
 

Development of G-quadruplex 
stabilizing compounds identified 
through a High-Throughput Screen 

Thi My Bo Hanh 

Student: Thi My Bo Hanh  

Master Thesis 15 ECTS 

Report passed: 11 September 2017 

Supervisor (or Supervisors): Erik Chorell, Karam Chand 

Examiner: Bertil Eliasson 



 

 

  



I 

 

Abstract 

Nowadays, the investigation of new and selective ligands with the ability of stabilizing G-
quadruplexes to inhibit and prevent the growth of cancerous cells is an interesting field. Although 
there are a lot of ligands which are used as drugs in cancer therapy, numerous different types of 
such diseases in combination with the development of resistance put a large demand for the 
identification of new classes of compound with novel targets. In this study, we explore a class of 
compounds targeting G-quadruplex (G4) DNA structures through the synthesis of analogues 
based on the leading compound. Therefore, 2-(4-methyl-quinazolin-2-ylamino)-quinazolin-4-ol 
was designed and synthesized as a new compound with the main contribution of two quinazoline 
cores which have not reported previously. The synthesis was carried out with three main steps and 
the mechanism of the first step was based on Skraup reaction. Several techniques including Thin 
Layer Chromatography (TLC) coupled with UV light (254 nm) detection, Flash Column 
Chromatography (FCC) (silica gel, Ethyl acetate: Heptane), NMR spectroscopy (1H and 13C NMR 
spectra, deuterium solvent: CDCl3 and DMSO-d6), HPLC and MS (C18 reversed-phase column, 
eluent: H2O/MeCN) used for purification and determination of intermediate chemicals for each 
stage. Furthermore, the ability of targeting certain (G4) DNA structures was also tested by using a 
Thioflavin T-Displacement Assay. The study was tested with six different starting materials in 
total. The purpose was hopefully to check and figure out that was the powerful and effective 
candidate for targeting (G4) DNA structures. However, the reaction had just been successful with 
3,4-dimethylaniline and its analogue as starting material. The rest of them were not successful or 
produced weird products, thus we prefer to study more with ongoing research. 
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1. Introduction 

Cancer is the common name represented for a large group of diseases which 

are caused by abnormal cell division in the human body. According to global cancer 

reported by world Health Organization (WHO) in 2012, cancer is ranked as the second 

leading cause of death worldwide [1]. Various risk factors associated with cancer are 

documented which showed that the factors could be inherited from patients’ parents 

or derived from their life style. Some of the most common factors that contribute to 

lethal cancer include carcinogenic compounds (e.g. tobacco), infections, radiation, 

lack of physical activity [2], etc. 

Regardless to cancer initiation factor, often significant variations in human 

biological system may occur when cancer is developed. In many cancer forms, the old 

and degenerated cells which are no longer needed, remains instead of degrading [3]. 

Moreover, cancer cells can be developed uncontrollably to form tumors and affect 

nearby tissues [3]. Not all tumors cause cancer, but often cancerous cells have more 

genetic deviations, including missense mutation and the nonsense mutation. In 

addition to mutations, there are some other genetic changes such as insertion, 

deletion, duplication, repeat expansion mostly due to mutation in Deoxyribonucleic 

acid (DNA) of a cancerous cell. DNA is a molecule that carries genetic instructions, it 

comprises of four nucleobases: Adenine, Cytosine, Thymine and Guanine. DNA is 

organized into long structures called chromosomes and telomeres are found at the 

termini of the chromosomes. The single-stranded telomeres can potentially fold into 

G-quadruplexes (G4s). G4s can be described as an association of four guanines binding 

together by Hoogsteen hydrogen bonds to form a square planar structure. Two more 

planar structures (also called as guanine tetrads) stack on top of each other to form the 

G4 structure. The G4 structure is also stabilized by the presence of a cation at the 

center, with the strength of stabilization (K+>Na+>NH4 +>Li+) [4]. The guanines that 

form the G4 structures are linked by random sequences called loops. These loops can 

be either parallel or antiparallel due to connecting guanines diagonally or on the same 

side. The core of the G4 structures are very similar between different G4s whereas the 

loops can vary a lot between different structures [5]. 

 G4 structures play important roles in DNA replication, RNA translation and 

telomere maintenance [6]. DNA motifs, which are located at the end of a linear 

chromosome known as telomeres, have a high rate of mutations. It was predicted that 

after 20-40 generations of cell division, chromosomal DNA reduces genetic stability, 

resulting in cellular senescence [7]. In healthy cells, this process can be prevented by 

telomerase enzymes. Telomerases are considered as a key enzyme that elongates 

telomeres by adding repeated RNA templates, often G-rich sequences [8]. G4 

structures are especially prevalent in the telomeres where they can result in different 

effects. For example, telomeric G4s are able to inhibit telomerase activity, weaken 

telomere metabolism and lead to reduction of telomere length [9]. Moreover, G4s can 

bind specifically to FMRP protein (Fragile X mental retardation protein), which leads 

to interrupted translation and artifact mRNA translational profiles. That is one 

potential reason for mental retardation syndrome [6]. There are two common 

syndromes known as WRN (Werner syndrome protein) and BLM (Bloom syndrome 

protein). WRN and BLM are two five RecQ helicases which are a large family of DNA 

unwinding enzymes plays an important role in protecting the genome against 
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deleterious changes. WRN and BLM are different from the others because they contain 

the RecQ C-terminal (RQC) [10] which is able to bind to G-quadruplex with high 

affinity. Mutation in WRN can result in G4 formation cause Werner syndrome and in 

BLM this gives rise to premature aging (adult progeria), which increases the risk of 

cancer [6]. 

Thus, it is extremely necessary to find out the best ways to stabilize G4 

structures and thereby inhibit telomerase activities. On the other hand, stabilizing G4s 

is thought to be potentially highly selective and attractive drug target for several anti-

tumor strategies. 

As mentioned previously, the presence of cations (K+, Na+, NH4 +, Li+) is able 

to stabilize the G4 structures. Because their concentration decides the formation of the 

intramolecular or intermolecular of G4-structures which allow for the examination of 

the unfolding and refolding of G4s. Folding of G4s is important for inhibition of 

telomerase activity. Therefore, studying of G4 structures might be a potential target 

for the therapeutic intervention of cancer [10]. 

In addition, synthesis of G4-targeted metal complexes can have strong 

interactions with G4s because they have characteristic structural such as various 

charges and electromagnetic properties [11]. G4 stabilizing ligands can impair 

telomere metabolism and make telomeres shorter because of direct inhibition of the 

telomerase activity. The mechanism of such compounds is through the folding and 

stabilization of telomeric DNA into G4 structures [10]. The result is capping the 

telomeres, decreasing DNA replication and aiding the translation in mRNA. Hence, it 

is valuable to investigate the low molecular weight compounds which can interact with 

G4 structures for their use as potential as drug candidates and as tool to study G4 

structures. 

