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a b s t r a c t 

Triorganotin(IV) carboxylate complexes R 3 SnL, where R = C 4 H 9 ( 1 ), CH 3 ( 2 ) and L = 2-chlorophenyl 

ethanoate, were synthesized and characterized by elemental analysis, FT-IR, NMR ( 1 H, 13 C, 119 Sn) and X- 

ray single crystal analysis. The solid state analyses confirmed a bridging bidentate coordination mode for 

the carboxylate ligand rendering the tin ion a penta-coordinated center in the synthesized complexes. 

NMR spectra revealed a change in the coordination number (5 → 4) for tin when in the solution. The 

structural geometry and the electronic properties of complexes were calculated by using the density func- 

tional theory (DFT) method at B3LYP level 6–31G(d, p) and Lanl2DZ basis sets. A fairly good agreement 

was found between the observed and theoretical bond length and bond angle values for the complex 

(1) and (2). The in vitro antioxidant potential of the complexes was investigated by DPPH, ferrous ion 

chelation, ferric ion reducing, total antioxidant and hydroxyl free radical scavenging assays. The nature of 

the tin bonded R groups has apparently a significant impact on the antioxidant activity of the complexes. 

Molecular docking studies suggest intercalation as possible mode of complex-DNA interactions. Docking 

studies also confirm that interactions of the two complexes with some active site residues of SARS-CoV-2 

nucleocapsid protein and angiotensin-converting enzyme 2 (ACE2) are probable. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Organotin(IV) carboxylates are well known for their broad spec- 

rum bioactivities including, antibacterial, antifungal, antileishma- 

ial, antituberculosis, and anticancer potential [1–7] . The high 

harge density and ability of tin to expand its coordination sphere 

enders these complexes active agents for the interaction with the 

onor atoms of various biomolecules. An important aspect for its 

ioactivity is the easy access of the drug molecule to the target 

ell in preferably unchanged form. Organotin(IV) carboxylates, ow- 

ng to their hydrolytic stability and concomitant lipophilicity ful- 

ll these criteria. The bioactivity of these complexes is greatly af- 

ected by the number and nature of the tin bonded R groups, by 
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022-2860/© 2021 Elsevier B.V. All rights reserved. 
he coordination number and the geometry of the complex [1] . Tri- 

rganotin(IV) carboxylates can offer better bioactivities than their 

orresponding diorganotin(IV) analogues. This enhanced bioactiv- 

ty is due to the increased lipophilicity based on the additional 

lkyl group in the triorganotin(IV) carboxylates [ 8 , 9 ]. Also triorgan- 

tin(IV) species exhibit lower coordination numbers (4 in solu- 

ion and 5 in solid state) than diorganotin(IV) carboxylates (5/6 in 

olution and 6 in solid state) [10] . A lower coordination number 

round the tin ion in triorganotin(IV) derivatives facilitates its in- 

eraction with the donor atoms of the biomolecules. In addition to 

he organotin(IV) moiety, the carboxylate ligand along with its as- 

ociated functional group(s) appears also quite important for the 

omplex bioactivity [ 8 , 11 , 12 ]. The coordinated ligand can assist the

omplex movement through the cellular membranes, affect its hy- 

ro/lipophilic character and may affect the electron exchange abil- 

ty of the complex. 

https://doi.org/10.1016/j.molstruc.2021.130190
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.130190&domain=pdf
mailto:drniaz@awkum.edu.pk
https://doi.org/10.1016/j.molstruc.2021.130190
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The bioactivity of organotin(IV) carboxylate complexes is fre- 

uently linked to their ability to interact with the cellular DNA 

nd proteins of the target cells [8] . Such complexes have been re- 

eatedly studied for their antimicrobial and anticancer activities. 

tudies regarding their antioxidant potentials are, however, rare. 

urthermore, scientists and researchers are still searching for an 

ffective and saf e antiviral agent, specific to severe acute respira- 

ory syndrome coronavirus 2 (SARS-CoV-2), responsible for caus- 

ng the coronavirus disease 2019 (COVID-19). Spike (S) protein is 

he main structural protein of the virus that interacts and binds to 

he host cell receptors to facilitate its entry into the cells [ 13 , 14 ].

he human angiotensin-converting enzyme 2(ACE2) has been iden- 

ified by X-ray crystallographic investigations as the specific re- 

eptor for the spike (S) protein’s receptor binding domain (RBD) 

f SARS-CoV [15–17] . Along with the synthesis of new potential 

rugs, two presently pursued important strategies for finding suit- 

ble compounds comprise known drug repurposing and computa- 

ional docking analyses. The potential of organotin(IV) compounds 

n this regard has yet to be explored against COVID-19 disease. 

Considering the bioactivities of organotin(IV) carboxylates and 

he urgent need for an anti- SARS-CoV-2 drug, we have in- 

estigated two newly synthesized triorganotin(IV) −2-chlorphenyl 

thanoates for their in vitro antioxidant potential, for their in silico 

NA binding and their SARS-CoV-2 interaction abilities. 

. Experimental 

.1. Materials and physical measurements 

Tri- n –butyl–, trimethyltin(IV) chloride and 2-chlorophenyl 

cetic acid, DPPH, ethanol, ascorbic acid, o-phenantroline, ferrous 

ulphite, tris-HCl buffer, ethylenediaminetetraacetic acid, ferric 

hloride, sulphuric acid, potassium monophosphate, potassium 

iphosphate, ammonium molybdate and hydrogen peroxide were 

urchased from the commercial suppliers and used as such with- 

ut any further purification. Chloroform, used as a solvent, was 

ried according to a reported procedure [18] . A Gallenkamp (UK) 

lectrothermal melting point apparatus was used for the melting 

oint determinations. A Lenco CHNS 932 apparatus was used for 

he elemental analyses. A Nicolet-6700 FTIR spectrophotometer, 

hermoscientific, USA, using attenuated total reflectance (ATR) 

echnique was used to record the FT-IR spectra (40 0 0–40 0 cm 

−1 ).

he NMR spectra were obtained at room temperature on a Bruker 

dvance Digital 300 MHz NMR spectrometer ( 1 H and 

13 C) and 

ercury Plus-400 NMR spectrometer ( 119 Sn). The chemical shifts 

ere provided in ppm relative to Me 4 Si and Me 4 Sn in CDCl 3 
olvent. 

