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Abstract A series of novel dichlorozirconium (IV) Schiff bases complexes [ZrCl; (L)2] (LH = N, O donor Schiff
base derived by the condensation of 2-Acetyl-5-methylfuran & 2-acetyl-4-methyl thiophene with amino acids) were
synthesized by the reaction of zirconium (IV) chloride and sodium salt of an N, O donor Schiff base ligand and
characterized. The authenticity of all the synthesized ligands and their Zr (IV) complexes had been elucidated by
microanalysis, various spectroscopic techniques like FT-IR, *H NMR, 3C NMR spectroscopic techniques, electrical
conductance measurements, and elemental analysis (CHN). The ligand acts as a bidentate in which the carboxylate
oxygen and the azomethine nitrogen of the ligand are involved in coordination. Both the ligands and their
corresponding metal complexes have been tested for their antibacterial and antifungal activity. The activities of the
samples have shown significant and noticeable changes in complexation. Experimental studies propose that metal
chelates are more potent than their parent ligands.

Keywords Schiff base, Antibacterial, Antifungal activity, Metal chelates

Introduction

The research grounds in organometallic chemistry of Schiff bases are potentially biologically active and a peculiar
type of ligands possessing a diversity of donor atoms and have been widely explored, through its use in antifungal
[1-10], antitumor [11-12], antibacterial [13-15], and anticancer activities [16-17]. The chelating activity of the
bidentate Schiff bases ligand with nitrogen-oxygen donor atoms gives it kinetic and thermodynamic stability,
making it interesting for researchers. The impendence of nitrogen in the imine groups (C=N) in Schiff bases and
their metallic complexes and their chelating properties are the reason for their many unique biological properties
[18-19]. Recently, a noticeable effort has been intent to the potential potent properties, coordinating ability, spectral
properties, and structural and biological aspects of Schiff base ligands and their relevant metal complexes [20-22].
Varshney S., et al. depict the complexes of the amino acids [23] and metal ions are a kind of important bioinorganic
compounds due to being widely applied in biology and medicine, their derivatives have attracted a great deal of
attention [24-25]. Strauch J., Warren T. H., et al. studied the high affinity for the chelation of the Schiff bases
towards the zirconium metal ion utilized in preparing inorganic compounds [26] and coordination complexes [27-
28]. Albeit the chemistry of zirconium complexes has been spaciously studied, particularly concerning their
application in polymerization [29]. So introducing the variant class of amino acid Schiff bases incorporating metal -
ligand as antibacterial and antifungal. All zirconium (IV) complexes were showed toxicity and more active than the
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ligands but less active than these standard drugs [30]. Despite this, relatively less work has been issued on the
complexes of zirconium metal ions. This is not more information on zirconium (1) complexes from the existing
literature.

So, keeping all these things in consideration I am very enthusiastic to synthesize dichlorozirconium (IV) Schiff
bases complexes [ZrCly(L),] with N, O donor Schiff bases (L*H-L*H) derived from 2-Acetyl-5-methylfuran & 2-
acetyl-4-methyl thiophene and amino acids (Glycine & Leucine) were obtained. The antimicrobial activity of
the Zr (IV) complex was investigated against the growth of Gram-positive Staphylococcus aureus, Gram-negative
Escherichia coli bacteria, Aspergillus niger, Rhizopus phaseoli fungi. The ligand and its complexes showed varied
activity against more strains and their activity was enhanced respectively on coordination/chelation due to their
stability, electron-donating capacity, and biological activity.

Experimental

Analytical Methods and Physical Measurements

All chemicals and solvents used for the synthesis were of analytical grade. 2-Acetyl-5-methylfuran, 2-acetyl-4-
methyl thiophene (Across) and amino acids (Aldrich), Zirconium (IV) chloride (Sigma Aldrich), and used as
received. All the reactions were carried out under strictly anhydrous conditions. IR spectra were acquired using a
model Shimadzu Spectrophotometer by preparing in KBr medium on an FT-IR spectrometer. Nitrogen was
estimated by Kjeldahl’s method. Molecular weights were determined by Rast’s method. Molar conductance
measurements were made in anhydrous DMF at 34+1° using a Systronics Model 305 conductivity bridge. Melting
points were measured by the melting points apparatus.

