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Introduction

"…that one might as well say that mankind is divisible into two great classes: hosts and guests. "

Hosts and Guests (1918), Max Beerbohm

The 20 th century in chemistry started with the invention of chromatography, the development of Haber Bosch process for making ammonia, the development of X-ray Crystallography, Nuclear Magnetic Resonance, the determination of molecular structure of myoglobin and continued with the use of chiral transition metal centers for asymmetric catalysis, the olefin metathesis, stereoselective oxidation reactions, the discovery of fullerenes and the rise of new fields such as supramolecular chemistry and nanotechnology among many other advances. Yet many other discoveries are to come. Still, numerous processes need constant improvements in order to fulfill the on growing needs of the humanity.

Supramolecular Chemistry

The concept of molecular recognition was first mentioned in 1894 by Emil Fischer, 1 in his approach on receptor-substrate binding in enzymes. He described this by a lock and key image of steric fit in which the guest possesses a specific size and shape complementarity to the receptor or host receptor site. Later on, the concept of molecular recognition was stated as the basis of supramolecular chemistry. Originally, it was defined as non-covalent interaction between 'host' and 'guest' molecules. Supramolecular chemistry was introduced by Professor Jean-Marie Lehn in 1978, 2 1987 Nobel Prize Winner. The concept is described as follows: "Just as there is the field of Molecular Chemistry based on the covalent bond, there is a field of Supramolecular Chemistry, the chemistry of molecular assemblies and of the intermolecular bond". Supramolecular chemistry has become a truly interdisciplinary topic influencing many fields such as: polymer chemistry 3,4 and material science, solid-state chemistry and crystal engineering, biological interactions and drug design. 5 

Chirality

Chiral organic molecules have an important role in biological systems where they are involved in numerous biochemical reactions. For example, all natural amino acids forming proteins (except glycine) are of the same enantiomeric configuration (L), or the folding of the DNA in a helical arrangement. In medicine and pharmacology, it becomes increasingly important to administer the enantiomerically pure compound as the presence of the second enantiomer can induce side effects.

As a result, the development of processes (enantiospecific synthesis or enantioseparation of racemate) leading to enantiomerically pure species is of prime importance.

Enantioselective synthesis

One of the most frequently used methods for obtaining chiral compounds on lab scale is by far the homogeneous asymmetric catalysis, which usually uses chiral metallic complexes as catalysts. 6 The catalysts are typically rendered chiral by using chiral ligands, however it is also possible to generate chiral-at-metal complexes 7 using achiral ligands. This method allows the synthesis of optically pure molecules starting form achiral components. Some of the efficient reactions reported are enantioselective hydrogenation, epoxidation or reduction. 8 However, this approach is not always transposable to industrial production due to the high costs of the catalysts, and the difficulties in recovering and reusing the catalyst. 9 A possible solution is to perform asymmetric catalysis in heterogeneous phase. Usually, this is achieved by immobilization of the catalyst on a solid support via covalent bonds or other physical interactions. Some of the most used supports are mesoporous silica, zeolites or organic polymers. 10,11 Although, this method is a promising alternative, nevertheless, it has some disadvantages, namely the difficulty to control the arrangement of the active sites on the support and their distribution. The efficiency and the enantioselectivity of the catalytic process will be reduced if the active sites are inaccessible to the substrate. 11,12 

Separation of enantiomers

Enantioselective synthesis is not the only method to obtain chiral materials, chiral resolution can be an interesting alternative. This involves the isolation of one enantiomer from a racemic mixture by different methods. 13 The cost of preparing racemic mixtures is low; furthermore, if both enantiomers are useful, the strategy is more cost-effective. Some of the most used methods are:

1. Liquid-liquid extraction 14 2. Chiral resolution through crystallization (via an inclusion processes for example) [15][16][17] 3. Chromatography (HPLC,GC) or chiral electrophoresis with chiral stationary phases (cellulose (chiralpack@) β-cyclodextrine) 18,19 Even though the cost to separate optically pure molecules is lower than the cost of enantioselective synthesis, some of the methods mentioned above require specific instruments, enhancing thus the overall cost. The quest for more accessible highly efficient methods is of current interest and is a challenging research topic. Molecular tectonics 20 is a possible and interesting approach to tackle this important issue. The design and synthesis of porous enantiomerically pure materials in the solid state capable of selectively uptake one of the two enantiomers may be an interesting possibility. Some examples of chiral coordination networks for asymmetric heterogeneous catalysis 21,22 or enantioselective separation 23 have been reported. Advantages of this strategy are combining enatioselective processes in homogeneous phase (efficiency and reproducibility) with heterogeneous systems (stability and recoverability). Crystalline coordination networks are highly ordered architectures with well-defined chiral cavities, which in principle, offer the possibility to adapt the size of pores and the number of chiral centers within cavities which can lead to higher yields and selectivity.

The use of inhalation anesthetics worldwide has risen to almost 50 million surgeries/year. Among them, fluoroether anesthetics: R-enflurane, R-isoflurane and R-desflurane (figure 1) bear a single chiral center. However, in practical use, they are still administered as racemic mixtures, 24 although in some cases the second enantiomer leads to undesired side effects. The enantioselective synthesis of inhalation anesthetics presented above is difficult and costly. Yet, no efficient separation technique has been developed so far. One of the issues aside the chirality which should be considered when searching for a separation method is the nature of substituents on the molecule's backbone. The presence of fluorine and chiral centers as a whole should be treated as equally important features when screening for an adequate separation technique.

Further on, it is worth to point out that the presence of fluorine atom, owing to its peculiarity, could play an important role in the design and formation of coordination networks capable of separating aforementioned molecules.

Fluorine-"the siren of the elements"

"Fluorine leaves nobody indifferent; it inflames emotions such as affections or aversions. As a substituent, it is rarely boring, always good for a surprise, but often completely unpredictable." 25 Among the elements, it ranks 24 th in universal abundance and 13 th in terrestrial abundance, but its uniqueness comes from an unprecedented combination of small size, very low polarizability and the strongest inductive effect found among the chemical elements. These result in a set of interesting applications and make fluorine an indispensable for all parts of our daily life, such as food, health care as well as the alternative energy, which is becoming of importance in the times of limited resources and climate change. 26 

Pharmaceuticals

Since the introduction of a fluorine atom to the 9α position of cortisol in 1954, 27 that showed that indeed the presence of fluorine improved the therapeutic index as an anti-inflammatory by an order of magnitude, fluorine is found in ca 15-20% of new chemicals licensed each year in pharmaceutical products and up to 30% in agrochemicals. 28 As illustrated in the diagram below (figure 2), fluorine accounts for about 57% of the total amount of halogens used in drug compounds. 29 Some of the top-selling fluorinated pharma products include Prozac (antidepressant), Lipitor (cholesterol lowering drug) and Ciprobay an antibacterial compound. The introduction of fluorine atoms in pharmaceuticals was boosted also by the introduction of safe and selective fluorinating agents during 70's which on its own became a highly researched subject. 30,31 One of the main reasons why the introduction of fluorine atoms is such a "hit" is due to the delay of inactivation and lengthened dosage periods owing to the carbon-fluorine bond stability 32 as well as increased lipophilicity owing to its more hydrophobic nature when compared to carbon-hydrogen bond. This often helps in cell membrane penetration and hence in bioavailability. 33 

Positron emission tomography (PET)

Positron emission tomography is an imaging technique used both as a medical and research tool.

PET is heavily used in clinical oncology and neuroimaging as a diagnosis tool for certain brain diseases. It creates a three dimensional image of functional processes in the body, by detecting gamma rays emitted by a positron emitting short-lived radioactive tracer, which is introduced in the body with a biologically active molecule. 34 Depending on their purpose a series of tracers have been developed and fluorine-18 radioisotope, with a half life of about 20 minutes have been extensively used. Among the most known tracers one can cite Fluorodeoxyglucose (FDG) a standard tracer in cancer patient management, Fallypride and Desmethoxyfallypride for dopamine D2/D3 receptors, Mefway for serotonin 5HT1A etc.

Magnetic resonance imaging

The need to detect and monitor various diseases in real time and the development of targeted therapeutics are currently major challenges in medicine. Imaging techniques play a key role in settling these issues and magnetic resonance imaging is one of the most promising amongst them.

The basics of imaging by nuclear magnetic resonance (NMR) were laid by Lauterbur in the early 1970s 35 and rely on the ability of hydrogen atoms to align in an external magnetic field. Though it is a very powerful technique it also has its limits, the use of contrast agents needed to improve the low sensitivity, can generate toxicity issues. One of the strategies used to overcome this point is the development of a second color or hot spot imaging using heteronuclear MRI atoms in addition to hydrogen. 19 F seems to be one of the most promising imaging nucleus, it has 100% natural abundance and a ½ spin with sensitivity of 83% that of the proton. 19 F chemical shifts vary in a broad range and only trace amounts are present in the human body. As in the case of proton magnetic resonance imaging (MRI), the presence of contrast agents is needed to generate a goodquality image. Thus the use of high density of 19 F nuclei in the tracers is one of the strategies employed. So far a vast range of contrast agents have been tested ranging from small fluorinated molecules to polymeric tracers and fluorinated metallic nanoparticles; some of them are even FDA approved and currently used in clinical treatments. 36 19 F MRI is a relatively young technique, however intense efforts, particularly in research of biocompatible highly fluorinated molecules, show an encouraging picture for the future of this technique.

The last but not the least, relatively recent studies discussing the influence of the fluorine on the protein structures and protein-protein interactions, show that fluorinated amino acids have become an important tool in the field of protein engineering. 37 There is an acute need to understand and generalize the effects of introducing fluorinated aminoacids into naturally occurring protein sequences.

One could argue that there is no connection between the inhalation anesthetics, the importance of fluorine in pharmaceuticals, Magnetic Resonance Imaging and protein engineering field. However the point unifying these components is the question of how fluorine influences the structure, and, how it interacts with its surrounding media. Concerning the design of porous crystals for inhalation anesthetics separation, fluorinated medicine administered to patients or molecules used for imaging, we lack knowledge on how exactly the presence of fluorine influences the interactions within the network or generically with the human body.

Research Project

Considering features discussed so far: molecular recognition and supramolecular chemistry, chirality, fluorine and inhalation anesthetics, a key point is missing in order to conceptualize the aim of this work: molecular tectonics, which will be discussed in the next chapter in detail. This approach deals with the design and synthesis of crystalline materials with tunable properties. As mentioned before, the crystalline coordination networks are highly ordered architectures that can offer porosity. This particular property can be used to generate materials with specifically designed chiral pores for separation of chiral anesthetics. The "success" of this separation procedure is based on molecular recognition between the network and the molecule of interest, not only due to the chirality of the network but also through specific F---F contacts between the finely customized networks and the fluorinated molecules to be separated. This work is focused on the design and generation of molecular networks resulting either from combinations of organic tectons with metallic centers/complexes or organic tectons and iodofluoroarenes, with the aim of fabricating porous crystalline materials. The selection of the organic tectons as well as the metal centers is a key issue, as it will influence the final molecular network.

In this PhD project, we have focused on porphyrin based molecules as organic tectons. Indeed, the porphyrin backbone offers particular properties such as thermal stability, robust nature and relatively easy functionalization. [38][39][40] The incorporation of fluorine atoms into the porphyrin backbone leads to interesting electron deficient systems with a variety of applications such as NMR imaging, catalysis and biomedical applications. 36,41,42 However, so far only few investigations dealing with the formation of coordination networks with this class of fluorinated tectons have been reported. The porphyrin molecule offers also specific coordination abilities and, depending on the number of the coordinating substituents present on the backbone, the tetraaza core offers a perfectly suitable core for binding a wide range of metal ions. As mentioned before, the possibility to functionalize "easily" the porphyrin backbone either in the meso positions or in their β positions with fluorinated and chiral substituents is crucial for generating networks with fluorinated, chiral or fluorinated and chiral cavities that could increase the interactions between the molecules of interest and the walls of the cavities and channels.

Building on previous studies of our group, [43][44][45][46] we focused on the design of porphyrin based building blocks bearing neutral coordinating sites such as pyridyl units on the one hand and fluorinated/halogenated and chiral alkyl chains in the opposite meso positions of the porphyrin on the other. The structural characterization of the materials was possible by generation of crystalline materials, precisely single crystals. Their analysis by X-Ray diffraction gave information on the dimensionality and the geometry adopted by molecular networks and their organization in the crystal.

For the separation techniques, we can divide the approaches into two pathways:

The first one consists in generating the molecular network by combining the functionalized organic tecton with a suitable metal ion, in a first step. Afterwards, the obtained crystals can be emptied from the potential solvent present in the architecture under vacuum. The empty crystals thus obtained are then exposed to a racemic mixture of molecules to be separated (figure 3). The second strategy is a "one pot" approach, where the racemic mixture of molecules is used during the self-assembly process. Thus, the self-assembly process and the chiral separation occur in a single step through the formation of the network, and the separation is achieved through the selective encapsulation of one of the two enantiomers within the network. This manuscript is separated in four chapters as follows:

Chapter one is focused on principles of molecular tectonics and halogen bonding for a better understanding of the network formation. It also focuses on several examples reported in the literature that discuss the aforementioned strategies of separation.

Chapter two presents first a general introduction to porphyrin macrocycle, its synthesis and characterization. Then the second part is fully dedicated to the synthetic work achieved during the course of this project as well as structural investigations.

Chapter three describes the coordination networks obtained through assembly of the porphyrin based tectons and Zn(II) or Cd(II) salts. A detailed structural characterization of the networks and the influence of the fluorinated substituents on packing of networks are given.

Chapter four concerns partly with the description of halogen bonded networks reported in the literature as well as the results obtained in the framework of our investigations on new porphyrin based tectons, focusing on the importance of the fluorine substituents. A series of bipyridine ligands, obtained through collaboration with the group of Pr Stefan Bräse (Karlsruhe Institute of Technology, Germany), were also used to generate molecular networks with iodo-fluoroarenes and are described in detail in this chapter. 

Contents

Chapter 1

Chapter I.

I.1. Molecular Tectonics

Molecular tectonics (from the Greek tekton: builder) is an approach which combines supramolecular chemistry and the solid state chemistry. The term was proposed in 1993 by S.

Mann 1 and deals with molecular scale building of large scale architectures in crystalline phase. The formation of such constructions is based on interactions between tectons (building blocks) possessing complementary or auto-complementary recognition sites both in terms of energy and geometry. The iteration of the interaction processes leads to the translation of the recognition pattern and generates molecular networks possessing translational symmetry (figure I.1). The dimensionality of the network (one, two or three) depends on the number of translations of recognition patterns in the 3 directions of space. 2 A prerequisite for the self-assembly processes is the reversible interactions between tectons. Indeed, the use of non-covalent interactions allows selfrepairing processes correcting connectivity mistakes during the construction event. The role of the chemist is to control the self-assembly process through the design of molecular tectons using classical covalent chemistry. One may control energetic factors (intermolecular interactions) leading to molecular recognition processes, as well as the number of different tectons and the relative orientation of the interaction sites. Considering the last parameter two distinct families of tectons, mainly endo and exo, can be considered.

I.1.A. Endo-receptors

For this type of receptors, interaction sites are located in a convergent manner leading to formation of "host-guest" complexes called inclusion complexes 3 in the presence of suitable substrates. Some of the most popular systems includes: cavitands, 4, 5 cryptands, 6 cages 7 and of course crown ethers. 8 Since these complexes are discrete entities, they will not be discussed further (figure I.2). The former represents a single entity equipped with complementary connecting sites capable of forming a network on its own. The latter implies the need of at least two complementary tectons in order to generate a network. 

I.1.C. Intermolecular Recognition

A second essential point in molecular tectonics is the self-healing processes allowing the system to repair eventual structural defects that appeared during the self-assembly process, therefore the interactions between tectons need to be reversible. Thus, interconnection through the formation of covalent bonds cannot be employed due to their irreversible nature and high energetic requirements. However, the less energetic and reversible interactions (figure I.6), such as coordination bonds or H-bonds allowing bond breaking and making leading to the formation of the most stable assembly under thermodynamic control may be used. The toolbox used by molecular tectonics is based on reversible non covalent interactions which vary in strength from 0.5 kJ/mol up to 400 kJ/mol, from stronger interactions such as coordination bonds 9 to weaker intermolecular interactions like π-π stacking 10 and van der Waals forces. 11 In recent years, halogen bond 12,13 have been added to this list. 

I.2. Molecular Networks

Molecular tectonics is a rational approach to the design and formation of periodic infinite architectures, also called molecular networks. It is based on self-assembly processes between programmed tectons in the crystalline phase. The self-assembly processes take place between either complementary or self-complementary tectons and depend on the chemical nature, the number and the orientation of connecting sites. Thus the topology and dimensionality of molecular network may be controlled by iteration of the recognition process in the one-, two-or three-dimensions of space.

I.2.A. Dimensionality and geometry

1D networks

The 1-D networks are one of the simplest geometries to imagine and need tectons possessing at least two divergently oriented recognition sites. Among a variety of possible 1-D geometries, some appear more frequently than others. An infinite chain can, amongst others, adopt a linear, [14][15][16][17][18][19][20] a zigzag, 21,22 wavy 23,24 or helical geometries (figure I.7). 25 Depending on the nature of the building blocks, one can expect several motifs for two-dimensional architectures. The generation of these motifs depends on the number and orientation of the recognition sites. For example, three recognition sites can give a honeycomb arrangement (figure I.9 (C)), 30,31 while four recognition sites leads to the formation of square-grids 26,32 or rectangular grids (figure I.9 (A,B)). 33,34 

3D networks

In order to generate a 3-D network, thus assure the iteration of the interaction process in the three directions of the space, one of the tectons have to possesses four non-coplanar recognition sites oriented in a divergent fashion. Given the complexity of these architectures compared to the 1-D and 2-D, it is much more difficult to predict their formation. Among the possible topologies of the 3-D networks are: cubic, diamondoid and gyroid (figure I.10). The cubic and diamondoid 35 networks are more often reported, yet the gyroid networks [36][37][38] are more difficult to design, thus fewer examples are described. among some of the most used so far we can find hydrogen bonds, 39 coordination bonding 40,41 and lately halogen bonding. 42 The last two will be discussed more in detail as they represent the topic of this thesis.

I.3. Coordination polymers or coordination networks

A coordination polymer, as recommended by IUPAC in 2013 "is a compound with repeating coordination entities in 1, 2 or 3 dimensions", 43 including the pure inorganic networks as well as "hybrid" organic-inorganic networks such as MOFs. 44 The former are molecular networks containing metallic centers as construction nodes connecting organic or inorganic entities. 45 After the communication of R. Robson in 1989 46 followed by a full paper in 1990 47 this subject has attracted lots of interest among scholars due to the huge variety of possible combinations between organic tectons and metallic centers or complexes that can lead to a large diversity of possible networks with tuneable properties.

1.3.A. Organic tectons or ligands

Supramolecular chemistry relies on the classic organic chemistry for the design of the tectons with various coordinating sites such as: pyridine or nitriles (which are neutral moieties) or carboxylates and phenolates as charged moieties. As seen previously in order to design 1-D, 2-D or 3-D network the number and orientation of coordinating sites has to be controlled. The term that describes the spatial arrangement (convergent or divergent) and the number of the coordinating sites is called denticity. Thus the tectons with one, two, three or four divergently oriented coordinating sites will be called monodentate, bidentate, tridentate or tetradentate ligands tectons respectively. For more specificity, for example, a bidentate ligand with two convergently oriented sites the term chelate is often used (figure I.11). 

