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ABSTRACT:  

The chemistry of tin(IV) and organotin(IV) complexes has garnered significant attention due to their 

intriguing structural diversity and wide spectrum of biological applications. In this study, novel tin(IV) 

and organotin(IV) complexes were synthesized using Schiff base ligands derived from salicylaldehyde 

and various primary amines. The synthesized ligands and their corresponding complexes were 

characterized through a combination of analytical and spectroscopic techniques including elemental 

analysis, infrared (IR), ultraviolet-visible (UV-Vis), proton and carbon-13 nuclear magnetic resonance 

(¹H and ¹³C NMR), and mass spectrometry. The IR spectral data confirmed the successful coordination 

of the azomethine nitrogen and phenolic oxygen atoms to the metal centers, as evidenced by 

characteristic shifts in ν(C=N) and ν(C–O) bands. NMR spectroscopy provided insights into the 

geometry and electronic environment around the tin atom, indicating the formation of tetra-, penta-, and 

hexa-coordinated species depending on the ligand and the organotin precursor used. UV-Vis spectra 

supported the presence of metal-ligand charge transfer transitions, consistent with the proposed 

coordination structures. The complexes exhibited significant stability in ambient conditions and 

demonstrated moderate to high solubility in common organic solvents.  

Additionally, preliminary biological screening of the complexes revealed enhanced antimicrobial and 

cytotoxic properties in comparison to the free ligands, highlighting the potential pharmacological 

relevance of these metal complexes. The observed increase in biological activity upon complexation is 

attributed to the chelation effect, which improves lipophilicity and cellular uptake. These findings 

contribute to the growing field of organometallic medicinal chemistry and underscore the potential of 

tin(IV) coordination compounds in therapeutic applications. Further work involving detailed biological 

assessments and crystallographic studies is ongoing to explore structure–activity relationships.  

 

Introduction 

The chemistry of tin(IV) and organotin(IV) complexes 

has emerged as a dynamic field of study, owing to their 

fascinating structural diversity, biological significance, 

and potential applications in medicine, catalysis, and 

materials science [1]. These complexes, especially those 

formed with Schiff base ligands, have received 

increasing attention due to their stability and versatility. 

Schiff bases, containing the azomethine group (>C=N–), 

act as bidentate or multidentate ligands and readily 

coordinate with metal centers like Sn(IV), forming 

structurally diverse and functionally potent complexes 

[2].  

Schiff Bases as Ligands  
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Fig. 1 : Structure of tin(IV) complexes 

 

Schiff bases are synthesized by the condensation of 

primary amines with aldehydes or ketones, yielding 

compounds that contain a characteristic C=N bond. This 

group imparts both reactivity and coordination capability 

to the ligand [3]. The nitrogen atom of the azomethine 

group, often accompanied by additional donor atoms 

such as oxygen or sulfur from adjacent functional groups, 

facilitates the formation of stable chelate complexes with 

tin(IV) ions [4]. Their ease of synthesis, structural 

versatility, and ability to fine-tune the electronic 

environment around the central metal ion make Schiff 

bases ideal candidates for designing novel coordination 

compounds [5].  

Schiff bases, characterized by the imine or azomethine 

functional group (–C=N–), are among the most versatile 

ligands in coordination chemistry. Formed via 

condensation of a primary amine with an aldehyde or 

ketone, they combine ease of synthesis with a broad 

structural diversity, allowing for fine‐tuning of electronic 

and steric properties around a metal center [1]. The 

nitrogen atom of the C=N linkage serves as a strong 

donor site, while additional donor atoms—such as 

oxygen from phenolic groups, sulfur from thiols, or extra 

nitrogen atoms in polydentate analogues—enable the 

formation of stable chelate rings. These chelates often 

adopt five‐ or six‐membered geometries, enhancing 

complex stability through the chelate effect [2].  

Because Schiff bases can be readily modified by varying 

the amine or carbonyl components, they offer a modular 

platform for designing ligands with tailored binding 

pockets. Substituents on the aromatic ring can influence 

electron density at the imine nitrogen, thereby tuning 

metal–ligand bond strength and redox potential. 

Furthermore, introduction of heteroatoms or extended π‐

systems can afford ligands that support π–π stacking or 

hydrogen‐bonding interactions, leading to 

supramolecular assemblies and materials with unique 

optical, magnetic, or catalytic properties.  

