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Abstract
This study deals with Schiff base ligands derivative from (3-
Amino-1-phenyl-2-pyrazoline-5-one) with 4-Hydroxy-3-
methoxybenzaldehyde to create ligand (SB1) and 4-(Dimethylamino)
benzaldehyde to create ligand (SB2).
The two ligands were characterized by spectroscopic techniques
such as infrared, ultraviolet, 1H NMR and element analysis, mass

spectrometry.

[E)-3-(4-hydroxy-3-methoxybenzylideneamino)-
1-phenyl-1H-pyrazol-5(4H)-one]

Figure (1): Structure and 3D shape of ligand SB1

..--"'.'Nl-""'-\.

(E)-3-(4-(dimethylamino)benzylideneamino)-1-
phenyl-1H-pyrazol-5(4H)-one

Figure (2): Structure and 3D shape of ligand SB2




Mixed ligands complexes were composed of Schiff bases and
Anthranillic acid with some transition elements ions M (l1) such as: Co,
Ni, Cu, Cd and Hg. These complexes were identified by elemental micro-
analysis, molar conductivity, infrared, ultraviolet-visible, atomic

absorption, and magnetic susceptibility measurement.

The spectral data showed that the ligands SB1 and SB2 as a neutral bi
dentate and consistent with metal ions through the N atom of the
azomethine group and the N atom for pyrazole ring. The expected
geometric shape is the octahedral for all complexes.

Finally, the biological antibacterial efficiency of the ligands and their
complexes was tested from Staphylococcus aureus and Escherichia coli

by the measurement of the inhibition zone (ZI).
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Chapter One Introduction

1. Introduction
1.1 Schiff Base

Schiff base preparation having azomethine as a functional group
consisting of primary amines and the carbonyl group were prepared by
Hugo Schiff. These Schiff bases compounds have a light yellow color
121 The product includes the active group referred to as the imine group.
When amine has a reaction with a ketone or an aldehyde, the generic
formulas become (R{R,C=N-R;) and (R;HC=N-R,), respectively 4.
Their colored crystals have weak base properties and degrade with water
and solid acids to form ammonia and carbonate and they have two types

of geometric isomers Figure (1-1) & ©

R3 R1

R .
"N I —
M N

R2 R2 R:

Figure (1-1): Geometrical Schiff base isomers

Schiff bases ligands ketimines and secondary aldimnes are reversible
and happens when there is a base or acid present, as catalysts, with heat
Il The inability of separating isomers is a result of the free rotation
between atoms of carbon and nitrogen around their double bond. The
above mentioned inability happens as a result of considerable difference
in the electro-negativity between nitrogen and that decreases the feature
of double bond between those two atoms due to polarization &

The mechanism of Schiff bases was achieved by nucleophilic
addition to (C=0) group that forms a hemiaminal, followed by
dehydration to configure imines ™ according to the following scheme (1-
1):



Chapter One Introduction

0 ) o
N |7 |y
R—NH, ; R—C—R ————» R—C—N R ——
s aldehyde or —I |
amine ketone R H
OH) )
R +/R H,0 R\ /R
rR—cZ N—R —> >C=N\ o —<— /CZ[\{
1 R H R
R H
/
- schiff base
aldehyde when R = H
ketone when R = alkyle or aryl group

Scheme (1-1): General mechanical Schiff base preparation

Ligands of Schiff base are important complexes for coordinating
medicine and chemistry due to the existence of HC=N group as catalysis
and has anti-oxidative activity, anti-bacterial activity, anti-fungal activity,
magnetism, enzymatic reaction, and bio-inorganic. In industrial areas,
they are applied in many different applications such as dyes, starting
materials and in a wide variety of compounds of synthesis, such as
plastics and pigments ™. Through the years, Schiff bases have drawn a
great deal of interest due to the fact that they have synthetic flexibility,
sensitivity, as well as the selectivity concerning central atom of metal .

Schiff base complexes were utilized as a dye of photo stabilizer for
the solar filters and assemblers due to photochromic characteristics. In
addition to that, they were used in the technology of optic sound
recording 2. Schiff base is a compound that has thermal stability which
is utilized as a stationary phase in the gas chromatography %, As a result
of optic non-linearity of those complexes, they were utilized as photonic
components and electronic materials . The double bond of carbon-
nitrogen (C=N) of the Schiff base is readily reduced with metal transition.
Compounds of Schiff base metals are the optimal coordination—

organometallic complexes for forming supra-molecular *°!,

2
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1.2 Schiff base compounds

Schiff bases, as well as their metal compounds were synthesized due
to the interesting and significant characteristics they have, such as the
capability of binding heavy metal and toxic atoms, undergo tautomerism,
show catalytic reductions and photochromic . The Schiff base metal
complexes chemistry is interesting due to the fact that those species show
different modes of reactivity, besides they have biological and catalytic
activities ™. Schiff bases are capable of accommodating a variety of
metal centers which involve a variety of modes of coordination, and as a
result they successfully allow synthesizing hetero-metallic and homo-
metallic compounds with different stereo-chemistry 8. Compounds of
Schiff base which contain various atoms of central metals like copper,
nickel, and cobalt were researched in thorough details due to their
different crystallographic characteristics, steric effects, enzymatic
reactions, mesogenic properties, structure redox relationships, magnetic
characteristics, catalysis. In addition their significant role in
understanding transition metal ions’ coordination chemistry ™,

The transition metal complexes of Schiff base ligand with donor
groups as N, O and S gained importance for more than two decades

§[2021]

because of their using as models of biological system , Including

antibacterial®, antifungal, antitumor, and anti-inflammatory activities®.

1.3 Heterocyclic Compounds
Different type of atoms can found in compounds that have acyclic
structure like S, N, and O atoms . The heterocyclic compounds have
much important physiological functions in plants and animals, as well as
they have important biological feature. For example in drug of penicillin
as antibiotic, painkillers like phenobarbital and saccharin .
Heterocyclic system was speared in many natural products, such as

[26]

nucleic acid, chlorophyll, and plants alkaloids Further, these
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complexes are very significant in chelates chemistry due to the stability
with metal ions. However, these complexes could be applied in areas of
biology, analytics, clinical and pharmacology ? #!. The 3-Amino-1-
phenyl-2-pyrazoline-5-one derivatives are one of the heterocyclic
compounds, which are used in the field of medicinal chemistry because of

their pharmacological, photographic and catalytic applications 234,

1.4 Starting Materials Chemicals

Table (1-1) shows the physical characteristics of starting materials.

1.4.1 3-Amino-1-phenyl-2-pyrazoline-5-one (3-APO)

The formula of 3-Amino-1-phenyl-2-pyrazoline-5-one (3-APO) is
shown in Figure (1-2). It is hetero electric defined with a 5-membered
ring of 3 carbonates and 2 neighboring atoms of Nitrogen are also
considered as a weak base ®#*!. Prominent medications which contain
loop of pyrazole are silicoxib (Celebrex), and activated steroids. New
compounds of pyrazolone are of outstanding co-polymerization and

undergo on rinse in organic solvents in the case of using them for eyes
[35,36]

Y
HN N

Figure (1-2): The structure of (3-APO)
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1.4.2 Vanillin (VA)

Vanillin (VA) can be considered as the main chemical element of
vanilla bean extract ¥, Figure (1-3). The (VA) is prepared in two steps
process from the petrochemical precursors: ethyl VA, guaiacol and,
glyoxylic acid P2 The vanillin is a mild aromatic complex, which is
naturally occurring in vanilla beans. It is widely used as a flavor additive
in drinks, cooking, as an aromatic addition to incense, candles, perfumes,
perfume, air fresheners, and fragrances. Can be separated from vanilla
beans, and are usually extracted as a pulp and paper industry by-product

via oxidative lignin refraction 1044,

HO

\ o
/
™0

Figure (1-3): The structure of Vanillin

1.4.3 4-(Dimethylamino) benzaldehyde (4-DMAB)

The 4-DMAB is a paramount intermediate of dyes. It is an organic
composite contains amine an aldehydes moieties which is used in
Ehrlich's reagent for limitation of hydrazine 4, Figure (1-4). Interaction
output was azo-dye. Therefore it is used to determine the spectral of

hydrazine in (aqueous) solutions at (457 nm) (!,
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/ \

H..C o)

Figure (1-4): The structure of
4-(Dimethylamino) benzaldehyde

It belongs to the same family as 4-DMAB which exhibits dual
fluorescence and was a subject of extensive investigations. A tin
complex in which 4-DMAB serves as a ligand coordinating through its O
atom and of a 1:1 crystal of 4-DMAB and 6-phenyl-1,3,5-triazine-2,4-

diamine have been reported 14!,

1.4.4 Anthranilic Acid (A)

Anthrnilic acid is an aromatic acid Figure (1-5), the molecule is made
up of an adapted ring of gasoline ""*¥ and categorized as aromatic, with
two adjacent functional ortho or groups, amine and carboxylic acid. The
assembler is, therefore, an oscillator. In appearance, anthranilic acid is a
solid white matter when it is pure; however, commercial samples might
look yellow. Industrially, anthranilic acid is an intermediary in the
production of azo and saccharin dyes 1!,

Anthranilic acid may be included in the organic synthesis for the
generation of gasoline P%. It can interact with phosgene for giving an

isotonic anhydride, a versatile detector Y.



