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X-ray X-ray cristallography

The field of supramolecular chemistry, often defined as «chemistry beyond the molecule», has considerably grown over the years, from a niche field to an interdisciplinary field, combining the knowledge of chemists with that of biologists and physicists. Using various noncovalent interactions ranging from electrostatic to hydrophobic effects, along with hydrogen bonding and van der Waals interactions, supramolecular infrastructures have flourished, in forms as diverse as micelles, membranes, nanotubes, and foldamers. While their definition has fluctuated over time, from Gellman's first definition in 1998 to that of Moore's in 2001, 1 foldamers can be defined as oligomers which can adopt an orderly and stable structure in solution through a network of noncovalent interactions.

Nature's ability to produce a wide structural variety of biopolymers using only 20 different amino acids and 8 nucleotides has inspired foldamer chemistry for the past two decades. Through the use of molecular backbones which are fundamentally different from those of the biopolymers found in nature, foldamer chemists have generated sequences which are able to adopt well-folded secondary structures such as helices and sheets, and which can even in some cases adopt tertiary and quaternary structures, 2 similarly to natural biopolymers.

Their potential in the fields of material chemistry, molecular recognition and catalysis has exceeded all expectations. Several foldamer systems have succeeded in adapting their shape and physical properties in response to a specific stimulus such as light, 3 pH, 4 solvent changes 5 or temperature, 6 rendering them possible candidates for smart materials. Many examples of supramolecular hosts have shown potential applications in drug delivery as cell-penetrating systems, 7

as well as a tool for analytical and environmental chemistry, for instance in the detection of toxins or pollutants, 8 and potentially in their storage and their disposal. Finally, several breakthroughs were recently achieved in the field of foldamer catalysis, using the unique folded structure of the catalyst to enhance the enantioselectivity, 9 the reactivity, 10 or the chemoselectivity 11 of a reaction, even in presence of complex substrates. 12 In order to achieve such impressive advancements, the foldamer systems designed require selective substrate recognition and good overall binding affinities. A subcategory of foldamer hosts, foldamer capsules, have received particular attention from the Huc and Ferrand groups, as it can be used to surround the guest completely and seclude it from the bulk solvent or from potential degradation reactions. Relying on a library of monomers with different properties/specificities, and on a good predictability of the folding behaviour of the developed sequences, a wide array of structurally different foldameric structures ca be obtained, which can be further diversified through the use of different side chains to render them either water-soluble, 13 provide a better MS detectability or even enhance its basicity. 14 Hence foldamers provide new insight towards receptor design and towards possible applications, and their ability to mimic several functions performed by natural biomolecules tends to suggest that upon further optimization the same functions can be eventually surpassed. The aim of this thesis is to take advantage of the high structural predictability of aromatic oligoamide foldamers and their ability to switch upon light irradiation to create photomodular foldamer receptors, in view of controlling guest release, and controlling guest properties using light.

The first chapter is a non-exhaustive bibliographical review on the subject of photomodular host-guest systems. A first photomodular helical foldamer monosaccharide receptor and its ability to trigger guest anomery will be presented in the second chapter. In the third chapter, a phototunable self-assembly and its applicability to selectively bind monosaccharides will be presented. In the fourth chapter, the elaboration of a long helical self-assembly to bind disaccharides will be discussed, while in the final chapter, the applicability of foldamers in the field of supramolecular catalysis will be presented.

[13] E. R. Gillies, F. Deiss, C. Staedel, J. M. Schmitter, I. Huc, Angew. Chem. Int. Ed. 2007, 46, 4081. [14] Unpublished results.

Chapter 1: The use of light in modular supramolecular host-guest systems

I. Introduction

Light, to many chemists, represents the ideal stimulus, as it can trigger chemical/physical changes in certain molecules without contaminating them. By shining light (with a visible spectrum spanning from 400 to 800 nm) on the appropriate (photoactive) molecules, bond formation or dissociation can be induced, strain can be induced or released, and molecular geometry can be modified. These photoactive molecules can be further grouped based on their ability to switch back to their original state. This constitutes the field of molecular photoswitches. Among the different photoswitches reported over the last century, azobenzene is the most renowned photoswitch, as it is the most documented. Several new photoswitches have emerged since with new exploitable properties and characteristics, such as hemithioindigo, spiropyran, stilbene, anthracene, acylhydrazone, overcrowded alkenes and donor-acceptor Stenhouse adducts, but still have some limitations such as non-quantitative photoisomerization, photodegradation/fatigue or limited applicability at the near infrared wavelengths for biological applications. The switches have since been applied to systems to convey molecular motion, 15 to assist in drug delivery, 16 or to control biological systems such as proteins 17 or DNA, 18 and their potential extends to fields such as optoelectronics, 19 bioimaging, 20 or data storage. 21 The incorporation of photoswitches in host-guest complexes has for the past few years sparked the interest of many research teams, as it brings about additional insight on how to control binding interactions between a host and guest, as well as new possibilities for smart molecular machines.

Two main strategies have been developed to increment photoswitches, the first involved adding them at terminal positions to prevent binding or retain guests within a cavity, the second is to use cavity size to promote or inhibit binding.

This chapter is a three-part non-exhaustive review, divided into a first section recapitulating the different photoswitches used in host-guest systems such as azobenzenes, diarylethenes, anthracenes and spiropyrans, followed by a second section on the implementation of photoswitches in host systems and their uses in molecular recognition, and a final section where photoswitches are the guests.

II. Photoswitches

Unlike thermally-induced reactions, photoinduced transformations will occur via an excited state, as the energy barrier between the starting material and its photoproduct is high enough to disfavor thermal equilibration between the two. Photoirradiation at a certain wavelength of photoswitches for instance will populate the metastable photoproduct state, which upon either thermal relaxation or irradiation at another wavelength, yield the thermodynamically stable state (see figure 1). Two types of photoswitches can be distinguished, the first, T-type, thermally reverts back to its thermodynamically stable state, while P-type photoswitches return to their initial state by irradiation at a different wavelength. It can be noted that in many cases, the photoswitches upon photoirradiation do not entirely convert to their photoproduct equivalent, which is often attributed to partial excitation of the photoproduct, therefore inducing back-reaction. In these cases, the chemical composition at the photostationary state (time at which the photodynamic equilibrium is reached) is reported to describe the efficiency of the photoswitch. 22 Several photoswitches have been developed and improved (through functionalization) over the past century, each of them having different pros and cons. In order to better assess the characteristics of each one, three main criteria have been established. The first one is the photostationary state (often abbreviated PSS), the second criterion is the quantum yield of the photoswitching reaction, which quantifies the efficiency of photon emission (by comparing the amount of photons emitted with the amount of photons absorbed by the system), and therefore the efficiency of the photoswitching behaviour. The final criterion is the absorption maxima of each isomeric form.

The following section presents the most common photoswitches used in the field of photoswitchable host-guest chemistry.

[22] M. Kathan, S. Hecht, Chem. Soc. Rev. 2017, 46, 5536.

1) Azobenzene

One of the most common photoswitch used is azobenzene, due to its relative ease of synthesis and its large documentation over time. 23 When unfunctionalized, its trans 1.1 (thermally stable) to cis 1.2 (thermally less stable) isomerization occurs under irradiation at 365 nm and is reverted upon irradiation at 430 nm or heating (see figure 2a). However quantitative conversion to the cis isomer is rare, as their absorbance spectra are distinct but overlapping (see figure 2b) hence favoring the reverse reaction as well. Several functionalizations of this switch have altered its physical properties.

For instance, adding dioxane 24 or hydrazone groups 25 (1.3 and 1.4, respectively) on the orthoposition of the N-N double bond led to trans to cis isomerization at higher wavelengths (near infrared) and a slower thermal relaxation back to trans, while their cyclic equivalent, diazocine 1.5, 26 shows 

trans

2) Stilbene and diarylethene

Similarly to azobenzene, stilbene units can isomerize from their trans 1.6 to cis 1.7 form by irradiation at 360 nm (see figure 3), however the stability of the cis isomer is enhanced. A parasite reaction can also take place on stilbene when irradiated by UV light in oxidative conditions, irreversibly converting it to phenanthrene 1.8 by cyclization and subsequent oxidation. 28 Ortho substitutions with aryl groups were found to efficiently suppress this side reaction, while heteroaryl group substitutions, such as in diarylethene photoswitches, both suppress this reaction and the thermal reversal of the photoswitching reaction under UV light (300-360 nm) from the open form 1.9

to the closed form 1.10, but the reversal can still be achieved by visible light irradiation (> 400 nm). 29 Diarylethene photoswitches have many applications in (bio)imaging 30 as they have interesting photochromic properties. While the non-planar open form is often colorless (as the π-electrons are localized on the aryl moeities) the closed form is often strongly colored (as the π-electrons are delocalized over the whole molecule). 

3) Spiropyran

The photochromic properties of spiropyran were discovered in 1952. 31 While light can induce the opening of spiropyrans 1.11 to merocyanins 1.12 (at 300 nm), pH variations, redox potential, metal complexation, solvents, temperature or even mechanic force 32 can also have an impact on the isomerization and on the properties of this photoswitch (see figure 4). The ring-opening reaction leads to two resonance forms, the zwitterionic form and the quinoidal form. The sensitivity of this system made it a good candidate for chemical and biological probes. 

4) Hemithioindigo

Indigo, a dye reported in 1883 by Baeyer 34 widely applied to the textile industry, was found to be very resistant to photoisomerization, but its non-symmetrical counterpart, hemi-indigo, showed good photoswitching upon irradiation with blue (470 nm) or green light (530 to 590 nm), but thermal relaxation times were very long, due to the high thermal stability of both isomers. Hemithioindigo photoswitches, combining stilbene and thioindigo moieities, can interconvert between the thermally stable cis state 1. 13 and the metastable trans isomer 1.14, by visible light irradiation (see figure 5). 35 

5) Anthracene

Anthracene 1.15, a byproduct of coal distillation, undergoes reversible [4+4] photocycloaddition under UV light (320 nm), yielding the 9,10-photodimers. 36 Substitution of the anthracene with functional groups and their photodimerization leads however to several photoproducts 1.16 to 1.19

(head-to-head, head-to-tail, syn or anti), which prompted several research groups to induce selectivity. 37 Two of the photoproducts obtained are diastereomeric (anti head-to-head 1.18 and syn head-to-tail 1.17), but when no selectivity is imposed on the system, the two diastereomers are obtained as a racemic mixture. to 1.19. The chiral photoproducts 1.17 and 1.18 are noted with an asterisk (*).

III. Photoswitchable hosts in molecular recognition

Given the abilities of photoswitches to alter the structure of a tridimensional host using light, many photoswitchable host-guest systems have been developed over time, with the hope that upon shining light the ability of the host to bind to a specific guest would change (for the better or the worst). This next section is dedicated to such systems, starting with examples of photoswitchable macrocycles, after which photoswitchable tweezers, photoswitchable complexes and photoswitchable materials will be detailed.

1) Photoswitchable macrocycles a) Crown ethers

The first synthesis of crown ethers, reported by Pedersen in 1967, 38 and their strong affinity for metal ions, have paved the way for several generations of metal cation receptors, and continue to inspire chemists in their pursuit of selective host-guest interactions.

i. Cyclophane-type crown ethers

The group of Shinkai have developed early-on an interest in functionalizing crown ethers with photoactive compounds, to either create efficient molecular probes, or to alter the binding of specific metal ions by using azobenzene or anthracene photoswitches, publishing in 1980 a first article on a 1,10-diaza-4,7,13,16-tetraoxa-18-crown ether, 39 which, after solvation in benzene was submitted to methyl orange alkali salts aqueous extraction has shown selective binding of Na + and K + cations (14.8 and 15.8% extractability, respectively) when in the trans 1.20 form, whereas in the cis form 1.21 the extraction of K + was favored (34.8%), to the detriment of Na + (12.6%), and Rb + cations were somewhat extracted (1.8%), as the cavity offered by the cis conformation can accommodate bigger guests. In 1984, Shinkai reported the study of a cylindrical host, which could accomodate larger guests, linking together two crown ethers with two azobenzene units according to figure 8. 40 No switching in binding affinity (determined by UV spectroscopy) for large metal cations and diammonium cations was found between the cis-cis isomer 1. 23 and its trans-trans isomer 1.22. To induce selectivity a

[38] C. J. Pedersen, J. Am. Chem. Soc. 1967, 89, 7017. [39] S. Shinkai, T. Nakaji, Y. Nishida, T. Ogawa, O. Manabe, J. Am. Chem. Soc. 1980, 102, 5860. [40] S. Shinkai, Y. Honda, K. Ueda, O. Manabe, Israel J. Chem. 1984, 24, 302. more rigid guest, methyl orange, was tested, as it was hypothesized that the cis-cis 1.23 conformation would not have the right geometry to accommodate them. When performing irradiation experiments on the 1.22  methyl orange complex, UV data confirmed that a sharp decrease in UV intensity was found, which is consistent with a sharp decrease in host  guest complex formation. More recently, the Yang group 41 has presented a host-guest chemistry study of a photoactive host inspired from the bis(m-phenylene)-32-crown-10 (BMP32C10)-based cryptand developed by

Gibson in 1999. 42 The crown-10 ether moiety was connected to a photoswitchable stilbene unit to yield compound 1.24. A 2,7-diazapyrenium guest showed a preference for the Z form 1.24 of the cryptand, with a binding constant of 3.26 10 3 M -1 , as opposed to 227 M -1 for the E conformation 1.25.

However, when binding a smaller guest, 4,4'-bipyridinium, very little difference in affinity was achieved between 1.24 and 1.25 conformations of the host (750 and 570 M -1 respectively). This

shows that the switch in affinity induced by light depends mostly on the size of the guest encapsulated. The approach of Desvergne to the photoswitching of metal ion selectivity was defined by the use of anthracenes, which are known to dimerize when under UV light, and revert quantitatively to the monomeric state when heated. The first design involved two anthracene units separated by a

[41] J-F.Xu, Y-Z. Chen, L-Z. Wu, C-H. Tung, Q-Z. Yang, Org. Lett. 2014, 16, 684. [42] W. S. Bryant, J. W. Jones, P. E. Mason, I. A. Guzei, A. L. Rheingold, D. S. Nagvekar, H. W. Gibson, Org. Lett. 1999, 1, 1001. polyether linkage (compound 1.26), 43 which under irradiation (and Li + complexation) form the intramolecular dimer 1.27, which reverts rapidly to its linear form after ion removal. However, the impossibility to rule out intermolecular dimerization motivated the synthesis of a macrocycle where the two anthracenes were linked together with two ethoxy-chains (see compound 1.28). 44 The complexation of two Na + ions (stoichiometry later confirmed by crystal structure), monitored by UV and fluorescence spectroscopy, gave a binding constant of 37 000 M -2 in MeOH. After irradiation at 366 nm, it was noticed that not only did this not induce cation release, but also that the rate of photodimerization into compound 1.29 was enhanced by metal ion complexation, and favored the anti-conformation photoproduct. 45 A similar approach was presented by Yamashita et al. in 1980, where the synthesis of a bis(anthracene) cyclophane 1.30 led to a bind-and-release mechanism, monitored by absorption spectroscopy. When in the open form, the crown ether could bind metal ions in THF, with a high preference for Na + ions, but after [4+4] photocycloaddition into 1.31, would release it, as is suggested by the half-lives of the photoproduct at 30°C calculated in presence (9.6 mins) and absence of ions (2100 mins in the case of an excess of Li + ). 46 

ii. Crown ethers with terminal photoswitches

Similarly, the Kimura group has published systems using the spirobenzopyran photoswitch coupled to a crown ether to bind metal ions in CH 3 CN, using the phenolate ion of the merocyanin 1.32 form. 47 It was reported that the isomerization of the spirobenzopyran 1.33 to its merocyanin form 1.32 occurred upon metal ion complexation, but was amplified by irradiation of the complex by UV light. The reverse reaction proceeded under visible light, and was confirmed by 1 H NMR. Several analogues were synthesized, among which the crowned bis(spirobenzopyran) which has shown to selectively bind multivalent cations in its merocyanin form, with log K values going up to 11.4 in the case of La 3+ in methanol, and monovalent cations (such as K + ) in the spirobenzopyran 1.33 conformation. 48 In 1981, Shinkai reported the synthesis of bis(crownether) analogues connected to a central azobenzene photoswitch, as potential effectors in ion transport through an o-dichlorobenzene liquid membrane. 49 Among the three structures tested, it was found that the asymmetric nature of compound 1.37 does not allow the overlap of its crown ether units (see cis- 1.37), therefore trans to cis isomerization had little to no effect on the rate of ion transport as no chelate effect can occur (see side view cis-C), whereas compounds 1.34 and 1. 35 show accelerated ion transport when in the cis form (23-fold and 41-fold increase, respectively), due to their enhanced ability of the cis isomer to extract ions from the IN aqueous phase. [48] K. Kimura, T. Teranishi, M. Yokoyama, Supramolecular Chemistry 1996, 7, 11.

[49] S. Shinkai, T. Nakaji, Y. Nishida, T. Ogawa, O. Manabe, J. Am. Chem. Soc. 1981, 103, 111.

b) Cyclodextrins

The bioavailability of cyclodextrin and its ability to bind and increase the water-solubility of some drugs, such as cetrizine (allergy drug) 50 or 1,7-estradiol (fertility drug), [START_REF]Chirality induction[END_REF] makes it a host of choice in terms of applicability for host-guest binding. Its ease of functionalization has further promoted its use in host-guest chemistry research.

i. Capped cyclodextrins

One of the first examples of cyclodextrins with a bridging azobenzene unit was reported by Ueno in 1979, 52 where the host-guest complexes were monitored by CD spectroscopy (by keeping track of the decrease in CD signal after guest addition) in H2O/CH3CN solvent mixtures. While the trans-conformation 1.38 assumes a 1:1 stoichiometry with small guests according to CD titration data, it was found that the cis-conformation 1.39 could bind two guests, as the size of the cavity is thought to increase from trans to cis according to modelling. The lowest dissociation constants were obtained for geraniol (K d1 = 4.2 10 -4 M, K d2 = 2.9 10 -3 M) and nerol (K d1 = 8. 5 10 -4 M, K d2 = 1.5 10 -3 M) is the case of cis-azobenzene, and cyclohexanol (K d = 3.9 10 -3 M) for trans-azobenzene, but overall very little selectivity could be achieved from this photoswitch. In 1981, the same system was used to catalyze the hydrolysis of p-nitrophenyl acetate. The trans conformation 1.38 has a 6.8 times higher rate of hydrolysis than that of the original reaction without catalysis, while the cis conformation 1.39

disfavors the hydrolysis reaction. The deeper cavity created in the cis form does not put it in the right position to react with the hydroxy groups of the cyclodextrin, whereas the trans form seems to align it. Nevertheless, the lower binding ability of the trans form compared to its parent β-cyclodextrin reduces the impact of this finding. 

ii. Cyclodextrins with pendants

In 1983 and 1990, Ueno reported two examples of cyclodextrins linked with an azobenzene unit (see figure 12), the first example focusing on ϒ-cyclodextrins with an azobenzene directly attached,

showing selective 1:1 binding for (-)-borneol 1.42 by CD titration, with a K a of 2.8 10 3 M -1 in aqueous

[50] M. Paczkowska, M. Mizera, K. Lewandowska, M. Kozak, A. Miklaszewski, J. Cielecka-Piontek, J. Incl. Phenom. Macrocycl. Chem. 2018, 91, 149. [51] C. Yanez, J. Basualdo, P. Jara-Ulloa, J.A. Squella, J. Phys. Org. Chem. 2007, 20, 499. [52] (a) A. Ueno, H. Yoshimura, R. Saka, T. Osa, J. Am. Chem. Soc. 1979, 101, 2779. (b) A. Ruebner, Z. Yang, D. Leung, R. Breslow, Proc. Natl. Acad. Sci. USA 1999, 96, 14692. solution. 53,54 Figure 12: Schematic representation of cyclodextrin with a pending azobenzene photoswitch 1.40 and its binding to 1.42.

The second example described the synthesis of β-cyclodextrins appended with a longer ethoxy side chain and a terminal azobenzene (see figure 13). The concentration-variable CD profile of E and Z isomers at neutral pH shows that association dimers form, whereas alkaline conditions show no variation in CD signal with increasing cyclodextrin concentration. This indicates that in neutral conditions the hydroxy groups of the cyclodextrins face each other, leading to dimer formation, while alkaline conditions dissociate the dimers through ionic repulsion of the resulting alkoxide anions. This dimer dissociates to form host-guest complexes, with a highest guest selectivity for adamantane-1-carboxylic acid 1.45, with a binding constant of 2160 M -1 when the azobenzene is in the trans form and 415 M -1 in the cis form. This shows that the capping of the azobenzene in the trans form is much more effective than the cis form. Trans to cis isomerization rate was, unlike several examples, unaffected by the presence of guest (1.56 10 -3 min -1 as free host and 1.59 10 -3 min -1 as host-guest complex). This b-cyclodextrin with azobenzene-tag approach was also used by Gin group in 2008 to study ion transport using 1.46 (see figure 14), 55 by connecting the cyclodextrin to phospholipid vesicles containing a pH-sensitive dye.

[53] A. Ueno, Y. Tomita, T. Osa, Tetrahedron Letters 1983, 24, 5245.

[54] A. Ueno, M. Fukushima, T. Osa, J. Chem. Soc. Perkin. Trans. 2 1990, 7, 1067. [55] P. V. Jog , Gin M. S., Org. Lett. 2008, 10, 3693. 

iii. Bridged cyclodextrins

Breslow's work on photolytic β-cyclodextrin dimers (see figure 16) has shown that cyclodextrins, which were previously reported by Nolte 56 to selectively bind porphyrins such as 1.49 (with binding constants K a up to 5 10 7 M -1 in aqueous solution) when in the dimeric form (such as in compound 1.48), can release the guest by photolysis of its central alkene, hence irreversibly cleaving the dimer.

The obtained monomeric system not only loses its chelate effect, but was shown to form non-covalent dimers with itself (see compound 1.50), therefore discouraging guest binding. 57

[56] F. Venema, A. E. Rowan, R. J. M. Nolte, J. Am. Chem. Soc. 1996, 118, 257. [57] S. D. P. Baugh, Z. Yang, D. K. Leung, D. M. Wilson, R. Breslow, J. Am. Chem. Soc. 2001, 123, 12488. In an effort to find a reversible alternative, the Reinhoudt group reported in 2002 and 2004 the synthesis of several photoswitchable hosts containing two β-cyclodextrin units. 58,[START_REF]Cucurbituril host[END_REF] The first host 1.51 ), confirming the hypothesis that longer linker alkyl chains minimize the impact of the switch on the steric hindrance of the host-guest system.

[58] A. Mulder, A. Jokovic, L. N. Lucas, J. van Esch, B. L. Feringa, J. Huskens, D. N. Reinhoudt, Chem. Commun. 2002, 2734. [59] A. Mulder, A. Jokovic, J. Huskens, D. N. Reinhoudt, Org. Biomol. Chem. 2004, 2, 1748. 

c) Resorc[4]arene i. Hemi-capsule

A photoactive resorc [4]arene (see figure 19) host 1.56a and 1.56b was reported in 2004 by Mattay et al.,61 synthesized by appending two anthracene units (which are known to dimerize under 350 nm irradiation by a [4+4] cycloaddition reaction) on opposite sides of the upper rim to yield compound 1.57b. The length of the alkoxy chain connecting the anthracene and resorc [4]arene units

[60] R. Anand, F. Manoli, A. Vargas-Berengue, S. Monti, J. Drug Del. Sci. Tech. 2012, 22, 266. [61) C. Schafer, J. Mattay, Photochem. Photobiol. Sci., 2004, 3, 331. was then shortened to give compound 1.56a. The two cup-shaped receptors' photoswitchable behaviour at 350 nm was monitored by UV-Vis spectroscopy. While compound 1.56a photodimerizes quantitatively after 15 minutes, compound 1.56b requires longer irradiation (2h), and reverts back to its initial state when left at room temperature, which suggests that compound 1.57b is less stable than 1.57a, which requires 25 minutes of 60°C heating to revert back. Compound 1.56a's more stable photoproduct made it the host of choice for host-guest chemistry, it was therefore immobilized on a gold surface and tested against ammonium guests in H 2 O/EtOH using Atomic Force Microscopy (AFM), and the resulting force response data was plotted against the z-position of the cavitand surface. 62 The same measurements were performed after irradiating the host at 350 nm, and the resulting force histograms showed a drastic decrease in binding probability after irradiation of the host. After heating the photoirradiated host sample at 60°C for 2h, the binding measurements obtained were similar to the complex before irradiation. In order to improve ion biding, Arduini reported in 2000 the synthesis and ammonium cation binding properties in CDCl 3 of a cavitand made up of two resorc [4]arene units covalently bound by an azobenzene unit. 63 Despite being able to selectively bind methylpyridinium cations (3.69 10 3 M -1 as an iodide salt) as opposed to tetramethylamonium salts (54 M -1 ), no photoisomerization reaction was able to take place. Ten years later, Bonvallet reported the successful photoisomerization of an analogous cavitand, but with two additional aryl group spacers, monitored by UV spectroscopy. 

d) Calix[4]pyrrole i. Dimeric container

In 2014, a different approach was described by Ballester et al., 67 where a tetraurea-calix [4]pyrrole 1.60 (see figure 22), which was previously found to dimerize when encapsulating a bipyridine bis N-oxide guest 1.63, [START_REF] Ballester | Proc. Natl. Acad. Sci[END_REF] was functionalized with four azobenzene units (yielding 1.61), which are expected to disrupt the dimerization when photoisomerized to the cis conformer. The new design also included a terminal nitro group on the meta position of the azobenzene units, anticipating that the structure obtained by trans to cis isomerization of the azobenzene units could be stabilized by the formation of an intramolecular hydrogen bond between the nitro group (noted as R groups) and the urea units. The trans-cis isomerization of the monomeric unit (in absence of 1.63 guest) after irradiation at 380 nm was evidenced by 1 H NMR in polar solvents such as THF-d 8 (due to the propensity of the system to aggregate in non-polar solvents) and UV-Vis spectroscopy. Before irradiation, the all-trans systems prevails in solution but the small peaks in 1 H NMR indicate that some cis-trans species are also present in solution. After 40 minutes of irradiation at 380nm, new species appear, which are attributed to the many possible cis species. The cis to trans isomerization occurs when leaving the NMR sample in the dark for one week at room temperature, but was also shown by UV-Visible spectroscopy to occur by irradiation at 480nm. The trans-cis isomerization in presence of guest was then investigated in CD 2 Cl 2 . As previously explained, the host alone 1.61 is barely soluble in this solvent, however after the addition of 0.5 equivalents of guest and overnight equilibration in the dark, a sharp set of signals arise, which is associated to the formation of the 2:1 host-guest complex. Irradiation of this complex at 380nm for 2h did not yield any change in the NMR spectrum. The UV-Vis spectrum of the guest strongly suggested that the free guest could absorb the photons before they could induce trans to cis isomerization of the azobenzene. Irradiation at 400nm for 40 minutes on the other hand led to a disappearance of the signals of the 2:1 host-guest complex, and new, broader signals appeared, which suggests the presence of aggregates.

However, the amount of free guest present did not increase after photoisomerization, and modelization revealed that the guest can still be bound by the cis-calix [4]pyrrole as a 1:1 complex.

Furthermore, the fact that after leaving the sample at room temperature in the dark for 12h the NMR spectrum obtained is identical to that of the 2:1 host-guest complex shows that this is a reversible process, therefore photodegradation of the host or guest is impossible. However, the low solubility of the system and the broad NMR peaks led Ballester to report a second system 1.62, 69 this time with tetraurea-calix [4]arene tethered with azobenzene units, which successfully encapsulates PMe4 + with a binding constant >10 4 M -1 . The impact of the terminal group in the meso position of the azobenzene units has been clarified, as the percentage of guest release was found to be increased when bulky substituents were in meso position (going from 12 to 70%).

[69] F. A. Arroyave, P. Ballester, J. Org. Chem. 2015, 80, 10866. ii. Cavitand

The capacity of calix [4]pyrrole to selectively bind anions made it a receptor of choice to bind dianions as part of a drug-delivery system. This was especially outlined by the Kohnke group, [START_REF] Cafeo | [END_REF] which has reported the synthesis of 3,3′-Bis(calix [4]pyrrole)azobenzene receptors 1.64 (see figure 23), which can, by their modular structure, form either a V-shaped complex with the guest when in the cis form (1.65), and a C-shaped complex in the trans form 1.64 (as explicited in section 1.a). The binding constants (calculated from 1 H NMR titration in DMSO-d 6 ) illustrate this phenomenon, as dianions separated by a small alkyl chain showed an 82-to 30-fold difference (for succinic and glutarate carboxylates respectively), whereas adipate, a dicarboxylate separated by four carbon atoms, shows similar binding constants (8.6 10 4 M -1 for trans form and 2.2 10 4 M -1 for cis form). It was also demonstrated by absorption spectroscopy that the rate of photochemical trans/cis isomerization was related to the binding constants (the higher the binding constant for the cis-1.65  guest complex, the faster the trans to cis isomerization), however the rule does not apply to the thermal cis/trans reaction, which is thought to be a combination of steric and electronic effects, therefore difficult to predict. (made up of a 4,4'-bipyridinium unit and a bis(pyridinium vinyl) benzene unit connected by two aryl groups, see figure 24a) as a photoactive host for electron rich and poor guests. The photoactivity was brought by the photoisomerizable stilbene moiety, which under 450-460 nm irradiation led to a 15/85 EE/EZ isomer ratio at the photostationary state (according to 1 H NMR, fluorescence and UV-spectroscopy), but could be entirely converted back to EE after heating at 70°C. This is an enhancement of the photoswitching capacities of the bis(pyridinium vinyl) benzene, which cannot entirely convert back to EE isomer even after long heating time. The system has shown to be able to bind in CD 3 CN to electron rich guests such as perylene (K a = 1.11 10 3 M -1 ) and anthracene (K a = 135 M -1 ), but also to electron poor guests such as anthraquinone (K a = 148 M -1 ) and 5,12-naphtacenequinone (K a = 4.01 10 3 M -1 ). This high two-order of magnitude difference in affinity could be explained by a tighter fit between perylene/naphtacenequinone and the host, as well as a higher amount of stabilizing π-π host-guest interactions.

The crystal structure of the host-guest complex with anthraquinone (see figure 24d) shows that the guest is tilted by 24°with respect to the host, which is stabilized by the interaction between the quinone moeity and the electron rich phenylene units, and irradiation experiments at 450-460 nm for 10 seconds revealed the release of 85% of guest by 1 H NMR, which is symptomatic of its low binding. 

ii. Imidazole-based macrocycles

In 2016, Scherman and del Barrio 72 reported the 3-step synthesis of a flexible, bis(azobenzene)-functionalized macrocycle 1.67 (see figure 25). The imidazolium connectors were designed to form complementary hydrogen bonding through its imidazolium proton with polar guests such as N-oxides and 4,4'-biphenyl dicarboxylate, as X-ray structure shows that the protons of the imidazolium point inside the cavity in the EE-conformation, whereas the molecular modelling of ZZ-conformation suggests that the protons point outside of the cavity. This in turn guarantees that the binding between the ZZ-form and the guests is minimal. Prior to guest binding, the 100% EE-host was irradiated by UV light, and the transformation was monitored by 1 H NMR and electronic absorption spectroscopy. A mixture of three conformations was obtained: 18% EE-, 38% EZ-/ZE-and 44% ZZ-conformations at the photostationary state. By irradiating with visible light, a mixture of 64% EE, 28% EZ/ZE and 9% ZZ was obtained, which means that full reversal cannot be achieved.

Guest encapsulation was then studied in CD3CN. Linear guests such as 4,4'-dipyridyl N,N'-dioxide (4DPDO), 4-phenylpyridine N-oxide (PPO) and biphenyl-4,4'-dicarboxylate (BPDC) showed binding (by 1 H NMR titration), however 2,2'-dipyridyl N,N'-dioxide does not show any affinity for host 1.67, which can be due to steric reasons. The propensity of 4DPDO to bind to the host before and after irradiation was further investigated. The binding of 4DPDO with the EE-host was estimated at 10 3 M -1 ,

[72] S. T. J. Ryan, J. del Barrio, R. Suardíaz, D. F. Ryan, E. Rosta, O. A. Scherman, Angew. Chem, Int. Ed. 2016, 55, 16096. based on NMR data, and the 1:1 stoichiometry was confirmed by ESI-MS. After UV irradiation of the complex, the guest was released, which confirms that the EZ/ZE and ZZ host conformations barely have any affinity for the guest, and the irradiation with visible light led back to the host-guest complex. The host alone showed by electron absorption spectroscopy rapid non-quantitative conversion to the ZZ isomer 1.69 when irradiated at 365 nm, and similarly converted back to the EE isomer 1.68

after 450 nm irradiation. The photoswitchable properties of the host were verified over 5 cycles, without any observable photodegradation. By showed that for every bipyridinium guest tested (see figure below), a 2:1 host-guest ratio was obtained, adopting a rotaxane-like structure as shown by crystal structure, and each case showed cooperative binding, where ((4K 2 )/K 1 )≥14). The highest biding constant, 1.19 10 12 M -2 was obtained with 1,1'-dibutyl-4,4'bipyridinum (in CDCl 3 /CD 3 CN 1/1). Tests of bipyridinium release from the host complex have revealed that after 25 minutes of irradiation, 67% of the guest could be released, and associates back when irradiated at 450 nm for 3 minutes. Preliminary tests showed that mixing the two tweezers in solution does not affect their respective photostationary states, where at 435 nm 86% of tweezer 1.70-E and 63% of tweezer 

2) Photoswitchable molecular tweezers

b) Motion induction

A photoresponsive stilbene host linked to two thiourea units (promoting interactions with certain guests) exhibiting rotary motion when complexing and decomplexing a chiral guest BINOL-phosphonate (see figure 28) was reported by Feringa in 2018. [START_REF] Iii | [END_REF] While the host alone can

show unidirectional motion about its stilbene double bond upon irradiation, a different type of motion, rotation is induced by interactions between 1.72 and chiral guest BINOL. The E-isomer of 1.72 of the molecular switch does not bind the BINOL guest, however when irradiated at 365 nm in presence of guest, a host-guest complex forms, as is attested by CD and UV spectroscopy. The 1:1 stoichiometry of the host-guest complex was confirmed by a Job plot and the binding constant was of 2.8 10 4 M -1 in CH 2 Cl 2 .

Figure 28: Reaction scheme illustrating Feringa's tweezer system 1.72 upon guest complexation and photoirradiation.

[75] S. J. Wezenberg, B.L. Feringa, Nat. Commun. 2018, 9, 1984. The molecular modelling data (see figure 29) indicated that isomer 1.72-Z is helical whereas the other isomer is planar, and that the activation energy barrier between the P helix and the M helix conformation is of only 16.7 kJ.mol -1 . This implies that upon host-guest complexation with (S)-BINOL phosphonate, the M helix will form preferentially, but will invert to the P helix, which will then isomerize back to 1.72-E, hence inducing a net rotation motion. 

c) Guest twisting

In 2006, Aida reported the use of a system of molecular tweezers 1.74 made up of two porphyrin receptor units linked to a ferrocene pivot unit, itself bound to a trans-azobenzene unit expected to induce motion when it isomerizes to its cis isomer (see figure 30). 76 The terminal porphyrin units were expected to bind heteroaromatic guests to form a 1:1 complex. This was established by Job plot using absorption spectroscopy data. The photoisomerizable azobenzene unit induces a twisting motion of the terminal porphyrins, which can communicate this motion to the coordinated guest. The circular dichroism (CD) spectra of the two enantiomers of the trans conformation 1.74 of the molecular tweezers were measured and revealed that the spectra are mirror images of each other. The photoisomerization of the tweezer system 1.74 was tested by 350 nm irradiation, yielding 78% of cis isomer at the photostationary state, as attested by 1 H NMR. The return to the trans isomer 1.74 is however not complete after irradiation at 420 nm, yielding only 63% of trans isomer 1.74.

The CD titrations in CH 2 Cl 2 of the trans 1.74 and cis isomer 1.75 (both enantiomers) with the bis(isoquinoline) guest showed that both the cis 1.75 and trans isomers 1.74 show high binding constants for the guest (K a = 2.64 10 6 and 1.28 10 6 M -1 respectively), which suggests that the motion of the tweezers could potentially twist the guest. Given that the guest when in planar conformation shows no absorption, but when nonplanar leads to absorption between 270 and 350 nm and chirality induction, the transition from the planar to nonplanar geometry upon host-guest complexation can be monitored. The resulting CD signals showed several similarities with optically active analogue 4,4'-di(3-methylisoquinoline), which allowed the authors to conclude that the guest was locked in its optically active isomer when binding the host.

The irradiation of the host-guest complex at 350 nm induced a net decrease in CD signals between 270-350 nm, which means that the optically active, nonplanar isomer of the guest is slowly disappearing to the profit of the planar isomer when the tweezer isomerizes from trans to cis. The reverse reaction under 410 nm led to the recovery of the CD signal of the nonplanar guest. An alternative hypothesis for this tweezer system is that guest can dissociate from the host before the photoisomerization, then bind again once the cis isomer is obtained. A kinetic study was performed to disprove this hypothesis. The host-guest system dissociation was established by NMR spectroscopy to be between 0.2 and 0.6 ms, while the azobenzene isomerization is on the picosecond timescale.

3) Photoswitchable helical foldamers

Although foldamers are a rapidly growing field of host-guest chemistry, only a few groups have investigated light-responsive foldamers, 77 and even fewer have applied this to host-guest binding. 78 The Flood group presented in 2010 the study of a chiral aryl-triazole foldamer anionic receptor, substituted with two terminal azobenzene groups (see figure 31). 79 The all-trans isomer 1.76, which is thermodynamically favored as it maximizes π-π interactions, can be converted to its less stable cis isomer 1.78 by UV irradiation. The photoisomerization of the foldamer alone revealed by 1 H NMR and reverse-phase HPLC that at the photostationary state 80% of the cis-isomer 1.78 is obtained. The stability of the folded state of both the trans and cis isomers was verified by variable temperature CD.

At 25°C, the trans isomer 1.76 is majoritarily in helical conformation (66%), while at 12°C the cis isomer 1.78 is mainly in the unfolded state (75%). The affinity of chloride anions for the foldameric host was tested in CD3CN through absorption spectroscopy and 1 H NMR. In the 1.76 trans isomer, the binding affinity was of 3000 M -1 , but after UV irradiation the binding decreased to 380 M -1 , and considering that 20% of the trans isomer is still present in the PSS, the binding affinity of the cis isomer for chloride anion is negligible. In 2018, the same group reported the importance of anionic guest size on the 1.76 host's helix multiplicity (see figure 32). 80 In presence of relatively small guests (smaller than 45 Å 3 ), single helical host-guest complexes were formed (confirmed by ESI-MS, 1:1 stoichiometry by 1 H NMR and CD titrations), and as previously explained UV irradiation of the complex led to guest release. In the presence of bigger guests, a chiral double helix was formed, as attested by ESI-MS and 2:1 binding fit by 1 H NMR, but under UV irradiation a racemic single helical host-guest complex is obtained (as shown by CD experiments). Irradiation of the single helical complex with visible light restored the double helix system, and the switching between the two states could be performed several times without any signs of photodegradation. [80] F. C. Parks, Y. Liu, S. Debnath, S. R. Stutsman, K. Raghavachari, A. H. Flood, J. Am. Chem. Soc. 2018, 140, 17711.

4) Photoswitchable rotaxanes

Rotaxanes, made up of an axle threaded into a macrocycle, has shown many applications in the field of molecular machines. For this, the main technique is to induce motion of the macrocycle accross the axle, and for this one method is to use photoswitches to push the macrocycle in a direction or another. While many examples of this exist in the literature, 81 two examples were chosen to illustrate the different approaches possible.

a) Macrocycle gyration enhancement

A fumaramide thread and benzylic amide macrocycle constitute a rotaxane system 1.79 reported by Leigh in 2002 to respond to light (see figure 33). 82 It was found that light accelerated the speed of rotation of the macrocycle around its axle, by isomerization of fumaramide olefinic double bond 1.79 to yield the maleiamide equivalent 1.80. The rotaxane was obtained from the fumaramide and the macrocycle (any attempt to form the rotaxane with the maleiamide proved unsuccessful), and the maleamide isomer was obtained by irradiation of the fumaramide rotaxane 1.79 at 254 nm.

After one irradiation cycle, 45 to 50% of maleiamide 1.80 is formed, but its solubility changes enough to separate it from the fumaramide isomer by trituration in a 50/50 mixture of toluene/DCM. X-ray crystallography and 1 H NMR in CD2Cl4 were used to solve the macrocycle conformation and its interaction with the axle. Variable temperature NMR allowed the extraction of activation energy barriers (13.51 kcal.mol -1 for fumaramide and 6.53 kcal.mol -1 for maleamide 1.80), indicating that the fumaramide rotaxane 1.79 at 223K presents a macrocycle spinning rate of 1 s -1 , while the maleiamide isomer 1.80 has a rotation rate of 1.2 10 6 s -1 at the same temperature. 

b) Unidirectional motion

In 2014 the Credi group synthesized an azobenzene rotaxane system showing unidirectional motion (see figure 34). 83 The interaction between the axle 1.82, made up of an azobenzene unit, a central ammonium binding station, a cyclopentane stopper, and the macrocycle 1.81 was analyzed by 1 H NMR, UV-Vis and luminescence spectroscopy in CH 2 Cl 2 . The binding constants of the 1.82 E and 1.83 Z axles with the macrocycle were 6.3 10 5 M -1 and 1.7 10 5 M -1 respectively. The decrease in affinity of the macrocycle with Z-axle 1.83 was hypothesized to be due to the decrease in π-π interactions between the naphthalenes of the macrocycle and the azobenzene aromatic cycles. The time-dependent luminescence spectroscopy data provided insight into the binding and dethreading mode of this rotaxane. In the case of the E-isomer 1.82 of the axle, its binding with the macrocycle was 25 times faster than the binding of the macrocycle with an axle containing two cyclopentane stoppers. This indicated that the threading reaction occurs via the azobenzene unit. Similar experiments with the Z-isomer 1.83 of the axle led to much slower reaction rates, which suggested that the threading occurred from the stopper. These results allowed the authors to conclude that threading with the E-axle 1.82 and subsequent dethreading upon irradiation (leading to Z-axle 1.83) occurred in a unilateral motion.

More intense photochemical studies have confirmed that the isomerization of E to Z-axle is not hindered by the presence of macrocycle as it led to the same E to Z ratios at the photostationary state. Thermal reversal of Z back to E led back to threading, but the rate of thermal reversal to E (1.6×10 -6 s -1 ) is slower than the rate of dethreading of Z (4.7 10 -6 s -1 ), which means that the system is three times more likely to dethread before converting back to E-axle.

5) Photoswitchable metal complexes

Metal complexes have had applications in the fields of catalysis, material chemistry and medicinal chemistry, as many complexes show good binding abilities with certain guests/drugs. [START_REF]Photoirradiaton tests[END_REF] Several examples of photoactive metal complexes have been reported in the literature, 85 among which one example stood out for its ability to partially retain chirality. [84] 

a) Chirality induction

Clever and Andréasson reported in 2019 the synthesis of a palladium (Pd II ) metal complex functionalized with four ligands containing diarylethene photoswitches 1.84 (see figure 35), in view of binding chiral guests. [START_REF] Synthesis | [END_REF] Diarylethene was chosen for its chirality, making it the most efficient chirality 

6) Photoswitchable materials

The use of photoswitches in materials has increased over the past few years, as several interesting properties were achieved, including self-healable polymers, quantum dot formation and changing the physical properties of a material (such as size and shape). 87

a) Metal Organic Frameworks

The Heinke group reported in 2016 the synthesis of a MOF membrane comprising of Cu(II) and azobenzene units (see repeating unit 1.86 in figure 37 below), whose permeability can be modified using light. 88 Irradiation at 365 nm of 100% trans-azobenzene MOF led to 63% of cis-azobenzene MOF at the photostationary state, as calculated from IR spectroscopy measurements (see figure 38). The full reversal of the system was obtained after leaving the system in the dark at room temperature for 20 days. Several photochemical cycles could be performed without any sign of photodegradation. The permeability and selectivity switching properties of the system were probed with CO 2 , N 2 and H 2 permeance measurements. Results showed that by converting the azobenzenes to 63% cis the permeance of CO 2 increased from 4 to 10 10 -8 mol.s -1 , also altering the selectivity of the system, favoring N 2 uptake. Considering the similar sizes of the guest molecules analyzed here, and based on previous studies, it was hypothesized that the selectivity came from azobenzene dipole moment switching, which leads to different affinities. In this spirit, cis-azobenzene is thought to have more interactions with the dipole moment of CO 2 , hence leading to a slower diffusion of CO 2 across the membrane.

[87] A. Goulet-Hanssens, F. Eisenreich, S. Hecht, Adv. Mater. 2020, 32, 1905966. [88] Z. 

b) Self-assemblies i. Pillar[5]arene self-assemblies

Pillar[n]arenes have suscitated a wide interest for their good binding properties and their ease of synthesis. 89 The combination of bis(ammonium) pillar [5]arene 1.87 with dicarboxylate pillar [5]enes 1.88, followed by addition of a final pillar [5]ene 1.89 azo functionalized with an azobenzene unit led to the formation of a pentamer (see figure 39) reported by Ogoshi in 2018. 90 The system was designed 1,4-dicyanobutane, known to bind strongly (K a >10 4 M -1 ) to pillarenes 92 was then added to this host-guest complex. When in the cis form, no displacement of p-DNP by 1,4-dicyanobutane was noted by UV, while in the trans form, p-DNP had been replaced by 1,4-dicyanobutane in the host's cavity.

ii.Nanotube self-assemblies

A self-assembling bionanotube based on a chaperonin protein (GroEL) appended with several spiropyran photoswitches (see figure 40) was reported in 2015 by Aida. 93 The self-assembly of the system into nanotubules was triggered by Mg 2+ binding, enhanced by the ring-opening reaction of spiropyran 1.90 into merocyanin 1.91, which was shown to bind metal ions in a 2:1 complex through its zwitterionic form. Although direct grafting of spiropyran on GroEL led to difficulties in disassembly after visible light irradiation, its analogous maleimide spiropyran derivative successfully formed nanotubules after UV irradiation, and dissociated to its monomeric unit upon visible light irradiation, as attested by transmission electron microscopy (TEM) and size-exclusion chromatography (SEC). 

iii. Self-assembling nanoflasks

In 2015, the functionalization of Au, Fe 3 O 4 and SiO 2 nanoparticles with azobenzene groups (see figure 41a) was reported by the Klajn group. 94 These nanoparticles were found to self-assemble when irradiated with UV light in non-polar solvents such as toluene, as the cis-azobenzenes are less soluble in toluene and form dipole-dipole interactions with the nanoparticles. The spaces between the nanoparticles are able to encapsulate polar guests capable of hydrogen bonding (such as alcohols and amines) or π-π interactions (such as anthracene and pyrene) with the azobenzene units. Guest encapsulation was visualized by TEM, using nitrobenzoxadiazole dye as a guest, and its release when irradiating the nanoparticles with visible light was confirmed. The guest observed selectivity was assessed by adding a mixture of hydroxyalkanes and nonpolar alkanes, resulting in a 100-fold selectivity for hydroxyalkanes.

The guest-trapping capacities of the nanoparticles were then tested to promote chemical reactions between two polar guests, such as the hydrolysis of acetals. Under UV light, the nanoparticles were found to slightly speed up the rate of reaction. The photodimerization of anthracene by UV light was also investigated under nanoparticle catalysis. When not previously degassed and in absence of nanoparticles, its photo-oxidation into anthraquinone is favored, while in presence of nanoparticles the photodimerization products are favored, and its selectivity towards the syn-isomer is enhanced (80%, as opposed to 2% in absence of nanoparticles). 

c) Polymers

Aside from the conversion of monomeric host systems into their polymeric equivalent as illustrated by Shinkai 95 and Scherman, 96 several innovative polymeric host-guest materials were reported recently.

i. Selective copper binding

The Klajn group described in 2014 the synthesis of a polymer substituted with spiropyrans (see figure 42). 97 The porosity of the system and its capacity to respond to different stimuli makes it interesting in controlled guest binding. The properties of the material were assessed by TEM, TGA and DSC, under different stimuli. Under solvation (in hexane, toluene, DMF, MeOH, etc), the polymer is in the spiropyran form, while when desolvated the polymer turns blue, characteristic of merocyanin.

A similar ring-opening reaction occurs under UV irradiation (365 nm), leading to a characteristic color change from yellow to blue, and was monitored by absorbance spectroscopy. The merocyanin form was also found to be fluorescent, which suggests that the merocyanin units do not stack together, otherwise fluorescence quenching can occur. The guest-binding capacities of the polymer were analyzed using Cu(II) as guest, known to bind to merocyanin in a 1:2 stoichiometry. Copper binding led to a decrease in absorbance until complete signal quenching. The irradiation of the obtained host-guest complex under visible light led to an increase in absorbance, indicating that the non-binding host spiropyran system was recovered. 

ii. Dendrimeric host

A dendrimeric host with an azobenzene backbones (see figure 43) was reported by Müllen in 2011

. 98 The open dendrimer was designed to close up, upon irradiation at 365 nm of its trans-azobenzene units to its cis isomer. Characterized by 

IV. Guest photoisomerization

Guest photoisomerization is the process by which a photosensitive guest bound to a host isomerizes when irradiated. The strategy of guest isomerization often has the purpose of displacing the isomerizable guest to the profit of another, non-irradiation sensitive guest.

[98] T-T-T. Nguyen, D. Türp, D. Wang, B. Nölscher, F. Laquai, K. Müllen, J. Am. Chem. Soc. 2011, 133, 11194.

