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Experimental
Materials

All chemicals used in the synthesis were of reagent grade and used without further purification.
Pyrene, Methyl 11-bromoundecanoate, 4,4'-Di-tert-butyl-2,2'-bipyridine, (1,5-
Cyclooctadiene)(methoxy)iridium(I) dimer, and Acetonitrile were purchased from Sigma-Aldrich
Chemical Company. Bis(pinacolato)diboron, Sodium hydroxide, Methanol, Cyclohexane,
Hexane, Dichloromethane, Ethyl aceate were bought from Daejung Company. Ferric hydroxide
polymaltose complex was purchased from Ilyang Pharmaceutical Co., Ltd. Silica gel (Merck, 230-
400 mesh) was used for chromatographic purification of all of intermediate and target molecules.
All other chemicals and solvents were purchased from Sigma-Aldrich, Fisher Scientific, or Acros

Chemical Company and used as received.

Instrumentation and Methods

NMR spectra were recorded using a Bruker (AVANCE III 500 and AVANCE NEO 900),
operating at 500 MHz for 'H-NMR and at 125, 225 MHz for 3C-NMR. High-resolution mass
spectra (HRMS) were obtained by Synapt G2-HDMS mass spectrometer (Waters). Elemental
analysis (EA) was measured with Flash 2000D. Infrared spectra were measured with Thermo

Fisher Scientific Nicolet iS5 FTIR spectrometer. UV/Vis absorption spectra were recorded using
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a Sinco Mega-2100 UV-Vis spectrometer. Steady-state fluorescence spectra were obtained with a
Shimadzu fluorometer RF-6000. Lifetime measurements were carried out using a PicoQuant
FluoTime 200 Compact Fluorescence Lifetime Spectrometer. A 1 cm quartz cuvette was used for
all spectral measurements. Dynamic light scattering (DLS) experiments were performed with
Zetasizer Nano ZS from Malvern Panalytical. Scanning Electron Microscopy (SEM) images were
obtained with a Field Emission Scanning Electron Microscope (FE-SEM).

Stock solution (3.0 mM) of 1 was prepared in DMSO. The solution has been kept at the room
temperature for one hour before use. The chloride salts of Li*, Na*, K*, Cs*, Mg?*, Ca?", Sr?*, Ba>*,
Mn?*, Fe?*, Co?', Ni?*, Cu?*, Zn**, Cd**, Hg?*, Sn?*, Pb*", and Fe3" ions (stock solutions = 10.0

mM in H,O) were tested to evaluate the metal ion binding properties of 1.

Synthesis
2-Hydroxypyrene (2) was prepared in a good yield as described in the literature.!

Methyl 11-(pyren-2-yloxy)undecanoate (3). To a solution of 2-hydroxypyrene (2) (2.00 g, 9.2
mmol) in dried CH;CN (100 mL), anhydrous K,CO5(3.80 g, 27.5 mmol) was added. After stirring
for 30 min, methyl 11-bromoacetate (2.43 mL, 7.5 mmol) was added to the reaction mixture. The
resulting mixture was vigorously stirred at 80 °C for 24 hours under argon gas. After the reaction
mixture was cooled to room temperature, the solvent was removed in vacuo. The reaction mixture
was acidified with 5 % aqueous HCl solution (100 mL), and then extracted with CH,Cl, (200 mL).
The organic layer was separated and washed with water (100 mL) and dried over anhydrous
MgSQO,, and the solvent was evaporated to yield a yellow solid. The pure product was isolated by
column chromatography on silica gel using dichloromethane:hexane (1:3) as the eluent. 84.2%
yield.; 'TH NMR (500 MHz, CD,Cl,): & 8.05 (d, 2H, J= 7.6 Hz), 7.95 (d, 2H, J= 9.0 Hz), 7.98 (d,
2H,J=9.0 Hz), 7.83 (t, 1H, J=7.6 Hz), 7.61 (s, 2H), 4.14 (t, 2H, J = 6.6 Hz), 3.53 (s, 3H), 2.18
(t, 2H, J= 7.7 Hz), 1.81 (m, 2H), 1.47 (m, 4H), 1.27 (m, 10H); *C NMR (125 MHz, CD,Cl,): §
174.0, 157.5, 132.6, 130.14, 127.90, 126.80, 125.20, 124.90, 124.60, 119.80, 111.0, 68.5, 51.5,
34.0, 29.5, 29.4, 29.3, 29.1, 26.1, 25.0; ESI(+) HRMS (m/z): [M+Na]" calcd. for CogH3,NaO3*,
439.2244; found, 439.2245.

