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Summary 

A large number of interesting macrocycles and macromolecules were synthesized in the 

course of current study. These compounds were first designed in the form of 

macrocycles, and their precursors including macromolecules. Fluorene based phenols and 

amines were derivatized into compounds containing terminal alkynes and azides which 

are the two important precursors for click macrocyclization reaction. The terminal akyne 

derivatives were obtained by the O-propargylation of the phenols, while the terminal 

azide derivatives were synthesized by first alkylating the bis-phenols with 1,3-

dibromopropane followed by the SN
2
 azidation with sodium azide. The terminal alkyne 

and azide containing derivatives were coupled by copper (I) catalyzed azide alkyne 

cycloaddition (CuAAC) reaction which resulted the formation of macromolecules 

containing triazole rings. 

Large number of pyridine containing macrocycles and macromolecules were synthesized 

by the reaction of bis-phenols and 2,6-dibromomethyl pyridine by William-son’s ether 

synthesis under high dilution conditions. Similarly macrocycles containing double bond 

in the inner cavity were synthesized by the reaction of 1,4-dibromobutene with fluorene 

based phenols by William-son’s ether synthesis under high dilution conditions. In the 

above cases we were able to characterize the [1+1] and [2+2] macrocycles by EI-MS and 

spectroscopic techniques. The higher oligomeric macrocycles were confirmed by 
1
H 

NMR but were unable to characterize them by EI-MS, MALDI or ESI-MS. Another 

class, fluorene based amide macrocycle were synthesized by the reaction of diamine 

fluorene derivative with oxalyl chloride in anhydrous chloroform. 

These macrocycles and macromolecules were characterized by EI-MS and advanced 

spectroscopic techniques. The photophysical properties of these synthesized macrocycles 

and macromolecules were investigated through their supramolecular interactions with 

different cations, and anions and commonly used drugs with the help of UV-visible and 

fluorescence spectroscopy. 
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Chapter 1 

Introduction 

1.1. Supramolecular chemistry 

Supramolecular terminology was first used by Jean-Marie Lehn in late eighties of 

nineteenth century, for which he was awarded Nobel Prize in 1987 (J. M. Lehn, 1978). 

Supra is a Latin word meaning “beyond or above” so supramolecular chemistry means 

“Chemistry beyond the molecule” (J.-M. Lehn, 1988). Individual molecules contains 

atoms connected by covalent bonds, supramolecular chemistry makes use of non-

covalent intermolecular interaction like hydrogen bonds, π- π  stacking and electrostatic 

forces etc. bringing molecules together to form larger species (Gale, 2000). Compounds 

containing electronegative functional groups interact with protons through Hydrogen 

bonding to form extended arrays. π-π interactions results the stacking of molecules 

containing aromatic rings. Electrostatic interactions include ion-dipole, dipole-dipole and 

ion-ion interactions, where negatively and positively charged species associate. As 

supramolecular chemistry focuses on how molecules interact with one another, there is 

emphasis on preorganization and complementarity. (Steed & Atwood, 2013) 

Complementarity is the matching of a host molecule to the electronic and geometric 

needs of a guest. One can design supramolecular complexes that can behaves as 

molecular machines,(Balzani, Credi, Raymo, & Stoddart, 2000) such as shuttles, switches 

and sensors. In the same field of supramolecular chemistry, supramolecules and 

molecular assemblies were distinguished by Lehn (J.-M. Lehn, 2005). The oligomers 

composed of a few components assembled via specific intermolecular associations were 

considered as supramolecules whereas  the spontaneously assembled large number of 

components into an arrangement that has reasonably well defined microscopic 

association and shows properties typical of macromolecules are considered as molecular 

assemblies, e. g. glass, fibre formation, chain entanglement, melting transitions, and high 

property/ weight ratios (Wittcoff & Reuben, 1980).  Because of it they shows these 

special characteristics that prolong molecular assemblies of chains which are called 
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‘supramolecular polymers’. Supramolecular chemistry has evolved during the last three 

decades into an extraordinarily dynamic and truly interdisciplinary field of research, 

fueling major developments at the interface of chemistry with fields such as biology, 

physics, materials science, and engineering (J.-M. Lehn, 2002). The fields where 

supramolecular chemistry finds applications include molecular recognition, ion-

exchange, selective binding and encapsulation, development of receptors and sensors, 

catalysis, drug delivery strategies, biomimetics, and nanoscale electronic and mechanical 

devices. ( inacho Cris stomo, Lledó, Shenoy, Iwasawa, & Rebek Jr, 2009), (Chen, 

Zhang, & Liu, 2011), (Sansone, Baldini, Casnati, & Ungaro, 2010). 

1.2. Macrocycles 

According to IUPAC, macrocycles were defined as “a cyclic macromolecules or 

macromolecular cyclic portions of a molecule” (McNaught & McNaught, 1997). 

Macrocyclic compound is an organic compound that contains a large ring. In the organic 

chemistry of alicyclic compounds, a closed chain of 12 carbon (C) atoms is usually 

regarded as the minimum size for a large ring. Macrocyclic compounds may be a single, 

continuous thread of atoms or they may incorporate more than one strand or other ring 

systems within the macrocycle or macro ring. The macrocycles due to their high 

symmetry, exhibit an inherent beauty which cannot be found in other simple molecules. 

They possess great continuity, with no beginning and no end, which have captured the 

imaginations of supramolecular chemist to exploit its fascinating properties under the 

principles of supramolecular chemistry. Macrocycles are important and useful building 

blocks for supramolecular chemistry and occupy a unique segment of chemical space (J.-

M. Lehn, 1995), (Steed & Atwood, 2013), (Lindoy, 1989), (Ariga & Kunitake, 2006). 

They provide a range of hosts that can encapsulate guest molecules often with selectivity 

and can be chemically modified to fine-tune their properties. Until now, a vast number of 

macrocyclic compounds with different constitutions, size, shapes and polarities have been 

developed (Figure 1). Such examples of compounds include porphyries, (Walter, Rudine, 

& Wamser, 2010) crown ethers, (Bradshaw & Izatt, 1997), (Gokel, Leevy, & Weber, 

2004) calixarenes, (Baldini, Casnati, Sansone, & Ungaro, 2007), (H. J. Kim, Lee, 

Mutihac, Vicens, & Kim, 2012) cucurbituriles, (Jae Wook Lee, Samal, Selvapalam, Kim, 
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& Kim, 2003), (Lagona, 2005) cyclophanes, (Gleiter & Hopf, 2006) cyclodextrins (CDs), 

(Engeldinger, Armspach, & Matt, 2003), (Haider & Pikramenou, 2005), (Loethen, Kim, 

& Thompson, 2007), (Mellet, Fernández, & Benito, 2011) and arylene ethynylenes 

(Zang, Che, & Moore, 2008), (Iyoda, Yamakawa, & Rahman, 2011). Moreover, the large 

family of macrocycles, nonetheless, continues to rapidly increase due to the constant 

discovery of new macrocycles like pillararenes, (Cragg & Sharma, 2012), (Xue, Yang, 

Chi, Zhang, & Huang, 2012) asararenes, (Schneebeli et al., 2013) metallo-cavitands, 

(Frischmann & MacLachlan, 2013) and many natural bioactive macrocycles isolated 

from soil bacteria or marine organisms etc. (Driggers, Hale, Lee, & Terrett, 2008). With a 

rising number of macrocycles available, investigations of host-guest chemistry of 

macrocycles can be carried out in more detail (Albrecht, 2010). Over the last decades, a 

plentiful knowledge of host-guest chemistry of macrocycles has been obtained. As a 

result, the macrocycles and their host-guest chemistry were broadly utilized as 

supramolecular synthons for constructing complicated architectures and to unravel the 

underlying rules which govern the natural systems. This contribution also includes the 

conception birth of supramolecular chemistry itself (Pedersen, 1988b). Moreover, based 

on the unique host-guest chemistry of macrocycles, numerous applications were 

explored, such as catalysis, (Hooley & Rebek, 2009) drug delivery (Zhou & Ritter, 2010), 

(Hettiarachchi et al., 2010), (Walker, Oun, McInnes, & Wheate, 2011), Cosmetics, 

(Buschmann & Schollmeyer, 2002) photochemistry (Walter et al., 2010), gas separation 

(Schurig & Nowotny, 1990), molecular sensing (Gokel et al., 2004), (H. J. Kim et al., 

2012) and others (Mewis & Archibald, 2010). 
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Figure 1: The large family of macrocycles. 

 

The history of macrocycles goes back a long way, but it can be said safely that this field 

greatly expanded in scope and breath since the dawn of the “chemistry beyond the 

molecule”. Traditionally the publication of Charles  edersen on crown ether synthesis 

about some fifty years ago gave birth to supramolecular chemistry (Pedersen, 1967). 

Since then the use of macrocycles as hosts for recognition of specific guests, and in 

conjunction with suitable assembly strategies for the construction of a large variety of 

nanoscale structures, has attracted increasing interest (Sessler & Burrell, 1992), (J.-M. 

Lehn, 1995). 

The synthesis of macrocyclic compounds has attracted considerable attention in recent 

years due to their unusual structures, conformational properties, and ability to act as hosts 

to both neutral molecules and ionic species. (Fouladgar et al., 2011) The synthesis of 

macrocycles is very important for the formation of supramolecular tubular structures. The 

macrocycles can self-assemble through non-covalent interaction and form supramolecular 

nanotube. The two secondary interactions (i.e. hydrogen bonding and π-π interactions) 
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are of paramount interest for the self-assembly of most macrocycles. Shape-persistent 

conjugated macrocycles can also provide a versatile basis for the realization of well-

defined materials with tubular, rigid structures and desirable properties, which became 

attractive targets due to their potential as new materials with desirable physical 

characteristics and photophysical properties. The covalent modification of a macrocyclic 

framework to incorporate functionality such as aromatic and /or hetero aromatic rings 

allowed the chemist to tailor the shape, as well as the conformational properties and 

association behavior of these systems. Once obtained these macrocycles are expected to 

exhibit interesting properties and can pave way for the advancement of different materials 

and can provide deeper understanding into the material properties like photonics, electro-

optical properties, and photodiode arrays. In continuation of our research in the area of 

supramolecular chemistry here we are planning to synthesize shape persistent 

macrocycles based on fluorene and other related angular aromatic compounds. The 

precision and specificity for cyclindrical self-assembly will be controlled by the geometry 

of the macrocycles and the directionality of the secondary interactions. The precursor for 

macrocycle will be angular like poly-aromatic molecule known as fluorene. The 

geometry of the molecule will also help in controlling the directionality of hydrogen 

bonds, π-π interactions and donor acceptor interactions. The nano-tubes obtained from 

this self-organization are expected to have a wide range of applications as ion channel, 

cytotoxic agent, drug delivery, catalysis and biosensor. 

Anions, Cations and neutral molecules spatially drugs recognition by artificial receptors 

has attracted increasing attention because of the important roles played by ions in both 

environment and biological systems (Schmidtchen & Berger, 1997), (Beer & Gale, 

2001). For instance, Heavy metal ions have gotten great attention, not because of the fact 

that some heavy metal ions play important roles in living systems, but also because of 

their toxicity and capability of causing serious health and environmental problems. 

(Orvig & Abrams, 1999), (McRae, Bagchi, Sumalekshmy, & Fahrni, 2009), (Que, 

Domaille, & Chang, 2008), (Bargossi, Fiorini, Montalti, Prodi, & Zaccheroni, 2000) 

Some heavy metal ions, such as Cu(II), Zn(II), Fe(III), Co (II), Mn(II), and Mo(VI), are 

necessary for the maintenance of human metabolism. However, high concentrations of 

these cationic species can lead to many adverse health effects. (Orvig & Abrams, 1999), 
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(McRae et al., 2009), (Que et al., 2008), (Bargossi et al., 2000). On the other hand there 

are some other cations such as Hg(II), Pb(II), Cd(II), and As(III) which lack any vital or 

beneficial effects and are among the most toxic ions known. They causes serious illnesses 

of humans and animals accumulated over time. (McRae et al., 2009) Therefore; the 

development of increasingly sensitive and selective methods for the determination of 

these heavy metal ions is now very important research topic. As a result, many 

approaches such as ICP atomic emission, atomic absorption, UV-vis absorption, 

fluorescence and spectroscopy have been employed to detect low limits (Butler, Cook, 

Davidson, Harrington, & Miles, 2009), (Yufeng Li et al., 2006), (Leermakers, Baeyens, 

Quevauviller, & Horvat, 2005), (Bernard Valeur, 2002). Fluorescence spectroscopy is 

widely used among these methods, because of its high sensitivity, facile operation, and 

low cost. (Bernard Valeur, 2002) Additionally, the fluorophore’s  photophysical 

properties can easily be tuned using a range of routes: electron transfer, charge transfer, 

energy transfer, the influence of the heavy metal ions, and the destabilization of 

nonemissive n-π* excited states  (Prodi & Bolletta, 2000). 

Fluorescent chemosensors for cations and anions have proven efficiency, but those for 

many heavy metal ions such as Cu (II), Pb (II), Fe (III), Hg (II), and Ag (I) hold some 

challenges till now because they usually act as fluorescence quenchers. For example, 

Cu(II) is a typical ion that causes quenching of the fluorescence by mechanisms inherent 

to the paramagnetic species due to the decrease in the fluorescent emissions of the 

chemosensor (Fabbrizzi, Licchelli, Pallavicini, et al., 1996), (Fabbrizzi, Licchelli, 

Pallavicini, Perotti, & Sacchi, 1994), (H. J. Kim, Park, Yoon, & Kim, 2008). Because of 

their low signal outputs upon complexation these decreased emissions are impractical for 

analytical purposes. In addition, temporal separation of spectrally similar complexes by 

time-resolved fluorimetry is subsequently prevented (H. Zhang et al., 2009). 

Fluorescent macrocycles and macromolecules are potential candidates for the selective 

sensing of these metal cations, drugs and dyes. Macrocycles can be grouped on the bases 

of heteroatoms like N, S, O, and P or functional group that allow for the participation in 

intermolecular interactions. 
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1.2.1. Crown Ether 

The early example of macrocycles is Crown ether which are generally composed of 

repeating aliphatic units separated oxygen. Charles Pedersen was able to generate a 

crown ether in 1967 during the preparation of divalent cations complexes (Figure 2).  

 

Figure 2: 18-Crown-6 ether with K
+
 ion. 

Crown ethers have the remarkable property of recognizing and binding specific metal 

cations in complex mixtures. Since their discovery, crown ethers have found numerous 

applications in science and industry. In other words, due to the fix size of cavity, crown 

ethers are more selective for metal ions. The selectivity of the metal ion binding is 

controlled by changing the size of crown ether cavity and number of oxygen atoms in the 

crown ether ring. Attachment of different functional group to crown ethers give unique 

metal complexing properties, due to their extensive ability to bind metal cations. (Cram, 

1988b) For the coordination with a cation, the oxygen atoms in the crown ether are 

ideally situated in the inner side of the ring, on the other hand the outer side of the ring is 

hydrophobic. Due to this the cationic complex is soluble in nonpolar solvents. The 

internal cavity size of the crown ether decides the cation size it can salivate. Therefore, 

12-crown-4 has high affinity for lithium cation, 15-crown-5 for sodium cation and 18-

crown-6 has high affinity for potassium cation. The oxygen atoms in the ring enable the 

macrocycle to coordinate with alkali metal cations (Pedersen, 1988a). The un-metaled 
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crown ethers show a collapsed ring structure in the solid state. In the absence of metal 

pre-organized macrocycles maintain their structure (Cram, 1988b). That means the 

macrocyclic compound is a cyclic compound having high molecular masses. Some other 

macrocycles like calixarenes, cyclodextrin, rotaxane and catanane are also included in the 

list of gigantocycles.  

1.2.2. Aza crown ether 

Aza crown ether results by the replacement of one or two oxygen of crown ether with 

nitrogen atoms (Figure.3). Aza crown ethers are considered useful ligands because of 

their versatility and applicability. The aza crown ethers have complexation properties that 

are intermediate between those of all oxygen atoms of aza crown ethers which strongly 

complex alkali and alkaline earths metal ions and those of all nitrogen cyclams which 

strongly complex with heavy-metal cations. These mixed complexation property make 

the aza crown ethers interesting for researchers in many areas. The property of aza crown 

ethers can be modified by altering its donating side arms as well as macrocycle itself. The 

metal ion complexing ability of aza crown can be significantly improved by 

functionalizing them with ligating side arms. Aza crown ethers which are chemically 

modified are very interesting molecules because; they can be designed according to the 

need. The aza crown ethers have important applications in different field. 

 

Figure 3: Aza crown ether macrocycle. 
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1.2.3. Amide based macrocycles  

Peptides are versatile units for the construction of H-bonded tubular assemblies and 

other biomimetic materials with potentially useful applications. (Gao & Matsui, 2005), 

(Ulijn & Smith, 2008). Compared to acyclic analogues the binding constants ossssf 

macrocyclic receptors are very high. (Chmielewski & Jurczak, 2005) For coordination 

with anions and macrocyclic receptors, hydrogen bonding is very crucial. Amide based 

macrocycles have gotten all of these characteristics because these have secondary 

hydrogen atoms that can coordinate with various anions, (Bondy & Loeb, 2003) (Figure 

4). Amide based macrocycles have wide range of applications in nature because of 

flexible structure. 

R

O

NH

O

H
N

HN O

R R

(14)
 

Figure 4: Amide macrocycle 

1.2.4. Schiff base macrocycles 

Schiff bases macrocycles are widely studied and used in the fields of organic synthesis 

and metal ion complexation (Layer, 1963), (Renaud, Bruneau, & Demerseman, 2003) for 

a number of reasons: their physiological and pharmacological activities (Correa, 

Papadopoulos, Radnidge, Roberts, & Scott, 2002), (Johnson, Atwood, Steed, Bauer, & 

Rogers, 1996), (Sprung, 1940) their use in ion selective electrodes (Naeimi, Safari, 
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&Heidarnezhad, 2007), (Ambroziak, Pelech, Milchert, Dziembowska, & Rozwadowski, 

2004), (Suga, Fudo, & Ibata, 1998) in the determination of heavy metals ions in 

environmental samples (Sasaki, Nakajima, Kojima, & Fujita, 1991) and in the extraction 

of metals ions. (Casella & Ibers, 1981), (Zoubi, Kandil, & Chebani, 2011) 

Hydrazones are special group of compounds in the Schiff bases family. They are 

characterized by the presence of (C=N-N=C). The presence of two inter-linked nitrogen 

atoms is separated from imines, oximes, etc. Hydrazone Schiff bases of acyl, aroyl and 

heteroacroyl compounds have additional donor sites like C=O. The additional donor sites 

make them more flexible and versatile. This versatility of hydrazones make it good 

polydentate chelating agents that can form a variety of complexes with various transition 

and inner transition metals and have attracted the attention of many researchers.  

 

Figure 5: Schiff base macrocycle 

 

1.2.5. Fluorene based macrocycles 

Rigid building blocks containing macrocycles and macromolecules are commonly 

designed to host analyses in order to stabilize a hollow ring conformation (Trifiro, 

Vaccari, & Atwood, 1996), (Guests, 1994) or to support a bulky clathrate structure. Most 

commonly materials used for this purpose are  4,4_-dihydroxydiphenylmethane or 2,2_-
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dihydroxy-1,1_-binaphthyl or and derivatives of them, which give rise to very efficient 

crown compounds(Cram, 1988b), (Cram, 1988a), (Apel et al., 2001) and cyclophane 

hosts (Vögtle, 1993), (Diederich, 1991) but also to excellent crystalline inclusion 

compounds clathrands. (Sanders, Atwood, Davies, Mac Nicol, & Vogel, 1996). Moreover 

other building blocks along these are needed to designed to be used as a designed module 

in supramolecular chemistry being host–guest properties, crystal engineering and other 

phenomena (Schneider & Yatsimirsky, 2000). Fluorene based new versatile building 

blocks are presented by Edwin Wiber and co-workers, which can be useful for clathrate 

type and macrocyclic host–guest inclusion in that this compound by itself is capable of 

forming crystalline inclusions and is shown to be an important constituent of macrocycle 

(Figure 6), also an efficient inclusion host.  

 

Figure 6: Fluorene based macrocycle 16 employed for host guest inclusion. 

 

1.2.6. Macrocycles formed through click reaction 

In the area of macrocycles the synthetic activity has been recognized as a great topic for 

many decades due to the diverse applications in host-guest chemistry (Gatto & Gokel, 

1984), medical devices, (Langer & Tirrell, 2004) and supramolecular architectures. 

(Amabilino & Stoddart, 1995), (W.-Y. Yang, Ahn, Yoo, Oh, & Lee, 2005). The synthesis 

of macrocycles has greatly promoted the development of cross-coupling reactions 
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between sp- or sp
2
-hybridized carbon atoms. The prominent  coupling reactions mainly 

includes Sonogashira cross-coupling between terminal alkynes and aryl halides (Grave et 

al., 2003), Negishi cross-coupling between alkynylzinc halides and aryl halides (Nolasco, 

Perez Gonzalez, Caggiano, & Jackson, 2009), Heck cross-coupling between terminal 

alkenes and aryl halides (Dieckmann, Rudolph, Dreisigacker, & Menche, 2012), Suzuki 

cross-coupling between aryl boronic acid and aryl halides (Molander & Dehmel, 2004), 

as well as Glaser-type homocoupling between terminal alkynes (Höger, Bonrad, 

Mourran, Beginn, & Möller, 2001). The key issue for the synthesis of macrocycles is, 

what strategy is used for the ring-closing step (the macrocylization reaction). Usually the 

required characteristics for the Macrocycalization are the use of high dilution conditions, 

template-directed synthesis or Dynamic combinatorial chemistry. Thus, how to 

efficiently synthesize desirable macrocycles with a suitable ring size and predictable 

structural properties is of great significance to the chemical community (W Zhang, 2006), 

(Wei Zhang & Moore, 2006). 

All the desired requirements for the macrocyclazation are present in Cu (I)-catalyzed 

azide-alkyne cycloaddition (CuAAC) (Figure.7). This methodology was introduced by 

Sharpless and Meldal (Huisgen, Szeimies, & Möbius, 1967), (Meldal & Tornøe, 2008) in 

early 2000s showing that use of Cu(I) as a catalyst greatly enhanced the rate of reaction 

(up to 107 rate enhancements), and the reaction can be carried out at room temperature. 

Additionally, the catalyzed reaction is highly regioselective towards the formation of the 

1,4-disubstituted triazole (over the 1,5-disubstituted isomer). 

 

Figure 7: General macrocyclization protocol induced by CuAAC. 
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Cu (I)-catalyzed azide-alkyne cycloaddition (CuAAC) reaction, falls into “click 

chemistry” category by all means. Click chemistry was defined by Sharpless (Tornøe, 

Christensen, & Meldal, 2002) as follows: “The reaction must be wide in scope,  modular, 

give very high yields, and generate only in offensive by products that can be separated by 

non-chromatographic methods. The necessary process characteristics include ordinary 

reaction conditions specifically the process should be insensitive to oxygen and water, the 

starting material and reagents should be readily available, such solvent must be used 

which is benign such as water or easily removed or solvent less process and product 

isolation must be simple. Usually processes in click category proceed speedily to 

completion and also tend to be highly selective for a single product. Because of the 

simplicity, and operational condition tolerance, click chemistry has swiftly become a 

well-known tool for the building of complex molecular architectures. In particular, the 

macromolecular structures functionalization, the dendrimers synthesis, and the 

conjugation between artificial and  natural macromolecules has been targeted using Cu (I) 

catalyzed click chemistry (Rostovtsev, Green, Fokin, & Sharpless, 2002), (Kolb, Finn, & 

Sharpless, 2001), (Gupta et al., 2005), (Barner‐Kowollik et al., 2011), (Touaibia et al., 

2007), (Touaibia et al., 2007), (A. K. Sharma et al., 2012), (Brennan et al., 2006). 

 Using CuAAC click chemistry complex macrocycles that  usually obtained by the use of 

aryl containing spacing units and their host-guest binding properties were investigated 

(Mynar et al., 2005), (P. Wu et al., 2004). The construction of high yielding shape 

persistent macrocycles by CuAAC click chemistry and also the anion capturing 

properties of the triazoles was demonstrated by Flood and coworkers. The highly 

preorganized, shape-persistent macrocycle is the prototypical example 17(Figure 8), in 

which the spherical anion was recognized by the acidic C-H hydrogen of the four 

perfectly positioned triazole units.  
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Figure 8: Recognition of spherical chloride ion by the acidic C-H hydrogen of the four 

perfectly positioned triazole units. 

 

Shape-persistent macrocycles resulted from click reaction have recently emerged as 

outstanding candidates for anion recognition and sensing in organic solutions. The ‘click’ 

reaction is not only useful and high-yielding in the macrocyclization step, but it is also 

efficient in introducing the triazole functionalities, in which the acidic CH protons act as 

efficient hydrogen-bonding donors in the complexation of anions, detected using NMR, 

UV/vis or fluorescence spectroscopies. 

By making the triazole ring cationic (i.e., triazolium moieties) the ability of neutral C-H 

for the formation of hydrogen bonding was increased. Recently the synthesis and 

characterization of the of the ferrocene containing bis-triazole macrocycle using click 

chemistry was reported by Beer group (Lau, Price, Todd, & Rutledge, 2011). The 

corresponding triazolium macrocycle 18 was achieved by alkylation of the triazole ring 

(Figure 9), which  specifically strongly binds with anions such as benzoate and chloride 

even in polar organic solvents which was confirmed by (
1
H NMR titration experiment). 

The charge-assisted C–H anion interactions favored by the high binding constant, and 

they use for electrochemical sensing of chloride ions in CH3CN solution the redox-active 

macrocycle 18. 



Introduction  

15 

 

N

N N

NN

N

Fe

(18)
 

Figure 9: Alkylated clicked ferrocene-containing macrocycle 18. 

 

Sessler group has reported the synthesis of shape persistent rigid macrocycle 19 based on 

click chemistry for the binding of tetrahedral oxyanions was also reported by Sessler 

group (Figure 10). Triazole-containing precursors resulted the formation of macrocycle 

(obtained using CuAAC click chemistry). Macrocycle  20 (Figure 10) was obtained by 

the post modification methylation of macrocycle 19  using methylating agent 

trimethyloxonium tetrafluoroborate (Nierengarten, Guerra, Holler, Nierengarten, & 

Deschenaux, 2012). Relative to mono anions and trigonal planar anions, a high selectivity 

was observed for tetrahedral anions in mixed polar organic-aqueous solvents while using 

these macrocycles. This selectivity is highly solvent dependent.  

Figure 10: Triazole and triazolium-containing macrocycles for the binding of anions. 
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Recently our group have synthesized noval fluorescent supramolecular tweezers Novel 

based on a biphenyl bis-triazole hexahydro quinoline system by click chemistry which 

were used as a highly sensitive and selective fluorescent probe for recognizing and 

detecting cephradine. (Khan et al., 2015) 

1.3. Photophysical evaluation of fluorescent chemosensors 

1.3.1. Principle of fluorescent chemosensor 

Various processes: phosphorescence, fluorescence, intersystem crossing, photon 

absorption, internal conversion, delayed fluorescence, and triplet–triplet transitions can 

best be visualized in a simple way by using Perrin-Jablonski diagram (Figure 11). S0 

denote the singlet electronic states (fundamental electronic state), the triplet states by S1, 

S2 etc and T1, T2 etc are Vibrational levels associated with each electronic state. Thus, 

Emission of photons due to the S1 → S0 relaxation results fluorescence. Fluorescent 

molecules are recently used as probes for the investigation of physicochemical, 

biochemical and biological systems called fluorescent probes As a consequence of the 

strong influence of the surrounding medium on fluorescence emission. 
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Figure 11: Perrin–Jablonski diagram and illustration of the relative positions of 

absorption, fluorescence and phosphorescence spectra. 

