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ABSTRACT. This study focuses on the preparations of a new ligand prepared by the condensation reaction between
two substances ibuprofen and 5-aminosalicylic acid, and complexes of di organotin(IV) salts were prepared using
this produced ligand to yield the appropriate complexes. The generated compounds were identified using FTIR and
elemental analysis, in addition (tin, proton and carbon) magnetic resonance (!'Sn, 'H, and '*C, NMR). Octahedral
geometry was suggested for the synthesized complexes based on the observations of the spectra. Two techniques
were used to examine the antioxidant activity of the compounds: DPPH and CUPRAC. Because the tin element was
present, the resultant complexes exhibited a higher rate of inhibition than the ligand. Di-methyltin-di-IAS also
showed a greater effect as antioxidants than the other compounds.
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INTRODUCTION

Compounds having organotin(IV) or simply organotins, are those organometallic compounds that
include a minimum of one direct single bond C covalent bond. They have the general formula of
R,SnX4.,; when n = 1-4, R is the organic part, and X can be any group that is anionic such as CI,
OH, etc. Based on the organic constituent quantity (n) linked to the Sn atom, they are classified
into four different kinds of organotin(IV) compounds: tetra, tri, di, and mono, represented by the
symbols RSnX3, RoSnXs, R3SnX, and R4Sn, respectively [1, 2].

It has been found that organic tin(IV) compounds possess a variety of biological functions
[3-6]. The complexes containing organic tin(IV) carboxyl radical have garnered a lot of interest
due to their high biological activity. In comparison to other organic tin(IV) complexes which have
different gabs [7-17]. Tin may form a wide range of stable complexes with a number organic
ligands that contain electron-rich atoms, such as heteroatoms (like nitrogen, oxygen, sulfur, etc)
[18]. The number and kind of substituents (aryl or alkyl moieties, for example) bonded to tin have
a significant effect on the diversity and activity of these compounds [18, 19]. In current state,
medical chemistry's fundamental objective is to meet the need for novel, more potent metal-based
anti-cancer medications that either directly destroy cancer cells or stop them from growing
without having a negative overall impact [20].
organotin(IV) complexes have shown encouraging activity, anticancer activity in vitro maybe
even more effective than cisplatin when it comes to human tumor cell lines [21].

In particular, diorganotin complexes have appropriate biological activity and provide simple
structural modification [22, 23]. Therefore, to enhance the therapeutic potential of the resulting
organotin complexes, diorganotin compounds may contain ligand molecules with a variety of
physiological roles to assist control their biological activity [24].

Variations in the aryl and alkyl alternatives of organotin(IV) have a significant impact on these
complexes' biological activities employ organotin chemicals, such as antioxidants, in biological
activities based on their response [25-29].
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The formation of novel carboxylates of organotins with varied structural characteristics will
help in the research and creation of a wide range of medical and industrial uses, including the
development of anti-tuberculosis, anticancer, antioxidant, plastic stabilizer, and polymer catalysts
[30, 31].

Antioxidant is a substance that inhibits other molecules from oxidation where free radicals
can be produced. Such radicals are electrons and hydrogen. Electrons or hydrogen are transferred
from substances to an oxidizing agent during the chemical process of oxidation. In turn, Chain
reactions can be initiated by these radicals, when the chain reactions happens in a cell, it can cause
damage to cells or even kill them when they occur inside them. Antioxidants eliminate free radical
intermediates, which prevents these chain reactions and prevent further oxidative reactions [32].

Techniques that use diphenylpicrylhydrazyl (DPPH) and CUPRAC were employed to
evaluate the antioxidant activity of different diorganotin(IV)-IAS complexes. The purpose of this
work is to study the antioxidant activity of di organotin(IV) compounds and compare them with
the ligand (IAS) and observe whether there is an improvement or decrease in the antioxidant
activity of the complexes and the ligand.

EXPERIMENTAL
Materials

Every substance and solvent used were used without extra purification. Methanol, Ibuprofen, 5-
aminosalicylic acid, dibutyltin dichloride, diphenyltin dichloride, dimethyltin dichloride, were all
obtained from Sigma-Aldrich located in Schnelldorf, Germany.

