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Summary: Six complexes of 2-thiazoline-2-thiol (HL) with triorganotin(IV) and
chlorodiorganotin(IV), [R3SnL {R = CH; (1), n-C4Hs (2) C¢Hs (3)}; RoSnCIL {R = CH; (4), n-C4H,
(5) C¢Hs (6)}], have been synthesized and characterized by elemental analysis, FT-IR and
multinuclear NMR (‘H and "C) spectroscopy and mass spectrometry. Spectroscopic studies revealed
that ligand act as monodentate. NMR data suggested that tin atom is tetra-coordinated in
triorganotin(IV) complexes (1-3). The biological screening results show that complexes exhibited
strong antibacterial and antifungal activity. Biofilm inhibition activity of these complexes was also
found satisfactory. The in vitro hemolytic activity data showed that these complexes are least

cytotoxic.
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Introduction

Considerable attention has been paid to
organotin complexes in recent years, owing to their
wide applications in various fields like catalysis,
biotechnology, analytical and medicinal chemistry
[1-5]. These are also used as agricultural biocides
owing to their antifungal properties [6,7].

Recently organotin compounds have been
used as reagents in reduction, transmetallation and
coupling reactions or as extremely versatile catalysts
in organic reactions [8]; the generally high selectivity
of organotin reagents allows one to save time and to
avoid product losses of protection—deprotection
cycles. In industry, organotin compounds are utilized
for esterification and trans-esterification reactions,
for silicone curing, for the preparation of
polyurethanes [9], but the stabilization of poly(vinyl
chloride) (PVC) is their largest application so far
[10].

A large number of organotin(IV) derivatives
have been used to study their antitumor activity and
their uses as potential chemotherapy agents [11-14].
These studies seem to demonstrate that not only the
organotin moiety is crucial for cytotoxicity but the
ligand also plays a key role in this aspect [15].
Moreover, in general, the biological activity of
organotin compounds appears to be greatly
influenced by the structure of the molecule and likely
by the nuclearity of the complexes [16, 17].

The heterocyclic thiones play an important
role as ligands in metal coordination chemistry,
because of their relevance to biological systems and
the versatility in their coordination modes which give
rise to complexes with variable nuclearity and wide-
ranging structural geometries [18-20]. Interaction of
heterocyclic thioamides with metals has been
reported [21-23]. These thio ligands also have
biochemical significance and have been used as
medicines [23,24]. The formation of organotin
complexes of this type of ligands may enhance
biological activity. More recently, the interaction of
the neutral and anionic forms of 2-thiazoline-2-thione
with organotin(IV) halides have been investigated by
Tarassoli [25].

In continuation with our previous studies on
organotin(IV) complexes derived from sulfur donor
ligands [26-29], and triggered by the need for potent
antimicrobial agents to mitigate or eliminate the
infections, we aimed herein to synthesize new
complexes of tributyltin(IV), trimethyltin(IV),
triphenyltin(IV), chlorodibutyltin(IV),
chlorodimethyltin(IV) and chlorodiphenyltin(IV)
with 2-thiazoline-2-thiol. To understand the nature of
bonding, the synthesized compounds are
characterized by EIMS-mass spectrometry, FT-IR
and multinuclear NMR ('H and "°C). Antibacterial,
antifungal, hemolytic and biofilm inhibition studies
of the complexes and the free ligand were also
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performed in order to evaluate their possible use as
potent antibiotic species.

Experimental
Materials and methods

Organotin(IV) dichlorides and organotin(IV)
chlorides were purchased from Sigma-Aldrich (USA)
and no further purification was done. The solvents
used were obtained from Merck (Germany), Lab-scan
and Riedal-de Haen and were dried before use
according to literature procedures [30]. The melting
points were recorded with melting point apparatus,
MP-D Mitamura Rieken Kogyo (Japan). IR spectra
were recorded in the range of 4000-250 cm™ as
KBr1/CsBr pellets on a Perkin-Elmer-100 FTIR
spectrophotometer. Elemental analysis was done
using a Perkin Elmer 2400 Series II. 'H and "C
NMR spectra were recorded on a Bruker ARC 300
MHz-FTNMR. Chemical shifts are given in ppm and
coupling constants (J) values are given in Hz. The
multiplicity of signals in '"H NMR are given with
chemical shifts; (s = singlet, d = doublet, t = triplet, m
= multiplet). MAT-311A Finnigan (Germany) was
used to record electron impact mass spectra (EIMS).
The m/z values were investigated assuming that H =
1I,C=12,N =14, O =16, Cl = 35 and Sn = 120.
Antimicrobial activities were studied in incubator
(Sanyo, Germany) and sterilized in autoclave
apparatus (Omron, Japan). Micro Quant apparatus
(BioTek, USA) was used to find out the minimum
inhibitory concentration (MIC). The sample solution
was centrifuged in H-200 NR (Kokusan, Japan). In
cytotoxicity assay, RBCs were counted by
Hemocytometer (Fisher Ultra Plane, Japan).

