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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 

the requirement for the degree of Master of Science 

 

PREPARATION AND BIOACTIVITIES OF Cu(II) AND Ni(II) COMPLEXES 

CONTAINING AMINO ACID-DERIVED SCHIFF BASES 

 

By 

 

NUR FATIHAH BINTI ABAS 

 

December 2017 

 

Chairman :   Thahira Begum, PhD 

Faculty  :   Science 

 

There is an urgent need to discover new drugs with enhanced activity, selectivity, 

bioavailability and fewer side effects than the current drug regime. In view of this, 

metal complexes containing amino acid-derived Schiff bases with potentially exciting 

biological activities and coordination chemistry are attractive candidates for 

consideration. The research reported in this thesis focused on synthesis and 

characterisation of new metal complexes containing amino acid-derived Schiff base. 

Thirty new metal complexes were synthesised from the reaction of Cu(II) chloride and 

Ni(II) acetate with Schiff bases derived from the condensation of amino acids (L-

phenylalanine (P), L-valine (V), L-histidine (H), L-cysteine (C) and L-methionine (M) 

) and different ketones (2-acetylpyrazine (2APZ), 2-acetylpyridine (2APD) and 2-

benzoylpyridine (2BPD)). The synthesised complexes were characterised by various 

techniques including elemental analysis, molar conductance, magnetic measurements, 

IR, electronic spectroscopy and thermal analysis. The data obtained indicated that the 

amino acid-derived Schiff bases behaved as uninegatively charged tridentate NNO 

ligands and coordinated with the Cu(II) and Ni(II) ions via azomethine nitrogen, 

pyridine/pyrazine nitrogen and deprotonated carboxylate oxygen yielding stable metal 

complexes as evidenced in their IR Spectra. In the Cu(II) complexes, only one 

tridentate amino acid-derived Schiff bases was coordinated to the metal centre, while 

the fourth position was occupied by chloride ion. In most of the Ni(II) complexes, only 

one tridentate amino acid-derived Schiff bases was coordinated to the metal centre, 

while the fourth position was occupied by acetate ion except for [Ni(H2APZ)2].H2O, 

[Ni(M2APZ)2] and [Ni(M2BPD)2] complexes where they had two tridentate NNO 

amino acid-derived Schiff bases bonded to the metal centre. Magnetic measurements 

and spectral evidence supported a four coordinate geometry for Cu(II) complexes and 

four/six coordinate geometry for the Ni(II) complexes. The thermal analysis proved the 

presence of water molecules outside the coordination sphere of some of the metal 

complexes synthesised. The newly synthesised complexes have been screened for 

activity against two bladder cancer cell lines which are the invasive human bladder 

carcinoma cell line, EJ-28 and the minimum invasive human bladder carcinoma cell 
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line, RT-112. It was found that the Cu(II) complexes had better cytotoxic activity 

against EJ-28 cells compared to RT-112 cells. In general, the Cu(II) and Ni(II) 

complexes containing amino acid-derived Schiff bases displayed a wide range of 

activity from non-active to active and could be promising candidates for selective and 

specific anticancer activity. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Master Sains 

 

PENYEDIAAN DAN AKTIVITI BIOLOGI BAGI KOMPLEKS Cu(II) DAN 

Ni(II) MENGANDUNGI BES SCHIFF YANG DITERBITKAN DARIPADA 

ASID AMINO 

 

Oleh 

 

NUR FATIHAH BINTI ABAS 

 

Disember 2017 

 

Pengerusi :    Thahira Begum, PhD 

Fakulti  :    Sains 

 

Terdapat keperluan segera untuk menemui ubat-ubatan baru dengan aktiviti 

ditingkatkan, selektiviti, bioavailabiliti dan kesan sampingan yang kurang daripada 

ubat-ubatan sekarang. Penyelidikan yang dilaporkan dalam tesis ini ditumpukan kepada 

sintesis dan pencirian kompleks logam baru yang mengandungi bes Schiff yang 

diterbitkan daripada asid amino. Tiga puluh kompleks logam telah disintesis daripada 

tindak balas kuprum(II) klorida dan Ni(II) asetat dengan bes Schiff yang diterbitkan 

daripada tindak balas kondensasi amino asid (L-fenilalanina (P), L-valina (V), L-

histidina (H), L-cystina (C) dan L-metionina (M) dan keton yang berbeza (2-

asetilpyrazin (2APZ), 2-asetilpyridin (2APD) dan 2-benzoilpyridin (2BPD)). Kompleks 

yang telah disintesis telah dicirikan dengan pelbagai teknik termasuk analisis unsur, 

konduktiviti molar, pengukuran kerentanan magnet, inframerah, spektroskopi 

elektronik dan analisis terma. Hasil pencirian yang diperolehi menunjukkan bahawa 

bes Schiff yang diterbitkan daripada asid amino berkelakuan sebagai cas uninegatif 

