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Abstract In recent years, fluorescent probes for the detection
of environmentally and biologically important metal cations
have received extensive attention for designing and develop-
ment of fluorescent chemosensors. Herein, we report the
photophysical results of 2-(2-fluorobenzoyl)-N-(2-
methoxyphenyl) hydrazinecarbothioamide (4) functionalized
as Ni (II) sensor in micromolar concentration level. Through
fluorescence titration at 488 nm, we were confirmed that
ligand 4 showed the remarkable emission by complexation
between 4 and Ni (II) while it appeared no emission in case of
the competitive ions (Cr3 * Fe?', Co?", Ba®!, Cu*", Ca%*, Na”,
K", Cu", Cs"). Furthermore, ligand 4 exhibited no toxicity
with precise cell permeability toward normal living cells using
L929 cell lines in bio imaging experiment investigated
through confocal fluorescence microscope. The non-toxic
behavior of ligand 4 (assessed by MTT assay) and its ability
to track the Ni*" in living cells suggest its possibility to use in
biological system as nickel sensor.
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Introduction

The design and synthesis of fluorescent probes for sensing and
monitoring of biologically and environmentally related tran-
sition metal ions is an attractive and fast growing field of
research for chemistry, biology and environmental science
due to their potential applications of high sensitivity and
operational simplicity [1-4]. Accumulation of heavy metals
like nickel in soils imposes great impact on soil fertility and
hinders the effective supply of nutrients for vegetation [5—7].
Ni*" introduced into the ecosystem through anthropogenic
activities [8, 9] and industrial released results in metal settling
in soil [10, 11] while water resources possessed the potential
ability to transfer the metal ions in living organism [12—14].
Heavy metals can create adverse effects on the environment
and human health due to their bioavailability and toxicity in
various environmental components [15]. Human exposure to
Ni** can cause number of disorders including skin irritation,
lung fibrosis, cardiovascular diseases and cancer [16—18].
Therefore, first step toward nickel eradication from water
and food material is the diagnosis of nickel by using simple
analytical tools.

Herein, we report the synthesis of 2-(2-fluorobenzoyl)-
N-(2-methoxyphenyl) hydrazinecarbothioamide (4) as fluo-
rescent probe for the selective detection of Ni** in mixed
aqueous-organic solution as well as explored the applicability
of designed ligand for in vitro monitoring of nickel ions inside
the living cells using L-929 cells (mouse fibroblast cells)
under confocal fluorescence microscope. The results showed
no toxicity and absolute cell permeability of synthesized li-
gand toward Ni** detection in mixed aqueous-organic solu-
tion and living cells with micro molar concentration level. The
proposed nickel detection method possessed considerable ad-
vantages among several reported methods for nickel detection
including potentiometric nickel sensation [19], high-
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Scheme 1 Synthesis of 2-(2-fluorobenzoyl)-N-(2-methoxyphenyl) hydrazinecarbothioamide (4): Reagents and conditions: (i) POCl;, CICH,CH,Cl,
reflux 3 h; (ii) hydrazine hydrate, TEA, MeCN, reflux 3 h; (iii) THF, stirring at ambient temperature, 18 h

resolution differential surface plasmon resonance sensor [20]
and peptidase based nickel sensor [21] which involve complex
detection methodology and complicated synthetic strategy.

Experimental
Substrate and Reagents

Substituted aromatic carboxylic acids and substituted aromat-
ic isothiocyanate were purchased from Alfa Aesar. Hydrazine
hydrate (80 %), sodium hydroxide and sodium bicarbonate
were products of Aldrich. Ethanol, methanol, chloroform,
water, DMF, MeCN, DCM (Samchun chemicals, Korea),
H,SO4, HCI (Jin chemical & pharmaceutical Co. Ltd., Korea),
CI'C13.6H20, FeClz.nHzO, N1C126H20, COC12.6H20,
CuCl,.2H,0, BaCl,.2H,0, CaCl,.2H,0, CsCl, CuCl, KCI,
NaCl (Aldrich and Alfa Aesar) were used during experiment.
The major chemicals utilized for biological studies includes
MEM (minimum essential media, Wel Gene, Korea), FBS
(fetal bovine serum, Bio west U.S.A.), Tripsin (Thermo sci-
entific, South Loga, Utah), PBS (Wel Gene, Korea) and MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide, Sigma Aldrich, U.S.A.].

