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Abstract

Five new organotin(IV) complexes with pyruvic acid isonicotinoyl hydrazone [H,PAI (1)]
of the general formula [Me,Sn(H,PAI)] (2), [R,Sn(H,PAI).H,O] [R=n-Bu, (3) or Ph, (4)],
[RSnCI(H,PAI).H,0] [R=Me (5) or Ph (6)] have been synthesized in the presence of base in
absolute methanol in 1:2:1 mole ratio (metal:base:ligand). All organotin(IV) complexes are
characterized by elemental analyses, molar conductance values, UV-Visible, IR and 'H
NMR spectral studies. The crystal structure of organotin(IV) complex (3) has also been
determined by X-ray crystallography diffraction analyses. Complex [rn-Bu,Sn(H,PAI).H,O]
(3) is orthorhombic with space group P2(1)/c with a=27.517(5), b=9.6574(18), ¢=15.742(3)
A, 0=90°, p=90°, y=90°, V=4183.4(13) A°, Z=8 and D.,.=1.448 mg m>. The complex [n-
Bu,Sn(H,PAI).H,0] (3) shows a distorted octahedral geometry with coordination for the
central tin(IV) atom and exhibits two monomeric structures in one unit cell. In the complex
(3), the pyruvic acid isonicotinoyl hydrazone ligand is coordinated to the tin(IV) as
dinegative tridentate chelating agent via the carboxylic-O, enolic-O and imine-N atoms.
Hydrazone ligand (1) and its organotin(IV) complexes have also been screened for their
antimicrobial activities and found to be relatively active.
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1. Introduction

In recent years, many organotin(IV) compounds have received attention both in academic
and applied research because of the ability of tin(IV)/organotin(IV) to afford stable bonds
with carbon as well as with other hetero atoms. On the other hand, organotin(IV)
compounds have been tested for their in-vitro activity against a large variety of tumour
cell lines and have been found to be as effective as or better than traditional heavy metal

'Corresponding author: maaffan@frst.unimas.my


mailto:maaffan@frst.unimas.my

M. A. Affan et al. J. Sci. Res. 1 (2), 306-316 (2009) 307

anticancer drugs such as cisplatin [1]. In addition to the aforesaid applications,
organotin(IV) compounds are also of interest in view of the considerable structural
diversity they possess. This aspect has been attracting the attention of a number of
researchers and a multitude of structural types have been discovered [2, 3]. Organotin
complexes have potential applications in organic synthesis, catalysis, medicinal chemistry
and biotechnology [4-5]. Recently, several novel molecular structures of organotin(IV)
complexes with hydrazone ligands have been reported by Affan et al. [6, 7]. To the best of
our knowledge, no work has been done on the tin metal chelating and the antibacterial
activity studies of pyruvic acid isonicotinoyl hydrazone ligand with diorganotin(IV)
dichloride. We report here the synthesis and characterization of hydrazone ligand (1)
(Scheme 1) and its organotin(IV) complexes (2-6), including the crystal and molecular
structure of [n-Bu,Sn(H,PAI).H,O] (3). The antimicrobial activity of the hydrazone ligand
(1) and its organotin(IV) compounds (2-6) are evaluated using various types of bacteria.
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2. Results and Discussion

2.1. Synthesis

The hydrazone ligand [H4PAI (1)] was synthesized by the condensation reaction of
isonicotinic hydrazide with pyruvic acid in 1:1 mole ratio in absolute ethanol. Five new
organotin(IV) complexes (2-6) of the ligand (1) were synthesized by direct reaction of the
appropriate organotin(IV) halide(s) with ligand (1) in the presence of a base under
nitrogen atmosphere. The addition of base in the reaction mixture was used for the
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deprotonation of the ligand (1). The physical properties and elemental analyses of the
ligand (1) and its organotin(IV) complexes (2-6) are shown in Table 1. All organotin(IV)
complexes are soluble in most common solvents. The molar conductance of 10* M
solutions of the organotin(IV) complexes in DMF/DMSO solvents lie in the range 20-31
ohm™'cm?® mol™ (Table 2), which show their non-electrolytic nature [8].

