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     Five new fluorophores containing phenylene-ethynylene branches with 

salicylic acid (F2-F5) and trimethylammonium (4N+Cl-) termini were synthesized 

and evaluated as chemical and biological sensors. The tribranched fluorophore 

(F4) with salicylic acid termini exhibited the highest Cu2+ quenching sensitivity in 

aqueous solution; Ksv = 5.79 × 106 M-1. The paper-based sensor fabricated from 

this compound allows picomole detection of Cu2+ by naked eye. The 

tetrabranched fluorophore (4N+Cl-) with trimethylammonium termini can bind 

with DNA in aqueous buffered solution pH 7.4. Upon DNA binding, the 

fluorescent signal of the fluorophore increases presumably due to the reduction of 

geometrical relaxation and collisional self-quenching processes. The interaction 

between the fluorophore and DNA were useful for FRET detection of DNA 

sequences via DNA/DNA hybridization in the presence of SyBrGreen 

commercial fluorescence dye.  
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CHAPTER I 
 

INTRODUCTION 

 
1.1 Fluorescence 

  The fluorescence is an emission process occurring after a molecule absorbs light 

energy, which could be depicted using the Jablonski diagram (Figure. 1) [1]. When the 

molecule is given a certain amount of light energy or photons (orange arrows), its energy 

level increases to reach a state called “excited state”. The excited molecule is unstable 

and will rapidly relax or release the energy in order to return to the lower electronic state 

(green arrows). The energy can be discharged in a form of thermal (heat) or kinetic 

energy (molecular rotation and vibration). These non-radiative processes are called 

“internal conversion”, which do not result in emission of light. For fluorescent 

compounds, the excited molecule will temporarily reside at the lowest electronic excited 

state (S1) known as a semi-stable state. Eventually, an amount of energy in a form of light 

will be released as the fluorescence signal (blue arrows). 

 
 

Figure 1.1 Jablonski diagram 
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1.2 Fluorescent chemosensor 

Fluorescence phenomenon is used as a detection method in many chemical, 

biological, and medical researches. It provides several advantages over other 

spectroscopic methods such as simplicity, high selectivity, and sensitivity. Nowadays, ion 

recognition plays an important role in a wide range of biological metabolisms. For the 

purpose of detection and quantitative determination of ions, much effort has been devoted 

to develop the appropriate chemosensors. Most of the fluorescence ion sensors are 

composed of an ion recognition unit (ionophore) for selective binding of the substrate, 

while the fluorogenic unit (fluorophore) provides the means of signaling this binding, 

whether by fluorescence quenching or enhancement. The combination of these two 

sensory units leads to a term “fluoroionophore”. The mechanism which controls the 

quenching response of a fluoroionophore to substrate binding includes photo-induced 

electron transfer (PET), photo-induced charge transfer (PCT), fluorescence (FÖrster) 

resonance energy transfer (FRET), and excimer/exciplex formation or extinction. 

 

1.3 Fluorescence quenching 

Fluorescence quenching refers to any process that decreases the fluorescence 

intensity of a sample. There are a wide variety of quenching processes that include 

excited state reactions, molecular rearrangements, ground state complex formation, and 

energy transfer. Generally, fluorescence quenching has two main different mechanisms, 

dynamic quenching and static quenching [1].  Dynamic quenching, also called collisional 

quenching, is controlled by the diffusion rate of the fluorophore and quencher. As shown 

in Figure 1.2A top, dynamic quenching occurs when the excited fluorophore (F*) is 

deactivated upon a diffusive encounter of quencher (Q) and return to S0 without emission 

of a photon, while Q is not chemically altered in the process. On the other hand, Figure 

1.2B top illustrates the static quenching which results from a formation of non-

fluorescent complex between the F and Q (F·Q). When this complex absorbs light, it 

immediately returns to the ground state without emitting fluorescence. The static 

quenching occurs in the ground state and its efficiency is related to the association 
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constant (Ka) for F·Q complexation. Results from experiments at various temperatures 

could indicate the mode of quenching. For the collisional mode of quenching, the 

efficiency will be enhanced as the temperature increases since molecule will diffuse at a 

higher rate (Figure 1.2A bottom). In contrast, the elevated temperature will cause the 

dissociation of F.Q complex, which results in a lower efficiency for static quenching at 

higher temperature.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2. Mechanism of fluorescence quenching. A) Dynamic quenching. B) Static 

quenching [1]. 

 

Stern-Volmer equation 

Both dynamic quenching and static quenching are described by Stern-Volmer 

(SV) equation which is given by 

 

 

 A) B) 
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, where I0 and I are the fluorescence intensities observed in the absence and presence of 

quencher, respectively. [Q] is the quencher concentration and KSV is the Stern-Volmer 

constant – a parameter that determines the efficiency of quenching process. A linear 

relationship of I0/I and [Q] may indicate either a dynamic or static quenching process. 

The moderate to large binding constants give rise to Stern-Volmer constants (KSV) that 

exceed the rate achievable at the diffusion limit, and hence, static quenching can be 

inferred. Another method to determine if the quenching process is dynamic or static is to 

determine the dependence of the lifetime on the quencher concentration [Q]. 

The dynamic quenching shortens the lifetime of the fluorescence according to the 

equation shown below; where kq is the bimolecular rate constant of fluorescence 

quenching, τ0 is the lifetime without added quencher, and τ is the lifetime upon addition 

quencher at molar concentration of [Q]. For pure dynamic quenching, kq must be smaller 

than the diffusion limit kd which can be determined from Stroke-Einstein equation; kd = 

8RT/3 where R is the universal gas constant, T is the absolute temperature and  is the 

solution viscosity. 

 

 

 

In the case of static quenching, a fluorophore bound to a quencher is in a dark or 

non-emissive state. The unbound fluorophores exhibit the same lifetimes, and τ is thus 

independent to [Q] giving constant τ0/τ at 1. 

 

1.4 Fluorescence resonance energy transfer (FRET) 

Fluorescence (or Förster) Resonance Energy Transfer (FRET) has become widely 

used in all applications of fluorescence, including medical diagnostic, optical imaging 

and DNA analysis. FRET occurs between a donor (D) molecule in the excited state and 

an acceptor (A) molecule in the ground state. If the emission spectrum of donor 

molecules overlaps with the absorption spectrum of the acceptor, the energy transfer will 

τ0/ τ = (1+ kq τ0[Q]) 
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occur as the result of long-range dipole-dipole interactions between the donor and 

acceptor. The emission signal of the acceptor (solid yellow arrow, Figure 1.3) occurs 

through the excitation of the donor molecule (solid purple arrow), while the emission of 

the donor molecule is reduced (dashed blue arrow). The donor fluorescence (solid blue 

arrow) is diminished during the transition to a lower quantum state. The efficiency of the 

transferred energy depends on the molecular distance between 1-10 nm, the extent of 

spectral overlap of the emission spectrum of the donor with the absorption spectrum of 

the acceptor, the quantum yield of the donor, the relative orientation of the donor and 

acceptor transition dipoles, and the distance between the donor and acceptor molecules 

[2].   

 
 

Figure 1.3 Jablonski diagram showing the energy levels of the fluorescent dyes and the 

rates and states involved in FRET [2]. 

 

1.5 Conjugated polyelectrolytes (CPE) 

Over the past decade, CPEs have extensively been studied as optical sensors for 

various analytes [3], including small ions or biomolecules such as proteins and nucleic 

acids. The unique structural and optical properties of CPEs provide several advantages 

over the routine sensor methods. The multiple-charged structure of CPEs facilitates the 

water solubility, which is essential for carrying out biological assays in aqueous media. In 

addition, the CPE-based optical sensors provide a homogeneous approach, which is less 
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labor-intensive and less time-consuming compared with heterogeneous assay such as 

enzyme-linked immunosorbent assay (ELISA). As a result, the CPE-based assay is 

simpler, faster, and can readily be adapted to a fluorescence-based high-throughput 

screening (HTS) format [4]. Most importantly, signal amplification based on sensitive 

and collective response of CPEs to analytes can be achieved even in the presence of a 

very small amount of quenchers (amplified quenching effect) and minor changes in 

aggregation or conformation. Therefore, the CPE-based optical sensors show superior 

sensitivity with typical detection limits in nanomolar [5] or even in zeptomolar 

concentration range [6]. 

CPE-based optical sensors have been realized in two detection modes, 

colorimetric and fluorometric. Colorimetric detection is based on a change in absorption 

wavelength of CPEs; while the fluorometric assay affords inherent high sensitivity as 

well as versatility in detection of various signals, which include the changes in intensity, 

wavelength and lifetime. In most of the CPE-based sensors that have been developed, the 

fluorescence can be either enhanced to give a turn-on signal or quenched to give a turn-

off signal upon direct or indirect interaction with targets. Both the turn-on and turn-off 

approaches are realized by three mechanisms, i.e. photoinduced electron transfer (PeT) 

mechanism, photoinduced energy transfer (PET) via fluorescence resonance energy 

transfer (FRET), Internal charge transfer (ICT), geometrical relaxation and 

conformational change mechanism [7]. It is important to point out that these three 

mechanisms are not exclusive. It is some already developed CPE-based sensors utilize 

more than one or even all of them in one assay. 

 

1.6 Metal ion sensor 

In 2005, Bunz et al. [8]  reported a sensitive and selective lead(II) ion (Pb2+) 

sensor which was based on the heavy metal induced fluorescence quenching of a 

carboxylated PPE 8 (Figure 1.4). The high sensitivity of this sensor was attributed to the 

combination of multivalent effect between 8 and Hg2+, as well as the exciton migration 

(amplified quenching effect) along the polymer chain. More recently, the same group 
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employed the same polymer and developed selective sensor for mercury (II) ion (Hg2+) 

[9]. The assay was based on a formation of an electrostatic complex between 8 and 

papain, a cationic cysteine-rich protease. As shown in Figure 1.4, the 8-papain complex 

displays selective fluorescence quenching response only to Hg2+ over 9 other control 

metal ions (i.e., Zn2+, Cd2+, Pb2+, Fe2+, Ni2+, Co2+, Cu2+, Ca2+ and Mg2+). The authors 

proposed an agglutination mechanism to explain this selectivity as shown in Figure 1.5. 

Papain with free thiol groups is known to bind Hg2+. In the 8-papain complex, the protein 

chains are strongly cross-linked by the anionic polymer, forming a supramolecular 

structure which is more sensitive towards agglutination than either 8 or papain alone. As 

a result, a weak emissive precipitation and a non-fluorescent solution were observed after 

adding Hg2+ to the 8-papain complex solution. 

 

 

 

 

 

 

 

 

Figure 1.4. Structure of carboxylated PPE 8 and pictures taken under a hand-held UV 

light to show the fluorescence under different situations: A) 8-papain complex ([8] = 5 

μM, [papain] = 5 μM). B) All 10 metal ions added to 8-papain complex ([metal ion] = 0.4 

mM). C) All ions except Hg2+ add to 8. 