Instrumentations

Reaction progress was monitored by thin layer chromato-
graphic (TLC) analysis and Ry values were determined by
employing pre—coated silica gel aluminium plates, Kieselgel
60 F,s4 from Merck (Germany), using n—hexane : ethyl ace-
tate, 8:2, as an eluent and TLC was visualized under UV lamp
(VL-4. LC, France). Melting points were determined on
Fisher scientific (USA) melting point apparatus and are un-
corrected. Proton and carbon nuclear magnetic resonance ('H
and '>C NMR) spectra were recorded on AVANCE 400,
Frequency range: 400 MHz with TMS as an internal standard.

Scheme 2 The proposed
chelation mechanism of ligand 4
upon NiCl,.6H,0 addition in
acetonitrile/water (1:1, v/v) media

4
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Chemical shift are reported as § values (ppm) downfield from
internal tetramethylsilane of the indicated organic solution.
Peak multiplicities are expressed as follows: s, singlet; bs,
broad signal; m, multiplet and Ar-H, aromatic proton. Abbre-
viations are used as follows: DMSO-dy, dimethyl sulfoxide-
dg; FT-IR spectroscopy, Fourier transform infrared spectros-
copy. The fluorescence spectra and relative fluorescence in-
tensities were measured on FS-2 fluorescence spectrometer
(Scinco, Korea).

Synthesis of 2-(2-Fluorobenzoyl)-N-(2-Methoxyphenyl)
Hydrazinecarbothioamide (4)

The substituted aromatic acid chloride 2 was synthesized by
the reaction of substituted aromatic acid 1 (1 mmol) in the
presence of 1, 2—dichloroethane (12 mL) as solvent and phos-
phorous oxychloride (0.4 mL) as chlorinating agent under
reflux for 3 h, then the resulting solution was cooled to room
temperature and solvent was removed under reduced pressure
to afford substituted aromatic acid chloride 2 which was
directly used for next step without further purification. The
substituted aromatic acid chloride 2 was dissolved in acetoni-
trile (80 mL) and added drop wise into the solution containing
hydrazine hydrate (1 mmol), triethyl amine (TEA, 0.5 mL),
acetonitrile (20 mL) and allowed to reflux for 3 h, monitored
by TLC. After consumption of the starting material, reaction
mixture was cooled to room temperature. Evaporation of
solvent under reduced pressure left crude aromatic acid hy-
drazide 3 as white solid on cooling, which was purified by
column chromatography and crystallized on methanol [22].
The substituted aromatic acid hydrazides 3 (2 g, 1.17 mmol)
were dissolved in THF (30 mL) and equimolar amount of
substituted aromatic isothiocyanate (1.17 mmol) was separate-
ly dissolved in 20 mL of THF. Both of these solutions were
mixed slowly and allowed to stir for 18 h, at room tempera-
ture, monitored by thin layer chromatography (TLC). On
complete consumption of starting material, THF was
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Fig. 1 Fluorescence emission
spectra of ligand four (5 uM) in
the presence of Ni** (5 uM) and
competing ions (Cr’**, Fe**, Co?",
Ba*', Cu*', Ca®, Na", K, Cu',
Cs") (5 uM) in aqueous/
acetonitrile (1:1, v/v) solution,
while excitation source was fixed
to 388 nm during fluorescence
emission spectral recording
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evaporated on a rotary evaporator to leave behind correspond-
ing hydrazinecarbothioamide 4 [23, 24] The synthesis of
ligand 4 is schematically represented in Scheme 1.

