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ABSTRACT

A series of organotin(IV) complexes have been synthesized by reacting potassium o-isobutyl car-
bonodithioate with di- and triorganotin halides in methanol under stirring conditions. The newly synthe-
sized complexes have been characterized by elemental analysis, FT-IR, NMR ('H and '3C) and X-ray
crystallography. The FT-IR results show that the ligand acts as bidentate in complexes 1-3 and monoden-
tate in complexes 4 and 5, which were also confirmed by theoretical calculations. The NMR data reveal
four and six coordinated geometries in solution. A HOMO-LUMO study shows that all the complexes are
stable. Biological screenings demonstrate that, with a few exceptions, all the complexes show significant
activity against various bacterial and fungal strains. The synthesized complexes were also found to be
effective antioxidants of the 2,2-diphenyl-1-picrylhydrazyl radical (DPPH). All the complexes have been
assayed for antileishmanial activity in vitro and found some promising results. The UV-Vis studies con-
firmed that the ligand and its complexes bind to DNA via intercalative interactions, resulting in hypochro-
mism and minor red shifts.

© 2015 Published by Elsevier Ltd.

1. Introduction

The multifunctional approaches of dithiocarbonates make its
chemistry more impressive due to its chemical interaction with a
variety of biomolecules, such as proteins, DNA and drugs etc.
One of the important structural consequences of dithio ligands lead
to the preferential stabilization of specific stereochemistries in
their metal complexes. Dithio ligands are considered as soft
donors, showing excellent coordination ability. They form stable
complexes with transition as well as non-transition metal ions
[1,2] and exhibit a variety of coordination modes in homo and
heteronuclear complexes, depending on the binding modes of the
ligands toward the metal center [3-7]. Subsequently, extensive
structural analyses were performed by Tiekink and Haiduc [8]
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which showed that these ligands can coordinate to metal atoms
in monodentate, isobidentate or anisobidentate fashions. More
recent applications of xanthates and other thio-compounds are in
the production of nanoparticles of metal sulfides [9,10] and for
the use of their non-linear optical properties [11,12]. Metal xan-
thates are extensively used as pesticides [13], corrosion inhibitors
[14], agricultural reagents [15] and quite recently in therapy for
HIV infections [16]. Moreover, xanthates are also known to show
antitumor properties [17,18] and their antioxidant properties
could be of importance for treating Alzheimer’s disease [19].

The chemistry of organotin compounds is gaining attention on
account of their interesting structural features, schizonticidal, anti-
malarial, fungicidal activities and their potential as agricultural
biocides [20]. Recent studies have shown very promising in vitro
antitumor properties of organotin compounds against a wide panel
of tumor cell lines of human origin. In some cases, organotin(IV)
derivatives have also shown acceptable antiproliferative in vivo
activity as new chemotherapy agents. The biological activity of
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organotin compounds is basically determined by the number and
nature of the organic groups bound to the central tin atom. [R3Sn
(IV)]" and [ArsSn(IV)]" derivatives exert powerful toxic action on
the central nervous system. Within the series of [R3Sn(IV)]* com-
pounds, the lower homologs (Me, Et) are the most toxic when
administrated orally, and the toxicity reduces progressively on
going from propyl to octyl, the latter not being toxic at all. The
presence of easily hydrolysable groups (easily dissociable chelating
ligands), producing intermediates such as R,Sn*"™* (n=2 or 3)
moieties which may bind with DNA or the high affinity site of
ATPase (histidine only), the low-affinity site of ATPase and hemo-
globins (histidine and cystine), play an important role in the deter-
mination of the biological activity of the organotin compounds.
Therefore, substantial attempts have been made to characterize
model organotin compounds of ligands having hetero donor atoms

2.2. Synthesis

2.2.1. Synthesis of the ligand (KL)

Potassium o-isobutyl carbonodithioate was prepared by stirring
equimolar amounts (1 mmol) of isobutanol, potassium hydroxide
and carbon disulfide (1 mmol) with continuous stirring at ambient
temperature (23 + 1 °C) for 4 h. The precipitates obtained were fil-
tered off and dried in air.

Yield: 92%. M.p.: 205-206 °C. Mol. Wt.: 187.97. Anal. Calc. for
CsHgKOS,: C, 31.88 (31.84); H, 4.82 (4.85); S, 34.05 (34.02). IR
(cm™): 997 ¥(C—0); 1396 v(CSSasym); 1124 v(CSSsym); 272
(Av); TH NMR (DMSO-dg, 300 MHz) 6 (ppm): 0.87 (d, 6H, H1, 3]
['H,'H] =6.6 Hz); 1.90 (m, 'H, H2); 3.96 (d, 2H, H3, 3J['H, 'H]
= 6.6 Hz). *C NMR (DMSO-dg, 75 MHz) & (ppm): 19.9 (C1); 27.9
(C2); 77.6 (C3); 230.5 (C4).

S
H3C\g 182 oH + €S KOH - H3C\H H, L
H3C/ 2 4h stirring at /C_C -0 SK

(0, N and S), and simultaneously several studies have been focused
on structure-activity correlations during the last two decades [21].

In the present study we have synthesized some novel organotin
complexes by the reaction of di- and triorganotin(IV) halides with a
sulfur donor ligand. The complexes have been characterized by
FT-IR, NMR ('H and '3C), X-ray crystallography and a computa-
tional study. A HOMO/LUMO study was performed to establish
the stability of the complexes. Biological screening, i.e. antibacte-
rial, antifungal, antileishminial, antioxidant, toxicity, protein
kinase inhibition and DNA binding studies, have been performed
to establish the significance of the synthesized complexes.

