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Abstract 

Background: A large number of different natural and synthetic chemicals depend on 

heterocyclic molecules as key building blocks due to their different structures and 

properties. In the presence of many drugs based on heterocyclic structures, the study of 

heterocyclic compounds is a prominent area in organic chemistry and has several uses in 

numerous industries. 

Objectives: In this study, a group of ester, amide and imine compounds were prepared, 

and they were studied as antibacterial and anticancer, and some of them were studied as 

antioxidants. 

Methodology: All the novel ester, amide and imine compounds in this study were 

prepared by condensation reactions of heterocyclic compounds, and then the new 

compounds were identified through FT-IR and NMR analysis, and their biological 

properties were tested and studied. 

Results: All prepared heterocyclic compounds showed effective biological activities in 

varying proportions. Ee1 and E4 were the best bioactive esters in all assays. Amide A1 

showed remarkable biological activity, and imines 4 and 6 were the best imines in all 

biological tests. 

Conclusion: In this study, thymol ester E2 was better at preserving normal muscle cells 

than thymol. The E4 carvacrol ester compound was the best compound in its group, as it 

showed anti-cancer activity against HepG2 liver cancer cells in cytotoxic assay and 

against MCF7 breast cancer cells in cytostatic assay and also gave a distinctive activity 

against all types of bacteria studied. Ester compound Ea was more effective against 

MCF7 breast cancer cells in cytotoxic assay and against PC3 prostate cancer cells in 
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cytostatic assay. The ester compound Eb performed better in cytotoxic and cytostatic 

tests on HepG2 liver cancer cells and MCF7 breast cancer cells, respectively. Ester 

compound Ec was more effective against Hela cancer cells and MCF7 breast cancer 

cells, respectively, in cytotoxic and cytostatic experiments. Also in both cytotoxic and 

cytostatic experiments, the ester compound Ed was more efficient against HepG2 liver 

cancer cells. Flavonoid ester Ee1 gave a distinctive activity in all biological tests. 

Amide compound A1 was the best of the compounds of its group on all the studied 

biological activities, as were imine 4 and imine 6 as well. 

Keywords: Heterocyclic compounds; Antibacterial; Anticancer; Antioxidant. 
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Chapter One 

Introduction 

1.1 Definition of the Condensation Reaction 

In a broad meaning, the wording "condensation reaction" describes a set of processes in 

which two or more molecules come together to form a larger molecule while removing 

a smaller molecule, like water or alcohol. Depending on the scientific discipline or 

context, the term "condensation reaction" may have different meanings. 

For example, a condensation reaction in organic chemistry often includes the combining 

of two molecules while losing a minor molecule, frequently water. As a result of this 

process, a bigger molecule known as a condensation product is formed. The preparation 

of an ester from a carboxylic acid and an alcohol is an illustration of a condensation 

reaction in organic chemistry [1]. Condensation reactions in biochemistry are frequently 

referred to as dehydration synthesis reactions. These reactions usually include the 

elimination of a water molecule while forming a covalent connection between two 

chemicals. The preparation of biological macromolecules including proteins, nucleic 

acids, and polysaccharides depends on biochemical condensation processes [2]. 

Condensation reaction, as used in atmospheric science, is the process by which water 

vapor condenses to form liquid water or ice in the atmosphere. Clouds, fog, and 

precipitation are created when water vapor molecules join together under the right 

temperature and pressure circumstances to produce liquid droplets or ice crystals [3]. 

Moreover, in the field of polymer chemistry, condensation polymerization is a well-

known reaction wherein monomers undergo a chemical reaction, often accompanied by 

the release of a small compound such as water or methanol. This transformative process 

results in the preparation of a polymer chain comprising recurring units. Prominent 

examples of condensation polymers encompass polyesters and polyamides [4]. 

Pharmaceutical synthesis heavily relies on condensation processes to prepare complex 

chemical compounds. Through condensation processes, amino acids are combined to 

form peptide bonds, leading to the synthesis of notable examples such as peptides. 

Peptides play a crucial role in the production of pharmaceuticals and serve as 

therapeutic agents with great significance. Condensation reactions find application in 

the production of diverse dyes and pigments. In the production of azo dyes, which are 
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widely used in the textile industry, condensation reactions between diazonium salts and 

aromatic amines result in the required chemicals. Many different adhesives, including 

polyurethane and epoxy resins, are produced using condensation processes. These 

reactions help build strong connections between various materials, which aids in the 

manufacturing of adhesives with outstanding bonding strength and longevity. In the 

production of resins like urea-formaldehyde resins and phenolic resins, condensation 

processes also play a big part. In the manufacture of particleboard, plywood, and 

molded goods, these resins, known for their exceptional adhesive characteristics, are 

widely used [5]. 

1.2 Types of Chemical Condensation Reactions 

There are many examples of condensation reactions including:  Claisen condensation, 

Aldol condensation, Perkin condensation, Dieckmann condensation, Knoevenagel 

condensation, esterification, amidation, and the preparation of imines [1, 6]. 

1.2.1 Esterification Reaction 

Fischer esterification, which includes condensing a carboxylic acid and an alcohol, is a 

typical method for producing esters. Emil Fischer, the reaction's discoverer, is honored 

with a name for it. A carboxylic acid and an alcohol interact during Fischer 

esterification, which uses an acid as a catalyst. Alcohol functions as a nucleophile while 

the acid catalyst protonates the carbonyl oxygen in carboxylic acid to make it more 

vulnerable to nucleophilic assault. As a result, an intermediate species known as an 

"acyl" or "carboxylic acid ester" is formed. This intermediate species then goes through 

a proton transfer and the consequent elimination of water to produce the ester. Reactant 

concentrations, temperature, and the presence of too much of an alcohol can all affect 

the equilibrium between the reactants and products in this reversible process. A strong 

acid catalyst, such as sulfuric acid or p-toluenesulfonic acid, contributes in shifting the 

balance in the direction of product synthesis by stimulating the protonation of the 

carbonyl oxygen. It is important to emphasize that an excess of alcohol is frequently 

used in Fischer esterification to facilitate the formation of the ester. Additionally, in 

order to produce water as a byproduct of the reaction and encourage the equilibrium's 

progression, the reaction is often conducted under reflux [6]. 
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Another way to produce an ester is to combine an alcohol and an acid chloride. When 

an acid chloride (RCOCl) and an alcohol (ROH) react together, the reaction takes place 

in the presence of a base as a catalyst, usually a base such as pyridine or triethylamine. 

The reaction can be described as follows: 

RCOCl + R'OH ⟶ RCOOR' + HCl                                       (1.1) 

In the above chemical equation, R represents the alkyl or aryl group of the acid chloride, 

and R' also represents the alkyl or aryl groups that arise from the alcohol. The acid 

chloride and the alcohol undergo a chemical transformation, resulting in the formation 

of an ester (RCOOR') and the formation of hydrochloric acid (HCl) as a by-product. To 

maximize the production of the desired ester, the reaction is usually performed under 

controlled conditions, such as low temperatures or in the presence of an inert gas [7, 8]. 

The Scheme 1.1.A below shows the mechanism of acid chloride preparation in the 

presence of dimethylformamide with oxalyl chloride then Scheme 1.1.B shows the 

mechanism of ester preparation from acid chloride with alcohol. 

 

 

 

 

 

 

 

 

 

 

 



4 

 

Scheme 1.1.A 

Synthesis of Acid Chloride in Presence of DMF and Oxalyl Chloride 
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Scheme 1.1.B 

Synthesis of Ester. Base= N(CH2CH3)3 or Pyridine 

 

It should be emphasized that the categorization of esters as aromatic or aliphatic 

depends on the substituents linked to the carboxylate group and the alcohol functional 

group that used in the ester preparation. Aromatic and aliphatic esters can have different 

characteristics and uses. Because of their pleasant and distinctive smells, aromatic esters 

are frequently utilized in perfumes, fragrances, and flavorings [9]. On the other hand, 

aliphatic esters are frequently employed as solvents, particularly in paints, varnishes, 

and adhesives [10]. Esters are utilized in the manufacturing of drugs [11], resins [12], 

polymers [13], the cosmetics sector [14], and uses in fertilizer [15]. Aliphatic esters 

frequently have lower boiling points compared to aromatic esters, which may have an 

impact on both their physical properties and applications. Additionally, the presence of 

one or more hetero-atoms has a substantial impact on the biological properties and 

utilization of the ester molecule. 

The biological effects of ester compounds have been studied in the past and have 

included anticancer [16], antibacterial [17], antioxidant [18], anti-inflammatory [18], 

and antifungal activity [19]. 
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1.2.2 Amidation Reaction 

A carboxylic acid or ester interacts with an amine or ammonia to result in the amidation 

reaction, which is frequently aided by a catalyst or activating substance. The reaction 

can proceed through a variety of processes, depending on the particular circumstances 

and reagents used. In the amidation reaction, which produces an amide from carboxylic 

acids, the hydroxyl group (-OH) of the acid is swapped out for the amino group (-NH2) 

of the amine. A coupling reagent, such as dicyclohexylcarbodiimide (DCC) or N,N-

diisopropylcarbodiimide (DIC), is typically required for the reaction in order to activate 

the carboxylic acid and allow the nucleophilic attack by the amine. In the process of 

ester amidation, an ester is first hydrolyzed to produce a carboxylic acid, which then 

goes through the same process as the previous one. Alternatively, in the presence of a 

catalyst or activator, the ester can directly react with an amine [6]. 

Acid chloride and primary or secondary amine can be combined to form an amide. The 

Schotten-Baumann reaction or amide synthesis is the name of this reaction. To form the 

amide compound, the acid chloride (RCOCl) reacts with a primary or secondary amine 

(R'NH2 or R'NHR''), respectively. The reaction frequently takes place in the presence of 

a base like triethylamine (Et3N) or pyridine (C5H5N) in order to neutralize the hydrogen 

chloride (HCl) byproduct. The general equation shown below can be used to illustrate 

the reaction: 

RCOCl + R'NH2 (or R'NHR'') + Base → RCONHR' (or RCONR'R'') + HCl   (1.2) 

The synthesis of a new carbon-nitrogen bond and the production of HCl occur as a 

result of the nucleophilic acyl substitution of the amine with the acid chloride’s 

carbonyl carbon in this reaction [6]. Amides are prepared by the same mechanism as 

shown in the Scheme 1.2.A and Scheme 1.2.B in the previous section, but by replacing 

the alcohol with an amine. 

Amides are flexible substances with several uses and applications in a variety of 

industries. Amides are frequently utilized as building blocks in pharmaceutical 

manufacturing for producing new drugs. They act as crucial functional groups and are 

included into the chemical structure of many medications. For instance, penicillin and 

amoxicillin are two antibiotics that have the amide bond [20]. Amides have a significant 
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role in the formation of synthetic polymers. Through a procedure known as 

polycondensation, amides are transformed into nylon, a well-known synthetic fiber. 

Another significant amide-based polymer is polyacrylamide, which is employed in 

numerous applications such increased oil recovery, soil conditioning, and water 

treatment [21, 22]. N,N-dimethylacetamide (DMAc) and N,N-dimethylformamide 

(DMF) are two examples of amides that are frequently utilized as solvents in chemical 

processes. These solvents can dissolve a variety of organic and inorganic compounds 

and have high boiling temperatures and good solvency powers. Amides are used to 

produce agrochemicals such as insecticides, fungicides, and herbicides. In the 

manufacture of these agricultural chemicals, they can act as either active ingredients or 

intermediates [23]. Amides are crucial to many biological functions. The structure and 

operation of living organisms depend on the presence of peptides and proteins, which 

are made up of amino acids connected by amide bonds. Nucleic acids (DNA and RNA), 

which are essential for the storage and transmission of genetic information, are also 

produced by amino acids [24]. Moreover, in industrial applications, amides are used as 

intermediates in the synthesis of pigments and dyes. In numerous fields, including 

plastics, textiles, and cosmetics, they are also utilized as additives [25, 26]. 

1.2.3 Synthesis of Schiff Bases  

Schiff bases are compounds that are formed when an aldehyde or ketone (-C=O) and a 

primary amine (-NH2) condense together and water molecule is removed (dehydrated), 

that leads to the production of an imine functional group (R-C=N-R’), also known as a 

Schiff base. Carbonyl compounds that are both aromatic and aliphatic can be converted 

into Schiff bases. The main amine and the carbonyl molecule combine to produce the 

imine or azomethine bond. Due to their stability and reactivity, aromatic carbonyl 

compounds, including benzaldehyde, are frequently utilized in Schiff base reactions. 

However, the condensation reaction that generates Schiff bases can also involve 

aliphatic aldehydes and ketones [27, 28]. The chemical equation for the formation of 

Schiff bases can be represented as follows: 

RCHO/ RCR’O + R’’NH2 → RCH=N-R’’/ RCR’=NR’’+ H2O                (1.3) 
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In this equation, the letters R, R', and R'' stand for an organic group (alkyl/aryl) attached 

to the carbonyl carbon of the aldehyde or ketone, the carbonyl carbon of the ketone, and 

the nitrogen atom of the primary amine, respectively. The reaction results in the 

formation of an imine (RCH=N-R') or (RCR'=NR'') and a molecule of water (H2O) as a 

byproduct. The Scheme 1.1.C below shows the mechanism of imine preparation without 

the presence of a catalyst at one time (1) then in the presence of an acid catalyst 

(H2SO4) at the other time (2). 
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Scheme 1.1.C 

Synthesis of Schiff bases (imines) 

 



11 

 

Hugo Schiff, a German scientist, is credited with discovering the Schiff bases in 1864. 

It's also important to note that imines and azomethines are both names for compounds 

with the C=N functional group [29, 30]. 

The lone pair of electrons on the nitrogen atom in imine compounds plays a significant 

role in their reactivity and makes them useful for various applications. Imine 

compounds have the ability to serve as catalysts in many different chemical reactions. 

The activation of reactants and the rapidity of the reaction are made possible by the lone 

pair of electrons' ability to interact with transition metal ions. Imine-based catalysts are 

advantageous in asymmetric synthesis and other transformations because of these 

characters [31]. Imine compounds' lone pair of electrons can take part in complexation 

processes with specific metal ions or other analytes. Imines are advantageous for the 

development of sensors and detection systems because of this feature. One can adjust 

the selectivity and sensitivity of the sensor towards particular analytes by changing the 

imine structure [32]. Moreover, imine groups are present in many medications. The 

nitrogen atom's lone pair of electrons can interact with biological targets like enzymes 

or receptors to produce certain pharmacological actions [33-35]. 

In biological applications such as antifungal, antibacterial, antimalarial, 

antiproliferative, anti-inflammatory, antiviral, and antipyretic properties, Schiff base 

ligands containing hetero-atoms (N, O, P, and S) have been employed [36-39]. Various 

studies have looked at the anticancer properties of Schiff base metal complexes in 

relation to numerous cancer cell types, including leukemia, breast cancer, lung cancer, 

colon cancer, and prostate cancer. These complexes' modes of action can differ and may 

involve several pathways. The capacity of Schiff base metal complexes to interact with 

biomolecules like DNA and proteins is one of the main factors driving interest in them 

as potential anticancer treatments. In cancer cells, some complexes have been found to 

attach to DNA and cause DNA damage, which causes cell cycle arrest and apoptosis 

(programmed cell death). These interactions may disrupt the transcription and 

replication of DNA, ultimately preventing the growth of cancer cells [40, 41]. 

Additionally, it has been noted that Schiff base metal complexes have anti-oxidant 

properties and can scavenge reactive oxygen species (ROS). The development and 

spread of cancer can be facilitated by excessive ROS production, which can also 

damage cellular components and produce oxidative stress. Schiff base metal complexes 
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can help insulate cells from oxidative damage and possibly stop the growth of cancer 

cells by lowering ROS levels [42]. 

1.3 Heterocyclic Compounds 

Heterocyclic compounds refer to organic compounds that possess one or more ring 

structures comprising carbon atoms along with atoms of various other elements, such as 

nitrogen (N), oxygen (O), or sulfur (S) and other atoms like phosphorus (P) and boron 

(B) can also be present in some cases. These additional elements, called hetero-atoms, 

give heterocyclic compounds with distinctive chemical characteristics and frequently 

contribute to their broad range of biological activities. Heterocyclic compounds are 

categorized according to the ring's atom count and the specific type of heteroatom it 

contains. Various sizes of rings are commonly encountered, such as those comprising 

three atoms (referred to as three-membered rings) like epoxide, thiirane, selenirane and 

aziridine, five-membered rings like pyrrole, furan, thiophene, pyrazole, imidazole and 

oxazole, six-membered rings like pyridine, pyrimidine, pyrazin, piprazine and 

pyridazine, and so forth. It is important to note that the number of heteroatoms within 

the ring can also differ. Based on whether or not the ring structure contains aromaticity, 

heterocyclic compounds can be further divided into aromatic and non-aromatic groups. 

According to Hückel's rule, aromatic heterocycles are similar to benzene in that they 

have a conjugated ring structure with 4n + 2 -electrons (where n is an integer). 

Moreover, based on how the fused rings are arranged, heterocyclic compounds can be 

classed. The way the rings are joined to one another in heterocyclic compounds is 

referred to as the arrangement of fused rings. A bigger cyclic structure with a variety of 

chemical characteristics is produced by the joining of several rings. In heterocyclic 

compounds, the following forms of fused ring systems are typical: fused rings in a 

linear fashion like naphthalene and anthracene, fused rings in a bridged fashion like 

spiro[4.5]decane, spiro[4.4]nonane and bicyclo[2.2.2]octane, fused rings in a fused 

fashion like indole (benzene and pyrrole rings fused), benzothiophene (benzene and 

thiophene rings fused) and quinoline (benzene and pyridine rings fused) or fused rings 

with a common atom like isoquinoline (benzene ring and a pyridine ring share a 

common carbon atom) and indoline (benzene ring and a pyrrole ring share a common 

carbon atom) [43]. 
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The first natural products were isolated and studied by chemists in the early 19th 

century, which is when heterocyclic chemistry began. The German chemist Friedrich 

Wöhler, who is credited with creating urea in 1828 by synthesizing it from inorganic 

materials, was one of the forerunners in this subject. This synthesis disproved vitalism, 

which claimed that only living things could produce organic molecules, by 

demonstrating that organic compounds could be formed from inorganic sources [44]. 

In the middle of the 19th century, August Wilhelm von Hofmann, a pupil of Friedrich 

Wöhler, made significant contributions to the field of heterocyclic chemistry. Hofmann 

and his colleagues created a range of heterocyclic chemicals, including pyridine and 

quinoline derivatives. These compounds have attracted a lot of research due to their 

prevalence in natural goods and their possible health advantages [45]. 

Heterocyclic chemistry made progress during the 19th and 20th century. In the late 19th 

century, chemists like Adolf von Baeyer and Albert Ladenburg made major progress in 

the synthesis and characterization of many heterocyclic molecules. Baeyer produced a 

number of important heterocyclic chemicals, including indole, pyrimidine, and 

pyrazole. His research laid the foundation for the knowledge we have today on 

aromaticity in heterocyclic systems [46]. 

The discovery of various naturally occurring heterocyclic compounds and the 

investigation of novel synthetic methods led to significant developments in the field of 

heterocyclic chemistry in the early 1900s. By creating colors from heterocyclic 

molecules, well-known chemist Paul Ehrlich made a significant contribution to medical 

chemistry. His ground-breaking work paved the way for the creation of essential drugs 

like the potent antimalarial quinine [47]. 

Due to improvements in spectroscopic methods like infrared and nuclear magnetic 

resonance (NMR) spectroscopy, the subject of heterocyclic chemistry expanded quickly 

in the middle of the 20th century. These methods made it possible to characterize 

heterocyclic compounds' structures more precisely, which advanced both the synthesis 

of these compounds and our understanding of their reactivity. Researchers from all over 

the world are currently working on the synthesis, characterization, and uses of novel 

heterocyclic molecules, maintaining heterocyclic chemistry as an active field of study. 

The following are some of aromatic or aliphatic heterocyclic compounds that are 
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considered the basis for the chemical composition of the starting materials that were 

used in all the chemical reactions through which the compounds were synthesized in 

this study: 

1.3.1 Pyrrole 

Pyrrole, also known as azacyclopenta-2,4-diene or cyclopentadiene with an NH group 

in place of a CH unit and it is a heterocyclic aromatic organic molecule having the 

chemical formula C4H5N. A five-membered ring made up of four carbon atoms and one 

nitrogen atom makes up this compound. Due to the presence of an electron pair on the 

nitrogen atom, pyrrole is extremely reactive and serves as a flexible building block in 

organic chemistry [48]. 

At room temperature, pyrrole is a colorless liquid, but it can turn dark when exposed to 

air and light. It has bad and terrible smell. Various natural resources, including coal tar, 

crude oil, and some fruits and vegetables, contain pyrrole. F. F. Runge discovered it for 

the first time in 1834 [49]. 

Agrochemicals, materials research, and pharmaceuticals all frequently use pyrrole 

derivatives. They are capable of acting as precursors in the manufacture of medicines, 

dyes, pigments, and polymers and exhibit biological activities. Although pyrrole has 

few uses by itself, it is an essential component in the production of chemical 

compounds. Due to their wide range of biological functions, pyrrole derivatives have 

been extensively researched and used in pharmaceuticals. A wide range of 

pharmacological properties, such as antibacterial, antifungal, anti-inflammatory, 

analgesic, anticancer, and antiviral activities, are displayed by pyrrole derivatives [50]. 

Pyrrole derivatives are used in agrochemicals as active components in pesticides, 

herbicides, and fungicides. These substances aid in crop protection by preventing 

weeds, fungus, and pests from growing. For instance, the natural pyrrole molecule 

pyrrolnitrin is utilized as a biocontrol agent against many plant infections. It has 

antibacterial capabilities [51]. Moreover, in materials science, pyrrole-based dyes and 

pigments are used in textiles, printing inks, paints, and coatings and provide a wide 

range of colors. On the other hand, pyrrole monomers can be polymerized to produce 

conducting polymers with great electrical conductivity, such polypyrrole. Electronics, 

sensors, batteries, and electrochromic materials all use these conducting polymers [52]. 
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Pyrrole exhibits various common reactions, including: electrophilic aromatic 

substitution reaction, where the electron-rich nature of the pyrrole ring makes it 

susceptible to attack by electrophile (for example, nitration of pyrrole can be achieved 

by treating it with a mixture of concentrated nitric acid and sulfuric acid); Vilsmeier-

Haack reaction, pyrrole can react with the Vilsmeier-Haack reagent, which is a mixture 

of dimethylformamide (DMF) and phosphorus oxychloride (POCl₃) (this reaction leads 

to the formation of an N-acylpyrrole, where the nitrogen atom is attached to an acyl 

group); and pyrrole can participate in the Diels-Alder cycloaddition reaction, where it 

acts as a diene. The diene character of pyrrole arises from the electron-rich nature of the 

nitrogen atom and the aromaticity of the ring. This reaction can lead to the formation of 

fused ring systems and the introduction of new substituents [48]. 

1.3.2 Furan 

Oxacyclopentadiene, known as furan, is a heterocyclic organic molecule with four 

carbon atoms and one oxygen atom in its aromatic ring. C4H4O is its chemical formula. 

Due to their involvement in the delocalized electron system, the lone pairs of electrons 

on the oxygen atom contribute to the stability and aromaticity of furan [48]. Furan is a 

colorless, flammable liquid that has a peculiar smell that borders on the ethereal. 

Heinrich Limpricht synthesized it for the first time in 1870 [53]. 

Furan derivatives exhibit a wide range of bioactivities and have been extensively 

studied in various fields of medicinal and pharmaceutical research such as 

antimicrobial, anticancer, anti-inflammatory, antioxidant, antidiabetic, antiviral and 

neuroprotective [54-56]. 

