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   Chapter One                                                 Introduction & Literature Review  

1.1.Introdaction

  Coordination  Chemistry  is  one  of  the  main  pillars  of  inorganic

chemistry which is both an intriguing and experimentally difficult frontier

in  modern  chemical  sciences  the  most  active  area  of  researches  in

inorganic chemistry today is coordination compounds, which has resulted

in  the  development  of  innovative  products  with  equally  novel

applications  in  a  variety of  industries  including medicines,  fungicides,

pigments,  paints,  polymers  and  photoconductors  (Kubra,N.K.,et

al.,2018). A coordination complex is made up of a core atom or ion that

is coordinated by one or more molecules or ions (Ligands) that operate as

Lewis bases  and form coordinate  bonds with the central  atom or  ion,

which then functions as a Lewis acid(Soldatović, T.,2020). Donor atoms

are those in the ligands that are directly bound to the primary atom or ion

(Sinha,S.,  et al.,2022).The central atom is a metal or metalloid and the

compound  that  results  from  bond  formation  is  called  a  Coordination

compound, the Coordination complex or often simply a Complex (Khan,

M. W.,et al,2021). The species that donates the electron pair, also known

as the ligand,  is  assumed to be coordinated with the species  that  will

receive  the  single  pair  of  electrons  (the  electron-pair  acceptor)The

traditional prerequisite for the creation of what we have referred to as

coordinate bonds, leading to a coordination compound, is a central atom

or ion with vacant or empty orbitals and connected ionic or neutral atoms

or molecules, with each bringing lone pairs of electrons(Rahaman ,M.S.,

et al.,2022). 

Since coordination chemistry has many interests and is involved in many

fields, therefore, coordination compounds is not very new in  the field of

medicine  and  drug  discovery  ,in  the  world  of  medicine  and  drug

discovery, coordination compounds are not a particularly new concept,
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This field, which interconnects the line between medicine and inorganic

chemistry,  encompasses  metal-based  therapeutically  significant

chemicals, agents that isolating or mobilize metal, diagnostic tools that

contain metal, and the therapeutic recruitment of endogenous metal ions,

also   a  regular  biological  process  requires  hundreds  of  inorganic

complexes and metals, which are found in our body and biological system

in  the  form  of  various  enzymes  and  protein  cofactors(Chen,  K.,  &

Arnold, F. H., 2020). Chemists are constantly drawn to the fields of the

synthesis and use of coordination compounds and organometallics due to

their  biological  significance  and  crucial  role  in  maintaining  important

biological processes, and other interests  the biological  activity of many

coordination  compounds activities  against  bacteria  and  fungi

(Tripathi,H.S.M.V.D.,2020) the type of  heterocyclic  compounds  has

been of considerable interest in terms of structural chemistry, catalysis

and biological functions. The field has undergone spectacular growth due

to the synthesis of multidentate ligands from heterocyclic compounds and

the complexes of such ligands form with metal ions . There are a number

of  multidentate  ligands  that  play  important  roles  in  coordination

chemistry and catalyst designing (Taghreed . H. Al-Noor.,  et al.,2013),

and   due  to  the  large  and  diverse  range  of  ligands,  including

heterogeneous  ligands,  and  the Heterocycles  have  played a  prominent

role  among  pharmaceuticals,  as  they  have  been  essential  in  the

perpetuation, propagation, and evolution of life in molecular forms such

as  nucleotides,  carbohydrates,  hemes,  and  amino  acids  (Scriven,E.,&

Ramsden,C.A., 2017). 
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1.2.Schiff Bases

   The organic compounds which includes several active groups such as

azomethine (C=N) Schiff base is the condensation product of aldehydes

or ketones with the primary amines,The Schiff base was named after the

scientist  Hugo Schiff,  and  These  compounds are stable.  Schiff  bases

contain azomethine group and have the general syntactic formula (RHC =

N-R1).  The  groups(-R)  may  be  aliphatic,  aromatic,  homogeneous  or

heterogeneous and other various substitutes for Schiff bases (Shah,S.S.,et

al.,2020) , (Arumugam AP,et al.,2017).There are important compounds

in  coordination  chemistry,  such  as  that  the  symmetrical  Schiff  base

compounds that produce stable molecules,   schiff base compounds are

bonded  to  metal  ions  through  azomethine  nitrogen  .In  the  field  of

coordination chemistry, schiff base ligands have gained a lot of attention

due to their simple production, accessibility, and electronic features .The

importance of Schiff base compounds in inorganic synthesis, analytical

chemistry, metal refining, metallurgy, electroplating and photography has

led to a lot of interest in these compounds (More,M.S.,  et al.,2019). It

also has multiple applications in the medical field, including anti-cancer

(Sama A. Al-Aghbari,et al.,2019),(Ranjan K.,  et al.,2018), antibacterial

(Mohamed  Gabera,et  al.,2018),antifungal  (T.F.F.Magalhaes,et  al

2020),anti-inflammatory(T.J.Saritha,et  al.,2021),anti-tumor and antiviral

products(Domenico  Iacopetta,et  al.,2021)  and  ureases  inhibitory(de

Fátima,et al,2018).The complexes of Schiff base have attracted special

attention  (Obaid,S.M.H.,et  al.,2020)  especially  the  presence  of

multifunctional  groups,  containing  nitrogen,  sulfur,  and  oxygen  donor

atoms, as well as their transition metal,  (Diana,R & Panunzi,B.,2020).

The general mechanism of the Schiff base reaction in the basic medium

( Uddin, M. N.,et al.,2020),is represented by the Scheme (1-1):
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In the acidic medium:

Scheme(1-1):Mechanism of the Schiff base Reaction in the Basic  and

acidic Medium

1.2.1. Methods for Synthesis  Schiff Bases

(A) Condensation Reaction Method

  One  of  the  most  popular  methods  for  preparing Schiff  bases  is  the

condensation reaction method, in which the reaction is stimulated by the
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presence of  droplets  of  glacial  acetic  acid ,hydrochloric acid,  or  Para-

sulfonic  acid  colorant  ,reflux  for  carbonyl  compounds  with  an amine.

Several  researchers have explained that  the acid gives a proton to the

carbonyl group, forming the carbonate ion, which is then fastly added to

the  amine(Aurora  Reiss,et  al.,2021),  and  the  Figure  (1-1) shows  this

compound forming by this way .Schiff base ligands have been known

about for a very long time and can be easily synthesized by condensation

reactions  of  primary  amines  and  carbonyl  compounds  in  which  the

characteristic azomethine bond is formed (Viviana Bressi ,et al.,2022)

Figure (1-1): Schiff base Prepared by Condensation Reaction Method

  In  the study (Mahmood Ibrahim,et  al.,2020)  was synthesised  a  new

Schiff base from the cinnamaldrhyde by condensation reaction method

and  detection of these new compounds by different techniques and also

measured  antimicrobial  activity,  Scheme(1-2) shows  how  to  prepare

these compounds  
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Scheme (1-2):Synthesis of Intermediate and Final Compounds from

the Cinnamaldrhyde by Condensation Reaction Method

  In the study (Obaid,S.M.H.,et al.,2020) the Schiff base ligand (L) was

prepared  through  react  (1mmol)  of  methyldopa  (2-amino-3-  (3,4-

dihydroxy-phenyl)-2-methyl-propionic acid) in ethanol with (1 mmol ) of

sodium hydroxide to the solution and was added (1 mmol) of o-vanillin

(2-hydroxy-3-methoxybenzaldehyde)  dissolved  in  ethanol  the  mixture

was refluxed with stirring the of methyldopa and o-vanillin in ethanol

gives according to the following reaction by condensation method the,

Scheme (1-3)Shows the Schiff base reaction.



7

   Chapter One                                                 Introduction & Literature Review  

Scheme(1-3):Synthesis  of  Schiff  base  Ligand  (3-(3,4-Dihydroxy-

phenyl)-2](2-hydroxy-3-methylperoxy-benzylidene-amino-[2-methyl-

propionic acid

(B) Microwave Irradiation Method

   The invention of microwave-mediated organic processes in 1986 posed

a  significant  challenge  to  a  wide  range of  scientists  and engineers  .A

Microwave oven emission non-ionizing radiation, which causes dielectric

heating of the reactants (Bandyopadhyay,D.,et al., 2021). Microwaves are

electromagnetic  waves  with  a  wavelength  range that  fall  between far-

infrared  and  radio  rays,  Microwave  waves  are  non-ionizing rays  of

insufficient energy to break bonds and form photons ,they are not thermal

energy, but they convert to heat while they interact with the medium in

which they are reflected, implemented or absorbed, due to the ability of

some liquid or solid materials to convert electromagnetic waves into heat,

which causes chemical reactions (Mishra,A. P., et al., 2012). Microwave-

assisted  synthesis  is  a  branch  of  green  chemistry,  microwave-assisted



8

   Chapter One                                                 Introduction & Literature Review  

synthesis has gained much attention in recent years .The applications of

microwave irradiation are used for carrying out chemical transformations,

which  are  pollution-free,  eco-friendly,  low cost  and  offer  high  yields

together with simplicity in processing and handling .The salient features

of  the  microwave  approach  are  shorter  reaction  times,  This  forces

solvents  and  reactants  to  cause  molecular  interactions.  Microwave-

induced methods have advantages over common heating systems when

products are formed through the acceleration of reaction following mild

conditions,  good  selectivity  and  environmentally  benign  processes

(Schütz, M. B.,et al.,2018). 

There  are  some  controversies  regarding  the  rate  acceleration  in  the

microwave  oven  when  microwave  irradiation  was  used  for  the

preparation  of  these  β-lactam derivatives,  It  was  seen  that  low-power

microwave irradiation produces  cis-β-lactam in higher proportions than

trans-β-lactams.However,  high-power  microwave-induced  reactions  of

the same substrates produced trans-β-lactams as a major proportion. Pure

cis-β-lactams on exposure to high power  microwave irradiation in  the

presence  of  tertiary  base  did  not  isomerize(Banik,  B.K.,2018).  In  the

study(Kassim, K.,et al.,2019) synthesis a new Schiff base by microwave

method, and the Scheme (1-4) shows these compounds.

Scheme (1-4): Schiff base Synthesis by Microwave Method.
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In  the  study  (Said,  M.  A.,et  al,2020)  for  the  preparation  of  H2L:  2-

methylpropane-1,2-diamine  and two equivalents of  3,5-di-tert-butyl-2-

hydroxybenzaldehyde  in  ethanol  were  placed  in  a  microwave  reactor

vessel  and irradiated for  5  minutes at  100ºC.  Ethanol  was completely

removed, and the yellow solid was dissolved in DCM to which 10 mL of

n-hexane was added. The solution was placed in a freezer (-80°C) to yield

light yellow crystals of pure H2L,Figure(1-2) Shows ligand and its metal

complexes.

Figure(1-2):Unsymmetrical  Salen(tBu)H2  (H2L)  and  its  Metal

Complexes, M= Pd, Zn, Cu, Fe, Ni, Mn and V

Another study  in (Chauhan,D.S.,et al,2020) synthesis  A new Schiff base

of chitosan with cinnamaldehyde (Cinn-Cht) was synthesized in a single

step using microwave irradiation and characterized using spectroscopic

techniques.In  this  context,  we  herein  report  the  synthesis  of

cinnamaldehyde  cross-linked  chitosan  to  prepare  a  Schiff  base  (Cinn-

Cht),Figure(1-3) Shows synthesis of Schiff base.
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Figure  (1-3):  Synthesis  of  Schiff  base  from  Chitosan  with
Cinnamaldehyde

1.2.2.Classification of Schiff base

   Schiff  bases  are  Classification  as  donor  ligands  depending  on  the

number  of  donor  atoms present  in  the  Schiff  base  ,This  classification

explains that coordination is the result of a Lewis acid-base reaction in

which neutral  molecules or  anions (Ligands) form coordinate covalent

bonds with a (Central metal atom/ion).Ligands are Lewis bases with at

least one electron pair to donate to a Metal atom/ion. The consistency is

affected by the nature of the metal ion and the metal ion's position in the

periodic table, the charge and the radius.

  -Monodentate Schiff Bases: These ligands contain one donor atom

has one electron pair to donate to the metal ion, the (Bushra Naureena.,et

al.,2021)Synthesis  Monodentate  Schiff  Base,Figure  (1-4) shows  the

structure for Monodentate Schiff Base of ligand.
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Figure(1-4):Synthesis of Zinc (II) Complex with Monodentate Schiff
Base of Ligand

  -Bidentate  Schiff  base: These  Schiff  base  ligands  contain  two

electron-donating atoms  (two pairs of electrons) to the metal ion. In the

study  (Gizem Selvi,et  al 2020)  synthesis  a  complex  of  Pd(II)  with  a

ligand that has two donor atoms, Figure (1-5) shows the structure of the

bidentate Schiff base ligand.
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Figure(1-5):Synthesis  Complex  Pd(II)  from  Bidentate  Schiff  base

Ligand

  Schiff bases derived from Amoxicillin trihydrate with Cinnamaldehyde

and p-Chlorobenzaldehyde and their complexes with bivalent transition

metal  ions  were  screened  for  antibacterial  activity  against  several

bacterial.The  metal  complexes  showed  enhanced  antibacterial  activity

compared to uncomplexed ligand(Joshi,S.,et al.,2011),Figure(1-6) Shows

the reaction.

Figure (1-6):Synthesis of  Schiff  base from Amoxicillin trihydrate

with Cinnamaldehyde

  -Tridentate Schiff base: These Schiff bases contain three donor

atoms  (three  pairs  of  electrons)  to  the  metal  ions.

researcher(Kordestani  ,N.,et  al., 2021)  have  synthesised  the  copper

complex Cu(II) with ligand has three atoms can be donated,Figure (1-7)

shows the structure for tridentate Schiff base ligand.
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Figure (1-7):Synthesis the Copper Complex Cu(II) with Tridentate

Schiff base Ligand

  -Tetradentate & Polydentate Schiff Base: These Schiff  base

ligands  contain  four  or  more  donor  atoms   (four  or  more  pairs  of

electrons) to the metal ion, in the study (Quang Trung Nguyen.,et al.,

2021),have synthesis the complex of Fe(III) with ligand has four donor

atoms,Figure (1-8) Showing the structure for  tetradentate  Schiff  base

ligand

Figure(1-8):Synthesis  the  Iron  Complex  Fe(III)  with  Tetradentate

Schiff base Ligand
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1.3.Antibiotic

  Antibiotics are used to treat infections in humans and animals by either

killing or inhibiting the growth of bacteria(Vanessa Minden,et al.,2017).

Often, resistance develops to antibiotics, which target bacterial cell wall

synthesis mechanisms (Ott Scheler,et al.,2020). This is how, over time

more  antibiotic-resistant  bacteria  spring  up,  with  multiple  resistance

mechanisms  resulting  in  lower  antibiotic  effectiveness  and  increased

morbidity and mortality in the population due to bacterial infections . As

a  result,  bacterial  resistance  is  one  of  the  most  pressing  problems

confronting  humanity  today  (Díaz-García,  V.,  &  Retamal-

Morales.,2020),This is what prompted researchers to continue developing

existing antibiotics or creating new ones.

1.3.1.β-Lactam

  β-lactam antibiotics are the most commonly used antibiotics in human

medicine  (Marco  E,et  al.,2018).Since  the  discovery  of  the  β-lactam

antibiotic,it  has had extensive application in the therapies of microbial

diseases.  However,  almost  all  β-lactams are  resistant  to  bacteria

(Subhendu  sekhar,et  al  .,2017).The  types  of  β-lactam  antibiotics

(penicillins, cephalosporins, carbapenems, and monobactams) are one of

the most efficient classes of antibiotics for treating bacterial infections

(Catia  Longhi,et  al.,2022),(Ahmad,M.M.U.,et  al.,2019),  and   are  a

diverse  family  of  antibiotics,  Figure(1-9) Shows  these  structures  of

different classes of β-lactam antibiotics.
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Figure (1-9):Different Classes of β-lactam Antibiotics

  All  of  these  compounds  have  a  four-member  ring  with  an  amidic

functional group, also known as the " β-lactam ring" or "azetidine." In

penicillins,  Cephalosporins,  and  Carbapenems,  this  ring  is  fused  to

another  5-  or  6-member  ring,  but  not  in  monobactams. The  β-lactam

moiety  in  Penicillins  is  fused  to  a  five-member  Thiazolidine  ring;  in

Cephalosporins,  it  is  fused  to  a  six-member  Dihydrothiazine  ring;  in

Carbapenems, it is fused to a Pyrroline ring; and in monobactams, the β-

lactam ring is not fused to any other ring (Bradford, K.B.,et al.,2016). 