 

For designing any effective chemosensor the main issue is the linkage of a selective 

molecular recognition event with a physical absorption signal highly sensitive to its 

occurrence. An effective fluorescent chemosensor includes an ion recognition unit 

(ionophore) and a fluorogenic unit (fluorophore) as shown in (Figure 12), both moieties 

generally can be independent species or covalently linked by a spacer. (Bissell, De Silva, 

Gunaratne, & Lynch, 1992), (Wiskur, Ait-Haddou, Lavigne, & Anslyn, 2001). For 

selective binding of the substrate the ionophore is required, while the fluorophore is 

responsible for the inhibition. Mechanisms which control the response of a fluorophore to 
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substrate binding include photoinduced electron transfer (PET),(Jin, Ichikawa, & 

Koyama, 1992)
,
  photoinduced charge transfer (PCT), (Gutsche & Stoddart, 1989), (Izatt 

& Christensen, 1987), (Vicens & Böhmer, 2012) excimer / exciplex formation or 

extinction, (Jin et al., 1992), (Nishizawa, Kaneda, Uchida, & Teramae, 1998) and 

Fluorescence  resonance energy transfer (FRET). (Hossain, Mihara, & Ueno, 2003), 

(Takakusa, Kikuchi, Urano, Higuchi, & Nagano, 2001), (Arduini et al., 2003). 

 

Figure 12: Diagram of an effective fluorescent chemosensor. 

 

In that case, if appropriate fluorophores or chromophores are available, both the emission 

and absorption of light can be changed and used signals. The two important classes of 

sensors are those of optical types and fluorimetric type. While fluorimetry and 

spectrophotometry are both relatively simple techniques which are rapidly performed, 

nondestructive and suited to multicomponent analysis. Fluorimetry is principally 

considered superior because of the greater sensitivity, (De Silva et al., 1997), (Bernard 

Valeur & Leray, 2007), (S. H. Kim, Kim, Yoon, & Kim, 2007), (Fabbrizzi & Poggi, 

1995), (Czarnik, 1993) Lowering the concentration down to 0.1 μM the absorbance 

measurements can be best determine in contrast 1 million times smaller concentration can 

be accurately measured using fluorescence. Discrimination between analytes using 

fluorimetry is possible by using time resolved measurements. (B Valeur, 2001) 
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1.3.2. Photoinduced electron transfer (PET) 

In simplest cases in a molecule Fluorescence follows HOMO to LUMO excitation of an 

electron. The molecule may be called fluorophore if the emission is efficient. Before the 

emission, if the excited state vibrational deactivates it usually gives rise to a “Stokes 

shift” and the resulting emitted radiations wavelength will be less than that of the exciting 

radiation. (Sekar & Periasamy, 2003) The emission process may also be modified by 

various other interactions, and so fluorescence is of considerable importance in analytical 

chemistry. Thus, A fluorophore having a lone pair of electron in its orbital or in the 

orbital of the adjacent molecule the energy of the orbital having the lone pair of election 

lies in between the HOMO and LUMO. When light absorption create a space in the 

HOMO by exciting an electron, one or both the electrons from the lone pair of electrons 

can  efficiently be transferred to the hole in the HOMO while the initially excited electron 

will be transferred to the lone pair orbital. Such photoinduced electron transfer (PET) 

offers a nonradiative mechanism for the excited state deactivation (Figure 13), resulting 

the quenching or decrease in the emission intensity of fluorescence (Ji, Dabestani, 

Brown, & Sachleben, 2000), (Ji, Dabestani, Brown, & Hettich, 2001). 

If it is possible to involve the lone pair of electron in bonding interaction, the 

fluorescence can be recovered which lost as a result of PET. Thus, protonation or binding 

of a metal ion effectively places the electron pair in an orbital of lower energy and 

inhibits the electron-transfer process. The excited-state energy may then again be lost by 

radiative emission. In the case of metal ion binding, this effect is referred to as chelation-

enhanced fluorescence (CHEF). (J. S. Kim et al., 2003), (J. S. Kim, Shon, Rim, Kim, & 

Yoon, 2002). 
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Figure 13: Mechanisms for PET (a) and CHEF (b) systems. 

 

 

 

Figure 14: Mechanisms for (a) ET and (b) ET in systems containing an excited 

fluorophore and a d9 metal ion. 
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Other cases have been reported where metal ions like Cu(II) and Ni(II) does not induce 

CHEF by complexation (Unob, Asfari, & Vicens, 1998), (Fabbrizzi, Licchelli, 

Pallavicini, et al., 1996), (De Santis, Fabbrizzi, Licchelli, Mangano, & Sacchi, 1995), 

(Fabbrizzi, Licchelli, De Santis, Sardone, & Velders, 1996) but quench the fluorescence 

via two well-known mechanism electron transfer (ET) and energy transfer (ET) to the 

metal ion, leading to the rapid non-radiative decay. While the ET process (Figure 14) 

involves no formal charge transfer, the ET process does and must therefore be associated 

with some spatial reorganization of solvating molecules, so that inhibition of their 

motions should cause inhibition of ET. Therefore, these two ET processes can be 

differentiated by relating the luminescence of frozen solution and liquid, in the latter case 

if the luminescence is enhanced it would indicate that in the liquid solution ET is 

responsible for quenching. It has been also observed that the dependence of ET is weaker 

on the donor acceptor separation than ET, so that ET tends to dominate for longer 

separations and ET for shorter. (Bergonzi, Fabbrizzi, Licchelli, & Mangano, 1998), 

(Suppan, 1994) 

1.3.3. Photoinduced charge transfer (PCT) 

Some degree of charge transfer is necessarily involved in the Electronic excitation, but 

the fluorophores having both the electron-donating and electron-withdrawing groups, the 

charge transfer may be observed over a large distance and may cause a major changes in 

the dipole moment of the molecule this charge transfer may occur over long distances and 

be associated with major dipole moment changes, and the process will became 

particularly sensitive to the fluorophore microenvironment. Thus, it can be projected that 

anions or cations which are in close interaction with the donor or the acceptor moiety will 

be responsible for the change in the fluorophore Photophysical properties (Lakowicz, 

1994). 
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Figure 15: PCT system. 

 

For instance, with in a fluorophore the complexation of an electron donor group with a 

cation, the ability of the electron-donating of the donor group will be reduced due to 

which the he conjugation will also reduce and in turn it will cause reduction in blue shift 

in the absorption spectrum as well as decrease in molar absorptivity is observed. On 

another hand the binding of the acceptor atom to the metal ion, the electron-withdrawing 

ability enhances and will cause red shift in the absorption spectrum and will also increase 

the molar absorptivity (Figure 15). (Loehr & Voegtle, 1985) The change in the  

fluorescence spectra will be observed in the same direction as the absorption spectra, and 

in addition to these shifts, changes in lifetime and changes in quantum yields an also be 

observed. The charge and the size of the cation is responsible for all of these 

photophysical effects and hence some selectivity is expected. 

1.2.4. Excimer formation 

Whenever there are weak interactions like π-π stacking of the aromatic rings, which bring 

them together into vander Waals contact distance, the electronic excitation of one ring 

can enhance the interaction of it with another ring in its neighbor, leading to excited state 

dimer called “excimer”. (Birks, 1970) Briefly the complex formed between the 

interaction of excited fluorophore and another fluorophore in its ground state is called 

excimer. Eximers are formed only when one of the component of the dimer is in excited 
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state and another in ground state. When the excited part of the excimer returns back to the 

ground state or dissociate then they repel each other. Thus, the excimers are only formed 

by the relatively long lived excited fluorophore (S. K. Kim et al., 2004), (F. M. Winnik, 

1993), (S. H. Lee, Kim, Kim, Jung, & Kim, 2005), (J. Y. Lee, Kim, Jung, & Kim, 2005). 

Another factor which depend on the excimer formation is the solvent used because the 

rate of diffusion of fluorophore is different in different solvents. (M. A. Winnik, 1981), 

(Wang & Morawetz, 1976), (Morawetz, 1989), (Goldenberg, Emert, & Morawetz, 1978).  

1.2.5. Fluorescence resonance energy transfer (FRET) 

When energy is transferred from an excited donor fluorophore to another fluorophore in 

the ground state (acceptor) when they interact with each other, is called FRET. By this 

interaction the donor returns to the ground electronic state and the emission will then 

takes place from the acceptor center (Figure 16). 

FRET is dependent on three factors: the extent of spectral overlaps between the donor 

emission and the acceptor absorption spectrum (Figure 17), the distance in-between the 

donor and acceptor, and the relative orientation of the donor emission dipole moment and 

the acceptor absorption moment. (Stryer & Haugland, 1967) 

 

Figure 16: Fluorescence resonance energy transfer system. 
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Figure 17: Spectral overlap for FRET. 

 

1.4. Aim and Scope 

Different types of macrocycles like amide macrocycles, Schiff base macrocycles, click 

macrocycles, crown ethers, aza crown ethers and other finite molecular architectures have 

been reviewed from literature. The literature work on amide macrocycles, Schiff base 

macrocycles, click macrocycles, crown ether and aza crown ether reveals that only few 

macrocycles and their precursors based on fluorene moiety have been synthesized and 

there photophysical properties were explored. Crown ethers and other macrocycles are 

well known ligands for various metal cations. Aza crown ethers have especially been 

focused on as useful ligands because of their versatility and applicability. Macrocycles 

containing both N and O donors makes them more interesting in many research areas. 

Macrocycles and their precursors based on fluorene enhance the fluorescent and other 

photophysical properties of the macrocycles and their precursors. Further, there are no 

reports on the synthesis of macrocycles and their precursors based on fluorene containing 

N and O as donor atoms. And hence in the present investigation for the first time an 

attempt is made to synthesize macrocycles and their precursors containing N and O as 

donor atom and their photophysical properties were explored.  
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Chapter 2 

Synthesis and characterization of supramolecular macrocycles 

and macromolecules 

 

2.1 Click chemistry for the synthesis of macrocycles and macromolecules 

 

2.1.1. Synthetic approach for the triazole containing fluorene based macrocycle 26. 

OHHO

OO
+ Br

acetone, K2CO3

reflux

(21)
(22)

(23)

Br

Br Br

OO

N3
N3
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O

O

O

O

N

N
N

N
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(25)
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5 mol% CuSO4

20 mol % sod. aschorbate

DMF, 600C

 

Scheme 01: Synthesis of fluorene based macrocycle 26 containing traizole rings. 



Synthesis and Characterization 

 

26 

 

The synthesis of fluorene based macrocycle 26 containing triazole rings was 

accomplished in four steps. In the first step 9,9-bis(4-hydroxy phenyl) fluorene (21) was 

O-alkylated with 2.5 equiv. of 1,3-dibromopropane (22) and 05 equiv. of K2CO3 in 

acetone as a solvent at refluxed conditions. The molecule 9,9-bis(4-(3-

bromopropoxy)phenyl)-9H-fluorene (23) was obtained as a gummy material which was 

confirmed by a peak at m/z 590 in EI-MS spectra and the presence of signals at δ 4.64 

(triplet) and δ 2.43 (triplet) in 
1
H NMR. 

In the second step 9,9-bis(4-(3-bromopropoxy)phenyl)-9H-fluorene (23) was reacted with 

03 equiv. of sodium azide (NaN3) in dimethyl formamide (DMF) at 65 
º
C for 08 hours. 

The product 9,9-bis(4-(3-azidopropoxy)phenyl)-9H-fluorene (24) was gummy material 

which was obtained by column chromatography using silica gel in and 10 % DCM in 

hexane as elute  and was confirmed by the m/z peak at 516 in EI-MS analysis and peaks 

at δ 4.63 (t) and 2.24 (t) in 
1
H NMR . 

In the 3
rd

 step 9,9-bis(4-hydroxy phenyl) fluorene (21) was O-propargylated with 04 

equiv. of propargyl bromide in the presence of 04 equivalent of K2CO3 in dry acetone. 

9,9-bis(4-propajyloxyphenyl) fluorene (25) was obtained as a crystalline product in 88 % 

yield which was confirmed by X-ray crystallography,11 EI-MS (m/z 426.2) and 

resonances δ 4.70 as doublet and δ 2.53 as triplet in 
1
H NMR confirmed the formation of 

9,9-bis(4-propajyloxyphenyl) fluorene (25) (K. Shah, Raza Shah, & Ng, 2010). 

In the last step the triazole containing macrocycle 26 was obtained by the 1,3-dipolar-

cycloaddition reaction catalyzed by Cu(I)  between 9,9-bis(4-propajyloxyphenyl) 

fluorene (25) and 9,9-bis(4-(3-azidopropoxy)phenyl)-9H-fluorene (24) in DMF at 60 
º
C 

temperature. The Successful formation of the macrocycle 26 was confirmed by EI-MS 

and 
1
H NMR analysis. 
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2.1.2. Synthetic approach for the triazole containing fluorene based macromolecule 

29. 

OHHO OO

acetone, K2CO3

Br

N3

NO
O

5 mol% CuSO4

20 mol % sod. aschorbate

DMF, 600C

Br

NO
O

ethanol, NaN3

(21)

(27)

(25)

(28)

OO

N

N
O O NO O

N N N
N

N
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Scheme 02: Synthesis of fluorene based macromolecule 29 containing traizole rings. 

 

The synthesis of fluorene based triazole rings containing macromolecule 29 is shown in 

(scheme 02) was synthesized in 3 steps. The first step was carried out by the reaction of 9,9-

bis(4-hydroxy phenyl) fluorene (21)  with 2.5 equiv. of propargyl bromide in the presence of 

5 equiv. of K2CO3 in dry acetone as a solvent which resulted the formation of 9,9-bis(4-

propajyloxyphenyl) fluorene (25) in the yield of 88 % yield. In the 2
nd

 step 2-(3-

azidopropyl)isoindoline-1,3-dione (28) was obtained by the reaction of N-(bromo propyl) 

phthalimide (27) with sodium azide in dry ethanol in 90 % yield. The Cu(I)-catalyzed 1,3-

dipolar-cycloaddition reaction of 9,9-bis(4-propajyloxyphenyl) fluorene (25) with 2-(3-

azidopropyl)isoindoline-1,3-dione (28) under click conditions afforded the triazole 

containing macromolecule 29 in a yield of 68 %. The successful formation of all the 

compounds which were synthesized, were established by their spectroscopic and analytical 

data. For example, the 
1
H NMR spectrum of triazole containing macromolecule 29 shows 

two important resonances. The resonance at δ 7.44 (s) correspond to CH2 in triazole ring and 

resonance δ 5.46 for O-CH2adjacent to triazole ring. Other characteristic signals in the 
1
H 

NMR spectrum also confirmed the formation of the macromolecule 29. 
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2.1.3. Synthetic approach for the triazole containing fluorene based macromolecule 32. 

 

Scheme 03: Synthesis of fluorene based macromolecule 32 containing traizole rings. 

 

The triazole rings containing fluorene based macromolecule 32 was synthesized in 3 steps 

(Scheme 03). In the first step 9,9-bis(4-hydroxy-3-methyl phenyl) fluorene (30) was O-

propargylated  with 2.5 equiv. of 3-bromo-1-propyne in the presence of 5 equiv. of K2CO3 

in dry acetone as a solvent which yielded  9,9-bis(4-propajyloxyphenyl-3-methyl) fluorene 

(31) in 72 % yield. The structure of compound 31 was confirmed by the m/z 454.1 as a 

molecular ion peak in EI-MS and the resonance signals at δ 4.66 as doublet along with δ 

2.50 as triplet in 
1
H NMR confirmed the formation of compound 31. In the 2

nd
 step 2-(3-

azidopropyl)isoindoline-1,3-dione (28) was synthesized as described above. In 3
rd

 step 2-

(3-azidopropyl)isoindoline-1,3-dione (28) was coupled with 9,9-bis(4-propajyloxyphenyl-

3-methyl) fluorene (31) by Cu(I)-catalyzed 1,3-dipolar-cycloaddition reaction under click 

conditions which yielded macromolecule containing triazole rings  32 in a yield of 58 %. 

The spectroscopic and analytical data of the product supported the structure. For example, 

the 
1
H NMR spectrum of triazole based macromolecule 32 shows three characteristic  

signals at δ2.23 (s) for aromatic methyl, the resonance at δ 7.46  (s) correspond to CH2 in 

triazole ring and resonance δ 5.42  and for O-CH2 adjacent to triazole ring. Other 

characteristic signals in the 
1
H NMR spectrum also conformed the formation of the 

macromolecule 32. 
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2.1.4. Synthetic approach for the triazole containing calix[4]arene basedmacromolecule 

35. 

 

Scheme 04: Synthesis of calix[4]arene based macromolecule 35 containing traizole rings. 

 

Calix[4]arene (33) was synthesized by the already reported method (Gutsche & Iqbal, 

1990) followed by the O-alkylation, which was  carried out with 05 equiv. of propargyl 

bromide in the presence of 04 equiv. of K2CO3 in dry toluene in the yield of 85 %. The 

1,3-dipolar-cycloaddition reaction catalyzed bu Cu(I) of O-propagylated calix[4]arene 34 

with 2-(3-azidopropyl)isoindoline-1,3-dione (28) under click conditions afforded the 

desired macromolecule 35 in a yield of 82 %. The successful formation of the 

macromolecule 35 was supported by spectroscopic and analytical data  
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2.1.5. Synthetic approach for the triazole containing fluorescent macromolecule 38. 

 

 

Scheme 05: Synthesis of triazole containing fluorescent macromolecule 38. 
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The triazole ring containing macromolecule 38 was synthesized in 3 steps. Initially 

propargylation of the bis-phenol 36 by William-son’s ether synthesis was carried out with 

2.5 equiv. of propargyl bromide in the presence of 5 equiv. of K2CO3 in dry acetone as a 

solvent according to the reported procedure to afford bis(3-(2H-benzo[d][1,2,3]triazol-2-

yl)-2-(prop-2-ynyloxy)-5-(2,4,4-trimethylpentan-2-yl)phenyl)methane (37) in 92 % yield. 

1
H NMR and EI-MS confirmed the synthesis of the bis(3-(2H-benzo[d][1,2,3]triazol-2-

yl)-2-(prop-2-ynyloxy)-5-(2,4,4-trimethylpentan-2-yl)phenyl)methane (37) by observing 

the characteristic doublet resonance at δ 4.26 (J =2.4 Hz) and a triplet at δ 2.25 (J =2.4 

Hz) in 
1
H NMR and in EI-MS m/z at 734.1 confirmed the molecular ion peak for the 

compound 37. 2-(3-azidopropyl)isoindoline-1,3-dione (28) was prepared by the above 

mentioned procedure outlined  in (scheme 02). The fluorescent triazole containing 

macromolecule 38 was synthesized by the click protocol using  Cu(I)-catalyzed 1,3-

dipolar-cycloaddition reaction by coupling bis(3-(2H-benzo[d][1,2,3]triazol-2-yl)-2-

(prop-2-ynyloxy)-5-(2,4,4-trimethylpentan-2-yl)phenyl)methane (37) with 2-(3-

azidopropyl)isoindoline-1,3-dione (28) in a yield of 68 %. Spectroscopic and analytical 

data supported the product structures. For example, 
1
H NMR spectrum of triazole 

containing fluorescent macromolecule 38 shows 03 important singlets for the aromatic 

protons at δ 2.23, for CH2 in triazole ring at δ 7.64 and for O-CH2 adjacent to triazole 

ring at δ 4.64. Other signals in the 
1
H NMR spectrum also conformed the synthesis of the 

macromolecule 38.  
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2.1.6. Synthetic approach for the triazole containing molecular tweezer 42. 
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Scheme 06: Synthesis of triazole containing molecular tweezer 41 and 42. 

 

The synthesis of the molecular tweezers like macromolecules containing triazole rings 41 

and42 were afforded in 3 steps. In the first step 4, 4`-bisphenol (39) was alkylated by 

William-son’s ether synthesis with propargyl bromide, using 4 equivalent of K2CO3 as a 
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base and acetone as a solvent at refluxed conditions in 90 % yield. The product 4,4'-

bis(prop-2-ynyloxy)biphenyl (40) was characterized by 
1
H NMR showing characteristic 

resonance at δ 4.71 (s) and a singlet at δ 2.52 
1
H NMR and molecular ion peak observed 

m/z 262.1 EI-MS spectrum. 2-(3-azidopropyl)isoindoline-1,3-dione (28) was synthesized 

by the already described method outline in (Scheme 02). The long chain triazole 

containing molecular tweezers 41 and 42 was synthesized by click protocol using Cu(I)-

catalyzed 1,3-dipolar-cycloaddition reaction of 4,4'-bis(prop-2-ynyloxy)biphenyl (40) 

with 2-(3-azidopropyl)isoindoline-1,3-dione (28) in a yield of 48 % and 38 % 

respectively. These tweezers were characterized by their spectroscopic and analytical 

data. For example, 
1
H NMR spectrum of 41 showed characteristic resonance at δ 4.26 (J 

=2.4 Hz), a triplet at δ 2.25 (J =2.4 Hz), δ 2.24 for CH2 in triazole ring at δ 7.63 and for 

O-CH2 adjacent to triazole ring at δ 4.64. Other signals in the 
1
H NMR spectrum also 

conformed the synthesis of the macromolecule 41. Similarly macromolecule 42 was also 

confirmed by 
1
H NMR and EI-MS. 
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2.1.7. Synthetic approach for the triazole containing macromolecule 45 
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N
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Scheme 07: Synthesis of triazole containing macromolecule 45. 

 

Triazole based alhehydic macromolecule 45 was obtained as white powder in three steps. 

In the 1
st
 step 4-hydroxy-3-methoxy benzaldehyde (43) was O-alkylated with 03 equiv. of 

propargyl bromide in the presence of 03 equiv. of K2CO3 in acetone as a solvent at 

refluxed conditioned. The product 3-methoxy-4-(prop-2-ynyloxy)benzaldehyde (44) was 

successfully formed and the claim is confirmed by appearance of m/z 152.15 as molecular 

ion peak in EI-MS spectra and characteristics peaks in 
1
H NMR at δ 2.23 (t), for 

propargylic proton and δ 4.65 and for O-CH2 adjacent to triple bond. In the next step N-

(azido-propyl) phthalimide (28) was synthesized as depicted in (scheme 02) followed by 

the 3
rd

 step in which 3-methoxy-4-(prop-2-ynyloxy)benzaldehyde (44) was reacted with 

N-(azido-propyl) phthalimide (28) in the presence of 5 mol. percent CuSO4 and 20 mol. 

percent sodium ascorbate in DMF as a solvent at 60 
º
C.  The observed peak at m/z 420 as 

a molecular ion peak in EI-MS spectrum and characteristics resonance signals at δ 9.82 

for aldehydic proton, at δ 3.93 for methoxy proton and at δ 5.33 for O-CH2 adjacent to 

triazole ring in 
1
H NMR confirmed the structure of the product molecule 45. 
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2.1.8. Synthetic approach for the triazole containing macromolecule 48. 
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O

N
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Scheme 08: Synthesis of triazole containing macromolecule 48. 

 

Triazole macromolecule 48 was obtained as white powder in 03 steps. In the 1
st
 step 4-

hydroxy-3-methoxy benzaldehyde (43) was propargylated by William-son’s synthesis to 

afford 3-methoxy-4-(prop-2-ynyloxy)benzaldehyde (44) as shown in (scheme 07). In the 

2
nd

 step ethyl azido acetate (47) was synthesized by the reaction of iodo ethyl acetate (46) 

with sodium azide in ethanol. After the evaporation of the ethanol and work up ethyl 

azido acetate (47) was in-situ reacted with 3-methoxy-4-(prop-2-ynyloxy)benzaldehyde 

(44) by adopting click protocol using  Cu(I)-catalyzed 1,3-dipolar-cycloaddition reaction  

in the presence of 5 mol. percent CuSO4 and 20 mol. percent sodium ascorbate at 60 
º
C in 

DMF as a solvent. The appearance of the peak at m/z 319 as molecular ion peak in EI-MS 

spectrum and characteristics resonances in 
1
H NMR spectrum such as singlet  at δ 9.83 

for aldhydic protons, triplet resonance at δ 1.26 for CH3 of ethyl group and singlet 

resonance at δ 3.90 for O-CH3 confirmed the product ethyl 2-(4-((4-formyl-2-

methoxyphenoxy)methyl)-1H-1,2,3-triazol-1-yl)acetate (48). 
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2.2 Schiff base macrocycles and macromolecules 

2.2.1. Synthesis and characterization of Schiff base macrocycle 56. 

The synthetic route for macrocyclic fluorescent Schiff base macrocycle is described in 

(scheme 09).  

N
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O

N
N
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Scheme 09: Synthetic approach for the synthesis of Schiff base macrocycle 56. 
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The synthesis of macrocycle 56 (scheme 09) was accomplished in 06 steps. First the 

hydrazide macrocyclic precursor 50 was synthesized by the reaction of 9,9-bis(4-hydroxy 

phenyl) fluorene (21) with 2.5 equivalent of methyl bromo acetate in acetone in the 

presence of 5 equivalents of K2CO3 which afforded the dimethyl 2,2'-(4,4'-(9H-fluorene-

9,9-diyl)bis(4,1-phenylene))bis(oxy)diacetate (49) in 95 % yield. The diacetate were 

confirmed by two characteristics singlets at δ 4.55, for CH2 and δ 3.74 for the O-CH3 in 

1
H NMR, 

13
C NMR and mass spectrometry where the observed m/z was 494 was 

assigned for molecular ion peak.  

The synthesis of the ester was followed by the imidization step in which dimethyl 2,2'-

(4,4'-(9H-fluorene-9,9-diyl)bis(4,1-phenylene))bis(oxy)diacetate (49) was refluxed with 

hydrazine hydrate in toluene: methanol (1:1) as a solvent. The yield of the reaction was 

75 %. The resulting diamide was characterized by the observed peak at m/z 494 in EI-MS 

spectrum as a molecular ion peak, which was also matching to the theoretically calculated 

value for molecular formula (C29H26N4O4). Characteristics peaks in 
1
H NMR at δ 4.56, 

for CH2 and δ 2.72 for the NH2 protons was also observed in 
1
H NMR spectrum.  

The dialdehyde precursor 4,4'-(1,1'-(pyridine-2,6-diylbis(methylene))bis(1H-1,2,3-

triazole-4,1-diyl))bis(methylene)bis(oxy)dibenzaldehyde (55) was synthesized in three 

steps. In the first step the commercially available 2,6-bis(bromomethyl)pyridine (51) was 

treated with Sodium azide in dimethyl formamide (DMF) at 60 
º
C. The product 52 was 

purified with the help of column chromatography using silica gel as stationary phase and 

using ethyl acetate and hexane (7: 3) and characterized by Mass spectrometry revealing 

molecular ion peak at m/z at 198.1. 

In the next step the commercially available 4-hydroxy benzaldehyde 53 was 

propargylated with propargyl bromide in acetone in the presence of potassium carbonate 

at 60 
º
C. The product 4-(prop-2-ynyloxy)benzaldehyde (54) was purified using solvent 

system ethyl acetate and hexane in 1:9 ratio by silica gel column chromatography and 

were characterized by mass spectrometry revealing molecular ion peak at m/z 160 which 

was matching to the theoretical value calculated for molecular formula (C10H8O2). 

Characteristics peaks at δ 9.88 for aldehydic proton, δ 4.76, for O-CH2 and  δ 2.23 for the 

terminal alkyne proton in 
1
H NMR. 



Synthesis and Characterization 

 

39 

 

In the next step the 2,6-bis(azidomethyl)pyridine (52) and 4-(prop-2-ynyloxy) 

benzaldehyde (54) were allowed to couple with the help of Cu(I)-catalyzed 1,3-dipolar-

cycloaddition reaction under click conditions in the presence of 20 mol %  sodium 

ascorbate and 5mol% CuSO4 which afforded the dialdehyde 4,4'-(1,1'-(pyridine-2,6-

diylbis(methylene))bis(1H-1,2,3-triazole-4,1-diyl))bis(methylene)bis(oxy)dibenzaldehyde 

(55) in a yield of 74 %. The structure of the target molecule was established by ESI-MS; 

calc. for C27H23N7O4, M
+
, m/z 509.18; observed [M + H]

+
, m/z 510.20., 

1
H NMR, 

13
C 

NMR. 