Furan exhibits various common reactions, including: electrophilic aromatic substitution 

reaction, where the electron-rich furan ring can react with electrophiles, such as 

nitronium ion (NO2
+
), to substitute a hydrogen atom with the electrophile, resulting in 

the formation of substituted furan derivatives; Furan can undergo a Diels-Alder reaction 

with dienophiles, which are compounds containing double bonds. This reaction leads to 

the formation of cycloadducts, known as adducts, by forming two new carbon-carbon 

bonds. Additionally, metalation reaction of furan especially lithiation reaction is a 

common reaction of furan; it is typically performed using a strong base, such as lithium 
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diisopropylamide (LDA) or n-butyllithium (n-BuLi) to introduce substituents onto the 

furan ring as lithiofuran [48]. 

1.3.3 Thiophene 

The five-membered ring of the heterocyclic organic molecule thiophene has one sulfur 

atom and four carbon atoms. It is a benzene derivative in which a sulfur atom replaces 

one of the carbon atoms. Thiophene has the chemical formula C4H4S. Similar resonance 

forms to those that exist in pyrrole and furan also contribute to the molecular structure 

of thiophene, an aromatic molecule. But since sulfur is less electronegative than oxygen, 

thiophene and furan differ from one another. Thiophene's chemistry therefore resembles 

that of pyrrole more so than that of furan. For instance, in order to drive a cycloaddition 

between thiophene and maleic anhydride, very harsh circumstances, high pressure (15 

bar), and a temperature of 100°C, are required therefore thiophene does not readily enter 

into [4 + 2] cycloaddition reactions. Thiophene exhibits a colorless to pale yellow 

appearance in a liquid state, accompanied by a recognizable yet slightly disagreeable 

scent. It possesses a high flammability and may toxic when consumed or excessively 

inhaled. While thiophene does not readily dissolve in water, it exhibits solubility in 

various organic solvents including ethanol, ether, and benzene [48]. 

Thiophene is an essential component of numerous significant molecules and is a widely 

used building block in chemical synthesis. Numerous medicines, agrochemicals, 

pigments, polymers, and other organic compounds can be made using it as a substrate. 

Its distinct electrical characteristics make it useful in materials research, particularly in 

the development of organic semiconductors and conductive polymers [57, 58].  

Thiophene can undergo electrophilic aromatic substitution reactions similar to benzene. 

For example, it can react with nitric acid or sulfuric acid in the presence of a catalyst to 

form nitro- or sulfonic acid derivatives, respectively. In oxidation reaction, thiophene 

can be oxidized to form thiophene oxide or other oxidized derivatives. This reaction is 

often carried out using strong oxidizing agents, such as hydrogen peroxide or peracids. 

Moreover, thiophene can be directly metalated using strong bases, such as n-butyl 

lithium (n-BuLi) or lithium diisopropylamide (LDA), these bases deprotonate the 

thiophene at the 2-position, resulting in the formation of the corresponding metal-
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thiophene complex. The choice of base and reaction conditions depends on the desired 

metalation site and the subsequent reactions [48]. 

1.3.4 Pyridine 

A heterocyclic organic molecule with the chemical formula C5H5N is pyridine 

(azabenzene). It is a colorless liquid with a distinct odor, soluble in water, alcohol, and 

most organic solvents. The substitution of more electronegative N for the aromatic CH 

results in a dipole moment of 2.2 D, which indicates a shift in the electron density away 

from the ring and towards the nitrogen atom. The nitrogen atom of pyridine has a partial 

negative charge, and the carbons 2 or 6 and 4 hold partial positive charges, according to 

the valence bond (resonance) description. Pyridine possesses characteristics of a basic 

compound due to the presence of a lone pair of electrons on its nitrogen atom. This lone 

pair enables it to act as a Lewis base by donating electrons to electron-deficient species 

like a proton (H⁺), resulting in the formation of a coordinate covalent bond. However, 

pyridine's basicity is comparatively weaker than that of other common bases like 

amines. This is mainly because of the delocalization of the lone pair over both the 

nitrogen atom and the aromatic ring of pyridine. The delocalization phenomenon 

reduces the availability of the lone pair for protonation, thereby making the nitrogen 

atom less basic compared to a simple amine [48]. 

Because of their numerous bioactivities, pyridine derivatives are important compounds 

in pharmaceutical and medicinal chemistry. Numerous pyridine derivatives have 

antibacterial properties that make it possible for them to stop the development of 

bacteria, fungus, and other microbes. Examples include quinolones, a class of 

antibiotics, and isoniazid, a popular antitubercular medication [59, 60]. Some pyridine 

derivatives have shown promising anticancer activity. For instance, erlotinib and 

gefitinib are pyridine-containing drugs used for the treatment of certain types of lung 

cancer by inhibiting the epidermal growth factor receptor (EGFR) [61]. Moreover, some 

of pyridine derivatives exhibit anti-inflammatory properties, which can be useful in the 

treatment of inflammatory conditions. Diclofenac, a nonsteroidal anti-inflammatory 

drug (NSAID), contains a pyridine ring and is commonly used to relieve pain and 

inflammation [62]. 
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Pyridine displays a range of reactions, encompassing nucleophilic substitution reactions 

at the C-2, C-4, and C-6 positions. Additionally, similar to benzene, pyridine can 

participate in electrophilic aromatic substitution reactions. The nitrogen atom in 

pyridine serves as a nucleophile, allowing it to attack electrophiles. Common 

electrophilic substitution reactions comprise nitration, halogenation, sulfonation, as well 

as Friedel-Crafts acylation or alkylation. Furthermore, pyridine can undergo acylation 

and alkylation reactions akin to benzene. When treated with acylating agents (such as 

acyl chlorides) or alkylating agents (like alkyl halides) in the presence of a Lewis acid 

catalyst, acyl or alkyl groups can be introduced onto the pyridine ring [48]. 

1.3.5 Indole 

Indole is a solid heterocyclic chemical molecule having a bicyclic structure made up of 

a five-membered nitrogen-containing pyrrole ring joined to a six-membered benzene 

ring with a chemical formula C8H7N. It falls within the category of a bicyclic aromatic 

compounds, the aromatic nature of indole emerges from the existence of a conjugated π-

electron system formed by the overlapping p-orbitals of the carbon and nitrogen atoms 

within the ring. Two carbon atoms are shared by the benzene ring and the pyrrole ring, 

leading to the dispersal of π-electrons throughout the entire structure. This generates a 

resonance structure that stabilizes the molecule and imparts it with distinct properties 

[48]. 

The antimicrobial effects of indole derivatives are demonstrated against a variety of 

microorganisms, such as bacteria, fungus, and protozoa. They can stop germs from 

growing and surviving by interfering with vital cellular functions [63]. Indole 

compounds have shown promising anticancer activity by various mechanisms. They 

have the ability to prevent the growth of cancer cells, trigger apoptosis (programmed 

cell death), and obstruct tumor angiogenesis (the development of blood vessels to 

support tumor growth). Indole-3-carbinol (I3C), a compound found in cruciferous 

vegetables, is known for its potential cancer-preventive properties and it can modulate 

estrogen metabolism, potentially reducing the risk of certain hormone-related cancers 

[64]. Moreover, certain indole compounds exhibit antioxidant properties, enabling them 

to eliminate free radicals and safeguard cells against oxidative harm. These compounds 

hold promise for potential utilization in the prevention or treatment of disorders linked 

to oxidative stress, including cardiovascular diseases and specific types of cancer. [65]. 
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The Mannich and Vilsmeier reactions, as well as a number other electrophilic aromatic 

substitution processes, are all carried out on indole. In electrophilic aromatic 

substitution processes, an electrophile is used to replace an atom or a group in a 

molecule. The C3 position of the pyrrole ring, which is the most electron-rich location, 

is the most frequent site of electrophilic substitution in the case of indole. An amine, a 

carbonyl molecule, and an acid catalyst are joined in the Mannich reaction of indole to 

produce a Mannich base. An attack on the carbonyl carbon of the carbonyl compound is 

caused by the nucleophilic nitrogen of the indole ring, which is followed by a proton 

transfer and the subsequent elimination of a water molecule. An N-alkylated indole 

derivative is the end result. Moreover, the formylating agent and the Lewis acid catalyst 

interact during the Vilsmeier reaction of indole to produce the formyl cation, an 

electrophilic species. The indole ring's C3 position is subsequently attacked by the 

formyl cation, which results in the insertion of a formyl group (CHO) there [48]. 

1.3.6 Chromone-4-one 

Chromones, also known as benzopyran-4-ones or C9H6O2 coumarin isomers, are a 

subset of the larger class of aromatic heterocyclic chemicals. They are distinguished by 

a fused ring structure made up of a benzene ring fused to an oxygen-containing pyran 

ring. In accordance with the patterns of substitution and the presence of extra functional 

groups, chromone can exist in a variety of structural variations [48].  

Natural products belonging to the chromone family have a variety of biological effects, 

such as anticancer, anti-inflammatory, antibacterial, antiviral, atypical antipsychotic, 

and anti-platelet effects. This is largely because of their well-known antioxidant 

properties, which result from their capacity to neutralize active forms of oxygen and to 

stop free radical processes [66-68]. 

Chromone derivatives can undergo electrophilic aromatic substitution reactions. The 

carbonyl group in chromone can act as a nucleophile and react with electrophilic 

reagents. This can lead to the introduction of various functional groups, such as alkyl, 

acyl, or halogen substituents, at different positions of the chromone ring. Also, Mannich 

reaction for chromone proceeds in the presence of the amine and the acidic component. 

The amine acts as a nucleophile and attacks the electrophilic carbonyl carbon, resulting 

in the formation of an imine intermediate. Subsequent protonation of the imine by the 
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acidic component and subsequent tautomerization leads to the formation of the β-amino 

carbonyl product [48]. 

1.3.7 Pyrrolidine 

Tetrahydropyrrole, also known as pyrrolidine, is an aliphatic heterocyclic organic 

molecule having the chemical formula (CH2)4NH. It has a five-membered ring made up 

of four carbon atoms and one nitrogen atom. The ring structure of pyrrolidine is similar 

to that of pyrrole, but with saturated carbon atoms. It is a colorless liquid that dissolves 

in water and in the most of the organic solvents and it has a distinctive odor. Because 

the nitrogen atom has a single pair of electrons, pyrrolidine can function as a Lewis base 

by giving its electron pair to an acid or proton to generate a coordinate covalent bond. 

Because of this interaction, pyrrolidine can engage in acid-base processes and accept a 

proton to transform into the positively charged molecule pyrrolidinium [43]. 

Pyrrolidine derivatives have shown neuroprotective properties in various studies. They 

can potentially protect neurons from damage caused by oxidative stress, inflammation, 

and neurodegenerative disorders [69]. Pyrrolidine compounds have been found to 

possess antioxidant properties. They can scavenge free radicals and inhibit oxidative 

stress, which is associated with various diseases, including cardiovascular disorders, 

cancer, and aging-related conditions [70]. The growth of bacteria, fungus, and other 

microbes has also been found to be inhibited by a few pyrrolidine derivatives, 

demonstrating antibacterial characteristics. These substances might interfere with 

microbial cell membranes or stop vital enzymes from functioning [71]. 

Many chemical processes, particularly N-alkylation and acylation reactions, contain the 

molecule pyrrolidine. With alkyl halides or alkylating agents, pyrrolidine can undergo a 

N-alkylation reaction. In order to deprotonate the nitrogen and boost its nucleophilicity, 

this reaction requires replacing the hydrogen atom on the nitrogen atom with an alkyl 

group, and it is commonly conducted in the presence of a base like sodium hydroxide 

(NaOH). In addition, pyrrolidine is capable of going through N-acylation processes, in 

which the nitrogen atom is given an acyl group. In order to perform this reaction, 

pyrrolidine is often treated with an acylating agent, such as an acyl chloride (for 

example, acetyl chloride) or an acid anhydride (for example, acetic anhydride). 
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Frequently, a base, such as pyridine or triethylamine, acts as the catalyst for the reaction 

[43]. 

1.3.8 Piperazine 

The non-aromatic heterocyclic compound class known as the diamines includes 

piperazine, an organic chemical part. A six-membered ring containing two nitrogen 

atoms at positions 1 and 4, separated by two carbon atoms, makes up the compound. 

The chemical formula for piperazine is C4H10N2 [43]. 

A versatile substance, piperazine is used in many different industries. It can be found in 

the production of many different medications and is frequently employed as a 

pharmaceutical intermediary. Piperazine derivatives have been utilized as anthelmintic 

medications in the medical field to treat parasitic worm infections. They function by 

paralyzing the worms so that the body can get rid of them more easily [72]. A few 

compounds of piperazine have demonstrated anticancer effects [73]. Additionally, 

piperazine derivatives can alter the release, reuptake, or metabolism of 

neurotransmitters via interacting with neurotransmitter receptors in the brain. The 

central nervous system may be affected in a number of ways by this modulation, 

including by stimulating or inhibiting particular signaling pathways [74]. 

Alkylating agents or alkyl halides can react with piperazine to produce an alkylated 

form. Usually, the reaction takes place at one of the nitrogen atoms, replacing a 

hydrogen atom with an alkyl group. Alkylation of piperazine can yield a range of 

alkylpiperazines with diverse properties. Also piperazine can undergo acylation 

reactions, where an acyl group (R-CO-) replaces one of the nitrogen atoms. This 

reaction is commonly employed to introduce functional groups onto the piperazine ring. 

For example, treatment of piperazine with acetic anhydride or acyl chlorides can lead to 

the formation of acylpiperazines. Moreover, piperazine can undergo reductive 

amination reactions, where an aldehyde or ketone reacts with piperazine in the presence 

of a reducing agent. This reaction leads to the formation of secondary amines, 

introducing additional functionality to the piperazine molecule [43].  
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1.4 The objectives of this study 

1. To synthesize a novel heterocyclic esters derived from several alcohols and 

heterocyclic carboxylic acids. 

2. To synthesize a novel  heterocyclic amides derived from heterocyclic amines and 

carboxylic acids. 

3. To synthesize a novel heterocyclic imine compounds derived from several 

heterocyclic carbonyl compounds. 

4. To identify all the synthesized compounds by using FT-IR, 
1
H and 

13
C NMR 

analysis. 

5. To evaluate the biological activities of all synthesized compounds icluding 

(anticancer, antibacterial and antioxidant activities). 
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Chapter Two 

Experimental part 

2.1 Chemistry 

2.1.1 Chemicals and Instruments 

All of the chemicals and solvents were bought from Chemical Science Company and 

Sigma-Aldrich Chemical Company, respectively. Without additional purification, 

materials and solvents were used. Nuclear magnetic resonance spectra (
1
H-NMR 

and
13

C-NMR) were recorded on Bruker 500MHz-Avance III at the Chemistry 

Department at University of Jordan. Infrared spectroscopy (FTIR) was recorded on 

Fourier transform infrared spectrophotometer (Nicolet 1s5-Id3) at the Chemistry 

Department at An-Najah National University. Also Waters 1525 binary HPLC pump 

and Waters 2998 photodiode array detector were used in this research. The glassware of 

reactions was dried by using Bunsen burner flame or oven and cooled under vacuum. 

All reactions were done under nitrogen gas. TLC analysis was performed on silica gel 

plates pre-coated with Merck Kiesel gel 60 F254 and was purchased from Sigma-

Aldrich Chemical Company also visualization was done by using UV lamp. Rotary 

evaporator with membrane pump at 30-50mbar was used to remove the solvents. Using 

the Stuart Melting Point Apparatus (R00102618), melting points were measured. 

Moreover, flash column chromatography was used with silica gel from Sigma-Aldrich, 

60°A pore size and 230-400 mesh, 40-63µm particle under 5 psi compressed air. 

2.1.2 Synthetic procedures 

The compounds prepared in this thesis were divided into seven categories. Each 

category of compounds was prepared in the same way and studied using the same 

biological tests. It can be seen that the compounds are not sequentially numbered 

(compound symbols) because each category of compounds was prepared separately. 

Table 2.1 shows the prepared categories and the symbols of the compounds to which 

they belong. 
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Table 2.1 

Categories of prepared compounds 

Category number Category name Symbol of compound/s 

1 Thymol ester E2 

2 Carvacrol esters E4, E5, E6, E7, and E8 

3 Esters Ea, Eb, Ec, and Ed 

4 Flavonoid esters Ee1 and Ee2 

5 Amides A1, A2, Aa, and Ab 

6 Schiff bases 3, 4, 7, and 8 

7 Schiff bases 1, 2, 5, and 6 
 

2.1.2.1 Synthesis of Thymol Ester (E2) 

In a 100 ml round bottom flask under nitrogen atmosphere and in an iced water bath, 

indole-3-carboxylic acid (1 eq.) and 2 drops of dry dimethylformamide were dissolved 

in 10 mL of dry dichloromethane. Oxalyl chloride (2 eq.) was added to the mixture 

which was then stirred for 3 hours. After that, the solvent was evaporated under vacuo. 

A solution of thymol (1eq.) and triethylamine (1eq.) was added to a stirred solution of 

residue in 10 ml of dry DCM under nitrogen atmosphere and the mixture was stirred for 

24 hours at room temperature. The reaction was quenched with saturated sodium 

bicarbonate and extracted three times with DCM (1:1). The combined organic layer was 

dried with MgSO4 drying agent, then the sample was filtered and the solvent was 

evaporated under vacuum. Through the use of flash chromatography, the product was 

purified by using a hexane: ethyl acetate (7:3) as an eluant system. Crystals were 

obtained from the final product through crystalization by the use of dichloromethane 

and hexane solvents (4.5:0.5) to produce E2 pure compound. 

2-Isopropyl-5-methylphenyl 1H-indole-3-carboxylate (E2) 

E2 

Purified by flash chromatography using a hexane: ethyl acetate (7:3) as an eluant. Light 

pink colored crystal; 77.8% yield; Melting point 183-184°C; IR main functional groups: 

3273.66 cm 
-1

 N-H indole, 2961.49 cm
-1

 C-H aromatic, 2869.82 cm
-1 

C-H aliphatic, 1690.16 cm
-1

 C=O 

ester, 1619.9 cm
-1

 C=C thymol, 1581 cm
-1

 C=C indole. 
1
H NMR (500 MHz, DMSO, ppm): 12.14 

(1H, s, broad), 8.31 (1H, d, J = 2.3 Hz), 8.01 (1H, d, J = 7.6 Hz), 7.54 (1H, d, J = 
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7.6Hz), 7.23-7.26 (3H, m), 7.06 ( 1H, d, J = 7.9), 6.95 (1H, s), 3.03 ( 1H, sept), 2.29 ( 

3H, s), 1.14 ( 6H, d, J = 6.9). 
13

C NMR: (ppm), 136.39 (1C, -C=O), 148.34 (1C, -C-O-), 

137.62 (1C, -NH-C=C- indole), 137.04 (1C, -O-C=C-CH(CH3)2), 136.49 (1C, -C=C-

CH3), 126.26 (1C, -NH-C=C- indole), 105.9 (1C, -C=C-C=O- indole), 133.36 (1C, -

NH-C=C-C=O- indole), 128.55 (1C, CH aryl thymol), 127.2 (1C, CH aryl thymol), 

123.6 (1C, CH aryl thymol), 122.22 (1C, CH aryl indole), 120.6 (1C, CH aryl indole), 

118.1 (1C, CH aryl indole), 112.5 (1C, CH aryl indole), 26.9 (1C, -CH(CH3)2), 23.02 

(2C, 2CH3), 21.82 (1C, CH3) (see Fig. 1, 25(a) and 25(b) in Appendix A). 

2.1.2.2 Synthesis of Carvacrol Esters (E4, E5, E6, E7 and E8) 

A 100 ml round bottom flask was placed in an ice water bath with a solution of 

carboxylic acid (1 equivalent) and 2 drops of dry dimethylformamide in 10 mL of dry 

dichloromethane under nitrogen atmosphere. The mixture was then supplemented with 

oxalyl chloride (2 equivalent), and the mixture was stirred for 3 hours. Following that, 

the solvent was evaporated in a vacuum before the products were used without being 

purified in the synthesis of esters. Carvacrol (1 equivalent) and triethylamine (1 

equivalent) were added to a stirred solution of an acid chloride in 10 ml of dry DCM 

under nitrogen atmosphere, and the combination was stirred continuously at room 

temperature for 24 hours. The reaction was observed by TLC. Then the reaction was 

extracted by using saturated sodium bicarbonate solution and DCM (1:1). Following 

separation, the organic layer was dried over anhydrous MgSO4, filtered, and the solvent 

was then evaporated under vacuum. Through the use of flash chromatography, the 

products were purified. 

5-Isopropyl-2-methylphenyl 1H-pyrrole-2-carboxylate (E4) 

E4 

Purified by flash chromatography using a hexane : ethyl acetate (8:2) as an eluant. Pale 

yellow colored liquid; 50% yield; IR main functional groups: 3250.01 cm 
-1 

N-H pyrrole, 

2961.74  cm
-1

 C-H aromatic, 2869.66 cm
-1

 C-H aliphatic, 1740.81 cm
-1

 C=O ester, 1619 cm
-1 

C=C 
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carvacrol, 1576.28 cm
-1 

C=C pyrrole. 
1
H NMR (500 MHz, DMSO, ppm): 8.52 (1H, s), 7.21 

(1H, d, J = 7.8 Hz), 7.04 (2H, m), 6.92 (1H, d, J = 7.6 Hz), 6.62 (1H, s), 6.54 (1H, d, J = 

7.6 Hz), 2.86 (1H, sept, J = 7 Hz), 2.08 (3H, s), 1.17 (6H, d, J= 6.9 Hz) (see Fig. 2 and 

26 in Appendix A). 

5-Isopropyl-2-methylphenyl furan-3-carboxylate (E5) 

E5 

Purified by flash chromatography using a dichloromethane : ethyl acetate (9.5:0.5) as an 

eluant. Colorless liquid; 55% yield; IR main functional groups: 2961.21 cm
-1

 C-H aromatic, 

2869 cm
-1

 C-H aliphatic, 1740.55 cm
-1

 C=O ester, 1619 cm
-1 

C=C carvacrol, 1570.22 cm
-1 

C=C furan. 
1
H 

NMR (500 MHz, DMSO, ppm): 8.64 (1H, s), 7.9 (1H, q, J = 7.8 Hz), 7.21 (1H, d, J = 

7.7 Hz), 7.07 (1H, dt, J = 7.8 Hz), 7.01 (1H, d, J = 1.9 Hz), 6.94 (1H, d, J = 7.7 Hz), 

2.86 (1H, sept, J = 7 Hz), 2.08 (3H, s), 1.18 (6H, dd, J = 6.9 Hz) (see Fig. 3 and 27 in 

Appendix A) . 

5-Isopropyl-2-methylphenyl 4-bromothiophene-3-carboxylate (E6) 

E6 

Purified by flash chromatography using a hexane : dichloromethane (6:4) as an eluant. 

Colorless liquid; 60.5% yield; IR main functional groups: 2959.21 cm
-1

 C-H aromatic, 

2866.5 cm
-1

 C-H aliphatic, 1741.36 cm
-1

 C=O ester, 1615.83 cm
-1 

C=C carvacrol, 1495.41 cm
-1 

C=C 

thiophene. 
1
H NMR (500 MHz, DMSO, ppm): 8.76 (1H, m), 7.9 (1H, dd, J = 3.4 Hz), 7.23 

(1H, d, J = 7.8 Hz), 7.09 (1H, d, J = 7.8 Hz, Ar-H), 7.05 (1H, s), 2.88 (1H, sept, J = 7.1 

Hz), 2.11 (3H, s), 1.19 (6H, m) (see Fig. 4 and 28 in Appendix A) . 
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5-Isopropyl-2-methylphenyl 5-bromothiophene-2-carboxylate (E7) 

E7 

Purified by flash chromatography using a hexane : dichloromethane (6:4) as an eluant. 