NNO ligan melalui nitrogen azometin, nitrogen pyridine/pyrazine dan oksigen 

karboksilat yang dinyahprotonkan yang menghasilkan  kompleks logam yang stabil 

seperti yang dibuktikan dalam spectrum inframerah. Dalam kompleks kuprum(II), 

hanya satu bes Schiff yang diterbitkan daripada asid amino telah berkoordinat dengan 

pusat logam, manakala kedudukan keempat dipenuhi oleh ion klorida. Dalam hampir 

semua kompleks Ni(II), hanya satu bes Schiff yang diterbitkan daripada asid amino 

telah berkoordinat dengan pusat logam, manakala kedudukan keempat dipenuhi oleh 

ion asetat kecuali kompleks [Ni(H2APZ)2].H2O, [Ni(M2APZ)2] dan [Ni(M2BPD)2] di 

mana mereka mempunyai dua tridentat NNO bes Schiff  yang diterbitkan daripada asid 

amino telah berkoordinat dengan pusat logam. Pengukuran kerentanan magnet dan 

spektra menyokong geometri berkoordinat empat untuk kompleks kuprum(II) dan 

geometri berkoordinat empat/enam untuk kompleks nikel(II). Analisis terma 

membuktikan kehadiran molekul air di luar sfera koordinasi dalam beberapa kompleks 

yang disintesis. Sebatian baru yang disintesis telah disaring untuk tujuan penentuan 

aktivitinya ke atas dua sel kanser pundi kencing iaitu sel kanser pundi kencing manusia 

dengan invasif, EJ-28 dan sel kanser pundi kencing manusia dengan invasive rendah, 
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RT-112. Didapati, kompleks kuprum(II) mempunyai aktiviti sitotoksik yang lebih baik 

terhadap sel EJ-28 berbanding sel RT-112. Secara umum, kompleks kuprum(II) dan 

nikel(II) yang mengandungi bes Schiff yang diterbitkan daripada asid amino 

menunjukkan julat aktiviti daripada tidak aktif kepada aktif dan boleh menjadi calon 

yang menjanjikan aktiviti antikanser terpilih dan spesifik. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Complexes containing Schiff bases 

Schiff bases are considered an important class of organic ligands that have wide 

applications in chemical, biological and pharmacological fields (Nawaz et al., 2009). 
The condensation of aldehydes or ketones with various amines, diamines or amino 

acids will lead to bi-, tri- or tetra-dentate Schiff bases with N, O as donor atoms 

(Mahon et al., 2009). In this research, various amino acids and ketones were used in 

order to obtain the Schiff bases which were subsequently reacted with metal salts.  

 

The presence of the azomethine group, C=N in the Schiff bases is essential for 

biological activity. Several azomethine derivatives were reported be versatile 

pharmacophores for the design and development of various bioactive lead compounds. 

Schiff bases exhibit useful biological activities such anti-inflammatory, analgesic, 

antimicrobial, anticonvulsant, antitubercular, anticancer, antioxidant, anthelmintic, and 
antidepressant activities (Kajal et al., 2013). Amino acid-derived Schiff bases are very 

effective metal chelators and their metal complexes have been reported as models for a 

number of important biological systems. They are key intermediates in a variety of 

metabolic reactions involving amino acids such as decarboxylation, transamination, 

racemization and C-C bond cleavage, which are catalyzed by enzymes (Karmakar et 

al., 2005). 

 

In addition, complexes containing amino acid-derived Schiff bases have been known to 

act as good chelating agents, possess efficient biological activity and behave as good 

cytotoxic agents (Wang et al., 2002). Moreover, amino acid-derived Schiff base 

complexes are considered to combine new kinds of potential antibacterial and 
anticancer agents (Wang et al., 2005). The transition metal complexes containing 

Schiff bases are also very vital chelates because they are cheap, easy to synthesise, 

have extensive applications in the fields of medicine and are chemically and thermally 

stable (Rahman et al., 2014). 