1) Azobenzene photoswitchable guests a) Resorc[4]arene host

A resorc [4]arene dimeric host 1.92 (see figure 44) was reported by Rebek in 2010 to selectively encapsulate azobenzene derivatives in presence of an excess of competitive guests, such as tridecane 1.94 (see figure 45). 99 Unlike the example presented in section III. c) i. 1., the host here is a dimeric capsular assembly (similarly to the example shown in III. c) i. 2.), able to fully encapsulate a guest. However, two mechanisms could occur: the first involves the fast exchange of the trans-azobenzene 

b) Porous polymer host

In 2012, a porous polymer/MOF system, [Zn 2 (terephthalate) 2 (triethylenediamine)] n system was reported by Kitagawa (see figure 46). 100 This system had previously shown potential in guest accommodation due to its high flexibility. After introduction of photoswitchable guest trans-azobenzene unit at 120°C, a change in pore size was found by electron microscopy and the change in unit cell shape, going from tetragonal to orthorhombic, was determined by X-ray powder diffraction. The stoichiometry of the complex was established as one azobenzene per unit cell by thermogravimetric studies. The UV-irradiation of the azobenzene unit to isomerize the trans-azobenzene to its cis counterpart was verified by IR and 1 H NMR spectroscopy. The photostationary state of this system showed a cis to trans ratio of 38 to 62. Accordingly, the unit cell shape was shown by diffraction to return only partly to a tetragonal system. The full reversal to a trans-azobenzene host-guest complex was obtained after heating at 120°C for 1h. This host-guest system was then applied to N 2 adsorption at 77K, as the measurements showed that when in the trans-form, the azobenzene does not allow much N2 uptake (maximal value of 11 mL.g -1 ), but in the cis-form N2 uptake increases to 45 mL.g -1 .

[100] N. Yanai, T. Uemara, M. Inoue, R. Matsuda, T. Fukushima, M. Tsujimoto, S. Isoda, S. Kitagawa, J. Am. Chem. Soc. 2012, 134, 4501.

c) Cucurbituril host

Scherman has published studies on the encapsulation of azobenzene photoswitch 1.93 by cucurbituril 1.95 host in 2012, as a competitive guest (see figure 47). 101 The aim of the project was to bind two different guests which do not respond to the same stimulus. In this case a first guest able to bind twice to cucurbituril 1.95, methyl viologen MV, when as a radical cation (MV +. ), and only binds once when as a cation (MV 2+ ). When the complex 1.95  MV 2+ is formed, enough space is left in the cavity to bind the azobenzene guest 1.93 when as the trans isomer (and therefore is released from the host when photoisomerized into its cis isomer). Azobenzene 1.93 and methyl viologen depict orthogonality as the MV +. can be converted to its MV 2+ counterpart after a redox reaction, whereas the azobenzene 1.93 can be switched using light. The UV absorbance spectra indicates a decrease between 320 and 500 nm absorption and an increase of absorption at 250 nm, which means that a ternary complex has formed. The low absorbance at n-π* while retaining relatively high π-π* absorbance means that trans-azobenzene 1.93 is the major species to which the cucurbituril-viologen complex binds. Isothermal calorimetry determined that the binding constant of trans-azobenzene with the cucurbituril-MV system is of 1.44 10 4 M -1 . This ternary complex was confirmed by 1 H NMR in The redox properties of the trans-azobenzene 1.93, MV 2+ and cucurbituril complex 1.95 was probed using cyclic voltammetry. Upon converting MV 2+ to MV +. , the heterocomplex dissociates to the benefit of the 2:1 MV +. : cucurbituril complex, and the electrochemical reoxidation of the MV +.

species led back to the ternary complex with trans-azobenzene 1.93.

[101] F. Tian, D. Jiao, F. Biedermann, O. A. Scherman, Nat. Commun. 2012, 3, 1207.

2) Diarylethene guest

The Basilio group described in 2019 the elaboration of a cucurbit[7]uril 1.95 and diarylethene host-guest system (see figure 48). 102 The ESI-MS and UV spectroscopic data in water have confirmed that this system exists in a 1:1 stoichiometry, but can also exist in 2:1 ratio according to UV spectroscopy when above the micromolar range. This system has shown a high affinity when in the closed form 1.97 as opposed to the open form 1.96, with a hundred-fold difference in binding (6.2 

3) Spiropyran guest

Andréasson and Pischel reported in 2012 the analysis of a cucurbit[7]uril (CB 7 )-spiropyran system, in view of stabilizing and solubilizing the spiropyran (1.99)merocyanin (1.100) switch, as it is prone to irreversible hydrolysis, for biological applications (bio-imaging, chemo-sensing). 103 The spiropyran 1.99 guest was modified with a cadaverine anchor which grants both a good solubility in aqueous media when in neutral to acidic pH, and a good binding to the CB 7 host (1.4 10 7 M -1 in water). The protonation of both the cadaverine anchor and the merocyanin 1.100 phenolate group are expected to induce binding with CB 7 , which was verified by UV spectroscopy. Preliminary tests with spiropyran 1.99 showed that host addition led to the rapid conversion to the merocyanin form 1.100, and constant irradiation of the merocyanin-host complex converted the merocyanin back to spiropyran

1.99 to obtain some UV absorption data points, but no reliable binding data could be inferred.

Experiments with excess of CB 7 confirmed that the ring opening of spiropyran 1.99 to merocyanin 1.100 was accelerated seventy times when compared to the photoswitch without host-guest complexation. The more stable protonated merocyanin showed binding constants of k 1 = 7.9 10 5 M -1 and k 2 =1.3 10 3 M -1 , and host-guest complexation was further evidenced by 1 H NMR. The k 1 binding constant was attributed to the binding ability of the anchor with the host, while the second was assigned to the binding of the indole group with the host. When titrating the deprotonated merocyanin 1.100, a lower value for k1 (1.2 10 5 M -1 ) was recorded. This can be due to possible destabilization of the anchor-host complex by the phenolate ion. The stability of merocyanin 1.100 when involved in 1.95  1.100 complex was highly increased, as no sign of hydrolysis was obtained after 2.5 days at 20°C.

When alone in the same conditions already 40% of the merocyanin 1.100 were already hydrolyzed.

When comparing with a spiropyran guest 1.99 without anchor, the hydrolysis rate was similar to that of the photoswitch alone. This indicates that the anchor is essential to obtaining good host-guest binding, therefore leads to good protection of the photoswitch from hydrolysis.

[103] J. R. Nilsson, C. P. Carvalho, S. Li, J. P. Da Silva, J. Andréasson, U. Pischel, ChemPhysChem 2012, 13, 3691. Lastly, the photoswitchability and thermal reversibility of the system from the merocyanin 1.100

to the spiropyran 1.99 form was unaffected by host complexation, and the several cycles performed showed no sign of degradation.

4) Hemithioindigo guest

Rebek reported in 2012 a study on the photoreversible encapsulation by a cylindrical host 1.103 of photoswitchable hemithioindigo 1.104 by 1 H NMR in mesitylene-d12. 104 The host 1.103 was formed from the interaction of two resorc [4]arene moieties with four glycouril derivatives, leading to a long cylindrical cavity. A hemithioindigo moiety 1.104 appended with a pentane side chain showed good binding (as it provided a tight fit with the host) when in the Z conformation, and was released as its E conformation after irradiation at 430 nm, allowing two p-cymene molecules 1.106 to bind.

[104] H. Dube, J. Rebek, Angew. Chem. Int. Ed. 2012, 51,3207. 

5) Anthracene photoswitchable guest

The control over the photodimerization reaction of anthracene units has often posed problems for organic chemists, as several photoproducts (products 1.16 to 1.19, see figure 6) could be obtained.

Host-guest chemistry as a way to guide guest photodimerization selectivity was presented in 2003 by Inoue (see figure 53). 105 inherent chirality of the cyclodextrin hosts were hoped to have an impact both on the enantioselectivity and on the speed of the guest photocycloaddition reaction. The enantiomeric excess (ee) was estimated by chiral HPLC. At room temperature, the highest ee value, 32.4% was obtained for a high host/guest ratio of 5, and the temperature-variable tests in presence of a high excess of host showed that a decrease in temperature to 0°C led to a slightly higher ee (41.2%). An explanation for this difference was provided by the estimated percentage (based on the association constants) of each anthracene species in solution. At low temperatures, the proportions of 1:2 complex is maximized (the highest value is of 87.2% at 5°C) while at higher temperatures, the amount of free anthracene 1.15 in solution is increased, the highest value being 43.1% at 60°C.

[105] A. Nakamura, Y. Inoue, J. Am. Chem. Soc. 2003, 125, 966. A second strategy for ee maximization of the anthracene photocycloaddition was presented by the same group in 2008, 106 this time involving the appendage of anthracene groups on the upper rim of ɑ-cyclodextrins 1.107, which are unable to accommodate two anthracene molecules.

The strategy aimed to control the selectivity of the photocyclodimerization through the steric hindrance imposed by the ɑ-cyclodextrins of 1.107. Two host systems able to bind two anthracene guests, cucurbituril 1.109 and ϒ-cyclodextrin host 1.108 were tested (see figure 54). CD spectroscopy was used to define the binding constants of the α-CD-anthracene guest with the ϒ-CD 1.108 and CB The difference in cycloaddition enantiomer produced depending on the host system is due to the differences in cavity depth, diameter and shape: while the cyclodextrin 1.108 has a cone-like shape but a bigger diameter and a shorter cavity, the CB system 1.109 has a barrel shape but a longer cavity.

These morphological differences allow CD 1.108 to bind anthracenes more deeply in the cavity, hence favoring head-to-tail photoproducts 1.110, but 1.109's narrower cavity disfavors head-to-tail anthracene conformation, hence leading almost exclusively to the head-to-head photoproducts 1.111.

Another interesting information is that while cyclodextrins are chiral hosts, cucurbiturils are not, therefore the 18% ee found in the 1.109  (1.107)2 system shows some amount of chirality induction from the α-CD 1.107 units.

[106] C. 

V. Conclusion

In conclusion, light has inspired many supramolecular systems and has found a place of choice in host-guest chemistry. Many different architectures have made use of a photoswitch to alternate between two geometries, with a large preference for azobenzene photoswitches. The early examples presented by Shinkai and the more recent examples that followed illustrate the interest of scientific community for smart receptors. While a strong focus of phototunable hosts has long been the controlled release of guests using light, other properties have been investigated, such as using light to induce affinity for a competitive guest, or to change guest properties, to create motion, or even to catalyze chemical transformations. While most of the systems discussed here are in organic solvents,

a few examples have also emerged in aqueous media for the latter a preference for merocyanin can be noted.

The photoswitchability of the guest has also been studied, however a lower diversity in the applications of the systems designed in this case can be noticed. Most often, the photoswitchability of the guest often only implies its release from the host to the profit of a competing guest.

Lastly, it can be noticed that to the exception of a few self-assembled systems, none of the examples presented make use of a capsular host, therefore the guest is not entirely surrounded by the host. It can be anticipated that such a system could have a different impact on the encapsulated guest, and possibly lead to interesting properties.

I. Introduction

The incorporation of photoswitches in macromolecular backbones to induce supramolecular structure modification has been exploited in several systems, as shown in the first chapter, and its gradual democratization in smart materials shows the potential of light as a non-invasive stimulus to successfully communicate physical property changes at the macroscopic level. Although a high percentage of the phototunable foldamers and supramolecular systems reported use the widely-documented azobenzene photoswitch (for its ease of synthesis and versatility), the implementation of anthracene units to foldamers has recently been reported and shows great potential, as it can often compensate the shortcomings of azobenzene switches (namely their non-quantitative conversion into their cis-isomer).

Since its discovery in 1866, the photochemical transformation of anthracenes has been extensively studied since 1905, but its synthesis and functionalization was often considered as a drawback, as it was reported as low yielding. 107 However unlike azobenzenes, anthracenes photodimerize quantitatively (at high enough concentrations) under anaerobic conditions and photo-oxidize under oxidative conditions (see figure 1), 108 and show quantitative thermal reversal, Based on the capacity of helical capsules reported by the Huc group to selectively encapsulate guests and to induce cavity size contraction (see figure 2, example of cavity contraction using an electrochemical stimulus), 116 an approach towards selective release using the well-known photodimerization of anthracenes was put in place. The following chapter will briefly recap the previous results obtained by the group, and explain the capsule designs as well as their photodimerization in absence and presence of chiral guest. Based on the results presented, a conclusion will be drawn and future perspectives for this project will be presented.

II. State of the art 1) Foldamer aromatic oligoamide hosts

In order to efficiently bind a guest, one strategy is to isolate the guest from its medium (aqueous or organic), by using a host which can form a closed shell. This principle was exemplified by the helical capsular designs reported by the Huc group (according to figure 3). Based on an array of aromatic oligoamides, which were found to fold into hollow helices via conjugation, intramolecular hydrogen bonding and electrostatic repulsion, a general design was put in place: one central unit with a larger diameter to yield a large enough cavity to accommodate guests, and two terminal cork-like units on both sides of the central unit to close the structure.

Similarly to proteins and nucleic acids, the modularity of these designs resides in their primary structure (the sequence of monomers). To achieve this, a vast library of amino acid monomers with different diameters and characteristics were synthesized and optimized over time (see figure 4). The main guidelines governing monomer design included the incorporation of endocyclic nitrogen atoms as potential hydrogen bonding acceptors, as well as varying amounts of aromatic cycles (to benefit from stabilizing aromatic stacking interactions), and in the case of Q F and F monomers, the addition of fluorine atoms inside the cavity to fill voids between the host and guest units. Among them, quinolines, pyridines, naphthyridines and 1,8-diazaanthracenes are the main monomeric units used, each coding for a different diameter (determined by the angle between the amine and acid functions and by the number of aromatic units separating them). The synthesis of quinoline, Q X , naphthyridine and diazaanthacene monomers all rely on similar synthetic steps, first a nucleophilic addition of an aromatic amine on DMAD, followed by a cyclization step to achieve a bi-or tricyclic heteroaromatic compound, and a Mitsunobu reaction for side chain installation (see figure 5). The high curvature of the quinoline monomers, high curvature, and their inability to self-assemble designated them as the ideal helix cap. However, adding only two quinoline monomers on each side of a sequence still allowed some double helix hybridization, 117 therefore a conical cap was designed, by assembling three quinolines with one pyridine and two naphthyridine units. The high predictability of the 3D structure, dictated by the interactions previously mentioned, easen sequence conception and realization. Iterative evolution of sequence lengths and cavity sizes to successively encapsulate, via an array of hydrogen bonding interactions (see figure 6), with high binding affinities water molecules, 118 4-amino-1-butanol, 119 tartaric and malic acid, 120 fructose 121 , xylobiose 122 , and two pentoses 123 simultaneously has brought about very valuable information on guest binding, and the propensity of these capsules to yield crystal structures often provide additional information on binding patterns, as well as the guest conformations encapsulated (see figure 7). For instance, the crystal structure of host (Q 3 PN 2 N ox HA H ) 2 A H with encapsulated xylobiose has shown that the α-D-xylobiose hydroxy groups are all in axial position, unlike what had previously been observed between a protein and this sugar. 124 It was hypothesized that the axial configuration was due to an induced fit brought on by the shape of the capsule's cavity. The increase in guest size encapsulation capacities bring about a synthetic issue for future designs: the monomers ensuring high cavity diameters have been found to aggregate, which hinders foldamer sequence elongation. One approach to achieve larger hosts with minimal synthetic effort was to design a sequence that would self-assemble into a dimer, such as the sequence (P 3 N 2 pppN 2 P 3 ) 2 reported in 2020 to encapsulate two different pentoses, D-xylose and D-arabinose. 

2) Phototunable foldamers

While the initial purpose of the 1,8-diazaanthracene units 2.2 (see figure 10) was to provide larger diameters in view of increasing helix cavity size for larger guest encapsulation, it has become the target of a growing interest for the synthesis of β-sheet mimics. Although the few examples of abiotic β-sheet foldamers reported 125 are mainly stabilized by hydrogen bonding, a new approach was adopted by the Huc group in 2014. 126 The possibility of 1,8-diazaanthracene units 2.2 to form relatively strong π-π interactions (strong enough to induce preorganisation but weak enough to avoid aggregation) with itself has motivated the Huc group to use this property to synthesize an abiotic β-sheet and its macrocyclic equivalent 2.1 (see figure 8), using a newly designed hairpin turn unit made up of two xylyl units connected by a dintrobenzene unit. The remarkable stacking obtained prompted further investigations, including the assembly of helices with aromatic turn units in order to both widen the possibilities of synthetic abiotic foldamer structures and create new receptor backbones (see figure 9). It was noted at the time that when pre-organized in a tertiary structure, the 1,8-diazaanthracene units 2.2 will preferentially stack in a parallel fashion, in spite of repulsion interactions (dipoles), to maximize π-π contact, which led to bent aromatic sheet structures. On the other hand, when substituting the diazaanthracenes for benzene rings, the anti-parallel conformation was found to prevail, leading to straight aromatic sheets.

The association of the 1,8-diazaanthracene-based aromatic sheets with the helical segments Q 3 PN 2 led to basket-like structures, which could bind guests such as glycolic acid. As a step towards smart materials, the photoswitchable behaviour of these aromatic sheets was analyzed in depth in 2019 by Dr. Gole (see figure 10). The photodimerization at wavelengths 320 to 390 nm of two diazaanthracene units 2.2 within an aromatic-sheet mimic (2.4) under anaerobic conditions (monitored by 1 H NMR) led to the parallel photoproduct 2.5 (giving rise to new signals in the 5-6 ppm region corresponding to the protons of the X groups of the photoproduct 2.4),

illustrating the impact of the pre-organisation of the system on the photodimerization reaction.

Anthracenes in solution without any pre-organization will photodimerize in an antiparallel configuration according to 2.3, while in this case no antiparallel conformer is found. In the case of a helix-sheet-helix system such as 2.6, it was noted from the crystal structure (see figure 11) that the quinoline units and a pyridine were flipped to stack with the other Q3PN2 cone (showing the 180°rotation of an aryl-amide bond between the two naphthyridine units leading to the stacking of a Q 3 helical segment under the other conical domain). The flipping behaviour was then defused upon photoirradiating the helix-sheet-helix system, leading to a parallel photoproduct, as attested by its crystal structure. The stability of photoproduct 2.7 had been tested at 60°C, and showed a half-life of 16h. Further studies on model substrates were conducted on the amount of anthracenes stacked, the type of R group substituted anthracene (see figure 12), and their rate of photodimerization. 127 While it was found that both A F and A Me do not undergo full conversion to their respective photohomodimer counterparts unlike A H and A OMe do, A F and A H when stacked together lead to the photoheterodimer quantitatively. It was therefore concluded that to obtain quantitative photodimerization the anthracenes used should be A H units. A first helical system 2.8 containing two superimposed diazaanthracene units (see figure 13) was tested for photoactivity, and showed quantitative conversion into photodimer 2.9 under UV irradiation. It can however be noticed that the half-life of photodimer 2.9 at room temperature was of 29h, which suggests that 2.9 is less stable than 2.7. While the foldamer was not adapted to host-guest chemistry due to its narrow cavity (partially filled by the methyl groups of the A Me

[127] Gole B. ( 2021), Selective and cooperative photocycloaddition within aromatic β-sheet foldamers, manuscript submitted for publication, CBMN, Université de Bordeaux.

1,8-diazaanthracene units which point towards the cavity), and due to the low affinity of the central diazaanthracene units for guests in general, it outlined the necessity to include three monomeric units (of similar length and curvature as diazaanthracene units) between the two photodimerizable diazaanthracene groups. 

III. Objectives

The objectives of this chapter is to synthesize a foldamer that has the ability to reversibly photodimerize, hence inducing the shrinkage of the cavity and rigidifying the overall structure.

Among the possible impacts of the photodimerization of the anthracene units, it was hypothesized that the guest could either be released from the host, or the guest could change conformation to adapt to the foldamer's new cavity shape (see figure 14). In the case of monosaccharide guests, which can adopt a variety of tautomeric forms in solution, it was expected that upon binding to a host the saccharide would majoritarily adopt a specific conformation, therefore upon photodimerization the change in the shape of the cavity was theorized to impact the monosaccharide tautomer favored. To achieve this aim, a phototunable host was designed to include two photoactive 1,8-diazanthracene amino acid units separated by three monomers coding for a relatively large diameter to maximize chances of diazaanthracene superimposition, and therefore, of photodimerization.

Another important parameter of the host system is the stability of the photodimerized capsule.

A low stability at room temperature will render chiral retention ephemeral, and therefore harder to monitor efficiently. While the stability of the diazaanthracene photodimers is high when part of aromatic sheets (often requiring heating at 60°C for several days), the stability of the same photodimers when within a helix has until now been relatively unexplored.

IV. Photodimerization of two diazaanthracenes within a synthetic helical foldamer 1) First design

Receptor 2.10 was designed to include two superimposable 1,8-diazaanthracene units (see model built using previous crystal structures on Maestro software, presented 

a) Synthesis

The first sequence targeted was therefore 2.10. Acknowledging the tendency of naphthyridine 128 and anthracene units 129 to aggregate during the synthesis of longer foldamer sequences, and therefore the tendency of synthesized strands to self-assemble (for example spontaneous self-assembly in absence of metal was described by Lehn and Huc in 2000) 130 even before the end of the synthesis, leading to a reduced reactivity of the terminal acid/amine functional groups, an acid-cleavable hydrogen bonding disruptor tertiary amide was introduced (see figure 16b, unit is highlighted in pink), 131 similarly to examples presented by the Gong group in 2006, 132 and by the Kilbinger group in 2007. 133 This tertiary amide can dismantle self-assemblies by disrupting local intramolecular hydrogen bonding (2.12 naphthyridine tertiary amide is shown as an example in figure below), and upon acidic treatment restore this hydrogen bonding resulting from electrostatic repulsion between the oxygen atoms and the trans amide functional group, hence reinstating the folding pattern. The optimal position of this DMB group to significantly deter aggregation without inhibiting the coupling reactions was investigated (see chapter 4 for more details). Based on these results, it was first concluded that the best position for the DMB group was between the two naphthyridine units of the Q 3 PN 2 cone, by coupling a PN(DMB)Boc dimer 2.18 with a Q 3 trimer acid 2.17 unit using PyBOP as coupling agent. This synthetic route was found to be viable on a multigram scale (> 3 g). However, the final double coupling reaction after deprotection of 2.24 with a central anthracene diacid 2.25 never took place (see figure 19). The NMR data (see figure 21) indicated the presence of a dimeric self-assembly as is indicated by the upfield shift in the amide signals when increasing the concentration of 2.24 (which was further confirmed by DOESY NMR), which can explain this lack of reactivity. It was therefore hypothesized that the tertiary amide function was too far away from the terminal amine of 2.24, therefore did not discourage anti-parallel double stranding hybridization enough to allow final double coupling with a central anthracene unit 2.25. To verify this, the second naphthyridine unit of 2.22 was removed. Diazaanthracene 2.26 was therefore coupled directly to 2.20 secondary amine (see figure 22). This coupling reaction is particularly sluggish (reaction over 3 days) and low yielding (29%), but subsequent deprotection and coupling to 2.21 show high yields (99 and 85% respectively).

The 2.28 heptamer amine segment obtained was successfully coupled twice to the central diazaanthracene diacid 2.25 in low yields (27%), leading to the corresponding capsule. The low yield of this final step is compensated by the recovery of 60% of the starting material, which can then be reinvested. 

b) X-ray crystallography of host 2.29

The empty host 2.29 yielded yellow monocrystals by slow diffusion of n-hexane in a 1.5mM

CHCl 3 solution of 2.29, which crystallized in C2/c space group. The crystals were diffracted and the structure solved by Dr. Brice Kauffmann (UMS 3033 -IECB). The resulting structure shows that the overlap of two diazaanthracene units (shown in figure 23 in pink) is similar to the model structure of the 2.10 host which had been initially targeted. From the crystal structure a cavity volume value was calculated using SURFNET software, 134 it was found that the cavity was of 244 Å 3 (see figure 23c).

This indicates that this host is suitable for monosaccharides (with a volume of 107 for xylose and 125 Å 3 in the case of glucose) but not for bigger saccharide derivatives.

[134] R. A. Laskowski, J. Mol. Graphics 1995, 13, 323. The photoirradiation tests performed in CDCl 3 have, despite long irradiation times, all been vain, even in presence of monosaccharide guests such as fructose (see figure 25). Considering that the X-ray structure shows a moderate overlap of the anthracenes (one aromatic cycle shift), and considering the overall rigidity of the system, it is possible that the system is too strained to photodimerize. While the foldamer from which this capsule's design is inspired was able to photodimerize successfully, the substitution of two anthracene units for two naphthyridine units in this design removes a total of two aromatic units, increasing the rigidity of the system.

A second possibility is that the substitution of a Q 3 PN 2 cone unit for a shorter Q 3 PN units could potential have an impact on the curvature of the capsule, therefore shift the anthracene units enough to discourage photodimerization. However, molecular modelling does not support this theory, as the model of the sequence 2.10 shows a similar lack of overlap between the aromatic units. A final possibility is that the stability of the photoproduct is not high enough to be visible on NMR timescale, as it was noticed that the sequence 2.8 (in contrast to the helix-sheet-helix systems reported previously) has a low stability at room temperature in CDCl 3 , with a half-life of 29h, which is significantly lower than that of anthracene-based sheet mimics reported (the half-life at 60°C of a simple helix-sheet-helix photodimer is 16h). From these hypotheses, a new host system was designed and synthesized (see next section).

2) Second design

The second receptor 2.30 (see figure 26) was designed to increase the flexibility and the diameter of the capsule in order to favor the superimposition of the anthracene units, hence allowing efficient photodimerization. For this task, the central N units were replaced with meta-quinoline units containing a hydrazide group, which was expected to provide such flexibility, with the added benefit of bringing extra hydrogen bond acceptors (in this case a C=O group pointing towards the cavity). The Q 3 PN caps of the 2.29 host were substituted for Q 3 PN 2 segments to get closer to the phototunable foldamer 2.8. The protons adjacent to the cycloaddition reaction are outlined as white and green spheres respectively.

a) Synthesis

Given the lower aggregative behaviour of the H monomer as opposed to naphthyridine monomers, the synthetic pathway devised for this sequence did not include any DMB hydrogen bond disruptor such as in 2.20. The synthesis (see figure 27) was therefore carried out from Q3PN2 amine 2.32 to which was coupled a diazaanthracene Boc-protected amino acid 2.26 using PyBOP as coupling agent with an 87% yield. After quantitative deprotection of the amine, an H monomer Boc-protected amino acid 2.34 is then coupled to the 2.33 amine, achieving a 78% yield on a 150 mg scale. The resulting Boc-protected 8-mer 2.35 is deprotected using 30% TFA in CHCl 3 , after which the final double coupling reaction with A F diacid 2.25 is carried out, leading to an 84% yield. 

b) X-ray crystallography of 2.30

Single crystals of the empty host 2.30, obtained by slow diffusion of n-hexane into a CHCl 3 solution of 2.30 host, were found to crystallize in the C2/c space group (see figure 28). The crystal structure of the empty receptor (figure 28a-d) shows even less overlap (1 aromatic cycle out of 3) than in the previous case, nevertheless given that the hydrazine moieties of the H monomers were added to increase the flexibility of the structure they are expected to compensate the lack of direct overlap. The diameter of the host 2.30 is large, with a distance between A F central unit and the two A H units of 10.0 Å, and a 12.8 Å distance between the two H units. The volume of the cavity (shown in figure 28d), calculated from the crystal structure using SURFNET software, was of ~321 Å 3 . Based on the X-ray structure, the model of the photodimerized capsule 2.31 was created (shown in figure 28e-i). The diameter of 2.31 has shrunk to a distance of 8.6 Å between A F and A H and 12.3 Å between the two H units, but the resulting cavity volume (see figure 28i) has slightly increased In order to find the best solvent to do the experiments (and confirm that the several amide peaks do not result from the presence of impurities), several solvents were tested (see figure 30). It can be noticed that in every case more than one set of amide signals are obtained, but the proportions vary: in the case of CDCl3 two major species and one minor species can be obtained, acetone shows similar results (7/19/74), while in DCM-d 2 have three species in more divided ratios (11/31/58), and in benzene only two species can be seen in 70/30 ratio. Considering that the proportions of each species in solution varies with the solvent used, it can be concluded that the different species do not arise from an impurity. DCM, CDCl 3 and acetone are good solvent candidates for photodimerization as they all show sharp amide signals, while benzene was deemed less suitable as it could react with the anthracenes. CDCl 3 and acetone were retained as candidates for photodimerization tests, CDCl3 because it is systematically used in sugar encapsulation tests (for solubility reasons) and will therefore be necessary for the photodimerization tests in presence of monosaccharides, and acetone because it favors one conformation in solution, it is therefore hypothesized that the photodimerization will arrive to completion in less time. While the photodimerization did take place, some difficulties were encountered to obtain a quantifiable and complete photodimerization. The capsule shows good conversion to the photoproduct in acetone-d 6 , but a complete conversion was never achieved (see figure 31). The same photodimerization process in CDCl 3 led to much less satisfactory results (see figure 32).

The photodimerization did not reach completion even after long irradiation times (approx. 24h), and the photoproduct was found to readily convert back to the starting material. The rate of photodimerization decreases significantly after 3h, as the thermal reverse reaction can take place in parallel, and it was also noticed that during the photoirradiation a precipitate started to appear, which as found to be soluble in acetone-d 6 . A combination of CDCl 3 and acetone-d 6 can be used to get a complete conversion to the photodimer.

d) Stability of photoproduct i. In absence of guest

In absence of guest, the stability of 2.31 was assessed by 1 H NMR in different solvents at room temperature. In the case of CDCl 3 , given that a full conversion into 2.31 was never achieved, the stability was tested at the photostationary state (state at which no further conversion into 2.31 is achieved under UV irradiation). The conversion over time was monitored by integration of the signals corresponding to the -CH groups of the photoproduct between 5 and 6 ppm. The half-life of the photoproduct at room temperature in acetone-d 6 was of 56h, which shows that the photoproduct is more stable than the original design's photoproduct 2.9 (which had a half-life of 29h), but does not compare to the stability of the photoproducts of helix-sheet-helix systems such as 2.5 (which required heating at 60°C to achieve a half-life of 16h). 

ii.In presence of guest

After titration with D/L xylose, the host guest was irradiated with UV light, and it was found that guest binding had sped up the photodimerization considerably (the photostationary state was reached after 1h). To check whether sugar removal has an impact on the stability of the photodimer, an aqueous work-up was performed. The resulting spectrum is simpler and clearly shows that the protons of the photodimer are still present, but after leaving the photodimer at room temperature for a few hours some back reaction can already be found. Given that photodimerization of the host could also potentially have an impact on the guest, another important test should be to photoirradiate the host-guest complex with 13 C-labelled guest, in order to check whether photoirradiation has altered the preferential sugar tautomer in solution. As seen in the previous section, when testing 13 C-xylose binding, β-xylopyranose is the main species encapsulated by the host before irradiation, whereas upon 1h irradiation, the results indicate that a mixture of α-and β-xylopyranose species can be found in solution.

V. Monosaccharide binding properties of single helical photodimerizable foldamer 1) Introduction

(Oligo)saccharides, like nucleic acids and proteins, are omnipresent in biological systems, in several forms, including glycoproteins or glycolipids. 135 Saccharide recognition, a field with numerous potential applications in data storage and transport, [START_REF] Rüdiger | The Sugar Code: Fundamentals of Glycosciences[END_REF] medical and food chemistry, as well as an involvement in many biological processes such as fertilisation, 137 hormonal activities 138 , cell adhesion 139 and inflammatory reactions, 140 has been in the past few years subjected to the growing attention of the scientific community. However, the versatility of sugars (and the variety of their tautomeric forms, see figure 35) as well as their resemblance to water clusters (due to their hydroxygroups) renders selective sugar recognition more challenging, and even more so in their natural medium (water). Despite crystal structures of lectin interactions with saccharides, 141 as well as many computational and biological studies, 142 no definitive conclusions could be drawn on the binding interactions responsible for the formation of lectin-saccharide complexes. While the crystal structures evidenced the strong contribution of intermolecular hydrogen bonding in saccharide binding, the fact that in aqueous medium lectins must be entirely solvated in absence of guest implies that to replace the water molecules with a saccharide, hydrophobic interactions must prevail, 143 while computational studies have often shown that CH-π and apolar interactions also play an important role in successful binding. 7 Nevertheless, many research groups, inspired by lectins, have developed receptors that were able to bind sugar more or less selectively, using intermolecular hydrogen bonding, van der Waals interactions and hydrophobic effects. While the contribution of each of these interactions in selective sugar recognition by lectins is still debatable, two main approaches were established for synthetic receptors: the first involved covalent bond formation between receptors and the hydroxy groups of the sugar, using boronic acids, 144 and the second relies on non-covalent interactions.

Among the receptors designed, macrocycles, 145 tripods, 146 helices 147 , metal complexes 148 and molecular tweezers 149 are the main classes reported (with affinities going up to 10 6 L.M -1 in organic medium), but it can be noticed that examples of synthetic receptors in aqueous media are still relatively rare, 150 and those reported often show low affinities toward sugars.

While the results of some groups such as Davis' have stood out for their excellence, 151 the high selectivity of lectins for monosaccharides has yet to be equaled. The advances in selective recognition by synthetic receptors as well as the possibility to couple it to chromophores for quantification purposes paves the way for new glucose-level monitors, especially benefiting patients suffering from diabetes, who have up until now very little possibilities to continuously monitor their glucose level.

Recent advancements in saccharide recognition in organic media were presented by the Huc group, including iterative host modification to invert binding selectivity from D-mannose to D-fructose and D-xylobiose disaccharide full encapsulation.

a) Circular Dichroism studies

Given the lack of predictability in the binding patterns between a host and different saccharides, and therefore the difficulty in designing selective saccharide receptors, screening is the main method to assess which sugar has a higher affinity for the host. For this, one of the most common screening methods, aside from 1 H NMR, is via Circular Dichroism (CD) titration. 152 This method is used to distinguish optically active species using circular polarized light. A chiral species will have a preference for either left-handed or right-handed light, inducing a CD signal. In the case of the foldamers tested here, no control over the helicity of the host was imposed prior to titration experiments, therefore both helicities are present as a racemic mixture. As a result, in absence of guest the host will not yield any CD signal, because both left-and right-handed light are absorbed in equal amounts. Upon addition of a chiral guest, however, one of the helicities of the host can be inverted in favor of the other if the chiral guest has a higher affinity for the latter helicity. This will yield either a positive or negative induced CD signal. To further certify that the induced CD signal (ICD) is characteristic of the formation of the Host-Guest complex, the guest with an opposite chirality (for example L-sugars) can be titrated against the host, and if the CD signal obtained is the mirror image of the previous CD signal obtained (in this example for host  D-sugar complexes), the ICD corresponds to the host-guest complex. To probe binding affinities of the complexes studied here, CD titration was selected as a broad screening method, and 1 H NMR was used to further confirm the binding patterns observed by CD. To monitor the formation of the H-G complex, the change in CD properties of the host are recorded, therefore the CD measurements are performed in the 300 to 500 nm region, in which the foldamer absorbs (while monosaccharides absorb in the 200 to 300 nm region).

i. First receptor

The chirality induction of commercially available D-monosaccharides towards 2. Upon adding more than one equivalent of fructose no further changes were found by NMR, indicating that the host has been saturated. It can however be noted that small amide peaks also appear, which suggests that a second minor host-guest complex species forms. D-glucose has shown slightly lower binding affinity compared to fructose of 36200 M -1 , but similarly to fructose the P helicity of the host was favored. It can however be noticed that the intensity of the CD induction is much lower than that of the 2.29⊃2.41. Given the binding plots obtained, there was no evidence that the 2.29 could bind more than one monosaccharide, therefore no further investigation into the host:guest ratio was undertaken. Taking into account the calculated cavity volume (244 Å 3 ), the packing ratio of the host-guest complexes (not taking into account solvent molecules) is of 0.51. ii.Second receptor Host 2.30, similarly to 2.29, was tested against commercial D-monosaccharides for affinity. As expected, almost all hexoses were found to bind in a 1:1 (host:guest) ratio, except for D-mannose 2.42, but some pentoses were found to bind in a 1:2 ratio, such as D-xylose 2.46, as confirmed by Job plot using CD spectroscopy data (see figure 41), which peaks at 0.65 molar ratio. While Job plot was recently under fire for its level of uncertainty when more than one complex is formed in solution, 153 it is still a relevant method of stoichiometry evaluation when faced with a positive cooperative system (see equation below), which was the case for 2.46.

∝= 4K 2 K 1

Equation 1: Equation to evaluate the cooperativity of the system using ɑ, where if the value of ɑ is found to be higher than 1 the system is found to have a positive cooperativity. 99

binding study of receptor, values at 363 nm were used for the analysis. Ka = 5100 M -1 . Limiting = 113.9 cm 2 mmol -1 . two mannose units would occupy 77% of the host's cavity, which is higher than the usual packing ratio reported for similar designed (65%), and much higher than the 55% optimal cavity occupancy ratio reported by Rebek et al. [155] S. Mecozzi, J. Rebek, Chem. Eur. J. 1998, 4, 1016. 100 D-Galactose 2.43 showed a much lower affinity (5500 M -1 calculated from CD data) to the host, and its binding plot by CD did not suggest that two D-2.43 units could bind to the host, therefore no binding plot was performed to confirm the 1:1 host-guest ratio. NMR titrations showed that even after adding two equivalents of racemic 2.43 some empty guest could still be found. The large cavity size of this host invited further tests with larger monosacharide derivatives, starting with N-acetyl glucosamine 2.47, a guest larger than a common monosaccharide (C 8 H 15 NO 6 instead of C6H12O6). The binding affinity of 61100 M -1 (calculated by CD titrations) shows that the host has a good affinity for 2.47. NMR titrations confirmed that a host-guest complex was formed by the progressive appearance of sharp amide signals.

. for the ICD binding study of receptor, values at 362 nm were used for the analysis. Ka = 77100 M -1 . Limiting = 199.5 cm 2 mmol -1 .

Figure 52: Excerpt of amide region of 1 H NMR spectra recorded on 700MHz of 2.30 host (2mM) in presence of a) 0 b) 0.2 c) 0. From the results obtained, it can be noted that a higher affinity is obtained in the case of larger sugar derivatives such as N-acetyl glucosamine (61100 M -1 ) and sialic acid 2.48 (77100 M -1 ). It can also be noted that host 2.30 has shown capacities to bind two small monosaccharides, such as xylose 

VI. Photoanomerizaton: the case of xylose

Given the good binding properties of the 2.30 host and its ability to photodimerize, the next step became to irradiate a 2. Based on previous experiments and literature data, it has been established that upon binding to a host, the 13 C chemical shifts of the monosaccharide do not vary much compared to its free form, but the 1 H chemical shifts can vary much more. The 2.46 tautomer of the initial 2.30  (2.46) 2 homocomplex was first investigated. Given that no spot was found in the 80 to 85 ppm region on the 13 C scale, it was established that the 2.46 conformation encapsulated was not a furanose, therefore this suggested that the xylopyranose tautomer was bound to the host. To establish which xylopyranose anomer was encapsulated, the 13 C and 1 H chemical shift of the most downfielded peak/spot were compared to literature values and to the xylose HSQC spectrum recorded in 80/20 CDCl 3 /DMSO-d 6 . The results show that the β anomeric carbon is more downfield than that of the ɑ anomer on the 13 C NMR, it could therefore be concluded that the ɑ-xylopyranose tautomer was encapsulated by the 2.30 host.

The second tautomer of 2.46 present in the heterocomplex 2.30  (2.46) 2 obtained after UV irradiation was then investigated. Based on the signals obtained, it was deduced that the second tautomer was also a xylopyranose, and given the chemical shift of the signal at 97 ppm (on the 13 C scale), the anomeric carbon, it was established that it was an β-xylopyranose.

When putting together all the data collected, it can be inferred that upon irradiation of the initial The thermal reversibility of this system was then checked by heating the host-guest system at 60°C for several hours. After one hour the reversibility was not yet achieved, but after six hours the initial HSQC spots were recovered. In an attempt to further clarify the transition from a homo to a heterocomplex, another 1 H-13 C HSQC spectrum was recorded after only fifteen minutes of UV irradiation. While the signals of both the homo-and heterocomplex are present, an extra species (colored in blue) is also present, however it could not be attributed. However, no X-ray structure to date has been obtained to confirm the experimental data so far.

VII. Conclusion and Outlook

In conclusion, two monosaccharide receptors were successfully synthesized and have shown a varying degree of binding affinity with the different guests tested. While 2.29 host has shown little to no induced CD upon titration with monosaccharides, 2.30 has led to strong CD signals when titrating against most monosaccharides, and has even proven capable of binding two pentoses. NMR titrations were performed to confirm the binding constants calculated from CD data, and even though 2. 29 shows one main set of signals in both titrations performed, 2.30 shows more complex NMR spectra in every titration, which could be due to capsule desymmetrization.

The binding of two xylose molecules to receptor 2.30 host and the anomery of one xylose molecule after photodimerization of the receptor brings about interesting perspectives in terms of monosaccharide condensation reaction, as in absence of conformational control, monosaccharides can bind to each other in various ways, leading to a complex mixture of disaccharides. Through a host's spatial control, the selective condensation of two monosaccharides could be facilitated. One possible limitation of this system could be that the binding affinity of the produced disaccharide for the host exceeds that of the two monosaccharide substrates, therefore a lot of care must be taken in designing the host system to minimize this. Another perspective of this project, given the recent advances in carbohydrate recognition by synthetic receptors in aqueous media, is to develop a new generation of host systems soluble in aqueous media. 157 This will most likely result in lower binding affinities, 158 as the water molecules will partially defuse host-guest binding, both by solvation of the sugar (hence requiring displacement of water molecules before binding with the receptor) and by competitive binding, as sugars intrinsically resemble water clusters.

VIII. Material and methods

The following section sums up the general methods and equipment used and is applicable for the entire manuscript.

1) Methods for X-ray crystallography

The data for crystal structures have been collected at the European Institute for Chemistry and Biology X-ray facility (UMS 3033) on a Rigaku FRX rotating anode at the CuKα wavelength. The system features a micro-focus x-ray source with the hybrid DECTRIS PILATUS 200K detector combined with the partial chi goniometer and the osmic® varimax multilayer optics. The system is driven and the data processed by the CrystalClear suite. The unit cell determinations have been performed using a combination of Fast Fourier and Difference Vector techniques. All the structures have been solved by direct methods with SHELXD or SHELXT and refined by full-matrix least-squares methods using SHELXL. The ShelXle softwarewas used for modelling. It has to be noticed that all the crystals described below contain a large percentage of disordered solvent molecules and very few of them could be modeled in the Fourier difference density maps.

2) Methods for NMR

NMR spectra were recorded on 3 different NMR spectrometers: (1) an Avance II NMR spectrometer (Bruker BioSpin) with a vertical 7,05T standard-bore/ultrashield magnet operating at 300 MHz for 1 H observation and 75 MHz for 13 C observation by means of a 5mm BBFO BB 19 F/ 1 H probe with Z-gradients capabilities; (2) an Avance III HD NMR spectrometer (Bruker BioSpin) with a vertical 9.39T standard-bore/ultrashield magnet operating at 400 MHz for 1 H observation and 100 MHz for 13 C observation by means of a 5mm "Smart Probe" BBFO BB 19 F/ 1 H with Z-gradients. (3) an Avance III NMR spectrometer (Bruker BioSpin) with a vertical 16.45T standard-bore/ultrashield magnet operating at 700 MHz for 1 H observation and 176 MHz for 13 C observation by means of a 5mm BBO 1 H 19 F/BB probe with Z-or a 5mm TXI 1 H/ 13 C/ 15 N probe with Z-gradients capabilities Each probe is connected to a Bruker Cooling Unit II. Chemical shifts are reported in parts per million (ppm, δ) and calibrated against residual 1 H and 13 C solvent signals. 1 H NMR splitting patterns with observed first-order coupling are designated as singlet (s), doublet (d), triplet (t), or multiplet (m). Coupling constants (J) are reported in hertz. Data processing was performed with TopSpin 4.0.7 software.

3) Method for CD titrations

Solutions of carbohydrates were made up in DMSO and allowed to equilibrate overnight prior to use.

Chloroform was added to the DMSO solution until reaching a 80/20 CHCl3/DMSO stock solution and mixed with receptors just before the experiment. Then, aliquots of the guest solution were added to the cell with the receptor ([receptor]initial = 15, 30, or 250 M) in the same solvent mixture.

Homogenization was performed after each addition and CD spectra were recorded on a Jasco J-815 spectropolarimeter at 298 K using a 2 mm pathlength cell. Changes in ellipticity were analysed according to a 1:1 or 1:2 binding model, using a non-linear least squares curve-fitting program Hypspec. The program yields binding constants Ka and limiting Δε as output.

Job plots were performed by mixing different ratios of host and guests, amounting to a total concentration of 100 μM, for a total volume of 500 μL of 80/20 CHCl 3 /DMSO (v/v), using a 2 mm path length cell. Changes in ellipticity were recorded and plotted as a function of the ratio of host present.

4) Methods for chemical synthesis

All reactions were carried out under a dry nitrogen atmosphere. Commercial reagents were purchased from Sigma-Aldrich, Alfa-Aesar or TCI and were used without further purification unless otherwise specified. Tetrahydrofurane (THF), dichloromethane (CH2Cl2) and toluene were dried over alumina columns; chloroform (CHCl3), triethylamine (Et3N) and diisopropylethylamine (DIEA) were distilled over calcium hydride (CaH 2 ) prior to use. Reactions were monitored by thin layer chromatography (TLC) on Merck silica gel 60-F254 plates and observed under UV light. Column chromatography purifications were carried out on Merck GEDURAN Si60 (40-63 µm). Gel permeation chromatography was performed on an LC-9130G NEXT (Japan Analytical Industry Co., Ltd.) setup equipped with two preparative columns (Inner diameter of 20mm and length of 600mm): a JAIGEL 2.5H and a JAIGEL 3H. Column temperatures were regulated at 37 °C in an oven. A mixture of chloroform (HPLC grade, ethanol (1% v/v) and trimethylamine (0.5% v/v)) was used for the separations. Proton nuclear magnetic resonance ( 1 H NMR) spectra were recorded in deuterated solvents on 300 and 400 MHz spectrometers. Chemical shifts are reported in parts per million (ppm, δ) relative to the signal of the NMR solvent used. 1 H NMR splitting patterns with observed first order coupling are designated as singlet (s), doublet (d), triplet (t). Coupling constants (J) are reported in hertz. Splitting patterns that could not be interpreted or easily visualized are designated as multiplet (m). 13 

IX. Protocols and characterization 1) Protocols

2.50-In a 250 mL round-bottomed flask equipped with a magnetic stirrer, 1,8-diazaanthracene diester (1eq., 2.00 g, 4.54 mmol) was suspended in MeOH (120 mL). The reaction mixture was heated at reflux until the starting material was entirely solubilized. KOH (1.5eq., 0.38 g, 6.81 mmol) in MeOH (12 mL) was then added and the solution was cooled to 35°C and stirred overnight. The precipitate formed the next day was filtered off, washed with cold DCM and cold MeOH, the product is then protonated with 5% citric acid aqueous solution, and washed with H 2 O. The product is azeotroped with toluene and dried by rotary evaporation. The pure product was obtained as a yellow powder (1.78 g, 92%). 166.0, 165.0, 164.3, 163.5, 152.2, 150.3, 147.9, 145.5, 129.3, 122.4, 122.0, 117.8, 99.1, 97.2, 75.9, 75.5, 53.7, 28.4, 19. 166.5, 163.6, 163.5, 154.8, 154.1, 151.0, 148.1, 147.1, 126.2, 120.6, 119.4, 116.7, 98.3, 92.5, 75.1, 75.0, 64.1, 53.4, 28.4, 19.3, 17.5, -1.5. 165.8, 164.8, 163.8, 155.3, 154.0, 151.9, 146.9, 144.5, 122.6, 120.5, 119.0, 117.6, 97.5, 92.7, 76.0, 75.3, 64.5, 28.4, 19.3, 19.2, 17. 2.52-Diazaanthracene 2.50 (1eq., 0.76 g, 1.5 mmol) was slurried in dioxane (10 ml) in a 25 mL round-bottomed flask eq.uipped with a magnetic stirrer. NaOH (4eq., 0.24 g, 6.10 mmol) dissolved in H 2 O (1 ml) was added to this mixture and the resulting slurry was stirred overnight at room temperature. A 5% citric acid solution (10 ml) was added and the reaction was stirred for 30 minutes. The product was extracted into DCM and then washed with 5% citric acid solution, water, and then brine. The organic layer was then dried over Na 2 SO 4 , filtered and solvent was removed by rotary evaporation. After drying the product at the vacuum line, the corresponding acid was obtained as a yellow solid (0.72 g, 98%). 165.9, 164.2, 163.6, 155.4, 152.5, 150.6, 123.0, 120.9, 119.1, 117.9, 96.7, 92.7, 81.9, 75.9, 75.2, 28.5, 28.4, 19.3, 19. 2.63-Boc-protected diazaanthracene 2.53 (1eq., 1.80 g, 3.60 mmol) was dissolved in dichloromethane (8 mL). Then, TFA (4 mL) was added slowly at 0°C and the reaction mixture was let to stir at room temperature. After 2 hours, the reaction mixture was diluted with dichloromethane and quenched with aqueous saturated NaHCO 3 solution. The organic solvent was removed by rotary evaporation allowing precipitation of the amine diazaanthracene in basic aqueous solution. The precipitate was collected by filtration and washed with distilled water on the filter. Then, the solid residue was dissolved in dichloromethane, the organic layer was dried over Na 2 SO 4 , filtered and solvent was removed under reduced pressure to give 2.63 as a yellow solid (1.30 g, 90 %). 165.8, 162.6, 160.5, 150.1, 149.3, 147.9, 121.2, 119.3, 116.1, 115.0, 97.5, 92.3, 74.3, 73.8, 52.6, 27.8, 27.7, 18. 166.2, 163.6, 155.5, 154.7, 153.3, 151.9, 134.0, 114.2, 113.8, 101.0, 75.7, 64.5, 53.1, 28.2, 19.3, 17.7, -1.4. (s, 1H), 4.39 (t, 2H, 8.4 Hz), 4.14 (d, 2H, 6.6 Hz), 2.33 (m, 1H), 1.17 (d, 6H, J= 6.8 Hz), 1.14 (m, 2H), 0.12 (s, 9H). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm): 165.6, 163.9, 156.0, 153.4, 151.0, 134.5, 114.7, 114.3, 100.1, 76.5, 64.8, 28.4, 19.2, 17.7, -1.3. 166.9, 163.2, 160.6, 159.8, 158.9, 157.7, 150.8, 131.6, 130.6, 119.4, 111.0, 104.1, 99.8, 98.8, 75.2, 66.0, 55.6, 53.0, 41.1, 28.3, 19.3, 15 166.5, 163.4, 159.7, 158.6, 158.2, 155.7, 154.5, 151.5, 131.5, 128.5, 120.5, 120.1, 114.3, 103.7, 101.4, 98.2, 81.9, 75.6, 55.4, 55.2, 53.3, 45.6, 28.3, 19. 2.57-Boc-protected naphthyridine 2.56 (1eq., 1. 70 g, 3.23 mmol) and LiOH (2eq., 0.28 g, 6.46 mmol) were added in 100 mL round-bottom flask, which were then solubilized in 50 mL THF and 5 mL H 2 O. The resulting reaction mixture was stirred for 3h at room temperature, then quenched with 15 mL of 5% citric acid aqueous solution, extracted with DCM, and the resulting organic phase was washed with H 2 O and brine, then dried over MgSO 4 and the solvent evaporated. A pale yellow solid is obtained (1.57 g, 95%). 165.5, 163.8, 159.7, 159.0, 157.7, 153.9, 152.0, 151.1, 132.0, 127.8, 120.1, 118.9, 113.8, 103.6, 100.5, 98.2, 82.6, 76.4, 55.4, 55.1, 45.5, 28.2, 28.1, 19. 163.9, 162.7, 159.9, 158.6, 158.4, 157.5, 154.8, 154.4, 153.4, 149.9, 140.0, 131.8, 129.1, 120.5, 119.9, 114.3, 104.6, 103.8, 99.1, 98.4, 81.9, 75.7, 55.5, 55.3, 45.9, 28.3, 19.3. HRMS (ES+): m/z calcd for C 32 H 39 N 6 O 6 [M+H] + : 603.2926, found 603.2937.

