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Some new organotin(IV) complexes having general formulae R,MCI[L] and R,MJ[L], were synthesized by the reactions of
Me,MCIl, with Schiff bases [5-Mercapto-4-(pyrrolcarboxalideneamino)-s-triazole,  5-Mercapto-3-methyl-4-(2-pyrrol-
carboxalideneamino)-s-triazole, 3-Ethyl-5-mercapto-4-(2-pyrrolcarboxalideneamino)-s-triazole] in 1:1 and 1:2 molar ratios. All of
the compounds were characterized by elemental analysis, molar conductance, IR, UV, *H, *C and **°Sn NMR spectral studies.
The IR and *H NMR spectral data suggest the involvement of azomethine nitrogen in coordination with the central metal atom.
With the help of the above-mentioned spectral studies, penta and hexacoordinated environments around the central metal atoms in
the 1:1 and 1:2 complexes, respectively, have been proposed. Finally, the free ligands and their metal complexes were tested in

vitro against some pathogenic bacteria and fungi to assess their antimicrobial properties.
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INTRODUCTION

The use of organotin compounds has increased
dramatically over the last thirty years as a result of their wide
range of technical applications and their favorable
environmental and toxicological properties [1]. At the present
time, the industrial uses of non-toxic organotin compounds
(R,SnX, and RSnX; types) account for almost two-thirds of
the total world consumption, although the other major use of
these derivatives as selective biocides and pesticides (RSnXs)
has increased rapidly in recent years [2-5].

There has been considerable interest in the chemistry of
penta- and hexacoordinated organotin(IVV) complexes derived
from various organic ligands due to their structural and
stereochemical properties, in marked contrast to the well-
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documented chemistry of organotin(lV) complexes [6-8].
Organotin(lIVV) complexes are put to use in various fields [9-
11] and exhibit potential biological applications [12-14] such
as insecticidal, fungicidal and antitumor activities. Organotin
compounds are now the active components in a number of
biocidal formulations, finding applications in such diverse
areas as fungicides, miticides, molluscicides, marine
antifouling paints, surface disinfectants and wood
preservatives [15-19].

In recent years, investigations have been carried out to test
their antitumor activity and it has been observed that indeed
several diorganotin and triorganotin species show potential as
antineoplastic agents [20-21]. These developments in mind,
we report here the synthesis of organotin(IV) metal complexes
of Schiff bases derived from condensation of pyrrol-2-
carboxaldehyde with different triazoles whose characterization
has been made by elemental analysis and spectroscopic (UV,
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IR, H, °C and ™°Sn NMR) studies. Their antibacterial and
antifungal activities have been screened against various fungi
and bacteria.

EXPERIMENTAL

All the apparatus used during the experimental work were
fitted with quick fit interchangeable standard ground joints.
All the reagents viz. pyrrol-2-carboxaldehyde (HiMedia) and
dimethyltindichloride (ACROS) were used as received. Strict
anhydrous conditions were maintained during the synthesis of
the metal complexes, since the dimethyltindichloride and the
product complexes were moisture-sensitive.

Tin was determined gravimetrically as tin dioxide. Melting
points were determined on a capillary melting point apparatus.
Molar conductance measurements of 10 M solution of metal
complexes in dry DMF were measured at 25 =+ 1 °C with a
conductivity bridge type 305 systronic model. The electronic
spectra of ligands and their metal complexes were recorded in
the region 1100-200 nm on a HITACHI U-2000
spectrophotometer, in dry methanol. The IR spectra were
recorded on BUCK scientific M500 grating spectrophotometer
in the range of 4000-250 cm™. Multinuclear magnetic
resonance spectra (*H, **C and ''°Sn) were recorded on
BRUKER 400ACF spectrometer.

Synthesis of Ligands

4-Amino-5-mercapto-s-triazole ~ (AMT),  4-Amino-5-
mercapto-3-methyl-s-triazole (AMMT) and 4-Amino-3-ethyl-
5-mercapto-s-triazole (AEMT) were synthesized by a reported
method [22]. The ligands were synthesized by the
condensation of pyrrol-2-carboxaldehde with AMT, AMMT
and AEMT in the medium of ethanol. The solutions mixture
were refluxed on heating mantle for 3-4 h and allowed for
cooling to room temperature. The products were filtered,
washed, and recrystallized from the same solvent and dried.
Their elemental analysis and physical properties are given in
Table 1.

