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A colorimetric and fluorescent prole has been designed and synthesized, bearing thdedanine
moiety and showing a detection limit of 2.725 x’1 towards ZA". Based on the basic recognition
mechanism of ESIPT and CHEF effect, the probeshigh selectivity and sensitivity to only Zr(not
Fe, HE, Ag', C&', Cd*, NiZ*, Cdf*, PF*, Cr*, and M@") within the physiological pH range (pH =
7.0 — 8.4) and showed a fluorescence switch. M@edkis detection progress occur in the DMS§OH

~ HEPES buffer (80/20, v/v; pH 7.23) solution whitdn conveniently used on test strip, and it cdn an
interference of others.
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A colorimetric and fluorescent prothehas been designed and synthesizeuich bearin
the double azine moiety and showing a detectioit th2.725 x 10 M towards ZA".
Based on the basic recognition mechanism of ESIRT GHEF effect, the. has high
selectivity and sensitivity to only Zh(not F€*, H?*, Ag', C&*, C&*, NiZ*, C*, PEF",

cr**, and M@" within the physiological pH range (pH = 7.0 — )8and showed
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fluorescence switch. Moreover, this detection peegroccured in the DMSOME ~
HEPES buffer (80/20, v/v; pH 7.23) solution whi@mcaonveniently used on test strip.

1. Introduction

Due to the effects of metal ions in the environmamd human
health, there are many selective chemo probeshkset metal

ions have been develoged.iving system and natural human

health need quantitative intakes of most of the améns

including heavy metal ioAé. Zinc is one of the essential trace

metal elements in the human body like ferfuamd coppéy
which occupies an important position in various civain
environmental and physiological systems. Although riiajority
of the biological zinc ions are tightly sequestelsdproteins,
free Zrf* pools containing large amounts of’Zexist in certain
tissues, for example, high concentrations up to-M5E mM of
Zn** have been reported in brain tissueMoreover, the
unregulated zinc level in the body may lead to anlper of
severe neurological diseases (e.g. Alzheimer's sdéseand

emission spectromety and electrochemical methdés This
techniques employ convenient approaches to reatimge
accurate detection. And several methods requir@usdsample
preparation procedures, sophisticated instrumemtatnd trained
operators. Fluorescence technology provides a coent and
ordinary method in the context of sensing of envinentally
and biologically pertinent metal ioHs The literature reported
one kind of fluorescent probes is composed of azampounds.
Azine is a special kind of conjugate schiff bastich is a
general term for unsaturated six membered heteliocyr
heteroatom compounds containing one or more nitraems.
There are many kinds of compounds which process some
structural similarity to the Azine compounds, sachpyridine,
pyrimidine, triazine and thiophene, have being chital

epilepsyJ*’. Thus, the detection and recognition for the metal attentions in recent yedfs

ion zinc are necessary, and we need various comtemiethods
or chemical molecules to realize it. For exampleny &/ei and

The structures of nitrogen atoms which containelqair
electrons, can lead to the formation of coordimatdéfect with

his coworker¥ synthesised a Europium-based luminescentmany metals owing their outer space orbits. Suppiéeeeby the

chemo probes for Zfiwith quinoxaline; and Ajay Misra’s group
constructed a hydrazine to detect?h And it is imperative to
search for more practical fluorescent probes folectige
detection of zinc.

Field application requires the techniques whictocpss
wonderful selectivity, speedy sensitivity, consistn and
exclusively easy operation. Various methods have begorted
to detect both the metal ions and anions such amiat

absorption spectroscofly inductively coupled plasma atomic

ortho-oxygen and sulfur atoms on this kind of commts, the
research on it complied in the field of fluoresaerdetection
becomes more and more active Azine, as a kind of
fluorescence probe, contains great opportunity erisgivity,
selectivity, real-time and in situ detection eff@cOn the other
hand, Azine compounds as a kind of organic molecylexess
great advantages in the fields of molecular deaigh structural
characterization. And can employ its own distinctoremical
bonds, coordination bonds and unique spatial mddecu
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conformation to selectively bind with specific metalns,
which shows high recognition ability and have atedcgreat
interest of researchéfsAccording to these researches have been
made, we synthesised a dialdehyde azine compdunavhich
showed great opportunity of sensitivity and selégtiin the
progress of detecting the metal ion’Zn

