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ABSTRACT

Triorganotin(IV) carboxylate complexes R3SnL, where R = C4Hg (1), CH; (2) and L = 2-chlorophenyl
ethanoate, were synthesized and characterized by elemental analysis, FT-IR, NMR ('H, 3C, 19Sn) 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.

1. Introduction

Organotin(IV) carboxylates are well known for their broad spec-
trum bioactivities including, antibacterial, antifungal, antileishma-
nial, antituberculosis, and anticancer potential [1-7]. The high
charge density and ability of tin to expand its coordination sphere
renders these complexes active agents for the interaction with the
donor atoms of various biomolecules. An important aspect for its
bioactivity is the easy access of the drug molecule to the target
cell in preferably unchanged form. Organotin(IV) carboxylates, ow-
ing to their hydrolytic stability and concomitant lipophilicity ful-
fill these criteria. The bioactivity of these complexes is greatly af-
fected by the number and nature of the tin bonded R groups, by
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the coordination number and the geometry of the complex [1]. Tri-
organotin(IV) carboxylates can offer better bioactivities than their
corresponding diorganotin(IV) analogues. This enhanced bioactiv-
ity is due to the increased lipophilicity based on the additional
alkyl group in the triorganotin(IV) carboxylates [8,9]. Also triorgan-
otin(IV) species exhibit lower coordination numbers (4 in solu-
tion and 5 in solid state) than diorganotin(IV) carboxylates (5/6 in
solution and 6 in solid state) [10]. A lower coordination number
around the tin ion in triorganotin(IV) derivatives facilitates its in-
teraction with the donor atoms of the biomolecules. In addition to
the organotin(IV) moiety, the carboxylate ligand along with its as-
sociated functional group(s) appears also quite important for the
complex bioactivity [8,11,12]. The coordinated ligand can assist the
complex movement through the cellular membranes, affect its hy-
dro/lipophilic character and may affect the electron exchange abil-
ity of the complex.
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The bioactivity of organotin(IV) carboxylate complexes is fre-
quently linked to their ability to interact with the cellular DNA
and proteins of the target cells [8]. Such complexes have been re-
peatedly studied for their antimicrobial and anticancer activities.
Studies regarding their antioxidant potentials are, however, rare.
Furthermore, scientists and researchers are still searching for an
effective and safe antiviral agent, specific to severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), responsible for caus-
ing the coronavirus disease 2019 (COVID-19). Spike (S) protein is
the main structural protein of the virus that interacts and binds to
the host cell receptors to facilitate its entry into the cells [13,14].
The human angiotensin-converting enzyme 2(ACE2) has been iden-
tified by X-ray crystallographic investigations as the specific re-
ceptor for the spike (S) protein’s receptor binding domain (RBD)
of SARS-CoV [15-17]. Along with the synthesis of new potential
drugs, two presently pursued important strategies for finding suit-
able compounds comprise known drug repurposing and computa-
tional docking analyses. The potential of organotin(IV) compounds
in this regard has yet to be explored against COVID-19 disease.

Considering the bioactivities of organotin(IV) carboxylates and
the urgent need for an anti- SARS-CoV-2 drug, we have in-
vestigated two newly synthesized triorganotin(IV)—2-chlorphenyl
ethanoates for their in vitro antioxidant potential, for their in silico
DNA binding and their SARS-CoV-2 interaction abilities.

2. Experimental
2.1. Materials and physical measurements

Tri-n-butyl-, trimethyltin(IV) chloride and 2-chlorophenyl
acetic acid, DPPH, ethanol, ascorbic acid, o-phenantroline, ferrous
sulphite, tris-HCI buffer, ethylenediaminetetraacetic acid, ferric
chloride, sulphuric acid, potassium monophosphate, potassium
diphosphate, ammonium molybdate and hydrogen peroxide were
purchased from the commercial suppliers and used as such with-
out any further purification. Chloroform, used as a solvent, was
dried according to a reported procedure [18]. A Gallenkamp (UK)
electrothermal melting point apparatus was used for the melting
point determinations. A Lenco CHNS 932 apparatus was used for
the elemental analyses. A Nicolet-6700 FTIR spectrophotometer,
Thermoscientific, USA, using attenuated total reflectance (ATR)
technique was used to record the FT-IR spectra (4000-400 cm~1).
The NMR spectra were obtained at room temperature on a Bruker
Advance Digital 300 MHz NMR spectrometer ('H and '3C) and
Mercury Plus-400 NMR spectrometer (19Sn). The chemical shifts
were provided in ppm relative to Me,sSi and MesSn in CDCl3
solvent.

2.2. Syntheses

2.2.1. Synthesis of sodium-2-chloropenylethanoate (Nal)

The sodium carboxylate salt, NaL was made by the dropwise ad-
dition of 2-chlorophenyl acetic acid dissolved in methanol (15 mL)
to the aqueous NaHCOj3 solution (15 mL) in equimolar ratio. The
reaction mixture was stirred at 40 °C for an hour. A white solid
obtained after rotary evaporation of the solvent was dried under
vacuum.