HRMS (ES+
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2.19-

In a 25 mL round-bottom flask, PN dimer 2.18 (1eq., 1.33 g, 2.20 mmol), PyBOP (2.5eq., 2.76 g, 5.30 mmol) and Q 3 trimer 2.71 (1.2eq., 2.05 g, 2.65 mmol) were added and put under Ar atmosphere. 10 mL of distilled CHCl 3 were added, followed by DIPEA (3eq., 1.13 mL, 6.69 mmol). The reaction mixture was then stirred at 35°C for 24h, then concentrated. Cold MeOH is added until a yellow precipitate is formed, which is then filtered and washed several times with cold MeOH and Et 2 O. The product is isolated as a yellow solid (2.90 g, 96%). 163.7, 163.5, 163.4, 163.2, 163.1, 161.8, 161.3, 159.4, 157.7, 154.7, 154.6, 154.5, 153.5, 150.6, 150.1, 148.9, 148.0, 145.3, 139.6, 139.5, 139.3, 139.0, 135.0, 134.3, 131.9, 128.3, 128.1, 127.1, 126.8, 125.9, 124.4, 123.7, 122.2, 120.0, 119.5, 118.6, 118.3, 116.5, 115.5, 114.1, 111.4, 109.3, 103.9, 99.8, 99.6, 98.9, 98.2, 97.9, 82.0, 75.7, 75.4, 55.3, 45.0, 28.3, 28.2, 19.5, 19.4. HRMS (ES+): m/z calcd for C 74 H 79 N 12 O 14 [M+H] + : 1359.5909, found 1359.5905.

2.22-In a 5 mL round-bottomed flask, pentamer Boc-protected amine 2.19 (1eq., 1.5 g, 1.10 mmol) was treated with 4M HCl in dioxane (3.5 mL) under Ar atomsphere at room temperature for 3h. The reaction mixture was quenched with saturated aqueous NaHCO 3 which was extracted with DCM. The organic layer was washed with water, dried over Na 2 SO 4 and filtered. The solvent was removed to obtain the corresponding pentamer amine as a yellow solid, some of which was used directly in subsequent reaction without further purification. In a dry 5 mL round-botomed flask under Ar atmosphere, Q 3 PN(DMB) amine (1eq., 0.7 g, 0.55 mmol), naphthyridine acid 2.21 (1.2eq., 0.26 g, 0.65 mmol) and PyBOP (2eq., 0.57 g, 1.10 mmol) were solubilized in 2.5 mL distilled CHCl 3 , to which was added DIEA (2eq., 0.19 mL, 1.10 mmol). The resulting mixture was heated at 35°C overnight. The crude product was purified by column chromatography (9/1 Cyclohexane/EA) to yield a yellow solid (0.69 g, 76%). 4, 163.7, 163.6, 163.5, 163.1, 163.0, 162.6, 162.0, 161.4, 160.0, 158.9, 157.9, 157.6, 155.6, 154.8, 154.7, 154.6, 154.0, 150.5, 150.0, 149.0, 147.9, 145.4, 139.4, 139.2, 138.9, 135.0, 134.0, 132.2, 131.6, 129.8, 128.2, 127.9, 127.0, 125.8, 124.4, 123.6, 122.3, 122.2, 121.0, 119.8, 119.2, 118.8, 118.5, 116.3, 116.1, 115.2, 113.0, 112.0, 109.8, 104.1, 99.9, 99.7, 99.6, 98.2, 98.1, 97.7, 75.7, 75.7, 75.4, 75.4, 75.3, 64.6, 55.4, 54.7, 46.6, 30.2, 28.3, 28.2, 28.1, 28.1, 27.9, 27.0, 25.8, 23.8, 19.4, 19.3, 19.2, 19.1, 17.7, -1.5. 2.59-Naphthyridine amine (1eq., 3.80 g, 275. 13 mmol) and Fmoc-OSu (1.2eq., 9.30 g, 337.33 mmol) were added to a 500 mL round-bottomed flask, and slurried in 68 mL of 1,4-dioxane. The resulting mixture was heated at 80°C and stirred overnight. After a brine and H 2 O aqueous work-up and extraction in DCM, the organic phase was dried over MgSO 4 . The crude product was purified by column chromatography (Cyclohexane/EA, 80/20) to yield an off-white yellow solid (4.60 g, 78%). 165.3, 162.6, 155.2, 155.1, 153.5, 151.3, 143.5, 140.7, 133.3, 127.7, 127.1, 125.5, 120.1, 114.3, 112.9, 100.7, 74.9, 66.6, 59.7, 52.7, 46.3, 27.6, 26.3, 20.7, 18.8 2.60naphthyridine ester 2.59 (1eq., 6.00 g, 12.0 mmol) and LiI (1.2 eq., 1. 93 g, 14.4 mmol) were added to a 100 mL round-bottomed flask under Ar atmosphere, which were solubilized in 50 mL degassed EA, and the resulting mixture was refluxed until complete ester deprotection (approx. 4h). The mixture was quenched with 5% citric acid aqueous solution and extracted with DCM, then washed with H 2 O and dried over MgSO 4 . The remaining salts were filtered off, and the crude product was suspended in 20 mL THF. HCl (5eq., 5.7 mL, 60.0 mmol) was then added dropwise under strong stirring, and a clear red solution was obtained. The mixture was then concentrated until a precipitate starts to form. Upon filtration and subsequent washes with cold THF, and drying uder vacuum, the HCl salt of the naphthyridine acid is obtained as a yellow solid is obtained (5.90 g, 95%). 165.0, 164.4, 155.8, 153.4, 153.2, 151.2, 143.5, 140.8, 134.0, 127.8, 127.2, 125.5, 120.2, 114.8, 113.0, 101.4, 75.6, 66.8, 46.3, 27.6, 18.9. 165.7, 164.2, 163.5, 163.3, 154.6, 153.5, 153.3, 152.9, 151.1,148.0, 147.3, 143.5, 143.4, 141.4, 132.1, 128.5, 127.3, 125.7, 124.5, 121.2, 120.9, 119.8, 119.5, 116.6, 114.5, 78.5, 75.2, 67.9, 67.2, 29.7, 28.3, 28.1, 19.8, 19.4, 19.2, 18.7. HRMS (ES+): m/z calcd for C 52 H 52 N 6 O 8 [M+H] + : 889.1607, found 889.1629.
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2.62-In a dry 5 mL round-bottomed flask containing dimer allyl ester 2.61 (1eq., 0.15 g, 0.17 mmol) and Pd(PPh 3 ) 4 (2 mol%, 0.0039 g, 0.0034 mmol) under Ar atmosphere, 3.5 mL of degassed DCM and PhSiH 3 (2eq., 0.041 mL, 0.34 mmol) were added, and the reaction mixture was stirred at room temperature for 2 h. The reaction mixture was quenched with citric acid 5% aqueous solution, extracted with DCM, and the organic layers were washed with H 2 O, and dried over MgSO 4 . The crude product was dissolved in a 50/50 DCM/Et 2 O solvent mixture, and after sonication a precipitate is obtained. After filtration the product 2.62 is obtained as an orange solid (0.11 g, 76%). 166.5, 163.7, 161.1, 157.2, 155.0, 154.7, 152.9, 148.2, 145.1, 143.4, 143.0, 141.5, 136.4, 135.8, 134.6, 128.7, 128.0, 127.4, 125.1, 124.0, 120.2, 116.7, 98.9, 98.4, 93.8, 75.8, 75.1, 67.8, 29.8, 29.4, 19.4, 19.3. HRMS (ES+): m/z calcd for C 51 H 50 N 6 O 8 [M+H] + : 849.3651, found 849.3633.

2.24-

In a 10 mL round-bottomed flask, pentamer Teoc-protected amine 2.22 (1eq., 0.30 g, 0.17 mmol) with succinic acid (5.3eq., 0.15 g, 1.27 mmol) was treated with 1M TBAF in THF (3 mL) under Ar atomsphere at room temperature for 2h. The reaction mixture was quenched with H 2 O which was extracted with dichloromethane. The organic layer was dried over Na 2 SO 4 and filtered. The solvent was removed to obtain the corresponding hexamer amine as a yellow solid, which was used directly in subsequent reaction without further purification. In a dry 5 mL round-botomed flask under Ar atmosphere, Q 3 PN(DMB)N amine (1eq., 0.20 g, 0.12 mmol), dimer acid 2.62 (1eq., 0.10 g, 0.12 mmol) and PyBOP (3eq., 0.19 g, 0.37 mmol) were solubilized in 2 mL distilled CHCl 3 , to which was added DIEA (3eq., 0.06 mL, 0.37 mmol). The resulting mixture was heated at 35°C overnight. The crude product was purified by column chromatography (9/1 Cyclohexane/EA) to yield 2.24 as a yellow solid (0.18 g, 62%). 2, 163.8, 163.6, 163.3, 163.1, 162.9, 161.3, 160.2, 158.6, 158.0, 156.4, 154.9, 154.7, 154.6,153.3, 151.7, 150.3, 149.8,149.1, 147.7, 147.1, 146.8, 145.4, 144.2, 139.3, 139.1, 138.6, 134.8, 133.7, 133.4, 133.3, 127.3, 122.2, 121.8, 119.4, 115.4, 113.9, 101.3, 100.6, 100.3, 99.9, 99.3, 98.2, 94.1, 93.6, 76.1, 75.7, 45.9, 29.8, 28.4, 28.2, 26.4, 19.9,19.2, 18.9, 18.7, 18. 4,164.2, 163.5, 163.4,163.0, 162.7, 162.6, 161.3, 160.1, 158.0, 156.8, 155.1, 154.9, 154.7, 154.3,150.2, 150.0, 149.1, 147.8, 147.1, 145.5, 145.3, 139.4, 139.1,134.9, 128.2, 128.0, 127.8, 127.6, 126.4, 125.3, 124.4, 123.5, 122.3, 119.3, 119.2, 118.3, 118.2, 118.0, 117.0, 116.4, 104.2, 100.4, 100.0, 99.9, 99.3, 98.9, 98.8, 98.7, 98.3, 98.2, 97.9, 97.7, 75.8, 75.7, 75.3, 74.9, 55.3,54.9, 31.9, 29.7, 29.4, 28.2, 28.0, 19.3, 19. 2.28-In a dry 10 mL round-bottom flask containing Q 3 PNA H 2.27 (1eq., 0.49 g, 0.28 mmol) and succinic acid (5.3eq., 0.18 g, 1.50 mmol) under Ar atmosphere was added 3.5 mL of 1M TBAF in THF and 3.5 mL DMF. The reaction mixture was stirred for 2h, then quenched with H 2 O and extracted with EA, the organic layers collected were washed with brine, and dried over MgSO 4 . Without further purification, the resulting amine, naphthyridine acid 2.21 (1.1eq., 0.11 g, 0.27 mmol) and PyBOP (3eq., 0.38 g, 0.74 mmol) were then added to a 10 mL round-bottom flask under Ar atmosphere, solubilized in 6 mL dry CHCl 3 , then DIPEA (2eq., 0.08 mL, 0.49 mmol) was added and the reaction mixture was stirred at 35°C overnight. The reaction mixture was purified by GPC, the collected fractions were treated with NH 4 Cl 5% aqueous solution and H 2 O and dried over MgSO 4 . A yellow powder of 2.28 is obtained (0.41 g, 83%). 2, 164.1, 163.5, 163.4, 163.2, 163.1, 163.0, 162.9, 162.8, 162.7, 162.6, 161.3, 160.1, 159.9, 158.0, 156.7, 155.0, 154.9, 154.7, 153.4, 153.3, 152.8, 150.1,149.9, 149.1, 147.7, 147.2, 146.8, 145.6, 139.4, 139.0, 138.4, 134.9, 134.4, 133.3, 132.5, 130.3, 128.1, 127.6, 126.1, 125.3, 125.2, 124.4, 123.4, 122.2, 121.5, 119.7, 119.5, 119.3, 119.2, 118.2, 116.8, 116.3, 115.4, 114.8, 114.4, 113.8, 110.4, 104.2, 100.4, 99.9, 98.9, 98.8, 98.6, 98.4, 98.0, 92.5, 75.9, 75.8, 75.6, 75.3, 75.2, 75.0, 74.9, 64.6, 55.3, 54.9, 46.9, 46.5, 46.4, 46.3, 29.7, 28.2, 28.1, 28.0, 27.7, 26.5, 26.4, 19.3, 19.2, 19.1, 17. 

2.30-

In a dry 10 mL round-bottom flask containing Q 3 PNA H N 2.28 (1eq., 0.16 g, 0.09 mmol) and succinic acid (5.3eq., 0.06 g, 0.50 mmol) under Ar atmosphere was added 1.2 mL of 1M TBAF in THF and 0.7 mL DMF. The reaction mixture was stirred for 2h, then quenched with H 2 O and extracted with EA, the organic layers collected were washed with brine, and dried over MgSO 4 . Without further purification, the resulting amine, A F diacid 4.15a (0.47eq., 0.017 g, 0.038 mmol), PyBOP (6eq., 0.12 g, 0.48 mmol) were then added to a 2 mL round-bottom flask under Ar atmosphere, solubilized in 0.7 mL dry CHCl 3 , then DIPEA (3eq., 0.04 mL, 0.24 mmol) was added and the reaction mixture was stirred at 35°C overnight. The reaction mixture was purified by GPC, the collected fractions were treated with NH 4 Cl 5% aqueous solution and H 2 O and dried over MgSO 4 . Without further purification the resulting foldamer was solubilized in 0.5 mL distilled DCM to which was added 0.5 mL TFA. After stirring overnight, the reaction mixture was quenched with NaHCO 3 saturated aqueous solution, extracted with DCM and the organic layers were washed several times with H 2 O. A yellow powder is obtained (0.04 g, 27%). 2.34-In a 10 mL round-bottomed flask equipped with a magnetic stirrer, H monomer (1eq., 0.2 g, 0.40 mmol) was solubilized in 4.8 mL THF and 0.6 mL MeOH. NaOH (2eq., 0.034 g, 0.80 mmol) dissolved in 0.6 mL H 2 O was added, and the reaction mixture was stirred at room temperature for 2h. After quenching with 5% citric acid aqueous solution, and extraction in DCM, the organic layers were washed with H 2 O and dried over MgSO 4 . The product was obtained as a white powder (0.19 g, 97%). 163.7, 162.3, 155.9, 155.2, 148.0, 139.8, 133.2, 126.1, 125.4, 102.3, 100.8, 82.1, 77.5, 76.6, 76.4, 28.5, 28.3, 28.3, 19.7, 19.5. HRMS (ES+): m/z calcd for C 24 H 33 N 3 O 7 [M+H] + : 476.2397, found 476.2391.

2.33-

In a 10 mL round-bottomed flask equipped with a magnetic stirrer, Boc-amine Q 3 PN 2 (1eq., 0.15 g, 0.10 mmol) was solubilized in 1 mL distilled CHCl 3 . 0.5 mL of TFA were then added, and the reaction mixture was stirred at room temperature for 5 h. The reaction mixture was quenched with NaHCO 3 saturated aqueous solution, then extracted with DCM. The organic layer was washed with H 2 O and brine, then dried over MgSO 4 . Q 3 PN 2 amine and 1,8-diazaanthracene acid (1.5eq., 0.06 g, 0.13 mmol) and PyBOP (5eq., 0.22 g, 0.44 mmol) were added to a 5 mL round-bottom flask, and solubilized in 1.2 mL dry CHCl 3 . DIPEA (2eq., 0.03 mL, 0.18 mmol) was then added dropwise, and the reaction mixture was stirred at 45°C overnight. The solvent was rotary evaporated and purified by GPC. The fraction collected was treated with 5% NH 4 Cl aqueous solution, extracted by DCM, then washed with 5% NaHCO 3 aqueous solution and H 2 O, then dried over MgSO 4 . The product is obtained as a yellow solid (0.14 g, 91%). 1, 161.6, 160.9, 154.8, 154.6, 154.2, 153.4, 153.1, 152.4, 151.8, 151.2, 151.1, 150.8, 149.7, 149.0, 148.6, 148.3, 147.4, 147.3, 146.2, 146.0, 145.0, 144.6, 139.8, 139.3, 138.9, 138.3, 135.1, 134.7, 134.5, 134.0, 128.0, 126.5, 125.8, 125.7, 125.0, 124.1, 123.4, 122.6, 120.8, 119.4, 119.1, 118.9, 117.8, 117.2, 116.8, 115.5, 115.3, 114.9, 114.7, 114.0, 108.1, 109.3, 100.9, 99.3, 98.05, 97.8, 96.4, 95.1, 91.9, 80.8, 75.9, 75.4, 29.7, 28.3, 19.3. HRMS (ES+): m/z calcd for C 99 H 104 N 18 O 17 [M+H] + : 1818.3413, found 1818.3439.

2.35-

In a 10 mL round-bottom flask under Ar atmosphere containing Q 3 PN 2 A H 2.33 (1eq., 0.06 g, 0.03 mmol), 0.7 mL of CHCl 3 and 0.3 mL of TFA were added, and stirred at room temperature for 2h. The reaction mixture was quenched with NaHCO 3 saturated aqueous solution, then extracted with DCM. The organic layer was washed with H 2 O and brine, then dried over MgSO 4 . To H monomer acid 2.34 (3eq., 0.05 g, 0.09 mmol) dissolved in 2 mL dry CHCl 3 was added at 0°C 1-chloro -N,N-dimethylpropenylamine (6eq., 0.04 mL, 0.29 mmol). The reaction mixture was stirred at room temperature for 2h, the solvent was then evaporated to afford the corresponding acyl chloride. Q 3 PN 2 A H amine was dissolved in 0.5 mL dry CHCl 3 and DIPEA (6eq., 0.05 mL, 0.29 mmol), and transfered at 0°C to a 2 mL round-bottom flask containing the acyl chloride dissolved in 0.2 mL dry CHCl 3 . The reaction mixture was stirred at room temperature overnight. The solvent was removed under reduced pressure and purified by GPC. One peak was collected and treated with 5% NH 4 Cl aqueous solution, extracted by DCM, then washed with 5% NaHCO 3 aqueous solution and H 2 O, then dried over MgSO 4 . The product is obtained as a yellow solid (0.05 g, 71%). 

2.30-

In a dry 10 mL round-bottom flask containing Q 3 PN 2 A H H 2.35 (1eq., 0.035 g, 0.015 mmol) under Ar atmosphere, 0.7 mL of CHCl 3 and 0.3 mL of TFA were added, and stirred at room temperature for 2h. The reaction mixture was quenched with NaHCO 3 saturated aqueous solution, then extracted with DCM. The organic layer was washed with H 2 O and brine, then dried over MgSO 4 . Without further purification, the resulting amine, A F diacid 4.15a (0.47eq., 0.003 g, 0.007 mmol), PyBOP (20eq., 0.08 g, 0.15 mmol) were then added to a 2 mL round-bottom flask under Ar atmosphere, solubilized in 0.7 mL dry CHCl 3 , then DIPEA (3eq., 0.005 mL, 0.03 mmol) was added and the reaction mixture was stirred at 35°C overnight. The reaction mixture was purified by GPC, the collected fractions were treated with NH 4 Cl 5% aqueous solution and H 2 O and dried over MgSO 4 . Without further purification the resulting foldamer was solubilized in 0.5 mL distilled DCM to which was added 0.5 mL TFA. After stirring overnight, the reaction mixture was quenched with NaHCO 3 saturated aqueous solution, extracted with DCM and the organic layers were washed several times with H 2 O. A yellow powder is obtained (0.02 g, 27%). 

2) Methods for X-ray crystallography data

I. Introduction and project aims

Self-assemblies in the field of molecular recognition have received less attention in the literature than more rigid receptors, as their assembling behaviour is often solvent-/temperaturedependent, 159 which may render them less reliable hosts than more rigid equivalents. A way to control the structure of self-assemblies is to increment a photoswitch which can alternate between two different geometries when irradiated with different wavelengths. A project was therefore put in place to investigate the viability of phototunable self-assemblies as monosaccharide receptors. Given the aggregative behaviour of diazaanthracenes when within a helix, 160 the matter of whether intermolecular photodimerization could occur between two diazaanthracenes from two different strands is brought about. An antiparallel double helix system incorporating two superimposable diazaanthracene units was designed for this purpose. It was expected that the self-assembly and its photoproduct would have different binding affinities towards monosaccharide, which could make this system especially suitable for applications in saccharide transport. 161 From this assumption, a sequence expected to self-assemble into an anti-parallel double helix and containing a photosensitive diazaanthracene unit was synthesized and tested for photoactivity under UV light.

II. Design

As with previous systems designed, a conical segment unable to self-assemble, Q 3 PN 2 , was considered to cap the sequence, to which two monomers coding for a larger diameter are then added to promote self-assembly. One of the two monomers selected is diazaanthracene for its photoactive properties, however due to its poor affinity towards saccharides, a quinoline monomer, abbreviated H, known to bind relatively well with sugars, was selected. Altogether, the sequence designed, 3.1, is as is shown in figure 2. Its Boc protected 2.35 and free amine equivalent 3.1 will be discussed in the next section. The self-assembling behaviour is hard to predict, which means that the diazaanthracenes of each strand may not be stacked well enough to photodimerize directly, but it was hypothesized that under long enough UV irradiation times the self-assembly may rearrange in solution to effectively stack the diazaanthracene units. The synthesis of this system was detailed in the previous chapter.

III. Photocycloaddition of diazaanthracenes within double-stranded self-assemblies 1) Preliminary study of the double-stranded self-assembly

The self-assembly behaviour of 3.1 was probed by variable concentration 1 H NMR (see figure 3 was obtained after 6h of UV irradiation (see figure 4). It can be noticed that unlike in previous examples of photodimerization, intermediate spectra show broader amide peaks, which suggests slow exchange on NMR timescale between several conformations. This may suggest that the self-assembly rearranges in solution to afford a better aromatic stacking between the photoactive units of each helix. However, it can be noted that at 5 ppm, region at which the protons of the photocycloaddition are expected to come out, four protons are found in this region instead of one.

While this was first put on the account of an impurity in the reaction mixture, X-ray crystallography has shown otherwise (see next section). 

b) X-Ray crystallography

Small monocrystals of the photodimer 3.3 were obtained by slow diffusion of diethyl ether in a DMSO solution of the system at 280 K. The photodimer crystallized in P 2 1 space group. The X-ray structure (see figure 6b) of the obtained photoproduct has raised several points. The first is that, as hypothesized, the 9-mer has self-assembled into an anti-parallel double helix (see figure 5a), and remains entirely folded upon photodimerization. The second is that the photocycloaddition did not occur between the two diazaanthracene units to lead to the homophotoproduct, but instead between the planar quinoline H monomer and the diazaanthracene A H monomer, leading to the double heterophotoproduct, similarly to the photocycloaddition previously reported by the Kohmoto group between naphtalene and anthracene 162 and exploited in a chiral supramolecular system. 163 However, unlike what had been previously reported, this example shows that two consecutive photocycloadditions could occur, which has only seldom been reported in the literature, and mostly on [2+2]photocycloadditions. 164 This leads to the formation of a 6.78 Å wide macrocyclic structure (see figure 6). Considering that one main photoproduct is observed in NMR and that the NMR is identical to the NMR spectrum of the crystals redissolved in CDCl3, this implies that (3.1)2 prior to photoirradiation was already assembled in such a way that each diazaanthracene A H unit is superimposed with a quinoline H monomer, instead of being overlaid by another diazaanthracene A H unit, which would have favored the formation of the homophotoproduct.

3) Stability of the photoproduct a) In absence of guest

To assess the stability of the photoproduct 3.3 in solution, it was stored at room temperature in absence of light for several hours, and 1 H NMR was measured at regular intervals to monitor the conversion of the photoproduct back into its starting self-assembly (see figure 7). Based on the half-life of 3.3, which is of 3 days, it can be inferred that compared to the other photoactive systems synthesized this self-assembled photoproduct is much more stable. Furthermore, the photoswitchability of the system was tested over 4 cycles, without any visible photodegradation, however it could be noted that after the second cycle longer irradiation times were required to reach full conversion to its photoproduct, which suggests slight fatigue of the system over several cycles. This difference in stability could be due to several factors, the first is that unlike what has been tested before, the photoproduct is of an anthracene and a quinoline instead of two anthracene units, it could therefore have a different stability. Another possibility is that the two consecutive photocycloadditions further stabilize the the photoproduct. Lastly, there may be less strain on the double helix photoproduct than on a single helix photoproduct.

b) In presence of guest

The stability of 3.3 at room temperature in presence of a monosaccharide, D/L ribose, was also monitored by 1 H NMR in a mixture of 80/20 CDCl 3 /DMSO-d 6 (v/v). However, due to the general broadness of the amide signals in solution (see figure 8), an accurate half-life of the system could not be measured, but it could be inferred that the half-life was lower than that of the system without a host. IV. Investigating the heterophotocycloaddition of diazaanthracenes with quinolines within a preorganized system

1) Photocycloaddition study

In parallel, to verify whether a similar photoproduct is obtained when an anthracene and a quinoline unit is pre-arranged with a turn unit into a sheet system, an A Me TH trimer 3.4 was synthesized and tested (see figure 9). This simpler system was also hypothesized to shed some light on why the the Boc protected sequence 3.2 did not photodimerize as expected. 

2) Stability of the photoproduct

To be able to compare the stability of the heterophotoproduct obtained with previously reported diazaanthracene photoproducts, the photoproduct of the 3.7 trimer was heated at 60°C in absence of light, and monitored by 1 H NMR (see figure 12). The resulting half-life calculated, 32h, is twice as high as that of the A H TA H trimer photoproduct (16h at 60°C), which confirms that the heterophotoproduct between the quinoline and diazaanthracene units has a higher stability than the homophotoproduct between two diazaanthracene units. 

V. Monosaccharide affinity studies

The self-assembled system (3.1) 2 and its photocycloaddition product 3.3 are expected, based on the calculated cavity volumes (approx. 280 and 282 Å 3 respectively, see figure 13), to have good binding affinities towards monosaccharides. Its single-stranded equivalent 3.1 is expected to exist in solution but is not expected to have good binding affinities, as 3.1 as a single strand is conical and cannot seclude the monosaccharide guests from the bulk solvent, and its cavity is too small (with a calculated volume of 167 Å 3 ) to entirely encapsulate a monosaccharide. This is especially true considering that monosaccharides have an average volume ranging between 106 (in the case of xylose) and 129 Å 3 (in the case of fructose) and considering that the optimal host-guest ratio determined by Rebek is of 0.55. CD and NMR titration experiments were therefore carried out to investigate whether there is a difference in monosaccharide binding between 3.1, (3.1)2 and 3.3. CD titrations were carried out at 298 K with chiral D-monosaccharides to probe the affinities of the amine 9-mer 3.1 and its photoproduct 3.3, using an 80/20 CHCl 3 /DMSO (v/v) solvent mixture. As for other designs, the binding affinities cannot be predicted efficiently, a broad screening was therefore performed on commercial D-series monosaccharides. The results indicated that the amine 9-mer 3.1 showed little to no binding, except to D-ribose 2.45 (see figure 14) and D-glucose 2.40 (see figure 15), to which it binds with a moderate affinity of 580 and 5300 M -1 respectively. In both cases, the P helicity of the host is induced, as is attested by the negative CD signals obtained during the titration. In order to define whether the binding affinities found were to be attributed to 3.1 host or to its corresponding self-assembly (3.1) 2 , a Job plot was performed with each guest. The resulting Job plots (shown in figure 16) indicated that the host-guest ratio in both cases was of 1:1. Given the cavity volume of 3.1 and (3.1) 2 calculated previously (167 and 280 Å 3 respectively), it could be deduced that the host is not large enough to accomodate more than one monosaccharide.

Based on this information, it was hypothesized that the 1:1 host-guest ratio could be attributed to 3.1⊃2.45 and 3.1⊃2.40 host-guest systems.

b) Studies on 3.3

The binding affinities of the photoproduct 3.3 defined by CD (in the same conditions as for 3.1)

on the other hand are much higher, and bind to all tested monosaccharides except for xylose 2.46.

While the binding affinities are modest D-arabinose 2.44 (see figure 17), reportedly 3910 M -1 , they are highest for D-2.45 (see figure 18) with a K a of 275400 M -1 and for D-fructose 2.41 (see figure 19)

with an affinity of 74400 M -1 , and average for D-2.40 glucose (see figure 21) and D-mannose 2.42 (see figure 20), respectively 17100 and 20190 M -1 . It can be noted that the binding of 2.45 is enhanced 480-fold when converting the 3.1 host to its corresponding photoproduct 3.3, and the same helicity (P) is induced. Similarly, the affinity of 3.1 for 2.40 is enhanced upon photoirradiation, but the opposite helicity was induced. Unlike 3.1, there was no ambiguity on the host-guest ratio between 3.3 and the various monosaccharide guests, as 3.3 was not expected to self-assemble, and the binding plots obtained with the different guests do not suggest that more than one monosaccharide is encapsulated. The data collected can be summed up in the following table (see table 1). The low binding affinities of the host were successfully increased using light, and it can be noted that a strong difference in selectivity is also obtained upon photoirradiation of the guest, with an especially strong affinity for D-2.45 ribose and D-2.41 fructose while the original 9-mer 3.1 had no detectable binding affinity for D-2.41, and a moderate to low binding affinity for all the other monosaccharides tested, to the exception of D-2.46. The medium cavity volume of the host (320 Å 3 ) may also suggest that it could bind larger monosaccharide derivatives such as N-acetylglucosamine 2.47 which has a volume of 168 Å 3 (which would have led to a packing ratio of around 0.52), or even sialic acid 2.48, however both the original 9-mer 3.1 and its photoproduct 3.3 have shown no binding affinity towards 2.47 and 2.48.

2) Binding affinity studies of 3.1 by NMR

When performing NMR titrations of 3.1 with the same monosaccharide guests, the binding affinities found are higher. For instance, titration of 3.1 with racemic 2.45 (see figure 22) led to new amide signals. Similarly, it was found that mannose 2.42, which showed no binding by CD titration, yielded sharp signals (see figure 23) when titrated with 3.1 by NMR, which suggests that some binding occurs.

It can however be noted that a minor host-guest species is also formed, as is attested by the several small sharp peaks in NMR. The calculated Ka value is of 950 M -1 . 

3) Binding affinity studies of 3.3 by NMR

The accurate binding affinities of the photodimerized host 3.3 however is difficult to determine by NMR as the amide protons, which are used to determine the binding constants, broaden upon guest addition. This is exemplified by titration experiments carried out with racemic ribose (see figure 24). In pure DMSO, 3.3 shows sharp amide signals, however in the 90/10 (v/v) CHCl3/DMSO solvent mixture the signals obtained are much broader, and upon guest addition the peaks further broaden. 

VI. Modulating the binding affinity in situ using light

In order to check whether the switch in the helicity of the host-guest system can be triggered by direct irradiation of the 3.1 ⊃ sugar complex, a sample of 50 μM 3.1 ⊃ D-2.40 complex was irradiated under 320-390 nm light, and the CD signal was monitored after several irradiation times (see figure 25, left). Additionally, the UV trace of the photoproduct (figure 25, right) is slightly different from the original 3.1. This provides a way to monitor the conversion of the host into its photoproduct 3.3. The data collected indicated that while the conversion of 3.1 into its photoproduct 3.3 was not total (as the UV spectrum after irradiation in purple is not the same as that of the pure photoproduct 3.3 in presence of D-2.40 in yellow), it was sufficient to partially reverse the helicity of the host. On the right, UV spectra of the 3.1⊃D-glucose complex prior to irradiation in grey, after 1h irradiation in pink, after 2h in blue and after 3h in purple. For comparison, the spectrum of the 3.3⊃D-glucose complex complex is in yellow.

This prompted further experiments to evaluate whether direct photoirradiation of 3.1 in presence of a sugar to which it does not bind would induce binding, and from there potential experiments could be carried out in view of applying this system to saccharide transport.

A first experiment was carried out to assess the capacity of the photodimerized host 3.3 to extract monosaccharides. In order to do this, a 500 μM aqueous solution of D-2.45 was deposited at the surface of of a 50 μM CHCl 3 /DMSO 95/5 solution of photodimerized host 3.3. Without stirring, several CD spectra were recorded after different time intervals (see figure 26). While an increase in CD induction can be perceived over time, the intensity of the CD signal obtained is much lower than in the titrations previously performed. After 10h, the induced CD signal reaches its peak value, after which a plateau is reached, indicating that sugar uptake has reached its limit. water on the other side refered to as OUT phase (according to figure 27c). Masking tape and aluminium foil were then used to cover half of this U-tube apparatus (half of the organic phase and the layer of pure water) and the rest of the tube was irradiated with UV light. After different irradiation times, the OUT aqueous layer was analyzed by CD in the 180-250 nm region to detect whether some D-2.45 was present. Before UV irradiation, no CD signal was obtained, but upon irradiation the OUT phase slowly showed CD activity at the wavelengths at which ribose absorbs. The peak value of -41 cm 3 .mmol -1 was obtained after 24h of UV irradiation. The OUT phase after 48h was then dried and analyzed by 1 H and 13 C NMR spectra, to confirm whether D-2.45 (ribose) is present.

The resulting spectra show five 13 

VII. Conclusion and perspectives

In conclusion, a design combining a Q 3 PN 2 conical segment unable to self-assemble and an A H H segment prone to aggregation has successfully led to an anti-parallel double helix self-assembly (3.1) 2 .

This double helix was found to photodimerize, however unlike what had first been hypothesized, the photocycloaddition process occurred between a diazaanthracene and a planar quinoline unit, and was carried out twice in a row, indicating that the self-assembly provided sufficient aromatic stacking to favor the double heterophotocycloaddition product 3.3. Further studies on this heterophotocycloaddition reaction were carried out in a simpler system, and have shown that the reaction can be hindered by issues in the folding of the hydrazine unit of the quinoline (H) monomer, the elongation of 3.1 with more A H H segments to afford a bigger host seems ill-advised. The photoproduct 3.3 of the self-assembly has shown a higher stability at room temperature (with a half-life of 3 days at room temperature) than the other photoproducts reported so far. Given the potential of the photoproducts to serve as storage vessels, having a library of phototunable foldamers with each a different half-life can provide a panel of short-to long-term storage options.

A strong difference in monosaccharide binding properties was noticed, with a strong preference of the saccharides for the photoproduct 3.3. Preliminary experiments have shown that the photoirradiation of the self-assembly in situ has efficiently increased its binding affinity towards monosaccharides, which could then be reversed by heating at 60°C. Applications of this system in guest binding and controlled release, for instance in guest transport across a liquid membrane, has shown a promising start, however further optimization of the reaction conditions is necessary.

VIII. Protocols and characterization 1) Protocols

3.1 -Boc protected octamer amine 2.35 (1eq., 0.090 g, 0.028 mmol) was dissolved in 0.7 mL distilled CHCl 3 , to which was added 0.3 mL TFA dropwise. The reaction mixture was stirred at room temperature for 3h, after which the excess TFA was quenched with an aqueous saturated solution of NaHCO 3 , and the product was extracted with DCM. The resulting organic layers were washed with water and brine, and were then dried over MgSO4. The pure product was obtained as a yellow powder (0.085g, 98%). : 166.4, 164.3, 163.6, 162.7, 152.8, 151.5, 150.2, 148.5, 148.2, 146.0, 144.8, 138.1, 137.5, 137.1, 136.9, 138.6, 130.7, 129.5, 129.2, 125.4, 125.0, 121.6, 121.5, 120.2, 118.9, 113.9, 98.9, 96.5, 94.0, 80.1, 75.4, 75.3, 53.4, 28.4, 28.4, 28.0, 19.3, 18.1, 18.0, 13.1. HRMS (ES+ ): m/z calcd for C51H59N8O11 [M+H] + 959.4297 Found 959.4298.

-

The TA Me Boc amine (1eq., 0.050 g, 0.038 mmol) was dissolved in 1.4 mL of distilled CHCl 3 , to which 0.6 mL of TFA was added dropwise. After stirring at room temperature for 3h, the reaction mixture was quenched with a saturated aqueous solution of NaHCO 3 , and the crude product, extracted with DCM, and the organic layers dried over MgSO 4 . Without further purification, the deprotected amine and quinoline H acid 2.34 (1.5 eq., 0.027 g, 0.057 mmol), along with PyBOP (3eq., 0.059 g ,0.11 mmol), were dissolved in 1.5 mL of distilled CHCl3, and stirred at 40°C overnight. The reaction mixture was then treated with NH 4 Cl 5% aqueous solution, extracted with DCM, and the organic layers dried over MgSO 4 . The crude product was purified by flash chromatography (SiO 2 ) using cyclohexane/EA 100/0 to 80/20 (v/v) as eluent, affording the pure product as a yellow solid (0.035 g, 71%). 13 C NMR (75 MHz, CDCl 3 ) δ, ppm: 163.2, 163.0, 161.9, 161.7, 160.8, 160.5, 159.9, 154.8, 154.7, 154.3, 154.1, 151.3, 149.6, 149.3, 148.2, 148.2, 145.4, 145.2, 144.1, 141.4, 137.5, 137.4, 137.2, 134.9, 133.9, 130.3, 129.2, 124.9, 120.7, 119.1, 119.0, 113.0, 99.9, 98.4, 98.2, 98.1, 96.4, 96.1, 94.3, 75.3, 74.6, 29.8, 28.5, 28.3, 27.9, 19.2, 19.1, 17.9. 

HRMS (ES+

-

The TA Me Boc amine 3.4 (1eq., 0.020 g, 0.015 mmol) was dissolved in 0.7 mL of distilled CHCl 3 , to which 0.3 mL of TFA was added dropwise. After stirring at room temperature for 3h, the reaction mixture was quenched with a saturated aqueous solution of NaHCO3, and the crude product, extracted with DCM, and the organic layers dried over MgSO 4 . The product was afforded as a yellow solid (0.017 g, 94%). 3.11 -Monoboc protected amine turn unit (1 eq., 0.010 g, 0.018 mmol), diazaanthracene acid (1.3 eq., 0.010 g, 0.024 mmol) and PyBOP (3 eq., 0.028 g, 0.054 mmol) were dissolved in 1 mL distilled CHCl 3 , to which was added DIEA (4eq., 0.012 mL, 0.072 mmol) dropwise. The reaction mixture was stirred at 40°C overnight, after which the mixture was quenched with NH 4 Cl 5% aqueous solution, extracted with DCM, and the organic layers dried over MgSO 4 . The crude product was purified by flash chromatography (SiO2) using cyclohexane/EA 90/10 (v/v) as eluent, to yield the pure product as an orange solid (0.012 g, 70%). 163.9, 163.4, 162.4, 153.4, 152.8, 151.7, 148.4, 148.1, 147.8, 146.7, 138.0, 137.0, 136.7, 136.5, 130.8, 129.7, 129.4, 129.1, 124.9, 124.9, 122.1, 121.8, 120.3, 118.9, 117.2, 99.2, 96.9, 94.0, 80.0, 75.4, 75.3, 53.4, 28.3, 28.0, 19.2, 18.0, 17.9. 3.12 -The TA H Boc amine 3.11 (1eq., 0.012 g, 0.013 mmol) was dissolved in 0.7 mL of distilled CHCl3, to which 0.3 mL of TFA was added dropwise. After stirring at room temperature for 3h, the reaction mixture was quenched with a saturated aqueous solution of NaHCO 3 , and the crude product, extracted with DCM, and the organic layers dried over MgSO 4 . Without further purification, the deprotected amine (1eq., 0.010 g, 0.012 mmol) and quinoline acid 2.34 (1.5 eq., 0.008 g, 0.018 mmol), along with PyBOP (3eq.,0.019 g ,0.036 mmol), were dissolved in 0.5 mL of distilled CHCl 3 , and stirred at 40°C overnight. The reaction mixture was then treated with NH 4 Cl 5% aqueous solution, extracted with DCM, and the organic layers dried over MgSO 4 . The crude product was purified by flash chromatography (SiO 2 ) using cyclohexane/EA 95/5 to 70/30 (v/v) as eluent, affording the pure product as a yellow solid (0.009 g, 64%). 13 C NMR (75 MHz, CDCl3) δ, ppm: 165.3, 163.2, 162.8, 160.3, 158.0, 155.1, 150.6, 148.4, 148.3, 147.1, 146.4, 144.7, 139.9, 131.7, 130.6, 130.2, 129.4, 129.1, 126.8, 125.6, 120.8, 119.8, 119.8, 115.3, 112.8, 110.3, 99.9, 99.7, 98.2, 94.1, 75.4, 75.0, 52.4, 28.4, 28.2, 19.6, 18. 

HRMS (ES+

-

The TA H H Boc amine 3.12 (1eq., 0.012 g, 0.013 mmol) was dissolved in 0.7 mL of distilled CHCl 3 , to which 0.3 mL of TFA was added dropwise. After stirring at room temperature for 3h, the reaction mixture was quenched with a saturated aqueous solution of NaHCO3, and the crude product, extracted with DCM, and the organic layers dried over MgSO 4 . The product was afforded as a yellow solid (0.008 g, 98%). 3.14 -In 0.5 mL of degassed chloroform, the TA H H amine 3.13 (0.01g, 0.0077 mmol) was dissolved and irradiated under Ar atmosphere. After 2h, the photoproduct was obtained quantitatively. 

2) X-ray crystallography data

I. Introduction

An undeniable impediment in the elaboration of larger host structures is its synthesis and the synthetic constraints which are involved. The longer the synthetic sequence targeted, the higher the chance of either having purification difficulties or of having lower reaction rates due to aggregation problems. A way to counter these difficulties is to design sequences which can self-assemble into larger objects through local non-covalent interactions, such as hydrogen bonding, 165 electrostatic interactions, 166 aromatic stacking, or hydrophobic effects. 167 Often inspired by architectures already present in nature, ranging from DNA double helices to the self-assembly of microtubules, supramolecular chemists have developed several strategies to achieve well-defined self-assemblies, involving an array of hydrogen bonds, 168 metal coordination, 169 π-π interactions or solvophobic effects. 170 The Huc and Ferrand groups have presented several examples of self-association behaviour when synthesizing oligomers from monomeric units coding for a large diameter and relatively low curvature, leading to helical duplexes and triplexes, 171 and have reported that multi-stranded helices lead to an increase in cavity size when compared to their single-stranded counterparts. This fast access to hosts with large cavities therefore made them interesting targets for host-guest chemistry, often showing good binding abilities for guests of the appropriate size. 172 The aim of the following project is to develop a reliable methodology to achieve larger host systems, and to produce a host large enough to encapsulate disaccharides.

II. Design of a self-assembled capsule

Based on these results, a design for an antiparallel double-stranded helix was elaborated according to figure 1. This design planned to incorporate several A H and N units in the center to encourage double stranding, which would be linked to a terminal cone-like Q 3 PN 2 segment. The strong curvature and low diameter of Q monomers does not allow them to self-assemble into multi-stranded helices, which makes them suitable to "cap" the sequence. The caps are predicted in this sequence to favor a head-to-tail dimeric arrangement, instead of head-to-head conformation, which would place two Q 3 bulky cones too close to each other. The initial choice of A H as a repeating unit at the center of the foldamer was mainly motivated by the fact that it has no bulky substituent on its central aromatic ring, unlike all of its other analogues developed, namely A F , A Me , and A OMe , presenting a protruding fluorine, methyl, and methoxy group respectively. A H therefore maximizes the volume of the designed foldamer's cavity (see figure 2) compared to A F , A Me and A OMe . Molecular modelling and cavity volume calculations using SURFNET show that substitution of A H for A F in the design would reduce the cavity volume from 669 to 611Å 3 , to 505 Å 3 in the case of A Me , and in the case of A OMe would further reduce the cavity volume to 434 Å 3 .

It can also be noted that the resulting cavity is truncated a little more at its center with every increase in diazaanthracene substituent size, shifting towards an "E"-shaped cavity in the case A OMe , which can only, as a result, accommodate smaller, linear guests. 

III. Synthesis 1) Initial synthetic plan

The synthesis of sequence Q3PN2A H NA H NA H N 4.1 was divided into the synthesis of three shorter segments (see figure 3), Q 3 PN 2 2.32, A H N(Fmoc) 4.2 and A H N(Piv) 4.3 to facilitate purification by GPC, which separates compounds by their size. In this manner, a decamer sequence will be easier to separate from an octamer than from a nonamer. The synthesis of two distinct dimer sequences was advocated to ensure that the pivaloyl stopper on the final naphtyridine would be present, otherwise pivaloyl protection of the terminal amine of the sequence at the very end of the synthesis might be incomplete, and therefore bring about further purification problems. 

2) Positioning the DMB tertiary amide

It was therefore hypothesized that the DMB group had a destabilizing effect, therefore a new dimer was designed, leaving the DMB group on the terminal amine function of the dimer (see figure 5).

While the first coupling between the dimer acid 4.5 and the Q 3 PN 2 amine 2.32 took place (66% yield), further couplings between the dimer acid 4.5 and the Q3PN2A H N(DMB) amine 4.6 have been unsuccessful, suggesting that the secondary amine is not reactive enough, either due to poor nucleophilicity or steric hindrance. It was then concluded that the DMB group must be between the A H and N unit within the dimer to avoid reactivity issues. Another dimer was synthesized with the DMB group on the amine of the N monomer, to assess whether this change could stabilize the dimer. This hypothesis was verified, as the deprotection of the ester did not lead to any detectable degradation, however the resulting acid 4.8 (see figure 6) was found to have low reactivity regardless of the solvent when coupled to the conical Q 3 PN 2 segment 2.32 (less than 5% coupling after 24h). 

3) Switching anthracene building block

Considering that the most reactive carboxylic acid segment is on the 1,8-diazaanthracene unit, that the deprotection of the ester to the corresponding acid was troublesome in the case of the first dimer, and that the DMB group should be included as a tertiary amide between the 1,8-diazaanthracene and the naphtyridine monomer, the A H monomer was substituted by one of its analogues, A F . This monomer has shown a higher level of stability than its A H counterpart in several reaction conditions, and has the added benefit of forming acyl chlorides in presence of Ghosez reagent, which could potentially boost coupling reactions. While its fluorine atom will decrease the overall cavity volume, this remains a good compromise. The A F (DMB)N dimer was synthesized, and has shown a much better stability overall, including after deprotection of the ester into its corresponding carboxylic acid 4.10. Its coupling to Q3PN2 amine 2.32

(see figure 7) led to the desired compound with a satisfactory yield (60%). The subsequent deprotections of the terminal amine by TBAF in presence of succinic acid (to neutralize the basicity of TBAF, hence avoiding tertiary amide cleavage) and couplings with 4.10 dimer, deprotection and final coupling with A F N dimer acid 4.13 took place in low yields (34%), leading to the final DMB-protected sequence. To obtain the final, double-stranded conformation, the DMB groups were removed by treatment with TFA. The resulting compound 4.14 was obtained, however the double and single-stranded conformations can both be seen by NMR (as there are twice as many amide signals than were expected).

IV. Characterization of the self-assembly 1) Self-association behaviour of the host

The self-association behaviour of the 4. 

2) Crystal structure of empty host

The crystal structure of 4.14 obtained from slow diffusion of n-Hexane solution in 2mM solution of the foldamer in CHCl3 confirmed the anti-parallel double helix conformation, and shows a similar helix pitch (7.26 Å) as the one calculated from the model (7.29 Å). The cavity volume calculated is slightly lower than estimated (586 instead of 611 Å 3 ), nevertheless the cavity remains large enough to accomodate disaccharides (with volumes ranging from 185 to 245 Å 3 ), and possibly small trisaccharides (320 to 365 Å 3 ).

the crystal structure of di-and trisaccharides and the crystal structure of the host on Maestro. Based on the morphology of the cavity, some di-and trisaccharides could have some difficulty to bind the host. In the case of melezitose 4.20, a glucose-fructose-glucose trisaccharide, its globular surface makes it suitable length-wise, but inappropriate in terms of diameter, as is exemplified by the distorted fluorine atoms and aromatic units. As can be seen from the model (figure 11g), the large diameter in this case would force the host to rearrange (leading to torsions through several amide bonds), which would most likely result in lower binding, 4.20 was therefore not included in the CD screening experments. In the case of arabinotriose 4.17 (figure 11a) which is a smaller trisaccharide, the fit seems more likely as there is still some space between the Q 3 stoppers and the sugar, and the diameter is small enough to fit within the cavity without further rearrangement. The model of host-mannotriose 4.18 complex (figure 11 c) suggests that the space between 4.18 guest and the Q 3

stoppers may indicate difficulties in binding with the host 4.14. 

