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ABSTRACT: The ever-increasing spread of bacterial infection with rising antibacterial drug resistance has become a
matter of global concern in the modern times. Therefore, such serious infections leading to high mortality rate has
necessitated the search for new classes of effective antibacterial agents with minimum toxicity. Herein, we report the
synthesis and identification of a new class of benzofuran based Schiff ligands (6a-6e) and their Cu/Zn complexes (7a-
7j) via sequential reactions starting with Salicylaldehyde. Compounds 6a, 7c and 7e exhibit activity in the low
microgram range against M. tuberculosis, showing the minimum inhibitory concentrations (MICs) of 1.6 pg/mL. The
compounds 6e and 7b also show interesting antibacterial activity against S. Aureus, E. coli and B. Subtilis with
comparable area of inhibition of standard drugs under study. This research suggests that benzofuran based compounds
can serve as a promising lead scaffold in developing new drugs to combat microbial infections.
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L. INTRODUCTION

Schiff bases have been widely studied in recent years due to its easy preparation procedures and potential applications
[1, 2]. Schiff bases containing nitrogen and oxygen donor atoms generally acts a as tetradentate chelating ligands to
different metal ions [3, 4] and have shown potential as antibacterial, antiviral, antifungal and anticancer agents [5, 6].
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Metal complexes containing Schiff base are of interest because of their electronic properties that can be modified by
suitable functionalization with amine and cyclic substituents [7-10]. Also, tetradentate Schiff base complexes have
shown high stability when coordinated to metal ion using the N20O2 donor atoms [11-14]. Hence, they are used as
structural probes in chemistry of nucleic acid [15], as antimicrobial and anticancer agents [16-18]. Reactive oxygen
species (ROS) or free radicals are products of the in vivo physiological and bio-chemical processes in the living cells
[19] that could cause lipid peroxidation [19] and may lead to diseases such as cancer, cardiovascular diseases,
immunodeficiency, liver injury and other infections [20]. In order to safeguard the human body against cell damage by
oxidative species, antioxidant is of paramount importance [21, 22]. They protect different cells in human body, such as
hepatocytes, myocytes, erythrocytes, endothelial cells, against oxidative damages [23]. The present study report the
synthesis of copper(Il), zinc(Il), complexes containing symmetrical tetradentate Schiff-base ligand (N202) obtained
from the condensation reaction of 4- acetylresorcinol and ethylene-1,2-diamine. Characterized by elemental analysis,
molar conductivity measurements, UV-visible spectrophotometry, Fourier transform infrared (FT-IR) spectroscopy,
proton NMR spectroscopy. The ligand and its metal complexes were screened for their antimicrobial properties against
some bacteria isolates and their DPPH and ABTS radical scavenging assays were potentials were also evaluated.
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The synthesized compounds were tested to assess their growth inhibitory activities against six bacteria strains by agar
diffusion method [24]. Staphylococcus aureus (ATCC 25923), Streptococcus faecalis (ATCC 29212), Bacillus cereus
(ATCC 10702)-Gram-positive bacteria and Pseudomonas aeruginosa (ATCC 19582), Escherichia coli (ATCC 25922)
and Shigella flexineri (KZN)- Gram negative bacteria, while ciprofloxacin and amoxicillin were used as standards. Sub-
culturing of the bacteria isolates on nutrients agar (SAARCHEM, Gauteng SA) plates was done by incubating at 37 °C
for 24 h. 50 ml of nutrient broth in a 250 ml flask was stirred vigorously to incubate the bacteria cells from the nutrient
agar plates at 37 o C for 16 h. The culture was diluted with fresh media, after incubation to obtain D600nm of 0.1. After
which, 100 pL of the culture cells were drop onto the plate and spread into a bacterial lawn with a sterile glass spreader.
Agar dilution method as contained in NCCLS [25] was used for minimum inhibitory concentration (MIC) of the
OpdH2 and Cu(II), Co(Il), Zn(IT) and Ni(II) complexes as previously described [26].
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II. DISCUSSION