Sodium 11-(pyren-2-yloxy)undecanoate (1). To a solution of methyl 11-(pyren-2-
yloxy)undecanoate (3) (1.00 g, 2.4 mmol) in MeOH/H,O (30 mL, 2:3, v/v), NaOH (0.29 g, 7.3
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mmol) in water (1 mL) was added dropwise. The reaction mixture was vigorously stirred at 90 °C
for 24 hours. The reaction mixture was cooled to room temperature, and then poured into a solution
of methanol (300 mL) and diethyl ether (100 mL) to give the fine white solid 1 precipitate. 76%
yield.; 'TH NMR (500 MHz; DMSO-d,): 6 8.25 (d, 2H, J= 7.7 Hz), 8.15 (d, 2H, J= 9.0 Hz), 8.11
(d, 2H, J=9.0 Hz), 7.99 (t, 1H, J= 7.6 Hz), 7.90 (s, 2H), 4.28 (t, 2H, J = 6.6 Hz), 1.87 (m, 2H),
1.80 (t, 2H, J= 7.3 Hz), 1.53 (m, 2H), 1.40 (m, 4H), 1.24 (m, 8H); 13C NMR (225 MHz, DMSO-
de): 0 175.7,157.1,132.2, 129.6, 127.8, 126.8, 125.2, 125.1, 123.8, 119.0, 111.0, 68.0, 40.0, 39.8,
39.7,39.6, 39.5, 39.4, 39.3,39.2, 29.5, 29.2, 29.1, 28.9, 26.6, 25.6; ESI(+) HRMS (m/z): [M+H]"
calcd. for C,7H39O3Na, 425.2087; found, 425.2090; Anal. calcd. for C,7H,9O3Na: C, 76.39; H,
6.89; O, 11.31. found; C, 73.09; H, 6.85; O, 10.91.

Serum lipid extraction with organic solvent. Extraction with a chloroform-methanol mixture
was based on the methodology of Folch et al.? 4 mL of normal human serum was added to 10 mL
of chloroform-methanol (2:1, v/v). The mixture was agitated manually for 1 minute and centrifuged
at 4000 rpm for 10 minutes at room temperature. After centrifugation, the aqueous phase was

collected and repeated once more with hexane.?
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Fig. S1 '"H NMR spectra of precursor 3 in CD,Cl, and an amphiphilic monomer 1 in DMSO.
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Fig. S2 Fluorescence emission spectra of 1 with increasing concentration (1~120 & 10 M) in (a)
H,0 and (b) DMSO.

Table S1 Fluorescence quantum yields of 1 upon the addition of Fe3* or Fe?* ions.