2. Experimental
2.1. Materials and methods

All the organotin(IV) halides, PhsSnCl, isobutanol, potassium
hydroxide and carbon disulfide were obtained from Aldrich (USA)
and were used without further purification. All the solvents pur-
chased from E. Merck (Germany) were dried before use according
to literature procedures [22]. Melting points were recorded with
a Bio-Cote Model SMP10 melting point apparatus and are uncor-
rected. FT-IR spectra were recorded in the range 4000-250 cm™!
with a Thermo Scientific Nicolet-6700 FTIR spectrometer and
NMR spectra were obtained with a Bruker Avance 300 MHz NMR
spectrometer. Absorption spectra were measured on a double
beam UV-Vis spectrometer, Shimadzu 1800, at 25+ 1°C. The
sodium salt of DNA (Acros) was used as received. The quantitative
determination of C, H and S was carried out using a LECO CHNS-
932 analyzer. The X-ray diffraction data were collected on a Bruker
SMART APEX CCD diffractometer, equipped with a 4 K CCD detec-
tor set 60.0 mm from the crystal. The crystals were cooled to
100 + 1 K using a Bruker KRYOFLEX low temperature device and
intensity measurements were performed using graphite
monochromated Mo Ka radiation from a sealed ceramic diffraction
tube (SIEMENS). The structure was solved by the Patterson method
and extension of the model was accomplished by the direct
method using the program pirpir or sik2004. Final refinement on
F2 was carried out by full matrix least squares techniques using

sHELXL-97, a modified version of the program pLuto (to prepare illus-
trations) and the pLaton package.

room temperature H3C

2.2.2. Synthesis of the organotin(IV) complexes

Potassium o-isobutyl carbonodithioate (2 mmol) was dissolved
in methanol (20 mL) in a round bottom two-necked flask (100 mL)
with continuous stirring at ambient temperature. Then to this solu-
tion, R,SnCl,/R3SnCl (1 mmol/2 mmol) was added. The reaction
mixture was continuously stirred for 4 h at room temperature.
The solvent was evaporated slowly at room temperature. The solid
product obtained was dried in air and recrystallized from an ace-
tone:ether mixture (1:1). The synthesis of the organotin(IV) com-
plexes have been shown as a generalized chemical equation in
Scheme 1, whereas the numbering patterns of KL and the alkyl
groups attached to the Sn atom for NMR interpretation are
depicted in Scheme 2.

2.2.3. Dimethylstannanediyl bis (o-isobutyl dicarbonodithioate) (1)

Yield: 86%. M.p. 105-106 °C. Mol. Wt.: 447.97. Anal. Calc. for
Ci2H240,S4Sn: C, 32.22 (32.19); H, 5.41 (5.38); S, 25.68 (25.65).
IR (cm™1): 961 v(C—0); 1259 v(CSSasym); 1078 v(CSSsym); 181
(Av); 377 v(Sn—S); 557 v(Sn—C). '"H NMR (DMSO-dg, 300 MHz) 6
(ppm): 1.01 (d, 12H, H1, 3['H, 'H] = 6.6 Hz); 2.15 (m, 2H, H2);
423 (d, 4H, H3, 3['H, 'H]=6.6Hz), 1.51 (s, 6H, Hu)
[11917sn—1H] =79, 76Hz). 3C NMR (DMSO-dg, 75MHz) 6
(ppm): 19.0 (C1); 27.7 (C2); 82.3 (C3); 222.2 (C4); 10.5 (Ca, !J
[11911175n—13Cq] = 599, 573 Hz).

2.2.4. Dibutylstannanediyl bis (o-isobutyl dicarbonodithioate) (2)
Yield: 85%. M.p. oily. Mol. Wt.: 532.06. Anal. Calc. for
C18H360,.S4Sn: C, 40.68 (40.65); H, 6.83 (6.80); S, 24.13 (24.10).

Methanol

2KL + R,SnClL,——> R,SnL, + 2KCI
4 h stirring

R=CH3 (1), C4Hy (2), CHs (3)

Methanol
KL + RySnCl ————5= RySnL + KClI

4 h stirring

R =C,4Hy(4), C¢Hs (5)

Scheme 1. Generalized chemicals equations for the synthesis of the organotin(IV)
derivatives.
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Scheme 2. Numbering patterns of KL and the organic moieties attached to the Sn atom for NMR interpretation.

IR (cm™1): 967 v(C—0); 1267 v(CSSasym); 1067 v(CSSsym); 200
(Av); 369 v(Sn—S); 558 v(Sn—C): 'H NMR (DMSO-dg, 300 MHz) 6
(ppm): 0.99 (d, 12H, H1); 2.14 (m, 2H, H2); 4.24 (d, 4H, H3, J['H,
'H] = 6.6 Hz), 2.03 (m, 4H, Ho), 1.88 (m, 4H, HB); 1.43 (m, 4H,
Hy); 0.93 (m, 6H, Hs, J['H, 'H]=7.2 Hz). '*C NMR (DMSO-ds,
75MHz) & (ppm): 19.2 (C1); 26.4 (C2); 82.1 (C3); 223.2 (C4);
30.5 (Co, U[''91'7Sp—13Co]=542, 518 Hz); 29.0 (CB, ¥
[119sn—'3CB] =39 Hz); 27.7 (Cy, 3J['1°17sn—"13Cy] = 39, 35 Hz);
13.7 (C8).

2.2.5. Diphenylistannanediyl bis (o-isobutyl dicarbonodithioate) (3)
Yield: 76%. M.p. 90-91 °C. Mol. Wt.: 572.0. Anal. Calc. for
CaoHp50,545n: C, 46.24 (46.21); H, 4.94 (4.90); S, 22.45 (22.42).
IR (cm™'): 944 v(C—0); 1251 v(CSSasym); 1045 v(CSSsym); 206
(Av); 370 v(Sn—S); 283 ¥(Sn—C). '"H NMR (DMSO-dg, 300 MHz) &
(ppm): 0.89 (d, 12H, H1, *[['H, 'H] = 6.6 Hz); 1.90 (m, 2H, H2);
4.15 (m, 4H, H3); 7.74 (m, 4H, HB); 7.49 (m, 4H, Hy); 7.47 (m,
2H, H§). '*C NMR (DMSO-dg, 75 MHz) § (ppm): 19.0 (C1); 27.5
(C2); 82.7 (C3); 215.7 (C4); 130.0 (Ca, J['19117Sn—13Ca1] = 828,
793 Hz), 128.7 (CB, J[1'°"7sn—13Cp] = 71, 68 Hz); 135.5 (Cy, ¥
[119/1175n—13Cy] = 55, 52 Hz); 131.0 (C3, 4[1'9Sn—"3C5] = 15 Hz).