Table 1. Physical and analytical data of ligand (1) and its organotin(IV) complexes (2-6).

Compounds Colour m.p.(°C) Found (calc.) %
C H N

H,PAI 1) White 208-210 52.16 4.33 20.30
(52.17) (4.35) (20.29)

[Me,Sn(H,PAT)] 2) Pale- 286-288 37.40 3.67 11.89
yellow (37.39) (3.68) (11.90)

[n-Bu,Sn(H,PAI).H,0]  (3) Pale- 130-132 44.83 5.74 9.23
yellow (44.84) (5.75) (9.23)

[Ph,Sn(H,PAI).H,0] %) Pale- 230-232 50.90 3.85 8.49
yellow (50.91) (3.84) (8.48)

[MeSnCI(H,PAI).H,0] 5) Pale- 244-246 30.60 3.05 10.71
yellow (30.58) (3.006) (10.70)

[PhSnCI(H,PAI).H,0] (6) Pale- 268-270 39.62 3.07 9.25
yellow (39.65) (3.08) (9.24)

Table 2. Molar conductance of organotin(IV) complexes (2-6) of ligand (1).

Compounds Molar conductance, A,
(ohm™ cm? mol ")
[Me,Sn(H,PAI)] 2 20
[n-Bu,Sn(H,PAI).H,0]  (3) 31
[Ph,Sn(H,PAI).H,0] (4 27
[MeSnCI(H,PAI).H,0]  (5) 22
[PhSnCI(H,PAI).H,0]  (6) 26

2.2. Electronic absorption spectra

The UV-Visible electronic spectra of ligand (1) and its organotin(IV) complexes (2-6)
were measured at room temperature in DMF or DMSO (10 M) solutions over 200-600
nm range (Table 3). Pyruvic acid isonicotinoyl hydrazone ligand (1) exhibited one main
band at 268 nm, which was attributed to >C=0- and >C=N- chromophore groups. The
longer wavelength bands in the region 322-329 nm in the organotin(IV) complexes (2-6)
are attributed to a charge transfer transition [9].
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Table 3. The 4,,,, (nm) peaks of ligand (1) and its
organotin(IV) complexes (2-6) in DMF (10™* M).

Compounds Amax (NM)
H4PAI Q) 268
[Me,Sn(H,PAI)] ) 326
[n-Bu,Sn(H,PATI).H,0] 3) 326
[Ph,Sn(H,PATI).H,0] 4) 329
[MeSnCI(H,PAI).H,0] 5) 322
[PhSnCI(H,PAT).H,0] (6) 325

2.3. Infrared spectra

The most significant IR bands of ligand (1) and its organotin(IV) complexes (2-6) are
shown in the experimental section. The strong bands for Y NH) stretching vibration of the
free ligand (1) at 3170 cm™ disappeared in its complexes (2-6), due to enolization of —
CONH- group followed by the formation of the complex through deprotonation. The IR
spectra of the organotin(IV) complexes (2-6) show peaks 1591-1603 cm™ due to the
newly formed C=N-N=C bond indicating that the coordination of the ligand (1) takes
place via enol rather than the keto form. The coordination of imidol group in all the
complexes (2-6) is further evident by the appearance of new bands characteristic of
UNCO) in the range 1501-1509 cm™ in the complexes [10]. This is further supported by
the weak bands at 537-551 cm™ assigned to Y(Sn-O), which are, however, absent in the
free ligand (1) [11].

In organotin carboxylates, the IR spectra can provide useful information on
carboxylate binding. The 1—o(COOH) vibration for the free ligand (1) at 1713 cm’
disappeared in its complexes, and that the complexes (2-6) showed 1,(COO’) and
1,(COO) bands in the regions 1618-1627 cm™ and 1377-1385 cm’, respectively. The
magnitude of Dm[v,(COO)- 1,(COO)] occurring at 233-248 cm™ indicates that the
carboxylate ligand behaved as monodentate ligand under the conditions employed [12],
respectively. These conclusions are supported by the results of X-ray diffraction studies.

