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ABSTRACT 

Naphthalene diimides (NDIs) have outstanding conjugation and photophysical 

properties which offer marvelous applications in various facets of industry from 

medicine to electronics. In medicine, NDIs can be used to interact with the guanine 

quadruplex and inhibit the proliferation of cancer cells by impairing the function of 

the telomerase enzyme that is responsible for replenishing the base units at the end of 

telomeres. Moreover, they can inhibit the function of acetylcholinesterase in 

Alzheimer disease. In addition, because of π−acidic property of NDIs, they can be used 

as transmembrane anion transporters between lipid layers. 

In the present research, two symmetrical naphthalene diimides, 3 and 5, have been 

synthesized from the commercially available naphthalene dianhydride (NDA) with the 

primary amine in the presence of high boiling solvent. For compound 3, phosphate 

moiety was added to the imide positions in order to enhance the solubility in polar 

solvents. In the same way, for compound 5, adenine substituent was for being soluble 

in polar solvents and also was for having a strong interaction with the guanine 

quadruplex through π−π stacking, hydrogen bonding and other interactions. Optical 

properties for 3 and 5 in different solvents were measured. Compound 5 showed high 

molar absorptivity coefficient in the polar aprotic solvents such as DMAc, DMF and 

NMP. In addition to absorptivity coefficient, half width, oscillator strength and singlet 

energy were also being calculated.  

FT−IR was performed in order to confirm the structures. Accordingly, a great 

consistency can be seen between the spectrum and the compounds.   
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Finally, we propose that the compounds might be used as anticancer agents and due to 

their planarity and rigidity of the molecules can also interact with the guanine 

quadruplex to prevent the telomerase to add base units and cause to cell division and 

proliferation. 

Keywords: naphthalene diimide, anticancer, guanine quadruplex, characterization of 

NDI.  
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ÖZ 

Naftalin diimidler (NDI'ler), tıptan elektroniğe endüstrinin çeşitli alanlarında harika 

uygulama alanı sunan olağanüstü bir konjugasyon ve fotofiziksel özelliğe sahip 

bileşiklerdir. Tıpta, guanin dörtlüsü ile etkileşime girmek ve telomerin sonuna kadar 

baz birimlerini yenilemekten sorumlu olan telomeraz enziminin işlevini engelleyerek 

kanser hücrelerinin çoğalmasını engellemek için kullanılabilirler. NDI'ler ayrıca 

Alzheimer hastalığında asetilkolinesterazın işlevini de inhibe edebilir. NDI'lerin π-

asidik özelliğinden dolayı lipid tabakaları arasında transmembrane anyon taşıyıcısı 

olarak kullanılabilirler. 

Bu araştırmada, iki simetrik naftalin diimid bileşiği 3 ve 5, ticari olarak temin 

edilebilen naftalin dianhidritten (NDA) birincil aminlerle yüksek kaynama noktasına 

sahip bir çözücü varlığında sentezlenmiştir. Polar solventlerde çözünürlüğü arttırmak 

için imid pozisyonlarına fosfat parçaları ilave edilerek 3 bileşiği elde edildi. Aynı 

şekilde, adenin sübstitüentleri, polar çözücülerde çözünür olmaları ve ayrıca π-π 

etkileşimi, hidrojen bağı ve moleküller arası bağlar ile guanin dörtlü ile muhteşem bir 

etkileşime sahip olması için 5 bileşiğinin sentezinde kullanıldı. Farklı polaritede 

çözücüler kullanılarak 3 ve 5 için optik özellikler ölçüldü. Bileşik 5, DMAc, DMF ve 

NMP gibi polar aprotik çözücülerde yüksek molar absorpsiyon katsayısı göstermiştir. 

Soğurma katsayısına ek olarak, diğer fotofiziksel özellikler de hesaplanmıştır. 

Sentezlenen maddelerin kimyasal yapılarını doğrulamak için FT−IR analizi yapıldı ve 

yapılan analize göre, spektrum ve bileşikler arasında büyük bir tutarlılık ortaya 

çıkmıştır.  
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Son olarak, tez kapsamında sentezlenen maddelerin birer antikanser ajanı olarak 

kullanılabileciğini ve moleküllerin düzlemselliği ve sertliği nedeniyle telomerazın baz 

birimleri eklemesini ve hücre bölünmesine ve çoğalmasına neden olmasını önlemek 

için guanin dörtlüsü ile etkileşime girebileceğini öneriyoruz. 

Anahtar Kelimeler: naftalin diimid, antikanser, guanin dörtlüsü, NDI 

karakterizasyonu. 
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Chapter 1 

INTRODUCTION 

1.1 Naphthelene Diimide 

Naphthalene diimides (NDIs) are polycyclic non−aliphatic compounds with  

electron−carrying characteristics. They are a smaller member for the rylene 

diimide which both of them have an excellent electrochemical and photochemical 

properties integrate with the thermal stability. The most prominent compounds in 

the rylene diimide family are both naphthalene diimide and perylene diimid, which 

have excellent role in various facets of industry (Zhan et al., 2011). Both 

naphthalene diimide and perylene diimide are out-standing materials for the 

π−conjugation as a member in the heteroatom molecules (Aleshinloye et al., 2015).  

In the beginning of the 1930s, the study of the naphthalene diimide was initiated 

by Vollmann et al. Being a compact, not electron rich and ability for self−assembly 

are the core features of the NDI (Bhosale et al., 2008). 

Naphthalene diimides are robust and planar organic compounds with high melting 

point (Guha et al., 2012). Due to its facility of preparation, redox property, 

electromagnetic radiation absorption, tendency for electron, and lowest 

unoccupied molecular orbital position make naphthalene diimide a fabulous 

nominee for the n−type semiconductor compounds (Al Kobaisi et al., 2016). Being 

stable in the thermodynamically facet can be attained because of the self−assembly 
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of the naphthalene diimide which are linked together via non-covalent interaction 

(Whitesides et al., 1995). Naphthalene diimide is considered as a π−acid molecule 

because of their ability to receive electrons and then it can interact with the anions, 

which refers to π−anion interaction (Guha & Saha, 2010). 