The UV-visible spectra of the free ligand (OpdH2) and the metal complexes [metal = Zn(II), Cu(Il), are important. The
free ligand spectra exhibits bands at 284 and 309 nm due to aromatic n-n* and imino 7-n* transitions respectively [40,
41], while the band at 383 nm is attributed to the n-n* transitions. In the metal complexes, these absorption bands
shifted to higher wavenumbers with increased intensity and this could be ascribed to ligand to metal charge transfer
transitions (LMCT) [3, 38]. Copper complex in the visible region displayed two absorption bands at 559 and 447 nm
ascribed to 2 Blg — 2 Alg and 2 Blg — 2 Eg transitions of a squareplanar copper(Il) complex [42].
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In generally, Zn(II) complexes possess completely filled d10 electronic configuration. Hence, no d-d electronic
transition is expected but always shows prominent charge transfer transitions. The Zn(II) complex, showed an
absorption band at 376 nm is due to the LMCT transitions of zinc complex in a tetrahedral geometry [44, 45]. The
antimicrobial study of the Schiff base (OpdH2), zinc(Il), and copper(Il) complexes were compared with standards
antibiotics, amoxicilin and ciprofloxacin against six bacterial strains: Streptococcus faecalis (ATCC 29212),
Staphylococcus aureus (ATCC 25923, Bacillus cereus (ATCC 10702)- Gram-positive bacteria and Escherichia coli
(ATCC 25922), Pseudomonas aeruginosa (ATCC 19582) and Shigella flexineri (KZN)- Gram-negative bacteria using
agar diffusion method and DMSO as solvent. The metal complex activities were lower than that of the standard drugs:
amoxicillin and ciprofloxacin. The complexes showed appreciable antibacterial potentials against S. aureus, B. cereus,
S. faecalis, E. coli. The biological activity of the synthesized compounds are in the order: Cu(Il) >Zn(Il) . Toxicity
activity of the metal complexes mechanism is increased and this could be elucidated on the basis of Overtone’s theory
of cell penetrability in which lipid materials that are soluble are allow to pass through cell lipid membrane as a
significant feature of antimicrobial activity [49] and Tweedy chelation theory [50] that supports the reduction of metal
ion polarity to an extent in connection to the ligand orbital and metal ion positive charge partial sharing which enhances
the complex lipophilicity [51, 52] as a result of m-electrons delocalization within the chelate ring, disturbing the
respiratory activity of the cell and restricts further organism growth [53].
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III. RESULTS AND CONCLUSION
Metal ions to ligand binding were confirmed by spectral analyses. Square planar geometry assigned for Opd-Cu

complexes. Mycological studies showed that the metal complexes displayed higher antimicrobial activities when
compared to the free ligand.
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The compounds were also evaluated for their free radical scavenging property and observed varying antioxidant
activities as compared to the standards; Opd-Zn, Opd-Cu, showed higher DPPH and ABTS scavenging potentials than
the free ligand. The multipotential activities of the synthesised compounds support its usage for the development of
chemotherapeutic agents useful for pathological radicals’ related diseases treatment.

REFERENCES

[1] Cozzi, P.G. (2004) Metal-Salen Schiff base complexes in catalysis: practical aspects. Chem. Soc. Rev., 33: 410-
421.

[2] Raja, K.K., Lekha, L., Hariharan, R., Easwaramoorthy, D., and Rajagopal, G. (2014) Synthesis, structural, spectral,
electrochemical and catalytic properties of VO(IV) complexes containing N, O donors. J. Mol. Struct., 1075: 227-233.

[3] Abd-Elzar, M.M. (2001) Spectroscopic characterization of some tetradentate Schiff bases and their complexes with
nickel, copper and zinc. J. Chin. Chem. Soc., 48: 153-158.

[4] Ramesh, R., Suganthy, P.K., and Natarajan, K. (1996) Synthesis, spectra and electrochemistry of Ru(III)
complexes with tetradentate Schiff bases. Synth. React. Inorg. Met. —Org. Chem., 26: 47-60.

[5] Ejidike, L.P., and Ajibade, P.A. (2015) Transition metal complexes of symmetrical and asymmetrical Schiff bases
as antibacterial, antifungal, antioxidant, and anticancer agents: progress and prospects. Rev. Inorg. Chem., 35: 191-224.

[6] Ammar, R.A.A., and Alaghaz, A.M.A. (2013) Synthesis, spectroscopic characterization and potentiometric studies
of a tetradentate [N202] Schiff base, N,N'-bis(2-hydroxybenzylidene)- 1,1-diaminoethane and Its Co(II),Ni(IL),Cu(Il)
and Zn(IT) Complexes. Int. J. Electrochem. Sci., 8: 8686-8699.

[7] Deligonul, N., and Tumer, M. (2006) Synthesis, characterization, catalytic, electrochemical and thermal properties
of tetradentate Schiff base complexes. Trans. Met. Chem. 31: 920-929.

[8] Balasubramanian, K.P., Parameswari, K., Chinnusamy, V., Prabhakaran, R., and Natarajan, K. (2006) Synthesis,
characterization, electrochemistry, catalytic and biological activities of ruthenium(III) complexes with bidentate N, O/S
donor ligands. Spectrochim Acta A, 65: 678-683.

