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Design, Synthesis, Antimicrobial and Cytotoxicity of Curcumin Based 

Benzodiazepines, Diazepines, Diazoles and Amines  

By 

Rola Sultan Mahmoud AL-Kerm 

Supervisor 

Prof. Othman Hamed 

Dr. Mohammad Qneibi 
Abstract 

In this study novel sets of curcumin-based benzodiazepine, diazepine, 

diazoles and amines were prepared using simple and convenient 

condensation reaction; by reacting curcumin with various types of 1,2-

diamino and hydrazine compounds. The prepared compounds were 

characterized using FT-IR, 
1
H NMR, and 

13
C NMR. 

Several simple and convenient synthetic methods were employed in order 

to prepare the desired products. In the first method, curcumin-based 

benzodiazepine, diazepine, diazoles, and amines were prepared by 

condensation reaction of curcumin with various 1,2 diamino and hydrazine 

compounds in either ethanol which was used as a solvent and H2SO4 as a 

catalyst. 

Another new set of curcumin-based benzodiazepine, diazepine, diazoles 

and amines were prepared using Knoevenagel Condensation that involves 

two-fold mechanism; The first step includes the formation of α,β-

unsaturated intermediate 20 A using Knoevenagel condensation; by mixing 

curcumin with benzaldehyde in ethanol solvent, in the presence of catalytic 

amount of diisopropylamine (DIPA) base. Meanwhile, acid-catalyzed 

condensation cyclization reactions of the curcumin carbonyl groups of the 
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synthesized intermediate with various 1,2-diamino or hydrazine 

compounds were involved in the second step to produce the desired 

products. The Knoevenagel condensation was employed in this work to 

prevent keto-enol tautomerization, which expected to enhance the yield. 

H-Curcumin-based amine was prepared by condensation reaction of H-

curcumin with ammonium acetate in two steps; the first step involved 

heating the resulting mixture at 60 °C until complete solvent evaporation. 

Followed by heating the resulted compound again at 60 °C for an hour. 

Then a selected set of the prepared curcumin-based compounds was 

functionalized with methoxy group. Where; the phenolic groups of the 

selected compounds were alkylated by reacting with iodomethane in the 

presence of sodium hydroxide. Functionalization of the prepared curcumin-

based compounds with alkyl groups was employed in this work in order to 

determine the effect of the hydroxyl group on the antimicrobial activity. 

Antibacterial activities of selected set of the prepared curcumin-based 

heterocycles were evaluated against four types of bacteria strains: S. 

aureus, MRSA, E. coli and K. pneumoniae. 

The antimicrobial activity occurred by inhibition of growth of the tested 

strains with MIC values ranging between 1.56-200 μg/mL. In general, the 

potency against S. aureus and Klebsiella is greater than that against MRSA 

and E. coli.  



xx 

However, the highest activity was shown by compound 9 as it showed MIC 

of (1.56, 1.56, 50 μg/ mL) against S. aureus, MRSA, and Klebsiella 

respectively. And it is the only compound that showed activity against 

MRSA with MIC of (1.56 μg/ mL). 

Moreover, the prepared curcumin-based heterocycle diazepines 

(compounds 2, 4, 10, 35) showed synergistic effects with ampicillin 

antibiotics. Furthermore, the Genotoxicity test was performed on 

compound 8. Results showed that compound 8 did not interact with the 

DNA molecule in E. coli strains. Thus, it is considered as a non-mutagenic 

or non-genotoxic agent. This study revealed that, the prepared curcumin-

based diazepine could be a promising design for a potentially active 

antibacterial synergized agent with conventional antibiotics. 



1 

CHAPTER ONE 

INTRODUCTION 

1. Background  

Bacterial resistance toward available antibacterial agents is rapidly 

becoming a worldwide and an urgent problem. Accordingly, there is a 

growing interest in the development of new antibacterial agents with 

various functionalities and novel mechanisms of action. So, in this work a 

group of curcumin-based heterocycles was prepared and their antibacterial 

activities against various Gram-positive and Gram-negative bacteria are 

reported [1-4].  

1.1 Gram positive and gram-negative Bacteria 

Gram positive and gram-negative bacteria are two types of bacteria, 

differentiated based on their reaction to the Gram stain test and cell 

wall composition. The Gram staining test, developed by Hans Christian 

Gram in the 1800s, identifies bacteria based on the reaction of their cell 

walls to certain chemicals and dyes (crystal violet dye). Gram-positive 

bacteria retain a purple-colored stain as shown in figure 1.1. This occurred 

because their cell walls are composed mostly of a thick layer of a unique 

substance known as peptidoglycan. In contrast, the cell walls of Gram-

negative bacteria have a thin layer of peptidoglycan and an outer membrane 

with a lipopolysaccharide (LPS) which is not exist in Gram positive 

bacteria, so they appear pinkish or red after Gram staining figure 1.1 [5-7]. 
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Fig. 1.1 The Gram-positive bacteria retain a purple-colored stain, while the Gram-

negative bacteria lose the crystal violet and stain pinkish or red [8]. 

The gram-positive bacteria differ from the gram-negative ones in the 

components present in their cell wall.  The cell wall of Gram-positive 

Bacteria consists of several thick layers (15-80 nanometers) of 

peptidoglycan figure 1.2. Peptidoglycan is a macromolecule composed of 

disaccharides (glycan) and short chains of amino acids (peptide) which are 

cross-linked together forming several types of peptidoglycan. 

Peptidoglycan protects bacteria and defines their shape. Gram positive cell 

walls also contain a group of molecules called teichoic acids that extend 

from the plasma membrane and running perpendicular to the peptidoglycan 

sheets. These acids are unique to the cell walls of Gram-positive bacteria 

and help them to infect cell and cause disease [8-9]. 
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Fig. 1.2 the composition of the Gram-positive bacteria cell wall [5]. 

The cell wall of Gram-negative Bacteria is more complex than that of 

Gram positive one, the Bactria structure is shown in figure 1.3. It consists 

of a single, thin layer (10 nm) of peptidoglycan surrounded by a 

membranous structure called the outer membrane. The outer membrane of 

Gram-negative bacteria has a unique component, lipopolysaccharide (LPS). 

LPS refers to endotoxin is a large glycolipid complex composed of three 

different parts; a hydrophobic component known as lipid A, a hydrophilic 

core oligosaccharide, and O-specific oligosaccharide chain. LPS works like 

an impenetrable shield to protect bacteria from harmful substances [8-12]. 
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Fig. 1.3 the composition of the Gram-negative bacteria cell wall [5]. 

Gram-negative bacteria are more dangerous than Gram positive ones, 90-

95% of Gram-negative bacteria are pathogenic due to the presence of LPS 

in their outer membrane, an endotoxin which increases the severity of 

inflammation. On the other hand, many Gram-positive bacteria are non-

pathogenic as they contain an outer peptidoglycan layer that can be easily 

dissolved by lysozyme [13,14]. Examples on gram negative and gram-

positive bacteria are listed below. 

1.1.1 Staphylococcus aureus  

Staphylococcus aureus is a pathogenic Gram-positive bacterium with 

diameters of 0.5–1.5 µm and characterized by individual cocci, which 

divide in more than one plane forming microscopic grape-like clusters as 

shown in figure 1.4. The staphylococcus is facultative anaerobic, non-

motile, non-spore forming that grow by fermentation or by aerobic 
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respiration. It can grow over a wide range of temperature (7–48 °C), with 

an optimum temperature around 37 °C. And over the pH range 4–10, with 

an optimum at 6–7 [15-17]. The Staphylococcus aureus cells can also 

tolerate high salinities up to 20%. Furthermore, it is found on human nose, 

armpit, groin, and carriage via skin, sneezing and coughing. It can also 

cause more serious infections like; endocarditis, bloodstream infections, 

bone and joint infections, and pneumonia [17,18]. 

 

Fig. 1.4 Staphylococcus aureus Gram-positive bacteria [9]. 

1.1.2 Methicillin-resistant Staphylococcus aureus  

Methicillin-resistant Staphylococcus aureus (MRSA) is a virulent and an 

opportunistic pathogen often carried asymptomatically on the human body. 

These strains figure 1.5 have acquired a gene that makes them resistant to 

almost all beta-lactam antibiotics. MRSA is currently one of the most 

common causes of nosocomial and significant infections, including; 

pneumonia, endocarditis, skin and soft tissue infections, necrotizing 

fasciitis, severe sepsis, osteomyelitis, and toxinoses such as toxic shock 

syndrome. MRSA infections occur mostly among in-patients who have 
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been in hospitals or who have weakened immune systems it's known as 

health care-associated MRSA (HA-MRSA). While these strains are 

generally easier to treat, some may move into hospitals and become 

increasingly resistant to drugs other than beta-lactams [19-21]. 

 

Fig.1.5 Methicillin-resistant Staphylococcus aureus (MRSA) [22]. 

1.1.3 Klebsiella 

Klebsiella is a rod-shaped gram-negative anaerobic, non-motile, and 

encapsulate bacterium, that is a normal commensal living in the skin, gut, 

and mouth figure 1.6. However, Klebsiella becomes pathogenic when 

it becomes transported elsewhere. Klebsiella usually associated with liver 

abscess, pneumonia, urinary tract infections (UTIs), meningitis, 

bloodstream infections, respiratory infections, and wounds Commonly, K. 
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pneumoniae is an opportunistic pathogen mostly affects patients who has 

an immunodeficiency, and people who are taking long courses of particular 

antibiotics, and tends to cause hospital-acquired (HA) infections. K. 

pneumoniae is provided by two factors make them chronic and antibiotic 

resistance; the biofilms that formed in vivo protect the pathogen from being 

attacked by the antibiotics and host immune responses. And the extended-

spectrum β-lactamases that is commonly make them effective against beta-

lactam antibiotics and show multidrug-resistance [23-27]. 

 

Fig.1.6 Klebsiella is Gram-negative bacteria [28]. 

1.1.4 Escherichia coli 

Escherichia coli, commonly known as E. coli, is the most common rod-

shaped gram-negative bacteria. Commensal of warm-blooded animals and 

humans. They are nonsporulating, non-encapsulated, facultative anaerobes, 

and they could be either motile or non-motile figure 1.7. Toxic strains of E. 
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coli can cause chronic illness, including severe diarrhea and in some cases 

kidney damage and it is the leading cause of meningitis during the neonatal 

period [29-32]. 

 

Fig. 1.7 Escherichia coli Gram-negative bacteria [33]. 

1.2 Antibiotics  

Antibiotics are molecules that kill, or inhibit microorganism’s growth, 

including both fungi and bacteria. They are the most potent 

chemotherapeutics among drugs. While some antibiotics can completely 

kill bacteria by inhibiting cell wall synthesis and are called "bactericidal". 

Some are only stop their growth by interfering with DNA replication, 

bacterial protein production, or other aspects of bacterial cellular 

metabolism and these are called "bacteriostatic". Initially, antibiotics were 

considered as organic compounds produced by different microorganisms’s 
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species (fungi, bacteria, and actinomycetes) that selectively inhibits another 

microorganisms’ growth and may eventually destroy them. Chemically 

related antibiotics to the natural ones were then prepared wholly or partly 

through artificial means [34-36]. 

 1.2.1 Classification of Antibiotics 

The main standard classes of antibiotics are based on molecular and 

chemical structures including Beta-lactams, Macrolides, Quinolones, 

Tetracyclines, Aminoglycosides, Glycopeptides, Sulphonamides, and 

Oxazolidinones [36]. 

1.2.1.1 Beta-lactam antibiotics and their Mechanism of action  

The structures figure 1.8 of this antibiotics class compose of a 1-nitrogen 

and a 3-carbon ring that is highly reactive. The mechanism of action of 

antibiotics agents can be classified according to the agent’s function as 

follows; (1) inhibition of the cell wall synthesis, this class of antibiotics 

involve vancomycin and β-lactam antibiotics like penicillins, carbapenems, 

cephalosporins. (2) Inhibition of DNA synthesis like sulfonamides and 

fluoroquinolones and (3) Protein synthesis inhibition such as 

aminoglycosides, tetracyclines, chloramphenicol, and macrolides 

[34,37,38]. 
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Fig. 1.8 Chemical structure of beta-lactam ring (A) Core structure of penicillin (B) and 

cephalosporins (C). 

The beta (β)-lactam antibiotics constitute the vast majority of antibiotics 

that have low toxicity. They contain all antibiotics that involve a β-lactam 

ring in their molecular structure such as; penicillin derivatives (penams), 

monobactams, cephalosporins (cephems), and carbapenems figure 1.9. 

They are well known to interfere with the cell wall of the bacteria assembly 

as part of their mode-of-action. Most bacterial cells are surrounded by a 

polysaccharide cell wall that prevents the osmotic rupture of their 

cytoplasmic membrane. The cell wall is synthesized by cross linking of 

peptidoglycans of one carboxyl of D-alanine in one peptidoglycan chain 

with an amino group in the next chain using transpeptidase catalyst. This 

process is essential as it causes the rigidity of the cell wall. Antibiotic 

binding to the transpeptidase enzyme forming an acyl enzyme complex via 

the antibiotic β-lactam ring cleavage, causes inactivation of transpeptidase 

enzyme that leads to loss of osmotic support and finally cell lysis 

[34,37,38]. 
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Fig. 1.9 Structure of penicillin (A), cephalosporins (B), monobactams (C), and carbapenems 

(D). 

1.2.1.2 Penicillin 

Penicillin (beta-lactam) is the oldest available antibiotic which was 

discovered in 1929 by Alexander Fleming, and it is still one of the most 

widely used antibiotics. Chemically it is a heterocyclic compound 

composed of a 5-membered thiazolidine ring fused to a 4-membered b-

lactam ring with an acyl side chain figure 1.10. The R group’s nature 

determines the antibiotic’s stability to acidic and enzymatic hydrolysis and 

its activity against different bacteria. Changing the R group by adding 

functional groups or bulky side chains gives different penicillins’ 

derivatives with enhanced activity, more resistance to acids and 
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penicillinase. The low toxicity (unless high dosage is used) of penicillins is 

one of their most remarkable properties. Penicillins are effective in the 

treatment of throat, nose, genitourinary tract soft tissue infections and 

lower respiratory tract [34, 39, 40].  

 

Fig. 1.10 Penicillin (beta-lactam) antibiotic [39]. 

1.2.1.3 Ampicillin  

Ampicillin figure 1.11 is one of the penicillin derivatives that is prepared 

by adding amino group to benzylpenicillin (amino-penicillin). It is a well-

known antibiotic that is active against a wide range of Gram-positive and 

Gram-negative bacteria. Ampicillin is available as parenteral and oral 

dosage forms and is administered every 6 hours. It is used to treat various 

bacterial infections, including; gonorrhea and infections of the intestinal, 

urinary, and respiratory tracts [34, 41]. 
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Fig. 1.11 Ampicillin antibiotic [34]. 

1.2.1.4 Macrolides 

The macrolides’ structure composes of 14-, 15-, or 16- membered 

macrocyclic lactose rings with D-desosamine and unusual deoxy sugars L-

cladinose attached figure 1.12. They have a mor comprehensive range of 

antibiotic activity than pinicillins, and they mainly administered to patients 

with penicillin allergy [36]. 

 

Fig. 1.12 Structure of Macrolide 
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1.2.1.5 Tetracyclines 

 The structure of tetracyclines contains four hydrocarbon rings as shown in 

figure 1.13, and their names end with the suffix “-cyline” [36]. 

 

Fig. 1.13 Structure of Tetracycline 

Other classes of antibiotics including Quinolones, Sulphonamides, 

Aminoglycosides, Glycopeptides and Oxazolidinones (Linezolid), are 

shown in figure 1.14 [36]. 

 

Fig. 1.14 The structures of Aminoglycosides (A), Sulphonamides(B), Linezolid (C), and 

Quinolones (D). 



15 

1.3 Synergistic and Antagonistic Drug Combinations 

Multi-drugs combination is a promising and widely used approaches to 

treat variety of serious diseases including; infectious diseases, cancer, 2 

diabetes, and inflammation. Combinations of multi-drugs can also be used 

in antibiotics to combat highly resistance bacteria to the individual use of 

normal antibiotics. The efficacy of the combination may be enhanced and 

more significant than the sum of each drug’s effect individually, which is 

called synergism, conversely, when the efficacy of the combination reduces 

the effect of each drug individually this is called antagonism. Using various 

drugs with several mechanisms and modes of actions may interacts against 

the target in many unexpected ways and more effectively. There are several 

possibilities for synergism such as; (1) Enhancing the efficacy and the 

specificity of the drug, (2) reducing the dosage while maintaining or 

increasing the efficacy to avoid toxicity, (3) slowing down the drug 

resistance development, (4) providing selective synergism against target by 

doing both toxicity antagonism, and efficacy synergism [42-44]. 

1.4 Polymerase Chain Reaction 

Polymerase Chain Reaction (PCR) is a powerful, and rapid method for in 

vitro amplifying specific DNA sequences, to generate more than 100 

billion similar copies. Repetitive cycles including denaturation of the 

template, annealing of the primer (oligonucleotide) and annealed primers 

extension using DNA polymerase, to produce unlimited copies of DNA 

segment from a single copy of initial DNA figure 1.15. in this method the 
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synthesized products of primer extension in one cycle can serve as a 

template in the next one. Thus, the number of target DNA copies duplicates 

at every cycle. Since its discovery PCR has had such versatile applications 

in both diagnostic and basic aspects of molecular biology [45]. 

 

Fig. 1.15 Steps of PCR [46]. 

1.5 Electrophoresis 

Electrophoresis is the migration of charged molecules or particles in 

aqueous solution as a result of applying an electric field. The speed of 

migration depends on the charges of the molecules and the applied electric 

field strength. Hence, different charged particles and molecules form 

individual zones during their migration. Electrophoresis is accomplished in 

an anti-convective medium like a gel matrix or a viscous fluid. Thus, the 

speed of migration also depends on the size of the charged particles and 

molecules. In this way high resolution fractionation of a mixture of 

substances is achieved [47]. 
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1.5.1 Agarose gel electrophoresis 

Agarose gel electrophoresis is a simple, and one of the most known 

electrophoresis techniques that possesses great resolving power. The 

agarose gel contains microscopic pores that work like a molecular sieve 

used to separate molecules based upon the size, charge, and shape. Agarose 

gel electrophoresis is an efficient separation technique that is mostly used 

in analyzing DNA fragments of diverge sizes ranging from 100 bp to 25 kb 

that is generated by restriction enzymes. DNA fragments larger than 25 kb 

is separated using pulse-field gel electrophoresis, meanwhile, 

polyacrylamide gel electrophoresis is used to effectively separate DNA 

fragments smaller than 100 bp or more. Agarose gel electrophoresis is also 

used to separate other charged biomolecules like proteins and RNA. To 

separate DNA using this technique, the DNA is loaded into pre-cast wells 

in the gel then a current is applied. The phosphate backbone of the DNA 

and RNA molecules is negatively charged; thus, the DNA fragments 

migrate to the positively charged anode when placed in an electric field. 

