Accepted Manuscript

A dual chemosensor for Cu2+ and Fe3+ based on m-extend tetrathiafulvalene
derivative

Yuwen Ma, Taohua Leng, Yarong Qu, Chengyun Wang, Yongjia Shen, Weihong Zhu

Pll: S0040-4020(16)31188-7
DOI: 10.1016/j.tet.2016.11.033
Reference: TET 28247

To appearin:  Tetrahedron

Received Date: 29 September 2016
Revised Date: 8 November 2016
Accepted Date: 14 November 2016

Please cite this article as: Ma Y, Leng T, Qu Y, Wang C, Shen Y, Zhu W, A dual chemosensor for

Cu2+ and Fe3+ based on m-extend tetrathiafulvalene derivative, Tetrahedron (2016), doi: 10.1016/
j-tet.2016.11.033.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.tet.2016.11.033

Graphical Abstract

A dual chemosensor for CU2+ and Fe3+ based An exTTF-based dual chemosensor for selective anditsve
. . . detection of copper (II) and iron (lll) in differensignal

on w-extend tetrathiafulvalene derivative pathways was prepared. Furthermore, wheti Beisted, C&

Yuwen M& Taohua Len’b Yarong Qﬂ Chengyun can be detected sequentially by the sensor.

Wand", Yongjia Shefy Weihong Zhi”

#Key Laboratory for Advanced Materials and InstitofeFine Chemicals, East China University of Sceeéc
Technology, Shanghai 200237, P. R. China.

® National Food Quality Supervision and Inspectiomt@e (Shanghai) / Shanghai Institute of Quality
Inspection and Technical Research, Shanghai 20023R, China.




Tetrahedron

journal homepage: www.elsevier.com

A dual chemosensor for €tand F&" based om-extend tetrathiafulvalene derivative

Yuwen M&, Taohua len Yarong Q8 Chengyun Wan, Yongjia Shefi, Weihong Zhér

#Key Laboratory for Advanced Materials and Institofé=ine Chemicals, East China University of Scee&cTechnology, Shanghai 200237, P. R. China.
P National Food Quality Supervision and Inspectiomt@e (Shanghai) / Shanghai Institute of Qualitypestion and Technical Research, Shanghai 200233, P.

R. China.

ARTICLE INFO ABSTRACT

Article history A new dual chemosensoff TF-PBA) for F€" and C&' in different signal pathwaysvas

Received designed and synthesized’he absorption spectrum, fluorescence spectrum eyclic

Received in revised form voltammograms changed in the presence &f @nd F&". The optical color changadlithin 5

Accepted secondsrom yellow to orangaipon the addition of Gi} and it changed tdark yellowwher

Available online Fe'* existed. The cyclic voltammogram of CATTF-PBA changed from &=0.50V, Ee=0.32V
to Exn=0.64V, E=0.80V (s Ag/AgCI) upon the addition of 2.0 equiv. €uAs for F&/TTF-
PBA, its oxidation wave disappeared, and its rddoctvave appeared at.E-0.59V (s
Ag/AgCl) upon the addition of 4.0 equv. ¥eThe sensor displayed high selectivity forCanc

Keywords Fe* over other ions including Bh Zré*, Ni¥*, Ag®, CP*, Mn?*, AI**, C&”*, P&, He", F€*,

n-extendtetrathiafulvalene,
dual chemosensor,

copper (I1),

iron (Il naked-eyes.

Cd?*, Ce”, Bi®* and AU, the detection limits for Gliand F&" ion reached as low as 5.33%10
mol/L and 5.34x10 mol/L, respectively. Furthermore, when®Eexisted, C# can bedetecte
sequentially by the sensor through the absorptmettsumand the color change observec
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1. Introduction

Recently, much attention has been paid to the desfg
chemosensors for the selective detection of heatalnons due
to their potential applications in many fields mding chemistry,
biology, medicine and environmetit. Iron (F€") is one of the
most essential trace elements, it performs a nfajation in the
cells of all organisms systems and in various tallbio-

CU** were investigated, only a few of them can be used for
detection of both Féand Cd" in different signal pathways™°

