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A new colorimetric sensor based on semithiocarbazone for some anions: 2-
(1,3-dioxo-1,3-dihydro-2H-inden-2-ylidene)-N-phenylhydrazine-1-
carbothioamide
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Keywords: Abstract — Carbazones are molecules containing important functional groups in designing anion
chemosensors due to proton donor and acceptor sites in their structures. In this paper, we
synthesize a novel colorimetric receptor with 1,3-dioxo-indene and thiosemicarbazone moieties

4-Phenylsemithiocarbazide,

Ninhydrin, i . ) : i . . .

. by the reaction of ninhydrin and 4-phenyl-thiosemicarbazide in quantitative yield. We then
Anion receptor, identify its structure by means of FT-IR, tH-NMR, 13C-NMR, and MS spectroscopic techniques.
UV-Vis titration, Moreover, we observe the reaction of the title compound with biologically important F, OAc’,
Naked eye CN7, H2P047, and OH"™ anions in the presence of other anions, such as CI', Br’, I, SCN”, and OCI” in

dimethylsulfoxide solution through a color change from yellow to orange-red that can easily be
distinguished even by the naked eye under ambient light. Finally, we evaluate the anion-sensing
ability of the title compound via UV-vis spectroscopic studies.

Subject Classification (2020):

1. Introduction

Anions are important in many medical, biological, and chemical processes [1,2]. One particular anion,
fluoride, has been studied extensively for its role in preventing dental caries [3]. It is also being
investigated as a treatment for osteoporosis, a kind of fluoride toxicity [4]. Acetate is essential in
numerous metabolic processes [5]. Similarly, dihydrogen phosphate anion plays a key role in energy
storage and signal transduction within the body [6]. However, cyanide is one of the most toxic anions
and can harm the environment [7]. Besides, it is important in various industrial processes, such as gold
mining, synthetic fibers, and resins [8].

Researchers have increasingly synthesized and applied new chemosensors in anion recognition system
studies [9,10]. These studies focus on designing host molecules that selectively recognize and sense
anion species [11]. Chemosensors use a chromophore to translate the receptor-anion association into
an optical signal. Colorimetric chemosensors are attractive because they give a direct signal easily
observed by the naked eye. It is widely used because it shows color changes that can indicate an event
perceived with the naked eye, is low cost, and does not require much equipment. When designing an
anion receptor, signaling subunit of synthetic anion receptors is generally important. Anion binding
sites of receptors occur not only positively changed macrocyclic guanidinium [12], imidazolium [13]
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based on electrostatic interactions but also neutral H-bonding donor groups such as (thio)ureas [14-
16] phenylhydrazone [17], indole [18], sulfonamide [19], functionalized calixarenes [20], Schiff bases
[21], thiosemicarbazone [22], aromatics such as pyrrole [23], or BODIBY core [24], natural products
[25] or particularly activated amides [26].

This study synthesized a novel receptor from ninhydrin and 4-phenyl-thiosemicarbazide (Scheme 1)
and characterized using FT-IR, 1H-NMR, 13C-NMR, and MS spectroscopic techniques. The newly reported
receptor was determined to contain both the -methylene-inden-1,3-dione and the thiosemicarbazone
moiety. Since the title compound has active hydrogen atoms, their varying spectral responses in UV-vis
absorption investigated the hydrogen binding with some anions. It was determined that the title
compound showed sensitivity to F~ anion among halides and to OH", AcO", CN”, and H2P04™ anions,
anions of biological and environmental importance. The hydrogen binding of the title compound with
anions was investigated by their spectral responses changed in UV-vis titration. In addition, a notable
color change when adding these anions could also be observed by the naked eye.