In the following section, the recent reviews, in the effort to synthesize novel 

and selective ligands which are targeting to stabilize G4 structures to inhibit cancer are 

briefly discussed. Phen-DC3 (1 in Fig.1) [12] is one of most potent and most commonly 

used G4 structure stabilizing compounds. It has a central phenanthroline core with 

two identical quinoline side chains. By using human telomeric 24 TTG G4 structure, 

Phen-DC3 displaces one of the cations in the G4 structure upon binding. Not only 

Phen-DC3, but also its analogues such as Pyridostatin (PDS) (2 in Fig.1) have been 

considered as the potential candidates in developing cancer drugs [8]. Other 

approaches investigated some groups of compounds which have efficient interactions 

with G4 structures, such as 5,10,15,20-tetra-(N-methyl-4-pyridyl)porphine (TMPyP4) 

(3 in Fig.1), 5,10,15,20-tetra-(N-methyl-2-pyridyl)porphine (TMPyP2) (4 in Fig.1). 

TMPyP4, TMPyP2 are porphyrin analogs that are heterocyclic and macrocyclic organic 

compounds with four modified pyrrole subunits interconnected at their α carbon 

atoms via methyl bridges (=CH−). TMPyP4 has a greater slowing effect on cell growth 

than TMPyP2, which is in accord with the telomerase inhibition data. In sea urchins 

TMPyP4 is demonstrated to induce anaphase chromosomal bridges, which support to 

form intermolecular interactions, lead to stabilize G4 structures [14] whereas TMPyP2 

does not. This result indicates that G4-interactive compounds might target the 

telomeres directly inside cells [15, 16]. One analog of the 2,6-diamido anthraquinone 

BSU1051 (5 in Fig.1) which are famous of potential anti-cancer agents because of DNA-
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binding is capable of harming tumor cells. However, cytotoxic activity of that 

compound depends on locations, properties and length of side-chain substituents. As 

previously reported, the best compound in this class with the highest biological activity 

is built with two methylene links in each side chain separating the amide and terminal 

amine moieties [17]. 3,3′-diethyloxyadicarbocyanine (DODC) (6 in Fig.1) is applied as 

a possible specific probe for hairpin G4 structures which have parallel orientation, high 

thermal stability, elevated resistance in human serum. But, this ligand only displays 

unique spectroscopic signatures when bound to a hairpin quadruplex structures that 

are not observed in the presence of single-stranded [15]. There are also other examples 

of compounds synthesized to stabilizing G4s, such as PIPER, a tri-substituted acridine 

(BRACO-19) [16], pentacyclic acridines (RHPS4) [17], the natural product 

telomestatin (SOT-095), Fluoroquinophenoxazines (QQ58) [18], Quindoline 

derivatives like SYUIQ-5 [19], quinoline-substituted triazines (12459, 115405) [20], 

dibenzophenanthrolines [21], ethidium derivatives. [22] 

A different type of approach has been used by another research group. They 

designed and prepared a smart model of G4 ligand DOTASQ (DOTA templated 

synthetic G-quartet), which is capable of interacting with G4 structures through a 

nature-mimicking process and is, therefore, unable to bind to duplex DNA. Thus, this 

gets a high level of G4 selectivity over DNA [23]. 

Almost all of these novel compounds have high affinity for G4 DNA and 

cytotoxic activity. Results indicated that TMPyP4 has the ability to stabilize the c-myc 

G4 structure which plays a role as regulator gene in transcription [24], inhibited 

transcription efficiently but with a narrow selectivity when parallel experiments were 

performed with another oligonucleotide (Pu22mu). In contrast, 307A is found to 

present the highest selectivity as compared to Pu22mu oligonucleotide. However, 

these ligands have potency against c-myc and telomeric sequences while other ligands 

displayed some partial selectivity towards one of these sequences. This important 

evidence indicates that G4 binding ligands are efficient inhibitors of the telomerase 

enzyme and c-myc gene transcription in tumor cells [25]. 
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In previous research, quinazoline derivatives are indicated that they are 

capable of impacting telomere function, such as shorten telomere, inhibit telomerase 

,etc. [26]. QPB-15e is one derivative that has been tested in cells of nude mice (in vitro) 

through many different techniques like, FRET-melting and CD spectroscopy (Fig. 2) 

[27]. QPB-15e is determined to have the ability to bind and stabilize the c-myc G-

quadruplex, inhibit double-stranded DNA replication, limit regulating expression of c-

myc and prevent the reproduction of cancer cell. However, QPB-15e does not only bind 

to G-quadruplex within the c-myc promoter region but also to quadruplex DNA in 

various structures [26]. 

To date, there are many important advances in G4 structure mapping of the 

human genome. Chromatin immunoprecipitation (ChIP) is the main technique used 

to investigate the interaction between proteins and chromosomes in the cell. In that, 

G4 structure-specific antibodies are used as probes such as BG4 and 1H6. By using 

such antibodies, G4 structures have been visualized in human cells by fluorescence 

microscopy.  

2. Objective of present work 

2.1 Popular scientific summary 

The long-term goal of this research is to develop small molecules that can 

stabilize G4 DNA structures for the use as chemical research tools and potential future 

therapeutics. To date, there is a number of potent and selective (G4 versus DNA) 

ligands synthesized to stabilize G4 structures such as Phen-DC3, 360A and PDS 

described above. However, these types of compounds can be characterized by high 

molecular weight, charges and complicated structural frameworks, which is not ideal 

from a therapeutic perspective. Furthermore, these compounds stabilize all types of 

G4 structures (no G4 versus G4 selectively) and many of them completely change the 

G4 conformation upon binding, which makes them less useful as chemical research 

tools. For these reasons, the Chorell research group have performed a High-

Throughput Screen (HTS) to identify low molecular weight drug like and selective 

compounds [28] (Fig. 3).  
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Figure 3: The most active hit compounds from HTS 

 

One of the most promising compounds from this HTS was quinazoline-based 

derivative (compound 12 in Fig. 3). We have just recently synthesized a set of 36 

analogues based on this quinzoline lead compound and tested their abilities to bind 

and stabilize G4 DNA structures. This identified compounds with a very strong 

activity. We now would like to learn more about how small structural changes on the 

most active compound affects their ability to stabilize G4 structures. These structural-

activity relationships are of key importance in further development of these 

compounds as research tools and potential therapeutics. 

