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Abstract
    The study involves the synthesis, characterization and the study of photophysical properties of two novel diphenylacrylonitrile-porphyrins. The study can be divided into four main parts: 
First part:
[bookmark: _Hlk152193283][bookmark: _Hlk152102379]    In this part, linear dialdehyde was synthesized by o-arylation (R1, R2), utilizing the p-hydroxy benzaldehyde and dibromoalkane [(CH2)n n = 3, 4]  in the presence of anhydrous sodium carbonate in DMF, the mixture was reflux for 6 hr and by recrystallization, a yield of 51% was obtained. The structures of compounds were verified by FTIR, 1HNMR and 13CNMR. 

[bookmark: _Hlk152102479][image: ]
Second part:
[bookmark: _Hlk152103060]    This part describes the reaction of linear dialdehyde (R1, R2) with p-anisyl cyanide through a simple cyano aldol condensation and by controlling temperature with good yield (47%). The structures of compounds (R3,R4) are verified by FTIR, 1HNMR,13CNMR, and HRMS. 


[bookmark: _Hlk152097795]Third part:
    In this part, diphenylacrylonitrile-bearing aldehydes (R3, R4) were reacted with pyrrole by using iodine as a catalyst to result in the target diphenylacrylonitrile-porphyrins in poor yield (1%). The structures of compounds (R5,R6) were verified by FTIR, 1HNMR, 13CNMR, and MALDI-TOF-MS.





Fourth part:
   This part summarizes the photophysical properties of the prepared compounds.  Absorbance and fluorescence were measured in various solvents. The effect of AIE was studied for diphenylacrylonitrile-bearing aldehydes R3 and R4, and it was found that they have moderate AIE activity. The AIE-FRTE properties of porphyrins R5 and R6 were also studied, the compounds R5 and R6 showed strong fluorescence in the aggregated states.
XV









CHAPTER ONE
The Introduction

	
	


[bookmark: _Hlk144899235]1.  Introduction
1.1. Porphyrin
The word porphyrin was quoted from the Greek word "porphura'', which relates to the characteristic "purple color" of porphyrin. In general, porphyrins are tetrapyrrolic macrocycles in which an 18π aromatic macrocyclic organic compound consists of four bridging carbon atoms and four pyrrole units in a planar conformation (Figure 1-1)1–4.


Figure 1-1. Structure of porphyrin

[bookmark: _Hlk143605262]This resulting aromaticity donates excess to the semiconducting features, this makes these compounds important for a wide variety of applications, such as  solar cells,5,6 or molecular electronics,7 catalytic oxidation reactions,8 in oxygen transport as hemoproteins, in primary biological activities such as artificial photosynthesis,9 sensors,10 and non-linear optics11. The appropriately modified porphyrins were discovered to be helpful as phototherapeutic agents in photodynamic therapy (PDT) applications for the treatment of several cancers, including pancreatic cancer, breast cancer, prostate cancer, and neck cancer5.

Chlorophylls, cytochromes, and hemoglobin are the most well-known porphyrin pigments. Chlorophylls contain magnesium (II) ions and cytochromes and hemoglobin contain iron (II) ions in the metal center hole (Figure 1-2)12,13. Chlorophylls play essential roles in charge separation reaction systems, and photosynthesis as both light-harvesting antenna14–16. Heme is one of the critical components for oxygen carriers in the blood and biocatalysts. No life can exist on earth without porphyrins2,12 .


Figure 1-2. Structure of (A) Hemoglobin, (B) Chlorophyll
In all biologically significant photosynthesis, and breathing systems porphyrins do not present as isolated units but work only within sophisticated complexes with polymeric or monomeric compounds. The essential function of porphyrins and their analogs in biological systems is to incorporate the metal into the macrocycle coordination site, where it acts as the hub of biochemical processes. Slight modifications in the center metal atom, the porphyrin structure, or the macromolecular environment events various biochemical reactions17. However, the production of supramolecular complexes leads to relatively poor yields because the purification procedures are frequently challenging, and the complexes can be broken, make so hard the preparation of significant quantities of these products. These restrictions have prevented this field of chemistry from developing further18.

1.2. Nomenclature of Porphyrin
For porphyrins, two recognized nomenclature systems are use. The first   is a simple numbering system proposed by Fisher, in Fisher system the "α, β" positions are called "meso-positions", and the "α-pyrrolic" positions are numbered from (1–8) (Figure 1-3 A). In more complicated structures,11 the Fischer nomenclature system leaves several carbon atoms unassigned, thus, "IUPAC" has adopted a different system (Figure 1-3 B), in this system, all carbon atoms are sequentially numbered. There are many steps included in the preparation of  most natural porphyrins, most important compounds for extensive applications are synthetic ones with substituents in the "meso-positions" and mostly, with "β-positions" free19,20.


Figure 1-3. Fischer (A), and IUPAC (B) nomenclature of porphyrin macrocycles.

1.3. Synthesis of Porphyrins
1.3.1. The Rothemund method
As part of Rothmund's pioneering work, in 1935, Rothemund described a method for preparing symmetric porphyrins. The method involves condensing pyrrole under anaerobic conditions with a suitable aldehyde dissolved in pyridine/methanol, and heating in a sealed tube to 100 ºC 21. Because the yields were always very low (fewer than 10%), this strategy became a marker in "meso-porphyrin" synthesis but not to the degree its author initially expected11. In 1939, Several meso-tetrarylporphyrins, including meso-tetraphenylporphyrin (TPP), were also produced in sealed tubes (142-150 °C during 24 hours)11 .But later in 1941, he was successful, particularly in the preparation of (TPP) in sealed tubes by heating at (220 °C for 48 hours)(Scheme 1-1)22 . Because of tough experimental conditions, only the most heat-resistant aldehydes could form meso-tetrarylporphyrins, but with low yields (5-10%) 23.


Scheme 1-1. Example of tetra-phenylporphyrin synthesis performed according to Rothemund.


1.3.2. The Adler-Longo method
[bookmark: _Hlk144902067][bookmark: _Hlk157329569]In this strategy, the reaction of aldehyde and pyrrole takes place in an open beaker in propionic acid (refluxing 141 °C) for 30 min. upon slight cooling, porphyrins are produced in the form of glittering purple crystals after filtering the dark mixture. (Scheme 1-2) 24. The Adler strategy gives yields (~20% ), and has made possible the synthesis of a great number of "meso-substituted" porphyrin and is facile to implement25.


Scheme 1-2. TPP synthesis according to optimized Adler and Longo’s method.

1.3.3. Lindsey’s Method 
Though the Adler-Longo reaction performs yields of 20% with simple benzaldehydes and can be done on a large scale, it also suffers from main disadvantages. First, the yields obtained are often not reproducible. Second, intractable purification problems arise for porphyrins which do not readily crystallize or precipitate from the propionic acid. Third, the reaction fails with benzaldehydes bearing sensitive functional groups 26.

 In 1980s, a reaction strategy was developed by Lindsey. This strategy includes one flask and two steps to outdo the first limitation (forced conditions) of previous methods. In the first step, pyrrole and aldehyde are condensed using acid as a catalyst to form the intermediate compound porphyrinogen, followed in the second step by using an oxidizing substance, where an oxidizing agent to carry out the oxidative dehydrogenation of porphyrinogen and thus produce porphyrin. These two steps represent the mild conditions for an ideal procedure that involves reaction at room temperature and chlorinated solvent containing an acid such as BF3∙Et2O or trifluoroacetic acid (TFA), using an organic oxidant soluble in organic solvents such as 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) or p-chloranil or  , and a slightly dilute concentration of both pyrrole and aldehyde (0.01 M) to achieve the appropriate equilibrium between oligomerization of pyrromethanes and cyclization to produce a porphyrinogen (Scheme 1-3)24,27. Lindsey’s method is now a strong landmark in meso-substituted porphyrin synthesis because completely good yields have been achieved, Additionally, the final products do not exhibit any contamination with the corresponding chlorins11. 


Scheme 1-3. Synthesis of meso-substituted porphyrin by Lindsey's Method

1.3.4. By MacDonald [2+2] Condensation
A synthetic method based on the MacDonald [2+2] condensation of an aldehyde with dipyrromethane was designed to produce the symmetrical "meso-substituted" porphyrins. The MacDonald [2+2] condensation method was achieved by using dipyrromethane and an aldehyde in the acid catalyst (Scheme 1-4). The condensation reaction leads to the formation of porphyrinogen reversibly proceeds28. 


Scheme 1-4. Synthesis of TPP using MacDonald [2+2] condensation

1.3.5. By MacDonald [3+1] Condensation
In the [3+1] strategy, the ability to selectively functionalize a porphyrin in one unit is given. Therefore, the synthesis of "the tripyrrolic" building block is required. Typically, the tripyrrane performs carboxylic acid substituents in its α-positions. Thereafter, it condensed with a "monopyrrolic diformylated" precursor (Scheme 1-5)29. 


[bookmark: _Hlk157763949]Scheme 1-5. Synthesis of TPP using MacDonald [3+1] condensation

1.3.6. Other Synthetic methods
Due to the increasing need to expand new synthetic pathways, including green techniques, some methods have been adopted to produce meso-substituted porphyrins using catalysts, alternative energy sources, and reaction media, involving water as solvent, or solid acid catalysts, and microwave irradiation30.

1.3.6.1. Microwave-Assisted Synthesis 
To synthesize some unsymmetrical meso-tetraarylporphyrins (A3B type), Zerrouki et al. used a two-step microwave-activated synthetic pathway. Pyrrole, benzaldehyde, DCM, and molecular iodine (10% M) were activated by microwave irradiation, after that, p-chloranil is added and a second session of microwave irradiation is carried out (Scheme 1-6). To prevent inconvenient conditions an amount of iodine is used as an acid promoter such as the use of propionic acid. This protocol has several advantages over other methods, including the use of reagents and solvents without the requirement for prior distillation, it gives the final product (meso-tetraphenylporphyrin within a reasonable yields (47%) with short reaction time, and it is very easy to perform31.

 Scheme 1-6. Synthesis of meso-substituted porphyrins under microwave irradiation
Because of its stability at temperatures above its boiling point and pressures above 16 bar, water has been used as a potential solvent for hydrophobic organic acid or as a base catalyst, and in some cases, as oxidant32. under microwave irradiation Meso-arylporphyrins were prepared to employ these unique properties of overheated water. under these reaction conditions (Scheme 1-7), Henriques and co-workers reported good to moderate porphyrin yields33.

Scheme 1-7. Meso-substituted porphyrin was obtained using water as solvent/oxidant microwave irradiation.

In later development, Joshi proposed a "greener" process for the production of meso-arylporphyrin, in which the unpleasant strong organic acids (BF3·Et2O, TFA, and TsOH) are substituted by the "acidic cation exchange resin Indion-130" (Scheme 1-8). The resin was employed as a "catalyst" in the condensation of many substituted aromatic aldehydes with pyrrole, using dichloromethane and triethyl-orthoacetate (as solvent)34.