The positive shifting of hydrazinic stretching v(N-N) band of free ligand (1) observed
at 903 cm™ to the higher region at 916-929 c¢m™ in the complexes (2-6) supports that the
azomethine nitrogen is coordinated to Sn(IV) ion [13]. Coordination of the azomethine
nitrogen is also consistent with the presence of a new band at 483-498 cm™, assigned to
USn-N).

2.4. 'H NMR spectra

The "H NMR spectral data of ligand (1) and its organotin(IV) complexes (2-6) have been
recorded in DMSO-d;. The free ligand (1) showed three signals at 11.22, 7.61 and 2.20
ppm, which are assigned to the protons associated with -COOH, -CONH- and —
(H3C)C=N-, respectively. The absence of a COOH proton signal at 11.22 ppm, indicated
deprotonation of the carboxylic proton in the complexes (2-6) [14]. A single resonance for
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the proton in -NHN= group in the spectrum of ligand (1) is observed at 7.61 ppm, which
is absent in the spectra of the organotin(IV) complexes (2-6). This indicates the
deprotonation of -NHN= group and the coordination of O-amide with tin atom in the enol
form [15]. The ligand shows a multiplet pattern in the region ¢ 7.71-8.80 ppm for the
pyridine ring protons, which is observed in the region ¢ 7.90-8.91 ppm in the
organotin(IV) complexes (2-6). This shifting also supports the coordination through the
enolate-O atom. The azomethine proton signal due to methyl proton appears at 2.20 ppm
in the free ligand (1). The downfield chemical shift of the -(H;C)C=N- group in the
complexes (2-6) compared to the free ligand (1) indicates that the N-imine atom is
coordinated to tin(IV) atom.

The sharp signal attributed to methyl group attached to tin atom appeared as a singlet
at 0.69 and 1.20 ppm in the complexes (2 and 5). In the complex (3), it exhibited two
resonance signals as a singlet at 0.75 ppm corresponding to the CH;3 and a multiplet in the
region 1.15-1.64 ppm assigned to the (-CH,-); chain of the n-Bu group attached to the
tin(IV) atom. Complexes 4 and 6 showed a multiplet in the region 7.22-7.78 ppm, which
was assigned to Sn-Ph protons, respectively. The comparison of the 'H NMR spectra
between dimethyltin(IV) complex (2) and organotin(IV) complexes (3-6) revealed that
there is coordinated water molecule (signal at 5.30-5.55 ppm in the complexes (3-6)),
while no signal of coordinated water molecule in the complex (2) [16]. This is further
from the X-ray diffraction study.

2.5. Crystal structure of [n-Bu,Sn(H,PAI).H>0] (3)

The molecular structure along with atom numbering scheme for [n-Bu,Sn(H,PAI).H,O]
(3) is shown in Fig. 1. The X-ray structural investigation of [n-Bu,Sn(H,PAI).H,O]
revealed that the pyruvic acid isonicotinoyl hydrazone ligand is O, N, O- coordinated in
complex (3). The crystal data and structure refinement for compound (3) are summarized

c17

Fig. 1. Molecular structure of [n-Bu,Sn(H,PAI).H,0O] (3). Thermal ellipsoids at the 50% level.
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in Table 4. The selected bond distances and angles for complex (3) are given in Table 5.
The X-ray crystal structure of complex (3) revealed that there are two molecules in one
unit cell, which is different compared to the diorganotin(IV) complexes derived from the
pyruvic acid isonicotinoyl hydrazone [11, 12]. The tin(IV) atom has six coordination
geometry in a distorted octahedral arrangement in which one water molecule, one pyruvic
acid isonicotinoyl hydrazone ligand and two butyl groups are coordinated to Sn(IV)
center. The Sn atom lies in the ligand plane and forms a five-membered chelate ring with
the ligand. The water molecule, imino nitrogen, carboxylato oxygen and enolato oxygen
take the equatorial positions, while the two butyl groups take up the axial sites around the
Sn atom.