1 1+Fe3* 1+Fe2*

. 5.0% 0.45% 5.1%
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Fig. S3 (a) Fluorescence intensity changes of 1 (5.0 & 10° M) in H,O and DMSO upon the
addition of various metal ions (3.0 & 10°° M; (b) Fluorescence intensity changes of 1 (5.0 {& 10
M) in H,O and DMSO toward Fe3" ions in the presence of other metal ions (5.0 & 10¢ M). 1:
blank, the chloride salts of metal ions: 2: Li*, 3: Na*, 4: K*, 5: Cs", 6: Mg?", 7: Ca?*, 8: Sr?*, 9:
Ba?*, 10: Mn?*, 11: Fe?', 12: Fe3', 13: Co?*, 14: Ni**, 15: Cu?*, 16: Ag*, 17: Zn**, 18: Cd**, 19:
Sn?*, 20: Pb?". Excitation at 329 nm/H,0, 341 nm/DMSO; fluorescence intensity was monitored
at 388 nm; [Na*]=[K*]=[Ca2']=1.0 & 10 M.
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Fig. S4 IR spectra of 1 and 1-Fe** complex.
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(b)

Fig. S5 SEM image of 1 upon the addition of Fe3* ions in H,O: (a) 1 and (b) 1-Fe" ions.
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Fig. S6 Hydrodynamic radii obtained from DLS for 1 (5.0 & 10 M) upon the addition of Fe**
ions (3.0 & 10°° M).
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Fig. S7 Fluorescence intensity changes and Stern-Volmer (SV) plots (inset) of 1 (5.0 & 10°¢ M)
upon the addition of various amounts of Fe3* ions in (a) H,O and (b) DMSO. Excitation at 329

nm/H,0, 341 nm/DMSO.
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Fig. S8 Time-resolved Fluorescence decay of 1 (5.0 {& 10 M) upon the addition of Fe** in DMSO

40

(b)

Normalized PL intensity

(b)

Normalized Counts

1.2 -
1.0 1(5uM) *
tas
0.8 .
1 i{mm m ® § n L
061 T N R
] [Fe '] (uM)
0.4
0.2
Fe®* (300 uM)
0.0 - 1 T
350 400 450 500 550 600

1.2

Wavelength (nm)

1.0 4

0.8 +

0.6 4

0.4+

0.0

0.2 -—J'

— 1+Fe*

9 12
Time (ns)

and aqueous solution. Excitation at 370 nm; lifetime decay was monitored at 390 nm.
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Table S2 Comparison of 1 with recently reported Fe3* sensors.

Sensors Response Type LOD (uM) Reaction Media Rf
Dansyl Based derivative Fluorescence 6.2 107! EtOH/H,0 4
(1:1, vv)
Poly Electrospun
Nanofiber Hydrogel Color 61.5 H0 >
Anthracene Based Color 44 & 10" DMF 6
derivative
Rhodamin derivation Fluorescence 7.4 107! CH3.CN/H20 7
(1:1, vv)
Nlt“’gen'ggged carbon Color 5.7 @ 107 CDs/PVA films 8
Our Works Fluorescence 7.0 &5 102 H,0

Table S3 Fluorescence lifetimes (z;, ns) and relative amplitudes (RA, %) for 1 and 1-Fe3" in H,O.

Condition Samples 71 (ns) RA (%) 7, (ns) RA (%)
1 0.97 97.44 3.15 2.55
H,0
1-Fe3* 0.35 >99 1.19 trace
1 20 100% - -
DMSO
1-Fe3* - - - -
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Fig. S9 (a) Fluorescence intensity changes of 1 (5.0 & 10 M) in diluted serum (10%) upon the
addition of NTBI, TBI, DI, and Fe?" (2.0 & 10> M); (b) Fluorescence intensity changes of 1 (5.0
@ 10° M) in diluted serum (10%) toward Fe?" ions in the presence of other competitive
substances; Excitation at 329 nm; fluorescence intensity was monitored at 388 nm.
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Fig. S10 Fluorescence intensity changes of 1 (5.0 & 10 M) in diluted serum (10%) upon the
addition of NTBI, TBI, DI, and Fe?" (2.0 & 10~ M). Excitation at 329 nm; fluorescence intensity

was monitored at 388 nm.

Table S3 Comparison of 1 with recently reported Fe3* sensors.