Synthesis

General Procedure for synthesis of organotin(IV)
complexes with 2-thioazoline-2-thiol

Stoichiometric amount of 2-thioazoline-2-
thiol was dissolved in dry methanol and then
calculated amount of triorganotin(IV) chloride
(R3SnCI:HL = 1:1 molar ratio for complexes, 1-3)
and diorganotin dichloride (R,SnCl:HL = 1:1 molar
ratio for complexes, 4-6) was added with constant
stirring. The resulting mixture was refluxed for 6 h
and the solvent was evaporated with rotary
evaporator under reduce pressure. The solid product
obtained was recrystallized in methanol:petroleum
ether (1:2).
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Synthesis of Triorganotin(IV) Complexes
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Scheme 1: Synthesis of organotin(IV) complexes.
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Biological Studies
Antibacterial activity

In vitro antibacterial activity of the ligand
and its tri- and chlorodiorganotin(IV) complexes
were investigated against four bacterial strains; B.
subtilis, S. aureus, E. coli and P. multocida. Disc
diffusion method was adopted for this study [31].
Pure cultures were prepared on nutrient agar medium
in the slants and petri plates. Nutrient broth (13 g/L)
was added in distilled water, mixed thoroughly and
then autoclaved. This autoclaved culture (10 pL) of a
bacterial strain was mixed well in the medium and
shaked in a shaker at 37 °C for 24 h. The inocula
were placed at 4 °C. The inocula with 1 x 10°
spores/mL  were used for further investigation.
Nutrient agar (28 g/L) was mixed well in distilled
water and distributed it homogenously. The medium
was autoclaved at 121 °C for 15 minutes for
sterilization. Inoculums (100 pL/100 mL) were added
to the medium and this medium was poured in
sterilized petri plates. After this, small filter paper
discs were laid flat on growth medium containing
100 pL of sample (concentration = 10 mg/mL in
DMSO). The petri plates were then incubated at 37
°C for 24 h, for the growth of bacteria. Clear zone
obtained due to inhibition of bacterial growth by the
ligand and their complexes. The zones of inhibition
were measured in millimeters using zone reader [32].

Antifungal activity

The in vitro antifungal activity of the ligand
and its tri- and chlorodiorganotin(IV) complexes
were also tested against four bacterial strains; A.
niger, A. flavus, A. alternata and R. solani. Disc
diffusion method was used [32]. Pure cultures were
prepared on nutrient agar medium in the slants and
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petri plates. Petri plates were presterilized at 180 °C
for 3 h in hot air oven. Potato dextrose agar was used
to maintain cultures of the fungi. The multiplication
of fungi was done by incubating culture slants at 28
°C for 34 days for the multiplication of fungal
strains. This growth medium then placed on the
sterilized petri plates. These petri plates were then
further incubated at 28 °C for 48 h. Small filter paper
discs were laid flat on growth medium having fungal
growth and then 100 pL each sample (10 mg/mL in
DMSO) was applied on each disc. The petri plates
were again incubated. Active samples gave inhibition
zone around the disc. The zones of inhibition were
measured in millimeters using zone reader [33].

MIC

Plates were prepared under aseptic
condition. A sterile 96 well plate was labeled. A
volume of 100 pL of test material in DMSO (10
mg/ml) was pipetted out into the first row of the
plate. To all other wells 50 puL of nutrient broth or
normal saline was added. Serial dilutions (two fold)
were performed. Tips were discarded after use such
that each well had 50 pL of the test material in
serially descending concentration. Twelve dilutions
(two fold) were made with concentration range from
5,2.5,1.25,6.25% 107, 3.12x 107, 1.56 x 107, 7.81
x 107,3.90 x 107%,1.95 x 107%,9.76 x 10°,4.88 x 10
and 2.4 x 10° mg/ml. To each well 10 uL of
resazurin indicator solution was added. Using a
pipette 30 pL of 3 x strength broth was added to each
well to ensure that final volume was single strength
of nutrient broth. Finally, 10 pL of bacterial
suspension (5 x10° CFUmL™") was added to achieve a
concentration of 5 x 10> CFUmL™".

Each plate had a set of controls: (i) A
column with a broad spectrum antibiotic as positive
control; (ii) A column with all solutions except test
compound; and (iii) a column with all solutions with
the exception of the bacterial solution adding 10 pL
of broth instead. Each plate was wrapped to ensure
that bacteria did not dehydrate. The plates were then
incubated at 28 °C for 48 h for fungus and at 37 °C
for 24 h for bacteria. The absorbance was recorded at
620 nm by micro quant for fungus and at 500 nm for
bacteria. Any color change from purple to pink or
colorless was recorded as positive. The lowest
concentration at which the color change occurred was
taken as MIC value [33].

Hemolytic activity

Powell’s method was used to examine the
hemolytic activity of the ligand and synthesized
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compounds [34]. Freshly obtained heparinized
human blood (3 mL) was gently mixed with 2-3
drops of heparin, poured into a sterile 15 mL falcon
tube and centrifuged for 5 minutes at 3000 rpm. The
supernatant was poured off and viscous pellet was
washed three additional times with sterile isotonic
phosphate-buffered saline (PBS) solution, and
adjusted to pH~7.4. To stabilize the pH, the sample
was mixed for half an hour at room temperature (25—
30 °C). The washed cells were suspended in the 20
mL chilled, saline PBS buffer. Erythrocytes were
counted on a hemacytometer.

