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oxysporum, Candida albicans and Sclerotinia sclerotium.

INTRODUCTION

1H-Indole-2,3-dione (isatin) and its derivatives are impor-
tant polyfunctional heterocyclic compounds and known to
possess variety of biological activities. N-Alkylation of isatin
reduces its lability towards bases, while maintaining its reactivity.
The chemical versatility of these compounds led to their exten-
sive use as intermediates, synthetic precursors for preparation
of important heterocyclic compounds and raw material for drug
synthesis. Schiff bases of isatin and its derivatives possess an
extensive range of medicinal properties including tuberculosis
[1,2], anti-HIV [3.4], antiviral [5,6], anticonvulsant [7], anti-
helminthic [8], antibacterial [9], antifungal [10,11] and anti-
inflammatory [12] activities.

Several organotellurium complexes viz. RTeCl; (organo-
tellurium(IV) trichlorides) and R,TeCl, (diorganotellurium(I'V)
dichlorides) are known to behave as electron acceptors and
can form stable complexes [13-17] when react with several O,
N and S atom donor ligands. In continuation of earlier work
[18-20] of Schiff base ligands derived from isatin derivative
with organotellurium(IV) chlorides, In this article, the studies
of organotellurium(IV) complexes synthesized by reactions
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Six new hexa-coordinated organotellurium(IV) complexes of type RTeCl;:NMeIPT and R,TeCl,NMeIPT (R = 4-hydroxyphenyl, 4- |
methoxyphenyl or 3-methy-4-hydroxyphenyl; NMeIPT(L) = Schiff base (1-methyl-3-(p-tolylimino)indolin-2-one) derived from |
condensation of 4-methylisatin and p-toluidine) have been synthesized and characterized by different spectral studies like elemental
analyses, molar conductance, infrared, mass spectrometry, 'H NMR, *C NMR and U V-visible spectroscopy. On the basis of spectroscopic |
data, it is evident that Schiff base behaves as NO donor bidentate ligand via azomethine nitrogen atom and oxygen atom from carbonyl |
group for all the tellurium(IV) complexes. The results showed that all the organotellurium(IV) complexes possess distorted octahedral |
geometry. Geometry of the all organotellurium(IV) complexes was optimized and their theoretical quantum mechanical parameters were |
calculated. This computational study also suggests octahedral geometry for complexes. The antimicrobial activity of NMelIPT and all the |
organotellurium(IV) complexes were screened against bacteria i.e. Xanthomonas campestris and Bacillus cereus and fungi i.e. Fusarium |
|
|
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of RTeCl; and R,TeCl, with new Schiff base (NMelPT) are
presented. The structures of the synthesized tellurium(IV)
complexes were determined by using different spectroscopic
techniques. The Schiff base ligand and all the synthesized
organotellurium (IV) complexes have been screened out for
their antibacterial and antifungal activities.

EXPERIMENTAL

All the chemicals used were of analytical grade and proc-
ured from the rupted commerical sources. N-Methylisatin,
p-toluidine, tellurium tetrachloride, anisole, phenol and o-cresol
were supplied by Sigma-Aldrich. The standard procedures
[21,22] were used to purify the organic solvents. The solvents
were stored over molecular sieves. Organotellurium(IV) tri-
chlorides and diorganotellurium (IV) dichlorides compounds
were synthesized under the dry atmosphere of nitrogen.

Melting points of all the compounds were obtained by using
open capillaries and are uncorrected. FT-IR spectra of NMelPT
and organotellurium(IV) complexes were recorded on FT-IR
spectrophotometer (NICOLET iS50) in KBr pallets in the mid
IR region and in Polyethylene in the far IR region. (ESI-MS)
Mass spectra of Schiff base ligand and its organotellurium(IV)
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complexes were recorded on Mass Analyzer. Molar conductance
measurements of all complexes were made using conductivity
cell with 10°M solutions in DMSO at 25 + 1 °C. CHN analyses
were carried out on a Thermo-Finnigan CHNS analyzer. The
UV-Vis spectra were recorded on Shimadzu UV-3600 Plus, while
'H & “C NMR were recorded with 400 NMR spectrometer
(BRUKER AVANCE II) by using TMS as references in DMSO.