Scheme 1-8. Synthesis of meso-substituted porphyrins using solid acid catalysts. 

1.4. Photophysical Properties of Porphyrin and Metalloporphyrin
1.4.1. UV-Visible Spectroscopy of Porphyrin and Metalloporphyrin
[bookmark: _Hlk144899734]Porphyrin has an intense color due to its highly conjugated electronic system. Therefore, it absorbs in the visible region due to π → π* transitions. Therefore, porphyrin has a very distinctive absorption spectrum.  The absorption spectrum of porphyrin depends on the: i) structure, ii) presence and absence of the metal35. The UV-Vis spectrum for porphyrin consists of four bands called the Q-bands between (500 nm and 680 nm) of lower intensity at longer wavelengths and an intense band (ɛ > 105 L.mol-1.cm-1) between 390 and 430 nm (near UV) called the Soret or B-band (Figure 1-4). As a result, there are four such transitions for free base porphyrins with D2h symmetry, but only two for metallized porphyrins with a higher degree of symmetry (D4h)11,35. The electronic transitions responsible for these absorption bands have been completely the study, among other things, Transitions between the four orbitals centered on the macrocycle (2HOMO-2LUMO) were attributed by Gouterman. Those transitions are used to characterize along the porphyrin symmetry axes (x and y), which are differentiated in the case of free bases (D2h) and equivalent in the case of metallated porphyrin (D4h). the Gouterman theory is called the "four-orbit model" due to it considers only the two lowest vacant molecular orbits (LUMO) and the two highest occupied molecular orbits (HOMO)35  (Figure 1-5). Although it has since been replaced by other, more effective models the four-orbital approach is still the best introduction to the theory of UV-visible porphyrin spectra. Gouterman, depending on the main principles of the "cyclic polyene theory", this by itself is unable to explain differences in the UV spectrum procured by differences in the porphyrin skeleton, gave a satisfying physical significance to Hückel's theory, which Longuet-Higgins applied for the first time to tetrapyrrole macrocycles.  The latter had come by calculation of two non-degenerated "HOMO" orbitals, known as (a1u and a2u) for symmetry reasons, and a pair of degenerated "LUMO" orbitals known as (eg). both "LUMO" egx and egy levels are degenerated in a symmetrical metalloporphyrin (D4h). The molecular orbital HOMO and higher in energy is generally (a2u) for a meso-porphyrin. The Q bands agree to non-allowed transitions between the "ground state" and the first "singlet state" (a2u (π) → eg (*)). The Soret band or (B band) agrees to an allowed transition (hence its intensity is high) from the "singlet ground state" to the second "excited singlet state" of the molecule, (a1u (π) → eg (π*)) 11,35,36.
[image: ]
 Figure 1-4. (A): UV-visible spectrum of a meso-porphyrin, (B): UV-visible spectrum of a metalloporphyrin
[image: ]
Figure 1-5. (a): Schematic representations of the (HOMO – LUMO) molecular orbitals according to Gouterman (D4h symmetry). (b): π-π* electronic transitions of the porphyrin macrocycle
1.4.2. Fluorescence Spectroscopy of Porphyrin and metalloporphyrin
[bookmark: _Hlk148346111]The fluorescence process begins with the absorption of energy by molecules containing a fluorophore (a molecule that has the ability to fluorinate) at room temperature. Then the electrons move from the lowest state (ground state) of electronic energy to the highest state (excited) of electronic energy. This transfer takes a short time (10-15 s), this transition from the lowest vibrational energy state of the ground state to any excited vibrational energy state, which is usually the first or second-order excited state, which is called S1, S2 respectively.  Because the excited state does not last for a long time, the electron will lose its energy in several ways, usually in the form of heat or radiation. In organic molecules, the rotation of electrons in the stable state (ground state) is double (↓↑) paired, and it is called the singlet state, symbolized by (S0), while the excited state can have two possibilities for electron rotation:- first case, the electron spin is unpaired, which is known as the triplet state, whose symbol is T, and it is difficult to change the electronic spin, as the molecule moves from the stable state S0 to S1 and S2, and then the electron moves to the semi-stable triplet state T.  The path of transmission intersystem crossing then ends to the stable state S0 and the excitation energy is lost slowly with the emission of violet or visible light in a period of (10-3) to (10-2)s, which is represented by phosphorescence.
In the second case, the excited electron has a double spin (↓↑), and it is known as the single state (S1, S2) within a period of 10-9 to 10-6 seconds, the electron returns to the stable state S0.  It is accompanied by the emission of energy in the form of rays, which is represented by fluorescence (Figure 1-6).37–41 
[image: ]
Figure 1-6. Perrin Jablonski diagram of fluorescence and phosphorescence

The stokes shift was first observed by Sir G. G. Stokes in 1852 where examination of the Jablonski diagram (Figure (1-6) reveals that the energy of emission is usually less than the energy of absorption.  Therefore, fluorescence usually occurs at lower energies or longer wavelengths. The Stokes shift is expressed in wavenumbers. The emission spectrum is clear and less overlapping with the excitation spectrum the larger the Stokes shift.  The fluorescence spectrum is therefore distinctive in that the absorption wavelength is shorter than the fluorescence wavelength (Figure 1-7).41
[image: ]
Figure 1-7. Stokes' Shift
[bookmark: _Hlk144225887]Fluorescence in porphyrins is generally observable in Free base porphyrins and metalloporphyrins be characterized by two emission zones, the first zone, centering between (400 and 500 nm) corresponds to the "S2→S0" transitions, and the second between (550 and 800 nm) to the lower energy "S1→S0" transitions. The properties of free base porphyrin (H2TPP) and zinc metallized porphyrin [Zn (TPP)] were studied by Zeweil et al by femtosecond spectroscopy and explain the prime dynamic pathways resulting from photo-excitation of these chromophores at (397 nm (B-band)). The major conclusions of this study showed that the observation of the"S2→S0" emission bands is made extremely difficult due to several factors (internal conversions, spectral overlap, poor quantum relaxation/return rate, etc.). In most situations, the excitation of these chromophores only results in the observation of the "S1→S0" emission bands, which in porphyrinic systems are most frequently exploited. So, when the Soret band is excited in the case of H2TPP porphyrin (Figure 1-8 a), two "S1→S0" emission bands are produced, one at 650 nm (S1[Qx (0.0)] S0) and the other at 709 nm (S1[Qx (0.1)] S0). In the case of porphyrin [ Zn (TPP)] (Figure 1-6b) when the Soret bands in benzene are excited, two "S1→S0" emission bands at 645 nm (S1[Q(0.1)] S0) and (S1[Q(0.0)] S0) are produced. The photo-physical characteristics of porphyrins are extremely dependent on the size and structure of the tetrapyrrole macrocycle.42–45 
[image: ]

Figure 1-8. Absorption and emission spectra of the free base H2TPP porphyrin (a) and the [ Zn(TPP)] complex (b). Spectra reordered in benzene.
1.5. Aggregation caused quenching (ACQ) in porphyrin
[bookmark: _Hlk144899988] Porphyrins are premium "near-infrared-emissive fluorescence"   materials46. Recently, porphyrin derivatives have shown broad application in numerous research fields like organometallics and medicine , dye sensitized solar devices, photocatalysis and chemical sensors47 . Porphyrins possess unique physical-chemical properties as "photosensitizer". porphyrin derivatives can excite molecular oxygen from the triplet state to the singlet state in the presence of appropriate light and oxygen,48–51 which show excellent application potential in several fields such as photoelectronic devices,10 environmental remediation,52,53 photocatalytic H2 generation, CO2 reduction,54–57 and photodynamic therapy of cancer58,59. However, a potential problem the fact that porphyrin derivatives typically exhibit a strong aggregation caused quenching (ACQ) impact at high concentrations and in solid state is due to their π-conjugated coplanar structures,60 This greatly restricts their use in photocatalysis, optoelectronic materials, fluorescence imaging and similar applications61,62, which attracted research because the "near-infrared materials" had the advantages of  low cell damage, little self-fluorescence interference of biological tissues, and high tissue penetration showing interest for use in a wide range of research fields, such as thermal imaging, biological imaging, telecommunications  and so on63–65.
The typical tactic used to reduce the (ACQ) impact of porphyrin derivatives is to attach bulky groups to the porphyrin or create nanoparticles encircled by other components to inhibit the "π-π stacking" of porphyrin cores in high concentration and solid state66,67. The reverse of the ACQ effect, aggregation-induced emission (AIE), was first reported by Tang's group in 200168–72. 
The main cause for the AIE effect is restriction of intramolecular rotation73. The win-win situation is to eliminate the effect of  ACQ  without sacrificing the functional properties of the molecule68. 
1.6. Phenylacrylonitrile unit as AIE group 
One of the best known electron-withdrawing groups is the cyano group, which, when added to the "π-conjugated" structures of alkenes, produces acrylonitriles (Scheme1-9) that have unique alterations in their conformation, stability, packing mode, processability, and solubility74–76. Further, Acrylonitriles are an example of a typical structural pattern and are frequently found in agrochemicals, pharmaceuticals, herbicides, and natural products77,78. More importantly, a donor can be introduced to the acrylonitrile skeleton to create fluorescent materials with nonlinear optical , acceptor and donor-conjugated structures  characteristics, which are excellent for "two-photon excited" imaging in live samples due to:  high spatial resolution, deep tissue penetration, and minimal background fluorescence75,79. Recently, there have been great efforts made to synthesize acrylonitriles with diverse functions and substitutions80–83 . Pd(PPh3)4 was used as a catalyst to react allyl halide or ester with NaN3 or TMSN3 to produce allyl azides and then converting them to alkenyl nitriles (or acrylonitriles) using DDQ as the oxidant, which was reported by Jiao et al. (Scheme 1-9)84. On the other hand, for the purpose of developing various acrylonitriles, the direct cyanation route of alkenes has also been adopted80,83,85,86. A homogenous copper catalyst was used in a novel oxidative cyanation process reported by Engle et al. to produce acrylonitrile from terminal and internal alkenes85. 