The blood cell suspension was maintained
on wet ice and diluted with sterile PBS. The cell
count should be 7.068 X 10% cells per mL for each
assay. Sample (20 pL) in five different solvents was
taken in 2 mL Eppendorf tubes. For each assay, 0.1
% Triton X-100 was taken as a positive control, i.e.,
100% of blood lysis and PBS was taken for each
assay as a negative control, i.e., background (0%
lysis). In each 2 mL Eppendorf already containing 20
uL sample, 180 pL diluted blood cell suspension was
added and mixed with the help of the pipette tip.
Tubes were incubated for 35 minutes at 37 °C and
agitated after 10 minutes. Immediately after
incubation; the Eppendorf tubes were placed on ice
for 5 minutes and then centrifuged for 5 minutes at
4200 rpm. After centrifugation, 100 uL supernatant
was taken from the tubes and diluted with 900 pL
chilled PBS. All tubes were maintained on wet ice
after dilution. Then 200 pL (10 mg/g) was taken into
96 well plates and three replicates were taken in well
plates which contain one positive control (100% of
blood lysis) and another negative control (0% of
blood lysis). After this, absorbance at 576 nm
recorded on micro Quant. Triton X-100 (0.1%) were
used as positive control for 100% lysis and PBS
buffer as negative control 0% lysis. The experiment
was done in triplicate and mean + SD was calculated
by using the following % hemolysis formula:

by gy
Y Tlemolysis —
TT0 g9 5 ams

Data observed were expressed in % of cell
lysis by comparing with 100% hemolysis of the same
number of cells using 0.1% Triton X-100 as positive
standard.

Antibiofilm activity

Those bacteria that possess good adhesion
property to the surface can produce a biofilm.
Briefly, a bacterial culture were grown overnight in
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the broth media. Then, the cultures were diluted upto
1:100 into fresh medium for biofilm inhibition assay.
200 pL of diluted solution was added to 96-well
plate. After the growth phase, the medium was
removed carefully with pipette, the wells present in
microtitre plates were rinsed three times with 200 pL
of sterile PBS. After washing, wells were filled with
96 % ethanol for 15 minutes. The plates were air
dried at 37 °C and to each well, except in the case of
positive (growth) controls, 100 pL broth Sabouraud
were added, supplemented with concentration 10
mg/ml, the amount of compound used on planktonic
form of the same strain. The plates were incubated at
37 °C for 24 h; after this incubation time the medium
was removed. The microtitre plates were dried in air
and then, 200 uL of 1 % crystal violet were added for
5 minutes. Then, the microtitre plates were washed
with distilled water, and then dried. Finally, 200 pL
of 33 % glacial acetic acid were added to the wells
and absorbance was measured at 540 nm with an
ELISA reader. Data for biofilm formation of all
strains were compared with the data obtained for the
negative control and positive control. Rifampicine
was used as positive control and microbial medium
without microorganisms was used as the negative
control.

Results and Discussion

Six organotin complexes were prepared, in
good yield, by direct reaction between the
appropriate triorganotin(IV) chloride/diorganotin(IV)
dichloride and 2-thiazoline-2-thiol (HL) in dry
methanol. These compounds have sharp melting
points. The complexes are air-stable and soluble in
common organic solvents. The elemental analysis
data agreed very well with the proposed formulas of
the complexes. The physical data of the synthesized
compounds is given in Table 1.

FT-IR spectroscopy

FT-IR data of HL and its organotin(IV)
derivatives is given in Table 2. Valuable structural
information could be obtained from the IR spectra of
compounds. It has been reported [25] that 2-
thiazoline-2-thiol exhibits thione-thiol tautomerism
(Figure 1) and both forms coexist in the solid state
but thione form is the dominant one.
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Fig. 1: Tautomeric forms of thione and thiol.

In the uncoordinated ligand three bands have
been observed at 3002, 1600 and 1214 ¢cm™ which
can be assigned to the v(N-H), v(C=N) and v(C=S)
vibration modes, respectively, indicating the
coexistence of both thione and thiol forms in the solid
state. The band attributed to the N-H stretching of
thione tautomer appeard at low frequency due to the
intramolecular hydrogen bond N-H--S, but it is
difficult to differentiate between the N-H and C-H
stretching vibrations with certainty [11, 35]. Metal-
thiolate compounds exhibit two thioamide bands
appears in the range 1505-1530 cm™ due to (C=N)
stretching vibrations and 1181-1198 ¢cm™ for (C=S).
This set of bands is unique since it gave information
about the coordination mode of the complexes. These
thioamide bands shift to lower wave-numbers (by 16-
22 cm''), which may be due to the evolution of
partial double bond character in the thioamide group
(-N=C=S-) after its deprotonation and subsequent
coordination to tin via S and N. The coordination of
the metal ion to the thiolate ligand is also confirmed
by this shift of thioamide peak which occurred due to
increased electron delocalization towards the metal
ion upon complexation. In Scheme 1, structural
representation of HL and complexes 1-6, the N-C-S
bond indicates an increase in the carbon-nitrogen
double bond character. Coordination of ligand to
organotin species is also confirmed by appearance of
new bands in the range of 312-330 cm™ in the far-IR
spectra of the newly synthesized the complexes [1].
Further, most of the ring bands shift observed in the
case of these complexes can be attributed to the
structural changes observed after the coordination of
ring nitrogen to tin [35]. On the other hand, in
triorganotin(IV) ~ complexes, ligand  showed
monodentate mode of binding, probably due to steric
effect of three organic moieties attached to tin center
[36, 37].

