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Triorganotin(IV) and triorganolead(IV) deriva-
tives of the types Me,Sn(SCZ) and Ph,Pb(SCZ)
(where SCZ~ is the anion of a semicarbazone
ligand) have been synthesized by substitution reac-
tions of trimethyltin chloride and triphenyl-lead
chioride with semicarbazones derived from
heterocyclic ketones. The resulting complexes
have been characterized by elemental analyses,
molecular weight determinations and conductivity
measurements. The mode of bonding has been
established on the basis of infrared and 'H, *C and
%Sn NMR spectroscopic studies. Some respresen-
tative complexes have also been evaluated for their
antimicrobial effects on different species of patho-
genic fungi and bacteria; the results of these
investigations have been reported in the present
paper.
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INTRODUCTION

Organotin compounds are toxic to a variety of
micro-organisms and find widespread applications
in biocidal compositions. In the past few years,
organotin compounds of the type R;SnX such as
trimethyltin chloride, tributyltin chloride, triphe-
nyltin chloride and tributyltin oxides have
become well known as broad-spectrum biocides,
toxic additives in marine biocidal paints, mollus-
cides, fungicides and other types of pesticides." It
is noteworthy that trialkyltin compounds dealky-
late in natural environments to oxides of tin.>
Similarly, a variety of organolead compounds
have also been reported to possess fungicidal as

well as bactericidal activities.>” Thioacetyl-
triphenyl-lead has been proposed for the
treatment of acne, while thiobenzyl- and

thiophenyl-triphenyl-lead compounds possess
anti-inflammatory properties. It has also been
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suggested that these are suitable for the treatment
of various allergies asthma and influenza.® Several
organolead compounds find use as good algicides,
herbicides and also as anticancerous agents.””’.
Our continuing interest in the synthesis of fungi-
cides and bactericides has led us to synthesize a
new class of organometal derivatives of tin and
lead and to study their activity in vitro.

EXPERIMENTAL

All the chemicals used were dried and distilled
before use. Glass apparatus fitted with Quickfit
interchangeable standard ground joints was used
throughout these investigations. Moisture was
excluded from the apparatus using calcium chlor-
ide drying tubes.

Preparation of ligands

The ligands were prepared by condensation of
heterocyclic ketones, i.e. 2-acetylpyridine, 2-
acetylfuran, 2-acetylthiophene and 3-
acetylindole, with semicarbazide hydrochloride
and sodium acetate in 1:1:1 molar ratio in absol-
ute ethanol The complexes were purified by re-
crystallization from the same solvent and
analysed before use.

Preparation of complexes

A weighed amount of trimethyltin chloride or
triphenyl-lead chloride was dissolved in approxi-
mately 30cm® of dry methanol in a 100-cm?
round-bottom flask. To this was added the calcu-
lated amount of the potassium salt of the ligand
(Prepared by reaction of the calculated amount of
freshly cut potassium metal with ligand in dry
methanol) in 1:1 molar ratio. The reaction mix-
ture was refluxed for about 10-14h on a ratio
head, during which the white precipitate of potas-
sium chloride separated out. The contents were
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Table 1 Physical properties and analytical data of semicarbazone complexes of tin and lead

Reactants

Elemental analysis (%): Found (Caled) Mol. wt:
Starting Ligand Product formed M.p. Yield Found
material (g) (g) and Colour (°C) (%) C H N Sa/Pb (Calcd)
Me;SnCl CHN,O,  CpHN:0,8n 230 73 36.98 5.26 12.42 35.68 354.24
0.61 0.51 Dark yellow (36.40)  (5.19) (12.73)  (35.96)  (329.96)
Me,SnCl C/HN;SO CieHpzN3SOSn 192 77 34.44 4.82 12.34 34.15 367.57
0.59 0.55 Creamish (34.71)  (4.95) (12.14)  (34.30)  (346.02)
Me;SnCl CgHoN,O C, ) H;iN,OSn 143 69 38.98 5.46 16.17 34.35 362.13
0.65 0.59 Light brown (38.75) (5.32) (16.48) (34.74) (340.97)
Me,SnCl CyH N, O  C,HyN,0Sn 270(d) 70 44.63 5.06 14.51 41.13 348.85
0.59 0.64 Reddish brown (44.37) (5.32) (14.78) (51.32) (379.03)
Ph;PbCl CgHN;0, C,HyN;O,Pb 160 73 49.92 3.91 7.28 34.03 628.36
1.22 0.43 Light yellow (49.66) (3.83) (6.95) (54.26) (604.67)
Ph,PbCl CH NSO C:sHxN;SOPb 108 71 48.70 3.87 6.35 33.14 602.22)
0.63 0.24 Dark yellow (48.37) 3.73) (6.77) (33.37) (620.73)
Ph;PbCl CgH,(N,O C,H,N,OPb 174 76 50.94 4.21 8.86 33.28 642.68)
1.44 0.54 Off-white (50.72) (3.93) (9.09) (33.65) (615.69)
Ph,;PbCl C, H,N,O C,sH,N,OPc 187 76 53.52 4.21 8.26 11.31 632.84
0.54 0.24 Brown (53.28) (4.00)  (8.57) (31.69)  (653.74)