Chapter One

Introduction

J

Figure (1-5): The chemical structure of Anthranilic Acid

Table (1-1): The Physical Characteristics of Starting Materials

: 4-(dimethyl
3-Amino-1-phenyl- - . Anthranillic
_ vanillin amino) id
2-pyrazoline-5-one acl
benzalaldehyde
Molecular CoHgN;5O CgHgO4 CoH11NO C;H;NO,
formula
i
v )
Crystal 1‘ ] S~
formula Vgh % } %()
€ » p
M.wt
175.187 152.15 149.19 137.14
(9/ mol)
White pale ) yellow-white | White or
Appearance White crystals
powder powder yellow powder
M. p
210-215 81-83 176 -177 146-148

°C




Chapter One Introduction

1.5 Literature Survey

1.5.1 Complexes of Schiff bases from Vanillin

Rakitskaya et.al., in (2006)® have synthesis Mn (I1), Co(ll) and
Cu(ll) complexes with  Schiff bases L = 4-hydroxy-3-
methoxybenzaliminopropyl) immobilized on Aerosil. The formation of
pseudo octahedral complexes M(L,), on the modified surface of Aerosil
was confirmed by FTIR and ESR spectroscopy and by diffuse reflectance
spectroscopy (DSR). The catalytic activity of iso structural complexes in
ozone decomposition varies in the order Mn > Co > Cu, and M(L),

complexes.

(?H
M
51

|
OH E__JH
f:""'r'-.-'lr.—:
['J-“"
. qlw \/Eb

Figure (1-6): The Chemical composition of L complexes

1—C—

mu};uuu

Sivasankaran et al., in (2008) P have synthesis Schiff base (L)
Figure (1-7). It has been utilized for the synthesis of compounds of Ni(ll),
Co(ll), Zn(I1), and Cu(ll) Figure (1-7) and defined by CHN, FT-IR,
conductivity measurements, electronic spectral, XRD, magnetic
measurements, spectroscopic studies which have shown that the L from
behave as complexes of tridentate ligand and metal(ll) purposed
tetrahedral geometry for compounds of Ni(ll), Zn(ll), and Co(ll), whereas
the compound of Cu(ll) was square planar where the ratio of metal to
ligand was (1:2). The antimicrobial activity from all compounds were

tested against S. aureus, K. pneumaniae, E. coli, P. aeruginosa, P.
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vulgaris, and C. albicansindicated and all complexes were active than the

L ligand.
HO
KO
:O\/ 0
H,CO =N
CH;
Figure (1-7): Schiff base ligand salt KL Structure
® —_ » -
HaCO oH
R, 2
: /
el
o I ,
o
o
CH; CHy
- = = Co(Il), Ni(1), Zn(I) -

Figure (1-8): (a) Tetrahedral geometry complexes and

(b) Square planar complex

Suresh et al., in (2010) ™ have reported A novel bidentate Schiff base,
synthesized from 1-phenyl 2, 3-dimethyl-4-aminopyrazol-5-one (4-
aminoantipyrene) and vanillin forms stable complexes with transition
metal ions such as Cr (I11), Mn (1), Co (II), Ni (I1), Cu (1I), Zn (Il) and
Cd (I1) Figure (1-9). Their structures were investigated by elemental
analysis, infrared Spectroscopy, electronic spectroscopy, NMR
spectroscopy; thermo gravimetric analysis and electron spin resonance
spectroscopy. On the basis of the studies the coordination sites were
proven to be through oxygen of the ring C = O and Nitrogen of the
azomethine CH = N group. The microbiological studies revealed the

antibacterial nature of the complexes



Chapter One Introduction

Cr (11T and ™ (11} as viin, Co.,. NI . T, Fn and d

Figure (1-9): Structure of stable complexes
Fugu et al., in (2013) ! have synthesized five new complexes of
Zn*?, Cu*™ Ni**and Co* with (L) ligand derived from reaction of (VA)
and (2-Hydroxyaniline) Figure (1-10).The new ligand and their
complexes were diagnosed by the spectroscopic methods. The proposed
geometric shape of the complex was the octahedral. All complexes were

checked by using different type of bacteria.

Where M= Zn*2, Cu™? , Ni*? and Co*?

T o
)
1 -:_ :I e / """--..____: .‘_ -
H‘:"__,..-' : L\ .
l oyt T
-.___________-_-_-_‘_-_-_
T e
I
), > ( T
7
> —.

X=ClorQAC

Figure (1-10): Proposed structure of complexes

Roji et.al, in (2015)® have reported the preparation of Ni(ll) chelate
of vanillin SB Figure (1-11). New complex was diagnosed by magnetic
FT-IR spectral, and UV-visible.

Octahedral structure composition has been assigned. The ligand and its

moment, microanalysis CHNO,

10
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Ni-compounds were tested for biological activity against various types

HO
\Ojij\\
HZO\ | )/N

of bacteria.

H,0
N\ O—_
\@OH

Figure (1-11): Structure of the Ni (I1) compound

Dostani et al., in (2017) ®™ have synthesized a new bidentate NN-
Schiff base ligand of vanillin, (E)-4-(((2-amino-5-
nitrophenyl)imino)methyl)-2-methoxyphenol, was synthesized and
characterized by different spectroscopic techniques. In addition,
mononuclear complexes were synthesized by treating the corresponding
metal salts of Ni,, Cu, and VO2 and Schiff base ligand in methanol. The
resulting complexes were characterized by FT-IR, UV-Vis and 1H NMR
techniques. The hybrids of complex-TiO2 nanoparticles were prepared
and their structure and morphology were characterized by FT-IR, XRD,
TEM, SEM and solid state UV-Vis absorption. The photocatalytic
activities of the prepared modified semiconductors were tested under
visible radiation for the degradation of methylene blue in the agueous
solution. The results indicated that the incorporation of these complexes

improved the activation of TiO2 with visible light. See in scheme (1-3).

11
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O,;N
Y OH
O,N
N N
= \\‘l’1 )
N
N\ -
HN N
2 =N NH, Methanol
. HO Y
+ MX, -
. NO;
M =VO, Ni, Cu
HO Y X = acctate, acethylacetonate (for VO)
Y =0OMe

Scheme (1-2): General structure of metal complexes

Abduljleel et al., in (2018)"% have synthesized Schiff base ligand
L1-L3 complexes derived from di amine compounds and (VA) with
Co(ll) ion Figure (1-12), the prepared complexes have been diagnosed
by different techniques as NMR, UV visible, atomic absorption, FT-IR,
magnetic sensitivity and molar conductance. Data have shown that
ligands behave as bi dentate and linked from N azomethine sites. The
compounds are proposed as electrolytes para-magnetic complexes and the
coordination number = 4. All prepared compounds were tested for their
anti-bacterial activity against gram (+ and -) bacteria, these compounds

have shown a good biologically activities.
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L2 Co (H2O) Cla
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L3 Co(H2012Clz

Figure (1-12): The cobalt complexes structure
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1.5.2 Complexes of Schiff bases from (4-dimethylamino)

benzaldehyde (4-DMAB))
El-Ajaily et al., in (2006)" have reported that Ni (1) complexes of
L ligand derived from cysteine and 4-DMAB has been synthesis and
diagnosed by physicochemical methods such as molar conductance,
FTIR, CHN, mass and H-NMR spectra. Spectral studies have shown that
[Ni L(OH) (H,0)].2H,0 complex has a square planar Figure (1-13).

