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A novel highly sensitive and selective ‘off-on’ @rescent probe for detecting
thiophenols has been developed by an ICT mechathsough a rational design. It
displays a large Stokes shift (140 nm), a goodalig range, a rapid signal response
time (within 100 s) and the detection limit is asvlas 13 nM. In addition, the ability
of the probe to detect thiophenols in living c€hepG2 cells) via an enhancement of
the fluorescence has also been proved.



23

24
25
26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

A rapid and highly sensitive fluorescent imaging materialsfor thiophenols
Weijie Zhang®* Fangjun Huo”* Tao Liu**Yin Wen? Caixia Yin®**

& Institute of Molecular Science, Key LaboratoryMrterials for Energy Conversion
and Storage of Shanxi Province, Shanxi Univergaijyuan, 030006, China.

P Research Institute of Applied Chemistry, Shanxieisity, Taiyuan, 030006, China

*Corresponding author:

C.X.Yin, E-mail: yincx@sxu.edu.cn,Tel/Fax: +86-3%011022;

F.J. Huo, E-mail: huofi@sxu.edu.cn.

"Weijie Zhang, Tao Liu contributed equally to thisnk.

Abstract: Thiophenols, a class of toxic and polluting comuts) are widely used in
industrial production. Meanwhile, some aliphatiots play important roles in living
organisms. Therefore, the development of probesgecific thiophenol detection is
of great importance. Herein, a novel highly semsiind selective ‘off-on’ fluorescent
probe for detecting thiophenols has been develdyyean ICT mechanism through a
rational design. The probe displays a large Stoeft (140 nm) and 60-fold
fluorescence intensity enhancement. More imporaritie probe features a rapid
signal response time (within 100 s), a good lirtgaenge and the detection limit is as
low as 13 nM. In addition, the ability of the protmedetect thiophenols in living cells

(HepG2 cells) via an enhancement of the fluoreseéias also been demonstrated.

Keywords: Thiophenols; Detection; Fluorescent probe; Bioimgg
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1. Introduction

Thiophenols, also named benzenethiols, are extdpsiged in organic synthesis for
preparing various products in the agrochemical strguand pharmaceutical industry.
However, thiophenols are poisonous to aquatic larosms and animals, possessing a
median lethal concentration (LC 50 ) of 0.01-0.4 nmMish and a median lethal dose
(LD 50 ) of 46.2 mg/kg in mouse. It was also repdithat thiophenols can enter into the
human body easily by inhalation and skin absorptioninduce systemic injuries
including shortness of breath, muscular weaknegsea, vomiting, and even death [1-3].
Despite high toxicity, thiophenols are essentiall avidely used chemicals for the
preparation of agrochemicals, pharmaceuticals, \amtbus industrial products [4-6].
Considering their toxicity and the continuing eomimental concerns, simple, rapid,
sensitive, and selective detection of thiophermltherefore of considerable interest in
both environmental and biological science.

Fluorescence detection using fluorescent probedbéas recognized as one of the
most attractive methods to monitor and visualizelemdes due to its simplicity,
convenience, and great potential for use in a wesge of chemical, biological, and
environmental applications. Since Wang et al. [@ported the first reaction based
fluorescent turn-on probe for selective detectibthimphenols, a number of fluorescent
probes have been developed for these compound3][B&cause of the similarity of
chemical properties among aliphatic thiols andghe&nols, most of these probes are
designed mainly for discrimination of aliphaticdls such as cysteine and glutathione

from other amino acids, and in general, they camwtezrly discriminate thiophenols
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over aliphatic thiols [21-24]. 2,4-Dinitrobenzenksnyl (DNBS) was first used by
Maeda et al. as a sulfonate ester of a fluoropfaréhe detection of thiols [25]. The
high level of electron deficiency enables the DNBS8iety to act as an electron sink
and incur intramolecular charge transfer (ICT),ul#sg in the quenching of the
fluorescence. The DNBS ester can easily undergolfdeylation in the presence of
thiophenols through a nucleophilic aromatic substh (SNAr) mechanism,
liberating SQ and the attached fluorophore, thus resulting in iacrease in
fluorescence.

