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Six new organotin(IV) complexes, [Bu2SnL] (1), [Me2SnL] (2), [Me3SnL] (3), [Bu3SnL] (4), [Ph3SnL] (5) and
[(n-Oct2SnL] (6) have been synthesized from the reaction of 4-((5-chloro-2-hydroxyphenyl)ethylidenea
mino)methyl)cyclohexanecarboxylic acid (HL) with the corresponding diorganotin(IV) dichloride/oxide
or triorganotin(IV) chloride.All the synthesized compounds were structurally characterized by elemental
analysis, FT-IR, multinuclear NMR (1H and 13C) spectroscopies and powder X-ray diffraction analysis. The
results of spectroscopic studies support coordination of oxygen donor site of the ligand with the tin atom
of di andtriorgnaotin(IV) moieties. Currently, a vaccine for leishmaniasis remains unavailable, and the
existing antimonial-based drugs are accompanied by significant and adverse side effects. The synthesized
compounds were screened for antileishmanial activity against promastigotes form of leishmania tropica.
Highest activity was shown by compound 2 with an IC50 value of 1.17 ± 0.01 lg/mL, as compared to
amphotericin B with IC50 value of 0.71 ± 0.01 lg/mL The synthesized compounds were also subjected
to interaction studies with single-stranded DNA (SS-DNA). Among these compounds, Compound 2
demonstrated the most substantial binding affinity, exhibiting a binding constant of 2.7x103 M�1.
Furthermore, the compounds also showed excellent antioxidant potential with percentage radical scav-
enging value in the range of 87–95% and IC50 46.92, 72.10, 46.33 Μg/mL for compounds 1, 5 and 6respec-
tively. The complexes revealed significant toxicity with comparable LD50(6.26 lg/mL), (6.79 lg/mL),
(5.67 lg/mL)and (5.80 lg/mL)for complex 2, 3,5 and standard drug respectively. Similarly, the complexes
also showed significance antifungal and antibacterial activity.
� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Leishmaniasis is a vector born poverty associated disease
caused by a grouped of parasites protozoan leishmania. The para-
sites are transmitted through female sand fly insect phlebotomy.
More than twenty different leishmaia species infect humans. The
parasites are transmitted through the bit of more than 90 sand
fly species (Zafar et al., 2021). According to World Health Organiza-
tion report about 1.3 million leishmaniasis cases registers and
causing about 20,000 to 30,000 deaths annually (mondiale de la
Santé & Organization, 2016). Leishmaniasis is a complex disease
having two main epidemiological forms. Skin or cutaneous leish-
maniasis is common type and characterized by skin sores. One mil-
lion cases of cutaneous leishmaniasis have been registered
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annually in the last decades. Visceral leishmaniasis also known as
kalaazar is more fatal and decisive than skin leishmaniasis and has
worsen due to less understanding of the illness pathogenesis
(Gradoni, 2018). The infection can developed in days or even in
years after the bite of infected sand fly (Lipoldová & Demant,
2006). In visceral leishmaniasis internal organs including spleen,
bone marrow and liver are commonly infected (Goto & Lindoso,
2004). WHO has reported that leishmaniasis is among the most
fatal illness that requires to be treated and indicated foremost glo-
bal health problem which gives a mild to wide spectrum of clinical
appearances with severely lethal outputs (Kumar, Pandey, &
Samant, 2020).

Unfortunately, no vaccine is available for the prevention and
treatment of leishmaniasis. Therefore, medicines are the only
available source for treatment of this illness (Mohammed et al.,
2020). The available antileishmanial medicines are mainly based
on antimonial treatment and lately urbanized and the tested
medicament have shown a number of severe side effects. The pen-
tavalent antimony based drugs such as sodium stibogluconate and
meglumine antimonate are the primary option for leishmaniasis
treatment(Maltezou, 2008). Although, these medicines are clini-
cally utilized for a few decades, but the mechanism of action is still
remain unclear(Tiwari et al., 2019). Moreover, other medicines like
amphotericin B and pentamidine have also been employed but to
severe side effect and high cost, the prescription of these drugs
has been restricted. Subsequently, there has been a dire need for
the development and discovery of new chemotherapeutics agent
with none or less side effect for the prevention and ailment of
leishmaniasis (Olías-Molero, de la Fuente, Cuquerella, Torrado, &
Alunda, 2021).

Furthermore the chemotherapeutic drugs promote oxidative
stress and raise the concentration of oxygen reactive species
(ROS) which causes a number of health pathologies (Prieto-
Bermejo, Romo-González, Pérez-Fernández, Ijurko, & Hernández-
Hernández, 2018). Interestingly, when ROS molecules are gener-
ated in excess concentration, it has been reported to produce
oxidative damage to DNA, proteins, lipids and various cell mem-
branes (Prieto-Bermejo et al., 2018).

Deoxyribonucleic acid (DNA) is the most important bio
macromolecule, as it plays key role in process of copying, storing,
transmitting genes messages and guide the biochemical synthe-
sis of enzymes and proteins through the process of transcription
and replication of genetic information (Chen, Zhao, & He, 2016).
DNA is also the major target for drugs and understanding the
molecular mechanism of drugs action. The drugs molecules can
interact with DNA via intercalation between DNA base pairs,
groove binding or electrostatic binding to the sugar phosphate
of DNA molecule (Alotaibi & Momen, 2019). DNA interaction
investigation of organotin(IV) carboxylates has gotten remark-
able interest during the recent years due to biomolecular com-
patibility. The organotin(IV) complexes recognizes specific DNA
sequence, alter DNA structure, inhibit access to the repressor
or activator proteins and finally the gene expression process
(Tariq et al., 2021). Furthermore, organotin(IV) carboxylates
attain unique stereo electronic configuration which underline
their importance in the field of medicinal chemistry. A number
of organotin(IV) carboxylates have been reported with signifi-
cant antipathogenic activities which are greatly determined by
the stereochemistry of organotin(IV) and oxidation number of
tin atom. Consequently, organotin(IV) carboxylates have been a
dynamic research area due to their attention grabbing structural
motifs, varying from monomeric structure to supramolecular
arrangement and biological potential which has drawn the inter-
est of researchers toward their anti-leishmaniasis activity
(Abbas, Ali, Hussain, & Shahzadi, 2013; Hadi, Jawad, Ahmed, &
Yousif, 2019).
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By considering all the information about organotin(IV) carboxy-
lates we have reported a new series of six organotin(IV) carboxy-
lates. The characterization of all prepared compounds was done
by elemental analysis, FT-IR spectroscopy, NMR (1H, 13C) spec-
troscopy and powder XRD. The synthesized compounds were
investigated for antileishmanial activity, DNA interaction and
antioxidant activity.
2. Materials and methods