H —
N(CH;),
HS /N /
HO\_/ —N 2H,0
Ni ~ OB
v |
HO \0 NI\
07 OH, |

Figure (1-13): The geometry of Ni complex

Devendra et al., in (2011)? were prepared complexes of Ni (II)
containing Schiff base Figure (1-14) , which has been derived from the
0-amino benzoic acid and 4-DMAB , and diagnosed by different methods
such as the magnetic susceptibility, UV- visible, X- ray diffraction, FTIR,
molar conductivity, NMR, and CHN. Spectroscopic studies have
supported that the ligand behave as tetra dentate ligand type (N,O,)

donor.

H;,c\ H
I
vl S
/ \
H,C
/Il\-l /C=()
o

Where M = N1 (II) [Tetrahedral]

/\

H-O

Figure (1-14): Tetrahedral Ni (I11) complex
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Anu et al., in (2013)"*Y reported synthesize Cu (I1) complexes with
isatin Figure (1-15) , were prepared and characterized by analytical and
spectroscopic techniques. Schiff base complex of Cu (II) from the ligands
like 2-aminophenol and para dimethyl amino benzaldehyde have been
synthesised. The molar conductance, IR, 1H-NMR, 13C NMR, UV-
Visible spectroscopy have been carried out to suggest tentative structure

of the complex.

s 3

O
4
7N\,

c

Figure (1-15): Synthesis of Cu (I1) complex

Alassbaly et al., in (2016)°¥ reported about synthesis and
characterization of five complexes of mixed ligands consists of amino
acid (anthranillic acid) as a secondary ligand and Schiff base resulted
from 4-AMAB & 2-amiophenol as a primary were studied. All
compounds were measured using various methods such as mass, FTIR,
CHN, electronic spectroscopies, magnetic moment, and molar
conductivity. The Synthetic studies suggested the octahedral geometry of
all these complexes. The anti-bacterial activity that is related to Schiff
bases, Histdine, and mixed complexes were tested. It has been found that
mixed ligands have more biological activity compared to free ligand.
Scheme (1-3)

14
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Scheme (1-3): Synthesis route regarding complexes

Abubakar et al., in (2017)® were prepared a bi dentate Schiff base
ligand (DBAP) derived from 2-amino phenol and (4-DMAB) have been
prepared. This new ligand has been treated with Cu (Il) and Zn(ll) salt
with a ratio of metal: ligand equal to (1:2) to produce the two new ligand
compounds [Cu(DBAP)2]8H20 and [Zn(DBAP)2]3H20, Figure (1-16)
and Figure (1-17) respectively , these complexes have been diagnosed by
many techniques as melting point, solubility, FTIR , CHN, UV-visible
and atomic absorption, molar conductivity and magnetic measures. Data
have suggested that the ligand was bi dentate and a four assortment
tetrahedral geometry for Zn complexes and square geometry for Cu

complexes.
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=
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&

[ M"""{".u..

Figure (1-16): The structures of the Cu (I1) complex
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Figure (1-17): The structures of the Zn (1) complex

Noor et al., in (2018)"*Y prepared Schiff base with Fe** derived from

4,4-diaminodiphenyl sulfide with two kind of aromatic aldehyde to form

L1 and L2. FTIR, job's method and electronic spectroscopy were used to

characterize there complexes structure.
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Scheme (1-4): The synthesis route of Fe**-complexes
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1.5.3 Complexes related to the Schiff bass from 3-amino-1-
phenyl-2-pyrazolin-5-one

Jamila Z. et al., in (2015)! have synthesis of new derivatives ligands

L1-5 see in Scheme (1-5) have attracted interest from the scientific

community. Herein we report the formation of two unexpected spiro

compounds containing pyrazole moieties using a tandem process

involving the initial condensation of (3-amino-1-phenyl-2-pyrazolin-5-

one) with benzaldehyde followed by dimerization.

Scheme (1-5): Synthesis route of L1-5 ligands

Lekaa et al., in (2018)°, prepared compounds of Cd(I1) and Ni(ll)
which are related to the Schiff bases that are derived from 3-APO with
three type of aromatic aldehyde. They were characterized by FT-IR,
'HNMR, CHNO, mass spectrometer, molar conductivity measurements
and magnetic susceptibility. Analytical information detected that these
complexes were tetrahedral shape Scheme (1-6). The biological activity

for the compounds was tested.

17
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Scheme (1-6): The prepared of the three ligands

Lekaa et al., (2019 have prepared complexes of mixed ligands see
in Scheme (1-7), that consist of Schiff bases derivative ligand (L1) that
was formed through condensed 3-APO with anthranillic acid (L2) and o-
phathalaldehyde as well as certain transition metal ions. Diagnosing the
formed ligand (L1) was through UV-Visible, mass spectroscopy,
'HNMR, and (CHN) elemental analysis. Complexes have been typified
through elemental analysis, FTIR, atomic absorption, UV-visible, molar
conductance, and magnetic susceptibility. The octahedral geometry was
suggested for metal compounds according to analytical studies. The
compounds have been determined against two bacteria types; Gram

negative and Gram positive.
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Scheme (1-7): Synthesis of new mixed ligand complexes

1.6 Mixed Ligands Complexes of Anthranilic Acid (A)

The complexes of mixed ligands are different from conventional
complexes as they have more than two different types of ligands related
to same metal ion in the complex. The existence of over one ligand type
in the complex will increase the possibility of variations in the
characteristics of the complex. Thus, the researchers will be more focused
on the synthesis related to complexes of mixed ligands with changing
features. Characterization and synthesis regarding the complexes of
mixed ligands are of high importance now and more researchers are
focusing on this field. Recently, a lot of papers were concerned about the
characterization and the synthesis of mixed ligand complexes °®!.
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Gehad et al., in (2005)! prepared metal complexes which are related
to the Schiff bases that is derived from 2-thiophene carboxaldehyde and
2-aminobenzoic acid (HL). They defined according to the elemental
analyses, thermal analysis TGA, solid reflectance, molar conductance, IR,

magnetic moment, and "HNMR Figure (1-18).

M=Fe(lll),X=Cl,m=3,y=3. M = Cu(Il) and Zn(Il).
Co(ll,X=Cl,m=2,y=15.
Ni(ll),X=Cl,m=2,y=1.

Figure (1-18): The structural formulas related to mixed HL metal

complexes

Taghreed et al., in (2013)"? prepared a mixed ligand complexes
from the reaction of tri butyl phosphine , anthranilate and metal ion such
as Zn(ll), Ni(1l), Co(ll), and Cu(ll) see in Scheme (1-8). The prepared
compounds were characterized using A.A., FT-IR, UV visible spectra
methods, conductivity measurements and magnetic susceptibility. Metal
compounds were to tested in vitro against different types of pathogenic
bacteria for the purpose of assessing their anti-microbial characteristics
results. The research indicates that there is octahedral geometry in all the

complexes.
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Scheme (1-8): Preparation route of the Complexes

Taghreed et al., in (2016) "™ prepared complexes of mixed ligands
that are related to bivalent metal ions such as Hg(ll), Zn(Il), Ni(ll),
Co(ll), Cu(ll), and Cd (Il) with Anthranilic acid and Trimethoprim
(TMP) Figure (1-19), such complexes were characterized through
electronic spectral data, molar conductivity, FT-IR, melting point, AAS,
and a measurement of magnetic susceptibility. The two ligands in
addition to their metal compounds have been screened for their bacterial

activates against selected microbial strains Gram (+) and Gram (-).

DNACEITD) — Co(IT), NIl Cu(1I1). Zo(11) CACiIDand HesC(Il)

Figure (1-19): The composition of mixed ligands complexes
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Oladipupo et. al., in (2018) '@  reported synthesis of Mn(l1), Ni(ll),
Co(ll), Cu(ll), Zn(ll) and Cd(ll) complexes of anthranilic acid (L1H) and
pyridine-2-aldoxime (L2H) were synthesized in an alkaline medium see in
Figure (1-20). The resulting complexes were characterized by CHN analysis,
infrared and UV-Visible spectroscopies, molar conductance and magnetic
susceptibility easurements. Cd(ll) complex showed promising inhibitory
activity against Staphylococcus aureus,Bacillus subtilis, Escherichia coli,

Pseudomonas aeruginosa and Candida albicans .
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Figure (1-20): Structures of new complexes
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1.7 Aim of the work

Synthesize the Schiff base SB1 that is derived from vanillin with 3-
Amino-1-phenyl-2-pyrazoline-5-one.

Synthesize the Schiff base SB2 that is derived from 4-(dimethyl
amino) benzalaldehyde with 3-Amino-1-phenyl-2-pyrazoline-5-one.
Characterize the synthesized ligands SB1 and SB2 by the use of
elemental micro analysis (C.H.N.), FT-IR, 'H-NMR, UV-Vis, GC-
MS and study they anti-bacterial activity that is tested against gram
negative and gram-positive bacteria.