Accordingly, a number of acrylonitriles have been produced. However, these techniques required the employment of costly transition metal complexes, severe reaction conditions, hazardous and toxic chemicals, and low atomic economy. Acrylonitriles' direct functions remain difficult to accomplish, and this area needs further improvement. Research groups found that aldehydes or ketones and propane nitriles were reactants for the direct generate of acrylonitriles utilizing ordinary bases (NaOH, t-BuOK, etc.) through a transition metal-free, nonhazardous, nontoxic, and atom-economic nucleophilic reaction87–90. As a result, this kind of nucleophilic reaction may have enormous promise for the facile and direct synthesis of versatile acrylonitriles with a variety of functionalities. "AIE" is special photophysical phenomenon in which some luminogens gives off weak or no fluorescence in solution, but the emission increases greatly in the aggregated and solid state91–95. Previous studies have shown that cyano groups  make the acrylonitrile with twisted structures which leads avoids aggregation caused quenching (ACQ) and appear AIE properties in the aggregation state in aqueous environment96,97. On the basis of acrylonitriles, numerous multicolor brilliantly emissive AIE luminogens (AIEgens) have been created and used in a variety of applications, including one- and two-photon bioimaging and fluorescence sensing98–100. Acrylonitriles with intense red emission are especially desired in bioimaging because to their deep tissue penetration, limited background autofluorescence, and reduced photodamage101–103. Unfortunately, acrylonitrile-based AIEgens with highly red-emissive are still rare104–108. In addition, their synthesis includes multi-step reaction methods and purification or time-consuming isolation , due to their structures are complicated109.
[image: ]
[bookmark: _Hlk150802949]Scheme 1-9. Various Strategies to Synthesize Functionalized Acrylonitriles

1.6.1 Phenylacrylonitrile in Columnar AIE liquid Crystals
Given that "triphenylene–diphenylacrylonitrile" compounds exhibit poor fuorescence in solution despite having a good AIE effect, and the addition of water to the (THF/H2O) mixture gradually increases the fluorescence of the "phenylacrylonitrile" unit, a perfect example of an AIE unit. As a "luminogen", two diphenylacrylonitrile units were combined into a single conjugated system. Due to the extended rigidity of the conjugated structure, which allows for effective emission in solution, the AIE effect is produced by restricting intramolecular rotation. Two triphenylene units generated the columnar mesophase, while the phenylacrylonitrile group induced the fluorescence (Figure 1-9).  Both in the solution and solid states, the high fluorescence was caused by a fine balance between lowered fluorescence and the AIE effect110.




[bookmark: _Hlk146993933]Figure 1-9. Phenylacrylonitrile-bridging triphenylene dimers

1.6.2. phenylacrylonitrile in novel porphyrin derivatives
Diphenylacrylonitrile units were successfully added to a porphyrin skeleton to create a novel porphyrin derivative with AIE features. Due to the overlap of the absorption wavelength of porphyrin (420nm) and emission wavelength (425nm) of diphenylacrylonitrile the strong "fluorescence resonance energy transfer" (FRET) effect was observed between the porphyrin unit and diphenylacrylonitrile unit (Figure1-10). So, based on the AIE and FRET effects, the novel AIE-based porphyrin displayed high fluorescence both in solution and in solid state10. 
[image: ]
Figure 1-10. The proposed illustration of the AIE-FRET process for the novel diphenylacrylonitrile–porphyrin
By adding "polyglycol-diphenylacrylonitrile" units to the porphyrin skeleton, the first porphyrin liquid crystal with intense fluorescence in both aggregated states and solution was designed and synthesized. A strong FRET effect existed between the diphenylacrylonitrile unit and porphyrin unit based on the overlap of the emission wavelength of diphenylacrylonitrile and the absorption wavelength of the porphyrin (Figure 1-11). This resulted in strong fluorescence being displayed by this new porphyrin liquid crystal in both aggregated states and solution. The excellent fluorescence feature, which was initially noticed for porphyrin liquid crystalline materials, was also effectively employed for fluorescence imaging of living HeLa cells63.

[image: ]
Figure 1-11. The proposed illustration of the AIE-FRET effect for porphyrin liquid crystal.



1.7. Applications of Porphyrins and Metalloporphyrins
1.7.1. Utilization of Porphyrins Derivatives in Cancer Treatments
Photodynamic therapy (PDT) is a newly developed therapy for eradicating premalignant and reducing the tumor size in end-stage cancers and early-stage cancer by photosensitizers (PSs)111–113. Because porphyrin derivatives are special compounds with a variety of inherent diagnostic and therapeutic uses, they provide significant advantages for the diagnosis and treatment of cancer.  Porphyrin molecules absorb light energy and convert it into effective therapeutic actions. Reactive oxygen species (ROS) are produced when they react with surrounding oxygen after being activated by light energy. ROS are cytotoxic substances and highly energized, which give porphyrins extremely effective "photodynamic therapeutic" effects114,115. Porphyrins have the ability to induce hyperthermia by the use of photon energy generated during molecular vibration, hence producing the photothermal therapeutic (PTT) effect. 116.

1.7.1.1. Principle of Photodynamic Therapeutic (PDT)
The principle of PDT depends on the selective uptake of a "photosensitizer" that localizes to a target cell and/or tissue, followed by irradiation with low-energy, tissue-penetrating light of the suitable wavelength to activate the sensitizer113. After activation, the photosensitizer is advances from its ground state "S0" to the first excited singlet state "S1", whereafter a series of other electronic transitions may take place (Figure 1-12). This route includes an "intersystem crossing" from the sensitizers (S1) state to its longer-lived triplet state (T1). The excited photosensitizer returns to its ground state with the emission of light in the absence of triplet-state population, known as "fluorescence", and/or by way of "radiationless transitions" in which energy is given to (or taken up) by different particle or system. The population of the triplet state is needed so as to create the reactive oxygen species (ROS) needed to initiate cell death. In many cases, the lowest excited electronic state of oxygen is singlet oxygen (1O2), which is a key ROS of PDT114.
[image: ]
Figure 1-12 Jablonski diagram showing the photoprocesses involved in excitation of photosensitizers. Absorption (i), internal conversion (ii), fluorescence (iii), radiationless transitions (iv), intersystem crossing (v), phosphorescence (vi) and energy transfer (vii).

1.7.1.2. Use of porphyrin and porphyrin like species in (PDT)
In (PDT), photosensitizers are the first component. A perfect PS needs to meet these requirements: (i) It should be able to produce singlet oxygen with efficiency, as singlet oxygen is believed to be the primary cytotoxic agent responsible for the tumors' elimination during photodynamic therapy. (ii) It should have a high "absorption coefficient" in the long wavelength part (700-800nm). The aromatic compounds porphyrins, chlorins, and bacteriochlorins have 18, 22, and 22–π electrons, respectively. The "Soret" band, a strong absorption band around (400nm), and the Q-band, a disciple absorption band between (600nm and 800nm), are features of porphyrin-based photosensitizers. The only application for the (Q-band) is in PDT treatment. Porphyrins typically exhibit long-wavelength absorption in the (600–650nm) range in addition to a prominent "Soret" band. Bacteriochlorin's long-wavelength absorption ranges from (700 to 800nm), and photosensitizers "PS" operating in this wavelength area are capable of treating deeply seated malignancies. Chlorin's Q-bands are approximately (630–700nm), contingent upon the type of substituents present at the peripheral positions11.
1.7.1.3. Porphyrin and Porphyrin like Species used as photosensitizers
It has been successful to employ porphyrins and like species that resemble them as "photosensitizers". The first porphyrin species to be employed as a photosensitizer is hematoprophyrin (Hp). The second-generation  photosensitizer includes the phthalocyanine and Foscan (Figure 1-13 )112–114.


Figure 1-13. Chemical structures of some PDT photosensitizers used in oncology indications
1.7.2. Antibacterial Photodynamic Therapy (aPDT)
Traditionally, photodynamic treatment (PDT) has been used to treat cancer in both malignant/non-malignant tumors.30,117. The idea of using PDT to destroy microbial was first put into practice in the middle of the 1990s because as bacterial cells reproduce very quickly, much like cancerous cells do118. Therefore, antibacterial photodynamic treatment is a non-antibiotic procedure that results in bacterial cell death when photosensitizing drugs , molecular oxygen, and light energy of the right wavelength are present119,120. In "aPDT", adding photosensitizer (PS) to a bacterial sample, and a wavelength of visible light is used to irradiate the "PS-bacteria" mixture, which leads to excitation of "PS" to its singlet excited state. The excited singlet state lives for less than (1 µs) and is unstable. It can return to the ground state by emission of a "secondary photon" in the shape of fluorescence. The singlet state crosses over into the excited triplet state through intersystem crossing in order to provide a therapeutic authorized effect 32. It plays the main important pathway in the photochemical reactions included in the "lethal photosensitization LP" process. The "PS" triplet state can also phosphoresce if its excited electron is in the correct spin orientation. Type I and Type II reactions are two competing mechanisms that might lead to chemical changes in the "bacterial cell" 30. 




1.7.3. Use of porphyrin and metalloporphyrin in the degradation of hazards compounds:
1.7.3.1. Degradation dyes using hydrogen peroxide
Using hydrogen peroxide solutions, cobalt (II) and zinc (II) metalloporphyrins were investigated as "catalysts" in the degradation of malachite green dyes, methylene blue, and other dyes. Consequently, the "calamite dye" was catalytically degraded using the complex [Zn(TEBOP)] complex: [(4,40-bpy)](4,40-bipyridine)(meso-(tetraethyl-4(4-butyryl)oxyphenyl)porphyrinato)zinc(II)]121. Researchers looked into how well two cobaltous metalloporphyrins degraded methylene blue dye in the presence of "H2O2" 122.

1.7.4. Energetic Applications
1.7.4.1. Solar Cells
 Porphyrins or phthalocyanines can efficiently be used as dyes in dye-sensitized solar cells, because of their capacity to absorb sunlight. For example, a device based on porphyrinic dye was reported to have an (11%) "power conversion" efficiency in 201023,123. Since then, many improvements were carried out, for example in association with (TiO2) nanoparticles for particular solar cell applications. In 2014, a metalloporphyrin (Zn) that had a 13% yield set a new record124. This is what makes this class of compounds promoted as efficient as the most widely used "ruthenium bipyridyl" derivatives (with 15 % power conversion),125,126 hence, for commercial use.

1.7.4.2. Artificial Photosynthesis
The development of artificial photosynthesis has attracted much interest because photosynthesis is the most efficient process of solar energy conversion127–131. An antenna is a key component in photosynthesis, which "trap and convert" solar energy.  Chlorophyll plays this role in nature that can be replaced by synthetic "tetrapyrrolic macrocycles". such green processes can be used for (hydrogen production) from water, thus leading to different applications (such as fuel cells)132.

[bookmark: _Hlk150811716]1.7.5. Detection of Metals
Porphyrin-based probes have demonstrated significant promise for detecting heavy metal ions in solution. because porphyrins show distinct electronic absorption in the Soret band region (∼400 nm, 𝑆0 → 𝑆2) as well as in the Q-bands region (500–700 nm, 𝑆0 → 𝑆1), porphyrin compounds possess remarkable photophysical properties. In solutions porphyrins have visible color. Porphyrins can typically form a chelation complex with heavy metal ions and therefore porphyrins are good functional receptors for various metal ions. In the visible spectrum, metalloporphyrin shows distinctive  electronic absorption bands after complexation with a heavy metal ion, which can be readily observed with UV-vis spectroscopy133–136.