The hit compound 12 from the HTS and the improved lead compound can be 

seen in figure 4 below. Based on the evaluated set of compounds that identified the 

improved lead compound, we know that small changes on the compound can have 

drastic effects on their activity. Especially the positions marked in blue seem to be of 

key importance for the activity. We, therefore, want to introduce small changes to 

these positions.  
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To achieve this, many aspects of synthetic organic chemistry from basic 

strategies and techniques to a very advanced level have been used. Most of the basic 

methods for the described compound synthesis have been performed with similar 

substrates in the lab before. However, the suggested synthetic work is using all new 

starting materials, which will behave differently and also result in new intermediates 

on the way to the new target compound or compounds. With each step, we conduct 

some specific techniques for purification and identification of the compounds, such as 

Thin Layer Chromatography (TLC) analysis, Column chromatography, NMR 

spectroscopy and mass spectrometry (LC-MS). In addition, the synthesized target 

compounds have also been evaluated for their ability to bind G4 structures using one 

of our in vitro assays. 

2.2  Social and ethical aspects 

In this research, we have designed and synthesized 2-(4-methyl-quinazolin-2-

ylamino)-quinazolin-4-ol based on quinazoline derivatives which have reported as 

biologically active compounds from Chorell research group. We also evaluated their 

ability to bind and stabilize different G4 DNA structures. Then, their structural-activity 

relationships can become potential tools for further development in targeted 

therapeutics, therefore considered being powerful structures in medicinal chemistry. 

3. Results and Discussions 

3.1 Materials and Methods 

All chemicals were commercial grade, purchased from Sigma Aldrich. TLC 

analyses were performed on silica gel plates which are backed by aluminum. The 

indicator was fluorescent with 254 nm of wavelength and Ultraviolet Visible (UV) light. 

Column chromatography was run on silica gel (Biotage SNAP Cartridge 25-50 g). 1H 

and 13C NMR spectra were recorded at 298oK, on a Bruker 400 MHz and 600 MHz 

spectrometers at the Umeå University, Sweden. The spectra were calibrated by using 

the residual peak of the solvents as the internal standard (CDCl3: δH = 7.26 ppm; δC 

= 77.16 ppm. DMSO-d6: δH = 2.50 ppm; δC = 39.50 ppm). H and C chemical shifts () 

were reported in parts per million (ppm). Peak multiplicities are abbreviated as 

follows: singlet, s; doublet, d; triplet, t; multiplet, m; a doublet of doublets, dd. LC-MS 

was conducted on an Agilent 6100 Series Quadrupole LC/MSD system. HPLC was 

performed on a C18 reversed-phase column (25 cm × 21.2 mm, 5 mm) with 

H2O/MeCN mixtures as the eluent. 

3.2 Procedure 

The 2-(4-methyl-quinazolin-2-ylamino)-quinazolin-4-ol (general structure 

19) was synthesized via three main steps. First, we started from primary aromatic 

aniline, which is commercially available (provided by Sigma-Aldrich). This process is 

based on Skraup reaction conditions and has already been tested by post doc Karam 

Chand in the Chorell lab. Next, the products from the Skraup reaction are transformed 

to the corresponding N-(4-methyl-quinazolin-2-yl)-guanidine (general structure 18) 

using our developed method. The final compounds were generated through the 

treatment of the substituted anilines with isatoic anhydride (IA) and DIPEA in DMF. 

The general procedure is showed in scheme 1. 
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With the first step, we synthesized compounds based on the Skraup 

mechanism which is showed in scheme 2. [29] 
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The second step is conversion to the hydrochloride salts and treatment with 

dicyanamide give the substituted 4-methylquinazolyl-2-guanidines (18). This kind of 

reaction is reported with high score in yield (61% and 45% respectively for starting 

material 16a and 16b). At the final step, we reacted 4-methylquinazolyl-2-guanidines 

with isatoic anhydride (IA) in the presence of DMF and DIPEA, which resulted in 25% 

and 28% yield, respectively. 

3.3 Characterization of compounds 

The synthesis of product 19a is started from 3,4-dimethylaniline (starting 

material 16a) via three main steps. The final structure was strictly identified 

throughout results from the determination of two intermediate compounds. The 

experimental work and data for product 19a are shown below. 

Step 1: Characterization of 2,2,4,6,7-pentamethyl-1,2-dihydro-quinoline 17a 

 

H
N

 

 

Formula: C14H19N 

Mass: 201.15 gmol-1 

 

The compound is synthesized from the reaction between 3 g of 3,4-

dimethylaniline (C8H11N) and 70 ml of acetone. There are some other reagents added 

to make reaction successfully as magnesium sulphate, iodine and 4-tert-butylcatechol. 

The yield of that chemical reaction is 24 %. The structure of the compound was 

determined using 1H and 13C NMR and mass spectrometry. 1H NMR spectrum (400 

MHz/CDCl3): 𝛿 6.83 (s, 1H), 6.31 (s, 1H), 5.26 (s, 1H), 3.65 (s, 1H), 2.15 ((s, 6H), 1.98 

(s, 3H), 1.26 (s, 6H) (Fig. 5). 13C NMR (400 MHz/CDCl3): 𝛿 140.85, 136.60, 128.54, 

127.61, 125.16, 124.79, 119.70, 114.75, 51.79, 30.59, 19.72, 18.60 (Fig. 6). In the 13C NMR 

spectrum the presence of 8 peak signal for the sp2 hybridized carbons and 4 peaks for 

the sp3 hybridized carbons except a small impurity 19 ppm confirms the formation of 

our desired 2,2,4,6,7-pentamethyl-1,2-dihydro-quinoline intermediate. In Mass 

Spectrometer (MS) (FAB), there is signal of [𝑀 + 1]+with m/z= 202.3 (calculated 

value: 201.15) (Fig. 7). From these data, the identified molecular formula is C14H19N. 
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Figure 5: 1H NMR spectrum of 2,2,4,6,7-pentamethyl-1,2-dihydro-quinoline in 

CDCl3 

 

 

 

Figure 6: 13C NMR spectrum of 2,2,4,6,7-pentamethyl-1,2-dihydro-quinoline in 

CDCl3 

Figure 13:  13C NMR spectra of 2,2,4,6,7-pentamethyl-1,2-dihydro-quinoline in CDCl3
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Figure 7: Mass spectrum of 2,2,4,6,7-pentamethyl-1,2-dihydro-quinoline 

 

With the similar protocol, the product 17b was synthesized successfully and 

both of translational and main compounds are reported below. 