The results of efforts  Previous were evident in the discovery of numerous

natural and semi-synthetic monocyclic  β-lactam containing antibacterial

agents. Cimarusti and Sykes have provided a well-documented overview

on the structure–activity relationships for many of these monocyclic  β-

lactams developed before 1984 .A semiempirical quantum chemical study

of the structure–activity relationship in monocyclic  β-lactam antibiotics

has been reported by (Decuyper, L.,et al.,2018), as showing in Figure(1-

10).
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Figure(1-10):Some Renowned Monocyclic   β-lactam Antibiotics and

the  General  Structure  of  Azetidin-2-ones,  Depicting  the

Categorization According to their N-Substituent

  The interaction of the below compound (CTX-M-15) with four bicyclic

β-lactam compounds from the cephalosporin and penicillin families, as

well as one β-lactumase inhibitor,  in the study of (Ahmadvand, P.,  et

al.,2022),   investigated  compounds  have  a  five-  or  six-membered

heterocyclic  ring  attached  to  a  four-membered  β-lactam  ring  with  a

secondary amino group in common,  Figure (1-11) shows structures of

bicyclic β-lactam.
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Figure(1-11):Chemical  Structures  of  Bicyclic  β-lactam Compounds
Synthesised

  The  arrival  of  a  new chemotherapeutic  Schiff  base  has  piqued  the

interest of medicinal chemists. Many studied (J.R. Anacona, N.N., Juan

Camus, 2014), have been published on Schiff bases biological activities,

including  their  anticancer,  antibacterial,  antifungal,  and  herbicidal

characteristics,the  synthesis  and   characterization,  and  antibacterial

activity  of  a  tridentate  Schiff  base  derived  from  cephalothin  and

sulfadiazine, as well as its transition metal (M(II) = Mn, Co, Ni, Cu, Zn)

Complexes,Figure  (1-12) Shows  the  Schiff  base  ligand  and  their

complexes.       
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Figure(1-12): Cephalothin and Sulfadiazine, and its Transition Metal

M(II) = Mn, Co, Ni, Cu, Zn Complexes

Derivatives of amoxicillin, a  β-lactam antibiotic, have been extensively

used as a potential bactericidal agent due to their role in the treatment of

bronchitis, tonsillitis, throat infection, ear infection, typhoid, pneumonia

and urinary tract infections. However, biological property of amoxicillin

enhanced upon chelation with metal  ions(Taghreed .  H.  Al-Noor,et  al

2021),Figure (1-13) Shows derivatives of amoxicillin.

Figure(1-13):Representation  Preparation  of  the  Complexes  Semi-

synthetic Penicillins(6-APA,7-ADCA)

Amoxicillin's bio-functional activity is related to the β-lactam ring in the

study  (Sahar  S.,et  al.,2019)  studied  the  interactions  of  some  ligands
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containing  Amoxicillin's,Figure(1-14) Shows prepared Amoxicillin as a

ligand.

Figure (1-14):Proposed Structure for the Amoxicillin as Ligand

Because of its broad antibacterial activity, cephalexin is one of the most

commonly  used  first-generation  cephalosporin-based  antibiotics  for

treating infections  ,there  is  studied  by the(Taghreed.  H.  Al-Noor,et  al

2013),Scheme(1-5) Shows structure and synthesis of cephalexin ligand

and their complexes .
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Scheme(1-5): Synthesis of Mixed ligand Complexes from  Cephalexin

Ligand

The Schiff base derivatives from ampicillin has  been  study in (Taghreed

H. Al-Noor.,et al,2021),been noticed these ligand  act as multi-dentate

ligands and forms several stable metal complexes and this compoundes

from  ligand  and  complexes  were  have  a  high  antibacterial  activity,

Scheme(1-6)Shows the ligand and their complexes.
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Scheme(1-6):Schiff Base Derivatives from Ampicillin and their

Complexes

1.3.2.Penicillin

  Penicillin  is  a  common  antibiotic  used  to  treat  bacterial  infections.

Penicillin  is  a  member  of  the  β-lactam cyclic  amine  antibiotic  family

(Paul J. Weldrick., et al.,2020). Anciently the true story began in 1928

with Alexander Fleming, a Scottish bacteriologist(Fleming, A.,1926), and

he first pictured the mould and its growth temperatures, and observed that

it has a rapid production at 200C. Then he studied other types of molds to

check if their antibacterial activity and to confirm the unique nature of the

strain he discovered, Figure(1-15)Shows the penicillium colony.
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Figure (1-15): Photograph of a Culture-plate Showing the Dissolution

of  Staphylococcal Colonies  in  the  Neighbourhood  of  a  Penicillium

Colony

  Penicillin and other β-lactam antibiotics are widely regarded as the most

important drugs ever developed. This implies that resistance to  β-lactam

antibiotics is a serious threat. Penicillin G (benzyl penicillin) was the first

β-lactam to be clinically used, primarily to treat streptococcal infections,

against  which  it  shows  excellent  activity(Hossein  Salami,et  al.,2020).

Penicillin G (PenG) contains a rigid bicyclic β-lactam core structure (i.e.

the penam structure) and a bulky ,flexible, phenylacetamido (PAA) side

chain as well as a negatively charged carboxylate group. (Kozuch, J.,et

al.,2021),(Pupin,R.R.,et  al,2020),Figure(1-16)Shows  the  structure  of

Penicillin G.
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Figure(1-16):Chemical Structure for Penicillin G

And another type of penicillin, Penicillin V (phenoxymethyl penicillin) is
another naturally occurring penicillin whose oral formulation is applied
therapeutically  and  prophylactically  in  pediatric  patients  with  mild  to
moderate infections(Catia Longhi., et al.,2022). PVA  hydrolyzes the side
chain  of  phenoxymethyl  penicillin  (Pen  V)  and  there  is  used  in  the
production of the pharmaceutical intermediate 6-aminopenicillanic acid
(6-APA)( Amol M.,  et al.,2020).The difference between PnG and PnV
stability  in  an  aqueous  acid  medium  can  be  shown  in  the  study
(Lima,L.M., et al.,2020), Figure (1-17) shows the structure of penicillin
V.

Figure (1-17) :Chemical Stracture of  Penicillin V 

1.3.3.6-aminopenicillic acid(6-APA)

  The  6-aminopenicillanic  acid  (6-APA)  is  an  important  active

pharmaceutical intermediate that can be integrated and repurposed into

semisynthetic  antibiotics  such  as  amoxicillin,  ampicillin,  and

cephalosporin antibiotics cefadroxil and cephalexin. Antibiotic resistance

has  increased  the  demand  for  semisynthetic  antibiotics(Amol  M.,et

al.,2020),6-Amino Penicillinic acid is a key compound in the production
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of  β-lactam  antibiotics.The  6-aminopenicillin  acid  is  one  important

pharmaceutical  and  therapeutic  application,  in  the  study  of

(Meghwanshi,G.K.,et  al.,2020)  has  been used penicillin  acylase  in  the

synthesis of semi-synthetic  β-lactam antibiotics.  Scheme(1-7) shows the

synthesis of semi-synthetic β-lactam antibiotics by penicillin acylase.

Scheme(1-7):Penicillin  Acylase  Catalyzed  Synthesis  of  some

Important Semi-Synthetic β-lactam Antibiotics

The  (6-APA) have a wide range of pharmacological activities, including

antiviral, antibacterial, antifungal, anticonvulsant, and anti-inflammatory

properties, as well as chemotherapeutic applications.  In the study (Sabah,

A.J.A.a.Y.H.  ,2016)   a  new  ligand  has  been  synthesised  and  it  is

complexed by the interaction of bifunctional aldehyde(terephthaldehyde),

(glyoxal)  with  the  6-amino  penicillanic  acid.The  minimum  inhibitory

concentration  (MIC)  of  the  raw  material  6-APA,  and  synthesized

compounds  were  evaluated,they  discovered  that  at  the  selected

concentrations, the synthesized compounds are more active and sensitive

against both Gram-positive and Gram-negative organisms and he found

the  microbiological  activity  is  highest  with  complexes  from  ligands

alone.   Figure(1-18),  and  (1-19)Show  the  chemical  formula  of  the

synthesised compounds ( ligand and complexes) along with the suggested

geometrical shape.
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Figure(1-18):Chemical  Formula  of  the  Co(III),Cu(II),and  Zn(II)
Complexes  Synthesized from Terephthaldehyde  Ligand

Figure (1-19):Chemical Formula of Co(III),Cu(II),and Zn(II) 

Complexes  Synthesized from Glyoxal Ligand 

The study (Yasser Hussam Sabah.,2016) developed two new ligands by

the interaction of bifunctional aldehyde (Vanillin) with the antibacterial
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6-aminopenicillanic  acid,  and  compared  the  minimum  inhibitory

concentration  (MIC)  of  the  raw  material  6-APA,  with  synthesized

compounds,  he  also  concluded that  at  the  selected  concentrations,  the

synthesized compounds are more active and sensitive against both Gram-

positive and Gram-negative than the raw material 6-APA,  Figure(1-20)

shows  the  structure  of  the  synthesized  compounds

Figure(1-20):Chemical  Formula  of  Complexes  Synthesized  from
Vanillin Ligand  

In the study (Ibtisam M Ali., et al.,2021),   prepared the four new ligands

by the reaction of 6-amino penicillanic acid (6-APA) with Schiff bases to

produce azo-azomethine ligands HL1, HL2 HL3, and HL4 , then prepared

complexes of these ligands with Copper (II),  Nickel (II), and Iron (II)

metal  ion,  the  ligands  act  as  tridentate  ligands  to  form the  octahedral

complexes,  the  prepared  ligands  and  their  complexes  show  good
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biological activity,Figures (1-21),(1-22),(1-23),(1-24) show the prepared

compounds.

Figure   (1-21):Chemical Formula of Copper (II), Nickel (II), and 

Iron (II) Complex with (HL1) Ligand
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Figure   (1-22):Chemical Formula of Copper (II), Nickel (II), and 

Iron (II) Complex with (HL2) Ligand

Figure  (1-23):Chemical Formula of Copper (II), Nickel (II), and Iron

(II) Complexes  with (HL3) Ligand
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 Figure (1-24):Chemical Formula of Copper (II), Nickel (II), and Iron

(II) Complexes with(HL4) Ligand

  In  the  study  (Rasha  Hasan  Jasim,  et  al.,2017)  synthesis  and

characterization  of  a  new  biological  activity  compound  from  the

interaction between 6-APA and Salicyldehyde, and after that the ligand

has been associated with metal ions to form the claw complexes to get an

octahedral shape, and blow Figure(1-25) Showing their complexes.

Figure(1-25):Stracture of Complexes that Synthesis from Ligand that

Interaction of  6-aminopenicillic acid and  Salicyldehyde 

In the study (N. Ghufran Kareem, Mohammed Hamid Said.,2021), the

synthesis  of  the  new  azo-azomethine  ligand  [6[2-hydroxy-4-((3-

nitrophenyl)diazenyl)-1-phenyl]imine penicillanic acid] [HNDIP], and it

was used to prepare new complexes with [Cu(II), Ni(II), Co(II), Zn(II),

and Fe(II)] metal ions, and also tested that the biological activity of the
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ligand  and  its  complexes,  found  have  high  inhibitory  activity  against

bacteria,Figure(1-26) Shows the ligand and their complexes..

Figure(1-26):Structure of Complex M= (Cu+2, Co+2, Ni+2, Zn+2, Fe+2)
with[6[2-hydroxy-4-((3-nitrophenyl)diazenyl)-1-phenyl]imine
penicillanic acid] Ligand 

1.4.Cinnamaldehyde

  Cinnamon oil is a natural antifungal agent with the main component

(Cinnamaldehyde)  (Abourehab,M.A.,et  al.,2022). Cinnamaldehyde  has

been  shown  in  numerous  studies  to  inhibit  the  growth  of  pathogenic

microorganisms, and has also been shown to have anti-tumor and anti-

diabetic  properties.  However,  because  of  its  high volatility  and strong

odors, cinnamaldehyde has many practical limitations as an antimicrobial

agent or food additive. As a result, many researchers have shifted their

focus  to  cinnamaldehyde  derivatives.  Cinnamaldehyde  derivatives  and

cinnamaldehyde Schiff base and its complexes were synthesized in the

study (Joshi,S.,  et al.,2011).Cinnamaldehyde Schiff base is an important



31

   Chapter One                                                 Introduction & Literature Review  

class  of  cinnamaldehyde  derivatives  with  high  bioactivity  that  can  be

easily synthesized, Many researchers have reported on the bioactivity of

cinnamaldehyde Schiff base compounds. 

Schiff base for cinnamaldehyde compound and their metal complex have

bioactivity  test  revealed  that  cinnamaldehyde  Schiff  base  and  metal

complex were more active than cinnamaldehyde (Hui Wang.,et al.,2021).

through chemical modification, Cinnamaldehyde (CA)  has been widely

researched as an antimicrobial substance for use in medicine, food, and

wood  preservation.  The  imine  bond  (C=N)  formed  in  Schiff  base

compounds confers specific properties on the cinnamaldehyde Schiff base

compounds(Hui Wang.,et al.,2016).

In  the  study  (T.F.F.  Magalhaes.,et  al,2020)have  synthesized  and

evaluated the antifungal activities of 23 cinnamyl Schiff base derivatives.

Some of the compounds showed promising antifungal activity, Figure(1-

27)  Shows Some cinnamyl Schiff base derivatives.

Figure(1-27):General Structure of some Cinnamyl Schiff base (I) and

Structures of Allylamines naftifine (II) and Terbinafine (III)

In the study( Nanishankar V.,et al.,2017)have attempted to enhancement

of  antiaflatoxigenic  and  antimicrobial  properties  of  HMBA,

cinnamaldehyde,  and  similar  molecules  via  Schiff  base  formation
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accomplished  from  condensation  reaction  with  amino  sugar  (D-

glucamine).  the  HMBA-derived  Schiff  bases  exhibited  commendable

antiaflatoxigenic activity, Scheme (1-8) Shows the reaction.

Scheme(1-8):Synthesis  of  Schiff  bases  (Cinnamldehyde)  Formation
Accomplished  from Condensation  Reaction  with  Amino sugar  (D-
glucamine).

1.5.Benzoyl isothiocyanat

Benzoyl isothiocyanate (BI), as a new type of comonomer, has attracted

special attention because the structure of (BI) contains not only benzene

ring but also amino group. Remarkably, the introduction of benzene ring

and  amino  groups  in  (BI) were  bonded(Huinan  Che  .,et

al,2021).Extensive studies on the chemistry of aroyl isothiocyanates have

established  the  value  of  these  reagents  as  starting  materials  for  the

synthesis  of  a  wide  variety  of  heterocyclic  compounds  and  thiourea

derivatives,and  this  study  is  the  one  from  studies

(Magdy,M.Hemdan&Amira,A.Al-sayed.,2016),  The  interaction  of

equimolar  quantities  of  2-(1,3-dioxisoindolin-2-yl)benzoyl

isothiocyanate,Scheme (1-9) Shows the reaction.
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Scheme(1-9):Reaction  of  Equimolar  Quantities  of  2-(1,3-
dioxisoindolin-2-yl) Benzoyl isothiocyanate

In the study(Ali M. S.,et al.,2020) the N-(pyrazolo[5,1-c][1,2,4]triazin-7-

yl)benzamides 6a,b; were synthesized by reacting benzoyl isothiocyanate

with malononitrile in KOH/EtOH, then alkylation with alkyl halides and

eventually hydrazine, were noticed to have significant antiviral activity

against bird flu-influenza (H5N1),with viral reductions ranging from 85 to

65 percent as shows in Scheme(1-10).

Scheme(1-10):Synthesis  of  N-(pyrazolo[5,1-c][1,2,4]triazin-7-yl)
benzamides  6a,b 

Benzoyl  isothiocyanate  amino  acid  derivatives  can  be  used  as

intermediates in the synthesis of other biologically active molecules with

a thiourea backbone,the fallowing compound prepared from  reaction of
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benzoyl  isothiocyanate  with  L-serine,  L-proline,  D-methionine  and  L-

alanine(Odame, F.,et al.,2015) the results different compound show in the

Scheme(1-11),(1-12).

Scheme (1-11):Synthesis for Compounds I and IIIV
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Scheme(1-12):Synthesis for Compounds II and V

1.6. 5-bromothiophene-2-carbaldehyde

  Thiophene  derivatives  are  preferred  structures  for  drug  design  and

discovery. Anti-inflammatory properties are known for thiophene-based

compounds,  such as the commercial  drugs  Tinoridine and Tiaprofenic

acid. The current review updates the role of thiophene-based derivatives

in inflammation (da Cruz,R.M.D.,et  al.,2021),  Figure(1-28) shows the

structures of compounds.
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Figure(1-28):Chemical Structures of Thiophene-based Compounds 

Active Against COX and LOX Enzymes

Several Schiff base ligands with N, O, S, and P atoms have recently been

made  available  for  analysis  and  biological  applications.  Furthermore,

these  types  of   Schiff  bases  have  numerous  applications  in  the  life

sciences,  such  as  catalysts  and  photochromic  sensors,  and  also  have

impressive  biochemical  applications,  including  antifungal,  antiviral,

antitumor, and antibacterial properties.

In  2020 was prepared new Schiff base by condensation of 1 mole of 2-

(piperidin-4-yl)  ethanamine  with  1.2  moles  of   aldehydes  as:  1-(5-

chlorothiophen-2-yl)thenone,thiophene-2-carbaldehyde,  and  5-

bromothiophene-2-carbaldehyde,which  afforded  the  good  yields

formation  of  N-(1-(5-chlorothiophen-2-yl)ethylidene)-2-(piperazin-1-

yl)ethanamine  (L1),  2-(piperazin-1-yl)-N-(thiophen-2-ylmethylene)-

ethanamine  (L2),  and  N-((5-bromothiophen-2-yl)methylene)-2-

(piperazin1-yl)ethanamine  (L3),  respectively.  The  synthesized  ligands
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were  found  soluble  in  common  organic  solvents  (Ismail  Warad,et

al.,2020), Scheme(1-13) shows the  Synthesised compound.

