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A Long-Wavelength Fluorescent Probe for Naked Eye Recognition of
HSO; /SO% in Aqueous Solution and Its Application
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Abstract 3-Cyano-4-(3-formyl-4-hydroxystyryl)-5,5-dimethylfuran-2(5H)-alkylene)malononitrile derivative CDM was syn-
thesized. The correctness of its structure was verified by 'H NMR, '3C NMR and HRMS. CDM can recognize HSO, /SO;
with the naked eye through the fluorescent signal “ON-OFF” in MeCN/Tris (V' : V=2 . 8, pH=7.4) solution, and the color
changes from pink to colorless. The probe CDM has good anti-interference ability and fast response speed (200 s), the pH ap-
plicable range is 7~14, and the detection limits of the fluorescence and UV absorption spectrum are 6.07 and 1.59 umol/L.

The experimental research shows that CDM can detect HSO; /SO;~

form fluorescent image HSO, /SO; in living cells.

in real water samples and sugar samples and, can per-

Keywords fluorescent probe; HSO, /SO; ; long wavelength; naked eye recognition; cell imaging
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BREMAAE A O R B, AR EZE . B ) AR 1
S5 I 46481,

WAt T —FhE W i SR 2O ERET CDM,
RERSAE 20 L RS 3 b % 25 HSO3 /8O3~ M [ v,
M A R HSO; /SO5 MIRR, iZ R4 E MeCN/
Tris (V@ V=28, pH="7.4)% W REM =ik Bk 1R 5]
HSO; /SO3 , I AR W& 2 5 i (o e A (o iR 25000 T
Tott, HR R AIELEE(200 s), pH i F 76 ) o ik A0
PEAE. [EERENR, B CDM AEfg RN H S KAE
FURERE DL AE 5 40 e 1 HSO; /SO35 ™ .
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Scheme 1  Synthetic route of probe CDM

1 SRS
1.1 #x*%t CDM X} HSO; /SO; ™ RUikiF M

DA 2 3 2R B BE A 2-(3- 2k -4,5,5- = F L IR 1 -
2(5H)- AR5 N 5 R 5ok, FEURAE (10 T iR 52 I 4
H R ERS R LAY 1, NI 4 b ARk 1
59 ESEM A =5 LRI 3 h J5, F 30 mL KKK iR
53] H k54 CDM (Scheme 1), 'TH NMR. '*C NMR #/
HRMS X} HEEF 4T T RAE. Fl MeCN/Tris (V : V=2
8, pH=7.4)Z MW ER%ET CDM FEHIEL 10 pmol/L ¥
M, M CDM ¥ 2 5inA 150 pmol/L BIE -+ CN,
SO, SO3 , S,07 ,HS, NO,, CO ,Ac,SCN,
$*", N3, HCO;, Br, I, F, C,03, PPi, HPO; ,
3 L 2 e 1 A SR AN O 1S R (B 1), BREE
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CDM (5 KR 5K )9 610 nm, 5 KW K 550 nm.
2 R E AR N F A S R B B T, 966 RERTA
T AT TR 202, I\ HSO5 /SO3 Ji CDM (1)
PO RIEK, NG bRa AT O, Hika] i,
YREF CDM X} HSO; /SO3~ B RAFHIkFrE, I HAE
s HEAT RRAR R ).
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B 1 CDM (10 pmol/L)f¥] MeCN/Tris (V' : V=2 ' 8, pH=7.4)
VPN S TS 1 5 R 5 0606 1 () AR AR SO G 5 (b) A2
W(Jiem=610 nm, Aex =550 nm)
Figure 1 Fluorescence (a) and UV absorption spectrum (b) of
CDM (10 pmol/L) in MeCN/Tris (V : V=2:8, pH="7.4) solution
upon addition of different anions (Aem=610 nm, dex=550 nm)
1.2 #R%t CDM iRAI HSO; By i E L 36