Ligand synthesis

The ligand was prepared by reacting a suitable amount of substance Ibuprofen (4.1 g, 20 mmol)
with (3.06 g, 20 mmol) substance S-aminosalicylic acid (by converting the carboxylic group in
ibuprofen to acyl group by SOCI, first then reaction with 5-aminosalicylic acid). Each substance
was dissolved in 30 mL of methanol, and after that the two substances were mixed together in a
condensing flask for 4 h. The precipitate was obtained by filtering, drying, and recrystallizing the
resultant solution.

Synthesis of di-organotin(1V) complexes

The molar ratios for synthesizing the complexes (metal-ligand) are (1:2), respectively, where an
appropriate amount was used of Ph,SnCl, (0.688 g, 2 mmol), Bu,SnCL; (0.607 g, 2 mmol) and
Me,SnCl, (0.439 g, 2 mmol) were added to the IAS solution after being dissolved in 30 mL of
methanol that had been stirred (1.366 g, 4 mmol), in 30 mL methanol. For 5 h, this mixture was
refluxed. To form the complexes precipitates, the resulting mixture was filtered, dried, and then
crystallized again [19, 30].

Antioxidant activity tests

DPPH method. As previously mentioned, the 1,1-diphenyl-2-picrylhydrazine (DPPH) method
was used to evaluate antioxidant activity [33, 34]. Methanol was used to dissolve the compounds
at different concentrations: 2, 4, 8, 16, and 32 mM. Each tested solution mixed with a solution
containing 0.1 mM of DPPH in methanol, which was added and well mixed. The mixed solution
was removed after 30 min. The mixture's absorbance was measured at 517 nm using a UV-Vis
spectrophotometer. The antioxidant activity was determined by calculating the proportion of
inhibition against DPPH. The percentage inhibition was found by applying equation (1) [35]:
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CUPRAC method. The CUPRAC antioxidant activity test was conducted in accordance with other
people's methods [35, 36].
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Scheme 1. Synthesis of Ibuprofen 5-amino salicylic acid (IAS).
Following an IAS reaction (4 mol equivalents) with Bu,SnCl,, Ph,SnCl,, and Me,SnCl, (2 mol

equivalents), conforming IAS di organotin(IV) complexes were produced with yield percentages
of 82, 93, and 88.2% in a solvent of methanol with reflux for around 5 h (Scheme 2).

Table 1. The physical properties and elemental analysis of ligand and its di-organotin(IV) complexes.

Compound Color Yield (%) | m.p. (°C) Elemental analysis % calculated (found)
C% H% N%
Ligand (IAS) Gray - 245-247 | 67.36 (66.79) | 6.79 (6.66) | 4.10(3.99)
Ph2Sn(IAS:z) Pale gray 93 269-271 | 60.49 (58.85) | 5.71(5.19) | 2.94 (2.65)
Bu2Sn(IAS2) Black 82 246-248 | 57.10 (56.55) | 6.84 (6.18) | 3.07 (2.75)
Me:Sn(IAS:z) Brown 88 240-242 | 54.81(53.71) | 6.08 (5.31) | 3.38(2.97)
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Scheme 2. Synthesis of di-organotin(IV) complexes.

FTIR spectra

Displays the significant vibration numbers in the FTIR spectrum of ligand and its complexes.
Complexes 1-3 possess pronounced peaks in the 544-546, 482483 and 424-434 cm’! in the
FTIR spectra, which correspond to the vibrations of the Sn—C, Sn—O, and Sn-N groups,
respectively [37]. Additionally, carbonyl group vibrations absorb much at (16501711 cm™). Also
that the NH group disappeared in the complexes spectra.

Table 2. IR spectral data of ligand (IAS) and its diorganotin(IV) complexes.

