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ABSTRACT

A new series of triorganotin(lV) complexes of manofional bidentate Schiff base have been syn@mtsand
characterized through elemental analysis, condumdameasurements, molecular weight determinatitis;
visible, multinuclear 'H, °C, **°Sn) NMR spectroscopy, FT-IR, X-ray powder diffi@ttiand theoretical
calculations. On the basis of these techniques, iroposed that the ligands are bounded to theatom through
the azomethine nitrogen and carboxylate oxygen. ddta reveal that triorganotin(IV) complexes haventa-
coordination with trigonal bi-pyramidal geometry. diécular modeling has been provided in support loé t
geometry of complexes. The synthesis organotig@iipounds have been tested against various Graitivyeoand
Gram-negative bacteria (Bacillus cereus, E. coligh&iella spp. and Staphylococcus spp.). The resbtained
show that the synthesized organotin(lV) complerse promising activity against all the tested marganisms.

Keywords: Isatin, Chloroisatin, spectroscopy, organotin(lsémplexes, theoretical calculations, X-ray powder
diffraction, Antimicrobial activity.

INTRODUCTION

Amino acids and their compounds with different rhétas play an important role in biology, pharmaand
industry [1-4]. A number ofin-vivo studies have indicated that biologically activempounds become more
bacteriostatic and carcinostatic upon chelatiorchSunteraction of transition metal ions with amiaoids and
peptides is of immense pharmaceutical and bioldlgicaportance [5-10]. A considerable research effe devoted
to synthesis of new Schiff base complexes with trietss, to further develop applications in the acéanaterial
science, biological and pharmaceutical chemistty+13]. Isatin is an endogenous molecule identifiechuman
beings that has anticonvulsant, antimicrobial, gesit and various other pharmacological activitiestensive
literature review has been made regarding the iietvof the isatin, especially for its anticomauts$, antimicrobial
and anti-inflammatory activity. Schiff’'s bases s&fin were reported to possess anticonvulsantigcéind various
other pharmacological activities [14-17].

The complexes of organotin(lV) compounds with rggn and oxygen donor ligands have been studiecxedy

not only driven by their interesting coordinatidmemistry but also due to the potential applicationghe field of

material science, agriculture, biological actistiand pharmaceutical chemistry. Biological activatyorganotin

complexes is believed to be independent on thetsire of molecule and coordination number of théaid 8-21].

It has also been noted that many di and triorgagid) carboxylates display interesting antitumotiwtes [22]. As

a part of our continuing efforts to synthesis ahdracterize tributyltin chelates using simple irexgive amino acid
Schiff bases, in the paper we describe the syrghediaracterization and antimicrobial studies adblet

tributyltin(IV) complexes.
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EXPERIMENTAL SECTION

All reagents were purchased from Aldrich and Meaiokl were used as such. The solvents were purifiddiaed
according to the literature method [23]. All thactons were carried out under anhydrous and oxjrgennitrogen
atmosphere. Melting points were determined in a@noglass capillaries and were uncorrected. Thendigavere
prepared by the condensation of isatin and 5-cldatim with amino acids (isoleucine, valine, meihanand
histidine) as described earlier [18].

Analytical Methods and Spectral Measurements

Tin was estimated gravimetrically as SNn@HN analyses were carried out on a Perkin EInZ#02Elemental
Analyzer. The elemental and spectral analyses othsgized compounds have been carried out at SAtfaP
University, Chandigarh. The purity of compounds whscked on thin layers of silica gel in variousiamueous
solvent systems, e.g. benzene: ethylacetate (@hyene: ethylacetate (8:2). Molecular weight aeitggitions were
carried out by the Rast camphor method. Molar cotahce measurements were made in anhydrous
dimethylformamide at 25+5 °C using a Systronics drantivity bride model 305. The electronic spectrarev
recorded in DMSO on a Thermo UV1 spectrophotoméfespectra were recorded on a Perkin EImer Spec8B-