2.1. Reagents and chemicals

All the reagents including4-(aminomethyl)cyclohexancarboxyli
cacid,dimethyltin(IV) dichloride, dibutyltin(IV) dichloride, tri-
methyltin(IV) chloride, triphenyltin(IV) chloride and dioctyltin
(IV) oxide were procured from Sigma-Aldrich (USA) and used as
received. The solvents were purchased from Merck (Germany)
and dried before use according to the standard procedure (D. B.
G. Williams & Lawton, 2010) (Nadeem Muhammad et al., 2021).
Sodium salt of Salmon sperm DNA was obtained from Acros. The
electrothermal melting point apparatus Gallen Kamp was used
for melting point determination. Elemental analysis was carried
out using CE-440 Elemental Analyzer. Electronic spectra were
recorded on a Shimadzu 1800 UV–visible spectrophotometer. FT-
IR spectra were recorded on a Thermo Nicolet-6700 FT-IR in the
scanning range of 4000–400 cm�1 using KBr pellets. 1H and 13C
NMR were recorded on a 400 MHz JEOL ECS instrument using
deuterated chloroform and DMSO as solvent. The chemical shift
values are given in ppm and coupling constant (J) values are pro-
vided in Hz. The 1HNMR signals multiplicity are given with chem-
ical shift; (s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet, dd = doublet of doublet). XRD pattern was recorded
on an Oxford Diffraction Gemini diffractometer.

2.2. Synthesis

2.2.1. Synthesis of ligand (NaL)
4-(aminomethyl)cyclohexanecarboxylic acid (0.5 g, 3.18 mmol)

was suspended in 15 mL methanol in two necks round bottom
flask fitted with a condenser. A clear solution was obtained after
being stirred for 15 min. Equimolar solution of 5-chloro-2-
hydroxyacetophenone (0.54 g, 3.18 mmol) was added to the reac-
tion system. The general reaction is shown in Scheme 1. The reac-
tion mixture was refluxed for 6 h. To this solution sodium
bicarbonate (0.26 g, 3.18 mmol) was added and refluxed for 1 h.
A bright yellow compound was obtained after evaporating the sol-
vent at room temperature.

Yield 76%, m.p 174–176 �C; anal. (calc.) for C16H19ClNNaO3: C,
56.13 (57.92); H, 5.11 (5.77); N, 3.96 (4.22);IR (cm�1): 1686 t
(COO)asym, 1438 t(COO)sym, 1586 t(C = N), 3535 t(OH); 1H NMR
(CDCl3-d) d (ppm):12.14 (s, 1H, OH), 7.22 (d, J = 8.8 Hz,1H, phenyl),
7.45 (s, 1H, phenyl), 7.18 (d, J = 8.9 Hz, 1H, phenyl), 3.39 (d,
J = 2.5 Hz, 2H, N-CH2), 2.62 (s, 3H, CH3),2.10 (p, J = 6.4 Hz, 1H, cyclo-
hexyl), 1.91–1.93 (m, 2H, cyclohexyl), 1.48–1.51 (m, 2H, cyclo-
hexyl), 1.11–1.26 (m,1H, cyclohexyl). 13C NMR (CDCl3-d), d
(ppm): 182.50 (C-1); 170.91 (C-7); 130.45 (C-9); 136.81 (C-11);
136.17 (C-13); 163.94 (C-12); 120.77 (C-8); 128.87 (C-10); 55.39
(C-6); 26.72 (C-2); 43.14 (C-5); 30.43 (C-4,4ʹ); 29.15 (C-3,3ʹ);
38.01 (C-14)carbon are assigned with numbers as presented in
Numbering Scheme 3.

2.3. Synthesis of organotin(IV) carboxylates

For synthesis of organotin(IV) carboxylates (1–6), a two neck
round bottom flask fitted with a condenser was charged with



Scheme 1. Synthesis of sodium salt of ligand (NaL).

S. Hussain, S. Shujah, A. Rehman et al. Arabian Journal of Chemistry 16 (2023) 105306
sodium salt of ligand (0.5 g, 1.5 mmol) and respective organotin
(IV) precursor(CH3)2SnCl2 (0.16 g, 0.75 mmol)/(C4H9)2SnCl2
(0.22 g, 0.75 mmol)/(CH3)3SnCl (0.3 g, 1.5 mmol), (C4H9)3SnCl
(0.49 g, 1.5 mmol)/(C6H5)3SnCl (0.58, 1.5 mmol) in 100 mL dry
toluene. The reaction mixture was refluxed for 8 h till a visible
change occurred. The reaction mixture was then kept overnight,
and sodium chloride formed was removed by filtration. The n-
dioctyltin(IV) oxide(0.29 g, 0.8 mmol) was reacted with free ligand
(0.5 g, 1.6 mmol)in toluene and water formed was removed by
Dean Stark apparatus (Choudhary, Bhatti, & Ali, 2012). The reaction
mixture was refluxed for 8 h, and solvent was removed under
reduced pressure. The obtained product was re-crystallized from
chloroform n-hexane (1:4) mixture (Nadeem Muhammad et al.,
2020). the reaction is summarized in Scheme 2.
2.3.1. Dibutyltin(IV)bis[4-((5-chloro-2-hydroxyphenyl)
ethylideneamino)methyl)cyclohexane carboxylate]; (1)

Yield: 68%, m.p. 205–207 �C: anal. calc. for C40H56Cl2N2O6Sn: C,
56.49 (55.84); H, 6.64 (5.33); N, 3.29 (3.54); IR (4000–400 cm�1):
1632 t(COO)sym;1477 t(COO)asym; 155 Dt; 1586 t(C = N); 3373
t(OH)phenolic; 453 t(Sn-O); 567 t(Sn-C): 1H NMR (CDCl3-d) d
(ppm): 7.20 (d, J = 8.8 Hz, 1H, phenyl), 7.45 (s, 1H, phenyl), 6.84
(d, J = 8.9 Hz, 1H, phenyl), 3.42 (d, J = 5.6 Hz, 2H, –NCH2), 2.3 (s,
Scheme 2. Synthesis of orga

