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Ecofriendly synthesis, antimicrobial and
antispermatogenic activity of triorganotin(IV)
complexes with 4′-nitrobenzanilide
semicarbazone and 4′-nitrobezanilide
thiosemicarbazone
Pratibha Chaudhary, Monika Swami, D. K. Sharma and R. V. Singh∗

New series of triorganotin(IV) complexes with 4′-nitrobenzanilide semicarbazone (L1H) and 4′-nitrobenzanilide thiosemicar-
bazone (L2H) of the type [R3Sn(L)] (R = -CH3, -C6H5 and n-C4H9) were synthesized under microwave irradiation. All the complexes
were characterized by elemental analysis, conductance measurements, molecular weight determinations and spectral data, viz.,
IR, UV–vis, 1H, 13C and 119Sn NMR. The central tin atoms of these complexes are all five-coordinated with trigonal bipyramidal
geometry. In order to assess their growth inhibitory potency semicarbazone, thiosemicarbazone and their triorganotin(IV)
complexes were tested in vitro against some pathogenic fungi and bacteria. Also the ligands and their organotin(IV) complexes
were studied to assess the effects of long-term ingestion of these compounds on fertility, body and reproductive organ weights.
The biochemical analyses were also performed on blood samples and reproductive organs of male rats. The findings have been
presented in this paper. Copyright c© 2009 John Wiley & Sons, Ltd.
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Introduction

In modern chemistry microwave synthesis represents one of
the important dimensions. The main advantage of microwave
heating is the almost instantaneous ‘in-core’ heating of mate-
rials in a homogenous and selective manner, coupled with the
significantly shorter reaction times that can be achieved. This
implies a considerable saving in energy.[1,2] The synthesis of
a number of tin metal compounds has been accomplished in
pressure vessels similar to those used in high pressure organic
synthesis. The chemistry of organotin compounds recently has
developed not only as reagents[3] but also as intermediates in
organic synthesis.[4] Semicarbazones and thiosemicarbazones are
versatile ligands in both neutral and anionic forms.[5] Chelates
of organotin(IV) moieties with N, O and S donor ligands[6,7]

have received much attention during the last few years. Organ-
otins have been used in industrial and agricultural applications
as plastic stabilizers and catalysts, antifouling paints, mollusci-
cides, fungicides[8] and disinfectants.[9] The tributyltin chloride is a
membrane-active molecule[10] and its action mechanism appears
to be dependent on organotin lipophilic behavior.[11] The toxi-
city spectrum of organotin compounds is very broad and they
may provoke immunotoxicity, hepatotoxicity, teratogenicity and
neurotoxicity in animals and humans.[12,13] Semicarbazones[14,15]

and thiosemicarbazones[16,17] are biologically important nitrogen
and oxygen/sulfur donor ligands and their organotin(IV) com-
plexes show significant activity.[18,19] Organotin compounds hav-
ing the general formulae RnSnX4−n are biologically active.[20 – 23]

The nature of the alkyl group is of prime importance in de-
termining their toxicity towards particular living species.[24]

Several reports have appeared on the complexes of triorgan-
otin halides with various nitrogen and oxygen/sulfur-containing
ligands.[25 – 27] Encouraged by these findings and our interest in
the field of organotin complexes, two ligands (4′-nitrobenzanilide
semicarbazone and 4′-nitrobenzanilide thiosemicarbazone) and
their corresponding triorganotin(IV) complexes have been pre-
pared and characterized and their biological aspects have been
studied.

Experimental

The reagents 4′-nitrobenzanilide,[28] trimethyltin(IV) chloride,
triphenyltin(IV) chloride and tri-n-butyltin(IV) chloride were pre-
pared according to the literature methods.[29] Semicarbazide
hydrochloride (Merck) and thiosemicarbazide (Merck) were com-
mercial products and used as such. All the reagents and the
solvents used were dried, distilled and purified by the standard
methods[30,31] and purity was checked by thin-layer chromatog-
raphy. The reactions were carried out under strict anhydrous
conditions and adequate care was taken to keep the organ-
otin(IV) complexes, chemicals and glass apparatus free from
moisture.
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Figure 1. Synthesis of 4′-nitrobenzanilide semicarbazone (L1H): C14H13N5O3.

Figure 2. Synthesis of 4′-nitrobenzanilide thiosemicarbazone (L2H): C14H13N5O2S.

Preparation of the Ligands

Two different routes were employed for the synthesis of the ligands
for comparison purposes. These are the eco-friendly microwave-
assisted synthesis and the conventional thermal method. The
microwave irradiations were carried out in a Samsung domestic
microwave oven, model G2719N at 160 W. The progress of the
reaction was monitored by TLC on silica gel-G.[32] A comparison
between thermal method and microwave methods is given in
Table 1.

