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Taking advantage of DIBAL-H induced regioselective debenzylations on the primary rim of cyclodextrins (CDs), we developed a series of water-soluble NHCcapped CD metal complexes, called (ICyD) Me MCl (M = Ag, Au, Cu). All (ICyD) Me MCl complexes were first characterized by NMR in organic solvents. X-ray crystal structures of (α-ICyD) Me MCl (M = Ag, Au) were obtained in both CDCl 3 and water, while single crystal of (α-ICyD) Me CuCl, (β-ICyD) Me HCl and (β-ICyD) Me AuCl were obtained in CDCl3, CD2Cl2 and acetone-d6, respectively. The catalytic activity of (ICyD) Me AuCl complexes were first evaluated in the cycloisomerizations of 1,6enynes in organic solvents. Then, capitalizing on the good water solubility of (ICyD) Me MCl complexes, they were also used as catalysts in hydration, lactonization, hydroarylation and cycloisomerization reactions in pure water and with no addition of silver salts as halide scavenger.

Thanks to the cavity of CDs, we captured monomeric copper hydride species (α-ICyD) Bn CuH and fully characterized it by NMR for the first time. A completely chemoselective 1,2-addition on α,β-unsaturated ketone was observed when using (α-ICyD) Bn CuH. Furthermore, different chemoselectivities in the hydrosilylation of α,β-unsaturated ketones are observed when using either (α-ICyD) Bn CuCl or (β-ICyD) Bn CuCl. (α-ICyD) Bn CuCl promoted exclusively the 1,2addition, while (β-ICyD) Bn CuCl produced the totally reduced product. Two monomeric silver hydride species (α-ICyD) Bn AgH and (α-ICyD) Me AgH were also synthesized at the same time.

Using HI, it is possible to fully debenzylate the 3-positions on the secondary rim of benzylated CDs. We first synthesized a new type of NHC-capped CD metal complexes, called (α-ICyD) Bn,Me MCl (M = Ag, Au). Due to the asymmetric Oprotection on the secondary rim of (α-ICyD) Bn,Me AuCl, it gave the highest ees in an enantioselective cycloisomeriations of 1,6-enynes compared with (α-ICyD) Bn AuCl and (α-ICyD) Me AuCl complexes. Then, a space hook tethered strategy was investigated to perform a simultaneous primary and secondary rims regioselective functionalization on the CD.
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Une addition complètement chimioséléctive en 1,2 sur des cétones α,βinsaturées a été observée lors de l'utilisation de (α-ICyD) Bn CuH. De plus, des chimiosélectivités différentes dans l'hydrosilylation des cétones α,β-insaturées sont observées en utilisant soit (α-ICyD) Bn CuCl soit (β-ICyD) Bn CuCl. (α-ICyD) Bn CuCl promeut exclusivement l'addition 1,2, tandis que (β-ICyD) Bn CuCl produit le produit totalement réduit. Deux espèces monomères hydrure d'argent (α-ICyD) Bn AgH et (α-ICyD) Me AgH ont également été synthétisées en même temps.

En utilisant HI, il est possible de débenzyler complètement les positions 3 du col secondaire des CD benzylées. Nous avons d'abord synthétisé un nouveau type de complexes métalliques de CD pontées par un NHC, appelé (α-ICyD) Bn,Me MCl (M = Ag, Au). En raison de sa protection dissymétrique sur le bord secondaire, le complexe (α-ICyD) Bn,Me AuCl donne des ee plus élevés que les complexes (α-ICyD) Bn AuCl et (α-ICyD) Me AuCl dans une cycloisomériation énantiosélective d'énynes-1,6. Enfin, une stratégie d'agrafe moléculaire a été étudiée pour effectuer une fonctionnalisation régiosélective simultanée des couronnes primaire et secondaire de la CD.

Mots-clés: Cyclodextrines, Complexes métalliques, Hydrure de cuivre, Catalyse dans l'eau.

General introduction

In chemistry, metal-catalyzed reactions have made a great contribution to the growth of organic synthesis. A variety of synthetic methods have been reported using metal complexes. In particular the encapsulated metal catalyst is today a pivotal role in organic synthesis, which is inspired by nature enzymes. Enzymes, in which the metal center is wrapped inside a confined space to do a great job to better control the selectivity and reactivity of reactions for a number of reasons: first, the selectivity of the product could be well controlled due to the preorganization effect with confined space; second, the stability of transition state can be increased thanks to the confined space, which remarkably improved the reaction rate; third, the activity of metal complexes could be improved by avoiding the effect from the bulk solution. Therefore, inspired by these advantages from enzymes, the synthesis of encapsulated metal complexes have received growing attention.

Taking advantage of the cavity of CDs, which could be able to provide a confined space for metal centers to synthesize CD-based encapsulated metal complexes. In previous work, by introducing a NHC cap on the primary rim of CDs, we first synthesized a series of per-benyzlated CD-based metal complexes, called (ICyD) Bn MX, the position of the metal atom inside the cavity was demonstrated by the use of NMR spectroscopy. To our delight, a CD-size dependent phenomena was observed in all metal-catalyzed catalytic reactions using (ICyD) Bn MX complexes. However, all catalytic reactions were performed only in organic solvents as (ICyD) Bn MX complexes are water-insoluble. Thus, to expand the application of CD-based metal complexes, we were interested in the synthesis of per-methylated CD-based metal complexes, called (ICyD) Me MX (Chapter 2).

Getting (ICyD) Me MX complexes in hand, we can not only investigate if the change of O-protecting group on the CD pattern will have an impact on the catalytic properties of metal complexes comparing with per-benzylated CD-based metal analogs, but also to evaluate their catalytic activities in pure water as they are highly water-soluble. Moreover, in our experience, per-methylated CDs are easy to crystallize. Getting crystal structures of (ICyD) Me MX complexes will be a powerful proof that the metal is wrapped inside the cavity of CDs. Furthermore, as the development of copper hydride, monomeric copper hydride has mentioned as an important intermediate in many copper-catalyzed reactions.

However, due to the aggregation property of copper hydride, the monomeric copper hydride has never been experimentally obtained on its own. Inspired by a remarkable work, in which the monomeric copper hydride could be observed in an equilibrium with its dimer due to the bulky groups near the copper center. Thus, we were interested in the capture of active monomeric copper hydride species using our CD-based copper complexes owing to the high steric hindrance of CDs. Meanwhile, as the metal in deeply wrapped in the cavity of CDs in our case, the dimer would be difficult to form (Chapter 3).

To the best of our knowledge, the regioselective modification of CDs is only either on the primary rim or secondary rim. In the final part (Chapter 4), getting two highly regioselective debenzylation methods in hand, we were interested in the modification of CDs on both rims to check if the CD shape has changed. First, we tried to synthesize a new type of CD-based metal complexes, called (ICyD) Bn,Me MX, which contain different O-protecting groups on the secondary rim (3-OR, 2-OBn). We then investigated the catalytic activities of (ICyD) Bn,Me MX complexes to disclose what is the relationship between the catalytic activity and O-protecting groups. Then, by introducing a hook between positions 6 and 3 to synthesize a series of highly functionalized CD patterns, which contain different O-protecting groups on both rims. These highly functionalized CD patterns will become great precursors for further applications.

Chapter 1 Encapsulated Coinage Metal Catalysts: Control of

Reactivity and Selectivity

Introduction

Organometallic catalysts have taken an indispensable role in scientific development and can be used cost-effectively in the preparation of chemical products and materials. [1] Allowing a reaction to be faster, more selective, and less energy consuming are the attractive characteristics of organometallic catalysts. In addition, many reactions, which are not accessible by traditional approaches, but can be done with the help of organometallic catalysts. For instance, the total synthesis of complicated bioactive compounds can be performed in a short-way by using catalysis compared to a "classical" route, and the side reactions can be avoided or decreased with the help of catalyst. [2] Coinage metals (copper, silver, and gold) catalysts play an important role in both industry and in academic. [3] Among these coinage metals, copper had the longest history in organometallic chemistry due to its abundance and low cost. [START_REF] Krause | Modern Organocopper Chemistry[END_REF] Carl A.

Glaser was the pioneer who first proposed organocopper catalyst in a coupling reaction of terminal alkynes in 1869. [START_REF] Glaser | Beitr a ge zur Kenntniss des Acetenylbenzols[END_REF] In 1952, Gilman reported the lithiated organocuprates (general formula: R2CuLi), which were formed by reaction between MeLi and Cu(I) salt in THF at -78 °C. [6] Few years later, in 1958, a copper (CuBr)-catalyzed radical oxidation of an allylic alkene to allylic alcohol was reported, which is the well-known Kharasch-Sosnovsky reaction. [START_REF] Kharasch | The Reactions of t-Butyl Perbenzoate and Oleffins-A Stereospecific Reaction[END_REF] Triggered by theses initial reports, nowadays, the application of organocopper catalysts almost covers all fields of catalysis, including cross-coupling, [START_REF] Kang | Copper-Catalyzed Cross-Coupling and Carbonylative Cross-Coupling of Organostannanes and Organoboranes with Hyper valent Iodine Compounds[END_REF] C-H functionalization, [START_REF] Guo | Copper-Catalyzed C-H Functionalization Reactions: Efficient Synthesis of Heterocycles[END_REF] cycloisomerization [START_REF] Fehr | Copper-Catalyzed Cycloisomerizations of 5-En-1-yn-3-ols[END_REF] and cycloaddition [START_REF] Stanley | Enantioselective Copper-Catalyzed 1,3-Dipolar Cycloadditions[END_REF] reactions…

The use of gold and silver in transition metal catalysis started much more recently compared to copper. [START_REF] Echavarren | Coinage Metals in Organic Synthesis[END_REF] In the past century, silver has been widely used in photography and dentistry owing to its low toxicity. [START_REF] Naodovic | Asymmetric Silver-Catalyzed Reactions[END_REF] The traditional use of silver in organic chemistry is as an additive for halogen scavenging and as a counterion exchange agent for other metal catalysts. [START_REF] Echavarren | Coinage Metals in Organic Synthesis[END_REF] Applications of silver as catalytic centre have been developed in recent years, [START_REF] Pellissier | Enantioselective Silver-Catalyzed Transformations[END_REF] and silver-catalyzed cycloisomerizations, [15] cycloaddtions [START_REF] Liu | Silver-Catalyzed Isocyanide-Alkyne Cycloaddition: A General and Practical Method to Oligosubstituted Pyrroles[END_REF] and aldol reactions have been reported. [START_REF] Sawamura | The Asymmetric Aldol Reaction of Tosylmethyl Isocyanide and Aldehydes Catalyzed by Chiral Silver(I) Complexes[END_REF] Triggered by the discovery of the catalytic properties of gold, the development of gold-catalyzed reactions has been the fastest among coinage metals, although it has a shortest history. [START_REF] Echavarren | Coinage Metals in Organic Synthesis[END_REF] Going back almost half a century, the first significant catalyst which contains gold was discovered when the German company Knapsack produced vinyl acetate by the oxidative acetoxylation of ethylene in 1965. [18] In 1973, Bond and co-workers reported the hydrogenation of alkenes and alkynes by using Au nanoparticles (AuNPs), which were supported on a surface of SiO2. [START_REF] Bond | Gold Catalysts for Olefin Hydrogenation[END_REF] The first homogeneous Au-catalyzed reaction was reported by Thomas and co-workers in 1976. [START_REF] Norman | The Reacgtions of Alkynes, Cyclopropanes, and Benzene Derivatives withGold (III)[END_REF] In 1998, Prati and coworkers first demonstrated the selective oxidation of alcohols by using AuNPs. [START_REF] Prati | Gold on Carbon as A New Catalyst for Selective Liquid Phase Oxidation of Diols[END_REF] Nowadays, gold catalysis study is one of the fastest growing fields in organic chemistry science. Gold catalysts are beginning to be versatile tools for a wide range of applications, especially in the chemical and pharmaceutical industries owing to their unique catalytic properties, including high reactivity associated with mild reaction conditions, air and oxygen stability, excellent control of regioand stereoselectivity, and orthogonal reactivity to various transition metals. [START_REF] A) Gorin | Relativistic Effects in Homogenous Gold Catalysis[END_REF] More and more chemists are using it for gold-catalyzed reactions such as cycloisomerization, [START_REF] Jiménez-Nunez | Gold-Catalyzed Cycloisomerizations of Enynes: A Mechanistic Perspective[END_REF] formation of carbon-heteroatom bonds, [START_REF] Corma | Gold-Catalyzed Carbon-Heteroatom Bond-Forming Reactions[END_REF] hydration, [START_REF] A) Cavarzan | Supramolecular Control on Chemoand Regioselectivity via Encapsulation of (NHC)-Au Catalyst within a Hexameric Self-Assembled Host[END_REF] and hydroarylation reactions [START_REF] Nevado | Transition Metal-Catalyzed Hydroarylation of Alkynes[END_REF] … However, despite a large number of studies with coinage metal catalysts which have been reported, but controlling of the selectivity and reactivity of the reactions remains an important challenge. Consequently, it is important to develop new tools to better control the selectivity and reactivity. Enzymes are, the most effective Nature's catalysts, which do a great job in both selectivity and reactivity. The biggest difference between enzymes and traditional coinage metal catalysts is their size. Generally, enzymes are 50-100 times bigger than traditional coinage metal catalysts. Furthermore, a well-defined confined space (second coordination sphere) around the active site can often be provided by the large proteinic structure of enzymes. Inspired by enzymes, there is a growing interest in enzyme-mimic coinage metal catalysts along with the development of supramolecular chemistry. Encapsulating or linking the metal complex in the supramolecular container within the confined space can mimic the second coordination sphere effects and impose steric restrictions on the catalyst-bound substrate. This confined space can affect the selectivity and reactivity of the catalytic reaction for a number of reasons. [START_REF] A) Raynal | Supermolecular Catalysis. Part 2: Artificial Enzyme Mimics[END_REF] Firstly, owing to the pre-organization of the substrate by this confined space, these caged catalysts can remarkably enhance the selectivity comparing to their non-encapsulated analogues. Secondly, because of the proximity effect in confined space, the substrate and active center are forced to be close to each other to enhance the overall reaction rate, leading to increased selectivity and reactivity. Most importantly, the stability of catalyst (in particular the active intermediate) can be enhanced by the isolation of the complex from the bulk solution, which makes catalyst systems more efficient. [START_REF] Mouarrawis | Confinement Effects in Catalysis Using Well-Defined Materials and Cages[END_REF] A fundamental step for developing coinage metal catalysts mimicking enzymes is to design cage-like containers. Nowadays, many cage-like containers with coinage metal catalysts have been designed owing to the rapid development of supramolecular chemistry. [START_REF] Leenders | Transition Metal Catalysis in Confined Spaces[END_REF] To the best of our knowledge, many examples of encapsulated gold (see section 2) and copper (see section 3) catalysts were reported using different supramolecular containers. In contrast to gold and copper, only very few encapsulated silver complexes were reported so far, but none of them were used in silver-based catalytic reactions (see section 4).

Encapsulated-gold catalysts

Hollow-Shaped Triethynylphosphine Ligands

Triethynylphosphine (P(C≡CR)3), owing to the linear C-C triple bonds (it possesses a rigid tripod framework with the minimum steric demand around the phosphorus center) containing and to the possible modification of the alkyne termini by a bulky substituent, this interesting structure attracted Sawamura and co-workers' deep interest. [START_REF] A) Mague | Rhodium(I) Complexes Containing Mono-and Ditertiary Phosphines and Arsines[END_REF] They developed a series of bulky substituents containing (silicon-based L1 and L2, carbon-based L3-L4) triethynylphosphine ligands which can be considered as a ligand in confined space (Scheme 1). [START_REF] Ochida | Using Triethynylphosphine Ligands Bearing Bulky End Caps to Create a Holey Catalytic Environment: Application to Gold(I)-Catalyzed Alkyne Cyclizations[END_REF] The single-crystal X-ray diffraction analysis of L2 (Figure 1) shows that it contains a deep and large cavity above the phosphine lone pair center.