DNA molecules are separated according to their size as they have constant 

mass/charge ratio. The migration rate of DNA molecules through a gel 

depend on the following; (1) The size of DNA molecules, (2) DNA 

conformation, (3) type and concentration of agarose, (4) electrophoresis 

buffer, (5) voltage applied. The DNA molecules can be then visualized 

using UV light after separation and staining with a specific dye [48, 49]. 
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1.6 Genotoxicity 

Genotoxicity refers to processes that change the structure, segregation, 

information content of cell genetic materials (DNA, RNA) that affects the 

cell integrity. Genotoxins involve both radiation as well as chemical 

substances. Genotoxins are mutagens that can cause mutation by damaging 

the DNA or the chromosomal material. All mutagens are genotoxic; but not 

all genotoxic substances are mutagenic. According to their effects 

Genotoxins can be classified in to: (1) Cancer causing agents 

“Carcinogens”, (2) mutation causing agents “Mutagens” (3) congenital 

disabilities causing agents “Teratogens”. Heritable mutations result from 

the genetic damage of the germ cells causing congenital disabilities, while 

malignancy (cancer) results from the damage of genetic material of somatic 

cells in eukaryotic organisms. Mutations have many forms including; 

duplication, deletion or insertion of genetic information [50, 51]. 

1.6.1 Importance of Genotoxicity testing 

Genotoxicity studies are the diverse in-vitro and in-vivo tests used to 

identify any compound or substance that may damage the genetic material 

by several mechanisms directly or indirectly. These tests help to identify 

the hazard results from DNA damage and fixation. Genotoxicity tests play 

a crucial role in predicting if the new chemical entities can cause 

carcinogenicity or Genotoxicity by testing them positive. Regulatory 

authorities worldwide require information about the genotoxic potential of 
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the new chemical entities and drugs as a part of safety evaluation process 

[50, 51].  

1.7 Natural-Based Antimicrobial Agents  

Most of the currently available antibacterial and antifungal agents have 

undesirable side effects, moreover, excessive use of these drugs has caused 

rapid development of drug-resistant strains including; Methicillin-resistant 

Staphylococcus aureus (MRSA). As a result, most of commonly used 

antibiotics become ineffective in both agricultural and clinical applications. 

Development of new natural-based drugs with minimal or no side effect of 

the currently used drugs, and that overcome the bacterial resistance to 

current antimicrobial drugs is emerging [52]. 

1.7.1 Alkaloid 

Alkaloids are naturally occurring organic bases containing one or 

more nitrogen atom in their structures.  Alkaloids have several 

important physiological effects on humans and other animals as 

well. The most commonly known alkaloids including morphine, 

quinine, strychnine, nicotine, ephedrine and caffeine figure 1.16. 
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Fig. 1.16 structures of morphine (A), quinine (B), strychnine (C), nicotine (D), ephedrine (E) 

and caffeine (F). 

Alkaloids readily form hydrogen bonds with enzymes, proteins, and 

receptors and this is mainly due to the presence of a proton-accepting 

nitrogen atom, and one or more proton-donating functional groups in their 

structures. Possessing a proton-donating and - accepting functional groups 

like polycyclic moieties and phenolic hydroxyl, explains the alkaloids 

superior bioactivity. Pharmacological properties including central nervous 

depressant (morphine), central nervous stimulant (brucine), anticholinergic 

(atropine), analgesic (codeine), antihypotensive (ephedrine), antipyretic 

(quinine), antiemetic (scopolamine), antihypertensive (reserpine), 

antitumor (vinblastine), vasoconstrictor oxytocic (eg. ergometrine), 

antimalarial (quinine) activities. figure 1.17 shows the structure of the 

mentioned alkaloids [53].   
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Fig. 1.17 Chemical Structures of morphine (A), brucine (B), atropine (C), codeine (D), 

ephedrine (E), quinine (F), scopolamine (G), ergometrine (H). 

1.7.2 Phenolic compounds  

Phenolic compounds are common phytochemicals found in all plants. That 

contain an aromatic ring bearing one or more hydroxyl groups figure 1.18.  

Based on the number of phenol units in the molecule, phenolic compounds 

are categorized as simple phenols or polyphenols. Plant phenolics include 

simple phenols, lignins, lignans, coumarins, phenolic acids and flavonoids, 

condensed and hydrolysable tannins. Phenolics act as antioxidants that 
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reduce inflammation, prevent heart disease, lower the incidence of diabetes 

and cancers, and reduce rates of mutagenesis in human cells [54,55]. 

 

Fig. 1.18 Basic structures of phenolic acids, and flavonoids. 

1.7.2.1 Curcumin 

Natural plants products have traditionally been a magnificent source of 

bioactive agents for centuries.  Curcumin (1,7-bis(4-hydroxy-3-

methoxyphenyl)-1,6-heptadiene- 3,5-dione), is a natural yellow pigments 

and food-coloring agents isolated from the spice turmeric of the Asian herb 

Curcuma longa [56-60]. Turmeric has been used for thousands of years as a 

dye, dietary spice, food preservative, additives in cosmetics, as a remedy 

for variety minor and major ailments, and therapeutic in the treatment of 

cuts, wounds, jaundice, and rheumatoid arthritis [57, 61-65]. Curcumin, the 

principal and the major bioactive component of turmeric, possesses several 

engaging biological activities, such as anti-inflammatory, antioxidant, 

anticancer, antimalarial, antibacterial, antiviral, antifungal, anti-HIV-1 

integrase, anti- Parkinson’s, anti-Alzheimer’s, anti-arthritic, anti-

angiogenic, anti-diabetic, anti-depressant, anti-venom, free-radical 

scavenging activity, and anti-protozoan [56, 65-71]. The non-toxic natural 

origin and wide range of pharmaceutical drug properties of curcumin make 

it a promising lead molecule for medicinal chemistry [58, 60-62]. 
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Chemically, curcumin has three critical functional groups that can 

contribute to its biological activities: An orthomethoxy phenolic hydroxyl 

group, α,β-unsaturated β-diketo group, and a seven carbon linker figure 

1.19.  

 

Fig. 1.19 The structure of Curcumin. 

Structurally, curcumin exists in the keto and the enol tautomeric form in 

equilibrium as shown in figure 1.20 due to intra-molecular hydrogen 

bonding between keto carbonyl oxygen and an enolic hydrogen atom [60, 

61, 65, 67]. Keto and enol forms remain in an equilibrium driven by 

solvent polarity and pH value. The enol form predominates in an aqueous 

solution under alkaline conditions, and in some organic polar solvents (e.g., 

alcohols, and dimethyl sulfoxide (DMSO), as a result of intramolecular 

hydrogen bonding and conjugation that increase the stability of this form. 

Meanwhile, the keto form predominates in solid phase, nonpolar solvents, 

and in acidic or neutral pH values [61, 72-78]. 

 

Fig. 1.20 keto-enol tautomerism. 
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The crystalline curcumin powder is a relatively hydrophobic, indicating 

selective solubility; it is readily soluble in organic solvents such as 

methanol, ethanol, acetone and DMSO. Whereas, it has a low aqueous 

solubility of 0.6 μg/mL. Due to, its relatively low solubility at physiological 

conditions, poor chemical stability low absorption from the gut, fast 

metabolism and rapid plasma elimination, and high intestinal degradation, 

limit its therapeutic usage and clinical applicability [64, 71, 73-77]. 

Therefore, numerous strategies have been developed to overcome these 

limitations such as nanoparticle or ceramic particles and formulations in 

micellar, liposomal, and phospholipid complex. Moreover, several 

strategies have also been done to chemically modify curcumin structures 

and their biological activity by designing and synthesis new curcumin 

analogues and derivative. Such structural modifications to the parent 

skeleton will not only improve therapeutic and physicochemical properties 

but also enhance the efficacy as well [79-82].    

 1.7.2.1.1 Antibacterial activity of curcumin 

The increase of Gram-positive and Gram-negative bacteria resistance to 

current antimicrobial drugs have caused an urgent need to assess and 

identify alternative drugs including plant- based materials that has low 

human cytotoxicity. Curcumin is a safe molecule with no toxicity or side 

effect on human health even when taken at high dosage of 8.0 g per day 

[83]. 
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So far, curcumin has been used for diverse clinical applications. Several 

studies have shown that curcumin has a therapeutic effect in different 

diseases such as inflammatory disorders, diabetes, and different types of 

cancers. Moreover, curcumin showed an in vitro anti-microbial activity 

against a wide variety of microorganisms such as Gram-positive and Gram-

negative bacteria and fungi as well [83]. 

Recent study investigated that curcumin suppresses the Streptococcus 

mutant’s adherence to extra-cellular matrix protein and surfaces of human 

tooth. Many studies have indicated that curcumin show a synergistic effect 

with different important antibiotics including vancomycin, tetracycline, and 

cefixime against S. aureus [83]. 

In a published work [84] a new series of curcumin-based heterocyclic 

systems including isoxazole, pyrazole, and diazepine were synthesized 

using two different new methods shown in figure 1.21. The prepared 

compounds were tested for their antimicrobial activity against two types of 

gram-positive bacteria (Staphylococcus aureus and Staphylococcus 

epidermidis) and two types of gram-negative bacteria (pseudomonas 

aeruginosa, and Escherichia coli). The prepared compounds showed low to 

high potency against the tested strains with MIC values ranging between 

1.5 and 6.25µg/mL for S. aureus. Meanwhile, Gram- negative bacteria 

were found to be higher resistant than gram-positive ones. Among the 

prepared compounds, diazepine showed the highest antibacterial activity. 

Based on these results, a novel set of curcumin-based compounds were 
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prepared using a simple and convenient synthetic method (condensation 

reaction of curcumin with diverse 1,2 diamino compounds) to study their 

antimicrobial activity against four different types of bacteria.  

 

Fig. 1.21 The chemical structures of the prepared curcumin derivatives [84]. 

1.8 Specific aims  

Curcumin is a component of the Indian spice turmeric, isolated from the 

rhizome of the perennial herb Curcuma longa L. Since the second half of 

the last century, this naturally occurring polyphenol has attracted enormous 

attention because of its multiple biological activities, and pharmacological 

applications, including anti-oxidation, anti-bacterial activities, anti-fungal, 

anti-tumor, anti-inflammatory antiviral and anti-cancer activities [71, 79, 

85, 86]. So, the specific aims of this study are: 

1. To prepare novel sets of curcumin-based diazepines, benzodiazepines, 

diazoles, and amines. 
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2. To prepare curcumin-based compounds with capped phenolic hydroxyl 

group. 

3. To characterize the prepared curcumin-based compounds using IR, H-

NMR, and C13. 

4. To identify the antibacterial activities and genotoxicity of the prepared 

compounds. 

5. To investigate the synergistic effect of curcumin-based heterocyclics 

with ampicillin antibiotic. 
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CHAPTER TWO 

EXPERIMENTAL PART 

 

1. Materials and procedures 

All chemical including solvents and reagents were purchased from Aldrich 

Chemical Company and used without any further purification unless 

otherwise specified. Some of these reagents include ethanol, methanol, 

acetone, dimethyl sulfoxide (DMSO), H2SO4, glacial acetic acid, hexane, 

diethyl ether, ethyl acetate,  NaOH, NaHCO3, MgSO4, curcumin, 

diaminomaleonitrile, diaminopyridien, 5, 6-diamino-2, 3-

pyrazindicarbonitrile, 2-Hydrazinopyrimidine hydrate, ethylene diamine, 

phenylenediamine, 2-chlorophenylhydrazin hydrogen chloride, 2, 3-

diamino-5-bromopyridine,  2, 3-diamino-5-bromopyrizine, Methyl iodide, 

TLC plates pre-coated with Merck Kieselgel 60 F254, opened capillary 

tubes, molecular sieve beads. 

Infrared (IR) spectra were recorded by using FTIR Spectrum 820 PC FT-

IR, Shimadzu. 

All 
1
H NMR experiments are reported in δ units, parts per million (ppm) 

downfield from tetramethylsilane (internal standard) and were measured 

relative to the signal for DMSO-d6 (2.5ppm). Nuclear Magnetic Resonance 

spectra were recorded on a Varian VXR S400 NMR spectrometer with a 

proton resonance frequency of 400 MHz. 
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1.1 Preparation of curcumin-based benzodiazepines  

General Procedure A 

To a solution of 1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-

dione (curcumin) (0.5 g, 1.357 mmole)  in ethanol (30.0 mL) in a single-

neck round bottom flask diamino compound (1.357 mmole)  and a catalytic 

amount of H2SO4 (3-5 drops) were added. The reaction mixture was stirred 

under reflux for (12-60 h) at 120 °C and regularly monitored for reaction 

progress by TLC using hexane: ethyl acetate (6: 4) as an eluting solvent. 

After cooling the reaction down to room temperature, the resulting solution 

was evaporated to dryness under reduced pressure and residue was purified 

by washing with sodium bicarbonate (NaHCO3, 5%) to remove the excess 

acid, filtered, washed again several times with water, dried. The 

purification was completed by washing the solid product with diethyl ether 

and ethyl acetate several times and dried.   
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1.1.1 4-[(E)-2-{2-[(E)-2-(4-hydroxy-3-methoxyphenyl)ethenyl]-5H-

pyrido[2,3-b] [1,4] diazepin-4-yl}ethenyl]-2-methoxyphenol (2) 

 

 

 

 

 

 

1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, 2,3-

diaminopyridine (0.148 g, 1.357 mmol) was added followed by H2SO4 (3 

drops) According to procedures A.  Produced solid was recrystallized 

from hexane/EtOAc (2:1 by volume) to give 0.35 g (Yield 58.5%) of 

yellow solid, mp. 118-120 °C, IR: vmax cm
-1

 3344 (O-H, and N-H 

stretching), 3022 (=C-H), 2974 (C-H, aliphatic), 1605 (C=N), 1584 (C=C, 

conjugated), 1389 (C-N), 1085 (C-O ether and alcohol). 
1
H-NMR (400 

MHz, DMSO-d6) δ: 3.83 (s, 6H, 2 OCH3), 4.0 (bs, 1H, NH), 5.06 (1H, d), 

5.35 (bs, 2H, OH), 5.67 (d, 1H, J = 15.1 Hz), 6.80-6.98 (m, 7H); 7.13 (m, 

1H), 7.26 (m, 2H); 7.36 (d, 1H, J = 7.5 Hz); 8.12 (d, 1H).
13

C-NMR (400 

MHz, DMSO-d6) δ: 56.1, 88.69, 111.9, 113.0, 116.8, 122.9, 124.0, 127.6, 

132.6, 135.0, 138.1, 146.6, 147.9, 149.1, 149.5, 160.0, 164.6. 
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1.1.2 6,8-bis[(E)-2-(4-hydroxy-3-methoxyphenyl)ethenyl]-5H-pyrazino 

[2,3-b][1,4]diazepine-2,3-dicarbonitrile (3). 

 

 

 

 

 

 

1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, 5,6-

diamino-2,3-pyrazindicarbonitrile (0.217g, 1.357 mmole) was added 

followed by H2SO4 (3 drops) According to procedures A. The produced 

solid was recrystallized from hexane/EtOAc (2:1 by volume) to give 0.67g 

(Yield 99.55%) of brown solid, mp 206-208°C, IR vmax cm
-1

:
   

3338.69 (N-

H), 3157.25 (=C-H), 2961.48 (C-H), 2231.89 (C≡N stretch), 1671 (C=N), 

1628.62 (C=C). 
1
H-NMR (400 MHz, DMSO-d6) δ: 3.81 (s, 6H, 2 OCH3), 

4.1 (bs, 1H, NH), 5.09 (1H, s), 5.41 (bs, 2H, OH), 5.67 (d, 1H, J = 15.1 

Hz), 6.81 (m, 3H), 6.83 (d, 1H); 6.88 (d, 1H); 6.99 (d, 2H); 7.21 (d, 2H, J = 

7.5 Hz).
13

C-NMR (400 MHz, DMSO-d6) δ: 56.2, 112.1, 117.3, 122.9, 

 

 



32 

127.9, 131.3, 135.1, 124.4, 137.9, 148.1, 149.3, 149.7, 154.5, 147.5, 155.2, 

160.2, 164.5.  

1.1.3 4-[(E)-2-{3-bromo-8-[(E)-2-(4-hydroxy-3-ethoxyphenyl)ethenyl]-

5H-pyrazino[2,3-b][1,4]diazepin-6-yl}ethenyl]-2-methoxyphenol (4). 

 

 

 

 

 

 

1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.25 g, 0.6785 mmol), was dissolved in ethanol (15.0 mL) and then, 2, 3-

diamino-5-bromopyrizine (0.1276 g, 0.678 mmole) was added followed by 

H2SO4 (1 drop) According to procedures A. The produced solid was 

recrystallized from hexane/EtOAc (2:1 by volume) to give 0.31g (Yield 

87.85%), of yellow solid, mp 88-90°C, IR (KBr): vmax cm
-1   

 3384.14 (-C-

N-H), 1621.33 (-C=N), 542.15 (C-Br). 
1
H-NMR (400 MHz, DMSO-d6) δ: 

3.82 (s, 6H, 2 OCH3), 3.98 (bs, 1H, NH), 5.06 (1H, s), 5.35 (bs, 2H, OH), 

5.67 (d, 1H, J = 15.1 Hz), 6.79 (m, 2H), 6.85 (d, 1H, J = 15.1 Hz), 6.86 (d, 
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2H); 6.99 (d, 2H); 7.16 (d, 2H,  J = 7.5 Hz), 7.96 (s, 1H).
13

C-NMR (400 

MHz, DMSO-d6) δ: 56.2, 103.1, 111.5, 116.4, 121.2, 122.5, 124.2, 135.6, 

139.3, 147.2, 149.3, 150.6, 159.3,  164.8. 

1.1.4 4-[(E)-2-{8-bromo-4-[(E)-2-(4-hydroxy-3- ethoxyphenyl) ethenyl]-

1H-pyrido[2,3-b][1,4]diazepin-2-yl}ethenyl]-2-methoxyphenol (5). 