2 Fourier transform spectrophotometer using KBiepel(4000-400 cif). *H and**C NMR spectra were recorded
on a Bruker Avance 1l (400 MHz) FTNMR spectrometising DMSO-¢ as solvent at 400 MHz and 100 MHz,
respectively. TMS was used as internal referencéHoNMR and**C NMR. The'**SnNMRspectra with proton
noise decoupling were recorded on a Bruker Avahspdctrometer using dry DMSO as the solvent at2U81Hz
and tetramethyltin (TMT) as an external standarday) powder patterns were obtained with a SIEMENSODO
X-ray diffractometer using Cu radiation (I = 1.5405984 A) and setting of 30 kWdal5 mA. The geometry
optimization of the compound (1b) and (2b) from theerimental structures was carried out with DFathad.
B3LYP at 6-31G basis sets were performed with theigSian 03 software package, and Gauss view \dstialn
program [24] to conduct the DFT calculations. B3Li¥iethods at 6.31G basis sets calculation level eamgloyed
in investigation of the optimized molecular struet

Syntheses of Tributyltin(lV) Complexes

Bis(tri-n-butyltin) oxide (2.5 mmol) was added to the cadted amount of the ligands (5.0 mmol) in 1:2 moédio

in dry benzene (70 ml), methanol (30 ml) mixtureeaction medium. The contents were refluxed ometibnating
column for about 6 - 8 hours. The water libratedtia reaction was removed azeotropically with bagzeOn
completion of the reaction, the resulting prodwetse rendered free from solvent and then washesategly with
dry cyclohexane. The crystalline solids were seedraut and purified by recrystallization from tb@me solvent.
The products so formed were finally dried in vacuain®#0+5 °C for 2 - 3 hours. The purity of the cdexgs was
checked by TLC using silica gel-G as adsorbentirTgteysical properties and analytical data are givelow:

Compound2a]: Yield: 72.05 %; m.p. 220 °C; colour: yellowish;nAl. Calcd. for GsH4,N,OsSn: Sn, 21.61; C,
56.85; H, 7.71; N, 5.10. Found: Sn, 21.53; C, 561977.68; N, 5.15; IR (KBr, cif): 1610s (C=N- stretching
vibration), 1728s (-C=0 stretching of carboxylat®ip), 1600m (COO asymmetric stretching of COOR5If
(COO symmetric stretching of COO), 545m {SN), 434s (Sn-0), 656m (Sn-CH-NMR (300 MHz, DMSOd;,

6/ ppm): 3.98 (1Hd, J= 7.2 Hz, N-CHCH-), 2.08-2.16 (1Hm, CH,-CH-CHz), 0.80 (3H, dJ= 7.2 Hz, CH-CH),
1.48-1.57 (2Hm, -CH-CH,-CHj), 0.95 (3H,t, J= 7.3 Hz, CH-CHjy), 8.10 (1H,s, NH) 7.22-7.80 (4Hm, aromatic
ring); 1.65-1.21(6Hm, -(CH,)s-); 0.80 (3H,t, J= 7.4 Hz, CH of butyl group); *C-NMR (100 MHz, DMSO¢ /
ppm): 185.2 (-CO0), 66.6 (-CH), 154.3 (-C=N), 2{-GH,), 17.5 (-CH), 167.5, 146.1, 133.0, 130.6, 126.4, 124.2,
120.2 (aromatic carbons); 27.4, 27.9, 24.6, 13BE6); *°Sn-NMR (149.21 MHz, DMSQj / ppm): 125.38.

Compound2b]: Yield: 83.09 %; m.p. 230 °C; colour: light browanal. Calcd. for GsH3gCIN,OsSn: Sn, 20.84; C,
52.70; H, 6.90; N, 4.92. Found: Sn, 20.92; C, 521816.97; N, 4.87; IR (KBr, cif): 1618s (C=N- stretching
vibration), 1724s (-C=0 stretching of carboxylat®up), 1604s (COO asymmetric stretching of COOR2I3
(COO symmetric stretching of COO), 540w ¢(SN), 430m (Sn-0), 638m (Sn-CH-NMR (300 MHz, DMSOd;,
o/ ppm): 4.38 (2H{, N-CH-C); 8.12(2Hs, NH); 7.17-7.83(4Hm, aromatic); 0.76 (3Ht, CH;, Sn-Bu); 1.25-1.90
(6H, m, -(CH,)s-, Sn-Bu);***Sn-NMR (149 MHz, DMSO§ / ppm):132.15.