Analytical Methods and Physical Measurements

Nitrogen and sulfur were determined by the Kjeldahl’s[33]

(14 × V1N1×100/1000 × w) and Messenger’s[34] methods (32 ×
w1 × 100/w), respectively. Tin was estimated gravimetrically as
SnO2 (118.69 × wt of oxide × 100/150.69 × wt of comp. taken)
and chlorine was estimated volumetrically by Volhard’s[35] method
(35.5× Z ×100/170× w). Carbon and hydrogen were determined
on an Elementar Analysensysteme GmbH Varion EL III, Germany
at University Scientific Instrumentation Center, Delhi University,
Delhi. The Rast Camphor Method[36] was used to carry out
the molecular weight determinations. The conductivity of the
resulting complexes was determined at room temperature in dry
DMF by the Systronics conductivity bridge (model 305) using
a cell having a cell constant (0.5 cm−1). The electronic spectra

of the ligands and their complexes were recorded in methanol
on a Varian Cary 100 UV–vis spectrophotometer in the range
190–900 nm. IR spectra were recorded on a Perkin–Elmer model
577 spectrophotometer in the range 4000–200 cm−1 on KBr and
polyethylene discs. The 1H and 13C NMR spectra were recorded at
270.13 and 67.93 MHz respectively, on a Bruker AM 270 instrument.
The 119Sn NMR spectra were recorded at 186.50 MHz on a Bruker
WM 500 instrument. Chemical shifts are quoted in ppm downfield
from TMS for 1H and relative to tetramethyltin for 119Sn and
referenced to residual protons of CDCl3 (δ = 7.24) for 1H NMR at
Delhi University, Delhi.

Antimicrobial Activity

Antifungal Studies

Bio-efficacies of the synthesized compounds were checked in vitro.
The in vitro antifungal activities of the ligands and their complexes
were evaluated against two pathogenic fungi, Rhizopus oryzae
(causes zygomycosis) and Aspergillus flavus (causes aspergillosis
of lungs) by the agar plate technique.[37] In order to compare
the results obtained, the Bavistin was used as standard drug. The
compounds were directly mixed with the medium in 0.01 and 0.1%
(in methanol) concentrations. The medium was then poured into
Petri plates and a small disc (0.7 cm) of the fungus culture was cut

Figure 3. Synthetic route of tin complexes.
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Table 1. Comparison between conventional and microwave methods of synthesis

Yield (%) Solvent (ml) Time

Compound Thermal Microwave Thermal Microwave Thermal (h) Microwave (min)

L1H 82 90 100 3 6 4.5

Me3Sn(L1) 80 90 40 2 12 5

Ph3Sn(L1) 79 88 30 3 12 7

n-Bu3Sn(L1) 78 90 25 2 11 5

L2H 78 91 100 3 5 4

Me3Sn(L2) 78 87 40 3 13 6

Ph3Sn(L2) 79 86 35 2 12 5

n-Bu3Sn(L2) 79 88 25 3 13 6

Table 2. Physical properties and analytical data of the ligands and their corresponding organotin(IV) complexes

Analysis (%) found (calcd)
Melting Molecular weight,

Compound Colour point (◦C) C H N S Sn found (calcd)

L1H C14H13N5O3 Turmeric yellow 130–132 56.08(56.18) 4.25(4.38) 23.29(23.40) – – 299.02(299.29)

Me3Sn(L1) C17H21N5O3Sn Off white 211–214 44.05(44.19) 4.43(4.58) 15.01(15.16) 25.60(25.69) 462.38(462.07)

Ph3Sn(L1) C32H27N5O3Sn Wheatish yellow 210–212 59.16(59.29) 4.08(4.20) 10.68(10.80) – 18.19(18.31) 648.42(648.29)

n-Bu3Sn(L1) C26H39N5O3Sn Off white 223–224 52.99(53.08) 6.54(6.68) 11.81(11.90) – 20.12(20.17) 588.54(588.32)

L2HC14H13N5O2S Mustard yellow 136–138 53.23(53.32) 4.07(4.16) 22.09(22.21) 10.05(10.17) – 315.47(315.35)

Me3Sn(L2) C17H21N5O2SSn Light green 206–208 42.58(42.70) 4.31(4.43) 14.52(14.65) 6.64(6.71) 24.70(24.82) 478.34 (478.14)

Ph3Sn(L2) C32H27N5O2SSn Light green 182–184 57.73(57.85) 3.99(4.10) 10.46(10.54) 4.70(4.83) 17.75(17.87) 664.24(664.35)

n-Bu3Sn(L2) C26H39N5O2SSn Light red 275–278 51.56(51.67) 5.41(6.50) 11.48(11.59) 5.17(5.30) 19.50(19.64) 604.17(604.38)

with a sterile cork borer and transferred aseptically into the centre
of a Petri dish containing the medium, with a certain amount
of the compound. Suitable checks were kept where the culture
discs were grown under the same conditions on PDA without the
compound. These Petri dishes were wrapped in polythene bags
containing a few drops of alcohol and were placed in an incubator
at 25 ± 2 ◦C. Controls were also run and three replicates were
used in each case. The linear growth of the fungus was obtained
by measuring the diameter of the fungal colony after four days.
The amount of growth inhibition in each of the replicate was
calculated by percentage inhibition = (C − T) × 100/C, where
C = diameter of the fungus colony in the control plate after 96 h
and T = diameter of the fungus colony in tested plates after the
same period.