Pale yellow colored liquid; 62.5% yield; IR main functional groups: 2962.61 cm
-1

 C-H 

aromatic, 2866.49 cm
-1

 C-H aliphatic, 1725.61 cm
-1

 C=O ester, 1619.61 cm
-1 

C=C carvacrol, 1547.67 

cm
-1 

C=C thiophene. 
1
H NMR (500 MHz, DMSO, ppm): 7.86 (1H, dd, J = 4.1), 7.47 (1H, dd, 

J = 4.1Hz), 7.23 (1H, d, J = 7.8 Hz), 7.09 (2H, m), 2.87 (1H, sept, J = 7.1 Hz), 2.09 (3H, 

s), 1.17 (6H, d, J = 6.9 Hz) (see Fig. 5 and 29 in Appendix A). 

5-Isopropyl-2-methylphenyl thiophene-3-carboxylate (E8) 

E8 

Purified by flash chromatography using a dichloromethane : ethyl acetate (9.5:0.5) as an 

eluant. Colorless liquid; 65% yield; IR main functional groups: 2960.49 cm
-1

 C-H aromatic, 

2865.8 cm
-1

 C-H aliphatic, 1732.46 cm
-1

 C=O ester, 1619 cm
-1 

C=C carvacrol, 1578.03 cm
-1 

C=C 

thiophene. 
1
H NMR (500 MHz, DMSO, ppm): 8.6 (1H, dt, J = 3.9 Hz), 7.74 (1H, dt, J = 

3.9 Hz), 7.61 (1H, dd, J = 5 Hz), 7.22 (1H, d, J = 7.8 Hz), 7.08 (1H, d, J = 7.8 Hz), 7.03 

(1H, d, J = 2.2 Hz), 2.87 (1H, sept, J = 7 Hz), 2.09 (3H, s), 1.18 (6H, dd, J = 6.9) (see 

Fig. 6 and 30 in Appendix A) . 

2.1.2.3 Synthesis of Esters (Ea, Eb, Ec and Ed) 

Carboxylic acid compound (1 eq.) and 2 drops of dry dimethylformamide were 

dissolved in 10 mL of dry DCM and placed in a 100 ml round bottom flask under 

nitrogen atmosphere and at cooled water bath. Two equal parts of oxalyl chloride was 

added to the mixture, which was then stirred for three hours. The solvent then 

evaporated under vacuum after that. A solution of alcohol (1 eq.) and triethylamine      
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(1 eq.) were added to a stirred solution of residue in 10 ml of dry DCM under nitrogen 

atmosphere and the mixture was stirred for 48 hours at room temperature. The sample 

was then extracted three times using a 1:1 mixture of DCM and saturated NaHCO3 

solution.  The organic layer was collected and magnesium sulfate drying agent was 

added, then the sample was filtered and the solvent was removed under vacuum. 

Finally, the product was purified by using flash chromatography technique. 

2-(phenylthio)ethyl 1H-indole-3-carboxylate (Ea) 

Ea 

Purified by flash chromatography using a ethyl acetate : hexane (1:9) as an eluant. 

Colorless liquid; 50% yield; IR main functional groups: 2977.31cm
-1

 C-H aromatic, 

2888.65cm
-1

 C-H aliphatic, 1713.98cm
-1

 C=O ester, 1583.1cm
-1 

C=C Aryl, 1480.09cm
-1 

C=C indole, 

3053.9cm
-1

 NH indole. 
1
H NMR (500 MHz, DMSO, ppm): 8.36 (1H, dd), 8.15 (1H, m), 

7.65 (1H, dd), 7.48 (1H, dd), 7.3 (1H, m), 7.1 (2H, m), 6.66 (4H, m), 4.34 (2H, t), 4.13 

(2H, dt) (see Fig. 7 and 31 in Appendix A) . 

2-(phenylamino)ethyl 1H-indole-3-carboxylate (Eb) 

Eb 

Purified by flash chromatography using a ethyl acetate : dichloromethane (1:9) as an 

eluant. Off-white colored solid; 60% yield; Melting point 82-84°C; IR main functional 

groups: 2971.84cm
-1

 C-H aromatic, 2955.15cm
-1

 C-H aliphatic, 1678.14cm
-1

 C=O ester, 1602.82cm
-1 

C=C Aryl, 1531.5cm
-1 

C=C indole, 3377.92cm
-1

 NH indole, 3050.13cm
-1

 NH amine. 
1
H NMR (500 

MHz, DMSO, ppm): 11.99 (1H, m), 8.13 (1H, d), 8.03 (1H, m), 7.5 (1H, m), 7.18 (4H, 

m), 6.75 (2H, d), 6.63 (1H, t), 5.76 (1H, t), 4.37 (2H, t), 3.46 (2H, q) (see Fig. 8 and 32 

in Appendix A). 
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2-(phenylthio)ethyl thiophene-3-carboxylate (Ec) 

Ec 

Purified by flash chromatography using a ethyl acetate : dichloromethane (1:9) as an 

eluant. Colorless liquid; 55% yield; IR main functional groups: 3053.13cm
-1

 C-H aromatic, 

2957.18cm
-1

 C-H aliphatic, 1718.77cm
-1

 C=O ester, 1582.63cm
-1 

C=C Aryl, 1521.6cm
-1 

C=C thiophene. 

1
H NMR (500 MHz, DMSO, ppm): 8.23 (1H, m), 7.64 (2H, dd), 7.39 (4H, m), 7.23 

(1H, m), 4.33 (2H, t), 3.72 (2H, t) (see Fig. 9 and 33 in Appendix A). 

2-(phenylamino)ethyl thiophene-3-carboxylate (Ed) 

Ed 

Purified by flash chromatography using a ethyl acetate : dichloromethane (1:9) as an 

eluant. Olive colored liquid; 53% yield; IR main functional groups: 2928.32cm
-1

 C-H 

aromatic, 2850.66cm
-1

 C-H aliphatic, 1714.57cm
-1

 C=O ester, 1602.17cm
-1 

C=C Aryl, 1519.4cm
-1 

C=C 

thiophene, 3109.75cm
-1

 NH amine.
1
H NMR (500 MHz, DMSO, ppm): 8.35 (1H, dd), 7.65 

(1H, dd), 7.48 (1H, dd), 7.08 (2H, m), 6.64 (2H, tt), 6.55 (1H, t), 5.78 (1H, t), 4.33 (2H, 

t), 3.3 (2H, q) (see Fig. 10 and 34 in Appendix A). 

2.1.2.4 Synthesis of Flavonoid Esters (Ee1 and Ee2) 

10 mL of dry dichloromethane was used to dissolve two equivalents of the carboxylic 

acid compound, along with two drops of dry dimethylformamide. This mixture was then 

put in a 100 ml round-bottom flask under nitrogen atmosphere in an ice bath. Following 

the addition of 2.5 equivalents of oxalyl chloride, the mixture was stirred for 3 hours. 

After then, the solvent was vacuum-evaporated. A solution of residue of acid chloride in 

5 ml of dimethylformamide was mixed with a solution of one equivalent of 7-hydroxy-

3-(4-hydroxyphenyl)-2-methyl-4H-chromen-4-one and 2.2 equivalents of sodium tert-

butoxide in 5 ml of dimethylformamide . The mixture was stirred for 24 hours at room 
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temperature. The product was extracted using ethyl acetate, and the ethyl acetate layers 

were then washed three times with brine solution. The organic layer was collected, 

MgSO4 anhydrous salt was added, the sample was filtered, and the solvent was 

evaporated under vacuum. Utilizing flash chromatography, the products were purified. 

2-methyl-4-oxo-3-(4-((thiophene-3-carbonyl)oxy)phenyl)-4H-chromen-7-yl 

thiophene-3-carboxylate (Ee1) 

Ee1 

Purified by flash chromatography using a DCM : ethyl acetate (9:1) as an eluant. Pale 

yellow colored liquid; 47% yield; IR main functional groups: 2925.27cm
-1

 C-H aromatic, 

2854.06cm
-1

 C-H aliphatic, 1715.88cm
-1

 C=O ester, 1622.43cm
-1 

C=C Aryl, 1514.2cm
-1 

C=C 

thiophene.
1
H NMR (500 MHz, DMSO, ppm): 8.45 (3H, m), 8.29 (2H, m), 8.00 (2H, m), 

7.7 (2H, m), 7.35 (2H, m), 6.86 (2H, m), 2.27 (3H, s) (see Fig. 11 and 35 in         

Appendix A). 

4-(7-((1H-indole-3-carbonyl) oxy)-2-methyl-4-oxo-4H-chromen-3-yl)phenyl 1H-

indole-3-carboxylate (Ee2) 

Ee2 

Purified by flash chromatography using a DCM : ethyl acetate (6:4) as an eluant. Pale 

yellow colored liquid; 44% yield; IR main functional groups: 2922.8cm
-1

 C-H aromatic, 

2854.36cm
-1

 C-H aliphatic, 1733.6cm
-1

 C=O ester, 1638.15cm
-1 

C=C Aryl, 1515.34cm
-1 

C=C indole, 

3289.64cm
-1

 N-H indole.
1
H NMR (500 MHz, DMSO, ppm): 12.77 (2H, d), 9.6 (2H, dd), 

8.65 (5H, m, 7.7 (6H, m), 6.82 (4H, m), 2.51 (3H , s) (see Fig. 12 and 36 in        

Appendix A). 
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2.1.2.5 Synthesis of Amides (A1, A2, Aa and Ab) 

One equivalent of carboxylic acid compound and 2 drops of dry dimethylformamide 

were dissolved in 10 mL of dry dichloromethane and placed in a 100 ml round-bottom 

flask under nitrogen atmosphere in an iced water bath. After that (1.3 equivalent) of 

oxalyl chloride was added, and the mixture was stirred for three hours. The solvent was 

then evaporated under vacuum. A stirred solution of residue in 10 ml of dry DCM under 

nitrogen atmosphere was combined with a solution of aliphatic primary amine (1 

equivalent) and triethylamine (1 equivalent), and the mixture was stirred for 24 hours at 

room temperature. After the solvent was evaporated, DCM and a 10% potassium 

carbonate solution (1:1) were used to extract the sample. MgSO4 anhydrous salt was 

added after the organic layer was collected, then the sample was filtered, and the solvent 

was evaporated under vacuum. The products were purified by using prep TLC plate or 

flash chromatography technique. 

N-(2-(pyrrolidin-1-yl)ethyl)furan-2-carboxamide (A1) 

A1 

Purified by prep TLC plate using a dichlromethane : methanol (6:4) as an eluant. 

Yellow gumy solid; 78% yield; IR main functional groups: 3305.79 cm
-1

 N-H amide, 

2962.08 cm
-1

 C-H aromatic, 2794.17 cm
-1

 C-H aliphatic, 1651.73 cm
-1

 C=O amide, 1573.14 cm
-1 

C=C 

furan. 
1
H NMR (500 MHz, DMSO, ppm): 8.24 (1H, t, J= 5.7 Hz), 7.8 (1H, s), 7.06 (1H, 

d, J = 3.5 Hz), 6.59 (1H, d, J= 3.5Hz), 3.32 (2H, q, J = 6.5 Hz), 2.49 (4H, m), 2.54 (2H, 

t, J =6.9 Hz), 1.66 (4H, q, J = 3.1 Hz) (see Fig. 13 and 37 in Appendix A) . 

N-(2-(piperazin-1-yl)ethyl)furan-2-carboxamide (A2) 

A2 
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Purified by prep TLC plate using a dichlromethane : methanol (6:4) as an eluant. Brown 

gumy solid; 79% yield; IR main functional groups: 3307.9 cm
-1

 N-H amide, 3117.88 cm
-1

 N-

H piprazine, 2939.31 cm
-1

 C-H aromatic, 2815.71 cm
-1

 C-H aliphatic, 1647.49 cm
-1

 C=O amide, 

1572.26cm
-1 

C=C furan. 
1
H NMR (500 MHz, DMSO, ppm): 8.25 (1H, t, J = 5.8 Hz), 7.81 

(1H, d, J = 3.8 Hz), 7.03 (1H, d, J= 3.8 Hz), 6.6 (1H, m), 3.64 (3H, m), 2.48 (8H, m), 

2.8 (2H, t, J = 6.9 Hz) (see Fig. 14 and 38 in Appendix A). 

N-(2-(piperazin-1-yl)ethyl)-1H-pyrrole-2-carboxamide (Aa) 

Aa 

Purified by flash chromatography using an ethyl acetate : methanol (9:1) as an eluant. 

Yellow gumy solid; 70% yield; IR main functional groups: 3238.15 cm
-1

 N-H amide, 

3100.5 cm
-1

 N-H pyrrole, 2945.36 cm
-1

 C-H aromatic, 2809.5 cm
-1

 C-H aliphatic, 1730.46 cm
-1

 C=O 

amide, 1564.96-1587.34cm
-1 

C=C pyrrole. 
1
H NMR (500 MHz, DMSO, ppm): 11.4 (1H, s), 

7.92 (1H, t, J = 5.6  Hz), 6.84 (1H, dq, J = 17.1Hz), 6.56 (1H, m), 6.08 (1H, m), 3.67 

(4H, m), 3.36 (6H, m), 2.47 (3H, m) (see Fig. 15 and 39 in Appendix A). 

N-(2-(piperazin-1-yl)ethyl)furan-3-carboxamide (Ab) 

Ab 

Purified by flash chromatography using an ethyl acetate : methanol (7:3) as an eluant. 

Yellow gumy solid; 67% yield; IR main functional groups: 3333.15 cm
-1

 N-H amide, 

3050.13 cm
-1

 N-H piprazine, 2921.67 cm
-1

 C-H aromatic, 2852.79 cm
-1

 C-H aliphatic, 1624.89 cm
-1

 

C=O amide, 1572.09cm
-1 

C=C furan. 
1
H NMR (500 MHz, DMSO, ppm): 8.10 (1H, m), 7.71 

(1H, m), 6.82 (1H, s), 6.63 (1H, s), 3.55 (3H, t, J = 4.8 Hz), 2.48 (10H, m) (see Fig. 16 

and 40 in Appendix A).  
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2.1.2.6 Synthesis of Schiff bases (3, 4, 7 and 8) 

2 mmol (0.35g) of 5-bromo-2-furaldehyde was incorporated into a 100 ml RBF along 

with 2 mmol (0.26g) of 1, 2-diaminoethyl piperazine or 2 mmol (0.21g) of 

diethylenetriamine in 20 ml of dichloromethane. The mixture was stirred for 48 hours at 

room temperature under nitrogen atmosphere. TLC was used to monitor the reaction 

while using the eluant [ethyl acetate: hexane, 8:2]. Dichloromethane and water were 

used to extract the organic layer, and the organic layer's water was subsequently 

removed using a drying agent such MgSO4. By utilizing [DCM: methanol, (96:4)] as an 

eluant in a prep TLC plate, the crude compound was purified. Oily products were 

produced after the solvent was evaporated in a vacuum. The procedure was carried out 

again for 2 mmol (0.22 g) of thiophene-2-carbaldehyde with 2 mmol (0.21 g) of 

diethylenetriamine or with 2 mmol (0.18 g) of N,N-dimethylethylenediamine. 

(E)-N-((5-bromofuran-2-yl)methylene)-2-(piperazin-1-yl)ethanamine (3) 

3 

Orange colored liquid; 87% yield; IR main functional groups: 2940.97  cm
-1

C-H aromatic, 

2811.28 cm
-1

C-H aliphatic, 1647.24 cm
-1

C=N, 1478.81 cm
-1

C=C, 3270.49 cm 
-1

N-H of primary 

amine was disappeared.
1
H NMR (500 MHz, DMSO, ppm): 8.08 (1H, s, azomethine), 

6.92 and 6.72 (2H, dd, furan), 4.04 (2H, t, -C=N-CH2), 3.6 (1H, s, NH), 3.5 (4H, m, -N-

CH2-CH2-NH-, piperazine), 3.01 (4H, m, -N-CH2-CH2-NH-,piperazine), 2.82 (2H, t, 

CH2-CH2-N-). 
13

C NMR (500 MHz, DMSO, ppm): 153.82 (-C-CH=N-, furan), 150.05 

(-C-CH=N-, azomethine), 125.33 (Br-C=C-C=C-, furan) , 115.73 (2C, Br-C=C-C=C-, 

furan), 79.43 (-CH2-CH2-N-), 58.4 (=N-CH2-CH2-N-), 52.5 (2C,-N-CH2-CH2-NH, 

piperazine), 48.16 (2C,-N-CH2-CH2-NH, piperazine) (see Fig. 17 in Appendix A and 

Table B.1 in Appendix B). 
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(E)-N
1
-(2-aminoethyl)-N

2
-((5-bromofuran-2-yl)methylene)ethane-1,2-diamine (4) 

4 

Orange colored liquid; 90% yield; IR main functional group: peak of two spikes at 

3278.18 cm
-1

N-Hof primary amine, 2971.29 cm
-1

C-H aromatic, 2900.9 cm
-1

C-H aliphatic, 

1646.83 cm
-1

C=N, 1478.65 cm
-1

C=C.
1
H NMR (500 MHz, DMSO, ppm): 8.02 (1H, s, 

azomethine), 6.72 and 6.45 (2H, dd, furan), 3.74 (2H, t, -C=N-CH2), 2.89 ( 2H, t, =N-

CH2-CH2-NH-), 2.75 (2H, m, -CH2-CH2-NH2), 2.72 (2H, m, -NH-CH2-CH2-NH2), 2.63 

(1H, m, -NH-), 1.32 (2H, t, -NH2). 
13

C NMR (500 MHz, ppm): 164.89 (-C=C-C=N-, 

furan), 161.82(-C=C-C=N-, azomethine), 134.87(Br-C=C-C-, furan), 119.37 (Br-C=C-

C-, furan), 114.69 (Br-C=C-C-, furan) , 55.4(-C=N-CH2-), 47.9(-NH-CH2-CH2-NH2), 

45.6 (=N-CH2-CH2-NH-), 42.6 (-NH-CH2-CH2-NH2) (see Fig. 18 in Appendix A and 

Table B.1 in Appendix B). 

(E)-N1-(2-aminoethyl)-N2-(thiophen-2-ylmethylene)ethane-1,2-diamine (7) 

7 

Yellow colored liquid; 88% yield; IR main functional group: peak of two spikes at 

3270.54 cm
-1

N-Hof primary amine, 2933.31 cm
-1

C-H aromatic, 2833.46 cm
-1

C-H aliphatic, 1632 

cm
-1

C=N, 1432.83 cm
-1

C=C.
1
H NMR (500 MHz, DMSO, ppm): 8.05 (1H, s,  azomethine), 

7.94-7.99 (1H, dd, -CH=CH-S-, thiophene), 7.34 (1H, s, -C=CH-CH=CH-S-, 

thiophene), 7.26-7.3 (1H, dd, -CH=CH-S-, thiophene), 3.86 (2H, t, -CH=N-CH2-CH2-

NH-), 3.08-3.16 (2H, td, -CH=N-CH2-CH2-NH-), 2.8-2.82 (2H, m, -NH-CH2-CH2-

NH2), 2.74 (2H, m, -NH-CH2-CH2-NH2), 2.66 (1H, m, -NH-), 1.03 (2H, t, -NH2). 
13

C 

NMR (500 MHz, DMSO, ppm): 161.80 (CH, azomethine), 157.29  (-C=CH-CH=CH-S-

, thiophene), 132.6 (-CH=CH-S-, thiophene), 132.5 (-C=CH-CH=CH-S-, thiophene), 

131.8 (-CH=CH-S-, thiophene), 67.9 (-CH=N-CH2-CH2-NH-), 56.8 (-NH-CH2-CH2-
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NH2), 51.5 (-CH=N-CH2-CH2-NH-), 44.98 (-NH-CH2-CH2-NH2) (see Fig. 19 in 

Appendix A and Table B.1 in Appendix B). 

(E)-N1-dimethyl-N2-(thiophen-2-ylmethylene) ethane-1,2-diamine (8) 

8 

Light yellow colored liquid; 85% yield; IR main functional group: 2968.72 cm
-1

C-H 

aromatic, 2810.08 cm
-1

C-H aliphatic, 1632.94 cm
-1

C=N, 1432.94 cm
-1

C=C, 3356.43 cm
-1

N-H of 

primary amine was disappeared.
1
H NMR (500 MHz, DMSO, ppm): 8.3 (1H, s,  

azomethine), 7.24-7.25 ( 1H, d, -C=CH-CH=CH-S-, thiophene), 7.18-7.19 (1H, d, -

C=CH-CH=CH-S-, thiophene), 6.1 (1H, t, -C=CH-CH=CH-S-, thiophene), 3.47-3.49 ( 

2H, t, -CH=N-CH2-CH2-N-), 2.71 (2H, t, -CH=N-CH2-CH2-N-), 0.93 (6H, s, 2CH3). 
13

C 

NMR (500 MHz, DMSO, ppm): 154.78 (CH, azomethine), 144.78 (-C=CH-CH=CH-S-, 

thiophene), 131.8 (-C=CH-CH=CH-S-, thiophene),131.45 (-C=CH-CH=CH-S-, 

thiophene), 115.89 (-C=CH-CH=CH-S-, thiophene), 58.87 (-CH=N-CH2-CH2-N-), 

53.31 (-CH=N-CH2-CH2-N-), 12.17 (2CH3) (see Fig. 20 in Appendix A and Table B.1 

in Appendix B) . 

2.1.2.7 Synthesis of Schiff bases (1, 2, 5 and 6) 

1 equivalent each of primary amine and heterocyclic ketone were dissolved in 15 ml of 

ethanol and 3 drops of sulfuric acid were then added to 100 ml of RBF. For 24 hours at 

80°C, the mixture was refluxed under nitrogen atmosphere. In vacuum, the solvent was 

evaporated. The sulfuric acid catalyst was then removed from the sample using diethyl 

ether, and the solvent was then evaporated in vacuo. Using a prep TLC plate or a flash 

chromatography method, the products were purified. 
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N-(di(pyridin-2-yl)methylene)-2-(piperazin-1-yl)ethanamine (1) 

1 

Purified by a flash chromatography using an ethyl acetate : hexane (9:1) as an eluant. 

White colored solid; 63% yield; Melting point 315-318°C; IR main functional groups: 

2963.48  cm
-1

C-H aromatic, 2776.74 cm
-1

C-H aliphatic, 1629.96 cm
-1

C=N, 1459.33 cm
-1

C=C, 

3270.49 cm
-1

N-H of primary amine was disappeared.
1
H-NMR (500 MHz, DMSO, ppm): 

8.66 (2H, dd, pyridine), 7.97 (4H, m, pyridine), 7.4 (2H, m, pyridine), 3.72 (2H, t, -

C=N-CH2-CH2-), 2.49 (1H, q, N-H piperazine), 1.09 (10H, m, -C=N-CH2-CH2-N- and 

4CH2 piperazine) (see Fig. 21 and 41 in Appendix A). 

Z)-2-(piperazin-1-yl)-N-(1-(pyridin-2-yl)ethylidene)ethanamine (2) 

2 

Purified by flash chromatography using an ethyl acetate : hexane (9:1) as an eluant. Off-

white colored solid; 67% yield; Melting point 266-267°C; IR main functional groups: 

2980.47  cm
-1

C-H aromatic, 2765.67 cm
-1

C-H aliphatic, 1629.21 cm
-1

C=N, 1459.22 cm
-1

C=C, 

3270.49 cm
-1

N-H of primary amine was disappeared.
1
H-NMR (500 MHz, DMSO, ppm): 

9.97 (1H, d, pyridine), 7.93 (1H, t, pyridine), 7.54 (1H, d, pyridine), 7.13 (1H, t, 

pyridine),3.72 (2H, t, -C=N-CH2-CH2-), 3.5 (1H, p, N-H piperazine), 2.94 (10H, m, -

C=N-CH2-CH2-N- and 8CH2 piperazine), 2.18 (3H, s, CH3) (see Fig. 22 and 42 in 

Appendix A) . 
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(Z)-N
1
-(2-aminoethyl)-N

2
-(1-(pyridin-2-yl)ethylidene)ethane-1,2-diamine (5) 

5 

Purified by prep TLC plate using an ethyl acetate : methanol (9:1) as an eluant. 

