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INTRODUCTION

The Schift bases are considered as organic bioactive ligands,
which form complexes with metals and metalloids. They are
synthesized via a condensation reaction between primary amine
groups and aldehydes/ketones, known as imine (C=N) or azo-
methine (CH=N) [1] groups containing nitrogen analogues of
aldehydes/ketones where the carbonyl group has been substi-
tuted by an imine or azomethine group. Schiff base ligands
comprising mainly O,N,S donor atoms are being explored as
an important class of ligands because they can coordinate and
stabilize a wide range of metal ions in various oxidation states
[2,3]. Schiff Bases have been found to have a broad range of
biological [4] behaviour, including antimicrobial [5-8], antiviral
[9], antitumour, antibacterial, fungicidal and anticarcinogenic
properties [10-13]. Schiff Base ligands also used as optical
and electrode sensors [14] as well as in various chromatographic
method to enhance selectivity and sensitivity [15-17]. They
are used also as intermediate in organic synthesis, dyes and
pigments and as polymer stabilizers [18]. Studies associated
to metal based drugs are both encouraging and have intense
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—I
Organyltellurium(IV) complexes of Schiff base (MeFPT = 4-methyl-N-((5-methylfuran-2-yl)methylene)aniline) derived from condensation |
reaction of 5-methyl furan-2-carboxaldehyde with p-toluidine having formula of type MeFPT-RTeCl;and MeFPT-R,TeCl, (R = 4-hydroxy- |
phenyl, 4-methoxyphenyl or 3-methyl-4-hydroxyphenyl) were reported. These complexes have been characterized by elemental analysis,
IR, 'H NMR, “C NMR, UV-Vis, DFT, molecular modelling and mass spectra. The experimental data demonstrated that formed Schiff |
base complexes behaved as bidentate ligand with R,;TeCl; and R,TeCl, chelated by neutral N and O atoms having distorted octahedral |
stereochemistry in all organyltellurium(IV) complexes. Schiff base and its organyltellurium(IV) complexes exhibited considerable biological |
activity. The antibacterial and antifungal activity have been carried out and the results were compared with some known antibiotics. |
|

Keywords: Schiff base, 5-Methylfuran-2-carboxaldehyde, 4-Toluidine, Organyltellurium(IV) complexes, Biological activity.

interest in biology and chemistry. Organic bioactive hetero-
cyclic Schiff bases and associated metal complexes synthesized
by reactions with metal chlorides including nitrogen and
oxygen donor atoms have been acknowledged in biomedical
applications, supramolecular chemistry and material sciences
[19].

The furan ring, as a component of the Schiff base ligand,
has long been investigated and a source of attraction. Schiff
bases produced from furaldehyde have nitrification inhibitory
properties [20] and antimicrobial action. Furthermore, due of
its numerous applications, such as emitting materials for organic
light emitting diodes, light harvesting materials for photo-
catalysis and fluorescence sensors for organic and inorganic
analytes [21], furaldehyde based ligands are also utilized as
luminous substances. Apart from other various aspects, the
interest of the scientists is very much in knowing their varied
biological activities. So, in this work, we have focused on the
synthesis of Schiff base ligand and its six metal complexes
with organyltellurium compounds [22-26], with the structural
characterization, computational studies and antimicrobial
properties.
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license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.
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EXPERIMENTAL

Analytical reagent grade chemicals and solvents were used
throughout the synthesis. p-Toluidine and 5-methyl furan-2-
carboxaldehyde were obtained from Sigma-Aldrich, USA in
extremely pure form and utilized without additional purifi-
cation. For the synthesis of metal complexes, tellurium metal
chloride (Sigma-Aldrich, USA) was used. Organyltellurium
trichloride and diorganyl tellurium dichloride were synthesized
in an inert atmosphere of nitrogen by reacting TeCL, with phenol,
anisole and cresol. To perform biological activities and to syn-
thesize metal complexes, as well as solvents, were employed
and standard procedure [27,28] was used for drying purposes,
where needed.