Characterization of 2,2,4,6-tetramethyl-1,2-dihydro-quinoline (17b) 

 

H
N

 

Formula: C13H17N 

Mass: 187.14 gmol-1 

 

1H NMR (400 MHz/CDCl3): 𝛿 6.90 (d, J=4 Hz, 1H), 6.82 (dd, J=8 and 4 Hz, 

1H), 6.40 (d, J= 8 Hz, 1H), 5.33 (s, 1H), 3.56 (s, 1H), 2.26 (s, 3H), 2.00 (s, 3H), 1.28 (s, 

6H). There was a double doublet at 6.82 ppm with proton- proton coupling 8 Hz for 

Jortho (adjacent) and 4 Hz for Jmeta (two hydrogens apart). There was another doublet 

at 6.40 ppm with J= 8 Hz mentioned it like that. 13C NMR (400 MHz/CDCl3): 𝛿 

140.87, 128.77, 128.67, 126.28, 124.21, 121.73, 113.06, 51.75, 30.70, 20.72, 18.64. One 

sp2 hybridized carbon merged with carbon peak at 128.67 ppm. MS (FAB): m/e = 

188.3 [𝑀 + 1]+, 172.1 [M-CH3]. The identified molecular formula was C13H17N. 

Step 2: Characterization of N-(4,6,7-trimethyl-quinazolin-2-yl)-guanidine 

(18a) 
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N NH

NH2

 

Formula: C12H15N5 

Mass: 229.13 gmol-1 

 

The compound is synthesized by the reaction of 1.0986 g of 2,2,4,6,7-

pentamethyl-1,2-dihydro-quinoline (C14H19N) (17a) with 974 mg of dicyandiamide in 

solution of HCl 2 M. The yield of the chemical reaction is 45 %. Some methods were 

used to determine the structure of the compound as NMR analysis and Mass 

Spectrometer. 1H NMR spectrum (400 MHz/DMSO): 𝛿 7.74 (s, 1H), 7.39 (s, 1H), 7.28 

(s, 1H), 2.69 (s, 3H), 2.36 (d, J=4Hz, 6H) (Figure 8). There is not the only peak of 

DMSO at 2.50 ppm, but also the peak of association DMSO: H2O at 3.33 ppm. In this 

case, the peak at 7.28 ppm is predicted that is amine group which can be shifted up to 

high magnetic field due to decreased shielding. 13C NMR (600 MHz/DMSO): 𝛿 167.85, 

161.96, 159.22, 149.36, 143.93, 132.98, 125.87, 125.00, 118.43, 21.77, 20.48, 19.78 (Fig. 

9). MS (FAB), m/e = 230.3 [𝑀 + 1]+ (calculated value: 229.13) (Fig. 10).  From these 

data, the molecular formula is suggested as C12H15N5. 

 

   

 

Figure 8: 1H NMR spectrum of N-(4,6,7-trimethyl-quinazolin-2-yl)-guanidine in 

DMSO 
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Figure 9: 13C NMR spectrum of N-(4,6,7-trimethyl-quinazolin-2-yl)-guanidine in 

DMSO 

 

 

 

Figure 10: Mass spectrum of N-(4,6,7-trimethyl-quinazolin-2-yl)-guanidine 
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With the similar protocol, the product 18b is synthesized successfully and both 

of translational and main compounds are reported below. 

Characterization of N-(4,6-dimethyl-quinazolin-2-yl)-guanidine (18b) 

 

N

N
H
N NH

NH2

 

Formula: C11H13N5 

Mass: 215.12 gmol-1 

 

1H NMR (400 MHz/DMSO): 𝛿 7.76 (s, 1H), 7.55 (d, J=8 Hz, 1H), 7.48 (d, J=8 

Hz, 1H) 7.17 (s, 4H), 2.70 (s, 3H), 2.44 (s, 3H). 13C NMR (600 MHz/DMSO): 𝛿 

168.21, 162.31, 159.47, 148.87, 135.52, 132.76, 126.12, 124.63, 119.62, 21.86, 21.36. 

MS (FAB): m/e = 216.1 [𝑀 + 1]+. The molecular formula was suggested as C11H13N5. 

Step 3: Characterization of 2-(4,6,7-trimethyl-quinazolin-2-ylamino)-

quinazolin-4-ol (19a) 

N

N
H
N

N

N OH

 

Formula: C19H17N5O 

Mass: 332.14 gmol-1 

 

The compound is synthesized from reaction of 177 mg of N-(4,6,7-trimethyl-

quinazolin-2-yl)-guanidine (C12H15N5) (18a) with 151 mg of isatoic anhydride (IA), 181 

ul of DIPEA and 2.3 ml of DMF. The yield of that chemical reaction is 28%. 1H NMR 

spectrum (400 MHz/DMSO): 𝛿 13.73 (s, 1H), 11.12 (s, 1H), 8.06 (d, J=8 Hz, 1H), 7.95 

(s, 1H), 7.73 (t, J= 8Hz, 16 Hz), 7.58 (s, 1H), 7.46 (d, J= 8Hz), 7.32 (t, J= 8 Hz, 16 Hz), 

2.86 (s, 3H), 2.47 (s, 3H), 2.40 (s, 3H) (Fig. 11). 13C NMR (400 MHz/DMSO): 𝛿 170.69, 

158.33, 155.03, 147.77, 146.52, 135.68, 134.91, 126.61, 125.69, 124.01, 120.89, 119.52, 

119.30, 118.90, 116.90, 114.90, 21.86, 20.56, 19.87 (Fig. 12). In MS (FAB), there is a 

signal of [𝑀 + 1]+with m/z= 332.2 (calculated value: 332.14) (Fig. 13). Following the 

spectroscopy data, we have the first product with expected structure (C19H17N5O). 
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Figure 11: 1H NMR spectrum of 2-(4,6,7-trimethyl-quinazolin-2-ylamino)-

quinazolin-4-ol in DMSO 

 

 

 

Figure 12: 13C NMR spectrum of 2-(4,6,7-trimethyl-quinazolin-2-ylamino)-

quinazolin-4-ol in DMSO 

Figure 9: 1H NMR spectra of 2-(4,6,7-trimethyl-quinazolin-2-ylamino)-quinazolin-4-ol in DMSO
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Figure 13: Mass spectrum of 2-(4,6,7-trimethyl-quinazolin-2-ylamino)-quinazolin-

4-ol 

 

With the similar protocol, the product 19b is synthesized successfully and both 

of translational and main compounds are reported below. 

