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Novel Carbazole-Thiosemicarbazide Based Schiff-Base
Probes for Cu*’

Li, Yingjun® ¢ Zhang, Nan“ Jin, Kun’ Xu, Yongting” Wang, Siyuan”

Zhou, Xiaoxia“
(“ College of Chemistry and Chemical Engineering, Liaoning Normal University, Dalian 116029)
(® State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116012)

Abstract Three novel carbazole-thiosemicarbazides based Schiff-base were synthesized. The recognition ability of repre-
sentive 2-((N-heptane-carbazol-3-yl)methylidene)hydrazine carbothioamide (L,) to metal ions was investigated by naked-eye,
UV-Vis, fluorescence and mass spectra. The experimental results showed that this compound had a good water solubility and
can be investigated in DMSO-H,0 (V' : V=6 : 4, Tris-HCI bufter, pH="7.0). The compound L, in the DMSO-H,O displayed
a distinct color change from colorless to yellow upon the addition of Cu®*, other metal ions did not induce significant colour
changes, which indicated that Schiff base L, can be used as a probe with naked eye detection for Cu®". The fluorescence spec-
tra showed that the probe L, was a high selective and sensitive “turn-off” fluorescence probe for Cu®>* in DMSO-H,0O (V :
V=6 : 4, Tris-HCI buffer, pH=7.0). The association constant between the probe L, and Cu®" was detected to be 3.42% 10"
Lemol ', and the detection limit was calculated to be 8.96 X 10 ®molsL"'. MS analysis showed a 1 : 1 binding stoichiometry
between Cu?” and L,. The detection limit of L, for Cu** was far lower than the maximum allowable level of World Health
Organization (WHO) limit (20 pmolsL™") for drinking water.

Keywords carbazole; thiosemicarbazide; Schiff base; naked-eye recognition; Cu®” fluorescence probe
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Scheme 1  Synthetic route of probe L
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Figure 1 (a) UV-vis and (b) fluorescence spectra of probe L~
L3 in DMSO
The concentration of L: 1.0 X 10° mol/L; Ax=340 nm
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Figure 2 (a) Fluorescence spectra of Ly (1.0X 107> mol/L) in

different solvents and (b) DMSO with different volume fractions
of HyO (Aex =340 nm)
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Figure 3 Fluorescence spectra of L, (1.0X 107> mol/L) in dif-
ferent solvents with water
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P RAR . 2R AMT T (A=365 nm) %K
W, BN Cu*' )5, WIRER T WHREREHEKINER,
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WU Cu* RIS, Ly R Ly 78 H 6 B AMT I
VIR TeNinR SR A AR P

o LWL WL

Cd*  Mn*
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Figure 5 Photographs taken under (a) daylight and (b) UV il-

lumination (A=365 nm) of L, (¢=1.0X10"* mol/L) after addi-
tion of 2.0 equiv. metal ions in DMSO-H,0 (V' V=6 : 4)
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Figure 7 Fluorescence response of probe L, (1.0X 107> mol/L)
upon addition of various metal ions (1.0X 107> mol/L) in and
without the presence of Cu®>*(1.0X10™° mol/L) in DMSO-H,0
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3.2 IREE 2-[(N-BrE-Meme-3-5 ) B X R BT K Bk AR
(LBERK

R &P 1 S HOCER[26] 775 A R, IR AR4L
G 2 ZIOCR27)T7 G . WEY 1 2 RS %
P 5 CHR[28] 5. £ 50 mL T B B R AR Yo
A 1 mmol H AR AEH) 24 0.14 g (1.5 mmol)Z i IR
10 mL Jo/K ZBERI L OKBE R, Ik Elye, 2 o
(TLC) M e i dEFE . S N8 RLfE, R TR A P74
ZER, e, KT S W R A S RS 2 ERE L.

2-[(N- C bt — R -3 5 ) SRS TR A Y I Ml (1L ):
WA RLR S, 773 94.29%. m.p. 184.3~185.1 C;
'H NMR (DMSO-d,, 500 MHz) d: 11.38 (s, 1H, NH,),
8.58 (d, J=1.0 Hz, 1H, Cz-H,), 8.23 (s, 1H, CH=N), 8.21
(d, J=7.5 Hz, 1H, Cz-H,), 8.15 (s, 1H, NHy), 7.98 (s, 1H,
NH,), 7.94 (dd, J=8.5, 1.5 Hz, 1H, Cz-Hs), 7.61 (d, J=
8.5 Hz, 2H, Cz-H,Hy), 7.48 (td, J=7.8, 1.0 Hz, 1H,
Cz-H;), 7.24 (t, J=7.5 Hz, 1H, Cz-Hy), 4.40 (t, J=7.0 Hz,
2H, NCH,), 1.68~1.82 (m, 2H, NCH,CH,), 1.10~1.35
(m, 6H, NCH,CH,(CH,);CH3), 0.80 (t, J=7.0 Hz, 3H,
CH;); °C NMR (DMSO-dq, 125 MHz) §: 179.43, 145.47,
142.95, 142.37, 127.98, 127.00, 126.94, 124.19, 124.02,
122.45, 122.05, 121.11, 111.47, 111.37, 44.26, 32.81,
30.35, 27.96, 23.85, 15.67; IR (KBr) v: 3437, 3275, 3153,
3041, 2925, 2853, 1628, 1598, 1495, 1473. Anal. calcd for
CooH2uN4S: C 68.15, H 6.86, N 15.89; found C 68.41, H
7.07, N 15.70. ESI-HRMS calcd for CpoH,yN,;NaS (M—+
Na)" 375.1614, found 375.1619.

