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Preparation of a water-soluble terpyridine-copper complex and

its application as sulfur ion probe
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Abstract A complex of tripyridine and copper ion was designed and synthesized. The complex can be used as a
fluorescence-enhanced probe for selective detection of sulfur ion.The detection limit was 10~ " mol/L. The structure of
tripyridine ligand was characterized by NMR and elemental analysis. The detection mechanism was that sulfur ions and
copper ions formed copper sulfide in the process of gradually adding sulfur ions into the probe solution, which destroyed
the structure of copper complex and then the fluorescence of tripyridine was restored. The probe was expected to be
applied to fluorescence detection of sulfur compounds such as H;S in organism and environment.

Key words

sulfur ion probe, terpyridine, fluorescent probe,copper complex

A S (H, S) [ B AT RXG 8 S0R 3l HERA, BAN BEFERW] H, S W BE 5 5 (LR G A Fl
Je AR, AT, BT BB R BT HLS A B IR % it BRSO AT G AR KL T 6 HL S

Foft £ 3 A= B B 55 10 D URPE AR 4 L D3 AN PR
L0 1) P VR AR 2 A 1R SRR (NOO P COM
H, S T IE R 78 V5 2 i AR ot R vh R AR .
L H, S &0 M R 45 i K-ATP @il i JF 56,
AN — e fF SR R WL H, S 1R £ it A R
BRI H WO, G0, e DL L R L HLS
EBPT A A A BT IE T B BUE AR Y — 2 o
FW H, S %o i P O Ty 5 8 B9IEIT A — 2 AL
ROV E e SR AR e R R RS
il R G H N A I R SRR . HL S 3R] L
PR NO P2 A B9 A 35 35 M A (ROS) 1Y 1 48 6 57 B

HEEWMA I REAATEBIZ % (205545015)

FEE A B (1968, 20 Wb R B8R £ BN FH A HLIOCHRE T K
BCOR A 1984) T YR, EE NS YL RE AR T R 5 R

CEIE%M%@IJJﬁbE@EﬁﬁLEiﬁﬁiﬁﬁﬂ[”’”’“o
H, S BWF5E v — A~ BR A PR 2R 2 ke = PRl v
it 0 A R . BRI O R A e ik
ST AN 3 AF L AR, HL S /Y 43 i AR
PR P A I i e v s B BN R B Bl L &
PR ERG LA AT AR R R RS A
PRI ERR ) H, S £ B Wl O i w5 . 5%
673 M 2 de 7 MBI T vk 2 — o TN G L AL S 2 e
?%%TE‘J?FEEH%%E%EWEM%E‘JEE?’?[’EJ
ATV IF R T — 2 =T nk e e 5 490, @
HHS H, Sfif”ij‘(:El’J”WhﬂE;&fAm ?E‘J’Fﬁ



552 4 082 A1 55 < A P = b I A TR 5 0 ) o 4 T AR S R T IR B BT S .« 229 .

W, LY BA B KT, SRR T RO S
LV WA 2 ' 5 2 0 5 1 o L e O JRE PR L B
B KM BR 35 8] 10" mol /L. 7£ 4= 9 1A P9 I A 1%
HHL S ARG I AT B AT AR e 114 1o IS

1 SLIEEH

1.1 RAFENEE

A-H AR DR B S L SRR e | AU TR L &K .
LBE LR TR K TR 3 R oy B gk, Ll B T 2R
FERHEE Bt A BR A ]

S AR IER I H-NMR, Avance 11 600 &,
TMS WH5) . Bruker 23 Al 5 55 48 8 54X (Agilent
Technologies Cary 8454 spectrophotometer &) , 3
% FEAR A Al 280 B A (PTT QM-400 fluores-
cence spectrometer 1) ,3EFE PTI A A,

1.2 BHRUEDHER

P xh B4R LK B EE (1. 36g, 0. 0lmol) ¥ T
200mL TGk & BEH, BR J5 2 8 A [ A S A
(1. 12g,0. 02moD) , i F ¥ i . 2 J5 = 1 2 W i
2- 2, TR LML IE (2. 42g,0. 02mol) , 1% 1 58 B 25 6 3
P 30min, SR 5 A Mk & /K (30mL) , # I ) 24h,
FER VL2 AR KV R 2 R B, o L, 5 2R 4t (o
25 5 D A B TEOK S RE P, 75 31 4R 3 =B
Mg e, 77 %K, 35%., 'H-NMR (600MHz, DMSO-
ds):AbF A 6 8.77 (s, 2H) 8. 66 (s, 4H) . 7. 96
(d,J =93.6Hz,4H).7.53(s,2H) . 7. 13 (s, 2H) ,
3.86 (s, 3H), TLE 41 Co Hiy N;O 9 B2 {H
(%):C 77.86,H 5.05,N 12. 38; SZMI{& . C 77. 88,
H 5.08,N 12. 36,

