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Abstract—Organotin(IV) O-butyl carbonodithioates [Me,SnL,], [Bu,SnL,], [Ph,SnL;], [Bu3SnL], and [Ph;SnL],
where L = C4HyOCS;, have been successfully synthesized and characterized by FT-IR, 'H and °C NMR, and
single crystal X-ray analysis. The ligand coordinates to the tin atom via the carbonodithioate group. According
to the X-ray diffraction data, the tin atom in [Me,SnL,] has distorted tetrahedral geometry. The synthesized
compounds were screened in vitro for antibacterial, antifungal, antileishmanial, cytotoxic, and protein kinase
inhibitory activities. The complexes [Bu;SnL] and [Ph;SnL] exhibited the highest anti-leishmanial activity that
exceeded the activity of the reference drug amphotericin B, probably by blocking the function of parasitic
mitochondria due to which it restricts further growth of the organisms. The ligand and the complexes have been
shown to bind to DNA via intercalative interactions resulting in hypochromic effect with a minor red shift as

confirmed by UV-Vis spectroscopic studies.
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INTRODUCTION

Sulfur donor ligands such as dithiophosphates,
xanthates, and dithiocarboxylates have been reported
to be more potent than biological ligands (peptides or
amino acids) in the initiation of active sites of some
metalloenzymes [1-3]. Apart from biological activity
(fungicidal, bactericidal, insecticidal, and antitumor)
[4, 5], organotin(IV) dithiocarboxylates have been
widely studied for their structural diversity related to
Sn—S bonding [6-8]. Menezes et al. [9] recently
reported a series of organotin dithiocarboxylates whose
antifungal activity was shown to be determined by
inhibition of ergosterol biosynthesis. Furthermore, all
the organotin compounds studied were more active
than the uncoordinated dithiocarboxylate ligand. The
coordination mode depends on the structure of the
organic ligand which can exhibit mono- or bidentate
behavior. Dithiocarboxylate ligands are capable of

! The text was submitted by the authors in English.

being involved in secondary intermolecular interac-
tions that can give rise to dimeric, trimeric, and supra-
molecular structures [10]. In continuation of our
studies related to organotin(IV) dithiocarboxylate com-
plexes [11], we have synthesized organotin(IV) O-butyl
carbonodithioate complexes which were characterized
by elemental analyses, FT-IR, 'H and °C NMR, and
single crystal X-ray analysis. The synthesized com-
pounds were tested for antibacterial, antifungal, anti-
leishmanial, cytotoxic, and protein kinase inhibitory
activities. DNA binding studies of the synthesized
compounds were also performed using UV-Vis spectro-
photometric technique.

EXPERIMENTAL

All organotin(IV) halides, butanol, potassium
hydroxide, carbon disulfide, and other reagents were
obtained from Aldrich (USA) and used without further
purification. Deoxyribonucleic acid sodium salt
(Acros) was used as received. All the solvents were
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1,R=Me;2,4,R=Bu; 3,5, R=Ph.

purchased from Merck (Germany) and were dried
before use according to literature procedures [12]. The
melting points were measured with a Bio-Cote Model
SMP10 melting point apparatus and are uncorrected.
The FT-IR spectra were recorded in the range 4000—
250 cm' with a Thermo Scientific Nicolet 6700 FTIR
spectrometer. The 'H and "*C NMR spectra were
obtained with a Bruker Avance spectrometer at 300
and 75 MHz, respectively, using DMSO-d; as solvent.
The electronic absorption spectra were measured at
25 £ 1°C on a Shimadzu 1601 double beam UV-visible
spectrometer. The elemental analyses (C, H, S) were
obtained using a LECO CHNS-932 analyzer.