2-(2-Fluorobenzoyl)-N-(2-Methoxyphenyl)
Hydrazinecarbothioamide (4)

White solid; yield: 84 %; mp 131-133 °C; R;: 0.31 (n-hexane
- ethyl acetate, 8:2); FT-IR (v/em '): 3331, 3211 (NH), 1658,
(C=0), 1551, 1536, 1498 (C=C), 1254 (C=S); 'H NMR
(400 MHz, DMSO-dg) 6 9.95 (s, 1H, NH), 8.65 (bs, 1H,
NH), 8.09 (bs, 1H, NH), 7.43-7.40 (s, 1H, Ar-H), 7.39-7.23
(m, 4H, Ar-H), 7.19-7.12 (m, 3H, Ar-H), 3.56 (s, 3H, OCH3);
3C NMR (100 MHz, DMSO-d,) § 178.6, 162.4, 159.3,
158.7, 135.6, 131.5, 130.5, 129.8, 125.4, 119.7, 118.2,
114.24, 114.1, 56.3; Anal. Calcd. for C;sH4FN3;0,S: C
56.41, H 4.42, N 13.16; Found: C 55.32, H 4.40, N 13.21 %.
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Fig. 2 The fluorescence titration of ligand 4 (5 tM) at emission maxima
of 488 nm as a function of nickel ion concentration (5-30 uM, 1-6
equivalent), the inset described the fluorescence enhancement at emission
maxima of 488 nm; F/Fg, is determined as a ratio between the maximum
fluorescence intensity (F, after Ni*>" addition) and minimum fluorescence
intensity (Fo, free ligand 4 solution in absence of Ni2+). Meanwhile,
excitation source was fixed to 388 nm throughout fluorescence emission
spectral recording

Ni(ll) Cr(l11)Fe(ll) Co(ll)Ba(ll) Cu(ll)Ca(ll) Na(l) K(I) Cs(1)

General Procedure for Spectroscopic Assay

A 500 uM stock solution of ligand 4 was prepared by dis-
solving 1.59 mg ligand 4 in methanol (total volume 10 mL).
Similarly, to prepare 500 uM nickel stock solution, 1.18 mg of
nickel (II) chloride hexahydrate was dissolved in distilled
water (total volume 10 mL). All the metal ions solutions were
prepared similar as Ni*" stock solution. For spectroscopic
measurements, test solution of 1 mL was prepared with
880 pL of 50 % aqueous acetonitrile, 10 puL of ligand stock
solution, 100 pL of buffer solution (10 mM) and 10 pL of
Ni?" stock solution. The resulting solution were mixed before
measurement and final volume was fixed as 1 mL for UV-
visible and fluorescent measurement using [SCINCO] UV-
vis Spectrophotometer “S-3100" and FS-2 fluorescence spec-
trometer (SCINCO, Korea), respectively.

General Procedure for MTT Assay

MTT assay was done following the reported procedure [25].
Briefly, the cells were incubated with Ni** (50 uM) and ligand
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Fig.3 Effect of various solvent on the UV-visible absorption spectrum of
ligand 4 (5 uM) in the presence of nickel ion (5 uM)

@ Springer



998

J Fluoresc (2014) 24:995-1001

Table 1 The optical characteristics of 4 in the presence of Ni** in various solvents

Solvents TT—70* n—7r*
Amax (nmM) Molar absorptivity (M ' cm ") Amax (nmM) Molar absorptivity (M ' cm ™)

DCM 294 2.74x10° 402 2.40%10°
DMF 294 2.72x10° 400 222x10°
MeCN 294 2.68x10° 400 2.18x10°
MeOH 294 2.60%x10° 396 2.16x10°
EtOH 288 2.52x10° 392 1.90x10°
MeCN:H,O (1:1) 290 2.38x10° 388 1.90x10°
MeOH:H,0 (1:1) 288 234x10° 388 1.80x10°
EtOH:H,0 (1:1) 288 2.32x10° 388 1.72x10°

