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Synthesis of Hydrazone Based lon Sensor and Photophysical Characterization

Hidrazon Temelli iyon Sensor Sentezi ve Fotofiziksel Karakterizasyonu
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ABSTRACT

ydrazone compounds are susceptible to nucleophilic attacks of anions such as fluoride or cyanide due to their tendency

toward deprotonation of hydrogen bonded to nitrogen atom in the structure and found applications as ion sensors.
In this work, from the condensation reaction of 4-hydroxybenzaldehyde and 2,4-dinitrophenylhydrazine, phenolic hydra-
zone compound was obtained and the following substitution reaction with 4-nitrobenzenesulfonyl chloride was studied
to synthesize a new hydrazone compound with elongated conjugation. Structures of the synthesized compounds were
accomplished with *H NMR, *C NMR an UV-Vis absorption spectroscopic techniques. According to the spectroscopic data,
absorption maximum of the new hydrazone compound was found to shift bathochromically with ca. 120 nm in the presence
of nucleophilic fluoride, cyanide, acetate, hydroxide and dihydrogenphosphate anions.

Key Words
2,4-dinitrophenylhydrazone, bathochromic shift, ion sensor.

0z

idrazon bilesikleri yapilarindaki azota bagli hidrojen atomunun deprotone olabilme yatkinhigindan dolayi flortr ya da
H siyantr gibi ntkleofilik anyonlarin atagina aciktir ve bu 6zellikleri ile iyon sensori olarak kullanim alani bulmuslardir.
Bu calismada, 4-hidroksibenzaldehit ve 2,4-dinitrofenilhidrazin bilesiklerinin kondenzasyon tepkimesinden fenolik hidrazon
yapisi elde edilmis ve bu yapinin 4-nitrobenzensdlfonil klorir ile yer degistirme tepkimesi ¢alisilarak daha konjuge yeni bir
hidrazon bilesigi sentezlenmistir. Sentezlenen bilesiklerin yapilari *H NMR, *C NMR ve UV-Vis absorpsiyon spektroskopi yon-
temleriile aydinlatiimistir. Elde edilen absorpsiyon verilerine gore, yeni bilesigin ntkleofilik 6zellikteki florur, siyandr, asetat,
hidroksit ve dihidrojenfosfat anyonlari varliginda absorpsiyon maksimumunda yaklasik 120 nm’lik kirmiziya kayma seklinde
tepki verdigi belirlenmistir.
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INTRODUCTION

Environmental pollution is significantly increasing due
to unconscious consumption of biochemical or organic
pollutants in many areas of daily life resulting with the
affection of the natural life as well as public and indivi-
dual health. Among the pollutants, fluoride and cyanide
are prominent as they are used in lower concentrations
widely in cleaning chemicals or metallurgy [1,2]. Ho-
wever, large quantities of these anions are harmful for
human health and nature. Therefore, chemical sensing
and removal of fluoride or cyanide ions in biological and
environmental samples is very important. Colorimetric
selective detection of analytes using simple chemical
sensors is an area of interest to reach environmentally-
friendly, low cost and easy handling analyzing systems.
Colorimetric naked eye detection of fluoride or cyanide
ions indeed is important for living systems. Various che-
mosensors for the detection of anions have been deve-
loped based on quinones, quinolines, bodipy, coumarin,
porphyrin dyes or hydrazone derivatives [3-10]. In these
structures, receptor sites are responsible for binding of
specific ionic substrates with the formation of substra-
te-molecule complexes. Formation of new complexes
changes the colorimetric or fluorometric behavior at
a particular wavelength which enables the detection
of ionic species by spectroscopic methods. Fluoride or
cyanide ions are known to have nucleophilic character
in which they can abstract an acidic proton in a molecu-
lar system [11,12]. In this manner, hydrazone derivatives
with —NH protons in the structure are good candidates
for the detection of fluoride or cyanide ions.

Here in this work, we designed the synthesis of a hydra-
zone derivative bearing electron withdrawing nitroben-
zenesulfonyl moiety 2 for the naked eye detection of
fluoride and cyanide anions. At first, phenolic hydrazo-
ne 1 was synthesized and the subsequent substitution
with 4-nitrobenzenesulfonyl chloride resulted with the
formation of targeted 2. Colorimetric detection of ani-
ons was verified with absorption spectroscopy techni-
que.