Synthesis of Ligands

2-Acetyl-5-methylfuran and 2-acetyl-4-methyl thiophene were assorted with Glycine and Leucine in an
equimolar ratio in presence of methanol. The solution was heated under reflux for 5-6 hours. On cooling,
the solid product was separated, which was dried and further purified by recrystallization from the same
solvent. The crystals finally dried under reduced pressure and yield, and m.p’s was recorded. The structure of
ligands (L'*H-L*H) proposed in the present work is given in Figure 1.

ai'?"t Chemistry Research Journal

-

7

13



Yadav HS & Kumawat GL Chemistry Research Journal, 2023, 8(1):12-22

_N%OH h}‘#{ ¢ l
- ) 0N WA 0 h A t
gok T oty

2-Acetyl-5-methylfuranglycine (L'H) 2-Acetyl-5-methylfuranleucine (L2H)
o #\L
If g
%( 1 s « }\? 'Y‘é).
S ,
Sf\ ‘
A &
2-acetyl-4-methylthiopheneglycine (L3H) 2-acetyl-4-methylthiopheneleucine (L*H)

Figure 1: Structure of ligands (L'H-L*H)
2-Acetyl-5-methylfuranglycine CgH:1iNOs (L'H), Yellow Solid, m.p. 192 °C; 2-Acetyl-5-methylfuranleucine
Ci3H19NO3 (L?H), Yellow Solid, m.p. 186 °C; 2-Acetyl-4-methylthiopheneglycine CgH1:NO.S (L3H), Shining
Yellow Solid m.p. 205 °C; 2-Acetyl-4-methylthiopheneleucine C13H19NO,S (L*H), Light Yellow Solid, m.p. 182 °C.

Synthesis of Complex

The zirconium (1V) chloride and sodium salt of ligand (prepared by adding the corresponding weight of sodium
metal to Schiff bases of amino acids (L'H-L*H) were assorted in 1:2 molar ratios in dry methanol as the reaction
medium. The mixture was heated under reflux for 8-10 hrs and the progress of the reaction was monitored by the
estimation of sodium chloride. The white sodium chloride was removed by the filtration and the filtrate was dried
under reduced pressure. The resulting product was repeatedly washed with dry cyclohexane to remove the unreacted
reactants. The products so formed were finally dried in vacuo for 3-4 hrs. The purity of the compounds was
checked by TLC using silica gel-G as an adsorbent. The main characteristic and analyses of these complexes are
recorded and the structure of the complexes proposed in the present work is given in Figure 2.

[Zr (C1sH20CI2N206)]: Light brown solid; yield 78%; m.p.192°C; Calcd. : C, 41.380; H, 3.86; N, 5.36; Zr, 17.46
(%), Found: C, 41.32; H, 3.79; N, 5.26; Zr, 17.42 (%); Mol. wt. Calcd. : 522.49, Found: 520.36.

[Zr (C26H36C12N206)]: Reddish Brown solid; yield 72%; m.p.172 °C; Calcd. : C, 49.20; H, 5.72; N, 4.41; Zr, 14.37
(%), Found: C, 49.13; H, 5.66; N, 4.34; Zr, 14.26 (%); Mol. wt. Calcd. : 634.70, Found: 633.02.

[Zr (C18H20Cl2N204S,)]: Brown Solid; yield 76%; m.p.168 °C; Calcd. : C, 38.98; H, 3.63; N, 5.05; S, 11.56; Zr,
16.45 (%), Found: C, 38.92; H, 3.57; N, 4.98; S, 11.51; Zr, 16.39 (%); Mol. wt. Calcd.: 554.62, Found: 551.32.

