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Abstract 

The work described in this thesis concerns the synthesis of six novel new 

polydentate Schiff's bases and the formation of their Metal Complexes with 

copper bromide and cadmium chloride. 

The ligands and their metal complexes were characterized by IR, UV-VIS 

spectroscopy, EA, 
1
H-NMR ,

13
C-NMR, TG/DTA.  

The structure of free ligand. 

L5(N
1
E,N

2
E)-N

1
,N

2
-bis((5-bromothiophen-2-yl)methylene)ethane-1,2-

diamine & L3[(N
1
E,N

2
E)-N

1
,N

2
-bis(2-chlorobenzylidene)cyclohexane-

1,2-diamine] analyzed by XRD. 

The potential of the ligands and their copper complexes against E. coli,  S. 

aureus, P. aeruginosa, and MRSA bacteria were studied. So we expected 

to introduce to the literature a novel chemotherapy (antibacterial) drugs. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Coordination Chemistry 

Inorganic chemistry is one of the most important fields of chemistry and it 

has many division some of these coordination chemistry, it is also called 

the chemistry of metal complexes; because coordination chemistry focuses 

on the studies of the properties of all the elements and their complexes, 

including the simple compounds of carbon [1]. 

There are no adequate researches about the time of the beginning of the 

first coordinated compounds, where the first known research was in the 

early 18
th

 century with the discovery of  Prussian Blue (a colour maker) [2]. 

After this, one might site the searching about products of oxidation of  

ammonical cobalt solution [3]. In the years that followed, Cleve, Wolcott 

Gibbs Blomstrand and Fermy did a large amount of effort towards the 

study of complexes. 

When we are talking about coordination chemistry we have to mention 

Alfred Werner ( he earned Nobel Prize in chemistry in 1913 for his work 

on coordination compounds). 

Also, ( M.Eigen, 1967, Wilkinson and Fischer, 1973; H.Taube 1983; Cram, 

Lehn and Pederson, 1987 earned Nobel prize in this field). Werner gave the 

basic idea about this field, in 1893 Werner describe the stereochemistry of 

metal complexes, mechanism of isomerisation [4]. 
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Coordination compounds have the greatest application in several fields as 

dyes, color photography, mineral extraction, nuclear fuels, toxicology 

bioinorganic chemistry, medicine, catalysis, ceramics, microelectronics, 

material science, photonics etc. Also, industries dealing with organic 

chemicals, pharmaceuticals, petrochemicals and plastics owe a lot to the 

findings in the field of coordination chemistry [5]. 

1.2 Application of Transition Metals and their Complexes  

Among all the elements in the periodic table, transition metals have in 

general a multitask roles  in terms of their applications related to humanity 

progression and evolution.  Recently, this class of elements has found a 

wide range of application from the aerospace and electronic industries to 

health . 

Metal complexes are attractive in particular organometallic compounds, 

they are coordinated compounds containing  bonds 

between carbon and  metal [6]. 

Organometallic compounds have  properties that make them belong to 

medicinal chemistry like redox reaction and  catalyst effect. 

Organometallic compounds can be used in pharmaceutical industry as 

anticancer, antimalarial, and antibiotics for example the complexes of noble 

metals have found use in the treatment of diseases, such that platinum 

compounds for some types of cancer, gold complexes are used in the 

http://www.wikipedia.org/wiki/Chemical_bonding
http://www.wikipedia.org/wiki/Carbon
http://www.wikipedia.org/wiki/Metal
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treatment of arthritis, and there are a lot of  drugs containing transition 

metal complexes mentioned in (Table 1.1) [7].   

There are many researches concerned about medicinal chemistry of 

organometallic compounds  because they exist basically in our body, here  

there are many examples of these compounds  in human body some of 

these exist in proteins as hemoglobin (RBC protein that transfer oxygen 

from lung to the body tissues) it has iron complexes[8 , 45]. 

Vanadium complexes exist in hemovanadin protein ( protein found in 

blood cells), and copper compounds present in  hepatocuperin protein             

( protein present in liver)[8]. 

Also organometallic compounds  present in human body as hormones like 

Zn complexes, that present in insulin hormone ( hormone produce by 

pancreas to decrease glucose blood level) [8]. 

Also they present in enzymes, like  Molybdenum complexes present in 

xanthine oxidase enzyme ( conversion hypoxanthine to uric acid). And 

Zinc complexes present in Carbonic anhydrase (conversion of CO₂ to 

bicarbonate to maintain acid-base balance in blood) [9, 45]. 
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Table 1.1 Some Biological Uses for Metal-Containing Drugs[7, 8, 45] 

 

1.3 Properties of Some Nobel Transition Metals and their 

influence in Pharmacological  Industries 

Copper 

Copper is considered a bioessential transition metal because many of 

enzymes and hormones depend on copper for their activities. Copper 

complexes have significant role in a pharmacological  industries [45], and 

they have been studied  for many therapeutic purposes, such as 

antimalarial, antibacterial drugs, and antifungal [9], for example the 
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complexes of Cu(II) with Schiff bases derived from 2,6-diacetylpyridine 

and 2-pyridine carboxaldehyde with 4-amino-2,3-dimethyl-1-phenyl- 3-

pyrazolin-5-one show antibacterial and antifungal activities against 

Escherichia coli, Staphylococcus aureus, Klebsiella Pneumoniae, 

Mycobacterium Smegmatis, Pseudomonas aeruginosa, Enterococcus 

cloacae, Bacillus megaterium and Micrococcus leteus [9]. 

Copper has a neuroprotective action since it is used  to treat Alzheimer’s 

disease[10], and recently used as drugs for combat Parkinson’s disease, 

diabetes, amyotrophic lateral sclerosis, inflammatory states (i.e., 

Rheumatoid arthritis), skin wounds, Cardiovascular diseases, and  

Leishmaniasis[11]. Also, copper (II) complexes play a significant role as 

anticancer agents. Especially, when copper complexes containing bi-Schiff 

bases as ligands are effective in reducing tumor size cells, increasing the 

survival of the hosts and delaying of metastasis[12, 45]. 

Copper(II) complexes are concedered  as the most promising alternatives to 

Cisplatin as anticancer drugs, this idea supported by a considerable number 

of research articles describing DNA binding, cytotoxic activities and the 

synthesis of copper(II) complexes [12]. 

Cadmium  

Due to the toxic environmental impact of cadmium there is a substantial 

interest in the coordination chemistry of cadmium complexes, where the 

British Pharmaceutical Codex from 1907 indicates that cadmium iodide 
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(CdI2) was used as a medicine, " for application with chilblains, and  

friction to enlarged joints"[13].  

Also, the mobilization and immobilization of cadmium metal in the 

organisms,  in environment, and in some technical processes ( such as in 

ligand exchange chromatography) have been shown due to the 

complexation of the metal center by chelating  nitrogen donor ligands [14]. 

When searching for the application of these metals above, I have been 

concerned about the Schiff's bases ligand with these metals and their 

biological applications. Cd(L)₂(H₂O)₂].H₂O, for example,  complex has the 

highest potential against Streptomycin, Ampicillina, and Rifampicin, where 

L is salicylidene–4–chlorophenyl–2–aminothiazole [15].  

Another example for the complexes of cadmium with Schiff  base ligand  is 

[Cd(L)(CH₃COO)₂].2H₂O, where L is (N,N'-bis(2-pyridinecarboxalidene)-

1,2-cyclohexanedi-amine (see Figure 1.1), this complex acts as tetradentate 

with the cadmium metal ion [16]. 

 

Figure (1.1): Tetradentate (N,N'-bis(2-pyridinecarboxalidene)-1,2-cyclohexanedi-amine) ligand 
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1.4 Schiff's base ligand 

The studying of Schiff's bases ligand was started in 1864 by Hugo Schiff, 

after that this field of study was named after him. 

1.5 Chemistry of  Schiff's bases ligand 

Schiff's bases are organic compounds arise from condensation of primary 

amines with carbonyl compounds (aldehyde or ketone ) (Dudek, 1966), to 

give azomethine group having this formula  R3R
2
C=NRˡ (Scheme 1.1) and 

also called imine or anils [15]. 

Azomethine or imine groups are present as natural, natural-derived, and 

non-natural. See (Figure1.2) for some examples. 

 

 

Scheme 1.1: The general scheme of formation of a Schiff's base. 

 

 

 

 

http://www.sciencedirect.com/science/article/pii/S2090123210000603#f0010
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Figure 1.2 : Some examples of Schiff's bases. 

The substituents R² and R³ on R³R²C=NRˡ may be alkyl, cycloalkyl, aryl, 

heteroaryl, hydrogen, or heterocyclic groups, and the substituent at the N-

imino (C=N) may be alkyl, aryl,  heteroaryl, hydrogen,  heterocyclic groups 

or metallo. When Rˡ is hydrogen the base is called imine, if  Rˡ is NH₂ it is 

called hydrazone, when it is OH, it is called oxime, and when Rˡ  is 

an organic side chain the structure is called Schiff's base ligand.  

Schiff's bases with aryl substituent are more stable and more easily 

synthesized. While those which contain alkyl substituents are 

comparatively unstable. Also, if contain aliphatic aldehydes the bases are 

relatively unstable and readily polymerizable, while those of aromatic 

aldehydes having effective conjugation are more stable [17]. 
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The presence of a lone pair of electrons in an sp² hybridized orbital of 

nitrogen atom of the azomethine group is considerable chemical and 

biological importance [17,18], particularly those in which the N-atom is a 

part of the aromatic system, when N is part of aromatic system, it shows 

activity in coordination chemistry [18].  

Schiff's bases play significant role in coordination chemistry because of the 

relatively easy during  preparation, and synthetic flexibility. 

Also Schiff's bases act as chelating agents [17,18], they behave as  a 

flexidentate ligand and act as monodentate or polydentate chelating ligand, 

where this chelating ligand gives the complexes extra stability due to 

formation of chelate ring structure with metal atom [17,18].  

1.6 Mechanism of Schiff’s base (Imine) formation 

The first step of formation of imine (C=N) takes place when  the amine 

nitrogen acts as a nucleophile, then attacking  the electrophilic carbonyl 

carbon of aldehydes or ketones. After that, the next step the nitrogen is 

deprotonated, and the electrons from N-H bond push the oxygen off the 

carbon, and  leaving a compound with a C=N double bond, and the water 

molecule displaced (Scheme 1.2). 
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Scheme 1.2: Mechanism of Schiff's base formation. 

1.7 Why Schiff's  bases ligand are attractive ligands 

There are several reasons make these ligands are attractive for forming 

complexes, they are: 

 Schiff 's bases are prepared in good yield through one-step procedures 

via condensation of  aldehydes with  pimary amines. 

 The basicity, chelating  factor,  steric effects and tunable electronic of 

the Schiff's bases play a significant role in the stabilization of  the 

different metals in various oxidation states. 