 

1.2 Amino acids 

Amino acids are organic molecules containing two main functional groups which are 

amine, -NH2 and carboxylic acid, -COOH. These functional groups are bonded to the 

same chiral carbon atom in the molecule. The general formula for an amino acid is 
H2NCHRCOOH where R is the side chain that varies for different amino acids. The 

particularly important amino acids in biochemistry are referred to as α- amino acids. 
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Figure 1:1: General structure of α-amino acids 

 

Amino acids are critical to life and have many functions in metabolism. One 
particularly important function is to serve as building blocks for proteins (Mho et al., 

2001). They often act as the essential ingredients of coenzymes and the precursors of 

heme, which play key roles in biochemistry (Kostel et al., 1997). Amino acids can 

react with carbonyl compounds to form Schiff bases (Fan et al., 2007). 

 

Amino acids also play an important role in many biochemical processes. The metal 

complexes with amino acids play an important role in understanding biological 

functions of macromolecules such as proteins in the human body (Chohan et al., 2007). 

As amino acids which have multiple N and O atoms are significant endogenous 

biological ligands that play an important role in almost all life activities, thus there is 

great possibility to apply amino acids to explore more effective, lower toxicity and 
specific metal based drugs (Bartel et al., 2012). 

 

1.3 Structure and Background of 2-Acetylpyrazine, 2-Acetylpyridine and 2-

Benzoylpyridine  

 

This section focused on structure and background of ketones used as the starting 

materials which are 2-acetylpyrazine, 2-acetylpyridine and 2-benzoylpyridine. 2-

acetylpyrazine (Figure 1.2) is a yellow-brown powder at room temperature and its 

structure consists of a pyrazine ring and a ketone. It can be found in foods like seeds, 

nuts and meats. It is used in frozen dairy products such as ice cream and is recognized 
as safe by the US Food and Drug Administration. The pyrazine ring in the structure of 

2-acetylpyrazine is usually fused to form many polycyclic compounds which serve as 

useful structures in the pharmaceutical, flavouring and perfumery industry (Dubuissona 

et al., 2004). 

 

 
Figure 1.2: Structure of 2-acetylpyrazine 
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Pyrazine itself has shown numerous physiological effects including as antituberculosis, 

anthelmenitics, antianginals, anticancer, analgesic, antidepressant, antipsychotic, 

antidiabetic, antihistamines, hypolipidemic and flavouring agents and these drugs have 

encouraged medicinal chemists to synthesise a large number of novel chemotherapeutic 

agents (Meher et al., 2013). 

 

Pyrazine is also a component of the vitamin B9 compound known as folate or folic acid 

(Figure 1.3). Folate is essential for numerous bodily functions such as to synthesise and 

repair deoxyribonucleic acid (DNA). It is very vital in aiding rapid growth and cell 
division during infancy and pregnancy. Pyrazine derivatives such as phenazine (Figure 

1.4) are well known for their antitumor, antibiotic and diuretic activities (Asif, 2015). 

 

 
 

Figure 1.3: Structure of folate 

 

 
 

Figure 1.4: Structure of phenazine 

 

There are several drugs containing the pyrazine moiety such as pyrazinamide (Shi et 

al., 2012), morinamide (Bonanni et al., 1993), glipizide (Tripathi, 2006), oltipraz (Iida 

et al., 2007) and telaprevir (Revill et al., 2007). Pyrazinamide (Figure 1.5(a)) and 

morinamide (Figure 1.5(b)) have been used to treat tuberculosis. Oltipraz (Figure 

1.5(d)) acts as a schistosomicide, a drug to treat schistosomiasis which is an acute and 

chronic disease caused by parasitic worms. Oltipraz also has been shown in rodent 

models to inhibit the formation of cancers in the bladder, blood, colon, kidney, liver, 
lung, pancreas, stomach, skin, and mammary tissue. Glipizide (Figure 1.5(c)) is an anti-

diabetic drug and telaprevir (Figure 1.5(e)) has been used in the treatment of hepatitis 

C.  
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1.5 (a) Structure of pyrazinamide  1.5 (b) Structure of morinamide 

  

 

 

 

1.5 (c) Structure of glipizide                                     1.5 (d) Structure of oltipraz 

 

 

 

 

 

