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ABSTRACT

The Schiff bases derived from 1,4-phenylenediamine and 2-
hydroxyacetophenone were synthesized and investigated by using
several physical techniques, in particular; CHN elemental analysis,
infrared, ultraviolet and mass spectra. Only one product was formed
from the reaction of the carbonyl and primary amine. The purity of the
isolated Schiff base was confirmed by its melting points and by TLC
technique. The Schiff base under investigation forms complexes with
Co(II), Ni(Il), Cu(Il), Cr(III) and La(Ill). The synthesized complexes
were confirmed by elemental analysis, molar conductivity, TGA
analysis, magnetic moment and spectral (IR, Uv.-vis.,, and ESR)
measurements.

The data show the formation of Schiff base complexes with
ratio 1:2 (M:L). The molar conductance measurements of the complexes
reveal a non-electrolytic nature. The magnetic moment values exhibit
that the La(IlI) complex is diamagnetic while the other complexes are
paramagnetic. The TGA data of some complexes show the presence of
water molecules in the isolated complexes. The IR data display the
coordination behavior of the Schiff base toward the metal ions. The UV-
Vis spectral results of the Schiff bases and their complexes show n—n*
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(phenyl ring), n—a* (HC=N) and the expected geometrical structures
for the synthesized complexes.

Basis on the ESR spectral data, an octahedral structure was
suggested for all the complexes. The synthesized Schiff base and its
complexes were tested against some pathogenic bacteria [Escherichia
coli, Proteus Sp, Pseudomonas aeruginosa and Staphylococcus aureus).

INTRODUCTION

Although there are wide applications of Schiff bases and their
metal complexes in biological systems (Calvin, 1974 and Maurer, et
al., 2002), catalysis (Selbin, 1966 and Vasin, et al,, 1990), dying
processes (Maki & Hashimato 1954 and papie, et al, 1994) and
analytical applications (khader et al., 2005). The spectral studies of the
Schiff bases containing heterocyclic ring are comparatively minor
(khader et al., 2005; Cimerman & Miljanic 1999; Issa, et al., 2005
and El-ajaily et al., 2006) have synthesized and investigated some
complexes derived from salicylaldehyde and histidine and they found to
have antibacterial activity on some pathogenic bacteria, This study aims
to synthesis, characterize Schiff base and its complexes with Co(II),
Ni(Il), Cr(ll1), Cu(ll) and La(Ill) ions and screen their antibacterial
activity on some pathogenic bacteria.

EXPERIMENTAL

All the chemicals used in this study were analytical grade
reagents (BDH). The molar conductance measurements Were performed
on a BC 3020 Professional Benchtop Conductivity Meter. Magnetic
susceptibility was determined using a Johnson Matthey instrument at
room temperature (25 °C) with Hg[Co(SCN)y)] as calibrate. Diamagnetic
corrections for the ligands and metal atoms were reduced using Pascal's
constant. The IR spectra were recorded as KBr disc on a Perkin — Elmer
1430 IR Spectrophotometer. The UV spectra were recorded on a Unicam
Model UV-2 Spectrophotometer. The ESR spectra were recorded by
using EMX ESR spectrometer (Bruker, 1998) Y. All analyses were done
at Microanalytical center, Cairo University, Giza, Egypt.
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Synthesis of Schiff base

The compound under investigation was synthesized by adding
(6.02 em’, 0.05 mmole) of 2-hydroxyacetophenone dropwise to 1,4-
phenylenediamine (5.40g, 0.05 mmole) in 50 cm’® of absolute ethanol.
The reaction mixture was refluxed for three hours. The obtained
compound was allowed to cool at ambient temperature, filtered and
recrystallized from ethanol, and dried under vacuum to get is light
brown precipitate (m.p > 250°C; yield 68% ).

Synthesis of complexes

The present complexes were synthesized by adding (3.53 gm;
0.01 mole) of the ligand in 50 cm’ EtOH to CoCly.6H;0, NiCl,.6H0,
CuSQ4.5H0, CrCl5.6H;0 and LaCly.7TH;O (2.3793 gmg, (2.3769 gm),
(2.4968 gm) , (2.6650 gm) and (3.7137 gm) in 50 cm in EtOH. The
reaction mixtures were refluxed for three hours. The colored complexes
were filtered, recrystallized and finally kept in a desiccator over silica
gel.

Bacteria assay

The Schiff base complexes [Co(II), Ni(Il), Cu(Il) and Cr(III)
ions] were added separately to the mixtures of DMF and H>O solvent
(1:1). The obtained mixtures were further purified and filtered by using
Whatman filter paper No 1. The stock solutions of the extracts were
sterilized by filtration using a Millipore membrane filter of 0.2 pm pore-
size. The sterile mixtures resulted from each compounds were stored at
4°C for further uses,{s’ﬁ} and the stock mixtures of the compounds were
tested against four pathogenic bacteria species (Escherichia coli, Proteus
Sp, Pseudomonas aeruginosa and Staphylococcus aureus). Antibacterial
activity was determined by the well (6 mm diameter) diffusion method.
Petri dishes containing Mueller Hinton agar medium were seeded with a
24 hrs culture of the bacterial species were growth on nutrient agar. Each
well was filed with 50ul of the compound. Solvents were used as a
negative control. Inoculated plates were Incubated at 37 °C for 24 hr.”"
The assessment of antibacterial activity was based on measurement of the
diameter of inhibition formed around the well.
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RESULTS AND DISCUSSION

The reaction between the 2-hydroxyacetophenone and 1.,4-
phenyldiamine yields only one product which is as follow:

OH
OH "
- c=N CH,
i NH, CH; N=C
CH;