 

 

 

 

 

 

1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, 2, 3-

diamino-5-bromopyridine (0.2538 g, 1.357 mmole) was added followed by 

H2SO4 (3 drops) According to procedures A. The produced solid was 

recrystallized from hexane/EtOAc (2:1 by volume) to give 0.34 g (yield 

48.14%) of brown solid. mp 108-110°C, IR (KBr): vmax cm
-1   

1623.19 (-

C=N), 3374.27 (–C–NH), 568.88 (C-Br), and 1030.66 (C-O ether) of (–O-

CH3).  
1
H-NMR (400 MHz, DMSO-d6) δ: 3.83 (s, 6H, 2 OCH3),  4.02 (bs, 
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1H, NH), 5.05 (1H, s), 5.33 (bs, 2H, OH), 5.68 (d, 1H, J = 15.1 Hz), 6.81 

(m, 4H), 6.87 (d, 1H, J = 15.1 Hz); 6.97 (d, 2H, J = 7.5 Hz); 7.16 (s, 2H), 

7.67 (s, 1H), 8.14 (s, 1H).
13

C-NMR (400 MHz, DMSO-d6) δ: 56.2, 103.1, 

111.5, 116.4, 121.2, 122.5, 123.2, 124.2, 135.6, 139.3, 147.2, 149.3, 150.6, 

159.3,  164.8. 

1.1.5 4-[(E)-2-{4-[(E)-2-(4-hydroxy-3-methoxyphenyl)ethenyl]-1H-1,5-

benzodiazepin-2-yl}ethenyl]-2-methoxyphenol (6). 

 

 

 

 

 

 

1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, 

phenylenediamine (0.239 g, 1.357 mmole) was added followed by H2SO4 

(3 drops) According to procedures A. The produced solid was 

recrystallized from hexane/EtOAc (2:1 by volume) to give 0.5 g (yield 

83.6%) of yellow solid. Melting point is 144 -145°C. IR: vmax cm
-1

 3350 (-

C-OH), 3020 (=C-H), 1640 (-C=N), 1600 (C=C), 1180 (C-O ether), 1220 
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(C-N). 
1
H-NMR (400 MHz, DMSO-d6) δ: 3.89 (s, 6H, 2 OCH3), 5.54 (bs, 

2H, OH), 5.90 (s, 1H), 6.78 (d, 2H, J = 17.6), 6.80 (d, 2H, J = 6.95 (d, 2H, J 

= 17.6), 7.05- 7.14 (4H, m), 7.33-7.41 (m, 4H, J = 12.3 Hz), 7.68 (d, 1H, J 

= 12.3 Hz). 
13

C-NMR (400 MHz, DMSO-d6) δ: 28.8, 733., 45.3, 56.42, 

113.7, 121.5, 125.3, 130.0, 133.1,140.5, 144.9, 147.9, 165.5. 

1.1.6
 
4-[(E)-2-{7-ethoxy-2-[(E)-2-(4-hydroxy-3- ethoxyphenyl)ethenyl]-

1H-1,5-benzodiazepin-4-yl}ethenyl]-2-methoxyphenol (7). 

 

 

 

 

 

 

 

1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, 4-

ethoxybenzene-1,2-diamine (0.205g, 1.357 mmole) was added followed by 

H2SO4 (3 drops) According to procedures A. The produced solid was 

recrystallized from hexane/EtOAc (2:1 by volume) to give 0.48 g (yield 

73.1%) of yellow solid. Melting point is 208 - 210°C. IR: vmax cm
-1   
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3394.26 (O-H, N-H stretching), 1624.17 (C=N), 1513.50 (C=C 

conjugated), 1085 (C-O ether and alcohol).
 1

H-NMR (400 MHz, DMSO-

d6)  δ:
 1

HNMR δ:1.32 (t, 3H, CH3 methyl), 3.83 (s, 6H, 2 OCH3, methyl),  

4.0 (s, 1H, NH),  4.09 (q, 2H, CH2, methylene), 5.06 (s, 1H, CH), 5.35 (s, 

2H, OH), 5.67 (d, 1H, CH), 6.02 (d, 1H, CH),  6.62 (s, 1H, CH), 6.74 (d, 

1H, CH), 6.79 (d, 2H, CH benzene), 6.81 (d, 1H, CH), 6.85 (d, 1H, CH), 

6.99 (d, 2H, CH benzene), 7.16 (s, 2H, CH benzene). 
13

C-NMR (400 MHz, 

DMSO-d6) δ: 14.8, 56.1, 64.6, 86.6, 109.2, 111.9, 113.7, 116.6, 116.8, 

118.2, 122.9, 124.3, 127.6, 129.7, 135.3, 138.0, 138.1, 147.9, 148.7, 149.1, 

155.4, 164.6. 

1.2 Preparation of curcumin based diazepines 

1.2.1.1 5,7-bis[(E)-2-(4-hydroxy-3-methoxyphenyl)ethenyl]-1H-1,4-

diazepine-2,3-dicarbonitrile (8). 
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1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, 

diaminomaleonitrile (0.146 g, 1.357 mmole) was added, followed by 

H2SO4 (3 drops). According to procedures A. The produced solid was 

recrystallized from hexane/EtOAc (2:1 by volume) to give 0.137 g, (Yield 

22.9 %) of yellow solid, mp 250-254 °C, IR: vmax cm
-1 

3417.74 (O-H), 

3366.66 (N-H), 2362.39 (C≡N), 1650.55 (C=N), 1558.32 (C=C).
  1

H-NMR 

(400 MHz, DMSO-d6) δ: 3.82 (s, 6H, OCH3), 4.05 (bs, 1H, NH), 5.10 (1H, 

s), 5.41 (bs, 2H, OH), 5.71 (d, 1H, J = 15.1 Hz), 6.82 (m, 4H), 7.03 m, 3H; 

7.25 (d, 2H, J = 7.5 Hz).
13

C-NMR (400 MHz, DMSO-d6) δ: 56.1, 103.6, 

105.0, 11.3, 138, 1147.9, 115.2, 116.8, 120.2, 122.9, 124.3, 127.6, 135, 

149.1, 149.4, 164.6. 

1.2.1.2 4-[(E)-2-{5-[(E)-2-(4-hydroxy-3-methoxyphenyl)ethenyl]-2,3-

dihydro-1H-1,4-diazepin-7-yl}ethenyl]-2-methoxyphenol (9). 
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1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, 

ethylenediamine (4 drops, 1.357 mmole) was added followed by H2SO4 (3 

drops) According to procedures A. The produced solid was recrystallized 

from hexane/EtOAc (2:1 by volume) to give 0.27 g, (Yield 50.7%) of 

brown solid, mp 198-200°C, IR: vmax cm
-1

: 3299.21 (N-H), 1512.99 (C=N), 

1584.71 (C=C), 1277.27 (C-N), 817.81 (C-H).
 1

HNMR (400 MHz, DMSO-

d6) δ: 3.16 (s, 2H, CH2), 3.764 (s, 4H, CH2CH2); 3.78 (s, 6H, 2 OCH3), 

5.72 (s, 2H, OH), 6.85 (m, 2H), 6.91 (d, 2H, J = 15.2 Hz), 7.05 (d, 2H, J = 

12.1 Hz), 7.20 (s, 2H), 7.40- 7.60 (m, 2H). 
13

CNMR (400 MHz, DMSO-d6) 

δ: 24.5, 48.3, 56.4, 112.9, 116.3, 120.6, 122.4, 127.8, 129.3, 148.2, 149.3, 

165.8. 

1.2.2 Five membered heterocyclic compounds  

1.2.2.1 4-[(E)-2-{5-[(E)-2-(4-hydroxy-3-methoxyphenyl)ethenyl]-1-

(pyrimidin-2-yl) -1H-pyrazol-3-yl}ethenyl]-2-methoxyphenol (10). 
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1,7- Bis (4- hydroxy -3- methoxyphenyl) hepta -1, 6- diene -3,5 - dione 

(curcumin) (0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and 

then, 2-Hydrazinopyrimidine hydrate (0.15 g, 1.357 mmole) was added 

followed by H2SO4 (3 drops) According to procedures A. The produced 

solid was recrystallized from hexane/EtOAc (2:1 by volume) to give 0.4 g, 

(Yield 66.66%) of yellow solid, mp 88-90°C, IR (KBr): vmax cm
-1   

1639.9 (-

C=N), 1061 (C-O ether) of (–O-CH3), and 1214.80 (N-N). 
1
H-NMR (400 

MHz, DMSO-d6) δ: 3.81 (s, 6H, OCH3), 5.38 (sb, 2H, OH), 6.76 (s, 1H), 

6.97 (m, 6H); 7.12 (d, 2H, J = 7.7 Hz), 7.18 (m, 2H, J = 7.7 Hz); 7.68 (m, 

1H), 8.83 (d, 2H, J = 7.9 Hz). 
13

C-NMR (400 MHz, DMSO-d6) δ: 56.2, 

107.5, 109.3, 116.4, 116.6, 118.5, 122.7, 123.8, 130.3, 131.4, 147.3, 147.5. 

148.1, 149.3, 155.7, 156.6.    

1.2.2.2 4- [ (E)-2- [1- (2-chlorophenyl) -5- [ (E) -2- (4- hydroxy-3-

methoxyphenyl) ethenyl] -1H-pyrazol-3-yl] ethenyl] -2-methoxyphenol 

(11).  
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1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, 2-

chlorophenylhydrazin hydrogen chloride (0.252 g, 1.357 mmole) was 

added followed by H2SO4 (3 drops). According to procedures A. The 

produced solid was recrystallized from hexane/EtOAc (2:1 by volume) to 

give 0.61 g (Yield 80.3 %) of yellow solid, mp 124-126 °C, IR: vmax cm
-1 

1637.15 (-C=N), 1098.91 (C-O ether) of (–O-CH3).  
1
H-NMR (400 MHz, 

DMSO-d6) δ: 3.83 (s, 6H, OCH3), 5.37 (sb, 2H, OH), 6.79 (s, 1H), 6.93 (m, 

4H); 7.14 (d, 2H, J = 7.8 Hz), 7.17 (d, 2H); 7.36-7.61 (m, 4H); 
13

C-NMR 

(400 MHz, DMSO-d6) δ: 56.4, 109.1, 110.5, 116.6, 116.7, 119.3. 123.1, 

123.6, 127.7, 130.3, 133.2, 139.8, 143.5, 147.7, 149.3, 154.2. 

1.2.2.3 4- [(E)-2- {5- [(E)-2- (4-hydroxy-3-methoxyphenyl) ethenyl] -1-

[(thiophen-2-yl) methyl] -1H-pyrazol-3-yl} ethenyl] -2- methoxyphenol 

(12). 
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1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, (2-

thienylmethyl)hydrazine hydrochloride (0.224 g, 1.357 mmole) was added 

followed by H2SO4 (3 drops). According to procedures A. The produced 

solid was recrystallized from hexane/EtOAc (2:1 by volume) to give 0.51 g 

(yield 74 %) of brown solid, m.p 130-133 °C, IR: vmax cm
-1   

3406.93 (O-H), 

1578 (C=N), 1513.90 (C=C), 1029.11 (C-O). 
1
HNMR δ: 3.83 (s, 6H, 2 

OCH3), 4.99 (s, 2H, CH2, methylene), 5.35 (s, 2H, OH), 6.53 (s, IH, CH 1-

pyrazole), 6.83 (d, IH, CH 2-thiophene), 6.88 (d, 1H, CH 1-benzene), 6.93 

(t, IH, CH 2-thiophene), 6.95 (d, 2H), 6.99 (d, 2H), 7.12 (d, 2H, CH 

benzene), 7.16 (s, 2H, CH 1-benzene), 7.40 (d, IH, CH 2-thiophene). 

13
CNMR δ: 52.9, 56.1, 108.1, 109.2, 116.1, 116.8, 122.9, 123.5, 125.5, 

126.7, 127.0, 130.5, 131.2, 138.2, 139.4, 147.9, 149.1, 152.2. 

1.3 Preparation of curcumin-based amines 

1.3.1 1E,5E,6E)-5-(dodecylimino)-1,7-bis(4-hydroxy-3-methoxyphenyl) 

hepta-1,6-dien-3-one (13). 
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1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, dodecyl 

amine (0.28 g, 1.357 mmole) was added followed by H2SO4 (3 drops), 

according to procedures A. The produced solid was recrystallized from 

hexane/EtOAc (2:1 by volume) to give 0.82 g (yield 99.2 %) of yellow 

solid. Melting point is 115 -117 °C, IR: vmax cm
-1

 3300 (O-H, and N-H 

stretching), 3022 (=C-H), 2730- 2914 (C-H, aliphatic), 1562 (C=C, 

conjugated), 1389 (C-N), 1085 (C-O ether and alcohol).
 1

HNMR (400 

MHz, DMSO-d6) δ: 0.88 (t, 3H, CH3 methylene), 1.26-2.87 (m, 22H, CH2 

methylene), 2.0 (s, 1H, NH), 3.83 (s, 6H, 2 OCH3), 5.35 (s, 2H, OH), 5.48 

(s, 1H, CH), 6.79 (d, 2H, CH), 6.81 (d, 1H, CH), 6.85 (d, 1H, CH), 6.99 (d, 

2H, CH benzene), 7.03 (d, 1H, CH),  7.16 (d, 2H, CH benzene), 7.82 (d, 

1H, CH ethylene). 

13
CNMR (400 MHz, DMSO-d6) δ: 14.1, 22.7, 27.1, 29.3, 29.6, 31.0, 31.9, 

44.3, 56.1, 105.6, 111.9, 116.8, 122.9, 123.3, 124.3, 127.6, 135.3, 142.2, 

147.9, 149.1, 172.4, 188.6. 

1.3.2 4- [ (1E,3Z,5E,6E) -3,5- bis (dodecylimino)-7- (4-hydroxy-3-

methoxyphenyl) hepta-1,6-dien-1-yl]-2- methoxyphenol (14). 
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1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, dodecyl 

amine (2.714 mmol, 0.56 g) was added followed by H2SO4 (3 drops), 

according to procedures A. The produced solid was recrystallized from 

hexane/EtOAc (2:1 by volume) to give 0.69 g (yield 95.1 %) of brown 

solid. Melting point is 212 - 213 °C, IR: v max cm
-1

 3343 (O-H, and N-H 

stretching), 3012 (=C-H), 2713- 2880 (C-H, aliphatic), 1620 (C=C, 

conjugated), 1389 (C-N), 1060 (C-O ether of (–O-CH3)). 
1
HNMR (400 

MHz, DMSO-d6) δ: 0.88 (t, 6H, CH3 methylene), 1.26 (t of t, 12H, CH2 

methylene), 1.29-1.52 (m, 40H, CH2 methylene, 2.0 (bs, 1H, NH), 2.87 (t, 

2H, CH2), 3.83 (s, 6H, 2 OCH3), 4.12 (s, 1H, CH), 5.35 (bs, 2H, OH), 5.67 

(d, 1H, CH), 6.79 (d, 1H, CH), 6.81 (d, 1H, CH), 6.85 (d, 1H, CH), 6.88 (d, 

2H, CH benzene), 6.99 (d, 2H, CH benzene), 7.16 (s, 2H, CH benzene).  

13
CNMR (400 MHz, DMSO-d6) δ:14.1, 22.7, 27.1, 27.2, 29.3, 29.6, 31.0, 

31.9, 32.1, 44.3, 44.7, 56.1, 94.5, 111.9, 116.6, 116.8, 124.3, 122.9, 127.6, 

135.3, 138.1, 147.9, 149.1, 153.1, 164.6. 
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1.3.3 (1E,5E,6E) -5- [(2-aminopropyl) imino] -1,7-bis (4-hydroxy-3-

methoxyphenyl) hepta-1,6-dien-3-one (15). 

 

 

 

 

 

1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, 1,2-

diaminopropane (0.115 mL, 0.1005g, 1.357 mmole) was added followed by 

H2SO4 (3 drops) according to procedures A. The produced solid was 

recrystallized from hexane/EtOAc (2:1 by volume) to give 0.4 g (yield 69.5 

%) of yellow solid. Melting point is 170 -172 °C, IR: v max cm
-1

 3407 (N-H 

stretching, aliphatic primary amine), 3310 (O-H, and N-H stretching), 3020 

(=C-H), 2780 (C-H, aliphatic), 1611 (C=C, conjugated), 1370 (C-N), 1034 

(C-O ether of (–O-CH3)). 
1
HNMR (400 MHz, DMSO-d6) δ: 1.12 (d, 3H, 

CH3), 2.0 (bt, 1H, NH), 2.75, 3.03 (m, 1H, CH), 3.83 (s, 6H, 2 OCH3), 

5.11(bd, 2H, NH2), 5.48 (s, 1H), 6.79 (d, 1H, CH), 6.81 (d, 1H, CH), 6.85 

(d, 1H), 6.99 (d, 2H, CH benzene), 7.03 (d, 1H) 7.18 (s, 1H, CH benzene), 

7. 3 (d, 1H, CH benzene), 7.82 (d, 1H).  
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13

CNMR (400 MHz, DMSO-d6) δ: 21.2, 48.0, 53.7, 56.1, 105.6, 111.9, 

116.8, 122.9, 123.3, 124.3, 127.6, 135.3, 142.2, 147.9, 149.1, 172.4, 188.6. 

1.3.4 1E, 5E, 6E) -5- [(3-amino-2-hydroxypropyl) imino] -1,7- bis (4-

hydroxy-3-methoxyphenyl) hepta-1,6-dien-3-one (16). 

 

 

 

 

 

1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, 1,3-

diamino-2-propanol (0.122 g, 1.357 mmole) was added followed by H2SO4 

(2 drops) according to procedures A. The produced solid was 

recrystallized from hexane/EtOAc (2:1 by volume) to give 0.32 g (yield 

53.5 %) of yellow solid. Melting point is 240 -242 °C, IR: v max cm
-1

 3370 

(N-H stretching, aliphatic primary amine), 3293 (O-H, and N-H stretching), 

3035 (=C-H), 2780 (C-H, aliphatic), 1617 (C=C, conjugated), 1345 (C-N), 

1025 (C-O ether of (–O-CH3)). 

1
HNMR (400 MHz, DMSO-d6) δ: 2.92 & 2.67 (m, 2H, CH2), 2.98 & 2.73 

(m, 2H, CH2), 3.58 (bd, 1H, OH alcohol), 2.0 (bt, 1H, NH), 3.69 (m, 1H, 
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CH), 3.83 (s, 6H, 2 OCH3), 5.11(bt, 2H, NH2), 5.35 (bs, 2H, OH), 5.48 (s, 

1H), 6.79 (d, 2H, CH benzene) 6.81 (d, 1H, CH), 6.85 (d, 1H), 6.99 (d, 2H, 

CH benzene), 7.03 (d, 1H), 7.16 (s, 2H, CH benzene), 7.81 (d, 1H), 7.82 (d, 

1H). 

 
13

CNMR (400 MHz, DMSO-d6) δ: 47.5, 49.6, 56.1, 74.1, 105.6, 111.9, 

116.8, 122.9, 123.3, 124.3, 127.6, 135.3, 142.2, 147.9, 149.1, 172.4, 188.6.
  
  

1.3.5  (E)-N-(1H-1,3-benzodiazol-2-yl) -N'-[(1E,6E)-1,7-bis (4-hydroxy-

3-methoxyphenyl) -5-oxohepta-1,6-dien-3-ylidene]guanidine (17). 