Synthesis of 1-methyl-3-(p-tolylimino)indolin-2-one
(NMelPT) ligand [23,24]: N-Methylisatin (0.02 mol, 3.22¢g)
was dissolved in 25 mL of ethanol. This solution was added to
ethanolic solution of p-toluidine (0.02 mol, 2.14 g). After
complete addition, the reaction mixture was refluxed for 4 h
with continuous stirring on a water bath. A red coloured solid
was collected, recrystallized from ethanol and dried in vacuum
(Scheme-I). m.w.: 250.30 g/mol; m.p.: 134-137 °C, yield:
80.43% (4.10 g), colour: red. '"H NMR (600 MHz, DMSO-ds,
S ppm): 7.63-6.59 (m, 8H, Ar-H), 3.21 (s, 3H, N-CH,), 2.37
(s, 3H). *C NMR (600 MHz, DMSO-ds, & ppm): 162.84 (Cy),
155.24 (C»), 147.80 (C11), 145.82 (Cs), 138.09 (Co), 134.30 (Cy3,
Cis5), 122.10 (Cys), 122.91 (Cs), 119.97 (Cs), 119.12 (Cs5), 116.90
(Ciy) 110.29 (Cy), 126.28 (Cia, Cis), 26.49 (Cio), 20.42 (Cy9).
Elemental analysis for ligand L (m.f. C;sH2N,O,) calcd.
(found) %: C, 76.78 (76.42); H,5.64 (5.79); N, 11.19 (11.10).

Synthesis of RTeCl; (organotellurium(I'V) trichlorides)
and R,TeCl, (diorganotellurium(I'V) dichlorides): Electro-
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Scheme-I: Synthesis of NMeIPT (L)

philic substitution reaction of TeCl, with phenol, methoxy-
benzene and o-methylphenol in 1:1 and 1:2 molar ratio led to
the formation of RTeCl; and R,TeCl, as reported in the literature
[25-30] (Scheme-II).

R-H + TeCl,—— RTeCl; + HCI
2R-H + TeCl;—— R,TeCl, + 2HCI

Synthesis of organotellurium(IV) complexes (RTeCl;-
NMelPT and R,TeCl,NMelIPT): All the organotellurium(IV)
complexes were synthesized by addition of 20 mL methanolic
solution of ligand NMeIPT (0.01 mol) mixed with 20 mL
methanolic solutions of RTeCls/R,TeCl, (0.01 mol) and refluxed
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Scheme-II: Synthesis of RTeCl;:NMelPT and R,TeCl,-NMelPT
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for 4 h on a magnetic stirrer at 80 °C. Excessive solvent was
distilled off and kept at room temperature for 3-4 days. The
coloured complexes formed were recrystallized from methanol
and dried in desiccator over anhydrous CaCl, (Scheme-II).

RTeCl;*NMelIAP (4-hydroxyphenyl) (2a): m.w. 577.96
g/mol; m.p.: 132-134 °C; yield: 85.22%, colour: dark brown.
'H NMR (600 MHz, DMSO-ds, 8 ppm: 10.62 (s, 1H, Ar-OH),
8.22-6.75 (m, 12H, Ar-H), 3.21 (s, 3H, N-CH3), 2.42 (s, 3H,
-CH3). ®C NMR (600 MHz, DMSO-ds, 8 ppm: 183.34 (Cy),
157.53 (Cy), 155.92 (Ca), 151.85 (C1), 142.24 (Cy), 138.66
(Ce), 134.73 (C13,C5), 130.51 (Cro, Ca3), 129.74 (Co, Ca2), 121.62
(Cig), 124.71 (Cs), 123.65 (Cy), 123.57 (Ci2, Ci6), 117.86 (Cs),
116.92 (C4), 111.04 (Cy), 26.49 (Cyo), 20.42 (Cy7). Elemental
analysis for ligand 2a (m.f.: C»,H19N,O,TeCls) caled. (found)
%: C,45.777 (45.54); H, 3.32 (2.96); N, 4.85 (4.84); Te, 22.10
(22.03); Cl, 18.42 (18.36).

RTeCl;>NMelAP (4-methoxyphenyl) (2b): m.w.: 591.98
g/mol; m.p.: 114-117 °C; yield: 87.61%, colour = black. 'H
NMR (600 MHz, DMSO-d, dppm): 8.32 — 6.54 (m, 12H, Ar-H),
3.21 (s, 3H, N-CHz), 3.81 (s, 3H, OCHz), 2.41 (s, 3H, -CHz).
C NMR (600 MHz, DMSO-ds, & ppm): 183.92 (Cy), 160.87
(Cy), 159.38 (Cy), 157.22 (Ca1), 151.85 (Ci), 144.33 (Cy),
138.66 (Cs), 130.71 (C,9, C23), 129.71 (Ci3, Cys), 126.81 (C)»,
Cie), 124.71 (Cs), 123.67 (Cs), 122.70 (Cis), 120.01 (Cys),
116.56 (Ca, C22), 123.67 (C4), 117.85 (C3), 116.97 (C14) 111.04
(C7), 55.95 (Cz), 26.49 (Cio) 20.42 (Cy7). Elemental analysis
for ligand 2b (m.f. C»3H21N,O,TeCls) caled. (found) %: C,46.71
(46.53); H, 3.58 (3.23); N, 4.74 (4.72); Te, 21.58 (21.50); Cl,
17.98 (17.92).

