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Abstract: Developing colorimetric devices for detecting chemical species is essential in many fields; 
nevertheless, developing effective chemosensors for many heavy and transition metal ions remains 
an important issue. As a result, in recent years, the use of colorimetric sensors for the selective and 
sensitive detection of metal ions has grown in popularity. Pyrazolones and its derivatives are heter-
ocyclic compounds that have a racted interest due to their biological and pharmacological features. 
As a result, they have been used in various areas, including agriculture, medicine, organic synthesis, 
and analytical chemistry. However, the potential for chemosensing has yet to receive much a en-
tion. In this study, thiomethyl substituted (4Z)-4-[(pyrazol-4-yl)methylene]pyrazolone was synthe-
sized, and its ability to act as an optical chemosensor for several metals was evaluated. According 
to preliminary results, this molecule could be an optical chemosensor to detect Fe3+, Sn2+, and Al3+. 
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1. Introduction 
Metal ions are essential for numerous biological processes, making them crucial for 

the maintenance of life [1]. Several heavy metal ions are commonly employed in industry 
or environmental applications [2–4] however, high concentration of these ions often have 
negative health or environment impacts. Aluminum, for example, is an important prob-
lem for agricultural plantations because it produces excessive acidity, which leads to re-
duced root and shoot growth, poorer biomass production, and disruption of physiological 
and metabolic processes, resulting in decreased crop yields [5,6]. Iron, on the other hand, 
is an essential element for plants and animals, playing an important part in biological 
processes; yet, the presence of ionic iron from industrial waste can cause poisoning and 
even the death of plants and animals [7]. Finally, while tin is useful in many sectors, excess 
amounts may be hazardous to health, causing respiratory, digestive, and neurological is-
sues [8]. 

This highlights the importance of having strategies for detecting and measuring the 
concentration of these ions in various mediums. As a result, it is important to have novel 
compounds that work as more selective, sensitive, and quick response chemosensors for 
metal ions that may be detrimental to health or the environment. 

Pyrazolones and their derivatives are heterocyclics that have a racted considerable 
a ention because of their broad applications in areas such as coordination chemistry [9], 
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functional materials [10], and medicinal chemistry. Because of their broad spectrum of 
pharmacological properties, including antioxidant [11], anti–Alzheimer’s [12], anticancer 
[13], and antibacterial activity [14], pyrazolones play an important part in drug develop-
ment. These heterocycles have also been used to synthesize probes for the detection of 
various chemical compounds, biomolecules, and several metallic ions [15]. For example, 
several dipyrazolylmethane derivatives were synthesized from 3-methyl-1-phenyl-2-py-
razolin-5-one and used as fluorescent probes for the detection of Cu2+ ions [16].  

With these antecedents, we synthesized and studied several substituted (4Z)-4-[(py-
razol-4-yl)methylene]pyrazolones against different metal ions. In this work, we report the 
synthesis of thiomethyl substituted (4Z)-4-[(pyrazol-4-yl)methylene]pyrazolone and its 
evaluation as a chemosensor against different metals. According to preliminary results, 
this molecule could be an optical chemosensor to detect Fe3+, Sn2+, and Al3+. 

2. Materials and Methods 
2.1. General 

All solvents and reagents were from Sigma Aldrich and used without further purifi-
cation. All melting points are uncorrected and were determined on a Büchi Melting Point 
M-560 apparatus. FTIR spectra were recorded by a Perkin Elmer FTIR Spectrum One by 
using ATR system (4000–650 cm−1). The 1H and 13C NMR spectra were recorded at 298 K 
on a Bruker Advance 500 MHz spectrometer equipped with a z-gradient, triple-resonance 
(1H, 13C, 15N) cryoprobe, using CDCl3 as solvent. Chemical shifts are expressed in ppm 
with tetramethylsilane (TMS, δ = 0 ppm) as an internal reference.  

The 4,4′-(arylmethylene)bis(1H-pyrazol-5-ol) 1 and bis(spiropyrazolone)cyclopro-
pane 2 precursors were prepared as previously reported [17, 18]. Reactions were moni-
tored by TLC on silica gel using ethyl acetate/hexane mixtures as a solvent and com-
pounds visualized by UV lamp. The reported yields are for the purified material and are 
not optimized. 

