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A cyclometalated iridium(l11) complex comprised 2,4-dinitrobenzenesulfonamide (DNBS) as the
recognition unit (probe 1) was synthesized and its fluorescent behaviors toward thiophenols in
20% DMSO/PBS solution and water samples were investigated systematically. The results
demonstrated that probe 1 could serve as a sensitive and selective fluorescent probe to detect

thiophenols and could not be disturbed by aliphatic thiols.
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Abstract

In consideration of the nucleophilic capacity ofotfhenols, which could cleave sulfonamide

under neutral conditions, a cyclometalated iridiliiln(complex (probe 1)  comprised

2,4-dinitrobenzenesulfonamide (DNBS) as the redagnunit was designed and synthesized to

high selectivity and sensitivity detect thiophenslgcessfully based on internal charge transfer

(ICT) mechanism. Upon addition with thiophenols 20% DMSO/PBS solution of nearly

non-fluorescent prob& (10 uM, pH = 7.4), fluorescent product (compl@x was formed after

cleavage of DNBS group and a significant emissiohaacement at 470 nm was observed. In

addition, it could be successfully applied to detdgophenol in water samples with a high

recovery, confirming its practical value in envinosent science.
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1. Introduction

Thiophenols are important raw materials for medicjt], pesticide [2], polymer [3] and
additives on organic synthesis [4]. However, tipatential hazards, such as volatility, foulsmell
and high toxicity to biological and ecological emviment, also can not to be ignored. For
instance, thiophenols possess very low medianlletimecentration (LG) and dose (LEy) for fish
(0.01-0.04 mM) [5] and mouse (2.15-46.2 mg'kg6]. Long term exposure of either liquid or
vapor of thiophenols to human beings may causerakeggmptoms, such as central nervous
system lesion, difficulty breathing, muscle wealsegsaralysis, coma and even death [7-9].
Therefore, development of a highly sensitive andctiwe detection method for thiophenols in
environmental and even in biological samples ivilyiglemanding. At present, high performance
liquid chromatography [10], gas chromatography [Titjnlinear spectroscopy [12] and nanophase
material sensor based methods [13-14] have beehtas#etect the concentration of thiophenols,
but complicated sample preparation, low sensitiegsy interference and expensive instruments,
and non-real-time online monitoring limit their fer applications. Meanwhile, fluorescent
analysis has attracted wide attention due to itsmmatdges of simple operation, rapid response,
high sensitivity and selectivity, and even diregtettion in living cells or tissues [15-18]. Among
the researches on detection of thiophenols, ibteworthy that aliphatic thiols maybe become a
potential interference factor because of their Isinéhemical structure, the same activity function
thiol group (-SH). Fortunately, the differenKpvalue between thiophenolsKp = 6.5) and
aliphatic thiols (K, =8.5) (Scheme 1) under neutral conditions provate approach to
discriminate thiophenols from thiols [19]. Thiopids can produce more nucleophilic thiolate

species in the neutral reaction medium to achigya process and cleave sulfonamide, but under



the same reaction conditions, aliphatic thiolsdifecult to hydrolyze, thus realizing the purpose

of distinguishing aliphatic thiols from aromatiddts.

<Scheme 1>

Since Jiang [19] synthesized the first fluorescemcebe for specifically recognition

thiophenol without alkyl mercaptan interferencgny similar probes have been synthesized in

the last decade, but most of them are small orgamitecule probes [20-30]. The studies of

fluorescent probes containing metal complex stmestthave been not much reported [31-32].

Usually, transition organometallic probes possdss following characteristics: (1) highly

luminous efficiency, long life and high stabilit§2) large stokes shift of excitation and emission,

and easy regulation of excitation and emission Vesagh; (3) low cell imaging incubation

concentration, and less interference of cell norawtlvity [33]. Meanwhile, because of easy

functionalized modification and synthesis, photaunlual stability, and desirable photophysical

properties [34-43], cyclometalated Ir(lll) complexare widely used as excellent luminescent

materials for various applications, such as senaiybioimaging [33,44], organic light-emitting

devices [45], and sensitized photon upconversi6éh [4

It is well known that a responsive fluorescencebprasually include a fluorescent unit and a

switch moiety sensitively regulating to various suates, such as metal ions, anions and amino

acids, and so on. Generally, these fluorescenceelsg strategy is proposed to induce efficient

transfer processes, such as internal charge trafi€f€), photoinduced electron transfer (PET),

electronic energy transfer (EET), and monomer-egcirformation (MEF) [31]. Herein, we

introduced cyclometalated iridium(lll) complex adudrophore and electron-withdrawing

