Wavelength (nm) Wavelength (nm) [Fe™*]/ [1Q18]

% 9. Fluorescence emission spectra of IQ18 (2 xM) excited at
400 nm (a), 461 nm (b) and the fluorescence intensity of IQ18 at 486
nm and 543 nm (¢) in ethanol solutions with various amounts of Fe®*

(0—10 eq.).

2.2 Selectivity test

Fe¥*ol tist 1Q189] selectivityS E137] JallA] ole] &% o]&S
AHESE A9 ATt Fe''S 288 & 157149 34 o]&5 (Agh,
AP Cd*, Co?*, Cr**, Cu®, Fe*, Fe¥*, Hg®, K*, Mg®", Mn?*, Na*,
Pb**, Zn*") & AMEskTh @3 Al7] W3teko] 400 nmollA excitation
A o ZAshs 2ol 461 nmollA excitation AlZe o F7Fsh= A
Bt} 37] wjief oyl A& 400 nmeolA excitation AAA Z+z2He] &

& ol&2 ket S W dFo] HaskeA ARSI (1 10).

A7 Aeeln et 9o el nshy
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o] &o] Soizt A% FFo| Wiyt ZA Yehx Lottt B 5 Qlrh
Crotell HaiM % F32o] vt IA vepd olf+ o2 F 7HA ol
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2, 65 pmZA] A9 H|stths Aotk Crte d
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1Q18 and
1Q18 + FeZ*, Cd%, K*, Na*, Mg?*,
Ag*, Z 2+, Hg2+’ Mn2+' C°2+

g

1Q18 + Cu?*
1Q18 + Pb?*

1Q18 + Fe?*, Cr3*

Fluorescence intensity

450 500 550 600 650 700
Wavelength (nm)

(b)

15

o Bl 1Q18 (2 uM)+Metal (40 uM)

g

2

E 1.04

i

-

@

%a.s-

&

z

0.0
R AR A A A A A A T R
WA d P @@ ® TS E S A

1% 10. Fluorescence response of chemosensor IQ18 (2 x£M) in
the presence of Fe®" and other metal ions (40 M) in ethanol
solutions (a) and the normalized fluorescence intensity at 486

nm (b). Ae: 400 nm, Slit width = 3 nm/5 nm
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2.3 Competition test
1Q18¢] Fe'*oll thste] Cr''& A9IE vhe w2 o253t vy

28] AdEAo] ol sloz Wzl slef o]ojA 1Q187 Fe’™ o] Aol
Aol gt competition testE XAkt ol THE T o]&o]

4
N

HgFow EAsts 4% = Alole] Aol FAEHAY FhH=H dFe
slslr]l 915 Aotk IQ18L A AFIA A o]

ne

=4

il

ratiometric fluorescent sensor©]”] wWszoll 400 nm %= 461 nmellA]
excitation A|AA FFo] Wals A 5 Qlvh ek Fe''9 e 35
olxE= Ik Al mEHE S vFetAl vk = ok #
A= 461 nmeollA excitation AlAA 543 nmellA &3 A|7|7F
S7VeHe BuS BESGlth AFSE 3% o5 Fe'lo nlsiA &g
EAHE AdEofoF SRR Fe''o Hls|A 10vy @2 S AMESh
it 4 A= 1Q18S WA F4 F oloA] cuvettel 10 ¢ M
Fe’"S Hrlsta FAsch =l 2429 &4 o]&g 100 4M
Arbstel S SAscH(aE 1D, 1 A9 1Q18) Fe''s F7heh
T ol HA F71etld fluorescence spectrume] e 54559 A7t
o]Fo %= A& FAEI drkeE Foldlth 400 nmellA] excitation A%
Agel= Fe’'o] 10 pMe] Eol7katutiat @3o] quenching 913
02 =5 olds #AF (100 M) 2ol FFo] JFHHAY} F7sh=
BHEe #EE oot @y 99). o] A= 1Q18¢] Fe''el A&

ol e wFo] SAR dAEE FojAA
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81 mm 1Q18(2u M) B 1q18+Fe* (10p M) 1 1a18+Fe* (10u My+M(100p M)

Normalized FI. Intensity
H
1

U R B T B N
i S S JE Y SPL LR SRS S G

9 11. Competitive studies of the IQ18 (2 #M) in ethanol upon
the addition of various metal ions. Green bars indicate the
fluorescence response of IQ18 to Fe®™ (10 xM). Grey bars
represent the subsequent addition of different metal ions (100 g
M) in the presence of Fe" ion, respectively; Adex = 461 nm, A em

= 543 nm, slit width = 3 nm /5 nm

Z7k2 Fe¥'ol thE 3% oleEg sk wAE wA A3s
ALY 12). olE T FH o]eFo] Hyor EAshs
A$ol% 1Q180] Fe''ol tjsin deidow zgate] Age Faher
sfolety] glst Aok Aseld M AnAY, 'E AR
oA 34 ol&ES AR ASd 3% FUbE Al uehy
Qkgket. ST olo}A] Fe'*g & mE AR FE5@ @
G A7F e A BRE S AUk O Rt A7hE7) ARy
Q183 Agsto] e S7PF yekwl wiiel, 1/10 giel <t¥s=
Fe’" 71 7beols Wshzk A9 ek 400 nmellA excitation A7
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A5(29 S10) 6% Cr'' g Alglsta & #Aa7F veptA] ekttt Cu' sl
Pbell M= oFzho] 7347t AUAA N o] selectivity test (2% 10) A
Aeetdld A3 o] FAE F e AEAH olFol] Fed3+&
HA7vsils o @FFol aA FHaskes A37F vEsth o] A3E f58
T AT A= BFY HE 55 oleso] TAskes el : 1Q18%-

Fe? ol tisir Aejx oz ZsiA Agsrhs Zlelth

©
1

mE 1Q18(2uM) B IQ18+M(100u M) [l 1Q18+M(100p M)+Fe® (104 M)

H (=]
1 1

Normalized FI. Intensity
N

o
1

¥ ¢ 0?: c;gx & o?; & Qg {'\&g ég \‘%Qg '15'?

1% 12. Competitive studies of the IQ18 (2 M) in ethanol upon
the addition of various metal ions. Grey bars indicate the
fluorescence response of IQ18 to different metal ions (100 gM).
Green bars represent the addition of Fe®* (10 M) ions following
the addition of other metal ions, respectively; Aex = 461 nm, Aem

= 543 nm, slit width = 3 nm /5 nm
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2.4 Binding property

2.4.1 Dissociation constant between IQ18 and Fe3*

AR GE o v Ae oo AEES Skl Aotk wEhA o

= U AR Aol s & g sl o] A9 AVIE

i)
d

orolr 12} dissociation constant (Ko)E T8 4 %= Benesi—
Hildebrand plot 2385 RastdH(2d 13).*"* Benesi—Hildebrand
plot2 oF#l9] 2]& Agste] 17 plotolth. M= Fe' & WA okgks u
1Q442] B A7), Fi= Fe’" s&o] W& 486 nmellAe] &4 glolch

11 N 1 y 1
Fg—F Fy—F Kg(Fy—F)  [Fe3*]

o] plot& ¥ w zsof & L IQ18 ©in] Fe’'o] HeFoz
T Aol 22 FF @ee olgdlof stk Aolth whebA
IQ18 & Fe’ = titration 3dFAA  fluorescence spectrum<
S43AAT (L S1D), plots HAsiAE 299 049 Fe’'7F Eoizt
AdEnt ARSI F2le] webA dataE A 2lske] plotst A# K
> oF 0.7 pMelghls Artaks d& 4 33U Benesi—Hildebrand

plotellA] 4& Azl= F8138) linearity (R?=0.9948) & ##& 4= 9l=m),
o= IQ183 Fe’™ Apole] Agto] 1:1 HER o|FX:= A&
A o7 AdeFr)
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1 Slope= 1.879x10°
°'°°“j Y-i:tercept= 2.640x1073
R2=0.9948
o | ks=7.12x107
LS 0.0030-
= ]
0.0026-

000 005 010 015 020 0.25 0.30
1[Fe**] (uM™)

1% 13. Benesi—Hildebrand plot with IQ18 (2 M) and
Fe’* (4—40 M) in ethanol; Aex = 400 nm, Aem = 486

nm, slit width = 3 nm/5 nm

2.4.2 Limit of detection of IQ18 for Fe®*

o

IQ187} Fe’* Atolel] Zet A¢-S ¥/d3th= & Benesi—Hildebrand
plots &3ate] 78 Kooz glakqict. o]olx 1Q18e] drh} wzksiAl
Fe’ o wkgated g9l wishl  depdeEA dopry] glEiA

AE3$H (limit of detection, LOD)E ARSIt LOD= 'LOD=30 /K’

48 o83t} 4L = AUk oAV1A ok Fe' B ¥A %S eelA

<l

Q182 =43 TFHAo|1, k ZkS calibration curvel] 7]&7]o]t}
Wl LODE  AAte7]e]l ekAA 1Q183 Fe®* ARol2]  calibration
curveE ol Zo] Aot 1Q180] koA AF3 A3 o)

ratiometric fluorescenct sensor’} o  ¥3Fe] FTael FrHb
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e = 7 38486 nm, 543 nm) oA 8] BFF #te BlE yHOE st
calibration curve® Zb=ths & 530 Aok Wb Los/lisss v5,
Fe'" 555 x%FO 7 3= plot2 73 A3} linearity7} 3 3H Hol:=
das d& AT (™ 14). @= F8o] LOD= °F 5.5 nMe|2h=
Az T8 5= Ak 1Q182 Fe’ o]&of thalA nanomolar ©$19]
LODE zt7] el wl$- w17+t ratiometric fluorescent sensorzhil

W 4 9ok

Slope=0.02972
| Y-intercept=-0.01927
R2=0.9982

I543"486
o
N
h

LOD =5.5nM

0 3 6 9 12
3
[Fe>*] (M)

1% 14. The ratio of fluorescence intensity at 543 nm
to at 486 nm versus equivalent of Fe®" (range: 0.8—12

£ M) in ethanol. Slit width = 3 nm /5 nm
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2.4.3 Stoichiometry between IQ18 and Fe®*

olojA 1Q187} Fe’'o] oAl AY ati=x dolr izl apgict. o]eigt

AT RS dolrrle] oA WA sofd A2 1Q18¥} Fe’'Ato]9

A HE dolr= Aoldltt. F &4 Alole] complexE A st 4%

stoichiometry 2 7] €3 v o2 Job's plote] Q.44

Job's plote A& ¥hHS IQI8%} Fe'ol & ¥»uE 2 yM=E ZFil
7}

IQ189] mole fractionS OXE 17b4 0.1 w2 vly7paA 335

|\

Aottt o] W fluorescence spectrum< 400 nmolA excitation
AAM &Fo] quenching HE R&H5S AHETH(I¥ S12). I8
Job's plotZ 486 nmelA SHHE HF FES o]L3sto]  plot

APtk (18 15).

