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ABSTRACT: 1,8-Diaminonaphthalene on reaction with methyl 2-pyridyl ketone and 2-hydroxy-1-
naphthaldehydeyielded new Schiff’s base ligands (L* and H,L%).The coordination behavior of Zinc
ion to form [ZnL'] and[ZnH,L?] complexes have been established on the basis of analytical and
spectral data including FT-IR, ‘HNMR, Mass, thermal and elemental analyses.The two complexes
have octahedral geometries. The Schiff bases and Zn(Il) metal complexes displays antibacterial
properties.
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l. INTRODUCTION

Transition metal complexes with Schiff base ligands have played essential role in efficient catalysts [1],
microbial andcancer drugs [2,3], sensors [4], nonlinear optic [5] and DNA cleavage performance fields [6].
Hence synthesis and characterization of Schiff base complexes have been widely investigated in coordination
chemistry. Among these complexes, zinc Schiff base complexes have been receiving considerableon for their
fascinating applications [7-9].Schiff bases containing heterocyclic structural units with N, N donor atoms are
considered the most prominent research area in the field of coordination chemistry [10-12].The various donor
atoms in them offer special ability for binding metals. The incorporated metals in the lattice of donor atoms of
Schiff base change the physiological, morphological, and pharmacological activities of the compounds. The
heterocyclic based Schiff base is of promising research interest owing to the widespread antibacterial resistance
of the medical science. Moreover, the revival of research is essential to generate new Schiff base metal
complexes witha diverse range of applications. Schiff base complexes havebeen used as drugs and have
valuable antibacterial [13,14],antifungal [15-17], antiviral [18,19], anti-inflammatory [20], andantitumor
activities [21].Zinc Schiff base complexes are a new class of luminescent compounds which showed
photoluminescence properties [22]. Also, because of their catalytic properties, they are used as use as models of
biological significance [23-25]. As in recent years, synthesis of materials in nano-scale has been increasing
based on the fact that the reduction in particle size to nanometer scale results in high surface to volume ratio,
change in electronic structure of materials that shows fascinating physical and chemical properties that are
different from the bulk materials such as the mechanical, optical, and magnetic properties [26,27].Schiff bases
derived from substituted salicylaldehydes and amides showed a variety of biological activities [28, 29]. Schiff
bases play important roles in coordination chemistry related to catalysis and enzymatic reactions, magnetism
and molecular architecture [30,31], and also exhibit biological activities such as antimicrobial [32, 33].The
antibacterial activities against Bacillus subtilis (Gram-positive), Staphylococcus aureus (Gram-positive),
Escherichia coli (Gram-negative), Pseudomonas fluorescence (Gram-negative) were studied.
On the basis of the above considerations, we here report the synthesis,characterization and antibacterial activity
of two new zinc(ll) complexes based on Schiff base ligands.
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1. EXPERIMENTAL
2.1 Materials and reagents:

All the chemicals used were of the analytical reagent grade (AR), and of highest purity available. They
included 1,8-Diaminonaphthalene, methyl 2-pyridyl ketone, 2-hydroxy-1-naphthaldehyde, ZnCl, which were
provided from (Merck, Germany), (Sigma Aldrich) and BDH respectively. Organic solvents used were ethyl
alcohol (95 %), methyl alcohol and N,N-dimethylformamide (DMF). Deionized water was usually used in all
preparations.

2.2 | Solutions

Stock solutions of the Schiff base ligands and its metal complexes of 1 X 10 Mwere prepared by
dissolving an accurately weighed amountin N,N-dimethylformamide. The conductivity then measured for the
metal complexes solutions. Dilute solutions of the Schiff base ligands and its metal complexes (1 X 10™ M)
were prepared by accurate dilution from the previous prepared stock solutions for measuring their UV-Vis
spectra.

2.3 | Instrumentation

Microanalyses of carbon, hydrogen and nitrogen were carried out at the Microanalytical Center, Cairo
University, Egypt, using a CHNS-932 (LECO) Vario elemental analyser. Analyses of the metals were conducted
by dissolving the solid complexes in concentrated HNO3, and dissolving the residue in deionized water. The
metal content was carried out using inductively coupled plasma atomic absorption spectrometry (ICP-AES),
Egyptian Petroleum Research Institute. Fourier transform infrared (FT-IR) spectra were recorded with a
PerkinElmer 1650 spectrometer (400-4000 cm™) in KBr pellets. 'H-NMR spectra, as solutions in DMSO-d,
were recorded with a 300 MHz Varian-Oxford Mercury at room temperature using tetra-methylsilane as an
internal standard. Mass spectra were recorded using the electron ionization technique at 70 eV with an MS-5988
GS-MS Hewlett-Packard instrument at the Microanalytical Center, National Center for Research, Egypt. UV—
visible spectra were obtained with a Shimadzu UVmini-1240 spectrophotometer. Molar conductivities of 10° M
solutions of the solid complexes in DMF were measured using a Jenway 4010 conductivity meter.
Thermogravimetric (TG) and differential thermogravimetric (DTG) analyses of the solid complexes were
carried out from room temperature to 1000 °C using a Shimadzu TG-50H thermal analyzer. Antimicrobial
measurements were carried out at the Microanalytical Center, Cairo University, Egypt.