Preparing mixed ligand compounds of Co(ll), Ni(ll), Cu(ll), Cd(ll)
and Hg(ll) ions with Schiff bases SB1 and SB2 considered as the
primary ligand and (A) considered as the secondary ligand.
Characterizing the prepared mixed ligands complexes by the use of
elemental micro analysis (C.H.N.), UV-Vis, FT-IR, magnetic
measurements as well as studying the anti-bacterial activity, that is

tested against gram negative and gram positive bacteria.
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Experimental Section

2. Experimental section

2.1. Initial materials

The initial materials were of high purity (99%). Therefore, no further

purification was needed. Table (2-1) lists the initial materials.

Table (2-1): The initial materials

Initial of materials

Company equipment

3-amino-1-pheneyl-2-pyrazoline-5-one Merck
Acetone Merck
Anthranillic Acid Fluka
Cadmium chloride. Mono hydrate Merck

Cobalt chloride. Hexa hydrate

Riedel-de Haén

Cupper chloride. Di hydrate Merck
Dimethyl formamide (DMF) Fluka
Dimethyl sulfoxide. (DMSO) Fluka
4-dimethyl amino benzaldehyde Fluka
Ethanol Merck
Ethyl acetate Merck

Glacial acetic acid

Bryce Dallas Howard

Mercury chloride Merck

Methyl alcohol Fluka
Nickel chloride. Hexa hydrate Fluka
Vanillin(4-Hydroxy-3-methoxybenzaldehyde) Fluka
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2.2 Instrumental analysis

The new compounds were characterized by using the following
techniques:
2.2.1 Melting points measurement

The melting points of the recorded vehicles were measured by using
digital melting point apparatus, in Baghdad University Laboratories,
Education for pure science Ibn Al Haitham.
2.2.2 Fourier Transform Infrared FT-IR

The FT-IR of the new materials were on record as (KBr disc) pellets
in range of (4000 to 400) cm™by using Shimadzu, 4800S
spectrophotometer, in the laboratories of 1bn Sina in Baghdad.
2.2.3 Electronic spectra

The electronic transfer's spectra of the new materials were using UV
visible spectrophotometer type (double beam) in range (200 to 1100) nm,
Shimadzu UV160A nm in the laboratories of Ibn Sina in Baghdad. The
concentration of prepared solutions was 0.001 mole.L™* in DMSO solvent
and the cell islcm long, which is made of quartz.
2.2.4 Conductivity devices

The conductivity devices of the new materials solution in DMSO
were registered in 0.001M at room temperature, using the conductivity
meter model (4070), Jew wary in the service laboratory at the University
of Baghdad, Education for pure science lbn Al Haitham.
2.2.5 Elemental micro analysis (CHNO)

The CHNO was recorded in Euro vector model (EA3000) in the
service laboratory at the University of Baghdad, Education for pure

science Ibn Al Haitham.
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2.2.6 Atomic Absorption Spectrometry A.A.S.
The atomic absorption percentage of the metal in the complex was
measured using Shimadzu AA(680) type Emission spectrophotometer in

the laboratories of Ibn Sina in Baghdad.

2.2.7 Proton nuclear magnetic resonance (‘HNMR)
The'HNMR spectra of new ligands were recorded on Brucker DRX
type system (500MHz) in TMS (Tetra methyl silane) as a standard in

DMSO-d° solution in the laboratories of University of Tehran.

2.2.8 GC-mass Spectra

The prepared SB1 and SB2 were measured the mass spectrometry in
Shimadzu (E170ev) type GC-mass QP50A in the laboratories of
University of Tehran.
2.2.9 Measurements of the Magnetic Susceptibility

The magnetic sensitiveness for complexes SB1 and SB2 using in
Balance Johnson Mattey. The peff was obtained in the solid state by

Faraday's method in the laboratories of al Nahrain University.

2.2.10 Proposal of the molecular structure
The proposals of the molecular structure for new compounds were

done using Chem. Office program (2010).

2.2.11 Biological Activity

The evaluation of starting materials, ligands and their metal complexes
against two bacterial strains (Escherichia coli (G-) and Staphylococcus
aureus (G+)) and one fungi species (Candida albicans) were performed

using agar-well diffusion. In this method, the wells were dug in the media
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with the help of a sterile metallic borer with centres at least 6 mm.
Recommended concentration (100 pL) of the test sample 1 mg/mL in
DMSO was introduced in the respective wells. The plates were incubated
immediately at 37 °C for 24h. Activity was evaluated by measuring the
diameter of inhibition zones (mm). This test was done in the laboratories

of the University of Baghdad, College of Science .
2.2.12 The materials and instrumental in Biological

laboratory
The materials and instrumental figure (2-1) used for testing the
biological activity were:
Petri dish, nutrient agar medium, autoclave, spreader, McFarland
tube, distilled water and control (DMSO).

K] ;i i

¢
]
:

McFarland tube spreader autoclave

Figure (2-1): Some of instruments in biological laboratory
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2.3 Preparation of the SB1 and SB2 ligands
2.3.1 3-(4-hydroxy-3-methoxybenzylideneamino)-1-phenyl-
1H-pyrazol-5(4H)-one SB1

A mixture of 3-APO (1mmol, 0.175g) in 20mL of ethyl alcohol and
solution of vanillin (Immol, 0.152g) with 3-4 drops of (glacial acetic
acid) were mixed in round bottomed flask. The mixture was then heated
under reflux for 7h at 80°C with stirring. The product had been collected
by filtration, washed with ethyl alcohol, dried and then recrystallization

and dried at room temperature Scheme (2-1).

g
P 7\
N=C
\ / g OH
o N . Ref.7hr \
N N o——
—> o0 N/
ethanol / CH,COOH
0\ OH
3-amino-1-pheneyl-2- vanillin
pyrazoline-5-one 3-(4-hydroxy-3-methoxybenzylideneamino)-1
-phenyl-1H -pyrazol-5(4H)-one
\ SB1

Scheme (2-1): Synthesis of SB1 ligand
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2.3.2 3-(4-(dimethylamino)benzylideneamino)-1-phenyl-1H-
yrazol-5(4H)-one SB2

A mixture of 3-APO (1mmol, 0.175g) in 20mL of ethyl alcohol and

solution of 4-DMAB (1mmol, 0.149g) with 3-4 drops of (glacial acetic

acid) were mixed in round bottomed flask. The mixture was then heated

under reflux for 7h at 80°C with stirring. The product had been collected

by filtration, washed with ethyl alcohol, dried and then recrystallization

dried at room temperature Scheme (2-2).

! \
0 4 Ref.7 hr N

_ N

ethanol / CH;COOH

N

<N

4-
3-amino-1-pheneyl- Dimethylamino)benz (A-(di i i in0)-1- -1H- - -
2-pyrazoling-5-one ( alzehyde) 3-(4-(dimethylamino)benzyl |denear§1g120) 1-phenyl-1H -pyrazol-5(4H)-one

Scheme (2-2): Synthesis of SB2 ligand
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2.4 Preparation of new complexes
2.4.1 Preparation of SB1 complexes

2.4.1.1 Preparation of [CoA2SB1] complex
[CoA2SB1] was prepared by mixing (A 0.274g, 2mmol & NaOH
0.08g, 2mmol) with (SB1 0.309g, 1mmol) and CoCl,.H,O (0.237qg,
Immol) in 15mL of ethyl alcohol. The mixture solution was mixed was
whiskered for 1h to produce a green-bluish precipitation. The precipitate
was filtered and dried at room temperature for one day ",
2.4.1.2 Preparation of mixed complexes
Similar to the method for cobalt complex preparation (2.4.1.1)
complexes such as [NiA,SB1], [CuA,SB1], [CdA,SB1] and [HgA,SB1]
were prepared. The solid complexes with metal chloride listed in Table
(2-2), see in Scheme (2-3).