2.2.6. Tributylstannyl o-isobutylcarbonodithiate (4)

Yield: 80%. M.p. oily. Mol. Wt.: 440.12. Anal. Calc. for C;7H350S,Sn:
C, 46.48 (46.45); H, 8.26 (8.24); S, 14.60 (14.56). IR (cm™'): 960 v
(C—0); 1288 v(CSSasym); 1021 v(CSSsym); 267 (Av); 366 v(Sn—S);
592 y(Sn—C): 'H NMR (DMSO-dg, 300 MHz) & (ppm): 0.98 (d, 6H,
H1, 3J['H, 'H] = 6.6 Hz); 2.12 (m, 2H, H2); 4.23 (m, 4H, H3, ’J['H,
'H]=6.6 Hz); 1.61 (m, 6H, Ho), 1.38 (m, 6H, Hp); 1.33 (m, 6H,
Hy); 0.91 (m, 9H, HS, 3J['H, 'H]=7.2 Hz). *C NMR (DMSO-ds,
75 MHz) 6 (ppm): 19.2 (C1); 27.6 (C2); 81.3 (C3); 218.3 (C4);
15.8 (Co, 'J[M'917sp—13Ce] =337, 322Hz), 29.0 (CB, 7
[M'9sn—13CB] =22 Hz); 27.0 (Cy, 3J['19117Sn—13Cy] = 66, 63 Hz);
13.6 (C3).

2.2.7. Triphenylstannyl o-isobutylcarbonodithiate (5)

Yield: 91%. M.p. 111-112 °C. Mol. Wt.: 500.03. Anal. Calc. for
Ca3H240S,5n: C, 55.33 (55.31); H, 4.85 (4.80); S, 12.84 (12.81). IR
(cm™'): 996 v(C—0); 1297 v(CSSasym); 1044 v(CSSsym); 253
(Av); 375 v(Sn—S); 279 v(Sn—C). "H NMR (DMSO-dg, 300 MHz) &
(ppm): 0.90 (d, 6H, H1, 3['H, 'H]=6.6 Hz); 1.90 (m, 2H, H2);
4.09 (m, 4H, H3, 3J['H, 'H] = 6.6 Hz); 8.02 (m, 6H, Hp); 7.51 (m,
6H, Hy); 7.49 (m, 3H, Hs). *C NMR (DMSO-dg, 75 MHz) § (ppm):
19.3 (C1); 29.7 (C2); 83.0 (C3); 218.7 (C4); 139.0 (Co, ]
[1191175n—13Ca] = 566, 543 Hz), 128.6 (CB, J['1¥/117Sn—'3CB] = 59,
57Hz); 136.6 (Cy, J[''°Sn—'3Cy]=44Hz); 1294 (Cs, ¥
['1°Sn—13C8] = 13 Hz).

2.3. Theoretical study

All the calculations were performed using the 6-31G’ basis set
for H, C, O and S. This is a split valence double-zeta basis set which
adds d-type polarization functions on the first and second row ele-
ments. For the Sn atom, the LANL2DZ basis set was used, which
uses the Los Alamos effective core potential on the metal atom.
The geometries of complexes 1-5 were optimized with the DFT/
B3LYP method as implemented in the Gaussian-09 quantum chem-
istry package [23]. In the geometry optimization procedure, no

symmetry restrictions were imposed on any complex. The Hessian
calculations confirmed that the optimized structures are local min-
ima on the potential energy surface as no imaginary frequencies
were found in any case. The plots of the optimized structures
and the HOMO-LUMO were realized, respectively, with Molden
[24] and CCP1-GUI [25] programs.

2.4. Biological screenings

DNA interaction assay by UV-Vis spectroscopy, antibacterial,
antifungal, antileishmanial, antioxidant, cytotoxicity and protein
kinase inhibition studies were performed using the same proce-
dures as reported earlier [26,27].

3. Results and discussion

The proposed chemical structures of the synthesized complexes
are given in Supplementary data Table S1.

3.1. FT-IR spectra

The characteristic IR frequencies (cm~!) of the ligand (KL) and
its organotin(IV) complexes (1-5) are listed in the experimental
part. Several significant changes on complexation with respect to
the bands of the free ligand suggest coordination through the thio-
carboxylate group of the ligand. In the spectra of the investigated
complexes, the vibrational modes of CS, are of particular interest
to differentiate between monodentate and bidentate coordination
of the dithiolate moiety. The FT-IR spectra of complexes 1-5 gave
strong peaks at 1251-1297 cm™!, attributed to the asymmetric v
(CS,)as absorption, and 1021-1078 cm™!, assigned to symmetric v
(CSy)s absorption frequencies. The differences between v(CS,)as
and v(CS,); are 181, 200 and 206 cm™! for complexes 1-3, respec-
tively, which indicate a bidentate binding mode of the ligand to the
central tin atom. For complexes 4 and 5, the differences are 267
and 253 cm™!, which indicate a monodentate mode, probably
due to steric effects [28]. The binding modes of the complexes were
also confirmed by a theoretical study. The FT-IR results of complex
1 are consistent with the X-ray crystallographic data. The IR bands
observed in the range 366-377 cm™! in the spectra of the com-
plexes are assigned to Sn—S bonding [29]. The absorptions at
557, 558 and 592 cm™! are assigned to v(Sn—C) bands for com-
plexes 1, 2 and 4, respectively whereas for the di- and triph-
enyltin(IV) derivatives (3 and 5), the v(Sn—C) bands are observed
at 283 and 279 cm™!, respectively. These values are in close agree-
ment with those observed for a number of organotin(IV) deriva-
tives of sulfur donor ligands [28]. Based on the infrared analyses,
it is suggested that the ligand is coordinated to the tin(IV) moiety
through the thiolato sulfur atoms.