2-[(N-J ot — R e -3 5 ) SRS TR A Y I M (IL):
HEERIR A, 772 88.89%. m.p. 174.1~174.7 'C; 'H
NMR (DMSO-d;, 500 MHz) d: 11.37 (s, 1H, NH,), 8.57 (s,
1H, Cz-H,), 8.23 (s, 1H, CH=N), 8.20 (d, J=8.0 Hz, 1H,
Cz-H,), 8.13 (s, 1H, NHy), 7.96 (s, 1H, NH,), 7.93 (d, J=
8.5 Hz, 1H, Cz-Hs), 7.60 (d, J=8.5 Hz, 2H, Cz-H,Hjy),
747 (t, J=7.8 Hz, 1H, Cz-H;), 7.23 (t, J=7.8 Hz, 1H,
Cz-Hy), 4.39 (t, J=7.0 Hz, 2H, NCH,), 1.70~1.83 (m,
2H, NCH,CH,), 1.05~1.35 (m, 8H, NCH,CH,(CH,)-
CHs3), 0.80 (t, J=6.5 Hz, 3H, CH3); °*C NMR (DMSO-d,
125 MHz) &: 179.42, 145.47, 142.95, 142.37, 127.98,
126.99, 126.94, 124.19, 124.02, 122.44, 122.05, 121.11,
111.48, 111.37, 44.26, 33.04, 30.40, 30.28, 28.29, 23.82,
15.73; IR (KBr) v: 3427, 3264, 3153, 3046, 2925, 2853,
1629, 1595, 1495, 1473. Anal. calcd for C, HpeNyS: C
68.82, H 7.15, N 15.29; found C 69.02, H 6.97, N 15.53.
ESI-HRMS caled for CyH,oN,NaS (M+Na)* 389.1780,
found 389.1776.
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R

2-[(N-3F Ht — R e -3 35 ) B SO TR AR FY I i (ILa):
WA BRDIR A, P2 89.47%. m.p. 174.8~175.7 C;
'H NMR (DMSO-d;, 500 MHz) 6: 11.39 (s, 1H, NH,),
8.58 (d, J=0.5 Hz, 1H, Cz-H,), 8.23 (s, |H, CH=N), 8.21
(d, J=8.0 Hz, 1H, Cz-H,), 8.16 (s, 1H, NHy), 7.98 (s, 1H,
NH,), 7.93 (dd, J=8.5, 1.5 Hz, 1H, Cz-Hs), 7.61 (d, J=
8.5 Hz, 2H, Cz-H,Hy), 7.47 (td, J=7.8, 0.8 Hz, 1H,
Cz-H;), 7.24 (t, J=7.5 Hz, 1H, Cz-Hy), 4.40 (t, J=7.0 Hz,
2H, NCH,), 1.65~1.85 (m, 2H, NCH,CH,), 1.05~1.35
(m, 10H, NCH,CH,(CH,);sCH3), 0.81 (t, J=6.8 Hz, 3H,
CH;); "C NMR (DMSO-d, 125 MHz) §: 179.42, 145.47,
142.95, 142.37, 127.97, 126.99, 126.93, 124.20, 124.03,
122.44, 122.04, 121.10, 111.47, 111.36, 44.26, 33.01,
30.58, 30.44, 30.37, 28.31, 23.86, 15.75; IR (KBr) v: 3432,
3269, 3153, 3041, 2925, 2853, 1628, 1594, 1495, 1473.
Anal. calcd for C,oHxsN4S: C 69.44, H 7.42, N 14.72;
found C 69.27, H 7.64, N 14.57. ESI-HRMS calcd for
C,,HsNyNaS (M+Na)* 403.1946, found 403.1932.
3.3 WAKEMESE

&Y Ly MR TECH]: L DMSO R, ¥
&Y Ly BEE A 2.0 X 1072 mol/L g4V, ARG
H— 5 FIR AL B DMSO-H,0 (V' : V=6 : 4) Tris-HCI
2 (pH="7.0)F B 1.0 X 107> mol/L )45l ¥ ..
Tris-HC1 2R L. DA IR 0RO 7, Be) 0.1
M Tris ZZ VAT AT 0.1 moleL™" HCL ¥k, @it HCl IEW
T LAA E] H AR pH.

GBS T AR BT DA IR AR, B
#1 5.0X 10 mol/L fI%: )& B TV [Pb(NOs),. CuSOye
5H,0.CoCl,*6H,0- Sr(NO5),.BaCl,*2H,0.ZnSO4+7H,0.
NiSO4+6H,0. 3CdSO48H,0. MnSO,H,0. HgNO;.
SnCl,*2H,0 . Fe(NO;),*9H,0. NaCl. LiClO43H,0 .
AgNO;. KNO;], LA %A,

¢ IE 1S M e SR =R A N AT AR A A
IR, FERION 1 emX 1 emX 4 ecm AL AL, Bk
BETEE(EX)HN 5.0, KETHAETEE(EM)N 5.0, BURIEK
Jex 7 340 nm, T 360~660 nm & A IR .

5 Bh#4 8 (Supporting Information) Fif5 Hfnfb &4
f) IR, 'H NMR, C NMR, MS &3 DL J2 4584+ Ly F1 Ly 19
RRARR S B IR AL e o ok . X ekl mT BA 4
i A F] W 33 (http://sioc-journal.cn/)_E. T %K.
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