.2. Syntheses 

.2.1. Synthesis of sodium-2-chloropenylethanoate (NaL) 

The sodium carboxylate salt, NaL was made by the dropwise ad- 

ition of 2-chlorophenyl acetic acid dissolved in methanol (15 mL) 

o the aqueous NaHCO 3 solution (15 mL) in equimolar ratio. The 

eaction mixture was stirred at 40 °C for an hour. A white solid 

btained after rotary evaporation of the solvent was dried under 

acuum. 

.2.2. Tri-n-butyltin(IV) 2-chlorophenylethanoate (1) 

Complex 1 was synthesized by mixing equimolar amounts 

f sodium-2-chlorphenylethanoate (0.963 g, 5 mmol) and tri- n - 

utyltin(IV) chloride (1.628 g, 5 mmol) in dry chloroform followed 

y heating under reflux condition for 8 hrs as shown in scheme 1 .

he turbid mixture was left overnight and the precipitated sodium 

hloride was removed by filtration. The filtrate was rotary evap- 

rated to obtain a solid product which was recrystallized from a 
2 
hloroform and n -hexane mixture (4:1). Yield: 85%. M.p. 57 °C. 

nal. Cal. (%) for C 20 H 33 ClO 2 Sn: C, 52.26; H, 7.24. Found (%): C,

2.24; H, 7.25. IR (cm 

−1 ): 1560 ν(COO) asym 

, 1388 ν(COO) sym 

, 172 

ν , 539, ν(Sn-C); 474 ν(Sn-O). 1 H NMR (CDCl 3 , ppm): 3.77 (s, 

2, 2H); 7.39–7.17 (m, Ar-H, 4H); 1.61 (t, H α, 6H); 1.39–1.25 (m, 

 β , γ , 12H); 0.91 (t, H δ, 9H). 13 C NMR (CDCl 3 , ppm), n J [( 119/117 Sn,
3 C), Hz]: 175.6 (C-1), 39.9 (C-2), 134.6, 134.3, 131.4, 129.4, 128.1, 

26.7 (Ar-C), 16.5 {(C- α), [353/337]}, 27.8 {(C- β), [20] }, 27.02 {(C- 

), [64/62]}, 13.7 (C- δ). 119 Sn-NMR (CDCl 3 , ppm): 110.1. 

.2.3. Trimethyltin(IV) 2-chlorophenylethanoate (2) 

Complex 2 was synthesized and recrystallized in the same 

anner as complex 1 . Sodium-2-chlorphenylethanoate (0.963 g, 

 mmol), trimethyltin(IV) chloride (0.996 g, 5 mmol).Yield: 81%. 

.p. 138 °C. Anal. Cal. (%) for C 11 H 15 ClO 2 Sn: C, 39.63; H, 4.53.

ound (%): C, 39.61; H, 4.52. IR (cm 

−1 ): 1565 ν(COO) asym 

, 1385 

(COO) sym 

, 180 �ν , 547 ν(Sn-C); 469 ν(Sn-O). 1 H NMR (CDCl 3 , 

pm), 2 J [( 119/117 Sn, 1 H), Hz]: 3.78 (s, H2, 2H); 7.40–7.19 (m, Ar- 

, 4H); 0.58 {(s, H α, 9H), [58/56]}. 13 C NMR (CDCl 3 , ppm), 
 J [( 119/117 Sn, 13 C), Hz]: 176.0 (C-1), 39.9 (C-2), 134.6, 134.0, 131.4, 

29.4, 128.30, 126.8 (Ar-C), −2.3 {(C- α), [394/377]}. 119 Sn-NMR 

CDCl 3 , ppm): 139.0. 

.3. X-ray single crystal analysis 

Appropriately sized single crystals of the synthesized com- 

lexes 1 and 2 were immerged in paraffin oil and mounted on a 

lass fiber for the analyses. The data were obtained with a STOE 

PDS 2 T diffractometer (graphite-monochromated Mo K α radia- 

ion, λ = 0.71073 Å) at 293 K. Direct methods (SHELXS-2013) were 

sed to solve the structures and refinement against all data was 

one by using full-matrix least-squares methods on F 2 (SHELXL- 

3) [19] . Anisotropic displacement parameters were used for the 

efinement of all non-H atoms. The refinement of H atoms was car- 

ied out isotropically on calculated positions using a riding model 

ith their U iso values constrained to 1.5 U eq of their pivot atoms for 

he terminal sp 

3 C-atoms and 1.2 times for all other C-atoms. The 

–butyl chains of all organic substituents are heavily disordered. 

his was modeled with two occupation sites for all involved atoms 

sing SADI, SIMU and DELU constraints. The respective ellipsoids 

emain rather large, though, as the alkyl chains show overall ex- 

ensive movement in the crystal lattice without being controlled 

y any form of hydrogen bonding. One chlorine substituted phenyl- 

ing in the asymmetric unit is also disordered over two positions 

y a flipping of the phenyl ring (180 ° rotation). No constraints were 

sed in the modeling of this disorder. 

Crystallographic data for the two structures reported here were 

eposited with the Cambridge Crystallographic Data center, CCDC, 

2 Union Road, Cambridge CB21EZ, UK. The data can be ob- 

ained free of charge on quoting the depository numbers 1, 994, 352 

 1 ) and 1, 994, 435 ( 2 ) by FAX ( + 44–1223–336–033) email (de-

osit@ccdc.cam.ac.uk) or their web interface (at http://www.ccdc. 

am.ac.uk ) 

