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Introduction

“...that one might as well say that mankind is divigiinto two great classes: hosts and guests. “
Hosts and Guestd4918), Max Beerbohm

The 20" century in chemistry started with the inventionobfomatography, the development of
Haber Bosch process for making ammonia, the dewsdop of X-ray Crystallography, Nuclear
Magnetic Resonance, the determination of molecstiarcture of myoglobin and continued with
the use of chiral transition metal centers for aswatnic catalysis, the olefin metathesis,
stereoselective oxidation reactions, the discowérfullerenes and the rise of new fields such as
supramolecular chemistry and nanotechnology amomagynother advances. Yet many other
discoveries are to come. Still, numerous processes constant improvements in order to fulfill

the on growing needs of the humanity.

Supramolecular Chemistry
The concept of molecular recognition was first nmred in 1894 by Emil Fischérin his

approach on receptor-substrate binding in enzyidesdescribed this by lack and keymage of
steric fit in which the guest possesses a spesifie and shape complementarity to the receptor or
host receptor site. Later on, the concept of mddectecognition was stated as the basis of
supramolecular chemistry. Originally, it was defines non-covalent interaction between ‘host’
and ‘guest’ molecules. Supramolecular chemistry wasduced by Professor Jean-Marie Lehn in
19782 1987 Nobel Prize Winner. The concept is descrimeébllows: “Just as there is the field of
Molecular Chemistrypased on the covalent bond, there is a fiel8ugramolecular Chemistryhe
chemistry of molecular assemblies and of the intdecular bond”.

Supramolecular chemistry has become a truly ingeiglinary topic influencing many fields such
as: polymer chemistfy* and material science, solid-state chemistry andtal engineering,

biological interactions and drug desiyn.

Chirality
Chiral organic molecules have an important roléimlogical systems where they are involved in

numerous biochemical reactions. For example, alirahamino acids forming proteins (except
glycine) are of the same enantiomeric configurafiby) or the folding of the DNA in a helical
arrangement. In medicine and pharmacology, it besomcreasingly important to administer the
enantiomerically pure compound as the presenckeo$é¢cond enantiomer can induce side effects.
As a result, the development of processes (enaeific synthesis or enantioseparation of

racemate) leading to enantiomerically pure spdsie$ prime importance.
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Enantioselective synthesis
One of the most frequently used methods for ohtgichiral compounds on lab scale is by far the

homogeneous asymmetric catalysis, which usuallg obizal metallic complexes as catalys&he
catalysts are typically rendered chiral by usingathigands, however it is also possible to getesra
chiral-at-metal complexésising achiral ligands. This method allows the bgsis of optically pure
molecules starting form achiral components. Sometha& efficient reactions reported are
enantioselective hydrogenation, epoxidation or cédn® However, this approach is not always
transposable to industrial production due to thlghhiosts of the catalysts, and the difficulties in
recovering and reusing the catalysh possible solution is to perform asymmetric ca in
heterogeneous phase. Usually, this is achievedniyobilization of the catalyst on a solid support
via covalent bonds or other physical interactions. Saithe most used supports are mesoporous
silica, zeolites or organic polymel’. ! Although, this method is a promising alternative,
nevertheless, it has some disadvantages, namelgliffieailty to control the arrangement of the
active sites on the support and their distributibhe efficiency and the enantioselectivity of the

catalytic process will be reduced if the activesiare inaccessible to the substtat&.

Separation of enantiomers
Enantioselective synthesis is not the only metloooktain chiral materials, chiral resolution can be

an interesting alternative. This involves the ifolaof one enantiomer from a racemic mixture by
different methods$® The cost of preparing racemic mixtures is low;tHarmore, if both
enantiomers are useful, the strategy is more dtesttve. Some of the most used methods are:

1. Liquid-liquid extractiorf*

2. Chiral resolution through crystallizationig an inclusion processes for exampiéf

3. Chromatography (HPLC,GC) or chiral electrophoresigh chiral stationary phases

(cellulose (chiralpack@p-cyclodextrine}® *°

Even though the cost to separate optically pureeoubés is lower than the cost of enantioselective
synthesis, some of the methods mentioned abovereespecific instruments, enhancing thus the
overall cost. The quest for more accessible higfflicient methods is of current interest and is a
challenging research topic. Molecular tectoffids a possible and interesting approach to tackle
this important issue. The design and synthesisoobys enantiomerically pure materials in the
solid state capable of selectively uptake one @& tWwo enantiomers may be an interesting
possibility. Some examples of chiral coordinatioetworks for asymmetric heterogeneous

&' 22 or enantioselective separatfdmave been reported. Advantages of this strategy ar

catalysi
combining enatioselective processes in homogenpbase (efficiency and reproducibility) with
heterogeneous systems (stability and recoverabil@yystalline coordination networks are highly
ordered architectures with well-defined chiral tieg, which in principle, offer the possibility to
adapt the size of pores and the number of chinaece within cavities which can lead to higher

yields and selectivity.
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The use of inhalation anesthetics worldwide hasnri® almost 50 million surgeries/year. Among
them, fluoroether anesthetics: R-enflurane, R-isafie and R-desflurane (figure 1) bear a single
chiral center. However, in practical use, theysti administered as racemic mixturésalthough

in some cases the second enantiomer leads to uediesgle effects.

ch ‘SN

=l TR ==alluean: L T

/////

/,//

%

Figure 1. Fluoroether inhalation anesthetics.
The enantioselective synthesis of inhalation amisih presented above is difficult and costly. Yet,
no efficient separation technique has been devdlgpefar. One of the issues aside the chirality
which should be considered when searching for araipn method is the nature of substituents on
the molecule’s backbone. The presence of fluorme chiral centers as a whole should be treated
as equally important features when screening fadaguate separation technique.
Further on, it is worth to point out that the prese of fluorine atom, owing to its peculiarity, ¢du
play an important role in the design and formatdrcoordination networks capable of separating

aforementioned molecules.

Fluorine-“the siren of the elements”
“Fluorine leaves nobody indifferent; it inflames efons such as affections or aversions. As a

substituent, it is rarely boring, always good foswaprise, but often completely unpredictaiffe.”
Among the elements, it ranks™®ih universal abundance and™® terrestrial abundance, but its
uniqueness comes from an unprecedented combinatismall size, very low polarizability and
the strongest inductive effect found among the cbaimelements. These result in a set of
interesting applications and make fluorine an ipdrsable for all parts of our daily life, such as
food, health care as well as the alternative enexych is becoming of importance in the times of

limited resources and climate charfge.

Pharmaceuticals
Since the introduction of a fluorine atom to thesition of cortisol in 1954’ that showed that

indeed the presence of fluorine improved the thewdp index as an anti-inflammatory by an order
of magnitude, fluorine is found irca 15-20% of new chemicals licensed each year in
pharmaceutical products and up to 30% in agrochEsfit As illustrated in the diagram below

(figure 2), fluorine accounts for about 57% of thwal amount of halogens used in drug

compounds?
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M chlorine
M bromine

M iodine

M fluorine

Figure 2. Classification of halogenated drugs accordindneokind of halogen used.

Some of the top-selling fluorinated pharma productdude Prozac (antidepressant), Lipitor
(cholesterol lowering drug) and Ciprobay an antieaal compound. The introduction of fluorine
atoms in pharmaceuticals was boosted also by tinedinction of safe and selective fluorinating
agents during 70’s which on its own became a higbkearched subjet.>! One of the main
reasons why the introduction of fluorine atomsustsa “hit” is due to the delay of inactivation and
lengthened dosage periods owing to the carbon-fieobond stability? as well as increased
lipophilicity owing to its more hydrophobic natunenen compared to carbon—hydrogen bond. This

often helps in cell membrane penetration and henbavailability>>

Positron emission tomography (PET)
Positron emission tomography is an imaging techamigsed both as a medical and research tool.

PET is heavily used in clinical oncology and neoraging as a diagnosis tool for certain brain
diseases. It creates a three dimensional imadenational processes in the body, by detecting
gamma rays emitted by a positron emitting shoedivadioactive tracer, which is introduced in the
body with a biologically active molecufé.Depending on their purpose a series of tracerg hav
been developed and fluorine-18 radioisotope, witha# life of about 20 minutes have been

extensively used. Among the most known tracers came cite Fluorodeoxyglucose (FDG) a

standard tracer in cancer patient management,graé and Desmethoxyfallypride for dopamine

D2/D3 receptors, Mefway for serotonin 5SHT1A etc.

Magnetic resonance imaging
The need to detect and monitor various diseasegsahtime and the development of targeted

therapeutics are currently major challenges in oieei Imaging techniques play a key role in
settling these issues and magnetic resonance ima&gione of the most promising amongst them.
The basics of imaging by nuclear magnetic reson@Nd4R) were laid by Lauterbur in the early
1970s* and rely on the ability of hydrogen atoms to aligran external magnetic field. Though it

is a very powerful technique it also has its limitee use of contrast agents needed to improve the
low sensitivity, can generate toxicity issues. @héhe strategies used to overcome this pointas th
development of a second color or hot spot imagisiggiheteronuclear MRI atoms in addition to
hydrogen.'®F seems to be one of the most promising imagindensc it has 100% natural
abundance and a % spin with sensitivity of 83% tfahe proton*F chemical shifts vary in a

broad range and only trace amounts are presertieirhtiman body. As in the case of proton
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magnetic resonance imaging (MRI), the presencepfrast agents is needed to generate a good-
quality image. Thus the use of high density’#f nuclei in the tracers is one of the strategies
employed. So far a vast range of contrast agents baen tested ranging from small fluorinated
molecules to polymeric tracers and fluorinated thietaanoparticles; some of them are even FDA
approved and currently used in clinical treatméhtSF MRI is a relatively young technique,
however intense efforts, particularly in researéhbimcompatible highly fluorinated molecules,
show an encouraging picture for the future of tachnique.

The last but not the least, relatively recent stsadiiscussing the influence of the fluorine on the
protein structures and protein-protein interactj@iow that fluorinated amino acids have become
an important tool in the field of protein enginegyf’ There is an acute need to understand and
generalize the effects of introducing fluorinatechioacids into naturally occurring protein
sequences.

One could argue that there is no connection betwleemnhalation anesthetics, the importance of
fluorine in pharmaceuticals, Magnetic Resonanceglntpand protein engineering field. However
the point unifying these components is the questiohow fluorine influences the structure, and,
how it interacts with its surrounding media. Comaeg the design of porous crystals for inhalation
anesthetics separation, fluorinated medicine adit@red to patients or molecules used for
imaging, we lack knowledge on how exactly the pmeseof fluorine influences the interactions

within the network or generically with the humardigo

Research Project
Considering features discussed so far: moleculaogmition and supramolecular chemistry,

chirality, fluorine and inhalation anesthetics, ey kpoint is missing in order to conceptualize the
aim of this work: molecular tectonics, which wilé lWiscussed in the next chapter in detail. This
approach deals with the design and synthesis aftaltipe materials with tunable properties. As
mentioned before, the crystalline coordination reks are highly ordered architectures that can
offer porosity. This particular property can bedise generate materials with specifically designed
chiral pores for separation of chiral anestheflég “success” of this separation procedure is based
on molecular recognition between the network ared rttolecule of interest, not only due to the
chirality of the network but also through specike--F contacts between the finely customized
networks and the fluorinated molecules to be sépdra

This work is focused on the design and generatiomaecular networks resulting either from
combinations of organic tectons with metallic cesfi@mplexes or organic tectons and iodo-
fluoroarenes, with the aim of fabricating porougstalline materials. The selection of the organic
tectons as well as the metal centers is a key ,iggug will influence the final molecular network.

In this PhD project, we have focused on porphyaedd molecules as organic tectons. Indeed, the
porphyrin backbone offers particular properties hswas thermal stability, robust nature and

relatively easy functionalizatiofi:** The incorporation of fluorine atoms into the poyph

14



backbone leads to interesting electron deficieatesys with a variety of applications such as NMR
imaging, catalysis and biomedical applicatidhs™ **However, so far only few investigations
dealing with the formation of coordination networkih this class of fluorinated tectons have been
reported. The porphyrin molecule offers also specbordination abilities and, depending on the
number of the coordinating substituents preseriherbackbone, the tetraaza core offers a perfectly
suitable core for binding a wide range of metalsioAs mentioned before, the possibility to
functionalize “easily” the porphyrin backbone eithe the mesopositions or in theif positions
with fluorinated and chiral substituents is cruda@l generating networks with fluorinated, chiral o
fluorinated and chiral cavities that could incretise interactions between the molecules of interest
and the walls of the cavities and channels.

Building on previous studies of our grof{'® we focused on the design of porphyrin based
building blocks bearing neutral coordinating sissch as pyridyl units on the one hand and
fluorinated/halogenated and chiral alkyl chainghie oppositanesopositions of the porphyrin on
the other. The structural characterization of tretemals was possible by generation of crystalline
materials, precisely single crystals. Their analysy X-Ray diffraction gave information on the
dimensionality and the geometry adopted by moleco&tworks and their organization in the
crystal.

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

The first one consists in generating the molecadwork by combining the functionalized organic
tecton with a suitable metal ion, in a first st&fterwards, the obtained crystals can be emptied
from the potential solvent present in the architectunder vacuum. The empty crystals thus

obtained are then exposed to a racemic mixtureobécules to be separated (figure 3).

Self-assembly

o
®®

Self-assemhbly
Chiralseparation

Enantiomericselection

Figure 3. A schematic representation of the projects objest(the blue and green circles

represent the separated molecules).

The second strategy is a “one pot” approach, whigeeracemic mixture of molecules is used

during the self-assembly process. Thus, the selrably process and the chiral separation occur in
15



a single step through the formation of the netwankg the separation is achieved through the
selective encapsulation of one of the two enantisméthin the network.

This manuscript is separated in four chapters lkse:

Chapter one is focused on principles of molecudtanics and halogen bonding for a better
understanding of the network formation. It alsoumes on several examples reported in the
literature that discuss the aforementioned strategi separation.

Chapter two presents first a general introductionpbrphyrin macrocycle, its synthesis and
characterization. Then the second part is fullyicktdd to the synthetic work achieved during the
course of this project as well as structural ingagtons.

Chapter three describes the coordination netwolkaimed through assembly of the porphyrin
based tectons and Zn(ll) or Cd(ll) salts. A deth#tructural characterization of the networks and
the influence of the fluorinated substituents ookrag of networks are given.

Chapter four concerns partly with the descriptidnhalogen bonded networks reported in the
literature as well as the results obtained in taenEwork of our investigations on new porphyrin
based tectons, focusing on the importance of therifie substituents. A series of bipyridine
ligands, obtained through collaboration with theuyr of Pr Stefan Brase (Karlsruhe Institute of
Technology, Germany), were also used to generatecmar networks with iodo-fluoroarenes and

are described in detail in this chapter.
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Chapter I.

I.1. Molecular Tectonics
Molecular tectonics (from the Greek tekton: buiddegs an approach which combines

supramolecular chemistry and the solid state cheyni$he term was proposed in 1993 by S.
Mann® and deals with molecular scale building of largals architectures in crystalline phase. The
formation of such constructions is based on intevas between tectons (building blocks)
possessing complementary or auto-complementarygnéoan sites both in terms of energy and
geometry. The iteration of the interaction proceskads to the translation of the recognition
pattern and generates molecular networks possessnglational symmetry (figure 1.1). The
dimensionality of the network (one, two or threepdnds on the number of translations of
recognition patterns in the 3 directions of spadeprerequisite for the self-assembly processes is
the reversible interactions between tectons. Indéeduse of non-covalent interactions allows self-

repairing processes correcting connectivity missakring the construction event.

oo

ol ol o - ) b
s 135 JPunnanag

I

Figure I.1. Schematic representation of supramolecular exteadd periodic architectures and
their dimensionality depending on the geometryeofdns.

The role of the chemist is to control the self-assly process through the design of molecular
tectons using classical covalent chemistry. One m@aytrol energetic factors (intermolecular

interactions) leading to molecular recognition @sses, as well as the number of different tectons
and the relative orientation of the interactioresitConsidering the last parameter two distinct

families of tectons, mainly endo and exo, can besictered.

I.1.A. Endo-receptors
For this type of receptors, interaction sites apated in a convergent manner leading to formation

of “host-guest” complexes called inclusion compke the presence of suitable substrates. Some
of the most popular systems includes: cavitdntisryptand$, cages and of course crown ethéts.

Since these complexes are discrete entities, thiegpat be discussed further (figure 1.2).
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Figure 1.2. A schematic representation of the formation ofrmfusion complex by combining an

endo-receptor with a substrate.

I.1.B. Exo-receptors
Exo-receptors are tectons with their interactidassarranged in a divergent fashion and lead to the

formation of a molecular network if the orientatiand the number of connecting sites allows the

translation of the interaction pattern (figure ).3btherwise a discrete complex can be formed

R inaa

(figure 1.3a).

CEO-PCCCptor SOOpPCE dizercke coaples
ewn recepliir cennecder miglecalur meivenrh

Figure 1.3. A schematic representation of the formation ofsargéte complex (a) and of a
molecular network (b) using an exo-receptor.
By changing the number of interaction sites on té@on and adjusting their orientation, it is

possible to design infinite two-dimensional or #idimensional architectures (figure 1.4).

-1 mefwork FL¥ netwark

Figure 1.4. Schematic representations of 2D and 3D molec@awarks by self-assembly
processes.
Lastly, one can distinguish between self-compleamgnand complementary tectons (figure 1.5).
The former represents a single entity equipped witmplementary connecting sites capable of
forming a network on its own. The latter implieg theed of at least two complementary tectons in

order to generate a network.
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Figure 1.5. A schematic representation of molecular netwooksneéd by complementary and self-

complementary tectons.

I.1.C. Intermolecular Recognition
A second essential point in molecular tectoniahésself-healing processes allowing the system to

repair eventual structural defects that appearathgliithe self-assembly process, therefore the
interactions between tectons need to be reversities, interconnection through the formation of
covalent bonds cannot be employed due to theirvaerstble nature and high energetic
requirements. However, the less energetic and sibler interactions (figure 1.6), such as
coordination bonds or H-bonds allowing bond bregkand making leading to the formation of the
most stable assembly under thermodynamic contrgl IneausedThe toolbox used by molecular
tectonics is based on reversible non covalentantems which vary in strength from 0.5 kJ/mol up
to 400 kJ/mol, from stronger interactions such asrdination bondsto weaker intermolecular
interactions liket-n stacking'® and van der Waals forcésIn recent years, halogen bdfid®have
been added to this list.

Halogen bond

i

[ T Electrostatic
' interactions
Van der Waals H-bond Coordination bond  Covalent bond

T
Ll a1 H]

Figure 1.6. An energy scale of molecular interactions usedftolding supramolecular assemblies.

I.2. Molecular Networks
Molecular tectonics is a rational approach to thesigh and formation of periodic infinite

architectures, also called molecular networks.sltbased on self-assembly processes between
programmed tectons in the crystalline phase. ThHessembly processes take place between either
complementary or self-complementary tectons an@ni@n the chemical nature, the number and
the orientation of connecting sites. Thus the toggpland dimensionality of molecular network
may be controlled by iteration of the recogniticigess in the one-, two- or three-dimensions of
space.
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I.2.A. Dimensionality and geometry

1D networks

The 1-D networks are one of the simplest geometaesnagine and need tectons possessing at
least two divergently oriented recognition sitesa@ag a variety of possible 1-D geometries, some
appear more frequently than others. An infiniteictzaan, amongst others, adopt a lin€&f a zig-

21,22

zag®" #wavy”® **or helical geometries (figure 1.7.

VW WAy LN

Figure 1.7. Schematic representations of possible 1-D geomlatear (A), zig-zag (B), wavy
(C,D) and helical (E).

2D networks
2-D networks are generated when the iterationhef recognition process is translated in two

dimensions of the space. In order for it to ocdww tectons have to possess at least 3 recognition
sites oriented in a divergent manner. The mostrrenti geometries found in the literature are:

planar?® sine wavé’ or zig-zag (figure 1.85>

Figure 1.8. Schematic representations of possible 2-D shizet¢sir (A), zig-zag (B), sine wave
(C,D).
Depending on the nature of the building blocks, cae expect several motifs for two-dimensional
architectures. The generation of these motifs dégpern the number and orientation of the
recognition sites. For example, three recognitib@sscan give a honeycomb arrangement (figure
1.9 (C)), ** **while four recognition sites leads to the formatisf square-grid§' * or rectangular
grids (figure 1.9 (A,B))** 34

i 2 o

Figure 1.9. Schematic representations of possible 2-D ardhites: square grid (A), rectangular

grid (B), honeycomb arrangement (C).
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3D networks
In order to generate a 3-D network, thus assuréténation of the interaction process in the three

directions of the space, one of the tectons haveossesses four non-coplanar recognition sites
oriented in a divergent fashion. Given the complerf these architectures compared to the 1-D
and 2-D, it is much more difficult to predict théarmation. Among the possible topologies of the
3-D networks are: cubic, diamondoid and gyroid ufey 1.10). The cubic and diamonddid
networks are more often reported, yet the gyroitivagks™®>® are more difficult to design, thus

fewer examples are described.

B C

Figure 1.10. Schematic representations of possible 3-D topologlyic (A), gyroid (B),
diamondoid(C).

All the reversible interactions presented in Figléecan be used to generate molecular networks,
among some of the most used so far we can findoiggar bond$? coordination bondirfy: ** and
lately halogen bondinf. The last two will be discussed more in detailtes/trepresent the topic of

this thesis.

I.3. Coordination polymers or coordination networks
A coordination polymer, as recommended by IUPAC2013 “is a compound with repeating

coordination entities in 1, 2 or 3 dimensiofi$including the pure inorganic networks as well as
“hybrid” organic-inorganic networks such as MO®sThe former are molecular networks
containing metallic centers as construction nodesecting organic or inorganic entiti&s.

After the communication of R. Robson in 198®llowed by a full paper in 1990this subject has
attracted lots of interest among scholars due édhtige variety of possible combinations between
organic tectons and metallic centers or complekas ¢tan lead to a large diversity of possible
networks with tuneable properties.

1.3.A. Organic tectons or ligands
Supramolecular chemistry relies on the classicroogehemistry for the design of the tectons with

various coordinating sites such as: pyridine arlag (which are neutral moieties) or carboxylates

and phenolates as charged moieties. As seen psiyioworder to design 1-D, 2-D or 3-D network

the number and orientation of coordinating sites toabe controlled. The term that describes the

spatial arrangement (convergent or divergent) &ednumber of the coordinating sites is called

denticity. Thus the tectons with one, two, thredowr divergently oriented coordinating sites will

be called monodentate, bidentate, tridentate oadentate ligands tectons respectively. For more
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specificity, for example, a bidentate ligand witotconvergently oriented sites the term chelate is

often used (figure 1.11).

monadentate —if =

bidentats +@g—@+ -0 @, @
bis-monodentate  chelate

t
-
-
tridentate A @ 64 +'—‘C
- -
&

tris-monodentate tridentate monodentate-chelate

5
L o
- . Gl
tetradantate -
o kY - -
@ L.

tetrakis-monodentate  his-chelate  monodentate-
tridentate

Figure 1.11. A schematic representation of different dentiaity their nomenclature.

1.3.B. Metallic centers
The nuclearity is the term used to distinguish leefvthe number of metallic centers involved in

complexes, it can either be mononuclear, which measingle metallic center, or polynuclear, for
example metallic clusters or “secondary buildingtsitSBUs)*® The metallic center can have all
of its coordination sites vacant (available forlthmg a network) or only few vacant sites, in which
case the rest of the coordinating sites are blodkedther more coordinating ligands. As in the
case of the organic tecton by choosing the appatgriumber of coordinating sites one can control
the geometry of the connecting site and predisgose¢he formation of a specific coordination
network. A schematic overview of possible geomstf@ mononuclear metallic centers as well as

some illustrations of potentially blocked sitegigen in figure 1.12.
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Figure 1.12. A schematic representation of possible geomefimiesietal centers with and without

blocked sites.
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The diversity of organic tectons and metallic ceter complexes, as described above, leads to
infinite possibilities of combining these two fdret formation of coordination polymers.

Crystal engineering of coordination polymers is aional approach to generate solid-state
structures that is of fundamental and practicaldrance. Several groups have pione&réd®*the
development of the field. By finely adapting theyamic tectons and the metallic centers one can
not only play with the dimensionality of the gertedh network but also “imprint” a specific
property. Recently it has become of outmost intaebe able to obtain porous materials with well
defined cavity dimensions, in order to modify thesities with different substituents depending
on the ultimate property one needs to generate.dDtiee strategies, also known as post-synthetic
modification® is broadly defined as chemical derivatization lé hetworks involving covalent
bond formation with the framework. Furthermore,emtty post-synthetic metallatidhprocedures
have been successfully employed which relied orcttoedinating ability of the network and not on
covalent bonding.

Porosity is one of the properties that have be¢ensively studied towards applications such as gas
storagé™ *® and gas sensimy,catalysis’® *° gas adsorption and separatf8nyminescenc® and
others®? Understanding intermolecular interactions and geéton phenomena in crystalline
materials should establish a reliable baselineglEmerating desired properties starting from the

simple building blocks.

I.4. MOFs and Enantioselective separation
The advantages in the use of crystalline mateaislpossible hosts for enantioselective recognition

processes have been described in the Introductitnsothesis, thus this part will focus on several
literature examples that have been proven of pialemse. The group of Chet al ®® reported in
2001 the formation of a homochiral 3-D diamondoyget network with large cavities able to

recognize selectively one enantiomer from a racenture (figure 1.13).

Figure 1.13. Schematic representation of the topology of thi2 damondoid network resulting

from the combination of the chiral organic tectoittmCdf* cation.

When added to a racemic mixture of 2-butanol, thestalline powder leads to the selective
inclusion of one of the two enantiomers, the buiaw-and thus to enantiomeric separation. The
(S)-butan-2-ol desorbed from the network, showeektifie optical rotation identical to that of a

pure (S)-butan-2-ol standard. Thevalue was estimated to be approximately 98.2 %. Sdme
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experiment with a racemic mixture of 2-methylbufiant gave similar results, with the selective
inclusion of S enantiomer (figure 1.14).

ey Jﬁ

Figure 1.14. A simplified representation of the diamondoid natkvwith the selective inclusion of
(S)-2-butanol (a) and (S)-2-methylbutan-1-ol (b).

A more recent example by Yuanaf* describes a successful used of a homochiral nktesm=
stationary phase for enantio-separation of alcohal$ ketones. This is a particularly interesting
example as the stationary phase was filled wittigdas of the coordination network (&n), thus

excluding the use of silica as support (figure ).15
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Figure 1.15. A portion of the 3-D network presenting tubulaaohels used as stationary phase for

chiral separation.

In our group, this subject has been intensely @@esl by Dr. Patrick Larpetitand more recently
by Nicolas Maret® on chiral porphyrin based tectons. The strategdusy Dr. Larpent was to
employ rigid neutral or charged organic tectonglifferent length bearing two chiral substituents
per molecule. The latter were used with a greaetyaof metal salts to generate chiral networks
with different geometry for chiral separation. Femamples of 3-D cuboid coordination polymers
are presented in figure 1.16. Here, rigid neuthafal tectons with two divergently oriented pyridin
moieties with Zn(ll) (metallic node) and $fFdianion behaving as inorganic tecton form the 3-D

architectures.
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Figure 1.16. Portion of the three dimensional crystalline suues, the view along the c¢ axis.

Owing to the chiral substituents on the organieanids, the porous crystals contain chiral channels
occupied by solvent molecules. Interestingly it gessible to tune the hydrophobicity and
hydrophilicity of chiral channels due to the coryemt orientation of the OH groups. Unfortunately
all the crystalline architectures were found tounstable, and collapsed upon removal of solvent
molecules’

As mentioned before, first tests on generatingathetworks by using chiral porphyrins in our
group have already been maidibe porphyrin units, aside their robust nature, lmafunctionalized
either at thed pyrrolic ormesopositions. A particular property of the porphyring is its ability to
coordinate a variety of metal ions, thus alongsiid the coordinating sites introduced into the
porphyrin backbone during the synthesis, the te&raeore offers another four convergently
oriented coordinating sites. By using zinc saltsZraporphyrin metallatecton capable of self-
assembly is formed. Depending on théZgeometry, mono-, bi- and three-dimensional network
can be obtained. Using chiral metallatectons 1-8 24D networks were obtained, the?Zation

is located in the centre of the tetraaza core @fgibrphyrin and is either pentacoordinated adopting
a square based pyramidal geometry with a pyridifl kelonging to the neighbouring metallatecton
occupying the axial position on the Zn(ll) ion,ierhexacoordinated with two pyridyl units in the

axial positions (figure 1.17a).
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Figure 1.17. A portion of the grid type 2-D network formed bsifassembly of self-complementary
porphyrin based chiral tectons with included sotwvanlecules (a) and its solvent free equivalent (b)
As in the previous case, the removal of solveninfriine 2-D network leads to the loss of the
structural integrity, although a solvent-free stawe was generated by changing the crystallization
conditions (figure 1.17b). The introduction of tbkiral center in this case was achieved in a first
step, by synthesizing a chiral aldehyde which sgbsetly was used to generate the porphyrin
based tectons. For this project, as presentedtail de the next chapter, the first challenge was t

introduce the chiral center at the end of the sstithpathway.

I.5. Halogen Bonding
The term halogen bond (XB) indicates a non-covaletetraction between an electrophilic region

associated with a halogen atom in a molecularyeatid a nucleophilic region in another or the
same molecular entif§. A typical halogen bond can be represented as RfXwhere R-X is the
halogen bond donor (X is any halogen atom with Bettephilic region and R is a group
covalently bond to X) and Y is the halogen bondeptar, possessing at least one nucleophilic
region (figure 1.18). The first report of adductsat now can be attributed to the formation of
halogen bond, dates back to 1&1when M. Collin described iodine reacting with anmiao In
1863, F. Guthrie defined the diiodine/ammonia systs a NH-I, adduct’® By 1893 I. Remsen
and J.F. Norris demonstrated the tendency of mathiyles to form similar adducts with chlorine,

bromine and iodiné&t

D)—_Et_ —»DR

Y= 1) lane palr possesing atom R-X= lihalealkane
{ng:;\l,ﬂ,s.] (ex:CBr, CHEC R ql)
2] TEyEtem 2lhalaarene ar haloheteroarene

_':E”:LI,U"'ME ar riple bunds) (ecindobenzene, indofluorobenzonel
3} anian

te:halide anion, cxyanion| XK= Halogen atem

Figure 1.18. Schematic representation of halogen bond.
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The field began to be systematized after the diggraphic studies of O. Hassel in the 19%50s
showing a 1:1 complex between bromine and 1,4-diexaith a short Br---O (2.71A) distance
within the network. Until the end of 90s, severalups (Murray-Rust, Desiraju and Parthasarathy)
gathered further information on halogen bondedesystin the solid state by analysing structures
reported in the Cambridge Structure Database (C30).A major breakthrough in the
conceptualization of XB resulted in 1998 when Gsiirai rediscovered this interaction and further
developed its use in solid state supramoleculamidtey.”® A huge interest from the scientific
community in the field followed thereafter, as eanded by an incremental growth of publications

titled halogen bonding with each passing year (BguL9).
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Figure 1.19. Incremental growth of articles titled “halogen daorg”.

Based on a multitude of X-Ray crystal structuresMetrangolo and G. Resnati developed the
concept that halogen bonding is a strong speaifit directional interactidty ®that in some cases
can overrule other intermolecular interactions. Kigeinteraction energy spans over a wide range,
from 5 kJ to 180 kJ, the weak CI---Cl interacticgtieeen chlorocarbons and the very strongl
interaction betweenyIbeing the extremés.lodine, bromine and chlorine are traditionally eyted

as XB donors and a consensus emerged recentlplgmfluorine under some circumstances, can
work as XB dondt” 8! (tendency to form strong interactions [>Br>CI>F).