2.4 Synthesis of Schiff base (L, and H,L,) ligands

Two Schiff base ligands were synthetized by refluxing of Methyl-2-pyridyl ketone (0.025 mol, 3g)
with 1,8-Diaminonaphthalene (0.025 mol, 4 g) to give L1 and 2-hydroxy-1-naphthaldehyde(0.025 mol, 4.3 g)
with the same no. of moles of 1,8-Diaminonaphthalene dissolved in ethanol to form H,L2 The resulting mixture
was stirred under reflux for about 2 hours during which a brown Lland violet H2L2 solid compounds were
separated. They were filtered, recrystallized and washed with diethyl etherand dried in vacuum.

2.5 Synthesis of the metal chelates

The metal complexes were prepared by the addition of hot solution (60 °C) of thezinc chloride (0.83
mmol) and (0.77mmol) in an ethanol (25 mL) to the hot solution (60 °C) of the L* (0.4 g/L, 0.83 mmol) and
H,L? (0.4 g/L, 0.77 mmol) ligands in ethanol (25 mL), respectively. The formed mixture was stirred under
reflux for two hours where upon the complexes precipitated. They were obtained by filtration, washed with a
little amount of hot DMF and dried in vacuum desiccator over anhydrous calcium chloride. The analytical data
for C, H and N were repeated twice.

1. PHARMACOLOGY

3.1 Antimicrobial activity

A filter paper disk (5 mm) was transferred into 250 ml flasks containing 20 mL of working volume of
tested solution (100 mg/mL). All flasks were autoclaved for 20 min at 121 °C. LB agar media surfaces were
inoculated with four investigated bacteria (Gram positive bacteria: Bacillus Subtilisand Streptococcus
pneumoniae; Gram negative bacteria: Salmonella SP. And Escherichia coli) and fungi (Aspergillus fumigates
and Candida albicans) by diffusion agar technique [34-36] then, transferred to a saturated disk with a tested
solution in the center of Petri dish (agar plates). All the compounds were placed at 4 equidistant places at a
distance of 2 cm from the center in the inoculated Petriplates. DMSO served as control. Finally, all these Petri
dishes were incubated at 25 °C for 48 h where clear or inhibition zones were detected around each disk. Control
flask of the experiment was designed to perform under the same condition described previously for each
microorganism but with dimethylformamide solution only and by subtracting the diameter of inhibition zone
resulting with dimethylformamide from that obtained in each case, so antibacterial activity could be calculated
_______________________________________________________________________________________________________________________________________|]
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[34,35]. Amikacin and ketokonazole were used as reference compounds for antibacterial and antifungal
activities, respectively. All experiments were performed as triplicate and data plotted were the mean value.

V. RESULTS AND DISCUSSION
4.1 Characterization of the Schiff baseligands

The brown Schiff base ligand (L) and the violet Schiff base ligand (H,L?) wereprepared by the self-
condensation reaction of Methyl-2-pyridyl ketone (For L) and 2-hydroxy-1-naphthaldehyde (For H,L?) with
1,8-Diaminonaphthaleneusing ethanol as a solvent, the formed Schiff base ligands were steady in air and soluble
in various organic solvents. The data obtained from the elemental analysis of C, H and N content of L* and H,L?
referred to (C;7H;5N3) and (CsH2N,0,) were shown as C, 78.46 and 82.22; H, 5.72 and 4.52; N, 16.09 and
6.09, calculated: C, 78.16 and 82.40; H, 5.78 and 4.72; N, 15.91 and6.00, respectively, there was good
agreementbetween both of the experimental and theoreticaldata which prove the proposed formula.

Preparation of L* and H,L? ligands were confirmed by the appearance of a strong IR band at 1595 and 1600 cm"
! respectively, resulting from the formation of azomethine (v(C=N)) group [39]. The v(OH) stretching band of
H,L? was observed at 3378

cm,on the other hand, the v(NH,) bending band of L* was appeared at 625 cm™.