2. Results and discussion

The synthesis course of chemical probewas depicted in
Scheme S1 and operation details were describedoieriexental
section in the supporting information. It was fulliyaracterized
by spectroscopic analysis and mass-spectrogragteHTNMR
and*C NMR (Figure S1-S6) spectra were used to confirm the
structure and the purity of the probe. The ESI-M&yifre S7)
spectrum showed the major peak at m/z 385.1021 [M]+
which perfectly matched the estimated molecular weigh
[CooH17N4O3 - H]'. IR (Figure S8) spectrum for the moleclle
showed a vibration band at 1654 ¢nassigned to stretching
vibrational mode of imine (-C&N-) groups and a broad peak at
3469 cm' assigned to stretching vibrational mode of hydroxy
(-OH) groups.

In the fluorescence experiments of the prabeesponsing to
Zn**, we selected the DMSO4B ~ HEPES buffer (80/20, viv;
pH 7.23) as solution for the target of excluding plessibility in
fluence of pH fluctuation. As shown iRig. 1, the L had no
fluorescent nature with the excitation wavelength ata425 nm,
but an unique and new emission peak appeared atrf2@hen
added 20 equiv. of Zhinto the solution of_, and the color of
this complex shew fluorescently green.
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Fig. 1 Fluorescence spectra of the prdbg2 x 10° mole LY
with adding ZAA* in DMSO/H,0 ~ HEPES buffer (8/2, viv; pH =
7.23) solution. Inset: color changeslofind with ZA" .

To find the response property of the prdbéo other various
cations, such as Fe Hg", Ag", c&*, Cu*, Cd*, Ni¥*, Cd,
PE”*, C#" and Md*, we added these cations according to the
priority to DMSO/HO ~ HEPES buffer (80/20, viv; pH 7.23)
solutions of probd. no significant color or spectrum changes
were observed Fig. 2). Which Suggested that the prdbevas a
special recognition subject for Zn
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Fig. 2 Fluorescence spectra of prdbg2 x 10° mol sL™") with
various cations (FB& Hof*, Ag', C&", CU', Cd, Ni¥*, Cd,
PE*, zr®*, C#* and Md") in DMSO/H,0 ~ HEPES buffer
(80720, viv; pH = 7.23) solutions. Inset: color chas ofL with
various anions.

The probel could act as a functional material for the detercti
of Zn®* in DMSO/H,O ~ HEPES buffer (80/20, v/v; pH = 7.23)
solutions. For instance, only Zr{4.0 x10* mol L") could open
the fluorescence emission &f, not other various ions when
adding them into 2 x T0mol L™ solutions ofL. Moreover, as
shown inFig. 3, the fluorescence emission at 520 nm increased
when gradually added the Zninto this solution of probe The
detection limit ofL to Zrf* is estimated to be 2.725 x10/.
Meanwhile, the fluorimetric detection limit of ?nby the naked
eye for probel was also tested. As shown kig. 4, under an
UV lamp at 360 nmthe minimum concentration ofZfor the
flugrescence color change, observed by the nakedveyg 2.8
10° M.
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Fig. 3 Fluorescence spectral change& dt = 2 x 10° M) in the
presence of different concentrations of Zions in DMSO/HO~
HEPES buffer (80/20, v/v; pH = 7.23) solutions.
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Fig. 4 Naked-eye detection limit under an UV lamp at 365 nm.
From left to right, the concentration of Zmere0; 2.0 x10°
molsL™; 2.0 x 10’ mol + L', 2.0 x 10" mol « L%, and 2.0 x 18
mol sL".