2,4-dinitrobenzenesulfonyl (DNBS) group as recagnitunit, then successfully synthesized a



probel in order to detect thiophenols. Due to the infeeeof internal charge transfer (ICT) from
cyclometaled iridium moiety to strongly electrontidrawing DNBS moiety, probé exhibits
nearly non-fluorescence. When the cleavage of DNjBSp occur through reaction between
complex1 and thiophenols, the luminescence ofl)rcomplex2 could berecovered. Probg was
found to high selectivity and sensitivity resportsethiophenols accompanied with obvious
fluorescent turn-on around 470 nm. In additions tprobe was also successfully applied to
guantitative detection of thiophenols in water sksp
2. Experimental Section
2.1 General procedures and materials

All chemical materials were purchased through corsrakchannels and were not further
purified, except those with further notice. All eehts were purified by standard methods prior to
use. All the synthetic operations were performedenra dry argon atmosphere using Schlenk
technigues and a vacuum-line system. The solutibrprobe 1 (1 mM) was prepared in
chromatographic grade THF. Standard solution ofiouar analytic samples (10 mM) were
prepared after dissolution of gdsSH, p-CI-CsHsSH, p-CHz-CgHsSH, p-CH30-CsHsSH,
p-NH;-CeHsSH, HOCHCH,SH, PhOH, (CH);SH and PhNH into DMSO. Solutions of
glutathione (GSH), cysteine (Cys), homocysteineyjHalanine (Ala), glycine (Gly), NaSH and
Kl were prepared in distilled water (10 mM, respesy).
2.1.1 N,N-diphenyl-4'-(pyridin-2-yl)-[1,1'-biphefd-amine @)

In a 250 mL round-bottom flask, 2-(4-bromophenyt)gye (2.671 g, 11.41 mmol),
Pd(PPh); (250 mg) and (4-(diphenylamino)phenyl)boronic a¢&gl00 g, 10.38 mmol) were

dissolved in 125 mL of THF, then NMaO; (12.72 g, 120 mmol) prior dissolved in 60mL water



was added to the mixture solution. After reactiofuson was stirred at 80 for 12 h, solvent
THF was evaporated, and the obtained solution waaated with dichloromethane, which was
removed under reduce pressure to get yellow cruddupt. Crude product was purified by
column chromatography on Si@ith petroleum ether and ethyl acetate (v/v = 2@d eluent to
obtained 3.568 g faint yellow solid in 86.2 % yieldH NMR (400 MHz, DMSO, ppmj: 8.73 (d,
J=4.4 Hz, 1H), 8.21 (d] = 8.4 Hz, 2H), 8.06 (d] = 8.0 Hz, 1H), 7.94 (1] = 7.8 Hz, 1H), 7.82 (d,
J = 8.4 Hz, 2H), 7.74 (d) = 8.4 Hz, 2H), 7.39 (t) = 7.6 Hz, 5H), 7.13 (qJ = 7.8 Hz, 8H);
HRMS: m/z 399.1839 [M + H]

2.1.2 Chloro-bridged Ir {//) complex dimer3)

In a 100 mL round-bottom flask, compouAd0.445g, 1.1176 mmol) and anhydrous #rCl
(0.152g, 0.508 mmol) were added to 20 mL of 2-eyletixanol and water (v/v = 3:1) and the
solution wasrefluxed for 25 h. The solution was filtered afteroling to room temperature, the
resulting precipitate was in turn washed with 10 9% ethanol, acetone, to afford crude difer
0.43g as yellow solid in 82.8 % yield, which wagdigo next reaction directly without further
purification and characterization [47,48].

2.1.3 ComplexX

To a mixture of cyclometalated Ir(lll) chloro-bridd dimer3 (0.36 g, 0.176 mmol),
1,10-phenanthrolin-5-amine (0.0687 g, 0.352 mmoj0OmL of CHCI,/CH;OH (v/iv = 1:1) were
reflux 6 h. After completion of the reaction, saivevas evaporated, crude product was purified
by neutral alumina column chromatography using,CQIHICH;OH (v/v = 30:1) as eluent and
obtained 0.385 g red solid in 89.8 % yield. NMR (400 MHz, DMSO, ppmj: 9.08 (d,J = 8.4

Hz, 1H), 8.40 (d,] = 8.4 Hz, 1H), 8.25 () = 4.2 Hz, 3H), 8.00-7.95 (m, 3H), 7.87Jt= 7.6 Hz,