[Zr (C26H36Cl2N204S,)]: Light Brown Solid; yield 71%; m.p.188 °C; Calcd. : C, 46.83; H, 5.44; N, 4.20; S, 9.62; Zr,
13.68 (%), Found: C, 46.71; H, 5.39; N, 4.16; S, 9.56; Zr, 13.68 (%); Mol. wt. Calcd.: 666.84, Found: 663.87.

Biological Activity

Antibacterial Activity

In vitro antibacterial activity of the ligands and their corresponding zirconium complexes were evaluated against
Escherichia coli (-), Proteus mirabilis (-), Bacillus thuringiensis (+) Staphylococcus aureus (+) by using the paper
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disc plate method [31-32]. The nutrient agar medium was used as a culture medium for bacterial growth. The
compounds under investigation were dissolved in DMSO to get a final concentration of 500 and 1000 ppm. The
paper disc (Whatman no.1) having a diameter of 5 mm was soaked in these solutions and placed in an appropriate
medium previously seeded with the tested organism in Petri dishes. The plate was incubated for 24 h at 30+2°C.
After inoculation, the diameter of the clear zone of inhibition surrounding each sample is taken as a measure against
the particular test organism [33-35]. Streptomycin was used as a reference compound for antibacterial activities. The
antibacterial activities displayed by ligands and their complexes are shown in Figure 3.

Antifungal Test

Antifungal activity of the ligands and their corresponding zirconium complexes is found in vitro against Aspergillus
niger, Fusarium oxysporum, and Aspergillus flavus by the agar plate technique [36-37]. The solutions of the
compounds in different concentrations (100 and 200 ppm) in DMF were then mixed with the medium. The linear
growth of the fungus was recorded by measuring the diameter of the colony and the percent inhibition was
calculated. Micostatin was used as a reference compound for antifungal activities (Figure 3).

Results and Discussion

The zirconium (1V) chloride and sodium salt of ligand (prepared by adding the corresponding weight of sodium
metal to Schiff bases of amino acids) were mixed in 1:2 molar ratios in dry methanol as the reaction medium. Schiff
bases (L*H-L*H) are derived by the condensation of 2-acetyl-5-methylfuran and 2-acetyl-4-methyl thiophene
with glycine and leucine. These reactions can be represented by the following general equations.

N\ 12 D
ZCly +2NaN 0 @ @—4mMM8M8MM ClhZr(N 0), + 2NaCl

Methanol
N
Where NaQO N represents sodium salt of monofunctional bidentate amino acids Schiff bases

The newly synthesized zirconium complexes are colored solid crystals susceptible to hydrolysis and soluble in
common organic solvents viz. THF, acetone, chloroform, etc. The complexation occurs through the loss of a proton
from the ligands. The molecular weight determination shows that these complexes are monomeric. The lower value
of molar conductivity (~16-18ohm-*cm?mol™) of the complexes in DMF shows them to be non-electrolytes [38].
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[ZrCly(L3),] [ZrClx(L%),]

Figure 2: Structure of Zr (IV) Complexes

Spectroscopic Characterization

Electronic Spectra

The spectra of the ligands and their metal complexes were recorded in dry methanol. The electronic spectra of the
ligands show two bands at around ~300 nm, 264nm, and 370nm. The first band may be assigned to 1— x* transition
within the aromatic ring and remains almost unchanged in the spectra of complexes. Another two bands due to 1 —
* transition and n—u* transition of the azomethine group respectively [39-40] shift towards the higher wavelength
in the metal complexes, which is attributed to the coordination of azomethine nitrogen to zirconium atom [41].