4 (60 uM) for 24 hours. Then cells were washed with phos-
phate buffered saline (PBS), and incubated with Dulbecco’s
Modified Eagle’s medium (DMEM medium, 200 pL/well)
containing 50 uL of MTT [3-(4,5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide, 5 mg/mL] solution. Following
2 hours incubation at 37 °C, growth medium was removed
gently from the plate and 200 pL/well dimethyl sulfoxide was
added to solubilize the produced purple formazan crystals.
Later, the absorbance for each well was measured at 570 nm
using microplate spectrophotometer systems (BioTek, syner-
gy HT) and results were calculated in percentage with respect
to untreated sample called control.

Results and Discussions

The spectroscopic properties of compound 4 (5 uM) were
measured in aqueous/acetonitrile (1:1, v/v) solution before
and after addition of Ni** (5 pM). The compound 4 did not
show any significant fluorescent signal at 488 nm under
388 nm excitation in the fluorescence emission spectrum as
well as at 388 nm in the fluorescence excitation spectrum
when 488 nm emission was fixed in the absence of nickel
ion, while it was detected a prominent signal with emission
maxima of 488 nm and excitation maxima of 388 nm after
nickel addition. The proposed mechanism for this fluores-
cence appearance in the compound 4 solution upon Ni**
addition are shown in Scheme 2.

It was supposed that the reason for fluorescence signal
enhancement was due to the partial generation of quinoline
like structure in 4 after ligand-nickel chelation. The Ni**
triggered newly adopted conformational structure of com-
pound 4 into 5 exhibited more delocalization of electronic
cloud which ultimately decreased the band gap energy be-
tween HOMO and LUMO and caused the rapid electronic
transition in the visible range of spectrum, while other com-
mon ions (Cr**, Fe**, Co*", Ba>", Cu*", Ca®*, Na", K", Cu’",

@ Springer

Cs") did not show any emission signal at 488 nm after addi-
tion to ligand 4 solution. However, there was a slight signal
appearance at longer wavelength for ligand solution in the
presence of almost all metal ions at 567 nm with no selectivity
for any metal ions as shown in Fig. 1.

To gain more insight into the behavior of 4 towards Ni*",
the fluorescence titration experiment was conducted which
revealed that the fluorescence intensity of ligand solution
gradually increased with increasing concentration of nickel
ions in aqueous/acetonitrile (1:1, v/v) media as shown in
Fig. 2. From this titration experiment, the minimum detection
ability of ligand 4 for Ni*" was expected to be 5 uM from the
inset of Fig. 2 and the value of linearly dependent co-efficient
(R?) was found to be 0.9768 (inset of Fig. 2).

The absorption of ligand-Ni*" complex was recorded in
different solvents of varying types (Fig. 3). The main absorp-
tion band of ligand-Ni** complex showed solvent dependence
with a negative solvatochromism, i.e., blue shift with increas-
ing solvent polarity as shown in Table 1. This absorption band
change suggest that in the ground state the ligand-Ni*"
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Fig.4 Fluorescence intensity variation at maximum emission of 488 nm,
with alteration of pH from 2 to 10, in the buffer solution
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Fig. 5 Fluorescence excitation and emission spectrum of 4 in the pres-
ence of Ni*" in aqueous/acetonitrile (1:1, v/v) media

complex interacts more with a protic solvent, while the excited
state is preferentially stabilized in the presence of an aprotic
solvent. For fluorescence emission spectral recording, the
excitation wavelength was fixed at 388 nm, Ex. Slit=5 nm,
Em. Slit=5 nm, Ex. Filter = air, Em. Filter = air, repeat
number=1, repeat interval time (m)=1, PMT voltage (v)=
700, Scan speed (nm/min)=60, Integration time (ms)=35 and
Response time (s)=0.02.