Tetrathiafulvalene (TTF) and its derivatives playeading
role in making redox sensors for metal ions basedsoelectron-
donating and electrochemical propertié§ Usually, TTF
possesses a remarkalztelectron donor property and can result
in two sequential and reversible oxidation processegenerate
cation radical (TTE) and dication (TTE) species. In particular,

chemical processésThe iron deficiency can cause anemia, TTF containingp-quinodimethane analogues (namedxtend

hemochromatosis, liver damage, diabetes, Parkigsdisease

TTF) can be oxidized at lower potential due to itsarge

and cancer eté. Nonetheless, iron excess in the blood and cellgielocalization and a decreased Coulombic repulsionthe

can lead to an increased generation of reactivgexgpecies via
Fenton chemistry, which causes undesirable reactwwiib
biomolecules contributing to induce cell deéttCopper (Ct),
another heavy metal ion, is utilized as a catalgtefactor for
various metalloenzymes, including superoxide distseit
cytochrome ¢ oxidase, tyrosinase and nucledseHowever,
excessive copper in cellular can cause seriousodegenerative
diseases, such as Alzheimer’s, Menkes and Wilsds&aded. It
may also cause infant liver damagé" and childhood cirrhosi€
when copper is accumulated excessively in the bDdg. to the
above special properties of ‘fand Cd', it is very necessary to
develop methods for the detection of these two mitas.
Although various colorimetric and fluorescent seador F&" or

dicationic state’®® Based on these particular electronic and
geometrical features, the TTF containimgquinodimethane
framework was used as redox-active sensor in previous
experiments$™,

As reported before, two optical chemosensors werguiegi
by our group based om-extend TTF, with di(pyridine-2-
ylmethyl)amine used as receptor. These two dyes shigiv
sensitivity and selectivity just for Gl In this work, we have
designed and synthesized a new dual chemosensed ba,2'-
(2-iodoanthracene-9,10-diylidene)bis(4,5-bis(mettig)-1,3-
dithiole) (r-extend TTF), which can be used for detecting both
Fe and CG" in different signal pathways. In the new
chemosensorg-extend TTF is used as electron donor and
picolinamide unit is used as electron acceptois lanticipated
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that the chemosensor can exhibit high sensitivity selectivity TTF-PBA (The synthetic route shown iScheme 1) was
for F€*and CG". synthesized in four steps and was easy to modheg. [&st step was
processed by Suzuki coupling reaction in 49.6%dyi€¢he chemical
structure of TTF-PBA was confirmed Bi-NMR, *C-NMR and

2 Results and discussion mass spectroscopic dat&id.S1 - S6)

2.1 Synthesis
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i) P(OEty/toluene, 100°C, overnight, 52.51%. (ii) DMF/CuQ°€, 24h, 62.79%. (iii) dioxane/KOAc/ Pd(dppfiCI
100°C, overnight, 72.03%. (iv) toluene®fK,COs/ Pd(Pph)a, reflux, 24h, 49.62%.

Scheme 1 The synthetic route af TF-PBA.

2.2. The sensing responses fof Quith TTF-PBA plot, which was done by absorbance changes of coesequ
] ) titration (1/(A-Ao)) against 1/[Cti], where A is the absorbance
To evaluate the sensing behavior of the dye TTF-PBAy free TTF-PBA, A is the absorbance of TTF-PBA with’Cin
towards C@', the absorption spectral titration of TTF-PBA with different concentration F{g.S7). The magnitude ofK, was
CU™" in acetonitrile was carried out. calculated from the ratio of intercept/slope of Steaight line,
As shown inFig.1(a), two absorption bands of TTF-PBA and estlmat+e_d value is ab_out 1.32%10mol. With the addition
were centered at 375 nm and 439 nm in acetonitdigon ~ Of more Cd" into the solution, the two new bands at 461nm and

addition of Cd" into the solution, the absorption band at 439 nm#19nm were almost not changed, while a new small ppeazed
disappeared gradually. When the amount of @ahieved at 2.0 &t 389 nm Fig.1(a)). This phenomenon may be caused by the
equiv., two new board bands appeared at 417 nm, @63nd the oxidizing effect between Cliand TTF-PBA. The spectrum did
band at 375 nm blue-shifted to 362 nm graduallyroligh the not show any change until the Camount achi_eved at 3.0.equiv.
detection of Job’s Plot, the band at 467 nm expedd The solut_lon color b_e_gan to changg from Ilght_ywlltn light
dramatically increased and then decreased proc@ge  Orange with th+e addition of 2.0 equiv. Cuand with the more
phenomenon can infer that picolinamide unit of diye acts as a amount of Ct, the color changed to orange. All the %olor
ligand in complex with C3i ion to form a four membered ridy ~ changes happened within 5 seconds. When the améua

in which, the two nitrogen atoms participate in ciuation. ~ 'eached at 3.0 equiv., the color did not changenaone.

Furthermore, the ratio between ‘Cuand TTF-PBA was 0.045 -
confirmed by the Job’s PloFig.2). The change of Job’s Plot
happened at [Gll/([Cu*]+[TTF-PBA])=0.5, which meant that - "
' . .
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Fig. 1 (@) UV-vis spectra ofTTF-PBA in acetonitrile (2x18mol/L)
upon addition of 0.2-3.2 equiv. CuyClb) Color change of the addition Fig. 2 Job’s Plot for the complex of Euwith TTF-PBA determined by
3.0 equiv. of CuGlinto TTF-PBA solution (1x1d mol/L). UV-vis spectra.

