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Scheme 1 Synthesis of probe P

| QW 1A
1.1 {UEFFK

400 NMR BUAZ 5L AR 1Y ( S5 [H Agilent /3] ) ; Bruker attoflex Tl smartbeam Y%L i 4 B K AT 8] i 1%
{X(MALDITOF MS, 7 [ fi & 523 7] ) ;970CRT 85565366 ( Bl =FMUESABRAF]) .

I ZHEME-N,N N N - B RS J R I (HBTU ) | — 5 Nk e (DIPEA) | =3 BT Lo BE
Kt (Tris ) ¥ B T Fig R T A AR B A BR 2 ), e ialm 24 [ 7 i B oMl . BT A 500 1 o g
TR o 48 B IR A R R 5 ALY A T L B oK il .
1.2 WHZE

S 1 ~3 Z WSTR[ 17 JHRIE R T 55 1.

FiAb &9 3(450 mg,0.9 mmol) I F LM, INA 20 mL TR NG o 1a) FidiE R P In A N-¥2 23k
MR (150 mg,1. 1 mmol) \KI(90 mg,0.8 mmol) fl " SFNIE L& (DIPEA,1. 0 mL) . 7E B AT N, S AR
FAFT 12 hy RIVESHIG B v H 2 2 I, e 28 A A8 R Z8 1R 4wt R O R AL IR M 43
B AR E A IRl 80. 6% . "H NMR (400 MHz,CDCL,) ,8:8.34(s,1H),7.99(dd,J, =6.9 Hz,
J,=7.8 Hz,1H) ,7.58 ~7.48(m,2H) ,7.16(d,J =6.9 Hz,1H) ,6.68 ~6.66(m,2H) ,6.39 ~6.28(m,
3H),3.60 ~3.59(m,2H) ,3.43 ~3.26(m,8H) ,3.00 ~2.99(m,2H) ,2.48 ~2.28(m,10H) ,1. 18(t,J =
6.9 Hz,12H) ;" C NMR (100 MHz, CDCL,),5:167.5,165.2,153.5,151.4,148.9,133.1,129.4,129.3,
128.4,124.1,123.3,108.0,104.0,97.2,66. 0,60.3,59.0,57.5,53.0,52.9,44. 3 ,12. 6 ; HRMS (ESI* ) i}
BAHC,H,N,O,[M+H] " .:627.3581 ,5ZM{H :m/z 627. 3641,
1.3 SEHRIENE

NI I 5 F2 BE C AR 1 7™ o MR R, A AL (1 em x 1 em x4 em) | RAEE
4 WORBEEETE S nm, RIFPRAETE 2 nm ORI A 530 nm, BEERTINE A 550 ~750 nm,

2 FZRHE

2.1 EHPXNEEEFRIEFEMEIRA

NHGEAY P A &R E TRIBITERE, 268 Ag”.Ba’* .Cd** .Co®* (Cu’* Fe’* Hg’* Mg’* Mn’* Na*,
Ni* Pb** Se®* Zn’ " AT Cr’ " Fe’* HIFFE R 4. 1554 P(10 wmol/L) i V(HIEE): V(7K) =9:1(Tris =
10 mmol/L,pH =7.2) WIEH  IMAE R B F, LIS A AP [Cr'" Fe’* B, 7 588 nm 4bA5 H7 i 7%
YCARFAE I U, (R BP VR GH AR S 18, FE S8 AT B S5 10 T R B 5k, TIREH A & O A LB 4
JRETICEIER (1) o 45 R L0, 5 P HA E BRG] AP G Fe’ ' Bt
2.2 HEBFHEM

P2 5T AT 4 R B T XSO SGR B R R (18] 2) o ML SRE R 78 CF " RML 59 P I T
FIIAARR T CF W BRI 8 3 7 (Ag” \Ba®" [Cd*" [Co™ [Cu®" [Fe’* Hg’* \Mg’* Mn’* Na®,
Ni* Pb** (S Zn®") AR RMTRE LT RA 2k, RHE P X CF " IRBIARZ L8 7T
Moo [FIRE, X Fe’* (AP B JALBEE T, A2 How JLA7 3 1 2 i (UL Bh 41 kL Fig. SLFN Fig. S2) . LA