Antibacterial Activity

For the evaluation of degree of inhibitory effects on the growth
of a wide spectrum of microorganisms, antibacterial activity was
performed against one Gram-positive (Staphylococcus aureus) and
three Gram-negative (Escherichia coli, Pseudomonas aeruginosa
and Klebsiella pneumoniae) bacteria. In order to compare the results
obtained the Imipinem was used as standard drug. Determination
of the antibacterial activity was carried out by the paper-disc
plate method.[38] The compounds were dissolved in DMF at 500
and 1000 ppm concentrations. The Whattman no. 1 papers with
a diameter 5 mm were soaked in these solutions. These discs
were placed on the appropriate nutrient medium (0.5% peptone,
0.15% yeast, 0.15% beef extract, 0.35% sodium chloride and
0.13% KH2PO4 in 1000 cm3 distilled water which was autoclaved
for 20 min at 15 psi before inoculation), previously seeded with
organisms, in Petri dishes and stored in an incubator at 28 ± 2 ◦C.

The inhibition zone thus formed around each disc was measured
(in mm) after 96 h.

Antifertility Activity

The activity of synthetic products towards biological systems is
an important feature of current research and S and N donor
ligands play a significant role in this direction. A large number of
organotin(IV) complexes have been shown to cause atrophy of
the testis, prostate and epididymis in male albino rats. In view of
the potential interest in these biologically active compounds, the
antifertility activity of both the ligands and their corresponding
organotin (IV) complexes was studied in male albino rats.

Animals and Treatment

Male albino rats of Sprague–Dawley strain (180–200 g) were
provided by the animal house of the Delhi University. Animals
were housed in plastic cages under controlled temperature of
21 ± 1 ◦C and 12 : 12 h light/dark cycles and were maintained on
standard rat pellets (Hindustan Lever Ltd, India) and tap water
ad libitum. Male rats of proven fertility were randomly divided
into 10 groups of 10 animals each. Only nine compounds were
used separately and each compound was administered at a dose
level of 2 mg day−1 kg−1 body weight orally by gavage tube for
60 days. One group served as control and each animal of this
group received 0.5 ml olive oil per day orally.

After 55 days of the treatment, male rats were cohabitated with
pro-oestrous females in the ratio 1 : 4. The presence of sperm in the
morning vaginal smear was the evidence of mating. Females were
separated and resultant pregnancies were noted when dams gave
birth. The number and weights of litters were recorded. Fertility
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Table 3. IR spectral data (cm−1) of the ligands and their organotin (IV) complexes

Compound ν (NH) ν (C N) ν (NH2)
ν (C O)/ν

(C S) ν (OH)/ν (SH) ν (Sn–O)/ν (Sn–S) ν (Sn ← N) ν(Sn–C)as, ν(Sn–C)s

L1H 3128–3300 1608 3340, 3418 1686 3300 – – –

Me3Sn(L1) – 1632 3395, 3128 1665 – 578 430 560, 535

Ph3Sn(L1) – 1628 3480, 3116 1662 – 580 428 –

n-Bu3Sn(L1) – 1630 3490, 3122 1660 – 574 426 565, 540

L2H 3142–3246 1612 3355, 3431 1024 2700 – – –

Me3Sn(L2) – 1634 3475, 3136 1002 – 364 420 530, 504

Ph3Sn(L2) – 1626 3470, 3124 997 – 362 422 –

n-Bu3Sn(L2) – 1632 3466, 3130 994 – 358 416 528, 502

Table 4. 1H NMR spectral data (δ, ppm) of the ligands and their corresponding organotin(IV) complexes

Compound -NH (bs) -NH2 (bs) φ-NH (s) Aromatic protons (m) (CH3)3Sn/(n-C4H9)3Sn

L1H 10.00 (1H) 2.74 (2H) 10.46 (1H) 7.22–8.74 –

Me3Sn(L1) – 2.78 (2H) 10.65 (1H) 6.88–8.60 1.22

Ph3Sn(L1) – 2.82 (2H) 10.59 (1H) 6.96–8.60 –

n-Bu3Sn(L1) – 2.78 (2H) 10.59 (1H) 6.98–8.59 0.62–1.70

L2H 10.32 (1H) 3.20 (2H) 10.60 (1H) 6.90–8.76 –

Me3Sn(L2) – 3.32 (2H) 10.88 (1H) 7.32–8.86 1.18

Ph3Sn(L2) – 3.28 (2H) 10.86 (1H) 7.26–8.80 –

n-Bu3Sn(L2) – 3.27 (2H) 10.81 (1H) 7.22–8.80 0.60–1.72

Table 5. J values in Hz for tin complexes

Compound 1H (119Sn, 13C) 2J (119Sn, 13C) 2J (119Sn,H)