HO

Microanalysis and molar conductance measurements

The obtained results of the Co(ll), Ni(II), Cu(ll) and La(IIl)
complexes showed the formation of 1;1 (M:L) ratio complexes.
Meanwhile, the Cr complex is formed in 2:1 [M:L] stoichiometry (Table
1). The obtained data are consistent with the calculated values indicating
that the complexes are formed in the mentioned ratios. The elemental
analysis data exhibited that most of the complexes have more than one
water molecule associated with the complex formation. The molar
conductance measurements of all complexes were carried out in DMF
solvent (10 M) using conductivily meter model BC 3020 Professional
Benchtop Conductivity meter, Sebha university, Libya. The molar
conductance values (Table.1) revealed that all the complexes are non
electrolytes.(Geary, 1971). These data confirm that no inorganic anions
are present outside the complexes.
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Infrared spectra

The IR spectra of the complexes exhibit broad bands in the range
of 3520-3590 cm™ which are attributed to vOH vibration of water
molecules associated with complex formation(Nakamoto, et al., 1998).
The change of phenolic OH groups positions in the spectra of the
complexes supports the participation of OH groups in chelation with
metal ion, this confirmed by the existence of new bands at 572 —498 cm’'
in the spectra of the complexes, these new bands can be referred to vM-
O vibration which is absent in the IR spectrum of free Schiff base
(Raman & Ravichhandran 2004). The vC=N band observed at 1609
cm’ is shifted to lower frequency in the IR spectra of all complexes
confirming the complexation of the nitrogen atom of azomethine group
to the metal ions. This can be supported by the existence of new bands in
the range of 459 — 415 em” assigned to vM-N bands (Belaid, et al.,
2008).

Table (2): Infrared, electronic and paramagnetic resonance spectral data
of some complexes.

I v
Complexes vOH | C=N | YM-O | vM-N | maxnm(cm™) | g- values
(H:D)g

[Co.LACL(H-0) | 3377 | 1506 | 608 | 431 | 560(17857),575 | 2.09328,
6] 2H0 (17391)

[NL4CI(H,0) | 3396 | 1509 | 527 | 415 | 580(17241),595 | 1.98167

6] HaO ! (16806)
[CraLACLIH,0) | 3357 | 1577 | 492 443 570 (17543), 1.97781
] 2H,0 | 590(16949)
| i
B ' !
[Cu,LACI,(H.0) | 3284 | 1591 | 498 | 456 | 560(17857),590 | 1.99766
s H:O (16949)
[La;L4Cl(H,0) | 3407 | 1628 | 507 | 459 570 (17543) | 0.00

J 2H,0
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Thermogravimetric analysis

The Thermogravimetric analysis data (Table 3) show the weight-
losses for complexes in the range of 3.11 - 6.01% which are in a good
agreement with the theoretical values, indicatin% the existence of one or
two hydrated water molecules at 34 - 133°C. Meanwhile, at the
temperatures of 133 — 188°C, the values in the range of 8.74 - 17.36%
which are closed to the theoretical values corresponding to the presence
of 4 or 6 coordinated water molecules in the complexes. At temperatures
of 297 — 630 °C, the Schiff base (free ligand) decomposes as carbonate
or oxalate ion (Mishra & Khare 2000). The metal oxides (CoO, Cry0;,
NiO, CuO and La,0;) appeared at the end of the curves as stable states
>630 °C.

Electronic spectra

The [Co;LCly(H20)].2H,0 complex has one shoulder band
situated in the range of 560 — 575 nm which are assigned to Tio(F) —
4A25 (F) transition within an octahedral structure(Kaya, 2004).
[Ni;LCly(H;0)s].HO displays two bands at 580 and 595 nm in which
can be assigned 10 Ag(F) —Tao(F) and *Azg(F)—’Tio(F) transitions
including octahedral geometry around Ni(II) ion. The electronic spectra
of Cr(111) complex exhibit two bands at 570 and 590 nm assigned YA2(F)
— *To(F) and *Asy(F) — “Ty(F) transitions. The intensity of the bands
suggests the existence of an octahedral geometry around Cr(I1I) ion.

Whereas, the electronic spectral data of [Cu;LCly(H20)s] show
one band situated at 590 nm which can be attributed to *Tp; — °Eq
transition, and an octahedral geometry was proposed for the complex.

For La(lll) complex, the electronic spectrum shows charge
transfer band situated at 570 nm suggesting an octahedral geometry
around the La(IIT) complex (Taha, et al., 2011).

Electron paramagnetic resonance spectra

The observed e p r values of the complexes (Table. 2) are
deviated from the ideal value (2.0023), this difference is in agreement
with the covalent character of the metal- ligand bond (Wilkinson, et al.,
1987) . The present deviation of these values compared to the ideal value
supports the existence of an octahedral geometry around the metal ions.
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Antibacterial activity

The free Schiff base shows inhibitory activity on Profeus Sp
bacteria, and the synthesized complexes were screened for antibacterial
activity on some pathogenic bacteria. The [Cu;LCly(H;0);].3H,0
complex showed inhibitory activity against all bacteria specie (9
mm). Whereas, the Co(II), Ni(II) and Cr(III) did not show any inhibitory
activity against Escherichia coli and Proteus Sp (Table 4).

Table (4): Antibacterial activity results (mm) of the Schiff base and its
complexes [nactive

L and its complexes bacteria species
Eschericliia | Proteus | Pseudomonas | Staphylococcus
coli Sp aeruginosa aurens
(C2:H2oN,04) = 13
[CoLClL(H,0)] . 2H,0 - - 9 9
[Ni;LCl:(H,0)s]. H,O - - - 9
[CrLCL{H20),].2H,0 - - 10 g
[Cu;LCI(H;0)6]. H,O 9 9 9 : 9
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CONCLUSION

From the above results, we can suggest the following
geometrical structures:

OHy I
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