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

Complex 1 was synthesized by mixing equimolar amounts
of sodium-2-chlorphenylethanoate (0.963 g, 5 mmol) and tri-n-
butyltin(IV) chloride (1.628 g, 5 mmol) in dry chloroform followed
by heating under reflux condition for 8 hrs as shown in scheme 1.
The turbid mixture was left overnight and the precipitated sodium
chloride was removed by filtration. The filtrate was rotary evap-
orated to obtain a solid product which was recrystallized from a
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chloroform and n-hexane mixture (4:1). Yield: 85%. M.p. 57 °C.
Anal. Cal. (%) for CyoH33ClO,Sn: C, 52.26; H, 7.24. Found (%): C,
52.24; H, 7.25. IR (cm~1): 1560 v(COO0)asym, 1388 v(COO)sym, 172
Av, 539, v(Sn-C); 474 v(Sn-0). 'H NMR (CDCl;, ppm): 3.77 (s,
H2, 2H); 7.39-7.17 (m, Ar-H, 4H); 1.61 (t, Her, 6H); 1.39-1.25 (m,
Hp,y, 12H); 0.91 (t, H8, 9H). 3C NMR (CDCls, ppm), *J[(119/1178p,
13C), Hz]: 175.6 (C-1), 39.9 (C-2), 134.6, 134.3, 1314, 129.4, 1281,
126.7 (Ar-C), 16.5 {(C-«), [353/337]}, 27.8 {(C-B), [20]}, 27.02 {(C-
y), [64/62]}, 13.7 (C-8). 19Sn-NMR (CDCl3, ppm): 110.1.

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

Complex 2 was synthesized and recrystallized in the same
manner as complex 1. Sodium-2-chlorphenylethanoate (0.963 g,
5 mmol), trimethyltin(IV) chloride (0.996 g, 5 mmol).Yield: 81%.
M.p. 138 °C. Anal. Cal. (%) for C4;H;5ClO,Sn: C, 39.63; H, 4.53.
Found (%): C, 39.61; H, 4.52. IR (cm~!): 1565 v(COO0)asym, 1385
V(CO0)sym, 180 Av, 547 v(Sn-C); 469 v(Sn-0). 'H NMR (CDCl3,
ppm), 2J[(11917sn, TH), Hz]: 3.78 (s, H2, 2H); 7.40-7.19 (m, Ar-
H, 4H); 058 {(s, Ha, 9H), [58/56]}. 13C NMR (CDCl3, ppm),
1j[(1191117gp, 13C), Hz]: 176.0 (C-1), 39.9 (C-2), 134.6, 134.0, 1314,
129.4, 128.30, 126.8 (Ar-C), —2.3 {(C-a), [394/377]}. 119Sn-NMR
(CDCl3, ppm): 139.0.

2.3. X-ray single crystal analysis

Appropriately sized single crystals of the synthesized com-
plexes 1 and 2 were immerged in paraffin oil and mounted on a
glass fiber for the analyses. The data were obtained with a STOE
IPDS 2 T diffractometer (graphite-monochromated Mo Ko radia-
tion, A = 0.71073 A) at 293 K. Direct methods (SHELXS-2013) were
used to solve the structures and refinement against all data was
done by using full-matrix least-squares methods on F? (SHELXL-
13) [19]. Anisotropic displacement parameters were used for the
refinement of all non-H atoms. The refinement of H atoms was car-
ried out isotropically on calculated positions using a riding model
with their Ujg,values constrained to 1.5 Ueq of their pivot atoms for
the terminal sp3 C-atoms and 1.2 times for all other C-atoms. The
n-butyl chains of all organic substituents are heavily disordered.
This was modeled with two occupation sites for all involved atoms
using SADI, SIMU and DELU constraints. The respective ellipsoids
remain rather large, though, as the alkyl chains show overall ex-
tensive movement in the crystal lattice without being controlled
by any form of hydrogen bonding. One chlorine substituted phenyl-
ring in the asymmetric unit is also disordered over two positions
by a flipping of the phenyl ring (180° rotation). No constraints were
used in the modeling of this disorder.

Crystallographic data for the two structures reported here were
deposited with the Cambridge Crystallographic Data center, CCDC,
12 Union Road, Cambridge CB21EZ, UK. The data can be ob-
tained 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-
posit@ccdc.cam.ac.uk) or their web interface (at http://www.ccdc.
cam.ac.uk)

2.4. Computational methods

2.4.1. Molecular docking studies

The three dimensional (3D) structures of the synthesized com-
plexes were drawn with the Molecular Operating Environment
(MOE-2016) software [20]. The crystal structures of the salmon
sperm-DNA, (PDB id: 1BNA), angiotensin-converting enzyme 2
(PDB code; 1R42), spike protein of SARS-CoV-2 (PDB id: 6CS2)
and nucleocapsid protein of SARS-CoV-2 (PDB id: 6M3M) were
retrieved from the protein databank [www.rcsb.org/pdb]. Prior to
molecular docking, all water molecules were removed from the re-
trieved crystal structures using the Molecular Operating Environ-
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ment software (www.chemcomp.com). The 3D protonation and en-
ergy minimization of all the retrieved crystal structures was car-
ried out using the MOE software with its default parameters. The
macromolecules were allowed to dock to the synthesized com-
plexes using MOE with default parameters i.e., placement: Trian-
gle Matcher, rescoring: London dG for DNA and GBVI/WSA dG for
proteins. For each complex ten conformations were generated. The
top-ranked conformation of each compound was used for further
analysis.

