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Abstract: A new fluorescence sensor based on condensation reaction of 3'-formyl-4'-hydroxy-4 biphenyl
carbonitrile with 1,2-Ethanedithiol for the detection of mercury has been designed and developed. The probe
proved to be highly selective, sensitive and responsive toward detection of mercury ions. We speculated that the
sensing mechanism is based on mercury initiated desulphurization in aqueous medium leading to the formation of
active fluorophore (Green Fluorescence) which also have been evidenced by the spectral analysis. Most
remarkably, the response of the probe to the Hg®* is very quick.
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INTRODUCTION

The only metal exists in liquid form at room temperature
is Mercury (Hg).®! Mercury even in metallic state can
easily evaporate and goes in atmosphere in the form of
mercury vapor.”®! Mercury subsists in various forms
which are divided into two general categories: Inorganic
and Organic mercury compounds. Inorganic mercury
compounds includes Hg (1) and Hg (11)**® compounds
while organo mercury compounds are chemicals in
which mercury is covalently bonded to carbon, for
example methyl mercury. Looking at the health
perspective, substantial exposure to mercury vapor
occurs via inhalation. Mercury vapor is readily absorbed
through the lung tissues, maximum mercury absorption
is through the lungs. Elemental mercury (in liquid form)
is poorly absorbed from the gastrointestinal tract.
Therefore, in toxicological point of view metallic
mercury ingested is of not of any importance. Absorption
through skin is low. Excessive internal mercury buildup
will damage the cells, immune system, central nervous
system, and can also lead to the impairment of the human
organs, such as lungs kidney, stomach.*®! The United
states based Environmental Protection Agency™” has
classified organic and inorganic mercury compounds as
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probable human carcinogens. Nephrotoxicity is a typical
health effect of inorganic mercury compounds, while that
of organomercury compounds is neurotoxicity i.e.
impairment, and permanent damage to the central
nervous system even in low concentration. It is also
recognized that exposure at different stages of life causes
different health effects. In the tragedies of Minamata
Disease and Irags methyl mercury poisoning™®#, infants
born to mothers showed severe neurological impairment
and delay in developmental process. Acute accidental
exposure to high concentrations of mercury vapor causes
erosive bronchitis and bronchiolitis with Hamman-Rich
Syndrome. The patient may develop severe respiratory
insufficiency. The US Environmental Protection Agency
(EPA) has fixed a MCL i.e. maximum H?Z+ contaminant
level in food and drinking water at 2ppb.[?*?® Therefore,
Considering the threats associated with mercury toxicity,
sensitive detection of mercury ions in the environment
and biological systems has therefore become
necessary®**"l because these contaminants can cause
serious health issues and environmental pollution
problem. It becomes absolutely necessary to detect the
presence of mercury in water and develop a simple yet

1036



Thakare et al.

environmentally friendly mercury sensor with high
sensitivity and selectivity.

MATERIALS AND METHODS

All reagents and solvents (analytical grade) used herein
were purchased from commercial suppliers and used
without further purification. The water used throughout
all experiments was doubly distilled. Spectral analysis
i.e. proton NMR and 13C NMR were measured at Bruker
AV, 200/400/500 MHz instruments in appropriate
solvents using Tetramethyl silane (TMS, =0 ppm) as
internal standard or the solvent signals are considered as
secondary standards and the chemical shifts are shown in

Synthesis of Probe
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d scales. The electrospray ionization (ESI) mass spectra
were conducted with a Bruker ESQUIRE HPLC-MSAB
4000Q. Fluorescence spectra were performed with a
Perkin—Elmer UV/Vis Spectrophotometer and a Photon
Technology International, QuantaMaster 400
Spectrofluorometer, respectively, in degassed spectral
grade solvents

Methods

1) Synthesis of Probe: The probe is synthesized in two
steps as shown in scheme 1 and scheme 2

2) Sensing Study: Probe + Hg**

HMTA /TFA

P o)
reflux

OHC
Scheme: 1 Synthesis of 3-formyl-4-Hydroxy-4-biphenylcarbonitrile.
Chemicals Molecular Wt. | Quantity | Moles | density | Mole Ratio
HO-Biphenyl-CN 195.22 0.5 0.0025 - 1
HMTA 140.186 0.36 0.015 - 6
TFA 114.02 30ml - 1.486 -

A solution of 4-Hydroxy-4-biphenylcarbonitrile (0.5 g)
and hexamethylenetetramine (HMTA, 0.36 g) in
trifluoroacetic acid (30 mL) was refluxed for 4 h. After
completion, the reaction mixture was cooled to RT and
diluted with 1.0 M HCI (60 mL). Resultant mixture was
extracted with CH,Cl, (60 mL). The organic layer was
cleaned with water 3 times and once with saturated brine,
and finally dried over magnesium sulfate. The solvents
were removed on rotary evaporator afforded 3-formyl-4-

OHC

p-TsOH
_—

Hydroxy-4-biphenylcarbonitrile (74%); as a white solid,
mp 133-135°C; FTIR: 3529, 2233, 1727, 1648, 1606,
1480, 1364, 1300,1263, 1224, 1169, 906, 824; 5h(400
MHz DMSO0-d6) 11.11 (1H, 5),9.98 (1H, s), 7.76 (2H, d,
J 10.52 Hz), 7.73 (2H, d, J 8.57 Hz), 7.64 (2H,d, J 8.56
Hz), 7.15 (1H, d, J 8.48 Hz); 8C(100 MHz DMSO-d6,
25°C,ppm): 191.44, 161.61, 143.79, 135.18, 133.30,
129.75, 127.75,127.26, 123.03, 119.34, 118.65, 109.95.