Physical measurements: A Thermo Finnigan CHNS
analyzer was used to perform elemental analysis of the prepared
compounds. Melting points of the synthesized ligand and their
complexes were determined using open capillaries and are not
corrected. Fourier transform infrared (FTIR) spectra of comp-
ounds were obtained on a NICOLET iS50 that had been operated
as a KBr disc in the range 4000-400 cm™. *C NMR and 'H NMR
spectra were plotted at room temperature on a Bruker advance
[T 400 MHz spectrometer employing DMSO-d; as the solvent
or O values relative to deuterated DMSO. The SCIEX Triple
TOF5600 mass spectrometer was used to record the mass spectra
of the ligand and its metal complexes. In DMSO/ethanol, the
electronic absorption was assessed using a Shimadzu UV-3600
plus in DMSO/ethanol. The molar conductance was evaluated
using a MICROSIL conductometer at 25 + 1 °C in solution of
the ligand and its metal complexes in DMSO (10° M).

Synthesis of Schiff base ligand (MeFPT): p-Toluidine
(3.27 g, 30 mmol) was dissolved in ~ 25 mL absolute ethanol
and subsequently added to a magnetically stirred solution of
5-methyl furan-2-carboxaldehyde (2.98 g, 30 mmol). After
4-5 h of refluxing, the mixture was cooled to room temperature.
The solution was then condensed to half its original volume.
The resulting product was filtered, washed multiple times and
recrystallized from ethanol (Scheme-I). Colour: orange red;
m.w.: 199.10 g/mol; m.p.: 107-110°C; yield: 82.34%. '"H NMR
(400 MHz, DMSO-d;) 6 ppm: 8.36 (s, |H, CH=N), 6.49-7.57
(m, 4H, Ar-H), 6.25-7.57 (d, 2H, furanring), 2.52 (s, 3H, CHj),
2.38 (s, 3H of furanyl ring). *C NMR (400 MHz, DMSO-ds)
& ppm: 142.05 (C2), 116.39 (C3), 113.37 (C4), 125.16 (C5),
146.36 (C7), 131.37 (C8), 134.38 (C9), (C13), 134.31 (C10),
(C12), 131.37 (C11), 27.39 (C6), 26.49 (C14). Elemental
analysis of C3H;3NO caled. (found) %: C, 78.36 (78.42); H,
6.58 (6.64); N, 7.03 (7.00).

Synthesis of organyltellurium(IV) compounds: As
reported in the literature, TeCl, reacting with hydroxybenzene,

CH,
HSC/@\/O ' /©/
0 H,N

5-Methylfuran-2-carbaldehyde p-Toluidine

methoxybenzene and 2-methyl phenol in 1:1 and 1:2 molar
ratio led to the formation of RTeCl; and R,TeCl..

RH + TeCl;—— RTeCl;

2RH + TeCl, —— R, TeCl,

Synthesis of organyltellurium(I'V) complexes (RTeCls:
MeFPT and R,TeCl,;MeFPT): The metal complexes were
synthesized by stirring a solution of ligand (I mmol) in 20
mL methanol under warm conditions and then adding a
solution of RTeCl3/R,TeCl, (1 mmol) in 20 mL methanol drop-
wise while stirring continuously. The mixture solution was
then refluxed at 80 °C for 4 h while stirring. The complexes
were filtered out of the supernatant liquid, washed with methanol
and dried on anhydrous calcium chloride (Scheme-II).

C19HsCI:NO,Te (1a): Colour: brown; yield 82%; m.p.:
150 °C; Elemental analysis: calcd. (found) %: C, 43.36 (43.31);
H, 3.45 (3.49); N, 2.66 (2.74); Te, 24.24 (24.06); Cl, 20.21
(20.15). IR (KBr, selected bands, cm™): 3361 (b, O-H str.),
1608 (s, C=N), 1273 (s, C-0O-C), 287 (Te-N), 509 (Te-0). 'H
NMR (400 MHz, DMSO-ds) 6 ppm: 9.56 (s, 1H, Ar-OH), 6.01-
7.86 (m, 10H, Ar-H of furan and benzene ring), 8.83 (s, 1H,
C=N), 2.52 (s, 3H, CH;of furan), 2.36 (s, 3H, CH3); *C NMR:
147.63 (C2), 105.34 (C3), 104.39 (C4), 143.71 (C5), 16.98
(C6), 167.66 (CT), 146.01 (C8), 119.17 (C9, C13), 134.13
(C10,C12), 140.95 (C11),22.45 (C14), 145.23 (C15), 136.67
(C16, C20), 115.81 (C17, C19), 161.74 (C18).

