J. Biol. Chem. Chron. 2015, 1(1), 11-14
ISSN (Print): 2454 — 7468

ISSN (Online): 2454 - 7476
www.eresearchco/jbcc/

Preparation, Spectral Characterization and Antibacterial Activity of
some Divalent and Trivalent Metal lon Schiff Base Complexes

Abdsalam M. Ali Hamil', Marie M. El-Ajaily®", MohamedgAbdelkrims, Mohamed Himmett* and Hammed Al
Bogdadi

lChemistry Department, Faculty of Science, Sebha University, Sebha, LIBYA
2 Chemistry Department, Faculty of Science, Benghazi University, Benghazi, LIBYA
*Chemistry Department, Faculty of Science, Sudan University of Science and Technology, SUDAN
4Chemistry Department, Faculty of Science, Omdorman Islamic University, SUDAN
5Botany Department, Faculty of Science, Sebha University, Sebha, LIBYA
“ Correspondance: E-mail: melajaily@yahoo.com

(Received 25 May, 2015; Accepted 30 June, 2015; Published 06 July, 2015)

ABSTRACT: The Schiff base formed from the reaction of hydrazine and 2-hydroxyacetophenone was 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 investiga-
tion forms complexes with Co(lIl), Ni(ll), Cu(ll), Cr(Ill) and La(lll) ions. The synthesized complexes were con-
firmed by elemental analysis, molar conductivity, thermogravimetric analysis (TGA) analysis and spectral (IR, elec-
tronic and ESR) measurements. The analytical data show the formation of 1:1 (M:L) complexes. The molar con-
ductance measurements of the complexes reveal a non-electrolytic nature. The thermogravimetric analysis data of
some complexes show the presence of coordinated and hydrated molecules water. The infrared spectral data display
the chelation behavior of the Schiff base towards the metal ions. The electronic spectral results of the Schiff base and
its complexes show n—n* (phenyl ring), n—n* (HC=N) and the expected geometrical structures for the synthesized
complexes. Basis on the electron paramagnetic resonance spectral data, an octahedral structure was suggested for
all complexes. The synthesized Schiff base and its complexes were tested against some pathogenic bacteria [Esche-
richia coli, Proteus Sp, Pseudomonas aeruginosa and Staphylococcus aureus].
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INTRODUCTION: The family of Schiff bases de-
rived from diamines (especially ethylene- diamine),
phenolic aldehydes and salen has proved to be the
source of versatile ligands for many transition metals,
including vanadium(I1V) **. Compounds containing an
azomethine group (-CH=N-) are known as Schiff ba-
ses. Schiff bases are generally bi, tri, tetra-dentate
ligands capable of forming very stable complexes
with transition metals. Tetradentate Schiff bases with
a N,O, donor atom set are well known to coordinate
with various metal ions and this has attracted many
author Schiff base complexes have been studied for
their dioxygen uptake® and oxidative catalysis®, inser-
tion of oxygen into organic substrate’ 2. This review
article deals the complexation behavior of Schiff base
ligands with first series of transition metal ions. The
coordination behavior of various ligands and their
structures formed after complexation with first series
transition metal ions and its applications in various
fields have been studied. The review mainly discusses
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the literature of last ten years. This review article is
especially useful for inorganic as well as bio-
inorganic chemists®.

MATERIAL AND METHODS:

Chemicals and reagents: All chemicals and solvents
used in this investigation were of analar Grade (BDH,
Aldrich). They included 2-hydroxyacetophenone,
hydrazine, CoCl,.6H,0, NiCl,.6H,0, CuSO,.5H,0,
CrCl;.6H,0, LaCl;.7H,0, absolute ethanol, ammonia
solution, ether and dimethylforamide. These solvents
were either spectroscopically pure or purified by the
recommended methods, and then tested for their spec-
tral purity.