V. Saccharide binding affinity studies 1) Circular dichroism studies

After defining a list of appropriate guests to test, a CD screening was performed to see with which guests the host would have a higher affinity. The results indicate that only one guest yielded CD signal: sucrose 4.19. Given its widespread use as a sweetner, the affinity of the 4.14 host for it, measured in 80/20 CHCl 3 /DMSO-d 6 (v/v) solvent mixture at a 50 μM concentration, is too high to accurately fit (Ka= 3.63 10 10 M -1 calculated from the CD data). This indicates strong affinity, which, while it is not accurately quantifiable, is promising. To obtain more accurate values, several possibilities can be considered. The first possibility is to increase the proportion of DMSO in the solvent mixture to reduce binding affinity to a measurable level (or to reduce the concentration of host for the same purpose). A second possibility could be to consider other methods of measurement (calorimetry, UV-spectroscopy, etc). However while CD data shows clear binding affinities between 4.14 host and 4.19 sucrose guest, the 1 H NMR data is less conclusive. 

2) 1 H NMR studies

VI. Conclusion and perspectives

In conclusion an approach to successfully overcome strand self-assembly during its synthesis has been found, outlining two important factors, the first being the position of the DMB separating group on the building block to maximize local hydrogen bonding disruption, and therefore minimize aggregation behaviour, and the second factor is the stability of the dimer used as the main building block. For this purpose it has been shown that A F monomer was a more suitable choice than its A H equivalent, as it is stable even when part of a dimer, and its central fluorine atom does not take as much of the central cavity space as A Me or A OMe monomers would. The lower yields of the final synthetic steps indicate, however, that some optimization is still required before attempting to produce even longer sequences.

Concentration-variable 1 H NMR suggests that self-assembly is occurring, which would support the hypothesis that the double-helix is obtained at higher concentrations. Considering the high cavity volume (611 Å 3 ) estimated by SURFNET software, the designed sequence can be expected to encapsulate disaccharides and small trisaccharides (common trisaccharides have volumes ranging from 300 to 370Å 3 ).

Given that the designed sequence has three photosensitive A F units which are not superimposed, and which do not always photodimerize quantitatively, the phototunability of this design is limited on its own. While this design had not been conceived with the intent to make it a phototunable host, the results presented in the previous chapter provide an opportunity to make larger photo-modifiable foldamers.

VII. Protocols and characterization 1) Protocols

4.22-Amine diazaanthracene 2.63 (1 eq., 0.4 g, 1.0 mmol) and 2,4-dimethoxybenzaldehyde (3eq., 0.5 g, 3.0 mmol) were dissolved in 1,2-dichloroethane (5mL) then, sodium triacetoxyborohydride (3eq., 0.63 g, 3.0 mmol) was added and the reaction mixture was let to stir at 40°C. After 5 days, the reaction mixture was diluted with dichloromethane and quenched with aqueous saturated NaHCO 3 solution. The organic layer was washed with distilled water, brine then, dried over MgSO 4 , filtered and the solvents were removed under reduced pressure. The residue was purified by flash chromatography (SiO 2 ) using DCM/acetone 8/2 (vol/vol) as eluent to give 4.22 (0.40 g, 73 %) as a yellow solid. 166.7, 163.4, 161.6, 160.3, 158.8, 158.6, 150.1, 149.3, 148.7, 131.0, 123.5, 120.2, 119.6, 117.4, 115.8, 103.9, 98.5, 97.5, 91.2, 74.7, 74.2, 55.4, 55.3, 53.1, 40.7, 28.3, 28.2, 19.2, 19.1. 4.5eq., 7.4 mL, 42.39 mmol), and the reaction mixture was cooled to 0°C. Pivaloyl choride (1.5eq., 1.4 mL, 11.30 mmol) was then added dropwise, and the reaction was left to proceed under room temperature overnight. Upon quenching with saturated NaHCO 3 aqueous solution and extracting with DCM, the organic layer was washed sccessively with NH4Cl saturated aqueous solution, brine, and H2O, then dried over MgSO4. After trituration in 30 mL MeOH, a white precipitate is obtained after filtration and washes with cold MeOH (1.9 g, 74%). 1, 164.3, 162.6, 155.2, 155.1, 151.5, 149.3, 133.3, 125.5, 120.1, 114.3, 112.9, 100.7, 74.9, 66.6, 59.7, 54.7, 42.7, 29.8, 27.6, 26.3, 20.7, 18.8. 6, 171.7, 167.1, 163.2, 155.9, 155.4, 133.7, 116.4, 113.8, 101.2, 75.4, 71.9, 44.5, 28.1, 27.3, 19.4. 2, 166.1, 163.6, 162.9, 162.0, 160.4, 158.9, 158.3, 157.9, 156.3, 151.0, 150.6, 148.8, 143.1, 132.0, 131.8, 129.6, 127.0, 126.8, 126.5, 126.1, 125.3, 125.1, 125.0, 120.9, 120.6, 119.3, 119.0, 118.2, 114.3, 113.7, 112.8, 110.5, 107.3, 106.9, 100.1, 99.9, 98.8, 98.5, 75.7, 74.8, 67.0, 66.8, 54.2, 48.5, 40.7, 28.3, 28.2, 19.8, 19.2. 4.4b-In a 5 mL dry flask containing A H (DMB) amine (1eq., 0.060 g, 0.094 mmol), N acid 2.60 (1.1eq., 0.050 g, 0.104 mmol) and PyBOP (3eq., 0.146 g, 0.282 mmol) under Ar atmosphere was added 1 mL of distilled CHCl3. Distilled DIEA (4eq., 0.06 mL, 0.376 mmol) was then added dropwise and the resulting reaction mixture was stirred at room temperature overnight. NH 4 Cl 5% aqueous solution was then used to quench the mixture, which was then extracted with DCM, and the organic layers collected were washed with H 2 O and brine, and dried over MgSO 4 . The product was purified by GPC, the collected peak was treated with NH 4 Cl 5%, extracted with DCM, washed with H 2 O, and dried over MgSO 4 , yielding the pure product as a yellow solid (0.066 g, 63%). (1.1eq., 0.044 g, 0.100 mmol) and PyBOP (3eq., 0.155 g, 0.300 mmol) under Ar atmosphere was added 1 mL of distilled CHCl 3 . Distilled DIEA (4eq., 0.06 mL, 0.400 mmol) was then added dropwise and the resulting reaction mixture was stirred at room temperature overnight. NH 4 Cl 5% aqueous solution was then used to quench the mixture, which was then extracted with DCM, and the organic layers collected were washed with H 2 O and brine, and dried over MgSO 4 . The product was purified by GPC, the collected peak was treated with NH 4 Cl 5%, extracted with DCM, washed with H 2 O, and dried over MgSO4, yielding the pure product as a yellow solid (0.068 g, 73%). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm): 165.5, 163.9, 163.7, 163.6, 159.9, 158.8, 158.3, 154.7, 154.4, 153.6, 152.6, 151.0, 147.9, 147.2, 142.1, 132.4, 131.9, 129.7, 128.2, 127.1, 126.1, 125.6, 124.1, 120.9, 119.7, 119.5, 119.0, 117.0, 116.8, 114.4, 111.9, 110.1, 82.0, 78.5, 67.1, 46.3, 45.9, 28.3, 28.1, 26.4, 26.3, 24.2, 19.8, 18.6. 4.6-In a 5 mL round-bottomed flask were added 2.32 hexamer amine (1 eq., 0.09 g, 0.066 mmol), dimer acid 4.5 (1.2 eq., 0.07 g, 0.079 mmol) and PyBOP (2 eq., 0.08 g, 0.14 mmol), which were then dissolved in 2 mL distilled CHCl 3 . DIEA (3 eq., 0.04mL, 0.30 mmol) was then added dropwise and the reaction mixture was left to stir at 35°C overnight. The reaction mixture was then quenched with NH 4 Cl 5%, and the crude product was extracted with DCM, the organic layers washed with H 2 O and dried over MgSO 4 . The pure product was obtained after GPC purification as a yellow solid (0.06 g, 41%). 163.0, 160.4, 159.8, 158.7, 157.6, 150.7, 132.2, 131.4, 130.4, 119.3, 118.9, 110.7, 103.9, 99.7, 98.6, 75.1, 66.6, 55.3, 40.9, 28.2, 19.2. HRMS (ES+): m/z calcd for C25H29N3O5 [M+H] + : 452.2180 found 452.2183.
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4.27-

In a 25mL dry flask containing A H amine (1eq., 0.30 g, 0.75 mmol) and Fmoc-OSu (1.2eq., 0.30 g, 0.90 mmol), 10 mL of dry DCM was added, to which DIEA (2eq., 0.26 mL, 1.50 mmol) was added dropwise. The reaction was stirred overnight, and the crude product was purified by column chromatography on SiO2 using DCM/EA 9/1 as eluent. The pure product was obtained as a yellow solid (0.27 g, 58%). 4.28-In a 5mL dry round-bottomed flask 4.27 (1eq., 0.075 g, 0.12 mmol) and LiI (8eq., 0.13 g, 0.97 mmol) were added, and 15 mL of degassed ethyl acetate was added ,and the reaction mixture was refluxed for 3h. After returning to room temperature, the reaction mixture was concentrated and diethyl ether was added to induce precipitation. The precipitate was filtered, washed with diethyl ether and cold ethyl acetate, then washed with a 5% solution of citric acid, and washed several times with H 2 O. The precipitate was then azeotroped with toluene to yield the product (0.068 g, 94%). The reaction mixture was cooled to 0°C, and NaOH (1.1 eq., 0.38 g, 9.58 mmol) dissolved in 32 mL H 2 O was added dropwise over 30 minutes. The reaction mixture was then stirred for 4h at room temperature, then quenched with 5% citric acid aqueous solution. THF was evaporated under reduced pressure, and the yellow precipitate formed was filtered and purified by column chromatography (9/1 DCM/Acetone), yielding the clean product 4.15 as a yellow solid (2.0 g, 52%), the starting material 4.27 (1.60 g, 41%) and the diacid product 4.15a was also isolated as a side product (0.20 g, 5%). 13 C NMR: (75 MHz, 3 , δ in ppm): 165.9, 164.5, 164.2, 163.4, 163.3, 155.0, 152.3, 151.9, 149.7, 136.5, 136.4, 134.6, 134.5, 122.7, 122.5, 111.6, 111.5, 100.1, 97.6, 76.0, 75.7, 53.7, 28.4, 28.3, 19.2. 165.4, 163.4, 154.2, 153.7, 150.9, 149.8, 129.8, 121.2, 120.0, 119.4, 111.2, 110.9, 98.8, 92.7, 75.2, 75.1, 64.3, 60.3, 56.5, 53.4, 28.3, 22.2, 19.4, 17.5, -1.4. 4.17-In a 25 mL round-bottomed flask eq.uipped with a magnetic stirrer, 1,8-diazafluoroanthracene ester 4.16 (1eq., 0.6 g, 1. 16 mmol) and LiOH (2eq., 0.1 g, 2.33 mmol) were dissolved in THF (7 mL)and H 2 O (0.7 mL), and stirred at room temperature for 3h. The reaction mixture was quenched with 5% citric acid aqueous solution, extracted by DCM, then washed with H2O and brine, then dried over MgSO 4 . The product was obtained as a yellow solid (0.57 g, 98%). 3, 163.5, 154.6, 153.6, 149.2, 132.8, 122.4, 119.4, 111.6, 96.7, 92.9, 75.7, 75.4, 64.6, 29.7, 28.2, 19.2, 19.1, 17.6, -1.4. 4.18-In a 10 mL round-bottomed flask eq.uipped with a magnetic stirrer under Ar atmosphere, A F acid 4.17 (1eq., 0.57 g, 0.96 mmol) and PyBOP (2eq., 1.00 g, 1.91 mmol) were solubilized in 5 mL distilled CHCl 3 and DIPEA (2eq., 0.32 mL, 1. 91 mmol). Allyl-OH (2eq., 0.13 mL, 1.91 mmol) was added dropwise and the reaction mixture was stirred at room temperature overnight. After quenching with 5% NH 4 Cl aqueous solution, and extraction in DCM, the organic layers were washed with H 2 O and dried over MgSO 4 . The pure product 4.18 was obtained after column chromatography (8/2 Cyclohexane/EA) as an orange powder (0.51 g, 83%). 166.3, 165.4, 163.4, 155.7,154.1, 153.7, 153.4, 151.1, 150.0, 131.9, 121.2, 121.0, 119.4, 119.3, 119.2, 111.0,110.8, 98.8, 92.7, 75.2, 75.1, 67.2, 64.3, 28.3, 26.9, 19.2, 17.6, -1.4. 165.2, 163.5, 159.7, 143.7, 131.9, 129.2, 128.7, 125.6, 124.1, 119.4, 118.9, 115.7, 114.1, 98.9, 92.1, 75.6, 75.3, 67.3, 28.1, 26.3, 22.8, 19.7. 163.7, 162.5, 162.0, 153.1, 151.7, 151.1, 145.4, 139.2, 139.0, 135.0, 134.2, 128.0, 127.6, 127.4, 126.2, 124.5, 124.2, 122.3, 121.2, 118.4, 118.1, 117.0, 116.0, 0.15 g, 0.099 mmol) was solubilized in 1 mL distilled CHCl 3 . 0.5 mL of TFA were then added, and the reaction mixture was stirred at room temperature for 5 h. The reaction mixture was quenched with NaHCO 3 saturated aqueous solution, then extracted with DCM. The organic layer was washed with H2O and brine, then dried over MgSO4. To a 2 mL round-bottomed flask containing A F N dimer 4.10 (1.1eq., 0.11 g, 0.122 mmol), PyBOP (3eq., 0.17g , 0.33 mmol), and Q3PN2 2.32 amine (1eq., g, mmol)

under Ar atmosphere was added 1 mL distilled CHCl 3 and DIEA (4eq., 0.07 mL, 0.44 mmol), and the reaction mixture was stirred at 35°C overnight. The next day, the reaction was quenched with 5% NH 4 Cl, extracted with DCM, washed with H 2 O and brine, and dried over MgSO 4 . The crude product was purified by GPC, the first peak collected was treated with NH 4 Cl 5% aqueous solution, extracted with DCM, washed with H 2 O and dried over MgSO 4 . A yellow powder was obtained (0.14 g, 60%). 6, 164.4, 163.9, 163.6, 163.4, 163.3, 163.2, 163.1, 162.9, 162.8, 162.5, 162.4, 162.0, 161.4, 160.7, 160.22, 159.9,157.6, 156.5, 154.8, 154.7, 154.4, 154.2, 153.8, 153.5, 153.2, 153.0, 152.80, 151.31, 150.9, 149.5, 149.0, 147.7, 144.9, 140.0, 139.0, 138.9, 138.6, 134.8, 134.5, 134.1, 133.9, 130.4, 128.1, 127.1, 125.9, 125.8, 124.1, 123.5, 122.3, 121.4, 120.4, 119.9, 118.5, 117.9, 117.0, 115.6, 115.3, 115.1, 114.9, 114.3, 112.6, 111.8, 110.0, 108.9, 104.5, 101.3, 100.3, 99.4, 98.3, 98.2, 97.9,97.2, 96.8, 96.3, 75.8, 75.5, 75.2, 74.7, 64.0, 55.2, 29.7, 28.3, 28.2, 28.1, 27.9, 19.4, 19.3, 19.1, -1.4. 4.12-In a 5 mL round-bottomed flask equipped with a magnetic stirrer, Teoc-protected octamer 4.13 (1eq., 0.10 g, 0.047 mmol) and succinic acid (5.3eq., 0.029 g, 0.25 mmol) was solubilized in 1.1 mL 1M solution of TBAF in THF and 0.5 mL DMF. The reaction mixture was stirred at room temperature until the deprotection was complete. The reaction mixture was quenched with H 2 O, then extracted with EA. The organic layer was washed with H 2 O and brine, then dried over MgSO 4 . To a 2 mL round-bottomed flask containing A F N (2eq., 0.045 g, 0.085 mmol), PyBOP (4eq., 0.09 g, 0.17 mmol), and octamer amine (1eq., 0.09 g, 0.042 mmol) under Ar atmosphere was added 1 mL distilled CHCl3 and DIEA (3eq., 0.014 mL, 0.085 mmol), and the reaction mixture was stirred at 35°C overnight. The next day, the reaction was quenched with 5% NH 4 Cl, extracted with DCM, washed with H 2 O and brine, and dried over MgSO 4 . The crude product was purified by GPC, the first peak collected was treated with NH 4 Cl 5% aqueous solution, extracted with DCM, washed with H 2 O and dried over MgSO 4 . A yellow powder was obtained (0.08 g, 67%). 2, 170.9, 170.7, 164.4, 164.0, 163.6, 163.3, 163.1, 162.9, 162.5, 162.4, 162.3, 162.1, 161.5, 160.7, 160.2, 160.0, 159.5, 158.2, 157.7, 157.3, 156.4, 154.8, 154.7, 154.6, 154.5, 154.3, 153.9, 153.6, 153.1, 152.8, 151.9, 151.3, 151.0, 149.5, 149.0, 147.7, 144.8, 139.0, 138.9, 138.6, 135.5, 135.3, 134.9,134.5, 134.1, 131.6, 131.3, 131.1, 130.7,128.1, 127.8, 126.0, 125.8, 124.1, 123.5, 122.4, 121.5, 121.1, 120.5, 120.3, 120.0, 118.5, 118.2, 118.0, 117.1, 115.6, 115.2, 114.9, 114.4, 113.3, 112.9, 104.8, 104.5, 104.3, 100.7, 100.2, 99.4, 98.3, 98.2, 97.4, 96.5, 75.9, 75.5, 75.2, 75.0, 74.8, 64.2, 55.3, 46.3, 29.7, 28.2, 27.9, 19.3, 19.1, 17.5, -1.5. 4.13a-In a 5 mL round-bottomed flask equipped with a magnetic stirrer, A F (1eq., 0.05 g, 0.12 mmol), N (1.4eq., 0.06 g, 0.17 mmol) and PyBOP (5eq., 0.31 g, 0.6 mmol) under Ar atmosphere were solubilized in 1 mL CHCl 3 . DIPEA (3eq., 0.06 mL, 0.36 mmol) was then added and the reaction mixture was stirred at 35°C overnight. After quenching with 5% NH4Cl aqueous solution and extraction in DCM, the organic layers were washed with brine and dried over MgSO4. The product was obtained after column chromatography (9/1 DCM/EA) purification as a yellow powder (0.06 g, 85%). 166.3, 164.2, 163.5, 163.4, 155.1, 154.6, 153.3, 150.9, 134.4, 129.8, 121.6, 119.7, 115.5, 115.0, 110.8, 110.6, 98.9, 98.8, 94.3, 75.8, 75.3, 75.1, 53.4, 47.1, 45.7, 40.3, 29.7, 28.3, 28.1, 27.5, 19. 4.13-In a 5 mL round-bottomed flask containing the dimer (1eq., 0.05 g, 0.067 mmol) and LiI (8 eq., 72 mg, 0.54 mmol) under Ar atmosphere, then suspended in 3 mL degassed EA, and the reaction mixture was refluxed until deprotection is complete. The reaction was quenched with citric acid 5% aqueous solution, and extracted with DCM. The organic layer was washed with H2O and brine, and dried over MgSO4. The resulting clean product was obtained as an orange solid (48 mg, 90%). 

2) X-ray crystallography data

I. Introduction 1) Supramolecular catalysis

Catalysis, the process of either speeding up or altering the outcome of a reaction using a substance that is not consumed during the reaction (i.e. the catalyst), is omnipresent, both in nature, in the form of enzymes, and in modern technologies such as cars (i.e. catalytic converters), often in the form of homogeneous (involving substances in the same phase) or heterogeneous (involving substances in different phases) catalysis.

From the pioneering work of Ostwald 174 and Sabatier 175 to modern days, the field of catalysis has grown considerably in complexity over time, starting from the hydrogenation of organic compounds by finely divided metals to the catalytically-driven stereo/regio/chemoselective synthesis of complex natural products. 176 In this race towards high efficiency and selectivity, a new emerging field, supramolecular chemistry, endeavored to surpass traditional catalysis. Its main strength compared to traditional catalysis is its ability, via an array of interactions (hydrogen bonding, π-π stacking, hydrophobic interactions, ion-dipole interactions, etc), to act as a nanoreactor/nanoflask in which the reaction will occur faster/more selectively. Several catalytically active systems have been developed over time, which can be categorized according to their initial design approach. One first category, multi-component catalyst assemblies (example in figure 1), combining catalysis with well-defined self-assemblies, take advantage of a high structural flexibility to catalyse a wide range of reactions. 177 A second category, enzyme mimicry, is inspired by the design of enzymes (see figure 2), it therefore often consists of a rigid receptor which can often be connected (covalently or through strong interactions) to an active site, and initially were used to reproduce reactions similar to those catalyzed by enzymes. 178 While many catalyst designs rely on surface binding or partial encapsulation, a few research groups have chosen to focus on catalysts able to fully encapsulate their substrate.

Each category can then be further subdivided based on the nature of the catalysis itself, mainly either transition metal catalysis or organocatalysis, and on the nature of the chemical transformation catalyzed. 2) Enzymatic Catalysis: Main Principles From these results, it has been inferred that enzymes catalyze chemical reactions by lowering their activation energy (see figure 4), either through the stabilization of a transition state, or by providing an alternative reaction pathway, or even by bringing reactants/substrates together. Similarly, it has been deduced that the reactions must proceed through an active site which is a small portion of the enzyme which both binds to the substrates and can induce the reaction. A part of the difficulty of enzymology relies on the many conformations that the enzyme can adopt in solution. The tertiary structure of proteins such as enzymes, defined mostly by non-covalent interactions, can therefore change over time, which can lead to fluctuations in reaction rates. This is defined as dynamic disorder. 185

3) Supramolecular enzyme mimics

Enzymes mimics, even today, still represent a challenge to chemists, as their selectivity and reaction rates are for the most part unmatched by any synthetic system. Given the complexity of an enzymatic structure, very few have reproduced similar amino acid-based structures as it can present an important synthetic challenge. Chemists have preferred to create simpler systems which could mimic enzymatic activity, using for the most part non-covalent interactions as a means to obtain similar properties as an enzyme.

Supramolecular chemistry, an emerging field born from the works of Pedersohn, Lehn and Cram, brought about the possibilities of recreating such interactions with a substrate and therefore potentially catalyze chemical transformations. This possibility was explored by Rebek, 186 Breslow, 187 Tabushi, 188 etc, mostly following the lock-and-key model proposed by Fisher. Compared to traditional homogenous catalysis, supramolecular catalysis often had the added advantage of isolating the substrate and the transition state from solvent molecules, in some cases further stabilizing the transition state, and influencing the stereo/regiochemical aspects of the product.

a) Early attempts: Model enzymes and efficiency evaluation criteria

Before being able to catalyse complex reactions, chemists first tried to reproduce reactions catalyzed by enzymes, such as hydrolysis, 189 (trans)esterification, or oxidation. The most iconic are the cytochrome P450 mimics, which often modeled the cofactor which binds to the cytochrome P450, and to which is attributed a high reactivity in substrate oxidations, the iron (III) porphyrin IX. 190,191 However, a recurring problem in evaluating whether a synthetic supramolecular system is efficient or not in catalyzing a chemical reaction, and in comparing different supramolecular catalysts for the same reaction, is the lack of standardized criteria. In the case of model enzymes in aqueous media and in standard conditions (pH = 7, 25°C), the catalytic behaviour is often characterized by kinetic data, such as the Michaelis-Menten constant Km and the maximum reaction rate Vmax. Later, Kirby and Mandolini added a third parameter destined to evaluate the impact of concentration on the efficiency of the rate acceleration, called effective molarity (EM). This parameter is a measure of how much enforced proximity will favor unimolecular processes as opposed to bi-molecular processes. The resulting value (in M) is the concentration at which, in theory, the unimolecular and biomolecular process would have the same rate (or equilibrium constant).

Finally, as with other fields in catalysis, the turnover number (TON) and frequency (TOF) are still frequently used to probe the efficiency of a catalyst. The turnover number is the number of moles of substrate that a mole of catalyst can convert before becoming inactive, while the turnover frequency is the turnover per unit of time.

b) Binding site in close proximity to a catalytic or a reactive centre i. Coordination cages

Hydration Reaction

In 2011, the Reek group reported the selective hydration of alkyne 5.1 (see figure 5) into the corresponding ketone 5.2 and aldehyde 5.3 in benzene at 70°C in presence of water using an Au(NHC) catalyst 5.5 encapsulated by a resor [4]arene hexameric self-assembly 5.6 (see figure 6). 192 Under anhydrous conditions however, the 1,2-dihydronaphtalene product 5.4 is obtained. While the hexameric self-assembly of resorc [4]arene 5.6 is stable even on the nanomolar scale, the assembling behaviour only occurs in water-saturated solvents (see figure 6). The resulting cavity volume amounts to 1375 Å 3 , to which the Au(NHC) catalyst 5.5, with a volume of 400 Å 3 , can bind.

The self-assembling behaviour is evidenced by 1 H NMR and DOESY experiments, showing lower diffusion coefficients (7.9 10 -10 m 2 s -1 ) than the free 5.7 (1.4 10 -9 m 2 s -1 ). Unlike most catalyst systems, this catalyst does not speed up the rate of hydrolysis of terminal alkyne guests (5% hydration after 30 mins as opposed to full conversion in presence of Au(NHC) 5.5 alone), but reports the production of the aldehyde product 5.3 (4%) which had never been reported before. It was further noted that the reaction did not proceed without the Au(NHC) 5.5 catalyst, which indicates that the difference in regioselectivity can be imparted to the interactions between the guest and the supramolecular self-assembly.

[192] A. Caravazan, A. Scarso, P. Sgarbossa, G. Strukul, J. N. H. Reek, J. Am. Chem. Soc. 2011, 133, 2848.

Cross-coupling Reaction

The groups of Bergman, Raymond and Toste have collaborated on several projects involving catalysis by tetrahedral metal hosts, a majority of which were carried out in aqueous media. 193 Among these numerous examples, the oxidative addition in water of iodobenzene 5.11 on a copper complex, PR 3 CuMe (5.7), was reported in presence of M 4 L 6 supramolecular host 5.8 (see figure 7). 194 In absence of host, no conversion was obtained. Upon complexation with Ga 4 L 6 host 5.8, known to abstract halides, and therefore bind the resulting cationic species, it was found that oxidative addition of 5.11 on PR 3 CuMe catalyst 5.7 had occurred, as was confirmed by 1 H NMR (through a loss of symmetry of the host-guest complex). Given that this oxidative addition was carried out at room temperature but only when in presence of the 5.8 complex, which shows the host's importance in increasing reactivity. This oxidative addition product was confirmed by NOESY, shown a correlation between the aryl group of 5.11 and the methyl group of the PMe 3 + of 5.7. Upon reductive elimination, two products were identified: toluene 5.9 and trimethylphenylphosphonium 5.10. To further understand the role of the host, a Pd dimer catalyst 5.13 was used in a series of control experiments.

In absence of host, no conversion was obtained, but upon complexation with the host 5.8, the monomeric Pd cationic species 5.14 was encapsulated, and produced 5.9 and 5.10.

Furthermore, control experiments were performed to find out whether the role of the host 5.8

was limited to its halide abstracting properties. In absence of host, BAr F , a halide abstractor, was added to 5.7 and 5.11. No conversion was achieved, which comforted the idea that the host has multiple roles. 

Hydrolysis Reaction

In 2004, Rebek reported the hydrolysis of PNPCC 5.15 into p-nitrophenolate 5.16 and choline iodide 5.17 using a resorc [4]arene cavitand 5.18 covalently linked to a zinc porphyrin active site (see figure 8). 195 The cavitand unit of 5.18 can bind strongly to trimethylammonium cationic guests, through cationic-π interactions, and the zinc porphyrin is expected to bind to the carbonate group.

The hydrolysis reaction can be monitored by UV spectroscopy, as the 5.16 produced exhibits strong absorbance at 405 nm. In absence of catalyst, the hydrolysis reaction is relatively slow, with an average reaction rate of 1.6 10 -3 min -1 . Upon complexation with a simple cavitand (without zinc porphyrin), no rate enhancement was noticed, however when in presence of 10mol% of 5.18, the guest is hydrolyzed 6.4

times faster, and 53 times faster when 1 equivalent of 5.18 is used.

Hydrosilylation reaction

In 2020, the Sollogoub group reported ɑ-and β-cyclodextrin host system with an N-heterocyclic carbene (NHC) group, to which a copper complex can coordinate, forming 5.19a and 5.19b host systems (see figure 9). 196 In 2005, the Bols group reported a cyclodextrin host 5.25 appended with a ketone chain which acts as the active site of the oxidation reaction, able to oxidize hydroxyaniline 5.24 into a phenoxazinone derivative 5.25 (see figure 10) in presence of stoichiometric amounts of H 2 O 2 (see figure 11). 198 The reaction rates were evaluated using UV spectroscopy. In absence of supramolecular catalysis, the desired product was not formed, but after adding cyclodextrin host the product was formed with rates surpassing 135 s -1 . The registry of this catalytic system was then expanded to other hydroxyaniline derivatives, yielding majoritarily the nitro derivatives, with rate enhancements ranging from 27 to 680. 

c) Host-Guest catalysis

Supramolecular infrastructures often have the benefit of desolvating and bringing reactants closer together through non-covalent interactions (and therefore potentially stabilize the transition state), which can in itself promote a reaction enough to be considered as a catalyst, even without any active site present.

i. Coordination cages 1. Diels-Alder Reaction

Two recent examples of Host-Guest catalysis were reported by the Lusby group, reporting the catalysis of cycloaddition reactions (see figure 12), the first in 2018 on a synthetic Diels-Alderase system, 199 and the second in 2020 reporting radical cation catalysis. 200 Two years later, the same catalytic system 5.30 was further studied in cycloaddition reactions.

Given the decrease in the energy level of the LUMO of the dienophile guest 5.28, it had been hypothesized that its redox potential would increase, and therefore induce and propagate electron transfer, allowing radical cationic dienophiles 5.33 to be formed (see figure 14). The polycationic nature of the host 5.30 could then provide a protective shell around the radical cationic guest, isolating it from potential protonations, and promoting the cycloaddition reaction.

The formation of the 5.33  5.30 complex was monitored by UV-Vis spectroscopy, by successive addition of single-electron donors. The equilibrium constants obtained by fitting such titration curves yielded the redox potential ΔE (based on the potential of the single-electron donors), which is of E 1/2 = 0.27 V for the 5.33  5.30 complex, which is on average 0.94 V more than the redox potential of unbound radical cation dienophile 5.33. ii. Organocatalytic Supramolecules

Diels-Alder Reaction

The Rebek group presented in 1997 the catalytic properties of a previously-reported dimeric hydrogen-bonded assembly 5.36 with an estimated cavity volume of 300 Å 3 , nicknamed the 'softball [202] R.S Meissner, J. Rebek, J. de Mendoza, Science 1997, 207, 1485.

[203] J. Kang, J. Rebek, Nature 1997, 385, 50.

Acylation Reaction

In 2011, Fujita reported the selective acylation of dibenzyl amine 5.37 (see figure 16) using a The host-guest complex (see figure 17 [204] Y. Inokuma, N. Kojima, T. Arai, M. Fujita, J. Am. Chem. Soc. 2011, 133, 19691.

4) Conclusion

In conclusion, the field of supramolecular catalysis has already shown great potential in catalyzing a wide range of reactions, either by promoting a different stereo/chemo/regioselectivity than when in solution or by speeding up the reaction. While the strategy often remains isolation of the substrate from the bulk solvent, thereby increasing the substrate concentration in the host catalyst, ultimately leading to product formation, another strategy observed is to stabilize the transition state (or in the case reported by the Lusby group induce charge separation) to favor a reaction. While there are a few limitations to the systems presented here, namely the problem of atom economy, other systems have shown that self-assembled receptors can also be used as efficient catalysts, and therefore overcome this initial problem. Another issue which may be overcome in the future via are the synthetic impediments to achieve the initial catalysts presented so far, as most of the systems presented involve several long and at times low-yielding synthetic steps. This problem could be resolved for example by grafting the host systems on a solid surface or a resin, which could be reused several times.

II. Developing aromatic oligoamide foldamer catalysts 1) Introduction

For the past decade, the Huc and Ferrand groups have developed a series of aromatic oligoamide foldamer receptors able to form stable host-guest complexes with guests of growing complexity, from water molecules to xylobiose. Among the many generations of hosts designed, one receptor, 5.40 (see figure 18c-d), was found to bind dicarboxylic acids, specifically tartaric acid 5.43, with high binding affinities. 205 In a project initiated by Dr. Mateus, the changes in charge transport of the host system before and after guest binding were assessed by grafting the host on a gold surface and conducting Conductive Atomic Force Microscopy (C-AFM) measurements (see figure 18a). Upon applying a current on one side of the helix, the electrons are carried accross the helix axis, while the side chains of the helix act as an insulating sheath. Prior to complexation, the empty host was found to have high conductivity, while upon binding tartaric acid a decrease in conductivity was observed.

To enhance this change in conductivity, it was hypothesized that the conductivity of the system would be further reduced if upon binding a sufficiently acidic guest, one of the endocyclic nitrogen atoms of the host system were protonated. 206 Two guests were found to be able to protonate the 5.40 host system, 2,2-difluorosuccinic acid (DFSA) 5.45 and tetrafluorosuccinic acid (TFSA) 5.44, as exemplified by NMR studies (see figure 20)

and X-ray diffraction of the crystals of the host guest system (see figure 19). A next step towards enhancing this proton transfer phenomenon is to enhance the basicity of one of the naphthyridine units. This will be discussed in the next section.

a) Design and synthesis of the naphthyridine unit

In an effort to enhance the basicity of the host molecule, a naphthyridine monomer with a morpholine side chain was synthesized by E. Merlet according to the reaction scheme in figure 23.

The morpholine side chain was designed to be added on the position 4 of the naphthyridine as the This new naphthyridine 5.53 was then coupled to a Q 3 PN segment 5.54 with a 57% yield, then quantitatively deprotected with a 30/70 (vol/vol) TFA/DCM mixture, after which a final double coupling with pyr-pyz-pyr diacid 5.56 was carried out to produce the host 5.41 with a 63% yield (see synthesis in figure 24).

[ Similarly, to produce host 5.42, naphthyridine monomer 5.53 was coupled to Q 3 FN segment 5.57 with a 57% yield, then deprotected using TFA in chloroform (92%), and the resulting amine was coupled twice to 5.56 diacid to produce the host 5.42 with a modest 40% yield (see figure 25). The same experiment was carried out with the naphthyridine with a morpholine side chain 5.73

(see figure 28), and upon titrating DBU 5.61 a similar fast exchange (on NMR timescale) between protonated and deprotonated forms can be observed. Decreasing the temperature at which the NMR spectra are recorded did not lead to a splitting of the signals, therefore pKa could not be calculated through this method. It can however be noted that to achieve the midpoint of the sigmoidal curve 2.3 equivalents of DBU (5.61) need to be added. This strongly suggests that the new monomer N m synthesized has a higher basicity than the parent monomer N. that this new species was not a host-guest complex. The appearance of this new species may therefore have an impact on the binding affinity calculated by NMR, making the calculated value inaccurate.

Nevertheless, as for 5.40, the proton transfer from one of the acid functions of 5.44 to a naphthyridine unit of 5.41 was confirmed by 1 H- 15 N HSQC (see figure 30f). The resulting naphthyridinium proton was assigned to the proton-nitrogen correlation at 17.2 ppm-176 ppm, while the other 1 H-15 N correlations were assigned to the twelve amide signals expected for this system. To further confirm that only one proton transfer had occurred, a 1 H-13 C HMBC spectrum (see figure 30g)

was recorded to identify the peak belonging to the remaining carboxylic acid function,which was attributed to the 16.8 ppm-161 ppm correlation. It was noted, however, that upon leaving the host-guest sample at room temperature for a week, a new species (shown as black circles) was observed by NMR (see figure 31). As was mentioned before (figure 30) this new species is not a host-guest complex, but its amide signals do not have the same chemical shift values as those of the empty host, which brought about several possibilities. The first was that the guest was released from the host over time. A second hypothesis was that the guest underwent a decarboxylation reaction when within the host. This will be discussed in section II.4). An 1 H-13 C HMBC spectrum (see figure 33g However, no binding affinity could be deduced from the titration data, as in parallel the decarboxylation was already found to occur, as identified by 19 F NMR (see figure 36), yielding a strong signal at -141 ppm (black empty circles) corresponding to 5.65. A very small amount of 5.64 (empty blue circles) can also be noted. To establish whether 5.42 host had a higher or lower affinity when compared to 5.41 host a competitive binding experiment was performed. To do this, 5.41 and 5.42 hosts were added in equimolar amounts (see figure 37b), and 5.44 guest was added progressively (see figure 37c-e). After the first addition of 5.44, the new peaks obtained do not correspond to the 5.41  5.44 host-guest complex (see figure 37a), but rather to the 5.42  5.44 host-guest complex. 

4) Van't'hoff plots a) 5.42 host system

When titrating 5.42 against TFSA 5.44, it was noted that unlike for 5.41  5.44 complex, the naphthyridinium proton in the 16 to 20 ppm region was very broad. To achieve a sharper peak, a 1 H NMR of the 5.42  5.44 complex was recorded at lower temperatures, however upon cooling the solution it was noticed that signals corresponding to the empty 5.42 host started to appear along with the signals of the 5.42  5.44 complex, which indicates that the binding affinity of 5.42 for 5.44 decreases with a decreasing temperature (see figure 39). In order to further investigate this phenomenon, the binding affinity of a solution of 5.42 in presence of 0.7 equivalents of 5.44 was quantified at temperatures ranging from 298 to 258 K. The binding affinity as a function of temperature was then plotted. From the resulting linear correlation, the ΔH value could be extracted (23.40 kJ.mol -1 ). This low value indicates that this process is mostly entropically-driven. 

c) 5.40 host system

Finally, the same experiment was carried out with 5.40 host system in presence of 1 equivalent of 5.44. However it was noted that upon decreasing the temperature, the host-guest affinity of the system actually increases (see figure 42), unlike the case of 5.41 and 5.42. The calculated ΔH value is of -12.64 kJ.mol -1 . This suggests that the binding is in this case an enthalpically-driven process. This information may be a possible explanation for the poor performances of this host as a catalyst, as the temperatures at which the decarboxylation experiments are carried out (348 K), the 5.44 guest barely binds to the host. From these crystals two distinct crystal structures of 5.41  5.44 complex were obtained, and indicated that the TFSA 5.44 guest could undergo two consecutive decarboxylation reactions when encapsulated by the host (see figure 43b and43f). It can however be noted that the structure of tetrafluoroethane gas (TFE) 5.65 in figure 43f-g It can be further noticed that after the first decarboxylation of TFSA 5.44 the proton of the resulting monoacid 5.64 does not point toward a N m 5.53 unit but rather towards the endocyclic nitrogen of the neighboring naphthyridine (N) unit, as is suggested by the distances d 1 (2.6 Å) and d 2 (3.3 Å) shown in figure 44b. This indicates that after the first decarboxylation, the second proton transfer of 5.64 towards its 5.41 host is hindered partially by its position within the cavity of 5.41.

Compared to the parent 5.40⊃5.44 host-guest complex shown in figure 44d-f, the two protons of 5.44 point towards the two naphthyridines sitting across from each other (with a d 3 and d 4 of 1.9 Å and 2.3 Å). This may suggest that substituting the remaining N monomers for their basic N m equivalents could further improve the ability of the host to deprotonate guests.

Attempts to diffract crystals of 5.41 ⊃ 5.45 complex grown in similar conditions have however not yielded any crystal structure as the structure could not be solved. Nevertheless, this result brings about interesting perspectives, as it opens the possibility for aromatic oligoamide foldamers to act as supramolecular catalysts, which had until now been relatively unexplored. Several additional experiments were carried out on this system to probe its specific catalytic activity, which will be discussed in the next section.

b) X-ray crystallography of 5.42 ⊃ 5.44

The X-ray structure of 5.42  5.44 (see figure 45) was obtained by diffraction of monocrystals grown from slow diffusion of n-hexane in a 90/10 (v/v) CHCl 3 /CH 3 CN solvent mixture of 5.42  5.44.

Unlike 5.41  5.44 structures, no visible decarboxylation of 5.44 was found. This can be explained by the fact that the crystals of the 5.42  5.44 complex were grown after two days at room temperature (as opposed to three weeks at room temperature in the case of 5.41  5.44 complex). The volume of the cavity of the host (calculated using SURFNET software from the crystal structure of the 5.42  5.44 complex after removing 5.44) is of 146.4 Å 3 , which is slightly smaller than the cavity volume of 5.41 (calculated from the 5.41  5.64 complex, see figure 43b-c). This can be explained by the fact that the fluorine atoms of the F unit point towards the cavity, and therefore partially fill it (the fluorine atoms are outlined as light blue spheres in figure 45b andc). 

6) Probing the catalytic activity of the host a) With tetrafluorosuccinic acid

In order to know the efficiency of this new catalytic system, initial experiments were carried out to compare the decarboxylation reaction in presence of 5.41 or 5.42 hosts to its uncatalyzed equivalent, using 19 F NMR to monitor the disappearance of 5.44 guest, in presence of a fluorinated reference compound, 4-(trifluoromethyl)phenol 5.66 (see figure 46a). This reference compound is not expected to react with the 5.41 and 5.42 hosts as it is too large to fit within its cavity.

A first set of conditions were carried out (2 mM host, CDCl 3 /CD 3 CN 90/10 (v/v) solvent system, 75°C, 20 equivalents of 5.44 added at the start of the experiment), along with several control experiments (see figure 46b), in presence of 2 mM of either DMAP 5.67, N m monomer 5.50, or parent host system 5.40. While TFSA 5.44 did not decarboxylate in presence of DMAP alone, a small amount of decarboxylation was detected in the case of N m monomer 5.50 and 5.40 host (3.1 and 3.0 equivalents respectively of free guest had been consumed after 24h). In the case of the 5.41 host system, nevertheless, 11.7 equivalents of free guest had been consumed in 24h. Finally, experiments with 5.42 host led to the consumption of 16 equivalents of 5.44 guest after 24h. Based on the van't'hoff experiments explicited in section II.4.a. to c., a parallel can also be drawn with the binding affinity of hosts 5.40, 5.41 and 5.42 towards 5.44 and their respective catalytic activity. In the case of 5.40, the binding affinity decreases at high temperatures, which is expected to impact its ability to decarboxylate 5.44 guest, while 5.41 and 5.42 have an enhanced binding ability towards 5.44, which should have a positive impact on the catalytic activity.

From these results it could be inferred that while DMAP 5.67 is a close analogue of N m monomer 5.50 it probably does not bind to the 5.44 guest unlike 5.50 (see figure 46 The impact of reaction temperature and CD 3 CN solvent ratio (see figure 47) were then assessed using 19 F NMR, the results indicate that as expected increasing the proportion of CD3CN in the solvent mixture decreases the rate of guest consumption, as it inevitably decreases the binding affinity of 5.41 for 5.44. This indicates a strong correlation between binding affinity and catalytic activity. Similarly, decreasing the reaction temperature was found to decrease the amount of guest consumed over time. This can be rationalized by the fact that decarboxylation is an endothermic process, therefore a decrease in temperature will have a strong impact of the kinetics of the reaction. It can also be noticed that upon increasing the amount of 5.44 TFSA guest a sharp decrease in guest consumption is obtained (see figure 47d), both in the case of 5.41 host and 5.50 monomer. This suggests that a high concentration of guest will lead to substrate inhibition. A more elaborate explanation can be found in section II.5.b. A sharper decrease in guest consumption is achieved when the concentration of 5.50 added (see figure 48c) is decreased, while for the 5.41 host a gradual decrease in guest consumption is found. This indicates that the binding affinity of 5.50 for 5.44 TFSA guest, which is already low at 2 mM, decreases further upon decreasing the concentration of 5.50 used. 

b) Impact of protonation

To further understand this catalytic process, a sample of 5.41 host was protonated with two equivalents of TFA prior to 5.44 guest binding (see figure 50). While the protonated host still binds to 5.44 guest, the decarboxylation reaction was completely inhibited (determined by 19 F NMR). This confirms that the proton transfer from 5.44 to 5.41 host is crucial to catalyze the decarboxylation reaction, and suggests that adding an excess of diacid guest 5.44 or 5.45 may slow down the reaction. The expected decarboxylation product of 5.45 is not as well described in the literature as 5.64, however based on the chemical shifts and multiplicities of the signals found by 1 H NMR, it could be hypothesized that the isolated decarboxylation product 5.68 is 3,3'-difluoropropanoic acid (see figure 53). 

e) Proposing a catalytic cycle

The double decarboxylation reaction of 5.44 is hypothesized to carry out according to figure 54.

The conversion of the substrate into the corresponding alkene is deemed unlikely, as it would imply the displacement of a fluorine atom, therefore the proton which was abstracted by the host is expected to be transferred back to the guest. This is further confirmed by the fact that TFPA 5.64 is produced after the first decarboxylation of TFSA 5.44 guest. There remains however an uncertainty after the first decarboxylation reaction. It is not yet validated whether the 5.64 monoacid produced remains within the 5.41 host, or if it is readily displaced by TFSA 5.44 (see figure 56). In this case, the catalyst system would have to convert a majority of 5.44 to 5.64 before converting the 5.64 acid to 5.65. In order to better understand the mechanism, an experiment was carried out in a sealed tube to measure more accurately the products formed from the successive decarboxylations. The results of this experiment show that while at the start of the experiment a slight amount of 5.65 is produced, a majority of 5.64 acid is obtained (see figure 57), which suggests that the displacement of the monodecaboxylated product in favor of 5.44. In order to further demonstrate this, binding studies between the host and the monoacid 5.64 need to be carried out. 

f) Competitive binding experiments

In order to assess the binding affinity of 5.41 for 5.64, a titration was carried out (see figure 58 

III. Conclusion and Outlook

In conclusion, the basicity of a monomer has been successfully enhanced by adding a morpholine side chain in position 5 of the naphthyridine monomer. The corresponding host has shown abilities as a catalyst for the decarboxylation of acidic guests such as TFSA 5.44 and DFSA 5.45.

One of the naphthyridine units, N m , has the ability to abstract a proton from acidic guests such as tetrafluorosuccinic acid 5.44, it is therefore likely that this unit also acts as the active site of this catalyst system. The N m unit 5.50 on its own however has shown limited catalytic activity with 5.44, which indicates that the hosts 5.41 and 5.42 have several roles in the catalysis of this reaction.

Results with difluorosuccinic acid 5.45 show similar behaviour, and even though the rate of decarboxylation is slower than for TFSA 5.44, the decarboxylation into difluoropropanonic acid (DFPA) 5.68 yields a valued product in the field of material chemistry. 208 While the results show a promising start, further experiments need to be carried out to optimize the system and to better understand the mechanism of the reaction, and to extend its scope. Given the impact of protonation on the catalytic activity of the system, one potential improvement of this system would be to progressively add the guest instead of adding an excess of guest. Several enhancements of this catalyst have been considered, one of which is to increase the binding affinity of the host for the guest through iterative evolution of the host, filling possible voids between the host and the guest. Another potential improvement is to increase even more the basicity of the host by adding more N m monomers. For this purpose, a sequence where all the isobutoxy-naphthyridine monomers are replaced with N m monomers 5.53 could be synthesized, which could potentially abstract protons from less acidic guests than 5.44, which would further broaden the scope of this synthetic decarboxylase. Also, as hinted from section II.5.b. an excess of acidic guest may lead to host protonation prior to encapsulation of the guest, leading to slower reaction rates, therefore continuous addition of guest to the catalyst could be considered rather than adding an excess of guest at the start of each experiment.