3H), 7.73-7.70 (m, 1H), 7.50 @,= 6.8 Hz, 2H), 7.29 (1) = 7.6 Hz, 13H), 7.19 (s, 1H), 7.13 (s,
1H), 7.05 (tJ = 7.4 Hz, 5H), 6.99 (d] = 8.0 Hz, 10H), 6.90 (dl = 7.2 Hz, 5H), 6.51 (d] = 12.4
Hz, 2H, -NH); *C NMR (100 MHz, DMSO, ppmp: 184.03, 167.45, 167.14,167.06, 151.73,
151.30, 150.89, 149.57, 149.32, 147.51, 147.40,9¥4345.64, 143.51, 143.46, 141.01, 140.95,
140.33, 139.07, 136.77, 135.51, 134.36, 134.09,703332.42, 132.03, 130.06, 192.12, 128.58,
128.45, 128.26, 127.69, 127.10, 126.06, 126.00,982824.71, 124.51, 124.10, 124.07, 123.82,
123.45, 121.29, 121.02, 120.97, 120.66, 120.49,4B20109.06, 108.76, 102.22; HRMS: m/z
1182.3739 [M - CI.
2.1.4 Complexd

Under an argon atmosphere, com#g%.10 g, 0.0821 mmol) was dissolved in 10 mL gf dr
THF and cooled to 0, followed by addition of NaH (5.00 mg, 60% in pyri0.125 mmol). Upon
stirring for 15 min, 2, 4-dinitrobenzenesulfonyll@tide (0.033 g, 0.125 mmol) in 5 mL dry THF
was added dropwise. The resulting reaction mixwae then further stirred at room temperature
for another 1 h. After solvent was evaporated, erymoduct was purified by column
chromatography on Siwith CH,Cl,/ acetone (v/v = 3:1) as eluent to obtained 0.08&dgsolid
in 29.6 % yield'HNMR (400 MHz, DMSO, ppm}p: 10.56 (s, 1H, -NH), 8.99 (s, 1H, phenyl-H),
8.89 (d,J = 8.4 Hz, 2H), 8.55 (d] = 2.4 Hz, 1H), 8.53 (s,1H), 8.40-8.37 (m, 2H),8829 (m,
3H), 8.10-8.00 (m, 5H), 7.92 (m, 2H), 7.57X& 7.0 Hz, 2H), 7.31 (1 = 8.0 Hz, 13H), 7.14 (d
= 9.6 Hz, 1H), 7.07 (1) = 6.8 Hz, 6H), 7.01 (d] = 7.6 Hz, 9H), 6.95-6.92 (m, 4H), 6.54 (s, 2H);
¥C NMR (100 MHz, DMSO, ppmp: 167.09, 151.88, 151.39, 150.73, 150.55, 149.26,6D,
148.02, 147.87, 147.79, 147.57, 147.46, 147.40,9P46.46.04, 145.34, 143.47, 141.05, 139.27,

139.09, 139.02, 137.80, 136.77, 135.68, 135.60,0034.33.61, 132.84, 132.44, 132.10, 131.27,



131.13, 130.08, 129.73, 129.13, 128.53, 127.96,7227.26.06, 125.85, 124.75, 124.14, 124.10,
123.87, 123.59, 123.42, 121.53, 121.17, 120.59,7518118.61, 109.06, 108.76; HRMS: m/z
1348.3910 [M - Cl — €H3N,O, + Na + K + CHCN]"; IR (KBr, v, cm'%): 1335 (-S=0), 1586
(=NOy), 3448 (-N-H).

2.2 Physical measurements

NMR spectra were recorded on a Bruker AV400 (400Msfzectrometer with (CH,SO as
solvent and tetramethylsilane (TMS) as internahdd®d. Mass spectra data were obtain with an
Agilent 1100 ion trap MSD spectrometer. Absorptspectra were measured on an Agilent 8453
UV-vis spectrometer. Infrared spectra (IR) werdeabdéd on a Bruker Vertex-70 spectrometer as
KBr pellets and were reported in cinFluorescence spectra were recorded on a HitactOB-46
fluorescence spectrophotometer with the excitadioth emission slit widths of 5.0 nm and 5.0 nm.
2.3 Measuration of thiophenol in real water sample.

The crude water samples were obtained from Ganjringr, Kong Mu Lake and Qingshan
Lake in Nanchang city, further adapted as througjhgusodium phosphate buffer (10 mM, pH =
7.4). Aliquots of water sample were then spikechwiifferent concentrations of thiophenol (1, 5,
10, 20uM) that had been accurately prepared. The sequanples were further treated with
probel in 20% DMSO phosphate buffer (10 mM, pH = 7.4)otaain final mixtures (2.0 mL)
with probel and thiophenol (1, 5, 10, 20M). The mixtures were incubated for 40 min at 25 °C
and emission intensity at 470 nm was recorded.r&belts were reported as the mean * standard
deviation of triplicate experiments.