Compound2c]: Yield: 69.57 %; m.p. 160 °C; colour: light browAnal. Calcd. for GsH4N,0sSSn: Sn, 20.92; C,
52.92; H, 7.11; N, 4.94; S, 5.65. Found: Sn, 200852.79; H, 7.05; N, 4.91; S, 5.57; IR (KBr, ®m1612s (C=N-
stretching vibration), 1726s (-C=0 stretching ofomylate group), 1596m (COO asymmetric stretcloh@OO),
1322m (COO symmetric stretching of COO), 550w «3¥), 455m (Sn-O), 668s (Sn-CH-NMR (300 MHz,
DMSO-ds, 6 / ppm): 4.46(1Ht, -CH-); 3.30(2Hd, -CH,); 7.08-7.82(5Hm, aromatic); 1.72-1.18 (6H, -(CHy)3-);
0.76, (3H,t, CH; of butyl group):*C-NMR (100 MHz, DMSO / ppm): 184.2 (-COO), 60.1 (-CH), 153.7 (-C=N),
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30.8 (-CH), 17.5 (-CH), 157.0, 144.6, 136.4, 132.2, 129.3, 122.8, 1{arédmatic carbons); 27.1, 28.7, 25.2, 13.9
(Sn-Bu).

Compound2d]: Yield: 72.90 %; m.p. 210 °C; colour: light browAnal. Calcd. for GeH3;CIN4OsSn: Sn, 19.53; C,
51.38; H, 6.14; N, 9.22. Found: Sn, 19.67; C, 511226.08; N, 9.14; IR (KBr, cif): 1608s (C=N- stretching
vibration), 1722s (-C=0 stretching of carboxylat®up), 1595m (COO asymmetric stretching of COO)18if
(COO symmetric stretching of COO), 555s {SN), 442w (Sn-0), 645s (Sn-C}-NMR (300 MHz, DMSOdg, 6 /
ppm): 4.42(1Ht, N-CH-); 3.29 (2Hd, J= 7.6 Hz, -CH-); 7.05-7.75 (5Hm, aromatic); 1.76-1.20 (6H, -(CH,)s-
); 0.80 (3H,t, CH; of butyl group);"**Sn-NMR (149.21 MHz, DMSQj / ppm):128.25.

Compound2¢]: Yield: 80.27 %; m.p. 216 °C; colour: light browAnal. Calcd. for GsH39CIN,OsSSn: Sn, 19.73;
C, 49.89; H, 6.53; N, 4.65; S, 5.33. Found: Sn589C, 49.74; H, 6.50; N, 4.58; S, 5.30; IR (KBm’b: 1605s
(C=N- stretching vibration), 1734s (-C=0 stretchiofgcarboxylate group), 1590s (COO asymmetric shieg of

C0O0), 1315m (COO symmetric stretching of COO), 56@n—N), 450m (Sn-O), 662m (Sn-C-NMR (300

MHz, DMSO-dg, 5 / ppm): 4.81 (1Ht, N-CH-CH,-); 2.30 (4H,m, -(CH,),-); 1.72 (3H,s, -CHy); 8.14 (1H,s, NH);

6.97-7.80 (4Hm, aromatic); 1.88-1.20 (6Hm, -(CH,)s-); 0.85 (3H,t, CH, of butyl group);***Sn-NMR (149.21
MHz, DMSO,d / ppm):125.38.

Antibacterial Assay

Synthesized compounds were screened for theiratélial activity againd. cereusE. coli, Klebsiella spp and
Staphylococcus sppat various concentrations 10@/ml and 200ug/ml by the agar well diffusion method [25]. 5
ml aliquot of nutrient broth was inoculated witletkest organisms and incubated at 30 °C for 24shdsterile
nutrient agar plates were also prepared and hdl&nom diameter were cut using a sterile cork bam@suring
proper distribution. The test organisms after 24irhoof incubation were spread onto separate agdespl The
chemical compounds were dissolved in DMSO were gabunto appropriately labeled holes using a pipétte
aseptic conditions. A hole containing DMSO servedaacontrol. Triplicate plate of each bacteriahisirwas
prepared. The plates were incubated aerobicalB0atC for 24 h. The antimicrobial activity was detined by
measuring the diameter of the zone (mm) showingpdete inhibition with respect to control (DMSO).

RESULTSAND DISCUSSION

Bis(tri-n-butyltin) oxide reacts with the Schiff bases if2 Inolar ratio in dry benzene and methanol to ghe
complexes under azeotropic removal of water (Sch&mné&he reactions were found to be quite facild arre
complete within 6-8 h of refluxing. The resultinglid complexes were obtained in good yields (709680 The
solid complexes were soluble in methanol, DMSO BMF and sparingly soluble in chloroform and otheganic
solvents. The compounds were dissolved in DMF aatintonductance IOM of solution at 25 °C was measured.
The molar conductance valves of the complexedrfatie range 04.85 to 08.1#" cn? mol?, indicating their non-
electrolytic nature.