Physical measurements: The molar conductance
measurements were performed on a BC 3020 Profes-
sional Benchtop Conductivity Meter. Magnetic sus-
ceptibility was determined using a Johnson Matthey
instrument at room temperature (25 °C) with
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Hg[Co(SCN),)] as blank. Diamagnetic corrections for
the ligands and metal atoms were reduced using
Pascial’s Constan. The infrared spectra were recorded
as KBr disc on a Perkin—Elmer 1430 IR Spectropho-
tometer. The electronic spectra were recorded on a
Unicam Model UV-2 Spectrophotometer. The EPR
spectra were recorded by using EMX ESR spec-
trometer (Bruker) 1998 Y. All analyses were done at
microanalytical center, Cairo University, Giza, Egypt.

Preparation of Schiff base: The Schiff base under
investigation was synthesized by adding (6.02 cm®,
0.05mmole) of 2-hydroxy- acetophenone dropwise to
hydrazine (1.58 cm®, 0.05 mmole) in 50 cm® of abso-
lute ethanol. The mixture reaction was refluxed for
three hours, and then allowed to cool at ambient tem-
perature, filtered and recrystallized from ethanol. The
resulted product was dried under vacuum to get yel-
low precipitate. (m.p. 202°C; yield 87%). By measur-
ing the melting point and TLC technique, the purity of
this compound is confirmed

Preparation of complexes: The synthesis of the
complexes was formed by adding Schiff base (2.68
gm; 0.01 mole) in 50 cm® ethanol to CoCl,.6H,0,
NiCl,.6H,0, CuS0,.5H,0, CrCl3.6H,0 and
LaCl;.7H,0 salts (2.3793 gm), (2.3769 gm), (2.4968
gm) , (2.6650 gm) and (3.7137 gm) in same amount
of ethanol. The mixtures were stirred for 3hours, and
the separated complexes were filtered, recrystallized
from suitable solvents and finally kept in a desiccator
over silica gel, (yield 55-75% and melting points
>250°C).

Bacteria assay: The Schiff base complexes with
Co(I1), Ni(11), Cu(ll), Cr(l1l) and La(lll) ions were
added separately to the mixtures of DMF and H,0
solvent (1:1). The obtained mixtures were further
purified and filtrated by using Whatman filter paper
No 1. Then stock solutions of extracts were sterilized

um pore-size. The sterile mixtures resulted from com-
pounds were stored at 40°C for further uses, 5, 6 and
the stock mixtures of the compounds were tested
against four pathogenic bacteria species (Escherichia
coli, Proteus Sp, Pseudomonas aeruginosa and Staph-
ylococcus aureus). Antibacterial activity was deter-
mined by the well (6 mm diameter) diffusion method.
Petridishes containing Mueller Hinton agar medium
were seeded with a 24 hrs culture of the bacterial spe-
cies 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 activi-
ty was based on measurement of the diameter of inhi-
bition formed around the well.

RESULTS AND DISCUSSION: The reaction be-
tween the 2-hydroxyacetophenone and hydrazine
yields only one product which is as follows:

OH

o Ho
20 (L
.
2 CHs i N—NH, 2HO c C

Y
/S SN—N \CH3
HaC

Microanalysis and molar conductance measure-
ments: The CHN and some physical properties of the
Co(lI1), Ni(ll), Cu(ln), Cr(l1) and La(lll) complexes
are listed in Table 1. The obtained data are consistent
with the calculated values indicating that the com-
plexes are formed in 1:1[M:L] ratio. The elemental
analysis data exhibit that the 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 conductivity meter model
BC 3020 Professional Benchtop Conductivity meter,
Sebha university, Libya. The molar conductance val-
ues (Table 1) reveal that all the complexes are non
electrolytes [10]. These data confirm that no inorganic
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by filtration using a Millipore membrane filter of 0.2 ~anions are present outside the complexes.
Table 1: CHN and some physical characters of the Schiff base and its complexes.
0 Found (calc.) %

Complexes Color MWt | M.P,°C C% H% N Ci% A
[CoL (H,0),] voilet | 361.29 | 278 |53.76(53.19) | 5.22(5.02) | 6.95(7.75) - 24.10
[NiL (H20),] gF;ZLi 361.02 | 266.8 | 53.56(53.22) | 5.56(5.03) | 6.82(7.76) - 23.9
[Cr;l(jl(l—)le] green | 409.81 | 279.6 | 47.32(46.89) | 4.53((5.41) | 6.63(6.84) | 8.67(8.65) | 55.4

