Asian Journal of Chemistry;, Vol. 34, No. 10 (2022), 2551-2560 €3 ASIAN JOURNAL

ASIAN JOURNAL OF CHEMISTRY

5121 Journa) of Chems

https://doi.org/10.14233/ajchem.2022.23758

b _ OF CHEMISTRY

Editor-in-Chief
DR RK. AGARWAL

Synthesis, Spectroscopic Analysis, Antimicrobial and Antioxidant
Screening of Some Organyltellurium(IV) Complexes

Manak DarLaL”, Nipar AnTiL?, K.K. VERMA® and Sapana GARG™

Department of Chemistry, Maharshi Dayanand University, Rohtak-124001, India

*Corresponding author: E-mail: sapanagargl511@gmail.com

Received: 2 February 2022; Accepted: 14 April 2022;

INTRODUCTION

Schiff bases are among the most versatile families of organic
ligands, which can form coordinate compounds with various
metal ions in different oxidation states. The excellent chelating
and donor abilities are due to basicity of lone pair of sp* hybrid
nitrogen atom of imine (-CH=N-) linkage and of other donor
atom present near to the imine group. Schiff bases are struct-
urally diverse [1] and are called organic bioactive ligands [2] as
they show broad biological activities such as antimalarial [3],
anticonvulsant [4], antioxidant [5-8], antifungal [9], anti-
bacterial [10-12], anti-influenza A virus [13], antitubercular [14]
and so forth. They are also widely studied for their applications
in catalysis, bioorganic, organic syntheses, separation processes,
metallic deactivator and industrial purposes.

Naphthaldehyde Schiff bases with hydroxyl substituent
at ortho-position possess some interesting properties such as
thermochromism and photochromism [15] in the solid state,
making the Schiff bases useful for the measurement and control
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In present study, six new organyltellurium(IV) Schift base complexes with the formula RTeCL,-H4AP (1a-c) and R,TeCl-H4AP (1d-f), |
where R= 4-methoxyphenyl, 4-hydroxyphenyl and 3-methyl-4-hydroxyphenyl, ligand H4AP = 1-(((4-hydroxyphenyl)imino)methyl)- |
naphthalen-2-ol obtained from the condensation of 2-hydroxy-1-naphthaldehyde with 4-aminophenol were synthesized and characterized |
by elemental analysis, molar conductance, mass spectrometry, FT-IR, UV-visible, '"H NMR, *C NMR spectroscopy. Correlation of all
spectroscopic data suggested that Schiff base ligand (H4AP) acts as bidentate (ON) ligand coordinated to tellurium ion via naphthalene |
ring-O and imine-N with the distorted square pyramidal geometry around the tellurium ion. DFT based calculations were done for the |
ligand and its metal complexes to confirm the geometry of complexes. Chemical quantum parameters were determined for the ligand and |
the complexes. The antioxidant activity of the Schiff base and their organyltellurium(IV) complexes were assessed on the basis of radical |
scavenging effect of DPPH. The free Schiff base and its complexes were screened for the in vitro antifungal and antibacterial activity. The |
results show that the organyltellurium(IV) complexes were more active than the Schiff base. The molecular docking simulations carried
out to study the probable binding modes of the ligand with various proteins receptors such as C. albicans and E. coli. I
|

Keywords: 2-Hydroxy-1-naphthaldehyde, 4-Aminophenol, Antibacterial activity, Antifungal activity, Antioxidant activity.

of radiation intensity in optical computers and other display
systems. On the other hand, the Schiff base derived from
substituted naphthaldehyde are known to behave as the most
potent antimicrobial agent [16,17], organic semiconductors [18],
electrochemical sensor [19] and show significant cytotoxicity
activity [20-25] against cancerous cells. Different organyl-
tellurium(IV) chlorides are well known for their electron accep-
ting nature i.e. behaving as Lewis acids and were reported to
form stable complexes with Schiff bases having N, O and S
donor atoms. As far as biological activity is concerned, the organyl-
tellurium(I'V) compounds such as organyltelluranes and organyl-
tellurium(IV) chlorides were reported to act as potent antihelminic
[26] and immunomodulator agents [27].

In view of above interesting features shown and our
continued interest in chemistry of tellurium(IV) complexes,
we developed a series of organyltellurium(IV) complexes with
1-(((4-hydroxyphenyl)imino)methyl)naphthalen-2-ol ligand.
The synthesized ligand (H4AP) and organyltellurium(I'V)
complexes were characterized with the help of conductance
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measurement, elemental analyses, mass spectrometry, UV-Vis,
C NMR, 'H NMR, FT-IR spectroscopy and further screened
for antimicrobial and antioxidant activities.

EXPERIMENTAL

All the chemicals were acquired from Aldrich Chemicals
Co., USA and used as received. Solvents used were procured
from CDH, India and distilled according to reported procedure
before use [28]. Tellurium compounds were prepared accor-
ding to the literature methods.

Physical measurements: Elemental analysis (C, H, N)
were estimated using a CHN analyzer. The FT-IR spectra were
carried out (KBr and polyethylene disc) in the mid-IR and
far-IR region on Nicolet iS-50 FT-IR spectrophotometer. The
absorption spectra were measured on a Shimadzu UV-3600
Plus instrument in the wavelength range 200-800 nm. *C NMR
and "H NMR measurements were recorded on Bruker Advance
11400 MHz FT NMR spectrometer using DMSO-d; as solvent
and TMS as standard. Mass spectrum of the compounds were
recorded on SCIEX Triple TOF 5600 mass spectrometer.
Melting point were recorded using capillary technique and
are uncorrected. Molar Conductance was measured using
MICROSIL conductivity meter.