RTeCl;*NMelIAP (3-methyl-4-hydroxyphenyl) (2¢):
m.w.: 591.97 g/mol; m.p.: 118-120 °C, yield: 75.39%, colour:
yellow. "H NMR (600 MHz, DMSO-ds, 8 ppm): 10.14 (s, 1H,
Ar-OH), 7.69-6.51 (m, 11H, Ar-H), 3.14 (s, 3H, N-CHs), 2.19
(s, 3H,-CH3), 2.41 (s, 3H, -CH3). *C NMR (600 MHz, DMSO-
dg, d ppm): 183.94 (Cy), 158.66 (C»), 157.52 (Cay), 151.85 (Cny),
141.70 (Cy), 138.66 (C¢), 134.72 (Cis), 133.99 (Cio), 133.36
(Ci3, Cis), 130.51 (Cn2), 125.60 (Ci2, Ci6), 124.71 (Cs), 123.87
(C), 123.67 (Cy), 123.24 (Cys), 122.70 (Cis), 121.26 (Ciy),
119.99 (Cx), 117.85 (Cs), 116.60 (Cu), 114.24 (Cy), 111.04
(C7), 16.71 (Ca4), 26.49 (Cyp), 20.42 (Cy7). Elemental analysis
for ligand 2c¢ (m.f. C3H21N>O,TeCls) caled. (found) %: C,46.71
(46.94); H, 3.58 (3.82); N, 4.74 (3.97); Te, 21.58 (20.35); Cl,
17.98 (19.02).

R,TeCl;>NMelAP (4-Hydroxyphenyl) (2d): m.w.: 636.03
g/mol; m.p.: 96-98 °C, yield: 82.98%, colour: dark brown. 'H
NMR (600 MHz, DMSO-ds, 6 ppm): 10.10 (s, 2H, Ar-OH),
8.06-6.48 (m, 16H, Ar-H), 3.21 (s, 3H, N-CH3), 2.42 (s, 3H,
-CH3). "C NMR (600 MHz, DMSO-ds, 8 ppm): 183.32 (Cy),
157.53 (C,), 155.92 (Ca1, Cay), 151.85 (C1y), 142.23 (Cy), 138.65
(Cs), 134.73 (Ci3, Ci5), 130.51 (Cio, C3, Cas, Cro), 129.74 (Cro,
Ca, Cos, Cas), 121.62 (Cis, Coa), 124.71 (Cs), 123.65 (Cs), 123.57
(Ci2, Cig), 117.90 (C3), 116.92 (Cua), 111.04 (C5), 26.49 (Cho),
20.42 (C,7). Elemental analysis for ligand 2d (m.f. C23H24N>O5
TeCl,) calcd. (found) %: C, 52.96 (52.3); H, 3.81 (4.06); N,
4.41 (3.85); Te, 20.06 (19.52); C1, 11.17 (11.75).

R,TeCl,>NMelAP (4-methoxyphenyl) (2e): m.w. 663.06
g/mol; m.p.: 106-107 °C, yield: 86.15%, colour: reddish brown.

'H NMR (600 MHz, DMSO-ds, 8 ppm): 8.34-6.76 (m, 16H,
Ar-H), 3.14 (s, 3H, N-CH3), 3.86 (s, 6H, OCH3), 2.41 (s, 3H,
-CH3). "C NMR (600 MHz, DMSO-ds, 8 ppm): 183.92 (Cy),
160.80 (Cy), 157.22 (C11,Cas), 151.85 (C11), 144.33 (Cy), 138.66
(Cs), 130.71 (Ci9, Ca3, Cas, C39), 129.71 (Ci3,C5), 126.81 (Cya,
Cis), 124.71 (Cs), 123.67 (Cy), 122.70 (Ci5), 120.01 (Cs, Cos),
116.56 (Ca9, Ca2,Cp7,Cro), 123.67 (Cs), 117.87 (Cs), 116.56 (C.4)
1 1104 (C7), 5595 (C24, 31), 2650 (C]()), 2042 (C17). Elemental
analysis for ligand 2e (m.f. C3HsN,O;TeCl,) calcd. (found)
%: C, 54.34 (54.22); H, 4.27 (4.26); N, 4.23 (3.99); Te, 19.24
(18.34); Cl, 10.69 (11.26).