Compounds C=0 C-N Sn-C Sn-O Sn-N
Ligand (IAS) 1719 1233 - - -
PhoSn (IAS2) 1618 1119 544 482 424
Bu2Sn (IAS>) 1715 1017 546 482 434
Me:Sn (IAS2) 1653 1234 542 482 424

'H-NMR spectra of di-organotin(lV) complexes

"H-NMR spectrum of ligand (IAS) shows many signals related to the benzene ring at 7.09-6.77,
NH group at 10.8, C-CHj3 at 1.34 and 0.84 ppm. Due to complexation, all of these signals were
changed as can be seen in Table 3. To determine the synthesized compounds' geometrical shape,
9Sn-NMR analysis was conducted, when it rises to greater than 200, the complex was predicted
to have an octahedral shape with six coordinations site [13].
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-24917

Figure 3. '"”Sn-NMR spectrum of complex (Me;Snl,).

Table 3. "H-NMR spectra of Ibuprofen 5 amino salicylic acid (IAS) and its complexes.

Compounds "H-NMR

Ligand (IAS) 10.8 (s, 1H, NH), 7.68-6.78 (m, 7H, A1), 3.66 (s, 1H, CH), 2.39 (d, 2H, CH>), 1.81
(s, 1H, CH), 1.34 (s, 3H, Me), 0.84 (s, 6H, 2Me).

Ph2Sn(IAS2) 7.75 (s, 10H, Ar), 7.17 (m, 8H, Ar), 6.82 (d, 4H, Ar), 2.94 (s, 2H, 2CH), 41 (s, 4H,
2CH»), 1.81 (m, 2H, 2CH), 1.32 (s, 6H, 2Me), 0.87 (s, 12H, 4Me).

Bu:Sn(IAS:) 7.29 (s, 2H, 2CH), 7.17 (d, 8H, Ar), 6.88 (s, 4H, 4CH), 3.56 (m, 2H, 2CH), 2.40
(d, 4H, 2CH>), 1.78 (m, 2H, 2CH), 1.32 (d, 12H, 2CH2CH2CH>), 0.88 (s, 18H,
6Me).

Me2Sn(IAS2) 7.3 (s, 2H, 2CH), 7.17 (m, 8H, Ar), 6.9 (s, 4H, 4CH), 3.8 (s, 2H, 2CH), 2.4 (d, 4H,
2CH>), 1.82 (s, 2H, 2CH), 1.32 (s, 6H, 2Me), 0.89 (d, 18H, 6Me).

DppH Scavage Activity After 60 min
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Figure 4. DPPH scavenging activity of ligand (IAS) and its diorganotin(IV) complexes.
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Figure 5. CUPRAC method activity of ligand (IAS) and its diorganotin(IV) complexes.

Antioxidant activity

The four synthesized compounds (ligand and its complexes) were examined in various amounts
in the investigation of antioxidant activity using the two methods (DPPH, CUPRAC). According
to the literature, the amount of metal moiety will increase the antioxidant activity of metallic
complexes with ligands [38-40]. Because the metallic component increased the ligand's ability to
donate protons as in Figures 4 and 5 [41]. The complexes prepared from ligand (IAS) had a
significant level of antioxidant activity, according to the results compared to ligand alone, and
this is because to the tin element's presence, which increased the antioxidant activity [41-45].

CONCLUSION
Two well-known methods were employed to evaluate the ligand's and its three novel tin(IV)
complexes' antioxidant activities after they had been synthesized and characterized: DPPH and
CUPRAC. Compared to ligand (IAS), the organotin(IV) complexes have more antioxidant

activity. The complexes prepared from ligand (IAS) had a significant level of antioxidant activity,
according to the results compared to ligand alone.

ACKNOWLEDGMENTS

The authors are appreciative of Babylon University's fantastic assistance.

REFERENCES
1. Sirajuddin, M.; Ali, S.; Haider, A.; Shah, N.A.; Shah, A.; Khan, M.R. Synthesis,

characterization, biological screenings and interaction with calf thymus DNA as well as
electrochemical studies of adducts formed by azomethine [2-((3,5-dimethylphenylimino)

Bull. Chem. Soc. Ethiop. 2025, 39(1)



108

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Mohanned Ali Abed-Al Zahra and Angham G. Hadi

methyl) phenol] and organotin(IV) chlorides. Polyhedron 2012, 40, 19-31.