[9] Matecki, J.G., and Kusz, J. (2007) The first ruthenium(Il) complex with benzotriazole and pyridylcarboxylato
ligands. J. Coord. Chem., 60: 2461-2470.

[10] Hester, R.E., and Nour, E.M. (1981) The oxygen carrier cobalt(Il)-Salen and its peroxo complexes,
[(L)(salen)Co]202; L=DMSO, py, DMF, pyo and no L. J. Raman Spectrosc. 11: 49- 58.

[11] Keypour, H., Shayesteh, M., Rezaeivala, M., Chalabian, F., Elerman, Y., and Buyukgungor, O. (2013) Synthesis,
spectral characterization, structural investigation and antimicrobial studies of mononuclear Cu(II), Ni(IT), Co(II), Zn(II)
and Cd(II) complexes of a new potentially hexadentate N204 Schiff base ligand derived from salicylaldehyde. J. Mol.
Struct., 1032: 62-68.

IJIRSET © 2022 |  AnISO 9001:2008 Certified Journal | 1538


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

)
5K e-ISSN: 2319-8753, p-ISSN: 2320-6710| www.ijirset.com | Impact Factor: 7.569
/N \

1J1 RSET | Volume 11, Issue 2, February 2022 ||

| DOI:10.15680/1JIRSET.2022.1102096 |

[12] El-Sherif, A.A., Shehata, M.R., Shoukry, M.M., and Barakat, M.H. (2012) Synthesis, characterization,
equilibrium study and biological activity of Cu(Il), Ni(Il) and Co(I) complexes of polydentate Schiff base ligand.
Spectrochim Acta A, 96: 889-897.

[13] Shalin, K., Durga, N.D, and Saxena, P.N. (2009) Application of metal complexes of Schiff bases- A review. J.
Sci. Ind. Res., 68: 181-187.

[14] Zhang, H., Xiang, S., Xiao, J., and Li, C. (2005) Heterogeneous enantioselective epoxidation catalyzed by
Mn(salen) complexes grafted onto mesoporous materials by phenoxy group. J. Mol. Catal. A: Chem., 238: 175-184.

[15] Delaney, S., Pascaly, M., Bhattacharya, P.K., Han, K., and Barton, J.K. (2002) Oxidative damage by ruthenium
complexes containing the dipyridophenazine ligand or its derivatives: A focus on intercalation. Inorg. Chem., 41: 1966-
1974.

[16] Raman, K., Pothiraj, K., Baskaran, T. (2011) Synthesis, characterization, and DNA damaging of bivalent metal
complexes incorporating tetradentate dinitrogen-dioxygen ligand as potential biocidal agents. J. Coord. Chem., 64:
4286-4300.

[17] Sujarani, S., and Ramu, A. (2013) Synthesis, characterization, antimicrobial and DNA interaction studies of
benzophenoneethanamine Schiff base with transition metal(I) [Cu(Il), Co(II), Mn(II) and Ni(Il)] complexes. J. Chem.
Pharm. Res., 5: 347-358.

[18] Tumer, M., Koksal, H., Serin, S., and Digrak, M. (1999) Antimicrobial activity studies of mononuclear and
binuclear mixed-ligand copper(II) complexes derived from Schiff base ligands and 1,10-phenanthroline. Trans. Met.
Chem., 24: 13-17.

[19] Cheeseman, K.H., and Scater, T.F. (2003) Free radical in medicine. In British medical bulletin. Churchill
Livingstone: London, 49: pp. 479-724.

[20] Lee, J., Koo, N., and Min, D.B. (2004) Reactive oxygen species, aging and antioxidative nutraceuticals. Compr.
Rev. Food. Sci. F., 3: 22-33.

[21] Lollinger, J. (1981) Free radicals and food additives. Taylor & Francis London.

[22] Tutour, B.L. (1990) Antioxidative activities of algal extracts. Synergistic effect with vitamin E. Phytochem., 29:
3759-3765.

[23] Panhwar, Q.K., and Memon, S. (2014) Synthesis of Cr(II[)-Morin complex: Characterization and antioxidant
study. Sci. World J., 2014: 845208.

[24] Soni, A., and Dahiya, P. (2015) Screening of phytochemicals and antimicrobial potential of extracts of vetiver
zizanoides and phragmites karka against clinical isolates. Int. J. App. Pharm., 7: 22-24.

[25] National Committee for Clinical Laboratory Standards. (2004) Methods for dilution antimicrobial susceptibility
tests for bacteria that grow aerobically. Approved standard document, M7-A6.

