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A New Sensitive Fluorescent H,S Probe Based on Cu* Complex

HUANG Bin CHEN Yun-Cong GUO Zi-Jian HE Wei-Jiang*
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Nanjing University, Nanjing, 210093 China)

Abstract: As the third gasotransmitter after NO and CO, hydrogen sulfide plays essential biological roles in living
systems, and developing sensitive fluorescent probe for the rapid tracking of endogenous H.,S is attracting much
attention. A new H,S fluorescent probe was constructed in this study based on a copper complex formed by a new
NBD fluorescent ligand, in which a Cu®* chelator was incorporated. This probe displays very weak emission owing to
the emission quenching effect of Cu**, and it is able to sense H,S by exhibiting distinct emission enhancement upon
H,S addition. The S*-induced Cu** removal from this complex was proposed as the sensing mechanism of this Cu**
complex-based probe. Besides the quick response, the high sensing selectivity over other anion of this probe has also

been confirmed, and its detection limit was estimated to be ~0.2 pmol - L™, and the linear range is 1~20 pwmol - L.
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Fig.1 Synthesis of fluorescent ligand 1
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HEPES F14- 28 TCALER MoK H Aldrich , HLWE %5 T 3% i
LCQ Hi M5 %5 Jii 1% {X (ESI-MS, Thermo Finnigan) Il i ,
A (37 2 43 A3 1 53 BT R ] ISOPRO 2 #8401, 4% i 4t
PRi%% 43 5 7E Bruker DRX-500 #1 Bruker DRX-300 #%
o LR Il A R A L IO % ) Shimadzu UV-
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K% pH iHidsk,
1.2 TREE 1 AR

100 mL =30 H N A = 208 WU (720 mg,4.92
mmol) F1 25 mL THF, K& T4+ M 30 mL &
Boc-ON(2.47 g, 10.03 mmol)# THF #¥#, 1 h P
e R IR AR FE 18 h JB AR IS BEAT AR )2 A
Oy EARIR A A 2 (BB 41, VY, 7
1,18 g,/ % .69.4%,

100 mL BRI H 23 51 AL &9 2(0.346 g,
1.0 mmol) NBD-C1(0.199 g, 1.0 mmol) . J& 7K fifk fiz #f
M5 mL OIE , ZIRBEFE 4 b 5 Hhng  uE b 259 7]
AR R R SR ZHT (AR B/ LR LB 441,
VIVYEAHE G 3,77 1. 240 mg, " %.47.2%.,

25 mL BB 4 m AL G2 3 (0.204 g,
0.4 mmol) .2 ml, — M LEM 1 mL, =L, 5 il 4
P2 h JE R A SOEER 1, 52 112 mg,
F7#.91.2%, 'H NMR (500 MHz, D,0,ppm) 6: 8.37
(d, J=8.5 Hz, 1H), 6.29 (d, J=8.5 Hz, 1H), 3.67 (br,
2H), 3.08 (i, J=6.3 Hz, 4H), 2.96 (i, J=6.2 Hz, 2H),
2.89 (t, J=6.3 Hz, 4H). "C NMR (125 MHz, D,0) é:
145.96, 143.91, 143.60, 138.58, 119.99, 100.58,
50.36, 40.81, 37.06. MS-ESI (positive mode, m/z):
Caled. 310.15, Found 310.25 for [M+H]".

1.3 SERE 1 A

BAEE Y 1 19 DMSO f# 2 WA Z] 100 mlL 2
s, LA 5% DMSO(V/V)I HEPES 2% #h % (50
mmol - L' HEPES, 100 mmol - L™ KNO;, pH 7.20)%& %
Bc il B ¥ B 43901 4 100 wmol <L~ 1 10.0 wmol - L™
(TR, 5 TG IC AR 1 B WSO 18 ) FH iy 2 I | T G
Cu? i 22 WSO 1IN 2 238 2o ) 3 mL IR (100
wmol - L) #1235 Hi I A R R B Cu 7K 5 W (12
mmol - L', 5K 2.5 pl) M iRAFIE, EY1
14 5 56 6 1% I 2 R B2 10,0 wmol - L A4 95 W
M58 1, e Cu 6T A8 TG I SE o 1] 3 mlL %
WA I A R Cu® 7K W (1.2 mmol - L™
BN 2.5 wh)Ja 47002 Y
1.4 TEREME 1 MAREE BB F A MR

e 1 0T 4 @ B 114 ¢ ' 58 43 i o 512 50 A
& 5%DMSO(V/V)) HEPES 2% %5 % (50 mmol -1~
HEPES, 100 mmol-L™" KNO;, pH 7.20)"% #47, 7E[n)
3 mL LAY 1R (10.0 wmol - LYH A 2.5 pL 4
J B KV W S IR S 5 BEAT O I e
8 4 a8 B - 4 e 5 i 7 S VR v R 4 i Rk