2
[CuL Pale i
(H:0),]4H,0 blue 437.93 | 284.4 | 43.84(43.88) | 5.02((5.89) | 6.39(6.40) 3.08
[LaLCIH,O] Pale
H,0 vellow 476.69 | 294.6 | 40.28(40.31) | 3.65(3.81) | 5.07(5.88) | 7.72(7.44) | 3.8
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Infrared spectra: The IR spectra of the complexes
exhibit broad bands in the range of 3340 -3563 cm™
which are attributed to vOH vibration of water mole-
cules associated with complex formation'. 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 521 — 589 cm™ due to
vM-O vibration which are absent in the IR spectrum
of free Schiff base'®. The vC=N band observed at
1604 cm™ in free Schiff base is shifted to lower fre-
quency in the IR spectra of all complexes confirming
the complexation of the azomethine group via nitro-
gen atom. Whereas, a new band at 527 cm™® which is
assigned to vM-N bands supports the complexation
process™®.

Thermogravimetric analysis of Co(ll) and Cr(lll)
complexes: The Thermogravimetric analysis data
(Table 3) show the weight-losses for both complexes
in the range of 5.04 — 10.64% which are in a good
agreement with the theoretical values, indicating the
existence of one or two hydrated water molecules at
39-159°C. Meanwhile, at the temperatures of  159—
296°C, the values in the range of 5.04-10.64% which
are closed to the theoretical values corresponding to
the presence of 1 or 2 coordinated water molecules in
the complexes. At temperatures of 296 — 655 °C, the
Schiff base (free ligand) decomposes as carbonate or
oxalate ion*. The metal oxides (CoO and Cr,Os, ap-
peared at the end of the curves as stable states > 641
[¢]

C.

Electronic spectra: Complex [CoL (H,0),], has one
shoulder band at 560 nm which is assigned to “T:4(F)

— “A,(F) transition within an octahedral structure™.
A [NiL (H.0);] complex displays two bands at 570
and 590 nm attributed to *As(F) —°T,g(F) and
*Asy(F) —°T1g(F) transitions suggesting an octahedral
geometry around Ni(ll) ion. The electronic spectrum
of Cr(Ill) complex [CrLCIH,0].2H,O exhibits two
bands at 570 and 580 nm. These bands can be as-
signed *Ayy—"Tog and *Agy(F) —“T1g(F)  transitions.
The intensity of the bands suggesting an octahedral
geometry around Cr(Ill) ion. The Cu(ll) complex
shows a band situated at 550 nm which can be as-
signed to “T,, — ’E, transition. An octahedral geome-
try around Cu(ll) ion was proposed™®. For La(lll)
complex, the electronic spectrum shows charge trans-
fer transition suggesting the existence of an octahedral
structure around La(l1l) ion*’.

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'®. The deviation of these values
compared to the ideal value supports the existence of
an octahedral geometry around the metal ions.

Antibacterial activity: The free Schiff base shows
inhibitory activity on Proteus Sp bacteria, and the
synthesized complexes were screened for antibacterial
activity on some pathogenic bacteria. The [CuL
(H20),].4H,0 complex shows inhibitory activity
against all bacteria specie (9 mm).Whereas, the
Co(l1), Ni(11) and Cr(l11) complexes did not show any
inhibitory activity against Escherichia coli and Pro-
teus Sp.

Table 2: Infrared, electronic and paramagnetic resonance spectral data of some complexes.
Complexes vOH (H,O) | vC=N | vM-O | vM-N Amax nm (cm') g- values
[CoL (H20).] 3557 1599 580 413 560 (17857), 575 (17391) | 2.00363
[NiL (H,0),] 3407 1600 589 413 570 (17543), 590(16949) | 2.09272
[CrLCIH,0] 2 H,0 3340 1603 573 527 570 (17543), 580 (17241) 2.9919
[CuL (H,0),]4H,0 3391 1599 521 431 550 (18182)- 580 (17241) | 1.98662
[LaLCIH,O] H,O 3563 1600 531 433 570 (17543) 0.00
Ve
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Table 3: Thermogravimetric analysis data of some complexes.