Furthermore, molecular models of L1-L4 show an important distance between the phosphorus centre and the upper opening of the cavity (Figure 2). [START_REF] Iwai | Construction of Eight Membered Carbocycles through Gold Catalysis with Acetylene-Tethered Silyl Enol Ethers[END_REF] C6H3)3. There was almost no reaction occurring with the most basic phosphine ligand PPh 3 (entry 2). As for the latter two ligands (entries 5-6), their donor properties are comparable with L1, but their catalytic efficiency is lower than L1.

Biphenyl-based phosphines 11 and 12 were inefficient (entries 3-4), although they were reported to be graceful ligands in the Au-catalyzed reactions of 1,6enynes. The importance of ligand steric factor was demonstrated by comparing L1, L2, L5, and L6 which all contain silicon end caps (entries 1,7-9). It is worth noting that this is the first report of Au-catalyzed 6-exo-dig cyclization of simple acetylenic keto esters to make monocyclic methylenecyclohexane derivatives which is against the favorable five-membered ring formations. [START_REF] Iwai | Construction of Eight Membered Carbocycles through Gold Catalysis with Acetylene-Tethered Silyl Enol Ethers[END_REF] Interestingly, these studies demonstrated that the C-C triple bonds of the ligand were protected from attack of the gold center because of the steric hindrance of the bulky substituents at the alkyne termini. [START_REF] Iwai | Transition-Metal Catalysis with Hollow-Shaped Triethynylphosphine Ligands[END_REF] Table 1. Ligand effects in Au-catalyzed Conia-Ene reaction of 9

After the remarkable success of ring-formation with Au catalysts with various terminal alkynes with L1, Sawamura and co-workers decided to apply it to the more challenging internal alkynes. [START_REF] Ito | Cyclization of Nonterminal Alkynic β-Keto Esters Catalyzed by Golg(I) Complex with a Semihollow, End-Capped Triethynylphosphine Ligand[END_REF] Generally, the internal alkynes are unfavorable substrates for Au-catalyzed cyclization reactions which often hampered by steric repulsion caused by the terminal substituent. As expected, the Au-complex with L1 catalyzed the cyclization of internal alkynes that afford sterically congested five-and six-membered ring products (Scheme 2). High atom can be considered as a ligand that coordinates to a metal center. The lone pair of the phosphorous atom is oriented toward the cavity space, and thus, the coordination metal ion is directed into the cavity. [START_REF] Renslo | Self-Complementary Cavitands[END_REF] Taking advantage of this, Rebek group in 2002 applied and developed a resorcin [4]aren cavitand, which was the first example of resorcin [4]aren cavitand used in transition metal catalysis as a ligand(Figure 345678910111213141516171819). [START_REF] Gibson | Recognition and Catalysis in Allylic Alkylations[END_REF] Subsequently, Iwasawa and co-workers developed a new type of Au-contained resorcin [4]aren-based cavitand catalysts (Figure 3-20). [START_REF] Schramm | Intreoverted Phosphorus-Au Cavitands for Catalytic Use[END_REF] The molecular structure of 20 was characterized by single crystal diffraction analysis, which disclosed the gold center pointed inward and surrounded by the walls of the cavity (Figure 4). Iwasawa and co-workers first investigated the catalytic efficiency of the Aucatalyst 20 in the hydration of terminal alkynes. The resorcin [4]aren cavitand Au complex (20) showed remarkable success with various terminal alkynes. Next, in order to verify if the donor properties of phosphine ligands 20, 21 and 22 (Figure 5) play an important role in catalysis, the Conia-ene reaction was chosen as the model reaction for testing the ability of those resorcin [4]aren cavitand complexes. After initial studies, it appears that the P-N ligand was the best because the P-N ligand has the best donor properties among these three ligands, 

Cyclodextrins

In 1891, Villiers first reported the preparing of cyclodextrins (CDs) with potato starch by incubating with Bacillus amylobacter for several days in an oven at 40 °C. [START_REF] Schramm | Intreoverted Phosphorus-Au Cavitands for Catalytic Use[END_REF] After half a century, the molecular weights and the exact number of glucose units of α-and β-CD were described by French and Rundle by using Xray diffraction technique and crystal density measurements in 1942. [START_REF] Crini | Review: A history of Cyclodextrins[END_REF] CDs are a type of water-soluble oligosaccharides presenting a hydrophobic cavity, the most common CDs are α, β, and γ, bearing 6, 7, and 8 glucose units, respectively (Figure 11). CDs are natural compounds obtained from the enzymatic degradation of starch, and they belong to the family of cage molecules. Taking advantage of its hydrophobic cavity, CDs are widely used in many fields of science, especially in pharmacy, food and chemistry. [START_REF] Cysewski | Predicting Value of Binding Constants of Organic Ligands to Beta-Cyclodextrin: Application of MARSplines and Descriptors Encoded in SMILES String[END_REF] Figure 11. Structure of native-cyclodextrins

In the field of enzyme mimic metal catalysts, CDs have attracted a lot of attention owing to their ability to bind a wide range of organic substrates. Also the steric environment within their cavity can be varied thanks to the different size of CDs which are available. The pioneering work of CD-based artificial enzyme mimics was reported by Breslow in 1970. [START_REF] Overman | Artificial enzyme"combining a Metal Catalytic Group and a Hydrophobic Binding Cavity[END_REF] Since then, combining CDs with transition metals has been widely studied. [START_REF] Breslow | Phosphate Ester Cleavage Catalyzed by Bifunctional Zinc Complexes: Comments on the "p-Nitrophenyl Ester Syndrome[END_REF] In general, there are two different ways to append the metal onto CD primary rim. First, the metal can be positioned at the edge of the cavity by a single linkage (Figure 12a). [65] Second, the metal can be fixed directly above the cavity (Figure 12b and 12c) or deeply encapsulated inside the cavity (Figure 12d) through a double linkage, resulting in so-called metal-capped CD complexes. [START_REF] Kuroda | Bis(histamino) Cyclodextrin-Zinc-Imidazole Complex as an Artificial Carbonic Anhydrase[END_REF] In all cases, the cavity of CDs can be used as a substrate recognition host, and results in a confined space to limit the substrate's motion to control the selectivity and reactivity of reactions. However, in the cases of Figure 12a-b, the metal chelating center is flexible enough to allow conformations where the metal is either inside or outside the cavity. [START_REF] Gramage-Doria | Non-Conventional Coordination of Cavity-Confined Metal Centres[END_REF] The substrate can reach the metal center from both the top and the bottom of the CD (exo-approach and endo-approach). However, if the exo-approach can occur, the cavity will lose its meaning as a substrate recognition host, even if the metal center is well fixed. The same problem also exists in the case of Figure 12c where the active metal is placed outside the cavity. [START_REF] Kaya | A Comparative Study of Confining Ligands Derived from Methylated Cyclodextrins in Gold-Catalyzed Cycloisomerization of 1.6-Enynes[END_REF] However, if the metal is deeply encapsulated inside the cavity with a capped ligand as Figure 12d, [START_REF] Guitet | NHC-Capped Cyclodextrins (ICyDs): Insulated Metal Complexes, Commutable Multicoordination Sphere, and Cavity-Dependent Catalysis[END_REF] the NHC ligand can prevent the exo-approach, and the only way for the substrates to interact with metal is by the endo-approach, resulting in cavity-dependent selectivity. In this case, the cavity acts as a second coordination sphere for the metal. In the case of Figure 12d, our group first designed and synthesized this new family of CD-based metal complexes with NHC-capped ligands called ICyDs (Figure 13a) or BiCyDs (Figure 13b) and methylated-triazolium bridged called TriCyDs (Figure 13c). [START_REF] Guitet | NHC-Capped Cyclodextrins (ICyDs): Insulated Metal Complexes, Commutable Multicoordination Sphere, and Cavity-Dependent Catalysis[END_REF][START_REF] Zhang | Cyclodextrin Cavity-Induced Mechanistic Switch in Copper-Catalyzed Hydroboration[END_REF] For ICyDs and BiCyDs complexes, the NMR spectroscopy and ligand exchange studies showed that the metal is located inside the cavity, where it induces a strong deshielding effect on a pair of H-5

protons owing to its proximity to metal atom, while a pair of H-3 protons were deshielded by the presence of halogen atom. To evaluate the catalytic activity of these CD-based metal complexes, the prototypical 1,6-enyne 82 [START_REF] Bartolomé | Nitrogen Acyclic Gold(I) Carbenes: Excellent and Easily Accessible Catalysts in Reactions of 1,6-Enynes[END_REF] was initially A high affinity of monocationic organometallic complexes for binding to the cavity of this tetrahedral [Ga4L6] 12-cluster was observed when it was used to encapsulate a variety of organometallic guests (such as: Rh, [START_REF] Leung | Highly Selective Supramolecular Catalyzed Allylic Alcohol Isomerization[END_REF] Ir [START_REF] Leung | Scope and Mechanism of the C-H Bond Activation Reactivity within a Supramolecular Host by an Iridium Guest: A Stepwise Ion Pair Guest Dissociation Mechanism[END_REF] and Ru [START_REF] Fiedler | Selective Molecular Recognition, C-H Bond Activation, and Catalysis in Nanoscale Reaction Vessels[END_REF] ).

Toste and co-workers thought that the [Ga 4 L 6 ] 12-cluster would be an ideal host for Au complexes which have been widely used in many reactions. They tested the affinity of Me3PAuBr for [Ga4L6] 12-cluster first, indicating that the binding constant of Me3PAu + to [Ga4L6] 12-cluster was larger in water than that in methanol. Interestingly, the counterion was fully dissociated from the encapsulation of gold complex to form an encapsulated complex 101 (Figure 20), meaning that this cavity can be used as a halide scavenger of Au complexes in Au-catalyzed reactions. [START_REF] Wang | Hydroalkoxylation Catalyzed by a Gold(I) Complex Encapsulated in a Supramolecular Host[END_REF] Figure 20. The encapsulation of Me3PAuBr (100)

The hydroalkoxylation of allenes 102 was chosen to evaluate the encapsulated Au complex. In the absence of [Ga4L6] 12-cluster, the cyclization takes place in only 11% yield after 18 h with free Au catalyst Me3PAuBr. This low yield may be more tightly than complex 111 by the [Ga4L6] 12-cluster. The possible explanations for this phenomenon include: 1) the slightly bigger PEt 3 ligand increased steric compression within the cavity with better shape complementarity, 2) the stronger electron donation from PEt3 ligand increased the stability of the cationic complex. [START_REF] Levin | Scope and Mechanism of Cooperativity at the Intersection of Organometallic and Supramolecular Catalysis[END_REF] Further studies showed that the reaction rates can be influenced by the halide substituent on 109 and112, with the relative rates increasing in the order Cl ≈ Br > I. Increasing the water content of the solvent resulted in a corresponding increase in reaction rates suggesting that the solvation was also one of the major factors in this reaction. The scope of the reductive elimination could be used for the formation of butane from the diethyl gold complex [Au(PMe3)(Et)2I] 114, and with a better reaction rate than complex 109 (Scheme 14). [START_REF] Hart-Cooper | Selective Monoterpene-Like Cyclization Reactions Achieved by Water Exclusion from Reactive Intermediates in a Supramolecular Catakyst[END_REF] Scheme 14. Formation of butane from [Au(PMe3)(Et)2I] catalyzed by [Ga4L6] 12-cluster

In 2015, a new type of Au-containing M4L6 cages was presented by Nitschke and co-workers. [START_REF] Ramsay | AuICl-Bond N-Heterocyclic Carbene Ligands form MII4(LAuCl)6 Integrally Gilded Cages[END_REF] The new ligand was built up from NHC dianilines AuCl moieties (6 equiv.) and 2-formylpyridine (12 equiv.) instead of H4L (Figure 20 

Self-assembled M12L24 nanospheres

Fujita and co-workers developed a series of self-assembled M12L24 coordination nanospheres. The shell of the nanospheres is formed by self-assembly of 12 metal atoms (Pd or Pt) and 24 ligands (ditopic pyridyl-type building block). The acetylene spacer in the ditopic pydidyl ligands which plays two important roles:

first, the linear C≡C triple bond of acetylene spacer prevents the ligand from taking unfavorable nonplanar conformation; second, the acetylene spacer expands the cavity of the nanospheres, resulting in a large hollow coordination cage. Finally, 24 functional groups could be appended into the cavity by putting a functional group at the ditopic pydidyl ligand (Scheme 16). [START_REF] A) Tominaga | 24-Fold Endohedral Functionalization of a Self-Assembled M12L24 Coordination Nanoball[END_REF] Scheme 16. Synthesis of M12L24 nanospheres

Taking advantage of the modification of the ditopic pydidyl ligand. Reek and coworkers developed a 24 Au-containing complex Pd 12 (LAuCl) 24 by using the Aucontaining template 118 (Scheme 17a). [START_REF] A) Gramage-Doria | I) Catalysis at Extreme Concentrations Inside Self-Assembled Nanospheres[END_REF] Interestingly, the local concentration could be tuned from 0.05 to 1.1 M by changing the ratio of the building blocks In order to further investigate the effect of local concentration and to expand the substrate scope, cationic Au complexes which exhibit higher activity, have been considered. However, formation of cationic Au complex inside the nanosphere by using silver salts likely causes decomposition of the palladium-based nanosphere.

A more stable platinum-based nanosphere was synthesized in a follow-up paper thanks to the stronger platinum-pyridine bond, and this platinum-based nanosphere was stable upon chloride removing. [START_REF] Leeders | Gold Functionalized Platinum M12L24-Nanospheres and Their Application in Cyclization Reactions[END_REF] The Au-nanosphere Pt12(LAuCl)24 has been used in various reactions which is shown in Scheme 18.

A higher conversion was observed in the [4+2] cycloaddition of 87 for the cationic nanosphere Au catalyst compared to the free Au analogue (building block 118 in Scheme 17a) (97% vs 22%). Also a change in product distribution for several reactions, such as cyclization of 1,6-enyne and lactonization of hex-4ynoic acid, was demonstrated. In another study, Reek and co-workers developed a new strategy where Au complexes can bind inside the M12L24 nanosphere through hydrogen bonds between guanidinium moieties and sulfonate groups. [START_REF] Wang | Self-Assembled Nanospheres with Multiple Eendohedral Binding Sites Pre-organize Catalysts and Substrates for Highly Efficient Reactions[END_REF] This new M12L24 nanosphere functionalized with 24 guanidinium moieties at the inside was synthesized first, then the sulfonate-containing Au complex can strongly bind to two adjacent guanidinium moieties inside the nanosphere, and the remaining guanidinium sites can weakly bind to carboxylates in a monotopic fashion at the same time. As a result, co-encapsulating of multiple Au catalysts and substrates within the same confined space may influence the reactivity of reactions. In order to evaluate that, the Au-catalyzed cyclization of 4-pentynoic acid was investigated. Surprisingly, by using 4 equivalents of sulfonated Au catalyst with this new guanidinium-containing nanosphere, the efficiency in this reaction was enhanced 40 times compared to the free Au catalyst. The explanation of this phenomenon was that the substrate preorganization nearby the Au catalyst increased chance of interaction and thus increased the activity. This can be confirmed by recent paper demonstrating that the higher local concentration of Au catalyst, the less guanidinium sites were left for carboxylate substrates, and the reaction conversion dropped. [START_REF] Gonell | Gold-Catalyzed Cycloisomerization Reactions within Gguanidinium M12L24 Nanospheres: the Effect of Local Concentrations[END_REF] In these cases, a catalytic amount of base was necessary for the deprotonation of carboxylate substrates. The specific nanosphere can be used in substrate selective catalysis, as a result, only carboxylates can be converted to the products, while there was no reaction observed with alcohol-containing substrate (Scheme 19). The effect of local concentration of Au complexes was disclosed recently. The selectivity of Conditions: MeCN (1OO μL),CyH (3.2 μL,30 μmol),H2O2 (300 μmol),catalyst (0.3 μmol),35 ℃,2h; [b] Yields were determined by GC using chlorobenzne as external standard.

Calixarenes

The history of calixarene can be tracked back to 1870s. The pioneer work was done by Adolf von Baeyer in 1872. A "kittartige Substanz" compound was observed when mixing formaldehyde and phenols in a strongly acidic solution.