R,TeCl,;)NMelIAP (3-methyl-4-hydroxyphenyl) (2f):
m.w. 663.06 g/mol, m.p.: 98-100 °C, yield: 76.27%, colour:
dark yellow. '"H NMR (600 MHz, DMSO-ds, 8 ppm): 10.16
(s,2H, Ar-OH), 7.68 -6.51 (m, 14H, Ar-H), 3.21 (s, 3H, N-CHj3),
2.19 (s, 6H, -CH3), 2.42 (s, 3H, -CH3). *C NMR (600 MHz,
DMSO-ds, 6 ppm): 183.94 (Cy), 158.40 (C»), 157.53 (Ca1,Cas),
151.85(Ci), 141.70 (Cs), 138.66 (Cs), 134.72 (Ci3,Cas), 134.01
(Cig, Cas, Cas, C30) 133.36 (Ci3, Cis), 125.60 (Cia, Ci), 124.71
(Cs), 123.87 (C10,Cy7), 123.67 (Cy), 123.24 (Cyg), 122.70 (Cs),
121.26 (Cy7), 119.99 (Cz3), 117.85 (Cs), 116.60 (Cis), 114.24
(C2,Co), 111.04 (Cy), 16.57 (C14,C31), 26.49 (Cyp), 20.41 (Cy7).
Elemental analysis for ligand 2f (m.f. C3)H»sN,O5TeCl,) calcd.
(found) %: C, 54.34 (54.01); H, 4.26 (4.17); N, 4.23 (3.89);
Te, 19.24 (17.96); C1, 10.69 (11.85).

in vitro Antimicrobial activity: Kirby Bauer disc diffusion
method was used to screen all the synthesized complexes
against the bacterial species Bacillus cereus and Xanthomonas
campestris. The ligand (NMelIPT) and organotellurium(IV)
complexes were also screened against the fungal species Candida
albicans, Fusarium oxysporum and Sclerotinia sclerotium
cultured on potato dextrose agar medium and also performed
by the disc diffusion method. Ciprofloxacin and erythromycin
were used as the standard antimicrobial drugs in order to compare
their activity. The nutrient agar medium was used to grow
microorganisms. The discs were incubated at 37 °C and zone
inhibition diameter was measured after 24 h for bacterial strains
and 72 h for fungal strains. All the experiments were performed
in triplicate to reduce error.

RESULTS AND DISCUSSION

All the synthesized organotellurium(IV) complexes are
coloured solids and soluble in ethanol, methanol, DMSO and
DME. Molar (Ay) conductivity of all the organotellurium(I'V)
complexes (2a-2f) at about 10 M at 25 °C were measured in
DMSO. Molar conductivity (Ay) data for the complexes are
compiled in Table-1. Molar conductance (Ay) values lie in
the range of 39.15-126.21 ohm™ cm? mol” predicts the non-
electrolytic to 1:1 weak electrolytic type behaviour probably
due to the ionization into RTeCl,-NMeIPT*/R,TeCl-NMelIPT*
and CI" in DMSO. Due to steric aspects and donor nature of
DMSO, some of these complexes show higher molar conduc-
tance values to results probably due to the dissociation into
solvated cation and [NMelIPT] along with CI". Transition metal
complexes are reported to be non-electrolytic [31-33], which
is different from tellurium(IV) complexes of Schiff base.
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TABLE-1
MOLAR CONDUCTANCE VALUES OF THE
SYNTHESIZED ORGANOTELLURIUM(V) COMPLEXES

Compound Molar conductance (Ohm™ cm? mol™)
2a 97.94
2b 119.50
2¢c 96.82
2d 112.48
2e 126.21
2f 39.15