C2H2CI:NO,Te (1b): Colour: brown red; yield 85.32%;
m.p.: 162 °C; Elemental analysis: calcd. (found) %: C, 44.46
(44.28); H, 3.73 (3.56); N, 2.59 (2.57); Te, 23.61 (23.57); Cl,
19.68 (19.62); IR (KBr, selected bands, cm™): 1602 (s, C=N),
1227 (s, C-O-C), 290 (Te-N), 513 (Te-O); '"H NMR (400 MHz,
DMSO-ds) & ppm: 3.83 (s, 3H, OCH; group), 6.85-7.69 (m,
16H, Ar-H of furan and benzene ring), 8.37-8.67 (s, IH, C=N),
2.30 (s, 3H, CH; group of furan ring), 2.34 (s, 3H, CH; group).
BC NMR: 149.98 (C2), 103.07 (C3), 107.21 (C4), 141.01 (C5),
15.79 (C6), 163.33 (C7), 160.67 (C8), 118.38 (C9, C13),
132.40 (C10,C12), 141.62 (C11),21.57 (C14), 144.01 (C15),
136.20 (C16, C20), 123.75 (C17, C19), 160.16 (C18), 55.79
(C21).

C2H»CINO;Te (1c¢): Colour: yellow; yield 82.98%;
m.p.: 118 °C; Elemental analysis: calcd. (found) %: C, 44.46
(44.31); H, 3.73 (3.74); N, 2.59 (2.46); Te, 23.61 (23.35); Cl,
19.68 (19.86); IR (KBr, selected bands, cm™): 2937 (b, O-H
str.), 1617 (s, C=N), 1213 (s, C-O-C), 286 (Te-N), 510 (Te-O);
'HNMR (400 MHz, DMSO-ds) 8 ppm: 9.53 (s, 3H, OH group),
6.91-7.88 (m, 16H, Ar-H of furan and benzene ring), 8.37-8.67
(s, IH, C=N), 2.30 (s, 3H, CH; group of furan ring), 2.34 (s,
3H, CH; group); *C NMR: 149.98 (C2), 103.07 (C3), 107.21
(C4), 141.01 (C5), 15.79 (C6), 163.33 (C7), 160.67 (C8),

Reflux, 4 h HyC \ =N

—_— ()

MeFPT CH,

Scheme-I: Synthesis of Schiff base ligand (MeFPT)
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Scheme-II: Synthesis of RTeCl;-MeFPT and R,TeCl,-MeFPT

118.38 (C9, C13), 132.40 (C10, C12), 141.62 (C11), 21.57
(C14), 144.01 (C15), 136.20 (C16, C20), 123.75 (C17, C19),
160.16 (C18), 55.79 (C21).

C1sHx;CLNO;Te (1d): Colour: brown; yield 78.41%;
m.p.: 83.77 °C; Elemental analysis: calcd. (found) %: C, 51.42
(51.35); H, 3.97 (4.05); N, 2.40 (2.33); Te, 21.85 (21.23); Cl,
12.14 (12.37); IR (KBr, selected bands, cm™): 3317 (b, O-H
str.), 1593 (s, C=N), 1217 (s, C-O-C), 292 (Te-N), 512 (Te-0);
'H NMR (400 MHz, DMSO-ds) & ppm: 3.83 (s, 2H, Ar-OH),
6.08-7.54 (m, 20H, Ar-H of furan and benzene ring), 8.77 (s,
1H, C=N), 2.34 (s, 3H, CH; group of furan ring), 2.47 (s, 3H,
CH; group); "C NMR: 144.92 (C2), 106.27 (C3), 110.71 (C4),
144.31 (C5), 14.49 (C6), 157.03 (C7), 144.87 (C8), 121.68
(C9, C13), 129.40 (C10, C12), 136.92 (C11), 21.77 (C14),
128.31 (C15), 136.70 (C16, C20), 115.05 (C17, C19), 158.76
(C18), 128.69 (C21), 135.24 (C22, C26), 115.38 (C23, 25),
157.91 (C24).