Cu”* and TTF-PBA formed a complex with a ratio of 1:1.eTh
binding constantK,) was estimated using Benesi-Hildebrand

[CU™J([Cu™]+[TTF-PBA])
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The fluorescence titration studies of TTF-PBA farCwere  shifted from E,=0.50V to E,=1.12V (s Ag/AgCl), and the
also carried out. The assessment of the seleci¥ifyTF-PBA  reduction wave shifted from &0.32V to E.~0.50V {s
towards C@" was studied by fluorescence spectroscopy, whictAg/AgCl). These changes can be explained by the dtom of

was given irFig.3. complex between CGliand TTF-PBA?, which was proved by
the Job’s Plot. When 2.0 equiv. €was added into the solution,
T roas2eq a new oxidation wave appeared g=B.64V (s Ag/AgCl) and a
] _EEiEEEIgEZZ 3 new reduction wave at g0.80V (/s Ag/AgCl) appeared
oA oo gradually upon addition of Gl With the addition of 4.0 equiv.
1401 L vhym el CU™ into the solution, the waves became much clearhes€
120 AN phenomena may be caused by the oxidation of TTHamiation
T TreRatea oy radical (TTF). From the cyclic voltammograms, the new
100 1 TRkt oxidation and reduction waves may arise from thesapgnce of
TTF-PBA+28eq Cu” cation radical TTF-PBA.

80 —— TTF-PBA+3.0eq Cu®*

TTF-PBA+3.2eq Cu®'

2.4. The sensing responses fof‘Reith TTF-PBA
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Fig. 3 Fluorescence emission spectra TOFF-PBA (2x10°mol/L) in
acetonitrile upon addition of 0.2-3.2 equiv. of CuC

0.14

As shown inFig.3, the fluorescence emission wavelength of (@ Wavelengh(nm)

TTF-PBA appeared at 522 nm when excited by 430 nntopho  Fig. 5 (a) UV-vis spectra of TTF-PBA in acetonitrile (2x18mol/L)
Then the fluorescence quenched gradually with ttditiad of  upon addition of 0.5-4.5 equiv. FeQlb) Color change of the addition

Cu™ into the solution, and the fluorescence quenchesitimtill 4.0 equiv. of FeGlinto TTF-PBA solution (1x1d mol/L).

the C§" amount achieved at 3.0 equiv., and the emission

wavelength blue-shifted to 496 nm. The ratio of tfieal 160+ Ve P
fluorescence intensity to the initial fluoresceringensity was | e

160

| TTF-PBA+2.0eq Fe'*
—— TTF-PBA+2.5eq Fe™

TTF-PBA+3.0eq Fe'*
—— TTF-PBA+3.5eq Fe™
—— TTF-PBA+4.0eq Fe™
—— TTF-PBA+4.5¢q Fe™*

found to be 0.59. The quenching property of*Cauan be
attributed to its paramagnetic nature with unfiliéghell 2 %
The detection limit was calculated to be 5.33%M) using 3/K
(Fig.S8).

2.3 Electrochemical sensing properties of TTF-PRACG"

120 +

100+

Electrochemical sensing for €uby the dye TTF-PBA was
also investigated. The electrochemical property OF-PBA was
carried out on CHI620e electrochemistry workstatiom i
acetonitrile solution. As shown Fig.4, TTF-PBA underwent an
oxidation wave at £=0.50V (s Ag/AgCl) and a reduction wave
at E.+0.32V (s Ag/AgCl) for that TTF containing
anthraquinone exhibited a two-electron redox wa¥e This
meant that TTF-PBA underwent a reversible redox m®ce

Fluorescence Intensity (a. u.)

T ¥ T T T T T
500 550 600 650
Wavelength (nm)

Fig. 6 Fluorescence emission spectra TOFF-PBA (2x10°mol/L) in

——TTF-PBA

0.00008 e oA 0090 acetonitrile upon addition of 0.5-4.5 equiv. of keC
LA oS With further study, we found that the dye TTF-PBA dam
0.00006 1 also used as chemosensor for detectinj Feacetonitrile. To
study the sensing property, the absorption titraté TTF-PBA
0.00004 1 for F€" was carried out. Unlike addition of €y with the
_ increasing of F&, three new small bands appeared at 389 nm,
< 0.000024 416 nm and 482 nm, and the two characteristic bafidsTF-
PBA at 375 nm and 439 nm were disappeared almoseaame
0.00000 e/ time (Fig.5(a)). These phenomena may result from the oxidation
of TTF unit to dication in the dye by ¥efor suchr-extend TTF
-0.00002. can be oxidized at lower potential due to chargeaiization
. / . . , . and a decreased Coulombic repulsion in the dicatiate’®. The
05 00 05 10 15 20 25 different absorption spectra of TTF-PBAfCuand TTF-
EV) PBA/F€" indicated that the TTF-PBAexhibited a high
Fig. 4 Cyclic voltammogram of TF-PBA (1x10%moliL) upon addition ~ Selectivity for CG" and F& with a different color change. As
of 0-4.0 equiv. CuGl(vs Ag/AgCl). shown in Fig.5(b), the solution color began to change upon