Mass spectra: Mass spectra of the ligand and its organo-
tellurium(IV) complexes were recorded at an electronic energy
of 70 eV. The mass spectrum [34] of Schiff base (NMeIPT)
(Fig. 1) showed molecular ion peak at m/z = 251 (M") refers
to the formula mass of the ligand (molar mass = 252 g mol™).
The fragments peaks at m/z =222.14 and 144.98 are due to loss
of two methyl groups and phenyl group. The relative intensity
explains the stability of the various fragments of ligand and its
complexes. The mass spectra of different organotellurium(IV)
complexes 2a, 2b, 2¢, 2d, 2e, 2f show the molecular ion peak
at m/z = 578.16, 591.28, 591.57, 636.81, 664.13 and 663.74
respectively, which is equivalent to molecular mass of the
organotellurium(IV) complexes. The data suggests the (1:1)
molar ratio of RTeCl;:-NMeIPT and R, TeCl,- NMeIPT complexes.
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Fig. 1. Mass spectrum of the ligand NMeIPT

IR spectra: The results of FT-IR spectra of Schiff base
ligand and organotellurium(IV) complexes are presented in
Table-2. Comparison of different bands in the infrared spectra

of ligand and organotellurium(IV) complexes determine the
coordination sites from ligand to tellurium metal. The FT-IR
spectrum of ligand showed different bands [23,35,36] at 3063,
1736 and 1627 cm™ assigned to v(C-H), v(C=0) and v(C=N),
respectively. The v(C=0), band in all the complexes shifted
to lower wavenumber in the region 1721-1709 cm™ indicating
coordination of carbonyl oxygen to tellurium. In FT-IR spectra
of all complexes, the characteristic azomethine [37] v(C=N)
band appears in the region 1611-1608 cm™ also showed shift
to lower wavenumber indicates that nitrogen is coordinated to
tellurium metal [24]. Further, appearance of two new bands in
the 495-503 cm™ and 287-293 cm™' region in the spectra of the
tellurium(IV) complexes are assigned due to Te-N and Te-O
stretching frequency, respectively confirmed that azomethine
nitrogen and carbonyl oxygen are involved in coordination
[14,16,38].

"H NMR spectra: "H NMR spectra of the ligand and all
the organotellurium(IV) complexes were recorded in DMSO-
dsand their spectral data are presented in Table-3. Singlet peak
was observed at 8 3.21 ppm in the spectrum of all complexes
which is due to N-CHj3 protons. The aromatic ring protons
[39,40], in spectrum of Schiff base ligand are observed as
multiplet in the region 8 6.51-7.63 ppm (Fig. 2). In '"H NMR
spectra of organotellurium(IV) complexes, aromatic protons
slightly shift downfield and observed at § 6.76-8.34 ppm.
This may be due to the decrease of electron density after comp-
lexation, which supports the involvement of azomethine nitrogen
and carbonyl oxygen atom in coordination with tellurium metal
[24].

TABLE-3
'HNMR SPECTRAL DATA OF THE LIGAND (NMeIPT)
AND ITS ORGANOTELLURIUM(1V) COMPLEXES

Chemical shift (8 ppm (DMSO-d)

Compd. Aromatic protons N-CH; protons &ﬁ:ﬂhﬁ:ﬁg)
L 7.63-6.51 (m, 8H) 3.21 (s, 3H) 2.37 (s, 3H)
2a 8.22-6.75 (m, 12H) 3.21 (s, 3H) 2.42 (s, 3H)
2b 8.32-6.54 (m, 12H) 3.21 (s, 3H) 2.41 (s, 3H)
2c 7.69-6.51 (m, 11H) 3.21 (s, 3H) 2.40 (s, 3H)
2d 8.06-6.48 (m, 16H) 3.21 (s, 3H) 2.42 (s, 3H)
2e 8.34-6.76 (m, 16H) 3.21 (s, 3H) 2.41 (s, 3H)
2f 7.68-6.51 (m, 14H) 3.21 (s, 3H) 2.42 (s, 3H)

BC NMR spectra: “C NMR spectra of Schiff base and
its organotellurium(IV) complexes were recorded in DMSO-
ds and their spectral data are presented in Table-4. In the °C