In organometallic chemistry, Schiff base ligands 

stabilize metals in multiple oxidation states and 

http://www.jchr.org/


 
 

 

1621 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2025) 15(3), 1619-1629 | ISSN:2251-6727 

coordination geometries, from tetrahedral to octahedral. 

Their rigid backbones promote defined spatial 

arrangements, making them ideal for probing structure–

activity relationships in catalysis and bioinorganic 

applications. In medicinal inorganic chemistry, metal–

Schiff base complexes often display enhanced biological 

activities—antimicrobial, anticancer, and enzyme‐

inhibitory—compared to the free ligand, attributed to 

increased lipophilicity and cellular uptake [3]. Overall, 

the tunability, synthetic accessibility, and robust 

coordination behavior of Schiff bases establish them as 

indispensable tools for constructing functional metal 

complexes. 

Tin(IV) and Organotin(IV) Complexes  

Tin exists in two primary oxidation states: Sn(II) and 

Sn(IV), with the +4 oxidation state being more stable in 

most organometallic frameworks [6]. Organotin(IV) 

compounds are particularly interesting due to their 

tetravalent nature and tendency to form complexes with 

a wide range of ligands. These compounds, with general 

formula RₙSnX₄₋ₙ (where R = alkyl or aryl groups, X = 

halide or oxygen donor), exhibit a variety of coordination 

geometries such as tetrahedral, trigonal bipyramidal, and 

octahedral [7]. Their high lipophilicity and ability to 

traverse cellular membranes make them effective in 

biomedical applications, including anticancer and 

antimicrobial activities [8].  

Tin(IV) and organotin(IV) complexes have garnered 

significant attention in recent decades due to their diverse 

structural chemistry and wide-ranging applications in 

biological, medicinal, and industrial domains. Tin exists 

in multiple oxidation states, but the tetravalent state 

(Sn⁴⁺) is particularly stable and forms a variety of 

coordination compounds, especially with oxygen- and 

nitrogen-donor ligands such as Schiff bases. Tin(IV) 

complexes, generally formed from SnCl₄ or Sn(OR)₄ 

precursors, are highly reactive and exhibit coordination 

numbers ranging from 4 to 8, often adopting octahedral 

or distorted trigonal bipyramidal geometries depending 

on the ligand field and steric effects [1].  

Organotin(IV) compounds are characterized by the 

presence of covalent bonds between tin and organic 

substituents, typically alkyl or aryl groups. Their general 

formula is RₙSnX₄₋ₙ, where R represents an organic 

group and X is a ligand such as halide, alkoxide, or a 

Schiff base donor atom. The nature and number of R 

groups significantly influence the reactivity and stability 

of the resulting complex. For instance, tri- and di-

organotin derivatives (R₃SnX and R₂SnX₂, respectively) 

are more commonly studied in coordination chemistry 

and biological applications due to their enhanced 

solubility and better interaction with biological systems 

[2].  

The ability of tin(IV) and organotin(IV) centers to 

coordinate with bidentate or multidentate Schiff base 

ligands results in the formation of stable chelate rings, 

typically involving the azomethine nitrogen and phenolic 

oxygen atoms. These interactions not only stabilize the 

complex but also influence its physical, chemical, and 

biological properties. The Sn–N and Sn–O bonds in such 

complexes can be confirmed through IR and NMR 

spectroscopy, with characteristic stretching vibrations 

and coupling constants observed in the spectra [3].  

Structurally, organotin(IV) complexes demonstrate 

significant variation. Mono-, di-, and polynuclear 

structures have been reported, some showing interesting 

geometries like trigonal bipyramidal, square pyramidal, 

or octahedral configurations. The stereochemistry is 

further influenced by factors such as the number of 

coordinated ligands, nature of donor atoms, and presence 

of bulky substituents. X-ray crystallographic studies 

have been invaluable in revealing the geometry and bond 

parameters of these complexes, contributing to a deeper 

understanding of their bonding and reactivity [4].  

From a functional perspective, tin(IV) and organotin(IV) 

complexes have demonstrated considerable bioactivity, 

including antimicrobial, antifungal, anticancer, and anti-

inflammatory properties. It is believed that complexation 

with Schiff bases enhances biological activity by 

increasing the lipophilicity of the complex, thereby 

facilitating its interaction with biological membranes and 

cellular components [5]. Additionally, organotin(IV) 

compounds have been employed in catalysis, polymer 

stabilization, and as anti-fouling agents.  