N=—/C OH HoN

H
I\{\I OCH3 NaO
D i’ Ethanol
+MC|2.XH20 + 2 — -
str. 1 hr.
@ s

SB1 Soduim anthranilate

M = Co, Ni,Cu ,Hg and Cd

Scheme (2-3): Preparation of [MA,SB1] complexes
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Table (2-2): Weights of materials involved in the preparation of

complexes [MA,SB1]
Complex Wi. of Wi. of Wt. of wt. of | Yield

Metal Chloride SB1 A complex | %

[CoA,SB1] CoCl,.6H,0 0.309¢ 0.274g 0.640 78
0.237g

[NiA,SB1] NiCl,.6H,0 0.309g 0.274g 0.639 81
0.237g

[CuA,SB1] CuCl,.2H,0 0.309¢ 0.274g 0.645 85
0.170g

[CdA,SB1] CdCl,. H,0O 0.309¢ 0.274g 0.693 77
0.201g

[HgA,SB1] HgCl, 0.309g 0.274g 0.783 87
0.272g

2.4.2 Preparation of SB2complexes

2.4.2.1 Preparation of [CoA,SB2] complex
[CoA,SB2] was prepared by mixing (A 0.274g, 2mmol and NaOH
0.08g, 2mmol) with (SB2 0.306g, 1mmol) and CoCl,.H,O (0.237qg,

I1mmol) in 15mL of ethyl alcohol. The mixture solution was mixed was

whiskered for 1h to produce a green-bluish precipitation. The precipitate

was filtered and dried at room temperature for one day.

2.4.2.2 Preparation of mixed complexes

Similar to the method for cobalt complex preparation (2.4.2.1)
complexes such as [NiA,SB2], [CuA,SB2], [CdA,SB2] and [HgA,SB2]
were prepared. The solid complexes with metal chloride listed in Table
(2-3), Scheme (2-4).
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~

N—< >_N/

- Ho>N
I\< \

o i

N HO
N NaOH / Ethanol
+MCl,. xH,O + 2 s 1hr >

@ ;

Soduim anthranilate

SB2

o

M = Co . Ni.Cu Hg and Cd y,

Scheme (2-4): Preparation of [MA,SB2] complexes

Table (2-3): Weights of materials involved in the preparation of

complexes [MA,SB2]
Complex Wt.of Wt. of Wt.of wt. of Yield

Metal Chloride SB2 A complex %

[CoA,SB2] CoClI2.6H20 0.309¢ 0.274g 0.637 78
0.237g

[NiA,SB2] NiCI2.6H20 0.309g 0.274g 0.637 81
0.237g

[CuA,SB2] CuClI2.2H20 0.309g 0.274g 0.642 85
0.17g

[CdA,SB2] CdCI2 0.309g 0.274g 0.691 77
0.201g

[HgA,SB2] HgClI2 0.309g 0.274g 0.779 87
0.272g
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3. Result and Discussion
3.1. Part one: Characterization of ligands SB1 and SB2

In this research, two Schiff base ligands were prepared and characterized by
using spectroscopic techniques such as FT-IR, Uv-visble, 'HNMR and mass
spectrum in addition to detection of solubility, melting point and CHNO.

3.1.1 Solubility
The solubility of prepared SB1 and SB2 in several solvents listed in Table (3-1)
Table (3-1): Solubility of SB1 & SB2 in several solvents

Ligands | Soluble (+), insoluble (-) Partially (<)
SB1
B3 DMSO , DMF H,O, MeOH and Acetone DME

3.1.2 Physical properties of new ligands

Some physical properties for SB1 and SB2 in addition to elemental

microanalysis were listed in Table (3-2).

Table(3-2): Some physical properties for SB1 and SB2

Ligands formula M. Wt o Practical (theoretical)
(Color) ' C H N o)
SB1 309.32 65.22 | 4.89 | 13.00 | 14.96
112-114
( C17H15N303) | Deep Yellow (66.01) | (4.78) | (13.58) | (15.52)
SB2 306.36 70.66 5.67 | 18.06 4.75
123-126
( C1sH1N,O) Yellow (70.57) | (5.92) | (18.29) | (5.22)

3.1.3 FT-IR spectral data of starting material and new ligands
FTIR of the starting material (VA) Figure (3-1) showed the absorption

bands at 3486 and 1730 cm™ due to the O-H and C=0 stretching vibration

respectively. The bands at (3021, 2975, 2738 and 1593) cm™were due to (C-H
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aromatic), (C-H aliphatic), (C-H aldehyde) and (C=C aromatic) stretching
vibration respectively "™, The FT-IR of the 4-DMAB Figure (3-2) showed a
weak absorption band at 3050, 2931, 2731, 1679 and 1584 cm™ which were
assigned to the (C-H aromatic), (C-H aliphatic), (C-H aldehyde) , (C=0
aldehyde ) and (C=C), stretching and vibration, respectively "1 FTIR
spectrum for 3-APO Figure (3-3) showed bands at 3417, 3331, 3039 and
1681cm™ due to NH, asy. and sym.,(CH aromatic) and (CO keto. ring),
respectivelyl’®™,

Spectrum of SB1Figure (3-4) and Table (3-3) appeared bands at (3078, 1693
and 1566) cm™ which were due to the (C-H aromatic), (C=0O keton ring) (C=C)
and new band at 1627 assigned to Schiff base stretching vibration ),

The infrared spectrum of SB2 Figure (3-5) and the same Table showed
bands at 3062, 1701,1643 and 1589 cm™which were due to (C-H aromatic)
,(C=0 ring pyrazole),(C=N new Schiff base group) and (C=C) stretching
vibrationt™! .

Table (3-3):Distinguish between frequencies of the ligands and compare them

with the initial materials

Materials | OH | (NHz)sym.zasy. | C-Harom. C-H Cc=0 C=0 | (C=N)sg | C=C
C-Haiiph adehyde | AdEYde | Ketone o ypyr
VA 3196 | ------ 3021 2738 1666 - | - 1593
2975
4-DMAB 3050 2731 1679 - | - 1546
2904
3-APO | ------ 3425 3221 - | - 1681 ---- 1597
3332 2943 1631
SB1 3456 |  ----- 3078 - | - 1693 1627 1566
2997 1597
SB2 e B 3062 -——- | e 1701 1643 1589
2974 1627
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Figure (3-3): The FTIR spectrum of 3APO
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Figure (3-5) :The FTIR spectrum of SB2 Ligand

3.1.3 '"H-NMR Spectral Data

3.1.4.1'H-NMR of ligand SB1
'HNMRof SB1 is shown in Figure (3-6) and Table (3-4). The singlet signal
in & (2.49, 2.53) ppm may be attributed to the DMSO-d° solvent and (-CH2) of
pyrazol ring respectively. The multiple signals ranged between & (6.25-7.75)
ppm were assigned to the aromatic protons, and the singlet signal at 6 (8.94 and

9.76) ppm was due to the azomethine and OH protons %84,

Table (3-4):'HNMR Data for SB1

Efficacious group The singlet in 8(ppm)
DMSO-d° 2.49
(-CH; )ring, Aromatic H 2.53, (6.25-7.75)
HC=N, OH 8.94(1H, s), 9.76(1H,m)

37



Chapter Three Result and Discussion
m ::alé E?Sz?.é.lmd B -
mr chal Samj -]
~ =

181 =

IZOS8RRE 2
-

ﬂﬂﬂﬂﬂﬂﬂﬂﬂ

U

~2600000

[~2400000

2200000

2000000

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

o

[--200000

T T T T T T T T T T T T T T T T T
18 17 16 15 14 13 12 11 10 8 7 (-] 5 4 3 2 1 )

9
f1 (ppm)

T
-1

Figure (3-6): The 'HNMR spectrum of the Ligand SB1

3.1.4.2 'H-NMR spectrum of the ligand SB2

'HNMR of SB2 was shown in Figure (3-7) and Table (3-5). The singlet
signal in & (2.53, 2.31 and 3.37) ppm may be attributed to the DMSO-d® solvent,
(CH,) of pyrazol ring and methyl group respectively. The multiple signals

ranged between 6 (6.45-7.83) ppm were assigned to the aromatic protons, and

the singlet signal at & (8.80) ppm was due to the azomethine proton 8,
Table (3-5): The 'HNMR for SB2

Efficacious group The singlet in &(ppm)
DMSOd; 2.49
Aromatic-H 6.45-7.83
-CH,pyzol, -CH; 2.53,2.31, 3.37
HC=N 8.51 (2H, s)
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Figure (3-7): The '"HNMR spectrum of SB2

3.1.5 The Electronic Transfers for SB1 and SB2

3.1.5.1The spectrum of ligand SB1
The spectrum of SB1 in DMSO, (Table (3-6) and Figure (3-8)), show peaks

at (289 and 390) nm which are due to 1 — ©* and n —x* electronic transition
[82, 83]

Table (3-6): Type of electronic transition of SB1

Type of
Amax. NM(cm™) € max yp. :
transition
SB1
289(34702) 92 T —m*
390(25641) 222 n —m*
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Figure (3-8): Electronic spectrum of SB1 ligand