N T HRFE CDM 5 HSO; IRk, AT 75
T E L. [ CDM ¥R A R EEF) HSO; ,
Kl 2a o, $%F CDM OG5 B A HSOs i EERIHE K
MHZBRES, AR EEN 150 pmol/L B 2 58 40
K, HEINN HSO; #RE CDM %t aaE %A B AR 1.
ke 2b fiizR, 550 nm Ak IR L WA HSOS WK
I KRR S, 24N 150 umol/L ¥ HSO; iR Ik
FEARFEREE, IX R IHE CDM MAR A 150 umol/L.
ARG 5t 2 £dE, FIF Origin X EUE T MELA,
PL log[ HSO5 TAMEARER, (I—Imin)/(Imax— Imin) A FF,
1FRBNLRPEAH G RN 0.99604 11— E Lk, HR4E 7%
Y=A+BX, Y=0 i, KRS 1045, i+5H CDM i1
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Figure 2 Fluorescence (a) and UV absorption spectrum (b)
changes of CDM (10 pmol/L) in MeCN/Tris (V' : V=2 : §, pH=

7.4) solution upon addition different concentration of HSO;
(0~150 pmol/L) (Lex=550 nm)

KPR A 6.07 pmol/L(FE 3a)14-501, ] B 1 5 H R 4t
CDM MR SO ISR IR 1.59 pmol/L(E 3b),
IR B LT I R B
1.3 #REt CDM iR HSO; Byt FHLEE

N Y AR &R B B T HSO; R 15 7 A 4k,
HHAT TEARFRIB B T 3470 CDM IR 51 HSO5 ML T4k
G, P 4 FoR, IANFAD 18 M ESF(CN, SO;
SO3™, S,03, HS™, NO,, CO} , Ac’, SCN™, S*,
N;, HCO;, Br,I,F, C,0} ,PPi, HPO; ), Fill
A HSO; J5, CDM 7 610 nm Ak 75¢ 't 58 5 B S 59,
550 nm A& SR AR IS5 Bt B 08 SRR B, R L
A= 7 IAELEXT CDM R 5 HSO5 ¥4 T4k, 4 CDM
HA Bt Tiiee
1.4 X% CDM 3 HSO; HIBFEINE L

i [e)f SL A0 5 B, [ ER%H CDM Hds i HS O
(150 pmol/L)Ji5, 610 nm Ak {75 ;56 i i i (8] F 38 i iy
FEA%, 76 200 s Aodq 2t sm e K 2 ik LA AL
b, ULEBHEREN CDM XF HSO; iR B A BB i e )37
.
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Figure 3 Plot of the fluorescence (a) and UV absorption inten-
sity (b) of CDM with different concentration of log [ HSO; ]|
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Figure 4 Changes in fluorescence intensity of CDM (10 umol/
L) in the presence of different anions (white) and further addition
of HSO,; (150 umol/L) (red)
1.5 pH %f#R$t CDM iR%I HSO; KN

N T RAEREE CDM Al HSO;y Hysi FE, It 1
AN pH XHRER CDM 173 HSO; HISZME. W& 6 Jiow,
LA pH JUEARHR, 2GRN ARRAE K], T LA AR
£ CDM 7£ pH Vil 7~14 ] MeCN/PBS (V' : V=2 : 8)
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Figure 5 Time-dependent fluorescence intensity change of
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Figure 6 Fluorescence intensity changes of CDM and CDM+
HSO, at different pH

W, DeEsREYESE. I HSO; J&5, CDM #£ pH
Y 7~14 9 L% HARFEEAR, U8 CDM Al P
SR 25 1 R ARSI HSOS , BB pH & FHVEH,
AJ BT AR R Rl HSO; .
1.6 #R§+t CDM FEEFR7K#EH &M HSO;

N T IAERRER CDM 72 8BRS RE 7, ik
B 1 R 2 A7 P TR 7K 5256 =5 1) SR KRR
JLITHIRT K, 43 B2 CDM . 7E S bRk RE Il HSO5
fRIBE ST, F MeCN/HO (V' V=2 : 8)ILE 10 umol/L K
CDM ¥, 1A HAR I 0~150 pmol/L ) HSO; , it
1T2Em RER. BT LUE HAREN CDM ¥ I e
5 HSO; WKEELE 30~90 pmol/L V[ N A R IF ikt o6
#, UiH CDM nJ 7E M Bl N s A I HSO5 . Bkt F)
R nFRiEmR e R, g8k 1 For, WA HSO5
WP 5 A0 L I AR A B R Z AR D, EICRTE 98.8% ~
102.7%36 Fl A, X tegh LR HPRE CDM il 31 827K A
W HSO; B BT TR M AT 471, BESAE 30~
90 umol/L Y[ 4 5 =4zl HSO5 .
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R 1 SLPrRKFEh HSO, R R

Table 1 Detection results of HSO, in actual water samples

Sample Added{ Found{ Recovery CV
(umoleL 1) (umol-L 1) rate/% (n=3)
50 49.95 99.9 0.38
Tap water 70 69.75 99.6 0.61
90 90.05 100.0 0.49
50 51.35 102.7 0.93
Lake water 70 71.05 101.5 0.64
90 89.56 99.5 1.08
50 49.40 98.8 2.12
River water 70 71.49 102.1 0.96
90 90.51 100.6 0.77
@ MK 3 K.