I.3.B. Metallic centers

The nuclearity is the term used to distinguish between the number of metallic centers involved in complexes, it can either be mononuclear, which means a single metallic center, or polynuclear, for example metallic clusters or "secondary building units"(SBUs). 48 The metallic center can have all of its coordination sites vacant (available for building a network) or only few vacant sites, in which case the rest of the coordinating sites are blocked by other more coordinating ligands. As in the case of the organic tecton by choosing the appropriate number of coordinating sites one can control the geometry of the connecting site and predispose for the formation of a specific coordination network. A schematic overview of possible geometries for mononuclear metallic centers as well as some illustrations of potentially blocked sites is given in figure I.12. The diversity of organic tectons and metallic centers or complexes, as described above, leads to infinite possibilities of combining these two for the formation of coordination polymers.

Crystal engineering of coordination polymers is a rational approach to generate solid-state structures that is of fundamental and practical importance. Several groups have pioneered 47,[49][50][51][52] the development of the field. By finely adapting the organic tectons and the metallic centers one can not only play with the dimensionality of the generated network but also "imprint" a specific property. Recently it has become of outmost interest to be able to obtain porous materials with well defined cavity dimensions, in order to modify these cavities with different substituents depending on the ultimate property one needs to generate. One of the strategies, also known as post-synthetic modification, 53 is broadly defined as chemical derivatization of the networks involving covalent bond formation with the framework. Furthermore, recently post-synthetic metallation 54 procedures have been successfully employed which relied on the coordinating ability of the network and not on covalent bonding.

Porosity is one of the properties that have been extensively studied towards applications such as gas storage 55,56 and gas sensing, 57 catalysis, 58,59 gas adsorption and separation, 60 luminescence 61 and others. 62 Understanding intermolecular interactions and recognition phenomena in crystalline materials should establish a reliable baseline for generating desired properties starting from the simple building blocks.

I.4. MOFs and Enantioselective separation

The advantages in the use of crystalline materials as possible hosts for enantioselective recognition processes have been described in the Introduction of this thesis, thus this part will focus on several literature examples that have been proven of potential use. The group of Che et al 63 Owing to the chiral substituents on the organic ligands, the porous crystals contain chiral channels occupied by solvent molecules. Interestingly it is possible to tune the hydrophobicity and hydrophilicity of chiral channels due to the convergent orientation of the OH groups. Unfortunately all the crystalline architectures were found to be unstable, and collapsed upon removal of solvent molecules. 67 As mentioned before, first tests on generating chiral networks by using chiral porphyrins in our group have already been made. The porphyrin units, aside their robust nature, can be functionalized either at the β pyrrolic or meso positions. A particular property of the porphyrin ring is its ability to coordinate a variety of metal ions, thus alongside with the coordinating sites introduced into the porphyrin backbone during the synthesis, the tetraaza core offers another four convergently oriented coordinating sites. By using zinc salts, a Zn-porphyrin metallatecton capable of selfassembly is formed. Depending on the Zn 2+ geometry, mono-, bi-and three-dimensional networks can be obtained. Using chiral metallatectons 1-D and 2-D networks were obtained, the Zn 2+ cation is located in the centre of the tetraaza core of the porphyrin and is either pentacoordinated adopting a square based pyramidal geometry with a pyridyl unit belonging to the neighbouring metallatecton occupying the axial position on the Zn(II) ion, or is hexacoordinated with two pyridyl units in the axial positions (figure I.17a). As in the previous case, the removal of solvent from the 2-D network leads to the loss of the structural integrity, although a solvent-free structure was generated by changing the crystallization conditions (figure I.17b). The introduction of the chiral center in this case was achieved in a first step, by synthesizing a chiral aldehyde which subsequently was used to generate the porphyrin based tectons. For this project, as presented in detail in the next chapter, the first challenge was to introduce the chiral center at the end of the synthetic pathway.

I.5. Halogen Bonding

The term halogen bond (XB) indicates a non-covalent interaction between an electrophilic region associated with a halogen atom in a molecular entity and a nucleophilic region in another or the same molecular entity. 68 A typical halogen bond can be represented as R-X---Y, where R-X is the halogen bond donor (X is any halogen atom with an electrophilic region and R is a group covalently bond to X) and Y is the halogen bond acceptor, possessing at least one nucleophilic region (figure I.18). The first report of adducts that now can be attributed to the formation of halogen bond, dates back to 1814 69 when M. Collin described iodine reacting with ammonia. In 1863, F. Guthrie defined the diiodine/ammonia system as a NH 3 -I 2 adduct. 70 The field began to be systematized after the crystallographic studies of O. Hassel in the 1950s 72 showing a 1:1 complex between bromine and 1,4-dioxane with a short Br---O (2.71Å) distance within the network. Until the end of 90s, several groups (Murray-Rust, Desiraju and Parthasarathy) gathered further information on halogen bonded systems in the solid state by analysing structures reported in the Cambridge Structure Database (CSD). [73][74][75] A major breakthrough in the conceptualization of XB resulted in 1998 when G. Resnati rediscovered this interaction and further developed its use in solid state supramolecular chemistry. 76 A huge interest from the scientific community in the field followed thereafter, as evidenced by an incremental growth of publications titled halogen bonding with each passing year (figure I. 19). Based on a multitude of X-Ray crystal structures, P. Metrangolo and G. Resnati developed the concept that halogen bonding is a strong specific and directional interaction 77,78 that in some cases can overrule other intermolecular interactions. The XB interaction energy spans over a wide range, from 5 kJ to 180 kJ, the weak Cl---Cl interaction between chlorocarbons and the very strong I ----I 2 interaction between I 3 -being the extremes. 79 Iodine, bromine and chlorine are traditionally accepted as XB donors and a consensus emerged recently that also fluorine under some circumstances, can work as XB donor 80,81 (tendency to form strong interactions I>Br>Cl>F).

The homo and hetero halogen-halogen (X---X) interactions belong to a special class of XB, wherein halogen atoms act both as bond donor and acceptor. On the basis of geometrical features, halogen-halogen interactions have been classified into two types: type I with angles θ 1 (C-X 1 ---X 2 )

and θ 2 (C-X 2 ---X 1 ) equal and type II, A CSD search shows that, while homo-halogen interactions have no real preferred type, both types I and II are present, most of the hetero-halogen contacts belong to type II geometry and are highly directional. Type I contacts are considered as van der Waals type and occur due to decreased repulsion, whereas type II are caused by attractive interaction between the electrophilic region of one halogen atom and the nucleophilic region of the other. 83 The likelihood of a type II interaction increases over type I, on proceeding from chlorine to iodine, as the halogen atoms becomes more polarizable. Also, in unsymmetrical halogen-halogen interaction of the type II contacts, the θ 2 angle occurs more often at the lighter halogen atom due to different polarization of the heavier halogen (positive) and lighter halogen (negative). 84 The ability of fluorine to form hetero halogen-halogen contacts was questioned although in a more recent paper it was shown that organic fluorine can be polarized and act as a halogen bond donor rather than simply a halogen bond acceptor in suitable electronic environment. 85 In the landscape of non-covalent interactions the halogen bonding seems to be an appealing strategy for the design of new soft materials. Several examples will be discussed hereafter.

1.5.A. Halogen bonding in Liquid crystals

In the field of liquid crystalline materials, non-covalent interactions have been used in order to generate new mesomorphic supramolecular species by self-assembly. Halogen bond has proven a successful tool in directing the self-assembly of supramolecular mesogens. In particular the N---I interactions have been consistently exploited by using non-mesomorphic alkoxystilbazoles and iodofluorobenzene 86 or iodoperfluoroalkanes. 87 In figure I.21 a list of employed entities used to generate liquid crystalline properties is shown. Further on, ditopic ion transport system in lipid bilayers, which rely on both halogen bonds and anion-π interactions, have been explored. 90

1.5.C. Halogen bonding and Supramolecular networks

Halogen bonding is emerging as a new tool in crystal engineering and in the last 15 years has proven to be reliable in constructing supramolecular architectures. 13 There are numerous examples using bipyridine type ligands with iodofluorinated-phenyls which will be discussed in more detail in chapter 4. However an interesting example showing the use of halogen bond to direct the selfassembly of an anionic supramolecular network is given bellow. By slow evaporation of an equimolar solution of trifluorotriiodobenzene and trimethylsulfonium iodide a colorless heteromeric crystal was formed. 91 Single crystal X-Ray analysis revealed the formation of a honeycomb-like supramolecular anionic network in which I and I -are tridentate and the I---I - interaction ranges between 3.38 Å and 3.50 Å (15-18% shorter than sum of van der Waals and Pauling radii). The small trimethylsulfonium cation sits perfectly in the centre of the formed hexagonal framework, where it is "locked" by electrostatic interactions and weak H---F contacts (figure I.23). The overall crystal packing displays the 2D honeycomb-like networks layered in a planar fashion, with a distance of 3.608 Å between layers. Various other onium iodides were studied in order to depict the critical cation size needed to form the supramolecular assemblies, which seems to lie between the dimensions of tetra-n-propylammonium and tetra-nbutylammonium cations. This field, despite being a "young" one, has offered extensive insight into the use of halogens specifically: iodine, bromine, chlorine for various applications through halogen bonding, yet fluorine due to its special nature has been disfavoured. However its peculiar nature makes it an interesting candidate for further research. The inner ring contains four nitrogen atoms and two protons, also known as the free-base porphyrin, and shows a great propensity to coordinate to a wide range of transition metals.

Contents

Considering the number of functionalizable sites, the size of the macrocycle and the coordination abilities of its core it becomes obvious why porphyrins are an interesting platform for studies in various fields like catalysis, 2, 3 biomimetic chemistry 4 and molecular tectonics. 5

II.1.B. Coordination Properties and Deformation

As mentioned before the porphyrin core has the ability to coordinate metal ions, by deprotonation of the two inner nitrogens, the macrocycle cavity forms a tetradentate dianionic ligand, perfectly suited for transitional metals and the lanthanides. 6 Metallic centers can have additional ligands, external or belonging to the porphyrin, coordinated in the axial position in order to complete the coordination sphere (from 0 to 5 depending on the metal ion).

The transition metals of the first row are a perfect fit for the porphyrin cavity (figure II.2a), while the metal ions with higher volume are located out of the porphyrin cavity, often causing deformation of the porphyrin core (figure II.2b). 

II.1.C. Synthesis

It is generally known in porphyrin chemistry that TPP (tetraphenylporphyrin) is the easiest synthesizable porphyrin, yet back in 1935 that took a sealed glass tube filled with pyrrole and benzaldehyde in pyridine at 220˚C for 48 hours. 9 Rothemund's work was a breakthrough for porphyrin synthesis and started a new "chase" towards easier and more efficient methods. In 1967

Adler and Longo reported the synthesis of TPP with better yields and lower reaction time. 10 They developed a new method which used propionic acid as solvent and by refluxing pyrrole and an aldehyde for only 30 min, a simple filtration and methanol wash led to elevated yields of TPP. This method was indeed more convenient, yet the use of high temperature and the acidic environment limited the number of used aldehydes. Later, Lindsey et al developed a different method using milder reaction conditions, in which the ring closure of the tetrapyrrole and the oxidation of the porphyrinogen are two separate reaction steps. A more selective method for porphyrins with two distinct substituents was described by MacDonald et al. in 1960 using a two steps procedure: in the first one, dipyrromethane is synthesized from one aldehyde using an excess of pyrrole. The A 2 B 2 porphyrin is generated in the second step in a [2+2] condensation reaction, where the dipyrromethane reacts with the second aldehyde, in acid conditions (figure II.5). 13 This method, however, has one downside: the dipyrromethane units in acid catalyzed media can undergo fragmentation and recombination with the unconsumed starting material which leads to the phenomenon called "scrambling" that usually mean complex separation techniques, thus figure II. 5 represents an "ideal" version of the reaction. A 2 B 2 porphyrins of high purity and moderate yields can be obtained by combining the Adler and the MacDonald methods and refluxing the dipyrromethane in propionic acid in the presence of a second aldehyde. 14 The success of this reaction will depend on the stability and the reactivity of the functionalized dipyrromethane and the aldehydes under the reaction conditions. Depending on the target porphyrin one of these methods can be applied.

Another approach to functionalized porphyrins is to use the primary substituents as a platform to construct superstructural entities such as biomimetic heme analogues, [15][16][17][18] perpendicular to the porphyrin mean plane, usually using 5, 10, 15, 20-tetrakis (o-aminophenyl)porphyrin. This type of porphyrin ligands have been used for near infra-red emission 19 or as chelating ligands for cation binding. 20 The last approach has its roots in the early 90's and was inspired by the developments in metal mediated cross-coupling reactions. It opens the lane for both mixed meso-substituted porphyrins and unsymmetrical porphyrins. 21,22 Despite the fact that this procedure needs usually 4 steps, it provides several important advantages for the synthesis of elaborated porphyrins. The key step is a pallado-catalyzed coupling between the brominated meso positions and the precursor of the Later on Zhang and co-workers developed several general and efficient methods for the synthesis of a variety of heteroatom-substituted porphyrins including amino, 23 amido, 24 sulfo 25 and oxo 26 by palladium-catalyzed cross-coupling reactions. The introduction of different functionalities in the porphyrin periphery allows modulating its properties, as well as providing possible reaction sites for further transformations.

II.1.D. Characterization

NMR-Spectroscopy

Porphyrins are easily recognizable by NMR spectroscopy due to two specific signals in proton NMR:

-The protons of the inner core attached to the nitrogen get a broad signal at -2 ppm.

-The β-pyrrolic protons are situated around 8-9 ppm and their multiplicity is depending on the nature of the substituents in the meso positions and the porphyrin symmetry.

These shifts are the results of a large magnetic anisotropy of the cyclic conjugated π-electron system of the aromatic porphyrin ring. The external magnetic field going through the aromatic ring sets up a current of mobile π-electrons, this circulation give rise to a secondary magnetic field coming from the center of the macrocycle with a strong anisotropic effect. 27 Thus the protons inside the ring (NH protons) current will be shielded, while the one located outside (β-pyrrolic protons)

will not.

In the case of 13 C NMR-Spectroscopy, the small effective frequency of the 13 C isotope and low intensity of the signals, especially the signals of quaternary carbon atoms have very weak signals due to their long relaxation time, 28 becomes problematic for porphyrin characterization and higher concentrations are usually needed. The low solubility of several porphyrins resulting from self aggregation often interferes with the need of higher concentrations for the NMR measurements.

UV-visible Spectroscopy

Porphyrins, due to their 22 π-electron system, show very distinctive absorption spectra. All the absorption bands in the UV-Vis spectrum of the free-base porphyrin result from π-π* electronic transitions. Typically the resulting spectrum can be divided in two parts 29 ( figure II.7):

-The Soret band, a very intense absorption band around 420 nm ( ε ~ 4.10 5 L/mol.cm) , named after the swiss chemist and physicist Jacques Louis Soret who observed this band for the first time in Hemoglobin in 1883. 30 -The Q bands, those are usually weaker than Soret band, and can be found between 500-700 nm (ε ~ 1.10 4 L/mol.cm). In general, there are four bands for the free base porphyrin and two for the metallated one. The structure of the porphyrin as well as the position and electronic nature of the substituents have a great influence on the resulting absorption bands.

II.1.E. Porphyrin and Chirality

In terms of decorating the periphery of the porphyrin, the four meso and/or eight β-pyrrolic positions can be functionalized with a variety of substituents, including chiral groups. Porphyrins can become intrinsically chiral due to the presence of a chiral substituent group, due to restricted rotation leading to atropoisomerism, or to asymmetric disposition of a strap or methylation of the inner hydrogen. Chiral porphyrins have been used as an important platform for circular dichroic (CD) spectroscopy, 31 due to the intense extinction coefficients, facile modification of substituents and the ease of metal incorporation into the porphyrin ring (metalloporphyrins can provide extra stereo differentiation due to their Lewis acid sites for binding OH, NH 2 , COO -and other functional groups). Another interesting application is chiral recognition, as the porphyrin scaffold offers a rigid platform to construct guest-recognition pockets. [32][33][34] Among other application for chiral porphyrins one can list their use as catalyst for: diastereoselective cyclopropanation, 35,36 enantioselective epoxidation 37,38 or their use in formation of coordination networks. [39][40][41] This brief description of possible applications is far from being comprehensive, nevertheless it shows the vastness of possibilities that the porphyrin scaffold affords.

II.1.F. Fluorinated porphyrins

The incorporation of fluorine atoms into the porphyrin backbone leads to interesting electron deficient systems with a variety of applications such as imaging, 42 catalysis 43,44 and biomedical applications. 45 There were several reports 46,47 on meso-tetrakis (perfluoroalkyl)porphyrins in the mid 90's and the group of DiMagno emphasized on the use of these molecules as photosensitizers due to higher molar absorption coefficients. 48 The majority of reported studies is still focused on the use of fluoroaryl substituents or introduces the fluoroalkyl substituents in the β-positions, which might be explained by the low commercial availability of fluorinated aldehydes. It is worth mentioning that the introduction of the fluoroalkyl substituents in the β-positions can be synthetically challenging, 49 which is why a method introducing this substituents in the meso position without using aldehydes could be a good alternative.

II.2. Synthesis of fluorinated and/or chiral porphyrin based tectons

Our aim is to synthesize porphyrin tectons of the A 2 B 2 type bearing two divergently oriented pyridine coordinating sites in the trans meso positions, in order to build coordination networks, and 

II.2.A. Synthesis of A2B2 porphyrins through classic [2+2] condensation reaction

For the synthesis of the desired A 2 B 2 porphyrins, our first approach was to use commercially available aldehydes and to perform a MacDonald [2+2] condensation reaction.

For the chiral substituent, we chose the citronellal aldehyde for several reasons: commercial availability, acceptable price range and the presence of flexible substituents (like alkyl chains)

within the cavities of the potential networks.

The reaction of an exces of pyrrole with R-citronellal leads to the formation of the corresponding DPM (dipyrromethane) 1, in 67% yield. It reacts with 4-pyridinecarboxaldehyde in the presence of TFA (trifluoroacetic acid) to form the porphyrin 2 in a poor yield (16%). No increase of the yield could be observed in the presence of boron trifluoride diethyl etherate ( BF 3 .OEt 2 ) (figure II.9).

Porphyrin 2 was characterized by 1 H-, 13 C-, UV-vis and Mass Spectrometry described in the experimental part. It is worth noting that due to the symmetry of the tecton, the β-pyrrolic protons appear as two doublets around 8-9 ppm with integration of four, for each doublet. In both cases, this two steps approach has one major disadvantage. Indeed, due to the low yields of the second step the use of costly fluorinated or chiral aldehydes in big amounts is required.

Considering also the limited commercial availability of the fluorinated aldehydes and the synthetic difficulties that could be met during the attempt to synthesize them in the lab (low boiling point) a different reaction pathway was required.

II.2.B. Synthesis of A2B2 porphyrins through cross-coupling reaction

The aim is to try to introduce the chiral and/or fluorinated substituents in a last step in order to avoid excessive use of costly precursors.

The second strategy involved a 4 steps procedure : the synthesis of a dipyrromethane bearing a pyridine moiety 50 in the first step. The second step required the synthesis of the 5,15dipyridylporphyrin. This synthesis was already performed in the group of J. Sanders 51 few years ago, thus it was a matter of adjusting the reaction conditions. By using TFA instead of trichloroacetic acid we observed a slightly higher yield (20-21 %); unfortunately the tests to scale up the reaction (x2) gave no desired product. (figure II.13). Bromination of the two meso positions of the porphyrin is an established procedure (notably 0˚C and 2.1 equivalents of NBS in chloroform), 52 although no bromination of the 5,15-dipyridylporphyrin was described before this work. The tecton 7 is thus a previously unreported scaffold which was further used as a platform for the synthesis of a large variety of porphyrins. All eleven new tectons were characterized by 1 H-, 13 C-, and 19 F-NMR, UV-vis and Mass Spectrometry. It is worth mentioning that in the case of ligand 14,15 and 16 a mixture of the 3 stereoisomers (racemate + meso) with a statistic mix corresponding to 25% of R,R, 25% of S,S and 50% of R,S is formed. For ligand 14, the NMR spectrum of the mixture shows the presence of only one porphyrin. The same is observed for ligand 15 and 16.