3. Results and discussion

3.1 Synthesis and Characterization



The synthetic route of proliewas displayed in scheme 2. Liga#dvas obtained through
classic Suzuki cross coupling reaction between -Br¢dnophenyl)pyridine and
(4-(diphenylamino)phenyl)boronic acid. Chlorieddyéd complex3 was synthesized from
reaction of ligand4 with anhydrous IrGlwithout further purification, followed by treatingith
1,10-phenanthrolin-5-amine in presence of ,CH{CH;OH to afford complex2. Probel was
prepared through reaction of compxvith 2,4-dinitrobenzenesulfonyl chloride in the geace
of NaH playing as a deprotonation reagent. Becafigbe activity of NaH, the deprotonation
procedure was carried out at 0 °C. All compoundevebaracterized by NMR, ESI-HRMS.

<Scheme 2>
3.2 UV absorption and fluorescence emission studie

The absorption spectra of prob@and complexX were carried out in DMSO solution (jt1)
at room temperature. Both of them showed two shbgorption bands around at 289 nm and 380
nm ascribe to intra-ligand-centered- n* transitions and metal to ligand charge transiécCT)
transitions, respectively (Fig.1A) [49]. The MLCDBsorption band displayed properly high molar
extinction absorption coefficient (lag= 4.93) that was much higher than that of MLChgiion
of other reported [Ir(ppybpy] -form complexed (log: = ca. 3.0) [50]. This excellent MLCT
transitions property of proklewould be conducive to improve fluorescence charaatd increase
sensitivity of the probe. The absorption spectravben probel and complexX2 had almost no
difference, suggesting that the cyclometalatedpplyf,Phen] moiety did not participate in
recognition process and fluorescence of prbshould be probably quenched via ICT mechanism
[31]. On the other hand, fluorescence spectra of ptoaed complexX2 were quite different. As

shown in Fig. 1B, when excited at 400 nm, com@eaxhibited fluorescence emission band at



470 nm (@ = 0.04). After connecting electron-withdrawing -Bliitrobenzenesulfonyl (DNBS)
group, probé showed almost non-fluorescende%£ 0.003) because of ICT mechanism.
<Fig. 1>

3.3 Fluorescence response of probe 1 toward thiophol

Although with non-fluorescence property of 1 was 0.003), when added 10 equivalents of
thiophenol to DMSO/PBS (v/v = 1:4) solution of peolh to form corresponding fluorescent
complex2 (@ = 0.094, an emission peak at 470 nm was obviously obseamedthe fluorescence
intensity increased significantly and reached mamafter 40 minutes, implying prodecould
serve as a quite sensitive fluorescent sensothfophenol (Fig. 2A). Meanwhile, time response
capability of probel for thiophenol was further investigated in 0.0120% DMSO/PBS with
fluorescence spectroscopy to evaluated kineticiesud\s depicted in Fig. 2B, upon addition of
thiophenol (10QuM), the fluorescence intensity at 470 nm showedpadrincrease initially (0 —
10 min), and reached an equilibrium within 40 masuwvith a relatively moderate kinetic constant
(k = 0.10043 miit) and half-time t, ~ 6.90 min, Fig. S5, see Sl). Although this value of
half-time was only relatively medium, considerirtge temission intensity at 470 nm enhanced
rapidly in the first ten minutes, we still thoughtt probel could be able to rapidly response to

thiophenol.

<Fig. 2>
Moreover, detailed fluorometric titration experintenvere carried out in 20% DMSO/PBS
(0.01 M, pH = 7.4) to further investigate the rasgive fluorescence of prokk induced by
thiophenol (Fig. 3). As shown as Fig.3 (Inseteitsission intensity curve at 470 nm with addition

of various equiv thiophenol), with addition of lesan 3 equiv of thiophenol, fluorescence



intensity of probel enhanced significantly initially, as thiophenolsifarther added gradually, the
emission intensity increased slowly and finallyateed a plateau when 10 equiv of thiophenol was
further titrated. The fluorescence intensity at 4#0 exhibited an excellent linear relationship
with the concentration of thiophenol in range of B0 uM (Fig. 3B), whose slope was calculated
to be 1.141 x IOM (R = 0.99942). This indicated that protiecould be potentially used for
guantitative detection of thiophenol. Accordingpieevious method defined by IUPAC [51-54],
the limit of detection (LOD) was calculated to h&5.x 10°mol L™}, demonstrating that our If{
complex-based proliecould be sensitive detection of thiophenol (Takile see Sl).
<Fig. 3>