cooled and the precipitate of potassium chloride
so formed was removed by filtration. The mother
liquor was concentrated by removing the excess
of solvent under reduced pressure and the result-
ing products were subsequently dried, then repea-
tedly washed with dry cyclohexane and methanol,
and finally dried under vacuum for 3—4h. The
analyses of these new complexes for carbon,
hydrogen, nitrogen, tin and lead agreed with the
theoretical values within the limits of experimen-
tal error (Table 1).

Analytical methods and physical
measurements

Carbon and hydrogen analyses were performed in
the Microanalytical Laboratory of this
Department. Nitrogen was estimated by
Kjeldahl’s method. Tin and lead were estimated
gravimetrically.'® Molecular weights were deter-
mined by the Rast camphor method and conducti-
vity was measured at 32 + 1 °C with a conductivity
bridge (Type 304 Systronics model). Infrared
spectra were recorded on a Perkin—Elmer 577
grating spectrophotometer in KBr pellets. The
UV-visible spectra of the compounds were
obtained on a Pye-Unicam SP-8-100 spectro-
photometer in dry methanol. 'H, C and '"Sn
NMR spectra were recorded on a JEOL FX 90Q
(90 MHz) spectrometer at 89.55, 22.49 and
33.35 MHz, respectively (Tables 2 and 3).

RESULTS AND DISCUSSION

Trimethyltin chloride and triphenyl-lead chloride
react with the potassium salts of the semicarba-
zones (SczH) in 1:1 molar ratios in a dry metha-
nolic medium, resulting in the isolation of
Me;Sn(Scz) and Ph;Pb(Scz) complexes, respecti-
vely. These reactions can be depicted by Eqns [1]
and [2].

Me;SnCl + Scz.KMLo}iM%Sn(Scz) +KCl [1]

Ph,PbCl + Scz. K——Ph,Pb(Scz) + KCl  [2]

These substitution reactions are quite facile and
the resulting products are coloured solids. These
are soluble in DMSO, DMF and THF. The molar
conductance of 107°m solutions of the com-
pounds in anhydrous DMF lies in the range
12-150hm™'cm? mol™" indicating their almost
non-electrolytic behaviour. The molecular weight
determinations show them to be monomeric in
nature. Their physical and analytical properties
are given in Table 1.

IR spectra

The infrared spectra of the ligands and their tin
and lead complexes were recorded and some
important features may be summarized as fol-
lows.

A sharp band in the region 1600-1620 cm™' in
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the ligands can be attributed to v(>C=N)." This
band appears at ca 1630+ 10 and 1590+ 10cm™"
in the corresponding organotin(IV) and organo-
lead(IV) complexes, respectively. The shifting of
this band is probably due to the coordination of
the azomethine (C=N—) nitrogen atom with the
metal atom.

A broad absorption band around 3300 cm™' is
observed due to »(NH)/(OH) stretching of the
semicarbazone. This band, however, disappears
in the complexes, thereby indicating the bonding
of nitrogen and oxygen with the metal atom. Two
sharp bands at ca 3440 and 3360 cm™', probably
due to the asymmetric and symmetric vibrations
of the NH, group in the ligand, remain almost
unchanged in the spectra of the metal complexes,
showing the non-involvement of this group in
complexation. "

The appearance of new, strong-to-medium-
intensity bands in the spectra of the complexes
assigned to ¥(Sn—0)," »(Sn<N)," »(Pb—0)"
and v(Pb <« N)!* vibrations in the region
400-600 cm ™ 'further supports the participation of
oxygen and azomethine nitrogen in complexa-
tion. The bands observed at ca 575 and 550 cm™!
in the spectra of tin complexes may be attributed
to v(Sn—CHs;),, and v(Sn—CHy), vibrations, res-
pectively. Further, the bands assigned to
v(Pb—C4Hs)!® and v(Pb—CgH;)! appear at ca
245 and 210 cm ™! respectively in the spectra of the
lead complexes.