8 
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Figure 1.5. Qualitative interpretation of the Hg2+-induced agglutination of the 8-papain 

complex. A) PPE 8 alone. B) Electrostatic complex of 8 and papain. C) The addition of 

Hg2+ to 8-papain complex leads to its precipitation by cross-linking of the papain 

molecules through Hg2+. 

 

In 2008, Tolosa and coworkers [10] synthesized water soluble fluorescent 

cruciforms V-VII. The emission spectra of these compounds shifted differently upon the 

addition of metal ions such as Mg2+, Ca2+, Al3+, Hg2+, Zn2+, Fe2+ and Cu2+. This 

responsive property was developed into a sensor array for metal ions.  

 

 

V                  VI                   VII 
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Figure 1.6 Fluorogenic responses of V-VII in the presence of metal ions. 

 

In 2009, Niamnont and coworkers [11] reported the synthesis and sensing 

properties of water soluble fluorescent dendritic compound 3. This dendritic compound 

composed of phenylene-ethynylene repeating units and anionic carboxylate peripheries. 

Without a surfactant, compound 3 exhibited a low fluorescent quantum yield, but a good 

selectivity toward Hg2+. After adding Triton X-100, the quantum yield was drastically 

increased and the sensitivity for the detection of Hg2+ was also improved.  

 

 

 
V 
 
 
VI 
 
 
VII 
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Figure 1.7 Dendritic fluorophore 3 and its selectivity toward Hg2+ ion before (c) and 

after (d) the surfactant added. 

 

In 2010, Goswami and coworkers [12] reported a highly selective and sensitive 

fluoroionophore for Cu2+ based on metal triggered enhanced internal charge transfer 

(ICT) in six rings annulated structurally rigid perinone dye (receptor 1). The 

fluoroionophore shows a strong colorimetric change and a dramatic enhancement of 

fluorescence intensity due to cation-induced excited state ICT during the sensing. 

      
 

Figure 1.8 Proposed mode of binding with Cu2+ and color changes from orange to purple 

upon Cu2+ complexation. 

 

 In 2011, a group of Yu and coworkers [13] designed fluorescent chemosensor of 

naphthalimide modified rhodamine B for high selective and sensitive determination of 

Cu2+ in aqueous media and living cells. The limit of detection (LOD) was obtained as low 

as 0.18 μM of Cu2+. In addition, the chemosensor was displayed promising for rapid and 

sensitive determination of Cu2+ in biological samples. 
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Figure 1.9 Binding mode of fluorescent sensor with Cu2+. 

 

In 2006, Sundari and coworkers [14] immobilized salicylic acid onto styrene-

divinylbenzene cross-linked copolymer as a reagent phase for the development of an 

optical fiber copper (II) sensor. Cu (II) has four coordination numbers that is capable of 

forming chemical bonds with two molecules of salicylic acid, which acts as a bidentate 

ligand. The linear dynamic range of Cu (II) was found within the concentration range of 

1.0-2.0 mmol/L with its LOD of 0.5 mmol/L. 

 

 
Figure 1.10 Chemical structure of copper (II)-salicylate complex. 

 

In 2011, Sirilaksanapong and coworkers [15] synthesized water-soluble 

fluorophores from 1,3,5-tris-(4'-iodophenyl)benzene [Figure 1.11]. These compound 

containing three phenylene-ethynylene units and three salicylic acid peripheral groups 

exhibits a highly selective fluorescence quenching by Cu2+ ions. The detection limit for 

Cu2+ improves from 6.49 to 0.19 ppb in aqueous media in the presence of Triton X-100 

surfactant as well as the quantum efficiency. 
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Figure 1.11 Water-soluble fluorophore 3 and its selectivity toward Cu2+ ion. 

 

 In 2008, Sheng and coworkers [16] were synthesized a coumarin derivative as a 

colorimetric chemosensor 1 by coupling coumarin aldehyde with diaminomaleonitrile to 

form Schiff base structure with the enhanced intramolecular charge transfer (ICT). It 

exhibits good sensitivity and selectivity toward Cu2+ ion over other cations in aqueous 

solution via its optical response. The colorimetric response of 1 to Cu2+, fabrication of 1 

test strips exhibits a good sensitivity and selectivity to Cu2+ as in solution [Figure 1.12].   

 

 
Figure 1.12 Coumarin-based colorimetric chemosensor 1 and its selectivity toward Cu2+ 

ion in aqueous solution and on paper-made test kits. 

 

 In 2011, Yang and coworkers [17] were constructed a novel nanoparticle 

autocatalytic sensor for the Ag+ and Cu2+ detection, based on the oxidative ability of Ag+ 

and Cu2+ toward o-phenylenediamine (OPDA). Based on the nanoparticle autocatalytic 
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sensor, the detection limit for Ag+ and Cu2+ are 60 nM and 2.5 nM, respectively. In 

addition, a nanoparticle autocatalytic sensor is applied to test paper for the detection of 

Ag+ and Cu2+ with the naked eye. Ag+ and Cu2+ could be detected at levels as low as 0.06 

nmol and 0.3 nmol, respectively. 

 

     
Figure 1.13 The Principle of the nanoparticle autocatalytic sensor for Ag+ and Cu2+ (left). 

Test paper for the detection of (a and b) Ag+ and (c and d) Cu2+. 

 

1.7 DNA sensor 

 In 2003, Gaylord and coworkers [18] were used the optical amplification of 

cationic conjugated polymers (polyfluorene phenylene: 1) [Figure 1.14] to detect single-

stranded deoxyribonucleic acid (ssDNA) with specific base sequence which labeled with 

a dye (fluorescein). The optical propertied of the CP (1) and ssDNA-labeled dye (C*) are 

optimized so that Förster Resonance Energy Transfer (FRET) from CP (donor) to DNA-

C* (acceptor) is favored. The FRET ratio of 1 with hybridized and nonhybridized DNA 

probe show that CP can be used to monitor the presence of a complementary strand to 

ssDNA-C*.  
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Figure 1.14 Fluorophore 1 and DNA sequence (left). FRET ratio of 1 with hybridized 

and nonhybridized DNA (right). 

  

In 2008, Lee and coworkers [19] have developed a series of oxadizole-containing 

conjugated polymers toward chemical degradation and established an on-chip DNA 

synthesis on thin-layers of conjugated polymers (POX1). The efficient fluorescence 

resonance energy transfer (FRET) from the polymer layer to dye-labeled DNA shows 

large signal amplification. These signal have label-free DNA detection capability by 

combining the signal of POX1-based DNA microarray and the intercalating dye, SYBR 

green so that without losing good selectivity, sensitive detection of target DNA was 

achieved. 
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Figure 1.15 (a) Schematic of a label-free conjugated polymer-DNA hybrid microarray, 

(b) chemical structures of POX1 and SYBR green I and (c) UV-vis/PL spectra 

(black/blue: POX1 and green/red: SYBR green). 

 

 In 2009, Ren and coworkers [20] were develope label-free DNA sensors which 

PicoGreen used in combination with conjugated polymers. The enhance detection 

efficiency up to 19-fold through FRET using PFP as a light harvesting complex. The 

improved selectivity is ascribed to the stronger binding interaction between PicoGreen 

with dsDNA (complementary) compared to that between PicoGreen and ssDNA (non-

complementary), which results in selective repelling of PicoGreen away from the DNA 

strands. 

 

   
Figure 1.16 Chemical structures of PFP, PicoGreen (PG) and DNA sequences (left). 

FRET ratio of PFP/PG/DNA with increasing number of mismatched base pairs (right). 
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In 2010, Tang and coworkers [21] were synthesized water-soluble conjugated 

polymer containing fluorine moiety and ethylenic moiety in the backbone (PFV) for 

label-free DNA detection. The structure of PFV provides stronger interactions with 

double-stranded DNA (dsDNA). The efficient FRET is observed from PFV (donor) to 

ethidium bromide, EB (acceptor) intercalated in dsDNA. The interaction between PFV 

and DNA can be measuring the FRET ratio between PFV and EB intercalated in DNA. 

 

    

Figure 1.17 (left) Chemical structures of PFV. (right) emission spectra of a) 

PFV/dsDNA, b) PFV/dsDNA/EB and c) dsDNA/EB. 

 

1.8 Objective of this research 

 The aim of this work focuses on the synthesis of water soluble dendritic 

fluorophores composed of phenyleneethynylene repeating units and anionic salicylate or 

cationic ammonium peripheral groups (Figure 1.18) and study of these new fluorophores 

as metal ion and DNA sensors in a aqueous media. 
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Figure 1.18 The target molecules. 



CHAPTER II 

 

EXPERIMENTAL 

 

2.1 Chemicals and materials  

Methyl 4-iodosalicylate, 1,8-diabicyclo [5.4.0] undec-7-ene (DBU), copper (I) 

iodide, sodium chloride were reagent grade which were purchased from Sigma-

Aldrich. Bis(triphenylphosphine)palladium(II) dichloride (PdCl2(PPh3)2), potassium 

hydroxide, potassium carbonate, potassium chloride, potassium hydrogen carbonate, 

dipotassium hydrogen phosphate, nonionic surfactant (Triton X-100) were purchased 

from Fluka (Switzerland). Trimethylsilylacetylene was purchased from GFS 

Chemical. Metal ions (Ag+, Al3+, Ba2+, Ca2+, Cd2+, Co2+, Cu2+, Fe2+, Fe3+, Hg2+, K+, 

Li+, Mg2+, Mn2+, Na+, Ni2+, Pb2+, Sr2+ and Zn2+) were prepared from their 

commercially available inorganic salts purchased from Sigma-Aldrich and Fluka. Tris 

base was prepared Tris-HCl buffer purchased from Sigma-Aldrich. The 22-mer 

oligonucleotides (single-stranded DNA (ssDNA): 5'- ACT ACG ATA CTG GCA 

GGT GCA T-3', complementary DNA (cDNA): 5'-ATG CAC CTG CCA GTA TCG 

TAG T-3', non-complementary (ncDNA): 5'-GCG TGA TTT ATC GCG CTA TGA 

C-3', double mismatched DNA (2mDNA): 5'- ATG CAC TTG CCA GTG TCG TAG 

T-3') were purchased from Bio Design. Co., Ltd. (Bangkok, Thailand) and used 

without further purification. SYBR Green II RNA gel stain was purchased from 

Sigma-Aldrich (Switzerland). For most reactions, solvents such as methylene chloride 

and acetonitrile were reagent grade stored over molecular sieves. In anhydrous 

reactions, solvents such as THF and toluene were dried and distilled before use 

according to the standard procedures. Column chromatography was operated using 

Merck silica gel 60 (70-230 mesh). Thin layer chromatography (TLC) was performed 

on silica gel plates (Merck F245). Solvents used for extraction and chromatography 

such as methylene chloride, hexane, ethyl acetate and methanol were commercial 

grade and distilled before use while diethyl ether and chloroform were reagent grade. 