 Schiff's bases possess similar structural with natural biological 

substances. 
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 Schiff's base complexes having stereochemical models due to their 

structural variety and preparative accessibility [19]. 

 Schiff's bases arise from the pyridyl-N and the hydroxyl groups that 

play an important role in the antibacterial activity[9]. 

 Also the Schiff’s bases produced from aromatic amines with aromatic 

aldehydes, have been known to possess a significant role in biological 

applications like antibacterial, antitumor, antifungal, analgesic and anti--

inflammatory activities [9]. 

 Schiff's base complexes show excellent catalytic activity in several 

reaction in the presence of moisture and at high temperature [17]. 

1.8  Schiff's bases and their complexes 

Recently, the metal complexes of Schiff bases became widely studied due 

to their synthetic flexibility and sensitivity of the ligand towards central 

atoms [20]. 

Also, the general structure R-N=C-R' gives the metal complexes special 

properties in biological activity [9,21]. 

1.9  General method and history of preparation of Schiff's 

bases and their complexes 

We have previously recalled the Schiff's base synthesis that arised from 

condensation of  a primary amine and an aldehyde or ketone under 

azeotropic distillation, and ethanol or methanol were commonly used as 

solvents. That was the classical synthetic method that was reported by 
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Hugo Schiff (1864) [22], where water was previously removed by 

molecular sieves. In 1990s, the elimination of water molecules was 

developed by using dehydrating solvents such as tetramethyl orthosilicate 

or trimethyl orthoformate [23,24]. 

The efficiency of this  method was improved in 2004 by Chakraborti et al  

[25]. The method  dependent on the use of  highly electrophilic carbonyl 

compounds and strongly nucleophilic amines, they proposed an alternative 

use of substances that function as Bronsted- Lowry or Lewis acids to 

activate the carbonyl group of aldehydes, and to catalyze the nucleophilic 

attack by amines, and to dehydrate the system, then the eliminating water 

as the final step [26]. 

1.10 Applications of  Schiff's bases and their metal complexes 

Schiff's bases and their complexes have a wide range of application in food 

industry, dye industry, analytical chemistry,  material science, catalysis, 

fungicidal, agrochemical, potentiometric sensors, and corrosion inhibitor 

[27]. Also, they have a wide application in biological activities including, 

antifungal, antibacterial, antimalarial, antiproliferative, anti-inflammatory, 

antiviral, antipyretic, anticancer and cytotoxic activities [28-32]. 
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1.11 Biological activity of Schiff's bases ligands and their 

complexes 

Recently, the medical field and pharmacological industries get huge 

development and having considerable attention  by researchers due to 

population increase and spreading  a lot of communicable diseases. 

a. Antibacterial and Antifungal activities 

The main essential purpose of the production and synthesis of any 

antimicrobial compound is to inhibit the causal microbe without any side 

effects on the patients. 

In spite of the presence of significant progress in antibacterial and 

antifungal therapies, many problems still to be solved for most 

antimicrobial drugs available. 

For example, amphotericin B,  has strong antifungal activity and its serious 

nephrotoxicity limits its clinical applications [33]. 

The search and development of more effective antifungal agents are 

obligatory, and some Schiff's bases are known to be promising as 

antifungal agents, where Schiff's base complexes having  potential 

antibacterial and antifungal interest. For example, Co(II), Ni(II) and Cu(II) 

complexes with Schiff base 3,3-thiodipropionic acid bis(4-amino-5-

ethylimino-2,3-dimethyl-1-phenyl- 3-pyrazoline) showed antifungal 

activity against Alternaria brassicae, Fusarium Oxysprum and Aspergillus 

niger [34]. 
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b. Antiviral Activities 

The most effective drugs for treatment of Cucumber mosaic virus are the 

silver complexes in oxidation state (I) with  glycine salicylaldehyde Schiff 

base, where this complexes gave effective results up to 74% towards 

C.mosaic virus [9]. 

Also Schiff's bases of  Isatin were reported to possess an antiviral  activities 

[35]. 

c. Antitumor and Cytotoxic Activities 

Cancer is one of the most horrible diseases in the world, it is almost a 

leading cause of death. Currently, one in four deaths in the United States is 

due to cancer [36], and this disease causes over six million deaths in each 

year [37]. 

There is a need for a knowledge of sophisticated design in new  

experimental treatment with drugs that reduce toxicity and improve 

indicators in cancer treatment. Many excellent papers have been published 

during the last decades on the treatment of cancer disease including Schiff's 

bases and their complexes, especially Schiff’s bases derived from various 

heterocyclic systems for example  2-(4-amino-3-methylphenyl)-5-

fluorobenzothiazole exhibited selective and potent anticancer activity 

(Figure 1.3)[38].  
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Figure 1.3:  Benzothiazole derivatives 

1.12  Bacteria and Bacterial Infections 

1.12.1  Escherichia coli 

A gram-negative, rod-shaped bacterium (Fig. 1.4) which  normally lives in 

the intestines of human body and animals [46]. 

Most E. coli strains are inoffensive, as they form part of the normal flora of 

the gut in the body [46]. 

However, some types of  E. coli  in a particular E. coli 0157:H7 have 

caused symptoms of intestinal infection include abdominal pain, diarrhea, 

and fever [39].  

More severe cases can lead to dehydration, bloody diarrhea or kidney 

failure. Some people with weakened immune systems and young children 

are at increased risk for developing these complications. 

The intestinal infections are caused by contaminated water or food, animals 

and their environment [40]. 

 

http://www.healthline.com/health/abdominal-pain
http://www.healthline.com/health/diarrhea
http://www.healthline.com/health/fever
http://www.healthline.com/health/dehydration
http://www.healthline.com/health/kidney-failure
http://www.healthline.com/health/kidney-failure
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Figure 1.4 : Escherichia coli 

1.12.2 Staphylococcus aureus 

A gram-positive bacterium (Figure 1.5). This bacterium is a significant 

pathogen and can cause diseases in humans and animals. It is the leading 

cause of skin infections, such as furuncles and abscesses [41]. 

Where around 500,000 patients in American hospitals contract a 

staphylococcal infection every year [42]. 

Strains of  S.aureusthat  have developed resistance to beta-lactam 

antibiotics are called MRSA ( Methicillin-resistant Staphylococcus aureus ). 

Infections caused by these strains are more difficult in  treatment  with 

standard types of antibiotics and are thus more dangerous [41]. 
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Figure 1.5 : Staphylococcus aureus bacteria 

1.12.3 Pseudomonas aeruginosa 

A gram-negative, aerobic, rod-shaped bacterium (Fig. 1.6), which is found 

in skin flora in human body, water, and soil. 

P.aeruginosa have caused symptoms of  infection including folliculitis,  

hot foot syndrome, and the green nail. 

Compared to other pathogens, P. aeruginosa is considered more difficult to 

eradicate as it displays high resistant to a wide variety of antibiotics [43]. 
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Figure 1.6 : Pseudomonas aeruginosa bacteria 

1.13 Methods of Antimicrobial Susceptibility Testing 

Generally, antimicrobial susceptibility testing methods are divided into 

several types based on the principle applied in each system [47]. These 

methods are listed below in Table 1.2. 
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Table 1.2 :Types of Antimicrobial susceptibility testing methods. 

 

In this study, we are concerned about  MIC (Minimum Inhibitory 

Concentration) method. 

Dilution susceptibility testing methods are used to determine the minimal 

concentration of antimicrobial to kill or inhibit the microorganism. This can 

be achieved through dilution of antimicrobial in an agar or broth media. 

Also, the MIC value is expressed as the lowest concentration of compounds 

which no turbid was analogous with the negative control wells, no growth 

(broth only, without inoculum) [44, 47]. 

1.14 Objectives  

The main objectives of this study are the followings :  

1. To prepare and characterize new novel five types of Schiff's bases ligand 

and their complexes with [CuBr₂, CdCl₂]. 

2. The free ligands and their complexes were subjected to several physical 

measurements such as [ EA, IR, UV-Visible, TG/DTA, NMR ]. 

3. The structures of  L₃ and L₅ were solved by [ X-ray, Single crystal 

measurement to determine their 3D-ORTEP structure. 
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4. The potential of the ligands and their complexes against E. coli, S. 

aureus, P. aeruginosa, and MRSA were studied. 

1.15 Novelty  

The novelty of this work appears in the design of new six tetra and less 

ligands with  N, S  heterocyclic Schiff's bases and their metal complexes 

for the first time, the structure of (N
1
E,N2E)-N

1
,N2-bis((5-

bromothiophen-2-yl)methylene)ethane-1,2-diamine analyzed by XRD 

revealed helix zig zag structure suitable for tetra dentate mononuclear and 

dinuclear metal complexes. 

Also the structure of   

[(N
1
E,N

2
E)-N

1
,N

2
-bis(2-chlorobenzylidene)cyclohexane-1,2-diamine] is 

analyzed by XRD,  this ligand is racemic, in which the cyclohexane ring 

adopts the expected bidentate chair conformation suitable for mononuclear 

and dinuclear metal complexes. So we expected to introduce to the 

literature a novel chemotherapy (antibacterial) drugs.  
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CHAPTER TWO   

MATERIALS AND METHODS 

2.1 Chemicals 

Different chemicals were used in this work. Picolinaldehyde, (R,R)-1,2-

Diaminocyclohexane, ethylenediamine , 3-Bromobezaldehyde, 3-

Chlorobezaldehyde, MgSO₄, CuBr₂.2H₂O, CdCl₂.2H₂O,  and 2-(piperidin-

1-yl)ethanamine were purchased in a pure form from Sigma-Aldrich. 

5-bromothiophene-2-carbaldehyde was purchased from Alfa Aeser. 

Solvents were of  high purity and used as ethanol (95%), dichloromethane, 

n-hexane, methanol, were purchased from FRUTAROM, and diethylether 

was purchased from SDFCL .  

2.2 Methods and Physical Measurements 

Schiff bases' melting points were taken on a Stuart Melting point apparatus 

SMP-3. The  elemental analysis were recorded with an Elementar Varrio 

EL analyzer, TG, DTA, 
1
H and 

13
C-NMR spectra were determined in 

Hashemite University/ Jordan. 

The X-ray structural work was carried out at the Hamdi Mango Center for 

Scientific Research at the University of Jordan / Jordan.  

Fourier transform infrared spectrophotometer (Necolet Is5 - Id3) was used 

to obtain IR-Spectra and Shimadzu (UV-3101DC) UV-VIS-NIR scanning 

spectrometer was used for absorption measurements. Thermal analyses 
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were carried out with TA instrument SDT-Q600 in air. The diffraction data 

was collected at room temperature using an Oxford Xcalibur diffractometer  

(Mo Kα radiation, λ = 0.7107 Å). 

2.3 General procedure for synthesis of [L₁, L₂, L₃, L₄, L₅, L₆] 

and their complexes. 

2.3.1  General procedure to synthesis of the L₁ & L₂.    

L₁ [(E)-2-(piperidin-1-yl)-N-(pyridin-2-ylmethylene)ethanamine]. 