The Sn-C band usually occurs in the range
of 516-541 cm™ for alkyltin and 241-279 cm™' for
aryltin compounds, suggest a non-planar arrangement
of C—Sn—C moiety and did not show significant
change upon complexation as compared to other
compounds reported in the literature [35,38]. The Sn—
Cl stretching frequency in complexes (4-6) was
observed in the expected region of 352-359 cm™ [39].
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Table-1: Physical data of organotin(IV) complexes with 2-thiazoline-2-thiol.

Molecular ~ Molecular o Elemental Analysis % Calculated (Found)
TUPAC Name and Compound No. Formula Weight M.P (°C) C H N S
2-Thiazolin-2-thiol (HL) C;H:NS, 192 100-1  3023(3026) 423@27) 1L75(1171)  53.80 (53.84)
2-{(trimethylstannylythio}-4,5-dihydrothiazole (1) ~ CoHuNS;Sn 2820 1245 2555(25.60) 465(4.69)  497(501)  22.74(22.78)
2-{(tributylstannylthio}4,5-dihydrothiazole (2) ~ CisHuNS;Sn 4082 1656  44.13(d4.17) 7.65(7.69)  343(347) 1571 (15.76)
2-{(triphenylstannyl)thio}4,5-dihydrothiazole (3) ~ CyHpNS;Sn 4682 1367  5387(5383) 409(4.13) 299295  13.70(13.74)
2-{(chlorodimethylstannyDthio}-4,5-dihydrothiazole (4) CsH,CINS;Sn 3024 1412 1986(1990) 333(337) 463 (4.67) 21.24(21.20)
2-{(dibutylchlorostannyl)thio}-4,5-dihydrothiazole (5) CyHnCINS;Sn 3866 1767  3417(3421) 574(578)  3.623.66 16.59 (16.62)
2-{(chlorodiphenylstannythio}-4,5-dihydrothiazole (6) CisHiCINS,Sn 4266 2101 d223(d227) 331335  328(332) 1503 (1507)
Table-2: Characteristic IR (cm™) data of organotin(IV) complexes with 2-thiazoline-2-thiol.
Comp. No. v(N-H) v(C=N) v(C=S) v(Sn-S) v(Sn—-C) v(Sn—Cl)
HL 3002 1600 1214 - - -
1 - 1505 1198 326 533
2 - 1513 1185 312 541
3 - 1530 1181 330 279 -
4 - 1513 1192 323 516 359
5 - 1513 1186 314 530 352
6 - 1519 1194 324 241 358
NMR Spectroscopy triphenyltin(IV) complex (3) gave two mutiplets for

Nuclear magnetic resonance (NMR) is a
versatile technique employed to identify the
molecular structure. The 'H and *C NMR spectra of
the compounds were recorded using DMSO-ds as
solvent and TMS as internal standard reference.

'H NMR

The 'H NMR data for the new organotin(IV)
complexes is given in Table 3. In the ligand HL, SH
gave a singlet at 12.25 ppm. The protons at position 2
(H2) and 3 (H3) appeared as triplet at 3.89 ppm and
3.54 ppm, respectively with *J('"H-'H) coupling of
7.1 Hz. After reaction with diorganotin(IV)
dichlorides/triorganotin(IV) chlorides, disappearance
of SH peak confirmed the complexation.

According to literature, coordination pattern
of tin(IV) in di- and trimethyltin(IV) derivatives with
the 2J['""Sn—"H] coupling constant values are as: in
tetracoordinated tin compounds, °J values are
predicted to be smaller than 59 Hz and for
hexacoordinated tin, °J values are generally larger
than 83 Hz, respectively [40]. Another important
parameter that decides the geometry around the tin
atom is O(C-Sn-C angle). Its values are as: for
tetracoordinated tin compounds, 6 < 112° and for
hexacoordinated tin, 0 = 129-176° [41].

The methyl protons in trimethyltin(IV)
complex (1) gave a characteristic signal at 0.92 ppm
with 2J[""°/"'Sn—'H] = 56 Hz which indicated 4-
coordinated geometry around the tin atom in solution.
The butyl groups of n-tributyltin(IV) derivative (2)
gave multiplet for Ha, HB and Hy protons due to their
complex nature, while the protons of methyl carbon
atom (HO) appear as clear triplets at 0.83 ppm with
‘J('H-'H) coupling of 7.6 Hz. The protons of

HP at 7.73-7.97 ppm, while Hy and HS¢ at 7.37-7.53
ppm. In chloro-n-dibutyltin(IV) complex (5) Ha, HB
and Hy appeared as multiplet at 1.59-1.70 ppm, 1.50-
1.57 ppm and 1.24-1.34 ppm, respectively, while
methyl protons of the butyl group gave a triplet at
0.87 ppm. In case of complex (6), HB proton gave
multiplet at 7.71-8.12 ppm while the Hy and Ho
protons gave multiplet at 7.24-7.41 ppm. For all
complexes (1-6), there is a little downfield shift in the
protons at position 2 (H2) and 3 (H3) as shown in
Table 3.