2.2. Synthesis of (4Z)-4-[(5-Hydroxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)(4-
thiomethylphenyl)methylene]-5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (3) 

The synthesis of the (4Z)-4-[(pyrazol-4-yl)methylene]pyrazolones 3 was adapted 
from a procedure reported by Dorofeeva and coworkers [19]. A suspension of 4 thiome-
thyl substituted bis(spiropyrazolone)cyclopropane 2 (1 mmol) in DMSO (0.5 mL) was rap-
idly heated to 100 °C for 20 min and the progress of the reaction was followed by TLC in 
EtOAc/Hexane 1:2 until the reaction was complete. The reaction mixture was allowed to 
cool down to r.t. and the mixture was precipitated by slowly pouring the solution over an 
ice-water mixture. Finally, the mixture was allowed to stand at 4 °C overnight. The orange 
precipitate formed was filtered, washed with cold water, and dried under vacuum. The 
pyrazolone 3 was obtained as an orange solid with a 96% yield. Mp 165–167 °C; 1H NMR 
(500 MHz, CDCl3) δ 1.53 (s, 6H, CH3), 2.57 (s, 3H, SCH3), 7.27 (d, J = 8.4 Hz, 2H, H3′ and 
H5′), 7.30 (t, J = 7.5 Hz, 2H, H4), 7.36 (d, J = 8.3 Hz, 2H, H2′ and H6′), 7.46 (t, J = 8.0 Hz, 4H, 
H3 and H5), 7.98 (dd, J = 8.7, 1.0 Hz, 4H, H2 and H6); 13C NMR (126 MHz, CDCl3) δ 15.2, 
16.7, 113.2, 121.4, 125.5, 126.7, 129.0, 131.2, 136.2, 137.8, 143.4, 151.7, 157.9, 161.5;  FTIR 
(cm−1): 1591, 1483, 1374, 1311, 1012, 811, 751. 

2.3. Preliminary Chemosensory Studies 
The pyrazolone 3 was dissolved into methanol to make a 2 mM stock solution. The 

stock solutions of the testing cation were prepared from CuCl2, CoCl2·6H2O, MnCl2·4H2O, 
FeCl3·6H2O, NiCl2·6H2O, CaCl2, SnCl2·2H2O, Pb(NO3)2, FeSO4·7H2O, HgCl2, ZnCl2 and 
AlCl3 dissolved in methanol (20 mM). All the solutions were stored at −20 °C and heated 
to room temperature before use. Previous to spectroscopic measurements, fresh solutions 
of the cations (1 mM) were prepared by diluting the stock solutions in methanol. 
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The UV-vis absorption spectra were determined in a 96-well plate, using a microplate 
reader Cytation 5 (BioTek) spectrophotometer. Absorption spectra of the pyrazolone 3 in 
the presence of various metal ions were measured in methanol solvent in the concentra-
tion of 100 µM and 25 µM, respectively. 

3. Results and Discussion 
3.1. Synthesis 

The 4,4′-(arylmethylene)bis(1H-pyrazol-5-ol) 1 and bis(spiropyrazolone)cyclopro-
pane 2 starting materials for the synthesis of 3 were obtained with a good yield using 
previously reported procedures. Bispyrazole 1 was synthesized after 15 minutes of reac-
tion between 3-methyl-1-phenyl-2-pyrazolin-5-one and 4-(methylthio)benzaldehyde cata-
lyzed by NaOAC [16]. Spirocyclopropane 2 was synthesized by electrolyzing a methanolic 
solution of 1 with NaBr for 5 hours at room temperature using an undivided cell (6 V, 800 
mA D.C., graphite pencil lead as anode and iron wire as cathode) [17]. Finally, using the 
procedure reported by Dorofeeva et al. [18], pyrazolone 3 was synthesized in excellent 
yields by thermal isomerization of spirocyclopropane 2 in dimethyl sulfoxide (Scheme 1). 
The (4Z)-4-[(pyrazol-4-yl)methylene]pyrazolone 3 was characterized by using 1H-NMR 
spectroscopy, and the spectroscopic data agrees with the expected structure. 

 
Scheme 1. Synthesis of thiomethyl substituted (4Z)-4-[(pyrazol-4-yl)methylene]pyrazolone 3. 

3.2. Chemosensory Studies 
The UV–vis absorption spectrum of a methanolic solution 100 µM of pyrazolone 3 

with and without the presence of various metal cations, such as Cu2+, Co2+, Mn2+, Fe3+, Ni2+, 
Ca2+, Sn2+, Pb2+, Fe2+, Hg2+, Zn2+, and Al3+ (25 µM in methanol), was measured using a Cy-
tation 5 (BioTek) spectrophotometer. The spectra of free ligand 3 show two strong absorp-
tion bands at 360 nm and 480 nm (Figure 1). The same bands are present after the metal 
ions are added, except for Fe3+, Sn2+, and Al3+, which show a bathochromic shift of the peak 
from 360 nm to 390 nm and a reduction in the absorbance of the peak at 480 nm. 