The homo and hetero halogen-halogen (X---X) intavas belong to a special class of XB,
wherein halogen atoms act both as bond donor areptar. On the basis of geometrical features,
halogen-halogen interactions have been classifiedtivo types: type | with anglés (C-X3---X5)
and®., (C-X»--X1) equal and type 1§:=180° and,=90° (figure .20}

Figure 1.20. Schematic representation of halogen-halogen ictierss: a) type | interactio®{=
0,), b) type Il interactior{0;=180°,0,=90°).
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A CSD search shows that, while homo-halogen intenas have no real preferred type, both types
| and Il are present, most of the hetero-halogeriamis belong to type Il geometry and are highly
directional. Type | contacts are considered as d@anWaals type and occur due to decreased
repulsion, whereas type Il are caused by attracdtiteraction between the electrophilic region of
one halogen atom and the nucleophilic region ofother®® The likelihood of a type Il interaction
increases over type |, on proceeding from chlotmedine, as the halogen atoms becomes more
polarizable. Also, in unsymmetrical halogen-halogearaction of the type Il contacts, thgangle
occurs more often at the lighter halogen atom dudifterent polarization of the heavier halogen
(positive) and lighter halogen (negati¥é)The ability of fluorine to form hetero halogen-bgén
contacts was questioned although in a more recagerpt was shown that organic fluorine can be
polarized and act as a halogen bond donor ratlaer $hmply a halogen bond acceptor in suitable
electronic environmerit

In the landscape of non-covalent interactions th®den bonding seems to be an appealing

strategy for the design of new soft materials. &#vexamples will be discussed hereafter.

1.5.A. Halogen bonding in Liquid crystals
In the field of liquid crystalline materials, nom@lent interactions have been used in order to

generate new mesomorphic supramolecular specisglbgssembly. Halogen bond has proven a
successful tool in directing the self-assembly wframolecular mesogens. In particular the N---I
interactions have been consistently exploited bypgusion-mesomorphic alkoxystilbazoles and
iodofluorobenzerf® or iodoperfluoroalkane¥. In figure 1.21 a list of employed entities used to

generate liquid crystalline properties is shown.

s E F
= —i W vy WPFB =l v=T
pact 9 b 4 DITH 5= =
¢ Bt * g‘* DATA # =57 =3
Fo= G0 g dr =4, & 48, 120 ar E FFR X=l.v=cH
[ = () and < Sciiangls
\ i
L f = g% M
o ey L= .
3 451 LU Df“-lvfﬁ i =
=2 BTOE
F
,-F F F FF F
¥ { ol 4 F F
I—{;_I_.—EJ o e o _:.:' | I_::"'-..E,:llll a .-'il,
{ \ ; A I
FOF = it IR
1= A8E FOF n=z 3 F mOITE
BITA, biea,
FOE B F
=, P! it
[ —%
BT E W =
— oR L ATIB
FoF e A
= GiHasieq (=46 B, 10,281

R Gy fn=al, &, 0, 10, 52), or
P~ iR e 15 il

4
CebrtDl—h, N

F: F L L
o == e
i { SR on |
L :

F'f_.;"F % '‘x TFEE |, ., | .-ﬂl
K=t Hyp =258 10 3] o “-ll e
_.. =y = ; - ey e

l = >_ o —'{; iRpmanEl Sl

Figure 1.21. Schematic representation of mesogens involveddiniguid crystals®®
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1.5. B. Halogen bonding and Anion sensing
In 2005, a tripodal receptor possessing tetrafliooi@benzene groups was constructed in order to

bind I and N& by two different recognition arrays of atoms (figur22)%° Strong 1 --- | XB
interactions drive the anion exo-binding.ahions bridge two iodopentafluorophenyls of two
different podand molecules, and forms infinite dsaffigure 1.22c). Nais completely surrounded

by the three arms of the receptor, accepting ganlidls namely N, DO, O3 O,and G,

4 h

Figure 1.22. Tripodal receptor (a), single-crystal X-ray sturet of the receptor binding Nal (b),
crystal packing of the complex showing the infirgteain. Color code: gray=C, red=0, green=F,

blue=N, violet=I, orange=Na.

Further on, ditopic ion transport system in lipitajers, which rely on both halogen bonds and

anionst interactions, have been exploré&d.

1.5.C. Halogen bonding and Supramolecular networks
Halogen bonding is emerging as a new tool in ctystaineering and in the last 15 years has

proven to be reliable in constructing supramolecatahitecture$® There are numerous examples
using bipyridine type ligands with iodofluorinatptienyls which will be discussed in more detail
in chapter 4. However an interesting example shgouire use of halogen bond to direct the self-
assembly of an anionic supramolecular network igermibellow. By slow evaporation of an
equimolar solution of trifluorotriodobenzene andimithylsulfonium iodide a colorless
heteromeric crystal was formé&H.Single crystal X-Ray analysis revealed the foromatbf a
honeycomb-like supramolecular anionic network iniokhl and 1 are tridentate and the I---1
interaction ranges between 3.38 A and 3.50 A (1% EBorter than sum of van der Waals and
Pauling radii). The small trimethylsulfonium cati@its perfectly in the centre of the formed
hexagonal framework, where it is “locked” by elestatic interactions and weak H---F contacts
(figure 1.23). The overall crystal packing displaye 2D honeycomb-like networks layered in a
planar fashion, with a distance of 3.608 A betwémyers. Various other onium iodides were
studied in order to depict the critical cation simeded to form the supramolecular assemblies,
which seems to lie between the dimensions of tefpaspylammonium and tetra-n-

butylammonium cations.
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Figure 1.23. Overall crystal structure of the hexagonal honeyemetwork with cations

accommodated in the hexagonal frames. Color cadg=¢, green=F, blue=N, violet=I, orange=S.

This field, despite being a “young” one, has ofteextensive insight into the use of halogens
specifically: iodine, bromine, chlorine for variowpplications through halogen bonding, yet
fluorine due to its special nature has been disfeaeh However its peculiar nature makes it an

interesting candidate for further research.
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Chapter II

I.1. Porphyrins

IL.1.A. Structure and general properties

Porphyrin chemistry is a research field that haanbd@onored with several Nobel prizes and shares
a rich history with numerous monographs and booksling with porphyrin synthesis,
characterization and properties.

Basically, a porphyrin is a biologically relevanaonocycle consisting of four pyrrole rings linked
by methylene bridges. Following the IUPAC nomenglaf the macrocycle is numbered from 1 to
20 and the four pyrrole rings are labeled from Adtgfigure I1.1). The significant property of the
porphyrin backbone is that it can be substitutetth warious functionalities either in the 8 avaibl
B- positions or the 4nesepositions, which can influence its electronic pdes as well as the
chemical reactivity.

B-pusitian

10 <——— JuE=o-pUs_Lion

Figure 1l.1. Chemical structure of the porphyrin and its nontesice.
The inner ring contains four nitrogen atoms and twotons, also known as the free-base
porphyrin, and shows a great propensity to cootdirta a wide range of transition metals.
Considering the number of functionalizable sité®, $ize of the macrocycle and the coordination
abilities of its core it becomes obvious why ponphy are an interesting platform for studies in

various fields like catalysfs?biomimetic chemistfyand molecular tectonics.

II.1.B. Coordination Properties and Deformation
As mentioned before the porphyrin core has thatald coordinate metal ions, by deprotonation

of the two inner nitrogens, the macrocycle caviaynis a tetradentate dianionic ligand, perfectly
suited for transitional metals and the lanthanfi&tetallic centers can have additional ligands,
external or belonging to the porphyrin, coordinaitedhe axial position in order to complete the
coordination sphere (from 0 to 5 depending on tlkeéaimon).

The transition metals of the first row are a pdrféacfor the porphyrin cavity (figure Il.2a), wial
the metal ions with higher volume are located otittlee porphyrin cavity, often causing

deformation of the porphyrin core (figure 11.2b).
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a b

Figure 11.2. Schematic representation of the metal positiohiwithe porphyrin core with respect to its size.

Due to the relative flexibility of the backbonegtmacrocycle can deform at some extent. It was
possible to identify several conformations in thaids state depending on the nature of the

substituents in thenesocandp-positions and the metal ions in the cavity (figlirg).” ®

T2

EE R ERE

vl dinre Tl 1l WHNE

&

® atoms posilioned over the purphyrim mein plate
® atoims posilomed onder the pompheyrin mean plage

Figure 11.3. Most frequent porphyrin deformations of the pomiynacrocycle (24 atoms) in the solid

State.

I1.1.C. Synthesis

It is generally known in porphyrin chemistry thaPH (tetraphenylporphyrin) is the easiest
synthesizable porphyrin, yet back in 1935 that taokealed glass tube filled with pyrrole and
benzaldehyde in pyridine at 220°C for 48 houfRothemund’s work was a breakthrough for
porphyrin synthesis and started a new “chase” tdsvaasier and more efficient methods. In 1967
Adler and Longo reported the synthesis of TPP witter yields and lower reaction titfeThey
developed a new method which used propionic acidohgent and by refluxing pyrrole and an
aldehyde for only 30 min, a simple filtration ané@ttmanol wash led to elevated yields of TPP. This
method was indeed more convenient, yet the usegbftemperature and the acidic environment
limited the number of used aldehydes. Later, Ligdsteal developed a different method using
milder reaction conditions, in which the ring closwf the tetrapyrrole and the oxidation of the
porphyrinogen are two separate reaction stefidis strategy doesn’t require high temperatures,
the pyrrole and the aldehyde are reacting at raamperature in CyCl, or CHCL in the presence
of boron trifluoride etherate or trifluoroaceticid@s acid catalyst and benzoquinone derivatives
such as DDQ or p-chloranil as oxidizing agents. tAse methods are useful for the synthesis of
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highly symmetric A porphyrins (the four meso positions being occufigdhe same group) using
only one aldehyde, A-CHO.

In order to obtain porphyrins with differemtesosubstituents (figure 11.4), a different approacisw
needed, thus Littleat al. have adapted the synthesis of Adler and Longo dathe “mixed
aldehyde” method and leads usually to a statisixture of 6 porphyrins, that are difficult and time

consuming to separate.

Fupiiiiz acid
Reflux
B B
B*B *B B*B
B B

Figure 11.4. Mixture of porphyrins generated by the so-calleidxXed aldehyde method”.

B

A more selective method for porphyrins with two tilist substituents was described by
MacDonald et al in 1960 using a two steps procedure: in the fose, dipyrromethane is
synthesized from one aldehyde using an excessrodlpy The AB, porphyrin is generated in the
second step in a [2+2] condensation reaction, whweedipyrromethane reacts with the second
aldehyde, in acid conditions (figure 11.5).This method, however, has one downside: the
dipyrromethane units in acid catalyzed media cashetgo fragmentation and recombination with
the unconsumed starting material which leads tgtlenomenon called “scrambling” that usually
mean complex separation techniques, thus figugerpresents an “ideal” version of the reaction.

H 1ycat. acid
W \it
k\o /wl.ﬂrplnnlc acid
reflux

Figure I1.5. A representation of [2+2] condensation reaction.

A,B; porphyrins of high purity and moderate yields candbtained by combining the Adler and
the MacDonald methods and refluxing the dipyrroraeéhin propionic acid in the presence of a

second aldehyd¥. The success of this reaction will depend on thbikty and the reactivity of the
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functionalized dipyrromethane and the aldehydesutite reaction conditions. Depending on the
target porphyrin one of these methods can be applie

Another approach to functionalized porphyrins isug® the primary substituents as a platform to
construct superstructural entities such as bioniameéme analogués;*® perpendicular to the
porphyrin mean plane, usually using 5, 10, 15,&fakis -aminophenyl)porphyrin. This type of
porphyrin ligands have been used for near infraeeission® or as chelating ligands for cation
binding?

The last approach has its roots in the early 96t was inspired by the developments in metal
mediated cross-coupling reactions. It opens the fan both mixed meso-substituted porphyrins
and unsymmetrical porphyrifis.? Despite the fact that this procedure needs usdabjeps, it
provides several important advantages for the sgihof elaborated porphyrins. The key step is a
pallado-catalyzed coupling between the brominateskanpositions and the precursor of the
substituent B which may lead to quantitative cosmar of reactants. It enables a straightforward
purification and isolation of products and finality decouples the porphyrin ring cyclization

chemistry from porphyrin derivatization (figureg).

HsC

Figure 11.6. First examples of /B, type porphyrins obtained by cross-coupling readtio

Later on Zhang and co-workers developed severargéand efficient methods for the synthesis
of a variety of heteroatom-substituted porphyrimsitiding amind> amido?* sulfa® and ox&° by
palladium-catalyzed cross-coupling reactions. Titeoduction of different functionalities in the
porphyrin periphery allows modulating its propestias well as providing possible reaction sites

for further transformations.

II.1.D. Characterization

NMR-Spectroscopy

Porphyrins are easily recognizable by NMR spectpgadue to two specific signals in proton

NMR:
41



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

- The B-pyrrolic protons are situated around 8-9 ppm dralrtmultiplicity is depending on the
nature of the substituents in thesopositions and the porphyrin symmetry.

These shifts are the results of a large magnetisotopy of the cyclic conjugatedtelectron
system of the aromatic porphyrin ring. The extemapnetic field going through the aromatic ring
sets up a current of mobiteelectrons, this circulation give rise to a secopdaagnetic field
coming from the center of the macrocycle with arsgranisotropic effeé. Thus the protons inside
the ring (NH protons) current will be shielded, ighihe one located outsidp-gyrrolic protons)

will not.

In the case of**C NMR-Spectroscopy, the small effective frequentyhe **C isotope and low
intensity of the signals, especially the signalgjoaternary carbon atoms have very weak signals
due to their long relaxation tinf& becomes problematic for porphyrin characterizatind higher
concentrations are usually needed. The low sotybif several porphyrins resulting from self

aggregation often interferes with the need of higlsmcentrations for the NMR measurements.

UV-visible Spectroscopy
Porphyrins, due to their 22-electron system, show very distinctive absorpspectra. All the

absorption bands in the UV-Vis spectrum of the tvtase porphyrin result from «* electronic

transitions. Typically the resulting spectrum candivided in two parts ( figure I1.7):

- The Soret band, a very intense absorption banchdrd@0 nm ¢ ~ 4.16 L/mol.cm) , named
after the swiss chemist and physicist Jacques L®aist who observed this band for the first

time in Hemoglobin in 188%

- The Q bands, those are usually weaker than Sonet, bad can be found between 500-700 nm
(¢ ~ 1.1d L/mol.cm). In general, there are four bands far fiee base porphyrin and two for

the metallated one.

Soret Q bands

g
=]
5.4
= N
25 P
H | |
_l Mo -
"_";' E !' 167 T TS [t} an
o
| S —
1 f Lo A EE nz RS L
R iy

Figure 11.7. Absorption spectrum of a substituted porphyrinoaim temperature in chloroform.
The structure of the porphyrin as well as the jpmsiand electronic nature of the substituents have

a great influence on the resulting absorption bands
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IL.1.E. Porphyrin and Chirality
In terms of decorating the periphery of the porphythe four meso and/or eiglftpyrrolic

positions can be functionalized with a variety obstituents, including chiral groups. Porphyrins
can become intrinsically chiral due to the preseoica chiral substituent group, due to restricted
rotation leading to atropoisomerism, or to asymioetisposition of a strap or methylation of the
inner hydrogen. Chiral porphyrins have been usednasnportant platform for circular dichroic
(CD) spectroscopy* due to the intense extinction coefficients, faciledification of substituents
and the ease of metal incorporation into the paiphyng (metalloporphyrins can provide extra
stereo differentiation due to their Lewis acigsifor binding OH, Nk COO and other functional
groups). Another interesting application is chiratognition, as the porphyrin scaffold offers a
rigid platform to construct guest-recognition paské3* Among other application for chiral
porphyrins one can list their use as catalyst foiastereoselective cyclopropanatitn,®
enantioselective epoxidatiyn® or their use in formation of coordination networké® This brief
description of possible applications is far fromngecomprehensive, nevertheless it shows the

vastness of possibilities that the porphyrin sddfédfords.

II.1.F. Fluorinated porphyrins
The incorporation of fluorine atoms into the porphybackbone leads to interesting electron

deficient systems with a variety of applicationstsas imaging? catalysi&® ** and biomedical
applications” There were several repdfts*’ on meso-tetrakis (perfluoroalkyl)porphyrins in the
mid 90’s and the group of DiMagno emphasized @nube of these molecules as photosensitizers
due to higher molar absorption coefficiefftsThe majority of reported studies is still focussul

the use of fluoroaryl substituents or introducesfthoroalkyl substituents in thepositions, which
might be explained by the low commercial availapilof fluorinated aldehydes. It is worth
mentioning that the introduction of the fluoroalkgubstituents in the3-positions can be
synthetically challenging which is why a method introducing this substitsein the meso

position without using aldehydes could be a gotetative.

I1.2. Synthesis of fluorinated and/or chiral porphyrin based tectons
Our aim is to synthesize porphyrin tectons of thdAtype bearing two divergently oriented

pyridine coordinating sites in the tramgsopositions, in order to build coordination netwqraad

two chiral or/and fluorinated substituents in thiees two transnesopositions. As seen previously,
we can either use the straight forward MacDonak]2ondensation yielding an,B, porphyrin
with pyridine and chiral/fluorinated substituentstivo steps or a four steps procedure using the

brominated derivative as a scaffold for furtherdtimnalization (figure 11.8).
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Figure 11.8. The two possible synthetic pathways @enerically stands for the chiral and/or

fluorinated substituents).

I1.2.A. Synthesis of A;B; porphyrins through classic [2+2] condensation reaction
For the synthesis of the desiredBA porphyrins, our first approach was to use commaéyci

available aldehydes and to perform a MacDonald [2#Bdensation reaction.

For the chiral substituent, we chose the citrohadldehyde for several reasons: commercial
availability, acceptable price range and the presenf flexible substituents (like alkyl chains)
within the cavities of the potential networks.

The reaction of an exces of pyrrole with R-citrdaleleads to the formation of the corresponding
DPM (dipyrromethane}, in 67% yield. It reacts with 4-pyridinecarboxahgee in the presence of
TFA (trifluoroacetic acid) to form the porphyrihin a poor yield (16%). No increase of the yield
could be observed in the presence of boron triitieodiethyl etherate ( BFOEL) (figure 11.9).
Porphyrin 2 was characterized bjH-, *C-, UV-vis and Mass Spectrometry described in the
experimental part. It is worth noting that due ie symmetry of the tecton, tiiepyrrolic protons

appear as two doublets around 8-9 ppm with integgratf four, for each doublet.

Eyrnk: exc.
—_— -

01TFA 67%

CHQC'Q

S

3TFA  16%

Ox

Figure 11.9. Synthetic pathway for the synthesis of porphin

In the case of the fluorinated derivative a simdaproach was tested with the only commercially
available aldehyde, 4, 4, 4-Trifluorobutyraldehydéne DPM 3 is formed in 53% yield in the
presence of excess pyrrole and TFA as acid catéfigstre 11.10). In a second step the pyridine
carboxaldehyde is reacted wighin a stoichiometric amount to yield the porphyinvith a poor
yield (6%).

44



CH,Cl,
3TFA 6%

F F Hy T2 exc.
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Figure 11.10. Synthetic procedure for the porphy#n

The porphyrind was characterized b{H-, *°C-, and**F- NMR, UV-vis and Mass Spectrometry
described in the experimental part. It is worthimpthat due to the symmetry of the tecton fthe
pyrrolic protons appear as two doublets aroundp®® with integration of four. Single crystals of
4 have been obtained and analyzed by X-Ray diffvactiTwo sets of single crystals have been
obtained from slow diffusion of diethyl ether orhanhol into a solution of the porphyrin in
chloroform. In both structures, no intermolecularF contacts were observed.

In the presence of D, the porphyrin crystallizes in the P-1 space grauthout any solvent
molecules; two porphyrin entities are present m @asymmetric unit. The porphyrin core adopts a
saddle shape deformation (max deviation ¢ & 0.39 A for £' porphyrin present in the
asymmetric unit and 0.49 A max deviation ¢ or the 2 porphyrin in the uni}. The dihedral
angles between the porphyrin mean plane (24 atamd)the meso-pyridyl groups are ranging
between 48°-53°. Interestingly, in the solid stéte, fluorinated chains are both located on theesam
side of the porphyrin plane in a “convergent” manigure I1.11) A closer look at the packing
revealed the formation of H---F intermolecular hygien bonds (between 3.32 A and 3.50 A for C--
-F distances) between the fluorine atoms on thgl alkains and thg-pyrrolic protons within

porphyrin layers (4 fluorines involved/porphyrin).
m .--‘ﬁ'\-\.
}—\ 3::.1‘_‘;% ,._f
e WY
—-i.-..__‘ 1
% E
Figure 11.11. Crystal structure of, its saddle form. Hydrogen atoms are omitted farity.
In the presence of EtOH the porphyrin crystallize$221/c space group with solvent molecules
(ethanol) present in the architecture, with a rafi@ne solvent molecule per porphyrin. There is
only one planar macrocycle unit in the asymmetriit. p'he dihedral angles between the pyridine
moieties and the porphyrin mean plane (24 atoms)asound 71° and 86°. In this case the
fluorinated chains are located in a divergent fashelative to the mean plane of the porphyrin.

(figure 11.12). The ethanol molecule is hydrogemtded to one pyridine moiety of the porphyrin

molecule (distance N---O equal to 2.85 A). The talypacking reveals the formation of additional
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weak intermolecular H---F bonds (the C---F distaneanging from 3.22 A to 3.50 A ) between the
fluorine atoms on the alkyl chain and theyrrolic protons within porphyrin layers (4 fluogs

involved/porphyrin) as well asr interactions between pyrrolic units within theday (3.38 A).

ZBhA

pere

Figure 11.12. Crystal structure of, highlighting the solvent porphyrin interaction. Hgden atoms
are omitted for clarity.

In both cases, this two steps approach has one igpdvantage. Indeed, due to the low yields of

the second step the use of costly fluorinated oraklaldehydes in big amounts is required.

Considering also the limited commercial availapibf the fluorinated aldehydes and the synthetic

difficulties that could be met during the attemptsynthesize them in the lab (low boiling point) a

different reaction pathway was required.

I1.2.B. Synthesis of A;B; porphyrins through cross-coupling reaction
The aim is to try to introduce the chiral and/ardfiinated substituents in a last step in order to

avoid excessive use of costly precursors.

The second strategy involved a 4 steps procedtite synthesis of a dipyrromethane bearing a
pyridine moiety’ in the first step. The second step required thethepis of the 5,15-
dipyridylporphyrin. This synthesis was already peried in the group of J. Sandéréew years
ago, thus it was a matter of adjusting the reactomditions. By using TFA instead of
trichloroacetic acid we observed a slightly higlgesid (20-21 %); unfortunately the tests to scale
up the reaction (x2) gave no desired product. (&gu13). Bromination of the twmesopositions

of the porphyrin is an established procedure (dptdiC and 2.1 equivalents of NBS in
chloroform)>? although no bromination of the 5,15-dipyridylpbypin was described before this
work. The tectory is thus a previously unreported scaffold which ftagher used as a platform

for the synthesis of a large variety of porphyrins.

N N N
» » »
= = =
2.1 NBS Pd2(dba)3
Py Cs2CO03
CH2CI2 0°C LHLelee R
—_— Br Br ———>» e} O\
54% R-OH R
= = =
~ ‘ 6 ~ ‘ 7 N ‘
N N N

Figure 11.13. A four steps procedure for the synthesis of stuistil 5, 5-dipyridylporphyrin.
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By adapting the conditions of the palladium mediateoss-coupling reported by Zhahgsed for
aryl alcohols but also several examples of simflgl @alcohols and 2,2,2-trifluoroethan-1-ol , we
successfully synthesized a series of 11 new flabeth and/or chiral porphyrins that are depicted
figure 11.14.

Regarding the substituents we used, it is possibtiivide the new tectons in three categories: the
first row shows 4 building blocks8{11) with an increasing number of fluorine atoms oe th
backbone ranging from 6 to 16 fluorines per porphyfhe second rowl@ and 13) comprises
chiral non fluorinated tectons and the last roforsned by chiral and fluorinated or brominated
molecules. The 2, 2, 3, 4, 4, 4-hexafluorobutan-l@cemate) and R)-(-)-3-bromo-2-
methylpropan-1-ol are commercially available whiie 4, 4, 4-trifluoro-3-methylbutan-1-ol and 3-
(trifluoromethyl) pentan-1-ol (racemate) were swsized in the group of Prof. StefanaBe in
Karlsruhe Institute of Technology. It is worth teention that the compoundst!, 15and 16 were
synthesized by using racemic mixtures of the altgid, 15, and16 have thus been obtained as a
mixture of two enantiomers (R,R and S,S) togethiéh whe non chiral meso form (R,S) while
tectonl7 was obtained as a pure enantiomer (R7R-

Both enantiomers (R, R and S, S)l@have been obtained while the synthesig3lhas only been
performed starting from the (S)-2-methylbutan-oé to commercial availability.

F
F
FOF F>‘\ﬁF

F F

AP F F
e F e F

F F ¢ Y F F1r
0 o 0 0
7\ - 7N\ o 7N\ o 7\ o
N}.@N }‘Q }.@ N 9
0 0 0 0
8
FlF : ’ FJ\ﬁF gV Vit
AN L SR Ay
\/\O F 0 F I F o) F
F
4 = ; — —
Ni\ 8N Ni\ CN N 8N

0 0
-(S, H -(R, 13-(S, 5)
E F
FLF FF FLF Br
F W
F F
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LENY -'*-:*-:;u.nu Al -'*-i*-uumn Tl fE . 17-RR) W\
F :
F F FE Br
F

Figure 11.14. Ten new porphyrin based tectons synthesized.
All eleven new tectons were characterized i, °C-, and **F- NMR, UV-vis and Mass
Spectrometry. It is worth mentioning that in theseaf ligand14,15and 16 a mixture of the 3
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stereoisomers (racemate + meso) with a statisttccaniresponding to 25% of R,R, 25% of S,S and
50% of R,S is formed. For ligaridt, the NMR spectrunof the mixture shows the presence of only

one porphyrin. The same is observed for lighG@and16.

Based on the scheme above, we could observe thapflying this method we have access to a
wide variety of new porphyrins bearing differenbstituents in a simple and elegant manner. This
synthetic pathway allows diversifying the pool @utral coordinating tectons, by finely tuning the

substituents that are introduced in the final stegble Il. 1 gives a comparative view on the

synthesis of the 11 different tectons including ttletails on the reaction times and the

corresponding yields.

Tecton Alcohol Yield Time Temperature
8 RF 31% 48h 100°C
9 FF » 28% 5h 80°C
mg et
10 P 36% 7h 80°C
F’: e o
11 £ OFF 45% 7h 100°C
F*IH'_,‘-\:_' .'\-\..:._._I..-'"-\.D |
FFFF
(R,R)-12 Lk 69% 4h 80°C
By
(S,5)-12 i %lJH 69% 4h 80°C
Hylho, o £l
(S,5)-13 ! .g.;:-"*;:[-“-u. 85% 5h 80°C
“Hs
14 o 55% 8h 100°C
?_<_\OH
15 K 40% 48h 100°C
FF
OH
16 r ff o 51% 24h 100°C
Fp
1
(RR)S-17 | &y ok 61% 4h 80°C
(Hy
Table 11.1.

By comparing the yield in the table 1I.1 we carsetve that the highest yield is observed for the
chiral tectonl3 while the lowest goes to the fluorinated tec@on
It was observed that in several cases, increabmgeaction time leads to the formation of the non-

brominated porphyri®.
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However, within the fluorinated porphyrins we obh&ethat depending on the number of fluorine
atoms yields are varying from 28% to 55%, and hygaring tecton®, 10 and11 it seems that for
primary alcohols the yield is increasing with thanber of fluorines. Also the comparison of the
yield obtained forl2 and13 seems to indicate that the use of primary alctdads to better yield

than secondary alcohol.

IL.2.C. Crystal Structures
Despite extensive crystallization tests, up to nae,succeed in growing single crystals for only 6

porphyrins among the eleven new tectons that wihegized. Moreover for all the tectons we tried
to grow single crystals in the presence of add#iofluorinated solvents such as 2,2,2-
trifluoroethan-1-ol , but unfortunately, none oktth leads, up to now, to the formation of single
crystals.

In the following part, the six corresponding cryst&ructures obtained by X-ray diffraction are
presented in the order of increasing number ofri@atoms present on the backbone, thus the
first analyzed will be tectod5 with 6 fluorine atoms, followed b9 with 10 fluorine atoms per
porphyrin, 16 with 12 fluorine atoms thedO with 14 fluorines and finallyl1 with 16 fluorine

atoms. The structure of the chiral tecfiohis given last.

Tecton 15
Single crystals ofl5 were obtained by slow diffusion of acetonitriléara solution ofLt5 RR, SS

and the meso) in CHglUnder those conditions, the meso form crystallizethe P21/n space
group with no solvent molecules included in thenasyetric unit. The porphyrin core is almost
planar and the dihedral angle between the porphgean plane (24 atoms) and tiesepyridyl
groups is close to 78°. The relative orientatiorthia solid state of the fluorinated chains fé&ris
above and below the porphyrin mean plane (figuddb)l

As in the case of tectod, no F---F interaction is observed, yet the foromtiof weak
intermolecular hydrogen bonds between the fluoattans and th@-pyrrolic protons (4 fluorine

involved/porphyrin) can be observed (the C---Fatises range between 3.17 A and 3.56 A).

- .ﬁ% L

¢ h

L 1

Figure 11.15. Crystal structure of the tectd®. Hydrogen atoms are omitted for clarity.
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Tecton 9
Single crystals 09 have been obtained by slow diffusion of EtOH iatohloroform solution of the

porphyrin and analyzed by X-Ray diffraction. Thegdoyrin crystallizes in the absence of solvent.
The porphyrin core is almost planar and the flumted chains are situated above and under the
porphyrin mean plane (figure Il.16a). No F---F tamts are observed. Moreover no intermolecular
hydrogen bonds involving fluorine are present. liis tcase, despite an increasing number of
fluorine atoms present in the periphery @tompared tal5, we do not observe an increasing
number of interactions involving fluorine. Instead the structure, there are wemlt interactions

in the B-pyrrolic regions of the porphyrin (3.67 A). Anothiateresting feature is the arrangement
of the macrocycles in a parallel manner resultmghie formation of “fluorous” layers (oriented

along theab plane), as it can be seen in figure 11.16 b.

Figure 11.16. a) Crystal structure of the tecténb) Crystal packing. Hydrogen atoms are omitted
for clarity.

Tecton 16
Single crystals 016 were obtained by slow diffusion of ethanol inteaution of thel6 in CHCk.

Under those conditiond,6 crystallizes in the P-1 space group with two indej@at porphyrin
units and no solvent molecules included in the asgiric unit. One moiety has the alkyl chains
disordered over two positions. The porphyrin caralmost planar and the dihedral angle between
the porphyrin mean plane (24 atoms) andnttesepyridyl groups isclose to 61°. Fluorinated alkyl
chains are situated under and over the plane ®rntim-disordered porphyrin moiety. (Figure
[I.17a) Unlike tectonl5, we observe for the non-disordered porphyrin nyoset, type one, F---F
contacts/Po (d F---F= 2.72 A and 2.80 A) and inteoular hydrogen bonds between fluorine
atoms on the alkyl chains and the protons on thdipg moiety of the porphyrin (the C---F
distances close to 3.36 A) (figure 11.17b). Theoset moiety is involved only in intermolecular
hydrogen bonds between the fluorine atoms and3tpgrrolic protons (the C---F distances are
close to 3.30 A).
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Figure 11.17. a) Crystal structure of the tect@6, the non-disordered porphyrin moiety) crystal
packing highlighting the only two F---F contactedrdotted line). The disorder in the alkyl chains

and hydrogen atoms are omitted for clarity.

Tecton 10
Single crystals 010 were obtained by slow diffusion of ethanol inteaution of thel0in CHCk.

Under those conditiond,0 crystallizes in the P21/n space group with % porphgnd no solvent
molecules included in the asymmetric unit. The pgrm core is planar and the dihedral angle
between the porphyrin mean plane (24 atoms) andngs®pyridyl groups is close to 62° (figure
[1.18a). Fluorinated alkyl chains are disorderedrawo positions (multiplicity %2).

The F---F interactions couldn’'t be assigned duetht® disorder on the alkyl chains, yet the
formation of intermolecular hydrogen bonds betwienfluorine atoms and the Gidrotons on the
alkyl chains (2 fluorines involved/porphyrin) caa bbserved (the C---F distances are close to 3.0
A)). Moreover, in the structure, there are interactions between the mean planes of the mgidi

moieties of the porphyrins (3.30 A). (figure 11.)8b
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Figure 11.18. a) Crystal structure of the tect@f; b) crystal packing. The disorder in the alkyl

chains and hydrogen atoms are omitted for clarity.