3.4 Selectivity of probe 1 toward thiophenols

As we known, discrimination thiophenol from alipicathiols was a requisite capability for
thiophenol probe. In order to explore the spedificf probel toward thiophenols, fluorescence
responsive reaction of proldewith various analytes, including thiophenol detives (GHsSH,
p-CHs-CeH4SH, p-Cl-CeH4SH, p-NH-CeH,SH and p-CH;0-CsH,SH), aliphatic mercaptan
(HOCH,CH,SH, (CH)3sCSH, cysteine (Cys), homocysteine (Hcy) and glidat (GSH)), and
other nucleophilic substancesgtgNH,, C;HsOH, Kl, NaSH, glycine (Gly) and alanine (Ala)),
were evaluated under similar conditions. As depliateFig. 4, when various analytes were added
into probel 20% DMSO/PBS solution, only thiophenol derivativesuld induced obvious
fluorescence enhancements, indicating that prbbeas not susceptible influence by these
interfering substances. When 10 equivalent thiophderivatives were added to the mixture of
probel and previous interfering substances, fluoresceamteancements were observed. These

results indicated that proldepossessed an excellent specificity for thiophenols



<Fig. 4>
3.5 Probing mechanism of Ir — DNBS toward thiopheals

Similar to the previously reported thiophenol proléh 2,4-dinitrobenzenesulfonyl as
recognition group, the sulfonamide bond of prdbeould also be broke through/8 process
induced by thiolate. To further elucidate the retng mode between proldeand thiophenol, a
series of'H NMR experiments were recorded. As shown in Figugon addition 10 equiv of
thiophenol to probd in DMSO-d,, the proton signal of Hat 10.56 ppm corresponding to the
2,4-dinitrobenzenesulfonamide group (—-N-H) of prabelisappeared due to the cleavage of
sulfonamide bond. Meanwhile,;Hat 8.99 ppm, Kat 8.53 ppm and Hat 8.15 ppm ascribed to
protons on benzene ring of 2,4-dinitrobenzenesaliude group showed slight shift to 9.04 ppm,
8.57 ppm and 7.18 ppm, respectively, which was nooresistent with the characteristic proton
signals of (2,4-dinitrophenyl) (phenyl) thioethddN). These results confirmed that probe
generated comple® as the luminescent species and DN as the byprddumtigh a thiolate
triggered $Ar cleavage process.

<Fig. 5>
3.6 Detection of Thiophenols in Water Samples.

Whereas toxicity of thiophenols and their harmsitwironment, we employed prolieto
guantify thiophenol concentrations in water sampptegvaluate the practicability of proliein
environmental science according to standard acditiethod [6,27,28]. The crude water samples
were obtained from Ganjiang River, Kong Mu Lake &idgshan Lake in Nanchang city. These
water samples were spiked with different conceiatnatof thiophenol (1, 5, 10, 2M), obvious

fluorescence was observed and their responsiveeieence intensity at 470 nm in various water



samples were recorded (Table 1). The thiophenavexy could be accurately measured and
ranged on 90-104%, suggesting that prbbad potential application for quantitative detectof
thiophenols in water samples.
<Table 1>

4. Conclusions

In summary, an iridium (Ill) complexlf was successfully designed and synthesized as a
probe to highly selective and sensitive detectibrihddphenols. Its recognition behaviors and
mechanism, in  which iridium (lll) complex 2 as the fluorophore and
2,4-dinitrobenzenesulfonamide as the reaction gtbupugh internal charge transfer (ICT), was
also confirmed by fluorescence spectroscopy #hdMR experiments. The advantages of this
probe in detecting thiophenols contained relativelyick ¢ =~ 6.90 min) and obvious
fluorescence responses (6-fold enhancement), leilgictsvity and sensitivity. Moreover, prolde
can be used for the quantitative detection of thémwls in water samples. Therefore, praldead
potential applications for fast detection and qifi@ation of thiophenols in environmental
systems.
5. Acknowledgements

The authors are grateful for the financial suppimoim the National Natural Science
Foundation of China (21701065, 41867053, 2186101, “5511" science and technology
innovation talent project of Jiangxi (2016BCB18Ql18)e Science Funds of Natural Science
Foundation of Jiangxi Provinc€@171ACB2002) the Project of Science Funds of Jiangxi

Education Office (GJJ170690).



6. References

(1) Love JC, Estroff LA, Kriebel JK, Nuzzo RG, WhitesglGM. Self-Assembled Monolayers of
Thiolates on Metals as a Form of Nanotechnologgr®Rev 2005: 105: 1103-1170.

(2) Roy KM. In Ullmann’s Encyclopedia of Industrial Qhestry, 7th ed. Wiley: New York,
2007.

(3) Amrolia P, Sullivan SG, Stern A, et al. Toxicity afomatic thiols in the human red blood cell.
J Appl Toxicol 1989: 9: 113-118.

(4) Lin F, Chun G. Synthesis and antifungal activitigfs some 6,8-dichlorothiochromanone
derivatives. J Chin Pharm Sci 1999: 8: 64-67.

(5) Hell T, Lindsay R. Toxicological properties of thiand alkylphenols causing flavor tainting
in fish from the upper Wisconsin River. J Envirari Bealth Part B 1989: 24: 349-360.