However, the structure of this compound was not solved at that time due to the difficulty to isolate pure reaction products. [106] A remarkable history of fully synthetic plastic was created by Leo Baekeland in 1907, a polymeric phenoplast which marketed as "Bakelite" was obtained by under controlled conditions and a defined base. [107] Since then, the study of calixarenes has attracted the attention of many chemists. [108] In 1942, mixtures containing cyclic tetramers were obtained by Alois using p-alkyl phenols and formaldehyde in a strongly basic solution. [109] In the early 1970s, C. David Gutsche started a comprehensive study of this cyclic tetramer and introduced the name "calixarene". The structures of tetramer, hexamer, octamer were determined as well as the procedures for synthesizing them. In addition, he proved that the cone conformation of the cyclic tetramer can be frozen by substitution of the hydroxyl groups on the lower rim with bulky substituents. [110] In 1979, the first crystallographic characterization of a p-tert-butylcalix [4]arene was presented by Andreetti, Ungaro and Pochini. [111] The most common calixarenes are calix [4]arene, calix [6]arene and calix [8]arene, bearing 4, 6 and 8 phenol units, respectively. The conformations of calixarenes are flexible owing to the free rotation of the methylene bridge. For instance, there are four possible conformations for calix [4]arene, the substituents on the lower rim plays an important role in the conformation control. [112] Calixarenes are characterized as a three-dimensional cap shape, consisting of a narrow lower rim, a wide upper rim and a central annulus (Figure 27). A hydrophobic sensing medium-size anions in aqueous media. [117,[START_REF] Kaya | A Comparative Study of Confining Ligands Derived from Methylated Cyclodextrins in Gold-Catalyzed Cycloisomerization of 1.6-Enynes[END_REF] A series of per-benzylated CD-based and one native α-CD-based silver complexes were reported by our group. In our case, all of them were used only as transmetalation intermediates to synthesize gold and copper analogs (Figure 30). [START_REF] Guitet | NHC-Capped Cyclodextrins (ICyDs): Insulated Metal Complexes, Commutable Multicoordination Sphere, and Cavity-Dependent Catalysis[END_REF][START_REF] Zhang | Cyclodextrin Cavity-Induced Mechanistic Switch in Copper-Catalyzed Hydroboration[END_REF] 

Conclusion

Encapsulation of coinage metal catalysts using different capsules, has been widely studied in organic chemistry. This strategy has proven to be a quite useful for controlling activity and selectivity in catalytic reactions. Pleasingly, owing to the confined environment induced by different cage molecules, some new reactions took place and some unprecedented products were obtained.

Encapsulated coinage metal catalysts have three main advantages over traditional catalysts: first, the selectivity of the product can be well controlled due to the pre-organization effect of using confined capsules; second, the stability of transition state was increased thanks to the confined space, which remarkably improved some reaction rates; third, the activity of coinage metal complexes was improved by avoiding the effect from the bulk solution. Therefore, the importance of (supra)molecular capsules in catalytic reactions is obvious, the application of (supra)molecular capsules leading to a positive effect on controlling selectivity and activity.

Based on this positive effect induced by (supra)molecular capsules and our previous work, in this PhD work, we firstly synthesized a new type of permethylated CD-based metal complexes, and their catalytic activity was evaluated.

Importantly, focusing on the application of these new metal complexes in water is our main work owing to their good water solubility (Chapter 2). Then, using (α-ICyD)CuCl, in which the copper center was deeply wrapped into the cavity of CD, and thanks to the confined cavity of CD, we captured the monomeric copper hydride for the first time (Chapter 3). Finally, getting two types of CD-based metal complexes in hand (per-benzylated and per-methylated), we have been interested in the synthesis of another new type of CD-based metal complexes involving selective functionalization of the secondary rim of CDs. The difference of catalytic properties of these metal complexes was investigated in goldcatalyzed cycloisomerization reactions. Meanwhile, the shape of α-CD was changed as the formation of two 3,6-anhydro rings in glucose units A and D, this part is ongoing (Chapter 4).

Chapter 2 (ICyD) Me MCl: water-soluble CD-NHC metal complexes for catalysis in pure water 1 Introduction

For a long time, anhydrous and anaerobic conditions were typically required for traditional organic reactions, [118] in which water was often considered as a "natural enemy". [119] Most of organic compounds can be dissolved in organic solvents and their isolation is much easier in these solvents than in water thanks to their high volatility. The majority of synthetic organic reactions are carried out in organic solvents because of these attractive properties. However, organic solvents are often flammable and toxic, which causes huge potential safety and healthy problems. Meanwhile, environment pollution is a huge problem, especially when the waste organic solvents are not handled properly. In contrast, the source of life, water, presents several advantages over organic solvents: it is nonflammable, atoxic, and inexpensive due to its abundance. Even so, water still have been rarely used in organic reactions owing to its inherently low solubilization of most organic compounds, including substrates and catalysts.

This is also the main reason why most of the reactions in aqueous media have been carried out using a miscible organic co-solvent to improve solubility. [120] To solve this problem, one of the methods is the use of hydrophilic organometallic catalysts. [118] Nowadays, N-heterocyclic carbenes (NHCs) have been found remarkably useful in the field of organometallic chemistry as phosphine alternative ligand owing to their attractive features, such as strong electron-donating properties and strong stabilization of metal complexes. [121] The first NHC-coordinated metal (mercury) complex was presented by O fele and Wanzlick in 1968. [122] In 1997, the first example of such water-soluble NHC complex was presented by Herrmann and co-workers. [123] Several years later, in 2001, the synthesis of 2,3-dimethyfuran was reported by Ozdemir and coworkers using water-soluble NHC ruthenium catalyst. [124] Nowadays, a series of water-soluble NHC metal complexes have been reported as catalysts in aqueous media, [125] including gold-catalyzed alkyne hydrations, [126] copper-catalyzed click reactions [127] and palladium-catalyzed cross-coupling reactions. [128] Focusing on the hydrophilic NHC ligands design, by searching in the literature, there are different synthetic ways to obtain water-soluble NHC ligands, we will present some here. [129] hydroxyl groups. Very recently, two permethylated α-CD-based benzimidazolylcapped Au complexes were obtained by Armspach and co-workers. They just evaluated the catalytic properties of these two metal complexes in organic solvents, [START_REF] Keeley | A Ring Closing Metathesis-Manganese Dioxide Oxidation Sequence for the Synthesis of Substituted Pyrroles[END_REF] and obtained similar results to our previously described perbenzylated ligand (α-BiCyD) Bn in standard gold-catalyzed cycloisomerization reactions. [69, 70B] We have synthesized a series of water-soluble NHC-bridged permethylated CD metal complexes called (ICyD) Me MX. There were three main reasons for the synthesis of these (ICyD) Me MX complexes. First, we wondered if the change of O-protecting groups will have an impact on the reactivity and selectivity of reactions in organic solvents compared with (ICyD) Bn MX. In addition, we were more interested in the application of (ICyD) Me MX complexes in pure water due to their good water-solubility. Moreover, we expected from previous observations that metal complexes with permethylated CD ligands (ICyD) Me will be more easily crystallized than with perbenzylated ligands.

Synthesis of (ICyD) Me -metal complexes

Starting from native CDs (α-and β-CD), the classical perbenzylation/doubledebenzylation sequence [147] was used to get benzylated diol. [148] Then the methylated diol 198 could be obtained after several modifications of OH groups (THP protection of the benzylated diol, hydrogenolysis of the remaining Bn groups, methylation of the obtained free hydroxyl groups and THP cleavage). The mesylated intermediate 199 could be obtained after mesylation of diol 198, and the imidazolium-bridged compounds 200 and 201 could be formed by treating imidazole with this mesylated intermediate (199). However, very low yields of expected (ICyD) Me HCl salt with partial hydrolysis and formylated products were obtained when we tried the same procedure than that used for the formation of perbenzylated ICyD azoliums (20 equiv. imidazole, DMF, overnight at 120 °C).

Armspach and co-workers encountered the same problems with benzimidazole. [START_REF] Kaya | Benzimidazolium-and Benzimidazolilydene-Cappen Cyclodextrins: New Perspectives in Anion Encapsulation and Gold-Catalyzed Cycloisomerization of 1,6-Enynes[END_REF] After analyzing the by-products, we attributed the problem to the predominance of a non-expected reaction with DMF (formylated compound formed) and to the large excess of imidazole (bis-imidazolium derivatives formed). Therefore, a new procedure was developed in which (i) DMF was replaced by toluene and acetonitrile, (ii) the amount of imidazole was decreased from 20 to 3 equivalents, and (iii) TEA was used as the base. After heating for 3 days, imidazolium product (α-ICyD) Me HCl could be obtained in 62% yield. 

Characterization of (ICyD) Me MX complexes

Firstly, all the water-soluble (ICyD) Me MX complexes were characterized by NMR in organic solvents (CDCl3 or CDCN3). As in previous (ICyD) Bn MX analogs, the most significant deshieldings of H-5s and H-3s were observed in 1 H-NMR due to H-5s and H-3s cover the surface of the cavity of CDs. Then, NMR spectra of (α-ICyD) Me MX (M = Cu, Ag, Au) were also recorded in D 2 O owing to their high watersolubility. We carefully characterized all NMR spectra which we recorded in D 2 O, a significant difference in the chemical shift order of H-3s caught our attention.

Normally, among H-3 protons, H-3 C,F protons are the most deshielded in CDCl 3 .

However, the chemical shift order of H-3 protons is changed when we record the 1 H-NMR in D2O, where the H-3 A,D protons are the most deshieled instead of H-3 C,F in all cases ((α-ICyD) Me MX (M = Cu, Ag, Au)). To our delight, single crystals of (α-ICyD) Me AuCl were obtained in both CDCl 3 (via slow diffusion of pentane and cyclohexane into a solution of the complex in CDCl3)

As shown in

and water (slow volatilization of a solution of the complex in D2O). At first glance, the as-obtained structures are identical, both confirming that the metal was deeply wrapped inside the cavity (Figure 32-33). However, a significant difference could be observed when carefully checking both single crystal structures. Two molecules of water could be found in the cavity of the CD in the crystal structure which we obtained in D2O (Figure 33). They are close to glucose units A and D, respectively. Therefore, we propose that the presence of water molecules is responsible for the most deshielding of H-3 A,D in D 2 O. The above phenomenon was also observed in the case of (α-ICyD) Me AgCl and (α-ICyD) Me CuCl. In order to further verify our hypothesis, a temperature-dependent 1 H-NMR analysis was performed with (α-ICyD) Me AgCl in D2O by Dr. Xiaolei ZHU, as the difference of chemical shift between H-3 A,D and H-3 C,F in the case of (α-ICyD) Me AgCl is the most obvious among these three (α-ICyD) Me MCl complexes ( M= Au, Ag, Cu page 168-169). As the temperature rises, the chemical shift of H-3 AD is changed while H-3 CF remains unchanged (Figure 34). The shielding of H-3 AD might be caused by an exchange process of water, while that of H-3 CF is independent of the temperature and therefore is not brought by a dynamic process. Therefore, we propose that the reason of the strong deshielding of these protons probably due to the water-H-3 AD interaction is present in aqueous solution. 

Catalysis with (ICyD) Me AuCl complexes in organic solvent

In 1985, taking advantage of the attractive properties of palladium catalysts, [149] the pioneering work of cycloisomerization of enynes was reported by Trost and Lautens using a series of L2Pd(OAc)2 catalysts. [150] Since then, many studies have been reported in the cycloisomerizations of enynes using transition metalcatalysts, which have emerged as one of the most easy and economical ways to synthesize various types of cyclic compounds. [151] More particularly, goldcatalyzed cycloisomerization reactions of enynes have been widely studied owing to the high electrophilic affinity of gold for alkynes. In general, following the proposed mechanism shown in Scheme 33, four types of products 204-207 can be formed using gold catalysts. [152] First, following the Scheme 33A, there are two main five-membered dienes 204 (single exo-leavage) and 205 (double exo-cleavage) which can be formed through the intermediate 203, obtained after activation of the alkyne and 5-exo-dig cyclization. [153] Then, for the formation of the six-membered compound 206, Echavarren and co-workers initially considered the possibility that the formation of this compound followed a 6endo-dig rule (Scheme 33B). [154] But, they latterly proposed that the formation of the complexes (reaction times) than on the selectivity, since no dramatic changes are observed for the regio-and stereoselectivity. In the regioselecvity of 1,6-enyne 82, both (β-ICyD)AuCl complexes gave six-membered ring as the major product, while five-membered ring was obtained with both (α-ICyD)AuCl complexes. Enantioselectities in the same range were observed in the cyclosiomerization of 87 with both (α/β-ICyD)AuCl complexes. Therefore, we proposed that the O-protecting groups on the CD pattern only affect the reaction rate, probably due to the substrate has more possibility to approach metal center with smaller O-protecting groups on CD pattern, leading to higher activity. In most cases, the selectivity seems to be more sensitive to the shape of the cavity in the close proximity of the reactive metal centre, although, in the case of 86, higher enantioselectivities were obtained with (α/β-ICyD) Me AuCl complexes.

Catalytic applications of (ICyD) Me MX complexes in pure water

In this study, a series of reactions were employed to investigate the catalytic activity of water-soluble (ICyD) Me MX complexes with encapsulated Ag, Cu or Au using water as the sole solvent (except in some cases in hydration reactions with co-solvent CD3OD), with a particular focus on the gold-catalyzed reactions. To the best of our knowledge, the applications of encapsulated Cu and Au-based catalytic systems in water have been scarcely reported, and do not exist with silver-based catalysts. As we mentioned in chapter 1, only two systems with encapsulated gold catalysts operating in water were reported. The first is the one presented by Toste and co-workers. It is a phosphane-gold-catalyzed hydroalkoxylation reaction in a 2:3 MeOH/D 2 O mixture, where gold was encapsulated in a tetrahedral M4L6 supramolecular cluster. [START_REF] Wang | Hydroalkoxylation Catalyzed by a Gold(I) Complex Encapsulated in a Supramolecular Host[END_REF] Another one involved encapsulating a NHC-Au complex in a resorcin [4]arene hexameric capsule. An alkyne hydration reaction was performed in water-saturated benzene-d6. [START_REF] Cavarzan | Substrate Selectivity in the Alkyne Hydration Mediated by NHC-Au(I) Controlled by Encapsulation of the Catalyst within a Hydrogen Bonded Hexameric Host[END_REF] Meanwhile, there are also two examples of encapsulated copper catalysts performing in water. Diels-Alder reactions in aqueous medium were reported by encapsulating sulfonated phthalocyanine-copper complexes in a protein cavity of bovine serum albumin (BSA). [START_REF] Reetz | Copper-Phthalocyanine Conjugates of Serum Albumins as Enantioselective Catalysts in Diels-Alder Reactions[END_REF] Recently, a three imidazole units containing cage was synthesized by Otte and co-workers that can coordinate to Cu(I). The catalytic activity of the resulted copper complex was hydration of alkynes have been described, which indirectly confirms that the hydration of alkynes is a common way to evaluate the catalytic activity of gold catalysts. [169] Therefore, this common alkyne hydration reaction was employed first to evaluate the potential catalytic properties of (α/β-ICyD) Me AuCl in pure water or in a methanol/water mixture system (Scheme 35). All reactions were first tested using water as the sole solvent with different alkynes. The reactions were run in NMR tubes and monitored by 1 H-NMR at R.T. or 50 °C. Butadiene sulfone was added as the internal reference for the direct determination of yields. All results are summarized in Table 23. At room temperature, the efficient hydration [170] of water-soluble substrate 208 was demonstrated with both gold complexes ((α/β-ICyD) Me AuCl), which were used without pre-activation of the catalyst by a silver salt. The corresponding bis-deuterated methyl ketone 209 was obtained in very high yields (92 % for (α-ICyD) Me AuCl; 99 % for (β-ICyD) Me AuCl). The (β-ICyD) Me AuCl was more active than the (α-ICyD) Me AuCl, as it leads to complete conversion and quantitative NMR yield in a shorter time (entries 1-2). Moving to alkyne 210 under the same conditions, after 24 h at room temperature, lower conversions were observed with both α-and β-ICyD) Me AuCl (8 % for (α-ICyD) Me AuCl; 15 % for (β-ICyD) Me AuCl; entries 3-4). The bis-deuterated ketone 211 was obtained with high yields with both (α and β-ICyD) Me AuCl when the temperature was increased to 50 °C (entries 5-6). With both water-soluble substrates 208 and 210, the hydration catalyzed by (β-ICyD) Me AuCl is much faster than with (α-ICyD) Me AuCl. However, the limitation of using water as the sole solvent appeared with the less hydrophilic alkyne substrates 48 and 212. In pure water, the hydration of terminal alkyne 48 was really hard (entries 7-8), but the bis-deuterated ketone 49 was obtained in 85-99 % NMR yields when using deuterated methanol as co-solvent (entries 9-10). As we mentioned above, the larger (β-ICyD) Me AuCl affords better yields in a shorter reaction time, probably owing to its larger cavity, where the substrate access to the metal center more easily than in the tighter α-ICyD. This size selection of substrate by the ICyD-based catalysts was clearly confirmed with internal alkyne 212. Under standard conditions, the bis-deuterated ketone 213 was obtained with larger (β- 