Tecton 11
The most densely fluorinated porphyrdd, bearing a total of 16 fluorine atoms in the meso

positions, crystallizes in the P-1 space group #mel asymmetric unit contains no solvent
molecules. The porphyrin core is planar and thedfial angles between the porphyrin mean plane
(24 atoms) and the meso-pyridyl groupscés74°. The twotrans chains are situated above and
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under the tecton mean plane. In the solid stater-mstacking is observed within porphyrin layers
but numerous F---F contacts are present betweeacej porphyrins with up to 12 F---F
interactions per porphyrin (figure 11.19a) with @iaces varying from 2.83 A to 2.94 A (the upper
limit of the sum of the van der Waals radii ). Mover, three of the four contacts haseand6,
(discussed in chapter fjpite close to each other (118° and 127°) whilethar F---F contact of
2.86 A, 6;= 170" andd, =110°, which is near to the value expected for tidealogen bonding.
Focusing only on these F---F contacts, one mayribest¢he structure as a monodimensional
network (figure 11.19b).
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Figure 11.19. a) A portion of the crystal structure b highlighting all the F---F contacts (red
dotted line); b) Crystal packing of the porphyratfising on short F-F contact and the 1D
supramolecular network. Hydrogen atoms are omitiedlarity.

Tecton 17
Last but not least, it was also possible to criigeathe chiral brominated tecton, by slow diffusio

of EtOH into a chloroform solution of the porphyrib7 crystallizes in a chiral space group P1
without any solvent molecules present in the asymmmenit. X-Ray analysis confirms the R
configuration of the two stereogenic carbon atoRlack parameter). The porphyrin core is planar
and themesepyridyl groups are almost perpendicular (87°-88"the porphyrin mean plane (24
atoms). The meso-alkyl substituents are orientedpposite sides with respect to the porphyrin
mean plane.(Figure 11.20 a) In the crystal packiogr-nt interactions are observed and the only
intermolecular interactions are hydrogen bondsabigtinvolving Br and3-pyrrolic CH ( distance
of Br---C ca 3.67 A) (figure 11.20 b).
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Figure 11.20. a) Crystal structure of the chiral tectbnb) Crystal packing highlighting the
hydrogen bonds (red dotted line).
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Conclusion
A series of 13 new fluorinated and/or chiral testomere synthesized, either by using a [2+2]

MacDonald condensation reaction, where the chimdl ffuorinated substituents are introduced in
the first step, or by using a dibromo-porphyrinidative as an intermediate for metal catalyzed
cross-couplings. The first method was applied daiytwo commercially available aldehydes and
leads to poor yields. The second method allowedlé&sggn of a new family of tectons, which have
two coordinating sites in two oppositeesopositions on one hand and a series of fluorinatetior
chiral alkyl chains on the other hand. This syntheathway is quite handy as the number of
reported porphyrins with fluorinated alkyl chains the mesopositions is scarce. The tectons
synthesized by this method can be divided in tlyreeips; the first one (tectoi®s1]) is a set of
porphyrins with varying number of fluorine subséitus on the alkyl chains (from 6 to 16 fluorine
atoms), a second group of chiral tectoh® &nd13) and the last one is a sequence of chiral and
halogenated porphyrins (tectodgl-17). This synthetic pathway seems to be suitable thar
introduction of a large variety of substituentgshe meso positions of porphyrin and it will be used
in the laboratory in the near future in order togmte new porphyrin tectons.

Seven tectons have been characterized by X-Rasadifbn analysis. This solid state study has
shed some light on the specific interactions indthestal packing of the tectons depending on their
structure. Obviously, the conformations of the dest in the crystal are influenced by
intermolecular interactions such as H-bonds-arstacking and can thus be different depending on
the packing or on the presence of solvent moleguolése asymmetric unit.

Concerning intermolecular interactions and morec#ipgally halogen contacts, we do observe
numerous intermolecular F---F contacts ranging f@#2 A to 2.94 A in length, for two tectof§
and1l.

Tecton 16 has six, type one, F---F contacts and considetimg shortest one 2.72 A a
monodimensional supramolecular networks is buidit fecton1l among the 12 F---F contacts
present most of them (8) are type | halogen bomdaoibs 1 and6, are equal), while four contacts
(F---F distance equal to 2.86 A) are close to typewith 6,=170° and®,= 110°. A 1-D
supramolecular network can be built through theseractions. F---F contacts for tecttf, that
has an intermediate number of fluorine atoms betvi€eand11, couldn’'t be assigned due to the
disorder on the alkyl chains.

Considering the X-ray structures, the presencduoiihe atoms in the periphery of the porphyrin
could influence the crystal packing in the solidtstbut is definitely not the only interaction to
consider in order to describe the organizationuchsmolecules in the solid state. Considering that
the energy of halogen bond is ranging from 5kJ&@ KJ/ mol, the lower limit is comparable to the
energy ofn---m interactions. Thus, even for tectdd, during the crystallization process F---F
contacts are certainly not the only and probablythe main driving force for the organization of
the porphyrins in the crystal.
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Interestingly some of these trends in the crydtaicture of the free ligand will be observed in the

subsequent networks obtained from their metal cergd, discussed in next chapter.
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Chapter III. Coordination Networks based on halogenated or/and Chiral
Porphyrins

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

use in the generation of fluorinated and/or chietivorks.

I1I. 1. Coordination networks and porphyrins: Some examples

In this part, only few relevant examples of cooatiion networks formed by porphyrin based
tectons are discussed. A more complete descriticihe state of the art concerning this topic
could be found in recent reviews:

The first porphyrin-based coordination polymer weorted by Robson and co-workers in 1491.
A palladium tetrapyridyl porphyrin moiety leads tise formation of a 3-D arrangement in the
presence of cadmium cation (figure 1Il. 1). One*0d coordinated by twais pyridyl, while the
second cadmium cation is connected by ttwans pyridyl donors. The square bipyramidal
geometry is formed by two pyridine moieties andrfawater molecules. This contribution is not
only a milestone for porphyrin based coordinati@tworks, but also represents the first reported

heterometallic architecture.

Figure Ill. 1. A view of the first coordination network basedmorphyrins (N=blue, Cd=light yellow,
Pd=green, O=red). Hydrogen atoms are omitted &oitygl
In 1994, Robsoret al. proved that the crystal engineering approach @sutcessfully used to
generate three dimensional networks with large wbisn starting from porphyrin building blocks.
These results were at the origin of the rapid iaseein the number of reports dealing with

porphyrin based frameworks (figure IIl. 2).

58



90

30

70

a0

30

40 A

30
20
N |””|
RSP ————T ] N1 | 4
o s ®» o
) =] =t =
g - & o 5 c g

Figure Ill. 2. Number of articles including “porphyrin framewaotks the title in recent years.

The most frequent groups used as coordinating are<t-pyridine and 4-benzoic acid located at
themesopositions. One particular interest in the porphrackbone is related to the possibility of

tuning the number (1 to 4) and the positions ofdberdination sites at the meso positions. This
leads to many possibilities in terms of geometrg danticity for the design of tectons. Moreover,

the position of the coordinating atoms, the nundfecoordinating sites, the nature of the spacer
linking the coordinating site to the porphyrin beoke may be varied leading thus to an infinity of
possibilities for the design of tectons and foritttmbinations with a variety of metal centers

leading to an infinity of coordination networks widifferent topology and geometry (figure 111.3).

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

In 2002, Suslick and co-workers described the fdionmaof a porphyrin based coordination
polymer for selective sorption of guest solvent ecales’ The zeolite like analogue (PIZA-1:
Porphyrin lllinois Zeolite Analogue) was generatadder solvothermal conditiongjia self-

assembly of a cobalt tetrakis (4-carboxyphenyl)phgrin with cobalt chloride. This stable and

robust framework displays large voids with accdeditydrophilic channels perfectly suitable for a
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large variety of molecules (amines, alcohols) wdiffierent affinity for solvents depending on their

size (figure Ill. 4).
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Figure Ill. 4. a) Structure of PIZA-1 showing channels; b) incogtion capacity of the networks observed
for different molecules.
Later on, the same group showed that PIZA-3, atogna of PIZA-1 for which cobalt cation was
replaced by manganese, catalyzes the oxidatiomeén and cyclic alkanes and epoxidation of
cyclic alkenes with yields varying from 20 to 74%he catalysis occurs on the MOF surface as the
cavities were too narrow to allow substrate diffus|
More recently, the group of Hupp described the lsgsits of a MOF using two organic ligands: a
porphyrin possessing two pyridine moieties in thans meso positions and a tetrakis (4-
carboxyphenyl)benzefieand tetra (p-carboxyphenyl)porphyrin (figure 18).° In this case, the
pyridine bearing porphyrins act as pillars conmegtonsecutive layers. A series of different MOFs
can be synthesized applying this approach and mteeestingly a wide variety of metal ions can
be used. The ability to incorporate two differen¢tad ions into a framework could enable the

presence of two distinct catalysts capable of aaghg multiple steps complex reactions.
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Figure lll. 5. Structure of Robust Porphyrinic Materials (RPN teft: a schematic representation of RPM
unit cell, top center and right: the structurepafphyrin building blocks; bottom: the three RPM

representatives with different metal centers.
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As mentioned before, the biological importanceha porphyrin macrocycle makes it an attractive
scaffold for assembling crystalline MOFs for lighérvesting properties. In 2012, the group of
Hupp reportetf porphyrin based MOFs showing exciton migrationraye to ~45 porphyrin units.
This remarkably efficient exciton migration is ditrted to enhanced-conjugation through the
addition of two acetylene moieties within the pamah molecule (figure Ill. 6). In this case, it was
not possible to have full structure determinatibnf the cell parameters indicate that the Zn-

Porphyrin acts as pillars between the Zn-paddleldtezets formed by the carboxylate co-ligand.

L

In MOF

Figure 1ll. 6. Structure of a porphyrin based MOF and its udgt harvesting properties, highlighting the

exciton migration within the framework.

Emphasis on two and three dimensional networkstlagid possible applications has been a focal
point in the chemistry of coordination polymerst ecan be quite difficult to predict or to push a
system towards the formation of these structureseRtly the importance of mono dimensional
porous structures has been rising due to high oscce of this type of architectures as well as
easiness in anticipating their formation. A recexample of 1D double chain dipyridyl-porphyrin

based porous coordination polymers (figure Ill. SHowed interesting results towards L£O
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Figure I1I. 7. a) 1D double chain structure of &&orphyrin; b) two 1D double chains (representecih
and black) connected through hydrogen bonds (bitied line).

Two isostructural networks based on ?GBorphyrin and Zfi-Porphyrin in DMF showed

adsorption selectivity for COover N, Hy, and CH at low temperature and low pressure. It is
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worth noting that structural changes during adsonpprocesses are highly metal dependent. This
is only a brief discussion on possible applicatiohgporphyrin based networks, an ampler review
on the functional materials composed of metal-niegtalphyrin frameworks has been published by

Ma and co-workefsin 2014.

In our group:**® numerous studies have focused on the formatioM®Fs based on porphyrin
building units. Especially, those obtained througélf-assembly of zZn(ll) [5,15-(4-pyridyl)
porphyrins], (Zn-Po), possessing different aryl fitbents intrans 10 and 20 positions. The 3D
coordination networks were obtained through pyedooordination of two adjacent porphyrins in
axial positions of the metal ion (Z. The hexagonal architectures possess cavitigsctirabe

filled with solvent molecules. (figure l1l. 8)
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Figure Ill. 8. On the right, view on the channels with solventeanoles (only one pyridine is represented);

on the left, the view on the hexagonal network fedniC=grey, Zf'=purple, blue ball= para substituents of

the meso phenyl).

& = H, F,CN, CMe, COOMe; CF ;. CHa

These architectures are robust enough to allowesblexchange in single-crystal-to-single crystal
transformations. The amount of solvent exchangdua(®l, methanol, cyclohexane) depends on
the para-substituents and on the cavity dimensions. Asstiiestituents in thpara position of the

phenyl are pointing inside the channels, one caagine altering the pore dimensions and the
affinity towards polar or non-polar solvents, byyiag the nature of these substituents (figure IIl.

9).

Figure IIl. 9. Influence of the nature of substituentgpara position ofmesophenyls on the channel size.
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The research topic of my PhD was inspired by ttstgdies. Indeed, the introduction of chiral or
highly fluorinated substituents could lead to tleenfation of similar hexagonal coordination
networks possessing channels that are well sutedhie trapping of chiral and/or fluorinated

species such as inhalation anaesthetics.

III. 2. MOFs and Porphyrins: Synthetic strategy
Dealing with coordination networks based on porphigctons, one may use mainly two strategies

differing by the localization of the metal ion: the porphyrin cavity or outside of the core. The
first one is called: single component strategy hseait involves the self-assembly of a self-
complementary tecton. The multiple component ggsat@volves necessarily an external metal
cation and leads to the formation of either homathietor heterometallic coordination frameworks
depending on the absence or presence of a meitah @athin the porphyrin precursor.

In order to reduce the number of components armvaad the inclusion of counter ions, one might
use self-complementary neutral metallotectons. $@f-complementary metalloporphyrins, the
generation of networks takes place through the &ion of coordination bond (usually one or two)
involving the axial position(s) of the metal cation

When dealing with porphyrins bearing three coortiingapoles: the tetradentate porphyrin core and
the two monodentate pyridyl units (such as theotectdescribed in the previous chapter), the
binding of metal ions such as Zn(ll) cation by thg®rphyrin cores leads to the formation of a
neutral self-complementary tectons due to the padsggiof further interactions, using the axial
position of the Zfi" cation, with substituents such as pyridine presérhe porphyrin periphery.
Their self-assembly generates 1-D, 2?D;?and 3-B* *® coordination networks depending on the
coordination geometry (either 5 or 6-coordinatefdhe Zn(ll) cation (figure 11l. 10).

Indeed, the coordination of only one pyridine ie @ixial position on the Zn(lIl) cation may lead to
the formation of 1D networks, while the presencéwnad pyridyl units in the apical positions of the
Zn** generates either two- or three-dimensional nets/at&pending on the angle between the

porphyrin mean plane and the pyridyl substituents.
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Figure Ill. 10. Schematic representation of the topology of treradination networks formed by self-
complementary Zn-porphyrins.

A great majority of coordination networks are basedtwo or three component systems. When
employing external metal cations and organic testéincharge neutrality is not assured by the
organic part, in order to balance the charge ofntietal ions, the crystal will include additional
anions either coordinated to the metal cationsooated in the cavities. Systems based on two
components require both a porphyrin-based unit amekxternal metal ion or a metal complex.
Depending on the nature, number and position ofcthwdinating sites located at the porphyrin
periphery and the coordination requirements of ékternal metal center (number and relative
position of free coordination sites), the formatioh either 1-D, 2-D or 3-D architectures is
possible.

I11. 3. Self-assembly of new Zinc (II) Porphyrin tectons
The formation of coordination networks by combinihg 13 new tectons described in chapter 2

and Zf* salts was studied. Many parameters could be vatieel crystallization procedure
(liquid/liquid diffusion, solvothermal synthesis,n& slow evaporation), the solvents, the
temperature and the metal salts. Many attempts h@emn made, yet for most of them, the
formation of amorphous powder was observed. Negl$s, in 11 cases, we observed the
formation of single crystals that were analyzedtby method of choice to characterize such
assemblies: X-Ray diffraction on single crystatsalfirst part, we will focus on structures obtaine
using 4-Zn, then the structures concerning the self-asgemibzinc complexes with the ether

bonded alkyl chains porphyrins will be presented.
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IIl. 3. A. Zn-Tecton 4
By slow diffusion of Zn(OAc) 2H,O in methanol into a chloroform solution of tecibrcrystals

suitable for X-Ray diffraction were formed. Themadysis revealed that the crystal was of low
quality leading thus to high refinement parame{@®% = 0.17 and wR2= 0.43). However, their
analysis revealed that a 1D network is formed wgmfhiassembly of thé-Zn. The asymmetric unit
contains one Zn-porphyrin moiety and one methamol disordered water molecules. The?Zn
cation is pentacoordinated and adopts the squaedbpyramidal geometry with a pyridyl unit
belonging to the neighboring metallatecton occugyihe axial position of the Zn(ll) ion. The
average Zn-N distance within the porphyrin cor.@ A, whereas the axial Zn-N bond distance is
slightly longer (2.15 A). The porphyrin backboneplanar and the zn(ll) is slightly displaced from
the PMP (porphyrin mean plane, 24 atoms) by 0.38wkard the axial pyridyl moiety. Among the
two pyridyl units of the tecton, only one is invelty in the formation of the coordination network,
the second one is “blocked” by a hydrogen bond8&ywith a methanol molecule present in the
structure (figure Ill. 11). Within the 1D chain,etldihedral angle between the mean plane of the
axial pyridyl unit and the PMP is equal to 81°amh@ taverage tilt angle between consecutive
porphyrins (PMP) is 82°. Within the tecton, theediral angles between the porphyrin mean plane
and themesopyridyl substituents are 60° and 87°. As in theecaf the free base ligand, presented
in the Chapter I, the alkyl chains are situatedr@same side of the porphyrin mean plane.

Figure 1ll. 11. A portion of the 1-D coordination network (hydrogatoms are omitted for clarity) formed
by self-complementarg-Zn tectong(the dotted line represents the H-bond betweerdmgiand methanol).
Interestingly, unlike the structures of the freetd@ reported in the previous chapter, F---F cdsetac
are present in the crystal. Indeed, the chainscammected through F---F contacts (type 1) with
distance of 2.58 A and the angbasand6, are equal to 111° (figure Ill. 12). Nen interactions are
spotted.
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Figure lll. 12. Crystal packing of the network, highlighting the-F contacts in green. Hydrogen atoms
and solvent molecules are omitted for clarity.

We tried to trap fluorinated molecules within thetwork, and, for that purpose, added some drops
of 2,2,2-trifluoroethan-1-ol in the methanolic wwbn of Zn(OAc) 2H,0O. Stable crystals were
obtained and studied by X-Ray diffraction. The asyatric unit contains one Zn-porphyrin
together with one 2,2,2-trifluoroethan-1-ol anaé&@HCE molecules. The structural study revealed
the formation of a one-dimensional network simitathe previous one discussed above. The metal
ion is pentacoordinated and adopts a square basathial geometry, with an axial pyridyl unit
belonging to the neighboring metallatecton. Theppgrin backbone is planar and the Zn(ll) is
slightly displaced from the PMP by 0.32 A toware tixial pyridyl moiety. Among the two pyridyl
units of the tecton, only one is involved in theni@tion of the coordination network, while the
non-coordinated moiety, as showed in the previ@secis involved in hydrogen bonds (2.75 A)
with the 2,2,2-trifluoroethan-1-ol present in tietwork (figure 1ll. 13).
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Figure Ill. 13. A portion of the 1-D coordination network (hydrogatoms and chloroform molecules are
omitted for clarity) formed by self-complementayZn (the dotted line represents the H-bond betwesn n

coordinated pyridine and 2,2,2-trifluoroethan-1-ol

Within the 1D chain, the average angle betweenrattial pyridyl unit and the PMP is 77°and the
average tilt angle between consecutive porphysn84’. Within the tecton, the dihedral angles

between the PMP and the meso pyridines are 588@nhd/alues really close to the one in the first
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example. Like in the first case the crystal packiegeal the formation of F---F contacts between
the chains with a distance of 2.77 A, and@hand@, values (102°) suggest type | halogen-halogen
contacts (figure Ill. 14). Moreover, weak intermmlé&ar H---F contacts are formed between the
fluorine atoms of the porphyrin and solvent molesu{&..r = 3.45 A) as well as thg-pyrrolic
protons (¢ = 3.16 A).
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Figure Ill. 14. Crystal packing of the network, highlighting the-F contacts in green. Hydrogen atoms

and chloroform molecules are omitted for clarity.

Using slightly modified crystallization conditiof®MSO as an interlayer phase between MeOH
and CHC}), it was possible to isolate two types of crysialgshe crystallization tube: the major
ones with parameter metrics and stability simitathie 1D network reported previously and a more
stable crystalline form as a minor product. Thelysis of the minor crystals by XRD revealed the
formation of a 2D coordination network of the gtigpe. The formation of this architecture is
possible due to mutual bridging between consecutiZa self-complementary tectons through the
coordination of two appended pyridyl units, belangito adjacent units, to the axial positions of
Zn** cations. EacH-Zn moiety is surrounded by four neighbouring testdThe tilt angles between
the meso pyridyl groups and the porphyrin mean eplare equal to 77°. The Znion is 6-
coordinated and its coordination sphere is compasetde equatorial plane of fourpeic atoms
(dznn Of ca2.06 A) and two Nrigine atoms in the axial positions Agy of ca 2.47 A). The axial
pyridyl units make a 47° angle with the PMP (figlite 15). Within the 2D grid the dihedral angle
between the mean planes of the two adjacent pdnshys close to 79° and a Zn-Zn distance
between two consecutive porphyrin moleculesa®.87 A is observed.

In this case the alkyl chains are situated unddrarer the porphyrin mean plane, unlike the 1D
networks, where in both cases the chains wereddaat the same side of the porphyrin plane.
Unlike the previous 1D networks obtained us#gn, there are no F---F contacts present in the

crystal.
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are omitted for clarity.

Within the network, no solvent molecules were foamd attempts to fill the cavities with solvent

molecules such as fluorinated alcohol failed aiad l® the formation of amorphous powders.

Based on crystallization conditions, it was possital switch the dimensionality and to influence
intermolecular interactions. By varying the cryltaltion conditions, it was also possible to switch
between a crystal with methanol as solvent an@r#fluoroethan-1-ol . Although it isn’t a single-
crystal-to-single crystal transformation, it is ionf@ant to discover how to influence the networks
formation by varying the growth conditions. It ids@ important to emphasize that in the
monodimensional networks, along the coordinationdband solvent molecules, we could observe
intermolecular interactions such as F---F contactd F---H bonds. On the other hand, the two-
dimensional network presents no intermolecularauigons and no solvent molecules are included
within cavities. These results are also encouradimgy show that even with a relatively simple
tecton: two recognition sites and six fluorine asonon the backbone we can build
monodimensional or two dimensional networks, algiothis issue remains challenging, with F---F
contacts. The next step is to be able to fill theittes with molecules of interest through specific

interactions involving fluorine atoms on the backéo

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

We do observe the formation of single crystalssieven Zn-Porphyrin self-complementary tectons
bearing alkyl chains through ether junctions. Tleresponding structures are not presented in

numerical order but with respect to the increasingnber of fluorine atoms on the chains.

Zn-Tecton 8

By slow diffusion of ZnSik in MeOH into a solution of th& in CHCk through an interface
composed of a solution of DMSO containing few drop, 2, 3, 4, 4, 4-hexafluorobutan-1-ol,
single crystals suitable for measurement were nbthiThe X-ray diffraction analysis revealed the
formation of a 1D network, formed upon self-assgndflthe Zn-metallated porphyrin (figure lll.
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16). The asymmetric unit (P2, space group) contains one Zn-porphyrin moiety soldent
molecules (DMSO and 2,2,3,4,4,4-hexafluorobutan}13he Zrf* cation is pentacoordinated and
adopts a square based pyramidal geometry with aybyunit belonging to the neighboring
metallatecton occupying the axial position of th€lB ion. The porphyrin backbone is planar and
the zn(ll) is slightly displaced from the PMP by2®.A toward the axial pyridyl moiety. The
average Zn-N distance within the porphyrin corg.@6 A, whereas the axial Zn-N bond distance is
slightly longer (2.19 A). Among the two pyridyl dsiof the tecton, only one is involved in the
formation of the coordination network. Within thecton, the dihedral angles between the
porphyrin mean plane and the meso pyridyl substisiare 57° and 68°. Within the 1D chain, the
average angle between the axial pyridyl unit arelgbrphyrin mean plane is 79°and the average

tilt angle between consecutive porphyrins (PMP)8s

Figure Ill. 16. A portion of the 1-D coordination network (hydrogaioms and solvent molecules are

omitted for clarity) formed by self-complementa&syZn.

One DMSO and one hexafluorobutanol molecules82n are present in the crystal. It is worth
noting that the space group is not chiral and #wafuorobutanol present in the structure is presen
as a racemate. The crystal packing reveals theattwmof F---F contacts between the alkyl chains
of adjacent porphyrin based tectons with a distaxfc293 A, and th®; and6, values (124° and
114°) suggest type | halogen-halogen contacts.eThee also several hydrogen bonds between
solvent molecules and the porphyrin moigtypyrrolic protons are hydrogen bonded with fluorine
atoms of hexafluorobutanol ddr = 3.20 A), the non-coordinated pyridine molecutenis
hydrogen bonds with the DMSOddo = 3.34 A) and finally the fluorine atoms of thédlchains
form F---H bonds with DMSO moleculeddr = 3.4 A). Crystal packing is mostly influenced by

n stacking within consecutive 1-D zig-zag chainghwilane distances around 3.48 A (figure III.
17).
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Figure lll. 17. Crystal packing of the network, highlighting tine stacking in red circle. Hydrogen atoms,

solvent molecules and alkyl chains are omittectfarity.

Zn-Tecton 14

Tecton14 contains 6 fluorine atoms/ porphyrin and is presesnd racemate (RR and SS) and of the
mesocompound (R, S). Crystallization tests were madilgithis mixture and single crystals
obtained were measured by X-ray diffraction. Thestal structure described below is a
preliminary structure since the refinement was tovally finalized at the time of writing this
chapter. We observe the formation of a 1-D netvaanktaining thenesoform of 14-Zn. The Zn(ll)

is pentacoordinated and located slightly above gbephyrin plane (0.33 A) toward the axial

pyridine. No solvent molecule is present in thestaly(figure 111. 18).
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Figure Ill. 18. A portion of the 1-D coordination network (hydrogatoms are omitted for clarity) formed

with the self-complementad4-Zn.

Within the 1D chain, the average angle betweeratti@ pyridyl unit and the PMP is 70°, one of
the closest angles seen as yet in this chapterpaqiuing the value that could lead to hexagonal 3-
D networks. The average tilt angle between consecutorphyrins (PMP) is 74°. Within the
tecton, the dihedral angles between the porphygamplane and the meso pyridyl substituents are
51° and 61°. Unlike the other ether bonded porpisydescribed so far (free base or coordination
networks) alkyl chains are situated on the same efdthe porphyrin mean plane. Neither F---F
contacts nor hydrogen bonds are present. Theatrygatking reveals formation of 1-D stacked
layers throughr=Tt interactions with distance of 3.4 A, similar teetbne presented for tect@n
(figure 111. 17).
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Zn-Tecton 15
The difference between the tectdidsand15 is the presence of an ethyl group instead of dyhet

group at the stereogenic carbons. The X-ray straeaiticrystal by self-assembling ®5-Zn (meso
form) indeed showed several similarities with tlhevous structure. The structure is an unfinished
version with no solvent molecules depicted in theh#ecture. The 1-D network is formed by
coordination of one pyridyl moiety to the axial fim of a zZn(ll), located 0.35 A above the
porphyrin mean plane. Like in the previous case, diierage angle between the axial pyridine
moiety and the porphyrin mean plane is quite saradl close to 69°. The average tilt angle between
consecutive porphyrins is 77°. Within the tectdrg tlihedral angles between the porphyrin mean
plane and thenesopyridyl substituents are equal to 54° and 59°.ikénthe structure obtained for

15, the fluorinated chains are positioned on the ssinke of the porphyrin plane (figure 1ll. 19).

Figure 1ll. 19. A portion of the 1-D coordination network (hydrogatoms are omitted for clarity) formed

by self-complementary5-Zn.

The crystal packing reveals formation of 1-D staktlayers with a distance of 3.49 A between the
stacked porphyrin rings, similar to the one preserior tector8 (figure Ill. 17). Comparable with
its free base structure, the packing reveals thedbon of intermolecular H-bonds between
fluorine atoms on the alkyl chains and fheyrrolic protons (d—.r = 3.30 A) as well as between
the fluorine atoms and the protons belonging toritye coordinated pyridine édr= 3.43 A), but
no F---F contacts between the porphyrin are observe

Using slightly modified crystallization conditiot®MSO with some drops of hexafluorobutanol at
the CHCHMeOH interface), it was possible to isolate, mdtystalline form as a minor product, a
2D grid network, composed of self-complementa®Zn(R,S).

The Zrf*ion is 6-coordinated, its coordination sphere imposed of the four N atoms constituents
of the tetraaza core of the porphyrin{g of ca 2.06 A) and two N atoms belonging to the two
apical pyridyl units of two consecutivils-Zn tectons (2.35 A). The axial pyridyl units arenabt
perpendicular to the porphyrin mean plane with dibkangles ota 82°. The tilt angles between
the mesopyridyl groups and the porphyrin mean plane asmfidal and equal to 80°. The alkyl
chains are situated under and over the porphyremmpéane. Within the 2D grid, the dihedral angle
between the mean planes of the two adjacent pdrzhig close to 89°. A Zn-Zn distance between

two consecutive porphyrin moieties@f 10.11 A is observed (figure IIl. 20). Like the pi@us 1D
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networks obtained witli5-Zn, in this case there are no F---F or F---H coistgpresent in the

crystal.
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Figure IIl. 20. A view on the 2-D network with fluorinated chaipsinting into the cavity. Hydrogen atoms

are omitted for clarity.

Zn-Tecton 9

Crystals were obtained by slow diffusion of Zn(OA@H,O into a solution of tecto®. 9-Zn
crystallizes with no solvent molecules in the asytma unit. The self-complementary
metallatecton self-assembles into a 1D networku(égll. 21). The porphyrin backbone is planar
and the zn(ll) is slightly displaced from the PMP @21 A toward the axial pyridyl moiety. The
average Zn-N distance within the porphyrin cor.87 A, whereas the axial Zn-N bond distance is
slightly longer (2.18 A). Within the 1D chain, thgerage angle between the axial pyridyl unit and
the porphyrin mean plane is 77° and the averagartile between consecutive porphyrins (PMP)
is 73°. Within the tecton, the dihedral angles lestwthe porphyrin mean plane and the pyridine
substituents are 54 ° and 67°. The alkyl chainssitemted under and over the porphyrin mean
plane. A distance afa. 15.5 A between the N atoms of the pyridyl grobponging to the same

tecton is observed.

Figure lll. 21. A portion of the 1-D coordination network (hydrogatoms are omitted for clarity) formed

by self-complementar9-Zn.
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The non-coordinating pyridine moiety is involvedhigdrogen bonds ¢d.y =3.18 A) with thep-
pyrrolic protons of adjacent porphyrins. Intereghyn we also observe H-bonds involving fluorine
atoms on the alkyl chains (4 contacts per porphyamd p-pyrrolic protons (d..r = 3.22 A),
coordinating pyridine moiety (d.= 3.40 A), non-coordinating pyridine moietyc(ck = 3.23 A)
and even protons on the alkyl chairc.(d = 3.29 A). The packing revealedn interactions

between porphyrin mean planes of adjacent 1-D eh@m5 A) (figure 1. 22).
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Figure Ill. 22. Crystal packing of the network, highlighting tlre stacking in red circle. Hydrogen atoms

are omitted for clarity.

Zn-Tecton 16
Tectonl16 contains a total of 12 fluorines together with tstereogenic centers. Like tectbfand

15, the crystallization in the presence of Zn(ll) waerformed starting with the mixture of the
racemate (R,R and S,S) and theesoforms. The 1-D network shows similarities with the
previously described zig-zag chains. The asymmatritcontains onenesol6-Zn moiety and one
methanol solvent molecule. The Zis pentacoordinated and slightly displaced from FRiMP by
0.33 A toward the axial pyridyl moiety. The averagmuatorial Zn-N distance is 2.06 A, and the
axial Zn-N distance is equal to 2.15 A. Among the tpyridyl units of the tecton, only one is
involved in the formation of the coordination netkiothe second one is “blocked” in hydrogen
bonds (&0 2.82 A) with the hydrogen belonging to methanollenoles, present in the structure
(figure 111. 23).
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Figure lll. 23. A portion of the 1-D coordination network (hydrogatoms are omitted for clarity) formed

by self-complementary6-Zn.
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Within the 1D chain, the average angle betweenattial pyridyl unit and the porphyrin mean
plane is 85° and consecutive porphyrins are alrpesgpendicular (tilt angle of 84°). Within the
tecton, the angle between the PMP andmtesepyridine is equal to 80°. The alkyl chains are
situated on the same part of the porphyrin plaherd& are three F---F contacts per porphyrin with a
distance of 2.91 A and 2.92 A, and like before @hand, values (122° and 108°) suggest type |
halogen-halogen contacts. As observed in sevesakadiscussed above, the fluorinated chains tend

to assemble into a “fluorous” layer (figure III.)24
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Figure Ill. 24. A portion of the crystal packing highlighting tRe--F contacts (red dotted line).