Burgundy colored liquid; 75% yield; IR main functional groups: 2967.34  cm
-1

C-H 

aromatic, 2888.13 cm
-1

C-H aliphatic, 1639.51 cm
-1

C=N, 1466.38 cm
-1

C=C, 3288.26 cm 
-1

N-H of 

primary amine.
1
H-NMR (500 MHz, DMSO, ppm): 8.55 (1H, m, pyridine), 8.00 (1H, m, 

pyridine), 7.8 (1H, m, pyridine), 7.37 (1H, m, pyridine), 3.56 (2H, t, =N-CH2-CH2-NH-

), 3.39 (2H, q, =N-CH2-CH2-NH-), 3.18 (2H, m, =N-CH2-CH2-NH-CH2-CH2-NH2), 

2.85 (2H, tt, =N-CH2-CH2-NH-CH2-CH2-NH2 ), 2.28 (1H, p, NH), 1.69 (3H, s, CH3), 

1.04 (2H, t, NH2) (see Fig. 23 and 43 in Appendix A) . 

N
1
-(2-aminoethyl)-N

2
-(di(pyridin-2-yl)methylene)ethane-1,2-diamine (6) 

6 

Purified by prep TLC plate using an ethyl acetate : methanol (9:1) as an eluant. 

Burgundy colored liquid; 82% yield; IR main functional groups: 2929.57  cm
-1

C-H 

aromatic, 2800 cm
-1

C-H aliphatic, 1634 cm
-1

C=N, 1463.52 cm
-1

C=C, 3288.42 cm
-1 

N-H of primary 

amine.
1
H-NMR (500 MHz, DMSO, ppm): 8.36 (2H, dd, pyridine), 7.5 (4H, m, 

pyridine), 7.03 (2H, m, pyridine), 4.3 (2H, t, C=N-CH2-CH2-), 3.39 (2H, td, =N-CH2-

CH2-NH-), 2.81 (2H, m, =N-CH2-CH2-NH-CH2-CH2-NH2 ), 2.58 (2H, m, =N-CH2-

CH2-NH-CH2-CH2-NH2), 2.46 (1H, tt, NH), 0.97 (2H, t, NH2) (see Fig. 24 and 44 in 

Appendix A). 

2.2 Anticancer Activity 

Human cervix cancer cells (ATCC number:CCL-2, from a cervical carcinoma), human 

breast cancer cells MCF7 (ATCC number:HTB-22), human prostate cancer cells (PC3, 

ATCC number:CRL-1435, human, from human prostate), human liver cancer cells 

(HepG2, ATCC number:HB-8065, human, from the epithelial cells of the liver) and 
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normal muscle cells (L6, ATCC number:CRL-1458, human, from the skeletal muscle) 

were grown in RPMI medium supplemented with 10% fetal calf serum, 1% l-glutamine, 

1% non-essential amino acid, 1% amphotericin B and 1% penicillin streptomycin. At 

37°C, a humidified environment composed of 95% air and 5% CO2 was used to grow 

all of the cell lines. All chemicals used were purchased from Biological Industries but 

both of the amphotericin B and MTT reagent were purchased from SIGMA Company. 

All of the five cell lines were purchased from ATTC. Cell viability was assessed using 

the MTT test, and absorbance at 570 nm was measured using a microplate reader 

(Labtech, UK).  

2.2.1 MTT assay 

The ability of functioning mitochondria to convert the yellow, water-soluble 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT) to purple, water-

insoluble formazan crystals allows for a quantitative assessment of the viability of cells. 

After the cells were plated in a 96-well dish with 100µl of DMEM medium, they were 

treated for 24 hours with varying concentrations of the stock solution of the chemical 

complexes before being incubated for a further 24 hours at 37 °C. MTT (0.5 mg/ml) 

was added to 100µl of treatment solution and incubated for 4 hours at 37
o
C. After 4 

hours, the MTT solution was discarded, and 100µl of a 9:1 solution of isopropyl alcohol 

and formic acid was added to dissolve the formazan crystals. This mixture was then 

incubated for 15 minutes at room temperature and in the dark. Cell viability was then 

calculated as a proportion of absorbance of treated cells to the control, and the optical 

density of the MTT formazan was measured at 570 nm in an ELISA reader. 

2.2.2 Cytotoxicity assay 

After removing the culture media and adding 0.05% trypsin-EDTA, cells at 70–80% 

confluence were detached from the culture flask. Viable cells were then suspended in 

100µl (2.0×104 cells/well) and seeded in a 96-well plate. The cells were then incubated 

for 24 hours at 37°C. Following the removal of the media, cells were exposed to a 100µl 

stock solution that had been serially diluted to concentrations of 500, 250, 125, 62.5 and 

31.25µg/ml fro synthesized compounds. Cells were then incubated for 24 hours at 37°C 

to conduct an MTT test. 
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2.2.3 Cytostatic assay 

A reduced number of cells (1.0×104 cells/well) were seeded in each well to ascertain the 

chemical complexes' cytostatic effect, and the wells were incubated for 24 hours at 37 

degrees Celsius. Following the removal of the media, 100µl of the chemical complexes at 

the same concentrations as those used in the preceding paragraph were applied to the cells, 

and they were then incubated at 37°C for 24 hours to conduct the MTT experiment. 

2.3 Antibacterial Activity 

The synthetic compounds' antibacterial efficacy was assessed against several bacterial 

isolates from the American Type Culture Collection (ATCC). Escherichia coli (ATCC# 

25922), Klebsiella pneumoniae (ATCC# 13883), Proteus vulgaris (ATCC# 8427), 

Pseudomonas aeruginosa (ATCC# 9027), Staphylococcus aureus (ATCC# 6538P), and 

Staphylococcus epidermis (ATCC# 12228) are a few examples of bacteria. On nutrient 

agar plates, the tested bacteria were cultivated for the night. To achieve 0.5 McFarland 

(1.5× 10
8
 CFU/ml) of broth turbidity. After that, saline was used to dilute it to get 1× 

10
6
 CFU/ml. 

2.3.1 Disk diffusion method 

The disk diffusion method was used to assess the examined compounds antibacterial 

activity [75]. Seven isolates of bacteria were used to create the inoculum, which was 

applied by swabbing the entire sterile agar surface with the swab. To achieve a uniform 

dispersion of the inoculum, this process was performed twice more by streaking, 

rotating the plate by about (60°) each time. The rim of the agar was also swabbed as a 

last step. Then, 0.025% from each produced chemical was placed onto 6 mm disks. By 

placing the loaded disks onto the surface of inoculated agar plates, the antibacterial 

activity of all produced compounds under study was evaluated. The plates were 

incubated at (37°C) for (16–24 h) after standing at room temperature for 15 minutes. 

The plates were then measured for the inhibition zone diameter (IZD) to the nearest 

millimeter in order to check for bacterial growth inhibition. 
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2.3.2 Minimum inhibitory concentration (MIC) and minimum bactericidal 

concentration (MBC) determination 

By calculating the minimum inhibitory concentrations (MIC) and minimum bactericidal 

concentrations (MBC), the antibacterial efficacy of the produced compounds against the 

seven selected isolates of bacteria was examined [76]. In the Muller Hinton broth 

medium, Schiff bases were diluted twice in succession. The 96-well micro-titer plates 

were prepared with the antibacterial agent dilution vertically in the first row and 

duplicate, 1 μL of the adjusted bacterial concentration inoculums (1×10
6
 CFU/mL), and 

Muller Hinton broth medium with the tested bacterial concentrations in the growth 

control wells. While only sterile Muller Hinton broth was present in the sterility control 

wells. The plates were then kept at 37°C for overnight incubation. So, the MIC was 

defined as the lowest concentration that prevented bacterial growth. The lack of 

turbidity is a sign of this. After determining the MIC, any wells that do not exhibit any 

bacterial growth after being incubated on agar plates are streaked, and then the wells are 

incubated at 37°C for 16 to 24 hours. The MBC was defined as the lowest concentration 

that completely eliminated the initial bacterial population while leaving no colonies on 

the agar. 

2.4 Antioxidant Assay 

A 96-well microplate was used for the DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) 

free radical test [77]. In a nutshell, 100 μL of 0.01% methanolic DPPH solution was 

mixed with 100 μL of various methanol compound concentrations (ranging from 500-

0.5 μg/ml). Using a microplate reader (Labtech, UK), the absorbance at 540 nm was 

measured after the plate had been incubated for 30 min at room temperature in the dark. 

As a standard, ascorbic acid was employed at various doses (500–0.5 μg/mL). 

Following is how the DPPH radical scavenging activity (%) was determined: 

DPPH scavenging activity (%) is calculated as follows: 100 × [(A control - A sample) / 

A control] whereas the absorbance of the sample was [DPPH + Sample 

(compound/standard)] and the absorbance of the control was [DPPH + Methanol free 

from sample]. Using non-linear regression and Microsoft Excel, the concentration 

(IC50) that inhibits the DPPH radical scavenging activity by 50% was determined. 
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Chapter Three 

Results and Discussion 

3.1 Chemistry 

Thymol ester compound E2 was prepared through a condensation reaction of 1 eq. of 

1H-indole-3-carbonyl chloride (1) with 1 eq. of thymol (2) and 1 eq. of triethylamine (b) 

which afforded the good yield formation of 2-isopropyl-5-methylphenyl 1H-indole-3-

carboxylate E2 (77.8%) Scheme3.1. By using FT-IR, 
1
H and 

13
C NMR analysis, the 

chemical structure of the produced thymol ester compound was identified. The creation 

of the thymol ester E2 was satisfactorily demonstrated by all available spectrum data. 

The purity of E2 was 100% as indecated by HPLC (see Fig. 45 in Appendix A). 

Scheme 3.1 

Synthesis of thymol ester (E2) 

 

Carvacrol ester compounds were synthesized by condensing 1 eq. of 1H-pyrrole-2-

carbonyl chloride or 1 eq. of furan-3-carbonyl chloride or 1 eq. of 4-bromothiophene-3-

carbonyl chloride or 5-bromothiophene-2-carbonyl chloride or thiophene-3-carbonyl 

chloride (1) with 1 eq. of carvacrol (3) and 1 eq. of triethylamine (b) which produced the 

good yields of 5-isopropyl-2-methylphenyl 1H-pyrrole-2-carboxylate E4 (50%), 5-

isopropyl-2-methylphenyl furan-3-carboxylate E5 (55%), 5-isopropyl-2-methylphenyl 
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4-bromothiophene-3-carboxylate E6 (60.5%), 5-isopropyl-2-methylphenyl 5-

bromothiophene-2-carboxylate E7 (62.5%) and 5-isopropyl-2-methylphenyl thiophene-

3-carboxylate E8 (65%), respectively Scheme 3.2. By using FT-IR and 
1
H-NMR 

analysis, the chemical structures of the produced carvacrol ester compounds were 

identified. All spectrum data indicated that the successful synthesis of all carvacrol 

esters (E4, E5, E6, E7, and E8). 

Scheme 3.2 

Synthesis of carvacrol esters (E4, E5, E6, E7 and E8) 

 

The condensation reaction of 1 equivalent of Indole-3-carbonyl chloride or 1 equivalent 

of thiophene-3-carbonyl chloride (1) with 1 equivalent of 2-(phenyl thio)ethanol (4) or 

N-(2-Hydrroxyethyl)aniline (5) and 1 equivalent of triethylamine (b) produced a good 

yields of 2-(phenylthio)ethyl 1H-indole-3-carboxylate Ea (50%), 2-(phenylamino)ethyl 

1H-indole-3-carboxylate Eb (60%), 2-(phenylthio)ethyl thiophene-3-carboxylate Ec 

(55%) and 2-(phenylamino)ethyl thiophene-3-carboxylate Ed (53%), respectively 
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Scheme 3.3. The chemical structures of the produced ester compounds were determined 

using FT-IR and 
1
H-NMR investigations. The successful synthesis of all ester 

compounds (Ea, Eb, Ec, and Ed) was demonstrated by all spectrum data. 

Scheme 3.3 

Synthesis of ester compounds (Ea, Eb, Ec and Ed) 

 

The condensation reaction of 2 equivalents of thiophene-3-carbonyl chloride or 2 

equivalents of indole-3-carbonyl chloride (1) with 1 equivalent of 7-hydroxy-3-(4-

hydroxyphenyl)-2-methyl-4H-chromen-4-one (6) and 2.2 equivalents of sodium tert-

butoxide base (c) produced a good yields of 2-methyl-4-oxo-3-(4-((thiophene-3-

carbonyl)oxy)phenyl)-4H-chromen-7-yl thiophene-3-carboxylate Ee1 (47%) and 4-(7-

((1H-indole-3-carbonyl)oxy)-2-methyl-4-oxo-4H-chromen-3-yl)phenyl 1H-indole-3-

carboxylate Ee2 (44%), respectively Scheme 3.4. The chemical structures of the 

produced ester compounds were determined using FT-IR and 
1
H-NMR studies. Both 

ester compounds (Ee1 and Ee2) were effectively synthesized, according to all available 

spectrum data. 
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Scheme 3.4 

Synthesis of Flavonoid ester compounds (Ee1 and Ee2) 

 

The condensation reaction of 1 equivalent of furan-2-carbonyl chloride, 1 equivalent of 

1H-pyrrole-2-carbonyl chloride, or 1 equivalent of furan-3-carbonyl chloride (1) with 1 

equivalent with aliphatic primary amines (7) or (8) and 1 equivalent of triethylamine (b) 

resulted a good yields of N-(2-(pyrrolidin-1-yl)ethyl)furan-2-carboxamide A1 (78%), 

N-(2-(piperazin-1-yl)ethyl)furan-2-carboxamide A2 (79%), N-(2-(piperazin-1-yl)ethyl)-

1H-pyrrole-2-carboxamide Aa (70%) and N-(2-(piperazin-1-yl)ethyl)furan-3-

carboxamide Ab (67%), respectively Scheme 3.5. By using FT-IR and 
1
H-NMR 

analyses, the chemical structures of the synthesized amide compounds were identified. 

All spectrum data indicated that the successful synthesis of all amide compounds (A1, 

A2, Aa, and Ab). The purity of A1 was 100% and the purity of A2 was 100% as 

indecated by HPLC (see Fig. 46 and 47 in Appendix A). It is important to point that 

both compounds A1 and A2 have a CAS number on Google, but I could not be able to 

obtain any scientific paper in which they were prepared. 
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Scheme 3.5 

Synthesis of amide compounds (A1, A2, Aa and Ab) 

 

In order to form imine compounds, 2 mmol of 5-bromo-2-furaldehyde were condensed 

with 2 mmol of 1, 2-aminoethyl piperazine and 2 mmol of diethylenetriamine. 

Similarly, 2 mmol of thiophene-2-carbaldehyde were combined with 2 mmol of 

diethylenetriamine and 2 mmol of N, N-dimethylethylenediamine to produce (E)-2-

(piperazin-1-yl)ethanamine 3 (87%), (E)-N1-(2-aminoethyl)-N2-((5-bromofuran-2-

yl)methylene)ethane-1,2-diamine 4 (90%), (E)-N1-(2-aminoethyl)-N2-(thiophen-2-

ylmethylene) ethane-1,2-diamine 7 (88%) and (E)-N1-dimethyl-N2-(thiophen-2-

ylmethylene) ethane-1,2-diamine 8 (85%), respectively Scheme 3.6. FT-IR, 
1
H NMR, 

and 
13

C NMR analysis were used to describe the chemical composition of the produced 

imines. All spectrum data indicated that all imines (3, 4, 7 and 8) had been synthesized 

effectively. 
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Scheme 3.6 

Synthesis of imines (3, 4, 7 and 8) 

 

Imine compounds were synthesized through condensing 1 equivalent of di(2-

pyridyl)ketone with 1 equivalent of 1, 2-aminoethyl piperazine, 1 equivalent of 2-

acetopyridine with 1 equivalent of 1, 2-aminoethyl piperazine, 1 equivalent of 2-

acetopyridine with 1 equivalent of diethylenetriamine, and 1 equivalent of di(2-

pyridyl)ketone with 1 equivalent of diethylenetriamine, which produced the good yields 

of of N-(di(pyridin-2-yl)methylene)-2-(piperazin-1-yl)ethanamine 1 (63%), Z)-2-

(piperazin-1-yl)-N-(1-(pyridin-2-yl)ethylidene)ethanamine 2 (70%), (Z)-N1-(2-

aminoethyl)-N2-(1-(pyridin-2-yl)ethylidene)ethane-1,2-diamine 5 (75%) and N1-(2-

aminoethyl)-N2-(di(pyridin-2-yl)methylene)ethane-1,2-diamine 6 (80%), respectively 

Scheme 3.7. The products were analyzed by using FTIR and 
1
H-NMR spectroscopy, the 

chemical structures of the produced imines were identified. All spectral data indicated 

that all imines (1, 2, 5 and 6) had been produced effectively. Imine compound 2 was 

prepared in two previous studies, and the results of FT-IR and H-NMR are consistent 

with the results of IR and H-NMR in the current study. The experimental FT-IR spectra 

of imine 2 in the previous studies show the C=N, C=C absorption at 1654cm
−1

, 

1459cm
−1

 [78], 1640cm
−1

, 1464.94cm
−1

 [79], and in this study at 1629.2cm
−1

, 
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1459.22cm
−1

, respectively. Moreover, the signal of CH3 protons in this compound was 

appeared at 2.01ppm [78], 1.21ppm [79], and at 2.18ppm in this study. 

Scheme 3.7 

Synthesis of imines (1, 2, 5 and 6) 

 

3.2 Biology 

3.2.1 Anticancer activity 

We evaluated the in vitro anticancer activity of the thymol ester molecule E2 against the 

Hela cancer cell line, the MCF7 breast cancer cell line, the PC3 prostate cancer cell line, 

and the HepG2 liver cancer cell line. The results showed that the four cancer cell lines 

were cytotoxic to various doses of the produced thymol ester E2. The viability of Hela 

cancer cells, MCF7 breast cancer cells, PC3 prostate cancer cells, and HepG2 liver 

cancer cells was measured as (38.6-42.6%), (28-33%), (28-30.3%), and (30.8-33.2%), 

respectively, within the studied concentration range. Cell proliferation reduced when the 

concentration of the thymol ester molecule E2 increased. 
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Ester compound E2 decreased the viability of the tested Hela cancer cells in a cytotoxic 

assay from 38.6% at 500µg/ml to 42.6% at 31.25µg/ml (Fig. 1a in Appendix A). In a 

cytostatic assay, ester compound E2 decreased the viability of the tested Hela cancer 

cells from 56.7% at 500µg/ml to 62% at 31.25µg/ml (Fig. 1b in Appendix A). The 

prepared thymol ester compound E2 is more effective than thymol in cytotoxic assay 

and cytostatic assay on Hela cancer cells at all tested concentrations because thymol 

decreased the viability of the tested Hela cancer cells from 58% at 500 µg/ml to 63% at 

31.25 µg/ml and from 69.7% at 500 µg/ml to 73.5% at 31.25 µg/ml, respectively, (Fig. 

1a and 1b in Appendix A). 

As the new ester compound E2 and thymol compound were studied on Hela cancer 

cells, they were also studied on one type of living cells which is L6 normal muscle cells. 

Ester compound E2 decreased the viability of the tested L6 normal cells in a cytotoxic 

assay from 50% at 500µg/ml to55.3% at 31.25µg/ml. In a cytostatic assay, ester 

compound E2 decreased the viability of the tested L6 normal cells from 54.4% at 

500µg/ml to 60% at 31.25µg/ml. Thymol compound is Slightly more effective than 

thymol ester compound E2 in cytotoxic assay and cytostatic assay on L6 normal cells at 

all tested concentrations because thymol decreased the viability of the tested L6 normal 

cells from 61.05% at 500 µg/ml to 66.5% at 31.25 µg/ml and from 62.5% at 500 µg/ml 

to 64.2% at 31.25 µg/ml, respectively, (Fig. 1c and 1d in Appendix A). This does not 

negate the effectiveness of the ester compound E2, especially if it is used in low 

concentrations (less than 31.25µg/ml). 

When investigated cytotoxic assay on MCF7 breast cancer cells, PC3 prostate cancer 

cells and HepG2 liver cancer cells, ester compound E2 reduced their viability from 28% 

at 500µg/ml to 33% at 31.25µg/ml, 28% at 500µg/ml to 30.3% at 31.25µg/ml and 

30.8% at 500µg/ml to 33.2% at 31.25µg/ml, respectively. Ester compound E2 reduced 

the viability of investigated MCF7 breast cancer cells, PC3 prostate cancer cells and 

HepG2 liver cancer cells in cytostatic assay from 55.4% at 500µg/ml to 57.5% at 31.25 

µg/ml, 57.46% at 500 µg/ml to 60.8% at 31.25 µg/ml and 60.57% at 500µg/ml to 

63.44% at 31.25µg/ml, respectively, (Fig. 1e and 1f in Appendix A). This is consistent 

with previous studies that proved that several indole-derived compounds have a great 

potential as anti-cancer agents [80-82]. 
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The results showed that Hela cancer cells, MCF7 breast cancer cells, PC3 prostate 

cancer cells, and HepG2 liver cancer cells are all sensitive to the cytotoxic and 

cytostatic assays of the produced thymol ester compound E2. Thymol and its produced 

ester E2 have IC50 values for Hela cancer cells of 13.9µg/ml and 14.5µg/ml in cytotoxic 

assay, respectively. The IC50 values for thymol and synthetic thymol ester E2 on Hela 

cancer cells in cytostatic assay are as follows: thymol 0.18µg/ml and E2 0.0937µg/ml 

Table 3.1. The IC50 values of the synthesized thymol ester E2 on MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytotoxic assay were as 

follows: 17.21µg/ml, 19.98µg/ml and 17.13µg/ml, respectively. Moreover, the IC50 

values of the synthesized thymol ester E2 on MCF7 breast cancer cells, PC3 prostate 

cancer cells and HepG2 liver cancer cells in cytostatic assay were as follows: 

7.08µg/ml, 10.26µg/ml and 13.04µg/ml, respectively, Table 3.1. Thus, in a cytotoxic 

assay, thymol and its produced ester E2 have IC50 values for L6 normal cells of 9.2 

µg/ml and 8.066µg/ml, respectively. Additionally, in a cytostatic assay, the IC50 values 

for thymol and synthetic thymol ester E2 were 5.37µg/ml and 7.26µg/ml, respectively, 

for L6 normal cells Table 3.1. 

Table 3.1 

IC50 values in µg/ml for the cytotoxic and cytostatic effects of the synthesized thymol ester 

compound (E2) on Hela cancer cells, L6 normal cells, MCF7 breast cancer cells, PC3 prostate 

cancer cells and HepG2 liver cancer cells 

Assay Thymol E2 

Hela Cytotoxic 13.9 14.5 

Hela Cytostatic 0.18 0.094 

L6 Cytotoxic 9.27 8.06 

L6 Cytostatic 5.37 7.26 

MCF7 Breast Cytotoxic - 17.21 

MCF7 Breast Cytostatic - 7.08 

PC3 Prostate Cytotoxic - 19.98 

PC3 Prostate Cytostatic - 10.26 

HepG2 Liver Cytotoxic - 17.13 

HepG2 Liver Cytostatic - 13.04 
 

The in vitro anticancer properties of the five carvacrol ester compounds were tested 

using the Hela cancer cell line, MCF7 breast cancer cell line, PC3 prostate cancer cell 

line, and HepG2 liver cancer cell line. The results showed that the four cancer cell lines 

were lethal to various doses of the produced carvacrol esters. The viability of Hela 

cancer cells, MCF7 breast cancer cells, PC3 prostate cancer cells, and HepG2 liver 
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cancer cells were measured as (24.5-44.6%), (27.9-36%), (24-31.9%), and (24-33.2%), 

respectively, within the investigated concentration range. Cell proliferation reduced as 

the amount of carvacrol ester compounds increased. 

