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Synthesis of fused-heterocyclic aldehyde thiosemicarbazone Schiff base as
mercury ion fluorescent probe and study on its optical properties
SHI Tian-zhu'" |, XIE Zheng-feng”, WU Fu-yong', YU Mei', ZHAO Jing-jing", LI Hong-he'
(1.Department of Brewing Engineering, Moutai Institute, Zunyi 564507, China;
2.Sichuan Provincial Key Laboratory of Oil & Gas Field Applied Chemistry, College of Chemistry &
Chemical Engineering, Southwest Petroleum University, Chengdu 610500, China)

Abstract: Two novel fluorescent ion probes, M1 and M2, belonging to the class of thiosemicarbazone-based Schiff
bases with fused-heterocyclic structure, are successfully synthesized via Schiff base condensation reaction strategy. To
validate the molecular structure of M1 and M2, comprehensive characterization is performed by means of infrared
spectroscopy (IR) ,proton nuclear magnetic resonance ('HNMR) , carbon-13 nuclear magnetic resonance ( °CNMR) ,
and high-resolution mass spectrometry ( HRMS).The recognition properties of M1 and M2 to metal ions are studied
through UV-Vis spectroscopy and fluorescence spectroscopy. Experimental results reveal that both M1 and M2 can
selectively identify mercury ions ( Hg™*) ,accompanied with distinct color changes and complete fluorescence quenching.
Notably, their performance is hardly interfered by the presence of other coexisting metal ions. Furthermore, the limits of
detection (LODs) for M1 and M2 to mercury ions are 6. 79x 107" mol+L™" and 5.81x 1077 mol - L', respectively,
calculated according to the 30 rule.
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BN DMSO-d 3% CDCL, ) 5 T700 51 45 51—
AL EERE T (b 508 AT 38 FH AL A ) 5 FluoroMax -4
PG ( H A HORIBA /A ) 5 Agilent 6560 £
I 5 DUARCFT AT B )9 Bk &R 4 (36 B 2 HE 1R
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FEVERRUEYE 3 G187 4,1 B R4 95%.,
m. p.>305C ;IR (em™) ;3 089,2 808,2 786, 1 648,
"HNMR( CDCl,, 400 MHz,10°),6:10.06 (s, 1H),
8.57(d,J=7.1 Hz,1H) ,8.26(s,1H) ,8.21(d,J=
8.2 Hz,1H),8.01(d,J=4.0 Hz,1H) ,7.95~7.89
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(m,1H),7.89(d,J=4.0 Hz,1H)
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1 677, "HNMR ( CDCL,,400 MHz,10™°),8:9.81 (s,
1H),8.52(s,1H),8.47(d,J=7.0 Hz,1H),8.26
(d,J=3.7 Hz,1H),8.20(d,J=8.1 Hz,1H),7.91
(d,/=8.3,7.1 Hz,1H) ,7.51(d,J=3.8 Hz,1H) ,
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FEPEVRIEDE 3 I, B TR R AR ML, 11373
214 80% ., m. p.>302°C ;IR (em™'):3 419,3 262,
3 155,1 585,1 536,1 293, "HNMR (400 MHz, DMSO-
d,,10°) ,6:11.58(s,1H) ,8.59(d,J=7.0 Hz,1H) ,
8.43~8.29(m,4H),8.14(d,J=4.1 Hz,1H) ,8.07 ~
7.95(m,1H),7.81(s,1H),7.59(d, J=4.1 Hz,
1H), “CNMR ( 100 MHz, DMSO - d,, 10°), 8.
177.70, 152.16, 141.74, 140. 41, 138. 10, 136. 87,
136. 30, 131.32, 130.77, 130.55, 130.23, 129. 83,
129.33,128.21, 127. 10, 123. 32, HR - MS ( TOF -
MS) :m/z=621.085 0([ M+H]"),419.233 3([ M+
H—2C=NNHC(S)NH, ]") ,caled for( C;,H,,N,S,) " =
621. 076 6,
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3150,1 578,1 527,1 275, "HNMR (400 MHz, DMSO-
d,,107°) ,6:11.61(s,1H) ,8.51(d,J=7.0 Hz,1H) ,
8.38(s,2H),8.30(d,/=8.1 Hz,1H) ,8.17(d,J=
3.6 Hz,1H) ,8.10(s,1H),7.99~7.90 (m, 1H) ,
7.81(s,1H),7.21(d, J=3.7 Hz, 1H), “CNMR
(100 MHz, DMSO - d,, 10°), 8 177.89, 152.50,
151.55, 149. 16, 136. 87, 136. 11, 132.01, 130. 88,
130. 36, 129. 80, 129. 18, 126. 83, 125.70, 122. 74,
116.73,116. 26. HR-MS ( TOF-MS) :m/z=7589. 120 1,
caled for( C,,H, N4;0,S,)"=589.123 0([ M+H]")
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1. 0x107° mol/L, 5 DMSO,3 mL, &% 1 pL,50 mmol,pH 7.2
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1. 0x107% mol/L, ¥ 3 DMSO,3 mL,#& & 1 pL,50 mmol,,pH 7.2
B3 M1 A M2 7% & 50 4 8 & F 1y e
(1.0x107° mol/L, ¥ 7 DMSO, & % 4 1 pL,