1.8. Study Aims
The research project aims to:
1. [bookmark: _Hlk151923734][bookmark: _Hlk151924427]Synthesize new diphenylacrylonitrile bearing aldehydes through a simple cyano aldol condensation and by controlling temperature.
2. Synthesize novel diphenylacrylonitrile-porphyrins through iodine-catalyzed condensation and subsequent oxidation by air under thermal condition.
3. [bookmark: _Hlk151924079]Characterization of all synthesized compounds using FTIR, 1HNMR, 13CNMR and HRMS spectrometry.
4. Study the photophysical properties of all synthesized compounds.
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CHAPTER TWO
The Experimental
	

2. Experimental
2.1. Chemical Materials 	
 The chemicals used in this study were supplied from the companies shown in Table (2-1).
Table (2-1): The chemicals used in the study
	Chemicals
	Company

	[bookmark: _Hlk152192817]p-hydroxybenzaldehyde
	Fluorochem

	[bookmark: _Hlk152192865]p-anisyl cyanide
	Fluorochem

	[bookmark: _Hlk152192892]1,3-dibromopropane
	Fluorochem

	[bookmark: _Hlk152192910]1,4-dibromobutane
	Fluorochem

	TCQ
	Fluorochem

	Trifouroacetic acid
	Thomas Baker

	[bookmark: _Hlk152193312]Potassium hydroxide
	Thomas Baker

	Silica gel 100-200
	Thomas Baker

	Cobalt (II) nitrate
	Thomas Baker

	Pyrrole
	HIMEDIA

	Znic nitrate hexahydrate
	HIMEDIA

	Sodium carbonate anhydrous
	ISOLAB

	Anhydrous magnesium sulfate
	Scharlau

	Absolute ethanol
	Scharlau

	Methanol
	Scharlau

	Acetone
	J.T.Baker

	Ethyl acetate
	SDFCL

	Petroleum ether 40-60
	SDFCL

	[bookmark: _Hlk152193202]N,N-Dimethylformamide LR
	SDFCL

	[bookmark: _Hlk152193092]Tetrahydrofuran
	SDFCL

	[bookmark: _Hlk152192953]Dichloromethane
	Merck

	[bookmark: _Hlk152193047]Chloroform
	Merck

	Acetonitrile
	Merck

	[bookmark: _Hlk152193150]Dimethyl sulfoxide
	Merck

	Nickel (II) nitrate hexahydrate
	CDH




2.2. Instruments

2.2.1. Melting Point Apparatus
[bookmark: _Hlk145454845]    All melting points are uncorrected and expressed in degrees (°C). They were measured at the Department of Chemistry, College of Science, University of Misan, by using a Stuart SMP11 melting point apparatus.

2.2.2. Thin Layer Chromatography 
    TLC was performed using silica gel 60 F254 on a Merck precoated aluminum sheet (0.2 mm thickness), with visualization by UV light.

2.2.3. Column Chromatography
    All synthesized compounds were separated and purified using flash column chromatography on silica gel (100-200 mesh).

2.2.4. Fourier Transform Infrared Spectrophotometer 
    FTIR spectra of all synthesized compounds were measured as KBr disc for solid samples for the region between (400-4000) cm-1 using SHIMADZU IRAffinity-1 (Japan) at BPC-Anlysis Center in Baghdad, Iraq. Only principal absorption bands of interest were reported and expressed in cm -1. 

2.2.5. Nuclear Magnetic Resonance Spectrometer
[bookmark: _Hlk145454747]All ¹H-NMR, ¹³C-NMR and HSQC experiments were recorded at the University of Basrah, Education College for Pure Sciences Iraq using Bruker DRX-400 spectrometer (Germany) and chemical shifts were reported in ppm (δ). DMSO-d6 was used as a solvent, while TMS was used as an internal standard. The coupling constants (J) are measured in Hertz and multiplicities are quoted as singlet (s), doublet (d), triplet (t), quartet(q), doublet of doublets (dd), multiplet (m).
 
2.2.6. Mass Spectrometer
    Electrospray ionization (ESI) high-resolution mass spectra (HRMS) were determined using Bruker Micro TOF, Matrix-assisted laser desorption/ionization-time of flight (MALDI-TOF) was determined using  Bruker Ultraflex III MALDI-TOF Mass Spectrometer at the University of  Nottingham.
  
2.2.7. UV-Vis spectrophotometer
[bookmark: _Hlk152063295]UV-Visible spectra were recorded on Shimadzu UV-spectrophotometer (UV-1800), at the Department of Chemistry, College of Science, University of Misan.

2.2.8. Spectrofluorophotometer 
[bookmark: _Hlk152063314] Fluorescence spectra were obtained on Shimadzu spectrofluorophotometer (RF-5301pc), at the Department of Chemistry, College of Science, University of Misan.






2.3. Synthetic Methods 
[bookmark: _Hlk145107945][bookmark: _Hlk145149212]2.3.1. Synthesis of 4,4'-[alkane-1,2-diylbis(oxy)]dibenzaldehyde (R1 and R2)
[bookmark: _Hlk145190869][bookmark: _Hlk145191018]4-hydroxybenzaldehyde (81.9 mmol,10gm), dibromoalkane (40.9 mmol, 4.15gm), and Na2CO3 (163.8 mmol, 17.3gm) were added to a round-bottomed flask containing DMF (50 ml). The reaction mixture was stirred and reflux (140 °C for 6h). The reaction progress was monitored by TLC (DCM: MeOH; 100:0.8) until the reaction was completed. After allowing the mixture reach to room temperature, distilled water was used to quench it. then a crude product was obtained by filtering, washing with water, and drying. The crude product was recrystallized from ethanol to give an off-white solid 4,4'-[alkane-1,2-diylbis(oxy)]dibenzaldehyde in excellent purity. 137  
[bookmark: _Hlk145160997]Table (2-2): 4,4'-[alkane-1,2-diylbis(oxy)]dibenzaldehyde (R1,R2)
	[bookmark: _Hlk145149540]Compound. 
	Structural formula
	Formula & Molecular weigh(g/mol)
	Yield (%)
	M.P (°C)

	

4,4'-(propane-1,3-diylbis(oxy))dib-nzaldehyde (R1)
	

	

C17H16O4
284.31

	

51
	

124-125

	4,4'-(butane-1,4-diylbis(oxy))dibe- nzaldehyde (R2)
	

	
C18H18O4
298.12
	51
	
98-100





[bookmark: _Hlk145849309][bookmark: _Hlk152244791]2.3.2. Synthesis of diphenylacrylonitrile bearing aldehydes (R3 and R4)
[bookmark: _Hlk145849753][bookmark: _Hlk152072701][bookmark: _Hlk145190115][bookmark: _Hlk145235476][bookmark: _Hlk145243236]A p-anisyl cyanide (0.774 mmol, 0.114gm in 5ml of methanol) was added gradually (dropwise) to a round flask containing (0.704 mmol, 0.2gm) of  4,4'-[alkane-1,2-diylbis(oxy)]dibenzaldehyde (R1,R2) and KOH (1.76 mmol, 0.098gm) in (20 ml) methanol at temperature (50◦C for 30 min). After completing the addition, the mixture was stirred and heated to reflux (for 24 hour). The reaction was monitored by TLC (DCM:MeOH; 100:0.8) until the reaction was completed. After completion of reaction, the mixture was filtered, the filtrate is taken and concentrated by a rotary evaporator and the product was purified via silica gel column chromatography using (DCM:Petroleum ether; 3:2) as eluent to give the product as a solid in excellent purity (Table 2-3).110 



Table (2-3): Diphenylacrylonitrile baring aldehydes(R3,R4) 
	Compound
	Structural formula
	Formula & Molecular weight(g/mol)
	Yield (%)
	M.P
(°C)

	

(Z)-3-(4-(3-(4-formylphenoxy)-propoxy)phenyl)-2-(4-methoxy-phenyl)acrylonitrile (R3)
	

	



C26H23NO4
413.27
	



47
	



103-105

	

(Z)-3-(4-(4-(4-formylphenoxy)-butoxy)phenyl)-2-(4-methoxy-phenyl)acrylonitrile (R4)
	

	[bookmark: _Hlk146138472]C27H25NO4 427.5
	45
	
123-125







2.3.3. Synthesis of Diphenylacrylonitrile-Porphyrins (R5 and R6)
Diphenylacrylonitrile bearing aldehydes (R3 and R4) (0.485 mmol, 0.2 g), I2 (0.024 mmol, 0.006g) and CH2Cl2 (9ml) were added to a flask in the dark. The reaction mixture was stirred for (5min) at room temperature (20 ◦C). Then, pyrrole (0.485mmol, 0.032 g) was added and the mixture was stirred for 2 hours. The reaction was monitored by TLC (DCM) until the reaction was completed. After completion of reaction, the reaction mixture was poured in a dish containing silica gel (2 g) and mixed uniformly ("no massive pellet"). Then, the dish is placed in the oven for (15 min at 200 ◦C). Then, the mixture was allowed to cool to room temperature and the product was purified via silica gel column chromatography using (DCM:EtOAc;100:1) as eluent to give the product as a purple solid ( Table 2-4).138














Table (2-4): Diphenylacrylonitrile-porphyrin(R5,R6)
	Compound 
	Structural formula
	Formula & Molecular weight(g/mol)
	Yield (%)

	(2Z,2'Z,2''Z,2'''Z)-3,3',3'',3'''-(((((porphyrin-5,10,15,20-tetrayltetrakis(benzene-4,1-diyl))tetrakis(oxy))tetrakis(alkane-3,1-diyl))tetrakis(oxy))-tetrak-is(benzene-4,1-diyl))t-etrakis(2-(4-methoxyphenyl)-acrylonitrile) (R5)
	

	

[bookmark: _Hlk146142288]C120H98N8O12
1844.15
	

1

	(2Z,2'Z,2''Z,2'''Z)-3,3',3'',3'''-(((((porphyrin-5,10,15,20-tetrayltetrakis(benzene-4,1-diyl))tetrakis(oxy))tetrakis(alkane-4,1-diyl))tetrakis(oxy))-tetrak-is(benzene-4,1-diyl))t-etrakis(2-(4-methoxyphenyl)-acrylonitrile) (R6)
	

	[bookmark: _Hlk146143277]C124H106N8O12
1900.23
	1








2.4. Photophysical Studies 
2.4.1. UV-Vis spectra 
[bookmark: _Hlk145511984]Solutions of R3, R4, R5 and R6 with concentration 1×10-5 M were prepared using the following solvents: N,N-dimethylformamide (DMF), chloroform, tetrahydrofuran (THF), dimethylsulfoxide (DMSO). The absorbance is measured in wavelength range (200-700nm).12 

2.4.2. Fluorescence Spectra 
Solutions of R3, R4, R5 and R6 with concentration 1×10-5 M were prepared using the following solvents: N,N-dimethylformamide (DMF), chloroform, tetrahydrofuran (THF), dimethylsulfoxide (DMSO). R3 and R4 fluoroescence were measured with excitation wavelength at 350 nm, while R5, R6  fluorescence were measured with excitation wavelength at 350 nm and 420 nm.12

[bookmark: _Hlk149856584]2.4.3. AIE Properties Study
[bookmark: _Hlk148009688][bookmark: _Hlk152065280]The effect of AIE for R3 and R4 in the THF/H2O mixture was studied. This was done by preparing solutions of R3, R4 in proportions from 0 to 80% and measuring the fluorescence at excitation wavelength 350 nm.
The effect of AIE-FRET for R5 and R6 in the THF/H2O mixture was studied. This was done by preparing a solution of R5, R6 in proportions from 0 to 90% and measuring the fluorescence at excitation wavelength 350 and 420 nm.