Characterization of 2-(4,6-dimethyl-quinazolin-2-ylamino)-quinazolin-4-ol 

(19b) 

N

N
H
N

N

N OH

 

Formula: C18H15N5O 

Mass: 317.13 gmol-1 

 

1H NMR (400 MHz/DMSO): 𝛿 13.71 (s, 1H), 11.21 (s, 1H), 8.07 (s, J= 8 HZ, 1H), 

8.02 (s, 1H), 7.82 (dd, J = 4Hz, 8Hz, 1H), 7.74 (m, 2H), 7.47 (d, J=8 Hz, 1H), 7.33 (dd, 

J = 4Hz, 8Hz, 1H), 2.90 (s, 3H), 2.51 (s, 3H). The peak of methyl group is merging with 

water. In this case, it is suggested to determine structure of this compound by two-

dimensional nuclear magnetic resonance spectroscopy (2D NMR) such as HMQC 

(Heteronuclear Multiple-Quantum Correlation). 13C NMR (600 MHz/DMSO): 𝛿 

171.34, 161.34, 148.53, 147.24, 137.56, 135.63, 134.99, 126.60, 126.07, 125.46, 124.05, 

120.89, 22.00, 21.43. MS (FAB): m/e = 318.2 [𝑀 + 1]+(Fig. 14). As expectation, the 

final structure is an analogue of the first product. 
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Figure 14: Mass spectrum of 2-(4,6-dimethyl-quinazolin-2-ylamino)-

quinazolin-4-ol 

 

In addition to synthesizing from phenylamine compounds the reactions with 

some different other starting materials were carried out as well. The next starting 

material was 4-ethynyl-phenylamine (20). The general synthesis is shown in Figure 

15. 

 

 

 

Figure 15: Similar synthesis of new ligands from 4-ethynyl-phenylamine 
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 4-Ethynyl-phenylamine (2 g, 17.07 mmol) 20 reacted with magnesium 

sulphate (12 g, 99.69 mmol), acetone (70 ml), 4-tert-butylcatechol (255.39 mg, 1.54 

mmol) and iodine (866 mg, 3.41 mmol). The reaction was stirred with rotation 300 

rpm for 24 hours at 70oC. Unexpectedly, this resulted in the formation of unexpected 

structure. After purification, the dried product was 891.6 mg. We carried out NMR 

spectroscopy analysis, this compound was purified and diluted in CDCl3. 1H NMR 

spectrum (400 MHz/CDCl3) 𝛿 7.72 (s, 1H), 7.65 (d, J=8 Hz, 1H), 6.39 (s, J=8Hz, 1H), 

5.36 (s, 1H), 2.51 (s, 3H), 1.34 (s, 6H) (Fig. 16). In this case, the peak at 7.28 ppm is 

predicted that is amine group which can be shifted up to high magnetic field due to 

without shielding. 13C NMR (400 MHz/CDCl3): 𝛿 196.41, 147.58, 130.42, 128.25, 

127.90, 126.41, 124.52, 119.91, 111.54, 52.62, 31.93, 25.97, 18.61 (Fig. 17). In Mass 

Spectrometer (FAB), there is signal of [𝑀 + 1]+ with m/z= 216.3 (calculated value: 

215.13) (Fig. 18). From these data, the molecular formula was suggested as was 

C14H17NO and the yield was therefore 24%. 

 

 

 

Figure 16: 1H NMR spectrum of product synthesized from 4-ethynyl-

phenylamine 

 



 

19 

 

 

 

Figure 17: 13C NMR spectrum of product synthesized from 4-ethynyl-

phenylamine 

 

 

 

Figure 18: Mass spectrum of product synthesized from 4-ethynyl-

phenylamine 
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However, the synthesis of product 22 was unsuccessful. Thus, we were not able 

to synthesize the final compound which would be tested biological activities. Instead 

of that, we kept working with one more other starting material. That was 4-cyclohexyl-

phenylamine 23. The general synthesis of ligands is showed in Figure 19. 

 

 

 

Figure 19: Similar synthesis of new ligand from 4-cyclohexyl-phenylamine 

 

4-Cyclohexyl-phenylamine (437 mg, 2.49 mmol) 23 reacted with magnesium 

sulphate (8.11 g, 67.34 mmol), acetone (60 ml), 4-tert-butylcatechol (12.4 mg, 0.075 

mmol) and iodine (31.6 mg, 0.12 mmol). The reaction was stirred with rotation 470 

rpm for 24 hours at 70oC. After purification, the dried product was 247.4 mg which 

corresponds to a yield of 39 %. With NMR spectroscopy analysis, this pure compound 

was diluted in CDCl3. 1H NMR spectrum (400 MHz/CDCl3): 𝛿 6.90 (s, 1H), 6.85 (dd, 

J= 4 Hz, 8 Hz, 1H), 6.41 (d, J=8 Hz, 1H), 5.30 (s, 1H), 2.37 (t, J=4 Hz, 8 Hz, 1H), 2.00 

(s, 3H), 1.86-1.81 (m, 4H), 1.75 (d, J=4 HZ, 1H), 1.72 (m, 5H), 1.40 (s, 6H) (Fig. 20). 
13C NMR (400 MHz/CDCl3): 𝛿 140.88, 137.19, 128.52 (J=132 Hz), 126.45, 122.07, 

121.45, 112.92, 51.84, 43.93, 34.79, 30.93, 27.06, 26.26, 18.67 (Fig. 21). The identified 

molecular formula is suggested as C18H25N. 

H
N

 

 

Formula: C18H25N 

Mass: 255.20 g.mol-1 
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Figure 20: 1H NMR spectrum of product synthesized from 4-cyclohexyl-

phenylamine 

 

 

 

Figure 21: 13C NMR spectrum of product synthesized from 4-cyclohexyl-

phenylamine 
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However, the next step with that product was not possible to perform due to 

lack of attention, which resulted in the loss of the product of starting material 24. 

Two more starting materials were checked with this synthesis procedure. They 

are quinolin-8-ylamine 24 and 4-piperazin-1-yl-phenylamine 26. However, this 

reaction did not happen with quinolin-8-ylamine at the same experimental conditions. 

Differently, the reaction was successful with starting material 26. However, we did not 

utilize the product 27 either because it did not look pure and could not be used for next 

step (Fig. 22). 

 

 

Figure 22: Simplified synthesis scheme of new ligands from other different starting 

materials 

 

The Skraup synthesis was chosen as reaction mechanism to obtain new ligand 

quinazoline core at the first step in general procedure. Although there are two 

successful reactions with phenylamine compounds, there were some unexpected 

situations and weird structures. 