3

3H, CH3), 2.46–2.50 (m, 1H, cyclohexyl), 2.07–2.10 (m, J = 13.2,
7.7, 6.1, 4.9 Hz, 4H, cyclohexyl), 1.44–1.46 (m, J = 13.2, 4H, cyclo-
hexyl), 1.43 (t, 4H, a-H), 1.12–1.12 (m, 4H, b,c-H), 0.93 (t, 6.72,
6H, d-H). 13C NMR (CDCl3-d) d (ppm): 192.26 (C-1), 168.20 (C-7),
156.80 (C-9), 148.70 (C-11), 118.69 (C-13), 127.23 (C-12), 123.08
(C-8), 110 (C-10), 57.98 (C-2), 41.45 (C-5), 34.82 (C-4,4ʹ),28.73
(C-3,3ʹ), 30.67 (C-c), 26.13 (C- b),25.69 (C-a), 14.88 (C-14), 14.16
(C-d).
2.3.2. Dimethyltin(IV)bis[4-((5-chloro-2-hydroxyphenyl)
ethylideneamino)methyl)cyclohexane carboxylate]; (2)

Yield: 73%, m.p. 182–184 �C: 766.34: anal. calc. for C34H44Cl2N2-
O6Sn: C, 53.29 (52.88): H, 5.79 (5.63): N, 3.66 (3.56): IR (4000–
400 cm�1): 1652 t(COO)sym;1466 t(COO)asym; 186 Dt; 1594 t
(C = N); 3387 t(OH)phenolic; 466 t(Sn-O); 570 t(Sn-C): 1H NMR
(CDCl3-d) d (ppm): 7.20 (d, 8.1 Hz, 1H, phenyl); 6.85 (d,
J = 8.8 Hz, 1H, phenyl);3.41 (d, J = 5.5 Hz, 2H, –NCH2); 2.33 (s,
3H, CH3); 1.92–1.95 (m, 1H, cyclohexyl); 1.38–1.41 (m, 4H, cyclo-
hexyl); 1.26–1.30 (m, 4H, cyclohexyl)1.09–1.11 (m, 1H, cyclo-
hexyl); 0.93 (s, 6H, aH): 13C NMR (CDCl3-d) d (ppm): 172.26 (C-
1); 161.6 (C-7); 159.5 (C-9); 132.69 (C-11); 129.08 (C-12); 122.50
(C-8); 116.16 (C-10); 57.95 (C-6); 42.45 (C-2); 37.25 (C-5); 36.82
notin(IV) carboxylates.



Scheme 3. 13C & 1H numbering scheme.
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(C-4,4ʹ); 28.67 (C-3,3ʹ);18.48 (C-a); 17.86 (C-14) (Numbering
Scheme 3).
2.3.3. Trimethyltin(IV)bis[4-((5-chloro-2-hydroxyphenyl)
ethylideneamino)methylcyclohexane carboxylate]; (3)

Yield: 71%, m.p. 215–217 �C: 472.59: anal. calc. for C19H28-
ClNO3Sn: C, 48.29 (47.93); H, 5.97 (5.77); N, 2.96 (2.45): IR
(4000–400 cm�1): 1652 t(COO)sym;1474 t(COO)asym; 178 Dt;
1584 t(C = N); 3422 t(OH)phenolic; 453 t(Sn-O); 561 t(Sn-C): 1H
NMR (CDCl3-d) d (ppm): 7.45 (s, 1H, phenyl), 7.22 (d, J = 8.9 Hz,
1H, phenyl), 6.85 (d, J = 8.8 Hz, 1H, phenyl), 3.42 (d, J = 6.5 Hz,
2H, –NCH2), 2.32 (s, 3H, CH3), 2.06–2.09 (m, 1H, cyclohexyl),
1.43–1.46 (m, 4H, cyclohexyl), 1.27–1.30 (m, 4H, cyclohexyl),
1.12–1.15 (m, 1H, cyclohexyl), 0.53 (s, 9H, a-H).: 13C NMR (CDCl3-
d) d (ppm): 183.81 (C-1), 173.30 (C-7), 166.44 (C-12), 135.02 (C-
11), 129.79 (C-13), 123.37 (C-8), 121.78 (C-10), 57.16 (C-6), 46.16
(C-2), 40.50 (C-5), 32.96 (C-4,4ʹ), 31.61 (C-3,3ʹ), 16.76 (C-a), 2.44
(C-14).
2.3.4. Tributyltin(IV)bis[4-((5-chloro-2-hydroxyphenyl)
ethylideneamino)methyl)cyclohexane carboxylate]; (4)

Yield: 76%, m.p. 232–234 �C: 598.84: anal. calc. for C28H46-
ClNO3Sn: C, 56.16 (56.01); H, 7.74 (7.62); N, 2.34 (2.21): IR
(4000–400 cm�1): 1647 t(COO)sym;1467 t(COO)asym; 180 Dt;
4

1543 t(C = N); 3337 t(OH)phenolic; 432 t(Sn-O); 554 t(Sn-C): 1H
NMR (CDCl3-d), d (ppm): 7.63 (s,1H, phenyl), 7.26 (d,
J = 6.3 Hz,1H, phenyl), 7.74 (d, J = 6.3 Hz,1H, phenyl), 3.43 (d,
J = 6.5 Hz, 2H, –NCH2), 2.37 (s, 3H, CH3), 1.87–1.90 (m, 1H, cyclo-
hexyl), 1.84 – 1.76 (m, 4H, cyclohexyl), 1.31–1.34 (m, 4H, cyclo-
hexyl), 1.26 – 1.29 (m, 1H, aH), 1.30–1.33 (m, J = 7.2 Hz, 4H, cH),
1.06–1.09 (m, 4H, bH), 0.86 (t, J = 7.3 Hz, 6H, dH): 13C NMR (CDCl3-
d), d (ppm): 183.44 (C-1), 172.77 (C-7), 165.15 (C-9), 132.57 (C-11),
128.38 (C-12), 121.29 (C-13), 119.47 (C-8), 119.33 (C-10), 54.63 (C-
2), 44.97 (C-5), 39.59 (C-4,4ʹ), 28.23 (C-c), 26.81 (C-a), 29.71 (C- b),
14.80 (C-d), 14.13 (C-14).