[bookmark: _Hlk151121670]2.4.4. Detection of Metals
To obtain a 10-4 M stock solution, (1mg) of porphyrins (R5 and R6) was weighted, and dissolved in (5 mL) of chloroform. From the stock solution, a 3 mL cuvette containing a 3×10-5 M fluorophore solution (R5,R6) in chloroform was prepared. A suitable amount of the matching cation salt derivative was dissolved in acetonitrile (3 mL) to prepare. the stock solutions of the metal ions (about 10-2 M). Using a micropipette, the stock solutions were divided into quantities that corresponded to the required cation equivalents, which were then gradually added to the cuvette holding the chloroform-containing fluorophore solution. Following each addition, the emission and absorption spectra were measured. The tested metal ions were: Ni+2, Zn+2 and Co+2 .139
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CHAPTER THREE
The Results And The Discussion	

3. Results and Discussion
3.1. 4,4'-[alkane-1,2-diylbis(oxy)]dibenzaldehyde (R1 , R2)
3.1.1. The synthetic strategy
Linear aliphatic alkoxy core bridged dialdehyde compounds were prepared and characterized. The protocol involves treatment of (81.9 mmol) 4-hydroxybenzaldehyde with (40.9 mmol) dibromoalkane [(CH2) n=3,4] in basic condition (Scheme 3-1). The mechanism goes through double o-arylation (Scheme 3-2).



[bookmark: _Hlk145764947]Scheme 3-1. Synthesis of 4,4'-[alkane-1,2-diylbis(oxy)]dibenzaldehyde




Scheme 3-2. Mechanism of Synthesis of 4,4'-[alkane-1,2-diylbis(oxy)] dibenzaldehyde
3.1.2. Spectroscopic characterization of 4,4'-[alkane-1,2-diylbis (oxy)]dibenzaldehyde
The structure of synthesized compounds were confirmed by spectroscopic techniques such as IR, 1HNMR, and 13CNMR, which are in agreement with previous literatures.137
   IR spectrum of these compounds shows absorption bands in regions (2951-2754) and (3039.9-3070) cm-1 which belong to aliphatic and aromatic (C-H) groups, respectively. The bond (C=O) of aldehyde group stretching vibration appears in (1685-1693) cm-1, while the bands at the region (1600-1604) cm-1 represent the presence of aromatic (C=C) stretching vibration. The band (C-O) stretching absorption band at (1157-1153) cm-1, (Fig. 3-1) and (Fig. 3-4).
[bookmark: _Hlk148908286][bookmark: _Hlk146023495][bookmark: _Hlk146024191][bookmark: _Hlk148908420]    ¹HNMR spectra of the compounds showed a distinctive singlet at δ (9.86) ppm confirming the presence of aldehydes protons, while the two singlets at δ (7.11-7.86) ppm highlighting the presence of aromatic protons. The signals of (OCH2) and (CH2) protons appear as singlets at δ (4.15-4.26) ppm δ (1.90-2.24) ppm, respectively, (Fig. 3-2) and (Fig. 3-5). 
[bookmark: _Hlk148908604] ¹³CNMR spectra of the compounds showed the appearance of a signal for C=O aldehyde group at δ (191.30-191.37), while the signals of aromatic carbons appear at δ (114.93-163.60) ppm. A signal of (OCH2) carbon appears at δ (64.75-67.69) ppm and existence of a peak at δ (25.18-28.31) ppm belong to the presence of (CH2) group, (Fig. 3-3) and (Fig. 3-6).



[bookmark: _Hlk146051680]4,4'-(propane-1,3-diylbis(oxy))dibenzaldehyde(R1): white crystals, m.p.124-125 ˚C; IR (KBr): 3070 (CH-Ar), 2947 (aliph-CH),  1693 (C=O), 1600 (C=C), 1111 (C-O) cm-1,1H-NMR (400 MHz, DMSO-d6): ppm δ 9.86 (s, 2H, CHO), 7.86 (s, 4H, Ar-H), 7.15 (s, 4H, Ar-H), 4.26 (s, 4H, OCH2), 2.24 (s, 2H, CH2), 13C-NMR (100 MHz, DMSO-d6): ppm δ 191.4 (C=O ×2), 163.5 (Ar-C ×2), 131.9 (Ar-C ×4), 129.7 (Ar-C ×2), 115.0 (Ar-C ×4), 64.8 (OCH2 ×2), 28.3 (CH2). 

[bookmark: _Hlk146136825]4,4'-(butane-1,4-diylbis(oxy))dibenzaldehyde (R2): yellow crystals, m.p. 98-100 ˚C; IR (KBr): 3059 (Ar-CH), 2951 (aliph-CH), 1685 (C=O), 1604 (C=C), 1111 (C-O) cm-1 ,1H-NMR (400 MHz, DMSO-d6): ppm δ 9.86 (s, 2H, CHO), 7.85 (s, 4H, Ar-H), 7.11 (s, 4H, Ar-H), 4.15 (s, 4H, OCH2), 1.90 (s, 4H, CH2), 13C-NMR (100 MHz, DMSO-d6): ppm δ 191.3 (C=O ×2), 163.6 (Ar-C ×2), 131.9 (Ar-C ×4), 129.6 (Ar-C ×2), 114.9 (Ar-C ×4), 67.7 (OCH2 ×2), 25.2 (CH2 ×2).


[image: ]
Figure 3-1. IR Spectrum of the compound R1
[image: C:\Users\scien\Desktop\رحاب\NMR\spectra\R54.HNMR.tiff]
Figure 3-2. 1HNMR Spectrum of the compound R1
[image: C:\Users\scien\Desktop\رحاب\NMR\spectra\R54.CNMR.tiff]

Figure 3-3.  13CNMR Spectrum of the compound R1

[image: ]
Figure 3-4. IR Spectrum of the compound R2

[image: C:\Users\scien\Desktop\رحاب\NMR\spectra\R55.HNMR.tiff]
Figure 3-5. 1HNMR Spectrum of the compound R2
[image: C:\Users\scien\Desktop\رحاب\NMR\spectra\R55.CNMR.tiff]
Figure 3-6. 13CNMR Spectrum of the compound R2
[bookmark: _Hlk146312887][bookmark: _Hlk146312124][bookmark: _Hlk152246980][bookmark: _Hlk153743803]3.2. Synthesis of diphenylacrylonitrile-bearing aldehydes (R3 and R4)
3.2.1. The synthetic strategy
[bookmark: _Hlk146290214]Diphenylacrylonitrile-bearing aldehydes units were synthesized by added p-anisyl cyanide (0.774 mmol in 5ml of methanol) gradually (dropwise) to a two-necked round flask containing (0.704mmol) of 4,4'-[alkane-1,2-diylbis(oxy)]dibenzaldehyde (R1-R2) (Scheme 3-3), which occurs through mono cyano aldol condensation reaction (Scheme 3-4).



[bookmark: _Hlk152247029]Scheme 3-3. Synthesis of diphenylacrylonitrile-bearing aldehydes




Scheme 3-4. Proposed mechanism for synthesis of diphenylacrylonitrile-bearing aldehydes





3.2.2. Spectroscopic characterization of diphenylacrylonitrile- bearing aldehydes (R3 and R4)
[bookmark: _Hlk146137031]   The IR spectra of these compounds shows absorption bands in regions (2943-2731) and (3028-3032) cm-1 which belong to aliphatic and aromatic (C-H) bonds, respectively. The intense and sharp (C≡N) stretching appears at (2210-2214) cm-1. The bond (C=O) of aldehyde group stretching vibration appears in (1739-1689) cm-1, while the bands at (1600.92) cm-1 representing the presence of aromatic (C=C) stretching vibration. The bond (C-O) stretching absorption band appears at (1111-1118) cm-1, while the bond (C-N) stretching vibration appears at (1361.74-1392) cm-1, (Fig. 3-7) and (Fig. 3-11).
[bookmark: _Hlk146111650][bookmark: _Hlk146112285]  ¹HNMR spectra of the compounds shows singlet signal at δ (9.86) ppm that confirm the presence of aldehyde proton, while aromatic protons signals appear at δ (7.04-7.91) ppm. Vinyl proton appear as singlet at δ (7.81-7.82) ppm, while protons of (OCH2) exhibit as triplet signals at δ (4.12-4.4.26) ppm. A singlet signal appears at δ (3.80) ppm assign to (OCH3) protons and multiplet signal at δ (1.91) ppm belong to (CH2), (Fig. 3-8) and (Fig. 3-12).140
[bookmark: _Hlk146198705][bookmark: _Hlk146117790]    In ¹³CNMR specta, signals at δ (191.29) ppm denotes the presence of C=O in aldehyde group, while the signals of aromatic carbons appear at δ (114.55-163.62) ppm. A signal of (CH=C) appears at δ (140.3-140.36) ppm, and signal of (=C) appears at δ (106-91-106.77) ppm. A signal of OCH2 carbon appears at δ (67.42 -67.70) ppm, and a signal at δ (55.35) ppm belongs to (CH3) group, and existence of a peak at δ (25.21-28.38) ppm belong to the presence of CH2 group, (Fig. 3-9) and (Fig. 3-13).
All molecular peaks of the synthesized aldehydes (R3 and R4) were appeared in high resolution mass spectra, and they are all in agreement with calculated exact mass, (Fig. 3-10) and (Fig. 3-14).
[bookmark: _Hlk146199597][bookmark: _Hlk151841691](Z)-3-(4-(3-(4-formylphenoxy)propoxy)phenyl)-2-(4methoxyphenyl)acr-ylonitrile (R3):light green crystals, m.p. 103-105 ˚C; IR (KBr): 2943-2885 (CH2), 3032(CH-Ar), 1685 (C=O), 1600 (C=C), 1118 (C-O) , 1361 (C-N) cm-1 , 1H-NMR (400 MHz, DMSO-d6): ppm δ 9.86 (s, 1H, CHO), 7.85-7.91 (m, 4H, Ar-H), 7.81 (s, 1H, C=CH), 7.65 (d, 2H, J= 8.7 Hz, Ar-H), 7.15 (d, 2H, J= 8.6 Hz, Ar-H), 7.11 (d, 2H, J= 8.6 Hz, Ar-H), 7.05 (d, 2H, J= 8.7 Hz, Ar-H),  4.26 (t, 2H, J= 6.0 Hz, OCH2), 4.22 (t, 2H, J= 6.0 Hz, OCH2), 3.80 (s, 3H, CH3), 2.24 (quin, 2H, J= 6.0 Hz, CH2),13C-NMR (100 MHz, DMSO-d6): ppm δ 191.3 (C=O), 163.5 (Ar-C), 160.0 (Ar-C), 159.8 (Ar-C), 140.3 (CH=C), 131.9 (Ar-CH ×2), 130.9 (Ar-CH ×2), 129.7 (Ar-C), 126.9 (Ar-CH ×2), 126.6 (Ar-C), 126.5 (Ar-C), 118.5 (CN), 115.0 (Ar-CH ×2), 114.9 (Ar-CH ×2), 114.6 (Ar-CH ×2), 106.9 (C), 64.8 (OCH2), 64.4 (OCH2), 55.4 (CH3), 28.4 (CH2); HRMS (ESI+) m/z: (M+Na+) calcd C26H23NNaO4+ 436.1525, found 436.1524.
[bookmark: _Hlk146116484][bookmark: _Hlk146117406][bookmark: _Hlk151842224](Z)-3-(4-(4-(4-formylphenoxy)butoxy)phenyl)-2-(4-methoxyphenyl)acry-lonitrile (R4):white crystals, m.p. 123-125 ˚C; IR (KBr): 2943 (CH2), 3028 (CH-Ar), 1689 (C=O), 1600 (C=C), 1111 (C-O) cm-1,1392 (C-N)  , 1H-NMR (400 MHz, DMSO-d6): ppm δ 9.86 (s, 1H, CHO), 7.85-7.91 (m, 4H, Ar-H), 7.82 (s, 1H, C=CH), 7.65 (d, 2H, J= 8.7 Hz, Ar-H), 7.04-7.14 (m, 6H, Ar-H), 4.12-4.16 (m, 4H, OCH2 ×2), 3.80 (s, 3H, CH3), 1.91 (m, 4H, CH2 ×2), 13C-NMR (100 MHz, DMSO-d6): ppm δ 191.3 (C=O), 163.6 (Ar-C), 160.2 (Ar-C), 159.8 (Ar-C), 140.4 (CH=C), 131.8 (Ar-CH ×2), 130.8 (Ar-CH ×2), 129.6 (Ar-C), 126.9 (Ar-CH ×2), 126.5 (Ar-C), 126.4 (Ar-C), 118.6 (CN), 114.9 (Ar-CH ×2), 114.8 (Ar-CH ×2), 114.6 (Ar-CH ×2), 106.8 (C=CH), 67.7 (OCH2), 67.4 (OCH2), 55.4 (CH3), 25.2 (CH2 ×2); HRMS (ESI+) m/z: (M+H+) calcd C27H25NO4+ 428.1862, found 428.1857.
[image: ]
Figure 3-7. IR Spectrum of the compound R3
[image: ]
Figure 3-8.  1HNMR Spectrum of the compound R3
[image: C:\Users\scien\Desktop\رحاب\NMR\spectra\R57.CNMR.tiff]
Figure 3-9. 13CNMR Spectrum of the compound R3