The carvacrol ester compounds E4 and E6 perform significantly better in a cytotoxic 

assay in terms of potency against Hela cancer cells than the other investigated carvacrol 

ester compounds E5, E7, and E8 at all dosages. When assessed on Hela cancer cells in a 

cytotoxic assay, ester compound E4 decreased viability from 25.4% at 500µg/ml to 

28.8% at 31.25µg/ml, while ester compound E6 decreased viability from 24.5% at 

500µg/ml to 29% at 31.25µg/ml. Compared to carvacrol ester E5, the carvacrol esters 

E7 and E8 are more effective against Hela carcinoma cells. From 28.4% at 500µg/ml to 

32% at 31.25µg/ml and from 31.4% at 500µg/ml to 35.4% at 31.25µg/ml, respectively, 

they both decreased the viability of the tested Hela cancer cells. The ester compound E5 

decreased the viability of the tested Hela cancer cells from 39.9% at 500µg/ml to 44.6% 

at 31.25µg/ml (Fig. 2a in Appendix A). In the cytostatic assay, the ester compound E6 

had a greater viability for Hela cancer cells than the carvacrol ester E5, then E7, E4, and 

E8, as shown in (Fig. 2b in Appendix A). The produced ester compounds (E4, E6, E7, 

and E8) are more effective on Hela cancer cells at all tested concentrations since 

carvacrol decreased the viability of the tested Hela cancer cells in a cytotoxic assay 

from 37% at 500µg/ml to 46.9% at 31.25µg/ml (Fig. 2a Appendix A). 

When it comes to potency against MCF7 breast cancer cells in a cytotoxic assay, the 

carvacrol ester compounds E5 and E8 perform significantly better than the other tested 

carvacrol ester compounds E4, E6, and E7 at all doses. When evaluated on MC7 breast 

cancer cells, ester compound E5 decreased viability from 27.9% at 500µg/ml to 30.7% 

at 31.25µg/ml, while ester compound E8 decreased viability from 28% at 500µg/ml to 

32.7% at 31.25µg/ml. Compared to carvacrol ester E4, the carvacrol esters E6 and E7 

are more effective against MCF7 breast cancer cells. They both reduced the viability of 

the tested Hela cancer cells from 30.8% at 500µg/ml to 33.5% at 31.25µg/ml and from 

29.6% at 500µg/ml to 32.9% at 31.25µg/ml, respectively. The viability of the tested 

MCF7 breast cancer cells was reduced by ester compound E4 from 32% at 500µg/ml to 

36% at 31.25µg/ml (Fig. 2e in Appendix A). Additionally as shown in (Fig. 2f in 

Appendix A), the ester compound E4 had a higher vitality for MCF7 breast cancer cells 

in the cytostatic assay than the carvacrol ester E6, then E8, E5, and E7. 
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In a cytotoxic assay using PC3 prostate cancer cells, the carvacrol ester compounds E6 

and E8 performed better than the other investigated carvacrol ester compounds E4, E5, 

and E7 at all doses. Ester compound E6 and ester compound E8 both reduced the 

viability of the PC3 prostate cancer cells in a cytotoxic assay from 25.4% at 500µg/ml 

to 28.2% at 31.25 µg/ml and 24% at 500µg/ml to 28% at 31.25µg/ml, respectively. 

Compared to carvacrol ester E5, the carvacrol esters E4 and E7 are more effective 

against PC3 prostate cancer cells. The viability of the tested PS3 prostate cells was 

decreased by both of them from 28% at 500µg/ml to 30.8% at 31.25µg/ml and from 

24% at 500µg/ml to 28% at 31.25µg/ml, respectively. Ester compound E5 decreased the 

viability of the PC3 prostate cancer cells under test from 30.9% at 500µg/ml to 34.4% at 

31.25µg/ml (Fig. 2g in Appendix A). In the cytostatic assay, the ester compound E6 had 

a greater vitality for PC3 prostate cancer cells than the ester compound E8, followed by 

E4, E5, and E7, as shown in (Fig. 2h in Appendix A). 

The carvacrol ester compound E4 performance is much better than the other tested 

carvacrol ester compounds E5, E6, E7, and E8 at all dosages in a cytotoxic assay using 

HepG2 liver cancer cells. In a cytotoxic assay, ester compound E4 decreased the 

viability of Hep G liver cancer cells from 24% at 500µg/ml to 27.5% at 31.25µg/ml. 

The synthesized carvacrol esters E6, E7, and E8 are more efficient against HepG2 liver 

cancer cells than carvacrol ester E5. The viability of the tested HepG2 liver cells was 

decreased by E6 from 27.6% at 500µg/ml to 29.6% at 31.25µg/ml, by E7 from 28% at 

500µg/ml to 32% at 31.25µg/ml and by E8 from 26% at 500µg/ml to 30% at 

31.25µg/ml. The test HepG2 liver cancer cells viability reduced from 30.6% at 

500µg/ml to 33.2% at 31.25µg/ml due to ester compound E5 (Fig. 2i in Appendix A). 

As indicated in (Fig. 2j in Appendix A), the ester compound E4 had a higher vitality for 

HepG2 liver cancer cells in the cytostatic assay than the ester compound E8, which was 

followed by E6, E5, and E7. 

The five heterocyclic carvacrol ester compounds were tested on L6 normal cells as well 

as Hela cancer cells, MCF7 breast cancer cells, PC3 prostate cancer cells, and HepG2 

liver cancer cells. (Fig. 2c and 2d in Appendix A) illustrate the results of L6 normal 

cells, which demonstrated that all carvacrol esters investigated have good cytotoxic and 

cytostatic effects. The % of living cells for E8 in the cytotoxic assay of L6 normal cells 

was 62.4% for the concentration of 500µg/ml and 67.2% for the concentration of 
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31.25µg/ml. In a cytotoxic assay for L6 normal cells, produced E5 and E4 perform 

better than E7 and E6. Carvacrol esters E5 and E4 have % of living cells in cytotoxic 

assay from 61% for 500µg/ml concentration to 67.4% for 31.25µg/ml and 59.8% for 

500µg/ml concentration to 64.2% for 31.25µg/ml concentration, respectively. In 

addition, the % of living cells for E7 and E6 in the cytotoxic assay of L6 normal cells 

from 55.33% for the concentration of 500µg/ml and 58.8% for the concentration of 

31.25µg/ml and 51.6% for the concentration of 500µg/ml and 59.33% for the 

concentration of 31.25µg/ml, respectively. According to (Fig. 2d in Appendix A), ester 

compound E8 performed better than ester compound E5 in the cytostatic assay for L6 

normal cells, which was followed by E6, E7 and then E4. It is important to note that all 

carvacrol esters prepared in this study (E4, E5, E6, E7 and E8) were more effective at 

preserving L6 normal cells than carvacrol. Carvacrol killed a higher proportion of the 

tested L6 normal cells in a cytotoxic assay (the % of living cells for carvacrol in the 

cytotoxic assay of L6 normal cells from 49.3% for the concentration of 500µg/ml and 

54.5% for the concentration of 31.25µg/ml) (Fig. 2c in Appendix A). 

The findings demonstrated that all synthesized carvacrol ester compounds have 

cytotoxic and cytostatic effects on Hela cancer cells, MCF7 breast cancer cells, PC3 

prostate cancer cells and HepG2 liver cancer cells at all concentrations. Carvacrol and 

its synthesized esters have the following IC50 values on Hela cancer cells: carvacrol 

69.78µg/ml, E4 23.26µg/ml, E5 11.12µg/ml, E6 15.5µg/ml, E7 13.2µg/ml and E8 

13.68µg/ml. Carvacrol and synthesized carvacrol esters have IC50 values as follows: 

carvacrol 5.97µg/ml, E4 6.4µg/ml, E5 2.65µg/ml, E6 3.47µg/ml, E7 10.9µg/ml, and E8 

10.2µg/ml on Hela cancer cells in the cytostatic assay. The IC50 values of the 

synthesized carvacrol esters on MCF7 breast cancer cells in cytotoxic assay were as 

follows: E4 10µg/ml, E5 11.76µg/ml, E6 13.57µg/ml, E7 2.03µg/ml and E8 

21.33µg/ml. While the IC50 values of the synthesized carvacrol esters on MCF7 breast 

cancer cells in cytostatic assay were as follows: E4 6.88µg/ml, E5 9.58µg/ml, E6 

2.29µg/ml, E7 0.57µg/ml and E8 5.79µg/ml. On PC3 prostate cancer cells, carvacrol 

esters have the following IC50 values: E4 8.22µg/ml, E5 12.74µg/ml, E6 6.75µg/ml, E7 

7.84µg/ml, and E8 21.89µg/ml. Carvacrol esters exhibit IC50 values for PC3 prostate 

cancer cells as follows: E4 7.45µg/ml, E5 6.03µg/ml, E6 5µg/ml, E7 3.08µg/ml, and E8 

2.99 µg/ml. Meanwhile, Carvacrol esters have the following IC50 values on HepG2 liver 
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cancer cells: E4 0.139µg/ml, E5 10.78µg/ml, E6 12.48µg/ml, E7 13.87µg/ml, and E8 

22.8µg/ml. Also carvacrol esters have IC50 values: E4 .088µg/ml, E5 2.2µg/ml, E6 

11.72µg/ml, E7 0.87µg/ml, and E8 2.79µg/ml on HepG2 liver cancer cells in the 

cytostatic assay as shown in Table 3.2. 

Table 3.2 

IC50 values in µg/ml for the cytotoxic and cytostatic effects of the produced carvacrol ester 

compounds (E4, E5, E6, E7 and E8) on Hela cancer cells, L6 normal cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells 

Assay Carvacrol E4 E5 E6 E7 E8 

Hela Cytotoxic 69.78 23.26 11.12 15.5 13.2 13.7 

Hela Cytostatic 5.97 6.4 2.65 3.47 10.9 10.2 

L6 Cytotoxic 7.82 4.13 12.45 13.95 15.9 4.05 

L6 Cytostatic 1.05 2.92 6.9 7.87 2.28 2.79 

MCF7 Breast Cytotoxic - 10 11.76 13.57 2.03 21.3 

MCF7 Breast Cytostatic - 6.88 9.58 2.29 0.57 5.8 

PC3 Prostate Cytotoxic - 8.22 12.7 6.75 7.84 21.89 

PC3 Prostate Cytostatic - 7.45 6.03 5 3.08 2.99 

HepG2 Liver Cytotoxic - 0.139 10.78 12.48 13.87 22.8 

HepG2 Liver Cytostatic - 0.088 2.2 11.72 0.57 2.79 

All carvacrol ester compounds were investigated on L6 normal cell line in addition to 

the four cancer cell lines. At all concentrations, carvacrol and its ester compounds show 

both cytotoxic and cytostatic effects on L6 normal cells. Carvacrol and its esters have 

IC50 values as follows: carvacrol 7.82µg/ml, E4 4.13µg/ml, E5 12.45µg/ml, E6 

13.95µg/ml, E7 15.9µg/ml, and E8 4.05µg/ml on L6 normal cells in the cytotoxic assay. 

As indicated in Table 3.2, the carvacrol and produced carvacrol esters have IC50 values 

in cytostatic assay: carvacrol 1.05µg/ml, E4 2.92µg/ml, E5 6.9µg/ml, E6 7.87µg/ml, E7 

2.28µg/ml, and E8 2.79µg/ml on L6 normal cells. Anyway, among the carvacrol esters 

investigated, E6 exhibited highest cytotoxic and cytostatic effects on Hela cancer cells. 

The highest cytotoxic and cytostatic effects on MCF7 breast cancer cells are E5 and E4, 

respectively. The most potent cytotoxic and cytostatic effects on PC3 prostate cancer 

cells are exhibited by E8 and E6, respectively. Additionally, among the carvacrol esters 

investigated, E4 exhibited the strongest both cytotoxic and cytostatic effects on HepG2 

liver cancer cells. Five membered rings heterocyclic compounds, such as pyrrole, 

thiophene and furan effective at constructing chemicals that bond with receptors and 

block the biological processes linked to the growth of cancer [83, 84]. 
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Ester compounds (Ea, Eb, Ec and Ed) were tested in a variety of doses as anticancer 

agents against the Hela cancer cell line, the MCF7 breast cancer cell line, the PC3 

prostate cancer cell line, and the HepG2 liver cancer cell line. In contrast, they were also 

investigated using the L6 muscle normal cell line. The percentage of living cells of Ea 

compound in cytotoxic assay against Hela cancer cells, L6 muscle normal cells, MCF7 

breast cancer cells, PC3 prostate cancer cells, and HepG2 liver cancer cells, 

respectively, was measured as (28-31.5%), (52-53.8%), (27.2-31.2%), (28.2-31%), and 

(29.3-31.8%) (Fig. 3a in Appendix A); however, in cytostatic assay was measured as 

(54.7-57.2%), (67.5-70.6%),(57.3-59.9%), (52-55.5%), and (59.5-61.9%), respectively, 

(Fig. 3b in Appendix A). Results showed that the ester compound Ea was more 

effective against MCF7 breast cancer cells in cytotoxic assay and against PC3 prostate 

cancer cells in cytostatic assay. 

The percentage of living cells of Eb compound in cytotoxic assay against Hela cancer 

cells, L6 muscle normal cells, MCF7 breast cancer cells, PC3 prostate cancer cells, and 

HepG2 liver cancer cells was measured as (28-31.5), (51.1-54.7%), (30.8-34.4%), 

(29.6-32.1%), and (27-30.5%), respectively, (Fig. 3c in Appendix A). However, in 

cytostatic assay was measured as (54.8-57.1%), (70.1-74.7%), (53.3-56.3%), (54.7-

57.4%), and (56.2-59.6%), respectively, (Fig. 3d in Appendix A). The ester compound 

Eb performed better in cytotoxic and cytostatic tests on HepG2 liver cancer cells and 

MCF7 breast cancer cells, according to the results. The percentage of living cells for Ec 

compound in cytotoxic assays against Hela cancer cells, L6 muscle normal cells, MCF7 

breast cancer cells, PC3 prostate cancer cells, and HepG2 liver cancer cells was 

measured as (27-30.8%), (54.3-56.5%),(28-32%), (29.3-31.1%), and (29-30.5%), 

respectively, (Fig. 3e in Appendix A). However, in cytostatic assays, it was measured as 

(55.4-57.9%), (70.1-74.2%),(53.5-56.6%), (60.6-62%), and (62.5-65.1%), respectively, 

(Fig. 3f in Appendix A). The results demonstrated that the ester compound Ec was more 

effective against Hela cancer cells and MCF7 breast cancer cells, respectively, in 

cytotoxic and cytostatic experiments. Moreover, for Ed ester compound in cytotoxic 

assay against Hela cancer cells, L6 muscle normal cells, MCF7 breast cancer cells, PC3 

prostate cancer cells, and HepG2 liver cancer cells, the% of living cells was measured 

as (29.3-32.9%), (53.3-55.4%),(25.7-29.6%), (26.88-29.4%), and (25.44-28.7%), 

respectively, (Fig. 3g in Appendix A); but in cytostatic assay was measured as (52-
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54.7%), (64-68%),(52.1-55.1%), (57.2-60.5%), and (52.2-53.5%), respectively, (Fig. 3h 

in Appendix A). Results showed that in both cytotoxic and cytostatic experiments, the 

ester compound Ed was more efficient against HepG2 liver cancer cells. 

Ester compounds in a cytotoxic assay, the IC50 values for Ea, Eb, Ec, and Ed were 

5.59µg/ml, 7.3µg/ml, 3.9µg/ml, and 1.957µg/ml, respectively, for Hela cancer cells. In 

a cytostatic experiment, the IC50 values for Ea, Eb, Ec, and Ed on Hela cancer cells 

were 4.96µg/ml, 5µg/ml, 3.55µg/ml, and 0.454µg/ml, respectively. According to 

cytotoxic and cytostatic experiments, the ester compounds exhibited IC50 values of Ea 

2.44µg/ml, Eb 0.723µg/ml, Ec 1.942µg/ml and Ed 0.95µg/ml for MCF7 breast cancer 

cells in cytotoxic assay, but Ea 1.7µg/ml, Eb 0.238µg/ml, Ec 1.857µg/ml and Ed 

0.131µg/ml in cytostatic assay. Additionally, the ester compounds' IC50 values in 

cytotoxic and cytostatic experiments on PC3 prostate cancer cells were found as 

follows: In the cytotoxic assay, Ea 8.25µg/ml, Eb 5.88µg/ml, Ec 12.42µg/ml and Ed 

8.45µg/ml, but in the cytostatic assay, Ea 6.824µg/ml, Eb 0.219µg/ml, Ec 11.393µg/ml 

and Ed 7.945µg/ml. The IC50 values for the ester compounds against HepG2 liver 

cancer cells in cytotoxic assay were Ea 3µg/ml, Eb 22.55µg/ml, Ec 31.53µg/ml and Ed 

10.63µg/ml, while Ea 2.635µg/ml, Eb 17.87µg/ml, Ec 7.06µg/ml and Ed 6.4µg/ml in 

cytostatic assay Table 3.3. 

Table 3.3 

IC50 values in µg/ml for the cytotoxic and cytostatic effects of the ester compounds (Ea, Eb, Ec 

and Ed) on Hela cancer cells, L6 normal cells, MCF7 breast cancer cells, PC3 prostate cancer 

cells and HepG2 liver cancer cells 

Assay Ea Eb Ec Ed 

Hela Cytotoxic 5.59 7.3 3.9 1.96 

Hela Cytostatic 4.96 5 3.55 0.454 

L6 Cytotoxic 13.375 24.72 1.759 7.78 

L6 Cytostatic 6.424 8.722 1.6 0.773 

MCF7 Breast Cytotoxic 2.44 0.723 1.942 0.95 

MCF7 Breast Cytostatic 1.7 0.238 1.857 0.131 

PC3 Prostate Cytotoxic 8.25 5.88 12.42 8.45 

PC3 Prostate Cytostatic 6.824 0.219 11.393 7.945 

HepG2 Liver Cytotoxic 3 22.55 31.53 10.63 

HepG2 Liver Cytostatic 2.6351 7.87 7.06 6.4 
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The Hela cancer cell line, the MCF7 breast cancer cell line, the PC3 prostate cancer cell 

line, and the HepG2 liver cancer cell line were used as test subjects for the flavonoid 

ester molecules Ee1 and Ee2 in vitro anticancer activities. The outcomes demonstrated 

that the flavanoid esters Ee1 and Ee2 produced at different concentrations were 

cytotoxic to the four cancer cell lines. Within the investigated concentration range (500-

31.25µg/ml), the viability of Hela cancer cells, MCF7 breast cancer cells, PC3 prostate 

cancer cells, and HepG2 liver cancer cells was measured as (27-31.3%), (27.2-30.9%), 

(27-29.6%), and (28-30.8%), respectively, for Ee1. For Ee2, the viability was measured 

as (32.3-36.6%), (32.3-37.5%), (33.33-36.8%), and (29.6-31.8%), respectively. As 

flavonoid ester molecules concentration rose, cell growth decreased. 

As evaluated on Hela cancer cells in a cytotoxic experiment, the ester compounds Ee1 

and Ee2 reduced their viability from 27% at 500µg/ml to 31.3% at 31.25µg/ml and from 

32.3% at 500µg/ml to 36.6% at 31.25µg/ml, respectively (Fig. 4a in Appendix A). The 

viability of the studied Hela cancer cells decreased in a cytostatic experiment from 

39.4% at 500µg/ml to 42.8% at 31.25µg/ml for Ee1 and from 43.5% at 500µg/ml to 

46.7% at 31.25µg/ml for Ee2 (Fig. 4b in Appendix A). The prepared flavonoid ester 

compounds Ee1 and Ee2 are more effective than flavonoid in cytotoxic assay and 

cytostatic assay on Hela cancer cells, particularly at low concentrations because 

flavonoid reduced the viability of the tested HeLa cancer cells from 31% at 500µg/ml to 

45% at 31.25µg/ml and from 46.5% at 500µg/ml to 49.5% at 31.25µg/ml, respectively 

(Fig. 4a and 4b in Appendix A). 

In a cytotoxic assay, the ester compounds Ee1 and Ee2 affected the viability of MCF7 

breast cancer cells, reducing it from 27.2% at 500µg/ml to 30.9% at 31.25µg/ml and 

from 32.3% at 500µg/ml to 37.5% at 31.25µg/ml, respectively (Fig. 4e in Appendix A). 

(Fig. 4f in Appendix A) shows that in a cytostatic experiment, the viability of the tested 

MCF7 breast cancer cells decreased from 53.2% at 500µg/ml to 57.5% at 31.25µg/ml 

for Ee1 and from 55.2% at 500µg/ml to 59.7% at 31.25µg/ml for Ee2. Particularly at 

low doses, the synthetic flavonoid ester compounds Ee1 and Ee2 performed better than 

flavonoid in cytotoxic assay and cytostatic assay on MCF7 breast cancer cells due to the 

evaluated MCF7 breast cancer cells' viability for flavonoid decreased from 31.1% at 

500µg/ml to 38.8% at 31.25µg/ml and from 56.2% at 500µg/ml to 61.4% at 

31.25µg/ml, respectively. 
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The PC3 prostate cancer cells' viability was impacted in a cytotoxic experiment by the 

ester compounds Ee1 and Ee2, which decreased it from 27% at 500µg/ml to 29.6% at 

31.25µg/ml and from 33.33% at 500µg/ml to 36.8% at 31.25µg/ml, respectively (Fig. 

4g in Appendix A). In a cytostatic experiment, (Fig. 4h in Appendix A) demonstrates 

that the viability of the evaluated PC3 prostate cancer cells reduced from 52.1% at 

500µg/ml to 56.2% at 31.25µg/ml for Ee1 and from 62.3% at 500µg/ml to 65.4% at 

31.25µg/ml for Ee2. In both the cytotoxic and cytostatic tests on PC3 prostate cancer 

cells, the synthetic flavonoid ester compound Ee1 performed better than flavonoid at all 

doses because the PC3 prostate cancer cells' viability for flavonoid decreased from 

30.8% at 500µg/ml to 32.7% at 31.25µg/ml and from 61.5% at 500µg/ml to 65.5% at 

31.25µg/ml, respectively. 

The viability of HepG2 liver cancer cells was impacted by the ester compounds Ee1 and 

Ee2 in a cytotoxic assay, decreasing it from 28% at 500µg/ml to 30.8% at 31.25µg/ml 

and from 29.6% at 500µg/ml to 31.8% at 31.25µg/ml, respectively (Fig. 4i in Appendix 

A). In a cytostatic experiment, the viability of the tested HepG2 liver cancer cells 

lowered from 55.1% at 500µg/ml to 57.3% at 31.25µg/ml for Ee1 and from 61.5% at 

500µg/ml to 63.6% at 31.25µg/ml for Ee2 as shown in (Fig. 4j in Appendix A). The 

viability of the investigated HepG2 liver cancer cells for the flavonoid decreased from 

27.2% at 500µg/ml to 29.4% at 31.25µg/ml, making the flavonoid better than the 

flavonoid ester compounds Ee1 and Ee2 by a small percentage at all doses in the 

cytotoxic assay. However, the investigated HepG2 liver cancer cells' viability for 

flavonoid decreased from 62.6% at 500µg/ml to 64.7% at 31.25µg/ml, meaning that at 

all doses, the flavonoid esters Ee1 and Ee2 performed better than flavanoid in the 

cytotstatic experiment on hepG2 liver cancer cells (Fig. 4i and 4j in Appendix A). 

The novel ester compounds Ee1, Ee2, and flavonoid were tested on cancer cells as well 

as on L6 normal muscle cells, a type of live cell. According to a cytotoxic experiment, 

the ester compounds Ee1 and Ee2 reduced the viability of the tested L6 normal cells 

from 56% at 500µg/ml to 58.3% at 31.25µg/ml and from 54.8% at 500µg/ml to 57.1% 

at 31.25µg/ml, respectively. The viability of the investigated L6 normal cells reduced in 

a cytostatic experiment from 67.5% at 500µg/ml to 70.3% at 31.25µg/ml and from 

68.1% at 500µg/ml to 71.2% at 31.25µg/ml, respectively. The viability of the tested L6 

normal cells was reduced by a flavonoid compound in cytotoxic assay and cytostatic 
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assay, respectively, from 49.6% at 500µg/ml to 53.2% at 31.25µg/ml and from 60.3% at 

500µg/ml to 64% at 31.25µg/ml (Fig. 4c and 4d in Appendix A). This indicates that in 

terms of maintaining normal cells, the novel ester compounds Ee1 and Ee2 greatly 

perform better than the flavonoid compound. 