The proton *HNMR spectrum was recorded for L*ligand the aromatic protons have been appeared as a
set of multiplet in the region 6.64 —7.89 ppm and the NH,proton appeared as singlet at the region 6.22 ppm.
While in the case of the H,L? ligand, the aromatic OH proton appeared as singlet signal at 10.9 ppm, the
aromatic protons showed multipletsignal at the region of 6.80 — 7.95 ppm and the CH proton appeared as singlet
signal at 9.09 ppm. The structures of the proposed Schiff base ligands were illustrated in Figure (1).

Figure 1. The proposed structure of (a) L* and b) Zn(I1)-L"* complex.

4.2 Characterization of metal complexes

All of the formed complexes were stable to air. They were soluble in many organic solvents including
ethanol. The complexes were characterized by different techniques such as elemental analyses, *HNMR, IR
spectral and thermal analysis. The structure of the formed complexes was demonstrated in Figure (2).
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Figure 2. The proposed structure of (a) H,L? and b) Zn(11)-H,L? complex.

4.3 Elemental analysis

Both experimental and theoretical results of the elemental analysis of the synthetized complexes have a
high degree of accordance to each other which point out that the metal complexes of Schiff base ligands were
formed in 1:1 ratio. The results of elemental analyses of Zn(ll) metal complexes (C, H, N, Cl and M) and
melting point were scheduled in Table (1)

4.4 Infrared spectra and mode of bonding

The infrared spectral data for the Schiff base ligands and their metal complexes.The free L' and H,L?
ligands FT-IR spectra were matched with that of the formed complexes in order to allocate the coordination sites
resulting in the chelation process.

The FT-IR spectra of the metal complex of H,L? ligand showed a broad band around 3389cm™ which
may be assigned to v(OH), while it appears in H,L? ligands spectra at 3378 cm™, respectively. The ligands FT-
IR spectra spectacle a distinguishable absorption band at 1595 and 1600 cm™, that may be attributed to v(C=N)
of azomethine group; on the other hand, this band was shifted to a higher or lower wavelength in the metal
complexes and it appeared at the range 1611-1620 cm™. It was perceived that the v(NH,) bending bandwas
appeared at 625 cm™ for L* ligand, while in the Zn(11) metal complex, it was shifted to appear in the range of
631 cm™ as per that the stretching band of v(NH,) wasn’t be able to described because of its

Table (1).Analytical and physical data of L* and H,L? ligands and theirZn(11) complexes.
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intersecting with v(OH) stretching band. The coordinating water molecules in the complexes are
characterized by the occurrence of two bands at 853-939 and 750-850 cm™ [40]. The synchronization of the
nitrogen of the azomethine (imine) group is established by the presence of a new metal-ligand weak band at
421-485 cm™ due to v(M-N) [41]. Another new weak band at 541cm™ has appeared which might be attributed
to the formation of M-O bond in the metal complex of H,L? ligand complex [42]. It was concluded from the
previous data that the prepared L' ligand acts as a neutral tridentate ligand that binds to the metal ion through
two nitrogen atoms (azomethine nitrogen and amino nitrogen) while H,L? ligand acts as a neutral tetradentate
ligand that binds to the metal ion through twoazomethinenitrogen atoms and two phenolic oxygen atoms.

4.5 "H NMR spectral studies of the metal complexes

Upon matching the proton signals position in the Zn(Il) complexes with those of the free ligands, it can
be detected that all signals were in the expected region but only showed a slight shift due to the coordination of
the ligand to the metal ion[14]. The multiplet signals in the region 6.64-7.89 and 6.8-7.95 ppm in L and H,L?
ligands, respectively, may be attributed to aromatic protons [43,44], on the other hand, they appeared at 6.88—
7.91 and 6.91-8.08ppm in [Zn(L")(H,0)Cl,].2H,0and [Zn(H,L?)Cl,].2H,0complexes, respectively. The singlet
signal observed at 6.22 ppm in the *HNMR spectrum of L' ligand, which may be corresponded to the NH,
proton, has appeared in the spectrum of formed Zn(I1) complex [Zn(L")(H,0)Cl,]2H,0 at 6.29 ppm. The singlet
signal in the region 10.95 ppm in the Schiff base ligandH,L? which may beattributed to Aromatic OH group,
was shifted to 10.98 ppm in [Zn(H,L?)Cl,].2H,Ocomplex that proved that coordination of zinc ion to phenolic
oxygen without deprotonating .