Significance IR Bands of Starting Material, Ligand, and Complex

All the ligands display a strong and sharp band in the region 1620+10 cm which is due to the v(>C=N-) stretching
frequency in the free ligand [42], get split into two sharp bands appearing one at a lower frequency and another
higher frequency in complexes. This splitting of bands suggests that the azomethines group is in different chemical
environments. In the IR spectra of the Schiff bases, the strong absorption at 1720-1705 cm™ and 1365-1380 cm™* are
attributed to the asymmetric and symmetric carboxyl group. The IR spectra of the complexes showed strong bands
in the region 1665-1670 and 1415-1395 cm, which can be attributed to the carboxyl group. The Av = vas(CO2)-
vs(CO») value is used to determine the nature of the bonding of carboxylate to the zirconium atom. It is generally
that the difference in Av between asymmetric vas(CO-) and symmetric vs(CO) absorption frequencies above 210 cm-
! for the carboxylate moiety. These data suggest that the carboxylate-O group is involved in coordination with the
zirconium in complexes. The new strong and medium intensity bands in the regions 630-580 cm™ and 545-525 cm
in the spectra of the complexes may be assigned to v(Zr-O) and v(Zr<—N) respectively (Table 1).
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'H NMR Spectra

To confirm the bonding pattern in the complexes proton magnetic resonance spectra of the ligands and their metal
complexes were recorded in DMSO-ds using TMS as an internal reference. *H NMR spectra of Schiff bases show
the -COOH proton signal at 8 11.10 ppm and it disappears in the spectra of the corresponding zirconium complexes
showing thereby chelation of the ligand moiety through the deprotonated carboxylic oxygen. In the case of the
ligands, a sharp proton signal at 8 1.80 ppm is observed due to [-C(CHs)=N-] shifted downfield (51.99 ppm)
showing the donation of the lone pair of the electron by azomethine nitrogen to the zirconium atom. The *H NMR
spectral data are recorded in Table 2.

Table 1: IR spectral data (in cm™) of the ligands and their Zirconium complexes

Compound  v(>C=N-) v(COO0™) v(Zr—N) v(Zr<O0)
(asym) (sym)
(L*H) 1612 1720 1367 - -
(L2H) 1615 1712 1365 - -
(L3H) 1610 1705 1365 - -
(L*H) 1620 1715 1370 - -
[ZrCly(LY),] 1592 1655 1330 545 630
[ZrCly(L?),] 1598 1655 1345 535 585
[ZrCly(L3)] 1596 1650 1345 540 595
[ZrCly(L4).] 1590 1665 1375 540 610

Table 2: *H NMR spectral data (in § ppm) of the ligands and their Zirconium complexes
Compound -COOH -C(CHs)=N-  Aromatic protons

(LH) 11.10 1.80(s) (6.86-8.14) (m)
(L2H) 11.52 1.94(s) (6.80-8.12)(m)
(L3H) 11.08 1.83(s) (6.92-8.16)(m)
(L*H) 11.10 1.88(s) (6.86-7.96)(m)
[ZrCla(LY);] - 1.90(s) (6.88-8.12)(m)
[ZrClx(L?),] - 1.98(s) (6.85-8.10) (M)
[ZrClx(L?),] - 1.96(s) (6.80-8.14) (m)
[ZrCla(L%),] - 1.96(s) (6.82-8.10)(m)

13C NMR Spectra

The 3C NMR spectra of a few representative ligands (L*H-L*H) and their corresponding coordination compounds
have been recorded in dry DMSO. A considerable shift in the position of carbon attached to the different
participating groups indicates the bonding of azomethine nitrogen to the metal atom. The signal for >C=N was
present in the spectra of ligands at  164.67—165.97 ppm and appears at 6 166.29-167.01 ppm in the complexes.
The downfield shifting of 6 ~2-3 ppm clearly defined that the azomethine moiety has been involved during the
complexation. Thus based on the above spectral evidence, the following structures can be assigned to zirconium
(1V) complexes. (Table 3)

Table 3: *C NMR spectral data (in  ppm) of the ligands and their Zirconium complexes

Compound Chemical shift value in 8 ppm
C-1 C-2 C-3 C-4 Aromatic
carbon
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Antimicrobial results