Synthesis of Metal Complexes

To a weighed amount of Me,SnCl, was added the
calculated amount of the sodium salt of the ligand in 1:1 and
1:2 molar ratios, in methanol as reaction medium in dry
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Fig. 1. Structure of the ligands used.

atmosphere. On refluxing for about 12 h, the resulting
complexes were obtained as colored solids. The excess of the
solvent was removed under reduced pressure and the
complexes were dried in vacuo at 35 + 5 °C after repeated
washing with dry cyclohexane. The analysis and physical
properties of these complexes are reported in Table 1.

RESULTS AND DISCUSSION

All the newly synthesized complexes were colored solids
and soluble in DMSO, DMF and methanol. The conductivity
values measured for 10 M solutions in anhydrous DMF were
in the range 10-15 ohm™ cm? mol™, showing them to be non-
electrolytes. The analytical data were in good agreement with
the proposed stoichiometry of the complexes. The physical
and analytical data of the ligands and their metal complexes
are presented in Table 1.

Electronic Spectra

Electronic spectra of the ligands (L'and L? and their metal
complexes of Sn(IV) were taken. The test solutions were
prepared by dissolving the ligands and their complexes in dry
methanol. The electronic spectra of the ligands L* and L2
exhibited maxima at 387 nm and 358 nm, which could be
assigned to the n-n* transition of the azomethine group. These
bands show a blue shift in the Sn (1:1 and 1:2) complexes and
appear at 362 nm (Me,SnL'Cl), 337 nm (Me,Sn{L'},), 336
nm (Me,SnL°Cl), 311 nm (Me,Sn{L?},), respectively. This
clearly indicates the coordination of the azomethine nitrogen
atom with the metal atom. Furthermore, two medium intensity
bands at 284 nm and 221 nm due to n-n* transitions in the
ligands remain unchanged in the spectra of the metal
complexes.

IR Spectra
The ligands exhibit a broad and strong band in the region
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Table 1. Physical Characteristics and Analytical Data of Ligands and Their Metal Complexes

Ligands and Empirical Color M.P. Calculated (Found)
metal complexes formula (°C) (%)
C N H S Sn
L C;H;NsS Grey 168-170  43.52 36.26 3.62 16.58 -
(43.02) (36.17) (3.37)  (16.11)
Me,SnCI(LY) CyH12NsSNCIS Lightbrown 187-189  28.72 18.61 3.19 8.51 31.64
(27.80) (18.23) (3.03) (8.22)  (30.60)
Me,Sn(LY), C16H18N10S,Sn Brown 179-181  36.02 26.26 3.37 12.0 22.32
(35.79) (26.0) (3.15)  (11.85) (21.96)
L? CgHg NS Light violet ~ 165-168  46.37 33.81 4.34 15.45 -
(45.87) (33.26) (4.05)  (15.30)
Me,SnCI(L?) C10H1sNsSnCIS Light yellow 193-195  30.76 17.94 3.58 8.20 30.50
(30.18) (17.40) (3.22) (8.0 (29.73)
Me,Sn(L?), C1gH22N1oSNS; Yellow 181-183  37.17 24.09 3.71 11.01 26.48
(37.05) (23.41) (3.30)  (10.95) (26.22)
L3 CoH11NsS Grey 218-220  48.86 31.67 4.97 14.47 -
(48.52) (31.09) (4.62)  (14.00)
Me,SnCI(L®) C1:H1gNsSnCIS Lightbrown 236-238  32.67 17.32 3.96 7.92 29.45
(32.12) (17.10) (3.65) (7.68)  (28.27)
Me,Sn(L?), CoH2sN1o SNS; Brown 227-229  40.74 23.76 441 10.86 20.20
(40.36) (23.29) (4.14) (10.26) (19.80)

at ~2750 cm™ due to the v(S-H) [23]. The deprotonation of the
thiol group is indicated by the absence of the band in metal
complexes at ~2750 cm™, which appears due to v(S-H) in the
spectra of the ligands indicating complexation through sulfur
atom. A band appears at ~747 cm™ which is assigned to v(C-
S) and which further confirms the coordination of the ligand
through the sulfur atom. Metal sulfur bond formation is further
supported by a band at ~455 cm™ for v(Sn-S)[24-25]. A sharp
and strong band at ~1600 + 5 cm™ assignable to v(N=C<)
[26], is shifted to higher wavelength number ~1610 + 5 cm™ in
the spectra of the metal complexes, indicating coordination
through the azomethine nitrogen with the metal atom. This can
be explained by a reduction of the carbon nitrogen double
bond character in the azomethine group.