3.1.5.2 The spectrum of ligand SB2
Spectrum of SB2 shows peaks in 271 and 399 nm which are assigned to

n — w* and © —n* electronic transition, figure (3-9) and Table (3-7) ¥ &I,

Table (3- 7): type of electronic transition of SB2

A nm(cm™) € max. Type of transition
SB2

271(35211) 1334 S

399(25575) 247 T —
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Figure (3-9): Electronic spectrum of SB2 ligand

3.1.6 The GC-mass spectral for ligands SB1 and SB2

3.1.6.1 Mass spectrum of SB1
SB1 spectrum was shown in Figure (3-10) and scheme (3-1), the M.wt ion
peak for CigHigN4O equal 309m/z which was very much steady with the

theoretical value %84
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Figure (3-10):The mass spectrum of SB1
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Scheme (3-1): The fragmentation pattern of the ligand SB1
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3.1.6.2 Mass spectrum of SB2

Ligand SB2 spectrum was shown in Figure (3-11) and scheme (3-2), the
M.wt ion peak for (CigHsN4O) equal 306 m/ z which was very much steady
with the theoretical value ["%%,
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Figure (3-11): The mass spectrum of SB2
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Scheme (3-2): Fragmentation pattern of the ligand SB2

3.2 Part two: Characterization of complexes with SB1 and SB2
The compounds were displayed in different colors and solubility was
obtained in different solvents. The new prepared complexes were characterized
by melting point, analysis of the elements CHNO, atomic absorption A.A, FT-
IR, UV-Vis spectra, molar conductivity.
3.2.1 Solubility
The solubility of prepared complexes was tested using several solvents as
shown in the Table (3-8).

44



Chapter Three Result and Discussion

Table (3-8): Solubility of SB1 and SB2 Complexes

Complexes Soluble (+) insoluble (-) Partially ()

[CoA,SB1]

[NiA,SB1]

[CuA;SB1]

[CdA,SB1]

[HgA,SB1]
DMSO, DMF H,O, MeOH and Acetone

CoA,SB2
[CoA:SB2] EtOH

[NiA,SB2]

[CUA,SB2]

[CdA,SB2]

[HgA;SB2]

3.2.2 The Physical properties and CHNO and M for SB1 and SB2

complexes

Table (3-9) shows the physical properties and elemental microanalysis
CHNO and M for the complexes SB1 and SB2.
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Table (3-9):

SB1 and SB2 Complexes

The Physical Propertiesand Elemental Microanalysis for

The Theoretic ( calculated )

Chem. formula m.p Color

of complexes & 1 A 2 i

[CoA,SB1] 185- | Green- | 58.13 | 4.25 | 10.93 | 1749 | 9.20
Cs1H,7CoNsO; | 187 Bluish | (57.88) | (4.05) | (10.67) | (16.90) | (9.11)
[NiA,SB1] 210- Dark 58.15 | 425 | 1094 | 1790 | 9.17
CaiH7NsNiO; | 212 orange | (57.78) | (4.10) | (10.91) | (16.87) | (9.11)
[CuA,SB1] 180- | Greenish | 57.71 | 4.22 | 10.86 | 17.36 | 9.85
Cs1H27CuNsO; | 182 yellow | (56.99) | (4.18) | (10.55) | (17.20) | (9.77)
[CdA,SB1] 218- Light- | 53.65 | 3.65 | 10.09 | 16.14 | 16.20
Cs1H27CdNsO7 | 220 yellow | (52.53) | (3.34) | (9.56) | (15.78) | 15.83)
[HgA,SB1] 197- dark 4760 | 3.48 895 | 14.32 | 25.65
CsiH2sHgNsO, | 199 yellow | (46.66) | (3.33) | (7.96) | 13.76) | (24.23)
[CoA,SB2] -185 | Orange | 60.28 | 4.74 | 13.18 | 1255 | 9.24
CaH30CoNgOs | 183 (59.18) | (4.63) | (12.90) | (12.21) | (8.65)
[NiA,SB2] Dark 60.31 4,74 13.19 | 1255 9.21
C32H3oNgNiOs 202 208 orange | (59.87) | (4.56) | (12.95) | (12.35) | (8.89)
[CuA,SB2] -244 Dark 59.85 | 44.71 | 13.09 | 1246 | 9.90
CsoHzoCuNgOs | 242 brown | (58.88) | (44.14) | (12.79) | (12.12) | (9.54)
[CdA,SB2] -228 Vellow 55.62 | 4.38 | 12.16 | 11.58 | 16.27
CyH30CdNgOs | 226 (54.93) | (4.12) | (11.76) | (11.23) | (15.97)
[HgA,SB2] -240 Vellow 49.32 3.88 10.79 | 10.27 | 25.74
CsoHaoHgNgOs | 238 (48.67) | (3.65) | (9.97) |(10.05) | (24.87)
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3.2.3 Molar conductivity

The molar conductivity values of SB1land SB2 complexes in DMSO (10°M
solution) were found (19.4-12.8) and (16.6-12.9) respectively, these indicates

that all complexes are non-electrolytic ', Table (3-10) show molar conductivity

in some general solvents and Table (3-11) show the molar conductivity for SB1

and SB2 Complexes.

Table (3-10): Molar Conductivity in some solvents

solvent Non Electrolyte Type
Electrolyte| 1:1 1:2 1:3
1:4
Water 0 120 240 360 480

1

2 Ethanol 0-20 35-45 70-90 ~120 ~ 160
3 Nitromethane 0-20 75-95 150-180 220-260 | 290-330
4 Methyl cyanide 0-30 120-160 | 220-300 340-420 ~ 500
5 Dimethyl formamide 0-35 65-90 130-170 200-240 ~ 300
6 Dimethyl sulfoxide 0-20 30-40 70-80 - -
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Table (3-11): Molar conductivity for SB1 and SB2 Complexes

Complexes Molar Conductivity in (Ohm™. Cm?.mol™)
[CoA,SB1] 13.4
[NiA,SB1] 14.6
[CUA,SB1] 19.4
[CAA,SB1] 12.8
[HgASB1] 15.6
[CoA,SB2] 114
[NiA,SB2] 12.6
[CUA,SB2] 10.3
[CdA,SB2] 12.9
[HgASB2] 16.6

3.2.4 FT-IR spectral data for complexes
3.2.4.1 FT-IR spectral for SB1 complexes

The infrared spectra of the prepared complex appeared the basic absorbance
bands as compared to the (SB1) and anthranilate spectra. Table (3-11) and
Figure (3-12) - (3-17) show that:

FTIR spectrum of Anthranilic acid show band of v(OH) at 3390 cm™ which
was disappearance in all complexes. The band v(NH,) at (3344 and 3244) cm™
were shifted from its position compared to the spectrum of the base material.
This indicates that complexes are coordinated with this group. The group of
v (COO) 4y and v (COO) sm appeared at (1679 and 1486) cm™, respectively in
complexes. These band were shifted to lower frequency at rang (1581-1523) and
(1377-1315) cm™ respectively. Therefore, the difference between Apyssym IS
equal to (216-204) cm™ which indicate that the carboxylate ion coordination

with the metal ions is as mono dentate donor 7887 %1,
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The absorption bands of the stretching vibration for imine group (C=N) of
pyrazole ring and (HC=N) group have appeared in the spectrum of complexes at
a lower frequency 1589-1581 cm™ and 1616-1612 cm™ compared to the free
ligand spectrum at (1597 and 1627) cm™ respectively. This change in the form
and location of the band is an evidence of the coordination between the nitrogen
atom in this groups and the metal ion 1>,

The IR spectra for complexes showed the new absorption bands that proved
the coordination of the ligand with the central metal ion through nitrogen atoms
of azomethine and imine groups at (505-520) cm™ and (516-582) cm™ could be
referred t0 M-N)sn, pyr. and (M-N)a respectively. The spectra appeared
absorption band within the range (408-439) cm™ were due to correlation the

metal ion with oxygen atom in anthranilate (M-O), ["®"81.
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Table (3-12): The FTIR Spectra for the SB1 Complexes

= =
S L2 g ¢ |8 : e | 2 £ o < ls
= $: 8 (8|87 |2|8 |58 3
S - 1 S |< |7 |7 |7 *
\;/ =
3456
SB1 3078 | 1693 | - | - | 1627|1597 | - | -
3390
1679
Anth 3344- | 2586 | - (Lo [ p—
1486
3244
3305 1543 505
[CoA,SB1] 3140 | 1695 216 | 1612 | 1585 439
3244 1327 559
_ 3437 1543 520
[NiA,SB1] 3124 | 1692 216 | 1612 | 1581 420
3305 1327 532
3444 1581 505
[CuA,SB1] 3124 | 1696 204 | 1612 | 1581 428
3275 1377 516
3417 1539 516
[CdA,SB1] 3035 | 1695 212 | 1616 | 1589 408
3294 1337 582
3336 1523 509
[HgA,SB1] 3182 | 1694 208 | 1612 | 1581 432
3325 1315 520
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3.2.4.2 FT-IR Spectral Data for SB2 Complexes

The spectrum FTIR for all complexes tested in Table (3-12) and Figure (3-18) to
(3-22) ,the broad band of hydroxyl group for (A) was disappeared in complexes
, bands at range (3410-3448)cm™ and (3275-3321) cm™which due to
V(NH; asy.esym) Stretching vibration for (A) respectively. This indicates that the
metal ions are connected with N atom of this group ["#%.