The octahedral geometry in complex (3) is distorted as indicated by the bond angles of
165.4(2)° and 164.7(2)° for C(14)-Sn(1)-C(10) and C(27)-Sn(2)-C(31) and the deviation
from 90° of the angles C(10)-Sn(1)-N(3) [97.58(19)°] and C(14)-Sn(1)-N(3) [96.1(2)°].
The coordination geometry about the Sn(IV) atom is distorted octahedral with the two
butyl groups take up the axial position. The C(14)-Sn(1)-C(10) [165.4(2)°)] are axis
deviated significantly from the linearity, probably as a consequence of the steric hindrance
of the butyl groups. The sum of the angles O(1)-Sn(1)-N(3), N(3)-Sn(1)-O(3), O(4)-Sn(1)-
0O(3) and O(1)-Sn(1)-0O(4) is 360.03°, thus the atoms Sn(1), N(3), O(1), O(3) and O(4) are
almost in the same plane.

Table 4. Crystal data and the structure refinement for the complex [1#-Bu,Sn(H,PAI).H,0] (3).

Formula Ci7 Hy; N3 O4 Sn
Formula weight 456.11
Crystal system Orthorhombic
Space group P2(1)/c

Z 8

a(A) 27.517(5)
b(A) 9.6574(18)
c(A) 15.742(3)
a(®) 90

BO) 90

7(°) 90

V(A% 4183.4(13)
Dqte (mg m™) 1.448
Absorption coefficient (mm™) 1.245
Temperature (K) 298(2)
Wavelength (A) 0.71073

Final R indices [/>2071)]
R indices (all data)
Goodness-of-fit on F*

R, =0.0312, wR, = 0.0841
R,=0.0365, wR, = 0.0882
0.891
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Table 5. Selected bond lengths and bond angles for the complex [r-Bu,Sn(H,PAI).H,0] (3).

Bond lengths (4)

Sn(1)-C(14) 2.107(5) C(6)-0(1) 1.279(7)
Sn(1)-C(10) 2.125(5) N(2)-C(6) 1.300(7)
Sn(1)-0(1) 2.183(3) N(2)-N(3) 1.403(5)
Sn(1)-0(3) 2.368(3) N@3)-C(7) 1.283(6)
Sn(1)-0(4) 2.360(5) C(9)-0(3) 1.290(6)
Sn(1)-N(3) 2.267(4) C(9)-0(2) 1.233(6)
Sn(1)-N(3)-N(2) 118.1(3) 0(3)-C(9)-C(7) 115.8(5)
Sn(1)-O(1)-C(6) 115.3(3) N(2)-C(6)-O(1) 128.3(5)
Sn(1)-0(3)-C(9) 118.3(3) N(3)-N(2)-C(6) 107.9(4)
Sn(1)-NQ3)-C(7)  122.73) N(3)-Sn(1)-0(3) 68.08(13)
O(1)-Sn(1)-N(3) 69.80(14) C(9)-C(7)-N(3) 115.1(5)

O(1)-Sn(1)-0(4)  76.12(17)  C(14)-Sn(1)-C(10)  165.4(2)
0(3)-Sn(1)-0(4)  146.03(15)

The Sn-C bond distances of complex (3) [2.107(5) A and 2.125(5) A] are similar to
those in Me,Sn(H,CBS) derived from Me,SnCl, [6]. In the complex (3), the Sn(1)-O(1)
bond, 2.183(3) A is shorter than the Sn(1)-O(3) bond, 2.368(3) A, this is a consequence of
O(3) being a carboxylato and O(1) being an enolato. The Sn-N, 2.267(4) A bond of
compound (3) is longer compared to Sn-N bond found in Ph,Sn(H,CBS) [2.162 A] [7],
but a little shorter than that of {Ph,Sn[4-NCs;H4;CON,C(CH;)CO,] (H,0)},. CH,Cl,. H,0
[2.288 A][17] and is considerably less than the sum of the van der Waals radii of tin and
nitrogen atom, 3.75 A [17]. The solvent molecules do not have any obvious interaction
with the complex, but the water molecule, which attached to the tin(IV) is either came
from the side product of the reaction or during the single crystal preparation time.