Formation of a metal nitrogen bond is further supported by
the presence of a band at ~535 cm™ for v(Sn-N) [27],
indicating the coordination of the ligand with the central metal

atom through the azomethine nitrogen atom. A strong band in
the region of 485-431 cm™ was assigned to v(M-ClI) [28] in 1:1
metal complexes. A characteristic band was observed at ~3250
cm™ due to v(N-H) of pyrrole in the spectra of ligands and
their metal complexes.

'H NMR Spectra

To further confirm the bonding pattern in these complexes,
'H NMR spectra of the ligands and their metal complexes
were recorded in DMSO-dg using TMS as the internal
standard. The *H NMR spectra of the ligands show -SH proton
signal at 6 13.70 + 0.15 ppm. Disappearance of this signal due
to -SH protons in the spectra of the metal complexes indicates
the deprotonation of the thiol group which supports the
coordination of ligand through sulfur atom with the metal
atom. A signal at & 9.7 £ 0.10 ppm is observed in the spectra
of metal complexes due to the azomethine protons, which
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moves downfield in comparison to its original position in the
free ligands, thereby indicating the coordination through the
azomethine nitrogen with the metal atom. A sharp singlet due
to -NH proton (pyrrole) is also observed at & 11.5-12.0 ppm in
the spectra of ligands which remains unaltered in the spectra
of metal complexes. Some additional signals at 5 3.5-4.0 ppm
(s, -H, triazole), & 2.0-3.5 ppm (s, -CHjs, triazole), 5 2.0-3.0
ppm (g, -CH,CHjs triazole) and & 1.0-2.0 ppm (t, -CH,CH3,
triazole) are observed in the ligands and their metal
complexes. One more signal due to (s, CH3-Sn-CH,) in the
range of & 0.5-1.5 ppm appeared in the spectra of metal
complexes. The *H NMR spectroscopic data of the ligands and
their metal complexes are given in Table 2.

3C NMR Spectra

The ®C NMR spectral data of ligand [L'] and its
corresponding 1:1 and 1:2 metal complexes have been
recorded and given in Table 3. The signal due to the carbon
atom attached to the azomethine group in the ligand appears at
5 151.61 ppm. However, in the spectra of the corresponding
metal complexes the signal appears at higher & values. The
considerable shifting in the carbon atom attached to
azomethine nitrogen indicates the coordination of nitrogen
with the central metal atom in 1:1 and 1:2 metal complexes.
Moreover, the shifting of the **C resonance which is attached
to sulfur atom in the spectra of 1:1 and 1:2 tin complexes
compared to the free ligands indicates the coordination
through sulfur withthe metal atom. Additional signals in *C
NMR spectra of the metal complexes were observed at & 15.30

ppm and & 18.27 ppm (Sn-C) in 1:1 and 1:2 metal complexes,
respectively.

957 NMR Spectra

The value of &'°Sn spectra reflects the coordination
number of the nucleus in the corresponding metal complexes
[29-31]. In general, ™°Sn chemical shifts move to lower
frequency with increasing coordination number of the nuclei.
In order to confirm the geometry of the complexes, *°Sn
NMR spectra were recorded. The spectra in each case show
only a sharp singlet, indicating the formation of a single
species. The '°Sn NMR spectra of 1:1 and 1:2 tin
[Me,SnCI(L?) and Me,Sn(L?),] complexes give sharp signals
at 6 -143.93 ppm and & -240.30 ppm, respectively, which is
indicative of penta and hexacoordinated environment around
the tin atom.