Bands of the stretching vibration for imine (Schiff base and pyrazole ring), have
become clear in the complexes at a lower frequency at (1612-1620)cm™ and
higher frequency at (1581-1604) cm‘comparing with the free ligand spectrum at
1643 and 1627 cm™ respectively, these shifting indicates the correlation between
the metal ions from these groups, the bands at (3032-3140) cm™ in complexes
referred to v(C-H) aromatic "),

The carboxylic group for (A) asymmetric and symmetric in complexes shifted to
lower frequencies at (1527-1554) cm™ (1310-1327)cm™. Therefore, the A
between them in Co*™? Ni*%,Cu*?,Cd*? and Hg"® complexes are(212, 223, 227,
208, 217) cmrespectively, which reference that the carboxylate ion coordinate
with the (M*?) from one-sided'"..

In the complexes appeared a new absorption bandat (551-578) cm™ and (509-
536) cm™due to nitrogen atom for Schiff and pyrazole ring coordinated with
metal ions, and appeared band (M-O)at range (447-478) cm™ were due to linked
metal ions with oxygen from carboxylic group °*

The absorption bands of the prepared complexes which are ranged between

(1697-1696) cm™ were referred to CO pyrazole ring.
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Table (3-13): The FTIR Spectra for the SB2 Complexes

Result and Discussion

5 5 g | ¢ i |
2 <| E g5 | 9 e |¢ s 5 < | <
= T Ed s S = e = > | 2z | Q
= O s = I 8 2 CIJ Q g% E
o ~ T Q = 3
O é N \O./ 9/ < =
O
SB2
----- -—-- 3062 | 1701 --- - 1643 1527 - -
3321 1679
Anth 3390 2586 --- 193 | - | - - ----
3210 1486
3429
1539 551
[CoA,SB2] --- 3305 | 3140 212 1616 1593 455
1695 1327 513
3410
) 1543 574
[NiA,SB2] | ---- 3305 | 3124 223 1612 1593 478
1695 1320 536
3448
1554 578
[CuA,SB2] | ---- 3275 | 3124 227 1620 1604 447
1697 1327 516
3421
1535 559
[CdA,SB2] | ----- 3290 | 3032 208 1616 1589 474
1696 1327 509
3421
1527 563
[HgA.SB2] | ------ 3321 | 3062 217 1612 1581 459
1697 1310 532
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Figure (3-22): FTIR spectrum of [HgA,SB2]

3.2.5 Electronic spectra

3.2.5.1 Electronic spectra of SB1 complexes

All electronic transitions of the five complexes are listed in the Table (3-13)

3.2.5.2 CoA,SB1 Complex

[CoA,SB1] complex displayed six absorption peaks. The two absorption
peaks at 277 and 397 nm are assigned to intra ligand and charge transfer. The
new absorption peaks at 500, (652,709) and 813nm were due to:

*Tig(F) — Tig(P) vs
Tig(F) = *A9(F) v,
T19(F) — “To9(F) v
These peaks are characteristic in location with that mention for octahedral

Co*? complexes, Fig. (3-23)1%2%I,

58



Chapter Three Result and Discussion

3.2.5.3 NiA,SB1 Complex

[NiA,SB1] complex showed six absorption peaks, the three absorption
peaks at 275, 350 and 394 nm are due to intra ligand and C.T when compare
with the SB1. The peaks with weak intensity 489 nm, (777, 826) nm and 958nm
are due to (d-d) electronic transition type *A.g (F) — *T:g(p),*T1g (F) and °*T,g
(F) respectively. These peaks environment were quite close to an octahedral one
Figure (3-24) *%1

3.2.5.4 CuA,SB1 Complex

[CuA,SB1] complex showed absorption peaks, the high peaks at (275, 314
and 345) nm are due to intra (SB1) ligand. The peak at (423 nm) is assigned to
charge transfer. Weak intensity at 693 nm is due to (d-d) electronic transition
type “Eg to°T,g. These values environment were quite close to a distorted
octahedral Figure (3-25) ¢%71.

3.25.5 CdA,SB1 Complex

[CdA,SB1] complex showed four absorption peaks, the two absorption peak
at (264 and 342 nm) are assigned to intra ligand comparably with the spectrum
of SB1 and the peak at (450 nm is due to charge transfer (C.T). These peaks

environment were very close to a distorted octahedral Figure (3-26) 2.

3.25.6 HgA,SB1 complex

[HgA,SB1] complex appeared four absorption peaks, the two peaks at
(272,332,346 and 395 nm) are assigned to intra ligand in comparison with the
spectrum of (SB1) and the absorption peak at 463 nm is attributed to charge
transfer (C.T) Figure (3-27). The bands are congruence in the location with the

researches for octahedral Hg (11) %),
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Table (3-14): Electronic spectral data of SB1 complexes

Compound Anm (cm™) Type of transitions
SB1 289(34602) T — ¥
390(25641) n — m*
[Co A2SB1] 277(36101) Intra ligand
397(25188) C.T.
500(20000) T19(F) —*T19(P) (vg)
652,709(15337,14104) "T19(F) =*Ax(F) (vy)
813(12300) T19(F) >*T29(F) (vo)
275(36363) Intra ligand
350(28571) Intra ligand
INi A2SB1] 394(25380) cT
169(20449) *Asg(F) — *T1g(P) (v
IO | pge Tt
Ao (F) = T29(F) (va)
275,314(36363,31847) Intra ligand
[Cu A2SB1] 345(28985) Intra ligand
423(23640) C.T.
693(14430) ’Ey =Ty
264(37735) Intra ligand
[Cd A2SB1] 342 (30769) Intra ligand
450(22222) C.T.
272,332(36764,30120) Intra ligand
[Hg A2SB1] | 346,395(28901,25316) Intra ligand
463(21598) C.T.
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Figure (3-27): Electronic spectrum of [HgA,SB1] complex

3.2.6 Electronic spectra for SB2 Complexes

All electronic transitions of the five complexes are listed in the Table (3-14)

3.2.6.1 CoA,SB2 Complex

CoA,SB2 complex displayed five absorption peaks, the absorption peaks at
(271 and 348) nm is due to intra ligand comparably with the spectrum of
SB2.The peak at 448nm is due to charge transfer. Two absorption peaks at 695
nm and 823nm are due to d-d transition type as “T.g(F) into*A,g(F) and*T.g(F)
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respectively Fig. (3-28). These peaks are characteristic in the location with the

reported for octahedral cobalt complexes 2%,

3.2.6.2 NiA,SB2 Complex

NiA,SB2 complex shown six absorption peaks, the two absorption peaks at
(272,346 and 448) nm are assigned to intra ligand and charge transfer and 3Azg
(F) to3Tlg(P) third transition. New three absorption peaks with weak intensity at
(778 and 950 nm) are due to *A,g (F) to *T;g(F) second transition and *Agy(F)
into 3ng(F) transition, Fig. (3-29) these peaks are characteristic in the location

with the reported for octahedral Ni complexes %,

3.2.6.3 CuA,SB2 Complex

CuA,SB2 complex displayed four absorption peaks Fig. (3-30), the two
absorption peaks at (269 and 346 nm) are assigned to intra ligand comparably
with the spectrum of SB2, and the peak at (449 nm) is due to charge transfer.
The new peak at 658 nm is due to d-d electronic transition type “Eg to’Tg.

These peaks are harmony in the location with the researches of octahedral Cu
(I I) [95-98].