Scheme (1-13):Synthesis of the Schiff Synthesis of the Schiff bases (N-

(1-(5-chlorothiophen-2-yl)ethylidene)-2-(piperazin-1-yl)ethanamine,

2-(piperazin-1-yl)-N-(thiophen-2-ylmethylene)-ethanamine,N-((5-

bromothiophen-2-yl)methylene)-2-(piperazin1-yl)Ethanamine

In  coordination  chemistry,  N-  and  S-containing  Schiff  base  ligands

interact with a wide range of metal ions, resulting in the formation of a

variety  of  complexes  with  intriguing  biological  and  physicochemical

properties,  in  the  study(Ismail  Warad,et  al.,2017)  synthesis  of  A new

tetradentate N2S2 Schiff base ligand derived from 5-bromothiophene-2-

carbaldehyde and its [CuBr(N2S2)]Br complex were synthesized in good

yield  and  its  complex,  [CuBr(N2S2)]Br,by  Condensation  of  5-

bromothiophene-2-carbaldehyde  with  ethylenediamine  in  a  2:1  molar
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ratio afforded the tetra-dentate Schiff base (N1E, N2E)-N1 ,N2-bis((5-

bromothiophen-2-yl)methylene)ethane1,2-diamine  [N2S2]  ligand,  the

Scheme(1-14) shows Synthesis of compounds  

Scheme (1-14):Synthesis  of  the  N2S2 and its  Desired  Monocationic

[CuBr(N2S2)]Br Complex

In the study  (Kiran Singh.,et al.,2013) was synthesis a new Schiff base

and their  complex and tested  for  biological  activity,  The Schiff  bases

(imines)  HL1 and  HL2 by  the  reaction  of  5-bromothiophene-2-

carboxaldehyde with 4-amino-5-mercapto-1,2,4-triazole and 4-amino-3-

ethyl-5-mercapto-1,2,4-triazole,  respectively,  Organosilicon(IV)  and

organotin(IV)Complexes,Figure(1-29)Shows  stracture  for  ligand,s

Complexes.
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Figure (1-29):Proposed Structures of the 1:1 and 1:2 Complexes from
HL1 and HL2 Ligand

1.7.Methods for Synthesis  of Complexes
(A) Conventional or wet chemical method

  In  the  study(Ahmed,  Y.  M.,  et  al.,2021)has  been synthesised  metal

complexes by stirring and then refluxing a mixture of the metal salt for

the Cr(III), Mn(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) metal

ions  with   ligand  Schiff Bases  ligand  by  using  a  suitable  solvent,

Figure(1-30) shows the structure of complexes.
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Figure(1-30):Structures  of  Metal  Complexes  from  4,6-

Diacetylresorcinol and 1,8-naphthalenediamine in 1:1Molar Ratio

(B) Microwave-assisted method

  Microwave-assisted techniques involve simple handling, making them a

cheaper and quicker synthetic method than the classical methods  (Hijji,

Y,et al.,2021). Schiff base ligands were complexed with Cu and Ni metal

centres using the microwave synthesis method in the study (Moeketse, T.

N.,et  al.,2022)  to  produce  metal-ligand  complexes  with  enhanced

capabilities for NO detection, A Schiff base (3 mmol) was added to a

propionic solution of copper(II) chloride (1.5 mmol). The same procedure

was followed for the other metal (Ni).and in the other study using the



41

   Chapter One                                                 Introduction & Literature Review  

same method (Khaidir, S. S.,,et al.,2022)  the ligand was synthesized via

condensation  of  o-vanillin  and  m-phenylenediamine.  Its  tetranuclear

Cu(II), Co(II), and Zn(II) complexes were obtained through microwave-

assisted complexation with corresponding acetate salts in a 1:2 ratio of

L:M. as shown at Scheme (1-15).

Scheme(1-15):Synthesis  of  Tetranuclear  Metal  Complexes  M4 (L)2

Where M = Cu, Co and Zn

1.7.1.The Coordination Chemistry of Ni, Cu, and Zn

  Nickel chemistry:The reactivity of Ni metal resembles that of Co ,

and  is  resistant  to  aqueous  alkalis.  Ni(II)  is  far  the  most  important

oxidation state for the metal, Ni(II) complexes with coordination numbers

from 4 to 6 being common ,octahedral and square planar geometries are

most  usual  ,For  some Ni(II)  complexes,  there  is  only  a  small  energy
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difference  between  structure  types  (Catherine.E.,et  al.,2008),Some

structures of the Ni(II) complexes  are complicated by interconversions

between square planar and tetrahedral, or square planar and octahedral

coordination (Li, Y. J.et al.,2021),( Kaya, Y.,et al.,2020).

NiCl2 is made by direct combination of the elements. The chloride is a

useful precursor in Ni(II) chemistry and can be purchased as the yellow

anhydrous  salt  or  green  hydrate.  hydrated  nickel(II)  salts  and  their

aqueous solutions usually contain green [Ni(H2O)6]2+ (Ashraf,A.Aly.,  et

al.,2020)

In the study (Nassar,D.A.,et al.,2022)  synthesis a new Schiff base ligand

N 2 -((5-methylthiophen-2-yl) methylene) pyridine-2,6-diamine (L) was

prepared  by  condensation  of  5-Methyl-2-thiophenecarboxaldehyde  and

2,6-diaminopyridine in ethanol in a molar ratio 1:1. The ligand and its

complexes ,Figure(1-31) shows the stracture of Ni(II) complex .

Figure(1-31):Propose  Structure  of  the  Schiff  base  Ligand  and  its

Ni(II) Complexes

  Copper chemistry:Cupric is the old name for Copper(II),Copper is

the least reactive of the first row metals. Copper is the only first row d-
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block metal to exhibit a stable +1 oxidation state, in aqueous solution,

Cu(I)  is  unstable  by  a  relatively  small  margin  with  respect  to  Cu(II)

(Wells,  A.  F.  ,2012),  It  is  not  attacked by non-oxidizing acids  in  the

absence of air, but it reacts with hot concentrated sulfuric acid, Copper(II)

chloride  forms  yellow  or  brown  deliquescent  crystals  and  forms  the

green-blue  CuCl2.2H2O  on  standing  in  moist  air  (Catherine,  E.et

al.,2008),Complexes  containing  N-  and  O-donor  ligands  are  very

common, and coordination numbers of 4, 5 and 6 predominate (Kalarani,

R.,et al.,2020).,A practical application of the coordination of N,O-donors

to  Cu(II)  is  the  biuret  test  for  peptides  and  proteins(Denholm,  K.,et

al.,2021)

In  the  study (Aydin,  Z.,  & Keles,  M,2020)   the  N,N-dimethyl-4-((2-

(phenylthio)  phenyl)imino)propenyl)aniline  (CSP)  and  2-(4-

(dimethylamino)  phenyl)  allylidene)  amino)benzenethiol  (CSH)  were

synthesized as new Schiff base derivatives and the (CSP)   shows high

sensitivity and selectivity to Cu2+ over a wide range of other metal ions in

acetonitrile, Show  in  Scheme (1-16),(1-17).

Scheme (1-16):Synthesis of the Probes, CSP and CSH
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Scheme  (1-17):Proposed  Reversible  Binding  Mechanism  between

CSP and Cu2+

Two new metal complexes of general formula M(Ha𝛼ft)2 [M = Ni(II) and

Cu(II)] of asymmetrical Schiff base ligand (HL = Ha𝛼ft) derived from

amoxicillin  and  𝛼-formylthiophene  have  been  prepared  in  the  study

(Chaudhary,N.K.&Mishra,P.,et  al.,2015),Figure  (1-32) shows  Schiff

base ligand and metal complexes.

2mol
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Figure (1-32):Structure of Metal Complex (M = Ni(II) & Cu(II))

  Zinc Chemistry: The first (Sc) and last (Zn) members of the

first  row  of  the  d-block  exhibit  a  more  restricted  range  of

oxidation states than the other metals, and the chemistry of Zn is

essentially  confined  to  that  of  Zn(II),since  the  electronic

configuration  of  Zn2+ is  d10,  compounds  are  diamagnetic

proparties. Zinc reacts with all the halogens to give ZnX2, and

combines with elemental S and P.

The water Solubility of ZnCl2 is highe soluble,uses of ZnCl2 are

varied,  e.g.  in  some  fire  proofings,  wood preservation,  as  an

astringent. Zinc is not attacked by air or water at room temperature, but

the hot metal burns in air and decomposes steam, forming ZnO. Zinc is

much  more  reactive  than  Copper(Catherine.  E.et  al.,2008),  znic with
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ligands containing a range of donor atoms, e.g. hard N- and O- and soft

S-donors (Monkcom, E. C.,et al.,2021),(Liu, X., & Hamon, J. R. ,2019).

 In the study (Dasgupta, S.,et al.,2020) mononuclear zinc(II) complexes

namely  [Zn(L1)Cl2]  was  synthesized  from acyl  hydrazone  Schiff  base

ligand with  and this compound have anti-cancer activity ,Scheme(1-18)

show  Schiff base ligand and its complexe.

Scheme(1-18):Representation  of   Zinc  Complexe  from  Schiff  base

Ligand

1.7.2.Applications of Complexes

  There are many applications for complexes, so we will discuss some of

them:

(A) Biological application

  Transition metal complexes have thus emerged as an elective wellspring

of  chemotherapeutic  antimicrobial  agents(Shekhar,  S.,et  al.,2021)

complexes of this study are shown in Figure (1-33). Chelation may make

it  much  easier  for  a  complex  to  cross  a  cell  membrane,  increasing
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antibacterial  activity,  chelation  reduces  metal  ion  polarity  by  partially

sharing its positive charge with donor groups and electron delocalization

over the chelate ring, bacterial strains become toxic to the Schiff base and

its  metal  complexes,most  metal  chelates  have  polar  and  nonpolar

properties, It has multiple applications in the medical field ( Devi, J.,et

al.,2022), Anticancer(Deswal,  Y.,et  al.,2022), antioxidant(Yernale,  N.

G.,et al.,2022), antifungal(Graur, V.,et al.,2022).

Figure(1-33):Structure  Representation  of  few  Schiff  Metal

Complexes Demonstrating Antibacterial Activity
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Coordination  compounds  are  anti-cancer  drugs,  Also,  many  of  the

coordination compounds are anti-bacterial. The coordination compounds

have  been  showed  effective  behaviour  against  many  diseases  like

Alzheimer's  and  malaria,  recently  coordination  compounds  used  as

antivirus such as coronavirus, in present review for  ( Mohammed, H. S.,

& Tripathi, V. D.,2020), we highlighted the most important coordination

complexes that  show a significant  role  in the field of  medicine,  many

coordination compounds exhibited biological  activities  against  bacteria

and  fungi.  The  mix  ligands  of  piperaquine,  acetaminophen  and

acetylsalicylic  of  Copper (II),  Cobalt  (II),  Zinc (II),  and Iron (II)  ions

exhibited biological activity against Escherichia coli and Staphylococcus

aureus ,Figure(1-34) shows the Stracture of Complexes.

Figure (1-34):Stracture of Cu(II),Co(II),Zn(II),Fe(II)Complexes

(B )Industrial application

  Metal complexes are widely used in industrial applications as catalysts,

pigments and dyes, organic synthesis intermediates, polymer stabilizers,

and corrosion inhibitors(Uddin, M. N.,et al.,2020).The metal complexes

with Schiff bases have numerous applications in everyday life, including

essential cost-effective synthetic substrates, excellent analytical tools, and
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efficient  catalytic,  photochromic,  thermochromic,  stereo-chemical,  and

anti-corrosive materials Some bivalent metal complexes (Cobalt, Nickel,

Copper,  and  palladium)  have  been  studied  for  their  ability  to  act  as

mesogens,  industrial  & biochemical  catalysts,  and optical  & magnetic

behavior in electronic media(Kargar, H.,et al.,2021).                        

In  the  study  by  (Al-Saidi,  H.  M.  et  al.,2022),synthesis  dye  by

coordination  of  M(II)  through  (L)  ligand  N-atoms  should  produce

complexes which should maintain the stability and redox properties of

traditional  1,10-o-phenanthroline  complexes  ,  The  (L)  ligand  was

coordinated  to  a  M(II)  metal  center  through  the  1,10-o-phenanthrolin

binding to form a stable complex ,Figure(1-35) Shows the stracture of

synthetic complexes.

Figure(1-35):Proposed  Structure  of  Synthetic  Metal  Complexes  of
the L, where M = Ni(II), Cu(II) and Zn(II) Ions

 

 1.8.Aims Of The Work

1- Synthesis of Schiff base biologically effective organic compounds by 

linking the 6-aminopenicillic acid compound with various aldehydes and 

ketones, with aromatic aldehyde(cinnamaldehyde), an isothiocyanate 
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aromatic ketone(benzoyl isothiocyanat),  and sulfur- heterocyclic  

aldehyde(5- bromothiophene -2-carbaldehyde.

2- Characterized these compounds by different techniques  and many  

physical measurements.

3- Preparation Complexes of these ligands with a d-block of transition

element metals (Ni,Cu,Zn)with oxidation state (+2) as chloride salts.

4- Characterization  of  prepared  metal  complexes  by  using  diagnostic

techniques many physical measurements to arrive at the geometry of the

complexes .

5- study  of  biological  activity  of  the  prepared  ligands  and  ligand,s

(Ni(II),Cu(II),Zn(II))  complexes  and  study  of  the  inhibitory  against

deferent type of  bacteria.



Chapter
Two
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2.1.Materials

  Chemicals of a high degree of purity and from different international

origins were used, Table(2-1)shows materials used in the research and

the companies producing

 Table(2-1):Materials  Used  in  the  Research  and  the  Companies

Producing 

PurityCompanyM.wtFormulaChemicals

99.98

%

Sigma

Aldrich

216.26C6H12O3N2S6-Aminopenicilic

acid

1

98%Verdean

House

132.16C9H8OCinnamaldehyde2

97%Macklin163.19C8H5NOSBenzoyl

isothiocyanate

3

97%Macklin191.05C5H3BrO25-Bromothiophen -2-

carbaldehyde

4

99.9%Honeywell46C2H5OHAbsolute ethanol5

99%B.D.H78.14C2H6OSDMSO6

99%Univar237.71NiCl2.6H2ONickel (II)chloride

hexa-hydrate

7

98%Qrec170.48CuCl2.2H2OCopper (II) chloride

dehydrate

8

98%Sigma

Aldrich

136.30ZnCl2Zinc(II) chloride9

35%Sigma

Aldrich

36.45HClHydrochloric acid10

98%B.D.H58.08C3H6OAcetone11

98%B.D.H--Molar Hinton12

98%B.D.H79.101C5H5NPyridine13
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2.2.Apparatuses

2.2.1.Melting points

  By using a electro thermal SMP30-melting point 9300 M.P apparatus

The melting points of all prepared compounds were determined by open

capillary  tube,at  the  College  of  Science  for  women,  University  of

Babylon.

 2.2.2.Fourier Transform Infrared Spectra (FTIR)

  The FTIR Spectra were obtained by using KBr discs using a Biotic 600

FTIR Spectrophotometer  in  the  range 4000-400 cm  -1 on  a  Shimadzu

FTIR-8400S, which, were measured  at the College of Science for women

University of Babylon.

 2.2.3.Conductivity Measurement

  Electrical conductivity measurements of the complexes were made with

Absolute  Ethanol  solutions  at  25  C0 using  ,   on  a  Hennu  HI  9811-5

conductivity meter. at College of AL-Mustaqbal university , Department

of Medical laboratory techniques.

2.2.4.UV-Visible Spectra

  UV-visible spectra of prepared ligand solutions and it's complexes were

measuring in Absolute ethanol solvent on PEAK instruments C-7200  at

College of, Science for Women, University of Babylon.

 2.2.5.(13C, 1H) NMR Spectra Measurements 

   The nuclear magnetic resonance spectra for ligand were measured at

Tahran University of Iran using an instrument 10-Bruker Biospin GmbH

spectrometer Operating at (400Hz) with (DMSO-d6). 
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 2.2.6.Flame atomic absorption spectroscopy

  The atomic absorption analysis was used to determine the metal contents

in  the  complexes  by  Shimadzu  AA-7000  Spectrophotometer,  at  the

Ministry of Science and Technology, Baghdad. 

 2.2.7.Liquid Chromatography-Mass spectrometry

  This devise  fracture the molecular wight of the samples, were measured

at Tehran/Iran, on day petronic company, by the waters Alliance 2695

HPLC-Micro mass Quattro micro API Mass spectrometer.

2.2.8.Magnetic susceptibility apparatus

  Measurements  of  magnetic  susceptibility  have  been  made  for  the

prepared complexes  by using Faraday method with  Balance  Magnetic

Susceptibility by Sherwood scientific ,Model – 3003, at the College of

Sciences ,Al-Mustansiriyah University.

2.2.9. Microelemental analysis (C.H.N.S)

  The ratios of the elements carbon, hydrogen, nitrogen and sulfur  were

determined for the ligands on Euro vector A3000 at College of Sciences,

university of Babylon.

