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Abstract
New Schiff base ligand (L) synthesized by 1, 2-diphenylethane-1, 2-dione and dinitrophenyl hydrazine acts as a bidentate system with
O and N as donors readily available for coordination with metal atoms. The metal complexes (ML) were synthesized and characterized by various spectroscopic methods including 1H-NMR (proton NMR, hydrogen-1 NMR), elemental analysis, FT-IR (Fourier transform infrared spectroscopy), molar conductance, and ultraviolet–visible spectroscopy (UV-Vis). Molar conductance and analytical
studies confirmed that the complexes exhibit tetrahedral geometry. The antimicrobial activity of ligand and its metal complexes
was assessed on different species of pathogenic fungi and bacteria. The results are suggestive of the fact that the synthesized compounds own notable antimicrobial properties.
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1. Background
Today, Schiff base coordination chemistry has raised
the interest of medicinal chemists and is extensively applied in medicine and industry. The importance of Schiff
base complexes to bioinorganic chemistry, biomedical
programs, supramolecular chemistry, and formation of
compounds with unusual characteristics are nicely identified and reviewed. Schiff base and its complexes found a
reflective and imperative place in both organic and inorganic chemistry. They represent a versatile class of compounds gifted with vast choice of biological applications
(1). They are synthesized without any difficulty, are easily
available, and display various denticities and functionalities. Schiff base metal complexes encompass a huge area of
research due to their possible importance in various fields
of chemistry including medicinal chemistry, bioinorganic
chemistry, etc. (2-4). The ligands and their metal complexes play outstanding role as preparatory materials in
different industries (5, 6). The abovementioned advantages made these compounds as the proficient candidates
to raise the attention of researchers toward synthesizing

new metal complexes applicable to bioinorganic chemistry, homogenous or heterogeneous catalysis, encapsulation, transport, and separation processes (7). In such compounds the iminic (-C = N-) nitrogen are the important coordinators and also have specific biological applications
(8). Several complexes of the Schiff base ligands possess anticancer (9), antifungal, antibacterial, and herbicidal activities (10). The distinctive nature of such compounds makes
them potential antimicrobial agents with the ability to be
combined with lipid layer, and hence, favour the permeation of complexes via the phospholipid membrane.

The current study aimed at preparing, spectrally
analysing, and biologically evaluating a unique organic
ligand and its mononuclear Cu (II) and Zn (II) complexes
synthesized by the reaction of 1, 2-diphenylethane-1, 2dione and dinitrophenyl hydrazine. The obtained ligand
and its copper (II) and zinc (II) complexes were screened in
vitro against different types of bacteria and fungi to assess
their antimicrobial potentials.
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2. Methods
2.1. Materials and Methods
The analytical grades of 1, 2-diphenylethane-1, 2-dione
and dinitrophenyl hydrazine were purchased from Sigma
Aldrich Chemicals Pvt. Ltd. Bangalore, India and used
without any further purification. The metal salts, copper chloride and zinc chloride, were supplied by Sd Fine
Chemicals Limited Mumbai, India. C, H, and N analysis
was performed with a Perkin–Elmer 2400 series II analyzer (Perkin Elmer, Massachusetts, USA). 1H-NMR (proton
NMR, hydrogen-1 NMR) spectroscopy of the synthesized
compounds was performed on a Varian 400 MHz spectrometer (Avance III, 400 MHz Bruker, Massachusetts, USA)
in d-CDCl3, using TMS (SiMe4) as an internal reference at
room temperature. The FTIR (Fourier-transform infrared
spectroscopy) of the desired compounds were collected
on a Tensor II FTIR Spectrometer (Bruker, Massachusetts,
USA) from 4000 - 400 cm-1 at 25°C using KBr plates. The
ultraviolet-visible spectroscopy (UV-Vis) of the synthesized
compounds was recorded in dimethyl sulfoxide (DMSO) 1
× 10-4 M and a quartz glass cell with a path length of 10 mm
on a Lambda 40 spectrophotometer (Perkin Elmer, Massachusetts, USA). X-ray diffraction of the ligand and its copper and zinc complexes were carried out with powder compounds using Rigaku Ultima IV (Tokyo, Japan) Diffractometer. The molar conductance values (10-3 M/L) of the complexes, in DMSO, were measured utilising a Systronic Conductivity Bridge 304 (Systronics India Ltd. Gujarat).