Hyd. No. of Tem Coord. No. of -(I)—gn;‘():hifi Tem
Water | water 0 P Water water Temp Metal oxide 0 P
: C - A base de- - C
Complexes | weight | mole- weight mole- C COMDOSi- weight loss%
loss% cules loss%o cules by
tion
[CoL (H,0),] - 10.64 (9.96) 2 182-295 | 296-641 | 21.99(20.74) | > 641
[CrLCIH0)] 9.54 i i i
2H,0 (8.78) 2 39-159 | 5.04 (4.41) 1 159-255 | 256-655 38.06(37.34) | >655
CONCLUSION: 2. Wang X., Zhang, X. M., Liu H. X, (1994)

From the above results, we can suggest the following geo-

A

metrical structures

H;O——

[CoL (H0)]

Q“@/*f' H’\H;@

[NiL (H20)]

Q o
—-
CI—/Cr\<—OH2
C . _=C.
H3C/ = N_N/ \CH3

/

/C\

H3C

~—OH,

A \\,/ _\N/C\

[LaLCIHZO] Hzo

REFERENCES:

.2H,0

/°\/© o
\

=C
—N \CH3

1. Wang, X., Zhang, X. M., Liu, H. X., (1995)
Polyhedron, 14, 293.

AE

E RESEARCH CO

~

16.

17.

18.

Trans. Met. Chem., 19, 611.

Zhang X., You H. Z., Polyhedron, (1996) 15,
1793.

Kolawole, G. A. Patel, K. S., (1981) J. Chem.
Soc., Dalton Trans., 1241.

Siddiqui, R. A.; Raj, P.; Saxena, A.K.,. Synth.
React. Inorg. Met. Org. Chem., 1996, 26, 1189.
Ramesh, R., Suganthty, P. K., Natarajan, K.,
(1996) Synth. React. Inorg. Met. Org.Chem.,
26, 47.

Atkins, R., Breweg, G., Kakot, E., Mockler, G.
M., Sinn, E.,(1985) Inorg. Chem., 1985, 24,
127.

Tovrog, B.S., Kitko, D. J., Drago, R. S.,(1976)
J. Am. Chem. Soc., 98, 5144.

Kessel, S. L., Emberson, R. M., Debunner, P.
G., Hendrickson, D. N., (1980) Inorg. Chem.,
19, 1170.

. Dixit, P. S., Srinivason, K., (1968) Inorg.

Chem., 27, 4507.

. Mokhles, M. A., (2001) Jour. Chinese Chem.

Soc.,, 48, 153-158.

. Bibhesh K, Singh, D. A., (2012) International

Journal of Basic and Applied Chemical Sci-
ences, 2, 84.

. Zishen, W. L., Zhiping Y. Z., (1993) Transition

Met. Chem., 1993, 18, 291.

. El-gjaily M. M., Maihub A. A., Moshety F. |

and Boshalla H. A., (2011) Egypt J Anal
Chem., 20, 16.

. Chaturvedi, R. K. and Cordes, E. H., (1967) J.

Am. Chem. Soc., 89, 4631.

Abdullah, H. A., El-ajaily, M. M., Saad, E.E,
Janga, A A. and Maihub. A. A, (2014) Inter. J
Pharm.Chem. Sci., 3(2), 463.

Demir, I., Bayrakci, M. K., Pekacar, A. I,
(2008) Acta. Chim. Slov., 55, 120.

Abdallh, F. I., El-gjaily, M. M.’ Suliman, M. S.
and Akasha R. A., (2015) 17" conference for
Chemistry and environmental Science, 16-
18/Murch, Al-Hammamat-Tunis.

J. Biol. Chem. Chron. 2015, 1(1), 11-14 14