 
Figure 1.1: General structure of the NDI 

Naphthalene diimide has four polar groups on the shoulder with lipophilic group at the 

core and is usually soluble in low polarity solvents such as chloroform (CHL), toluene, 

dichloromethane (DCM) and also in the polar aprotic solvents like dimethyl sulfoxide 

(DMSO), dimethylformamide (DMF), acetonitrile. Solubility of the naphthalene 

diimide generally relies on the moieties on the imide groups with long and bulky 

non−aromatic substituents promote the solubility (Bhosale et al., 2008). 

Naphthalene diimide can be used in various areas from electronics to biomedicine 

(Guha et al., 2012). In many electrical fields, naphthalene diimide can be used. For 

instance, as a conducting material, optical brightening, electrophotography, 

photosynthesis reactions and in the laser dyes as well. Owing to π−π stacking, electron 
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donor and acceptor and self−organization naphthalene diimide derivatives are used in 

the organic electronics. Since it is an n−type semiconductor, it is popularly used in the 

area of organic field−effect transitions (Ozser et al., 2003). Because of their redox and 

optical features NDIs can be used in the nanotechnology, physics, and material 

chemistry (Ghule et al., 2015).  

In medical chemistry, naphthalene diimide derivatives can be used to reduce the 

activity of enzymes. For example, they can prevent the action of the 

acetylcholinesterase (Tumiatti et al., 2008). In addition, to deliver anions beyond lipid 

bilayer membrane, electron−deficient or π−acidic aromatic molecule is required for 

π−anion interaction and then the anion could through over the slide (Mareda & Matile, 

2009). Furthermore, elongate core-naphthalene diimide has displayed a promotion for 

guanine quadruplex  selectivity and binding, which serves as an anti-human 

immunodeficiency viruses (HIV) agent (Tassinari et al., 2018). More crucially, ability 

of naphthalene diimide to bind with guanine quadruplex has been considered as a 

decent ligand (Doria et al., 2019) 

Properties of NDI can be altered significantly by adding different moieties at various 

positions. From the imide position functional groups can be added. Likewise, from the 

core position, which each of them manages the properties of the compound differently 

(Yue et al., 2010). 

Core naphthalene diimides are the places where the carbon number is 2, 3, 6, and 7. 

Core-naphtahele diimide is responsible for the photophysical properties, electronic 

properties, various colors and conductivity of  the compound (Bhosale & Bhargava, 
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2012). Core-naphthalene diimide chromophore effects the redox and spectral 

properties of the compound (Polander et al., 2012) 

Although imide positions have little impact on the optical and electronical properties, 

it is responsible for the aggregation and solubility of the compound (Polander et al., 

2012). Because of the node existence in the imide atom it leads to completely separate 

naphthalene diimide from inductive and mesomeric effect and imide positions do not 

affect the electronic properties (Sommer, 2014). 

 
Figure 1.2: Structure of N,N'-bis[(2-(dihydrogenphosphoryl)ethyl)]-1,4,5,8- 

naphthalene diimide (3) 

 

 

 

 
Figure 1.3: Structure of N,N'-bis(7H-purinyl)-1,4,5,8-naphthalene diimide (5) 
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1.2 Cancer 

Cancer can be defined as one of the diseases which is caused by an increase in the 

number of cells with no control as a result of malfunction of signaling pathways, which 

are under control in normal cases. Cancer can spread quickly and invade other tissues 

(McCauley et al., 2013). Cancer is considered as an illness of the cells (Doll & Peto, 

1981). In the 21st century, it is believed that cancer becomes a main cause of death and 

one of the most important barriers to rise life expectancy around the globe. The 

reasons, which cause cancer, are ambiguous but it is believed that ageing, growing of 

the population and socioeconomic factors are fundamental causes. According to the 

GLOBOCAN survey in 2018 for 185 countries, there were above 18 million new cases 

for cancer integrate with above 9 million cases for cancer death. Among various types 

of cancer for both genders, lung cancer was identified as most frequently with 11.6% 

and 18.4% for new cases and death in turn. Moreover, prostate cancer was the second 

most fatal one for men. On the other hand, breast cancer was the most dangerous one 

for women (Bray et al., 2018). 

Cancer is classified as a chronic illness. In order to combat this disease, World Health 

Organization (WHO) has proposed ideas about cancer prevention. Firstly, by early 

diagnosing of the oncogene, which prevents 33%. The second one is by proper 

treatment mechanism in order to soar the ratio of the survival of the infected patient 

by 33%. Cancer is intertwined with the inflammation. In other words, inflammation 

induces tumor properties and then satisfy almost all hallmarks of cancer and finally 

toward a malignant tumor (Cao et al., 2011). 
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In normal situation, non−cancer cells are told to be divided or proliferated whenever it 

is required. That is, they only function whenever necessary and being arranged and 

controlled completely. Cancer cells, on the other hand, divide without being told to do 

that, chase their desire, and conquer other tissues (Weinberg, 1996). 

Mutation of genes plays a pivotal role in the cancer. It would be fair enough if doctors 

call cancer a “genetic illness” (Hausman, 2019). Impairment of various segments of 

biological system is considered to pose a cancer (Hornberg et al., 2006). Hallmarks of 

the cancer illustrates the common properties of all types of cancer in more detailed 

way with explicitly as explained in Figure 1.4 (Hanahan & Weinberg, 2011). 

In addition, one perilous point which is evaluated that about eighty percent of the 

cancer causes are because of environmental and sedentary lifestyle, which can be 

stopped (Doll & Peto, 1981). 