608 IS I 5534 %

600

2 as0p Pt
é‘ Cr
3 AP
=
= 300k
:
;g 150k P+other ions
&8

0 . 1

550 600 650 700

Alnm
K1 sy Pxa)Ees FryssEt (e P B2 HEsBEaE Mot L7 R P
HEIEH 10 pmol/L) (10 pmol/L) 7E VCOIFEE): V( Tris-HC1) =9: 1 Ky
Fig.1 Fluorescence response of probe P(10 pwmol/L) R ICIE I AR
to different metallic ions Fig. 2 Fluorescence emission spectrum of probe P
Ay =530 nm (10 wmol/L) to Cr’* upon addition of various metallic
ions in V(CH,OH): V(Tris-HCl) =9:1 solution
Ay =530 nm

AR R P BAESRIHTTILAE
2.3 L&MW P AL Cr'" Fe' W5 lE R AR ITE
76 VORI : V(Tris-HCl) =9:1 (AR f BFF0 & B, 4R4H P HFEOEIRE S CF IR A RIFIZ i %
FRLVERYEMEREKT 0.99, RUMLG W P o] LI 500 SRRl F=roT
T B RGN (18] 3) o ALYl Fe' s A 2qb) '
M5, Y Fe’ "R AL & P IR 70 £i5 AL
VR NG AT PR L 1) 70 A7 b ik 5 45t 25 8 ( L
Bi#TEL Fig. S3 FiiFig. $4) . Hfb &4 P X} € |
AP Fe™ B 3% S K IR 43 3 3.0x 107
2.7 %10 *F11.0 x10 ™ mol/L,
2.4 pH {EXT 5 N H 800 S,
5B PR G0 2 % B pH i 509 550 700
S, Fef TP TAE V(CH,OH): V( Tris-HCD) =9:1 Ao
VRN pH (B4 FHEORsR B A fb, BREF P B 3 #EH P(10 wmol/L) i AR Ve B Cr' " I
P+ M A3 5I7E Hefie R & 5 DK (588 nm) Ab i3 IS RATIEH
o pH (HASE VLR 4 H I 4 AT, 7 pH 2~ Fig. 3 Fluorescence emission spectrum of probe P
10 JEFE N EREE P LT3 76 pH Al 3 ~7 2],  upon addition of different amounts of Cr**
A0 4 25 T P R SO K B [ e
e, FT RATE SRR A PR S5 0 T R IR P SEBIRS Fe' ™ ALY G " G
2.5 FPE=NEBEFEANE
T IR = M0 48 B8 TR , SR 4540 ) b %6 22 78 Ak 25 (Job's Plot) #R95f — 3 %5 &
Foo R R AETRTE LM 588 nm b Ze SRRl Cr'* BE R MBS AL I 5 iR 24 Cr' " BEJR 3 $ K
0.7 I, FREF P 5 CF AR A 1E 588 nm AbtH BB K HUTECIREE , MRS P 5 CF 945 B e Ny
1:2, [FIRERY, AL 1 Fe' " A J UL 5, 45t 12 (LA B AR Fig. S5l Fig. S6) . HEIIREN P i}
BIZM 48 B T ROMLBI AT BE AN 6 BT/, To42J@ B8 TAEAE A1 T, 4R P B0, IR N B e A 405
HIMA S MR E T (Fe' ALY CF ") J5, S8R 8 TSR 45 6 I I P ER 7] %t 4 (0. 5%
k.

detection limit=
3.0X10™* mol/L.

'/

L 09
= 07

F 05
0.

400

300

—33 —32 —31 -3
Ig (c(Cry)

200

Fluorescence intensity/a.u.