Me3Sn(L1) 555 – 53.51

Ph3Sn(L1) 531 41.00 –

Me3Sn(L2) 527 – 51.00

Ph3Sn(L2) 554 40.00 –

was calculated in control as well as in treated groups. On day
61, i.e. 24 h after the last dose, 10 animals from each group were
autopsied under light ether anesthesia and reproductive organs
were dissected out, freed from adherent tissues and weighed up to
the nearest milligram. Blood was collected by cardiac puncture and
serum was separated by centrifugation at 3000 rpm and stored at
−20 ◦C. The sperm motility in cauda epididymis and sperm count
in cauda epididymis and testes were measured by using Neubaur’s
haemocytometer. The data were analysed statistically by Student’s
t-test.

Body Weight, Sperm Motility and Sperm Density

Body weights of animals were recorded before the experiment and
every 2 weeks thereafter. Sperm motility and sperm density were
assessed in cauda epididymis by the method of Prasad et al.[39]

Tissue Biochemistry

Once testis freed from each rat was kept at −20 ◦C until assayed for
cholesterol,[40] glycogen[41] and proteins.[42] Protein was estimated
in epidicymides.[42]

Blood and Serum Analysis

Whole blood was analyzed for RBC and WBC count,
haemoglobin,[43] haematocrit, sugar[44] and urea,[45] and serum
was analyzed to estimate cholesterol,[46] total protein[42] and
phospholipids.[47]

Results and Discussion

The observation was that in microwave method the reaction
time was drastically reduced with improved yield as compared
to the conventional method.[48] The difference was observed
due to strong microwave effect, and the high enhancement of
reaction rate. In conclusion we have developed an easy and
convenient synthetic procedure for organotin(IV) compounds by
using microwave technique.

Microwave-assisted Synthesis of L1H

The ligand was prepared by the condensation of semicarbazide hy-
drochloride (2.7 g, 24 mmol) and sodium acetate (2.0 g, 24 mmol)
with 4′-nitrobenzanilide (5.8 g, 24 mmol) in the presence of few
drops of ethanol (∼3 ml) and irradiated by microwave irradia-
tion for ∼4.5 min. The resulting yellow coloured precipitate was
recrystallized with alcohol and dried under vacuum (Fig. 1).

Eco-friendly Microwave-assisted Synthesis of L2H

The ligand L2H was prepared by the condensation of thiosemicar-
bazide (2.0 g, 22 mmol) with 4′-nitrobenzanilide (5.3 g, 22 mmol)
in presence of a few drops of ethanol (∼3.0 ml) and irradiated by
the microwave irradiation for nearly ∼4 min. The resulting yellow
coloured precipitate was then recrystallized with alcohol and dried
under vacuum. The analytical results came in good consistence
with the proposed formula (Fig. 2).

Appl. Organometal. Chem. 2009, 23, 140–149 Copyright c© 2009 John Wiley & Sons, Ltd. www.interscience.wiley.com/journal/aoc
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Table 6. 13C NMR spectral data (δ, ppm) of the ligands and their corresponding organotin(IV) complexes

Aromatic carbon

Compound >C O/>C S >C N

C1
C2
C6

C8
C4
C7

C3
C5 (CH3)3Sn/(C6H5)3Sn/(n-C4H9)3Sn

119Sn
NMR

L1H 168.60 157.72 157.6 156.8 132.8 – –

129.4 128.9 127.9

125.4 119.1

Me3Sn(L1) 163.72 153.86 156.4 153.86 132.9 15.56 –

130.1 128.7 127.4 178.6

125.4 118.8

Ph3Sn(L1) 165.68 154.56 156.2 154.56 133.0 141.12 C(i), 139.42 C(o), 138.12 C(m),132.14 C(p) –

128.9 128.4 127.6 243.6

125.4 118.8

n-Bu3Sn(L1) 162.98 152.97 156.2 152.97 133.0 26.77 C(1), 26.58 C(2), 26.10 C(3), 13.46 C(4) –

129.1 128.4 127.6 224.2

125.4 118.4

L2H 175.82 162.91 158.2 157.9 132.4 – –

129.8 128.4 127.0

124.3 118.4

Me3Sn(L2) 167.74 156.25 156.9 156.25 132.6 14.98 –

128.4 128.6 128.0 182

124.2 118.0

Ph3Sn(L2) 168.32 157.18 157.2 157.18 132.2 140.84 C(i), 139.22 C(o), 137.99 C(m), 131.94 C(p) –

129.4 128.0 127.6 248.4

124.1 118.2

n-Bu3Sn(L2) 166.29 156.48 157.1 156.48 132.6 26.48 C(1), 26.28 C(2), 26.08 C(3), 13.06 C(4) –

129.0 128.2 127.4 227.6

124.2 118.0

Conventional Thermal Method

A similar procedure was followed for the synthesis by the thermal
method where instead of few drops of alcohol ∼100 ml were
taken and the contents were refluxed for 5–6 h. The solution was
then concentrated under reduced pressure, which on cooling
gave yellow crystalline precipitate. These were recrystallized twice
in alcohol.