In the last step the macrocyclic precursors 2,2'-(4,4'-(9H-fluorene-9,9-diyl)bis(4,1-

phenylene))bis(oxy)diacetohydrazide (50) and 4,4'-(1,1'-(pyridine-2,6-diylbis(methylene)) 

bis(1H-1,2,3-triazole-4,1- iyl))bis(methylene)bis(oxy)dibenzaldehyde (55) were dissolved 

on heating in CH3Cl, CH3CN (1:1, v/v) in separate flasks. The dissolved hot 2,2'-(4,4'-(9H-

fluorene-9,9-diyl)bis(4,1-phenylene))bis(oxy)diacetohydrazide (50) solution was added 

drop wise to refluxing solution of the 4,4'-(1,1'-(pyridine-2,6-diylbis(methylene))bis(1H-

1,2,3-triazole-4,1-diyl))bis(methylene)bis(oxy)dibenzaldehyde (55). The reaction mixture 

after complete addition of the two solutions was refluxed for additional 2 h. The 

macrocycle 56 was obtained as white precipitates which was filtered and characterized by 

.MALDI TOF-MS: calc. for C112H90N22O12, m/z 1935.71; observed m/z 1958.31 for [M + 

Na]
+
 and m/z 1975.30 for [M + K] 

+
, 

1
H NMR and 

13
C NMR data. 
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2.2.2. Synthesis and characterization of Schiff base macromolecule2,2'-(1E,1'E)-

(4,4'-(9H-fluorene-9,9-diyl)bis(4,1-phenylene))bis(azan-1-yl-1-ylidene)bis(methan-1-

yl-1-ylidene)diphenol (59) 

 

H2N NH2

+ OH

N N

HOOH

CHO
acetic acid

THF, reflux

(57)
(59)

(58)

 

Scheme 10: Synthesis and characterization of Schiff base macromolecule 59. 

 

2,2'-(1E,1'E)-(4,4'-(9H-fluorene-9,9-diyl)bis(4,1-phenylene))bis(azan-1-yl-1-

ylidene)bis(methan-1-yl-1-ylidene)diphenol (59) was synthesized using reported procedure 

briefly 500 mg (1.4 mmol) of 9,9-bis(4-aminophenyl) fluorene (57) was refluxed with 525 

mg (4.31 mmol) salicylaldehyde (58) in ethanol for 12 hours (scheme 10). The precipitates 

obtained was filtered and washed with ethanol and 20 mL 100 % ethanol and 20 % ethyl 

acetate: hexane (3 times each). The precipitates were then dried and the compound 59 was 

obtained in 90 % yield (450 mg). The structure of compound 59 was established on the 

basis of NMR and electron ionization mass spectrometry. 
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2.3. William-son’s ether synthesis for macrocycles and macromolecules. 

2.3.1. Synthetic approach for the synthesis of fluorene based pyridine containing 

macrocycle 62. 
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Scheme 11: Synthesis of fluorene based pyridine macrocycle 62. 
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Bromo-methyl pyridine derivative 61 was obtained as white solid when bisphenol 

30was allowed to react with 2,6, bis-(bromo-methyl) pyridine (60) in the presence of 

K2CO3. The obtained product 61 was characterized with the help of 
1
H NMR, EI-MS 

spectroscopy. We got a clue for the synthesis of compound 61 as we found the peak at 

m/z 745.1 as molecular ion peak in the EI-MS spectrum while the presence of signals at 

δ 4.64 (singlet) and δ 2.43 (singlet) in 
1
H NMR confirmed the formation of the product 

61. 

Macrocycle 62 was obtained as white solid when bisphenol 30 was allowed to react 

with bromo-methyl pyridine derivative 61 in the presence of K2CO3. The obtained 

product 62 was characterized with the help of 
1
H NMR, EI-MS spectroscopy. We got 

the characteristic signals of the macrocycle 62 at δ 4.64 (singlet) in 
1
H NMR and the 

peak at m/z 962.1 as molecular ion peak in the EI-MS spectrum which confirmed the 

formation of product. 
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2.3.2. Synthetic approach for the synthesis of bis-naphthol based pyridine 

containing macrocycles 64, 65 and 66. 
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Scheme. 12: Synthesis of bis-nephthol based macrocycles 64, 65 and 66 containing pyridine 

moiety. 

 

Pyridine moiety containing macrocycle 64, 65 and 66 was obtained as white solid when 1,1'-

binaphthyl-2,2'-diol (63) was allowed to react with 2,6, bis-(bromo-methyl) pyridine (60) in 

the presence of K2CO3 under high dilution conditions using acetone as a solvent. After 

completion of the reaction TCL of the reaction mixture (ethyl acetate : Hexane 7:3) showed 

three compounds which were obtained as a pure product by column chromatography using 

silica gel as stationary phase and 25 % ethyl acetate in hexane as a solvent system. The 

obtained pure compounds 64 and 65 were characterized by 
1
H NMR spectroscopy and EI-

MS spectrometry while the compound 66 was characterized by ESI-MS spectrometry. 
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2.3.3. Synthesis of fluorene based macrocycles 67, 68, 69 and 70 containing double 

bond in the cavity. 

O
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O O

OHHO

acetone, K2CO3

+
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R = H (21)
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Scheme: 13: Synthesis of fluorene based macrocycles 67, 68, 69 and 70 containing 

double bonds in cavity. 
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The above two fluorene based macrocycles was obtained as white powder when fluorene 

based phenols, 9,9-bis(4-hydroxy phenyl) fluorene (21) and  9,9-bis(3-methyl-4-hydroxy 

phenyl) fluorene (30) was reacted at refluxed conditions with  trans-1,4-dibromo-2-

butene at high dilution conditions for 72 hours. Acetone was used as a solvent for this 

reaction. After the completion of the reaction the reaction solvent (acetone) was 

evaporated by rotary evaporator under vacuum and the crude material was obtained after 

workup with dichloromethane and water. TLC ethyl acetate in hexane (1:1) showed a 

number of products which were obtained in pure form by using 25 % ethyl acetate in 

hexane as eluent in column chromatography using silica gel as stationary phase. Five 

compounds were isolated in pure form and characterized through spectroscopic and 

spectrometric techniques. The [1+1] macrocycle was confirmed from 
1
H NMR and EI-

MS analysis. The remaining four were also analyzed by 
1
H NMR and established to be 

macrocycles but the molecular mass of these compounds were not conclusive as revealed 

by EI-MS, ESI-MS or MALDI-TOF.  
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2.3.4. Synthetic approach for the synthesis of highly brominated fluorene based 

macrocycle 73 and macromolecule 72. 
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Scheme 14: Synthesis of brominated fluorene based pyridine macrocycle 73 and 

macromolecule 72. 

 

The highly brominated macrocycle 73 and macromolecule 72 was obtained as white 

powder in two steps. In the first step 9,9-bis(3-methyl-4-hydroxy phenyl) fluorene (30) 

was brominated with N-bromo succnimide (NBS) in chloroform as a solvent. The highly 

brominated phenol 71 obtained was characterized with the help of 
1
H NMR and was 

further reacted with 2,6, bis-(bromo-methyl) pyridine (60) in acetone as a solvent at high 

dilution condition which afforded two compounds after purification by column 

chromatography using dichlomethane and hexane in 6:4 ratio. These compounds were 

characterized by 
1
H NMR.  
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2.4. Synthesis of Mannich base derivatives 74-79 of 9,9-bis(3-methyl-4-

hydroxy phenyl) fluorene (30). 
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Scheme 15: Synthesis of Mannich base derivatives 74-79 of 9,9-bis(3- methyl-4-hydroxy 

phenyl) fluorene (30) 

 

A number of Mannich base derivatives of 9,9-bis(3- methyl-4-hydroxy phenyl) fluorene 

(30) were synthesized for the first time by reacting 9,9-bis(3- methyl-4-hydroxy phenyl) 

fluorene (30) with secondary amine via formaldehyde using acetic acid as a catalyst at 50 

º
C using Tetrahydrofuran (THF) as a solvent for 24 to 48 hrs. After completion of the 

reaction the solvent was evaporated by vacuum distillation after the completion of 

reaction, the product was either precipitated by adding cold water or was purified by 

silica gel (stationary phase) column chromatography. The purity of the compound was 

checked by TLC.  
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2.5. Glaser coupling for the synthesis of macrocycles and macromolecules 

2.5.1. Synthetic approach for the synthesis of macromolecule 80. 

H O

O

O

H O
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O

acetone, K2CO3

propargyl bromide
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H O

O

O

HO

O

O

(43)
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(80)  

Scheme 16: Synthesis of di-aldehydic Glaser macromolecule 80. 

 

The synthesis of di-aldehydic Glaser macromolecule 80 was completed in two steps. In 

the first step 4-hydroxy-3-methoxy benzaldehyde (43) was O-propagylated to afford 3-

methoxy-4-(prop-2-ynyloxy)benzaldehyde (44) as discussed in (scheme 07). In the next 

step 3-methoxy-4-(prop-2-ynyloxy)benzaldehyde (44) was homo-coupled by Glaser 

coupling using copper acetate  Cu(OAc)2 and tetra methyl ethylene di-amine (TMEDA) as 

a catalyst. The product 4,4'-(hexa-2,4-diyne-1,6-diylbis(oxy))bis(3-methoxybenzaldehyde) 

(80) was confirmed by the presence of peak at m/z 378.1 in the EI-MS spectrum for the 

molecular ion peak and absence of characteristics peaks for acetylenic protons and 

presence of singlet  peak for aldehydic protons at δ 9.81 and singlet for methoxy protons at 

δ 3.92  in 
1
H NMR. 



Synthesis and Characterization 

 

49 

 

2.5.2. Synthetic approach for the synthesis of macromolecule 81. 

O
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O
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OHHO
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(21)

(25)
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Scheme 17: Synthesis of Glaser macromolecule 81. 

 

The above macro Glaser macromolecule 81 was synthesized in two steps. In the first step 

9,9-bis(4-hydroxy-phenyl)fluorene (21) was modified as alkyne precursor 9,9-bis(4-

(prop-2-ynyloxy)phenyl)-9H-fluorene (25) and was characterized by EI-MS spectrometry 

and 
1
H NMR spectroscopy. This alkyne precursor 9,9-bis(4-(prop-2-ynyloxy)phenyl)-

9H-fluorene (25) was then homocoupled by Glaser protocol using copper acetate  

Cu(OAc)2 and tetra methyl ethylene di-amine (TMEDA) as a catalyst in acetonitrile as a 

solvent. The product macromolecule 81 was characterized by 
1
H NMR which was 

recorded in CDCl3 at 300 MHz showing a triplet for the acetylenic protons at δ 2.46 and a 

doublet for the Ph-O-CH2 at δ 4.60. 
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2.6. Synthetic approach for the synthesis amide macrocycles and 

macromolecules 

2.6.1. Synthetic approach for the synthesis of amide macrocycle 82. 

H2N NH2

oxalyl chloride

acetonitril, reflux

HN NH

NHHN

O
O

O O

(57)

(82)  

Scheme 18: Synthesis of amide macrocycle 82. 

 

Amide macrocycle 80 was obtained as gray like powder when 9,9-bis(4-amino phenyl) 

fluorene  (57) was allowed to react with oxalyl chloride in acetonitrile at high dilution 

conditions. The obtained product 80 was characterized with the help of 
1
H NMR, and 

13
C NMR spectroscopy. 
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2.6.2. Synthetic approach for the synthesis of amide macrocyclic precursor 50 

 

Scheme 19: Synthesis of amide macrocyclic precursor 50. 

Synthesis of the above amide macrocyclic precursor 50 was accomplished in 02 steps. First 

9,9-bis(4-hydroxy phenyl) fluorene (21) was reacted with 2.5 equivalent of methyl bromo 

acetate in acetone in the presence of 5 equivalents of K2CO3 which afforded the dimethyl 2,2'-

(4,4'-(9H-fluorene-9,9-diyl)bis(4,1-phenylene))bis(oxy)diacetate (49) in 95 % yield. The 

diacetate were confirmed by two characteristics singlets at δ 4.55, for CH2 and δ 3.74 for the O-

CH3 in 
1
H NMR, and mass spectrometry where the observed m/z was 494 was assigned for 

molecular ion peak. The diacetate 49 was also characterized by 
13

C NMR. The DEPT 135 of 

13
C NMR showed only one signal for the methylene (CH2) at δ 65.3 confirming the formation 

of the diacetate 49. In the imidization step the dimethyl 2,2'-(4,4'-(9H-fluorene-9,9-diyl)bis(4,1-

phenylene))bis(oxy)diacetate (49) was refluxed with Hydrazine hydrate in toulene: methanol 

(1:1) as a solvent. The yield of the reaction was 75 %. The resulting diamide was characterized 

by the observed peak at m/z 494 in EI-MS spectrum as a molecular ion peak, which was also 

matching to the theoretically calculated value for molecular formula (C29H26N4O4). 

Characteristics peaks in 
1
H NMR at δ 4.56, for CH2 and δ 2.72 for the NH2 protons was also 

observed in 
1
H NMR spectrum. This amide macrocyclic precursor was used by Mr. Burhan 

Khan (our group scholar) for the synthesis of a number of macrocycles which are present in his 

dissertation.  
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Chapter 3 

Photophysical evaluation of synthesized compounds 

 

3.1. Synthesis and analytical applications of a novel fluorescent 

supramolecular cleft 77 

HO
OH

N
N

N N

Molecular cleft 
         (77)

 

Molecular recognition is a key process in many biological processes.  For example, 

enzyme catalyzed reactions that occur in organisms are based on the recognition that 

takes place between a guest (substrate) and a host (catalyst) (Setny, Baron, Kekenes-

Huskey, McCammon, & Dzubiella, 2013). To mimic biological processes, the 

preparation of artificial molecular sensors has attracted significant interest, and these 

sensors have been used for the detection of a diverse range of species including 

charged ions,(Sahin & Yilmaz, 2012)  neutral analyses, (Czarnik, 1994) globular 

proteins, (Rakshit, Saha, Chakraborty, & Pal, 2013) and organic molecules such as 

resorcinol, cotinine and nicotine.(Antwi‐Boampong, Mani, Carlan, & BelBruno, 

2014; Bell & Hext, 2004; Goutam & Iyer, 2015)  Due to their low cost of preparation, 

selectivity, highly efficient binding behavior, and high sensitivities, these sensors 
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have applications in the biological, environmental, and clinical fields (Ahmad, 

Younus, Chughtai, & Verpoort, 2015; P. S. Sharma, Iskierko, Pietrzyk-Le, D'Souza, 

& Kutner, 2015). 

Among various classes of chemosensors, fluorosensors have attracted particular 

attention because of their high degree of sensitivity for analytes detection (Khan et al., 

2015). Fluorescent chemosensors are powerful tools for the efficient detection and 

quantitative determination of various target molecules (Han et al., 2010).  Fluorescence-

based detection offers several advantages over other analytical methods, such as high 

specificity, sensitivity, and real-time monitoring with fast response times (Y. H. Lee et 

al., 2010). Successful fluorescent sensors usually include three important components: a 

fluorophore, a binding-recognition unit, and a signal conducting mechanism (Y. Yang, 

Gou, Blecha, & Cao, 2010). 

Amoxicillin (i.e., D-α-amino-p-hydroxybenzylpenicillintrihydrate) is commonly 

used as an anti-bacterial drug(Goodman, 1996)
, 
(James, Reynolds, & Martindale, 1993).  

In addition to human treatment, amoxicillin is also used to protect agricultural livestock 

against various diseases and to enhance their growth and thus improve food production 

(Bergamini, Teixeira, Dockal, Bocchi, & Cavalheiro, 2006).  Because of the widespread 

clinical usage of amoxicillin, methods for its quantification in pharmaceuticals and 

biological fluids, as well as in the environment are important.  Several methods are used 

for the detection and quantification of amoxicillin,  including spectrophotometric 

techniques, (Mohamed, 2001; Pasamontes & Callao, 2004; Salem, 2004; Salem & Saleh, 

2002) high-performance liquid chromatography (HPLC), (C. Liu, Wang, Jiang, & Du, 

2011)fluorometry, (Ma, Chen, & Huang, 1999) atomic absorption spectrophotometry, (Y 

Li, Lang, Li, & Xie, 2000)  chromatography, (Aghazadeh & Kazemifard, 2001) mass 

spectrometry,(Wen et al., 2008) flow injection chemiluminescence, (Fuwei, Jinghua, 

Ping, & Shenguang, 2010) and electrochemical techniques. (Fouladgar et al., 2011)  

However, most of these methods involve complicated measurement procedures, require 

expensive instruments and some of these methods provide poor sensitivity.   

 In the wake of widespread use of modern drugs, their presence in water reservoirs 

has become an alarming issue (Fatta-Kassinos, Meric, & Nikolaou, 2011; Redshaw, 
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Stahl-Timmins, Fleming, Davidson, & Depledge, 2013).  This problem is even more 

pronounced in third world countries, where the regulations on the use of drugs are poorly 

managed.  For example, analysis of water reservoirs (surface water, drainage, and 

effluent) of Karachi, Pakistan, a large number of pharmaceuticals were found at 

alarmingly high concentrations (up to microgram-per-liter levels(Selke, Scheurell, Shah, 

& Hühnerfuss, 2010).  Amoxicillin is widely used and thus it can be anticipated that its 

concentration in the environment, including water reservoirs, is sufficiently high to make 

drinking water unsafe.  Therefore, a selective and sensitive method for the detection 

amoxicillin in the drinking water is desirable.   

Herein we report the preparation and evaluation of the piperazine-fluorene based 

supramolecular cleft 77 as a selective and highly sensitive sensor for the detection of 

amoxicillin.  In particular, this supramolecular host was used to detect amoxicillin in 

drinking water collected from a reservoir in Karachi and in human blood plasma.  The 

molecular cleft 77 binds selectively with amoxicillin in acetone/water (1:1, v/v).  This 

novel fluorosensor exhibits high sensitivity and great selectivity, as well as a rapid 

response and applicability over a wide range of pH and drug concentrations.  

3.1.1. Synthesis of molecular cleft 77 

500 mg (1.3 mmol) of 9,9-bis(3-methyl-4-hydroxy phenyl) fluorene (30)  was dissolved 

in Tetrahydrofuran (40 mL) followed by the addition of 0.1 mL (2.7 mmol) 

Formaldehyde, 0.37 mL (2.9 mmol) 1-ethylpiperazine and acetic acid (0.15 mL, 2.6 

mmol) were added into the above solution.  The reaction mixture was subsequently 

stirred for 12 hrs at 50 C for 12 h.  The residual solvent from the reaction mixture was 

then removed via vacuum distillation, which yielded a gum-like material.  This crude 

product was extensively washed with 5.0 % ethyl acetate in hexane (30 mL × 3).  Further 

purification was performed via silica gel column chromatography by using 5 % methanol 

in ethyl acetate as an eluent.  The compound purity was observed by TLC.  This 

purification provided 400 mg of the targeted compound 77 in ~80 % yield.  The chemical 

structure of molecular cleft 77 was established via 
1
H NMR and EI-MS characterization. 
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3.1.2 Results and discussion 

Molecular cleft 77 consisted of a fluorene-based molecule bearing piperazine 

substituent connected by a methylene (CH2) unit.  The cleft molecule 77 incorporates 

four nitrogen atoms from its piperazine moieties and two phenolic groups, which are 

potential donor sites for complexation with guest acceptor molecules.   

As shown in (Figure 18), the fluorescent recognition behavior and binding 

capacity of 77 was investigated with various drugs molecules, including 6APA, aspirin, 

captopril, cefotoxime, ceftriazone, cefuroxime, diclofinic Na, penicilline, amoxicillin and 

cephradin.  The spectroscopic titrations were conducted in acetone/water (1/1 v/v) 

solutions.  The free molecular cleft 77 and amoxicillin exhibited emission maxima at 431 

and 450 nm, respectively.  A strong fluorescent emission band appeared at 431 nm when 

equi-molar solutions of 77 and amoxicillin were mixed.  As shown in (Figure 18), the 

fluorescence spectra of receptor 77 exhibited no significant changes from that of the free 

receptor in the presence of drugs other than amoxicillin.  In contrast, the fluorescence 

spectrum of 77 changed dramatically upon the addition of amoxicillin.  This higher 

selectivity of 77 for amoxicillin may be attributed to the ideal fitting of amoxicillin into 

the space between the piperazine moieties. 

 

Figure 18: Fluorescence emission spectra of molecular receptor 77 (100 μM) after it has 

been mixed with various drugs (100 μM).. These measurements were performed at pH 8. 
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We also explored the detection limits of molecular cleft 77 for amoxicillin.  

(Figure 19a) shows the fluorescent emission spectra recorded during a successive 

decrease in the concentration of amoxicillin while the concentration of 77 was kept 

constant.  A gradual decrease in the emission was observed by decreasing the amoxicillin 

concentration down to 800 nM.  A linear relationship was observed by plotting the 

normalized emission of 77 versus the amoxicillin concentrations (Figure 19b).  

Meanwhile, no noticeable changes in the emission bands of the free molecular cleft 77 

(431 nm) were observed during the titration. 

 

  

19(a) 
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Figure 19: Fluorescence emissionspectra of cleft77 in the presence of various 

concentrations of amoxicillin (a). Graph showing the normalizedemission of receptor77 

at 431 nm vs the amoxicillin concentration (b).  Thesemeasurementswereperformed at pH 

8 and at concentration 100 µM.  Y-axis shallbe the intensity. 

 

To explore the selectivity of 77 for amoxicillin, the recognition studies of 77 were 

performed in the presence of amoxicillin (100 µM) and various other drugs, as shown in 

(Figure 20).  The increase in the emission maxima at 431 nm can be attributed to the 

formation of hydrogen bonds between the molecular cleft 77 and amoxicillin. It is quite 

evident from these results that cleft 77 has high selectivity for the detection of amoxicillin 

when compared with other drugs. 
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Figure 20: The fluorescence responses of cleft 77 containing amoxicillin to other drugs 

in a competitive study. 1 = APA, 2 = Captopil, 3 = Cefotoxime, 4 = Ceftriazone, 5 = 

Cefuruxime, 6 = Diclofenac, 7 = Cepradine,  8 = penicillin, 9 = Aspirin 

 

Many drugs often exist as a charged species, and thus their physical properties including 

their solubility are pH-dependent.  Therefore, it may be anticipated that the complexation 

behavior between molecular receptor 77 and the drug molecules was also pH-dependent.  

The behavior of receptor77 towards amoxicillin at different pH values (ranging between 

2 and 12) and at concentrations of 100 µM are shown in (Figure 21).  The pH was tuned 

by the addition of aqueous HCl and NaOH solutions.  The emission intensity exhibited by 

mixture containing both the receptor 77 andamoxicillin gradually increased with 

increased in the pH.  This increase corresponds to the availability of electrons of the 

receptor 77, which promoted hydrogen bonding.  The maximum emission was observed 

at pH 9, which could be attributed to the predominance of the non-protonated amine at 

this pH that thus induced enhancement in enhanced complexation between 77 and 

amoxicillin. 
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Figure 21: Plot of the fluorescence intensity versus the pH for cleft 77-amoxicillin (100 

μM) at 431nm. 

 

The binding constant between 77 and amoxicillin was determined from the 

fluorescence titration data using the Benesi–Hildebrand method (Benesi & Hildebrand, 

1949). As a good linear relationship was observed between 77 and amoxicillin at a 1:1 

molar ratio, a 1:1 binding stochiometry was therefore favored. The binding stochiometry 

between the molecular cleft 77 and amoxicillin was also determined via the continuous 

variation method (Job’s plot).  As shown in (Figure 22), a Job’s plot was plotted for 

molecular cleft 77 and the intensity of the system by varying the molar fraction of the 

host [[H]v/([H]v+[G]v)] for a series of solutions.  Meanwhile, the total concentration of 

the host and guest was kept constant, with the molar fraction of the host continuously 

increasing.  The results indicated that the complexation between 77 and amoxicillin 

occurred with a 1/1 (host/guest) stochiometry.  
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Figure 22:  Job’s plot of the complexation of cleft 77 with amoxicillin at pH 8. 

 

3.1.3. Molecular recognition assays 

The drug (amoxicillin) recognition behavior of molecular host 77 was 

investigated as described below.  First, 4,4'-(4,5-bis((4-ethylpiperazin-1-yl)methyl)-9H-

fluorene-9,9-diyl)bis(2-methylphenol)(77) was dissolved in acetone (conc. 100 μM).  

Similarly, aqueous solutions of amoxicillin were prepared at 100 μM.  These two 

solutions were mixed together in different molar ratios of compound 77 and amoxicillin.  

Fluorescence spectroscopy was used to monitor the amoxicillin recognition by 77 by 

recording the absorption and emission spectra of these solutions.  These solutions were 

allowed to stand for 1 h and frequently shaken during this period.  The fluorescence 

intensity of the emission peak maxima at 431 nm was used for stochiometry calculations.  

The fluorescence spectra of these guest-host solutions were recorded and a plot of [HG] 

versus XH was used to determine the stochiometry of the complex formed.  The 

concentration of [HG] (which denotes that of the host-guest complex) was calculated by 

Equation 1: 

[HG] = (ΔF/F0) [H]               (Eq. 1) 

Mole fraction of (77) 
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Where HG represents the complex ΔF is change in fluorescence F0 is the fluorescence 

intensity of host and [H] represents the concentration of the receptor 77. 

3.1.4. Amoxicillin detection in human plasma samples 

We further demonstrated the detection of amoxicillin in blood plasma samples 

using 77 as a sensor.  For this purpose, freshly collected human blood plasma samples 

were spiked with a known concentration of amoxicillin (100 µM) and were tested with 

receptor 77.  The fluorescence emission spectra of the plasma samples in DMSO and 

water were recorded, and then measurements of these samples were recorded in the 

presence of amoxicillin.  The emission intensities exhibited at 431 nm were compared 

with that observed in a spectrum that was also recorded in the plasma.  Finally, a freshly 

prepared plasma sample was spiked with both 77 and amoxicillin, and its fluorescence 

emission spectrum was recorded, and the emission at 431 nm was significantly enhanced 

in this case (Figure 23).  These results suggest that 77 may have applications as a sensor 

for the detection of amoxicillin in biological samples.  

 

Figure 23: Interaction and comparison of emission spectra of receptor 77 with 

amoxicillin in human plasma. 
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3.2. Supramolecular chemosensor for selective detection of thallium in 

aqueous medium 

 

N N

HOOH

(59)
 

 

Supramolecular sensors are promising candidates for the realization of innovative 

materials for information technology (Raymo & Giordani, 2002). The design and 

synthesis of macromolecules for the detection of biologically hazardous important metal 

ions, such as heavy toxic metals including (Tl) is an important subject in the field of 

supramolecular chemistry. Thallium is one of the rare earth metals and found in +1 and 

+3 oxidation state in nature. As a natural constituent of earth crust, thallium occurs in 

nearly all environmental samples. Thallium is a rare but widely spread element with 

average concentrations of 0.49 ppm in the continental crust and of 0.013 ppm in the 

oceanic crust (Peter & Viraraghavan, 2005). Thallium occurs in small amount in the 

minerals crookesite, lorandite, hutchinsonite, and vrbaite. It also exists in small quantities 

in sea water and in certain mineral waters, and is widely distributed in vegetable kingdom 

in small quantity, being found in traces in wine, chicory, tobacco and beet. Alloys of 

thallium have many industrial applications and soluble thallium salts on account of their 

extreme toxicity, are finding increasing use as poisons for the elimination for the rodent 

and other pests (Anderson, 1953). The heavy metal thallium has a pronounced toxic 

effect on mammals including anorexia, headache, and pains in abdomen, upper arms and 

thighs and even in all over the body. In extreme cases, alopecia, blindness and even death 
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can occur (Xiao et al., 2004)
, 
(Zitko, 1975). The excessive use of Thallium can cause 

complication in menstrual cycle and libido (Antón, Spears, Somoano, & Tarazona, 2013). 

Ecotoxicological importance of thallium is derived from its high acute toxicity on living 

organisms, comparable to that of lead and mercury (Antón et al., 2013). It has been 

reported that Tl is more acutely toxic than Hg, Cd, Pb, Cu or Zn, and it has caused many 

accidental, occupational and therapeutic poisonings since its discovery in 1861 (Smith & 

Carson, 1977), (Mulkey & Oehme, 1993). 

Owing to the importance of this biologically toxic metal ion, its detection, monitoring 

and regulation is of pivotal importance. A number of sophisticated analytical techniques 

including gravimetric methods (Wendlandt, 1957), volumetric determination (Willard & 

Young, 1930) atomic absorption spectrometry, inductively coupled plasma mass 

spectroscopy (Quemet et al., 2012), inductively coupled plasma-atomic emission 

spectrometry (Costea, Istudor, Fierăscu, Fierăscu, & Botez, 2013) and voltammetry (de 

Jong, Boye, Schoemann, Nolting, & de Baar, 2000) have been developed for the 

detection of Thallium ions, but these techniques require expensive equipment’s and 

cannot be easily employed in on-site analysis.  