4.6 Molar conductance measurements

The solubility of the complexes in ethanol allowed the determination of the molar conductivity (A,) of
10 M solutions for all complexes at 25°C. It was concluded from the results that [Zn(L*)(H,0)Cl,].2H,0Oand
[Zn(H,L?)Cl,].2H,0Ocomplexes had molar conductance values of 44 and 36 Q* mol™ cm?respectively,
indicating their weak ionic nature (non-electrolytes). This confirmed that the anions were involved in the
coordination sphere [45]. The molar conductance data was demonstrated in Table (1).

4.7 Thermal analysis studies (TGA and DTG)

The thermogravimetric technique (TG) and differential thermogravimetric (DTG) analyses for the L*

and H,L? ligands and its metal complexes were explained in Table (2) within the temperature range from 45 to
1000 °C. The TG data for L* Schiff base ligand showed three decomposition platforms. The first stage within the
temperature range of 45-310 °C and a maximum temperature of 256 °C, which resembles to the evaluation of
C3HgN molecule with mass loss of 22.28 % (calculated mass loss=22.23%). The second decomposition step was
found within the temperature range of 310-1000 °C and a maximum temperature of 760 °C, which corresponds
to the loss of Cy4H;N, molecule with mass loss of 76.15 % (calculated mass loss = 76.59 %). The DTG curve
provided maximum peak temperature at 760 °C and the total weight loss amounted to 98.43 % (calcd. 98.82 %).
The thermogravimetric (TG) curve for [Zn(L")(H,0)Cl,]2H,0complex displayed four weight loss steps in the
temperature range of 44-1000 °C. The first stage of decomposition arisen within the range of 45-224 °C, with a
temperature maximum at 103 °C which related to the loss of the water molecule of hydration and CH,4, with
estimated mass loss of 13.09 % (calculated mass loss = 12.26%). The next step of decomposition was detected
within the range of 224-375 °C, with a temperature maximum at 270 °C that may be attributed to the loss of the
one molecule of coordinated water , Cl, molecule and HCN molecule, where the mass loss was found to be
25.34 % (calculated mass loss = 26.88 %). The third stage of decomposition was observed within the range of
375-998 °C, with a temperature maximum at 502 °C and corresponds to the loss of a CgH 3N, molecule with an
estimated mass loss of 36.44 % (calculated mass loss = 35.14%).The overall weight loss was evaluated as 74.89
% (calculated mass loss = 74.28 %) leaving ZnO metal oxide with remaining carbon as a residue.
The TG data for H,L? Schiff base ligand showed three stages of decomposition. The first stagewithin the
temperature range of 45-167 °C with a temperature maximum of 76 °C, which corresponded to the evaluation of
C,He molecule with mass loss of 6.47 % (calculated mass loss = 6.43 %). The second and third decomposition
stepswere found within the temperature range of 167-1000 °C and a temperature maximum of 690 °C, which
corresponds to the loss of CzyH16N,O, molecule with mass loss of 93.34 % (calculated mass loss = 92.81%).The
DTG curve gave maximum peak temperature at 690 °C and thetotal weight loss amounted to 98.81 %
(calcd.99.98 %).
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Table (2).Thermoanalytical results (TG and DTG) of ofL" and H,L? and Zn(l1) complexes.

*
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LY M3-310 256 1 | 2228(223) - Loss of C:H;N.
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The thermogravimetric (TG) curve for [Zn(H,L?)Cl,].2H,0complex exhibited four weight loss steps in the
temperature range of 50-998 °C. The first step of decomposition occurred within the range of 50-224 °C, with a
temperature maximum at 93 °C which corresponds to the loss of the two water molecules of hydration and half
Chlorine molecule with estimated mass loss of 10.83% (calculated mass loss = 11.28%). The next two step of
decomposition were observed within the range of 224-501 °C, with a temperature maximum at 291 and 452 °C that
may be related to the loss of the half Chlorine molecule along with C¢H4N,fragment, where the mass loss was found
to be 21.44%(calculated mass loss = 21.94%). The final stage of decomposition was observed within the range of
501-998 °C, with a temperature maximum at 744 °C and corresponds to the loss of a C;Hg0O molecule with an
estimated mass loss of 38.47%(calculated mass loss = 37.49%) leaving ZnO metal oxide with remaining carbon as a
residue. The overall weight loss was evaluated as 74.76% (calculated mass loss =74.52%).

4.8 Structural interpretation

The structures of the synthetized metal complexes of L' and H,L? ligandswithzn(Il) metal were
characterized by elemental analyses, molar conductance, magnetic and thermal analysis techniques. From the
elemental analysis, it was established that the two ligands and their complexes were soluble in ethanol and the
complexes formed by 1:1 ratio. From IR and *HNMR spectra, it could be concluded that L ligand behaved as
aneutral tridentate ligand while H,L? ligand acted as neutral tretadentate ligand. From the molar conductance data, it
was found that both the two Zn(ll) complexes are non-electrolytes. Finally, the octahedral structure of the
complexes was proved (Figures 1 and 2).