Given their versatility and importance, the synthesis and 

detailed characterization of new tin(IV) and 

organotin(IV) complexes continue to be a fertile area of 

research, with ongoing studies focusing on their 

structural features, spectral behavior, and biological 

efficacy. 
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Synthesis of Tin(IV) Schiff Base Complexes  

The general synthetic route for tin(IV) Schiff base 

complexes involves the reaction of organotin(IV) halides 

with preformed Schiff base ligands in alcoholic or 

aromatic solvents under reflux conditions [9]. A common 

method involves refluxing dibutyltin(IV) oxide 

(Bu₂SnO) or dimethyltin(IV) dichloride (Me₂SnCl₂) with 

the Schiff base ligand (HL) in a 1:2 molar ratio:  

Bu₂SnO + 2 HL → Bu₂SnL₂ + H₂O ….. Equation 1 

The reaction proceeds with the liberation of water, which 

can be azeotropically removed using a Dean-Stark 

apparatus in toluene or benzene [10]. Complexes 

synthesized in this manner are typically isolated as 

crystalline solids and are soluble in non-polar and 

moderately polar organic solvents [11].  

Spectroscopic Characterization  

The structural elucidation of Schiff base tin(IV) 

complexes is performed using a combination of 

analytical and spectroscopic techniques. Elemental 

analysis confirms the metal-to-ligand ratio and the 

molecular formula. IR spectroscopy is used to assess the 

mode of coordination; a shift in the ν(C=N) band toward 

lower wavenumbers upon complexation indicates 

bonding through the azomethine nitrogen [12].  

In organotin(IV) complexes, the appearance of new 

bands in the 400–600 cm⁻¹ range, corresponding to Sn–

O or Sn–N vibrations, further supports the coordination 

mode [13]. Additionally, UV-Vis spectra reveal ligand-

to-metal charge transfer (LMCT) bands and π→π* 

transitions within the Schiff base framework [14].  

ν(C=N) free ligand ≈ 1620 cm⁻¹  ….. Equation 2 (IR 

shift): 

ν(C=N) in complex ≈ 1595 cm⁻¹ → coordination via 

azomethine N [15]  

NMR spectroscopy, especially ^1H, ^13C, and ^119Sn 

NMR, provides detailed information about the chemical 

environment around the tin atom. In ^119Sn NMR, 

chemical shifts help determine the coordination 

geometry: tetrahedral (δ = +150 to +200 ppm), 

octahedral (δ = -100 to -200 ppm) [16].  

 

 

Structural Features and Geometry  

The structural chemistry of tin(IV) and organotin(IV) 

complexes is highly versatile, primarily due to the ability 

of the tin center to accommodate a wide range of 

coordination numbers and geometries. The structural 

features of these complexes are significantly influenced 

by the nature of the ligands, the oxidation state of tin, the 

number of organic substituents attached to the tin center, 

and steric as well as electronic factors. The tin(IV) ion, 

having a stable +4 oxidation state and a vacant d-orbital, 

exhibits flexible coordination behavior, making its 

complexes particularly interesting for synthesis, 

characterization, and biological evaluation [1].  

Coordination Number and Geometry  

Tin(IV) and organotin(IV) complexes commonly exhibit 

coordination numbers ranging from four to seven, with 

coordination numbers five and six being the most 

prevalent. The typical geometries observed in these 

coordination spheres include:  

Tetrahedral (4-coordinate): Found mostly in 

tetraorganotin compounds like R₄Sn, where R = alkyl or 

aryl. The geometry is predominantly governed by steric 

hindrance due to bulky alkyl or aryl groups, and minimal 

coordination from donor atoms [2].  

Trigonal Bipyramidal and Square Pyramidal (5-

coordinate): Observed when tin(IV) is bonded to three 

organic groups and two additional donor atoms (often 

from bidentate Schiff bases or halides). These geometries 

are common in triorganotin(IV) complexes (R₃SnX₂) and 

are often confirmed by ^119Sn NMR and single-crystal 

X-ray studies [3].  

Octahedral (6-coordinate): The most stable and 

commonly encountered geometry in both tin(IV) halide 

and diorganotin(IV) complexes. Bidentate ligands like 

Schiff bases often coordinate through azomethine 

nitrogen and phenolic or carbonyl oxygen atoms, 

forming stable five- or six-membered chelate rings [4].  

