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Abstract

Schiff's bases are one of the important classes of the ligands, which are obtained by the
condensation of amine and aromatic aldehyde. The metal complexes of Schiff's bases are
widely considered because they show excellent biological activities. Such as antimicrobial,
antitumor, antibacterial, and anti-fungal properties. The present studies deal with synthesis
and characterization of Schiff's base transition metal complexes synthesized from general
formula (ML) M=Co(Il) and Cu(ll); L = Schiff's base ligand derived from hydroxy trizene
and aromatic aldehyde. The Synthesized complexes were characterized by physical and
spectral analysis such as FTIR, ‘HNMR, and XRD. They were also tested in vitro biological
activities. The Schiff base behaves as a bidentate ligand with O and N donors and binds to
metal ions via hydroxy group oxygen and azomethane nitrogen. The Schiff's base ligands
and Metal complexes' structure was confirmed by modern instrumental techniques viz, FTIR
and *HNMR. The in-vitro antibacterial studies were carried out against S. aureus, E. coli,
and P. Aeruginosa and anti-fungal activities C.albicans, A. clavatus. The result shows that
the complexes have excellent biological activities.
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1. Introduction

The synthesis of imines has been reviewed many times in recent years. Schiff's bases are
formed by condensing a primary amine and a carbonyl compound and were first reported
by Hugo Schiff in 1864 [1]. Schiff's bases are generally bi- or tridentate ligands competent
and very stable complexes with transition metals. In organic reactions, Schiff's base
reactions are useful in making carbon-nitrogen bonds. Most Schiff's base complexes show
excellent catalytic activity in various reactions at high temperatures [>100 °C]. Abundant
scientific articles related to the catalytic activities of Schiff's base complexes. The interest
in the polymerization of olefins has increased recently due to the observed catalytic
activity of Schiff's base complexes in the synthesis of commercially value-added
compounds [2-5]. The Schiff's bases form complexes with p-block and d-block metals,
and these complexes have been known to act as highly efficient catalysts in various
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syntheses and other useful reactions. Many of Schiff's base complexes of ruthenium and
palladium are used as catalysts in the synthesis of quality polymers [6,7]. Schiff's base
ligands with oxygen or nitrogen donor atoms are a good class of organic compounds
capable of binding to different metal ions with interesting medical and non-medical
properties and very popular in the last decade [8]. Previously a number of biologically
important complexes have been reported by researchers. [9,10]. In order to broaden the
scale of investigations on the Schiff's bases, the present paper records the synthesis and
characterization of Cu(ll) and Co(ll) complexes derived from1-(4-amino-4 phenyl) 3-
phenyl triazene-1-ol(hydroxy trizene), and aromatic aldehyde. The structures of the ligand
and its metal complexes were characterized by IR and ‘HNMR. Schiff's base is reported to
show a wide range of pharmacological activities [11]. Schiff's base complexes have been
used as drugs and have valuable antibacterial, anti-fungal, antiviral, anti-inflammatory,
and antitumor activities. Besides these, they also bear strong catalytic activity in various
chemical reactions in chemistry and surfactant activities and as memory storage devices in
electronics.

In the present paper, we have focused on synthesizing novel Schiff's base ligand by
condensing aromatic aldehyde and its metal complexes with cobalt(ll) and copper(ll)
salts. The coordination behavior of the ligand towards transition metal ions has been fully
investigated by various spectral techniques. In continuation of our antibiotic research, we
have also evaluated the antibacterial activities of ligands and their metal complexes
against S. aureus, S. pyogenes, E. coli, P. Aeruginosa, and Fungal strains C. albicans, A.
clavatus were chosen based on their clinical and pharmacological importance [12,13].