80
60

40+

(lo-1)*X

20+

0, 1 1 1 1 1 1 ,
0.0 0.2 0.4 0.6 0.8 1.0

X= [1Q18] / {[1Q18] + [Fe**]}

1% 15. Job plot of the Fe** — 1Q18 complexes in an ethanol
solution. The total concentration of IQ18 and Fe®" was 2
M. The monitored wavelength was 486 nm; Aex = 400 nm,

slit width = 3 nm/5 nm.
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T A= 1% 15914 & 4 2%0] 1Q184] mole fraction®] 0.5Y o]
7HE EEe A S 7hleh o= 1Q18% Fe''7b A7t 0.5%9] mole
fractions 7Fd wf, 7} @& 52 complex’t FAHETGE AES
ojmgict, wkoF 1Q183 Fe’' Atole] A wlgo] 2:1 Ef 1:27F 7]
HaiM= 2 ZeA 1Q182] mole fraction®] 0.66Y w9} 0.33Y uj
P e AR e dojof Y wEbd E Alele] A nj& 11
olgt= A= job plot AP Fdtod & 5 AAUTE o= %A Benesi—
Hildebrand plotollA] Hol+ linearity7} g4l 1:1 ATS HOFE=
A7 "B Ay A FrHoe® E ARl stoichiometryE

Hojgs A4 dytelnh

2.5 Reversibility
IQ183} Fe’* Alolof 73t Agto] FA == 2S Lot} sxvk AA=

NEE BASHE A9 Fe'sh nikeidal A3He 34dthd 10182 )
s34 avlshn FAaoRtie Biol gtk webd B Al 1Q18

¥} Fe®* Alolof] @A = Agro] 7Felelx] v7F A ¢lx] olr 7] 93|
A EDTAZ A3l reversibility test® 3t ch(28 S13).°07°t &
A 1IQ18 &M =Hsla(case 1), o7]o] Fe’*E Y& 3 =A3t}

(case 2). 71 A3} 486 nmollA 42 A7 Uebtal, of7]o] dol+=

Fe’*s} 7+& ko] EDTAS Tl (case 3) o] IEH= AS
#e 5= Qldth IEANE MRS Fetol o8 Zhds Ane £

w4 Aasglal, EDTAe SeiiM 255 g3 dx AM3] ghashs

255 Bt} ol EDTAS Fe*'7toll 73t chelationg o] FA %k, HkE
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= 7 chelation®] <% Wolx|1 o]ZHE ¥ kel EDTA

i
ol

gt Fe® 7} A7 gl webx7] wiitolgta Azt IelE &
st AL WSl E IQ182 A% turn—off9) turn—ong WHE =
B5ES BT (7 16). o]gjdh A7= 1Q187) Fe'™ Apole] Ajt
AR Tt Holet= AL owjsith. weba] AAR GEFe] QoA
EDTAZ tA] 1Q185 AAYAA AHEE o Qlth= Aol it

s On (IQ18+EDTA)

2104

Fluorescence Intensity
-
3 &
L L

Off (1Q18+Fe?)

c ] L ] L] ] L] ] L] ] 1 ] 1
0 1 2 3 4 5 6 7 8 9 10 11 12

Cycle
1% 16. Emission spectra showing the reversible complexation
between IQ18 (2 M) and Fe®* (20 ¢M) in ethanol solution by
introduction of 20 M EDTA (100 mM in pH 8.0 PBS buffer

solution); Aex = 400 nm, Aem = 486 nm, slit width = 3 nm/5 nm

2.6 Binding mode
IQ18%} Fe®* Alolo] 1:12 Agsth= S & + A1, 5 Apol9

Ast g th3le] C—ring? nitrogen(N) ¥ E—ring®] heterocycle®l
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ZA5l= heteroatom®| electron donor® Zgste] F& o]y}
complexs AT Folgta 7HdE AT ofelst 7y AAsk=A|
ol 7] 93 AFoF WA NMR titration 28L 3Pt Fedt o
paramagneticdt & wFo] NMR spectrumolA] peakse] Eo]
broadening A A9, Fe’* 9} Agrat= B2 232 protonsS electron
difficiency ¥+ 9FE 7] wiLol downfield= =A ol&stAl =
ZolekaL Fskgly] mmeleh® 27 wEbA 1Q18°] xEH Fe''E
HA7vsbAA NMR  spectrums  dojE™  AHS Fe''7F gl& w9
spectrum¥ Blwakls W w2 9ol = peak¥ fl= peako] =

= AolEkal AZskgith A5 7k ethanolell M B AE& A& sk3l7]

k
)
o
=
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w o] 'H NMR titration A3
Pk (L
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(d) 1.00 eqiv

(c) 0.50 eqiv

(b) 0.25 eqgiv

(a) 0.00 egiv

8.5 8.0 1.5 7.0 (]

I 17. 'H NMR (300 MHz, CD3;0D) spectra of IQ18 (7.83 mM)
upon titration with (a) 0 eq., (b) 0.25 eq., (c) 0.5 eq., (d) 1.0 eq. of
Fe®" (117.5 mM Fe (NO3) 3¢9H,0 in CDs0D solution), expanded from
6.5 ppm to 9.0 ppm. Predicted movement of each peak is marked

with blue line.

peak®t downfieldZ ©]%& Zolgh= oAtyt= 2] 6.5 ppmelAd 9.0
ppm AFe]e] B proton©] downfield® ©]F3dh= EHS HAdh ol=
IQ18°4 methyl group®l] %l protone A

9]
resonance®l| #Fojdl= Ehio] dAAdwoe] Q7] wFolgta Ayzbsict 'H



NMR titration A&elA F&st Aer ndS oS3k 5= QAR T, koA

b
Fe’" 0.59%S 713k NMR spectrum (78 17¢) 3 1.09%S H7}1sh

17d) A}olell proton peak? &Zllo] 3 = A

wn
o]
(@)
@]
aQ
o
[
8
uiu)

e = gtk o]y Ay 29 job plotollA 9L stoichiometry
A7} &y 1Q18% Fe®t Atolo] AdF nlgo] 2:1 olgte AL on|sit)
TE peak”} down fieldZ ©]F3}3 7] wiEol Z2+2] peakEsol thafA

o

sHA%t  assignmentE XS] a4 IQ18¥ IQL8° Fe''E
HHEAIAA 22 1Q18~FeE DMSO—-dsoll *o] 'H-'H COSY, NOESY
spectrum< o] assignmentE 43+ th 'H-'H COSY spectrum<
vz o gk A-d¥ proton¥e]  signals XM, NOESY
spectrum< F proton AFo]e] A7t 5A oldtE M- A-olut
signale] YEepRdth wEbd 1Q18¢ A% downfieldo|4] singlet® =
e = g proton(Hy) ¥ furan ringellA Webts 54221 pseudo—
triplet™ peaks H.o]F j proton(H) & 71522 NOESY spectrum<
e = U™ S14). 1Q18-Fe?l 4% A-ringel EA5H= Hot=
7V downfieldell A4 YX&ta QoeEF o] peaks =407 COSY
spectrum< A 4 (¥ S15). 18l Fe’'¢} C-ring
nitrogen®| A&sh= A% o] Fof electron deficiency &¥}7} 2Ayst
Zolgkal A7Fstoe] N—methylations X13jsto] &2 1Q18—Sel tisiA =
DMSO—ds°l =9°] "H-'H COSY, NOESY spectrums 2t} 1Q184 7
NOESY spectrume ©]83F3 9™, downfieldoll4] singlet®.® ™+ g

proton (Hy) ¥} pseudo—triplet®&.Z Ho|+= j proton(H) S TAHOZE EF
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7HA1 8] jelel Q= spectrum= Biske] Ropm Zlojuh(CId 18).

Spectrume®l] 3= EE peaks IQ18% protono] YHHA euuliow

7.8
1 (ppm)

13 18. 'H NMR spectral analysis of IQ18 (a), IQ18—Fe (b), and
IQ18—S (¢) (600 MHz, DMSO—ds). Signals indicating protons in
furan ring and indolizine part (except Hq) were marked with red
and green, respectively; IQ18—Fe is orange powder from the

reaction between IQ18 and Fe (NO3) 3¢9H:20 (1 eq.) in ethanol.
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IQ18—Fe%t IQ18—Selx =W w22 peakso]l 1Q18l HIaiA
downfield® ©]&3%t A & 4 gt} 7HdeA electron donor® 2H-8-8
4 & heteroatom®| 8li= furan® protone WIFMO T o]F&
FAIFAT =3 A 9lo] 7F 4] Kol indolizine moietyol]l A=
protonE%x EFMoE 7 FAAL HFASGIE Fe''7t BAgelw
E-3}3l quinoline moiety 2] proton peak®] indolizine moiety 2] proton
peak® T} FA =& o|A ottt RN OE HuwsfPEE downfieldZ
0]%=3t ppm2 xFo]7} indolizine® proton®] quinoline?] protonk.t}h <k
2~39] =R S1). UA AFs A3 Zo] quinoline®] nitrogen®l]
methylationg &3 ° 24 quinolineo] Fe’* AFFS wo} #
electron deficiency &% Aot & F vk HAIRE 1Q18—
SelM % 1Q18—Fef spectrumelAl & 4 Sl A3 T2 A
HoFt) o] 1Q18, 1Q18—Fe, 1Q18—S AI7}IA] spectrums W]
Aol TaFleA 2EZMI Wb gAjE Mvt HBE J4A 4 5 Qlth
el oz A-ringoll FEA3F= d proton? ¢ IQ18—FeoA=
downfield® ©]&3FAIRE, 1Q18—SellA= wi§- A upfield® ©]& 3%
Z= & Atk ol Apolo] tigh o] FE AztelEH 1Q18-S9] -7
N—methylation A]#AA] nitrogen {77t electron deficiency &¥}&
AlsgE ZlojAwt 1Q18—Fe®| 7% 7Fdel m=wW nitrogeni#Rt ofyz}
furan®] oxygen H#o|% electron deficiency &3E & Zo|th
ezl @iARE o]Zlo] F spectrumelX d proton®] wZ o]l thE
ol-Fd + Sth

oke] A= AHylshA 1Q18° Hl&A 1Q18—Fegt IQ18—SolA d
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protone A 23t indolizine part’} 3EZOoZE LAl ZoF Hol C—
ring®] nitrogen®|] complex /dell Fofgith= AS < = Ut 1Q18—
FeollA] furanel £A3l= proton? peak 37| EF downfield® =A|
olF3ltt. ¢l A5 NMR titration A3 A o AL 7Hd 7
F-gtehs FEol PR furan®] oxygeno] gl o de o= St

t wolrb binding modelell thsl A 7ol FAd SAE D7
AslA ekellA A9 1Q187 1Q18~Fe 7 7H4 &4 9] 'H-'H NOESY
NMR spectrum= FAA Hws|HYTH(C1E 19). oA AFsidld A=
7+o] NOESY spectrum< S+ proton AFe]2] A&7} 5A o|3t=2 717k
730"t signale HolFth IQ189)4 E-ringe solventolA A-i-5A
rotation®] YA WF Fe*2} complexE &AJsteiA E—ring?l rotation©]

wAEA furan®] wgo] AR A F NOESY spectrum Ape]el

33



c db ed f hood oy
| | IJ'. |
a DI: d ef B h, | ] k
| l | i | | |‘|
| B @is-Fe o '
B a1 R L -
0
- D (=
= o O -7.0
o 0
2
ﬁf:u 7.5
U HeH i
O [@ =
ﬂ -B8.0
0
0
-8.5
-9.0
9.0 85 80 7.5 7.0 65
f2 (ppm)