100




F5H PSR PR A A S = R B (Fe™™ (Ce* AL ) i) 609

550 650

. Mof 5 520
< g
= Z
2 330t 5 390t
- b
5 20t 2 200}
g g
= =
= ot = 13of

0 1 1 1 1

0.0 0.2 0.4 0.6 0.8 1.0
n{(Cr*)/ n(P+Cr*)

K4 E=Na)s s TATESA AR T, 3% KIS 5P AILCET 1 Job 12
£ P(10 pmol/L) Zta B R pH {HAY Ak Fig.5 Job's plot of probe P and Cr’*
Fig. 4  Changes in fluorescence intensity of probe P Ay =530 nm

(10 wmol/L) at different pH in the absence and
presence of trivalent metallic ions

Ao =530 nm

El6 HEFPS=MAEmEET M (Fe' AP G ) iIRER %4 =X
Fig.6 Proposed binding mode of probe P with trivalent metallic ions M** (Fe’* , AP* and Cr’*)

3 45 i

HROKI Cr** (Fe®* Al AP T B2 R FHR [R] (14 2 SR FAS [] A 3t e 2, 189 o G 00 e 3 A0 4G
WA o ARSURINE T —Fp B PHIZEIOCIRET (P) IR AT #EAT T 3RAE . ME 1R P 7E I ADK
RARR PPN, A, TORHE P X =M & @B F (G (Fe® RN AP ) HLAT 5 1o 1) vk 4%
P RYPEMPLT IR AZHE MRS T oM e R EFr T, BTHRIEP 5=MmaEEr
A TP PO IRAON , HE . TR =N @ B T O (AL R Fe'* ISt i

4 3 #1#+ (Supporting Information) [ 327 % F xF484F P 4% 3] Fe'* fo A 69 vf Fe'* Fo A 3H4R4T P #Y

B HETHIER Tt Fo AP 53R4T P 69 25 A 0L B35 ] T 4 & 8 MR F) M 35 (Chitp ;. //yyhx. ciac. jl. en/) F &,

2 % X #

[1] Perl D P, GajdusekD C, GarrutoR M, et al. Intraneuronal Aluminum Accumulationin Amyotrophic Lateral Sclerosis and
Parkinsonism-Dementia of Guam[ J]. Science,1982,217(4564) :1053-1055.

[2] Crapper D, Krishnan S, Dalton A. Brain Aluminum Distribution in Alzheimer’s Diseaseand Experimental Neurofibrillary
Degeneration[ J]. Science,1973,180(4085) :511-513.

[3] Pithadia A S,Lim M H. Metal-associated Amyloid-8 Species in Alzheimer’s Disease[ J]. Curr Opin Chem Biol,2012,16
(1) :67-73.

[4] Weizman H, Ardon O, Mester B, et al. Fluorescently-labeled Ferrichrome Analogsas Probes for Receptor-mediated,
Microbial Iron Uptake[ J]. J Am Chem Soc,1996 ,118(49) .12368-12375.

[5] Touati,D. Tron and Oxidative Stress in Bacteria[ J]. Arch Biochem Biophy,2000,373(1) :1-6.

[6] Singh A K,Gupat V,Gupta B. Chromium( I ) Selective Membrane Sensors Basedon Schiff Bases as Chelating lonophores
[J]. Anal Chim Acta,2007 ,585(1) :171-178.



610 R e 2= $34 %

[7] Vincent J B. Quest for the Molecular Mechanism of Chromium Action and Its Relationship to Diabetes[ J]. Nutr Rev,
2000,58(3) :67-72.

[8] Lv Y,Zhu L, Liu H, et al. Single-fluorophore-based Fluorescent Probes Enable Dual-channel Detection of Ag* and Hg**
with High Selectivity and Sensitivity[ J]. Anal Chim Acta,2014,839(1) .74-82.

[9] Zhan S, Xu H, Zhang D, et al. Fluorescent Detection of Hg’* and Pb>* Using Gene Finder (TM) and an Integrated
Functional Nucleic Acid[ J]. Biosens Bioelectron,2015,72(68) :95-99.