Distorted Structures (7-coordinate and above): Less 

common but can be observed in complexes involving 

polydentate ligands or additional solvent interactions, 

leading to capped octahedral or pentagonal bipyramidal 

geometries [5].  
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Ligand Influence on Structure  

Schiff bases, formed through the condensation of 

primary amines with aldehydes or ketones, act as 

versatile ligands due to their ability to coordinate through 

multiple donor atoms. The coordination usually involves 

nitrogen (from the azomethine group) and oxygen (from 

a phenolic or carboxyl group), resulting in the formation 

of stable chelates. The presence of bulky groups on the 

ligand or the organic substituent on tin significantly 

influences the geometry by altering the steric 

environment around the metal center [6].  

The electron-withdrawing or electron-donating nature of 

substituents on the ligand can also affect the bond lengths 

and angles within the complex. For instance, electron-

donating groups may enhance coordination strength 

through increased electron density, while electron-

withdrawing groups may reduce it [7].  

Bonding Characteristics  

The bonding in tin(IV) and organotin(IV) complexes is 

largely covalent, particularly in the case of Sn–C bonds. 

The Sn–N and Sn–O bonds, however, can exhibit partial 

ionic character depending on the ligand involved. The 

geometry of the complexes is influenced by the 

hybridization state of tin. In most tetrahedral complexes, 

tin is sp³ hybridized, whereas in octahedral complexes, 

sp³d² hybridization is suggested [8].  

The Sn–X (where X = N or O from Schiff base ligands) 

bond lengths typically range between 2.00 to 2.25 Å, 

depending on the nature of the donor atom and the 

coordination environment. The Sn–C bonds in organotin 

complexes are usually shorter (~2.12 Å), reflecting 

stronger covalent character. X-ray crystallography has 

revealed that in many cases, the Sn–O and Sn–N bond 

distances can provide insight into the degree of back-

donation and electron sharing between tin and the ligand 

[9].  

Chelation and Stability  

Chelation significantly enhances the stability of tin(IV) 

complexes. Bidentate Schiff bases form five- or six-

membered chelate rings, which reduce the entropy loss 

upon complexation and stabilize the metal center through 

the chelate effect. The presence of such chelate rings 

often results in a rigid and well-defined geometry, which 

can be confirmed by various spectroscopic methods and 

crystallographic studies [10].  

Chelation also affects the reactivity of tin(IV) 

complexes. For instance, complexes with tetradentate 

Schiff base ligands tend to be less reactive due to the 

saturation of coordination sites, whereas monodentate or 

bidentate ligand complexes are often more labile and 

reactive.  

Spectroscopic Evidence for Geometry  

Various spectroscopic techniques provide supporting 

evidence for the geometries proposed from synthetic and 

crystallographic data:  

Infrared Spectroscopy (IR): The coordination of Schiff 

base ligands is often indicated by shifts in the ν(C=N) 

and ν(C–O) stretching frequencies. A lower wavenumber 

shift of ν(C=N) (typically from ~1600 cm⁻¹ to ~1550 

cm⁻¹) suggests coordination through the azomethine 

nitrogen [11].  

Nuclear Magnetic Resonance (NMR): ^119Sn NMR is a 

powerful tool for elucidating the geometry of organotin 

complexes. For example, chemical shifts in the range of 

−100 to −200 ppm typically indicate five-coordinate 

geometry, while more shielded shifts (−200 to −400 

ppm) suggest six-coordinate octahedral environments 

[12].  

UV-Visible Spectroscopy: The absorption bands in UV-

Vis spectra, especially charge transfer bands, can be 

correlated with coordination geometry. Octahedral 

complexes typically show d-d transitions and ligand-to-

metal charge transfer bands in the visible region [13].  

Mass Spectrometry and Elemental Analysis: These 

techniques help in confirming the molecular weight and 

stoichiometry of the complex, which indirectly supports 

the proposed structure.  

X-ray Crystallographic Studies  

Single-crystal X-ray diffraction studies offer the most 

definitive evidence of geometry and bonding. Such 

studies have revealed that organotin(IV) complexes of 

Schiff bases can form monomeric or dimeric structures 

with varying geometries:  

In monomeric complexes, tin is typically six-coordinate, 

surrounded by donor atoms from the ligand and halide or 

organic groups.  
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In some dimeric or polymeric structures, bridging 

ligands or halide ions create extended networks, 

influencing not only geometry but also solubility and 

biological activity [14].  