In continuation of our recent efforts in the design and synthesis of supramolecules for 

optical descrimination of metal ions and pharmaceutical compounds (Ateeq et al., 2015), 

(Khan et al., 2015), (M. R. Shah, Hassan, Nadeem, & Bhanger, 2014), (Rafiq, Nazir, 

Shah, & Ali, 2014), (Nadeem, Shah, Khan, Hoda, & Topel, 2013), (UláIslam & 

RazaáShah, 2011), here, we are reporting 9,9-bis-(4-aminophenyl)fluorene derivative 

which can optically discriminate thallium in the presence of other competing metal ions. 

3.2.1. Experimental procedure 

2,2'-(1E,1'E)-(4,4'-(9H-fluorene-9,9-diyl)bis(4,1-phenylene))bis(azan-1-yl-1-

ylidene)bis(methan-1-yl-1-ylidene)diphenol (59) was synthesized using reported 

procedure(Kaya, Yıldırım, Aydın, & Şenol, 2010) briefly 500 mg (1.4 mmol) of 9,9-

bis(4-aminophenyl)fluorene (57) was refluxed with 525 mg (4.31 mmol) salicylaldehyde 

(58) in ethanol for 12 hours (Scheme 10). The precipitates obtained was filtered and 

washed with ethanol and 20 mL 100 % ethanol and 20 % ethyl acetate: hexane (3 times 
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each). The precipitates were then dried and the compound (59) was obtained in 90 % 

yield (450 mg). 

 The structure of compound 59 was established on the basis of NMR and Electron 

ionization mass spectrometry. 
1
H NMR (300 MHz, DMSO-d6) δ: 13.01 (s, Phenolic 2H),  

8.9 (s, –CH=N-,2H) 7.96 (d, 2H, ArH), 7.70 (d, 2H, ArH), 7.61 (d, 2H, ArH), 7.44 (m, 

4H, ArH), 7.33 (m, 4H, ArH), 7.21 (d, 2H, ArH), 6.95 (m, 4H, ArH); EI-MS, m/z: 556.2. 

3.2.2. Results and discussion 

The molecule (2,2'-(1E,1'E)-(4,4'-(9H-fluorene-9,9-diyl)bis(4,1-phenylene))bis(azan-1-

yl-1-ylidene)bis(methan-1-yl-1-ylidene)diphenol)(59) is fully conjugated bearing imine 

functionalities between the fluorene-phenyl and o-salicylaldehyde (58) which can help in 

selective recognition of metal ions. 

The optical discrimination and binding capacity of sensor 59 was investigated through its 

titrations with a number of metals ions such as Na
+1

, K
+1

, Ag
+1

, Ca
+2

, Mg
+2

, Pb
+2

, Cd
+2

, 

Hg
+2

 Co
+2

, Cu
+2

, Mn
+2

, Zn
+2

 ,Ni
+2

, Fe
+3

, Sn
+4

, Ti
+3

, La
+3

,V
+5 

via UV-Visible spectroscopy 

in DMSO: Water (1:1). A reduction in the absorption intensity of band centered at 349 

nm was observed for 59 after mixing it with Tl
+3

 while the rest of investigated metals 

remained dormant. These finding imply that compound 59 selectively interact with Tl
+3

 

in the presence of other competing metal ions (Figure 24).  
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Figure 24: Absorption spectra of 59 in DMSO (100 µM) after titrations with different 

metals salts in water (100 µM). 

 

To obtain insight into the selective interactions of 59 with Tl
+3

, the UV-Visible titration 

experiment at non-variable concentrations of 59 with fixed concentration of Tl
+3

 was 

carried out in the presence of other competing metal ions (Figure 25). Negligible changes 

in the absorbance intensity and wavelength of 59 were observed in the presence of 

interfering metal ions. The absorption intensity and wavelength of 59+ Tl
+3

 was similar to 

that induced by solely Tl
+3

 alone. This validates that other metal ions are not interfering 

in the binding potential of 59 with Tl
+3

. 
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Figure 25: Relative absorbance intensity of compound 59 (100 µM) and Tl
+3

 salt (100 

µM) complex in the presence of various salts (100 µM). Where 1 = Ag
+
, 2 = Mn

+2
, 3 = 

Ca
+2

, 4 = Cd
+2

, 5 = Co
+2

, 6 = Cu
+2

, 7 = Fe
+3

, 8 = Hg
+2

, 9 = K
+
, 10 = La

+3
, 11 = Mg

+2
, 12 = 

Na
+
, 13 = Ni

+2
, 14 = Pb

+2
, 15 = Ti

+3
, 16 = V

+5
, 17 = Zn

+2
 

 

The influence of Tl
+3

concentrations on the binding potential with 59 was studied in the 

range of 0.5–100. A reduction in the absorbance intensity of 59 was observed after 

titrating it with gradually increased concentration of Tl
+3

. It can safely be concluded here 

that strong associations occur between 59 and Tl
+3

 occurs when 100 µM concentration of 

59 is treated with 100µM concentration of Tl
+3

. The limit of detection was deduced by 

using the method of incremental decreasing concentration of Tl
+3

 (i.e. 100 µM, 50 µM, 

10 µM, 01 µM, 0.5 µM) at room temperature and constant pH (i.e. 6.2). As shown in 

(Figure 26) that as soon as the concentration of Tl
+3

decreases to 0.5 µM, a very small 

observable quenching in band of 59 was noticed. Further lowering of concentration of 

Tl
+3

 induced no change in the absorption spectrum of 59, so, the limit of detection is 

assigned to be 0.5 µM. 
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Figure 26: Changes in the absorption spectrum of compound 59 (100 µM) in DMSO : 

water (1:1) as a function of Tl
+3

vs59 concentration (100-0.5 µM). 

 

The complex formation between donor and acceptor is often pH-dependent process, so 

the response of 59 (100 µM) in the presence and absence of Tl
+3 

(100 µM) at different pH 

was evaluated as shown in (Figure 27). In the pH range 2-8, the absorption intensity of 59 

and Tl
+3

 adduct increased as the pH increased because of enhancement in the nucleophilic 

characters of the donor atoms along with more favorable environment for hydrogen 

bonding. It can be seen from the graph that the absorption intensity of 59 and Tl
+3

 

increases smoothly from pH 2 to 6 and attain a maximum absorbance at pH 7 after that 

the absorption intensity decreases from pH 8 to 13. 

The effect of the type of buffer solution, including acetate, hydrogen phosphate, and 

citrate on the response of the chemosensor showed that the response is nearly the same in 

all buffer solution.  
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Figure 27: Effect of pH on the UV-Vis absorption of compound 59 (100 µM) in the 

presence and absence of Tl
+3

 (100 µM). 

 

The binding stochiometry of 59 and Tl
+3 

was investigated through Job’s method of 

continuous variation (Senthilvelan et al., 2009). This method is applied by preparing 

several solutions composed of varying amounts of the Tl
+3

 salt and 59, however the sum 

of the Tl
+3

 and 59 concentrations is remained the same for each solution (i.e. 100 µM). 

The absorbance of each solution is measured and plotted against the mole fraction of Tl
+3

 

salt or mole fraction of 59. As evident from (Figure 28) that maximum absorption was 

observed for a molar fraction of about 0.5, indicating that complexes comprise of 59 and 

Tl
+3

 in a 1:1 ratio. 
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Figure 28: Job`s plot for the Tl
+3

+ 59 complexes in DMSO-water (1:1) 

 

Infrared spectroscopy (IR) is a powerful tool used for determination of changes in the 

functional groups. The FT-IR analysis was used for further understanding of the 

interaction between Tl
+3

 with ligand 59 as shown in (Figure 29). FT-IR spectra of 59 and 

ligand-metal complex revealed involvement of Nitrogen atoms of the Schiff base and 

phenolic groups with Tl
+3 

metal. The absorbance bands related to ligand 59 in the region 

751-3413 cm
-1

are 3431, 1619, 1571, 1280, 1175, 823.5 and 751.2 cm
-1

 either shifted or 

reduced in intensity after complexation with Tl
+3

. 
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Figure 29: Comparative FT-IR of the compound 59 and compound 59+ Tl
+3 

complexes. 
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The analytical potential of synthesized molecule 59 as chemosensor was evaluated by 

screening the tape water of University of Karachi. The tape water samples from 

University of Karachi were investigated which were previously analyzed and then spiked 

with Tl
+3

 salt (100 µM) and then again analyzed. Then, according to procedure, 100 µM 

of sensor 59 was mixed in real water samples and its absorption was monitored as shown 

in (Figure 30) and interference from the ingredients of the tape water was not observed in 

the whole screening process. It was established that the sensor 59 can be effectively 

applied for detection of Tl
+3

 in tape water of Karachi University. 

 

Figure 30: Absorption spectra of compound 59 in real water samples containing Tl
+3

. 
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3.3. Supramolecular chemosensor for selective detection of copper ion in 

aqueous medium 

N

O

N
H

N

N

H
N

O

N

(85)
 

 

Fluorescent chemosensory are powerful tools for the efficient detection and quantitative 

determination of target ions or molecules (J. M. Kim et al., 2010). In particular, the 

development of fluorescent probes for heavy metal ions, which play critical roles in 

biological metabolism and environmental processes, has received much interest(Forster 

& O'Kelly, 2001). A compound may be considered a chemosensor if it gives a 

noteworthy change in electronic, electrical, optical or magnetic signal when a specific 

guest counterpart binds with it. Several advantages are associated with the Fluorescence- 

based detection over other analytical methods which include high specificity, sensitivity, 

specificity, and real time monitoring with fast response times(Y. H. Lee et al., 2010). In 

particular, for a certain purpose, it is highly demanding to selectively sense heavy metal 

ions such as mercury, lead, and copper(Rurack, Kollmannsberger, Resch-Genger, & 

Daub, 2000), (Moon, Cha, Kim, & Chang, 2004). Successful fluorescent sensors usually 

include three important parts: the fluorophore, a binding-recognition unit, and a signal 

conducting mechanism(Y. Yang et al., 2010). 

Copper, after iron, and zinc, is the third most abundant essential transition metal ion in 

the human body and plays important roles in various biological processes. Many proteins 

contain copper ions as part of a catalytic center. However, exposure to a high level of 

copper even for a short period of time can cause gastrointestinal disturbance, while long-

term exposure can cause liver or kidney damage(Y. Yang et al., 2010). For example free 

copper ions in a live cell catalyze the formation of reactive oxygen species (ROS) that 
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can damage lipids, nucleic acids, and proteins. Research has connected the cellular 

toxicity of copper ions with serious diseases including Alzheimer’s disease, (Bull, 

Thomas, Rommens, Forbes, & Cox, 1993) Indian childhood cirrhosis (ICC), (Hahn, 

Tanner, Danke, & Gahl, 1995) prion disease, (Barnham, Masters, & Bush, 2004) and 

Menkes and Wilson diseases (Waggoner, Bartnikas, & Gitlin, 1999)
, 
(Vulpe, Levinson, 

Whitney, Packman, & Gitschier, 1993). Due to its extensive applications, the copper ion 

is also a significant metal pollutant. The U.S. Environmental Protection Agency (EPA) 

has set the limit of copper in drinking water to be 1.3 ppm (∼20 μM). Also, the average 

concentration of blood copper in the normal group is 100-150 μg/dL (15.7-23.6 μM). 

(Tak & Yoon, 2001). 

Numerous methods for the detection of copper ions in a sample have been proposed, 

including atomic absorption spectrometry, (Gonzales et al., 2009) inductively coupled 

plasma mass spectroscopy (ICPMS), (Becker, Matusch, Depboylu, Dobrowolska, & 

Zoriy, 2007) inductively coupled plasma-atomic emission spectrometry (ICPAES), (Y. 

Liu, Liang, & Guo, 2005) and voltammetry (Ensafi, Khayamian, Benvidi, & Mirmomtaz, 

2006). Most of these methods cannot be used for assays because they entail the 

destruction of the sample. Consequently, more attention is being focused on the 

development of fluorescent chemosensors for the detection of Cu
+2

 ions. (Kaur & Kumar, 

2002), (Zheng, Gattás-Asfura, Konka, & Leblanc, 2002). In this connection, considerable 

efforts have been made to synthesize fluorescent chemosensors that are selective, 

sensitive, and suited to highly resolved imaging for monitoring biological processes 

(Jeong Won Lee et al., 2008),
 
(Kiyose, Kojima, Urano, & Nagano, 2006). Recently, many 

fluorescent chemosensors for Cu(II)- selective detection were reported and have been 

used with some success in biological applications. (Q. Wu & Anslyn, 2004), (Xu, Qian, 

& Cui, 2005), (Weng, Yue, Zhong, & Ye, 2007). However, some of them have 

shortcomings for practical application such as cross-sensitivities toward other metal 

cations, low water solubility, a narrow pH span, slow response, a low fluorescence 

quantum yield in aqueous media, and cytotoxicities of ligand.  
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3.3.1. Synthesis of(E)-N'-(4-((E)-(2-isonicotinoylhydrazono)methyl)benzylidene) 

nicotinohydrazide (85). 

Compound 85 was synthesized as shown in (Scheme 20). 500 mg (3.7 mmol) 

terephthalaldehyde (84) was dissolved in 40 mL ethanol followed by the addition of 3 to 

4 drops of acetic acid and 10 minute stirring.  Then the reaction was refluxed for 12 hours 

after adding 511 mg (3.7 mmol) of nicotinic acid hydrazide (83). Reaction was monitored 

with the help of TLC using pure DCM and after the completion of the reaction and 

evaporation of the solvent gummy material was obtained which was washed with 10 % 

ethyl acetate hexane solution 30 mL X 3 times). The yield of the reaction was 80 %. The 

product 85 of the reaction was characterized by EI-MS and 
1
H NMR. 

N

O

N
H

N

N

H
N

O

N

C20H16N6O2

Exact Mass: 372.13

NH2N
H

O

N OHC

CHO
+ Ethanol, H+

Reflux

(85)

(83)
(84)

Scheme 20: Synthesis of Schiff base derivative 85 of nicotinic acid hydrazide (83). 

 

EI-MS: m/z 372.2 (M
+ 

C18H16N6O2, calc. 372.13). 

1
H NMR (300 MHz, DMSO)δ: 12.15 (s, 2H, Ar-CO-NH ), 8.78 d, 4H, J = 4.5 Hz Ar-

H), 8.49 (s, 2H, Ar-CH=N ), 7.83 (d, 8H J = 7.8 Hz, Ar-H).  

3.3.2. Photophysical properties of (E)-N'-(4-((E)-(2-isonicotinoylhydrazono)methyl) 

benzylidene)nicotinohydrazide (85) 

Supramolecular interaction of the compound 85 was studied with different metals cations 

and anions with the help of fluorescence spectroscopy. For this purpose 0.1 mmol 

solution of the compound 85 was prerepared in dimethyl sculfoxide (DMSO) and 

different salts solution of the same concentration were prepared in de-ionized water. λem 

for the compound was recorded (431 nm). Interaction of different metal ions were first 
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studied as shown in (Figure 31). The Cu
+2 

salts quenched the fluorescence emission of the 

compound 85 whileitwas not affected with the rest of the metal ions. 

 

Figure 31: Sélective recognition of Cu
+2

 at 431 nm by compound 85 

 

Concentration of the chelating agent is a critical variable in analytical methods. Thus, it is 

highly important to establish the minimal reagent concentration which leads to achieve 

the highest efficiency. Chemosensor 85 was chosen due to its ability to form complex 

with Cu(II) ion which resulting the quenching of fluorescence compound 85. The effect 

of bismuth concentration was studied in the range of 100 µM to 1 µM. The results are 

presented in (Figure 32) and showed that recovery of chemosensor 85 was increased with 

decrease in concentration of copper.  
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Figure 32: Absorption spectral changes of compound 85(100 µM) in the presence 

different concentration of Cu
+2

 (100, 90, 80, 70, 60, 50, 40, 30, 20, 10, 7, 5 and 1 µM) at 

room temperature. 

 

Competitive experiments to recognize Cu
+2 

by chemosensor 85 in the presence of Cu
+2

 

with other metal ions like K
+
, Ag

+
, Na

+
, Co

+2
, NH4

+
, Zn

+2
, Fe

+3
, Ni

+2
, Rb

+1
, Y

+1
, Pb

+2
, 

Ca
+2

, Sb
+3

, Hg
+
, Cd

+2
, La

+3
 and Fe

+2 
as shown in (Figure 33). No considerable 

flourescence change at 431 nm caused by the mixture of Cu
+2 

with the other metal ions 

and was almost similar to that caused by only Cu
+2

This indicates that other metal ions did 

not interfere between the interaction of chemosensor 85 and Cu
+2

. 
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Figure 33: Competition interference of common metal cations with the association of 

Cu
+2

 + compound 85. Compound 85 = 100 µM, [Cu
2+

] = 100 µM, and [other metals] = 

100 µM   in 1:1 DMSO: H2O solution (λmax = 375 nm).  1 = Co
+2

, 2 = Fe
+2

, 3 = K
+
, 4 = 

Na
+
, 5 = Ni

+2
, 6 = NH4

+
, 7 = Ag

+
, 8 = Cu

+2
, 9 = Y

+3
, 10 = La

+3
, 11 = Rb

+3
, 12 = Zn

+2
, 13 

= Pb
+2

, 14 = Sb
+3

, 15 = Ca
+2

, 16 = Hg
+2

, 17 = Cd
+2

 

 

pH plays an unique role in metal-chelate formation in all of analytical processes. In order 

to find optimum pH for the binding of the compound 85 with Cu
+2

 ion, the fluorescence 

quenching was investigated in the pH range of 1.0 – 11.0, using different buffers (Figure 

34) shows the effect of pH on the formation of the Cu
+2

 complex. As it can be seen, 

maximum complex formation is nearly constant in the pH range of 1-2.0 , at pH 3 

increase in absorbance and it became at pH 7 (neutral pH) is shows that complex is stable 

at pH 3 to 7.The progressive decrease of flourescence in complex of copper at higher pH 

is due to deprotonation of amide group (S.-P. Wu, Du, & Sung, 2010) of chemosensor 

85it shows complex is formed at acidic pH and neutral pH due to formation of co-

ordinate covalent bond which is formed by  donation of lone pair of oxygen of carbonyl 
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group and nitrogen with Cu
+2

. Also decrease in extraction recovery at alkaline media is 

due to the precipitation of the Cu (II) hydroxide. (Taher, Rahimi, & Fazelirad, 2014) 

 

 

 

Figure 34: The effect of pH on the fluorescence phemenon. Concentration of Cu
+2

 and 

other conditions were the same except the pH. 

 

The binding stoichiometry of 85-Cu
+2

 complexes was determined by Job’s plot 

experiments(Kao et al., 2005).In (Figure 35), the flourescence at λem431 nm was plotted 

against the molar fraction of chemosensor 85 under a constant total concentration. A 

minimum flourescence was observed when the molar fraction was 0.66, which indicates a 

1:2 ratio for the 85-Cu
+2

 complex.   
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Figure 35: Job’s plot of a 1 : 2 complex of 1-Cu
+2

 where the absorbance at 431 nm was 

plotted against the mole fraction of  Cu
+2

 at a constant total concentration of 100 µM in 

DMSO-H2O solution (v/v = 1 : 1, pH 7). 

 

The association constant, Ka, was evaluated graphically by plotting 1/∆I against 1/[Cu
+2

] 

as shown in (Figure 36) The data linearly fit according to the Benesi–Hilderbrand 

equation and a Ka value was obtained from the slope and intercept of the line. (Mameli et 

al., 2009), (Zapata, Caballero, Espinosa, Tárraga, & Molina, 2009), (Zapata, Caballero, 

Tárraga, & Molina, 2009). The Ka values obtained for 85-Cu
+2

 complexes was 33000 M
-1
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Figure 36: Benesi–Hilderbrand plot of chemosensor 85 

 

To gain a clearer understanding of the interaction of compound 85 with Cu
+2 

Infrared 

(IR) spectroscopy was employed. The FT-IR spectra primarily resolved a band in 1657 

cm
-1

 which was assigned for C=O absorption in the amide component of chemosensor 85 

(Figure 37). Binding of Cu
2+

 with chemosensor 85 resulted in a shift in the carbonyl 

region to 1657 and 1613 cm
-1

. Another shift observed in C=N stretch in which band 

observed in 1606 disappeared due to donation of lone pair. The significant shift observed 

in the N-H stretching absorption band of amide from 3423.2 to 3420.2 cm
-1

.The shift in 

the FT-IR stretching from 1065 and 1150cm
-1

 to 1029 and 1114 cm
-1

was also observed. 

Chemosensor 85 thus forms a hexadentate ligand in which Cu
2+

 is bound with two 

nitrogen’s and one oxygen in amide. This model is consistent with previous indications 

that Cu
2+

 ions form a 1 : 2 ratio complex with chemosensor 85. 

y = 9E-07x + 0.0297 
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Figure 37: Comparison of FT-IR spectra of chemosensor 85, before and after complexation. Spectrum     :  KR-25.0  ( in D:\IRSTUDENT)KR-25/Kiramat Shah/RS

resolution : 4 cm-1  ( 10 scans )

measured 18/07/2014 on VECTOR22

Sample : 

Technic    : SOLID 

Operator    : ZUBAIR/JAMSHED

H. E. J. R. I. C., UNIVERSITY OF KARACHI Analytical Laboratory - PAKISTAN
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Real time experiment was performed by analyzing supramolecular interaction of the 

chemosensor 85 with the Cu
+2

 salt in human Plasma. For this purpose first human Plasma 

was screened in fluorescence region by diluting it with deionized water, it showed 

intensity at 400nm to 600 nm. There is no interference of the ingredients of plasma with 

the fluoresce behavior of chemosensor 85which is shown in (Figure 38). Blue spectra of 

fluorescence shows that there is no interaction of copper with plasma and gray spectra 

shows sensing of copper in plasma. Due to some interference of plasma it shows some 

enhancement of intensity of spectra.  

 

 

 

Figure 38: Fluorescence interaction of the compound 85 with Cu
+2

 in plasma 
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3.4. Highly selective triazole based chemosensor for the detection of iron 

(iii) ion. 

H O

O

O

N

N N

N
O

O

  (45)

        Chemosensor

 

Detection of metal ions in environmental samples is a difficult task because of their low 

concentration and sometime chemical and physical properties of two or more species may 

be similar which makes detection difficult therefore, the determination of presence of 

different oxidation states of metal ions in environmental samples is essential and urgent 

need of today. Various analytical techniques were developed to resolve this problem 

these includes spectroscopic, polarographic, voltametric, chromatographic and 

electrochemical methods (Gunnlaugsson, Glynn, Tocci, Kruger, & Pfeffer, 2006; Jain & 

Ali, 2000; Pretty, Blubaugh, & Caruso, 1993; Pretty et al., 1990), although all these 

methods are quantitative, expensive and required sophisticated apparatus, therefore, the 

chemosensors with high selectivity and sensitivity have attracted much attention for 

bioactive and environmental active important ions like Cd
+2

, Pb
+2

, Zn
+2

, Hg
+2

, Cu
+2

 and 

Fe
+3 

(De Silva et al., 1997; HyweláEvans, 1992; Martínez-Máñez & Sancenón, 2003). 

Iron represent the most important biologically active and the most abundant ionic specie 

in human body (D'Autréaux, Tucker, Dixon, & Spiro, 2005; Weizman et al., 1996). It is 

involved in many biochemical processes which are responsible of maintaining life e.g. 

many enzymes use Fe
+3

 as a catalyst for electron transfer, oxygen metabolism, and RNA 

and DNA synthesis(Cowan, 1998). Iron distribution in the human body is a highly 
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controlled process. Iron dishomeostasis (either deficiency or overload) may cause certain 

cancers and dysfunction of various organs(Crichton, 2001). Deficiency (i.e. 

hypoferremia) cause anemia result in low oxygen transport to the cells of the body(Haas 

& Brownlie, 2001), and excess of iron (hyperferremia) result in generation of reactive 

oxygen species which damages the biomolecules(Halliwell & Gutteridge, 1990). Cellular 

toxicity of iron can lead to the development of neurodegenerative diseases like 

Alzheimer’s disease and Parkinson’s disease (Bacon & Britton, 1990; Kell, 2009; 

Rouault, 2006).  

Different methods are implied in order to detect the iron ion in different samples, these 

includes atomic  absorption  spectrometry (AA) (Andersen, 2005),  inductively  coupled  

plasma-mass  spectrometry (ICP-MS) (del Castillo Busto, Montes-Bayón, Blanco-

González, Meija, & Sanz-Medel, 2005), inductively coupled plasma-atomic emission 

spectrometry (ICP-AES) (Huber, 1999) and  voltammetry (van den Berg, 2006), but all 

these methods are expensive and required sophisticated apparatus therefore we have 

focused to develop economical,  sensitive and selective chemosensor for detection of 

iron. We designed triazole based chemosensor which can detect Fe
+3

 in biological and 

environmental samples over the wide range of metal ions e.g. Ag
+
, Ca

+2
, Cd

+2
, Co

+2
, Cu

+
, 

Cu
+2

, Hg
+2

, In
+3

, K
+
, La

+3
, Li

+
, Mg

+2
, Na

+
, NH4

+
, Ni

+2
, Pb

+2
, Y

+3
, and Zn

+2
. 

Chemosenso45 is a triazole based aldehydic supramolecule, and is synthesized through a 

convergent method by reacting, prepared 3-methoxy-4-(prop-2-ynyloxy)benzaldehyde 

with already prepaired N-(azido-propyl)phthylimide in the presence of 5 mol. percent 

CuSO4 and 20 mol. percent Na-ascorbate in DMF as a solvent at 60 
º
C

.
 

3.4.1.Synthesis and Characterizationof 4-((1-(3-(1,3-dioxoisoindolin-2-yl)propyl)-

1H-1,2,3-triazol-4-yl)methoxy)-3-methoxybenzaldehyde (45) 

Chemosensor i.e. triazole 45 was synthesized via click reaction by reacting 3-methoxy-4-

(prop-2-ynyloxy)benzaldehyde (44) and N-(azido-propyl)phthylimide (28) in the 

presence of 5 mol. percent CuSO4 and 20 mol. percent sodium ascorbate in DMF as a 

solvent at 60 
º
C as shown in (scheme 07). All the products were characterized via 

1
H 

NMR and mass Spectroscopy. 
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3.4.2. Preparation of solutions 

All the metal solutions of 100 uM concentration were prepared in deionized water, 

chemosensor 45 solution was prepared with the same concentration of 100 uM in 

Acetone/water (1:1 v/v), and the further dilution of the chemosensor was prepared in 

deionized water. 

3.4.3. Result and discussion 

The sensing behavior of the synthesized triazole chemosensor was evaluated against wide 

range of metal ions via UV-visible spectroscopy. 1 mL of metal ion (100 uM) was mixed 

with 1mL of chemosensor (1 uM) Acetone/water (1:1 v/v). The maximum absorption 

intensity of the triazole chemosensor was found at 262 nm in UV-visible spectrum. The 

metal ions Ag
+
, Ca

+2
, Cd

+2
, Co

+2
, Cu

+
, Cu

+2
, Fe

+3
. Hg

+2
, In

+3
, K

+
, La

+3
, Li

+
, Mg

+2
, Na

+
, 

NH4
+
, Ni

+2
, pb

+2
, Y

+3
, and Zn

+2 
were tested for metal ion binding selectivity with 

chemosensor, but Fe
+3

 was the only metal ion that cause the hyperchromic shift at 262 

nm upon binding with triazole chemosensor 45 as shown in (Figure 39). Results shows 

that the chemosensor 45 has competent binding sites for Fe
+3

. 

 

 

 

 

 

 

 

 

 

Figure 39: Study of complexation behavior of triazole chemosensor with various metal ions. 
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The Fe
+3

 obeyed Beer's law in the concentration range of 1–100 μM with a linear 

regression R
2 

= 0.9869. Limit of detection and limit of quantification were found to be 

3.21 μM and 10.71 μM respectively.  

 

Figure 40: (A) UV-visible spectra of triazole chemosensor 45 (1 μM) Acetone/water (1:1 

v/v) with different concentrations of Fe
+3 

(100-1 μM) in Acetone/water (v/v 1:1), (B) 

change in absorption of 45 as a function of Fe
+3 

concentration. 