L₂ [(E)-N-(3-bromobenzylidene)-2-(piperidin-1-yl)ethanamine]. 

An 1:1 equimolar ethanolic solution of  2-(piperidin-1-yl)ethanamine and 

the corresponding aldehyde were mixed, where 2-(piperidin-1-

yl)ethanamine was dissolved in ethanol (10 mL) and the mixture was 

stirred and heated gently (50°C) for 10 min, after which a solution of  

aldehyde in ethanol (5 mL) was added dropwise. The reaction mixture was 

refluxed for five hours with constant stirring, the reaction progress was 

monitored by thin-layer chromatography. The resulting mixture was 

concentrated in vacuo with constant stirring. Upon completion of the 

reaction, the mixture was cooled at room temperature and the solid 

obtained was filtered and washed with  n-hexane. Then the solid product 

was dissolved in 25mL CH₂Cl₂, and 25 mL of distilled water were added 

with shaking in separatory funnel. This results in two layers, the organic 

layer was separated and 2.0g anhydrous of MgSO₄ was added to this 

organic layer for drying, the purified ligand left at room temperature to 
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remove the solvent, then the solid product was recrystallized from ethanol 

(95%). The structure of  two ligands are given in Scheme 2.1, and Scheme 

2.2. 

 

Scheme 2.1: The chemical reaction of Schiff's base ligand (L₁). 

 

 

Scheme 2.2: The chemical reaction of Schiff's base ligand (L₂) 

2.3.2 General procedure to synthesis of L₃ (N¹E,N²E)-N¹,N²-Bis(2-

chlorobenzylidene )- cyclohexane-1,2-diamine. 

 (R,R)-1,2-Diaminocyclohexane (1eq) was dissolved in ethanol (10 ml) and 

the mixture was stirred and heated gently (50 °C) for 10 min, after which a 

solution of 2-chlorobenzaldehyde (2 equivalents) in ethanol (5mL) was 

added dropwise. The stirred reaction mixture was refluxed for five hours, 

and the reaction progress was monitored by thin-layer chromatography. 
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The resulting mixture was concentrated in vacuo with constant stirring. 

Upon completion of the reaction, the mixture was cooled at room 

temperature and the solid obtained was filtered and washed with  n-hexane. 

Then the solid product was dissolved in 25mL CH₂Cl₂, and 25 mL of 

distilled water were added with shaking in separatory funnel. This results in 

two layers, the organic layer was separated and 2.0g anhydrous of  MgSO₄ 

was added to this organic layer for drying, the purified ligand left at room 

temperature to remove the solvent, then the solid product was recrystallized 

from ethanol (95%). The structure of ligand is given in Scheme 2.3. 

 

Scheme 2.3: The chemical reaction of Schiff's base ligand (L₃) 

2.3.3 General procedure for synthesis of L₄, L₅, and L₆. 

L₄ (N1
E,N

2
E)-N

1
,N

2
-bis(3-bromobenzylidene)ethane-1,2-diamine. 

L₅ (N
1
E,N

2
E)-N

1
,N

2
-bis((5-bromothiophen-2-yl)methylene)ethane-1,2-

diamine. 

L₆ (N1
E,N

2
E)-N

1
,N

2
-bis(2-chlorobenzylidene)ethane-1,2-diamine. 

A 1:2 molar ratio ethanolic solution of ethylenediamine and the 

corresponding aldehyde were mixed  together,  where  ethylenediamine  
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was dissolved in ethanol  (10 mL) and the mixture was stirred and heated 

gently (50 °C) for 10 min, after which a solution of  aldehyde  in ethanol (5 

mL) was added dropwise. The reaction mixture was refluxed for five hours 

with constant stirring, the reaction progress was monitored by thin-layer 

chromatography. The resulting mixture was concentrated in vacuo with 

constant stirring. Upon completion of the reaction, the mixture was cooled 

at room temperature and the solid obtained was filtered and washed with  

n-hexane. Then the solid product was dissolved in 25mL CH₂Cl₂, and 25 

mL of distilled water were added with shaking in separatory funnel. This 

results in two layers, the organic layer was separated and 2.0g anhydrous of  

MgSO₄ was added to this organic layer for drying, the purified ligand left 

at room temperature to remove the solvent, then the solid product was 

recrystallized from ethanol (95%). The structure of  ligands L4, L5, and L6 

are given in Scheme 2.4, Scheme 2.5, and Scheme 2.6 respectively. 

 

 

Scheme 2.4: The chemical reaction of Schiff's base ligand (L₄). 
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Scheme 2.5: The chemical reaction of Schiff's base ligand (L₅). 

 

 

Scheme 2.6: The chemical reaction of Schiff's base ligand (L₆) 

2.3.4 General procedure for synthesis the Copper (II) and  

Cadmium(II) complexes    

2.3.4.1 General procedure for synthesis the Copper (II) complexes  

 A solution of copper bromide dihydrate dissolved in (10 mL) of absolute 

ethanol was added to solution of  the corresponding  ligand dissolved in (15 

mL) of absolute ethanol. The mixture was refluxed with stirring for four 

hours until the color appear, the reaction mixture was cooled and the 

solvent was removed in vacuo. The obtained solid was washed several 
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times with diethyl ether and recrystallized from hot ethanol then left at 

room temperature. 

2.3.4.2 General procedure to synthesis the Cadmium(II) complexes 

A solution of  cadmium chloride dihydrate dissolved in (10 mL) of absolute 

ethanol was added to solution of the corresponding  ligand dissolved in (15 

mL) of absolute methanol. The mixture was refluxed with stirring for ten 

hours, the reaction mixture was cooled and the solvent was removed in 

vacuo. The obtained solid was washed several times with diethyl ether and 

recrystallized from hot methanol then left at room temperature. 
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Chapter Three 

Results and Discussion 

3.1  Physical data of the prepared Ligands 

All the physical data of the prepared ligands L₁ -L₆ were listed in Table 

3.1. 
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Table 3.1 : Physical and Elemental analysis of the Ligands. 

Compound 

 

Molecular 

Formula 

Colour Yield% M.P M wt. 

g/mol 

Elemental analysis (found) 

 

 

Elemental analysis (calculated) 

%C %H %N %Cl %Br %S 

L₁ C₁₃H₁₉N₃ golden 

brown 

75.5% L 217.3 71.47 8.99 19.54 - - - 

71.85 8.81 19.34    

L₂ C₁₄H₁₉BrN₂ pale 

yellow 

80.5% L 295.22 57.22 6.04 9.55 - 27.19 - 

56.96 6.49 9.49  27.07  

L₃ C₂ₒH₂ₒCl₂N₂ colorless 85.0% 96 359.29 66.98 5.74 8.22 19.06 - - 

66.86 5.61 7.80 19.73   

L₄ C₁₆H₁₄Br₂N₂ hay 

colour 

80.3% 85.5 394.10 48.38 3.41 7.63  40.36 - 

48.76 3.85 7.11 - 40.55  

L₅ C₁₂H₁ₒBr₂N₂S₂ colorless 75 % 105 406.16 35.68 

 

2.36 6.35 

 

 

- 

40.11 

 

15.5 

35.49 2.48 6.9 - 39.35 15.79 

L₆ C₁₆H₁₄Cl₂N₂ white 84.4% 92.5 305.20 63.32 4.85 9.01 22.82 - - 

62.97 4.62 9.18 23.23   
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3.2 Ligands Synthetic Investigations 

3.2.1  Investigation about synthesis (L1) 

i.  [(E)-2-(piperidin-1-yl)-N-(pyridin-2-ylmethylene) ethanamine] was 

synthesized by condensation of 2-(piperidin-1-yl) ethanamine ( 0.5g, 3.9 

mmol)with picolinaldehyde (0.42g, 3.9mmol) in ethanolic solution in 

75.5% yield, as shown in Scheme 3.1. The structure was determined by 

IR, 
1
H-NMR, and 

13
C-NMR spectroscopy. 

C6H5NO      +     C7H16N2              C₁₃H₁₉N₃    +   H2O 

Scheme 3.1: The chemical equation of Schiff's base ligand (L₁). 

ii. Oily golden brown product was collected, and washed the ligand several 

times with distilled water, n-hexane, where it is still in the oily product 

form. 

iii. L₁ chelating ligand, served as polydentate’s chelating ligand towards 

CuBr₂ complex formations through lone pairs of electrons on three 

nitrogen atoms. 

iv. The formed ligand is stable in air and soluble in common organic 

solvents like chlorinated solvents, methanol and ethanol, and insoluble 

in water, n-hexane or ethers. 
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3.2.2 Investigation about synthesis L2 

[(E)-N-(3-bromobenzylidene)-2-(piperidin-1-yl)ethanamine]  

was synthesized by condensation of  2-(piperidin-1-yl)ethanamine (0.5g, 

3.9 mmol) with 3-bromobenzaldehyde (0.72, 3.9mmol) in ethanolic 

solution in 80.5% yield, as shown in Scheme 3.2. The structure was 

determined by IR, 
1
H-NMR, and 

13
C-NMR spectroscopy. 

C7H5BrO     +     C7H16N2            C₁₄H₁₉BrN₂   +    H2O 

Scheme 3.2: The chemical equation of Schiff's base ligand (L2). 

i. Oily pale yellow compound was collected and purified by washing 

with distilled water, n-hexane, then dissolving it in a small quantity 

of dichloromethane and left at room temperature to give a pure solid 

compound. 

ii.  L₂ chelating  ligand, served as polydentate’s chelating  ligand 

towards CdCl₂ and CuBr₂ complexes formation through lone pairs of 

electrons on two nitrogen atoms. 

iii. The formed ligand is stable in air and soluble in common organic 

solvents like chlorinated solvents, methanol and ethanol, and 

insoluble in water, n-hexane or ethers. 

3.2.3 Investigation about synthesis L3 

i.  [(N1
E,N

2
E)-N

1
,N

2
-bis(2-chlorobenzylidene)cyclohexane-1,2-

diamine] was synthesized by condensation of (R,R)-1,2-
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diaminocyclohexane (0.5g, 4.38mmol ) with 2-chlorobenzaldehyde 

(0.6g, 4.38mmol) in ethanolic solution in  85.0% yield, as shown in 

Scheme 3.3. The structure was determined by IR, 
1
H-NMR, and 

13
C-

NMR spectroscopy. 

C7H5ClO      +     C6H14N2            C20H20Cl₂N₂  +    H2O 

Scheme 3.3: The chemical equation of Schiff's base ligand (L3). 

ii. The  compound was collected and purified by washing with distilled 

water, n-hexane, then dissolving it in a small quantity of 

dichloromethane and left at room temperature to give a pure solid 

compound, then recrystalized from ethanol (95%) to produce colorless 

pure crystal  for single-crystal X-ray diffraction analysis. 

iii. This compound is racemic, in which the cyclohexane ring adopts the 

expected chair conformation [37]. 

iv. L₃ chelating  ligand,  served as polydentate’s chelating ligand through 

lone pairs of electrons on two nitrogen atoms. 