The results of the antimicrobial screening of the Schiff bases and zirconium complexes against Gram-negative
(Escherichia coli, Proteus mirabilis) and Gram-positive (Staphylococcus aureus Bacillus thuringiensis,) bacteria
and some selected fungi (Aspergillus flavus, Fusarium oxysporum, and Aspergillus niger) have been found. The
inhibition zones were measured in mm and results have been recorded in Figure 3. The experimental data indicate
that the metal complexes have more potent activity in inhibiting the growth of microorganisms than the ligands. The
results further conclude that the antimicrobial activity of the complexes increases due to the metallation of its
ligands [43]. The ligand and its metal complexes exhibit highly active at higher concentrations.
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Figure 3: Antibacterial screening data of the azomethine derivatives of amino acid and their Zr(I1V) complexes.
Inhibition zone (mm) after 24 h (concentration in ppm).
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Figure 4: Antifungal screening data of azomethine derivatives of amino acid and their Zr(1V) complexes. Inhibition
(%) after 96 h concentration 50, 100, and 200 ppm at 25 + 2°C.
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Conclusion

The present work reported the synthesis of new Zr (IV) complexes with amino acids Schiff bases are prepared and
characterized by elemental analyses (CHN) and IR spectral data. The results showed that the Schiff base functions
as a bi-dentate ligand through azomethine nitrogen and carboxylate oxygen. The IR spectra of the complexes
indicate the presence of a deprotonated form of chelating ligand and *H NMR spectra showed that the calculated
number of protons for each functional group in the complexes is equal to the number predicted from the molecular
formula. The complexes showed better antimicrobial activities than parent ligands. The compounds showed toxicity
against all species of fungi and the inhibition zone growth of fungi depends on the concentration of the compounds.
In the present case, we have used E. coli, S. Aureus, P. mirabilis & B. thuringiensis for antibacterial activity and A.
niger, F. oxysporum & A. flavus for antifungal activity against tested microorganisms of the studied complexes.
The results showed that the compounds are more active than the ligands but less active than these standard drugs.

References

[1]. EI-Tabl, A.S. Shakdofa, M.M.E., EIl-Seidy, AM.A., & Al-Hakimi, A.N. (2012). Synthesis,
characterization, and antifungal activity of metal complexes of 2-(5-((2- chlorophenyl) diazenyl)-2-
hydroxybenzylidene) hydrazinecarbothioamide. Phosphorus, Sulfur, and Silicon and the Related Elements,
187(11): 1312-1323.

[2]. Wang, C., Fan, L., Pan, Z, Fan, S., Shi, L., Li, X., Zhao, J., Wu, L., Yang, G., & Xu, C. (2022).
Synthesis of Novel Indole Schiff Base Compounds and Their Antifungal Activities. Molecules, 27(20):
6858.

[3]. Ryu, C. K, Lee, S. K., Han,J.Y., Jung, O.J., Lee, J.Y., & Jeong, S.H. (2005). Synthesis and antifungal
activity of 5-arylamino-4, 7-dioxobenzo[b]thiophenes. Bioorganic & Medicinal Chemistry Letters,
15:2617-2620.

[4]. Karakaya, I., Karabuga, S., Ulukanli, Z., & Ulukanli, S. (2013). Synthesis and antifungal evaluation of
imines derived from 3-Amino-2-isopropyl-3H-quinazolin-4-one. Organic Communications, 6:139-147.

[5]. Oliveira, I, Manzano, C. M., Nakahata, D. H., Santiago, M. B., Silva, N. B. S., Martins, C. H. G.,
Respindula, F. P., Pereira, D., & Corbi, P. P. (2022). Antibacterial and antifungal activities in vitro of a
novel silver(l) complex with sulfadoxine-salicylaldehyde Schiff base. Polyhedron, 225:116073.