2.2.
Synthesis
of
Schiff
Base
(E)-2-(2-(2,4Dinitrophenylhydrazono)-1,2-Diphenylethanone
Hot ethanoic solutions (20 mL) of 1,2-diphenylethane-1,
2-dione (1 g, 5 mM) and dinitrophenyl hydrazine (0.93 g, 5
mM) were charged in a 250-mL flask with continuous stirring. The reaction was followed by refluxing in a water bath
at 75°C for 6 - 7 hours by adding the catalytic amount of concentrated HCl (pH 3 - 4). The completion of the reaction was
checked by taking a thin-layer chromatography (TLC) at appropriate intervals. On the completion of reaction, a yellow coloured precipitate was appeared and then, filtered
and washed with cold EtOH, and dried under vacuum (Figure 1).
Yield: 67%. Anal. Calc. (%) for C20 H14 N4 O5 (390 g/M): C,
61.54; H 3.62; N, 14.33. Found: C, 61.50; ν H, 3.58; N, 14.29. FTIR (KBr), cm-1 : ν (N-H) 3336, (C = N) 1625, ν (C = O) 1710, ν
(NO) 1610.1H-NMR (d-CDCl3): 9.01 (s, NH); 7.18 - 8.76 (m, ArH) ppm. UV/Vis (DMSO, λmax (ε, L/M-cm): 40,816, 32,258.
MS (m/z): 391 [M + H]+
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2.3. Synthesis of Metal Complexes
Complexation of synthesized ligand was achieved by
adding 25 mL of ethanoic solution of zinc chloride or copper chloride (5 mM) to a stirring ethanoic solution (5 mM,
25 mL) of ligand charged in a round bottom flask. The reaction was carried out by maintaining the metal/ligand ratio of 1:2. The reaction was refluxed for 2 hours in a water
bath till the appearance of precipitate. TLC was continuously taken to check the progress of reaction. The formed
precipitate was collected by filtration, and washed several
times with distilled water and cold EtOH. The product was
then dried in a vacuum desiccator (Figure 2).
[Cu(L)]: Yield: 72%. Anal. Calc. (%) for (C40 H28 CuN8 O10 )
(844.24 g/M): C, 56.91; H 3.34; N, 13.27. Found: C, 56.88; H 3.29;
N, 13.21. FT-IR (KBr), cm-1 : ν (N-H) 3342, ν (C = N) 1610, ν (C =
O) 1710, ν (NO) 1610, ν (M-N) 446. 1H-NMR (d-CDCl3): 9.0 (s,
1H); 7.10 - 8.80 (m, Ar-H) ppm. UV/Vis (DMSO, λmax (ε, L/Mcm): 25, 626, 10, 350. MS (m/z): 845.12 [M + H]+
[Zn(L)]: Yield: 69%. Anal. Calc. (%) for (C40 H28 ZnN8 O10 ):
(846 g/M): C, 56.78; H 3.34; N, 13.24. Found: C, 56.72; H, 3.28;
N, 13.20. FT-IR (KBr), cm-1 : ν (N-H) 3343, ν (C = N) 1620, ν (C =
O) 1705, ν (NO) 1610, ν (M-N) 435. 1H-NMR (d-CDCl3): 9.0 (s,
1H); 7.10 - 8.75 (m, Ar-H) ppm. UV/Vis (DMSO, λmax (ε, L/Mcm): 40,000. MS (m/z): 845 [M]+
2.4. Antimicrobial Activity
The synthesised ligand and its metal complexes were
evaluated for their antimicrobial potential against some
strains of bacteria and fungi such as Bacillus subtilis, Staphylococcus aureus, Escherchia coli, Candida albicans, Aspergillus
flavus, and Aspergillus niger. The testing solutions were prepared by dissolving the synthesized compounds in DMSO.