Computational calculation: Density function theory
based computational calculations of all the synthesized comp-
ounds have been successfully achieved through Orca software
using DFT method with def2-SVP basis sets. Resultant
optimized geometries of the compounds were visualized using
Avogadro 4.0 software.

Antioxidant activity: The antioxidant activity of Schiff
base and its organyltellurium(IV) complexes were evaluated
on the basis of DPPH radical scavenging activity. For this,
different concentration of the synthesized compounds were
added in DPPH solution and then incubated in dark for 30 min.
Ascorbic acid was used as standard. Absorbance of each solution
was recorded at 517 nm. The radical scavenging activity was
evaluated using the following equation:

x100

Inhibition (%) =

where A is absorbance of ascorbic acid and B is the absorbance
of sample. The inhibitory concentration (ICsy) values were
calculated from the plot of % inhibition versus concentration.
The DPPH radical scavenging activity is inversely proportional
to the ICsy value of sample that means lower the value of ICs
higher is the antioxidant activity.

Antimicrobial activity: The antimicrobial activity of ligand
and its organyltellurium(IV) complexes (1a-f) were studied
using Broth microdilution method and determined in terms of
the MIC (minimum inhibitory concentration) values. The
synthesized compounds were screened against two Gram-
positive bacterial species, two Gram-negative bacterial species
and three fungal species. Ampicillin and greseofulvin were
used as the standard drugs, respectively for the antibacterial
and antifungal activities. The MIC value of the compounds
were determined using microdilution technique with two-fold
set of serial dilution screening using concentration of 1000,

500 and 250 pg/mL for the initial screening and concentrations
of 200, 100, 50, 25, 12.5 and 6.25 ug/mL for the secondary
screening. The cultures of bacteria and fungi were incubated
at 37 °C for overnight.

Molecular docking: The pdb files of the proteins C. albicans
(PDB ID: 3dra) and E. coli (PDB ID: 3t88) were obtained from
the RCSB protein data bank. The 3D structures of the synthe-
sized ligand 1-(((4-hydroxyphenyl)imino)methyl)naphthalen-
2-ol was drawn in Avogadro software and then converted into
pdb format using Pymol software. The molecular docking of
the ligand into receptor proteins were performed using MGL
tools and Autodock Vina. The results obtained from docking
were visualized using the Pymol software.

Synthesis of 1-(((4-hydroxyphenyl)imino)methyl)-
naphthalen-2-ol (H4AP): Ligand 1-(((4-hydroxyphenyl)-
imino)methyl)naphthalen-2-ol was prepared by refluxing
equimolar quantities (20 mM) of 2-hydroxy- 1-naphthaldehyde
(3.443 g, 25 mL) with 4-aminophenol (2.182 g, 25 mL) in
ethanol. The resulting solution was stirred for 4 h under reflux
(60°C) and kept aside at room temperature for overnight [29].
The precipitate obtained was filtered, washed twice with cold
ethanol and dried in vacuum condition (Scheme-I). Colour:
orange. Yield: 94%. m.w.: 263.31 g/mol. m.p.: 210-212°C. 'H
NMR (DMSO-ds, 6 ppm): 14.19 (s, 1H, naphthyl -OH), 10.86
(s, 1H, phenyl -OH), 8.40 (s, 1H, -CH=N-), 8.03-6.85 (m, 10H,
Ar-H). "C NMR (DMSO-ds, & (ppm): 108.96 (C)), 158.18
(C2), 119.50 (Cs), 130.40 (Cy), 129.11 (Cs), 127.01 (Ce), 122.80
(C7), 125.80 (Cs), 118.54 (Co), 131.00 (C,o), 165.04 (Cy),
143.41 (C1y), 121.45 (Ci3,17), 115.80 (Cis.16), 155.13 (Cy5). UV-
Vis (Admax, nm): 203,238, 360, 424. Anal. calcd. (found) % for
C7HisNOs: C, 77.55 (77.58); H, 4.96 (4.93); N, 5.32 (5.29).
FT-IR (KBr, Vi, cm™'): 3464 (O-H), 3066 (Ar C-H), 2925
(C-H), 1624 (C=N), 1240 (C-O). MS: m/z (264.10).

OH

2-Hydroxy-1-

naphthaldehyde 4-Aminophenol

OH

Scheme-I: Synthesis of ligand H4AP

Synthesis of organyltellurium(IV) chlorides (RTeCly/
R,TeCl,): Different organyltellurium(IV) chlorides (RTeCl;
and R,TeCl,) such as 3-methyl-4-hydroxyphenyl tellurium(I'V)
trichlorides, 4-hydroxyphenyl tellurium(IV) trichlorides,
4-methoxyphenyl tellurium(IV) trichlorides, bis-(3-methyl-4-
hydroxyphenyl)tellurium(IV) dichloride, bis-(4-hydroxy-
phenyD)tellurium(IV) dichloride, bis-(4-methoxyphenyl)
tellurium(IV) dichloride, were synthesized by the reaction of
TeCl, with the different arenes i.e. o-cresol/anisole/phenol
according to the analogous reported methods [30-38].
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RH + TeCly, —— RTeCls
2RH + TeCly, —— R;TeCl,

where R-H = anisole, o-cresol and phenol.