2.6. Antibacterial activity

The synthesized hydrazone ligand (1) and its organotin(IV) complexes (2-6) were tested
for their antibacterial activity. Table 6 shows the antibacterial activity of ligand (1) and its
organotin(IV) complexes (2-6). Among the synthesized complexes, the dibutyltin(IV) and
diphenyltin(IV) complexes (3-4) were found to be more active than the others. The
enchance activity of organotin(IV) complexes might be due to the increased lipophilic
nature of these complexes arising due to the chelation [18]. In general, the organotin(IV)
complexes exhibited remarkable potential in inhibiting the growth of bacteria. Therefore,
these results can be used for further intensive studies of these complexes (2-6) in order to
develop antibacterial compounds for the application in various fields.
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Table 6. Antibacterial activity of the ligand (1) and its organotin(IV) complexes (2-6).

Diameter of inhibition zone (mm)

Compounds E. coli B. subtilis S. aureus
H,PAI (1) 8 11 10
[Me,Sn(H,PAI)] (2) 14 19 22
[n-Bu,Sn(H,PAT).H,0] (3) 18 23 27
[Ph,Sn(H,PATI).H,0] (4) 15 20 24
[MeSnCI(H,PAI).H,0] (5) 11 16 18
[PhSnCI(H,PAI).H,0] (6) 14 18 20
Chloramphenicol (Control) 30 30 31

3. Experimental Methods
3.1. Preparation of pyruvic acid isonicotinoyl hydrazone ligand (H,PAI) (1)

A mixture pyruvic acid (0.441g, 0.005 mole) and isonicotinic hydrazide (0.686g, 0.005
mole) in absolute ethanol (50 mL) were heated under reflux for 3-4 hours. The reaction
mixture was allowed to cool to room temperature for half an hour. Then the white
precipitate was filtered off and washed several times using absolute ethanol. The
crystalline white solid obtained was purified by recrystallization from hot absolute ethanol
and dried in vacuo over P,Os. Yield = 0.820g, 72.8%. m. p. = 208-210 °C. A, (nm)
(DMSO): 268. IR (Vpaem™ (KBr): 3178 (NH), 1721 (COOH), 1674 (CONH), 1619
(C=N), 1286 (C-0, carboxylic), 903 (N-N). 'H NMR (DMSO-d;, 300 MHz) J 11.22 (br,
1H, COOH), J 7.61 (s, 1H, CONH), ¢ 2.20 (s, 3H, (H;C)C=N), ¢ 7.71, 7.73 (d, 2H, 3,5-
Pyridine-H), ¢ 8.79, 8.80 (d, 2H, 2,6-Pyridine-H). Calc. for CoHoN;0;: C, 52.17; H, 4.35;
N, 20.29%. Found: C, 52.16; H, 4.33; N, 20.30%.