3. Results and Discussion
All complexes gave satisfactory elemental measures,
conformed to those proposed by the suggested formulae
(supplementary file Appendix 1). The metal complexes
were completely miscible in DMSO and DMF, but insoluble
in nonpolar organic solvents and water. The molar conductance values measured by Systronic Conductivity Bridge
304 and indicated that the complexes were naturally nonelectrolyte (11). Despite the authors’ exhaustive efforts, the
study failed to get single crystals of the complexes for carrying out X-ray crystallographic assessments. However, the
possible structure of the synthesized complexes was predicted based on analytical, spectroscopic, and magnetic
data.
Jundishapur J Nat Pharm Prod. 2018; 13(1):e67179.
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Figure 1. Structure of the Schiff Base Ligand

Figure 2. Structure of Schiff Base Complexes

3.1. Molar conductance and elemental analysis
The molar conductivity of the synthesised metal complexes in DMF solution (10 - 3 M) ranged 12 - 18 Ω/M-cm2 indicating the non-electrolytic nature of the metal complexes
and the coordination of chloride anion with the central
metal ion (12, 13). The results obtained from spectroscopic
evaluations of the metal complexes were in close agreement with the calculated values, suggesting that the complexes had 1:2 metal/ligand ratios.
Molar conductance and elemental analysis data (supplementary file Appendix 1) confirmed the suggested formula for metal complexes as [M (C20 H14 N4 O5 )] where M =
Cu (II) and Zn (II).
3.2. Infrared Spectra
The IR spectra (range 4000 - 200 cm-1 ) of both the ligand and its complexes conformed to the basic characteristic of the expected peaks. The IR spectrum of the syntheJundishapur J Nat Pharm Prod. 2018; 13(1):e67179.

sized ligand (Figure 3) showed an absorption peak at 1,625
cm-1 that corresponded to the imine (> C = N) group (14);
also a sharp peak at 1,710 cm-1 corresponded to the carbonyl
(> C = O) group, which confirmed the complete condensation of the 2 reacting moieties. In addition to these peaks,
absorption bands observed in 3340 - 3330 cm-1 and 1500 1630 cm-1 regions were assigned to the -NH and -NO groups
presented in the ligand. Although, based on the complexation analysis, a strong peak at 1625 cm-1 slightly shifted
toward lower frequencies by 15 - 5 cm-1 , it confirmed coordination through the iminic nitrogen (> C = N). Another
peak within the range of 460 - 420 cm-1 was also ascribed
to metal nitrogen (M-N) bonds (15). Hence, based on the
IR spectral analysis it was clear that the synthesized ligand
behaves as a bidentate coordinating ligand with Cu (II), Co
(II), and Ni (II) in 2:1 ratios. The spectral data conformed
to the main spectral signals of the Schiff base ligand and
its metal (II) complexes are given in the supplementary file
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3.5. Electronic Spectral
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Figure 3. IR Spectra of Ligand C20 H14 N4 O5

3.3. Mass Spectra
The synthesized ligand and its metal complexes were
studied with electrospray ionization (ESI) mass spectra.
The spectrum of the ligand (supplementary file Appendix
3) showed a distinct molecular ion peak at m/z = 391
amu (atomic mass unit), which confirms the molecular mass and suggested structure of the ligand. In the
mass spectra, the complexes displayed molecular ion peak
[M]+ , m/z at 845.12 and 845 amu showing good agreement with their molecular formulae [Cu(C40 H28 N8 O10 )]
and [Zn(C40 H28 N8 O10 )], respectively. The data obtained
from the mass spectroscopy confirms the proposed structures and molecular formulae satisfactorily. There were
various other peaks in the spectra due to the thermal dissociation of the complexes assigned to various fragments
of the dissociated molecule.