To further improve this system, the grafting of the host onto a solid surface (for example silica) to facilitate separation of the host from excess tetrafluorosuccinic acid and tetrafluoropropionic acid, and increase the durability of the host, could be considered (as shown in figure 60). IV. Protocols and characterization 1) Protocols 5.47 -4,4-Dimethoxy-2-butanone (1.2eq., 6.6 mL, 44.6 mmol) was added dropwise at 90 °C to a suspension of 2,6-diamino-4-bromopyridine 5.46 (1 eq., 7.00 g, 37.2 mmol) in melted H 3 PO 4 (14eq., 50.00 g, 510.2 mmol).The resulting mixture was stirred at 115 °C for 3 hours. After cooling at 0 °C, the excess of acid was quenched by dropwise addition of ammonium hydroxide until pH 10. The aqueous layer was extracted with DCM (5 times) and combined organics layers were washed with brine, dried over MgSO 4 , filtered and the solvent was removed under reducedpressure andthe residue was purified by chromatography (SiO2) eluting with DCM/MeOH (95/5 v/v) to give naphthyridine 5.47 as a white solid (4.00 g, 54%). 2, 160.4, 156.3, 135.3, 132.5, 118.8, 115.4, 114.3, 24.8. 6, 164.0, 154.3, 153.6, 135.5, 134.2, 122.7, 117.8, 117.2, 25.1, 24.3. 5, 159.5, 156.0, 154.5, 132.8, 119.8, 113.5, 101.6, 66.7, 52.7, 25.3, 25. 2, 157.8, 157.2, 148.7, 134.5, 116.4, 115.3, 101.5, 66.5, 52.9, 52.6. 13 C NMR (75 MHz, CDCl 3 ) δ: 165.7, 159.0, 155.6, 152.2, 150.1, 134.3, 118.6, 117.2, 101.9, 81.8, 66.6, 52.7, 29.6, 28.2, 27.9. 1, 159.9, 155.4, 152.9, 152.4, 135.0, 119.1, 116.1, 100.9, 82.1, 66.5, 52.6, 29.6, 28. 163.5, 163.4, 163.2, 163.1, 162.5, 161.5, 161.0, 154.7, 154.6, 154.4, 153.9, 152.2, 150.9, 149.7, 148.7, 147.8, 145.3, 139.9, 139.4, 139.2, 139.0, 135.0, 134.5, 134.1, 128.4, 128.1, 126.5, 126.0, 124.4, 123.7, 122.4, 122.3, 119.3, 117.8, 116.4, 115.5, 114.2, 113.5, 110.6, 108.7, 99.9, 99.8, 97.8, 82.3, 75.9, 75.8, 75.5, 75.4, 28.4, 28.3, 28.1, 19.4, 19.3. HRMS (ES+): m/z calcd for C65H68N12O12 [M+H] + : 1209.5159 found 1209.5148.
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5.55-Protected amine Q 3 PNBoc 5.54-Boc (1eq., 0.15 g, 0.12 mmol) was dissolved in 1 mL distilled CHCl 3 , to which was added 0.5 mL TFA dropwise. The reaction mixture was stirred at room temperature for 3h, then treated with NaHCO3 aqueous saturated solution, extracted with DCM, then washed with H 2 O and brine, and dried over MgSO 4 . Without further purification, the pentamer amine Q 3 PN 5.54 (1eq., 0.13 g, 0.12 mmol) and N m acid 5.53 (1eq., 0.04 g, 0.12 mmol) were dissolved in dry chloroform (3 mL). Then, DIPEA (4 eq., 0.08 mL, 0.48 mmol) and PyBOP (4eq., 0.25 g, 0.48 mmol) were added at RT and the reaction mixture was heated at 45°C for 24 hours. The residue was purified by precipitation from a minimum amount of MeOH to obtain the pure product as a yellow solid (0.10 g, 57%). 1, 163.9, 163.4, 163.2, 163.1, 162.0, 161.2, 160.8, 158.7, 157.6, 155.3, 154.4, 154.3, 153.9, 153.8, 153.2, 151.2, 150.4, 149.6, 148.5, 147.6, 145.5, 140.0, 139.2, 139.1, 138.8, 135.4, 135.2, 134.5, 134.3, 128.1, 127.9, 126.1, 125.6, 124.2, 123.7, 122.6, 122.3, 118.9, 117.8, 117.3, 116.1, 116.0, 114.9, 109.7, 108.4, 103.1, 102.6, 99.8, 98.5, 97.6, 81.6, 75.8, 75.7, 75.4, 75.3, 66.8, 46.2, 28.7, 28.3, 28.2, 28.2, 28.2, 28.0, 19.4, 19.3. 2, 163.9, 163.5, 163.4, 163.2, 163.0, 161.7, 161.2, 160.6, 158.0, 156.8, 154.2, 154.1, 154.0, 153.1, 150.6, 149.9, 148.1, 145.1, 141.7, 139.2, 139.1, 138.9, 134.9, 134.5, 134.1, 134.0, 128.0, 126.4, 125.8, 124.2, 124.1, 123.7, 122.6, 122.2, 119.0, 117.5, 116.5, 116.3, 116.2, 116.1, 114.7, 114.5, 114.3, 101.1, 100.8, 100.1, 98.1, 97.6, 77.2, 75.7, 75.3, 75.2, 66.7, 52.6, 28.2, 28.1, 27.9, 19.4, 19.3. 4, 162.3, 161.8, 161.5, 161.4, 160.6, 159.7, 159.5, 158.3, 157.5, 154.3, 154.1, 153.1, 152.5, 152.4, 152.3, 150.8, 150.2, 149.2, 148.7, 147.2, 145.8, 143.5, 137.6, 137.5, 136.8, 136.5, 133.2, 132.8, 126.8, 126.3, 124.9, 124.6, 124.5, 124.0, 123.0, 122.9, 122.8, 122.5, 122.3, 121.3, 120.4, 116.8, 116.5, 115.6, 114.6, 114.5, 114.3, 113.8, 113.0, 112.9, 112.0, 103.5, 99.3, 98.6, 96.2, 95.9, 74.6, 74.4, 74.1, 73.9, 66.0, 28.7, 28.3, 28.2, 27.3, 27.1, 27.0, 26.2, 18.5, 18.4, 18.3, 17.9, 17. 5.73-Acetamido naphthyridine 5.74 (1 eq., 0.1 g, 0.30 mmol) was solubilized in 5 mL THF/MeOH 7/2 solvent mixture, to which was added NaOH (1.5 eq., 0.018 g, 0.45 mmol) solubilized in 0.5 mL of H 2 O. The reaction mixture was stirred for 30 minutes, after which HCl (2 eq., 0.6 mmol) was added dropwise. The salts were filtered off, and the filtrate was collected and dried over MgSO4. Without further purification, the acid (1 eq., 0.09 g, 0.28 mmol) was dissolved in 1 mL distilled CHCl3, to which was added Ghosez reagent (3 eq., 0.1 mL, 0.84 mmol), and the reaction mixture was stirred at room temperature for 3h. The solvent and the excess of Ghosez reagent were dried under vacuum for 3h. The acyl chloride obtained was then dissolved in 0.2 mL distilled CHCl 3 and cooled at 0°C, to which was added benzylamine (1 eq., 0.03mL, 0.28mmol) and DIEA (3 eq., 0.015 mL, 0.84 mmol) in 0.5 mL distilled CHCl 3 dropwise. The reaction mixture was stirred at 0°C for a few minutes, then at room temperature for 1h. The pure product was obtained as a white solid after column chromatography on SiO 2 with DCM/EA 95/5 to 7/3 (v/v) as eluent (0.07 g, 57% over 2 steps). 4, 160.5, 158.6, 154.7, 152.5, 151.6, 137.9, 134.9, 128.7, 128.3, 127.6, 102.6, 99.9, 66.7, 52.8, 43.9, 25.1. 3, 163.5, 155.5, 154.6, 139.6, 134.1, 128.8, 127.8, 127.4, 115.3, 113.7, 99.0, 75.4, 43.1, 28.1, 24. 2) Methods for X-ray crystallography data The works presented in this manuscript describes the synthesis and study of helical aromatic oligoamide foldamers, especially in the field of molecular recognition.

HRMS (ES+

HRMS (ES+

The first project involved the design of phototunable helical foldamers using the ability of anthracenes to photodimerize under UV light, and their application in the field of monosaccharide recognition. After elaborating a sequence which was able to undergo photocycloaddition, it was found that upon screening with a variety of monosaccharides, good affinities were found on average, a surprising anomerization property was found upon photoirradiation of the 2.30  (β-xylopyranose) 2 complex, which converted one of the β-xylopyranose molecules encapsulated into an ɑ-xylopyranose (as attested by 1 H-13 C HSQC).

A second project was then undertaken to assess the photodimerization behaviour of helical self-assemblies containing diazaanthracene units, and unexpectedly the photocycloaddition reaction was carried out twice, and between a diazaanthracene unit and a quinoline unit (instead of two diazaanthracene units). The resulting photoproduct 3.3 has shown an enhanced binding affinity towards monosaccharides (monitored by circular dichroism) compared to its non-irradiated equivalent 3.1. This has led to some tests in the field of saccharide transport, however further testing is still being carried out.

In parallel, the synthesis of self-assembled hosts with larger cavities were investigated, in the hope to accommodate larger guests. A final host capable of binding large disaccharides such as sucrose was produced, however the CD and NMR data obtained cannot allow an accurate binding fit to be calculated.

A final project on the proton transfer from a diacid guest to its host has shown that the designed host has catalytic abilities in decarboxylating its diacid guest, tetrafluorosuccinic acid. To enhance this phenomenon, a new host designed to have a higher affinity towards the guest was produced. A stronger catalytic activity was observed for this host, and while an accurate binding affinity could not be calculated for this host, it was shown by competitive binding that this new host had a higher affinity towards tetrafluorosuccinic acid than the original host. A parallel between binding affinity and catalytic affinity was then drawn. Several improvements of this host system are still under way.

Overall, each project has shown the great diversity with which molecular recognition can be employed, from saccharide anomerization to saccharide transport and to catalysis of decarboxylation reactions. In every case, a strong emphasis was put on the binding affinities between the hosts and their guests, and when possible, crystallography was used as a method to elucidate the binding modes of the guests towards their host. A possible prospect of this work could be to combine supramolecular catalysis to the field of sugar chemistry.

I. Introduction

La reconnaissance moléculaire, processus basé sur des interactions non-convalentes telles que les liaisons hydrogènes, les forces de van der Waals et les forces hydrophobes, est au centre de plusieurs fonctions biologiques. La maîtrise de ses codes et de son fonctionnement général (le domaine de la chimie supramoléculaire) permettent l'élaboration de récepteurs artificiels performants, capables par exemple d'agir en tant que senseurs pour des substances nocives (polluants, explosifs, etc). Plusieurs groupes ont synthétisé des récepteurs capables de reconnaître sélectivement certaines substances, 209 mais une catégorie de substrats a fait l'objet de recherches approfondies ces dernières décennies : les sucres et leurs dérivés. 
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Figure 1 :

 1 Figure 1: General energy diagram outlining the major differences between thermal and photochemical transformations.

  to cis isomerization exclusively under visible light. Hecht et al. have recently reported the complete conversion of trans to cis isomer by functionalizing the azobenzenes with fluorine atoms.27 

Figure 2 :

 2 Figure 2: a) Reaction scheme showing azobenzene 1.1 photodimerization into 1.2 and b) corresponding UV absorption spectrum, and in c) structure of a few of its derivatives, 1.3 to 1.5.

Figure 3 :

 3 Figure 3: Reaction scheme of photoirradiation of stilbene 1.6 and diarylethene 1.9.

33

 33 

Figure 4 :

 4 Figure 4: Reaction scheme showing the photoirradiation of spiropyran 1.11 into merocyanin 1.12.

Figure 5 :

 5 Figure 5: Reaction scheme showing the photoirradiation of hemithioindigo 1.13 into 1.14, and structure of indigo and hemi-indigo.

Figure 6 :

 6 Figure 6: Reaction scheme showing the photodimerization of substituted anthracene 1.15 into four different cycloproducts 1.16

Figure 7 :

 7 Figure 7: Reaction scheme showing Shinkai's azobenzene photoswitchable crown ether host 1.20.

Figure 8 :

 8 Figure 8: Reaction scheme showing Shinkai's cylindrical host 1.26, encapsulating Methyl Orange guest.

Figure 9 :

 9 Figure 9: a) Structure of host 1.24 b) X-ray structure of the cryptand with bipyridinium guest (in CPK), crown ethers in red and photoswitch in purple.

Figure 8 :

 8 Figure 8: Reaction scheme showing Desvergne's anthracene cyclophane structures.

Figure 9 :

 9 Figure 9: Reaction scheme showing Yamashita's anthracene cyclophane 1.30, yielding 1.31 as a photoproduct.

Figure 10 :

 10 Figure 10: Reaction scheme showing spirobenzopyran (1.32) -merocyanin (1.33) guest switchability using light as a stimulus.

Figure 11 :

 11 Figure 11: Reaction scheme showing azobenzene switches 1.34, 1.35 and 1.37 with various crown ether variations.

Figure 11 :

 11 Figure 11: Schematic representation of cyclodextrin capped with azobenzene.

Figure 13 :

 13 Figure 13: Schematic representation of cyclodextrin 1.43 connected to an azobenzene photoswitch via a long alkoxy-chain.

Figure 14 :

 14 Figure 14: Schematic representation of ion transport system developed by the Gin group.It was hypothesized that the ion sources NaOH, LiOH and KOH would both transport the Na + , Li + and K + cations along with the OH -anions (to maintain charge balance), which in turn deprotonates the dye, and the change in fluorescence could then be monitored by fluorescence spectroscopy. The azobenzene tag acts as an ion flow regulator, which in the trans form 1.46 favors cation transport, and in the cis form 1.47 favors anion transport. This can be due to metal cation complexation with the trans-azobenzene inside the cyclodextrin, leading to more efficient cation transport. However, no cation selectivity is reported, as the rate of ion transport for each ion source is similar (0.006 s -1 in trans form, and 0.004 s -1 in the cis form).

Figure 15 :

 15 Figure 15: Phospholipid vesicles functionalized with cyclodextrins 1.46 to analyze ion transport capacities, and appendage of gramicidin A (a natural ion channel) to complete the ion transportation.

Figure 16 :

 16 Figure 16: Reaction scheme showing Breslow's photocleavable cyclodextrin host 1.48 to bind porphyrins 1.49.

  contained a diarylethene bridge (where X=O), and the conversion of open 1.51 to closed form 1.53 by irradiation at 313 nm was monitored by UV spectroscopy, reaching a photostationary state (30/70 open/closed form), which remained unchanged if at room temperature in the dark, but reverted back quantitatively to the open form 1.51 if under visible light (416 nm). Several photoswitching cycles were performed without any sign of degradation. The binding studies with mesotetrakis(4-sulfonatophenyl)porphyrin (TSPP, 1.52) were performed in water by isothermal titration microcalorimetry (and later by fluorescence spectroscopy). The open form 1.51 was found to bind the porphyrin guest 35 times more effectively (K= 3.3 10 6 M -1 ) than the closed form 1.53 (K= 9.7 10 4 M -1 ). This was attributed to a tighter binding with the open form. Through UV spectroscopy in water, the release of the 1.52 guest after irradiation at 313 nm was evidenced, as well as its binding after visible light irradiation. The second host synthesized had additional alkyl chain spacers between the cyclodextrins and the photoswitchable unit (X=CH 2 CH 2 CH 2 O). The data has shown that there is barely any difference in binding affinity of the porphyrin guest between the closed and open form of the host (K a open = 3.3 10 6 M -1 and K a closed = 1.2 10 6 M -1

Figure 17 :

 17 Figure 17: Reaction scheme showing Reinhoudt's cylodextrin system 1.51 and its closed form 1.53, able to bind to TSPP 1.52.A similar system involving an azobenzene switch 1.54 (see figure18) has shown the selective binding of artemisin, 60 an antimalarial and potential anticancer drug. The CD titrations and subsequent Job plots indicate that the trans-CD dimeric system 1.54 forms a 2:1 complex with artemisin (two dimers for one guest), with a 5.0 10 6 M -1 binding constant in water, however the change in binding when irradiated to the cis form 1.55 was not investigated.

Figure 18 :

 18 Figure 18: Reaction scheme showing an ɑ-cyclodextrin-dimer 1.54 able to bind to artemisin.

Figure 19 :

 19 Figure 19: Reaction scheme showing Mattay's calixarene with two terminal anthracene units.

Figure 20 :

 20 Figure 20: Schematic representation of the AFM experiments on the host-guest system a) before and b) after photodimerization.

  photoswitchability of the system was monitored by fluorescence spectroscopy without any degradation. Host-guest association with p-dimethoxybenzene guest was demonstrated by 1 H NMR in diphenyl ether. While no shift in NMR signals was achieved when titrating 1.58 with p-dimethoxybenzene indicating very little to no binding, upon UV irradiation of the 1.58: p-dimethoxybenzene mixture a strong shift in the signals of the host and p-dimethoxybenzeneindicates that the resulting 1.59: p-dimethoxybenzene host:guest complex had formed. Molecular modelling was used to confirm the structure, showing that the two methoxy groups of the guest were forming stabilizing van der Waals interactions with the aromatic system of the resorc[4]arenes.

Figure 21 :

 21 Figure 21: Reaction scheme showing Houk's anthracene-modified resor[4]arene system.

Figure 22 :

 22 Figure 22: Structures of hosts 1.60 to 1.62 and bipyridine guest 1.63, and energy minimized structure of (1.61)2  1.63 complex, where 1.63 is shown in CPK view and 1.61 in stick representation.

Figure 23 :

 23 Figure 23: Reaction scheme showing Kohnke's cavitand system 1.64 able to convert into 1.65 using light. e) Aryl-and heteroaryl macrocycles i. Pyridine-based macrocycles

Figure 24 :

 24 Figure 24: Stoddart's macrocyclic complex 1.66, as a) line drawing and b) to e) X-ray structure with the macrocycle shown as CPK and the guest in stick representation, where b) before isomerization c) after isomerization d) anthraquinone encapsulation e) naphtacenequinone encapsulation, and structures of corresponding guests.

Figure 25 :

 25 Figure 25: Structure of host-guest complex and corresponding X-ray structure in the EE form.

Figure 26 :

 26 Figure 26: a) Reaction scheme of the photoswitching macrocycle 1.68, b) X-ray structure of the 2:1 host guest complex with diphenyl-4,4'bipyridinium, and c) structure of the different guests tested.

a)

  Selective host-guest interactionAmong the few examples of tweezer-like molecules synthesized to bind guests, an example of dynamic binding was presented by Dube in 2018, 74 involving two hemithioindigo-functionalized tweezers (see figure27) which both bind electron poor aromatic guests such as 9-(dicyanomethylene)-2,4,7-trinitrofluorene (DTF). Tweezer 1.71 was designed to have its biphenyl aromatic arms face the same direction in the Z isomer (1.71-Z), whereas tweezer 1.70 has its arms facing opposite directions. This complementarity was designed to allow only one host to efficiently bind to the electron-poor DTF at a time: under visible light, tweezer 1.71-Z forms the host-guest complex, whereas after irradiation at 435 nm, tweezer 1.71-E has its binding aromatic systems facing opposite directions while tweezer 1.70-E can now form a sandwich host-guest complex.

Figure 27 :

 27 Figure 27: Reaction scheme showing the two molecular tweezers 1.70-Z and 1.71-Z upon guest complexation and photoirradiation into 1.70-E and 1.71-E.

Figure 29 :

 29 Figure 29: DFT models of a) P(Z)-helix with BINOL phosphate guest b)P(Z)-helix with BINOL phosphate guest, each shown as side and top views.

Figure 30 :

 30 Figure 30: Reaction scheme showing molecular tweezers inducing twisting on bis(isoquinoline) guest.

  [76] T. Muraoka, K. Kinbara, T.Aida , Nature 2006, 440, 512. 

Figure 31 :

 31 Figure 31: Reaction scheme showing Flood's aryl-triazole photoswitchable host 1.76 into 1.77 and 1.78 upon UV irradiation.

Figure 32 :

 32 Figure 32: Schematic representation of single to double helix switching by anionic size.

Figure 33 :

 33 Figure 33: b) Reaction scheme of the rotaxane photoirradiation and corresponding crystal structures of a) fumaramide 1.79 and c) maleamide 1.80.

Figure 34 :

 34 Figure 34: Threading mechanism of Credi's rotaxane system, made up of macrocycle 1.81 and thread 1.82, which turns into 1.83 upon shining UV light.

probe. 1 H

 1 NMR and ESI-MS confirmed the synthesis of the cage, and later crystals confirmed the structure. The closed-conformation of the cage 1.85 could either be synthesized by self-assembly of Pd with closed-ligand, or by irradiation at 313 nm of the open cage.

Figure 35 :

 35 Figure 35: Reaction scheme of Clever's photoswitchable cage, from open state 1.84 to closed state 1.85.

Figure 36 :

 36 Figure 36: X-ray structure of a) closed 1.85 and b) open 1.84 diarylethene coordination cages.

Figure 37 :

 37 Figure 37: Structure of the repeating unit of the copper-based MOF.

Figure 38 :

 38 Figure 38: Reaction scheme of porous azobenzene-MOF system to filter CO2, H2 and N2 molecules.

  to have an azobenzene lid which could open and close upon UV light irradiation, to bind a guest in one instance, and trap it upon irradiation at 365 nm, then release it by shining visible light on it.

Figure 39 :

 39 Figure 39: Schematic representation of pillar[5]arene self-assemblies and their response to light. By titration of cis-and trans-form of the pentameric host with p-dinitrobenzene (p-DNP), a compound which was shown to be bound by the host (when in the trans form), 91 by UV spectroscopy. While the trans isomer shows an increase in UV absorbance upon guest addition, the cis isomer shows no difference in binding. When immersed in p-DNP, several cycles of UV/Vis photoirradiation enhanced guest uptake, until reaching a plateau. A competitive guest,

Figure 40 :

 40 Figure 40: Reaction scheme showing Aida's bioispired nanotubular photoswitchable self-assemblies.

Figure 41 :

 41 Figure 41: Schematic representation of photoswitchable nanoparticles assembly and their role in catalysis.

Figure 42 :

 42 Figure 42: Spiropyran-functionalized polymeric host in response to solvent effects.

  phenol unit and the pyridine unit was found. Once the host-guest system was formed, irradiation tests at 365 nm were performed to see whether the guest could be retained. Knowing the high solubility of p-nitrophenol in methanol, and the very low solubility of the host in the same solvent, after irradiation the solvent was partially evaporated, leading to host precipitation. The resulting closed-host was analyzed by 1 H NMR, revealing a fraction of encapsulated guest, while the control experiment (no irradiation) showed only the empty open host.

Figure 43 :

 43 Figure 43: Schematic representation of host-guest complexes before and after irradiation.

Figure 44 :

 44 Figure 44: Schematic representation of dimeric host and corresponding structure.

1 H 1 . 93 .

 1193 NMR spectra in mesitylene-d 12 of the dimer assembly in presence of trans-azobenzene 1.93 alone (see figure 45), then in presence of azobenzene 1.93 and tridecane 1.94 secondary guest show no difference, which implies that the capsule forms stronger associations with the trans-azobenzene After irradiation at 365nm, the signals indicate that the tridecane 1.85 is encapsulated by the dimer, and that free cis-isomer 1.93 is present in solution. After heating at 160°C for 2 minutes, the full encapsulation of trans-azobenzene 1.93 is reinstated. This implied that the isomerization of trans-azobenzene 1.93 to cis led to its ejection from the capsule, to the profit of the tridecane 1.94.

Figure 45 :

 45 Figure 45: Reaction scheme showing competitive guest binding, and release under photoirradiation.

Figure 46 :

 46 Figure 46: Schematic depiction of polymer/MOF host (blue square) when binding trans (red) and cis-azobenzene (orange).

D 2 O

 2 and ESI-MS. Control experiments showed that in the absence of MV, the cis-azobenzene 1.93 was bound to cucurbituril 1.95 with a relatively low binding constant (10 3 M -1 ), as proved by 1 H NMR and isothermal calorimetry measurements. The azobenzene 1.93 was easily displaced by the more strongly binding MV 2+ (10 5 to 10 6 M -1 ).

Figure 47 :

 47 Figure 47: Illustration of Scherman's host-guest selectivity system, using electrochemistry and photoirradiation.

10 9

 9 and 5.4 10 7 M -1 respectively). The complete conversion of the open photoswitch 1.97 to its closed isomer 1.96 was obtained after 365 nm irradiation, and the reverse reaction occurred upon 550 nm irradiation, as confirmed by 1 H NMR. The high affinities, strong photochromism and efficient displacement of the photoswitchable guest, even at the nanomolar scale, makes it an efficient probe for competitive guest binding.

Figure 48 :

 48 Figure 48: Reaction scheme showing diarylethene photoswitch 1.96 and 1.97 and cucurbituril host 1.95. Using the difference in binding affinity between the open and closed form, competitive binding experiments were made (see figure 49). In presence of adamantane derivative and open-diarylethene 1.97 (in excess), the cucurbit[7]uril 1.95 showed majoritarily (70%) the host 1.95  1.96 guest complex by NMR, while 30% match the host-open diarylethene guest complex, but after irradiation 84% of the host-diarylethene guest complex was formed, the remaining 16% corresponding to the host 1.95  1.98 guest complex.

Figure 49 :

 49 Figure 49: Reaction scheme showing competitive binding to 1.95 host by diarylethene 1.96 photoswitch and photo-induced eviction of 1.97.

Figure 50 :

 50 Figure 50: Reaction scheme showing 1.100 guest binding with 1.95 host via its anchor.

Figure 51 :

 51 Figure 51: Reaction scheme showing the ring opening and its reversibility by photoirradiation.

Figure 52 :

 52 Figure 52: Reaction scheme showing the orthogonality of hemithioindigo and azobenzene switches for competitive guest binding.Based on the results reported by Rebek with azobenzene in 2010 (see section IV. 1. a), an experiment was set up to mix the smaller host system 1.92 (known to bind smaller guests) with the new, bigger host system 1.103, and add two different photoswitches (of two different sizes to ensure that only two host-guest complexes, 1.92  photoswitch 1 and 1.103  photoswitch 2, form) with different photoisomerization wavelengths. Upon irradiating at a wavelength specific to one of the photoswitches, it was therefore expected that only one photoswitch would be released from its host.

Figure 53 :

 53 Figure 53: Inoue's host-guest complex between 1.108 cyclodextrin and two molecules of anthracene 1.15. Cyclodextrins have shown good affinity towards aromatic guests such as anthracene, and ϒ-cyclodextrin 1.108 has a large enough cavity to encapsulate two anthracene guests 1.15, forming a 1:2 ϒ-cyclodextrin:anthracene system (confirmed by Job plot and 1 H NMR in D 2 O) with binding constants of k 1 = 161 M -1 and k 2 = 38500 M -1 , determined by CD and UV spectroscopy titrations. The

1 .

 1 photoproducts were obtained majoritarily (98%), with an ee of syn-1.110 product of 91%, while for CB 1.109 host, the head-to-head products syn-and anti-1.111 were favored (99%), leading to an 18% ee of syn-1.111.

Figure 54 :

 54 Figure 54: Illustration of the control over the photodroducts of anthracenes using cyclodextrin and cucurbituril hosts.

  but few systems have reported their use up until now, 109 and many of those examples only capitalizing on their photochromic properties. 110 Molecular photoswitches based on anthracenes have nevertheless been applied to DNA binding, 111 catalysis, 112 chirality induction, 113 nanoporous membranes, 114 bioimaging, 115 but have for now limited applications in host-guest systems.

Figure 1 :

 1 Figure 1: Reaction schemes illustrating photodimerization and photo-oxidation reactions.

Figure 2 :

 2 Figure 2: Illustration of the change in curvature from a central pyridazine unit to a pyrrole unit.

Figure 3 :

 3 Figure 3: Cartoon representation of Host-Guest complexation.

[

  116] (a) A. Tabatchnik, C. Aubé, H. Bakkali, T. Delaunay, G. Thia Manh, V. Blot, C. Thobie-Gautier, Y. Ferrand, I. Huc, J. Lebreton, D. Jacquemin, M. Pipelier, D. Dubreuil, Chem. Eur. J. 2010, 16, 11876. (b) Lautrette G. Capsules hélicoïdales auto-organisées par repliement d'oligoamides aromatiques pour la reconnaissance moléculaire, Organic Chemistry PhD thesis, University of Bordeaux, 2013.

Figure 4 :

 4 Figure 4: Structure of monomer library developped by Huc and Ferrand groups over time, ranked from highest to lowest curvature diameter (left to right), the angle between the amine and acid function is indicated below each monomer. The hydrogen bonding and electrostatic repulsion patterns are schematized (top right).

Figure 5 :

 5 Figure 5: Reaction scheme showing the synthesis of diazaanthracene as an example of the main synthetic pathway used for monomer synthesis.

Figure 6 :

 6 Figure 6: X-ray sturcture of (Q3PN2N ox HA H )2A H  xylobiose complex exemplifying the hydrogen bonding interactions (shown as black dashed lines) which favor guest binding. The full host-guest complex is shown on the left and colored according to the monomer color code given in figure 4, and a simplified version (omitting Q3 segments) is given in the middle and on the right. The xylobiose molecule is outlined in yellow and red.

Figure 7 :

 7 Figure 7: Timeline showing the different generations of aromatic oligoamide hosts,their respective cavity volumes and the guests encapsulated.

Figure 8 :

 8 Figure 8: a) Structure of 2.1 and b) side and c) top view of corresponding X-ray structure as a stick representation, with the 1,8-diazaanthracene units in black and the turn units in grey.

Figure 9 :

 9 Figure 9: a) reaction scheme and b) and c) cartoon illustation of parallel and anti-parallel arrangement of aromatic sheets, the white arrows illustrate the dipole moment of each unit d) and e) illustration of reversible guest binding.

Figure 10 :

 10 Figure 10: Reaction scheme showing the photodimerization conformations adopted when diazaanthracene 2.2 is in the monomeric state and when it is preorganized into parallel aromatic sheet.

Figure 11 :

 11 Figure 11: X-ray structure of (a) stacked helix-turn-helix and (b) photodimer (c) corresponding sequence.

Figure 12 :

 12 Figure 12: a) Reaction scheme showing the model aromatic turn unit with different R groups and its photocycloaddition reaction, followed by b) the plot showing the conversion of the aromatic turn into its photoproduct as a function of time.

Figure 13 :

 13 Figure 13: a) Sequence 2.8 in abbreviated form, b) the X-ray structure of 2.8 followed by the model of photodimer 2.9 shown in stick representation and c) to e) 1 H NMR of the photoproduct 2.9 over time at room temperature, in c) after 20mins, in d) after 43h, in e) after 160h and f) the corresponding plot.

Figure 14 :

 14 Figure 14: Cartoon representation of the photo-controlled guest release and photo-induced guest anomerization by a photoactive host.

  photodimerization purposes and two central naphthyridine units known to promote intermolecular host-guest hydrogen bonding and to have similar curvature as diazaanthracenes. Similarly to the 2.8 foldamer, Q 3 PN 2 conical segments are used to cap the sequence, to which are added successively an A H and an N unit. Finally, an A F diacid central unit was included in the sequence for synthetic purposes, as it is able to form the more reactive diacyl chloride species which facilitates the final double coupling reaction. It also has a large enough diameter to be included in the center, and its central fluorine atom is less bulky than the methyl group of A Me units. As shown by molecular mechanics, the substitution of two A Me monomers of sequence 2.8 for two N monomers leads to similar overlap between the A H units, therefore could be a potential candidate for a photodimerizable capsule.

Figure 15 :

 15 Figure 15: Model of Q3PN2A H NA F NA H N2PQ3 2.10 in stick representation as a) side view b) top view with Q3P segments removed for clarity c) A H units only shown in side and d) top view.

Figure 16 :

 16 Figure 16: a) naphthyridine oligomer and hydrogen bonding scheme and resulting naphthyridine dimer X-ray structure b) impact of DMB group on hydrogen bonding pattern, and corresponding X-ray structure.The tertiary amide was formed by reductive amination of a 2,4-dimethoxybenzyl (abbreviated DMB) unit with the amine function of a monomer, then by coupling reaction with an acyl chloride of a second monomer a tertiary amide such as 2.12 is obtained. The removal of this DMB group by acidic treatment into 2.13 and 2.14 is described in figure17.

Figure 17 :

 17 Figure 17: Impact of strong acids on DMB-tertiary amide.

Figure 18 :

 18 Figure 18: Reaction scheme showing the synthesis of pentamer amine 2.20 from quinoline trimer acid 2.17 and dimer 2.18.

Figure 19 :

 19 Figure 19: Reaction scheme showing the synthetic route towards 2.10 starting from pentamer secondary amine 2.20. Reaction conditions are as follows: a) PyBOP, DIEA, CHCl3, 35°C ; b) TBAF (1M in THF), succinic acid, DMF, r.t.The selective deprotection of the amine was performed by TBAF in presence of succinic acid (to neutralize the basicity of TBAF, and therefore avoid tertiary amide cleavage, see figure20), and successive couplings to diazaanthracene unit 2.26 and naphthyridine 2.21 led to 2.24 Teoc-protected amine with a 72% yield over four steps.

Figure 20 :

 20 Figure 20: Impact of bases on DMB-tertiary amides.

Figure 21 :

 21 Figure 21: Excerpt of 1 H NMR amide region of 2.24 after deprotection at a) 2mM b) 1 mM and c) 0.5 mM concentration. The single helix is outlined with empty circles and the double helix with empty squares.

Figure 22 :

 22 Figure 22: Reaction scheme showing the revised synthetic route towards host system 2.29 starting from 2.20 pentamer amine. The reaction conditions are as follows: a) PyBOP,DIEA, CHCl3, 35°C ; b) TBAF (1M in THF), succinic acid, DMF, r.t ; c) TFA/CHCl3 50/50 (v/v), r.t.

Figure 23 :

 23 Figure 23: X-ray structure of 2.29 host as stick representation as a) side view b) top view with Q3P segments removed for clarity c) side view of 2.29 expliciting the calculated cavity volume (shown as a yellow sphere) and d) abbreviated form of sequence of 2.29 host. c) Photoirradiaton tests The resulting capsule 2.29 synthesized shows seven sharp amide signals in 1 H NMR in CDCl 3 (see figure 24) indicating that one main conformation is obtained in solution , while in acetone-d 6 much broader amide signals are obtained (and the host has a more limited solubility in acetone), which suggests that several conformations are present in solution in slow exchange on the NMR timescale. .

Figure 24 :

 24 Figure 24: Excerpt of 400MHz 1 H NMR spectra showing 2.29 host a) in CDCl3 before irradiation b) in acetone-d6 before irradiation and c) in acetone-d6 after 4h of UV irradiation.

Figure 25 :

 25 Figure 25: Excerpt of 400MHz 1 H NMR of the 2.29 capsule a) before photoirradiation in CDCl3 b) after 1h of irradiation in CDCl3 c) in presence of racemic fructose in CDCl3/DMSO 80/20 (v/v) solvent mixture and d) after irradiation in presence of racemic fructose.

Figure 26 :

 26 Figure 26: Structure of N, A H and H monomers, and central units of model structure of 2.30 host with corresponding sequence.

Figure 27 :

 27 Figure 27: Reaction scheme showing the synthesis of 2.30 host starting from 2.32 pentamer amine. The reaction conditions are as follows: a) PyBOP, DIEA, CHCl3, 40°C ; b) TBAF 1M in THF, r.t ; c) TFA/DCM 30/70 (v/v), r.t.

Figure 28 :

 28 Figure 28: The X-ray structure of empty 2.30 host a) to d) and the model of the photocycloaddition product 2.31 shown in e) to i). All hosts are shown in stick representation, a) and e) show the full host as a side view, b), f) and g) show the A H and corresponding photoproduct, c) and h) show the corresponding top views (omitting the Q3PN2 segments for clarity). d) and i) show the cavity volume (as a yellow sphere) of 2.30 and 2.31. The corresponding abbreviated sequences are shown in j).

(

  323.6 Å 3 ), as the pitch of the central part of the helix has increased from 3.4 (for 2.30) to 4.6Prior to photoirradiation experiments, it can be found that 2.30 is present in several conformations in solution. Even when recording the 1 H NMR of redissolved crystals of 2.30 in CDCl 3 , two sets of amide signals can be noticed, a major (shown as empty circles) and a minor species (shown as empty squares), and when leaving the NMR tube at room temperature for one week in solution more amide signals (shown as empty triangles) have appeared (see figure29).

Figure 29 :

 29 Figure 29: Excerpts of amide region of 1 H NMR of empty capsule 2 as a) precipitate obtained and b) redissolved crystals. The empty circles outline the major species, the empty squares show a first minor species and the empty triangles show a new species that appears after 1 week.

Figure 30 :

 30 Figure 30: Excerpts of 1 H NMR of empty capsule 2.30 as a 2mM solution in different solvents a) CDCl3 b) acetone-d6 c) benzene-d6 and d) CD2Cl2.

Figure 31 :

 31 Figure 31: Excerpts of 300MHz 1 H NMR of empty capsule 2.30 as a 5mM solution in acetone-d6 after a) 0h b) 0.5h c) 1h and d) 4h of UV irradiation.

Figure 32 :

 32 Figure 32: Excerpt of 300 MHz 1 H NMR of empty capsule 2.30 as a 5mM solution in CDCl3 after a) 0 b) 0.5 c) 3h d) 5h of UV irradiation.

Figure 33 :

 33 Figure 33: Graph showing the percentage of photoproduct over time (at r.t.) of 2.31 host alone in CDCl3 for the blue line and in acetone-d6 for the red circles, a corresponding cartoon representation showing the conversion of 2.31 back to 2.30.

Figure 34 :

 34 Figure 34: Excerpt of 300 MHz 1 H NMR of host-guest complex 2.30⊃2.46 (racemic xylose) a) before b) after 1h of UV irradiation c) after 1 H UV irradiation and sugar removal and d) after leaving the mixture at room temperature for 2h. The original 2.30⊃2.46 complex is outlined with black circles and the photoproduct is labeled with (*).

Figure 35 :

 35 Figure 35: Reaction scheme showing the different tautomeric forms of glucose 2.40 in equilibrium with each other.

Figure 36 :

 36 Figure 36: Example of ICD spectra where the blue line represents the positive ICD signal of the host in presence of D-sugar guest and the red line the negative ICD signal of the host in presence of the guest with an opposite handedness (L-sugar).

  29 host was recorded by CD titrations. To avoid sugar precipitation during the titration, an 80/20 CHCl3/DMSO (v/v) solvent mixture was used. Among the three pentoses and four hexoses tested, only two monosaccharides induced a CD signal, D-fructose 2.41 and D-glucose 2.40. D-2.41 titrations yielded a positive CD signal (therefore the P helicity of the host is favored), and upon fitting the titration data a binding affinity of K a =40800 M -1 was obtained.

Figure 37 :

 37 Figure 37: CD spectra recorded at 298K for the binding study of D-fructose 2.41 by 2.29 receptor in CHCl3/DMSO (80:20 vol/vol).

[ 2 .

 2 29]initial = 5 10 -5 M, [D-2.41]titrant = 1 10 -3 M. (b) Experimental (in orange) and calculated values (as a blue line) for the ICD binding study of receptor, values at 361 nm were used for the analysis. Ka = 42800 M -1 . Limiting = 196.0 cm 2 mmol -1 . The binding of the host for fructose 2.41 was further confirmed by 1 H NMR titration in 80/20 ratio using racemic fructose (to simplify the titration experiments). While the obtained host-guest signals are slightly broad, one major set of signals is obtained.

Figure 38 :

 38 Figure 38: Excerpt of 400MHz 1 H NMR spectra showing the amide region (8 to 12 ppm) of the host (2mM) in 80/20 CDCl3/DMSO-d6 in presence of a) 0 b) 0.25 c) 0.50 d) 1.00 eq. of racemic fructose 2.41.

Figure 39 :

 39 Figure 39: CD spectra recorded at 298K for the binding study of D-glucose 2.40 by 2.29 receptor in CHCl3/DMSO (80:20 vol/vol).[2.29]initial = 5 10 -5 M, [D-2.40]titrant = 1 10 -3 M. (b) Experimental (in orange) and calculated values (as a blue line) for the ICD binding study of receptor, values at 361 nm were used for the analysis. Ka = 33100 M -1 . Limiting = 18.8 cm 2 mmol -1 .

Figure 40 :

 40 Figure 40: Excerpt of 400MHz 1 H NMR spectra showing the amide region (8 to 12 ppm) of the 2.29 host (2mM) in 80/20 CDCl3/DMSO-d6 in presence of a) 0 b) 0.5 c) 0.7 d) 1.0 e) 2.0 eq. of racemic glucose 2.40.

Figure 41 :

 41 Figure 41: CD spectra recorded at 298K for the binding study of D-xylose 2.46 by 2.30 receptor in CHCl3/DMSO (80:20 vol/vol).

[ 2 .

 2 29]initial = 5 10 -5 M, [D-2.46]titrant = 1 10 -3 M. (b) Experimental (in orange) and calculated values (as a blue line) for the ICD binding study of receptor, values at 361 nm were used for the analysis. Ka1 = 12 M -1 Ka2 = 131800 M -2 . Limiting = 47.9 cm 2 mmol -1 . [153] (a) P. Thodarson, Chem. Soc. Rev. 2011, 40, 1305. (b) H.-J. Schneider, A. Yatsimirsky, Principles and Methods in Supramolecular Chemistry , John Wiley & Sons, Chichester, 2000, p. 149. (c) K. A. Connors, in Comprehensive Supramolecular Chemistry, J. L. Atwood, J. E. D. Davies, D. D. MacNicol and F. Vögtle, Pergamon, Oxford, 1996, pp. 205-241. The positive ICD signal obtained by CD titration of the host with D-2.46 indicates that the P helicity is slightly favored over M helicity (helix handedness and CD signal correlation have already been established) 154 , and the molar ellipticity as a function of guest concentration shows an inflexion point after addition of 500 μM of D-2.46, which is indicative of a possible 1:2 host:guest binding ratio. This was further suggested by the calculated fit and by Job plot (figure 41, right).

Figure 42 :

 42 Figure 42: Excerpt of amide region of 1 H NMR spectra recorded on 700MHz of 2.30 host in presence of a) 0 b) 0.5 c) 0.7 d) 1.5 and e) 2.0 eq. of racemic xylose 2.46. The empty circles outline empty 2.30, while the black circles and black squares represent 2.30  2.46 host-guest complexes. When performing the same titration (see figure 42) in NMR conditions (2mM host solution in 80/20 CDCl3/DMSO), it was noticed that even though the host solution in absence of guest is relatively broad, sugar binding led to sharper NMR signals, and two main binding modes were found. In total, two equivalents of D-xylose were required. Unlike xylose 2.46, arabinose 2.44 has shown to bind with a modest affinity (5100 M -1 ) according to a 1:1 host:guest stoichiometry, which was confirmed by Job plot, despite having a similar size as 2.46. Unlike xylose, NMR titrations do not bring about a set of sharp amide signals, but rather two sets of broad signals, with one major species (black circles) and a minor species (black squares).

Figure 43 :

 43 Figure 43: CD spectra recorded at 298K for the binding study of D-2.44 by 2.30 receptor in CHCl3/DMSO (80:20 vol/vol). [host]initial = 5 10 -5 M, [D-2.44]titrant = 1 10 -3 M. (b) Experimental (in orange) and calculated values (as a blue line) for the ICD

Figure 44 :

 44 Figure 44: Excerpt of amide region of 1 H NMR spectra recorded on 700MHz of 2.30 host (2mM) in presence of a) 0 b) 0.5 c) 1.0 d) 2.0 eq. of racemic arabinose 2.44. The empty circles outline empty 2.30, while the black circles and black squares represent 2.30  2.44 host-guest complexes. Mannose D-2.42 has shown strong ICD signals during the titration, but plotting its ellipticity against guest concentration suggests that each host binds two molecules of mannose. Considering the volume of the cavity initially calculated (320 Å 3 ) and the volume of a mannose unit (126.7 Å 3 ),

  155 1 H NMR titrations with mannose lead to very broad signals, making the calculation of a binding affinty constant difficult. It can however be noted that three equivalents of mannose are necessary to no longer see any trace of empty host.

Figure 45 :

 45 Figure 45: CD spectra recorded at 298K for the binding study of D-2.42 by 2.30 receptor in CHCl3/DMSO (80:20 vol/vol). [host]initial = 5 10 -5 M, [D-2.42]titrant = 2 10 -3 M. (b) Experimental (in orange) and calculated values (as a blue line) for the ICD binding study of receptor, values at 359 nm were used for the analysis. Ka1= 37 M -1 , Ka2 = 27500 M -1 . Limiting = 431.1 cm 2 mmol -1 .

Figure 46 :

 46 Figure 46: Excerpt of amide region of 1 H NMR spectra recorded on 700MHz of 2.30 host (2 mM) in presence of a) 0 b) 0.5 c) 1.0 d) 2.0 e) 3.0 eq. of racemic mannose 2.42. The empty circles outline empty 2.30, while the black circles and black squares represent 2.30  2.42 host-guest complexes.

Figure 47 :

 47 Figure 47: CD spectra recorded at 298K for the binding study of D-2.43 by 2.30 receptor in CHCl3/DMSO (80:20 vol/vol). [host]initial = 5 10 -5 M, [D-2.43]titrant = 1 10 -3 M. (b) Experimental (in orange) and calculated values (as a blue line) for the ICD binding study of receptor, values at 363 nm were used for the analysis. Ka = 5500 M -1 . Limiting = -147.07 cm 2 mmol -1 .

Figure 48 :

 48 Figure 48: Excerpt of amide region of 1 H NMR spectra recorded on 700MHz of 2.30 host (2mM) in presence of a) 0 b) 0.5 c) 1.0 d) 2.0 eq. of racemic galactose 2.43. The empty circles outline empty 2.30, while the black circles and black squares represent 2.30  2.43 host-guest complexes.

Figure 49 :

 49 Figure 49: CD spectra recorded at 298K for the binding study of 2.47 by 2.30 receptor in CHCl3/DMSO (80:20 vol/vol). [host]initial = 5 10 -5 M, [2.47]titrant = 2.4 10 -3 M. (b)Experimental (in orange) and calculated values (as a blue line) for the ICD binding study of receptor, values at 362 nm were used for the analysis. Ka = 61100 M -1 . Limiting = 525.9 cm 2 mmol -1 .

Figure 50 :

 50 Figure 50: Excerpt of amide region of 1 H NMR spectra recorded on 700MHz of 2.30 host (2mM) in presence of a) 0 b) 0.5 c) 1.0 d) 2.0 eq. of N-Acetyl glucosamine 2.47. The empty circles outline empty 2.30, while the black circles and black squares represent 2.30  2.47 host-guest complexes.

Figure 51 :

 51 Figure 51: CD spectra recorded at 298K for the binding study of sialic acid 2.48 by 2.30 receptor in CHCl3/DMSO (80:20 vol/vol). [host]initial = 5 10 -5 M, [Sialic acid]titrant = 5.8 10 -3 M. (b) Experimental (in orange) and calculated values (as a blue line)

2. 46 (

 46 with an overall binding constant of 131 800 M -2 ).

Figure 53 :

 53 Figure 53: On the left is shown a recap of the guests tested, and on the right are shown the binding affinities found by CD spectroscopy by titration with 2.30 host.

Figure 54 :

 54 Figure 54: Excerpt of 1 H-13 C HSQC spectra (in the 50 to 110 ppm region in 13 C scale and 5.2 to 3.0 ppm on the 1 H scale) recorded on the 700MHz of 1mM of a) 13 C-labeled D-2.46 solution in 80/20 CDCl3/DMSO-d6 (v/v) in absence of 2.30 host (left spectrum) and b) in presence of 1mM 2.30 host (on the right).. Upon 1h of UV irradiation of the 2.30  (2.46) 2 host-guest complex, the initial HSQC signals of the homocomplex disappear, and two new sets of signals are obtained, in a 50:50 ratio. This indicates a desymmetrization of the host-guest system, it can therefore be deduced that a heterocomplex is obtained. When overlaying the spectrum of the 2.30  (2.46) 2 host-guest complex before and after UV irradiation (see figure 55a), it can be noted that half of the signals of the heterocomplex (shown in green, C1' to C5', H1' to H5') show strong similarities with the signals of the homocomplex (in red, C1 to C5, H1 to H5), from which it can be deduced that one of the two 2.46 tautomers of the heterocomplex is also the tautomer present in the homocomplex. It can be therefore inferred that upon photoirradiation, one of the 2.46 tautomers encapsulated changes conformation. To better understand this phenomenon, each species was attributed.

Figure 55 :

 55 Figure 55: Excerpt of 700MHz of 1 H-13 C HSQC using 13 C-labeled 2.46 of the 2.30  (2.46)2 host-guest complex (shown as red spots) overlaid with the spectrum of the 2.30  (2.46)2 complex after 1h of UV irradiation (shown as green spots). The tautomers of 2.46 identified in each spectrum is explicited in b), and each spot is labeled with its corresponding attribution.

2. 30 

 30 (2.46) 2 homocomplex, the anomerization of an encapsulated 2.46 ɑ-xylopyranose tautomer into a β-xylopyranose had occurred. Anomerization/mutarotation is the process by which a monosaccharide anomer can be converted to another through its acyclic/linear conformation when in solution. While the mutarotation of monosaccharides occurs in solution, very few systems able to control this process have been developed so far, none of which using photoswitches.156 

Figure 56 :

 56 Figure 56: Reaction scheme showing the anomerization/mutarotation of ɑ-xylopyrannose to β-xylopyranose.

Figure 57 :

 57 Figure 57: Except of 700 MHz 1 H-13 C HSQC spectra using 13 C-labeled 2.46 of the 2.30  (2.46)2 host-guest complex a) after 1h photoirradiation (signals shown as green spots) and b) after heating a) at 60°C for 6h (signals shown as red spots). The 1 H and [156] P. Ramesh, A. Kritikos, G. Tsilomelekis, React. Chem. Eng. 2019, 4, 273.

Figure 58

 58 Figure 58: a) Excerpt of 700 MHz 1 H-13 C HSQC spectra using 13 C-labeled 2.46 of the 2.30  (2.46)2 host-guest complex after 15 minutes of UV irradiation and b) cartoon representation of the photoirradiation of the homocomplex.

Figure 58 :

 58 Figure 58: Cartoon representation of potential host-mediated monosaccharide condensation.

  C NMR spectra were recorded on 300 or 400 MHz spectrometers. Chemical shifts are reported in ppm (δ) relative to carbon resonances of the NMR solvent. ESI and MALDI mass spectra were obtained on a Waters LCT Premier and a Bruker Reflex III spectrometers respectively, from the Mass Spectrometry Laboratory at the European Institute of Chemistry and Biology (UMS 3033 -IECB), Pessac, France.

  1 H NMR: (300 MHz, CDCl 3 , δ in ppm): 9.34 (s, 1H), 9.10 (s, 1H), 7.63 (s, 1H), 7.58 (s, 1H), 4.22 (m, 2H), 4.20 (m, 2H), 4.17 (s, 3H), 2.42 (m, 2H), 1.26 (m, 6H), 1.23 (d, 6H, J=6.7 Hz). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm):

2 . 51 -

 251 3. HRMS (ES+):m/z calcd for C 23 H 27N 2 O 6 [M+H]+: 427.1864, found 427.1861. In a 250 mL round-bottomed flask equipped with a magnetic stirrer, 1,8-diazaanthracene monoacid 2.50 (1eq., 2.20 g, 5.00 mmol) was suspended in distilled toluene (79 mL) under Ar atmosphere. DIPEA (2eq., 1.8 mL, 10.00 mmol) and DPPA (2eq., 2.2 mL, 10.00 mmol), and trimethylsilylethanol (6eq., 4.5 mL, 30.00 mmol) were added, and heated to 100°C for 3h. The reaction mixture was then treated with NaOH 2M, extracted with DCM and washed with brine, then dried on MgSO 4 . The clean product was obtained after column chromatography (95/5 DCM/Acetone) purification as an yellow solid (1.70 g, 60%). 1 H NMR: (300 MHz, CDCl 3 , δ in ppm): 9.13 (s, 1H), 8.69 (s, 1H), 8.62 (s, 1H), 7.81 (s, 1H), 7.31 (s, 1H), 4.30 (t, 2H, J= 8.3 Hz), 4.15 (d, 2H, J= 6.7 Hz), 4.13 (m, 2H), 4.12 (s, 3H), 2.38 (m, 2H), 1.23 (d, 6H, J= 6.6 Hz), 1.20 (d, 6H, J= 6.8 Hz), 1.00 (t, 2H, J= 8.3 Hz), 0.04 (s, 9H). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm):

  ): m/z calcd for C 28 H 40 N 3 O 6 Si [M+H] + : 542.2681, found 542.2683.2.26-In a 50 mL round-bottomed flask equipped with a magnetic stirrer, 1,8-diazaanthracene 2.51 (1eq., 0.90 g, 1.66 mmol) andLiOH (2eq., 0.14 g, 3.32 mmol) were dissolved in a mixture of THF (14 mL) and H 2 O (1.4 mL). The reaction mixture was stirred at room temperature for 2h. After quenching with 5% citric acid aqueous solution and extraction in DCM, the organic layers were washed with H 2 O and brine, and dried over MgSO 4 . The product was obtained as an yellow solid (0.86 g, 98%). 1 H NMR: (300 MHz, CDCl 3 , δ in ppm):9.19 (s, 1H), 8.44 (s, 1H), 7.82 (s, 1H), 7.59 (s, 1H), 4.38 (t, 2H, J= 8.7 Hz), 4.14 (d, 4H, J= 5.4 Hz), 2.36 (m, 2H), 1.21 (d, 12H, J= 6.6 Hz), 0.92 (t, 2H, J= 9.1 Hz), 0.12 (s, 9H). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm):

  7, -1.3. HRMS (ES+): m/z calcd for C 27 H 38 N 3 O 6 Si [M+H] + : 528.2524, found 528.2530.