.4. Computational methods 

.4.1. Molecular docking studies 

The three dimensional (3D) structures of the synthesized com- 

lexes were drawn with the Molecular Operating Environment 

MOE-2016) software [20] . The crystal structures of the salmon 

perm-DNA, (PDB id: 1BNA), angiotensin-converting enzyme 2 

PDB code; 1R42), spike protein of SARS-CoV-2 (PDB id: 6CS2) 

nd nucleocapsid protein of SARS-CoV-2 (PDB id: 6M3M) were 

etrieved from the protein databank [ www.rcsb.org/pdb ]. Prior to 

olecular docking, all water molecules were removed from the re- 

rieved crystal structures using the Molecular Operating Environ- 

https://www.ccdc.cam.ac.uk/mystructures/viewinaccessstructures/32ed9433-ab74-ea11-9687-00505695f620
https://www.ccdc.cam.ac.uk/mystructures/viewinaccessstructures/256b1547-ab74-ea11-9687-00505695f620
http://www.ccdc.cam.ac.uk
http://www.rcsb.org/pdb
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N

ent software ( www.chemcomp.com ). The 3D protonation and en- 

rgy minimization of all the retrieved crystal structures was car- 

ied out using the MOE software with its default parameters. The 

acromolecules were allowed to dock to the synthesized com- 

lexes using MOE with default parameters i.e. , placement: Trian- 

le Matcher, rescoring: London dG for DNA and GBVI/WSA dG for 

roteins. For each complex ten conformations were generated. The 

op-ranked conformation of each compound was used for further 

nalysis. 

.4.2. DFT calculations 

The DFT studies of the synthesized complexes 1 and 2 were 

erformed with the Gaussian 09 software [21] . The molecular ge- 

metry visualization and respective graphics were carried out and 

enerated with Gauss view 5.0 [22] . The geometries of both com- 

lexes (1 and 2) were fully optimized in the gaseous phase by us- 

ng density functional theory at B3LYP/LANL2DZ level. Two sepa- 

ate basis sets were employed for the calculation, 6–31G(d, p) was 

mployed for the C, H, O, Cl, and Lanl2DZ was employed for Sn 

23–25] . From the highest occupied molecular orbital (HOMO) and 

owest unoccupied molecular orbital (LUMO), the frontier molecu- 

ar orbitals energy band gap (E g ) and global reactivity parameters 

uch as chemical hardness, softness, electronegativity and chemi- 

al potential were calculated with Koopman’s theorem at the same 

evel of theory as used for the optimization [26] . Molecular electro- 

tatic potential (MEP) surfaces were analyzed to identify electron- 

ich and -deficient regions in the synthesized complexes. 

.5. Antioxidant activities 

The synthesized complexes were studied for their in vitro an- 

ioxidant potential by different assays using a UV-Visible Spec- 

rophotometer. 

.5.1. DPPH radical scavenging assay 

The synthesized complexes 1 and 2 were tested for their in vitro 

PPH radical scavenging assay according to a reported method 

27] . Different concentrations (12.5, 25, 50, 10 0 and 20 0 μM) of 

he test complexes were mixed with 1 mL ethanolic solution of 

PPH (300 μM). The mixture solutions were shaken and incubated 

n the dark for 30 min at room temperature. The subsequent de- 

rease in absorbance was measured at 518 nm. Ascorbic acid at 

he same concentrations was used as a positive control to deter- 

ine the maximal decrease in DPPH absorbance. The experiments 

ere carried out in triplicates. 

.5.2. Ferrous ion-chelating assay 

The ferrous ion chelating abilities of the synthesized complexes 

 and 2 were determined with the o-phenantroline procedure 

ased on the formation of an iron(II)-o-phenanthroline complex 

28] . A 3.0 mL distilled water solution containing varying concen- 

rations of synthesized complexes (12.5, 25, 50, 10 0 and 20 0 μM), 

.1 mL of 9 mM o-phenanthroline, 0.2 mL of 3.6 mM ferrous sul- 

ate and 0.3 mL of 100 mM tris-HCl buffer (pH = 7.4) were in-

ubated for a period of 10 min at room temperature. The ab- 

orbance of the solutions was measured at 510 nm. Ethylenedi- 

minetetraacetic acid (EDTA) was used as a reference. 

.5.3. Ferric-reducing antioxidant power assay 

The ferric ion reduction potentials of the synthesized complexes 

 and 2 were determined with the ortho-phenanthroline method 

29] . Different concentrations (12.5, 25, 50, 10 0 and 20 0 μM) of 

he synthesized complexes 1 and 2 were added to a solution con- 

aining 200 μL of 4.5 mM o -phenanthroline, 0.15 mL of 0.2 M tris- 

Cl buffer (pH = 7.4), 400 μL of 1.8 mM ferric chloride. The solu- 

ion was diluted with distilled pure water up to 30 0 0 μL in a test
3 
ube. The reaction mixtures were shaken vigorously. After 10 min 

he change in the absorbance values was measured at 510 nm. 

itamin-C was used as a reference. 

.5.4. Total antioxidant capacity assay 

The total antioxidant activities of the synthesized complexes 1 

nd 2 were determined with the phosphomolybdenum method as 

escribed earlier [30] . Different concentrations (12.5, 25, 50, 100 

nd 200 μM) of the synthesized complexes 1 and 2 were mixed 

ith reagent solution containing 700 μL of 0.6 M sulfuric acid, 

0 0 0 μL of 28 mM potassium monophosphate and diphsophate, 

.0 mM ammonium molybdate and were diluted up to 3 mL with 

istilled water. The reaction tubes, covered with silver foil, were 

ncubated for 90 mins in a boiling water bath at 95 °C. The re- 

ction mixtures were cooled down to room temperature and the 

hange in absorbance was measured at 695 nm by UV/VIS spec- 

roscopy. Vitamin-C was used as a reference. 

.5.5. Hydroxyl free radical scavenging assay 

The hydroxyl radial scavenging ability of the synthesized com- 

lexes 1 and 2 was tested using the Fenton reaction [31] . Varying 

oncentrations (12.5, 25, 50, 10 0 and 20 0 μM) of the synthesized 

omplexes, 0.1 mL of 7.5 mM o-phenanthroline, 0.5 mL of 0.2 M 

hosphate buffer (pH 6.6), 0.1 mL of 7.5 mM ferrous sulfate and 

.1 mL of H 2 O 2 (0.1%) were mixed and diluted up to 3 mL with

istilled water. The reaction mixtures were incubated at room tem- 

erature for 30 min. The absorbance of the mixture solution was 

easured at 510 nm. The reaction mixture without synthesized 

omplexes was used as a control and the one without complexes 

nd H 2 O 2 as a blank. 