2.3.5. Triphenyltin(IV)bis[4-((5-chloro-2-hydroxyphenyl)
ethylideneamino)methyl)cyclohexane carboxylate]; (5)

Yield: 78%, m.p. 245–248 �C: 658.8: anal. calc. for C34H34ClNO3-
Sn: C, 61.99 (61.54); H, 5.20 (5.10); N, 2.13 (2.01): IR (4000–
400 cm�1): 1625 t(COO)sym;1440 t(COO)asym; 185 Dt; 1532 t
(C = N); 3336 t(OH)phenolic; 434 t(Sn-O); 545 t(Sn-C): 1H NMR
(CDCl3-d) d (ppm): 7.69 (m, 1H, phenyl), 7.47 (d, 1H, dH) 7.45 (s,
1H, phenyl), 7.43 (d, 1H, bH, bʹH), 7.25 – 7.14 (m, 1H, cH, cH),
6.83 (d, J = 8.9 Hz, 1H, phenyl), 3.40 (d, J = 5.7 Hz, 2H, –NCH2),
2.62 (s, 3H, CH3), 1.91–1.94 (m, 1H, cyclohexyl), 1.51–1.54 (m,
4H, cyclohexyl), 1.26–1.29 (m,4H, cyclohexyl), 1.11–1.14 (m, 1H,
cyclohexyl).: 13C NMR (CDCl3-d) d (ppm): 182.50 (C-1), 170.89
(C-7), 163.90 (C-9), 160.91 (C-10), 137.53 (C-12), 137.26 (C-9),
130.36 (C-a), 128.66 (C-b), 127.0 (C-c), 119.74 (C-d), 120.12 (C-
11), 129.16 (C-8),55.41 (C-6), 43.14(C-2), 38.01(C-5), 30.43 (C-
4,4ʹ), 26.72 (C-3,3ʹ), 14.35 (C-14).

2.3.6. Dioctyltin(IV)bis[4-((5-chloro-2-hydroxyphenyl)
ethylideneamino)methyl)cyclohexane carboxylate]; (6)

Yield: 73%, m.p. 192–194 �C: anal. calc. for C48H72Cl2N2O6Sn: C,
59.88 (59.56); H, 7.54 (7.34); N, 2.91(2.76): IR (4000–400 cm�1):
1655 t(COO)sym;1482 t(COO)asym; 173 Dt; 1563 t(C = N); 3364
t(OH)phenolic; 473 t(Sn-O); 581 t(Sn-C): 1H NMR (CDCl3-d) d
(ppm): 8.16 (s, 1H, OH), 6.98 (d, J = 6.6 Hz, 1H, phenyl), 7.02 (s,
1H, phenyl), 6.95 (d, 1H, phenyl), 3.47 (d, J = 6.6 Hz, 2H, –NCH2),
2.32–2.36 (m, 1H, cyclohexyl), 2.28 (s, 3H, –CH3), 1.59–1.61 (m,
4H, cyclohexyl), 2.06 (t, J = 14.1 Hz, 4H, a´H), 1.94–1.97 (m, 4H,
cyclohexyl), 1.30–1.33 (m, 4H, b-b´H), 1.251.30 (bs, c--c´H), 1.21
– 1.23 (m, 6H, dH), 0.90 (t, J = 6.2 Hz, 2H, aH).: 13C NMR (CDCl3-
d) d (ppm): d 173.30 (C-1), 166.44 (C-7), 135.03 (C-11), 129.80
(C-12), 123.20 (C-8), 121.79 (C-10), 57.89 (C-2), 46.16 (C-5),
40.51 (C-4,4ʹ), 25.12 (C-3,3ʹ), 32.97 (C-c), 31.87 (C-b), 31.62 (C-a)
30.50 (C-c), 27.97 (C-bʹ), 26.97 (C-b), 18.97 (C-dʹ), 16.76 (C-d).

2.4. Biological applications

2.4.1. Antileishmanial assay
Antileishmanial activity of the synthesized compounds was

evaluated in vitro against the promastigote form of leishmaniatrop-
ica using XTT (2, 3-bis-(2-methoxy-4-nitro-5-dulfophenyl)–2H-tet
razolium-5-carboxanilide) based assay as a marker of cell viability
(Meyre-Silva et al., 2013). Stock solution (5 mg/mL) of XTT was
prepared in phosphate buffer solution and stored in dark at 4 �C.
RPMI-1640, fetal bovine serum (FBS), potassium chloride (KCl),
sodium bicarbonate (NaHCO3), phosphate buffer saline (PBS),
antibiotic (Penicillin/Streptomycin) and distilled water were used
in preparation of culture medium. For anti-leishmaniasis, each well
of the 96-well plate was charged 100 lL culture media and
2.5� 104 cells/mL were seeded into each well. The seedling density
was counted during log phase using a Neubauer chamber. The pro-
mastigotes were allowed to enter to their log phase until the count
reach from 5 to 6 million cells per mL. Three different concentra-
tions (1.25 lg/mL, 2.5 lg/mL, and 5 lg/mL) of each compound
were added to respective wells in 96-well plate. Amphotericin B
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was used as a reference drug and DMSO as negative control. The
96- well plate was incubated for 72 h at 25 ± 1 �C. After incubation
10 lL of XTT was added to each well and was again incubated for
3 h at 25 �C. 40 lL of DMSO was then added into each well of the
plate as stopping solution and relative optical density (OD) the
plate was recorded at 450 nm using an ELISA plate reader. The
number of viable cells is correlated by the absorbance of formazan
produced by the mitochondrial dehydrogenase of active cells (C.
Williams et al., 2003). All the experiments were performed in trip-
licate and the Percent inhibitions of the compounds were calcu-
lated using the following formula:

Percent Inhibition ¼ meanODof Sample�meanODof Blank
meanODof positive control�meanODof Blank

� 100
2.4.2. DNA interaction study
DNA interaction study was carried out by UV–visible spec-

troscopy. SS-DNA (20 mg) was dissolved in water by overnight stir-
ring. 20 mM PBS was used to check the percent purity of DNA by a
ratio of UV absorbance at 260 and 280 nm. The final concentration
of the SS-DNA solution was determined by using molar extinction
coefficient (6,600 M�1cm�1) and was found to be 180 mM. A series
of DNA solution (5 lM, 10 lM, 15 lM, 20 lM and 25 lM) were
treated with test compounds (3 mM, 3 mL). The solutions were
incubated for 5 min and then subjected to UV–visible absorption.
Absorption spectra were recorded using quartz cuvettes in the
range 600–200 nm (Sirajuddin, Ali, & Badshah, 2013).