The electronic spectra of Schiff base ligand and Cu (II)
and Zn (II) complexes were recorded at room temperature
in DMSO-d6. The transitions and assignments are given in
in supplementary file Appendix 5. The electronic spectrum
of the ligand recorded in a 10-4 M DMSO solution displayed
2 broad bands at 245 and 310 nm (Figure 4). The transition at 245 nm corresponds to the π - π * transition within
the aromatic ring of ligand and the band at 310 due to the
π - π * transitions of the > C = N- group. This band shifts
slightly toward the higher energy region in the spectra of
metal complexes due to the polarization within the > C =
N chromophore caused by the metal-ligand electron interaction (19). A charge transfer band was exhibited by the Cu
(II) complex at 25,626 cm-1 . The d-d transition at 10,350 cm-1
of low intensity indicated that the complex exhibits a distorted tetrahedral geometry as a result of the Jahn-Teller
distortion. Due to the variation of Cu (II) complex structure from planar to distorted tetrahedral geometry, there
is a lowering of d-d transition energy as per crystal field
theory. According to the crystal field theory, the d-d transition absorption band envelope shifts toward lower energy
as the planar Cu (II) complex twisted towards the distorted
tetrahedral structure (20). No d-d electronic transition was
observed in Zinc (II) complex because of its fully filled dorbital. Thus, it seems that the zinc (II) complexes, in general, have a tetrahedral geometry.
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3.4. 1H-NMR
1H-NMR spectroscopy is the main technique used to
predict the structure of the synthesized compounds. The
1H-NMR spectral data of the ligand and its metal complexes
were recorded in chloroform solution with tetramethylsilane (TMS) as an internal standard (supplementary file
Appendix 4). In the 1H-NMR spectrum, all the metal complexes showed a multiplet region in 9.80 corresponding to
the secondary amide proton (C-NH) (16). The aromatic protons of the ligand were observed as a multiplet compounds
at 7.18 - 8.76 ppm (17, 18).
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Figure 4. Electronic Spectra of C20 H14 N4 O5

3.6. X-Ray Powder Diffraction
X-ray diffraction is an essential instrumental technique utilized to detect crystalline materials. X-ray diffraction of the ligand and its copper and zinc complexes were
Jundishapur J Nat Pharm Prod. 2018; 13(1):e67179.
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carried out with powdered compounds using Rigaku Ultima IV X-ray diffractometer at 25°C in Cu anode material
and the generator settings of 30 mA, 40 kV. The compounds
were recorded at 2θ = 10 - 80°. X-Ray diffractograms designates the crystallinity of the compounds. The studied compounds showed a good quality diffractograms and all the
peaks were identified for h, k, and l values using methods
reported in the literature. The Braggs equation nλ = 2dsinθ
was used to obtain the d values. The h, k, and l values and
the cell parameters were used to calculate the values of sin
2θ for each peak. The lattice constants a, b, and c for each
unit cell were measured (Figures 5 and 6). Based on X-ray
diffraction findings, the copper and zinc complexes were
naturally crystalline with monoclinic and orthorhombic
crystal systems, respectively. All the peaks were matched
by the Joint Committee on Powder Diffraction Standards
(JCPDS).
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Figure 6. X-Ray Diffractogram of [Zn(C40 H28 N8 O10 )]

higher activity than the ligand, which can be attributed to
the complexation of the metal ions with the donor atoms
of the ligand. In keeping with Tweedy conception (22, 23),
chelation might improve the lipophilic nature of complex,
which therefore favours its access through the lipid bilayers of the cell membrane and restricts the metal binding
sites on the enzymes of microorganism. In vitro antibacterial studies demonstrated that copper (II) and zinc (II) complexes have superior biological (bacterial and fungal) activities in comparison with the ligand. Antimicrobial potentials can also be influenced via different ways beyond membrane permeability.
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Figure 5. X-Ray Diffractogram of [Cu (C40 H28 N8 O10 )]

35

A. niger

30

3.7. Biological Activity
3.7.1. Antimicrobial Activity
Synthesized ligand and its mononuclear Cu (II) and Zn
(II) complexes were screened for in vitro antibacterial activities against Escherichia coli, Bacillus subtilis, and Staphylococcus aureus as well as antifungal activities against Aspergillus niger, Aspergillus flavus, and Candida albicans by
the disc diffusion method. Amikacin and nystatin were
used as the standard controls. Minimum inhibitory concentrations (MICs) were determined by the serial dilution
technique (21). The nutrient broth bacterial and fungal cultures were incubated overnight at 37°C and room temperature, respectively, and growth rate was assessed in 24 and
48 hour intervals based on optical density (OD) (supplementary file appendix 6 and 7)
The antimicrobial studies of Schiff base metal complexes (Figures 7 and 8) showed that the complexes had
Jundishapur J Nat Pharm Prod. 2018; 13(1):e67179.
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Figure 7. Antibacterial Activities of Ligand and its Metal Complexes