O H S
\
o
oH HoN HN o
reflux
O

ey
Scheme 1. Synthesis of the 2-(1,3-dioxo-1,3-dihydro-2H-inden-2-ylidene)-N-phenylhydrazine-1-
carbothioamide (1)

2. Experimental Section

2.1. Material and Methods

All synthesized and application reagents were purchased commercially and did not require further
purification. An anions solution was prepared from tetra-n-butylammonium (TBAX) salts purchased
from Argos, Sigma-Aldrich Chemical, in the titration experiments. These salts were stored in a vacuum
desiccator before use. The melting point of the compound was determined using the Electrothermal
9100® apparatus. Elemental analysis was performed on a LECO, CHNS-932 Elemental Analysis
instrument. The Infrared spectrum was recorded using a Perkin Elmer Spectrum-100 FT-IR instrument
with an ATR apparatus in the range 4000-650 cm~-1. 1H-NMR and 13C-NMR spectra were recorded on a
JEOL ECX-400 FT-NMR spectrometer operating at 400 and 100 MHz, respectively. UV-visible
measurements were carried out with a Perkin Elmer WinLab-25 series spectrophotometer in quartz
cells of 1 cm path length. LC-MS analysis was performed with Shimadzu LC-MS/MS 8040 liquid
chromatograph mass spectrometer equipped with an electrospray ionization source. The compound
was named following IUPAC rules via ChemDraw 12.0 program.

2.2. Synthesis of the 2-(1,3-dioxo-1,3-dihydro-2H-inden-2-ylidene)-N-phenylhydrazine-1-
carbothioamide (1)

4-Phenylsemithiocarbazide (0.836 g, 5 mmol) in ethanol (20 mL) was added dropwise to a solution of
ninhydrin (0.980 g, 5 mmol) in ethanol (20 mL), and the mixture was refluxed by rapidly stirring. The
progress of the reaction was monitored by thin-layer chromatography (TLC) analysis on 0.25-mm silica
gel plates, visualized under UV light (254 nm) and by using ethyl acetate solvent.
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After the completion of the reaction, for 2 h, the solvent was removed by evaporation. The crude product
was purified by flash chromatography on silica gel (1:1 tetrahydrofuran/ethyl acetate as eluent) to give
1 as an orange-red solid, mp. 186 °C, 1.266 g (82%) yield. Analytically calculated for C16H11N302S: C
62.12%, H 3.58%, N 13.58%, 0 10.34%, and S 10.37%; Found: C 62.50%, H 3.26%, N 13.03%, 0 10.74%,
and S 10.47%; FT-IR (cm1): 3342 (N-H), 3289 (N-H), 3208, 3059 (Caromatic-H), 1720 (C=0), 1684 (C=0),
1594 (-C=N), 1523 (C=S), and 751 (C=S); tH-NMR (400.2 MHz; DMSO-ds; & ppm): 13.41 (s, 1H, =N-
NH-C=S), 9.88 (s, 1H, -NH-ph), 8.56 (d, 2H, Ar-H), 8.49 (d, 2H, Ar-H), 7.97 (d, 2H, ph-H), 7.79 (t, 2H,
ph-H), and 7.55 (t, 1H, ph-H); 13C-NMR (100 MHz, DMSO-d;, 6§ ppm): 161.30 (C=S), 158.35 (C=0),
112.00 (C=N-), 142.21,125.09, 124.37, 119.27 (ph-C), 139.72, 136.17, 125.72, and 124.63 (Ar-C) ppm;
MS: m/z, found [M]+ 309.00, calculated for C16H11N302S [M]+ 309.06.

3. Results and Discussion

3.1. Spectral Studies

The title compound as a receptor was synthesized by reacting compounds in ethanol (Scheme 1) and
characterized by FT-IR as well as H and 3C-NMR spectroscopic methods and MS technique. The FT-IR
spectrum of the title compound is given in Figure 1. Figure 1 shows strong and broad bands in the
3342.00 and 3289.58 cm! range due to two N—H symmetrical and asymmetrical stretching vibrations.
The two C=0 stretching bands appear at 1720.12 and 1684.95 cm-!. The strong bands at 1523.58 and
751.11 cm are assigned to thioureido N-C=S and C=S stretching vibrations, respectively. Besides,
vibration bands with the wave numbers, 3208.17 and 3059.47 cm-! (v: C-H, Ar-H) and 1594.96 cm! (u:
C=C, Ar), are observed for a compound.
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Figure 1. FT-IR spectrum of the compound (1)

In the 1H-NMR spectrum, the broad signals at 13.41 and 9.88 ppm confirm the presence of two -NH
protons. The peaks at 7.97, 7.79, 7.55 ppm and 8.56, 8.50 ppm show phenyl and inden-1,3-dione
aromatic moieties protons, respectively (Figure 2, Scheme 2-a).