C»H,,CLLNO;Te (1e): Colour: dark brown; yield 87.41%;
m.p.: 98.7 °C; Elemental analysis: calcd. (found) %: C, 52.99
(52.84); H, 4.45 (4.43); N, 2.29 (2.33); Te, 20.85 (19.29); Cl,
11.59 (12.17); IR (KBr, selected bands, cm™): 1612 (s, C=N),
1176(s, C-O-C), 293 (Te-N), 506 (Te-O); 'H NMR (400 MHz,
DMSO-ds) & ppm: 3.79 (s, 3H, OCH; group), 6.21-7.38 (m, 20H,
Ar-H of furan and benzene ring), 8.67 (s, 1H, C=N), 2.27 (s,
3H, CH; group of furanring), 2.54 (s, 3H, CH; group); "C NMR:
155.62 (C2), 107.97 (C3), 110.51 (C4), 152.71 (CS5), 15.64
(C6), 162.73 (C7), 123.77 (C8), 121.04 (C9, C13), 129.31
(C10,C12),123.72 (C11),22.37 (C14), 128.41 (C15), 135.71
(C16, C20), 123.75 (C17, C19), 147.66 (C18), 55.79 (C21),

127.94 (C22), 136.38 (C23, 27), 124.31 (C24, C26), 146.18
(C25), 55.36 (C28).

C»H2,CILNO;Te (1f): colour: brown; yield 82.27%; m.p.:
103 °C; Elemental analysis: calcd. (found) %: C, 52.99 (52.84);
H, 4.45 (4.43); N, 2.29 (2.33); Te, 20.85 (19.29); CI, 11.59
(12.17); IR (KBr, selected bands, cm™): 3348 (b, O-H str.),
1606 (s, C=N), 1221 (s, C-O-C), 289 (Te-N), 511 (Te-O); 'H
NMR (400 MHz, DMSO-de) § ppm): 10.02 (s, 1H, Ar-OH),
6.11-7.86 (m, 20H, Ar-H of furan and benzene ring), 8.55 (s,
1H, C=N), 2.37 (s, 3H, CH; group of furan ring), 2.51 (s, 3H,
CH; group); "C NMR: 144.82 (C2), 107.37 (C3), 109.71 (C4),
143.71 (C5), 13.74 (C6), 163.73 (C7), 143.17 (C8), 120.74
(C9, C13), 131.21 (C10, C12), 137.22 (C11), 21.67 (C14),
128.71 (C15), 131.81 (C16), 130.25 (C17), 154.16 (C18),
114.73 (C19), 134.83 (C20), 15.19 (C21), 128.34 (C22), 131.28
(C23),128.41 (C24), 155.21 (C25), 114.88 (C26), 132.66 (C27),
15.46 (C28).

Computational method: Orca 4.0 program package has
been used to represent all the DFT computations. Molecular
modelling has been employed for the optimizations of struc-
tures. DFT functional is renowned for the predictions of
energies of molecular complexes using def2-SVP basis sets for
the Te(IV) center and other organic elements (C, H, O and N),
respectively.

in vitro Antimicrobial activity: The ligand (MeFPT) and
its organyltellurium(IV) complexes (1a-f) were assayed against
fungal strains (A. clavatus MTCC 1323, C. albicans MTCC
227, A. niger MTCC 282), Gram-positive bacterial strains (S.
pyogenes MTCC 442, S. aureus MTCC 96) and Gram-negative
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bacterial strains (E. coli MTCC 443, P. aerugenosa MTCC
1688). The Institute of Microbial Technology in Chandigarh ,
India provided the bacterial strains. By using the broth dilution
method and the agar well-diffusion method, we were able to
compare their antifungal and antibacterial efficacy. DMSO was
employed as a diluent to achieve the necessary medication
concentration for testing on typical bacterial strains. The samples
were incubated for 24 to 30 h at 37 °C.

RESULTS AND DISCUSSION

All the tellurium metalloid complexes containing Schiff
base were synthesized by using refluxing method. The metal
complexes are solid, air stable and soluble in ethanol, methanol,
DMSO and DMF. The change in colour from ligand to metal
complexes is in support of metal-ligand interaction, which is
further proved by conductivity. Using elemental analysis, IR,
UV-Vis, NMR, DFT the structural features of organyltellurium
(IV) complexes were elucidated.