1.3 ZXWHE

g H S = I I BE VA AR T JE K BE R TE R
2X10 *mol/L Wy REWE #5 . I B il 58 1k 5 19 7K i
W, WS 2X10  mol /L, 4 55 5 1 = BRI g B T
A B S AR FRIR & B A 4R Smin, 45 B4R
EEHVWCRER MR BE 9 1X10 P mol/ L,

FH ZUROK A ¥ 500 2 T 1A [R) B 25 BE VR, Wk 3
A 1X10 *mol/L, XA B 434 NaAc,
KBr.KI,KNO, ,Na, SO, ,Na, SO, ,K;PO, .Na, CO;
1 NaHCO; .

1.4 FEWRIGEERRMNEEMESD S REHHAR

B RV TR R KRR R 1 < 107
mol/ L, & I 58 AP W e % . 58O 0 135 i A6
WeRE Ry 12X 10 mol/ L, i 72 5% 5038 of 78 BB 19 %

WP B HTIMA S* 2k 58
2 HRG5E

2.1 WHRESHWH

LS W Log {H, Bl Log (S*™) b A b
PLAE R BEARRE (I — 1 1) / (L — L) WAL B
YL T2 3R A XoF it 25— 19 e AU A 0 9k 32 T L3 s
DGR AR XA R 0 B A A bR Log(S* ) #EAT I
BRI AR B A X S AR IR, Hoh LT oA R
SIS J5 I IAE 455nm Ab i 5 6 5 5 5 1,
FAE A55nm Ab S5 /N B B NCHR E 5 1,0 R 5 K ) 5
50 %

AR 7 0 F L B ImL 12X 10 mol/L &
L2 AR i il A 1| A RO s L= 0~ S S Q1 e ]
PR IS G R K A =340nm) . RIEZ
T 2€ G A2 SE 56 BT I 2 1 ST AN 0~ 7pmol/L 18
Rl PN 3% B2 A8 Ak 1 6 A B 6T, DA Log (S7) Sy Al 4
B s AT B A XHE S AL, 231 i i R DL IR 2,

2.5%107,
__2.0x107F 1.2pmol/L
5

< 1.5x107+
= 1.0x107+
§ 5.0x109" et/

0.0 = .

300 400 500 600 700
WK /nm

L B S S i AT I R POt R AL 1
AR Ak B

Y EIA] DL, 2 S* i B A 923 R B 4 4 11 28
R FRE S S MR E Z M AFFE R C R,
ARG E AN Y=1.1888[S" ]+
8. 1421, MM AN R?=0. 9751, NI AT LAE 5
MR BEAHXHE R 0 B, Log[ S ]= —6. 849, %%
B A9 2R ET AT ST B S IR e R 1. 4161 X
10" "mol/L.

2.2 HEHS TS MR INER
BET 4> X ST BRI BRI S (D T
B = (1) /(T — L) D

KL T R B IARR B T 5 W W AE 455nm
B 2¢ G50 BE 5 1o W TE 455nm Ak B /N 1) 9 S i J3F 5
oo WK 5 EHRE

B 1mL 110 “mol/L 4/ FIR il E Tt
I H 30 P 43R = IR M W ) O e SO G ROk
Wk Ao =340nm) . ARHE Z FT 9 OETH B LI T



.+ 230 - o T BB ow 5 48 &

W) S* M0~ Tpumol/L 3 [l P 2 22748 1k 19 %6 6
RSP UL ST M BE R AR AR L LS 0 B N 9\ Ak
b 22 i i 26 LI 2.,

=
(=]
T

R*=0.9751
Y=1.1888a + 8.1421

o
%

N
IS

o
)

(1-1min)/(1max—1min)
(=
=N

67 65 63 61 39
log[S*]

B2 S ¥R BT SR 43 T R 0 BR A 52

P AT L, Y STk B AL T L R R 5
R FREE STOWREZ A RFAEXLR. &
LM BRUAE . LT RER Y =1.1888[S |+
8. 1421 R EM R BCH R* =0. 9751, Al LL45
KR 4 log[S* 1= —6. 849, I I B B Tk J& K
1.4161X10 "mol/L,

2.3 REtHFRN SNBSS R

WEF R ST RPLER A 3 B, ]
U HREL 4 F 1 45 K 2 B MLBE AT A ) S e S
RS G, Y815 R EN w4
Jei s BT B A T B0 v R R G R KT
SEOKBCE W EBOEILT K S IA S Z ),
T8 e S HARIEME &R, HA
() CuS PLTE BT 1, 5 8 15 40 5 7 e & W) & 4
B AR =R NE 25 R B O R . X R A ] —
JEINE S SR T RE A I 1Y) 4 JE O A AR .