Sensors Response Type LOD (uM) Reaction Media Rf
Dansyl Based derivative Fluorescence 6.2 10! E(tIO 5/5‘2/)0 4
Nanofive Hy drogel Color 615 H,0 ;
Anthracene Based Color 445 107 DMF 6
derivative
Rhodamin derivation Fluorescence 7.4 @5 1071 CI({f(f\Zg)zO 7
Nitmgen'ggged carbon Color 5.7 @ 10 CDs/PVA films 8
Our Works Fluorescence 7.0 & 102 H,0
Table S4 Elemental analysis of 1
Standard BBOT
Element No. Nitrogen Carbon Hydrogen Sulphur Oxygen
1 0.041 73.090 6.852 0.143 10.910
Sample 1 : 2 0.037 73.129 6.984 0.080 10.788
Compound 1 3 0.038 73.252 6.989 0.000 10.710
Average 0.039 73.157 6.942 0.074 10.803
w/w %

S11



References

(1) A. G. Crawford, Z. Liu, I. A. I. Mkhalid, M.—H. Thibault, N. Schwarz, G. Alcaraz, A. Steffen,

J. C. Collings, A. S. Batsanov, J. A. K. Howard, T. B. Marder, Chem.: Eur. J., 2012, 18, 5022.

(2) J. Folch, M. Lees, GMS. Stanley, J. Biol. Chem., 1957, 467, 226.

(3) T. P. L Ferraz, M. C. Fiuza, M. L. A. D. Santos, L. P. D. Carvalho, N. M. Soares, J. Biochem.

Biophys. Methods., 2004, 58, 187.

(4) Y. W. Choi, G. J. Park, Y. J. Na, H. Y. Jo, S. A. Lee, G. R. You, Sens. Actuators B: Chem.,

2014, 194, 343.

(5) C. Zhang, H. Li, Q. Yu, L. Jin, L. Y. Wang, ACS. Omega., 2019, 4, 14633.

(6) A. Finelli, V. Chabert, N. Herault, A. Crochet, C. Kim, K. M. Fromm, /norg. Chem., 2019,

58, 13796.

(7) S. Li, D. Zhang, X. Xie, S. Ma, Y. Liu, Z. Xu, Y. Gao, Y. Ye, Sens. Actuators B: Chem.,

2016, 224, 661.

(8) X. Wu,C.Ma, J. Liu, Y. Liu, S. Luo, M. Xu, P. Wu, W. Li, S. Liu, ACS Sustainable Chemistry

& Engineering., 2019, 7, 18801.

512



7
7

0ELTby
ZBLTL
EXTI
'l
LEEV'L
(424
syl
Lol
BEBYL
£85v'L
BS6LL
a8l
8LLel
eazel
ge8L'c
8i8L'C
196l
S Ee—
SELY
SEELY
8UGLY

NaNN 2

O000®©

oCoOAND

S i ¢

1l
|
i

L oaL
235 00000000°L 1a
N 9'L6Z EN
2asnh 059 Els]
23sn 000°0S Ma
144" oY
235 666L9LT E v
ZH 885251°0 s3¥ald
ZH 000°0000L HMS
2z sa
9l SN
Zpzas IN3AT0S
9£559 aL
ogbz 90dd1nd
-9 089vd Ww § gHE0Yd
3ads INNYLSNI
8¥'6L awiL
0906102 “ajeq



Se i
GHBT'L
GEDE'|
[als =50 8
A08E'L
Sree|
vEOY'|
LEZY LA
SOBY 'L+
G
£CS'|
ea’g'tj‘
GGG