Herein, we report a novel type of highly sensitwel selective fluorescent probe
toward thiophenols which operates through an ICTthway by selecting
N-butyl-4-amino-1,8-naphthalimide as a fluorophoréhe 2,4-dinitrobenzene-
sulfonamide group as a recognition unit, and arpgiae moiety as a linker to extend
the fluorophore and reactive sulfonamide bond. Masked sulfonamide moiety can
be easily removed by a highly nucleophilic thiolatdon through the §&\r process
(see Scheme 1)[26]. More importantly, we found thé&t probe not only shows high
selectivity and sensitivity (DL = 13 nM) but alsffeys a rapid fluorescence turn-on
sensing process (100s) for detecting thiophenolgthErmore, this probe was
successfully applied in fluorescent imaging inniyicells.

2. Materials and methods
2.1. Materials
4-(2-Hydroxyethyl)-1-piperazineethanesulfonic adidEPES) was purchased

from Sigma-Aldrich (St. Louis, MO). Sodium hydrogidsolution (0.1 mol/L) was
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added to aqueous HEPES (10 mmol/L) to adjust theqM.4. Amino acids were
purchased from Shanghai Experiment Reagent Co.(Stdnghai, China). All other
chemicals used were of analytical grade.
2.2. Instruments

A pH meter (Mettler Toledo, Switzerland) was used determine the pH.
Ultraviolet—visible (UV-vis) spectra were recorded an Agilent 8453 UV-Visible
spectrophotometer. Fluorescence spectra were negaswon F-7000 FL
Spectrophotometer. A PO-120 quartz cuvette (10 mas purchased from Shanghai
Huamei Experiment Instrument Plants, Chifld. NMR, *C NMR spectra were
recorded on a Bruker AVANCE-600 MHz and 150 MHz NMidpectrometer,
respectively (Bruker, Billerica, MA). ESI determiiens were carried out on AB
Triple TOF 5600plus System (AB SCIEX, Framinghan§A). The ability of the
probe to react with thiophenols in living cells walso evaluated by laser confocal
fluorescence imaging using an Olympus FV1000 lasanning microscope.
2.3. Preparation and characterization of the probe
2.3.1.Synthesis of N-butyl-4-Br-1,8-naphthalimide

The route employed to synthesise of the probe mnsarized in scheme 2.
4-Bromo-1,8-naphthalic anhydride (2.76 g, 10 mnag N-butylamine (0.8 g, 11
mmol) was taken in EtOH (20 mL) and stirred ait®GBonitoring with TLC. After the
reaction was complete, the reaction mixture waspensied in vacuum and the
residue was washed with water and dried to givelid product. The solid obtained

was purified by column chromatography (silica gehtbromethane) to give a white
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product in 88% vyield. mp, 104-106C. IR (KBr): 3389.40, 3340.32, 3308.66,
3069.14, 2954 45, 2930.41, 2871.51, 1700.09, 1658.616.26, 1590.03, 1569.12,
1502.94, 1460.23, 1435.22, 1402.59, 1380.89, 1359342.57, 1259.15, 1229.36,
1191.63, 1151.33, 1116.74, 1098.79, 1075.34, 1642996.06, 940.45, 899.29,
873.13, 858.94, 848.36, 780.97, 748.66, 730.67,7011659.48, 567.65, 424.7H
NMR (DMSO-ds, 600 MHz):8 (ppm): 8.54 (d, J = 7.2 Hz, 1H), 8.51 (d, J = BZ
1H), 8.30 (dJ = 7.6 Hz, 1H), 8.19 (d] = 7.7 Hz, 1H), 7.98 (] = 7.8 Hz, 1H), 4.02
(t, J = 7.3 Hz, 1H), 1.61 (m, 1H), 1.35 (m, 1H), 0.93)& 7.4 Hz, 2H);**C NMR
(DMSO-ds, 150 MHz): 6 163.22, 163.17, 132.95, 131.94, 131.74, 131.3D,143
129.51, 129.17, 128.61, 123.10, 122.32, 30.02,720.2.17. ESI-MS m/z: [B + H]
Calcd. for GgH1sBrNO, 332.0286, Found 332.0286 (Fig. S1).
2.3.2. Synthesis of N-butyl-4-(piperazin-1-yl)-hashthalimide
N-butyl-4-Br-1,8-naphthalimide (1.65 g, 5 mmol) aRigherazine(0.52 g, 6 mmol)
was taken in 20 mL of 2-methoxyethanol. The mixtwas stirred at 130 with
monitoring by TLC. After the reaction was compldtee clear solution obtained was
concentrated and left to cool. The brown solid walected by filtration, washed
with water and dried to give a solid product. Afteystallization from MeCN, a solid
was obtained to give a brown product in 82% yielgh, 102C-104C. IR (KBr):
3374.44, 3324.79, 3291.76, 3066.96, 2956.74, 2822862.04, 2837.13, 2748.11,
1691.30, 1652.99, 1613.22, 1588.15, 1512.96, 145a.827.33, 1384.64, 1355.30,
1287.47, 1243.90, 1181.73, 1164.87, 1137.39, 1¥18.089.48, 1070.96, 1024.50,