Synthesis of complexes (RTeCl,;H4AP and R,TeCl-
H4AP): To organyltellurium(IV) chloride in methanol, Schiff
base ligand H4AP dissolved in methanol was added slowly
while stirring. The solution was heated under reflux for 5 h.
The resultant solution volume was reduced to one third and
evaporated to dryness. The solid precipitates obtained were
recrystallized with petroleum ether and chloroform and dried

in vacuum condition (Scheme-II).
N
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Ti N cl

OH
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OO OO 1
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Y
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Scheme-II: Synthesis of RTeCl,-H4AP and R,TeCl-H4AP

RTeCl,-H4AP (4-methoxyphenyl) (1a): Colour: brown.
Yield: 82%. m.w.: 567.91 g/mol. m.p.: 120-122 °C. '"H NMR
(DMSO-ds, & ppm): 10.81 (s, 1H, phenyl -OH), 8.48 (s, 1H,
-CH=N-), 8.00-6.87 (m, 14H, Ar-H), 3.69 (s, 3H, -OCHs). *C
NMR (DMSO-ds, & ppm): 109.70 (C)), 160.81 (C,), 119.50
(Cs), 130.40 (Cy), 129.11 (Cs), 127.01 (Cs), 122.80 (C5), 125.80
(Cy), 118.60 (Cy), 131.09 (Cyp), 169.43 (Cy), 143.60 (Cyy), 121.50
(Ci3.17), 115.81 (Cia6), 155.13 (Cy5), 114.30 (Ci), 133.40 (Cio23),
123.50 (C2022), 153.60 (Ca1), 55.70 (Ca4). UV-Vis (Amax, NM):
205,242,394, 485. Anal. calcd. (found) % for C,,H;sCLLNO;Te:
C, 50.74 (50.56); H, 3.39 (3.05); N, 2.41 (2.27); Te, 22.47
(21.43); C1, 12.51 (11.75). FT-IR (KB, Vi, cm™): 3400 (O-H),
3185 (Ar C-H), 2970 (C-H), 1605 (C=N), 1223 (C-0), 517
(Te-N), 295 (Te-O). MS: m/z (567.88).

RTeCl,-H4AP (4-hydroxyphenyl) (1b): Colour: brown.
Yield: 87%. m.w.: 553.88 g/mol. m.p.: 110-112 °C. '"H NMR
(DMSO-ds, & ppm): 10.86 (s, 2H, phenyl -OH), 8.99 (s, 1H,
-CH=N-), 8.17-6.98 (m, 14H, Ar-H). *C NMR (DMSO-ds, &
ppm): 108.99 (C,), 161.09 (C,), 119.90 (Cs), 130.50 (C.),

129.10 (Cs), 127.10 (Cs), 122.90 (Cy), 125.78 (Cs), 118.62
(Co), 131.15 (Cyp), 171.40 (Cyy), 143.67 (Ci2), 121.60 (Ci3,17),
115.90 (Cis16), 155.41 (Cys), 114.70 (Cis), 133.84 (Cio3),
114.79 (Cy022), 156.51 (Ca1). UV-Vis (Ama, nm): 220,257, 403,
480. Anal. calcd. (found) % for C;H;CLNO;Te: C, 49.87
(49.03); H, 3.07 (2.84); N, 2.53 (2.19); Te, 23.04 (22.09); CI,
12.82 (12.17). FT-IR (KBr, Vi, cm™): 3460 (O-H), 3067 (Ar
C-H), 2990 (C-H), 1594 (C=N), 1216 (C-0O), 505 (Te-N), 289
(Te-O). MS: m/z (553.80).

RTeCl,’H4AP (3-methyl-4-hydroxyphenyl) (1c): Colour:
yellowish brown. Yield: 75%. m.w.: 567.92 g/mol. m.p.: 120-
122°C. '"H NMR (DMSO-ds, 8 ppm): 10.84 (s, 2H, phenyl -OH),
9.16 (s, 1H, -CH=N-), 8.15-6.91 (m, 13H, Ar-H), 2.20 (s, 3H,
-CH3). "C NMR (DMSO-dj, 8 (ppm): 109.78 (Cy), 162.98 (Cy),
119.60 (Cs), 130.45 (Cs), 129.11 (Cs), 127.04 (Cs), 122.85 (Cy),
125.80 (Cy), 118.62 (Cy), 131.11 (Cyp), 169.99 (C,y), 143.89
(Ci2), 121.65 (Ci3.17), 115.92 (Ci4.16), 155.98 (Cii5), 114.60 (Cs),
133.80 (Cio.23), 126.00 (Cy), 155.01 (Cyy), 115.80 (Cy2), 21.38
(Ca4). UV-Vis (Amax, nm): 203,251, 385, 479. Anal. calcd.
(found) % for C,H;yCLLNO:Te: C, 50.76 (50.15); H, 3.35
(3.07); N, 2.47 (2.59); Te, 22.47 (21.11); CI, 12.50 (12.09).
FT-IR (KBT, Vi, cm™): 3442 (O-H), 3110 (Ar C-H), 3010
(C-H), 1610 (C=N), 1213 (C-0), 511 (Te-N), 293 (Te-O). MS:
m/z (567.95).