Cancer can be divided into two groups: benign and malignant. The difference between 

them is well−known. The latter one is more fatal and has the ability to metastasis and 

invade other tissues with swift growth (Van Raamsdonk et al., 2009). 
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Figure 1.4: The hallmarks of cancer (Hanahan & Weinberg, 2011) 

Metastasis is said to be the major cause of cancer death. Either losing or mutation 

occurred at p53 will lead to make a suitable environment for metastasis (Gao et al., 

2020). 

1.3 Cytotoxicity 

One of patterns to extend patient’s life is by using chemotherapy. Activity and 

proliferation of the cells can be checked by the (3−(4,5−dimethylthiazole−2−yl) 

−2,5−diphenyltetrazolium bromide (MTT assay), which is considered to be a sensitive 

and dependable method. Upon adding the agent and reagent to the cancer cells, two 

types of reaction are expected. If the cells die after applying the agent, they do not 

show any reaction and the color of the MTT remains as light yellow. If the cells are 

still alive, however, the color of reagent changes to the purple color by the action of 

the mitochondria reductase inside the mitochondria and an insoluble formazan will be 

produced (Senthilraja et all., 2015). 
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Before adding the agents, plates put inside the incubator for about 4−5 days at 37 ℃ 

in order to undergo several cell divisions and growth. About the alive cells, both 

plasma and mitochondria membrane are crossed by the MTT and it is reduced by the 

NADPH. Forming an insoluble product is one of the flaws of the MTT assay.  

Solubility is crucial in this method UV  Visible is used in this method. Being a water 

soluble is outstanding because it does not cause any harm for the protein agents such 

as antibodies. Most of the compounds, unfortunately, soluble in the organic solvents. 

DMSO and DMF are the most common ones. For the cancer cells in the cell culture, 

DMSO is more preferable because it is believed to be less toxic for them. According 

to many experiments, agents usually work under micromolar levels but stock solution 

should be prepared from millimolar and then create a serial dilution in order to decline 

the toxicity of the organic solvents (Burton., 2005). 

 

 
                              Figure 1.5: Reduction of MTT for the formazan 
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Chapter 2 

THEORETICAL 

2.1 Deoxyribonucleic Acid 

Watson and Crick discovered the helical structure of the deoxyribonucleic acid (DNA) 

in 1953 with now well-known features. Because DNA manages the functions of the 

cell it is believed to be one of the out-standing sources of treatment for genetic 

disorder, such as cancer. After Lerman had found out the interaction between DNA 

with acridine, he suggested the effect of anticancer compounds with DNA via 

intercalation (Martinez & Chacon−Garcia, 2005). 

Two polynucleotide chains are intertwined with each other to form DNA strand. A 

nitrogen-containing ring, 5-carbon sugar and the phosphate are the composition of 

each nucleotide. Nucleotides are adenine (A), Guanine (G), cytosine (C) and thymine 

(T). Formation a bond between sugar and the phosphate is led to form a backbone of 

the DNA (Alberts et al.,2002). 

The double helix structure of DNA illustrates how complementary bases interact with 

each other via hydrogen bond in opposite strands either cytosine with guanine or 

adenine with thymine. All of the genetic information is carried by the DNA which is 

the essential living part of the organisms. The act of those nucleotides are vital for 

creating and recognizing each other in opposite strands for DNA replication and 

duplication (Seeman, 2003). 
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Telomere (cap of the DNA) has several crucial duties which are involving in the 

senescence, replication, and protection of the chromosome (Sun et al., 1997). 

Remaining of telomere is vital to transform the oncogene cells and operate telomere 

maintenance process is crucial to become an immortal cell (Doria et al., 2012). As long 

as DNA replicates, telomere length gets shorter and possess constraint of proliferation 

and cell growth (Asamitsu, Obata, et al., 2019). One of the enzymes which has been 

considered as anti-cancer drugs is telomerase, which can be found in tumors and as 

one of the parameters for identifying the cancer (Sato et al., 2005). It is believed to be 

overexpressed in more than ninety percentage of cancer cells and the opportunity to 

still alive in ill person is more with lower telomerase expression compare with higher 

telomerase expression (Asamitsu, Obata, et al., 2019). 

    
Figure 2.1: Amino acids in DNA and RNA 

2.1.1 DNA Intercalating Agent 

In cancer therapeutics, DNA structure has been chosen as a target. DNA target drugs 

also can perform as an enzyme inhibitor. For instance, inhibition of the topoisomerase, 

which is responsible for unwinding DNA strands (Hurley, 2002). 

Intercalators are compounds with having a planar structure, polycyclic, heteroatomic 

compounds with nearly the same size of the base pairs of the DNA. They do not 
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interact with the DNA covalently but instead via H−bond, electron transfer and van 

der Waals force while enter into the DNA perpendicularly (Tumiatti et al., 2009). 

Furthermore, in order to attain DNA affinity, amine groups should be added so that 

interact with the DNA via the hydrophobic and electrostatic interaction. More vitally, 

naphthalene imide and naphthalene bis−imide have displayed strong DNA intercalator 

because of it is structure and fulfilment of the conditions (Tandon et al., 2017). 

 
Figure 2.2: Binding process between bases of the DNA with the intercalator agent 

binding 

 

2.2 The Interaction Between NDI and G−4 

Guanine quadruplex has a square planar structure of four Guanine nucleotide base 

attached to each other via Hoogsten H−bond (Nadai et al., 2018). G−4 has three-

dimensional, four-stranded shape with nucleotide base loaded of the Guanine. 

TTAGGG sequence can be seen on the end of the telomere in the single stranded DNA, 

which then have the ability to form larger well-arranged structure known as G−4 (Prato 

et al., 2015). In tumor cells, preserve this G−4 structure has proved to halt the activity 

of the telomerase (Doria et al., 2016). 

The quadruplex can be found in both telomeric end of the chromosome as well as in 

the oncogene promoter such as c-KIT, c-MYC, and BCL2. For the latest one, G−4 
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binding molecules can quell the transcription and translation (Sato et al., 2018). 