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm): 9.16 (s, 1H), 8.60 (s, 1H), 7.89 (s, 1H), 7.61 (s, 1H), 7.28 (s, 1H), 4.21 (d, 4H, J= 6.0 Hz), 2.39 (m, 2H), 1.61 (s, 9H), 1.22 (d, 6H, J= 6.4 Hz), 1.21 (d, 6H, J= 6.8 Hz). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm):

  2. HRMS (ES+): m/z calcd for C 26 H 33 N 3 O 6 [M+H] + : 483.3468, found 483.3199.2.53-Diazaanthracene 2.52(1eq., 1.90 g, 3.95 mmol) andLiOH (2eq., 0.19 g ,7.90 mmol) were dissolved in 3 mL THF and 0.3 mL H 2 O. The reaction mixture was stirred for 3h, then quenched with citric acid 5% aqueous solution, and extracted with DCM. The organic layers were washed with H 2 O and brine, then dried over MgSO 4 . Without further purificiation the resulting acid (1eq., 1.90 g, 3.90 mmol) and PyBOP (2eq., 4.10 g, 7.86 mmol) were added to a 50 mL round-bottomed flask, flushed with Ar and dissolved in 22 mL distilled CHCl 3 . Allyl alcohol (2eq., 0.5 mL, 7.86 mmol) and distilled DIEA (3eq., 2.60 mL, 15.72 mmol) were successively added. The reaction mixture was heated at 30°C overnight. The reaction mixture was washed with NH 4 Cl 5% aqueous solution, extracted with DCM and the collected organic layers were washed with H 2 O and dried over MgSO 4 . The crude product was purified by column chromatography (9/1 DCM/EA), yielding the pure product 2.53 as a yellow powder (1.60 g, 78%). 1 H NMR: (300 MHz, CDCl 3 , δ in ppm): 9.22 (s, 1H), 8.61 (s, 1H), 8.37 (s, 1H), 7.56 (s, 1H), 6.18 (m, 1H), 5.54 (dd, 1H, J= 1.0 Hz, J= 17.1 Hz), 5.41 (dd, 1H, J= 0.9 Hz, 10.2 Hz), 5.04(d, 2H, J= 5.9 Hz), 4.27 (m, 2H), 4.18 (d, 2H, J= 6.9 Hz), 2.41 (m, 2H), 1.22 (m, 12H).

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm): 8.99 (s, 1H), 8.43 (s, 1H), 7.41 (s, 1H), 6.05 (s, 1H), 4.98 (s, 1H), 4.13 -4.06 (m, 5H), 3.96 (d, 2H, J= 6.3 Hz), 2.39 -2.26 (m, 2H), 1.18 (dd, 12H, J= 6.7, 2.8 Hz). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm):

  8. HRMS (ES+): m/z calcd for C 22 H 28 N 3 O 4 [M+H] + 398.2074 found 398.2061. 2.54-In a 10 mL round-bottomed flask equipped with a magnetic stirrer, naphthyridine 2.70 (1eq., 1.00 g, 3.64 mmol) and 4-nitrophenylcarbonate (1.5eq., 1.51 g, 5.44 mmol) was suspended in 1,4-dioxane (5 mL). The reaction mixture was stirred at 85°C for 24h. The resulting reaction mixture was treated with NaHCO 3 saturated aqueous solution, extracted with DCM, washed with H 2 O and brine, then dried over MgSO 4 . The pure product was obtained after column chromatography (80/20 Cyclohexane/EA) as a white powder (1.42 g, 90%). 1 H NMR: (300 MHz, CDCl 3 , δ in ppm): 8.55(d, 1H, J= 8.7 Hz), 8.34 (d, 1H, J= 8.7 Hz), 7.68 (s, 1H), 7.30 (s, 1H), 4.34 (t, 2H, J= 8.4 Hz), 4.04 (d, 2H, J= 6.3 Hz), 4.02 (s, 3H), 2.27 (m, 1H), 1.12 (d, 6H, J= 6.4 Hz), 1.10 (m, 2H), 0.08 (s, 9H). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm):

2 . 21 -

 221 ): m/z calcd for C 20 H 30 N 3 O 5 Si [M+H] + :420.1949, found 420.1943. In a 10 mL round-bottomed flask equipped with a magnetic stirrer, naphthyridine 2.54 (1eq., 0.70 g, 1.67 mmol) and LiOH (2eq., 0.14 g, 3.34 mmol) were dissolved in a mixture of THF (4 mL) and H 2 O (0.4 mL). The reaction mixture was stirred at room temperature for 2h. The resulting reaction mixture was treated with 5% citric acid aqueous solution, extracted with DCM, washed with H 2 O and brine, then dried over MgSO 4 . The product was obtained as a colorless oil (0.64 g, 94%). 1 H NMR: (300 MHz, CDCl 3 , δ in ppm): 8.65 (d, 1H, J= 9.0 Hz), 8.47 (d, 1H, J= 9.1 Hz), 7.93 (s, 1H), 7.68

  ): m/z calcd for C 19 H 28 N 3 O 5 Si [M+H] + : 406.1793, found 406.1791. 2.55-In a 25 mL round-bottomed flask equipped with a magnetic stirrer, naphthyridine 2.70 (1eq., 2 g, 7.26 mmol), 2,4-dimethoxybenzaldehyde (3eq., 3.62 g, 21.79 mmol) and sodium triacetoxyborohydride (3eq., 4.62 g, 21.79 mmol) was suspended in DCE (10 mL). The reaction mixture was stirred at room temperature for 24h. The resulting reaction mixture was quenched with 5% NH 4 Cl aqueous solution, extracted with DCM, washed with H 2 O and brine, then dried over MgSO 4 . The pure product was obtained after column chromatography (90/10 Cyclohexane/EA) as a pale yellow powder (2.5 g, 80%). 1 H NMR: (300 MHz, CDCl 3 , δ in ppm): 8.16 (d, 1H, J= 9.0 Hz), 7.38 (s, 1H), 7.30 (s, 1H), 6.64 (d, 1H, J= 9.0 Hz), 6.51 -6.39 (m, 2H), 5.33 (s, 1H), 4.76 (d, 2H, J= 5.6 Hz), 3.99 (d, 5H, J= 12.3 Hz), 3.84 (s, 3H), 3.79 (s, 3H), 2.31 -2.13 (m, 1H), 1.09 (d, 6H, J= 6.8 Hz).13 C NMR: (75 MHz, CDCl 3 , δ in ppm):

  .4. HRMS (ES+): m/z calcd for C 23 H 28 N 3 O 5 [M+H] + : 426.2023, found 426.2018.2.56-In a 10 mL round-bottomed flask the DMB-protected naphthyridine 2.55 (1eq., 2.00 g, 4.70 mmol) was mixed with Boc 2 O (2eq., 2.00 g, 9.40 mmol) in dioxane (5 mL). The reaction mixture was heated at 85°C (heating over 90°C leads to side product formation) and left to react overnight. Solvent was removed by rotary evaporation, and the obtained liquid was diluted in DCM and washed with distilled water. The organic phase was dried over MgSO 4 and the solvent evaporated. The crude product was purified by column chromatography (Cyclohexane/EA 95/5 to 80/20). The pure product was obtained as a white powder (2.20 g, 89%). 1 H NMR: (300 MHz, CDCl 3 , δ in ppm): 8.50 (d, 1H, J= 9.0 Hz), 8.09 (d, 1H, J= 10.2 Hz), 7.59 (s, 1H),7.10 (d, 1H, J= 8.2 Hz), 6.40 (d, 1H, J= 2.1 Hz), 6.37 (dd, 1H, J= 2.4 Hz, 8.2 Hz), 4.09 (d, 2H, J= 6.6 Hz), 4.07 (s, 3H), 3.79 (s, 3H), 3.66 (s, 3H), 2.31 (m, 1H), 1.45 (s, 9H), 1.17(d, 6H, J= 6.7 Hz). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm):

  3. HRMS (ES+): m/z calcd for C 28 H 36 N 3 O 6 [M+H] + : 526.2548, found 526.2545.

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm): 8.52(d, 1H, J= 9.3 Hz), 8.17(d, 1H, J= 9.3 Hz), 7.70 (s, 1H), 7.10 (d, 1H, J= 8.3 Hz), 6.43 (d, 1H, J= 2.3 Hz), 6.40 (dd, 1H, J= 2.4 Hz, 8.3 Hz), 4.09 (d, 2H, J= 6.9 Hz), 3.83 (s, 3H), 3.69 (s, 3H), 2.32 (m, 1H), 1.48 (s, 9H), 1.17 (d, 6H, J= 6.7 Hz). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm):

  2. HRMS (ES+): m/z calcd for C 27 H 34 N 3 O 7 [M+H] + : 512.2391, found 512.2387.2.18-In 250ml round-bottom flask under Ar atmosphere containing naphthyridine 2.57 (1eq., 1.50 g, 2.93 mmol), 2,6-diaminopyridine (15eq., 4.90 g, 44.90 mmol) andPyBOP (2eq., 3.10 g, 5.96 mmol), 100 mL distilled CHCl 3 were added, followed by DIPEA (3eq., 1.50 mL, 8.65 mmol). The reaction mixture was stirred at 35°C overnight. 15 mL of MeOH were added and the excess CHCl 3 was rotary evaporated until a yellow precipitate is observed. After filtration and 3 successive cold MeOH washes, the clean product was obtained as a yellow solid (1.68 g, 94%). 1 H NMR: (300 MHz, CDCl 3 , δ in ppm): 10.52 (s, 1H), 8.50 (d, 1H, J= 6.9 Hz), 7.98 (d, 1H, J= 6.7 Hz), 7.80 (d, 1H, J= 6.0 Hz) 7.78 (s, 1H), 7.55 (t, 1H, J= 6.6 Hz), 7.19(d, 1H, J= 6.1 Hz), 6.44 (d, 1H, J= 4.8 Hz), 6.42 (d, 1H, J= 5.9 Hz), 4.32 (s, 2H), 4.12 (d, 2H, J= 5.1 Hz), 3.80 (s, 3H), 3.68 (s, 3H), 2.32 (m, 1H), 1.48 (s, 9H), 1.16 (d, 6H, J= 4.9 Hz). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm):

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm):12.06 (s, 1H), 11.79 (s, 1H), 9.95 (s, 1H), 9.63 (s, 1H), 9.20 (dd, 1H, J= 1.1 Hz, 7.9 Hz), 8.75 (dd, 1H, J= 1.0 Hz, 7.8 Hz), 8.63 (d, 1H, J= 9.1 Hz), 8.54 (dd, 1H, J= 1.3 Hz, 8.3 Hz), 8.32 (d, 1H, J= 9.1 Hz), 8.08 (dd, 1H, J= 1.3 Hz, 8.2 Hz), 8.04 (dd, 1H, J= 0.8 Hz, 7.7 Hz), 8.00 (s, 1H), 7.80 (s, 1H), 7.80 (m, 1H), 7.74 (d, 1H, J= 7.9 Hz), 7.67(d, 1H, J= 0.6 Hz), 7.66(d, 1H, J= 1.8 Hz), 7.58 (dd, 1H, J= 1.4 Hz, 7.5 Hz), 7.41 (t, 1H, J= 7.9 Hz), 7.12 (s, 1H), 7.11 (m, 1H), 6.89(d, 1H, J= 8.1 Hz), 6.31 (t, 1H, J= 8.3 Hz), 6.25 (d, 1H, J= 2.4 Hz), 6.19 (dd, 1H, J= 2.4 Hz, 8.5 Hz), 5.13 (s, 2H), 4.22 (d, 2H, J= 6.9 Hz), 4.19 (d, 2H, J= 6.9 Hz), 3.99 (d, 4H, J= 6.9 Hz), 3.69 (s, 3H), 3.59 (s, 3H), 2.35 (m, 4H), 1.42 (s, 9H), 1.23 (m, 18H), 1.15 (m, 6H). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm):

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm):12.06 (s, 1H), 11.75 (s, 1H), 10.16 (s, 1H), 9.31 (s, 1H), 9.17 (d, 1H, J= 7.8 Hz), 8.68 (d, H, J= 8.7 Hz), 8.52 (dd, 1H, J= 1.5 Hz, 8.5 Hz), 8.34 (d, 1H, 9.3 Hz), 8.06 (d, 1H, J= 8.7 Hz), 7.97 (d, 1H, J= 9.2 Hz), 7.95 (d, 1H, J= 8.5 Hz), 7.92 (s, 1H), 7.84 (dd, 1H, J= 2.5 Hz, 5.9 Hz), 7.78 (m, 2H), 7.71 (s, 2H), 7.54 (dd, 1H, J= 0.8 Hz, 7.7 Hz), 7.48 (d, 1H, J= 8.3 Hz), 7.41 (d, 1H, J= 8.0 Hz), 7.35 (s, 2H), 7.10 (s, 1H), 6.34 (dd, 1H, J= 2.0 Hz, 8.3 Hz), 6.17 (s, 2H), 6.05 (t, H, J= 7.1 Hz), 4.31 (t, 2H, J= 8.5 Hz), 4.15 (m, 6H), 3.99 (d, 2H, J= 6.2 Hz), 3.69 (d, 2H, J= 6.4 Hz), 3.65 (s, 3H), 3.39 (s, 3H), 2.31 (m, 5H), 1.21 (m, 24H), 1.09 (d, 6H, J= 6.8 Hz), 0.11 (s, 9H). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm): 170.

  ): m/z calcd for C 88 H 95 N 15 O 16 Si [M+H] + : 1646.6072, found 1646.6105.

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm): 8.60(d, 1H, J= 9.6 Hz), 8.34 (d, 1H, J= 8.7 Hz), 7.82 (d, 2H, J= 6.9 Hz), 7.66(d, 2H, J= 9.0 Hz), 7.58 (s, 1H), 7.46 (td, 2H, J= 0.7 Hz, 7.5 Hz), 7.37 (td, 2H, J= 1.1 Hz, 7.1 Hz), 4.56(d, 2H, J= 7.5 Hz), 4.36 (t, 2H, J= 7.4 Hz), 4.08 (d, 2H, J= 6.1 Hz), 4.07 (s, 3H), 2.31 (m, 1H), 1.16 (d, 6H, J= 6.9 Hz). 13 C NMR: (75 MHz, DMSO-d 6 , δ in ppm):

  , 14.0. HRMS (ES+): m/z calcd for C 29 H 27 N 3 O 5 [M+H] + : 498.1991, found 498.2026.

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm): 11.09 (s, 1H), 8.59(d, 1H, J= 9.1 Hz), 8.17 (d, 1H, J= 9.1 Hz), 7.89 (dd, 4H, J= 8.6 Hz, 7.4 Hz), 7.52 (s, 1H), 7.50 -7.30 (m, 4H), 4.47(d, 2H, J= 7.3 Hz), 4.35 (t, 1H, J= 7.2 Hz), 4.15 (d, 3H, J= 6.5 Hz), 2.28 -49 2.12 (m, 1H), 1.81 -1.70 (m, 1H), 1.08 (d, 6H, J= 6.7 Hz). 13 C NMR: (75 MHz, DMSO-d 6 , δ in ppm):

  ): m/z calcd for C 28 H 25N 3 O 5 [M+H] + : 484.1794, found 484.1876.2.61-In a dry 10 mL round-bottomed flask under Ar atmosphere was added diazaanthracene amine (1eq., 0.20 g, 0.47 mmol), naphthyridine acid 2.60 (1eq., 0.21 g, 0.47 mmol) and PyBOP (3eq., 0.73 g, 1.41 mmol), which were then solubilized in 2.5 mL distilled CHCl 3 . After adding DIEA (4eq., 0.30 mL, 1.88 mmol), the reaction mixture was heated at 35°C overnight. After quenching with NH 4 Cl 5% aqueous solution and DCM extraction, the organic layer was dried over MgSO 4 . After GPC purification, the first peak collected was treated with NH 4 Cl 5% aqueous solution and NaHCO 3 5% aqueous solution and extracted with DCM. The organic layer was washed with H 2 O, and dried over MgSO 4 . The product was obtained as a yellow solid (0.30 g, 71%). 1 H NMR: (300 MHz, CDCl 3 , δ in ppm): 11.06 (s, 1H), 9.21 (s, 1H), 8.84 (s, 1H), 8.68(d, 1H, J= 8.8 Hz), 8.42 (d, 1H, J= 9.3 Hz), 8.21 (s, 1H), 8.03 (s, 1H), 7.85(d, 1H, J= 9.0 Hz), 7.84 (s, 1H), 7.69 (d, 2H, J= 7.4 Hz), 7.49 (s, 1H), 7.47 (m, 1H), 7.40 (t, 2H, J= 7.8 Hz), 6.2 (m, 1H), 5.55 (m, 1H), 5.40 (m, 1H), 5.08 (d, 2H, J= 6.9 Hz), 4.61 (d, 2H, J= 6.6 Hz), 4.39 (t, 1H, J=8.7 Hz), 4.19 (m, 6H), 2.39 (m, 3H), 1.24 (m, 12H), 1.18 (m, 6H). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm):

1 H

 1 NMR: (300 MHz, DMSO-d 6 , δ in ppm): 11.04 (s, 1H), 9.13 (s, 1H), 8.88 (s, 1H), 8.64 (d, 1H, J= 9.6 Hz), 8.45 (d, 1H, J= 8.8 Hz), 8.25 (s, 1H), 7.76 (s, 1H), 7.40 (s, 1H), 4.54 (d, 2H, J= 7.7 Hz), 4.37 (d, 2H, J= 7.5 Hz), 4.23 (d, 2H, J= 6 Hz), 2.39 (m, 3H), 1.24 (m, 12H), 1.18 (d, 6H, J= 6.9 Hz). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm):

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm): 12.00 (s, 1H),11.72 (s, 1H), 11.17 (s, 1H), 11.13 (s, 1H), 10.19 (s, 1H), 9.25 (s, 1H), 9.19 (m, 1H), 8.80 (d, 1H, J= 9.3 Hz), 8.73 (s, 1H), 8.68 (d, 1H, J= 9.9 Hz), 8.51 (d, 1H, J= 8.7 Hz), 8.42 (s, 1H), 8.39 (s, 1H), 8.23 (s, 1H), 8.15 (s, 1H), 8.13 (d, 1H, J= 9.0 Hz), 8.06(d, 1H, J= 8.7 Hz), 7.86 (s, 1H), 7.82 (s, 1H), 7.76 (m, 2H), 7.66 (m, 2H), 7.64 (s, 1H), 7.58 (m, 2H), 7.51 (s, 1H), 7.09 (s, 1H), 6.94 (s, 1H), 6.40 (dd, 1H, J= 0.9 Hz, 8.4 Hz), 6.17 (s, 1H), 4.60(d, 2H, J= 7.2 Hz), 4.36 (t, 2H, J= 7.2 Hz), 4.25 (m, 2H), 4.18 (d, 2H, J= 6.0 Hz), 4.05(d, 2H, J= 7.1 Hz), 3.99 (d, 2H, J= 6.3 Hz), 3.78 (d, 2H, J= ), 3.70 (d, 2H, J= 6.9 Hz), 3.68 (s, 3H), 3.66 (s, 3H), 2.38 (m, 7H), 1.28 (m, 24H), 1.21 (m, 6H), 1.17 (m, 6H), 1.09 (m, 6H). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm): 171.

  3. HRMS (ES+): m/z calcd for C 122 H 131 N 21 O 21 Si [M+H] + : 2111.9038, found 2111.9101. 2.27-In a dry 5 mL round-bottomed flask the Q 3 PN pentamer 2.19 (1eq., 0.54 g, 0.40 mmol) was added and flushed with Ar atmosphere. 3.5 mL of 4M HCl in 1,4-dioxane were added, a red solution is obtained. After 1h, a suspension is obtained. The reaction mixture was quenched with NaHCO 3 saturated aqueous solution, extracted in DCM, washed with H 2 O and dried over MgSO 4 . A pale yellow solid is obtained (1eq., 1.00 g, 0.79 mmol) and directly reinvested in a dry 25 mL round-bottom flask to which was added PyBOP (3eq., 1.23 g, 2.37 mmol) and A H 2.26 (1.1eq., 0.46 g, 0.87 mmol), then put under Ar atmosphere. 10 mL of distilled CHCl 3 were added, followed by DIPEA (2eq., 0.26 mL, 1.58 mmol). The yellow solution obtained was stirred of 2 days at room temperature, then quenched with NH 4 Cl 5% aqueous solution, extracted with DCM and the combined organic layers were washed with H 2 O and dried over MgSO 4 . The resulting oil was injected in GPC, and the first peak was collected, treated with NH 4 Cl 5% aqueous solution and H 2 O and dried over MgSO 4 . A yellow powder is obtained (0.54 g, 38%). 1 H NMR: (300 MHz, CDCl 3 , δ in ppm): 12.06 (s, 1H), 11.69 (s, 1H), 10.23 (s, 1H), 9.14 (d, 1H, J= 6.9 Hz), 9.09 (s, 1H), 8.75 (s, 1H), 8.65 (d, 1H, J= 7.8 Hz), 8.51 (dd, 1H, J= 0.8 Hz, 8.1 Hz), 8.07 (dd, 1H, J= 1.0 Hz, 8.5 Hz), 7.93 (m, 1H), 7.87 (m, 1H), 7.82 (s, 1H), 7.79 (s, 1H), 7.76 (s, 1H), 7.68 (m, 3H), 7.64 (s, 1H), 7.54 (s, 1H), 7.51 (d, 1H, J= 7.5 Hz), 7.41 (s, 1H), 7.40 (s, 1H), 7.38 (d, 1H, J= 7.1 Hz), 7.15 (s, 1H), 7.10 (s, 1H), 7.07 (s, 1H), 6.43 (dd, 1H, J= 1.9 Hz, 8.3 Hz), 6.29 (s, 1H), 4.35 (t, 2H, J= 8.1 Hz), 4.11 (d, 4H, J= 5.4 Hz), 3.99 (d, 4H, J= 6.0 Hz), 3.80 (d, 4H, J= 6.3 Hz), 3.74 (s, 3H), 3.51 (s, 3H), 2.37 (m, 4H), 2.23 (m, 2H), 1.23 (m, 18H), 1.16 (m, 12H), 1.06 (m, 6H), 0.12 (s, 9H). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm): 175.

1 .

 1 HRMS (ES+): m/z calcd for C 96 H 105 N 15 O 17 [M+H] + : 1769.7681, found 1769.7698.

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm): 12.08 (s, 1H), 11.70 (s, 1H), 10.97 (s, 1H), 10.24 (s, 1H), 9.15 (dd, 1H, J= 1.0 Hz, 7.6 Hz), 9.13 (s, 1H), 8.81 (s, 1H), 8.72 (d, 1H, J= 8.7 Hz), 8.67 (d, 1H, J= 9.1 Hz), 8.51 (dd, 1H, J= 1.2 Hz, 8.3 Hz), 8.46 (d, 1H, J= 9.1 Hz), 8.08 (m, 1H), 8.06 (s, 1H), 7.92 (d, 1H, J= 9.0 Hz), 7.84 (s, 2H), 7.80 (m, 2H), 7.68 (s, 3H), 7.64 (s, 1H), 7.55 (s, 1H), 7.53 (dd, 1H, J= 1.6 Hz, 7.5 Hz), 7.42 (m, 2H), 7.11 (s, 3H), 6.94 (s, 1H), 6.46 (dd, 1H, J= 2.3 Hz, 8.4 Hz), 6.29 (d, 1H, J= 1.3 Hz), 4.42 (t, 2H, J= 8.7 Hz), 4.16 (d, 4H, J= 6.0 Hz), 4.12 (d, 2H, J= 6.6 Hz), 4.00 (d, 4H, J= 6.3 Hz), 3.88 (d, 4H, J= 6.0 Hz), 3.75 (s, 3H), 3.51 (s, 3H), 2.38 (m, 5H), 2.25 (m, 2H), 1.23 (m, 6H), 1.16 (m, 36H), 0.14 (s, 9H).13 C NMR: (75 MHz, CDCl 3 , δ in ppm): 171.2, 164.

  7. HRMS (ES+): m/z calcd for C 109 H 118 N 18 O 19 Si [M+H] + : 2012.3492, found 2012.3510.

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm):11.72 (s, 2H), 11.45 (s, 2H), 11.15 (s, 2H), 11.04 (s, 2H), 9.88 (s, 2H), 9.65 (s, 2H), 9.46 (s, 2H), 9.02 (d, 2H, J= 9.5 Hz), 8.93 (s, 1H), 8.75 (m, 4H), 8.71 (d, 4H, J= 9.0 Hz), 8.42 (s, 4H), 8.38 (d, 4H, J= 9.0 Hz), 8.31 (d, 4H, J= 9.0 Hz), 8.28 (s, 2H), 8.15 (d, 4H, J= 8.7 Hz), 8.08 (s, 4H), 7.99 (d, 4H, J= 7.5 Hz), 7.69 (m, 6H), 7.65 (s, 2H), 7.44 (s, 4H), 7.13 (d, 4H, J= 6.6 Hz), 7.06 (s, 2H), 7.03 (m, 6H), 6.75 (s, 6H), 6.54 (m, 10H), 5.84 (m, 10H), 4.48 (m, 8H), 4.32 (d, 8H, J= 5.1 Hz), 4.13 (m, 14H), 4.03 (m, 8H), 3.72 (d, 6H, J= 6.3 Hz), 3.52 (d, 2H, J= 5.4 Hz), 2.56 (m, 6H), 2.39 (m, 5H), 2.21 (m, 3H), 2.06 (m, 2H), 1.39 (m, 36H), 1.29 (m, 36H), 1.08 (m, 24H). 19 F NMR: -119.16. HRMS (ES+): m/z calcd for C 210 H 211 FN 38 O 34 [M+H] + : 3830.4401, found 3830.4428.

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm):.9.80 (s, 1H), 9.01 (s, 1H), 7.65 (d, 2H, J= 12.1 Hz), 4.13 (m, 4H), 2.39 (m, 2H), 1.55 (s, 9H), 1.19 (m, 12H). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm):

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm):.12.09 (s, 1H),11.89 (s, 1H), 11.58 (s, 1H), 11.41 (s, 1H), 10.41 (s, 1H), 10.01 (s, 1H), 8.96 (d, 1H, J= 8.4 Hz), 8.82 (m, 1H), 8.80 (s, 2H), 8.80 (m, 3H), 8.51 (d, 1H, J= 8.4 Hz), 8.47(d, 1H, J= 7.8 Hz), 8.20 (t, 1H, J= 5.5 Hz), 7.84 (s, 1H), 7.81 (m, 4H), 7.67 (s, 1H), 7.64 (s, 1H), 7.57 (s, 1H), 7.48 (s, 1H), 7.13(d, 2H, J= 8.1 Hz), 6.98 (d, 2H, J= 7.8 Hz), 6.94 (s, 1H), 6.89 (d, 2H, J= 8.4 Hz), 6.39 (t, 2H, J= 7.8 Hz),6.27 (s, 1H), 4.23 (d, 6H, J= 6.1 Hz), 4.10 (m, 4H), 3.97 (m, 2H), 2.42 (m, 6H), 2.22 (m, 1H), 1.60 (s, 9H),1.28 (m, 32H), 1.20 (m, 12H). 162.

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm): 12.05 (s, 1H), 11.80 (s, 1H), 11.55 (s, 1H), 10.45 (s, 1H), 10.34 (s, 1H), 9.94 (s, 1H), 9.51 (s, 1H), 8.92 (m, 2H), 8.84 (d, 2H, J= 7.5 Hz), 8.80 (d, 1H, J= 2.7 Hz), 8.54 (d, 2H, J= 6.0 Hz), 8.33 (d, 1H, J= 8.4 Hz), 8.29 (s, 1H), 8.12 (s, 1H), 7.91 (s, 1H), 7.86 (d, 2H, J= 6.7 Hz), 7.81 (s, 2H), 7.74 (s, 1H), 7.65 (s, 1H), 7.57 (s, 1H), 7.22 (t, 2H, J= 8.1 Hz), 7.05 (d, 1H, J= 8.4 Hz), 7.01 (s, 1H),6.86 (d, 1H, J= 7.2 Hz), 6.79 (d, 1H, J= 7.5 Hz), 6.49 (s, 1H), 4.30 (m, 2H), 4.24 (d, 8H, J= 6.3 Hz), 4.15 (m, 8H), 3.86 (d, 2H, J= 6.6 Hz), 2.42 (m, 6H), 2.27 (m, 3H), 1.40 (s, 9H), 1.24 (m, 54H), 1.11 (d, 12H, J= 6.2 Hz). HRMS (ES+): m/z calcd for C 118 H 127 N 21 O 21 [M+H] + : 2175.9608, found 2175.9605.

Figure 1 :

 1 Figure 1: Cartoon representation showing a difference in sugar affinity between the self-assembled capsule and its photoproduct.

Figure 2 :

 2 Figure 2: Structure of the sequence designed to self-assemble and its abbreviated form.

  ), at 0.5 mM the amide signals are deshielded (as empty circles), which are attributed to the single-stranded structure, while at 2mM a mixture of signals are obtained, indicating a mixture of single and double-stranded helix. At 16 mM, one set of upfield-shifted amide signals is obtained, suggesting that the double-stranded helix (3.1) 2 , shown as empty squares, is the sole species present in solution. Based on the data presented here, K dim = 1750 M -1 .

Figure 3 :Both 3 . 1

 331 Figure 3: Excerpt of the 1 H NMR spectrum of 3.1 in CDCl3 at a concentration of a) 16 mM b) 2 mM and c) 0.5 mM. 2) Photoirradiation of the double-stranded self-assembly a) NMR studies Both 3.1 and 2.35 were submitted to photoirradiation experiments. Under UV light, 2.35 showed no conversion into its photoproduct, even after long irradiation times. Nevertheless, upon testing 3.1 a symmetrical photoproduct named 3.3 (as attested by the number of amide peaks found by NMR)

Figure 4 :

 4 Figure 4: Amide (14 to 9 ppm) and 5 to 6 ppm region in 1 H NMR of 2mM solution of 3.1 in CDCl3 in presence of 2 equivalents of NEt3 a) before and b) after 1h c) after 3h and d) after 6h of UV irradiation.

Figure 5 :

 5 Figure 5: a) Model of (3.1)2 duplex, b) X-ray structure of its corresponding photodimer 3.3, and c) model of the expected homophotoproduct, which is not observed, each shown as side and top view, and with their corresponding sequence.

Figure 6 :

 6 Figure 6: Section of X-ray structure as stick representation outlining the formed macrocycle (in black) between the diazaanthracene units (in pink) and quinoline units (in grey).

Figure 7 :

 7 Figure 7: Graph showing the evolution of the amount of photoproduct 3.3 over time (shown as blue triangles) compared to (Q3PN2A H H)2A F photoproduct of the previous chapter (shown as red circles), and the photoswitchable behaviour of the self-assembly over several cycles.

Figure 8 :

 8 Figure 8: Excerpt of the amide region of 1 H NMR of the photodimerized host 3.3 in presence of 2 equivalents of D/L ribose guest over b) 6 c) 120 h at room temperature, compared to the host-guest complex prior to irradiation.

Figure 9 :

 9 Figure 9: Reaction scheme showing the photocycloaddition reaction between a diazaanthracene unit and a planar quinoline prearranged within a turn unit.Trimer 3.4 and its deprotected amine equivalent, 3.6, were both photoirradiated. It was found that while 3.6 converted to the photocycloaddition product 3.7 readily (blue circles in figure9) its Boc protected version 3.4 (shown as red triangles) led to little conversion to photoproduct 3.5 (<20%), even after several hours of UV irradiation (see figure10 below).

Figure 10 : 5 .

 105 Figure 10: Excerpt of the 1 H NMR of 3.6 trimer amine (left) a) before b) after 30 mins c) after 2h and d) after 4h of UV irradiation, The empty circles represent the 3.6 trimer and the stars (*) label the corresponding photocycloaddition product 3.7. On the right,

Figure 11 :

 11 Figure 11: X-ray structure of the Boc protected A Me TH trimer 3.4 a),b) as a side view and c) as a top view. The side chains are omitted for clarity, the quinoline monomer is shown in orange, the turn unit in grey and the anthracene unit in pink.

Figure 12 :

 12 Figure 12: Excerpt of 1 H NMR amide and aromatic region of 3.5 (left), a) before b) after 2h c) after 30 h and d) after 100h at 60°C, and plot of the percentage of photoproduct over time (right) as a red line, compared to the A TA H trimer previously reported shown as a blue line.

Figure 13 :

 13 Figure 13: Molecular models of the a) conical 9-mer strand 3.1 and b) its self-assembled dimer (3.1)2, followed by c) the X-ray structure of the photoproduct 3.3. 1) Binding affinity studies using circular dichroism (CD) a) Studies on 3.1 and (3.1) 2

Figure 14 :

 14 Figure 14: CD spectra recorded at 298K for the binding study of D-ribose 2.45 by 3.1 receptor in CHCl3/DMSO (80:20 vol/vol). [3.1]initial = 5 10 -5 M, [D-2.45]titrant = 1 10 -3 M. (b) Experimental (as blue circles) and calculated values (fit shown as an orange line) for the ICD binding study of receptor, values at 364 nm were used for the analysis. Ka = 580 M -1 . Limiting = -388.1 cm 2 mmol -1 .

Figure 15 :

 15 Figure 15: CD spectra recorded at 298K for the binding study of D-glucose 2.40 by 3.1 receptor in CHCl3/DMSO (80:20 vol/vol). [3.1]initial = 5 10 -5 M, [D-2.40]titrant = 1 10 -3 M. (b) Experimental (as blue circles) and calculated values (fit shown as an orange line) for the ICD binding study of receptor, values at 363 nm were used for the analysis. Ka = 5300 M -1 Limiting = -51.1 cm mmol -1 .

Figure 16 :

 16 Figure 16: Job plot of 3.1⊃2.45 host-guest complex on the left and job plot of 3.1⊃2.40 complex on the right, in 80/20 CHCl3/DMSO mixture (v/v), where [3.1+2.45]total= 1 10 -3 M, and [3.1+2.40]total= 1 10 -3 M. The data is plotted according to the ratio of 3.1 in solution.

Figure 17 :

 17 Figure 17: CD spectra recorded at 298K for the binding study of D-Arabinose 2.44 by 3.3 photoproduct in CHCl3/DMSO (80:20 vol/vol). [3.3]initial = 5 10 -5 M, [D-2.44]titrant = 1 10 -3 M. (b) Experimental (as blue circles) and calculated values (fit shown as an orange line) for the ICD binding study of receptor, values at 365 nm were used for the analysis. Ka = 3910 M -1 . Limiting = 142.7 cm 2 mmol -1 .

Figure 18 :

 18 Figure 18: CD spectra recorded at 298K for the binding study of D-Ribose 2.45 by 3.3 photoproduct in CHCl3/DMSO (80:20 vol/vol). [3.3]initial = 5 10 -5 M, [D-2.45]titrant = 1 10 -3 M. (b) Experimental (as blue circles) and calculated values (fit shown as an orange line) for the ICD binding study of receptor, values at 365 nm were used for the analysis. Ka = 275400 M -1 . Limiting = -121.1 cm 2 mmol -1 .

Figure 19 :

 19 Figure 19: CD spectra recorded at 298K for the binding study of D-Fructose 2.41 by 3.3 photoproduct in CHCl3/DMSO (80:20 vol/vol). [3.3]initial = 5 10 -5 M, [D-2.41]titrant = 1 10 -3 M. (b) Experimental (as blue circles) and calculated values (fit shown as an orange line) for the ICD binding study of receptor, values at 364 nm were used for the analysis. Ka = 74400 M -1 . Limiting = 69.2 cm 2 mmol -1 .

Figure 20 :

 20 Figure 20: CD spectra recorded at 298K for the binding study of D-Mannose 2.42 by 3.3 photoproduct in CHCl3/DMSO (80:20 vol/vol). [3.3]initial = 5 10 -5 M, [D-2.42]titrant = 1 10 -3 M. (b) Experimental (as blue circles) and calculated values (fit shown as an orange line) for the ICD binding study of receptor, values at 364 nm were used for the analysis. Ka = 20190 M -1 . Limiting = 476.2 cm 2 mmol -1 .

Figure 21 :

 21 Figure 21: CD spectra recorded at 298K for the binding study of D-Glucose 2.40 by 3.3 photoproduct in CHCl3/DMSO (80:20 vol/vol). [3.3]initial = 5 10 -5 M, [D-2.40]titrant = 1 10 -3 M. (b) Experimental (as blue circles) and calculated values (fit shown as an orange line) for the ICD binding study of receptor, values at 366 nm were used for the analysis. Ka = 17100 M -1 . Limiting = 116.1 cm 2 mmol -1 .

Figure 22 :

 22 Figure 22: Amide region of 1 H NMR spectra of titration between 9-mer amine host 3.1 and a) 0 b) 0.2 c) 1.0 and d) 1.5 equivalents of racemic 2.45. The empty circles outline amide signals corresponding to the empty host, the black circles represent the main host-guest complex formed, while the red circles show the minor host-guest species formed.

Figure 23 :

 23 Figure 23:Amide region of 1 H NMR spectra of titration between 3.1 host and a) 0 b) 0.5 c) 1.0 and d) 3.0 equivalents of racemic 2.22. The empty circles outline the amide signals corresponding to the empty host, the black circles represent the main 3.1⊃mannose complex formed. This may be due to the difference in concentration of 3.1 between the CD and NMR experiments. CD experiments were carried out at 5 10 -5 M -1 while NMR experiments were carried out at 2 10 -3 M -1 , which, given the concentration-dependent NMR experiments shown in the previous section, would suggest that at CD concentrations the 3.1 cone is predominant in solution, while at NMR concentrations the (3.1) 2 dimer is the main species in solution. Nevertheless, the NMR studies of the amine 9-mer 3.1 prior to photoirradiation do not show any affinity upon addition of xylose, arabinose, galactose and fructose, similarly to the CD experiments of the previous section.

Figure 24 :

 24 Figure 24: Amide region of 1 H NMR spectra of 3.3 host a) in pure DMSO b) in CDCl3/DMSO solvent mixture and c) in presence of 1 eq. racemic 2.45. The empty circles outline the amide signals corresponding to the empty host, the black circles represent the 3.3⊃2.45 complex formed.

Figure 25 :

 25 Figure 25: Left, CD spectra showing the change in CD induction of 3.1⊃D-2.40 complex after a) 0 (grey line) b) 1h (pink line) c) 3h (blue line) of UV irradiation of 3.1⊃D-glucose complex, compared to the CD signal of the 3.3⊃D-glucose complex complex.

Figure 26 :

 26 Figure 26: CD spectra showing the extraction of D-2.45 from its aqueous solution by the 3.3 host over time (left), peaking after 10h. The corresponding plot of induced CD signal over time and its repeat experiments are shown on the right.Experiments were then performed to monitor the ability of the host to vehiculate D-2.45 accross an organic phase (see figure 27) by setting up, under Ar atmosphere, a U-tube with a central layer of organic layer made up of 3.1 host in a CHCl3/DMSO 95/5 (v/v) 50 μM solution, to which is added a layer of 500 μM aqueous solution of D-2.45 on one side (refered to as IN phase), and a layer of pure

  C signals in the 60-100 ppm region, consistent with signals expected for ribose. An experiment was then carried out to ensure that in absence of 3.1 host, no ribose transport would occur. For this, the same experiment as previously detailed was set up, replacing the central organic layer with a solution of CHCl 3 /DMSO 95/5 (v/v) solvent mixture. While the IN phase in this experiment showed some decrease in CD signal over time, the OUT phase showed no CD signal, even after two days of UV irradiation. It can be concluded that some amount of the D-2.45 of the IN layer has successfully been carried accross an organic layer to the OUT aqueous layer using the capacity of foldamer 3.1 (which shows little binding affinity towards 2.45) to photodimerize into 3.3 photoproduct which binds to 2.45. Given the long irradiation time required to fully convert 3.1 into 3.3 photoproduct, it is understandable that during the first few hours of the experiment very little D-2.45 ribose transport occurred.

Figure 27 :

 27 Figure 27: a) The induced CD signals in the 180-250 ppm region of the OUT aqueous layer (right on the cartoon representation shown in c)) are shown, the increase in CD signal is plotted in b) as green dots in the absence of 3.1 host and as blue dots in the presence of 3.1 host. c) Cartoon representation of the experiments carried out. The d) 1 H NMR and e) 13 C NMR of the OUT aqueous layer in D2O is shown.

3. 3 -

 3 In 0.5 mL of degassed chloroform containing 1% of triethylamine, the Q3PN2A H H amine 3.1 (1eq., 0.015g, 0.0048 mmol) was dissolved and irradiated under Ar atmosphere. After 6h, the photoproduct was obtained quantitatively. 1 H NMR (300 MHz, CDCl 3 ) δ, ppm: 11.93 (s, 1H), 11.65 (s, 1H), 11.43 (s, 1H), 10.40 (s, 1H), 10.17 (s, 1H), 10.02 (s, 1H), 9.80 (s, 1H), 8.85 (m, 2H), 8.77 (m, 3H), 8.46 (m, 4H), 8.38 (m, 1H), 8.32 (m, 2H), 8.24 (m, 2H), 8.16 (s, 1H), 8.00 (s, 1H), 7.84 (m, 5H), 7.76 (s, 1H), 7.71 (m, 3H), 7.63 (m, 1H), 7.60 (s, 1H), 7.56 (m, 1H), 7.52 (m, 2H), 7.39 (s, 1H), 7.34 (s, 1H), 7.10 (m, 2H), 6.99 (s, 1H), 6.95 (s, 1H), 6.54 (s, 1H), 5.35 (m, 4H), 5.27 (s, 2H), 4.38 (m, 6H), 4.19 (m, 12H), 2.32 (m, 5H), 2.21 (m, 4H), 1.23 (m, 108H).

3. 10 -

 10 Monoboc protected amine turn unit 3.15(1 eq., 0.25 g, 0.47 mmol) and A Me 3.16(1.2eq., 0.246 g, 0.56 mmol) were dissolved in dry CHCl3 (15 mL). Then PyBOP (3eq., 0.73 g, 1.41 mmol) and distilled DIEA (3eq., 0.24 mL, 1.41 mmol) were added. The solution was stirred at 45 °C for 2 days. Solvents were removed under reduced pressure and the residue was dissolved in CH 2 Cl 2 , washed with distilled water and brine. The organic layer was dried over MgSO 4 , filtered and concentrated under reduced pressure. The crude product was purified by precipitation from a minimum amount of MeOH to obtain the product as a yellow solid which was collected by filtration. (0.42 g, 95% yield).

1 H

 1 NMR (300 MHz, CDCl 3 ) δ, ppm: 10.00, 9.94 (s, 1H), 9.29 (s, 1H), 9.21 (s, 1H), 8.95 (s, 1H), 8.68 (s, 1H), 8.38 (s, 1H), 7.49 (s, 2H), 7.48 (s, 2H), 7.43 (s, 1H), 7.15 (s, 1H), 6.68 (s, 1H), 4.69 (s, 1H), 4.12 (m, 4H), 3.87 (d, 2H, J= 4.8 Hz), 3.81 (s, 3H), 3.60 (d, 2H, J= 4.6 Hz), 2.34 (m, 1H), 2.21 (m, 2H), 2.05 (m, 12H), 1.92 (m, 1H), 1.51 (s, 9H), 1.20 (d, 12H, J= 6.3 Hz), 1.11 (d, 6H, J= 6.5 Hz), 1.06 (d, 6H, J= 6.6 Hz).

  ): m/z calcd for C 65 H 73 N 11 O 13 [M+H] + 1316,5986 Found 1316.6011.

1 H

 1 NMR (300 MHz, CDCl 3 ) δ, ppm: 10.05 (s, 1H), 9.97 (s, 1H), 9.39 (s, 1H), 9.05 (s, 2H), 8.90 (s, 1H), 8.70 (s, 1H), 8.13 (s, 1H), 7.54 (s, 1H), 7.51 (s, 1H), 7.25 (s, 1H), 7.03 (s, 1H), 6.90 (s, 1H), 4.20 (m, 2H), 4.17 (s, 3H), 3.95 (d, 2H, J= 6.8 Hz), 3.84 (s, 3H), 3.64 (d, 2H, J= 6.7 Hz), 2.33 (m, 3H), 1.27 (m, 6H), 1.19 (m, 6H), 1.02 (m, 6H). HRMS (ES+ ): m/z calcd for C 65 H 73 N 11 O 13 [M+H] + 1216.5462 Found 1216.5479.3.7 -In 0.5 mL of degassed chloroform, the TA Me H amine 3.6 (1 eq., 0.010 g, 0.0082 mmol) was dissolved and irradiated under Ar atmosphere. After 2h, the photoproduct was obtained quantitatively. 1 H NMR (300 MHz, CDCl 3 ) δ, ppm: 10.47 (s, 1H), 10.13 (s, 1H), 10.07 (s, 1H), 9.37 (s, 1H), 9.03 (s, 2H), 8.78 (s, 1H), 8.76 (s, 1H), 7.57 (s, 2H), 7.49 (s, 2H), 7.29 (s, 1H), 7.05 (s, 1H),6.65 (s,1H), 4.77 (s, 1H), 4.21 (s, 1H), 4.19 (m, 4H), 4.11 (s, 3H), 4.04 (d, 2H, J= 6.3 Hz), 3.87 (s, 1H), 3.58 (d, 2H, J= 6.9 Hz), 2.40 (m 2H), 2.30 (m, 1H), 2.14 (s, 6H), 2.12 (s, 6H), 1.97 (m, 1H), 1.27 (m, 12H), 1.18 (m, 6H), 1.02 (m, 6H).

1 H

 1 NMR (300 MHz, CDCl 3 ) δ, ppm: 10.19 (s, 1H), 9.36 (s, 1H), 9.31 (s, 1H), 9.16 (s, 1H), 9.12 (s, 1H), 9.08 (d, 1H, J= 8.0 Hz), 7.78 (s, 1H), 7.55 (s, 1H), 7.48 (s, 2H), 7.04 (s, 2H), 6.68 (s, 1H), 4.91 (s, 1H), 4.23 (d, 2H, J= 6.4 Hz), 4.18 (d, 2H, J= 6.4 Hz), 4.14 (s, 3H), 2.42 (m, 2H), 2.10 (s, 6H), 2.01 (s, 6H), 1.23 (d, 12H, J= 6.6 Hz), 1.14 (s, 9H). 13 C NMR (75 MHz, CDCl 3 ) δ, ppm: 166.1,

  ): m/z calcd for C 50 H 56 N 8 O 11 [M+H] + 945.4141 Found 945.4164.

  0. HRMS (ES+ ): m/z calcd for C 69 H 79 N 11 O 15 [M+H] + 1302.5830 Found 1302.6037.

1 H

 1 NMR (300 MHz, CDCl 3 ) δ, ppm: 10.05 (s, 1H), 9.97 (s, 1H), 9.38 (s, 1H), 9.05 (s, 2H), 8.89 (s, 1H), 8.68 (s, 1H), 8.12 (s, 1H), 7.76 (m, 2H), 7.62 (s, 2H), 7.57 (s, 2H), 7.53 (s, 1H), 7.49 (m, 2H), 7.33 (s, 1H), 7.24 (s, 1H), 7.03 (s, 1H), 6.90 (s, 1H), 5.39 (s, 2H), 4.78 (s, 1H), 4.23 (d, 2H, J= 6.4 Hz), 4.19 (s, 3H), 3.92 (s, 3H), 3.89 (d, 2H, J= 6.0 Hz), 3.74 (d, 4H, J= 6.6 Hz), 2.38 (m, 4H), 2.13 (s, 12H), 1.19 (m, 12H), 1.05 (d, 6H, J= 6.7 Hz), 1.02 (m, 6H). HRMS (ES+ ): m/z calcd for C 65 H 73 N 11 O 13 [M+H] + 1202,5306 Found 1202.5319.

1 H

 1 NMR (300 MHz, CDCl3) δ, ppm: 10.03 (s, 1H), 9.97 (s, 1H), 9.36 (s, 1H), 9.03 (s, 2H), 8.88 (s, 1H), 8.69 (s, 1H), 8.11 (s, 1H), 7.74 (m, 3H), 7.61 (s, 2H), 7.57 (s, 2H), 7.55 (s, 1H), 7.50 (m, 4H), 7.22 (s, 1H), 6.89 (s, 1H), 5.48 (s, 1H), 5.40 (s, 2H), 5.37 (s, 1H), 4.77 (s, 1H), 4.24 (d, 2H), 4.17 (s, 3H), 4.10 (m, 2H), 3.90 (s, 3H), 3.88 (s, 2H), 3.73 (m, 2H), 3.69 (m, 2H), 2.17 (m, 12H), 2.04 (m, 4H), 1.17 (d, 12H), 1.04 (d, 12H).

Figure 1 :

 1 Figure 1: a) Schematic representation of the expected self-assembly behaviour of designed sequence with and without a local hydrogen bond disruptor (DMB group, shown as a blue ovoid) b) designed abbreviated sequence and corresponding c) MMF-minimized model of designed sequence upon self-assembly into a double stranded helix.

Figure 2 :

 2 Figure 2: Models of sequence Q3PN2(A X N)3 and corresponding cavity volume estimated with SURFNET for a) A X =A H b) A X =A F c) A X =A Me and d) A X =A OMe .