2.4.2. DFT calculations

The DFT studies of the synthesized complexes 1 and 2 were
performed with the Gaussian 09 software [21]. The molecular ge-
ometry visualization and respective graphics were carried out and
generated with Gauss view 5.0 [22]. The geometries of both com-
plexes (1 and 2) were fully optimized in the gaseous phase by us-
ing density functional theory at B3LYP/LANL2DZ level. Two sepa-
rate basis sets were employed for the calculation, 6-31G(d, p) was
employed for the C, H, O, Cl, and Lanl2DZ was employed for Sn
[23-25]. From the highest occupied molecular orbital (HOMO) and
lowest unoccupied molecular orbital (LUMO), the frontier molecu-
lar orbitals energy band gap (Eg) and global reactivity parameters
such as chemical hardness, softness, electronegativity and chemi-
cal potential were calculated with Koopman'’s theorem at the same
level of theory as used for the optimization [26]. Molecular electro-
static potential (MEP) surfaces were analyzed to identify electron-
rich and -deficient regions in the synthesized complexes.

2.5. Antioxidant activities

The synthesized complexes were studied for their in vitro an-
tioxidant potential by different assays using a UV-Visible Spec-
trophotometer.

2.5.1. DPPH radical scavenging assay

The synthesized complexes 1 and 2 were tested for their in vitro
DPPH radical scavenging assay according to a reported method
[27]. Different concentrations (12.5, 25, 50, 100 and 200 pM) of
the test complexes were mixed with 1 mL ethanolic solution of
DPPH (300 pM). The mixture solutions were shaken and incubated
in the dark for 30 min at room temperature. The subsequent de-
crease in absorbance was measured at 518 nm. Ascorbic acid at
the same concentrations was used as a positive control to deter-
mine the maximal decrease in DPPH absorbance. The experiments
were carried out in triplicates.

2.5.2. Ferrous ion-chelating assay

The ferrous ion chelating abilities of the synthesized complexes
1 and 2 were determined with the o-phenantroline procedure
based on the formation of an iron(Il)-o-phenanthroline complex
[28]. A 3.0 mL distilled water solution containing varying concen-
trations of synthesized complexes (12.5, 25, 50, 100 and 200 pM),
0.1 mL of 9 mM o-phenanthroline, 0.2 mL of 3.6 mM ferrous sul-
fate and 0.3 mL of 100 mM tris-HCI buffer (pH = 7.4) were in-
cubated for a period of 10 min at room temperature. The ab-
sorbance of the solutions was measured at 510 nm. Ethylenedi-
aminetetraacetic acid (EDTA) was used as a reference.

2.5.3. Ferric-reducing antioxidant power assay

The ferric ion reduction potentials of the synthesized complexes
1 and 2 were determined with the ortho-phenanthroline method
[29]. Different concentrations (12.5, 25, 50, 100 and 200 pM) of
the synthesized complexes 1 and 2 were added to a solution con-
taining 200 pL of 4.5 mM o-phenanthroline, 0.15 mL of 0.2 M tris-
HCI buffer (pH = 7.4), 400 pL of 1.8 mM ferric chloride. The solu-
tion was diluted with distilled pure water up to 3000 pL in a test
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tube. The reaction mixtures were shaken vigorously. After 10 min
the change in the absorbance values was measured at 510 nm.
Vitamin-C was used as a reference.

2.5.4. Total antioxidant capacity assay

The total antioxidant activities of the synthesized complexes 1
and 2 were determined with the phosphomolybdenum method as
described earlier [30]. Different concentrations (12.5, 25, 50, 100
and 200 puM) of the synthesized complexes 1 and 2 were mixed
with reagent solution containing 700 pL of 0.6 M sulfuric acid,
1000 pL of 28 mM potassium monophosphate and diphsophate,
1.0 mM ammonium molybdate and were diluted up to 3 mL with
distilled water. The reaction tubes, covered with silver foil, were
incubated for 90 mins in a boiling water bath at 95 °C. The re-
action mixtures were cooled down to room temperature and the
change in absorbance was measured at 695 nm by UV/VIS spec-
troscopy. Vitamin-C was used as a reference.

2.5.5. Hydroxyl free radical scavenging assay

The hydroxyl radial scavenging ability of the synthesized com-
plexes 1 and 2 was tested using the Fenton reaction [31]. Varying
concentrations (12.5, 25, 50, 100 and 200 uM) of the synthesized
complexes, 0.1 mL of 7.5 mM o-phenanthroline, 0.5 mL of 0.2 M
phosphate buffer (pH 6.6), 0.1 mL of 7.5 mM ferrous sulfate and
0.1 mL of H,0, (0.1%) were mixed and diluted up to 3 mL with
distilled water. The reaction mixtures were incubated at room tem-
perature for 30 min. The absorbance of the mixture solution was
measured at 510 nm. The reaction mixture without synthesized
complexes was used as a control and the one without complexes
and H,0, as a blank.

3. Results and discussion
3.1. Synthesis

Organotin(IV) carboxylates were synthesized by the reac-
tion of R3SnCl {R = C4Hg (1) and CH3 (2)} with sodium-2-
chlorophenylethanoate (1:1) in dry chloroform. The reaction mix-
tures were refluxed for 8 h. The complexes were obtained in good
yields (> 80%). They are white solids and soluble in toluene, chlo-
roform and DMSO.