Based on the scheme above, we could observe that by applying this method we have access to a wide variety of new porphyrins bearing different substituents in a simple and elegant manner. This synthetic pathway allows diversifying the pool of neutral coordinating tectons, by finely tuning the substituents that are introduced in the final step. Table II By comparing the yield in the table II.1 we can observe that the highest yield is observed for the chiral tecton 13 while the lowest goes to the fluorinated tecton 9.

It was observed that in several cases, increasing the reaction time leads to the formation of the nonbrominated porphyrin 6.

However, within the fluorinated porphyrins we observe that depending on the number of fluorine atoms yields are varying from 28% to 55%, and by comparing tectons 9, 10 and 11 it seems that for primary alcohols the yield is increasing with the number of fluorines. Also the comparison of the yield obtained for 12 and 13 seems to indicate that the use of primary alcohol leads to better yield than secondary alcohol.

II.2.C. Crystal Structures

Despite extensive crystallization tests, up to now, we succeed in growing single crystals for only 6 porphyrins among the eleven new tectons that we synthesized. Moreover for all the tectons we tried to grow single crystals in the presence of additional fluorinated solvents such as 2,2,2trifluoroethan-1-ol , but unfortunately, none of them leads, up to now, to the formation of single crystals.

In the following part, the six corresponding crystal structures obtained by X-ray diffraction are Considering the X-ray structures, the presence of fluorine atoms in the periphery of the porphyrin could influence the crystal packing in the solid state but is definitely not the only interaction to consider in order to describe the organization of such molecules in the solid state. Considering that the energy of halogen bond is ranging from 5kJ to 180 kJ/ mol, the lower limit is comparable to the energy of π---π interactions. Thus, even for tecton 11, during the crystallization process F---F contacts are certainly not the only and probably not the main driving force for the organization of the porphyrins in the crystal.

Interestingly some of these trends in the crystal structure of the free ligand will be observed in the subsequent networks obtained from their metal complexes, discussed in next chapter.

Chapter III. Coordination Networks based on halogenated or/and Chiral

Porphyrins

This chapter deals with porphyrin-based tectons for building coordination networks. Our goal, as stated in the introduction, is to build functional networks for efficient separation of mixtures through specific interactions. We focused on the use of chiral and/or fluorinated tectons to decorate the interior of channels within coordination networks. In particular our aim was to design porous materials capable of trapping fluorinated and/or chiral molecules. In chapter II, we described the formation of a series of chiral and/or fluorinated porphyrin based tectons. Here we describe their use in the generation of fluorinated and/or chiral networks.

III. 1. Coordination networks and porphyrins: Some examples

In this part, only few relevant examples of coordination networks formed by porphyrin based tectons are discussed. A more complete description of the state of the art concerning this topic could be found in recent reviews. 1,2,3 The first porphyrin-based coordination polymer was reported by Robson and co-workers in 1991. 4 A palladium tetrapyridyl porphyrin moiety leads to the formation of a 3-D arrangement in the In 1994, Robson et al. proved that the crystal engineering approach can be successfully used to generate three dimensional networks with large channels, starting from porphyrin building blocks. 5 These results were at the origin of the rapid increase in the number of reports dealing with porphyrin based frameworks (figure III. 2). In 2002, Suslick and co-workers described the formation of a porphyrin based coordination polymer for selective sorption of guest solvent molecules. 6 The zeolite like analogue (PIZA-1:

Porphyrin Illinois Zeolite Analogue) was generated under solvothermal conditions, via selfassembly of a cobalt tetrakis (4-carboxyphenyl) porphyrin with cobalt chloride. This stable and robust framework displays large voids with accessible hydrophilic channels perfectly suitable for a large variety of molecules (amines, alcohols) with different affinity for solvents depending on their size (figure III. 4). Later on, the same group showed that PIZA-3, an analogue of PIZA-1 for which cobalt cation was replaced by manganese, catalyzes the oxidation of linear and cyclic alkanes and epoxidation of cyclic alkenes with yields varying from 20 to 74%. The catalysis occurs on the MOF surface as the cavities were too narrow to allow substrate diffusion. 7 More recently, the group of Hupp described the synthesis of a MOF using two organic ligands: a porphyrin possessing two pyridine moieties in the trans meso positions and a tetrakis (4carboxyphenyl)benzene 8 and tetra (p-carboxyphenyl)porphyrin (figure III. 5). 9 In this case, the pyridine bearing porphyrins act as pillars connecting consecutive layers. A series of different MOFs can be synthesized applying this approach and more interestingly a wide variety of metal ions can be used. The ability to incorporate two different metal ions into a framework could enable the presence of two distinct catalysts capable of accelerating multiple steps complex reactions. The research topic of my PhD was inspired by these studies. Indeed, the introduction of chiral or highly fluorinated substituents could lead to the formation of similar hexagonal coordination networks possessing channels that are well suited for the trapping of chiral and/or fluorinated species such as inhalation anaesthetics. In order to reduce the number of components and to avoid the inclusion of counter ions, one might use self-complementary neutral metallotectons. For self-complementary metalloporphyrins, the generation of networks takes place through the formation of coordination bond (usually one or two)

III. 2. MOFs and

involving the axial position(s) of the metal cation.

When dealing with porphyrins bearing three coordinating poles: the tetradentate porphyrin core and the two monodentate pyridyl units (such as the tectons described in the previous chapter), the binding of metal ions such as Zn(II) cation by these porphyrin cores leads to the formation of a neutral self-complementary tectons due to the possibility of further interactions, using the axial position of the Zn 2+ cation, with substituents such as pyridine present at the porphyrin periphery.

Their self-assembly generates 1-D, 2-D, 12,13 and 3-D 14,18 coordination networks depending on the coordination geometry (either 5 or 6-coordinated) of the Zn(II) cation (figure III. 10).

Indeed, the coordination of only one pyridine in the axial position on the Zn(II) cation may lead to the formation of 1D networks, while the presence of two pyridyl units in the apical positions of the Zn 2+ generates either two-or three-dimensional networks depending on the angle between the porphyrin mean plane and the pyridyl substituents. 

III. 3. Self-assembly of new Zinc (II) Porphyrin tectons

The formation of coordination networks by combining the 13 new tectons described in chapter 2 and Zn 2+ salts was studied. Many parameters could be varied: the crystallization procedure (liquid/liquid diffusion, solvothermal synthesis, and slow evaporation), the solvents, the temperature and the metal salts. Many attempts have been made, yet for most of them, the formation of amorphous powder was observed. Nevertheless, in 11 cases, we observed the formation of single crystals that were analyzed by the method of choice to characterize such assemblies: X-Ray diffraction on single crystals. In a first part, we will focus on structures obtained using 4-Zn, then the structures concerning the self-assembly of zinc complexes with the ether bonded alkyl chains porphyrins will be presented.

III. 3. A. Zn-Tecton 4

By slow diffusion of Zn(OAc) 2 2H 2 O in methanol into a chloroform solution of tecton 4, crystals suitable for X-Ray diffraction were formed. Their analysis revealed that the crystal was of low quality leading thus to high refinement parameters (R1 = 0.17 and wR2= 0. In this case the alkyl chains are situated under and over the porphyrin mean plane, unlike the 1D networks, where in both cases the chains were located on the same side of the porphyrin plane.

Unlike the previous 1D networks obtained using 4-Zn, there are no F---F contacts present in the crystal. Within the network, no solvent molecules were found and attempts to fill the cavities with solvent molecules such as fluorinated alcohol failed and lead to the formation of amorphous powders.

Based on crystallization conditions, it was possible to switch the dimensionality and to influence intermolecular interactions. By varying the crystallization conditions, it was also possible to switch between a crystal with methanol as solvent and 2,2,2-trifluoroethan-1-ol . Although it isn't a singlecrystal-to-single crystal transformation, it is important to discover how to influence the networks formation by varying the growth conditions. It is also important to emphasize that in the monodimensional networks, along the coordination bond and solvent molecules, we could observe intermolecular interactions such as F---F contacts and F---H bonds. On the other hand, the twodimensional network presents no intermolecular interactions and no solvent molecules are included within cavities. These results are also encouraging; they show that even with a relatively simple tecton: two recognition sites and six fluorine atoms on the backbone we can build monodimensional or two dimensional networks, although this issue remains challenging, with F---F contacts. The next step is to be able to fill the cavities with molecules of interest through specific interactions involving fluorine atoms on the backbone.

III. 3. B. Zn-Tecton 8-11

We do observe the formation of single crystals for seven Zn-Porphyrin self-complementary tectons bearing alkyl chains through ether junctions. The corresponding structures are not presented in numerical order but with respect to the increasing number of fluorine atoms on the chains.

Zn-Tecton 8

By 

Zn-Tecton 14

Tecton 14 contains 6 fluorine atoms/ porphyrin and is present as a racemate (RR and SS) and of the meso compound (R, S). Crystallization tests were made using this mixture and single crystals obtained were measured by X-ray diffraction. The crystal structure described below is a preliminary structure since the refinement was not totally finalized at the time of writing this chapter. We observe the formation of a 1-D network containing the meso form of 14-Zn. The Zn(II) is pentacoordinated and located slightly above the porphyrin plane (0. Hydrogen atoms are omitted for clarity.

Zn-Tecton 11

Tecton 11 is the most heavily fluorinated tecton synthesized, with a total of 16 F atoms per porphyrin macrocycle. Single crystals were grown in the presence of CHCl 3 , MeOH and DMSO.

Formation of a 1D zig-zag chains 11-Zn is observed. The asymmetric unit contains one Znporphyrin moiety and one DMSO molecule. The four equatorial Zn-N bonds are equal to ca 2.06 Å while the axial bond length is 2.17 Å. Among the two pyridyl units of the tecton, only one is involved in the formation of the coordination network. Within the 1D chain, the average angle between the axial pyridyl unit and the porphyrin mean plane is 80˚ and the average tilt angle between consecutive porphyrins (24 atoms of the mean plane) is 87˚. Within the tecton, the dihedral angles between the porphyrin mean plane and the meso pyridyl substituents are 64˚ and 87˚. The alkyl chains are situated under and over the porphyrin mean plane (figure III. 28). As in the previous case, the packing reveals the formation of π-π stacked mono-dimensional layers, with a distance between porphyrin mean planes of ca 3.52 Å. Focusing on the F---F contacts present in the solid state, although weak in nature, one may notice that they are already present in 4-Zn and in 8-Zn for which the two tectons contain only 6 fluorine atoms. On the other hand, increasing the number of F atoms on the porphyrin periphery does not necessarily lead to an increase in the number of F---F contacts. Indeed, in crystal structures of 9-Zn, 14-Zn and 15-Zn no F---F contacts are present. These observations suggest that while the number of fluorine atoms is a relevant parameter to consider when seeking specific interactions involving fluorine atom, other factors influence also the overall packing of the networks in the crystalline phase. For example, the packing of most of the 1-D chains also display π-π interactions. For the last The two 2-D networks 4-Zn and 15-Zn formed through self-assembly, formation of cavities decorated with fluorinated alkyl chains is observed. However, cavities were found to be empty in both cases. Unfortunately, attempts to fill the cavities with solvent molecules failed.

III. 4. Double component systems composed of Porphyrin and Cd (II)

Many attempts have been made to grow single crystals by combining fluorinated or/and chiral porphyrin based tectons bearing two pyridyl units in the meso positions with external metal cations such Cu 2+ , Co 2+ , Ni 2+ , Cd 2+ , Hg 2+ , Ag + . In most cases, amorphous powders were obtained. Some crystallizations are still in progress.

So far, we have obtained single crystals suitable for XRD in only two cases involving Cd(II) as external metallic cations and tectons 4 and 10.

Cd-Tecton 4

Slow diffusion of CdBr 2 in EtOH into a chloroform solution of tecton 4 in the presence of DMSO containing drops of 2,2,2-trifluoroethan-1-ol generated suitable crystals for X-ray diffraction. The asymmetric unit contained the porphyrin interconnected by CdBr 2 moieties and three disordered water molecules with no specific interactions with the porphyrin framework. Since the solvent could not be refined, the structure was treated with the SQUEEZE command and then solved. In summary, the double component systems based on porphyrins as tectons and CdBr 2 as the external metal and connecting node were explored for the formation of coordination networks. Although many attempts have been done by varying the crystallization conditions and the nature of the metal cation, only two coordination networks could be characterized by X-ray diffraction. The use of tecton 4 lead to the formation of a 2-D network, were the Cd 2+ /Porphyrin ratio is ½. For the tecton 10, a 3-D network was generated, and the Cd 2+ /Porphyrin ratio was 1/1. We can again observe that for six fluorine atoms on the backbone, no F---F contacts are observed while for 14 fluorine atoms per porphyrin, very short F---F contacts of 2.61 Å are detected. It is worth mentioning that in both arrangements, the fluorinated alkyl chains decorate the cavities, which is an important feature if we want to have specific interactions between guest molecules of interest and the networks. While both networks are stable, we were not successful in filling the channels with different solvent molecules, either during the crystallization process or after the formation of crystals. This study shows that the strategy based on the use of fluorinated alkyl chains or fluorinated and chiral alkyl chains is viable and leads to the formation of coordination networks displaying specific interactions between the porphyrin substituents and potential fluorinated guest molecules. Although so far no F---F contacts have been observed with solvent molecules, we are still trying to tune the crystallization conditions to hopefully observe successful trapping of fluorinated species. In order to increase the affinity of networks for fluorinated guests, we have also tried to increase the number of fluorine atoms to 36 per porphyrin. So far, due to solubility problems, we were not able to isolate and characterize the porphyrin based tectons.

III. 5 Conclusion

By

Chapter 4

This chapter focuses on halogen-bonded networks using organic building blocks such as porphyrins or bipyridine molecules and iodofluoroarenes. The first part deals with the use of bipyridyl based tectons synthesized in the group of Prof. Stefan Bräese (Karlsruhe Institute of Technology, Germany) by Dr. Sylvain Grossjean.

The second part describes the use of porphyrin derivatives as tectons, a short overview on the few examples present in the literature and our results in the field.

IV. 1. Halogen bonded networks involving pyridine derivatives

This section of the chapter deals with the use of three 

IV. 1. B. Halogen bonded networks

We have studied the interaction of ligands KIT-1, KIT-2 and KIT-3 (figure IV.1.) with IFB (mono iodofluorobenzene), DIFB, and TIFB.

In the presence of 4,4'-bipyridyl ligands such as KIT-X (X = 1-3), the monoiodo IFB acts, as expected, as a stopper and does not lead to the formation of a network. Nevertheless, these structures may serve as references in order to compare the influence of the N---I interactions on the overall angles and distances.

Several crystallization conditions with different KIT-X (X = 1-3)/IFB ratio were employed. The same holds for TIFB. In the case of DIFB an equimolar stoichiometry was used. When a 1:2 tecton/TIFB ratio was used, for both KIT-1 and KIT-2, crystals were obtained. The 3/2 ratio of KIT-1/TIFB, leads to the formation of a network, while KIT-2 crystallizes alone without any halogenated compound. Finally, tecton KIT-3 forms an amorphous powder.

Co-crystals of compound KIT-1 and KIT-2 with IFB were obtained by adding an ethanol solution of KIT-1 or KIT-2 to a solution of IFB. After 2-3 days, light yellow crystals appeared and were measured by single X-Ray diffraction. The analysis revealed the formation, in both cases, of discrete halogen bonded complexes with 2:1 ratio for IFB and bipyridyl based tecton. For the two supramolecular entities, the N---I bonds are equal to 3.53 Å, 19 -20% shorter than the sum of van der Waals radii. The connectivity is the same in both structures, however, the crystal packing shows tecton dependent differences. For the shorter tecton KIT-1, a herringbone arrangement with IFB molecules between the layers is observed (figure IV.5a), while for the longer pyridine ligand, linear type chains packed in a parallel fashion are formed (figure IV.5b). The structural differences become apparent when looking at the angles between the pyridine mean plane and the DIFB moiety, for the shorter tecton the angle is ca 77˚ while for the longer tecton KIT-2, the angle is 32˚. Within the tecton KIT-1, as emphasized before, there is also a shift of about 19˚ for the angle between the mean plane of the pyridine (Py mp ) and the mean plane of the xylene (Xy mp ) moiety. For the ligand KIT-2, the change is in the 5-7˚ range (Table 1 Due to the presence of the azobenzene moiety, the tecton KIT-3 is of particular interest.

Azobenzene has been used in photo-responsive functional devices for various applications. 8 We are interested in light control of size and shape of cavities and channels in self-assembled materials in 

IV. 1. C. Conclusion

This study was focused on the formation of halogenated networks based on combinations of tectons bearing two bipyridyl units and displaying different lengths with iodofluorinated benzene derivatives. In the presence of the mono iodo compound (IFB), a 2:1 tecton/IFB ratio was obtained in both cases in the solid state, the iodo compound acting as a stopper. However, the packing of the two [(tecton)(IFB) 2 ] species in the crystal is different: intermolecular weak H---F bonds are only present for [(KIT-1)(IFB) 2 ] thus leading to a herringbone arrangement while for 2,

[(KIT-2)(IFB) 2 ]
units are arranged in a parallel fashion with no specific interactions between components.

In the case of the ditopic tectons, the self-assembling of KIT-1 or KIT-2 with DIFB leads to the formation of the expected 1D chains through N---I interactions and hydrogen bonding between consecutive layers.

In the presence of the triiodobenzene for the 2:3 (TIFB:tecton) ratio, the tecton KIT-1 forms a 1D chain with π-π stacking between the layers, while the tecton KIT-2 crystallizes alone. By changing the ratio to 2:1 (TIFB/tecton), the tecton KIT-1 generates a similar wavy 1-D chain without any interactions between them, while ligand KIT-2 generates a 1D network with 2:1 (TIFB/tecton) ratio with their packing in a herring bone manner, with π-π staking of TIFB moieties belonging to consecutive layers. It is also interesting to notice that, for tecton KIT-1, the change in stoichiometry leads to the formation of a similar 1D architecture. The co-crystals formed between the pyridyl based tectons and iodofluoroarenes are stable in air. So far, no attempts to test their trapping abilities have been made. KIT-3, as mentioned before, is a particular tecton bearing two azobenzene moieties. So far, a 1D network with the E isomer combined to DIFB was generated. The photo switching to the Z isomer is currently under investigation. More recently, the same group has extended their studies to the corresponding metalloporphyrin. 11- 13 In these cases, the target is mostly the formation of halogen bonds between the porphyrin substituents and axially coordinated metal ligands.

IV. 2. Halogen bonded

A particularly interesting example was recently reported by the group of B. Schöllhorn. 14 An extended porphyrin network with nanosized linear channels was obtained by using tetrakis (4-iodoperfluoro-phenyl) porphyrin (I 4 -PFTPP) and hexamethylenetetramine (HMTA) (figure IV.12a).

The structure involves eight crystallographically different iodine atoms (I1 to I8). Each iodine atom of the porphyrin is involved in halogen bonds with the nitrogen of HMTA. The halogen bonds, show relatively long interatomic I---N distances of 2.85 to 3.17 The channels are filled with disordered solvent molecules (chloroform and acetone) and attempts to exchange the solvent were made. Unfortunately no crystal structure with the exchanged solvent could be resolved.