(6) Sun Q, Yang SH, Wu L, Yang WC, Yang GF. A HighlynSiéive and Selective Fluorescent
Probe for Thiophenol Designed via a Twist-Blocka§&ategy. Anal Chem 2016: 88:
2266-2272.

(7) Juneja T, Gupta R, Samanta S. Activation of mortatine, fulvine and their derivatives to
toxic pyrroles by some thiols. Toxicol Lett 1984::285-189.

(8) Munday R. Toxicity of aromatic disulphides. I. Geaton of superoxide radical and
hydrogen peroxide by aromatic disulphides in vifrédppl Toxicol 1985: 5: 402-408.

(9) Eychmiller A, Rogach AL. Chemistry and photophysic$ thiol-stabilized 11-VI
semiconductor nanocrystals. Pure Appl Chem 2000172-188.

(10) SunY, Lv Z, Sun Z, et al. Determination of thiepiols with a novel fluorescence labelling

reagent: analysis of industrial wastewater sampitis SPE extraction coupled with HPLC.



Anal Bioanal Chem 2016: 408: 3527-3536.

(11) Beiner K, Popp P, Wennrich R. Selective enrichmeit sulfides, thiols and
methylthiophosphates from water samples on metaldd cation-exchange materials for gas
chromatographic analysis. J Chromatogr A 2002: 26&:176.

(12) Pluchery O, Humbert C, Valamanesh M, et al. Enbdretection of thiophenol adsorbed
on gold nanopatrticles by SFG and DFG nonlinearcapspectroscopy. Phys Chem Chem.
Phys 2009: 11: 7729-7737.

(13) Dreyer DR, Jia HP, Todd AD, et al. Graphite oxideselective and highly efficient oxidant
of thiols and sulfides. Org Biomol Chem 2011: 99227295.

(14) Zhao W, Liu W, Ge J, et al. A novel fluorogenicbing material for selective sensing of
thiophenols. J Mater Chem 2011: 21: 13561-13568.

(15)zhang DB, Li SY, Lu RM, Liu G, Pu SZ. A multi-furional hydrazinobenzothiazole-based
diarylethene derivative: Highly efficient discrinaition cadmium ion from zinc ion and
near-infrared absorption detection of hydroxide iDgyes Pigments 2017: 146: 305-315.

(16)Li SY, Zzhang DB, Wang JY, et al, A novel diaryletigehydrazinopyridine-based probe for
fluorescentdetection of aluminum ion and nakeddstection of hydroxide ion. Sensors and
Actuators B: Chemical 2017:245: 263-272.

(17)Li G, Liu G, Zhang DB, et al. A new fluorescencelpe based on fluorescein-diarylethene
fluorescence resonance energy transfer systeragat detection of Cii. Tetrahedron 2016:
72: 6390-6396.

(18)Li G, Zhang DB, Liu G, et al. A highly selectiveifirescent probe for Etland Zi* based on

a new diarylethene with quinoline—benzimidazolejegated system. Tetrahedron Letters



2016: 57: 5205-5210.

(19)Jiang W, Fu QQ, Fan HY, et al, A Highly Selectirvadfescent Probe for Thiophenols.

Angew Chem Int Ed 2007: 46: 8445-8448.

(20) Jiang W, Cao Y, Liu Y, et al. Rational design dfighly selective and sensitive fluorescent

PET probe for discrimination of thiophenols angladitic thiols. Chem Commun 2010: 46:

1944-1946.

(21) Wang Z, Han DM, Jia WP, et al. Reaction-based résoent probe for selective

discrimination of thiophenols over aliphaticthi@ad its application in water samples. Anal

Chem 2012: 84: 4915-4920.

(22) Zzhang W, Liu X, Zhang H, et al. A fluorescent pedor benzenethiols and its application on

test paper, in water samples and living cells. &eM@hem C 2015: 3: 8248-8254.

(23) Li KB, Zhou D, He XP, et al. Ratiometric glyco-fn® for transient determination of

thiophenol in full agueous solution and river wai@yes Pigments 2015: 116: 52-57.

(24) Zzhang W, Huo F, Liu T, et al. A rapid and highgnsitive fluorescent imaging materials for

thiophenols. Dyes Pigments 2016: 133: 248-254.

(25) Kand D, Mishra PK, Saha T, et al. BODIPY basedokwietric fluorescent probe for

selective thiophenol detection: theoretical and eexpental studies. Analyst 2012: 137:

3921-3924.

(26) Shao X, Kang R, Zhang Y, et al. Highly selectivel @ensitive 1-amino BODIPY-based red

fluorescent probe for thiophenols with high off -tin contrast ratio. Anal Chem 2014: 87:

399-405.

(27) Li J, Zzhang CF, Yang SH, et al. A coumarin-bask@réscent probe for selective and



sensitive detection of thiophenols and its applicatAnal Chem 2014: 86: 3037-3042.