3.2. FT-IR spectroscopy

Comparison of the FT-IR spectra of the free ligand acid HL with
the synthesized complexes 1 and 2 confirmed the formation of
the carboxylate complexes (figures S1-3). The most explicit feature
of the complexes spectra is the absence of a broad band (3400-
2400 cm~!) owing to the OH vibration of the COOH moiety [32].
The presence of weak bands in the spectra of complexes 1 and 2 at
474 cm~! and 469 cm~!, respectively, further support their forma-
tion [11]. In addition, the strong bands owing to C=0 (1706 cm~!)
and C-0 (1233 cm!) vibrations in the free ligand acid HL were
also absent in the spectra of both complexes. These bands were re-
placed by antisymmetric (1560, 1565 cm~!) and symmetric vibra-
tions (1388, 1385 cm~!) of the COO moiety in complexes 1 and 2,
respectively. The difference (Av) of antisymmetric and symmetric
COO vibrations in complexes 1 (172) and 2 (180) indicated bridging
bidentate coordination modes of the carboxylate ligands [11]. The
IR spectral findings are well supported by the X-ray single crystal
data of complexes 1 and 2.

3.3. NMR spectroscopy

The solution state structural characterization by 'H and 3C
NMR spectra for the synthesized complexes was performed in
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deuterated chloroform. The 'H NMR spectra of the synthesized
complexes exhibit no peaks in the deshielded region above 9 ppm.
This observation agrees with the carboxylate ligands being depro-
tonated in the synthesized complexes 1 and 2 [1]. Three types of
signals owing to the tin bonded alkyl protons (below 2 ppm), lig-
and methylene protons (at 3.77 ppm) and ligand aryl protons (7.5-
7.00) were observed with expected multiplicities and intensity pat-
terns in the 'H NMR spectra of the synthesized complexes. In the
TH NMR of complex 1 a triplet (Ho), multiplet (HB,y) and triplet
pattern was observed for the tin bonded -CH,-CH,-CH,-CHs3
skeleton in the shielded part of the spectrum [1]. The 'H NMR
spectrum of the complex 2 was simple and more informative
compared to the complex 1. The tin bonded methyl protons ap-
peared as singlet at 0.58 ppm with well resolved satellites giv-
ing a coupling constant 2J[(119/117Sn,1H), Hz] of 58/56 Hz. This cou-
pling constant value suggested a tetrahedral geometry for the tin
atom in solution [1]. The argument was further supported by the
Me-Sn-Me angle calculation (111.0°) using the Lockhart equation,
6 = 0.0161 [2 J]* - 1.32 [2]] + 133.4 [33].

In the 13C NMR spectra of the synthesized complexes the sig-
nals due to different carbon atoms were found in the expected
regions. The peaks were assigned by comparing the spectra with
previously reported similar complexes [11]. The coordination num-
ber and geometry around tin in the synthesized complexes 1 and 2
were derived from the !J[(119/17Sp, 13C) coupling constant values.
The calculated values are 353/337 and 394/377 Hz thus suggesting
four coordinated tetrahedral tin centers in the synthesized com-
plexes 1 and 2, respectively [10]. The calculated angles from the
1[(119/M7gn, 13C) values were found to be almost ideal for tetrahe-
dral geometry with 107.7° and 111.3° for complexes 1 and 2, re-
spectively, furthermore the °Sn NMR signals also supported typ-
ical four-coordinated tin [10,11].The absence of any extra peak in
the spectra emphasizes the very high purity of the synthesized
complexes.

3.4. Crystal structure description

The two organotin(IV) derivatives (1 and 2) of 2-
chlorophenylacetic acid shown in Figs. 1(a) and 2(a), respectively,
crystallized in the monoclinic crystal system. The corresponding
crystal data is shown in Table 1 and important bond lengths and
angles of both the complexes are shown in Tables 2 and 3, respec-
tively. The crystal packing diagrams reveal four sub units of coor-
dination polymers with u-K,'K! bidentate 2-chlorophenylacetate
ligands. The supramolecular structures of the single units of
complexes 1 and 2 are shown in Figs. 1(b), 1(c) and Fig. 2(b),
respectively.

The asymmetric units of the coordination polymers in both
complexes include two types of tin atoms with distorted trigo-
nal bipyramidal geometries which is also confirmed by the re-
spective T values (r = B-«/60 where § and « are the two
largest basal angles) [34]. For penta-coordinated Sn with per-
fect trigonal-bipyramidal geometry the t value is one whereas a
value of zero corresponds to a perfect square-pyramidal structure.
The calculated 7 values were found to be 0.8285n1/0.823Sn2 and
0.8625n1/0.8865n2 for complexes 1 and 2, respectively, indicat-
ing slightly distorted trigonal-bipyramidal geometries around the
tin atoms. The values, furthermore, reflect a stronger distortion
for complex 1 relative to complex 2. In complex 1 bulky n-butyl
groups and the concomitant mild steric strain result in more dis-
tortion compared to the complex 2 with much smaller methyl sub-
stituents.