. Results and discussion 

.1. Synthesis 

Organotin(IV) carboxylates were synthesized by the reac- 

ion of R 3 SnCl { R = C 4 H 9 ( 1 ) and CH 3 ( 2 )} with sodium-2-

hlorophenylethanoate (1:1) in dry chloroform. The reaction mix- 

ures were refluxed for 8 h. The complexes were obtained in good 

ields ( > 80%). They are white solids and soluble in toluene, chlo- 

oform and DMSO. 

.2. FT-IR spectroscopy 

Comparison of the FT-IR spectra of the free ligand acid HL with 

he synthesized complexes 1 and 2 confirmed the formation of 

he carboxylate complexes (figures S1–3). The most explicit feature 

f the complexes spectra is the absence of a broad band (3400–

400 cm 

−1 ) owing to the OH vibration of the COOH moiety [32] .

he presence of weak bands in the spectra of complexes 1 and 2 at 

74 cm 

−1 and 469 cm 

−1 , respectively, further support their forma- 

ion [11] . In addition, the strong bands owing to C 

= O (1706 cm 

−1 )

nd C 

–O (1233 cm 

−1 ) vibrations in the free ligand acid HL were

lso absent in the spectra of both complexes. These bands were re- 

laced by antisymmetric (1560, 1565 cm 

−1 ) and symmetric vibra- 

ions (1388, 1385 cm 

−1 ) of the COO moiety in complexes 1 and 2 ,

espectively. The difference ( �v ) of antisymmetric and symmetric 

OO vibrations in complexes 1 (172) and 2 (180) indicated bridging 

identate coordination modes of the carboxylate ligands [11] . The 

R spectral findings are well supported by the X-ray single crystal 

ata of complexes 1 and 2 . 

.3. NMR spectroscopy 

The solution state structural characterization by 1 H and 

13 C 

MR spectra for the synthesized complexes was performed in 

http://www.chemcomp.com
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Fig. 1. (a) The asymmetric unit of the molecular structure of complex 1 ; (b) poly- 

meric chain protruding along the crystallographic a axis.; and (c) 3D view of the 

coordination polymers of complex 1 . Hydrogen atoms are omitted for clarity. 
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euterated chloroform. The 1 H NMR spectra of the synthesized 

omplexes exhibit no peaks in the deshielded region above 9 ppm. 

his observation agrees with the carboxylate ligands being depro- 

onated in the synthesized complexes 1 and 2 [1] . Three types of 

ignals owing to the tin bonded alkyl protons (below 2 ppm), lig- 

nd methylene protons (at 3.77 ppm) and ligand aryl protons (7.5–

.00) were observed with expected multiplicities and intensity pat- 

erns in the 1 H NMR spectra of the synthesized complexes. In the 
 H NMR of complex 1 a triplet (H α), multiplet (H β , γ ) and triplet

attern was observed for the tin bonded 

–CH 2 –CH 2 –CH 2 –CH 3 

keleton in the shielded part of the spectrum [1] . The 1 H NMR 

pectrum of the complex 2 was simple and more informative 

ompared to the complex 1 . The tin bonded methyl protons ap- 

eared as singlet at 0.58 ppm with well resolved satellites giv- 

ng a coupling constant 2 J [( 119/117 Sn,1H), Hz] of 58/56 Hz. This cou- 

ling constant value suggested a tetrahedral geometry for the tin 

tom in solution [1] . The argument was further supported by the 

e-Sn-Me angle calculation (111.0 ̊) using the Lockhart equation, 

= 0.0161 [2 J] 2 - 1.32 [2 J] + 133.4 [33] . 

In the 13 C NMR spectra of the synthesized complexes the sig- 

als due to different carbon atoms were found in the expected 

egions. The peaks were assigned by comparing the spectra with 

reviously reported similar complexes [11] . The coordination num- 

er and geometry around tin in the synthesized complexes 1 and 2 

ere derived from the 1 J [( 119/117 Sn, 13 C) coupling constant values. 

he calculated values are 353/337 and 394/377 Hz thus suggesting 

our coordinated tetrahedral tin centers in the synthesized com- 

lexes 1 and 2 , respectively [10] . The calculated angles from the 
 J [( 119/117 Sn, 13 C) values were found to be almost ideal for tetrahe- 

ral geometry with 107.7 ° and 111.3 ° for complexes 1 and 2 , re- 

pectively, furthermore the 119 Sn NMR signals also supported typ- 

cal four-coordinated tin [ 10 , 11 ].The absence of any extra peak in

he spectra emphasizes the very high purity of the synthesized 

omplexes. 

.4. Crystal structure description 

The two organotin(IV) derivatives ( 1 and 2 ) of 2- 

hlorophenylacetic acid shown in Figs. 1 (a) and 2 (a), respectively, 

rystallized in the monoclinic crystal system. The corresponding 

rystal data is shown in Table 1 and important bond lengths and 

ngles of both the complexes are shown in Tables 2 and 3 , respec-

ively. The crystal packing diagrams reveal four sub units of coor- 

ination polymers with μ-K, 1 K 

1 bidentate 2-chlorophenylacetate 

igands. The supramolecular structures of the single units of 

omplexes 1 and 2 are shown in Figs. 1 (b), 1 (c) and Fig. 2 (b),

espectively. 

The asymmetric units of the coordination polymers in both 

omplexes include two types of tin atoms with distorted trigo- 

al bipyramidal geometries which is also confirmed by the re- 

pective τ values ( τ = β- α/60 where β and α are the two 

argest basal angles) [34] . For penta-coordinated Sn with per- 

ect trigonal-bipyramidal geometry the τ value is one whereas a 

alue of zero corresponds to a perfect square-pyramidal structure. 

he calculated τ values were found to be 0.828Sn1/0.823Sn2 and 

.862Sn1/0.886Sn2 for complexes 1 and 2 , respectively, indicat- 

ng slightly distorted trigonal-bipyramidal geometries around the 

in atoms. The values, furthermore, reflect a stronger distortion 

or complex 1 relative to complex 2 . In complex 1 bulky n –butyl 

roups and the concomitant mild steric strain result in more dis- 

ortion compared to the complex 2 with much smaller methyl sub- 

tituents. 