Moreover, G−4 is also doable to be formed in ribonucleic acid because of its pliability, 

sensitivity for alterations, and single stranded state (Asamitsu, Bando, et al., 2019). 

Proto−oncogenes are a sign to influence cell division. After mutation, possess to 

overexpression of the proteins and lead to cell proliferation (Weinberg, 1996). c−MYC 

in proliferation has a role as a transcriptional activator. In oncogene cells, c−MYC is 

said to be active compound. Although it is believed to halt the activity of it is a suitable 

cancer therapy, because of their not long half−time, an immense dimension, and 

unstructured nature it could not attain great attentions (Asamitsu, Obata, et al., 2019). 

In addition, MYC proteins influence genes which lead cell growth. Overexpression of 

MYC can be seen in majority of cancer cells (Weinberg, 1996). 

Releasing Bcl−2 in more than normal ratio is known to halt apoptosis, lead to 

metastasis in some oncogene types and it also has a role in drug resistance. Decline the 

overexpression of Bcl−2 can lead to soar the effectiveness in cancer drugs and it is role  

as a target in therapeutic drug has been proved (Gunaratnam et al., 2018). 

Bioinformatic evidence has displayed that more than 360000 DNA sequences have the 

ability to form G−4 (Ang et al., 2016). In normal cells, about 43% of genes have the 

G−4 in their promoter. Impressively, nearly three quarter of genes in cancer cells have 

the probability having the G−4. Like other nucleic acids, G−4 is considered to be 

highly negative species and if there is a cation molecule, a strong interaction can be 

achieved. Despite binding between ligands and G−4, they also have the affinity to bind 

with the secondary structure of the DNA (Huppert, 2008). 
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Forming G−4 from the single strand DNA by binding hinders the activity of several 

enzymes (Zahler et al., 1991). For example, telomere in the DNA is replenished by the 

telomerase enzyme, which is active in about 85% of cancer cells and it also incites the 

cell division and proliferates of cancer cells (Mancini et al., 2016). Even though this 

enzyme is crucial for the immortality of cancer cells, it is not active in majority of 

normal cells (Takeuchi et al., 2019). 

 
                    Figure 2.3: Structure of the G−4 with the metal 

Various structure for the G−4 is doable, all of them might be parallel, one antiparallel 

and the others are parallel, or one pair is in opposite with other pair and vice versa. 

The main reason to have variety of the structure is related to the glycoside bond 

between sugar and the guanine. The shape becomes G−4 symmetry if the strands are 

parallel and anti-confirmation formation can be seen for the bases and same size of the 

grooves between backbones are also required. Antiparallel, on the other hand, syn 

structure is necessary for the bases which affects the orientation of the backbone and 

grooves will be in an unlike size. The structure of the strands can be fused with each 
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other via the loops (Huppert, 2008). Their different structure is explained in Figure 2.4 

(Asamitsu, Obata, et al., 2019). 

 
          Figure 2.4: Possible G−4 intramolecular structure  

Water solubility of NDI is in our concern since their water solubility is vital for 

biological aspects. In both imide and C−NDI, water soluble substituents can be added. 

Both anionic and cationic moieties can be added to enhance water solubility. Likewise, 

non-ionic groups can trigger water solubility by having several polar groups because 

those groups can reduce π−π aggregation via of steric hindrance or electrostatic 

repulsion forces (Sun et al., 2016). 

Selecting of the out-standing ligand to interact with G−4 is not a random process, but 

it has some policies. For example, if the ligand has a planar structure rather than twisted 

one, it would be excellent because they interact with the G−4 through π−π stacking. In 

addition, intramolecular and intermolecular of the G−4 should be considered. That is, 

some ligands prefer to bind to parallel or hybrid, whereas others would like to interact 

with anti-parallel and vice versa (Asamitsu, Bando, et al., 2019). Furthermore, 

polycyclic compounds with substitution at various places (Vasimalla et al., 2017). 
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What is more, positive and protonable functional groups is one of the most strategies 

to be a good ligand (Doria et al., 2012). By elongating the planar surface of the NDI, 

the desire for G−4 binding would rise. In addition, the biological action and DNA 

affinity would considerably decline by detaching of the cationic moieties (Micco et al., 

2012). What is more, little selectivity displayed for G−4 via disubstituted NDI, tri and 

tetra substituted NDI, however, demonstrated large affinity toward it (Nadai et al., 

2011).  

G−4 ligands have displayed low selectivity toward G−4 since in the genome same  G−4 

skeleton can be noticed between various G−4 forms (Asamitsu, Obata, et al., 2019). 

Because of the planarity of structure, which affects the binding with G−4, ability to 

form π−π interaction, easily preparation, and versatility of the NDIs, they have been 

attractive compounds for binding with the G−4. Via C−NDI both G−4 and NDI interact 

with each other through π−π interaction. Moreover, since it contains H2O they interact 

via hydrogen bonding. In addition, if cationic moiety is available on the NDI, it would 

interact by electrostatic interaction with the negative phosphate (Prato et al., 2015).  