DCM/N, S
—/ s

<

Scheme: 2 Synthesis of 3-(bis(ethylthio)methyl)-4-Hydroxy-4-biphenylcarbonitrile.

Chemicals Molecular Wt. | Quantity | Moles | density | Mole Ratio
Formyl-HO-Biphenyl-CN 223.23 0.5 0.0022 - 1
SH-CH,-CH3 94.20 0.421 0.0044 | 1.123 2
TsOH 172.20 0.18 0.0011 - 0.5

3-formyl-4-Hydroxy-4-biphenylcarbonitrile (1 mmol),
Ethane thiol 2 mmol) and p-toluenesulfonic acid (0.5
mmol) IN DCM were stirred for overnight under
nitrogen. The solvent was removed under vacuume, The
crude product was purified was purified by silica column
using petroleum ether and DCM (20:1, v/v) as the eluent
to afford probe. White solid, FTIR: 3530, 2229, 1607,
1475, 1370, 1299,1264, 1228, 1170, 905, 822; &h (400
MHz DMSO-d6) 11.10 (1H, s), 7.77 (2H, d, J 10.53 Hz),
7.73 (2H, d, J 8.57 Hz), 7.65 (2H,d, J 8.56 Hz), 7.11 (1H,
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d, J 8.48 Hz) 4.52 (s, 1H) 2.53-2.68 (m, 4H),1.26(t, J = 6
Hz, 6H), 13C (100 MHz DMSO-d6, 25°C,ppm): 161.61,
143.79, 135.18, 133.30, 129.75, 127.75,127.26, 123.03,
119.34, 118.65, 109.95, 52.09, 26.37,14.33.
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RESULT AND DISCUSSIONS

Conversion of 3-(bis(ethylthio)methyl)-4-Hydroxy-4-
biphenylcarbonitrile confirmed by NMR spectral data
(Fig: 4) to 3-formyl-4-Hydroxy-4-biphenylcarbonitrile
(confirmed by NMR spectral data) upon addition of
HgCl, this transformation of dithane derivative to
aldehydes can be proceeded by mercury induced
hydrolytic desulphurization process releasing the free
fluorophore to generate the significant change of
fluorescence. Reaction is verified by the mass spectra of
the major product from the reaction of probe and Hg**
were further investigated. There is a main peak at m/z
223.36 (Fig:3) which corresponded to the expected mass
of  the product  of 3 -formyl-4’-hydroxy-4-
biphenylcarbonitrile. The results clearly confirmed
mercury triggered desulphurization of probe. The
product of [Probe + HQCIl,] was isolated by a silica gel
column and was then subjected to 1H NMR and mass
analysis. The 1H NMR chemical shifts of Probe, and
product of Probe + HgCI, are indicated in the spectral
data provided, in which the disappearance of the
dithioacetal signal at 1.26 ppm, 2.53-2.68 ppm and
4.52 ppm of adjacent C-H bond, while a new signal
increased at 9.99 ppm corresponding to the proton of
aldehyde. Furthermore, mass spectroscopy confirmed
the formation of product of [Probe + HgCl,] through the
presence of an intense peak at m/z = 329.56. (Fig 3)
ThelH NMR and mass of the resulting product is exactly
same to the reported compound in scheme 1. Selectivity
study as shown in (Fig: 1) indicates that the probe is
nonresponsive towards other metal ions. Other metal
ions such as
BaH,Ni++,CO++,Ca++,Cd++,MgH,ZnH,PdH,MnH

Fe*",K* Na',Li*,AI**,Cu** were nearly nonresponsive,
indicating that the selectivity for Hg?*was relatively high,
and also proving the selectivity of the deprotection
reaction of thioacetal for the metal ions. Fig:2 indicates
the emission intensity of probe system (Aem. 525nm)
gradually increased with continuing addition of Hg®*
with excitation wavelength at Aexc. 420 nm

CONCLUSION

In summary, a cyanobiphenyl based fluorescent probe
for detection of mercury ions was designed and
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synthesized. This probe displayed a fast and noteworthy
fluorescence “turn-on” response to Hg?" in PBS buffer
solution (0.01 M, pH 7.4) with high, selectivity and
sensitivity. The sensing mechanism was considered that
the mercury initiated hydrolytic desulphurization of
probe releasing the active aldehydic cyanobiphenyl
fluorophore accompanied by strong green fluorescence
emission, which also have been proved by spectral
analysis. The electron-withdrawing feature of aldehyde
group favors the ICT effect and induces the emission
behavior.
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Selectivity study: of Probe with Hg®* and other analytes.
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Fig.1 fluorescence spectra of probe (10 pM) in
absence or presence of different cations in MeCN-
PBS buffer solution (0.01 M,1:1 v/v, pH 7.4).
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Fig.2 Concentration dependent changes in the
emission spectra of probe (10 pM) upon the gradual
addition of Hg2+ (from 0 to 10 equiv.) in MeCN-PBS
buffer solution (0.01 M, 1:1 v/v, pH 7.4) at Aex = 420
nm.
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Fig 3: Masss spectrum of Probe after addition of Hg**
clearly indicates formation of the expected fragments
after mercury induced hydrolytic deslulphurization.
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Fig 4: NMR spectrum of Probe 3-(bis(ethylthio)
methyl)-4-Hydroxy-4-biphenylcarbonitrile.
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