The apparent distortion in the geometries is also reflected in 

he equatorial Sn 

–C bond lengths as summarized in Tables 2 and 

 for the complexes 1 and 2 , respectively. The Sn 

–C bond lengths

n complex 1 are shorter while those in complex 2 are com- 
4 
arable to the typical Sn 

–C bond lengths in structurally related 

rigonal bipyramidal organotin(IV) complexes [ 35 , 36 ]. The axial 

 

–Sn 

–O angles in complex 1 {O4 ii —Sn1—O1 = 172.20 (16) ° and 

2 –Sn2 –O3 = 173.18 (15) °} show more distortion compared to 

he same angles in complex 2 {O4—Sn1—O2 = 174.81 (16) ° and 

1—Sn2—O3 = 178.82 (18) °} from the ideal trigonal bipyramidal 

alue of 180 ° Also, in complex 1 , O—Sn—O angles show only mi- 

or differences { −0.98 °} compared to complex 2, where the O—

n—O angles differ for the two Me 3 SnO 2 moieties of the same unit 

y −4.01 ° In complex 2 , the smaller methyl groups allow a closer 

acking of the coordination polymers, thereby facilitating interac- 

ions of the 2–chloro substituent with the O—Sn—O moieties which 

esults in a greater difference in their angle values. For the same 

eason the sum of equatorial angles {C—Sn1—C = 358.4 °, C—Sn2—
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Fig. 2. (a) The molecular structure of complex 2 and (b) coordination polymer 

formed by complex 2 . Hydrogen atoms are omitted for the clarity. 
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Table 1 

Crystal and refinement data of complexes 1 and 2 . 

Complex 1 2 

Empirical formula C 40 H 66 Cl 2 O 4 Sn 2 C 22 H 30 Cl 2 O 4 Sn 2 
Formula mass 919.20 666.74 

Temperature (K) 293 293 

Wavelength ( ̊A) 0.71073 0.71073 

Crystal system, space 

group 

Monoclinic, P 2 1 / c Monoclinic, P 2 1 / n 

Unit cell dimensions ( ̊A) a = 10.405 (2), 

b = 21.041 (4), 

c = 22.830 (6), 

β = 109.36 (3) °

a = 7.0555 (14), 

b = 28.314 (6), 

c = 13.607 (3) 

β = 92.78 (3) °

Z, Volume ( ̊A 3 ) 4, 4716 (2) 4, 2715.0 (9) 

Crystal size (mm) 0.49 × 0.21 × 0.17 0.10 × 0.09 × 0.09 

Calculated density (Mg 

m 

−3 ) 

1.295 1.631 

Absorption coefficient 

(mm 

−1 ) 

1.21 2.06 

F(000) 1888 1312 

� range for data 

collection 

6.1–45.5 ° 6.2–48.3 °

Limiting indices h = −11 → 11, 

k = −22 → 22, 

l = −24 → 24 

h = −7 → 7, 

k = −31 → 31, 

l = −15 → 15 

Measured reflections 28,660 15,778 

Independent reflections 6189 4031 

Reflections with I > 

2 σ (I) 

2874 2606 

R int 0.071 0.068 

Refinement method Full-matrix 

least-squares 

on F 2 

Full-matrix 

least-squares 

on F 2 

Data/restraints/ 

parameters 

6189/283/501 4031/0/271 

R [ F 2 > 2 σ ( F 2 )] 0.037 0.037 

τ -values 0.828 (Sn1), 0.823 

(Sn2) 

0.862 (Sn1), 0.886 

(Sn2) 

d

e

3

3

o

m

6

 = 358.9 °} in complex 2 is more distorted than complex 1 {C—

n1—C = 359 °, C—Sn2—C = 359.3 °}. 

The Sn 

–O distances for Sn1….O3 = 3.077 Å and 

n2….O2 = 3.125 Å in complex 2 , though longer than typical 

n–O covalent bonds, are still shorter than the reported sum of 

an der Waals radii of Sn and O (3.7 Å) [37] . Complex 2 may be

ssigned distorted octahedral geometries if these bonds are not 

eglected and the respective oxygen atoms are then considered as 

eing coordinated to both tin ions simultaneously. In complex 1 

he same bond lengths due to the presence of the bulky n –butyl 

ubstituents is exceeding 4 Å which is longer than the sum of van 
Table 2 

Selected bond lengths ( ̊A) and bond angles ( °) of complex 1 a . 

Moiety Bond lengths (Exp.) Bond lengths (Calc.) M

C21-Sn2 2.071 (9) 2.14 C

C25-Sn2 2.108 (7) 2.151 C

C29-Sn2 2.05 (4) 2.152 C

O2-Sn2 2.187 (4) 2.15 O

O3-Sn2 2.426 (5) 2.056 O

C33-O3 1.240 (8) 1.31 C

C33-O4 1.262 (7) 1.22 C

C40-Cl2 1.545 1.76 

Moiety Bond angles (Exp.) Bond angles (Calc.) M

C21-Sn2-C25 118.3 (4) 113.6 C

C21-Sn2-C29 123.5 (7) 117.69 O

C25-Sn2-C29 117.5 (6) 113.6 O

O2-Sn2-O3 173.18 (15) 176.43 O

C25-Sn2-O3 84.3 96.3 C

C21-Sn2-O3 86.5 105.6 C

C29-Sn2-O3 90.8 106.43 C

C22-C21-Sn2 122.9 115.93 O

C26-C25-Sn2 116.7 115.53 

a = dash indicates value not calculated(i) x − 1, y, z; (ii) x + 1, y,

5 
er Waals radii of Sn and O and a respective interaction can be 

xcluded here. 

.5. DFT calculations 

.5.1. DFT optimized geometries 

The geometries of the synthesized complexes 1 and 2 were fully 

ptimized in the gas phase with density functional theory (DFT) 

ethods at the B3LYP/LANL2DZ level and are shown in figures S4–

 in the supplementary data. The selected bond lengths and bond 
oiety Bond lengths (Exp.) Bond lengths (Calc.) 