The crystal structure also contains intermolecklarH bonds, between the fluorine atoms and the
protons of the coordinating pyridine moiety(¢ = 3.42 A) as well as the protons on the alkyl
chains (d..r = 3.31 A). The crystal packing reveals also thenfation of stacked 1-D chains, with
a distance of 3.33 A between the porphyrin meangsidfigure lIl. 25).

Figure Ill. 25. Crystal packing of the network, hydrogen atomsaanéted for clarity.

Attempts to empty the cavities lead to decompasitd the crystalline structure. Crystallizations

with fluorinated solvents are still in progress.
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Zn-Tecton 10
Tecton10 has one more fluorine atom per substituent t@nhus leading to a total of 14 fluorine

atoms in the periphery of the porphyrin. By usitg tusual crystallization conditions (liquid
diffusion of a methanolic solution of ZnSikto a solution ofL0 in chloroform with an interlayer
of DMSO), a 1-D network was obtained. The asymroetnit contained the Zn-porphyrin and
disordered solvent molecules: two chloroform moleswand one MeOH, with no interaction with
the porphyrin framework. The structure was treat#tti the SQUEEZE command for solving the
structure. Like in the previous 1D assemblies, Brifl 5-coordinated with 4 Zn-\ic bonds
(2.06 A), and one axial Znidine bond (2.18 A), while the second pyridine moiegydmging to
the mesoposition of the porphyrin is not involved in coordtion. Within the tecton, the dihedral
angles between the porphyrin mean plane andnsopyridyl substituents are 55° and 67°. The
alkyl chains are situated under and over the parphyiean plane (figure Ill. 26). Within the 1D
chain, the average angle between the axial pyndy and the PMP is 78° and the tilt angle
between consecutive porphyrins is 75°.

Figure lll. 26. A portion of the 1-D coordination network (hydrogatoms are omitted for clarity) formed
by self-complementar¥0-Zn.
Each porphyrin has three F---F contacts (figure30a), with two F---F distances of 2.92 A and
one shorter with 2.74 A distance (figure Ill. 2The angle®; andf, values suggest type | halogen-
halogen contact®{ = 0,= 141°). There is no intermolecular H---F contamitserved in the crystal
structure. The crystal packing reveals also then&tion ofn-n stacking between the consecutive

mono-dimensional chains, with a distance betweermptiphyrin mean planes of 3.43 A.
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Figure IIl. 27. Crystal packing of the network, highlighting onhe shortest F---F contacts in red.

Hydrogen atoms are omitted for clarity.
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Zn-Tecton 11
Tecton 11 is the most heavily fluorinated tecton synthesizeth a total of 16 F atoms per

porphyrin macrocycle. Single crystals were growrtha presence of CHgIMeOH and DMSO.
Formation of a 1D zig-zag chairsl-Zn is observed. The asymmetric unit contains one Z
porphyrin moiety and one DMSO molecule. The founagqrial Zn-N bonds are equald¢a 2.06 A
while the axial bond length is 2.17 A. Among theotywyridyl units of the tecton, only one is
involved in the formation of the coordination netkoWithin the 1D chain, the average angle
between the axial pyridyl unit and the porphyrinameplane is 80° and the average tilt angle
between consecutive porphyrins (24 atoms of thennm@ane) is 87°. Within the tecton, the
dihedral angles between the porphyrin mean planetiz® meso pyridyl substituents are 64° and

87°. The alkyl chains are situated under and dvepbrphyrin mean plane (figure l1I. 28).
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Figure Ill. 28. A portion of the 1-D coordination network (hydrogatoms and solvent molecules are
omitted for clarity) formed by self-complementdry-Zn.
As in the previous case, the packing reveals thmdton ofr-n stacked mono-dimensional layers,

with a distance between porphyrin mean planea@52 A.
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Figure lll. 29. Crystal packing of the network, highlighting omge F---F contact in red. Hydrogen atoms
are omitted for clarity.

For the free base structure, we observed up to -1F Eontacts per porphyrin, with non

stacking, for the coordination network, 8 F---F tamts (figure IIl. 30b) ana-n interactions are

observed. More curious is the existenc®and0, equal to 161° and 87° for the F---F distance of

2.81 A and6, and 0, equal to 152°and 87° for the distance of 2.83 A tira close to type Il

interactions. These values indicate that by inéngathe number of fluorine atoms present on the

porphyrin backbone, the number and strength ofrnmbdéecular F---F contacts are enhanced.
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Interestingly, through these interactions, the IlcBains are interconnected forming thus a
supramolecular 2-D network (figure lll. 29). Inteslacular H---F contacts are formed between the
solvent molecules (.r = 3.14 A) and the protons of the adjacent chaigsg= 3.17 A).
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Figure 1ll. 30. View on the tectobO (a) and tectod 1 (b) in their zinc networks with a highlight on the-

F contacts in red. Hydrogen atoms are omitted l&oitg.
Table 1 summarizes relevant structural featuresiodd by X-ray analysis for this series of Zn
based self-complementary tectons.

Tecton nr. Nr of F Presence of the| Topology F---F H---F T—T
atoms/Po solvent contacts | interactions| interactions|
(d C---F)
4 6 MeOH 1D 1/Po no no
2.58 A
4 6 CHCk 1D 1/Po 3/Po 3.41A
2,2,2- 2.77 A 3.15A
trifluoroethan-1- 3.45A
ol
4 6 no 2D no no no
8 6 2,2,3,4,4,4- 1D 4/Po 2/Po 3.48 A
hexafluorobutano 2.93A 3.2A
DMSO 3.4 A
14 6 no 1D no no 3.40A
15 6 no 1D no 4/Po 3.49 A
3.30 A
3.43 A
15 6 2D no no no
9 10 no 1D no 8/Po 3.45 A
3.22A
3.23A
3.29A
3.45 A
16 12 MeOH 1D 3/Po 4/Po 3.33A
2.91A 3.31A
3.42 A
10 14 CHC} 1D 3/Po no 3.43A
MeOH 2.74 A
2.93A
11 16 DMSO 1D 8/Po 3/Po 352 A
2.64 A 3.14 A
2.76 A 3.17 A
2.81A
2.83 A

Table IlI. 1.
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Focusing on the F---F contacts present in the stéite, although weak in nature, one may notice
that they are already present4iZn and in8-Zn for which the two tectons contain only 6 flucei
atoms. On the other hand, increasing the numbér atbms on the porphyrin periphery does not
necessarily lead to an increase in the number-of Eontacts. Indeed, in crystal structure9-@n,
14-Zn and15-Zn no F---F contacts are present. These obsenstaggest that while the number
of fluorine atoms is a relevant parameter to carsiwhen seeking specific interactions involving
fluorine atom, other factors influence also therallepacking of the networks in the crystalline
phase. For example, the packing of most of thechdiins also display-n interactions. For the last
3 representatives networks, with increasing nunabdluorine atoms (tecton$6, 10and11 bear
12, 14 and 16 fluorine atoms respectively), a notear-cut trend is observed. While for th@Zn,
only three F---F (type 1) contacts with quite loRg-F distance are spotted, fbd-Zn three shorter
contacts per porphyrin (type 1) are observed, Bpdbr and11-Zn, up to 8 contacts per porphyrin
with one of the shortest F---F distance are detecte

Concerning the halogen-halogen bond type, moshefl:D networks revealed type | contacts.
Only in the case af1-Zn, F---F distances of 2.81 A and 2.83 A and amgleser to 180° fo#; and
90° for 0, indicate a type Il contact. A result in accordandth the one obtained for the free base
porphyrin 11, for which a similar tendency for one F---F comtecobserved. It is important to
notice that structural investigations of the fluated ligand itself give insight into possible
interactions within the networks.

The results obtained for the self-assembled zitwarks shine light on how the number of fluorine
atoms may influence the interactions present withiea networks and this knowledge may be
further used to test the trapping capacity of aigstbased on molecular networks towards
fluorinated solvents. For several examples, theafisghiral and fluorinated solvents was already
tested. We have not yet observed the formatiorhwakcnetworks using chiral solvents, while for
fluorinated solvent containing networks, solveapping takes place through hydrogen bonding.
The two 2-D networksA-Zn and 15-Zn formed through self-assembly, formation of tagi
decorated with fluorinated alkyl chains is observddwever, cavities were found to be empty in
both cases. Unfortunately, attempts to fill theittas with solvent molecules failed.

I11. 4. Double component systems composed of Porphyrin and Cd (II)
Many attempts have been made to grow single ceystglcombining fluorinated or/and chiral

porphyrin based tectons bearing two pyridyl unitshemesopositions with external metal cations
such Ca@', Co*, Ni**, cd”*, Hg'*, Ag'". In most cases, amorphous powders were obtairede S
crystallizations are still in progress.

So far, we have obtained single crystals suitabteXiRD in only two cases involving Cd(ll) as
external metallic cations and tectahand10.
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Cd-Tecton 4
Slow diffusion of CdBg in EtOH into a chloroform solution of tect@nin the presence of DMSO

containing drops of 2,2,2-trifluoroethan-1-generated suitable crystals for X-ray diffractidine
asymmetric unit contained the porphyrin interconegédy CdBs moieties and three disordered
water molecules with no specific interactions witle porphyrin framework. Since the solvent
could not be refined, the structure was treatet thié SQUEEZE command and then solved.

The structural investigation revealed the formatioh a 2D coordination network with a
Cd/porphyrin ratio of 1/2. The external €dcation is six-coordinated with four pyridyl units
belonging to four distinct porphyrin based tectamshe equatorial plane ¢gy of ca 2.43 A) and
two bromide anions located in the axial positiotigi 6, = 2.70 A) (figure I1l. 31). The average tilt
angle between the PMP of the 4 porphyrins that eonto the same cadmium centecas22°. The
porphyrin core remains non-metallated, adoptingaddke-shaped conformation. The dihedral
angles between porphyrin antesepyridyl substituents are close to 75° and the latkyains are
situated over and under the porphyrin backbone.
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Figure lll. 31. The 2D coordination network formed upon combiniecton4 and CdBs Hydrogen atoms
are omitted for clarity.
Fluorine atoms are involved in hydrogen bonds whith3-pyrrolic protons (d...- = 3.30 A) and the
pyridine protons (gr = 3.19 A), no F---F contacts are observed. The [2y@rs arer-n stacked

with distances of 3.47 A between porphyrin meamgéa(figure 1. 32).
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Figure Ill. 32. The packing of the 2D netwohlighlighting the zone af-n stacking with a red circle.

Hydrogen atoms are omitted for clarity.
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Cd-Tecton 10
Single crystals were obtained by combining theotedi0 with CdBF, in the presence of CHEI

MeOH, DMSO and few drops of 2,2,2-trifluoroethaml-XRD analysis revealed the formation of
a 3D coordination network (figure 1ll. 33) composadtectonslO bridged by Cd(B4), polymeric
chains and disordered water molecules with no aetewns with the coordination network. No
fluorinated solvent is present in the asymmetrid. urhe ratio between the cadmium cation and
porphyrin is 1/1. Cd(ll) is 6-coordinated with tygridyl units incis positions (d¢.n= 2.37 A) and

4 Br anions (d4sr Of ca 2.75 A). The four bromides are acting as bridgiiggnds between
adjacent Cd(ll) cations thus leading to (CgBchains along the axis with a distance between two
consecutive metal centres of 3.77 A (figure 111).3%he tilt angle between the PMP of the two

porphyrins connected in tlugs-position of the same Cd(ll) is equal to 37°.
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Figure lll. 33. The view on the infinite (CdB), chains. Hydrogen atoms and solvent molecules arteaim

for clarity.
Within the tecton, the porphyrin center remains n@tallated during the diffusion process, and the
porphyrin is almost planar. The dihedral anglesvben the PMP and threesopyridyl substituents
are equal to 64°. The alkyl chains are situated ame under the porphyrin backbone. In figure lIl.
34, a view of the 2-D layers shows very short FeeRtacts of 2.61 AL = 6,= 125°). Interestingly
here, the fluorinated chains decorating the chanteInot interact with the solvent molecules.
By increasing the number of fluorine atoms, as uwised above, F---F contacts between the
porphyrin based tectons are observed. Despiterdsepce of CfEH,OH, the latter is not trapped
within the crystal. Attempts to trap other solvertdlecules are still ongoing.

Figure Ill. 34. The view along the c axis which shows the 2D laygghlighting the F---F contacts (red
dotted line). Hydrogen atoms and solvent molecatesomitted for clarity.
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In summary, the double component systems basedogrhyrins as tectons and CdBas the
external metal and connecting node were exploredhe formation of coordination networks.
Although many attempts have been done by varyiagtiistallization conditions and the nature of
the metal cation, only two coordination networksildobe characterized by X-ray diffraction. The
use of tectortt lead to the formation of a 2-D network, were th#‘@orphyrin ratio is %. For the
tecton 10, a 3-D network was generated, and thé @drphyrin ratio was 1/1. We can again
observe that for six fluorine atoms on the backbemeF---F contacts are observed while for 14
fluorine atoms per porphyrin, very short F---F @mi$ of 2.61 A are detected. It is worth
mentioning that in both arrangements, the fluogdadlkyl chains decorate the cavities, which is an
important feature if we want to have specific iatg#ions between guest molecules of interest and
the networks. While both networks are stable, weewmt successful in filling the channels with
different solvent molecules, either during the talfzation process or after the formation of

crystals.

III. 5 Conclusion
By using single component based systems compossédlfefomplementary tectons or the double

component strategy based on two complementary necta series of mono-, bi- and three-
dimensional networks were generated. The self-cemehtary metallatectons, Zn metallated
porphyrins, under self-assembly conditions leath&formation of 1D networks for all the tectons
used. However, occasionally the formation of 2-wweks was also observed. The coordination
number and thus geometry of Zn(ll) imposes the dsmality of networks. Indeed, whereas
pentacoordinated metal centre leads to the formatd monodimensional architectures,
hexacoordinated Zf cation affords bidimensional structures. In costtravith the solid state
structure of free base porphyrh for crystals based of+Zn, F---F contacts of the type | were
observed. Depending on the crystallization condgjdector4 leads to two different types of 1-D
networks and one 2D network. The 1D networks diffem the other by the solvent molecules
trapped within the network through H-bonding withetnon-coordinated pyridyl unit. The
propensity to trap fluorinated solvent moleculeshwi the network through hydrogen bonding
clearly demonstrates the possibility of using sagstems for separation processes. Even though,
we did not observe any F---F contacts between lttegifhated chains and the fluorinated solvent,
this result is a promising start. For porphyringteining fluorinated and chiral alkyl chains, the 1
D networks formed display the same zig-zag typeygdoy resulting from the pentacoordination of
the metal cation and participation of one of the pyridyl coordinating units. The second pyridyl
moiety is usually hydrogen bonded to solvent mdiecpresent in the networks. It is interesting to
notice that, unlike in the case of free base paiphsgtructures, for which F---F contacts were
observed only with highly fluorinated tectons (l4ofine atoms on the porphyrin), in the presence

of Zn(Il) or Cd(ll) cations leading to the formatief coordination networks, a closer packing of
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porphyrin tectons takes place leading thus to arease in the number of intermolecular
interactions, especially F---F contacts.

This study shows that the strategy based on thefuBeorinated alkyl chains or fluorinated and
chiral alkyl chains is viable and leads to the fation of coordination networks displaying specific
interactions between the porphyrin substituentspatdntial fluorinated guest molecules. Although
so far no F---F contacts have been observed witlesbmolecules, we are still trying to tune the
crystallization conditions to hopefully observe segsful trapping of fluorinated species. In order
to increase the affinity of networks for fluorindtguests, we have also tried to increase the number
of fluorine atoms to 36 per porphyrin. So far, doeolubility problems, we were not able to isolate

and characterize the porphyrin based tectons.
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Chapter 4

This chapter focuses on halogen-bonded networkg usanic building blocks such as porphyrins
or bipyridine molecules and iodofluoroarenes. Ting part deals with the use of bipyridyl based

tectons synthesized in the group of Prof. StefadeBe (Karlsruhe Institute of Technology,

Germany) by Dr. Sylvain Grossjean.

The second part describes the use of porphyrivateres as tectons, a short overview on the few

examples present in the literature and our regulise field.

IV. 1. Halogen bonded networks involving pyridine derivatives
This section of the chapter deals with the usehode bipyridyl based tectons differing by their

length, synthesized in the group of Pr Stefan B(&selsruhe Institute of Technology, Germany)
by Dr. Sylvain Grossjean. In figure V.1, an ovewi of the tectons used to generate
supramolecular networks is presented. Several teporliterature are dealing with the use of
haloarenes and 4,4’-bipyridine molecules, only é&aamples will be presented here.

N=N
N . \ /N N _\ \ /N N\ / / . N
KIT-1 KIT-2 KIT-3

I | |
F | |
F. F F. F F. F
F F F F | |
| | F
IFB

DIFB TIFB

Figure IV.1. Tectons used for generating supramolecular nesvork

IV. 1. A. Literature overview
DIFB and TIFB have been largely employed to gememablecular networks with different

topologies and dimensionalitiésAbout 60% of structures filed in the CCDC dataebasolving
these compounds deals with networks based on eitrogmpounds. It started of course with 4,4’-
bipyridine but more complex examples have beenrteganlarging the group with tripyridybr
tetrapyridyf * compounds. When, both donor and acceptor moleeutebidentate in nature, we
can expect, as seen for porphyrin based tectoinsiténl-D chains. In principle, the dimensionality
of the network,i.e. extension from 1- to 2-D architectures, should gossible by using the
triiodobenzene such as TIFB. However, as an examplgished in 2007, a reporconcerning
variable lengths of bipyridyl ligands and the usert-B revealed that irrespective of the molar
ratio and the tecton used, a 1:1 adduct was forttmeaigh only two N---I bonds instead of three,

the third lodine atoms being involved in I---F irgetions (figure 1V.2). The authors argued that the
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gain in enthalpy from close packing is larger thla benefit from a third halogen bond, which

could generate 2D open layers.

Figure IV.2. View of the co-crystal between 4,4’-bipyridine ahiéFB pointing out the N---1 and I---F
contacts (hydrogen atoms are omitted, iodine ipleufluorine in green, nitrogen in blue, carborgrey).

One year later, the group of M. Fourmi§s@owed that by using BNX or PhPX, where X = Cl
or Br, it was possible to engage all three iodmbalogen bonding interactions with the chlorine or

bromine ions, affording a two dimensional motify(fre 1V.3).
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Figure IV.3. A detail view of one polymeric halogen bonded pl¢cations have been omitted for clarity,

iodine in purple, fluorine in green, bromine in g carbon in black).

This topic has so far been focused on understantti@gormation of this kind of systems and
discovering parameters controlling the dimensidpalf halogen bonded networks. Only recently
the use of such interactions to generate functiomaterials (aside from examples presented in
chapter 1) has been reported. The group of M.EdemrBoom has recently demonstrated a solvent
free crystal-to-co-crystals conversion on surfaleeugh physical vapour deposition involving
halogen bonding (figure 1IV.4). The stepwise formatiof multicomponent organic thin films

through physical vapour deposition was expldred.
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Figure IV.4. Representation of the formation of halogen boraedrystal on surface.

IV. 1. B. Halogen bonded networks

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

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

Several crystallization conditions with differentTKX (X = 1-3)/IFB ratio were employed. The
same holds for TIFB. In the case of DIFB an equandtoichiometry was used. When a 1:2
tecton/TIFB ratio was used, for both KITand KIT-2, crystals were obtained. The 3/2 ratio of
KIT-1/TIFB, leads to the formation of a network, whileTK2 crystallizes alone without any
halogenated compound. Finally, tecton KITerms an amorphous powder.

Co-crystals of compound KIT-and KIT22 with IFB were obtained by adding an ethanol sohutio
of KIT-1 or KIT-2 to a solution of IFB. After 2-3 days, light yellogrystals appeared and were
measured by single X-Ray diffraction. The analyssealed the formation, in both cases, of
discrete halogen bonded complexes with 2:1 ratidF8 and bipyridyl based tecton. For the two
supramolecular entities, the N---1 bonds are etua.53 A, 19 - 20% shorter than the sum of van
der Waals radii. The connectivity is the same ithistructures, however, the crystal packing shows
tecton dependent differences. For the shorter nekid-1, a herringbone arrangement with IFB
molecules between the layers is observed (figurBd)/ while for the longer pyridine ligand, linear
type chains packed in a parallel fashion are for(figdre IV.5b).
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Figure IV.5. View of packing of networks formed between IFB @acton KIT1 (a) and tectorKIT -2 (b).

Interestingly, for the herringbone structure, t¥a interactions are observed, C-F---H-C contacts
with dc...r distances close to 3.5 A are identified. Withie tiyand KIT4, the N,-Npy distance is

equal to 11.4 A, and the tilt angle between thedaye mean plane and the xylene moiety is about
47°, a feature subject to significant changes deipgnon the coordinating iodine based tectons, as

will be described later on. The tilt angle betwées pyridine and the IFB is 23°.

For the tecton KIT2, the N,-Npy distance is equal to 20.1 A atide dihedral angle between
pyridine moiety mean planes and xylene moiety suad0° while the tilt angle between the xylene
moieties and the benzene ring is 44°. The tilt amgitween the pyridine and the IFB is 18°. As for
tecton KIT- non-n or C-F---H-C interactions are observed.

By combining ligand KIT1 or KIT-2 with DIFB, the formation of two infinite linear eims of the
same topology is observed (figure 1V.6). Both sinues present the same N---I distance of 2.78 A

with stabilizing C-F---H-C contacts £d.r of ca 3.4 A) connecting neighbouring layers.
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Figure IV.6. View of 1-D chains formed between DIFB and tedtdn- 1 (a) and with tectorKIT -2 (b).
The structural differences become apparent whekirigaat the angles between the pyridine mean
plane and the DIFB moiety, for the shorter tectoa angle isca 77° while for the longer tecton
KIT-2, the angle is 32°. Within the tecton KIT-as emphasized before, there is also a shift afitabo
19° for the angle between the mean plane of thielipgr (Py.,) and the mean plane of the xylene

(Xymp) moiety. For the ligand KIR, the change is in the 5-7° range (Table 1).
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Comp | Angle | Angle Angle | Comp | Angle | Angle | Angle Angle
Pymy | PYmp/ N---I- Pymp | XYmp! | Pymp/ N---I-C
XyYmp | HBdonogy C XYmp | Bzmp | HBdONOK,, | (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,,-pyridine mean plan&ymg-Xylene moiety mean plane, Bzbenzene moiety mean
plane, HBdonak,- mean plane of the DIFB moiety.

Due to the presence of the azobenzene moiety, ébrt KIT3 is of particular interest.
Azobenzene has been used in photo-responsive dmattievices for various applicatiohgve are
interested in light control of size and shape afitees and channels in self-assembled materials in
the crystalline phase. Indeed, by switching betw#en two cis and trans conformers of the
azobenzene moiety, one could change the specifakef host molecules. By combining tecton
KIT-3 and DIFB, a 1-D chain, resulting from two N---| lsnwith 2.85 A and 2.88 A distances
with angles between C-I-N around 170° is formedtHhildi the network, as expected, thésomer

(or trang) of azobenzene is found. Attempts to switch toZHheis) conformer are currently under
investigation (figure IV.7). The angles between thean plane of the DIFB and the connecting
pyridine moiety are 41° and 42°. Within the tecttre angle between the two pyridyl moieties is
82° and the dihedral angle between the pyridylsuaitd the central benzene moiety is 39°. The
DIFB moieties belonging to the same plane @we stacked (centroid distance of 3.6 A) with a
benzene moieties of the azobenzene group of cotmeedayers. The fluorine atoms of the DIFB
also form intermolecular H---F bonds with pyridylits (... in the 3.12 - 3.5 A range), as well as
between DIFB moiety and the protons of the benzeoiety from the azobenzene functior.(¢ =
3.27 A).
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Figure IV.7. View of the 1-D chains formed through two N---ldbgen bonds. Hydrogen atoms are omitted

for clarity.

By combining tecton KITt or KIT-2 with TIFB, the formation of only 2 halogen bonds i
observed, confirming, as already mentioned abdvwa, anly two out of the three iodine centres
take part in the formation of the network.

Using a 3:2 tecton/TIFB ratio, in the case of KiTerystals were only composed of the tecton.
However, in the case of the tecton KLTthe formation of a 1D chain was observed. Thergstal
displays two distinct N---I bonds of 2.85 and 281with two different angles between the mean
plane of the pyridyl moiety and the TIFB planecaf43° and 47°. The overall packing shows
stacking interactions between TIFB moieties witlisiance ota 3.5 A (figure 1V.8a).

Figure IV.8. a) View of the 1-D chains formed through two Nhalogen bonds between Ki'and TIFB
(3:2 ratio); b) A portion of the 1-D chains forméuatough two N---1 halogen bonds between KI'Bnd
TIFB (1:2 ratio). Hydrogen atoms are omitted faritl.

A 1/1 chloroform/ethanol mixture of KIT-or KIT-2 with TIFB affords two types of networks. In
the case of KITL, a network with a 1:2 ratio of tectons is form&dhereas, for KIT2 a network
with a 2:1 ratio is generated. For the 1D netwakda on tecton KIT; the formation of two N---|
halogen bonds is observéfdgure 1V.8b). Within the halogen bond acceptatts, as emphasized
above, a change in the angle azf 19° between the mean plane of the pyridyl andxylene

molecule is observed. This may be attributed tesa festrained overattsystem when compared
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to tecton KIT2, for which the difference in angles is much lessnpunced. No interactions
between chains could be detected in this case.

For the co-crystal based on tecton KITonly one N---1 halogen bond per TIFB molecule is
observed. For this 2:1 adduct, the 1D chains ar@nged in a herringbone fashion. The TIFB
within consecutive layers are stacked in an offisabner (figure 1V.9). In contrast with the above-
mentioned structure obtained with the tecton H|Tiwo F---I (3.11 A) intermolecular contacts
(distance shorter by 10% with respect to the sumwaof der Waals radii) are formed. In this case,
the C-F-I angles are almost identical and closeath63° which suggests a type | halogen-halogen

interaction.
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Figure 1V.9. A portion of the structure obtained by combinihg tecton KIT2 and TIFB through one N---1

halogen bonds. Hydrogen atoms are omitted fortglari

IV. 1. C. Conclusion
This study was focused on the formation of halotghaetworks based on combinations of tectons

bearing two bipyridyl units and displaying diffetetengths with iodofluorinated benzene
derivatives. In the presence of the mono iodo camddIFB), a 2:1 tecton/IFB ratio was obtained
in both cases in the solid state, the iodo compa@atithg as a stopper. However, the packing of the
two [(tecton)(IFB)] species in the crystal is different: intermolesulveak H---F bonds are only
present for [(KIT1)(IFB),] thus leading to a herringbone arrangement whitef [(KIT-2)(IFB) 4]
units are arranged in a parallel fashion with necer interactions between components.
In the case of the ditopic tectons, the self-assiegiof KIT-1 or KIT-2 with DIFB leads to the
formation of the expected 1D chains through N-ateractions and hydrogen bonding between
consecutive layers.
In the presence of the trilodobenzene for the ZIBE:tecton) ratio, the tecton KIT-forms a 1D
chain withn-n stacking between the layewshile the tecton KIT2 crystallizes alone. By changing
the ratio to 2:1 (TIFB/tecton), the tecton KITgenerates a similar wavy 1-D chain without any
interactions between them, while ligand KZIgenerates a 1D network with 2:1 (TIFB/tecton) ratio
with their packing in a herring bone manner, wittx staking of TIFB moieties belonging to
consecutive layers. It is also interesting to retlaat, for tecton KITE, the change in stoichiometry
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leads to the formation of a similar 1D architectufbe co-crystals formed between the pyridyl
based tectons and iodofluoroarenes are stablerirSai far, no attempts to test their trapping
abilities have been made. KB;-as mentioned before, is a particular tecton bedvitogazobenzene
moieties. So far, a 1D network with tleisomer combined to DIFB was generated. The photo

switching to theZ isomer is currently under investigation.

IV. 2. Halogen bonded networks involving porphyrins.

IV. 2. A. Literature overview

Only very few reports, dealing with the use of pomins as scaffolds for halogen-bonding, have
been published, in particular by the group of Ildberg. In 2008, this group reported one of the
first examples of two different combinations of arghyrin bearing both pyridyl and iodophenyl
groups: 5-(4-pyridyl)-10,15,20-tris(4-iodophenylypbyrin (figure 1V.10) and 5,15-bis(4-pyridyl)-
10,20-bis(4-iodophenyl)porphyrin (figure IV.13)X° It has been shown that, while the 1:3
substituted porphyrin self-assembles into a 2-Dwogt for which the N---1 interactions are
directing the structure (figure IV.1), the porpmyrbearing two iodophenyl moieties yields a
compact layered organization sustained by variggpest of porphyrin-porphyrin interactions,
including I--at, n---t and C-H---N contacts (figure IV.11). More intetiagtis the chiral nature of
the PyTIPP architecture, as all the molecules aien®d in the same direction and they lack

inversion and mirror symmetries.
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Figure IV.11. Layered structure formed through self-assembijpefPyDIPP with the specific Is-
contacts (dotted lines) noted with “ax interactions (dotted lines) noted with “b” and ez H---|

contacts(dotted lines) between the layers markéu avi
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More recently, the same group has extended theiies to the corresponding metalloporphyfin.
13 In these cases, the target is mostly the formatibmalogen bonds between the porphyrin

substituents and axially coordinated metal ligands.

A particularly interesting example was recentlyaeed by the group of B. Schéllhoth.An
extended porphyrin network with nanosized linearctels was obtained by using tetrakis (4-iodo-
perfluoro-phenyl) porphyrin 4PFTPP) and hexamethylenetetramine (HMTA) (figuvelPa).
The structure involves eight crystallographicaliffedent iodine atoms (11 to 18). Each iodine atom
of the porphyrin is involved in halogen bonds wilie nitrogen of HMTA. The halogen bonds,
show relatively long interatomic I---N distances285 to 3.17 A (the sum of van de Waals radii
for nitrogen and iodine isa 3.53 A). The ladders formed by N---1 interactiare also connected
through short I---I contacts and the angles betw@dr-I suggest type Il halogen bonding. An
interesting feature of the network is the preseotea linear helical structure pattern in the
direction, which is sustained through short C-H-edntacts; however the overall structure is not

chiral because of the presence of left and rightled helices (figure 1V.12b).
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Figure 1V.12. A portion of the supramolecular layer formed by-Nand I---I interactions (a), the helical

structure of the porphyrins forming a channel & hdirection (b) (carbon in grey, fluorine in gne@dine

in violet and nitrogen in blue).

The channels are filled with disordered solventenoles (chloroform and acetone) and attempts to
exchange the solvent were made. Unfortunately getalr structure with the exchanged solvent

could be resolved.

The group of C. Arunkumar has reported recentlyhenuse of fluorinated porphyrins for halogen-
bonding. Their contributions focus on the interncolar interactions in fluorinated
tetraarylporphyrins and their metallated equiva&fit highlighting the stabilizing nature of F---H,
F---C and F---F contacts in crystal packing. Inithexamples, the theoretical calculations
(Hirshfeld surface analysis) showed that the weatleractions involving fluorine atoms can
comprise up to 50% of the stabilizing energy of thgstal packing. As for the F---F contacts, in
particular the shortest distance observed in tlystar structures corresponds to 2.84 A, these
contacts represent about 6-7 % of the intermoledniaractions?®
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As stated above, the use of halogen bonds in amtistg networks with porphyrin based tectons
has been scarcely explored and no studies dealitngtiae use of fluorinated alkyl chains have
been reported. Having in hand a series of highlgrthated porphyrin based tectons bearing two
mesopyridyl units, in order to generate halogenatedramolecular networks through halogen
bonds, their interactions with iodofluoroarenes evénvestigated. The idea pursued was the
generation of porous networks containing high nundfdluorine atoms for the encapsulation of

halogenated species.