Chem. Proc. 2023, 14, x FOR PEER REVIEW 4 of 6 
 

 

300 400 500 600 700
0.0

0.2

0.4

0.6

0.8

Wavelength / nm

A
b

so
rb

an
c

e

3

Cu2+

Co2+

Mn2+

Fe3+

Ni2+

Ca2+

Sn2+

Pb2+

Fe2+

Hg2+

Zn2+

Al3+

Fe3+
Al3+

Sn2+

 
Figure 1. UV–vis absorbance spectra of 3 (100 µM). Free ligand and ligand in presence of different 
metal ions (Cu2+, Co2+, Mn2+, Fe3+, Ni2+, Ca2+, Sn2+, Pb2+, Fe2+, Hg2+, Zn2+, and Al3+) (25 µM) in methanol 
solvent. 

The absorbance response of 3 to various concentrations of Fe3+, Sn2+, and Al3+ was 
investigated. With increasing concentration of these ions, all solutions’ absorbance inten-
sity at 480 nm gradually decreases (Figure 2).  

 
Figure 2. Spectrophotometric titration of pyrazolone 3 with addition of increasing amount of metal-
lic ions (0–200 µM) in MeOH. (a) Al3+, (b) Fe3+, and (c) Sn2+. 
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4. Conclusions 
The synthesis and evaluation of thiomethyl substituted (4Z)-4-[(pyrazol-4-yl)meth-

ylene]pyrazolone 3 as a colorimetric sensor for different metallic cations is presented in 
this research. In the presence of Fe3+, Sn2+, or Al3+, the absorbance spectra of 3 show a bath-
ochromic shift of the principal peak from 360 nm to 390 nm and a reduction of the peak at 
480 nm. Both effects depend on ion concentration, suggesting that this molecule could be 
used as an optical chemosensor to detect these cations. 

Author Contributions: Conceptualization, P.V.M.A. and J.H.-M.; investigation, P.V.M.A., J.C.R.-B. 
and J.H.-M.; writing—original draft preparation, P.V.M.A. and J.H.-M.; writing—review and edit-
ing, P.V.M.A. and J.H.-M.; supervision, J.H.-M.; project administration, J.H.-M. All authors have 
read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: All data generated or analyzed during this study are included in this 
published article. 

Acknowledgments: This study was funded by Universidad UTE and Universidad Técnica Particu-
lar de Loja (UTPL). 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
1. Moustakas, M. The Role of Metal Ions in Biology, Biochemistry and Medicine. Materials 2021, 14, 549. 

https://doi.org/10.3390/ma14030549. 
2. Sharma, S., Sharma, R.K., Gaur, K., Cátala Torres, J.F., Loza-Rosas, S.A., Torres, A., Saxena, M., Julin, M., Tinoco, A.D. Fueling 

a Hot Debate on the Application of TiO2 Nanoparticles in Sunscreen. Materials 2019, 12, 2317. 
https://doi.org/10.3390/ma12142317. 

3. Sperdouli, I., Moustaka, J., Antonoglou, O., Adamakis, I.-D.S., Dendrinou-Samara, C., Moustakas, M. Leaf Age-Dependent Ef-
fects of Foliar-Sprayed CuZn Nanoparticles on Photosynthetic Efficiency and ROS Generation in Arabidopsis thaliana. Materials 
2019, 12, 2498. https://doi.org/10.3390/ma12152498. 

1. Goharian, A.; Abdullah, M.R. Bioinert Metals (Stainless Steel, Titanium, Cobalt Chromium). In Trauma Plating Systems: Biome-
chanical, Material, Biological, and Clinical Aspects; Elsevier: Amsterdam, The Netherlands, 2017; pp. 115–142. 
h ps://doi.org/10.1016/B978-0-12-804634-0.00007-0. 

4. Shetty, R.; Vidya, C.S.N.; Prakash, N.B.; Lux, A.; Vaculík, M. Aluminum Toxicity in Plants and Its Possible Mitigation in Acid 
Soils by Biochar: A Review. Sci. Total Environ. 2021, 765, 142744. https://doi.org/10.1016/J.SCITOTENV.2020.142744. 

5. Rahimzadeh, M.R.; Rahimzadeh, M.R.; Kazemi, S.; Amiri, R.J.; Pirzadeh, M.; Moghadamnia, A.A. Aluminum Poisoning with 
Emphasis on Its Mechanism and Treatment of Intoxication. Emerg. Med. Int. 2022, 2022, 1480553. 
https://doi.org/10.1155/2022/1480553. 

6. Ding, X.; Song, L.; Han, Y.; Wang, Y.; Tang, X.; Cui, G.; Xu, Z. Effects of Fe3+ on Acute Toxicity and Regeneration of Planarian 
(Dugesia Japonica) at Different Temperatures. Biomed. Res. Int. 2019, 2019, 8591631. https://doi.org/10.1155/2019/8591631. 

7. Rathinam, B.; Liu, B.T.; Nagarajan, D.; Kaliyamoorthy, S. Systematic Analysis of Colorimetric and Fluorescent Sensors for the 
Detection of Tin Ions. J. Taiwan Inst. Chem. Eng. 2023, 147, 104909. https://doi.org/10.1016/J.JTICE.2023.104909. 