'H NMR spectra

The proton magnetic resonance spectra of the
semicarbazone lignads as well as their corre-
sponding metal complexes have been recorded in

DMSO-d,, using TMS as the internal standard.
The chemical shift values (6, ppm) of the differ-
ent protons as shown in Tabie 2. For the sake of
convenience, the spectra of 2-acetylfuran semi-
carbazone and its trimethyltin(IV) and triphenyl-
lead(IV) derivatives are discussed in detail. The
broad signal exhibited by the ligand due to the
single NH proton in the N—NH—C grouping at ¢
10.91 ppm disappears in the organometallic deri-
vatives, indicating the coordination of nitrogen as
well as covalent-bond formation between metal
and oxygen due to the deprotonation of the enolic
form of the ligand. Further, in the spectra of the
complexes, a downfield shift in the position of the
—CH; and aromatic protons also indicates de-
shielding as well as the coordination of the
azomethine nitrogen to the metal atom. This is
probably due to the donation of a lone pair of
electrons by the nitrogen to the central metal
atom resulting in the formation of a coordinate
linkage (M « N). The appearance of signals due
to NH, protons at about the same positions in the
ligand and its complexes shows the non-
involvement of this group in coordination.
Further, new signals at 6 1.14 and 7.05 ppm in the
trimethyltin(IV) and triphenyl-lead(IV) deriva-
tives, respectively are assigned to the protons of
methyl and phenyl groups attached to the metal.

3C NMR spectra

The ®C NMR spectral data for 2-AcPyd.SczH
and its corresponding tin and lead complexes
were recorded in dry DMSO. The considerable
shifts observed in the positions of carbon atoms
adjacent to atoms involved in complex formation
clearly indicate the bonding of the azomethine

Table2 'H NMR data (8, ppm) of ligands and their corresponding metal complexes

_IC:N

Compound® —NH —NH, CH; Aromatic Sn—Me/Pb-Ph
2-AcFur.SczH 10.91 2.78 2.16 8.82-7.88 —
2-AcThiop.SczH 10.68 2.43 2.05 8.69-7.04 —
2-AcPyd.SczH 11.21 2.57 1.74 8.21-7.18 —
Me;Sn(2-AcFur.Scz) — 2.79 2.25 8.80-7.90 1.14
Me;Sn(2-AcThiop.Scz) — 2.45 2.16 8.77-1.22 1.05
Me,;Sn(2-AcPyd.Scz) — 2.59 1.86 8.34-7.27 1.22
Ph;Pb(2-AcFur.Scz) — 2.80 2.38 8.87-7.95 7.05
Ph,Pb(2-AcThiop.Scz) — 2.48 2.40 8.86-7.13 —*
Ph;Pb(2-AcPyd.Scz) — 2.61 1.96 8.40-7.28 —*

* Abbreviations: Fur, furan; Thiop, thiophene; Pyd, pyridine; Scz, semicarbazone.

® Overlapped with aromatic protons.
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Table3 "C NMR data of ligands and their corresponding metal complexes

Chemical shift values, 6 (ppm)
Compound 1 2 3 Aromatic/Pb—Ph Sn—Me
2-AcPyd.SczH? 157.64 13.26 169.30 145.38, 143.85, 142.67, 126.25, 123.21 —
Me;Sn(2-AcPyd.Scz)® 152.32 12.18 163.48 145.65, 144.13, 142.88, 126.57, 123.73 16.37

Ph,Pb(2-AcPyd.Scz)"

150.28 11.86 161.02 145.90, 144.53, 143.27, 126.85, 124.35, 131.94, 133.66, 135.42, 138.20 —

#2-AcPyd.SczH is

2

Z ) CH
| Y
O\c_u NH’C/O

Nuz

® The complexes have the structure

Qe

C-NHz
N—o”

|
R

where R =Me or Ph and M= Sn or Pb.

nitrogen and ketonic/enolic oxygen to the metal
atom (Table 3).