4. Conclusions
Analytical data revealed a tetrahedral geometry for
the mononuclear complexes [Cu(C40 H28 N8 O10 )] and
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Figure 8. Antifungal Activities of Ligand and Its Metal Complexes

[Zn(C40 H28 N8 O10 )]. Metal complexes of Cu (II) and Zn (II)
were synthesized from the ligand, analysed by spectral
studies, and screened for their potential antimicrobial
activity. Biological studies revealed that Schiff base complexes have enhanced biological activities than the free
ligand. Chelation improved the lipophilic nature of the
metal complexes and led it to pass through bacterial membrane (lipid membrane) more readily, and accordingly
improved the inhibitory activity of the complexes.
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Acknowledgments
The authors are grateful to the University Grants Commission (UGC), New Delhi, for providing UGC-BSR Meritorious research fellowship to P. Gull.
Footnotes
Authors’ Contribution: Study concept, design, and protocol: Parveez Gull; interpretation of data, and writing
and drafting of the manuscript: Parveez Gull, Manzoor Ahmad Malik, and Ovas Ahmad Dar; critical revisions of the
manuscript: Parveez Gull and Athar Adil Hashmi. All the
authors read and approved the final manuscript.
Conflict of Interest: Authors declared no conflict of interest.

6

1. Witkop B, Ramachandran K. Progress in Non-Enzymatic Selective Modification and Cleavage of Proteins. Metabolism.
1964;13:SUPPL:1016–25. [PubMed: 14228753].
2. Bagihalli GB, Avaji PG, Patil SA, Badami PS. Synthesis, spectral characterization, in vitro antibacterial, antifungal and cytotoxic activities of
Co(II), Ni(II) and Cu(II) complexes with 1,2,4-triazole Schiff bases. Eur
J Med Chem. 2008;43(12):2639–49. doi: 10.1016/j.ejmech.2008.02.013.
[PubMed: 18395942].
3. Remya PN, Biju S, Reddy ML, Cowley AH, Findlater M. 1D molecular ladder of the ionic complex of terbium-4-sebacoylbis(1-phenyl3-methyl-5-pyrazolonate) and sodium dibenzo-18-crown-6: synthesis, crystal structure, and photophysical properties. Inorg Chem.
2008;47(16):7396–404. doi: 10.1021/ic800615y. [PubMed: 18651731].
4. Yoon TP, Jacobsen EN. Privileged chiral catalysts. Science.
2003;299(5613):1691–3. doi:
10.1126/science.1083622. [PubMed:
12637734].
5. Rice SA, Givskov M, Steinberg P, Kjelleberg S. Bacterial signals and antagonists: the interaction between bacteria and higher organisms. J
Mol Microbiol Biotechnol. 1999;1(1):23–31.
6. Scozzafava A, Supuran CT. Carbonic Anhydrase and Matrix Metalloproteinase Inhibitors: Sulfonylated Amino Acid Hydroxamates with
MMP Inhibitory Properties Act as Efficient Inhibitors of CA Isozymes
I, II, and IV, andN-Hydroxysulfonamides Inhibit Both These Zinc Enzymes1. J Med Chem. 2000;43(20):3677–87. doi: 10.1021/jm000027t.
7. Atkins AJ, Black D, Blake AJ, Marin-Becerra A, Parsons S, Ruiz-Ramirez L,
et al. Schiff-base compartmental macrocyclic complexes. Chem Commun. 1996;(4):457–64.
8. Gull P, Hashmi AA. Biological Activity Studies on Metal Complexes of
Macrocyclic Schiff Base Ligand: Synthesis and Spectroscopic Characterization. J Braz Chem Soc. 2015. doi: 10.5935/0103-5053.20150099.