Although the probe. exhibited the single colorimetric and
fluorescent recognition ability for Zh) the ability of detecting
metal cations selectively over other competing hestions was
an essential aspect for many prospective chemiaabes. In
order to utilize compount as a Zf"ion-selective fluorescence
probe, competition experiments were made at theepoes of
Zn?* (10 uM) mixed with 10uM of another cations. As shown in
Fig. 5, there was no significant interference when we ubked
probeL to detect Zf" at the presence of many competitive metal
cations and all of the solutions containing®Znshew green
under an UV lamp at 360 nm. The results showed that t
complex state of the protiewith Zn** was almost unaffected by
the exists of other cations.
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Fig. 5 Fluorescence intensity changes of th€20 uM) to Zn**
(20 equiv.) in the presence of various test cat{@0sequiv.) in
DMSO/H,0~ HEPES buffer (80/20, v/v; pH = 7.23) solutions.
Key: left to right, (1) onlyL, L + Zr**, (2)L + F€*, L + Zrf*+
Fe™: ()L + Hof", L + Zr** + He"; (4)L + Ag', L + Zn*" +
Ag"; (5)L + Cd" L +zn" + C&"; (6)L + CU™, L + Zn** +
CU; (7)L + Cd*, L + Zn*" + Cd™; (8)L + Ni*, L + Zn’" +
Ni%; Q)L + Cd", L + Zzr®* + Cd™"; (10)L + PE*, L + Zr** +
PE"; 2(11)L +CP* L +Zrf" + CP" and (12)L + Mg™", L+ zZn®*
+ Mg~

Since the charge distribution of the prabeould be influenced
by pH value and its inherent fluorescence propec@sd be
changed within a range of pH fluctuation. The respgm®perty
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Fig. 6 PH value affected the charge distribution of recepto
andL + Zr™",
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Fig. 7 Fluorescence intensity absorption switching cyolels (2
x 10° mol - L™) controlled by alternating addition of EDTA and
Zn**in DMSO/H,0 (v/v, 80/20).

On account of this, it was notable that the prbbaot only
could be treated as a “turn-on” probe for?Zmut successfully
differentiated ZA" from Cd”*, which had always been a difficult

of probeL were discussed by adding a certain volume HEPESProblem to solve in the p&3t* In order to accurately study the

buffered solutions with various pH values into the DBDIS
solution ofL, respectively (pH ranged from 2.0 to 13.0, thestep
size was 1.0 pH unit). As clearly showedFig. 6, the complex

specific reasons for the opening of fluorescencehefprobe. ,
the *H NMR titration experiments were carried out in the d
DMSO at the concentration of 15 mM when encounteredah

of L-Zn®* demonstrated a significant fluorescence responseZ’". As specially marked and showed in the Fig. S9, the

between pH 7 and 11, including the physiologicallievant
range of pH 7.0-8.4. These results suggested tifatczuld be
clearly detected by the fluorescence spectral measent using
L within the physiological pH range (pH = 7.0-8%44nd this

chemical peaks for protons lacated at the phenwojidroxyl
gradually shift upfield on NMR time scale when the*Zwere
added quantificationally, and the chemical peakgrotons on
the hydrazone slightly shifted downfield simultanglgu These

properties madé act as a pH controlled alkalescent fluorescent result suggested that the cloud density around phenolic

switch.

Better applicability needed kinds of methods édonfirmed.
The addition of EDTA to the prole showed that the process of
titrating probeL with EDTA was reversible, and the reversible
process could be repeated at least five tirhasq).

hydroxyl proton changed from relatively small toge because
of the weakening of N-H hydrogen bonds, and this weiake
was caused by the coordination effect between ther dahe
pair electrons on nitrogen atoms and the spacedsodni zinc
cations. And it was correlative with the preferentiabrescence
enhancement for Zfwvhich might be caused by the formation of
a chelate complex (rigid system) betwéeand the ZA" because
of the chelation-enhanced fluorescence (CHEF) éffect
Additionally, compound. was originally poor fluorescent due to
the two possible effectst)(the isomerization of -HC=N- double
bonds occur in the excited stdteand (1) excited-state
intramolecular proton transfer (ESIBT} And the ESI-MS
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spectrum for the strong florescent complex alsowshan
obvious peak at m/z 452.3257 assignable_te Zn°* + H'](Fig.
S10).