 

v. The formed ligand is stable in air and soluble in common organic 

solvents like chlorinated solvents, methanol and ethanol, and insoluble 

in water, n-hexane or ethers. 
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3.2.4 Investigation about synthesis L4 

i.  [(N1
E,N

2
E)-N

1
,N

2
-bis(3-bromobenzylidene)ethane-1,2-diamine] was 

synthesized by condensation of ethylenediamine (0.3g, 5mmol ) (1eq) 

with 3-bromobenzaldehyde (1.8g, 10mmol) (2eq) in ethanolic solution 

in 80.3% yield, as shown in Scheme 3.4. The structure was determined 

by IR, 
1
H-NMR, and 

13
C-NMR spectroscopy. 

C7H5BrO      +      C2H8N2             C₁₆H₁₄Br₂N₂ +    H2O 

Scheme 3.4: The chemical equation of Schiff's base ligand (L4). 

i. The hay colored compound was collected and purified by washing with 

distilled water, n-hexane, then dissolving it in a small quantity of 

dichloromethane and left at room temperature to give a pure solid 

compound. 

ii.  L₄ chelating ligand, having the symmetry in structure, served as 

polydentate’s chelating ligand towards CuBr₂ complex formations 

through lone pairs of electrons on two nitrogen atoms. 

iii. The formed ligand is stable in air and soluble in common organic 

solvents like chlorinated solvents, methanol and ethanol, and insoluble in 

water, n-hexane or ethers. 

3.2.5  Investigation about synthesis L5 

i. [(N
1
E,N

2
E)-N

1
,N

2
-bis((5-bromothiophen-2-yl)methylene)ethane-1,2-

diamine] was synthesized by condensation of  ethylenediamine  (0.3g, 

5mmol) (1eq) with 5-bromothiophene-2-carbaldehyde (1.9g, 10mmol) 
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(2eq) in ethanolic solution in  88.2% yield, as shown in Scheme 3.5. 

The structure was determined by IR, 
1
H-NMR, and 

13
C-NMR 

spectroscopy. 

ii. The colorless compound was collected and purified by washing with 

distilled water, n-hexane, then dissolving it in a small quantity of 

dichloromethane and left at room temperature to give pure solid 

compound, then recrystalized from ethanol (95%) to produce colorless 

pure crystal for single-crystal X-ray diffraction analysis. 

C5H3BrSO    +     C2H8N2              C₁₂H₁ₒBr₂N₂S₂+    H2O 

Scheme 3.5: Scheme 2.1: The chemical equation of Schiff's base ligand 

(L5). 

iii.  L₅ chelating ligand, having the symmetry in structure, served as 

polydentate’s chelating ligand towards CdCl₂ and CuBr₂ complexes 

formation through lone pairs of electrons on two nitrogen atoms and  lone 

pairs of electrons on two sulfur atoms. 

iv. The formed ligand is stable in air and soluble in common organic 

solvents like chlorinated solvents, methanol and ethanol, insoluble in water, 

n-hexane or ethers. 

3.2.6  Investigation about synthesis L6 

i.  [(N
1
E,N

2
E)-N

1
,N

2
-bis(2-chlorobenzylidene)ethane-1,2-diamine] 

was synthesized by condensation of  Etylenediamine (0.3g, 5mmole) 

with 3-chlorobenzaldehyde (1.4g, 10mmol)(2eq) in ethanolic 
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solution in  84.4 % yield, as shown in Scheme 3.6. The structure was 

determined by IR, 
1
H-NMR, and 

13
C-NMR spectroscopy. 

C7H5ClO       +      C2H8N2                      C₁₆H₁₄Cl₂N₂+    H2O 

     Scheme 3.6: The chemical equation of Schiff's base ligand (L6). 

ii. White  powder compound was collected and purified by washing 

with distilled water, n-hexane, then dissolving in a small quantity of 

dichloromethane and left at room temperature to give a pure solid 

compound. 

iii.  L₆ chelating ligand, having the symmetry in structure, served as 

polydentate’s chelating ligand towards CuBr₂ complex formations 

through lone pairs of electrons on two nitrogen atoms.  

iv. The formed ligand is stable in air and soluble in common organic 

solvents like chlorinated solvents, methanol and ethanol, and 

insoluble in water, n-hexane or ethers. 

3.3 Complexes Synthetic Investigations 

3.3.1 Copper Complexes synthesis 

All of the copper (II) complexes were prepared by mixing an ethanolic 

solution of CuCl₂.2H2O salt and an ethanolic solution of  the corresponding 

ligand, with a ligand to metal molar  ratio 1:1. The solid mass was 

collected, washed with diethyl ether and dried over anhydrous calcium 

chloride in a desiccator. All of the copper (II) complexes were dark green 
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and  these complexes were determined by spectroscopic means  IR and 

UV-Visible. 

3.3.2 Cadmium Complexes synthesis 

All of the cadmium(II) complexes were prepared by mixing a methanolic 

solution of CdCl₂.2H2O salt and a methanolic solution of the corresponding 

ligand, with a ligand to metal molar ratio 1:1.The solid mass was collected, 

washed with diethyl ether and dried over anhydrous calcium chloride in a 

desiccator. All of the complexes of Cd(II) were colorless and these 

complexes were determined by spectroscopic means IR and UV-Visible. 

3.4 Spectroscopic analysis  

3.4.1 IR Spectra Investigations  

The IR spectra of the ligands displayed more or less strong intensity bands 

in the 4,000 - 400 cm   ˡ range. 

The IR spectra of  the corresponding ligands have been examined in 

comparison with the spectra of the starting materials (1°amine, and  

carbonyl compound).  

The IR spectra of  the desired ligands in particular show main three sets of 

characteristic absorptions, ν C=N, ν N-H, and ν C–H aromatic. 

The IR spectra of the ligands and their complexes were recorded by using 

ATR- Fourier transform infrared spectrophotometer (Necolet Is5 - Id3) at 

room temperature.  
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3.4.1.1 The general investigations about free ligands spectra : 

 The vibration of carbonyl ν C=O in the spectra of aldehyde shifted to 

low frequency when the ligand formation, this indicate to the formation 

of azomethine group (C=N). 

 The ν N-H in the primary amine spectra  disappeared in the spectra of  

ligand. 

 The  ν C=C of aromatic system shifted to low frequency in the ligand 

spectra. 

 The ν CH₂ shifted to low frequency in the ligands spectra. 

All other functional groups vibrations are also mentioned.  

3.4.1.2 The general investigations about metal complexes with ligand 

spectra :  

 The shifting of the azomethine group –C=N to the lower frequency in 

all the metal complexes when compared to free ligand, suggests the 

coordination of metal ion through nitrogen atom of azomethine group. It 

is expected that coordination of nitrogen to the metal atom would reduce 

the electron density in the azomethine link and thus lower the –C=N 

absorption.  

 The frequencies of ν C=C , ν CH₂, ν CH are also lowered. 

 New appearances of  ν M-N or ν M-S bond in the region (400- 600)   

cm
-1

, where this appearance of  ν M-N & ν M-S vibrations support the 
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involvement of  N or S atoms in complexation with metal ions under 

investigation .  

3.4.1.3   IR spectrum of  L1 

 In the spectrum of Picolinaldehyde the major band at 1707.4cm   ˡ is 

related to carbonyl vibration ν C=O, and we observe a small peak at 

3414cm   ˡ  as an overtone the C=O vibration; a frequency of about twice 

that of ν C=O vibration. 

  The aromatic (C-H) vibration appear at 3055.3 cm   ˡ . 

 Aldehyde (C-H) vibration appear at  2821.1cm   ˡ. 

 1583.7cm   ˡ indicate to ring  (C=C) vibration. 

 In the spectrum of 2-(piperidin-1-yl)ethanamine, the major peak appears 

3266.2 cm   ˡ which is related to N-H bond vibration, and 2934, 2802cm
-

1
 are related to aliphatic ν C-H bond. 

 In the spectrum of L₁, we observe a major peak at 1647.9 cm   ˡ  which is 

related to azomethine group C=N, and the peak of N-H bond 

disappeared [39,40]. And the broad band at 3321.5 cm   ˡ indicates 

presence of water molecule, as shown in Figure 3.1. 
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Figure 3.1 : IR spectrum of L₁ 
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3.4.1.4 IR spectra of  L2 

 In the spectrum of 3-bromobenzaldehyde, the major band appears at 

1690.8 cm   ˡ that is related to carbonyl vibration ν C=O ( the low value 

is due to conjugation of C=O with the aromatic ring, where is the 

normal aldehyde appears at 1710 cm
-1

) , we observe a small peak at 

3381cm   ˡ as an overtone of the C=O vibration; a frequency of about 

twice that of ν C=O vibration. 

 The aromatic (C-H) vibration appear at 3062.4 cm   ˡ . 

 Aldehyde (C-H) vibration appear at  2828, 2729 cm   ˡ. 

 1570.3 cm   ˡ indicate to ring  (C=C) vibration. 

 In the spectrum of 2-(piperidine-1-yl)ethanamine a major peak appears 

at 3265.8 cm   ˡ which is related to N-H band vibration. The bands at 

2934, 2802 cm   ˡ are related  to aliphatic ν C-H bond. 

 In the spectrum of L₂, we observe a major peak at 1645 cm   ˡ  that is 

related to azomethine group C=N, and the disappearance of N-H peak, 

as shown in Figures 3.2, 3.3, and 3.4. 
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Figure 3.2 : IR spectrum of L₂ 

 

Figure 3.3 : IR spectrum of L₂, the region (2800-3400) cm   ˡ 
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Figure 3.4 : IR spectrum of L₂, the region (1500-2000) cm   ˡ 

3.4.1.5 IR spectrum of L3 

 In the spectrum of 2-chloroobenzaldehyde the major band at 1695.4 cm
-

1 
for carbonyl vibration ν C=O ( the low value is due to conjugation of 

C=O with the aromatic ring, where is the normal aldehyde appears at 

1710 cm
-1

). 

 The aromatic (C-H) vibration appear at 3066.9 cm
-1

. 

 Aldehyde (C-H) vibration appear at 2833 cm   ˡ and 2729 cm   ˡ. 

 1572.2 cm   ˡ is related to ring  (C=C) vibration. 

 In the spectrum of (R,R)-1,2-Diaminocyclohexane, the appearance of a 

major peak at 3280.9 cm   ˡ  indicates the presence N-H bond. Two peaks 

at 2919, 2852 cm   ˡ  respectively are related to C-H bond. The 
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absorption band at 3357.2 cm   ˡ indicates the presence of water 

molecule. 

 In the spectrum of  L3, we observe a major peak at 1654.2 cm   ˡ 

indicates to azomethine group ν C=N. and the disappearance of N-H 

peak, as shown in Figure (3.5). 