1-Sn1 2.102 (7) –

5-Sn1 2.115 (8) –

9-Sn1 2.080 (10) –

1-Sn1 2.426 (4) –

4ii- Sn1 2.154 (4) –

13-O1 1.237 (7) –

13-O2 1.265 (7) –

oiety Bond angles (Exp.) Bond angles (Calc.) 

30-C29-Sn2 116 115.95 

3-C33-C34 116.9 116.16 

4-C33-C34 120.5 122.78 

3-C33-O4 122.6 122.7 

9-Sn1-C1 118.9 (4) –

9-Sn1-C5 122.5 (4) –

1-Sn1-C5 117.6 (4) –

4ii-Sn1-O1 172.20 (16) –

–

 z. 
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Table 3 

Selected bond lengths ( ̊A) and bond angles ( °) of complex 2 a . 

Moiety Bond lengths (Exp.) Bond length (Calc.) Moiety Bond lengths (Exp.) Bond length (Calc.) 

C9-Sn2 2.123 (8) 2.137 C20-Sn1 2.093 (8) –

C10-Sn2 2.111 (7) 2.131 C21-Sn1 2.103 (7) –

C11-Sn2 2.102 (8) 2.133 C22-Sn1 2.117 (7) –

O1-Sn2 2.195 (4) 2.047 O2-Sn1 2.433 (5) –

O3-Sn2 2.399 (4) 2.43 O4-Sn1 2.194 (4) –

C8-O2 i 1.229 (8) 1.227 C12-O3 1.235 (8) –

C8-O1 1.278 (8) 1.31 C12-O4 1.274 (8) –

Moiety Bond angles (Exp.) Bond angles (Calc.) Moiety Bond angles (Exp.) Bond angles (Calc.) 

C10-Sn2-C9 114.1 (4) 112.646 O2-C8-O1 122.8 123.123 

C11-Sn2-C10 125.7 (4) 117.660 C9-Sn2-O1 90.3 96.8 

C11-Sn2-C9 119.1 (4) 113.123 O1-C8-C7 115.8 115.8 

O1-Sn2-O3 178.82 (18) 177.6 C20-Sn1-C21 123.1 (3) –

C10-Sn2-O1 95.2 107.6 C20-Sn1-C22 119.5 (3) –

C11-Sn2-O1 94.6 106.8 C21-Sn1-C22 115.8 (3) –

C8-O1-Sn2 118.6 117.292 O4-Sn1-O2 174.81 (16) –

O2-C8-C7 121.3 121.014 

a = dash indicates value not calculated(i) x + 1/2, −y + 1/2, z + 1/2; (ii) x − 1/2, −y + 1/2, z − 1/2. 
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(
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c

h

(

ngles in the optimized complexes geometries were calculated us- 

ng a combination of two basis sets. For the four lighter atoms 

C, H, O, Cl) the 6–31G(d, p) basis set and for the Sn atom the

ANL2DZ basis set were used. Theoretically predicted parameters 

ave shown a fairly good agreement with the corresponding exper- 

mental data for the complexes 1 and 2 as shown in Tables 2 and

 , respectively. Experimental data revealed polymeric chain struc- 

ures for the complexes 1 and 2 including two different types of tin 

toms in the solid state. In the theoretical approach, bond lengths 

nd bond angles were calculated for only one type of tin atom and 

n a gaseous phase optimized form. For these reasons some devia- 

ions can be observed in the experimental and theoretically calcu- 

ated data. In complex 1 , the experimental and theoretically calcu- 

ated bond lengths have maximum and minimum bond length dif- 

erences of 0.366 Å and 0.037 Å in the Sn2-O3 and Sn2-O2 bonds, 

espectively. Also the experimental and theoretical calculated bond 

ngles have maximum and minimum bond angle differences of 

9.1 ° and 0.05 ° for the C21-Sn2-O3 and C30-C29-Sn2 angles, re- 

pectively. The comparatively large difference of 19.1 ° in the bond 

ngle C21-Sn2-O3 could be assigned to the aforementioned factors 

nd is also due to the presence of intermolecular interactions in 

he solid crystalline form. In complex 2 , the experimental and the- 

retically calculated distances have maximum and minimum bond 

ength differences of 0.148 Å and 0.002 Å for the Sn2-O1 and C8- 

2 i bonds, respectively. Similarly, the experimental and theoretical 

alculated bond angles have maximum and minimum bond angle 

ifferences of 12.4 ° and 0 ° for the C10-Sn2-O1 and O1-C8-C7 an- 

les, respectively. 

.5.2. Quantum Chemical calculations 

In order to better understand the stability and electronic prop- 

rties of the synthesized complexes 1 and 2 , frontier molecular 

rbital calculations were carried out with DFT methods at the 

3lyp/Lanl2DZ level of theory. The energies of the highest occupied 

olecular orbital (HOMO) and of the lowest unoccupied molecular 

rbital energy (LUMO) and the respective energy band gap play an 

mportant role in estimating the physical and electronic properties 

f the molecules. 

The HOMO represents the electron rich and the LUMO com- 

rises the electron deficient region of the molecule showing elec- 

ron donating and accepting abilities, respectively [ 38 , 39 ]. The 

rontier molecular orbitals (HOMO and LUMO) of the synthesized 

omplexes are shown in Table 4 . In both the synthesized com- 

lexes the HOMO and LUMO are predominantly located on the car- 

oxylate ligand. The HOMO resides on the benzene ring, chlorine 
6 
tom and carboxyl (COO) group, while the LUMO is mainly located 

n the benzene ring with a minor extension towards the chlorine 

nd the carboxyl (COO) group of the coordinated ligand. The en- 

rgy gaps (E g ) between HOMO and LUMO play an important role in 

he structural and kinetic stability of a molecule [40–42] . A smaller 

r larger HOMO-LUMO energy gap entails a more reactive or more 

table nature of the molecule, respectively [ 42 , 43 ]. The calculated 

OMO and LUMO energy gaps of complexes 1 and 2 are similar 

.1005 and 6.25094 eV, respectively (figures S7 and S8). The calcu- 

ated values reflect a comparably good kinetic stability of the com- 

lexes [ 42 , 43 ]. 