2.2.10.Thermogravimetric analysis (TGA) 

  The (TGA) used to measure of  the complexes, on ShimadzuTA-60WS,

at the  College of Science for Women, University of Babylon. 
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2.3.Experimental

2.3.1.Synthesis of Ligands (L1, L2,L3)

 The ligands (Schiff base) were prepared  using the general method (Issa,

Y. M.,et al.,2021), (Srivastava, A. K.,et al.,2021)  where(2.162g) from  6-

aminopenicilic acid(0.01 mol) was  weighed  and then dissolved in 50 ml

absolute ethanol in around bottom 250 ml .Should the mixture was heated

to  760C   and  4-5  drops  of   pure  pyridine  were  added  ,   then  a

volume(1.283  ml)  of  Cinnamaldehyde   ,(1.363ml)  of  benzoyl

isothiocyanate  and  (1.188  ml)  of  5-Bromothiophene-2-carbaldehyde

(0.01mol), were  added to the solutions ,Then the mixture was reflux for

period ranging for 6-8 hours at a temperature 76-780C.  A color  change

from  light yellow to   dark brown in (L1), light yellow to dark red  in (L2)

and  brown-green  to  brown-orange in  (L3)  After  the  reaction  was

completed,  dried  the  product  at   room  temperature  mixture   and

recrystallized by using  Ethanol,  Scheme(2-1),(2-2)  and  (2-3) show  the

preparation reaction for Ligands (L1,L2 and L3) .

 Scheme(2-1):Preparation of Ligand(3,3-dimethyl-7-oxo-6-(((1Z,2E)-

3-phenylallylidene)  amino)-4-thia-1-azabicyclo  [3.2.0]  heptane-2-

carboxylic  acid (L1)
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Scheme (2-2):Preparation of Ligand (Z)-6-((isothiocyanate(phenyl) 

methylene)amino)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo [3.2.0] 

heptane-2-carboxylic acid (L2)

Figure:(2-3):Preparation of Ligand (E)-6-(((5-bromothiophen-2 yl) 
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methylene)amino)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0] 

heptane-2-carboxylic acid(L3)

 2.3.2.Preparation of  Complexes with Ligand(L1)

  The  complexes   were  prepared   using  the  general  method  for  the

preparation  of  complexes(Issa,  Y.  M.,et  al.,2021),(Nassar,et  al.,2022),

where (0.660)g from a ligand(L1) (0.002mol)  were weighed  and then

dissolved  in  20  ml  of  absolute  ethanol,  the  solution  was  mixed  with

(0.170 g, 0.237 g, and 0.137 g) of CuCl2 . 2H2 O, NiCl2 .6H2 O, and ZnCl2

(0.001mol)  respectively.  The  mixtures  were   still  with  stirring  24-48

hours  at  room temperature, After  the  reactions  were  completed,   and

dried  at  room temperature  mixtures   and   the  colored  complexes  got

precipitated slowly, which was filtered, washed repeatedly with distilled

water and ethanol, the chemical equations below  show the preparation of

ligand’s complexes.

2.3.3.Preparation of Complexes with Ligand (L2)

  In (L2) ligand (0.722 g,0.002 mol) were weighed and then dissolved in

20 ml of absolute ethanol ,that solution was mixed with of (0.170 g, 0.237

g, and 0.137 g) of CuCl2 . 2H2 O, NiCl2 .6H2 O, and ZnCl2 (0.001 mol)

respectively, for 24-48 hours . After the reactions were completed, dried

the  product  was  at  room temperature,  filtered,  and washed  repeatedly

with  distilled  water  and  ethanol  (Kuate,  M.,et  al.,2020),  the  chemical

equations show the preparation of ligand’s complexes.
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2.3.4.Preparation  of Complexes with Ligand (L3)

 A  (0.778  g)  from  a  ligand  (L3)  (0.002mol)  was  weighed  and  then

dissolved  in  20 ml  of  absolute  ethanol  ,that  solution  was mixed with

(0.170 g, 0.237 g, and 0.137 g) of CuCl2 . 2H2 O, NiCl2 .6H2 O, and ZnCl2

(0.001mol) respectively ,the chemical equations show the preparation of

ligand complexes.

2.4.Antibacterial Activity

  The antibacterial activity for the ligands and their complexes were  be

tested by used tow type from  bacteria were be isolated  and diagnosed in

the laboratory by using the microscopic and biochemical tests. Since the

purpose of this process is to know the extent of biological resistance that

these  types  of  bacteria  show  towards  each  of  the  ligands  and  their

complexes, and thus we can be sure that the compounds that have been

prepared have biological activity or not.From this types Gram-positive

represented of (Staphylococcus aurous)  is the most dangerous of all the

different  and  common  types  of  staphylococcal  bacteria.(Portela,  R.,et

al.,2020)they often cause skin infections, but can cause pneumonia, heart

valve infections, and bone infections ,So most S. aurous strains are now
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resistant to first-generation penicillins, second-generation penicillins such

as  oxacillin  ,nafcillin,  and  methicillin  are  used(Paul J.  Weldrick.,  et

al.,2020).,and the other type Gram-Negative represented of Pseudomonas

has become an important cause of infection,and it is a frequent cause of

nosocomial  infections(Doghri,  I.,2020).  Pseudomonal  infections  are

complicated and can be life-threatening 

2.4.1-Preparation of the Media

  The media were prepared by dissolving (8.7)g of molar Hinton agar in

250 ml distilled water, then set in the autoclave at 121 0C and 1atm for

15-20  minute,  later  that  the  media  took  off  and  cold  to  540C.  After

complete solidification, and distributed into Petri dishes with a view to

leaving bacteria and then used for tests, made  5 mm gap between the

wells  was  made  aseptically  using  sterile  gel  borer.( Zhang,  F.,  et

al.,2020).

-Well Diffusion Method (Mat Method) 

  The antibacterial of the(L1,L2,L3) and their complexes against as tow

Bactria  Gram-positive staphylococcus ,Gram-negative pseudomonas the

bactria  cultures  were  grown  and  maintained  in  the  media(Miragaia,

M.,2018).

  Five millimeters in diameter were cut using sterile gel borer, samples

were filled in the wells   with the help of  micropipette at  the dilution

3x10-3M (Taghreed H. Al-Noor.,et al.,2021) for the different type of the

ligands  and   their  complexes  then  left  for  24  hour  at  37  0C.After

incubation  the  antibacterial  activity  was  determined  by  measuring  the

diameter of  the zone of inhibition (ZI) by the ruler (singh A.,et al.,2012).



Chapter
Three
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3.1.Complexes

  The  term metal  complex  include  s-block,  p-block  and   all  d-block

elements and lanthanides, as well as the post-transition metals gallium,

indium,  tin,  thallium,  lead,  and  bismuth.  It  excluded  actinides  and

rare/radioactive d-elements with atomic numbers greater than 100, as well

as  the  radioactive  elements  technetium  and  promethium(Frei,A.,et

al.,2022) However, metal-based coordination complexes have played an

important  role  in  medicine  throughout  history,  including  the  use  of

arsenic  for  the  first  effective  treatment  of  (Salvarsan),  mercury  in  the

topical  antiseptic  mercurochrome  and  the  vaccine  preservative

thiomersal,  and  gold  in  the  treatment  of  rheumatoid  arthritis

(Auranofin).Metal complexes are currently being tested in clinical trials

to  treat  cancer  and  other  diseases.  With  the  approval  of  the

chemotherapeutic  platinum-based  drug  Cisplatin  (1978),  which  is  still

used in the majority of cancer treatments today, metal complexes became

a  cornerstone  of  medicinal  chemistry.  Several  more  platinum,  iron,

ruthenium,  copper,  and  gallium-based  metal  complexes  have  entered

human clinical trials as cancer and other disease treatments in the last two

decades (Frei,A.,et al.,2020).

3.2.Physical Properties

  The physical  properties of the prepared compounds, such as melting

point, color ,molecular Wight and product yield , were calculated,Tab1e

(3-1) shows the results of these calculations.
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Tab1e (3-1):Physical Properties of Prepared Compounds

Yield%Color

M.wt 

(g/mol)M.p (0C)Compounds

76.8%Brown-bright330.40190-192 0CL1

67.3%Brown-golden790.43210-220 0C ]Ni(L1)2 Cl2[

44.9%Yellow-green795.25198-200 0C]Cu(L1)2 Cl2[

78.2%Gray-brown797.08220-230 0C]Zn(L1)2Cl2[

91.5%Black-red361.4393-97 0CL2

62.8%Red852.45118-120 0C]Ni(L2)2 Cl2[

44%Bronzy857.31100-102 0C]Cu(L2)2 Cl2[

78.9%Light-Red859.14110-112 0C]Zn(L2)2Cl2[

79%

Brown-red 

bright389.17791-930CL3

52.5%Brown-bright907.944100-110 0C]Ni(L3)2 Cl2[

51.5%Brown-black912.80498-100 0C]Cu(L3)2 Cl2[

66.4%

Brown-

orangey914.734120-129 0C]Zn(L3)2Cl2[
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3.3.Solubility 

The Solubility of Ligands and their Complexes Ni (II), Cu (II) and Zn (II)

were studied in different polar and non-polar solvents. The compounds

are Soluble in absolute ethanol and slightly soluble in methanol, while it

was found that all compounds are insoluble in water. Table (3-2) shows

the solubility of prepared compounds in different solvents.

Table (3-2):Solubility of Prepared Compounds in Different Solvents 

Compound Acetone Water Abs.Ethanol DMSO Methanol Chloroform

L1 ++ -- ++ ++ + - --

]Ni (L1)2Cl2[ + - -- ++ ++ + - --

]Cu (L1)2Cl2[ + - -- + + ++ + - --

]Zn(L1)2Cl2[ -- -- ++ ++ + - --

L2 ++ -- ++ ++ + - --

]Ni (L2)2Cl2[ +- -- ++ ++ + - --

]Cu (L2)2Cl2[ +- -- ++ ++ + - --

]Zn(L2)2Cl2[ +- -- ++ ++ + - --

L3 -- -- ++ ++ + - --

]Ni (L3)2Cl2[ +- -- ++ ++ + - --

]Cu (L3)2Cl2[ +- -- ++ ++ + - --

]Zn(L3)2Cl2[ ++ -- ++ ++ + - --

(++) Soluble,(+ -) Slightly soluble,(--)Insoluble.

3.4.Characterization of Ligands

3.4.1.The FTIR Spectrum for  Ligands (L1, L2,L3)
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  The  FTIR  Spectrum  of  (6-aminopencilinic  acid)  exhibited  a  band

3477.77 cm-1 referring to υ(-NH2) group,and the band at 1624.12 cm−1 was

referred  to  υ(-C=O) of  the  β-lactam group (Juan Roberto  Anacona  et

al.,2019), (Bhal,2015). The FTIR Spectrum for the ligand (L1) display of

a  new  band  at  1602  cm−1 assigned  to  υ(-C=N)  for  the  Schiff  base

ligand(L1),  and  absence  of  the  band  due  to  υ(-NH2)  suggested  the

occurrence of the condensation reaction The band at 1635.64 cm−1 was

attributed  to  the  stretching  vibration  υ(-C=O)  of  β-lactam group  (Hui

Wang et al.,2016),( Hui Wang,et al,.,2018), The FTIR Spectrum for the

ligand (L2) display of a new band at 1579.75 cm−1 assigned to υ(-C=N)

for the Schiff base ligand, The band at 1670.41cm−1 was attributed to the

stretching  vibration  υ(-C=O)  of  β-lactam  group(Magdy  M.  Hemdan.,

&Amira,A.Al-sayed.,2016)  (Mohammad Azam  et  al.,2020)  .The  FTIR

Spectrum  for  the  ligand  (L3) display  of  a  new  band  at  1618.1  cm−1

assigned to υ(-C=N) for the Schiff base ligand ,the band at 1670 cm−1 was

attributed to the stretching vibration υ(-C=O) of  β-lactam group (Ismail

Warad et al.,2020), ( K. Nakamoto,J.W.S.,2009) .Supporting Information

in Table(3-4),(3-5),(3-6) ,and the Figures (3-1),(3-2),(3-3),and(3-4) show

the FTIR Spectrum of  6-Aminopenicilic acid ,and Schiff base ligands

(L1,L2,L3) respectively.



61

Chapter Three                                                                   Result and Discussion

Figure(3-1): FTIR Spectrum for 6-Aminopenicilic acid

Figure(3-2):FTIR Spectrum for Ligand (L1)
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Figure(3-3):FTIR Spectrum for Ligand (L2)

Figure (3-4): FTIR Spectrum for Ligand (L3)
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3.4.2.The 1HNMR Spectrum  of the Ligands (L1,L2,L3)

  The DMSO-d6 was used as solvent to measure the 1HNMR Spectrum of

the Ligand (L1). The peakes at δ7.4-8.2 ppm (m) ascribed the aromatic

ring ,and δ8.3-8.5 ppm (d) ascribed to proton of β-lactam ring(Taghreed

H. Al-Noor., et al.,2021)  The signals at δ 8.8- 8.9 ppm (d) and δ 9.0(s)

ppm were observed due to azomethine protons in the spectra, and COOH,

respectively,(Hui  Wang.,et  al.,2016),(Hui  Wang.,et  al.,2018),

(Bhal,2015),(Donald L. pavia et al.,2001),Figure(3-5) shows the 1HNMR

for ligand(L1).
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Figure (3-5): 1HNMR Spectrum for Ligand (L1)

(d)deplet,(t) triplet,(S) singlet,(m) multi.

The  1HNMR Spectrum for the ligand(L2). Showing Peakes at δ7.3-7.9

ppm  (m)  ascribed  to  proton  of  aromatic  ring,  and  δ8.4-8.5  ppm  (d)

accredit to the β-lactam ring, The signals at δ 8.6 ppm (s) were observed

due  to  proton  of   COOH  group(Mohammad  Azam.,  et  al.,2020),

Figure(3-6) shows1HNMR spectrum for ligand(L2).
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Figure (3-6): 1HNMR Spectrum for Ligand(L2)

  The  1HNMR Spectrum of the ligand (L3) shows peaks at δ7.043-7.17

ppm (d) attributed to proton of β-lactam ring protons, the peaks at δ 7.49-

7.50 and δ 7.88-7.89 ppm (d) attributed that to protons for thiophene ring,

The signals at δ 9.26 ppm (s)  and δ9.827 ppm(s) were observed due to

azomethine proton, and COOH, respectively  (Ismail Warad., et al.,2020),

Figure(3-7) shows 1HNMR spectrum for Schiff base ligand (L3).
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Figure (3-7):1HNMR Spectrum for Ligand (L3)

3.4.3.The 13CNMR Spectrum  of the Ligands (L1,L2,L3)

  The  13CNMR spectrum of the ligand (L1) showing The carbon signal in

(L1)  at  the  δ124.39-127.45 ppm  attribute  the  aromatic  ring  and

δ128.32,128.82,129.30 ppm referred to carbon  atom for  β-lactam ring

(Taghreed H. Al-Noor.,  et al.,2021). The signals at δ 136.36 ppm and δ

150.07 ppm were observed due to azomethine, and COOH, respectively,

(Mohammad Azam.,et al.,2020),(Donald L. pavia.,et al.,2001),Figure(3-

8) shows 13CNMR spectrum for Schiff base ligand (L1)
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Figure (3-8):13 CNMR Spectrum for Ligand (L1)

  The  13CNMR Spectrum  for  (L2)  Showing peakes  at  the  δ124.39-

129.73ppm referred to the aromatic ring ,  the δ132.59 ,133.69 ,136.64

ppm attributed to carbon  atom for β-lactam ring, The signals at δ 150.05

ppm  and  δ  168.55-168.81  ppm  ,δ170.25-171.34  ppm  (d),190.10  ppm

were  observed due to  azomethine ,C=S,C-S  and  COOH, respectively.

(Magdy M. Hemdan&Amira,A.Al-sayed.,  et al.,2016),(Felix Odame.,  et

al.,2015),(  Mohammad Azam  et  al.,2020),Figure(3-9)  shows  13CNMR

spectrum for  ligand (L2).
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Figure (3-9): 13CNMR Spectrum for Ligand (L2)

  The13CNMR spectrum  of  the  ligand  (L3) show  The  signals

128.99,133.09,139.18 ppm refered  to carbons atom for β-lactam ring ,

the  signal  145.31ppm attributed  for  azomethine and the  signal  184.02

ppm for (COOH),(Mohammad Azam.,et al.,2020),(N. Ghufran Kareem,

Mohammed Hamid Said,(2021), (Ismail Warad.,et al.,2020),Figure(3-10)

shows the 13CNMR Spectrum of (L3).



69

Chapter Three                                                                   Result and Discussion

Figure (3-10):13CNMR Spectrum for Ligand (L3)

3.4.4.Micro Elemental Analysis for Ligands 

  The micro elemental  analysis of the prepared ligands(L1,L2,L3) was

measured. There was a correspondence between the practical ratio value

that was the result of experimental work with the theoretically calculated

ratios from the  relative equations  of  the elements   obtained from this

measurement,Table(3-3) shows the  practical  and theoretically data  of

Ligands  (L1,L2,L3), respectively.
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 Table(3-3):Value  for  Measurements  of   C.H.N.S  Technique  of

Ligands (L1 ,L2,L3) 

%S%N%H%CCompounds

Exp.Cal.Exp.Cal.Exp.Cal.Exp.Cal.

8.0899.78.978.486.495.4557.8261.8L1

20.30617.715.2211.637.1654.1554.6253.18L2

16.8516.4787.0767.193.723.3439.06640.12L3

3.4.5.UV-Visible Spectrum for Ligands

  The  ligand  spectrum  is  associated  mainly  with  bonds  in  the  metal

complexes  spectrum.  often  the  organic  molecules  behave  as  ligands,

especially  when  these  molecules  contain  (π)  electron  systems,  these

molecules  have  distinct  absorption  bands  that  usually  appear  in  the

ultraviolet  region,  and  they  generally  take  the  form  of  strong  bands

because it has permissible transitions of the type (π→π*) and non-allow

able transitions of the type (n→π*).