 

 

1.5 (e) Structure of telaprevir 

Figure 1.5: Drugs containing the pyrazine moiety 

 

2-acetylpyridine (Figure 1.6) is widely used as a component in processed food 

products, as flavoring agents and also in aromatherapy. Meanwhile, 2-benzoylpyridine 

(Figure 1.7) has been used as an intermediate for pharmaceuticals and organic 

synthesis. These compounds containing the pyridine ring in their structures have been 

used as precursors to polymers, dyes, antioxidants, agrochemicals and pharmaceuticals 

(Chaubey et al., 2011). 
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Figure 1.6: Structure of 2-acetylpyridine 

 

 
Figure 1.7: Structure of 2-benzoylpyridine 

 

The pyridine structure is found in many important compounds such as niacin (vitamin 

B3) (Figure 1.8) and pyridoxine (vitamin B6) (Figure 1.9). Niacin or nicotinic acid is 

required for the biosynthesis of the redox coenzyme nicotine adenine dinucleotide 

(NAD+) and pyridoxine is a coenzyme in transaminases (Joule et al., 2010). Moreover, 

nicotinic acid has been used as a therapeutic agent to increase the relative levels of 
high-density lipoproteins and thereby reduce the risk of cardiovascular disease (Gille et 

al., 2008). 

 

 
Figure 1.8: Structure of niacin 

 

 
Figure 1.9: Structure of pyridoxine 
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In the pharmaceutical industry, pyridine forms the nucleus of over 7000 existing drugs 

(Henry et al., 2004). The pyridine moiety is found in anti-tuberculosis drugs like 

isoniazid (Figure 1.10(a)) (Timmins et al., 2004) and ethionamide (Figure 1.10(b)) 

(Vanneli et al., 2002). The other important species containing pyridine moiety are 

pioglitazone (Figure 1.10(c)) and rosiglitazone (Figure 1.10(d)), which have been used 

as anti diabetic drugs in the thiazolidinedione class of drugs. To be more specific, 

pioglitazone (Lincoff et al., 2007) and rosiglitazone (Richter et al., 2007) are currently 

being used for treating patients with type 2 diabetes. These pharmaceutical agents act 

as binders to the peroxisome proliferator-activated receptors that migrate upon 

activation to the DNA to regulate the transcription of specific genes which control the 
metabolism of carbohydrates and fatty acids (Baumann et al., 2013) 

 

 

 

 

                     

 

1.10(a) Structure of isoniazid                  1.10(b) Structure of ethionamide 

 

 

 

 

1.10(c) Structure of pioglitazone 

 

 

 

 

 

1.10(d) Structure of rosiglitazone 

Figure 1.10: Drugs containing the pyridine moiety 
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1.4 Copper and Nickel 

 

Copper is the third most abundant trace metal in the human body after iron and zinc 

and the total amount of copper in the body is only 75-100 milligrams (Willis et al., 

2005). Copper is also an important dietary nutrient although only small amounts of the 

metal are needed for well being (Araya et al., 2006). Copper plays an important role in 

our metabolism, largely because it allows many critical enzymes to function properly. 

Moreover, copper plays a role in the production of hemoglobin, myelin, melanin and it 

also keeps thyroid gland functioning normally (Harris, 2001).  In addition, copper can 
act as both an antioxidant and a pro-oxidant. Free radicals occur naturally in the body 

and can damage cell walls, interact with genetic material, and contribute to the 

development of a number of health problems and diseases. As an antioxidant, Cu 

scavenges or neutralize free radicals and may reduce or help prevent some of the 

damage they cause (Davis, 2003). 

 

Nickel is one of the micronutrients or trace minerals in the human body since it is 

present in very small amounts, however it plays an important role in bodily processes. 

Nickel is present in the ribonucleic acid (RNA) and DNA of the human body where it 

functions in association with nucleic acids. It probably has a role in stabilizing the 
RNA structure (Petzold et al., 2011). It may activate certain enzymes related to the 

breakdown or utilization of glucose. In addition, nickel may aid in prolactin production 

which is involved in human breast milk production. Nickel also aids in iron absorption 

and plays a role in the production of red blood cells. Since it is a trace element, 

deficiency is rare. However, it has been found that low amounts of nickel in the bodies 

of some individuals can lead to certain liver and kidney diseases (Wilfred, 2012). 