- ) ) additional of 3.0 equiv. B& and the solution color changed from
Upon gradual addition of Cliinto TTF-PBA solution, the jight yellow to dark yellow when 4.0 equiv. Feexisted. The

oxidation wave and reduction wave were chang@d.4). Upon  color did not change when more®Fevas added. All the color
addition of 1.0 equiv. CXj the oxidation wave of TTF-PBA changes happened within 5 seconds.
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As shown in fluorescence spectroscopy’' Epienched the different ions were shown ifrig.9. It was found that upon
fluorescence (excited by 430 nm photon) with aelithange in  addition of various metal ions, the solutiexhibited little change
the shape of the spectra as the same as the iouenCd”, in fluorescence intensity. However, €wand F&" induced the
which was shown irFig.6. The ratio of the final fluorescence most pronounced fluorescence quenching respectively
intensity to the initial fluorescence intensity w&s59. As  According to Stern-Volmer quenching constantgfKn Table
reported, the fluorescence of oxidized TTF was iasee®, but 1, the constants of TTF-PBA/€uand TTF-PBA/F& are larger
the fluorescence of the TTF-PBA solution with*Fexisted was than that of other ions, which means that TTF-PBAdsier to
quenched. It may be attributed to thaf‘Feossesses the same combine with C&" or F€*. Therefore, the results showed that

paramagnetic nature of €uand the paramagnetic nature plays aTTF-PBA possessed an excellent selectivity forCand F&"

leading role, as a result, the fluorescence is cjueth The
detection limit was calculated as 5.34¥10 using /K
(Fig.S9).

2.5 Electrochemical sensing properties of TTF-PBACRS"

——TTF-PBA
TTF-PBA+1.0 Fe**
—— TTF-PBA+2.0 Fe™
TTF-PBA+3.0 Fe**
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Fig. 7 Cyclic voltammogram of TF-PBA (1x10°mol/L) upon addition
of 0-4.0 equiv. FeGl(vs Ag/AgCl).

The cyclic voltammogram of TTF-PBA with Fe was
different from that of Ct (Fig.7). With the addition of 1.0
equiv. F€', the oxidation wave shifted from ,E0.50V to
E.=0.06V (/s Ag/AgCl) and reduction wave shifted from.E-
0.32V to E.-0.48V (s Ag/AgCl). With the amount of Bé
increased, the oxidation wave at 0.06V and the rauluetave at
-0.48V disappeared and a new one appeared.@-&59V (s
Ag/AgCl). With the addition of 4.0 equiv. Feinto the solution,
the waves did not change.
voltammogram, it can be inferred that the TTF wfiT TF-PBA
is oxidized to dication species (T¥Fby Fé, as a result, the
oxidation wave is disappeared. The dication spe¢ie&r™")
changes to fully aromatic unit, and may conjugatéhvthe
picolinamide unit, therefore, the structure is re@sy to be
restored®.

2.6 The selectivity detection study for’Cand F&" with TTF-
PBA

High selectivity is one of the basic requirements foe
chemosensor to successfully recognize the targen fvarious
metal ions. The ability of TTF-PBA recognizing Cor F€* was
evaluated in acetonitrile by observing the changesthe

absorption spectraF{g.8(a)). It showed no drastic absorbance

change with the additional metal ions tP&Zn**, Ni?*, Ag", Cr*,
Mn**, AI*, Cd”, P&, H¢*, F€*, Cd™", C€”*, Bi**and AU") in
the solution. Therefore, the solution color onlyarbed by Cti
and F&".(Fig.8(b))

To estimate the selectivity of TTF-PBA by fluorescen
intensity, other metal ions (Pb zr?*, Ni**, Ag’, Cr*, Mn*,
Al¥, cd, P, HE, F&', Cd, C€", Bi*and AU™) were used
for the fluorescence studies in acetonitrile. THearges of
fluorescence emission intensity of TTF-PBA in thegance of

From the change of cyclic

ions in fluorescence changes.