In the 13C NMR spectrum, the peak at 161.30 ppm confirms the presence of the amide thiocarbonyl
group. The peak at 158.35 ppm appears in the presence of keto carbonyl carbons. The peaks in the range
of 119.27-142.21 ppm show aromatic carbons. The peak at 6: 112.00 ppm shows the presence of
carbazide carbon (C=N-) (Figure 3, Scheme 2-b).
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Figure 2. tH-NMR spectrum of the compound (1)
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Figure 3. 13C-NMR spectrum of the compound (1)
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Schema 2. 1H-NMR and 13C-NMR data for the compound (1)
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Figure 4. MS spectrum of the compound (1)

3.2. Colorimetric anion sensing

The sensing property of receptor (1) was first examined by mixing it with various anions as
tetrabutylammonium salts in DMSO. Upon addition of various anions (F-, CI", Br’, I, OAc”, CN, H2PO4,
SCN7, OCI,, and OH") to the DMSO solution of the title compound, it was also found that F~, OAc”, CN",
H,PO4", and OH™ could induce significant changes in the UV-vis absorption spectra of a compound, as
shown in Figure 5-a. However, the absorption spectra did not exhibit any change upon the CI’, Br’, [,
SCN7, and OCI". The color change of receptor from yellow to orange-red upon the addition of F~, OAc’,
CN7, H2PO4", and OH™ was easily observed by the naked eye even at low concentration natural light and
under a UV lamp (Figure 5-b, ¢).
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Figure 5. (a) UV-vis absorption spectrum of the compound (1), (b) naked-eye color change observed
under natural light, (c) under a UV lamp, upon the addition of TBAX salts in DMSO solution left to right
sample, CI', Br', I, F-, SCN", H,PO4", OCI", CN", OAc’, CN7, and OH".

At first, the band at 344 nm was progressively shifted to 494 nm upon titrations of F~ (0-1 equiv) and
CN7, OAc’, H2PO4", and OH™ followed a very similar pattern to F™ in the titration (Fig 6a-e). Absorption
values and exchange rates were investigated to evaluate the detection potential of anions with the title
compound. The spectrum data plots the ratio of the absorption value at 494 nm to the absorption value
at 344 nm (A494/A344) (Figure 6f). The title compound showed the largest ratiometric absorption
value with the addition of Ffand CN™ and moderate value for OAc”, H,PO4", and OH".
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Thiosemicarbazone derivatives containing units such as isatin, anthracene and substituted benzene
have also shown specific anion selective properties for similar anions [27-30].
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Figure 6. UV-vis spectra of the compound (1) (50 pM) upon the addition of increasing concentration of
selective anions. (a) F, (b) CN7, (c) AcO", (d) H2PO4 (e) OH", in DMSO solution, (f) ratiometric
absorbance values (A494/A344) upon the addition of 1.0 equiv of various anions in DMSO solution.
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3.3. Practical application to real sample analysis

In order to investigate the real application of probe towards the quantitative detection of fluoride anion
in toothpaste and cyanide anion in natural sources like apple seeds, the applications were made. The
apple seed contains a trace amount of cyanogenic glycosides. The apple seed sample was prepared from
the reported procedure [31]. A sample of toothpaste containing fluoride was purchased from grocery
stores. When the solution of the title compound was dropped on the prepared sample solution, color
changes supporting the presence of these anions were observed, as well as the change in absorption in
the UV-vis spectrum (Figure 7).
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Figure 7. (a) UV-vis spectral change of the compound (1) in DMSO solution upon addition of apple
seed sample, (b) toothpaste solution; photographs of source apple seed source cyanogenic glycoside
and fluoride in toothpaste.