2. Material and Methods

All the chemicals used were of analytical reagent grade (AR) and maximum purity
available. All reagents were commercially available. Solvents were purified and dry
according to the standard procedures. Material source: Aldehyde (Spectrochem) and metal
Cu(Il), and Co(ll) (Aldrich). FTIR spectra of the structures were recorded in KBr pellets
with a Shimadzu FT-IR Spectrophotometer in the 4000-400 cm™ range. The *HNMR
spectra were measured at JEOL 11 400 MHz from Delhi University, Delhi. XRD Rigaku
(Model no-Mini Flex 600) and melting points are examined in open capillary tubes.

2.1. General procedure for the synthesis of Schiff's base ligands (2a-2b)

The Schiff's base ligands were synthesized by the following process. 0.1 mole of 1-(4-
amino-4 phenyl) 3-phenyl triazene-1-ol (hydroxy trizene) was dissolved in absolute
alcohol (50) mL and added one drop of acetic acid. Slowly added to the solution of
aromatic aldehyde (0.1 mol) in absolute alcohol (30 mL). The resulting mixture was
maintained for 2-3 h at temperatures 75-80 °C. The solution turned yellow to brownish.
The progress of the reaction was checked by TLC. After completion of the reaction, the
reaction mass was cooled and filtered off the product, followed by washing it 2-3 times
with ice-cold water. Crystallization was carried out to obtain the purest products by using
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absolute alcohol. The final products were obtained with crystal nature, the yield (70-80
%).
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Scheme 1. Structure of Schiff's base ligands and its metal complexes.
2.2. General synthesis process for solid metal complexes (3a-3d)

The metal complex’s synthesis follows as a charged metal salt aqueous solution (M/1000)
5 mL in a round bottom flask equipped with a magnetic stirrer. Dropwise addition of an
ethanolic solution of Schiff's base (M/1000) 20 mL was carried out at ambient
temperature. (30-32 °C.) Maintained pH-4-5 by adding hexamine buffer solution. This
reaction mixture was refluxed for 5 h. Cool reaction mass, filtered and washed with
ethanol.
Solid metal complex obtained in the yield of 80-85 %

All Schiff's bases ligands and their metal complexes are novel and have not been
reported in the literature. Physical characteristics and structures are tabulated as per
Table.1.

Table 1. Schiff's base ligands and their metal complexes.
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3. Result and Discussion

Typically, the metal complexes were obtained under reflux of respective metal salt with
ligand (2a-2b) in a 1:2 mole ratio. The purity of the ligands (2a-2b) and metal complexes
(3a-3d) obtained were checked by TLC, IR, 'HNMR, and melting point. The proposed
structure for ligand and its complexes are represented in scheme-01. FTIR spectroscopy
gives formation on molecular vibrations or precision in the transitions between vibrational
and rotational energy levels in molecules. Absorption bands detected in the region of
1700-1650 cm™ confirm the presence of (>C=N-) Schiff's base moiety, respectively,
where the band wide at 3480 cm™ confirms the presence of hydrogen bond v (O-H)
stretching vibration. Comparison of the IR spectrum of the ligand with the metal
complexes is observed in the range 3400-3600 cm™ which shows the absence of O-H

stretching frequency in the metal complexes [14,15].
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3.1. Physical characterization

The physical properties and the microanalytical data of the ligand and metal complexes
are summarized in the experimental section. The analytical results show (1:2) metal-
ligand ratio, that is, ML2 type. The color change from ligand to metal complexes supports
metal-ligand interaction, which is further reinforced by conductivity and pH change. The
ligand was soluble in ethanol. The complexes were soluble in ethanol/acetone. The pH of
ligand and complexes was almost in the neutral range.