Conductance studies: The molar conductivity [29-31]
values in ohm™ cm?mol ™ of all the organyltellurium(IV) comp-
lexes (1a-f) in DMSO 10 M solution are shown in Table-1. This
suggests their non-electrolytic nature of synthesized compounds.

Mass spectra: The structure of the Schiff base ligand and
its organyltellurium complexes as well as their molar weight
were analyzed via mass spectroscopy. However, it also fortifies
the proposed empirical formula of ligand. The molecular ion
peaks for ligand were observed at 200 m/z, which corresponded
to the molecular weight of ligand. All the data of molecular
ion peak, base peak are in accordance with the structure of
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TABLE-1
MOLAR CONDUCTANCE VALUES OF THE
SYNTHESIZED ORGANYLTELLURIUM(IV) COMPLEXES

Compound Lt G ondzu ctaqlce Compound Litelle G ondzu ctaqlce
(Ohm™ cm mol ) (Ohm™ cm mol ")

la 29.08 1d 49.52

1b 25.42 le 41.90

1c 26.44 1f 46.78

ligand. The mass spectral analysis results of tellurium comp-
lexes (1a-f) reveal molecular ion peaks m/z at 528, 540, 541,
583, 613, 614 correspond to the molecular weights of these
complexes. The mass spectra of MeFPT ligand and organyl-
tellurium(I'V) complex (1a) is shown in Fig. 1.

IR spectra: The IR spectra of the ligand and its organyl-
tellurium(IV) complexes were analyzed using bands in the
4000-400 cm™ range (Fig. 2) to obtain the coordination sites.
The stretching vibrations C-O-C, C=N, N-Te, O-Te were anal-
yzed for the structural confirmation of ligand and their respective
complexes. Table-2 lists the key infrared bands of Schiff Base
ligand and its organyltellurium(I'V) complexes. The IR spectrum
in KBr disc of ligand has an intense absorbtion band at 1631
cm’ ascribed to the stretching vibration (C=N) and shifted to
lower wavenumber [32,33] due to complex formation, which
indicating the coordination of Schiff base to the tellurium metal
ion [34-36] via azomethine-N atom. Due to the (C=0) stretching
frequency [37], both the ligand and its organyltellurium metal
complexes displayed no band at 1735 cm™. In ligand, a medium
intensity absorption band due to the (C-O-C) [38] stretching
vibration of furan was observed at 1291 cm™. These bands were
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Fig. 1. Mass spectrum of Schiff base (a) ligand (MeFPT) and (b) organyltellurium(IV)complex (1a)

TABLE-2
IR SPECTRAL DATA (cm™) OF (MeFPT) LIGAND AND ITS ORGANYLTELLURIUM(IV) COMPLEXES

Sz V(O-H) St‘;étcc'h}ilr)lg V(Cs';lgtjlrl‘i):l‘;“‘: V(C-0-C) V(C=N) V(Te-N) V(Te-0)
MeFPT = 2926 3054 1201 1631 = =
1a 3361 2938 3058 1273 1608 287 509
1b - 2931 3064 1227 1602 290 513
1c 3324 2937 3061 1213 1617 286 510
1d 3317 2936 3057 1217 1593 202 512
le - 2923 3051 1176 1612 203 506
1 3348 2939 3063 1221 1606 289 511
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Fig. 2. FT-IR spectrum of (a) ligand (MeFPT) and (b) organyltellurium(IV) complex (1a)

moved towards the lower wavenumber region in all corres-
ponding metal complexes indicating that the furan moiety is
coordinated through oxygen. The formation of the complexes
was confirmed by the appearance of a new band in the spectra
of the complexes in the range 292-287 cm™ and 513-506 cm™,
which was assigned to the (Te-N) and (Te-O) [39-41] stretching
vibrations, respectively. The study demonstrates that Schiff
base ligand act as neutral bidentate coordinating via O and N
atom in complexes having distorted octahedral stereochemistry.