3.2. 'H and >C NMR spectra

In the '"H NMR spectra, the chemical shifts were identified from
their relative intensities and multiplicity patterns. The total num-
bers of protons, calculated from the integration curves, are com-
patible with the proposed structures. The protons H1, H2 and H3
of the ligand appeared at 0.87, 1.90 and 3.96 ppm and these peaks
exhibited a downfield shift in the complexes (1-5) in the range
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Table 1
(C—Sn—C) angles (°) based on NMR parameters of complexes 1-5.
Compd. no. 1] [119sn,'3C] (Hz) 2J[''®Sn, 'H] (Hz) Angles (°)
Y ’]
1 599 80 129 126
2 542 - 128 -
3 828 - 128 -
4 337 - 108 -
5 566 - 111 -

0.89-1.01 for H1, 2.12-2.15 for H2 and 4.09-4.24 ppm for H3. This
downfield shift is due to the deshielding of these protons due to
deprotonation of the ligand and coordination of the CS, group to
the tin moiety. These observations are in agreement with the
reported triphenyltin(IV) dithiocarboxylates [30]. The coupling
constant [%J(''°Sn, 'H)] for 1 was 79 Hz, which is in the expected
range for a six-coordinated Sn center and is consistent with a
C—Sn—C angle of 126°. The coupling constants, [%J('!°Sn, 'H)], for
the n-butyl-, di-, and triphenyltin(IV) complexes could not be
determined owing to their complex patterns. The geometry of
the triphenyltin(IV) complex was calculated from the difference
in the chemical shift resonances of the ortho to meta and para pro-
tons (0.5 ppm), which matched well with the bidentate bonding of
the 1,1-dithiolate moiety in solution [31].

The 3C NMR spectral data, along with the assignment of char-
acteristic peaks of the ligand and the organotin(IV) complexes, are
described in the experimental section. An important chemical shift
of a carbon atom in the dithiocarbonate complex is that of the
thione carbon (CS;). The signal due to the CS, carbon atom in
the free ligand appears at 230.5 ppm. However, in the spectra of
the corresponding tin complexes, this appears at 222.2 in complex
1,223.2in 2,215.7 in 3, 218.3 in 4 and 218.7 ppm in 5, indicating

¥
7

the coordination of the ligand to the metal center via the —CSS
moiety [30]. Coordination of the Sn atom in the di- and triorgan-
otin complexes has been further supported by the 'J(*'9Sn—'3C)
coupling constants and the C—Sn—C angles (108-129°), calculated
by Lockhart’s equation (Table 1) [32]. In complexes 1-3, the IJ
(1'9Sn—'3C) coupling constants observed and C—Sn—C angles cal-
culated were 599 Hz (129°), 542 Hz (128°) and 828 Hz (128°),
which are attributed to a six coordinated geometry, while a four
coordinated geometry is inferred for complexes 4 and 5, having
coupling constants and angles of 337 Hz (108°) and 566 Hz
(111°) [33]. This was further confirmed by theoretical calculations.
The results are also consistent with the X-ray crystallographic
structure for complex 1.

3.3. Crystal structure of complex 1

The structure of complex 1 and its packing diagrams are shown
in Figs. 1-3. The crystal and structural refinement data and
selected interatomic parameters are summarized in Tables 2 and
3, respectively. The Sn atom is coordinated by two methyl groups
and two dithiocarboxylate ligands, with the latter adopting similar
behavior with regard to their coordination modes. The two ligands
are anisobidentically chelated to Sn, with one longer Sn—S2 and
one shorter Sn—S1 bond (3.125(15) and 2.481(14) A). The longer
Sn—S distances are significantly less than the sum of the van der
Waal’s radii (4.0 A), and the coordination number of Sn is unam-
biguously assigned as six. The overall geometry at Sn is, however,
highly distorted from trans octahedral: the C6—Sn—C7 angle is
only 134.5(5)°, the Sn and four sulfur atoms of the dithiocarboxy-
late ligands are nearly coplanar, but are badly distorted from a
square-planar geometry (the cis (S—Sn—S) angles range from 85.7
(6) [S1—Sn—S1A] to 146.9(1)° [(S2—Sn—S2A]). In both anisobiden-
tate ligands, each shorter Sn—S bond is associated with a longer

e

S ———

C1

o “P\c3 C5

c4

Fig. 1. Crystal structure of complex 1.

b!eﬂs

Fig. 2. Packing diagram of complex 1 viewed along the a-axis.
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Fig. 3. Packing diagram of complex 1 viewed along the b-axis. Dotted lines show the intramolecular interactions.

C—S bond and vice versa, which is in consonance with the bonding
asymmetry of the ligands. The bond angles subtended at the Sn
atom by the methyl carbons (C6 and C7) and S1 and S1A atoms
range from 107.5(6) to 105.4(7)°, demonstrating that the Sn—C
bonds are bent toward the longer Sn—S bonds. This may be due
to repulsion between the bonding electron pairs around the central
Sn atom. The geometry and bond lengths of the SnC,S,4 core are
comparable with those observed for analogous complexes [34,35].