IR spectral study

The characteristic infrared absorption frequenciesi’) and their assignments for the ligand and their
triorganotin(lV) complexes are given in experimérgaction. In all the tributyltin(IV) Schiff baseomplexes
studied, absorption bands in the range of 160518 &1, due to thes(C=N) undergo a substantial lowering when
compared with the free ligands (1622-1632 9nindicating coordination by the azomethine gromhe central tin
atom [18]. The new bands appeared in the regioB46f10 cm’ in the spectra of the complexes, are assigned to
stretching frequencies ®{Sn— N) [18] bond formations.

The spectra of the ligands contain a broad absortand appeared in the region 3110-2750 evhich is assigned
to hydrogen bonded(OH) [25]. The disappearance of broad band in persa of the tin complexes, which was
present in all the free ligands, suggests the depation of the free COOH group upon complexatia@][ The
appearance of a new band in the spectra of afiainplexes in the region 440-460 ¢rrwhich may be assigned to
v(Sn-0), further, supports the bonding of carboxylgtoup to the tin atom. The complexation of ordeu(b/)
with the ligands are confirmed by the presencemsfN, Sn-O and Sn-C bonds.

Electronic spectral study

The spectra of the ligands and their complexes wecerded in dry DMSO. The various bands observedew
assigned to inter-ligand and charge transfer of transition according to their energies and iniées. Electronic
spectra of the complexes exhibit three bands imgh@n 200-235, 250-345 and 365-430 nm, which bmague to
the n-n* transition of benzenoidg-n* transition of COO andr-n* transition of the >C=N- chromophore,
respectively. Further, there was a sharp band ebden the 252+5 nm region in the spectra of themmexes,
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which could be assigned as a charge transfer bahds been reported that a metal is capable ofifay dr-pr*
bonds with ligands containing nitrogen or oxygerttesdonor atoms.ince tin atom has its 5d orbitals complet
vacant, LM bonding can take place by the acceptance of mgbalectrons from nitrogen or oxygen atoms of
ligands.

o) :
R i N
OH R /
o + HZN)Y —=
i o)
H Q N
H

Abbr. R' R la-e
@
a — CH(CH;)C,H5 H .| &
5| 2
b —CH(CH3), cl b
c — CH,CH,SCH,4 H
o Bu
y ~NH 0
d /—Q Cl N/
N Sn—-Bu
NX
e — CH,CH,SCH,4 cl R' ’ Bu
0
R
NH

2a-e

" Scheme 1. Representative equation illustrating the formation of Schiff bases and their
triorganotin{lVV) complexes.

'H NMR spectral study

The characteristic resonance peaks in'H NMR spectra of theomplexes, recorded in DM&dg, are given in
experimental section. A signappear«atd 11.39 — 12.28 ppnm the spectra of ligands due to the carboxylicqme
is absent irthe spectra of the corresponditin complexesjndicating the involvement of the carboxylic oxygeer
bonding to tin atomThe ligands give a complex multiplet signal in ttegiond 6.95- 7.89 ppm (m) for the
aromatic protons and these remain almost at the gasition in the spectra of titin comglexes. The complexes,
however, show additional signalss 1.65 — 1.2Jppm owing to the protons of the butyl group. The; protons of
tributyltin compounds are significant as a triple 5 0.78-82 ppm, while —CH protons appear as a multip The
protons in the complexes have been identified and dked humbers of protons calculated from the integne
curves are in agreement with the proposed moleéotarulae

3C NMR spectral study

The®C NMR spectral data for few represented ligandstheir corresponding tin complexes have been record
dry DMSO (experimental sectipriThe complexes exhibited&(COO) signal in the range ~3 185 ppm. Thé*C
NMR spectra of complexes showed that the chemiaidil sf the (COQ) signal in each conexes was shifted
downfield compared to that of their parent ligafdd 178 ppm),indicating the involvement of the carboxy
oxygen incoordination to the tin atom. The occurrence obnesices in the range of 1-150 ppm in thé*C NMR
spectra of theamplexes and ligands defined as benzene signaéscdittoon of the butyl group is observeds 7.4-
13.5ppm) position comparable to other similar compor [26].