3.2. Preparation of organotin(IV) complexes
3.2.1. [Me;Sn(CoH;N;05)] (2)

Pyruvic acid isonicotinoyl hydrazone ligand (1) (0.414g, 0.002 mole) was dissolved in hot
absolute methanol (20 mL) under nitrogen atmosphere with potassium hydroxide (0.236g,
0.0042 mole) previously dissolved in methanol (5 mL). The colour of the solution
changed from off-white to yellow. The resulting mixture was refluxed for one hour and a
solution of Me,SnCl, (0.439g, 0.002 mole) in methanol (10 mL) was added drop wise to
the potassium salt of ligand solution, the color of the solution became lighter. The
resulting solution was refluxed for three hours and allowed to cool to room temperature.
The precipitated potassium chloride (KCI) was removed by filtration and the filtrate was
evaporated to dryness using rota evaporator to obtain the pale yellow microcrystals. The
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pale yellow micro-crystals were filtered off and washed with hexane and dried in vacuo
over P,Os overnight. Yield = 0.736g, 67.6%. m. p. = 286-288 °C. A, (nm) (DMF): 326.
IR (Vymem (KBr): 1619 (,mCOy), 1602 (C=N-N=C), 1509 (-NCO’), 1382 (4,nCOy),
927 (N-N), 540 (Sn-0), 483 (Sn-N). 'H NMR (300 MHz, DMSO-d;): ¢ 8.70, 8.72 (d, 2H,
2,4-pyridine-H), 6 7.92, 7.94 (d, 2H, 3,5-pyridine-H), ¢ 2.30 (s, 3H, (H;C)C=N), 6 0.69 (s,
6H, Sn-CH3). Calc. for CoH7N;03Me,Sn: C, 37.39; H, 3.68; N, 11.90%. Found: C, 37.40;
H, 3.67; N, 11.89%.

3.2.2. [i’l-BMgSI’l(CgH7N303)H20] (3)

Complex (3) was synthesized similarly to complex (2), using di-n-butyltin(IV) dichloride
(0.608g, 0.002 mole) instead of dimethyltin(IV) dichloride. Single crystals suitable for X-
ray diffraction studies were obtained by slow evaporation of methanol solution at room
temperature. Yield = 0.882 g, 70.1%. m. p. = 130-132 °C. A,, (nm) (DMF): 326. IR
(Vmaxem™ (KBr): 1618 (45,,mCOy), 1603 (C=N-N=C), 1508 (NCO'), 1385 (;,nCO5), 925
(N-N), 537 (Sn-0), 485 (Sn-N). 'H NMR (300 MHz, DMSO-d,): § 8.71, 8.73 (d, 2H, 2,4-
pyridine-H), 6 7.90, 7.91 (d, 2H, 3,5-pyridine-H), J 5.50 (s, 2H, H,O-Sn), ¢ 2.34 (s, 3H,
(H;C)C=N), ¢ 0.75-1.42 (m, 18H, Sn-Bu). Calc. for CyH;N;0;Bu,Sn.H,0: C, 44.84; H,
5.75; N, 9.23%. Found: C, 44.83; H, 5.74; N, 9.23%.

3.2.3. [PhsSn(CoH N;05).H,0] (4)

Complex (4) was prepared similarly to complex (2), using diphenyltin(IV) dichloride
(0.688g, 0.002 mole) instead of dimethyltin(IV) dichloride. Yield = 0.878g, 65.6%. M. p.
=230-232 °C. A (nm) (DMF): 329. IR (Vjpem™ (KBr): 1627 (4mCOy), 1591 (C=N-
N=C), 1501 (-NCO"), 1384 (4mCO,), 929 (N-N), 542 (Sn-0), 492 (Sn-N). 'H NMR (300
MHz, DMSO-dy): ¢ 8.71, 8.73 (d, 2H, 2,4-pyridine-H), 6 7.94, 7.96 (d, 2H, 3,5-pyridine-
H), ¢ 5.55 (s, 2H, H,0O-Sn), 6 2.23 (s, 3H, (H;C)C=N), ¢ 7.22-7.63 (m, 10H, Sn-Ph). Calc.
For CoH;N3;0;Ph,Sn.H,O: C, 50.91; H, 3.84; N, 8.48%. Found: C, 50.90; H, 3.85; N,
8.49%.