3.4. Theoretical calculations

Molecular modelling was used to study the theoretical signifi-
cant features of the organometallic frameworks, i.e. molecular
geometries, bond energies and torsion angles, since it provides a
blueprint of the three-dimensional arrangements of atoms [36].
Bond lengths, bond angles and atomic coordinates depend on the
hybridization of an atom and the mode of bonding. The molecular
structures of complexes 1-5 were optimized by Gaussian 03 using
the DFT/B3LYP method to support the spectroscopic data. The
selected geometric parameters, viz. bond lengths, bond angles
and torsion angles of the optimized structures are summarized in
Table 4. The optimized molecular structure, HUMO and LUMO of
complexes 1-5 are shown in Figs. 4 and 5. The ligand is coordi-
nated through the thiolic sulfur atoms and act as bidentate in the
case of complexes 1, 2 and 3, showing a distorted octahedral geom-
etry, and monodentate in complexes 4 and 5, having a tetrahedral
geometry instead of a trigonal pyramidal geometry. The bond
angles and bond lengths also show distorted octahedral and tetra-
hedral geometries. The Sn—S bond distance is nearly identical to
the values of reported tin complexes. The calculated Sn—S bond
distances of complexes 1, 4 and 5 are 2.846, 2.50 and 2.489 A,
which are close to the already reported thiocarboxylates [37].
The bond angles in complex 1 are C(2)—Sn(1)—C(4)=109.15°, C

(4)-Sn(1)—S(5)=101.89° and S(3)—Sn(1)—S(5) = 148.21°; in com-
plex 2 C(2)—Sn(1)—C(4) = 111.55°, C(4)—Sn(1)—S(5) = 98.94° and S
(3)-Sn(1)—S(5)=148.08°; in complex 3 C(2)—-Sn(1)—C(4)
=105.59°, C(4)-Sn(1)—S(5)=101.67° and S(3)—Sn(1)—S(5)
=149.08°; in complex 4 C(2)—Sn(1)—C(5)=116.39°, S(3)—Sn(1)—
C(5)=110.45° and S(3)—Sn(1)—C(4) =97.37°; in complex 5 C(2)—
Sn(1)—C(5)=114.67°, S(3)—Sn(1)—C(5)=115.36° and S(3)—Sn
(1)—C(4) = 95.95°, which are all in good agreement with the values
reported for tin complexes of thiohydrazones [38]. In the investi-
gated complexes 1-5, the HOMO orbital is primarily located on a
sulfur moiety, whereas the LUMO orbital is concentrated on the
tin atom, which indicates that it is susceptible to nucleophilic
attack. The calculated HOMO and LUMO energies are summarized
in Table 5. An electronic system with larger HOMO-LUMO gap
should be less reactive than one having a smaller gap. The lower
value of the HOMO-LUMO energy gap would explain the eventual
charge-transfer interaction taking place within the molecules. In
the present study, the HOMO-LUMO gap values of complexes 1-
5 are 4.60, 4.483, 4.644, 4.888 and 4.887 eV (Table 5), which show
that the complexes are stable [60].

3.5. DNA binding studies

The absorption spectra of the ligand KL and the organotin(IV)
thiocarboxylates 1 and 3 in the absence and presence of salmon
sperm DNA (SS-DNA) have been recorded at different concentra-
tions of DNA by keeping the concentration of the ligand and organ-
otin(IV) complexes constant. There exists a single absorption band
at 308.2, 309.3 and 309.50 nm for KL, 1 and 3 respectively. The
ligand KL and complexes 1 and 3 showed a minor bathochromic
shift of the spectral band with significant hypochromicity (Figs. 6-8),
suggesting groove binding as well as intercalation of the complexes
with the DNA helix [39,40]. An isosbestic point near 277 nm was
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Table 2

Crystal and structure refinement data for complex 1.
Empirical formula C12H240,545n
Formula weight 447.97

T (K) 296(2)
Crystal system orthorhombic

Space group Pn2;m

a(A) 6.104(4)

b (A) 8.058(5)

c(A) 20.186(5)

o B,y (%) 90, 90, 90

V (A3) 992.9(9)

VA 2

Pcalc (g Cm73) 1.496

m (mm!) 1.703

F(000) 452.0

Crystal size (mm?) 0.28 x 0.22 x 0.18
Radiation Mo Ko (4 =0.71073)

20 range for data collection 4.036-55.692°

Index ranges -7<h<4,
-10< k<10,
-26<1<26

Reflections collected 4871

Independent reflections 2208 [Rine = 0.0249,
Rsigma = 0.0354]
Data/restraints/parameters 2208/7/125
Goodness-of-fit (GOF) on F? 0.983

Final R indexes [I > 20 (I)] R;=0.0321, wR, = 0.0632
Final R indexes [all data] R, =0.0516, wR, = 0.0708

Largest difference in peak and hole 0.38 and -0.47
(eA?)
Flack parameter 0.41(7)

Table 3
Selected bond lengths (A) and angles (°) of complex 1.

Selected bond lengths (A)

C1-01 1.304(6) C6—Sn1 2.08(2)
C1-S1 1.728(5) C7—Sn1 2.12(2)
C1-S2 1.644(5) S1—Sn1 2.481(14)
C2—01 1.461(9) S2—Sn1 3.125(15)
Selected bond angles (°)

01—C1-S1 110.9(3) C6—Sn1—S1 107.5(6)
01—C1-S2 125.5(4) C7—Sn1-S1 105.4(7)
S2—C1-S1 123.4(3) S1—Sn1—S1 85.68(6)
C1—01—C2 120.9(5) 01—C2—C3A 115.1(12)
Sn1—S1—C1 95.19(15) C2—C3A—C4A 112.6(19)
C6—Sn1—C7 134.5(5) S2—Sn1—S2A 46.9(1)

observed in the spectrum of complex 3. Spectral changes of this
type describe covalent binding of the complex with DNA [41,42].
In order to compare the binding strengths of the ligand-DNA and
complex-DNA adducts, the intrinsic binding constant K of the
ligand and the organotin(IV) thiocarboxylates 1 and 3 were calcu-
lated using the Benesi Hildebrand equation [43].