According to the findings, Hela cancer cells, MCF7 breast cancer cells, PC3 prostate 

cancer cells, and HepG2 liver cancer cells are all affected by the cytotoxic and 

cytostatic effects of the synthesized flavonoid ester compounds Ee1 and Ee2. In a 

cytotoxic experiment, flavonoid and the esters Ee1 and Ee2 that it produces exhibit IC50 

values for Hela carcinoma cells of 31.84µg/ml, 8.35µg/ml and 5.08µg/ml, respectively. 

In a cytostatic experiment, flavonoid and its synthetic esters Ee1 and Ee2 had IC50 

values of 1.16µg/ml, 1.88µg/ml and 4.15µg/ml, respectively, for Hela cancer cells. As 

for the other cancer cells, MCF7 breast cancer cells, PC3 prostate cancer cells and 

HepG2 liver cancer cells; the values of IC50 for each of the flavonoid, Ee1 and Ee2 in 

cytotoxic assay were sequentially: 31.6µg/ml, 4.85µg/ml and 0.25µg/ml; 20.82µg/ml, 

1.61µg/ml and 28.63µg/ml; 2.64µg/ml, 19.4µg/ml and 0.8µg/ml. In cytostatic assay, the 

value of IC50 for each flavonoid, Ee1 and Ee2 were, in order: 9.05µg/ml, 2.25µg/ml and 

0.13µg/ml; 9.55µg/ml, 1.47µg/ml and 4.86µg/ml; 1.29µg/ml, 0.33µg/ml and 

0.028µg/ml; on MCF7 breast cancer cells, PC3 prostate cancer cells and HepG2 liver 

cancer cells, respectively Table 3.4. 

Table 3.4 

IC50 values in µg/ml for the cytotoxic and cytostatic effects of flavonoid and the synthesized 

flavonoid ester compounds (Ee1 and Ee2) on Hela cancer cells, L6 normal cells, MCF7 breast 

cancer cells, PC3 prostate cancer cells and HepG2 liver cancer cells 

Assay Flavanoid Ee1 Ee2 

Hela Cytotoxic 31.84 8.35 5.08 

Hela Cytostatic 1.16 1.88 4.15 

L6 Cytotoxic 11.41 4.98 4.4 

L6 Cytostatic 1.22 0.19 3.04 

MCF7 Breast Cytotoxic 31.6 4.85 0.25 

MCF7 Breast Cytostatic 9.05 2.25 0.13 

PC3 Prostate Cytotoxic 20.82 1.61 28.63 

PC3 Prostate Cytostatic 9.55 1.47 4.86 

HepG2 Liver Cytotoxic 2.64 19.4 0.8 

HepG2 Liver Cytostatic 1.29 0.33 0.028 
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Amide compounds were studied as anticancer agents against the Hela cancer cell line, 

the MCF7 breast cancer cell line, the PC3 prostate cancer cell line, and the HepG2 liver 

cancer cell line on several concentrations. Compared to that, they were studied on the 

L6 muscle normal cell line also. The %of living cells of A1 compound in cytotoxic 

assay against Hela cancer cells, L6 muscle normal cells, MCF7 breast cancer cells, PC3 

prostate cancer cells, and HepG2 liver cancer cells was measured as (35-41%), (63.7-

67.5%),(29.3-32%), (31.34.2%), and (28-30.8%), respectively (Fig. 5a in Appendix A); 

but in cytostatic assay was measured as (51.8-55.8%), (65.3-69%),(58.6-60.5%), (53.2-

57%), and (56.2-59.3%), respectively (Fig. 5b in Appendix A). Accordingly, results 

were appeared that the amide compound‌A1 was more effective on HepG2 liver cancer 

cells in cytotoxic assay and it was more effective on Hela cancer cells in cytostatic 

assay. 

The % of living cells of A2 compound in cytotoxic assay against Hela cancer cells, L6 

muscle normal cells, MCF7 breast cancer cells, PC3 prostate cancer cells, and HepG2 

liver cancer cells was measured as (35.4-41%), (54.3-58.7%),(32-34.5%), (33.3-36%), 

and (28.2-29.9%), respectively (Fig. 5c in Appendix A); but in cytostatic assay was 

measured as (55.5-58.7%), (61-65%),(53.6-56%), (55.5-58.5%), and (60.63%), 

respectively (Fig. 5d in Appendix A). According to the findings, the amide compound 

A2 was more effective in cytotoxic assay on HepG2 liver cancer cells and in cytostatic 

assay on MCF7 breast cancer cells. For Aa compound in cytotoxic assay against Hela 

cancer cells, L6 muscle normal cells, MCF7 breast cancer cells, PC3 prostate cancer 

cells, and HepG2 liver cancer cells, the % of living cells was measured as (25-29.5%), 

(51-56.3%),(33.3-36%), (28.2-31.9%), and (31.3-33%), respectively (Fig. 5e in 

Appendix A); but in cytostatic assay was measured as (55-58%), (71-75.4%),(57.5-

60%), (60-63.7%), and (59.6-61.8%), respectively (Fig. 5f in Appendix A). The results 

showed that in both cytotoxic and cytostatic assays, the amide compound Aa was more 

efficient on Hela cancer cells. Moreover, for Ab compound in cytotoxic assay against 

Hela cancer cells, L6 muscle normal cells, MCF7 breast cancer cells, PC3 prostate 

cancer cells, and HepG2 liver cancer cells, the % of living cells was measured as (23-

26%), (71-75%),(28-31.6%), (26-30.7%), and (26.8-30.5%), respectively (Fig. 5g in 

Appendix A); but in cytostatic assay was measured as (51-54.8%), (61-62.5%),(56.6-

59.7%), (58.66-61.4%), and (52-55.7%), respectively (Fig. 5h in Appendix A). The 
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outcomes demonstrated that the amide compound Ab was more effective on Hela 

cancer cells in both cytotoxic and cytostatic assays. 

Amide compounds A1, A2, Aa and Ab have IC50 values for Hela cancer cells of 

32.65µg/ml, 16.65µg/ml, 7.19µg/ml and 3.5µg/ml in cytotoxic assay, respectively. The 

IC50 values for A1, A2, Aa and Ab on Hela cancer cells in cytostatic assay are as 

follows: 4.23µg/ml, 1.65µg/ml, 5.11µg/ml and 3.29µg/ml, respectively. The IC50 values 

of the amide compounds on MCF7 breast cancer cells in cytotoxic and cytostatic assays 

were as follows: A1 1.5µg/ml, A2 6.03µg/ml, Aa 6.15µg/ml and Ab 19.2µg/ml in 

cytotoxic assay; but A1 1.02µg/ml, A2 2.64µg/ml, Aa 1.68µg/ml and Ab 9.43µg/ml in 

cytostatic assay. Moreover, the IC50 values of the amide compounds on PC3 prostate 

cancer cells in cytotoxic and cytostatic assays were as follows: A1 4.92µg/ml, A2 

14.93µg/ml, Aa 6.05µg/ml and Ab 25.8µg/ml in cytotoxic assay; but A1 4.77µg/ml, A2 

5.73µg/ml, Aa 5.58µg/ml and Ab 2.23µg/ml in cytostatic assay. Finally, A1 

14.66µg/ml, A2 14.34µg/ml, Aa 17.06µg/ml and Ab 24.68µg/ml were the IC50 values 

for the amide compounds against HepG2 liver cancer cells in cytotoxic assay and A1 

0.016µg/ml, A2 6.79µg/ml, Aa 7.89µg/ml and Ab 10.56µg/ml in cytostatic assay    

Table 3.5. 

Table 3.5 

IC50 values in µg/ml for the cytotoxic and cytostatic effects of the amide compounds (A1, A2, Aa 

and Ab) on Hela cancer cells, L6 normal cells, MCF7 breast cancer cells, PC3 prostate cancer 

cells and HepG2 liver cancer cells 

Assay Aa Ab Ac Ad 

Hela Cytotoxic 32.65 16.65 7.19 3.5 

Hela Cytostatic 4.23 1.65 5.11 3.29 

L6 Cytotoxic 2.42 5.47 3.23 14.38 

L6 Cytostatic 2.07 3.3 2.03 1.56 

MCF7 Breast Cytotoxic 1.5 6.03 6.15 19.2 

MCF7 Breast Cytostatic 1.02 2.64 1.68 9.43 

PC3 Prostate Cytotoxic 4.92 14.93 6.05 25.8 

PC3 Prostate Cytostatic 4.77 5.73 5.58 2.23 

HepG2 Liver Cytotoxic 14.66 14.34 17.06 24.68 

HepG2 Liver Cytostatic 0.016 6.79 7.89 10.56 
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The four imine compounds in vitro anticancer effects on the Hela carcinoma cell were 

assessed. The findings demonstrated that different doses of the synthesized compounds 

have lethal effects on Hela cancer cells. Within the investigated concentration range, 

Hela cancer cells' cytotoxic assay viability ranged from 23 to 43.6%. As the 

concentration of the produced imine compounds rose, cell growth decreased. 

In a cytotoxic assay, the imine compound 4 outperformed the other tested imine 

compounds 3, 7, and 8 against Hela carcinoma cells at all doses. In a cytotoxic assay, 

imine compound 4 reduced the viability of the tested Hela cancer cells from 23% at a 

concentration of 500µg/ml to 31.8% at a concentration of 31.25µg/ml. In a cytotoxic 

experiment, imines 7 and 8 from the produced imines are better than imine 3 against 

Hela cancer cells. They both reduced the viability of the tested Hela cancer cells, which 

went from 31% at 500µg/ml to 40% at 31.25µg/ml and from 34% at 500µg/ml to 37% 

at 31.25µg/ml, respectively. Imine 3 reduced the viability of the tested Hela cancer cells 

from 40% at a concentration of 500µg/ml to 43.6% at a concentration of 31.25µg/ml. 

Moreover, the viability of Hela cancer cells in cytostatic assay was higher for imine 4 

than for the imine 3, then for imine 7 and imine 8 (Fig. 6a and 6b in Appendix A). 

The four imine compounds were investigated on L6 normal cells as well as Hela 

carcinoma cells. According to the findings of L6 normal cells, all investigated imines 

exhibit good cytotoxic and cytostatic effects, as shown in (Fig. 6c and 6d in Appendix 

A). Imine 4 caused 67.8% of the surviving cells in the cytotoxic assay using L6 normal 

cells to remain alive at 500µg/ml and 73.03% at 31.25µg/ml. Additionally, in the 

cytostatic test using L6 normal cells, the proportion of living cells for imine 4 was 

74.06% at 500µg/ml and 79.32% at 31.25µg/ml. Among the generated imines, imines 7 

and 8 are comparable to imine 3 in cytotoxic and cytostatic experiments for L6 normal 

cells. Imines 7 and 8 exhibit cytotoxic assay results that range from 55.65% at 500µg/ml 

to 59.2% at 31.25µg/ml and 66.46% at 500µg/ml to 73.15% at 31.25µg/ml, 

respectively, in terms of the percentage of living cells. In the cytostatic assay of L6 

normal cells, the proportion of live cells ranged from 69.04% at 500µg/ml to 75.35% at 

31.25µg/ml for imine 7. For imine 8, the percentage of live cells ranged from 74.06% at 

500µg/ml to 78.15% at 31.25µg/ml. In the case of imine 3, the percentage of living cells 

in the cytotoxic assay ranged from 54.19% at 500µg/ml to 58.3% at 31.25µg/ml, while 
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the percentage of living cells in the cytostatic assay ranged from 62.4% at 500µg/ml to 

67.75% at 31.25µg/ml. 

The outcomes demonstrated that Hela cancer cells are cytotoxic and cytostatic to all 

produced imine compounds at all doses. In a cytotoxic study, the following compounds 

had IC50 values for Hela cancer cells: compound 3 is 16.45µg/ml, compound 4 is 

24.7µg/ml, compound 7 is 14.518µg/ml and compound 8 is 2.6µg/ml. As indicated in 

Table 3.6, the produced imines' IC50 values for killing Hela cancer cells were as 

follows: compound 3 is 3.745µg/ml; compound 4 is 7.829µg/ml; compound 7 is 

0.1148µg/ml and compound 8 is 2.144µg/ml. They were tested on L6 normal cells in 

the same way that all imine compounds were studied on Hela cancer cells. At all doses, 

the synthesized imine compounds have cytotoxic and cytostatic effects on L6 normal 

cells.The IC50 values of the prepared imines on L6 normal cells in cytotoxic assay were; 

compound 3 is 6.725µg/ml, compound 4 is 6.213µg/ml, compound 7 is 12.86µg/ml and 

compound 8 is 19.5µg/ml. While the IC50 values of the prepared imines on L6 normal 

cells in cytostatic assay were as follows: compound 3 is 6.07µg/ml, compound 4 is 

3.59µg/ml, compound 7 is 4.07µg/ml and compound 8 is 0.755µg/ml as shown in and 

Table 3.6. Anyway, imine 4 showed the highest cytotoxic and cytostatic effect among 

the tested imines against Hela cancer cells. Comparing, Imine 4 compound to control L6 

normal cells, which displayed cytotoxic and cytostatic effects with IC50 values of 

6.213µg/ml and 3.59µg/ml, respectively, Imine 4 compound revealed IC50 values of 

24.7µg/ml and 7.829µg/ml at nontoxic levels. Imine 4 has the ability to fit well into the 

binding site, interact with the receptor site of Hela cancer cells, and interact through 

hydrogen bonding with functional groups present in the receptor site due to the presence 

of the oxygen heteroatom, bromine atom, and nitrogen atoms [85]. 
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Table 3.6 

Cytotoxic and cytostatic effect of prepared imine compounds (3, 4, 7 and 8) on Hela cancer 

cells and L6 normal cells as IC50 values 

Assay                            3                       4                            7                       8 

Hela Cytotoxic              16.45 24.7 14.518 2.6 

Hela Cytostatic 3.745 7.829 0.1148 2.144 

L6 Cytotoxic 6.72 6.213 12.86 19.5 

L6 Cytostatic 6.07 3.59 4.07 0.755 
 

Four imine compounds (1, 2, 5 and 6) were investigated for their in vitro anticancer 

properties against the Hela cancer cell. The findings demonstrated that different doses 

of the synthesized compounds have cytotoxic effects on Hela cancer cells. Within the 

investigated concentration range (31.25-500 µg/ml), the vitality of Hela cancer cells in 

cytotoxic assay ranged from 20.6 to 52.76%. As the concentration of the synthesized 

imine compounds rose, cell proliferation decreased (Fig. 7a in Appendix A). 

In a cytotoxic study, the imine compound 6 performed better than the other tested imine 

compounds 1, 2, and 5 against Hela cancer cells at all doses. In a cytotoxic assay, imine 

compound 6 reduced the viability of the investigated Hela cancer cells from 20.6% to 

23.74 at the investigated concentration range from 31.25µg/ml to 500µg/ml. 

Meanwhile, in a cytotoxic study, the synthesized imines 2 and 5 perform better than 

imine 1 against Hela cancer cells. They reduced the viability of the investigated Hela 

cancer cells from 32.7% to 35.4% and from 36.7% f to 40.3%, respectively. With regard 

to imine 1, the evaluated Hela cancer cells' viability reduced from 44.8% to 52.76% 

(Fig. 7a in Appendix A). Additionally, as shown in (Fig. 7b in Appendix A), the vitality 

of Hela cancer cells in the cytostatic experiment was significantly greater for imine 5 

than for imine 2, then for imine 6, and at last for imine 1. 

The four imine compounds were investigated on L6 normal cells as well as Hela cancer 

cells. According to the findings in (Fig. 7c and 7d in Appendix A), all imines 

investigated have significant cytotoxic and cytostatic effects on L6 normal cells. In the 

cytotoxic experiment on L6 normal cells, the percentage of living cells of imine 1 was 

70.23% at 500µg/ml and 75.45% at 31.25µg/ml. Additionally the percentage of alive 

cells for imine 1 in the cytostatic experiment of L6 normal cells was 73.2% at 500µg/ml 

and 77.5% at 31.25µg/ml. As for the other imine compounds (2, 5 and 6), their 

effectiveness on L6 normal cells was close to some extent. In cytotoxic assay on L6 
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normal cells, the % of living cells for imine 2, imine 5 and imine 6 was from 52% to 

53.8%, 55.7% to 57.5% and 50.79% to 54.5%, respectively (Fig. 7c in Appendix A). 

Moreover, as shown in (Fig. 7d in Appendix A), the vitality of L6 normal cells in the 

cytostatic experiment was significantly greater for imine 6 than for imine 5 and then for 

imine 2. 

The outcomes demonstrated that Hela cancer cells are cytotoxic and cytostatic to all 

synthesized imine compounds at all doses. The following are the imines' IC50 values for 

cytotoxic assay on Hela cancer cells: Compounds 1 and 2 are each 25.16µg/ml and 

22.79 µg/ml meanwhile Compound 5 and Compound 6 are each 2.36µg/ml and 

14.63µg/ml. According to Table 3.7, compound 1 had an IC50 value of 24.39µg/ml, 

compound 2 had a value of 12.26µg/ml, compound 5 had a value of 1.11µg/ml and 

compound 6 had a value of 9.18µg/ml when tested on Hela cancer cells in cytostatic 

assay. At all doses, the synthesized imine compounds have cytotoxic and cytostatic 

effects on L6 normal cells. In a cytotoxic experiment, the synthesized imines had IC50 

values of compound 1 of 43.16µg/ml, compound 2 of 23.6µg/ml, compound 5 of 

16.23µg/ml, and compound 6 of 0.83µg/ml on L6 normal cells. According to Table 3.7, 

compound 1 had an IC50 value of 19.7µg/ml, compound 2 had a value of 2.04µg/ml, 

compound 5 had a value of 15.875µg/ml, and compound 6 had a value of 0.409µg/ml 

on L6 normal cells in cytostatic experiment. All of these imine compounds have the 

ability to fit well into the binding site, engage with the receptor site of Hela cancer cells, 

and interact through hydrogen bonding with functional groups present in the receptor 

site due to the presence of nitrogen atoms [85]. Although imine compound 6 was more 

effective on HeLa cancer cells in the cytotoxic assay, and imine compound 1 was more 

effective on L6 normal cells in both the cytostatic and cytotoxic assays, it is because of 

the different results of these compounds, it is difficult for us to distinguish between the 

effectiveness of these compounds on cancer cells and normal cells, and the difference 

between them may be clear in subsequent studies. 
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Table 3.7 

IC50 values in µg/ml for the cytotoxic and cytostatic effects of the imine compounds (1, 2, 5 and 

6) on Hela cancer cells and L6 normal cells 

Assay                                      1                            2                         5                          6 

Hela Cytotoxic                      25.16                     22.79                   2.36                     14.63 

Hela Cytostatic                     24.39                      12.26                   1.11                     9.18 

L6 Cytotoxic                         43.16                      23.6                    16.23                    0.83 

L6 Cytostatic                             19.7                        2.04                    15.875                  0.409 
 

3.2.2 Antibacterial activity 

Agar disk diffusion method of E2 derivative and thymol in this study showed 

antibacterial activity against the screened bacterial isolates. (Fig. 1g in Appendix A) 

illustrates that the E2 derivative produced the highest antibacterial activity against tested 

Gram positive bacteria (S. aureus and S. epidermis) compared to thymol, as it produced 

12 mm and 15 mm inhibition zones against both isolates, respectively. Even more, the 

inhibition zone (15 mm) that resulted from the E2 derivative was larger than 

Gentamicin inhibition zone (7 mm) against S. Epidermis (Fig. 1g in Appendix A). 

The antimicrobial activity of the E2 derivative and thymol under study was 

quantitatively assessed by determining the MIC concentration for each compound 

against the five bacterial isolates. (Fig. 1h in Appendix A) clearly showed that the E2 

derivative was more effective than thymol against Gram positive bacteria in this 

experiment. Hence, 15.625µg/mL MIC value was recorded for E2 against S. aureus and 

62.5µg/mL against S. epidermis. 

The minimum bacteriocidal concentrations (MBC) for all concentrations that were 

given inhibitory effects in this research were determined. (Fig. 1h in Appendix A) 

showed that the E2 derivative was the best as it killed the S. epidermis at a low 

concentration (31.25µg/mL) which is the lowest among the screened compounds.  

Thymol exhibits its antibacterial and bactericidal activities by several mechanisms, 

including, cell membrane disruption, biofilm reduction, inhibition of motility, inhibition 

of membrane bound ATPases and inhibition of efflux pumps [86]. In addition, thymol 

possesses antibacterial activity against a wide range of species, including biofilm-

embedded microorganisms. In spite of its antibacterial activity, the use of thymol as an 

antibacterial agent is limited. This is due to the requirement for a high dose of thymol 
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for its bactericidal action besides its toxicity to animal cells. So, there is a need for 

additional studies to achieve optimal antimicrobial activity by using nontoxic 

concentrations of thymol [87]. In this study, a newly synthesized thymol ester derivative 

with an indole functional group E2 was investigated for its antibacterial behavior 

against different bacterial species. This compound E2 displayed antibacterial activity 

against the studied bacterial species with a remarkable effect against Gram positive 

species. As thymol and its derivatives are terpenes, they tend to affect Gram-positive 

bacteria more than Gram-negative ones [88]. In general, the lipophilic nature of 

terpenes is responsible for their antimicrobial mechanism of action. Moreover, the 

impact of monoterpenes on membrane structure occurs by increasing its fluidity and 

permeability, changing the topology of its proteins and causing disturbances across the 

respiration chain [88]. Considering the chemical structure of E2, a previous study 

dealing with thymol and its ester derivatives highlighted that the most enhanced activity 

of these esters is against Gram positive bacteria. Indeed, other study focused on the 

thymol derivatives with blocked phenolic hydroxyl group that linked to different five-

membered heterocyclic moieties. These derivatives offer dual antimicrobial and 

insecticidal activities [89]. Nagle group also synthesized thymol containing pyridine 

moieties that showed better antibacterial and antifungal activity than thymol [90]. In 

addition, it is well known that imidazoles and triazoles comprise the largest group of 

antifungal agents [91]. Similar to E2, all these compounds contain N in their structure, 

which may be the cause of their antibacterial effectiveness. On top of that, as E2 

contains indole, studies showed that both the indole ring and the side chains are 

important for bioactivity [92]. Based on that, indole derivatives are effective and 

suitable for further development [93].  

The in vitro biological screening effects of the investigated compounds were tested by 

the agar disk diffusion method. The compounds under study possessed potential 

antibacterial activity against some reference bacteria (Fig. 2k in Appendix A). The 

obtained results showed that the studied compounds acted as antibacterial agents with 

different behaviors. It is clearly noticeable that K. pneumoniae was the most susceptible 

isolates, as most of the tested compounds inhibited its growth. In general, E. coli is 

weakly affected by E4 (8 mm) and E7 (8 mm) inhibition zones. The same observation 

was recorded for S. aureus, as compounds E4 and E6 inhibited its growth with (9 mm) 
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inhibition zones for both. The most active compounds against S. epidermis were E4 (10 

mm IZD) and E8 (9 mm IZD).  The P. aeruginosa reference isolate showed high 

susceptibility to E4 (16 mm IZD) and E5 (11 mm IZD) which are approximately equal 

to or greater than the inhibition zones obtained from the broad spectrum antibiotic 

Gentanicin (13 mm IZD). It is clearly recognized that compound E4 exhibits a broad 

spectrum antibacterial activity against all tested bacteria. So, it’s the best among the 

examined compounds in the running experiment. 

All compounds under study were further tested for their minimum inhibitory 

concentration (MIC) against all bacteria in this experiment (Table B.2 in Appendix B). 