TABLE-2
FT-IR FREQUENCIES (cm™) OF LIGAND (NMeIPT) AND ITS ORGANOTELLURIUM(IV) COMPLEXES

Compound v(C-H) aromatic stretching v(C-H) stretching v(C=0) v(C=N) v(Te-N) v(Te-0)
L 3063 m 2937 w 1736 s 1627 s - -
2a 3058 w 2922 w 1720 s 1611 s 289 m 501 m
2b 3060 w 2934 w 1721 s 1611 s 293 m 495 m
2¢ 3058 w 2936 w 1720 s 1610 s 290 m 503 m
2d 3059 w 2926 w 1721 s 1612 s 287 m 502 m
2e 3061 w 2936 w 1718 s 1611 s 292 m 498 m
2f 3058 w 2924 w 1709 s 1608 s 289 m 501 m
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Fig. 2. "H NMR spectrum of ligand (NMelPT)
TABLE-4
“C NMR SPECTRAL DATA OF THE LIGAND (NMeIPT) AND ORGANOTELLURIUM(IV) COMPLEXES
Compound Chemical shift, 8 ppm (DMSO-dj) .
C=0 CH C=N Aromatic carbons
L 162.84 (Cy)  26.49 (Cy), 155.24 (C,) 147.80 (C,)), 145.82 (Cy), 138.09 (Cq), 134.30 (Cy3 5), 122.10 (C;5), 122.91 (Cs),
20.42 (C,y) 119.97 (C,), 119.12 (C5), 116.90 (C,4) 110.29 (C,), 126.28 (C,;, ).
2a 183.34 (Cy)  26.49 (C)), 157.53 (C,) 155.92 (C,)), 151.85 (C,)), 142.24 (Cy), 138.66 (Cy), 134.73 (Cy3.15), 130.51 (C\g, 5),
20.42 (C,,) 129.74 (Cyy, 2), 121.62 (Cye), 124.71 (Cs), 123.65 (C,), 123.57 (Cyy. 16), 117.86 (Cy),
116.92 (Cy,), 111.04 (C)).
2b 183.92 (Cy)  55.95 (Cyy), 160.87 (C,)  157.22 (C,)), 151.85 (Cy)), 144.33 (Cy), 138.66 (Cy), 130.71 (Cyy, 23), 129.71 (Cy35),
26.49 (Cy), 126.81 (Cyy. 1), 124.71 (Cy), 123.67 (C), 122.70 (C,5), 120.01 (Cy5), 116.56 (Cyy, 2),
20.42 (C,,) 123.67 (C,), 117.85 (C,), 116.97 (C,,) 111.04 (C,).
2¢ 183.94 (C;) 16.71 (C,y), 158.66 (C,) 157.52 (C,)), 151.85 (C,y), 141.70 (Cy), 138.66 (Cy), 134.72 (Cy5), 133.99 (C,y),
26.49 (C,y), 133.36 (C5 15), 130.51 (Cy), 125.60 (Ciy 1), 124.71 (Cs), 123.87 (Cyy), 123.67 (Cy),
20.42 (Cyy) 123.24 (Cyy), 122.70 (Cy5), 121.26 (Cyy), 119.99 (Cy), 117.85 (Cy), 116.60 (C,,),
114.24 (Cy,), 111.04 (C,).
2d 183.32 (Cy)  26.49 (C)), 157.53 (C,) 155.92 (C,;. ), 151.85 (C,,), 142.23 (Cy), 138.65 (Cy), 134.73 (C,3.15), 130.51 (Cyo, 23,
20.42 (Cyy) 25.29) 12974 (Cy, 2 56.29); 121.62 (Cyg 54), 124.71 (Cs), 123.65 (Cy), 123.57 (Cyy, ),
117.90 (Cy), 116.92 (C,,), 111.04 (C,).
2e 183.92 (Cy)  55.95(Chy3p), 160.80(C,) 157.22 (C,y. ), 151.85 (C,)), 144.33 (Cy), 138.66 (Cy), 130.71 (Cio. 23, 26, 30), 129.71
26.50 (C,p) (Ci5.Cy5), 126.81 (C,,, Cyg), 124.71 (Cs), 123.67 (C,), 122.70 (C;5), 120.01 (C5. 55),
116.56 (Cao 22 27.20) 123.67 (Cy), 117.87 (C3), 116.56 (C,) 111.04 (C,).
2f 183.94 (Cy) 16.57 (Cyy3), 158.40(C,) 157.53 (C,y ), 151.85 (Cy)), 141.70 (Cy), 138.66 (Cy), 134.72 (Cyg.25), 134.01 (Cyg 03,
26.49 (C,p) 2. 30) 133.36 (Cy3, Cy5), 125.60 (C,,, Cyq), 124.71 (Cs), 123.87 (Cy 57), 123.67 (C,),

123.24 (Cyp), 122.70 (Cy5), 121.26 (C,), 119.99 (C,y), 117.85 (Cs), 116.60 (C,,),
114.24 (Cy, ), 111.04 (C)).
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NMR spectrum of Schiff base (NMelPT), the carbon atom
attached to carbonyl oxygen (C-9) and azomethine nitrogen
(C-2) are observed at 8 160.79 and 157.22 ppm, respectively,
which shift toward downfield frequency [7] in all studied
organotellurium(I'V) complexes and resonate at & 183.92 and
157.53-160.87 ppm, respectively indicating coordination of
ligand to tellurium metal via nitrogen and oxygen atom. The
resonating values of aromatic carbons [41] of the ligand as
well as complexes are given in the experimental section.