On the basis of the above evidences, it is suggested that the
geometries around the tin atom in the complexes investigated
be characterized as trigonal bipyramidal and octahedral in 1:1
and 1:2 ratios, respectively, as shown in Fig. 2.

Biological Aspects

The fungicidal and bactericidal activities of free ligands L*,
L% and L® and their organotin(IVV) complexes against various
fungi and bacteria are given in Tables 4 and 5 using the
following methods [32].

In vitro Antifungal Activity
Potato dextrose agar medium (PDA) was prepared in flasks

Table 2. '"H NMR Chemical Shifts of the Ligands and Their Metal Complexes

Ligands and metal Aromatic-H  -NH (pyrrole) -SH Azomethine-H  -H, -CH3,-C,Hs  Sn-CHj
complexes

Lt 6.5-8.0 11.2 13.2 9.7 3.4(s) -
Me,SnCI(LY) 6.6-8.1 111 - 9.5 3.3() 1.2(5)
Me,Sn(L?), 6.6-8.3 111 - 9.4 3.2(s) 1.0(s)
L? 6.5-8.1 11.4 13.8 9.8 2.3(s) -
Me,SnCI(L?) 6.7-8.2 11.2 - 8.9 2.2(s) 0.85(s)
Me,Sn(L?), 6.7-8.2 11.3 - 9.1 2.1(s) 0.76(s)
L3 6.4-8.8 11.8 13.7 9.4 2.4(q), 1.7(t) -
Me,SnCI(L®) 6.6-8.2 116 - 9.2 2.3(q), 1.5(t) 0.88(s)
Me,Sn(L%), 6.6-8.7 11.6 - 9.0 2.3(q), 1.4(1) 0.65(s)
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Table 3. *C NMR Chemical Shifts of the Ligands and Their Metal Complexes

Ligand and metal C; C, Cs C4 Cs Cs C, M-CH;
complexes
SN 12552 12445 110.37 11810 151.61 161.26 155.82 -
R'/QN»\SH
§ oz
H_éi@ 4
N
b
N—N 12555 124.31 110.22 118.12 155.90 161.30 152.27 15.30
LA e g
NS
N_/»Sn—CI
1]
SG—H (|:H3
R
N R 12530 12420 110.32 118.22 156.03 161.35 152.36 18.27
S P g
’}I S\Sn/"\l
h‘/" s _N__R
5C—H  Cp, hiandg
R N—N
R = /Q and R’=H
)
added to PDA plates containing mycelial discs, taken from the
N —N R 5-7 days old cultur.e of (Aspergillus flavus and A. niger) fungi.
R)|\ | (|:H3 R)'\N ! o | 3 G—H These plates were incubated for 5-7 days at 28 = 1 °C. Control
N™ S I Sgpe— N plates were given the same treatment except for the addition of
,{I/»Sn—cl N g N R i .
i | & n c|:|-| 7 the test samples. The efficacy of each sample was determined
E_H CHs R *N—N by measuring radial mycelial growth. The radial growth of the
colony was measured in two directions at right angle to each
(1:1) (1:2)

Fig. 2. Proposed structures of the 1:1 and 1:2 complexes.

and sterilized and poured into petri plates. Requisite quantity
(100 pg ml?) of the standard antibiotic (ampicilline) was
added just before pouring in the medium to check the growth
of bacteria. Test samples were prepared in different
concentrations (10 pg, 50 pg and 100 pg mlY) in
Dimethylsulfoxide (DMSO) and 200 pl of each sample was

other and the average of two replicates was recorded in each
case. Data were expressed as percent inhibition over control
from the size of colonies, and subjected to two-way analysis of
variance. The percent inhibition given in the table was
calculated using the formula:

%Inhibition = (C - T) x 100/C
where C = diameter of fungus colony in the control plate after
96 h incubation; T = diameter of the fungus colony in the
tested plate after the same incubation period.
In vitro Antibacterial Assay

The newly synthesized ligands and their metal complexes
were screened for their antibacterial activity against test
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Table 4. Antifungal Screening (Average Percentage Inhibition
after 96 h) Data of the Ligands and Their Metal

Complexes (Percent Inhibition)

Singh et al.