The effect of NDIs on G−4 have seen by telomere uncapping which results DNA 

devastating and the process of senescence. Moreover, the oncogenic transcription and 

translation are hindered. In addition, DNA insecure via DNA end fusion, which leads 

to the programmed cell death. This cell cycle relies on several parameters. For 

instance, it is different in various cells, the character of the ligand, NDI, and binding 

and selectiveness for a specific G-4 (Hampel et al., 2013). Research have displayed 

that cyclic NDIs have larger affinity toward G−4 rather than double stranded DNA. In 

addition, it is also believed that imide position is more responsible for decreasing the 

affinity toward double stranded DNA (Esaki et al., 2014). Since the imide position is 
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generally responsible for the G−4 stabilization, in this facet, the carbon number of 2−3 

with uneven length have proved to be a marvelous G−4 stabilizer and promote cell 

proliferation (Al Kobaisi et al., 2016). 
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Chapter 3 

EXPERIMENTAL 

3.1 Materials 

1,4,5,8−Naphthalenetetracarboxilic dianhydride (1), isoquinoline, 2−aminoethyl 

dihydrogen phosphate (2), 7H−purine−6−amine (4), and zinc acetic anhdydride were 

attained from Sigma-Aldrich without further purification. Similarly, solvents such as 

methanol, ethanol, acetone, chloroform were also obtained from Sigma-Aldrich. 

m−cresol and isoquinoline stored over 4 Å molecular sieves. Molecular sieves of size 

4Å (4−8 mesh) which supplied by Sigma-Aldrich were activated at 500 ℃ and used 

for drying liquid reagents. About spectroscopic analysis, pure spectroscopic grade 

solvents were used without further purification. 

All the reactions were controlled by thin layer chromatography (TLC aluminium 

sheets 5*10 cm silica gel 60 F254 ) which visualize by UV light and/or placing the plate 

in acidic vanillin. 

3.1.1 Instruments 

Infrared spectra were recorded with potassium bromide pellets using JASCO 

FT/IR−6200 (fourier transform infrared spectrometer). 

Ultraviolet Absorption spectra (UV) was measured with Cary−100 UV−Visible 

Spectrophotometer. 
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3.2 Method of Synthesis for 3 and 5 

The aim of this thesis is to synthesize two novel (NDI)s for biological applications. In 

the below section, the synthesis of 3 and 5 from commercially available NDA are 

explained respectively.  

3.2.1 Synthesis of N,N'−bis [(2−(dihydrogenphosphoryl)ethyl)]−1,4,5,8− 

naphthalene diimide (3) 

The suspension of  (1) (1.002 g, 3.7310−3 mol), (2) (2.12 g, 0.015 mol) and zinc 

acetate (0.818 g, 3.7310−3 mol) in 40 mL of isoquinoline was stirred under inert 

nitrogen atmosphere at room temperature, the mixture was more stirred at 80 ℃ for 8 

h, 100 ℃ for 6 h, 120 ℃ for 7 h, 160 ℃ for 4 h and 200 ℃ for 9 h. 250 mL of acetone 

was refrigerated for 30 min and then the reaction mixture was poured into it, 

refrigerated for 1 day for complete precipitation. The resulting precipitate was filtered 

and dried at 100 ℃ under vaccum filtration, and the crude product was purified by 

acetone soxhlet to get rid of high boiling solvent, zinc acetate and impurities. 

Yield; 85.5 % (1.92 g); Color; Black; Melting point  300℃ 
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Figure 3.1: Synthesis of N,N'−bis[(2−(dihydrogenphosphoryl)ethyl)]−1,4,5,8− 

naphthalene diimide (3) from (2) and (1) 

3.2.2 Synthesis of N,N'−bis(7H−purinyl)−1,4,5,8−naphthalene diimide (5) 

About (4) with (1), same quantity of (1) was used (1.002 g, 3.7310−3 mol), (4) (2.57 

g, 0.015 mol) and zinc acetate (0.818 g, 3.7310−3 mol) in 40 mL of isoquinoline was 

reacted under inert nitrogen atmosphere at room temperature, the reaction was further 

carried out at 80 ℃ for 8 h, at 100 ℃ for 5 h, at 120 ℃ for 7 h, at 160 ℃ for 4 h and 

200 ℃ for 9 h. 250 mL of ethanol was refrigerated for 30 min and then the reaction 

mixture was poured in it, refrigerated for 1 day for complete precipitation and then 

filtered by vacuum filtration and dried at 100 ℃ under vaccum oven and then the crude 

product put in the chloroform soxhlet to get rid of the extra amine and impurities.  

Yield; 65.2 % (1.87 g); Color; Greenish brown; Melting point  300℃ 
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Figure 3.2: Synthesis of N,N'−bis(7H−purinyl)−1,4,5,8−naphthalene diimide (5) 

from (1) and (4) 
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3.3 Mechanism of the Reaction 
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Chapter 4 

DATA AND CALCULATION 

4.1 Calculation of Optical Parameters 

4.1.1 Molar Absorption Coefficients (max) 

According to the beer lambert’s law a linear relation can be seen for absorbance and 

concentration. Maximum absorption coefficient was measured according to the 

equation: 

max =  𝑨𝑪𝒍⁄                           (1) 

max  Molar absorption coefficient (L mol−1 cm−1) 

A  Absorbance 

C   Concentration (mol L−1 ) 

l  Cell length (cm) 

Calculation of max for 5: 

Five various concentrations were being prepared in order to find max. According to 

their max, their absorbance values were recorded. In the below table their 

concentration, max absorbance can be seen 
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Table 4.1: Concentration, maximum wavelength and absorbance for 5 in DMAc 

Concentration (M)  max (nm) Absorbance 

6.1810−5 362 0.99 

3.0910−5 362 0.53 

1.5410−5 362 0.28 

7.7010−6 362 0.16 

3.8610−6 362 0.08 

 

As it can be seen from the below graph between concentration and absorbance, their 

slope equals to the max. 

Figure 4.1 Absorbance Vs. concentration of 5 in DMAc 
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For 5 in DMAc, the slope, which is similar to the max, is equal to 15343 L 

 mol−1 cm−1. In the same way, max was calculated for 5 in DMF and NMP and it 

displays from the bellowing table. 

Table 4.2: Molar absorption coefficients of 5 in various solvents 

 5 

Solvents   max (nm)                  max (
𝐿

𝑚𝑜𝑙.𝑐𝑚
) 

DMAc 362 15343 

DMF 368 7406 

NMP 370 6543 

 

4.1.2 Half Width of Selected Absorption ∆𝑽
−
𝟏
𝟐⁄
 

According to the following equation half width of the synthesized naphthalene 

diimides have been calculated. 