Milli-Q water was used in all experiments unless specified otherwise. The most 

reactions were carried out under positive pressure of N2 filled in rubber balloons.  
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2.2 Analytical instruments 

The melting points of all products were acquired from a melting point 

apparatus (Electrothermal 9100, Fisher Scientific, USA). Elemental (C, H, N) 

analyses were performed on a PE 2400 series II analyzer (Perkin-Elmer,  USA). Mass 

spectra were recorded on a Microflex MALDI-TOF mass spectrometer (Bruker 

Daltonics) using doubly recrystallized α-cyano-4-hydroxy cinnamic acid (CCA) as a 

matrix. The HRMS spectra were measured on an electrospray ionization mass 

spectrometer (microTOF, Bruker Daltonics).  Fourier transform infrared spectra were 

acquired on Nicolet 6700 FT-IR spectrometer equipped with a mercury-cadmium 

telluride (MCT) detector (Nicolet, USA). 1H- and 13C-NMR spectra were acquired 

from sample solution in CDCl3, acetone-d6, CD3CN, CD3OD and DMSO-d6 on 

Varian Mercury NMR spectrometer (Varian, USA) at 400 MHz and100 MHz, 

respectively. The UV-visible absorption spectra were obtained from a Varian Cary 50 

UV-Vis spectrophotometer (Varian, USA) and the fluorescence emission spectra were 

recorded on a Varian Cary Eclipse spectrofluorometer (Varian, USA). 

 

2.3 Synthesis of fluorophores 

2.3.1 Preparation of 4, 4, 4-triiodotriphenylamine  

 
A mixture of triphenylamine (7.4 g, 30 mmol) in chloroform (100 mL) and 

methanol (50 mL) was added with benzyltrimethylammonium dichloroiodate 

(BTMAICl2) [22] (34.5 g, 99 mmol) and CaCO3 (18 g, 180 mmol). The reaction 

mixture was allowed to reflux for 72 h and 20% Na2S2O3 solution was then added to 

the mixture until the mixture became light yellow. The mixture was filtered and the 

filtrate was extracted with methylene chloride (3 × 50 mL). The combined organic 

phase was washed with water (2 × 100 mL) and dried over anhydrous MgSO4. The 

solution was concentrated and the residue was re-precipitated in methanol from 
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methylene chloride solution. Triiodotriphenylamine (T3I) was obtained (13.09 g, 

70%) as a white solid: mp; 182-184oC; 1H NMR (CDCl3, 400 MHz): δ (ppm) 7.53 (d, 

J = 8.0 Hz, 6H), 6.81 (d, J = 8.0 Hz, 6H); 13C NMR (CDCl3, 100 MHz): δ (ppm) 

146.5, 138.4, 126.0, 86.5; MALDI-TOF m/z Calcd. for C18H12I3N, 622.810 Found: 

622.561. 

 

2.3.2 Preparation of methyl 2-hydroxy-4-((trimethylsilyl)ethynyl)benzoate 

 

 
A mixture of methyl 2-hydroxy-4-iodobenzoate (2.00 g, 7.2 mmol), 

PdCl2(PPh3)2 (0.14 g, 0.2 mmol), CuI (0.04 g, 0.2 mmol) and trimethylsilylacetylene 

(0.85 g, 8.6 mmol)  in toluene (10 mL) was added with DBU (1 mL) and the mixture 

was stirred at room temperature for 3 h. The reaction mixture was then filtered and the 

solid was washed with toluene (3 × 15 mL). The filtrate was evaporated and the 

residue was eluted through a silica gel column by gradient solvents starting from 

hexane to methylene chloride/hexane (1/2 v/v) as an eluent to afford methyl 2-

hydroxy-4-((trimethylsilyl)ethynyl)benzoate as a white solid (1.21 g, 68% yield). 1H 

NMR (CDCl3, 400 MHz): δ (ppm) 10.73 (s, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.06 (d, J = 

8.0 Hz, 1H) 6.94 (d, J = 8.0 Hz, 1H), 3.94 (s, 3H), 0.25 (s, 9H); 13C NMR (CDCl3, 

100 MHz): δ (ppm) 170.2, 161.2, 130.4, 129.9, 122.8, 120.9, 112.4, 103.8, 98.1, 52.6, 

0.1. 

 

2.3.3 Preparation of methyl 4-ethynyl-2-hydroxybenzoate 

  

 
A mixture of methyl 2-hydroxy-4-iodobenzoate (1.00 g, 4.03 mmol) and 

K2CO3 (55 mg, 0.40 mmol) in methylene chloride (15 mL) and methanol (15 mL) was 
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stirred at room temperature for 24 h. The organic layer was separated and the aqueous 

phase was extracted with methylene chloride (2 x 50 mL) and was then dried over 

anhydrous MgSO4. The solvent was evaporated and the residue was eluted through a 

silica gel column by gradient solvents starting from hexane to methylene 

chloride/hexane (1/4 v/v) as an eluent to afford methyl 4-ethynyl-2-hydroxybenzoate 

as a white solid (0.65 g, 92% yield). 1H NMR (CDCl3, 400 MHz): δ (ppm) 10.76 (s, 

1H), 7.78 (d, J = 8.0 Hz, 1H), 7.10 (s, 1H), 6.99 (d, J = 8.0 Hz, 1H), 3.95 (s, 3H), 3.21 

(s, 1H); 13C NMR (CDCl3, 100 MHz): δ (ppm) 170.2, 161.3, 130.0, 129.4, 122.9, 

121.3, 112.8, 82.7, 80.3, 52.6. 

 

2.3.4 Preparation of 2ISA0, I2SA0 (4), and 3SA0 (3). 

 
A mixture of T3I (2.00 g, 3.21 mmol), PdCl2(PPh3)2 (0.11 g, 0.16 mmol), CuI 

(0.03 g, 0.16 mmol), methyl 4-ethynyl-2-hydroxybenzoate (1.24 g, 7.06 mmol) in 

toluene (30 mL) was added DBU (2.0  mL) and the mixture was stirred at RT for 24 

h. After the combined filtrate was evaporated and the residue was eluted through a 

silica gel column by gradient solvents from hexane to methylene chloride/hexane (3/1 

v/v) as an eluent. 2ISA0 was obtained as a light yellow solid (0.56 g, 26% yield), 1H 

NMR (CDCl3, 400 MHz): δ (ppm) 10.78 (s, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.56 (d, J = 

8.0 Hz, 4H), 7.40 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 8.0 Hz, 1H) 7.00 (d, J = 8.0 Hz, 

3H), 6.85 (d, J = 8.0 Hz, 4H), 3.96 (s, 3H). 13C NMR (CDCl3, 100 MHz): δ (ppm) 

170.3, 161.4, 147.4, 146.6, 138.7, 133.2, 129.9, 126.7, 123.2, 122.4, 120.3, 116.9, 
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112.1, 92.7, 88.5, 87.2, 52.5. I2SA0 (4) was obtained as a dark yellow solid (0.76 g, 

33% yield), 1H NMR (CDCl3, 400 MHz): δ (ppm) 10.78 (s, 2H), 7.80 (d, J = 8.0 Hz, 

2H), 7.59 (d, J = 8.0 Hz, 2H), 7.43 (d, J = 8.0 Hz, 4H), 7.11 (d, J = 8.0 Hz, 2H), 7.00-

7.06 (m, 6H), 6.89 (d, J = 8.0 Hz, 2H), 3.96 (s, 6H). 13C NMR (CDCl3, 100 MHz): δ 

(ppm) 170.2, 161.3, 147.1, 146.4, 138.6, 133.1, 130.7, 129.8, 127.0, 123.6, 122.3, 

120.2, 117.2, 111.9, 92.5, 88.5, 87.5, 52.4. 3SA0 (3) was obtained as a yellow-orange 

solid (0.32 g, 13% yield). 1H NMR (CDCl3, 400 MHz): δ (ppm) 10.78 (s, 3H), 7.80 

(d, J = 8.0 Hz, 3H), 7.45 (d, J = 8.0 Hz, 6H), 7.08-7.12 (m, 9H), 7.00-7.03 (m, 3H), 

3.96 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ (ppm) 170.3, 161.4, 147.2, 133.3, 130.8, 

130.0, 124.2, 122.5, 120.3, 117.6, 112.1, 92.6, 88.7, 52.5. MALDI-TOF m/z Calcd for 

C48H33NO9, 767.216; Found, 766.807. 

 

2.3.5 Preparation of F4. 

 

A mixture of 3 (0.50 g, 0.41 mmol) in THF (15 mL) and methanol (15 mL) 

was added with saturated KOH aqueous solution (0.5 mL) and the mixture was heat to 

70oC. After 24 h the solution was evaporated and the residue was dissolved in water 

(20 mL). Approximately 50 g of ice was then added and the aqueous solution was 

acidified and stored in the refrigerator for 1 h. The product was filtered to afford F4 as 

a yellow solid (0.43 g, 92% yield). mp : > 200oC decompose. 1H NMR (CD3OD, 400 

MHz): δ (ppm) 7.72 (d, J = 8.0 Hz, 3H), 7.35 (d, J = 8.0 Hz, 6H), 6.84-6.96 (m, 12H). 
13C NMR (CD3OD, 100 MHz): δ (ppm) 173.02, 162.82, 148.38, 134.23, 131.62, 

131.55, 125.28, 123.14, 120.58, 118.87, 113.77, 92.94, 89.45. MALDI-TOF m/z 

Calcd for C45H27NO9, 725.169; Found, 725.210. 
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2.3.6 Preparation of 5. 

 
A mixture of I2SA0 (4) (2.00 g, 2.78 mmol), PdCl2(PPh3)2 (0.06 g, 0.08 

mmol), CuI (0.02g, 0.08 mmol) and trimethylsilylacetylene (0.33 g, 3.3 mmol)  in 

toluene (10 mL) was added with DBU (1 mL) and the mixture was stirred at room 

temperature for 3 h. The reaction mixture was then filtered and the solid was washed 

with toluene (3 × 15 ml). The filtrate was evaporated and the residue was eluted 

through a silica gel column by gradient solvents starting from pure hexane to 

methylene chloride/hexane (1/4 v/v) as an eluent to afford 5 as a yellow solid (0.81 g, 

42% yield). 1H NMR (CDCl3, 400 MHz): δ (ppm) 10.78 (s, 2H), 7.80 (d, J = 8.0 Hz, 

2H), 7.41 (d, J = 8.0, 8.0 Hz, 6H), 7.11 (s, 2H) 7.03 (dd, 8H), 3.96 (s, 6H), 0.25 (s, 

9H); 13C NMR (CDCl3, 100 MHz): δ (ppm) 170.2, 161.3, 147.1, 133.1, 130.7, 129.8, 

123.9, 122.3, 120.2, 117.2, 111.9, 104.8, 94.2, 92.5, 88.5, 52.4, 0.0. 