 

The binding stoichiometry of the 45–Fe
+3

 complex was determined from Job’s plot. The 

fluorescence intensity at 262 nm was plotted against the molar fraction of chemosensor 

45 with a total concentration of the sensor and Fe
+3

 ion of 100 μM. The molar fraction  at  

maximum  emission  intensity represents  the  binding  stoichiometry  of  the  45–

Fe
+3

complex. The maximum emission intensity was reached at a molar fraction of 0.5. 

This result indicates that chemosensor 45 forms a 1:1 complex with Fe
+3

. 
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Figure 41: Job’s Plot of chemosensor 45 and Fe
+3

. 

 

Selectivity of chemosensor 45 for Fe
+3

 in the presence of other metal ions was checked, 

for this purpose, other metal ions were screened in the presence of Fe
+3

. No significant 

interference was observed due to the presence of other metal ions (Figure 42), so it is 

concluded that the triazole chemosensor i.e. 45 is highly selective towards Fe
+3 

detection. 

Mole fraction of Fe
+3

 

A
b

so
rb

a
n

ce
 



Photophysical evaluation of some selected compounds  

88 

 

 

 

Figure 42: The study of effect of interfering metal ions on triazole chemosensor on 

detection of Fe
+3 

where 1 = Ag
+
, 2 = Ca

+2
, 3 = Cd

+2
, 4 = Co

+2
, 5 = Cu

+
, 6 = Cu

+2
, 7 = 

Hg
+2

, 8 = In
+3

, 9 = K
+
, 10 = La

+3
, 11 = Li

+
, 12 = Mg

+2
, 13 = Na

+
, 14 = NH4

+
, 15 = Ni

+2
, 

16 = Pb
+2

, 17 = Y
+3

, and 18 = Zn
+2

. 

 

3.4.4. Spiking in blood plasma and tap water 

To evaluate the practical applicability of chemosensor 45, Fe
+3 

was spiked in human 

blood plasma and tap water. Blood was collected from healthy human volunteer via 

venous puncture. The blood was centrifuged for 5 minutes at 4000 revolutions per minute 

to separate out plasma. Two stock solutions of 5 mL were prepared containing 1 mL of 

plasma and 1 mL chemosensor 45 and the other contained 1 mL of plasma, 1 mL of 

chemosensor 45 and 1 mL of Fe
+3

, the solutions were prepared in deionized water. 

Chemosensor 45 significantly detect Fe
+3

 in human blood plasma (Figure 43). Similarly 

Fe
+3 

was spiked in tap water and triazole chemosensor is found effective in tap water also 

(Figure 44). 
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Figure 43: Spiking of Fe
+3

 in human blood plasma 
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Figure 44: Detection of Fe
+3 

in tap water. 
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Complex formation is facilitated by the pH of the medium therefore, stability of 45-

Fe
+3

complex is checked at different pH.NaOH and HCl dilute solutions were used to 

adjust the pH of the medium. Absorption intensity was checked at the different pH 

adjusted, and from the result it is concluded that the 45-Fe
+3

complex formation is highly 

favorable in basic medium may be due to deprotonation while acidic medium did not 

facilitate the complex formation. 

 

 

Figure 45: Effect of pH on 45-Fe
+3 

complex. 
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Chapter 4 

Experimental conditions 

4.1. General experimental conditions 

Bruker Avance 300 MHz, 400 MHz and 75 MHz spectrometer was used to record 
1
H 

NMR and 
13

C spectra respectively. Chemical shifts were reported in δ relative to the 

residual protonated solvent peak. All NMR spectra were recorded at room temperature. 

Mass spectra were recorded using a Thermo Finnigian Mat 95 Xp instrument attached 

with a chromatography-mass- spectroscopy system using methane as a carrier gas for 

chemical ionization or electron impact (EI) at 70 ev. All chemicals and solvents were 

purchased from Sigma, Fluka, Aldrich or Acros. The solvents were evaporated on rotary 

evaporator, (Buchi B-490). Tetrahydrofuran was dried by distillation from sodium and 

benzophenone while dichloromethane (DCM) and dimethyl formamide (DMF) were 

dried over calcium hydride. 

4.2. Synthesis and characterization of halogen derivatives of bis-phenols 

and bis-amines. 

4.2.1. Synthesis and characterization of 9, 9-bis (4-(3-bromopropoxy)phenyl)-9H-

fluorene (23). 

O O

Br BrC31H28Br2O2

Mol. Wt.: 592.36

(23)
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A half white gummy compound 23 was synthesized by reacting 9,9-bis(4-hydroxy 

phenyl) fluorene (21) 200 mg (0.57 mmol) dissolved in 30 mL acetone followed by the 

addition of the 1200 mg (8.69 mmol) of K2CO3. To the reaction mixture 1, 3-

ibromopropane (22) (1.2 mL, 2 mmol) of was added after stirring it for 30 minutes at 40 

º
C

.
 After the addition of 1, 3-dibromopropane (22) the temperature was raised to reflux 

for another six hours. 10 % ethyl acetate in hexane was used as a solvent system for TLC 

to observe the reaction progress. After the completion of the reaction the reaction solvent 

was removed at reduced pressure. Then, 20 mL each of water and dichloromethane (3 

times) were added to separate out the required organic stuff. Removal of dichloromethane 

in vacuum followed by column chromatography using silica gel as stationary phase by 

using 5 % ethyl acetate in hexane as a solvent system afforded the desired compound 23 

in 90 % yields (304 mg). 

EI-MS: m/z 590 [M]
+
, 592 [M+2]

+
, 594 [M+4]

+
 ( C31H28O2Br2, calc. 592.59). 

1
H NMR (400 MHz, CDCl3) δ: 7.73 (d, 2H J = 7.2 Hz, Ar-H), 7.34 (dd, 4H, J = 8.0 Hz, 

Ar-H), 7.24 (t, 2H, J = 8.0 Hz, Ar-H), 7.10 (d, 4H J = 8.8 Hz, Ar-H), 6.72 (d, 4H, J = 8.8 

Hz, Ar-H), 4.01 (t, 4H J = 5.6 Hz,  PhOCH2CH2CH2Br2), 3.55 (t, 4H, J = 6.0 Hz, 

PhOCH2CH2CH2Br2), 2.25 (t, 4H, J = 6.0 Hz,  PhOCH2CH2CH2Br2).   
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Figure 46: 
1
H NMR spectrum of 9, 9-bis (4-(3-bromopropoxy)phenyl)-9H-fluorene (23). 

4.2.2. Synthesis and characterization of 4,4'-(cyclohexane-1,1-diyl)bis((3-

bromopropoxy)benzene) (88). 

OO

Br BrC24H30Br2O2

Exact Mass: 508.06

(88)
 

300 mg (1.1 mmol) of 4,4'-(cyclohexane-1,1-diyl)diphenol was dissolved in 50 mL 

acetone followed by the addition of 1200 mg (2.5 mmol) of K2CO3. After stirring for 30 
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minutes at 40 
º
C, 1.2 mL (2 mmol) of 1, 3-dibromopropane (22) was added, and the 

reaction was heated to reflux for six hours. By means of TLC the reaction progress was 

monitored using 8 % ethyl acetate in hexane as a solvent system. After the completion of 

the reaction the reaction solvent was removed at reduced pressure. Then, 25 mL each of 

water and dichloromethane (3 times) were added to separate out the required organic 

stuff. Removal of dichloromethane in vacuum followed by column chromatography using 

silica gel as stationary phase by using 4 % ethyl acetate in hexane as a solvent system 

afforded a white crystalline product 88 in 70 % yield (398 mg) (m.p = 96-98 
º
C). 

EI-MS: m/z 508 [M]
+
, 510 [M+2]

+
, 512 [M+4]

+
 (C24H30Br2O2, calc. 508.06). 

1
H NMR (400 MHz, CDCl3) δ: 7.15 (d, 4H, J = 8.4 Hz, Ar-H), 6.78 (d, 4H, J = 8.8 Hz, 

Ar-H), 4.04 (t, 4H, J = 6.0 Hz, PhOCH2CH2CH2Br),3.56 (t, 4H, J = 6.4 Hz, 

PhOCH2CH2CH2Br), 2.25 (m, 14H). 

4.2.3. Synthesis and characterization of 6,6'-(4,4'-(9H-fluorene-9,9-diyl)bis(2-

methyl-4,1-phenylene))bis(oxy)bis(methylene)bis(2-(bromomethyl)pyridine) (61) 

O O

NN

Br Br

C41H34Br2N2O2

Mol. Wt.: 746.53

(61)  

100 mg (0.28 mmol) of 9,9-bis-(3-methyl,4-hydroxyphenyl) fluorene (30) and 345 mg 

(2.5 mmol) of K2CO3 was dissolved in 25 mL acetone and the reaction mixture was 

stirred for half an hour at 50
º
C. Then, 142.5 (0.53 mmol) of bis-2,6-dibromo methyl 

pyridine (60) was added and the reaction mixture and the temperature was raised to 60 
º
C. 

TLC was used to monitor the progress of the reaction using 30 % ethyl acetate in hexane 

as a mobile phase. After completion of the reaction the solvent acetone was evaporated 

by rotary at reduced pressure. Then, 30 mL dichloromethane and 15 mL water was added 
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to the reaction mixture. The organic phase (ethyl acetate) containing the desired 

compound was removed using separating funnel. This process was repeated two times. 

After separating the organic phase containing the desired compound ethyl acetate was 

evaporated using rotary evaporator at reduced pressure and the desired compound was 

purified by column chromatography using silica gel as stationary phase by using 20 % 

ethyl acetate in hexane as a solvent system afforded the targeted half white powder 

compound 61 in 65 % yields (118 mg) (m.p = 186-188 
º
C). 

EI-MS: m/z 744 [M]
+
, 746 [M+2]

+
, 748 [M+4]

+
 (C41H34Br2N2O2, calc. 746.53). 

1
H NMR (300 MHz, CDCl3) δ: 7.713 (m, 4H, Ar-H ), 7.46 (d, 2H, J = 7.8 Hz, Ar-H), 

7.35 (m, 7H, Ar-H ), 6.98 (d, 2H, J = 1.8 Hz, Ar-H), 6.92 (dd, 2H, Ar-H), 6.67 (d, 2H, J 

= 8.4 Hz  Ar-H), 5.13 (s, 4H, Ar-O-CH2-Ar), 4.53 (s, 4H, Ar-CH2-Br), 2.20 (s, 6H, Ar-

CH3). 

 

 

 

 

 

 

 

 

 

 

 



Experimental Conditions 

 

96 

 

 

 

 

 

Figure 47: 
1
H NMR spectrum of 6,6'-(4,4'-(9H-fluorene-9,9-diyl)bis(2-methyl-4,1-

phenylene))bis(oxy)bis(methylene)bis(2-(bromomethyl)pyridine) (61) 
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4.2.4. Synthesis and characterization of 4, 4'-(3,6-dibromo-9H-fluorene-9,9-

diyl)bis(2-bromo-aniline) (89). 

NH2H2N

Br Br

BrBr

C25H16Br4N2

Mol. Wt.: 664.02

(89)
 

A white powder compound 89 was synthesized by dissolving 200 mg (0.57 mmol) of 9,9-

bis-(4-amino phenyl) fluorene (57) in chloroform followed by the addition of 610 mg (3.4 

mmol) N-bromo succnimide (NBS) and was stirred at 40 
º
C. The reaction completed in 4 

hrs which was monitored using 20 % ethyl acetate in hexane as mobile phase for TLC. 

After the completion of the reaction the reaction solvent was removed by vacuum 

evaporator. The purified desired compound 4,4'-(3,6-dibromo-9H-fluorene-9,9-

diyl)bis(2-bromo-aniline) (89) was obtained in 55 % yield (314 mg) by column 

chromatography using silica gel as stationary phase by using 08 % ethyl acetate in hexane 

as eluent. (m.p = 242-244 
º
C). 

EI-MS: m/z 660 [M]
+
, 662 [M+2]

+
, 664 [M+4]

+
, 666 [M+6]

+
 (C25H16Br4N2, calc. 

664.02). 

1
H NMR (300 MHz, CDCl3) δ: 7.73 (d, 2H, J = 6.0 Hz, Ar-H), 7.32 (m, 6H, Ar-H), 7.15 

(br s, 4H, Ar-H), 4.46 (s, 4H, Ar-NH2). 
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4.2.5. Synthesis and characterization of 4-(9-(4-aminophenyl)-3,6-dibromo-9H-

fluoren-9-yl)-2-bromoaniline (90). 

NH2H2N

BrBr

Br

C25H17Br3N2

Mol. Wt.: 585.13

(90)
 

200 mg (0.57 mmol) of 9,9-bis-(4-amino phenyl) fluorene (57) was first dissolved in 

chloroform followed by the addition of 610 mg (3.4 mmol) N-bromo succnimide (NBS) 

and was stirred at 40 
º
C. The reaction completed in 4 hrs which was monitored by TLC 

by using 20 % ethyl acetate in hexane as a solvent system. After the completion of the 

reaction the reaction solvent was removed by vacuum evaporator. The purified desired 

compound 4,4'-(3,6-dibromo-9H-fluorene-9,9-diyl)bis(2-bromo-aniline) (90) was 

obtained in 45 % yield (227 mg) (m.p = 247-249 
º
C) by column chromatography using 

silica gel as stationary phase by using 10 % ethyl acetate in hexane as a solvent system.  

EI-MS: m/z 580 [M]
+
, 582 [M+2]

+
, 584 [M+4]

+
, 586 [M+6]

+
 (M

+ 
C25H17Br2N2, calc. 

585.1). 

1
H NMR (300 MHz, CDCl3) δ: 7.72 (d, 2H, Ar-H), 7.31 (m, 6H, Ar-H), 7.13 (m, 2H, 

Ar-H), 6.94 (dd, 2H J = 6.3 Hz, Ar-H), 6.62 (d, 2H, J = 8.4 Hz, Ar-H), 4.44 (s, 4H, Ar-

NH2). 
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4.2.6. Synthesis and characterization of 4,4'-(3,6-dibromo-9H-fluorene-9,9-

diyl)bis(2-bromo-6-methylphenol) (91). 

OHHO

Br Br

BrBr

C27H18Br4O2

Mol. Wt.: 694.05

(91)
 

300 mg (0.8 mmol) of 9,9-bis-(3-methyl-4-hydroxy phenyl) fluorene (30) was first 

dissolved in chloroform followed by the addition of 610 mg (3.4 mmol) N-bromo 

buccnimide (NBS) and was stirred at 40 
º
C. The reaction completed in 4 hrs which was 

monitored by TLC by using 18 % ethyl acetate in hexane as a solvent system. After the 

completion of the reaction the reaction solvent was removed by vacuum evaporator. The 

purified targeted compound 91 was obtained in 85 % yield (468 mg) (m.p = 240-242 
º
C) 

by column chromatography using silica gel as stationary phase by using 8 % ethyl acetate 

in hexane as a solvent system.  

1
H NMR (300 MHz, CDCl3) δ: 7.73 (s, 2H, Ar-H), 7.61 (m, 6H, Ar-H), 7.48 (s, 2H, Ar-

H), 7.35 (m, 2H, Ar-H), 2.30 (s, 6H, Ar-CH3). 



Experimental Conditions 

 

100 

 

4.2.7. Synthesis and characterization of 4,4'-(3,6-dibromo-9H-fluorene-9,9-

diyl)bis(2-methylphenol) (92). 

OHHO

BrBr

C27H20Br2O2

Mol. Wt.: 536.25

(92)

 

300 mg (0.8 mmol) of 9,9-bis-(3-methyl-4-hydroxy phenyl) fluorene (30) was first 

dissolved in chloroform followed by the addition of 610 mg (3.4 mmol) N-bromo 

succnimide (NBS) and was stirred at 40 
º
C. The reaction completed in 4 hrs which was 

monitored by TLC by using 18 % ethyl acetate in hexane as a solvent system. After the 

completion of the reaction the reaction solvent was removed by vacuum evaporator. The 

targeted purified compound 92 was purified by column chromatography using silica gel 

as stationary phase by using 8 % ethyl acetate in hexane as a solvent system in 50 % yield 

(212 mg) (m.p = 2-240 
º
C).  

EI-MS: m/z 533 [M]
+
, 535 [M+2]

+
, 537 [M+4]

+
 (C27H20Br2O2, calc. 536.2). 

1
H NMR (300 MHz, CDCl3) δ: 7.74 (d, 2H, J = 7.2, Ar-H), 7.33 (m, 6H, Ar-H), 7.04 (s, 

2H, Ar-H), 6.88 (s, 2H, Ar-H), 5.43 (s, 2H, Ar-OH), 2.17 (s, 6H, Ar-CH3). 
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4.2.8. Synthesis and characterization of 4,4'-(perbromo-9H-fluorene-9,9-diyl)bis(2-

bromo-6-methylphenol) (71). 

OHHO

Br Br

BrBr

Br

Br

Br Br

Br

Br

C27H12Br10O2

Mol. Wt.: 1167.42

( 71 )
 

300 mg (0.8 mmol) of 9,9-bis-(3-methyl-4-hydroxy phenyl) fluorene (30) was first 

dissolved in chloroform followed by the addition of 1310 mg (7.4 mmol) N-bromo 

succnimide (NBS) and was stirred at 40 
º
C. The reaction completed in 4 hrs which was 

monitored by TLC by using 10 % ethyl acetate in hexane as a solvent system. After the 

completion of the reaction the reaction solvent was removed by vacuum evaporator. The 

purified desired compound 71 was purified by column chromatography using silica gel as 

stationary phase in 48 % yield (444 mg) (m.p = 280-282 
º
C).  

1
H NMR (300 MHz, CDCl3) δ: 7.40 (s, 2H, Ar-H), 7.18 (s, 2H, Ar-H), 5.5 (s, 2H, Ar-

OH), 2.23 (s, 6H, Ar-CH3). 
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4.2.9. Synthesis and characterization of N,N'-(4,4'-(3,6-dibromo-9H-fluorene-9,9-

diyl)bis(2-bromo-4,1-phenylene))bis(2-bromoacetamide) (93). 

N
H

N
H

Br

Br

BrO

O

Br

Br Br

C29H18Br6N2O2

Mol. Wt.: 905.89

(93)

 

200 mg (0.30 mmol) of 4,4'-(3,6-dibromo-9H-fluorene-9,9-diyl)bis(2-bromo-aniline) (86) 

was then dissolved in acetonitrile followed by the addition of 4 drops of tri-ethyl amine 

(TEA) and drop wise addition of 0.3 mL bromoacetyl bromide at ordinary temperature. 

The solvent was evaporated by vacuum evaporator after the completion of the reaction. 

Then 25 mL each of water and DCM (2 times) were added in reaction mixture to separate 

out the required organic stuff. Removal of dichloromethane by vacuum evaporator 

followed by column chromatography using silica gel as stationary phase by using 18 % 

ethyl acetate in hexane as a solvent system afforded the required compound 93 in 60 % 

yields (163 mg) (m.p =  285-287 
º
C). 

EI-MS: m/z 902 [M]
+
, 904 [M+2]

+
, 906 [M+4]

+
 (C29H18Br6N2O2, calc. 905.8). 

1
H NMR (300 MHz, CDCl3) δ: 7.25 (s, 2H, Ar-NH), 7.98 (t, 2H, J = 6.0 Hz, Ar-H), 7.68 

(d, 2H, Ar-H), 7.47 (m, 6H), 4.09 (s, 4H, Ar-NH-CO-CH2-Br). 
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4.2.10. Synthesis and characterization of  6,6'-(4,4'-(perbromo-9H-fluorene-9,9-

diyl)bis(2-bromo-6-methyl-4,1-phenylene))bis(oxy)bis(methylene)bis(2-

(bromomethyl)pyridine) (72). 

O O

Br Br

Br Br

Br

Br

Br

Br Br

Br

N N

Br Br

C41H24Br12N2O2

Exact Mass: 1523.2

(72)
 

 

200 mg (0.2 mmol) of the highly brominated fluorene derivative 71 was dissolved in 

acetone followed by the addition of 400 mg (2.8 mmol) potassium carbonate (K2CO3). 

The mixture was stirred for 30 minutes at 50 
º
C. Then 400 mg (1.5 mmol) of bis-2,6-

dibromo methyl pyridine (60) was added and the reaction mixture was refluxed for 

additional 10 hours. The solvent was evaporated by vacuum distillation after the 

completion of reaction. Then, 20 mL each of water and dichloromethane (2 times) were 

added in reaction mixture to separate out the required organic stuff. Removal of 

dichloromethane in reduced pressure followed by column chromatography using silica 

gel as stationary phase afforded in 65 % yields (170 mg) (m.p = 309-311 
º
C). 

1
H NMR (300 MHz, CDCl3) δ: 7.76 (t, 2H, J = 7.5 Hz, Ar-H), 7.63 (d, 2H, Ar-H ), 7.53 

(d, 2H, J = 1.8 Hz, Ar-H), 7.40 (d, 2H, J = 7.5, Ar-H), 7.26 (d, 2H, J = 1.8 Hz  Ar-H), 

5.02 (s, 4H, Ar-O-CH2-Ar), 4.61 (s, 4H, Ar-CH2-Br), 2.20 (s, 6H, Ar-CH3). 
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4.2.11. Synthesis and characterization of 9,9-bis(4-(2-chloroethoxy)phenyl)-9H-

fluorene (94). 

OO
Cl Cl

C29H24Cl2O2

Mol. Wt.: 475.41

(94)  

9,9-bis(4-(2-chloroethoxy)phenyl)-9H-fluorene (94) was obtained by refluxing 300 mg 

(0.68 mmol) of 2,2'-(((9H-fluorene-9,9-diyl)bis(4,1-phenylene))bis(oxy))diethanol with 

0.2 mL thionyl chloride in dry dichloromethane as a solvent for eight hours. By using 20 

% DCM in ethyl acetate as a solvent system the progress of the reaction was checked by 

TLC. After completion of the reaction 20 mL dilute ammonia solution was added to the 

reaction mixture. Additional 20 mL DCM was added to the reaction mixture and the 

organic phase was removed. The solvent was removed under vacuum and the compound 

94 was recrystallized using pure DCM (K. Shah, Raza Shah, Khan, & Ng, 2010). The 

yield of the reaction was 85 % (276 mg) (m.p = 180-182 
º
C). 

EIMS: m/z 474 (57.5) % 

1
H NMR: 300 MHz, CDCl3) δ: 7.33 (d, 2H, J = 7.2 Hz, Ar-H ), 7.30 (m, 6H , Ar-H ), 

7.09 (d, 4H, J = 7.2 Hz, Ar-H), 6.726 (d, 4H, J = 7.2 Hz, Ar-H), 4.14 (d, 4H, J = 7.2 Hz, 

Ar-O-CH2 ), 3.74 (d, 4H, J = 7.2 Hz, Ar-O-CH2-CH2-Cl). 
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4.3. Synthesis and characterization of azide derivatives. 

4.3.1. Synthesis and characterization of 9,9-bis(4-(3-azidopropoxy)phenyl)-9H-

fluorene (24). 

O O

N3 N3
C31H28N6O2

Mol. Wt.: 516.59

(24)

 

27.4 mg (0.42 mmol) of sodium azide (NaN3) was added to the reaction flask after 

dissolving 100 mg (0.16 mmol) of 9,9-bis(4-(3-bromopropoxy)phenyl)-9H-fluorene (23) 

in 35 mL ethanol and was refluxed for eight hour. After the completion of the reaction 

monitored by TLC by using 15 % ethyl acetate in hexane as a solvent system the solvent 

was evaporated by vacuum distillation. Then, 30 mL each of water and dichloromethane 

(2 times) were added in reaction mixture to separate out the required organic stuff. 

Removal of dichloromethane in vacuum followed by column chromatography using silica 

gel as stationary phase by using 8 % ethyl acetate in hexane as a solvent system afforded 

the required compound 24 in 80 % yields (69.7 mg). 

EI-MS: m/z 516.3 (M
+
 C31H28N6O2, calc. 516.59). 

1
H NMR (400 MHz, CDCl3) δ: 7.72 (d, 2H J = 7.2 Hz, Ar-H), 7.34 (dd, 4H, J = 8.0 Hz, 

Ar-H),7.25 (d, 2H, J = 8.0 Hz, Ar-H), 7.10 (d, 4H, J = 8.8 Hz, Ar-H), 6.72 (d, 4H, J = 8.8 

Hz, Ar-H), 3.96 (t, 4H, J = 5.6 Hz,  PhOCH2CH2CH2N3), 3.466 (t, 4H, J = 6.4 Hz, 

PhOCH2CH2CH2N3), 1.98 (q, 4H, PhOCH2CH2CH2N3).  
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Figure 48: 
1
H NMR spectrum of 9,9-bis(4-(3-azidopropoxy)phenyl)-9H-fluorene (24). 
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4.3.2. Synthesis and characterization of 2-(3-azidopropyl)isoindoline-1,3-dione (28). 

N
O

O

N3

(28)

C11H10N4O2

Mol. Wt.: 230.22

 

100 mg (0.37 mmol) of N-(bromo propyl )phthalimide was dissolved in 40 mL ethanol 

and then  97.5 mg (1.5 mmol) of sodium azide (NaN3) was added to the same solution 

and the reaction mixture was refluxed for six hour. The reaction was monitored by TLC 

using as mobile system 12 % ethyl acetate in hexane. The solvent ethanol was evaporated 

by vacuum distillation after the completion of reaction. Then, 20 mL dichloromethane 

and 15 mL of water was added to the crude reaction mixture. The organic stuff containing 

the azide 28 was extracted using separating funnel. This process was repeated twice. The 

organic stuff, ethyl acetate containing the azide 28 was the evaporated using rotary 

evaporator at reduced pressure. The targeted half slightly greenish color gummy 

compound was purified by column chromatography using silica gel as stationary phase 

using 5 % ethyl acetate in hexane as eluent which afforded the desired azide 28 in 95 % 

yield (82 mg). 

EI-MS: m/z 230 (M
+
 C11H10N3O2, calc. 230.16). 

1
H NMR (300 MHz, CDCl3) δ: 7.82 (dd, 4H J = 6.3 Hz, Ar-H), 7.69 (dd, 4H, J = 6.6 

Hz, Ar-H), 3.75 (t, 4H J = 4.2 Hz, phthalimide-N-CH2CH2CH2N3), 3.35 (t, 4H, J = 4.8 

Hz, phthalimide-N-CH2CH2CH2N3), 1.92 (m, 4H, phthalimide-N-CH2CH2CH2N3).       
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Figure 49: 
1
H NMR spectrum of 2-(3-azidopropyl)isoindoline-1,3-dione (28). 
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4.4. Synthesis and characterization of terminal acetylene derivatives of 

phenols and amines. 

4.4.1. Synthesis and characterization of 9,9-bis(4-(prop-2-ynyloxy)phenyl)-9H-

fluorene (25). 

O O

C31H22O2

Mol. Wt.: 426.51

(25)  

100 mg (0.28 mmol) of 9,9-bis-(4- hydroxyphenyl) fluorene (21) was dissolved in 30 mL 

acetone, 345 mg (2.5 mmol) of K2CO3 was added and the reaction mixture was refluxed 

for half an hour. Then, 0.3 mL (2.5 mmol) of propargyl bromide was added and the 

reaction mixture was refluxed for additional 8 hours. The solvent was evaporated by 

vacuum distillation after the completion of reaction. Then, 20 mL each of water and 

dichloromethane (2 times) were added in reaction mixture to separate out the required 

organic stuff. Removal of dichloromethane in reduced pressure followed by column 

chromatography using silica gel as stationary phase afforded in 95 % yields (115 mg) 

(m.p = 146-148 
º
C). The product was then recrystallized by slow evaporation of DCM 

and afforded fine crystals (K. Shah, Raza Shah, & Ng, 2010). 

EIMS: m/z 426.10 (M
+
 C31H22O2, calc. 426.1). 

1
H NMR: 300 MHz, CDCl3) δ: 7.73 (d, 2H, J = 7.2 Hz, Ar-H), 7.30 (m, 6H, Ar-H), 7.21 

(d, 4H, J = 8.7 Hz, Ar-H), 6.79 (d, 4H, J = 8.7 Hz, Ar-H),4.60 (d, 4H, J = 2.4 Hz, Ar-O-

CH2), 2.46 (t, 2H, J = 2.4 Hz, terminal acetylenic H). 
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Figure 50: 
1
H NMR spectrum of 9,9-bis(4-(prop-2-ynyloxy)phenyl)-9H-fluorene (25). 
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4.4.2. Synthesis and characterization of 9,9-bis(3-methyl-4-(prop-2-ynyloxy)phenyl)-

9H-fluorene (30). 