2.4.3. Antioxidant activity
DPPH standard protocol was applied for antioxidant study

(Yabalak, Emire, Adıgüzel, Könen Adıgüzel, & Gizir, 2020). DPPH
solution (160 lM) was prepared in ethanol. To a series of test com-
pounds (25 lM, 50 lM, 75 lM, 100 lM and 125 lM) DPPH solu-
tion (3 mL, 160 lM) was added. UV–visible absorption of the
solutions at 517 nmwas recorded using quartz cuvettes after being
incubated for 2 min(Adeyemi et al., 2019).

2.4.4. Cytotoxicity
Brine shrimp’s lethality bioassay was used to evaluate the cyto-

toxicity of synthesized compounds. Briefly, a vessel was filled with
sterile simulated sea water. The sea water was prepared by adding
sea salt (38 g/L) and pH was adjusted to 8.5, using NaOH solution.
Brine shrimp’s eggs were added to this sea water at room temper-
ature. The eggs were hatched into brine shrimps after two days
continuous aeration. Thirty active nauplii were collected in a vial
containing yeast suspension and 4.5 mL brine solution. a series of
three vials containing 4.5 mL brine solution and yeast suspension
were provided with 0.5 mL test compounds solution with different
concentrations (5, 50 and 100 lg/mL). The experiment was con-
ducted in triplicate. Etoppside was used as standard reference
drug. LD 50 was determined by using Finney’s probit analysis.

2.4.5. Antifungal activity
Antifungal activity of the compounds was done by using stan-

dard agar tube dilution method. Five fungal strains F. Solani, C. Albi-
cans, T. Longifusus, A. Flavis and M. Canis were tested. Miconazole
and amphotericin were used as standard drugs. Growth media
sabouraud dextrose was prepared by mixing glucose agar (45%),
sabouraud (32.5 g), and agar (20 g) in 500 mL distilled water at
90 �C. 4 mL media was added into respective capped tubes and
autoclaved for 15 min at 121 �C. 100 lg/mL of each test com-
pounds was added to respective tube at 50 �C and the media was
then solidified at room temperature. The tubes were then provided
with 4 mm inoculums derived from a seven day old fungal culture.
5

The tubes were then incubated at 25 �C for 8 days. Each fungal
strain growth was measured with linear growth in mm and growth
inhibition was calculated with reference to respective standard
(Nural, Gemili, Yabalak, De Coen, & Ulger, 2018).

2.4.6. Antibacterial activity
Antibacterial activity of the synthesized compounds was

assisted by agar well diffusion essay. Five bacterial strains includ-
ing E. Coli, B. Subtillus, S. Aureus P. Aeruginosa and S. Typhi were
checked. Briefly, petri plates were provided with nutrient agar
growth media at 50C and solidified at room temperature. Growth
media nutrient agar was prepared by standard procedure. Wells
were bored in the media with the help of 6 mm sterile cork borer.
Bacterial strains of about five hours old bacterial inoculums were
spread on the surface of media using sterile cotton swab. Test com-
pounds (100 lg/mL), standard reference (Imipenem) and negative
control (DMSO) was provided into their respective wells. The pre-
pared plates were incubated at 37C for 20 h. The antibacterial
activity was determined by measuring zone of inhibition in mil-
limeter. Growth inhibition was calculated with reference to stan-
dard drug (Nural et al., 2018).
3. Results and discussions

3.1. FT-IR

The FT-IR spectra of free ligand, its di and tri-organotin(IV) car-
boxylates were recorded in the range 4000–400 cm�1. Characteris-
tic frequencies of t(COO)asym, t(COO)sym, t(OH), t(C = O) and t
(C = N) were identified in the prepared compounds (Xue et al.,
2022). The data together with bands assigned to t(Sn-O) and t
(Sn-C) is presented in the experimental section. The presence of
characteristics bands, around 3400 cm�1 and 1686 cm-1 can be
assigned to the stretching vibrations of OH and C = N functional
groups (Sarıarslan, Karaca, S�ahin, & Pekmez, 2020). Furthermore
these bands also confirm the formation of ligand (Fig. S1, Supple-
mentary materials)(Dahmani et al., 2021). Comparison of IR spec-
tra of ligand and orgnaotin(IV) complexes reveal the appearance
of new bands around 535–567 cm-1 and 440–450 cm-1 assignable
to t(Sn-C) and t(Sn-O) stretching vibrations (Nadeem Muhammad
et al., 2018). The spectra are shown in Figures S2-S7 (Supplemen-
tary materials). The bonding mode of the ligand was determined by
Dt, {tasym(COO) - tsym(COO) value which was in the range 150–
180 cm-1signified that the ligand is a chelated bidentate (1, 3, 6,
7) and bridging bidentate (2, 5) as presented in experimental sec-
tion(Amir, Khan, Shah, & Butler, 2014; Wang et al., 2017). The Dt
value in the rang 150–250 cm�1 presents bridging and less than
150 cm�1 indicates a chelate structure (Niaz Muhammad, Ali,
Meetsma, & Shaheen, 2009).

3.2. NMR spectroscopy

Multinuclear magnetic resonance spectroscopy is one of the
most extensively used techniques for characterization of organ-
otin(IV) complexes. This technique is used to determine the
parameters like spin multiplicity, peak intensity, pattern, integra-
tion and coupling constant 2J(119Sn,1H), 1J(119Sn,13C) (Arshad,
Bhatti, Farooqi, Saleem, & Mirza, 2016). These parameters afford
information about the geometry of organotin(IV) complexes
(Debnath et al., 2020).