Figure 3 :

 3 Figure 3: Reaction scheme showing the shorter synthetic segments targeted.To avoid difficulties during the synthesis, an acid-labile dimethoxybenzyl group was incremented in the A H N dimer 4.2 to favor strand separation (represented as a light blue ovoid in figure1), and therefore avoid low coupling yields due to strong aggregation/low accessibility of the terminal

Figure 4 :

 4 Figure 4: Reaction scheme showing the targeted dimer 4.4 and its degradation during ester deprotection conditions. Reaction conditions for the deprotection of each dimer are as follows: R'= Me : LiI, EA, reflux, R'= allyl : Pd(PPh3)4, DCM, PhSiH3 and R'= TMSE : TBAF, succinic acid, DMF.

Figure 5 :

 5 Figure 5: Reaction scheme showing the coupling of A H N dimer 4.5 with DMB group on the amine of the hexamer 2.32. Reaction conditions are as follows: a) 4.5 dimer (shown at bottom left corner), PyBOP, DIEA, CHCl3, 35°C b) HCl (1M in dioxane).

Figure 6 :

 6 Figure 6: Reaction scheme showing the failed coupling reaction between Q3PN2 cone 2.32 and new dimer acid 4.8.

Figure 7 :

 7 Figure 7: Reaction scheme showing the full synthesis of the final foldamer design 4.14, from the 4.10 dimer acid and the conical Q3PN2 2.32 segment. The reaction conditions are as follows: a) 4.10, PyBOP, DIEA, CHCl3, 35°C b) TBAF (1M in THF), DMF, succinic acid c) 4.13, PyBOP, DIEA, CHCl3, 35°C d) TFA/DCM 50/50 (v/v). The structure of 4.10 and 4.13 dimers are shown on the bottom left corner.

  14 host was probed by recording 1 H NMR at different concentrations (see figure 8) to see whether a new set of downfield-shifted signals would appear upon dilution of the host. These new sets of signals, often characteristic of a single helix system, were found upon decreasing the concentration of the 4.14 host to 1.2 mM, concentration at which both the single helix (shown as empty triangles) and double helix (shown as empty circles) signals are present. Based on the data collected, the dimerization constant was estimated at K dim = 7.0 10 3 M -1 .

Figure 8 :

 8 Figure 8: Excerpt of 300 MHz 1 H NMR of host system at a concentration of a) 5.0 mM b) 1.2 mM and c) 0.2 mM in CDCl3. The signals attributed to the double helix system was labelled with empty circles, and the signals attributed to the single helix system was labelled with empty triangles.

Figure 11 :

 11 Figure 11: Molecular models (MMFF minimization on Maestro) for a) host-arabinotriose 4.14  4.17 complex, c) hostmannotriose 4.14  4.18 e) host-sucrose 4.14  4.19 complex and f) host-melezitose complex 4.14  4.20, and corresponding structure of guests in b), d), f) and h). The guests are shown as van der Waals surfaces while the host is in stick conformation.

Figure 12 :

 12 Figure 12: CD spectra recorded at 298K for the binding study of 4.19 sucrose by 4.14 receptor in CHCl3/DMSO (80:20 vol/vol).[4.14]initial = 5 10 -5 M, [4.19]titrant = 1 10 -4 M. (b) Experimental (as blue circles) values for the ICD binding study of receptor are shown, with values at 344 nm were used for the analysis. Ka = 3.63 10 10 M -2 . Limiting = 142.4 cm 2 mmol -1 .

1 H

 1 NMR titrations of 4.14 host with 4.19 sucrose in CDCl3/DMSO 80/20 (v/v) solvent mixture however rapidly led to a broadening of the amide signals, therefore the binding constant could not be estimated by NMR. It could already be noted that prior to the titration, the empty host in the CDCl 3 /DMSO solvent mixture already led to broader signals than in the case of pure CDCl 3 .

Figure 13 :

 13 Figure 13: Excerpt of 300 MHz 1 H NMR showing the titration between host and a) 0 b) 0.5 c) 1.0 and d) 2.0 equivalents of sucrose 4.19.

4 . 23 -

 423 ): m/z calcd for C 31 H 38 N 3 O 6 [M+H] + 548.2755 found 548.2755. In a 250 mL round-bottomed flask containing naphtyridine amine 2.70 (1eq., 2.1 g, 7.50 mmol) slurried in 38 mL distilled CHCl 3 was added DIEA (

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm): 8.60 (s,1H), 8.55 (d, 1H, J= 7.2 Hz), 7.57 (s, 1H), 4.09 (d, 2H, J= 6.5 Hz), 4.07 (s, 3H), 2.32 (m, 1H), 1.17 (d, 6H, J= 6.5 Hz). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm): 172.

4 . 24 -

 424 ): m/z calcd for C 19 H 25N 3 O 4 [M+H] + : 359.4312, found 359.4301. In a 25 mL dry round-bottomed flask containing naphtyridine 4.22 (1eq., 1.60 g, 4.45 mmol) and LiI(1.5eq., 0.89 g, 6.68 mmol) under Ar atmosphere, 16 mL degassed EA were added and the reaction mixture was refluxed for 4h. A precipitate is obtained once cooling down the reaction mixture, yielding a pale yellow solid after filtration. The crude product was solubilized in a mixture of THF and Et2O (5/1), to which HCl (1.1eq., 0.32 mL) was added. After trituration and cooling to 0°C for 15 minutes, a precipitate was obtained, which was filtered and washed with cold Et 2 O, yielding clean HCl salt of the product as an off-white solid(1.3 g, 78%). 1 H NMR: (300 MHz, DMSO-d 6 , δ in ppm):10.04 (s, 1H), 8.56 (d, 1H, J= 9.2 Hz), 8.24 (d, 1H, J= 9.3 Hz), 7.59 (s, 1H), 4.10 (d, 2H, J= 6.5 Hz), 2.21 (m, 1H), 1.10 (d, 6H, J= 6.8 Hz). 13 C NMR: (75 MHz, CDCl3, δ in ppm): 178.

  ): m/z calcd for C 18 H 23N 3 O 4 [M+H] + : 345.4067, found 345.4070.4.4a-In a 5 mL dry flask containing A H (DMB) amine 4.21 (1eq., 0.050 g, 0.048 mmol), N acid 2.60(1.1eq., 0.025 g, 0.053 mmol) and PyBOP (3eq., 0.075 g, 0.144 mmol) under Ar atmosphere was added 1 mL of distilled CHCl 3 . Distilled DIEA (4eq., 0.03 mL, 0.192 mmol) was then added dropwise and the resulting reaction mixture was stirred at room temperature overnight. NH 4 Cl 5% aqueous solution was then used to quench the mixture, which was then extracted with DCM, and the organic layers collected were washed with H2O and brine, and dried over MgSO4. The product was purified by GPC, the collected peak was treated with NH 4 Cl 5%, extracted with DCM, washed with H 2 O, and dried over MgSO 4 , yielding the pure product as a yellow solid (0.035 g, 70%). 1 H NMR: (300 MHz, CDCl3, δ in ppm): 9.03 (s, 1H), 8.47(d, 1H, J= 7.2 Hz), 8.10 (d, 1H, J= 9.0 Hz), 7.79(d, 2H, J= 7.7 Hz), 7.62 (m, 3H), 7.42 (m, 3H), 7.33 (m, 2H), 7.20 (s, 1H), 6.88 (s, 1H),6.49 (dd, 1H, J= 2.3 Hz, 8.4 Hz), 6.40 (s, 1H), 6.15 (m,1H), 5.49 (d, 1H, J= 1.8 Hz), 5.42 (s, 1H), 5.36 (dd, 1H, J= 1.3 Hz, 17.0 Hz), 5.33 (s, 1H), 4.99 (d, 1H, 5.8 Hz), 4.46 (d, 2H, 6.1 Hz), 4.28 (m, 1H), 4.10 (m, 1H), 4.09 (s, 2H), 4.05 (d, 2H, J= 6.3 Hz), 3.95 (d, 2H, J= 6.0 Hz), 3.80 (s, 3H), 3.64 (s, 3H), 2.32 (m, 3H), 1.17 (m, 18H).13 C NMR: (75 MHz, CDCl3, δ in ppm): 171.

  ): m/z calcd for C61H62N6O10 [M+H] + : 1039.1990, found 1039.2013.

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm): 9.17 (s, 1H), 8.78 (d, 1H, J= 8.1 Hz), 8.37 (s, 1H), 7.83 (m, 2H), 7.61 (m, 2H), 7.31 (m, 5H), 7.19 (s, 1H), 7.07 (d, 1H, J= 7.8 Hz), 6.91 (s, 1H), 6.59 (m, 1H), 6.49 (m, 2H), 4.91 (s, 2H), 4.64 (m, 2H), 4.20 (m, 6H), 4.11 (m, 2H), 3.47 (s, 3H), 3.31 (s, 3H), 2.39 (m, 3H), 1.50 (m, 2H), 1.23 (m, 18H), 0.13 (s, 9H). HRMS (ES+): m/z calcd for C 63 H 70 N 6 O 10 Si [M+H] + : 1099.4995, found 1099.5011. 4.4c-In a 5 mL dry flask containing A H (DMB) amine 4.22 (1eq., 0.050 g, 0.091 mmol), N acid 2.60

1 H 4 . 5 -

 145 NMR: (300 MHz, CDCl3, δ in ppm): 9.24 (s, 1H), 9.0 (d, 1H, J= 8.1 Hz), 8.68 (s, 1H), 7.83 (m, 2H), 7.79 (m, 2H), 7.27 (m, 5H), 7.16 (s, 1H), 7.08 (m, 1H), 6.92 (s, 1H), 6.63 (s, 1H), 6.54 (m, 2H), 4.97 (s, 2H), 4.40 (t, 1H, J= 6.6 Hz), 4.17 (m, 6H), 3.76 (s, 3H), 3.53 (s, 3H), 3.41 (s, 3H), 2.29 (m, 3H), 1.21 (m, 18H). HRMS (ES+): m/z calcd for C 59 H 60 N 6 O 10 [M+H] + : 1013.4444, found 1013.4470. In a 10 mL round-bottomed flask were added A H amine 4.21 (1eq., 0.35 g, 0.83 mmol), N(DMB)Boc acid 2.57 (1.1eq., 0.47 g, 0.91 mmol), and PyBOP (3eq., 1.29 g, 2.49 mmol), and flushed with Ar. 5 mL distilled CHCl 3 were then added,leading to an orange suspension. After addition of distilled DIEA (3eq., 0.42 mL, 2.49 mmol), a clear orange solution was obtained, which was then stirred at 35°C overnight. The reaction mixture was then quenched with NH 4 Cl 5% aqueous solution, extracted with DCM, washed with H 2 O and dried over MgSO 4 . The pure product was obtained after column chromatography (9.5/0.5 DCM/EA) as a yellow solid (0.54 g, 71%). 1 H NMR: (300 MHz, CDCl 3 , δ in ppm): 9.17 (s, 1H), 8.78 (s,1H), 8.53 (d, 1H, J= 9.1 Hz), 8.19 (s, 1H), 8.06 (d, 1H), 7.80 (m, 3H), 7.67 (d, 2H, J= 7.0 Hz), 7.46 (s, 1H), 7.34 (m, 4H), 6.44 (m, 2H), 6.39 (m, 1H), 6.17 (m, 1H), 5.52 (dd, 1H, J= 17.2 Hz, 1.4 Hz), 5.39 (dd, 1H, J= 10.5 Hz, 1.0 Hz), 5.04 (d, 1H, J= 6.0 Hz), 4.16 (m, 6H), 3.79 (s, 3H), 3.73 (s, 3H), 2.37 (m, 3H), 1.5 (s, 9H), 1.23 (d, 12H, J= 6.7 Hz), 1.16 (d, 6H, J= 6.7 Hz).

  ): m/z calcd for C 50 H 58 N 6 O 10 [M+H] + : 903.0460, found 903.0433.

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm): 11.94 (s, 1H), 11.59 (s, 1H), 11.56 (s, 1H), 11.36 (s, 1H), 10.47 J= 6.6 Hz), 3.88 (s, 3H), 3.82 (s, 3H), 2.26 (m, 1H), 1.12 (d, 6H, J= 6.6 Hz), 1.09 (s, 9H). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm): 166.0,

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm): 9.16 (s, 1H), 8.67 (s, 1H), 7.83 (d, 3H, J= 7.2 Hz), 7.76 (s, 1H), 7.68 (d, 3H, J= 7.1 Hz), 7.46 (m, 4H), 7.37 (td, 3H, J= 1.2 Hz, 7.6 Hz), 4.58 (d, 2H, J= 6.6 Hz), 4.14 (m ,9H), 2.38 (m, 2H), 1.22 (d, 6H, J= 6.7 Hz), 1.21 (d, 6H, J= 6.6 Hz). HRMS (ES+): m/z calcd for C 37 H 37 N 3 O 6 [M+H] + : 620.2755 found 620.2763.

1 H

 1 NMR: (300 MHz, DMSO-d6, δ in ppm): 11.11 (s, 1H), 9.02 (s, 1H), 8.81 (s, 1H), 8.15 (s, 1H), 7.93 (t, 5H), 7.74 (s, 1H), 7.43 (m, 7H), 7.02 (s, 1H), 4.42 (m, 1H), 4.23 (m, 1H), 4.12 (d, 2H), 4.01 (d, 2H), 2.28 (m, 2H), 1.15 (m, 12H). HRMS (ES+): m/z calcd for C36H35N3O6 [M+H] + : 606.2599 found 606.2602.4.8-In a 5 mL dry flask containing A H acid (1.2eq., 0.030 g, 0.049 mmol), naphthyridine 4.26 (1.0eq., 0.018 g, 0.041 mmol) and PyBOP (3.0eq., 0.064 g, 0.123 mmol) under Ar atmosphere was added 0.5 mL of distilled CHCl 3 . Distilled DIEA (4eq., 0.03 mL, 0.164 mmol) was then added dropwise and the resulting reaction mixture was stirred at room temperature overnight. NH 4 Cl 5% aqueous solution was then used to quench the mixture, which was then extracted with DCM, and the organic layers collected were washed with H2O and brine, and dried over MgSO4. The product was purified by GPC, the collected peak was treated with NH 4 Cl 5%, extracted with DCM, washed with H 2 O, and dried over MgSO 4 , yielding the pure product as a yellow solid (0.019 g, 48%). 1 H NMR: (300 MHz, CDCl 3 , δ in ppm): 9.01 (s, 1H), 8.38(d, 1H, J= 9.0 Hz), 8.20 (d, 1H, J= 9.6 Hz), 7.81 (d, 2H, J= 6.9 Hz), 7.64 (d, 2H, J= 8.1 Hz), 7.54 (m, 3H), 7.45 (m, 3H), 7.41 (s, 1H), 7.35 (m, 3H), 6.68 (d, 1H, J= 9.0 Hz), 6.50 (m, 1H), 6.45 (m, 2H), 6.31 (m, 1H), 6.12 (m, 1H), 5.52 (s, 2H), 5.45 (m, 2H), 5.32 (m, 2H), 4.92 (m, 4H), 4.77 (m, 2H), 4.55 (d, 2H), 4.07 (m, 6H), 3.87 (s, 3H), 3.82 (s, 3H), 2.29 (m, 3H), 1.12 (m, 18H). HRMS (ES+): m/z calcd for C61H62N6O10 [M+H] + :1039.1990, found 1039.2012. 4.15-In a 5 L flask, 1,8-diazafluoroanthracene diester 4.27 (1eq., 4.0 g, 8.71 mmol) was suspended in THF (2.8 L) and H 2 O (1.5 L) under Ar atmosphere.

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm): 9.00 (d, 1H, J= 1.6 Hz), 7.55 (s, 1H), 4.15 (d, 4H, J= 6.1 Hz), 4.10 (s, 3H), 2.37 (m, 2H), 1.21 (d, 6H, J= 1.9 Hz), 1.19 (d, 6H, J= 1.9 Hz).

4. 16 -

 16 In a 100 mL round-bottomed flask eq.uipped with a magnetic stirrer, 1,8-diazafluoroanthracene monoacid 4.15 (1eq., 1.0 g, 2.1 mmol) was suspended in distilled toluene (30mL) under Ar atmosphere.DIPEA (2eq., 0.70 mL, 4.20 mmol),DPPA (2eq., 0.90 mL, 4.20 mmol) and TMS ethanol (6eq., 1.8 mL, 12.6 mmol) were added and the reaction was stirred at 100°C for 3h. The solvents were evaporated under reduced pressure, then treated with NaOH 2M and extracted with DCM, washed with brine and dried over MgSO4. After column chromatography purification (95/5 Cyclohexane/Acetone) the pure product 4.16 was obtained as an orange solid (0.68 g, 58%). 1 H NMR: (300 MHz, CDCl 3 , δ in ppm):.8.94 (d,1H, J= 1.7 Hz), 7.93 (s, 1H), 7.84 (s, 1H), 7.53 (s, 1H), 4.36 (t, 2H, J= 8.5 Hz), 4.17 (d, 2H, J= 6.4 Hz), 4.15 (d, 2H, J= 6.0 Hz), 4.13 (s, 3H), 2.39 (m, 2H), 1.23 (d, 6H, J= 1.7 Hz), 1.22 (d, 6H, J= 1.9 Hz), 1.13 (t, 2H, J= 8.7 Hz), 0.12 (s, 9H). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm): 166.1,

19 F

 19 NMR: -134.44. HRMS (ES + ): m/z calcd for C 28 H 38 FN 3 O 6 Si [M+H] + : 559.7110, found 559.7127.

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm):.8.89 (s, 1H), 7.97 (s, 1H), 7.84 (s, 1H), 7.54 (s, 1H), 4.34 (t, 2H, J= 8.5 Hz), 4.16 (d, 2H, J= 6.1 Hz), 4.12 (d, 2H, J= 6.2 Hz), 2.39 (m, 2H), 1.19 (d, 6H, J= 2.0 Hz), 1.17 (d, 6H, J= 1.9 Hz) 1.09 (t, 2H, J= 8.5 Hz), 0.09 (s, 9H). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm): 164.7, 164.

19 F

 19 NMR: -135.75. HRMS (ES + ): m/z calcd for C 27 H 36 FN 3 O 6 Si [M+H]+: 545.6879, found 545.6866.

1 H

 1 NMR: (300 MHz, CDCl3, δ in ppm):.8.87(d, 1H, J= 2 Hz), 7.96 (s, 1H), 7.47 (s, 1H), 6.17 (m, 1H), 5.50 (dd, 1H, J= 1.4 Hz, 17.2 Hz), 5.36 (dd, 1H, J= 1.2 Hz, 10.5 Hz), 4.99 (d, 2H, J= 5.9 Hz), 4.32 (t, 2H, J= 8.5 Hz), 4.11 (s, 3H), 4.11 (m, 4H), 2.34 (m, 2H), 1.17 (d, 6H, J= 4.0 Hz), 1.16 (d, 6H, J= 3.9 Hz), 1.08 (t, 2H, J= 8.7 Hz), 0.08 (s, 13 C NMR: (75 MHz, CDCl3, δ in ppm):

19 F 4 . 19 -

 19419 NMR: -133.82. HRMS (ES + ): m/z calcd for C 30 H 40 FN 3 O 6 Si [M+H]+: 584.7546, found 584.7533. In a 10 mL round-bottomed flask eq.uipped with a magnetic stirrer, A F 4.18 (1eq., 0.4 g, 0.65 mmol) under Ar atmosphere was solubilized in 2.5 mL TBAF 1M in THF, and the reaction mixture was stirred at room temperature for 2h. After quenching with H 2 O, and extraction in DCM, the organic layers were washed with brine and dried over MgSO 4 . The product 4.19 was obtained as a yellow powder (0.28 g, 98%). 1 H NMR: (300 MHz, CDCl 3 , δ in ppm):.8.75 (d, 1H, J= 2.1 Hz), 7.43 (s, 1H), 6.16 (m, 1H), 6.10 (s, 1H), 5.49 (dd, 1H, J= 16.8 Hz), 5.34 (dd, 1H, J= 10.5 Hz), 4.98 (d, 2H, J= 5.4 Hz), 4.10 (d, 2H, J= 6.06 Hz), 3.97 (d, 2H, J= 6.6 Hz), 2.32 (m, 2H), 1.18 (d, 6H, J= 2.3 Hz), 1.15 (d, 6H, J= 2.5 Hz). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm):

19 F 4 . 20 -

 19420 NMR: -137.76. HRMS (ES + ): m/z calcd for C 24 H 28FN 3 O 4 [M+H]+: 442.5003, found 442.5006. In a 5 mL round-bottomed flask equipped with a magnetic stirrer, A F 4.19 (1eq., 0.4 g, 0.65 mmol) and 2,4-dimethoxybenzaldehyde (2eq., 0.10 g, 0.62 mmol) under Ar atmosphere were suspended in 2.5 mL DCE. After stirring at room temperature for 30 minutes, NaBH(OAc) 3 (2eq., 0.13 g, 0.62 mmol) was added, and the reaction mixture was stirred at room temperature overnight. After quenching with 5% NH 4 Cl aqueous solution and extraction in DCM, the organic layers were washed with brine and dried over MgSO 4 . The product was obtained after column chromatography (9/1 DCM/EA) purification as a yellow powder (0.16 g, 88%). 1 H NMR: (300 MHz, CDCl 3 , δ in ppm):.8.66(d, 1H, J= 1.5 Hz), 7.46 (d, 1H, J= 7.8 Hz), 7.39 (s, 1H),6.46 (s, 1H), 6.44 (d, 1H, J= 6.3 Hz), 6.14 (s, 1H), 6.02 (s, 1H), 5.49 (dd, 1H, J= 1.3 Hz, J= 17.3 Hz), 5.34 (dd, 1H, J= 0.75 Hz, J= 10.3 Hz), 4.98 (d, 2H, J= 5.9 Hz), 4.67 (s, 1H), 4.08 (d, 2H, J= 6.4 Hz), 3.90 (d, 2H, J= 6.1 Hz), 3.87 (s, 3H), 3.79 (s, 3H), 2.29 (m, 2H), 1.14 (m, 12H). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm): 164.0,

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm):12.04 (s, 1H), 11.74 (s, 1H), 11.26 (s, 1H), 11.03 (s, 1H), 10.07 (s, 1H),9.83 (s, 1H), 8.83 (m, 4H), 8.53 (s, 1H), 8.49 (d, 2H, J= 8.4 Hz), 8.15 (d, 1H), 8.12 (s, 1H), 7.87 (d, 2H), 7.81 (s, 2H), 7.73 (s, 2H), 7.59 (s, 2H), 7.55 (d, 1H), 7.41 (m, 4H), 6.91 (d, 2H), 6.74 (s, 1H), 6.63 (s, 1H), 6.59 (s, 1H), 6.37 (m, 2H), 6.22 (s, 1H), 4.29 (m, 2H), 4.23 (m, 6H), 4.13 (m, 6H), 3.79 (m, 4H), 3.66 (s, 3H), 3.60 (s, 3H), 2.42 (m, 4H), 2.21 (m, 4H), 1.29 (m, 38H), 1.17 (m, 42H), 0.89 (t, 2H), 0.06 (s, 9H). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm): 170.

19 F

 19 NMR: -130.99. HRMS (ES + ): m/z calcd for C122H130FN21O21Si [M+H] + : 2273.9576, found 2273.9565.

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm): 12.01 (1H, s), 11.72 (1H, s), 11.22 (1H, s), 10.97 (1H, s), 10.74 (1H, s), 10.49 (1H, s), 10.16 (1H, s), 9.79 (1H, s), 8.80 (3H, m), 8.47 (2H, m), 8.13 (2H, m), 7.83 (m, 2H), 7.70 (s, 1H), 7.64 (d, 1H), 7.55 (s, 1H), 7.06 (s, 1H), 6.87 (d, 1H), 6.62(s, 1H), 6.55 (s, 1H), 6.47 (d, 1H), 6.36 (d, 1H), 6.31 (s, 1H), 4.24 (m, 2H), 4.21 (m, 2H), 4.07 (m, 4H), 3.97 (m, 4H), 3.79 (s, 3H), 3.74 (s, 3H), 3.63 (s, 3H), 3.56 (s, 3H), 2.28 (m, 9H), 1.96 (m, 2H), 1.31 (m, 24H), 1.11 (m, 12H), 1.06 (m, 30H), 0.03 (s, 9H).13 C NMR: (75 MHz, CDCl3, δ in ppm): 171.

19 F

 19 NMR: -131.20, -131.43. HRMS (ES + ): m/z calcd for C122H130FN21O21Si [M+2H] 2+ : 1525.6508, found [M+2H] 2+ : 1525.6483.4.14-In a 5 mL round-bottomed flask equipped with a magnetic stirrer, Teoc-protected decamer 4.12 (1eq., 0.062 g, 0.019 mmol) was solubilized in 0.5 mL 1M solution of TBAF in THF and 0.25 mL DMF. The reaction mixture was stirred at room temperature until the deprotection was complete. The reaction mixture was quenched with H 2 O, then extracted with EA. The organic layer was washed with H 2 O and brine, then dried over MgSO 4 . To a 2 mL round-bottomed flask containing A F NPiv 4.13(1.1eq., 0.018 g, 0.022 mmol), PyBOP (10eq., 0.100 g, 0.19 mmol), and decamer amine (1eq., 0.054 g, 0.018 mmol) under Ar atmosphere was added 1 mL distilled CHCl3 and DIEA (4eq., 12μL, 0.072 mmol), and the reaction mixture was stirred at 35°C overnight. The next day, the reaction was quenched with 5% NH 4 Cl, extracted with DCM, washed with H 2 O and brine, and dried over MgSO 4 . The crude product was purified by GPC, the first peak collected was treated with NH 4 Cl 5% aqueous solution, extracted with DCM, washed with H2O and dried over MgSO4. The resulting product was then solubilized in 0.5 mL distilled CHCl 3 , to which 0.5 mL of TFA were added dropwise. The reaction mixture was stirred at room temperature for 4h, then quenched with NaHCO 3 sat solution, and extracted with DCM, washed with H 2 O and brine, and dried over MgSO 4 . The side product was precipitated out by slow evaporation of DCM/EA (50/50) solution. A yellow powder was obtained (0.015g, 25%). 1 H NMR: (300 MHz, CDCl 3 , δ in ppm): 11.78 (s, 1H), 11.45 (s, 1H), 11.41 (s, 1H), 11.06 (s, 2H), 10.96 (s, 1H), 10.66 (s, 1H), 10.33 (s, 1H), 10.23 (s, 1H), 9.79 (s, 1H), 9.75 (s, 1H), 8.89 (m, 2H), 8.61 (m, 4H),8.26 (m, 7H), 8.06 (m, 4H), 7.90 (m, 9H), 7.69 (s, 1H), 7.57 (s, 3H), 7.13 (m, 4H), 7.02 (s, 2H), 6.98 (s, 1H), 6.94 (s, 1H), 4.49 (m, 12H), 4.29 (m, 14H), 2.35 (m, 13H), 1.46 (s, 9H), 1.31 (m, 78H). 19 F NMR: -129.94, -130,37, -131.36. HRMS (ES + ): m/z calcd for C 180 H 186 F 3 N 33 O 28 [M+3H] 3+ : 1106.1450, found 1106.1464.

1 H

 1 NMR: (300 MHz, CDCl 3 , δ in ppm):11.15 (s, 1H), 8.94 (s, 1H), 8.68 (s, 2H), 8.55 (s, 1H), 8.27 (s, 1H), 7.83 (s, 1H), 7.54 (s, 1H), 4.22 (d, 2H, J= 6.8 Hz), 4.19 (d, 2H, J= 6.9 Hz), 4.16 (d, 2H, J= 5.9 Hz), 4.14 (s, 3H), 2.39 (m, 3H), 1.44 (s, 9H), 1.24 (m, 12H), 1.19 (t, 6H). 13 C NMR: (75 MHz, CDCl 3 , δ in ppm): 178.0,

2 . 19 F

 219 NMR: -131.5. HRMS (ES + ): m/z calcd for C40H47FN6O7 [M+H]+: 742.9352, found 742.9312.

1 H

 1 NMR: (300 MHz, DMSO-d 6 , δ in ppm): 11.17 (s, 1H), 10.78 (s, 1H), 10.71 (s, 1H), 8.78 (s, 1H), 8.66 (m, 2H), 8.56 (m, 2H), 8.33 (s, 1H), 7.79 (s, 1H), 4.23 (m, 4H), 4.02 (m, 2H), 1.26 (m, 18H). 19 F NMR: -133.9. HRMS (ES + ): m/z calcd for C 39 H 45 FN 6 O 7 [M+H]+: 728.8123, found 728.1309.

Figure 1 :

 1 Figure 1: Example of a catalytically active self-assembly reported by the Ooi group in 2009 comprising of a tetraaminophosphonium cation and three phenol units shown in a) as its solid-state structure shown in stick representation with hydrogen bonds highlighted in black and b) its equivalent structure. This system was shown to promote the conjugate addition of an acyl anion to α,β-unsaturated ester shown in c).

Figure 2 :

 2 Figure 2: Example of a hydrolase enzyme, Ntn-hydrolase PvdQ, 179 its hydrophobic pocket shown in blue in A. in B. the amino acid residues involved in binding and chemical transformation are in stick representation. Below, in C. is the structure of the tetrahedral M4L6 catalyst reported by Bergman and Raymond in 2008 used to catalyse the hydrolysis of orthoformates. The case of supramolecular enzyme mimicry via encapsulation will be briefly defined and reviewed through a few marking examples, first on systems designed to include an active site in close proximity to a binding site, and then on examples of host-guest catalysis.

  Enzymes, proteins made to speed up chemical reactions essential to life, have fascinated chemists since the early work of Pasteur and Buchner on fermentation in the 19 th century,180 followed by the structural elucidation of urease and catalase by X-ray crystallography by Sumner in the 20 th century,[START_REF] Sumner | Sumner -Nobel Lecture: The chemical nature of enzymes[END_REF] to the work of Fisher on the lock-and-key model 182 and later the work of Koshland on the induced fit model (which is now the preferred model for enzymology, see figure3),[START_REF] Koshland | Proc. Natl. Acad. Sci[END_REF] to the work of Michaelis and Menten on the kinetics of enzymatic catalytic processes.[START_REF] Johnson | [END_REF] 

Figure 3 :

 3 Figure 3: Cartoon representation of the main reaction models for enzyme catalysis,followed by the crystal structures of urease and catalase.

Figure 4 :

 4 Figure 4: Graph showing the differences in activation energy between an uncatalyzed and enzymatically catalyzed reaction.

Figure 5 :

 5 Figure 5: Reaction scheme showing the hydration of alkenes.

Figure 6 :

 6 Figure 6: Reaction scheme showing the assembly of the dynamic host system developed by Reek.

Figure 7 :

 7 Figure 7: Reaction scheme showing the cross-coupling reaction in presence Ga4L6 host.

Figure 8 :

 8 Figure 8: Reaction scheme showing the hydrolysis reaction of 5.15 (top) and the corresponding host system 5.18 with its X-ray structure (bottom).

  While copper complexes have been shown to catalyze 1,4 hydride addition, the aim of this system was to use the sterical constraints imposed by the ɑ-cyclodextrin host of 5.19a to favor the 1,2 addition. After confirmation by NMR that the monomeric CuH complex forms in situ by addition of excess silane, tests were carried out with ɑ,β-unsaturated ketones such as 5.20. It was found that when in presence of ɑ-cyclodextrin host 5.19a, the 1,2-reduction product 5.21 is produced while in presence of β-cyclodextrin host 5.19b the 1,4-reduction product 5.23 is favored (and in presence of an excess of silane in this case the total reduction product 5.22 is obtained).

Figure 9 :

 9 Figure 9: Reaction scheme showing the selective reduction of ɑ,β-unsaturated ketones such as 5.20 into 5.21 using 5.19a catalyst system and 5.23 using 5.19b catalyst.

Figure 10 :

 10 Figure 10: Reaction scheme for the oxidation of hydroxyaniline into a phenoxazinone derivative using a cyclodextrin host.

Figure 11 :

 11 Figure 11: Structure of cyclodextrin host (left) and oxidation reaction, followed by its proposed mechanism.

Figure 12 :

 12 Figure 12: Reaction scheme showing the Diels-Alder reaction in presence of catalyst.The Diels-Alderase system is based on a Pd2L4 cage system 5.29 (see figure13), with four aromatic protons pointing inside the cavity, and therefore capable of forming hydrogen bonding interactions with quinone guests 5.28. These host-guest interactions in turn are expected to lower the energy of the LUMO of the encapsulated dienophile 5.28, rendering the Diels-Alder reaction more feasible. While the initial host designed 5.29, did not yield any increase in reaction rates, its pyridine analogue 5.30, showed a strong increase in reaction rate (calculated from 1 H NMR data). In spite of a lower binding affinity (1100 M -1 ) of 5.30 to 5.28 (compared to the 8000 M -1 affinity between 5.29 and 5.28). However, the Diels-Alder transition state 5.32 obtained from 5.28 and diene 5.27 has a much larger theoretical binding affinity (11000 M -1 ) towards the 5.30 host than towards 5.29 host (550 M -1 ). This is due to the hydrogen bonding interactions between the CH of the 5.28 and the nitrogen atom of the pyridine unit of 5.30. The estimated difference in catalytic activation barrier between the 5.29  5.28 and 5.30  5.28 systems is 3 kcal.mol -1 . A wide variety of dienes and dienophiles can be catalyzed by 5.30 catalyst, and unlike examples previously reported by Fujita, or even Sanders, 201 there is no evidence of product inhibition, with TON values of up to 1000, and a calculated binding affinity of 5.30 for the cycloproduct 5.31 of only 500 M -1 .

Figure 13 :

 13 Figure 13: Cartoon representation of the host-guest system (left), structure of the host (middle) and structure of the two transition states calculated.

Figure 14 :

 14 Figure 14: Reaction scheme explaining the electron transfer system built upon host-guest binding, leading to radical-cation catalysis.

  capsule', 202 able to catalyze the Diels-Alder reaction between benzoquinone 5.28 and cyclohexa-1,3-diene 5.30 in p-xylene (see figure15).203 The binding affinity of the host 5.36 for the cycloaddition product 5.35 is superior to 10 5 M -1 , which suggests very problematic product inhibition of the catalyst. At room temperature, the kinetic parameters calculated indicated that Vmax= 0.001 M -1 , and the rate of reaction is of 1 d -1 , which remains slow, but represents a 200-fold increase in reaction rate.

Figure 15 :

 15 Figure 15: Reaction scheme of the Diels-Alder reaction in presence of catalyst, and corresponding dimer catalyst system structure and model.

M6L4 host 5 .

 5 38, 204 prepared from tris(4-pyridyl)triazine (TPT) and Co(NCS)2 in a MeOH/o-C6H4Cl2 mixture.

Figure 16 :

 16 Figure 16: Reaction scheme showing the acylation of 4-hydroxydibenzylamine.

  ) was then formed by dipping crystals of the 5.38 host in a solution of 4-hydroxydiphenylamine guest 5.37. Thermogravimetric analysis and extraction showed that the guest was included in the host with 35 wt %. The second guest ethyl isocyanate (EtNCO) was then added by soaking the crystals of 5.37  5.38 complex. The reaction was then carried out within the crystal, and after 12h the (5.37 + EtNCO)  5.38 complex was decomposed using HCl, and the acylation products were collected and analyzed. It was found that unlike in solution which favored N-Acylation product 5.39a (with a conversion of 77%), a different selectivity was obtained, favoring the O-(5.39b) and N,O-diacylation 5.39c products (38 and 55% respectively), even though the oxygen atom is less nucleophilic than the nitrogen atom of the amine group. Based on the NMR kinetic analyses performed, it was established that when within the host, two competing reaction pathways occur at the same time. The first is the O-acylation of the 5.37 guest, hypothesized to occur within the pore of the host, and the second is the N-followed by the O-acylation of dibenzylamine, expected to occur at the intersticial pores, where the guests have a higher mobility.

Figure 17 :

 17 Figure 17: X-ray structure of the crystal mesh and of one 5.37  5.38 complex (left), and corresponding structure of the 5.38 host system.

Figure 18 :

 18 Figure 18: a) Cartoon representation of the conductivity experiments carried out on 5.40 host grafted on gold surface before and after encapsulation of various dicarboxylic acid guests whose structures are shown in b), the corresponding foldamer sequence i shown in c) as well as its abbreviated form in d). The X-ray structure of 5.40⊃5.44 complex is shown in e) as a side view, 5.40 is in stick representation while 5.44 is in space-filling, while a simplified top view of the complex is shown in f). Side chains and solvent molecules are omitted for clarity.

Figure 19 :

 19 Figure 19: X-Ray structure of the 5.40⊃5.44 complex as a) a top view with the host as a stick representation and guest in space filling and b) structure of the 5.40⊃5.44 complex showing the formation of the naphtyridinium unit by deprotonation of 5.44. NMR and X-Ray studies (see figure 20) have revealed that upon complexation, one of the protons of the TFSA 5.44 guest had transferred to a naphthyridine unit of the 5.40 host. The protonated naphthyridine NH + (shown in green in figure 19) gave a characteristic signal in 1 H NMR between 16 and 18 ppm, which was further confirmed by 1 H-15 N HSQC, showing one correlation between a proton at 18.3 ppm and an 15 N signal at 180 ppm indicating that the proton is bound to a nitrogen atom. The 1 H NMR further indicated that the proton transfer led to a desymmetrization of the 5.40⊃5.44 complex, demonstrated by the duplication of the amide signals (in the case of a symmetrical host-guest complex only six amide signals are expected). Among the new signals obtained, one peak at 16.5 ppm can be attributed to one of the acid protons of the guest, while two new signals appear in the 13 to 14 ppm region correspond to two amide protons in close proximity to the 5.44 TFSA guest (shown in red in figure19).

Figure 20 :

 20 Figure 20: a) to f) show the 400 MHz 1 H NMR spectra of host at 1 mM in CDCl3/CD3CN (9:1 vol/vol) at 298 K in the presence of a) 0 b) 0.25 c) 0.5 d) 1.0 e) 1.5 and f) 2.0 equivalents of tetrafluorosuccinic acid. g) shows part of the 1 H-15 N HSQC NMR spectrum (400 MHz) of host at 6 mM in CDCl3/MeCN-d3 (9:1 vol/vol) in the presence of 2.0 equiv. of tetrafluorosuccinic acid at 298 K.

  corresponding nitrogen atom in position 1 is the most alkaline. Commercially available 4-bromo-2,6-diaminopyridine 5.46 in presence of 4,4-dimethoxy-2-butanone 5.47 undergoes a cyclization reaction 207 on a multigram scale and the amine was subsequently protected quantitatively with an acetyl group to avoid side reactions, yielding the 2-amino-7-methyl naphthyridine 5.48 in moderate yield (51%). The bromine atom was then substituted for a morpholine unit 5.49 under alkaline conditions to produce 5.50 with a 70% yield. The methyl group was then oxidized to a carboxylic acid with SeO2 in pyridine, then converted to its methyl ester equivalent under acidic conditions, breaking the acetamido protecting group at the same time, generating 5.51 with a 50% yield over two steps. The deprotected amine was then protected again on smaller scale (200 mg), with a Boc group yielding 5.52, in this case full conversion was never reached, as the back-reaction occurred in parallel, hence only 69% yield was achieved. As a final step the saponification of the methyl ester was carried out with KOH to yield the naphthyridine acid 5.53 with an 80% yield.

Figure 23 :

 23 Figure 23: Reaction scheme showing the synthesis of naphthyridine monomer with a morpholine side chain 5.53 starting from commercial 4-bromo-2-diaminopyridine 5.46. The reaction conditions are as follows: a) 4,4-dimethoxy-2-butanone (5.47), H3PO4, 90-115°C. b) Ac2O, THF, reflux, o.n. c) morpholine (5.49), K2CO3, DMSO anhydrous, 120°C. d) SeO2, pyridine, 70°C, o.n. e) H2SO4, MeOH, o.n. f) Boc2O, Et3N, DMAc, 85°C, 2h30. g) KOH, THF/MeOH (1:2).

  207] M. L. Pellizzaro, A. M. McGhee, L. C. Renton, M. G. Nix, J. Fisher, W. B. Turnbull, A. J. Wilson, Chem. Eur. J. 2011, 17, 14508.

Figure 24 :

 24 Figure 24: Reaction scheme showing the synthesis of the final capsule 5.41 from 5.54 and 5.53. The reaction conditions are as follows: a) PyBOP, DIEA, CHCl3, 45°C. b) TFA/CHCl3 30/70 (v/v), r.t.

Figure 25 :

 25 Figure 25: Reaction scheme showing the synthesis of the final capsule 5.42 from 5.57 and 5.53. Reaction conditions are as follows: a) PyBOP, DIEA, CHCl3, 45°C. b) TFA/CHCl3 30/70 (v/v), r.t.

Figure 26 :

 26 Figure 26: Reaction scheme showing the transprotonation reaction between naphtyridine 5.60 and DBU 5.61. It can be noticed that in the titration of protonated naphtyridine 5.60 with DBU 5.61 (see figure 27), the protonated 5.60 and deprotonated naphtyridine 5.59 forms are in fast exchange (on NMR timescale), rendering pKa calculations more difficult. When plotting the chemical shift variation as a function of the number of equivalents of DBU 5.61 added, it can be noted that the midpoint is reached after adding 1.2 equivalents of DBU.

Figure 27 :

 27 Figure 27: Excerpt of 1 H NMR spectra of 2mM solution of 5.59 in CD3CN after addition of a) 0 b) 2 eq.uivalents of TFA and after addition of c) 0.2 d) 0.4 e) 0.6 f) 0.8 eq.uivalents of DBU, and corresponding transprotonation experiment (right). The 5.59 signals are outlied with empty circles.

Figure 28 : 3 )

 283 Figure 28: Excerpt of 1 H NMR spectra of 2mM of 5.73 in pure CD3CN a) before addition of TFA b) after addition of 2 equivalents of TFA, then after addition of c) 0.5 d) 1.0 e) 2.0 f) 4.0 equivalents of DBU. A plot of the chemical shift variation as a function of the amount of DBU added is shown on the right. While similar experiments were carried out on the corresponding foldamers, their lack of solubility in CD3CN made any pKa value attribution impossible. 3) Binding affinities of 5.41 and 5.42 towards diacid guests The two new host systems 5.41 and 5.42 were then titrated against tartaric acid 5.43, TFSA 5.44 and DFSA 5.45 guests to compare their respective binding affinities, and the resulting complexes were analyzed by 1 H NMR. a) Binding affinities of 5.41

Figure 29 :

 29 Figure 29: Abbreviated form of 5.41 host sequence.When performing 1 H NMR titrations with a 1mM solution of 5.41 host and various diacid guests in 90/10 CDCl 3 /CD 3 CN (v/v) solvent mixture, 5.41 showed an apparent lower binding affinity for TFSA 5.44 guest (see figure30a-e) than its parent host system 5.40, with a K a value of 3800 M -1 as opposed to 4500 M -1 . However, as can be noted from figure29b-da new species represented with black circles appears at the start of the experiment. Given the lack of signals between 12 and 14 ppm (which are the signals of the amide signals of the host in close proximity with the acid guest), it was deduced

Figure 30 :

 30 Figure 30: Excerpt of 400 MHz 1 H NMR spectra of host 5.41 at 0.5 mM in CDCl3/CD3CN 90/10 (vol/vol) at 298K in the presence of a) 0 b) 0.3 c) 1.2 d) 2.0 e) 2.4 equivalents of 5.44 f) shows the 18 to 17 ppm and 140 to 160 ppm region of the 1 H-15 N HSQC NMR spectrum (400 MHz) of 5.41 ⊃5.44 complex at 6 mM in CDCl3/CD3CN (9:1 vol/vol) at 298 K, and in g) the 17.2 to 16.2 ppm and 150 to 170 ppm region of the 1 H-13 C HMBC NMR spectrum (700MHz) of 5.41 ⊃5.44 complex at 6 mM in CDCl3/CD3CN (9:1 vol/vol) at 298 K.

Figure 31 :

 31 Figure 31: Amide region of the 1 H NMR spectra of the 5.41 ⊃ 5.44 complex at 0.5 mM in CDCl3/CD3CN 90/10 (vol/vol) at 298K after a) 0 and b) 6 c) 8 d) 19 days. The 5.41 ⊃5.44 complex is labelled with red circles while the new species is outlined with black circles.Binding affinities of 5.41 with 5.45 and racemic tartaric acid 5.43 were then investigated by 1 H NMR titration using a 1mM solution of 5.41 in 90/10 CDCl3/CD3CN (v/v) solvent mixture (see figure31). Given the similar volume of 5.43 with 5.44 (99.3 as opposed to 98.1 Å 3 ) it was expected that similar binding affinities would be found. From the data collected, a K a of 3070 M -1 was calculated, which remains close to the binding found for 5.41⊃5.44. For this guest, as expected, tartaric acid is not acidic enough to transfer one of its protons to the 5.44 host, therefore no signal in the 16 to 20 ppm region (corresponding to the naphtyridinium proton) could be found. The two new signals between 14 and 15 ppm show nevertheless that the diacid guest 5.43 is inside the cavity of 5.41.

Figure 32 :

 32 Figure 32: Amide region of the 1 H NMR spectra of the 5.41 ⊃5.43 complex at 0.5 mM in CDCl3/CD3CN 90/10 (vol/vol) at 298K after adding a) 0 and b) 0.25 c) 1.0 d) 2.0 equivalents of 5.43. The 5.41 ⊃5.43 complex is labelled with red circles while the empty host 5.41 is outlined as empty circles. Lastly, titrations of 5.41 as a 1mM solution in 90/10 CDCl 3 /CD 3 CN (v/v) with 2,2-difluorosuccinic acid (DFSA) 5.45 (a slightly smaller diacid with a volume of 93.9 Å 3 ) indicated a binding affinity of 1700 M -1 (see figure 32). The resulting amide signals of the 5.41  5.45 complex are broad, which

Figure 33 :

 33 Figure 33: Excerpt of 1 H NMR spectra between 19.5 and 7 ppm of 1mM 5.41 host solution in presence of a) 0 eq. b) 0.5 eq. c) 1.0 eq. d) 2.0 eq. e) 2.0 eq. 5.45 at 255 K. a) to d) were recorded on the 400MHz NMR and e) was recorded on the 700 MHz. The empty circles define the empty host and the red circles outline the 5.41⊃5.45 complex. The excerpt of the 18 to 17.2 ppm region (on the 1 H scale) and 150 to 170 ppm region (on the 15 N scale) of 1 H-15 N HSQC spectrum (recorded on 400 MHz NMR) is shown in f), with a correlation at 17.5 ppm-158 ppm indicative of a naphthyridinium and in g) the excerpt of 14.8 to 14.2 ppm region (on the 1 H scale) and 160 to 180 ppm region (on the 13 C scale) of 1 H-13 C HMBC spectrum (recorded on 700 MHz NMR).

  ) was then recorded to identify the signals belonging to the carboxylic acid function of the encapsulated guest (and to further confirm that only one proton transfer had occurred). The proton-carbon correlation at 15 ppm-170 ppm is indicative of an acid function encapsulated by the host. b) Binding affinities of 5.42

Figure 34 :

 34 Figure 34: form of host sequence.To probe the affinity of 5.42 for TFSA 5.44, a titration was performed by 1 H NMR using a 1mM solution of 5.42 in 90/10 CDCl 3 /CD 3 CN (v/v) solvent mixture (see figure35). It can be noted that compared to 5.41, the binding of 5.44 did not yield a duplication of the amide signals, which indicates either that host-guest complexes are present as several conformations in fast exchange on the NMR timescale, or that only one distinct conformation is achieved. Also unlike 5.41  5.44 complex, the naphtyridinium signal at 16.9 ppm and the signals of the adjacent amides at 14.9 ppm are broad at room temperature, but sharpen upon recording NMR at lower temperature (258 K). It can be noticed however that after adding 0.2 equivalents (figure35b) of 5.44 the amide region shows a slight shift

Figure 35 :

 35 Figure 35: Excerpt of 400 MHz 1 H NMR spectra of 1 mM 5.42 host in 90/10 CDCl3/CD3CN (v/v) in presence of a) 0 b) 0.2 c) 0.5 d) 1.0 equivalents of 5.44, and in d) the 5.42 ⊃5.44 complex at 258 K is shown.

Figure 36 :

 36 Figure 36: Excerpt of 400MHz 19 F NMR spectra of 1 mM 5.42 host in 90/10 CDCl3/CD3CN (v/v) in presence of a) 0.5 b) 1.0 c) 3.0 eq. of 5.44. The free 5.44 is shown as empty red circles, while the decarboxylation product 5.65 is shown as empty black circles. The intermediate product 5.64 is shown as empty blue circles.

Figure 37 :

 37 Figure 37: Excerpt of 400MHz 1 H NMR spectra in 90/10 CDCl3/CD3CN (v/v) of 1mM 5.41 host mixed with 1mM 5.42 host in presence of b) 0 c) 0.2 d) 0.5 e) 1.5 eq. of 5.44. As a reference, the 5.41  5.44 host guest complex as a 1mM 90/10 CDCl3/CD3CN (v/v) solution is shown in a). The empty 5.41 host is shown as empty red circles, and the empty 5.42 host is shown as empty black circles, the 5.41  5.44 host guest complex is shown as red circles and 5.42  5.44 host guest complex is shown as black circles.A similar titration was carried out between 5.42 host and 5.45 guest (see figure38). Unlike with the previous host generation 5.41 the host-guest complex formed gives rise to sharp signals, indicating that 5.42 host most likely provides tighter binding with 5.45 than 5.41 host. Unlike with 5.44 guest, no visible decarboxylation occurs during the titration, therefore a binding affinity constant was calculated for this host-guest complex, K a = 2900 M -1 . This value is higher than that of the 5.41  5.45 host-guest complex, indicating an increase in affinity for 5.45 guest.

Figure 38 :

 38 Figure 38: Excerpt of 400MHz 1 H NMR spectra of 1mM 5.42 host in 90/10 CDCl3/CD3CN (v/v) in presence of a) 0 b) 0.5 c) 1.0 and d) 2.0 eq. of 5.45. The host-guest complex 5.42 ⊃5.45 is outlined as red circles and the empty host is shown as empty circles.