[10] Maiti S, Aydin Z,Zhang Y ,et al. Reaction-based Turn-On Fluorescent Probes with Magnetic Responses for Fe** Detectionin
Live Cells[J]. Dalton Trans,2015,44(19) :8942-8949.

[11] Prabhu J, Velmurugan K, Nandhakumar R. Pb’* Ton Induced Self-assembly of Anthracene Based Chalcone with a
Fluorescence Turn on Processin Aqueous Medial J]. J Anal Chem ,2015,70(8) :943-948.

[12] Antony E J, Raj M, Paulpandi R Q, et al. A Highly Selective Fluorescent Sensor for Pb’* Based on a Modified Beta-
cyclodextrin[ J]. J Fluoresc,2015,25(4) :1031-1036.

[13] Geng TM,Wu D Y, Huang W, et al. Fluorogenic Detection of Hg’*, Cd**, Fe’*, Ph** Cationsin Aqueous Media by
Means of an Acrylamide-acrylic Acid Copolymer Chemosensor with Pendant Rhodamine-based Dyes[ J]. J Polym Res,
2014,21(3) :354-361.

[14] Azadbakht R, Vaisi H, Mohamadvand H, et al. A New Fluorescent Chemosensor for Ph>* Tons Based on Naphthalene
Derivatives| J . Spectrochim Acta A,2015,145:575-579.

[15] Mao J,Wang L. N, Dou W, et al. Tuning the Selectivity of Two Chemosensors to Fe’* and Cr* [J]. Org Lett,2007,9
(22) :4567-4570.

[16] Chereddy N R,Nagaraju P, Raju M V,et al. A Novel FRET  Off-On’ Fluorescent Probe for the Selective Detection of
Fe’*, AI’* and Cr’* Tons: Its Ultrafast Energy Transfer Kinetics and Applicationin Live Cell Imaging[J]. Biosens
Bioelectron ,2015 ,68 :749-756.

[17] Hou S H,Qu Z G,Zhong K L,et al. A New Rhodamine-based Visual and Fluorometric Probe for Selective Detection of
Trivalent Cations[ J]. Tetrahedron Lett,2016,57(24) :2616-2619.

[ 18] HOU Shuhua, QU Zhongguo ,ZHONG Keli, et al. Synthesis of a Novel Benzothiazole-Rhodamine Derivative and Its Selective
Detection of Fe’* | AI’* and Cr** [J]. Chinese J Org Chem ,2016,36(4) :768-773 (in Chinese).

A i bR . — R IR e B P AT A 0 A B S LR Fe't AT Gt RSN ] A AL,
2016,36(4) :768-773.

Synthesis of a Novel Rhodamine-Based Probe
and Its Selective Detection of Trivalent Metallic Ions

HOU Shuhua, QU Zhongguo, ZHONG Keli, BIAN Yanjiang, TANG Lijun”
( Department of Chemistry and Chemical Engineering ,Bohai University , Jinzhou , Liaoning 121013, China)

Abstract Trivalent metallic ions ( Cr’*, Fe’* and AI’*) play important roles in environment and human
health. It is exhausting using different sensor in different conditions for detection of all the trivalent metallic
ions. Single probes for detecting all of these trivalent metallic cations simultaneously with high sensitivity and
selectivity have attracted great attention. A novel rhodamine-based probe P was synthesized from rhodamine B.

3
* and

It is showed that probe P acts as a “turn on” fluorescent probe for trivalent metallic ions ( Fe’* , Cr
AI’*) recognition. Probe P is highly selective to trivalent metallic ions over other monovalent or divalent
metallic ions in V(CH;OH): V(Tris-HCl) =9:1. Furthermore, probe P is highly sensitive to trivalent metallic
ions. The detection limits of probe P for Cr'*, AI’" and Fe’* are 3.0 x 107*, 2.7 x10™* and
1.0 x10 ~* mol/L, respectively. Probe P could be used in the detection of Cr’*, AI’* and Fe’*.
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