MATERIALS and METHODS

Chemicals and Instrument

Chemicals and solvents were purchased from Acros Or-
ganics, Sigma Aldrich, Fisher Scientific, and were used
without further purification. Technical grade hexane
and ethyl acetate were obtained from Birpa (Turkiye)

and purified by fractional distillation before use. Re-
actions were monitored by TLC using precoated silica
plates (Kieselgel 60, F254, E.Merck), visualized with UV
light. *H NMR (400 MHz) and *C NMR (100 MHz) spect-
ra were recorded using SiMe, and H,PO, as an internal
reference with Bruker DPX-400 FT NMR spectrometer.
Chemical shifts (6) were given as ppm and coupling
constants (J) as Hz. UV-Vis spectra were recorded on a
Shimadzu UV-Mini 1240 UV-Vis Spectrophotometer.

Synthesis of compound 1

2,4-dinitrophenylhydrazine (0.500 g, 2.52 mmol) and
4-hydroxybenzaldehyde (0.308 g, 2.52 mmol) were dis-
solved in ethanol and acetic acid (0.144 mL, 2.52 mmol)
was added to this solution. Resulting mixture was ref-
luxed for 3 hours (TLC monitoring). After completion
of the reaction, mixture was cooled to rt, precipitates
were filtered and washed with ethanol. Compound was
obtained as dark red solid (95% yield). M.p: 285 °C. H
NMR (400 MHz, CDCL): & = 6.87 (d, J= 8.6 Hz, 2H), 7.64
(d, J= 8.6 Hz, 2H), 8.05 (d, /= 9.7 Hz, 1H), 8.35 (dd, J=9.7,
2.7 Hz, 1H), 8.60 (s, 1H), 8.86 (d, /= 2.6 Hz, 1H), 10.09 (s,
1H), 11.58 (s, 1H); *C NMR (100 MHz, CDCL,): & = 116.4,
117.1, 123.6, 125.2, 129.4, 129.8, 130.2, 137.0, 144.9,
150.5, 160.5.

Synthesis of compound 2

1 (0.100 g, 0.331 mmol) and 4-nitrobenzenesulfonyl
chloride (0.081 g, 0.364 mmol) were gathered in aceto-
nitrile (ACN) and triethylamine (0.092 mL, 0.662 mmol)
was added to this solution. After 5 min, solution color
turned into orange from deep red and precipitates for-
med. Solids were filtered, washed with ACN and air dri-
ed. Compound was obtained as orange solid (93% yield).
M.p: >300 °C. 'H NMR (400 MHz, CDCL): § = 11.72 (s,
1H), 8.88 (s, 1H), 8.70 (s, 1H), 8.48 (d, J = 8.9 Hz, 2H),
8.38 (d, J = 9.8 Hz, 1H), 8.19 (d, J = 8.8 Hz, 2H), 8.10 (d,
J=9.5Hz, 1H), 7.83 (d, J = 8.7 Hz, 2H), 7.21 (d, J = 8.6 Hz,
2H); *C NMR (100 MHz, CDCL,): 6 = 117.3, 123.3, 123.4,
123.9, 125.6, 127.4, 129.6, 130.3, 130.6, 133.9, 137.8,
139.7, 144.9, 148.0, 150.2.



Scheme 1. Synthetic pathway of hydrazone 2.

RESULTS and DISCUSSION

Synthesis of 1 was performed according to the literatu-
re method (Scheme 1) [13]. Firstly, acidic condensation
reaction of 4-hydroxybenzaldehyde and 2,4-dinitrop-
henylhydrazine was performed and phenolic hydrazone
1 was obtained in 95% yield. Then, substitution reaction
of 1 with 4-nitrobenzenesulfonyl chloride was studied
and new hydrazone compound 2 was synthesized with
93% vyield. Structures of both compounds were identifi-
ed by NMR spectroscopy.

Structure of the novel hydrazone 2 is fully conjugated
and as given in Figure 1, the proton NMR signals were
shown in the aromatic region in between 7-9 ppm. In
addition, characteristic hydrazone NH proton resonan-
ced at 11.72 ppm. **C NMR also confirms the structure.