The group of C. Arunkumar has reported recently on the use of fluorinated porphyrins for halogenbonding. Their contributions focus on the intermolecular interactions in fluorinated tetraarylporphyrins and their metallated equivalents [15][16][17] highlighting the stabilizing nature of F---H, F---C and F---F contacts in crystal packing. In their examples, the theoretical calculations (Hirshfeld surface analysis) showed that the weak interactions involving fluorine atoms can comprise up to 50% of the stabilizing energy of the crystal packing. As for the F---F contacts, in particular the shortest distance observed in the crystal structures corresponds to 2.84 Å, these contacts represent about 6-7 % of the intermolecular interactions. 16 As stated above, the use of halogen bonds in constructing networks with porphyrin based tectons has been scarcely explored and no studies dealing with the use of fluorinated alkyl chains have been reported. Having in hand a series of highly fluorinated porphyrin based tectons bearing two meso pyridyl units, in order to generate halogenated supramolecular networks through halogen bonds, their interactions with iodofluoroarenes were investigated. The idea pursued was the generation of porous networks containing high number of fluorine atoms for the encapsulation of halogenated species.

IV. 2. B. New Halogen bonded networks

Based on tectons described in Chapter II, the approach followed to generate supramolecular networks was to exploit N---I interaction in the presence of a series of iodofluoroarenes. were made in order to change the ratio and in particular to obtain a 1:1 adduct, but in all cases with lower concentration of DIFB, the formation of crystals solely composed of the free-base porphyrin was observed. On the other hand, higher concentrations of DIFB did not change the Po: DIFB ratio.

The description of the structures given bellow is organized according to the number of fluorine atoms present on the backbone.

DIFB-Tecton 4

Slow diffusion of an ethanol solution of DIFB into a chloroform solution of the porphyrin 4 in a 4:1 DIFB/4 ratio followed by slow evaporation afforded in 3-4 days single crystals suitable for X-ray diffraction measurements. The mixture crystallizes in the P-1 space group (Z = 1), the asymmetric unit contains two halves porphyrin moieties and one half DIFB moiety. In the crystal, the ratio between the tecton 4 and DIFB is 2:1. Among the two crystallographically non equivalent porphyrin based tectons P1 and P2, only P1 is involved in N---I interactions with a distance of ca The angle between the P1 and the DIFB moiety is 40˚ and the angle between the mean plane of pyridyl moieties attached to P1 and the mean plane of the DIFB moieties is 85˚. The angle between the mean planes of P2 and of DIFB situated under and above P2 plane is 29˚. 

DIFB-Tecton 16

Tecton 16 (as a mixture of meso and racemate) possesses 12 fluorine atoms on its backbone. By using a Po/DIFB ratio of 1:5, suitable crystals for X-ray structural investigations were obtained within a few days. The mixture crystallizes in the P-1 space group (Z = 1), the asymmetric unit contains ½ porphyrin (meso form) moiety and two ½ DIFB units. As for the tecton 9, the ratio between the tecton and the DIFB moiety is 1:2 and only one of the two DIFB moieties takes place in the formation of the network through N---I interactions (2.73 Å) with a C-I-N angle of 178˚ involving the pyridyl substituents (figure IV.17). The angle between the pyridyl moiety and the DIFB unit is ca 88˚ and the angle between the porphyrin mean plane and the connected DIFB moiety is 30˚. Within the tecton, the dihedral angles between the porphyrin mean plane and the meso pyridyl substituents are equal to 58.5˚. Both alkyl chains are situated above and under the porphyrin mean plane (figure IV.17). 

DIFB-Tecton 10

After diffusion of an ethanol solution of DIFB into a chloroform solution of porphyrin with a Po/DIFB ratio of 1:5 followed by slow evaporation of solvents, single-crystals were formed within 3-4 days. The X-ray diffraction analysis revealed the formation of a 1D chain type network resulting from halogen-bonding similar to the one described above. The mixture crystallizes in the P-1 space group (Z = 1), the asymmetric unit contains ½ porphyrin moiety and two ½ DIFB Crystals for all the tectons investigated are stable during the measurements, however upon leaving them in air overnight, the formation of amorphous powder is observed. Attempts to introduce a third fluorinated or chiral solvent molecules are still undergoing.

General Conclusion

The work presented in this thesis is focused on the design of neutral porphyrin based tectons and their use for the generation of chiral and/or fluorinated molecular networks that could be used as functional materials towards the separation of chiral and/or fluorinated molecules.

The formation of coordination networks is based on combinations of metallic centers with chiral/fluorinated tectons while the supramolecular networks are generated by halogen bonds by using iodofluoroarenes. For the formation of crystals, several methods have been tested. Attempts to introduce a third fluorinated partner are currently ongoing.

Our initial goal was to generate porous crystals composed of molecular networks capable of separating halogenated chiral molecules. We are not yet there. However, understanding interactions responsible for networks formation and their packing in the crystalline phase is an important step towards the design of porous materials for separation processes. The results presented in the manuscript are a first step towards that goal. kV/600 μA. The structures were solved by using SHELXS-97 and refined by full-matrix least squares on F 2 using SHELXL-97. The hydrogen atoms were introduced at calculated positions and were not refined (riding model). The synthesis was achieved by modifying a described procedure. 2 Trifluoracetic acid (0.036 mL, 0.4 mmol, 0.1 eq) was added to a solution of 4, 4, 4-trifluorobutanal (0.5 mL, 4.7 mmol, 1 eq) in pyrrole (13.2 mL, 190 mmol, 40 eq) freshly filtered over an alumina pad. The mixture, protected from light, was stirred under Ar at room temperature for 24 h. Pyrrole was removed under reduced pressure and the green residue was diluted in 100 mL of chloroform. The organic phase was washed with water (2 x 50 mL) and 1M KOH (2 x 50 mL) and then dried over anhydrous Na 2 SO 4 and evaporated. The dark oil thus obtained was purified by column chromatography (SiO 2 , cyclohexane: dichloromethane 1:1) to give the pure product as a white solid. (0.6 g, 53%) The synthesis was achieved according to a described procedure. Molecular weight: 464.17 g/mol

The synthesis was achieved using a slightly modified reported procedure. 4 A solution of dipyrromethane 5 (0.5 g, 2.24 mmol,) and trimethyl orthoformate (18 mL, 0.17 mol) in CH 2 Cl 2 (500 mL) was flushed with Ar for 15 min and treated with trifluoracetic acid (5 mL, 0.06 mol). The mixture, protected from light, was stirred under Ar for 8h. Triethylamine (7 mL) was added and the reaction mixture was further stirred overnight. The solution was purged with air for 15 min and stirred under ambient conditions for 2h. Solvents were evaporated under reduced pressure. The mixture was pre-adsorbed on silica and separated by column chromatography (SiO 2 , dichloromethane 1% methanol) to afford a pure purple solid (0.100 g, 19%). C-NMR: Owing to the low solubility of the compound, no 13 C spectra could be acquired. A dried Schlenck tube connected to a vacuum line was degassed and purged with argon. The tube was charged with Pd 2 (dba) 3 (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand DPEPhos (13.5 mg, 0.01 mmol, 0.2 eq), di-bromoporphyrin 7 (30 mg, 0.05 mmol, 1 eq) and Cs 2 CO 3 (65 mg, 0.2 mmol, 4 eq). The tube was backfilled with argon before 6 mL of toluene and 2,2,3,3,3-pentafluoropropan-1-ol (30 μL, 0.2 mmol, 4eq) was added. The tube was purged with argon for 2 min. and the reaction mixture was heated in an oil bath at 80 ˚C for 5h. After cooling to room temperature, the reaction mixture was diluted with ethyl acetate (100 mL) and washed with water (3 x 50 mL). Volatiles were evaporated under reduced pressure and the mixture was purified by column chromatography (SiO 2 , CH 2 Cl 2 : Acetone 7:3) to afford the desired compound 9 (0.010 g, 28%) as a purple solid. A dried Schlenck tube connected to a vacuum line was degassed and purged with argon. The tube was charged with Pd 2 (dba) 3 (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand DPEPhos (13.5 mg, 0.01 mmol, 0.2 eq), di-bromoporphyrin 7 (30 mg, 0.05 mmol, 1 eq) and Cs 2 CO 3 (65 mg, 0.2 mmol, 4 eq). The tube was backfilled with argon then 6 mL of toluene and 2,2,3,3,4,4,4-heptafluorobutan-1-ol (30 μL, 0.2 mmol, 4 eq) was added. The tube was purged with argon for 2 min. and the reaction mixture was heated in an oil bath for 7h at 80 ˚C. After cooling to room temperature, the reaction mixture was diluted with ethyl acetate (100 mL) and washed with water (3 x 50 mL).

Volatiles were evaporated under reduced pressure and the mixture was purified by column chromatography (SiO 2 , CH 2 Cl 2 : Acetone 7:3) to afford the desired compound 10 (0.015 g, 36%) as a purple solid. Les cristaux obtenus ne contiennent pas de molécules de solvants et des essais de piégeage de solvants seront effectués au laboratoire. 
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 1 Figure 1. Fluoroether inhalation anesthetics.

Figure 2 .

 2 Figure 2. Classification of halogenated drugs according to the kind of halogen used.

Figure 3 .

 3 Figure 3. A schematic representation of the projects objectives (the blue and green circles represent the separated molecules).
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Figure I. 1 .

 1 Figure I.1. Schematic representation of supramolecular extended and periodic architectures and their dimensionality depending on the geometry of tectons.

Figure I. 2 .

 2 Figure I.2. A schematic representation of the formation of an inclusion complex by combining an endo-receptor with a substrate.

Figure I. 3 .

 3 Figure I.3. A schematic representation of the formation of a discrete complex (a) and of a molecular network (b) using an exo-receptor. By changing the number of interaction sites on the tecton and adjusting their orientation, it is possible to design infinite two-dimensional or three-dimensional architectures (figure I.4).

Figure I. 4 .

 4 Figure I.4. Schematic representations of 2D and 3D molecular networks by self-assembly processes. Lastly, one can distinguish between self-complementary and complementary tectons (figure I.5).

Figure I. 5 .

 5 Figure I.5. A schematic representation of molecular networks formed by complementary and selfcomplementary tectons.

Figure I. 6 .

 6 Figure I.6. An energy scale of molecular interactions used for building supramolecular assemblies.

Figure I. 7 .

 7 Figure I.7. Schematic representations of possible 1-D geometry: linear (A), zig-zag (B), wavy (C,D) and helical (E).

2D networks 2 -

 2 D networks are generated when the iteration of the recognition process is translated in two dimensions of the space. In order for it to occur the tectons have to possess at least 3 recognition sites oriented in a divergent manner. The most recurrent geometries found in the literature are: planar,26 sine wave27 or zig-zag (figure I.8).28, 29 

Figure I. 8 .

 8 Figure I.8. Schematic representations of possible 2-D sheets: linear (A), zig-zag (B), sine wave (C,D).

Figure I. 9 .

 9 Figure I.9. Schematic representations of possible 2-D architectures: square grid (A), rectangular grid (B), honeycomb arrangement (C).

Figure I. 10 .

 10 Figure I.10. Schematic representations of possible 3-D topology: cubic (A), gyroid (B), diamondoid (C).

Figure I. 11 .

 11 Figure I.11. A schematic representation of different denticity and their nomenclature.

Figure I. 12 .

 12 Figure I.12. A schematic representation of possible geometries for metal centers with and without blocked sites.

  reported in 2001 the formation of a homochiral 3-D diamondoid type network with large cavities able to recognize selectively one enantiomer from a racemic mixture (figure I.13).

Figure I. 13 .

 13 Figure I.13. Schematic representation of the topology of the 3-D diamondoid network resulting from the combination of the chiral organic tecton with Cd 2+ cation.

Figure I. 14 .

 14 Figure I.14. A simplified representation of the diamondoid network with the selective inclusion of (S)-2-butanol (a) and (S)-2-methylbutan-1-ol (b).

Figure I. 15 .

 15 Figure I.15. A portion of the 3-D network presenting tubular channels used as stationary phase for chiral separation.

Figure I. 16 .

 16 Figure I.16. Portion of the three dimensional crystalline structures, the view along the c axis.

Figure I. 17 .

 17 Figure I.17. A portion of the grid type 2-D network formed by selfassembly of self-complementary porphyrin based chiral tectons with included solvent molecules (a) and its solvent free equivalent (b).

  By 1893 I. Remsen and J.F. Norris demonstrated the tendency of methylamines to form similar adducts with chlorine, bromine and iodine.71 

Figure I. 18 .

 18 Figure I.18. Schematic representation of halogen bond.

Figure I. 19 .

 19 Figure I.19. Incremental growth of articles titled "halogen bonding".

82 Figure I. 20 .

 8220 Figure I.20. Schematic representation of halogen-halogen interactions: a) type I interaction (θ 1 = θ 2 ), b) type II interaction (θ 1 =180˚, θ 2 =90˚).

Figure I. 21 . 88 1. 5 .

 21885 Figure I.21. Schematic representation of mesogens involved in XB liquid crystals.88 

Figure I. 22 .

 22 Figure I.22. Tripodal receptor (a), single-crystal X-ray structure of the receptor binding NaI (b), crystal packing of the complex showing the infinite chain. Color code: gray=C, red=O, green=F, blue=N, violet=I, orange=Na.

Figure I. 23 .

 23 Figure I.23. Overall crystal structure of the hexagonal honeycomb network with cations accommodated in the hexagonal frames. Color code: gray=C, green=F, blue=N, violet=I, orange=S.

  20 and the four pyrrole rings are labeled from A to D (figure II.1). The significant property of the porphyrin backbone is that it can be substituted with various functionalities either in the 8 available βpositions or the 4 meso-positions, which can influence its electronic properties as well as the chemical reactivity.

Figure II. 1 .

 1 Figure II.1. Chemical structure of the porphyrin and its nomenclature.

Figure II. 2 . 8 Figure II. 3 .

 283 Figure II.2. Schematic representation of the metal position within the porphyrin core with respect to its size.

Figure II. 4 .

 4 Figure II.4. Mixture of porphyrins generated by the so-called "mixed aldehyde method".

Figure II. 5 .

 5 Figure II.5. A representation of [2+2] condensation reaction.

  substituent B which may lead to quantitative conversion of reactants. It enables a straightforward purification and isolation of products and finally it decouples the porphyrin ring cyclization chemistry from porphyrin derivatization (figure II.6).

Figure II. 6 .

 6 Figure II.6. First examples of A 2 B 2 type porphyrins obtained by cross-coupling reactions.

Figure II. 7 .

 7 Figure II.7. Absorption spectrum of a substituted porphyrin at room temperature in chloroform.

  two chiral or/and fluorinated substituents in the other two trans meso positions. As seen previously, we can either use the straight forward MacDonald [2+2] condensation yielding an A 2 B 2 porphyrin with pyridine and chiral/fluorinated substituents in two steps or a four steps procedure using the brominated derivative as a scaffold for further functionalization (figure II.8).

Figure II. 8 .

 8 Figure II.8. The two possible synthetic pathways (A-generically stands for the chiral and/or fluorinated substituents).

Figure II. 9 .

 9 Figure II.9. Synthetic pathway for the synthesis of porphyrin 2.

Figure II. 10 .

 10 Figure II.10. Synthetic procedure for the porphyrin 4.The porphyrin 4 was characterized by 1 H-,13 C-, and19 F-NMR, UV-vis and Mass Spectrometry described in the experimental part. It is worth noting that due to the symmetry of the tecton the βpyrrolic protons appear as two doublets around 8-9 ppm with integration of four. Single crystals of 4 have been obtained and analyzed by X-Ray diffraction. Two sets of single crystals have been obtained from slow diffusion of diethyl ether or ethanol into a solution of the porphyrin in chloroform. In both structures, no intermolecular F---F contacts were observed.In the presence of Et 2 O, the porphyrin crystallizes in the P-1 space group without any solvent molecules; two porphyrin entities are present in the asymmetric unit. The porphyrin core adopts a saddle shape deformation (max deviation of Cβ of 0.39 Å for 1 st porphyrin present in the asymmetric unit and 0.49 Å max deviation of Cβ for the 2 nd porphyrin in the unit ). The dihedral angles between the porphyrin mean plane (24 atoms) and the meso-pyridyl groups are ranging between 48˚-53˚. Interestingly, in the solid state, the fluorinated chains are both located on the same side of the porphyrin plane in a "convergent" manner. (figure II.11) A closer look at the packing revealed the formation of H---F intermolecular hydrogen bonds (between 3.32 Å and 3.50 Å for C---F distances) between the fluorine atoms on the alkyl chains and the β-pyrrolic protons within porphyrin layers (4 fluorines involved/porphyrin).

Figure II. 11 .

 11 Figure II.11. Crystal structure of 4, its saddle form. Hydrogen atoms are omitted for clarity. In the presence of EtOH the porphyrin crystallizes in P21/c space group with solvent molecules (ethanol) present in the architecture, with a ratio of one solvent molecule per porphyrin. There is only one planar macrocycle unit in the asymmetric unit. The dihedral angles between the pyridine moieties and the porphyrin mean plane (24 atoms) are around 71˚ and 86˚. In this case the fluorinated chains are located in a divergent fashion relative to the mean plane of the porphyrin. (figure II.12). The ethanol molecule is hydrogen bonded to one pyridine moiety of the porphyrin molecule (distance N---O equal to 2.85 Å). The crystal packing reveals the formation of additional

Figure II. 12 .

 12 Figure II.12. Crystal structure of 4, highlighting the solvent porphyrin interaction. Hydrogen atoms are omitted for clarity.

Figure II. 13 .

 13 Figure II.13. A four steps procedure for the synthesis of substituted 5, 5-dipyridylporphyrin.

Figure II. 14 .

 14 Figure II.14. Ten new porphyrin based tectons synthesized.

  presented in the order of increasing number of fluorine atoms present on the backbone, thus the first analyzed will be tecton 15 with 6 fluorine atoms, followed by 9 with 10 fluorine atoms per porphyrin, 16 with 12 fluorine atoms then 10 with 14 fluorines and finally 11 with 16 fluorine atoms. The structure of the chiral tecton 17 is given last.Tecton 15Single crystals of 15 were obtained by slow diffusion of acetonitrile into a solution of 15 (RR, SS and the meso) in CHCl 3 . Under those conditions, the meso form crystallizes in the P21/n space group with no solvent molecules included in the asymmetric unit. The porphyrin core is almost planar and the dihedral angle between the porphyrin mean plane (24 atoms) and the meso-pyridyl groups is close to 78˚. The relative orientation in the solid state of the fluorinated chains for 15 is above and below the porphyrin mean plane (figure II.15).As in the case of tecton 4, no F---F interaction is observed, yet the formation of weak intermolecular hydrogen bonds between the fluorine atoms and the β-pyrrolic protons (4 fluorine involved/porphyrin) can be observed (the C---F distances range between 3.17 Å and 3.56 Å ).

Figure II. 15 . 9

 159 Figure II.15. Crystal structure of the tecton 15. Hydrogen atoms are omitted for clarity.

Figure II. 16 .

 16 Figure II.16. a) Crystal structure of the tecton 9; b) Crystal packing. Hydrogen atoms are omitted for clarity.

Figure II. 17 .

 17 Figure II.17. a) Crystal structure of the tecton 16, the non-disordered porphyrin moiety; b) crystal packing highlighting the only two F---F contacts (red dotted line). The disorder in the alkyl chains and hydrogen atoms are omitted for clarity.

Figure II. 19 .

 19 Figure II.19. a) A portion of the crystal structure of 11 highlighting all the F---F contacts (red dotted line); b) Crystal packing of the porphyrin focusing on short F-F contact and the 1D supramolecular network. Hydrogen atoms are omitted for clarity.