3.2.1. 1HNMR
NMR spectra of the prepared ligand and its organotin(IV) car-

boxylates were recorded in deuterated chloroform using TMS as
internal standard and the data is given in experimental section.
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The 1H and 13C NMR spectra of ligand and complexes (1–6) are
shown in supplementary data (Fig. S8-S20, Supplementary materi-
als). In the 1H NMR spectrum of ligand, resonance signals for pro-
tons of cyclohexyl OH, phenyl, methyl and methylene groups with
characteristic multiplicity and integration confirmed the formation
of ligand (Aman, Matela, Sharma, & Chaudhary, 2015). However, in
spectra of complexes (1–6), in addition to ligand characteristic sig-
nal, the appearance of respective alkyl/aryl group resonance sig-
nals attached to tin atom indicted the formation of complexes.
The protons attached to cyclohexyl appeared as multiples in the
range of at 1.00–2.32 ppm and methylene group resonate as dou-
blet around 3.44 ppm (Fig S8-S20, Supplementary materials)
(Hussain et al., 2014). Whereas the 1H resonances of methyl group
attached to N of the azomethine appears as singlet around
2.35 ppm. The protons of the aromatic part of the ligand appeared
as two set of dupletsin the range of 6.74–7.37 ppm. The protons of
alkyl/aryl groups attached to tin showed signals as expected. Cou-
pling constant2J(119Sn, 1H) and Lockhart equation was used to
determine the coordination around Sn atom. The calculated values
for 2J(119Sn, 1H) of compounds 2 and 3were 83 and 79 Hz, agreeing
with C-Sn-C angle of 132.87 and 130.15�, respectively, demonstrat-
ing five coordination around tin (Table 1) (Rabiee, Safarkhani, &
Amini, 2019).
3.2.2. 13C NMR
The 13C NMR spectra displayed the carbon resonance of the

ligand and coordinated Sn-R.The exact number of carbon reso-
nance at their characteristics chemical shift values validated the
formation of ligand and complexes (1–6). The carboxylate carbons
resonance of free ligand at 182.50 ppm is shifted downfield to
192.26(1), 183.81 (3), 183.44 (4)and 185.2(6)ppm in complexes
verifying COO-Sn coordination. These chemical shifts are consis-
tent with that reported for butanoic acid (Tariq et al., 2014){Tariq,
2014 #1;Tariq, 2014 #1}. Similarly, the shifting of carboxylic car-
bon resonance to downfield compared to free ligand strongly rec-
ommending coordination via carboxylate group. No extra
resonance signals were found in 13C NMR and thus suggesting
the purity of compounds. The cyclohexyl carbons resonances are
observed in the range 26–43 ppm. The other resonance lines in
the spectra fall in the three regions, i.e., 14–26 ppm for aliphatic,
110–138 ppm for carbons of phenyl group and 172–192 ppm for
carbonyl carbon of carboxyl group (Akintayo, Munzeiwa,
Jonnalagadda, & Omondi, 2021).
3.2.3. XRD analysis
Powder XRD diffraction pattern of the compounds (1–6) were

recorded by Oxford X-calibur Gemini diffractometer. The spectra
exposed sharp peaks with prominent diffraction intensities and
low background. Expert high score plus software was used to
determine the indexing of powder diffraction pattern and search-
ing space group of the crystal specimens (Fig. 1) (Akremi &
Noubigh, 2019). The structural features and properties obtained
are demonstrated in Fig.1 (Supplementary materials). The indexed
10 prominent diffraction lines of ligand demonstrated lattice
parameter of orthorhombic crystal system with primitive bravais
Table 1
Coupling constant and C-Sn-C angles of complexes.

Compound Code 2J(119Sn, 1H) 1J(

1 ———— —
2 83 —
3 79 —

Key: Code 1 = Dibutyletin(IV), Code 2 = Dimethyltin(IV), and Code 3 = Trimethyltin(IV)

6

and P 21 am space group. Similarly the complexes 1 and 2 indexed
lattice parameters fitted to orthorhombic crystal system with C
face centered and primitive bravais (Masciocchi, Sironi, Chardon-
Noblat, & Deronzier, 2002). Scherrer equation was used to calculate
the crystallite size D of complexes 1, 2 and 3and found to be
142 nm, 76 nm and 70 nm respectively (Xue, Kamali, Yu, Appels,
& Dewil, 2023).

D ¼ kk
bcosh

Where D is the crystal size in the form of powder, K shape factor
with value of unity, ʎ is wavelength of X-ray, b is FWHM and h is
Bragg angle.

PXRD data shows that all the prominent diffraction pattern of
prepared compounds can be readily indexed by a set of lattice
parameter. The relative deviations between experimental and cal-
culated are about 1.12%, 0.45% and 0.36% for compounds 1, 2 and 3
correspondently, which could suggest that all the prepared com-
pounds are single phase(Su et al., 2022).

3.3. Biological activity

3.3.1. Antileishmanial activity
In vitro antileishmanial activity of the prepared was done using

XTT standard protocol against promestigotes form leishmaniatrop-
ica (Ozlem-Caliskan, Ertabaklar, Bilgin, & Ertug, 2021). The exam-
ined compounds produced a significant reduction in viable
promestigotes. The complexes showed high antileishmanial activ-
ity compared to the free ligand suggesting the charge distribution
and compatibility of the compounds structure to cell membrane
enzyme trypanothione synthetase. All the test concentrations
showed significant antileishmanial activity (Fig. 2). The IC50 of
the compounds and standard is shown in Table 2. The compounds
1, 2 and 5were most potent against promestigotes form of leishma-
niatropica and exhibited IC50 value 1.22 ± 0.014, 1.17 ± 0.007 and 1.
22 ± 0.021 lg/mL as compared to the positive standard ampho-
tericin B which exhibited 0.71 ± 0.05 lg/mL value. Compounds 3
and 6 also showed remarkable potency with IC50 1.68 ± 0.014
and 1.94 ± 0.03 respectively against leishmaniatropica as demon-
strated in Table 2. The ligand and compound 4were found inactive.
The antileishmanial activity may be due to the interference with
the functioning of leihmania mithocondria (Ozlem-Caliskan et al.,
2021). This investigation demonstrated the potential use of the
prepared organotin(IV) carboxylate as a source of novel agents
for the treatment of leishmaniasis.

3.3.2. DNA interaction
The DNA-compounds interaction was examined by UV–Visible

spectroscopy. The synthesized compounds (1–6) were interacted
with different concentrations of DNA and UV–Visible spectra were
taken (Fig. 3).The compounds showed two bands around 250 nm
and 350 nm which are probably due to aromatic p - p̽ transition
and 300–380 nm due to n - p ̽ transition of CO or NC groups. As
the DNA was interacted with increasing concentration, hypochro-
mic effect, and red shift of about 5 nm in the bands were observed.
119Sn, 13C) Angle (o)

h(2J) h(1J)

——— ———— ————
——— (132.8�) ————
——— (130.1�) ————

derivative of ligand (HL).