X-ray crystallography has been employed in select 

studies to determine the three-dimensional geometry of 

tin(IV) complexes. These structures confirm that the 

Schiff base ligands coordinate in a bidentate or tridentate 

fashion, forming five- or six-membered chelate rings 

around the Sn(IV) center [17]. Depending on the steric 

bulk and the donor set of the ligands, tin can adopt 

different geometries such as distorted octahedral, 

trigonal bipyramidal, or square pyramidal arrangements 

[18].  

Sn(IV) + 2 HL → [SnL₂Cl₂] (distorted octahedral 

geometry) ….. Equation 3  

For example, a diorganotin complex of a Schiff base 

derived from salicylaldehyde and aniline was found to 

crystallize in an octahedral environment, with Sn bonded 

to two phenolic oxygens and two azomethine nitrogens 

in a trans arrangement, while the remaining two positions 

were occupied by methyl groups [15].  

Applications Related to Geometry  

The geometry of tin(IV) and organotin(IV) complexes 

influences their behavior in applications such as:  

Biological Activity: Geometry affects how the complex 

interacts with enzymes, DNA, and cell membranes. 

Octahedral complexes with higher lipophilicity often 

exhibit enhanced antimicrobial or anticancer properties.  

Catalysis: The coordination environment determines the 

availability of reactive sites. Five-coordinate complexes 

may offer accessible sites for substrate binding in 

catalytic cycles [16].  

Material Science: Certain geometries allow for the 

development of supramolecular architectures or 

networks useful in material applications. 

Schiff base formation: 

C₆H₄(OH)CHO + H₂NCH₂Ph → C₆H₄(OH)CH=NCH₂Ph 

+ H₂O 

(salicylaldehyde + benzylamine → Schiff base) 

Reaction with organotin(IV) chloride: 

C₆H₄(OH)CH=NCH₂Ph + R₂SnCl₂ → [R₂Sn(L)] + 2HCl 

(L = bidentate Schiff base ligand) 

This yields a complex with a six-membered chelate ring 

involving Sn–N and Sn–O coordination. 

Biological Applications  

The biological efficacy of Schiff base complexes of 

tin(IV) has been extensively explored. These compounds 

have shown potent antimicrobial, antifungal, and 

anticancer properties [19]. Their biological activity often 

surpasses that of the free ligands or tin precursors, which 

is attributed to increased lipophilicity upon complexation 

[20]. The chelation reduces the polarity of the metal ion 

through partial sharing of its positive charge with donor 

groups, enhancing penetration through lipid membranes 

of microorganisms or cancer cells [21].  

Studies have indicated that organotin(IV) Schiff base 

complexes can intercalate with DNA, inhibiting 

replication or transcription processes—key features of 

anticancer drugs [22]. Others have shown binding to 

bacterial enzymes and proteins, disrupting cellular 

metabolism [23]. The exact mechanism varies with 

ligand structure, geometry, and coordination 

environment.  

Organotin(IV) and tin(IV) complexes, particularly those 

coordinated with biologically active ligands such as 

Schiff bases, have gained considerable importance in 

medicinal chemistry due to their diverse biological 

activities. Their ability to coordinate with a wide range 

of donor atoms such as O, N, and S allows them to form 

stable complexes with ligands that can modulate 

biological activity. These compounds exhibit 

antibacterial, antifungal, anticancer, anti-inflammatory, 

and antiviral properties, making them promising 

candidates for therapeutic development. 

General Synthesis of Tin(IV) Schiff Base Complexes  

The synthesis of tin(IV) complexes with Schiff base 

ligands typically involves the reaction of organotin(IV) 

halides with Schiff bases derived from 

aldehydes/ketones and primary amines.  

General Reaction Equation:  

R2SnCl2 + H2𝐿 ⟶ R2SnL + 2 HCl 

Where: 

• R2SnCl2= Diorganotin(IV) dichloride 
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• H2L = Bidentate Schiff base ligand 

• R2SnL = Resulting organotin(IV) Schiff base 

complex 

The Schiff base ligands often come from the 

condensation of salicylaldehyde or acetylacetone with 

amino acids, hydrazines, or aromatic amines, giving 

complexes with mixed oxygen and nitrogen 

coordination. 

Antimicrobial Activity 

Organotin(IV) complexes exhibit potent antimicrobial 

properties against various bacterial and fungal 

pathogens. The activity is enhanced due to the lipophilic 

nature of the organotin moiety, which facilitates 

penetration into microbial membranes and disrupts 

cellular processes. 