 

2.3.7 Preparation of 6. 

 
A mixture of 5 (1.00 g, 1.45 mmol) and K2CO3 (0.059 g, 0.15 mmol) in 

methylene chloride (15 mL) and methanol (15 mL) was stirred at room temperature 

for 24 h. The organic layer was separated and the aqueous phase was extracted with 

methylene chloride (2 x 50 mL) and was then dried over anhydrous MgSO4. The 

solvent was evaporated and the residue was eluted through a silica gel column by 
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gradient solvents starting from pure hexane to methylene chloride/hexane (1/4 v/v) as 

an eluent to afford 6 as a brown solid (0.74 g, 83% yield). 1H NMR (CDCl3, 400 

MHz): δ (ppm) 10.79 (s, 2H), 7.80 (d, J = 8.0 Hz, 2H), 7.59 (d, J = 8.0 Hz, 1.5H) 7.43 

(d, J = 8.0 Hz, 4.5H), 7.00-7.12 (m, 8.5H), 6.89 (d, J = 8.0 Hz, 1.5H), 3.96 (s, 6H), 

3.08 (s, 1H); 13C NMR (CDCl3, 100 MHz): δ (ppm) 170.3, 161.4, 147.2, 133.6, 133.3, 

130.0, 124.4, 124.1, 122.5, 120.3, 117.5, 112.1, 92.6, 88.7, 83.5, 52.5. 

 

2.3.8 Preparation of 7. 

 

A mixture of 6 (0.50 g, 0.41 mmol), PdCl2(PPh3)2 (20 mg, 0.02 mmol), CuI 

(40 mg, 0.02 mmol) in toluene (15 mL) was added DBU (1.0  mL) and the mixture 

was stirred at rt for 24 h. After the combined filtrate was evaporated and the residue 

was eluted through a silica gel column by gradient solvents from pure hexane to 

methylene chloride/hexane (3/1 v/v) as an eluent. 7 was obtained as a dark yellow 

solid (0.33 g, 65% yield). 1H NMR (CDCl3, 400 MHz): δ (ppm) 10.79 (s, 4H), 7.80 

(d, J = 8.0 Hz, 4H), 7.45 (d, J = 8.0 Hz, 12H), 7.01-7.12 (m, 20H), 3.96 (s, 12H). 13C 

NMR (CDCl3, 100 MHz): δ (ppm) 170.3, 161.4, 147.0, 133.3, 130.8, 130.0, 124.4, 

122.5, 120.4, 117.8, 116.6, 112.1, 92.5, 88.8, 81.9, 74.3, 52.5. MALDI-TOF m/z 

Calcd for C80H52N2O12, 1232.352; Found, 1232.357.  
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2.3.9 Preparation of F5. 

 

A mixture of 7 (0.50 g, 0.41 mmol) in THF (15 mL) and methanol (15 mL) 

was added with saturated KOH aqueous solution (0.5 mL) and the mixture was heat to 

70oC. After 24 h the solution was evaporated and the residue was dissolved in water 

(20 mL). Approximately 50 g of ice was then added to the aqueous solution, acidified 

and kept in a refrigerator for 1 h. The product was filtered to afford F5 as a yellow 

solid (0.39 g, 82% yield). mp : > 200oC decompose. 1H NMR (CD3OD, 400 MHz): δ 

(ppm) 7.91 (d, 4H), 7.57 (m, 12H), 7.14 (m, 20H); 13C NMR (CD3OD, 100 MHz): δ 

(ppm) 173.0, 162.7, 148.0, 143.5, 135.2, 134.4, 131.6, 125.4, 123.4, 120.7, 119.0, 

113.5, 93.3, 89.9; MS-ES- m/z Calcd for C76H44N2O12, 1176.2894, 293.07 [M]4-  

Found : 292.83 [M]4-.   

 

2.3.10 Preparation of 1. 

 
A mixture of methyl 4-ethynyl-2-hydroxybenzoate (0.50 g, 2.84 mmol), 

PdCl2(PPh3)2 (0.11 g, 0.16 mmol), CuI (0.03 g, 0.16 mmol) in toluene (15 mL) was 

added DBU (1.0  mL) and the mixture was stirred at RT for 24 h. After the combined 

filtrate was evaporated, the residue was eluted through a silica gel column by gradient 



26 
 

solvents from pure hexane to methylene chloride/hexane (3/1 v/v) as an eluent. 1 was 

obtained as a light-yellow solid (0.44 g, 88% yield), 1H NMR (CDCl3, 400 MHz): δ 

(ppm) 10.79 (s, 2H), 7.82 (d, J = 8.0 Hz, 2H), 7.14 (s, 2H), 7.03 (d, J = 8.0 Hz, 2H), 

3.96 (s, 6H). 13C NMR (CDCl3, 100 MHz): δ (ppm) 170.2, 161.4, 130.1, 129.9, 122.8, 

122.7, 120.8, 112.7, 91.3, 52.6; MALDI-TOF m/z Calcd for C20H14O6, 350.079; 

Found, 350.367. 

 

2.3.11 Preparation of F3. 

 
A mixture of dimethyl 1 (0.50 g, 1.43 mmol) in THF (15 mL) and methanol 

(15 mL) was added with saturated KOH aqueous solution (0.5 mL) and the mixture 

was heat to 70oC. After 24 h the solution was evaporated and the residue was 

dissolved in water (20 mL). Approximately 50 g of ice was then added to the aqueous 

solution. The mixture was acidified and stored in the refrigerator for 1 h. The product 

was filtered to afford F3 as a light-yellow solid (0.42 g, 91% yield). 1H NMR 

(CD3OD, 400 MHz): δ (ppm) 7.82 (d, J = 8.0 Hz, 2H), 7.00-7.03 (m, 8H), 7.64; 13C 

NMR (CDCl3, 100 MHz): δ (ppm) 131.9, 131.8, 130.4, 123.7, 123.2, 120.9, 91.5. 

 

2.3.12 Preparation of 2. 

 
A mixture of 2BrDZ (133.5 mg, 0.45 mmol), PdCl2(PPh3)2 (28 mg, 0.04  

mmol), CuI (8.0 mg, 0.04 mmol) and methyl 4-ethynyl-2-hydroxybenzoate (179.6 

mg, 1.02 mmol) in toluene (15 mL) was added with DBU (0.5 mL) and the mixture 

was stirred at 70oC for 12 h. After the combined filtrate was evaporated, the residue 

was eluted through a silica gel column by gradient solvents from pure hexane to 

methylene chloride/hexane (1/1 v/v) as an eluent.to afford 2 was obtained as a yellow 

green solid (139.5 mg, 64% yield). 1H NMR (CDCl3, 400 MHz) : δ (ppm) 10.81 (s, 
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2H), 7.86 (d, J = 8.0 Hz, 2H), 7.83 (s, 2H), 7.28 (s, 2H), 7.18 (d, J = 12.0 Hz, 2H), 

3.98 (s, 6H); 13C NMR (CDCl3, 100 MHz) : δ (ppm) 170.2, 161.4, 154.4, 133.0, 

130.1, 130.0, 122.8, 121.0, 117.3, 113.0, 96.6, 88.0, 52.6. 

 

2.3.13 Preparation of F2. 

 
A mixture of 2 (0.50 g, 1.03 mmol) in THF (15 mL) and methanol (15 mL) 

was added with saturated KOH aqueous solution (0.5 mL) and the mixture was heat to 

70oC. After 24 h the solution was evaporated and the residue was dissolved in water 

(20 mL). Approximately 50 g of ice was then added to the aqueous solution. The 

mixture was acidified and stored in the refrigerator for 1 h. The product was filtered to 

afford F2 as a green solid (0.34 g, 72% yield). 1H NMR (DMSO-d6, 400 MHz) : δ 

(ppm) 8.00 (s, 2H), 7.85 (d, J = 8.0 Hz, 2H), 7.16-7.18 (m, 4H); 13C NMR (CDCl3, 

100 MHz) : δ (ppm) 171.1, 160.7, 153.5, 133.3, 130.9, 128.1, 122.3, 119.6, 116.0, 

114.1, 95.7, 87.8. 

 

2.3.14 Preparation of 4-iodo-N, N-dimethylaniline 

 
       A mixture of N, N-dimethylaniline (6.0 g, 50 mmol) in chloroform (100 mL) 

and methanol (50 mL) was added with BTMAICl2( 18.08 g, 52 mmol) and CaCO3 

(16.45 g, 0.15 mmol). After the reaction mixture was refluxed for 36 h, 20% Na2S2O3 

solution was added to the mixture until the mixture became light yellow. The mixture 

was filtered and the filtrate was extracted with methylene chloride (3 × 50 mL). The 

combined organic phase was washed with water (2 × 100 mL) and dried over 

anhydrous MgSO4. The solution was concentrated and the residue was re-precipitated 

in methanol from methylene chloride solution. Compound 4-iodo-N,N-

dimethylaniline was obtained as a purple solid (6.97 g, 57%): mp ; 91-93oC; 1H NMR 
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(CDCl3, 400 MHz): δ (ppm) 7.46 (d, J = 5.6 Hz, 2H),  6.49 ( d, J = 5.6 Hz, 2H), 2.92 

(s, 6 H); 13C NMR (CDCl3, 100 MHz): δ (ppm) 150.0, 137.5, 114.7, 77.4, 40.3. 

 

2.3.15 Preparation of N,N-dimethyl-4-((trimethylsilyl)ethynyl)aniline 

 
  A mixture of 4-iodo-N,N-dimethylaniline (2.51 g, 10 mmol), PdCl2(PPh3)2 

(0.35 g, 0.5 mmol), CuI (0.08 g, 0.5 mmol) and trimethylsilylacetylene (1.08 g, 11 

mmol)  in toluene (10 ml) was added with DBU (1 mL) and the mixture was stirred at 

room temperature for 4 h. The reaction mixture was then filtered and the solid was 

washed with toluene (3 × 15 ml). The filtrate was evaporated and the residue was 

eluted through a silica gel column by gradient solvents starting from pure hexane to 

methylene chloride/hexane (1/3 v/v) as an eluent to afford N,N-dimethyl-4-

((trimethyl-silyl)ethynyl)aniline as a yellow solid (1.68 g, 76% yield). mp: 88-89°C; 
1H NMR (CDCl3, 400 MHz): δ (ppm) 7.34(d, J = 8.0 Hz, 2H), 6.59 (d, J = 8.0 Hz, 

2H), 2.97 (s, 6H), 0.23 (s, 9H); 13C NMR (CDCl3, 100 MHz): δ (ppm) 150.2, 133.1, 

111.6, 109.9, 106.5, 91.1, 40.1, 0.21. 