1.7 %t CDM 7ESEPREEFREFIMN HSO;

NT HLEEREE CDM TESEPRATE I FE N, ik
SIS0 P 7T ¥ 0 K 25 6 T P DN S PR 7 e T B B, e
CDM 7S fifE kI HSO; MIRE /. Fl MeCN/Tris
(V:v=2:8 pH=74)kH 10 umol/L ff] CDM i& ¥, 1
HARIINAN 0~150 pmol/L ff1 HSO; , MR 5k
FEAR L. AT LLE HARED CDM ¥ 9% % 38 % 5 HSO;
WEEAE 10~130 umol/L Ju FEl A R AF ¢ R, 1
CDM W] {E My 4 s A I HSO; . (R, FRATTHRIH
IokREDARECR, g8k 2 Fow, W73 HSO; WKk
5 R0 RE 0 bR IR R AR N, ISR AR 99.87% ~
103.33% u[E i, Rl H E XK AniE GB/T5009.34-2003
€8 A H B R AR I e ) H B AL I g vk R
HSO; & sHT Tk, 453 E/R AP HSO; fI#
BN 0.016 gkg, RFIRE CDM REAL RS H € =(10~
130 pmol/L) 1Rl 31 S A Hh HSO5 .

2 SBRBERE HSOS [kl e «

Table 2 Detection results of HSO; in actual sugar samples

Added/ Found/ Recovery ()%
Sample - - -
(umol-L ") (umolsL ")  rate/% (n=3)
70 72.12 103.03 2.09
Sugar 1 90 91.50 101.67 1.70
110 113.66 103.33 2.48
70 71.36 101.94 0.91
Sugar 2 90 91.79 101.99 1.98
10 109.86 99.87 1.65

@ B 3 K.
1.8 #R*%t CDM stiE4mA+ HSO; R 1%

NT HEREN CDM 7E A W40k 87 F 1 SE B 38UR,
%6 CCK-8 ik & ik 7 CDM &, 4H 1. 5.
10 umol/L (] CDM Ab¥R4H RIS, 4 HfFi % KT
90%, B[ CDM {15 A 50 umol/L I}, MCE-7 40 i1
TERARKT 50%, U8 CDM HIEEPERAK. W E
4 10 umol/L [ CDM E R TC# 7 &, FH T#R % CDM &
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0] LLZESE 40 Fh 8N HSO5 . # MCF-7 415 CDM
£ 37 CFIE 30 min, FEIEIE)LFRA TR,
UG R R AT A B AT f5 TE A4, K CDM Tiikb 3
1) MCF-7 40 5 AFKRER HSO; (0. 105 50, 100
F1150 pumol/L)W¥E 30 min B}, Z1 0% 6 17 FE IR T I
59, BACRUIE. £U CDM 7] LLIEE 40 i 5 - Peid ks
DZH KA 1 HSO; , T HA B I BUR ROR. X LR B
B, CDM Ref%XHiE 40 i o i HSO; AT g, I HAE
A 2 UL VA T .
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Bl 7 CDM Fikb# ) MCE-7 R 54 FREZ I HSO5 (0.
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TN B I TE

Figure 7 White channel, white channel and merge channel of

MCF-7 cells pretreated with CDM (10 pmol/L) incubation with
HSO, (0, 10, 50, 100, 150 umol/L) for 30 min

1.9 1RE CDMiRRHIHSO; KIHLIE

7] CDM H I\ HSO; Ja i Bty (8 R TG £,
I 2 HAl SRS o R T R B S X
PRI HLERHEAT 74, BN HSO5 #EXL CDM K 245 5k
filf CDM HyILHEZEMRE AT, 2K K, [FEf HSO;
R R AE T SEAZ N N 8). m/z 601.9991 (& 9) 11U
WA JE F[M+2Na+H,0—H] (iFEAE m/z 601.9862),
I H A e b e SN AN b H S S %, B0iE T
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Figure 8 Mechanism of CDM sensing HSO,
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Figure 9 HRMS spectrum of compound CDM -+ HSO;