 

 

 

 

 

 

1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, 

Guanidinobenzimidazole (0.473g, 1.357 mmole) was added followed by 

H2SO4 (2 drops) according to procedures A. The produced solid was 

recrystallized from hexane/EtOAc (2:1 by volume) to give 0.56 g (yield 

78.6 %) of brown solid. Melting point is 330-333°C, IR: v max cm
-1

 3333 

 

 



47 

(N-H stretching), 3288 (O-H, and N-H stretching), 3033 (=C-H), 1654 

(C=N, imine), 1614 (C=C, conjugated), 1345 (C-N stretching), 1025 (C-O 

ether of (–O-CH3)).
 1

HNMR (400 MHz, DMSO-d6) δ: 2.0 (bs, 1H, NH 

Amine), 3.83 (s, 6H, 2 OCH3), 4 (bs, 1H, NH Amine ), 5 (bs, 1H, NH 

benzimidazole),  5.35 (bs, 2H, OH), 6.75 (s, 1H), 6.79 (d, 1H, CH 1-

benzene), 6.81 (d, IH), 6.82 (d, IH), 6.85 (d, 1H), 6.99 (d, 1H, CH 1-

benzene), 7.03 (d, 1H), 7.12 (d, 2H, CH benzene), 7.16 (d, 2H, CH 1-

benzene), 7.22 (d, 2H, CH 1-benzene), 7.82 (d, 1H). 

13
CNMR (400 MHz, DMSO-d6) δ: 56.1, 105.6, 111.9, 116.8, 115.2, 122.9, 

123, 123.3, 124.3, 127.6, 135.3, 142.2, 147.9, 149.1,158.5, 172.4, 188.6. 

1.3.6 N-[(1E,3E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl)-5-oxohepta-

1,6-dien-3-ylidene]-1-(N'-phenylcarbamimidamido)methanimidamide 

(18). 
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1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, 

Phenylbiguanide  (0.48 g, 1.357 mmole) was added followed by H2SO4 (2 

drops) according to procedures A. The produced solid was recrystallized 

from hexane/EtOAc (2:1 by volume) to give 0.62 g (yield 86.7 %) of 

brown solid. Melting point is 323-326 °C, IR: v max cm
-1

 3390 (N-H 

stretching), 3260 (O-H, and N-H stretching), 3047 (=C-H), 1662 (C=N, 

imine), 1614 (C=C, conjugated), 1288 (C-N stretching), 1027 (C-O ether of 

(–O-CH3)). 
1
HNMR (400 MHz, DMSO-d6) δ: 2.0 (bs, 2H, NH Amine), 

3.83 (bs, 6H, OCH3, methyl), 4 (bs, 1H, NH Amine), 5.35 (bs, 2H, OH), 

6.75 (s, 1H), 6.81 (d, IH), 6.81(t, 1H, CH benzene), 6.85 (d, 1H), 6.79 (d, 

1H, CH 1-benzene), 6.99 (d, 1H, CH 1-benzene), 7.03 (d, 1H), 7.16 (d, 2H, 

CH 1-benzene), 7.2 (t, 2H, CH 1-benzene), 7.77 (d, 2H, CH benzene), 7.82 

(d, 1H). 

13
CNMR (400 MHz, DMSO-d6) δ: 56.1, 105.6, 111.9, 116.8, 121.5, 122.4, 

122.9, 123.3, 124.3, 127.6, 129.5, 135.3, 138.5, 142.2, 147.9, 149.1, 158.5, 

172.4, 188.6 
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1.4 Preparation of H-Curcumin Based Amines 

1.4.1 1,7-bis(4-hydroxy-3-methoxyphenyl)heptane-3,5-dione (19a). 

 

 

A low-pressure reaction bottle was charged with a solution of curcuminoids 

5.0 g in absolute ethanol (100 ml) and in the presence of Pd/C (0.3 g) 

which was used as a heterogeneous catalyst. The bottle was attached to the 

low-pressure hydrogenation apparatus and evacuated, and then hydrogen 

was admitted to a pressure slightly above 3 atm. The contents of the flask 

were shaken until absorption of hydrogen stopped (about 4 hrs). The 

catalyst was removed by filtration and ethanol was removed under vacuum 

to afford 4.6 g (91.8%) of pale-yellow gummy material. The gummy 

material was purified by flash chromatography using ethyl acetate as 

eluent. The produced THC 19a, was analyzed by 1H NMR and 13C NMR. 

1
H NMR (300 MHz) (CDCl3): 6.8 (d, J = 8.24, 2H), 6.62 (d, J = 8.42 =2H), 

6.6 (s, 2H), 5.6 (bs, 2H, OH), 5.4 (s, 0.75 H, vinylic), 3.90 (s, 0.5H, 

diketone), 3.85 (s, 6H, 2 OCH3), 2.9 (t, J = 7.97, 3H), 2.6 (t, J = 7.14, 3H). 

13
C NMR (CDCl3 d6) δ: 193.2, 144.5, 143.9, 132.5, 120.7, 114.3, 110.9, 

99.8, 55.8, 40.4, 31.1. 
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1.4.2 4-[(4Z)-5-amino-7-(4-hydroxy-3-methoxyphenyl)-3-iminohept-4-

en-1-yl]-2-methoxyphenol (19). 

 

 

 

 

 

To a 1,7-Bis(4-hydroxy-3-methoxyphenyl) hepta-1,6-diene-3,5-dione (H-

curcumin) compound 19a (0.5g, 12.5 mL, 1.357 mmol) in a single-neck 

round bottom flask, Ammonium acetate (0.313g, 1.357 mmol) was added. 

The mixture was stirred under reflux at 60 °C until complete solvent 

evaporation. Then it was heated again at 60°C for an hour.  The mixture 

was regularly monitored for reaction progress by TLC using hexane: ethyl 

acetate (6: 4) as the solvent system to a H-curcumin reference. The residue 

was washed with water and dried. The dry solid was washed with diethyl 

ether and ethyl acetate several times and dried.  Then it was recrystallized 

from hexane/EtOAc (2:1 by volume) to give 0.3 g (yield 60 %) of yellow 

solid. Melting point is 160-163°C, IR: v max cm
-1 

3216.78 (C-NH), (C=N), 

2939.29 (C-N), 1605.51 (C=C), 1515.17 (C=N).   

 
1
HNMR (400 MHz, DMSO-d6) δ: 1.86 (t, 2H, CH2), 2.29 (t, 2H, CH2), 

2.56 (t, 4H, CH2), 3.83 (s, 6H, 2 OCH3), 3.88 (s, 1H), 5.35 (bs, 2H, 2OH), 
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6.68 (d, 2H, CH benzene), 6.71 (s, 2H, CH benzene), 6.79 (d, 2H, CH 

benzene) 8.56 (bs, 2H, NH2). 

13
CNMR (400 MHz, DMSO-d6) δ: 29.7, 34.8, 35.7, 36.7, 51.7, 56.1, 113.2, 

115.5, 122.5, 133.0, 145.9, 147.1, 147.4, 164.6. 

1.5 Preparation of curcumin -based compounds using 

Knoevenagele Doebner Condensation  

General Procedure B 

 To a solution 1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-

dione (curcumin) (0.5 g, 1.357 mmole)  in ethanol (30.0 mL) in a single-

neck round bottom flask, benzaldehyde (0.5 mL), and a catalytic amount of 

diisopropylamine (0.5mI) or tri ethanol amine (TEA) (4 drops), were 

added. The mixture was stirred under reflux for 30 h at 120°C and regularly 

monitored for reaction progress by TLC using hexane: ethyl acetate (6: 4) 

as an eluting solvent. then diamino compound (1.357 mmole), and glacial 

acetic acid (1 mL) were added to the mixture and refluxed again for (20 

hours). The reaction progress was monitored using TLC to a curcumin 

reference.  After cooling the reaction down to room temperature, the 

resulting solution was evaporated to dryness under reduced pressure and 

residue was purified by washing with sodium bicarbonate (NaHCO3, 5%) 

to remove the excess acid, filtered, washed again several times with water, 

dried. The purification was completed by washing the solid product with 

diethyl ether and ethyl acetate several times and dried.   
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1.5.1 Seven Membered Curcumin-Based Benzodiazepines 

1.5.1.1 4-[(E)-2-[(3E)-4-[(E)-2-(4-hydroxy-3-methoxyphenyl) ethenyl]-3 

(phenylmethylidene) -3H -pyrido [2,3-b] [1,4] diazepin-2-yl] ethenyl]-2 

methoxyphenol (20). 

 

 

 

 

 

1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, 

benzaldehyde (0.5 mL), and a catalytic amount of diisopropylamine 

(0.5mI)  were added. The Solution was refluxed for 30 h at 120 °C. Then 

2,3-diaminopyridien (1.357 mmole, 0.15 g), and glacial acetic acid (1 mL) 

were added to the mixture and refluxed again for (20 hours) according to 

procedures B. The produced solid was recrystallized from hexane/EtOAc 

(2:1 by volume) to give 0.6 g (yield 83.6%) of brown solid. Melting point 

is 302 -303 °C. IR: v max cm
-1

: 3200 (O-H), 3039 (=C-H), 1616 (C=N), 

1598 (C=C, conjugated), 1303 (C-N stretching), 1031 (C-O ether of (–O-

CH3)). 
1
HNMR (400 MHz, DMSO-d6) δ: 3.83 (s, 6H, OCH3, methyl), 4.0 

(bs, 1H, NH),   5.35 (bs, 2H, OH), 5.67 (d, 1H), 6.79 (d, 1H), 6.79 (d, 2H, 

CH), 6.85 (d, 2H, CH), 6.99 (d, 2H, CH benzene), 7.10 (d, 1H, CH 2-
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pyridine), 7.18 (s, 1H, CH benzene), 7.33 (t, 1H, CH), 7.4 (t, 2H, CH), 7.42 

(t, 1H, CH 2-pyridine), 7.6 (d, 2H, CH), 8.16 (d, 1H, CH 2-pyridine).  

13
CNMR (400 MHz, DMSO-d6) δ: 56.1, 97.7, 111.9, 116.6, 116.8, 120.2, 

121.7, 122.9, 124.3, 125.9, 127.6, 127.9, 128.5, 128.6, 131.1, 135.2, 135.3, 

137.3, 138.1, 142.1, 147.9, 149.1,153.0, 158.4, 164.6. 

1.5.1.2 4-[(E)-2-[(3E)-8-bromo-4-[(E)-2-(4-hydroxy-3-methoxyphenyl) 

ethenyl]-3-(phenylmethylidene) -3H-pyrido [2,3-b] [1,4] diazepin-2-

yl]ethenyl]-2-methoxyphenol (21). 

 

 

 

 

 

 

1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, 

benzaldehyde (0.5 mL), and a catalytic amount of diisopropylamine (0.5 

mI)  were added. The Solution was refluxed for 30 h at 120 °C. Then 2, 3-

diamino-5-bromopyridine (0.26 g, 1.357 mmole), and glacial acetic acid (1 

mL) were added to the mixture and refluxed again for (20 hours) 

according to procedures B. The produced solid was recrystallized from 
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hexane/EtOAc (2:1 by volume) to give 0.76 g (yield 92%) of yellow solid. 

Melting point is > 350 °C. IR: v max cm
-1

: 3200 (O-H), 3039 (=C-H), 1616 

(C=N), 1598 (C=C, conjugated), 1303 (C-N stretching), 1031 (C-O ether of 

(–O-CH3)), 573 (C-Br stretching).
1
HNMR (400 MHz, DMSO-d6) δ: 4.0 

(bs, 1H, NH),  3.83 (s, 6H, OCH3, methyl), 5.35 (bs, 2H, OH), 5.67 (d, 

1H), 6.79 (d, 1H), 6.81 (d, 2H, CH), 6.85 (d, 2H, CH), 6.99 (d, 2H, CH 

benzene), 7.18 (d, 2H, CH benzene), 7.23 (s, 2H, CH benzene), 7.33 (t, 1H, 

CH), 7.4 (t, 2H, CH), 7.6 (s, 2H, CH 2-pyridine), 7.6 (d, 2H, CH benzene), 

8.16 (s, 1H, CH 2-pyridine).  

13
CNMR (400 MHz, DMSO-d6) δ: 56.1, 97.7, 111.9, 114.5, 116.6, 116.8, 

122.9, 123, 124.3, 125.9, 127.6, 127.9, 128.5, 128.6, 130, 131.1, 135.2, 

135.3, 138.1,143.3, 147.9, 149.1,153.0, 157.5, 164.6. 

1.5.1.3 4-[(E)-2-[(7Z)-2-bromo-8-[(E)-2-(4-hydroxy-3-methoxyphenyl) 

ethenyl]-7-(phenylmethylidene)-7H-pyrazino[2,3-b] [1,4] diazepin-6-yl] 

ethenyl] -2-methoxyphenol (22). 

 

 

 

 

 

1,7-Bis(4- hydroxy-
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3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) (0.5 g, 1.357 

mmol), was dissolved in ethanol (30.0 mL) and then, benzaldehyde 

(0.5 mL), and a catalytic amount of diisopropylamine (0.5mI)  were added. 

The Solution was refluxed for 30 h at 120 °C. Then 2, 3-diamino-5-

bromopyrizine (0.26 g, 1.357 mmole), and glacial acetic acid (1 mL) were 

added to the mixture and refluxed again for (20 hours) according to 

procedures B. The produced solid was recrystallized from hexane/EtOAc 

(2:1 by volume) to give 0.73 g (yield 88.5 %) of yellow solid. Melting 

point is > 350 °C. IR: vmax cm
-1

: 3281 (O-H), 3043 (=C-H), 1607 (C=N), 

1582 (C=C, conjugated), 1293 (C-N stretching), 1211 (C-O ether of (–O-

CH3)), 584 (C-Br stretching).
1
HNMR (400 MHz, DMSO-d6) δ: 4.0 (bs, 

1H, NH),  3.83 (s, 6H, OCH3, methyl), 5.35 (bs, 2H, OH), 5.67 (d, 1H), 

6.79 (d, 1H), 6.79 (d, 2H, CH benzene), 6.81 (d, 2H, CH), 6.85 (d, 2H, 

CH), 6.99 (d, 2H, CH benzene), 7.16 (s, 2H, CH benzene), 7.33 (t, 1H, 

CH), 7.4 (t, 2H, CH), 7.6 (s, 2H, CH 2-pyrazine), 7.6 (d, 2H, CH benzene), 

7.96 (s, 1H, CH 2-pyrazine). 

13
CNMR (400 MHz, DMSO-d6) δ: 56.1, 97.7, 111.9, 116.6, 116.8, 121.0, 

122.9, 124.3, 124.5, 125.9, 127.6, 127.9, 128.5, 128.6, 135.2, 135.3, 

138.1,147.9, 149.1, 150.2, 151.1, 153.0, 164.6. 
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1.5.2 Five Membered Curcumin-Based Diazepines 

1.5.2.1  4,6 - bis [ (E) -2- (4- hydroxy -3- methoxyphenyl) ethenyl] -5-

(phenylmethylidene) -2, 5 -dihydropyrimidine-2-thione (23). 

 

 

 

 

 

 

To a 1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione 

(curcumin) (0.5 g, 1.357 mmole)  in ethanol (30.0 mL) in a single-neck 

round bottom flask, thiourea (0.103 g, 1.357 mmole),   benzaldehyde (3 

drops), and a catalytic amount of tri ethanol amine (TEA) (4 drops), were 

added. The mixture was stirred under reflux for 30 h at 120°C and regularly 

monitored for reaction progress by TLC using hexane: ethyl acetate (6: 4) 

as the solvent system to a curcumin reference. After cooling down to room 

temperature, the resulting solution was evaporated to dryness under 

reduced pressure and residue was purified by washing with sodium 

bicarbonate (NaHCO3, 5%) to remove the excess acid, filtered, washed 

again several times with water, dried. The purification was completed by 

washing the solid product with diethyl ether and ethyl acetate several times 
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and dried.  Then it was recrystallized from hexane/EtOAc (2:1 by volume) 

to give 0.61 g (yield 90.2%) of yellow solid. Melting point is 280-284 °C. 

IR: v max cm
-1

: 3250 (O-H), 3034 (=C-H), 1611 (C=N), 1667 (C=N),1211 

(C-O ether of (–O-CH3)), 1587 (C=C, conjugated). 
1
HNMR (400 MHz, 

DMSO-d6) δ: 3.83 (s, 6H, OCH3, methyl), 5.35 (bs, 2H, OH), 5.67 (d, 1H), 

6.79 (d, 1H), 6.79 (d, 2H, CH benzene), 6.81 (d, 2H, CH), 6.85 (d, 2H, 

CH), 7.16 (s, 2H, CH benzene), 7.33 (t, 1H, CH), 7.4 (t, 2H, CH), 7.6 (d, 

2H, CH benzene), 13.76 (bs, 1H, NH). 

13
CNMR (400 MHz, DMSO-d6) δ: 56.1, 111.9, 116.6, 116.8, 122.9, 124.3, 

125.9, 127.6, 127.9, 128.5, 128.6, 131.1, 135.2, 135.3, 138.1,147.9, 

148.7,149.1, 164.6. 180.4, 98.4 

1.5.3 Curcumin Based Amines 

1.5.3.1 (1E,4E,5Z,6E)-5-[(3-amino-2-hydroxypropyl)imino]-1,7-bis(4-

hydroxy-3-methoxyphenyl)-4-(phenylmethylidene)hepta-1,6-dien-3-one 

(24). 

 

1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (20.0 mL) and then, 
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benzaldehyde (0.5 mL), and a catalytic amount of tri ethanol amine (TEA) 

(4 drops) were added. The Solution was refluxed for 30 h at 120 °C. Then 

1,3-diamino-2-propanol (0.122 g, 1.357 mmole), and glacial acetic acid (1 

mL) were added to the mixture and refluxed again for (12 hours) 

according to procedures B. The produced solid was recrystallized from 

hexane/EtOAc (2:1 by volume) to give 0.35 g (yield 52.7 %) of yellow 

solid. Melting point is 120 -123 °C. IR: v max cm
-1   

3028.39 (N-H), 1574.58 

(C=N), 1513.53 (C=C), 1031.78 (C-O). 

1
HNMR (400 MHz, DMSO-d6) δ:1.4 & 1.6 (m, 2H, CH2), 2.92 & 2.765 

(m, 2H, CH2), 3.5 (m, 1H, CH), 3.58 (bd, 1H, OH), 3.83 (s, 6H, OCH3, 

methyl), 5.11(bt, 2H, NH2), 5.35 (bs, 2H, OH), 5.67 (d, 1H), 6.79 (d, 1H), 

6.79 (d, 2H, CH benzene), 6.99 (d, 2H, CH benzene), 7.03 (d, 1H) 7.18 (d, 

2H, CH benzene), , 7.33 (t, 1H, CH benzene), 7.4 (t, 2H CH benzene), 7.45 

(s, 1H), 7.6 (d, 2H, CH benzene), 7.82 (d, 1H). 