4. Conclusion

A new ninhydrin-thiosemicarbazone-based receptor (1) has been synthesized by simple steps with
good yield. The receptor’s interaction and colorimetric sensing properties with different anions were
investigated by naked-eye, ultraviolet-visible (UV-Vis) spectroscopy in a DMSO solution. Its response in
dimethyl sulfoxide (DMSO) solution in the presence of selected anions was studied by ultraviolet-visible
(UV-Vis) spectroscopy. The results showed that the receptor had a higher affinity to fluoride, acetate,
cyanide, dihydrogen phosphate, and hydroxide anions, but no evident binding with chloride, bromide,
iodide, isothiocyanate, and hypochlorite anions. Upon addition of these anions to the receptor in DMSO
at room temperature, the solution exhibited an obvious color change from yellow to orange-red that the
naked eye could observe. It has been observed that the fluoride anion, due to its higher affinity, is
determined more easily than other halide anions, such as chloride, bromide, and iodine. This
compound’s simple design may contribute to developing more elaborate colorimetric anion
chemosensors.



Aydin /JNRS / 12(2) (2023) 108-117 116

References

[1] P.D. Beer, P. A. Gale, Anion recognition and sensing: The state of the art and future perspectives,
Angewandte Chemie International Edition 40 (3) (2001) 486-516.

[2] W.S.Sessler, . L. Gale, P. A. Cho, Anion receptor chemistry, Royal Society of Chemistry: Cambridge,
UK, 2006.

[3] A. L Ismail, H. Hasson, Fluoride supplements, dental caries and fluorosis, The Journal of the
American Dental Association 139 (11) (2008) 1457-1468.

[4] ]. A. Weatherall, Pharmacology of Fluorides,: In Handbook of Experimental Pharmacology XX/2,
Springer-Verlag, Berlin, 1969, Part 2, pp. 141-172.

[5] S.Bose, V.Ramesh,]. W. Locasale, Acetate metabolism in physiology, cancer, and beyond, Trends in
Cell Biology 29 (9) (2019) 695-703.

[6] K.Kritmetapak, R. Kumar, Phosphate as a signaling molecule, Calcified Tissue International 108 (1)
(2021) 16-31.

[7] E. Jaszczak, Z. Polkowska, S. Narkowicz, ]. Namies$nik, Cyanides in the environment-analysis
problems and challenges, Environmental Science and Pollution Research 24 (19) (2017) 15929-
15948.

[8] N.Kuyucak, A. Akcil, Cyanide and removal options from eftfluents in gold mining and metallurgical
processes, Minerals Engineering 50-51 (2013) 13-29.

[9] L. Chen, S. N. Berry, X. Wu, E. N. W. Howe, P. A. Gale, Advances in anion receptor chemistry,
Chemistry 6 (1) (2020) 61-141.

[10] M. Wenzel, ]. R. Hiscock, P. A. Gale, Anion receptor chemistry: Highlights from 2010, Chemical
Society Reviews 41 (1) (2012) 480-520.

[11]]. Kramer, R. Kang, L. M. Grimm, L. De Cola, P. Picchetti, F. Biedermann, Molecular probes,
chemosensors, and nanosensors for optical detection of biorelevant molecules and ions in aqueous
media and biofluids, Chemical Reviews 122 (3) (2022) 3459-3636.

[12] E. A. Kataev, C. Miiller, G. V. Kolesnikov, V. N. Khrustalev, Guanidinium-based artificial receptors for
binding orthophosphate in aqueous solution, European Journal of Organic Chemistry 2014 (13)
(2014) 2747-2753.

[13] Z. Dong, G. Gao, Recognition and sensing of anions through synergistic effects using simple
benzimidazolium-urea receptors, Chinese Science Bulletin 57 (2012) 1266-1274.

[14]F. Aydin, N. Tunoglu, D. Aykac, Synthesis of two novel aroyl thioureas and their use as anion binding
receptors, Asian Journal of Chemistry 25 (5) (2013) 2455-2458.

[15]F. Aydin, E. Dagci, N,N”~Bis-(4-nitrophenylcarbamothioyl)phthalamide, Molbank 2013 (4) (2013)
M809.

[16]1. Basaran, M. Emami Khansari, A. Pramanik, B. M. Wong, M. A. Hossain, Binding and selectivity of
dihydrogen phosphate by H-bond donors and acceptors in a tripodal-based thiourea receptor,
Tetrahedron Letters 56 (1) (2015) 115-118.