[image: ]
[bookmark: _Hlk145929546]Figure 3-10. Mass Spectrum (HRMS) of the compound R3

[image: ]
[bookmark: _Hlk145934889]Figure 3-11.  IR Spectrum of the compound R4
[image: ]
Figure 3-12. 1HNMR Spectrum of the compound R4

[image: C:\Users\scien\Desktop\رحاب\NMR\spectra\R59.CNMR.tiff]
Figure 3-13. 13CNMR Spectrum of the compound R4

[image: ]
Figure 3-14.  Mass Spectrum (HRMS) of the compound R4
3.3. Synthesis of Diphenylacrylonitrile-Porphyrins (R5 and R6)
3.3.1. The Synthetic Strategy
  The approved method for diphenylacrylonitrile-porphyrin synthesis is the Lindsay method with a two-step reaction, where aldehydes (R3,R4) (0.23 mmol), distilled pyrrole (0.23 mmol), TFA (0.91 mmol) and DCM (12 ml) (as solvent) were used in the first step, the mixture reaction was stirred for (60 min) at room temperature, and TCQ (0.185 mmol) was used as oxidizing agent in the second step63. Unfortunately, we were unable to separate and determine the product (Scheme 3-5).



Scheme (3-5) synthesis of porphyrin by using TCQ as an oxidant.


Therefore, iodine was used, which is readily available reagent and an inexpensive and has been used as an oxidant and catalyst in organic synthesis. The formation of porphyrinogen was observed by stirring the aldehydes (R3 and R4) and distilled pyrrole at room temperature for two hours.   
Since air is a clean and inexhaustible source of oxygen, it was used as an oxidizer with the help of heat to enhance the oxidation step and silica gel was utilized as a support,138 in preparation the diphenylacrylonitrile-porphyrin. 
Due to bulky size of aldehydes (R3 and R4) and formation of many intermediates, the reaction yield was very low (1%), Scheme (3-5).



[bookmark: _Hlk146312532]Scheme 3-6. Synthesis of porphyrin by using I2 as a catalyst
3.3.2. The proposed mechanism 
The proposed mechanism of the reaction involves activation of aromatic aldehydes (R3 and R4) by I2 to increase the electrophilicity of the carbonyl carbon. Then, the pyrrole (acts as the nucleophile) attacks the electrophilic carbonyl center of aldehydes (R3 and R4). The departure of OI2 from the intermediate generating carbocation, which is then attacked by new pyrrole molecule, to form dipyrromethane. The dipyrromethane unit is condensed with two more pyrrole molecules in the same way, followed by ring closure step to form the macrocyclic compound porphyrinogen. The later precursor is oxidized to form the final porphyrin (Scheme 3-7)141.


Scheme 3-7. Proposed mechanism for synthesis of diphenylacrylonitrile-porphyrin by using I2 as a catalyst
[bookmark: _Hlk146143097]3.3.3. Spectroscopic Characterization of Diphenylacrylonitrile-Porphyrins (R5, R6)
IR spectra of these compounds shows absorption bands in regions (2924-2958) cm-1, belong to aliphatic C-H bonds, while the bands at the region (1600-1601) cm-1 representing the presence of aromatic C=C stretching vibration. The bond (C-O) exhibits stretching absorption frequency at (1091) cm-1. The bond (C-N) stretching vibration appears at (1373-1396) cm-1, (Fig. 3-15) and (Fig. 3-20).
 ¹HNMR spectra of the compounds shows one singlet at δ (8.86-8.87) ppm confirming the presence of protons of (pyrrole-CH), and six doublet signals of aromatic protons appear at δ (6.91-8.12) ppm. The singlet signal of vinyl (C=CH) appears at δ (7.35-7.38) ppm, while two triplet signals of OCH2 proton appear at δ (4.19-4.48) ppm. A singlet signal at δ (3.82-3.85) ppm belong to methoxy protons and a multiplet signal at δ (2.16-2.49) ppm refers to CH2 protons. The characteristic feature of porphyrin spectra is presence of singlet signal at δ (-2.76) ppm belong to NH group, (Fig. 3-16) and (Fig. 3-21). 
    In ¹³CNMR spectrum, there are signals of aromatic carbons appear at δ (112.8-160.7) ppm, a signal of vinyl group appear at δ (140.1) ppm and a signal of vinyl carbon appears at δ (108.38-108.57) ppm. In addition, there are a signal at δ (64.7-67.9) ppm assigned to OCH2, a signal at δ (55.6) ppm assigned to CH3 group, and a signal at δ (26.2-29.4) ppm belong to CH2 group, (Fig. 3-17) and (Fig. 3-22).
Full assignment of the synthesized porphyrins was achieved by assistance of HSQC spectra of (R5) and DEPT-135 of (R6), (Fig. 3-18) and (Fig. 3-23). MALDI-TOF mass spectra of the synthesized porphyrins (R5 and R6) were in agreement with their calculated exact mass, (Fig. 3-19) and (Fig. 3-24).
[bookmark: _Hlk146187727](2Z,2'Z,2''Z,2'''Z)-3,3',3'',3'''-(((((porphyrin-5,10,15,20-tetrayltetrakis(ben-zene-4,1-diyl))tetrakis(oxy))tetrakis(alkane-3,1-diyl))tetrakis(oxy))tetrak-is(benzene-4,1-diyl))tetrakis(2-(4-methoxyphenyl)acrylonitrile) (R5): purple solid; IR (KBr): 2958-2854 (CH2), 1600 (C=C), 1091 (C-O) , 1373 (C-N) cm-1 , 1H-NMR (400 MHz, CDCl3): ppm δ 8.86 (s, 8H, pyrrole-CH), 8.11 (d, 8H, J= 7.5 Hz, Ar-H), 7.90 (d, 8H, J= 7.8 Hz, Ar-H), 7.59 (d, 8H, J= 8.2 Hz, Ar-H), 7.38 (s, 4H, C=CH), 7.29 (d, 8H, J= 7.4 Hz, Ar-H), 7.08 (d, 8H, J= 7.8 Hz, Ar-H), 6.95 (d, 8H, J= 8.2 Hz, Ar-H), 4.47 (t, 8H, J= 6.3 Hz, OCH2), 4.40 (t, 8H, J= 6.3 Hz, OCH2), 3.85 (s, 12H, CH3), 2.49 (m, 8H, CH2), -2.76 (s, 2H, NH), 13C-NMR (100 MHz, CDCl3): ppm δ 160.6 (Ar-C ×4), 160.3 (Ar-C ×4), 158.8 (Ar-C ×4), 140.1 (C=CH ×4), 135.8 (Ar-CH ×8), 134.9 (-C ×8), 131.1 (Ar-C ×8 and -CH ×8), 127.5 (Ar-C ×4), 127.2 (Ar-C ×8), 127.0 (Ar-C ×4), 119.9 (Ar-C ×4), 118.9 (CN ×4), 115.1 (Ar-C ×8), 114.5 (Ar-C ×8), 114.2 (Meso-C ×4), 112.9 (Ar-C ×8), 108.57 (C=CH ×4), 64.9 (OCH2 ×4), 64.7 (OCH2 ×4), 55.6 (CH3 ×4), 29.5 (CH2 ×4), MALDI-TOF-MS m/z: calcd C120H98N8O12 1843.734, found 1842.869.
(2Z,2'Z,2''Z,2'''Z)-3,3',3'',3'''-(((((porphyrin-5,10,15,20-tetrayltetrakis(ben-zene-4,1-diyl))tetrakis(oxy))tetrakis(alkane-4,1-diyl))tetrakis(oxy))tetrak-is(benzene-4,1-diyl))tetrakis(2-(4-methoxyphenyl)acrylonitrile) (R6): purple solid; IR (KBr): 2958-2854 (CH2), 1600 (C=C), 1091 (C-O) , 1396 (C-N) cm-1 , 1H-NMR (400 MHz, CDCl3): ppm δ 8.87 (s, 8H, -CH), 8.10 (d, 8H, J= 8.3 Hz, Ar-H), 7.86 (d, 8H, J= 8.7 Hz, Ar-H), 7.57 (d, 8H, J= 8.7 Hz, Ar-H), 7.35 (s, 4H, C=CH), 7.26 (m, 8H, Ar-H), 7.02 (d, 8H, J= 8.7 Hz, Ar-H), 6.93 (d, 8H, J= 8.7 Hz, Ar-H), 4.29 (m, 8H, OCH2), 4.19 (m, 8H, OCH2), 3.82 (s, 12H, CH3), 2.16 (m, 16H, CH2), -2.76 (s, 2H, NH), 13C-NMR (100 MHz, CDCl3): ppm δ 160.7 (Ar-C ×4), 160.2 (Ar-C ×4), 158.9 (Ar-C ×4), 140.1 (C=CH ×4), 135.8 (Ar-CH ×8), 134.7 (-C ×8), 131.1 (Ar-CH ×8 and -CH ×8), 127.5 (Ar-C ×4), 127.2 (Ar-C ×8), 126.8 (Ar-C ×4), 119.9 (Ar-C ×4), 118.9 (CN ×4), 115.0 (Ar-C ×8), 114.6 (Meso-C ×4), 114.5 (Ar-C ×8), 112.8 (Ar-C ×8), 108.38 (C=CH×4), 67.9 (OCH2 ×4), 67.8 (OCH2 ×4), 55.6 (CH3 ×4), 26.3 (CH2 ×4), 26.2 (CH2 ×4), MALDI-TOF-MS m/z: calcd C124H106N8O12 1899.796, found 1899.046.
[image: ]
Figure 3-15: IR Spectrum of the compound R5
[image: C:\Users\scien\Desktop\رحاب\NMR\spectra\R103.HNMR.tiff]
[bookmark: _Hlk145936512]Figure 3-16. 1HNMR Spectrum of the compound R5
[image: C:\Users\scien\Desktop\رحاب\NMR\spectra\R103.CNMR.tiff]
Figure 3-17. 13CNMR Spectrum of the compound R5
[image: C:\Users\scien\Desktop\رحاب\NMR\spectra\R103.HSQC.tiff]
Figure 3-18.  HSQC Spectrum of the compound R5