The apparent distortion in the geometries is also reflected in
the equatorial Sn-C bond lengths as summarized in Tables 2 and
3 for the complexes 1 and 2, respectively. The Sn—C bond lengths
in complex 1 are shorter while those in complex 2 are 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.

parable to the typical Sn-C bond lengths in structurally related
trigonal bipyramidal organotin(IV) complexes [35,36]. The axial
0-Sn-0 angles in complex 1 {04i—-Sn1—01 = 172.20 (16)° and
02-Sn2-03 = 173.18 (15)°} show more distortion compared to
the same angles in complex 2 {04—Sn1—-02 = 174.81 (16)° and
01-Sn2—03 = 178.82 (18)°} from the ideal trigonal bipyramidal
value of 180° Also, in complex 1, 0—Sn—O0 angles show only mi-
nor differences {—0.98°} compared to complex 2, where the O—
Sn—0 angles differ for the two Me3SnO, moieties of the same unit
by —4.01° In complex 2, the smaller methyl groups allow a closer
packing of the coordination polymers, thereby facilitating interac-
tions of the 2-chloro substituent with the O0—Sn—0 moieties which
results in a greater difference in their angle values. For the same
reason the sum of equatorial angles {C—Sn1—C = 358.4°, C—Sn2—
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(a)

(b)

Fig. 2. (a) The molecular structure of complex 2 and (b) coordination polymer
formed by complex 2. Hydrogen atoms are omitted for the clarity.

C = 358.9°} in complex 2 is more distorted than complex 1 {C—
Sn1—C = 359°, C—Sn2—C = 359.3°}.

The Sn-O distances for Snl1...03 = 3.077 A and
Sn2...02 = 3.125 A in complex 2, though longer than typical
Sn-0 covalent bonds, are still shorter than the reported sum of
van der Waals radii of Sn and O (3.7 A) [37]. Complex 2 may be
assigned distorted octahedral geometries if these bonds are not
neglected and the respective oxygen atoms are then considered as
being coordinated to both tin ions simultaneously. In complex 1
the same bond lengths due to the presence of the bulky n-butyl
substituents is exceeding 4 A which is longer than the sum of van

Table 2
Selected bond lengths (A) and bond angles (°) of complex 1°.

Table 1
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Crystal and refinement data of complexes 1 and 2.

Complex

1

2

Empirical formula
Formula mass
Temperature (K)
Wavelength (A)
Crystal system, space
group

Unit cell dimensions (A)

Z, Volume (A3)

Crystal size (mm)
Calculated density (Mg
m—3)

Absorption coefficient
(mm~)

F(000)

©® range for data
collection

Limiting indices

Measured reflections
Independent reflections
Reflections with I >

20 (1)

Rint

Refinement method

Data/restraints/
parameters
R[F? > 20(F?)]
T-values

C40Hg6Cl,045n;
919.20

293

0.71073
Monoclinic, P24 /c

a = 10405 (2),

b = 21.041 (4),

¢ = 22.830 (6),

B = 109.36 (3)°

4, 4716 (2)

0.49 x 0.21 x 0.17
1.295

1.21

1888
6.1-45.5°

h=-11-11,
k= —22-22,
l= 2424
28,660

6189

2874

0.071
Full-matrix
least-squares
on F?
6189/283/501

0.037
0.828 (Sn1), 0.823
(Sn2)

C22H30Cl; 0450,
666.74

293

0.71073
Monoclinic, P21 /n

a = 7.0555 (14),

b = 28314 (6),
¢ = 13.607 (3)
B =92.78 (3)°
4,2715.0 (9)

0.10 x 0.09 x 0.09
1.631

2.06

1312
6.2-48.3°

h=-7-7,

k =-31-31,
| =-15-15
15,778

4031

2606

0.068
Full-matrix
least-squares
on F?
4031/0/271

0.037
0.862 (Sn1), 0.886
(Sn2)

der Waals radii of Sn and O and a respective interaction can be
excluded here.

3.5. DFT calculations

3.5.1. DFT optimized geometries

The geometries of the synthesized complexes 1 and 2 were fully
optimized in the gas phase with density functional theory (DFT)
methods at the B3LYP/LANL2DZ level and are shown in figures S4-
6 in the supplementary data. The selected bond lengths and bond

Moiety Bond lengths (Exp.)  Bond lengths (Calc.)  Moiety Bond lengths (Exp.)  Bond lengths (Calc.)
C21-Sn2 2.071 (9) 2.14 C1-Sn1 2.102 (7) -

C25-Sn2 2.108 (7) 2.151 C5-Snl 2.115 (8) -

€29-Sn2 2.05 (4) 2.152 C9-Sn1 2.080 (10) -

02-Sn2 2.187 (4) 2.15 01-Sn1 2.426 (4) -

03-Sn2 2.426 (5) 2.056 04ii- Sn1 2.154 (4) -

C33-03 1.240 (8) 1.31 C13-01 1.237 (7) -

(33-04 1.262 (7) 1.22 C13-02 1.265 (7) -

C40-C12 1.545 1.76

Moiety Bond angles (Exp.) Bond angles (Calc.) Moiety Bond angles (Exp.) Bond angles (Calc.)
C21-Sn2-C25 118.3 (4) 113.6 C30-C29-Sn2 116 115.95
C21-Sn2-C29 123.5 (7) 117.69 03-C33-C34 116.9 116.16
C25-Sn2-C29 117.5 (6) 113.6 04-C33-C34 120.5 122.78