BC NMR

The “C NMR data of the ligand and
complexes were in agreement with the 'H NMR and
FT-IR data for the formation of complexes. The small
shift in the position of C(1) confirmed the
coordination of ligand with Sn via sulfur moiety. The
positions of C1, C2 and C3 of ligand undergo upfield
shift in the complexes as the ligand chelate tin in its
anionic form, thiolate. The magnitude for "J['*°Sn,
BC] coupling were also observed and are given in
Table 4. The coupling constant, "J['"*Sn, "’C] is an
important parameter for structural characterization of
organotin(IV) compounds. In trimethyltin complex
(1), the coupling constant ‘J['"*Sn—">C] was observed
at 390 Hz that falls in the range of 4-coordinated
tetrahedral geometry [40]. This is further supported
by the C—Sn-—C bond angle (Table 5) calculated from
“J['Sn-"H] value using Lockhart equation [41]
which is 110° for complex 1 that falls in range of 4-
coordinated geometry around the tin. The C—Sn—C
angle calculated from 'J['"*Sn—"C] is 111° (complex
2) which confirm the 4-coordinated geometry in
solution.



Kulsoom Ghulam Ali et al.,

J.Chem.Soc.Pak., Vol. 40, No. 01,2018 218

Table-3: "H-NMR data™® of organotin(IV) derivatives of 2-thiazoline-2-thiol.

Proton HL 1 2 3 4 5 6
—all 12.25s - - - - - -
2 3.89¢(7.1) 3.85t(7.1) 3.85t(7.1) 3.87t(7.1) 3.84t(7.1) 3.85t(7.1) 3.84 t(7.1)
3 3.54t(7.1) 3.52t(7.1) 3.51t(7.1) 3.51t(7.1) 3.52t(7.1) 3.51t(7.1) 3.52t(7.1)
/] - 0.92 s [56] 1.46-1.69 m - 1.38 s 1.59-1.70 m -
B - - 1.46-1.69 m 7.73-7.97 m - 1.50-1.57 m 7.71-8.12 m
Y - - 1.31-1.39 m 7.37-7.53 m - 1.24-1.34 m 7.24-7.41 m
5 - - 0.83 t (7.6) 7.37-753 m - 0.87 t (7.5) 7.24-741 m
“Chemical shifts (3) in ppm. "Coupling Constants, >J["°Sn, "H] and *J('H, 'H) in Hz are listed in square brackets and parenthesis,
respectively.

“Numbering is in accordance with scheme 1.

Table-4: *C NMR data™ of organotin(IV) derivatives of 2-thiazoline-2-thiol.
L 1

Carbon No. H 2 3 4 5 6
1 199.4 193.5 1934 193.1 193.2 199.4 199.4
2 33.9 32.8 32.6 322 322 334 334
3 51.9 49.8 49.3 49.8 49.4 51.9 49.8
o - -2.6 [390] 18.4 [372] 139.2 4.96 [485] 26.0 135.2 [68]
B - - 27.1 [28] 137.5 [48] - 28.1[44] 128.1 [19]
v - - 26.8 [67] 129.6 [64] - 26.03 127.7
d - - 14.5 130.6 [11] - 14.2 126.9

*Chemical shifts (8) in ppm. Coupling Constants, "J[""Sn, C] in Hz are listed in square brackets. "Numbering is in accordance with scheme 1.

Table-5: (C-Sn—C) angles (°) based on NMR
parameters of selected organotin(IV) derivatives.

Comp. No. 'J["*"7$n,°C] (Hz)  *J["*""'$n,'H] (Hz) —g—f;" lez(J

1 390 56
2 372 -

111 110
111 -

Mass spectrometry

The conventional EI mass spectral data at 70
eV for the triorganotin(IV) complexes were recorded
along with m/z and intensity, which are listed in
Table 6. In mass spectral data of the compounds,
each fragment ion occurred in a group of peaks as a
result of tin isotopes. For simplicity, the mass
spectral fragmentation data reported here are related
to the principal isotope '*°Sn peak in each species,
and must be regarded as approximate [29]. The
molecular ion peaks, M, are either not observed or if
observed have very low intensities in synthesized
organotin complexes. Mass spectral data for the
complexes (1-3) are consistent with the structures
proposed on the basis of other spectroscopic data and
consistent with the literature [42]. For the
triorganotin compounds, the primary fragmentation
from the molecular ion appeared in two ways. The
first one was initiated with the loss of R (R = Bu or
Ph), whereas the secondary fragmentation was due to
the loss of ligand (L). For complexes 1-3, the former
pattern predominated and gave [(C3H4NS,)Sn]
species. The [R,Sn]" formed by the loss of the ligand
part, forms a [Sn]" fragment by the successive
elimination of the R radical. In addition, the
following ions were also observed with reasonable
intensities in the mass spectra of all organotin(IV)
derivatives [C¢Hs]", [C4Ho]  and [CH;]".