[26] Ejidike, I.P., and Ajibade, P.A. (2015) Synthesis, characterization and biological studies of metal(Il) complexes of
(BE)-3-[(2-{(E)- [1-(2,4-Dihydroxyphenyl)ethylidene] amino}ethyl)imino]-1- phenylbutan-1-one Schiff Base.
Molecules, 20: 9788-9802.

[27] Adedapo, A.A., Jimoh, F.O., Koduru, S., Afolayan, A.J., and Masika. P.J. (2008) Antibacterial and antioxidant
properties of the methanol extracts of the leaves and stems of Calpurnia aurea. BMC Complem. Alternat. Med., 8: 1-8.

[28] Siddiqui, R.A., Raj, P., Saxena, A K., and Dixit, S.K. (1996) Preparation and structural characterisation of triaryl
metal(V) complexes (M = As, Sb) of Tri-and Tetradentate Schiff Bases. Synth. React. Inorg. Met. —Org. Chem., 26:
1189-1203.

[29] Ejidike, I.P., and Ajibade, P.A. (2016) Synthesis and in vitro anticancer, antibacterial, and antioxidant studies of
unsymmetrical Schiff base derivatives of 4-[(1E)-N-(2-aminoethyl) ethanimidoyl]benzene-1,3-diol. Res. Chem.
Intermed., 42: 6543- 6555.

[30] Osowole, A.O., Kolawole, G.A., Obasola, E., and Fagade, O.E. (2005) Synthesis, physicochemical, and biological
properties of nickel(Il), copper(Il), and zinc(II) complexes of an unsymmetrical tetradentate Schiff base and their
adducts. Synth. React. Inorg. Met. —Org. Chem., 35: 829-836.

[31] Fleck, M., Layek, M., Saha, R., and Bandyopadhyay, D. (2013) Synthetic aspects, crystal structures and
antibacterial activities of manganese(III) and cobalt(Ill) complexes containing a tetradentate Schiff base. Trans. Met.
Chem., 38: 715-724.

[32] Meenakshi, K., Gopal, N., and Sarangapani, M. (2014) Synthesis, characterization and antimicrobial activity of
some novel Schiff and mannich bases of isatin. Int. J. Pharm. Pharm. Sci., 6: 318- 322.

[33] Shelke, V.A., Jadhav, S.M., Patharkar, V.R., Shankarwar, S.G., Munde, A.S., and Chondhekar, T.K. (2012)
Synthesis, spectroscopic characterization and thermal studies of some rare earth metal complexes of unsymmetrical
tetradentate Schiff base ligand. Arabian J. Chem., 5: 501-507.

[34] Nair, M.S., Arish, D., and Joseyphus, R.S. (2012) Synthesis, characterization, antifungal, antibacterial and DNA
cleavage studies of some heterocyclic Schiff base metal complexes. J. Saudi Chem. Soc., 16: 83-88

IJIRSET © 2022 |  AnISO 9001:2008 Certified Journal | 1539


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

)
5K e-ISSN: 2319-8753, p-ISSN: 2320-6710| www.ijirset.com | Impact Factor: 7.569
/N \

1J1 RSET | Volume 11, Issue 2, February 2022 ||

| DOI:10.15680/1JIRSET.2022.1102096 |

[35] Ejidike, I.P., and Ajibade, P.A. (2015) Synthesis, characterization, in vitro antioxidant and anticancer studies of
ruthenium(IIl) complexes of symmetric and asymmetric tetradentate Schiff bases. J. Coord. Chem. 68: 2552-2564.

[36] Shauib, N.M., Elassar, A.Z.A., and El-Dissouky, A. (2006) Synthesis and spectroscopic characterization of
copper(Il) complexes with the polydentate chelating ligand 4,4-[1,4- phenylenedi(nitrilo)dipente-2-one. Spectrochim
Acta A, 63: 714- 722.

[37] Shoemaker, D.P., and Garland, C.W. (1989) Experiments in physical Chemistry, Sth Edn, McGraw-Hill
International Edition: New York.

[38] Neelakantan, M.A., Marriappan, S.S., Dharmaraja, J., Jeyakumar, T., and Muthukumaran, K. (2008) Spectral,
XRD, SEM and biological activities of transition metal complexes of polydentate ligands containing thiazole moiety.
Spectrochim Acta A, 71: 628- 635.

[39] Xinde, Z., Chenggang, W., Zhiping, L., Zhifeng, L., and Zishen, W. (1996) Synthesis and biological activity of
the Schiff base N,N'-bis(salicylidene) thiourea (HS)2T and its complexes of Copper(I), Nickel(II) and Zinc(II). Synth.
React. Inorg. Met. — Org. Chem., 26: 955-966.