 

2.3.16 Preparation of 4-ethynyl-N,N-dimethylaniline 

 
A mixture of N,N-dimethyl-4-((trimethylsilyl)ethynyl)aniline (1.00 g, 4.6 

mmol) and K2CO3 (0.059 g, 0.43 mmol) in methylene chloride (15 mL) and methanol 

(15 mL) was stirred at room temperature for 12 h. Next addition of water, the organic 

layer was separated and the aqueous phase was extracted with methylene chloride (2 

× 50 mL) and was then dried over anhydrous MgSO4. The filtrate was evaporated and 

the residue was eluted through a silica gel column by gradient solvents starting from 

pure hexane to methylene chloride/hexane (1/3 v/v) as an eluent to afford 4-ethynyl-

N, N-dimethylaniline as a brown-yellow solid (0.56 g, 84 % yield). mp: 67-69°C. 1H 

NMR (CDCl3, 400 MHz): δ (ppm) 7.37 (d, J = 8.8 Hz, 2H), 6.62 (d, J = 8.8 Hz, 2H), 
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2.97 (s, 7H); 13C NMR (CDCl3, 100 MHz): δ (ppm) 150.3, 133.1, 111.6, 108.7, 84.8, 

74.7, 40.1. 

 

2.3.17 Preparation of 2IN0, I2N0, and 3N0. 

 

To a mixture of T3I (5.0 g, 8.03 mmol), PdCl2(PPh3)2 (0.17 g, 0.24 mmol), 

CuI (0.05 g, 0.24  mmol) and 4-ethynyl-N, N-dimethylaniline (2.57 g, 17.67 mmol) in 

toluene (40 mL) was added with DBU (2 mL) and the reaction mixture was stirred at 

room temperature for 24 h. The reaction mixture was filtered and the solvent was 

evaporated under reduced pressure. The residue was purified by flash chromatography 

on silica gel using gradient eluents varied from pure hexane to CH2Cl2/hexane (2/1 

v/v). 2IN0 was obtained as a yellow solid (0.05 g, 1% yield) mp: 166-169°C. 1H NMR 

(CDCl3, 400 MHz): δ (ppm) 7.54 (d, J = 8.0 Hz, 4H), 7.36-7.40 (m, 4H), 6.98 (d, J = 

8.0 Hz, 2H), 6.83 (d, J = 8.0 Hz, 4H), 6.66 (d, J = 8.0 Hz, 4H),  2.99 (s, 6H). 13C 

NMR (CDCl3, 100 MHz): δ (ppm) 150.1, 146.7, 145.9, 138.4, 132.5, 126.2, 123.7, 

119.0, 111.9, 90.5, 87.0, 86.4, 40.3. I2N0 was obtained as a yellow solid (1.74 g, 33% 

yield), mp: > 200°C. 1H NMR (CDCl3, 400 MHz): δ (ppm) 7.54 (d, J = 8.0 Hz, 2H), 

7.38 (dd, 8H), 7.01 (d, J = 8.0 Hz, 4H), 6.86 (d, J = 8.0 Hz, 2H), 6.66 (d, J = 8.0 Hz, 

4H), 2.99 (s, 12H). 13C NMR (CDCl3, 100 MHz): δ (ppm) 150.0, 146.8, 146.0, 138.3, 

132.6, 126.3, 123.8, 118.7, 111.8, 110.1, 90.4, 87.1, 40.2. 3N0 was obtained as a 

yellow-brown solid (1.41 g, 26% yield). mp: > 200oC; 1H NMR (CDCl3, 400 MHz): δ 
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(ppm) 7.39 (dd, 12H), 7.04 (d, J = 8.0 Hz, 6H), 6.66 (d, J = 8.0 Hz, 6H), 2.99 (s, 

18H); 13C NMR (CDCl3, 100 MHz): δ (ppm) 149.9, 146.2, 132.6, 123.9, 118.6, 111.9, 

90.3, 87.2, 40.2. 

 

2.3.18 Preparation of 4N0. 

 
A mixture of I2N0 (200 mg, 0.30 mmol), PdCl2(PPh3)2 (55 mg 0.080  mmol), 

CuI (15 mg 0.08 mmol) and trimethylsilylacetylene (0.5 mL) in toluene (10 mL) was 

added with DBU (1 mL) and the mixture was stirred at room temperature for 4 h. 

Then saturated potassium hydroxide (0.1 mL) was added to the mixture and stirred at 

room temperature for 24 h. The mixture was filtered and the filtrate was evaporated. 

The residue was eluted through a silica gel column by gradient solvents starting from 

pure hexane to hexane/methylene chloride (1/4 v/v) as an eluent to afford 4N0 as a 

yellow solid (55% yield). mp : > 200oC decompose. 1H NMR (CDCl3, 400 MHz) : δ 

(ppm) 7.39 (m, 20H), 7.03 (d, J = 8.0 Hz, 12H), 6.66 (d, J = 8.0 Hz, 8H), 2.99 (s); 13C 

NMR (CDCl3, 100 MHz) : δ (ppm) 150.1, 147.7, 145.8, 133.6, 132.7, 132.5, 124.5, 

122.9, 119.4, 115.4, 111.9, 110.2, 90.6, 87.1, 81.8, 73.9, 40.2; MS-ES+ m/z Calcd : 

for  C80H64N6, 1108.5192 Found : 1109.281. Anal. Calcd for C80H64N6 : C, 86.61; H, 

5.81; N, 7.58. Found : C, 86.60; H, 5.47; N, 7.58. 

 

2.3.19 Preparation of 4N+I-. 
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Compound 4N0 (0.0550 g, 0.05 mmol) was charged into a sealed-tube then 

CH3CN (5 mL) and CH3I (0.5 mL) were added. The mixture was stirred at room 

temperature for 1 d then precipitated with ether to give 4N+I- as yellow solid (59% 

yield). mp: >200oC decompose. 1H NMR (CDCl3, 400 MHz) : δ (ppm) 7.93(d, J = 8.0 

Hz, 8H), 7.74(d, J = 8.0 Hz, 8H), 7.48 (d, J = 8.0, 8.0 Hz, 12H), 7.09 (d, J = 12.0, 8.0 

Hz, 12H), 3.67 (s); 13C NMR (CDCl3, 100 MHz) : δ (ppm) 148.9, 148.6 147.7, 134.9, 

134.3, 134.2, 127.4, 125.6, 125.2, 121.6, 118.8, 117.8, 93.0, 87.9, 82.3, 74.7, 57.8; 

MS-ES+ m/z Calcd : 1168.6110 Found : 292.00 [M]4+. 
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2.3.20 Preparation of 4N+Cl-. 

 
Compound 4N+I- (100 mg, 0.06 mmol) was passed through Amberlite IRA-

410 anionic ion exchange resin column using DI-water as a mobile phase. The counter 

anion was exchanged from a strongly nucleophilic iodide ion to a less nuleophilic 

chloride ion. The fluorophore with chloride anion was obtained as a yellow-orange 

solid compound 4N+Cl- (84 %yield). mp : >200oC decompose. 1H NMR (CDCl3, 400 

MHz) : δ (ppm) 7.93 (d, J = 8.0 Hz, 8H), 7.72 (d, J = 8.0 Hz, 8H), 7.46 (d, J = 8.0, 8.0 

Hz, 12H), 7.07 (m, 12H), 3.67 (s); 13C NMR (CDCl3, 100 MHz) : δ (ppm) 148.8, 

148.5, 147.8, 135.0, 134.4, 134.3, 127.2, 125.6, 125.1, 121.8, 118.8, 117.7, 93.0, 88.1, 

82.6, 74.9, 57.9; MS-ES+ m/z Calcd : 1168.6110 Found: 292.00 [M]4+. 

 

2.4 Photophysical property study 

The stock solutions of fluorophores at 1.0 mM were diluted to 100 µM using 

phosphate buffer saline (PBS, 10 mM, pH 7.4) and Tris-HCl buffer (10 mM, pH 7.4). 

 

2.4.1 UV-Visible spectroscopy  

The UV-Visible absorption spectra of the stock solutions of fluorophores were 

recorded from 200 nm to 700 nm at ambient temperature. 
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2.4.2 Fluorescence spectroscopy  

The stock solutions of fluorophores were diluted to 1 M, respectively, with 

their respective solvents. The emission spectra of fluorophores were recorded from 

390 nm to 700 nm at ambient temperature using an excitation wavelength at 320 to 

400 nm, respectively.  

2.4.3 Fluorescence quantum yields 

The fluorescence quantum yield of fluorophores were performed in phosphate 

buffer saline (PBS, 10 mM) pH 7.4 and Tris-HCl buffer pH 7.4 using quinine sulphate 

(ΦF = 0.54) in 0.1 M H2SO4 as a reference [23]. The UV-Visible absorption spectra of 

five analytical samples and five reference samples at varied concentrations were 

recorded. The maximum absorbance of all samples should not exceed 0.1. The 

fluorescence emission spectra of the same solutions using appropriate excitation 

wavelengths selected were recorded based on the absorption maximum wavelength 

(max) of each compound. Graphs of integrated fluorescence intensities were plotted 

against the absorbance at the respective excitation wavelengths. Each plot should be 

linear with a y-interception at 1 and gradient m [24]. 

 In addition, the fluorescence quantum yield (F) was obtained from a plot 

between integrated fluorescence intensity and absorbance as represented in the 

following equation: 

 

 

 

The subscripts ST denotes the fluorescence quantum yield of a standard 

reference which used quinine sulphate in 0.1 M H2SO4 (F = 0.54) and X is the 

fluorescence quantum yield of sample and  is the refractive index of the solvent.    

 

2.5 Fluorescent sensor study 

2.5.1 Metal ion sensor 

The stock solutions of F2-F5 with a concentration of 10 mM in phosphate 

buffer saline pH 7.4 were prepared. The emission spectrum of compound was 

recorded from 390 nm to 700 nm at ambient temperature using an excitation 
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wavelength in the range of 316-395 nm. The fluorescent responses were monitored in 

the presence of 19 metal ions, with and without surfactants. Metal acetate, sulphate, 

nitrate and chloride solutions were prepared in Milli-Q water. Concentrations of all 

stock metal ion solutions were adjusted to 1 mM and were added with the desired 

volumes (0-500 μL) to the fluorophore solutions. The final volumes of the samples 

were adjusted to 1.0 mL. 

2.5.2 Surfactant enhancement  

The stock solution of compound F4 and F5 with a concentration of 100 μM in 

phosphate buffer saline pH 7.4 was prepared. The emission spectrum of F4 and F5 

were recorded from 390 nm to 700 nm at ambient temperature using an excitation 

wavelength at 373 and 379 nm, respectively. The photophysical properties were 

studied in the presence of three surfactants (anionic, cationic and non-ionic 

surfactants). The stock surfactants were prepared in Milli-Q water. Concentrations of 

all stock surfactants were adjusted to 1 mM and were added with the desired volumes 

(0-300 μL) to the fluorophore solutions. The final volumes of the samples were 

adjusted to 1.0 mL. 

