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A Novel Phenanthroline-Based Fluorescent Probe for Pb(ll)

Mei, Huihui“ Yang, Mingyang"” Liu, Xiaoyan” Tian, Yuping™* Xu, Kuoxi**
(“ College of Chemistry and Chemical Engineering, Henan University, Kaifeng, Henan 475004)
(® Mingsheng College, Henan University, Kaifeng, Henan 475004)

Abstract A novel fluorescent probe L for Pb?" based phenanthroline derivative has been designed and synthesized. The
probe L displayed fluorescence quenching emission excellent sensitivity specific toward Pb>" ion. The introduction of Pb*"
resulted the quenching fluorescence of probe L and the color of the solution can be observed changes from yellow to orange in
DMF-H,O0 (V' : V=1 .1, 10 mmol/L Tris, pH=7.4). The detection limit was as low as 2.68 X 10~ mol/L. The bonding
mechanism was confirmed by UV-vis, fluorescence, HRMS, '"H NMR experiments and theoretical calculation. It was found
that the probe had excellent reversibility for detection of Pb*>" and could be used to effectively identify Pb** in living cells.

Keywords phenanthroline derivative; fluorescent probe for Pb?'; living cell imaging
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Figure 1 Synthetic route of compound L
1.2 HiEHR
U 2a fiizr, #£ DMF-H,O (V@ V=1 : 1, 10 mmol/
L Tris, pH="7.4)& W+, %#4EF L (3.33X10° mol/L)f175%
HRSFTVEENL T 416 nm AR B K 346 nm), X417 L

600—a L, L+other metal ions

B

o

o
I

200+

Fluorescence/a.u.

400 450 500
Wavelength/nm
¢ M L + metal ions
]
o 400
b
(8]
=
[0}
(8]
(7]
o
(o]
)
% 200
OJ

FIERFR A BN 2.0 equiv.& )@= 7 LiT, Na', K',
Ag+, Zn2+, Mg2+, Ba2+, Caz+, Mn2+, Hg2+, Ni2+, Cd2+,
Co™", Cu*", Fe’", Cr'", Fe* Al AP, Lotk kA
B, FEMFEZME T HA PY B RIS S8R
L (56K, AT i#—2 7 % L 5 Po* 2 (A 4%
AR, AT T IO e sE K. HE 2b K, BEE
Pb>" (0~1.6 equiv)FIMIA, &N L BI% 658 5 128
59, BOLRSTIEH 418 nm HFEF] 400 nm, PIHR AT LA
RPN BE B B AR R (] 2b A7 BAEE), LA
& T RN 5 WSR2 0E B e 1k, AR YRS
JeuE R Pb IR E AR R, fFH
Benesi-Hilde-brand"$ "'l Cp, =36/k22Y 15 H#RE
Xt Pb2 B T 5 A BORAS A PR 2 BN (3.47 &
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I L + metal ions + Pb?

L Pb*Li* Na* K* Ag* Zn*Hg**Mn?*Co**Mg? Ca**Ba?*Cd*Ni**Cu?'Fe* Cr**AP*Fe®*

B2 (a)fE DMF-H,O (V: V=1 : 1, 10 mmol/L Tris, pH="7.4)% W "F I 2.0 equiv. R[4 BB T(Li*, Na*, K', Ag", Zn*", Mg*",
Ba®*, Ca®*, Mn®", Pb*", Hg”", Ni**, Cd>", Co**, Cu®", Fe*", Cr*", Fe* Al A" JS R4 L (3.33 X 107> mol/L) 5 6 I 1% (Aex =346 nm);

(O)TEFRET L (3.33X 10 mol/L) IR H I Pb(NOs), (0~ 1.6 equiv.)[¥1 56 i A5 4k,

Figure 2 (a) Fluorescent intensity of probe L (3.33 X 10~> mol/L) upon the addition of different metal ions of Li*, Na*, K", Ag", Zn*",
Mg*", Ba®", Ca’", Mn®", Pb**, Hg*", Ni*", Cd**, Co*", Cu*", Fe*, Cr’", Fe**and A" (2.0 equiv.) in DMF-H,0 (V' V=1:1, 10
mmol/L Tris, pH=7.4) (1x=346 nm); (b) fluorescence changes of probe (3.33 X 10> mol/L) upon additions of different equiv. of
Pb(NOs), at 20 “C in the buffer solution; (c) comparison among the fluorescent intensity of L (3.33 X 10~ mol/L) upon the addition of
2.0 equiv. of Pb?" in the presence of 2.0 equiv. background metal ions in the buffer solution

(b) Insert: the photo of L upon additions of Pb>" ion in the buffer solution at 20 °C; (c) black column: the fluorescence intensity of probe L in the presence
of metal ions (2 equiv.), red column: the fluorescence intensity of probe L in the presence of various metal ions (2 equiv.) and Pb*>" (2 equiv.).
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Figure 3 (a) 'H NMR spectra of probe L (2X 10~ mol/L) with Pb(NO3), in DMSO-dj, (b) probe L and L-Pb** calculated through the