13
CNMR (400 MHz, DMSO-d6) δ: 47.6, 54.1, 56.1, 77.5, 111.9, 116.6, 

116.8, 122.9, 125.4, 127.6, 127.7, 127.9, 128.5, 128.6, 132.9, 138.1, 142.2, 

147.9, 149.1, 151.3, 164.6, 183.7. 
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1.5.3.2 (1E,4E,5Z,6E)-5-[(2-aminopropyl)imino]-1,7-bis(4-hydroxy-3-

methoxyphenyl)-4-(phenylmethylidene)hepta-1,6-dien-3-one (25). 

 

1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (20.0 mL) and then, 

benzaldehyde (0.5 mL), and a catalytic amount of tri ethanol amine (TEA) 

(4 drops) were added. The Solution was refluxed for 30 h at 120 °C. Then 

1,2-diaminopropane (1.357 mmole, 2 drops), and glacial acetic acid (1 mL) 

were added to the mixture and refluxed again for (12 hours) according to 

procedures B. The produced solid was recrystallized from hexane/EtOAc 

(2:1 by volume) to give 0.53 g (yield 73 %) of yellow solid. Melting point 

is 113 - 115 °C. IR: v max cm
-1 

3276.79 (O-H), 1736.24 (C=O), 1575.56 

(C=N), 1513.20 (C=C), 1032.11 (C-O). 

1
HNMR (400 MHz, DMSO-d6) δ: 1.12 (d, 3H, CH3), 1.4 & 1.7 (d, 2H, 

CH2), 2.8 (m 1H, CH), 3.83 (s, 6H, OCH3, methyl), 5.11(bd, 2H, NH2), 

5.35 (bs, 2H, OH benzene), 5.67 (d, 1H), 6.79 (d, 1H), 6.79 (d, 2H, CH 
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benzene), 6.99 (d, 2H, CH benzene), 7.03 (d, 1H) 7.16 (s, 2H, CH 

benzene), 7.33 (t, 1H, CH), 7.4 (m, 2H, CH), 7.6 (d, 2H, CH), 7.82 (d, 1H) 

7.91 (s, 1H). 

13
CNMR (400 MHz, DMSO-d6) δ: 21.3, 49.2, 54.4, 56.1, 111.9, 116.6, 

116.8, 122.9, 125.4, 127.6, 127.7, 127.9, 128.5, 12.8.6, 132.9, 138.1, 142.2, 

147.9, 149.1, 151.3, 164.6, 183.7. 

1.5.3.3  1E, 4Z, 5Z, 6E ) -5- (dodecylimino) - 1,7- bis (4-hydroxy -3-

methoxyphenyl) -4- (phenylmethylidene) hepta-1,6-dien-3-on (26). 

 

 

 

 

 

 

1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, 

benzaldehyde (0.5 mL), and a catalytic amount of diisopropylamine 

(0.5mI)  were added. The Solution was refluxed for 30 h at 120 °C. Then 

dodecyl amine (0.26 g, 1.357 mmole), and glacial acetic acid (1 mL) were 

added to the mixture and refluxed again for (20 hours) according to 

procedures B. The produced solid was recrystallized from hexane/EtOAc 
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(2:1 by volume) to give 0.72 g (yield 85.1%) of yellow solid. Melting point 

is 290-293 °C. IR: v max cm
-1

: 3202 (O-H), 3034 (=C-H), 2798 (C-H, 

aliphatic), 1650 (C=O), 1610 (C=N), 1592 (C=C, conjugated), 1203 (C-O 

ether of (–O-CH3)).
1
HNMR (400 MHz, DMSO-d6) δ: 0.88 (t, 3H, CH3 

methyl), 1.26-1.52 (m, 20H, CH2 methylene), 2.0 (s, 1H, NH),  2.78 (t of d 

2H, CH2 methylene), 3.83 (s, 6H, OCH3, methyl), 5.35 (bs, 2H, OH), 6.79 

(d, 2H, CH), 6.85 (d, 2H, CH), 6.99 (d, 2H, CH benzene), 7.03 (d, 1H, 

CH),  7.16 (s, 2H, CH benzene), 7.33 (t, 1H, CH), 7.4 (t, 2H, CH), 7.6 (d, 

2H, CH), 7.82 (d, 1H, CH ethylene),   

13
CNMR (400 MHz, DMSO-d6) δ: 14.1, 22.7, 27.1, 29.3, 29.6, 31.0, 31.9, 

44.7, 56.1, 111.9, 116.8, 119.2, 122.9, 124.3, 125.4, 125.9, 127.6, 127.9, 

128.5, 128.6, 131.1, 135.2, 135.3, 142.2, 147.9, 149.1, 165.4, 183.7. 
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1.5.3.4 4- [(1E,3E,4Z,5Z,6E)-3- (dodecylimino)-7- (4-hydroxy-3-

methoxyphenyl) -4- (phenylmethylidene) -5-(undecylimino) hepta-1,6-

dien-1-yl] -2-methoxyphenol (27). 

1,7- Bis (4- hydroxy-3- methoxyphenyl) hepta-1,6- diene-3,5- dione 

(curcumin) (0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and 

then, benzaldehyde (0.5 mL), and a catalytic amount of diisopropylamine 

(0.5 mI) was added. The Solution was refluxed for 30 h at 120 °C. Then 

dodecyl amine (0.51 g, 2.714 mmol), and glacial acetic acid (1 mL) were 

added to the mixture and refluxed again for (20 hours) according to 

procedures B. The produced solid was recrystallized from hexane/EtOAc 

(2:1 by volume) to give 0.72 g (yield 68.3%) of yellow solid. Melting point 

is 311-314 °C. IR: v max cm
-1

: 3198 (O-H), 3002 (=C-H), 2820 (C-H, 

aliphatic), 1630 (C=N), 1582 (C=C, conjugated), 1211 (C-O ether of (–O-

CH3). 

1
HNMR (400 MHz, DMSO-d6) δ: 0.88 (t, 6H, CH3 methylene), 1.26-1.52 

(m, 42H, CH2 methylene), 2.0 (bs, 1H, NH), 2.87 (t, 2H, CH2),  3.83 (s, 6H, 

OCH3, methyl), 5.35 (bs, 2H, OH), 5.67 (d, 1H, CH),  6.79 (d, 1H, CH), 

6.79 (d, 2H, CH benzene), 6.81 (d, 2H, CH), 6.85 (d, 2H, CH), 6.99 (d, 2H, 

 



63 

CH benzene),  7.16 (s, 2H, CH benzene), 7.33 (t, 1H, CH), 7.4 (t, 2H, CH), 

7.6 (d, 2H, CH).   

13
CNMR (400 MHz, DMSO-d6) δ:14.1, 22.7, 24.3, 27.1, 27.2, 29.3, 29.6, 

31.0, 31.9, 32.1, 44.7, 45.1, 56.1, 100, 111.9, 116.6, 116.8, 124.3, 122.9, 

125.9, 127.6, 127.9, 128.5, 128.6, 131.1, 135.2, 135.3, 138.0, 145.1, 146.1, 

147.9, 149.1, 164.6. 

1.5.3.5 5,7- bis [(E)-2- (4-hydroxy-3-methoxyphenyl) ethenyl] -6-

(phenylmethylidene) -6H-1,4- diazepine-2,3-dicarbonitrile (28). 

 

 

 

 

 

1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (curcumin) 

(0.5 g, 1.357 mmol), was dissolved in ethanol (30.0 mL) and then, 

benzaldehyde (0.5 mL), and a catalytic amount of diisopropylamine (0.5 

mI)  were added. The Solution was refluxed for 30 h at 120 °C. Then 

diaminomaleonitrile (0.15 g, 1.357 mmole), and glacial acetic acid (1 mL) 

were added to the mixture and refluxed again for (20 hours) according to 

procedures B. The produced solid was recrystallized from hexane/EtOAc 

(2:1 by volume) to give 0.64 g (yield 89.3%) of brown solid. Melting point 
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is 294-297 °C. 
 
IR: v max cm-1: 3203 (O-H), 3010 (=C-H), 2220 (C≡N, 

stretching), 1633 (C=N), 1582 (C=C, conjugated), 1211 (C-O ether of (–O-

CH3)).
 1

HNMR (400 MHz, DMSO-d6) δ: 2.0 (bs, 1H, NH), 3.83 (s, 6H, 2 

OCH3), 5.35 (bs, 2H, OH), 5.67 (d, 1H), 6.79 (d, 1H), 6.79 (d, 2H, CH 

benzene), 6.81 (d, 2H, CH), 6.85 (d, 2H, CH), 6.99 (d, 2H, CH benzene), 

7.16 (s, 2H, CH benzene), 7.33 (t, 1H, CH), 7.4 (t, 2H, CH), 7.6 (d, 2H, 

CH). 

13
CNMR δ: 56.1, 95.7, 105.1, 111.9, 115.2, 116.6, 120.2, 121.5, 122.9, 

124.3, 125.9, 127.6, 127.9, 128.5, 128.6, 131.1, 135.2, 135.3, 138.1, 142.4, 

147.9, 149.1, 164.6. 

1.6 Functionalization of the prepared curcumin -based 

compounds with methoxy group 

1.6.1 5,7-bis [(E)-2-(3,4-dimethoxyphenyl) ethenyl] -6H-1,4-diazepine-

2,3- dicarbonitrile (29). 

 

 

 

 

 

To a 45,7- bis [ (E)-2-(4-hydroxy-3-methoxyphenyl) ethenyl] -1H-1,4-

diazepine-2,3-dicarbonitrile (C8) (0.2 g, 0.45 mmol) in ethanol (20.0 mL) 
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in a single-neck round bottom flask, NaOH (0.04 g, 1 mmol) was added. 

The solution was stirred for (30 mins) at room temperature. Methyl iodide 

(1.6 mmol, 2 drops) were added dropwise over (10 mins), then the mixture 

was stirred under reflux for 15 h at 120 °C and regularly monitored for 

reaction progress by TLC using hexane: ethyl acetate (6: 4) as the solvent 

system. After cooling down to room temperature, the resulting solution was 

evaporated to dryness under reduced pressure and residue was purified by 

washing with distilled water, filtered, washed again several times with 

diethyl ether, dried. Yield 79.9% (0.17g) of orange solid, m.p 133-135 °C,
 

IR: v max cm-1: 3000 (=C-H), 2238 (C≡N, stretching), 1627 (C=N), 1601 

(C=C, conjugated), 1209 (C-O ether of (–O-CH3)). 
1
HNMR (400 MHz, 

DMSO-d6) δ: 2.0 (s, 1H, NH), 3.83 (s, 12H, OCH3, methyl), 5.06 (s, 1H), 

5.67 (d, 1H), 6.79 (d, 1H), 6.81 (d, 1H, CH), 6.85 (d, 1H, CH), 6.94 (d, 2H, 

CH benzene), 7.18 (d, 2H, CH benzene), 7.22 (s, 2H, CH benzene). 

13
CNMR (400 MHz, DMSO-d6) δ: 56.1, 86.6, 105.1, 111.5, 111.7, 111.9, 

115.2, 116.6, 116.8, 120.2, 121.5, 122.5, 122.9, 124.3, 127.3, 127.6, 135.3, 

138.1, 147.1, 147.9, 149.0, 149.3, 149.4, 149.7, 164.6. 
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1.6.2 8-bromo -2,4- bis [ (E) -2- (3,4-dimethoxyphenyl) ethenyl]-3H-

pyrido [2,3-b] [1,4] diazepine (30). 

 

 

 

 

 

 

 

To a 4-[(E)-2-{8-bromo-4-[(E)-2-(4-hydroxy-3-methoxyphenyl)ethenyl]-

1H-pyrido[2,3-b][1,4]diazepin-2-yl}ethenyl]-2-methoxyphenol (C5) (0.09 

g, 0.17 mmol)  in ethanol (20.0 mL) in a single-neck round bottom flask, 

NaOH (0.02 g,  0.5 mmol) was added. The solution was stirred for (30 

mins) at room temperature. Methyl iodide (1.6 mmol, 2 drops) were added 

dropwise over (10 mins), then the mixture was stirred under reflux for 15 h 

at 120 °C and regularly monitored for reaction progress by TLC using 

hexane: ethyl acetate (6: 4) as the solvent system. After cooling down to 

room temperature, the resulting solution was evaporated to dryness under 

reduced pressure and residue was purified by washing with distilled water, 

filtered, washed again several times with diethyl ether, dried. Yield 21.1% 

(0.02 g) of a yellow solid, m.p 260-264 °C, IR: v max cm
-1

: 3009 (=C-H), 

1617 (C=N), 1604 (C=C, conjugated), 1213 (C-O ether of (–O-CH3)) 650 

(C-Br stretching). 
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1
HNMR (400 MHz, DMSO-d6) δ: 4.0 (s, 1H, NH), 3.83 (s, 12H, OCH3, 

methyl), 5.06(s, 1H, CH), 5.67 (d, 1H), 6.79 (d, 1H), 6.81 (d, 1H), 6.85 (d, 

1H), 6.94 (d, 2H, CH benzene), 7.6 (s, 1H, CH, 2-pyridine), 7.18 (d, 2H, 

CH benzene), 7.22 (s, 2H, CH benzene), 8.16 (s, 1H, CH, 2-pyridine). 

13
CNMR (400 MHz, DMSO-d6) δ: 56.1, 88.6, 111.5, 111.7, 114.5, 116.6, 

122.5, 123.0, 124.3, 127.3, 130, 135.3, 138.1, 143.3, 149.0, 149.7, 157.5, 

160, 164.6. 

1.6.3 (1E,5E,6E)-1,7-bis(3,4-dimethoxyphenyl)-5-(dodecylimino)hepta-

1,6-dien-3-one (31). 

 

 

 

 

 

 

To a 1E,5E,6E) -5- (dodecylimino) -1,7- bis (4-hydroxy-3-methoxyphenyl) 

hepta-1,6-dien-3-one (C13) (0.2 g, 0.373 mmol) in ethanol (20.0 mL) in a 

single-neck round bottom flask, NaOH (0.033 g, 0.825 mmol) was added. 

The solution was stirred for (30 mins) at room temperature. Methyl iodide 

(3 drops, 2.4 mmol) were added dropwise over (10 mins), then the mixture 

was stirred under reflux for 15 h at 120 °C and regularly monitored for 

reaction progress by TLC using hexane: ethyl acetate (6: 4) as the solvent 

system. After cooling down to room temperature, the resulting solution was 

evaporated to dryness under reduced pressure and residue was purified by 
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washing with distilled water, filtered, washed again several times with 

diethyl ether, dried. Yield 80.7 % (0.17 g) of yellow solid, m.p 164-166 °C, 

IR: v max cm
-1

: 3028 (=C-H), 2813 (C-H, aliphatic), 1631 (C=O), 1611 

(C=N), 1601 (C=C, conjugated), 1207 (C-O ether of (–O-CH3)). 

 
1
HNMR (400 MHz, DMSO-d6) δ: 0.88 (t, 3H, CH3 methylene), 1.26-1.52 

(m, 20H, CH2 methylene), 2.0 (s, 1H, NH), 2.87 (m, 2H, CH2 methylene), 

3.83 (s, 12H, OCH3, methyl), 5.48 (s, 1H, CH), 6.81 (s, 1H, CH), 6.85 (s, 

1H, CH), 6.94 (d, 2H, CH benzene), 7.03 (d, 1H, CH), 7.18 (d, 2H, CH 

benzene), 7.22 (s, 2H, CH benzene). 7.82 (s, 1H, CH ethylene),   

13
CNMR (400 MHz, DMSO-d6) δ: 14.1, 27.1, 29.3, 29.6, 31.0, 31.9, 42.2, 

44.3, 56.1, 105.6, 111.5, 111.7, 122.5, 123.3, 124.3, 127.3, 135.3, 149, 

149.7, 172.4, 188.6. 
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1.6.4  4,6-bis [(E) -2 - (3, 4- dimethoxyphenyl) ethenyl ] -5- 

(phenylmethylidene) -2,5- dihydropyrimidine-2-thione (32). 

 

 

 

 

 

 

 

To a 4,6 -bis [(E) -2- (4- hydroxy- 3- methoxyphenyl) ethenyl] -5-

(phenylmethylidene) -2,5- dihydropyrimidine-2-thione (C23) (0.5 g, 1 

mmol) in ethanol (20.0 mL) in a single-neck round bottom flask, NaOH 

(0.09 g, 2.25 mmol) was added. The solution was stirred for (30 mins) at 

room temperature. Methyl iodide (4 drops, 3.2 mmol) were added dropwise 

over (10 mins), then the mixture was stirred under reflux for 15 h at 120°C 

and regularly monitored for reaction progress by TLC using hexane: ethyl 

acetate (6: 4) as the solvent system. After cooling down to room 

temperature, the resulting solution was evaporated to dryness under 

reduced pressure and residue was purified by washing with distilled water, 

filtered, washed again several times with diethyl ether, dried. Yield 95.0% 

(0.5 g) of a brown solid, m.p 336-339 °C, IR: v max cm
-1

: 3020 (=C-H), 

1609 (C=N), 1597 (C=C, conjugated), 1204 (C-O ether of (–O-CH3)). 
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1
HNMR (400 MHz, DMSO-d6) δ: 3.21 (d, 2H, CH2), 3.83 (s, 12H, OCH3, 

methyl), 5.67 (d, 2H), 6.36 (t, 1H, CH), 6.79 (d, 2H), 6.94 (d, 2H, CH 

benzene), 7.18 (d, 2H, CH benzene), 7.22 (s, 2H, CH benzene), 7.23 (d, 

2H, CH), 7.26 (t 1H, CH), 7.33 (t, 1H, CH). 
13

CNMR (400 MHz, DMSO-

d6) δ: 35, 56.1, 111.5, 111.7, 112.4, 116.6, 122.5, 125.7, 127.3, 128.6, 129, 

134.5, 138.1, 141.4, 149, 149.7, 164.6, 232. 

2-(3,5-bis((E)-3,4-dimethoxystyryl)-1H-pyrazol-1-yl)pyrimidine (33). 