'"H NMR spectra: Table-3 lists the chemical shifts of
various types of proton in Schiff base ligand and and its organyl-
tellurium(IV) complexes. The azomethine proton were
distinguished by a singlet in the d 8.36 ppm region of the parent
ligand. The aromatic and furan ring protons were also shown
to be responsible for multiplets in the range 6.25-7.57 ppm in
the ligand. Meanwhile, 'H NMR spectra of organyltellurium(IV)
complexes showed a signal at 8.37-8.83 ppm for CH=N that
was moved to a higher region in contrast to free ligands implying
coordination [42] through the azomethine N atom of the ligand.
The aromatic and furan ring protons signals were detected as
multipl in the range of 6.08-7.88 ppm showing that the oxygen
of furan ring [43,44] is involved in organyltellurium(IV) complex
coordination.

TABLE-3
"H NMR SPECTRAL DATA OF (MeFPT)
LIGAND AND ITS Te(IV) COMPLEXES

Compd. COH CH=N (H, Twanrng  Aromatic
protons  ring protons
MeFPT - 836 238 625,626 649757
la 956 883 252 691,702  691-7.88
1b - 837 230 680,685  6.79-7.69
le 954 846 227 691,676  6.81-7.88
1d 1007 877 234 608,698  6.637.54
le - 867 227 621,699  657-7.38
It 1002 855 237 691,699  6.88-7.13

BC NMR spectra: The '"H NMR spectral assignments of
the new synthesized compounds are also supported by the *C
NMR spectrum and shown in Table-4. The characteristic chemical
shifts of the benzene carbon atoms are assigned in the range

of 120-170 ppm, similarly the peaks at & 142.05, § 116.39, &
113.37, 8 125.16 ppm values are attributed to the carbons of
the furfuryl ring. The *C NMR analysis shows corresponding
peak for imine at 8 146.36-167.66 ppm. The peak at & 26.49
and § 21.57-22.45 ppm corresponds to the CH; group present
in the rings. These results strongly suggest that both N and O
atom coordinate to organyltellurium(IV) complexes.

UV-Vis spectra: The UV-Vis electronic spectrum of all
the compounds were obtained and showed three distinct absor-
ption bands. In Table-5, the first band will be assigned to intra
ligand m-nt" transition [45,46] that was observed at 229 nm,
while the second characteristic wavelength observed at 292
nm will be assigned to the n-7" transition [47] for the azomethine
group (-C=N-), shifts to the red shift and absorbs in the region
292-308 nm in case of complexes. The third band at 424 nm is
notable for such charge transfer transition of a azomethine
and oxygen atom of a furan ring, after complexation the wave-
length shift in range between 434-463 nm, which further
indicated the formation of complexes. The significant UV-
visible spectral bands of ligand and its organyltellurium(IV)
complexes are shown in Fig. 3.

16
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200 300 400 500 600 700 800

Wavelength (nm)

Fig. 3. UV-visible spectrum of (MeFPT) ligand as well as its organyltellu-

rium(IV) complex (1a)
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TABLE-4
C NMR SPECTRAL DATA OF (MeFPT) LIGAND AND ITS ORGANYLTELLURIUM(IV) COMPLEXES
Chemical shift, 8 ppm (DMSO-d,)
CH=N C-H Aromatic carbons

142.05 (C2), 11639 (C3), 113.37 (C4), 125.16 (C5), 131.37 (C8), 134.38 (C9), (C13),
134.31 (C10), (C12), 131.37 (C11)

147.63 (C2), 105.34 (C3), 104.39 (C4), 143.71 (C5), 146.01 (C8), 119.17 (C9, C13),
1a 167.66 (C7)  16.98 (C6), 22.45 (C14)  134.13 (C10, C12), 140.95 (C11), 145.23 (C15), 136.67 (C16, C20), 115.81 (C17,
C19), 161.74 (C18)

149.98 (C2), 103.07 (C3), 107.21 (C4), 141.01 (C5), 160.67 (C8), 118.38 (C9, C13),

Compd.