[6]. Mi, Y., Chen, Y. Tan, W., Zhang, J., Li, Q., & Guo, Z. (2022). The influence of bioactive glyoxylate
bearing Schiff base on antifungal and antioxidant activities to chitosan quaternary ammonium salts.
Carbohydrate Polymers, 278: 118970.

[7]. Ceramella, J., lacopetta, D., Catalano, A., Cirillo, F., Lappano, R., & Sinicropi, M. S. (2022). A Review
on the Antimicrobial Activity of Schiff Bases: Data Collection and Recent Studies. Antibiotics, 11 (2):191.

[8]. Elangovan, N., Thomas, R., & Sowrirajan, S. (2022). Synthesis of Schiff base (E)-4-((2-hydroxy-3, 5-
diiodobenzylidene) amino)-N-thiazole-2-yl)benzenesulfonamide with antimicrobial potential, structural
features, experimental biological screening, and quantum mechanical studies. Journal of Molecular
Structure, 1250 (1):131762.

[9]. Oliveira, I., Manzano, C. M., Nakahata, D. H., Santiago, M. B., Silva, N. B. S., Martins, C. H. G,,
Respindula, F. P., Pereira, D., & Corbi, P. P. (2022). Antibacterial and antifungal activities in vitro of a
novel silver(l) complex with sulfadoxine-salicylaldehyde Schiff base. Polyhedron, 225:116073.

[10]. Shekhar, S., Khan, A. M., Sharma, S., Sharma, B., & Sarkar, A. (2022). Schiff base metallodrugs in
antimicrobial and anticancer chemotherapy applications: a comprehensive review. Emergent Materials,
5:279-293.

[11]. Hadjikakou, S. K., & Hadjiliadis, N. (2009). Antiproliferative and anti-tumor activity of organotin
compounds. Coordination Chemistry Reviews, 253 (1-2):235-249.

4

* Chemistry Research Journal

SN

F

20



Yadav HS & Kumawat GL Chemistry Research Journal, 2023, 8(1):12-22

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].
[26].

[27].

Jarak, I., Kralj, M., Suman, L., Pavlovi¢, G., Dogan, J., Piantanida, 1., Zini¢, M., Paveli¢, K., & Zamola,
G. K. (2005). Novel Pentamidine Derivatives: Synthesis, Antitumor Properties, and Polynucleotidebinding
Activities. Journal of Medicinal Chemistry, 48(7):2346-2360.

Nair, M. S., Arish, D., & Joseyphus, R. S. (2012). Synthesis, characterization, antifungal, antibacterial,
and DNA cleavage studies of some heterocyclic Schiff base metal complexes. Journal of Saudi Chemical
Society, 16(1):83-88.

Chioma, F., Ekennia, A. C,, Osowole, A. A., Okafor, S. N., Ibeji, C. U., Onwudiwe, D. C., & Ujam, O.
T. (2018). Synthesis, characterization, in-vitro antimicrobial properties, molecular docking, and DFT
studies of 3-{(E)-[(4, 6-dimethylpyrimidin-2-yl)imino]methyl} naphthalen-2-ol and Heteroleptic Mn(ll),
Co(ll), Ni(I) and Zn(11) complexes. Open Chemistry, 16:184-200.

Dhahagani, K., Kumar, S.M., Chakkaravarthi, G., Anitha, K., Rajesh, J., Ramu, A., & Rajagopal, G.
(2014). Synthesis and spectral characterization of Schiff base complexes of Cu(ll), Co(ll), Zn(Il) and
VO(IV) containing 4-(4-aminophenyl)morpholine derivatives: Antimicrobial evaluation and anticancer
studies. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 117:87-94.

Alorini, T. A., Al-Hakimi, A. N., Saeed, S.E.S., Alhamzi E.H.L., & Albadri, A.E., (2022). Synthesis,
characterization, and anticancer activity of some metal complexes with a new Schiff base ligand. Arabian
Journal of Chemistry, 15(2):103559.