Following the spectra data, the signal of −OH and −NH2 group are hidden or 

tend to be much broader than C−H protons in 1H NMR spectra. These groups often 

interact with nearby functional groups or NMR solvent via hydrogen bonds. This leads 

to increase the range of observed chemical shift. On the other hand, the signal of −OH 

and −NH2 group can be disappeared due to increase in the exchange rate with the 

solvent [30]. In protic solution, exchangeable protons such as those in hydroxyl or 

amine group, exchange protons with the solvent. The shape of the peak depends on 

the exchange rate. The explanation is based on the slowly changing speed of hydrogen 

bond compared to the NMR time scale. Thus, the exact position of these groups 

depends on the rate and concentration of exchanging protons which are different from 

each case. For protons that exchange at a medium rate, peaks will become broadened, 

and have their chemical shift move towards the peak that they are exchanging.  
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4. Biological Chemistry 

G4 structures are formed at specific regions including in the pro-oncogene c-

MYC. They play a role as the transcriptional controller of oncogene c-MYC which is 

reported as a promoter to control the death of degenerated cells. Recent genomic 

analysis of human cancers indicates that there are high-frequency mutations in 

oncogene c-MYC. The target has been found novel and selective compounds which can 

stabilize G4 structures to inhibit efficiently oncogene transcription and expression. 

Moreover, these compounds can be valuable tools to study G4 DNA structures and 

their effect in biological human systems. 

The interaction of G4-ligands and their effect on telomerase activity and gene 

expression regulation is not a simple issue to understand completely and correctly with 

only one specific technique. Thus, the investigation is usually a combination of several 

techniques. They are commonly optical spectroscopy including Ultraviolet-visible 

(UV-Vis), fluorescence resonance energy transfer (FRET) and circular dichroism (CD). 

Analysis changes of CD spectra give a function of temperature which is used to 

determine thermodynamics and kinetic (k1, k-1) parameters of G4-ligand interactions 

through estimating binding constant from the melting curves. Means of molecular 

fluorescence are used to explore the selectivity of ligands for single-stranded G4 

structures in comparison to duplex DNA or other structures. These optical methods 

are fast and use relatively small amounts of materials. Additionally, there are some 

complementary methods such as isothermal titration calorimetry (ITC), surface 

plasmon resonance (SPR). Isothermal titration calorimetry (ITC) is used to calculate 

molecular forces of nucleic interactions. However, these biophysical techniques 

mentioned above are not providing structural information. This understanding can be 

collected by X-ray diffraction, NMR spectroscopy. The overall goal is to completely 

understand ‘‘Structure, biology and targeting of G4 structures’’. [28] 

In the development of a high-throughput screening assay, the Chorell and 

Sabouri lab developed an in vitro assay based on Thioflavin T (ThT) fluorescence. 

When ThT bind to a G4 structure, such as ribosomal DNA (rDNA), telomeric DNA, 

promoter DNA from Schizosaccharomyces pombe, it emits a strong fluorescence 

signal. The fluorescence signal of Thioflavin T will be significantly decreased in the 

presence of G4-ligands because they will compete out ThT from the G4 structure 

resulting in a decreased signal (Fig. 23) [28]. 
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Figure 23: Thioflavin T is displaced by the presence of G4 ligand 

 

In this project, we tested two compounds (19a, 19b) with three different kinds 

of G4 structures as a first step to test their biological activity to bind G4 structures. The 

biological ability of two compounds are concluded based on difference from FI 

(calculated Th T fluorescence intensity in the presence of DNA and sample) /Fref 

(calculated Th T fluorescence without the presence of DNA and sample). In this case, 

DMSO was used as a control sample. The results are displayed in the graphs Figure 24. 

The expected result was that the fluorescence intensity of Th T in the presence 

of these compounds should be lower than the reference’s because Th T was displaced 

by these compounds which emitted weaker fluorescence signal. This was also an 

evidence to conclude that these compounds were active or not in binding with 

oligonucleotides. Following the diagrams, in testing with T2 and T3, the fluorescence 

signals at columns 19a, 19b were higher than the fluorescence signal of the reference 

(DNA + Control). This could be explained due to both of Th T and compounds stay 

together in the G4 structures instead of competing out Th T in the presence of 

compounds. But the fluorescence intensity of  Th T with the compound (19b) was 

slightly less than the references. Thus, the compound 19b could be active in binding 

G4 structures. Generally, the results were not as the previous expectation. However, 

more likely, this is an effect of intrinsic flourescence by the compounds which can not 

be used to test these compounds and we thus have to evaluate their G4 interactions 

with others assay. 
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Figure 24: Combination between compounds and G4 structures and the 

displacemenmt of Thioflavin T 

 

5. Experimental 

5.1 General Synthesis 

The goal of this research is the synthesis of model bi-quinazoline derivatives, 

capable of stabilizing the G-quadruplex structure to inhibit telomerase activity, make 

telomere shortening, lead to control cell division and prevent cancer-tumor growth. 

This class of compounds is potentially capable of forming a stable complex with G-

quadruplexes, which prevents the telomerase enzyme from completing their cycle. 

Most of the novel synthesized compounds reveal a high DNA affinity, an efficient 

cytotoxic potency. Designed ligands for G-quadruplex stabilization are supported to 

synthesize via three steps. In which the first step includes the synthesis of quinoline 

ring through Skraup reaction. Then, quinazoline ring was converted into quinazoline 

ring by reaction of dicyandiamide in acidic acid condition. In the final step, the second 

quinazoline ring was introduced by reaction of Isatoic anhydride with N-(4-Methyl-

quinazolin-2-yl)-guanidine. Firstly, we started to synthesize new ligands with 

phenylamine and its analogue as starting materials. 

All chemicals were commercial grade, purchased from Sigma Aldrich and GFS 

Chemicals and were used as received. TLC analyses were performed on silica gel plates 

with fluorescent indicator SIL G/UV254 (Merck) and over alumina plates Stratcrom 

ALF254 (Carlo Erba). Column chromatography purifications were run on silica gel 

(Biotage SNAP Cartridge 25-50 g). 1H and 13C NMR spectra were recorded operating 

at room temperature, on a Bruker ARX 400 MHz at the Umeå University, Sweden. H 

and C chemical shifts () are reported in parts per million (ppm). 
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5.2 Characterization of compounds 

2,2,4,6,7-Pentamethyl-1,2-dihydro-quinoline (17a). 3,4-

dimethylaniline 95% (3 g, 24.76 mmol) was used as starting material. It was 

transferred into a round bottom flask. The reagents were prepared and added into that 

flask including magnesium sulphate (18 g, 149.54 mmol), acetone (70 ml), 4-tert-

butylcatechol (370.40 mg, 2.23 mmol) and iodine (1.26 g, 4.95 mmol). It was noticed 

to add magnesium sulphate before adding acetone to absorb water to have the product 

as expected. Then, the mixture was stirred with rotation 470 rpm for 24 hours at 700C. 