3.2. Spectral characterization

IR spectroscopy gives formation on molecular vibrations or precision in the transitions
between molecules' vibrational and rotational energy levels. Absorption bands detected in
the region of 1700-1650 cm™ confirm the presence of (>C=N-) Schiff's base moiety,
respectively, where the band wide at 3480 cm™ confirms the presence of hydrogen bond v
(O-H) stretching vibration. Comparison of the IR spectrum of the ligand with the metal
complexes is observed in the range 3400-3600 cm™ which shows the absence of O- H
stretching frequency in the metal complexes. The FTIR spectrum is also in line with the
proposed ligand structure, with characteristic stretching vibrations at 1642cm™'
corresponding to the azomethane group. A Broadband with an absorption maximum of
3300 cm ' is possibly due to the collapse of N-H and O-H stretching peaks. The "HNMR
spectrum of ligand executes a sharp singlet at 9.05 ppm corresponding to azomethane
proton. On complexation, v (C=N) stretching band for ligand has shifted to a lower
absorption frequency of 1631 cm ™' (3a) and 1624 cm™' (3b), showing the coordination of
azomethine nitrogen atom to the metal ion. This shift toward the lower frequency of the
azomethine group in the complexes is due to the decrease in electron density and force
constant of the metal with the azomethine nitrogen lone pair. In all the complexes, FTIR
absorption bands corresponding to v (O-H) execute in 3337-3417cm™' relative to
3300 cm™! for ligand. The evidence of bonding in 3(a-d) is also shown by the observation
of new bands in the lower frequency regions at 423 and 523 cm™' characteristics to v (Co-
N) and v (Co-O) stretching vibrations that are not observed in the IR spectrum of ligand.
The copper complex (3a-3b) executes a strong azomethine band at 1634 cm™ which
has undergone a negative shift by 4 cm™' relatives to that of the free ligand. The other
significant FTIR bands are observed at 442cm™' v (Cu-N). Its formation was strongly
evidenced by FTIR and *HNMR spectral data. The strong azomethine band at 1629 cm ™'
v(CH=N) for this complex has shifted by 11 cm™' towards a lower wavenumber relative to
that of the free ligand, indicating metal coordination with azomethine nitrogen. The metal
nitrogen coordination is further evidenced by a sharp peak at 414 cm™ in the FTIR
spectrum of 3b. The *HNMR spectrum is also consistent with the suggested structure. The
downfield shift of "HNMR signal for azomethine proton from & 9.05 ppm for the ligand to
8 9.29 ppm for copper complex (3a-3d) also supports coordination of the azomethine
nitrogen to the Cu (II) ion. Multiplet observed at & 6.718-7.625 for ligand and 6 6.72—
7.66 ppm for Cu (IT) (3a-3d) are attributed to aromatic ring protons. The methyl protons of
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ligand in both ligand and 1d appear as a singlet peak in the region of 6 1.118-1.562 ppm,
which is still present in the 'HNMR spectrum of Cu (I1) and Co (I1) complex (3a-3d) [16-
18].

3.3. XRD data

During powder X-ray diffraction analyses, Co (Il) and Cu (Il) complexes of different
Schiff's base Metal complexes (3a-3d) exhibited sharp peaks at Co (I1) are crystalline in
nature. In Co (II) complexes, the line broadening of the crystalline diffraction peak was
relatively higher. By comparing diffractograms of the ligand with complexes, the
crystalline nature of the complexes was indicated. This can be due to the inclusion of
water molecules in the coordination sphere based on literature. Although the most
accurate source of information regarding the complex structure is single-crystal X-ray
crystallography, the difficulty of obtaining appropriate symmetric shapes of crystals
makes this method unfit for such study.

4. Antimicrobial Activities [19-21]

Bacteria strains Gram-positive bacteria as S. aureus and S. Pyogenes, Gram-negative
bacteria as E. coli and P. aeruginosa, and Fungal strains C. albicans and A. clavatus are
selected based on their clinical pharmacological importance. Bacterial microbes were
prepared in agar / YEPD genetics using a plate-spreading process. The fungal stock
culture was placed 24 h at 37 °C in a potato dextrose agar (PDA) medium (Micro care
laboratory, Surat, India), following refrigeration at 4 °C. Bacterial species were grown on
Mueller-Hinton agar (MHA) plates at 37 °C (bacteria were planted in nutrient broth at 37
°C and stored in agar slants at 4 °C), while yeast and fungi were planted in Sabouraud
dextrose agar (SDA) and in the PDA media, respectively, at 28 °C. Standard cultures were
maintained at 4 °C.