‘@Eﬁg

O Z
N
g NN
q Z.N
CuS AN
~ |
FORRE

K3 BREF TR S B AL B A

2.4 BHErSF6oE5CN ERMEEESN

B 1mL 1mol/L 40 T W F @b, 2%
Je IS TR 1) B 8 -0 i AT 3 7 1) 9 0k ok %
R IEIE K A =340nm) , B & R RE (945 1 o 16
T 55 AS T) BH 5 - 19 AR VR ARG 50 5 LA S0 ke A4

PREF A 2 B PE, B A DU B B B8 7 B S* b, i L 4
NaAc,KBr, KI, KNO; , Na, SO , Na, SO, , K, PO, .
Na,CO; Fl NaHCO, , & 4 FHE > F ik H1E L5
B R T 1 B, DI A AT LA R 4 R
S B AR GF 1 9% 6 1 R Pk L R DL S0 L 3 R
Kz

2x107 s
E)
S
= . Ac-,Br-,C10-,COZ, HCO;,
E Ix107F I-NO;,50%,502-
®
[Us I n I i
300 400 500 600 700 800

P /nm

B4 BB TSR BT 23 5O R B 6 1% /Y 52 il
(Aex =400nm)

3 #Hit

AW FE L = HR A E FVER 2 BT R R 45 5 0
BB, BT — MR B T L ST AT 4%
PRAGHIN AR B o 3 A% R S R T B 3 R = Rt
%@Eﬁilﬁ'ﬁ WAPEAT TRAE . A5 R R ] %R A AT

CHEAT R AR I . A I AL B A AR BTV R
Vﬁﬁﬂ/\ S* R RS S E TR B AL . A
A IR T 5 B 10 B0 245 4 i A = K bk e T ) 2%
AR AR RN TE I A S* 1Y i 2 v 2 O 54 BiE 318
Wi s, ARBEICA R ST BREF IR AR AL T —
S I R ET A BT HL S A5 B Y SO
LRIl

S % ik

[ 1] Culotta E,Koshland D E,No news is good news[ ] ].Science,
1992,258(5090) :1862-1865.

[ 2] Morita T,Perrella M A,Lee M E,et al. Smooth muscle cell-
derived carbon monoxide is a regulator of vascular cGMP[]].
Proc Natl Acad Sci USA,1995,92(5) :1475-1479.

[ 3] Lefer D J.A new gaseous signaling molecule emerges: cardio-
protective role of hydrogen sulfide[ J]. Proc Natl Acad Sci
USA,2007,104(13):17907-17908.

[ 4] Zhao W M,Zhang J.Lu Y J.et al. The vasorelaxant effect of
HS as a novel endogenous gaseous K(ATP) channel opener
[J].EMBO J,2014,20(21) :6008-6016.

[ 5] Calvert ] W.,Jha S,Gundewar S,et al. Hydrogen sulfide medi-
ates cardioprotection through Nrf2 signaling[ ] ]. Circ Res,
2009,105(4) :365-374.

[ 6] Calvert ] W,Elston M, Nicholson C K, et al.Genetic and phar-



2 14

#

X5 45 < IR M = IR I A0 P 0 1 A 9 S A S B

FHE TS . 231 -

macologic hydrogen sulfide therapy attenuates ischemia-in-

duced heart failure in mice[ ] ]. Circulation, 2010,122(1);11- [15]
19.

[ 7] Elrod ] W,Calvert ] W, Morrison J et al. Hydrogen sulfide at-

tenuates myocardial ischemia-reperfusion injury by preserva- [16]

tion of mitochondrial function[ J].Proc Natl Acad Sci USA,

2007,104(39) :15560-15565.

Abe K,Kimura H.The possible role of hydrogen sulfide as an [17]

endogenous neuromodulator [ J ]. J Neurosci, 1996, 16 (3):

1066-1071.

L9] [18]

Boehning D, Snyder S H. Novel neural modulators[ ]J]. Annu
Rev Neurosci,2003,26(1):105-131.

[10] Kimura H. Hydrogen sulfide as a neuromodulator [ ]J]. Mol
Neurobiol ,2002,26(1) : 13-19.