Results showed a strong inhibitory effect of compound E4 against all studied bacteria 

with MIC range (62.5-250µg/mL). Moreover, the E4 compound (MIC 62.5µg/mL) was 

more effective than carvacrol (MIC 125µg/mL) against the gram negative bacteria K. 

pneumoniae. Likewise, the gram positive bacteria S. epidermis was inhibited by the 

action of compound E4 (MIC 125µg/mL) which is lower than the MIC value of the 

broad spectrum antibiotic Gentamicin (500µg/mL). In addition to that, the other tested 

compounds provided a lower inhibitory effect against the examined bacteria. Compound 

E5 inhibited K. pneumoniae and P. aeruginosa, and compound E7 inhibited E. coli at 

250µg/mL. In addition to that, the MIC values of compound E6 against S. aureus and 

compound E8 against S. epidemis equal to 250µg/mL. Furthermore, the bactericidal 

effect of all compounds that had an inhibitory effect was evaluated by measuring their 

minimum bactericidal concentration (MBC) (Table B.2 in Appendix B). MBC results 

provided that compound E4 was the most powerful bactericidal agent as it killed all 

tested bacteria in this research at the MBC range (125-250µg/mL). Additionally, S, 

epidermis was more responsive to the bactericidal effects of compounds E4 (MBC 

125µg/mL) and E8 (MBC 125µg/mL) than the Gentamicin antibiotic (MBC 

1000µg/mL). With respect to carvacrol (MBC 250µg/mL) the same observation was 

noticed for the E4 compound (MBC 125µg/mL) against S. aureus.  

Recently, scientists have shifted their focus towards alternative therapies for treating 

infections caused by multidrug resistant bacteria [94]. Therefore, finding potential 

alternatives to antibiotics was a real challenge. On account of their therapeutic 

properties, essential oils constituents have gained attention as an alternative approach in 

traditional medicine. In this field, carvacrol has been a key player, as it has shown 
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potent antimicrobial activity against a wide range of gram positive and gram negative 

bacteria. However, the molecular mechanism of action of carvacrol is not completely 

known, it is proposed to include the alteration of membrane structure, the interference 

with nucleic acid synthesis, the coagulation of cytoplasm and loss of its constituents, the 

imbalance of metabolism, and the hindering of bacterial communication [95, 96]. In 

spite of its potential antibacterial effect, carvacrol displays many unfavorable physico-

chemical properties that limit its usage. These properties include high volatility, 

instability and low water-solubility [97]. Based on that, researchers highlighted their 

work on carvacrol and its several derivatives to improve its therapeutic profile. In this 

study, five new esters of carvacrol (E4, E5, E6, E7 and E8) were synthesized and tested 

against the five reference bacterial isolates (E. coli, K. pneumoniae, P. aeruginosa, S. 

aureus and S. epidermis). All compounds under study are esters. According to previous 

studies, there is an association between the presence of the hydroxyl group and the good 

activity of carvacrol against microbes like E. coli and S. aureus [98]. This bioactivity is 

noticed in the conducting research when comparing carvacrol with other derivatives. 

Further studies proposed that the substitution of the hydroxyl group with an ester moiety 

increases the activity of the originating compounds [99]. Moreover, the presence of 

carbonyl group in terpenoids improves their bacteriostatic action [95], whereas, the 

substitution of carvacrol hydroxyl with an amino function leads to a complete loss of its 

activity [97]. Accordingly, the essential requirements for good activity of carvacrol 

derivatives are based on the type of substituents in addition to their appropriate 

positions. In this regard, data highlighted that ester derivatives resulted by the 

introduction of some moieties like propionate and others in the carvacrol aromatic ring 

because of a weak antimicrobial effect [100]. In general, results recorded that there is a 

bioactivity reduction in some ester derivatives, which confirmed the important role of 

the free hydroxyl group in carvacrol [97]. Besides, the obtained results revealed that the 

E4 compound was the best antibacterial agent among other synthesized ones due to its 

broad spectrum of action against all screened bacterial isolates. This compound like 

others in this study; is a heterocyclic derivative of carvacrol. In the previous literature, 

this derivative type can be used as antiviral, antiulcer and analgesic agents [101]. Also, 

some compounds combined with various N and S-nucleophiles exhibit promising 

antiviral and antiulcer activity. Consequently, those heterocyclic derivatives mainly 

ester derivatives with N-containing heterocycles, are important and highly motivating 
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compounds for the further development of antiviral agents and other antimicrobials 

[102]. 

This study was performed to evaluate the antibacterial efficacy of two flavonoid esters, 

Ee1 and Ee2 against two Gram-negative bacteria, E. coli and K. pneumoniae and two 

Gram-positive bacteria, S. aureus and S. epidermis. (Fig. 4k in Appendix A) shows the 

results of the Kirby-Bauer disk diffusion method of both flavonoid esters in addition to 

flavonoid and a broad spectrum antibiotic Gentamicin against all studied bacteria. The 

obtained results indicated that both esters were able to act against the studied bacteria 

even more than flavonoid. The best activity for Ee1 was against S. epidermis (14 mm 

IZD) and for Ee2 was against K. pneumoniae (15 mm IZD). 

The MIC results indicated that all examined flavonoid esters were able to act against all 

studied bacteria, with some variation among them (Fig. 4k in Appendix A and Table 

B.3 in Appendix B). Moreover, Ee2 manifested the best inhibitory behavior. As it 

inhibited the growth of all tested bacterial isolates at (15.625 - 31.25µg/mL) 

concentration range. Apparently, Ee2 inhibition power toward all tested bacteria was 

greater than flavonoid. Furthermore, in comparison to flavonoid, the inhibitory activity 

of Ee1 against S. aureus (MIC=15.625µg/mL) was better than that of flavonoid 

(MIC=62.5µg/mL). In addition to that the obtained MBC results confirmed that Ee2 

flavonoid ester was a potent bactericidal agent as it killed the tested bacteria at 

62.5µg/mL concentration. It is interesting to find that both flavonoid esters showed 

superior bactericidal activity against S. epidermidis that exceeded the bactericidal 

activity of the Gentamicin antibiotic by two to three folds. 

The spread of multidrug-resistant bacteria represents an important medical need for new 

antimicrobial agents. This prompted researchers to seek novel antibacterial remedies 

from natural products. Naturally occurring flavonoids are good candidates to fight 

against pathogens because of their wide range of biological activities. Also, semi-

synthetic or synthetic flavonoids have great potential to work as bacteriostatic and 

bactericidal agents at low concentrations [103]. There are three major classes of 

flavonoids; flavonoids, isoflavonoids and neoflavonoids [104]. In this study, two new 

synthetic derivatives of flavonoids Ee1 and Ee2 were explored for their antibacterial 

potential. Results indicated that both compounds demonstrated a broad spectrum of 
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antibacterial action. Literature supports these findings, as isoflavonoids use different 

mechanisms to attack bacteria including, membrane disruption, bio-film formation, 

inhibition of cell envelope synthesis and inhibition of nucleic acid synthesis [105]. 

Moreover, the antimicrobial activity of synthetic flavonoids is most often related to the 

cell membrane interaction [106], inhibition of key enzymes of the bacterial metabolism 

like gyrase [107], topoisomerase [108] and tyrosine kinase [109]. According to the Ee1 

structure, the presence of a thiophene moiety may be associated with a broad spectrum 

of antibacterial activity. This moiety is found as an integral part of the structure of some 

antibiotics like Ticarcillin, Cefoxitin, Cephalothin, Temocillin, and Cephalorodine 

[110]. Likely, the chemical structure of Ee2 indicated the presence of indole. Given that 

indole is a heterocyclic group, it is possible to infer that all of the numerous properties 

of the functional groups or derivatives included in this classification are organically 

dynamic and are crucial in therapeutic science [111]. In this regard, daptomycin 

antibiotic is an example of an indole-containing alkaloid that has already been utilized 

in clinical practice to treat complex skin and tissue infections, endocarditis, and 

bacteremia [112]. Over that, the presence of carboxylic acid is the antibacterial agent 

that is usually applied as disinfectant [113]. However, due to the vast variety of 

substituents, it is difficult to draw definitive conclusions concerning the relationship 

between their structure and activity. On the basis of the obtained findings, both studied 

compounds can be considered as promising antibacterial candidates.  

In order to estimate the antimicrobial activity, amides (A1, A2, Aa and Ab) were tested 

against several bacterial isolates (B. subtillus, E. coli, K. pneumoniae, P. vulgaris, P. 

aeruginosa, S. aureus and S. epidermis) using Kirby-Bauer disk diffusion susceptibility 

method (Fig. 5i in Appendix A). The highest recorded activity is for A1 amide, as it 

showed broad spectrum antibacterial activity with an inhibition zone range of 10-14 

mm. It was observed that A2 and Aa amides produced weak to moderate inhibition 

activity against the tested bacteria. The results revealed that Ab amide acted as an 

excellent antibacterial agent against S. aureus (16 mm inhibition zone). Remarkably, all 

tested amides A1, A2, Aa and Ab were able to target S. epidermis with inhibition zones 

of 13, 9, 11 and 11 mm, respectively, which were more than the Gentamicin antibiotic 

inhibition zone (7 mm).  
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The obtained MIC results revealed that all amides under study obtained good 

bacteriostatic activity against the examined bacterial isolates, with some observed 

variation among them (Table B.4 in Appendix B). Moreover, the A1 amide exhibited 

the best inhibitory behavior among the others. It inhibited the growth of all tested 

bacterial isolates in a concentration range between 3.90625µg/mL and 62.5µg/mL. 

Furthermore, the lowest MIC value (3.90625µg/ml) was recorded for the A1 amide 

against E. coli. However, the other amides displayed noticeable bacteriostatic potential 

with a concentration range (7.8125µg/mL-62.5µg/mL). Even more, A1 amide work 

better than Gentamicin against B. subtillus, E. coli and S. epidermis. The same 

observation was reported for the A2 amide against E. coli, P. aeruginosa and S. 

epidermis, Aa against B. subtillus and S. epidermis, and Ab against P.  vulgaris. In 

addition to that, the bactericidal effect of all amides that exhibited inhibitory effects was 

determined by measuring their MBC values (Table B.4 in Appendix B). The obtained 

MBC results confirmed that the A1 amide was the most potent one as it had a 

bactericidal effect at concentration range (7.8125µg/mL-125µg/mL). It is worth 

pointing out that all amides in this study kill S. epidermis at lower concentrations 

(62.5µg/mL-250µg/mL) than Gentamicin antibiotic (500µg/mL).  

The emergence of multidrug-resistant bacterial isolates and the low efficacy of currently 

available drugs promote the necessity for the discovery of novel antibacterial chemical 

compounds that inhibit these multidrug-resistant microorganisms. This has prompted a 

search for alternative forms of therapy [114]. Among these alternative therapies, a large 

available number of bioactive compounds are with heterocyclic scaffolds that mostly 

contain nitrogen or oxygen [115]. An important group of heterocyclic compounds with 

significant biological characteristics are furan derivatives. In view of their bioactivity, 

many drugs containing furan rings have been clinically approved (ceftiofur, 

furazolidone, nifuroxazide, cefuroxime, nifurtoinol, nitrofurantoin and nitrofurazone) 

[116]. In addition, the other heterocyclic scaffold pyrrolidine emerges as a versatile 

molecule that builds compounds with a broad spectrum of biological activities, 

including antimicrobials [117]. Piperazine belongs to the anthelmentics medicines 

family [118]. This molecule and its derivatives are found in a large number of 

antibiotics that contain amide linkage. In this aspect, amides possess various and 

excellent biological activities, like antibacterial ones [119]. As well as pyrroles and their 
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fused derivatives are a significant class of compounds with a wide-range of biological 

activities [120]. Besides these heterocyclic compounds, the antibacterial agent 

carboxylic acids are frequently used as disinfectants.  

Based on the previous mentioned information, the four compounds in this study are 

amides containing carboxylic acid in combination with two of the following: furan, 

pyrrolidine, piperazine and pyrrole. Noteworthy, the incorporation of these molecules 

has demonstrated an ability to modulate a wide range of targets to produce excellent in 

vitro antibacterial activity, primarily against Gram-positive and Gram-negative bacteria. 

A1 and A2 amides were formerly known; chemically characterized and some bioassays 

showed their ability to act as antibacterial agents. More specifically, A1 amide inhibits 

Pseudomonas aeruginosa and Acinetobacter baumannii [121]. Likewise, A2 amide 

exhibits the same activity against these microorganisms [122].  

The outcomes of this study revealed that the investigated amides (A1, A2, Aa and Ab) 

could contribute to overcoming the problem of antibiotic resistance and the critical 

requirement to create novel therapies for bacterial infections. Accordingly, further 

research is needed to explore the precise mechanisms for the antibacterial behavior of 

these compounds. 

The bioactivity of the four newly synthesized Schiff bases was investigated in the 

current investigation for any potential antibacterial activity against a variety of bacterial 

isolates, including B. subtilis, E. coli, K. pneumoniae, P. vulgaris, P. aeruginosa, S. 

aureus, and S. epidermis. Different bactericidal effects were achieved via disk diffusion 

(Fig. 6e in Appendix A). It's interesting to note that Schiff bases like 4 and 7 had high 

antibacterial activity that was even more potent than that of the all-purpose antibiotic 

Gentamicin. 

The micro-broth dilution method was used to measure the MIC and MBC values for all 

produced Schiff bases in order to further analyze the antibacterial activity. All four 

Schiff bases exhibit bacteriostatic action against the bacterial isolates under study, 

according to the results of the micro-broth dilution assay (Table B.5 and B.6 in 

Appendix B). In this experiment, the obtained MIC results indicated that Schiff base 7 

was the highly effective one as it inhibited the growth of all tested bacteria at very low 

concentrations within 0.078125 to 0.3125µg/ml range. Moreover, Schiff base 8 
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inhibited the growth of all examined bacteria with MIC values range between 

0.078125µg/ml and 0.625µg/ml. In this research, the examined isolate S. epidermis was 

the most responsive to the inhibitory action of synthesized Schiff base 3. In addition, B. 

subtilis was the most sensitive to Schiff base 4. Besides MIC measurements, MBC 

measurements for all four Schiff bases were also investigated. The MBC results 

revealed that Schiff base 7 worked as bactericidal agent at a concentration range 

between 0.15625µg/ml and 1.25µg/ml against all tested bacteria.  

The results showed that both Gram-positive and Gram-negative bacteria might be 

affected by the four Schiff bases. This explains the wide-ranging antibacterial properties 

of these newly synthesized Schiff bases, which may be mediated by a number of 

mechanisms that target crucial stages in bacterial growth. These processes include one 

of the following, according to earlier work [123, 124]. The first involves stopping a key 

metabolic enzyme in the target microorganism. Interference with the production of the 

cell wall is the second proposed mechanism. This might alter how permeable cells are 

or disrupt lipoproteins, which would kill cells. The third process is the breakdown of 

certain proteins found in microbial cell walls. This in turn leads to harmful effects by 

the alteration in the normal cellular processes. The fourth is based on the structure of the 

azomethine group, which forms hydrogen bonds with the active centers of microbial 

cell components, causing a conflict with regular cellular operations. 

Additionally, scientists discovered that Schiff bases with nitrogen, oxygen, and sulfur 

atoms exhibit significant biological activity, such as their role as antibacterial agents 

[125]. 

The current study was conducted to explore the antibacterial potential of newly 

synthesized Schiff bases, which are 1, 2, 5 and 6. The in vitro biological screening 

effect of the investigated Schiff bases was tested by the agar disk diffusion method. 

Schiff bases under study possessed potential antibacterial activity against most tested 

bacterial isolates (Fig. 7e in Appendix A). The obtained results showed that the studied 

Schiff bases acted as antibacterial agents with different behaviors. It is clearly noticed 

that K. pneumoniae (ATCC# 13883), P. vulgaris (ATCC# 8427), P. aeruginosa 

(ATCC# 9027) and S. epidermis (ATCC# 12228) were the most sensitive isolates to 

compound 6 as it was more efficient than the broad specific antibiotic Gentamicin. The 
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other examined Schiff bases revealed low to moderate antibacterial activity with 

inhibition zones ranging between 7 mm and 16 mm.  

The antibacterial activity was examined by measuring the MIC and MBC values for all 

previously mentioned Schiff bases (Table B.7 in Appendix B). The obtained MIC 

results revealed that compound 6 exhibited excellent inhibitory activity against all 

studied bacterial isolates. The promising bacteriostatic effect of this liquid compound 6 

was against Gram negative bacteria, as the MIC values against E. coli, K. pneumoniae, 

P. vulgaris, and P. aeruginosa were 0.07813, 0.03906, 0.15625 and 0.01953µg/ml 

respectively. In addition to that, Compounds 2 and 5 displayed good bacteriostatic 

effects with MIC ranges (31.25 µg/ml-62.5 µg/ml) for compound 2 and (31.25 µg/ml-

125 µg/ml) for Compound 5. On the other hand, compound 1 showed a moderate 

bacteriostatic effect against all bacterial isolates under investigation, with MIC values 

ranges (31.25µg/ml- 250µg/ml). Moreover, the bactericidal effect of all synthesized 

Schiff bases was also measured in the current study. Among them, compound 6 was the 

most potent bactericidal agent, as it killed all the studied bacterial isolates at a 

concentration range (0.03906-0.3125µg/ml).  

The emergence of multidrug-resistant bacteria and their emphasis on health care costs 

have provoked an interest in the design and development of novel and cost effective 

antimicrobial agents with increased bioactivity against resistant bacteria [126]. Schiff 

bases as well as their metal complexes have a wide application in the medical 

microbiology field. Those compounds may come to be an excellent alternative to 

antibiotics [127]. Therefore, the in vitro antibacterial activity of four new Schiff bases 

was studied in the present study. The variable antibacterial activity of different Schiff 

bases may be due to their different structures. It was reported that there was a 

relationship between the structure of Schiff bases and their activity. For example, the 

elongation of hydrophobic alkyl chains causes an increase in antibacterial activity [128]. 

Another important factor controlling antimicrobial activity is hydrophobicity. Thus, the 

penetration of Schiff bases through the cell membrane into the microbial cell may 

depend on the degree of their hydrophobicity. The hydrophobic nature of the bacterial 

cell membrane will enhance the interaction with nonpolar compounds and favor their 

penetration into the cytoplasm, leading to cell death [129]. Furthermore, it is worth 

mentioning that the mode of antibacterial action of the Schiff bases may involve the 
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formation of a hydrogen bond between the azomethine group and some cell 

constituents. This in turn leads to interference with normal cell processes. Moreover, the 

variation in the effectiveness of the different Schiff bases against different 

microorganisms depends on the impermeability of microbial cells or differences in their 

ribosome's [130]. The presence of numerous scaffolds such as aromatic and substituted 

aromatic compounds in the structure of Schiff base may enhance their beneficial impact. 

Besides that, the presence of electron rich species such as nitrogen (N), oxygen (O), 

sulfur (S) in the Schiff base molecule are reported to increase the applications of Schiff 

bases [131]. This may explain the valuable antibacterial effect of all prepared Schiff 

bases in the running experiment as they contain at least one electron rich species a long 

with aromatic compounds. 

3.2.3 Antioxidant activity 

The DPPH free radical scavenging assay is the antioxidant assay that is commonly 

utilized in laboratories to find out the ability of natural products to scavenge free 

radicals. The findings from this experiment showed that E2 ester derivative illustrated a 

moderate antioxidant power when compared to the ascorbic acid. Otherwise, the low 

concentrations of this derivative (16-0.5µg/mL) displayed better scavenging power than 

thymol (Fig. 1h in Appendix A). 

Thymol's phenolic structure and redox properties are crucial in the adsorption and 

neutralization of free radicals or decomposing peroxides. These features are attributed 

to its antioxidant activity [132]. Moreover, the capability of thymol derivatives with 

different structures to scavenge free radicals was investigated. The antioxidant ability of 

these derivatives is due to the formation of an intramolecular hydrogen bond [133]. 

The Antioxidant activity of the two flavonoid esters (Ee1 and Ee2) was measured by 

their ability to scavenge DPPH free radicals. The obtained results revealed that both 

examined flavonoid esters showed low to moderate antioxidant activity (Fig. 4l in 

Appendix A). Ee1 had good antioxidant activity (28 %), which was higher than that of 

isoflavonoid (18.5 %) but lower than that of ascorbic acid (87.2%) at 500μg/mL. 
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In general, flavonoids considered powerful antioxidants. Their actions include the 

inhibition of enzymes responsible for superoxide anion production [134], enzymes 

involved in the generation of reactive oxygen species [135]. Also, some flavonoids 

chelate trace metals that play an important role in oxygen metabolism [136]. This 

support to some degree the results obtained in this research.  

3.3 Conclusion 

Twenty-four heterocyclic compounds distributed into seven groups were prepared by 

condensation reaction. TLC and FTIR spectroscopy were used to monitor the reaction 

during the synthesis. FTIR and 
1
H-NMR spectroscopy were used to characterize all of 

compounds. The biological properties (such as antibacterial, anticancer, or antioxidants) 

of all the prepared compounds were studied and compared between them, each 

according to its group. All the prepared compounds showed good biological activity in 

varying proportions due to the presence of the heterocyclic part in each compound. 

Thymol ester E2 which has an indole was better at preserving normal muscle cells than 

thymol. The E4 carvacrol ester compound which has pyrrole was the best compound in 

its group, as it showed anti-cancer activity against HepG2 liver cancer cells in cytotoxic 

assay and against MCF7 breast cancer cells in cytostatic assay and also gave a 

distinctive activity against all types of bacteria studied. Also E4 showed a strong 

inhibitory effect against all studied types of bacteria. Ester compound Ea was more 

effective against MCF7 breast cancer cells in cytotoxic assay and against PC3 prostate 

cancer cells in cytostatic assay. The ester compound Eb performed better in cytotoxic 

and cytostatic tests on HepG2 liver cancer cells and MCF7 breast cancer cells, 

respectively. Ester compound Ec was more effective against Hela cancer cells and 

MCF7 breast cancer cells, respectively, in cytotoxic and cytostatic experiments. In 

addition, in both cytotoxic and cytostatic experiments, the ester compound Ed was more 

efficient against HepG2 liver cancer cells. Flavonoid ester Ee1 gave a distinctive 

activity in all biological tests. Moreover, amide compound A1 was the best compound 

in its group on all the studied biological activities, as were imine 4 and imine 6 as well. 