To a 4-[ (E)-2- {5- [ (E)-2- (4-hydroxy-3- methoxyphenyl) ethenyl] -1-

(pyrimidin-2-yl) - 1H-pyrazol-3-yl} ethenyl]-2-methoxyphenol (C10) (0.5 

g, 1.1 mmmol)  in ethanol (20.0 mL) in a single-neck round bottom flask, 

NaOH (0.1 g, 2.5 mmol) was added. The solution was stirred for (30 mins) 

at room temperature. Methyl iodide (4 drops, 3.2 mmol) were added 

dropwise over (10 mins), then the mixture was stirred under reflux for 15 h 

at 120 °C and regularly monitored for reaction progress by TLC using 

hexane: ethyl acetate (6: 4) as the solvent system. After cooling down to 
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room temperature, the resulting solution was evaporated to dryness under 

reduced pressure and residue was purified by washing with distilled water, 

filtered, washed again several times with diethyl ether, dried. Yield 50.3 % 

(0.29 g) of a brown solid, m.p 177-178 °C, IR: v max cm
-1   

 1634.7 (-C=N), 

1619 (C=C, conjugated),
 
1063 (C-O ether) of (–O-CH3), and 1217.33 (N-

N). 

1
HNMR (400 MHz, DMSO-d6) δ: 3.83 (s, 12H, 2 OCH3), 4.06 (t, 4H, 

CH2), 6.56 (s, IH, CH 1-pyrazole), 6.94 (d, 1H, CH 1-benzene), 6.95 (d, 

2H), 6.99 (d, 2H), 7.18 (d, 2H, CH benzene), 7.22 (s, 2H, CH 1-benzene), 

7.71 (t, IH, CH 2-pyrimidine), 8.85 (d, 2H, CH, 2-pyrimidine). 

13
CNMR (400 MHz, DMSO-d6) δ: 56.1, 68.7, 107.7, 111.3, 111.6, 116.1, 

118.3, 121.8, 123.5, 129.8, 131.2, 146.7, 147.1, 149.1, 155.9, 156.1. 

1.6.6 3,5-bis [(E)-2-(3,4-dimethoxyphenyl) ethenyl]-1-[(thiophen-2-yl) 

methyl]-1H-pyrazole (34). 
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To a 4-[ (E)-2-{5- [ (E) -2- (4-hydroxy-3- methoxyphenyl) ethenyl]-1-

[(thiophen-2-yl) methyl]-1H-pyrazol-3-yl}ethenyl]-2-methoxyphenol (C12) 

(0.2 g, 0.43 mmol) in ethanol (20.0 mL) in a single-neck round bottom 

flask, NaOH (0.04 g, 1 mmol) was added. The solution was stirred for (30 

mins) at room temperature. Methyl iodide (4 drops, 3.2 mmol) were added 

dropwise over (10 mins), then the mixture was stirred under reflux for 15 h 

at 120 °C and regularly monitored for reaction progress by TLC using 

hexane: ethyl acetate (6: 4) as the solvent system. After cooling down to 

room temperature, the resulting solution was evaporated to dryness under 

reduced pressure and residue was purified by washing with distilled water, 

filtered, washed again several times with diethyl ether, dried. Yield 56.6 % 

(0.12 g) of a yellow solid, m.p 371-373 °C, IR: v max cm
-1   

1630.2 (-C=N), 

1611.4 (C=C, conjugated),
 
1053.7 (C-O ether) of (–O-CH3), and 1220.1 (N-

N). 

1
HNMR (400 MHz, DMSO-d6) δ: 3.83 (s, 12H, OCH3, methyl),  4.99 (s, 

2H, CH2, methylene), 6.53 (s, IH, CH 1-pyrazole), 6.83 (d, 2H, CH 2-

thiophene),  6.94 (d, 1H, CH 1-benzene), 6.93 (t, IH, CH 2-thiophene), 6.95 

(d, 2H),  6.99 (d, 2H), 7.22 (s, 2H, CH 1-benzene),  7.40 (d, IH, CH 2-

thiophene). 

13
CNMR (400 MHz, DMSO-d6) δ: 52.9, 56.1, 108.1, 108.7, 111.7, 116.1, 

122.5, 123.5, 125.5, 126.7, 127.0, 130.2, 131.2, 138.2, 139.4, 149, 149.7, 

152.2. 
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1.6.7  2,4-bis [(E) -2- (3, 4 -dimethoxyphenyl) ethenyl ] - 1H- 1,5-

benzodiazepine (35). 

 

 

 

 

 

 

 

To a 4-[(E)-2-{4-[(E)-2-(4-hydroxy-3-methoxyphenyl)ethenyl]-1H-1,5-

benzodiazepin-2-yl}ethenyl]-2-methoxyphenol (C6) (0.445 g, 1.011 

mmole) in ethanol (10.0 mL) in a single-neck round bottom flask, NaOH 

(0.09 g, 2.25 mmol) was added. The solution was stirred for (30 mins) at 

room temperature. Methyl iodide (2 drops, 1.6 mmol) were added dropwise 

over (10 mins), then the mixture was stirred under reflux for 15 h at 120°C 

and regularly monitored for reaction progress by TLC using hexane: ethyl 

acetate (6: 4) as the solvent system. After cooling down to room 

temperature, the resulting solution was evaporated to dryness under 

reduced pressure and residue was purified by washing with distilled water, 

filtered, washed again several times with diethyl ether, dried. The 

purification was completed by washing the solid product with ethyl acetate 

several times with stirring for several hours and dried over MgSO4. The 

produced solid was collected by filtration. Yield 36.73 % (0.174 g) of the 
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yellow solid, mp 174-175 °C, IR (KBr): vmax cm
-1 

3346.97 (N-H), 

2963.36(C-H), 1640. (C=N), 1598.44 (C=C), 
1
H-NMR (400 MHz, DMSO-

d6) δ: 3.78 (s, 12H, OCH3), 4.02 (bs, 1H, NH), 5.09 (s, 1H), 5.67 (d, 1H, J 

=15.1), 6.79 (m, 4H), 6.95 (d, 2H, J =7.5), 7.12 (d, 2H, J = 7.5), 7.16 (d, 

2H, J =7.5), 7.22 (m, 2H), 7.32 (d, 1H, J = 7.5 Hz). 
13

C-NMR (400 MHz, 

DMSO-d6) δ: 28.9, 33.8, 45.1, 56.40, 113.9, 121.3, 125.2, 130.1, 

132.9,140.3, 144.7, 147.8, 165.3. 
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2. Antibacterial activities of the prepared curcumin-based 

heterocyclics. 

2.1 Materials and procedures 

2.1.1 Media and solutions preparation: 

2.1.1.1 Nutrient broth (NB) 

Nutrient broth (ACUMEDIA, USA) was prepared according to 

manufacturer's instructions labeled on the bottle. In a 0.5 L bottle, 2 g of 

NB and 248 ml deionized water were mixed and dissolved well. The broth 

was then distributed into tubes to have 7 ml each and plugged with cotton. 

The tubes were autoclaved at 121°C for 15min, allowed to cool and then 

kept at 4-6°C in refrigerator. 

2.1.1.2 Nutrient Agar (NA) 

Nutrient agar (ACUMEDIA, USA) was prepared according to 

manufacturer's instructions. In a 1 L bottle, 500 ml deionized water were 

heated and mixed with 11.5 g NA until the agar dissolved. The solution 

was allowed to boil for 1 minute, and then autoclaved at 121°C for 15 

minutes. After that it was allowed to cool to about 45°C. The agar was 

poured into sterile Petri dishes to have 20 ml each and left overnight at 

room temperature. The following morning the Petri dishes were turned 

upside down and stored at 4°C. 

2.1.1.3 Normal Saline (0.9% NaCl) 
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Normal saline solution (0.9% NaCl, MWt 58.44) was prepared in a 0.5 L 

bottle, a 2.25 g NaCl was dissolved in a 250 ml deionized water. The saline 

solution was then distributed into tubes to have 5-10 ml each and plugged 

with cotton. The tubes were autoclaved at 121°C for 15 min, allowed to 

cool and then refrigerated. 

2.1.1.4 Dimethyl sulfoxide (10% DMSO) 

Dimethyl sulfoxide (10%, Mwt 78.14, Sigma) solution was prepared in 

0.25 L bottle, 10 ml Dimethyl sulfoxide and 90 ml distilled water were 

mixed. The solution was autoclaved at 121°C for 15 min, allowed to cool 

and then kept at room temperature. 

2.1.1.5 Preparation of McFarland turbidity standard No. 0.5 

McFarland 0.5 turbidity standard was prepared by mixing 50 μl of a 

1.175% (w/v) barium chloride dihydrate (BaCl2.2H2O) solution and 9.95 

ml of 1% (v/v) sulfuric acid. The tube which had the 0.5 McFarland 

standard was then sealed with parafilm to prevent evaporation and stored in 

the dark at room temperature. The 0.5 McFarland standard was vigorously 

mixed on a vortex mixer before use. As with the barium sulfate standards, a 

0.5 McFarland Standard is comparable to a bacterial suspension of 1.5 X 

10
8
 colony-forming units (CFU)/ml [87]. 

Three to four colonies of each bacteria were transferred into tubes had 10 

mL of sterile normal saline (0.9%), the turbidity of the bacterial 
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suspensions was adjusted to have similar turbidity of 0.5 McFarland 

standard with bacterial suspension of about 1.5 x10
8 
cfu/mL.   

2.1.2 Microorganisms used 

 Four types of bacteria strains have been used in this study. Two of these 

strains are Gram-positive bacteria which are Staphylococcus aureus (S. 

aureus) ATCC 6538P and clinical isolate of Methicillin-resistant S. aureus 

(MRSA), while the other 2 strains are Gram-negative bacteria included 

Klebsiella pneumoniae (K. pneumoniae ATCC 13883) and Escherichia coli 

(E. coli) ATCC 25922.  

 2.1.3 Determination of minimum inhibitory concentration (MIC) 

The MIC of curcumin-based heterocyclics was determined by the two-fold 

serial dilution method in sterile 96- microwell plates according to the 

Clinical and Laboratory Standard Institute (CLSI) [88]. The curcumin-

based heterocyclics (400 μg/ml of 10% DMSO) and negative control of 

10% DMSO were two-fold-serially diluted in nutrient broth in the wells of 

the plates in a final volume of 100 μL. After that, a bacterial inoculum size 

of 1.0 x 10
5
CFU/ml was added to each well. A100 μL NB only, or 100 μL 

DMSO with bacterial inoculum, or curcumin-based heterocyclics and 

nutrient broth without bacteria were included as a negative control wells in 

these experiments. Each curcumin-based heterocyclic compound was run in 

duplicate.  The microwell plates were then covered and incubated at 37°C 

for 24 h. The highest dilution (lowest concentration) of the curcumin-based 
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heterocyclic compound that resulted in inhibition of bacterial growth was 

considered as the MIC.  

2.1.4 Determination of minimum bactericidal concentration (MBC) 

The wells that showed inhibition the bacterial growth, 10 μL from these 

wells were transferred by disposable inoculating loop and subcultured on 

NA plates.  Then these plates were incubated at 37ºC for 24 hours. The 

highest dilution (the lowest concentration) of curcumin-based heterocyclic 

compound that required to kill a specific bacterial strain was considered as 

MBC. 

2.1.5 Determination of minimum inhibitory concentration (MIC) of 

Ampicillin antibiotic 

The MIC of Ampicillin antibiotic was determined by the two-fold serial 

dilution method in sterile 96- microwell plates according to the CLSI [88]. 

The Ampicillin antibiotic (100 μg/ml) were two-fold-serially diluted in NB 

in the wells of the plates in a final volume of 100 μL. After that, E. coli 

ATCC 25922 inoculum size of 1.0 x 10
5 
CFU/ml was added to each well. 

Each Ampicillin antibiotic concentration was run in duplicate.  The 

microwell plates were then covered and incubated at 37°C for 24 h. The 

highest dilution (lowest concentration) of the antibiotic that resulted in 

inhibition of bacterial growth was considered as the MIC.  

2.1.6 Synergistic effect of curcumin-based heterocyclics with ampicillin 

antibiotic  
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The synergistic effect of four selected curcumin-based heterocyclics 

(compound 2, 4, 10, 35) with ampicillin antibiotic was determined by the 

two-fold serial dilution method in sterile 96- microwell plates according to 

the CLSI [88]. The curcumin-based heterocyclics (400 μg/ml of 10% 

DMSO) were two-fold serially diluted in nutrient broth in the wells of the 

plates in a final volume of 100 μL. After that, a sub-MIC of ampicillin 

antibiotic (0.39125 μg/ml) was added to each dilution of curcumin-based 

heterocyclic compound. Then, E. coli ATCC 25922 inoculum size of 1.0 x 

10
5 
CFU/ml was added to each well. Each curcumin-based heterocyclic 

compound with the antibiotic was run in duplicate.  The microwell plates 

were then covered and incubated at 37°C for 24 h. Detection the effect of 

the drugs together, fractional inhibitory concentration (FIC) for both 

ampicillin antibiotic and curcumin-based heterocyclic compound was 

calculated with the equation ΣFIC = FICA + FICB = (CA/MICA) + 

(CB/MICB), where MICA and MICB are the MICs of drugs A and B alone, 

respectively, and CA and CB are the concentrations of the drugs in 

combination, respectively. Synergy is interpreted when the FIC index is ≤ 

0.5, indifference or no interaction corresponds to the FIC index > 0.5–4.0 

and antagonism when the FIC index is > 4.0 [89]. 

2.2 Evaluation of the Genotoxic Potential of curcumin-based 

heterocyclic on E. coli ATCC 25922 strain 

2.2.1 Inoculation of E. coli 
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Few colonies from 24-hour old E. coli strain growth culture plated on NA 

medium were sub-cultured in a bottle containing 25 mL of nutrient broth 

under sterile conditions and incubated for an hour at 37°C with continuous 

shaking. Then 1 mL of the one-hour old E. coli culture was added to each 

of four sterile bottles each containing 24 mL of nutrient broth medium 

under aseptic conditions. The four bottles were then incubated for an hour 

at 37°C with continuous shaking. Different concentrations of compound 8: 

zero µg/ml (10% DMSO), 25µg/ml, 50µg/ml and 100µg/ml of 10% 

DMSO) were each added into one of the four bottles of the E. coli broth 

culture. The zero µg/ml concentration of compound 8 with a specific 

volume of 10% DMSO was considered as a negative control (untreated). 

2.2.2 DNA extraction 

For enterobacterial repetitive intergenic consensus (ERIC) PCR test a 

genome of E. coli was prepared according to the method described 

previously [90] A four mL of each of the four samples of the E. coli growth 

culture was taken after 3h, 5h, and 24h, centrifuged at 14.000 rpm for five 

minutes where the supernatant of each sample was discarded. Each 

bacterial sample pellet was re-suspended in 1 mL of Tris-EDTA (10 

mMTris-HCl, 1 mM EDTA [pH 8]), centrifuged at 14.000 rpm for five 

minutes, then the supernatant was discarded. The pellet of each bacterial 

sample was re-suspended in a 350 µl of sterile distilled water, boiled for 15 

min, then the mixture was incubated in ice for five minutes. The samples 

were then pelleted by centrifugation for five minutes at 14.000 rpm, the 
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supernatant of each sample was then transferred to a new eppendorf tube. 

The DNA concentration for each sample was then determined using 

nanodrop spectrophotometer (GenovaNano, Jenway), the DNA samples 

were then stored for ERIC-PCR analysis at - 20 ºC. 

2.2.3 Enterobacterial repetitive intergenic consensus (ERIC) PCR 

analysis 

The ERIC-PCR was performed using Primer ERIC1: 5`-ATG TAA GCT 

CCT GGG GAT TCA C-3` and Primer ERIC2: 5-AAG TAA GTG ACT 

GGG GTG AGC G-3`. Each PCR reaction mix (25 µl) was composed of 10 

mM PCR buffer pH 8.3; 3 mM MgCl2; 0.4 mM of each dNTP; 0.8 µM of 

each primer; 1.5U of Taq DNA polymerase, 5% DMSO and fixed amount 

of DNA template (30µg-35µg). The thermal cycler (Mastercycler personal, 

Eppendorf, Germany) was then used for DNA amplification as the 

following thermal conditions: initial denaturation for 3 min at 94ºC; 

followed by 40 cycles of denaturation at 94ºC for 50 s, annealing at 50ºC 

for 1 min and extension at 72ºC for 1 min, followed by a final extension 

step at 72ºC for 5 min. Then, the PCR products were analyzed by 

electrophoresis through 1.5% agarose gel. 

2.3.1 Agarose gel electrophoresis 

A 1.5% agarose gel was used to analyze ERIC-PCR products.  A DNA 

marker of 100 bp was also used on the same gel including ERIC-PCR 

products.  Electrophoresis was run using 1X TAE electrophoresis working 
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buffer (50x: 242g Tris base, 57.1 ml glacial acetic acid and 100 ml of 0.5 

M EDTA [pH 8.0]) for 75 min at 80 V. Then the gel was stained with 

ethidium bromide (0.5 μg/ml of water) for 10 min. The ERIC-PCR profile 

was visualized using UV trans-illuminator and photographed. Changes in 

ERIC-PCR banding pattern profiles following curcumin-based heterocyclic 

compound number 8 treatments, including variations in band intensity as 

well as gain or loss of bands, were taken into consideration [91, 92]. 
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 CHAPTER THREE 

RESULTS AND DISCUSSION 

In a previous work [84] curcumin was employed as a naturally occurring 

skeleton for preparing many different heterocyclic compounds including 

diazepine, pyrazole and isoxazole using two new different methods; in the 

first method, curcumin was mixed with several diamines in ethanol using 

sulfuric acid as a catalyst. While, in the second method, a mixture of 

curcumin and diamine compounds was heated gradually to 160 ˚C and 

maintained at 160 
°
C for 30 min. The antibacterial activity of the prepared 

curcumin-based compounds was tested against four types of bacteria; 

gram-positive bacteria (Staphylococcus aureus and Staphylococcus 

epidermidis) and gram-negative bacteria (Pseudomonas aeruginosa, and 

Escherichia coli). The tested compounds showed good antibacterial 

activities against gram positive bacteria and moderate activity against gram 

negative ones. Among the prepared compounds, diazepines derivatives 

showed the highest antibacterial activity.  In continuation of this work and 

for developing more efficient curcumin-based compounds against several 

types of microorganisms, novel sets of curcumin-based benzodiazepine, 

diazepine, diazoles and amines were prepared using simple and convenient 

condensation reaction that includes reacting curcumin with various types of 

1,2-diamino and hydrazine compounds.  

Schemes 1-5 summarize the prepared compounds structures and reaction 

conditions. As well as, H-curcumin (Hydrogenated curcumin 19 a) based 
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amino compound was prepared from reaction of H-curcumin with 

ammonium acetate as shown in scheme 6. Moreover, different types of 

curcumin-based benzodiazepine, diazepine, and amin were prepared using 

Knoevenagel Condensation schemes 7-14. The second step involves 

etherification of the prepared curcumin-based compounds with methyl 

group as shown in schemes 15-21. 