OO

C33H26O2

Exact Mass: 454.19

(31)
 

100 mg (0.28 mmol) of 9,9-bis-(3-methyl-4- hydroxyl phenyl) fluorene (30) was 

dissolved in 25 mL acetone, 345 mg (2.5 mmol) of K2CO3 was added and the reaction 

mixture was refluxed for half an hour. Then, 0.3 mL (2.5 mmol) of propargyl bromide 

was added and the reaction mixture was refluxed for additional 8 hours. The solvent was 

evaporated by vacuum distillation after the completion of reaction. Then, 20 mL each of 

water and dichloromethane (2 times) were added in reaction mixture to separate out the 

required organic stuff. Removal of dichloromethane in reduced pressure followed by 

silica gel column chromatography afforded in 90 % yields (108 mg) (m.p = 145-147 
º
C). 

EIMS: m/z 454.10 (M
+
 C31H26O2, calc. 454.19). 

1
H NMR: 400 MHz, CDCl3) δ: 7.73 (d, 2H, J = 7.2 Hz, Ar-H), 7.38 (d, 2H, J = 7.6 Hz, 

Ar-H),7.33 (t, 2H, J = 7.2 Hz, Ar-H), 7.25 (t, 2H, J = 7.2 Hz, Ar-H), 6.96 (t, 4H, J = 8.4 

Hz, Ar-H), 6.76 (d, 2H, J = 8.4 Hz, Ar-H), 4.62 (d, 4H, J = 2.0 Hz, Ar-O-CH2), 2.46 (s, 

2H, terminal acetylenic H, 2.12 (s, 6H, Ar-CH3)). 
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4.4.3. Synthesis and characterization of 4,4'-(9H-fluorene-9,9-diyl)bis(N-(but-3-

ynyl)aniline) (95). 

N
H

N
H

C33H28N2

Exact Mass: 452.23

(95)
 

For the synthesis of compound 95 amount of 200 mg (0.57 mmol) 9,9-bis-(4-amino 

phenyl) fluorene (57) was dissolved in acetonitrile followed by the addition of 3 drops of 

DIEA as a base. To the reaction mixture 0.2 mL (8.2 mmol) 4-bromo-1 yne (0.2 mL, 5 

mmol ) was added heated up to 40 
º
C for 7 hours. Using 40 % DCM in hexane as a 

solvent system the reaction progress was observed by TLC. The reaction solvent was 

evaporated and the desired product 95 was obtained in pure form by silica gill column 

chromatography using 20 % DCM in hexane as eluent. The yield of the product 95 was 

30 % (78 mg) (m.p = 152-154 
º
C). 

EIMS: m/z 452.2 (M
+
 C33H28N2, calc. 452.19). 

1
H NMR: 300 MHz, CDCl3) δ: 7.70 (d, 2H, J = 7.5 Hz, Ar-H), 7.29 (m, 6H, Ar-H), 7.00 

(dd, 4H, J = 6.3 Hz, Ar-H), 6.56 (d, 2H, J = 8.4 Hz, Ar-H), 6.46 (d, 2H, J = 8.4 Hz, Ar-

H), 3.23 (t, 2H, J = 6.6 Hz, Ar-NH-CH2), 2.43 (t, 2H, J = 2.7 Hz, Ar-NH-CH2-CH2, 1.98 

(t, J = 2.7 Hz, terminal acetylenic H)). 
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4.4.4. Synthesis and characterization of 4-(9-(4-aminophenyl)-9H-fluoren-9-yl)-N-

(but-3-ynyl) aniline (96). 

N
H

H2N

C29H24N2

Exact Mass: 400.19

(96)
 

For the synthesis of compound 96 amount of 200 mg (0.57 mmol) 9,9-bis-(4-amino 

phenyl) fluorene (57) was dissolved in acetonitrile followed by the addition of 3 drops of 

DIEA as a base To the reaction mixture 0.2 mL (8 mmol) 4-bromo-1 yne (0.2 mL, 5 

mmol ) was added heated up to 40 
º
C for 7 hours. Using 40 % DCM in hexane as a 

solvent system the reaction progress was observed by TLC. The reaction solvent was 

evaporated and the desired product 96 was obtained in pure form by silica gill column 

chromatography using 20 % DCM in hexane as eluent.  The yield of the product 96 was 

25 % (57 mg) (m.p = 135-137 
º
C). 

EIMS: m/z 400.2 (M
+
 C29H24N2, calc. 400.19). 

1
H NMR: 300 MHz, CDCl3) δ:  7.70 (d, 2H, J = 7.5 Hz, Ar-H), 7.29 (m, 6H, Ar-H), 

7.00 (dd, 4H, J = 6.3 Hz, Ar-H), 6.56 (d, 2H, J = 8.4 Hz, Ar-H), 6.46 (d, 2H, J = 8.4 Hz, 

Ar-H), 3.23 (t, 2H, J = 6.6 Hz, Ar-NH-CH2), 2.43 (t, 2H, J = 2.7 Hz, Ar-NH-CH2-CH2, 

1.98 (t, J = 2.7 Hz, terminal acetylenic H)). 
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4.4.5. Synthesis and characterization of 3-methoxy-4-(prop-2-ynyloxy) benzaldehyde 

(44). 

O

H O

O

C11H10O3

Mol. Wt.: 190.2

(44)  

100 mg (0.50 mmol) of 4-methoxy-3-methoxy-benzaldehyde (Vanaline) (43) was 

dissolved in 30 mL acetone followed by the addition of 345 mg (2.5 mmol) of K2CO3  to 

the reaction mixture was refluxed for half an hour. Then, 0.2 mL (2 mmol) of propargyl 

bromide was added and the reaction mixture was refluxed for additional 8 hours. The 

solvent was evaporated by vacuum distillation after the completion of reaction. Then, 20 

mL each of water and dichloromethane (2 times) were added in reaction mixture to 

separate out the required organic stuff. Removal of dichloromethane in reduced pressure 

followed by silica gel column chromatography using 8 % ethyl acetate in hexane afforded 

3-methoxy-4-(prop-2-ynyloxy) benzaldehyde (44) in 90 % yields (112 mg) (m.p = 114-

116 
º
C). 

EI-MS: m/z 190 (M
+ 

C11H10O3, calc. 190.2) 

1
H NMR (300 MHz, CDCl3) δ: 9.85 (s, 1H, Ar-CHO), 7.42 (d, 2H, J = 8.8 Hz, Ar-H),  

7.12 (d, 1H, J = 8.1 Hz, Ar-H), 4.83 (d, 2H, J = 2.4 Hz,  PhOCH2C≡CH), 3.92 (s, 3H,  

Ar-OCH3), 2.54 (t, 1H, J = 2.4 Hz, PhOCH2C≡CH). 
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Figure 51: 
1
H NMR spectrum of 3-methoxy-4-(prop-2-ynyloxy) benzaldehyde (44). 
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4.4.6. Synthesis and characterization of 1,3-di(prop-2-ynyl)pyrimidine-2,4(1H,3H)-

dione (97). 

N N

O

O

C10H8N2O2

Mol. Wt.: 188.18

(97)  

200 mg (0.50 mmol) of uracil was dissolved in 25 mL acetone, 345 mg (2.5 mmol) of 

K2CO3 was added and the reaction mixture was refluxed for half an hour. Then, 0.2 mL 

(2 mmol) of propargyl bromide was added and the reaction mixture was refluxed for 

additional 8 hours. The solvent was evaporated by vacuum distillation after the 

completion of reaction. Then, 20 mL each of water and dichloromethane (2 times) were 

added in reaction mixture to separate out the required organic stuff. Removal of 

dichloromethane in reduced pressure followed by silica gel column chromatography 

afforded the product 97 in 75 % yields (250 mg) (m.p = 160-162 
º
C).  

EI-MS: m/z 188.1 (M
+ 

C10H8N2O2, calc. 188.06). 

1
H NMR (300 MHz, CDCl3) δ: 7.44 (d, 1H, J =9.0 Hz, Ar-H), 5.83 (d, 1H, J = 8.1 Hz, 

Ar-H), 4.69 (d, 2H, J = 2.1 Hz, PhOCH2C≡CH), 4.58 (d, 2H, J = 2.4 Hz,  

PhOCH2C≡CH), 2.48 (t, 1H, J = 2.4 Hz, PhOCH2C≡CH), 2.15 (t, 1H, J = 2.4 Hz, 

PhOCH2C≡CH). 
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Figure 52: 
1
H NMR spectrum of 1,3-di(prop-2-ynyl)pyrimidine-2,4(1H,3H)-dione (97). 
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4.4.7. Synthesis and characterization of1-(prop-2-ynyl)pyrimidine-2,4(1H,3H)-dione 

(98). 

HN N

O

O

C7H6N2O2

Mol. Wt.: 150.13

(98)  

To a solution of 200 mg (0.50 mmol) of uracil in 25 mL acetone, 345 mg (2.5 mmol) of 

K2CO3 was added and the reaction mixture was refluxed for half an hour. Then, 0.2 mL 

(2 mmol) of propargyl bromide was added and the reaction mixture was refluxed for 

additional 8 hours. The solvent was evaporated by vacuum distillation after the 

completion of reaction. Then, 20 mL each of water and dichloromethane (2 times) were 

added in reaction mixture to separate out the required organic stuff. Removal of 

dichloromethane in reduced pressure followed by silica gel column chromatography 

afforded the product 98 in 25 % yields (67 mg) (m.p = 145-147 
º
C). 

EI-MS: m/z 150.0 (M
+ 

C7H6N2O2, calc. 150.06). 

1
H NMR (400 MHz, CDCl3) δ: 8.56 (s, 1H, Ar-NH), 7.43 (d, 1H, J = 8.0 Hz, Ar-H), 

5.76 (d, 1H, J = 8.0 Hz, Ar-H), 4.54 (d, 2H, J = 2.4 Hz, PhOCH2C≡CH), 2.47 (t, 1H, J = 

2.4 Hz, PhOCH2C≡CH). 
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4.4.8. Synthesis and characterization of bis(3-(2H-benzo[d][1,2,3]triazol-2-yl)-2-

(prop-2-ynyloxy)-5-(2,4,4-trimethylpentan-2-yl)phenyl)methane (37). 

N N

N

N

N

N

O O

C47H54N6O2

Mol. Wt.: 734.97

(37)  

To a solution of 200 mg (1.07 mmol) of 6,6'-methylenebis(2-(2H-benzo[d][1,2,3]triazol-

2-yl)-4-(2,4,4-trimethylpentan-2-yl)phenol) (36)  in 25 mL acetone, 326 mg (2.3 mmol) 

of K2CO3 was added and the reaction mixture was refluxed for half an hour. Then, 0.2 

mL (2 mmol) of propargyl bromide was added and the reaction mixture was refluxed for 

additional 8 hours. The solvent was evaporated by vacuum distillation after the 

completion of reaction. Then, 20 mL each of water and dichloromethane (2 times) were 

added in reaction mixture to separate out the required organic stuff. Removal of 

dichloromethane in reduced pressure followed by silica gel column chromatography 

afforded the product 37 in 75 % yields (167 mg) (m.p = 312-314 
o
C).  

EI-MS: m/z 734.2 (M
+ 

C47H54N6O2, calc. 734.9). 

1
H NMR (400 MHz, CDCl3) δ: 7.97 (d, 4H, J =9.0 Hz, Ar-H), 7.65 (s, 2H, Ar-H), 7.44 

(d, 4H, J = 2.1 Hz, Ar-H). 7.28 (s, 2H, Ar-H), 4.42 (s, 2H, Ph-CH2-Ph), 4.26 (br s, 4H, 

PhOCH2C≡CH), 2.25 (s, 2H, PhOCH2C≡CH), 1.69 (s, 2H, Aliphatic CH2), 1.32 (s, 12H, 

aliphatic CH3), 0.73 (s, 18H, aliphatic CH3), 
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4.4.9. Synthesis and characterization of 4,4'-bis(prop-2-ynyloxy)biphenyl (40). 

O

O

C18H14O2

Mol. Wt.: 262.3

(40)  

The synthesis of the above compound 40 was synthesized as described in Dr. Qamar Ali 

dissertation of our group. A solution of 200 mg (1.07 mmol) of biphenyl-4,4'-diol (39) in 

25 mL acetone, 326 mg (2.3 mmol) of K2CO3 was added and the reaction mixture was 

refluxed for half an hour. Then, 0.2 mL (2 mmol) of propargyl bromide was added and 

the reaction mixture was refluxed for additional 8 hours. The solvent was evaporated by 

vacuum distillation after the completion of reaction. Then, 20 mL each of water and 

dichloromethane (2 times) were added in reaction mixture to separate out the required 

organic stuff. Removal of dichloromethane in reduced pressure followed by silica gel 

column chromatography afforded the product 40 in 75 % yields (210 mg) (m.p = 211-213 

º
C).  

EI-MS: m/z 262.2 (M
+ 

C18H14O2, calc. 262.3). 

1
H NMR (400 MHz, CDCl3) δ: 7.47 (d, 4H, J =8.0 Hz, Ar-H), 7.02 (d, 4H, J = 8.0 Hz, 

Ar-H), 4.71(s, 4H, PhOCH2C≡CH), 2.52 (s, 2H, PhOCH2C≡CH). 
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4.5. Synthesis of macromolecules containing triazole rings. 

4.5.1. Synthesis and characterization of macromolecule 4-((1-(3-(1,3-dioxoisoindolin-

2-yl)propyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-methoxybenzaldehyde (45). 

H O

O

O

N

N N

N
O

O

C22H20N4O5

Mol. Wt.: 420.42

(45)  

500 mg (2.6 mmol) of 3-methoxy-4-(prop-2-ynyloxy) benzaldehyde (44) and 350 mg 

(2.7 mmol) N(azido propyl) phthalimide (28) was well dissolved in dimethyl formamide 

(DMF). Then 5 mol. percent of CuSO4 and 20 mol. percent of sodium ascorbate was 

added to the reaction mixture and was heated up to 70 
º
C for 8 hours. The progress of the 

reaction was monitored by TLC. After completion of the reaction 50 mL ethyl acetate 

was added to the reaction mixture. DMF was removed by extraction of 30 mL water (3 

times) from organic phase. Removal of ethyl acetate in reduced pressure followed by 

silica gel column chromatography afforded the desired product 45 in 60 % yields (663 

mg). 

EI-MS: m/z 420.1 (M
+ 

C22H20N4O5, calc. 420.14) 

1
H NMR (400 MHz, CDCl3) δ: 9.82 (s, 1H, Ar-CHO), 7.83 (d, J = 5.6 Hz, 3H, Ar-H),  

7.72 (dd, 2H, J = 2.8 Hz, Ar-H),7.40 (d, 2H, J = 9.2 Hz, Ar-H), 7.20 (d, 1H, J = 8.0 Hz, 
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Ar-H), 5.35 (s, 2H,  PhOCH2-triazole ring, 4.38 (t, 2H, J = 6.8 Hz, PhOCH2-triazole ring-

CH2-CH2-CH2-pthylimide, 3.90 (s, 3H,  Ar-O-CH3), 3.73 (t, 2H, J = 6.4 PhOCH2-triazole 

ring-CH2-CH2-CH2Pthylimide, 2.31 (p, 2H, J = 6.8 Hz, PhOCH2-triazole ring-CH2-CH2-

CH2pthylimide). 

 

 

Figure 53: 
1
H NMR spectrum of triaxole containing macromolecule 45. 

 

  



Experimental Conditions 

 

123 

 

4.5.2. Synthesis and characterization of ethyl 2-(4-((4-formyl-2-

methoxyphenoxy)methyl)-1H-1,2,3-triazol-1-yl)acetate (48). 

 

H

O

O

O

N N

N O

O

C15H17N3O5

Mol. Wt.: 319.31

(48)  

500 mg (2.6 mmol) of 3-methoxy-4-(prop-2-ynyloxy)benzaldehydeand (44) 350 mg (2.7 

mmol) ethyl azido acetate was dissolved in dimethyl formamide (DMF). Then 5 mol 

percent of CuSO4 and 20 mol percent of sodium ascorbate was added to the reaction 

mixture and was heated up to 70 
º
C for 8 hours. The reaction was monitored by TLC. 

After completion of the reaction cold water was added to the reaction mixture which 

resulted the formation of precipitates which were filtered and washed with10 mL 5% 

ethyl acetate: hexane (2 times). The yield of the product 48 was 78 % (655 mg). 

EI-MS: m/z 319.2 (M
+ 

C15H17N3O5, calc. 319.12) 

1
H NMR (400 MHz, CDCl3) δ: 9.82 (s, 1H, Ar-CHO), 7.82 (s, 1H, traizol ring-CH2), 

7.41 (d, 2H, J = 8.4 Hz, Ar-H), 7.21 (d, 1H, J = 8.0 Hz, Ar-H), 5.39 (s, 2H,  PhOCH2-

triazole ring, 5.39 (s, 2H,  PhOCH2-triazole ring-CH2-COOC2H5, 4.24 (q, 2H, J = 7.2 Hz, 

PhOCH2-triazole ring-CH2-COOCH2CH3,3.90 (s, 3H,  Ar-O-CH3), 1.26 (t, 3H, J = 7.2 

Hz, PhOCH2-triazole ring-CH2-COOCH2CH3). 
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Figure 54: 
1
H NMR spectrum of ethyl 2-(4-((4-formyl-2-methoxyphenoxy)methyl)-1H-

1,2,3-triazol-1-yl)acetate (48). 
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4.5.3. Synthesis and characterization  of 2,2'-(3,3'-(4,4'-(biphenyl-4,4'-

diylbis(oxy))bis(methylene)bis(1H-1,2,3-triazole-4,1-diyl))bis(propane-3,1-

diyl))diisoindoline-1,3-dione (42). 

O

O N N

N
NN

N
N

O

O

N

O

O
C40H34N8O6

Exact Mass: 722.26

(42)  

300 mg (1.14 mmol) of 4,4'-bis(prop-2-ynyloxy)biphenyl (40) and 526 mg (2.29 mmol) 

N(azido propyl) phthalimide (28) was well dissolved in dimethyl formamide (DMF). 

Then 5 mol percent of CuSO4 and 20 mol percent of sodium ascorbate was added to the 

reaction mixture and was heated up to 70 
º
C for 8 hours. TLC was used to monitor the 

progress of the reaction using pure ethyl acetate as a solvent system. After completion of 

the reaction 50 mL ethyl acetate was added to the reaction mixture. DMF was removed 

by extraction of 30 mL water (3 times) from organic phase. Removal of ethyl acetate in 

reduced pressure followed by silica gel column chromatography afforded the desired 

product 42 in 60 % yields (698 mg). 

EI-MS: m/z 722.0 (M
+ 

C40H34N8O6, calc. 722.26) 

1
H NMR (300 MHz, CDCl3) δ: 7.84 (m, 4H, Ar-H), 7.73 (d, J = 3.0 Hz,  3H, Ar-H), 

7.45 (d, 2H, J = 8.1 Hz, Ar-H), 7.02 (d, 2H, J = 8.4 Hz, Ar-H), 5.25 (s, 4H,  PhOCH2-

triazole ring, 4.41 (t, 4H,  PhOCH2-triazole ring-CH2-CH2-CH2-pthylimide,), 3.72 (t, 4H, 

J = 6.4 Hz, PhOCH2-triazole ring-CH2-CH2-CH2pthylimide, 2.33 (t, 4H, J = 6.8 Hz, 

PhOCH2-triazole ring-CH2-CH2-CH2phthalimide). 
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4.5.4. Synthesis and characterization of 2-(3-(4-((4'-(prop-2-ynyloxy)biphenyl-4-

yloxy)methyl)-1H-1,2,3-triazol-1-yl)propyl)isoindoline-1,3-dione (41) 

O

O

N

N
N

N

O

O

C29H24N4O4

Mol. Wt.: 492.53

(41)  

300 mg (1.14 mmol) of propargyl derivative of 4,4'-bis(prop-2-ynyloxy)biphenyl (40) 

and 526 mg (2.29 mmol) N(azido propyl) phthalimide (28) was well dissolved in 

dimethylformamide (20 mL) (DMF). Then 5 mol percent of CuSO4 and 20 mol percent 

of sodium ascorbate was added to the reaction mixture and was heated up to 70 
º
C for 8 

hours. The reaction progress was monitored by TLC. After completion of the reaction 50 

mL ethyl acetate was added to the reaction mixture. DMF was removed by extraction of 

30 mL water (3 times) from organic phase. Removal of ethyl acetate in reduced pressure 

followed by silica gel column chromatography afforded the desired product 41 in 35 % 

yield (277 mg). 

EI-MS: m/z 492.3 (M
+ 

C29H24N4O4, calc. 492.18) 

1
H NMR (300 MHz, CDCl3) δ: 7.84 (m, 3H, Ar-H), 7.72 (m, 2H, Ar-H), 7.46 (d, 4H, J 

= 2.8 Hz, Ar-H), 7.01 (t, 4H, J = 9.2 Hz, Ar-H), 5.22 (s, 2H,  PhOCH2-triazole ring, 4.70 

(d, 2H, J = 6.8 Hz, PhOCH2-tripple bond, 4.45 (t, 2H,  PhOCH2-triazole ring-CH2-CH2-

CH2phthalimide), 3.74 (t, 2H, J = 6.4 Hz PhOCH2-triazole ring-CH2-CH2-CH2-
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phthalimide, 2.51 (t, 1H, J = 2.4 Hz, PhOCH2C≡CH), 2.33 (t, 2H, J = 6.8 Hz, PhOCH2-

triazole ring-CH2-CH2-CH2-phthalimide). 

 

 

 

 

Figure 55: 
1
H NMR spectrum of traizole containing macromolecule 41. 
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4.6. Synthesis and characterization of pyridine based macrocycles and 

macromolecules. 

4.6.1. Synthesis and characterization of pyridine based macrocycle 64. 

O

O
N

C27H19NO2

Mol. Wt.: 389.45

(64)  

100 mg (0.34 mmol) of 1,1-bis-naphthol (63) was dissolved in 25 mL acetone, 345 mg 

(2.5 mmol) of K2CO3 was added and the reaction mixture was refluxed for half an hour.  

To obtain high dilution, additional 175 mL acetone was added to the reaction mixture. 

Then 94 mg (0.34 mmol) of 2,6-bis(bromomethyl)pyridine (60) was added and the 

reaction mixture was refluxed for additional 15 hours. The solvent was evaporated by 

vacuum distillation after the completion of reaction. Then, 30 mL each of water and 

dichloromethane (3 times) were added in reaction mixture to separate out the required 

organic stuff. Removal of dichloromethane in reduced pressure followed by silica gel 

column chromatography afforded the product 64 in 20 % yields (27 mg).  

EIMS: m/z 390.0890 

1
H NMR: 300 MHz, CDCl3) δ: 7.867 (d, 2H, J = 9.0 Hz, Ar-H ), 7.801(d, 2H, J = 8.4 

Hz, Ar-H ), 7.48 (d, 2H, J = 9.0 Hz, Ar-H ), 7.31 (m, 8H,  Ar-H ), 6.77 (d, 2H, J = 7.5 

Hz, Ar-H ), 5.55 (d, 4H, J = 14.7 Hz, Ar-O-CH2-Ar ), 5.11 (d, 4H, J = 15.0 Hz, Ar-O-

CH2-Ar ). 
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Figure 56: 
1
H NMR spectrum of pyridine based macrocycle 64. 
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4.6.2. Synthesis and characterization of pyridine based macrocycle 65. 

O

O O

O
N

N

C54H38N2O4

Mol. Wt.: 778.89

(65)  

To a solution of 100 mg (0.34 mmol) of 1,1-bis-naphthol (63) in 25 mL acetone, 345 mg 

(2.5 mmol) of K2CO3 was added and the reaction mixture was refluxed for half an hour.  

To obtain high dilution, additional 175 mL acetone was added to the reaction mixture. 

Then 94 mg (0.34 mmol) of 2,6-bis(bromomethyl)pyridine (60) was added and the 

reaction mixture was refluxed for additional 15 hours. The solvent was evaporated by 

vacuum distillation after the completion of reaction. Then, 30 mL each of water and 

dichloromethane (3 times) were added in reaction mixture to separate out the required 

organic stuff. Removal of dichloromethane in reduced pressure followed by silica gel 

column chromatography afforded the product 65 in 40 % yields (110 mg).  

ESI-MS: m/z 779.2418 

1
H NMR: 300 MHz, CDCl3) δ: 7.83 (d, 8H, J = 8.1 Hz, Ar-H ), 7.30(t, 4H, J = 6.6 Hz, 

Ar-H ), 7.18 (m, 14H, Ar-H ), 6.84 (d, 4H, J = 7.8 Hz  Ar-H ), 6.68 (t, 2H, J = 7.5 Hz, 

Ar-H ), 5.21 (q, 8H, J = 15.6 Hz, Ar-O-CH2-Ar ). 
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Figure 57: 
1
H NMR spectrum of pyridine based macrocycle 65. 
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4.6.3. Synthesis and characterization of  2,2'-(4,4'-(9H-fluorene-9,9-diyl)bis(4,1-

phenylene))bis(oxy)bis(methylene)dipyridine (99). 

O O

N N

C37H28N2O2

Mol. Wt.: 532.63

(99)  

350 mg (1 mmol) of 9,9-bis-(4-hydroxy phenyl) fluorene (30) was dissolved in 15 mL 

acetone, after that 345 mg (2.5 mmol) of K2CO3 was added and the reaction mixture was 

refluxed for half an hour. After half an hour 94 mg (0.34 mmol) of bromo-methyl-2-

pyridine was added and the reaction mixture was refluxed for additional 07 hours. The 

solvent was evaporated by vacuum distillation after the completion of reaction. Then, 30 

mL each of water and dichloromethane (3 times) were added in reaction mixture to 

separate out the required organic stuff. Removal of dichloromethane under reduced 

pressure followed by silica gel column chromatography afforded 2,2'-(4,4'-(9H-fluorene-

9,9-diyl)bis(4,1-phenylene))bis(oxy)bis(methylene)dipyridine (99) in 40 % yields (212 

mg). 

EI-MS: m/z 532.0 (M
+
, C37H28N2O2, calc. 532.6).  

1
H NMR (300 MHz, CDCl3) δ: 8.55 (d, 2H, J = 4.5 Hz, Ar-H), 7.73 (d, 2H, J = 7.5 Hz, 

Ar-H), 7.65 (t, 2H, J = 6.3 Hz, Ar-H), 7.47 (d, 2H, J = 7.8 Hz, Ar-H), 7.29 (m, 12H, Ar-

H), 6.83 (d, 4H, J = 9.0 Hz, Ar-H), 5.13 (s, 4H, Ph-OCH2Ph).  
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4.6.4. Synthesis and characterization of 4-(9-(4-(pyridin-2-ylmethoxy) phenyl)-9H-

fluoren-9-yl)phenol (100). 

O OH

N C31H23NO2

Mol. Wt.: 441.52

(100)  

350 mg (1 mmol) of 9,9-bis-(4-hydroxy phenyl) fluorene (30) was dissolved in 15 mL 

acetone, after that 345 mg (2.5 mmol) of K2CO3 was added and the reaction mixture was 

refluxed for half an hour. After half an hour 94mg (0.34 mmol) of bromo-methyl-2-

pyridine was added and the reaction mixture was refluxed for additional 07 hours. The 

solvent was evaporated by vacuum distillation after the completion of reaction. Then, 30 

mL each of water and dichloromethane (3 times) were added in reaction mixture to 

separate out the required organic stuff. Removal of dichloromethane in reduced pressure 

followed by silica gel column chromatography afforded 4-(9-(4-(pyridin-2-

ylmethoxy)phenyl)-9H-fluoren-9-yl)phenol (100) in 35 % yield (154 mg).  

EI-MS: m/z 441.0 (M
+
, C31H23NO2, calc. 441.5).  