Sirajuddin, M.; Ali, S.; McKee, V.; Wadood, A.; Ghufran, M. Exploration of organotin(IV)
derivatives for medicinal applications: Synthesis, spectroscopic characterization, structural
elucidation and molecular docking study. J. Mol. Struct. 2019, 1181, 93—108.

Affan, M.A.; Foo, S.W.; Jusoh, 1.; Hanapi, S.; Tiekink, E.R.T. Synthesis, characterization and
biological studies of organotin(IV) complexes with hydrazone ligand. Inorg. Chim. Acta 2009,
362, 5031-5037.

Alama, A.; Tasso, B.; Novelli, F.; Sparatore, F. Organometallic compounds in oncology:
Implications of novel organotins as antitumor agents. Drug Discov. Today 2009, 14, 500-508.
Kang, W.; Wu, X.; Huang, J. Synthesis, crystal structure and biological activities of four novel
tetranuclear di-organotin(IV) carboxylates. J. Organomet. Chem. 2009, 694, 2402-2408.
Hadi, A.G.; Jawad, K.; Yousif, E. Medicinal applications of organotin(IV) complexes and its
important place as effective antitumor agents. /ndian J. Public Heal. Res. Dev. 2019, 10.
DOI:10.5958/0976-5506.2019.01449.9.

Pellerito, L.; Nagy, L. Organotin(IV)™ complexes formed with biologically active ligands:
Equilibrium and structural studies, and some biological aspects. Coord. Chem. Rev. 2002, 224,
111-150.

Gleeson, B.; Claffey, J.; Ertler, D. Hogan, M. Mullar-Benz, H.; Paradisi, F.; Wallis, D.; Tacke,
M. Novel organotin antibacterial and anticancer drugs. Polyhedron 2008, 27, 3619-3624.
Hadi, S.; Fenska, M.D.; Noviany, N.; Satria, H. Simanjuntak, W.; Naseer, M.M. Synthesis
and antimalarial activity of some triphenyltin(IV) aminobenzoate compounds against
Plasmodium falciparum. Main Group Met. Chem. 2021, 44, 256-260.

Hadi, S.; Noviany, N.; Rilyanti, M. In vitro antimalarial activity of some organotin(IV) 2-
nitrobenzoate compounds against Plasmodium falciparum. Maced. J. Chem. Chem. Eng.
2018, 37, 185-191.

Szorcsik, A.; Nagy, L.; Gajda-Schrantz, K.; Pellerito, L.; Nagy, E.; Edelmann, F.; Structural
studies on organotin(IV) complexes formed with ligands containing {S, N, O} donor atoms.
J. Radioanal. Nucl. Chem. 2002, 252, 523-530.

Hadi, S.; Simanjuntak, W.; Qudus, H.I.; Yandri, Y.; Herasari, D. In vitro antimicrobial activity
study of some organotin(IV) chlorobenzoates against Staphylococcus aureus and Escherichia
coli. J. Adv. Pharm. Educ. Res. [JAPER] 2021, 11, 17-22.

Hadi, S.; Fenska, M.D.; Wijaya, R.A. Noviany, N.; Suhartati, T. Antimalarial activity of some
organotin(IV) chlorobenzoate compounds against Plasmodium falciparum. Mediterr. J.
Chem. 2020, 10,213-219.

Hadi, S.; Qudus, H.I.; Wattana-Amorn, P. The potency study of organotin(IV) 3-nitrobenzoate
compounds as antimalarial agents. J. Phys. Conf. Ser. 2019, p. 12012. DOI: 10.1088/1742-
6596/1338/1/012012.

Hansch, C.; Verma, R.P. Larvicidal activities of some organotin compounds on mosquito
larvae: A QSAR study. Eur. J. Med. Chem. 2009, 44, 260-273.

Hadi, A.G.; Hassen, T.F.; Mahdi, I.J. Synthesis, characterization, and antioxidant material
activities of organotin(IV) carboxylates with tin-para methoxy benzoic acid. Mater. Today
Proc. 2022, 49, 2797-2801.