The X-ray diffraction data for a single crystal of 1
were collected on a Bruker SMART APEX CCD
diffractometer equipped with a 4 K CCD detector set
at a distance of 60.0 mm from the crystal. The crystal
was cooled to 100 + 1 K using a Bruker KRYOFLEX
low temperature device, and reflection intensities were
measured with graphite-monochromatized MoK,
radiation from a Siemens sealed ceramic diffraction
tube (generator settings 50 kV/40 mA). The structure
was solved by the Patterson method, and extension of
the model was accomplished by the direct method
using DIRDIF or SIR2004. The final refinement on F*
was made by the full-matrix least-squares technique
using SHELXIL-97, a modified PLUTO version of
(preparation of illustrations), and PLATON package.

Potassium O-butyl carbonodithioate was prepared
by continuous stirring of butanol (I mmol) with a
mixture of potassium hydroxide (I mmol) and carbon
disulfide (1 mmol) for 4 h at room temperature. The
precipitate was filtered off and dried in air. Yield 90%,
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mp 210-212°C [11]. IR spectrum, v, cm ': 961 (C-O),
1459 (CSS, asym.), 1102 (CSS, sym.). 'H NMR
spectrum, J, ppm: 0.97 t (3H, 4'-H, 3Jqu = 7.4 Hz; 1.45
m (2H, 3'-H), 1.73 q (2H, 2"-H, *Jiyy = 7.4 Hz), 4.40 t
(2H, 1'-H, *Jyy = 6.6 Hz). °C NMR spectrum, &,
ppm: 12.8 (C*), 18.9 (C¥), 30.7 (C%), 72.3 (C"), 232.4
(C=S). Found, %: C 31.85; H 4.79; S 34.03.
CsHoKOS,. Calculated, %: C 31.88; H 4.82; S 34.09.

General procedure for the synthesis of organotin
(IV) O-butyl carbonodithioates. Potassium O-butyl
carbonodithioate (2 mmol) was dissolved in 20 mL of
methanol in a 100-mL round bottom two-necked flask
with continuous stirring at room temperature. Organo-
tin(IV) chloride R,SnCl, or R3SnCl (1 or 2 mmol,
respectively) was added in portions, and the mixture
was stirred for 4 h at room temperature. The solvent
was slowly evaporated at room temperature, and the
solid residue was dried in air and recrystallized from
acetone—diethyl ether (1 : 1). The general reactions are
shown in Scheme 1.

Dimethylstannanediyl bis(O-butyl carbonodi-
thioate) (1). Yield: 85%, mp 107-108°C. IR spectrum,
v, cm ' 958 (C-0), 1254 (CSS, asym.), 1001 (CSS,
sym.), 383 (Sn-S), 548 (Sn—C). '"H NMR spectrum, &,
ppm: 0.98 t (6H, 4-H, *Jiyy = 7.4 Hz), 1.45 m (4H, 3'-H),
1.80 q (4H, 2"-H, *Juy = 7.4 Hz), 4.46 t (4H, 1"-H, *Jyy =
6.6 Hz), 1.48 s (6H, SnCHj, “Js,y = 79-76 Hz). "*C
NMR spectrum, 8¢, ppm: 10.4 (C*), 19.1 (C*), 30.2
(C%), 76.2 (C"), 222.0 (C=S), 10.4 (SnCHs, "Jgnc = 597—
569 Hz). Found, %: C 32.19; H 5.38; S 25.65.
C12H240,S4Sn. Calculated, %: C 32.22; H 5.41; S 28.68.

Dibutylstannanediyl bis(O-butyl carbonodi-
thioate) (2). Yield 82%, oily material. IR spectrum, v,
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cm ' 955 (C-0), 1239 (CSS, asym.), 1082 (CSS,
sym.), 345 (Sn-S), 551 (Sn—C). '"H NMR spectrum, 3,
ppm: 0.95 m (6H, 4'-H), 1.43 m (4H, 3’-H), 1.74 m
(4H, 2'-H), 4.46 t (4H, 1'-H, *Jyy = 6.6 Hz), 1.88 m
(4H, 1-H), 1.49 m (4H, 2-H), 1.46 m (4H, 3-H), 0.92
m (6H, 4-H). >C NMR spectrum, 8¢, ppm: 13.7 (C*),
19.1 (C*), 30.3 (C?), 76.1 (C"), 223.1 (C=S); 30.5 (C',
Jsac = 540-516 Hz), 28.8 (C% “Jsnc = 40 Hz), 26.4
(C?, *Jsnc = 119-115 Hz), 13.7 (C*). Found, %: C
40.65; H 6.80; S 24.10. C,3H360,S4Sn. Calculated, %:
C 40.68; H 6.83; S 24.13.