19Sn NMR spectra

In the ™Sn NMR  spectrum  of
Me;Sn(2-AcFur.Scz), the signal observed at 9,
—155ppm is in good agreement with previous
values for a penta-coordinated state around the
tin atom.”

On the basis of the results so far discussed,
including analytical as well as spectral data, the
penta-coordinated structures 1 and II may be
proposed for the resulting complexes.

BIOLOGICAL SCREENING

Antifungal activity

The antifungal activity of 2-AcPyd.SczH and 2-
AcFur.SczH, along with that of their correspond-
ing trimethyltin(IV) and triphenyl-lead(IV) com-

CHy
(D - L\
Me C- NH, SN—n
Ngp—0 P }c—nnz
N‘./ l /Pb—
Me (] |

(1) (ll)
X=0orS$

plexes, has been evalutated against Alternaria
brassicae, Alternaria tenuis, Aspergillus niger and
Fusarium oxysporum by the radial growth
method” using Czapek’s agar medium (sucrose,
agar-agar, KCl, KH,PO,, NaNO,;, FeSO, and
MgSO,). The compounds were directly mixed
with the medium in different concentrations.
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 seven days (Table 4). The
amount of growth inhibition in all of the repli-
cates was calculated by the equation:

oo (C-T)X 100
Percentage inhibition = —

where C is the diameter of the fungal colony in
the control plate and T is the diameter of the
fungal colony in the test plate.

Antibacterial activity

The antibacterial activity of 2-acetylthiophene
semicarbazone, 2-acetylfuran semicarbazone and
their corresponding tin and lead complexes has
also been tested against Escherichia coli (—),
Staphylococcus aureus (+) and Bacillus subtilis
(+) by the inhibition zone technique. All the
compounds were dissolved in methanol in
1000 ppm concentration. Paper discs of Whatman
No. 1 paper with a diameter of 5mm, were
soaked in these solutions. These discs were placed
on the appropriate medium previously seeded
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Table4 Antifungal activity of ligands and their corresponding organotin(IV) and organolead(IV) complexes

Average inhibition after 7 days (%)

Alt. brassicae Alt. tenuis Asp. niger Fus. oxysporum
Compound 200ppm 400ppm 200ppm 400ppm 200ppm  400ppm 200 ppm 400 ppm
2-AcPyd.SczH 27 32 24 28 35 40 20 28
2-AcFur.SczH 21 28 17 25 29 34 18 24
Me;Sn(2-AcPyd.Scz) 74 88 70 84 81 88 59 68
Me;Sn(2-AcFur.Scz) 70 78 61 74 68 82 71 83
Ph;Pb(2-AcPyd.Scz) 72 84 66 80 3 82 56 67
Ph;Pb(2-AcFur.Scz) 67 77 59 71 63 77 68 80

with organisms in Petri dishes and stored in an
incubator at 30+ 1°C. The inhibition zone thus
formed around each disc containing the test com-
pound was measured (in mm) after 24 h; the
results of these studies are shown in Table 5.
The results of the studies reveal that all the
compounds are highly active against these patho-
gens, even at low concentrations, and the inhibi-
tion of the growth of micro-organisms was found
to be dependent on the concentration of the
complexes. Furthermore, all the compounds
exert greatest toxicity against the fungus
Aspergillus niger and bacterium Bacillus subtilis
but are also least toxic towards the fungus
Fusarium oxysporum and the bacterium E. coli.
The results also indicate that the metal chelates
are more active than their parent ligands: this
may be accounted for by chelation theory.? On
comparing the influence of the metal ion on the
intrinsic fungitoxicity of metal chelates, it has
been inferred that organotin(IV) complexes are
more active compared with organolead(IV) com-
plexes. The enhanced activity of the complexes

Table5 Antibacterial activity of ligands and their corres-
ponding metal complexes

Diameter of inhibition zone

(mm)
Compound E. coli  B. subtilis  S. aureus
2-AcThiop.SczH 9 12 10
Me,Sn(2-AcThiop.Scz) 15 19 18
Ph,Pb(2-AcThiop.Scz) 13 18 15
2-AcFur.SczH 6 9 8
Me;Sn(2-AcThiop.Scz) 13 17 14
Ph;Pb(2-AcThiop Scz) 10 15 12

may be explained on the basis of their higher
solubility and the size of the metal ion.”
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