Mahdi, I.J.; Saddam, N.S.; Hadi, A.G.; Bagqir, S.J.; Al-Khafaji, Y.F.; Abbas, A.S.
Identification and antioxidant activity of di and tri-organotin complexes derived from
cinnamic acid. Egypt. J. Chem. 2023, 66, 213-218.

Pellerito, C.; Nagy, L.; Pellerito, L.; Szorcsik, A. Biological activity studies on organotin
(IV)™ complexes and parent compounds. J. Organomet. Chem. 2006, 691, 1733-1747.
Hadi, A.G.; Jawad, K.; El-Hiti, G.A.; Al otaibi, M.H.; Ahmed, A.A.; Ahmed, D.S.; Yousif, E.
Photostabilization of poly (vinyl chloride) by organotin(IV) compounds against
photodegradation. Molecules 2019, 24, 3557.

Li, Q.; Xu, W. Novel anticancer targets and drug discovery in post genomic age. Curr. Med.

Bull. Chem. Soc. Ethiop. 2025, 39(1)



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Synthesis, characterization, and antioxidant activity of diorganotin(IV) complexes 109

Chem. Agents 2005, 5, 53—63.

Liu, Q.; Xie, B.; Lin, S.; Liao, Q.; Deng, R.; Zhaohua, Y. Silicon-containing diorganotin
complexes with salicylaldehyde thiosemicarbazone and their anticancer activity. J. Chem. Sci.
2019, 131, 1-8.

Lin, Y.-Q.; He, S.-X.; Tian, X.-M.; Huang, C.; Chen, D.-M.; Zhu, B.-X. Synthesis, crystal
structures and antibacterial properties of four complexes derived from mono- or diquinoline-
substituted acylhydrazone ligands. /norg. Chim. Acta 2022, 541, 121080.

Dokorou, V.; Primikiri, A.; Kovala-Demertzi, D. The triphenyltin(VI) complexes of NSAIDs
and derivatives. Synthesis, crystal structure and antiproliferative activity. Potent anticancer
agents. J. Inorg. Biochem. 2011, 105, 195-201.

Jiang, W.-J.; Tan, Y.-X.; Fu, Y.; Peng, Y.-Y. Five new diorganotin complexes containing
arylformylhydrazone ligands as anticancer agents. J. Mol. Struct. 2023, 1294, 136569.
Makhatova, E.M.; Osipova, V.P.; Kolyada, M.N.; Movchan, N.O.; Shyakovsky, D.B.; Orlova,
S.I.; Milaeva, E.R. Synthesis and antioxidant activity of new organotin compounds containing
a 2,6-di-tert-butylphenol moiety. Dokl. Chem. 2013, 451, 177-180.

Kaludjerovi¢, G.N.; Kommera, H.; Hey-Hawkins, E.; Paschke, R.; Gomez-Ruiz, S. Synthesis
and biological applications of ionic triphenyltin(IV) chloride carboxylate complexes with
exceptionally high cytotoxicity. Metallomics 2010, 2, 419-428.

Adeyemi, J. O.; Onwudiwe, D.C. Organotin(IV) dithiocarbamate complexes: Chemistry and
biological activity. Molecules 2018, 23, 2571.

Yousif, E.; Salih, N.; Salimon, J. Improvement of the photostabilization of PVC films in the
presence of 2N-salicylidene-5-(substituted)-1,3,4-thiadiazole. J. Appl. Polym. Sci. 2011, 120,
2207-2214.

Tian, L.; Kong, L.; Zhang, C. Synthesis, structure and in vitro cytotoxic activity of two
organotin complexes of 2-phenyl-1,2,3-triazole-4-carboxylic acid. Main Group. Met. Chem.
2015, 38, 83-91.

Watheq, B.; Yousif, E.; Al-Mashhadani, M.H.; Mohammed, A.; Ahmed, D.S. Kadhom, M.;
Jawad, A.H. A surface morphological study, poly (vinyl chloride) photo-stabilizers utilizing
ibuprofen tin complexes against ultraviolet radiation. Surf. 2020, 3, 579-593.