R,TeCI-H4AP (4-methoxyphenyl) (1d): Colour: brown.
Yield: 80%. m.w.: 639.61 g/mol. m.p.: 140-142 °C. '"H NMR
(DMSO-ds, & ppm): 10.86 (s, 1H, phenyl -OH), 8.51 (s, 1H,
-CH=N-), 8.08-6.87 (m, 18H, Ar-H), 3.71 (s, 6H, -OCHs). *C
NMR (DMSO-ds, & (ppm): 109.19 (C)), 160.91 (C,), 119.50
(C3), 130.40 (Cy), 129.11 (Cs), 127.01 (Co), 122.80 (C5), 125.80
(Gs), 118.60 (Cy), 131.09 (Cio), 169.90 (Cy1), 143.60 (Cyo),
121.50 (Ci3,17), 115.81 (Cis16), 155.15 (Cis), 114.30 (Cisps),
133.49 (Cio232630), 123.40 (Ca02227,29), 153.65 (Cii28), 55.60
(Cas31). UV-Vis (A, nm): 218,254, 389, 486. Anal. calcd.
(found) % for C;5;HxCINO4Te: C, 58.21 (58.09); H, 4.08 (3.90);
N, 2.19 (2.01); Te, 19.94 (19.18); CL, 5.56 (5.01). FT-IR (KBr,
Vmae, cm™): 3480 (O-H), 3091 (Ar C-H), 2997 (C-H), 1597
(C=N), 1226 (C-0), 516 (Te-N), 285 (Te-O). MS: m/z (639.68).

R,TeCI‘H4AP (4-hydroxyphenyl) (1e): Colour: orange.
Yield: 87%. m.w.: 611.54 g/mol. m.p.: 174-176 °C. '"H NMR
(DMSO-ds, & ppm): 10.89 (s, 3H, phenyl -OH), 9.00 (s, 1H,
-CH=N-), 8.12-6.91 (m, 18H, Ar-H). *C NMR (DMSO-ds, &
ppm): 109.78 (C,), 161.42 (C5), 119.90 (Cs), 130.50 (Cy), 129.10
(Cs), 127.10 (Cs), 122.90 (C7), 125.78 (Cy), 118.62 (Cy), 131.15
(Cip), 171.80(C11), 143.67 (C12), 121.60 (Ci3,17), 115.90 (Ci4,16),
155.40 (Cys), 114.70 (Cis24), 133.80 (Cio232520), 114.79
(Cz(),zz,zf,_zs), 15650 (C21,27). UV—VIS (}\.max, Ill’l’l): 217, 255, 401,
479. Anal. calcd. (found) % for CoyH»CINO4Te: C, 56.96
(56.18); H, 3.63 (3.17); N, 2.29 (2.03); Te, 20.87 (20.11); CI,
5.80(5.17). FT-IR (KBT, Vinax, cm™): 3400 (O-H), 3086 (Ar C-H),
2979 (C-H), 1594 (C=N), 1217 (C-0), 509 (Te-N), 288 (Te-O).
MS: m/z (611.48).

R,TeCI-H4AP (3-methyl-4-hydroxyphenyl) (1f): Colour:
green. Yield: 83%. m.w.: 639.61 g/mol. m.p.: 141-143 °C. 'H
NMR (DMSO-ds, 6 (ppm): 10.84 (s, 3H, phenyl -OH), 9.21
(s, 1H, -CH=N-), 8.16-6.91 (m, 16H, Ar-H), 2.19 (s, 6H, -CH3).
BC NMR (DMSO-ds, 8 ppm): 109.78 (C)), 162.97 (Cs), 119.60
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(C5), 130.45 (Cy), 129.11 (Cs), 127.04 (C), 122.85 (C5), 125.80
(Cy), 118.62 (Cy), 131.11 (Cip), 170.21 (Cyy), 143.89 (Cu),
121.65 (Ci3.47), 115.92 (Ci416), 155.70 (Cis), 114.60 (Cis.5),
133.86 (Ci9232630), 126.10 (Ca027), 155.00 (Cains), 115.80
(Ca229), 21.30 (Caa31). UV-Vis (Aay, nm): 210,240, 387, 484.
Anal. calcd. (found) % for C;HyCINO4Te: C, 58.25 (57.79);
H, 4.06 (3.91); N, 2.18 (2.02); Te, 19.95 (19.81); Cl, 5.56
(5.03). FT-IR (KBr, Vina, cm™): 3380 (O-H), 3062 (Ar C-H),
2960 (C-H), 1598 (C=N), 1217 (C-0), 517 (Te-N), 295 (Te-O).
MS: m/z (639.81).

RESULTS AND DISCUSSION

The newly synthesized Schiff base (H4AP) and its organyl-
tellurium(IV) complexes were coloured, stable under normal
laboratory conditions and are soluble in solvents like chloro-
form, ethanol, DMSO, etc.

Conductance studies: The molar conductance (A,,) of
107 M of their solutions were measured at 25 °C and reported
in Table-1. The resulting values lies in the range 46.47-11.72
S cm? mol ™ indicating their weak electrolyte [39,40] nature in
DMSO solvent, conductance values were possibly due to the
ionization into (RTeCl-H4AP)*/(R,Te-H4AP)* and Cl"in DMSO
solvent.

TABLE-1
MOLAR CONDUCTANCE OF
ORGANYLTELLURIUM(IV) COMPLEXES
Compound Molar conductance (S cm? mol™)
1la 41.00
1b 46.47
1c 46.07
1d 40.88
le 40.06
1f 11.72

IR spectra: Key IR absorption bands of ligand (H4AP)
and organyltellurium(IV) complexes (1a-f) are represented in
Table-2. Comparison of FT-IR spectra of complexes with
ligand (H4AP) was done to determine structures and its ligation
behaviour. The characteristic stretching vibration peaks at 3432,
3066, 2925 and 1240 cm™ are ascribed to O-H, aromatic C-H,
aliphatic C-H and C-O bond of ligand [40], respectively. The
bands at 1514 and 1541 cm™ correspond to the symmetric and
asymmetric stretching vibration of C=C bonds. The absorption
band at 1624 cm™' ascribed to the C=N stretching vibration [20]
of ligand shifted to 1607-1596 cm™ in complexes indicating
that imine group is attached to metal centre through nitrogen.