L 146.36 (C7)  27.39 (C6), 26.49 (C14)

15.79 (C6), 21.57 (C14),

1b 16333 (CT) 5379 (Cal) 132.40 (C10, C12), 141.62 (C11), 144.01 (C15), 136.20 (C16, C20), 123.75 (C17,
: C19), 160.16 (C18)
1579 (C6). 2157 (C14),  149:98(C2). 103.07 (C3), 10721 (C4), 141,01 (CS), 160.67 (C8), 11838 (C9, C13),
1c 163.33 (C7) : P 13240 (C10, C12), 141.62 (C11), 144.01 (C15), 136.20 (C16, C20), 123.75 (C17,

oI ) C19), 160.16 (C18), 55.79 (C21)

144.92 (C2), 106.27 (C3), 110.71 (C4), 144.31 (C5), 144.87 (C8), 121.68 (C9, C13),
1d 157.03 (C7)  14.49 (C6), 21.77 (C14) 129.40 (C10, C12), 136.92 (C11), 128.31 (C15), 136.70 (C16, C20), 115.05 (C17,
C19), 158.76 (C18), 128.69 (C21), 135.24 (C22, C26), 115.38 (C23, 25), 157.91 (C24)

155.62 (C2), 107.97 (C3), 110.51 (C4), 152.71 (C5), 123.77 (C8), 121.04 (C9, C13),

15.64 (C6), 22.37 (C14),

le 162.73 (C7), 129.31 (C10, C12), 123.72 (C11), 128.41 (C15), 135.71 (C16, C20), 123.75 (C17,
3579 (C21),55.36 (C28) (19} 147,66 (C18), 127.94 (C22), 136.38 (C23, 27), 12431 (C24, C26), 146.18 (C25)
144.82 (C2), 107.37 (C3), 109.71 (C4), 143.71 (C5), 143.17 (C8), 120.74 (C9, C13),
1t 163.73 (C7) 13.74 (C6), 21.67 (C14), 131.21 (C10, C12), 137.22 (C11), 128.71 (C15), 131.81 (C16), 130.25 (C17), 154.16
’ 15.19 (C21), 15.46 (C28)  (C18), 114.73 (C19), 134.83 (C20), 128.34 (C22), 131.28 (C23), 128.41 (C24), 155.21
(C25), 114.88 (C26), 132.66 (C27).
TABLE-5 TABLE-6
UV-VIS SPECTRUM OF (MeFPT) LIGAND AS WELL AS SPECIFIED BOND ANGLES OF COMPLEX 1a
ITS ORGANYLTELLURIUM(1V) COMPLEXES
Atom Bond Atom Bond
Compound A (m-T) nm A (n-T) nm Ay (CT) nm connectivity angles (°) connectivity angles (°)
MeFPT 229 292 424 C-Te-N 98.9873 C-Te-Cl 91.6171
la 256 306 439 N-Te-Cl 179.6565 Cl-Te-Cl 88.6936
1b 237 301 452 N-Te-Cl 90.9635 O-Te-Cl 98.4723
1c 240 312 461 O-Te-N 81.5355 Cl-Te-Cl 91.1434
1d 238 306 457 N-Te-Cl 89.2000 O-Te-Cl 88.1143
1e 241 304 463 C-Te-Cl 80.9962 Cl-Te-Cl 177.8643
1 238 302 460 C-Te-Cl 90.4607 O-Te-Cl 89.8036
C-Te-O 178.4917 — —
Molecular modelling: With the help of Avogadro 4.0
version, the geometry optimization was carried out. The TABLE-7
optimized structures of compounds are shown in Fig. 4. The SPECIFIED BOND LENGTH OF LIGAND
data obtained are listed in Tables 6 and 7 where the bond angle G CONI R DA DD
and bond length of ligand and complexes (l1a and 1d) are Compound C=N ¢-0 Te-O Te-N

MeFPT 1.29002 1.31432 - -
la 1.29914 1.29728 2.02335 2.10871
1d 1.29483 1.30207 2.05022 2.11167

compared. Furthermore, the data obtained concludes that bond
angle values are indicating the octahedral geometry of synthe-
sized complexes confirming the suggested structures. The bond

@)

(b) ©

Fig. 4. Optimized structure of (a) MeFPT, (b) 1a and (c) 1d
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length of azomethine (C=N) in ligand (MeFPT) is 1.29002 A
which becomes longer in the complexes indicating the coordi-
nation via N atom of azomethine similarly the change in C-O
bond length values also shows coordination of O atom of furan
ring to metal.