The effects of various solvents on the optical properties of
ligand-Ni*" complex along with their extinction coefficient or

molar absorptivity (¢) [26, 27] values are tabulated in Table 1.

The effect of pH was evaluated in the pH range of 2—10 in
the buffer solution. The maximum emission intensity was
observed in the basic pH condition while there was low

Fig. 6 Confocal fluorescence
microscopic images for
intracellular Ni** detection with
ligand 4 employing L-929 cells;
(A1-A3) cells incubated with
probe (60 uM); (B1-B3) cells
incubated with probe (60 uM) in
the presence of nickel ion

(50 uM). While A1, B1: bright
field images; A2, B2:
fluorescence images and A3, B3:
merged images

Al

intensity signal in the acidic pH. These results indicate that
Ni*" showed complexation with maximum tendency in the
deprotonated conformation of ligand 4 as depicted in the
Scheme 2, while ligand 4 alone do not show any emission
signal in the pH span of 2—10 as shown in Fig. 4.

The ligand 4 exhibited significant Stokes shift of
5283 cm ' for easy separation of excitation and emission
signal as shown in Fig. 5, calculated by the reported methods
[28]. The larger Stokes shift and longer wavelength chromo-
phore considered to be more compatible for sensing and
intracellular cell imaging [29-32].

The fluorescent quantum yield of compound 4 was almost
zero before nickel addition to its reaction solution, while after
nickel introduction into probe solution, the relative fluores-
cence quantum yield of 0.032 was observed by employing
quinine sulfate (0. 05 M stock solution in 0.1 N sulfuric acid)
as standard for relative fluorescence quantum yield measure-
ment [33-36].

Bioimaging Applications of Ligand 4 in L-929 Cell Lines

To investigate the capability of the ligand four toward Ni** in
biological samples, fluorescence imaging experiments were
performed. In this imaging study L-929 cells, established from
the normal subcutaneous adipose and areolar tissue of a male
mouse were used following the reported procedure [37] with
some modifications. Briefly, cells were incubated with ligand
4 (60 uM) in complete DMEM (Dulbecco’s Modified Eagle
medium) for 6 hours at 37 °C, and very weak fluorescence
was observed. After washing with PBS twice, the samples
were treated with Ni** (0 and 50 pM) and incubated for more
6 hours at 37 °C, which displayed distinct intracellular fluo-
rescence at 50 uM nickel ions concentration as shown in
Fig. 6.

A2
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Fig. 7 Viability of L-929 cells cultured in complete DMEM with 60 uM
of ligand 4 and 50 uM of nickel ions, respectively while the control cells
were cultured in the medium without ligand and nickel ions

Cytotoxicity Assay

The ligand safety was assessed after 24 hours treatment to the
cells by MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide] assay. The results showed no
toxicity for L-929 cells at 60 uM ligand and 50 uM nickel ions
concentrations as showed in Fig. 7. The non-toxic behavior of
ligand 4 and its ability to track the Ni** in living cells suggest its
possibility to use in biological system as nickel sensor.

Conclusion

In summary, 2-(2-fluorobenzoyl)-N-(2-methoxyphenyl)
hydrazinecarbothioamide (4) has been introduced as nickel
ion sensor in mixed aqueous-organic media. The
photophysical properties of synthesized ligand 4 exhibited
the fluorescence emission signal at 488 nm and fluorescence
excitation signal at 388 nm upon nickel ligation which was
considered due to partial generation of quinoline like structure
in four by ligand-nickel chelation. Furthermore, for practical
applicability, bio imaging experiment was conducted using
L-929 cell lines. The ligand four showed no toxicity with
absolute cell permeability for the tested cell lines. These
results depicts that the newly synthesized ligand 4 can be used
as selective nickel sensing platform in mixed aqueous-organic
solution and inside living cells with considerable fluorescence
response in the visible region.
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