Intense peak at 1240 cm™ corresponding to C-O stretching in
ligand, shifted to lower wavenumber indicating naphthyl hydroxyl
oxygen of ligand is involved in coordination with tellurium.
Appearance of new absorption bands in the region 298-281 cm”
and 525-507 cm™ ascribed to v(Te-O) [39,41] and v(Te-N) [41-
43] confirms the coordination of naphthyl oxygen and imine
nitrogen with tellurium. The in-plane and out of plane bending
vibration of C-H bond were observed at 1020 cm™ and 833 cm.

Mass spectra: The mass spectra of ligand H4AP (Fig. 1a)
exhibited a molecular ion peak (M*) at m/z 264.10 (theoretical
263.29). The result is consistent with the suggested molecular
formula of the ligand [44]. The mass spectra for the complexes
1a, 1b, 1c, 1d, 1e and 1f show m/z value at 567.88, 553.80,
567.95,639.68,611.48 and 639.81, respectively (Fig. 1b). The
measured m/z values are completely compatible with the theor-
etical ones confirming that each complex keep its mononuclear
structure, with the 1:1 of ligand to organyltellurium(IV) chlorides.

UV-Vis spectra: The electronic absorption spectra of
ligand (H4AP) and its organyltellurium(IV) complexes were
measured using BaSO; as a solid phase. The spectral data is
summarized in Table-3. Electronic spectra of ligand [29,44]
exhibited bands at 203, 248 nm assignable to -7t* transitions.
The band seen at 360 nm is ascribed to n-7* transition of the
imine group. The band at 424 nm in ligand is due to charge
transfer transition within the ligand molecule. For complexes,
the shifts of the characteristic bands toward longer wavelength
comparable to the Schiff base ligand (H4AP), confirms the
complexes formation (Fig. 2).

"H NMR spectra: The 'H NMR spectral data of Schiff
base (H4AP) and organyltellurium(IV) complexes (1a-f) are
presented in Table-4. In the proton NMR spectrum, the ligand
exhibits a singlet peak at & 8.40 ppm for the imine (CH=N)
proton [29], shifted to & 8.48-9.21 ppm in complexes indicating
involvement of imine nitrogen in complexation. The singlet
peak at & 14.19 ppm corresponding to hydroxyl proton [44]
of 2-hydroxynaphthaldehyde moiety of ligand is absent in
spectrum of complexes suggesting deprotonated oxygen is
involved in coordination. The phenolic proton of aminophenol
moiety appearing as singlet peak at  10.86 ppm remain appre-
ciably same on their position in spectrum of complexes. In the
spectrum of ligand, aromatic protons appeared in the range &
6.85-8.03 ppm slightly shifted downfield in the complexes due
to decreased electron density after complexation.

BC NMR spectra: The "C NMR spectrum data of Schiff
base (H4AP) and organyltellurium(IV) complexes are shown
in Table-5. In the *C NMR spectrum of Schiff base and its

TABLE-2
IMPORTANT INFRARED ABSORPTION BANDS (cm™) OF LIGAND (H4AP) AND Te(IV) COMPLEXES
Compound O-H C-H (aromatic) C-H C=N C-O0 Te-N Te-O
H4AP 3432s 3066s 2925s 1624s 1240s - -
la 3400w 3085m 2970s 1605s 1223s 517s 295s
1b 3460w 3067m 2990s 1599s 1216s 505m 289m
1c 3442s 3110s 2998m 1596s 1213s 511m 293m
1d 3480s 3091s 2997w 1607s 1226s 516s 285s
le 3400w 3086w 2979s 1604s 1217s 509s 288s
1f 3380m 3062w 2960s 1606s 1217s 517m 295s

s = sharp, m = medium, mb = medium broad, sh = shoulder and w = weak
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Fig. 1. Mass spectrum of (a) ligand (H4AP) and (b) R, TeCl-H4AP (1e)
TABLE-3
ELECTRONIC SPECTRAL DATA OF LIGAND (H4AP) AND COMPLEXES
il
Compound Ao I (CM)
Tt n—m* Charge transfer
H4AP 203 (49261) 248 (42016) 360 (27777) 424 (23584)
la 205 (48780) 242 (41322) 394 (25380) 485 (20618)
1b 220 (45454) 257 (38910) 403 (24814) 480 (20833)
1c 203 (49261) 251 (39841) 385 (25974) 479 (20876)
1d 218 (45871) 254 (39370) 389 (25706) 486 (20576)
1e 217 (46082) 255 (39216) 401 (24937) 479 (20876)
1f 210 (47619) 240 (41666) 387 (25840) 484 (20661)
1.5 - ;
imine carbon (C,;), aromatic carbon attached to -OH group of
1.0- naphthaldehyde part of ligand (C,) were shifted to downfield
1f in the range 6 169.43-172.00 ppm, & 160.00-163.00 ppm
% 0.9- supporting the coordination of imine-N and naphthyl-O to
£ tellurium(IV) ion in the complexes. No appreciable change was
2 0.6 found in the peak observed at § 155.13 ppm assigned to aromatic
< H4AP carbon attached with the -OH group of aminophenol moiety,
0.3 indicating its non-participation in complexation.
Geometry optimization: Molecular geometry optimi-
Y T T T T T zation of Schiff base and its organyltellurium(IV) complexes
200 300 400 500 600 700 800