Ao . &g n &g 1
A—-Ag o ¢ —& &g — &g K[DNA]

where K is the binding constant, Ag and A are the absorbances of the
drug and its complex with DNA, and &; and &y_¢ are the Absorption
coefficients of the drug and drug-DNA complex, respectively. The
binding constants were obtained from the intercept to slope ratios
of Ap/(A — Ap) vs.1/[DNA] plots. The binding constants were deter-
mined to be 9.9 x 10% 2.5 x 10° and 1.1 x 10° M~! for KL, 1 and 3
respectively, indicating that among the tested complexes, the bind-
ing strength of complex 3 with DNA is maximum and that of com-
plex 1 is minimum.

The Gibb’s free energy (AG) of the ligand KL and the organotin
(IV) carboxylates 1 and 3 were determined using the equation
given below:

AG = -RTInK

where “R” is the general gas constant (8.314]J K~ mol~!) and T is
the temperature (298 K). The Gibb’s free energies were found to
be —17.15, —10.27 and —19.60 k] mol~! for KL, 1 and 3, respectively,
indicating the interaction of the complexes with DNA is a sponta-
neous process.

3.6. Biological activities

3.6.1. Antibacterial activity

In vitro biological screening tests of the synthesized ligand KL
and its organotin(IV) complexes were carried out against three
gram-positive [Bacillus subtillis (ATCC 6633), food poisoning; Sta-
phylococcus aureus (ATCC 6538), food poisoning, scaled skin syn-
drome, endocarditis, Micrococcus luteus (ATCC 53598), recurrent
bacteremia, septic shock, septic arthritis, endocarditis, meningitis
and cavitating pneumonia] and two gram-negative bacteria
[Escherichia coli, (ATCC 15224), infection of wounds, urinary tract
and dysentery; Bordetella bronchiseptica (ATCC 4617), atrophic
rhinitis] and the results have been summarized in Table 6. The
experiment was performed in triplicate by the agar well diffusion
method [44]. Cefixime was used as a positive control. The microor-
ganism against which complex 3 presented the highest activity
was B. subtillis, followed by B. bronchiseptica and S. aureus. Complex
5 was active against all the tested bacteria except B. bronchiseptica,
with the best activity of the complex being recorded against E. coli,
followed by S. aureus and M. luteus. Complex 1 presented low activ-
ity against all bacterial strains. Complexes 2 and 4 were active
against Gram-positive bacteria compared with gram-negative bac-
teria. The results show that the organotin complexes are more
potent bactericides than the free ligand. This can be explained in
terms of the greater lipid solubility and cellular penetration of
the metal complexes [45]. It is observed that the antibacterial
activity is enhanced upon coordination of the ligand to the metal,
which reduces the polar nature of the tin atom by delocalization
of electrons and sharing of charge (positive) with the donor group
[46]. Thus, the lipophilic nature of the tin atom increases, which
enhances the permeability of the complexes through the plasma
membrane.

3.6.2. Antifungal activity

The antifungal activity of the ligand and complexes was
recorded against five fungal strains, Fusirum solani, Aspergillus
niger, Mucor specie, Helminthosporium solani and Aspergillus flavus
using the agar dilution method [44]. Terbinafine was used as a
standard drug in this assay. The results are shown in Table 7. In
comparison to the ligand, the complexes were found to be more
active toward fungal strains, with a few exceptions, and in some
cases their activity is equal to the standard drug which suggests
that coordination to metal enhanced the activity as compare to
the free ligand. Complexes 4 and 5 show 100% growth inhibition
against all fungal strains, whereas complexes 1 and 2 showed
>90% growth inhibition against only one fungal strain (Table 7).
Although the exact biochemical mechanism is not completely
understood, the mode of action of antimicrobials may involve var-
ious targets in the microorganisms. These targets include the fol-
lowing: (1) the higher activity of the metal complexes may be
due to the different properties of the metal ions upon chelation.
The polarity of the metal ions will be reduced due to the overlap-
ping of ligand orbitals and partial sharing of the positive charge of
the metal ion with donor groups. Thus, chelation increases the
penetration of the complexes into lipid membranes and the
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Table 4
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Selected geometric parameters of the optimized structures of complexes 1-5.

Compd. no. Bond distance (A) Bond angle (°) Torsion angle (°)

1 Sn1—C2 2.152 C2—Sn1—C4 109.15 C2—Sn1—C4—S5 101.11
Sn1—S3 2.619 C4—Sn1-S5 101.89 S3—C4—Sn1-S5 153.87
Sn1—C4 2.152 S3—Sn1—S5 148.21 S3—Sn1—C2—S9 65.38
Sn1—S5 2.620 Sn1—S3—C6 88.96 Sn1—S5—C7—010 178.20
Sn1—S11 2.846 Sn1—S5—C7 88.95 S3—C6—S9—Sn1 2.05
S5—C7 1.730 S5—C7—S11 122.21 S$3—S59—C6—08 179.55

2 Sn1—C2 2173 C2—Sn1—C4 111.55 C2—Sn1—C4—S5 101.20
Sn1—S3 2.630 C4—Sn1—S5 98.94 S$3—C4—Sn1—S5 153.48
Sn1—C4 2.173 $3—Sn1—S5 148.08 S3—Sn1—C2—S9 64.90
Sn1—S5 2.632 Sn1—S3—C6 88.78 Sn1—S5—C7—010 177.80
Sn1—S11 2.851 Sn1—S5—C7 88.80 S$3—C6—S9—Sn1 3.14
S5—C7 1.730 S5—C7—S11 122.44 S3—S9—C6—08 179.53

3 Sn1—C2 2.151 C2—Sn1—C4 105.59 C2—Sn1—C4—S5 100.52
Sn1—S3 2.606 C4—Sn1—S5 101.67 S3—C4—Sn1—S5 155.23
Sn1—C4 2.151 S$3—Sn1-S5 149.08 S3—Sn1—C2—S9 66.30
Sn1—S5 2.608 Sn1—S3—C6 88.55 Sn1—S5—C7—010 177.87
Sn1—S11 2.819 Sn1—S5—C7 88.43 S$3—C6—S9—Sn1 2.34
S5—C7 1.730 S5—C7—S11 122.20 S3—S9—C6—08 179.63