Fig. 8 A possible sensing mechanism of the the piole Z
Based on the favorable features of the prbbia solution, the
test strips were prepared by immersing filter papats the
solutions of probé (c = 1 x 10°M) and then drying them in air
to determine the practicability of a ‘dip-stick’ thed for the
detection of ZA'".

When the test strips coated with the prabevere immersed
into the DMSO/HO ~ HEPES buffer (80/20, v/v; pH = 7.23

solutions of ZA', obvious fluorescent enhancement appeared

(Fig. 9, a and b). Similarly to detection of metal cations
selectively over other competing metal cations, wepared the
test strips of the proble with Co?* in the DMSO/H,O ~ HEPES
buffer (80/20, v/v; pH = 7.23) solution to comparahnine test
strips of L with Zn**and Cd*. The test result demonstrated the
preference of the toward Z" over the C& as shown irFig.

9 (c and d). It was imperative to note that the doahprobelL

for Zn** did not have any interference from the?Cdloreover,
fluorescence titration spectra &f (c = 2 X 10° M) in the
presence of different concentrations of Didns was made (Fig.
S11). It can be clearly find that although the ditarof Cd**
reached 20 equiv. tb, the intensities of solutions almost had no
change, and the highest intensity was only 20 (a.Ggnerally,

it was difficult to distinguish Zfi from Cd* in common solution

Tetrahedron

Fig. 9 Fluorescence change of the test stripg ¢a. OnlyL (1 x
10% M ); (b. after immersion into DMSO4® ~ HEPES buffer
(80/20, viv; pH = 7.23) solutions with 7 (c. after immersion into
DMSO/H,0~ HEPES buffer (80/20, v/v; pH = 7.23) solutionghw
Cd* (d. after immersion into DMSOA®~ HEPES buffer (80/20,
v/v; pH = 7.23) solutions with Zfiand Cd" under irradiation at 254
nm. Among them: test strips selectively fluorimetriand
colorimetric detect.

Besides, in order to obtain the fluorescence qumanields for both
L andL with Zr?*, we used Rhodamine-B (= 2 x 10°M) as a
reference standard sample to figure out these salkimally, the
fluorescence quantum yields forandL with Zr?* were concluded
to be 8.94% and 83.6% respectively.

In summary, herein we have synthesized and cleaizet a
new simple and inexpensive fluorescent probe which
contained double azine moiety. It always exhibitedftsand
wonderful sensitivity toward ZfA through a palpable
colorimetric and turn-on fluorescence response witte
detection limit towards Ziwas2.725 x 10 M. The novel
chemical probd. not only had a very good practicality in the
living body, but also had a significant fluoresceapen
repeatability with EDTA. The further study for fluseent probe
needs correlative support such as this kind ofeadierivatives
and we wish great development on it would be made.

4. Experimental section

4.1. Materials and methods

Fresh doubly distilled water was used throughout the
experiment. All other reagents and solvents were certially
available at analytical grade and were used withauthér
purification. 'H NMR and**C NMR spectra were recorded on a
Mercury-400BB spectrometer at 400 MHz fét. The chemical
shifts, reported in ppm downfield from tetra spactwere
recorded with a Mercury-400BB spectrometer at 400 zMH
(TMS, d scale with the solvent resonances as intstaadards).
Electrospray ionization mass spectra (ESI-MS) wesasured
on an Agilent 1100 LC-MSD-Trap-VL system. UV-visible
spectra were recorded on a Shimadzu UV-2550 spediome
The photoluminescence spectra were performed oniraaShu
RF-5301 fluorescence spectrophotometer. The meltiomts
were measured on an X-4 digital melting-point apjpera
(uncorrected). The infrared spectra were perfornred ®igilab
FTS-3000 FT-IR spectrophotometer.