1950 NMR spectral study

The value o6(*'°Sn) define the coordination number of the centratom. All the complexe*°Sn NMR spectra
show only a sharp singlet indicating the formatafra single species. r organotin(lV) complexes, thé(**°Sn)
value for foureoordinated complexes fall the range betweeh+200 tod -60 ppm; for fivecoordinated complexes
fall in the range betweeh -90 tod -190 ppm and for sixoordinated complexes fall in the range betws -210 to
& -400 ppm. Complexes of tributyltin(IV) exhibite(**°Sn) values at §1-125.38 ppnwhich lie in the range ¢ -

251



Har Lal Singh et al J. Chem. Pharm. Res,, 2014, 6(11):248-257

90 tod -190 ppm, hence, indicating that the tin atomlinhe&e complexes have five-coordinated and havégaral
bipyramidal geometry [18,21,27].

On the basis of the above mentioned different spestudies, it is suggested that the bonding thinothe
azomethine nitrogen and carboxylate oxygen atomgshéo tin atom. Finally, distorted trigonal bipyratal
geometries around the tin atom have been proposed.

X-ray powder diffraction study

The X-ray diffraction studies have been performed BANalytical X-ray powdered diffractometer. The
experimental conditions employed in reading theégpatwere as follow: the operating target voltag&\3 the tube
current 15 mA. The X-ray from copper target watefiéd with nickel and monochromatiaKine of wavelength
1.5406 A was obtained. Filtration reduces noise wuevhite radiation and increases resolution alwe X-ray
diffraction of L'H and its metal complexes indicates crystallinaireaof ligand (1a) and there tin complex (2a). All
the reflection has been indexed for D (particlepizsing Scherrers equation. Basically crystadlite is reflected in
the broadening of a particular peak in a diffractmattern associated with a particular planar céfh@ from within
the crystal unit cell. It is inversely related tetFWHM of an individual peak, the more narrow pieak, the larger
the crystallite size. The individual crystalliterdains are periodic and in phase, the diffractiothefX-Ray beam is
reinforced, resulting in a tall narrow peak. Thgstals are defect free and periodically arrangeel X-ray beam is
diffracted to the same angle even through mullgers of the specimen. The crystals are more mahdarranged
or have low degrees of periodicity; the result israader peak. The average particle size is 30087%nd 38.281
nm, respectively for ligand (1a) and its triorgan@/) complex (2a). These values of particle ssael B for each
peak have been calculated with the help of the patemeters and corresponding FWHM values. Théedatt
spacing, FWHM and particle size fotHL.and its tin complex has been found out and arergin Table 1 and Table
2, respectively. The diffractogram of compoundssirewn in Figure 1 and 2.

Table 1. X-ray powder diffraction data of theligand (1a)

d (A) d (A) «

S.No. 26 (Obs)  (Calc) FWHM D
1 13.503 6.55203 6.55240 0.4765 28.897
2 14.925 5.93080 5.93086 0.3792 36.255
3 16.827 5.26461 5.26449 0.3960 34.637
4 21.464 4.13654 4.13651 0.5075 26.843
5 22.025 4.03257 4.03256 0.4712 28.884
6 22.540 3.94156 3.94157 0.3691 36.841
7 23.880 3.72325 3.72323 0.5726 23.691
8 27.269 3.26781 3.26772 0.4268 31.571
9 28.452 3.13454 3.13449 0.4278 31.417
10 31.937 2.79998 2.79997 0.4940 26.984
11 34510 2.59690 2.59692 0.3935 33.650

*D = Crystallite size (in A), d = lattice spacing

Table 2. X-ray powder diffraction data of the tributyltin(lV) complex (2a)

d (&) .
S.No. 28 d (A) (Obs.) (Calc) FWHM D

10.124 8.72982 8.73059 0.1219 113.300
23.436 3.79274 3.77783 0.4567  29.727
25.992 3.42537 3.42538 0.3084  43.808
27.990 3.18518 3.18516 0.4240 31.731
30.336 2.94399 2.94401 0.3471  38.555
34.711 2.58227 258230 0.4063  32.572
36.697 2.44696 244695 0.4208  31.275
40.473 2.22696 2.22694 0.3648  35.662
44.328 2.04184 2.04183 0.3797 33.818
10 49.998 1.82276 182276 05497 22.861
11 50.419 1.80853 1.80851 0.4367 28.726
12 59.364 1.55557 155556 0.4664  25.828
13 62.831 147781 147782 0.3972  29.791

*D = Crystallite size (in nm), d = lattice spacing
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252