DFT of Gaussian 09, and (c) the bonding mode of probe L towards Pb**
A: Probe L, B: probe L+1 equiv. Pb**, C: probe L+2 equiv. Pb*’
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eV. I TFHRE L 5 Po* 4491 HOMO Al LUMO (1]
ReRfErEm TIRE LA S, i3 L mHEAEWEIT
JUREK, REALEREE L B LUMO HF T35 2
AAAESEME IR b, 1 HOMO H [ HEL T 26 i B0 A 1
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L/mol, X} Pb> fRAGMIFR Y 2.68X 1077 mol/L. BAh&h &
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Figure 4 Live cell fluorescence imaging of probe L in living
PC-12 cells
(a) Bright-field image of living PC-12 cells incubation with L (20 umol/
L) for 30 min, (b) fluorescence images of a, (c) bright-field image with L
(20 umol/L) and Pb*" (20 pumol/L) ion for 30 min, and (d) fluorescence
images of ¢

JEEAELML AT PO, $0 58 T RE L EAL S A A
FEHREI Po " A B AT St

3 IS
31 B 5H

BT RN 260 53506 B RS R, 'H NMR Al
C NMR 7£ Bruker AV X 315 ; #5 &5 H MEL-TEMPII
& S A RE 5 TR Y6IEAE Nicolet 670 FT-IR 43 Y66t b
MISE; B4 3R /E Esquire 3000 LC-MS Ji &A% 28 11
5E; BRAMIGOEERE 73 I {E Agilent Cary-100UV-vis 43
FEHETHRT F-7000FL 26 e ya vt . 4 pk
BAE 20 X PpEe (5] B 28 6 B Bl . pH W&
FE28 pH 111 LE438 pH HiK Fill €. 2,9- — H % E-1,10-
FEM MR E 2,9- - HI3E-1,10-FEMEIKZ: SeO, AL il #3124.
32 ZWHE
32.1 s L # &K

IR FTE S0 mL BB I 0.42 g 2- 52 KK iz
(3.81 mmol), ¥ 1,10-FEM&Mk-2,9- ~ H (0.3 g, 1.27
mmol) ) JE7K FEE(10 mL)¥A BRI I B R F .
JERR AR N 2 h, EEHIYUE. KIliE
E, FEUEHJCK FEE(10 mL X 2)5%, 155036 g H
PR L, 7= % 68%. %8 (B [E &, mp. 2155~
216.3 ‘C; "H NMR (400 MHz, DMSO-dj) 6: 9.40 (s, 2H),
9.15 (s, 2H), 8.84 (d, J=8.4 Hz, 2H), 8.67 (d, J=8.4 Hz,
2H), 8.16 (s, 2H), 7.50 (d, J=9.2 Hz, 2H), 7.20 (t, J=38.4
Hz, 2H), 6.99 (d, J=8.1 Hz, 2H), 6.92 (t, J=8.1 Hz, 2H);
BC NMR (101 MHz, DMSO-ds) 6: 159.5, 155.2, 152.4,
145.6, 137.5, 136.9, 130.1, 129.3, 128.2, 121.4, 120.4,
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120.2, 117.0; IR (KBr) v: 3409, 3216, 1926, 1708, 1620,
1587, 1552, 1493, 1453, 1361, 749 cm ™ '. HRMS caled for
CaH1oN,O, [M+H]" 419.1503, found 419.1503.
322 RAREM L

TE K ) 2% 5% P 42 8 2 7 I Y R h sl & 1L )
% £300(0.1 mol/L). tLA&Y) L AR (L DMF A ic il 5 0.01
mol/L IR, 7l &, K HMBEE 333X10°
mol/L (DMF/H,0O, V. V=1 .1, 10 mmol/L Tris, pH=
7.4). FFXEL3.00 mL B LIEBSERKE N 1 em BIELE
Mrh, AL v 5 280 AN B I 4 J8 B8 (10 pL) hn A2
Ebea L. SR 1E iR R id 3 UV-vis M6 iE.
323 ®ititH

KH Gaussian-09 F2F X #R4EF L K HATE F& 5
BT T HENSTEE. R R 23 BT (R & IR A9 A LA
DFT ARk 45 ¥ 78 35 BE THI (PES) L A& fe/ME, I BL7E J LA
PREAC TS FH BRI SR 2% A
324 fmAL AR X,

PC-12 4HHETE 37 ‘C & 5% CO, IR <5
FE. SEIGHT, M-S EREN L (20 mmol/L)7E 0.1 mol/L &
PRI B IR SR G2 VR (PBS) H FL A & 30 min. YRS T RUA
i, JEH Pb(NOs), [ PBS 2 $5 7% 30 min, F£H PBS
SRR DGR 3 k. I B E RO BB R B Ry
Fr L1 4 M AT 2 AR

4 Bh#1 B (Supporting Information) &% L 1 'H
NMR, "C NMR, HRMS (ESI)i¥;[¥], Benesi-Hildebrand,
TREMG PO™ B IS & 5, R ARIR, Job’s B2k 52,
L-Pb™ i $E 0, pH 04T, KR VESLLE, HAMEIE R
€A1 MTT 43 #. 3% 2864 8L n] BL 5 9 AN A F1) )
(http://sioc-journal.cn/) .~ K.
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