2 i

W& A T —FoBr B 2 R E CDM, Jd i FH b
FLALBE A5 /L), 3 5 6 R AR B R T 3K B 1R 51 HSO5 /
SO3;~ R R334 FLR i ) B 6 Fh A 648 T £
AR GE ). SR B P ae SR s
MR, 5661 ATER AR B A I BR 43 )
6.07 1 1.59 umol/L. B EAW | /12, RE CDM R
i A L S /K RE AR RE HH 1 HSO; /805~ , HuT R+
AR HSO5 /803 IIZERUE, BA RIFIIK
JERT 5

3 XIERST
3.1 NE5RFA

F-4700 5¢ 653 66 EETE; pH v PHS-25B( LK
); U-T1810DS 4] WA Y T, ARG gAY
(400 MHz, Agilent A ], &)

X R IE S, 3-FRHE-3-HIEE-2- T, i, &
MEEN, ZiEFEN, ORIk AME T (R, ),
ALl ; CDM & %0752 WOCHR, T
A 053-54; - ARSI BT A8 FH PRV 7R 380 0 T 5 A B 4.
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3.2 ZLWAHE

PRI $2 95 45 FHE(0.488 g, 4 mmol), 2-(3-fl k-
4,5,5- = 1 FL W IR -2(5H)- 0 e 7 )- T4 — 5 (0.80 g, 4
mmol), K HE T IKLEE2S mL)H, I RURNE 5
INARENR 4 he NS 1A b S8 A5 2 41 ok AR Hh [l 4
1, 2% N 75%. 'H NMR (400 MHz, DMSO-ds) d: 10.63
(s, 1H), 7.90 (d, J=16.3 Hz, 1H), 7.81 (d, J=8.0 Hz, 2H),
7.02 (d, J=16.1 Hz, 1H), 6.89 (d, J=8.0 Hz, 2H), 1.77 (s,
6H); 3C NMR (101 MHz, DMSO-de) §: 177.72, 176.41,
162.71, 148.79, 132.77, 126.26, 116.88, 113.39, 112.55,
112.17, 111.63, 99.28, 97.30, 53.66, 25.30.

HE] 44 1 (0.303 mg, 1 mmol)5 2 %L 5 (0.28 mg, 2
mmol) T =5 LFER(15 mL) [El3i 4 h, )2 G (TLO)MR
BRI SRR, TR RN SE 4 fE R S N E R IR, A
BRI (1 mmol, 10 mL)FHE 0.5 h. i Y843 BIFRLL ([
i, W EFEIERA] LR OB/ A BV - V=1 1)]
5% 0.102 g CDM, =% 30.7%. m.p. 271.6~274.3 C;
'H NMR (400 MHz, DMSO-ds) J: 11.69 (s, 1H), 10.31 (s,
1H), 8.20 (s, 1H), 8.13 (d, J=8.8 Hz, 1H), 7.94 (d, J=
16.4 Hz, 1H), 7.14 (d, J=8.6 Hz,1H), 7.13 (d, J=16.4 Hz,
1H), 1.79 (s, 6H); 3C NMR (101 MHz, DMSO-ds) o
189.96, 177.27, 175.67, 164.35, 146.91, 135.98, 131.80,
125.96, 123.01, 118.55, 113.41, 111.99, 110.95, 99.30,
98.40, 53.88, 25.25. HRMS caled for C;oH;,N;05
[M—H]~ 330.0884, found 330.0919.

3.3 ABETFBRAVEH

&AL o B E T | B & . DA
HSO5 Al HERFREL 52.03 mg NaHSO; &4k, F —ik
AWKERT 10 mL Z&HH, 780 3EE, B2, 23]
50 mmol/L ) HSO; #ik. HAWRI & F(CN", SO; ,
SO3 , S,03, HS, NO,, CO3 , Ac, SCN™, S,
N;, HCO5,Br,I,F, C,07 ,PPi, HPOI HIVEW
PIFMIE 7 RACE, 76 bRt bR R EE KRR R, B
AT 1530 By 75 W BE IR S VAT

B A &L (Supporting Information)  #%1 CDM Fl1+ ]
1 FRAE S (S1~S5), CDM 1 SERR K BE AR o s
M HSO3 H1iRZE & CDM 4 i 85 14 S a0 S5 4, IX s
REAT DL G 2 WA T 355 (http://sioc-journal.cn/) | N %K.
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