Diphenylstannanediyl bis(O-butyl carbonodi-
thioate) (3). Yield: 79%, mp 82—83°C. IR spectrum, v,
cm 't 938 (C-0), 1254 (CSS, asym.), 1038 (CSS,
sym.), 372 (Sn-S), 284 (Sn—C). '"H NMR spectrum, 3,
ppm: 0.88 t 6H, (4'-H, *Jyy = 7.4 Hz), 1.30 m (4H,
3'-H, *Jyy = 7.4 Hz), 1.60 m (4H, 2’-H), 4.29 t (4H, 1'-
H, *Jun = 6.6 Hz), 8.0 m (4H, 0-H), 7.50 m (4H, m-H),
7.47 m (2H, p-H). °C NMR spectrum, ¢, ppm: 13.6
(CY), 18.9 (C*), 30.0 (C%), 76.6 (C"), 218.8 (C=S),
141.5 (C', 'Jgnc = 830-796 Hz), 129.0 (C°, *Janc = 88—
84 Hz), 135.4 (C™, *Jsnc = 64-57 Hz), 130.1 (C?, *Jsnc =
Calculated, %: C 46.24; H 4.94; S 22.45.

O-Butyl S-tributylstannyl carbonodithioate (4).
Yield 75%, oily material. IR spectrum, v, cm ' 960
(C—0), 1249 (CSS, asym.), 1000 (CSS, sym), 365 (Sn—
S), 541 (Sn—C). "H NMR spectrum, 5, ppm: 0.88 t (3H,
4'-H), 1.30 m (2H, 3’-H), 1.60 m (2H, 2'-H), 4.44 t
(2H, 1'-H, *Jyy = 6.6 Hz), 1.73 m (6H, 1-H), 1.39 m
(6H, 2-H, 1.33 m (6H, 3-H), 0.93 m (9H, 4-H). *C
NMR spectrum, 8¢, ppm: 13.8 (C*), 15.6 (C*), 30.3
(C%), 74.9 (C"), 217.7 (C=S), 19.4 (C', "Jsuc = 335
314 Hz), 28.6 (C2, 2Jgnc = 21 Hz), 27.0 (C?, *Jgnc = 65—
63 Hz), 13.6 (C*). Found, %: C 46.45; H 8.22; S 14.57.
C17H360S,Sn. Calculated, %: C 46.48; H 8.26; S 14.60:

O-Butyl S-triphenylstannyl carbonodithioate (5).
Yield 92%, mp 66—-68°C. IR spectrum, v, cm ' 942
(C-0), 1228 (CSS, asym.), 1073 (CSS, sym.), 375
(Sn=S), 272 (Sn—C). 'H NMR spectrum, &, ppm: 0.98 t
(3H, 4'-H, *Juy = 7.4 Hz), 1.15 m (2H, 3"-H, *Juyy =
7.4 Hz), 1.41 m (2H, 2'-H), 4.31 t 2H, 1"-H, *Jyu = 6.6
Hz), 7.69 m (6H, 0-H), 7.46 m (6H, m-H), 7.42 m (3H,
p-H). °C NMR spectrum, 8¢, ppm: 13.6 (C*), 18.8
(C*), 29.8 (C*), 75.7 (C"), 214.8 (C=S), 138.1 (C',
Jsnc = 588-562 Hz), 129.0 (C°, “Jsnc = 61-59 Hz),
136.6 (C", *Jsnc = 45-43 Hz), 130.0 (C?, “Jsuc = 13 Hz).
Found, %: C 55.30; H 4.81; S 12.80. Cy;H,,0S,Sn.
Calculated, %: C 55.33; H 4.85; S 12.84.