[image: ]
[bookmark: _Hlk145937813]Figure 3-19. Mass Spectrum (MALDI-TOF) of the compound R5
[image: ]
Figure 3-20. IR Spectrum of the compound R6
[image: C:\Users\scien\Desktop\رحاب\NMR\spectra\R74.HNMR.tiff]
Figure 3-21. 1HNMR Spectrum of the compound R6
[image: C:\Users\scien\Desktop\رحاب\NMR\spectra\R74.CNMR.tiff]
[bookmark: _Hlk145936903]Figure 3-22. 13CNMR Spectrum of the compound R6


[image: C:\Users\scien\Desktop\رحاب\NMR\spectra\R74.DEPT.tiff]
Figure 3-23. DEPT 135 Spectrum of the compound R6





[image: ]
Figure 3-24. Mass Spectrum (MALDI-TOF) of the compound R6

3.4. Photophysical studies
[bookmark: _Hlk149686010]3.4.1. UV-Vis and fluorescence spectra for R3, R4 
[bookmark: _Hlk149086225]The absorption and emission spectra of the compounds were recorded in three solvents with various polarity (THF, DMSO, and chloroform). The absorption spectra of the compounds R3 and R4 show absorption peaks (300-400 nm) belonging to π→π* transition of the diphenylacrylonitrile group.142 
[bookmark: _Hlk149680471]For compound R3, the maximum absorption ranged from 345 to 350 nm (Figure 3-25), while the maximum emission limit in the fluorescence spectrum ranged from 417 to 434 nm (Figure 3-26) with stoke shift 72nm in THF, 86 nm in Chloroform, and 84 nm in DMSO (Table 3-1).
[bookmark: _Hlk149045688][bookmark: _Hlk149910900][bookmark: _Hlk152272310][image: ]Figure 3-25. The absorption spectra of compound R3 in different solvents (1×10-5 M)


[image: ]
[bookmark: _Hlk149738593]Figure 3-26. The emission spectra of compound R3 in different solvents (1×10-5 M) excited at λex= 350 nm.
The compound R4 had the maximum absorption ranging from 342 to 350 nm (figure 3-27), While the maximum emission limit in the fluorescence spectrum ranged from 416 to 432 nm (figure3-28), with stoke shift 74 nm in THF, 79 nm in Chloroform, and 82 nm in DMSO (Table 3-1). 
The absorption spectrum of both compounds R3 and R4 shows a red shift with a decrease in intensity when the polarity of the solvent increases.
[image: ]
Figure 3-27. The absorption spectra of compound R4 in different solvents (1×10-5 M)

[image: ]


[bookmark: _Hlk149596179]Figure 3-28. The emission spectra of compound R4 in different solvents (1×10-5 M) excited at λex = 350 nm.

[bookmark: _Hlk149682132]The fluorescence quantum yields of compounds R3, R4 in THF, Chloroform, and DMSO at excitation wavelength of 350 nm (Table 3-1) were calculated using the relative method, which is the most common method (comparative method) using Equation (1).  The quantum yields of a sample are calculated by comparing the fluorescence intensity with another sample with known quantum yields as a reference and require knowledge of the absorbance of both the sample and the reference.  Tryptophan was used as a reference in the fluorescence spectrum, taking into account the refractive index of the solvents143–145. The compounds (R3 and R4) gave the best fluorescence quantum yields Фf in DMSO, about 0.071 for R3 and 0.035 for R4(Table 3-1). 

QsQr)2……….(1)


• Q = Fluorescence quantum yield.   
• n = Refractive index of the solvent. 
• A = Absorbance of the solution. 
• E = Integrated fluorescence intensity of the emitted light. 
• Subscripts ‘r’ and ‘s’ refer to the reference and unknown  
fluorophore respectively.


Table 3-1. Absorption and fluorescence data of samples R3 and R4 in different solvents at 298 K. 
	Samples.
	λabs/nm
	ɛ(L mol-1 cm-1)
	λem/nm
	Stokes shift/nm
	Фf
	Solvent

	Tryptophan
	278.5
	230000
	280
	-
	0.15
	Distilled Water

	R3
R4
	345
342
	150000
230000
	417
416
	72
74
	0.021
0.014
	THF

	R3
R4
	345
346
	140000
160000
	431
425
	86
79
	0.021
0.02
	CHCl3

	R3
R4
	350
350
	70000
150000
	434
432
	84
82
	0.071
0.035
	DMSO







3.4.2. UV-Vis and fluorescence spectra for R5, R6
[bookmark: _Hlk148387192][bookmark: _Hlk149854691][bookmark: _Hlk149824606][bookmark: _Hlk149855343]UV-Visible spectra that consist of two distinct regions, both bands from π→π* electronic transitions, in the visible region there are four Q bands (500-700 nm) (the transitions correspond to S0→S1), and in the near ultraviolet there is the soret band (380-450 nm) (the soret band "with highest coefficient" corresponding to transitions from the ground state to a higher singlet excited state S0→S2), which were the typical porphyrin absorption bands .146,147 Both compounds R5 and R6 exhibited strong peak (at 340-360nm), which could be attributed to  the diphenylacrylonitrile unit  absorption. Absorption max of R5 and R6 is shifted into higher wavelength (red shift) as solvents polarity increasing. As for the emission spectrum, porphyrin has two types of emission transitions: (1) S2→ S0 fluorescence for the soret band between the second excited singlet state S2 to the ground state S0, (2) S1 →S0  fluorescence for Q-band between first excited singlet state (S1) to ground state (S0).122 The compound R5 had a maximum absorption range from 420 to 423 nm (Figure 3-29), while the maximum emission limit in the fluorescence spectrum ranged from 655.5 to 657.3 nm (excitation at 420 nm) (Figure 3-30) and (Figure 3-31). The compound R6 had a maximum absorption range from 418.5 to 422.5 nm (Figure 3-32), while the maximum emission limit in the fluorescence spectrum ranged from 656 to 657.3 nm (excitation at 420 nm) (Figure 3-33) and (Figure 3-34). It is noticed that the fluorescence intensities of R5 and R6 increased, with the increase of solvent polarity.  


[bookmark: _Hlk149941911][image: ]Figure 3-29. UV-vis absorption spectra of R5 (1×10-5 M) in different solvents.




[image: ]Figure (3-30) Fluorescence spectra (excitation at 350 nm) of R5 (1×10-5 M) in different solvents.
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[bookmark: _Hlk150340927]Figure 3-31. Fluorescence spectra (excitation at 420 nm) of R5 (1×10-5 M) in in different solvents.


[image: ]
Figure 3-32. UV-vis absorption spectra of R6 (1×10-5 M) in different solvents.



[image: ]

Figure 3-33.  Fluorescence spectra (excitation at 350 nm) of R6 (1×10-5 M) in different solvents.


[image: ]
Figure 3-34. Fluorescence spectra (excitation at 420 nm) of R6 (1×10-5 M) in different solvents.




	Table (3-2) Absorption and fluorescence data of compounds R5 and R6 in different solvents at 298 K.
	
Solvent

	Фf
	Stokes shift
nm
	λem/nm

	λabs/nm (Q band)
	λabs/nm
soret band ɛ(L mol-1 cm-1)
	Sample

	
	
	
	
	Qx(0,0)
	Qx(1,0)
	Qy(0,0)
	Qy(1,0)
	
	

	THF
	0.006

	245.8
	665.8
	652.5
	597
	554
	517

	420
270000
	R5

	
	0.002

	237.8
	656.3
	652.5
	595.5
	554
	517

	418.5
310000
	R6

	[bookmark: _Hlk149767756]
CHCl3
	0.030

	233.5
	655.5
	651
	594
	556
	519

	422
250000
	R5

	
	0.012

	234
	656
	651
	594
	556.5
	519

	422
280000
	R6

	
DMSO
	0.009
	234.3
	657.3
	651.5
	595.5
	557
	520.5

	423
310000
	R5

	
	0.019

	234.8
	657.3
	652
	595
	557.5
	519.5
	422.5
310000
	R6

	
DMF
	0.043

	234.2
	656.2
	652.5
	595.5
	556
	518.5
	422
250000
	R5

	
	0.020
	234.5
	657
	652.5
	595.5
	556.5
	518.5
	422.5
250000
	R6













3.4.3. AIE properties of R3, R4

[bookmark: _Hlk150343806][bookmark: _Hlk149514984]The "phenylacrylonitrile" unit is an optimum (AIE) group which shows gradual increasing fluorescence as water is added to the (THF/H2O) mixture. The AIE effect of compounds R3 and R4 were investigated at λex= 350 nm (Figure 3-35) and (Figure 3-36). It is noted that when the water fraction increases, the fluorescence of these compounds increases gradually, and attained the maximum  80%. This result indicates that the compounds R3 and R4 have moderate AIE feature with an emission wavelength (425 nm) at aggregated state10,140, which is overlapped with the absorption wavelength (at 420 nm) for the porphyrin structure. This overlap is suitable for the "AIE-FRET" effect between the porphyrin skeleton and diphenylacrylonitrile units at aggregated state.10,140,148


[image: ]Figure 3-35. The emission spectra of compound R3 with different fractions of H2O in THF/H2O mixtures (1µM) excited at λex = 350 nm. 