UV-vis spectra: The UV-vis spectral data of the ligand
and its organotellurium(IV) complexes in solid state are reported
in Table-5. The UV-visible spectrum of Schiff base ligand
(NMelIPT) showed different bands [42,43] observed at 222,
288 and 442 nm. A band observed at 218 nm is attributed to
(n-") transition of isatin moiety and aromatic phenyl group
of the ligand. On complexation, this band showed bathocromic
shift and observed at 240 + 2 nm (Fig. 3). Similarly, azomethine
group (—C=N-) absorbs at 288 nm attributed to (n-7t") transi-
tion, shifts to a longer wavelength and absorbs in the region
303-314 nm in case of complexes. Further, a band in the spectrum
of the Schiff base at 442 nm can be assigned to a charge transfer
band within the N-methylisatin moiety. The shift towards longer
wavelength in the organotellurium(IV) complexes indicating
the coordination of azomethine nitrogen and oxygen atoms
[23] to the tellurium metal.

TABLE-5
UV-VIS SPECTRAL DATA OF THE LIGAND (NMelPT)
AND ITS ORGANOTELLURIUM(IV) COMPLEXES

Compd. A, () (m) Ay (0-1) (1m) Ay (CT) (nm)
L 222 288 442
2a 240 305 463
2b 241 312 462
2c 238 314 461
2d 241 306 463
2e 238 313 461
2f 239 303 462

(@)

¢

NMelPT

2a

RTeCl;-NMelPT

1.2
NMelPT
—2f
—2d
1.0
@
[
c
©
£
[e]
[%2]
o)
<
0.8
0.6

200 300 400 500 600

Wavelength (nm)
Fig. 3. UV-Vis spectra of the NMeIPT, 2b, 2d and 2f

Molecular modelling: The 3D geometry of the Schiff base
(NMelIPT) and its organotellurium(I'V) complexes (2a and 2e)
are optimized and DFT calculations was carried out by using
Orca Visualization program with Avogadro 4.0 version. Fully
optimized molecular structure of ligand and organotellurium
complexes (2a and 2e) are shown in Fig. 4 and their bond lengths
are compared and listed in Table-6. Bond angle and bond length
values surrounding the tellurium metal are characteristic of
distorted octahedral geometry of the complexes, which is in
agreement with the proposed structures. In ligand, the azo-
methine C=N and C=0 bond lengths are 1.312 A and 1.212
A, respectively. In complexes, these C=N bond length become
slightly shorter and C=0O bond length become longer. This
variation indicates the coordination of azomethine and
carbonyl group via N and O atoms. Selected bond lengths of
complex 2a are Te- azomethine-N (2.072 A), Te-carbonyl-O
(1.992 A), Te-phenolic-C (2.137 A) and three Te-Cl (2.41A)
complete the distorted coordination sphere of metal.

R,TeCl,-NMelPT
2e

Fig. 4. (a) Optimized structure of NMeIPT (b) Optimized structure of 2a (c) Optimized structure of 2e. Color code: blue-N; red-O; grey-C;

white-H; green- Cl; yellow-Te
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TABLE-6 TABLE-7
CALCULATED BOND LENGTHS (A) OF NMeIPT, 2a AND 2e THEORETICAL CALCULATED QUANTUM
PARAMETERS OF NMelPT, 2a AND 2e
Gompd C=N c=0 S ey .
. (azomethine)  (carbonyl) Parameters Ligand 2a 2e
L 1.312 1.212 - - Egomo (€V) -7.212 -4.093 -4.096
2a 1.295 1.223 2.072 1.992 E;ymo (€V) -3.004 -0.133 -0.114
2e 1.298 1.221 2.084 1.987 AE (eV) 4.208 3.960 3.982
IE (eV) 7212 4.093 4.096
DFT study: HOMO (highest occupied molecular orbital) x (V) 5.108 2113 2.105
and LUMO (lowest unoccupied molecular orbital) are the key nEv) 2.104 1.980 1.991
. . . . eqe -1
molecular orbitals which are responsible for chemical stability S(eV) 0.2376 0.2525 0.2511
of the molecule. HOMO and LUMO for ligand and its organo- o @ Blle Lol LIS
Pi -5.108 -2.113 -2.105