∆𝑽
−
𝟏
𝟐⁄
= 𝒗1 − 𝒗2                                                              (2) 

We can get �̅�1 and 𝑣2 from the absorption spectra which represents the frequency by 

unit of cm−1. The difference between them, ∆𝑉
−
1
2⁄
,  is the half width of selected 

absorption by cm−1. Finding of the half−width is vital for the compounds in order to 

calculate the theoretical radiative for them. 
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Figure 4.2: Estimation of half width for 3 in NMP 

From the Figure 4.2 

1 = 366 nm 

1 = 366 nm  
1 𝑚

109𝑛𝑚
  
100 𝑐𝑚

1 𝑚
 = 3.66  10−5 cm 

 �̅�1 = 
1 

3.66  10−5cm
 = 27322 cm−1  

2 = 400 nm 

2 = 400 nm  
1 𝑚

109𝑛𝑚
  
100 𝑐𝑚

1 𝑚
 = 410−5 cm 

 �̅�2= 
1 

4  10−5 cm
 = 25000 cm−1 

∆𝑉
−
1
2⁄
= 27322 − 25000= 2322 cm−1  

Half width for both compounds are calculated in the same pattern and it can be seen 

from the table below. 
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Table 4.3: Half width of 3 and 5 in various solvents 

 Half width ∆𝑉
−
1
2⁄
 ( 𝑐𝑚−1 ) 

Solvents 3  5 

DMF 1738 1658 

DMAc 2185 2013 

DMSO 25063 1634 

TFA 24938 2104 

Chl − 1959 

NMP 2322 2006 

 

4.1.3 Theoretical Radiative Life Times (0) 

Is the lifetime of the excited molecule where there is not raditionless transition. t0 for 

the synthesized 5 was calculated. From Table 4.1, we can find max for DMAc and 

calculate the  𝑣 2max. 

max = 362 nm  
1 𝑚

109𝑛𝑚
  
100 cm

1 m
=3.62×10−5 cm 

𝑣𝑚𝑎𝑥= 
1

 3.62×10−5 cm
=27624.31 𝑐𝑚−1 

𝑣 2 max = (27624.31)2= 7.6  108 𝑐𝑚−2 

According to the following equations, (0) for 5 in DMAC, DMF and NMP were being 

calculated. 

0 = 
3.8  108

𝑣2max  max ∆𝑉
−
1
2⁄
 
                                                                                               (3) 

0  Theoretical radiative life time (ns) 

𝑣 2 
max  Mean frequency of max (cm−1) 

max  Maximum extinction coefficient at max 
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∆𝑉
−
1
2⁄
  Half width (cm−1) 

Theoritical radiative life time of 5 in DMAc: 

0  = 
3.5×108

(27624.31)2 × 15343 × 2013
 = 1.485×10−8 𝑠 

1.485×10− 8sec × 
109 𝑛𝑠

1 𝑠
=14.85 𝑛𝑠 

For other two solvents, 0 was calculated in the same pattern and the result of them 

were listed in the following table. 

Table 4.4: Theoretical radiative life-time (ns) of 5 

                                            5 

Solvents max (nm) max (
𝐿

𝑚𝑜𝑙.𝑐𝑚
) 𝑣

2
max (𝑐𝑚−1) ∆𝐕

−
𝟏
𝟐⁄
 (𝑐𝑚−1) 0 (ns) 

DMAc 362 15343 7.6  108 2013 14.58 

DMF 368 7406 7.4 ×108 1658 38.6 

NMP 370 6543 7.3 ×109 2006 36.5 

 

 

4.1.4 Calculation of Fluorescence Rate Constant (Kf)  

Kf is the speed of emmiting of the radiation of molecule. The Fluorescence Rate 

Constant for the 5 are calculated according to the equation given below 

Kf = 
1

0 
                       (4) 

Kf  Fluorescence Rate Constant in 𝑠−1 

0  Theoretical radiative life-time in s 

Theoretical Fluorescence Rate Constant for 5 in DMAc: 

Kf  = 
1

1.485 × 10−8
= 6.7  107 𝑠−1 
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For 5 in various solvents were being calculated in the same pattern and displayed in 

the table below. 

Table 4.5 Theoretical fluorescence rate constant for 5 in varios solvents 

Kf (𝑠−1)(× 10+7)  
Solvents 5  
DMAc 6.7  
DMF 3.0  
NMP 2.7 

 
4.1.5 Oscillator Strength (f)  

The strength of the electronic transition is displayed by the oscillator strength, which 

is dimensionless. By the following equation, f for the prepared naphthalene diimides 

was calculated. 

f  = 4.32 10−9× 𝚫𝑣12⁄×  max                 (5) 

f   Oscillator strength 

∆𝑉
−
1
2⁄
  Half width of selected absorption (cm−1) 

max  Maximum Extinction Coefficients in L. mol−1. cm−1 

Oscillator strength for 5 in DMAc: 

f = 4.32 10−9× 2013 × 15343 = 0.13 

 

 

 

Table 4.6  Oscillator strength of 5 in various solvents 
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                           Oscillator strength (f) 

Solvents                                    5  

DMAC                                   0.130 

                                  0.053 

                                  0.057 

DMF 

NMP 

 
4.1.6 Singlet Energies (Es) 

Singlet energy can be defined as the least amount of energy which is required to excite 

a chromophore from ground state to the excited state.  