4 Sn1—C2 2.157 Sn1—S3—C6 102.98 S3—Sn1—C2—C5 127.16
Sn1—S3 2.501 S$3—C6—07 126.84 C2—Sn1—C4—C5 129.74
Sn1—C4 2.165 S3—C6—07 108.29 C2—S3—Sn1—C6 65.16
Sn1—C5 2.157 C2—Sn1—C5 116.39 S$3—C6—S8—07 179.99
S3—C6 1.768 S$3—Sn1—C5 110.45 S8—07—C6—C9 0.01
C6—S8 1.666 S3—Sn1—C4 97.37 C6—07—C9—C10 179.93

5 Sn1—C2 2.129 Sn1—S3—C6 102.77 S3—Sn1—C2—C5 133.82
Sn1—-S3 2.489 S3—C6—S8 126.56 C2—Sn1—C4—C5 125.24
Sn1—C4 2.144 S3—C6—07 108.28 C2—S3—Sn1—C6 63.69
Sn1—C5 2.136 C2—Sn1—C5 114.67 S3—C6—S8—07 179.35
S3—C6 1.769 $3—Sn1—C5 115.36 S8—C6—07—C9 0.04
C6—S8 1.662 S3—Sn1—C4 95.95 C6—07—C9—C10 179.64

blockage of metal binding sites in the enzymes of the microorgan-
isms. (2) Interference with the synthesis of cellular walls, causing
damage that can lead to a change in the cell permeability charac-
teristics or disordered lipoprotein arrangements, finally results in
cell death [45].

3.6.3. Antileishminial activity

The ligand KL and its complexes 1-5 were screened against the
pathogenic  Leishmania major using Amphotericin B
(0.048 pg mL™1) as a standard drug and the data have been sum-
marized in Table 8. All the studied organotin(IV) complexes were
more active than the free ligand, confirming the active role of Sn
in the antileishmanial activity. The activity reduces in the order:
BusSnL (4) > Ph3SnL (5) > thSHLz (3) > Me,SnL, (1) > Bu,SnL; (2)
According to previous literature [47], the antileishmanial activity
is governed by planarity, lipophilicity and low-molecular weight.
However, the higher activity of BusSnL (4) in the tested series could
probably be explained on the basis of the geometry around the tin
atom. Four-coordinated BusSnL (4) was more active than the five
and six-coordinated complexes. The higher activities of complexes
5 and 3 are due to the planar phenyl groups that can penetrate
more easily into the lipid bilayer. In some cases, diorganotin com-
plexes were found to be more active, as was observed in the pre-
sent study in that complex 1 is more active than complex 2 due
to the dominating diffusive nature of the small methyl group.
Although all the complexes have the potential to be used as drugs,
BusSnL (4) is a leading candidate in this connection due to its
higher activity and minimum cytotoxicity, with an LDsq value of
0.001 pgmL~'. These complexes, especially the last one, may
emerge as a novel class of antileishmanial drug, alone or in combi-
nation with some other drugs.

3.6.4. Antioxidant activity

The antioxidant abilities of the synthesized ligand and organ-
otin(IV) complexes were determined by their interaction with
the free stable radical 1,1-diphenyl-2-picryl-hydrazyl (DPPH) at
different concentrations employing a well-known method [48].
Due to its odd electron, DPPH gives a strong absorption band at
517 nm, appearing as a deep violet color [49]. As this electron
becomes paired off in the presence of a free radical scavenger,
the absorption disappears and the resulting decolorization is stoi-
chiometric with respect to the number of electrons taken up. The
change of absorbance produced in this reaction is monitored to
calculate the antioxidant potential of the test samples [48]. DPPH
is a stable free radical (due to extensive delocalization of the
unpaired electron), having /ma.x at 517 nm. When this radical takes
a hydrogen radical from a ligand, the absorption vanishes due to
the absence of free electron delocalization [50,51]. By increasing
the concentration of the test samples, the absorption intensity of
the radical vanishes rapidly at 517 nm. The effect of the ligand
and its organotin(IV) complexes have been shown in Table 9 with
a comparison to the standard antioxidant ascorbic acid. It was
revealed that the tested complexes showed moderate behavior as
antioxidants as compared to the standard drug used.

3.6.5. Cytotoxicity

A cytotoxicity assay of the newly synthesized complexes is con-
sidered as a useful tool for an initial assessment of their toxicity.
Therefore the cytotoxicity of all the synthesized compounds in
the present study was checked by a brine-shrimp assay and the
results are summarized in Table 10. The cytotoxicity is considered
significant if the LDsg value is less than 20-30 pg/mL [52,53]. The
highest toxicity was observed for complexes 4 and 5, with LDsg val-
ues <10 pg/mL, while the lowest toxicity was observed for com-
plexes 2 and 3. The tri-organotin derivatives were found to be
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Fig. 4. Optimized molecular structures of complexes 1-5.

more toxic than the di-organotin derivatives and the ligand, which
is in accordance with our earlier study [58].

3.6.6. Protein kinase inhibition activity

The data in Table 11 shows that complexes 1-5 have varying
degrees of inhibition, producing zones of inhibition ranging from
6.0 to 12.0 mm as compared to the standard’s value of 18 mm.
The exact mechanism is still not known, but it is proposed that
the aerial hyphae formation of Streptomyces species is blocked, thus
it may be hypothesized that it inhibits cancer cell proliferation
[54]. Complex 4 was found to be the most effective as it produced
the maximum zone of inhibition on the culture plates and it may
be considered as a potential candidate to inhibit tumor initiation.