——TTF-PBA
—— TTF-PBA+4.0eq. Cu®
——— TTF-PBA+4.0eq. Fe*
—— TTF-PBA+4.0eq. Pb**
TTF-PBA+4.0eq. Zn**
—— TTF-PBA+4.0eq. Ni**
TTF-PBA+4.0eq. Ag"
—— TTF-PBA+4.0eq. Cr**
—— TTF-PBA+4.0eq. Mn?"
—— TTF-PBA+4.0eq. AI*
—— TTF-PBA+4.0eq. Co*"
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—— TTF-PBA+4.0eq. Hg*
—— TTF-PBA+4.0eq. Fe*"

TTF-PBA+4.0eq. Cd*

TTF-PBA+4.0eq. Ce**
—— TTF-PBA+4.0eq. Bi*
—— TTF-PBA+4.0eq. Au®

Abs

0.0+

T

1
550 600

()

450 500
Wavelength (nm)

T T
350 400

Ag' Zn™ Mn* N Hg® Pb* Blank Fe* Cu* Pd* Co* Fe* ca* Cr'* AP Bt Ce* Au*

“ G ;3'4‘“ e i l';‘s"" lt'ﬂ’ 7@1)«

Fig. 8 (a) UV-vis spectra of TTF-PBA in acetonitrile (2x18mol/L)
upon addition of CuG] FeCk AgNOs; ZnCl, MnCl, NiCly,
Hg(COOHY), PbC}, PdC}, CoCl, FeCh, CdCh, CrCk, AICl3, Ce(SQy)s,
BiCls, AuCls. (b) Color changes of TF-PBA solution (1x1d mol/L) in
presence of different metal ions (4.0 equiv.).
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Fig. 9 Fluorescence emission spectral@fF-PBA in acetonitrile (2x18
mol/L) upon addition of CuG] FeCk, AgNOs;, ZnCl;, MnClp, NiCly,
Hg(COOH}), PbC}, PACh, CoCb, FeCh, CdCh, CrCk, AlCls, Ce(SOQy)s,
BiC|3, AUC|3.

Furthermore, as shown iRig.10, when other ions such as
PE", zn®*, Ni¥*, Ag', CF*, Mn*", AI*', ¢, P&, He", Fe,
cd”, ce”, Bi* and AU" existed in the solution of TTF-PBA,
Cu** and F&" quenched the fluorescence respectively, illusteati
that other ions did not interfere with the detectanCu’* and
Fe”, which meant that TTF-PBA exhibited high selectivity
Cu™" and F&" over other metal ions.

Table 1 The Stern-Volmer quenching constants (K sy)



lons Pb*  zn* Ni%t Ag cré LIMn?t AP Co*  Ccd*
Ksv 380.3 1309.6 1811.8 1621.4 1979.5 1758.7 3317.9 2.443 3734.4
lons  Pd* Hg* Fe?* ce** Bi® Au® cu® Fe™
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0.9
— o) — et 08+ .
3 3 0.7 . .
f; gwso L
é g 0.6 4 n
g ; 100 ™
5 0.5+
g @
2 S ® Q
[ I << 0.4 [
P2 22 NP Ag P AR ot p g e cat” B e A ° 2 202" N2 Ag o M A Cot” et g R e B G A 0.3+ ]
Fig. 10 (a) The selectivity off TF-PBA in acetonitrile (2x18mol/L) for 024 " -
CU” in the presence of other metal ions {PlZr*, Ni¥*, Ag’, Cr*,
Mn*, AI¥, cd', Pd', Hg"', Fé', cd’, ce', Bi* AU 0.1
(wavelength:522nm)(b) The selectivity of TTF-PBA in acetonitrile 004 .
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2.7 The continues sensing property and selectfoityCU** with
TTF-PBA/FE"

0.6

TTF-PBA TTF-PBA
£ +Fe** +Fe’"
B +Cu?t

024

0.0

(a) Wavelength (nm) - . o
Fig. 11 (a) UV-vis spectra ofTTF-PBA/F€™ in acetonitrile (2x18
mol/L) upon addition of 0.2-3.0 equiv. CuyClb) Color change of the

addition 3.0 equiv. of Cu@linto TTF-PBA/F€"* solution (1x1d
mol/L).

When Fé& was present in the solution, €would also be
detected sequentially by the chemosensor. As shoviFigidl,

with the addition of 4.0 equiv. B the characteristic absorption

bands appeared at 389 nm, 416 nm and 482 nm. Taenajly

[CU*)/([CU*T+[TTF-PBA/Fe*)

Fig. 12 Job’s Plot for the complex of &uwith TTF-PBA/Fe**

determined by UV-vis spectra.
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Fig. 13 UV-vis spectra ofTTF-PBA/F€™ in acetonitrile (2x18mol/L)

upon addition of CuG] AgNGQs, ZnClk, MnCl;, NiCl;, Hg(COOHY},
PbCL, PdCh, CoCh, FeCh, CdCh, CrCk, AICl3 Ce(SQu)s, BiCls,

adding Cd" into the solution, a new band at 362 nm appeareduCls.

without changing of other two bands at 416nm and A82the
band at 362nm stopped change upon addition of itveCLf".