3.1 Curcumin-based benzodiazepines 

3.1.1 Preparation curcumin-based benzodiazepines 

Curcumin-based benzodiazepines were prepared by condensation reaction 

of curcumin with various diamines in a 1:1 ratio using ethanol as a solvent 

and H2SO4 as a catalyst as shown in scheme 1. The reaction progress was 

monitored using TLC. The products were purified as described in the 

experimental part, analyzed using melting point, TLC, IR, NMR.  The 

results are summarized in the experimental part. The yields of some 

curcumin-based benzodiazepines were quantitative; it ranged from 48.14 % 

to 99.55%. 
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Scheme 1: Chemical structures and reaction conditions for making curcumin-based 

benzodiazepines. 

3.1.2 Reaction mechanism of making curcumin-based benzodiazepines  

A detailed mechanism of the condensation cyclization of curcumin with 

various 1,2 diamino compounds to form curcumin-based benzodiazepines 

is shown in scheme 2. The first step is a typical acid-catalyzed nucleophilic 

addition of the diamine to one of the curcumin carbonyl groups. The acid 

catalyst protonates the carbonyl group, and the diamine or hydrazine (weak 

nucleophiles) attacks the protonated, activated carbonyl. Loss of a proton 
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from the positively charged intermediate gives a hemiaminal 

(carbinolamine). 

The second step is acid catalyzed dehydration where the carbinolamine 

converts to an imine by losing water and forming a double bond. This 

dehydration follows the same mechanism as the acid-catalyzed dehydration 

of an alcohol. Protonation of the hydroxy group converts it to a good 

leaving group, and it leaves as water. The resulting cation is stabilized by 

resonance forms, including one with all octets filled and the positive charge 

on nitrogen. Loss of a proton gives an imine intermediate. Acid-catalyzed 

nucleophilic attack by the second amino group on the intermediate imine 

followed by a loss of a second water molecule results in the diazepine 

formation. For clarification purpose ethylene diamine was used in the 

reaction mechanism depicted in scheme 2. 
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Scheme 2: A detailed mechanism of the condensation cyclization of curcumin with various 1,2 

diamino and hydrazine compounds to form curcumin-based benzodiazepines. 

3.1.3 Knoevenagel Condensation of Curcumin-Based Benzodiazepines  

Curcumin-based benzodiazepines 20, 21, and 22 were prepared using a 

two-steps method; in the first step, the curcumin was reacted with 

benzaldehyde in ethanol solvent, in the presence of diisopropylamine 

(DIPA) base, which was used as a catalyst to produce α,β-unsaturated 

intermediate compound 20A using Knoevenagel condensation, scheme 3.  

The second step involved acid-catalyzed condensation cyclization reactions 

of the curcumin carbonyl groups of the prepared intermediate 20A with 

several 1,2-diamino or hydrazine compounds to produce the desired 

compounds. Excess amount of acetic acid was added to the prepared 
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intermediate which played a dual function; to neutralize the excess base 

from the first step, and as a catalyst to protonate the carbonyl oxygen and 

activate the carbon atom. followed by adding 2,3-diaminopyridien, 2, 3-

diamino-5-bromopyridine, or 2, 3-diamino-5-bromopyrizine in (1:1 ratios) 

to produce benzodiazepines 20, 21, and 22 respectively scheme 3. The 

reaction progress was monitored using TLC. The products were purified as 

described in the experimental part, analyzed using melting point, TLC, IR, 

NMR; results are also summarized in the experimental part, Yields of 

83.6%, 92% and 88.5 % for compounds 20, 21 and 22, respectively. 

 

Scheme 3: Chemical structures and reaction conditions for making curcumin-based 

benzodiazepines using Knoevenagel Condensation. 
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3.2. Curcumin based diazepines 

Curcumin-based diazepines were prepared using condensation cyclization 

reaction by mixing curcumin and diaminomaleonitrile in a 1:1 ratio using a 

ethanol as a solvent and H2SO4 as a catalyst as shown in scheme 3. The 

reaction progress was monitored using TLC. The product 8 was purified as 

described in the experimental part, analyzed using melting point, TLC, IR, 

NMR; yield 22.9%. 

While product 9 was prepared using the same procedures used to prepare 

curcumin-based benzodiazepines; by mixing the curcumin with ethylene 

diamine in a 1:1 ratio in ethanol as a solvent and H2SO4 was used as a 

catalyst scheme 3. The reaction progress was monitored using TLC. The 

product was purified as described in the experimental part, analyzed using 

several analytical and spectroscopic techniques, including melting point, 

TLC, IR, NMR; results are also summarized in the experimental part, Yield 

50.7%. 
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Scheme 4: Chemical structures and reaction conditions for making curcumin-based diazepines. 

3.3 Curcumin-based diazoles 

3.3.1 Preparation of curcumin-based diazoles 

Curcumin-based diazoles were prepared using condensation cyclization 

reaction of curcumin with 2-hydrazinopyrimidinehydrate to produce 

compound 10 using the same procedures used to prepare curcumin-based 

benzodiazepines and diazepines; by mixing the curcumin with 2-

hydrazinopyrimidinehydrate (1:1 ratio) using ethanol as a solvent and 

H2SO4 as a catalyst as shown in scheme 4. The reaction progress was 

monitored using TLC. The product was purified as described in the 
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experimental part, analyzed using several analytical and spectroscopic 

techniques, including melting point, TLC, IR, NMR; results are also 

summarized in the experimental part, Yield of 66.66%. 

The condensation cyclization reactions of curcumin with 2-

chlorophenylhydrazin hydrogen chloride and (2-thienylmethyl)hydrazine 

hydrochloride to produce compounds 11 and 12, respectively were carried 

out in ethanol solvent using H2SO4 as a catalyst scheme 4. The reaction 

progress was monitored using TLC. The products 11 and 12 were purified 

as described in the experimental part, analyzed using melting point, TLC, 

IR, NMR; yields of 80.3 % and 74 % respectively. 

Preparation of curcumin-based benzodiazepines and diazepines required 

more reflux time (60-90 hrs) than the preparation of curcumin-based 

diazoles which required (12-30 hrs). for all prepared curcumin-based 

benzodiazepines, diazepines and diazoles the yields were good and 

quantitative. 
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Scheme 5: Chemical structures and reaction conditions for making curcumin-based diazoles. 

3.4 Amino Curcumin  

3.4.1 Preparation of amino curcumin  

Curcumin amines were prepared by a one-step condensation reaction of 

curcumin with dodecyl amine to produce amino compounds 13 and 14. The 

preparation was done using the same procedures described previously for 

the preparation of curcumin-based benzodiazepines. Curcumin and 2-

dodecyl amine were mixed in a 1:1 ratio and in the second reaction, they 

were mixed in a 1:2 ratio, in ethanol that was used as a solvent in the 

presence of H2SO4 catalyst, as summarized in scheme 5. The reaction 

progress was monitored using TLC. The products were purified as 

described in the experimental part, analyzed using melting point, TLC, IR, 
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NMR; results are also summarized in the experimental part, Yields of 99.2 

% and 95.1 % for compounds 13 and 14 respectively. 

The condensation reactions of curcumin with 1,2-diaminopropane and 1,3-

diamino-2-propanol to produce compounds 15 and 16 respectively were 

carried out in ethanol that was used as a solvent in the presence of H2SO4 

that was used as a catalyst as shown in scheme 5. The reaction progress 

was monitored using TLC. The products 15 and 16 were purified as 

described in the experimental part, analyzed using melting point, TLC, IR, 

NMR; yields of 69.5% and 53.5 % respectively. 

In the same way, the condensation reactions of curcumin with 2-

Guanidinobenzimidazole and Phenyl biguanide to produce compounds 17 

and 18 respectively were carried out in ethanol that was used as a solvent in 

the presence of H2SO4 that was used as a catalyst as shown in scheme 5. 

The reaction progress was monitored using TLC. The products 17 and 18 

were purified as described in the experimental part, analyzed using several 

analytical and spectroscopic techniques, including melting point, TLC, IR, 

NMR; yields of 78.6% and 86.7 % respectively. 
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Scheme 6: Chemical structures and reaction conditions for making curcumin-based amines. 

3.5 H-Curcumin Based Amines 

3.5.1 Hydrogenetaed curcumin (H-Curcumin) 

Tetrahydrocurcuminoids (THC) compound 19a was prepared by 

hydrogenation in the presence of Pd/C as a catalyst, the reaction was 

carried out in ethanol as a solvent. The product was purified as described in 

the experimental part, analyzed using several analytical and spectroscopic 
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techniques, including melting point, TLC, IR, NMR; results are also 

summarized in the experimental part, Yield of 91.8% 

3.5.2 Amination of H-Curcumin  

H-Curcumin-based amine compound 19 was prepared by condensation 

reaction of H-curcumin 19 a with Ammonium acetate (1:1 ratio) as the 

following; the mixture was heated at 60 °C until complete solvent 

evaporation. Then it was heated again at 60 °C for an hour as shown in 

scheme 6. The reaction progress was monitored using TLC. The product 

was purified as described in the experimental part, analyzed using several 

analytical and spectroscopic techniques, including melting point, TLC, IR, 

NMR; results are also summarized in the experimental part, Yield of 60%. 

 
 
Scheme 7: Chemical structure and reaction condition for making H-curcumin-based amine. 

3.6 Curcumin-based compounds using Knoevenagel 

Condensation 

3.6.1 Preparation of curcumin-based compounds using Knoevenagel 

Condensation 

Curcumin-based benzodiazepines, diazepines, diazoles, and amines were 

prepared using two-steps method; in the first step, the curcumin was 

reacted with benzaldehyde in ethanol solvent, and in the presence of 
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several organic bases such as diisopropylamine (DIPA), or tri-ethanol 

amine (TEA) which were used as catalysts to produce α,β-unsaturated 

intermediates using Knoevenagel condensation schemes 7-14. The second 

step involves acid-catalyzed condensation reactions of the prepared 

intermediate’s curcumin carbonyl groups with several 1,2-diamino or 

hydrazine compounds to produce the desired compounds. 

3.6.1.2 Derivatization of curcumin-based diazepines via Knoevenagel 

reaction 

Curcumin-based diazepine compound 23 was prepared using a one-step 

process condensation cyclization reaction. Where the curcumin was mixed 

with thiourea in (1:1 ratio), benzaldehyde, tri ethanol amine (TEA) in 

ethanol 30 mL scheme 8. Benzaldehyde and (TEA) were employed to 

produce α,β-unsaturated intermediate compound 20A using Knoevenagel 

condensation. The reaction progress was monitored using TLC. The 

product was purified as described in the experimental part, analyzed using 

melting point, TLC, IR, NMR; results are also summarized in the 

experimental part, Yield of 90.2%. 

Scheme 8: Chemical structures and reaction conditions for making curcumin-based diazepines 

using Knoevenagel Condensation. 
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3.6.1.3 Derivatization of Curcumin-Based Amines using Knoevenagel 

reaction 

Curcumin-based amines 24 and 25, were prepared using two-steps method; 

in the first step, the curcumin was reacted with benzaldehyde in ethanol 

solvent, in the presence of tri ethanol amine (TEA) base, which was used as 

a catalyst to produce α,β-unsaturated intermediate compound 20A using 

Knoevenagel condensation, scheme 9. The second step involves acid-

catalyzed condensation reactions of one of the curcumin carbonyl groups of 

the prepared intermediate 20 A with several amino compounds to produce 

the desired compounds.  

An excess amount of acetic acid was added to the prepared intermediate 

which played a dual function; to neutralize the excess base from the first 

step, and as a catalyst to protonate the carbonyl oxygen and activate the 

carbon atom. followed by adding 1,3-diamino-2-propanol or 1,2-

diaminopropane in (1:1 ratios) to produce amines 24, and 25 respectively 

scheme 9. The reaction progress was monitored using TLC. The products 

were purified as described in the experimental part, analyzed using several 

analytical and spectroscopic techniques, including melting point, TLC, IR, 

NMR; results are also summarized in the experimental part, Yields of 52.7 

% and 73 % for compounds 24 and 25 respectively. 
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Scheme 9: Chemical structures and reaction conditions for making curcumin-based amines 

using Knoevenagel Condensation. 

Curcumin-based amines 26 and 27 were prepared using two-steps method; 

in the first step, the curcumin was reacted with benzaldehyde in ethanol 

solvent, in the presence of diisopropylamine base, which was used as a 

catalyst to produce α,β-unsaturated intermediate compound 20A using 

Knoevenagel condensation, scheme 10. The second step involves acid-

catalyzed condensation reactions of one of the curcumin carbonyl groups of 

the prepared intermediate 20 A with amino compound with two ratios to 

produce the desired compounds.  

An excess amount of acetic acid was added to the prepared intermediate 

which played a dual function; to neutralize the excess base from the first 

step, and as a catalyst to protonate the carbonyl oxygen and activate the 

carbon atom. followed by adding dodecyl amine in (1:1 and 1:2 ratios) to 
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produce amines 26, and 27 respectively scheme 10. The reaction progress 

was monitored using TLC. The products were purified as described in the 

experimental part, analyzed using several analytical and spectroscopic 

techniques, including melting point, TLC, IR, NMR; results are also 

summarized in the experimental part, Yields of 85.1 and 86.3 % for 

compounds 26 and 27 respectively. 

 

Scheme 10: Chemical structures and reaction conditions for making curcumin-based amines 

using Knoevenagel Condensation. 

Curcumin-based diazepine 28, was prepared using two-steps method; in the 

first step, the curcumin was reacted with benzaldehyde in ethanol solvent, 

in the presence of diisopropylamine base, which was used as a catalyst to 

produce α,β-unsaturated intermediate compound 20A using Knoevenagel 

condensation scheme 11. The second step involves acid-catalyzed 

condensation cyclization reaction of the curcumin carbonyl groups of the 
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prepared intermediate 20 A with hydrazine to produce the desired 

compound.  

An excess amount of acetic acid was added to the prepared intermediate 

which played a dual function; to neutralize the excess base from the first 

step, and as a catalyst to protonate the carbonyl oxygen and activate the 

carbon atom. The diaminomaleonitrile in (1:1 ratio) was added to produce 

diazepine 28 scheme 11. The reaction progress was monitored using TLC. 

The product was purified as described in the experimental part, analyzed 

using melting point, TLC, IR, NMR; results are also summarized in the 

experimental part, Yield of 89.3%. 

 

Scheme 11: Chemical structures and reaction conditions for making curcumin-based diazepine 

using Knoevenagel Condensation. 

3.6.2 Stepwise mechanism of Knoevenagel condensation reaction of 

Curcumin  

A detailed mechanism of the Knoevenagel condensation of curcumin with 

benzaldehyde in the presence of diisopropylamine base to form α,β-

unsaturated curcumin-based compound 20A is shown in scheme 12. The 

general mechanism of Knoevenagel condensation is an aldol like reaction 

between 1,3-dicarbonyl (nucleophile) and an aldehyde (which acts as 

electrophile) requiring an amine as a base. Moreover, this reaction proceeds 
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with loss of water. The Knoevenagel condensation was employed to 

prevent keto-enol tautomerization, which expected to enhance the yield. 

An enol intermediate is formed initially, where the diisopropylamine acts 

as a base abstracting the α-hydrogen of curcumin molecule. The resulting 

enol is stabilized by the resonance structures that are shown in scheme 12. 

The resulting enol reacts with the benzaldehyde, and the resulting aldol 

undergoes subsequent base-induced elimination. 

A reasonable variation of the mechanism, in which the diisopropylamine 

acts as organocatalyst, involves the corresponding iminium intermediate as 

the electrophile scheme 13. 
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Scheme 12: A stepwise mechanism of the Knoevenagel condensation of curcumin with 

benzaldehyde in the presence of diisopropylamine base to form α,β-unsaturated curcumin-based 

compound 20A. 
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Scheme 13: A stepwise mechanism of the Knoevenagel condensation of curcumin with 

benzaldehyde where the diisopropylamine acts as organocatalyst to form α,β-unsaturated 

curcumin-based compound 20A. 

The second step of the mechanism is an acid-catalyzed condensation 

reaction of α,β-unsaturated curcumin-based intermediate compound 20A 

with various 1,2 diamino and hydrazine compounds to form α,β-

unsaturated curcumin-based benzodiazepines, diazepines and amines as 
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shown in scheme 14. The first step is a typical acid-catalyzed nucleophilic 

addition of the diamine to one of the curcumin carbonyl groups. The acid 

catalyst protonates the carbonyl group, and the diamine or hydrazine (weak 

nucleophiles) attacks the protonated, activated carbonyl. Loss of a proton 

from the positively charged intermediate gives a hemiaminal 

(carbinolamine). 

The second step is an acid catalyzed dehydration where the carbinolamine 

is converted to an imine by losing of water and forming a double bond. 

This dehydration follows the same mechanism as the acid-catalyzed 

dehydration of an alcohol. Protonation of the hydroxy group converts it to a 

good leaving group, and it leaves as water. The resulting cation is stabilized 

by resonance forms, including one with all octets filled and the positive 

charge on nitrogen. Loss of a proton gives the imine intermediate. Acid-

catalyzed nucleophilic attack by the second amino group on the 

intermediate imine followed by a loss of a second water molecule results 

on the formation of the product. 
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Scheme 14: A detailed mechanism of the condensation reaction of α,β-unsaturated curcumin-

based intermediate compound 20A with diverse 1,2 diamino and hydrazine compounds to form 

α,β-unsaturated curcumin-based benzodiazepines, diazepines, and amines. 

3.7 Methylation of the curcumin phenolic hydroxy 

Diazepine 29 was prepared in a two-step process, as shown in scheme 15. 

The first step involved the formation of compound 8 by condensation 

cyclization reaction between curcumin and diaminomaleonitrile as 

described before. In the second step, the phenolic groups of compound 8 

were alkylated by reacting with iodomethane in the presence of sodium 

hydroxide. The reaction progress was monitored using TLC. The product 

was purified as described in the experimental part, analyzed using several 

analytical and spectroscopic techniques, including melting point, TLC, IR, 

NMR; results are also summarized in the experimental part, Yield of 
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79.9%. Compound 29 was prepared in order to determine the effect of the 

hydroxyl group on the antimicrobial activity. 

 

Scheme 15: Chemical structures and reaction conditions for the two-fold mechanism used to 

synthesize Diazepine 29. 

Benzodiazepine 30 was prepared in a two-step process, as shown in scheme 

16. The first step involved the formation of compound 4 by condensation 

cyclization reaction between curcumin and 2,3-diamino-5-bromopyrazine 

as described before. In the second step, the phenolic groups of compound 4 

were alkylated by reacting with iodomethane in the presence of sodium 

hydroxide. The reaction progress was monitored using TLC. The product 

was purified as described in the experimental part, analyzed using several 

analytical and spectroscopic techniques, including melting point, TLC, IR, 

NMR, obtained results are also summarized in the experimental part. The 
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yield was about 21.1%. Compound 30 was prepared in order to determine 

the effect of the hydroxyl group on the antimicrobial activity. 