IV. 2. B. New Halogen bonded networks
Based on tectons described in Chapter II, the agprdollowed to generate supramolecular

networks was to exploit N---I interaction in theepence of a series of iodofluoroarenes.
lodopentafluorobenzene (IFB), 1,4-diiodotetrafllmenzene (DIFB) and 1,3,5-triiodo-2,4,6-
trifluorobenzene (TIFB) were considered for thestajlization process. The use of fluorinated
iodoarenes was further rationalized by the inflgeatfluorine atoms on the iodine ability to form
stronger halogen bonds. Indeed, fluorine’s eleegativity should affect the electron density on
iodine, thus creating a more pronouncedole which would lead to stronger halogen bonds.
Furthermore, by varying the number and localizatidrniodine atoms, it should be possible to
control the dimensionality of architectures. IFBasblocking unit that should lead to discrete
species, DIFB, bearing two iodine atoms, could kehas a ditopic tecton and depending on the
complementary tecton used, should lead to the foomaf supramolecular networks, finally, the
same holds for TIFB which forms up to three bonds.

Various crystallization conditions were tested. Toamation of single crystals suitable for XRD
was observed for combinations of DIFB with tectdn®, 10, 11and 16 containing 6, 10, 14,16
and 12 fluorine atoms at their periphery respettive

While crystals obtained from the tectdimave a Porphyrin/DIFB ratio of 2:1, tecto®s10, 11and

16 crystallize in the presence of 2 DIFB moieties legdo the reverse 1:2 ratio. Many attempts
were made in order to change the ratio and inqaati to obtain a 1:1 adduct, but in all cases with
lower concentration of DIFB, the formation of ciistsolely composed of the free-base porphyrin
was observed. On the other hand, higher concemisatif DIFB did not change the Po: DIFB ratio.
The description of the structures given bellow ligamized according to the number of fluorine

atoms present on the backbone.

DIFB-Tecton 4
Slow diffusion of an ethanol solution of DIFB indochloroform solution of the porphyréin a 4:1

DIFB/4 ratio followed by slow evaporation afforded in 3#dys single crystals suitable for X-ray
diffraction measurements. The mixture crystallimethe P-1 space group (Z = 1), the asymmetric
unit contains two halveporphyrin moieties and one half DIFB moiety. In ttrystal, the ratio
between the tectod and DIFB is 2:1. Among the two crystallographigation equivalent

porphyrin based tectons P1 and P2, only P1 is wabin N---1 interactions with a distance cd
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3.00 A and C-I-N angle of 172°. The infinite 1-Dtwerk is of the stair type (figure IV.13); the
second porphyrin (P2) is located between layegsi(@ IV.14).
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Figure IV.13. A portion of the structure obtained upon combirting tector#t with DIFB, only specific

interactions between the porphyrin based tectoarféllDIFB are shown. Hydrogen atoms are omitted for
clarity.

The angle between the P1 and the DIFB moiety isa@f the angle between the mean plane of
pyridyl moieties attached to P1 and the mean pidiiee DIFB moieties is 85°. The angle between
the mean planes of P2 and of DIFB situated underaove P2 plane is 29°.
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Figure IV.14. A portion of the structure obtained upon combirtimg tector# with DIFB focusing on a
halogen bonded chain resulting from N---1 interaies (red dotted lines). Hydrogen atoms are omitied

clarity.

For both Pland P2 porphyrin based tectons, thd aligins are located above and under their
mean planes. The angle between the mean plane$ afidP2 is around 12°, while the P1 type
porphyrins forming the 1-D chain are parallel talreather. The dihedral angle between the P1
mean plane and its pyridyl moieties is 80°, white P2, the angle is 71°. The non-connected
porphyrin P2 forms intermolecular F---H bonds besgwé@uorine atoms of the DIFB moiety and the
protons of the pyridyl unit of the porphyrindds = 3.00 A) and the protons on the alkyl chains (d
F=3.48A).
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DIFB-Tecton 9
Under similar crystallization conditions with a feéifent stoichiometry (Po/DIFB ratio of 1:1.6),

suitable single-crystals were obtained after sévdeys. The X-ray diffraction measurement
revealed the formation of a 1-D chain type netwmalked on N---1 bonds. The mixture crystallizes
in the P-1 space group (Z = 1), the asymmetric unit contdéporphyrin moiety and two %
moieties of DIFB. The ratio between the tecton #mel DIFB is 1:2 and only one of the DIFB
moiety is connected to the porphyrin (figure 1V.1Bjough two N---I interactions (2.75 A) with
the C-I-N angle of 172° involving the pyridyl unit¥he angle between the pyridyl moiety and
DIFB is ca 80° and the angle between the porphyrin mean péamk DIFB involved in the
formation of the network is 42°. Within the tectthe dihedral angle between the porphyrin mean
plane and thenesopyridyl substituents is 59°. Both alkyl chains aiiated above and under the

porphyrin mean plane.
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Figure IV.15. A portion of the structure obtained upon combinting tector® with DIFB focusing on the
halogen-bonded chain resulting from N---I interaieti (red dotted lines). Hydrogen atoms are omftied

clarity.

The DIFB molecule not involved in the network fomma is engaged in two I---1 interactions with
the DIFB molecule connected to the porphyrin wittistance of 3.95 A, which is at the limit of the
sum of van der Waals radii for iodine (3.96 A).
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Figure IV.16. A portion of the structure obtained upon combirtimg tector® with DIFB focusing on N---I
and I---1 (red dotted lines) and F---F bonds (grdetied lines). Hydrogen atoms are omitted foritglar

Considering both N---I and I---1 interactions, tlerall structure may be described as a 2D

network (figure IV.16). The fluorine atoms on th&yh chains are involved in two F---F contacts
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with a distance of 2.93 A (type one) with the flmeratoms on the DIFB moiety in the plane of the
2D network. Intermolecular F---H d.r = 3.40 A) contacts are as well formed betweenriihe
atoms on the DIFB belonging to the network andptipeotons of porphyrin backbone belonging to
consecutive layers. The porphyrin planes areatsstacked with the DIFB moieties (3.5 A).

DIFB-Tecton 16
Tecton16 (as a mixture ofnesoand racemate) possesses 12 fluorine atoms omdidhbne. By

using a Po/DIFB ratio of 1:5, suitable crystals ¥ray structural investigations were obtained
within a few days. The mixture crystallizes in tRel space group (Z = 1), the asymmetric unit
contains %2 porphyrinngesoform) moiety and two % DIFB units. As for the w@at9, the ratio
between the tecton and the DIFB moiety is 1:2 amgl one of the two DIFB moieties takes place
in the formation of the network through N---I irdetions (2.73 A) with a C-I-N angle of 178°
involving the pyridyl substituents (figure IV.17)he angle between the pyridyl moiety and the
DIFB unit is ca 88° and the angle between the porphyrin mean piagethe connected DIFB
moiety is 30°. Within the tecton, the dihedral asgbetween the porphyrin mean plane and the
mesopyridyl substituents are equal to 58.5°. Both hiiyains are situated above and under the

porphyrin mean plane (figure IV.17).
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Figure IV.17. A portion of the structure obtained upon combirting tectoril6 with DIFB focusing on the
halogen-bonded chain formed through N---1 inte@di(red dotted lines). Hydrogen atoms are omftied

clarity.

The DIFB molecule not involved in the network fotma is engaged in two I---1 interactions with
the DIFB molecule connected to the porphyrin wittlistance of 3.90 A, which is shorter than the
sum of van der Waals radii for iodine (3.96 A). Theorine atoms of the alkyl chains, alike for
tecton9, are involved in two F---F contacts with a distarf 2.84 A (type one) with the fluorine
atoms of the DIFB unit belonging to consecutiveelay(figure IV.18). The angle between the two
mean planes of the DIFB unitsda 34°. Intermolecular F---H ¢ = 3.30 A) contacts are as well
formed between fluorine atoms of the DIFB connectemlety and theg-pyrrolic protons of the
porphyrin from the consecutive layers. The porphyianes are also-n stacked with the DIFB
moieties (3.5 A).
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Figure 1V.18. A portion of the structure obtained upon combintimg tectoril6 with DIFB focusing on N---

I/ I---I (red dotted lines) and F---F (green dotteas) interactions. Hydrogen atoms are omitteccfarity.

DIFB-Tecton 10
After diffusion of an ethanol solution of DIFB inta chloroform solution of porphyrin with a

Po/DIFB ratio of 1:5 followed by slow evaporatiohsmlvents, single-crystals were formed within
3-4 days. The X-ray diffraction analysis reveal&é@ formation of a 1D chain type network
resulting from halogen-bonding similar to the omsatibed above. The mixture crystallizes in the
P-1 space group (Z = 1), the asymmetric unit contdnporphyrin moiety and two ¥2 DIFB
moieties. The ratio between the tecton and the D$FB2 with only one DIFB moiety involved in
N---1 interactions (2.74 A) (figure IV.19). The GN angle involving the pyridyl substituents is
178°. The angle between the pyridyl moiety andDieB unit isca 83° and the angle between the
porphyrin mean plane and the connecting DIFB mdéeési 30°. Within the tecton, the dihedral
angles between the porphyrin mean plane andhtsopyridyl substituents is 68°. The alkyl chains

are situated under and above the porphyrin mearepla

Figure IV.19. A portion of the structure obtained upon combirting tectoriO with DIFB focusing on the
halogen-bonded chain formed through N---1 inte@di(red dotted lines). Hydrogen atoms are omftied

clarity, only one non connecting DIFB is shown teega clear picture.

The DIFB molecule not involved in the network fomma is engaged in two I---1 interactions with
the second DIFB moiety (3.81 A) and interacts wité porphyrin through-=n interactions (3.4 A).

The angle between the two mean planes of the DIf& s ca 34°. Each porphyrin moiety has
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four F---F contacts, two with the DIFB within tharse plane (2.85 A) and the other two with the
DIFB connecting moieties (2.87 A) from the nextdayfigure 1V.20). Intermolecular F---H ¢d.r

= 3.5 A) contacts are as well formed between fh@toms on the porphyrin alkyl chains and the
B-pyrrolic protons of the porphyrin from the subsexulayer.
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Figure 1V.20. A portion of the structure obtained upon combintimng tectorLlOwith DIFB focusing on N---
I/ I---I (red dotted lines) and F---F contacts @nedotted lines). Hydrogen atoms are omitted faritgl.

DIFB-Tecton 11
The last representative tectddi possesses 16 fluorine atoms. Under the same comslits

described above (Po/DIFB ratio of 1:5), single talgswere obtained. As in the previous cases, a 1-
D supramolecular chains is formed through N---eiattions. The space groupPsl (Z = 1). The
asymmetric unit contains two %2 non-equivalent pgriphmoieties and two DIFB moieties leading
to an overall porphyrin/DIFB ratio of 1:2. Each pbyrin based tecton is bridging one molecule of
DIFB through the pyridyl substituents. The N---b@ince isca 2.74 A and the angle is close to
173° (figure IV.21). The angle between the pyridmeiety and the DIFB unit isa 90°. The angle
between the porphyrin mean planes and the congeatiolecule is 29° and 35° for the two
independent porphyrin moieties in the asymmetridt wespectively. Within the tectons, the
dihedral angles between the PMP and rinesepyridyl are close to 60°. The alkyl fluorinated
chains are situated under and above the porphye@nnplane, due to the centrosymmetry of the

unit cell. For one porphyrin, the chains are disoed over two positions.
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Figure IV.21. A portion of the structure obtained upon combinting tectoriL1 with DIFB focusing on
halogen-bonded chain formed through N---1 inte@di(red dotted lines). Hydrogen atoms are omftied

clarity.
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The DIFB molecule not involved in the network foioa is forming as in the previous case two I-
--| interactions with the second DIFB moiety witldistance of 3.86 A and 3.91 A (figure 1V.22),
thus forming the 2D network discussed above fortélmeon10. The angle between the two mean
planes of the DIFB moieties isa 37°. Considering the disorder on the fluorinatéwias no

description of F---F contacts is given.
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Figure 1V.22. A portion of the structure obtained upon combintimg tectoriL1 with DIFB focusing on N---
I/ I---1 (red dotted lines). Hydrogen atoms are tied for clarity.

IV. 2. C. Conclusion
The use oftrans mesosubstituted porphyrin based tectons bearing plrgies capable of

connecting organic tectons carrying iodine atordstéethe formation of a series of supramolecular
networks. The role played by the number of fluortems on the backbone, on establishment of
non-covalent interactions such as F---F contacigdirgy the overall packing of the networks was
investigated. Based on the use of six differenbtes @, 9, 10, 11and16), a difference in the ratio

of components within the networks was observed.|&teictond leads to a Po/DIFB 2:1 ratio, the
mesoether bonded porphyrin series all adopt a Po/D1EBratio, thus in the first case, a non-
connected porphyrin is present. For the secon@seone DIFB moiety is not involved in N---1
bonds. By adding more fluorine atoms at the perpbéthe porphyrin based tecton, it was noticed
that the N---I interaction distance is decreasethfB.01 A for tectod to 2.74 A for tectond0 and

11. This may be related to the electron withdrawiagure of the fluorine atoms. The number of
fluorine, as seen in previous chapters, also inftee the number and the distance of F---F contacts,
the same trend is observed here. In order to tlligidate the reason of this particular network
formation, theoretical calculations could providddiul insights.

Crystals for all the tectons investigated are stahiring the measurements, however upon leaving
them in air overnight, the formation of amorphousvder is observed. Attempts to introduce a

third fluorinated or chiral solvent molecules ati# andergoing.
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General Conclusion
The work presented in this thesis is focused ondésgn of neutral porphyrin based tectons and
their use for the generation of chiral and/or flnated molecular networks that could be used as

functional materials towards the separation ofathand/or fluorinated molecules.

The formation of coordination networks is based ammbinations of metallic centers with
chiral/fluorinated tectons while the supramoleculatworks are generated by halogen bonds by
using iodofluoroarenes. For the formation of crigstaeveral methods have been tested. For the
operational ones, experimental conditions have logg#imized. Overall, 34 new crystal structures
of novel porphyrin based ligands, coordination ks and supramolecular networks have been
obtained and discussed in different chapters.

Chapter one is a general introduction on topics1 sagc Molecular tectonics, Molecular networks,
Halogen bonding and Enantioselective separatiors gies an overview of the state of the art of
the subject and some crucial notions for the neapters.

The second chapter deals with the synthesis ofaleparphyrin based tectons bearing two neutral
coordinating sites (4-pyridyl) in the twtmans mesopositions and either fluorinated or chiral
substituents in the other two remaining positiongio different strategies have been used to
prepare the tectons. The first one was based onsh®f commercially available aldehydes in the
classic [2+2] MacDonald condensation. The seconithodk a four-step transformation, is based on
atrans mesdrominated porphyrin as a platform for palladiuradiated coupling reactions with a
series of fluorinated and/or chiral alcohols. Sewew tectons have been characterized by X-Ray
diffraction analysis on single crystals which rdeeathat the presence of fluorine atoms in the
periphery of the porphyrin influences the crystatking in the solid state. Two of the tectons with
a high number of fluorine atoms on the backbonplaysF---F contacts in the solid state. Attempts
to incorporate fluorinated solvent within the poyph containing crystals cavities through specific
interactions have been unsuccessful so far.

Chapter three describes the formation of coordimatietworks based on tectons discussed in
chapter two. Depending on the localization of tretahcenter: inside the porphyrin cavity or at the
periphery, two approaches have been exploredeiks#if-assembly based on self-complementary
metallatectons, ii) the multicomponent strategyolming an external metal cation leading to the
formation of either homometallic or heterometalicordination frameworks depending on the
absence or presence of a metal cation within tlphyoin core. For the first strategy Zn-Po self-
complementary metallatectons have been used torgieneleven 1-D and 2-D coordination
networks. For the monodimensional networks, we hiavestigated the role played by the number
of fluorine atoms in intramolecular interactionpgesifically the F---F contacts, within the crystal.

Taking advantage of this type of interactions, thepping fluorinated solvents was explored.
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Several attempts using chiral and fluorinated sulvédnave been made. Unfortunately, so far, no
chiral networks have been obtained using chiralesds. However, for networks containing
fluorinated solvent, the latter are trapping thtougydrogen bonding. The two 2-D networks
obtained through self-assembly of Zn-Po, showed fthrenation of cavities decorated with
fluorinated alkyl chains. However, in both casesyittes are empty and attempts to fill them with
solvent molecules have failed. For the multiple poment strategy, external metal cations such
CU', Cd*, Ni#*, cd*, HE"*, Ag" were tested and, so far, two coordination netw¢oke 2-D and
one 3-D) with Cd" have been obtained and characterized. We obseavdor six fluorine atoms
on the backbone no F---F contacts are found wbilel4 fluorine atoms per porphyrin, short F---F
contacts of 2.61 A are observed. Although both tetljlse materials appeared to be stable, the
inclusion of solvent molecules within the chanrgther during the crystallization process or after
the formation of the crystals was unsuccessful.

Chapter four is divided in two parts: the first odescribes the use of bipyridyl based tectons,
synthesized in the group of Prof. Stefan Brase DhySylvain Grossjean (Karlsruhe Institute of
Technology, Germany), with three haloarenes (lodtadkiorobenzene, 1,4-
diiodotetrafluorobenzene and 1,3,5-triiodo-2,4i8cimrobenzene). Co-crystals formed between the
bipyridyl based tectons and iodofluoroarenes aablstin air. Their propensity to uptake solvent
molecules is currently under investigation. Amotigtectons prepared, the one bearing an azo-
benzene moiety seems particularly interesting. ddde one might exploit its E/Z
photoisomerization ability “to light tune” structg of networks in the crystalline phase and thus
their solvent trapping capacity. The second padus$es on the synthesis of halogen bonded
networks based on porphyrin based tectons, a dupprly exploited so far. Five molecular
networks have been generated and characterized -pgy Xdiffraction on single crystals.
Interestingly, depending on the type of tecton ugditferent Po/DIFB ratio in the molecular
network is observed. The number of fluorine atomshe backbone influences the number and F---
F contacts distances, thus, increase in the nurabdluorine atoms in the periphery of the
porphyrin, enhances the number of F---F contaats. &l the tectons used, crystals are stable
during measurements; however, in air overnighty thlecompose into amorphous powders.
Attempts to introduce a third fluorinated partnex eurrently ongoing.

Our initial goal was to generate porous crystalmposed of molecular networks capable of
separating halogenated chiral molecules. We argeatdhere. However, understanding interactions
responsible for networks formation and their pagkim the crystalline phase is an important step
towards the design of porous materials for separapirocesses. The results presented in the

manuscript are a first step towards that goal.
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Experimental Part



Abbreviations

A Angstrom

°C Celsius degree

o Chemical shift

DDQ 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone
DPEPhos (Oxydi-2,1-phenylene)bis(diphenylphosphine)
ESI ElectroSpray lonization

eq Equivalent

g,mg Gram, milligram

h Hours

Hz, MHz Hertz, megaHertz

J Coupling constant

K Kelvin

mL Milliliter

mol, mmol Mole, millimole

m/z Mass/charge ratio

ppm Part per million

Bpyr B-pyrrolic

NBS N-bromosuccinimide

uv Ultraviolet
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1. Characterization techniques

'H-NMR, °C-NMR and F-NMR were recorded at room temperature on BrukeviRN
spectrometers.The chemical shifts are given in glom1lH signal,6 values are followed by the
multiplicity of the signal (s: singlet, d: doubldt, triplet, dd: doublet of doublets, tt: triplef o
triplets, br: broad signal, m: multiplet). UV-Visbsorption spectra were collected at room
temperature on a UVIKON XL spectrometer. Mass speESI-MS) were recorded on microTOF

LC spectrometer (Bruker Daltonics, Bremen).

X-Ray diffraction data were collected on a Brukd?EBX8 CCD diffractometer equipped with an
Oxford Cryosystem liquid Ndevice at 173(2) K device, using a molybdenum afanus sealed
tube generator with mirror-monochromated Ma-fadiation A = 0.71073 A), operated at 50
kV/600 pA. The structures were solved by using SHELXS-9d@ egfined by full-matrix least
squares on Fusing SHELXL-97. The hydrogen atoms were introduaecalculated positions and

were not refined (riding model).
2. Synthesis

All reagents were purchased from commercial souacelsused without further purification, except
for pyrrole and NB& The support used for chromatography was GedB#ica Gel Si 60 (40-
63um) from Merck.

R-citronellyldipyrromethané e
Chemical formula: gH2sN» ‘%‘#’:‘L'*u
Molecular weight: 270.21 g/mol -

The synthesis was achieved by modifying a descripesteduré. w@|\r

Trifluoracetic acid (0.110 mL, 1.4 mmol, 0.1 eq)saadded to a solutior , |

of R-citronellal (2.59 mL, 14 mmol, 1 eq) in pyreof40 mL, 576 mmol,:,‘_f_’f“ﬁ'“:'ll""‘i ""'I’-"“"ﬁf::,
40 eq) freshly filtered over an alumina pad. Thetore, protected from : e B

light, was stirred under Argon at room temperatiore4h. Pyrrole was removed under reduced
pressure and the green residue was diluted in 20@fhchloroform. The solution was washed
subsequently with water (2 x 100 mL) and 1M KOHx(200 mL). The organic layer was dried
over anhydrous N&O, and evaporated. The dark oil thus obtained wasfipdriby column
chromatography (Sig) cyclohexane: dichloromethane 1:1) to give theequnoduct as a yellow oil
(2.6 g, 67%).

'H-NMR (400 MHz, CDC}) & (ppm) : 0.92 (d, J = 6.5 Hz, 3H4l, 1.18 (m, 1H, k), 1.38 (m, 2H,
Hs), 1.6 (s, 3H, Hoor Hi1), 1.74 (s, 3H, khor Hyy), 1.95 (m, 4H, Hand H;), 4.10 (t, J = 7.5 Hz,
1H, Hy), 5.09 (t, J = 7.5 Hz, 1H,d{ 6.06 (br, 2H, H), 6.15 (m, 2H, H), 6.59 (m, 2H, H), 7.69
(br, 2H, NH).
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5, 15-di (3R- citronellyl)-10, 20-dipyridylporphpr2
Chemical formula: GgHsNg

Molecular weight: 712.43g/mol ,;_{_r_:? ) I \
A solution of dipyrromethand (0.26 g, 0.9 mmol, ‘_ f I.:.-’ ) ,;!,__I.-:" “:_ s *
leq) and 4-pyridinecarboxaldehyde (0.09 mL, ( 1

mmol, 1eq) in CHCIl,/MeOH (210:5mL) mixture was x:ﬂ
flushed with Ar for 15 min and treated wit
trifluoracetic acid (0.21 mL, 2.7 mmol, 3 eq). Tt e T

mixture protected from light, was stirred underfér 24h. DDQ (0.30 g, 1.35 mmol, 1.5 eq) was
added to the reaction and stirred overnight. Tyiatiine (0.07 mL, 0.54 mmol, 0.6 eq) was added
and the solvent was evaporated under reduced peesBbe mixture was purified by column
chromatography (Si§) dichloromethane 1% MeOH) to afford a pure pugdkd (0.05 g, 16%).
'H-NMR (300 MHz, CDC}) & (ppm) : - 2.72 (s, br, 2H, NH), 1.01 (d, J = 6.5,18H, H;), 1.61 (s,
6H, Hs or Hy), 1.67 (s, 6H, Kor H;), 1.76 (m, 4H, H), 2.13 (m, 2H, H), 2.31 (m, 2H, H), 2.64
(m, 2H, K), 4.68 (m, 2H, H), 5.04 (m, 2H, H), 5.09 (m, 2H, k), 8.16 (dd, J =5.9 and 2.7 Hz,
4H, Ho), 8.81 (d, J = 4.9 Hz, 4H,gH,), 9.05 (dd, J =5.7 and 2.8 Hz, 4H,019.45 (d, J = 5 Hz,
4H, Hypyr).

¥C-NMR (125 MHz, CDCJ) & (ppm) : 17.73(ChH), 20.17(CH), 25.70(CH), 25.91(CH),
38.00(CH), 41.35(CH), 116.01(CH), 119.61(CH), 124.70 (CH), 129.50 (CHB1.72(CH),
148.26 (C), 151.32 (C).

Amax (CH2ClL)nm € x 10%L mol™ cm?) : 418 (45.07), 517 (0.2), 552 (0.09), 593 (0)0&A9
(0.063)

m/z (HRM") [M+H"] cac= 713.43, [M+H] touna = 713.433.
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3, 3, 3-trifluoropropyldipyrromethang

P
Chemical formula: &H3F3N> F G 1
=t 5‘ .:l'_ — [k
Molecular weight: 242.10 g/mol ';_-f;
The synthesis was achieved by modifying a descrilgdceduré. Sh i s
S
Trifluoracetic acid (0.036 mL, 0.4 mmol, 0.1 eq)saadded to a solution of 4 3

4, 4-trifluorobutanal (0.5 mL, 4.7 mmol, 1 eq) igrple (13.2 mL, 190 mmol, 40 eq) freshly
filtered over an alumina pad. The mixture, protdcteom light, was stirred under Ar at room
temperature for 24 h. Pyrrole was removed undeuaed pressure and the green residue was
diluted in 100 mL of chloroform. The organic phagas washed with water (2 x 50 mL) and 1M
KOH (2 x 50 mL) and then dried over anhydrous,®@, and evaporated. The dark oil thus
obtained was purified by column chromatography ¢(Si€yclohexane: dichloromethane 1:1) to
give the pure product as a white solid. (0.6 g, b3%

'H-NMR (300 MHz, CDC}) & (ppm) : 2.10 (m, 2H, k), 2.19 (m, 2H, ), 4.05 (t, J = 7.4 Hz, 1H,
H,), 6.09 (br, 2H, H)), 6.16 (dd, J = 8.8 and 3.1 Hz, 2H)H6.67(m, 2H, Hl), 7.82 (br, 2H, NH).
13C-NMR (100 CDC}) & (ppm) : 32.04 (Ch), 36.78 (CH), 105.90 (CH), 108.40 (CH), 117.67
(CH), 131.17 (C).

5,15-di (pyridin-4-yl)-10,20-bis (3,3,3-trifluoroppyl) porphyrin4
Chemical formula: gsH26FsNs

Molecular weight: 656.21g/mol b o
A solution of dipyrromethan2 (0.38 g, 1.56 mmol, leq [ ,
and 4-pyridinecarboxaldehyde (0.143 mL, 1.56 mimr i RN,
leq) in CHCI/MeOH (285:15) mixture was qushe«F:‘x_ 3 ol e =
with Argon for 15 min and treated with trifluorodice F ..; 4 g
acid (0.35 mL, 4.68 mmol, 3 eq). The mixture, pctee i
from light, was stirred under Ar for 72h. DDQ (0.54

2.34 mmol, 1.5 eq) was added and the mixture furt ||
stirred overnight. Triethylamine (0.3 mL, 0.93 mm@\6 H
e() was added and volatiles were evaporated uederced pressure. The mixture was purified by
column chromatography (SiOdichloromethane: acetone 7:3) to afford a pum@leusolid (0.03 g,
6%0).

'H-NMR (500 MHz, CDC}) & (ppm) : - 2.85 (s, br, 2H, NH), 3.30 (m, 4Hz)H5.27 (m, 4H, H)),
8.14 (dd, J = 5.9 and 2.7 Hz, 4H3)H8.89(d, J = 4.7 Hz, 4H,d5,), 9.08 (dd, J = 5.8 and 2.7 Hz,
4H, Hy), 9.47 (d, J = 4.8 Hz, 4H, ).

13C-NMR (125 MHz, CDCI3p (ppm) : 27.79 (©, 41.19 (G), 116.16 (CH), 117.01 (CH), 128.32
(CH), 129.48 (CH), 132.25 (CH), 148.61 (C), 150(B5.

F-NMR (282.4 MHz, CDGJ) § (ppm) : -67.63 (s, 6F).
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Amax(CH2Clo)/nm € x 10Y/L mol™* cmi®): 417 (12.50), 514 (1.46), 547 (0.46), 591 (0.464)9(0.23).
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4-Pyridyldipyrromethan®

Chemical formula: &H13N3 - Mt
Molecular weight: 223.11 g/mol 5 L o

The synthesis was achieved according to a descriededure. 4- 3l )
pyridinecarboxaldehyde was added (1.75 mL, 18.5 Inineq) to pyrrole (40 2{_5_1\ ..-_?_le ! H'T";"j,f-.

W WH |l|!;.__:_,-'
mL, 592 mmol, 32 eq) freshly filtered over an alampad and bubbled witt 1

Ar for 10 min. The mixture, protected from lightas refluxed under Argon at 85° overnight.
Pyrrole was removed under reduced pressure anguh@e residue was purified by column
chromatography (AD3, cyclohexane: dichloromethane 1:1) to give theepaioduct as a yellow
powder (2 g, 48%).

'H-NMR (400 MHz, DMSO) (ppm) : 5.37 (s, 1H, b, 5.69 (br, 2H, k), 5.92 (dd, J = 6.6 and 2.6
Hz, 2H, H), 6.64 (dd, J = 6.5and 2.4 Hz, 2H)H7.13 (d, J = 6.0 Hz, 2H,4} 8.45 (d, J = 6.0 Hz,
2H, He) 10.65 (br, 2H, NH).

.1[ =

5, 15-di (4-pyridyl) porphyriré 2 l'--H-:-'-"’"
Chemical formula: ggH20Ng éhr#% %:}
Molecular weight: 464.17 g/mol w} Wi ta- _{\".
The synthesis was achieved using a slightly matiifigported procedufeA 1~’;:_ HH___E
solution of dipyrromethan& (0.5 g, 2.24 mmol,) and trimethyl orthoforma t;_ :-'II':Q:-__.- _,'{:TL:,
(18 mL, 0.17 mol) in CkCl, (500 mL) was flushed with Ar for 15 min an

treated with trifluoracetic acid (5 mL, 0.06 molhe mixture, protected fron ’f”
light, was stirred under Ar for 8h. Triethylamin@ L) was added and th T

reaction mixture was further stirred overnight. wution was purged with air for 15 min and
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stirred under ambient conditions for 2h. Solveneravevaporated under reduced pressure. The
mixture was pre-adsorbed on silica and separated cblumn chromatography (SO
dichloromethane 1% methanol) to afford a pure pusplid (0.100 g, 19%).

'H-NMR (300 MHz, CDC}) & (ppm) : - 3.19 (s, br, 2H, NH), 8.27 (dd, J = &r%d 2.6 Hz, 4H,
Hy), 9.05 (d, J = 4.9 Hz, 4H,gk}), 9.10 (dd, J = 5.6 and 2.7 Hz, 4H5)}D.47 (d, J = 4.8 Hz, 4H,
Hgoyr), 10.40 (s, 2H, ).

13C-NMR: Owing to the low solubility of the compoumh*3C spectra  could be acquired.

5, 15-dibromo-10, 20-di (pyridin-4-yl) porphyrif

Chemical formula: ggH1gBroNg

Molecular weight: 620 g/mol

A solution of 5,15-di (4-pyridyl) porphyrin (0.10§, 0.12 mmol, :'| ||
1eq) in CHC4 (90 mL) and pyridine (0.8 mL) was treated with NB: l"
(0.080 g, 0.45 mmol, 2.1 eq). The mixture was atiyrat 0°C, for 5h AT f“‘x
and quenched with acetone (10 mL). Solvents weap@ated under , ; i
reduced pressure and the mixture was purified bghimg 3 times ‘*{I ; f
with MeOH to afford a pure purple solid (0.040 ¢%6). S
IH-NMR (300 MHz, CDC}) & (ppm) : - 2.79 (s, br, 2H, NH), 8.1
(dd, J =5.8 and 2.7 Hz, 4H,48.78 (d, J = 5.2 Hz, 4H, g5},), 9.06 |

(dd, J = 5.7 and 2.7 Hz, 4Hp}9.66 (d, J = 5.1 Hz, 4H, d5,). E
13C-NMR: Owing to the low solubility of the compounuh **C spectra could be acquired.