(28)Yu D, Huang F, Ding S, et al. Near-infrared fluaest probe for detection of thiophenols in

water samples and living cells. Anal Chem 2014:8835-8841.

(29)Sun Q, Yang SH, Wu L, Dong QJ, Yang WG, Yang GFiteb#on of intracellular

selenol-containing molecules using a fluorescewb@rwith near-zero background signal.

Anal Chem 2016:88:6084-6091.

(30)Li J, Zzhang CF, Ming ZZ, Yang WC, Yang GF. Noveliamarin-based sensitive and selective

fluorescent probes for biothiols in aqueous sotutiand in living cells. RSC ADV

2013:3:26059-26065.

(31)zhang R, Ye Z, Yin Y, et al. Developing Red-EmigsiRuthenium(ll) Complex-Based

Luminescent Probes for Cellular Imaging. Bioconjegahem 2012: 23: 725-733.

(32) Xiong Li, Yang Lin, Luo Shuai, et al. Highly setige iridium(lll) complex-based

phosphorescent probe for thiophenol detection.ddalrans 2017: 46: 13456-13462.

(33) Zzhao Q, Huang CH, Li FY, Phosphorescent heavy-nezaiplexes for bioimaging. Chem

Soc Rev 201140: 2508-2524.

(34) Zzhang KY, Zhang TW, Wei HJ Wu Q, Liu SJ, Zhao Quadg W. Phosphorescent

iridium(lll) complexes capable of imaging and digfiishing between exogenous and

endogenous analytes in living cells. Chem Sci 2918236-7240.

(35)Xu WJ, Liu SJ, Zhao XY, Sun S, Cheng S, Ma TC, Hu#h Cationic iridium (111) complex

containing both triarylboron and carbazole moietsss a ratiometric fluoride probe that

utilizes a switchable triplet—singlet emission. @hieur J 2010: 16: 7125-7133.

(36)Reddy G U, Das Priyadiggaha S, et al. A CNspecific turn-on phosphorescent probe with



probable application for enzymatic assay and amaging reagent. Chem Commun 2013: 49:

255-257.

(37)Fillaut JL, Dean E, et al. Switching of reverse rgeatransfers for a rational design of an

OFF-ON phosphorescent chemodosimeter of cyanidenanilnorg Chem 2013: 52:

4890-4897.

(38)Lee PK, Law WHT, Liu HW et al. Luminescent cyclorated iridium (Ill) polypyridine

di-2-picolylamine complexes: synthesis, photoplgsielectrochemistry, cation binding,

cellular internalization, and cytotoxic activitydrg Chem 2011: 50: 8570-8579.

(39)Han Y, You Y, Lee YM, et al. Double Action: towapthosphorescence ratiometric sensing of

chromium ion. Adv Mater 2012: 24: 2748-2754.

(40)Woo H, Cho S, Han Y et al. Synthetic control ovdrofpinduced electron transfer in

phosphorescence zinc sensors. J Am Chem Soc 283:347171-4787.

(41)Baldo MA, Thompson ME, Forrest SR. High-efficienftyorescent organic light-emitting

devices using a phosphorescent sensitizer. Na@2@, 203, 750-753.

(42)Tsuboyama A, lwawaki H, Furugori M, et al. Homoleptyclometalated iridium complexes

with highly efficient red phosphorescence and aapibn to organic light-emitting diode. J

Am Chem Soc 2003: 125: 12971-12979.

(43)Montes VA, Agarwal N, Shinar J, et al. Molecularevbehavior of OLED materials: exciton

dynamics in multichromophoric Adepligofluorene-Pt (II) porphyrin triads. J Am CheBoc

2006: 128: 12436-12438.

(44)zhao Q, Li FY, Huang CH. Phosphorescent chemosersmsed on heavy-metal complexes.

Chem Soc Rev 2010: 39: 3007-3030.

(45)Yang CH, Beltran J, Lemaur V, et al. Iridium metaimplexes containing N-heterocyclic



carbene ligands for blue-light-emitting electroclgah cells. Inorg Chem 2010: 49:
9891-9901.

(46)Zhao Wei, Castellano FN. Upconverted emission fpyrene and di-tert-butylpyrene using
Ir(ppy)s as triplet sensitizer. Phys Chem A 2006: 110: 01#2445.

(47)Sprouse S, King KA, Spellane PJ, et al. Photophygtfects of metal-carbon. sigma. bonds
in ortho-metalated complexes of iridium (lll) artdbdium (Ill). 3 Am Chem Soc 1984: 106:
6647-6653.

(48)Ru JX, Guan LP, Tang XL, et al. Turn-on Phospha@es€hemodosimeter for AgBased
on a Cyclometalated Ir(lll) Complex and Its Apptioa in Time-Resolved Luminescence
Assays and Live Cell Imaging. Inorg Chem 2014: B3t98-11506.