 

Scheme 16: Chemical structures and reaction conditions for the two-fold mechanism used to 

synthesize Benzodiazepine 30. 

Amine 31 was synthesized in a two-step process, as shown in scheme 17. 

The first step involved the formation of compound 13 by condensation 

reaction between curcumin and dodecylamine as described before. In the 

second step, the phenolic groups of compound 13 were alkylated by 

reacting with iodomethane in the presence of sodium hydroxide. The 

reaction progress was monitored using TLC. The product was purified as 

described in the experimental part, analyzed using several analytical and 

spectroscopic techniques, including melting point, TLC, IR, NMR; results 

are also summarized in the experimental part, Yield of 80.7%. Compound 
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31 was prepared to determine the effect of the hydroxyl group on the 

antimicrobial activity. 

 

Scheme 17: Chemical structures and reaction conditions for the two-fold mechanism used to 

synthesize amine 31. 

 

Compound 32 was prepared in a three-step process, the reaction is shown 

in scheme 18, initially compound 23 was prepared using two-step process 

between curcumin and benzaldehyde using Knoevenagel condensation to 

produce intermediate compound 20A followed by acid-catalyzed 

condensation cyclization reaction of the prepared intermediate 20A with 

thiourea as described before. In the third step, the phenolic groups of 

compound 23 was alkylated by reacting with it iodomethane in the 

presence of sodium hydroxide. The reaction progress was monitored using 

TLC. The product was purified as described in the experimental part, 

analyzed using several analytical and spectroscopic techniques, including 



109 

melting point, TLC, IR, NMR; results are also summarized in the 

experimental part, yield of 95% compound 32 was prepared to determine 

the effect of the hydroxyl group on the antimicrobial activity. 

 

Scheme 18: Chemical structures and reaction conditions for the three-fold mechanism used to 

synthesize compound 32. 

Diazole 33 was prepared in a two-step process, as shown in scheme 19. The 

first step involved the formation of compound 10 by condensation 

cyclization reaction between curcumin and 2-hydrazinopyrimidine hydrate 

as described before. In the second step, the phenolic groups of compound 

10 were alkylated by reacting with iodomethane in the presence of sodium 

hydroxide. The reaction progress was monitored using TLC. The product 

was purified as described in the experimental part, analyzed using melting 

point, TLC, IR, NMR; results are also summarized in the experimental part, 

Yield of 50.3 %. Compound 33 was prepared to determine the effect of the 

hydroxyl group on the antimicrobial activity. 
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Scheme 19: Chemical structures and reaction conditions for the two-fold mechanism used to 

synthesize diazole 33. 

Diazole 34 was prepared in a two-step process, as shown in scheme 20. The 

first step involved the formation of compound 12 by condensation 

cyclization reaction between curcumin and (2-thinylmethyl) hydrazine 

hydrochloride as described before. In the second step, the phenolic groups 

of compound 12 were alkylated by reacting with iodomethane in the 

presence of sodium hydroxide. The reaction progress was monitored using 

TLC. The product was purified as described in the experimental part, 

analyzed using melting point, TLC, IR, NMR; results are also summarized 

in the experimental part, Yield of 56.6%. Compound 34 was prepared to 

determine the effect of the hydroxyl group on the antimicrobial activity. 
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Scheme 20: Chemical structures and reaction conditions for the two-fold mechanism used to 

synthesize diazole 34. 

Benzodiazepine 35 was prepared in a two-step process, as shown in scheme 

21. The first step involved the formation of compound 6 by condensation 

cyclization reaction between curcumin and 1,2- phenylenediamine as 

described before. In the second step, the phenolic groups of compound 6 

were alkylated by reacting with iodomethane in the presence of sodium 

hydroxide. The reaction progress was monitored using TLC. The product 

was purified as described in the experimental part, analyzed using several 

analytical and spectroscopic techniques, including melting point, TLC, IR, 

NMR; results are also summarized in the experimental part, yield of 

36.73%. Compound 35 was prepared in order to determine the effect of the 

hydroxyl group on the antimicrobial activity. 
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Scheme 21: Chemical structures and reaction conditions for the two-fold mechanism used to 

synthesize benzodiazepine 35. 

3.8 Antibacterial Activities of the Prepared Curcumin-

Heterocyclics 

The in-vitro minimum inhibition concentration (MIC) test was subjected to 

the synthesized curcumin-based heterocycles against four types of bacteria 

strains: S. aureus, E. coli, MRSA, and Klebsiella using the two-fold serial 

dilutions method in sterile 96- microwell plates according to the CLSI [88]. 

Results are summarized in Tables 3.1-3.6. As shown in the tables, all of the 

tested curcumin-based heterocycles showed varying degree of inhibition 

against the tested bacteria strains. In general, the potency against S. aureus 

and Klebsiella is greater than that against MRSA and E. coli. Compounds 

2, 4, 5, 10, 11, 13, 16, 19, 35 showed MIC values in a range of (12.5- 100 

μg/mL), meanwhile, compounds 3, 8, 9, and 25 showed lower MIC value 
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(1.56 μg/mL) against S. aureus, However, the highest activity was shown 

by compound 9 as it showed MIC of (1.56, 1.56, 50 μg/ mL) against S. 

aureus, MRSA, and Klebsiella respectively. And it is the only compound 

that showed activity against MRSA with MIC of (1.56 μg/ mL).  

Table 3.1: MIC values (μg/ml) for studied curcumin-based 

benzodiazepine against different species of bacteria 

Curcumin 

derivative 

MIC value (μg/ml) 

S. aureus 

ATCC 6538P 

MRSA 

 (clinical 

isolate) 

K.  pneumoniae 

ATCC 13883 

E. coli ATCC 

25922 

2 12.5 - 50 200 

3 1.56 - 12.5 - 

4 12.5 - 200 200 

5 100 - 200 - 

7 - - 25 - 

Table 3.2: MIC values (μg/ml) for studied curcumin-based diazepine 

against different species of bacteria 

Curcumin 

derivative 

MIC value (μg/ml) 

S. aureus 

ATCC 6538P 

MRSA 

(clinical 

isolate) 

K.  pneumoniae 

ATCC 13883 

E. coli ATCC 

25922 

8 1.56 - 100 100 

9 1.56 1.56 50 - 

23 12.5 - 200 - 

 



114 

Table 3.3: MIC values (μg/ml) for studied curcumin-based diazoles 

against different species of bacteria 

Curcumin 

derivative 

MIC value (μg/ml) 

S. aureus 

ATCC 6538P 

MRSA  

(clinical 

isolate) 

K.  pneumoniae 

ATCC 13883 

E. coli ATCC 

25922 

10 25 - 200 200 

11 50 - - - 

12 - - 100 - 

 

Table 3.4: MIC values (μg/ml) for studied curcumin-based amines 

against different species of bacteria 

Curcumin 

derivative 

MIC value (μg/ml) 

S. aureus 

ATCC 6538P 

MRSA 

(clinical 

isolate) 

K.  pneumoniae 

ATCC 13883 

E. coli ATCC 

25922 

13 - - 50 50 

14 - - 50 50 

15 200 - 100 200 

16 100 100 - - 

25 1.56 - 25 - 

26 - - - 200 

27 - 100 100 25 
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Table 3.5: MIC values (μg/ml) for studied H-curcumin-based amines 

against different species of bacteria 

Curcumin 

derivative 

MIC value (μg/ml) 

S. aureus 

ATCC 6538P 

MRSA (clinical 

isolate) 

K.  pneumoniae 

ATCC 13883 

E. coli ATCC 

25922 

19 100 - 200 - 

Table 3.6: MIC values (μg/ml) for studied functionalized curcumin-

based compounds with alkyl group against different species of bacteria 

Curcumin 

derivative 

MIC value (μg/ml) 

S. aureus 

ATCC 6538P 

MRSA 

(clinical 

isolate) 

K.  pneumoniae 

ATCC 13883 

E. coli ATCC 

25922 

29 - - - - 

30 - - - - 

31 - - - - 

32 - - - - 

33 - - - - 

34 - - - 200 

35 25 - 25 200 

The MBC of curcumin-based heterocycles that showed inhibition to 

bacterial growth was also determined. Majority of compounds showed high 

potency against S. Aureus and Klebsiella and showed no activity against 

MRSA, C24 showed inhibition to E. coli Table 3.7. 

Compound 9 has the highest potency against S. aureus (6.25 μg/mL)   

while compound 3 has the highest potency against Klebsiella (12.5 μg/mL).  
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In general, among the tested curcumin-based heterocyclic compounds, 

diazepines and benzodiazepines showed higher activity than diazoles and 

amines. 

Among the tested diazoles compound 10 showed higher activity than 

compound 11 and 12; and this could be attributed to the heterocyclic 

nature (presence of nitrogen atoms) on the ring attached to the diazole ring. 

Blocking the phenolic hydroxyl group with a methyl or other alkyl groups 

compounds 29-35 reduced both MIC and MBC values. Which investigate 

the effect of the hydroxyl group on the antimicrobial activity. 

Table 3.7: MBC values (μg/ml) for studied curcumin-based 

heterocyclics against different species of bacteria  

Curcumin 

derivative 

MBC values (μg/ml) 

S. aureus 

ATCC 6538P 

MRSA  

(clinical isolate) 
K.  pneumoniae 

ATCC 13883 

E. coli ATCC 

25922 

2 100-200 - - - 

3 - - 12.5 - 

4 - - - - 

5 100 - 200 - 

8 - - 200 - 

9 6.25 - 100 - 

10 - - - - 

11 - - - - 

24 - - - 200 

35 - - - - 

The MIC values of Ampicillin and Gentamicin antibiotics were determined 

by the two-fold serial dilutions method against MRSA and E. coli strains 
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Table 3.8. Both antibiotics showed high activity of (1.56 μg/ mL) against 

both strains.  

Table 3.8: MIC values (μg/ml) for Ampicillin and Gentamicin 

Antibiotics against MRSA and E. Coli  

Antibiotic MRSA E. Coli 

Ampicillin 1.56 1.56 

Gentamicin 1.56 1.56 

The combination between each of four selected curcumin-based 

heterocyclics compound 2, 4, 10, and 35 which had MIC 200 μg/mL and a 

sub-MIC of ampicillin antibiotic (0.39 μg/ml) decreased the MIC of 

curcumin-based heterocyclic compounds from 200 μg/mL into less than 

1.56 μg/mL Table 3.9. The FIC index for both ampicillin antibiotic and 

curcumin-based heterocyclic compounds showed that these compounds 

with ampicillin antibiotic have a synergistic effect (FIC index ≤0.5). 
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Table 3.9: Synergistic effect of curcumin-based heterocyclics with 

ampicillin antibiotic. 

 

Blocking the genotoxicity test was performed on compound 8 using the 

ERIC-PCR profile for DNA extracted from E. coli. The genotoxicity test 

results on treated, and untreated E. Coli with compound 8 at different time 

intervals are shown in Fig. 3.1 The obtained ERIC-PCR profile showed no 

change in band intensity and the number of bands and their lengths 

compared to the treated and untreated samples at a specific time interval. 

According to this test, compound 8 does not interact with the DNA 

molecule of the E. coli. It is considered a non-mutagenic or non-genotoxic 

agent. 
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Fig. 3.1 ERIC-PCR profile of E. coli ATCC 25922 strain treated and untreated with different 

concentrations of compound 8 at different time intervals. Lanes L are 100-bp DNA ladder. 

Lanes 1 treated with DMSO as negative control, lanes 2, 3 and 4 are ERIC-PCR products from 

E. coli ATCC 25922 treated with compound 4 using 100 μg/ml, 50 μg/ml and 25 μg/ml, 

respectively. 
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CONCLUSION 

- A novel set of curcumin-based heterocycles were prepared using simple 

and convenient methods. 

- The antibacterial activities of a selected set of the prepared heterocycles 

against gram-positive and gram-negative bacteria were evaluated.  

- The vast majority of the tested heterocycles effectively inhibit S. aureus 

and K. pneumonia with MIC values ranging between (1.56-200 μg/mL).  

- Among the tested heterocycles, (compounds 2, 4, 10, 35) showed 

inhibition against E. coli with MIC of (200 μg/ mL).  

- The prepared curcumin-based heterocycles (compounds 2, 4, 10, 

35) showed a synergistic effect with ampicillin antibiotic. 

-  The MIC of curcumin-based heterocyclic compounds was decreased 

from 200 μg/mL into less than (1.56 μg/mL). Besides, such 

combinations can be used against several bacterial infections.  

- Genotoxicity test revealed that compound 8 did not interact with DNA 

molecule in E. coli and considered as a non-mutagenic or non-genotoxic 

agent. 

- Typically speaking, the prepared curcumin-based heterocycles are 

promising for designing a potentially active antibacterial synergized 

agent with the conventional antibiotics. 
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SUGGESTION FOR FURTHER WORK 

The following recommendations are suggested for the further works: 

1. Test the antibacterial activity of the rest of the prepared curcumin-based 

heterocycles against gram-positive and gram-negative bacteria. 

2. Test the antibacterial activity of the prepared curcumin-based 

heterocycles against other different strains of gram-positive and gram-

negative bacteria. 

3. Test the synergistic effects of the prepared curcumin-based heterocycle 

with other conventional antibiotics 

4. Test the anticancer and antiviral activity prepared curcumin-based 

heterocycles. 

5. Employ the synthesized curcumin-based heterocycles (compounds 3, 4, 

5, 10, 11, 12, 14, 20, 21, 22, 27, 30, 33, and 34) as a ligand for complex 

formation with different metals. 

6. Functionalize the rest of the synthesized curcumin-based heterocycles 

with methoxy or butoxy groups. 

7. Functionalize the synthesized curcumin-based heterocycles with 

different alkyl groups. 
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 ب 

من الكركطين ودراسة بيظز، دايزابيظز، دايزولز، وأميظز البظزودايزا مركبات تصطيم وتحضير
  لها السطية الهراثيةو  الظشاط الطضاد لمبكتيريا 

 اعداد
 رولا سمطان محطهد الكرم

 اشراف
 عثطان حامدد.أ.

 د. محمد قظيبي

 الملخص

البشزودايزابيشز، دايزابيشز، دايزولز، وأميشز من  مركباتذى ذحعٍش يدًٕعح خذٌذج يٍ 
باستخدام طرق بديطة ومباشرة. حيث تم مفاعمة الكركسين مع انهاع مختمفة من  ،نالكركسي

ٔذى ذحهٍم انًشكثاخ انُاذدح تاسرخذاو ذقٍُاخ مركبات الهيدرازين ومركبات ثشائي الأمين. 

)ٔ ((T-IRانرحهٍم انطٍفً انًخرهفح، يثم:
13

C NMR( ٔ )
1
H NMR.) 

 يٍ أخم انحصٕل عهى انًشكثاخ  انًطهٕتح:ذى ذٕظٍف انعذٌذ يٍ انطشق انسٓهح ٔانثسٍطح 

، تاسرخذاو البشزودايزابيشز، دايزابيشز، دايزولز، وأميشز  مركباتفً انطشٌقح الأنى ذى ذحعٍش 

ذفاعلاخ انركثٍف حٍث ذى ديح انكشكًٍٍ يع إَاع يخرهفح يٍ يشكثاخ ثُائً الايٍٍ 

 .ٍكتٕخٕد الاٌثإَل ٔكًٍح يحفضج يٍ حًط انكثشٌرٔانٍٓذساصٌٍ 

البشزودايزابيشز، دايزابيشز،  مركباتْزا ٔقذ ذى اسرخذاو غشٌقح ثاٍَح يٍ اخم انحصٕل عهى 
دايزولز، وأميشز وهي طريقة نهفيشيغل لمثكثيف وقد تم استخدام هذه الطريقة من اجل 

 الحرهل عمى كسية اكبر من الشهاتج.
سن السهدرج حيث تم بالاضافة الى تحزير احد مركبات الامين من خلال استخدام الكرك

 مفاعمة اسيتات الامهنيهم مع الكركسن السهدرج لانتاج السركب السطمهب.
ومن ناحية اخرى، تم اختيار مجسهعة من السركبات السحزرة عذهائيا ومن ثم تم حجب 
مجسهعة الهيدروكديد الفيشهلي بسجسهعات الكيل مختمفة لدراسة اهسية مجسهعة الهيدروكديد 

   بالشذاط الحيهي.



 ج 

ظذ أستعح انرً ذى ذحعٍشْا انًشكثاخ  ًدًٕعح يٍذى اخرثاس انُشاغ انًعاد نهثكرٍشٌا ن

  S. aureus, MRSA, E. coli , K. pneumoniae)   ًْٔ  ) إَٔاع يخرهفح يٍ انثكرٍشٌا

 .S. aureus, and Kائح اٌ انًشكثاخ انًحعشج نٓا فعانٍح أكثش ظذ )ٔأظٓشخ انُر 

pneumoniae( يٍ فعانٍرٓا ظذ )MRSA,and E. coli)  نّ  9. ٔقذ ذثٍٍ اٌ انًشكة

ًْ  9نًشكة  (MIC)اكثش فعانٍح يٍ تٍٍ انًشكثاخ انرً ذى اخرثاسْا حٍث كاَد قٍى 

(1.56, 1.56, 50 μg/ mL) ( ظذS. aureus, MRSA, and Klebsiella عهى )

 انرٕانً. 

 ,10 ,4 ,2ٍ انًشكثاخ انًحعشج ًْٔ )ٔقذ أظٓشخ َرائح دساسح انُشاغ انحٍٕي لاستعح ي

ظذ تكرٍشٌا  (ampicillin( يع احذ انًعاداخ انحٌٍٕح انًٕخٕدج تانفعم ْٕٔ )35

(E.coli اٌ ْزِ انًشكثاخ نٓا ذآصس حٍٕي كثٍش يع انًعاد انحٍٕي انًسرخذ حٍث )

 200حٍث اَخفعد يٍ ) (MIC)اظٓشْزا انرآصس اَخفاض كثٍش ٔيهحٕظ عهى قٍى ال 

μg/mL )( ٍ1.56انى اقم ي μg/mL.) 

انًحرٕي عهى يدًٕعح  8شخ َرائح دساسح انسًٍح انٕساثٍح اٌ انًشكة ٓعلأج عهى رنك، اظ

(Diazepine ) نى ٌرفاعم يع(DNA) ( نثكرٍشٌاE.coli ٔتُاءا عهى ْزِ انُرائح ذى ذصٍُف )

 كًشكة غٍش ساو ٔساثٍا.  8ْزا انًشكة 

انرً ذى ذحعٍشْا ًْ يشكثاخ ٔاعذج نلاسرخذاو ٔقذ اظٓشخ ْزِ انذساسح اٌ انًشكثاخ 

 كًعاداخ حٌٍٕح تانرآصس يع انًعاداخ انحٌٍٕح انًسرخذيح حانٍا.  



 

  
 