02-Sn2-03 173.18 (15) 176.43 03-C33-04 122.6 122.7

C25-Sn2-03 84.3 96.3 C9-Sn1-C1 118.9 (4) -

C21-Sn2-03 86.5 105.6 C9-Sn1-C5 122.5 (4) -

C29-Sn2-03 90.8 106.43 C1-Sn1-C5 117.6 (4) -

C22-C21-Sn2 122.9 115.93 04ii-Sn1-01 172.20 (16) -

C26-C25-Sn2 116.7 115.53 -

3 = dash indicates value not calculated(i) x — 1, y, z; (ii) x + 1, y, z.
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Table 3
Selected bond lengths (A) and bond angles (°) of complex 22,
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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 2111 (7) 2.131 C21-Sn1 2.103 (7) -

C11-Sn2 2.102 (8) 2.133 C22-Sn1 2117 (7) -

01-Sn2 2.195 (4) 2.047 02-Sn1 2.433 (5) -

03-Sn2 2.399 (4) 243 04-Sn1 2.194 (4) -

C8-02! 1.229 (8) 1.227 C12-03 1.235 (8) -

C8-01 1.278 (8) 1.31 C12-04 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 02-C8-01 122.8 123.123
C11-Sn2-C10 125.7 (4) 117.660 C9-Sn2-01 90.3 96.8

C11-Sn2-C9 119.1 (4) 113.123 01-C8-C7 115.8 115.8

01-Sn2-03 178.82 (18) 177.6 C20-Sn1-C21 123.1 (3) -

C10-Sn2-01 95.2 107.6 C20-Sn1-C22 119.5 (3) -

C11-Sn2-01 94.6 106.8 C21-Sn1-C22 115.8 (3) -

C8-01-Sn2 118.6 117.292 04-Sn1-02 174.81 (16) -

02-C8-C7 121.3 121.014

2 = 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.

angles in the optimized complexes geometries were calculated us-
ing 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
LANL2DZ basis set were used. Theoretically predicted parameters
have shown a fairly good agreement with the corresponding exper-
imental data for the complexes 1 and 2 as shown in Tables 2 and
3, respectively. Experimental data revealed polymeric chain struc-
tures for the complexes 1 and 2 including two different types of tin
atoms in the solid state. In the theoretical approach, bond lengths
and bond angles were calculated for only one type of tin atom and
in a gaseous phase optimized form. For these reasons some devia-
tions can be observed in the experimental and theoretically calcu-
lated data. In complex 1, the experimental and theoretically calcu-
lated bond lengths have maximum and minimum bond length dif-
ferences of 0.366 A and 0.037 A in the Sn2-03 and Sn2-02 bonds,
respectively. Also the experimental and theoretical calculated bond
angles have maximum and minimum bond angle differences of
19.1° and 0.05° for the C21-Sn2-03 and C30-C29-Sn2 angles, re-
spectively. The comparatively large difference of 19.1° in the bond
angle C21-Sn2-03 could be assigned to the aforementioned factors
and is also due to the presence of intermolecular interactions in
the solid crystalline form. In complex 2, the experimental and the-
oretically calculated distances have maximum and minimum bond
length differences of 0.148 A and 0.002 A for the Sn2-01 and C8-
02! bonds, respectively. Similarly, the experimental and theoretical
calculated bond angles have maximum and minimum bond angle
differences of 12.4° and 0° for the C10-Sn2-01 and 01-C8-C7 an-
gles, respectively.

3.5.2. Quantum Chemical calculations

In order to better understand the stability and electronic prop-
erties of the synthesized complexes 1 and 2, frontier molecular
orbital calculations were carried out with DFT methods at the
B3lyp/Lanl2DZ level of theory. The energies of the highest occupied
molecular orbital (HOMO) and of the lowest unoccupied molecular
orbital energy (LUMO) and the respective energy band gap play an
important role in estimating the physical and electronic properties
of the molecules.

The HOMO represents the electron rich and the LUMO com-
prises the electron deficient region of the molecule showing elec-
tron donating and accepting abilities, respectively [38,39]. The
frontier molecular orbitals (HOMO and LUMO) of the synthesized
complexes are shown in Table 4. In both the synthesized com-
plexes the HOMO and LUMO are predominantly located on the car-
boxylate ligand. The HOMO resides on the benzene ring, chlorine

atom and carboxyl (COO) group, while the LUMO is mainly located
on the benzene ring with a minor extension towards the chlorine
and the carboxyl (COO) group of the coordinated ligand. The en-
ergy gaps (Eg) between HOMO and LUMO play an important role in
the structural and kinetic stability of a molecule [40-42]. A smaller
or larger HOMO-LUMO energy gap entails a more reactive or more
stable nature of the molecule, respectively [42,43]. The calculated
HOMO and LUMO energy gaps of complexes 1 and 2 are similar
6.1005 and 6.25094 eV, respectively (figures S7 and S8). The calcu-
lated values reflect a comparably good kinetic stability of the com-
plexes [42,43].

The HOMO-LUMO energies were further used to calculate the
global reactivity parameters such as the electrophilicity index (w),
electronegativity (), chemical potential (u), ionization potential
(I), electron affinity (A), chemical hardness (n) and global softness
(S) by using the following equations [44] and the data are dis-
played in Fig. 3(a).