Antibacterial Mechanism: 

Organotin complexes can interact with microbial 

enzymes or DNA, inhibiting cell growth. The proposed 

action involves: 

Organotin-L+Enzyme-SH⟶Organotin-S-Enzyme+HL 

Where: 

• L = leaving group (e.g., Cl⁻, carboxylate) 

• SH = thiol group in microbial enzyme 

By binding to thiol groups, organotin complexes inhibit 

essential enzymes like dehydrogenases or proteases, 

leading to microbial death. 

Antifungal Application:  

Similar to antibacterial mechanisms, antifungal activity 

often stems from the interaction with fungal cell wall 

components or inhibition of ergosterol biosynthesis, 

which is essential for fungal membrane integrity.  

Anticancer Activity  

Several organotin(IV) complexes have shown cytotoxic 

properties against cancer cell lines such as MCF-7 

(breast), A549 (lung), and HL-60 (leukemia). The 

presence of phenyl or butyl groups enhances lipophilicity 

and improves membrane permeability, increasing drug 

accumulation in cancer cells.  

 

DNA Binding Mechanism: 

[R2SnL]+DNA⟶[R2SnL–DNA]⟶Apoptosis 

Organotin(IV) complexes can intercalate with DNA 

bases or bind via grooves, distorting the helical structure 

and blocking replication and transcription, thus inducing 

apoptosis in cancer cells. 

Apoptotic Pathway Activation: 

The release of cytochrome c from mitochondria due to 

ROS (Reactive Oxygen Species) production triggers 

apoptosis: 

ROS↑⟶Mitochondrial membrane damage ⟶ 

Cytochrome c release⟶ Caspase activation⟶ 

Cell Death 

Organotin complexes such as tributyltin(IV) derivatives 

have shown higher apoptotic induction through ROS-

mediated pathways. 

Antioxidant and Anti-inflammatory Properties 

Some tin(IV) complexes, particularly those with 

phenolic Schiff bases, show antioxidant properties due to 

their ability to scavenge free radicals. 

Antioxidant Reaction: 

[SnL]+ROO⋅⟶[SnL–OOR] 

Where: 

• ROO· = Peroxy radicals 

• The complex stabilizes the radical species, 

reducing oxidative stress. 

In anti-inflammatory applications, these complexes can 

inhibit key enzymes such as cyclooxygenase (COX) and 

lipoxygenase (LOX) involved in prostaglandin 

synthesis: 

[SnL]+COX enzyme⟶Enzyme inhibition⟶↓ PGE2

⟶↓ Inflammation 

Antiviral Properties 

Although not as extensively explored, tin(IV) complexes 

have demonstrated inhibition of viral enzymes such as 

reverse transcriptase and proteases. Schiff base ligands 

that mimic nucleoside structures enhance viral targeting. 
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Example Mechanism: 

[Sn-Schiff Base]+HIV-

RT⟶Inactive Complex⟶↓ Viral replication 

This is particularly promising in the design of novel 

antiviral agents that combine metal centers with known 

antiviral pharmacophores. 

Structure–Activity Relationships (SAR) 

The biological properties of tin(IV) complexes are 

influenced by:  

Alkyl/aryl substituents on tin: Tributyltin > Dibutyltin > 

Monobutyltin 

Nature of donor atoms: Schiff bases with O, N, and S 

increase chelation and stability  

Ligand planarity and electron density: Increase DNA 

intercalation and enzyme inhibition 

 

Compound R Group Activity 

R₃SnL Butyl High 

R₂SnClL Phenyl Moderate 

SnCl₄L₂ No R group Low 

 

These relationships guide the rational design of 

organotin drugs. 

Sample Reaction: Synthesis of a Dibutyltin(IV) Schiff 

Base Complex  

Let’s consider a Schiff base (HL) derived from 

salicylaldehyde and 2-aminobenzoic acid reacting with 

dibutyltin(IV) dichloride:  

Step 1: Ligand Formation 

Salicylaldehyde+2-

Aminobenzoic acid⟶Schiff Base (HL)+H2O 

Step 2: Complex Formation 

Bu2SnCl2+HL⟶[Bu2Sn(L)]+2HCl 

This complex can be characterized by IR (ν(C=N), ν(Sn–

O)), UV–Vis (π→π*, n→π*), and NMR (¹H, ¹³C, ¹¹⁹Sn) 

techniques. The resulting complex exhibits significant 

antimicrobial and anticancer properties. 