3.4.5.1.UV-Visible Spectrums for Ligands (L1,L2,L3)

  The electronic spectrum of the ligand and their complexes have been

measured by using absolute ethanol in the range between 200-800 nm at

room temperature.

The UV-Visible spectra of ligand (L1) include absorption peak at wave

lengths 308 nm which is assigned to π-π* transition for nonbonding pair

of  electron  of  nitrogen  azomethine  group, Figure(3-11) shows  UV-

Visible spectrum  for (L1) ligand. 
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The UV-Visible spectra of ligand(L2) include absorption peaks at wave

lengths369nm,271nm and 238 nm, which are assigned to n-π* transition

for nonbonding pair of electron of nitrogen azomethene group and π-π*

transition for nonbonding pair of electron in the isothiocyanat group and

π-π  *  transition  for  unsaturated  bonding,  respectively  (Issa,  Y.  M.,et

al.,2021), Figure (3-12) shows UV-Visible spectrum  for ligand(L2).

The UV-Visible spectra of ligand (L3) include absorption peaks at wave

lengths 297 nm and 220 nm which are assigned to n-π* transition for

nonbonding pair  of  electron of  nitrogen azomethine group and π-  π *

transition  for  unsaturated  bonding,  respectively(  Donald  L.  pavia.,  et

al.,2001),Figure(3-13) shows  UV-Visible  spectrum   for  ligand(L3),

Supporting Information  in Tables(3-7),(3-8),(3-9). 

Figure (3-11): UV-Visible Spectrum for Ligand (L1 )
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Figure(3-12):UV-Visible Spectrum for Ligand (L2 )

Figure (3-13):UV-Visible Spectrum for Ligand (L3)
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3.4.6.Mass Spectroscopy

Organic  molecules  are  vaporized  and  bombarded  with  beams  of

extremely  high-energy  electrons  in  a  mass  spectrometer. The  energy

imparted by the collisions is significant, and the molecule emits electrons

to produce positively charged ions. These ions have so much energy that

they commonly fragment through various bond cleavages to produce new

positively  charged  ions. Through  passing  the  positive  ions  through  a

magnetic  field,  which  deflects  the  ion,  they  are  accelerated  toward  a

negatively charged plate. Ions of  lighter  mass  are deflected more than

heavier ions. Each type of ion has a unique mass to charge (m/e) ratio.

Most ions produced during molecule fragmentation have a charge of( +1),

so( m/e )usually represents the ion's mass. (Bahl, A.,2015).

 3.4.6.1.Mass Spectrum for Ligands (L2,L3)

The mass spectrum of the ligands (L2), and  (L3) shows the appearance of

a peak at (360 M/Z+), and (390 M/Z+)  respectively which is attributed to

the parent molecular ion, which corresponds to the proposed molecular

formula of the ligands(L2),(L3). These spectrums recorded other peaks,

most  of which agree with what was mentioned in the prevue's studies

(Rasha Hasan Jasim., et al.,2017).  the diagrams below Scheme (3-1)and

Scheme(3-2) show the proposed fragmentations paths for two ligands and

Figure (3-14), and (3-15) shows the mass spectrums of the ligands (L2),

(L3).
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Figure (3-14) :Mass Spectrum of Ligand (L2)
m/z
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Scheme (3-1): Fragmentation of the ligand(L2)

Figure  (3-15) :Mass spectrum of Ligand (L3)
m/z
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Scheme  (3-2): Fragmentation of the ligand(L3)
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3.5.Characteriziation of Complexes

3.5.1.1.The  FTIR Spectrums  of Ni(II),Cu(II), and Zn(II) 

Complexes for Ligand (L1)

The FTIR spectrum for complexes of Ni(II), Cu(II) and Zn(II) with ligand

(L1) shows shifted the band of the azomethine group to a lower frequency

in all the complexes which appeared in the range of 1579-1573.97 cm−1,

those  indicating  its  participation  in  complexation.  The  stretching

vibrations at 16624.12 -1637.62 cm−1 for the υ (-C=O) group in the  β-

lactam ring were shifted to a higher frequency in the metal complexes

thus showing the coordination is done by the oxygen atom for the υ(C=O)

group in  the  β-lactam ring.  Furthermore,  the  weak  bands  observed at

567.04-551.66 cm−1 and 470.18-460 cm−1 were assigned to υ(M–N) and

υ(M–O),(Mohammad Azam,et al.,2017),(K.Nakamoto, J.W.S.,2009), the

Figures  (3-16),(3-17),  and  (3-18) show  the   FTIR  spectrum  for

complexes of Ni(II), Cu(II) and Zn(II) with ligand (L1) and Table (3-4)

showing frequencies of the band for the prepared ligand (L1) and their

complexes.

Table(3-4):Value of  the Band in  FTIR Spectrum of the Prepared

Ligand (L1) and their Complexes

Υ

 M-O

υ

(M-N)υ (C=C)υ (C-O)υ (C-N)υ (HC=N)

β-lactam

υ(C=O)υ(C=O)υ (-SH)υ (-OH)Compound

--1558.541114.891338.916021635.691772.6426403330L1

470.65567.041558.541114.891338.6415791624.121774.572665.713340.82L1-Ni

468.72557.451541.181124.541330.931577.821637.621732.1326503234.73L1-Cu

460551.661558.541114.891338.641573.971627.971772.6426503294.53L1-Zn
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Figure(3-16):FTIR Spectrum for Ni+2 Complex with Ligand (L1)

Figure(3-17):FTIR Spectrum for Cu+2 Complex with  Ligand (L1)
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Figure(3-18):FTIR Spectrum for Zn+2 Complex with Ligand (L1)

3.5.1.2.The FTIR Spectrum of Ni(II),Cu(II),Zn(II)  

Complexes for ligand  (L2)

The  Figures  (3-18),(3-19) and  (3-20) show  the  FTIR  Spectrum  for

Complexes  of  Ni(II),  Cu(II)  and  Zn(II)  with  ligand  (L2).  From these

figures noticed the azomethine group was shifted to a higher frequency in

all complexes and appeared in the range of 1570–1581.68 cm-1, indicating

its  involvement  in  the  complexation.  The  stretching  vibrations  at

1647.26-1683.91 cm-1 for the υ(C=O) group in the  β-lactam ring were

shifted  to  a  higher  frequency  in  the  spectrum  of  metal  complexes

compared  with  the  spectrum  of  free  ligand  this  indicates  their

subscriptions  to  coordination through the oxygen atom of  the υ(C=O)

group. Also observed, the new weak bands at 599-520 cm-1 and 518-420

cm-1 were attributed to υ (M–N) 
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and υ(M–O) which confirms the occurrence of coordination through the

nitrogen  atom  of  the  azomethine  group  and  the  oxygen  atom  of  the

carbonyl group,  Table (3-5) shows the frequencies of the band for the

ligand (L2) and their complexes.

Table(3-5) :Value of Frequencies for the Band in  FTIR Spectrum of

Prepared Ligand (L2) and thier Complexes

υ (M-

O)

υ (M-

N)υ (C=S)υ (C-O)υ (C-N)υ (C=N)

β-

lactam

υ(C=O)υ (C=O)υ (SH)υ (OH)

Compoun

d

--1276-1205113413711579.751670.411716.7025053234.73L2

4145201265-1201113913731577.821647.26171826503298.38L2-Ni

5185991261-120211161373.15701683.911718.6325603242.46L2-Cu

4205301278-1201

1139.9

71371.431581.681647.271716.7025503234.73L2-Zn
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Figure(3-19):FTIR Spectrum for Ni+2Complex with  Ligand (L2)

Figure(3-20):FTIR Spectrum for Cu+2Complex for Ligand (L2)
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Figure(3-21):FTIR Spectrum for Zn+2Complex with Ligand(L2)

3.5.1.3.The FTIR Spectrum of  Ni(II),Cu(II),Zn(II)  

Complexes for Ligand  (L3)

In the FTIR Spectrum of (L3) ligand, the band of the azomethine group is

shifted to a lower frequency in all of the complexes that emerged in the

range of 1635-1560 cm-1, those showing its participation in complexation.

The frequency of  the υ(-C=O) group in  the  β-lactam ring,  shifting  to

1668.48-1653.05 cm-1  (a lower frequency) in the metal complexes, the

FTIR Spectra for complexes of Ni(II), Cu(II), and Zn(II) with ligand (L3)

are  shown  in  Figures  (3-21),  (3-22) and  (3-23),  and  Table  (3-6),

respectively.
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Table(3-6):Value of Frequencies for the Band in the  FTIR Spectrum

of the Prepared Ligand (L3) and their Complexes

υ (M-
O)

υ (M-
N)

υ (C-S)υ (C-O)υ (C-N)υ (HC=N)υ (C=O)    
β-lactam

υ (C=O)υ (-SH)υ (OH)Compound

--1130.321222.911369.91618.3316701716.7026503210L3

5205901130.321220.911375.231635.691668.4817162600.133269.45L3-Ni

5505901116.821220.981373.3615901668.48171626503147.34L3-Cu

5185501130.321222.911390.7215601653.05171626003228.95L3-Zn

Figure (3-22):FTIR Spectrum for Ni+2 Complex with Ligand (L3)
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Figure (3-23): FTIR Spectrum for Cu+2 Complex with Ligand (L3)

Figure (3-24): FTIR Spectrum for Zn+2 Complex with  Ligand (L3)
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3.5.2.UV-Visible spectrum for complexes

The UV- Vis spectra for most complexes of transition elements

are colored because they contain functional groups that absorb

visible or ultraviolet light, called chromophores so it appears as

absorptions at certain wavelengths in the visible region of the

spectrum usually other absorptions in the near-infrared and far

ultraviolet adjacent to this is  the reason  for the interest of the

UV- Vis spectra from  coordination chemistry.

3.5.2.1.Electronic  Spectra  of  Ni(II),Cu(II),and  Zn(II)

Complexes  for Ligand (L1)

  To investigate the occurrence of coordination between the ligand and the

metal ion, the ligand's spectrum was compared to a complexes spectrum,

and it was found in Ni(II) complex, that the azomethine group shifted to a

lower wavelength at 306.4nm  (Blue shift), with appearances a new band

at 270 nm due to the ligand field transitions (L.F) and charge transfer

(C.T), respectively.

  In  Cu(II) complex,  that  the  azomethine  group  shifted  to  a  lower

wavelength at 307.2nm(Blue shift), with appearances a new band at 259.1

nm,and   the  second  band  due  to  the  ligand  field  transitions  (L.F),

respectively.

  In the  Zn(II) complex, that the azomethine group shifted to a higher

wavelength   at 311.4nm  (Red shift),  with appearances a new band at

259.1 nm due to the ligand field transitions (L.F) and charge transitions

(C.T),  respectively(  Socrates,  G.  (2004),Figures(3-25),(3-26),(3-27)
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show  the  UV-Visible  spectrum  for  the  ligand's  complexes,  and  The

Table(3-7) shows The electronic transition and wavelength, values of the

ligand(L1)and its complexes.

 

Figure(3-25):UV-Visible Spectrum for Ni+2 Complex with Ligand

(L1)
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Figure(3-26):UV-Visible Spectrum for Cu+2 Complex with Ligand

(L1)

Figure(3-27):UV-Visible  Spectrum  for  Zn+2 Complex  with  Ligand

(L1)
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Table  (3-7):Electronic  Transition  of  the  Ligand(L1)  and  its

Complexes

ShiftedAssignment ʋ cm-1ג maxCompounds

-π-π*3242.5cm-308.4nmL1

Blue shiftL.F

C.T

3263.7cm-

3703.7cm-

306.4nm

270nm

[Ni(L)2Cl2]

Blue shiftL.F

L.F

3255.2cm-

3859.5cm-

307.2nm

259.1nm

[Cu(L)2Cl2]

Red shiftL.F

C.T

3211.3cm-

3859.5cm-

311.4nm

259.1nm

[Zn(L)2Cl2]

3.5.2.2.Electronic spectra of Ni(II),Cu(II),Zn(II) Complexes

for ligand (L2)

 The spectrum of ligand (L2)  was compared with complexs spectrums,

and  it  was  found in  Ni(II)  and  Cu(II)  complexs,  that  the  azomethine

group  shifted  to  a  lower  wavelength  at  366.2  nm  and  214.5 nm

respectively    (Blue shift), due to the ligand field transitions (L.F).and

appearance a new band 231.5 nm in Cu(II) complex due to the L.F, with

disappearances a band at 369 nm in the spectrum of the free ligand. 

while  In  the  spectrum  of  the  Zn(II)  complex,  the  azomethine  group

shifted to a higher wavelength at 369.2nm  (Red shift), with appearances

a  new band  at  210.2nm due  to  the  ligand  field  transitions  (L.F)  and

charge transfer (C.T), respectively,Figures(3-28),(3-29), and (3-30) show

the UV-Visible spectrum of the Ni(II), Cu(II) and Zn(II) complexes with

ligand (L2), and the data has been listed in the Table(3-8).
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Figure(3-28):UV-Visible  Spectrum  for  Ni+2 Complex  with  Ligand

(L2)

Figure(3-29):UV-Visible  Spectrum  for  Cu+2 Complex  with  Ligand

(L2)
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Figure(3-30):UV-Visible  Spectrum  for  Zn+2 Complex  with  Ligand

(L2)

Table (3-8):Electronic transition of the ligand(L2) and its Complexes

ShiftedAssignment ʋ cm-1ג maxCompounds

n-π*

π- π*

π- π*

2710cm-

3690cm-

4201.68cm-

369nm

271nm

238nm

L2

Blue shiftL.F2730.74cm-366.2nm[Ni(L2)2Cl2]

Blue shiftL.F

L.F

4319.65cm-

4662cm-

231.5nm

214.5nm

[Cu(L2)2Cl2]

Red shiftL.F

L.F

2708.55cm-

3690cm-

369.2nm

271nm

[Zn(L2)2Cl2]
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C.T

C.T

4196.4cm-

4757.4cm-

238.3nm

210.2nm

3.5.2.3.Electronic spectra of Ni(II),Cu(II),Zn(II) Complexes

for ligand (L3)

The Spectrum of ligand (L3)  was compared with complexs spectrums,

and it was found in  Ni(II) and  Cu(II) complexs, the azomethine group

shifted to a higher wavelength at 303.4nm  and  297.6nm ,respectively

(Red shift), due to the ligand field transitions (L.F).and in Cu(II) complex

due to the L.F.

In the Zn(II) complex spectrum, the azomethine group shifted to a lower

wavelength at 295.7nm,206.4  (Blue shift), with appearances a new band

at 261.4nm due to the ligand field transitions (L.F) and charge transfer

(C.T)  respectively  ,Figures(3-31),(3-32),(3-33) show  the  UV-Visible

spectrum for the ligand's complexes ,Table (3-9) shows The electronic

transition of the ligand(L3) and its complexes
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Figure(3-31):UV-Visible spectrum for Ni+2 complex with ligand (L3).

Figure(3-32):UV-Visible spectrum for Cu+2 complex with ligand (L3)
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Figure(3-33):UV-Visible spectrum for Zn+2 complex with ligand (L3)

Table  (3-9):Electronic  Transition  of  the  Ligand(L3)  and  its

Complexes

ShiftedAssignment ʋ cm-1ג maxCompounds

π -π*

π- π*

3367cm-1

4545.4cm-

297nm

220nm

L3

Red shiftL.F3295.9cm-303.4nm[Ni(L)2Cl2]

Red shiftL.F3333.3cm-300nm[Cu(L)2Cl2]

Blue shiftL.F2702.7cm-370nm[Zn(L)2Cl2]
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L.F

C.T

C.T

3389.8cm-

3821.1cm-

4854cm-

295nm

261.7nm

206nm

3.5.3.Atomic Absorption Spectroscopy

  This technique is considered a quantitative technique as it relies on the

principle of absorption spectroscopy to determine the concentration of the

metal present in the complex depending on the extent to which it absorbs

the  radiation  applied  to  it.  The  results  have  shown  in  the  same  case

between practical and theoretical values, this indicates the correctness of

the proposed formulas,  as well  as the correctness of  the mixing ratios

between metals and ligand.Table (3-10) shows theoretical and Practical

values for the ratio of metal to the ligand and the suggested formula of the

prepared complexes.

Table (3-10): Theoretical and Practical Values for the Ratio of Metal

Ions  in  the  Complexes,  and  Suggested  Formula  of  the  Prepared

Complexes

Complexes %Metal Suggested
formula

Exp. Cal.
L1-Ni 6.0 7.4 ]Ni (L1)2Cl2[

L1-Cu 11.0 8.0 ]Cu (L1)2Cl2[

L1-Zn 8.7 8.2 ]Zn(L1)2Cl2[

L2-Ni 6.3 6.9 ]Ni (L2)2Cl2[

L2-Cu 11.4 7.4 ]Cu (L2)2Cl2[
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L2-Zn 8.8 7.6 ]Zn(L2)2Cl2[

L3-Ni 6.3 6.5 ]Ni (L2)2Cl2[

L3-Cu 10.1 7.0 ]Cu (L2)2Cl2[

L3-Zn 8.1 7.1 ]Zn(L2)2Cl2[

 

3.5.4. Magnetic Susceptibility for Coordination Complexes

Magnetic measurements have been widely used in the study of transition

metal complexes, as most transition metals possess single electrons and

show paramagnetic properties. In addition, the greater the number of lone

electrons,  the  greater  the  magnetic  moment  of  the  ion  ,as  it  gives

information  about  the  compound  in  terms  of  electronic  structure  and

oxidative  state  of  atoms.  The  transition  metals  produce  the  magnetic

properties  of  the  complexes  as  a  result  of  the  orbital  motion  and  the

Permian motion.