The HOMO-LUMO energies were further used to calculate the 

lobal reactivity parameters such as the electrophilicity index ( ω), 

lectronegativity ( χ ), chemical potential ( μ), ionization potential 

I), electron affinity (A), chemical hardness ( ɳ ) and global softness 

S) by using the following equations [44] and the data are dis- 

layed in Fig. 3 (a). 

 = −E HUMO (1) 

 = −E LUMO (2) 

g = E LUMO − E HUMO (3) 

= 

I − A 

2 

= 

E LUMO − E HOMO 

2 

(4) 

= 

( I + A ) 

2 

= 

− ( E LUMO + E HOMO ) 

2 

(5) 

= 

− ( I + A ) 

2 

= 

( E LUMO + E HOMO ) 

2 

(6) 

= 

1 

η
(7) 

The global reactivity parameters as shown for the complexes 

 and 2 in Fig. 3 (a) are useful descriptors in defining polariz- 

bility, the electro/nucleophilic nature and chemical reactivity of a 

olecule. These parameters give a theoretical insight in the chem- 

cal and redox nature of a molecule and facilitate predicting the 

haracteristics of its interaction with biomolecules. 

A molecule with a small frontier orbital gap (Eg), lower global 

ardness (resistance to charge transfer), higher global softness 

ease of charge transfer) and a higher electrophilicity index acts as 
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Table 4 

HOMO and LUMO surfaces of the complexes 1 and 2 . 

Fig. 3. (a) Global reactivity parameters of complexes 1 and 2 , the inset shows nu- 

merical data for different parameters. (b) Molecular Electrostatic Potential surfaces 

of complexes 1 and 2 . 
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 soft, more polarizable and reactive molecule [45] . In the present 

tudy lower frontier orbital gap and global hardness values and 

igher global softness and electrophilicity index values of complex 

 makes it more soft, polarizable and reactive compared to com- 
7 
lex 2 for the electron transfer reactions [45] . The absolute elec- 

ronegativity ( χ ) value (an indicator for the acidic/basic behavior 

f a molecule) is slightly higher for complex 1 than for complex 

. This observation suggests a more acidic character for complex 1 . 

urther, the larger values of the chemical potentials for complex 1 

nd complex 2 (with 1 > 2 ) show that the energy of the complexes

s more sensitive towards a redox transformation compared to the 

reviously reported complexes [45] . The calculated global reactiv- 

ty parameters suggest that the synthesized complexes 1 and 2 can 

otentially show antioxidant and biological activity owing to their 

ofter, more polarizable and better charge transfer ability com- 

ared to the previously reported organotin(IV) complexes [ 45 , 46 ]. 

.5.3. Molecular electrostatic potential (MEP) surface analysis 

Molecular electrostatic potential (MEP) surfaces provide graph- 

cal information about the relative polarity of a molecule. The 

EP surfaces of the synthesized complexes mapped with electro- 

tatic potential dispersion ( −1.112–1.112 esu for 1 and −1.123–1.23 

su for 2 ) are shown in Fig. 3 b. The narrow electrostatic poten- 

ial dispersion range and absence of red or blue color on the en- 

ire MEP surface emphasize a rather neutral nature of the synthe- 

ized complexes [47] . This might be beneficial in a sense that these 

olecules are not expected to interfere strongly with ion channels 

r transporters in cells which, inter alia , is associated with the typ- 

cal toxicity of organotin compounds. 

.6. Molecular docking study 

.6.1. DNA interaction 

Molecular docking studies were performed to identify the the- 

retical binding interactions of the synthesized complexes 1 and 

 with DNA. Usually for drug-DNA interaction the salmon sperm 

NA is used due to its high binding affinity with drug molecules 

nd stability of drug-DNA complex during UV-absorption analy- 

is, carried out for binding constant calculations. Complex 1 (dock- 
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Fig. 4. Molecular docked structure of (a) free ligand acid ( HL ) with DNA (b) complex 1 with DNA and (c) complex 2 with DNA. 

Fig. 5. Molecular docked structure of (a) free ligand acid ( HL ) (b) complex 1 and (c) complex 2 with angiotensin-converting enzyme 2. 
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ng score = −7.4576) showed a polar interaction with the active 

esidues (DC 11) of the DNA as shown in Fig. 4 (b). Complex 2

docking score = −7.2043) showed two polar interactions with the 

ctive site residues (DC 9, DG 10) of the DNA as shown in Fig. 4 (c).

ree acid ligand HL (docking score = −7.0978) showed two polar 

nteractions with the DNA active residues (DG 16 and DG 10) as 

hown in Fig. 4 (a). The docking scores imply an activity order 1 > 

 > HL which supports the presumption that complexation could 

ncrease the DNA binding efficiency of the acid ligand. Also keep- 

ng all other factors (carboxylate ligand, number of alkyl groups, 

eometry around tin atom) the same, the nature of the alkyl group 

an affect the DNA binding potential of the synthesized complexes. 

.6.2. Corona virus SARS-CoV-2 proteins and angiotensin converting 

nzyme 2 docking 

Molecular docking studies were also performed to theoretically 

dentify potential interactions of the acid ligand HL and the syn- 

hesized complexes ( 1 and 2 ) with the SARS-Co-2 virus responsible 

or the most challenging disease Covid-19. For the docking studies, 

ucleocapsid protein, spike protein (point of interaction with the 

eceptor in the human body) of SARS-CoV-2 virus and angiotensin- 

onverting enzyme 2 (ACE2), a possible host/receptor for the SARS- 

o-2 virus [ 4 8 , 4 9 ] were chosen. The docking computations re-

ealed some considerable binding interactions of the acid ligand 

nd the synthesized complexes with the angiotensin-converting 

nzyme 2 (ACE2) and with the nucleocapsid protein of the SARS- 

oV-2 virus. However, no sufficiently stable interactions of the 

ompounds with the spike protein were found. Free acid ligand 

L (docking score = −7.4586) shows two H-acceptor interactions 

ith LYS 458 of the ACE2 receptor as shown in Fig. 5 (a). Complex 1

docking score = −5.8182) exhibits two H-donor interactions with 

he active side residues MET 462 and MET 480 of the ACE2 recep- 

or as shown in Fig. 5 (b). Complex 2 (docking score = −5.4212) 