Regioselective hydroarylation in pure water

Gold-catalyzed intramolecular hydroarylation of alkynes has attracted many attention as an atom-economical way for the synthesis of alkenyl arenes, such as 2H-chromene, [195] 2H-quinoline [196] (Scheme 43a) and coumarin [197] derivatives (Scheme 43b). The initial report about the gold-catalyzed intramolecular hydroarylation was presented by Sames and co-workers using AuCl 3 for the synthesis of 2H-chromene in 2003, but the yield was quite low (6%). [START_REF] Leung | Scope and Mechanism of the C-H Bond Activation Reactivity within a Supramolecular Host by an Iridium Guest: A Stepwise Ion Pair Guest Dissociation Mechanism[END_REF] In 2005, combining (PPh3)AuMe with HBF4, the yield was improved up to 56%, as presented by Echavarren and co-workers. [198] Synthesis of 2H-chromene analogs 233 by the gold-catalyzed hydroarylation of 232 was a key step for the synthesis of 5-HT4 agonist 234, as showed in Walker and co-workers' study (Scheme 44). [199] In 2009, the first example of gold-catalyzed hydroarylation for the synthesis of coumarin derivatives was reported by Banwell and co-workers. [START_REF] Fiedler | Selective Molecular Recognition, C-H Bond Activation, and Catalysis in Nanoscale Reaction Vessels[END_REF] Coumarins have been widely used as sensitive fluorescent probes owing to their interesting fluorescence properties. [200] In 2010, a gold(III) ion fluorescent probe was developed by Kim and co-workers. [201] Using Au(PPh)3Cl/AgSbF6 as catalytic system, a series of coumarin-based fluorescent probes for neurotransmission and dopamine metabolism were synthesized by Sames and co-workers. [202] 

Conclusion

In our study, a series of water-soluble (ICyD) Me MCl complexes were synthesized, and fully characterized by NMR and X-ray, as crystal structures were obtained for (α-ICyD) Me MCl (M = Au, Ag, Cu), (β-ICyD) Me HCl and (β-ICyD) Me AuCl. The catalytic activity of (ICyD) Me MCl complexes was evaluated in both organic solvent and pure water. In order to compare the influence of O-protecting groups on CD pattern for the reaction activity and selectivity between (ICyD) Bn AuCl and

(ICyD) Me AuCl complexes. We tested the catalytic activity of (ICyD) Me AuCl complexes in organic solvent first. In the regioselective cycloisomerization of 1,6enyne 82, as for the benzylated series, six-membered ring 85 was obtained as the major product with (β-ICyD) Me AuCl, while (α-ICyD) Me AuCl generated fivemembered ring 83. Both (ICyD) Me AuCl complexes proved more efficient than (ICyD) Bn AuCl analogs with higher yields in shorter reaction times. In the cycloisomerization of 1,6-enynes 86 and 87, again here, both (ICyD) Me AuCl complexes show higher efficiency. For both types of cycloisomerization reactions, the similar selectivity was observed with both (ICyD) Me AuCl and (ICyD) Bn AuCl complexes. Therefore, we proposed that the O-protecting groups on CD pattern only affect the reactivity of these reactions, the smaller O-protecting groups, the higher reactivity. The selectivity might be only dependent on the shape of the cavity itself. In addition to the case of 86, in which the higher enantioselectivity was obtained with (ICyD) Me AuCl complexes.

Then, the catalytic properties of water-soluble (ICyD) Me MCl complexes were tested in a series of reactions in pure water. It is worth mentioning that the silver salts were not required in most cases. An important effect of the nature of the CD (α or β) was uncovered due to the different catalytic behavior of corresponding (ICyD) Me MCl complexes in water. In most cases, the use of the smaller (α-ICyD) Me MCl induces lower reactivity due to the steric bulk, but the stability of the metal complex can be increased at the same time. Hence, in the hydration of alkynes with (CyD) Me AgCl catalysts, while (β-ICyD) Me AgCl was inactive due to the decomposing of the metal complex, (α-ICyD) Me AgCl gave product as the complex was stable in the reaction conditions. In contrast, both (α-ICyD) treating an aqueous solution of copper sulfate with hydrophosphorous acid. [211] Since then, many efforts have been devoted to the preparation and characterization of this CuH compound. However, the low stability of CuH has been an important issue. Because this compound is unstable at ambient conditions, and completely decomposes to copper and hydrogen at room temperature within one day, a very low temperature (-60 °C) is necessary to keep it for longer periods of time. [212] Thus, it was a challenge to get wellcrystallized samples for structure characterization. It is only in 1926 that Bradley and Muller did the first structure determination using X-ray powder diffraction. [213] In 1955, Goedkoop and Andresen collected both the X-ray and neutron diffraction data, which confirmed the W u rtzite structure of CuH in polymeric form. [214] More recently, Kohlmann and Auer further validated this structure by reinvestigating both X-ray and neutron diffraction of CuH and its deuteride form (CuD). The results suggest a disordered Wu rtzite-type structure in space group P63/mmc (Figure 38). [215] By looking in the literature, only four CuH preparation methods can be found, using (i) CuCl and an aqueous solution of NaBH4, [216] (ii) CuI and LiAlH4 in an ether-pyridine solvent system, [217] (iii) CuBr and DIBAL-H in a pyridine-ether system, [218] or (iv) the ultrasonic irradiation of a Cu 2+ aqueous solution. [219] In the case of Wiberg's work, [217] cryoscopic measurements suggested the presence of and Bau (neutron diffraction of [P(p-totyl)3CuH]6 derivative). However, in 2014, a completely opposite result was found by Parker and co-workers, while they reinvestigated the Stryker's reagent by combining neutron diffraction, and infrared spectroscopies and ab initio calculations. They found the hydrides to be edge-bridging rather than face-bridging (Figure 39B). [222] Moreover, various other phosphine ligand-based copper hydrides have been reported, such as pentameric hydride [(Ph3P)CuH]5, [223] trimeric copper hydride [(dppbz)CuH]3, [224] dimeric copper hydride [(κ 2 -triphos)Cu(μ-H)] 2 . [225] show advantages in both electronic properties (stronger interaction with copper due to its strong σ-donor property) and structural properties (easier to get a linear structure between the carbene carbon, copper, and hydride). [226] In 2004, Sadighi and co-workers described the first NHC-ligated CuH, which was generated in situ. A dimeric structure [(IDipp)Cu(μ-H)]2 was revealed by using Xray diffraction (Figure 40A). This hydride complex is somewhat unstable, and slowly decomposes even at -40 °C. [227] A remarkable change in stability of NHCcopper hydride was observed recently: Bertrand and co-workers showed that the stability of the dimeric [Cu2(μ-H2)] core could be improved by replacing classical NHC ligands by cyclic alkylaminocarbene (CAAC) ligands (Figure 40B). [228] A slight increase of stability of the (NHC)copper hydrides was also observed by Schomaker and co-workers by replacing the IPr groups of IDipp with 3-pentyl or 4-heptyl. [229] Furthermore, expanded-ring (6 [230] -and 7 [231] membered) NHCs bearing a sterically hindered N-aryl group were found to increase CuH stability dramatically. These dimers are stable at room temperature. Copper hydrides are important species in organometallic chemistry as shown by increasing research mentioned above. Interestingly, the monomeric CuH species was proposed as an important intermediate in many copper-catalyzed reductive transformations. [232] However, monomeric CuH had never been experimentally observed on its own. Species ranging from dimers up to octanuclear clusters have been characterized in phosphine ligated copper complexes, and dimers were observed only with bulky NHCs ligand. Until very recently, a remarkable work was presented by Bertrand and co-workers. [233] Using spectroscopic analysis, the monomeric CuH species was described for the first time but was found to be in equilibrium with its dimer in solution. It was prepared by treatment of one equivalent of polymethylhydrosiloxane (PMHS) with a benzene solution of (IPr**)CuOPh at room temperature (Figure 41A). The 13 C spectrum of this compound showed two carbene signals at 192.8 and 185.8 ppm. The signal at 185.8 ppm appears as a doublet in proton-coupled [START_REF] Naodovic | Asymmetric Silver-Catalyzed Reactions[END_REF] C NMR, with a large coupling constant of 40 Hz (trans 2 J( 13C-1 H) coupling), indicative of the monomeric copper hydride. HMBC experiment showed cross-correlation between this carbene carbon and a proton at 2.14 ppm attributed to the hydride (Figure 41B). We were inspired by Bertrand's work, [233] where the stability of monomeric CuH was increased by the bulky IPr** groups (Figure 41A). There were several other examples which also demonstrated that protecting the copper center by steric hindrance could increase the stability of the hydride species. [228][229]233] Therefore, we hypothesized that in our (ICyD)MX complex systems, the cavity could be exploited to preferentially form and stabilize monomeric CuH species. As the metal is deeply wrapped into the cavity of CDs, we thought that the dimeric form would be difficult to form in our case. Using (α/β-ICyD) Bn CuCl and (α-ICyD) Bn/Me AgCl (Figure 42), we synthesized and characterized a series of monomeric CuH and AgH complexes. In addition, the catalytic activity of (α/β-ICyD) Bn CuCl and (α-ICyD) Bn CuH were investigated in the hydrosilylation of α,βunsaturated carbonyl derivatives. The result of this study are presented here. The recorded 1 H-NMR spectra in Figure 43 shows the (α-ICyD) Bn CuCl, (α-ICyD) Bn CuOt-Bu and (α-ICyD) Bn CuH species. As in our previous report, the H-5 A,D protons are the most deshielded H-5 protons in all cases owing to the interaction between H-5 A,D and the copper atom. Treatment with t-BuOK led to a copper species in which the deshielding effect of H-5 A,D protons is the most among the three copper species, likely due to the strong electronic donating effect of Ot-Bu group to the coordinated metal. The signal of t-Bu group is at 1.88 ppm (Figure 43b). This signal of t-Bu group disappears as the new product forms after PMHS addition. At the same time, a singlet new peak at 1.51 ppm is observed, which is attributed to the hydride in (α-ICyD) Bn CuH (Figure 43c). The 1 H-NMR spectra in Figure 44 were recorded from the synthesis of (α-ICyD) Bn CuH using different silanes (PMHS and TMDS), respectively. As we can see, all signals obtained with these two silanes are exactly the same, which means that both silanes yielded an identical product 251 ((α-ICyD) Bn CuH). 

Characterization of (α-ICyD) Bn CuH

We then studied the obtained compound 251 by NMR. In the [START_REF] Naodovic | Asymmetric Silver-Catalyzed Reactions[END_REF] C proton-coupled spectrum, a single carbene signal at ~180 ppm was present, which resolved as a doublet in the [START_REF] Naodovic | Asymmetric Silver-Catalyzed Reactions[END_REF] C proton-coupled NMR, with a large coupling constant of 40.2 Hz consistent with a trans 2 J( 13 C-1 H) coupling, and characterized as the monomeric CuH species by Bertrand. [233] The 2D HMBC NMR spectrum showed crosscorrelation peaks between this carbene carbon and two protons of the imidazolium bridge, H-6s of the sugar units A and D, and a new signal at 1.5 ppm attributed to the hydride. NOESY experiment correlated this hydride signal to the intra-cavity H-3s and H-5s. A series of NMR spectra ( 1 H, [START_REF] Naodovic | Asymmetric Silver-Catalyzed Reactions[END_REF] C, COSY, HSQC, HMBC, TOCSY, and NOESY) were performed to fully characterize this compound, which appeared to be a monomeric form. This monomeric CuH is comparatively stable in solution for 48 hours in the NMR tube at room temperature.

Selected important NMR spectra are shown in 

Reducing activity of (α-ICyD) Bn CuH

Hydrosilylation of α,β-unsaturated carbonyl compounds have attracted many attentions in organic chemistry. For this kind of reactions, three products can be formed in general: (i) the saturated ketones via 1,4-addition, (ii) the allylic alcohols through 1,2-addition, or (iii) the "saturated" alcohols from total reduction. Organometallic catalysis has proved to be an efficient method for hydrosilylation reactions. [234] The first example of metal-catalyzed hydrosilylation of α,β-unsaturated carbonyl compounds was done by Sadykh-Zade and Petrov in 1959 using chloroplatinic acid, to give the corresponding saturated ketones via 1,4-addition. [235] In 1972, the first example of 1,2-addition was reported by Ojima and co-workers. In their study, using tris(triphenylphosphine)rhodium(I) chloride, the selectivity of the reaction can be controlled by using different silanes. It was observed that 1,4-adducts always formed with monohydrosilanes while dihydrosilanes gave 1,2-adducts. [236] The same results

were observed in Chan's studies. [237] In 1998, the first example of copper-catalyzed hydrosilylation of α,β-unsaturated ketones was reported by Lipshutz and co-workers. The corresponding saturated ketones were obtained via 1,4-addition using Stryker's reagent [(Ph3P)CuH]6. [238] Inspired by this pioneering work, copper catalyzed hydrosilylation of α,βunsaturated ketones have been widely studied. [239] However, by looking in the literature, one can observed that only very few examples of 1,2-additions have been reported. For instance, in 1999, the first examples of 1,2-addtion was observed by Hiyama and co-workers, when Ph 2 SiH 2 was used with substrate benzylideneacetone 254 to give a mixture. [240] In 2000, Buchwald and coworkers reported the observation of 1,2-addition, which was a minor product in the copper-catalyzed hydrosilylation of 3-phenethylcycloheptenone. [241] In 2010, the first example of pure 1,2-selectivity was reported by Lipshutz and coworkers who disclose the importance of the α-substitution in the hydrosilylation of α,β-unsaturated ketones. [242] In the follow-up paper, this substrate control of the 1,2-reduction over the 1,4 was further verified with β,β-disubstituted enones. [243] Moreover, Mankad [244] and Olivier [245] also reported 1,2-selective hydrosilylation with α'-hindered ketones. In 2010, two examples (a mixture was obtained with benzylideneacetone 254) of such selectivity were described by Beller and co-workers using a bulky and basic phosphepine ligand. [246] Subsequently, an example of 1,2-selectivity was showed by Gordon and coworkers. [247] These results show that for the copper-catalyzed hydrosilylation of α,β-unsaturated ketones, both the structure of the substrate (substitutions on the double bond) and the bulkiness of the ligand play an essential role to get 1,2selectivity. Therefore, this situation appeared perfect to test our system, as the sterics around the reactive Cu-H would be controlled by the cavity of α or β-ICyDs. In order to study the reducing activity of (α-ICyD) Bn CuH, a first experiment was performed where acetophenone 252 was added in a solution of (α-ICyD) Bn CuH. As expected, 1-phenyl-ethanol 253 was obtained. However, when the α,β-unsaturated ketone benzylideneacetone 254 was used, a delightful result was obtained, as the 1,2-adduct 255 was formed (Scheme 54, Figure 46). We monitored the above reactions by 1 H-NMR. Different deshieldings of H-5 A,D

were observed owing to the different copper counterion in each case (Figure 46).