Ligands and metal Concentration ~ AF* AN*
complexes
C,H;NsS control nil nil
10 g nil nil
50 ug nil nil
100 pg 05.98 09.54
CyH15NsSNCIS control nil nil
10 ug 11.20 08.21
50 ug 27.30 1557
100 ug 50.15 47.29
C16H1sN10S,Sn control 00.00 00.00
10 pg 23.71  20.03
50 ug 48.14  79.43
100 ug 65.22 74.82
CgHg NsS control nil nil
10 pg 10.00 12.10
50 ug 22.01  09.60
100 ug 3410 17.75
C10H14N5SNCIS control 00.00 00.00
10 ug 25,54  20.39
50 ug 4472  38.64
100 ug 79.40 77.21
C1gH2oN10SNS, control 00.00 00.00
10 pg 22,79  25.33
50 ug 37.89 58.32
100 ug 66.41  72.62
CoH11NsS control 00.00 00.00
10 pg 09.56  10.45
50 ug 12.06  08.55
100 pg 38.97 28.43
C11H1gNsSNCIS control 00.00 00.00
10 ug 10.87  09.30
50 ug 27.33  19.50
100 ug 5257  47.86
CyoHsN 1o SNS, control 00.00 00.00
10 pg 1540 20.21
50 pg 43.25 31.43
100 ug 5420 45.22

AF* - Aspergillus flavus, AN* - Aspergillus niger.
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Table 5. Antibacterial Screening Data of the Ligands and
Their Metal Complexes

Ligands and Concentration  Percentage inhibition
-1
metal complexes (ug mi™) —— B
C;H7NsS 50 nil nil
100 11 17
500 24 22
CoH1,NsSNCIS 50 16 31
100 47 62
500 82 70
C16H18N10S,Sn 50 28 32
100 40 51
500 83 75
CgHg NsS 50 18 16
100 22 30
500 67 88
C10H14NsSNCIS 50 28 38
100 63 73
500 91 84
CisH2N10SNS, 50 22 30
100 48 52
500 66 83
CoH11NsS 50 nil nil
100 21 29
500 55 60
C1:H16NsSNCIS 50 20 13
100 48 55
500 78 67
CaoH26N10 SNS; 50 24 30
100 59 74
500 76 85

BS* - Bacillus stearothermophilus, EC* - Escherichia coli.

bacteria, namely, E.coli (MTCC 51) and Bacillus
stearothermophilus determined by reported methods [33].
Turbidity of the control was adjusted to 0.5 McFarland
standards [34]. All the test cultures were streaked on nutrient
agar medium (g 1) (Peptone, 10; yeast extract, 03; NaCl, 05;
Agar, 2%) (NAM) and incubated overnight at 37 °C. By
preparing bacterial suspension of 3-5 well-isolated colonies of



Synthetic, Structural and Biological Studies of Organotin(IVV) Complexes

similar morphological type selected from a NAM plate,
cultures were further diluted to 10 folds to get inoculums size
of 1.2 CFU/ml. A stock solution of 500 ug ml™* of each
compound was prepared in DMSO and was appropriately
diluted to obtain final concentration of 100 and 50 pg mi™.
Requisite quantity of antifungal compound (cyclohexamide)
was added to medium to get its desirable final concentration of
100 pg ml™. Each appropriately diluted 100 pl test sample was
spread over the solidified NAM. Separate flasks were used for
each test dilution. The test bacterial culture wasspotted in a
predefined pattern by aseptically transferring 5 pl of each
bacterial culture on the surface of solidified agar-agar plates
and incubated at 35 °C for 24 h.

Observations

The free ligands and their metal complexes were screened
against various fungi and bacteria to assess their potential as
antimicrobial agents. The antimicrobial data reveals that the
complexes are superior compared to the free ligands. The
activity increased as the concentration was increased. Efficacy
of these complexes was found to be more potent inhibitors of
bacterial growth as compared to fungal culture. These
complexes were more inhibitory for the growth of E. coli
among test bacterial cultures and nearly equally sensitive for
test fungal cultures. Thus, it can be postulated that further
studies of these complexes in this direction and biocides could
lead to more interesting results. Details of antifungal and
antibacterial screening data are given in Tables 4 and 5,
respectively.
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