1001.53, 949.56, 929.37, 893.57, 873.89, 848.76,183 783.44, 758.58, 746.45,
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671.98, 656.48, 412. 26H NMR (600 MHz, DMSO)5 8.41 (dd, J = 11.9, 8.0 Hz,
2H), 8.35 (d, J = 7.9 Hz, 1H), 7.76 (t, J = 7.6 ), 7.27 (d, J = 7.9 Hz, 1H), 4.00 (t,
J = 6.7 Hz, 2H), 3.13 (s, 4H), 3.00 (s, 4H), 1.88J = 6.4 Hz, 2H), 1.39 — 1.25 (m,
2H), 0.91 (t, J = 7.0 Hz, 3H}*C NMR (151 MHz, DMSOY 163.98 (s), 163.45 (s),
156.74 (s), 132.69 (s), 131.16 — 130.91 (m), 12€s59126.30 (s), 125.74 (s), 122.98
(s), 115.70 (s), 115.32 (s), 54.57 (s), 46.1448)48 (d,J = 16.2 Hz), 30.18 (s), 20.28
(s), 14.19 (s). ESI-MS m/z: [C + H]Calcd. for GgH.3NzO, 337.179, Found
338.1839 (Fig. S2).
2.3.3.Synthesis of the probe

2,4-Dinitrobenzen-esulfonylchloride (0.662 g, 2.5mol) and N-butyl-4-
(piperazin-1-yl)-1,8-naphthalimide (0.674 g, 2 mimal CH,Cl, (15 mL) with 2 mmol
(0.202 g) E4N. The mixture was stirred overnight at 0-5in ice-water with
monitoring by TLC. After the reaction was completeemoving the solvent under
reduced pressure gave a solid which was purifiedddlymn chromatography (silica
gel dichloromethane) to give probe 1 in 77% yieldg 218C-220C. IR (KBr):
3426.36, 3105.53, 2959.04, 2924.03, 2852.91, 2B87A897.12, 1650.66, 1590.96,
1556.47, 1536.51, 1513.89, 1447.13, 1425.28, 1290.951.29, 1267.81, 1234.48,
1162.78, 1125.57, 1073.18, 956.88, 909.84, 84%93,77, 782.04, 755.27, 703.44,
662.57, 620.28, 598.58, 571.76, 545.76, 515.76,3864H NMR (600 MHz, DMSO)
§9.08 (s, 1H), 8.65 (dl = 6.6 Hz, 1H), 8.48 (d] = 7.2 Hz, 1H), 8.47 — 8.42 (m, 1H),
8.40 (t,J = 9.9 Hz, 1H), 8.37 (d] = 8.7 Hz, 1H), 7.81 (] = 7.7 Hz, 1H), 7.39 (d] =

8.0 Hz, 1H), 4.03 (s, 2H), 3.60 (s, 4H), 3.34 (8),4..70 — 1.54 (m, 2H), 1.34 (ddi=
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14.8, 7.3 Hz, 2H), 0.90 (dd, = 25.9, 18.6 Hz, 3H}*C NMR (151 MHz, DMSOY»
163.97 (s), 163.46 (s), 155.16 (s), 150.78 (s),.401§s), 134.50 (s), 132.88 (s),
132.48 (s), 131.23 (s), 130.84 (s), 129.45 (s),.3R7s), 126.86 (s), 125.96 (s),
123.10 (s), 120.59 (s), 117.01 (s), 116.41 (sB6G2s), 46.37 (s), 40.52 (s), 30.16 (s),
20.26 (s), 14.20 (s). ESI-MS m/z: [Probe + Kalcd. for GeH2sNsOgS 567.14238,
Found 568.1474 (Fig. S3).
<Inserted Scheme 2>
2.4. Optical studies of prolde
Probe stock solutions were prepared in DMSO. Othmalyte solutions were

prepared by using deionized water. Fluorescenceunements were carried out with
a slit width of 5 nm 4ex = 383 nm). UV-Vis and fluorescence spectra wetainbd
in DMSO-HEPES buffer (10 mmol/L, pH 7.4, 1 : 1, N/v
2.5. General UV-vis and fluorescence spectra measents