Mass spectrum of 1 shows expected peaks at
m/z 283 (M), 238, 152, 150, 135, 120, 118, 76. The

peak at 76 was related to the [C,H¢NS]" group
resulting from the decomposition of the ligand. The
peak at 15 was due to the methyl group. The peaks at
152, 150, and 135 were attributable to the Sn-
containing fragments 1208n-8, 120Sn(CH3)2, and
129Sn(CHj,), respectively. Mass spectrum of 2 showed
peaks at m/z 409 (M), 238, 234, 208, 120, 118, 57.
The peak at 118 was attributable to the 2-thiazoline-
2-thione. The peak at 57 was due to the butyl group.
The peaks at 238 and 208 were related to the Sn-
containing ions 120Sr1-(C3H4N82) and Bu-IZOSn—S,
respectively. Mass spectrum of 3 exhibited expected
ions peaks at m/z: 393, 238, 273, 197, 120, 118 and
77. The peak at 238 is related to the skeleton
resulting from [(C;HsNS)Sn]". The peak at 77
indicates the presence of the phenyl group, along
with a series of less intense peak at m/z 197 was
attributable to the Sn-containing ions, '*’Sn—Ph
moiety.

Table-6: Mass
derivatives.

spectral data of organotin(IV)

Compound m/z (%)

[(C3H4NS;)Sn(CH3);] " 283 (11.2), [(C:H4NS,)Sn]* 238
(44.6), [Sn(CH;),]" 150 (13.6), [SnCH;]" 135 (9.7),
[SSn]* 152 (10.9), [C3H,NS,]* 118 (61.5), [C;HNS]" 76
(4.8), [Sn]* 120.0 (100.0)

[(C3H4NS,)Sn(C4Hy)s]* 409 (6.7), [(C3H4NS,)Sn]* 238
(14.7), [Sn(C4Hy),]" 234 (12.0), [SSnC,Hy|* 208 (3.4),
[Sn]* 120 (5.9), [C3H4NS,|* 118 (35.7), [CsHo]" 57
(100.0)

[(C3H4NS;)Sn(C¢Hs),]* 393 (2.6), [(C3HsNS) Sn]* 238

3 (8.1), Sn(C¢Hs),]* 273 (5.6), [SnCeHs|" 197 (39.4), [Sn]*
120 (6.9), [C:H4NS,|* 118 (100.0), [CeHs]* 77 (35.2)

1

Biological activities

Antibacterial activity

The need for more potent and specific
antimicrobial agents continues to grow, since the
pathogenic microbes develop resistance against such
compounds due to gene mutation. Thus, the ligand
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and synthesized organotin(IV) complexes (1-6) were
screened for their antibacterial activity against two
gram positive (B. subtilis, S. aureus) and two gram
negative bacteria (E. coli, P. multocida). The results
of present investigation are presented in Table 7.
These complexes (1-6) exhibited elevated inhibitory
activity against gram positive bacteria as their
polyglycane outer layer is loosely packed to facilitate
deep penetration of the complex inside the cell to
interact with the cytoplasmic membrane. On the other
hand, a gram-negative bacterial cell with a bilayer
phospholipid structure protects the inner cytoplasmic
membrane to a greater degree against the inhibitory
action of the organotin(IV) complex. Tributyltin(TV)
complex (2) was found to be the most potent
bactericide and showed the highest antibacterial
activity against B. subtilis and S. aureus. This
complex was even found more active than the
reference drug. Other triorganotin(IV) complexes (1
and 3) showed significant antibacterial activity
against all tested bacteria. Chlorodiphenyltin(IV)
complex (6) exhibited mild toxicity to all bacterial
strains. However, details of bacterial resistance
mechanisms are still poorly understood [43]. The
bacterial growth inhibition may be due to bactericide
effects or bacteriostatic effects of compounds. The
inhibitory action of organotin(IV) derivatives can be
understood by considering chelation theory and is
believed to be due to their ability to inhibit cellular
respiration and ATP synthesis. The parent ligand on
chelation reduces the polarity of the central tin atom
primarily because of the partial sharing of its positive
charge with the donor groups and possible p-electron
delocalization within the whole chelate ring. The
lipophilic nature of the central Sn atom increases,
which favors the permeation of the complexes
through the lipid layer of the cell membrane. The
alkyl groups bonded to the tin atom also play a
significant role in the diffusion of metal complex
through the bacterial cell wall [44].

Table-7: Antibacterial activity data” of organotin(IV)
complexes.

Bacterial inhibition zone (mm)

Cm‘;ﬁ: und Escherichia Pasteurella Bacillus Staphylococcus
Coli Multocida _ Subtilis aureus
HL - - - -
1 19+0.6 - 24+0.5 22+0.7
2 19+04 18+0.7 26+0.7 25+0.5
3 15+0.6 17+0.7 - 20+ 0.6
4 14+0.7 1604 17+0.6 20+0.7
5 10 +£0.6 9+£0.6 8+0.7 8+£0.4
6 - 9+0.5 6+0.4 7+£0.6
Rifampicine 25+0.7 27+£0.6  25x0.5 24 £0.5

0 = No activity, 5-10 = Activity present, 11-25 = Moderate activity, 26-40 =
Strong activity.