With additional of 3.0 equiv. Gl the solution color changed

from orange to red. The ratio between’Cand TTF-PBA/F&
was proved by Job's Plot,
[CU®)/([CU*]+[TTF-PBA/FE])=0.5 (Fig.12), which meant that

CU*" and TTF-PBA/FE formed a complex with a ratio of 1:1. 4
The binding constant K{) was estimated using Benesi

Hildebrand plot to be 2.82x4@/mol (Fig. S10). The reason of
the change can be explained that TTF-PBA is oxidme&e” at

first, then the Cti is added and in complex with the picolinamide

unit of TTF-PBA. The absorption did not change olrgly when
other metal ions (Ph zn**, Ni**, Ag", CF*, Mn*, AI**, Cd™,

P&, He, F&*, Ccd*, C€", Bi*" and AU™) were added into the

solution Fig.13).

the change happened Alsed

3. Conclusions

In summary, a new dual chemosensor TTF-PBA St Bad
Cu”* was designed and synthesized successfully, whichbean
to detect Beand CG' in different signal pathways. In the

chemosensor, 2,2’-(2-iodoanthracene-9,10-
iylidene)bis(4,5-bis(methylthio)-1,3-dithiole) ised as electron
donor and picolinamide unit is used as electrorepims. To
elongate ther-conjugation system, phenyl group is introduced.
The absorption spectrum, fluorescence spectrum eyalic
voltammograms changed upon addition of”Cand F&". The
optical color changed within 5 seconds from yellowotange
upon the addition of G{j and it changed to dark yellow when
Fe™ existed. The cyclic voltammogram of €ATTF-PBA
changed from E=0.50V, E.~0.32V to E,=0.64V, E.~0.80V
(vs Ag/AgCl) upon the addition of 2.0 equiv. €uAs for
Fe”'/TTF-PBA, its oxidation wave disappeared, and itfungion
wave appeared atd&=-0.59V (/s Ag/AgCl) upon the addition of
4.0 equv. of F&. The detection mechanism of Cus that CG"
complexed with picolinamide unit upon the additioh 10

new
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equiv., and then the TTF unit was oxidized to catiadical
(TTF™) upon the addition of more €u And the mechanism of
Fe*" detection is that Bé oxidized the TTF unit into dication

Tetrahedron

10 : 1) to get a white solid in 62.79% yield, m.183.2 - 135.0
°C.*"H-NMR (400 MHz, CDCI3) (ppm): 8.64 (s, 1 H) 8.37 (d, J
=8.4Hz,1H)8.30 (d,J=5.9Hz, 1 H)7.81 (d, J&I8z, 2 H)

species (TTF). The fluorescence of the TTF-PBA solution was 7.77 (dd, J= 8.4 Hz, = 1.8 Hz, 1 H) 7.67 - 7.63(m, 2 H) 7.10 -

quenched in the presence of°Car F€”, it may be attributed to
the paramagnetic nature of Cwand F&'. The dye TTF-PBA
displayed high selectivity for Gliand F&" over other ions
including PB*, zr®*, Ni**, Ag’, Cr*, Mn*, AI**, Cd*, Pd",
Hg™, Fe*, Cd”*, C€*, Bi**, Au*, and the detection limits for
Cu”" and Fé& ion reached as low as 5.33x10mol/L and
5.34x10" mol/L, respectively. Furthermore, when’*Fexisted,
CU** can be detected sequentially by the sensor thrahgh
absorption spectrum and the color change obseryedaked-
eyes.

4, Experimental Section

4.1 Materials and measurements

7.08 (m, 1 H).

N-(pyridin-2-yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxablan-2-
yl)benzamidé6)**

5 (200 mg, 0.72 mmol) and bis(pinacolato)diboron7(36g,
1.44 mmol) were combined in anhydrous dioxane. Batas
acetate (213 mg, 2.16 mmol) and Pd(dppf)@E@3 mg, 0.07
mmol) were added to the mixture under argon atmasphiene
mixture was stirred at 100 °C overnight. After evapion of the
solvent, the residue was purified by silica coluneluént
petroleum ether : ethyl acetate = 5 : 1) to getr@awvh oil in
72.03% yield™H-NMR (400 MHz, CDC}) & (ppm): 8.82 (s, 1 H)
8.42 (d,J=84Hz, 1H)8.31(d, J=3.6 Hz, 1 HATS 4 H)
7.78 (t, J =8.8Hz, 1 H) 7.09 (dd,J 6.6 Hz, = 5.0 Hz, 1 H)

All chemical reagents and solvents were purchaseth fro 1.37(s, 12 H).

commercial suppliers and were used without furtheifipation
unless otherwise noted. Triethyl phosphite was thstibefore
using. Dioxane was dried with metal sodium and destil
immediately prior to use. All moisture-sensitive aidsensitive
reactions were carried out under argon atmosphere.