Fig. 1. Powder XRD pattern of complexes 1–3 and peaks indexation using X-pert high score plus software 103.

Fig. 2. Antileishmanial activity; Percentage inhibition and IC50 of selected compounds.
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The band shift of molecules after interacted with DNA could be evi-
dence of binding mode of DNA with small molecules (Casini et al.,
2001). In case of intercalative mode of binding, hypochromism
effect coupled with red shift for the characteristic’s peaks will be
observed due to strong stacking between DNA base pairs and chro-
mophores of the compounds. Thus, the interaction between small
molecules and DNA could be non-covalent intercalative binding.
During intercalation of the base pairs of DNA, the p̽ orbital of the
ligand could couple with p orbital of the DNA base pairs, thus
7

resulting in bathochromic effect due to lowering p -p̽ transition
energy. Similarly, the coupling of partially filled electrons with p
orbital lowers the transition likelihood and hence result hypho-
chromism. The hypochromic effect may be observed due to p - p̽
(stacking interaction) in intercalative binding mode and batho-
chromic effect is observed when DNA duplex is stabilized
(Aydinoglu et al., 2016). In case of compounds (2,3 and5) the
DNA-compounds complex showed stability as revealed from red
shift after 12 and 24 h. The intrinsic binding constant of com-



Fig. 3. UV–Vis spectra of DNA binding

Table 3
DNA binding constant and Gibbs free energy of organotin(IV) compounds.

Compound-DNA K (M�

2-DNA 2.7 �
3-DNA 1.7 �
4-DNA 1.8 �
5-DNA 6.2 �

Table 2
Antileishmanial activity of 4-((5-chloro-2-
hydroxyphenyl)ethylideneamino)methyl)-
cyclohexanecarboxylic acid (HL) and
itsorganotin(IV) complexes.

Sample Code IC50(lg/mL) ± SD

HL –
1 1.22 ± 0.01
2 1.17 ± 0.01
3 1.68 ± 0.01
4 –
5 1.22 ± 0.02
6 1.94 ± 0.03
Amphotericin B 0.71 ± 0.01

Key: Code 1 = Bu2SnL, Code 2 = Me2SnL,
Code 3 = Me3SnL, Code 4 = Bu3SnL], Code
5 = Ph3SnL, and Code 6 = n-Oct2SnL.
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pounds with DNA, based on variation in band shift, was calculated
by using Benesi-Hildebrands equation.
A0

A� A0
¼ eG
eH�G � eG

þ eG
eH�G � eG

X
1

K½DNA�
Where K is binding/association constant, A0 and A are the absor-

bance of compound and DNA-compound complex, respectively.
ƐGis the absorption coefficient of compound and ƐH-Gis the absorp-
tion coefficient of DNA-compound complex. The binding constants
K were calculated from intercept to slop ratio of A0/(A-A0) vs 1/
[DNA]. The intrinsic binding constants of compounds (2, 3, 4 and
5) are determined to 2.7 � 103, 1.7 � 103, 1.1 � 102and
6.2 � 103 respectively as demonstrated in Table 3 and Fig. 3. The
compounds (2, 3, 4 and 5) showed significant binding constant
whereas the ligand and compound (1 and6) were inactive. Gibbs
free energy was calculated from equation: DG = -RT lnK.
study and DNA binding constant.

1) -DG (KJmol�1)

103 13.43
103 14.5
102 14.60
103 14.64



Fig. 4. Antioxidant activity of HL, (3), (4), (5) and % RSA.

Table 4
Antioxidant activity of ligand (HL)
and its complexes (1–6).

Compounds IC50 (ΜM)

HL —————
1 76.92 ± 0.93
2 56.31 ± 1.13
3 92.58 ± 1.53
4 112.59 ± 1.03
5 42.10 ± 1.43
6 116.33 ± 0.83
Ascorbic acid 37.35 ± 0.36

Key: Code 1 = Bu2SnL, Code 2 = Me2-
SnL, Code 3 = Me3SnL, Code 4 = Bu3-
SnL], Code 5 = Ph3SnL, and Code
6 = n-Oct2SnL.
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R is gas constant (8.314 JK�1.mol�1), T is temperature (298 K).
The values of DG and K are given in the inset graph (Fig. 3). The
order of DNA-compound interaction is as 5˃2˃3˃4.The compounds
might interact with nitrogenous base of the DNA and restrain cell
growth by interfering the transcription and replication of DNA. The
DNA interaction study revealed that these compounds may be used
as anticancer drugs.
9

3.3.3. Antioxidant activity
Health pathologies such as diabetes, heart diseases, are all con-

tributed by oxidative damage. The antioxidants agents can slow
down or prevent oxidative damage to our body by converting the
free radicals to stabile components. DPPH standard protocol was
used to investigate the antioxidant activity of free ligand and com-
pounds (1–6) (Sari, Qudus, & Hadi, 2020). The compounds showed
significant percentage antioxidant activity range from 96% to 59%
compared to free ligand (46%) (Fig. 4). The low IC50 values (76.92,
56.31 and 42. 10 ΜM) of Compounds (1, 2 and 5) suggested signif-
icant antioxidant activity (Table 4 and Fig. 4). In the complexes, the
phenolic group gives hydrogen radical and results the initiation of
radical chain and they act as antioxidant agents. Similarly, the elec-
tronegative halogen substituent and conjugated system also served
good antioxidant. Overall, the complexes showed comparable
antioxidant activity reported in the previous work (Yabalak et al.,
2020).
3.3.4. Cytotoxicity
The ability of organotin(IV) complexes to interact with cell

membrane, protein and DNA make them cytotoxic. The toxicity
of the synthesized compound against Brine shrimps was tested.
All the tested complexes revealed significant toxicity except ligand
which showed moderate toxic effect (Table.5 and Fig. 5). Highest



Table 5
Toxicity and LD50 values of ligand and complexes (1–6).

Comp. No Dose lg/mL No. of killed shrimps from 30/dilution LD50 (lg/mL)

HL 5 02 14.22
50 05
100 10

1 5 08 8.65
50 14
100 20

2 5 11 6.26
50 17
100 24

3 5 12 6.79
50 22
100 27

4 5 5 14.56
50 10
100 20

5 5 13 5.67
50 19
100 28

6 5 10 9.98
50 17
100 26

Standard 5 13 5.80
50 20
100 28

Key: Code 1 = Bu2SnL, Code 2 = Me2SnL, Code 3 = Me3SnL, Code 4 = Bu3SnL], Code 5 = Ph3SnL, and Code 6 = n-Oct2SnL.