 

 

 

 

 

 



44 

 

Figure 3.5 : IR spectrum of L₃ 
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3.4.1.6 IR spectra of L4 

 In the spectrum of 3-bromobenzaldehyde, the major band at 1690.8 cm
-1

 

for carbonyl vibration  ν C=O ( the low value is due to conjugation of 

C=O with the aromatic ring, where is the normal aldehyde appears at 

1710 cm
-1

). 

 The aromatic (C-H) vibration appear at 3062.4 cm   ˡ. 

 Aldehyde (C-H) vibration at  2828, 2729 cm   ˡ. 

 1570.3 cm   ˡ  refers to ring  (C=C) vibration. 

 In the spectrum of ethylenediamine, a major peak that appears at 3280.9 

cm   ˡ is related to N-H bond vibration. Two peaks appear at 2920, 

2849cm   ˡ respectively are related C-H vibration. The band that appears 

at 3356.6 cm
-1

 indicates the presence of water molecules. 

 In the spectrum of L₄, we observe a major peak at 1640.6 cm   ˡ that is 

related to azomethine group ν C=N, and the disappearance of N-H peak 

as shown in Figures 3.6, 3.7, and 3.8. 
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Figure 3.6 : IR spectrum of L₄ 

 

Figure 3.7 : IR spectrum of L₄ ,the region (2500-3500) cm   ˡ 
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Figure 3.8 : IR spectrum of L₄, the region (1500-1800) cm   ˡ 

3.4.1.7 IR spectrum of  L5 

 In the spectrum of 5-bromothiophene-2-carbaldehyde the major band at 

1657.8 cm   ˡ  for carbonyl bond ν C=O (the normal carbonyl appear at 

1710 cm   ˡ, due to conjugation the band appear at the lower frequency 

than normal ). 

 The aromatic C-H vibration  appear at 3094.4 cm   ˡ. 

 Aldehyde C-H vibration appear at 2830cm   ˡ, 2777 cm   ˡ. 

 1522.4 cm   ˡ is related to ring (C=C) vibration. 
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 In the spectrum of ethylenediamine a major peak at 3280.9 cm
-1

 indicate 

to N-H vibration. Two peaks at 2920, 2849cm
-1

 are related to C-H 

vibration. The absorption band at 3356.6 cm   ˡ indicates the presence of 

water molecules as shown in Figure 3.9. 

 In the spectrum of L₅, we observe a major peak at 1628 cm   ˡ which is 

related to azomethine group C=N, and the disappearance of  N-H peak 

as shown in Figure 3.9.  

 

Figure 3.9 : IR spectrum of L₅ 
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3.4.1.8  IR spectrum of L6 

 In the spectrum of  3-chlorobenzaldehyde a major band appears at 

1694.4 cm   ˡ  that is related to carbonyl vibration ν C=O ( the low value 

is due to conjugation of C=O with the aromatic ring, where is the 

normal aldehyde appears at 1710 cm
-1

), we also observe a small peak at 

3392 cm   ˡ as an overtone of the C=O vibration; a frequency of about 

twice that of ν C=O vibration.. 

 The aromatic C-H vibration  appear at 3065.9 cm   ˡ. 

 Aldehyde C-H vibration appear at 2832 cm   ˡ, 2728 cm   ˡ. 

 Two peaks appeare at 1591.3, 1572.1 cm   ˡ  are related to ring  (C=C) 

bond.  

 In the spectrum of ethylenediamine a major peak appears at 3280.9 cm   ˡ  

that is related to ν N-H vibration. The bands at 2920, 2849 cm-1 are 

related to C-H vibration. And 3356.6 cm-1 indicates the presence of 

water molecules. 

 In the spectrum of L₆, we observed a major peak at 1648.8 cm   ˡ that is 

related to azomethine group C=N, and the disappearance of N-H peak as 

shown in Figure 3.10.  
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Figure 3.10 : IR spectrum of L₆ 
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3.4.2 UV-VISIBLE Spectra Investigations 

The rise of the electronic absorption bands in the UV/Visible spectra of  the 

complexes are resulted  from the electronic transitions between the energy 

levels. 

The electronic absorption spectral data is very helpful in the explanation of  

ligands and the metal complexes. The Schiff base ligand shows the 

absorption on π- π* and n-π* transitions, which give bands at (200 nm- 360 

nm). For Cu(II) complex, the spectra show bands at (400 nm- 800 nm), and 

for Cd(II) complex, the spectra show bands at (200nm- 300nm), where the 

electronic spectra of the Cadmium ion complexes had shown no electronic 

transfer within the d → d orbital as the 3d has 10 electrons . 

The structure around the central transition metal can be estimated 

depending on their electronic transfer. So in LCuBr₂ complexes five 

coordination number through N or S atoms electron donors in the backbone 

of the ligand, expect to control the structural formula of two expected 

structures square pyramid or trigonal bipyramidal structure. In LCdCl₂ 

complexes only tetrahedral structure are expected.  

The electronic absorption spectrum of the designed ligand and their 

complexes was carried out in (95% ethanol) at room temperature. 

3.4.2.1 UV-Visible spectrum of  L₂ 

The visible spectrum of the Cu(II) complex with L₂ was obtained at 

concentration (10  ⁴ M) with the maximum absorption at 740 nm. It can be 
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assigned to (d to d) electron transition or LMCT [42], and the ligand 

exhibit no signal in the visible region as shown in Figure 3.11. 

The appearance of  λmax  at 740 nm  by addition L₂ to CuBr₂ confirmed 

the five coordination complexes formation as shown in Chart 3.1. 

The changes in the solubility and color (by eyes), confirmed a non cationic 

formation of such complex.  

 

Figure 3.11: UV-Visible spectrum of L₂ (a), and  L₂CuBr₂ (b). 
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In the UV region, the ligand that displayed transition at 215 nm may be 

assigned for π to π* aromatic rings transitions.  And the absorption band at 

250 nm may be assigned to the n– π* electronic transition associated with 

the C=N linkages as shown in Figure 3.12. 

 

 

Figure 3.12: UV-Visible spectrum of L₂ 
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Chart 3.1 : Expected formula of L₂CuBr₂ depending on UV-Visible spectra 

3.4.2.2 UV-Visible spectra of L4 

3.4.2.2.1 UV-Visible spectrum of  Free L₄ and its complex with CuBr₂ 

In the UV region, the ligand that displayed transition at 210 nm may be 

assigned for π to π* aromatic rings transitions. And the absorption band at 

248 nm may be assigned to the n– π* electronic transition associated with 

the C=N linkages as shown in Figure 3.13. 

The ligand displayed typical ligand-centered π–π* transitions at 210 nm 

and 248 nm for n- π* respectively. Upon coordination with metal ions, 

there are minor changes of these bands. The visible spectrum of the desired 

complex was obtained at higher concentration (10  ⁴M) with the maximum 

absorption at 570 nm, it can be assigned to d to d electron transition and the 

maximum absorption at 380 nm was assigned to LMCT, as shown in 

Figure 3.13. 
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The appearance of λmax at 570 nm by addition of L₄ to CuBr₂ confirmed 

the five coordination complexes formation as shown in Chart 3.2. 

The changes in the solubility and color (by eyes), confirmed a non cationic 

formation of such complex.  

 

 

Figure 3.13: UV-Visible spectrum of the L₄ (a), L₄CuBr₂ (b) 
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Chart 3.2 : Expected formula of L₄CuBr₂ depending on UV-Visible spectra 

3.4.2.2.2 UV-Visible spectrum of  Free L₄ and its complex with CdCl₂ 

When preparing L₄CdCl₂ complex, no significant change in UV-Vis 

behaves for Cd(II) complexes ( no electronic transfer within the d → d 

orbital as the 3d has 10 electrons). 

In the UV region, the ligand displayed  transition  at 210 nm may be 

assigned for π to π* aromatic rings transitions. The absorption band at 248 

nm may be assigned to the n– π* electronic transition associated with the 

C=N linkages as shown in Figure 3.14. 
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Figure 3.14: UV-Visible spectrum of  L₄(a), and L₄CdCl₂ (b). 

3.4.2.3 UV-Visible spectra of L₅ 

3.4.2.3.1 UV-Visible spectrum of Free ligand and L₅ with CuBr₂ 

In the UV region, the ligand displayed π–π* transition at high wavelength  

295nm due to delocalization of the electrons on ligand, while the other 

bidentate show expected electron transfer by 70-90 nm lower. 

Upon coordination with metal ions, there are minor changes of these bands. 

The visible spectrum of the desired complex was obtained at higher 

concentration (10  ⁴ M) with the maximum absorption above 800 nm due to 

delocalization of electrons on ligand where the ligand act as tetradentate  

chelating ligand with metal ion through two nitrogen and two sulfur atoms, 

as shown in Figure 3.15. 
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L5 with four donor atoms (2N and 2S ) is tetradentate ligand so it has 

special UV-VIS absorbance behavior. Due to the tetradentate of this ligand 

the expected d-d electron transfer was shifted to higher wavelength > 800 

nm and this is due to the coordination of  2N and 2S to the Cu center as 

shown in Chart 3.3.  

In this complex, the dicationic complex formation was confirmed by UV-

VIS and water solubility formation. 

 

 

Figure 3.15: UV-Visible spectrum of L₅ (a),  L₅CuBr₂(b) 



59 

 

Chart 3.3 : Expected formula of L₅CuBr₂ depending on UV-Visible spectra 

3.4.2.3.2  UV-Visible spectrum of Free ligand and L₅ with CdCl₂ 

When preparing L₅CdCl₂ complex, no significant change in UV-Vis 

behaves for Cd(II) complexes ( no electronic transfer within the d → d 

orbital as the 3d has 10 electrons). 

In the UV region, the ligand displayed π–π* transition at higher wavelength  

(295nm) due to delocalization of electron in the ligand while the other 

bidentate show expected electron transfer by 70-90 nm lower, as shown in 

Figure 3.16. 
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Figure 3.16: UV-Visible spectrum of L₅(a),  L₅CdCl₂ (b). 

3.4.2.4 UV-Visible spectrum of L6 

In the UV region, the ligand displayed typical ligand-centered π–π* 

transition at 250 nm. Upon coordination with metal ions, there are minor 

changes of these bands. The visible spectrum of the desired complex 

L₆CuBr₂ was obtained at higher concentration (10  ⁴ M) with the maximum 

absorption at 600 nm that can be assigned MLCT, as shown in Figure 3.17. 

The appearance  λmax  at 600 nm  by addition L₆ to CuBr₂ confirm the five 

coordination complexes formation. 

The changes in the solubility and color (by eyes), confirmed a non cationic 

formation of such complexes. 
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Figure 3.17: UV-Visible spectrum of L₆ (a),  L₆CuBr₂ (b). 

3.4.3 1
H- NMR  investigations of Schiff's bases L₁-L₆  

The
1
H- NMR spectra of free ligands were recorded at room temperature by 

using CDCl₃ as a solvent, where these spectra are listed below. 