Martelli A, Testai L, Breschi M C, et al. Hydrogen sulphide:

[19]
[11]

novel opportunity for drug discovery[ ] ].Med Res Rev.2011,
32(6):1093-1130.
Kamoun P, Belardinelli M C,Chabli A

[20]
[12] .et al.Endogenous hy-
drogen sulfide overproduction in Down syndrome[ J]. Am ]

Med Genet Part A,2003,116A(3):310-311.
Eto K,Asada T, Arima K,et al.Brain hydrogen sulfide is se-

[21]

[13]
verely decreased in Alzheimer’s disease[ ] ]. Biochem. Biophys
Res Commun,2002,293(5) :1485-1488.

[14] Moore P K, Bhatia M, Moochhala S. Hydrogen sulfide: from

the smell of the past to the mediator of the future? [JJ.

Trends Pharmacol Sci,2003,24(12):609-611.
Wang R. Two’s company. three's a crowd: can H;S be the
third endogenous gaseous transmitter[ J ]. Faseb J, 2002, 16
(13):1792-1798.
Lei W,Dasgupta P K.Determination of Sulphide and mercap-
tans in caustic liquor[J].Anal Chim Acta,1989,226(1):165-
170.
Hughes M N, Centelles M N, Moore K P.Making and working
with hydrogen sulfide[ ] ]. Free Radical Biol Med, 2009, 47
(10) :1346-1353.
Jimnez D, Martinez-Manez R, Sancenon F,et al. A new chro-
mo-chemodosimeter selective for sulfide anion[ ] ].J] Am Chem
Soc,2003,125(30):9000-9001.
Doeller J E,Isbell T S,Benavides G,et al.Polarographic meas-
urement of hydrogen sulfide production and consumption by
mammalian tissues[]J].Anal Biochem,2005,341(1);40-51.
Searcy D G, Peterson M A. Hydrogen sulfide consumption
measured at low steady state concentrations using a sul-
fidostat[J]. Anal Biochem,2004,324(2) :269-275.
Richardson C J,Magee E A M,Cummings J] H.A new method
for the determination of sulphide in gastrointestinal contents
and whole blood by microdistillation and ion chromatography
[J].Clin Chim Acta,2000,293(1):115-125.
Wrfs B #:2018-09-14
&R EH#:2018-12-29

P3IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIDD

(L#F 227 R) [5]

(/D B2 e 5 A BRI R SR R S

AR B R RS £ (%) [R] B, X6 JHE D 28 i o5 T Iy 24 58
BE BRI TR R o
CORIEF ARSI A B TR & MR 3 5 -

it BEAST it , B AR T LB A HRE L 48 & T AR I i P e
£ RE AT 0 ¥ PEBE (8]
5% 3 o

C1] SRorHE, 4 HOL, B Z 5 5 A 4 s B R AER B Tl Yy
1o FHCT T A0 Tl ,1995,42(3) - 169-174. [10]

(2] JREZE.IRSLRE, R TR E L 4R & A bR B
FR B E LT ]. A BRI Tl . 1998.,21(1) 1 1-6. [11]

[31 WiHAL, Jrii. m 4 Bk 55 28 J 4 48 TWAROND3500 766"

LIV Ji6 e ) i v iy 0o L) ] AR BB, 2014, 11(1) £ 31-33.
[4] Z=0a e g-BIKE &Mk kRS0 REKER,

2006,32(4) :5-12.

Yamsaengsung W, Sombatsompop N.Interfacial adhesion and

molecular diffusion in melt lamination of wood sawdust/ebon-

ite NR and EPDM[J].Polym Compos,2009,30:248-256.

VR 5%, B 3 JE e, 55 i T AR 1 S AL B Oy ok R

X NR/SBR #ERERI ML) ]~ HAL T, 2003,31(4) :98-102.

ZEL,BRCHEA,ERIEFL AN =T L WIR IR

L] AR Tk, 2018,65(3) : 250-256.

MG, B S A KA, S X S T 48 AT Ak 1Y 2% T B T 5

KoL AL TR BB RE, 2014,42(5) :38-39,67.

WL HESE R IR ESETLERERNIT R &

FEAG I Tl ,1996,19(5) : 261-264.

FUHEEE AN, 12 R LT A1 SR AR A bR 5T R

LI MR RR 22 5 T, 2002,20(2) : 287-289.

Wang M J.Effect of polymer-filler and filler-filler interactions

on dynamic properties of filled vulcanizates[ ] ].Rubber Chem

Technol . 1998,71:520-589.
i E#:2018-09-11
& B #3:2019-10-23

} sk 47 ] (A6 T A A4 ) 4R KA B

3

f 2020 F 4 F 2 4 480 7/ F | & it 240 3

S S S S

82—816,

£27/5% 8 240 £ <m/#

e