Figure II. 20 . 11 .

 2011 Figure II.20. a) Crystal structure of the chiral tecton 17 b) Crystal packing highlighting the hydrogen bonds (red dotted line).

  presence of cadmium cation (figure III. 1). One Cd 2+ is coordinated by two cis pyridyl, while the second cadmium cation is connected by two trans pyridyl donors. The square bipyramidal geometry is formed by two pyridine moieties and four water molecules. This contribution is not only a milestone for porphyrin based coordination networks, but also represents the first reported heterometallic architecture.

Figure III. 1 .

 1 Figure III. 1. A view of the first coordination network based on porphyrins (N=blue, Cd=light yellow, Pd=green, O=red). Hydrogen atoms are omitted for clarity.

Figure III. 2 .

 2 Figure III. 2. Number of articles including "porphyrin frameworks" in the title in recent years.

Figure III. 3 .

 3 Figure III. 3. An overview of the most exploited tectons.

Figure III. 4 .

 4 Figure III. 4. a) Structure of PIZA-1 showing channels; b) incorporation capacity of the networks observed for different molecules.

Figure III. 5 .

 5 Figure III. 5. Structure of Robust Porphyrinic Materials (RPM), top left: a schematic representation of RPM unit cell, top center and right: the structures of porphyrin building blocks; bottom: the three RPM representatives with different metal centers.

Figure III. 6 . 11 FigureFigure III. 8 .

 6118 Figure III. 6. Structure of a porphyrin based MOF and its use in light harvesting properties, highlighting the exciton migration within the framework.

Figure III. 9 .

 9 Figure III. 9. Influence of the nature of substituents in para position of meso phenyls on the channel size.

  Porphyrins: Synthetic strategy Dealing with coordination networks based on porphyrin tectons, one may use mainly two strategies differing by the localization of the metal ion: in the porphyrin cavity or outside of the core. The first one is called: single component strategy because it involves the self-assembly of a selfcomplementary tecton. The multiple component strategy involves necessarily an external metal cation and leads to the formation of either homometallic or heterometallic coordination frameworks depending on the absence or presence of a metal cation within the porphyrin precursor.

Figure III. 10 .

 10 Figure III. 10. Schematic representation of the topology of the coordination networks formed by selfcomplementary Zn-porphyrins.A great majority of coordination networks are based on two or three component systems. When employing external metal cations and organic tectons, if charge neutrality is not assured by the organic part, in order to balance the charge of the metal ions, the crystal will include additional anions either coordinated to the metal cations or located in the cavities. Systems based on two components require both a porphyrin-based unit and an external metal ion or a metal complex.Depending on the nature, number and position of the coordinating sites located at the porphyrin periphery and the coordination requirements of the external metal center (number and relative position of free coordination sites), the formation of either 1-D, 2-D or 3-D architectures is possible.

  43). However, their analysis revealed that a 1D network is formed upon self-assembly of the 4-Zn. The asymmetric unit contains one Zn-porphyrin moiety and one methanol and disordered water molecules. The Zn 2+ cation is pentacoordinated and adopts the square based pyramidal geometry with a pyridyl unit belonging to the neighboring metallatecton occupying the axial position of the Zn(II) ion. The average Zn-N distance within the porphyrin core is 2.04 Å, whereas the axial Zn-N bond distance is slightly longer (2.15 Å). The porphyrin backbone is planar and the Zn(II) is slightly displaced from the PMP (porphyrin mean plane, 24 atoms) by 0.32 Å toward the axial pyridyl moiety. Among the two pyridyl units of the tecton, only one is involved in the formation of the coordination network, the second one is "blocked" by a hydrogen bond (2.78 Å) with a methanol molecule present in the structure (figure III. 11). Within the 1D chain, the dihedral angle between the mean plane of the axial pyridyl unit and the PMP is equal to 81˚and the average tilt angle between consecutive porphyrins (PMP) is 82˚. Within the tecton, the dihedral angles between the porphyrin mean plane and the meso pyridyl substituents are 60˚ and 87˚. As in the case of the free base ligand, presented in the Chapter II, the alkyl chains are situated on the same side of the porphyrin mean plane.

Figure III. 11 .

 11 Figure III. 11. A portion of the 1-D coordination network (hydrogen atoms are omitted for clarity) formed by self-complementary 4-Zn tectons (the dotted line represents the H-bond between pyridine and methanol). Interestingly, unlike the structures of the free tecton reported in the previous chapter, F---F contacts are present in the crystal. Indeed, the chains are connected through F---F contacts (type I) with distance of 2.58 Å and the angles θ 1 and θ 2 are equal to 111° (figure III. 12). No π-π interactions are spotted.

Figure III. 12 .

 12 Figure III. 12. Crystal packing of the network, highlighting the F---F contacts in green. Hydrogen atoms and solvent molecules are omitted for clarity.

Figure III. 13 .

 13 Figure III. 13. A portion of the 1-D coordination network (hydrogen atoms and chloroform molecules are omitted for clarity) formed by self-complementary 4-Zn (the dotted line represents the H-bond between non coordinated pyridine and 2,2,2-trifluoroethan-1-ol ).

Figure III. 14 .

 14 Figure III. 14. Crystal packing of the network, highlighting the F---F contacts in green. Hydrogen atoms and chloroform molecules are omitted for clarity.

Figure III. 15 .

 15 Figure III. 15. A view on the 2-D network with fluorinated chains pointing into the cavity. Hydrogen atoms are omitted for clarity.

  slow diffusion of ZnSiF 6 in MeOH into a solution of the 8 in CHCl 3 through an interface composed of a solution of DMSO containing few drops of 2, 2, 3, 4, 4, 4-hexafluorobutan-1-ol, single crystals suitable for measurement were obtained. The X-ray diffraction analysis revealed the formation of a 1D network, formed upon self-assembly of the Zn-metallated porphyrin (figure III.16). The asymmetric unit (P2 1/ n space group) contains one Zn-porphyrin moiety and solvent molecules (DMSO and 2,2,3,4,4,4-hexafluorobutan-1-ol). The Zn 2+ cation is pentacoordinated and adopts a square based pyramidal geometry with a pyridyl unit belonging to the neighboring metallatecton occupying the axial position of the Zn(II) ion. The porphyrin backbone is planar and the Zn(II) is slightly displaced from the PMP by 0.27 Å toward the axial pyridyl moiety. The average Zn-N distance within the porphyrin core is 2.06 Å, whereas the axial Zn-N bond distance is slightly longer (2.19 Å). Among the two pyridyl units of the tecton, only one is involved in the formation of the coordination network. Within the tecton, the dihedral angles between the porphyrin mean plane and the meso pyridyl substituents are 57˚ and 68˚. Within the 1D chain, the average angle between the axial pyridyl unit and the porphyrin mean plane is 79˚and the average tilt angle between consecutive porphyrins (PMP) is 78˚.

Figure III. 16 .

 16 Figure III. 16. A portion of the 1-D coordination network (hydrogen atoms and solvent molecules are omitted for clarity) formed by self-complementary 8-Zn.

Figure III. 17 .

 17 Figure III. 17. Crystal packing of the network, highlighting the π-π stacking in red circle. Hydrogen atoms, solvent molecules and alkyl chains are omitted for clarity.

  33 Å) toward the axial pyridine. No solvent molecule is present in the crystal (figure III. 18).

Figure III. 18 .

 18 Figure III. 18. A portion of the 1-D coordination network (hydrogen atoms are omitted for clarity) formed with the self-complementary 14-Zn.

Figure III. 20 .

 20 Figure III. 20. A view on the 2-D network with fluorinated chains pointing into the cavity. Hydrogen atoms are omitted for clarity.

Figure III. 21 .

 21 Figure III. 21. A portion of the 1-D coordination network (hydrogen atoms are omitted for clarity) formed by self-complementary 9-Zn.

Figure III. 22 .Zn-Tecton 16 Tecton 16

 221616 Figure III. 22. Crystal packing of the network, highlighting the π-π stacking in red circle. Hydrogen atoms are omitted for clarity.

Figure III. 23 .

 23 Figure III. 23. A portion of the 1-D coordination network (hydrogen atoms are omitted for clarity) formed by self-complementary 16-Zn.

Figure III. 24 .

 24 Figure III. 24. A portion of the crystal packing highlighting the F---F contacts (red dotted line).

Figure III. 25 .Zn-Tecton 10 Tecton 10

 251010 Figure III. 25. Crystal packing of the network, hydrogen atoms are omitted for clarity.

Figure III. 26 .

 26 Figure III. 26. A portion of the 1-D coordination network (hydrogen atoms are omitted for clarity) formed by self-complementary 10-Zn. Each porphyrin has three F---F contacts (figure III. 30a), with two F---F distances of 2.92 Å and one shorter with 2.74 Å distance (figure III. 27). The angles θ 1 and θ 2 values suggest type I halogenhalogen contacts (θ1 = θ 2 = 141˚). There is no intermolecular H---F contacts observed in the crystal structure. The crystal packing reveals also the formation of π-π stacking between the consecutive mono-dimensional chains, with a distance between the porphyrin mean planes of 3.43 Å.

Figure III. 27 .

 27 Figure III. 27. Crystal packing of the network, highlighting only the shortest F---F contacts in red.

Figure III. 28 .

 28 Figure III. 28. A portion of the 1-D coordination network (hydrogen atoms and solvent molecules are omitted for clarity) formed by self-complementary 11-Zn.

Figure III. 29 .

 29 Figure III. 29. Crystal packing of the network, highlighting only one F---F contact in red. Hydrogen atoms are omitted for clarity. For the free base structure, we observed up to 12 F---F contacts per porphyrin, with no π-π stacking, for the coordination network, 8 F---F contacts (figure III. 30b) and π-π interactions are observed. More curious is the existence of θ 1 and θ 2 equal to 161˚ and 87˚ for the F---F distance of 2.81 Å and θ 1 and θ 2 equal to 152˚and 87˚ for the distance of 2.83 Å that are close to type II interactions. These values indicate that by increasing the number of fluorine atoms present on the porphyrin backbone, the number and strength of intermolecular F---F contacts are enhanced.

Figure III. 30 .

 30 Figure III. 30. View on the tecton10 (a) and tecton 11 (b) in their zinc networks with a highlight on the F---F contacts in red. Hydrogen atoms are omitted for clarity.
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  representatives networks, with increasing number of fluorine atoms (tectons 16, 10 and 11 bear 12, 14 and 16 fluorine atoms respectively), a more clear-cut trend is observed. While for the 16-Zn, only three F---F (type I) contacts with quite long F---F distance are spotted, for 10-Zn three shorter contacts per porphyrin (type I) are observed, finally, for and 11-Zn, up to 8 contacts per porphyrin with one of the shortest F---F distance are detected. Concerning the halogen-halogen bond type, most of the 1-D networks revealed type I contacts. Only in the case of 11-Zn, F---F distances of 2.81 Å and 2.83 Å and angles closer to 180˚ for θ 1 and 90˚ for θ 2 indicate a type II contact. A result in accordance with the one obtained for the free base porphyrin 11, for which a similar tendency for one F---F contact is observed. It is important to notice that structural investigations of the fluorinated ligand itself give insight into possible interactions within the networks. The results obtained for the self-assembled zinc networks shine light on how the number of fluorine atoms may influence the interactions present within the networks and this knowledge may be further used to test the trapping capacity of crystals based on molecular networks towards fluorinated solvents. For several examples, the use of chiral and fluorinated solvents was already tested. We have not yet observed the formation of chiral networks using chiral solvents, while for fluorinated solvent containing networks, solvent trapping takes place through hydrogen bonding.

  The structural investigation revealed the formation of a 2D coordination network with a Cd/porphyrin ratio of 1/2. The external Cd 2+ cation is six-coordinated with four pyridyl units belonging to four distinct porphyrin based tectons in the equatorial plane (d Cd-N of ca 2.43 Å) and two bromide anions located in the axial positions (d Cd-Br = 2.70 Å) (figure III. 31). The average tilt angle between the PMP of the 4 porphyrins that connect to the same cadmium center is ca 22°. The porphyrin core remains non-metallated, adopting a saddle-shaped conformation. The dihedral angles between porphyrin and meso-pyridyl substituents are close to 75° and the alkyl chains are situated over and under the porphyrin backbone.

Figure III. 31 .

 31 Figure III. 31. The 2D coordination network formed upon combining tecton 4 and CdBr 2. Hydrogen atoms are omitted for clarity. Fluorine atoms are involved in hydrogen bonds with the β-pyrrolic protons (d C---F = 3.30 Å) and the pyridine protons (d C---F = 3.19 Å), no F---F contacts are observed. The 2-D layers are π-π stacked with distances of 3.47 Å between porphyrin mean planes (figure III. 32).

Figure III. 32 .

 32 Figure III. 32. The packing of the 2D network highlighting the zone of π-π stacking with a red circle. Hydrogen atoms are omitted for clarity.

Figure III. 33 .

 33 Figure III. 33. The view on the infinite (CdBr 2 ) n chains. Hydrogen atoms and solvent molecules are omitted for clarity. Within the tecton, the porphyrin center remains non metallated during the diffusion process, and the porphyrin is almost planar. The dihedral angles between the PMP and the meso pyridyl substituents are equal to 64˚. The alkyl chains are situated over and under the porphyrin backbone. In figure III. 34, a view of the 2-D layers shows very short F---F contacts of 2.61 Å (θ1 = θ 2 = 125˚). Interestingly here, the fluorinated chains decorating the channels do not interact with the solvent molecules. By increasing the number of fluorine atoms, as discussed above, F---F contacts between the porphyrin based tectons are observed. Despite the presence of CF 3 CH 2 OH, the latter is not trapped within the crystal. Attempts to trap other solvent molecules are still ongoing.

Figure III. 34 .

 34 Figure III. 34. The view along the c axis which shows the 2D layers highlighting the F---F contacts (red dotted line). Hydrogen atoms and solvent molecules are omitted for clarity.

  using single component based systems composed of self-complementary tectons or the double component strategy based on two complementary tectons, a series of mono-, bi-and threedimensional networks were generated. The self-complementary metallatectons, Zn metallated porphyrins, under self-assembly conditions lead to the formation of 1D networks for all the tectons used. However, occasionally the formation of 2-D networks was also observed. The coordination number and thus geometry of Zn(II) imposes the dimensionality of networks. Indeed, whereas pentacoordinated metal centre leads to the formation of monodimensional architectures, hexacoordinated Zn 2+ cation affords bidimensional structures. In contrast with the solid state structure of free base porphyrin 4, for crystals based on 4-Zn, F---F contacts of the type I were observed. Depending on the crystallization conditions, tecton 4 leads to two different types of 1-D networks and one 2D network. The 1D networks differ from the other by the solvent molecules trapped within the network through H-bonding with the non-coordinated pyridyl unit. The propensity to trap fluorinated solvent molecules within the network through hydrogen bonding clearly demonstrates the possibility of using such systems for separation processes. Even though, we did not observe any F---F contacts between the fluorinated chains and the fluorinated solvent, this result is a promising start. For porphyrins containing fluorinated and chiral alkyl chains, the 1-D networks formed display the same zig-zag type geometry resulting from the pentacoordination of the metal cation and participation of one of the two pyridyl coordinating units. The second pyridyl moiety is usually hydrogen bonded to solvent molecules present in the networks. It is interesting to notice that, unlike in the case of free base porphyrin structures, for which F---F contacts were observed only with highly fluorinated tectons (14 fluorine atoms on the porphyrin), in the presence of Zn(II) or Cd(II) cations leading to the formation of coordination networks, a closer packing of porphyrin tectons takes place leading thus to an increase in the number of intermolecular interactions, especially F---F contacts.

  bipyridyl based tectons differing by their length, synthesized in the group of Pr Stefan Bräse (Karlsruhe Institute of Technology, Germany) by Dr. Sylvain Grossjean. In figure IV.1, an overview of the tectons used to generate supramolecular networks is presented. Several reports in literature are dealing with the use of haloarenes and 4,4'-bipyridine molecules, only few examples will be presented here.

Figure IV. 1 .

 1 Figure IV.1. Tectons used for generating supramolecular networks.

Figure IV. 2 .

 2 Figure IV.2. View of the co-crystal between 4,4'-bipyridine and TIFB pointing out the N---I and I---F contacts (hydrogen atoms are omitted, iodine in purple, fluorine in green, nitrogen in blue, carbon in grey).

Figure IV. 3 .

 3 Figure IV.3. A detail view of one polymeric halogen bonded plane (cations have been omitted for clarity, iodine in purple, fluorine in green, bromine in brown, carbon in black).

Figure IV. 4 .

 4 Figure IV.4. Representation of the formation of halogen bonded co-crystal on surface.

Figure IV. 5 .

 5 Figure IV.5. View of packing of networks formed between IFB and tecton KIT-1 (a) and tecton KIT-2 (b).

Figure IV. 6 .

 6 Figure IV.6. View of 1-D chains formed between DIFB and tecton KIT-1 (a) and with tecton KIT-2 (b).

  the crystalline phase. Indeed, by switching between the two cis and trans conformers of the azobenzene moiety, one could change the specific uptake of host molecules. By combining tecton KIT-3 and DIFB, a 1-D chain, resulting from two N---I bonds with 2.85 Å and 2.88 Å distances with angles between C-I-N around 170˚ is formed. Within the network, as expected, the E isomer (or trans) of azobenzene is found. Attempts to switch to the Z (cis) conformer are currently under investigation (figure IV.7). The angles between the mean plane of the DIFB and the connecting pyridine moiety are 41˚ and 42˚. Within the tecton, the angle between the two pyridyl moieties is 82˚ and the dihedral angle between the pyridyl units and the central benzene moiety is 39˚. The DIFB moieties belonging to the same plane are π-π stacked (centroid distance of 3.6 Å) with a benzene moieties of the azobenzene group of consecutive layers. The fluorine atoms of the DIFB also form intermolecular H---F bonds with pyridyl units (d C---F in the 3.12 -3.5 Å range), as well as between DIFB moiety and the protons of the benzene moiety from the azobenzene function (d C---F = 3.27 Å).

Figure IV. 7 .

 7 Figure IV.7. View of the 1-D chains formed through two N---I halogen bonds. Hydrogen atoms are omitted for clarity.

Figure IV. 8 .

 8 Figure IV.8. a) View of the 1-D chains formed through two N---I halogen bonds between KIT-1 and TIFB (3:2 ratio); b) A portion of the 1-D chains formed through two N---I halogen bonds between KIT-1 and TIFB (1:2 ratio). Hydrogen atoms are omitted for clarity.

Figure IV. 9 .

 9 Figure IV.9. A portion of the structure obtained by combining the tecton KIT-2 and TIFB through one N---I halogen bonds. Hydrogen atoms are omitted for clarity.

  networks involving porphyrins. IV. 2. A. Literature overview Only very few reports, dealing with the use of porphyrins as scaffolds for halogen-bonding, have been published, in particular by the group of I. Goldberg. In 2008, this group reported one of the first examples of two different combinations of a porphyrin bearing both pyridyl and iodophenyl groups: 5-(4-pyridyl)-10,15,20-tris(4-iodophenyl)porphyrin (figure IV.10) and 5,15-bis(4-pyridyl)-10,20-bis(4-iodophenyl)porphyrin (figure IV.11). 9, 10 It has been shown that, while the 1:3 substituted porphyrin self-assembles into a 2-D network for which the N---I interactions are directing the structure (figure IV.1), the porphyrin bearing two iodophenyl moieties yields a compact layered organization sustained by various types of porphyrin-porphyrin interactions, including I---π, π---π and C-H---N contacts (figure IV.11). More interesting is the chiral nature of the PyTIPP architecture, as all the molecules are oriented in the same direction and they lack inversion and mirror symmetries.