5, 15-di (pyridin-4-yl)-10, 20-bis (2,2,2-trifluoethoxy) porphyrir8

Chemical formula: gH22Fs N6O-

Molecular weight: 660.17 g/mol

A dried Schlenck tube connected to a vacuum ling eegassed and purged with argon. Tube was
charged with Pgdba} (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand DiRiSR(13.5 mg, 0.01
mmol, 0.2 eq), di-bromoporphyrin (30 mg, 0.05 mmol, 1 eq) and L£; (65 mg, 0.2 mmol, 4
eq). The tube was backfilled with argon then 6 mitotuene and 2,2,2-trifluoroethan-1-ol (38Q,

0.2 mmol, 4 eq) is added. The tube was purged avigbn for 2 min. and the mixture was heated in
an oil bath for 48h at 100°C. After cooling to rodemperature, the reaction mixture was diluted
with ethyl acetate (100 mL) and washed with waBexk 60 mL). Volatiles were evaporated under
reduced pressure and the mixture was purified bynwo chromatography (SiQ ethyl acetate:

cyclohexane 8:2) to afford the desired prodi(@.010 g, 31%) as a pure purple solid.
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IH-NMR (300 MHz, CDC}) & (ppm) : - 2.84 (s, br, 2H, NH), 5.3 Pl

(q, J=8.2 Hz, 4H, Iy, 8.16 (dd, J = 5.9 and 2.6 Hz, 4H,)H8.89
(d, J = 4.8 Hz, 4H, Ky, 9.09 (dd, J = 5.8 and 2.7 Hz, 4H;)H P
R i Hy= —
9.55 (d, J = 4.8 Hz, 4H, k). Ve W e,
C-NMR (125 MHz, CDG) & (ppm) : 117.81 (CH), 127.€ — ¥ i el '
o e L

8(CH), 127.68 (CH), 129.64 (CH), 131.39 (CH), 136(CH), ' | -

148.69 (C), 149.4 5(C). |

F NMR (282 MHz, CDGJ) & (ppm) : -73.55 (s, 6F). g

Amax (CH2Cl)inm € x 10%L mol™* cm): 413 (17.02), 513 (0.58), 549 (0.34), 595 (0.1851
(0.23).

m/z (HRM") [M+H"] caic = 661.17, [M+H] ouna = 661.1722.
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5,15-bis (2, 2, 3, 3,3-pentafluoropropoxy)-10,2qmiridin-4-yl) porphyrin9

Chemical formula: gsH22F10NsO2

Molecular weight: 760.16 g/mol

A dried Schlenck tube connected to a vacuum ling eegassed and purged with argon. The tube
was charged with Bddba) (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand PR&s (13.5 mg,
0.01 mmol, 0.2 eq), di-bromoporphyiin(30 mg, 0.05 mmol, 1 eq) and L3 (65 mg, 0.2 mmol,

4 eq). The tube was backfilled with argon beforal6of toluene and 2,2,3,3,3-pentafluoropropan-
1-ol (30uL, 0.2 mmol, 4eq) was added. The tube was purgéddavgon for 2 min. and the reaction
mixture was heated in an oil bath at 80 °C for After cooling to room temperature, the reaction
mixture was diluted with ethyl acetate (100 mL) amashed with water (3 x 50 mL). Volatiles
were evaporated under reduced pressure and tharmwias purified by column chromatography
(SiO,, CHCI,: Acetone 7:3) to afford the desired compo@n(@.010 g, 28%) as a purple solid.

112



'H-NMR (300 MHz, CDC}) & (ppm) : - 2.87 (s, br, 2H, NH) =]

5.40 (t, J= 12.5 Hz, 4H, §{ 8.15 (dd, J = 5.9 and 2.6 Hz, 4t

Hz), 8.90 (d, J = 4.8 Hz, 4H, i), 9.09 (dd, J = 5.8 and 2.7 H; 7

4H, He), 9.53 (d, J = 4.8 Hz, 4H, ghiy). T i
3C.NMR (125 MHz, CDCI3)s (ppm) : 117.71 (CH), 127.3E~1.f'_:} ':*:. __;-} i
(CH), 129.43 (CH), 131.41 (CH), 135.65 (CH), 148.68), Lot
149.05 (C). i

YF-NMR (282 MHz, CDG)) § (ppm) : -124.12 (s, 4F), -83.82 (b —'

6F).

Amax(CH2Clo)/nm € x 107/L mol™ cmit): 413 (10.9), 512 (2.34), 547 (1.35), 593 (0.6 €0.89).
m/z (HRM") [M+H"]caic = 761.16, [M+H]oung = 761.1730.
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5,15-bis(2,2,3,3,4,4,4-heptafluorobutoxy)-10,2@giidin-4-yl)porphyrin10

Chemical formula: ggH22F14NgO2

Molecular weight: 860.16 g/mol

A dried Schlenck tube connected to a vacuum ling eegassed and purged with argon. The tube
was charged with Bftba) (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand PR&S (13.5 mg,
0.01 mmol, 0.2 eq), di-bromoporphyrin(30 mg, 0.05 mmol, 1 eq) and L5 (65 mg, 0.2 mmol,

4 eq). The tube was backfilled with argon then 6 shtoluene and 2,2,3,3,4,4,4-heptafluorobutan-
1-ol (30 uL, 0.2 mmol, 4 eq) was added. The tube was purgild avgon for 2 min. and the
reaction mixture was heated in an oil bath for 7B&°C. After cooling to room temperature, the
reaction mixture was diluted with ethyl acetate(Q(I8L) and washed with water (3 x 50 mL).
Volatiles were evaporated under reduced pressuce th@ mixture was purified by column
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chromatography (Si§) CH.Cl,: Acetone 7:3) to afford the desire” |
compoundL0 (0.015 g, 36%) as a purple solid. r
IH-NMR (500 MHz, CDC4) & (ppm) : - 2.86 (s, br, 2H, NH), 5.4 F ]_
(t, J=13.4 Hz, 4H, B, 8.15 (dd, J = 5.9 and 2.7 Hz, 4H;)H8.89 s
(d, J= 4.8 Hz, 4H, j3y), 9.09 (dd, J =2.7and 5.8 Hz, AH)HD.54 3.7 ‘oo wxod
(d, J = 4.8 Hz, 4H, k). L
13C-NMR (125 MHz, CDGJ) § (ppm) : 117.83 (CH), 127.53 (CH) Syt A
129.53 (CH), 131.54 (CH), 135.93 (CH), 148.77 (9.17 (C). B
YF-NMR (282 MHz, CDGJ) & (ppm) : -127.60 (m, 4F), -121. 2 |_
(m, 4F), - 81.45 (t, J= 9.3 Hz, 6F). il
Amax (CH2Cl)/nm € x 10YL mol* em™): 413 (15.27), 513 (3.19)
549 (1.83), 594 (0.82), 651 (1.23).
m/z (HRM") [M+H"]caic = 861.16, [M+H] oung= 861.1653

i s "\ H ! ot

o vhooml s - .
1 | | |

5,15-bis((2,2,3,3,4,4,5,5-octafluoropentyl)oxy)2Bdi(pyridin-4-yl)porphyrinll

Chemical formula: GsH24F16 NgO2

Molecular weight: 924.17 g/mol

A dried Schlenck tube connected to a vacuum ling eegassed and purged with argon. The tube
was charged with Bftba) (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand PR&S (13.5 mg,
0.01 mmol, 0.2 eq), di-bromoporphyrin(30 mg, 0.05 mmol, 1leq) and L£LO; (65 mg, 0.2 mmol,

4 eq). The tube was backfiled with argon then 6 mt toluene and 2,2,3,3,4,4,5,5-
octafluoropentan-1-ol (3QL, 0.2 mmol, 4eq) was added. The tube was purgdid avigon for 2
min. and the reaction mixture was heated in arbaih for 7h at 100 °C. After cooling to room
temperature, the reaction mixture was diluted wtthyl acetate (100mL) and washed with water (3
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x 50mL). The solvent was evaporated under reduceskpre and J
the mixture was purified by column chromatograpt8iCy, _] y
CH.Cl,: Acetone 7:3) to afford the desired compourid(0.020 F |_I
g, 45%) as a purple solid.
'H-NMR (500 MHz, CDCY) 5 (ppm) : - 2.89 (s, 2H, NH), 5.45 (1 £ 4 = -3

J = 13.5 Hz, 4H, b, 6.25 (it, J= 52 Hz and 5 Hz, 2H)H8.14 RETLN A = L

(dd, J =5.7 and 2.6 Hz, 4H;3H8.89 (d, J = 4.7 Hz, 4H, g, S
9.08 (dd, J= 5.7 and 2.8 Hz, 4H,)H9.54 (d, J = 4.8 Hz, 4H , :
Hgpyr)- ,_] ?

3C-NMR (125 MHz, CDCJ) & (ppm) : 107.93 (CF 117.84
(CH), 127.61 (CH), 129.60 (CH), 131.61 (CH), 136(CH), 148.81 (C), 149.24 (C).

F-NMR (282 MHz, CDGJ) 5 (ppm) : -136.93 (m, 2F), -129.50 (m, 2F), -124(BR, 2F), -119.44
(m, 2F).

Amax(CH2Clo)/inm € x 10Y/L mol™ cm™®) : 413 (15.7), 512 (2.99), 547 (1.79), 593 (0. 850 (1.17).
m/z (HRM") [M+H Jcac = 925.17, [M+H] touna= 925.17909.
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(R, R)-5, 15-di-sec-butoxy-10, 20-di (pyridin-4g0rphyrin12-(R, R)

Chemical formula: ggH3sNsO>

Molecular weight: 608.29 g/mol

A dried Schlenck tube connected to a vacuum ling eegassed and purged with argon. The tube
was charged with Bftba) (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand PR&S (13.5 mg,
0.01 mmol, 0.2 eq), di-bromoporphyrin(30 mg, 0.05 mmol, 1 eq) and L3 (65 mg, 0.2 mmol,

4 eq). The tube was backfilled with argon then 6 afltoluene and (R)-butan-2-ol (3., 0.2

mmol, 4 eq) was added. The tube was purged witbnafgr 2 min. and the reaction mixture was

115



heated in an oil bath for 4h at 80 °C. After coglito room 1

temperature, the reaction mixture was diluted veithyl acetate H' 1

(100 mL) and washed with water (3 x 50 mL). Theveot was ; . ’f' il
evaporated under reduced pressure and the mixtasepwrified “ ‘— -
by column chromatography (SiOethyl acetate: cyclohexan - \"xu_f |
80:20) to afford the desired compoubh2{R, R) (0.020 g, 69%) | |

as a purple solid. I

'H-NMR (500 MHz, CDC}) & (ppm) : - 2.59 (s, br, 2H, NHJ.29 (t, J = 7.3 Hz, 6H, )} 1.47 (d, J
= 6.2 Hz, 6H, H), 2.30 (M, 4H, H), 5.17 (m, 2H, H), 8.16 (dd, J = 5.8 and 2.7 Hz, 4H;)HB.77
(d, J = 4.6 Hz, 4H, |}y, 9.05 (dd, J = 5.6 and 2.6 Hz, 4H)HD.49(d, J = 4.5 Hz, 4H, k).
13C-NMR (125 MHz, CDCJ) & (ppm) : 10.57 (Ch), 20.16 (CH), 31.15 (CH), 90.65 (CH), 116.63
(CH), 128.40 (CH), 129.65 (CH), 136.79 (CH), 148(&), 150.15 (C).

Amax(CH2Clo)/nm € x 10Y/L mol™ cm™®) : 418 (38.4), 520 (0.58), 557 (0.63), 602 (0.56). (0.53).
m/z (HRM") [M+H] caic = 609.29, [M+H] oung= 609.2937.
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(S, S)-5, 15-di-sec-butoxy-10, 20-di (pyridin-4pdyphyrin12-(S, S)

Chemical formula: ggH3sNO-

Molecular weight: 608.29 g/mol

A dried Schlenck tube connected to a vacuum ling eegassed and purged with argon. The tube
was charged with Bftba) (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand P& (13.5 mg,
0.01 mmol, 0.2 eq), di-bromoporphyiin(30 mg, 0.05 mmol, 1 eq) and L3 (65 mg, 0.2 mmol,

4 eq). The tube was backfilled with argon then 6 afltoluene and (S)-butan-2-ol (3., 0.2
mmol, 4 eq) was added.
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The tube was purged with argon for 2 min. and thaction
mixture was heated in an oil bath for 4h at 80A&er cooling to

room temperature, the reaction mixture was diluseth ethyl . {ﬁﬁ' ;E_-:-‘

= g T
acetate (100 mL) and washed with water (3 x 50 rmihg solvent '{__ﬁ'e—ﬁ’.:;_ s
was evaporated under reduced pressure and the renixtas I e

purified by column chromatography (SIO ethyl acetate: |
cyclohexane 80:20) to afford the desired compo@Bd(S, S)

(0.020 g, 69%) as a purple solid.

'H-NMR (500 MHz, CDC}) & (ppm) : - 2.59 (s, br, 2H, NH),.28 (t, J = 7.3 Hz, 6H, ) 1.47 (d, J
= 6.2 Hz, 6H, H), 2.30 (m, 4H, H), 5.17 (m, 2H, H), 8.15 (dd, J = 5.8 and 2.7 Hz, 4H;)HB.77
(d, J = 4.6 Hz, 4H, Ky, 9.05 (dd, J = 5.6 and 2.6 Hz, 4H)P.48(d, J = 4.5 Hz, 4H, ).
13C-NMR (125 MHz, CDCJ) & (ppm) : 10.57 (Ch), 20.16 (CH), 31.15 (CH), 90.65 (CH), 116.63
(CH), 128.40 (CH), 129.65 (CH), 130.17, 136.79 (CH)8.51 (C), 150.15 (C).

Amax(CH2Clo)/nm € x 107/L mol™ cmi?) : 418 (38.4), 520 (0.58), 557 (0.63), 602 (0.56)1 (0.53).
m/z (HRM") [M+H] caic = 609.29, [M+H] oung= 609.2967.
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(S, S )-5,15-bis(2-methylbutoxy)-10,20-di(pyridigigl3 (S, S)
Chemical formula: GeH4oNgO-

Molecular weight: 636.32 g/mol
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A dried Schlenck tube connected to a vacuum ling \ [

degassed and purged with argon. The tube was che ' E]_x
with Pd(dba) (4.6 mg, 0.005 mmol, 0.1 eq), phosphil | T
ligand DPEPhos (13.5cmg, 0.01 mmol, 0.2 eq), RIS
bromoporphyrir7 (30 mg, 0.05 mmol, 1 eq) and L£LO; t E“x ;;-_-.:ri HN_{‘;_;’“—“"-M
(65 mg, 0.2 mmol, 4 eq). The tube was backfillethw / "'l_‘,-__HH N__-i:“j N
argon then 6 mL of toluene and (S)-2-methylbutasi-1 { -'J“'ﬂ-“'w_..-'{"
(30 uL, 0.2 mmol, 4 eq) was added. The tube was pur " lﬂ
with argon for 2 min. and the reaction mixture w ]\

e

heated in an oil bath for 5h at 80 °C. After coglito |

room temperature, the reaction mixture was dilwit

ethyl acetate (100 mL) and washed with water (0xm.). Thesolvent was evaporated under
reduced pressure and the product is washed withHVie@jive a purple solid (0.027 g, 85%).
'H-NMR (500 MHz, CDC}) & (ppm) : - 2.69 (s, br, 2H, NH),.22 (t, J = 7.4 Hz, 6H, / 1.55 (d, J
= 6.4 Hz, 6H, H), 1.73 (m, 2H, H), 2.10 (m, 2H, H), 2.56 (m, 2H, H), 4.80 (dd, J= 9.1 and 5.8
Hz, 2H, H), 4.87 (dd, J=9.1 and 5.8 Hz, 2H,)HB.17 (d, J = 5.5 Hz, 4H,d) 8.82 (d, J = 4.6 Hz,
4H, Hypyr), 9.07 (d, J = 5.4 Hz, 4H,# 9.51 (d, J = 4.8 Hz, 4H,4,).

13C-NMR (125 MHz, CDCI3p (ppm) :11.94 (CH), 17.34 (CH), 26.77 (CH), 37.04 (CH), 90.66
(CH), 116.64 (CH), 127.85 (CH), 129.72 (CH), 130.238.58 (CH), 148.52 (C), 150.07 (C).
Amax(CHoCl)/nm € x 1YL mol™* cm™) : 416 (43.3), 517 (0.72), 553 (0.67), 599 (0.5B6 (0.55).
m/z (HRM") [M+H ] cale = 637.32, [M+H] touna= 637.3239.
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5, 15-di (pyridin-4-yl)-10, 20-bis (4,4,4-trifluor8-methylbutoxy) porphyrit4 (racemate+ meso)
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Chemical formula: GoHzaFs NeO:
Molecular weight: 744.26 g/mol £ {’
3

Starting from a racemic mixture of 4,4,4-trifluoBe-

methylbutan-1-ol, the compount4 was obtained as ¢ g7

mixture of the racemate (RR, SS) andnesoform (RS). g

A dried Schlenck tube connected to a vacuum lins \ ;” r v y
degassed and purged with argon. The tube was ahe f' f: x‘,‘.-'-"" '"I“'——“f B,
with Pa(dba) (4.6 mg, 0.005 mmol, 0.1 eq), phosphh":::\_:} f_ _:i} i}_h
ligand DPEPhos (13.5 mg, 0.01 mmol, 0.2 eq), h_N':EE;:;,
bromoporphyrin7 (30 mg, 0.05 mmol, 1 eq) and LLO; E

(65 mg, 0.2 mmol, 4 eq). The tube was backfilledhw E|

argon then 6 mL of toluene and 4,4 4-trifluoro- T
methylbutan-1-ol (3@, 0.2 mmol, 4 eq) was added. Tt £

tube was purged with argon for 2 min. and the react

mixture was heated to 100°C in an oil bath for 8tter cooling to room temperature, the reaction
mixture was diluted with ethyl acetate (100 mL) amashed with water (3 x 50 mL). The solvent
was evaporated under reduced pressure and thereniwfas purified by column chromatography
(SiO,, ethyl acetate: cyclohexane 8:2) to afford theirddscompoundl4 (0.020 g, 55%) as a
purple solid.

'H-NMR (300 MHz, CDC}) & (ppm) : - 2.72 (s, br, 2H, NH), 1.49 (d, J= 7.088, H), 2.34 (m,
2H, H), 2.86 (m, 2H, H), 3.07 (m, 2H, H), 5.08 (t, J= 6.2Hz, 4H, H} 8.15 (dd, J = 5.9 and 2.7
Hz, 4H, H), 8.84 (d, J = 4.8 Hz, 4H, ), 9.07 (dd, J = 5.8 and 2.7 Hz, 4H)H0.46 (d, J = 4.8
Hz, 4H, Hpyr).

13C-NMR (125 MHz, CDCJ) & (ppm) : 12.21 (Ch), 30.15 (CH), 34.28 (CH), 80.20 (CH), 115.89
(CH), 126.36 (CH), 128.42 (CH), 129.60, 136.61 (CH)7.51 (C), 148.49 (C).

F-NMR (282 MHz, CDCJ) 5 (ppm) : -72.93 (s, 6F).

Amax (CH2Cl)/nm € x 10Y/L mol™* cmi?) : 415 (40.85), 516 (0.61), 552 (0.49), 597 (0,%H5
(0.45).

m/z (HRM") [M+H] cac= 745. 26, [M+H] touna= 745.2702.
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5,15-di(pyridin-4-yl)-10, 20-bis ((3-(trifluoromegh) pentyl)oxy) porphyrii5(racemate+ meso)

Chemical formula: ¢;H3sFsNsO-
Molecular weight: 772.30 g/mol

Starting from a racemic mixture of 3-(trifluoromgkhpentan- e 2

1-ol, the Compoundl5 was obtained as a mixture of tr 'J“

racemate (RR, SS) and theesoform (RS). A dried Schlenck o f _:T‘L\?

tube connected to a vacuum line was degassed agddowith .. ; “a c\‘ "
argon. The tube was charged witho(@ba) (4.6 mg, 0.005 s T

mmol, 0.1 eq), phosphine ligand DPEPhos (13.5 @@}l |
mmol, 0.2 eq), di-bromoporphyrin (30 mg, 0.05 mmol, 1 eq | _
and CsCOs (65 mg, 0.2 mmol, 4 eq). The tube was backfill
with argon then 6 mL of toluene and 3-(trifluorommg)

pentan-1-ol (3QuL, 0.2 mmol, 4 eq) was added. The tube was purgddasgon for 2 min. and the

reaction mixture was heated in an oil bath for #8th00°C. After cooling to room temperature, the
reaction mixture was diluted with ethyl acetateQ(hOL) and washed with water (3 x 50 mL). The

solvent was evaporated under reduced pressure ladmixture was purified by column
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chromatography (Si§) ethyl acetate: cyclohexane 8:2) to afford tharddscompound5 (0.015 g,
40%) as a purple solid.

'H-NMR (300 MHz, CDC}) & (ppm) : - 2.75 (s, br, 2H, NH), 1.24 (t, J=7.3 188, Hs), 1.84 (m,
2H, Hor Hy), 1.96 (m, 2H, Hor Hy), 2.59 (m, 2H, Hor Hy), 2.70 (m, 2H, Hor H,), 2.79 (m, 2H,
Hs), 5.06 (t, J=6.6 Hz, 4H, i 8.07 (dd, J = 5.8 and 2.6 Hz, 4H;)B.78 (8H, Hpyr and H), 9.44
(d, J = 4.8 Hz, 4H, k).

13C-NMR (90 MHz, CDC}) & (ppm) : 11.45 (Ch), 15.75 (CH), 21.43 (CH), 29.03 (CH), 41.186,
81.66 (CH), 116.78 (CH), 127.45 (CH), 129.39 (CH3}0.52 (CH), 137.72 (CH), 148.20 (C),
149.60 (C).

F-NMR (282 MHz, CDCJ) 5 (ppm) : -69.66 (s, 6F).

Amax (CHzCl)/nm € x 10%L mol™ cm) : 414 (43.07), 516 (0.59), 552 (0.55), 597 (0,16H5
(0.39).

m/z (HRM") [M+H"] caic = 773.30 [M+H] touna= 773.09
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5,15-bis(2,2,3,4,4,4-hexafluorobutoxy)-10,20-di{gyr-4-yl)porphyrin16 (racemate + meso)
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Chemical formula: ggH24F12N6O-

Molecular weight: 824.63 g/mol

Starting from a racemic mixture of 2,2,3,4,4,4-Hex@obutan-1-ol, the Compound6 was

obtained as a mixture of the racemate (RR, SS)tladhesoform (RS). A dried Schlenck tube

connected to a vacuum line was degassed and puwviedargon. The tube was charged with

Pd,(dba} (4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand BR&s (13.5 mg, 0.01 mmol, 0.2 eq),

di-bromoporphyrin7 (30 mg, 0.05 mmol, 1 eq) and L£L©; (65 mg, 0.2 mmol, 4 eq). The tube was
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backfilled with argon then 6 mL of toluene and 3,2,4,4-

hexafluorobutan-1-ol (3@L, 0.2 mmol, 4 eq) was added. Tt N

tube was purged with argon for 2 min. and the feaanixture e

was heated in an oil bath for 24h at 100°C. Aftasling to room {;Gh.":::m“f‘:__-
temperature, the reaction mixture was diluted wittnyl acetate H._; QI Ir:::-'—'u hu_,-:‘} —,
(100 mL) and washed with water (3 x 50 mL). Thevent was — - ’ x 5 of

evaporated under reduced pressure and the mixasepurified
by column chromatography (SiQOethyl acetate: cyclohexan
8:2) to afford the desired compourdd® (0.020 g, 51%) as ¢ E
purple solid.

'H-NMR (400 MHz, CDC}) & (ppm) : - 2.89 (s, br, 2H, NH), 5.24 (m, 2Hy)H5.43 (m, 2H, H),
5.87 (m, 1H, H), 6.01 (m, 1H, H), 8.10 (dd, J = 5.9 and 2.6 Hz, 4H;)H8.87 (d, J = 4.8 Hz, 4H,
Hpoyr), 8.92 (dd, J = 5.9 and 2.8 Hz, 4H,)1B.51 (d, J = 4.7 Hz, 4H, 3.

3C-NMR (90 MHz, CDC}) & (ppm) : 117.83 (CH), 127.39(CH), 129.52(CH), 131CGH),
135.29(CH), 148.76(C), 149.15(C).

F-NMR (282.4 MHz, CDGJ) § (ppm) : -211.92 (m, 2F), -122.60 (m, 1F), -121,(61, 1F), -115.
25 (m, 1F), -114.26 (m, 1F), -73.45 (m, 6F).

Amax (CH:Cl)/nm € x 10%L mol™ cm™) : 414 (18.35), 513 (3.82), 548 (2.32), 594 (1,1850
(1.46).

m/z (HRM") [M+H"]caic = 825.63, [M+H] oung= 825.1820.
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(R, R)-5,15-bis(3-bromo-2-methylpropoxy)-10,20-gigin-4-yl)porphyrinl17-(R, R)
Chemical formula: ggH34Br, NgO2

Molecular weight: 766.11 g/mol ah . o4

A dried Schlenck tube connected to a vacuum ling degyassed ﬂ
and purged with argon. The tube was charged witi{dBd} :
(4.6 mg, 0.005 mmol, 0.1 eq), phosphine ligand BR&S (13.5 =2 u L P,
mg, 0.01 mmol, 0.2 eq), di-bromoporphyrih (30 mg, 0.05 "_ L :':-"*_
mmol, 1 eq) and GEO; (65 mg, 0.2 mmol, 4 eq). The tube wi N
backfilled with argon then 6 mL of toluene and (B)bromo-2- l
methylpropan-1-ol (3@L, 0.2 mmol, 4 eq) was added. The tul o

was purged with argon for 2 min. and the reactioxtume was

heated in an oil bath for 4h at 80 °C. After coglio room temperature, the reaction mixture was
diluted with ethyl acetate (100 mL) and washed withter (3 x 50 mL). The solvent was
evaporated under reduced pressure and the soBdotitained was washed with MeOH to afford a
purple solid (0.025 g, 68%).

'H-NMR (300 MHz, CDC}) 5 (ppm) : - 2.74 (s, br, 2H, NH), 1.56 (d, J = 6.8, 18H, H,), 3.01 (m,
2H, Hy), 4.15 (dd, J= 10.0 and 4.3 Hz, 2H)H4.27 (dd, J= 10.0 and 4.3 Hz , 2H) H.97 (d, J =
5.7 Hz, 4H, H), 8.16 (dd, J = 5.5 and 3.0 Hz, 4H)HB.85 (d, J = 4.5 Hz, 4H,d5,), 9.07 (dd, J =
5.7and 2.9 Hz, 4H, #i 9.57 (d, J = 4.6 Hz, 4H,g5).

13C-NMR (90 MHz, CDC¥) 5 (ppm) : 16.50 (Ch), 37.06 (CH), 37.72 (CH), 86.36 (CH), 116.74
(CH), 127.68 (CH), 129.49 (CH), 130.53, 137.75 (CH})8.47 (C), 149.69 (C).

Amax (CH2Cl)/nm € x 10Y/L mol™ cm?) : 415 (50.1), 516 (0.2), 552 (0.64), 596 (0.55§0.5).
m/z (HRM") [M+H"]caic = 767.11, [M+H] toung= 767.1183.
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Crystallographic Data



A. General

1. Crystallizations

The solvents used for crystallization reactions evpurchased as analytical grades and used
without further purificationLiquid-liquid diffusions were conducted in glasystallization tubes
(height~15-17 cm, diameter = 0.4 cm) at ambienpieature.

For vapor diffusion technique, a solution of thagent contained in a glass vial (height = 4.7 cm,
diameter = 1.1 cm) was placed into another closedl (height = 6.3 cm, diameter 1.9 cm)

containing the volatile solvent at ambient tempaeat

2. Instruments

X-Ray analysis were collected on a Bruker APEX8 Cdiffractometer equipped with an Oxford
Cryosystem liquid N device at 173(2) K using graphite-monochromatedkvo(, = 0.71073 A)
radiation operating at 50kv and 6Q@. The structures were solved by using SHELXS-9d an
refined by full-matrix least squares of ising SHELXL-97 with anisotropic thermal paramster
for all non-hydrogen atoms. The hydrogen atoms wereduced at calculated positions and were

not refined (riding model).
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B.  Single crystal X-Ray diffraction data
Tecton 4-Structure 1

Crystallization conditions: Crystals were obtained by diffusion of ether iatohloroform solution

of the porphyrin.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 29.51°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on &
Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

e2856a

C36 H26 F6 N6

656.63

173(2) K

0.71073 A

Triclinic

P-1

a=9.3714(2) A
b =13.7838(4) A
c=24.7238(7) A

a= 78.7430(10) °.
B= 85.9520(10) °.
y = 72.5090(10) °.

2987.16(14) A
4

1.460 Mghn

0.115 mrh
1352

0.12 x 0.08 x 0.03 Bm
1.58 to 29.51°

-7<=h<=12, -19<=k<=19, -34<=|<=34

51762
16046 [R (int) = 0.0280]
96.4 %
Semi-empirical from equivaten
0.9966 and 0.9864

Full-matrix least-squares énF
16046 / 2 / 865

1.041
R1 =0.0758, wR2 4955
R1 =0.1044, wR2 = 0.2168

0.827 and -0.650%®.A
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Tecton 4-Structure 2

Crystallization conditions: Crystals were obtained upon slow diffusion of agibl into a

chloroform solution of the porphyrin.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.54°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on &

Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

e3589
C36 H26 F6 N6O
702.69
173(2) K
0.71073 A
Monoclinic
P121/c1
a=12.4161(5) A
b = 26.6146(10) A
¢ =10.3672(6) A
3391.3(3) &
4

1.376 Mghn

0.108 mrh
1456

0.030 x 0.030 x 0.060 FmM

1.66 to 27.54°
-16<=h<=16, -34<=k<=27, -13<=I<=13
37245

7814 [R (int) = 0.0572]

99.7 %
Semi-empirical from equivaken

0.9910 and 0.9960

a= 90 °.
B=98.137(3) °.
y=90°.

Full-matrix least-squares énF
7814/ 0/ 462
1.019
R1 =0.0657, wR2 4685
R1=0.1189, wR2 = 0.1982
0.372 and -0.393 eA
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Tecton 15

Crystallization conditions: Crystals were obtained upon diffusion of acetdsiinto a chloroform

solution of the porphyrin.

Crystals obtained were of poor quality. The refieatparameters could not be optimized

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 30.06°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on &
Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

e3053a

C42 H38 F6 N6 02

772.30

173(2) K

0.71073 A

Monoclinic

P21/n

a=7.3141(3) A a= 90 °.
b = 15.0105(7) A B= 96.2430(10) °.
¢ =16.9532(9) A y=90°.
1850.22(15) A3
2

1.168 Mg#n

0.073 mrh
650

0.12 x 0.04 x 0.04 m
1.82 to 30.06°
-9<=h<=6, -21<=k<=21, -23<=I<=23
17606
5188 [R (int) = 0.0307]
95.6 %
Semi-empirical from equivaken
0.9971 and 0.9912

Full-matrix least-squares énF
5188 /0/ 254

1.163
R1 =0.1025, wR2 2117
R1 =0.1375, wR2 = 0.3026

1.352 and -1.3012.A
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Tecton 9

Crystallization conditions: Crystals were obtained by slow diffusion of Et@ti#o a chloroform

solution of the porphyrin.

Identification code e3371a

Empirical formula C36 H22 F10 N6 O2

Formula weight 760.60

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=6.4816(2) A o= 99.3786(15) °.
b =10.2199(4) A B=95.1672(15) °.
¢ =13.1508(5) A vy = 100.5480(15) °.

Volume 838.48(5) R

Z 1

Density (calculated) 1.506 Mg#n

Absorption coefficient 0.134 mrh

F (000) 386

Crystal size 0.12 x 0.10 x 0.08 m

Theta range for data collection 1.58 to0 29.35°

Index ranges -9<=h<=8, -12<=k<=14, -18<=|<=18

Reflections collected 15254

Independent reflections 4489 [R (int) = 0.0191]

Completeness to theta = 29.35° 98.0 %

Absorption correction Semi-empirical from equivaten

Max. and min. transmission 0.9893 and 0.9841

Refinement method Full-matrix least-squares énF

Data / restraints / parameters 4489 /0/ 244

Goodness-of-fit on & 1.071

Final R indices [I>2sigma (1)] R1 =0.0531, wR2 A472

R indices (all data) R1 =0.0634, wR2 = 0.1553

Largest diff. peak and hole 0.620 and -0.292%.A
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Tecton 16
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Crystallization conditions: Crystals were obtained by diffusion of ethandioira chloroform

solution of the porphyrin.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 30.04°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on &

Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

e3593

'2(C38 H24 N6 02)'

1649.26 g /mol
173(2) K
0.71073 A
triclinic
P-1
a=6.3119(4) A
b = 13.5452(8) A
c = 21.2665(9) A
1763.72(17) A
1
1.553 g/ém
0.142 mm
836

a= 95.4060(10)°
B= 97.9570(10)°
v = 99.4090(10)°

0.050 x 0.050 x 0.060 mm

1.53 to 30.04°

-8<=h<=8, -19<=k<=19, -24<=|<=27

44884

9441 [R (int) = 0.0332]

91.8%

Semi-empirical from equivaten

0.9960 and 0.9900

Full-matrix least-squares énF

9441/20/554
1.072

R1 =0.1016, wR2 2828

R1 =0.1267, wR2 = 0.2846

1.091 and -0.647 eA
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Tecton 10

Crystallization conditions: Crystals were obtained by diffusion of EtOH inéo chloroform

solution of the porphyrin.