Savc, A., Buldurun, K., Alkis, M. E., Alan, Y., & Turan, N. (2022). Synthesis, characterization,
antioxidant and anticancer activities of a new Schiff base and its M(IlI) complexes derived from 5-
fluorouracil. Medical Oncology, 39: 172.

Yadav, H. S., Sihag, S., Varshney, A. K., & Varshney, S. (2015). Spectroscopic characterization of some
new coordination compounds of titanium (IV) with Schiff bases of amino acids. Journal of Indian
Chemical Society, 92: 1329-1336.

Balachari, M., Magendran, M., & Narasimhan, S. (2012). Synthesis of chiral Schiff base derived metal
complexes and its antibacterial activity studies. Journal of Chemical and Pharmaceutical Research,
4(11):4731-4736.

Sahraei, A., Kargar, H., Hakimi, M., & Tahir, M. N. (2017). Transit. Met. Chem. 42 (2017)1.Synthesis,
characterization, crystal structures, and biological activities of eight-coordinate zirconium (1V) Schiff base
complexes. Transition Metal Chemistry, 42: 483-489.

Knight, P. D., NO'Shaughnessy, P., Brian, L. J. M., & Scott, S. P. (2003). Biaryl-bridged Schiff base
complexes of zirconium alkyls: synthesis structure and stability. Journal of Organometallic Chemistry, 683
(1): 103-113.

Aroua, L., Alhag, S. K., Alfaifi, M. Y.,. Samir, O.M, Mahyoub, J. A., Elbehairi, S. E. ., & Alnafisah, A.
S. (2020). Design, synthesis, and characterization of zirconium (IV), cadmium (Il), and iron (1I1)
complexes derived from Schiff base 2-aminomethylbenzimidazole, 2-hydroxynaphtadehyde, and
evaluation of their biological activity. Arabian Journal of Chemistry, 13 (10):7378-7389.

Sharma, M., Khungar, B., Varshney, S., Singh, H. L., Tripaathi, U. D., & Varshney, A. K. (2001).
Coordination behavior of biologically active Schiff bases of amino acids towards silicon (IV) ion.
Phosphorus, Sulfur and Silicon and Related Elements, 174:239-246.

Lu, F., Zarkesh, R. A., & Heyduk, A. F. (2012). A redox-active ligand as a reservoir for protons and
electrons: [O.sub.2] reduction at zirconium(lV). European Journal of Inorganic Chemistry, 2012 (3):467-
470.

Sharma, K.,  Fahmi, N., Singh, R. V. (2002). Biologically potent new heterobimetallic complexes of
platinum, silicon, tin, titanium, and zirconium. Main Group Metal Chemistry, 25 (12): 727-732.

Strauch, J., Warren, T. H., & Erker, G. (2000). Formation and structural properties of salicylaldiminato
complexes of zirconium and titanium. Inorganica Chimica Acta, 300-302, 810-821.

Khera, B., Sharma, A. K., Kaushik, & N.K. (1983). Bis(indenyl) titanium(IV) and zirconium(IV)
complexes of monofunctional bidentate salicylidimines. Polyhedron, 2 (11):1177-1180.

4. &% Chemistry Research Journal

=

21



Yadav HS & Kumawat GL Chemistry Research Journal, 2023, 8(1):12-22

[28].

[29].

[30].

[31].

[32].
[33].
[34].

[35].

[36].

[37].
[38].

[39].

[40].

[41].

[42].

[43].

W

| ';t

F

=

4

Krut'Ko, D. P., Borzov, M. V., Veksler, E. N., Churakov, A. V., & Howard, JA.K. (1998). (2-
diphenylphosphinoethyl) cyclopentadienyl complexes of zirconium (IV): synthesis, crystal structure and
dynamic behavior in solutions. Polyhedron, 17 (22):3889-3901.