In general the ligand revealed three types of 
1
H- NMR, aliphatic regions in 

2-3.5 ppm, the phenylic protons in 7-8 ppm and aldehyde proton in 8-12  

ppm. 

3.4.3.1 1
H- NMR spectra of L₁ 

The ˡH-NMR spectrum Figure (3.18) of the Schiff base (1) showed that the 

signals in 3.747-3.868 ppm are related to methylene protons in two 

different environments.   
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The signals in 2.947-2.450 ppm are related to (h,i and j) protons of the 

piperidine ring. The (D-X ) exchange between imine -CH=N proton and 

deuterium of chloroform gives the broad peak  at 5.009 ppm . 

The signal at 8.59 ppm was assigned to the proton of imine -CH=N group. 

Signals in the region 7.578 -8.35 ppm were related to the aromatic protons 

(b, c, d and e ).  

 

Figure 3.18 : ˡH-NMR spectrum of L₁ 
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Figure 3.19 : ˡH-NMR spectrum of L₁, the region (2-4.5)ppm. 

 

 

Figure 3.20 : ˡH-NMR spectrum of L₁, the region (7-9)ppm. 
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3.4.3.2  ¹H-NMR spectrum of  L₂ 

The ¹H-NMR spectrum  Figure (3.21) of  the Schiff 's base (2) showed 

that:  The signals at 2.791-1.200 ppm are related to (h,i and j) protons of 

the piperidine ring.  

The signals in 3.623-3.785 ppm were related to methylene protons in two 

different environments. 

The (D-X ) exchange between imine -CH=N proton and deuterium of 

chloroform gives the signal at 5.29 ppm. 

Multiplet Signals in the region 7.608-7.894 ppm were related to the 

aromatic protons (b, c, d, and e). 

The signal at 8.223 ppm was related to the proton of  imine -CH=N group.   

 

Figure 3.21 : ˡH-NMR spectrum of L₂ 
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Figure 3.22 : ˡH-NMR spectrum of L₂, the region (0-3)ppm. 

 

Figure 3.23 : ˡH-NMR spectrum of L₂, the region (7-8.3)ppm 
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3.4.3.3 ¹H-NMR spectrum of  L₃ 

The ¹H-NMR spectrum Figure (3.24) of the Schiff's base (3) where L₃ is 

symmetrical compound having the plane of symmetry. 

The signal at 1.477 ppm was assigned to protons of methane proton b, 

1.88ppm for methylene protons c and 3.4ppm for methylene protons d. 

The signals in  7.181-7.911 ppm were assigned to the aromatic protons ( e, 

f, g, and h ). The signal at 8.632 ppm was assigned to the proton of  imine -

CH=N group. 

 

Figure 3.24 : ˡH-NMR spectrum of L₃ 
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3.4.3.4   ¹H-NMR spectra of L₄ 

The ¹H-NMR spectrum Figure (3.25) of the Schiff's base (4) where L₄ is 

symmetrical compound having the plane of symmetry. 

The signal at 3.089 ppm was assigned to methylene protons a. Signals in 

the region 7.253-7.904-ppm were assigned to the aromatic protons (c, d, e 

and f ). 

The signal at 8.229 ppm was assigned to the proton of  imine -CH=N 

group.  

 

Figure 3.25 : ˡH-NMR spectrum of L₄ 
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Figure 3.26 : ˡH-NMR spectrum of L₄, the region (7-8.3) ppm 

3.4.3.5   ¹H-NMR spectrum of  L₅ 

The ¹H-NMR spectrum Figure (3.27) of the Schiff's base (5), where L₅ is 

symmetrical compound having the plane of symmetry. 

The signal at 3.9 ppm was assigned to protons of methylene proton a. The 

signals at 6.99 ppm were assigned to the aromatic protons (c and d). And 

the signal at 8.198 ppm was assigned to the proton of imine -CH=N group.  
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Figure 3.27 : ˡH-NMR spectrum of L5 

3.4.3.6  ¹H-NMR spectrum of L₆ 

The ¹H-NMR spectrum Figure (3.28) of the Schiff's base (6) where L6 is 

symmetrical compound having the plane of symmetry. 

The signal at 3.995 ppm was assigned to protons of methylene proton a. 

The signals in the region 7.753-7.284 ppm were assigned to the aromatic 

protons (c and d). The signal at 8.251 ppm was assigned to the proton of  

imine -CH=N group.  
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Figure 3.28 : ˡH-NMR spectrum of L₆ 

3.4.4   ˡ³C-NMR  investigation 

The ˡ³C-NMR spectra of the designed ligands L₁-L₆ have been recorded in 

CDCl3 solution at room temperature, the spectral data confirms the
 1

H-

NMR spectral results. In all ˡ³C-NMR spectra, the number of signals 

corresponds to the number of magnetically non-equivalent carbon atoms in 

the ligand. 

In ˡ³C-NMR  spectra the state of hybridization is the dominating factor 

determining the chemical shift of a carbon atom sp
3
-hybrid carbon atoms 

absorb up field while sp² carbon atoms absorbs at lower field strength i.e. 

sp
3
>sp>sp².  
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3.4.4.1  ¹³C-NMR spectrum of  L₁ 

The azomethine carbon atom of the ligand appeared at 162.7 ppm. The 

aromatic ring carbon atoms appeared in the (121.3–154.3) ppm range 

where the signal at 154.3ppm indicates to quaternary carbon a . 

The signals at 88.9 and 51.3 ppm are related to the carbons of  ethylene -

CH₂-CH₂- group g&h respectively. The signals 45.8, 53.7 and 58.8 ppm 

are related to the carbons of piperidine ring  i, j, and k respectively, as 

shown in Figure 3.29. 

Figure 3.29 : ˡ³ C-NMR specrum of L₁ 
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3.4.4.2  ¹³C-NMR spectra of  L₂ 

The azomethine carbon atom of the ligand appeared at 190.7 ppm. The 

aromatic ring carbon atoms appeared in the (127.3-138.1) ppm range where 

the peak at 131.2 ppm is related to quaternary carbon b. The signals at 87.8 

and 53.7 ppm are related to the carbons of  ethylene -CH₂-CH₂-group j&h 

respectively. The signals 46.0, 54.7 and 58.9 ppm are related to the carbons 

of piperidine ring I, k, and l respectively, as shown in Figure3.30.

 

Figure 3.30 : ˡ³ C-NMR specrum of L₂ 
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3.4.4.3 ¹³C-NMR spectrum of  L₃ 

The signal of azomethine carbon atom of the ligand appeared at 158 ppm. 

The aromatic ring carbon atoms appeared in the (128.5–134.9) ppm range. 

The signals at 32.9 & 24.4  ppm are related to the carbons c&d 

respectively. The signal at 73.9 ppm is related to carbon b, as shown in 

Figure3.31. 

 

Figure 3.31 : ˡ³ C-NMR specrum of L₃ 
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3.4.4.4 ¹³C-NMR spectrum of  L₄ 

This ligand is having a plane of symmetry. The signal of the azomethine 

carbon atom of the ligand appeared at 161.1 ppm. The aromatic ring carbon 

atoms are appeared in the (122.9-138.0) ppm range, where the signal at 138 

ppm is related to quaternary carbon g, and another quaternary carbon at 

122.9 ppm is related to carbon b. The signal at 61.3 ppm is related to the 

methylene carbon h, as shown in Figure 3.32. 

Figure 3.32 : ˡ³ C-NMR specrum of L₄ 
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3.4.4.5   ¹³C-NMR spectrum of  L₅ 

This ligand is having a plane of symmetry. The signal of the azomethine 

carbon atom of the ligand  appeared at 155.2 ppm. The aromatic ring 

carbon atoms appeared in the (116.9-143.9) ppm range. 

There are two signals that are related to quaternary carbons at 143.9 ppm 

and 116.9 ppm for C(e)&C(b) respectively . 

The signal at 60.6 ppm is related to the methylene carbon f, as shown in 

Figure 3.33. 

Figure 3.33 : ˡ³ C-NMR specrum of L₅ 
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3.4.4.6  ¹³C-NMR spectrum of  L₆ 

This ligand is having a plane of symmetry. The signal of the azomethine 

carbon appeared at 161.2 ppm. The aromatic ring carbon atoms appeared in 

the (126.4-137.8) ppm range . 

There are two signals that are related to quaternary carbons at 137.8 ppm 

and 134.7 ppm for C(c) & C(b) respectively . 

The signal at 61.3 ppm is related to the methylene carbon (h), as shown in 

Figure 3.34.

 

Figure 3.34 : ˡ³ C-NMR specrum of L₆ 
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3.5  Thermogravimetric analyses of L₄ and their CuBr₂ and 

CdCl₂ complexes 

The thermal stabilities of  the complexes were investigated by TG/DTA. 

The TGA curves were obtained at a heating rate of 10 
o
C min

-1
 in air 

atmosphere. The temperature range of 25-1000 
o
C, for the free ligand (L4), 

Cadimium Chloride with ligand (L4) and the Copper Bromide complex 

with ligand (L4). The thermogravimetric analyses of these complexes 

revealed the occurrence of three consecutive processes, namely 

dehydration, ligand pyrolysis and inorganic residue formation. The desired 

Cu(II) complexes showed similar thermogravimetric behavior, the 

TG/DTA spectra of [L4CuBr₂] illustrated mainly the expected three steps 

of weight loss. First step was losing uncoordinated water molecule at 

endothermic sign of  DTA at 92 
o
C. The second decomposition stage from 

220 
o
C and end at 370 

o
C losing around 40% of weight, diiamine lose with 

two DTA exothermic signs at 250 and 480 
0
C with expected final product 

of this step is CuBr2. The third step starts from 370 
o
C and end at 580 

o
C 

which lead to the removal of bromide ions of CuBr2 to form copper oxide 

(CuO) final product with sharp weight loss. The final residue was analyzed 

by IR spectra and identified as copper oxide (CuO, 22%), as shown in 

Figure 3.35. 
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Figure 3.35: TG/DTA thermal curve of solid ( L₄CuBr₂) complex 

The TG/DTA data (Figure 3.35 ) support our expected complex structure 

formula as shown in Chart 3.4. 

 

Chart 3.4: Decomposition steps of  L₄CuBr₂ 
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The TG/DTA spectrum of free ligand  (L₄) illustrated  mainly the expected 

one step of weight loss. In the spectrum  (Figure 3.36), we observed no 

change from zero to 95
 o

C, which indicates that no water molecule 

coordinate to the ligand, and the decomposition of  L₄ take place in one 

step with DTA exothermic step at 95 
o
C  as below. 