Identification code e3595

Empirical formula GeH22F14N6O:

Formula weight 860.61 g/ mol

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P121/n1

Unit cell dimensions a=6.8740(3) A a= 90 °.
b =28.0707(11) A B= 102.4410(10)°
c=9.5776(3) A y=90°.

Volume 1804.68(12) A

z 2

Density (calculated) 1.584 g/ém

Absorption coefficient 0.150 mm

F (000) 868

Crystal size 0.040 x 0.040 x 0.050 Hm

Theta range for data collection 1.4510 30.12°

Index ranges -8<=h<=9, -39<=k<=39, -13<=|<=13

Reflections collected 40461

Independent reflections 5260 [R (int) = 0.0529]

Completeness to theta = 30.12° 98.8%

Absorption correction Semi-empirical from equivdten

Max. and min. transmission 0.9910 and 0.9960.

Refinement method Full-matrix least-squares énF

Data / restraints / parameters 5260 /12 /292

Goodness-of-fit on & 1.027

Final R indices [I>2sigma (I)] R1 = 0.0933, wR2 2896

R indices (all data) R1=0.1173, wR2 = 0.2806

Largest diff. peak and hole 1.171and-0.860 eAs

132



Tecton 11

Crystallization conditions: Crystals were obtained by slow diffusion of Et@ti#o a chloroform

solution of the porphyrin.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 29.21°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on &
Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

e3367a

C40 H24 F16 N6 02

924.65

173(2) K

0.71073 A

Triclinic

P-1

a = 6.8436(4) A
b = 9.7863(6) A
c = 14.9256(9) A
933.73(10) &
1

1.644 Mghn

0.159 mrh
466

0.12 x 0.08 x 0.02 Mm
1.40 to 29.21°
-9<=h<=8, -13<=k<=11, -21<=|<=18
13266
4977 [R (int) = 0.0582]
98.1 %
Semi-empirical from equivaken
0.9968 and 0.9812

a= 82.126(3) °.
B= 77.574(3) °.
y=73.678(3) °.

Full-matrix least-squares énF
4977/0/ 289

1.163
R1 = 0.0754, wR2 1825
R1=0.1125, wR2 = 0.1648

0.415 and -0.284® A
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Crystallization conditions: Crystals were obtained by slow diffusion of Et@ti#o a chloroform

solution of the porphyrin.

Identification code e339%4a

Empirical formula C38 H34 Br2 N6 02

Formula weight 766.53

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Triclinic

Space group P1

Unit cell dimensions a=6.9278(4) A a= 106.6287(18) °.
b =9.8384(4) A B=90.748(2) °.
c=13.3784(7) A y = 103.4956(13) °.

Volume 846.47(7) R

z 1

Density (calculated) 1.504 Mghn

Absorption coefficient 2.438 mrh

F (000) 390

Crystal size 0.12 x 0.10 x 0.04 Bm

Theta range for data collection 1.59to 27.00°

Index ranges -5<=h<=8, -12<=k<=12, -17<=|<=17

Reflections collected 14000

Independent reflections 6348 [R (int) = 0.0210]

Completeness to theta = 27.00° 95.0 %

Absorption correction Semi-empirical from equivaten

Max. and min. transmission 0.9088 and 0.7585

Refinement method Full-matrix least-squares énF

Data / restraints / parameters 6348 /3 /435

Goodness-of-fit on & 1.545

Final R indices [I>2sigma (I)] R1 = 0.0458, wR2 A227

R indices (all data) R1 =0.0514, wR2 = 0.1264

Absolute structure parameter 0.006(8)

Largest diff. peak and hole 1.367 and -0.580%.A
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Zn-Tecton 4: 1D network with MeOH

Crystallization conditions: Slow diffusion of Zn(OAG) 2H,0 in MeOH (C = 2-18mol/L) into a
chloroform solution of tectod (C = 2- 10° mol/L), between layers: CHEMeOH

Crystals obtained were of poor quality. The refieatparameters could not be optimized

Identification code e2710a

Empirical formula C36 HF6 N6 O3 Zn

Formula weight 744.80

Temperature 296(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2 (1)/c

Unit cell dimensions a=14.5481(6) A a= 90°.
b = 20.0694(8) A B= 105.275(2) °.
c =13.3405(4) A y=90°.

Volume 3757.4(2) R

Z 4

Density (calculated) 1.317 Mghn

Absorption coefficient 0.724mmh

F (000) 1468

Crystal size 0.11 x 0.10 x 0.03 Mm

Theta range for data collection 1.45t030.13°

Index ranges -20<=h<=20, -28<=k<=28, -14<=I<=18

Reflections collected 56015

Independent reflections 10228 [R (int) = 0.0548]

Completeness to theta = 30.13 ° 92.3 %

Absorption correction Semi-empirical from equivaten

Max. and min. transmission 0.9971 and 0.9912

Refinement method Full-matrix least-squares énF

Data / restraints / parameters 10228 / 16/ 487

Goodness-of-fit on & 2.604

Final R indices [I>2sigma (1)] R1=0.1700, wR2 4852

R indices (all data) R1 =0.2639, wR2 = 0.4630

Largest diff. peak and hole 2.212 and -2.100%.A
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Zn-Tecton 4: 1D Network with CFCH,0OH

Crystallization conditions: Slow diffusion of Zn(OAc) 2H,0 in MeOH (C = 2-18mol/L) into a
chloroform solution of tectord (C = 2-10° mol/L), between layers: DMSO and drops of

trifluoroethanol.

Identification code e2805a

Empirical formula C39 H28 CI3 F9 N6 O Zn

Formula weight 939.39

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2 (1)/c

Unit cell dimensions a=15.1982(3) A o= 90°.
b =20.4972(5) A B=102.2590(10) °.
c=13.1012(2) A y=90°.

Volume 3988.23(14) A

z 4

Density (calculated) 1.565 Mghn

Absorption coefficient 0.900 mrh

F (000) 1896

Crystal size 0.12 x 0.10 x 0.07 m

Theta range for data collection 1.88 to0 30.10°

Index ranges -20<=h<=21, -28<=k<=28, -18<=I<=15

Reflections collected 72931

Independent reflections 11102 [R (int) = 0.0585]

Completeness to theta = 30.10° 94.5 %

Absorption correction Semi-empirical from equivaken

Max. and min. transmission 0.9397 and 0.8997

Refinement method Full-matrix least-squares énF

Data / restraints / parameters 11102/0/512

Goodness-of-fit on & 1.040

Final R indices [I>2sigma (1)] R1 =0.0759, wR2 2039

R indices (all data) R1 =0.1166, wR2 = 0.2444

Largest diff. peak and hole 1.662 and -1.310%.A
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Zn-Tecton 4: 2D network

Crystallization conditions: Slow diffusion of ZnSig in MeOH (C = 2-18 mol/L) into a
chloroform solution of tectod (C = 2- 10° mol/L), between layers: DMSO.

Identification code e2824a

Empirical formula C36 H24 F6 N6 Zn

Formula weight 719.98

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2 (1)/n

Unit cell dimensions a=28.5148(2) A o= 90°.
b=12.1643(3) A p= 105.0180(10) °.
c =15.4226(3) A v =90°.

Volume 1542.86(6) A

z 2

Density (calculated) 1.550 Mghn

Absorption coefficient 0.871 mrh

F (000) 732

Crystal size 0.10 x 0.08 x 0.06 MM

Theta range for data collection 2.16 to 30.10°

Index ranges -12<=h<=10, -17<=k<=17, -17<=I<=21

Reflections collected 16864

Independent reflections 4337 [R (int) = 0.0196]

Completeness to theta = 30.10° 95.8 %

Absorption correction Semi-empirical from equivaten

Max. and min. transmission 0.9496 and 0.9180

Refinement method Full-matrix least-squares énF

Data / restraints / parameters 4337 /0/ 223

Goodness-of-fit on & 1.057

Final R indices [I>2sigma (I)] R1 = 0.0337, wR2 0984

R indices (all data) R1 =0.0391, wR2 = 0.1029

Largest diff. peak and hole 0.550 and -0.3362.A
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Zn-Tecton 8 : 1D network
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Crystallization conditions: Slow diffusion of ZnSig in MeOH (C = 2-18 mol/L) into a
chloroform solution of tecto (C = 2-10° mol/L), between layers: DMSO and few drops of

2,2,3,4,4,4-hexafluorobutan-1-ol (racemic mixture).

Identification code e3343a

Empirical formula C40 H30 F12 N6 O4 S Zn

Formula weight 984.13

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2 (1)/n

Unit cell dimensions a=17.8909(5) A o= 90°.
b =13.4778(5) A p=112.3386(11) °.
¢ = 18.0010(5) A y = 90°.

Volume 4014.8(2) R

z 4

Density (calculated) 1.628 Mgﬁn

Absorption coefficient 0.771 mrh

F (000) 1992

Crystal size 0.12 x 0.12 x 0.04 Pm

Theta range for data collection 1.94 to 30.09°

Index ranges -23<=h<=25, -18<=k<=19, -25<=I<=25

Reflections collected 41525

Independent reflections 11648 [R (int) = 0.0436]

Completeness to theta = 30.09° 98.7 %

Absorption correction Semi-empirical from equivaken

Max. and min. transmission 0.9698 and 0.9132

Refinement method Full-matrix least-squares énF

Data / restraints / parameters 11648 /0 /580

Goodness-of-fit on 0.945

Final R indices [I>2sigma (1)] R1 =0.0534, wR2 A186

R indices (all data) R1 =0.0886, wR2 = 0.1362

Largest diff. peak and hole 0.976 and -0.5862.A
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Zn-Tecton 14 : 1D network

Crystallization conditions: Slow diffusion of Zn(OAG) 2H,0 in MeOH (C = 2-18mol/L) into a
chloroform solution of tectofi4 (C = 2. 1¢*mol/L), between layers: CHEIMeOH (1:1).

Crystals obtained were of poor quality. The refieatparameters could not be optimized

Identification code e3066a

Empirical formula C40 H34 F 6 N6 O2 Zn

Formula weight 1316.39

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2 (1)/n

Unit cell dimensions a=12.2095(4) A o= 90°.
b =14.7693(4) A B=96.6530(10) °.
c=19.6115(6) A vy =90°.

Volume 3512.64(18) A

Z 2

Density (calculated) 1.245 Mgfn

Absorption coefficient 0.405 mrh

F (000) 1310

Crystal size 0.11 x 0.10 x 0.06 Bm

Theta range for data collection 2.08 t0 30.07 °

Index ranges -15<=h<=17, -20<=k<=20, -26<=I<=27

Reflections collected 40228

Independent reflections 10228 [R (int) = 0.0557]

Completeness to theta = 30.07 ° 99.2 %

Absorption correction Semi-empirical from equivaten

Max. and min. transmission 0.9971 and 0.9912

Refinement method Full-matrix least-squares énF

Data / restraints / parameters 10228 /18 /481

Goodness-of-fit on & 1.827

Final R indices [I>2sigma (1)] R1 =0.1028, wR2 2875

R indices (all data) R1=0.1471, wR2 = 0.3069

Largest diff. peak and hole 2.120 and -1.368%.A
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Zn-Tecton 15 ; 1D network

Crystallization conditions: Slow diffusion of Zn(OAG) 2H,0 in MeOH (C = 2-18mol/L) into a
chloroform solution of tecto5 (C = 2-16°mol/L), between layers: DMSO.

Crystals obtained were of poor quality. The refieatparameters could not be optimized

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 30.13 °
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on &

Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

e3032a

C42 H36 F6 N6 O2 Zn

836.14

173(2) K

0.71073 A

Monoclinic

P2 (1)/n

a=125112(3) A a= 90°.
b = 15.1510(3) A
c=19.5867(4) A y = 90°.
3673.42(14) &
4

1.512 Mghn

0.747mth
1720

0.10 x 0.10 x 0.04 Bm
1.71t0 30.13 °

-17<=h<=17, -19<=k<=13, -27<=I<=27

63616
10318 [R (int) = 0.0452]
95.1 %
Semi-empirical from equivaten
0.8971 and 0.9912

Full-matrix least-squares énF
10318 /2/516

1.871
R1 =0.0830, wR2 2811
R1 =0.1068, wR2 = 0.2650

2.083 and -0.899 e:A
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Zn-Tecton 15 : 2D network

Crystallization conditions: Slow diffusion of ZnSig in MeOH (C

chloroform solution of tectorl5 (C = 2-10° mol/L), between layers:

hexafluorobutan-1-ol.

Crystals obtained were of poor quality. The refieatparameters could not be optimized.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 30.11 °
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on &

Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

e3077a

C21 H18 F3 N3 02.38 Zn

472.75

173(2) K

0.71073 A

Monoclinic

C2/c

a=21.6259(6) A o= 90°.
b = 14.4348(6) A B=101.836(2) °.
c =14.1530(4) A v =90°.
4324.1(2) R
8

1.452 Mghn

1.185 mth
1928

0.10 x 0.08 x 0.06 Mm

2.38t030.11°
-30 <=h<=30, -19 <=k<=20, -17<=I<=19
49730

6364 [R (int) = 0.0292]

99.8 %

Semi-empirical from equivaken

0.9496 and 0.9180

Full-matrix least-squares énF
6364 /7 /280

1.015
R1 =0.0788, wR2 2436
R1 =0.0953, wR2 = 0.2643

1.028 and-0.703
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Zn-Tecton 9 : 1D network
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Crystallization conditions: Slow diffusion of Zn(OAc) 2H,O in MeOH (C = 2-18mol/L) into a
chloroform solution of tectofl (C = 1- 10° mol/L), between layers: DMSO.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Completeness to theta = 29.40°

Absorption correction
Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on &
Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

e3318a

C36 H20 F10 N6 O2 Zn

823.95

296(2) K

0.71073 A

Monoclinic

P2 (1)/n

a=13.5991(4) A o= 90°.
b =13.8324(4) A p= 105.7689(7) °.
c =17.8046(4) A ¥ =90°.
3223.15(15) A
4

1.698 Mg#n

0.867 mrh
1656

0.12 x 0.12 x 0.06 Mm

1.89 to 29.40°
-19<=h<=19, -19<=k<=19, -22<=I<=24
35376

8849 [R (int) = 0.0369]

99.4 %

Semi-empirical from equivaken

0.9498 and 0.9031

Full-matrix least-squares énF
8849 /0/ 496

1.036
R1 =0.0484, wR2 A 1091
R1 =0.0629, wR2 = 0.1287

1.659 and -1.3802.A
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Zn-Tecton 16 : 1D network

Crystallization conditions: Slow diffusion of ZnSig in MeOH (C = 2-18 mol/L) into a
chloroform solution of tectof6 (C = 2-16*mol/L), between layers: CHEIMeOH (1:1).

Identification code e2880a

Empirical formula C39 H26 F12 N6 O3 Zn

Formula weight 920.03

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group Pccn

Unit cell dimensions a=19.9221(5) A a= 90°.
b = 28.6865(9) A B=90°.
c =13.2544(3) A y=90°.

Volume 7574.8(3) R

Z 8

Density (calculated) 1.613 Mghn

Absorption coefficient 0.756 mmh

F (000) 3712

Crystal size 0.12 x 0.10 x 0.03 Bm

Theta range for data collection 2.04 to 30.07°

Index ranges -25<=h<=27, -40<=k<=12, -18<=I<=18

Reflections collected 43569

Independent reflections 10943 [R (int) = 0.0572]

Completeness to theta = 30.07° 98.3 %

Absorption correction Semi-empirical from equivaten

Max. and min. transmission 0.9777 and 0.9148

Refinement method Full-matrix least-squares énF

Data / restraints / parameters 10943 /12 /552

Goodness-of-fit on & 1.001

Final R indices [I>2sigma (1)] R1 =0.0639, wR2 A857

R indices (all data) R1 =0.1046, wR2 = 0.1549

Largest diff. peak and hole 1.372 an614 e.A3
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Zn-Tecton 10 : 1D network

Crystallization conditions: Slow diffusion of ZnSig in MeOH (C = 2-18 mol/L) into a
chloroform solution of tectofi0 (C = 1.7- 18 mol/L), between layers: DMSO.

Identification code e3252a

Empirical formula C38 H20 F14 N6 O2 Zn

Formula weight 923.97

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2 (1)/c

Unit cell dimensions a=19.0357(8) A o= 90°.
b =13.6514(4) A p= 113.5634(14) °.
¢ =19.3560(7) A v =90°.

Volume 4610.5(3) &

z 4

Density (calculated) 1.331 Mghn

Absorption coefficient 0.626 mrh

F(000) 1848

Crystal size 0.12 x 0.08 x 0.06 MM

Theta range for data collection 1.88 to 30.09°

Index ranges -26<=h<=24, 0<=k<=16, 0<=I<=27

Reflections collected 12822

Independent reflections 12822 [R (int) = 0.0000]

Completeness to theta = 30.09° 94.6 %

Absorption correction Semi-empirical from equivaken

Max. and min. transmission 0.9634 and 0.9287

Refinement method Full-matrix least-squares énF

Data / restraints / parameters 12822 /3 /532

Goodness-of-fit on & 1.256

Final R indices [I>2sigma (I)] R1 = 0.0666, wR2 A 866

R indices (all data) R1 =0.0899, wR2 = 0.1988

Largest diff. peak and hole 2.144 and -1.523%.A
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Zn-Tecton 11; 1D network
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Crystallization conditions: Slow diffusion of Zn(OAc) 2H,0 in MeOH (C = 2-18mol/L) into a
chloroform solution of Tectofi1 (C = 1-10°mol/L), between layers: DMSO.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 30.16°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on &
Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

e3339a
C42 H28 F16 N6 O3 S Zn
1066.13
173(2) K
0.71073 A
Monoclinic
P2 (1)/c
a=15.8524(8) A
b =20.6796(9) A
c =13.8820(7) A
4163.7(3) R
4

1.701 Mghn

0.762 mrh
2144

0.09 x 0.07 x 0.03 Mm

1.40 to 30.16°
-22<=h<=22, -28<=k<=18, -19<=I<=19
42038

12088 [R (int) = 0.0709]

98.1 %
Semi-empirical from equivaten

0.9775 and 0.9346

a= 90°.
B=113.8021(17) °.
v = 90°.

Full-matrix least-squares énF
12088 /0/612

1.017
R1 =0.0862, wR2 2072
R1 =0.1524, wR2 = 0.2632

1.876 and -1.29223.A
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Cd-Tecton 4 : 2D network

Crystallization conditions: Slow diffusion of CdBy in EtOH (C = 3-13 M) into a chloroform
solution of Tectort (C = 1.6- 10 mol/L), between layers: DMSO and drops of trifluettzanol.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 30.09°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on
Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

e3272a

C72 H48 Br2 Cd F12 N12
1581.44

173(2) K

0.71073 A

Orthorhombic

Pnma

a=15.7726(4) A a=90°.

b = 36.3786(9) A B=90°.
c =14.9386(3) A v = 90°.

8571.5(3) R

4

1.225 Mghn

1.255 mrh
3160

0.12 x 0.12 x 0.12 Mm
1.96 to 30.09°
0<=h<=22, 0<=k<=51, 0<=I<=21
12751
12751 [R (int) = 0.0000]
99.8 %
Semi-empirical from equivaken
0.8640 and 0.8640

Full-matrix least-squares énF
12751/0/451

1.068

R1 = 0.0388, wR2 A091
R1 =0.0592, wR2 = 0.1165

0.655 and -1.008®.A
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Cd-Tecton 10 : 3D network

Crystallization conditions: Slow diffusion of CdByin EtOH (3-10°M) into a chloroform solution
of tecton10 (C = 1.7-1G mol/L), between layers: DMSO and drops of trifluetitanol.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 30.19°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on &
Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

e3198a

C38 H28 Br2 Cd F14 N6 O6

1202.88

173(2) K

0.71073 A

Monoclinic

C2/c

a=22.6302(7) A a=90°.
b = 32.5452(9) A B=97.7913(13) °.
c=6.7032(2) A y = 90°.
4891.4(2) R
4

1.633 Mghn

2.181 mrh
2360

0.08 x 0.08 x 0.03 Mm
2.80 to 30.19°
-31<=h<=31, -46<=k<=42, -7<=I<=9
29244
7227 [R (int) = 0.0375]
99.3 %
Semi-empirical from equivaten
0.9375 and 0.8449

Full-matrix least-squares énF
7227 /10/ 288

1.014
R1 =0.0592, wR2 41958
R1 =0.0777, wR2 = 0.2136

2.926 and -1.087®.A
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[(Tecton-4), (DIFB)]

Crystallization conditions: To a solution of porphyrin (C = 2.5-10M) in 0.5 mL in CHC} was
added a solution of 1,4-diiodotetrafluorobenzenes @0? M in 0.5 mL of EtOH. Upon slow

evaporation of the solvents, crystals appearedmgh days.

Identification code e3565

Empirical formula 'C36 H26 F6 N6, 0.5 (C6 F4 12)

Formula weight 857.56 g/ mol

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=11.0021(11) A a= 104.885(3) °.
b =12.4397(8) A p=98.401(4) °
c = 13.6065(12) A y =y =101.249(3) °

Volume 1726.9(3) A

Z 2

Density (calculated) 1.649 g/ém

Absorption coefficient 1.010 mim

F(000) 854

Crystal size 0.030 x 0.030 x 0.050 ndm

Theta range for data collection 1.58t0 30.11°

Index ranges -15<=h<=15, -11<=k<=16, -19<=I<=18

Reflections collected 20786

Independent reflections 9271 [R (int) = 0.0438]

Completeness to theta = 30.11° 91.0%,

Absorption correction Semi-empirical from equivaten

Max. and min. transmission 0.9730 and 0.9520

Refinement method Full-matrix least-squares én F

Data / restraints / parameters 9271/0/ 487

Goodness-of-fit on & 1.042

Final R indices [I>2sigma (1)] R1 =0.0742, wR2 2067

R indices (all data) R1 =0.1371, wR2 = 0.2454

Largest diff. peak and hole 0.962 and -1.263 eA
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[(Tecton-9) (DIFB) 4]

Crystallization conditions: To a solution of porphyrin, C = 3-2aM in 0.5 mL of CHC} was

]

agpee

SR

added a solution of 1,4-diiodotetrafluorobenzene=(6-10° M) in 0.5 mL of EtOH. Upon slow

evaporation of solvents, crystals appeared withdndays.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 29.23°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on &
Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

e3425a
C48 H22 F18 14 N6 02
1564.32
173(2) K
0.71073 A
Triclinic
P-1
a=19.2570(3) A
b =9.6047(3) A
¢ =15.3601(4) A
1277.35(7) &
1

2.034 Mghn

2.552 mrh
742

0.10 x 0.07 x 0.05 Mm

1.39 t0 29.23°
-13<=h<=13, -13<=k<=10, -21<=l<=21
25761

6818 [R (int) = 0.0197]

98.3 %

Semi-empirical from equivaken

0.8830 and 0.7844

a= 72.8416(12) °.
p= 83.1237(14) °.
y = 78.8370(13) °.

Full-matrix least-squares énF
6818 /9/352

1.052
R1 = 0.0314, wR2 D123
R1 =0.0423, wR2 = 0.0783

1.642 and -1.079°2.A
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[(Tecton-16) (DIFB) ]

Crystallization conditions: To a solution of porphyrin (C = 1.8-1M) in 1 mL of CHC} was
added a solution of 1,4-diiodotetrafluorobenzene=(@-10° M) in 1 mL of EtOH. Upon slow

LT P
] L]
a ‘.T By
., L,
SR ve o
TRRL Ve e N "’*":4
VS AR 5
+-.|:: L' Ty I'E“
E :
e & <"' f’ ‘Ii
&

evaporation of solvents, crystals appeared withindawys.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 26.03°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on &

Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

e3587
C38 H24 F12 N6 02, 2(C6 F4 12)'
638.34 g/ mol
173(2) K
0.71073 A
Triclinic
P-1
a=9.5361(5) A
b =9.8469(5) A
¢ =15.0551(8) A
1311.46(12) A
2
1.616 g/ém
1.293 mim
630
0.050 x 0.050 x 0.060 mm
1.41 to 30.64°
-9<=h<=13, -12<=k<=13, -21<=I<=18
11932
5990 [R (int) = 0.0207]
73.9%,
Semi-empirical from equivaten
0.9380 and 0.9260

a= 73.330(2) °
B=82.996(2) °
y=75.910(2) °

Full-matrix least-squares nF
5990/ 14/ 346

1.518
R1 =0.0603, wR2 4859
R1 =0.0712, wR2 = 0.2055
4.350 and -2.568 eA
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[(Tecton-10) (DIFB)]
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Crystallization conditions: To a solution of porphyrin (C = 2-2M) in 1 mL of CHCkwas added
a solution of 1,4-diiodotetrafluorobenzene (C =01* M) in 1 mL of EtOH. Upon slow evaporation

of solvents, crystals appeared within 3-4 days.

Identification code e3435a

Empirical formula C50 H22 F22 14 N6 O2

Formula weight 1664.34

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=9.6049(7) A o= 74.832(2) °.
b = 10.0508(6) A B=81.634(2) °.
c=14.7188(10) A vy = 76.0088(19) °.

Volume 1325.58(15) A

Z 1

Density (calculated) 2.085 Mg

Absorption coefficient 2.476 mrh

F (000) 790

Crystal size 0.12 x 0.08 x 0.00 Mm

Theta range for data collection 1.44 t0 26.03°

Index ranges -13<=h<=13, -12<=k<=14, -20<=I<=20

Reflections collected 17022

Independent reflections 5048 [R (int) = 0.0591]

Completeness to theta = 26.03° 96.6 %

Absorption correction Semi-empirical from equivaten

Max. and min. transmission 0.9902 and 0.7554

Refinement method Full-matrix least-squares énF

Data / restraints / parameters 5048 /0/ 343

Goodness-of-fit on & 1.062

Final R indices [I>2sigma (1)] R1 =0.0651, wR2 A101

R indices (all data) R1 =0.0959, wR2 = 0.1829

Largest diff. peak and hole 1.658 and -1.140%®.A
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[(Tecton-11) (DIFB)]

Crystallization conditions: To a solution of porphyrin (C = 1.8-30M) in 1 mL of CHCk was
added a solution of 1,4-diiodotetrafluorobenzene<(C-10° M) in 1 mL EtOH. Upon slow

evaporation of solvents, crystals appeared withindawys.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 29.00°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on &

Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

3566
C40 H24 F16 N6 02, 2(C6 F4 12)
1728.37 g/ mol
173(2) K
0.71073 A
Triclinic
P-1
a=12.4883(5) A
b =15.1129(6) A
¢ = 15.5205(6) A
2713.40(19) A
2
2.115 g/ém
2.429 m
1644
0.040 x 0.050 x 0.050 mm
1.39 to 29.00°
-16<=h<=15, -20<=k<=20, -21<=I<=19
84408
13245 [R (int) = 0.0364]
92.0%
Semi-empirical from equivaten
0.9120 and 0.8900

a= 75.729(2) °
p=73.168(2) °
y=88.732(2) °

Full-matrix least-squares énF
13245/29 /764

1.136
R1 =0.0625, wR2 41782
R1=0.0810, wR2 = 0.1931
4.632 and -3.537 eA
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[(KIT-1) (IFB) 2]
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Crystallization conditions: To 0.6 mL of HO few drops of iodopentafluorobenzene were added.
To the mixture was added an EtOH solution of te¢tfi1 (C = 2-1¢F M) in 1 mL of EtOH.

saer

Identification code e3335a

Empirical formula C30 H16 F10 12 N2

Formula weight 848.25

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2 (1)/c

Unit cell dimensions a =4.02020(10) A o= 90°.
b =27.0920(11) A p= 93.8344(10) °.
¢ =13.0226(5) A vy = 90°.

Volume 1415.18(9) R

z 2

Density (calculated) 1.991 Mghn

Absorption coefficient 2.313 mrh

F (000) 812

Crystal size 0.12 x 0.12 x 0.06 Mm

Theta range for data collection 2.17 to 30.09°

Index ranges -5<=h<=3, -38<=k<=38, -18<=|<=18

Reflections collected 17279

Independent reflections 3933 [R (int) = 0.0235]

Completeness to theta = 30.09° 94.3 %

Absorption correction Semi-empirical from equivaten

Max. and min. transmission 0.8737 and 0.7687

Refinement method Full-matrix least-squares énF

Data / restraints / parameters 3933/0/200

Goodness-of-fit on & 1.252

Final R indices [I>2sigma (I)] R1 =0.0327, wR2 0889

R indices (all data) R1 =0.0357, wR2 = 0.0598

Largest diff. peak and hole 0.946 and -0.950%.A
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[(KIT-1) (DIFB)]
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Crystallization conditions: To a solution of tecton KIT-1 (C = 3-2aV) in 1 mL of CHC}was
added a solution of 1,4-diiodotetrafluorobenzene=(@-10°> M) in 1 mL of EtOH. Upon slow

evaporation of solvents crystals appeared withihdarys.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 29.46°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on &

Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

e3344

C24 H16 F4 12 N2

662.19

173(2) K
0.71073 A

Triclinic

P-1

a =6.8990(6) A
b = 9.0065(8) A
¢ =10.5354(9) A
559.89(8) &
1

1.964 Mghn

2.856 mrh
316

0.12 x 0.12 x 0.04 Bm
2.12 t0 29.46°

-9<=h<=9, -12<=k<=8, -14<=I<=14

5755
3002 [R(int) = 0.0388]
96.6 %
Semi-empirical from equivaken
0.8943 and 0.7256

Full-matrix least-squares énF
3002 /0/ 146

1.031
R1 = 0.0668, wR2 A860
R1 =0.0697, wR2 = 0.1600

2.920 and -2.764®.A
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[(KIT-1) (TIFB)]
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Crystallization conditions: To a solution of tecton KIT-{C = 3-10° M) in 0.5 mL of CHC}was
added a solution of 1,3,5-trifluoro-2,4,6-triiodlzene (C = 6-16 M) in 0.5 mL of EtOH. Upon
slow evaporation of solvents crystals appearedimBh4 days.

Identification code e3412a

Empirical formula C24 H16 F3 13 N2

Formula weight 770.09

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group Pbcn

Unit cell dimensions a=5.5110(3) A a= 90°.
b =18.5899(11) A B=90°.
c=23.7423(13) A vy =90°.

Volume 2432.4(2) R

z 4

Density (calculated) 2.103 Mghn

Absorption coefficient 3.892 mmh

F(000) 1440

Crystal size 0.12 x 0.08 x 0.04 Mm

Theta range for data collection 1.72 to 30.04°

Index ranges -4<=h<=7, -26<=k<=26, -33<=|<=30

Reflections collected 14054

Independent reflections 3509 [R (int) = 0.0288]

Completeness to theta = 30.04° 98.2 %

Absorption correction Semi-empirical from equivaten

Max. and min. transmission 0.8599 and 0.6523

Refinement method Full-matrix least-squares nF

Data / restraints / parameters 3509/0/148

Goodness-of-fit on & 1.010

Final R indices [I>2sigma (I)] R1 =0.0317, wR2 0626

R indices (all data) R1 =0.0485, wR2 = 0.0706

Largest diff. peak and hole 1.274 and -1.258®.A
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[(KIT-1) (TIFB)]
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Crystallization conditions: To a solution of tecton KIT-1 (C = 4.5-30) in 1 mL of CHCkwas
added a solution of 1,3,5-trifluoro-2,4,6-triiodlzene (C = 3-1&M) in 1 mL of EtOH. Upon slow

evaporation of solvents crystals appeared withihdaxys.

Identification code e3423a

Empirical formula C24 H16 F3 13 N2

Formula weight 770.09

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group Pbca

Unit cell dimensions a=7.4200(4) A a= 90°.
b =17.8302(10) A B=90°.
c =35.8919(19) A vy =90°.