The addition of acetophenone (252, 1.3 equiv.) to a solution of (α-ICyD) Bn CuH, showed after 6 h of reaction at room temperature the formation of a new product according to the recorded 1 H-NMR spectrum. Two main characteristic peaks are observed: a signal at 2.20 ppm resolved as a doublet and characterized as the methyl group on the 1-phenyl-ethanol skeleton; and another signal at 5.95 ppm resolved as a quartet which belongs to the hydrogen near to the methyl group (Figure 46b). The same strategy was used for the substrate 254, we obtained the product of 1,2-addition 255. Three characteristic peaks are observed here: a doublet peak at 2.04 ppm belonging to the methyl group of compound 255, a multiplet peak at 5.46 ppm belonging to the hydrogen near to methyl group, and a peak at 6.84 ppm belonging to the one of the hydrogens on the double bond (Figure 46c). After a round of optimization, S. Leloux performed hydrosilylation of α,βunsaturated ketones with both (α-ICyD) Bn CuCl and (β-ICyD) Bn CuCl catalysts and

PhSiH3 in THF at room temperature. A challenging substrate (it is not functionalized in α, α' nor in β, β' positions as we mentioned above [238][239][240] )

benzylideneacetone 254 was studied first, which gave mixtures in Beller's work. [242] It is therefore particularly noticeable that a selective 1,2-reduction into allylic alcohol 256 was obtained with (α-ICyD) Bn CuCl while a total reduction product 257 was observed by using (β-ICyD) Bn CuCl. Interestingly, ketone 258 was obtained when using 0.5 equivalents of PhSiH3 instead of 1.5 with (β-shown in Figure 48 and 49, the difference between the two cavities appears: the distance between the copper and the oxygen atoms is 3.6 Å in TS-α-1,4, while it is 2.3 Å in TS-β-1,4. That is why this reaction is more concerted and easier in β-ICyD than α-ICyD, which is clearly due to the differences of size and shape of the two cavities. There is more space for the interaction between ketone and copper in the case of β-ICyD, while there is no more space in the case of α-ICyD for the interaction. This difference is also manifested by the different orientations of the ketone compared to the cavity as seen in Figure 49, the ketone can enter the cavity in TS-β-1,4, while it stays flat at the entrance in TS-α-1,4 (Figure 49). 

Synthesis of (α-ICyD) Me CuH

So far, we could only characterize monomeric CuH by (NMR) spectroscopy. Then, important efforts have been devoted to get a crystal structure of this monomeric copper hydride, to obtain a powerful proof of the existence of a monomeric structure. From our experience, we knew that (ICyD) Me MX could be crystallized more easily than their benzylated counterparts. Therefore, the generation of (α-ICyD) Me CuH was studied. The precursor (α-ICyD) Me CuOt-Bu can readily be obtained by treating 4.5 equivalents of t-BuOK with (α-ICyD) Me CuCl in a THF-d8 solution (Scheme 57), but unfortunately, the formation of the copper hydride was found difficult. When 7 equivalents of PMHS or 3.5 equivalents of TMDS were added, the reaction mixture turned black after 3h. A major compound could be observed by 1 H-NMR (may be a free carbene compound, [227] Figure 50c and50d). Then we tried other silanes: the reaction doesn't work with neither PhSiH3

(Figure 50a) nor with TMDSA (Figure 50b). If a larger amount of silane is added, a black solution is obtained. The 1 H-NMR spectra were also too messy to be analyzed; mixtures were obtained in both DMMS (Figure 50e) and DEMS (Figure 50f). At the same time, we also tried other reaction solvents (CD2Cl2, C6D6) using PMHS, but none of them worked. These disappointing results might be due to the smaller protecting groups on CD in the case of (α-ICyD) Me CuCl, which decreased the stability of monomeric copper hydride species. 

Synthesis of (α-ICyD) Bn AgH

With the monomeric copper hydride (α-ICyD) Bn CuH in hand, we turned our attention to the synthesis of monomeric silver hydride. We tried (α-ICyD) Bn AgCl first by using the same procedure as for synthesizing (α-ICyD) Bn CuH. We converted (α-ICyD) Bn AgCl into (α-ICyD) Bn AgOt-Bu by action of t-BuOK. We then added 7 equivalents of PMHS to the reaction solution (Scheme 59). The reaction was monitored by 1 H-NMR (Figure 52). A single new product was formed, which appeared relatively stable in solution for a week at room temperature under inert atmosphere.

Scheme 59 Synthesis of (α-ICyD) Bn AgH

The recorded 1 H-NMR spectra in Figure 52 show the (α-ICyD) Bn AgCl, (α-ICyD) Bn AgOt-Bu and (α-ICyD) Bn AgH species. As for the synthesis of (α-ICyD) Bn CuH, the deshielding effect of H-5 A,D protons is the most in (α-ICyD) Bn AgOt-Bu. The signal of t-Bu group is at 1.84 ppm (Figure 52b). This signal of t-Bu group disappeared along with the new product formed after adding PMHS. At the same time, a pair of doublets at 3.17 ppm and 3.59 ppm (3.36 ppm, pseudo-dd, 1 J( 1 H-107 Ag) = 232.4 Hz, 1 J( 1 H-109 Ag) =265.5 Hz, Ag-H) is observed, which is attributed to the hydride in (α-ICyD) Bn AgH (Figure 52c). Bertrand. [233] In the [START_REF] Naodovic | Asymmetric Silver-Catalyzed Reactions[END_REF] C-NMR spectrum, the chemical shift of the carbene carbon was deduced from cross-correlation in HMBC but could not be observed directly due to coupling with 107 Ag and 109 Ag (~187 ppm, Figure 53B). HMBC experiment showed cross-correlations between this carbene carbon and protons of the imidazole ring, H-6s of the sugar units A and D, and also a proton at 3.17 ppm attributed to the hydride (double-double integrating for 1 proton). Finally, NOESY experiment revealed through-space correlations between the hydride and intra-cavity H-3 C,F (Figure 53C).

The recorded 1 H-NMR spectra in Figure 54 show the (α-ICyD) Me AgCl, (α-ICyD) Me AgOt-Bu and (α-ICyD) Me AgH species. As for the synthesis of (α-ICyD) Bn AgH, the deshielding effect of H-5 A,D protons is the most in (α-ICyD) Me AgOt-Bu. The signal of t-Bu group is at 1.41 ppm (Figure 54b). This signal of t-Bu group disappeared along as the new product formed after adding PMHS. According to the experience of (α-ICyD) Bn AgH, the doublet at 2.33 ppm should be the half of a pair of doublets of hydride. We could not verify this owing to (α-ICyD) Me AgH is not stable enough to record 2D NMR spectra (Figure 54c). 

Conclusion

To our delight, and thanks to the cavity of CDs, we captured a monomeric copper hydride species (α-ICyD) Bn CuH and fully characterized it by NMR for the first time. We also observed different chemoselectivity properties between (α-ICyD) Bn CuCl and (β-ICyD) Bn CuCl, when both of them were used in the hydrosilylation of α,β-unsaturated ketones. (α-ICyD) Bn CuCl promoted exclusively the 1,2-addition, while (β-ICyD) Bn CuCl produced the totally reduced product.

In the case of (β-ICyD) Bn CuCl, we failed to synthesize monomeric copper hydride species (β-ICyD) Bn CuH, which means that smaller cavity of CDs are better for stabilizing monomeric species. In the failure of per-methylated complexes ((α-ICyD) Me CuCl and (β-ICyD) Me CuCl), we learned the importance of bulky protecting groups on CDs. By comparing (α-ICyD) Bn AgH with (α-ICyD) Bn CuH, we know the monomeric silver hydride is more stable than copper analogs. Also, the importance of bulky protecting groups was verified again by comparing (α-ICyD) Bn AgH with (α-ICyD) Me AgH (stability: (α-ICyD) Bn AgH > (α-ICyD) Me AgH).

Introduction

To expand the application of natural cyclodextrins (CDs), the preparation of partially or fully modified CDs has attracted much attentions from chemists. [253] Due to the hydrophobic cavity, CDs and their derivatives have been widely used in fields such as cosmetics, [254] pharmaceuticals, [255] analytical chemistry, [256] supramolecular chemistry [257] and food. [258] There are three types of hydroxyl 

Monosubstituted cyclodextrin derivatives

Primary hydroxyl groups are easier to selectively modify as their nucleophilicity is higher than the secondary hydroxyl groups. Looking in the literature, the most common way for the monosubstitution at the 6-position is tosylation. [260] Mono-6-tosyl-α-, β-and γ-CD could be synthesized by treating CDs with tosyl chloride in a ratio of 1:1 in aqueous alkaline medium for a short time. However, monotosylation at the 6-position was not specific, and can lead to a mixture of positional isomeric by-products. Thus, further purification was required either by chromatography or by recrystallization from water. [261] Mono-6-tosyl CDs (265) can be used as useful precursors, [262] such as for the formation of azide (266) and thio ( 267) groups (Scheme 61a). [263] In addition, using Dess-Martin periodinane (DMP), a direct approach to synthesize 6-monoaldehyde CDs (268)

was reported (Scheme 61b). [264] Scheme 61. Mono-functionalization of cyclodextrins on 6-position

Taking advantage of the highest acidity of 2-hydroxyl groups, the use of a strong base (such as NaH or LiH) can predominantly activate them but, a controlled amount is necessary to avoid the activation of other hydroxyl groups. [265] Breslow used a supramolecular approach in a pioneering work in 1982. He showed that treating one equivalent of 3-nitrophenyl tosylate with β-CD in a DMF/carbonate buffer at 60 °C for 1 h, could give mono-2-tosyl-β-CD in 10%

yield. [266] The yield could be improved up to 42% using 1-(p-Tolysulfonyl)-(1H)-1,2,4-triazole under mild conditions, as described by Defaye and co-workers. [267] Recently, a more efficient and simpler method was presented by Hapiot and coworkers. Using a laboratory-scale ball-mill, α-, β-and γ-mono-2-tosyl-CDs were synthesized by mechanosynthesis at room temperature using KOH as a base. The was always obtained in a direct way, which makes the separation tedious. [269] Thus, as shown in Scheme 63, an indirect way was commonly used for the monosubstitution at the 3-position. Under basic conditions, tosyl group at 2position is usually eliminated by the adjacent 3-OH to form manno-mono-2,3epoxy-CD, then the monosubstitution at 3-position could be achieved by a reaction of a nucleophile with this manno-mono-2,3-epoxy-CD. [270] In 2005, a simple method for the direct monosubstitution at the 3-position was reported by Tis lerova and co-workers using cinnamyl bromide, mono-3-cinnamyl-β-CD 274 was obtained in 32% yield (Scheme 64). [271] Scheme 63. General scheme for the synthesis of mono-3-functionalized CDs Scheme 64. Synthesis of mono-3-cinnamyl-β-CD

Disubstituted cyclodextrin derivatives

According to statistical calculations, 33 disubstituted compounds can be formed with β-CD. [272] Therefore, due to the complexity of random disubstitution of CDs, we will only discuss the disubstitution where two hydroxyl groups are at the same position on the sugar here (two 6-OHs, two 2-OHs and two 3-OHs).

Therefore, for one of the three types of hydroxyl groups, three isomers can be formed for both α-and β-CD (AB, AC and AD), and four isomers for γ-CD (AB, AC, AD and AE) (Scheme 65). [273] the AC regioisomer 279 in 40% yield, [274] while AB regioisomer 280 was obtained in 40% yield with 1,3-benzenedisulfonyl chloride 277 (Scheme 66). [275] Furthermore, there are also many other 6-disulfonation reported. However, a mixture was always obtained due to the formation of positional isomers, which makes purification difficult and extensive purification by HPLC was required in some cases. [276] Scheme 66. Regiospecific method for the disubstitution on positions 6 using different sulfonyl chloride Different sulfonated reagents allow to get different regioisomers, this strategy was also applied to the disulfonation of secondary hydroxyl groups by Fujita and co-workers. A reaction of α-CD with m-nitrobenzenesulfonyl chloride in water gave 2-positions disulfonated compounds exclusively in 28% overall yields (isolated yield: 2-AB(281, 2%), 2-AC(282, 4%), 2-AD(283, 1%), Scheme 67), while the 3-positions disulfonated compounds were obtained in 7.3% overall yield when using β-naphthalenesulfonyl chloride. The yield of 3-positons disulfonated compoumds could be improved up to 29% when 10% MeCN was added as co-solvent. [277] Treating β-CD with β-naphthalenesulfonyl chloride, which gives 3-position mono-and disulfonated compounds in a ratio of 2:1 (isolated yield: 3-A(284, 18%), 3-AC(285, 4.4%), 3-AD(286, 4.5%), Scheme 68). [278] In addition, the compounds of tri- [279] and tetrasubstitution [280] at 6positions were also reported.

Direct persubstitution at the secondary rim is more difficult due to the competition with the highly reactive primary hydroxyl groups. In general, the persubstitution at the secondary rim can be achieved using 6-perfunctionalized

CDs. [287] In 1991, the first example of 2-persubstituted β-CD was reported by Mascrier and co-workers. In their study, using an indirect way, heptakis( 6 ). [288] Using a procedure similar as to the persubstitution at 2-positions, the synthesis of 3-persubstituted α-CD was reported in 5 steps. Starting from natural α-CD, after 6-position persilylation, 2position perbenzylation, 3-position permethylation and 6-position full desilylation, compound 290 was obtained in 33% yield over four steps. Finally, hexakis(3-O-methyl)-α-CD 291 was obtained in 86% yield after hydrogenolysis of 290 (Scheme 71). [289] (OH) 7 6 hindrance created by the first pair of DIBAL-H molecules and the benzyl groups on the primary rim, forces the second pair of DIBAL-H molecules to coordinate with the furthest glucose unit to form complex 317, thereby leading to the highly regioselective di-deprotection reactions on glucose units A and D on the primary rim. [293][294][295][296][297][298] Due to the larger cavity of γ-CD, there are two possibilities for the coordination of the second pair of DIBAL-H molecules, which can be coordinated on glucose units D and E to give two regioisomers.

Scheme 79. Proposed mechanism of DIBAL-H induced di-debenzylation with perbenzylated α/β-CD

With this very efficient regioselective debenzylation method in hand, lots of highly functionalized α-CD derivatives have been synthesized using step by step debenzylation and substitution strategy, [299] in particular the hexasubstituted (322) α-CD derivative with all the substituents different from each other (Scheme 80). [300] Meanwhile, a series of NHC-capped CD-based metal complexes were also synthesized by exploiting the presence of two free hydroxyl groups on the primary rim after the regioselctive di-deprotection. Using these CD-based metal complexes, many interesting CD-shape-dependent catalytic reactions were observed (Chapter 1-3). [START_REF] Guitet | NHC-Capped Cyclodextrins (ICyDs): Insulated Metal Complexes, Commutable Multicoordination Sphere, and Cavity-Dependent Catalysis[END_REF][START_REF] Zhang | Cyclodextrin Cavity-Induced Mechanistic Switch in Copper-Catalyzed Hydroboration[END_REF] Using this DIBAL-H induced highly regioselective debenzylation method, a series of efficient artificial enzymes were also reported by Bols and co-workers. [301] 

Scheme 80. Examples of highly functionalized CD patterns

In 2012, DIBAL-H induced regioselective O-desilylation reactions on primary rim of CDs were presented by Lin and co-workers. Starting from hexakis, heptakis, and octakis(6-O-silyl-2,3-methyl)-CDs (323-325), mono-and di-desilylated compounds could be obtained when treating them with DIBAL-H at 0 °C. Interestingly, as for the DIBAL-H induced di-debenzylation results, two silyl groups are removed from glucose units A and D with α-and β-CD, while the didesilylated product with γ-CD was not isolated (Scheme 81, Table 34). [302] M DIBAL-H solution in toluene at 50 °C for 3h. Two products 334 and 337 were isolated in 20% and 55% yields, respectively. Interestingly, after full characterization by NMR, the major product 337 was proved to be the 2 A ,3 B -diol, in which the two methyl groups were removed from two adjacent glucose units on the secondary rim, while product 334 was identified as mono 6-de-Omethylated α-CD. Under the same conditions but with 7 equivalents of DIBAL-H, the same result was obtained with permethylated β-CD 332, to give mono 6-de-O-methylated β-CD 335 and 2 A ,3 B -diol 338 in 20% and 55% yields, respectively. [303] An alternative method was reported for the di-demethylation of permethylated β-CD, treating 332 with 9 equivalents of a 0.2 M DIBAL-H solution in toluene at 0 °C for 18h, 2 A ,3 B -diol 338 could be obtained in 56%

exclusively. [304] 2 A ,3 B -diol 339 was obtained in 32% yield with permethylated γ-CD, in which permethylated γ-CD was treated with 79 equivalents of a 1.2 M DIBAL-H solution in toluene at room temperature for 1h (Scheme 82, Table 35). [305] Meanwhile, tetra- [306] or hexa-demethylated [307] compounds were obtained by increasing the amount of DIBAL-H and prolonging the reaction times. 