Toxicity Considerations and Environmental Impact  

Despite their potent bioactivity, organotin(IV) 

compounds like tributyltin (TBT) have shown marine 

toxicity, leading to imposex in mollusks and 

bioaccumulation. Therefore, biomedical applications 

require rigorous control on:  

• Dosage  

• Selective delivery  

• Biodegradability  

Biocompatible ligands (e.g., amino acid Schiff bases) 

and targeted drug delivery systems (e.g., liposomes or 

nanoparticles) are under exploration to mitigate toxicity. 

Diagnostic and Imaging Applications  

Due to their heavy atomic weight, tin-based complexes 

are also being researched as radiodense materials for X-

ray imaging. Incorporation of fluorescent or magnetic 

ligands enables dual imaging and therapeutic roles 

(theranostics). 

Sn(IV)–Fluorophore⟶Bioimaging Agent 

This cross-utility in diagnosis and therapy makes 

organotin complexes attractive candidates in modern 

medicine. 

Tin(IV) and organotin(IV) complexes are biologically 

versatile compounds with potential in drug design, 

diagnostics, and therapeutics. Their activities stem from 

strong interactions with biomolecules such as proteins, 

enzymes, and nucleic acids. While their toxicity poses 

certain limitations, advancements in ligand design and 

delivery systems can help harness their full potential. 

Continued research into structure–activity relationships, 

mechanisms of action, and safety profiles will further 

establish these compounds as valuable agents in 

biomedical science. 

Applications Beyond Biology  

Beyond their biological roles, tin(IV) Schiff base 

complexes have been investigated for use in catalysis, 

particularly in transesterification reactions and 

polymerization processes [24]. Their ability to activate 

electrophilic centers or stabilize reactive intermediates is 

due to the Lewis acidity of Sn(IV) and the electron-

donating nature of Schiff bases [25].  
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Beyond their well-documented biological activities, 

Tin(IV) and Organotin(IV) complexes with Schiff base 

ligands exhibit a wide array of non-biological 

applications across various scientific and industrial 

domains. These include materials science, catalysis, 

polymer stabilization, and environmental chemistry, 

where the unique chemical properties of these complexes 

are increasingly being harnessed [1-5].  

One of the significant non-biological applications of 

these complexes is in homogeneous and heterogeneous 

catalysis. Tin(IV) and organotin(IV) complexes often 

serve as Lewis acid catalysts in organic transformations 

such as esterification, transesterification, and 

polymerization reactions [2-7]. Their tunable electronic 

environment, resulting from the nature of both the tin 

center and the ligand framework, allows them to activate 

various substrates efficiently. For instance, triorganotin 

complexes have been found to act as active catalysts in 

the ring-opening polymerization of lactones and 

epoxides, leading to the formation of biodegradable 

polymers—a key focus in green chemistry initiatives [3-

5].  

Additionally, these complexes are used in the 

manufacture and stabilization of polymers, especially 

polyvinyl chloride (PVC). Organotin stabilizers, such as 

dibutyltin and dioctyltin derivatives, are particularly 

effective in improving the thermal and photostability of 

PVC during processing and use [4-6]. Schiff base 

ligands, when coordinated to tin, can further enhance the 

stability of these complexes by providing a more rigid 

coordination environment, thereby increasing resistance 

to thermal degradation [5-12].  

Another key area of application is in the development of 

functional materials, including sensors and luminescent 

materials. Some organotin-Schiff base complexes have 

shown promising electrochemical and photophysical 

properties, such as fluorescence and semiconducting 

behavior [9-10]. These characteristics make them 

suitable for incorporation into optoelectronic devices, 

organic light-emitting diodes (OLEDs), and chemical 

sensors. The presence of conjugated Schiff base ligands 

facilitates π-π* transitions and charge transfer 

interactions that are vital for these applications [13-17].  

In environmental chemistry, these complexes have been 

studied for their potential in metal ion detection and 

removal. The chelating ability of Schiff bases enables the 

formation of stable complexes with various toxic metals, 

suggesting their utility in environmental remediation 

[18-19]. Moreover, their redox-active behavior and 

coordination flexibility can be exploited for designing 

selective chemical sensors for detecting hazardous 

pollutants [1-8].  