JAVED et al.

Biological Screening. UV-Vis spectrophotometric
study of DNA binding and tests for antibacterial,
antifungal, and antileishmanial activities, cytotoxicity,
and protein kinase inhibition were performed ac-
cording to the procedures reported elsewhere [11, 13].

RESULTS AND DISCUSSION

FT-IR spectra. The binding mode of the
dithiocarbonate ligand to tin(IV) was determined by
comparing the IR spectrum of the ligand with the
spectra of organotin(IV) complexes 1-5. A new peak
in the region 345-383 cm ' indicated formation of Sn—
S bond in 1-5. The spectra of 1, 2, and 4 displayed a
sharp Sn—C stretching band at 541-551 cm ™', while di-
and triphenyltin(IV) derivatives 3 and 5 showed a
weak band at 284 and 272 cm ', respectively, due to
Sn—Crom stretchings. These data are in close agreement
with those reported previously for organotin(IV)
derivatives [14]. The C-S stretching frequencies give
valuable information regarding the mode of ligand
coordination to the Sn atom and structure of the
complexes. Complexes 1-5 gave strong peaks at
1204-1254 and 1000-1082 cm™' due to asymmetric
and symmetric stretching vibrations of the CS, group,
respectively. The difference Av between the asym-
metric and symmetric stretching frequencies ranged
from 155 to 253 cm ', indicating bidentate coordina-
tion of the ligand to the central tin atom in 2, 3, and 5
and monodentate coordination mode in 1 and 4 [14].
The FT-IR data for compound 1 were consistent with
the X-ray crystallographic data.

NMR spectra. Signals in the '"H NMR spectra of
1-5 (in DMSO-dg) were assigned on the basis of their
position, multiplicity, and intensity patterns. Protons of
the butyl group of the ligand resonated in the range &
0.97-4.40 ppm, and the corresponding signals of 1-5
were observed in the region (6 0.98—4.46 ppm). These
observations are in agreement with the previously
reported data for metal dithiocarbamates [15]. The
configuration of the Sn atom was deduced from the
2J("7Sn—"H) coupling constant for 1; the observed
value (76-79 Hz) indicated six-coordinate Sn atom in
solution. However, a multiplet was observed for the
terminal methyl group in 2 and 4 at 6 0.97 and
0.88 ppm, respectively. A shielding effect is experienced
through the carbon chain in compound 4 due to the
presence of n-butyl groups on the electropositive
Sn atom [16]. The ortho-protons of the phenyl groups
attached to Sn in complexes 3 and 5 were observed as
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Table 1. Coupling constants 'J(''°Sn—""C) and calculated
C—Sn—C angles (deg) in compounds 1-5

Comp. | J("1%Sn-3C), 27("°Sn-"H), Angle, deg
no. Hz Hz ly 2y
1 597 79 129 125
2 540 — 129 —
3 830 - 129 —
4 335 - 108 -
5 588 - 112 —
multiplets at 6 8.0 and 7.69 ppm (0-H), respectively,

and the meta- and para-protons therein resonated in

the region 6 7.42-7.50 ppm.

The "*C chemical shifts due to butyl and phenyl
groups attached to Sn were consistent with those
reported for other similar compounds [17, 18]. The
CS, carbon signal appeared in the range oc 214.8—
223.1 ppm, indicating ligand coordination to the metal
center via the CSS moiety [16]. The configuration of
the Sn atom in the di- and triorganyltin(IV) com-
pounds was determined from the 'J(*"*Sn—"°C) coupling
constants and C—Sn—C bond angles (108°-129°) cal-
culated by Lockhart’s equation [19] (Table 1). The
observed 'J('”Sn-"C) coupling constants and
calculated C—Sn—C angles are, respectively, 597 Hz
and 129.0° for 1, 540 Hz and 129.0° for 2, 830 Hz and
129.0° for 3, and 588 Hz and 112.0° for 5, which
correspond to six-coordinate tin atom in 1-3 and five-
coordinate tin atom in 5. The 'J(''’Sn—'°C) value
(335 Hz) and C-Sn—C angle (108°) for 4 indicate four-

2771

coordinate tin(IV) atom, which is in accordance with
published data [20].