Arraq, R.R.; Hadi, A.G. Synthesis, identification, and anti-oxidant activity of di-
organotin(IV)-cephalexin complexes. J. Med. Chem. Sci. 2023, 6, 392-401.

Moharram, H.A.; Youssef, M.M. Methods for determining the antioxidant activity: A review.
Alexandria J. Food Sci. Technol. 2014, 11, 31-42.

Song, J.H.; Shim, J.K.; Choi, H.J. Quercetin 7-rhamnoside reduces porcine epidemic diarrhea
virus replication via independent pathway of viral induced reactive oxygen species. Virol. J.
2011, 8, 1-6.

Liang, W.; Hi, L.; Ning, P.; Lin, J.; Li, H.; Lin, Z.; Kang, K.; Zhang, Y. (+)-Catechin inhibition
of transmissible gastroenteritis coronavirus in swine testicular cells is involved its
antioxidation. Res. Vet. Sci. 2015, 103, 28-33.

Hashim, D.J.; Al-Rikabi, E.H.; Hadi, A.G.; Baqir, S.J. 4-Aminoantipyrine-new organotin
complexes, synthesis, structure and antioxidant activity. Bull. Chem. Soc. Ethiop. 2023, 37,
1163-1170.

Apak, R.; Guclu, K.; Demirate, B.; Ozyurek, M.; Celik, S.E.; Bektasoglu, B.; Berker, K.I.;
Ozyurt, D. Comparative evaluation of various total antioxidant capacity assays applied to
phenolic compounds with the CUPRAC assay. Molecules 2007, 12, 1496-1547.

Akram, M.A.; Nazir, T.; Taha, N.; Adil, A.; Sarfraz, M.; Nazir, S.R. Designing, development
and formulation of mouth disintegrating telmisartan tablet with extended release profile using
response surface methodology. J Bioequiv. Availab. 2015, 7, 262-266.

Chen,W.; Sun, S.; Liang,Y.; Song, J.; others. Antioxidant property of quercetin--Cr(III)
complex: The role of Cr(IIl) ion. J. Mol. Struct. 2009, 918, 194-197.

Bukhari, S.B.; Memon, S.; Tahir, M.M.; Bhanger, M.I. Synthesis, characterization and

Bull. Chem. Soc. Ethiop. 2025, 39(1)



110

40.

41.

42.

43.

44,

45.

Mohanned Ali Abed-Al Zahra and Angham G. Hadi

investigation of antioxidant activity of cobalt-quercetin complex. J. Mol. Struct. 2008, 892,
39-46.

Gabrielska, J.; Soczynska-Kordala, M.; Przestalski, S. Antioxidative effect of kaempferol and
its equimolar mixture with phenyltin compounds on UV-irradiated liposome membranes. J.
Agric. Food Chem. 2005, 5, 76-83.

Hashim, D.J.; Hassen, T.F.; Hadi, A.G. Enhanced antioxidant activity of di- and triorganotin
complexes derived from mefenamic acid. Egypt. J. Chem. 2022, 65, 483—490.

Saddam, N.S.; Hadi, A.G.; Mohammed, A.A. Enhanced antioxidant activity of chitosan
extracted from fish shells materials. Mater. Today Proc. 2022, 49, 2793-2796.

Hadi, A.G.; Zaooli, R.H.; Ahmed, D.S.; Yousif, E. Anti-oxidant activity of naproxen and its
diorganotin complexes. /nt. J. Drug Deliv. 2021, 11, 383-385.

Jasem, H.; Hadi, A.G. Enhanced the antioxidant activity of 1-amino-2-naphthol-4-sulfonic
acid by complexation with organotin(IV) compounds. Ann. Rom. Soc. Cell Biol. 2021, 25,
6182—-6193.

Hashim, D.J.; Waheed, E.J.; Hadi, A.G.; Bagqir, S.J. Exploring the biological activity of
organotin carboxylate complexes with 4-sulfosalicylic acid. Bull. Chem. Soc. Ethiop. 2023,
37, 1435-1442.

Bull. Chem. Soc. Ethiop. 2025, 39(1)