Preparation of the Complexes

Microwave method

The reations of trimethyltin(IV) chloride, triphenyltin(IV) chloride
and tri-n-butyltin(IV) chloride with corresponding sodium salts
of the ligands (L1H and L2H) were carried out in equimolar ratio,
using 2–3 ml of methanol as a solvent in the microwave oven for
5–7 min. The products recovered from the microwave oven were
dissolved in few millilitres of dry methanol. The white precipitate

of NaCl formed during the course of the reaction was recovered
by filtration and the filtrate was dried under reduced pressure. The
resulting products were repeatedly washed with n-hexane and
petroleum ether and finally dried at 60 ◦C/0.5 mmHg for 3–4 h
(Fig. 3).

Thermal method

In the thermal method instead of 5–7 min reactions were
completed in 11–13 h and the reaction mixture was refluxed
over a distillation assembly fitted with quick fit interchangeable
joints. The white precipitate of sodium chloride obtained was
removed by filtration. The mother liquor was concentrated
by removing the excess of solvent. Compounds were dried
under reduced pressure for 3–4 h. These were purified by the
same process as described in the above method. The purity
was further checked by thin-layer chromatography using silica
gel-G.

www.interscience.wiley.com/journal/aoc Copyright c© 2009 John Wiley & Sons, Ltd. Appl. Organometal. Chem. 2009, 23, 140–149
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Table 7. Fungicidal screening data of the ligands and their corresponding complexes

Average percentage inhibition after 96 h

Rhizopus oryzae Aspergillus flavus

Compound Concentration (0.01%) Concentration (0.1%) Concentration (0.01%) Concentration (0.1%)

L1H 34 45 40 51

Me3SnCl 40 48 44 54

Me3Sn(L1) 54 63 60 72

Ph3Sn(L1) 58 70 66 80

n-Bu3Sn(L1) 63 76 72 84

L2H 38 50 44 56

Me3Sn(L2) 60 71 66 78

Ph3Sn(L2) 64 75 70 85

n-Bu3Sn(L2) 68 85 78 90

Bavistin 82 96 84 98

Table 8. Antibactericidal bioassay results for the ligands and their
corresponding organotin(IV) complexes (concentration, ppm)

Diameter of inhibition zone (mm) after 24 h

Escherichia
coli
(−)

Pseudomonas
aeruginosa

(−)

Klebsiella
pneumoniae

(−)

Staphylococcus
aureus

(+)

Compound 500 1000 500 1000 500 1000 500 1000

L1H 8 10 8 11 10 13 12 13

Me3SnCl 10 12 11 14 12 14 14 15

Me3Sn(L1) 13 16 16 19 15 19 16 20

Ph3Sn(L1) 15 17 14 17 17 23 19 24

n-Bu3Sn(L1) 16 19 30 40 19 25 21 26

L2H 9 12 9 12 12 15 13 15

Me3Sn(L2) 15 18 15 16 17 21 17 21

Ph3Sn(L2) 18 20 16 19 19 25 20 26

n-Bu3Sn(L2) 19 23 18 21 20 27 21 28

Imipinem 28 32 30 40 30 38 34 46

Elemental Analysis and Electronic Spectra

Satisfactory results of elemental analysis and spectral studies
reveal that the complexes are of good purity. The complexes
obtained were yellow to green in colour, showed a range of
melting points and were powdery. The complexes were soluble
in chloroform and some of them also in dimethylsulfoxide as well
as in methanol, acetone and dimethylformamide. The analytical
data for all the complexes are presented in Table 2.

The electronic spectra of the organic moieties exhibit
three intense maxima at 235–240, 272–277 and 330–355 nm.
The bands in the regions 235–240 nm and 272–277 nm are
assignable to π –π∗ transitions of C O/C S and azomethine
groups. The considerable hypsochromic shifting of the third
band (n–π∗) in the spectra of the metal complexes may
be attributed to the coordination of the azomethine nitro-
gen to the metal atom. The resulting complexes are non-
electrolyte in nature, as indicated by their molar conductance
in the range 10–15 ohm−1 cm2 mol−1 in 10−3 M solution in
dry DMF.