[17]Y.H.Qiao, H. Lin, H. K. Lin, 4 novel colorimetric sensor for anions recognition based on disubstituted
phenylhydrazone, Journal of Inclusion Phenomena and Macrocyclic Chemistry 59 (2007) 211-215.



Aydin /JNRS / 12(2) (2023) 108-117 117

[18]S. Rattanopas, P. Piyanuch, K. Wisansin, A. Charoenpanich, ]. Sirirak, W. Phutdhawong, N.
Wanichacheva, Indole-based fluorescent sensors for selective sensing of Fe?+ and Fe3* in aqueous
buffer systems and their applications in living cells, Journal of Photochemistry and Photobiology A:
Chemistry 377 (2019) 138-148.

[19]S. Mondal, A. K. Bhanja, D. Ojha, T. K. Mondal, D. Chattopadhyay, C. Sinha, Fluorescence sensing and
intracellular imaging of AB+* ions by using naphthalene based sulfonamide chemosensor: structure,
computation and biological studies, RSC Advances 5 (90) (2015) 73626-73638.

[20]]. Parikh, K. Bhatt, K. Modi, N. Patel, A. Desai, S. Kumar, B. Mohan, A versatile enrichment of
functionalized calixarene as a facile sensor for amino acids, Luminescence 37 (3) (2022) 370-390.

[21] H. M. Junaid, M. Batool, F. W. Harun, M. S. Akhter, N. Shabbir, Naked eye chemosensing of anions by
Schiff bases, Critical Reviews in Analytical Chemistry 52 (3) (2022) 463-480.

[22]0. Ozbek, C. Berkel, Sensor properties of thiosemicarbazones in different analyical methods,
Polyhedron, 238 (2023) Article Number 116426 16 pages.

[23] T. K. Ghorpade, M. Patri, S. P. Mishra, Highly sensitive colorimetric and fluorometric anion sensors
based on mono and di-calix{4[pyrrole substituted diketopyrrolopyrroles, Sensors and Actuators B:
Chemical 225 (2016) 428-435.

[24]R. C.R. Gongalves, M. L. Boland, S. P. G. Costa, M. M. M. Raposo, Anion dual mode fluoro-chromogenic
chemosensor based on a BODIPY core, Engineering Proceedings 27 (1) (2022) 6 pages.

[25]Y. M. Hijji, B. Barare, Y. Zhang, Lawsone (2-hydroxy-1,4-naphthoquinone) as a sensitive cyanide and
acetate sensor, Sensors and Actuators B: Chemical 169 (2012) 106-112.

[26] C. R. Bondy, S. ]. Loeb, Amide-based receptors for anions, Coordination Chemistry Reviews 240 (1-
2) (2003) 77-99.

[27]S. Rasheed, M. Ahmed, M. Faisal, M.M. Naseer, isatin-3-thiosemicarbazone as chromogenic sensor
for the selective detection of fluoride anion, Heterocyclic Communications 26 (1) (2020) 123-129.

[28]S. M. Basheer, A. C. Willis, R. ]. Pace, A. Sreekanth, Spectroscopic and TD-DFT studies on the turn-off
fluorescent chemosensor based on anthraldehyde N(4) cyclohexyl thiosemicarbazone for the
selective recognition of fluoride and copper ions, Polyhedron 109 (2016) 7-18.

[29]V.Raju, R. S. Kumar, S. K. A. Kumar, G. Madhu, S. Bothra, S. K. Sahoo, 4 ninhydrin-thiosemicarbazone
based highly selective and sensitive chromogenic sensor for Hg?+ and F- ions, Journal of Chemical
Sciences 132 (89) (2020) 1-11.

[30]S. Mathan Kumar, K. Dhahagani, ]. Rajesh, K. Anitha, G. Chakkaravarthi, N. Kanakachalam, M.
Marappan, G. Rajagopal, Synthesis, structural analysis and cytotoxic effect of copper(ll)-
thiosemicarbazone complexes having heterocyclic bases: A selective naked eye sensor for F- and
CN -, Polyhedron 85 (2015) 830-840.

[31] R. Bhaskar, S. Sarveswari, Colorimetric sensor for real-time detection of cyanide ion in water and
food samples, Inorganic Chemistry Communications 102 (2019) 83-89.