¥ 19. 1H NOESY NMR (600 MHz, DMSO—ds) spectra of IQ18

(green) and IQ18—Fe (brown). The resonance (Hq¢—H;) that increases

in presence of Fe®* was highlighted with red box. And resonances that

disappeared in presence of Fe®* was highlighted with blue box.
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IQ187 1Q18-Feol 'H-'H NOESY spectrume®] 7]&e] ¢t
assigne  BAIBIH. kelld ASFE ulds  FRlEr] flEiA
indolizine moiety®ll £A13H= Hy¥ furan®] £A38l= 37}4] proton (Hc,
Hh, Hj Atolel uvebh= signalel =3& 25390tk 919] NOESY
spectrum ZA3}e d proton(Hqy) & h proton(Hy) Alolol] veERh =
signal Hg—Hp) 2 w7k wlxg 341819999, d proton(Hd) 2} ¢
proton(H.) %+ j proton(H) AlelelX F4 %+ signal (He—H,, Ha—
H) 2 gabd dghxz At WA, 1Q189] NOESY spectrum=
AR Ho—Hy, Ho—He, Ho—H;j signale] 2% 3A1E A & 5 itk
AAZ 1Q189 crystale ARE-sle] XRD 245 A A (1d
Ha—Hp, Ha—He, Ha—Hj Abo] o] A=7h 742F 3,51, 4,49, 4.22 Ae =
5A0|sFAT) AR o9} thE A IQ18—Fe? NOESY spectrum? 2%
Hq—Hn signale S7FEAAR, He—He, He—H; signal2 oo SA A
o=
contourings Eo| A RFFHH S WE noise signal¥t s o Hy—
He ¥ Ho—Hj Alole] signal 3 JehtA] oot =

Fe’*o] #7159l complex® &A%t %o Hi—H., He—H; signal©]

>
o

ok 4 Q. MestReNova X2 73S 0o]£35}o]

, 1Q18el

ARFR o o] d proton(Hy) 2 ¢ proton(H.), j proton(H;) AFe]<]
A7 S5Ao)Go] Hol dHolxves AS oulsit) ol3st Ay
quinoline moiety® nitrogen¥} furan® oxygen®] electron donorZ

Z-g3to] Fe' ¢} complexE o] F+= ol A|A3 1Q183 Fe®* complex

A mdlo] Hstrhe Ag TP aEL
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coog

% 20. ORTEP diagram of the compound IQ18. (50%

probability level for the thermal ellipsoids).
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3. Turn—on fluorescent sensor, 1Q44

3.1 Absorption and fluorescence spectra

1Q44 &M Fe’ & H7tstdA F E4 Afo]o] Aoatgo] wet Wsl
3= 1Q44 2] UV—vis absorption spectrum¥ fluorescence spectrum=
w3 S+ spectrum®] W3} B ethanol¥} 8-l 24zt x18) s}

e

3.1.1 Spectra in ethanol

Absorbance

T T T T T T - — T
350 400 450 500 550 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm)

% 21. Changes in the absorption spectra of IQ44 (10 M) (a) and
fluorescence emission spectra of IQ44 (2 M) excited at 417 nm (b)
in ethanol solutions with various amounts of Fe®* (0—10 equiv.). Slit

= 3 nm/5 nm

WA ethanolollA] Fe™ #H7be] whe UV-vis spectrum& Z7438}7)
el Fe''s 0ReiE 9@ 0199 Frbw dolFuA
Hsts g, 199 o] 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 6.0, 8.0

10.0F3] @A A4A3) Fe’" & ¢ F7l2 YolFuA spectrum 7

ftlo
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A53ATH(IH 21a). o|EA A2 spectrum= X 375 nm
absorbance %ol Fe'™ 9] w7} S718H-E hhshs 28 2 5 glon
HEt 2 ¢F 400 nm HE 470 nm AFe] -39 absorbance #k> =7

S7kke Zle & 5 Stk ™AW absorbance”t #Adhe AR

|

v

Q184 B ZAHH & Fom ZhskA= stk webd 10932

+
Fe¥'2 4Yq]

W] absorbance #te] 7F¢ H1E Yehls= 417 nmE

mlo

excitation IFOoZ  AHst  Fe'S  Wo]FwWA  fluorescence

spectrume S43FATH(1™H 21b). Fluorescence spectrum® 42

rir

UV—vis absorption spectrume {4 wgl= @2 Fe''S 0F33H
109=87H4] 4 pMA FZAA I AFds dEslth 1

453nmolA 7FE £ peak, 483 nmolA FHAZ & peakE JFAsHH
gFo) F7tsle 193 22 spectrums IS 5 AQlYh 1yE=E

ethanololA] 1Q44%= Fe®'ol talA] turn—on fluorescent sensorz

g B 4 9k

3.1.2 Spectra in H2O

FRAMNME  ethanolol| A8} #Zo] Fe?* H7lo]l W&  spectrum?)
B5HE AMET] SEA Fe''E 0, 2, 4, 6, 8, 109%7HA 29%(20
e M)A F7HA171M UV—vis absorption spectrums S43FA0H(19
22a). 1 A3 370 nmollA] absorbance”} FAskil 430 nmellA

absorbance”} Z7}k= A& B 4 gt
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Absorbance

350370 400 450 500 550 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm)

1% 22. Changes in the absorption spectra of IQ44 (10 «M) (a),

fluorescence emission spectra of IQ44 (2 xM) excited at 417 nm

(b) in DW solutions with various amounts of Fe®*' (0—10 equiv.);

Slit width = 3 nm/5 nm

o]o]A ethanolelA W A3 o] 0.1F=HH Fe¥'S ZFA|7]H
titration A¥S H&EAA T 370 nmeollA] absorbance rAhv ZF

YUeht=dl Hvlsid 430 nmollA  absorbance?] F7h= # UERYHA
gtth (2 32).  zElA 29 Fe''&  WolFwA  UV-vis
absorption  spectrum W3S #HESIATH(IE 22a).  UV-—vis

absorbance spectrum® =% 9] =2 absorbance #}S HolF

gt
A\
~
OE

430 nmeolA excitation A|AA

Fe''s 292 10974 golFwuA ZAaalom Av= 453 nmst

R4S SRSAT(F 220). o]

483 nmol A peak’} YEF}= fluorescence spectrums 94 &
Ethanolol A2} ©t24) 370 nm F<tollA absorbance #to] &

7HAEr 7] wjFo] 1IQ183 #o] ratiometric fluorescent sensor®

> ,H i 1” 4:11 T



2hgsh=A] Lolrr] 9l 370 nm  3FolA  excitation  AlA
fluorescence spectrume HESIUH(H  S17). FFY AT
Uehr] Boks 939 SR A O AR el AR 430
nmellA excitation AlZS wle} H]SSHAl 453 nm, 483 nmellAl o]
FOMAE spectrum= €& F AT PR FEAoME 1Q44:=
ethanololA ¢} #o] Fe®*oll ths§A turn—on fluorescent sensori

Zoltt.,

2=
%+ 9

i)

£

ftlo

3.1.3 Optimization of excitation wavelength

)
o

8ol 370 nme} 430 nm F F7FE] I excitation A

2,
flo

ul, 3EA0E FFol STIeAARE 1 FIFelE Abol7t Stk AL
wEek = Qddth mebA 3.1.2004= absorbance #to] HilE HoF=
oA fluorescence spectrums SASHA|ITE o] AFY A=
Z}7e] solventellA] abosrbance®] F7Fo] 7Hg & 3ol A excitation
AlAA fluorescence spectrum= =743 t}f.  Ethanol® G898

Follq 440 nm 3ol 4] absorbance®l F7FEF (= WEHR) o] 71
707] W&ol excitation Y-S 400 nm=Z 3}l ethanol} G- ofA]
Fe’™ 7ol W fluorescence spectrum® W3lE Ay R (13
23). 7V =2 79 absorbanced WERA FpeA A A3} H|Szsh
AZFA Y spectrume It E3], 7FE =& peako] YER}E 450
nme} I Ty peake] W= 483 nme 71Eel 453 nm$} 483
nmellA peak”7} Weh= Aol AL A F SARE A FIE A
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agol F7MFA Z AolE B OW, 440 nmeollA excitation AlF S
o] FF kel ¥ A yERsth mebA o] AdeA 5 Au
S ol solventell Zd#glol @ FSAeol= 440 nmE  excitation

sow Algsolt,

o]

(a) (b)

[~
o
(=]
]
2

> >
= =
g 2]
E 50 E 4
3 8
g 100 8
=] N Q
@ g %]
a3 % 3
nw w
G T T T T 1 3
450 500 550 600 650 700 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm)

1% 23. Fluorescence emission spectra of IQ44 (2 xM) excited at
440 nm in ethanol (a), DW (b) solutions with various amounts of

Fe®* (0—10 equiv.); Slit width = 3 nm/5 nm, incubation time=30 s

3.1.4 Increment of fluorescence of 1Q44 without Fe®*

T8-Aof A fluorescence spectrum= SAsHAA A LA @ AP

IQ447F Fe’'& WolFx ol FFel FyPh sl dER
spectrum® FFLT W3st= Zlojth 18X% Ethanolol A Fe' &
Yolgx] ¢kom fluorescence spectrum W3F7E QUSith webr =89

ZollM 1Q448 FFE F7PF AEEA dEheEA A ET] f)EiA

10 #M 1Q44 FgHNS A|ZFst 30x FHE] 60F =< fluorescence

o

spectrum< =AU tH( e 24). 1 A3 AAE] FFgo] Z=rtsirirt
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60 AL HSS Wl FF Fhol dAgk saturation S YERA
S7Hs Fe’'E Z7belale wieb mlwshd FA] bt

Aedk 18la 1Q18eA19F #o] incubation times 30%% WEE=

Atk webA FHE A

B, 1 FNFe | A e AT 5
ARG Yol iHow gl gl A QI8 ol

60 60 )
% (a) 60 min ’g (b)
=
£ 401 £ 40
8 8
. 8
N @ 20
g% 0.5 min g
& n
0 T T T T 1 0 T T T T T ]
450 500 550 600 650 700 0 10 20 30 40 50 60
Wavelength (nm) Time (min)

% 24. Change of fluorescence spectrum of IQ44 (2 M) (a) and
the fluorescence intensity of IQ44 at 450 nm (b) for 60 min in DW;

Aex=440 nm, slit width = 3nm/5 nm

3.2 Selectivity test

W] 1Q447F Fe''oll disixnt Aejaoz 2gah=x] dotrr] 9lsA
selectivity testE 285ttt IQ18eA AF&stad Zl3 o] 1571A
T4 o] &5 (Ag", AP, Cd*, Co™f, Cr¥f, Cu®', Fe®, Fe’*, Hg?', K,

Mg®*, Mn*", Na*, Pb?*, Zn?*) & Algalo] Aasqit). IQ44E= Fel' s 4

& o]F HH3] §Fo] Frletr] wWiitel ¥ $ incubation times 30%
T 52} 60 F°f fluorescence spectrum= Z73I3ItE B 3ol 3]
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3.2.1 Selectivity test in ethanol

Ethanol®llA] selectivity testE X3t Ay (27 25) 137 55 ol&
(Ag*. AP, CdZ*, Co*, Cu*, Fe?*, Hg?", K*, Mg?", Mn®*, Na*, Pb?",
Zn®hel diside g3 F7E Atk 1Q18914 wH A o
Cr¥*ell thslA cross—selectivity7} veEbstow &3o] Z7lalit. o]=
4 1Q189] selectivity testellA Ar sk 213 2 F 714 o] WY
Zloltt, skARE 1Q18lA= F ol&s Y2 B¢ ETelA ol A9
oAolch wEbd Critel Fe't FellA oW &
mA =7 4 oItk 2EA R 1Q44E FePel A Aol 7]
ol 60l At & SAE gho] o Fol (st #d = Slth
o] we] dolgE Aurd, Cr''Es WS ul FPo] oF 200w