(49)Li M, Zeng H, Meng YY, et al. Fine tuning of emigsicolor of iridium (Ill) complexes from
yellow to red via substituent effect on 2-phenylbmhiazole ligands: synthesis,
photophysical, electrochemical and DFT study. Dalfeans 2011: 40: 7153-7164.

(50)Ni ST, Mu WS, Chao DB. Rapid and selective lumimese response to aromatic thiols with
a simple mononuclear iridium (l1I) complex. Chenttl2015: 44: 636-638.

(51)Wang HL, Wang B, Shi ZH, Tang XL, Dou W, Han QX,afty YG, Liu WS. A two-photon
probe for AF* in aqueous solution and its application inbioimagiBiosens Bioelectron 2015:
65: 91-96.

(52)Hou XF, Li ZS, Xu ZH, et al. An “off-on” fluoresceibased colormetric and fluorescent probe
for the detection of glutathione and cysteine dvemocysteine and its application for cell
imaging. Sensors and Actuators B: Chemical 2018: 285-302.

(53)Ju Z, Li D, Zhang D, et al. An ESIPT-based fluosgcprobe for hydrazine detection in



aqueous solution and its application in living gellournal of fluorescence 2017: 27: 679-687.

(54)Yang YJ, Hu X, Xu ZH. CTAB assisted immobilizati@i RuG, nanoparticles on graphene

oxide for electrochemical sensing of hydrazine. [dfahes, Nanotubes and Carbon

Nanostructures 2017: 25: 435-441.



Figures & captions

Scheme 1Nucleophilicity of thiophenols and aliphatic thiosder neutral condition.

Scheme 2Synthetic routes of compleix

Fig. 1. (A) Absorption spectra of probg (10 uM), complex2 (10 uM) in DMSO at room
temperature; (B) Fluorescence sprctra of prbfEOuM), complex2 (10uM) in 20% DMSO/PBS
at room temperature.

Fig. 2. (A) Changes in fluorescence of probg10 uM) in 20% DMSO/PBS (0.01 M, pH = 7.4)
induced by 10QM thiophenol at different reaction time, excited4@0 nm (slit: 5/5); (B) Time
response curves at 470 nm of prab€10 uM in 0.01 M 20% DMSO/PBS, pH = 7.4) with
thiophenol (10QuM).

Fig. 3. (A) Changes in fluorescence of probg¢10 uM) in 20% DMSO/PBS (0.01 M, pH = 7.4)
induced by different concentrations of thiopherl-+ 10 equiv), excited at 400 nm (slit: 5/5).
Each spectrum was collected 40 minutes after aditif thiophenol; (B) Linear relationship
between fluorescence intensity of prdbglO uM) at 470 nm and the concentration of thiophenol
from 0 to 30uM.

Fig. 4. (A) Emission spectral changes in fluorescencerob@l (10 uM) induced by various
analytes (10 equiv) in 20% DMSP/PBS (0.01 M, pH.4),7excited at 400 nm (slit: 5/5). Each
spectrum was collected 40 minutes after additioaraflyte; (B) Competitive tests on fluorescent
responses of prokeat 470 nm to various analytes in 20% DMSO/PBS1(0/Q pH = 7.4). Black
bars represent the addition of 10 equiv of varianalytes to solution of prob& Red bars
represent the addition of thiophenol (10 equiihiyabove solution.

Fig. 5. Partial"H NMR spectra of probg, probel + thiophenol (10 equiv), compléxand DN in
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Sample

Thiophenol spikegd1)

Thiophenol recoveredi)®

Recovery (%)

Ganjiang River 0 not detected
1 0.90 +0.02 90
5 5.16 + 0.021 103
10 10.00 £ 0.02 100
20 19.95 +0.031 99
Kong Mu Lake O not detected
1 0.91 +0.026 91
5 5.16 + 0.025 103
10 9.94 +0.079 99
20 20.87 £ 0.079 104
Qingshan Lake O not detected
1 0.90 + 0.055 90
5 5.15 + 0.025 103
10 9.99 +0.035 100
20 19.67 £0.061 98

@ Average values * standard deviation of actual théswl concentrations calculated from the
fluorescence intensity corresponding to the stahdancentration of Thiophenol in three parallel
experiments in each water sample concentrationeclirfhe ratio between average value and
standard concentration of thiophenol.

Table 1



Highlights

® A iridium () complex probe 1 comprised 2,4-dinitrobenzenesulfonamide (DNBS) as the
recognition unit was designed and synthesized

® |ts detection behaviors toward thiophenols in 20% DMSO/PBS and water samples were
investigated systematically

® The mechanisms of recognition of thiophenols have been discussed through *H NMR

spectrum