4.2. General procedurefor spectroscopy

Fluorescence spectroscopy was carried out in a DMSD/H

owing to the C& and zA" had analogous possessions and HEPES buffer (80/20, viv; pH 7.23) solution on a Shizu RF-

caused a strong interferefiteTherefore, the chemosensbr
demonstrated a noteworthy propensity to discrimiZaté from
Cd® in a given solution. The development of such @-stick’
method was extremely attractive for ‘in-the-fieldeasurements
that did not require any additional equipment. Effere, the test
strips of L had excellent application value in the detectién o

Zn2+
I I

5301 spectrometer. Any changes in the fluorescepeets of
the synthesized compound were recorded upon theiaudif
perchlorate salts while keeping the ligand concéintrazonstant
(2.0 x 10° M) in all experiments. The perchlorate salts af th
ions (F&", Hf", c&', cu', cd, Ni*", cd*, PE*, zn**, Cr*,
and Md") were used for the fluorescence experiments.

For '"H NMR titrations, the solution of. and Zi" were
prepared in DMSO+ Aliquots of the solutions were mixed
directly in the NMR tubes.
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1. Synthetic procedure of chemical prdbe

OH OH
e} 0 HCI _o Hexamethylenetetramine
c o+ H—EIH _— ﬁ/ >
H reflux CH3COOH (50%)
20°C Cl HCl 1h
a b

o CH
/, —
Ch @ﬁ‘“ e C=N-N

QCH CH3CH,OH ;ECIN—N

HO H %
o CH3COOH CH
. HO
80°C

Scheme S1. Synthetic routes tb.
b A solution of salicylaldehyde (5.0 ml, 47.0 mmd@&Y,% aqueous solution of formaldehyde (3.6 ml, 50.0

mmol) and concentrated hydrochloric acid (50 miryesl in a dry and packaged round flask at the room
temperature until a large number of white solidsasated out. Then the ether solution of these saeted

to be washed by 10% NaOH solution to made the pA+8and then filtered out the water in this migtur
After that, the ether solution was evaporated umdduced pressure and we gained white solid powder
which was then recrystallized by petroleum ethed ahe white needle crystal 5-chloromethyl
salicylaldehydeb was gained. m.p = 84-86."H NMR (600 MHz,ds-DMSO) & 10.89 (s, 1H), 10.24 (s,
1H), 7.69 (d, J = 2.4 Hz, 1H), 7.57 — 7.52 (m, 16199 (d, J = 8.5 Hz, 1H), 4.73 (s, 2HC NMR (151
MHz, ds-DMSO), 191.22 ,161.17 ,137.34,129.60, 122.598.18 , 46.15 .
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Fig. S1 'H NMR spectrum (600 MHz,DMSO, 293 K) ofb.

Fig. S2 *C NMR spectrum (151 MHz,geDMSO, 293 K) ofb.