Fig. 5. In vitro cytotoxicity of Organotin(IV) complexes with LD50 against Brine
Shrimps 30/dilution.
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toxicity was observed for complex 3 (27 killed Brine shrimps 30/di-
lution) and 5 (28 killed Brine shrimps 30/dilution) which is almost
similar to the standard drug (27 killed Brine shrimps 30/dilution).
The lowest toxicity was found for ligand and complex 4 with LD50

values of 14.22 lg/mL and 14.56 lg/mL. The LD50 values of com-
plexes 2 (6.26 lg/mL), 3 (6.79 lg/mL) and 5 (5.67 lg/mL) indicated
comparable toxicity to standard drug (5.80 lg/mL). The high cyto-
toxicity of complexes (3 and 5) may be due to the presence of phe-
nyl group. In addition to bioactive pharmacophore and bulky
cyclohexyl, the phenyl group facilitates p-p interaction between
biomolecules and complexes. The complexes showed potent cyto-
toxicity lower LD50 value comparable to the previously reported
work (Yabalak et al., 2017; Nural et al., 2018).
3.3.5. Antifungal
Based on the provided data, different strains of fungi were

tested for their susceptibility to various drugs, and the results are
presented in terms of percentage inhibition and minimum inhibi-
tory concentration (MIC) values (Table. 6 and Fig. 6). All the organ-
otin(IV) derivatives of ligand revealed significant activity against
tested fungal strains. Highest activity was found for complex 5
with % inhibition in the range 25–74%, where the complex was
most effective against F. solani and M. canis with 72% and 74% inhi-
bition respectively. Similarly, the complex (4) and (6) also showed
significant activity, however the complexes revealed highest effec-
tiveness against A. flayis and F. solaniwith growth inhibition of 55%
and 68% respectively. Furthermore, the complexes (1, 2 and 3)
were found most active against F. solani, A. falyis and F. solani
respectively. All the complexes showed highest antifungal activity
against F. solani. The ligand was found active against A. falyis and F.
solani and inactive for other tested fungal strains. The lowest MIC
(32 lg/mL and 43 lg/mL) was found for complex (5) and (6)
respectively (Table. 6). The high antifungal activity of complexes
may be due to the coordination and polarity of tin with oxygen
of the ligand. The complexes (1, 2 and 3) showed high activity
which may be due to the increase lipophilicity and permeability
across the cell membrane (Hussain et al., 2015).



Table 6
Anti-fungal data of ligand and organotin(IV) complexes.

Fungus strains (ATCC) (%) Inhibition Standard drugs MIC (lg/mL)

HL (1) (2) (3) (4) (5) (6)

C. albicans (2192) 12 32 41 37 43 64 53 Amphotericine B 76
T. longifusus (22397) 05 28 38 30 47 52 48 Miconazole 63
A. flavis (1030) 47 38 53 43 55 68 50 Miconazole 32
F. solani (11712) 53 58 52 50 54 72 68 Miconazole 51
M. canis (9865) 18 37 48 38 42 74 58 Miconazole 43

Fig. 6. Comparative antifungal %inhibition of ligand and complexes with standard.

Table 7
Antibacterial data of ligand and organotin(IV) complexes.

Bacterial strains HL C1 C2 C3 C4 C5 C6 Standard

B. subtilis 15 18 23 21 12 28 25 32
E. coli 5 14 16 15 18 27 20 30
S. aureus 10 15 18 13 11 23 19 25
S. typhi 16 17 15 14 13 19 17 22
P. aeruginosa 18 20 19 23 21 23 20 25

Fig. 7. Antibacterial activity of ligand and its organotin(IV) complexes.
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3.3.6. Antibacterial
The synthesized ligand and its organotin(IV) complexes

revealed antibacterial activity against the targeted bacterial strains
(Table. 7 and Fig. 7). The ligand was found active against P. aerug-
inosa (18/25 mm) and S. typhi (16/22 mm), inactive against E. coli
(5/30 mm) and moderately active against B. subtillus (15/32 mm)
11
and S. aureus (10/25 mm). All the complexes showed significant
activity against the tested bacterial strains compared to lignad.
The highest activity was observed for complexes (5 & 6) against
all tested bacterial strains among test complexes. The complexes
(1, 2 and 3) showed moderate activity against B. subtillus, E. coli,
S. aureus and S. typhi. The data revealed that all the complexes
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showed highest activity against S. typhi and P. aerruginosa. The
antibacterial potential of these complexes revealed that the substi-
tuted bioactive pharmacophore containing complexes are of bio-
logical properties. The activity of these complexes can be
attributed to the bulky cyclohexyl and active pharmacophore sub-
stituent that is good electron donating groups, enhancing the lipo-
philic property of complexes by strengthening ligand metal bond.
The antibacterial result is corroborated to previously report tin
complexes.
4. Conclusions

In conclusion, this study encompassed a comprehensive charac-
terization of six novel organotin(IV) carboxylates derived from 4-
((1-(5-chloro-2-hydroxyphenyl)ethylideneamino)methyl)cyclohex
anecarboxylic acid. The application of elemental analysis, FT-IR,
NMR (1H, 13C), and PXRD techniques offered a thorough under-
standing of the structural attributes of these compounds. Notably,
the coordination geometry around organotin(IV) was established
as five-coordinate, with ligand binding occurring in a bidentate
manner, as evidenced by NMR and FTIR analyses. Furthermore,
our investigation into the antileishmanial activity of these com-
plexes unveiled significant potency in complexes 1, 2, and 5, high-
lighting their potential as potent antileishmanial agents. The
evaluation of DNA binding revealed a compelling binding affinity
in complexes 2 to 5, while complexes 1 and 6 displayed inactivity
in this context. The order of DNA-compound interaction strength
was determined as 5˃2˃3˃4. Notably, complexes 1, 2, and 5 exhib-
ited substantial antioxidant activity, underscoring their potential
utility in oxidative stress modulation. These findings collectively
underscore the promising biological and chemical attributes of
the synthesized organotin(IV) carboxylates, presenting avenues
for further exploration in therapeutic and medicinal applications.
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