I= —Enumo (1)
A= —Ewymo (2)
Eg = Ewmo — Enumo (3)
_I-A  Ewwmo — Enomo
n=— = 5 (4)
(I+A)  — (Ewmo~+ Enomo
= = (5)
2 2
- (I+A) _ (Ewmo+ Enomo (6)
2 2
1
o =— (7)
n

The global reactivity parameters as shown for the complexes
1 and 2 in Fig. 3(a) are useful descriptors in defining polariz-
ability, the electro/nucleophilic nature and chemical reactivity of a
molecule. These parameters give a theoretical insight in the chem-
ical and redox nature of a molecule and facilitate predicting the
characteristics of its interaction with biomolecules.

A molecule with a small frontier orbital gap (Eg), lower global
hardness (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.
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2 - Electron affinity (A) (eV)
(72} Elwo (V)
-
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> 04 Electrophilicity
Q | index (eV)
@) 2d Global softness (eV"')
Properties 1 " 3
EHOMO (eV) 68439 68629
ELUMO (eV) 0.7434 -061196
-4 Eoouo (€V) Eg (eV) 61005 625004
Electophilciy index (¢ 235 22418
Electronegatiity 379 37412
Chemical potential (eV) -379 37142
-6 - Chemical potential (€V) |lonization potential (V) 68439 68629
Electron affinity (eV) 2074341 06196
Chemical hardness (eV 305 31216
Global softness (eV-1) 0327 0.32

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.

a soft, more polarizable and reactive molecule [45]. In the present
study lower frontier orbital gap and global hardness values and
higher global softness and electrophilicity index values of complex
1 makes it more soft, polarizable and reactive compared to com-

plex 2 for the electron transfer reactions [45]. The absolute elec-
tronegativity () value (an indicator for the acidic/basic behavior
of a molecule) is slightly higher for complex 1 than for complex
2. This observation suggests a more acidic character for complex 1.
Further, the larger values of the chemical potentials for complex 1
and complex 2 (with 1 > 2) show that the energy of the complexes
is more sensitive towards a redox transformation compared to the
previously reported complexes [45]. The calculated global reactiv-
ity parameters suggest that the synthesized complexes 1 and 2 can
potentially show antioxidant and biological activity owing to their
softer, more polarizable and better charge transfer ability com-
pared to the previously reported organotin(IV) complexes [45,46].

3.5.3. Molecular electrostatic potential (MEP) surface analysis

Molecular electrostatic potential (MEP) surfaces provide graph-
ical information about the relative polarity of a molecule. The
MEP surfaces of the synthesized complexes mapped with electro-
static potential dispersion (—1.112-1.112 esu for 1 and —1.123-1.23
esu for 2) are shown in Fig. 3b. The narrow electrostatic poten-
tial dispersion range and absence of red or blue color on the en-
tire MEP surface emphasize a rather neutral nature of the synthe-
sized complexes [47]. This might be beneficial in a sense that these
molecules are not expected to interfere strongly with ion channels
or transporters in cells which, inter alia, is associated with the typ-
ical toxicity of organotin compounds.

3.6. Molecular docking study

3.6.1. DNA interaction

Molecular docking studies were performed to identify the the-
oretical binding interactions of the synthesized complexes 1 and
2 with DNA. Usually for drug-DNA interaction the salmon sperm
DNA is used due to its high binding affinity with drug molecules
and stability of drug-DNA complex during UV-absorption analy-
sis, carried out for binding constant calculations. Complex 1 (dock-
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Fig. 5. Molecular docked structure of (a) free ligand acid (HL) (b) complex 1 and (c) complex 2 with angiotensin-converting enzyme 2.

ing score = —7.4576) showed a polar interaction with the active
residues (DC 11) of the DNA as shown in Fig. 4(b). Complex 2
(docking score = —7.2043) showed two polar interactions with the
active site residues (DC 9, DG 10) of the DNA as shown in Fig. 4(c).
Free acid ligand HL (docking score = —7.0978) showed two polar
interactions with the DNA active residues (DG 16 and DG 10) as
shown in Fig. 4(a). The docking scores imply an activity order 1 >
2 > HL which supports the presumption that complexation could
increase the DNA binding efficiency of the acid ligand. Also keep-
ing all other factors (carboxylate ligand, number of alkyl groups,
geometry around tin atom) the same, the nature of the alkyl group
can affect the DNA binding potential of the synthesized complexes.

3.6.2. Corona virus SARS-CoV-2 proteins and angiotensin converting
enzyme 2 docking

Molecular docking studies were also performed to theoretically
identify potential interactions of the acid ligand HL and the syn-
thesized complexes (1 and 2) with the SARS-Co-2 virus responsible
for the most challenging disease Covid-19. For the docking studies,
nucleocapsid protein, spike protein (point of interaction with the
receptor in the human body) of SARS-CoV-2 virus and angiotensin-
converting enzyme 2 (ACE2), a possible host/receptor for the SARS-
Co-2 virus [48,49] were chosen. The docking computations re-
vealed some considerable binding interactions of the acid ligand
and the synthesized complexes with the angiotensin-converting
enzyme 2 (ACE2) and with the nucleocapsid protein of the SARS-
CoV-2 virus. However, no sufficiently stable interactions of the
compounds with the spike protein were found. Free acid ligand
HL (docking score = —7.4586) shows two H-acceptor interactions
with LYS 458 of the ACE2 receptor as shown in Fig. 5(a). Complex 1
(docking score = —5.8182) exhibits two H-donor interactions with
the active side residues MET 462 and MET 480 of the ACE2 recep-
tor as shown in Fig. 5(b). Complex 2 (docking score = —5.4212)
engages in two H-donor, w-H interactions with the active site
residues GLU 227 and ILE 484 of the ACE2 receptor as shown in
Fig. 5(c). Free acid ligand HL (docking score = —7.6944) induces
three H-acceptor interactions with ARG 108 of the nucleocapsid