3.2.4. [MeSnCI(Co,H;N;03).H,0] (5)

The procedure for the preparation of (5) was similar to the preparation of (2), with
methyltin(IV) trichloride (0.481g, 0.002 mole) used instead of dimethyltin(IV) dichloride
and the refluxing time for this preparation was 2-3 hours. Yield = 0.714g, 63.1%. m. p. =
244-246 °C. Ay (nm) (DMF): 322. IR (Vgeem™ (KBr): 1620 (,5,,mCO5), 1600 (C=N-
N=C), 1508 (-NCO"), 1382 (mCO,), 920 (N-N), 546 (Sn-0), 493 (Sn-N). 'H NMR (300
MHz, DMSO-dj): 6 8.80, 8.82 (d, 2H, 2,4-pyridine-H), ¢ 8.04, 8.05 (d, 2H, 3,5-pyridine-
H), 6 5.30 (s, 2H, H,0O-Sn), J 2.40 (s, 3H, (H;C)C=N), 3 1.20 (s, 3H, Sn-CHj3). Calc. For
CoH,N;05MeSnCLH,0: C, 30.58; H, 3.06; N, 10.70%. Found: C, 30.60; H, 3.05; N,
10.71%.
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3.2.5. [PhSnCI(CoH,N;05).H,0] (6)

The procedure for the preparation of (6) was similar to the preparation of (5), with
phenyltin(IV) trichloride (0.604g, 0.002 mole) used instead of methyltin(IV) trichloride.
Yield = 0.767g, 61.2%. m. p. = 268-270 °C. A, (nm) (DMF): 325. IR (Vj,,cm” (KBr):
1621 (4ymCO7’), 1599 (C=N-N=C), 1506 (-NCO), 1377 (ymCO,), 916 (N-N), 551 (Sn-
0), 498 (Sn-N). ). 'H NMR (300 MHz, DMSO-dy): 6 8.89, 8.91 (d, 2H, 2,4-pyridine-H), 0
7.99, 8.01 (d, 2H, 3,5-pyridine-H), § 5.40 (s, 2H, H,O-Sn), ¢ 2.31 (s, 3H, (H;C)C=N), ¢
7.29-7.78 (m, 5H, Sn-Ph). Calc. for CoH;N30;PhSnC1.H,0: C, 39.65; H, 3.08; N, 9.24%.
Found: C, 39.62; H, 3.07; N, 9.25%.

3.2.6. Antibacterial activity

The antibacterial activities of the ligand (1) and its organotin(IV) complexes (2-6) were
studied by modified plate diffusion method [18] against Gram-positive and Gram-negative
bacteria. Gram-positive bacteria species chosen in this assay were Staphylococcus aureus
and Bacillus subtilis, whereas for Gram- negative bacteria, Escherichia coli was selected.
Briefly, each species of the bacterial culture with optical density (OD) at 0.5-0.6 grown in
nutrient media was swabbed thoroughly onto respective nutrient agar plates. Sterile paper
disks impregnated with 0.2 uM filtered sterilized hydrazone ligand or its individual
complexes were aseptically transferred on the surface of inoculated nutrient agar surface
in a maximum limit of 4 disks with similar distant apart assigned per plate. In the disks
preparation, the hydrazone ligand and its individual complex at concentration of 3 mg/mL
and 5 mg/mL, respectively, were dissolved in DMSO before impregnating the disk with a
fixed volume of 100 pL sample per disk. Chloramphenicol at 3 mg/mL was employed as
control. Disks were air dried under aseptic condition before being transferred to nutrient
agar plates. Following overnight 24-hour incubation at 37 °C, zones of inhibition were
measured in millimeters and the relative effectiveness of each compound was determined
by comparing the diameter of inhibition zones. Each compound was tested in triplicate.
The assay was carried out in a single batch to avoid batch-to-batch error.

3.2.7. X-ray crystallography

The measurements were performed at 273 (2) or 298 (2) K on Siemen SMART CCD
diffraction using graphite-monochromated Mo-Ka. radiation (4 = 0.71073 A). Orientation
matrix and unit cell parameters were obtained from the setting angles of 25-centered
reflection. The structure was solved using direct methods and refined using the full-matrix
least-square method on F,* using the SHELXTL [19] software package. All non-H atoms
were anisotropically refined. The hydrogen atoms were located in a difference Fourier
map and then were fixed geometrically and treated as riding atom on the parent C atoms,
with C-H distances = 0.97 A.
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