To understand the mechanism of the effect of these compounds on different biological 

cells, it would be good to conduct complementary studies in the future. 
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List of Abbreviations 

Abbreviation Meaning 

Fig. Figure 

DMSO Dimethyl sulfoxide 

DCM Dichloromethane 

TLC Thin layer chromatography 

MIC Minimum inhibitory concentration 

MBC Minimum bactericidal concentration 

DMF Dimethylformamide 

DPPH 2,2-diphenyl-1-picryl-hydrazyl-hydrate 

μ Micro 

IZD Diameter of the zone of inhibition 

IR Infrared spectroscopy 

NMR Nuclear magnetic resonance spectra 

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide 

IC50 The concentration of an inhibitor where the‌response is reduced by half 

eq. equivalent 
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Appendices 

Appendix A 

Figures of Study 

IR spectrum 

Figure 1 

IR spectrum for thymol ester E2 

 

Figure 2 

IR spectrum of carvacrol ester E4 
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Figure 3 

IR spectrum for carvacrol ester E5 

 

Figure 4 

IR spectrum for carvacrol ester E6 
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Figure 5 

IR spectrum for carvacrol ester E7 

 

Figure 6 

IR spectrum for carvacrol ester E8 
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Figure 7 

IR spectrum for ester Ea 

 

Figure 8 

IR spectrum for ester Eb 
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Figure 9 

IR spectrum for ester Ec 

 

Figure 10 

IR spectrum for ester Ed 
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Figure 11 

IR spectrum for ester Ee1 

 

Figure 12 

IR spectrum for ester Ee2 
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Figure 13 

IR spectrum for amide A1 

 

Figure 14 

IR spectrum for amide A2 
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Figure 15 

IR spectrum for amide Aa 

 

Figure 16 

IR spectrum for amide Ab 
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Figure 17 

IR spectrum for imine 3 

 

Figure 18 

IR spectrum for imine 4 
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Figure 19 

IR spectrum for imine 7 

 

Figure 20 

IR spectrum for imine 8 
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Figure 21 

IR spectrum for imine 1 

 

Figure 22 

IR spectrum for imine 2 
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Figure 23 

IR spectrum for imine 5 

 

Figure 24 

IR spectrum for imine 6 
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NMR 

Figure 25(a) 

1
H-NMR for ester E2 

 

Figure 25(b) 

13
C-NMR for ester E2 
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Figure 26 

1
H-NMR for ester E4 

 

Figure 27 

1
H-NMR for ester E5 
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Figure 28 

1
H-NMR for ester E6 

 

Figure 29 

1
H-NMR for ester E7 
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Figure 30 

1
H-NMR for ester E8 

 

Figure 31 

1
H-NMR for ester Ea 
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Figure 32 

1
H-NMR for ester Eb 

 

Figure 33 

1
H-NMR for ester Ec 
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Figure 34 

1
H-NMR for ester Ed 

 

Figure 35 

1
H-NMR for ester Ee1 
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Figure 36 

1
H-NMR for ester Ee2 

 

Figure 37 

1
H-NMR for amide A1 
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Figure 38 

1
H-NMR for amide A2 

 

Figure 39 

1
H-NMR for amide Aa 
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Figure 40 

1
H-NMR for amide Ab 

 

Figure 41 

1
H-NMR for imine 1 
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Figure 42 

1
H-NMR for imine 2 

 

Figure 43 

1
H-NMR for imine 5 
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Figure 44 

1
H-NMR for imine 6 

 

HPLC 

Figure 45 

HPLC results for ester E2 
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Figure 46 

HPLC results for amide A1 

 

Figure 47 

HPLC results for amide A2 
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Anticancer activity 

Figure 1a 

In vitro effect of thymol and thymol ester compound (E2) on Hela cancer cells in cytotoxic assay 

at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 

 

Figure 1b 

In vitro effect of thymol and thymol ester compound (E2) on Hela cancer cells in cytostatic 

assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 

 

Figure 1c 

In vitro effect of thymol and thymol ester compound (E2) on L6 normal cells in cytotoxic assay 

at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 

 

 

0

20

40

60

80

100

120

500 250 125 62.5 31.25

Thymol

E2

Control

Concentration (µg /ml ) 

0

20

40

60

80

100

120

500 250 125 62.5 31.25

Thymol

E2

Control

Concentration (µg /ml ) 

0

20

40

60

80

100

120

500 250 125 62.5 31.25

Thymol

E2

Control

Concentration (µg /ml ) 



118 

 

Figure 1d 

In vitro effect of thymol and thymol ester compound (E2) on L6 normal cells in cytostatic assay 

at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 

 

Figure 1e 

In vitro effect of thymol ester compound (E2) on MCF7 breast cancer cells, PC3 prostate 

cancer cells and HepG2 liver cancer cells in cytotoxic assay at various concentrations (500, 

250, 125, 62.5 and 31.25µg/ml) 

  

Figure 1f 

In vitro effect of thymol ester compound (E2) on MCF7 breast cancer cells, PC3 prostate 

cancer cells and HepG2 liver cancer cells in cytostatic assay at various concentrations (500, 

250, 125, 62.5 and 31.25µg/ml) 
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Figure 2a 

In vitro effects of carvacrol and carvacrol ester compounds (E4, E5, E6, E7 and E8) on Hela 

cancer cells in cytotoxic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 

 

Figure 2b 

In vitro effects of carvacrol and carvacrol ester compounds (E4, E5, E6, E7 and E8) on Hela 

cancer cells in cytostatic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 

 

Figure 2c 

In vitro effects of carvacrol and carvacrol ester compounds (E4, E5, E6, E7 and E8) on L6 

normal cells in cytotoxic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 
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Figure 2d 

In vitro effects of carvacrol and carvacrol ester compounds (E4, E5, E6, E7 and E8) on L6 

normal cells in cytostatic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 

 

Figure 2e 

In vitro effects of carvacrol ester compounds (E4, E5, E6, E7 and E8) on MCF7 breast cancer 

cells in cytotoxic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 

 

Figure 2f 

In vitro effects of carvacrol ester compounds (E4, E5, E6, E7 and E8) on MCF7 breast cancer 

cells in cytostatic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 
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Figure 2g 

In vitro effects of carvacrol ester compounds (E4, E5, E6, E7 and E8) on PC3 prostate cancer 

cells in cytotoxic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 

 

Figure 2h 

In vitro effects of carvacrol ester compounds (E4, E5, E6, E7 and E8) on PC3 prostate cancer 

cells in cytostatic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  

 

Figure 2i 

In vitro effects of carvacrol ester compounds (E4, E5, E6, E7 and E8) on HepG2 liver cancer 

cells in cytotoxic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 
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Figure 2j 

In vitro effects of carvacrol ester compounds (E4, E5, E6, E7 and E8) on HepG2 liver cancer 

cells in cytostatic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 

 

Figure 3a 

In vitro effect of ester compound (Ea) on Hela cancer, L6 muscle cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytotoxic assay at various 

concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 

 

Figure 3b 

In vitro effect of ester compound (Ea) on Hela cancer, L6 muscle cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytostatic assay at various 

concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  
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Figure 3c 

In vitro effect of ester compound (Eb) on Hela cancer, L6 muscle cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytotoxic assay at various 

concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  

 

Figure 3d 

In vitro effect of ester compound (Eb) on Hela cancer, L6 muscle cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytostatic assay at various 

concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 
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Figure 3e 

In vitro effect of ester compound (Ec) on Hela cancer, L6 muscle cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytotoxic assay at various 

concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  

 

Figure 3f 

In vitro effect of ester compound (Ec) on Hela cancer, L6 muscle cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytostatic assay at various 

concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  

 

Figure 3g 

In vitro effect of ester compound (Ed) on Hela cancer, L6 muscle cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytotoxic assay at various 

concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  

 

0

20

40

60

80

100

120

0 100 200 300 400 500 600

Hela cancer

L6 muscle cells

MCF7 breast cancer

PC3 prostate cancer

HepG2 liver cancer

Ec Cytotoxic 

Concentration (µg/ml)  

%
 o

f 
li

v
in

g
 c

el
ls

 

0

20

40

60

80

100

120

0 100 200 300 400 500 600

Hela cancer

L6 muscle cells

MCF7 breast cancer

PC3 prostate cancer

HepG2 liver cancer

Ec Cytostatic 

Concentration (µg/ml)  

%
 o

f 
li

v
in

g
 c

el
ls

 

0

20

40

60

80

100

120

0 100 200 300 400 500 600

Hela cancer

L6 muscle cells

MCF7 breast cancer

PC3 prostate cancer

HepG2 liver cancer

Ed Cytotoxic 

Concentration (µg/ml)  

%
 o

f 
li

v
in

g
 c

el
ls

 



125 

 

Figure 3h 

In vitro effect of ester compound (Ed) on Hela cancer, L6 muscle cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytostatic assay at various 

concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  

 

Figure 4a 

In vitro effect of flavonoid and flavonoid ester compounds (Ee1 and Ee2) on Hela cancer cells 

in cytotoxic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  
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Figure 4b 

In vitro effect of flavonoid and flavonoid ester compounds (Ee1 and Ee2) on Hela cancer cells 

in cytostatic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  

 

Figure 4c 

In vitro effect of flavonoid and flavonoid ester compounds (Ee1 and Ee2) on L6 normal cells in 

cytotoxic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  

 

Figure 4d 

In vitro effect of flavonoid and flavonoid ester compounds (Ee1 and Ee2) on L6 normal cells in 

cytostatic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 
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Figure 4e 

In vitro effect of flavonoid and flavonoid ester compounds (Ee1 and Ee2) on MCF7 breast 

cancer cells in cytotoxic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  

 

Figure 4f 

In vitro effect of flavonoid and flavonoid ester compounds (Ee1 and Ee2) on MCF7 breast 

cancer cells in cytostatic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 

 
 

Figure 4g 

In vitro effect of flavonoid and flavonoid ester compounds (Ee1 and Ee2) on PC3 prostate 

cancer cells in cytotoxic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  
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Figure 4h 

In vitro effect of flavonoid and flavonoid ester compounds (Ee1 and Ee2) on PC3 prostate 

cancer cells in cytostatic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml 

 

Figure 4i 

In vitro effect of flavonoid and flavonoid ester compounds (Ee1 and Ee2) on HepG2 liver 

cancer cells in cytotoxic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 

 

Figure 4j 

In vitro effect of flavonoid and flavonoid ester compounds (Ee1 and Ee2) on HepG2 liver 

cancer cells in cytostatic assay at various concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  
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Figure 5a 

In vitro effect of amide compound (A1) on Hela cancer, L6 muscle cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytotoxic assay at various 

concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  

 

Figure 5b 

In vitro effect of amide compound (A1) on Hela cancer, L6 muscle cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytostatic assay at various 

concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  

 

  

0

20

40

60

80

100

120

0 100 200 300 400 500 600

Hela cancer

L6 muscle cells

MCF7 breast cancer

PC3 prostate cancer

HepG2 liver cancer

%
 o

f 
li

v
in

g
 c

el
ls

 

Concentration (µg/ml) 

A1 Cytotoxic 

0

20

40

60

80

100

120

0 100 200 300 400 500 600

Hela cancer
L6 muscle cells
MCF7 breast cancer
PC3 prostate cancer
HepG2 liver cancer

A1 Cytostatic 

Concentration (µg/ml) 

%
 o

f 
li

v
in

g
 c

el
ls

 



131 

 

Figure 5c 

In vitro effect of amide compound (A2) on Hela cancer, L6 muscle cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytotoxic assay at various 

concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  

 

Figure 5d 

In vitro effect of amide compound (A2) on Hela cancer, L6 muscle cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytostatic assay at various 

concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  

 

Figure 5e 

In vitro effect of amide compound (Aa) on Hela cancer, L6 muscle cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytotoxic assay at various 

concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  
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Figure 5f 

In vitro effect of amide compound (Aa) on Hela cancer, L6 muscle cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytostatic assay at various 

concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 

  

Figure 5g 

In vitro effect of amide compound (Ab) on Hela cancer, L6 muscle cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytotoxic assay at various 

concentrations (500, 250, 125, 62.5 and 31.25µg/ml)  

 

Figure 5h 

In vitro effect of amide compound (Ab) on Hela cancer, L6 muscle cells, MCF7 breast cancer 

cells, PC3 prostate cancer cells and HepG2 liver cancer cells in cytostatic assay at various 

concentrations (500, 250, 125, 62.5 and 31.25µg/ml) 
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Figure 6a 

Cytotoxic effects of the prepared imine compounds (3, 4, 7 and 8) on Hela cancer cells 

 

Figure 6b 

Cytostatic effects of the prepared imine compounds (3, 4, 7 and 8) on Hela cancer cells 

   

Figure 6c 

Cytotoxic effects of the prepared imine compounds (3, 4, 7 and 8) on L6 normal cells 
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Figure 6d 

Cytostatic effects of the prepared imine compounds (3, 4, 7 and 8) on L6 normal cells 

 

Figure 7a 

Cytotoxic effects of the prepared imine compounds (1, 2, 5 and 6) on Hela cancer cells 

 

Figure 7b 

Cytostatic effects of the prepared imine compounds (1, 2, 5 and 6) on Hela cancer cells 
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Figure 7c 

Cytotoxic effects of the prepared imine compounds (1, 2, 5 and 6) on L6 normal cells 

 

Figure 7d 

Cytostatic effects of the prepared imine compounds (1, 2, 5 and 6) on L6 normal cells 

 

Antibacterial activity 

Figure 1g 

Antibacterial  activity of thymol and E2 derivative against E. coli, K. pneumoniae, P. 

aeruginosa, S. aureus and S. epidermis using disk diffusion method;  (IZD)  Inhibition zone 

diameter (mm) 
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Figure 1h 

Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) in 

µg/mL of thymol and E2 derivative against E. coli, K. pneumoniae, P. aeruginosa, S. aureus 

and S. epidermis using micro-broth dilution method 

 

Figure 2k 

Antibacterial activity of carvacrol and carvacrol ester compounds (E4, E5, E6, E7 and E8) 

against E. coli, K. pneumoniae, P. aeruginosa, S. aureus and S. epidermis using disk diffusion 

method; (IZD) Inhibition zone diameter (mm)  

 

Figure 4k 

Antibacterial activity of flavonoid esters Ee1 and Ee2 (0.2 mg/disk) using Kirby-Bauer disk 

diffusion method; (IZD) inhibition zone diameter 
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Figure 5i 

Susceptibility of B. subtillus, E. coli, K. pneumoniae, P. vulgaris, P. aeruginosa, S. aureus and 

S. epidermis to A1, A2, Aa and Ab amides and Gentamicin; IZD (inhibition zone diameter) 

 

Figure 6e 

Antibacterial  activity of Schiff bases (3, 4, 7 and 8) against B. subtilis,E. coli, K. pneumoniae, 

P. vulgaris, P. aeruginosa, S. aureusand S. epidermis using disk diffusion method; (IZD)  

Inhibition zone diameter (mm)  

 

Figure 7e 

Antibacterial  activity of Schiff bases (1, 2, 5 and 6) against B. subtillis, E. coli, K. pneumoniae, 

P. vulgaris, P. aeruginosa, S. aureus and S. epidermis using disk diffusion method;  (IZD)  

Inhibition zone diameter (mm)  
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Figure 48 

Anti-bacterial tests for all synthesized compounds in disk diffusion method 
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Antioxidant activity 

Figure 1h 

Percentage of DPPH inhibition activity of thymol, E2 derivative and ascorbic acid 

 

Figure 4l 

Percentage of DPPH inhibition activity of flavonoid, Ee1, Ee2 derivatives and ascorbic acid 
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Appendix B 

Tables of Study 

Table B.1 

1
H and 

13
C NMR Spectral Data in ppm for imine compounds (3, 4, 7 and 8) 

 Compound                                   
1
H NMR                            

13
 C NMR 

                                                     CH azomethine                       C-H azomethine 

3                                                        8.08                                    153.82 

4                                                        8.02                                    164.89 

7                                                        8.05                                    161.80 

8                                                        8.30                                    154.78 
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Table B.2 

Antibacterial activity of carvacrol and carvacrol ester compounds (E4, E5, E6, E7 and E8) in µg/mL against E. coli, K. pneumoniae, P. aeruginosa, S. 

aureus and S. epidermis using micro-broth dilution method 

 

 

 

  

Gentamicin 

 

Carvacrol      E 8      E 7 E 6 E 5       E 4  

M
B

C
 

M
IC

 

M
B

C
 

M
IC

 

M
B

C
 

M
IC

 

M
B

C
 

M
IC

 

M
B

C
 

M
IC

 

M
B

C
 

M
IC

 

M
B

C
 

M
IC

  

               
62.5 62.5 125 62.5 1000 500 250 125 500 500 1000 500 250 125 Escherichia  

coli 

31.2

5 

31.25 250 125 1000 500 1000 500 1000 500 500 250 125 62.5 Klebsiella 

pneumoniae 

62.5 62.5 62.5 31.25 1000 500 1000 500 1000 500 500 250 125 62.5 Pseudomonas 

aeruginosa 

62.5 15.625 31.25 7.8125 500 500 500 500 250 250 500 500 250 250 Staphylococcu

s aureus 

1000 500 250 125 500 250 1000 500 1000 500 1000 500 125 125 Staphylococcu

s epidermidis 
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Table B.3 

Antibacterial activity of flavonoid and flavonoid ester compounds (Ee1 and Ee2) in µg/mL 

against E. coli, K. pneumoniae, S. aureus and S. epidermis using micro-broth dilution method 

 

 

  

Gentamicin   Flavonoid 

 

Ee2 Ee1  

MBC MIC MBC MIC MBC MIC MBC MIC 

         

62.5 62.5 125 62.5 62.5 31.25 125 62.5 Escherichia coli 

31.25 31.25 62.5 62.5 62.5 31.25 62.5 62.5 Klebsiella 

pneumoniae 

62.5 15.625 62.5 62.5 62.5 15.625 62.5 15.625 Staphylococcus 

aureus 

500 

 

250 125 62.5 62.5 31.25 125 62.5 Staphylococcus 

epidermidis 
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Table B.4 

Antibacterial activity of A1, A2, Aa and Ab amides (µg/mL) against B. subtillus, E. coli, K. pneumoniae, P. vulgaris, P. aeruginosa, S. aureus and S. 

epidermis using micro-broth dilution method 

 

 

 

 

 

 

 

 

 

Table B.5 

MIC values of Schiff bases (3, 4, 7 and 8) against B. subtilis,E. coli, K. pneumoniae, P. mirabilis, P. aeruginosa, S. aureusand S. epidermis using micro-

broth dilution method 

Staphylococcus 

epidermidis 

Staphylococcus 

aureus 

Pseudomonas 

aeruginosa 

Proteus 

mirabilis 

Klebsiella 

pneumoniae 

Escherichia 

coli‌
Bacillus 

subtilis 

 

0.078125 0.15625 0.3125 0.625 0.15625 0.3125 1.25 3 

1.25 1.25 1.25 1.25 0.625 0.625 0.3125 4 

0.15625 0.078125 0.15625 0.078125 0.078125 0.078125 0.3125 7 

0.078125 0.078125 0.3125 0.3125 0.15625 0.15625 0.625 8 

        
 

 

 

 

Gentamicin Ab Aa A2 A1 ‌

MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC 

62.5 15.625 250 62.5 31.25 7.8125 500 62.5 7.8125 7.8125 B. subtilis 

62.5 62.5 125 62.5 125 62.5 125 31.25 7.8125 3.90625 E. coli 

31.25 31.25 62.5 62.5 250 31.25 250 31.25 125 31.25 K. pneumoniae 

125 31.25 15.625 15.625 62.5 31.25 62.5 62.5 62.5 62.5 P.  vulgaris 

62.5 62.5 500 62.5 250 62.5 125 15.625 125 62.5 P. aeruginosa 

62.5 15.625 250 62.5 250 62.5 31.25 31.25 62.5 62.5 S. aureus 

500 250 250 62.5 62.5 15.625 250 62.5 62.5 62.5 S. epidermidis 
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Table B.6 

MBC values of Schiff bases (3, 4, 7 and 8) against B. subtilis,E. coli, K. pneumoniae, P. mirabilis, P. aeruginosa, S. aureusand S. epidermis using 

micro-broth dilution method 

 

Staphylococcus 

epidermidis 

Staphylococcus 

aureus 

Pseudomonas 

aeruginosa 

Proteus 

mirabilis‌
Klebsiella  

pneumoniae 

Escherichia 

coli 

Bacillus 

subtilis 

 

0.3125 1.25 0.625 2.5 0.625 0.625 5 3 

2.5 2.5 2.5 2.5 1.25 0.625 2.5 4 

0.3125 0.15625 0.3125 0.3125 0.15625 0.15625 1.25 7 

0.625 0.15625 0.3125 0.625 0.15625 0.3125 5 8 

        

 

Table B.7 

Antibacterial activity of Schiff bases (1, 2, 5 and 6) against B. subtillis, E. coli, K. pneumoniae, P. vulgaris, P. aeruginosa, S. aureus and S. epidermis 

using micro-broth dilution method 

 

 1 2 5 6 Gentamicin 

 MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 

B. subtilis 62.5 62.5 31.25 250 31.25 250 0.078125 0.15625 15.625 62.5 

E.coli 250 250 15.625 62.5 62.5 125 0.078125 0.15625 62.5 62.5 

K. pneumoniae 125 250 62.5 62.5 31.25 62.5 0.039063 0.078125 31.25 31.25 

P. vulgaris 31.25 125 15.625 62.5 31.25 62.5 0.15625 0.3125 31.25 125 

P.aeruginosa 125 125 15.625 125 125 250 0.019531 0.039063 62.5 62.5 

S.aureus 125 125 62.5 125 31.25 125 0.039063 0.078125 15.625 62.5 

S. epidermidis 125 500 62.5 125 31.25 125 0.15625 0.15625 250 500 



 

 

 
 

 ة النجاح الهطنيةــــــــامعــــج
 اــــــات العميــــــــة الدراســـــكمي

 

ندة للأحماض الهظائف المخررة لممذتقات الحمقية غير المتجا

 والآثار البيهلهجية والتهصيفمينات: التهليف الكاربهكديميو والإ

 

 إعداد

 إبراهيم محمهد بذاراتإيناس 

 

 إشراف

 النهري  عبد الله أ. د. محمد

 
 

 ،من كمية الدراسات العميا ،استكمالا لمتطمبات الحرهل عمى درجة الدكتهراة في الكيمياء الأطروحةقدمت ىذه 
 فمدطين. -نابمس ،في جامعة النجاح الهطنية

 

0202 



 ب‌

 

للأحماض الكاربهكديميو ندة تقات الحمقية غير المتجاالهظائف المخررة لممذ
 مينات: التهليف والتهصيف والآثار البيهلهجيةوالإ

 

 إعداد

 إيناس إبراهيم محمهد بذارات

 إشراف

 النهري  عبد الله أ. د. محمد
 

 الممخص

ة غير الستجاندة هي عشاصر أساسية في مجسهعة واسعة من السهاد السركبات الحمقي  خمفية الدراسة: 

مع وجهد العديد من الأدوية التي تعتسد  .والسرشعة بدبب تراكيبها وخرائرها السختمفةالكيسيائية الطبيعية 

ة غير الستجاندة مجالًا بارزاا في الكيسياء ة غير الستجاندة، تعد دراسة السركبات الحمقي  عمى الهياكل الحمقي  

ار أساسي لسجسهعة نها تهفر كإطإ .العزهية ولديها مجسهعة واسعة من التطبيقات في مختمف السجالًت

ومزادات  ، (CNS)واسعة من السركبات الريدلًنية، بسا في ذلك الأدوية لمجهاز العربي السركزي 

 .الجراثيم، ومزادات الفيروسات، وعلاجات الدرطان

في هذه الدراسة تم تحزير مجسهعة من مركبات الإستر ومركبات الأميد ومركبات أىداف الدراسة: 

كسزادات لمبكتيريا  السركبات الجديدة قد تم دراسةو  ة غير الستجاندة السختمفةلحمقي  من السركبات ا الإيسين

 .والدرطان وبعزها تست دراستها كسزادات للأكددة

تم تحزير جسيع مركبات الإستر والأميد والإيسين الجديدة في هذه الدراسة من خلال منيجية الدراسة: 

الستجاندة، ثم تم التعرف عمى السركبات الجديدة من خلال ة غير تفاعلات التكثيف لمسركبات الحمقي  

 .، ثم تست دراسة خرائرها البيهلهجية NMRو FT-IR تحميلات



 ج‌

 

رة في هذه الدراسة أنذطة بيهلهجية ة غير الستجاندة السحز  أظهرت جسيع السركبات الحمقي  نتائج الدراسة: 

الة بشدب متفاوتة  .بيهلهجياا في جسيع الفحهصات البيهلهجيةأفزل استرات نذطة  E4 و Ee1 كان  .فع 

في   نذاطات مسيزة 6والإيسين  4الإيسين  كل منلنذاطاا بيهلهجياا ممحهظاا. كان A1 مركب الأمايد  أظهر

 .جسيع الًختبارات البيهلهجية

الأنذطة في ة غير الستجاندة ة السركبات الحمقي  تداهم هذه الشتائج في فهم أعسق لفعالي   قدالإستنتاجات: 

 كسزادات لمدرطان والبكتيريا ومزادات الأكددة. البيهلهجية السختمفة

مزادات  ،لدرطانمزادات ا ،لجراثيممزادات ا ،السركبات الحمقي ة غير الستجاندةكممات مفتاحيّة: 

 .الأكددة

‌