IR Spectra

The IR spectra of the complexes were compared with the ligands
and from the shifts in frequency and/or from the intensity
lowering, the coordination sites were ascertained. The IR spectrum
of the ligand (L2H) shows a band at 2700 cm−1 assignable
to ν (-SH), which disappears in the corresponding complexes,
indicating possible deprotonation on complexation. Ligands L1H
and L2H show sharp and strong bands at 1608 and 1612 cm−1

respectively due to (> C N),[49] which are shifted to the higher
frequency side by 14–30 cm−1 in the spectra of the corresponding
metal complexes, indicating the coordination of the azomethine
nitrogen to the tin atom. In the case of L1H the bands due
to ν (NH/OH) mode in the region 3300–3128 cm−1 disappear
in the organotin(IV) complexes, thereby indicating complexation
through the azomethine nitrogen and ketonic oxygen atoms. The
bands at 1686 and 1024 cm−1, due to ν (>C O) and ν (>C S)
are shifted to lower frequencies in the complexes compared with
the ligands. The band observed in the region 3340–3431 cm−1

attributed to asymmetric and symmetric modes of –NH2 group
remains at nearly the same position in the spectra of the complexes,
suggesting non-involvement of this amino group in bonding. This
view is corroborated by the appearance of new bands in the regions
574–580, 358–364, 416–430 and 502–565 cm−1 ascribable to the
(Sn–O),[50] (Sn–S),[51] (Sn ← N),[52] (Sn–C)asym and (Sn–C)sym

[53]

vibrations respectively (Table 3).

1H NMR Spectra

The proton magnetic resonance spectra of the ligands as well as
their corresponding metal complexes were recorded in DMSO-
d6 (Tables 4 and 5). The spectra of the ligands (L1H and L2H)
show signals at δ 10.00 and δ 10.32 ppm, respectively, which
are due to the NH proton. These NH proton signals disappear
in the complexes, indicating the bond formation through an
oxygen/sulfur atom after enolization/thioenolization of the ligand
molecules and coordination of the azomethine nitrogen to the
tin atom. The azomethine proton undergoes deshielding in the
organotin(IV) complexes due to the donation of a lone pair of
electrons by nitrogen to the tin atom. The NH of the ring appears
at δ 10.46 ppm in case of the ligands (L1H) and δ 10.60 ppm in
the case of (L2H), which remains unchanged in the tin complexes,
showing non-involvement of this group in complexation. The
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Table 9. Changes in the body weight and weights of reproductive organs after treatment with the ligands and their organotin(IV) complexes (values
are expressed as mean ± SEM)

Body weight (g) Organ weight (mg/100 g body weight)

Group Treatment Initial Final Testes Epididymis Seminal vesicle Ventral prostate

A Control 210 ± 12 225 ± 20 1325 ± 40 480 ± 40 445 ± 20 310 ± 20

B L1H 206 ± 14b 214 ± 17b 910 ± 30b 405 ± 40b 340 ± 13b 250 ± 12

C Ph3Sn(L1) 190 ± 15a 212 ± 12b 700 ± 20a 285 ± 19b 210 ± 18a 170 ± 14

D n-Bu3Sn(L1) 188 ± 12a 208 ± 15b 688 ± 20a 260 ± 16a 195 ± 16a 145 ± 15

E L2H 192 ± 15b 202 ± 13b 850 ± 50b 380 ± 18b 265 ± 14b 210 ± 16

F Ph3Sn(L2) 182 ± 13b 200 ± 11b 695 ± 60b 274 ± 10a 200 ± 15b 165 ± 13

G n-Bu3Sn(L2) 180 ± 13a 180 ± 15a 669 ± 40b 252 ± 14a 170 ± 12a 136 ± 16

All figures ± SEM.
a p ≤ 0.001 highly significant; b p ≤ 0.01 significant; cnon-significant.
Groups B and E compared with Group A. Groups C and D compared with Group B. Groups F and G compared with Group E.

Table 10. Effect of ligands and organotin(IV) complexes on sperm dynamics and fertility of male rats (values are expressed as mean ± SEM)

Sperm density (million ml−1)

Group Treatment Sperm motality (cauda epididymis) (%) Testes Cauda epididymis Fertility (%)

A Control 85.86 ± 3.9 6.15 ± 0.52 64.29 ± 2.9 98 (+)

B L1H 58.90b ± 2.4 4.31b ± 0.23 53.16b ± 2.6 46 (−)

C Me3SnCl 46.64c ± 1.6 2.95c ± 0.35 42.14c ± 2.8 58 (−)

D Me3Sn(L1) 35.16b ± 1.7 1.98b ± 0.26 30.16b ± 2.6 86 (−)

E Ph3Sn(L1) 34.46a ± 1.4 1. 46a ± 0.82 29.72a ± 2.4 90 (−)

F n-Bu3Sn(L1) 33.32a ± 2.2 1. 12a ± 0.24 28.38a ± 2.1 92 (−)

G L2H 46.76b ± 2.5 4.23b ± 0.41 50.28b ± 3.6 50 (−)

H Me3Sn(L2) 34.12a ± 2.4 1.24a ± 0.24 28.99a ± 3.2 91 (−)

I Ph3Sn(L2) 33.56a ± 2.8 1. 02a ± 0.82 27.68a ± 2.7 92 (−)

J n-Bu3Sn(L2) 32.26a ± 2.6 0. 78a ± 0.64 26.12a ± 2.5 94 (−)

Means ± SEM of 10 animals.
a p ≤ 0.001 highly significant; b p ≤ 0.01 significant; c non-significant.
Dose = 2 mg kg−1 per day for 60 days.

appearance of a signal due to NH2 (δ 2.74–3.32 ppm) at almost
the same position in the ligands and their corresponding tin
complexes shows its non-involvement in complex formation. The
aromatic proton signals appeared in the range δ 6.88–8.86 ppm in
the spectra of the ligands and complexes. Some additional signals
were due to CH3Sn and n-C4H9-Sn in the ranges δ 1.22–1.18 and
δ 0.60–1.72 ppm respectively.