2.5.3 DNA sensor 

The excitation wavelength of compound 4N+Cl- was 378 nm and the emission 

was recorded from 390 to 600 nm. Solutions of all fluorophores were prepared in 10 

mM Tris-HCl buffer pH 7.4 using a sonication bath. Tris-HCl buffer was added 

fluorophore solution at room temperature, and then DNA was added to the solution. 

The fluorescent spectra were measured after mixing for 3 min. The final volume of 

the mixture was adjusted to 1.0 mL by Tris-HCl buffer to afford the final 

concentration of 1 µM for fluorophore and 0.25 µM for DNA. After the solution was 

mixed and incubated for 3 min, SYBR Green II 10,000x diluted was added. The 

fluorescent spectra were acquired after the mixture was incubated for 1 min at room 

temperature (25oC). The FRET ratios were observed as the intensity of the acceptor 

(SYBR Green II) signal from the normalized spectrum of the fluorophore signal. 



CHAPTER III 

 

RESULTS AND DISCUSSION 

 

3.1 Synthesis and characterization of fluorophores 

 To enhance the water solubility of the fluorophores, salicylic acid group was 

used for the peripheral group of the target molecules. The peripheral group, methyl-4-

ethynyl-2-hydroxybenzoate was synthesized by the Sonogashira coupling of 

trimethylsilylacetylene with methyl 2-hydroxy-4-iodobenzoate followed by a base-

catalyzed desilylation (Scheme 3.1). 

 

 
Scheme 3.1 Synthesis of peripheral group. 

 

The reactive core, 4, 4′, 4″-triiodotriphenylamine (T3I), was prepared from 

triple iodination of triphenylamine using benzyltrimethyl-ammonium iododichloride 

(BTMAICl2) (Scheme 3.2). With the necessary 35 building blocks in hands, we 

proceeded with the Sonogashira coupling between T3I and methyl 4-ethynyl-2-

hydroxybenzoate to form di-substitution compound and followed by another 

Sonogashira coupling with trimethylsilylacetylene and desilylation with potassium 

carbonate to afford compound 4 (Scheme 3.3). 

 
Scheme 3.2 Synthesis of reactive core. 
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Scheme 3.3 Synthesis of 6. 

 

The synthesis of the dendritic fluorophore starting from the Sonogashira 

coupling of the core T3I with 2.2 eq of methyl-4-ethynyl-2-hydroxybenzoate gave to 

the 3 and 4, which 3 was treated with KOH to provide the trisalicylic acid (F4) 

(Scheme 3.4). The homocoupling of methyl-4-ethynyl-2-hydroxybenzoate and 4 were 

prepared under Sonogashira coupling condition to afford dimethyl-salicylate (1) and 

tetramethyl-salicylate (7), respectively. The base-catalyzed hydrolysis of both of 

methyl-salicylate were given anionic dendritic fluorophore F3 and F5 in satisfactory 

yield (Scheme 3.5). The fluorophore F2 was obtained from a base hydrolysis of 

compound 2 which was prepared from the coupling between two equivalents of 

methyl 4-ethynyl-2-hydroxybenzoate and 4,7-dibromo-2,1,3-benzothidiazole 

(Scheme 3.6). 

 

 
Scheme 3.4 Synthesis of F4. 

 

  



37 
 

 
Scheme 3.5 Synthesis of F3 and F5. 

 

  

Scheme 3.6 Synthesis of 2 and F2. 

 

The 1H NMR spectra of compound F2, F3, F4, 6, and F5 are shown in Figure 

3.1-3.5. All signals can be assigned to all protons in each corresponding structure. 

Initially, methyl 4-ethynyl-2-hydroxybenzoate peripheral group showed signals of 

ethynyl, methyl ester and hydroxyl protons at 3.21, 3.95 and 10.76, respectively. The 

aromatic signals appeared as singlet and two doublet at 7.10, 6.99 and 7.78 ppm. 

Then, homocoupling of methyl-4-ethynyl-2-hydroxybenzoate by using Sonogashira 

reaction, the product 1 showed signals of the methyl ester and hydroxyl protons as a 

singlet at 3.98 and 10.81 ppm, singlet and two doublet signals at 7.14, 7.03 and 7.82 

ppm correspondingto the aromatic protons. The hydrolysis of 1 gave F3, which is 

soluble in Methanol-d4 solution. The spectrum showed that the singlet signal of the 

methylester proton at 3.98 ppm disappeared upon the hydrolysis (Figure 3.1).  
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Figure 3.1 1H-NMR (400 MHz) of methyl-4-ethynyl-2-hydroxybenzoate, 1 and F3. 

 

The 4,4',4"-triiodotriphenylamine core (T3I) showed two doublet signals at 

6.81 and 7.53 ppm corresponding to its aromatic protons. Then, T3I coupling with 

methyl-4-ethynyl-2-hydroxybenzoate by using Sonogashira coupling reaction, the tri-

substitution product (3) showed singlet signals of the methyl ester protons at 3.96 ppm 

and aromatic proton signals at 7.01, 7.10, 7.45 and 7.80 ppm The signal of hydroxyl 

proton on phenyl ring at 10.78 ppm. For F4, a signal of methyl ester protons and 

hydroxyl proton disappeared upon the hydrolysis (Figure 3.2).  
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Figure 3.2 1H-NMR (400 MHz) of T3I, 3 and F4. 

 

 The coupling of 4 with trimethylsilylacetylene by Sonogashira coupling 

reaction. Compound 5 showed signals of the trimethylsilylacetylene protons at 0.25 

ppm. The desilylation of 5 gave 6, the signal of ethyne proton at 3.96 ppm appeared 

(Figure 3.3). For the homocoupling reaction of 6, the ethyne proton signal was 

disappeared and showed new doublet and multiplet signals of aromatic protons of 7 at 

7.02, 7.45, 7.80 and 7.10 ppm. Upon the hydrolysis, the signal of methylester protons 

at 3.96 ppm disappeared (Figure 3.4). 
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Figure 3.3 1H-NMR (400 MHz) of 4, 5 and 6. 

 

 
Figure 3.4 1H-NMR (400 MHz) of 6, 7 and F5. 
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The methyl 4-ethynyl-2-hydroxybenzoate coupling with 4,7-dibromo-2,1,3-

benzothidiazole to provide the fluorophore 2, which showed signals of the methyl 

ester protons as a singlet at 3.98 ppm and hydroxyl protons at 10.79 ppm. The 

aromatic protons showed two singlet at 7.28 and 7.83 ppm, two doublet signals at 

7.18 and 7.86 ppm (Figure 3.5). For hydrolysis of 2 to afford F2, the signals of the 

aromatic protons appeared at 7.18 and 8.00 ppm of singlet signal, 7.16 and 7.85 ppm 

of doublet signal.   

 
Figure 3.5 1H-NMR (400 MHz) of 2 and F2. 

 

3.2 Photophysical property study 

 The photophysical properties of the four new fluorophores (F2-F5) in 

phosphate buffer saline (PBS) pH 7.4 are compiled in Table 1 and for spectra see 

Figure 3.6 along with those of F1. The fluorophores showed the maximum absorption 

wavelength (ab) in the range of 316-395 nm. The order of ab, F2 > F5 > F4 > F3 > 

F1, indicated the sizes of the HOMO-LUMO gaps associated with the delocalization 

of π-conjugated system. The observed molar extinction coefficients of all 

fluorophores were well above 1×104 excepted for that of F2 which was probably 

underestimated due to its poor solubility in water at physiological pH. All 

2 
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fluorophores showed maximum emission wavelengths (em) in the range of 434-532 

nm with the fluorescence quantum yield of 0.2-3.2%. Among the four new 

fluorophores, only F4 showed higher quantum yield than F1 that probably due to its 

least planar conformation allowing the least self-quenching via intermolecular π-π 

interaction [25-29]. 

 

Table 3.1 Photophysical properties of F2-F5 in PBS (10 mM, pH 7.4). 

Compound Absorption  Emission 

λab (nm) log ε λem (nm) Ф (%)a 

F1b 316 4.28  465 0.7 

F2 395 3.61  532 0.2 

F3 322 4.44  434 0.3 

F4 373 4.84  506 3.2 

F5 379 4.80  480 0.4 
aQuinine sulfate in 0.1 M H2SO4 (Ф = 54%) was used as the standard. 
bThe data are taken from ref. 15. 

 

 
Figure 3.6 Normalized absorption and emission spectra of F2-F5 in 10 mM 

phosphate buffer saline pH 7.4. 

 

 

 



43 
 

3.3 Metal ion sensor 

To evaluate the Cu2+ sensing ability of the four new salicylic fluorophores, the 

fluorescence signal of F2-F5 solution in PBS pH 7.4 were recorded in the absence 

and presence of Cu2+. Figure 3.7 clearly shows that only the fluorescence signal of F4 

and F5 are quenched by Cu2+ ions while F2 and F3 do not show any responses. The 

results indicated that not only the salicylic acid binding sites but also the π-conjugated 

systems are important for Cu2+ quenching ability. Since the fluorescence quenching 

mechanism of Cu2+ is widely accepted as the photo-induced electron transfer (PET) 

process, the differences in the quenching ability should be the result of energy level 

mismatch between the electron donor and acceptor due to the variation of the π-

conjugated systems. In this case, the most stable excited state level of F2 is probably 

too low and that of F3 is too high to allow efficient PET from the fluorophores to the 

Cu-salicylate complex. 

 

 
Figure 3.7 Emission spectra of (a) F2, (b) F3, (c) F4 and (d) F5 (1 μM) in the 

absence and presence of Cu2+ (10 μM) in PBS pH 7.4. 

  

To study the selectivity of F4 and F5 toward metal ions, the fluorescence 

responses upon the addition of various metal ions (Ag+, Al3+, Ba2+, Ca2+, Cd2+, Co2+, 

Fe2+, Fe3+, Hg2+, K+, Li+, Mg2+, Mn2+, Na+, Ni2+, Pb2+, Sr2+ and Zn2+) were monitored. 

We found that the fluorescence signal of F4 was distinctively quenched by Cu2+ (over 

20 times) and slightly quenched by Fe2+ (Figure 3.8a). However, F5 showed less 

quenching sensitivity toward Cu2+ as well as less selectivity between Cu2+ and Fe2+ 

(Figure 3.8b). The interference test, performed by using the interfering metal ions at 

10 times of concentration of Cu2+, showed low interference levels of all ions tested on 
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F4 (Figure 3.9a) but high interference levels of Fe2+ tested on F5 (Figure 3.9b). F4 

gave ratio of the fluorescence intensity in the absence (I0-I) and presence (I0-IM) of 

interfering ions very close to 1. 