Es = 
2.86 × 105

max
                      (6) 

Es  Singlet energy in (Kcal.mol−1) 

max   Maximum absorption wavelength Å 

Singlet energies of 5 in DMAc 

   max = 362 nm × 
10 Å

1 𝑛𝑚
 = 3620 Å 

   Es = 
2.86 × 105

3620
 = 79 Kcal.mol−1 

 

 

 

 

Table 4.7  Singlet energies of 5 in various solvents 
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Solvents  max (Å) Es (Kcal.mol−1) 

DMAc 3620 79 

DMSO 3690 77.5 

DMF 3680 77.7 

TFA 3620 79 

CHL 3650 78.4 

NMP 3700 77.3 

 
Table 4.8  Singlet energies of 3 in various solvents 

Solvents max (Å) Es (Kcal.mol−1) 

DMAc 3770 71.1 

DMSO 3790 75.5 

DMF 3770 75.9 

TFA 3810 75.01 

CHL − − 

NMP 3780 75.7 
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Table 4.9  Photophysical properties of and 5 in various solvents 

    5    

Solvents max max ∆𝑉
−
1
2⁄
 0 Kf f Es 

DMAc 362 15343 2013 14.58 6.7 0.130 79 

DMF 368 7406 1658 38.6 3.0 0.053 77.7 

NMP 370 2006 2006 36.5 2.7 0.057 77.3 

Maximun absorption wavelength max (nm), molar absorption coefficients max (L.mol−1.cm−1),Oscillatorstrength f, radiative lifetime0 (ns), 

fluorescence rate constant Kf (10+7 s−1), singlet energy Es (Kcal.mol−1) and half width ∆𝑉
−
1
2⁄
 cm−1. 
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Figure 4.3 FT−IR spectrum of 1,4,5,8− Naphthalenetetracarboxilic dianhydride
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                                Figure 4.4 FT−IR spectrum of 2−aminoethyl dihydrogen phosphate, amine (2) 
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Figure 4.5 FT−IR spectrum of 7H−purine−6−amine, amine (4) 
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Figure 4.6 FT−IR spectrum of N,N'−bis[(2−(dihydrogenphosphoryl)ethyl)]−1,4,5,8−naphthalene diimide 
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Figure 4.7: FT−IR spectrum of 1 and 3 
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Figure 4.8 FT−IR spectrum of N,N'−bis(7H−purinyl)−1,4,5,8−naphthalene diimide 
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Figure 4.9 FT−IR spectrum of 1 with 5 
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Figure 4.10 UV  Vis spectrum of N,N'−bis[(2−(dihydrogenphosphoryl)ethyl)]−1,4,5,8− naphthalene diimide in DMAc 
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 Figure 4.11 UV  Vis spectrum of N,N'−bis[(2−(dihydrogenphosphoryl)ethyl)]−1,4,5,8− naphthalene diimide in DMF 
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Figure 4.12 UV  Vis spectrum of N,N'−bis[(2−(dihydrogenphosphoryl)ethyl)]−1,4,5,8−naphthalene diimide in DMSO 
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Figure 4.13 UV  Vis spectrum of N,N'−bis[(2−(dihydrogenphosphoryl)ethyl)]−1,4,5,8− naphthalene diimide in NMP 
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Figure 4.14 UV  Vis spectrum of N,N'−bis[(2−(dihydrogenphosphoryl)ethyl)]−1,4,5,8− naphthalene diimide in TFAc 
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           Figure 4.15 UV  Vis spectrum of N,N'−bis[(2−(dihydrogenphosphoryl)ethyl)]−1,4,5,8−naphthalene diimide in various solvents  
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Figure 4.16 UV  Vis spectrum of N,N'−bis(7H-purinyl)−1,4,5,8−naphthalene diimide in CHL 
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Figure 4.17 UV  Vis spectrum of N,N'−bis(7H−purinyl)−1,4,5,8−naphthalene diimide in DMAc  
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Figure 4.18 UV  Vis spectrum of N,N'−bis(7H−purinyl)−1,4,5,8−naphthalene diimide in DMF 
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Figure 4.19 UV  Vis spectrum of N,N'−bis(7H−purinyl)−1,4,5,8−naphthalene diimide in DMSO 
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Figure 4.20 UV  Vis spectrum of N,N'−bis(7H-purinyl)−1,4,5,8−naphthalene diimide in NMP 
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Figure 4.21 UV  Vis spectrum of N,N'−bis(7H−purinyl)−1,4,5,8−naphthalene diimide in TFAc 
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Figure 4.22 UV  Vis spectrum of N,N'−bis(7H−purinyl)−1,4,5,8−naphthalene diimide in various solvents 
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            Chapter 5 

                         RESULTS AND DISCUSSION 

5.1 Synthesis of N,N'−bis(2−(dihydrogenphosphoryl)ethyl)−1,4,5,8−   

naphthalene diimide (3) and IR spectra analysis 

N,N'−bis[(2−(dihydrogenphosphoryl)ethyl)]−1,4,5,8− naphthalene diimide (3) was 

synthesized successfully according to the procedure recorded in the section 3.2.1.  

Compound 3 was purified by using acetone soxhlet to get rid of high boiling solvents 

and impurities integrate with the recrystallization technique by using DMSO, which 

was followed by TLC. The color of the product is black with the yield of 85.5 %. 

Analysis of 3 has been done by using FT−IR and it can be seen in the figure 4.5. The 

most prominent peaks are 3066 cm−1 (aromatic C−H stretch), 2857 cm−1 (aliphatic 

C−H stretch), 1698 and 1679 cm−1 (Imide C=O Stretch), 1581 (C=C stretch), 1345 

cm−1 (C−N stretch), 1260 cm−1 (C−O Stretch), 1095 cm−1 (P−O−C Stretch) and 766 

cm−1 for (P−O). 

If we compare between anhydride peak at 1765 cm−1, we can see that the described 

peak was being replaced by the imide peaks at 1698 and 1679 cm−1. More vitally, peak 

at the 1345 cm−1 for C−N confirms the formation of the imide. 
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5.2 Synthesis of N,N'−bis(7H−purinyl)−1,4,5,8−naphthalene diimide 

(5) and IR Spectra Analysis 

N,N'−bis(7H−purinyl)−1,4,5,8−naphthalene diimide (5) was synthesized successfully 

according to the Figure of 3.2. Purifying techniques such as chloroform soxhlet was 

used in order to get rid of the amine and recrystallization technique by using DMSO 

and water to get rid of high boiling solvent. The color of the compound is greenish 

brown with the yield of 65.2 %. 