DFT study: The energy difference of FMO’s (Frontier
molecular orbitals) determines the electrical properties, reactivity
and the stability of any compound. The highest occupied mole-
cular orbitals (HOMO) and the lowest unoccupied molecular
orbitals (LUMO) have a tendency to behave as electron donors
and electron acceptors, respectively. The electronic transitions
that take place from HOMO to LUMO of ligand and its metal
complexes (1a and 1d) illustrated in Fig. 5 was carried out by
using program Avogadro 4.0 version with ORCA program.
The energy values of HOMO and LUMO were used to calculate
global reactivity descriptors such as hardness (1), electro-
negativity (), electrophilicity index (®), softness (S), chemical
potential (Pi) and are listed in Table-8.

TABLE-8
THEORETICAL DETERMINED QUANTUM
PARAMETERS OF MeFPT, 1a AND 1d

Parameters MeFPT 1la 1d
E,ono €V) -7.313 -6.342 -5.237
E o (€V) -2.022 -1.338 -0.397
AE (eV) -5.291 -5.004 -4.840
IE (eV) 7.313 6.342 5.237
X (eV) 4.667 3.840 2.817
n (eV) 2.645 2.502 2.420
S V)" 0.189 0.199 0.206
o (eV) 4.117 2.940 1.639
Pi -4.667 -3.840 -2.817

@ I (b) ; i © §§
Q
A
A

AE=-5.291eV

Antimicrobial activity: Antimicrobial activity of MeFPT
ligand and its organyltellurium(IV) based complexes were
investigated against Gram-positive and Gram-negative bacterial
strains (S. pyogenus, E. coli, S. aureus and P. aeruginosa) and
fungal strains (A. niger, C. albicans and A. alavatus). Table-9
shows the minimum inhibition concentration values for the
ligand as well as its organyltellurium(IV) complexes. Ampicillin
and greseofulvin were used as standard drugs. It is evident
from Table-9 that the biological activities of tellurium(IV)
complexes is enhanced as compared with free ligand. This
can be justified taken into account the leading factors. One of
the factor is chelate effect, i.e. complexes show higher anti-
microbial efficiency rather than Schiff base ligand due to
chelation and other factors are size of metal atom, coordination
sites, nature of ligand ezc. All the complexes (1a-f) shows striking
antibacterial activity relative to the ligand. Among of all the
complexes of tellurium, 1a and 1e exhibit excellent antibac-
terial activity against all the antibacterial strains. Complexes
1a, 1b and 1f exhibit valuable antifungal activity, whereas 1b
show good antifungal activity against all the fungal species.
Complex 1a is the most effective besides all the complexes.

Conclusion

In this work, six organyltellurium(IV) complexes (1a-f) of
type MeFPT-RTeCl; or MeFPT-R,TeCl, have been synthesized
when reacting Schiff base (MeFPT) with RTeCl; and R,TeCl,.
Newly synthesized compounds were characterized by molar
conductance, DFT, UV-vis, FI-IR, '"H NMR, “C NMR and
elemental analysis. Through the O atom of furan moiety and
azomethine nitrogen, the Schiff base ligand acts as a bidentate
ligand in all of the metal complexes. The distorted octahedral

AE = -5.004 eV AE = —4.840 eV

Fig. 5. HOMO and LUMO with (a) MeFPT energy gap, (b) 1a energy gap (c) 1d energy gap
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TABLE-9
ANTIBACTERIAL AND ANTIFUNGAL ACTIVITIES OF (MeFPT) LIGAND AND ITS ORGANYLTELLURIUM(1V) COMPLEXES

Antibacterial activity Antifungal activity
Compounds - - - :
S. aureus S. pyogenes E. coli P. aeruginosa C. albicans A. niger A. clavatus
L 0.25 0.5 0.5 0.2 0.5 0.5 1.0
la 0.1 0.0625 0.0625 0.1 0.2 0.5 0.5
1b 0.5 0.2 0.5 0.5 0.1 0.1 0.1
1c 0.2 0.125 0.125 0.25 0.5 0.25 0.25
1d 0.2 0.5 0.5 1.0 0.5 0.25 0.25
le 0.5 0.1 0.0625 0.1 0.5 0.5 0.5
1f 0.2 0.2 0.1 0.2 0.2 0.125 0.1
Ampicillin 0.25 0.1 0.1 0.1 - - -
Greseofulvin - - — - 0.5 0.1 0.1

geometry for these organyltellurium(IV) complexes has been
proposed based on multiple spectroscopy approaches. These
complexes outperform Schiff base ligand in antibacterial
activity against many strains.
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