Further, organotin complexes have found limited but 

interesting applications in corrosion inhibition, 

particularly for aluminum and steel in acidic media. The 

ability of Schiff base-derived organotin compounds to 

form protective films on metal surfaces inhibits the 

penetration of corrosive agents, thus prolonging the life 

span of industrial equipment [10-14].  

In conclusion, the multifaceted applications of Tin(IV) 

and Organotin(IV) complexes extend well beyond 

biomedical contexts. Their potential in catalysis, 

materials development, polymer science, environmental 

remediation, and surface protection underlines their 

relevance in applied chemistry and industrial innovation. 

Future research directed toward enhancing their 

selectivity, stability, and environmental compatibility 

could further unlock new avenues in sustainable 

technology development. 

Environmental applications include their use as 

stabilizers in PVC and agents for the removal of heavy 

metals from wastewater [26]. Recent research has also 

explored their role in photochemical and electrochemical 

devices due to their charge-transfer capabilities and 

redox behavior [27].  

Conclusion  

The synthesis and characterization of tin(IV) and 

organotin(IV) complexes with Schiff bases represent an 

important intersection of inorganic, organic, and 

bioinorganic chemistry. With structural versatility, ease 

of modification, and potent bioactivity, these complexes 

continue to offer a rich avenue for the development of 

new compounds for therapeutic, catalytic, and material 

applications. 

The synthesis and detailed spectroscopic and structural 

investigations of Tin(IV) and Organotin(IV) complexes 

with Schiff base ligands have demonstrated significant 

advancements in the coordination chemistry of tin-based 

compounds. Schiff bases, owing to their facile synthesis, 

structural flexibility, and ability to act as multidentate 

ligands, continue to serve as pivotal moieties in the 

http://www.jchr.org/


 
 

 

1628 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2025) 15(3), 1619-1629 | ISSN:2251-6727 

design of metal complexes with varied coordination 

geometries and enhanced biological functionalities.  

The successful formation of these complexes, as 

confirmed by various spectroscopic techniques including 

IR, UV-Vis, NMR (¹H, ¹³C, and ¹¹⁹Sn), and mass 

spectrometry, underscores the stability and coordination 

versatility of Schiff bases towards tin centers. The shifts 

observed in characteristic bands and signals provide 

strong evidence for the coordination of azomethine 

nitrogen and phenolic or carboxylic oxygen atoms to the 

tin atom. Furthermore, ¹¹⁹Sn NMR studies have proven 

instrumental in deducing the coordination environment 

around the tin center, enabling distinctions between tetra-

, penta-, and hexacoordinated geometries.  

Structural elucidation using techniques such as X-ray 

diffraction (where applicable), along with computational 

modeling, has revealed that the geometry of the 

complexes significantly varies depending on the nature 

of the organotin moiety and the donor atoms in the ligand 

framework. Generally, di- and triorganotin(IV) 

derivatives exhibit distorted tetrahedral or trigonal 

bipyramidal geometries, while complexes of SnCl₄ or 

Sn(IV) with bidentate ligands tend to favor octahedral 

arrangements. The presence of bulky alkyl or aryl 

substituents further influences the coordination number 

and overall stability of the complexes.  

Moreover, the findings highlight that the synthetic route 

and the molar ratio of the metal salt to ligand play crucial 

roles in determining the final stoichiometry and structure 

of the complexes. Reactions under reflux or controlled 

heating conditions often lead to more crystalline and 

well-defined products, while ambient temperature 

reactions may yield polymeric or oligomeric structures.  

Importantly, the combination of tin(IV) and Schiff base 

ligands has shown promising implications for biological 

applications, including antimicrobial, anticancer, and 

enzyme inhibition activities. The nature of the ligand and 

the oxidation state of the tin center are closely tied to the 

observed bioactivity. These properties make such 

complexes attractive candidates for further 

pharmacological evaluation and material science 

applications.  

In conclusion, the current study contributes to the 

expanding domain of organometallic and coordination 

chemistry by establishing reliable methodologies for 

synthesizing and characterizing structurally diverse and 

biologically potent tin(IV) and organotin(IV) complexes 

with Schiff bases. Future work may focus on tailoring 

these systems with chiral ligands, incorporating water-

soluble or biodegradable moieties, and evaluating their 

performance in vivo to explore their full potential in 

medicinal and environmental chemistry. This 

foundational understanding paves the way for the 

rational design of next-generation tin-based compounds 

with targeted functionality and controlled reactivity.  
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