 

Figure 3.8 Fluorescence quenching of (a) F4 and (b) F5 (5 M) by various metal ions 

(5 M) in PBS (10 mM, pH 7.4) showing along with the corresponding fluorescence 

spectra in the insets. 
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Figure 3.9 Bar chart displays fluorescence intensity ratio (I0-I/I0-IM) of (a) F4 and (b) 

F5 in the presence of Cu2+ (5 μM) and another interfering metal ion (50 μM). 

 

The Stern-Volmer plots of the fluorescence quenching against the Cu2+ 

concentration gave linear lines with the slopes corresponding to the quenching 

efficiency (Ksv) of 5.79 × 106 M-1 and 1.31 × 106 M-1 for F4 and F5, respectively 

(Figure 3.10). Clearly, Cu2+ quenched F4 more efficiently than F5 that is mainly 

contributed by the higher initial fluorescence quantum yield of F4. The results 

confirmed that F4 is a better Cu2+ sensor. It is also important to mention here that F4 

gave quenching efficiency about 3 times of what was reported for our previous 

fluorophore F1 [15]. In PBS pH 7.4, F4 and F5 gave the detection limits (at 3×noises) 

of 0.5 ppb and 6.9 ppb, respectively, well below the WHO recommendation for the 

concentration limit of 2 mg/L in drinking water [30]. 
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Figure 3.10 Stern-Volmer plots for fluorescence quenching of F4 and F5 (1 M) by 

Cu2+ in PBS (10 mM, pH 7.4). 

 

 Several fluorescent molecules in the literature report have demonstrated 

fluorescence enhancements by addition of surfactants [31, 32 and 33]. In this study, 

the anionic, cationic and non-ionic surfactant (SDBS, HTAB and Triton X-100, 

respectively) were selected to test. The fluorescent signals of fluorophore F4 and F5 

in the presence of each surfactant (0.1 mM), both before and after the addition of 

Cu2+, are shown in Figure 3.11 and Figure 3.12, respectively. It is showed that the 

Triton X-100 could provide a clear differentiation for the systems with and without 

Cu2+. Therefore, Triton X-100 was chosen for further studies. 
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Figure 3.11 Effects of surfactants on fluorescent intensity of F4 and its responses to 

Cu2+. 

 

 
Figure 3.12 Effects of surfactants on fluorescent intensity of F5 and its responses to 

Cu2+. 

 

By comparing the fluorescence intensity of F4 and F5 in various 

concentrations of Triton X-100, found that the concentration of 10 μM (0.01 mM) 

could provide the best quenching efficiency upon addition of Cu2+. While the 

concentration more than 10 μM, the fluorescence signals were slightly quenched by 

Cu2+. Since the concentration of Triton X-100 was used lower than the Critical 
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Micelle Concentration (CMC) of the Triton X-100 (0.2 mM). This result suggested 

that the fluorescence enhancement was not due to the micellar effect. The addition of 

non-ionic surfactant could change the polarity of the medium or interact with the 

fluorophore bring about hydrophobic environment. The hydrophobic environment 

reduces the ICT process of the fluorophore that increase the sensitivity of the sensing 

system (Figure 3.13 and Figure 3.14). 

 

 
Figure 3.13 Quenching efficiencies of F4 (1 μM) with Cu2+ (10 μM) under various 

concentrations of Triton X-100. 

 

 
Figure 3.14 Quenching efficiencies of F5 (1 μM) with Cu2+ (10 μM) under various 

concentrations of Triton X-100. 
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A Stern-Volmer plots of the fluorescence quenching of F4 and F5 in the 

presence of Triton X-100 were obtained by a series of experiments using various 

concentration of Cu2+. The slope of the plot provided quenching efficiency (Ksv) for 

the F4 and F5 sensing systems (Figure 3.15 and Figure 3.16). Noticeably, the system 

of F4 with Triton X-100 gave the Ksv of 2.72 × 106 M-1 which is about two times 

higher than that of the surfactant free system (1.16 × 106 M-1). The plots also gave the 

detection limit of Cu2+ as 5.19 × 10-8 M (3.29 ppb) and 1.23 × 10-7 M (7.82 ppb) for 

the system with and without Triton X-100, respectively. While F5, the Ksv of 4.97 × 

106 M-1 in the without TX-100 system. The Ksv of F5 in the presence of TX-100 could 

not be calculated because a Stern-Volmer plots was obtained in S-curve plot. The 

quenching efficiency increased slightly at 1-3 μM of Cu2+ concentration, when the 

concentration of Cu2+ 4-10 μM, observed a fluorescence switching-off effect because 

occurred a superquenching behavior.  

 

 
Figure 3.15 The Stern-Volmer plots of fluorescence quenching of F4 by Cu2+ in the 

presence and absence of Triton X-100. 
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Figure 3.16 The Stern-Volmer plots of fluorescence quenching of F5 by Cu2+ in the 

presence and absence of Triton X-100. 

 

The fluorescence quenching of F4 by Cu2+ is probably due to the good 

selectivity of the chelation of salicylate groups with Cu2+ to form F4Cu2+ complex. 

Interestingly, the fluorescence quenching signal of could be completely restored by 

addition of cysteine (Cys). Transition metal ions are known to have high affinity 

towards the thiols containing compounds, for instance, fluorescence turn-on assay for 

GSH can be established since the free thiols can form the complex with Cu2+ [34,35]. 

The fluorescence ratio of F4 with Cu2+ are increase rapidly with the increase of the 

cysteine (Cys) concentration (Figure 3.17). The release of F4 due to competitive 

binding of Cys with Cu2+ is clear by the fluorescence turn-on. 
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Figure 3.17 Changes in the fluorescence quenching of F4 (1 M) with Cu2+ under 

various concentration of Cys. Inset: fluorescence restoration (I/I0) versus the 

concentration of Cys. 

 

It is interested to examine the fluorescence response of F4Cu2+ complex to 

other amino acids, because highly selective response to cysteine over other amino 

acids is an essential, so that the selectivity was extended to various amino acids. The 

experimental results indicated that other amino acids could be recovered the 

fluorescence quenching of F4Cu2+ complex (Figure 3.18). This result described low 

cysteine concentration could slightly recover the fluorescence quenching signal of the 

complex. The signal could be fully recovered when the cysteine concentration of 40 

μM (Figure 3.17 inset).  
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Figure 3.18 Fluorogenic responses of F4 (1 µM in 10 PBS pH 7.4) with Cu2+ (10 

µM) in the presence of 11 amino acids (10 µM). 

 

To fabricate solid state sensor for convenient detection of Cu2+, we applied a 

series of 1.0 μL drops of F4 solutions in EtOH (0.01-1.0 mM) on to a piece of filter 

paper and allowed for air dry to generate spots each containing 0.01-1.0 nmol of F4. 

The prepared filter paper was dropped with a series of 1.0 μL CuSO4 solutions (10-

500 μM) to the same positions of the fluorophore blots. After drying, the filter paper 

was visualized under an ordinary 20W black light lamp. The photographic images of 

the filter paper showed bright blue emission spots which contained at least 0.1 nmol 

of F4 (Figure 3.19). The quenching of the blue emission was clearly observed where 

at least 40 pmol of Cu2+ was applied on both 0.1 and 1.0 nmol of F4. The detection 

limit for naked eye observation from this paper-based sensor is thus a mere 40 pmol 

of Cu2+. This naked eye detection limit is well below the warning level, of 0.6 μmol in 

urine collected for 24 hours for Wilson’s disease [36, 37 and 38]. To our knowledge, 

this microliter-dropped paper-based sensor constructed from F4 is one of the most 

sensitive and convenient platform for Cu2+ detection ever been reported to date [39-

51]. 
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Figure 3.19 Photographic images for paper-based detection of Cu2+ under 20W black 

light (365 nm). 

 

3.4 DNA sensor 

The synthesis of the cationic fluorophore 4N+Cl-. The Sonogashira coupling of 

4,4',4"-triiodotriphenylamine with N,N-dimethyl-4-ethynylaniline using Pd-Cu 

catalysts in the presence of DBU base provided the di-substituted compound I2N0 in 

33% yield (Scheme 3.7). The homocoupling of I2N0 gave 4N0 which quaterization of 

all four dimethylamino groups of 4N0 by methyl iodide in acetonitrile at room 

temperature yielding the desired compound 4N+I- in 84%. Compound 4N+Cl- was 

obtained by a Cl- - I- ion exchange of 4N+I- through an Amberlite IRA-410 anionic ion 

exchange resin column.  
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Scheme 3.7 Synthesis of 4N+Cl-. 

 

The coupling of T3I with N,N-dimethyl-4-ethynylaniline by Sonogashira 

reaction, the di-substitute dimethylaniline product (I2N0) showed signals of the 

methyl protons as a singlet at 3.0 ppm and six doublet signals at 6.7, 6.9, 7.0, 7.4, 

7.39, and 7.54 ppm corresponding to the aromatic protons. For 4N0, the aromatic 

signals appeared as multiplets at 7.4 ppm and three doublets at 6.7, 7.0, and 7.1. The 

methylation of 4N0 to 4N+I- show signals of the aromatic proton at 7.1, 7.5, 7.7 and 

7.9 ppm. The conversion of 4N+I- to 4N+Cl- by ion exchange was evidenced by a 

doublet signal for aromatic protons at around 7.1-7.9 ppm (Figure 3.20).   
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Figure 3.20 1H-NMR (400 MHz) of I2N0, 4N0, 4N+I-, and 4N+Cl-. 

 

The photophysical properties of 4N+Cl  was shown in Table 3.2. The structure 

of 4N+Cl- and the DNA sequences for this study as shown in Figure 3.22. The 

fluorophore in Tris-HCl buffer displayed absorption peaks at 378 nm with molar 

absorptivity of 4.56. The emission maxima of the fluorophore appeared at 450 nm 

with quantum yield of 6.2% measured relative to quinine sulfate standard. The 

normalized electronic absorption and emission spectra of 4N+Cl- was presented in 

Figure 3.21. 

 

Table 3.2 Photophysical properties of 4N+Cl- in Tris-HCl buffer (10 mM, pH 7.4). 

Compound Absorption  Emission 

λab (nm) log ε λem (nm) Ф (%)a 

4N+Cl- 378 4.56  450 6.2 
a Quinine sulfate in 0.1 M H2SO4 (  = 54%) was used as the standard. 
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Figure 3.21 Schematic representation of DNA sequence detection and structure of 

4N+Cl-. 

 

 
 

Figure 3.22 Schematic representation of DNA sequence detection and structure of 

4N+Cl-. 
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To begin our study, we must first demonstrate the relative fluorescence 

intensity of 4N+Cl- upon the addition of the ssDNA. We found that the ssDNA 

enhanced the fluorescent intensity signal of 4N+Cl-. The phenomena is presumably 

deaggregation because ssDNA (negative charge) can reduce π-π stacking of 

fluorophore (positive charge) at the periphery group through charge interaction. For 

double-stranded DNA (dsDNA : ssDNA + cDNA), the emission intensity of 4N+Cl- is 

slightly decreased because of the flexibility conformation of the dsDNA less than the 

ssDNA (Figure 3.23). The fluorescence intensity change of 4N+Cl- in the presence of 

DNA sequence is explained via the electrostatic interaction between cationic 

fluorophore and negative charged phosphate group of DNA, and geometry lock to 

deaggregate fluorophore in aqueous media. 