Figure 39 :

 39 Figure 39: Excerpt of 1 H NMR (400 MHz) 18 to 8 ppm region in 1mM 90/10 CDCl3/CD3CN (v/v) from a) to f) showing a mixture of 5.42 ⊃5.45 complex (shown as black circles) and empty of 5.42 (shown as empty circles) at a) 298 K b) 288 K c) 278 K, d) 268 K e) 258 K and for comparison f) an excerpt of 5.42 ⊃5.44 complex alone at 258 K. A plot of the changes in binding affinity according to temperature is presented in g), with a linear fit and its corresponding formula.

Figure 40 :

 40 Figure 40: Excerpt of 1 H NMR (400 MHz) 18 to 8 ppm region in 90/10 CDCl3/CD3CN (v/v) in 1 mM from a) to f) showing a mixture of 5.41 ⊃5.44 complex (shown as black circles) and empty of 5.41 (shown as empty circles) at b) 298 K c) 278 K c) 268 K, d) 258 K and for comparison a) an excerpt of 5.41 alone at 298 K. A plot of the changes in binding affinity according to temperature is presented in g), with a linear fit and its corresponding formula.

Figure 42 :

 42 Figure 42: Excerpt of 1 H NMR (400 MHz) 18 to 8 ppm region in 90/10 CDCl3/CD3CN (v/v) in 1mM from a) to f) showing a mixture of 5.40 ⊃5.44 complex (shown as black circles) and empty of 5.40 (shown as empty circles) at b) 328 K c) 308 K c) 288 K, d) 268 K e) 248 K. A plot of the changes in binding affinity according to temperature is presented in g), with a linear fit and its corresponding formula.

  (produced after a double decarboxylation of TFSA 5.44 into 5.65) cannot be accurately modeled from the data collected, as it is probably disordered. Mechanistically, such a decarboxylation reaction could be rationalized as a deprotonation of one of the acid functions of the guest by the naphthyridine of the 5.41 host, which could favor the first decarboxylation reaction, after which the protonated 5.41 host can give its extra proton back to the obtained monoacid guest TFPA 5.64. The second decarboxylation reaction can then be carried out under similar conditions. The volume of the cavity after the first and the second decarboxylation show a slight difference, respectively 152.0 and 144.3 Å 3 (cavity volume shown in figure43a and 43e).The volume of the empty 5.41 host, however, has a cavity volume of 134.4 Å 3 , which suggests that upon complexation with 5.44, the host rearranges to increase the cavity volume by 17 Å 3 . It could be inferred that upon decarboxylation the cavity volume gradually shrinks back to its original volume.

Figure 43 :

 43 Figure 43: X-ray structures of the 5.41⊃5.44 complex after a) to d) the first and e) to h) the second decarboxylation of 5.44. a) and e) show the calculated volume of the cavity, b) and f) show side view of the complex, with the produced CO2 shown in space-filling. c) and g) show a simplified top view of the complex, the CO2 molecules are shown in stick representation, and d) and h) show the corresponding structure of this top view, with the protons implied in proton transfer outlined in pink. In every X-ray structure the host is shown in stick representation, and the side chains as well as the solvent molecules are omitted for clarity.

Figure 44 :

 44 Figure 44: X-ray structure of host-guest 5.41⊃5.44 complex in a) to c) and 5.40⊃5.44 complex in d) to f). The hosts 5.40 and 5.41 are shown in stick representation. 5.44 is shown as CPK in c) and d) and as stick representation in a), b), e) and f). Solvent molecules and side chains are omitted for clarity. a), c), d) and f) show a side view of the host-guest systems, while b) and e) show simplified top views. The distances between the endocyclic nitrogen atoms of 5.40/5.41 and the protons of 5.44 are shown with black arrows, labeled d1 to d4 respectively. Q3P segments were removed in a), b), e) and f) for a simplified top view. The black dotted lines represent the hydrogen bonding interactions between the host and its guest.

  It can be noticed (in figure45c-f) that as opposed to the structures of 5.41  5.44 monodecarboxylated complex, the 5.42  5.44 structure shows that prior to decarboxylation 5.44 points towards the endocyclic N m units instead of N units (similarly to 5.40  5.44 crystal structure presented earlier), which confirms earlier claims that after the first decarboxylation, 5.44 moves within the cavity to face the endocyclic nitrogen atoms of the N units instead of N m units. This is indicated by distances d 1 d 2 (see figure45f), which are respectively of 3.03 and 2.59 Å.

Figure 45 :

 45 Figure 45: X-ray structure of host-guest 5.42 ⊃ 5.44 complex, where 5.42 is shown in stick representation, and 5.44 is shown in CPK in b), c) and d), while it is shown in ball-and-stick representation in e) and f). The cavity volume is explicited in a) as yellow sphere, while a simplified view of the complex (omitting Q3F segments) are shown in c) to f). The proton of the naphtyridinium unit and the remaining proton of the 5.44 guest are shown as a white spheres, and the fluorine atoms of the F units are shown as light blue spheres. The hydrogen bonding interactions are depicted in e) as black dotted lines, and in f) the distances between the carboxylic acid function of 5.44 endocyclic nitrogen atoms of the neighboring N and N m units, labeled d1 and d2 respectively. The black dotted lines represent the hydrogen bonding interactions between the host and its guest.

  ), and therefore does not encourage proton transfer and subsequent decarboxylation reactions. The decarboxylation kinetics in presence of 5.40 were shown to be similar to those with 5.50 monomer in the first 24h, however the kinetics reached a plateau for 5.50 after 120h, indicating a loss in catalytic activity (probably due to lower binding) while the decarboxylation carried on steadily for 5.40. Host 5.41 showed a strong increase in catalytic activity compared to 5.40, and 5.42 showed an even stronger increase in 5.44 guest consumption, therefore indicating that increasing host-guest binding affinities has a positive impact on the catalytic activity.

Figure 46 :

 46 Figure 46: Structure of 5.67, 5.50 and 5.66 used in control experiments followed by a plot of the decrease in free tetrafluorosuccinic acid followed by 19 F NMR. The experiment with 5.50 monomer are shown as yellow crosses, 5.40 as purple triangles, the green circles is the experiment with 5.41, and with 5.42 as empty orange circles..

Figure 47 :

 47 Figure 47: Plots of 5.44 guest consumption by 5.41 host (shown as green circles) and 5.50 monomer (shown as purple triangles) as a function of a) reaction temperature (with 2 mM of 5.41 or 5.50, 90/10 CDCl3/CD3CN (v/v) solvent mixture), b) CD3CN ratio (with 2 mM of 5.41 or 5.50, and a temperature of 75°C).

Figure 48 :

 48 Figure 48: Plots of 5.44 guest consumption as a function of c) host 5.41 or monomer 5.50 concentration and d) number of 5.44 added. The green dots show the data with 5.41 host and the purple triangles show the data for 5.50 monomer tests. The binding affinity of 5.50 was further verified by 1 H NMR titration of a 2 mM solution of 5.50 in 90/10 CDCl 3 /CD 3 CN (v/v) with 5.44 (see figure 49). By plotting the chemical shift values as a function of guest concentration, it was found that 5.44 binds to 5.50 in a 1:2 ratio, with 510 and 5 M -1 binding affinities.

Figure 49 :

 49 Figure 49: Excerpt of 300MHz 1 H NMR spectra between 12 and 7 ppm of 5.50 host in presence of a) 0 eq. b) 0.5 eq. c) 1.0 eq. d) 2.0 eq. e) 4.0 eq. 5.44 at 298 K. The 5.50 ⊃5.44 complex is shown as black circles while 5.50 alone is shown as empty circles. The plot of the chemical shifts as a function of 5.44 concentration is shown in f), the purple squares and orange circles show the plot of the experimental data and the red and green lines show the calculated fits.

Figure 50 :

 50 Figure 50: Excerpt of 400MHz 1 H NMR spectra of 1 mM 5.41 host in 90/10 CDCl3/CD3CN (v/v) in presence of a) 10 eq. 5.44 b) 2eq. TFA and 10 eq. 5.44 c) 2eq. TFA and 10 eq. 5.44 after 24h, d) 2eq. TFA and 10 eq. 5.44 after 7 days and e) 2 eq. TFA. The host-guest complex 5.41⊃5.44 is outlined as red circles and the empty host is shown as empty black circles. The signals belonging to the 5.41⊃TFA complex are shown as empty red circles.

Figure 52 :

 52 Figure 52: Excerpt of 1 H, 13 C and 19 F NMR of the isolated intermediate product (left) and GC-EI mass spectrogram of the intermediate product (right), which can be identified as 5.64.

Figure 53 :

 53 Figure 53: Excerpt of 1 H NMR (left) and HRMS spectrum (right) of the isolated intermediate product, which can be identified as 5.68.

Figure 54 :

 54 Figure 54: Reaction scheme showing the two possible decarboxylation pathways, leading either to the corresponding alkene or alkane. The privileged pathway is the conversion of tetrafluorosuccinic acid to tetrafluoroethane, shown at the bottom. This indicates that after the first decarboxylation, the extra proton of the host is transferred back to the anion of 5.64. Based on these results, a proposed mechanism was formulated. The monodeprotonation of the diacid by a naphthyridine unit (proton shown in pink) facilitated the decarboxylation reaction, the CO 2 produced is then released from the host, and the protonated naphthyridine then transfers its extra proton directly to the resulting monoacid 5.64, after which the second proton transfer from the monoacid guest to the naphthyridine of the host, after which the second decarboxylation of the guest can occur, leading to tetrafluoroethane gas TFEA 5.65 which, along with CO 2 , diffuses out of the host (see figure 55).

Figure 55 :

 55 Figure 55: Schematic representation of the hypothesized catalytic cycle for the double decarboxylation reaction of 5.44 acid. Only the central pyr-pyz-pyr unit and the two adjacent N m units (outlined in blue) of the host are drawn, and the protons of the 5.44 acid guest are shown in pink.

Figure 56 :

 56 Figure 56: Cartoon representation of the potential displacement of the monoacid obtained after the first decarboxylation by tetrafluorosuccinic acid substrate.

Figure 57 :

 57 Figure 57: Excerpt of 19 F NMR spectra showing the evolution of 5.44 guest (shown as empty circles) into 5.64 acid (black circles) and 5.65 (red circles), and corresponding species plot over time.

  ) using commercial 5.64 monoacid. The resulting 1 H NMR shows broad amide signals, which suggests that 5.64 binds but can adopt several conformations within the cavity of 5.41. The binding affinity of

Figure 60 :

 60 Figure 60: Reaction scheme illustrating an advantage of grafting the catalyst on a solid surface.

  [208] J.Yu, B. Cheng, X. Zhao, J. Yu (2003) Process for enhancing photocatalytic activity of TiO2 by surface fluoridation treatment(China, Patent No. CN 1438071).

  ): m/z calcd forC9H9BrN3 [M+H] + :237.9902 found 237.9980.5.48-Acetic anhydride (2eq., 4.2 mL, 44.0 mmol) was added to a solution of naphthyridine 5.47 (1eq., 5.20 g, 22.0 mmol) in 80 mL of dry THF and the reaction mixture was heated at 50 °C for 3h. Volatiles were removed under reduced pressure to give a solid which was dissolved in DCM and washed with a saturated aqueous solution of NaHCO 3 , distilled water and then with brine. The organic layer was dried over MgSO 4 , filtered and the solvent was removed under reduced pressure, the residue was purified by precipitation from minimum amount of Et 2 O to give naphthyridine 5.48 as a white solid (5.30 g, 86 %). 1 H NMR (300 MHz, CDCl 3 ) δ: 8.80 (s, 1H), 8.34 (d, 1H, J= 8.5 Hz), 8.31 (s, 1H), 7.35 (d, 1H, J= 8.4 Hz), 2.78 (s, 3H), 2.28 (s, 3H). 13 C NMR (75 MHz, DMSO) δ: 170.

  ): m/zcalcd forC11H11BrN3O[M+H] + : 280.0080 found 280.0084.5.50-In a dry 25 mL flask N Br 5.48 (1eq., 5.00 g, 17.8 mmol) and dry K 2 CO 3 (5eq., 12.30 g, 89.2 mmol) were dissolved in 40 mL dry DMSO, to which morpholine (5eq., 7.8 mL, 89.2 mmol) was then added. The reaction mixture was heated at 120°C for 4h, the DMSO was then evaporated under vaccuum, the crude product was redissolved in DCM/MeOH (80/20), then treated with 1M NaOH solution, and the organic layers dried over MgSO 4 . The pure product 5.50 was obtained after column chromatography (100% EA) as a white solid (3.50 g, 70%). 1 H NMR (300 MHz, CDCl 3 ) δ:9.46 (s, 1H), 8.13 (d, 1H, J= 8.4 Hz), 8.00 (s, 1H), 7.19 (d, 1H, J= 8.4 Hz), 3.97 (t, 4H, J= 4.3 Hz), 3.27 (t, 4H, J= 4.6 Hz), 2.71 (s, 3H), 2.27 (s, 3H). 13 C NMR (75 MHz, CDCl 3 ) δ: 170.0, 162.
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 551 1. HRMS (ES+): m/z calcd forC 15 H 18 N 4 O 2 [M+H] + : 287.1503 found 287.1528. In a dry 100 mL flask were added SeO 2 (3eq., 4.10 g, 36.6 mmol) and N m 5.50 (1eq., 3.50 g, 12.2 mmol) under Ar atmopshere, then dissolved in 35 mL dry pyridine. The reaction mixture was heated at 70°C. The solvents were evaporated and the product obtained was redissolved in 100 mL MeOH. H2SO4 (14eq., 9.6 mL, 170.8 mmol) was then added and the reaction mixture was stirred overnight. The mixture was then quenched with NH 4 OH, extracted in DCM/MeOH (80/20) solvent mixture and washed with H 2 O then dried over MgSO 4 . the pure product 5.51 was obtained after column chromatography (Cy/EA 50/50 to 0/100) as an off-white solid (1.80 g, 50%). 1 H NMR (300 MHz, DMSO) δ: 8.24 (d, 1H, J= 8.3 Hz), 7.92 (d, 1H, J= 8.3 Hz), 6.25 (s, 2H), 5.06 (s, 2H), 4.00 (s, 3H), 3.96 (t, 4H, J= 4.4 Hz), 3.16 (t, 4H, J= 4.6 Hz). 13 C NMR (75 MHz, DMSO) δ: 166.0, 162.

  ): m/z calcd forC14H16N4O3[M+H] + : 289.1295 found 289.1305. 5.52-In a dry 100mL Schlenk flask containing N m methyl ester 5.51 (1eq., 0.15 g, 0.5 mmol) and Boc 2 O (4eq., 0.52 g, 2.0 mmol) under Ar atmosphere were added 3 mL DMAC and NEt 3 ( 3eq., 0.2 mL, 1.5 mmol). The reaction mixture was heated at 85°C for 2h30. The crude product was dried under vacuum and purified by column chromatography (Cy/EA 75/25 to 0/100), yielding the pure product as a white solid (0.18 g, 89%). 1 H NMR (300 MHz,CDCl3) δ: 8.42 (d, 1H, J= 8.1 Hz), 8.10 (d, 1H, J= 9.3 Hz), 7.94 (s, 1H), 7.54 (s, 1H), 4.08 (s, 3H), 4.02 (m, 4H), 3.32 (m, 4H), 1.59 (s, 9H).
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 553 ): m/z calcd C 19 H 24 N 4 O 5 [M+H] + : 389.1819 found 389.1807. In a dry 25 mL flask N m Boc 5.52 (1eq., 0.19 g, 0.5 mmol) was slurried in 7 mL THF, to which was added KOH (1.5eq., 0.04 g, 0.75 mmol) dissolved in 3.5 mL MeOH. The reaction mixture was stirred until complete (2h), then quenched with citric acid 5% aqueous solution, extracted DCM/MeOH solvent mixture, the organic layers were then washed with H 2 O and dried over MgSO 4 . The product was purified by precipitation in DCM/MeOH mixture yielding 5.53 as a white solid (0.12 g, 68%). 1 H NMR (300 MHz, CDCl 3 ) δ: 10.29 (s, 1H), 8.52 (d, 1H, J= 8.4 Hz), 7.95 (d, 1H, J= 8.4 Hz), 7.77 (s, 1H), 3.89 (m, 4H), 3.20 (m, 4H), 1.52 (s, 9H). 13 C NMR (75 MHz, CDCl3) δ: 167.

2 .

 2 HRMS (ES+): m/z calcd C 18 H 22 N 4 O 5 [M+H] + : 375.1663 found 375.1661.5.54-Boc-Trimer acid Q3 5.72(1.1eq., 0.43 g, 0.55 mmol) and dimer amine PN 5.73 (1eq., 0.23 g, 0.50 mmol) were dissolved in dry chloroform (15 mL). Then, DIPEA (4eq., 0.35 mL, 2 mmol) and PyBOP (2eq., 0.52 g, 1 mmol) were added at RT and the reaction mixture was heated at 45°C for 24 hours. Then, the solvents were removed under reduced pressure and the residue was purified by flash chromatography (SiO 2 ) eluting with EtOAc/DCM (10/90 v/v) and by precipitation from minimum amount of MeOH to obtain 5.54-Boc as a yellow solid (0.39 g, 64%). 1 H NMR (300 MHz, CDCl 3 ): 11.99 (s, 1H), 11.89 (s, 1H), 9.82 (s, 1H), 9.51 (s, 1H), 9.14(d, J= 8.9, 1H), 8.66 (d, 1H, J= 9.0 Hz), 8.59 (d, 1H, J= 8.9 Hz), 8.52 (d, 1H, J= 9.8 Hz), 8.39 (d, 1H, J= 9.1 Hz), 8.05 (m, 2H), 7.94 (s, 1H), 7.76 (m, 3H), 7.62 (d, 1H, J= 8.0 Hz), 7.55 (d, 1H, J= 9.0 Hz), 7.51 (s, 1H), 7.38 (t, 1H, J= 8.3 Hz), 7.32 (s, 1H), 7.00 (s, 1H), 6.84 (t, 1H J= 9.6 Hz), 6.49 (t, 1H, J= 8.0 Hz), 4.21 (d, 2H, J= 6.3 Hz), 4.07 (m, 4H), 3.94 (d, 2H, J= 6.5 Hz), 2.37 (m, 3H), 2.10 (m, 1H), 1.59 (s, 9H), 1.22 (m, 20H), 1.04 (d, 4H J= 6.7 Hz). 13 C NMR (75 MHz, CDCl 3 ): 164.0,

1 H

 1 NMR (300 MHz, CDCl 3 ): 12.19 (s, 1H), 12.14 (s, 1H), 10.99 (s, 1H), 10.21 (s, 1H), 10.00 (s, 1H), 9.91 (s, 1H), 9.49 (d, 1H, J= 7.2 Hz), 8.94 (s, 1H), 8.80 (s, 2H), 8.66 (d, 1H, J= 7.6 Hz), 8.57 (d, 1H, J= 8.8 Hz), 8.31 (d, 1H, J= 8.2 Hz), 8.23 (s, 1H), 8.20 (d, 1H, J= 7.7 Hz), 8.08 (d, 1H, J= 7.2 Hz), 7.82 (s, 2H), 7.80 (s, 1H), 7.69 (s, 1H), 7.65 (d, 1H, J= 6.5 Hz), 7.57 (d, 1H, J= 6.5 Hz), 7.43 (d, 1H, J= 8.0 Hz), 7.40 (s, 1H), 7.01 (t, 2H, J= 6.3 Hz), 6.94 (s, 1H), 6.65 (t, 1H, J= 8.2 Hz), 4.24 (m, 4H), 4.06 (m, 4H), 3.98 (m, 4H), 3.44 (m, 4H), 3.34 (m, 2H), 2.40 (m, 4H), 1.83 (s, 9H), 1.27 (m, 24H). 13 C NMR (75 MHz, CDCl 3 ): 164.

  ): m/z calcd for C78H80N16O14[M+H] + : 1465.6113 found 1465.6127. reaction was then quenched with NaHCO 3 sat aqueous solution, and the product extracted with DCM. The organic layers were washed with H 2 O and brine, dried over MgSO 4 . Without further purification,5.57 amine (1eq., 0.22 g, 0.19 mmol), 5.53 acid (1eq., 0.10 g, 0.19 mmol) and PyBOP(3.5eq., 0.35 g, 0.66 mmol) were dissolved in 5mL distilled CHCl3 to which was added DIEA (4eq., 0.13 mL, 0.76 mmol) dropiwse. The reaction mixture was stirred overnight at room temperature. The reaction was then quenched with NH 4 Cl 5% aqueous solution, and the crude product extracted with DCM. The organic layers were washed with H 2 O and dried over MgSO 4 . The crude product was then injected in GPC, and the first peak collected yielded the pure product 5.58 as a yellow solid (0.13 g, 45%). 1 H NMR (300 MHz, CDCl 3 ): 12.09 (s, 1H), 12.06 (s, 1H),10.98 (s, 1H), 10.27 (d, 1H, J= 4.5 Hz), 10.05 (s, 1H), 9.50 (s, 1H), 9.32 (d, 1H, J= 7.4 Hz), 8.82 (m, 2H), 8.69 (d, 1H, J= 7.3 Hz), 8.58 (m, 3H), 8.35 (d, 1H, J= 8.3 Hz), 8.25 (t, 1H, J= 7.5 Hz), 8.17 (s, 1H), 8.06(d, 1H, J= 8.0 Hz), 7.94 (t, 1H, J= 7.8 Hz), 7.78 (m, 2H), 7.58(d, 1H, J= 6.5 Hz), 7.43 (m, 2H), 7.24 (t, 1H, J= 8.4 Hz), 7.16 (d, 1H, J= 7.9 Hz), 6.99 (s, 1H), 6.68 (t, 1H, J= 8.0 Hz), 4.21 (m, 2H), 4.06 (m, 4H), 3.97 (d, 2H, J= 6.4 Hz), 3.38 (m, 4H), 2.42 (m, 3H), 1.88 (m, 1H), 1.73 (s, 9H), 1.31 (d, 6H, J= 6.7 Hz), 1.23 (m, 12H). 13 C NMR (100 MHz, CDCl 3 ): 164.

19 F

 19 NMR ( MHz, CDCl 3 ): -143.02. HRMS (ES+ ): m/z calcd for C 79 H 80 FN 15 O 14 [M+H] + : 1482.6066 found 1482.6438.5.42-Pentamer 5.58-Boc (1eq., 0.10 g, 0.07 mmol) was dissolved in 3.5 mL distilled CHCl 3 to which was added 1.9 mL TFA dropwise. The reaction mixture was stirred at room temperature until complete. The reaction was then quenched with NaHCO 3 sat aqueous solution, and the product extracted with DCM. The organic layers were washed with H 2 O and brine, dried over MgSO 4 . Without further purification, 5.58 amine (2.1eq., 0.07 g, 0.05 mmol), 5.56 diacid (1eq., 0.008 g, 0.02 mmol) and PyBOP (8eq., 0.10 g, 0.19 mmol) were dissolved in 0.7mL distilled CHCl3 to which was added DIEA (8eq., 0.04 mL, 0.19 mmol) dropiwse. The reaction mixture was stirred overnight at room temperature. The reaction was then quenched with NH4Cl 5% aqueous solution, and the crude product extracted with DCM. The organic layers were washed with H 2 O and dried over MgSO 4 . The crude product was then injected in GPC, and the first peak collected yielded the pure product 5.42 as a yellow solid (0.02 g, 31%). 1 H NMR (300 MHz, CDCl 3 ): 11.45 (s, 1H), 11.11 (s, 1H), 10.58 (s, 1H), 10.14 (s, 1H), 9.67 (s, 1H), 9.36 (s, 1H), 8.52 (d, 1H, J= 8.8 Hz), 8.41 (s, 1H), 8.32 (m, 2H), 8.29 (dd, 1H, J= 1.0, 8.2 Hz), 8.20 (d, 1H, J= 8.2 Hz), 8.12 (m, 3H), 7.99 (m, 1H), 7.90 (m, 1H), 7.77 (t, 1H, J= 7.6 Hz), 7.68 (d, 1H, J= 8.2 Hz), 7.46 (d, 1H, J= 7.9 Hz), 7.31 (s, 1H), 7.20 (s, 1H), 7.17 (s, 1H), 7.15 (s, 1H), 7.13 (s, 1H), 7.11 (m, 1H), 6.95 (s, 1H), 6.84 (m, 2H), 6.49 (d, 1H, J= 8.0 Hz), 6.40 (s, 1H), 5.98 (t, 1H, J= 7.6 Hz), 4.16 (m, 6H), 3.99 (t, 1H, J= 7.2 Hz), 3.93 (t, 1H, J= 7.2 Hz), 3.86 (t, 1H, J= 6.8 Hz), 3.74 (t, 1H, J= 7.2 Hz), 3.48 (m, 4H), 2.47 (m, 1H), 2.30 (m, 3H), 1.33 (m, 8H), 1.22 (m, 16H). 13 C NMR (100 MHz, CDCl3): 162.

1 . 19 F

 119 NMR ( MHz, CDCl3): -143.82. HRMS (ES+ ): m/z calcd for C 164 H 150 F 2 N 34 O 26 [M+H] + : 3050.1501 found 3050.1962.

1 H

 1 NMR (400 MHz, CDCl3): 8.51 (m, 1H), 8.40 (d, 1H, J= 8.7 Hz), 8.24 (d 1H, J= 8.5 Hz), 8.14 (s, 1H),8.04 (s, 1H), 7.31 (m, 3H), 4.66 (d, 2H, J= 6.1 Hz), 3.96 (t, 4H, J= 4.5 Hz), 3.27 (t, 4H, J= 4.5 Hz), 2.22 (s, 3H). 13 C NMR (100 MHz, CDCl3): 169.

5 . 59 -

 559 ): m/z calcd for C 22 H 23N 5 O 3[M+H] + : 406.1907 found 406.1922. Acetamido naphtyridine 5.75(1 eq., 0.3 g, 0.94 mmol) was dissolved in a mixture of THF/MeOH/H2O(10 mL, 6:3:1, v/v). NaOH(3 eq., 0.11 g, 2.84 mmol) was added to this mixture and the resulting slurry was vigorously stirred for 40 minutes at RT. The excess of NaOH was subsequently quenched by the addition of 1M HCl. After evaporation of THF under reduced pressure, the aqueous phase was extracted by CH 2 Cl 2 . The organic layer was then washed with water, dried over MgSO 4 and evaporated to dryness. Acid AcHN-N(OiBu)-CO 2 H was obtained as a white powder (0.21 g, 75 %) and was used without any further purification. Acid AcHN-N(OiBu)-CO 2 H (1 eq., 0.21 g, 0.714 mmol) and HBTU (2 eq., 0.54 g, 1.42 mmol) were suspended in dry DMF (1 mL). Then benzylamine (1.2 eq., 0.1 mL, 0.93 mmol) was added and the solution was stirred ar RT overnight. The solvents and excess reagent were removed under reduced pressure then the residue was purified by flash chromatography (SiO2) eluting with EA/cyclohexane 20/80 to 40/60 (v/v) and by precipitation from DCM/Et2O to obtain 5.59 as a white solid (0.2 g, 71%). 1 H NMR (300 MHz, CDCl 3 ): 8.63 (m, 2H), 8.51 (d, 1H, J= 9.0 Hz), 8.43 (s, 1H), 7.76 (s, 1H), 7.34 (m, 3H), 4.69 (d, 2H, J= 5.7 Hz), 4.11 (d, 2H, J= 6.5 Hz), 2.30 (m, 1H), 2.27 (s, 3H), 1.14 (d, 6H, J= 6.6 Hz). 13 C NMR (100 MHz, CDCl 3 ): 170.7, 164.

  7. HRMS (ES+ ): m/z calcd for C 22 H 24 N 4 O 3 [M+H] + : 393.1921 found 393.1932.

II. Introduction des projets 1 )

 1 210 Cet intérêt tout particulier vient en partie de leur importance dans plusieurs procédés biologiques, 211 et de la difficulté (en termes de reconnaissance) qu'ils représentent. Leur ressemblance aux clusters d'eau, et leur capacité à adopter différentes conformations en solution, rendent la tache particulièrement ardue. Pour cette tâche, un groupe de récepteurs, les foldamères, a montré une capacité toute particulière à encapsuler sélectivement le fructose, 212 puis le xylobiose.213 Ce résumé se divise en quatre parties, la première portant sur la reconnaissance de monosaccharides par des foldamères capables de photocycliser. La seconde partie porte sur des foldamères auto-assemblés en hélices antiparallèles capables de photocycliser. La troisième partie se focalise sur la synthèse de foldamères auto-assemblés avec une cavité plus volumineuse, et la dernière partie porte sur la catalyse de la réaction de décarboxylation de diacides par les foldamères. Anomérisation du xylose à l'aide de foldamères d'oligoamides aromatiques Cette thèse porte sur la reconnaissance moléculaire de mono-et disaccharides par une classe de récepteurs supramoléculaires appelés foldamères, qui ont la particularité d'adopter une conformation tridimensionnelle repliée et bien définie en solution. Basée sur un squelette d'amides aromatiques développée par le groupe Huc, plusieurs récepteurs sélectifs de monosaccharides ont vu le jour ces dernières années. Cette relative maîtrise dans la conception de récepteurs, ainsi que l'élaboration récente de foldamères d'oligoamides aromatiques photo-modulables, ont permis conception d'un récepteur de monosaccharides photo-modulables. Ces récepteurs ont été conçus pour changer la forme de leur cavité par photoirradiation (sous des longueurs d'ondes de 320 à 390 nm), grâce à deux unités diazaanthracène connues pour photocycliser. Pour mener ce projet à bien, deux foldamères, 2.29 et 2.30 (voir chapitre 2), conçus pour que les deux unités diazaanthracènes soient l'une au dessus de l'autre (afin de favoriser la photocycloaddition), ont été synthétisés.

Figure 1 :

 1 Figure 1: Une représentation en a) et b) des propriétés hypothétiques des foldamères conçus est présentée, et les c) séquences sous forme abrégée et en d) les unités monomériques correspondantes. Le premier foldamère, 2.29, malgré une sélectivité pour le glucose et le fructose accrue, n'a pas donné de photoproduit après irradiation. Le deuxième foldamère 2.30, a lui à la fois montré de bonnes capacités en tant que récepteur de saccharides et une capacité à photocycliser.

Figure 2 :

 2 Figure 2: Structures des monosaccharides et dérivés commerciaux (molécules 2.40 à 2.48) suivi des affinités de ces monosaccharides pour les foldamères 2.29 et 2.30. Quand le signal de dichroisme circulaire à 360 nm est positif il est noté en parenthèses (+) et s'il est négatif il est noté (-). En présence de deux molécules de xylose, le complexe 2.30 ⊃ (xylose) 2 a montré une capacité inattendue d'anomérisation d'une molécule de xylose sous l'effet d'une irradiation UV. En effet, en présence de deux molécules de xylose un tautomère spécifique est encapsulé, déterminé par 1 H-15 N HSQC comme étant le β-xylopyranose. Après irradiation UV, les signaux initiaux (voir figure de résumé 3a, signaux en rouge) disparaissent au profit d'une nouvelle espèce (signaux en vert). Au vu des déplacement chimiques de cette nouvelle espèce, il peut en être déduit que l'hôte 2.30 encapsule désormais une molécule de β-xylopyranose et une molécule d'ɑ-xylopyranose. Ceci suggère qu'en irradiant le complexe initial 2.30  (β-xylopyranose) 2 une des deux molécules de β-xylopyranose encapsulée est anomérisée en ɑ-xylopyranose.

Figure 3 :

 3 Figure 3: a) Superposition des spectres RMN HSQC 1 H-13 C en présence de D-xylose marqué au 13 C dans un mélange de solvants 80/20 CDCl3/DMSO-d6 (v/v) du complexe 2.30 ⊃ (β-xylopyranose)2 avant (taches en rouge) et après irradiation aux UV (taches en vert). Les attributions des signaux sont explicitées en b).

Figure 5 : 3 )

 53 Figure 5: Structure des monosaccharides testés et la table montrant les constantes d'affinité des foldamères 3.1 et 3.3 dans un mélange de solvants 80/20 (v/v) CHCl3/DMSO à 50μM pour les monosaccharides.

Figure 6 :

 6 Figure 6: a) Structure crystallographique du foldamère auto-assemblé suivi en b) de sa séquence abrégée et en c) le volume calculé de la cavité de cette même structure est montré en tant qu'une sphère jaune.

Figure 7 :

 7 Figure 7: a) structure cristalline du complexe hôte-invité 5.40  5.44 en vue de côté, avec 5.44 en représentation CPK et la même structure b) en vue de dessus avec 5.44 en représentation bâton, et en omettant les unités Q3P pour plus de clarté. L'hôte est dans chaque cas en représentation bâton, et les couleurs correspondent aux couleurs des unités définies en d) et e). En les structures des différents invités testés 5.43 à 5.45 sont données, et en d) la structure de l'hôte 5.40 et en e) sous sa forme abrégée.

Figure 8 :

 8 Figure 8: Structure cristallographique du complexe 5.41  (5.64 . CO2) a) en vue de côté montrant le volume de la cavité et en b) en vue de côté avec une molécule de CO2 en représentation CPK, en c) la vue du dessus d'une version simplifiée du complexe, occultant les unités Q3P de l'hôte 5.41, et montrant les invités 5.64 et CO2 en représentation bâton, et en d) la structure de cette version simplifiée. e)-g) Structure cristallographique du complexe 5.41  (5.65 . 2 CO2) e) en vue de côté montrant le volume de la cavité et en f) en vue de côté avec une molécule de CO2 en représentation CPK, en g) la vue du dessus d'une version simplifiée du complexe, occultant les unités Q3P de l'hôte 5.41, et montrant les invités 5.65 et CO2 en représentation bâton, et en h) la structure de cette version simplifiée. L'hôte 5.41 est montré en représentation bâton et colorié selon le code couleur établi en figure 1.Malgré l'engouement que suscite le domaine de la catalyse supramoléculaire, plusieurs défauts majeurs surviennent dans beaucoup des systèmes publiés. Parmi ces défauts, un des plus courants est le faible turnover, dû assez souvent à une inhibition de la réaction par le produit, qui a une affinité pour l'hôte qui est équivalente ou supérieure au substrat. Un deuxième défaut est l'inhibition du catalyseur par le substrat, par une trop forte concentration du substrat par exemple.

Figure 9 :

 9 Figure 9: Séquences des différentes générations d'hôtes (5.40 jusqu'à 5.42) sous forme abrégée. Les différentes mutations effectuées sur chaque génération sont soulignées en jaune.
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ii. Carcerands Full

  guest-encapsulation is a goal that supramolecular chemists relentlessly endeavor, hence motivating the design of carcerands by the Deshayes group65 in 1998, and later the Houk group 66 in 2012. Building up on Deshayes' photolytic 2-nitrobenzyl-functionalized carcerand (see figure below), Houk's design involved two resorc[4]arene moieties, each bound to an anthracene unit, connected together by several ethoxy-chains (see compound 1.58). The photoactive anthracene units were shown by 1 H NMR to quantitatively dimerize under 350 nm light, yielding 1.59, and revert to 1.58 under either 60°C heating in the dark for 20 mins, or irradiation under 254 nm light for 1h. The

  1 

  Molecular tweezers are host molecules with open cavities able to bind guest molecules via nonbonding interactions. While this type of structure does not surround the guest completely, it is often endowed with a higher flexibility. The addition of a photoswitch in such structures can bring about several interesting properties, including reversible host-guest binding, motion induction and guest twisting.

  The binding affinities, determined by 1 H NMR in CDCl 3 at -20°C to avoid signal broadening, of the guest for tweezer 1.70-E was of 12000 L.mol -1 , while the same guest was bound by tweezer 1.71-Z with an affinity of 2300 L.mol -1 .

	When performing the photoswitchable binding tests of the two tweezers with the guest
	simultaneously, it was determined that at 435 nm, 1.4 equivalents of tweezer 1.70-E (88% of E isomer
	at the photostationary state) and 0.6 equivalents of tweezer 1.71-Z (36% of Z isomer at the
	photostationary state) are present in solution with respect to 1 equivalent of DTF. Since tweezer
	1.70-E is most abundant in solution and has a one order higher binding affinity, it can be assumed
	that the guest majoritarily binds to tweezer 1.70-E at 435 nm. At 530 nm, 0.3 equivalents of tweezer
	1.70-E (18% of E at photostationary state) are still present in solution, along with 1.4 equivalents of

1.71-E, and at 530 nm 80% of tweezer 1.70-Z, and 84% of tweezer 1.71-Z. tweezer 1.71-Z with respect to 1 equivalent of DTF. In this case, the low abundance of tweezer 1.70 means that it can only bind up to 30% of the guest, therefore 70% of the guest are expected to bind to tweezer 1.71-Z.

.84 and closed forms 1.85 were assessed by

  

Chiral guest R-CSA binding abilities with the open 11 H NMR and CD spectroscopy in CD 3 CN. However, attempts at determining binding constants proved pointless, as addition of over one equivalent of guest led to precipitation and aggregation. 1 H NMR showed that the closed cage 1.85 in presence of chiral guest only led to signal broadening, which was attributed to guest-cage interactions on the outside of the cage. The open cage 1

.84 was found to

  

	bind R-CSA within its cavity as is suggested by CD spectroscopy (while 1.85  R-CSA mixture did not
	lead to any CD signal, further proof that the guest cannot bind to the closed host). Irradiation at 313
	nm of the open cage 1.84 in presence of chiral guest brought about some chirality retention, the
	highest CD signals being for irradiation at low temperature (77K), representing less than 20% of
	chirality retention. Aqueous washes in absence of light followed by chiral HPLC made e.e. calculation
	possible. When irradiation was performed at low temperatures (77K), e.e. could go up to 31% while
	at room temperature the highest reported value was 10%. In an effort to determine at which stage
	guest ejection occurs, a cage with one, two or three closed photoswitches were synthesized. When
	performing CD titrations, no contribution of the partially-closed cage was found, which comforted the
	hypothesis that R-CSA guest ejection occurs once the first diarylethene closes. This was confirmed by
	ESI-MS.
	[86] R.-J. Li, J. J. Holstein, W. G. Hiller, J. Andréasson, G. H. Clever, J. Am. Chem. Soc. 2019,141, 2097.

1.93 and tridecane 1.94 in the capsule prior to its isomerization, while the second implied the isomerization of the trans-azobenzene 1.93 within the capsule, which should partially unwind the capsule to release the larger cis-azobenzene 1.93, hence allowing tridecane 1.94 to bind. Kinetic

  

	investigations were performed to define the mechanism at work. A first experiment was made to
	define the kinetics of free trans-to cis-isomerization under 365 nm irradiation, then the same
	experiment was done on encapsulated trans-azobenzene 1.93 in absence of competitive guest, and a
	third experiment was performed in presence of competitive guest. The first observations indicated
	that the presence of competitive guest does not speed up the rate of isomerization. A final
	experiment showed that guest exchange between trans-azobenzene 1.93 and a 30-fold excess of
	tridecane 1.94 occurs very slowly (up to 1600 minutes), which completely disproves the hypothesis of
	fast guest exchange.

[99] H. Dube, D. Ajami, J.

Rebek, Angew. Chem. Int. Ed. 2010, 49, 3192. 

Considering that azobenzene 1.93 and hemithiondigo 1.104 can

  

	isomerize after 350 nm irradiation
	but hemithioindigo can isomerize selectively at 430 nm, the two photoswitches were chosen for this
	study. Prior studies with each system had indicated the competitive guests which could replace each
	photoswitch upon irradiation, p-cymene 1.106 and dibromophenylethane dione 1.105 were
	therefore added to the two host-guest systems (1.92 ⊃ trans-1.93 and 1.103 ⊃ Z-1.104) in solution.
	The longer hemithioindigo guest Z-1.104 showed good binding with the longer capsule 1.103, and
	dimethyl-azobenzene 1.93 showed good binding to the small capsule 1.92, the two host-guest
	systems were first photoirrradiated at 430 nm to induce the selective release of hemithioindigo 1.104
	from 1.103, allowing an excess of p-cymene 1.106 to bind to this capsule. A second irradiation, this
	time at 350 nm, led to the release of azobenzene 1.93, in favor of guest 1.105. When heating at 160°C,
	the full reversal of the system was obtained.

1 H NMR: (300 MHz, CDCl 3 , δ in ppm): 11

  .67 (s, 1H), 11.64 (s, 1H), 11.34 (s, 1H), 11.29 (s, 1H), 11.14 (s, 1H), 11.03 (d, 1H, J= 7.2 Hz), 10.87 (s, 1H), 10.85 (s, 1H), 10.75 (d, 1H, J= 9.3 Hz), 10.54 (s, 1H), 10.47 

	(s, 1H), 10.24 (s, 1H), 10.15 (s, 1H), 9.86 (s, 1H), 9.83 (s, 1H), 9.68 (s, 1H), 9.64 (s, 1H), 9.04 (s, 1H),
	8.51 (m, 3H), 8.18 (d, 2H, J= 8.2 Hz), 8.09 (d, 2H, J= 10.2 Hz), 8.04 (m, 3H), 7.89 (m, 3H), 7.74 (m, 4H),
	7.61 (m, 4H), 7.55 (m, 2H), 7.49 (s, 1H), 7.43 (m, 3H), 7.21 (s, 2H), 7.17 (m, 3H), 7.11 (s, 1H), 7.08 (m,
	3H), 6.97 (m, 3H), 6.79 (m, 3H), 6.74 (m, 2H), 6.66 (m, 2H), 6.52 (s, 1H), 6.45 (m, 3H), 6.24 (m, 2H),
	6.11 (m, 3H), 5.93 (m, 2H), 4.43 (d, 4H), 4.19 (m, 24H), 3.86 (m, 4), 3.70 (m, 8H), 2.26 (m, 20H), 1.41
	(m, 54H), 1.28 (m, 66H).
	19 F NMR: -129.89, -131.65.
	HRMS (ES+): m/z calcd for C 248 H 257 FN 44 O 42 [M+2H] 2+ : 2273.9714, found 2273.9731.

Table 1 :

 1 Table

of binding values defined by CD titrations with D-monosaccharides for 3.1 and 3.3 hosts in 80/20 (v/v) CHCl3/DMSO solvent mixtures.

NMR (75 MHz, CDCl 3 ) δ, ppm

  

1 H NMR (300 MHz, CDCl 3 ) δ, ppm:

10.31 (s, 1H), 9.35 (s, 1H), 9.20 (s, 1H), 9.16 (s, 1H), 9.13 (s, 1H)

, 7.78 (s, 1H), 7.52 (s, 1H), 7.47 (s, 2H), 7.04 (s, 2H), 6.67 (s, 1H), 4.93 (s, 1H), 4.22

(d, J= 6.3 Hz, 2H), 4.16 (d, 2H, J= 6.3 Hz)

, 4.12 (s, 3H), 3.51 (s, 3H), 2.39 (m, 2H), 2.10 (s, 6H), 2.02 (s, 6H), 1.22 (d, 12H, J= 6.6 Hz), 1.14 (s, 9H). 13 C

  calcd for C 23 H 26 FN 2 O 6 [M+H]+: 445.1769, found 445.1786.

19 F NMR: -127.31. HRMS (ES + ): m/z

1 H NMR (300 MHz, CDCl 3 , δ): 11

  .13 (s, 1H), 8.65 (s, 1H), 8.30 (d, 1H, J= 8.3 Hz), 7.49 (s, 1H), 2.69 (s, 3H).

13 C NMR (75 MHz, DMSO, δ): 162.

  Identification code 5.41  (5.64 +CO 2 ) 5.41  (5.65 +2CO 2 ) 5.42  (5.44) Chemical formula C 166 H 152 F 4 N 36 O 30 C 166 H 152 F 4 N 36 O 30 C 168 H 152 F 6 N 34 O 30

	Formula weight		3207.19	3207.19	3241.20
	Shape and color		Yellow cubes	Yellow cubes	Yellow cubes
	Temperature		283-303	283-303	283-303
	Crystal system		Monoclinc	Monoclinic	Triclinic
	Space group		Cc	Cc	P1
	Unit cell dimensions	a 25.336, b 38.072,	
	(a,b,c, ɑ, β, γ) (Å,	°)		
	Cell Volume (Å 3 )		17694.1	17721.9	10983.2

c 20.949, ɑ 90, β 118.88, γ 90 a 25.353, b 38.086, c 20.924, ɑ 90, β 118.70, γ 90 a 19.5128, b 23.373, c 25.2729, ɑ 80.113, β 79.095, γ 78.506

C NMR: (75 MHz, CDCl 3 , δ in ppm):166.5, 163.4, 162.7, 152.6, 150.1, 

148.3, 127.0, 125.2, 119.7, 113.9, 112.1, 99.9, 89.8, 79.4, 75.5, 67.3, 56.1, 28.9, 28.7, 19.5, 19.3. HRMS (ES+): m/z calcd for C 29 H 37 N 3 O 6 [M+H] + : 523.4781, found 523.4812.

C NMR: (75 MHz, CDCl 3 , δ in ppm):165.4, 164.8, 164.4, 164.0, 163.7, 163.5, 163.3, 162.8, 162.6, 
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While the cavity volume in some previous designs such as (Q 3 PN 2 N ox A H ) 2 A H 4.15 foldamer synthesized by Dr. Saha 173 (see figure 10) seemed large enough to encapsulate disaccharides, it was found that the length of the cavity was at times insufficient to efficiently bind disaccharides, often involving the rearrangement of either the host or the guest (figure shows the rearrangement of the guest from its preferential all equatorial conformation in solution to an all axial conformation when bound to the foldamer 4.15, inevitably leading to a lower affinity (approx. 20 000 M -1 estimated by NMR). Taking this into consideration, molecular modelling on Maestro was solicited to establish a list of potential guests to test prior to titration experiments. This screening was performed by combining

[173] S. Saha, B. Kauffmann, Y. Ferrand, I. Huc, Angew. Chem. Int. Ed. 2018, 57, 13542. Chapter 5: Developing a selective foldamer catalyst for the decarboxylation of perfluoroalkyl carboxylic acids

2) New designs

To increase the basicity of the system, two naphthyridine units with solubilizing isobutoxy side chains of the 5.40 host were substituted with newly designed naphthyridines with morpholine side chains (see next section for more details) to yield host 5.41 (see figure 21). In parallel, a second sequence, 5.42, was designed to increase the binding affinity of the host for TFSA 5.44 by filling any detectable void noticed using the X-ray structure between 5.40 and 5.44 (see figure 22). Given that the voids found for this 5.40⊃5.44 system were small, monomer deletion was ruled out, as it was expected to have too strong an impact on the curvature and cavity volume to be of use. Instead, mutation of a monomer was preferred. Based on the location of the voids between 5.40 and 5.44, the mutation of pyridine units to fluorobenzene units was chosen. The fluorine atom of this monomer is designed to point towards the cavity, therefore filling up small spaces. 

c) With difluorosuccinic acid

Given the acidity of difluorosuccinic acid 5.45 and its ability to transfer one of its protons to the 5.41 host, it was expected that it could undergo a similar decarboxylation reaction. 5.45 however is only expected to decarboxylate once, given that only one of its functions is acidic enough to transfer its proton to 5.41. This was verified (see figure 51) when applying the same conditions as with (2 mM host, C 2 D 2 Cl 4 /CD 3 CN 90/10 solvent system, 100°C, 20 equivalents of 5.45). Using 19 F NMR to follow the consumption of 5.45 substrate and the production of 3,3'-difluoropropionic acid 5.68, it was found that the kinetics of this reaction are slightly slower than in the case of 5.44, and upon heating several new fluorine peaks appeared, among which several unidentified species (see figure 51). 

d) Product identification

In order to further understand the decarboxylation reaction, the products of the decarboxylation of 5.44 and 5.45 need to be identified and characterized. By precipitation of the host (5.41 or 5.42) and purification of the filtrate to isolate the intermediate product of the decarboxylation of 5.44, the resulting compound was isolated by NMR (the resulting NMR spectra are shown in figure 52). The chemical shift values by 1 H, 19 F and 13 C NMR indicate that the 3,3,2,2-tetrafluoropropionic acid 5.64 was produced after the first decarboxylation, which can be identified by its two signals at -125 and -137 ppm in 19 F NMR, and its multiplet at 6 ppm in 1 H NMR. The fact that compound 5.64 is obtained indicates that the product of the second decarboxylation is 1,1,2,2-tetrafluoroethane gas 5.65. 5.65 has several uses, but its main use is as a high-temperature refrigerant in cars.

5.41 for 5.64 was determined to be 760 M -1 , which is four times lower than the binding affinity of 5.41⊃5. 44 system. Given that no new peaks are obtained in the 16 to 20 ppm region it can be inferred that this new complex does not lead to a proton transfer from TFPA 5.64 to 5.42 host. The resulting binding plots indicate that to favor the binding of 5.64 instead of 5.44, the ratio of 5.44 in a mixture of 5.44 and 5.64 must be lower than 0.17, therefore if one equivalent of 5.44 is present in solution, an excess of at least 5.9 equivalents of 5.64 must be added to favor the 5.41 ⊃ 5.64 complex. This seems to confirm the hypothesis that the 5.64 generated after the first decarboxylation of 5.44 is displaced within the host's cavity by the excess of 5.44 present in solution. 

General conclusion

Mots clés :

Foldamères d'oligoamides aromatiques, hélice, doubles hélices auto-assemblées, saccharides, catalyse supramoléculaire, décarboxylation Title : Aromatic oligoamide foldamers as selective saccharide receptors and as supramolecular catalysts

Abstract :

The field of saccharide recognition using abiotic receptors has grown over the years. Among the many different structures designed, a class of receptors, foldamers, able to fold into a well-defined structure, has shown great promise in selective binding, relying on structural elucidation of host-guest complexes using X-ray crystallography and iterative evolution to further improve binding affinity and selectivity. Building on this know-how, the incorporation of a photoswitch to a monosaccharide receptor was undertaken, achieving a receptor able to modulate the morphology of its cavity using light. One of the properties of such a receptor was to induce the anomerization of a sugar upon shining UV light. A helical self-assembly containing the same photoswitch was then developed and was found to switch binding selectivity towards monosaccharides when irradiated with UV light. In parallel, the design and synthesis of helical self-assemblies able to bind disaccharides was developed. Lastly, the elaboration of a synthetic decarboxylase system from a tetrafluorosuccinic acid receptor was explored.
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