N ==2NN 2
=) 8RS8
1 N
]
[
L oal
225 00000000’ L 1a
M Z'862 EN
295n 059 Elel
23sh 000°0§ Ma
0621 oY
295 666.9LZ'E v
ZH 8852510 s3yald
ZH 00000001 HMS
4 sa
9l SN
OSWA INIATOS
9£559 aL
ogbz Dodd1Nd
0 -9 0g99vd Ww § gHE0Yd
ﬁ>>>\/>\ ‘B b
141 awil
22€06102 “a3eq
S ——— T~ P S —
ook wb ok ok mk ok b N NNNOOOoO®O oo
~~ 00 COMO®DO®D NN M ODODO = == NN
JEB8ZBBE 388 mammwmmwww
ONWOOMe-=~ - w QO =ah Wow

S14



06 O00L OLL ©02L OEL OFL OGL 00L OZL OBL 06L
il i A i L

1
|
|
|
| i
L odl
235 000000500 1a
295 000000002 1a
M 6862 EN
295N 059 aa
29sn 0089l mda
0502 oY
€ 285 3¥00L0L°L ov
ZH LELPSPO s3yald
ZH ¥06'19.62 HMS
¥ sd
802 SN
ZIpzas LIN3IAT0S
9£559 alL
O ochdbz DoddInd
-9 099vd Ww §  dHI0dd
o o yads WNYLSNI
\\ -
Jé oL'Lz IUE_._.
0 92806102 a3eq
e | _ |t SN _ |
REBBBERE 2 2 2038838 3 2
Dk bk @i £ AAEGONON ~ s
FrRECACs = 8 88833828 8 8

515



om._ omu oo_ﬂ omw omn om«

L oalL

285 000000E0'0 LLa

295 00000000'Z La

M 2’862 3L

295N 00°02 aq

295N 0006 mMma

£02 oy

295 0¥28685°0 oY

ZH L2¥S69°L s3dald

ZH §55°66SSS HMS

8 sa

960F SN

osna LN3ATOS

9£559 al

O oshdbz 50dd1nd

LO00 628291LZ AHEOYUd

BN O o) 1X3 ZHIN 006 YAY ¥ WNYLSNI
@@ E\( yzszl IOE_._-
0 0200202 ajeq

NN ONNWDGWWWWWWW L.} ol ol ol <l <l =l =l =l = - Lo
t"amwvwwvwwwwewwwwwvww - » ERNNNNNN L wn ~
.............. . H OWONUBI R -dON - w
NoaowrHrWNp ROV D WL o O VW-ON®D®ONM [ -
HFoWoULLNGEJO WU o N w O wwewwNaoOW f=d I

W oAl g L @

S16



0oL 0 0:2]

005

Qo On,M” _ .H_UN

Dn_uv

I B SR | Il ol el "
ee|| WEB/BI | SOCCRCRIZOD | eRples

eS|

S/22 0|

\

[eN+n]

n L Il n n i | A
4; ‘7 I / / T \_ .4 T
N 6551 6 60698 |LL00EBL FB/6 /2L
sl LY i

i

J[eN+I] 1o} ppZZ 65 [SSBIN 1oBXT

LEOBNCEHBLY tejnwWIo 4 |BDIWBYD

€
\oa\/\/\/\/\/\o
o}
Z/w 002 }-05 : obuey
SI-1S3 (+) : 10393320
¢ punodwo) : ajdwes

Shececl . o
(000'00'0'0'0000E" ) ANV (9620} OF | H MO AL €0 20300202

-00L

S17



.OmwvmmvSm@@m@v@ggm@vgﬁvgmwvowwagm%%mmmg

[
ot s e i O
v o s vov ey | 1280 7 oz Z |1 E6w erzelr (g jop LSBT I0F | HOLO'LEE e

m&rmwv

gv,m@

-

[0e0 A=

\

[H+I]

J[H+W] 104 2802 GzF ‘SSe yexg
L6 B LFoBN S H 4% ignuo oWy

b

o
g
%

z/w 06¥-08¢ : obuey
SIFIS3 (+) 1030838Q

| punodwoy : aidwes

0oL
(00 0'0000MOE™N) ANV (T2 0) LL € H ned puneduch L0 £0a00a0E

SlolL 2

518