Figure IV. 10 .

 10 Figure IV.10. Self assembly of the PyTIPP into chiral layers by N---I halogen bonds and I---π interactions.

Figure IV. 11 .

 11 Figure IV.11. Layered structure formed through self-assembly of the PyDIPP with the specific I---π contacts (dotted lines) noted with "a", π-π interactions (dotted lines) noted with "b" and weak C-H---I contacts(dotted lines) between the layers marked with c.

  Å (the sum of van de Waals radii for nitrogen and iodine is ca 3.53 Å). The ladders formed by N---I interactions are also connected through short I---I contacts and the angles between C-I---I suggest type II halogen bonding. An interesting feature of the network is the presence of a linear helical structure pattern in the b direction, which is sustained through short C-H---F contacts; however the overall structure is not chiral because of the presence of left and right handed helices (figure IV.12b).

Figure IV. 12 .

 12 Figure IV.12. A portion of the supramolecular layer formed by N---I and I---I interactions (a), the helical structure of the porphyrins forming a channel in the b direction (b) (carbon in grey, fluorine in green, iodine in violet and nitrogen in blue).

  Iodopentafluorobenzene (IFB), 1,4-diiodotetrafluorobenzene (DIFB) and 1,3,5-triiodo-2,4,6trifluorobenzene (TIFB) were considered for the crystallization process. The use of fluorinated iodoarenes was further rationalized by the influence of fluorine atoms on the iodine ability to form stronger halogen bonds. Indeed, fluorine's electronegativity should affect the electron density on iodine, thus creating a more pronounced σ hole which would lead to stronger halogen bonds. Furthermore, by varying the number and localization of iodine atoms, it should be possible to control the dimensionality of architectures. IFB is a blocking unit that should lead to discrete species, DIFB, bearing two iodine atoms, could behave as a ditopic tecton and depending on the complementary tecton used, should lead to the formation of supramolecular networks, finally, the same holds for TIFB which forms up to three bonds. Various crystallization conditions were tested. The formation of single crystals suitable for XRD was observed for combinations of DIFB with tectons 4, 9, 10, 11 and 16 containing 6, 10, 14,16 and 12 fluorine atoms at their periphery respectively. While crystals obtained from the tecton 4 have a Porphyrin/DIFB ratio of 2:1, tectons 9, 10, 11 and 16 crystallize in the presence of 2 DIFB moieties leading to the reverse 1:2 ratio. Many attempts

3 .

 3 00 Å and C-I-N angle of 172˚. The infinite 1-D network is of the stair type (figure IV.13); the second porphyrin (P2) is located between layers (figure IV.14).

Figure IV. 13 .

 13 Figure IV.13. A portion of the structure obtained upon combining the tecton 4 with DIFB, only specific interactions between the porphyrin based tecton P1 and DIFB are shown. Hydrogen atoms are omitted for clarity.

Figure IV. 14 .

 14 Figure IV.14. A portion of the structure obtained upon combining the tecton 4 with DIFB focusing on a halogen bonded chain resulting from N---I interactions (red dotted lines). Hydrogen atoms are omitted for clarity.

Figure IV. 17 . 9 ,

 179 Figure IV.17. A portion of the structure obtained upon combining the tecton 16 with DIFB focusing on the halogen-bonded chain formed through N---I interactions (red dotted lines). Hydrogen atoms are omitted for clarity.

Figure IV. 18 .

 18 Figure IV.18. A portion of the structure obtained upon combining the tecton 16 with DIFB focusing on N---I/ I---I (red dotted lines) and F---F (green dotted lines) interactions. Hydrogen atoms are omitted for clarity.

  moieties. The ratio between the tecton and the DIFB is 1:2 with only one DIFB moiety involved in N---I interactions (2.74 Å) (figure IV.19). The C-I-N angle involving the pyridyl substituents is 178˚. The angle between the pyridyl moiety and the DIFB unit is ca 83˚ and the angle between the porphyrin mean plane and the connecting DIFB molecule is 30˚. Within the tecton, the dihedral angles between the porphyrin mean plane and the meso pyridyl substituents is 68˚. The alkyl chains are situated under and above the porphyrin mean plane.

Figure IV. 19 .

 19 Figure IV.19. A portion of the structure obtained upon combining the tecton 10 with DIFB focusing on the halogen-bonded chain formed through N---I interactions (red dotted lines). Hydrogen atoms are omitted for clarity, only one non connecting DIFB is shown to give a clear picture.

Figure IV. 20 .

 20 Figure IV.20. A portion of the structure obtained upon combining the tecton 10 with DIFB focusing on N---I/ I---I (red dotted lines) and F---F contacts (green dotted lines). Hydrogen atoms are omitted for clarity.

Figure IV. 21 .

 21 Figure IV.21. A portion of the structure obtained upon combining the tecton 11 with DIFB focusing on halogen-bonded chain formed through N---I interactions (red dotted lines). Hydrogen atoms are omitted for clarity.

Figure IV. 22 . 11 .

 2211 Figure IV.22. A portion of the structure obtained upon combining the tecton 11 with DIFB focusing on N---I/ I---I (red dotted lines). Hydrogen atoms are omitted for clarity.

  photoisomerization ability "to light tune" structures of networks in the crystalline phase and thus their solvent trapping capacity. The second part focuses on the synthesis of halogen bonded networks based on porphyrin based tectons, a subject poorly exploited so far. Five molecular networks have been generated and characterized by X-ray diffraction on single crystals.Interestingly, depending on the type of tecton used, different Po/DIFB ratio in the molecular network is observed. The number of fluorine atoms on the backbone influences the number and F---F contacts distances, thus, increase in the number of fluorine atoms in the periphery of the porphyrin, enhances the number of F---F contacts. For all the tectons used, crystals are stable during measurements; however, in air overnight, they decompose into amorphous powders.

104 1 .

 1 Characterization techniques1 H-NMR,13 C-NMR and19 F-NMR were recorded at room temperature on Bruker NMR spectrometers.The chemical shifts are given in ppm, for 1H signal, δ values are followed by the multiplicity of the signal (s: singlet, d: doublet, t: triplet, dd: doublet of doublets, tt: triplet of triplets, br: broad signal, m: multiplet). UV-Vis absorption spectra were collected at room temperature on a UVIKON XL spectrometer. Mass spectra (ESI-MS) were recorded on microTOF LC spectrometer (Bruker Daltonics, Bremen). X-Ray diffraction data were collected on a Bruker APEX8 CCD diffractometer equipped with an Oxford Cryosystem liquid N 2 device at 173(2) K device, using a molybdenum microfocus sealed tube generator with mirror-monochromated Mo-Kα radiation (λ = 0.71073 Å), operated at 50

R-citronellyldipyrromethane 1

 1 purchased from commercial sources and used without further purification, except for pyrrole and NBS 1 . The support used for chromatography was Geduran, Silica Gel Si 60 (40-63μm) from Merck. Chemical formula: C 18 H 26 N 2 Molecular weight: 270.21 g/molThe synthesis was achieved by modifying a described procedure.2 Trifluoracetic acid (0.110 mL, 1.4 mmol, 0.1 eq) was added to a solution of R-citronellal (2.59 mL, 14 mmol, 1 eq) in pyrrole (40 mL, 576 mmol, 40 eq) freshly filtered over an alumina pad. The mixture, protected from light, was stirred under Argon at room temperature for 4h. Pyrrole was removed under reduced pressure and the green residue was diluted in 200 mL of chloroform. The solution was washed subsequently with water (2 x 100 mL) and 1M KOH (2 x 100 mL). The organic layer was dried over anhydrous Na 2 SO 4 and evaporated. The dark oil thus obtained was purified by column chromatography (SiO 2 , cyclohexane: dichloromethane 1:1) to give the pure product as a yellow oil (2.6 g, 67%

5, 15 -

 15 di (3R-citronellyl)-10, 20-dipyridylporphyrin 2 Chemical formula: C 48 H 52 N 6 Molecular weight: 712.43g/mol A solution of dipyrromethane 1 (0.26 g, 0.9 mmol, 1eq) and 4-pyridinecarboxaldehyde (0.09 mL, 0.9 mmol, 1eq) in CH 2 Cl 2 /MeOH (210:5mL) mixture was flushed with Ar for 15 min and treated with trifluoracetic acid (0.21 mL, 2.7 mmol, 3 eq). The mixture protected from light, was stirred under Ar for 24h. DDQ (0.30 g, 1.35 mmol, 1.5 eq) was added to the reaction and stirred overnight. Triethylamine (0.07 mL, 0.54 mmol, 0.6 eq) was added and the solvent was evaporated under reduced pressure. The mixture was purified by column chromatography (SiO 2 , dichloromethane 1% MeOH) to afford a pure purple solid (0.05 g, 16%

13 C

 13 -NMR (125 MHz, CDCl 3 ) δ (ppm) : 17.73(CH 3 ), 20.17(CH 3 ), 25.70(CH 3 ), 25.91(CH 2 ), 38.00(CH 2 ), 41.35(CH 2 ), 116.01(CH), 119.61(CH), 124.70 (CH), 129.50 (CH), 131.72(CH), 148.26 (C), 151.32 (C). λ max (CH 2 Cl 2 )/nm (ε x 10 4 /L mol -1 cm -1 ) : 418 (45.07), 517 (0.2), 552 (0.09), 593 (0.062), 649 (0.063) m/z (HRM + ) [M+H + ] calc = 713.43, [M+H + ] found = 713.433. 3, 3, 3-trifluoropropyldipyrromethane 3 Chemical formula: C 12 H 13 F 3 N 2 Molecular weight: 242.10 g/mol

13 C

 13 -NMR (100 CDCl 3 ) δ (ppm) : 32.04 (CH 2 ), 36.78 (CH 2 ), 105.90 (CH), 108.40 (CH), 117.67 (CH), 131.17 (C). 5,15-di (pyridin-4-yl)-10,20-bis (3,3,3-trifluoropropyl) porphyrin 4 Chemical formula: C 36 H 26 F 6 N 6 Molecular weight: 656.21g/mol A solution of dipyrromethane 3 (0.38 g, 1.56 mmol, 1eq) and 4-pyridinecarboxaldehyde (0.143 mL, 1.56 mmol, 1eq) in CH 2 Cl 2 /MeOH (285:15) mixture was flushed with Argon for 15 min and treated with trifluoroacetic acid (0.35 mL, 4.68 mmol, 3 eq). The mixture, protected from light, was stirred under Ar for 72h. DDQ (0.54 g, 2.34 mmol, 1.5 eq) was added and the mixture further stirred overnight. Triethylamine (0.3 mL, 0.93 mmol, 0.6 eq) was added and volatiles were evaporated under reduced pressure. The mixture was purified by column chromatography (SiO 2 , dichloromethane: acetone 7:3) to afford a pure purple solid (0.03 g, 6%).

λ

  max (CH 2 Cl 2 )/nm (ε x 10 4 /L mol -1 cm -1 ): 417 (12.50), 514 (1.46), 547 (0.46), 591 (0.44), 649(0.23). m/z (HRM + ) [M+H + ] calc = 657.21, [M+H + ] found = 657.2133. 4-Pyridyldipyrromethane 5 Chemical formula: C 14 H 13 N 3 Molecular weight: 223.11 g/mol

3 4 -

 4 pyridinecarboxaldehyde was added (1.75 mL, 18.5 mmol, 1 eq) to pyrrole (40 mL, 592 mmol, 32 eq) freshly filtered over an alumina pad and bubbled with Ar for 10 min. The mixture, protected from light, was refluxed under Argon at 85˚ overnight.Pyrrole was removed under reduced pressure and the purple residue was purified by column chromatography (Al 2 O 3 , cyclohexane: dichloromethane 1:1) to give the pure product as a yellow powder (2 g, 48%). 1 H-NMR (400 MHz, DMSO) δ (ppm) : 5.37 (s, 1H, H 4 ), 5.69 (br, 2H, H 2) , 5.92 (dd, J = 6.6 and 2.6 Hz, 2H, H 3 ), 6.64 (dd, J = 6.5and 2.4 Hz, 2H, H 1 ), 7.13 (d, J = 6.0 Hz, 2H, H 5 ), 8.45 (d, J = 6.0 Hz, 2H, H 6 ) 10.65 (br, 2H, NH).5, 15-di (4-pyridyl) porphyrin 6 Chemical formula: C 30 H 20 N 6

13 C

 13 -NMR: Owing to the low solubility of the compound, no13 C spectra could be acquired.5, 15-dibromo-10, 20-di (pyridin-4-yl) porphyrin 7Chemical formula: C 30 H 18 Br 2 N 6 Molecular weight: 620 g/mol A solution of 5,15-di (4-pyridyl) porphyrin (0.100 g, 0.12 mmol, 1eq) in CHCl 3 (90 mL) and pyridine (0.8 mL) was treated with NBS 1 (0.080 g, 0.45 mmol, 2.1 eq). The mixture was stirred, at 0˚C, for 5h and quenched with acetone (10 mL). Solvents were evaporated under reduced pressure and the mixture was purified by washing 3 times with MeOH to afford a pure purple solid (0.040 g, 54%). 1 H-NMR (300 MHz, CDCl 3 ) δ (ppm) : -2.79 (s, br, 2H, NH), 8.11 (dd, J =5.8 and 2.7 Hz, 4H, H 1 ), 8.78 (d, J = 5.2 Hz, 4H, H βpyr ), 9.06 (dd, J = 5.7 and 2.7 Hz, 4H, H 2 ), 9.66 (d, J = 5.1 Hz, 4H, H βpyr ).

13

 13 

13 C

 13 -NMR (125 MHz, CDCl 3 ) δ (ppm) : 117.81 (CH), 127.6 8(CH), 127.68 (CH), 129.64 (CH), 131.39 (CH), 136.09 (CH), 148.69 (C), 149.4 5(C). 19 F NMR (282 MHz, CDCl 3 ) δ (ppm) : -73.55 (s, 6F).λ max (CH 2 Cl 2 )/nm (ε x 10 4 /L mol -1 cm -1 ): 413 (17.02), 513 (0.58), 549 (0.34), 595 (0.14), 651 (0.23). m/z (HRM + ) [M+H + ] calc = 661.17, [M+H + ] found = 661.1722. 5,15-bis (2, 2, 3, 3,3-pentafluoropropoxy)-10,20-di (pyridin-4-yl) porphyrin 9 Chemical formula: C 36 H 22 F 10 N 6 O 2 Molecular weight: 760.16 g/mol

5. 40

 40 (t, J= 12.5 Hz, 4H, H 1 ), 8.15 (dd, J = 5.9 and 2.6 Hz, 4H, H 2 ), 8.90 (d, J = 4.8 Hz, 4H, H βpyr ), 9.09 (dd, J = 5.8 and 2.7 Hz, 4H, H 3 ), 9.53 (d, J = 4.8 Hz, 4H, H βpyr ).

13 C

 13 -NMR (125 MHz, CDCl3) δ (ppm) : 117.71 (CH), 127.35 (CH), 129.43 (CH), 131.41 (CH), 135.65 (CH), 148.66 (C), 149.05 (C).19 F-NMR (282 MHz, CDCl 3 ) δ (ppm) : -124.12 (s, 4F), -83.82 (br, 6F). λ max (CH 2 Cl 2 )/nm (ε x 10 4 /L mol -1 cm -1 ): 413 (10.9), 512 (2.34), 547 (1.35), 593 (0.6), 650 (0.89). m/z (HRM + ) [M+H + ] calc = 761.16, [M+H + ] found = 761.1730. 5,15-bis(2,2,3,3,4,4,4-heptafluorobutoxy)-10,20-di(pyridin-4-yl)porphyrin 10 Chemical formula: C 38 H 22 F 14 N 6 O 2 Molecular weight: 860.16 g/mol

13 C

 13 -NMR (125 MHz, CDCl 3 ) δ (ppm) : 117.83 (CH), 127.53 (CH), 129.53 (CH), 131.54 (CH), 135.93 (CH), 148.77 (C), 149.17 (C).19 F-NMR (282 MHz, CDCl 3 ) δ (ppm) : -127.60 (m, 4F), -121. 21 (m, 4F), -81.45 (t, J= 9.3 Hz, 6F). λ max (CH 2 Cl 2 )/nm (ε x 10 4 /L mol -1 cm -1 ): 413 (15.27), 513 (3.19), 549 (1.83), 594 (0.82), 651 (1.23). m/z (HRM + ) [M+H + ] calc = 861.16, [M+H + ] found = 861.1653 5,15-bis((2,2,3,3,4,4,5,5-octafluoropentyl)oxy)-10,20-di(pyridin-4-yl)porphyrin 11 Chemical formula: C 40 H 24 F 16 N 6 O 2Molecular weight: 924.17 g/mol A dried Schlenck tube connected to a vacuum line was degassed and purged with argon. The tube was charged with Pd 2 (dba) 3 (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand DPEPhos (13.5 mg, 0.01 mmol, 0.2 eq), di-bromoporphyrin 7 (30 mg, 0.05 mmol, 1eq) and Cs 2 CO 3 (65 mg, 0.2 mmol, 4 eq). The tube was backfilled with argon then 6 mL of toluene and 2,2,3,3,4,4,5,5octafluoropentan-1-ol (30 μL, 0.2 mmol, 4eq) was added. The tube was purged with argon for 2 min. and the reaction mixture was heated in an oil bath for 7h at 100 ˚C. After cooling to room temperature, the reaction mixture was diluted with ethyl acetate (100mL) and washed with water (3 x 50mL). The solvent was evaporated under reduced pressure and the mixture was purified by column chromatography (SiO 2 , CH 2 Cl 2 : Acetone 7:3) to afford the desired compound 11 (0.020 g, 45%) as a purple solid. 1 H-NMR (500 MHz, CDCl 3 ) δ (ppm) : -2.89 (s, 2H, NH), 5.45 (t, J = 13.5 Hz, 4H, H 1 ), 6.25 (tt, J= 52 Hz and 5 Hz, 2H, H 2 ), 8.14 (dd, J = 5.7 and 2.6 Hz, 4H, H 3 ), 8.89 (d, J = 4.7 Hz, 4H, H βpyr ), 9.08 (dd, J= 5.7 and 2.8 Hz, 4H, H 4 ), 9.54 (d, J = 4.8 Hz, 4H, H βpyr ).

13 C

 13 -NMR (125 MHz, CDCl 3 ) δ (ppm) : 107.93 (CF 2 ) 117.84 (CH), 127.61 (CH), 129.60 (CH), 131.61 (CH), 136.01 (CH), 148.81 (C), 149.24 (C). 19 F-NMR (282 MHz, CDCl 3 ) δ (ppm) : -136.93 (m, 2F), -129.50 (m, 2F), -124.52 (m, 2F), -119.44 (m, 2F). λ max (CH 2 Cl 2 )/nm (ε x 10 4 /L mol -1 cm -1 ) : 413 (15.7), 512 (2.99), 547 (1.79), 593 (0.79), 650 (1.17). m/z (HRM + ) [M+H + ] calc = 925.17, [M+H + ] found = 925.1799. (R, R)-5, 15-di-sec-butoxy-10, 20-di (pyridin-4-yl) porphyrin 12-(R, R) Chemical formula: C 38 H 36 N 6 O 2 Molecular weight: 608.29 g/molA dried Schlenck tube connected to a vacuum line was degassed and purged with argon. The tube was charged with Pd 2 (dba) 3 (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand DPEPhos (13.5 mg, 0.01 mmol, 0.2 eq), di-bromoporphyrin 7 (30 mg, 0.05 mmol, 1 eq) and Cs 2 CO 3 (65 mg, 0.2 mmol, 4 eq). The tube was backfilled with argon then 6 mL of toluene and (R)-butan-2-ol (30 μL, 0.2 mmol, 4 eq) was added. The tube was purged with argon for 2 min. and the reaction mixture was heated in an oil bath for 4h at 80 ˚C. After cooling to room temperature, the reaction mixture was diluted with ethyl acetate (100 mL) and washed with water (3 x 50 mL). The solvent was evaporated under reduced pressure and the mixture was purified by column chromatography (SiO 2 , ethyl acetate: cyclohexane 80:20) to afford the desired compound 12-(R, R) (0.020 g, 69%) as a purple solid. 1 H-NMR (500 MHz, CDCl 3 ) δ (ppm) : -2.59 (s, br, 2H, NH), 1.29 (t, J = 7.3 Hz, 6H, H 3 ), 1.47 (d, J = 6.2 Hz, 6H, H 4 ), 2.30 (m, 4H, H 2 ), 5.17 (m, 2H, H 1 ), 8.16 (dd, J = 5.8 and 2.7 Hz, 4H, H 5 ), 8.77 (d, J = 4.6 Hz, 4H, H βpyr ), 9.05 (dd, J = 5.6 and 2.6 Hz, 4H, H 6 ), 9.49(d, J = 4.5 Hz, 4H, H βpyr ).