 

In this research, carbonyl compounds and amino acids formed in-situ Schiff bases that 

acted as ligands for the ligands for the complexation of metal ions. A compilation of 

literature reports focusing on previously synthesised amino acid-derived Schiff base 

complexes and their significant bioactivities are discussed in Chapter 2. 

 

1.5   Problem statement 

 
Bladder cancer is a disease in which the cells lining the urinary bladder lose the ability 

to regulate their growth and start to multiply abnormally. This uncontrollable growth 

results in tumor growth which then becomes cancer. It is the most common malignancy 

of the urinary tract and is seen more often in men. Based on national statistics, it is the 

fourth most common malignancy in males after lung, colorectal and nasopharynx 

cancers (Jayendran et al., 2007). The current drugs used in treatment of bladder cancer 

are Bacillus Calmette-Guerin (BCG) and mitomycin C (Figure 1.11). However, 
treatment with these drugs can lead to various side effects including kidney damage 

and burning sensation in the bladder. The side effects of bladder cancer treatment vary 

according to the treatment which is further discussed in the next paragraph. 
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Figure 1.11: Structure of mitomycin C 

 

Bacillus Calmette-Guerin (BCG) is the main intravesical immunotherapy for treating 

early-stage bladder cancer. Immunotherapy causes the body’s own immune system to 
attack the cancer cells. BCG is a germ that is related to the one that causes tuberculosis 

but it doesn’t usually cause serious disease. However, treatment with BCG can cause 

symptoms that feel like having the flu, such as fever, chills, and fatigue. It also can 

cause a burning feeling in the bladder. Rarely, BCG can spread through the body, 

leading to a serious infection called systemic BCG reaction. A systemic BCG reaction 

can cause pneumonitis, hepatitis, prostatitis and respiratory distress. 

 

Mitomycin C or mutamycin(trade name) is the drug used most often for intravesical 

chemotherapy. Chemotherapy is the use of drugs to destroy cancer cells, usually by 

stopping the cancer cells’ ability to grow and divide.  Side effects of chemotherapy 

depend on the individual and the dose used, but they can include fatigue, risk of 
infection, nausea and vomiting, hair loss, loss of appetite, and diarrhea. Prolonged use 

may result in permanent bone-marrow damage. It also can cause lung fibrosis and renal 

damage. These facts have led researchers to continuously synthesise new drugs to treat 

bladder cancer. Researchers are looking for drugs which can help lower the risk of the 

cancer coming back and is better or safer than currently used drugs. 

 

In terms of metal-based drugs, the platinum drug cisplatin was introduced clinically in 

1971 and was approved by the US Food and Administration Authority (FDA) in late 

1978. Cisplatin (Figure 1.12) has been the most effective metal-based anticancer drug 

in the market. For these studies, copper and nickel were used as metal centre as an 
alternative to platinum. These might open up new breakthroughs in the development of 

clinically useful drugs. Furthermore, there is an urgency to discover and characterise 

new drugs with enhanced activity, selectivity, bioavailability and fewer side effects 

than the current drug regime. 
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Figure 1.12: Structure of cisplatin 

 

Synthesised complexes derived from amino acid Schiff bases have been reported to 

show good biological activities as antibacterial, antifungal and antitumor agents (Galal 
et al., 2009). Transition metal ions play an important role in a vast number of different 

biological processes (Priya et al., 2009). Some drugs show increased activity when 

administered as metal chelates and could inhibit the growth of tumors (You et al., 

2004).  

 

In this work, several amino acids were chosen to condense with various ketones to 

form Schiff bases and then reacted with transition metal ions, copper, Cu(II) and 

nickel, Ni(II). The cytotoxic activities of the synthesised compounds were then 

evaluated against the invasive human bladder carcinoma cell lines, EJ-28 and the 

minimum invasive human bladder carcinoma cell lines, RT-112. 

 

1.6   Objectives 

 

The objectives of this research work were: 

1. To synthesise metal complexes derived from various amino acids and ketones (2-

acetylpyrazine, 2-acetylpyridine and 2-benzoylpyridine) using a one pot method. 

2. To characterise the new complexes by physico-chemical techniques, including 

elemental analysis, magnetic susceptibility and molar conductivity measurements, and 

spectroscopic methods. 

3. To determine the cytotoxic activities of the synthesised complexes against the EJ-28 

and RT-112 human bladder carcinoma cell lines. 
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