JERALAY) 1R 1000 £ D0 HoAb 42 & B
IO Bt 0 4 TR S A B S A A 1 MR A S
1.5 BEW 1-Co*H SSHHXBE

SEBG R REETT IR B 5%DMSO 1Y HEPES 28 thi%
WP T, BCAPERE 1-Co AT A S Y Y 5
JGECAR 1A CuIB AL, T E 3 E W 1] 3 mL 1-Cu®
Bt A W (100 pumol - L) HF I AR R FL Y Na,S
JKEEW(1.2 mmol - L FF N 2.5 wL)#EAT, Hei il 2
BITE 7 MR A1 e 58,
1.6 FREW 1-Cu® B9 BB B F2¢ 1% 55 1 M 5z 3K

BE G PR R 1-Cu® X BT 25— 9 2 1% 1 o 3 i
Lo S 55 HoA BB 1 189 5 4 Wi 0 S5 50t A8 T A4 Y
HEPES 28 s b #E 47, E#EME S s hm 3 mlL e
AW 1-Cu®(10.0 wmol - L)W 43 A 12.5 pl.
W B2 12 mmol - L™ B AL K IE WL (S equiv) X 12.5
WL ¥ 2 A 480 mmol - L™ 19 HABEAES 7 (100 equiv)
VR, 8518 5 5 43 AT 98 661 A | v G S
HITERTA 12.5 L ¥ EE R 480 mmol - L™ 1Y 58 5+ ]
BT WS ARSI A 12,5 pL ¥ 12 mmol - L™
WRALEN KA W, 7850 TR & Ja AT D0
1.7 HRET 1-Cu Bl 2 0 RZ S Bl 2 A& i) BR i 2

ML AE E 10 wmol - L™ 1-Cu L A W 19 1T 4 22
RS HEAT . ) 3 mL BREHE WP 400 m AR ]
IR T Na,S KW (1.2 mmol - L), BN 2.5 ulL,
FEOTIR AR BEATHOEIEL A I BRI G e 4 T
20 | AR HRE AR 25 o, P AR A0 2 1 3 1Rl O 1 At R
(SFIHI3a/S 3K AT R

2 HRSUE

2.1 TEREM 18 CurEESMNEEMR

H H2GRCAR 1 0 5 Rl BRTE 478 nm,
AEXF EE IR WO R EH 1.7x10* Lemol ™' -em™(B1 2), B
B Cu> N 2 W 5 0 32 3 R ALK O 2 A W % | )it
TE 400 nm Kb i W IS0 M4 5 % 2 G TS TE 455,350
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ik TRE, XEERERLEY 1S Cu 2
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Inset : titration profiles according to the absorbance at 478 and
400 nm
B2 ZGIEAR 1100 wmol - L)E T 5%DMSO(V/V)i)
HEPES 22 ¥ ¥ (50 mmol - L™ HEPES, 100 mmol +
L7 KNOs, pH 7.20)F 9 Cu %8 M 2 J6 1 &
Fig.2  Absorption spectra of compound 1 (100 pmol- L)
obtained upon Cu* titration in HEPES buffer
(50 mmol - " HEPES, 100 mmol-L™" KNO;,
pH 7.20) containing 5% DMSO (V/V)
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Inset is the titration profile according to the emission at 548 nm;

Ao=470 nm

3 ZOERAK 110 pmol - LYTE S 5%DMSO(V/V)IHY
HEPES % ¥ #(50 mmol-L™" HEPES,
100 mmol - L KNO,, pH7.20) 1Y Cu®2<¢ 61
SE I ]
Fig.3 Emission spectra of compound 1 (10 wmol-L™)
obtained in HEPES buffer (50 mmol - "' HEPES,
100 mmol - L™ KNO;, pH 7.20) containing 5%
DMSO (V/V) upon Cu®* titration
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SRS SR R HAT Co?hl B O, Y
i Cu® W FHOE 90% M DK, HoA 4 & B 1
B 1 5 R K He™ AR 3 i — 2 1
TR AR RN /N T Cu, T Co>FLfr
T BOZ I C IR IR I RN e ok, AH R L5 )
TE 42 B T B0 g e v S 7R Y 5 ' 1 iR N K 4 B
g, B kAW 1 A B R SOt
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F/F at 548 nm