Constructing highly functionalized CD patterns

As mentioned in Section 1, regioselective modification of CDs has been widely studied. However, the regioselective modification of CDs is only either on its primary rim or its secondary rim. [310] Taking advantage of DIBAL-H and I2-Et3SiH induced highly regioselective deprotections, we decided to investigate regioselective modification on both primary and secondary rims. A synthetic strategy to construct highly functionalized CD patterns is shown in Scheme 89.

Starting from perbenzylated α-CD 292, the precursor 350 could be obtained after mono-debenzylation with DIBAL-H and full 3-positions debenzylation with I2-Et3SiH. For this strategy, introducing a hook between positions 6 and 3 to form compound 358 is the key step. After that, we will protect the remaining secondary hydroxyl groups with other protecting groups (R 1 ) first to form compound 359. Then, diol 360 should be obtained after the removal of the hook.

Finally, due to the different chemical properties between these two free hydroxyl groups, compound 362 might be formed by their separate protection with different protecting groups (R 2 and R 3 , R 1 ≠R 2 ≠R 3 ). This highly functionalized product 362 will be a great precursor for further applications, such as for the construction of CD-based metal complexes for catalysis, or for supramolecular assemblies, two fields under study in our group.

Scheme 89. Synthesis of highly functionalized CD pattern.

3 Optimizing the reaction conditions of HI (I 2 -Et 3 SiH) system HI (I2-Et3SiH) induced full debenzylation at 3-positions reaction is the key step of the two projects mentioned in Section 2. However, in the initial studies of this reaction (Section 1.2.2), the yields were moderate (<58%) and the reaction were run exclusively on small scale (<100mg). Therefore, optimizing the reaction conditions of this reaction and its scale-up has been the starting point for the project.

Optimization of quenching conditions

Firstly, to find the best quenching conditions, different bases were studied. The debenzylation of 363 was chosen as the model reaction (1 g each time, Scheme 90). Upon completion, the reaction was quenched by adding different bases shown in Table 36. Product 364 could be obtained in 19% yield when quenching with TEA and solid NaHCO3 (entry 1). The best yield (59%) could be obtained using pyridine (entry 2), but there is a by-product above the product by Since HI is the promotor of this reaction, we also tried another way to generate

HI. An efficient way to generate anhydrous HI in situ is the reaction of I 2 and thioacetic acid as reported by Koreeda and co-workers. [313] As shown in Table 38, we firstly tried the reaction with 363 using I2 (3.3 equiv.) and thioacetic acid (6.6 equiv.). However, the reaction was very slow at low temperature (-60 to 0 °C). It was finished at room temperature after 4h to give 364 in 67% yield (entry 1). Then, in order to reduce the reaction times, we only left the reaction below 0 °C for 1.5h this time. The reaction was finished after 2.5h at room temperature to give slightly decreased yield (entry 2). We also tried this reaction starting at 0 °C, and only a mixture was obtained (entry 3). The use of excess of both reagents could give a comparable yield even under lower temperature (entry 4). After several tests, the best conditions were finally obtained, using 7 equivalents of I2 and 14 equivalents of thioacetic acid at -60 °C for 1h, -20 °C for 1h, 0 °C for 1h. Upon completion, the reaction was quenched by adding 70 equivalents of solid K 2 CO 3 , to give product 364 in 58% yield (entry 5). With these optimized reaction conditions in hand, 5g scale reactions were performed with monol 298 and 368, to give 367 and 369 in 62% and 55% yields, respectively (Scheme 94). Getting these two (α-ICyD) Bn,Me MX complexes (M = Ag, Au) in hand, a series of NMR spectra ( 1 H, [START_REF] Naodovic | Asymmetric Silver-Catalyzed Reactions[END_REF] C, COSY, HSQC, HMBC, TOCSY and NOESY) were studied to fully characterize them in organic solvents (CDCl3 or CD3CN). As for previously reported (ICyD) Bn MX and (ICyD) Me MX complexes, after full attribution of (α-ICyD) Bn,Me AgCl and (α-ICyD) Bn,Me AuCl, we observed the deshielding of H-5 A,D and H-3 C,F in both metal complexes owing to the presence of C-H…M and C-H…X interactions. Interestingly, due to the presence of 2-benzyl groups as for the (ICyD) Bn MX complexes, both (α-ICyD) Bn,Me MX complexes displayed shielding of H-2Bn C,F , which was caused by the presence of π…X interactions. In our experience, these above results indicate that the metal center is wrapped inside the cavity of CD. [START_REF] Guitet | NHC-Capped Cyclodextrins (ICyDs): Insulated Metal Complexes, Commutable Multicoordination Sphere, and Cavity-Dependent Catalysis[END_REF][START_REF] Zhang | Cyclodextrin Cavity-Induced Mechanistic Switch in Copper-Catalyzed Hydroboration[END_REF] The recorded 1 H-NMR spectra of (α-ICyD) Bn,Me MX complexes (M = Ag, Au) are shown in Figure 58 (a: (α-ICyD) Bn,Me AgCl; b: (α-ICyD) Bn,Me AuCl). As can be seen, due to the presence of C-H…M (and X) and π…X interactions, the most deshielded To study the influence of O-protecting groups on CDs, the catalytic activity of (α-ICyD) Bn,Me AuCl complex was evaluated in the cycloisomerization of 1,6-enynes 86

and 87 (Table 39). Firstly, the reactions were performed at room temperature.

Complete conversions were observed after 6h, to give products 88 and 89 in 86% and 80% ees with moderate isolated yields. Increasing the temperature to

Direct way to construct a hook

Boronic acids have been widely used as protective agents for diols due to the ability to protect diols more readily than many other acids. The as-formed boronate esters are air-and chromatography-stable and are suitable for spectroscopic study, but can be easily removed under relatively mild conditions. [314] The history of using of boron acids as protective agents for diols can be traced back to 1933, when Vargha first reported the use of boric acid to selectively protect two hydroxyl groups on D-glucose through a condensation reaction. [315] Therefore, starting with 350, we tried several conditions with phenylboronic acid (PhB(OH)2), [316] but none of then worked, only the starting material remained in all cases (Scheme 98, Table 40, entry 1-3). There is no reaction with PhBCl2 neither (entry 4). [317] Scheme 98. Forming boronate ester hook [a]: S.M = Starting material α,α-Dimethoxytoluene (PhCH(OCH 3 ) 2 ) is a widely used reagent in sugar chemistry for the protection of diols. [318] In general, the reaction is carried out with DMF as solvent and camphorsulfonic acid (CSA) as catalyst under reduced pressure, for the removal of formed methanol to drive the reaction equilibrium process to completion. Taking compound 350, a reaction was performed using 6 equivalents of α,α-dimethoxytoluene with catalytic amount of CSA at 50 °C in DMF under reduced pressure. However, the reaction was found not to proceed, regardless of the prolonged reaction times and increase of the amount of α,αdimethoxytoluene (Scheme 99). [319] Scheme 99. Hook construction using α,α-dimethoxytoluene

As shown in Scheme 100, we also tried di-tert-butylsilyl ditriflate to construct a hook. Unfortunately, an undesired compound 382 was formed here. [320] Scheme 100. Space hook construction using di-tert-butylsilyl ditriflate

The failure of the above reactions is probably due to the rigid structure of CD, which limits the rotation of glucose unit and blocks the formation of the hook.

Thus, starting from 350, 1,2-bis(chlorodimethylsilyl)ethane was used, as it contains a longer chain. The reaction was first started at 0 °C, and there was no reaction after 3h. Warming to room temperature, still no reaction took place even after 14h. Then, this reaction was performed again but starting at room temperature. After 1h, a complete conversion was observed, but an undesired compound 384 was obtained in 56% yield (Scheme 101).

Scheme 101. Space hook construction using 1,2-Bis(chlorodimethylsilyl)ethane

Indirect way to construct space hook

Meanwhile, we also tried some indirect methods to construct the space hook. As shown in Scheme 102, compound 385 was obtained in 67% yield by reacting 350 with diisopropylchlorosilane in DCM at room temperature for 1h.

Compound 385 was dissolved in dry THF, then 1.1 equivalents of Nbromosuccinimide (NBS) was added at room temperature. After 15 min, 6.6 equivalents of TEA and a catalytic amount of DMAP were added. The reaction solution immediately changed from yellow to colorless. However, only the starting material 350 along with some unknown by-products were observed here by ESI-MS (Scheme 102a). [321] There is no reaction if TEA and DMAP were replaced with NaH (Scheme 102b). Desilylation of 385 was observed when using catalytic amount of NaOH, compound 350 was obtained in 85% yield (Scheme 102c). [322] There is no reaction when treating 350 with 1,1,3,3tetramethyldisiloxane directly under the same conditions as in Scheme 102c

(Scheme 102d).

Scheme 102. Space hook construction using silanes

Starting from 350, using allyl chloroformate and chloroacetyl chloride, two compounds 389 and 391 were obtained in 63% and 56% yields, respectively.

When we submitted them to NaH in dry DMF, the hydrolysis of ester bond to form 350 was observed in both cases, which indicates that the reaction system was not dry enough and generates NaOH. However, the same result was obtained although using the newly opened NaH and adding 4A molecular sieves (Scheme

103-104).

Due to the instability of the lactone ring, it is difficult to keep it during further reactions. Therefore, the protection of the lactone ring was studied. As shown in Scheme 109, converting the lactone ring into 1,4-dithiane analogs was first tried.

Taking compound 394, a reaction was performed with freshly prepared Me2AlS(CH2)2SAlMe2 in dry DCM. After 1.5h, an undesired compound 400 was isolated exclusively in 66% yield. [330] Then, converting the lactone ring to orthoester analogs was also tired using ethylene glycol and trimethyl orthoformate, but only compounds 398 and 402 were obtained (Scheme 110). [331] Scheme 109. Protecting lactone ring with dithiane Scheme 110. Protecting lactone ring by converting it into orthoester analogs 6 Modifying the shape of α-CD to construct metal complexes

Construction of perbenzylated CD metal complexes

We next decided to synthesize ether-based hooks instead of a lactone. To do so we started from bis-iodo-CD 368. Then, compound 369 could be obtained in a moderate yield (55%) and in a large scale (5 g) using I was observed by ESI-MS (Scheme 112). This result was also observed in the synthesis of (ICyD) Me MX complexes using the same conditions. We noticed that these by-products were formed by using the DMF and large amounts of imidazole. Then, an alternative procedure was used for the synthesis of (ICyD) Me MX complexes. Using 3 equivalents of imidazole with 1.2 equivalents of TEA in a mixed solvent system (dry toluene/dry CH 3 CN = 2 : 1.5 v/v) at 110 °C for 2 or 5 days. Taking this alternative procedure, a reaction with 406 was preformed. However, no reaction was observed even after two weeks.

the best selectivity was obtained with this (α-ICyD) Bn,Me AuCl complex probably due to the change of cavity shape caused by the presence of asymmetric protecting groups on the secondary rim (3-OMe-2-OBn). Then, we also tried to synthesize highly functionalized CD patterns using a space hook tether strategy.

After trying several methods, we finally could introduce a space hook in the form of a lactone ring. However, due to the instability of this lactone ring, we failed to synthesize highly functionalized CD patterns. Finally, we also tried to synthesize a new type of CD-based NHC metal complexes using a substrate containing two 3,6-anhydro rings. The cavity shape of CD is changed due to the presence of two 3,6-anhydro rings, and the chemical properties have also changed. For instance, using DIBAL-H, an unusual debenzylation happened on the secondary rim with perbenzylated compound 404 and di-demethylation took place on the primary rim with permethylated compound 412. Due to the failure to introduce an imidazolium-bridge on the primary rim of 3,6-anhydro rings containing compounds, we are now going to introduce two imidazole ligands on the primary rim to synthesize bis-NHC containing palladium(II) complexes.

General conclusion

In this thesis, taking advantage of the cavity of CDs, we first synthesized a series of per-methylated CD-based encapsulated metal complexes, called (ICyD) Me MX.

All (ICyD) Me MX complexes were fully characterized by NMR in organic solvents.

Due to the easy crystallinity of per-methylated CDs, we obtained some crystal structures of (ICyD) Me MX complexes, and conformed the encapsulation of metal inside the cavity of CDs, which is consistent with NMR and model studies.

Furthermore, a series of catalytic reactions were performed in pure water using (ICyD) Me MX complexes as they are highly water-soluble. More generally, higher reactivity with (β-ICyD) Me AuCl was found in gold-catalyzed reactions. In particular, in gold-catalyzed intramolecular hydroarylation reaction, the regioisomer ratio was improved up to 16:1. In enantioselective hydroxycyclization reaction, the highest ee could be able to increased to 98%.

(ICyD) Me MX complexes are therefore useful complexes in pure water, which laid a good foundation for our next work---the application of (ICyD) Me MX complexes in cellular.

Meanwhile, thanks to the confined space provided by the cavity of CD, we were able to capture the monomeric copper hydride species ((α-ICyD) Bn CuH) on its own. A rarely reported 1,2-addition of α,β-unsaturated ketone phenomena was observed using (α-ICyD) Bn CuH, which probably due to the C=C bond of substrate has less possibility to approach metal center with smaller cavity of α-CD.

Moreover, we also captured monomeric silver hydride (α-ICyD) Bn AgH. (α-ICyD) Bn CuH is quite stable at room temperature in solution, which demonstrated that the stability of silver hydride is higher than copper hydride. Furthermore, the importance of O-protecting group was verified by comparing the stability of (α-ICyD) Bn AgH and (α-ICyD) Me AgH, the bigger the O-protecting group, the more stable the metal complexes.

In the final part, we first developed a new HI (thioacetic acid + I2) system, which allowed to synthesize (α-ICyD) Bn,Me MX complexes in a shorter way. The highest ees were obtained with (α-ICyD) Bn,Me AuCl comparing with other two gold analogies probably due to the cavity shape of CD is changed as the asymmetric Oprotecting groups on the secondary rim, which demonstrated that the selectivity of catalytic reactions can be modified by the change of cavity shape of CDs.

Getting this easily handle method in hand, we are going to synthesize (β-ICyD) Bn,Me MX complexes next. Moreover, we also tried a more challenging project.

Introducing a hook on glucose unit A between positions 6 and 3 to synthesize highly functionalized CD patterns. In this project, we obtained a series of Cyclized compounds 239, [343] 242 [339] and 236, [344] 247, [342] and 248, [342] have been reported in the literature. The NMR data of isolated lactones were consistent with those of the literature. 70, 158.22, 156.32, 150.49, 125.20, 108.52, 108.38, 106.88, 97.93, 44.80, 24.72, 12.67, 12.57 C NMR (151 MHz, THF-d8) δ 180. 65(Ccarb), 141.49, 141.35, 141.23, 140.50, 140.38, 140.36, 140.16, 139.52 (16×C-Ar.quat.), 129.84, 129.15, 129.13, 129.10, 129.05, 129.03, 128.91, 128.74, 128.71, 128.50, 128.47, 128.32, 128.28, 128.26, 128.24, 128.13, 127.49, 127.36, 127.33, 127.28 (80×C-Ar.tert.) C-4 12, 75.80, 75.55, 74.88, 73.35, 73.30, 72.81, 72.26 94, 137.83, 137.60, 137.59 (10 × C-Ar.quat.), 128.86, 128.76, 128.66, 128.50, 128.49, 128.36, 128.30, 128.13, 128.10, 127.83, 127.77, 127.69, 127.59 (50 × C-Ar.tert.), 101.79 (C-1 18, 138.11, 137.91, 137.87(10 × C-Ar.quat.), 128.89, 128.82, 128.78, 128.58, 128.55, 128.48, 128.42, 128.14, 128.09, 127.93, 127.80, 127.78, 127.68 (50 × C-Ar.tert.), 101.85, 101.70, 101.53 (6 × C-1), 83.53, 83.28, 82.80 (6 × C-4), 78.73, 78.14 (6 × C-2), 74.37, 74.24, 74.22 (6 × C-3), 74.06, 73.94, 73.92, 73.76, 73.66 (10 × C-CH2Ph), 71.71, 70.59, 70.57 (6 × C-5), 69.12, 68.91 (4 × C-6), 62.05 (2 × C-6 AD ), 26.13 (2 × -OSi(CH3)2C(CH3)3), -5.01 (-OSi(CH3)2C(CH3)3), -5.10 (-OSi(CH3)2C(CH3)3) ppm.