Deelman, B. J., Hitchcock, P. B., Lappert, M. F., Leung, W.P., Lee, H. K., & Mak, T. C. W. (1999).
Novel zirconium and hafnium complexes of monoanionic Di-N,N’-chelating pyridyl- and quinolyl-1-
azaallyl ligands and their activity in olefin polymerization catalysis. Organometallics, 18:1444-1452.
Singh, D., Kumari, A., Singh, R. V., Mehta, S. M., Gupta, I. J., & Singh, K. (1993). Antifertility and
biocidal activities of organometallics of silicon, germanium, titanium, and zirconium derived from 2-
acetylthiophene thiosemicarbazone. Applied Organometallic Chemistry, 7(4):289-292.

Drew, W. L., Barry, A. L., O'Toole, R., Sherris, J. C. (1972). Reliability of the Kirby-Bauer disc
diffusion method for detecting methicillin-resistant strains of Staphylococcus aureus. Applied
Microbiology, 24(2): 240-247.

Liu, D., & Kwasniewska, K. (1981). An improved agar plate method for rapid assessment of chemical
inhibition to microbial populations. Bulletin of Environmental Contamination and Toxicology, 27:289-294.
Muanza, D.N., Kim, B.W., Euler, K. L., & Williams, L. (1994). Antibacterial and Antifungal Activities of
Nine Medicinal Plants from Zaire. International Journal of Pharmacognosy, 32 (4):337-345.

Irob, O.N., Moo-Young, M., & Anderson, W. A. (1996). Antimicrobial Activity of Annatto (Bixa
orellana) Extract. International Journal of Pharmacognosy, 34 (2):87-90.

Obeid, A., Shekeil, A. E., Aghbari, S. A., & Shabi, J. A. (2012). Anticancer, DNA cleavage, and
antimicrobial activity studies of some new Schiff-base titanium (IV) complexes. Journal of Coordination
Chemistry, 65 (15): 2762— 2770.

Gaikwad, K. D., & Ubale, P. (2022). Preparation, Characterization and In Vitro Biological Activities of
New Diphenylsulphone Derived Schiff Base Ligands and Their Co (II) Complexes. Molecules,
27(23):8576.

Caron F. (2012). Antimicrobial susceptibility testing : a four facets tool for the clinician. Journal des Anti-
infectieux, 14:186-174.

Liberta, A.E., & West, D.X. (1992). Antifungal and antitumor activity of heterocyclic thiosemicarbazones
and their metal complexes: current status. Biometals, 5:121.

Godara, M., Maheshwari, R., Varshney, S., & Varshney, A. K. (2007). Synthesis and characterization of
some new coordination compounds of boron with mixed azines. Journal of the Serbian Chemical Society,
72:367.

Dubey, R. K., Singh, A., & Mehrotra, R. C. (1986). Synthesis, reactions, spectral and magnetic studies of
bimetallic alkoxides of cobalt(Il) with zirconium(IV). Inorganica Chimica Acta, 118 (2):151-156.
Abdel-Rahman, L. H., Adam, M. S. S., Zagri, N. A., Shehata, M. R., Ahmed, H. E. S., Mohamed, S. K.
(2022).Synthesis, characterization, biological and docking studies of ZrO(Il), VO(II), and zZn(ll)
complexes of a halogenated tetra-dentate Schiff base. Arabian Journal of Chemistry, 15(5): 103737.
Mohamed, A. A., Ahmed, F. M., Zordok, W. A., El-Shwiniy, W. H., Sadeek, S. A., & Elshafie, H.S.
(2022). Novel Enrofloxacin Schiff Base Metal Complexes: Synthesis, Spectroscopic Characterization,
Computational Simulation and Antimicrobial Investigation against Some Food and Phyto-Pathogens.
Inorganics, 10: 177.

Srinivasa, K., Chandrasekhar, BVS., Srinivasa, J. (2013). Anti-inflammatory activity of theophylline on
carrageenan-induced paw edema in male Wistar rats. International Journal of Basic & Clinical
Pharmacology, 2(3): 298.

* Chemistry Research Journal

22