[40] Dyke, S.F., Floyd, A.J., Sainsbury, M., and Theobald, R.S. (1978) Organic Spectroscopy- An Introduction,
Longman: New York.

[41] Rajavel, R., Vadivu, M.S., and Anitha, C. (2008) Synthesis, Physical characterization and biological activity of
some Schiff base complexes. E- J. Chem., 5: 620-626.

[42] Lever, A.B.P. (1984) Inorganic Electronic Spectroscopy. 2nd Edition, Elsevier, New York.

[43] Boghaei, D.M., and Lashanizadegan, M. (2000) Template synthesis and characterization of highly unsymmetrical
tetradentate Schiff base complexes of Ni(Il) and Cu(Il). J. Sci. IRI., 11: 301-304.

[44] Raman, N., Kulandaisamy, A., and Jeyasubramanian, K. (2001) Synthesis, spectroscopic characterization, redox
and biological screening of some Schiff base transition metal(Il) complexes derived from salicylidene-4-
aminoantipyrine and 2- aminophenol/2-aminothiophenol. Synth. React. Inorg. Met. —Org. Chem., 31: 1249-1270.

[45] Temel, H., Ilhan, S., Sekerci, M., and Ziyadanogullari, R. (2002) The synthesis and spectral characterization of
new Cu(I), Ni(Il), Co(III), and Zn(II) complexes with Schiff base. Spectrosc. Lett., 35: 219-228.

[46] Geary, W.J. (1971) The use of conductivity measurements in organic solvents for the characterisation of
coordination compounds. Coord. Chem. Rev., 7: 81-122.

[47] Makhijani, R.M., and Barhate, V.D. (2014) Synthesis, characterization, and study of microbiological activity of
some transition metal ion complexes with [N-(O-methoxy benzaldehyde)-2-aminophenol] (NOMBAP). Int. J. Curr.
Pharm. Res., 6: 26-30.

[48] Chinnasamy, J., and Karuppannan, N. (2002) Ruthenium(II) carbonyl complexes with tridentate Schiff bases and
their antibacterial activity. Trans. Met. Chem., 27: 75-79.

[49] Tweedy, B.G. (1964) Plant extracts with metal ions as potential antimicrobial agents. Phytopathology, 55: 910-
914.

[50] Thangadurai, T.D., and Natarajan, K. (2001) Mixed ligand complexes of ruthenium(II) containing a,b-
unsaturated-Bketoamines and their antibacterial activity. Trans. Met. Chem., 26: 500-504.

[51] Singh, V.P., Katiyar, A., and Singh, S. (2008) Synthesis, characterization of some transition metal(II) complexes
of acetone p-amino acetophenone salicyloyl hydrazone and their anti-microbial activity. Biometals, 21: 491-501.

[52] Jelokhani-Niaraki, M., Kondejewski, L.H., and Wheaton, L.C. (2009) Effect of ring size on conformation and
biological activity of cyclic cationic antimicrobial peptides. J. Med. Chem., 52: 2090-2097.

[53] Sundaram, K.M., Nanthini, U.R., and Yadav, S.A. (2015) Thangavel S. Anti-oxidant and anti-microbial activities
of synthetic 3-formyl, 7-flavonol intermediates obtained by microwave assisted technique. Int. J. Pharm. Pharm. Sci., 7:
292-297.

[54] Ejidike, I.P., and Ajibade, P.A. (2016) Synthesis, characterization, anticancer, and antioxidant Studies of Ru(III)
complexes of monobasic tridentate Schiff bases. Bioinorg. Chem. Appl., 2016: 9672451.

[55] Padalia, M., Moteriya, P., Satasiya, R., and Chanda, S. (2015) In vitro free radical scavenging activity and phenol
and flavonoid content of nerium indicum, pelto phorampterocarpum and rosa spps. Asian J. Pharm. Clin. Res., 8: 91-
97.

[56] Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., and Rice-Evans, C. (1999) Antioxidant activity
applying an improved ABTS radical cation decolourization assay. Free Radic. Biol. Med., 26: 1231-1237.

IJIRSET © 2022 |  AnISO 9001:2008 Certified Journal | 1540


http://www.ijirset.com/

INTERNATIONAL
. d ® STANDARD
N ~ SERIAL
<. P
u) SRAER - sl'ef \ NUMBER
IF Scientific Journal Impact Factor Cros - INDIA

Impact Factor:
1.569

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

[) 9940 572 462 [© 6381907 438 (3 ijirset@qmail.com |

www.ijirset.com