X-Ray analysis of compound 1. The ORTEP view
of molecule 1 is shown in Fig 1, and the structure
refinement parameters are given in Table 2. Selected
bond lengths and bond angles in molecule 1 are given
in Table 3. The tin atom in complex 1 has distorted
tetrahedral geometry defined by two methyl groups
and two sulfur atom of the carbonodithioate ligand.
The ligand coordinates to the tin atom in monodentate
mode. The CSnC and SSnC angles are within the
expected range of four-coordinate tetrahedral geometry
(C'SnC® 128.9°, S'SnC® 108.4°, S'SnC’ 109.5°) [21].
No weak interactions were found between molecules 1
in crystal, and the Me,SnL, molecule exists as an
independent unit. The ligands are coordinated
symmetrically through shorter Sn—S' bonds [2.4942(7)
A]. The other Sn—S distances are significantly shorter
than the sum of the corresponding van der Waals radii
(4.0 A), and the coordination number of Sn is assigned
as four. Furthermore, the degree of symmetry in the Sn
—S' bond distances is the same in the two ligands. The
S'SnC® and S'SnC’ bond angles demonstrate
inclination of the Sn—C bonds toward the longer Sn—S
bonds due to repulsion between the bonding electron
pairs around the central Sn atom. Electronic and steric
factors have also been involved to explain distortion of
similar structures from the regular tetrahedral
geometry [22].

The crystallographic data for compound 1 were
deposited to the Cambridge Crystallographic Data
Centre (CCDC entry no. 1 062 079).

Fig. 1. Crystal structure of compound 1.
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Table 2. Crystallographic data and structure refinement parameters for compound 1

Parameter Value Parameter Value

Formula C1,H»40,848n Crystal size, mm 0.28%x0.22x0.18

Molecular weight 447.24 Radiation MoK, (A\=0.71073 A)

Temperature, K 296(2) 20 range 5.6° to 52°

Crystal system Orthorhombic Index ranges -17<h<25,-7<k<7,-9<I<7

Space group Pmn2, Reflections collected 7166

a, A 20.3843(16) Independent reflections 1633 [Ri,y=0.0181, R;=0.0215]

b A 6.0425(4) Data/restraints/parameters 1633/7/91

c, A 7.8015(6) Goodness of fit on F* 1.055

Volume, A’ 960.93(12) Final R indexes [/>20(/)] R, =0.0218, wR, = 0.0491

Z 2 Final R indexes (all data) R, =0.0269, wR, = 0.0522

deare, mg/mm’ 1.546 Largest diff. peak/hole, 8 A~ 0.38/-0.23

p, mm ' 1.760 Flack parameter 0.40(8)

F(000) 452.0

Table 3. Selected bond lengths and bond angles in molecule 1
Bond d, A Bond d, A Angle o, deg Angle o, deg
Sn'-S! 2.4942(7) C*-Sn' 2.174(14) C’Sn'C? 128.9(2) CSn's! 108.4(4)
Sn'-C’ 2.066(14) s'-¢! 1.732(3) C's'sn' 96.25(9) C’sn's' 109.5(3)
s>C! 1.643(3) o'-¢! 1.314(3) c'o'c* 118.9(4) s’c's! 123.87(17)
o'-c* 1.490(7) 0'-C? 1.484(17) o'c's! 110.4(2) s’c's! 125.8(2)

o'c*c* 111.2(7) Mt | 111.8(7)