Har Lal Singh et al J. Chem. Pharm. Res,, 2014, 6(11):248-257

1600 ~

1400 -
1200 4
£ 1000
> ]
Q
C 800+
Py ]
2
§ 600 4
£ ]
400 -
200
0 - . - T . T : T . . . )
10 20 30 40 50 60 70
2 Theta
Fig. 1 X-ray diffraction pattern of compound (1a)
1200 4
1000
800 -
€
-
o
© 6004
2
‘@
5
£ 400 o
200
0 T T T T T T T T T T T 1

10 20 30 40 50 60 70

2 Theta
Fig. 2 X-ray diffraction pattern of organotin (V) complex (2a)

Theoretical calculations

B3LYP (6-31G) calculations were performed for ligasnd its complex. The optimized molecular strietof
the most stable form is shown in Figure 3 and 4peetively. The deprotonated ligand is coordinaded
bidentate ligandvia the carboxylate oxygen, and azomethine nitrogemstdrhe five coordination number is
completed by three carbon atoms of butyl group® ®@fganic molecule acts as anionic bidentate viith ®N
donors placed in the same side. Since the synttesizmpounds are related and differ only in suldstit R group,
one compound (2b) was theoretically studied. Bagaih spectroscopic data, Sn(IV) compounds withli@ahds
generally adopt distorted trigonal bypyramidal getrym The optimized structure for the compound (@aghown

in Figure 4. The bond angles around tin atom, fangple C(26)-Sn(1)-C(32) angle of 93.4°, N(5)-SAQ(P)
angle of 78.1°, C(26)-Sn(1)-C(32) angle of 103.@f26)-Sn(1)-N(5) angle of 91.6°, C(26)-Sn(1)-O(2)gke of
156.4°, C(26)-Sn(1)-C(29) angle of 100.5°, C(32Ja9+N(5) angle of 146.8°, C(32)-Sn(1)-O(2) angle84f.5°,
C(29)-Sn(1)-N(5) angle of 108.2°, C(26)-Sn(1)-N(a@hgle of 91.6°, C(29)-Sn(1)-O(2) angle of 102.9° in
BusSn(L?) are the representative of the trigonal bipyramistalicture. The Sn-O bond distances are close to be
identical values. The calculated Sn-O bond distarfe?.0452 A in compound (2b), are also closehdlready
reported Sn-O distances in tris[(2-methyl-2-phemndpyl](2,4-dinitro-phenolato)tin (2.048) [28]. Tlferent Sn-

C distances of Sn(1)-C(26)/Sn(1)-C(29)/Sn(1)-C(32d Sn-N distance of Sn(1)-N(5) in compound (2§ ar
2.181/2.17;/2.189 A and 2.095 A, which are simitathe already reported structures [29], Sale&m.0535(9),
2.0369(8) A.
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Fig. 3 Optimized Structure of the Ligand (1b)

H(45) ‘gﬂ)
-'l".:.

(39)

Fig. 4 Optimized Structure of the organotin(lV) complex (2b)

Molecular orbital calculations praded a detailed description of the orbitals inclgdthe spatial characteristics,
nodal patterns and individuatom contributionsThe contour plots of the frontier otais for the ground state of
(1b) and (2b) are shown in Figuseand Figure 6 together with the Highest Occupvtalecular Orbital (HOMO)
and the Lowest Unoccupied Maldar Orbital (LUMO). It was interesting that bothhitals were substantially
distributed over the conjugationapk. In addition, it can be observed that the HObtfitals were located on the
substituted molecule, while theUMO orbitals resembled those obtained fbe unsubstituted molecule.
Therefore, the substitution influegd the electron donation ability while imposiogly a small impact on the
electron acceptance ability.

The orbital energy levels of theiMO and LUMO of (1b) and (2b) ahown in Figure 5 and Figure. An

electronic system with a largerdMO-LUMO gap should be less reactive than omaeirlg a smaller gap. In the
present study, the HOMO-LUMG@ap values of (1b)/(2b), were -8.305/-4.301 a®d22-5.254 eV, respectively.
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The lower value in the HOMOnd LUMO energy gap would explain the eventual cleargnsfer interaction taking
place within the molecules. Thew HOMO values for compound (1b) indicatedsttithis molecule had low
ionisation energies, suggestingatthit could lose electrons easily.