TLC technique was applied to check the completion of the experiment under 

Ultraviolet light 254 nm of wavelength. The mobile phase was 15% EA+HEPT solvent 

mixture. After filtration at low pressure, the brown liquid contained our product and 

it was concentrated by a rotary evaporator until the solvent is evaporated completely. 

Then, the purified compound was separated individually from solution mixture by 

running column chromatography automatically. The stationary phase is silica gel and 

mobile phase is the solvent mixture (ethyl acetate and heptane). The product was 

collected at 2% EA+HEPT from the mixture. It was omitted solvent by a rotatory 

evaporator and dried in vacuum equipment. The product was isolated as brown solid 

in 24% yield (1.19 g, 5.92 mmol). With NMR spectroscopy analysis, this pure 

compound was diluted in CDCl3. 1H NMR spectrum (400 MHz/CDCl3): 𝛿 6.83 (s, 1H), 

6.31 (s, 1H), 5.26 (s, 1H), 2.15 ((s, 6H), 1.98 (s, 3H), 1.26 (s, 6H). 13C NMR (400 

MHz/CDCl3): 𝛿 140.85, 136.60, 128.54, 127.61, 125.16, 124.79, 119.70, 114.75, 51.79, 

30.59, 19.72, 18.60. Two non-identical methyl groups have overlapping signals at 2.15 

ppm in the 1H NMR spectrum. In Mass Spectrometer (FAB), there is signal of 

[𝑀 + 1]+with m/z= 202.3 (calculated value: 201.15). The identified molecular formula 

is C14H19N 

N-(4,6,7-trimethyl-quinazolin-2-yl)-guanidine (18a). This compound 

was synthesized from (17a) (1.10 g; 5.46 mmol) with dicyandiamide (0.97 g, 11.58 

mmol) in acid chloride 2M (2.5 ml). The reaction was stirred with a rotation of 395 

rpm for 5 hours at 1050C. The completion of reaction was also checked by TLC, but 

changing different mobile phase (5% MeOH: DCM). Then, the mixture was filtered at 

low pressure and washed by about 10 ml acid chloride 2 M and 20-25 ml of ammonia. 

The product was black solid and was dried at vacuum room. The weight of the product 

was 0.57 g and the yield was 45%. With NMR spectroscopy analysis, this pure 

compound was diluted in DMSO-d6. 1H NMR spectrum (400 MHz/DMSO): 𝛿 7.74 (s, 

1H), 7.39 (s, 1H), 7.28 (s, 1H), 2.69 (s, 3H), 2.36 (d, J=4Hz, 6H). There is not the only 

peak of DMSO at 2.50 ppm, but also peak of association DMSO: H2O at 3.33 ppm. In 

this case, the peak at 7.28 ppm is predicted that is amine group which can be shifted 

up to high magnetic field due to decreased shielding. 13C NMR (600 MHz/DMSO): 𝛿 

167.85, 161.96, 159.22, 149.36, 143.93, 132.98, 125.87, 125.00, 118.43, 21.77, 20.48, 

19.78. In MS (FAB), there is signal of  [𝑀 + 1]+with m/z= 230.3 (calculated value: 

229.13). The molecular formula is suggested as C12H15N5. 

2-(4,6,7-Trimethyl-quinazolin-2-ylamino)-quinazolin-4-ol (19a). 

This compound was synthesized from compound 18a (177 mg, 0.77 mmol) with isatoic 

anhydride (IA) (151 mg, 0.93 mmol) in DIPEA (181 µl, 1.06 mmol) and DMF (2.3 ml, 

29.77 mmol). The reaction was set up with speed of rotation depend on magnetic fish 

for 12 hours at 1050C. After the reaction occurred completely, the mixture was filtered 
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at low pressure and washed with a little bit of DMF and then acetone to take perfectly 

out compound. Then, the purification of the compound was checked by either TLC or 

HPLC using MeCN: water following to reverse phase. The pure product was collected 

and concentrated by rotary evaporator until the solvent is evaporated completely. The 

yield of final step was 28% with the expected compound (70.6 mg, 0.21 mmol). With 

NMR spectroscopy analysis, this pure compound was diluted in DMSO-d6. %. 1H NMR 

spectrum (400 MHz/DMSO): 𝛿 13.73 (s, 1H), 11.12 (s, 1H), 8.06 (d, J=8 Hz, 1H), 7.95 

(s, 1H), 7.73 (t, J= 8Hz, 16 Hz), 7.58 (s, 1H), 7.46 (d, J= 8Hz), 7.32 (t, J= 8 Hz, 16 Hz), 

2.86 (s, 3H), 2.47 (s, 3H), 2.40 (s, 3H). 13C NMR (400 MHz/DMSO): 𝛿 170.69, 158.33, 

158.12, 155.03, 147.77, 146.52, 135.68, 134.91, 126.61, 125.69, 124.01, 120.89, 119.52, 

119.30, 118.90, 116.90, 114.90, 21.86, 20.56, 19.87. In MS (FAB), there is signal of 

[𝑀 + 1]+ with m/z= 332.2 (calculated value: 332.14). Following the spectroscopy data, 

we have the first product with expected structure (C19H17N5O). 

2,2,4,6-Tetramethyl-1,2-dihydro-quinoline (17b). p-Methylanilin (3 g, 

27 mmol) was used as starting material. It was transferred into a round bottom flask. 

The reagents were prepared and added into that flask including magnesium sulphate 

(18 g, 149.54 mmol), acetone (70 ml), 4-tert-butylcatechol (0.42 g, 2.52 mmol) and 

iodine (1.42 g, 5.60 mmol). Magnesium sulphate should be added before adding 

acetone to absorb water to have the product as expected. Then, the mixture was stirred 

with rotation 465 rpm for 24 hours at 700C. TLC technique was applied to check the 

completion of the experiment under 254 nm UV wavelength. The mobile phase was 

15% EA+HEPT solvent mixture. After filtration at low pressure, the brown liquid 

contained our product and it was concentrated by a rotary evaporator until the solvent 

is evaporated completely. Then, the purified compound was separated individually 

from solution mixture by running column chromatography automatically. The 

stationary phase is silica gel and mobile phase is a solvent mixture (ethyl acetate and 

heptane). The product was collected at 2% EA+HEPT from the mixture. It was omitted 

solvent by a rotatory evaporator and dried in vacuum equipment. The product was 

isolated as brown solid in 28% yield (1.46 g, 7.80 mmol). With NMR spectroscopy 

analysis, this pure compound was diluted in CDCl3. 1H NMR (400 MHz/CDCl3): 𝛿 6.90 

(d, J=4 Hz, 1H), 6.82 (dd, J=8 and 4 Hz, 1H), 6.40 (d, J= 8 Hz, 1H), 5.33 (s, 1H), 3.56 

(s, 1H), 2.26 (s, 3H), 2.00 (s, 3H), 1.28 (s, 6H). 13C NMR (400 MHz/CDCl3): 𝛿 140.87, 

128.77, 128.67, 126.28, 124.21, 121.73, 113.06, 51.75, 30.70, 20.00, 18.64. MS (FAB): 

m/e = 188.3. [𝑀 + 1]+, 172.1 (M-CH3). The identified molecular formula was C13H17N. 