Volume 4748.5(4) R

Z 8

Density (calculated) 2.154 Mg

Absorption coefficient 3.988 mmh

F(000) 2880

Crystal size 0.10 x 0.10 x 0.06 Bm

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 30.01°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on

Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

2.27 to 30.01°
-8<=h<=10, -25<=k<=21, -50<=I<=50
29156
6814 [R (int) = 0.0409]
98.2 %
Semi-empirical from equivaten
0.7959 and 0.6912

Full-matrix least-squares énF
6814 /0/ 291

1.009
R1 =0.0358, wR2 H112
R1 =0.0507, wR2 = 0.0768

1.769 and -1.797-2.A
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Crystallization conditions: To 0.6 mL of HO few drops of iodopentafluorobenzene were added.
To the mixture, an EtOH solution of tecton KIT-2 £C1-10° M) in 1 mL of EtOH was added.

Identification code e3324b

Empirical formula C44 H28 F10 12 N2

Formula weight 1028.48

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a = 7.68540(10) A o= 78.9336(8) °.
b =9.3757(2) A B=76.5682(8) °.
¢ =14.3001(3) A y = 76.3666(7) °.

Volume 963.67(3) &

Z 1

Density (calculated) 1.772 Mghn

Absorption coefficient 1.716 mrh

F (000) 502

Crystal size 0.12 x 0.08 x 0.06 m

Theta range for data collection 2.26 t0 29.51°

Index ranges -7<=h<=10, -13<=k<=13, -19<=I<=20

Reflections collected 19292

Independent reflections 5188 [R (int) = 0.0177]

Completeness to theta = 29.51° 96.4 %

Absorption correction Semi-empirical from equivaten

Max. and min. transmission 0.9040 and 0.8205

Refinement method Full-matrix least-squares énF

Data / restraints / parameters 5188/0/ 264

Goodness-of-fit on & 1.003

Final R indices [I>2sigma (1)] R1 =0.0243, wR2 ©534

R indices (all data) R1 =0.0276, wR2 = 0.0549

Largest diff. peak and hole 0.915 and -0.570%®.A
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[(KIT-2) (DIFB)]
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Crystallization conditions: To a solution of tecton KIT-2 (C = 3-20M) in 1 mL of CHCk was
added a solution of 1,4-diiodotetrafluorobenzene=(@-10°> M) in 1 mL of EtOH. Upon slow

evaporation of solvents crystals appeared withihdawys.

Identification code e3342b

Empirical formula C38 H28 F4 12 N2

Formula weight 842.42

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=8.0484(4) A o= 107.7388(16) °.
b =8.2258(4) A B=92.0288(17) °.
c =13.2448(8) A vy=104.3100(17) °.

Volume 803.42(7) R

Z 1

Density (calculated) 1.741 Mghn

Absorption coefficient 2.011 mrh

F(000) 412

Crystal size 0.12 x 0.12 x 0.04 Mm

Theta range for data collection 1.63 t0 29.42°

Index ranges -9<=h<=11, -11<=k<=8, -18<=|<=18

Reflections collected 6965

Independent reflections 4289 [R (int) = 0.0167]

Completeness to theta = 29.42° 96.3 %

Absorption correction Semi-empirical from equivaten

Max. and min. transmission 0.9239 and 0.7943

Refinement method Full-matrix least-squares énF

Data / restraints / parameters 4289/0/ 210

Goodness-of-fit on & 1.034

Final R indices [I>2sigma (1)] R1 =0.0228, wR2 5867

R indices (all data) R1 =0.0251, wR2 = 0.0581

Largest diff. peak and hole 0.811 and -0.6162.A
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[(KIT-2) (TIFB) 2]
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Crystallization conditions: To a solution of tecton KIT-2 (C = 3-20M) in 0.5 mL of CHC}was

added a solution of 1,3,5-trifluoro-2,4,6-triiodlzene (C = 6-16 M) in 0.5 mL of EtOH. Upon
slow evaporation of solvents crystals appearedivBh4 days.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 30.05°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on &

Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

e3407a

C44 H28 F6 16 N2

1460.08

173(2) K

0.71073 A

Monoclinic

P2 (1)/c

a=7.7820(3) A o= 90°.
b = 33.4952(14) A p=114.9896(11) °.
c=9.1815(4) A v =90°.
2169.20(16) A
2

2.235 Mg

4.357 mrh
1356

0.12 x 0.08 x 0.04 Mm
1.22 to 30.05°
-9<=h<=10, -47<=k<=45, -12<=|<=12
22232
6291 [R (int) = 0.0235]
99.5 %
Semi-empirical from equivaken
0.8450 and 0.6229

Full-matrix least-squares énF
6291/0/ 264

1.048
R1 = 0.0353, wR2 9825
R1 =0.0432, wR2 = 0.0863

1.500 and -1.2032.A
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Crystallization conditions: To a solution of tecton KIT-3 (C = 3-f0M) in 1 mL of CHC} was
added a solution of 1,4-diiodotetrafluorobenzene=(@-10°> M) in 1 mL of EtOH. Upon slow
evaporation of solvents crystals appeared withihdaxys.

Identification code e3586

Empirical formula CagHi6FaloaNg

Formula weight 738.25 g /mol

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system monoclinic

Space group P121/n1

Unit cell dimensions a=12.3957(5) A o=90°
b =17.8774(6) A B=115.9150(10) °
¢ =13.0708(5) A y=90°

Volume 2605.26(17) A

z 4

Density (calculated) 1.882 g/ém

Absorption coefficient 2.468 mim

F(000) 1416

Crystal size 0.060 x 0.060 x 0.070 mm

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 30.08°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on &

Final R indices [I>2sigma (1)]
R indices (all data)

Largest diff. peak and hole

1.89 to 30.08°
-17<=h<=17, -23<=k<=21, -18<=I<=18
25438
7479 [R (int) = 0.0261]
97.5%,
Semi-empirical from equivaken
0.8700 and 0.8400

Full-matrix least-squares énF
7479 /0/ 343

1.023
R1 = 0.0335, wR2 843
R1 = 0.0430, wR2 = 0.0908
2.703 and -0.498 eA
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La tectonique moléculaite” est un domaine qui combine la chimie supramoléeuket la
chimie de I'état solide. Il traite de la constrantde réseaux moléculaires, systemes périodiques de
grande taille dans la phase cristalline, par asse@mblage de tectons moléculaires (blocs de
construction) en utilisant des processus de redssarace moléculaire basés sur des interactions
spécifiques.

La formation de réseaux moléculaires se dérouls das conditions d'auto-assemblage et
des processus réversibles sont utilisés pour ldiitds de reconnaissance. Une variété
d'interactions attractives réversibles est utiligéer la construction d'ensembles supramoléculaires
tels que les forces de van der Waals, les intemr&télectrostatiques, la liaison hydrogene ou la
liaison de coordination. En faisant varier la natahimique, le nombre et l'orientation des sites de
reconnaissance des blocs de construction, il estilple de générer des réseaux moléculaires de
différentes topologies par litération du processlies reconnaissance dans une, deux ou trois
directions de l'espace (1-D, 2-D et 3-D). Ces aechires peuvent étre obtenues en utilisant un
tecton auto-complémentaire unique ou plusieursotectayant des sites de reconnaissance
complémentaires.

Un intérét particulier dans ce domaine est la faiona de MOF (Metal-Organic
Frameworks ou réseaux métallo-organiqdessultant de I'assemblage de tectons organiques et
des centres métalliques ou complexes, présentanidies potentiels.

Durant ce projet de thése, nous nous sommes is&&r@sdes briques moléculaires a base de
porphyrines et plus particulierement des porphwirieiorées. En effet, la porphyrine est
particulierement adaptée du fait de sa stabilit€rniique, sa nature robuste et une
fonctionnalisation relativement aisée. Des travamtérieurs effectués au laboratdire, ont
notamment permis la formation de réseaux de coatidim particulierement stables par auto-
assemblage de complexes porphyriniques de Zn(BthHange des molécules de solvants présents
a l'intérieur des cavités des MOFs ainsi formési &fpe effectué a I'état mono-cristallin. Dans la
continuité de ce travail, nous nous sommes paicrment intéressés a l'incorporation d'atomes de
fluor et/ou des groupements chiraux a la périphduienacrocycle porphyrinique. La formation de
MOFs a partir de telles briques moléculaires paumanduire a des applications potentielles en
imagerie médicale ou en catalyse. Les briques esbibnt des porphyrines de typansA.B;
possédant deux groupements coordinants de typeiqpgreén positiormésotrans d’'une part et des
chaines alkyles chirales et/ou fluorées sur lex @etires positions1éso

Le but ultime du projet est de générer des cnstaoléculaires poreux stables dont la
structure poreuse inclurait des substituants ckiffuorés, pouvant ainsi permettre la séparation
chirale de mélanges racémiques hautement fluoriss qee les anesthésiques d’inhalation
(enflurane, isoflurane, desflurane) grace a desaations spécifiques impliquant les fluors.

Le manuscrit est composé de trois parties. Le premést consacrée a la synthese de
nouveaux tectons a base de porphyrines halogetéeschirales. Dans la deuxiéme partie, nous
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décrivons la formation de MOFs basés sur ces ud#ésonstruction. Enfin, la derniere partie est
dédiée a la formation de réseaux a base des l@isingene.
|. Synthese de porphyrines halogénées et/ou chirale
Notre premiére approche pour la synthése des porngsyde type AB, a consisté en la

formation préalable d'un dipyrrométhane portantsidstituant chiral et/ou une chaine alkyle
fluorée (schéma 1). Le dipyrrométhane formé réalgihs une deuxieme étape avec le 4-
pyridylcarboxaldéhyde dans des conditions acidesr pmonduire au produit final avec des
rendements modérés voire trés faibles en fonctiorédctif de départ.

4

Pyrrole exc. CH,Cl,

01TFA 67% 3TFA  16%

Ox

FF rROF
Pyrrole exc. CH,Cl, F
R T .
01TFA  53% 3TFA 6%
H S0 v
\_NH HN-7

3

Schéma 1. Voie de synthese conduisant aux porpsyfB, ciblées.

Outre les rendements faibles dans les deux cads, agproche présente deux inconvénients
majeurs. Le premier est la nécessité d'utiliseraldéhydes fluorés et/ou chiraux. En effet, tras pe
d’aldéhydes fluorés sont disponibles dans le coromet les dérivés fluorés et chiraux sont quasi
inexistants, en outre, la synthése d'aldéhydesrétu@st délicate car ce sont des composeés
extrémement volatils

Le deuxieme inconvénient est lié a l'utilisatioaldEéhydes chiraux fluorés et colteux lors
de la premiere étape alors que la deuxieme étapeuitod des rendements tres faibles ce qui
conduit a une perte conséquente du réactif leqriéseux.

En conséquence, nous avons développé une deuxteatege (représentée schéma 2) en
nous inspirant des travaux antérieurs rapportéslgmrgroupes de J. Sandeet P. Zhand.
Cette stratégie en 4 étapes permet l'introducties dsubstituants chiraux et/ou fluorés dans la
derniere étape de la voie de synthese par un qmiala palladium entre la porphyrinesodi-
bromée7 et un alcool fluoré et/ou chiral. La porphyride@st obtenue en trois étapes. La premiére
consiste en la synthése du dipyrrométhabequi est ensuite mis a réagir avec le
triméthylorthoformate (TMOF) pour conduire a la rpployrine 6 avec un rendement de 20%. La
bromation des deux positions mégans est effectuée par I'ajout de NBS avec un rendemeri4

% (schéma 2).
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Schéma 2. Voie alternative pour porphyrineBAsubstituées.
Cette voie de synthése a permis la formation dunmelle série des 11 tectons possédant
deux pyridines en positioméso trangt deux chaines chirales et/ou flurorés sur lestipnpsmeéso
restantes (schéma 3) avec des rendements variiet 28 et 85 % pour la derniere étape de

couplage.
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Schéma 3. 11 nouveaux tectons porphyriniques slyséise

Les tectons synthétisés par cette méthode peutrendi&isés en trois groupes; le premier
(tectons8-11) est un ensemble de porphyrines avec un nhombresard de fluors sur les chaines
alkyles (de 6 a 16 atomes de fluor), un secondmgraomprend les tectons chirali® et 13, le
dernier ensemble est constitué de porphyrinesalelsiret halogénéed417). Cette voie de
synthese semble étre appropriée a l'introductionedgrande variété de substituants en positions
mésode la porphyrine et elle sera utilisée dans leratoire dans un proche avenir afin de générer
de nouveaux tectons porphyriniques

Les onze nouveaux tectons ont été caractériséstparC-, et F- RMN, UV-vis et

spectrométrie de masse. Concerrghtl5 et 16, un mélange racémique d’alcool a été utilisé lors
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de la derniere étape, nous avons supposé qu’iienét@omposés d’'un meélange statistique
correspondant a 50% du racémate (25% de (R, R),d&58, S)) et 50% duéso(R, S).
Des mono-cristaux ont été obtenus pour sept tect@ns analyse par diffraction de rayons

X a permis de mettre en évidence les interactiateymoléculaires spécifiques a I'état solide en
fonction de la structure des tectons et notammarmrambre de fluors présents a la périphérie du
macrocycle. Concernant plus particulierement lestamds F---F, nous constatons de nombreux
contacts intermoléculaires F---F pour les deuxote£16 et 11 avec des distances F---F de 2.72 a
2.94 A,

Il. Polymeéres de coordination.

Afin de générer des MOFs chiraux et/ou halogéresstdctons porphyriniques obtenus ont
été combinés avec des cations métalliques. De reambrations ont été utilisés et de multiples
conditions de cristallisation testées.

La formation de réseaux de coordination peut résule deux stratégies : soit de I'auto-
assemblage de tectons métallo-organiques auto-éomepltaires, soit de la reconnaissance entre un
tecton organigue ou métallo-organique et un/oucdegposants métalliques externes.

II.LA. Réseaux de coordination a base de tectons-entnplémentaires.

L'utilisation de tectons auto-complémentaire newatneour avantage d’éviter I'inclusion de
contre-ions dans le réseau formé. Dans ce cadeemétalloporphyrine de Zn(ll) substituée en
position méso par des groupements de type pyraeihparfaitement adaptée.

Les porphyrines synthétisées (schéma 1 et schéwra &pis pbles coordinant: le noyau de
la porphyrine (tétradentate) et les deux unitégdyls monodentates.

L’insertion de Zn(ll) dans la cavité conduit a tarhation de tectons neutres auto-complémentaires
pouvant générer des réseaux de coordination 1-D, & 3-D en fonction de la sphére de
coordination du cation Zn(ll) (schéma“gn effet, la coordination d’une seule pyridinepesition
axiale du Zn(ll) conduit a la formation d'un réseda 1D, tandis que la coordination de deux
pyridines en position axiale du Znpeut générer un réseau bi ou tridimensionnel eotiion de

I'angle diédre entre le plan moyen de la porphyeineelui des pyridines apicales.
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Schéma 4. Représentation schématique de la topalegi réseaux de coordination formés par
auto-assemblage de tectons Zn-porphyrines.

Nous avons étudié la formation de réseaux de coatidn a I'état monocristallin a partir
des 13 tectons décrits précédemment en présente(e La méthode de choix pour caractériser
ces assemblages est la diffraction des rayons Xnsmocristaux. Nous avons realisé de multiples
essais de cristallisation, en particulier dansakedes ligands chiraux.

L’'analyse des monocristaux obtenus a révélé damslas cas la formation de réseaux 1D
dans lesquels seule une deésepyridines est coordinée en position axiale dd*Ztiun tecton
adjacent. Le cation métallique est donc pentacaérdi adopte une géométrie pyramidale a base
carrée. La secondmésepyridine est dans certains cas en interactionyde liaison H avec une
molécule de solvant de cristallisation. A titre>denple, le tector conduit a la formation d’un
réseau 1D en présence de MeOH ou de trifluoroéthddans les deux cas, une molécule d’alcool
forme une liaison H avec l'azote de la pyridine rmmordinée. La structure du réseau obtenu en
présence de trifluoroéthanol est représentée diguie 1.

[ 0
o % 'a o 4 F- { .-“ ® s ! -
l:': _':.I* 1_‘.\}':. .:'}.k.: ‘:"'r' Gt ﬁ:ﬁ.__‘_‘-’n”‘- =*
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- F -\.Jl'-\.“ e --}:‘L s I. e .:
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Figure 1. La structure 1-D formée par tectioen présence de Zn(OA®t de trifluoroéthanol. Les

atomes d'hydrogene ont été omis pour plus de clarté

Toutefois, en modifiant Iégérement les conditioms aiistallisation, il a été possible de
générer, a partir des tectodset 15, un mélange de deux types de monocristaux. Le produi
majoritaire reste le réseau 1D, alors que le ptadiinoritaire correspond a un réseau 2D de type
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grille (figure 2). La formation de cette archite&est possible grace a la coordination de deux
pyridines provenant de deux porphyrines adjacesnigsosition axiale de Zf L'ion métallique est
donc hexacoordiné et les demésepyridines sont impliquées dans des liaisons dedioation.
Au sein du réseau, aucune molécule de solvant présente et toutes nos tentatives pour remplir

les cavités par diffusion de vapeur de solvantrétéctueux.

T 5 \-
~ ﬁ.ﬂi Rl
r"‘.&:f‘l 'fﬂ' I }- j' I":IL o
SEET U &

Figure 2. La grille 2D obtenue par auto-assembiaga. Les atomes d’hydrogene ont été omis
pour plus de clarté.

L’'analyse systématique des interactions intermdé#@s présentes dans les réseaux 1D formés a
partir des porphyrines représentées sur le schéami8 en évidence la formation d'interactians
n entre les macrocycles porphyriniques (figure 8)particulier dans le cas des mono-cristaux ne
contenant pas de molécules de solvant. Pour lgzhpones possédant 6 et 10 atomes de fluor
(tecton 8 et 9 respectivement) sur le squelette de porphyrieepgdilement cristallin révele des
interactionst-n (3.4 A) entre les chaines 1D adjacentes (fighréd8 plus, on note également la
formation de liaison H faibles impliquant les atenake fluors des chaines alkyles (3.1 a 3.4 A).

- 1 8
[F T e &
- LY

44 1 53
Figure 3. Empilement cristallin illustrant les irdetionsn-n présentes dans le réseau 1D obtenu a

partir de 'autoassemblage 8e&n.

En considérant plus spécifiquement les contactsFFprésents a I'état solide, ces
interactions sont présentes dans les cristaux obtear auto-assemblage des tec®d®, 16-Zn,
10-Zn et11-Zn portant 6, 12, 14 et 16 atomes de fluor. Algue pour lal6-Zn et 10-Zn, le
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nombre de contacts F---F (type ) par porphyrirteceastant avec 3 contacts de type I, la distance
F---F passe de 2.91 A & 2.74 A. Dans la structerdHZn (16 F/porphyrine), on observe 8
contacts F---F par porphyrine avec des distanceF Beca 2.82 A et des angle) et 0, indiquant
des contacts F---F de type II.

L’analyse structurale des réseaux 1D obtenus ar ms complexes porphyriniques de
Zn(Il) semble indiquer que logiquement plus lenhoe de fluors a la périphérie du macrocycle est
important plus des interactions F---F sont présedans le cristal.

Nous avons effectué de nombreux tests de crigtadlis en présence de solvants fluorés
ou/et chiraux. Des tests sont toujours en courss eae jour, outre les cristaux obtenus pou#Zn-
en présence de trifluoroéthanol (figure 1) nousvaore isolé aucun monocristal contenant ces
solvants.

Nous avons également tenté d'insérer ces solvéitsaux et/ou fluorés) par une
transformation de mono-cristal a mono-cristal, notent sur les réseaux 2D formé par auto-
assemblage dé-Zn et15-Zn pour lesquels les cavités sont vides. Malhe@mest dans tous les
cas, ceci n’a pas abouti.

Il.B. Réseaux de coordination a base de deux tscton

Les porphyrines obtenues possedent deux pyridimgmsition mésarans et peuvent donc
générer des réseaux moléculaires par coordinatiom cation métallique externe, c’est-a-dire non
intégré dans la cavité porphyrinique. Selon la matlu cation métallique et ses préférences en
termes de géométrie de coordination (nombre etokitipn relative des sites de coordination
libres), la formation des architectures 1D, 2D @u &kt possible. Dans notre cas, de nombreuses
tentatives ont été effectuées afin de faire craig® monocristaux a partir des porphyrines décrites
précédemment et de cations métalliques externsgytel C&'", Cd*, Ni**, Cd*, H*, Ag". De
nombreuses tentatives ont conduit a la formatiopaledres amorphes et des essais sont toujours
en cours.

Nous avons pu isoler des monocristaux dans deugrcpsesence de Cd(ll).

Leur analyse par diffraction des rayons X a rél&l®rmation d’un réseau de coordination
2D en présence de CdBet du tectord. Le cation métallique est hexacoordiné avec quatre
pyridines appartenant a 4 porphyrines adjacentes lgaplan équatorial et deux anions bromure en
positions axiales. Chaque tecton est coordinnéus @ef* par I'intermédiaire de liaisons Cd(ll)-
pyridine (figure 4a).

Dans le cas de porphyrid®, dans des conditions de cristallisation similgitadormation
d'un réseau 3D a été observée (figure 4b). Dansase les ions Cd(ll) forment une chaine
polymérique (CgBrJ) le long de I'axe. Chaque Cd est hexacoordiné, avec quatre bromures et
deux pyridines en position cis. Tous les bromurest ontants, ce qui conduit bien a une
steechiométrie de deux bromures pour un Cd(ll). teCdisposition particuliere des unités de
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pyridyle conduit a la formation d'un polymére dembnation 3D. Fait intéressant, dans ce cas, on
observe de contacts F---F de 2.6 A dans les caffiguxe 4b).
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Figure 4. Réseaux de coordination obtenus en présinCdBy, a) avec le tectos, b) avec le
tecton 10.
Dans les deux cas, les réseaux sont stables eh#dses alkyles fluorées décorent les
cavités. Nous avons tenté d’insérer divers soladass ces cavités, notamment des solvants

fluorés, mais a ce jour aucun essai n'a abouti.
lll. Réseaux moléculaires formés par liaisons haheg

La derniere partie du manuscrit se concentre surdgeaux moléculaires formés a partir de
liaisons halogénes de type I---N.

Le 1,4-diidotetraflurobenzene (DIFB) et le 1,3Betotrifluorobenzene (TIFB) sont des
brigues moléculaires qui ont été largement utiispeur générer des réseaux moléculaires avec
différentes topologies et dimensionnalités en présele composés de type 4,4-bipyridine.

Nous avons étendu cette étude a deux types desecto

- des composés organiques obtenus dans le cadne dallaboration avec le groupe du Pr
Stefan Braese (Karlsruhe Institute of TechnologierAagne). Il s’agit de deux tectons linéaires de
type 4,4’-bipyridine de longueur différente, KITet KIT-2 (figure 5). Le tecton KIT-3 est de
longuer similaire a KIT-1 mais la présence d'ungtitbant de type azobenzéne pourrait conduire a
la formation de réseaux moléculaires photo-comniesab

- I'ensemble des porphyrines décrites précédemnigmeffet, ces tectons peuvent faire office
d’accepteurs de liaisons halogenes par I'intermedes atomes d’'azotes des dewssepyridines
et conduire, en présence de DIFB ou de TIFB, @idmdtion de réseaux moléculaires hautement
fluorés et/ou chiraux.

lll.LA. Réseaux obtenus en présence de 4,4’-bipwidiallongées »
Cette étude se concentre sur la formation de r&semléculaires a base de tectons

bipyridyle des longueurs différentes avec des @&rbenzéniques iodofluorés (figure 5).
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En présence du composé monoiodé (IFB), des cristaugté obtenus avec les tectons KIT-

1 et KIT-2. Le tecton IFB étant monodentate, iltaimme un bouchon. On obtient logiquement
une stoechiométrie tecton/IFB de 2/1 dans le cristal

Dans le cas du DIFB, l'assemblage avec KIT-1, Rlgt KIT-3 conduit & la formation des
chaines 1D par des interactions N---1 (2.78 A) &$ daisons H (H---F de 3.1 & 3.5 A) entre les
chaines consécutives.

Des études préliminaires d’irradiation des cristabtenus avec KIT-3 ont été effectuées. A
ce jour, elles n'ont pas permis de mettre en évidéa photo-isomérisation Z/E a I'état solide de la
fonction diazobenzene mais ces études seront ayjutiek.

Tous les réseaux obtenus en présence de 1,3 @etriftuorobenzene ont mis en évidence
la formation de deux liaisons halogénes I---Nlsartrois possibles, et des réseaux 1D sont formés
dans le cas de KIT-1 et KIT-2.

Les cristaux obtenus ne contiennent pas de mokddesolvants et des essais de piégeage

de solvants seront effectués au laboratoire.

N=N
7\ = / = = \
OO0 OO0 OO0
KIT-1 KIT-2 KIT-3

I | I
F | |
F. F F F F. F
F F F F | |
1 1 F
IFB

DIFB TIFB

Figure 5. Tectons utilisés pour générer des réssappamoléculaires.

l1l.B. Réseaux a base de porphyrines chirales dtlmrés et de DIFB ou TIB.

Nous avons voulu exploiter les tectons porphyriagjsynthétisés comme accepteur de
liaison halogenes et étudier leur cristallisationpeésence de DIFB et TIFB. Des monocristaux
adéquats pour la DRX ont été obtenus par combindidbB avec les tectons fluords9, 10, 11
contenant respectivement 6, 10, 14, 16 et@ignélange de racémate + mésohtenant 12 atomes
de fluor. Les cristaux obtenus a partir de la tedtont un rapport Porphyrine/DIFB de 2:1, et ceux
obtenus a partir des tecto®s10, 1let 16 cristallisent en stoechiométries Porphyrine/DIFBLd2
De nombreuses tentatives ont été faites dans ledéuinodifier ces rapports et en particulier
d'obtenir un adduit 1:1, mais dans tous les cas ave concentration inférieure de DIFB, on
observe la formation de cristaux composées unigoerde la porphyrine. D'autre part, des
concentrations plus élevées de DIFB ne changeriepapport Po/DIFB.
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Le tecton4 conduit a un rapport Po/DIFB 2:1 (figure 6). Onenta formation d’'un réseau
1D impliquant des DIFB connectant deux porphyrindgcentes (N---1 = 3.00 A). La deuxiéme
porphyrine ne forme pas de liaiosn N---I mais @ssente entre les chaines 1D via des interactions
de type liaison H entre les fluors des DIFB etrfgéssepyridines.
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Figure 6. Une partie de la structure obtenue lerlaccombinaison de tectdmavec DIFB se

concentrant sur les interactions N --- | (lignegfibkées rouges). Les atomes d'hydrogene ont été

omis pour plus de clarté.

Dans tous les autres cas, le rapport porphyrindBdst de Y2, une porphyrine et un DIFB
forme un réseau 1D (N---1 proche de 2.75 A). Pesrtecton®, 10,16, et11 le deuxiéme DIFB
présent dans 'unité asymétrique forme des contaects(3.81 A) avec les DIFB de deux chaines

adjacentes générant un réseau moléculaire 2-Dr@-igu
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Figure 7. Une partie de la structure obtenue lerlaccombinaison de la tect@0 avec DIFB.
Les interactions N---1 et I---I apparaissent emfithés rouges et les contacts F---F en vert
pointillés.

Les atomes d'hydrogene ont été omis pour plusaitcl

Comme pour les réseaux de coordination décritsédefament, un nombre croissant
d’atomes de fluors présents a la périphérie du ocgcte porphyrinique conduit a une
augmentation du nombre de contacts F---F entr@deghyrines et les DIFB. L’ensemble de ces
cristaux se décomposent a l'air et forment un peaanorphe.

Des tentatives visant a introduire un troisiemmgosant lors de la cristallisation (solvant fluoré

ou chiraux) sont encore en cours.
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Conclusions.

Nous avons concu, synthétisé et caractérisé 13emomvtectons a base de porphyrines
contenant des chaines fluorés et /ou chirales sttiggpméso transTous ces nouveaux tectons ont
été caractérisés par les méthodes classiques (BMNRMN *°F, Spectroscopie UV-Visible et
Spectrométrie de masse) et pour certains d’enitgauDiffraction des Rayons X sur monocristal.

Dans un deuxiéme temps, nous avons étudié la fmmale réseaux de coordination a
partir de ces tectons en testant deux approchgsetaiére est basée sur 'assemblage de tectons
auto-complémentaire neutre en utilisant les positi@xiales du cation métallique présent a
l'intérieur de la cavité porphyrinique. La deuxiemy@proche est basée sur la génération du réseau
de coordination grace a la coordination d’'un matéxtérieur de la cavité porphyrinique

Dans le premier cas, I'auto-assemblage de porpdgrie Zn(ll) a permis de générer des
réseaux de coordination monodimensionnels hautenfleiorés et/ou chiraux. Une étude
systématique des interactions présentes a |'éligiesen fonction de la nature des substituants en
positionmésoa été effectuée. Pour les porphyrines contenanthlgines alkyles fluorées liés a la
position méso par une jonction d'éther, les chalnBsaffichent des caractéristiques intéressantes
par rapport aux contacts F---F. En effet, lorsqumgmente le nombre d'atomes de fluor, des
contacts F---F (type 1) entre les chaines sontreBseet leur nombre augmente avec le nhombre
d'atomes de fluor présents a la périphérie de tphgoine. Des études de piégeage de solvants
chiraux et/ou fluorés dans tels assemblages sojduis en cours. La deuxieme approche a permis
de générer des réseaux bi- et tri-dimensionnerésepce de Cd(ll).

Nous avons également étendu cette étude a la fiormdiarchitectures basées sur la liaison
halogéne et plus spécifiquement la liaison N---lceta partir des porphyrines synthétisées en
présence de diiodo ou triodofluorobenzene. A nouvtss réseaux moléculaires hautement fluorés
ont pu étre obtenus et caractérisés par diffradties RX. Des essais de piégeage de molécules
fluorées et/ou chirales dans de tels édificesoegbtirs en cours.

Le but ultime de cette étude est d'obtenir destatns poreux capables de séparer les
mélanges racémiques de molécules chirales halogBie¥s que ce but n'ait pas été atteint a ce
jour, cette étude a permis de poser les premlanigaes de I'édifice. En effet, la compréhension
des interactions responsables de la formation skat& moléculaires et de leur empilement dans la
phase cristalline est une étape importante vererlaeption de matériaux poreux pour les procédés
de séparation chirale. De nhombreux assemblagest®mibtenus, caractérisés et analysés lors de ce
travail. A ce jour, de nombreux essais sont tag@ours au laboratoire.
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de Porphyrines Fluorées

Résumeé

Les travaux décrits dans ce manuscrit utilisent les principes de la tectonique moléculaire pour
générer des polymeéres de coordination hautement fluorés et/ou chiraux pour une application
potentielle en séparation chirale. La synthese de 13 porphyrines de type A;B, substituées en
position méso par deux pyridines et par deux chaines fluorées et/ou alkyles a été mise au point. Des
réseaux de coordination ont été obtenus en présence de Zn(ll) et de Cd(ll) et caractérisés par
diffraction des RX sur monocristal (DRX). Une analyse systématique des interactions
supramoléculaires et notamment de interactions F---F présentes a I'état solide a été conduite. Des
réseaux a base de liaisons halogénes ont également été obtenus en présence de di- et tri-
iodoarenes et caractérisés par DRX.

Le premier chapitre est une introduction générale sur la tectonique moléculaire, le deuxieme chapitre
décrit les voies des syntheses utilisées pour générer les ligands chiraux et fluorés et leur
caractérisation a I'état solide. Le troisieme chapitre présente la structure des réseaux mono, bi, et
tridimensionnels formés en présence de Zn(ll) ou de Cd(ll), 'analyse structurale met en évidence un
nombre croissant d’interaction F---F en fonction du nombre de fluors présents a la périphérie du
macrocycle porphyrinique. Le dernier chapitre se concentre sur I'utilisation des liaisons halogenes de
type N---I impliquant des porphyrines ou des tectons de type bipyridine et une série d’
iodofluoroarenes.

Mots-clés : Tectonique Moléculaire, Chimie Supramoléculaire, Polymeéres de Coordination,
Porphyrine, Chiralité, Interactions halogene- halogéne, Liaisons halogene, Fluor.

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;B; 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(ll) or Cd(ll). 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.

Keywords : Molecular tectonics, Supramolecular Chemistry , Porphyrin chemistry, Halogen bonding,
Coordination polymers, Halogen bonded networks, Halogen-halogen interactions, Fluorine.
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