µ=√4 S (S+1 )+L (L+1 )=B .M

S=spin quantum number

L=orbital quantum number

µ =√n (n+2 )=B . M

(The number of unpaired electrons)=n

Bohr Magneton=B.M.

The value of the magnetic susceptibility of the prepared complexes was

measured at room temperature  by using magnetic balance  and the value

of the effective magnetic moment(µeff  )  was found from the following

relationship
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µeff=2.828√XA .T=¿       B.M

XA=XM+D

XM=Xg x M.wt

Absolute temperature=T

Atomic sensitivity=XA

molarity sensitivity =XM

 gram sensitivity =Xg

Effective magnetic moment =µeff

Correction factor for the compounds prepared in the study =D

The practical values for the effective magnetic moment obtained from the

above  equations  showed  convergence  with  the  theoretical  value,   the

results were included in Table (3-11).

 

3.5.5.Molar Conductivity for Coordination Complexes

  Absolute ethanol was used as a solvent for the complexes, which were

prepared at a concentration of 1 x 10-3 M. To measure molar conductivity,

it  has  been  found  that  all  complexes  are  either  substructural  or  non-

conductive  (the  behavior  of  these  complexes  was  neutral),  The  molar

conductivity value was confined to between 0-10 (ohm-.cm2.mole-1), and

these  results  are  in  agreement  with  what  was  observed  in  the  study.

(Ahmed,  A.  A.,et  al.,2021)  and  Table  (3-11) shows  the  molar

conductivity results for all complexes.
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Table(3-11):Magnetic  Susceptibility,Molar  Conductivity,  and

Hybridization for  Complexes

HybridizationShapeMolar 
conductance

(Ω−1 cm2 mol−1)

µeff 
(B.M)

Complexes

Exp.Cal.

sp3 d 2Octahedral20.172.82[Ni(L1)2Cl2]

sp3 d 2Octahedral31.1961.73[Cu(L1)2Cl2]

sp3 d 2Octahedral000[Zn(L1)2Cl2]

sp3 d 2Octahedral100.172.82[Ni(L2)2Cl2]

sp3 d 2Octahedral22.3271.73[Cu(L2)2Cl2]

sp3 d 2Octahedral000[Zn(L2)2Cl2]

sp3 d 2Octahedral00.172.82[Ni(L3)2Cl2]

sp3 d 2Octahedral01.661.73[Cu(L3)2Cl2]

sp3 d 2Octahedral000[Zn(L3)2Cl2]

3.5.6.Thermogravimetric Analysis (TGA)

Thermogravimetric  analysis  (TGA)  is  an  experimental  technique  that

measures mass and/or rate changes as a function of temperature or time as

a  sample  undergoes  an  athermal  event.  Unlike  other  thermal  analysis
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techniques,  TGA  has  the  advantages  of  being  relatively  easy  to  use,

quick,  and  only  requiring  a  small  amount  of  sample.  For  these

advantages,  TGA-based experiments have become a popular  analytical

method to study the reactivity and kinetics of char gasification. (Zhang,

Y.,et al.,2019). TGA curves of compounds measure the amount and rate

of change in the weight of a material from room temperature to 400C0 in

an air atmosphere. TGA is a useful technique for determining complexes'

thermal stability and mode of decomposition.

3.5.6.1.Thermogravimetric Analysis for Complexes of Ni (II)

Ion with   (L2) ligand

 The structural formula of the Ni(II) complex was proposed from the TG

and  differential  thermal  analysis.  The  TGA  curve  indicated  that  the

Nickel (II) complex degraded in one principal decomposition stage. In the

stage, the weight loss was 22.643% with a DTGmax (differential thermo

gravimetric  maximum)  of  202.940C  within  a  temperature  range  of

191.30–216.850C,The  complexes  mass  loss.thus,this  measurement

confirms that there is absence of water molecule inside or  outside the

coordination sphere for nickel complexes, the  Figure(3-34) shows The

TGA curve for Ni(II)ion complexes with (L2)ligand.
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Figure(3-34): Thermogravimetric Analysis Curve for Ni+2 Complexe

with Ligand(L2)

3.5.6.2.Thermogravimetric analysis for Complexes of Cu(II)

ion with (L2) ligand

  The TGA curve indicated that the copper (II) complexes degraded in

one  principal  decomposition  stage.  In  the  stage,  the  weight  loss  was

50.774%  with  a  DTGmax of  180.04C0 within  a  temperature  range  of

206.11-213.17C0,The  complexes  mass  loss  .thus  ,this  measurement

confirms that there is absence of water molecule inside or  outside the

coordination sphere for copper complexes, Figure(3-35) shows The TGA

curve for Cu (II) complexe of ligand (L2)  
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Figure(3-35): Thermogravimetric analysis curve  for Cu+2 complexes

3.5.6.3.Thermogravimetric analysis for Complexes of Zn(II)

ion with ligand (L2)

The  Zinc(II)  complex  decomposed  in  one  primary  breakdown  stage,

according  to  the  TGA  curve.  With  a  DTGmax  of  189.85  0C  and  a

temperature range of 177.07-217.26 0C, the complexes' mass loss in the

stage was 38.845%. The TGA curve for  Zn (II) complexes of ligand(L2)

is show in  Figure (3-36) and this measurement demonstrates that there

are water molecules not present both inside or outside the coordination

sphere for zinc complexes.
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Figure(3-36): Thermogravimetric Analysis Curve for Zn+2 Complexe

with Ligand (L2)

3.7.Antibacterial Activity

 The antibacterial activities of newly synthesized compounds. According

to this method, an increase in the growth of microbial cells increases the

microbial number, The prepared complexes of the ligands(L1,L2,L3) with

Ni(II), Cu(II), Zn(II) were studied against the biological activity of two

different types of bacteria (Staphylococcus aureus and Pseudomonas ), at

the concentration of 1 × 10-3 M ,and compare to the inhibitory effect of

the original ligands (L1,L2,L3) toward same types of bacteria.The three

complexes (Ni(II),Cu(II),Zn(II) of the (L2,L3) recorded an elevation in the

inhibition ability  in  comparison to  the original  ligands which was the

precursor  of  these  complexes  studied  at  the  concentration  (1×10-3M)

when  the  ligand  and  its  complexes  were  applied  on  the  plantation

of(Staphylococcus aureus and Pseudomonas ) as shown in Figure (3-37)
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and (3-38) .The ligand (L1) illustrated the highest inhibitory effect among

it,s  complexes  ,andThe ligand (L2)  the complex of  Zinc illustrated the

highest  inhibitory  effect  among  the  tow  complexes  and   the  original

ligand(Catia  Longhi.,et  al,2022).  the  (L3)  The  complex  of  Nickel

illustrated the highest inhibitory effect among the two complexes and  the

original  ligand(Ryldene  Marques  Duarte  da  Cruz.,et  al.,2021),on  the

other hand, the complex of Zinc showed approximate inhibitory effects at

the  concentration  (1  ×  10-3 M)  than  the  complex  of  Copper  at  the

concentration(1  ×  10-3 M)  .The Table(3-12)shows  inhibitory  of   the

ligands and their metal complexes against tow type from bacterial.  

Table(3-12):Minimum Inhibitory Concentration (MIC) in (g/mL) of

the Ligands and their Metal Complexes 

StaphylococcuspseudomonasCompounds

2115L1

1015[Ni(L1)2 Cl2]

1212[Cu(L1)2Cl2]

1215[Zn(L1)2Cl2]

015L2

1215[Ni(L2)2 Cl2]

1513[Cu(L2)2Cl2]

1216[Zn(L2)2Cl2]

015L3

1217[Ni(L3)2Cl2]

1213[Cu(L3)2Cl2]

1516[Zn(L3)2Cl2]
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Figure(3-37): Ligands(L1,L2,L3) and its complexes were applied on 
the plantation of Staphylococcusaureus 

Figure(3-38):Ligands(L1,L2,L3)  and its  Complexes  were  Applied on
the Plantation of pseudomonas
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3.8.Conclusions

The basic β-lactam compounds of penicillin, 6-aminopenicillanic acid (6-

APA), are an important active pharmaceutical intermediate that can be

incorporated and redirected into semi-synthetic antibiotics.

1- The ligand (L1) was synthesized by Schiff base reaction between 6-

aminopenicillin  acid  and  Cinnamaldehyde  to  form the(3,3-dimethyl-7-

oxo-6-(((1Z,2E)-3-phenylallylidene)amino)-4-thia-1-

azabicyclo[3.2.0]heptane-2-carboxylic  acid)  ligand,and  The  ligands(L2)

was synthesized by Schiff base reaction between 6-aminopenicillin acid

and  benzoyl  isothiocyanat  to  form  ((Z)-6-((isothiocyanato(phenyl)

methylene)amino)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]

heptane-2-carboxylic acid)  ligand ,and The ligands(L3) was synthesized

by Schiff base reaction between 6-aminopenicillin acid and 5-Bromo-2-

thiophene  carboxaldehyde  to  form((E)-6-(((5-bromothiophen-2-yl)

methylene)amino)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]

heptane-2-carboxylic acid)ligand, and all  synthesized  ligands were bi-

dentate, It showed coordination with the central metal ion via  N-atoms of

azomethine group and O- atoms of carbonyl group for the β-lactam ring .

2-As a result,Three new  metal(II) complexes with the Schiff base derived

from  these  ligands.  And  showed  octahedral  geometry  for  the  Ni(II),

Cu(II), and Zn(II) complexes, the complexes were prepared with ligands

from Schiff's base where they were mixed and thus obtained in a molar

ratio  [1:2]  from[M(II):L],Figures(3-39),(3-40),and(3-41) show  the

suggested shape for complexes.
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Figure(3-39):Suggested  Shape  of  Metal  ion  Complexes  with

Ligand(L1) ,M=Ni(II),Cu(II), and Zn(II)

Figure(3-40):Suggested  Shape  of  Metal  ion  Complexes  with

Ligand(L2),M=Ni(II),Cu(II),and Zn(II)
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Figure(3-41):Suggested  Shape  of  Metal  ion  Complexes  with

Ligand(L3),M=Ni(II),Cu(II), and Zn(II)

3-Finally,  each  of  the  ligands  and  their  complexes  were  biologically

applied against two different types of Gram-positive and Gram-negative

bacteria (Pseudomonas,  Staphylococcus) ,Where all the prepared ligands

and complexes showed an increase in biological activity compared to the

basic materials
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3.9.Future Work

1-Synthesis  of  compounds  from  new  Schiff  base  reactions  using

aldehydes and ketones it has a distinctive chemical environment with 6-

Aminopencilinic acid (for its high biological activity against bacteria.

2-Synthesis of stable complexes from central metals of great vital 

importance.

3- Connecting a biological efficacy test against different types of bacteria

to determine their resistance to these compounds.



References



110

References

Abourehab, M. A., Alqahtani, A. M., Almalki, F. A., Abdalla, A. N., and

Gouda, A. M.,(2022), Pyrrolizine/indolizine-cinnamaldehyde Schiff bases:

Design, synthesis,  biological evaluation, ADME, and molecular docking

study, European Journal of Medicinal Chemistry Reports, 4, 100036.

Ahmad, M.M.U., Usman Zango Abdullahi, Idris Imam Mukhtar, Halima

IbrahimIsa,  Shuaibu.(2019).  detection  of  salmonella  species  among

patients with suspected cases of typhoid fever in wudil general hospital.

fudma journal of sciences,3(3),p.p. 535-539.

Ahmadvand, P., Avillan, J. J., Lewis, J. A., Call, D. R., and Kang, C.,.

(2022).  Characterization  of  Interactions  between  CTX-M-15  and

Clavulanic  Acid,  Desfuroylceftiofur,  Ceftiofur,  Ampicillin,  and

Nitrocefin.International journal of molecular sciences, 23(9), 5229.

Ahmed, Y. M., Mahmoud, W. H., Omar, M. M., and Mohamed, G. G.

(2021). Synthesis, Characterization and Biological Activity of Transition

Metals Schiff Base Complexes Derived from 4, 6-Diacetylresorcinol and

1,  8-Naphthalenediamine.  Journal  of  Inorganic  and  Organometallic

Polymers and Materials, 31(6), 2339-2359.

Ali M. S. Hebishy, H.T.S., and Galal H. Elgemeie.(2020). New Route to

the  Synthesis  of  Benzamide-Based  5-Aminopyrazoles  and  Their  Fused

Heterocycles  Showing  Remarkable  Antiavian  Influenza  Virus

Activity.American Chemical Society omega,10(1021),p.p. 1-9.

Al-Nahrain University, College of Sciences,  Department of Chemistry,

Yasser  Hussam  Sabah(Degree  of  Master)  .(2016).  Synthesis,

Characterization  and  Biological  Evaluation  of  Penicillin  Derivatives

Complexes with some Metal ions.



111

References

Al-Saidi, H. M., Gouda, G. A., Abdel-Hakim, M., Alsenani, N. I., Alfarsi,

A.,  Mahross,  M.  H.,  ...  and  Hosny,  S.  (2022).  Synthesis  and

Characterization of Ni (II), Cu (II), Zn (II) and Azo Dye Based on 1, 10-o-

Phenanthroline  Binary  Complexes:  Corrosion  Inhibition  Properties  and

Computational Studies. Int. J. Electrochem. Sci, 17(220333), 2.

Amol M. Sawant, Avinash Vellore Sunder, Koteswara Rao Vamkudoth,

Sureshkumar  Ramasamy,and  Archana  Pundle  .(2020).  Process

Development for 6-Aminopenicillanic Acid Production ,Using Lentikats-

Encapsulated  Escherichia  coli  Cells  Expressing  Penicillin  V  Acylase,

American Chemical Sociey,10(1021), 28972-28976.

Arumugam AP, G.S.a.E.G.(2017) Co (II), Ni (II) and Cu (II) Complexes

with  Schiff  Base   Ligand:  Syntheses,  Characterization,  Antimicrobial

Studies  and  Molecular  Docking  Studies.  SOJ  Materials  Science  &

Engineering,5(2),p.p.1-12.

Ashraf A. Aly, Alaa A. Hassan, Maysa M. Makhlouf and Stefan Bräse.

(2020).  Chemistry  and  Biological  Activities  of  1,2,4-Triazolethiones-

Antiviral and Anti-Infective Drugs .Molecules,25(3036),pp. 1-54.

Aurora Reiss, N.C., Aurelian Dobrit,escu , Mihaela Rotaru , Alice Carla

Carabet  ,Filippo  Parisi,  Anca  Gănescu,  Irina  Dăbuleanu,  Cezar  Ionut,

Spînu  and  Petre  Rotaru.(2021).  Bioactive  Co(II),  Ni(II),  and  Cu(II)

Complexes  Containing  a  Tridentate  Sulfathiazole-Based  (ONN)  Schiff

Base.Molecules,26(3062),pp. 1-18.

Aydin, Z., and Keles, M. (2020). Colorimetric Detection of Copper (II)

Ions Using Schiff Base Derivatives.‐  ChemistrySelect, 5(25), 7375-7381.

Bahl,  A.  (2015). A  textbook  of  organic  chemistry.Ramangar,New

DEIHI:S.C.HAND,vol.110 055



112

References

Bandyopadhyay,  D.,  and  Banik,  B.  K.  (2021).  Microwave-assisted

synthesis  of  medicinally  privileged  heterocycles.  In  Green  Synthetic

Approaches for Biologically Relevant Heterocycles, Elsevier ,pp. 49-110.

Banik,  B.K.,  (2018),  Expeditious  green  synthesis  of  versatile  organic

compounds by diverse methods,Heterocyclic Letters,8(1),p.p. 241-247.

Bradford, K.B.a.P.A.(2016). B-Lactams and B-Lactamase Inhibitors.Cold

Spring Harb Perspect Med,10(1101),p.p. 1-23.

Bushra Naureena, G.A.M., Khadija Shahidb, Mehmood Asghar, Samreen

Tanveer, Aziza Sarwar(2021), Iron (III) and zinc (II) monodentate Schiff

base metal complexes: Synthesis, characterisation and biological activities.

Journal of Molecular Structure, 12(31),pp. 129946.

Catherine E. housecroft and alan G. sharpe.(2008). Inorganic Chemistry.

British Library.

Catia  Longhi,  Linda  Maurizi,  Antonietta  Lucia  Conte,  Massimiliano

Marazzato, Antonella Comanducci,  Mauro Nicoletti and Carlo Zagaglia.

(2022).  Extraintestinal  Pathogenic  Escherichia  coli:  Beta-Lactam

Antibiotic and Heavy Metal Resistance.Antibiotics, 11, 328

Chaudhary, N. K., and Mishra, P. (2015). Spectral Investigation and In

Vitro Antibacterial Evaluation of Ni (II) and Cu (II) Complexes of Schiff

Base Derived from Amoxicillin and α-Formylthiophene (αft). Journal of

Chemistry. 2015(136285),p.p.12. 

Chauhan, D. S., Mazumder, M. J., Quraishi,  M. A., and Ansari,  K. R.

(2020).  Chitosan-cinnamaldehyde  Schiff  base:  A  bioinspired

macromolecule  as  corrosion  inhibitor  for  oil  and  gas  industry,

International Journal of Biological Macromolecules, 158, 127-138.