Thiophenol stock and Probe stock were preparedisO. Other analytes were
prepared by using deionized water. Fluorescenceunements were carried out with
a slit width of 5 nm Xex = 383 nm). UV-Vis and fluorescence spectra wetainbd
in HEPES buffer (10 mmol/L, pH 7.4)/DMSO (v/v, 1:1)
2.6. Detection wavelength range

Fluorescence spectra were measured from 450 to@b@ith excitation at 383
nm (slit width: 5 nm/5 nm) in HEPES buffer (10 mitholpH 7.4)/DMSO (viv, 1:1).
The detection threshold for thiophenol was 13 nhY at this level the fluorescence

color change was very obvious.
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3. Resultsand discussion

3.1 The Selective response of probe to thiophenols

An important feature of the probe is that it hascsal selectivity for for one kind
of analyte over other substances. In order to stisdgpecial recognition ability, we
carried out the experiment by UV-Vis and fluoreszsespectrometer. Figure 1 shows
the fluorescence spectral changes upon additiomanbus analytes (10 equiv.) in
HEPES buffer (10 mmol/L, pH 7.4)/DMSO (v/v, 1:1)l@on, including PhOH,
PhNH,, PhCH, KCN, H,0,, N&S, CI, Br, I, N5, NOs, HSQ;, SQ?, ME, Cys, Hcy,
GSH, p-Nitrothiophenol, thiosalicyclic acid theyl #liggered very minor changes.
However, the probe displayed obvious fluorescemteecement (Fig.1 14 = 383
nm, lem = 523 nm) in the presence of PhSH, p-MNEHsSH, p-CH-C¢HsSH in
HEPES buffer (10 mmol/L, pH 7.4)/DMSO (v/v, 1:1)lgon, Similarly, the probe
displayed obvious UV-Vis spectral (Fig. S4a) changethe presence of PhSH, and
p-NHx-Ce¢HsSH, p-CH-CsH,SH. These signal changes indicate that the probe ca
serve as a selective chemosensor for thiophenols .

<Inserted Figure 1>
3.2 The UV-vis and Fluorescence spectra titratmrpfobe 1

A detailed spectral titration for thiophenol wasread out. Fig. 2 showed the
fluorescence spectra change of probe 1 (2 umollohuaddition of thiophenol (0-6
pmol/L) in HEPES (10 mmol/L, pH 7.4)/DMSO (v/v, ):1nitially, the probe (2
umol/L) has no fluorescencéef = 383 nm). The addition of thiophenol caused a

remarkable enhancement (60-fold) of emission intgreg 523 nm (Fig. 2b). The
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sensitivity of probe 1 was then examined by theridscence response of the probe
toward different concentrations of thiophenol untieg same reaction condition as
described above (Figure 3). The increase of flumnese intensity was displayed in a
concentration dependent manner. However, when riane 3 equiv of thiophenol
were used, the enhancement of fluorescence inyeresiched a maximum without
further alteration.

The UV-Visible spectrum response of probe 1 (10 {ithdoward thiophenol
(0-10 pmol/L) was studied in HEPES (10 mmol/L, pA)IDMSO (v/v, 1:1) solution.
Fig. S4b shows the change of probe 1 (0.5 pmolilthe UV-Visible spectrum upon
addition of thiophenol (0-10 pmol/L), the absorptipeak of the probe at 375 nm is
gradually increased.

<Inserted Figure 2>

To investigate the detection limit of probe 1 fbiophenol, probe 1 (2 pmol/L)
was treated with various concentrations of thioph€@-6 pmol/L) and the relative
emission intensity at 523 nm in HEPES (10 mmolM, £4)/DMSO (v/v, 1:1) Xex =
383 nm, slit: 5 nm/5 nm) was plotted as a functdrthe thiophenol concentration
(Fig. 3). Subsequent data analysis revealed anllextdinear relationship (R=
0.9999) between the relative fluorescence intenaityp23 nm and the thiophenol
concentration (0-6 umol/L). The detection limit fbrophenol, based on the definition
by IUPAC (G.=3 Sb/m) [27-31], was found to be 13 nM, which wasch lower
than that of the ICT probe reported by Wang edatummary of the comparison of

recently developed fluorescent probes for thiophengiven in Table 1. The probe 1

10
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showed its excellent analytical performance.