Wavelength (nm)
Fig. 2. UV-visible spectrum of ligand (H4AP) and complex R,TeCl-H4AP
an

synthesized complexes, aromatic carbon [29,44,45] signals
were observed in the range 8 108.96-156.50 ppm. Peaks shown
by ligand at & 165.04 ppm and 158.18 ppm corresponding to

(1a and 1e) was done with zero numerical constraints using
Avogadro 4.0 program with Orca visualization software. The
resultant optimized geometries of the ligand H4AP and the
complexes 1a and 1e are given in Fig. 3. From the optimized
structures, it has been seen that the ligand is fully planar while
the complexes have a twisted structure in its optimized form.
In ligand (Table-6), the C=N (imine) and C-O (naphthyl) bond

TABLE-4
'H NMR SPECTRAL STUDIES OF LIGAND (H4AP) AND Te(IV) COMPLEXES

Chemical Shift, 8 ppm (in DMSO-dj)

Compound -
OH (naphthyl) OH (phenol) CH=N Aromatic protons CH,/-OCH;**
H4AP 14.19 (s, 1H) 10.86 (s, 1H) 8.40 (s, 1H) 8.03-6.85 (m, 10H) -
la - 10.81 (s, 1H) 8.48 (s, 1H) 8.00-6.87 (m, 14H) 3.69 (s, 3H)**
1b - 10.86 (s, 2H) 8.99 (s, 1H) 8.17-6.98 (m, 14H) -
1c - 10.84 (s, 2H) 9.16 (s, 1H) 8.15-6.91 (m, 13H) 2.20 (s, 3H)
1d - 10.86 (s, 1H) 8.51 (s, 1H) 8.08-6.87 (m, 18H) 3.71 (s, 6H)**
le - 10.89 (s, 3H) 9.00 (s, 1H) 8.12-6.91 (m, 18H) -
1f — 10.84 (s, 3H) 9.21 (s, 1H) 8.16-6.91 (m, 16H) 2.19 (s, 6H)
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TABLE-5

*C NMR SPECTRAL STUDIES OF LIGAND (H4AP) AND Te(IV) COMPLEXES

Compound

Chemical Shift, 8 ppm (in DMSO-dj)

C=N

C-OH
(naphthyl)

C-OH
(aminophenol)

Aromatic carbons

Aliphatic carbons
(CH3y/OCH;**)

H4AP

165.04 (C,,)

158.18 (C,)

155.13 (Cy5)

108.96 (C,), 119.50 (C,), 130.40 (C,), 129.11 (Cs), 127.01
(Co), 122.80 (C,), 125.80 (Cy), 118.54 (C,), 131.00 (C,y),
14341 (C,), 121.45 (C3.1,), 115.80 (Cyy 1)

la

169.43 (Cy,)

160.81 (C,)

155.13 (Cy5)

109.70 (C,), 119.50 (Cs), 130.40 (C,), 129.11 (Cs), 127.01
(Cy), 122.80 (C,), 125.80 (Cy), 118.60 (Cy), 131.09 (Cy),

143.60 (C,y), 121.50 (Cy5,1), 115.81 (Cyu 1), 114.30 (C,y),
133.40 (Cy9), 123.50 (Csy), 153.60 (C,,)

55.70 (Cp)**

1b

171.40 (C,,)

161.09 (C,)

155.41 (C,5)

108.99 (C,), 119.90 (C,), 130.50 (C), 129.10 (Cs), 127.10
(Co), 122.90 (C,), 125.78 (Cy), 118.62 (C,), 131.15 (Cyy),
143.67 (Cy), 121.60 (Cy3 17), 115.90 (C,4 1), 114.70 (C,),
133.84 (Cys), 114.79 (Coy0), 156.51 (Cy)

1c

169.99 (C,,)

162.98 (C,)

155.98 (C,5)

109.78 (C,), 119.60 (Cy), 130.45 (C,), 129.11 (Cs), 127.04
(Co), 122.85 (C,), 125.80 (Cy), 118.62 (Cy), 131.11 (Cyy),
143.89 (Cy,), 121.65 (Cy3 1), 115.92 (C4 10), 114.60 (C,p),
133.80 (Cy93), 126.00 (Cyy), 155.01 (C,y), 115.80 (C,,)

2138 (Cy)

1d

169.90 (C,,)

160.91 (C,)

155.15 (Cy5)

109.19 (C,), 119.50 (C,), 130.40 (C,), 129.11 (Cs), 127.01
(Co), 122.80 (C;), 125.80 (Cy), 118.60 (C), 131.09 (C,),
143.60 (Cy), 121.50 (Cy317), 115.81 (Cyy 16), 114.30 (Cig5),
13349 (C19,23,26,3O)7 12340 (CZO,22,27,29)7 15365 (CZI,ZS)

55.60 (Caqa)**

le

171.80 (Cy,)

161.42 (Cy)

155.40 (C,5)

109.78 (C,), 119.90 (Cs), 130.50 (C,), 129.10 (C), 127.10
(Cy), 122.90 (C,), 125.78 (Cy), 118.62 (Cy), 131.15 (Cy),
143.67 (C,y), 121.60 (Cy5,1), 115.90 (Cya 1), 114.70 (Cy00),
133.80 (Ciosnso)s 114.79 (Copzangs)s 156.50 (Co17)

1f

170.21 (C,,)

162.97 (C,)

155.70 (C,5)

109.78 (C,), 119.60 (Cy), 130.45 (C,), 129.11 (Cs), 127.04
(Co), 122.85 (C,), 125.80 (Cy), 118.62 (C,), 131.11 (Cyy),
143.89 (Cy), 121.65 (Cya17), 115.92 (Cyy 16), 114.60 (Cig5),
133.86 (Cio232630)> 126.10 (Cpp27), 155.00 (Cyy55), 115.80
(C22,29)