protein (Fig. 6(a)). Complex 1 (docking score = —9.1386) shows
one H-acceptor interaction with the same active site residue ARG
108 in the nucleocapsid protein (Fig. 6(b)). Complex 2 (docking
score = —6.9317) on the other hand establishes one H-donor in-
teraction with the active site ALA 157 in the nucleocapsid protein
(Fig. 6(c)). The so far observed theoretical interacting abilities of
the synthesized complexes, though promising, require further stud-
ies including experimental ones to identify a possible/definitive
role of the organotin(IV) carboxylates in controlling corona viruses
in the future.

3.7. Antioxidant Activities

The complexes were assessed for their antioxidant potential us-
ing DPPH, ferrous ion chelation, ferric ion reducing, total antiox-
idant and hydroxyl free radical scavenging assays. The activities
were tested using different concentrations of the synthesized com-
plexes (12.5, 25, 50, 100 and 200 pM) against ascorbic acid (vi-
tamin C) as a standard drug. For the ferrous ion chelation assay
EDTA was used as a standard. The activity of the complexes is
shown as ICsq values in Table 5. Complex 1 with a lower ICsqy value
has shown a better antioxidant potential compared to complex 2
in DPPH, ferric ion reducing and total antioxidant capacity assays.
The antioxidant activity can be explained in terms of H/electron
transfer from the antioxidant to the free radical under investiga-
tion [50]. Complexes 1 and 2 show similar structural behavior re-
garding the carboxylate ligand, the ligand coordination mode and
the geometry around tin (tetrahedral in solution as confirmed by
NMR spectroscopy). The only difference between the complexes
is the nature of the alkyl chain/group bound to tin. Complex 1
bears bulky butyl groups with more electron donating ability to
the tin ion compared to the smaller methyl groups of complex 2.
The electron donation from the butyl groups renders the respec-
tive tin a more electron rich species. Also, the bulky butyl groups
impair any additional interaction of the C=0 group with the tin
atom. Therefore, an electron transfer from the free C=0 group to
the 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

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

ICsp values/uM

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 + 951 157.03 + 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 + 1239 87.56 + 13.90
EDTA - 116.117 + 7.83 - - -
40°C 4. Conclusion
HL + NaHCO;3 » NaL + H,O + CO,
L hr Tri-n-butyl- {1} and trimethyltin(IV) {2} complexes of 2-
chlorophenylethanoic acid (HL) were synthesized by condensation
R;SnCl + NaL iie] » R3SnL + NaCl reactions of triorganotin(IV) chlorides with the sodium salt of the
8 hrs acid ligand (NaL) {1:1} in dry chloroform in good yields. Poly-
meric chain structures comprising penta-coordinated tin centres
with bridging carboxylate ligands were confirmed by solid state FT-
(":|2 éH IR and single crystal analyses. In solution the complexes, (1, 2), ap-
R= —— éHz N CY) e 3 - parently form four-coordinated tetrahedral tin centres as supported
H, CH; by their respective NMR ('H, 13C and 19Sn) spectra. Smaller fron-
1 2 @) tier molecular orbital gaps and calculated global reactivity param-
M eters imply a softer, more polarizable and more reactive nature of
complex 1 compared to 2. Molecular electrostatic potential surface
cl analyses emphasize a generally neutral nature of the complexes.
1 The antioxidant potential of the complexes was notably affected by
L= -00C the nature of the tin bonded R group. The bulky n-butyl group (1)

Scheme 1. Synthetic scheme for the synthesis of complexes 1 and 2.

ter) antioxidant activity [51]. The sterically encumbered structure,
hence, makes complex 1 the more active antioxidant compared to
complex 2 in these three assays.

Notably, the activity order was reversed in the ferrous ion
chelation and hydroxyl free radical scavenging assays. In these pro-
tocols complex 2 exhibits lower ICsy values and was thereby more
active than complex 1. The activity reversal is attributed to dif-
ferent modes of action in the tested protocols. In complex 2 the
smaller methyl groups induce lesser steric hindrance and lower
electron donation to the tin. The sterically unsaturated relatively
electron deficient tin center in complex 2 might therefore be bet-
ter suited to act as an efficient direct OH radical scavenger. The
smaller methyl group also leaves enough space and flexibility so
that the C=0 group of the coordinated ligand is free to chelate the
iron(Il) ions more efficiently making complex 2 the better antioxi-
dant in the respective.

improves the electron donating ability of the complex. The smaller
methyl group renders complex 2 a better chelating and OH radi-
cal attracting agent. Docking studies suggested some complex-DNA
(intercalation), complex-nucleocapsid protein of SARS-CoV-2 virus
and complex-angiotensin-converting enzyme 2 interactions. The
encouraging theoretical interactions of the complexes require fur-
ther studies of the complexes as possible DNA binders and corona
virus inhibitors.
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