ngages in two H-donor, π-H interactions with the active site 

esidues GLU 227 and ILE 484 of the ACE2 receptor as shown in 

ig. 5 (c). Free acid ligand HL (docking score = −7.6944) induces 

hree H-acceptor interactions with ARG 108 of the nucleocapsid 
8 
rotein ( Fig. 6 (a)). Complex 1 (docking score = −9.1386) shows 

ne H-acceptor interaction with the same active site residue ARG 

08 in the nucleocapsid protein ( Fig. 6 (b)). Complex 2 (docking 

core = −6.9317) on the other hand establishes one H-donor in- 

eraction with the active site ALA 157 in the nucleocapsid protein 

 Fig. 6 (c)). The so far observed theoretical interacting abilities of 

he synthesized complexes, though promising, require further stud- 

es including experimental ones to identify a possible/definitive 

ole of the organotin(IV) carboxylates in controlling corona viruses 

n the future. 

.7. Antioxidant Activities 

The complexes were assessed for their antioxidant potential us- 

ng DPPH, ferrous ion chelation, ferric ion reducing, total antiox- 

dant and hydroxyl free radical scavenging assays. The activities 

ere tested using different concentrations of the synthesized com- 

lexes (12.5, 25, 50, 10 0 and 20 0 μM) against ascorbic acid (vi- 

amin C) as a standard drug. For the ferrous ion chelation assay 

DTA was used as a standard. The activity of the complexes is 

hown as IC 50 values in Table 5 . Complex 1 with a lower IC 50 value

as shown a better antioxidant potential compared to complex 2 

n DPPH, ferric ion reducing and total antioxidant capacity assays. 

he antioxidant activity can be explained in terms of H/electron 

ransfer from the antioxidant to the free radical under investiga- 

ion [50] . Complexes 1 and 2 show similar structural behavior re- 

arding the carboxylate ligand, the ligand coordination mode and 

he geometry around tin (tetrahedral in solution as confirmed by 

MR spectroscopy). The only difference between the complexes 

s the nature of the alkyl chain/group bound to tin. Complex 1 

ears bulky butyl groups with more electron donating ability to 

he tin ion compared to the smaller methyl groups of complex 2 . 

he electron donation from the butyl groups renders the respec- 

ive tin a more electron rich species. Also, the bulky butyl groups 

mpair any additional interaction of the C 

= O group with the tin 

tom. Therefore, an electron transfer from the free C 

= O group to 

he free radical/ion should generally be possible resulting in (bet- 
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Fig. 6. Molecular docked structure of (a) free ligand acid ( HL ) (b) complex 1 and (c) complex 2 with nucleocapsid protein. 

Table 5 

IC 50 values of the synthesized complexes 1 and 2 in different antioxidant assays. 

IC 50 values/μM 

Compounds DPPH Ferrou ion Chelation Ferric ion reducing Total antioxidant Hydroxyl free radical 

1 58.139 ± 9.74 202.47 ± 8.18 115.90 ± 6.8 133.33 ± 8.87 221.38 ± 8.03 

2 116.74 ± 9.51 157.03 ± 9.03 138.77 ± 8.65 139.12 ± 9.07 129.83 ± 10.12 

Vit.C 39.20 ± 6.71 – 61.00 ± 10.35 130.00 ± 12.39 87.56 ± 13.90 

EDTA – 116.117 ± 7.83 – – –

Scheme 1. Synthetic scheme for the synthesis of complexes 1 and 2 . 
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er) antioxidant activity [51] . The sterically encumbered structure, 

ence, makes complex 1 the more active antioxidant compared to 

omplex 2 in these three assays. 

Notably, the activity order was reversed in the ferrous ion 

helation and hydroxyl free radical scavenging assays. In these pro- 

ocols complex 2 exhibits lower IC 50 values and was thereby more 

ctive than complex 1 . The activity reversal is attributed to dif- 

erent modes of action in the tested protocols. In complex 2 the 

maller methyl groups induce lesser steric hindrance and lower 

lectron donation to the tin. The sterically unsaturated relatively 

lectron deficient tin center in complex 2 might therefore be bet- 

er suited to act as an efficient direct OH radical scavenger. The 

maller methyl group also leaves enough space and flexibility so 

hat the C 

= O group of the coordinated ligand is free to chelate the 

ron(II) ions more efficiently making complex 2 the better antioxi- 

ant in the respective. 
9 
. Conclusion 

Tri- n –butyl– { 1 } and trimethyltin(IV) { 2 } complexes of 2- 

hlorophenylethanoic acid ( HL ) were synthesized by condensation 

eactions of triorganotin(IV) chlorides with the sodium salt of the 

cid ligand (NaL) {1:1} in dry chloroform in good yields. Poly- 

eric chain structures comprising penta-coordinated tin centres 

ith bridging carboxylate ligands were confirmed by solid state FT- 

R and single crystal analyses. In solution the complexes, ( 1, 2 ), ap- 

arently form four-coordinated tetrahedral tin centres as supported 

y their respective NMR ( 1 H, 13 C and 

119 Sn) spectra. Smaller fron- 

ier molecular orbital gaps and calculated global reactivity param- 

ters imply a softer, more polarizable and more reactive nature of 

omplex 1 compared to 2 . Molecular electrostatic potential surface 

nalyses emphasize a generally neutral nature of the complexes. 

he antioxidant potential of the complexes was notably affected by 

he nature of the tin bonded R group. The bulky n –butyl group ( 1 )

mproves the electron donating ability of the complex. The smaller 

ethyl group renders complex 2 a better chelating and OH radi- 

al attracting agent. Docking studies suggested some complex-DNA 

intercalation), complex-nucleocapsid protein of SARS-CoV-2 virus 

nd complex-angiotensin-converting enzyme 2 interactions. The 

ncouraging theoretical interactions of the complexes require fur- 

her studies of the complexes as possible DNA binders and corona 

irus inhibitors. 
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