113

References

Chen, K., and Arnold, F. H. (2020). Engineering new catalytic activities

in enzymes. Nature Catalysis, 3(3), 203-213.

da Cruz, R. M. D., Mendonça-Junior, F. J. B., de Mélo, N. B., Scotti, L.,

de Araújo,  R.  S.  A.,  de Almeida,  R.  N.,  and de Moura,  R.  O.  (2021).

Thiophene-based  compounds  with  potential  anti-inflammatory  activity.

Pharmaceuticals, 14(7), 692.

Dasgupta, S., Karim, S., Banerjee, S., Saha, M., Saha, K. D., and Das, D.

(2020).  Designing of novel zinc (II) Schiff base complexes having acyl

hydrazone linkage: study of phosphatase and anti-cancer activities. Dalton

Transactions, 49(4), 1232-1240.

Decuyper, L., Jukič, M., Sosič, I., Žula, A., D'hooghe, M., and Gobec, S.

(2018). Antibacterial and β lactamase inhibitory activity of monocyclic β‐ ‐

Lactams. Medicinal Research Reviews, 38(2), 426-503.

Denholm, K., Haggerty, A., Mason, C., and Ellis, K. (2021). Comparison

of tests for failure of passive transfer in neonatal calf serum using total

protein  refractometry  and  the  biuret  method.  Preventive  Veterinary

Medicine, 189, 105290.

Deswal, Y., Asija, S., Kumar, D., Jindal, D. K., Chandan, G., Panwar, V.,

...  and Kumar,  N.  (2022).  Transition metal  complexes  of  triazole-based

bioactive  ligands:  synthesis,  spectral  characterization,  antimicrobial,

anticancer  and  molecular  docking  studies.  Research  on  Chemical

Intermediates, 48(2), 703-729.

Devi,  J.,  Kumar, S.,  Kumar,  D.,  Jindal,  D. K.,  and Poornachandra, Y.

(2022).  Synthesis,  characterization,  in  vitro  antimicrobial  and  cytotoxic

evaluation of Co (II), Ni (II), Cu (II) and Zn (II) complexes derived from



114

References

bidentate  hydrazones.  Research on Chemical  Intermediates,  48(1),  423-

455.

Diana,  R.,  and  Panunzi,  B.  (2020).  The  role  of  zinc  (II)  ion  in

fluorescence  tuning  of  tridentate  pincers:  A review.  Molecules,  25(21),

4984.

Díaz-García,  V.,  and  Retamal-Morales,  G.  (2020).  Aptamer  and

Riboswitches: A Novel Tool for the Need of New Antimicrobial Active

Compounds.  In Antibiotic  Materials  in  Healthcare (pp.  231-247).

Academic Press.

Doghri, I., Portier, E., Desriac, F., Zhao, J. M., Bazire, A., Dufour, A., ...

and  Lanneluc,  I.  (2020).  Anti-biofilm  activity  of  a  low  weight

proteinaceous molecule from the marine bacterium Pseudoalteromonas sp.

IIIA004  against  marine  bacteria  and  human  pathogen  biofilms.

Microorganisms, 8(9), 1295.

Domenico  Iacopetta,  J.C.,  Alessia  Catalano,  Carmela  Saturnino,Maria

Grazia  Bonomo,  Carlo  Franchini  and  Maria  Stefania  Sinicropi  ,

(2021),Schiff  Bases:  Interesting  Scaffolds  with  Promising  Antitumoral

Properties, Appl. Sci., 11(1877 ), pp. 3-20.

Donald  L.  pavia,  .(2001).  G.M.L.,  George  S.Kriz.,  Introduction  to

spectroscopy J. vondeling, Editor., Thomson learning: America.

Felix Odame , Eric . Hosten , Richard Betz , Kevin Lobb , Zenixole R.

Tshentu  .(2015).  Characterization  of  some  amino  acid  derivatives  of

benzoyl  isothiocyanate:  Crystal  structures  and  theoretical  prediction  of

their reactivity. Journal of Molecular Structure, 5(53) 38-48.



115

References

Fleming,  A.  .(1926).  On  the  antibacterial  action  of  cultures  of  a

Penicillium,  with  special  reference  to  their  use  in  the  isolation  of

B.influenzae.  British  Journal  of  Experimental  Pathology,10(1),pp.  226-

236.

Frei, A., Elliott, A. G., Kan, A., Dinh, H., Braese, S., Bruce, A. E., ... and

Blaskovich,  M.  A.  (2022).  Metal  Complexes  as  Antifungals–From  a

Crowd-Sourced Compound Library to First In Vivo Experiments

Frei, A., Zuegg, J., Elliott, A. G., Baker, M., Braese, S., Brown, C., and

Blaskovich, M. A. (2020). Metal complexes as a promising source for new

antibiotics. Chemical science, 11(10), 2627-2639.

Gizem  Selvi  ,  F.A.O.,  Gurkan  Aykutoglu  ,  Namık  Özdemir  ,Zafer

Şerbetçi  ,  Muharrem  Dinçer  and  Osman  Dayan.(2020).  Synthesis,

catalytic, cytotoxic, and antibacterial properties of new Ru(II) and Pd(II)

complexes bearing bidentate Schiff base ligand. Taylor & Francis Group,

LLC, 10(1080),pp. 1-11.

Graur,  V.,  Chumakov,  Y.,  Garbuz,  O.,  Hureau,  C.,  Tsapkov,  V.,  and

Gulea,  A.  (2022).  Synthesis,  Structure,  and  Biologic  Activity  of  Some

Copper, Nickel, Cobalt, and Zinc Complexes with 2-Formylpyridine N4-

Allylthiosemicarbazone. Bioinorganic Chemistry and Applications, 2022.

Hijji, Y., Rajan, R., Ben Yahia, H., Mansour, S., Zarrouk, A., and Warad,

I. (2021). One-pot microwave-assisted synthesis of water-soluble pyran-2,

4, 5-triol glucose amine schiff base derivative: Xrd/hsa interactions, crystal

structure, spectral, thermal and a DFT/TD-DFT. Crystals, 11(2), 117.

Hossein  Salami,  C.E.L.,  Patrick  R.  Harris,  Matthew  A.

McDonald,Andreas S. Bommarius,  Ronald W. Rousseau and Martha A.

Grover.(2020). Model development for enzymatic reactive crystallization



116

References

of β-lactam antibiotics:  a reaction–diffusion-crystallization approach.The

Royal Society of Chemistry,10(1039),pp. 1-16.

Hui Wang, H.Y., Shujun Li , Zhuo Li, Mingyue Jiang.(2016).Synthesis,

antimicrobial activity of Schiff base compounds of cinnamaldehyde and

amino acids.Bioorganic & Medicinal Chemistry Letters,10(1016),pp. 1-5.

Hui Wang, M.J., Shujun Li, Chung-Yun Hse, Chunde Jin, Fangli Sun and

Zhuo  Li.(2021).  Design  of  cinnamaldehyde  amino  acid  Schiff  base

compounds based on the quantitative structure–activity relationship.Royl

socity of chemistry,10(1098),pp.1-11.

Hui Wang, Mingyue Jiang, Fangli Sun, Shujun Li , Chung-Yun Hse and

Chunde  Jin.(2018).  Screening,  Synthesis,  and  QSAR  Research  on

Cinnamaldehyde-Amino  Acid  Schiff  Base  Compounds  as  Antibacterial

Agents. Molecules, 23, (3027),1-12.

Huinan Che , C.L., Chunxue Li, Chunbo Liu, Hongjun Dong , Xianghai

Song.(2021). Benzoyl isothiocyanate as a precursor to design of ultrathin

and   high-crystalline  g-C3N4-based  donor–acceptor  conjugated

copolymers  for  superior  photocatalytic  H2  production.  Chemical

Engineering Journal,10(1016),pp. 1-13.

Ibtisam  M  Ali  ,  M.H.S.,  Wafaa  AlWazni.(2021).

Preparation ,Characterization and Study of Complexes Containing Beta-

lactam  Group  with  Some  Transitional  Elements  and  their  Biological

Activity, Egyptian Journal of Chemistry, 64,pp. 10 

Ismail  Warad  ,  O.A.,  Anas  Al  Ali  ,  Nidal  Amin  Jaradat  ,  Fatima

Hussein ,Lubna Abdallah , Nabil Al-Zaqri , Ali Alsalme  and Fahad A.

Alharthi.(2020).Synthesis and Spectral Identification of Three Schiff Bases

with  a  2-(Piperazin-1-yl)-N-(thiophen-2-ylmethylene)ethanamine  Moiety



117

References

Acting as Novel Pancreatic Lipase Inhibitors: Thermal, DFT,Antioxidant,

Antibacterial,  and  Molecular  Docking  Investigations.  Molecules,.

25(2253): p. 1-15.

Ismail  Warad,  Y.A.-D.,  Mohammed  Al-Nuri,  Said  Shahwan,  Muneer

Abdoh,Shivalingegowda  Naveen,  Neartur  Krishnappagowda  Lokanath4,

Mohammad  S.  Mubarak,Taibi  Ben  Hadda,Yahia  N.  Mabkhot.

(2017).Crystal structure, Hirshfeld surface, physicochemical, thermal and

DFT  studies  of(N1E,  N2E)-N1,N2-bis((5-bromothiophen-2-

yl)methylene)ethane-1,2-diamine  N2S2  ligand  and  its]  CuBr(N2S2)]Br

complex. Journal of Molecular Structure,4(064),pp. 1-23.

Issa,  Y.  M.,  Abdel-Latif,  S.  A.,  El-Ansary,  A.  L.,  and  Hassib,  H.  B.

(2021). The synthesis, spectroscopic characterization, DFT/TD-DFT/PCM

calculations  of  the  molecular  structure  and  NBO  of  the  novel  charge-

transfer complexes of pyrazine Schiff base derivatives with aromatic nitro

compounds. New Journal of Chemistry, 45(3), 1482-1499.

J.R. Anacona, N.N., Juan Camus .(2014). Synthesis, characterization and

antibacterial activity of a tridentate Schiff base derived from cephalothin

and  sulfadiazine,  and  its  transition  metal  complexes.Molecular  and

Biomolecular Spectroscopy,7(091),pp1-31.

Joshi, S., Pawar, V. and Uma, V. (2011). Synthesis, characterization and

biological studies of schiff bases metal complexes Co (II), Zn (II), Ni (II),

and Mn (II) derived from amoxicillin trihydrate with various aldehydes.

Int. J. Pharma Bio Sci., 2: 240-250.

K. Nakamoto, J.W.S..(2009). Infrared and Raman Spectra of Inorganic

and  coordination  Compounds  Applications  in  Coordination.

Organometallic,and Bioinorganic Chemistry., New York: WILEY.



118

References

Kalarani, R., Sankarganesh, M., Kumar, G. V., and Kalanithi, M. (2020).

Synthesis,  spectral,  DFT  calculation,  sensor,  antimicrobial  and  DNA

binding studies of Co (II), Cu (II) and Zn (II) metal complexes with 2-

amino benzimidazole Schiff base.  Journal of Molecular Structure, 1206,

127725.

Kargar, H., Ardakani, A. A., Tahir, M. N., Ashfaq, M., and Munawar, K.

S.  (2021).  Synthesis,  spectral  characterization,  crystal  structure  and

antibacterial  activity  of  nickel  (II),  copper  (II)  and zinc  (II)  complexes

containing  ONNO  donor  Schiff  base  ligands.  Journal  of  Molecular

Structure, 1233, 130112.

Kassim,  K., Hamali,  M. A.,  and Yamin, B. (2019).  A new alternative

synthesis of salicylaldazine via microwave irradiation method. Journal of

Chemistry, 2019.

Kaya, Y., Erçağ, A., and Koca, A. (2020). New square-planar nickel (II)-

triphenylphosphine complexes containing ONS donor ligands: Synthesis,

characterization,  electrochemical  and  antioxidant  properties.  Journal  of

Molecular Structure, 1206, 127653.

Khaidir, S. S., Bahron, H., Tajuddin, A. M., and Ramasamy, K. (2022).

Microwave-assisted synthesis, Characterization and anticancer activity of

Tetranuclear Schiff Base Complexes. Journal of Sustainability Science and

Management, 17(4), 32-48.

Khan, M. W., Pillai, N., Mihaulia, P., Singh, S., and Swami, S. (2021).

Computational  Approach  for  Designing,  Swiss  ADME,  Molecular

Docking  and  Biological  Implication  of  Nickel  Based  Transition  Metal

Complex. Reviews in Pharmacy and Pharmaceutical Sciences, 1(1), 1-4.



119

References

Kiran Singh ,  Parvesh Puri  ,  Y.K.C.S.,(2013)  Syntheses,  Spectral,  and

Biological  Studies  of  New Imines  Derived  From  5-Bromothiophene-2-

Carboxaldehyde and Their  Si(IV),  Sn(IV) Complexes,Taylor & Francis

Group,10(1080),pp. 1473-1462.

Kordestani, N., Rudbari, H. A., Fernandes, A. R., Raposo, L. R., Luz, A.,

Baptista, P. V., ... and Bordbar, A. K. (2021). Copper (ii) complexes with

tridentate  halogen-substituted  Schiff  base  ligands:  Synthesis,  crystal

structures and investigating the effect of halogenation, leaving groups and

ligand  flexibility  on  antiproliferative  activities.  Dalton  Transactions,

50(11), 3990-4007.

Kozuch,  J.,  Schneider,  S.  H.,  Zheng,  C.,  Ji,  Z.,  Bradshaw,  R.  T.,  and

Boxer,  S. G. (2021).  Testing the limitations of MD-based local electric

fields using the vibrational Stark effect in solution: penicillin G as a test

case. The Journal of Physical Chemistry B, 125(17), 4415-4427.

Kuate,  M.,  Conde,  M.  A.,  Ngandung  Mainsah,  E.,  Paboudam,  A.  G.,

Tchieno,  F.  M.  M.,  Ketchemen,  K.  I.,  ...  and  Ndifon,  P.  T.  (2020).

Synthesis,  Characterization, Cyclic Voltammetry, and Biological Studies

of Co (II), Ni (II), and Cu (II) Complexes of a Tridentate Schiff Base, 1-

((E)-(2-Mercaptophenylimino) Methyl) Naphthalen-2-ol (H2L1).  Journal

of Chemistry, 2020.

Kubra,  N.K.,  ASaranya,  JLakshmi,  S  Santha.  (2018).  Biological

Activities  of  Schiff  Bases  and  Their  Copper  (II)  Complexes,  World

Journal of Pharmaceutical Research,7, pp. 951-959.

Li, Y. J., Guo, S. Z., Feng, T., Xie, K. F., and Dong, W. K. (2021). An

investigation into three-dimensional octahedral multi-nuclear Ni (II)-based



120

References

complexes supported by a more flexible salamo-type ligand.  Journal of

Molecular Structure, 1228, 129796.

Lima, L. M., da Silva, B. N. M., Barbosa, G., and Barreiro, E. J. (2020).

β-lactam antibiotics: An overview from a medicinal chemistry perspective.

European Journal of Medicinal Chemistry, 208, 112829.

Liu, X., and Hamon, J. R. (2019). Recent developments in penta-, hexa-

and  heptadentate  Schiff  base  ligands  and  their  metal  complexes.

Coordination Chemistry Reviews, 389, 94-118.

Magdy M. Hemdan and Amira A. El-Sayed,(2016), Synthesis of Some

New  Heterocycles  Derived  from  Novel  2-(1,3-Dioxisoindolin-2-

yl)Benzoyl Isothiocyanate . Journal of Heterocyclic Chemistry, 53(487),1-

6.

Mahmood  Ibrahim,  Karima  Fadhil  Ali,  Mayada  Hadi  Abd_alwahab.

(2020).Synthesis  and  antimicrobial  evaluation  of  Histidine

Cinnamaldehyde  Schiff  base  containing  structural  feature  of  1,  3,  4,

thiadiazole  heterocyclic  moiety.  Doaa  Al  Mustansiriyah  Journal  of

Pharmaceutical Sciences ,20(1),pp.1-12.

Marco E. Gudin˜o, Noel Blanco-Tourin˜a´n, Vicent Arbona, Aurelio Go

´mez-Cadenas,Miguel A. Bla´zquez and Federico Navarro-Garcı´a. (2018).

B-Lactam Antibiotics Modify Root Architecture and Indole Glucosinolate

Metabolism in Arabidopsis  thaliana,Plant  Cell  Physiol,59(10),pp.  2086-

2089.

Meghwanshi, G. K., Kaur, N., Verma, S., Dabi, N. K., Vashishtha, A.,

Charan, P. D., ... and Kumar, R. (2020). Enzymes for pharmaceutical and

therapeutic applications.  Biotechnology and applied biochemistry,  67(4),

586-601.



121

References

Miragaia,  M.  (2018).  Factors  contributing  to  the  evolution  of  Meca-

mediated  β-lactam resistance  in  staphylococci:  update  and new insights

from  whole  genome  sequencing  (WGS).  Frontiers  in  microbiology,  9,

2723.

Mishra, A. P., Mishra, R., Jain, R., and Gupta, S. (2012). Synthesis of

new VO (II), Co (II), Ni (II) and Cu (II) complexes with Isatin-3-  chloro-

4-floroaniline  and  2-pyridinecarboxylidene-4-aminoantipyrine  and  their

antimicrobial studies. Mycobiology, 40(1), 20-26.

Moeketse, T. N., Baker, P. G., Farao, A. C., and Iwuoha, E. I. (2022).