With the successfully synthesized 2 in hand, photoph-
ysical properties of the compound were investigated by
means of solvent change and presence of common ani-
ons. At first, absorption characteristics were screened
in protic and aprotic solvents such as acetonitrile, di-
methylsulfoxide, dimethylformamide, ethanol, tetrahy-
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drofuran, dichloromethane, toluene and water. Basic
absorption maxima are observed ca. 380 nm for most
of the solvents except for dimethylformamide (505
nm) (Figure 2A). This could be attributed to the basic
character of DMF as it can deprotonate the NH proton
in the structure. As it compared to the absorption of
1 having A__ at 395 nm in acetonitrile, A __ of 2 is ob-
served at 381 nm with a hypsochromical shift of 14 nm
(Figure 2B). This shift is due to the electron withdrawing
nature of the nitrobenzenesulfonyl group introduced to
the hydrazone structure. Since NH proton of hydrazone
compounds can be deprotonated by fluoride or cyani-
de ions, absorption behaviour of 2 was examined in the
presence of various anions. As given in Figure 3, absorp-
tion maximum at 381 nm was shifted to 500 nm upon
deprotonation with F, CN", OH and OAc'. It can be seen
from the spectra that F and CN"ions fully deprotonate
the hydrazone NH proton, yet OH’, OAc and H,PO, ions
partially deprotonate the NH proton due to the lower
nucleophilic character. These spectral changes are also
reflected in the colours of hydrazone 2-anion mixtures,
the more deprotonated the dark pink it becomes (inset
of Figure 3).
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Besides the anion scanning, naturally occurring biothi-
ols such as cysteine (Cys) and glutathione (GSH) were
also studied for their sensing with hydrazone 2. It is
well known that Cys or GSH are capable of S Ar reac-
tion in which the cleavage of nitrobenzenesulfonyl
groups from sensor molecules yielding a change in sen-
sors absorption or emission wavelengths [14,15]. Since
hydrazone 2 bears 4-nitrobenzenesulfonyl group in its
structure, it was thought that 2 can sense Cys or GSH
via nucleophilic substitution reactions. In this manner,
incremental addition of Cys or GSH solutions in water
into hydrazone 2 in ACN has been employed. As given in
Figure 4, no net absorption maxima shift was observed
but absorption intensities of sensor 2 have been incre-
ased upon addition of Cys or GSH indicating its comple-
xation with Cys or GSH. Complexation between sensor
2 and Cys or GSH in which the association constant (K )
can be calculated with Formula 1 and Formula 2 given
below, where A and A  are absorbance values when a
=1 (no Cys or GSH) and a = 0 (fully bonded with Cys or
GSH), respectively [16]. Ks values for Cys or GSH binding
have been calculated as 1.31x10° M* and 1.04x10* M7,
respectively. Larger K_value of cysteine is also reflected
in Figure 4 where a larger elevation of absorption inten-
sity of sensor 2 upon 1 eq cysteine addition is observed
in comparison with 1 eq glutathione addition.

Figure 1. 'H NMR of hydrazone 2 (in d®-DMSOQ)

a 1
1-a Ks[CysorGSH]|

4-4
a= VT
' AO (2)
CONCLUSION

In conclusion, we have successfully synthesized a novel
hydrazone compound 2 from the phenolic hydrazone
1. Introduction of the electron withdrawing nitroben-
zenesulfonyl moiety led the absorption maximum of
1 shifted hypsochromically with 14 nm. Hydrazone 2
showed good affinity to F and CN" ions along with OH",
OAc and H_PO, ions upon deprotonation of NH proton.
As a result of deprotonation absorption maximum bat-
hochromically shifted from 381 nm to 500 nm. This shift
is reflected in the colour of the 2-anion mixtures. These
results are noteworthy that hydrazone 2 could be used
as colorimetric sensor for fluoride and cyanide anions.
Additionally, cysteine and glutathione were found to
bind hydrazone 2 indicating that these biothiols can be
detected as a result of increase in absorption intensity
in which cysteine binds more effectively than glutathi-
one according to the calculated association constant
values.
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Figure 2. Absorption spectra of 2 (1x10° M) in various solvents (A) and absorption spectra comparison of 1 and 2 (1x10° M) in ACN (B).

Figure 3. Absorption spectra of 2 in ACN (1x10° M) in the presence of various anions (leq).
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