(major isomer):

13

C NMR (100 MHz, CDCl3) δ 139. 30, 139.24, 139.21, 138.49, 138.45 (10 × C-Ar.quat.), 128.45, 128.42, 128.31, 128.29, 128.25, 127.87, 127.78, 127.75, 127.71, 127.67, 127.62, 127.42, 127.39 (50 × C-Ar.tert.), 101.23, 100.72, 100.63 (6 × C-1), 82.53, 82.05, 81.82, 81.78, 81.74, 81.66 (6 × C-4) (6 × C-3), 80.80, 80.18, 80.16 (6 × C-2), 73.54, 73.34 (4 × C-CH2Ph), 72.80 (2 × C-5), 72.34, 72.20 (6 × C-CH2Ph), 71.64, 71.60 (4 × C-5), 69.25, 69.18, 62.44 (6 × C-6), 62.14, 62.07 (6 × -OCH3), 26.12 (2 × -OSi(CH3)2C(CH3)3), -4.90 (-OSi(CH3)2C(CH3)3), -4.93 (-OSi(CH 3 ) 2 C(CH 3 ) 3 ) ppm.

ppm.

1 H NMR spectrum of 374 in CDCl3 (300 K, 400 MHz) [START_REF] Naodovic | Asymmetric Silver-Catalyzed Reactions[END_REF] C NMR spectrum of 374 in CDCl3 (300 K, 100 MHz) 73.36, 72.72, 72.37, 72.22 (10 × C-CH2Ph), 71.79, 71.37 35, 139.21, 138.86, 138.59, 138.09(10 × C-Ar.quat.), 128.43, 128.40, 128.31, 128.25, 127.96, 127.91, 127.76, 127.71, 127.66, 127.58, 127.43, 127.12 (50 × C-Ar.tert.) Ag, but we can see it by HMBC.

13

C NMR (100 MHz, CD3CN) δ 168.84 (C-Au), 140.33, 140.21, 139.89, 139.70, 139.51, 139.11 (10 × C-Ar.quat.), 129.34, 129.26, 129.22, 129.17, 129.05, 128.76, 128.67, 128.58, 128.52, 128.47, 128.42, 128.31, 128.09 (50 × C-Ar.tert.) 40, 139.38, 139.31, 138.46, 138.27, 138.17, 138.16, 138.09 (16 × C-Ar.quat.), 128.38, 128.34, 128.20, 128.17, 128.16, 128.12, 127.98, 127.97, 127.86, 127.81, 127.79, 127.69, 127.63, 127.62, 127.49, 127.42, 127.20, 126.99, 126.94, 126.91, 126.89 (80 × C-Ar.tert.) C NMR (151 MHz, CDCl3) δ 138. 04, 137.92, 137.70, 137.70, 137.64 (10 × C-Ar.quat.), 128.91, 128.88, 128.77, 128.63, 128.61, 128.55, 128.46, 128.25, 128.22, 128.14, 127.94, 127.93, 127.75 (50 × C-Ar.tert.) Hz, 2H, 2 × H-6 BE ). 3.39 (dd, J = 5.5, 2.5 Hz, 2H, 2 × H-4 AD ), 3.35 (dd, J = 9.7, 3.4 Hz, 2H, 2 × H-2 BE ) ppm.

13

C NMR (151 MHz, CDCl3) δ 139. 65, 138.81, 138.45, 138.42, 137.27 (10 × C-Ar.quat.), 128.86, 128.58, 128.57, 128.43, 128.41, 128.37, 128.34, 127.87, 127.81, 127.78, 127.65, 127.60, 127.56, 127.21 (50 × C-Ar.tert.) C NMR (151 MHz, CDCl3) δ 140. 14, 139.19, 138.66, 138.50, 138.49, 138.31, 138.15(14 × C-Ar.quat.), 128.65, 128.51, 128.42, 128.40, 128.34, 128.28, 128.24, 128.03, 127.98, 127.88, 127.83, 127.75, 127.67, 127.64, 127.60, 127.42, 127.40, 127.28, 127.06, 126.87, 126.83, 126.83 (70 × C-Ar.tert.) 73.66, 73.26, 73.10, 72.70, 71.87 (10 × C-OCH2Ph) 1H, H-4 D ), 3.52 -3.17 (m, 8H, H-2 A , H-2 B , H-2 E , H-2 F , H-4 A , 1 × H-6 B , 2 × OCH2CH3), 1.46 (d, J = 5.4 Hz, 3H, H-CH 3 A ), 1.25 (t, J = 7.0 Hz, 3H, OCH 2 CH 3 ), 1.16 (t, J = 7.0 Hz, 3H, OCH 2 CH 3 ), 1.08 (t, J = 7.0 Hz, 3H, OCH 2 CH 3 ).

13

C NMR (151 MHz, CDCl3) δ 139. 96, 139.79, 139.60, 139.09, 138.87, 138.58, 138.44, 138.38, 138.28, 138.20, 138.09 (12 × C-Ar.quat.), 128.59, 128.48, 128.39, 128.34, 128.33, 128.25, 128.08, 128.05, 128.02, 127.94, 127.92, 127.86, 127.83, 127.80, 127.76, 127.71, 127.67, 127.63, 127.58, 127.55, 127.46, 127.34, 127.32, 127.21, 127.02, 127.02, 126.80, 126.56, 126.51, 126.31 (60 × C-Ar.tert.), 101.59 73.76, 73.60, 73.54, 73.25, 73.17 82.11, 81.84, 81.83, 81.81, 81.76, 81.73, 81.70 61.17, 61.06, 59.18, 59.06, 58.93, 58.73, 58.63, 57.95, 57.40, 57.30 26, 139.07, 139.05, 138.75, 138.70, 138.25(12 × C-Ar.quat.), 128.69, 128.60, 128.55, 128.52, 128.50, 128.46, 128.40, 128.35, 128.31, 128.17, 128.13, 128.11, 128.05, 128.01, 127.98, 127.95, 127.92, 127.89, 127.85, 127.82, 127.77, 127.63, 127.58, 127.53, 127.49, 127.46, 127.38, 127.35, 127.32, 127.27, 127.07, 126.83, 126.74 (60 × C-Ar.tert.) 138.90, 138.84, 138.53, 138.49, 138.18 (12 × C-Ar.quat.), 128.52, 128.48, 128.45, 128.41, 128.38, 128.34, 128.31, 127.97, 127.95, 127.85, 127.83, 127.78, 127.69, 127.67, 127.52, 127.38, 127.34, 127.31, 127.22, 127.13, 126.98, 126.82 (60 × C-Ar.tert.) 
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Figure 3 .Figure 4 .

 34 Figure 3. Rebek's work (left); Iwasawa's work (right)

Scheme 11 .

 11 Scheme 11. Switching the Au-catalyzed hydrophenoxylation off and on.The cage effect on product distribution was also explored by using 4-phenyl-1butyne(48) as the model substrate (Scheme 12). In the absence of capsule 46, a dimerization of 48 could be observed which gave the branched and linear products 80 and 81 respectively through a dual Au-activation mechanism. In contrast, when in the presence of capsule 46, no 80 and 81 was observed and the intramolecular cyclic product 51 was obtained as the major product, which is known to form via a mononuclear pathway inside the capsule. In the presence of capsule 46 and competing guest 79, the dimerization products were obtained again without the formation of cyclic product 51. Due to the presence of water, the hydration product 49 was observed in all cases.

Figure 12 .

 12 Figure 12. CD-based metal complexes a) Single-linkage complex, b) Adjacent-double-linkage complex and metal above the cavity, c) Remote-double-linkage complex and metal above the cavity, d) Capped-double-linkage complex and the metal encapsulated inside the cavity.

  chosen as a probe to compare the selectivities induced by those CD-based Aucomplexes. The reaction catalyzed by (IPr)-AuCl gives two five-membered ring products 83 and 84 only. The similar results were observed when using α-CD 2.4 Tetrahedral M4L6 supramolecular cluster In 1998, Raymond and co-workers synthesized and developed a homochiral [M 4 L 6 ] 12-tetrahedral anionic cluster 98-99 which can be obtained by mixing six equivalents of ligand H4L (97) and four equivalents of [Ga(acac)3] or [Fe(acac)3] together in methanol (Figure 19-left). The X-ray single crystal structure clearly showed a hydrophobic cavity in the [Fe4L6] 12-cluster 99 (Figure 19-right).[76] 

Figure 19 .

 19 Figure 19. Synthesis of 98-99 (left); X-ray crystal structure of [Fe4L6] 12-cluster 99 (right).

Figure 21 .

 21 Figure 21. Formation of butane from [LAuI] catalyzed by [Ga4L6] 12-cluster Kinetics experiments were conducted to understand this reaction process in more details. The kinetic profiles showed that the reaction displayed first-order in the [Ga4L6] 12-cluster and follows Michaelis-Menten-type mechanism. A preequilibrium was involved in this mechanism as shown in Scheme 13.

  Scheme 15. A) Synthesis of Au-containing M4L6 cages; B) Model of the energy-minimized structure of Cd Ⅱ cage complex.

Scheme 17 .

 17 Scheme 17. a) Synthesis of Au-containing nanospheres, b) Hydroalkxylation of the allenol 115, c) Intramolecular cycloisomerization of 1,6-enyne 82

Scheme 18 .

 18 Scheme 18. Au-catalyzed reactions by the Pt12(LAuCl)24.
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  Encapsulated-silver catalysts To the best of our knowledge, very few examples of CD-based encapsulated silver complexes have been reported, but none of them were used in silvercatalyzed reactions. Two types of per-metylated CD-based diphosphane ligated silver complexes (such as 161-162, Figure 28-29) were presented separately in 2001 and 2007 by Armspach and co-workers. They were used as probes for

Figure 28 .

 28 Figure 28. Molecular structure of 161 (AgNCMeBF4) in the solid state (A: side-view B: top-view C: bottom-view). Hydrogen atoms are omitted for clarity.

Figure 29 .

 29 Figure 29. Molecular structure of 162 (AgCl) in the solid state (A: side-view B: top-view C: bottomview). Hydrogen atoms are omitted for clarity.

Figure 30 .

 30 Figure 30. Presentation of carbene-capped CD silver complexes.

  Scheme 32. Synthesis of (α-ICyD) Me MCl and (β-ICyD) Me MCl (M = Ag, Cu, Au)

Figure 31 ,

 31 we chose (α-ICyD) Me AuCl as an example to show the difference of chemical shift order of H-3 protons. The 1 H-NMR spectra of (α-ICyD) Me AuCl in CDCl 3 and D 2 O are shown in Figure 31A, the chemical shift order of H-3 protons in CDCl 3 is H-3 C,F >H-3 A,D >H-3 B,E , while the chemical shift order in D2O is H-3 A,D >H-3 C,F >H-3 B,E . The recorded HMBC of (α-ICyD) Me AuCl in D2O is shown in Figure 31B, which clearly shows the chemical shift order of H-3 protons is H-3 A,D >H-3 C,F .

Figure 31 .

 31 Figure 31. A) 1 H-NMR spectra of (α-ICyD) Me AuCl (600 MHz) in D2O and CDCl3; B) Selected HMBC of (α-ICyD) Me AuCl (600 MHz) in D2O

Figure 32 .

 32 Figure 32. X-ray crystal structure of (α-ICyD) Me AuCl from CDCl3/Pentane/Cyclohexane (left: side-view; middle: top-view; right: bottom-view).

Figure 33 .

 33 Figure 33. X-ray crystal structure of (α-ICyD) Me AuCl from D2O, which shows two molecules of water in the cavity of the CD. (left: side-view; middle: top-view; right: bottom-view).

Figure 36 .

 36 Figure 36. X-ray crystal structure of imidazolium salt (β-ICyD) Me HCl from CD2Cl2/Pentane (left: side-view; middle: top-view; right: bottom-view).

Figure 37 .

 37 Figure 37. X-ray crystal structure of (β-ICyD) Me AuCl from Acetone-d6/Pentane (left: side-view; middle: top-view; right: bottom-view).

  Adolphe Wu rtz synthesized copper(I) hydride (CuH) for the first time by

Figure 38 .

 38 Figure 38. Crystal structure of W rtzite-type copper hydride (deuteride). Copyright 2014 Wiley-VCH.

Figure 39

 39 Figure 39. A) Stryker's reagent, B) Two views of the [PCuH]6 of [P(p-totyl)3CuH]6. Copyright 2014 American Chemical Society.

Figure 40

 40 Figure 40. A) Solid-state structure of [(IDipp)Cu(μ-H)]2. Copyright 2004 American Chemical Society. B) Solid-state structure of [(CAAC)Cu(μ-H)]2. Copyright 2011 Wiley-VCH.

Figure 41 .

 41 Figure 41. A) Synthesis of monomeric CuH in equilibrium in solution with its dimer. B) 1 H-13 C HMBC spectrum. Copyright 2017 Wiley-VCH.

Figure 42

 42 Figure 42. Structures of (α/β-ICyD) Bn CuCl and (α-ICyD) Bn/Me AgCl.

Figure 43 . 1 H

 431 Figure 43. 1 H NMR of complexes (α-ICyD) Bn CuCl (a), (α-ICyD) Bn CuOt-Bu (b), (α-ICyD) Bn CuH (c) (600 MHz, THF-d8,300 K). Key resonances are marked.

Figure 44

 44 Figure 44. 1 H NMR of complexes (α-ICyD) Bn CuH obtained from PMHS (top) and from TMDS(bottom) (600 MHz, THF-d8, 300 K).

Figure 45 .

 45 In Figure 45A, the 13 C proton-coupled NMR shows a doublet for the carbine carbon at 180 ppm with a large coupling constant of 40.2Hz. The cross-correlations observed by HMBC between the carbene carbon and imidazolium bridge protons, H-6 A,D , and hydride are observed by HMBC shown in Figure 45B. Finally, due to the surface of the cavity is covered by H-5 and H-3 protons, the correlation of the hydride with H-3 and H-5 protons is visible by NOESY, as shown in Figure 45C.

Figure 45 .

 45 Figure 45. Characterization of the (α-ICyD) Bn CuH. A) Detail of the proton-coupled 13 C NMR spectrum of (α-ICyD) Bn CuH; B) Selected HMBC cross-correlations; C) Selected NOESY cross-correlations.

Scheme 54 .

 54 Scheme 54. Reactivity of (α-ICyD) Bn CuH with acetophenone 252 and benzylideneacetone 254.

Figure 46 . 1 HFigure 47 . 1 H 2 . 1 . 5

 461471215 Figure 46. 1 H NMR of (α-ICyD) Bn CuH (a), complexes 253 (b) and 255 (c) (600 MHz,THF-d8, 300 K). Key resonances are marked

Figure 49

 49 Figure 49. DFT calculated transition states for the 1,4-addition on benzylideneacetone using (α-ICyD) Me CuH and (β-ICyD) Me CuH. Distances between atoms are given in Å.

Scheme 57 A

 57 Scheme 57 A) Synthesis of (α-ICyD) Me CuH in THF-d8, C6D6 and CD2Cl2; B) The silanes what we used.

Figure 50 . 1 H

 501 Figure 50. 1 H NMR of (α-ICyD) Me CuCl, (α-ICyD) Me CuOt-Bu, and the reactions with different silane.

Figure 52 . 1 H

 521 Figure 52. 1 H NMR of complexes (α-ICyD) Bn AgCl (a), (α-ICyD) Bn AgOt-Bu (b), (α-ICyD) Bn AgH (c) (600 MHz, THF-d8,300 K). Key resonances are marked.

Figure 54 . 1 H

 541 Figure 54. 1 H NMR of complexes (α-ICyD) Me AgCl, (α-ICyD) Me AgOt-Bu, (α-ICyD) Me AgH (600 MHz, THF-d8,300 K). Key resonances care marked.