9. Solomon EILM. Electronic structure contributions to function in
bioinorganic chemistry. Science. 1993;259:1575–81.
10. Gerdemann CEC, Krebs B. The crystal structure of catechol oxidase:
new insight into the function of type-3 copper proteins. Chem Res.
2002;35:183–91.
11. Geary WJ. The use of conductivity measurements in organic solvents
for the characterisation of coordination compounds. Coordinat Chem
Rev. 1971;7(1):81–122. doi: 10.1016/s0010-8545(00)80009-0.
12. Chandra S, Kumar U. Synthesis, Magnetic and Spectral Studies on Copper(II) Complexes with Bidentate Thiosemicarbazones. Synthesis React Inorgan Metal Organic Chem. 2004;34(8):1417–30. doi: 10.1081/sim200026270.
13. Gull P, AL-Thabaiti SA, Hashmi AA. Design, Characterization and antimicrobial activity of Cu (II), Co (II) and Zn (II) complexes with Schiff
base from 1, 2-diphenylethane-1, 2-dione and N-(1-Naphthyl) ethylenediamine. Int J Multidisciplin Curr res. 2014.
14. Arun V, Mathew S, Robinson PP, Jose M, Nampoori VPN, Yusuff
KKM. The tautomerism, solvatochromism and non-linear optical
properties of fluorescent 3-hydroxyquinoxaline-2-carboxalidine4-aminoantipyrine.
Dyes
Pigments.
2010;87(2):149–57.
doi:
10.1016/j.dyepig.2010.03.012.
15. Nakamoto K, Nakamoto K. Infrared and Raman spectra of inorganic and
coordination compounds. Wiley; 1977.
16. Shakir MCP, Ajax KM, Varkey SP, Nasman OSM. Synthesis and structural studies of bis (macrocyclic) dimetal (II) complexes based on 1418 membered pentaaza unit. Indian J Chem. 1996;35:935–9.
17. Salavati-Niasari M, Bazarganipour M, Ganjali MR, Norouzi P.
Bis(macrocyclic)dinickel(II) complexes containing phenylene
bridges between 13-membered triaza dioxa macrocyclic ligands:
in-situ one pot template synthesis, characterization and catalytic
oxidation of cyclohexene. Trans Metal Chem. 2006;32(1):9–15. doi:
10.1007/s11243-006-0109-y.
18. Shakir MCP, Chishti HTN, Azim Y, Begum N. Synthesis and Physicochemical studies on 20-membered decaazamacrocyclic complexes of
Mn (II), Fe (II), Co (II), Ni (II), Cu (II) and Zn (II) derived from 2,6diacetylpyridine dihydrazone. Indian J Chem. 2004;43A:556–61.

Jundishapur J Nat Pharm Prod. 2018; 13(1):e67179.

Gull P et al.

19. Sonmez M, Levent A, Sekerci M. Synthesis, Characterization, and Thermal Investigation of Some Metal Complexes Containing Polydentate
ONO-Donor Heterocyclic Schiff Base Ligand. Russian J Coordinat Chem.
2004;30(9):655–60. doi: 10.1023/B:RUCO.0000040726.57728.a3.
20. Inorganic Electronic Spectroscopy. Amsterdam: Elsevier; 1968.ABPL.
21. Jorgensen JH. Need for Susceptibility Testing Guidelines for
Fastidious or Less-Frequently Isolated Bacteria. J Clin Microbiol.

Jundishapur J Nat Pharm Prod. 2018; 13(1):e67179.

2004;42(2):493–6. doi: 10.1128/jcm.42.2.493-496.2004.
22. Emara AAA. Structural, spectral and biological studies of binuclear
tetradentate metal complexes of N3O Schiff base ligand synthesized
from 4, 6-diacetylresorcinol and diethylenetriamine. Spectrochimica
Acta Part A Mol Biomol Spectroscop. 2010;77(1):117–25.
23. Tweedy BG. Plant extracts with metal ions as potential antimicrobial
agents. Phytopathology. 1964;55:910–4.

7