I Z7Fetelch. webs 1Q4471

Fe¥ ol thalo] selectivity7} Ath= 2L geldk 4= Qlolth. T3k Fe? 9}

Zrhakgom Fe'E WS Wit of 274

Fe’™ o]&& FEI F Ju= He Fe''o Ae#<l fluorescent
sensorZM = AAolgtal = 4 Utk

ok excitation IS 440 nmE WHA] =4 AN, o]= Fel'E
Hols wl F3e FrFel 7P A7) wiEol vk kAN v gbdel A
excitation AlZ 79, Cri*'e} Fe’ Atolo] thE Azl yebd 4= &
Zolgl o dstsitt.  webA  absorbance #tel ZW 417  nmellA

selectivity test® RsFITH(2H  S18). I AF  selectivity

43



Normalized Fl. Intensity

o= & o7t 9l o, 339 excitation 3go] thE7] wlE
Fo| F71%el Aol 7} A,
(@) so0
>
= 1Q44 + Fe**
=
o 600+ 1044 + Cr**
=
[J]
g 4004 1Q44 + Fe?, Cd?, K*, Na*,
] Mg*,Ag*, Zn*, Hg*, Mn*, Co?,
n 2+ 2+ A3+
® Lo Hg?*, Pb#, Al
(o]
=
L
0 L L] L]
450 500 550 600 650 700
Wavelength (nm)
b
_(b)
3 1Q44 (2 pM)+Metal (40 uM)_30s
Bl 1Q44 (2 uM)+Metal (40 uM)_60 m
2004
1004
é & 03. d? P, 0;, & & Qé”, & @5 \é” P QQ'; 1;

1% 25, Fluorescence response of chemosensor 1Q44 (2 M) in

the presence of Fe®' and other metal ions (40 #M) in ethanol

solutions after 60 min (a) and the normalized fluorescence

intensity at 450 nm after 30 sec and 60 min (b). Aex= 440 nm,

Slit width = 3 nm/5 nm
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3.2.2 Selectivity test in H2O

FgAE AHE F3Parom selectivity testS ZdPslo] A&
A vlS=skGinh gl &3
S7F#ol ethanolellM &3 7RG A7) wiEel HE =5
o] 25S Wolg uwle At ethanololA BH ZWTh A YR
ARk Cr's Alglshd 1Q44E FEAIME Fe'loll He A9ds

r°1'

AR (1Y 26), ethanolor] %

HolFETh UwR 137H4] F4 o]&E(Ag', AI’Y, Cd*, Co*', Cu™,
Fe®" Hg™*, K¥, Mg®*, Mn**, Na*, Pb*", Zn*") ¢ Z$-olx= 60% w 33
AZ17F 302 wHTh =2 o], 19 2404 AT A Pol
Q44 88 Aol Fe’'7 flol= Fgo] a8 F7lehs 534S
Zv7] wlgoltky. Cr''el Fe’'olx F7het 33 A7lel nlstd FAE 5
371 wiEol 1Q44+= ethanoliih ofel F& Ao Fe'lol] ezl
turn—on fluorescent sensor® 2r8% 4 Qltpu wa 4 gty ¢
23] B 30% o w, Cr3+%} Fe3+elAl normalized 3%
(=293 e F% ol2olM normalized FF #F(=1.3) Apo]<]
Hl&= oF 2245A% 607 o w I 2 oF 3.6(=9.0/25) A&
S7Fskdth. webA AlRke] AR selectivity = S7FTR= A
Att.

F7}=2 absorbance#te] 7Fg W 430 nmollA] excitation A]FHA

PN
<

il

selectivityell &Fo]7F Ql=A EABFATHIE S19). Cr''s} Fe’™ Atole]
selectivity 7} zfo]7F veh= Ao 7 Rgxul &30 =rjeko] Y- =+
ATk IHER Crifee] FAE = Y v 137H4] & o] o

3 7]EAQ 1Q449) )R Fagro] Ajdow A vepdd. Ando
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(=]

(a) 1Q44 + Fe*
1044 + Cr>*
1044 + Hg?

1Q44 + Pb**

1Q44 + Fe?*, Cd?*, K*, Na*,
Mgz*,Ag", Zn2+, ng", Mn2+,
C02+, Al3+

[=2]
(=]
1

Fluorescence intensity
8 &
1 1

450 500 550 600 650 700
Wavelength (nm)

(b)

=

2 B 1Q44 (2 uM)+Metal (40 iM)_30 s
;5_, 8 B Q44 (2 uM)+Metal (40 uM)_60 m
£

— 67

T

®

&4

‘o

E 2

S

=

PR F SIS Eed FFFedF

1% 26. Fluorescence response of chemosensor 1Q44 (2 M) in
the presence of Fe®" and other metal ions (40 £M) in DW
solutions after 60 min (a) and the normalized fluorescence
intensity at 450 nm after 30 sec and 60 min (b). A= 440 nm,

Slit width = 3 nm/5 nm
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3.3 Competition test
e 24 oS0 gom EAS: ZHoME 1Q449 Fe’ 7}
Agato] g F7F YAl dotry] S84 competition testE
83kt 1Q442 335 54 wl= incubation timed 30%, Fe’ &
N Aol 71wl #F3e F7F 9Al =gA

UEM} 22 incubation times 60%°2 AASItE olojd vE Z5

o
flo
r}‘.]_tl

ol
of
oX,

23]

o

o] &S Y& FHo|% incubation times 60FCZ FU3A ZHFU)
IQ442) competition test® Fe’'9} ThE #& o]l25s Y= £AE2
o2 sEA AlEsiEekth (1Y S20). %A Fe''E WA ¥
, AAs] Uehude @39 SO e w5 olRs ¥ Felk
FF= T dHol Aok wEbA selectivity testelld e =5
ol2=oll o FF F7F AL fle AS ERlEglernE 1Q449)
competition test® TS 45 WA 21, 1 FHo| Fe's 9=

o XSkt

3.3.1 Competition test in ethanol

A ethanololl4] competition testE X3t A3} (1z 27)=

Cri'g Ae ohe 2% o255 247 100 «M Y2 H 60%o] A
S B2 barZt RolH| g HEE FFe] FUF AF U
T el Fe''E v w4 ol 1/108ke] HA] o= 10 xMu ¥
3 60% FH FASST A Q449 @ FFRTE H oF 85u0)A
WAIE oF 200704 S RSt Fe el M 7hd 2 F7b (oF 85u)) 7}
AL, Ph*relld 7g b (eF 21080 7F veRgT 242Fe) F o
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259 A9l wEhA FFo] FHEE FEv) g o] Fe'' S Al9%
2 o557 1Q447te ste Aol wiolztal A7ttt =, 1Q449)
37t e F59 AL Fe'' Rl yigo] EAstolx 1Q449) Fe* 7t
w27 Agtelel 60% ¥ o 2 F/h dEtE Aol Aol 2
WA 07 1Q44% ethanolollA] Fe’ 99 thE Z4 o] Eo] maf =43}

o

= A E Fel'el A3rS 3Aste] turn—on fluorescent sensoriz

BT 5 Aok S 2 5 AA

500
_.; Q42 pM)
g 400- BN |Q44+M(100 p M)_60m
[=
— 300 B 1044+M+Fe* (10 p M)_60m
K
8 2004
T
| B |_J L
(<]
: 111]

0_

/

(P o° (} o" Qe Qg \‘9 Qo e"’ Q*o 15\

% 27. Competitive studies of the I1Q44 (2 xM) in ethanol upon
the addition of wvarious metal ions. Grey bars indicate the
fluorescence response of IQ44 to various metal ions (100 «M).
Green bars represent the addition of Fe*™ (10 #M) in the presence
of other cations, respectively; Aex = 440 nm, Aem = 450 nm. Slit

width = 3nm /5 nm
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3.3.2 Competition test in H20

TEHANAME  ethanolollA e} 2 WHor AFES HFsTHH
28). A%E HH Crifolel: Hg”'eoll dsiiE 607 7 S439S u
o o) =77 Rtk ok selectivity testolA = Hg ol A 339
717 Holx ke A3} ZPo|7t 9l o]+ selectivity testolA =
40 pM, competition testelA= 100 M Hg“ & AM-3197)
wliFolgtar Azhstct, olojA Fe’'E 10 xM H7bstdvdlE &8t
ethanolellA e Ee] 32 F7P7F A dehbA] esith =, IQ44+
FEAofA HFo] e T olEo] EAT A9 Fel'st Agstd

turn—on fluorescent sensor@ ARE8}7] o= Z1S 2v|sht}

%‘6_ B Q442 M)

5 B 1Q44+M(100 p M)_60m

[

54- B 1044+M+Fe3* (10 p M)_60m

?

N

© 2

£

(<]

ZO_I,IIIIIII,I,IIIIL_
W ;\, o‘: og" & o?’x «g qg *x'xs; \g‘x @ q"x 49

% 28. Competitive studies of the I1Q44 (2 M) H:O upon the
addition of various metal ions. Grey bars indicate the fluorescence
response of IQ44 to various metal ions (100 p¢M). Green bars
represent the addition of Fe®* (10 #M) in the presence of other
cations, respectively; Adex = 440 nm, Aem = 450 nm. Slit width =

3nm/5nm
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3.4 Binding property

3.4.1 Dissociation constant between 1Q44 and Fe3*

Ethanol®} F&9Molx] 233l competition test?] A7} zjol7p =
o= ZH7He] solventeld F =4 Abele] AgEo] vEY] wjFolta
of| s
k& Trekar vlaskelict.

IQ44= Fe'o} whia =d 3o Z71E HolFrh oA R

¢

-

Aok b S+ 7FA] solventollA  dissociation constant (Kg)

Benesi—Hildebrand plot**™*’¢] 29 Fe’'o] Fxe} o] o 33
data® AFE3slo] plotting 8b= wWolth. whebA] saturation E AFE]
@F ghol oz}, JF FAL Frkskes FEelA 92 @ AR
2 A sXtelx A4 Web] uiiEel AvE AlFEE o+ gl
wEbA 1Q44°] Ka ks 78b7] 918Al saturation JEIY we] FF&

=743} 4]  Benesi—Hildebrand plotS ARE3l= W3t relaxation

o

=N
>

method™ ™' o]&3dt= v F 7IXE 2% AMEsIYTE Relaxation
method ®L 7zhzro] Fe?t Lo A saturatione] Ho]AL

uj7}A]  timelapse

@]
[
=
<
(@)
(@R
A
=
jm)
(i3
o
jm)
[©)
|
o
jon
)
w0
@
(@R
()
o
[aS)
<
N—
filjo
ok
oft ¥
3.
o

=4S 3ty 1 F curved—fittingS
EET (kovs) B DI kovs®F Fe't 25 7t yE xFOo7 A=
plot2 19t} 1 A3} linear fittingdle] 18A]= FAA] sk 2]
= F Ae=d o wWel yEH Fe 7IeIE W dissociation
constant (Ko) #= €& T Atk F ¥ 25 AL Ssixe
Q440 Fe**E ¥9& 3 timelapse =4& sl|okgitt. webA] saturation©]

Uebd  wj7t#]  ethanolelAe 1208 (28 S21a), FEAox=
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& ethanolofA2] Ky
relaxation method& &3t AL = glom, FEAgx Ky gk
Benesi—Hildebrand plotS &3l €< % Atk Solventwir} v

WS AE o) 27kl Aol ATkt

3.4.1.1 Dissociation constant in ethanol

0.04 Slope=0.001374
Y-intercept=0.004864
R?=0.9311

0.03- o

F4
< 0,024
0.01-4
Kq=3.5 uM
0.00 T T T T T
0 5 10 15 20 25
3
[Fe®] (uM)