Analysis of FT−IR can be seen in Figure 4.4, the main characteristic peaks are 3064 

cm−1 (aromatic C−H Stretch), 1703 and 1683 cm−1 (Imide C=O stretch), 1591 cm−1  

(aromatic C=C stretch), 1333 cm−1 (C−N stretch) and 756 cm−1 for C−H aromatic 

bending. 

As we make a comparison between the spectrum of 1 and 5, we are able to see that the 

peak for anhydride at 1765 is disappeared and replaced by C=O imide peaks at 1703 

and 1683 cm−1 and formation of the peak of C−N at 1333 cm−1, which is a marvelous 

clue for the formation of imide.  

5.3 Solubility of the 3 and 5 

Solubility of 3 and 5 can be seen in detail in the below table. Generally, both of them 

are fairly soluble in polar aprotic solvents such as DMF, DMSO, DMAc and NMP. 

Also, they are soluble in TFAc. Moreover, they are insoluble in polar aprotic solvent 

such as acetonitrile. 
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Table 5.1  Solubility test of 1, 3 and 5 

                                                        Solubility/ color  

Solvents       1 3       5 

CHL − − / Colorless − − / Colorless − − / Colorless 

TFAc ++ / Pale yellow + + / Dark color + + / Brown color 

NMP  + − / Pale green − + / Light yellow + + / Light brown 

DMF + − / Pale pink − + / Light yellow + − / Light brown 

DMAc + − / Pale green − + / Light yellow + − / Light brown 

DMSO − − / Colorless − + / Brown yellow  + − /  Light brown 

Water − − / Colorless − − / Colorless − + / Light brown 

Measured at concentration of 10 mg mL−1 in solvents at 25℃. (+ +): Soluble at room 

temperature,  (− −) Insoluble,  (+ −) mostly soluble at high temperature 70℃ (5-10 mg 

mL−1), (− +) Soluble after putting in sonicator at high temperature.TFAc; Trifoloro 

acetic acid; NMP: N−methyl pyrrolidine; DMF: N,N−dimethylformamide; DMSO: 

dimethyl sulfoxide; DMAc: dimethylacetamide 

5.4 Interpretation of UV / Vis absorption for 3 and 5  

The optical property of 3 and 5 is calculated by UV / Vis absorption in various solvents 

ranging from nonpolar to polar protic and aprotic to see different ineteractions between 

them. Data which has been achieved is used to find out vital photophysical parameters 

and they are being put in Table 4.9. 

About compound 3, from figure 4.10 till 4.14 two absorption peaks can be seen for all 

of them which belong to π− 𝜋∗  transitions of NDI from 0       1 and 0      0. Except in 
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TFAc, a small peak, a shoulder, after 400 nm can be seen for all of them which most 

probably due to aggregation.  

Generally, only one prominent peak was observed for 5 in different solvents which 

most probably because of electron transfer between imide (acceptor) and amine group 

(donor) , (Charge transfer complex), and intermolecular interaction. In higher polar 

aprotic solvents such as (DMSO and DMF), the peak goes toward red shift 

(bathochromic shift) with the values 362 nm and 368 nm in turn. More interestingly, 

since TFAc is considered to be polar protic solvent so it can form H-bond with the 

compound and the peak goes toward hypsochromic shift since more energy is required 

to excite the electrons and it can be seen at 362 nm. In CHL, few shoulders can be seen 

which most probably due to aggregation of the solution.  
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                    Chapter 6 

                  CONCLUSION 

In the present work, two novel diimides, N,N'−bis[(2−(dihydrogenphosphoryl)ethyl)]-

1,4,5,8−naphthalene diimide (3) and N,N'−bis(7H−purinyl)−1,4,5,8−naphthalene 

diimide (5) have been successfully synthesized by condensation in high yield. 

The qualitative solubility properties are investigated in various organic solvents. 

Accordingly, compounds 3 and 5 are both soluble in the polar aprotic solvents such as 

DMF, DMSO and DMAc. In addition, they do not dissolve in nonpolar solvents such 

as chloroform. 

The optical properties of the compounds have been studied widely by using UVVis 

absorption spectroscopic method. Interestingly, different absorption characteristics 

were observed in various solvents owing to different intermolecular interactions. 

Compound 3 has shown 2 peaks in UV/Vis, whereas compound 5 has displayed 1 peak 

in it. Usually, NDI shows 3 peaks but in my case we are expecting that charge transfer 

complex causes this phenomena. Compound 5 has displayed high molar absorptivity 

in polar aprotic solvents especially in DMAc due to strong intra and intermolecular 

interactions between solute−solvent in polar solvents. Moreover, from FT−IR, the 

anhydride peak for NDA at 1765 cm−1
 is being replaced by C=O imide stretching at 

1698 cm−1 and  1679 cm−1 for 3 and 1703 cm−1 and 1683 cm−1 for 5 and formation of 
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C−N at 1345 cm−1 for 3 and at 1333 cm−1 for 5  is a good clue to decide that the imide 

has been produced. 

The yield for 5 is not as high as 3 because further purification process was done for 5 

than 3. For instance, recrystallization by DMSO was done three times for 5 but only 1 

time for 3 and usually while purification some quantity of compound can be lost. 

As a future work, compounds 3 and 5 will be applied in medical aspects as a probable 

anticancer owing to the planarity, rigidity, easy synthesis and good solubility. 

Especially, both 3 and 5 can have excellent ability to interact through intermolecular 

hydrogen bonding and π−π interactions with the guanine quadruplex and inhibit the 

function of telomerase and then stop proliferating of malignant cells. Moreover, it can 

also be applied in photonic applications. 
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