13 C

 13 -NMR (125 MHz, CDCl 3 ) δ (ppm) : 10.57 (CH 3 ), 20.16 (CH 3 ), 31.15 (CH 2 ), 90.65 (CH), 116.63 (CH), 128.40 (CH), 129.65 (CH), 136.79 (CH), 148.51 (C), 150.15 (C). λ max (CH 2 Cl 2 )/nm (ε x 10 4 /L mol -1 cm -1 ) : 418 (38.4), 520 (0.58), 557 (0.63), 602 (0.14), 661 (0.53). m/z (HRM + ) [M+H + ] calc = 609.29, [M+H + ] found = 609.2937. (S, S)-5, 15-di-sec-butoxy-10, 20-di (pyridin-4-yl) porphyrin 12-(S, S) Chemical formula: C 38 H 36 N 6 O 2 Molecular weight: 608.29 g/molA dried Schlenck tube connected to a vacuum line was degassed and purged with argon. The tube was charged with Pd 2 (dba) 3 (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand DPEPhos (13.5 mg, 0.01 mmol, 0.2 eq), di-bromoporphyrin 7 (30 mg, 0.05 mmol, 1 eq) and Cs 2 CO 3 (65 mg, 0.2 mmol, 4 eq). The tube was backfilled with argon then 6 mL of toluene and (S)-butan-2-ol (30 μL, 0.2 mmol, 4 eq) was added.The tube was purged with argon for 2 min. and the reaction mixture was heated in an oil bath for 4h at 80 ˚C. After cooling to room temperature, the reaction mixture was diluted with ethyl acetate (100 mL) and washed with water (3 x 50 mL). The solvent was evaporated under reduced pressure and the mixture was purified by column chromatography (SiO 2 , ethyl acetate: cyclohexane 80:20) to afford the desired compound 12 (S, S) (0.020 g, 69%) as a purple solid. 1 H-NMR (500 MHz, CDCl 3 ) δ (ppm) : -2.59 (s, br, 2H, NH), 1.28 (t, J = 7.3 Hz, 6H, H 3 ), 1.47 (d, J = 6.2 Hz, 6H, H 4 ), 2.30 (m, 4H, H 2 ), 5.17 (m, 2H, H 1 ), 8.15 (dd, J = 5.8 and 2.7 Hz, 4H, H 5 ), 8.77 (d, J = 4.6 Hz, 4H, H βpyr ), 9.05 (dd, J = 5.6 and 2.6 Hz, 4H, H 6 ), 9.48(d, J = 4.5 Hz, 4H, H βpyr ).

13 C

 13 -NMR (125 MHz, CDCl 3 ) δ (ppm) : 10.57 (CH 3 ), 20.16 (CH 3 ), 31.15 (CH 2 ), 90.65 (CH), 116.63 (CH), 128.40 (CH), 129.65 (CH), 130.17, 136.79 (CH), 148.51 (C), 150.15 (C). λ max (CH 2 Cl 2 )/nm (ε x 10 4 /L mol -1 cm -1 ) : 418 (38.4), 520 (0.58), 557 (0.63), 602 (0.14), 661 (0.53). m/z (HRM + ) [M+H + ] calc = 609.29, [M+H + ] found = 609.2967. (S, S )-5,15-bis(2-methylbutoxy)-10,20-di(pyridin-4-yl) 13 (S, S) Chemical formula: C 40 H 40 N 6 O 2 Molecular weight: 636.32 g/mol A dried Schlenck tube connected to a vacuum line was degassed and purged with argon. The tube was charged with Pd 2 (dba) 3 (4.6 mg, 0.005 mmol, 0.1 eq), phosphineligand DPEPhos (13.5cmg, 0.01 mmol, 0.2 eq), dibromoporphyrin 7 (30 mg, 0.05 mmol, 1 eq) and Cs 2 CO 3 (65 mg, 0.2 mmol, 4 eq). The tube was backfilled with argon then 6 mL of toluene and (S)-2-methylbutan-1-ol (30 μL, 0.2 mmol, 4 eq) was added. The tube was purged with argon for 2 min. and the reaction mixture was heated in an oil bath for 5h at 80 ˚C. After cooling to room temperature, the reaction mixture was diluted with ethyl acetate (100 mL) and washed with water (3 x 50 mL). The solvent was evaporated under reduced pressure and the product is washed with MeOH to give a purple solid (0.027 g, 85%

13 C

 13 -NMR (125 MHz, CDCl3) δ (ppm) : 11.94 (CH 3 ), 17.34 (CH 3 ), 26.77 (CH 2 ), 37.04 (CH 2 ), 90.66 (CH), 116.64 (CH), 127.85 (CH), 129.72 (CH), 130.43, 138.58 (CH), 148.52 (C), 150.07 (C). λ max (CH 2 Cl 2 )/nm (ε x 10 4 /L mol -1 cm -1 ) : 416 (43.3), 517 (0.72), 553 (0.67), 599 (0.17), 656 (0.55). m/z (HRM + ) [M+H + ] calc = 637.32, [M+H + ] found = 637.3239. 5, 15-di (pyridin-4-yl)-10, 20-bis (4,4,4-trifluoro-3-methylbutoxy) porphyrin 14 (racemate+ meso) Chemical formula: C 40 H 34 F 6 N 6 O 2 Molecular weight: 744.26 g/mol Starting from a racemic mixture of 4,4,4-trifluoro-3methylbutan-1-ol, the compound 14 was obtained as a mixture of the racemate (RR, SS) and the meso form (RS).A dried Schlenck tube connected to a vacuum line was degassed and purged with argon. The tube was charged with Pd 2 (dba) 3 (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand DPEPhos (13.5 mg, 0.01 mmol, 0.2 eq), dibromoporphyrin 7 (30 mg, 0.05 mmol, 1 eq) and Cs 2 CO 3 (65 mg, 0.2 mmol, 4 eq). The tube was backfilled with argon then 6 mL of toluene and 4,4,4-trifluoro-3methylbutan-1-ol (30 μL, 0.2 mmol, 4 eq) was added. The tube was purged with argon for 2 min. and the reaction mixture was heated to 100°C in an oil bath for 8h. After cooling to room temperature, the reaction mixture was diluted with ethyl acetate (100 mL) and washed with water (3 x 50 mL). The solvent was evaporated under reduced pressure and the mixture was purified by column chromatography (SiO 2 , ethyl acetate: cyclohexane 8:2) to afford the desired compound 14 (0.020 g, 55%) as a purple solid.

5, 15 -

 15 di(pyridin-4-yl)-10, 20-bis ((3-(trifluoromethyl) pentyl)oxy) porphyrin 15(racemate+ meso) Chemical formula: C 42 H 38 F 6 N 6 O 2 Molecular weight: 772.30 g/mol Starting from a racemic mixture of 3-(trifluoromethyl) pentan-1-ol, the Compound 15 was obtained as a mixture of the racemate (RR, SS) and the meso form (RS). A dried Schlenck tube connected to a vacuum line was degassed and purged with argon. The tube was charged with Pd 2 (dba) 3 (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand DPEPhos (13.5 mg, 0.01 mmol, 0.2 eq), di-bromoporphyrin 7 (30 mg, 0.05 mmol, 1 eq) and Cs 2 CO 3 (65 mg, 0.2 mmol, 4 eq). The tube was backfilled with argon then 6 mL of toluene and 3-(trifluoromethyl)pentan-1-ol (30 μL, 0.2 mmol, 4 eq) was added. The tube was purged with argon for 2 min. and the reaction mixture was heated in an oil bath for 48h to 100°C. After cooling to room temperature, the reaction mixture was diluted with ethyl acetate (100 mL) and washed with water (3 x 50 mL). The solvent was evaporated under reduced pressure and the mixture was purified by column

19 F

 19 -NMR (282 MHz, CDCl 3 ) δ (ppm) : -69.66 (s, 6F). λ max (CH 2 Cl 2 )/nm (ε x 10 4 /L mol -1 cm -1 ) : 414 (43.07), 516 (0.59), 552 (0.55), 597 (0.18), 655 (0.39). m/z (HRM + ) [M+H + ] calc = 773.30 [M+H + ] found = 773.09 5,15-bis(2,2,3,4,4,4-hexafluorobutoxy)-10,20-di(pyridin-4-yl)porphyrin 16 (racemate + meso) Chemical formula: C 38 H 24 F 12 N 6 O 2 Molecular weight: 824.63 g/molStarting from a racemic mixture of 2,2,3,4,4,4-hexafluorobutan-1-ol, the Compound 16 was obtained as a mixture of the racemate (RR, SS) and the meso form (RS). A dried Schlenck tube connected to a vacuum line was degassed and purged with argon. The tube was charged with Pd 2 (dba) 3 (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand DPEPhos (13.5 mg, 0.01 mmol, 0.2 eq), di-bromoporphyrin 7 (30 mg, 0.05 mmol, 1 eq) and Cs 2 CO 3 (65 mg, 0.2 mmol, 4 eq). The tube was backfilled with argon then 6 mL of toluene and 2,2,3,4,4,4hexafluorobutan-1-ol (30 μL, 0.2 mmol, 4 eq) was added. The tube was purged with argon for 2 min. and the reaction mixture was heated in an oil bath for 24h at 100°C. After cooling to room temperature, the reaction mixture was diluted with ethyl acetate (100 mL) and washed with water (3 x 50 mL). The solvent was evaporated under reduced pressure and the mixture was purified by column chromatography (SiO 2 , ethyl acetate: cyclohexane 8:2) to afford the desired compound 16 (0.020 g, 51%) as a purple solid. 1 H-NMR (400 MHz, CDCl 3 ) δ (ppm) : -2.89 (s, br, 2H, NH), 5.24 (m, 2H, H 1 ), 5.43 (m, 2H, H 1 ), 5.87 (m, 1H, H 2 ), 6.01 (m, 1H, H 2 ), 8.10 (dd, J = 5.9 and 2.6 Hz, 4H, H 3 ), 8.87 (d, J = 4.8 Hz, 4H, H βpyr ), 8.92 (dd, J = 5.9 and 2.8 Hz, 4H, H 4 ), 9.51 (d, J = 4.7 Hz, 4H, H βpyr ).

13 C

 13 -NMR (90 MHz, CDCl 3 ) δ (ppm) : 117.83 (CH), 127.39(CH), 129.52(CH), 131.57(CH), 135.29(CH), 148.76(C), 149.15(C). 19 F-NMR (282.4 MHz, CDCl 3 ) δ (ppm) : -211.92 (m, 2F), -122.60 (m, 1F), -121, 61 (m, 1F), -115. 25 (m, 1F), -114.26 (m, 1F), -73.45 (m, 6F). λ max (CH 2 Cl 2 )/nm (ε x 10 4 /L mol -1 cm -1 ) : 414 (18.35), 513 (3.82), 548 (2.32), 594 (1.14), 650 (1.46). m/z (HRM + ) [M+H + ] calc = 825.63, [M+H + ] found = 825.1820. 123 (R, R)-5,15-bis(3-bromo-2-methylpropoxy)-10,20-di(pyridin-4-yl)porphyrin 17-(R, R) Chemical formula: C 38 H 34 Br 2 N 6 O 2 Molecular weight: 766.11 g/mol A dried Schlenck tube connected to a vacuum line was degassed and purged with argon. The tube was charged with Pd 2 (dba) 3 (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand DPEPhos (13.5 mg, 0.01 mmol, 0.2 eq), di-bromoporphyrin 7 (30 mg, 0.05 mmol, 1 eq) and Cs 2 CO 3 (65 mg, 0.2 mmol, 4 eq). The tube was backfilled with argon then 6 mL of toluene and (R)-3-bromo-2methylpropan-1-ol (30 μL, 0.2 mmol, 4 eq) was added. The tube was purged with argon for 2 min. and the reaction mixture was heated in an oil bath for 4h at 80 ˚C. After cooling to room temperature, the reaction mixture was diluted with ethyl acetate (100 mL) and washed with water (3 x 50 mL). The solvent was evaporated under reduced pressure and the solid thus obtained was washed with MeOH to afford a purple solid (0.025 g, 68%). 1 H-NMR (300 MHz, CDCl 3 ) δ (ppm) : -2.74 (s, br, 2H, NH), 1.56 (d, J = 6.9 Hz, 6H, H 4 ), 3.01 (m, 2H, H 2 ), 4.15 (dd, J= 10.0 and 4.3 Hz, 2H, H 3 ), 4.27 (dd, J= 10.0 and 4.3 Hz , 2H, H 3 ), 4.97 (d, J = 5.7 Hz, 4H, H 1 ), 8.16 (dd, J = 5.5 and 3.0 Hz, 4H, H 5 ), 8.85 (d, J = 4.5 Hz, 4H, H βpyr ), 9.07 (dd, J = 5.7 and 2.9 Hz, 4H, H 6 ), 9.57 (d, J = 4.6 Hz, 4H, H βpyr ).

13 CF

 13 -NMR (90 MHz, CDCl 3 ) δ (ppm) : 16.50 (CH 3 ), 37.06 (CH 2 ), 37.72 (CH 2 ), 86.36 (CH), 116.74 (CH), 127.68 (CH), 129.49 (CH), 130.53, 137.75 (CH), 148.47 (C), 149.69 (C). λ max (CH 2 Cl 2 )/nm (ε x 10 4 /L mol -1 cm -1 ) : 415 (50.1), 516 (0.2), 552 (0.64), 596 (0.2), 655 (0.5). m/z (HRM + ) [M+H + ] calc = 767.11, [M+H + ] found = 767.1183. Crystallization conditions: Slow diffusion of ZnSiF 6 in MeOH (C = 2•10 -2 mol/L) into a chloroform solution of tecton 16 (C = 2•10 -3 mol/L), between layers: CHCl 3 : MeOH (1-of-fit on F 2 1.001 Final R indices [I>2sigma (I)] R1 = 0.0639, wR2 = 0.1357 R indices (all data) R1 = 0.1046, wR2 = 0.1549 Largest diff. peak and hole 1.372 and -1.014 e.Å -3 décrivons la formation de MOFs basés sur ces unités de construction. Enfin, la dernière partie est dédiée à la formation de réseaux à base des liaisons halogène. I. Synthèse de porphyrines halogénées et/ou chirales. Notre première approche pour la synthèse des porphyrines de type A 2 B 2 a consisté en la formation préalable d'un dipyrrométhane portant le substituant chiral et/ou une chaîne alkyle fluorée (schéma 1). Le dipyrrométhane formé réagit dans une deuxième étape avec le 4pyridylcarboxaldéhyde dans des conditions acides pour conduire au produit final avec des rendements modérés voire très faibles en fonction du réactif de départ. Schéma 1. Voie de synthèse conduisant aux porphyrines A 2 B 2 ciblées. Outre les rendements faibles dans les deux cas, cette approche présente deux inconvénients majeurs. Le premier est la nécessité d'utiliser des aldéhydes fluorés et/ou chiraux. En effet, très peu d'aldéhydes fluorés sont disponibles dans le commerce, et les dérivés fluorés et chiraux sont quasi inexistants, en outre, la synthèse d'aldéhydes fluorés est délicate car ce sont des composés extrêmement volatils Le deuxième inconvénient est lié à l'utilisation d'aldéhydes chiraux fluorés et coûteux lors de la première étape alors que la deuxième étape conduit à des rendements très faibles ce qui conduit à une perte conséquente du réactif le plus onéreux. En conséquence, nous avons développé une deuxième stratégie (représentée schéma 2) en nous inspirant des travaux antérieurs rapportés par les groupes de J. Sanders 6 et P. Zhang. 7 Cette stratégie en 4 étapes permet l'introduction des substituants chiraux et/ou fluorés dans la dernière étape de la voie de synthèse par un couplage au palladium entre la porphyrine méso dibromée 7 et un alcool fluoré et/ou chiral. La porphyrine 7 est obtenue en trois étapes. La première consiste en la synthèse du dipyrrométhane 5 qui est ensuite mis à réagir avec le triméthylorthoformate (TMOF) pour conduire à la porphyrine 6 avec un rendement de 20%. La bromation des deux positions méso trans est effectuée par l'ajout de NBS avec un rendement de 54 % (schéma 2).

Schéma 2 .

 2 Voie alternative pour porphyrines A 2 B 2 substituées. Cette voie de synthèse a permis la formation d'une nouvelle série des 11 tectons possédant deux pyridines en position méso trans et deux chaines chirales et/ou flurorés sur les positions méso restantes (schéma 3) avec des rendements variant entre 28 et 85 % pour la dernière étape de couplage. Schéma 3. 11 nouveaux tectons porphyriniques synthétisés. Les tectons synthétisés par cette méthode peuvent être divisés en trois groupes; le premier (tectons 8-11) est un ensemble de porphyrines avec un nombre croissant de fluors sur les chaînes alkyles (de 6 à 16 atomes de fluor), un second groupe comprend les tectons chiraux 12 et 13, le dernier ensemble est constitué de porphyrines chirales et halogénées (14-17). Cette voie de synthèse semble être appropriée à l'introduction d'une grande variété de substituants en positions méso de la porphyrine et elle sera utilisée dans le laboratoire dans un proche avenir afin de générer de nouveaux tectons porphyriniques Les onze nouveaux tectons ont été caractérisés par 1 H-, 13 C-, et 19 F-RMN, UV-vis et spectrométrie de masse. Concernant 14, 15 et 16, un mélange racémique d'alcool a été utilisé lors Schéma 4. Représentation schématique de la topologie des réseaux de coordination formés par auto-assemblage de tectons Zn-porphyrines. Nous avons étudié la formation de réseaux de coordination à l'état monocristallin à partir des 13 tectons décrits précédemment en présence de Zn(II). La méthode de choix pour caractériser ces assemblages est la diffraction des rayons X sur monocristaux. Nous avons réalisé de multiples essais de cristallisation, en particulier dans le cas des ligands chiraux. L'analyse des monocristaux obtenus a révélé dans tous les cas la formation de réseaux 1D dans lesquels seule une des méso-pyridines est coordinée en position axiale du Zn 2+ d'un tecton adjacent. Le cation métallique est donc pentacoordiné et adopte une géométrie pyramidale à base carrée. La seconde méso-pyridine est dans certains cas en interaction de type liaison H avec une molécule de solvant de cristallisation. A titre d'exemple, le tecton 4 conduit à la formation d'un réseau 1D en présence de MeOH ou de trifluoroéthanol. Dans les deux cas, une molécule d'alcool forme une liaison H avec l'azote de la pyridine non coordinée. La structure du réseau obtenu en présence de trifluoroéthanol est représentée sur la figure 1.