% 29. Plot of the ks constant obtained by non—linear
fitting of the binding curves against the corresponding
concentrations of the Fe®" in ethanol. 1Q44= 2 M, 2

ox= 440 nm, Aem= 450 nm, slit width= 3 nm/5 nm
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Ethanolol A+  relaxation  methodS  A}&3}] Ky s

1-['1

ARSAT (1™ 29). olfr= 120:°] "= w7 SAsksl=T

i

1 e 5o Fel*(2.0~4.0 M)A saturation curves 9L

O

=T
4§87 wiEel Benesi—Hildebrand plots A48 4 lAtH(H
S21a). Timelapse 533t A¥E vl O 2 curved—fitting (one—phase
decay)S & 4 9lO™W relaxation methodE AFEE 4= Qlomzg o]

WP S Eafja] A8 1Q449) Fe?t Abole] Kbk ok 3.5 pMo]ith

3.4.1.2 Dissociation constant in HoO

0.010
Slope=0.02757
0.008- Y-intercept=0.001073
R2=0.9989
S 0.0064
i
= 0.004-
0.002-
Ky =25.7 uM
0.000- ' . . . :
000 005 010 015 020 0.25
1[Fe**] (M)

13 30. Benesi—Hildebrand plot with 1Q44 and Fe®' in
DW after 60 minutes of incubation. IQ44= 2 M, A=

440 nm, Aem= 450 nm, slit width = 3 nm/5 nm
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FgHo| = ethanolo|x1¢ TFEA]  Benesi—Hildebrand plot2
SaAdh (2™ 30). FEelME 1Q442 o] Fe't glol=
S7FE Qglo]l Q7] wiiEe] Fe't Rl wE P I £%
2}o]= o] 43H= relaxation methodi= #gHelA] @t} Felfelo] v
Q]lo] Fol Frtek=dl ZljEva & o QY] wEolth AA=
Benesi—Hildebrand plote]l AFE8F7] $138] timelapse 73l 2
data® ©]&3}% relaxation methodE ZE3|H AT ethanololA]
dolzxl AP} L linearitys HolA Skt ® S22). 1Q18¢4 %}
#o] Benesi—Hildebrand plot= &8 Al4ket Ko #k> 25.7 #Meo|3lH

T 2 AAEk] A2 Ka gk Blwsi R ethanololA] F =4
Afole] Ago] FENoqrTt oF 7H) Felrh= AE om|sit) o]t
A= okA competition testollA ethanolo| A= tFE H#4 o]2E50] 3
F EASNAE Fe’ 7t Bolgt o]F Fgo] FUISHAIT FEdNeM = F
7VelA] o= de AwEls=tl. Competition testollA AREEE 10 ¢ M
Fe’" ¥Ei= ethanolellAl 98 Ka #XTh oF 2.8u] o] &2 Folmw
1Q44°] djy-io] Fe’ gt A% 4 AAS Aoltk. 18AuE F§- 9ol A
= 10 gMeolEh= grol Kool % vl
of Al FojskA s Aolgta AFFE £ vk wEbA

competition testollA] Fe’'7} tf2 & o|&Em Fakow ZAjst7 vt

ill
N
E=)
Mo
2
D
=~
I
o

X
(L
b
by
(D- 5

w
to

10 pMEY B ol lupd 35k @3] S/ BoE 5 = Zlo]
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3.4.2 Limit of detection of IQ44 for Fe®*

olojA 1Q447} At WZEHA Fe'™ S sensing® ¢ A Lolr ]
&l =34 (limit of detection, LOD)E &l H.gkt} I1Q1891A4 W A
3} 7o) calibration curve® 93 LOD=3¢/k’ 2] o] &3to] F3F3ith
28A 4 ethanolol e W& HE9 Fe’'ol A saturation Hol= &%
#e dS & ¢7] ul®el calibration curve®E 138 4 USITh upEbA
ethanolelA 2] AETA(LOD)+= AL 4 Uit apA|uE F§-A oM =
el Ka #& 78k AdelA onl H3e =l &4 ge 7] v

o] calibration curveE €S & AJTH(IH 31).

(a) (b)

1000

2 1000 . 2 Slope: 418.6

£ 800- o g 8004 Y-intercept: -63.39

5 ¢ £ R2: 0.9988

8 6004 d 3 600-

s . &

S 4004 8 400-

5 S 200

e St 2 LOD: 1.0 uM
° . . ' 0 T T T T
0 1 2 3 4 00 05 10 15 20 25

log[Fe®] (uM) log[Fe®'] (uM)

9 31. (a) Calibration curve of IQ44(2 M) in DW. (b) The
expansion of calibration curve ([Fe®**]: 4—150 xM). Fluorescence

intensity at 450 nm after 60 minutes of incubation.
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T&Ao|A @2 calibration curves ©]-&3sto] ‘3o /k' Fho] oF 8.7x10~
ol ek g ooddeh, ¥ AN o] Fhe] LoDk B 4 glth. 1 o)
AFE-3F  calibration curveZ} IQ1894 AW Z g=2A xF0]
log([Fe*'])el7] w&olct, mebr] 3o /k' A= log(x M) 1S 7HA =
2 10077 Aslstejol sk AEWA(LOD) #e 4 F 9ok
olgl A AAatsto] A& LODE ¢k 1.0 M2 #2 2= Zo 7 yehwt.

EthanolollA] 1Q182] Fe’*el thst LOD7} 5.5 nMYwl Aol HlshdA <

_l

180M) Eor® IQ44:E &M Fe' o mj$ wigteitia 23]+
=Tt 1Q449) ethanoldlXl LODE 7+ 4 SIAAITE k2] competition
tests} Ko 275 vlusl] e v FEqoarnrh= v ghg 7k Zlo
ghal o idst 4= Qlot

_—

3.4.3 Stoichiometry between 1Q44 and Fe3*

ml

[e)

Ao 2 [Q18% Fe®™7he] A mals A 3E Ay o] Ade
A2 Job's plot=

3k 1Q449)F Fe’™ A% nde AAstaxt sk ¥
&3t stoichiometryE F-8taAF shlovt 1Q44°] 745 Algto] <3
Adth=s ©do] 917] wjie] Fe?' titration sFAA UV—vis absorption

spectrume E43t= W oz a2y 32).%8
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Absorbance

400 500 600 00 0§ 10 15 20 2§
Wavelength (nm) [FE“]-'“QM]

% 32. Changes in the absorption spectra of IQ44 (10 M) (a)
and the absorbance at 370 nm (b) in DW solutions with various

amounts of Fe®™ (0—25 «M).

gl A 1Q442) UV—vis absorbance spectrums oA =431
= W 29 e AR gy =uH H7kst A 370 nmellA
absorbance®] #a= F3EHAl YEbARE 430 nmellA absorbance
S7Hs 2 YeEhA] ekth 18 Fe'' skol wE 370 nmellAd A
8l absorbance #FS ©]&3ko] plotalgith 1 Ay & 1932 Fe''o)
=07t ©]F absorbance #ktol 712 W3} glo] A A A H ATt o]
St A= TNl A e Benesi—Hildebrand plot2]
linearity (R*=0.9989) 7} <julate 213 74 1Q44¢k Fe' & 1:19] A

HES 7 AR Agdite e BoErh

56 X
AN ET] 8

!

1

11°



3.5 Binding mode
3.5.1 Proposed binding model based on NMR spectra

TS o 2= [Q184 Y 'H NMR titration A& 527938 [Q44 0=

WA sl TQ4dt FetE H9le W @39 FbE e

LERE7] wiitell, & Abele] Adto] =EAl FAEE Aot skt

web 1Q189A Faskd AAE 1Q18 NMR Al Zo Fe®t stocks

Z2A AH7Vsle] vMlEZ NMR spectrums =A3s}7]ol+= F87 dotw

—

dekato] Fe'smvltk NMR Al8E 247 whso] Abgatgith. 'H NMR

titration AL ethanol?} 7F& H]Z5=38F @7oleta AZEE = methanol

1.0 equiv Fe** . 5 o

0.50 equiv Fe*

0.25 equiv Fe®* 2 s 2 f \ 2 b (- P
0.0 equiv Fe** 2 & y sloa\s\ ®s
| - WA
) | | | i 1 J‘ |‘|
| ' |
; i l! |I!; I" i
! I )
SPLRSPS/AN AE SETIRLeTPIt Ly, St e, 0 LR L e, YR N
10 g 8 7 -

238 33. 'H NMR (300 MHz, CD30D) spectra of 1Q44 (4.9—5.2 mM)
upon addition of (a) 0 eq., (b) 0.25 eq., (c) 0.5 eq., (d) 1.0 eq. of
Fe?* (500 mM Fe(NO3)3- ©9H20 in CDsOD solution), expanded

from 6.5 ppm to 10.5 ppm.
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(CD30D) oA xIgstdeh (29 33).

1% 334 Hol= AAHH 6.5 ppm—10.5 ppm Afole] EATHE B
peak®] downfieldZ o]gsIlelk. webd ol Fho] Y EHds
A1l ojelgol AAUARE peakd] ESFe HFEC® 7} peak?
ol 5g o5ste] TIHHOE  spectrumel] HEASIAT FUEE SHA
1Q189 Axelr W A 0.5 Fe’& Yol ©]% proton
peak? °o]%2 M3 ¢t 1Q44% Fe’'ofl thdt fluorescent sensori
2+235k= micro molar FEoA= 1:1 HERZ AESHATE, milli molar
HlelM= 1Q448t Fe’™7h 2112 Agdrthe A& 4 5 stk !
NMR titration 23S F3sto] 42 AIE assignsl’] YA 1Q44-—
Fe® 93t 1Q449F 7 DMSO-dol o] 'H-'H COSY NMR
spectrum®} 'H NMR spectrum (73 34)& A9t} F71% 1Q44= 'H-
'"H NOESY NMR spectrumZ7F4 9S 4= AAAT 1Q44-Fed 7%
IQ18—Fe% Tt =4 NOESY spectrums 92 4 gt 1Q449 'H
NMR spectrum® X+& proton peaks NOESY NMR spectrum (713
S23)& olg3dlg o, 1Q44—Fer= COSY NMR spectrum= E3lA]
assigng 953 5 QUATHIH S24). o]FA B 1Q44% 1Q44-
Fed 'H NMR spectrum< Hlw3|®ohH(2d 34). 247+ peak:=
[Q44°A assign €53 RS 7|FOE tofA] spectrumel| EFpHOE

FA ST
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1% 34. 'H NMR spectral analysis of 1Q44 (a) and IQ44—Fe (b)
(600 MHz, DMSO—d). Signals indicating protons in furan ring and
indolizine part (except H.) were marked with red and green,
respectively. IQ44—Fe is orange powder from the reaction between

1Q44 and Fe (NO3)3¢9H>0 (10 eq.) in ethanol.