50 mmol,pH=7.2 8 Tris—HNO %& ¥ & i , A 4, =
499 nm) A1 M1 Xt 4 & & F 8 7% L Z (17 equiv)
2.2.3  ARIRJEG He™ *FHE4T M1 F= M2 32 03
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M1 Fl M2 7E 0 ~4. 33 equiv Hg ¥ B2 {5 BBl N 96 66
ARSI, MR LI, BEE He™ WA
BTG R, M1 I M2 BYZOGHR BT K . AE He™ e
BEIRE 4. 33 equiv. B, M1 A5 RN 5 B 58 1K
RS, FLRME He™ YR B — 25380, M1 (2658
R LA RES, K 4(b)HERAEXHET M1 5
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1. 01075 mol/L, %5 DMSO, & &} 1 pL,50 mmol,,pH =7.2) H1%}

IR Hg? 9 56638 B84k M1 (b) A1 M2 (d) 28 K 51 %1% 5

He? W R IE . H&]: 1.67 X107 ~3.00x 107° mol/L [l 4 He?*
WRPE AR (A gy =499 nm)
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6.79x107 mol/L, & 4(c) . (d) &4 M2 7E 0~
6. 67 equiv.Hg™ ¥ & i [l P9 2¢O 1% A8 A i 15 1O
WL 30 PIEASHAS R 5. 81x107 mol/L,
2.2.4 FRAF M1 F= M2 2+ Hg™ 89 & F 5% 447 51
I PEETEH EE T HATE S 4w B AR AERT

A AL T

F445511 5

M1 HT M2 X He* M i+, MR 1l LIE
RIS EARE M1 IS 2455 M2, 76 Hifth 4 s 85 13 4F
MITEOL T He™ 51 258 R K A RFEAN AR, 51
PRI 45 R AR AR ET M1 5 M2 &%t Hg™ 4%
SR E R b AT A ) 4 8 B IR R
2 BTN

®1 H"5EEMEEBFRFMIRATEHIBEIILL (Ay, =499 nm)

Ag* NES Ba2* Ca* cd* Co2* Cu?t Fe3* K* Mg?* N;2* Pb2* Zn2*

M1+43 )8 B 1 1.653 1.012 0.981 0.972 0.943 0.972 0.774 0.964 0.977 0.978 0.954 1.013  0.996
M1+4: @B F+Hg™ 0.019 0.088 0.003 0.001 0.027 0.012 0.012 0.305 0.003 0.010 0.013 0.031 0.023
M2+43 & B T 1.486  0.999 1.025 0.988 0.972 0.626 0.993 0.991 1.021  0.997 0.987 0.996  0.968
M2+4:JR B T +Hg? 0.011  0.039 0.010 0.008 0.015 0.015 0.017 0.058 0.001 0.008 0.014 0.015 0.017

L WARZ 1 1. 0x107° mol/L, &5 DMSO, A%} 1 wL,50 mmol,pH=7.2,

2.2.5 KA M1 A= M2 3¢ Hg™ il #9 HLEL AT %
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Ve AL, S2iE T "HNMR 3 5 SE (05)
£ DMSO—d 1 ¥ 70 (93 2 2k B2 v, M2 9 N—H
JoT U] G or B, 4 BT 8 11.63,8.40 K
7.89x107°4b, FfiJ5 , % He™ 1Y) DMSO-d iEl &
I X4 N—H 5T U4 3 1 25 Ml 1] (1 3% 5 ) i
A FaE T 8 12.78 .10 11 9. 39x10°°, Ak
PRI AR T M1 5 M2 @ LRI E
REH B2 5 T 5 He™ WBCAER ., 0] DLgE
BN B A2 0 # ] = 5 7% 2, X AT RS2 R
Ji N—H AU b ) ey 28 G K (R ik T A2 AR
SFNHEMAS S RIRERSE AR M1 i R 5L

3 R,
) A
- i élmsuli :

13 12 11
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1—M1;2—M1+Hg* (1. 0 equiv.) ;3—MI1+Hg*" (2. 0 equiv.)
(a)

: o
e N
i 1|
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! |

14 13
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8/10°¢
1—M2;2—M2+Hg** (1. 0 equiv.) ;3—M2+Hg?*(2. 0 equiv.)
(b)

7 DMSO-d, # M1 F1 M2 % & # # it &

12 11

K5

grpn O gL R, b4k, #R 4 Benesi— Hildebrand
B M1-He™ B RE H 80h 2. 06x10* L/mol ,
M2-Hg™* By Fa 2 # 80h 3.39x 10" L/mol,, #E1IL, #E
T M1 A M2 A He™ 44 5 AT REUNIE 6 B R >

H
<~ N_NH

s D vy

My N X

HNTNS NN

2+
S Hg
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PREF M1 M2 RePRa | S et Hk il He™ |, JFwT LA
SCPRAT ARG, Gl O THNMR G SRS T
M1 M2 U510 Hg™ fALRE, 3B M1 M2 () & 36
JIRES 43 F1 He™ 456 5 8OO K i TAEX T3
B He™ oAl B — M X, [FIR, 454
HIABOBIFTEES 3, 3 AT & BRI P R 4 38 b 45 40 A
T R 119 55 A8 (%) R 1 I %k R A — pi 2
M), 5 45 220 35 B R R 32 A1) 4 i) R SR BRI ) 3R
(ML) FHWEIG PR (M2) |, 1A DU R 435108 9. 071077
6.79%107 5. 81x 107" mol/L, L5k 2 1 Fifi % i 1% 422
05 AR PERE A, R4 19 SR BB R
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