21.30 (Cays))

**Due to -OCH; moiety

(@)

Fig. 3. Optimized structure of (a) ligand H4AP; (b) complex 1a; (c) complex 1e; Ball colour code: grey-C; red-O; blue-N; green-Cl; yellow-
Te; white-H

length were found to be of 1.290 A and 1.335 10\, respectively
and in the complexes bond lengths were found in the range

1.295-1.305 A and 1.339-1.373 A, elongation in bond lengths complexes.

indicates their involvement in complexation. The theoretically
calculated bond angles of the complexes (Table-7) predicts

distorted square pyramidal geometry around the tellurium ion
comprehensively supporting the purposed structures of the

Frontier molecular orbital (FMQO) analysis: The frontier
molecular orbitals termed as quantum orbitals [46-49] includes

TABLE-6
CALCULATED BOND LENGTH (A) DATA OF LIGAND H4AP, COMPLEXES 1a AND le
Compound v(C=N) V(C-0) (naphthyl) Vv(C-0) (aminophenol) v(Te-N) v(Te-O)
H4AP 1.290 1.335 1.348 = =
1a 1.305 1.339 1.348 2.091 1.970
le 1.295 1.373 1.348 2.073 2.038
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TABLE-7
THEORETICAL CALCULATED BOND ANGLES
FOR THE COMPLEX R,TeCl-H4AP (1a)

Atom Bond Atom Bond
connectivity angles (°) connectivity angles (°)
N-Te-O 92.3967 N-Te-Cl 179.1652
O-Te-Cl 117.6256 N-Te-C 91.1663
O-Te-Cl 87.8197 Cl-Te-Cl 88.9785
O-Te-C 116.4420 Cl-Te-C 125.7967
N-Te-Cl 90.2070 Cl-Te-C 89.4586

lowest unoccupied molecular orbital (LUMO) and highest
occupied molecular orbital (HOMO). Fig. 4 displays the both
LUMO and HOMO images of the ligand and complex 1a and
le. For ligand, the HOMO energy was found at -5.079 eV
while the LUMO energy is at -2.629 eV, with a 2.45 eV energy
gap. For complexes 1a and 1e, HOMO energies were found at
-3.895 eV and -3.431 eV, and the LUMO energies were at
-1.900 eV and -1.431 eV, respectively. The HOMO-LUMO
energy gap for the complex 1a and 1e is 1.995 eV and 2.000
eV i.e. energy gap is decreased indicating the successful comp-
lexation of Schiff base ligand with tellurium ion. Different
quantum parameters [49] evaluated from the HOMO and LUMO
energy levels are tabulated in Table-8. From the optimized
structure of ligand, HOMO and LUMO is mainly located on
whole pi-bond system. In complexes 1a and 1e, electron density
of HOMO is mainly concentrated on tellurium ion with involve-
ment of heteroatoms of ligand moiety, while LUMO is totally
ligand centric.

Antioxidant activity: In this study, 2,2-diphenyl-1-picryl-
hydrazyl radical scavenging activity was used to assess anti-
oxidant activity of the synthesized compounds. The percentage
inhibition for ligand (H4AP) and its organyltellurium(I'V)
complexes (1a-f) are shown in Fig. 5. The ICs, values of the
synthesized compounds were calculated and compared with
the standard ascorbic acid (Table-9). The results revealed that
the complexes have higher antioxidant activity than the Schiff
base except complex 2f. Complex 2a (ICso = 52.14 pg/mL)

LUMO
=-2.62 eV

AE=245eV

HOMO
=-5.07 eV

TABLE-8
THEORETICAL CALCULATED QUANTUM
CHEMICAL PARAMETERS OF THE LIGAND
H4AP AND COMPLEXES 1a AND 1e

Quantum chemical

(b)
LUMO
E=-1.90eV

AE =1.99 eV

HOMO
E=-3.89eV

Complex 1a

H4AP 1a le
parameters
Exono (€V) -5.079 -3.895 3431
ELuvo (€V) -2.629 -1.900 -1.431
AE (eV) 2.450 1.995 2.000
I(eV) 5.079 3.895 3.431
A (V) 2,629 1.900 1.431
x V) 3.854 2.898 2431
N V) 1.225 0.998 1.000
o eV 0.816 1.002 1.000
S eV 0.408 0.501 0.500
o (eV) 6.060 4207 4.727
Pi (eV) -3.854 -2.898 2431
AN, 3.146 2.903 2431
)
go ~H4AP  —e—1a
——1b 1c
70 ——1d - 1e
& go —e1f —e— Ascorbic acid
S
g 50
<
< 40
T
g 30
20 ./’_._______.____.—o—-—-—-“
10
0
0 20 40 60 80 100 120

Concentration (ug/mL)
Fig. 5. DPPH radical scavenging activity of the ligand (H4AP) and its
complexes (1a-f)

has the highest antioxidant activity as compared to the ligand
(ICs9=235.60 pg/mL) and ascorbic acid (ICso = 73.71 ug/mL)
making it as good antioxidant agent.