DNA binding study. The interaction of compounds
1-5 with DNA was studied by UV-visible
spectroscopy [23]. The spectra of the ligand and
compounds 1-5 were recorded in the absence and in
the presence of DNA at different concentrations [24—
26]. The UV spectra of the ligand (KL) and its
complexes showed a strong absorption peak at A 309—
310 nm due to n—* transition of the C=S bond. As the
concentration of DNA increased, a hypochromic effect
was observed along with a minor red shift (1-2 nm), as
illustrated by Fig. 2 for compounds 3 and 5. Hypo-
chromic effect and red shift are the signs of inter-
calative binding mode involving stacking interaction
between the chromophore and DNA base pair. After
intercalating the base pairs of DNA, the ©* orbital of
the intercalated ligand could couple with the & orbital
of DNA base pair, thus decreasing the m—n* transition
energy, which results in bathochromic shift. On the

other hand, coupling of the m orbital with partially
filled electron shell decreases the transition prob-
ability, which leads to hypochromic effect. Hypo-
chromism in the case of intercalative binding mode
originates from m—m* stacking interactions, while
bathochromic (red) shift is observed when the DNA
duplex is stabilized [27, 28]. The intrinsic binding
constants K of the ligand and organotin(IV) carbon-
dithioates 1-5 were calculated by the Benesi-
Hildebrand equation [29] (Table 4) in order to compare
the respective binding strengths.

Ao € £g 1

€H-G ~€G €y-g —€g K[DNA]

Here, K is the binding constant, 4y and A are the
absorbances of a drug and its complex with DNA, and
€g and ey g are the molar absorption coefficients of the
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Fig. 2. UV spectra of compounds (a) 3 and (b) 5 (c3 = ¢s = 0.8 mM) (/) in the absence and in the presence of (2) 20, (3) 40, (4) 62,

(5) 83, (6) 104, (7) 125, (8) 150, (9) 170, and (10) 192 uM of DNA.

drug and drug-DNA complex, respectively. The
calculated values of AG and binding constants are
given in Table 4. As follows from the negative AG
values, the interaction of KL and 1-5 with DNA is a
spontaneous process.

Antibacterial activity. All the synthesized
compounds were subjected to antibacterial activity
assay against five selected bacterial strains, gram
positive Staphylococcus aureus (ATCC 6538) and
Micrococcus luteus (ATCC 53598) and gram negative
Bordetella bronchiseptica (ATCC 4617), Salmonella
typhimurium (ATCC 14028), and Enterobacter
aerogens (ATCC 13048), using the disk diffusion
method [30]. The results are presented in Table 5. All
complexes 1-5 showed moderate activity against the
selected strains, and the activity is highly strain-
dependent. The activities of 4 and 5 against M. luteus,
S. aureus, B. bronchiseptica, and E. aerogenes are
comparable to those of the reference drug. This may be
ascribed to Tweedy’s theory, according to which
chelation reduces the polarity of the central metal atom

Table 4. DNA binding constants and Gibbs free energies for
free ligand KL and compounds 1-5

Comp. no. K, L/mol —AG, kJ/mol
KL 9.80x10° 14.67
1 4.50x10° 14.10
2 4.02x10° 20.13
3 1.57x10° 15.17
4 6.26x10° 21.66
5 226x10° 15.53

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 86

because of partial sharing of its positive charge with
the ligand, which favors permeation of the complex
through the lipid layer of cell membrane [31].

Antifungal activity. The results of in vitro disk
diffusion assay [30] of the ligand and organotin(IV)
compounds 1-5 against five fungal strains (4spergillus
flavus, Aspergillus niger, Fusarium solani, Aspergillus
fumigates, and Mucor species) are summarized in
Table 6. Terbinafine was used as standard drug.
Compound 4 showed higher activity than that of the
standard drug against Aspergillus flavus, Aspergillus
niger, and Aspergillus fumigates. Compound 5 showed
significant activity against all the tested fungal strains,
while the activity of 1-3 was insignificant. These
findings were consistent with published data according
to which triorganotin derivatives are more biocidal
than diorganotin analogs [32, 33]. Although the exact
mechanism is not completely known, the action of
antimicrobials may involve various targets in the
microorganisms. Organotin compounds disturb the cell
respiration process and thus block protein synthesis,
which restricts further growth of the organisms. In
comparison to diorganotin complexes, four- and five-
coordinate triorganotins exhibit extensive biological
activities due to availability of more space for
incoming group (microorganisms), which results in
increased liposolubility of the molecules in crossing
cell membrane of microorganisms [34, 35].