8. Ibrahim, S.A.; Ragab, A.; El-Ghamry, H.A. Coordination Compounds of Pyrazolone-Based Ligand: Design, Characterization, 
Biological Evaluation, Antitumor Efficiency, and DNA Binding Evaluation Supported by in Silico Studies. Appl. Organomet. 
Chem. 2022, 36, e6508. https://doi.org/10.1002/AOC.6508. 

9. Ghorbani, S.; Parnian, R.; Soleimani, E. Pd Nanoparticles Supported on Pyrazolone-Functionalized Hollow Mesoporous Silica 
as an Excellent Heterogeneous Nanocatalyst for the Selective Oxidation of Benzyl Alcohol. J. Organomet. Chem. 2021, 952, 122025. 
https://doi.org/10.1016/J.JORGANCHEM.2021.122025. 

10. Branković, J.; Milovanović, V.M.; Petrović, Z.D.; Simijonović, D.; Petrović, V.P. Pyrazolone-Type Compounds (Part II): In Vitro 
and in Silico Evaluation of Antioxidant Potential; Structure-Activity Relationship. RSC Adv. 2023, 13, 2884–2895. 
https://doi.org/10.1039/d2ra08280b. 

11. Cong, S.; Shi, Y.; Yu, G.; Zhong, F.; Li, J.; Liu, J.; Ye, C.; Tan, Z.; Deng, Y. Discovery of Novel 5-(2-Hydroxyphenyl)-2-Phthalide-
3(3H)-Pyrazolones as Balanced Multifunctional Agents against Alzheimer s Disease. Eur. J. Med. Chem. 2023, 250, 115216. 
https://doi.org/10.1016/j.ejmech.2023.115216. 



Chem. Proc. 2023, 14, x FOR PEER REVIEW 6 of 6 
 

 

12. Kshatriya, R.; Shelke, P.; Mali, S.; Yashwantrao, G.; Pratap, A.; Saha, S. Synthesis and Evaluation of Anticancer Activity of 
Pyrazolone Appended Triarylmethanes (TRAMs). ChemistrySelect 2021, 6, 6230–6239. https://doi.org/10.1002/SLCT.202101083. 

13. Zhang, X.; Hu, L.; Wang, X.; Zhao, Y.; Chen, X. Cu(II) and Zn(II) Crystal Complexes Based on Pyrazolone: Synthesis and Ap-
plication as Antibacterial Agents. Inorganica Chim. Acta 2023, 556, 121618. https://doi.org/10.1016/j.ica.2023.121618. 

14. Tigreros, A.; Portilla, J. Recent Progress in Chemosensors Based on Pyrazole Derivatives. RSC Adv. 2020, 10, 19693. 
https://doi.org/10.1039/D0RA02394A. 

15. Kaliraj, K.; Xia, L.; Edison, T.N.J.I.; Lee, Y.R. Straightforward synthesis of diverse dipyrazolylmethane derivatives and their 
application for fluorescence sensing of Cu2+ ions. RSC Adv. 2016, 6, 56323–56329. https://doi.org/10.1039/C6RA10530K. 

16. Cadena-Cruz, J.E.; Guamán-Ortiz, L.M.; Romero-Benavides, J.C.; Bailon-Moscoso, N.; Murillo-Sotomayor, K.E.; Ortiz-Guamán, 
N.V.; Heredia-Moya, J. Synthesis of 4,4′-(arylmethylene)bis(3-methyl-1-phenyl-1H-pyrazol-5-ols) and evaluation of their anti-
oxidant and anticancer activities. BMC Chem. 2021, 15, 38. https://doi.org/10.1186/s13065-021-00765-y. 

17. Barreiro-Costa, O.; Morales-Noboa, G.; Rojas-Silva, P.; Lara-Barba, E.; Santamaría-Aguirre, J.; Bailón-Moscoso, N.; Romero-Be-
navides, J.C.; Herrera, A.; Cueva, C.; Ron-Garrido, L.; et al. Synthesis and evaluation of biological activities of bis(spiropyrazo-
lone)cyclopropanes: a potential application against leishmaniasis. Molecules 2021, 26, 4960. https://doi.org/10.3390/mole-
cules26164960. 

18. Dorofeeva, E.; Elinson, M.; Vereshchagin, A.; Nigmatov, A.; Bushmarinov, I.; Nikishin, G. Stereoselective Thermal Isomeriza-
tion of Bis(spiropyrazolone)cyclopropanes into (4Z)-4-[(Pyrazol-4-yl)methylene]pyrazolones. Synlett 2013, 24, 827–830. 
https://doi.org/10.1055/s-0032-1318456. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 