0

Y FSFE Ide I FEEF
Kl 4 ANIF 48 B X3 5%DMSO(V/V) HEPES 22
(50 mmol - L™ HEPES, 100 mmol- L KNOs,
pH7.20) T SRR 1(10 wmol - L)7E 548 nm
AR5 e 5 K R (A =470 rim)

Fig.4 Emission decreasing factor at 548 nm of compound
1 (10 wmol-L™) induced by different metal cations
in HEPES buffer (50 mmol- 1! HEPES,

100 mmol-L" KNO;, pH 7.20) containing
5% DMSO (V/V) (A,=470 nm)

24 BEEW 1-Cu*X B S5 5 I Bz 7 5%

BE G0 1-Cu® X B Ak S0 2 16 ) 1 A9F 5% [ A 76 i
RE 5%DMSO 1) HEPES 22 this i 5¢ i (18 5), 5
55 PR FH NaoS 1B A B Ak SUHRE A | I 6 8 ki A 55
2 (2 C IR AR B T BB N, SR R R
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Inset is the titration profile according to the emission at 548 nm.

A.=470 nm

K5 & 5%DMSOV/V)¥ HEPES Z2 1% W (50 mmol -
L~ HEPES, 100 mmol- L KNO,, pH 7.20) &
Y 1-Cu®(10 pmol « L)X Ak 20 19 5¢ )16 il i

Fig.5 FEmission spectra of complex 1-Cu* (10 pmol- L)
obtained upon S* titration in HEPES buffer (50
mmol - L' HEPES, 100 mmol-L™" KNO,, pH 7.20)
containing 5% DMSO
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Left: complex 1-Cu®; right: complex 1-Cu® in the presence of 5
equiv Na;S
6 ZEAMT RGN R ECE Y 1-Cu®(10 wmol - L)7E 7
5%DMSO(V/V)iJ HEPES 2% #h# (50 mmol - L™
HEPES, 100 mmol- 1" KNOs, pH 7.20)# % Na,S
B 9¢ S B R
Fig.6 Photograph of complex 1-Cu* (10 pmol-L™") in
HEPES buffer (50 mmol-L™" HEPES, 100
mmol - L KNO;, pH 7.20) containing 5% DMSO
under the irradiation with UV lamp of 365 nm
SOME RS 1-Co® B & s WL F- 304 5O, T
45 G E NaS A Z S5 3 W BR8] 2 8 (980
B 581 78 S AMT IR T & 9t — 2,
B EY 1 MPOCTEmAAL A S BRI X
— R WERYE AW 1-Cu X i A 201 ZEO6 R R
HRCTEE AT DLE o A IR SR 52 I i G
il £ AT LA H TE 5 9 1-Cu® X B0 1 S0 B 2 P i 7 ¥
il 1~20 pmol - L7, HR4E 1.7 ik S g6 A5 J7 12

10

®)

F/F,@ 548 nm

oll

123 4567 8910111213141516171819

Black bar: F/F, of free 1-Cu® or in the presence of marked anions; grid bar: F/F; in the coexistence of 100 equiv marked anions and 5 equiv S*

1 none; 2 S, 3 Ac, 4 SO/, 5 HSO.>, 6 F-, 7 Cl, 8 Br, 9 I, 10 HCOy*, 11 COy*, 12 HPO.”, 13 H,PO,, 14 NO,, 15 SCN, 16 HSO;*, 17 SO, 18

S,0:7, 19 S,04+

7 10 pmol - L7 BLAW 1-Cu>TEF 5%DMSO(V/V)EY HEPES 2% th¥%5 # (50 mmol - L' HEPES, 100 mmol - L™ KNOs, pH 7.20)7 %}
A [R]85 5 B 9 S M 7 () S bt A TR B3 28 151 2 B 548 nim 4k 5% S48 51 B 19 A3 R €] (b)
Fig.7 (a) Emission spectra of 10 pmol-L™ complex 1-Cu®* obtained in the presence of 5 equiv S* or 100 equiv other anions in

HEPES buffer (50 mmol- L' HEPES, 100 mmol-L™" KNO,, pH 7.20) containing 5% DMSO. (b) Histogram of F/F, at 548 nm

of 1-Cu* in the presence of different anions
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