Determination of zone of inhibition method: In vitro antibacterial and anti-fungal
activities were tested on a sample. Activities of a sample against two Grams (+), two
Grams (-), and two fungi have been investigated by the distribution of the agar disk
diffusion method. Each sample was diluted with dimethyl sulfoxides, sterilized by
filtration using a sintered glass filter, and stored at 4 °C. By determining the prevention
area, Gram-positive, Gram-negative, and fungal species were treated as standard
antibiotics. All compounds were tested for their antibacterial and anti-fungal activities
against Gram-positive S. aureus, S. Pyogenic, and Gram-negative E. coli, P. aeruginosa,
and fungal strains A. clavatus and C. albicans. Dilution (25 pg/mL) of the sample and
standard drugs (5, 25, and 50 pg/mL) were prepared in double-distilled water using
nutritious agar tubes. Mueller-Hinton's sterile agar plates were infected with bacterial
infections (108 cfu) and allowed to remain at 37 °C for three hours. Control tests were
performed under the same conditions using Cefixime and Griseofulvin as standard drugs.
Growth inhibition zones around discs were rated after 18 to 24 h incubation at 37 °C in
bacteria and 48 to 96 h for fungus at 28 °C (including disk width) on the surface of the
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agar around the discs and values < 8 mm were considered as not active. Antibacterial and
anti-fungal activities of both Schiff bases are tabulated in Tables 2 to 4.

Agar diffusion test (Mueller-Hinton test): It is a test that uses antibiotic -impregnate
wafers to test whether certain bacteria are susceptible to certain antibiotics. A known
number of bacteria are planted on agar plates in the presence of small wafers with
appropriate antibiotics. When certain antibiotics attack bacteria, the cleaning area around
the wafer where bacteria cannot grow is called the zone of inhibition.

Table 2. Antibacterial and fungal activity of ligands and metal complexes.

Group Concentration Zone of inhibition in mm
(ng/mL) Staphylococcus Streptococcus E. coli P.
aureus Pyogenes Aeruginosa
2a 25 13 13 12 14
2b 25 14 15 16 13
3a 25 18 18 22 16
3b 25 16 19 18 15
3c 25 18 17 20 16
3d 25 15 19 18 16
Anti-fungal activity
Candida albicans Aspergillus clavatus
3a 25 20 20
3b 25 23 22

Table 3. Antibacterial activity of standard antibacterial.

Microorganisms zone of inhibition in mm

Standard Concentration

Drug (ug/mL) Staphylococcus  Streptococcus  Escherichia Pseudomonas

aureus Pyogenes Coli aeruginosa
5 22 19 18 20
Cefixime 25 29 26 25 28
50 33 35 36 37

Table 4. Anti-fungal activity of standard anti-fungal drugs.

Standard drug Concentration Microorganisms zone of inhibition in mm
(ng/mL) Candida Albicans Aspergillus clavatus
Griseofulvin 5 34 35
25 47 43
50 52 55
4, Conclusion

Synthesis, the appearance of the Schiff base, and metal structures are described as-
synthesized compounds. The IR results confirmed the bidentate nature of the Schiff's base
ligand via hydroxy group oxygen and azomethane nitrogen. The presence of -(C=N-)) and
-OH bonds in the ligand are confirmed by IR spectra. Based on spectral studies. The
Schiff's base ligand was coordinated to Co (I1) and Cu (I1) metal ions via O and N atoms
to afford the corresponding complexes. The Schiff's base ligand its metal (1) complexes,
[M (L) 2] M=Co and Cu), were successfully synthesized and characterized. The
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deprotonated bidentate Schiff base ligand coordinated to the metal (II) ion via -N=N- and
-N-OH, resulting in a stable chelate ring. The metal (Il) complexes show better
antibacterial properties than the parent Schiff base ligand under similar experimental
conditions. This study also concluded that the antibacterial growth inhibition ability of the
synthesized compounds increased with increasing concentration.
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