(©
< LUMO
E=-1.43eV

AE =2.00 eV

HOMO
=-3.43 eV

Complex 1e

Fig. 4. HOMO-LUMO gap energies of (a) ligand; (b) complex 1a; (c) complex 1e
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TABLE-9
ANTIOXIDANT DATA OF THE LIGAND H4AP AND
ITS CORRESPONDING COMPLEXES (1a-f)

Compound 1Cs, (ug/mL)
H4AP 235.6
la 52.14
1b 98.48
1c 79.88
1d 83.06
1le 87.16
1f 349.29
Ascorbic acid 73.71

Antibacterial activity: The synthesized ligand (H4AP)
and its organyltellurium(I'V) complexes were examined against
few microorganisms such as P. aeruginosa, S. pyogenes, E.
coli and S. aureus to assess their capability as antibacterial
agent. The minimum inhibition concentration (MIC) in mg/
mL for the ligand and complexes against the growth of bacterial
species. The results (Table-10) show that the synthesized organyl-
tellurium(I'V) complexes have higher activity than the Schiff
base (H4AP) against the similar bacterial species. The enhanced
growth inhibition activity of the complexes is due to their strong
chelating ability. All the organyltellurium(IV) complexes were
found to be most effective against S. aureus and S. pyogenes
bacterial specie and least active against E. coli. Among all the
complexes, complex 1a (RTeCl,-H4AP, R = 4-methoxyphenyl)
was found to be most potent having lowest MIC value against
all the tested bacterial species, whereas complex 1d (R,TeCl-
H4AP, R = 4-methoxyphenyl) exhibits good activity against
P. aeruginosa, S. aureus, S. pyogenes and lower activity against
E. coli.

TABLE-10
MINIMUM INHIBITORY CONCENTRATION OF THE
LIGAND (H4AP) AND COMPLEXES (1a-f) AGAINST
THE GROWTH OF BACTERIAL SPECIES (mg/mL)

Compound . aureus  S. pyogenes E. coli P. aeruginosa
H4AP 1.0 0.5 0.5 0.5
la 0.1 0.0625 0.0625 0.05
1b 0.5 0.5 0.5 0.25
1c 0.5 0.2 0.25 0.5
1d 0.2 0.1 0.125 0.0625
le 0.125 0.1 0.5 0.5
1f 0.2 0.0625 0.125 0.125
Ampicillin 0.25 0.1 0.1 0.1

Antifungal activity: The antifungal activity of synthe-
sized Schiff base (H4AP) and organyltellurium(IV) complexes
(1a-f) were investigated against A. clavatus, A. niger and C.
albicans fungal species. The results (Table-11) revealed that
complexes shows the better antifungal activity than the synthe-
sized ligand (H4AP) against A. niger and C. albicans fungal
species and lower activity against A. clavatus. Among the
complexes, most of them show promising activity against C.
albicans fungal specie and lower activity against A. niger and
A. clavatus fungal species except complex 1f (R,TeCl-H4AP,
R =3-methyl-4-hydroxyphenyl), which show excellent activity
against all the fungal species as compared to standard drug
greseofulvin.

TABLE-11
MINIMUM INHIBITORY CONCENTRATION OF THE
LIGAND (H4AP) AND COMPLEXES (1a-f) AGAINST
THE GROWTH OF FUNGAL SPECIES (mg/mL)

Compound C. albicans A. niger A. clavatus

H4AP 0.5 1.0 1.0

la 0.2 0.5 1.0

1b 1.0 0.5 1.0

1c 0.1 0.1 1.0

1d 0.1 0.5 1.0

le 0.5 1.0 0.5

1f 0.2 0.1 0.1
Greseofulvin 0.5 0.1 0.1

Molecular docking: Molecular docking studies of 1-(((4-
hydroxyphenyl)imino)methyl)naphthalen-2-ol with the different
proteins: E. coli and C. albicans was carried out to discover
the binding modes [50,51] present between the protein and
the ligand. Resulted docked conformation of ligand with
receptor proteins are displayed in Fig. 6, which confirms that
the ligand is embedded into the deep cavity of the receptor
proteins. The molecular docking results revealed that different
type of interaction are present between the Schiff base and
amino acid residues of proteins. For receptor C. albicans, three
hydrogen bonding interaction was found between the residues
His145 and Argl60 and the ligand with the bond length 2.2
A, 2.5 A and 2.3 A. For E. coli, ligand forms four hydrogen
bonds with Gly242 (bond length 1.9 A), Ala238 (bond length
1.8 A), Asp239 (bond length 2.5 A) and Argl73 (bond length
2.8 A) amino acid residues. Apart from these hydrogen bonding
interactions, few hydrophobic non polar interactions are also
present between the Schiff base and amino acid residues of
proteins. The relative binding energy of docked structures was
found to be -8.3 Kcal/mol (C. albicans) and -8.4 Kcal/mol (E.
coli), respectively.

Conclusion

In this work, the synthesis of six new organyltellurium(I'V)
complexes of 1-(((4-hydroxyphenyl)imino)methyl)naphthalen-
2-ol Schiff base (H4AP). Based on elemental analyses, molar
conductance, mass, FT-IR, UV-visible, 'H NMR and *C NMR
spectroscopies, ligand was found to act in bidentate manner
and bound to metal ion through imine nitrogen and hydroxyl
oxygen atom of naphthalene moiety. Spectroscopic studies
predicted distorted square pyramidal geometry around the
tellurium ion for the complexes (1a-f). The geometry of the
ligand and Te(IV) complexes were fully optimized at def2-SVP
level of theory and results show that the obtained geometry of
the tellurium complexes were similar to that concluded by
spectroscopic analysis. Result of molecular docking simulation
support the bioactivity results and therefore Schiff base can
be considered as potent antimicrobial agent. However, the
synthesized organyltellurium(IV) complexes showed better
antimicrobial activity than the corresponding ligand.
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