Figure 1 .

 1 Figure 1. La structure 1-D formée par tecton 4 en présence de Zn(OAc) 2 et de trifluoroéthanol. Les atomes d'hydrogène ont été omis pour plus de clarté.

Figure 2 .

 2 Figure 2. La grille 2D obtenue par auto-assemblage 4-Zn. Les atomes d'hydrogène ont été omis pour plus de clarté. L'analyse systématique des interactions intermoléculaires présentes dans les réseaux 1D formés à partir des porphyrines représentées sur le schéma 3 a mis en évidence la formation d'interactions ππ entre les macrocycles porphyriniques (figure 3), en particulier dans le cas des mono-cristaux ne contenant pas de molécules de solvant. Pour les porphyrines possédant 6 et 10 atomes de fluor (tecton 8 et 9 respectivement) sur le squelette de porphyrine, l'empilement cristallin révèle des interactions π-π (3.4 Å) entre les chaînes 1D adjacentes (figure 3). De plus, on note également la formation de liaison H faibles impliquant les atomes de fluors des chaines alkyles (3.1 à 3.4 Å).

Figure 3 . 10 -

 310 Figure 3. Empilement cristallin illustrant les interactions π-π présentes dans le réseau 1D obtenu à partir de l'autoassemblage de 8-Zn.

Figure 4 . 10 .

 410 Figure 4. Réseaux de coordination obtenus en présence de CdBr 2 , a) avec le tecton 4, b) avec le tecton 10. Dans les deux cas, les réseaux sont stables et les chaînes alkyles fluorées décorent les cavités. Nous avons tenté d'insérer divers solavnts dans ces cavités, notamment des solvants fluorés, mais à ce jour aucun essai n'a abouti.

Figure 5 .

 5 Figure 5. Tectons utilisés pour générer des réseaux supramoléculaires.

Figure 6 .

 6 Figure 6. Une partie de la structure obtenue lors de la combinaison de tecton 4 avec DIFB se concentrant sur les interactions N ---I (lignes pointillées rouges). Les atomes d'hydrogène ont été omis pour plus de clarté.

Figure 7 .

 7 Figure 7. Une partie de la structure obtenue lors de la combinaison de la tecton 10 avec DIFB. Les interactions N---I et I---I apparaissent en pointillés rouges et les contacts F---F en vert pointillés. Les atomes d'hydrogène ont été omis pour plus de clarté.
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	Porphyrin chemistry is a research field that has been honored with several Nobel prizes and shares
	a rich history with numerous monographs and books dealing with porphyrin synthesis,
	characterization and properties.
	Basically, a porphyrin is a biologically relevant macrocycle consisting of four pyrrole rings linked Chapter 2 by methylene bridges. Following the IUPAC nomenclature, 1 the macrocycle is numbered from 1 to
	II.1.B. Coordination Properties and Deformation .............................................................
	II.1.C. Synthesis ................................................................................................................
	II.1.D. Characterization NMR-Spectroscopy ....................................................................
	II.1.E. Porphyrin and Chirality ..........................................................................................
	II.1.F. Fluorinated porphyrins ...........................................................................................
	II.2. Synthesis of fluorinated and/or chiral porphyrin based tectons ....................................
	II.2.A. Synthesis of A 2 B 2 porphyrins through classic [2+2] condensation reaction .........
	II.2.B. Synthesis of A 2 B 2 porphyrins through cross-coupling reaction ............................
	II.2.C. References .............................................................................................................................

  11 This strategy doesn't require high temperatures, the pyrrole and the aldehyde are reacting at room temperature in CH 2 Cl 2 or CHCl 3 in the presence of boron trifluoride etherate or trifluoroacetic acid as acid catalyst and benzoquinone derivatives such as DDQ or p-chloranil as oxidizing agents. All these methods are useful for the synthesis of highly symmetric A 4 porphyrins (the four meso positions being occupied by the same group) using only one aldehyde, A-CHO.In order to obtain porphyrins with different meso substituents (figure II.4), a different approach was needed, thus Little at al. have adapted the synthesis of Adler and Longo named the "mixed aldehyde" method and leads usually to a statistic mixture of 6 porphyrins, that are difficult and time consuming to separate.12 

  . 1 gives a comparative view on the synthesis of the 11 different tectons including the details on the reaction times and the corresponding yields.

	Tecton	Alcohol	Yield	Time	Temperature
	8		31%	48h	100˚C
	9		28%	5h	80˚C
	10		36%	7h	80˚C
	11		45%	7h	100˚C
	(R,R)-12		69%	4h	80˚C
	(S,S)-12		69%	4h	80˚C
	(S,S)-13		85%	5h	80˚C
	14		55%	8h	100˚C
	15		40%	48h	100˚C
	16		51%	24h	100˚C
	(R,R)-17		61%	4h	80˚C
			Table II.1.		

Table 1

 1 

	Tecton nr.	Nr of F	Presence of the	Topology	F---F	H---F	π -π
		atoms/Po	solvent		contacts	interactions	interactions
						(d C---F)	
	4	6	MeOH	1D	1/Po	no	no
					2.58 Å		
	4	6	CHCl 3	1D	1/Po	3/Po	3.41 Å
			2,2,2-		2.77 Å	3.15 Å	
			trifluoroethan-1-			3.45 Å	
			ol				
	4	6	no	2D	no	no	no
	8	6	2, 2, 3, 4, 4, 4-	1D	4/Po	2/Po	3.48 Å
			hexafluorobutanol		2.93 Å	3.2 Å	
			DMSO			3.4 Å	
	14	6	no	1D	no	no	3.40 Å
	15	6	no	1D	no	4/Po	3.49 Å
						3.30 Å	
						3.43 Å	
	15	6		2D	no	no	no
	9	10	no	1D	no	8/Po	3.45 Å
						3.22 Å	
						3.23 Å	
						3.29 Å	
						3.45 Å	
	16	12	MeOH	1D	3/Po	4/Po	3.33 Å
					2.91 Å	3.31 Å	
						3.42 Å	
	10	14	CHCl 3	1D	3/Po	no	3.43 Å
			MeOH		2.74 Å		
					2.93 Å		
	11	16	DMSO	1D	8/Po	3/Po	3.52 Å
					2.64 Å	3.14 Å	
					2.76 Å	3.17 Å	
					2.81 Å		
					2.83 Å		

summarizes relevant structural features obtained by X-ray analysis for this series of Zn based self-complementary tectons. Table III. 1.

  ).

	Comp	Angle	Angle	Angle	Comp	Angle	Angle	Angle	Angle
		Py mp /	Py mp /	N---I-		Py mp /	Xy mp /	Py mp /	N---I-C
		Xy mp	HBdonor mp	C		Xy mp	Bz mp	HBdonor mp	(deg)
		(deg)	(deg)	(deg)		(deg)	(deg)	(deg)	
	KIT-1	-	-	-	KIT-2	58	-	-	-
	IFB	47	23	170	IFB	40	44	18	174
						40			
	DIFB	66	77	176	DIFB	43	51	31	176
	TIFB	86	83	171	TIFB	52	42	46	174
	(1:2				(1:2				
	ligand:				ligand:				
	TIFB)				TIFB)				
	TIFB	50	43	167	TIFB	-	-	-	-
	(3:2	42	46	178	(3:2				
	ligand:				ligand:				
	TIFB)				TIFB)				

Table IV.1. Py mp -pyridine mean plane, Xy mp -xylene moiety mean plane, Bz mp -benzene moiety mean plane, HBdonor mp -mean plane of the DIFB moiety.

  ).1 H-NMR (300 MHz, CDCl 3 ) δ (ppm) : -2.72 (s, br, 2H, NH), 1.01 (d, J = 6.6 Hz, 6H, H 8 ), 1.61 (s,

	6H, H 6 or H 7 ), 1.67 (s, 6H, H 6 or H 7 ), 1.76 (m, 4H, H 4 ), 2.13 (m, 2H, H 3 ), 2.31 (m, 2H, H 3 ), 2.64
	(m, 2H, H 2 ), 4.68 (m, 2H, H 1 ), 5.04 (m, 2H, H 1 ), 5.09 (m, 2H, H 5 ), 8.16 (dd, J = 5.9 and 2.7 Hz,
	4H, H 9 ), 8.81 (d, J = 4.9 Hz, 4H, H βpyr ), 9.05 (dd, J =5.7 and 2.8 Hz, 4H, H 10 ), 9.45 (d, J = 5 Hz,
	4H, H βpyr ).

  1 H-NMR (500 MHz, CDCl 3 ) δ (ppm) : -2.85 (s, br, 2H, NH), 3.30 (m, 4H, H 2 ), 5.27 (m, 4H, H 1 ),

	8.14 (dd, J = 5.9 and 2.7 Hz, 4H, H 3 ), 8.89(d, J = 4.7 Hz, 4H, H βpyr ), 9.08 (dd, J = 5.8 and 2.7 Hz,
	4H, H 4 ), 9.47 (d, J = 4.8 Hz, 4H, H βpyr ).
	13 C-NMR (125 MHz, CDCl3) δ (ppm) : 27.79 (C 1 ), 41.19 (C 2 ), 116.16 (CH), 117.01 (CH), 128.32
	(CH), 129.48 (CH), 132.25 (CH), 148.61 (C), 150.35 (C).
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F-NMR (282.4 MHz, CDCl 3 ) δ (ppm) : -67.63 (s, 6F).

  1 H-NMR (300 MHz, CDCl 3 ) δ (ppm) : -3.19 (s, br, 2H, NH), 8.27 (dd, J = 5.5 and 2.6 Hz, 4H, H 2 ), 9.05 (d, J = 4.9 Hz, 4H, H βpyr ), 9.10 (dd, J = 5.6 and 2.7 Hz, 4H, H 3 ), 9.47 (d, J = 4.8 Hz, 4H, H βpyr ), 10.40 (s, 2H, H 1 ).

  Chemical formula: C 34 H 22 F 6 N 6 O 2 Hz, 4H, H 1 ), 8.16 (dd, J = 5.9 and 2.6 Hz, 4H, H 2 ), 8.89 (d, J = 4.8 Hz, 4H, H βpyr ), 9.09 (dd, J = 5.8 and 2.7 Hz, 4H, H 3 ), 9.55 (d, J = 4.8 Hz, 4H, H βpyr ).

	Molecular weight: 660.17 g/mol
	A dried Schlenck tube connected to a vacuum line was degassed and purged with argon. Tube was
	charged with Pd 2 (dba) 3 (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand DPEPhos (13.5 mg, 0.01
	mmol, 0.2 eq), di-bromoporphyrin 7 (30 mg, 0.05 mmol, 1 eq) and Cs 2 CO 3 (65 mg, 0.2 mmol, 4
	eq). The tube was backfilled with argon then 6 mL of toluene and 2,2,2-trifluoroethan-1-ol (30 μL,
	0.2 mmol, 4 eq) is added. The tube was purged with argon for 2 min. and the mixture was heated in
	an oil bath for 48h at 100˚C. After cooling to room temperature, the reaction mixture was diluted
	with ethyl acetate (100 mL) and washed with water (3 x 50 mL). Volatiles were evaporated under

5, 15-di (pyridin-4-yl)-10, 20-bis (2,2,2-trifluoroethoxy) porphyrin 8

reduced pressure and the mixture was purified by column chromatography (SiO 2 , ethyl acetate: cyclohexane 8:2) to afford the desired product 8 (0.010 g, 31%) as a pure purple solid.

(q, J=8.2

  1 H-NMR (500 MHz, CDCl 3 ) δ (ppm) : -2.86 (s, br, 2H, NH), 5.45 (t, J=13.4 Hz, 4H, H 1 ), 8.15 (dd, J = 5.9 and 2.7 Hz, 4H, H 2 ), 8.89 (d, J = 4.8 Hz, 4H, H βpyr ), 9.09 (dd, J =2.7and 5.8 Hz, 4H, H 3 ), 9.54 (d, J = 4.8 Hz, 4H, H βpyr ).

  chromatography (SiO 2 , ethyl acetate: cyclohexane 8:2) to afford the desired compound 15 (0.015 g, 40%) as a purple solid. 1 H-NMR (300 MHz, CDCl 3 ) δ (ppm) : -2.75 (s, br, 2H, NH), 1.24 (t, J=7.3 Hz, 6H, H 5 ), 1.84 (m, 2H, H 2 or H 4 ), 1.96 (m, 2H, H 2 or H 4 ), 2.59 (m, 2H, H 4 or H 2 ), 2.70 (m, 2H, H 4 or H 2 ), 2.79 (m, 2H, H 3 ), 5.06 (t, J=6.6 Hz, 4H, H 1 ), 8.07 (dd, J = 5.8 and 2.6 Hz, 4H, H 6 ), 8.78 (8H, H βpyr and H 7 ), 9.44

	(d, J = 4.8 Hz, 4H, H βpyr ).
	13 C-NMR (90 MHz, CDCl 3 ) δ (ppm) : 11.45 (CH 3 ), 15.75 (CH 2 ), 21.43 (CH 2 ), 29.03 (CH 2 ), 41.16,
	81.66 (CH), 116.78 (CH), 127.45 (CH), 129.39 (CH), 130.52 (CH), 137.72 (CH), 148.20 (C),
	149.60 (C).

H-NMR (300 MHz, CDCl 3 ) δ (ppm) : -2.84 (s, br,

2H, NH),5.36 

H-NMR (300 MHz, CDCl 3 ) δ (ppm) : -2.87 (s, br,

2H, NH),
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Zn-Tecton 15

The difference between the tectons 14 and 15 is the presence of an ethyl group instead of a methyl group at the stereogenic carbons. The X-ray structure of crystal by self-assembling of 15-Zn (meso form) indeed showed several similarities with the previous structure. The structure is an unfinished version with no solvent molecules depicted in the architecture. The 1-D network is formed by coordination of one pyridyl moiety to the axial position of a Zn(II), located 0.35 Å above the porphyrin mean plane. Like in the previous case, the average angle between the axial pyridine moiety and the porphyrin mean plane is quite small and close to 69˚. The average tilt angle between consecutive porphyrins is 77˚. Within the tecton, the dihedral angles between the porphyrin mean plane and the meso pyridyl substituents are equal to 54˚ and 59˚. Unlike the structure obtained for 15, the fluorinated chains are positioned on the same side of the porphyrin plane (figure III. 19). The crystal packing reveals formation of 1-D stacked layers with a distance of 3.49 Å between the stacked porphyrin rings, similar to the one presented for tecton 8 (figure III. 17). Comparable with its free base structure, the packing reveals the formation of intermolecular H-bonds between fluorine atoms on the alkyl chains and the β-pyrrolic protons (d C---F = 3. 30 Å) as well as between the fluorine atoms and the protons belonging to the non coordinated pyridine (d C---F = 3. 43 Å), but no F---F contacts between the porphyrin are observed.

Using slightly modified crystallization conditions (DMSO with some drops of hexafluorobutanol at the CHCl 3 /MeOH interface), it was possible to isolate, in its crystalline form as a minor product, a 2D grid network, composed of self-complementary, 15-Zn(R,S).

The Zn 2+ ion is 6-coordinated, its coordination sphere is composed of the four N atoms constituents of the tetraaza core of the porphyrin (d Zn-N of ca 2.06 Å) and two N atoms belonging to the two apical pyridyl units of two consecutive 15-Zn tectons (2. 35 Å). The axial pyridyl units are almost perpendicular to the porphyrin mean plane with dihedral angles of ca 82˚. The tilt angles between the meso pyridyl groups and the porphyrin mean plane are identical and equal to 80˚. The alkyl chains are situated under and over the porphyrin mean plane. Within the 2D grid, the dihedral angle between the mean planes of the two adjacent porphyrins is close to 89˚. A Zn-Zn distance between two consecutive porphyrin moieties of ca 10.11 Å is observed (figure III. 20). Like the previous 1D DIFB- Tecton 9 Under similar crystallization conditions with a different stoichiometry (Po/DIFB ratio of 1:1.6), suitable single-crystals were obtained after several days. The X-ray diffraction measurement revealed the formation of a 1-D chain type network based on N---I bonds. The mixture crystallizes in the P-1 space group (Z = 1), the asymmetric unit contains ½ porphyrin moiety and two ½ moieties of DIFB. The ratio between the tecton and the DIFB is 1:2 and only one of the DIFB moiety is connected to the porphyrin (figure IV.15) through two N---I interactions (2. 75 Å) with the C-I-N angle of 172˚ involving the pyridyl units. The angle between the pyridyl moiety and DIFB is ca 80˚ and the angle between the porphyrin mean plane and DIFB involved in the formation of the network is 42˚. Within the tecton the dihedral angle between the porphyrin mean plane and the meso pyridyl substituents is 59˚. Both alkyl chains are situated above and under the porphyrin mean plane. The DIFB molecule not involved in the network formation is engaged in two I---I interactions with the DIFB molecule connected to the porphyrin with a distance of 3.95 Å, which is at the limit of the sum of van der Waals radii for iodine (3.96 Å). 

Crystallographic Data

A. General

Crystallizations

The solvents used for crystallization reactions were purchased as analytical grades and used without further purification. Liquid-liquid diffusions were conducted in glass crystallization tubes (height~15-17 cm, diameter = 0.4 cm) at ambient temperature.

For vapor diffusion technique, a solution of the reagent contained in a glass vial (height = 4.7 cm, diameter = 1.1 cm) was placed into another closed vial (height = 6.3 cm, diameter 1.9 cm) containing the volatile solvent at ambient temperature.

Instruments

X-Ray analysis were collected on a Bruker APEX8 CCD diffractometer equipped with an Oxford Cryosystem liquid N 2 device at 173(2) K using graphite-monochromated Mo-Kα (λ = 0.71073 Å) radiation operating at 50kv and 600 μA. The structures were solved by using SHELXS-97 and refined by full-matrix least squares on F 2 using SHELXL-97 with anisotropic thermal parameters for all non-hydrogen atoms. The hydrogen atoms were introduced at calculated positions and were not refined (riding model). Crystals obtained were of poor quality. The refinement parameters could not be optimized Crystal size 0.12 x 0.12 x 0.06 mm 3

B. Single crystal X-Ray diffraction data

Theta range for data collection 2.17 Crystallization conditions: To 0.6 mL of H 2 O few drops of iodopentafluorobenzene were added.

To the mixture, an EtOH solution of tecton KIT-2 (C = 1•10 -2 M) in 1 mL of EtOH was added.

Identification code e3324b

Empirical formula C44 H28 F10 I2 N2 

Abstract

This manuscript focuses on the use of molecular tectonics to generate chiral and / or fluorinated coordination polymers based on porphyrin building blocks for potential application in chiral separation. Synthesis of novel A 2 B 2 fluorinated porphyrin tectons is described and their combinations with metal ions and haloarenes molecules are characterized by X-Ray diffraction.

The first chapter gives a general introduction on molecular tectonics; the second chapter focuses on the synthetic routes used for the synthesis of highly fluorinated and/or chiral porphyrins and their solid state characterization by X-Ray diffraction analysis, highlighting the importance of the number of fluorine atoms present at the periphery of the tecton on the crystal packing. The third chapter presents the mono-, bi-and three dimensional networks formed by a combination of the porphyrins with Zn(II) or Cd(II). In the solid state, short F---F contacts were observed depending on the number of fluorine atoms present on the porphyrin backbone. The last chapter focuses on the use of halogen bonds, by merging the neutral porphyrin or bipyridine tectons with a series of iodofluoroarenes. The crystalline materials described in this work can be used as potential candidates for the separation of chiral and fluorinated molecules.