N-(4,6-dimethyl-quinazolin-2-yl)-guanidine (18b). This compound 

was synthesized from 17b (0.92 g; 4.9 1 mmol) with dicyandiamide (617 mg, 7.34 

mmol) in 2.2 ml acid chloride 2 M (25.3 mmol). The reaction was stirred with rotation 

of 395 rpm for 3 hours at 1040C. The completion of the reaction was also checked by 

TLC, but changing different mobile phase (5% MeOH:DCM). Then, the mixture was 

filtered at low pressure and washed by about 10 ml acid chloride 2 M and 20-25 ml of 

ammonia. The product was solid and was dried at vacuum room. The weight of the 

product was 0.65 g (3.01 mmol) and the yield was 61%. With NMR spectroscopy 

analysis, this pure compound was diluted in DMSO-d6. 1H NMR (400 MHz/DMSO): 𝛿 

7.76 (s, 1H), 7.55 (d, J=8 Hz, 1H), 7.48 (d, J=8 Hz, 1H), 7.17 (s, 4H), 2.70 (s, 3H), 2.44 

(s, 3H). The signal of -NH and -OH were not displayed on 1H NMR spectrum. 13C NMR 

(600 MHz/DMSO): 𝛿 168.21, 162.31, 159.47, 148.87, 135.52, 132.76, 126.12, 124.63, 
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119.62, 21.86, 21.36. MS (FAB): m/e = 216.1 [𝑀 + 1]+. The molecular formula was 

suggested as C11H13N5. 

2-(4,6,7-Trimethyl-quinazolin-2-ylamino)-quinazolin-4-ol (19b). 

This compound was synthesized from 18b (150 mg, 0.70 mmol) with isatoic anhydride 

(IA) (148 mg, 0.91 mmol) in DIPEA (181 µl, 1.06 mmol) and DMF (2.3 ml, 29.77 

mmol). The reaction was set up with speed of rotation depend on magnetic fish for 12 

hours at 1050C. After the reaction occurred completely, the mixture was filtered at low 

pressure and washed with a little bit of DMF and then acetone to take perfectly out 

compound. Then, the purification of the compound was checked by either TLC or 

HPLC using MeCN: H2O following to reverse phase. The pure product was collected 

and concentrated by rotary evaporator until solvent is evaporated completely. The 

yield of final step was 25% with the expected compound (55 mg, 0.17 mmol). With 

NMR spectroscopy analysis, this pure compound was diluted in DMSO-d6. %. 1H NMR 

(400 MHz/DMSO): 𝛿 13.71 (s, 1H), 11.21 (s, 1H), 8.07 (s, J= 8 HZ, 1H), 8.02 (s, 1H), 

7.82 (dd, J = 4Hz, 8Hz, 1H), 7.74 (s, J=8 Hz, 1H), 7.33 (dd, J = 4 and 8Hz), 2.90 (s, 

3H), 2.51 (s, 3H). The peak of the methyl group is merging with water. In this case, it 

is suggested to determine structure of this compound by two-dimensional nuclear 

magnetic resonance spectroscopy (2D NMR) such as HMQC (Heteronuclear Multiple-

Quantum Correlation). 13C NMR (600 MHz/DMSO): 𝛿 171.34, 161.34, 148.53, 147.24, 

137.56, 135.63, 134.99, 126.60, 126.07, 125.46, 124.05, 120.89, 22.00, 21.43. MS 

(FAB): m/e = 318.2 [𝑀 + 1]+. The identified molecular formula was C18H15N5O. 

5.3 Folding of G4 structures. 

In this research, the oligonucleotides were commercial grades bought from 

Eurofins MWG Operon (Germany). They were ribosomal DNA (T2), telomeric DNA 

(T3) and protomer DNA (T4). To fold these oligonucleotides, 50 µM oligonucleotide 

solution was prepared in tris(hydroxymethyl)aminomethane hydrochloride (Tris pH 

7.5) (10 mM) and KCl (100 mM), heated to 95oC for 5 minutes and cooled slowly to 

room temperature overnight. 1 µM folded oligonucleotides were incubated in 

Thioflavin T (Th T) (0.5 µM, 62.5 µl), Tris pH 7.5 (10 mM, 50 µl), KCl (100 mM, 167 

µl) and 4721 µl of Milli q water.  This solution was divided into two parts: one tube 

with the folded DNA and the rest one without the presence of folded DNA. Next, the 

compounds were prepared with 25 µM of their concentration in DMSO. 

5.4 Thioflavin T (ThT) displacement assay. 

We took eight empty clean tubes in total for containing samples and control 

solutions. We added in every tube with 39 µl of buffer containing DNA, then added 1 

µl of the compound. With the same procedure, we added 39 µl of buffer without DNA 

and then added 1 µl of the compound. We want to make a certain completely soluble 

mix every time we added. The control contained 39 µl of the buffer with DNA and 1 µl 

of DMSO. The other control contained 39 µl of buffer without DNA and 1 µl of DMSO. 

We prepared extract 10 µl for our safe purpose we had to make each one as triplicate 

as (10+10+10) µl into 384- well black corner plate. We needed to read the plate in 

Synergi plate reader and then make FI/Fref calculation to accumulate graphs. 
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6. Conclusions 

Recently, studies showed that derivatives with one quinazoline core in the 

structure have the potency of G-quadruplex structures to inhibit the growth of 

tumorous cells. In this study, we synthesized new and selective ligands with the 

contribution of two quinazoline cores. 1-(2,2,4-Trimethyl-1,2-dihydro-quinolin-6-yl)-

ethanone from 4-ethynyl-phenylamine was synthesized. This is strong evidence to 

understand better about the nature of mechanisms of these compounds. Through 

testing of biological activities, no biological activities have been detected and therefore 

further studies are required. 
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