1
H NMR (300 MHz, CDCl3) δ: 8.54 (d, 1H, J = 4.2 Hz, Ar-H), 7.69 (m, 3H, Ar-H), 7.50 

(d, 1H, J = 7.8 Hz, Ar-H), 7.32 (dd, 4H, J = 7.2 Hz, Ar-H), 7.22 (m, 3H, Ar-H), 7.06 (dd, 

4H, J = 8.7 Hz, Ar-H), 6.80 (d, 2H, J = 9.0 Hz, Ar-H), 6.65 (d, 2H, J = 8.7 Hz, Ar-H), 

5.11 (s, 2H, Ph-OCH2Ph).     
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4.6.5. Synthesis and characterization of  2,2'-(4,4'-(9H-fluorene-9,9-diyl)bis(2-

methyl-4,1-phenylene))bis(oxy)bis(methylene)dipyridine (101) 

O O

N N

C39H32N2O2

Mol. Wt.: 560.68

(101)  

378 mg (1 mmol) of 9,9-bis-(3-methyl-4-hydroxy phenyl) fluorene (30) was dissolved in 

15 mL acetone, after that 345 mg (2.5 mmol) of K2CO3 was added and the reaction 

mixture was refluxed for half an hour. After half an hour 94mg (0.34 mmol) of bromo-

methyl-2-pyridine was added and the reaction mixture was refluxed for additional 07 

hours. The solvent was evaporated by vacuum distillation after the completion of 

reaction. Then, 30 mL each of water and dichloromethane (3 times) were added in 

reaction mixture to separate out the required organic stuff. Removal of dichloromethane 

in reduced pressure followed by silica gel column chromatography afforded 2,2'-(4,4'-

(9H-fluorene-9,9-diyl)bis(2-methyl-4,1-phenylene))bis(oxy)bis(methylene)dipyridine 

(101) in 54 % yield (302 mg).  

EI-MS: m/z 560.0 (M
+
, C39H32N2O2, calc. 560.6).  

1
H NMR (300 MHz, CDCl3) δ: 8.53 (d, 2H, J = 4.2 Hz, Ar-H), 7.81 (m, 4H, Ar-H), 7.56 

(d, 2H, J = 7.8 Hz, Ar-H), 7.46 (d, 2H, J = 7.5 Hz, Ar-H), 7.31 (m, 6H, Ar-H), 7.03 (d, 

2H, J = 1.8 Hz, Ar-H), 6.94 (dd, 2H, J = 6.3 Hz, Ar-H), 6.85 (d, 2H, J = 8.7 Hz, Ar-H), 

5.13 (s, 4H, Ph-OCH2Ph),  2.17 (s, 6H, Ph-CH3).  
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4.6.6. Synthesis and characterization of 2-methyl-4-(9-(3-methyl-4-(pyridin-2-

ylmethoxy)phenyl)-9H-fluoren-9-yl)phenol (102). 

O OH

N
C33H27NO2

Mol. Wt.: 469.57

(102)  

378 mg (1 mmol) of 9,9-bis-(3-methyl-4-hydroxy phenyl) fluorene (30) was dissolved in 

15 mL acetone, after that 345 mg (2.5 mmol) of K2CO3 was added and the reaction 

mixture was refluxed for half an hour. After half an hour 94mg (0.34 mmol) of bromo-

methyl-2-pyridine was added and the reaction mixture was refluxed for additional 07 

hours. The solvent was evaporated by vacuum distillation after the completion of 

reaction. Then, 30 mL each of water and dichloromethane (3 times) were added in 

reaction mixture to separate out the required organic stuff. Removal of dichloromethane 

in reduced pressure followed by silica gel column chromatography afforded 2-methyl-4-

(9-(3-methyl-4-(pyridin-2-ylmethoxy)phenyl)-9H-fluoren-9-yl)phenolin (102) 35 % yield 

(164 mg). 

EI-MS: m/z 469.0 (M
+
, C33H27NO2, calc. 469.5).  

1
H NMR (300 MHz, CDCl3) δ: 8.55 (s, 1H, Ar-H), 7.73 (m, 4H, Ar-H), 7.29 (m, 2H, 

Ar-H), 6.92 (m, 3H, Ar-H), 6.69 (d, 1H, J = 8.1 Hz,  Ar-H), 6.65 (d, 1H, J = 7.8 Hz, Ar-

H), 5.22 (s, 2H, Ph-OCH2Ph), 2.14 (s, 6H, Ph-CH3). 
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4.6.7. Synthesis and characterization of 2,2'-bis(pyridin-2-ylmethoxy)-1,1'-

binaphthyl (103). 

O

O N
N

C32H24N2O2

Mol. Wt.: 468.55

(103)  

286 mg (1 mmol) of 1,1'-binaphthyl-2,2'-diol (63) was dissolved in 15 mL acetone, after 

that 345 mg (2.5 mmol) of K2CO3 was added and the reaction mixture was refluxed for 

half an hour. After half an hour 94mg (0.34 mmol) of bromo-methyl-2-pyridine was 

added and the reaction mixture was refluxed for additional 07 hours. The solvent was 

evaporated by vacuum distillation after the completion of reaction. Then, 30 mL each of 

water and dichloromethane (3 times) were added in reaction mixture to separate out the 

required organic stuff. Removal of dichloromethane in reduced pressure followed by 

silica gel column chromatography afforded 2,2'-bis(pyridin-2-ylmethoxy)-1,1'-binaphthyl 

(103) in 55 % yield (257 mg). 

EI-MS: m/z 468.0 (M
+
, C32H24N2O2, calc. 468.5).  

1
H NMR (300 MHz, CDCl3) δ: 8.43 (d, 2H, J = 4.5 Hz, Ar-H), 7.96 (d, 2H, J = 9.0 Hz, 

Ar-H), 7.88 (d, 2H, J = 8.1 Hz, Ar-H), 7.45 (d, 2H, J = 9.3 Hz, Ar-H), 7.27 (m, 8H, Ar-

H), 6.99 (t, 2H, J = 5.1 Hz, Ar-H), 6.72 (d, 2H, J = 7.8 Hz, Ar-H), 5.21 (s, 4H, Ph-

OCH2Ph). 
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4.6.8. Synthesis and characterization of 2'-(pyridin-2-ylmethoxy)-1,1'-

binaphthyl-2-ol (104). 

O

OH N

C26H19NO2

Mol. Wt.: 377.43

(104)  

 

286 mg (1 mmol) of 1,1'-binaphthyl-2,2'-diol (63) was dissolved in 15 mL acetone, after 

that 345 mg (2.5 mmol) of K2CO3 was added and the reaction mixture was refluxed for 

half an hour. After half an hour 94mg (0.34 mmol) of bromo-methyl-2-pyridine was 

added and the reaction mixture was refluxed for additional 07 hours. The solvent was 

evaporated by vacuum distillation after the completion of reaction. Then, 30 mL each of 

water and dichloromethane (3 times) were added in reaction mixture to separate out the 

required organic stuff. Removal of dichloromethane in reduced pressure followed by 

silica gel column chromatography afforded 2'-(pyridin-2-ylmethoxy)-1,1'-binaphthyl-2-ol 

(104) in 34 % yield (128 mg). 

EI-MS: m/z 375.9 (M
+
, C26H19NO2, calc. 377.4).  

1
H NMR (300 MHz, CDCl3) δ: 8.38 (d, 1H, J = 4.5 Hz, Ar-H), 7.86 (m, 4H, Ar-H), 7.52 

(t, 1H, J = 6.3 Hz, Ar-H), 7.15 (m, 9H, Ar-H), 5.34 (q, 2H, J = 14.7 Hz,  Ar-H).  
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4.7. Synthesis and characterization of fluorene based macrocycles. 

4.7.1. Synthesis and characterization of fluorene based macrocycle 62. 

O O

NN

OO

C68H54N2O4

Mol. Wt.: 963.17

(62)  

To a solution of 100 mg (0.28 mmol) of 9,9-bis-(3-methyl,4-hydroxyphenyl) fluorene 

(30) in 25 mL acetone, 345 mg (2.5 mmol) of K2CO3 was added and the reaction mixture 

was refluxed for half an hour.  To obtain high dilution additional 175 mL acetone was 

added to the reaction mixture. Then 198.4 mg (0.26 mmol) of bis-2,6-dibromo methyl 

pyridine (60) was added and the reaction mixture was refluxed for additional 15 hours. 

The solvent was evaporated by vacuum distillation after the completion of reaction. Then, 

30 mL each of water and dichloromethane (3 times) were added in reaction mixture to 

separate out the required organic stuff. Removal of dichloromethane in reduced pressure 

followed by silica gel column chromatography afforded the targeted macrocycle 62 in 45 

% yields (114 mg).  

EI-MS: m/z 962.1 (M
+ 

C25H24O8N6, calc. 963.17). 

1
H NMR (400 MHz, CDCl3) δ: 7.73 (d, 4H, J = 7.2 Hz, Ar-H ), 7.67 (t, 2H, J = 7.6 Hz, 

Ar-H), 7.33 (m, 12H, Ar-H ), 7.24 (t, 5H, J = 6.0 Hz, Ar-H), 7.04 (dd, 4H, Ar-H),  6.72 

(t, 8H, J = 8.8 Hz  Ar-H), 5.19 (s, 8H, Ar-O-CH2), 2.10 (s, 12H, Ar-CH3). 
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Figure 58: 
1
H NMR spectrum of fluorene based pyridine containing macrocycle (62). 

 

 
Figure 59: 

13
C NMR (BB) spectrum of fluorene based pyridine containing macrocycle 62. 
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Figure 60: 
13

C NMR (DEPT # 135) spectrum of fluorene based pyridine containing 

macrocycle 62. 

4.7.2. Synthesis and characterization of amide macrocycle 82. 

O

O

O

O

HN

NH

NH

HN

C54H36N4O4

Mol. Wt.: 804.89

(82)  

200 mg (0.57 mmol) of 9,9-bis-4-amino phenyl fluorene (57) was well dissolved in 25 

mL of acetonitrile for 20 minutes. To obtain high dilution, 150 mL more acetonitrile was 
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added to the reaction. Then 0.2 mL (2 mmol) of oxalyl chloride was added and the 

reaction mixture was refluxed for additional 10 hours. The solvent was evaporated by 

vacuum distillation after the completion of reaction. The amorphous compound obtained 

was washed with 10 % (20 mL, 3 times) ethyl acetate in hexane. The desired product was 

characterized with the help of 
1
H NMR and 

13
C NMR spectroscopy.  

1
H NMR: 300 MHz, CDCl3) δ: 10.67 (s, 2H, Ar-NH), 10.80 (s, 2H, Ar-NH), 7.08 (m, 

8H, Ar-H), 7.39 (m 12H, Ar-H), 7.66 (d, 4H, Ar-H), 7.75 (d, 4H, Ar-H), 7.91 (d, 4H, Ar-

H). 
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Figure 61: 
1
H NMR spectrum of fluorene based amide macrocycle 82. 

 

13
CNMR: The 

13
C NMR of the macrocycle showed the characteristic four peaks for the 

carbonyl carbons at δ: 150.39, 156.83, 158.24, and 161.93 which confirm the formation 

of macrocycle. 
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Figure 62: 
13

C NMR (BB) spectrum of fluorene based amide macrocycle 82. 
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4.7.3. Synthesis and characterization of fluorene based macrocycle 67. 

O

OO

O

C58H44O4

Mol. Wt.: 804.97

(67)  

To a solution of 350 mg (1 mmol) of 9,9-bis-(4- hydroxy, phenyl) fluorene (21) in 25 mL 

acetone, 345 mg (2.5 mmol) of K2CO3 was added and the reaction mixture was refluxed 

for half an hour.  To obtain high dilution additional 175 mL acetone was added to the 

reaction mixture. Then 314 (1 mmol) of trans-1,4-dibromo-2-butene was added and the 

reaction mixture was refluxed for additional 15 hours. The solvent was evaporated by 

vacuum distillation after the completion of reaction. Then, 30 mL each of water and 

dichloromethane (3 times) were added in reaction mixture to separate out the required 

organic stuff. Removal of dichloromethane in reduced pressure followed by silica gel 

column chromatography afforded in 55 % yield (442 mg).  

EI-MS: m/z 804.0 (M
+ 

C58H44O4, calc. 804.9). 

1
H NMR (300 MHz, CDCl3) δ: 7.73 (d, 4H, J = 7.2 Hz, Ar-H), 7.32 (t, 8H, J = 7.2 Hz, 

Ar-H ), 7.21 (t, 4H, J = 8.7 Hz, Ar-H), 7.06 (d, 8H, J = 8.7 Hz, Ar-H), 6.67 (d, 8H, J = 

9.0 Hz  Ar-H), 5.77 (s, 4H, Ar-O-CH2-CH=CH), 4.55 (s, 8H, Ar-O-CH2). 
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Figure 63: 
1
H NMR spectrum of fluorene based double bond containing macrocycle 67. 
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4.7.4. Synthesis and characterization of fluorene based macrocycle 69. 

O

OO

O

C62H52O4

Exact Mass: 860.39

(69)  

To a solution of 378 mg (1 mmol) of 9,9-bis-(3-methyl,4- hydroxy, phenyl) fluorene (30) 

in 25 mL acetone, 345 mg (2.5 mmol) of K2CO3 was added and the reaction mixture was 

refluxed for half an hour.  To obtain high dilution additional 175 mL acetone was added 

to the reaction mixture. Then 314 (1 mmol) of trans-1,4-dibromo-2-butene was added and 

the reaction mixture and was refluxed for additional 15 hours. The solvent was 

evaporated under reduced pressure after the completion of reaction. Then, 30 mL each of 

water and dichloromethane (3 times) were added in reaction mixture to separate out the 

required organic stuff. Removal of dichloromethane in reduced pressure followed by 

silica gel column chromatography afforded 69 in 45 % yield (387 mg).  

EI-MS: m/z 860.2 (M
+ 

C62H52O4, calc. 961.0). 

1
H NMR (300 MHz, CDCl3) δ: 7.74 (d, 4H, J = 7.2 Hz, Ar-H ), 7.35 (q, 8H, J = 7.8 Hz, 

Ar-H), 7.22 (t, 4H, J = 6.6 Hz, Ar-H ), 7.01 (dd, 4H, J = 8.4 Hz, Ar-H), 6.81 (d, 4H, J = 

2.1 Hz, Ar-H), 6.64 (d, 4H, J = 8.7 Hz, Ar-H), 5.85 (s, 4H, Ar-O-CH2-CH=CH), 4.57 (s, 

8H, Ar-O-CH2), 2.01 (s, 12H, Ar-CH3). 
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Figure 64: 
1
H NMR spectrum of fluorene based double bond containing macrocycle 69. 
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4.7.5. Synthesis and characterization of fluorene based macrocycle 73. 

O O

Br Br

Br Br

Br

Br

Br

Br
Br

Br

N

C34H17Br10NO2

Mol. Wt.: 1270.54

(73)  

100 mg of the highly brominated bromine 71 was then dissolved in 30 mL acetone and 

was stirred for 20 minutes after the addition of 80 mg of K2CO3. Then 95 mg of the 2,6-

dibromo-methyl pyridine (60) was added to the reaction mixture and was stirred for 

another 24 hours. After the completion of the reaction the solvent was evaporated and 

mixture of two products was obtained after workup with 20 mL each of water and DCM. 

The mixture was purified by silica gel column chromatography and structure was 

elucidated with the help of 
1
H NMR.  

1
H NMR (300 MHz, CDCl3) δ: 7.40 (s, 2H, Ar-H), 7.18 (s, 2H, Ar-H), 5.5 (s, 2H, Ar-

OH), 4.62 (s, 4H, Ar-O-CH2-Ar), 2.23 (s, 6H, Ar-CH3).  
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Figure 65: 
1
H NMR spectrum of highly brominated fluorene based pyridine containing 

macrocycle 73. 
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4.8. Synthesis and characterization of fluorene based aster and amide 

derivatives. 

4.8.1. Synthesis and characterization of dimethyl 2,2'-(4,4'-(9H-fluorene-9,9-

diyl)bis(4,1-phenylene))bis(oxy)diacetate (49). 

OO
OO

O OC31H26O6

Mol. Wt.: 494.53

(49)  

1 g (5.37 mmol) of 9,9, bis-(4-hydroxy phenyl) fluorene was dissolved in acetone (50 

mL) then 3.5 g (21.48 mmol) of K2CO3 was added to the mixture refluxed for 40 

minutes. 01 mL (7 mmol) of methyl 2-bromoacetate was added and the reaction mixture 

was refluxed for eighteen hours. After the completion of the reaction and removal of the 

reaction solvent by vacuum evaporator, 30 mL of water was added which followed by 

addition of 40 mL dichlorormethane in order to separate out the organic phase. 

Evaporation of solvents resulted solid residue which was purified by silica gel column 

chromatography. hex: CH2Cl2 (8:2) were used as eluting solvent system for silica gel 

column chromatography affording the required product dimethyl 2,2'-(4,4'-(9H-fluorene-

9,9-diyl)bis(4,1-phenylene))bis(oxy)diacetate (49) in 85 % (1200 mg). 

EI-MS: m/z 494.0 (M
+
, C31H26O6, calc. 494.17).  

1
H NMR (400 MHz, CDCl3) δ: 7.72 (d, 2H, J = 7.6 Hz, Ar-H), 7.32 (t, 4H, J = 7.6 Hz, 

Ar-H), 7.23 (t, 2H, J = 7.6 Hz, Ar-H), 7.08 (d, 4H, J = 8.8 Hz, Ar-H), 6.72 (d, 4H, J = 8.8 

Hz,  Ar-H), 4.54 (s, 4H, Ph-OCH2COOCH3), 3.76 (s, 6H, Ph-O-CH2COOCH3).     
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Figure 66: 
1
H NMR spectrum of fluorene based di-ester 49. 
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4.8.2. Synthesis and characterization of 2,2'-(4,4'-(9H-fluorene-9,9-diyl)bis(4,1-

phenylene))bis(oxy)diacetohydrazides (50). 

 

OO H
N

NH2

H
N

O
H2N

OC29H26N4O4

Mol. Wt.: 494.54

(50)  

200 mg (0.404 mmol) of dimethyl 2,2'-(4,4'-(9H-fluorene-9,9-diyl)bis(4,1-

phenylene))bis(oxy)diacetate (49) was dissolved in equi-volume of methanol and toluene 

(15 mL each) followed by the addition 0.4 mL hydrazine hydrate and was stirred for 8 

hours at refluxed conditions. After the completion of the reaction monitored by TLC the 

solvent was evaporated by vacuum evaporator. The gummy material obtained after the 

removal of solvent it was dissolved by the addition of 25 mL DCM, and was neutralized 

by the addition of aqueous ammonia. Then 30 mL water was added to the mixture. The 

organic phase was extracted (2 times) with DCM. Removal of dichloromethane by 

vacuum evaporator followed by silica gel column chromatography afforded a white 

powder compound 50 in 80 % yield (160 mg) (m.p = 197-199 
º
C). 

1
H NMR (400 MHz, DMSO) δ: 9.26 (s, 2H, Ar-CO-NH-NH2), 7.89 (d, 2H, J = 7.2 Hz,  

Ar-H ), 7.37 (t, 4H, J = 7.6 Hz, Ar-H), 7.28 (t, 2H, J = 7.6 Hz, Ar-H ), 7.95 (d, 4H, J = 

8.8 Hz, Ar-H), 6.82 (d, 4H, J = 8.8 Hz, Ar-H), 4.40 (s, 4H, Ar-CH2-CO-NH-NH2, 4.28 (s, 

4H, Ar-CH2-CO-NH2). 
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Figure 67: 
1
H NMR spectrum of fluorene based di-amide 50. 
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4.8.3. Synthesis and characterization of diethyl 2,2'-(4,4'-(9H-fluorene-9,9-

diyl)bis(4,1-phenylene))bis(oxy)diacetate (105). 

OO
OO

O OC35H34O6

Mol. Wt.: 550.64

(105)  

1 g (5.37 mmol) of 9,9, bis-(3-methyl-4-hydroxy phenyl) fluorene (30) was dissolved in 

acetone (50 mL) then 3.5 g (21.48 mmol) of K2CO3 was added to the mixture and 

refluxed for 40 minutes. 01 mL (7 mmol) of ethyl 2-iodooacetate was added and the 

reaction mixture was refluxed overnight. 30 mL of water was added followed by addition 

of 40 mL dichloromethane in order to separate out the organic phase. Evaporation of 

solvents resulted solid residue which was purified by silica gel column chromatography. 

Hex: CH2Cl2 (5:5) were used as eluting solvent system for silica gel column 

chromatography affording the required gummy product 105 in 65 % (945 mg). 

EI-MS: m/z 550.3 (M
+
, C35H34O6, calc. 550.6).  

1
H NMR (300 MHz, CDCl3) δ: 7.72 (d, 2H, J = 6.9 Hz, Ar-H),  7.29 (m, 6H, Ar-H), 

6.91 (t, 4H, J = 7.5 Hz, Ar-H), 6.50 (d, 2H, J = 8.4 Hz, Ar-H), 4.54 (s, 4H, Ph-

OCH2COOCH2CH3), 4.22 (q, 4H, J = 6.9 Hz, Ph-O-CH2COOCH2-CH3), 2.16 (s, 6H, Ph-

CH3), 1.26 (t, 6H, J = 6.9 Hz, Ph-O-CH2COOCH2CH3).     
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4.8.4. Synthesis and characterization of tert-butyl 2,2'-(4,4'-(9H-fluorene-9,9-

diyl)bis(4,1-phenylene))bis(oxy)diacetate (106). 

OO
OO

O OC37H38O6

Mol. Wt.: 578.69

(106)  

To a solution of 350 mg (1 mmol) of 9,9-bis-(4-hydroxy phenyl) fluorene (21) in 20 mL 

of acetone, 800 mg (6 mmol) of K2CO3 was added at 60 
o
C temperature. After 30 min 

stirring, 1.3 mL (3 mmol) of tert-butyl bromoacetate was added. The reaction was carried 

out at room temperature for 4 hours. Progress of the reaction was monitored by TLC 

using hexane: ethyl acetate (6:4) as solvent system. Then addition of 30 mL of water 

followed by 50 mL of ethyl acetate result a biphasic system. The organic layer thus 

formed was concentrated in vacuum. The solid residue was dissolved in hot hexane. 

Evaporation of hexane resulted fine crystals of tert-butyl 2,2'-(4,4'-(9H-fluorene-9,9-

diyl)bis(4,1-phenylene))bis(oxy)diacetate (106) (K. Shah, Yousuf, Raza Shah, & Ng, 

2010) in 85 % yield (491 mg). 

EI-MS: m/z 578.0 (M C37H38O6, calc. 578.27). 

1
H NMR (300 MHz, CDCl3) δ: 7.72 (d, 2H J = 7.5 Hz, Ar-H), 7.32 (t, 4H, J = 7.5 Hz, 

Ar-H), 7.24 (t, 2H, J = 7.5 Hz, Ar-H), 7.07 (d, 4H, J = 9.0 Hz, Ar-H)), 6.69 (d, 4H, J = 

9.0 Hz, Ar-H), 4.41 (s, 4H, Ph-O-CH2COOC(CH3)3), 1.44 (s, 18H, Ph-O-

CH2COOC(CH3)3. 
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4.8.5. Synthesis and characterization of tert-butyl 2,2'-(4,4'-(9H-fluorene-9,9-

diyl)bis(2-methyl-4,1-phenylene))bis(oxy)diacetate (107). 

OO
OO

O OC39H42O6

Mol. Wt.: 606.75

(107)  

To a solution of 378 mg (1 mmol) of 9,9-bis(4-phenyl-3-methyl fluorene (30) in 20 mL 

of acetone, 800 mg (6 mmol) of K2CO3 was added at 60 
o
C temperature. After 30 min 

stirring, 1.3 mL (3 mmol) of tert-butyl bromoacetate was added. The reaction was carried 

out at room temperature for 4 hours. Progress of the reaction was monitored by TLC 

using hexane: ethyl acetate (6:4) as solvent system. Then addition of 30 mL of water 

followed by 50 mL of ethyl acetate result a biphasic system. The organic layer thus 

formed was concentrated in vacuum. The solid residue was dissolved in hot hexane. 

Evaporation of hexane resulted fine crystals of tert-butyl-2,2'-(4,4'-(9H-fluorene-9,9-

diyl)bis(2-methyl-4,1-phenylene))bis(oxy) diacetate (107) in 85 % yield (515 mg). 

EI-MS: m/z 606.3 (M C39H42O6, calc.606.3). 

1
H NMR (300 MHz, CDCl3) δ: 7.72 (d, 2H J = 7.2 Hz, Ar-H), 7.32 dd, 4H, J = 7.5 Hz, 

Ar-H), 6.95 (d, 2H, J = 1.8 Hz, Ar-H), 6.88 (dd, 2H, J = 2.1 Hz, Ar-H)), 6.46 (d, 2H, J = 

8.4 Hz, Ar-H), 4.43 (s, 4H, Ph-O-CH2COOC(CH3)3), 2.14 (s, 6H, Ph-CH3),  1.43 (s, 18H, 

Ph-O-CH2COOC(CH3)3. 
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4.8.6. Synthesis and characterization of 4,4'-(9H-fluorene-9,9-diyl)bis(4,1-phenylene) 

dimethyl dicarbonate (108). 

OO
O

O

O

O

C29H22O6

Mol. Wt.: 466.48

(108)  

200 mg (0.57 mmol) of 9,9-bis(4,hydroxyphenyl) fluorene (21) was then dissolved in 

acetonitrile followed by the addition of 4 drops of triethyl amine (TEA) and drop wise 

addition of 0.3 mL bromoacetyl bromide at 25 
º
C

.
 When the reaction gets completed the 

solvent of the reaction was evaporated by vacuum evaporator. Then 25 mL each of water 

and DCM (2 times) were added in reaction mixture to separate out the required organic 

stuff. Removal of dichloromethane by vacuum evaporator followed by silica gel column 

chromatography afforded the required compound 4,4'-(9H-fluorene-9,9-diyl)bis(4,1-

phenylene) dimethyl dicarbonate (108) in 60 % yield (160 mg). 

EI-MS: m/z 466.3 (M
+ 

C29H22O6, calc. 466.14). 

1
H NMR (300 MHz, CDCl3) δ: 7.74 (d, 2H, J = 7.2 Hz, Ar-H), 7.35 (t, 4H, J = 6.0 Hz, 

Ar-H), 7.25 (t, 2H, J = 6.9 Hz, Ar-H), 7.18 (d, 4H, J = 8.7 Hz, Ar-H), 3.85 (s, 6H, Ar-O-

CO-O-CH3). 
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4.8.7. Synthesis and characterization of dimethyl 4,4'-(9H-fluorene-9,9-diyl)bis(2-

methyl-4,1-phenylene)dicarbamate (109) 

N
H

N
HO

O

O

O

C31H28N2O4

Mol. Wt.: 492.57

(109)  

500 mg (1.3 mmol) 9,9-bis-4-amino phenyl fluorene  was dissolved in 40 mL acetonitril. 

Then 0.3 mL chloromethylformate was added to the reaction mixture and was heated up 

to 50 
º
C for 3 hrs. The reaction progress was monitored by TLC. The solvent was 

evaporated by vacuum distillation after the completion of reaction. Then, 20 mL each of 

water and dichloromethane (2 times) were added in reaction mixture to separate out the 

required organic stuff. Removal of dichloromethane in reduced pressure followed by 

silica gel column chromatography afforded the product dimethyl 4,4'-(9H-fluorene-9,9-

diyl)bis(2-methyl-4,1-phenylene)dicarbamate (109) in 90 % yield (590 mg). 

EI-MS: m/z 492.3 (M
+ 

C31H28N2O4, calc. 492.5). 

1
H NMR (300 MHz, CDCl3) δ: 7.728 (d, 2H, J = 7.2 Hz Ar-H ),7.572 (bs, 2H,  Ar-H),  

7.332(m, 4H, Ar-H ), 7.239 (m, 2H, Ar-H), 7.02 (d, 2H, J = 8.4 Hz Ar-H), 6.913 (s, 2H, 

Ar-H), 6.264 (s, 2H, Ar-NH), 3.73 (s, 6H, Ar-NH-COOH3), 2.08 (s, 6H, Ar-CH3). 
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4.9. Synthesis and characterization of 2,4-dinitro benzene derivatives of 

phenols and amines. 