Cytotoxicity. The cytotoxicities of KL and 1-5
were studied in vitro by the brine-shrimp lethality
method [36] using Tricaine methanesulfonate (MS-
222) as reference drug (Table 7). The mean values of
duplicate readings at 10, 50, and 100 pg/mL are given.
The LDs values range from less than 10 to 52 pg/mL
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Table 5. Antibacterial activity of KL and complexes 1-5 (inhibition zone, mm)

Compound no. M. luteus S. Aureus B. bronchiseptica S. typhimurium E. aerogenes
KL 10 0 10 13 18
1 15 10 16 11 16
2 13 17 7 11 14
3 15 10 14 13 18
4 17 19 18 14 10
5 20 18 15 10 15
Roxithromycin® 20 20 20 20 20
* Reference drug.
Table 6. Antifungal activity of KL and organotin(IV) compounds 1-5 (inhibition zone, mm)
Compound no. | Aspergillus flavus | Aspergillus niger Fusirum solani | Aspergillus fumigates Mucor specie
KL b - - - -
1 12 6 - 4 -
2 4 7 - 11 -
3 14 - 9 - -
4 18 20 14 22 14
5 16 13 14 10 9
Terbinafine® 16 16 16 16 16
b 9

* Reference drug.

stands for no activity.

Table 7. Cytotoxicity data (number of shrimps killed out of 20) of KL and organotin(IV) compounds 1-5

Compound no. ¢=100 pg/mL ¢ =50 pg/mL ¢ =10 pg/mL LDsg, pg/mL
KL 15 12 11 13.2
1 11 10 9 22
2 9 8 5 52
3 11 9 5 48.2
4 20 20 20 <10
5 20 20 20 <10

against 4.3 pg/mL for the reference drug. Compounds
4 and 5 proved to be more toxic than the other tested
compounds. The high toxicity is due to high lipid
solubility which allows cell penetration and association
with intracellular sites, while cell wall components
also play an important role [37]. Cytotoxic drugs work
better in cancer disease where the cancer cells are
rapidly dividing and multiplying. Hence compounds 4

and 5 may be promising as potential drugs for the
treatment of cancer.

Antileishmanial activity. The synthesized com-
pounds were tested against the promastigote forms of
leishmania major. The ICsy values shown in Table 8
indicate moderate antileishmanial activity of 1-3 and
strong antileishmanial activity of 4 and 5 (IC5, 0.001
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Table 8. Antileishmanial activity of the ligand (KL) and
organotin(IV) compounds 1-5

Compound no. LCs, pg/mL
KL 0.651
1 0.965
2 0.012
3 0.832
4 0.003
5 0.001
Amphotericin B* 0.048

* Reference drug.

and 0.003 pg/mL, respectively, against 0.048 pug/mL
for the standard drug). These compounds disturb the
respiration process by blocking the function of
parasitic mitochondria, which restricts further growth
of the organisms.

Protein kinase inhibition. Compounds 1, 3, and 4
showed different degrees of inhibition estimated at 13,
5, and 7 mm, respectively, while compounds 2 and 5
displayed no activity as compared to the standard value
(18 mm). Compound 1 may be considered as potential
candidate to inhibit tumor initiation.

In summary, potassium O-butyl carbonodithioate
and its organotin(IV) complexes were successfully
synthesized and characterized. The ligand coordinates
to the tin atom through the sulfur atom. As revealed by
UV-Vis studies, the synthesized compounds bind to
DNA via intercalative interaction resulting in
hypochromic effect with a minor red shift. The
negative values of Gibbs free energy change indicated
spontaneity of these interactions. Biological studies
revealed that the triorganotin(IV) complexes generally
proved to be more active than the corresponding dior-
ganotin(IV) analogs probably due to their greater
liphophilicity.
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