<Inserted Figure 3>
<Inserted Table 1>

3.3. pH dependence

As the pH value of system is often considered sig@ficant influencing factor on
interactions. The effect of pH on the fluoresceimtensity of the probe in the absence
and presence of thiophenol were also investigateglufe S5). Experimental results
indicated that the probe was pH insensitive in phkrange from pH 2 to 13. As
expected, due to the enhanced ionization of thioph& result in a faster\&r
process, the fluorescence intensity increase \mghpH ranging from pH 5 to 11, .
Notably, the fluorescence changes of probe 1 wmptienol reached a maximum and
became almost constant in the pH range of 6-8, lwlicconsistent with the pKa
value of thiophenol (pK & 6.5). The weaker response at pH >8.0 was presymabl
attributed to diminished concentration of thiophenbecause of the disulfide
formation under this conditions. Therefore, physgital pH (pH=7.4) could be
selected as an appropriate working pH for the sensif thiophenols with the
designed probe.
3.4. Time-dependence in the detection processagttanol

Time-dependent modulations in the fluorescence tepeaf probe 1 were

monitored in the presence of 10 eq. of thiophehbé kinetic study (Fig. 4) showed
that the reaction was complete within 100 s foophienol, indicating that the sensor
can achieve real-time detection of thiophenols.

11
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<Inserted Figure 4>

3.5. Proposed mechanism

Similar to previously reported DNBS-based thiopHepmbes [33, 34], the
fluorescence enhancement response of probe Iisuédd to a thiolate anion induced
SNAr process which resulted in the cleavage of DINBS group from the probe
molecule (Scheme 1). Zhao etc has reported a newelicent probe for thiophenols
based on 2,4-Dinitrosulfonyl functional group withamino BODIPY. Under their
experimental conditions, the probe displayed actieke response to thiophenols over
aliphatic thiols and the detection limit could bgroved to 34 nM. In our work, upon
addition of thiophenol, the probe caused a remdekamhancement (60-fold) of
emission intensity at 523 nm and the detectingtlismas low as 13 nM, which was
much lower compared with the literature reportegt, Bhere are still room to improve
in terms of detection limit and application in vivds mentioned before, after reacting
with thiophenol, probe produced an obviously flsmence enhancement due to a
nucleophilic aromatic substitution (8r) mechanism, releasing $0gas and
N-butyl-4-(piperazin-1-yl)-1,8-naphthalimide, thusesulting in an increase in
fluorescence. Furthermore, The identification c¢ #dduct in the ESI-MS analysis
made it possible to propose the signaling mechansnpeak at m/z 338.1852
corresponding to [probe-PhSH +'Hpas clearly observed (Fig. S6). Further NMR
spectroscopic analysis also provided the eviderme thiophenol nucleophilic
substitution reactions with prolde With addition of thiophenol to probe in DMSdy;

the resonance of the original proton at 9.08, 8&%64 ppm disappeared and new

12
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peaks at 8.90, 7.58, 7.56 ppm appeared (Fig. SWs,Tthe sensing mechanism of
probel towards thiophenol, is based on the nucleophileratic substitution ($Ar)
reactions as shown in Scheme 1.
3.6. Cellular Imaging

lons play important roles in many industrial anddbiemical processes[35, 36].
In order to evaluate the cell permeability and télgg of probe 1 to selectively
detect intracellular thiophenol, live-cell imagistudies were carried out (Fig. 5). As
shown in Fig. 5a, HepG2 cells incubated with 10 [imof probe for 30 min at 37/
showed no fluorescence. In a further experimenwvas found that HepG2 cells
displayed yellow-green fluorescence when the ceMse first incubated with 10
umol/L of probe for 30 min at 37! and then incubated with 2@mol/L thiolphenol
(Fig. 5b). These data demonstrated the good cettbnene permeability of probe and
it can thus be used to mark thiolphenol withinriyicells.
4. Conclusions
In summary, we have developed a “turn-on” fluoresgrobe for thiolphenols based
on a 2,4-dinitrosulfonyl functional group with higbelectivity and sensitivity in
agueous-DMSO media. Besides, owing the meritstofla selectivity and sensitivity,
this probe shows a rapid detection process (100igh, fluorescence enhancement
(up to 60-fold), large Stokes shift and the detettlimit is as low as 13 nM.
Moreover, fluorescence scanning microscopic expamis demonstrated that the

probe can readily be used to detect the intra@elthiophenol in living HepG2 cells.
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Figure captions

Scheme 1 Proposed detection mechanism of the probe to lieiopl.

Scheme 2 The synthesis of the probe 1.