Antifungal activity

The in vitro antifungal activity of ligand and
its organotin(IV) complexes (1-6) were evaluated
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against four fungal strains including A. niger, A.
flavus, R. solani and A. alternate, using the agar tube
dilution test. Fluconazole was taken as a reference
drug. The results are given in Table 8. The ligand
exhibited insignificant activity against all fungal
strains. All the complexes were active against A.
alternate and the highest antifungal activity was
shown by tributyltin(IV) complex (2). However, all
the compounds have lower activity than the standard
drug. The increase in antifungal activity of metal ions
in complexes is due to their chelation with ligand. A
direct relation between the activity and the
coordination environment of the metal has also been
observed. All complexes which generate tetrahedral
geometry in solution are more active [45,46]. The
activity of compounds is also affected by the nature
of substituent attached with tin(IV) which decides
lipophilicity of a complex. The mechanism of
antifungal activity of organotin(IV) complexes is not
fully understood. However, antifungal activity of
these complexes may be due to their ability to form
secondary intermolecular interactions with the cell
constituents of the microorganisms, which in turn
block the synthesis of protein by inhibiting the
movement of ribosome along with RNA. This would
inhibit synthesis of DNA in the cell nucleus [47].
Ligand also plays an important role in determining
the degree of activity of organotin compounds [48].

Table-8: Antifungal activity data® of organotin(TV)
complexes.

Fungal inhibition zone (mm)

Congaotiund Aspergillus  Aspergillus Rhizoctonia Alternaria
Niger flavus solani alternate
HL 3+0.6 4+0.5 - 3+04
1 - 21+0.6 16 £ 0.6 19+0.6
2 21+0.8 20+0.7 22+0.5 24 +0.6
3 17+£0.5 - 18+0.5 19+0.5
4 12+0.6 11+0.7 10+0.5 13+0.6
5 - 9+0.4 12+0.7 11£0.7
6 11+£0.7 12+0.5 10+ 0.6 10+ 0.6
Fluconazole 23+£0.6 23+0.5 24+0.4 25+£0.7

%0 = No activity, 5-10 = Activity present, 11-25 = Moderate activity, 26-40 =
Strong activity.

Minimum inhibitory concentration

The MICs of ligand and complexes were
determined by the modified resazurin assay utilizing
microtiter-plates [26]. Resazurin is an oxidation-
reduction indicator used for evaluation of cell
growth, particularly in various cytotoxicity assays.
The minimum inhibitory concentrations of parent
acid and synthesized complexes were evaluated
against representative bacterial and fungal strains.
Results are given in Tables 9 and 10 for bacterial and
fungal strains, respectively. Rifapmicin and
fluconazole were used as standard drugs for bacteria
and fungi, respectively. The complexes showed
higher MIC values than standards but lower than
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ligand. In particular, complexes (2 and 3) were found
to possess least MIC values against P. multocida at
concentrations ranging from 104-119 pg/mL. Strong
antibacterial properties were shown by complex (2)
with MIC = 126 pg/mL and 130 pg/mL against B.
subtilis and S. aureus, respectively. Among all the
reported complexes, the tri-n-butyltin derivatives
possess the most significant activity, being
particularly effective against both Gram positive and
negative bacteria.

Complex (2) displayed better minimum
inhibitory concentrations (134 ug/mL to 172 pg/mL)
against all fungal strains. Trimethyltin(IV) derivative
(1) was also found to be effective against A. flavus
(MIC 167 ug/mL). Among all the complexes, the tri-
organotin derivatives possessed the most significant
activity than chlorodiorganotin compounds and are
most effective against fungal strains as reported
earlier [49]. The MIC results agreed with
antibacterial and antifungal activities results.

Table-9: MIC (bacterial) data of organotin(IV)
complexes.

Minimum Inhibitory Concentration (pg/ml)

@
S 2 s 3
Compound No. S .. S g2 § 2
S L
<O 23 33 = S
2 $ S el ]S
K & S
3
HL - - - -
1 147 £ 0.8 - 133+ 0.8 148 £ 0.6
2 129 + 0.6 104 £ 0.7 126 £ 0.7 130 £ 0.6
3 138 £0.7 129 £ 0.6 - 135+ 0.7
4 134+0.8 119+0.7 120 £ 0.6 126 £ 0.8
5 141+ 0.8 136 £ 0.8 126 £ 0.6 132 +£0.7
6 - 148 £ 0.7 135+ 0.8 134 £ 0.6
Rifampicine 125 £ 0.7 87+ 0.6 112 +£0.8 124 £0.7

Table-10: MIC (antifungal) data of organotin(IV)
complexes.