c A solution of acetic acid (22 ml, 50%) and hex#mkenetetramine (4.0 g) was reflexed at the pregre
of heating until the solid in these mixture comelgtdissolved and then recovered to room tempexatur
Addedb (3.80g, 22mmol) and concentrated hydrochloric §6@mL) to the solution and refluxed it about
2 hours. Stop this reaction and put the reactiaskflin refrigerator to gain pale yellow precipitaibiese
precipitate needed to be washed by water and Yimied and we gained (4.41g).m.p = 106-108. *H
NMR (600 MHz, ¢-DMSO0) & 11.76 (s, 1H), 10.32 (s, 1H), 9.87 (s, 1H), 84.9)(= 2.2 Hz, 1H), 8.00 (dd,
J=8.6,2.2 Hz, 1H), 7.15 (d, J = 8.6 Hz, 1Jr§|()2 NMR (151 MHz, ¢DMSO) 6 191.49, 190.48 , 165.87 ,
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136.11, 132.43, 128.81, 122.99 .
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Fig. S3*H NMR spectrum (600 MHz,¢&DMSO, 293 K) ofc.
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Fig. $4 *C NMR spectrum (151 MHz,¢eDMSO, 293 K) ofc.
L Added 4-hydroxyisophthalaldehyde (2.94g, 20 mma?}{hydrazonomethyl)phenol (5.71g, 42mmol)
and several drops of acetic acid to ethanol agctioe mixture. Stirred this mixture at 8dor 12 hours in
a dry flask. After the reaction was complete, thaction solution was evaporated under reduced yness
and extracted with ethyl acetate.The residue wasigui by column chromatography on silica gel using
progressively more polar 50:1 to 30:1 petroleuneeéthyl acetate as the mobile phase to give conmgpou

L as a buff powder (3.09 g, m.p 270 ~ Z73. *H NMR (600 MHz, ¢-DMSO) § 11.52 (s, 1H), 11.34 (s,
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1H), 11.10 (s, 2H), 9.03 (d, J = 4.8 Hz, 1H), 8(831H), 8.76 (s, 1H), 8.29 (s, 1H), 7.95 (d, J.% Rz,

1H), 7.90 (d, J = 8.6 Hz, 1H), 7.73 (d, J = 2.6 B#d),7.67 (d, J = 3.2 Hz, 1H), 7.66 (s, 1H), 7.89X = 7.2
Hz, 2H), 7.10 (d, J = 8.4 Hz, 1H), 6.97 (s, 480.NMR (151 MHz, ¢ DMSO0) 5 163.44 , 162.97 , 161.94 ,
161.36 , 159.09 , 133.58 , 133.27 , 131.68 , 131120.04 , 119.56 , 118.69 , 116.87 . The H'] peak
appeared at 385.1021. which is coinciding well witfat for the species pgH17/N4sOs - H] (m/z =
385.1345).

8 = = onmn o ® we-co0o® 2@ rokwB
¥F § 355 % 3 R3ASFESR 3R ERAd
o od VT T RV YUY
|
|
! ]
1
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T T T T T T T I‘A T
120 1.8 1.6 1.4 1.2 1.0 10.8 106 10.4 10.2 100 9.8 6.6 9.4 9.2 90 88 86 &84 82 &0 7.8 7.6 74 1.2 10 &8

£1 (cpm)

Fig. S5 'H NMR spectrum (600 MHz,eDMSO, 293 K) ofL.

1516
- 13127

7 v i
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pm

Fig. S6 *C NMR spectrum (151 MHz,DMSO, 293 K) ofL.
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Fig. S7 ESI-MS spectrum of compourtd
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Fig. S8: IR spectra of. showing sharp peak at 1654 ¢iior C=N bond and the broad peak at 3469'omn
-OH.
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Fig. S9 Partial*'H NMR titration spectra (d6-DMSO, 298 K, 400 MHZ)Llo (15mM) upon addition of Zf.
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Fig. S10 ESI-MS spectrum of compourdand Zrf".
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Fig. S11 fluorescence titration spectralof(c = 2 x 10 M) in the presence of different concentrations of

Cd?* ions in DMSO/HO ~ HEPES buffer (80/20, v/v; pH = 7.23) solutions

Equation y=a+b*
Adj. R-Squar 0.85915
800 Value Standard Err
B Intercept  294.7036 22.9049 u
B Slope 12.92747 1.30192 /
700 + n
_ ./
> -
S 600~ -
2 e
g e
& 500 .
= [ g
(O] ./
2 4004 n
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8 |
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Fig. S12 Fluorescence intensity at 524 nmLofersus the number of equiv. of Zradded.