13C NMR Spectra

13C NMR spectral data (Table 6) also support the authentic-
ity of the proposed structures. The considerable shifts in the
positions of carbon atoms adjacent to the azomethine nitro-
gen (157.72–162.91 ppm) and thiolic sulfur/enolic oxygen (δ
168.60–175.82 ppm) support the penta-coordinated geometry
of the complexes. The shifts in the positions of carbon atoms
adjacent to the coordinating atoms clearly indicate the bonding
of azomethine nitrogen to the central metal atom. The peaks were
assigned by comparing standard data and data reported for the
similar complexes.[54,55]

119Sn NMR Spectra

119Sn NMR spectra of all compounds were recorded and exhibit
a sharp 119Sn resonance in the region δ −178.6 to −248.4 ppm,
which is compatible with a penta-coordinated geometry.[56]

Antimicrobial Screening

Antifungal activity

It is clear from the biological screening data given in Table 7 that
all of the triorganotin(IV) complexes were more toxic than their
parent ligands but slightly lower than the standard drug. The
increase in the activity of organotin(IV) complexes may be due
to the effect of central metal ion in the normal cell process. The
antimicrobial activity of these ligands and their complexes can be
ascribed to the hydrogen bond formation between the (→C N)
atom of the compound and some bioreceptors in the cells of
microorganisms, which in turn block the synthesis of protein by
inhibiting the movement of ribosome along with RNA. This inhibits
the synthesis of DNA in the cell nucleus. The greater toxicity of the
complexes than the bases can also be explained by the greater
lipophilic character of the complexes.[57] It has also been observed
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that the toxicity of the ligands and their complexes decreases
on lowering the concentration. From the data obtained it
is evident that some of these complexes exhibit a good
activity against the tested organisms but specially significant
is the complex [(n-C4H9-)3Sn(L2)], which showed the highest
activity among the complexes possibly due to the difference
in sulfur content and highest lipophilic nature of tri-n-butyltin(IV)
complex.[58]

Antibacterial Activity

The antibacterial activity results presented in Table 8 show clearly
that the newly synthesized ligands and their metal complexes
containing organotin (IV) possess good biological activity. Eight
chemically synthesized compounds viz. L1H, L2H, [Me3SnL1],
[Me3SnL2], [Ph3SnL1], [Ph3SnL2], [n-Bu3SnL1] and [n-Bu3SnL2] were
tested in vitro for their antibacterial activity against Staphylococcus
aureus, Escherichia coli, Pseudomonas aeruginosa and Klebsiella
pneumoniae at two different concentrations in methanol. All the
synthesized compounds show higher activity than the ligands but
slightly lower than the standard drug. Among all the compounds
the most toxic complex is [n-Bu3SnL2] since it was found that the
toxicity of the organotins varied significantly according to their
substition.[59] The order of toxicity is tri 	 di ≥ mono-organotins.
Within the same substituent series the toxicity depends on the
properties of R group. The larger and the more lipophilic the R
group, the more toxic is the organotin.[60] From the bactericidal
activity, it is apparent that the complexes were more toxic towards
Gram-positive strains than Gram-negative strains. The reason
is the difference in the structures of the cell walls. The walls
of Gram-negative cells are more complex than those of Gram-
positive cells. Lipopolysacharides form an outer lipid membrane
and contribute to the complex antigenic specificity of Gram-
negative cells. The enhanced bactericidal activity of the ligand
on complexation with organotin (IV) halide may be explained
by chelation theory,[61] according to which chelation reduces the
polarity of the central metal atom because of partial sharing of
its positive charge with the donor groups and possible π -electron
delocalization within the whole chelate ring. This chelation
increases the lipophilic nature of the central atom, which favours
the permeation of the complexes through the lipid layer of the
cell membrane. Compounds inhibit the growth of bacteria to
greater extent as concentration increased. Also, the complexes
of thiosemicarbazone were found to possess higher activity than
corresponding semicarbazone. The compounds showed good
antibacterial activity against S. aureus and moderate activity
against K. pneumoniae and poor activity against E. coli and P.
aeruginosa.

Antifertility Activity

Male rats exposed to ligands L1H and L2H and their corresponding
triorganotin(IV) complexes (2 mg kg−1 body weight per day) for
60 days showed following alternation in reproductive function of
male rats.