Microwave-Assisted  Synthesis  of  Schiff  Base Metal–Ligand Complexes

with Copper and Nickel Centres for Electrochemical In Vitro Sensing of

Nitric Oxide in an Aqueous Solution. Chemosensors, 10(5), 175.

Mohammad  Azam,  S.I.A.-R.,  Agata  Trzesowska-Kruszynska  ,Rafal

Kruszynski  ,  Faiyaz  Shakeel  ,  Saied  M.  Soliman,  Mahboob

Alam ,Mohammad Rizwan Khan,  Saikh Mohammad Wabaidur,  (2020),

Zn(II)  complex  derived  from  bidentate  Schiff  base  ligand:  Synthesis,

characterization, DFT studies and evaluation of anti-inflammatory activity.

Journal of Molecular Structure,. 1201(127177): p. 1-8.

Mohammad  Azam,  S.I.A.-R.,  Saied  M.  Soliman,  Agata  Trzesowska-

Kruszynska,  Rafal  Kruszynski,  Zahid  Khan  .(2017).  A

(salicylaldiminato)Pt(II)  complex  with  dimethylpropylene  linkage:

Synthesis, structural characterization and antineoplastic activity. Journal of

Photochemistry & Photobiology, B: Biology, 176.

Mohammed, H. S., and Tripathi, V. D. (2020). Medicinal applications of

coordination complexes.  In Journal of Physics:  Conference Series (Vol.

1664, No. 1, p. 012070). IOP Publishing.



122

References

More, M. S., Joshi, P. G., Mishra, Y. K., and Khanna, P. K. (2019). Metal

complexes driven from Schiff bases and semicarbazones for biomedical

and allied applications: a review. Materials Today Chemistry, 14, 100195.

N. Ghufran Kareem, M.H.S.(2021).  Syntheses,  and Characterization of

Complexes  Containing  Beta-lactam  Group  with  some  Transitional

Elements and Study their Biological Activity. NeuroQuantology,19(11),pp.

72-83.

Nanishankar V. Harohally, C.C., Praveena Bhatt,and K. A. Anu Appaiah.

(2017). Antiaflatoxigenic and Antimicrobial Activities of Schiff Bases of

2-Hydroxy-4-methoxybenzaldehyde,  Cinnamaldehyde,  and  Similar

Aldehydes.Journal  of  Agricultural  and  Food  Chemistry,10(1021),pp.

8773−8778.

Nassar,  D.  A.,  Shehata,  M.  R.,  and  Sayed,  A.  S.  (2022).  Structural

Characterization,  DFT  Calculations,  Metal  Uptake,  Fluorescence,

Antimicrobial and Molecular Docking Studies of Novel Co (II) and Ni (II)

Complexes with NNS Tridentate Schiff base Ligand.

Obaid,  S.  M.  H.,  Sultan,  J.  S.,  and  Al-Hamdani,  A.  A.  S.  (2020).

Synthesis,  Characterization  and  Biological  Efficacies  from  Some  New

Dinuclear  Metal  Complexes  for  Base  3-(3,  4-Dihydroxy-phenyl)-2-[(2-

hydroxy-3-methylperoxy-benzylidene)-amino]-2-methyl  Propionic  Acid.

Indonesian Journal of Chemistry, 20(6), 1311-1322.

Odame, F., Hosten, E. C., Betz, R., Lobb, K., and Tshentu, Z. R. (2015).

Characterization of some amino acid derivatives of benzoyl isothiocyanate:

Crystal structures and theoretical prediction of their reactivity. Journal of

Molecular Structure, 1099, 38-48.



123

References

Ott  Scheler,  Karol  Makuch,  Pawel  R.  Debski,  Michal  Horka,  Artur

Ruszczak,  Natalia  Pacocha,  Krzysztof  Sozański,  Olli-Pekka  Smolander,

Witold Postek and PiotrGarstecki, (2020), Droplet-based digital antibiotic

susceptibility  screen  reveals  singlecell  clonal  heteroresistance  in  an

isogenic bacterial population,Scientific Reports,10(3282),pp. 1-8.

Paul  J.  Weldrick,  a.M.J.H.b.a.V.N.P..(2020).  Smart  active  antibiotic

nanocarriers with protease surface functionality can overcome biofilms of

resistant  bacteria.  The  Royal  Society  of  Chemistry  and  the  Chinese

Chemical Society,10(1039),pp. 1-12.

Portela, R., Valcovo, F., Almeida, P. L., Sobral, R. G., and Leal, C. R.

(2020).  Antibiotic  Activity  Screened  by  the  Rheology  of  S.  aureus

Cultures. Fluids, 5(2), 76.

Pupin, R. R., Foguel, M. V., Gonçalves, L. M., and Sotomayor, M. D. P.

T.  (2020).  Magnetic  molecularly  imprinted  polymers  obtained  by

photopolymerization for selective recognition of penicillin G.  Journal of

Applied Polymer Science, 137(13), 48496.

Quang  Trung  Nguyen  ,  P.N.P.T.,  and  Van  Tuyen  Nguyen.

(2021).Synthesis,  Characterization,  and  In  Vitro  Cytotoxicity  of

Unsymmetrical  Tetradentate  Schiff  Base              Cu(II)  and Fe(III)

Complexes. Hindawi Bioinorganic Chemistry and Applications ,10(1155),

p.p.10

Rahaman, M. S., Tulaphol, S., Hossain, M. A., Jasinski, J. B., Sun, N.,

George, A., ... and Sathitsuksanoh, N. (2022). Cooperative Brønsted-Lewis

acid  sites  created  by  phosphotungstic  acid  encapsulated  metal–organic

frameworks for selective glucose conversion to 5-hydroxymethylfurfural.

Fuel, 310, 122459.



124

References

Ranjan K.  Mohapatra,  A.K.S.,  Mohammad Azam, Marei  M. El-ajaily,

Md.  Kudrat-E-Zahan,  Suyanbhu  B.  Patjoshi,  Dhruba  C.  Dash  .(2018).

Synthesis,  structural  investigations,  DFT,  molecular  docking  and

antifungal studies of transition metal complexes with benzothiazole based

Schiff base ligands. Journal of Molecular Structure,10(1016),pp.1-51.

Rasha  Hasan  Jasim,  M.H.S.a.B.Q.A..(2017).  Preparation,

Characterization and Biological Evaluation of β-Lactam Derived  from 6-

Amino  Penicillinic  Acid  and  Salicyldehyde.  Pharmaceutical  Analytical

Chemistry,3(2), pp. 2471-2698.

Ryldene Marques Duarte da Cruz , Francisco Jaime Bezerra Mendonça-

Junior , Natália Barbosa de Mélo , Luciana Scotti , Rodrigo Santos Aquino

de Araújo , Reinaldo Nóbrega de Almeida and Ricardo Olímpio de Moura.

(2021).  Thiophene-Based  Compounds  with  Potential  Anti-Inflammatory

Activity ,Pharmaceuticals, 14, 692.

Sabah,  A.J.A.Y.H.  .(2016).  Synthesis,  Characterization  and  Biological

Evaluation  of  Penicillin  Derivatives  Complexes  with  Some  Transition

Metal  ions.  International  Journal  of  Current  Microbiology and Applied

Sciences,5(12),p.p. 321-332.

Sahar S. Hassan, S.H.K., May Faisal Ahmed, Sura K. Ibrahim,Mahasin

Alias.(2019).  Synthesis,  Spectroscopic  Characterization,  and  Biological

Evaluation  of  Some  Transition  Metal  Complexes  from C16H19N3O3S

Ligand. Journal of Global Pharma Technology,11(07),p.p. 198-208.

Said, M. A., Al-unizi, A., Al-Mamary, M., Alzahrani, S., and Lentz, D.

(2020). Easy coordinate geometry indexes, τ4 and τ5 and HSA study for

unsymmetrical  Pd  (II),  Fe  (II),  Zn  (II),  Mn (II),  Cu  (II)  and  VO (IV)



125

References

complexes of a tetradentate ligand: Synthesis, characterization, properties,

and antioxidant activities. Inorganica Chimica Acta, 505, 119434. 

Sama A. Al-Aghbari, O.M.A.-S.a., Rowaida Al-Badani, Abd Al-Wali M.

Japir.(2019). Synthesis, Characterization and Anticancer Activity Studies

of New Schiff Base Pt (II) Complex.  Journal of Materials Science and

Chemical Engineering, ,7,pp. (2327-6053)

Schütz, M. B., Xiao, L., Lehnen, T., Fischer, T., and Mathur, S. (2018).

Microwave-assisted synthesis of nanocrystalline binary and ternary metal

oxides. International Materials Reviews, 63(6), 341-374.

Scriven, E., and Ramsden, C. A. (2017). Heterocyclic chemistry in the

21st century: a tribute to Alan Katritzky.

Shah, S. S., Shah, D., Khan, I., Ahmad, S., Ali, U., and ur Rahman, A.

(2020).  Synthesis  and  antioxidant  activities  of  Schiff  bases  and  their

complexes:  An updated review.  Biointerf.  Res.  Appl.  Chem.,  10,  6936-

6963.

Shekhar, S., Khan, A. M., Sharma, S., Sharma, B., and Sarkar, A. (2021).

Schiff  base  metallodrugs  in  antimicrobial  and  anticancer  chemotherapy

applications: a comprehensive review. Emergent Materials, 1-15.

Singh  A.,Mittal  S.,Shrivastav  R.,Dass  S.and  srivastava  J.N.

(2012),Biosynthesis of silver nanoparticles using Ricinus Communis L.leaf

extract and its antibacterial activity digest.  Journal of nanomaterial and

Biostractures,7(3) 1157-1163.

Sinha, S., Das, S., Roymahapatra, G., and Giri, S. (2022). Imidazolium

based superalkalis as building block for Lewis base.  Computational and

Theoretical Chemistry, 1210, 113639.



126

References

Socrates,  G.  (2004).  Infrared  and  Raman  characteristic  group

frequencies :tables and charts. John Wiley and Sons.

Soldatović,  T.  (2020).  Correlation  between  HSAB  principle  and

substitution  reactions  in  bioinorganic  reactions.  In  Photophysics,

Photochemical and Substitution Reactions-Recent Advances. IntechOpen.

Srivastava,  A.  K.,  Yadav,  P.,  Srivastava,  K.,  and  Prasad,  J.  (2021).

Synthesis, characterization, biological and electrochemical investigation of

copper  (II)  complexes  containing  4-chloro-2-[2,  6-

diisopropylphenylimino) methyl] phenol Schiff base ligand and aromatic

diinines. Chemical Data Collections, 32, 100659.

Subhendu Sekhar Bag,  A.Y.,(2017),  Sensing the chemical  cleavage of

fluorescent B-lactams via FRET/exciplex or excimer emission,Journal of

Photochemistry and Photobiology A:Chemistry, 12(008),pp. 464–468.

T.F.F. Magalhaes, C.M. da Silva, L.B.F. dos Santos, D.A. Santos, L.M.

Silva,  B.B.  Fuchs,E.  Mylonakis,  C.V.B.  Martins,  M.A.  de  Resende-

Stoianoffand A.  de F ^ atima, (2020),Cinnamyl Schiff  bases:  synthesis,

cytotoxic  effects  and  antifungal  activity  of  clinical  interest,Letters  in

Applied Microbiology, pp.0266-8254.

T.J. Saritha , P. Metilda ,(2021), Synthesis, spectroscopic characterization

and biological applications of some novel Schiff base transition metal (II)

complexes  derived  from  curcumin  moiety,  Journal  of  Saudi  Chemical

Society, 25(6), pp. 1-14.

Taghreed  .  H.  Al-Noor  ,  A.T.A.J.,  Manhel  Reemon  Aziz,(2013),

Preparation  ,  Characterization  and  Antimicrobial  activities  of

Fe(II),Co(II),Ni(II),Cu(II),and  Zn(II)Mixed  Ligand  Complexes   Schiff

base derived from Cephalexin drug and  4(dimethylamino)benzaldehyde



127

References

with Nicotinamide. Advances in Physics Theories and Applications,18,pp.

2224-719.

Taghreed H. Al-Noor, R.K.M.b., , Mohammad Azamc,Lekaa K. Abdul

Karemd,  Pranab  K.  Mohapatra,  Abeer  A.  Ibrahimd,  Pankaj  K.

Parhif,Ganesh C. Dashg, Marei M. El-ajaily, Saud I. Al-Resayes, Mukesh

K  .Raval,Lucia  Pintilie,(2021),  Mixed-ligand  complexes  of  ampicillin

derived Schiff base ligand andNicotinamide: Synthesis, physico-chemical

studies,  DFT  calculation,antibacterial  study  and  molecular  docking

analysis, Molecular Structure,10(1016), pp. 0022-2860.

Tripathi,  H.S.M.a.V.D..(2020).  Medicinal  Applications of  Coordination

Complexes,  Journal  of  Physics:  Conference  Series,10(1088),pp.  1742-

6596.

Uddin,  M.  N.,  Ahmed,  S.  S.,  and  Alam,  S.  R.  (2020).  Biomedical

applications  of  Schiff  base  metal  complexes.  Journal  of  Coordination

Chemistry, 73(23), 3109-3149.

University  of  Kerbala  ,College  of  Science  ,Department  of  Chemistry,

Ibtisam Mohammed Ali,(2021), Preparation, Characterization and study of

Complexes  Containing  Beta-lactam  group  with  Some  Transitional

Elements and their Biological Activity Against Pathogenic Bacteria.

Vanessa  Minden,  Andrea  Deloy,  Anna  Martina  Volkert,  Sara  Diana

Leonhardt and Gesine Pufal,(2017), Antibiotics impact plant traits, even at

small concentrations,AoB plants,10(109),p.p. 1-19.

Viviana  Bressi  ,  Z.A.,  Morteza  Montazerozohori,  Angelo  Ferlazzo,

Daniela  Iannazzo  ,Claudia  Espro  and  Giovanni  Neri,(2022)  On  the

Electroanalytical  Detection of  Zn Ions by a  Novel  Schiff  Base  Ligand,

Sensors, 22(900),pp. 1-15.



128

References

Wells,  A.  F.  (2012).  Structural  inorganic  chemistry.  Oxford university

press.

Yernale,  N.  G.,  Matada,  B.  S.,  Vibhutimath,  G.  B.,  Biradar,  V.  D.,

Karekal, M. R., Udayagiri, M. D., and Mathada, M. H. (2022). Indole core-

based  Copper  (II),  Cobalt  (II),  Nickel  (II)  and  Zinc  (II)  complexes:

Synthesis, spectral and biological study.  Journal of Molecular Structure,

1248, 131410.

Zhang, F., Ramachandran, G., Mothana, R. A., Noman, O. M., Alobaid,

W. A., Rajivgandhi, G., and Manoharan, N. (2020). Anti-bacterial activity

of  chitosan  loaded  plant  essential  oil  against  multi  drug  resistant  K.

pneumoniae. Saudi Journal of Biological Sciences, 27(12), 3449-3455.

Zhang, Y., Geng, P., and Zheng, Y. (2019). Exploration and practice to

improve  the  kinetic  analysis  of  char-CO2  gasification  via

thermogravimetric analysis. Chemical Engineering Journal, 359, 298-304.



الخلاصة

  


ع  ثلاث املاح
تضمن هذا العمل تحضير وتشخيص معقدات  جديدة من ليكاندات ثنائية المخلب م


تقةمن 

دة مش

ف الجدي
فلزات للنيكل والنحاس والزنك, حيث ان تحضير  ثلاث ليكاندات قواعد ش


ايوفين2-برومو5-امينوبنسلانك اسيد( مع)سينمالديهايد,بنزويل ايزوثايوسيانات, 6من التفاعل )
-ث

(على التوالي .(L1,L2,L3كاربوكسالديهايد ( كل على حدة لتكوين 


راء
يتم تشخيص الليكاندات المحضرة باستخدام تقنيات التحليل الطيفي)مطيافية الاشعة تحت الحم

(1H,13Cجية




وق البنفس



عة الف



ة الاش



ي
 ,مطيافي



ووي
 المغناطيس



رنين الن



ة ال


(  مطيافي


ة. يتمC.H.N.Sوالمرئية,والتحليل
 الطيفي للكتلة والتحليل الدقيق للعناصر)

ات الفيزيائي
( والقياس


ة
تحضير المعقدات من خلال مزج  الليكاندات الجديدة  مع الاملاح الفلزية)حيث ان النسبة المولي


اس2:1من كلوريد الفلز الى الليكاند هي ]

ل والنح

دات النيك

وين معق

ع تك

ب م

ا يتناس

ذا بم
[ وه


يلية

ية ,والتوص

ية المغناطيس
والزنك ومن خلال دراسة التقنيات التحليل الطيفية وتقنيات)الحساس


ة

كال الفراغي

تراح الاش

راري( تم اق

ك الح

ذري والتفك

اص
 ال

ة والامتص

ة المولاري
الكهربائي
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طوح وق
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ادا على النت
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دات ثماني
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ع اي

ق م

ة ان التناس

دات الثلاث
الليكان

(.sp3d2الاوكسجين لحلقة البيتا لاكتام حيث يكون التهجين الناتج في شكل ثماني السطوح هو )


ة

ا موجب

وعين من البكتري
وتم دراسة الفعالية البايلوجية لكل من اليكاندات والمعقدات حيث ضد ن


ل من الليكان
دات

رت ك

ة ومك
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 العنقودي
ة الذهبي
ة( حيث اظه

رام )الزائف
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رام وس

المحضرة والمعقدات فعالية بايلوجية كبيرة مقارنة مع المواد الاساسية .
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