Fig. 1 (a) Fluorescence spectra spectra of the probepdn@/L) in DMSO-HEPES
buffer (10 mmol/L, pH=7.4, 1 : 1, v/v) in the prese of 60 pmol/L PhOH, PhNH
PhCH;, KCN, H,0O,, N&S, ME, Cys, Hcy, GSH, and 6 pumol/L PhSH, p-NEtH4SH,
p-CHs-CgH4SH (b) Optical density two-dimensional graph of fivebe at 523 nm
upon the addition of various analytes.

Fig. 2 Fluorescence spectra of the probe 1 (2 pumol/L)han presence of various
concentrations of thiophenol (0-6 pmol/L) in DMSCEIPES buffer (10 mmol/L, pH
7.4,1:1, VIV) fex = 383 nm, slit: 5 nm/5 nm).

Fig. 3 The linearity of the relative fluorescence inteypsiersus thiophenol
concentration.

Table. 1 Summary of fluorescent probes for thiophenols.

Fig. 4 Reaction time profiles of probe (2 pmol/L) withdphenol (60 pmol/L).

Fig. 5 Confocal fluorescence images in HepG2 cells. (apréscence image of
HepG2 cells with adding probe (10M) and its bright field image (c); (b)
Fluorescence image of HepG2 cells incubated withM@robe for 30 min at 37 °C,

then incubated with 20M thiophenol for 30 min at 37 °C and its brightlfiemage

(d).
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Support Information

A rapid and highly sensitive fluorescent imaging materialsfor thiophenols

Figure S1:
Figure S2:
Figure S3:
Figure $4:
Figure S5:
Figure S6:
Figure S7:

Structure characterization of compound B

Structure characterization of compound C

Structure characterization of the probe

UV-Vis titration

PH interference to the detection

The ESI-MS of product obtained by reaction afl@ and thiophenol
1D *H NMR the probe and probe-thiophenol
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Figure S1: 1D'H NMR, **C NMR, ESI-MS and IR of compound B.
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Spectrum from 110-5.wiff (sample 1) - Sample005, Experiment 1, +TOF MS (100 - 2000) from 0.196 min
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Figure S2: 1D*H NMR, *C NMR, ESI-MS and IR of compound C.
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Spectrum from 110-9.wiff (sample 1) - Sample009, Experiment 1, +TOF MS (100 - 2000) from 0.210 min
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Figure S3: 1D'H NMR, *C NMR, ESI-MS and IR of the probe.
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Spectrum from 0114-10-POS.wiff (sample 1) - Sample002, Experiment 1, +TOF MS (100 - 2000) from 0.378 min

18000
“568.1510 (1)

16000 Kf

14000 O N0
b
12000 5{5

2 000 N
: ()
g 5734427 (1) Y
£ 8000 569.1543 (1) o0=%=0
739,381 (1) NO,
6000
7403845 (1
000 *417.2084 (1) () NO,
200&1
(| , lwlnmld JL\\“'h‘IH L l — pussialidynca ’ ; . ; s
200 400 600 800 1000 1200 1400 1600 1800
548 Mass/Charge, Da

549  The ESI-MS of probem/z: [Probe + HJ Calcd. for GgHosNsOgS 567.14238, Found

550 568.1474.

8
g ]
8 -
g =
% =y
Q -
E =1
1IN
8 8 38 e
8 & g 238
& » (K&
T T
3500 3000
551 Viédvenunber cm 1
552 The IR spectra of the probe
553
554

33



555  Figure $4: UV-Vis spectra

556 (@) UV—vis spectra of the probe 1 (10 pmol/L) in B-HEPES buffer (10 mmol/L,
557  pH=7.4,1: 1, v/v) in the presence of 60 pmol/IOPh PhNH, PhCH, KCN, H,O,,

558 NaS, ME, Cys, Hcy, GSH, and 10 pmol/L PhSH, p-NE§H,SH, p-CH-CsH,SH

559  (b) UV-Visible spectrum of probe 1 (10 umol/L) upaddition various concentrations

560 of thiophenol (0-10 pumol/L) in DMSO-HEPES bufferO(inmol/L, pH 7.4, 1 : 1,

561  VIV).
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Figure S5: PH interference to the detection
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587 FigureS7: 1D'H NMR the probe and probe-thiophenol.
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591  with 1.5 equal of thiophenol.
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Highlights

a) Theinteraction between probe 1 and thiophenol in solution was studied in detailed.
b) The probe can be applied in bioimaging.

¢) The detection limit isas low as 13nM.