'"H NMR spectrum< Blm3t ZA3E A9uwd x2S 2 proton
peak® 9ol 1Q18¥ IQ18—FeolX ¥l A3t ulssiqirh. A,
A—-ring®l] £A5l= ¢ proton(Ho) 9 2292 IQ1894 #2 91X
proton?! d proton(Hy) 2} & 4L HUTh IQ18—FeolAl= ©]
proton?] peake| © downfield® ©]|53}3d A3} =4 1Q44—FeolA

5

upfield® ©]&3tF Zlo|t} o]¥l H|5=3F o] 52 IQ18—SeolA #Z o

> 2 X &) &3



C—ring® nitrogen F%o|9t electron deficiency &7} YELpHA
A7 Aolgtar o=t webA  1Q44—Feollx] ¢ proton(He)©]
upfield= Z o]&st A2 ko] 1Q18—-S2g] 779 &2 Welox 5
u} thiophene?l sulfuré} Fe’* 7} 738 complexE A A L3ttia
At AAZE E-ringell <£A|8F= proton peaks°] ©]&3%+
AEE vwsfrH (% S1) furan® protons 0.23~0.53 ppm,
thiophene?] proton< 0.09~0.16 ppmW%HE ©]E3FHtE o] Fx]= okA
2ot sulfurZb complex | AshAl ohA etk ol FehEt
3t quinoline moiety 2 proton peaks°¢] 22l A X3 thiopehene?
] (0.01~0.13 ppm) furan® 73-%(0.06~0.16 ppm)Ht} 2Rt E—
ring®] protons WHE Ao|7F AR &kl wEbA ¢ proton(Ho) =
AQstas 1Q18% Fe’ Atolo] d& A3 Axel w|shr] wiEel
IQ44¢} Fe’*% 1Q18% #& Walo® qunoline moiety?] nitrogen}
thiophene® sulfur’} electron donor@ ZHE3}] complex®s At

Alolehar o 4 gk

3.5.2 Proposed binding model based on XRD

Z7}2 1Q18% 1Q18—Fe A& NOESY spectrum< Hwd 4= §l37]
u#oll, 1Q44°] XRD studyE A1y 35). 1 23 3k 79

unit kel = 7RO 1Q447F M= SIZEAl packing Holle B

o

w2 = glodrk 1Q182) A% & /|9 unite] dte] 1Q18= o] Foixl
2= o2 2ok webd 1Q44E 1Q183= tEA packing H

o709l 1Q44 Atelel Fe’ 7lejgeizt mdS aeslE o Qloh®
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sk =80 M= o]#dl packing®] Van der Waals @lol ]34

¢ 1IQ18A H<Ql A H]ZEA|TE, XRD A¥= thE27] wiFe

FA 9 Aol ANSAE NMR spectrumg Wl wd o)
3

1Q449} Fe’' Ato]o] A3 mdlo] 1QI8A AASH A3} wlgslhaL

gals] wahr]el oj# o] Sl

% 35. ORTEP diagram of the compound IQ44.

(50% probability level for the thermal ellipsoids).
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4. Structure—Function Relation

4.1 The role of ester group at B—ring

okellAql 1Q18% 1Q447} Fe’ o Aelxox  #-gah= fluorescent
sensor® AMEE F Sl 7FeAS REo4tE 19d 1Q182 ratiometric
sensor®| AWk AA A 07 &Ho] TAdh= turn—off sensor$lil 1Q44+=
ggo] dH F7FsH= turn—on sensorith wWEbA ofH QQlof o]3|A]
turn—on¥ turn—off sensor’} H=A  Fotrr]  fJElA ATE
Zgetint. 1Q18% 1Q44 Atole] Fxdox 7Hg & ApolHe WA E-
ring®] £A3F= heterocycle©| furan¥} thiophenel. Z t}=t}= ot}
ol uwet IQ EHI Fe’" Atole] AFAZIZF thEY] witel] 3o

turn—on¥ turn—off &£ AN A3 & & QS Aol TS

>

Mg ¢ A oz & 2ol B-ringll £A8l= ester group?)
ol Oxygend}t sulfur E5F 2 Fol fA8H7] Lol 38H4

5401 A HEA Y= FolEe Fie as|Ed B-ringel
ES slojgta oS53l

T 7R PRS2 Zelsl] YsiA initial screening®l] AFESFRE

N

ZA &= ester groupd AFY 7hsAl0)

¢

1Q44, 1Q422)°] E-ring°l furang 7FA™ B-ring°l] ester group®]
ZA5l= 1QB283 E—ring®ll heterocycle WAl ethyl group®] <43
B-ringell ester groups Zti= IQB27E ST oAl F 471K
A4S AMgEte] A5 skl 4714 indolizino [3,2— ¢l quinoline
A=l wislol metal screening A¥E SReletl oo 1Q18%
Q44904 A A= D] mithras 71715 ©]€3F] W24 screening

skaith 1Q EAvltt #Hil absorbanceE WER & o] thEXARL
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A7VA] BF 7 A3HA 420 nmeoll A excitation A7]3L 450 nmAF-E 700
nm7}A] fluorescence spectrums LAt 4714 E2of th$t screening

A ethanol (2§ 36) 2} 8N (2 37) oA E5F 2133t

(b)

g

B 1042 (4 pMy+Metal (400 pM)

Q44 (4 M)+ Metal (400 uh)

Fluorescence intensity

D 1CB27 (4 yM)y+Metal (400 M)

Wl 1QBZ8 (4 pM)+Metal (400 pM)

Fluorescence intensity

A T X T E T T BT T LD
FERPE T N R T

1% 36. Fluorescence response of chemosensor 1Q44 (a), 1Q42 (b),
IQB28 (), IQB27 (d) excited at 420 nm in the presense of Fe*" and
other metal ions (400 £M) in ethanol solutions after incubation for
30 sec. The monitored wavelengthes were 458 nm, 480 nm, 510 nm

and 458 nm, respectively. IQ compounds= 4 xM, slit= 6 nm/12 nm

47FA]  indolizino[3,2—clquinoline FEAES AFE3}9]  ethanololl A
screeningdt A3 (78 36) oA 1Q44= Fe’'sl Crife d@gls AL

&340 =717} AA 9, B-ringell ester group®] =A3tA] = 1Q429]

N / *”ﬁ T &k



A5 Fe’'seb Critell disiAl Fgo] ad e B 5 Stk web
1Q44 ¢} 1Q42E w3 E ™ B-ring®l <£Asl= ester group®] turn—on
fluorescent sensor® Zt&st=t] & 95 sitk= A& & 5 Ut
3k 1Q18% IQB28 E-ringel furane FEC0 2 ztuglow Fx34
zlo]l - 0 2 = 1Q182] A-ring®ll £A3l= methyl group?} IQB282] B—
ring® <3} methyl ester group®ltl A B 1Q182]
selectivity test A3 (Z¥ 10)9 1QB28° A= Hlwsf¥ T ester
group®] 9= IQB28-S Fe'', Cr'E Y& ¢ IQ4439 &332 717}
AN 1Q18+= Fe’", Cr''ell diste] o] Fhastaleh. whebr 1Q449)
1Q42, 1QB28+} 1Q18 +7H4 455 5 3= W B-ringell A8k
ester group®| turn—on fluorescent sensor® Z-gsh=t Q3% &S
& Zojgtal oA & gl

TEANME  ethanolo|A] I A9} H|=5FA] B-ringell ester
group®] = IQ44, 1IQB28, IQB27° 7 turn—on H+= EH5S

Bo]FEAH(2¥ 37). o] A3} A B-ringol] &A= ester group®]

turn—on sensor® 2rg-&l=d 2 AdskS ol o ANS FIukA G o)
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B 1044 (4 jM)+Metal (400 gM)

B 1042 (4 M)+ Metal (400 ph)

-4
s

Fluorescence intensity
3 B
=

Fluorescence intensity

¥ & 4 x W o 5o g g = Eog A Y ¥ ¥ £ 4 P F g Yy s T
\d’ge‘p ,\,Qg'i-(}*&*oco W oaf @ Te F P PP By 7‘%(} P W e

wor(S) . (d)

o B 1GB28 (4 ;M) +Metal (400 M) B 1QB27 (4 uM)+Metal (400 ;)

800

3

:

Flucrescence intensity
-
=
Fluorescence intensity

o

........

of A of o o £ 8 4 =2 ® ¢ = L o4 4 4 & L T T T ¥ o 2 #
FeITIIIFFdFFF ¢ & FESLEIIF I FF ¢t &

% 37. Fluorescence response of chemosensor 1Q44 (a), IQ42 (b),
IQB28 (¢), IQB27 (d) excited at 420 nm in the presence of Fe*' and
other metal ions (400 M) in DW solutions after incubation for 30
sec. The monitored wavelengthes were 458 nm, 480 nm, 510 nm and

458 nm, respectively. IQ compounds= 4 M, slit= 6 nm/12 nm

4.2 The role of heterocycle at E—ring
9] 471x EZE FoA B-ringell ester group®] <A3H= 1Q44,
IQB28, I1QB27 (1¥ 36a,c,d, 1% 37a,c,d)= BlusiH ™ E—ring$ Xl

heterocycleo] A8 & IS vA= AE & 5 Ak 1Q449)

il

IQB28<2 Z}Z}  thiophene, furans 2zt QAW IQB272  ethyl
groupl. & thAHo] Qit}t. 1Q449} I1QB28S Fe’', Critolnul Aelzow

283l turn—on TE  turn—off’} HiE AE HTh 1A
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IQB272 3o =7}

Pb*TE W Ay BT ol FrFEvH(1d™ 36d, T1¥ 37d).

ohfet Fe?'9h Fe'' & T84 28

fredEst @ Fe''ol gzl
Siths HAIRS Zta

indolizino [3,2—c] quinoline F+EAE5°] selectivity =

ot

o,

b g7

¥2
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2 AT = ol ATl oA TheFSt indolizino [3,2— ¢l quinoline
IQ FE=AES st o5 optical propertys A7 om»
o]o}A target (DNA, RNA, lysosome) fluorescent probe w=%%%
AT o]ojA & ATrelM= T S web WgtelA W stel=
indolizino[3,2—clquinoline (IQ) H#EA=2 EAS 83 1IQ
FEASY] 54 F4 ol ([Fe’) o] A&l fluorescent sensor®
g8d T vke As Btk

WA ratiometric fluorescent sensor2X Fe’fo]] Aelzog gah=
Q18 disiA AR ARES AuuEgith 1Q189]  Felfolwt
AeAor Agsh=A ARl 93] T 157H] a5 o]&(Ag", Al
Cd*, Co™. Cr¥*, Cu®*, Fe?*, Fe¥* Hg?*, K*, Mg®, Mn®*, Na*, Pb*",
Zn*") & AFESlY] selectivity test® FaETh 1 Ay Fe't o
Cr'& ¥S wx 332 7havt itk olefdt olf+= AFqH A
o]l Fe’*o} Cr’" W% trivalent ©]2o]w o]& xlo]=7} H|S=EH]
wi-oltt. o uelrt w5 o] 28] #ilo] ofd 1Q182] ¥l A e
Fe’'o} At Fite] Fzko] WA 4&9ly] wEolgta AzsE 5
ATk wEhA w]szd 27)7F obd Cu®t T Pb*el dlsidm oFitho

F AAESS] visyE yehd Zloletar Azt 4 Qlth Selectivity
testell o]o]A] Fe''& A|2Jg the F4 o]o] I EAst: ZHolA
IQ18%} Fe®* Atele] Afto]l f4 Tz #/4de] & 4 U=A competition
tests FolA AuEopty. I Ay oE 14714 F5 o]&0] Fe’t Hr}