4.9 Biological activity

The prepared Zn(Il) metal complexes have higher antibacterial activity than that of the free ligands which
can be related to the chelation of the Schiff base with metal ions [46] as metal chelates displaying both polar and
nonpolar properties; this creates a proper molecules for the penetration into cells and tissues. The polarity of the
metal ion will be reduced to a greater extent because of the overlap of the ligandorbital upon chelation process, and
partial sharing of the positive charge of the metal ion with donor groups [47,48]. Chelation enriches the
delocalization of m-electrons over the whole chelating ring and prompts the penetration of the complexes into lipid
membranes [46]. It also increases the lipophilic and hydrophilic nature of the central metal ions contributing in
liposolubility and permeability through the lipid layer of cell membranes. As well as, lipophilicity, which
accountable for the molecules entry rate into the cell, is enhanced by coordination, so the metal complex can become
more active than the free Schiff base ligands.

Schiff base ligands and their complexes were screened for antibacterial and fungicidalactivities. The results
was recorded in Table (3) and Figure (3) showed that complexes displayed more inhibitory effects than the parent
ligand. Antibacterial activity was tested in vitro against Streptococcus aureus; Bacillus Subtilis; Salmonella SP. and
Escherichia coli.

The antibacterial studies showed that, by using Streptococcus aureusas Gram-positive bacteria, the both the two
ligands and it's the metal complexes recorded their biological activity. Using Bacillus Subtilisas Gram-positive
__________________________________________________________________________________________________________________________________________|
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bacteria, the H,L? ligand and both metal complexes biological activity towards it, while L* ligand haven’t any
biological activity toward it. On the other hand, [Zn(L)(H,O)Cl,].2H,0, and [Zn(H,L?)Cl,].2H,0Ocomplexes
showed a biological activity but [Zn(H,L?)Cl,].2H,0complex was the highest of them.

Using Salmonella SP. as Gram-negative bacteria, [Zn(H,L?)Cl,].2H,0complex has the highest biological activity of
all of them. Using Escherichia coli as Gram-negative

bacteria, all of them recorded their biological activity towards it as mentioned in Table (3).

For fungicidal activity, compounds were screened in vitro against Aspergillusfumigatus and Candida albicansThe
antifungal studies showed, by using Candida albicans, [Zn(H,L?)Cl,].2H,Ocomplex showed the highest biological
activitywhile [Zn(H,L?)(H,0),Cl,].2H,Ocomplex record low activity.Using Aspergillusfumigatus, the highest
biological activity was that of the[Zn(H,L?)Cl,].2H,Ocomplex and the lowest activity was that of the
[Zn(H,L?)(H,0) Cl,].2H,Ocomplex. while there wasn’t any biological activity for the H,L? ligand [49].

From the previous data, it is concluded that Zn(Il) complexes had the highest activity index in most cases.

V. SUMMARY AND CONCLUSION
Novel Schiff base L' and H,L? ligands were synthesized as the condensation product subsequent from the
reaction between methyl 2-pyridyl ketoneand 2-hydroxy-1-naphthaldehyde with 1,8-diaminonaphthalene,
respectively. Zn(1l) metal were coordinated with the Schiff base ligands, where all the resulting complexes
evidenced to be of the MHL type and were formed by 1:1 ratio of metal salt: ligand, as

Table (3).Biological activity of Schiff base ligands(L* and H,L?) and Zn(ll) complexes.
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Figure 3.Biological activity of Schiff base ligands (L' and H,L?)andtheirZn(I1) complexes.

confirmed by the elemental analysis. Both of the IR and *H NMR spectra have indeed confirmed that the L1 ligand
behaves as a neutral tridentate ligand that coordinates to the metal ions via three nitrogen atoms (the
twoazomethinenitrogens as well as the amino nitrogen) while H,L? ligand acts as a neutral tetradentate ligand that
binds to the metal ion through two nitrogen atoms (azomethine nitrogen) and Two phenolic oxygens.The expected
general formula of the formed complexes is [M(L)(H,O)xCly]CIn.(H,O)m. Zn(l11) complexes are determined as non-
electrolytes, as shown by conductimetric measurements. On the other hand, the molar conductance. All the
complexes exhibited octahedral geometry. The antimicrobial activity test proved that Zn(Il) complex of H,L2
Ligand had the highest activity index. Therefore, the results of this present study will hopefully facilitate the
research for the synthesis and application of novel metal complexes based on the newly prepared Schiff bases.
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