HOMO LUMO

Fig. 5 Frontier orbitals of the compound (1b)

HOMO LUMO

Fig. 6 Frontier orbitals of the organotin(lV) complex (2b)

Antimicrobial results
Newly synthesized organotin(lV) compounds wereetgdiythe well diffusion method25] for their antimicrobial

activities at a concentration of 10ug/ml and 200pug/ml. Bacillus cereus E. coli, Klebsiella spp and
Staphylococcus spfbacteria) were used as the test organisms. Strgpto was used as positive control
compare its activity with synthesized complexese Tata inTable 3show the complexes exhibit significe
antibacterial activity as compared to the freerdjaTheantibacterial screening results show that orgagdjr
complexes are more active as compared to the lggamich indicate that metallation increases thaigag All the
complexes tested were found to be highly activansgall the micr-organisms. fis may be due to the grea
lipophilic nature of the complexd80]. Comparison of the activities of synthesized cames with standard drt
and with compounds already reported in litere [31] showed that some complexes are more potent but aos
less active than standard drug against differemtnésroorganisms. Comparison of activity indiceseals tha
compounds (1b) and (2kbye more active than the other compounds agE. coli, Klebsiella sp. and compounds
(1c) and (2c) are found to pess greater activity than the other complexes agBacillus cereu. Compound (1a)
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and (2a) are found toopsess greater activity than the other compoundmstgataphylococcus sp@he above
studies indicate clearly that the complexes syitkdsin the present studies are highly active ajadtl these
pathogens.

Table 3. Antibacterial Activity of ligandstheir triorganotin(lV) complexes

Inhibition Zoné (Activity index)’

Compds E. coli Klebsiella spp Bacillus cereus Staphyloescspp
100pg/ml 200pg/ml 100pg/ml  200pg/ml  100pg/ml 200pg/ml 100pg/ml 200pg/ml

1a 11.7 13.9 8.6 11.6 10.2 12.6 12.1 15.1
(0.71) (0.69) (0.57) (0.60) (0.58) (0.57) (0.67) (0.67)

2a 16.3 19.8 135 15.5 15.8 18.8 18.2 20.9
(0.99) (0.98) (0.89) (0.81) (0.90) (0.86) (1.01) (0.93)

1b 105 135 8.2 11.2 11.4 14.6 8.7 11.9
(0.64) (0.67) (0.54) (0.58) (0.65) (0.66) (0.48) (0.53)

2 15.7 20.3 15.3 19.1 16.9 19.7 13.6 16.2
(0.96) (1.00) (1.01) (0.99) 0.97) (0.90) (0.76) 0.72)

1c 13.7 15.0 5.6 7.2 111 15.0 10.2 12.9
(0.84) (0.74) (0.37) (0.38) (0.63) (0.68) (0.57) (0.57)

2¢ 16.8 18.8 115 15.6 17.2 20.2 14.6 16.9
(1.02) (0.93) (0.76) (0.81) (0.98) (0.92) (0.81) (0.75)

1d 5.9 6.7 6.4 8.1 4.8 6.5 5.6 6.7
(0.36) (0.33) (0.42) (0.42) 0.27) (0.30) (0.31) (0.30)

2d 8.6 10.2 9.7 11.7 9.2 11.2 14.8 20.0
(0.52) (0.50) (0.64) (0.61) (0.53) (0.51) (0.82) (0.89)

1e 5.6 6.7 43 6.4 7.9 9.6 7.8 9.4
(0.34) (0.33) (0.29) (0.34) (0.45) (0.44) (0.43) (0.42)

26 125 14.8 10.6 14.7 15.2 18.2 13.6 16.9
(0.76) (0.73) (0.70) 0.77) (0.87) (0.83) (0.76) (0.75)

#Z = Inhibition zone (in mm).
P(Al) = Activity index = Inhibition zone of test cpounds/Inhibition zone of standard.

CONCLUSION

In the present study, the triorganotin(IV) complexd Schiff bases were prepared and characterigezidmental
analysis, molar conductance, and spectroscopiaitgebs, and its geometric structure. The resulbsveld that the
structure of the complexes are distorted trigomaytamidal in which the (1a-e) acts as monofundldridentate
ligands in a N, Omanner, via the deprotonated carboxylate oxygektiaa azomethine nitrogen. The XRD patterns
indicate crystalline nature of the complexes. Femtiore, the theoretical calculations are in clogeement with
the X-ray data of the reported similar compoundsese compounds exhibited significant activity agaail the
tested microorganisms.
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