109% o % zdME 543 nmelM BFe] 253 FF S7E
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S35 om ol & Atole] Adto]l YE 5 o= siA W
k2] ol=r}= AL oum il Crife] ulsA  cross—selectivity =

wolxgk Aol Fe® 7} Crite] niaja w2 A8t A4S 1859

mlo

o IQ18E 83| Fe’'o] MelzQl fluorescent sensoriz A=
pa= STAREAC EA=
o yolr} 1Q183}F Fe™ Alole] A muls AAlek7] 984 Job's

plot A3d& R8s o o)lz2HE Hojzl A} Benesi—Hildebrand

X

plotoll A HolX linearityZ ®Fg o= 1:1 Agsth= 25 4 4 ok
72 'H NMR titration A3¥, 1Q18, 1Q18—Fe, 1Q18—S Al 7F4 'H
NMR spectrum®] ®]w, 18] 1Q18, 1Q18—Fe Z+7+2] 'H-'H NOESY
NMR spectrum® H|ZE %34 1Q187 Fe’" Alole] A nw
A A &S

IQ18°] o]olA] IQ44% Fe’oll MelA el fluorescent sensor® &

o

ot

T A LobEsgith 1Q44+= 1Q18¥ FeEl ethanol R ofue}
FENME Fe’™ 5 detection & < Qv AHol Slt) ulebA
Fe’fo]  th3 1Q449] fluorescent sensorZM e AFS dolri=
A Eo] QoA B5F F 7HA] solventoll 4] 2183} Selectivity test,
competition test, binding strength, fluorescence intensityolA E&
A37b ethanolelX B FAY A Yebwth ol Adr v Al

T =4 Abole] At AIZI7E 8-l A ethanololl A Bt oFslY]

f.:r*
i
2

N
¢

jolal= Zlolglar HojXth 1Q449F Fe’t Atolo] Ag wds
AAEtA stk Job's plot® 'H NMR titration study, 'H NMR

spectrum WA A AF}E vEo=z T F Qe FEe
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IQ18%7 Fe’" Afole] Ad welxy) H|S=&}Ith =, Quinoline moiety®l]
Z£A8H= nitrogen®  thiopheneo] &A= sulfur7}  Foishe]
complexs @4dsh= AR 5T 5 SUSIvh 1EARE 1Q44¢9) 1Q18
Abele] XRD ZA#E vlwetl<s W packingel E°17h= unite] A7}
Az ggith webd 2asH 1Q183 Fe’' Alole] A== Agty)
Hl2g Zojgtal Wdlsr]ols % A5 AEHA JdFo|th

IQ18, 1Q447} Fe**el sl z+zb turn—off$} turn—ono] = A=
& dAS ¥l Ho #<ekste] indolizino [3,2—c]quinoline F+E4|&2]
T%9} fluorescent sensor® Ag-8h wf Uehb= AAHE] A
(structure—function relationship)= 23t} B—-ringell ester group©]
EAsh= B¢ 29A &2 A9, I8al E-ringell heterocycle©]
TAskE Aok 23A 9 A olEA 7 7HA caseE A ETL
71 A¥} carboxylic acid ester group®] turn—on sensor®] i3 F &3t

o

qg Frhs AL & F YAWTh EF 1Q FEAFO] Felol

wEkA, 2 ATt 7S $AESJY  indolizino [3,2— ¢l quinoline

A= &8s "y FAle o]&& fluorescenct sensor@®

E
-

235}7] 9%t design strategy s A3 tE. E—ringell heterocycle©]
=45 1Q FEAEY uEAYE  electron  donorEH  ZHEEH=
heteroatom® <E&A7} ZQ3cty f-F3lE 4 vt B-ring? ester
group 179 E-ring® &AA3t 9x|o] £A5}+= heteroatom%t AthH

Fe’'Z dojx t] t}ekst ionol AEA Q1 fluorescent sensor’} 7]k =



olojA] E A= 7]Eo| fluorescent metal sensorel] o] AREEE
fluorophore (rhodamine B, fluorescein, Cy2) oA Holu} A28 =291
indolizino[3,2— clquinolines #-&3}%] metal sensorg 7NE3FSIth=

Ao 27t rh. w3 B AFoA thE IQ44F indolizino[3,2—

clquinoline fFEAlEe]l F71&MERE oflel FEAqoME FEI
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Experimental Section

1. Instrument and materials

All commercially available reagents and solvents were purchased
from chemical suppliers. These reagents and solvents were used
without any further purification which purity is ACS grade or higher.
The reaction was monitored by thin—layer chromatography (TLC) on
silica coated plate (60 F254, Merck, Darmstadt, Germany), and
components were visualized by UV light at 254 nm and 365 nm (VL—
4.1.C, Vilber Lourmat, Eberhardzell, Germany). Purification by column
chromatography was performed on silica gel 230—400 mesh
(ZEOprep, Zeochem, Lake Zurich, Switzerland) using a mixture of
hexane, dichloromethane, ethyl acetate as eluents. 1H NMR spectra
were obtained using INM—LA300 or INM—ECA—-600 (JEOL, Tokyo,
Japan) with CD30D or DMSO—ds as a solvent at room temperature.
(High—resolution mass spectra (HR—MS) were obtained using fast
atom bombardments (FAB) method on a JMS—700 MStation
(JEOL,Tokyo, Japan) or electrospray ionization (ESI) mass systems.)
The UV—vis and fluorescence spectra were obtained using Lamda 25
(Perkin Elmer, Waltham, MA, USA) and FP—6500 (Jasco, Tokyo,
Japan) respectively with 1 cm quartz cell. Metal screening of IQ
derivatives (IQ44, 1Q42, IQB28, IQB27) were done using Mithras® LB

943 (Berthold, Bad Wildbad, Germany)
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2. Synthesis of IQ18 and 1Q44
2.1 General procedure

The fluorescent chemosensors, IQ18 and 1Q44, were synthesized by

the procedure reported in previous paper.®

1Q44

COOCH; '"H NMR (600 MHz, DMSO—d) & 9.6 (d, J =

o 7.3 Hz, 11), 8.45 (d, /= 9.2 Hz, 1H), 8.25 (d, J
N~ \

=\ = 7.3 Hz, 11D, 8.11 (d, / = 6.9 Hz, 1H), 7.94

S (dd, /= 5.0 Hz, 0.9 Hz, 11D, 7.79 (t, /= 7.2 Hz,

1H), 7.69 (t, /= 7.6 Hz, 1H), 7.61—-7.58 (m,
1H), 7.54 (d, /= 2.7 Hz, 1H), 7.35 (dd, /= 5.1 Hz, 3.7 Hz, 1H), 7.01
(t, /= 6.9 Hz, 1H), 4.04 (s, 3H)

3. Formation of organometallic complex,
IQ18—Fe and 1Q44—Fe

IQ18—Fe

To synthesize the organometallic complex
with IQ18 and Fe®* metal ion, IQ18 (0.07 mmol)
was dissolved in methanol, followed by the

addition of Fe (NO3) 3:9H-.O (0.07 mmol). After it

was stirred at room temperature for 12 hours,
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there was solid not dissolved in methanol. The reaction mixture was
filtered and dried in vacuo. Orange solid, 'H NMR (600 MHz, DMSO—
;) & 8.65 (d, /= 7.4 Hz, 1H), 8.38 (s, 1H), 8.18—8.16 (m, 2H), 7.89
(s, 2H), 7.83 (s, 1H), 7.66 (s, 1H), 7.52 (s, 1H), 7.11 (s, 2H), 2.63

(s, 3H).

This compound was synthesized using similar
procedure except the amount of Fe (NO3) 3:9H0.

In this reaction, Fe (NO3) 39H20 (0.7 mmol) was

added in the methanol solution of 1Q44. Orange
solid, 'H NMR (600 MHz, DMSO—ds) & 9.62 (s,
1H), 8.50 (s, 1H), 8.24 (s, 1H), 8.10—8.07 (m, 2H), 7.91 (s, 1H),

7.80 (s, 2H), 7.70 (s, 1H), 7.44 (s, 1H), 7.17 (s, 1H), 4.05 (s, 3H).
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4. Synthesis of N—methylated IQ18, IQ18—S

6— (furan—2—yl) —5,11—dimethylindolizino [3,2—c] quinolin—5—ium
methanesulfinate

IQ18—S was synthesized in one step from
IQ18. 1Q18 (0.06 mmol) was dissolved in
chloroform, followed by the addition of dimethyl

sulfate (0.6 mmol). The reaction mixture was

stirred at 60 °C for 24 hours under reflux.
After the reaction was monitored by TLC, it was stopped even though
the IQ18 remained. The chloroform was evaporated under reduced
pressure. The crude product was purified by column chromatography
(dichloromethane / methanol) to afford IQ18—S. Dark orange solid, 'H
NMR (800 MHz, DMSO—ds) & 8.88 (dd, /= 8.0, 1.2 Hz, 1H), 8.48 -
8.41 (m, 2H), 8.12 - 8.06 (m, 2H), 8.02 (t, /= 7.5 Hz, 1H), 7.63 (d,
J=6.9 Hz, 1H), 7.50 - 7.45 (m, 1H), 7.19 - 7.13 (m, 2H), 6.92 (d,
J = 7.0 Hz, 1H), 4.19 (s, 3H), 3.36 (s, 3H), 2.67 (s, 3H). '*C NMR
(200 MHz, DMSO—ds) & 147.68, 146.89, 139.21, 135.03, 134.94,
133.24, 131.63, 130.54, 129.32, 128.51, 125.75, 125.32, 122.19,
121.30, 119.84, 117.85, 115.05, 113.29, 96.36, 52.75, 39.81, 39.70,
39.60, 39.50, 39.39, 39.29, 39.18, 17.80., LC/MS (ESI) calcd for
Ca1H17N20" 313.13 ([M] 1), found 313.1200.
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5. Single crystal X—ray crystallography

5.1 Single crystal X—ray crystallography of IQ18

The sample of IQ18 for crystallography was grown by the wvapor
diffusion method using methanol/hexane. Dark brown single crystals
of CooH14N20, with approximate dimensions 0.229 X 0.032 X 0.032
mm® were grown. A nylon loop with Paratone—N oil was used for
selection of suitable crystal mounted on SuperNova, Dual, Cu at zero,
AtlasS2 diffractometer (Agilent, Santa Clara, CA, USA). The crystal
structure of IQ18 was analyzed by collecting the data on SuperNova
dual source diffractometer using Cu K ¢ radiation (A= 0.582 mm™})
in @ scan. A total of 10603 reflections were measured (8.456° =<
20 < 152.748° ) with 1° steps. Structural solution and refinement
were performed with the ShelXT using intrinsic phasing and the
SheXL using least squares minimization refinement package of
OLEX2, respectively. The final Ri, 0.0452 (I > 20 (D)), and wRy,
0.1390 (all data), were obtained through a total of 3497 unique (R =
0.0238, Rsigma = 0.0239) used in all calculations. Data of IQ18
structure showed in the paper was uploaded and deposited with the
Cambridge Crystallographic Data Centre. The deposition number for
IQ18 is No. CCDC1533134. All copies of the data can be downloaded
upon application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK
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5.2 Single crystal X—ray crystallography of 1Q44

The sample of IQ44 for crystallography was grown by the vapor
diffusion method using methanol and dichloromethane/hexane. Light
yellow single crystals of Co1H14N202S, with approximate dimensions
0.397 X 0.308 X 0.203 mm® were grown. A nylon loop with
Paratone—N oil was used for selection of suitable crystal mounted on
SuperNova, Dual, Cu at zero, AtlasS2 diffractometer (Agilent, Santa
Clara, CA, USA). The crystal structure of IQ44 was analyzed by
collecting the data on SuperNova dual source diffractometer using Cu
Ka radiation (A= 1.912 mm™) in o scan. A total of 62202
reflections were measured (7.974° =< 260 < 147.79° ) with 1°
steps. Structural solution and refinement were performed with the
ShelXT using intrinsic phasing and the SheXL using least squares
minimization refinement package of OLEXZ, respectively. The final Ry,
0.0378 (I > 20 (), and wRy, 0.1035 (all data), were obtained
through a total of 6595 unique (Rint = 0.0255, Rsigma = 0.0097) used in
all calculations. The deposition number for IQ44 is No. CCDC1813169.
All copies of the data can be downloaded upon application to CCDC,