C₁₆H₁₄Br₂N₂                    CO₂ + N₂ , C graphite

 

Figure 3.36: TG/DTA thermal curve of solid L₄ . 
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The TG/DTA spectrum of L₄CdCl₂ illustrated mainly the expected one step 

of weight loss. In the spectrum  (Figure 3.37), we observed no change 

from zero to 250
 o
C, which indicates that no water molecule coordinate on 

the complex, and the decomposition of complex take place within ( 250-

350) 
o
C  in one step as below, with one exothermic DTA value at 330 

o
C.  

L₄CdCl₂                  CdO + ( NOx , COx , ClOx )  

 

Figure 3.37:  TG/DTA thermal curve of solid ( L₄CdCl₂) complex. 

 

 

 

 



81 

3.6  Single-Crystal X-Ray Data collection 

Single crystals of L₃ and L₅ were collected by evaporation from ethanol 

solution for couple of days then measured, unfortunately no complexes 

were collected as crystals. 

3.6.1 X-Ray Crystal Structure of L3 

L3 was solved in the monoclinic system with space group P21/c with cell 

coordinates a = 5.9029 (5) A°, b = 19.5613 (13) A°, c = 16.1662 (11) A°,  

β = 93.493 (7)°, V = 1863.2 (2) A3, Z = 4, where slow evaporation of 

ethanol solution of pure L3 yielded colorless crystals. A crystal of  

dimensions  0.30 × 0.20 × 0.15 mm was selected for X-ray diffraction 

analysis (Table 3.2). 

Data were collected on CrysAlis PRO (Agilent, 2011); cell refinement: 

CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to solve 

structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 

structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEPIII 

(Burnett & Johnson, 1996); software used to prepare material for 

publication: SHELXL97. 

This compound is racemic, in which the cyclohexane ring adopts the 

expected chair conformation, with a dihedral angle of 62.52 (8)° between 

the aromatic rings of the two 2-chlorophenyl substituent groups (Fig. 3.38). 

The structure of the chiral isomeric (1R,2R) 4-chlorophenyl analogue has 
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been reported (Arvinnezhad et al., 2012). In the title compound, the 

conformation is stabilized by intramolecular  C7—H˖˖˖˖Cl1 and 

 C14—H˖˖˖˖Cl2 interactions  3.066 (2) and 3.076 (3) A  , respectively  

(Table 1). In the crystal there are weak intermolecular methine C—H˖˖˖˖Cl 

interactions  C10—H˖˖˖˖Cl1  3.600 (3) A   ] (-x + 2, -y, -z), C11— H˖˖˖˖Cl1 

 3.553 (3) A     (x - 1, y, z) and C20—H˖˖˖˖Cl2  3.464 (3) A     (1 + x + 1, y, 

z). Also present in the crystal are Cl˖˖˖˖Cl contacts  Cl1˖˖˖˖Cl1, 3.557 (3) A   

 (-x + 1, -y, -z)  and 3.891 (3) A    (-x + 2, -y, -z). (Fig. 3.39) [36]. 

Table 3.2. The crystal and experimental data of L3 
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Figure 3.38:Molecular conformation and atom-numbering scheme for the L3.  

Displacement ellipsoids are drawn at the 30% probability level. H atoms are represented as 

small spheres of arbitrary radii. 
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Figure 3.39: Molecular conformation showing intramolecular C7—H˖˖˖˖Cl1, C10—H˖˖˖˖Cl1, 

C14—H˖˖˖˖Cl2 and C17—H˖˖˖˖Cl2 contacts, as well as a short intermolecular Cl1˖˖˖˖Cl1A 

contact. For symmetry code (A): -x + 1, -y, -z. for L3 
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3.6.2 X-Ray Crystal Structure of L5 

L5 was solved in the monoclinic system with space group P21/c with cell 

coordinates coordinates  a = 10.914(3) Å, b = 4.4864(18) Å, c = 30.692(9) 

Å,  = 90 °,  = 91.264(13) °,  = 90 °, V =1502.45 Å
3
, and Z = 4 , where  

slow evaporation of ethanol solution of pure L5 yielded colorless crystals. 

A crystal of dimensions 0.54 × 0.53 × 0.30 mm was selected for X-ray 

diffraction analysis. Data were collected on a Bruker APEX-II 

diffractometer equipped with CCD detector and graphite monochromatic 

Mo Kα radiation (τ = 71073 A) at 293°K. Cell refinement and data 

reduction were carried out by Bruker SAINT [47]. SHELXS-97 [48,49] 

was used to solve structure (Table 3.7). The final refinement was carried 

out by full-matrix least-squares techniques with anisotropic thermal data 

for nonhydrogen atoms on F2. All the hydrogen atoms were placed in 

calculated positions. The crystal structure of L5 was finally refined with R 

factor of 4.43% for 4390 unique reflections. Molecules were found to be 

packed in crystal lattice through intermolecular hydrogen bonding . 
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Details of crystal data, data collection and refinement are given below. 

Table 3.7  Crystal data and structure refinement for L5.. 

Parameters  

Empirical formula                       C12 H10 Br2 N2 S2 

Formula weight  406.16 

Temperature                                293 °K 

Wave length                                  0.71073 Å 

Crystal system,  monoclinic,   

space group        P21/c 

Unit cell dimensions a = 10.914(3) Å     

b = 4.4864(18) Å 

c = 30.692(9) Å  

alpha    = 90 ° 

beta      = 91.264(13) ° 

gamma = 90 ° 

 

Volume                                        1502.45 (17) A
-3

 

Z 4 

Calculated density                   1.294 Mg/m
-3

 

Absorption coefficient                 0.241 mm
-1

 

F(000)                                          512 

Crystal size                                   0.54 × 0.53 × 0.30 

Theta range for data collection     1.57° to 25.50°. 

Limiting indices -11<=h<=12, -12<=k<=11-14<=l<=16 

Reflections collected / unique 7454 / 4390 [R(int) = 0.0182] 

Completeness to theta 25.50-94.4 % 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.9647 and 0.9161 

Refinement method Full-matrix least-squares on F
-2

 

Data / restraints / parameters 4390 / 0 / 311 

Goodness-of-fit on F
-2

 1.038 

Final R indices [I>2sigma(I)] R1 = 0.0443, wR2 = 0.1124 

R indices (all data) R1 = 0.0573, wR2 = 0.1222 

Largest diff. peak and hole 0.232 and -0.172 e.A
-3
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Table 3.8. Selected geometric parameters (A
2
 °) for L5. 

Br1— C11 1.871(6) N2— C7 1.254(8) 

Br2— C12 1.874(7) C1— C2 1.38(1) 

S1— C3 1.718(6) C1— C11 1.337(9) 

S1— C11 1.720(6) C2— C3 1.37(1) 

S2— C8 1.730(6) C3— C4 1.444(9) 

S2— C12 1.719(7) C5— C6 1.50(1) 

N1— C4 1.250(8) C7— C8 1.425(9) 

N1— C5 1.455(9) C8— C9 1.368(9) 

N2— C6 1.463(8) C9— C10 1.38(1) 

    

S1—C11—C1 112.1(5) C5—C6—N2 112.3(6) 

S1—C3—C2 109.8(5) C6—N2—C7 117.1(6) 

C11— C1—C2 112.4(7) N2—C7—C8 124.1(6) 

C1—C2—C3 114.4(7) C7—C8—S2 121.4(5) 

S1—C11—Br1 119.6(3) C8—S2—C12 91.2(3) 

S1—C3—C4 120.0(5) S2—C12—Br2 119.4(4) 

C3—C4—N1 121.2(6) S2—C12—C10 112.1(6) 

C4—N1—C5 119.9(6) C12—C10—C9 111.9(7) 

N1—C5—C6 109.5(6) C10—C9—C8 114.8(6) 

    

S1—C3—C4—N1 -4.7(9) N2—C7—C8—C9 -179.7(7) 

C3—C4—N1—C5 -180.0(6) S1—C11—C1—C2 -0.3(9) 

C4—N1—C5—C6 -131.9(6) C11—1—C2—3 0(1) 

C5—C6—N2—C7 127.2(6) C1—C2—C3—S1 -0.0(9) 

H6—N2—C7—C8 148.2 S2—C12—C10—C9 0.2(8) 

N2—C7—C8—S2 3.1(9) C12—C10—C9—C8 -0.4(9) 

 

  

file:///G:/Recherche/Publications%20BH/Pub%20réalisées/MS%20from%20Morocco/HP/Local%20Settings/HP/Local%20Settings/Temp/TEMP/ma122%20_geom_bond_distance


92 

Table 3.9: Hydrogen bonding data for L5. 

D H A D-H H...A D...A D-H…A 

C21 H21A O1
a
 0.9300 2.5500 3.390(3) 150.00 

C22 H22A O1
a
 0.9600 2.4000 3.299(3) 155.00 

C27 H27A O2
b
 0.9600 2.3900 3.232(3) 146.00 

Symmetry codes: 
a
1-x,-y,-z, 

b
2-x,1-y,2-z 

 

Figure 3.40: The ORTEP diagram of the final X-ray model of L5. 
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Figure 3.41: Crystal packing of the L5. 

 

Figure 3.42: Crystal packing of the L5 
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Figure 3.43: The crystal packing of L5. Only the hydrogen atoms involved in S---H bonding are 

marked by red bond, the S---S repulsion can be observed as green line 

The symmetric unit contains four molecules. The crystal structure of L5 is 

composed of two planner separated thiophene rings (S1/C3-C2/C1 and 

S2/C8-C9/C10) connected along C4 and C7 plane. having two phenyl (C7-

C12/C13-C18) rings and dimethylaminoprop-2-en-1-one (O1/N1/ C19-C23 

and O2/N2/C24-C28) moieties attached to C1, C2, C4, and C5 atoms 

respectively.  Two thiophene (S1/C1-C3/C6 and S2/C3- C5/C6) and phenyl 

(C7-C12 and C13-C18) rings are each planner with maximum deviation of 

0.009(1) ˚A for S1 and C5 atoms from the root mean square plane. In the 

crystal molecules are linked via C21–H21A… O1, C22–H22A… O1, C27–

H27A… O2 interaction to form chain arranged as observed in Figure 3.43.  
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3.7 Antibacterial activity 

The antibacterial effect of ligands and their Cu(II) complexes were 

assessed against a variety of microorganisms including E. coli, S. aureus, 

P. aeruginosa, and MRSA. The minimum inhibitory concentration (MIC) of 

ligands and their complexes were also determined against these four test 

bacterial strains by broth microdilution technique. 

The procedures described here are in accordance with the international 

recommendations provided by the Clinical and Laboratory Standards 

Institute (CLSI). 

For MIC determination, the inoculums was prepared using a 4-6 h broth 

culture of each bacterial strains adjusted to a turbidity equivalent to a 0.5 

McFarland standard (1.5*10⁸ cfu/ml), then the bacteria suspension was 

diluted with nutrient broth to give concentration of ≈ 5*10⁷ cfu/mL. Two 

fold serial dilutions of compounds were prepared in nutrient broth in 96-

well plates starting from (10.00 mg/mL DMSO) and (10.00 mg/mL 

distilled water) a stock solutions of ligands and copper(II) complexes 

respectively .  