[image: ]
Figure 3-36. The emission spectra of compound R4 with different fractions of H2O in THF/H2O mixtures (1µM) excited at λex= 350 nm.
	

[bookmark: _Hlk151927548]3.4.4. AIE- FRET effect for R5, R6
[bookmark: _Hlk148170070]The AIE behaviors of porphyrins R5 and R6 were investigated in (THF/H2O) mixtures.  The nitrile precursor showed good fluorescence at (400nm-500nm) when the water fractions were greater than (80%) (Figure 3-35) and (Figure 3-36), indicating the good AIE effect of the diphenylacrylonitrile charge structure. It could be observed that the soret band absorption of the porphyrins structure (400nm-450nm) was overlapped with the fluorescence emission of diphenyl acrylonitrile derivative (400nm-500nm) in the aggregated state.  This overlap between these two units is suitable for the FRET effect.
[bookmark: _Hlk148171968][bookmark: _Hlk148170359]Upon excitation at soret band (λex = 420 nm), the porphyrin fluorescence intensity decreased rapidly with increasing water fraction (fw) in (THF/H2O) mixture, indicating a strong "ACQ" effect in the aggregated state. While porphyrin R6 fluorescence was nearly entirely quenched in a (THF/H2O) solution with 90% of H2O, porphyrin R5 fluorescence was almost entirely quenched in a solution with 70% of H2O (Figure 3-37) and (Figure 3-38). 
When the excitation was done using the wavelength of the diphenylacrylonitrile unit (λex = 350 nm), the fluorescence intensity of porphyrins increased with increasing fw from (60 to 80%).  The fluorescence in (70-80%) of (THF/H2O) solutions was stronger than in pure THF solution. In addition, no significant fluorescence emission of the diphenylacrylonitrile units were observed in all (THF/H2O) solutions for porphyrins R5 and R6 (no emission peak at 400-500 nm). The strong fluorescence of porphyrins R5 and R6 in THF/H2O solution (excitation at 350nm) can be attributed to the AIE effect of diphenylacrylonitrile and the FRET process between diphenyl acrylonitrile units and porphyrins (Figure 3-39) and (Figure 3-40). Consequently, no fluorescence appeared at (400-500 nm) for the diphenyl acrylonitrile units and strong fluorescence was generated in all (THF/H2O) solutions for the porphyrins.10,63

[image: ]
[bookmark: _Hlk149938842][bookmark: _Hlk149938353]Figure 3-37. The fluorescence spectra of porphyrin R5 (1 µM) in the THF/H2O mixture with different water fractions (excitation at 420 nm).
[image: ]
Figure (3-38) The fluorescence spectra of porphyrin R6 (1 µM) in the THF/H2O mixture with different water fractions (excitation at 420 nm).
[image: ]
Figure 3-39. The fluorescence spectra of porphyrin R5 (1µ M) in the THF/H2O mixture with different water fractions (excitation at 350 nm).
[image: ]
Figure 3-40. The fluorescence spectra of porphyrin R6 (1 µM) in the THF/H2O mixture with different water fractions (excitation at 350 nm).
3.4.5. Detection of Metals
[bookmark: _Hlk151119591][bookmark: _Hlk157106698]The change in electronic absorption of R5 and R6 by divalent metal cations was investigated. The absorption spectra are recorded by adding equivalents of Co+2, Zn+2, and Ni+2 metals ions to the chloroform solution, to examine the selectivity of porphyrins R5 and R6 towards divalent ions. For R5, its absorption spectrum before adding metal ions showed Soret band absorption at 423nm and Q-band absorptions at 651,590,551,516.5 nm. Gradual addition of Ni+2 ions equivalents, lead to decrease in Soret band intensity, with appearance of a new peak at 454 nm (Figure 3-41). Same behavior was noticed with addition of Zn+2 ions, the intensity of the Soret band decreases significantly with the appearance of a new absorption peak at 453nm (Figure 3-42). As for the selectivity of R5 with Co+2 ions, it was somewhat similar, with the addition of the first equivalent, the intensity of the Soret band decreased very slightly, but continuing to add up to the fifth equivalent, the intensity of the Soret band decreased significantly and a weak absorption peak appeared at 450 nm (Figure 3-43). The absorption peak within the range 450-454nm can be considered as a diagnostic absorption for Ni+2, Zn+2, and Co+2 ions.

[image: ]
[bookmark: _Hlk151119476][bookmark: _Hlk151120559]Figure)3-41) The electronic absorption of chloroform solution of  (3×10-5 M) upon addition of Ni+2 (9 µL of 1×10-2 M (10 equivalents)).


[image: ]
Figure 3-42. The electronic absorption of chloroform solution of  (3×10-5 M) upon addition of Zn+2 (9 µL of 1×10-2 M (10 equivalents))

[image: ]
[bookmark: _Hlk151119733]Figure)3-43) The electronic absorption of chloroform solution of  (3×10-5 M) upon addition of Co+2  (9 µL of 1×10-2 M (7 equivalents)).


For R6, the absorption spectrum before adding metal ions showed Soret band absorption at 423nm and Q-band absorption at 651.5,591.5,552,518.5 nm with the addition of the first equivalent of Ni+2 ions, the Soret band showed a slight decrease in intensity, which with the addition of five equivalents decreased significantly with the appearance of a new peak at 453 nm (Figure 3-44). It is interesting that when one equivalent of Zn+2 ions is added, the intensity of the Soret band decreases significantly with the appearance of a new absorption peak at 454 nm (Figure 3-45). As with R5, the selectivity of R6 with Co+2 ions was somewhat not good. With the addition of the first equivalent, the intensity of the Soret band decreased very slightly, but continuing to add until the fifth equivalent was added, the intensity of the Soret band decreased significantly and no new absorption peak appeared at 453nm (Figure 3-46). The absorption peak within the range 453-454nm can be considered as a diagnostic absorption for Ni+2 and Zn+2 ions.
[image: ]
Figure)3-44) The electronic absorption of chloroform solution of  (3×10-5 M) upon addition of Ni+2  (9 µL of 1×10-2 M (10 equivalents)).
[image: ]
Figure)3-45) The electronic absorption of chloroform solution of  (3×10-5 M) upon addition of Zn+2 (9 µL of 1×10-2 M (10 equivalents)).

[image: ]
Figure)3-46) The electronic absorption of chloroform solution of  (3×10-5 M) upon addition of Co+2  (9 µL of 1×10-2 M (10 equivalents)).














3.5. Conclusions
1. [bookmark: _Hlk151926520]New diphenylacrylonitrile bearing aldehydes were synthesized through a simple cyano aldol condensation and by controlling temperature.
2. Novel diphenylacrylonitrile-porphyrins were synthesized using iodine as a catalyst and oxidant.
3. No products were obtained when using TCQ as oxidant and TFA as catalyst.
4. The new diphenylacrylonitrile bearing aldehydes have moderate AIE activity.
5. The novel diphenylacrylonitrile-porphyrins exhibited a typical uv-visible pattern of porphyrins with one Soret band and four Q bands. 
6. [bookmark: _Hlk152098328]Based on AIE-FRET effect the novel diphenylacrylonitrile-porphyrins exhibited stronger fluorescence at aggregated state.
7. The novel diphenylacrylonitrile-porphyrins exhibited sensing ability towards divalent cations. 










3.6. Recommendations
1. New diphenylacrylonitrile bearing aldehydes with longer carbon chain can be synthesized.
2. The synthesized diphenylacrylonitrile bearing aldehydes can be used to prepare various liquid crystal structures with fluorescence properties.
3.  Improving the synthetic method of porphyrins to obtain better yield.
4. Evaluate the applications of synthesized porphyrins in various fields such as fluorescence probes, chemical sensors and bio-imaging. 
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الخلاصة
يتضمن هذا العمل تحضير وتشخيص ودراسة الخصائص الفيزيائية الضوئية لاثنين من مركبات ثنائي فينيل اكريلونيتريل-بورفرين الجديدة.

يمكن تقسيم هذا العمل الى أربعة أجزاء رئيسية:

الجزء الأول:
[bookmark: _Hlk152103022]يتضمن هذا الجزء تحضير ثنائي الديهايد الخطي من خلال o-arylation, حيث تم مفاعلة بارا-هيدروكسي بنزالديهايد مع الداي برومو الكان في وجود كربونات الصوديوم اللامائية  في مذيب    .DMF حيث تم تسخين المزيج بالتصعيد الارجاعي لمدة 6 ساعات, وبإعادة البلورة بإستخدام الايثانول تم الحصول على ناتج نقي بحصيلة 51%. ان تركيب المركبات المحضرة تم تشخيصها باستخدام ال FTIR, 1HNMR ,13CNMR.
[image: ]

الجزء الثاني:
يتضمن هذا الجزء تفاعل ثنائي الديهايد الخطي (R1,R2) مع بارا انيسيل سيانيد من خلال تكاثف سيانو ألدول والتحكم بدرجة الحرارة, بحصيلة جيدة 47%. ان تركيب المركبات المحضرة (R3,R4)  تم  تشخيصها باستخدام ال FTIR, 1HNMR ,13CNMR, HRMS.







الجزء الثالث:
يتضمن هذا الجزء تفاعل الالدهيدات الحاملة لثنائي فينيل اكريلونيتريل مع البيرول باسخدام اليود كعامل محفز مؤديا الى انتاج ثنائي فينيل اكريلونيتريل-بورفرين في حصيلة قليلة 1%. ان تركيب المركبات المحضرة (R5,R6) تم تشخيصها باستخدام ال FTIR, 1HNMR, 13CNMR, MALDI-TOF-MS.

 


الجزء الرابع:
يلخص هذا الجزء الخصائص الفيزيائية الضوئية للمركبات المحضرة.  تم قياس الامتصاصية والفلورة في عدد من المذيبات المختلفة.  تمت دراسة تأثير AIE للمركبين R3 وR4، وتبين أن المركبات R3 وR4 لها نشاط AIE معتدل.  تمت دراسة تأثير AIE-FRET أيضًا في الحالة المجمعة للمركبين R5 وR6، واستنادًا إلى تأثير AIE-FRET، أظهر المركبان R5 وR6 تألقًا قويًا في الحالات المجمعة.





















[bookmark: _Hlk165988268]
جامعة ميسان[image: ]
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