'H-NMR and™C-NMR spectra were measured on a Bruker

AM-400 spectrometer using d-chloroform as a solvand

tetramethylsilane (TMS§ = 0 ppm) as an internal standard. The
recorded on a Varian CARY 100

UV-vis spectra were
spectrophotometer at room temperature. Fluoreseemigsion
was detected on Varian Cary Eclipse spectrophotorag¢terom
temperature in acetonitrile. The cyclic voltammagsa was
obtained from CHI620e electrochemistry workstationheT
supporting electrolyte was 0.1M TBAPF6 in acetoltriThe
scan rate was 100 mVss The working electrode was glass
carbon, the counter electrode was platinum-wire amild the
reference electrode was Ag/AgCI.

4.2 Synthetic procedures

2-iodoanthracene-9,10-dion@) and 4,5-bis(methylthio)-1,3-
dithiole-2- thione(2) were synthesized according to literatufes
31.

2,2'-(2-iodoanthracene-9,10-diylidene)-bis(4,5-bigthylthio)-
1,3- dithiole)(3) *

A mixture of 2-iodoanthracene-9,10-diof® (100 mg, 0.30
mmol), 4,5-bis(methylthio)-1,3-dithiole-2-thiorfg) (68 mg, 0.30
mmol) in toluene (10 mL) and triethyl phosphite ifi.) was
stirred at 100 °C under argon atmosphere for lhen® (68 mg,
0.30 mmol) was added to the reaction mixture. After mixture
was stirred overnight, the solvent were removed aedrésidue
was purified by silica column (eluent Petroleum eth€H,Cl, =
5: 1) to give a yellow solid in 52.51% yield, m.128 - 200 °C.
'"H-NMR (400 MHz, CDC}) & (ppm): 7.86 (d, J = 1.7 Hz, 1 H),
7.61-7.62 (dd, J1 = 8.2 Hz, J2 = 1.8 Hz, 1 H), 2.8%3 (m, 2
H), 7.33-7.30 (m, 2 H), 7.27 (d, J = 3.4 Hz, 1 H322- 2.39 (m,
12 H).

4-bromo-N-(pyridin-2-yl)benzamids) *

4-bromobenzaldehyde (200 mg, 1.09 mmol), pyridiardne
(153 mg, 1.63 mmol) and Cul (21 mg, 0.11 mmol) waneed in
5 mL DMF. The reaction mixture was stirred at 80 &C 24 h.
Then the reactant was extracted with ,CH (3 x 10 mL) and
washed by water (3 x 10 mL). The organic layer wasddhy

4-(9,10-bis(4,5-bis(methylthio)-1,3-dithiol-2-ylidex9,10-
dihydroanthracen-2-yl)-N-(pyridin-2-yl)benzami@ET F-PBA)

3 (168 mg, 0.24 mmol)6 (108 mg, 0.33 mmol) and,KO;
(269 mg, 1.95 mmol) were dissolved in toluene (15)rahd
water (5 mL). Then Pd(Pgh (28 mg, 0.02 mmol) was added
under Argon atmosphere. The reaction mixture wasebetd
reflux and stirred for 24 h. After completion of thmeaction,
CH,CI, (20 mL) and water (30 mL) were added into the reacti
mixture. Then the organic layer was washed by wa@mglL x
3) and dried over N&8Q,. After the solvent was removed, the
residue was purified by silica column (eluentCH : CH;OH =
20 : 1) to get a yellow solid in 49.62% yield, m.24.0 - 212 °C.
'H-NMR(400 MHz, CDC}) &(ppm): 8.65 (s, 1 H) 8.42 (d, J = 8.4
Hz, 1 H) 8.05 (d, J = 8.4 Hz, 2 H) 7.81 (dd=%.0 Hz, J=11.5
Hz, 4 H) 7.68 (d, J = 8.1 Hz, 1 H) 7.60 - 7.56 (m, 2 H34 (dd,
J =3.2Hz,J=56Hz, 2H)7.13-7.05(m, 2 H) 2.41 (s, 12 H).
*C-NMR(100 MHz, CDCJ) &(ppm): 164.21, 150.60, 146.78,
143.12, 137.57, 136.46, 134.33, 134.13, 133.43,88311.30.77,
130.61, 126.98, 126.28, 125.43, 125.31, 125.01,7724.24.42,
124.29, 123.96, 123.04, 122.40, 122.03, 118.93,2P138.68.
ESI-MS [M + H Calcd. 761.0046 Found 761.0042.