tellurium(I'V) complexes (2a and 2e) are obtained from DFT
calculations (def2-SVP) using Avogadro 4.0 with ORCA
program. The HOMO-LUMO energy gap (AE) is an important
stability index, for ligand its value found to be 4.208 eV
whereas for complexes 2a and 2e, the energy gap reasonably
reduced [44] to 3.960 and 3.982 eV, respectively due to estab-
lishment of coordination band between ligand and tellurium
metal. The smaller energy gap for complexes explains the stability.
Quantum chemical parameters [45,46] of the compounds such
as electronegativity (), softness (S), hardness (1), electrophi-
licity index () and chemical potential (Pi) are obtained from
calculations such as energies of HOMO and LUMO (Table-7).
In ligand, HOMO and LUMO is spread over whole m-moiety.
HOMO is spread over whole m-moiety of ligand with less
contribution of tellurium metal and LUMO is spread over the
surrounding of tellurium metal in complexes (Fig. 5).

in vitro Antimicrobial activity: Antimicrobial activity
of the Schiff base (NMelPT) and its tellurium(IV) complexes

(a) ; I
E =-3.004 eV
E =-0.133 eV

AE =-3.960 eV

AE =-4.208 eV

E=-7.212eV

() o
¢
©

[ &

T,
¢
¢
¢

have been carried out against bacterial strains (Bacillus cereus,
Xanthomonas campestris) and fungal strains (Fusarium
oxysporum, Candida albicans, Sclerotinia sclerotium). Zone
of inhibition in cm for the ligand and complexes are listed in
Table-8. The results showed that Schiff base ligand has moderate
activity in the antibacterial species while showed better activity
against antifungal species. The observation indicates that the
tellurium(IV) complexes are more active than free Schiff base
ligand due to chelation, can be explained by Overtone’s idea
and chelation theory. Organotellurium(IV) complexes 2a and
2e showed good antibacterial activity against Bacillus cereus
and 2a and 2d possess better antibacterial activity against
Xanthomonas campestris. Complex 2a is the most active against
all fungi. All compounds show less antifungal activity towards
Fusarium oxysporum and Sclerotinia sclerotium but good
activity against Candida albicans as compared to the standard

(©

| &
¢

E=-0.133 eV

AE =3.982 eV

(%

E =-4.096 eV

E =-4.093 eV

Fig. 5. (a) HOMO and LUMO with energy gap of NMelIPT (b) HOMO and LUMO with energy gap of 2a (c) HOMO and LUMO with energy
gap of 2e
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TABLE-8
ZONE INHIBITION DIAMETER (cm) OF LIGAND (NMeIPT) AND ITS ORGANOTELLURIUM(1V) COMPLEXES

Compound Antibacterial activity (diameter in cm) Antifungal activity (diameter in cm)
Bacillus cereus Xanthomonas campestris | Fusarium oxysporum Candida albicans Sclerotinia sclerotium
L 0.2 0.3 1.3 1.8 1.4
2a 1.4 14 1.5 2.0 1.6
2b 1.2 0.8 1.3 1.8 1.0
2c 1.0 0.8 1.2 1.2 1.2
2d 0.8 1.2 1.0 1.5 0.7
2e 1.3 0.9 1.4 1.7 0.9
2f 0.9 0.5 1.3 14 1.1
Ciprofloxacin 1.4 1.2 - - -
Erythromycin — — 1.6 1.8 1.8

drug (erythromycin). Complex 2a is the most active among
all complexes showing considerable results against all fungi.
Thus, tellurium complexes are more biologically active than
Schiff base and act as hopeful antimicrobial drug contenders.

Conclusion

New organotellurium(I'V) complexes (2a-f) of Schiff base
ligand were synthesized and characterized by conductance
measurement, mass spectrometry, elemental analyses, FT-IR,
mass, 'H & "C NMR and UV-vis spectral studies. The various
spectroscopic techniques suggest the distorted octahedral geo-
metry for all the synthesized organotellurium(I'V) complexes
(RTeCl;-NMelIPT and R,TeCl,-NMelIPT) and Schiff base
(NMelPT) acts as a bidentate O-(carbonyl) and N-(azomethine
linkage) chelating ligand. Molecular modelling has been used
to optimize the geometry of Schiff base (NMeIPT) and its metal
complexes. The antimicrobial activity of the ligand and its organo-
tellurium(IV) complexes against bacterial and fungal strains
have been evaluated. The study shows that complexes show
more biological activity than standard drugs.
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