An equal volume of bacterial inoculums (1.0µL) was added to each well on 

the microtiter plate. In this manner, final concentration of compounds range 

5000-9.76 µg/mL and 5x10⁷ cfu/mL bacteria in each well (last wells are 

broth only control well). The inoculated microtiter plates were incubated at 

37 °C for 24 h.  



96 

The MIC value was defined as the lowest concentration of compounds 

whose no turbid was comparable with the negative control wells (broth 

only, without inoculum). Where the growth was monitored visually.  

The DMSO was used as a solvent for ligands and distilled water for the 

Copper complexes . 

The test microorganisms Escherichia coli ATCC (25923), P. aeruginosa 

ATCC (27853), Staphylococcus aureus ATCC (25923) and Staphylococcus 

aureus ( MRSA Positive ) were obtained from the American Type Culture 

Collection (ATCC). The organisms were maintained on agar slope at 4 ºC 

and sub-cultured for 24 h before use. DMSO (Merck). 96-well microtiter 

plates (TPP 92096) were used for  microdilution tests. 

All the Ligands and their complexes gave potential antibacterial effect 

against  E. coli, S. aureus, P. aeruginosa, and MRSA (Methicillin-

resistant Staphylococcus aureus ) in the variable ratios of the 

concentrations. 

3.7.1 Discussion about Figures (3.44-3.55) 

 All the tested complexes of copper show lower activity than the free 

ligands. 

 L₂, L₄, and L₅ as free ligands showed the same activity against  E.coli 

bacteria, where the MIC appeared at 0.625 mg/ml, but the copper 

complex of L₂ having  lower activity than others complexes. L₄ and L₅ 
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and their copper complexes give the same result where the MIC reached 

0.625 mg/ml in one hundred percent, as in Figures 3.44, 3.45 and 3.46. 

 L₄ as free ligand shows the most activity against S.aureus bacteria 

compared with L₂ and L₅ where the MIC appeared at 0.15625 mg/ml as 

in Figure3.47, followed by L₂ in activity, where the MIC appeared at 

0.3125 mg/ml as in Figure 3.48. 

In the other hand, the Copper complexes of L₂, L₄, and L₅ having the 

same activity and  MIC appeared 0.938 mg/ml but the percentage of 

inhabitation were varying below one hundred percent . 

 L₅ as free ligand shows the most activity against Pseudomonas bacteria 

compared with L₂ and L₄, where the MIC of it appeared at 0.3125 

mg/ml as in Figure 3.50. And the L₂ and L₄ having the same activity 

and percentage of inhabitation, where the MIC appeared at 0.625 mg/ml 

as in Figure 3.50, and 3.51. 

In the other hand, the copper complexes of L₄ considered having the 

highest activity with 0.938 mg/ml in MIC value and 40% on its value, as 

in Figure 3.52, followed by copper complex of L₅, where the MIC 

appeared 1.875 mg/ml, and the copper complex of L₂ with  MIC value 

at 3.75 mg/ml in 50%. 

 L₄ as free ligand shows the most activity against MRSA bacteria 

compared with L₂ and L₅ where the MIC appeared at 0.15625 mg/ml as 

in Figure 3.53, followed by L₂ in activity, where the MIC appeared at 

0.3125 mg/ml as in Figure 3.54 . 
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In the other hand, the copper complexes of L₄ and L₅ having the same 

activity and MIC appeared 0.938 mg/ml and the percentage of 

inhabitation were above 50% . The copper complexes of L₂ having the 

lowest value of MIC it appeared at 3.75 mg/ml with the percentage 

around 20%. 

 

Figure 3.44: Antibacterial activity of  L₂ & L₂CuBr₂ against ( E.coli). 
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Figure 3.45: Antibacterial activity of  L₄  & L₄CuBr₂ against ( E.coli). 

 

 

Figure 3.46: Antibacterial activity of  L₅ & L₅CuBr₂ against ( E.coli). 
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Figure 3.47: Antibacterial activity of  L₂ & L₂CuBr₂ against ( S. aureus). 

 

Figure 3.48: Antibacterial activity of  L₄  & L₄CuBr₂ against ( S. aureus) 
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Figure 3.49: Antibacterial activity of L₅ & L₅CuBr₂ against  ( S. aureus). 

 

Figure 3.50: Antibacterial activity of  L₂ & L₂CuBr ₂against ( Pseudomonas). 
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Figure 3.51: Antibacterial activity of L₄ & L₄CuBr₂ against ( Pseudomonas). 

 

Figure 3.52: Antibacterial activity of L₅ & L₅CuBr₂ against ( Pseudomonas). 
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Figure 3.53: Antibacterial activity of L₂ & L₂CuBr₂ against (MRSA). 

 

 

Figure 3.54: Antibacterial activity of L₄ & L₄CuBr₂ against (MRSA). 
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Figure 3.55: Antibacterial activity of L₅ & L₅CuBr₂ against (MRSA). 
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Chapter Four 

Conclusion 

In this project, six of  polydentate Schiffs' base ligands, copper (II) and 

cadmium(II) complexes were synthesized and characterized as follows: 

 Schiff's base ligand 1  

[(E)-2-(piperidin-1-yl)-N-(pyridin-2-ylmethylene)ethanamine] formed 

readily in 75.5% yield. The structure was identified by IR, 
1
H-NMR, and 

13
C-NMR spectroscopy. 

 Schiff's base ligand 2  

[(E)-N-(3-bromobenzylidene)-2-(piperidin-1-yl) ethanamine] 

was synthesized in 80.5% yield, and the structure was identified by IR, 
1
H-

NMR, and 
13

C-NMR spectroscopy. 

This Schiffs' base readily coordinates with CuBr₂. The free ligand and its 

complex with copper have the potential antibacterial activity against  E. 

coli, S. aureus, P. aeruginosa, and MRSA bacteria.   

 Schiff's base ligand 3 

 [(N
1
E,N

2
E)-N

1
,N

2
-bis(2-chlorobenzylidene)cyclohexane-1,2-diamine] 

was synthesized in 85.0% yield. And the structure was identified by IR ,
1
H-

NMR, and 
13

C-NMR spectroscopy.  
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This ligand was analyzed by XRD,  this ligand is racemic, in which the 

cyclohexane ring adopts the expected didentate chair conformation suitable 

for mononuclear for mononuclear and dinuclear metal complexes, where  

this project was published. 

 Schiff's base ligand 4  

[(N
1
E,N

2
E)-N

1
,N

2
-bis(3-bromobenzylidene)ethane-1,2-diamine] was in 

80.3% yield. And the structure was identified by IR, 
1
H-NMR, and 

13
C-

NMR spectroscopy. This Schiffs' base readily coordinates with CuBr₂ and 

CdCl₂. The thermal analysis was studied for this ligand and its complexes 

with CuBr2 and CdCl2. The free ligand and its complex with copper have 

the potential antibacterial activity against  E. coli, S. aureus, P. 

aeruginosa, and MRSA bacteria. 

 Schiff's base ligand 5  

(N
1
E,N

2
E)-N

1
,N

2
-bis((5-bromothiophen-2-yl)methylene)ethane-1,2-

diamine] was synthesized in 88.2% yield. And the structure was identified 

by IR, 
1
H-NMR, and 

13
C-NMR spectroscopy. This Schiff's base readily 

coordinates with CuBr₂ and CdCl₂.  

The ligand analyzed by XRD, is revealed helix zig zag structure suitable 

for tetra dentate mononuclear and dinuclear metal complexes. 

The free ligand and its complex with copper have the potential antibacterial 

activity against  E. coli, S. aureus, P. aeruginosa, and MRSA bacteria. 
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 Schiff's base ligand 6 

 [(N
1
E,N

2
E)-N

1
,N

2
-bis(2-chlorobenzylidene)ethane-1,2-diamine] was 

synthesized in 84.4 % yield. The structure was identified by IR, 
1
H-NMR, 

and 
13

C-NMR spectroscopy. This Schiffs' base readily coordinates with 

CuBr₂. 

Our ligands and their complexes with copper have the potential 

antibacterial activity against MRSA bacteria, where the infections caused 

by these strains are more difficult in treatment with standard types of 

antibiotics and thus are more dangerous. 
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 جامعة النجاح الوطنية

 كلية الدراسات العليا

 

 

 

 

 

 من مكونة مبتكرة لمركبات البكتيريا ضد النشاط وقياس وتحميل تحضير
 االنتقالية العناصر ايونات مع شيف قواعد اتحاد

 

 اعداد

 ياسمين عزام الضميري
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الرسالة استكماال لمتطمبات الحصول عمى درجة الماجستير في الكيمياء بكمية قدمت هذه 
 .في جامعة النجاح الوطنية في نابمس، فمسطين ،الدراسات العميا

5102 



 ب 

تحضير وتحميل وقياس النشاط ضد البكتيريا لمركبات مبتكرة مكونة من اتحاد قواعد شيف مع 
 ايونات العناصر االنتقالية

 اعداد
 زام الضميريياسمين ع

 اشراف
 وراد اسماعيل. د.أ

 الممخص

 العمل الموصوف في ىذه األطروحة يتعمق بتحضير ستة قواعد الشيف المتعددة المنح
polydentate Schiff 's bases وايضا تكوين معقداتيا مع  ثنائي بروميد النحاس Copper 

Bromide,  وثنائي كموريد الكادميوم Cadimium Chloride  القواعدمع ىذه. 

بين األمينات األولية مع  Condensation reactionوقد تم تحضير ىذه القواعد بتفاعل التكثيف 
وكذلك تم تكوين معقدات النحاس والكادميوم  .األلدىيدات في االيثانول النقي في ظروف خاصة

 بيذه الطريقة في نظام مغمق.

 لقياسات الفيزيائية التالية:ونشير الى ان جميع المركبات درست خصائصيا باستخدام ا

IR, UV-VIS , EA, 
1
H-NMR ,

13
C-NMR, TG/DTA. 

,حيث  حوج دراست قاعذحين هن قىاعذ الشيف السخت  XRD وأيضا نشير الى اسخخذام حقنيت ال 

 لوعرفت ودراست شكلها  بصىرة دقيقت.

 L5(N
1
E,N

2
E)-N

1
,N

2
-bis((5-bromothiophen-2-yl)methylene)ethane-1,2-

diamine  

L3[(N
1
E,N

2
E)-N

1
,N

2
-bis(2-chlorobenzylidene)cyclohexane-1,2-diamine]. 



 ج 

حن دراست االثر البيىلىجي لقىاعذ الشيف وهعقذاحها هع النحاس وفعاليخها ضذ انىاع هخخلفت وأيضا 

حيث اظهرث القىاعذ  .E. coli, S. aureus, P. aeruginosa, and MRSAهن البكخيريا 

 العضىيت نشاط اكبر هن هعقذاحها.

 



 أ 

 

 

 

 