 

 
Figure 3.23 Emission spectra of 4N+Cl- 1.0 M (─), 4N+Cl- + ssDNA4 (0.25 µM) 

(·· · ·), 4N+Cl- + dsDNA (0.25 µM) (−∙−) in 10 mM Tris-HCl buffer pH 7.4. 

 

 Althought, the 4N+Cl- discriminated between the fluorescence signal of 

ssDNA and dsDNA but the result is not the best efficient separation of ssDNA and 

dsDNA. So, we tried to investigate the other fluorescence method that can distinguish 

the ssDNA and the dsDNA as well as the commercial technique. Förster Resonance 

Energy Transfer (FRET) was the best suitable performance to use for our method. The 

experiment was studied by using 4N+Cl- as a FRET donor and SyBrGreen II dye (SG 

II: the most sensitive dye used for DNA, RNA detection) [52] as a FRET acceptor. 
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The SG II provide high fluorescent enhancement upon binding to dsDNA over 

ssDNA [53]. The absorption-emission spectra of 4N+Cl- and SG II are shown in 

Figure 3.24. 

 

 
Figure 3.24 Normalized absorption [solid line] and fluorescent spectra [ dash line] of 

4N+Cl- (black) and SyBrGreen II (pink) in 10 mM Tris-HCl buffer, pH 7.4. 

 

The 4N+Cl- can be taken advantage of achieving goal to discriminate single, 

and double-stranded DNA based on FRET ratios. Figure 3.24 shows the normalized 

fluorescent intensity (FRET ratio) of 4N+Cl-/SG II/dsDNA show energy transfer 

higher than 4N+Cl-/SG II/ssDNA (5-fold) because of emission peak of fluorophore 

can be complete overlapped with absorption peak of SG II (Figure 3.25). The 

phenomenon is from the double-stranded DNA (ssDNA+cDNA) provided good 

efficient energy transfer because the SG II can intercalate to double helix DNA 

(dsDNA). Moreover, this intercalation can reduce positive charge repulsion between 

4N+Cl- and SG II, which produce the close distance with 4N+Cl- and SG II shorter 

than 10 nm. This distance is suitable to occur FRET. 
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Figure 3.25 FRET ratio of 4N+Cl-/SG II/DNA (I508nm/I450nm). ([4N+Cl-] = 1.0 µM, 

[ssDNA] = [dsDNA] = 0.25 µM, SG II 10,000x diluted). 

 

The 4N+Cl- could be advantaged of achieving goal to discriminate single, and 

double DNA based on FRET ratios. Figure 3.26 shows the normalized fluorescent 

intensity of 4N+Cl-/SG II/DNA with an increasing base pairs number of mismatch and 

complementary DNA. The FRET ratio decreased with an increasing base pairs 

number of mismatched in DNA strands. The emission intensity of 4N+Cl- is slightly 

changed in the presence of single-mismatched base pairs with SG II. However the 

emission intensity is distinctly different from the complementary strand in case of 

upon the addition of the single-mismatched base pairs (1mDNA), double-mismatched 

base pairs (2mDNA), noncomplementary DNA (ncDNA) and single-stranded DNA 

(ssDNA), respectively. Nevertheless, the 4N+Cl- with double-stranded DNA show 

good efficient energy transfer (~ 5-fold), whereas 1-, 2-mismatched DNA strands are 

gradually decreasing in its FRET ratio. The FRET ratio of 4N+Cl-/SG II/dsDNA 

complex is higher than other DNA strands due to SG II mixed dsDNA duplex. 

Cationic fluorophore, 4N+Cl- and SG II are induced to close distance and enough to 

preferably energy transfer from fluorophore as energy donor to dye as energy 

acceptor. The 4N+Cl-/SG II/ssDNA and 4N+Cl-/SG II/ncDNA complexes have low 

FRET ratio because SG II is unable to bind ssDNA strand or ncDNA. The distance 

between 4N+Cl- and SG II are longer than 10 nm. Accordingly, the FRET ratios 
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between 4N+Cl- and SG II occur less efficiency. For 4N+Cl-/SG II/single- or double-

mismatched DNA, the complexes have FRET ratio less than 4N+Cl-/SG II/dsDNA 

complex because the binding between SG II and single- or double-mismatched DNA 

is poorer than that of 4N+Cl-/SG II/dsDNA complex. 

 

 
Figure 3.26 Normalized intensity of fluorophore 4N+Cl- with SG II and ssDNA (−), 

dsDNA (---), smDNA (∙∙∙∙) and dmDNA (−∙∙), respectively, in 10 mM Tris-HCl buffer 

pH 7.4. The spectra are normalized with respect to the 4N+Cl- emission. ([4N+Cl-/SG 

II/ssDNA] = 1.0 µM, [ssDNA] = [dsDNA] = [ncDNA] = [smDNA] = [dmDNA] = 

0.25 µM, SG II 10,000x diluted). 



CHAPTER IV 
 

CONCLUSION 
 

Five new fluorophores containing phenylene-ethynylene branches with salicylic 

acid (F2-F5) and trimethylammonium (4N+Cl-) termini are successfully synthesized via 

Sonogashira coupling reaction as a key step. The tribranched and tetrabranched 

fluorophores (F4 and F5) with salicylic acid termini exhibits Cu2+ fluorescence 

quenching in aqueous solution with Ksv of 5.79 × 106 and 1.31 × 106 M-1. Due to its 

greater selectivity and sensitivity, the paper-based sensors were fabricated from F4 by a 

microliter dropping technique. The paper-based sensors were capable of detecting 

picomole level of Cu2+ by naked eye under conventional black light. The tetrabranched 

fluorophore (4N+Cl-) with trimethylammonium termini was found to interact with DNA 

in aqueous buffered solution pH 7.4. Upon DNA binding, the fluorescent signal of the 

fluorophore increases presumably due to the reduction of geometrical relaxation and 

collisional self-quenching processes. The interaction between the fluorophore and DNA 

was used in combination with SyBrGreen commercial fluorescence dye for the FRET 

detection of DNA sequences via DNA/DNA hybridization. 

 

Suggestion for future work: 

1. To focus the Cu2+ detection in real sample such as sewage or drinking water and utilize 

for Cu2+ sensor in living cell. 

2. To focus on the study of detection of DNA sequence to use for medical diagnostics.   
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Figure A.1 1H NMR of T3I in CDCl3. 

 

 

Figure A.2 13C NMR of T3I in CDCl3. 



70 
 

 

Figure A.3 1H NMR of 4-iodo-N, N-dimethylaniline in CDCl3. 

 

 

Figure A.4 13C NMR of 4-iodo-N, N-dimethylaniline in CDCl3. 
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Figure A.5 1H NMR of N, N-dimethyl-4-((trimethylsilyl)ethynyl)aniline in CDCl3. 

 

 

Figure A.6 13C NMR of N, N-dimethyl-4-((trimethylsilyl)ethynyl)aniline in CDCl3. 
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Figure A.7 1H NMR of 4-ethynyl-N, N-dimethylaniline in CDCl3. 

 

 

Figure A.8 13C NMR of 4-ethynyl-N, N-dimethylaniline in CDCl3. 
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Figure A.9 1H NMR of 2IN0 in CDCl3. 

 

 

Figure A.10 13C NMR of 2IN0 in CDCl3. 
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Figure A.11 1H NMR of I2N0 in CDCl3. 

 

 

Figure A.12 13C NMR of I2N0 in CDCl3. 
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Figure A.13 1H NMR of 3N0 in CDCl3. 

 

 

Figure A.14 13C NMR of 3N0 in CDCl3. 
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Figure A.15 1H NMR of 4N0 in CDCl3. 

 

 

Figure A.16 13C NMR of 4N0 in CDCl3. 
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Figure A.17 MALDI-TOF-MS of 4N0. 

 

 

Figure A.18 1H NMR of 4N+I- in CD3OD. 
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Figure A.19 13C NMR of 4N+I- in CD3OD. 

 

Figure A.20 ESI-MS of 4N+I- in CH3OH. 

 



79 
 

 

Figure A.21 1H NMR of 4N+Cl- in CD3OD. 

 

Figure A.22 13C NMR of 4N+Cl- in CD3OD. 
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Figure A.23 1H NMR of methyl 2-hydroxy-4-((trimethylsilyl)ethynyl)benzoate in CDCl3. 

 

Figure A.24 13C NMR of methyl 2-hydroxy-4-((trimethylsilyl)ethynyl)benzoate in CDCl3. 
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Figure A.25 1H NMR of methyl 4-ethynyl-2-hydroxybenzoate in CDCl3. 

 

Figure A.26 13C NMR of methyl 4-ethynyl-2-hydroxybenzoate in CDCl3. 
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Figure A.27 1H NMR of 2ISA0 in CDCl3. 

 

Figure A.28 13C NMR of 2ISA0 in CDCl3. 
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Figure A.29 1H NMR of 4 in CDCl3. 

 

Figure A.30 13C NMR of 4 in CDCl3. 
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Figure A.31 1H NMR of 3 in CDCl3. 

 

Figure A.32 13C NMR of 3 in CDCl3. 
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Figure A.33 MALDI-TOF-MS of 3. 

 

Figure A.34 1H NMR of F4 in CD3OD. 
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Figure A.35 13C NMR of F4 in CD3OD. 

 

Figure A.36 1H NMR of 5 in CDCl3. 
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Figure A.37 13C NMR of 5 in CDCl3. 

 

Figure A.38 1H NMR of 6 in CDCl3. 
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Figure A.39 13C NMR of 6 in CDCl3. 

 

Figure A.40 1H NMR of 7 in CDCl3. 
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Figure A.41 13C NMR of 7 in CDCl3. 

 

Figure A.42 MALDI-TOF-MS of 7. 
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Figure A.43 1H NMR of F5 in Acetone-d6. 

 

Figure A.44 13C NMR of F5 in Acetone-d6. 
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Figure A.45 ESI-MS of F5 in CH3OH. 

 

Figure A.46 1H NMR of 1 in CDCl3. 
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Figure A.47 13C NMR of 1 in CDCl3. 

 

Figure A.48 1H NMR of F3 in CD3OD. 
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Figure A.49 13C NMR of F3 in CD3OD. 

 

Figure A.50 1H NMR of 2 in CDCl3. 
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Figure A.51 13C NMR of 2 in CDCl3. 

 

Figure A.52 1H NMR of F2 in DMSO-d6. 
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Figure A.53 13C NMR of F2 in DMSO-d6. 
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