Body weight, fertility and sperm dynamics

During the period of experiment the rats remained healthy,
growing at normal growth rate. Their body weights gain was
similar to that of control animals (Table 9). Treatment of different
compounds at 2 mg kg−1 per day for 60 days caused a 94%
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Table 12. Effects on whole blood and blood serum of rats after treatment with the ligands and their organotin(IV) complexes (values are expressed
as mean ± SEM)

Group Treatment

RBC count
(million
mm−3)

WBC count
(million
mm−3)

Haemoglobin
(g%)

Haematocrit
(%)

Blood
sugar

(mg dl−1)

Blood
urea

(mg dl−1)

Serum
cholesterol
(mg dl−1)

Serum
phospholipids

(l)

Serum
protein

(mg dl−1)

A Control 4.8 ± 0.4 8652 ± 78 13.9 ± 0.6 44.6 ± 4.4 86.4 ± 1.8 35.8 ± 2.8 90 ± 4 87 ± 9 13640 ± 682

B L1H 5.7 ± 0.2a 8538 ± 81a 12.2 ± 0.4a 42.1 ± 4.2a 76.9 ± 6.4a 42.0 ± 3.9a 82 ± 5 82 ± 4 13100 ± 546

C Ph3Sn(L1) 5.3 ± 0.8a 8524 ± 100a 13.6 ± 0.2a 43.9 ± 0.8a 75.4 ± 8.4a 40.6 ± 3.0a 70 ± 8A 56 ± 6a 11758 ± 685

D n-Bu3Sn(L1) 5.2 ± 0.4a 8512 ± 96a 13.8 ± 0.4a 44.8 ± 0.6a 75.0 ± 9.2a 40.2 ± 3.6a 68 ± 9a 55 ± 2a 11682 ± 487

E L2H 5.4 ± 0.6a 8530 ± 75a 12.9 ± 0.5a 42.9 ± 5.6a 76.1 ± 2.9a 41.8 ± 3.2a 81 ± 9 81 ± 1 13094 ± 756

F Ph3Sn(L2) 4.9 ± 0.2a 8498 ± 120a 14.0 ± 0.2a 44.6 ± 0.6a 74.9 ± 9.2a 40.2 ± 2.8a 68 ± 4a 54 ± 9c 11600 ± 816

G n-Bu3Sn(L2) 4.7 ± 0.8a 8450 ± 140a 14.5 ± 0.8a 45.4 ± 1.8a 74.5 ± 3.4a 39.8 ± 2.6a 67 ± 8a 53 ± 2c 11472 ± 917

a p > 0.05; c p < 0.01 vs control.

reduction in the fertility (Table 10). Sperm motility was decreased
by 58.90–32.26%. Significant reduction (p < 0.01) was observed
in sperm density after all the treatments (Table 10).

Biochemical findings

Protien and sialic acid contents of testes, epididymis, seminal
vesicle and ventral prostate were reduced significantly after in
all experimental groups when compared with control. Testicular
glycogen contents were decreased while the testicular cholesterol
increased significantly in all the experimental groups when
compared with control (Table 11).

Blood and serum analysis

Blood variables, i.e. RBC and WBC counts, haemoglobin, haema-
tocrit, sugar and urea were within the normal range. Cholesterol
and protein did not changed significantly in any of the treat-
ment but phospholipids were decreased only in the [Ph3SnL2] and
[n-Bu3SnL2] (Table 12).

Conclusion

The antibacterial activity maximizes for the tri-n-butyltin(IV)
complex in line with other studies in this area,[62] although
the activity of all the organotin complexes is reasonable. The
antifungal properties of all the compounds are broadly excellent,
and far exceed the levels for the ligand. The influence of
the metal is most clearly visible in this area. The weights
of the testes, epididymis, seminal vesicle and ventral prostate
were significantly decreased in the treated male rats when
compared with the control group. The principal cells of epididymis
synthesize proteins which have important role for maturation of
spermatozoa,[63] and alternation in secretion and function of
these proteins causes incomplete maturation of spermatozoa
with a decline in sperm motility. In the present study the
epididymal protein was also decreased by organotin(IV) complex
feeding. Reduced glycogen reflects a decreased number of
post-meiotic germ cells, which are thought to be the sites of
glucose metabolism.[64] Cholesterol is involved in steroidogenesis
in testes. It is the most important precursor in the synthesis
of steroid hormones and its level is related to the fertility of
individuals.[65] Increased level of cholesterol may be due to
decreased androgen production, which resulted in accumulation
of cholesterol in testes, and hence impaired spermatogenesis.[66]

It has been observed that the blood and serum parameters
were within a normal range, indicating the non-toxicity of the
compounds on general body metabolism. Our results reflect the
antispermatogenic effects of organotin(IV) complexes in male rats,
without affecting general body metabolism. In conclusion our
results confirm that the long-term ingestion of the compounds
produces adverse effects on fertility and reproductive system in
adult male rats.
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