Minimum Inhibitory Concentration (pg/ml)

¢ 1\3‘ o. nd Aspergillus  Aspergill ~ Rhizoctonia  Alternaria
niger us flavus solani alternate

HL 326+ 0.4 414 £ 0.6 - 404 + 0.5

1 - 167 +£0.5 190 £ 0.4 194+ 0.5

2 156 £ 0.4 134+0.5 169 +0.4 172+ 0.4

3 208 + 0.6 - 151+£0.5 183+ 0.4

4 178 +£0.5 181+0.4 165+0.5 159 + 0.6

5 - 240 + 0.4 235+0.6 242+ 0.4

6 251+0.6 267+ 0.4 286 + 0.5 260 + 0.4
Fluconazole 134 £ 0.6 132+0.5 122+ 0.5 114 £ 0.6

Biofilm inhibition activity

Antibiofilm properties of the ligand and its
complexes have been tested against a preformed
biofilm of two bacterial strains B. subtilis and E. coli.
Results are shown in the Figure 2. The obtained
results showed that the tested compounds inhibited
the ability of bacterial cells to colonize the inert
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substratum represented by the plastic wells, as
compared with the reference drug (Rifampicine) and
antibiofilm activity is reported as percentage
inhibition.

Almost all the synthesized complexes
showed good antibacterial activity values against the
planktonic form of bacteria, but a weak activity has
been observed against biofilm of the same strains.
However, the ligand showed maximum biofilm
inhibition activity (73 % for B. subtilis and 69 % for
E. coli). Triorganotin(IV) complexes which exhibited
potent antibacterial activity have also been proved
active against bacterial biofilm development. These
compounds can found their potential use as
antibiofilm agents.

The ability of metal complexes to inhibit the
formation of biofilms on inert substrata can be
justified that the tested compounds interfere with the
synthesis of glycocalyx, the polysaccharidic
substance which can form an organized structure
called capsule, or an amorphous layer called slime,
implicated in the formation of biofilms on inert
surfaces. Tweedy’s chelation theory [50] offers an
explanation for the increased antimicrobial activity of
the metal complexes. In the chelated complex, the
positive charge of the metal ion is partially shared
with the donor atoms of the ligand and - electron
delocalization occurs over the whole chelate ring. In
this way, the lipophilic character of the metal chelate
is increasing and favoring its permeation through the
lipid layers of the bacterial membranes. The
antibiofilm activity of the tested substances could be
explained by the inhibition of bacterial metabolic
pathways, implicated in the synthesis of different
microbial components, including those implicated in
different phases of the adherence and biofilm
development processes [51].

40 4
an A
0 A
10 4 . .
i
HL 1 2 3 4 5

[ Standard

BB sultilis

BE coli

Antibiotilm activity {%age)
2

Mame of sample

Fig. 2: Antibiofilm activity of organotin(IV)
complexes. Concentration: 10 mg/mL in
DMSO. Standard: Rifampicine
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Hemolytic activity

The in vitro hemolytic activity (or cytotoxicity
assay) of HL and the synthesized compounds were
performed to check their effect on human blood by the
hemolytic method [52]. The results were obtained by
comparison with a positive control (Triton X-100) and a
negative control (Phosphate Buffered Saline, PBS). The
results are shown in Figure 3. The hemolytic activity
exhibited by ligand, negative control and positive control
are 4.21 %, 1.5 % and 97.0 %. The hemolytic activity of
the complexes was found higher than that of the ligand
and close to PBS, but not to Triton X-100. The lowest
hemolytic activity was found for the complex 1 (9.45 %)
and the highest for complex 4 (33.73 %). Hence the
toxicity of these complexes may be very low to human
blood. By comparing these results with antimicrobial
activities can be concluded that these complexes showed
poor hemolytic activity, but good antimicrobial activities,
and could be further investigated as medicinal agents
against different microorganisms with minor side effect.

Hemolytic event defined operationally by
release of hemoglobin in the supernant of red blood cell
suspension, is a complex phenomenon dictated by their
convergence of more than one type of biochemical
damage. Hemolysis is due to red blood cells destruction
which resulted from lysis of membrane lipid bilayer [52].
Membrane destruction occurs by formation of pores and
lesions in it. Results reported support the concept that
tributyltin(TV) induced hemolysis via direct membrane
disruption [53]. Red blood cells have more complex
nature as compared to phospholipid vesicles. The
destruction properties of organotin(IV) are due to in part
to their effect on membrane hydration. The effect of
triphenyltin(TV) was also similar to tributyltin(TV) but
less pronounced. This hemolysis relates to potency and
chemical composition of the complex [54].

120

=
=

oo
=

=
=

Hemolytic activity [%age]
=
=

[
=

HL 1 2 3 4 5 6 Trene PO
Name of sample
Fig. 3:  Hemolytic activity of organotin(IV) complexes.

Concentration: 10 mg/mL in DMSO.

Triton X-100 taken as positive control (97 % lysis) and PBS as
negative control (1.5 % lysis).
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Conclusion

Chlorodiorganotin(IV) and trioganotin(IV)
derivatives of 2-tiazoline-2-thiol are prepared and
characterized by FT-IR, NMR, mass spectroscopy
and elemental analysis. Ligand coordinates to tin
atom via sulphur atom of the thiazol group in
solution. The complexes exhibit 4-coordinated
geometry in solid and solution state. These
compounds are found active against studied bacteria,
and fungi. These are also found good inhibitor of
biofilms of bacterial pathogens. The hemolytic
activity of the synthesized compounds proved that
these compounds can be used as drugs in safe way
after further research in future.
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