3.2.6.4 CdA,SB2 Complex

CdA,SB2 complex shown three absorption peaks, the two absorption peak
at 262 and 342 nm is assigned to intra ligand comparably with the spectrum of
SB2 and the peak at 400nm is due to (charge transfer) Fig.(3-31). These peaks

are compatibility in the position with the researches for octahedral Cd (11) %,

3.2.6.5 HgA,SB2 Complex
HgA,SB2 complex appeared three absorption peaks, the peaks at (282 and

344) nm are assigned to intra ligand in comparison with the spectrum of SB2

and the absorption peak at 420 nm is attributed to (charge transfer C-T)
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Fig. (3-32), these bands are congruence in the location with the researches for

octahedral Hg (11) 1.

Table (3-15): Electronic spectral data of SB2 complexes

Compound Anm (cm™) Type of transitions
SB? 271(35211) T — 1t

399(25575) n — m*

[Co A2SB2] 271(36900) Intra ligand
348(28735) Intra ligand
448(22321) C.T.
695(14388) “T.0(F) — *Asg(F) v,
823(12150) "T9(F) — *Tog(F)vy
272 (36764) Intra ligand

[Ni A2SB2] 346 (28571) Intra ligand
448 (22321) C.T+°Ayy —°T14(P) (v3)
778 (12853) *Asy(F) —=°T1g(F) v,
950 (10526) *Asy(F) — *Tog(F) vy

[Cu A2SB2?] 269(37174) Intra ligand
346(28901) Intra ligand
449(22271) C-T
658(15197) ’Ey — “Tag
262(38167) Intra ligand

[Cd A2SB2?] 342 (23809) Intra ligand
400(25000) C-T

[Hg A2SB2] 282,344(35461,34722) Intra ligand
420(23809) CT
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Figure (3-28): Electronic spectrum of [CoA,SB2] complex
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Figure (3-31): Electronic spectrum of [CdA,SB2] complex
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Figure (3-32): Electronic spectrum of [HgA,SB2] complex

3.3 Magnetic susceptibility of SB1 and SB2 complexes
Magnetic measurements were used to diagnose and study the complexes of
transitional elements in 298 °C after the correction of the presence of di
magnetism has been used Tables for the values of magnetic sensitivity of atoms
in organic molecules (Pascal constants) and metal ions 2% The magnetic
momentum is calculated according to the following equations were used in
Table (3-15).
XM =X g.Mwt.
XA = XM - (-D)
Uerr = 2.828 VXA. T
Where: p ¢ = effective magnetic moment Xy= molar magnetic
susceptibility
Xa= atomic susceptibility X,= gram magnetic susceptibility
D= diamagnetic function T= absolute temperature
For exp: [NiA,SB1] complex
Xg=4.6.10°
Xw =4.6.10°. 639.13 = 2939.99.10°z
X =2939.99.10° + 319.56.10° = 3259.55.10°°
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W i = 2.828 V 3259.55.10°. 298 = 2.78

Table (3-16): Measurements of the magnetic of prepared complexes

Weight Molar Atomic
Compound | Sensitivity | Sensitivity | Sensitivity | - D.10® Herr B.M
X410 X107 Xa.107
[CoA,SB1] 8.5 5508.38 5828.63 320.25 3.72
[NiA,SB1] 4.6 2939.99 3259.55 319.56 2.78
[CuA,SB1] 1.5 967.68 1294.74 327.06 1.75
[Co A2SB2] 9.4 5992.97 6311.74 318.77 3.87
[Ni A2SB2] 4.8 3059.08 3377.73 318.65 2.83
[Cu A2SB2] 1.45 931.13 1252.21 321.08 1.72

3.4 Conclusions and the proposed molecular structure for

all prepared complexes
According to the characterization data for new Schiff base (SB1) derived
from 3-amino-1-phenyl-2-pyrazoline-5-one with vanillin and (SB2) derived
from 3-amino-1-phenyl-2-pyrazoline-5-one with 4-dimethylaminobenzaldehyde
by FT-IR, U.V-Vis, atomic absorption, 1H-NMR, ,Mass, elemental
microanalysis addition with melting point, we found that:

1- Schiff base as aprimary ligands SB1 and SB2 behavior as bidentate
chelating through N atom of imine group and nitrogen atoms from
pyrazole ring and anthranilic acid as secondary ligand behavior as
bidentate chelating through N atom for amine group (-NH2) and oxygen
from carboxylic group.

2- Schiff bases and anthranilic acid reacts with Co(l1), Ni(lI1), Cu(ll) , Cd(ll)
and Hg(ll) metal ions forming complexes with general molecular
formula: [MA,SB1] , Figure (3-37) and [MA,SB2] Figure(3-38).
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M(II} Co, Ni, Cu, Cd and Hg

Figure (3-34): The suggested geometry for metal complexes of SB2
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Chapter Four Biological Activity

4. Biological activity

The complexes of ligands SB1 and SB2 were tested for two types of
bacteria, G+ ( Staphylococcusaureus) and G- (Escharia coli ) in nutrient
agar 92191 Bijological activity of all compounds was set by measuring
the inhibition diameter of the millimeter unit.
4.1 Biological activity of Ligands Complexes
4.1.1 SB1 Complexes

The prepared ligand SB1 and their metal complexes of this study
were tested against types of bacteria gram positive and gram negative
using well plate method in nutrient agar “®J. The diameter of the
inhibition for the bacterial medium growth of the complexes was listed in
the Table (4-1). The study showed the prepared compounds of ligand
SB1,Anthranillic acid"®, [CoA,SB1], [CuA,SB1], [HgA,SB1] and
[CdA,SB1] were having different efficacy against E.coli except. The
complex NiA,SB1 did not show any effectiveness towards the same type
of bacteria and all complexes showed efficacy against Staphylococcus
aureus except ligand SB1 which showed no efficacy against the same
type of bacteria. Figure (4-1), (4-2), (4-3) and Chat(1) show the variation
in ligands and their complexes effectiveness towards of bacteria used.

[106]

Table (4-1): Biological activity of SB1 complexes

Compound Escharia coli Staphylococcus
DMSO
SB1 11

A 18 21
[CoA,SB1] 14 24
[NiA,SB1] - 10
[CuA,SB1] 28 19
[CdA,SB1] 18 32
[HgASB1] 32 29
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35
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15 B Escharia coli
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Chartl: biological activity for prepared compounds [MA,SB1]

4.1.2 SB2 Complexes

The prepared ligand SB2 and their metal complexes of this study
were checked against two types of bacteria (G+ and G-) by using well
plate method in nutrient agar. The diameter of inhibition for the bacterial
medium growth of the complexes was listed in the Table (4-2), Figure (4-
4), (4-5), (4-6) and Chat (2). The study showed they prepared compounds
of ligand SB2, Anthranillic acid, [CoA,SB2], [CuA,SB2], [HgA,SB2]
and [CdA,SB2] were different efficacy against E.coli except the complex
NiA,SB2 did not show any effectiveness towards the same type of
bacteria while all complexes a showed good effectiveness towards
Staphylococcus aureus except for ligand SB2, there was no effect on the

same type of bacteria %%
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Biological Activity

The various inhibition activities of metal complexes can be explained

by:

* According to "Tweedy’s" chelation theory

[105]

* In the complexes, the polarity of the metal ion will be reduced to a

greater extent leads to the overlap of the ligand orbital and partial sharing

of the M™ where n; (1,2 or 3) with donor groups.

* The delocalization of (m electrons) over the whole chelate ring.

» The large ring size of ligands moiety makes the complexes more

lipophilic 197,

Table (4-2): The Biological Activity of SB2 Complexes

Compound Escharia coli Staphylococcus aureus
DMSO - -
SB2 10 -

A 18 21
[CoA,SB2] 15 18
[NiA,SB2] - 15
[CuA,SB2] 33 27
[CdA,SB2] 16 28
[HgA,SB2] 35 31
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Chart 2: Biological activity for prepared compounds [MA,SB2]
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Chapter Four Biological Activity

Figure (4-1): Inhibition zone of ligands and their complexes towards

Staphylococcus aureus bacteria

74



Chapter Four Biological Activity

Figure (4-2): Inhibition zone of complexes towards E.coli bacteria
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4.2 Prospective studies
1. Preparation of new metal chelate using other metal ions.

2. Schiff Bases are used in analytical chemistry for determination of
metal ions.

3. Study TG and DTG of the Schiff base ligands and their metal
complexes.

4. Study enzymes activity for the produced Schiff base ligands and their
metal chelates.
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