4.3 UV-vis and fluorescence titration

TTF-PBA (7.6 mg) was dissolved in 100 mL acetonittibe
get a 1 x 18 mol/L solution. Then the solution was diluted ts 2
10° mol/L solution. CuGk2H,0 (51.0 mg) was dissolved in 10
mL acetonitrile to get 0.03 mol/L solution. A seris3.0 mL 2 x
10° mol/L TTF-PBA solutions were taken in cuvettes, tites
pL (0.2 equiv.), 0.8uL (0.4 equiv.), 1.2uL (0.6 equiv.), 1.6uL
(0.8 equiv.), 2.QuL (1.0 equiv.), 2.41L (1.2 equiv.), 2.8L (1.4
equiv.), 3.2uL (1.6 equiv.), 3.6uL (1.8 equiv.), 4.0uL (2.0
equiv.), 4.4uL (2.2 equiv.), 4.8uL (2.4 equiv.), 5.2uL (2.6
equiv.), 5.6uL (2.8 equiv.), 6.QuL (3.0 equiv.) and 6.4L (3.2
equiv.) Cd* was added respectively. After mixing them for a few
seconds (in 5 seconds), UV-vis and fluorescencetrspéests
were taken at room temperature.

The method of F& titration was as the same as*Ciitration.
FeCk (48.7 mg) was dissolved in 10 mL acetonitrile & §.03
mol/L solution.

4.4 UV-vis and fluorescence for selectivity

ZnCl, (40.8 mg), PbGIl (83.4 mg), AgNQ@ (51.0 mg),
NiCl»6H,0 (71.4 mg), CrGF6H,O (79.8 mg), MnGk4H,O

Na,;SQ, After removing the solvent, the crude product was(59.4 mg), FeGkH,0 (59.7 mg), Hg(COOH)(95.6 mg), CdGI

purified by silica column (eluent petroleum ethethyl acetate =

(54.9 mg), CoGF6H,0 (71.4 mg), AIC} (39.9 mg), PdGI(53.1



mg), Ce(SO4)4H,0 (121.3mg), BiGd (94.6mg), AuC
(123.6mg) were dissolved in 10 mL acetonitrile t6 @€3 mol/L
solution respectively. Then 6,0L (3.0 equiv.) or 8.0uL (4.0
equiv.) ion solution was added into 3.0 mL 2 x*¥fol/L TTF-
PBA solution. After mixing them for a few seconds (n
seconds), UV-vis and fluorescence spectra tests tedien at
room temperature.

4.5. Job’s Plot measurements

600 pL, 540 pL, 480 puL, 420 pL, 360 pL, 300 pL, 240 pL,
180pL, 120pL, 60 uL and QL 1x10* mol/L TTF-PBA solution
were taken and transferred to cuvettel) 0.2 uL, 0.4 uL, 0.6
pL, 0.8 uL, 1.0, 1.2 pL, 1.4 pL, 1.6 pL, 1.8 uL and 2.0pL
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12 Liu, X.; Zhang, N.; Bing, T.; Shangguan, Bnal. Chem.
2014, 4, 2289-2296.

13 Wang, Y.; Wang, C.; Xue, S.; Liang, Q.; Li, Z.; X381, Rsc
Adv, 2016, 6, 6540-6550.

14 Yang, L.; Zhu, N. W.; Fang, M.; Zhang, Q.; Li, C.
Spectrochim. Acta, Part,2013, 109, 186-192.

15 Paul, B. K.; Kar, S.; Guchhait, N. J.;Photoch. Photobio. A
2011, 220, 153-163.

16 Fabian, J.; Nakazumi, H.; Matsuoka, ®hem. Rey1992, 92,
1197-1226.

17 Canevet, D.; Sallé, M.; Zhang, G. X.; Zhang, D. Qu,ZD.
B. Chem. Commun2009, 17, 2245-2269.

18 Yamashita, Y. ; Kobayashi, Y. ; Miyashi, Angew. Chem.

0.03 mol/L Cd" solution were added into each cuvette, then each Int. Edit, 1989, 28, 1052-1053.

cuvette was dilute to 3.0 mL. After mixing for a feecends (in
5 seconds), fluorescence spectra tests were takeroaam
temperature.

4.6 Calculation of detection limit

The detection limit was determined from the fluosrs®
titration data based ors&. Ten times of fluorescence intensity
of TTF-PBA were tested and can be calculated. According to
the result of fluorescence titrating experimeng fluorescent
intensity data of TTF-PBA were normalized between th
minimum intensity and the maximum intensity respety when
excited at 430 nm. The linear regression curve Wwas fitted to
these normalized fluorescent intensity data, aedstbp K of line
could be calculated.
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