12 Union Road, Cambridge CB2 1EZ, UK
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6. UV—vis and fluorescence spectra
measurement

Metal ions (FeSOs - 7H20, Fe(NOs)s - 9H.0, CdCl;, KBr, NaCl,
Mg(NO3) - 6H20, AgNOs3, Pb(NOs)z, CuCls - 2H20, ZnCls, HgCly,
MnCly - 4H20 - 4Hz20, CoClz, AlPO4, Cr(NOs)s - 9H20) were used to
prepare stock solution (10 mM) in water. The stock solution of 1Q18
and IQ44 (10 mM) was prepared in DMSO at room temperature. And
the stock solutions of metal ions and IQ18 was diluted using water
and DMSO by serial dilution to yield 2 mM and 1 mM stock solutions.
The general procedures to obtain spectra were as follows: 1 gL of
IQ stock solutions (2 mM and 10 mM) was added into 999 L
ethanol solvent in 1 ¢cm quartz cell to be given 2 M and 10 M IQ
solutions used in fluorescent and UV —vis measurement, respectively.
Proper volume of metal stock solutions (ImM, 2mM and 10mM in
water) was transferred to 2 #M and 10 x«M IQ solutions to achieve
the wanted equivalent. The slit widths of excitation and emission
were 3 nm and 5 nm respectively with medium sensitivity. All
experiments were recorded after equilibrium for 30 seconds unless

otherwise stated.
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2. Ratiometric fluorescent sensor, IQ18

2.1 Competition test

121 mm 1182 M) I 1Q18+Fe® (10 uM) B 1Q18+Fe®* (10 p My+M(100 p M)

o4
©
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e
w
1

Normalized FI. Intensity
o
i

o
o
L

x x x X

A R R R AR RN

3,

9 S9. Competitive studies of the IQ18 (2 #M) in ethanol upon the
addition of various metal ions. Green bars indicate the fluorescence
response of IQ18 to Fe®** (10 xM). Grey bars represent the
subsequent addition of different metal ions (100 «M) in the presence

of Fe*" ion, respectively; Aex = 400 nm, Aem = 486 nm, slit width =

95
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1% S10. Competitive studies of the IQ18 (2 M) in ethanol upon

the addition of various metal ions. Grey bars indicate the fluorescence

response of IQ18 to different metal ions (100 x«M). Green bars

represent the addition of Fe*™ (10 M) ions following the addition of

other metal ions, respectively; Aex = 400 nm, Aem = 486 nm, slit

width = 3nm /5 nm

2.2 Benesi—Hildebrand plot (Raw data)
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1% S11. Change of fluorescence spectra of 1Q18 (2 M) (a) and

fluorescence intensity of IQ18 at 486 nm against [Fe®*'](b) in

ethanol; Aex = 400 nm, slit width = 3 nm/5 nm
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2.3 Fluorescence spectra of Job's plot
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of all mixture solutions = 2 M

2.4 Fluorescence spectra of reversibility test
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2.5 NMR spectra
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3. Turn—on fluorescent sensor, 1Q44

Fluorescence intensity

3.1 Fluorescence spectrum of 1Q44
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o 2
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T 400 450 500 S50 600 650 400 A% 0 B0 600 650

Wavelength (nm) 4um

T 400 450 500 550 600 650
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% S17. Changes in the fluorescence spectra of 1Q44 (2 xM)

with O M (a), 4 M (b), 20 M (¢) Fe*" for 30 minutes in

DW; Ae=370 nm, slit width = 3 nm/5 nm
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3.2 Selectivity test

3

(a)

Fluorescence intensity
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I% S18. Fluorescence response of chemosensor 1Q44 (2 p

M) in the presence of Fe’* and other metal ions (40 M) in

ethanol

solutions after 60 min (a)

and the normalized

fluorescence intensity at 457 nm after 30 sec and 60 min (b).

Aex= 417 nm, Slit width = 3 nm/5 nm
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1Q44 + Fe**
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1Q44 + Zn?, Pb**

1Q44 + Fe?t, Cd%, K*, Na*,
Mgz",Ag", ng", Mn2+,
C02+, Al3+
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% S19. Fluorescence response of chemosensor 1Q44 (2 u
M) in the presence of Fe®" and other metal ions (40 M) in
DW solutions after 60 min (a) and the normalized fluorescence
intensity at 455 nm after 30 sec and 60 min (b). Aex= 430 nm,

Slit = 3 nm/5 nm
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3.3 Competition test

(a)

£ 1001 B 1Q44+Fe>* (104 M)
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% S20. Competitive studies of the 1Q44 (2 ¢M) in ethanol(a)
and DW(b) upon the addition of various metal ions. Green bars
indicate the fluorescence response of 1Q44 to Fe** (10 gM). Grey
bars represent the addition of different metal ions (100 zM) in the
presence of Fe®" ion, respectively; Adex = 440 nm, Aem = 450 nm,

slit width = 3nm /5 nm
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3.4 Dissociation constant between IQ44 and Fe®*
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% S21. Fluorescence intensity at 450 nm of 1Q44 along the
addition of Fe®" in ethanol(a), HO(b); Aex = 440 nm, slit width = 3

nm/5nm
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18 S22. Observed rate constant (kops) against [Fe®*] in DW
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3.5 NMR spectrum
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1% S23. 'H-'H COSY(a), NOESY(a) spectrum of IQ44 in
DMSO—ds
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¥ S1. Gap of chemical shift between 1Qs and IQ—Fe complex

1Q18 1Q44—
H | 1Q18 Shift | 'H | 1Q44 Shift
—Fe Fe

d|781| 818 [0.37 ] c |825] 807 | =0.18

g | 757 7.89 10.32| b | 845 | 8.50 0.05
Indolizine

11707 752 |045| h | 7.60| 7.80 0.20

k [675] 7.11 {036 | k | 7.01| 7.17 0.16

a | 854 | 865 |0.11| a|9.61]| 9.62 0.01
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j 1688 711 0233 |7.35| 7.44 0.09
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APPENDIX

1. Original NMR spectra
'H NMR of compound IQ18 (600 MHz, DMSO—d)

=
2
A
-
i 50 an i
b 11

1

'H—'H COSY NMR of compound IQ18 (600 MHz,

‘ |
-3 - oot
» 5 a-man-aeir 1030
G
2 s oo
) i
= ippm] [pem)
T
Helaw,
e s :
{ 3.51787644 (1
N ;
:
Trr_rreq = §00.1723048 {rete)
Bm, ot
| L] LIE ] r— Tri_demain -
. FmT lh
= ®e g — 1 ipped - i
g
e
BT ih,
= X_B0_wideh = 5.828{us}
o o go” : ; — T cnom
x atn - 4.4[dm]
- ¥ pulse =
& o —_ ¥ o _tina =
Pt
L
mE L
= e —_ Deat .
=5 :
B,
& :
g, :
L1} LT} T i 50 an EY ) w0 L arad_recors: -
e
almdance
J [}
! "
- -



'H—'H COSY NMR of compound IQ18 (range: 9.0—5.0 ppm)
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'H—'H NOESY NMR of compound IQ18 (range: 9.0—5.5 ppm)
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'H NMR of compound 1Q44 (600 MHz, DMSO—d)
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'H—'H COSY NMR of compound IQ44 (range: 10.0—6.5 ppm)
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'H—'H NOESY NMR of compound 1Q44 (range: 10.0—6.5 ppm)
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'H NMR of compound IQ18—Fe (600 MHz, DMSO—d)
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'H—'H COSY NMR of compound IQ18—Fe (range: 9.0—6.5 ppm)
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'H—'H NOESY NMR of compound IQ18—Fe (range: 9.0—6.5 ppm)
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'H NMR of compound 1Q44—Fe (600 MHz, DMSO—d)
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'H—'H COSY NMR of compound IQ44—Fe (range: 10.6—6.0 ppm)
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'H NMR of compound IQ18—S (800 MHz, DMSO— )
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'H—'H COSY NMR of compound IQ18—S (600 MHz, DMSO—d)
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'H-'H COSY NMR of compound 1Q18-S (range: 9.1—6.5 ppm)
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'H—'H NOESY NMR of compound 1Q18—S (600 MHz, DMSO— )
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'H—'H NOESY NMR of compound 1Q18—S (range: 9.5—6.5 ppm)
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'H NMR of 1Q18 with 0 eq. of Fe** (300 MHz, CDs0D)
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'H NMR of 1Q18 with 0.25 eq. of Fe** (300 MHz, CDs0D)
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'H NMR of 1Q18 with 0.5 eq. of Fe** (300 MHz, CDs0D)
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'H NMR of 1Q18 with 1.0 eq. of Fe** (300 MHz, CDs0D)
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'H NMR of 1Q44 with O eq. of Fe** (300 MHz, CDs0D)
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'H NMR of 1Q44 with 0.25 eq. of Fe?* (300 MHz, CDs0D)
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'H NMR of 1Q44 with 0.5 eq. of Fe** (300 MHz, CDs0D)
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'H NMR of 1Q44 with 0.5 eq. of Fe** (range: 10.5—6.5 ppm)
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'H NMR of 1Q44 with 1.0 eq. of Fe** (300 MHz, CDs0D)
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'H NMR of 1Q44 with 1.0 eq. of Fe** (range: 10.5—6.5 ppm)
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Abstract

The development of Fe(Ill) selective fluorescent

sensors based on indolizino[3,2—c] quinoline scaffold

Byungyeob Baek
College of Pharmacy
The Graduate School

Seoul National University

Chemical sensors, such as colorimetric and fluorescent sensors,
have more advantages than other analytical methods: such as
electrochemical, inductively coupled plasma emission spectroscopy,
inductively coupled plasma mass spectroscopy and atomic absorption
spectroscopy. Fluorescent sensors can have high selectivity, eidetic
recognition, real time monitoring, and rapid response while other
methods require complex procedures and expensive Instruments.
Among the heavy metal ions, iron is one of the most important metal
ions because iron is the most abundant transition element in the
human body and plays an important function in a wide range of
biological processes. The discrimination of Fe?" and Fe®' ions is one
of the major requirements in the development of chemical sensors
detecting iron metal ions. Therefore, effective chemosensors for the

detection of Fe®" have been pursued in various fields of analysis.
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Most of fluorescent chemosensors developed so far, however, are
limited to rhodamin, fluoroscein, and Cyanine derivatives.

Our lab reported that indolizino[3,2—clquinoline (IQ) derivatives, a
new fluorescent scaffold, have various fluorescence spectra along the
change of functional group. In this study, new fluorescent
chemosensors based on indolizino[3,2—c]quinoline were developed
and charaterized to distinguish Fe®* from Fe?* by observing changes
in the fluorescent spectra. Our results revealed that IQ derivatives
could be tuned to work as turn—off or turn—on fluorescent sensors by
modifying the functional groups at specific positions. Moreover, the
substituent at the C6 position of the IQ sensor is critical for the
selectivity toward Fe®*.

We expect that indolizino[3,2—clquinoline (IQ) derivatives
developed in this work could be used as fluorescent sensors in

biological applications such as cell imaging.

Key word: Fluorescent sensor, Chemical sensor,

indolizino [3,2— ¢l quinoline (IQ), Fe**

Student Number: 2016—21823
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