3.7. Structure activity relationship

The structure-activity relationship is required to understand
the relationship between the structure and biological activity of
complexes. Organotin(IV) complexes display a broad spectrum of
biological effects and have been extensively studied as bacteri-
cides, fungicides, wood preservatives, antitumor and anticancer
agents [55-57]. The biological activities may depend on

substitution on the ligand and organic groups attached to tin
[58]. To correlate the structures and activities of the synthesized
complexes 1-5, it is observed that variation in the toxicity of differ-
ent antibacterial agents against different organisms depends either
on the impermeability of the cell or differences in the ribosomes to
the antimicrobial agent. Though the present results suggest that
the synthesized organotin(IV) complexes inhibit the growth of
organisms to a greater extent, which is in accordance with earlier
reports [59], among the synthesized organotin complexes, tri-
organotin(IV) complexes, i.e. 4 and 5, showed higher activity as
compared to the diorganotin(IV) complexes 1-3. The greater activ-
ity may be attributed to the higher solubility of the complexes.
Also theoretical calculations have been used to study the struc-
ture-activity relationship (SAR); we have calculated the energies
of the HOMO and LUMO orbitals. The difference between the ener-
gies of the HOMO and LUMO (the HOMO-LUMO gap) shows the
stability or reactivity of the molecules, pointing out the possible
biological receptors in the complexes, such as electron rich or elec-
tron deficient regions. The lipophilic nature of the complexes can
be evaluated by the logarithm of the partition coefficient (LogP),
which indicates the ability of the molecule to overcome biological
barriers and move into different biophases.
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Fig. 5. Optimized HOMO and LUMO orbitals of complexes 1-5.
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Table 5 Table 6
Energies of the HOMO and LUMO of complexes 1-5 calculated with DFT/B3LYP. Antibacterial data of KL and the organotin(IV) complexes 1-5.
Compd. no. HOMO (eV) LUMO (eV) HOMO-LUMO gap (eV) Zone of inhibition (mm)
1 —6.33426 —1.73445 4.59981 Compd. no.  B.subtillis M. luteus S. aureus E. coli  B. bronchiseptica
2 —-6.12120 —-1.63758 4.48362
3 —6.38569 -1.74234 4.64335 11<L }; }é ;1 ; }g
4 —5.97235 —1.08410 4.88825 2 19 14 B 9 B
5 —6.03603 —1.14940 4.88663 3 26 15 19 1 24
4 17 14 10 9 -
5 18 29 28 22 10
Cefixime 29 32 35 37 30
1.958 r

MIONAT (e 0

K=9.9 x10°M* a

1.500

AG =-17.15 KMol Table 7
Antifungal data of KL and the organotin(IV) complexes 1-5.
P 1000 1 Compd. no. % growth inhibition
-<C
F. solani A. niger M. specie H. solani A. flavus
o.s00 et
KL 0 0 0 0 40
1 0 0 70 75 90
0.000 2 0 25 30 25 100
3 0 30 75 20 30
o=7e . ’ 4 100 100 100 100 100
262.93 300.00 3650.00 397.49 5 100 100 100 100 100
nm. Turbinafine 100 100 100 100 100
. . 1 . DMSO 0 0 0 0 0
Fig. 6. UV-Vis spectra of 0.8 mmol L~' complex KL in the absence and presence of
(a) 20 (b), 40 (c), 62 (d), 83 (e) 104 (f), 125 (g), 150 (h), 170 (i), 192 (j) and 222 (k)
UM DNA.
Table 8
Antileishmanial data of KL and the organotin(IV) complexes 1-5.
e ' : Compd LC L
a ——— ompd. no. so0 (ug/mL)
e 10,27 KMot KL 3.89
1.000 1 0.031
2 0.666
- ' 3 0.031
= o800 4 0.001
5 0.002
Amphotericin B 0.048
0.000
-0.344 1 L
287.65 300.00 350.00 363.44
nm.
Table 9
Fig. 7. UV-Vis spectra of 0.8 mmol L' Me,SnL; (1) in the absence and presence of Antioxidant data of KL and the organotin(IV) complexes 1-5.
(a) 20 (b), 40 (c), 62 (d), 83 (e) 104 (f), 125 (g), 150 (h), 170 (i), 192 (j) and 222 (k) Compd. No. ICso (pg/mL)
UM DNA.
KL 0.67
1 0.95
2 2.52
3 0.56
0.966 r - 4 1.70
° LA/(ONA] () s0 5 1.95
a P Ascorbic acid 0.49
o K=1.1x10°M1
OG = -19,60 K).Mol*
a.soco
=
< Table 10
Cytotoxicity data of KL and the organotin(IV) complexes 1-5.
©.000 No of shrimps killed out of 20 per dilution
Compd. no. 100 pg/mL 50 pg/mL 10 pg/mL LDsq
o544 , . KL 18 11 9 16.43
26495 300.00 350.00 391.04 1 19 16 1 8.254
nm. 2 11 10 6 58.2
3 17 10 5 34.6
Fig. 8. UV-Vis spectra of 0.8 mmol L~! Ph,SnL; (3) in the absence and presence of 4 20 20 20 <10
(a) 20 (b), 40 (c), 62 (d), 83 (e) 104 (f), 125 (g), 150 (h), 170 (i), 192 (j) and 222 (k) 5 20 20 20 <10

M DNA.
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Table 11
Protein kinase inhibition data of organotin(IV) complexes 1-5.

Compd. no. Zone of inhibition (mm) + SD
1 11+£05

2 6+0.5

3 11+0.6

4 12+1.1

5 8+05

Tyrab 18

4. Conclusions

Potassium o-isobutyl carbonodithioate and its organotin(IV)
complexes were successfully synthesized and characterized. The
potassium salt was treated with different di- and triorganotin(IV)
chlorides to form the corresponding organotin(IV) complexes.
The UV-Vis spectroscopic results show that the synthesized com-
plexes bind to DNA via the intercalative mode of interaction,
resulting in hypochromism with a minor red shift. The negative
values of the Gibb’s free energy change show the spontaneity of
these interactions. HOMO-LUMO calculations show that all the
complexes are thermodynamically stable. Biological activity data
revealed that the complexes were more active than the free ligand,
with a few exceptions, and were found to be active in their biolog-
ical action.
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