4.9.1. Synthesis and characterization of N,N'-(4,4'-(9H-fluorene-9,9-diyl)bis(4,1-

phenylene))bis(2,4-dinitroaniline) (87) 

N
H

N
H

NO2

O2NNO2

O2N

C37H24N6O8

Mol. Wt.: 680.62

(87)  

500 mg (1.16 mmol) 9,9-bis-(4-amino phenyl) fluorene (57) was dissolved in 40 mL 

acetonitril. Then 0.3 mL 2,4-dinitro fluoro benzene (86) was added to the reaction 

mixture and was heated up to 50 
º
C for 7 hrs which resulted the formation of precipitate 

in the reaction flask. The reaction mixture was filtered and washed with 10 mL (2 times) 

5 % ethyl acetate: hexane. The purity of the precipitate was checked by TLC. The yield 

of the reaction was 90 % (874 mg). 

EI-MS: m/z 679.9 (M
+ 

C37H24N6O8, calc. 680.62). 

1
H NMR (300 MHz, CDCl3) δ: 9.90 (s, 2H, Ar-NH ), 9.15 (d, 2H, J = 2.4 Hz, Ar-H),  

8.13 (dd, 2H, J = 2.4 Hz, Ar-H ), 7.81 (d, 2H, J = 6.9 Hz, Ar-H), 7.43 (m, 4H, Ar-H),  

7.34 (m, 6H, Ar-H), 7.17 (m, 6H, Ar-H).  
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4.9.2. Synthesis and characterization of 4,4'-(9H-fluorene-9,9-diyl)bis(N-(3,4-

dinitrophenyl)-2-methylaniline) (110) 

N
H

N
H

NO2

O2NNO2

O2N

C39H28N6O8

Mol. Wt.: 708.68

(110)  

500 mg (1.32 mmol) 9,9-bis-(3-methyl-4-amino phenyl) fluorenewas dissolved in 40 mL 

acetonitril. Then 0.3 mL 2,4-dinitro fluorobenzene (86) was added to the reaction mixture 

and was heated up to 50 
º
C for 7 hrs which resulted the formation of precipitate in the 

reaction flask. The reaction mixture was filtered and washed with 10 mL (2 times) 5 % 

ethyl acetate: Hexane. The purity of the precipitate was checked by TLC. The yield of the 

reaction was 82 % (772 mg). 

EI-MS: m/z 708.3 (M
+ 

C39H28N6O8, calc. 708.2). 

1
H NMR (400 MHz, CDCl3) δ: 9.74 (s, 2H, Ar-NH ), 9.15 (d, 2H, J = 2.8 Hz, Ar-H),  

8.11 (dd, 2H, J = 7.2 Hz, Ar-H ), 7.82 (d, 2H, J = 7.6 Hz, Ar-H),7.42 (m, 4H, Ar-H),  

7.34 (t, 2H, J = 8.0 Hz,Ar-H), 7.15 (m, 6H, Ar-H), 6.84 (d, 2H, J = 9.2 Hz, Ar-H), 2.15 

(s, 6H, Ar-CH3)  
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4.9.3. Synthesis and characterization of 9,9-bis(4-(3,4-dinitrophenoxy)phenyl)-9H-

fluorene (111). 

 

O O

NO2

O2NNO2

O2N

C37H22N4O10

Mol. Wt.: 682.59

(111)  

 

500 mg (1.4 mmol) 9,9-bis-4-hydroxy phenyl fluorene (21) was dissolved in 40 mL 

acetonitril. Then 0.3 mL 2,4-dinitro fluorobenzene (86) was added to the reaction mixture 

and was heated up to 50 
º
C for 7 hrs which resulted the formation of precipitate in the 

reaction flask. The reaction mixture was filtered and washed with 10 mL (2 times) 5 % 

ethyl acetate: Hexane. The purity of the precipitate was checked by TLC. The yield of the 

reaction was 86 % (837 mg) 

EI-MS: m/z 682.9 (M
+ 

C37H22N4O10, calc. 682.13). 

1
H NMR (300 MHz, CDCl3) δ: 9.90 (s, 2H, Ar-NH ), 9.15 (d, 2H, J = 2.4 Hz, Ar-H), 

8.13 (dd, 2H, J = 2.4 Hz, Ar-H ), 7.81 (d, 2H, J = 6.9 Hz, Ar-H), 7.43 (m, 4H, Ar-H),  

7.34 (m, 6H, Ar-H), 7.17 (m, 6H, Ar-H).  
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4.9.4. Synthesis and characterization of 9,9-bis(4-(3,4-dinitrophenoxy)-3-

methylphenyl)-9H-fluorene (112). 

 

O O

NO2

O2NNO2

O2N

C39H26N4O10

Mol. Wt.: 710.64

(112)  

 

500 mg (1.32 mmol) 9,9-bis-(3-methyl-4-hydroxy phenyl) fluorene (30) was dissolved in 

40 mL acetonitril. Then 0.3 mL 2,4-dinitro fluorobenzene (86) was added to the reaction 

mixture and was heated up to 50 
º
C for 7 hrs which resulted the formation of precipitate 

in the reaction flask. The reaction mixture was filtered and washed with 10 mL (2 times) 

5 % ethyl acetate: Hexane. The purity of the precipitate was checked by TLC. The yield 

of the reaction was 78 % (732 mg). 

EI-MS: m/z 710.5 (M
+ 

C39H26N4O10, calc. 710.16). 

1
H NMR (300 MHz, CDCl3) δ: 8.81 (d, J = 2.7 Hz, 2H, Ar-H ), 8.24 (dd, 2H, J = 2.7 

Hz, Ar-H), 7.8 (d, 2H, J = 7.5 Hz, Ar-H ), 7.42 (t, 4H, J = 7.2 Hz, Ar-H), 7.35 (t, 2H, J = 

7.2 Ar-H), 7.13 (m, 4H, Ar-H), 6.88 (q, 4H, J = 8.8 Hz, Ar-H), 2.08 (s, 6H, Ar-H3).  
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4.9.5. Synthesis and characterization of 1,3-bis(3,4-dinitrophenyl)pyrimidine-

2,4(1H,3H)-dione (113). 

 

N N

O

O

NO2

NO2

O2N

NO2

C16H8N6O10

Mol. Wt.: 444.27

(113)
 

350 mg (4.46 mmol) of uracil was dissolved in 40 mL acetonitrile. Then 0.3 mL 2,4-

dinitro fluorobenzene (86) was added to the reaction mixture and was heated up to 50 
º
C 

for 7 hrs which resulted the formation of precipitate in the reaction flask. The reaction 

mixture was filtered and washed with 10 mL (2 times) 5 % ethyl acetate: hexane. The 

purity of the precipitate was checked by TLC. The yield of the reaction was 72 % (1000 

mg). 

EI-MS: m/z 444.5 (M
+ 

C16H8N6O10, calc. 444.03). 

1
H NMR (400 MHz, CDCl3) δ: 9.04 (d, 2H, J = 6.9 Hz, Ar-H ), 8.87 (d, 1H, J = 6.4 Hz, 

Ar-H), 8.61 (d, 1H, J = 5.1 Hz, Ar-H ), 7.80 (d, 1H, J = 6.6 Hz, Ar-H), 7.70 (d, J = 8.8 

Hz, 1H, Ar-H), 7.41 (d, J = 8.0 Hz, 1H, Ar-H), 6.16 (d, 1H, J = 8.0 Hz Ar-H).  
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4.9.6. Synthesis and characterization of 4,4'-(4,4'-(cyclohexane-1,1-diyl)bis(4,1-

phenylene))bis(oxy)bis(1,2-dinitrobenzene) (114). 

 

OO
O2N

NO2

NO2

O2N

(114)

C30H24N4O10

Mol. Wt.: 600.53

 

 

4,4'-(cyclohexane-1,1-diyl)diphenol (300 mg, 1.11 mmol) was dissolved in 30 mL 

acetonitril followed by the addition of 4 drops of diisopropylaminea as a base. After 

stirring for 10 minutes at 40 
º
C, 1.2 mL (2 mmol) of 2,4-dinitrofloro benzene (86) was 

added, and the reaction was continued for another six hours. By means of TLC the 

reaction progress was monitored using 8 % ethyl acetate in hexane as a solvent system. 

After the completion of the reaction the reaction solvent was removed at reduced 

pressure. Then, 25 mL each of water and dichloromethane (3 times) were added to 

separate out the required organic stuff. Removal of dichloromethane in vacuum followed 

by silica gel column chromatography by using 4 % ethyl acetate in hexane as a solvent 

system afforded a yellowish powder product 114 in 70 % yield (470 mg) (m.p = 109-111 

º
C). 

EI-MS: m/z 600.1 (C30H24N4O10, calc. 600.5). 

1
H NMR (400 MHz, CDCl3) δ: 8.82 (d, 2H, J = 4.8 Hz, Ar-H), 8.30 (dd, 2H, J = 2.8 Hz, 

Ar-H), 7.36 (d, 4H, J = 8.8 Hz, Ar-H), 7.04 (t, 6H, J = 8.4 Hz, Ar-H), 2.30 (br s, 4H,  

CH2 ofcyclohexyl), 1.54 (m, 14H, CH2 of cyclohexyl). 
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4.10. Synthesis and characterization of Mannich base derivatives of 9,9-

bis(3-methyl-4-hydroxy phenyl) fluorene. 

4.10.1. Synthesis and characterization of 4,4'-(4,5-bis((dimethylamino)methyl)-9H-

fluorene-9,9-diyl)bis(2-methylphenol) (74). 

 

OHHO

N N

C33H36N2O2

Mol. Wt.: 492.65

(74)  

 

To a of 500 mg (1.3 mmol) of 9,9-bis(3- methyl-4-hydroxy phenyl) fluorene (30) in 40 

mL tetrahydrofurane (THF), 0.1 mL (2.5 mmol) of formaldehyde, 0.1 mL (2.5 mmol) of 

dimethyl amine, 0.1 mL (2.5 mmol) of acetic acid was added and the reaction mixture 

was heated for 24 hours. The solvent was evaporated by vacuum distillation after the 

completion of reaction. Then, 20 mL distilled water were added in reaction mixture to the 

gummy material which resulted the formation of white precipitates. The precipitates were 

filtered and were washed with 10 mL more distilled water and 20 mL 10 % ethyl acetate 

in hexane. The purity of the compound was checked by TLC. The yield of the reaction 

was 75 % (488 mg) (m.p = 221-223 
º
C). 

EI-MS: m/z 492.1 (M
+ 

C33H36N2O2, calc. 492.6). 

1
H NMR (300 MHz, CDCl3) δ: 7.71 (d, 2H, J = 7.5 Hz, Ar-H ), 7.33 (t, 4H, J = 7.5 Hz  

Ar-H), 7.24 (t, 2H, J = 6.3 Hz Ar-H ), 6.78 (d, 2H, J = 1.8 Hz, Ar-H), 6.58 (d, 2H, J = 1.8 

Hz Ar-H), 3.45 (s, 2H, Ar-CH2-N(CH3)2), 2.23 (s, 12H, Ar-CH2-N(CH3)2), 2.06 (s, 6H, 

Ar-CH3).  
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Figure 68: 
1
H NMR spectrum of fluorene Mannich base derivative 74. 
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4.10.2. Synthesis and characterization of 4,4'-(4,5-bis((diethylamino) methyl)-9H-

fluorene-9,9-diyl)bis(2-methylphenol) (75). 

OHHO

N N

C37H44N2O2

Mol. Wt.: 548.76

(75)  

To a solution of 500 mg (1.3 mmol) of 9,9-bis(3- methyl-4-hydroxy phenyl) fluorene (30) 

in 40 mL tetrahydrofurane, 0.1 mL (2.5 mmol) of formaldehyde, 0.1 mL (2.5 mmol) of 

diethyl amine, 0.1 mL (2.5 mmol) of acetic acid was added and the reaction mixture was 

heated for 24 hours. The solvent was evaporated by vacuum distillation after the 

completion of reaction. Then, 20 mL distilled water were added in reaction mixture to the 

gummy material which resulted the formation of white precipices. The precipitates were 

filtered and were washed with 10 mL more distilled water and 20 mL 10 % ethyl acetate 

in hexane. The purity of the compound was checked by TLC. The yield of the reaction 

was 70 % (507 mg) (m.p = 226-227 
º
C). 

EI-MS: m/z 548.0 (M
+ 

C37H44N2O2, calc. 548.7). 

1
H NMR (300 MHz, CDCl3) δ: 7.72 (d, 2H, J = 6.6 Hz, Ar-H ), 7.29 (m, 6H,  Ar-H), 

7.72 (d, 4H, J = 6.3 Hz, Ar-H ), 3.61 (s, 4H, Ar-CH2-N(CH2)2(CH3)2), 2.56 (d, 8H,  Ar-

CH2-N-(CH2)2(CH3)2), 2.07 (s, 6H, Ar-CH3), 1.06 (s, 12H, Ar-CH2-N-(CH2)2(CH3)2). 
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Figure 69: 
1
H NMR spectrum of fluorene based Mannich base derivative 75. 
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4.10.3. Synthesis and characterization of 4,4'-(3,6-bis((dipropylamino)methyl)-9H-

fluorene-9,9-diyl)bis(2-methylphenol) (76). 

OHHO

N N

C41H52N2O2

Mol. Wt.: 604.86

(76)  

500 mg (1.3 mmol) of 9,9-bis(3- methyl-4-hydroxy phenyl) fluorene (30) was dissolved 

in 40 mL tetrahydrofurane, 0.1 mL (2.5 mmol) of formaldehyde, 0.1 mL (2.5 mmol) of 

diethyl amine, 0.1 mL (2.5 mmol) of acetic acid was added and the reaction mixture was 

heated for 24 hours. The solvent was evaporated by vacuum distillation after the 

completion of reaction. Then, 20 mL distilled water were added in reaction mixture to the 

gummy material which resulted the formation of white precipices. The precipitates were 

filtered and were washed with 10 mL more distilled water and 20 mL 10 % ethyl acetate 

in hexane. The purity of the compound was checked by TLC. The yield of the reaction 

was 60 % (479 mg) (m.p = 227-229 
º
C). 

EI-MS: m/z 604.4 (M
+ 

C41H52N2O2, calc. 604.8). 

1
H NMR (300 MHz, CDCl3) δ: 7.72 (d, 2H, J = 7.5 Hz, Ar-H ), 7.29 (m, 6H,  Ar-H),  

6.77 (s, 2H, Ar-H ), 6.65 (s, 2H, Ar-H ), 3.61 (s, 4H, Ar-CH2-N(CH2)2-(CH2)2-(CH3)2),  

2.42 (t, 8H, J = 7.2 Hz, Ar-CH2-N-(CH2)2-(CH2)2-(CH3)2), 2.07 (s, 6H, Ar-CH3),  1.50 

(m, 8H, Ar-CH2-N-(CH2)2-(CH2)2-(CH3)3), 0.85 (t, 12H, J = 7.2 Hz, Ar-CH2-N-(CH2)2- 

(CH2)2-(CH3)2). 
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Figure 70: 
1
H NMR spectrum of fluorene Mannich base derivative 76. 
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4.10.4. Synthesis and characterization of 4,4'-(3,6-bis((4-ethylpiperazin-1-yl)methyl)-

9H-fluorene-9,9-diyl)bis(2-methylphenol) (77). 

OHHO

N N

N N

C41H50N4O2

Mol. Wt.: 630.86

(77)  

9,9-bis(3-methyl-4-hydroxy phenyl)fluorene (30) (500 mg, 1.3 mmol) was dissolved in 

tetrahydrofuran (40 mL).  Formaldehyde (0.1 mL, 2.7 mmol), 1-ethylpiperazine (0.37 

mL, 2.9 mmol), and acetic acid (0.15 mL, 2.6 mmol) were added in reaction mixture and 

was subsequently heated at 50 C for 12 h.  The residual solvent from the reaction 

mixture was then removed via vacuum distillation, which yielded a gum-like material.  

This crude product was extensively washed with 5.0 % ethyl acetate in hexane (30 mL × 

3).  Further purification was performed via silica gel column chromatography using 

dichloromethane/methanol (9.5/0.5, v/v) as the eluent.  The purity of the compound was 

monitored by thin layer chromatography.  This purification provided 400 mg of the 

targeted compound 77 in ~80 % yield (667 mg, m.p = 244-246 
º
C) 

EI-MS: m/z 631.3 (M
+ 

C41H50N4O2, calc. 630.8). 

1
H NMR (300 MHz, CDCl3) δ: 7.72 (d, J = 7.2 Hz, 2H, Ar-H ), 7.32 (t, J = 7.5 Hz, 4H, 

Ar-H), 6.79 (s, 2H, Ar-H ), 6.61 (s, 2H, Ar-H ), 3.54 (s, 4H, Ar-CH2-N-piperazine),  2.56 

(m, 20H), 2.06 (s, 6H, Ar-CH3), 1.08 (s, 6H, Ar-CH2-N-piperazine-N-CH2-CH3). 
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Figure 71: 
1
H NMR spectrum of fluorene based Mannich base derivative 77. 
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4.10.5. Synthesis and characterization of 4,4'-(3,6-bis((4-methylpiperazin-1-

yl)methyl)-9H-fluorene-9,9-diyl)bis(2-methylphenol) (78). 

OHHO

N N

N N

C39H46N4O2

Mol. Wt.: 602.81

(78)  

9,9-bis(3- methyl-4-hydroxy phenyl) fluorene (30) (500 mg, 1.3 mmol) was dissolved in 

40 mL tetrahydrofurane, 0.1 mL (2.5 mmol) of formaldehyde, 0.1 mL (2.5 mmol) of 1-

methyl piprazine,  0.1 mL (2.5 mmol) of acetic acid was added and the reaction mixture 

was heated for 24 hours. The solvent was evaporated by vacuum distillation after the 

completion of reaction. Then, 20 mL distilled water were added to the gummy material 

which resulted the formation of white precipices. The precipitates were filtered and were 

washed with 10 mL more distilled water and 20 mL 10 % ethyl acetate in hexane. The 

compound was purified using silica gel column chromatography by using 20 % methanol 

in ethyl acetate as eluent. The yield of the reaction was 65 % (517 mg, m.p = 238-240 
º
C) 

EI-MS: m/z 602.1 (M
+ 

C41H50N4O2, calc. 602.8). 

1
H NMR (400 MHz, CDCl3) δ:7.85 (d, J = 7.2 Hz, 2H, Ar-H ), 7.34 (m, 4H, Ar-H),  

7.27 (t, 2H, J = 7.2 Hz, Ar-H ), 6.67 (s, 2H, Ar-H ), 6.58 (s, 2H, Ar-H ), 3.50 (s, 4H, Ar-

CH2-N-piperazine), 2.42 (m, 16H), 2.13 (s, 6H, Ar-CH3), 1.95 (s, 6H, Ar-CH2-N-

piperazine-N-CH3). 
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4.10.6. Synthesis and characterization of 4,4'-(3,6-bis(piperidin-1-ylmethyl)-9H-

fluorene-9,9-diyl)bis(2-methylphenol) (79). 

HO OH

NN

C39H44N2O2

Mol. Wt.: 572.78

(79)  

500 mg (1.3 mmol) of 9,9-bis(3- methyl-4-hydroxy phenyl) fluorene (30) was dissolved  

in 40 mL tetrahydrofurane, 0.1 mL (2.5 mmol) of formaldehyde, 0.1 mL (2.5 mmol) of 

piperidine, 0.1 mL (2.5 mmol) of acetic acid was added and the reaction mixture was 

heated for 24 hours. The solvent was evaporated by vacuum distillation after the 

completion of reaction. Then, 20 mL distilled water were added to the gummy material 

which resulted the formation of white precipices. The precipitate were filtered and were 

washed with 10 mL more distilled water and 20 mL of 10 % ethyl acetate in hexane. The 

yield of the reaction was 80 % (605 mg). 

EI-MS: m/z 572.3 (M
+ 

C39H44N2O2, calc. 572.7). 

1
H NMR (300 MHz, CDCl3) δ: 7.72 (d, J = 7.2 Hz, 2H, Ar-H ), 7.32 (t, J = 7.5 Hz, 4H, 

Ar-H), 6.79 (s, 2H, Ar-H ), 6.61 (s, 2H, Ar-H ),  3.54 (s, 4H, Ar-CH2-N-piperidine),  2.56 

(m, 20H), 2.06 (s, 6H, Ar-CH3), 1.08 (s, 6H, Ar-CH2-N- piperidine). 
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4.11. Synthesis of Schiff base macrocyclic precursors. 

4.11.1. Synthesis and characterization of 2,2'-(1E,1'E)-(4,4'-(9H-fluorene-9,9-

diyl)bis(4,1-phenylene))bis(azan-1-yl-1-ylidene)bis(methan-1-yl-1-ylidene)diphenol 

(59). 

N N

HOOH

C39H28N2O2

Mol. Wt.: 556.65

(59)  

The above compound 59 was synthesized by refluxing 500 mg (1.4 mmol) of 9,9-bis(4-

aminophenyl)fluorene with excess amount of  salicylaldehyde (58) in ethanol for 12 

hours. The precipitates obtained was filtered and then washed with 20 mL 100 % ethanol 

and 20 % ethyl acetate: hexane (3 times each). The precipitate were then dried and the 

yield was calculated which was about 90 % (718 mg, m.p = 228-230 
º
C) 

EI-MS: m/z 556.2 (M
+ 

C39H28N2O2, calc. 556.6). 

1
H NMR (300 MHz, DMSO-d6) δ: 13.01 (s, Ar-N=CH-Ar, 2H),  8.90 (s, phenolic 2H),  

7.96 (d 2H, J = 7.2 Hz, Ar-H),7.60 (d, 2H, J = 6.6 Hz, Ar-H), 7.60 (d, 2H, J = 6.6 Hz, Ar-

H), 7.44 (m, 4H, Ar-H), 7.33 (m, 4H, Ar-H), 7.20 (d, 4H, J = 8.7 Hz, Ar-H), 6.952 (t, 4H, 

Ar-H). 
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Figure 72: 
1
H NMR spectrum of fluorene based Schiff base macromolecule 59. 
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4.11.2. Synthesis and characterization of (E)-N'-(4-((E)-(2-

isonicotinoylhydrazono)methyl)benzylidene)nicotinohydrazide (85). 

N

O

N
H

N

N

H
N

O

N

C20H16N6O2

Mol. Wt.: 372.38

(85)  

500 mg (3.7 mmol) of terephthalaldehyde (84) was dissolved in 40 mL ethanol, 3 to 4 

drops of acetic acid was added and was stirred for 10 minutes. Then 511 mg (3.7 mmol) 

of nicotinic acid hydrazide (83) was added to the reaction mixture and was refluxed for 

12 hours. Solvent was removed under reduced pressure and the gummy material was 

washed with 10 ethyl acetate hexane solution (30 mL X 3 times). The yield of the 

reaction was 80 % (1110 mg) (m.p = 369-371 
º
C). 

EI-MS: m/z 372.2 (M
+ 

C18H16N6O2, calc. 372.13). 

1
H NMR (300 MHz, DMSO) δ: 12.15 (s, 2H, Ar-CO-NH), 8.78 d, 4H, J = 4.5 Hz, Ar-

H), 8.49 (s, 2H, Ar-CH=N), 7.83 (d, 8H J = 7.8 Hz, Ar-H).  
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Figure 73: 
1
H NMR spectrum of Schiff base macromolecule 85. 
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4.12. Synthesis and characterization of 4,4'-(hexa-2,4-diyne-1,6-

diylbis(oxy))bis(3-methoxybenzaldehyde) (80) 

O

H

O

O

O

H

O

O

C22H18O6

Mol. Wt.: 378.37

(80)  

1g (5.2 mmol) of the 3-methoxy-4-(prop-2-ynyloxy) benzaldehyde (44) was dissolved in 

acetonitril (40 mL) and the 5 mole percent copper acetate and 4 drops of tetra methyl 

ethylene diammine (TMEDA) was added to the reaction mixture. The reaction was 

stirred for 8 hrs at 60 
º
C. Using 80 % ethyl acetate in hexane the reaction progress was 

checked after specific intervals. After completion of the reaction the reaction solvent was 

evaporated at reduced pressure and 30 mL DCM and 30 mL water (3 times) was added to 

the reaction mixture. The organic phase was evaporated and product was purified by 

silica gel column chromatography with 84 % yield (1670 mg) (m.p = 166-168 
º
C). 

EI-MS: m/z 262 (M
+ 

C18H14O2, calc. 262.09), m/z 223 (C15H11O2) 

1
H NMR (400 MHz, CDCl3) δ: 7.46 (d, 4H, J = 6.6 Hz, Ar-H), 7.01 (d, 4H, J = 8.8 Hz, 

Ar-H), 4.70 (d, 4H, J = 2.4 Hz, PhOCH2C≡CH), 2.51 (t, 2H, J = 2.4 Hz, PhOCH2C≡CH).  
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Figure 74: 
1
H NMR spectrum of dialdehyde macromolecule 80. 
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4.13. Synthesis and characterization of 1,3-bis(4-(methylthio)benzyl)pyrimidine-

2,4(1H,3H)-dione (115) 

N N

O

OS S

C20H20N2O2S2

Mol. Wt.: 384.51

(115)  

100 mg (0.89 mmol) of uracil was dissolved in 20 mL acetone, 308 mg (2.2 mmol) of 

K2CO3 was added and the reaction mixture was refluxed for half an hour. Then, 426 mg 

(1.96 mmol) of 4-thiomethyl benzyl bromide was added and the reaction mixture was 

refluxed for additional 8 hours. The solvent was evaporated by vacuum distillation after 

the completion of reaction. Then, 20 mL each of water and dichloromethane (2 times) 

were added in reaction mixture to separate out the required organic stuff. Removal of 

dichloromethane in reduced pressure followed by silica gel column chromatography 

afforded the product in 85 % yields (291 mg)  

EI-MS: m/z 384.1 (M
+ 

C20H20N2O2S2, calc. 384.1). 

1
H NMR (300 MHz, CDCl3) δ: 7.39 (d, 2H, J = 8.1 Hz, Ar-H), 7.17 (t, 6H, J =7.8 Hz, 

Ar-H), 7.06 (d, 1H, J =5.4 Hz, Ar-H), 5.70 (d, 1H, J = 4.8 Hz, Ar-H), 5.05 (s, 2H, uracil-

CH2-Ar), 4.82 (s, 2H, uracil-CH2-Ar), 2.44 (d, 6H, CH3-S-Ar-CH2-uracil-CH2-Ar-S-

CH3). 
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Conclusion 

Fluorene was selected as precursor for the synthesis of macrocycles and macromolecules 

as fluorene is highly fluorescent and highly aromatic caninteract with itself and other 

aromatic moieties via π – π stacking. The fluorene based bis-phenols and amines used in 

this dissertation have good solubility due to the presence of SP
3
 carbon in the middle. In 

an attempt to synthesize macrocycles and macromolecules, a large number of interesting 

molecules were synthesized in the course of current study. Fluorene based phenols and 

amines were derivatized into compounds containing terminal alkynes and azides which 

are the two important precursors for click macrocyclization reaction. The terminal alkyne 

and azide derivatives were the coupled by copper (I) catalyzed azide alkyne cycloaddition 

(CuAAC) reaction which resulted the formation of macromolecules incorporating triazole 

rings in its skeleton. 

A number of pyridine containing macrocycles and macromolecules were synthesized by 

the reaction of bis-phenols and 2,6-dibromomethyl pyridine by William-son’s ether 

synthesis under high dilution conditions. Similarly macrocycles containing double bond 

in the inner cavity were synthesized by the reaction of 1,4-dibromobutene with fluorene 

based phenols by William-son’s ether synthesis under high dilution conditions. Similarly 

fluorene based amide macrocycle were synthesized by the reaction of diamine fluorene 

derivative with oxalyl chloride in anhydrous chloroform. Few other macrocycles and 

macromolecules were also synthesized through Glaser coupling, Sonogashira coupling, 

Schiff base reaction, Mannich reactions and SN
2
 reactions. 

These macrocycles and macromolecules were purified by column chromatography using 

silica gel as stationary phase and were characterized by EI-MS, ESI-MS or MALDI and 

1
H NMR, 

13
C NMR and other advanced spectroscopic techniques. The photophysical 

properties of these synthesized macrocycles and macromolecules were evaluated by 

investigating the supramolecular interaction of them with different cations, anions and 

commonly used drugs with the help of UV-visible and fluorescence spectroscopy and 

successfully established highly selective and sensitive methods for the detection and 

quantification of amoxicilline, Thallium ion, Cu
+2

 ion and Fe
+3

 ion in environmental and 

biological samples.  
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