Figure 55

 55 Figure 55. The difference of CDs' hydroxyl groups

  Scheme 62. Proposed mechanism of synthesis of mono-2-tosyl-CDs

65 .

 65 Scheme 65. Possible positional isomers of dimodified α-, β-and γ-CDs

  -Otert-butyldimethylsilyl)-β-CD 287 was prepared first. Then, treating 287 with 21 equivalents of p-toluenesulphonyl chloride in a pyridine solution at 50 °C, with DMAP as catalyst, gave compound 288 in 50% yield. The heptakis(2-Otosyl)-β-CD 289 was obtained after the full desilylation of 288 with boron trifluoride in DCM (Scheme 70

71 .

 71 Scheme 70. Synthesis of 2-pertosylated β-CD (289) (OH) 6 6

  Scheme 81. DIBAL-H induced desilylation Table 34. Reaction conditions and yields of the DIBAL-H induced desilylation Entry Substrate DIBAL-H [a] t (h) Monol (%) [b] Diol (%) [b] 1 323 3.5 equiv., 0.1 M 3 71 16 2 323 7 equiv., o.3 M 4 10 68 3 324 3 equiv., 0.15 M 3 62 22 4 324 6 equiv., 0.3 M 4 12 71 5 325 3 equiv., 0.1 M 4 58 -[c] 6 325 6 equiv., 0.1 M 4 16 -[c] [a] For all reactions, DIBAL-H in toluene (1.0 M) was used; [b] Isolated yield; [c] The reaction also afforded a mixture of inseparable O-di-desilylation compounds

Scheme 82 .

 82 Scheme 82. DIBAL-H induced demethylation of permethylated CDs

  Scheme 96. Synthesis of (α-ICyD) Bn,Me MX (M = Ag, Au)

  D , H-3C,F , and the most shielded H-2Bn C,F are marked as well as three groups of 3-OMe (visible around 3.5 ppm). The 2D HMBC NMR spectrum showed crosscorrelation peaks between C-3 and H-3 OMe (Figure59).

Figure 58

 58 Figure 58. 1H-NMR spectra: a: (α-ICyD) Bn,Me AgCl (400 MHz) in CDCl3; b: (α-ICyD) Bn,Me AuCl (600 MHz) in CD3CN.

Figure 59

 59 Figure 59. Selected HMBC of (α-ICyD) Bn,Me AuCl
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1 H 1 H- 13 C

 1113 NMR spectrum of (α-ICyD) Bn CuH (600 MHz, THF-d8, 300 K).[START_REF] Naodovic | Asymmetric Silver-Catalyzed Reactions[END_REF] C NMR spectrum of (α-ICyD) Bn CuH (151 MHz, THF-d8, 300 K).Proton-coupled[START_REF] Naodovic | Asymmetric Silver-Catalyzed Reactions[END_REF] C NMR spectrum of (α-ICyD) Bn CuH (151 MHz, THF-d8, 233 K). The signal of the carbene carbon is shown in more detail Selected cross-correlations in the NOESY spectrum of (α-ICyD) Bn CuH (600 MHz, THF-d8, 300 K). HMBC spectrum of (α-ICyD) Bn CuH (top), and selected cross-correlations (bottom) (600 MHz, THF-d8, 300 K).

13 C

 13 NMR spectrum of 378 in CD3CN (300 K, 100 MHz)
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  4 C ), 80.49 (C-3 A ), 80.33 (C-3 F ), 80.31 (C-4 D ), 80.15 (C-2 B ), 80.12 (C-2 F ), 79.89 (C-2 C ), 79.86 (C-2 E ), 78.70 (C-2 A ), 76.43 (2 × C-OCH2Ph), 75.99 (C-4 B ), 75.96 (2 × C-OCH2Ph), 75.53 (2 × C-OCH2Ph), 75.03 (C-2 D ), 74.08 (C-5 D ),

13 C

 13 NMR (151 MHz, CDCl3) δ 140.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Table 20 . Oxidation of cyclohexane [a]

 20 

		Entry	Cat.	H2O2	Cat. (%)	c-hexanol	Yield (%) [b] c-hexanone	Total
		1	159	10	1	16	12	28
		2	Cu(ClO4)2	10	1	3	1	4
		3	151	10	1	10	5	15
	[a]	4	none	10	-	-	-	-

Table 27 . Lactonization reactions catalyzed by (ICyD) Me AuCl complexes in pure water.

 27 

	Entry	Substrate	Ligand	Time (h)	Yield (%) [a]
	1	226	(α-ICyD) Me	36	58
	2	226	(β-ICyD) Me	14	58
	3	227	(α-ICyD) Me	36	33
	4	227	(β-ICyD) Me	14	55
	5	228	(α-ICyD) Me	14	76
	6	228	(β-ICyD) Me	14	85
	7 [b]	227	(α-ICyD) Me	36	25
	8 [b]	227	(β-ICyD) Me	14	55
	[a]				

Isolated yields; [b] Reactions performed after recycling of (α-ICyD) Me AuCl and (β- ICyD) Me AuCl (second run).

  

  Me AuCl catalysts are stable and active in the hydration reactions. The CD size-dependent selectivity was clearly observed in all gold-catalyzed reactions, in which the larger (β-ICyD) Me AuCl displayed higher efficiency in comparing with (α-ICyD) Me AuCl. Moreover, high control of enantioseletivity in gold-catzlyzed cycloisomerizations in water gave up to 81% ee was induced by these watersoluble complexes. Moreover, (β-ICyD) Me AuCl was found to be particularly efficient in promoting the enantioselective hydroxycyclization reaction of 1,6enynes, resulting in the cyclized alcohols in up to 98% ee. Therefore, with these results in hand, we can say that the (ICyD) Me are useful ligands for selective catalysis in pure water.

Me AuCl and (β- ICyD) 

Table 37 . Reaction conditions of acetolysis of 363

 37 

	Entry	Conditions (equiv.)	T (°C)	t	Result
		1	I2 (6.6) + Et3SiH (6.6) + IPA (30)	35	3d	Starting materials
		2	I2 (6.6) + IPA (30)	0	3h	Mixture
		3	I2 (6.6) + IPA (30)	-60 ~0	6h	Mixture
	[a]:	4	I2 (6.6) + Et3SiH (6.6) [a]	-60 ~-30	30 min	Mixture

Quenched with 30 equivalents of IPA.

  

Table 40 . Reaction conditions of formation of boronate ester hook Entry Conditions t Result 1 PhB(OH)2 (1 equiv.), Dry toluene, 110 °C 14h S.M [a]

 40 

  2 /thioacetic acid combined system. Reaction of 369 with NaH in THF at 40 °C for 14h, gave 3,6-anhydro compound 403 in 82% yield after the intramolecular elimination. This 3,6anhydro compound 403 can be seen as a hook containing compound to synthesize highly functionalized CD patterns. However, due to the difficulty of opening the 3,6-anhydro rings, we decided to use it to construct another new type of CD-based metal complexes. Full benzylation of the secondary hydroxyl groups of 403, gave compound 404 in 87% yield. When compound 404 was

	submitted to a reaction of DIBAL-H, a major compound 405 was obtained in 30%
	yield. ESI-MS indicated that two benzyl groups were removed. After careful
	characterization by NMR, we confirmed that these two benzyl groups are
	removed from primary rim on the glucose units C and F, respectively. Mesylation
	of this diol 405 gave mesylated compound 406 in 83% yield. After that, we
	hoped to introduce an imidazolium-bridge between glucose units C and F to
	synthesize a new type of CD-based metal complexes (Scheme 111). However, we
	failed to form the imidazolium-bridged compound 407. For this step, we first
	adapted the conditions for the synthesis of (ICyD) Bn MX complexes with 20
	equivalents of imidazole in DMF at 120 °C. However, after 14h, a mixture of bis-
	imidazoulium compound 408, partially hydrolyzed compound 409 and partially
	formylated compound 410 was observed here, but no expected compound 407

  After stirring at 37 °C for 42 h, the reaction mixture was extracted with Et 2 O (15 mL × 3). The organic layer was dried over MgSO 4 , filtered and concentrated. The residue was purified by silica chromatography (CyH : EtOAc = 6 : 1) to give the cyclized products.

	(0.05 M).
	3,6-
	anhydro ring containing CD patterns with new cavity shape although we failed to
	synthesize highly functionalized CD patterns. For the next work, inspired by our
	previous work, we are going to synthesize bis-NHC palladium complexes with
	these 3,6-anhydro ring containing CD patterns.

  C,F , C-4B,E ), 79.47 (C-2 A,D ), 79.04 (C-2 B,E ), 78.47(C-2 C,F , C-4 A,D ), 76.

  (16 × C-CH 2 Ph), 71.79 (C-5 C,F ), 71.66 (C-5 B,E ), 69.05 (C-6 B,E ), 68.87 (C-6 C,F ), 63.67 (C-6 A,D ), 20.89 (2 × CH 2 OCOCH 3 ) ppm.

	× H-3), 4.04 (dd, J = 12.7, 4.9 Hz, 2H, 2 × H-6 AD ), 3.80 -3.76 (m, 2H, 2 × H-5 AD ),
	3.76 -3.72 (m, 2H, 2 × H-5 CF ), 3.72 -3.68 (m, 2H, 2 × H-5 BE ), 3.60 -3.48 (m, 8H, 2
	× H-6 BE , 4 × H-6 CF , 2 × H-4 BE ), 3.47 -3.37 (m, 8H, 2 × H-6 BE , 2 × H-4 CF , 2 × H-2 CF , 2
	× H-2 BE ), 3.37 -3.29 (m, 4H, 2 × H-2 AD , 2 × H-4 AD ), 1.87 (s, 6H, 2 × CH2OCOCH3)
	ppm.
	13 C NMR (151 MHz, CDCl3) δ 170.21 (2 × CH2OCOCH3), 137.

  , 122.26 (N-CH=CH-N), 99.47 (C-1 C,F ), 98.50 (C-1 B,E ), 97.58 (C-1 A,D ), 83.41 (C-4 C,F ), 82.71 (C-3 A,D ), 81.90 (C-3 B,E ), 80.93

	(C-3 C,F ), 80.90 (C-4 B,E ), 80.74 (C-2 A,D ), 79.44 (C-2 B,E ), 78.07 (C-4 A,D ), 77.28 (C-2 C,F ),
	74.09 (C-5 C,F ), 73.42, 73.33, 73.06, 72.67, 72.32 (10 × C-CH2Ph), 71.68 (C-5 B,E ),
	71.48 (C-6 C,F ), 70.54 (C-5 A,D ), 67.69 (C-6 B,E ), 62.69 (2 × -OCH3), 62.54 (2 × -OCH3),
	61.44 (2 × -OCH 3 ), 54.31 (C-6 A,D ) ppm.
	Note: the chemical shift of the carbene carbon was deduced from cross-
	correlation but could not be observed directly due to coupling with 107 Ag and
	109

  3.33 (m, 10H, 2 × H-2 CF , 2 × H-2 BE , 4 × H-6 AD , 2 × H-4 AD ), 3.29 (d, J = 9.8 Hz, 2H, 2 × H-2 AD ) ppm.

13

C NMR (151 MHz, CDCl 3 ) δ 139.

  , 99.39 (2 × C-1 BE ),99.35 (2 × C-1 AD ),98.42 (2 × C-1 CF ),84.41 (2 × C-4 AD ), 80.89 (2 × C-3 BE ), 80.73 (2 × C-3 CF ), 80.57 (2 × C-4 CF ), 80.21 (2 × C-4 BE ), 80.17 (2 × C-3 AD ), 79.40 (2 × C-2 AD ), 78.93 (2 × C-2 BE ), 78.65 (2 × C-2 CF ), 75.74, 75.52, 75.30 (6 × C-OCH 2 Ph),73.64, 73.53, 72.94, 72.85, 72.67 (10 × C-OCH2Ph), 71.97 (2 × C-5 CF ), 71.39 (2 × C-5 BE ), 70.36 (2 × C-5 AD ), 69.55 (2 × C-6 CF ), 69.33 (2 × C-6 BE ), 9.84 (2 × C-6 AD ) ppm.= 11.4 Hz, 2H, 2 × H-CHPh CF ), 4.17 -4.01 (m, 6H, 2 × H-3 BE , 2 × H-3 AD , 2 × H-3 CF ),3.76 (dd, J = 10.2, 5.5 Hz, 2H, 2 × H-5 CF ),3.70 (d, J = 9.6 Hz, 2H, 2 × H-5 BE ), 3.65 (d, J = 9.9 Hz, 2H, 2 × H-6 CF ), 3.57 -3.45 (m, 8H, 2 × H-6 CF , 2 × H-6 BE , 2 × H-6 AD , 2 × H-4 BE ), 3. 8H,[2][3][START_REF] Krause | Modern Organocopper Chemistry[END_REF][START_REF] Glaser | Beitr a ge zur Kenntniss des Acetenylbenzols[END_REF][6] , 2 × H-2 CF , 2 × H-2 BE , 2 × H-2 AD ),3.31 (d, J = 8.7 Hz, 2H, 2 × H-4 CF ), 3.27 -3.20 (m, 4H, 2 × H-4 AD , 2 × H-5 AD ), 3.16 (d, J = 10.9 Hz, 2H, 2 × H-6 AD ) ppm.

  , 101.93 (2 × C-1 BE ), 101.45 (2 × C-1 AD ), 101.42 (2 × C-1 CF ), 87.63 (2 × C-4 AD ), 84.20 (2 × C-4 CF ), 83.53 (2 × C-4 BE ), 78.22 (2 × C-2 AD ), 78.04 (2 × C-2 CF ), 77.96 (2 × C-2 BE ), 74.34 (2 × C-3 CF ), 74.23 (2 × C-3 BE ), 74.11, 74.06 (5 × C-OCH2Ph), 73.80, 73.77 (5 × C-OCH2Ph), 73.57 (2 × C-3 AD ), 70.87 (2 × C-5 CF ), 70.40 (2 × C-5 BE ), 69.54 (2 × C-6 CF ), 68.80 (2 × C-5 AD ), 68.73 (2 × C-6 BE ), 9.49 (2 × C-6 AD ) ppm.2H, 2 × H-6 BE ), 3.69 -3.62 (m, 8H, 2 × H-2 AD , 2 × H-4 CF , 2 × H-6 AD , 2 × H-6 CF ), 3.62 -3.57 (m, 2H, 2 × H-4 BE ), 3.55 (dd, J = 9.9, 3.4 Hz, 2H, 2 × H-2 CF ),3.52 (d, J = 8.9 

  , 102.00 (2 × C-1 AD ), 101.38 (2 × C-1 BE ), 100.07 (2 × C-1 CF ), 83.94 (2 × C-4 CF ), 81.85 (2 × C-4 BE ), 79.79 (2 × C-2 BE ), 79.16 (2 × C-2 CF ), 78.89 (2 × C-4 AD ), 75.40 (2 × C-2 AD ), 74.20 (2 × C-5 AD ), 74.09, 73.53, 73.50, 73.21 8 × C-OCH2Ph), 72.77 (2 × C-3 BE ), 72.22 (2 × C-OCH2Ph), 72.16 (2 × C-3 AD ), 71.97 (2 × C-3 CF ), 71.05 (2 × C-5 BE ), 70.33 (2 × C-5 CF ), 69.30 (2 × C-6 CF ), 69.01 (2 × C-6 AD ), 68.33 (2 × C-6 BE ) ppm.6H, 2 × H-3 CF , 2 × H-3 BE , 2 × H-5 BE ), 4.03 -3.95 (m, 4H, 2 × H-4 BE , 2 × H-4 CF ),3.92 (d, J = 8.7 Hz, 2H, 2 × H-6 BE ),3.81 (d, J = 10.6 Hz, 2H, 2 × H-6 AD ), 3.74 (t, J = 3.8 Hz, 2H, 2 × H-2 AD ),3.69 (d, J = 10.4 Hz, 2H, 2 × H-6 CF ),3.65 (dd, J = 9.7, 3.7 Hz, 2H, 2 × H-2 CF ),3.61 (dd, J = 10.7, 2.6 Hz, 2H, 2 × H-6 AD ), 3.56 (d, J = 9.2 Hz, 2H, 2 × H-6 BE ), 4H,[2][3][START_REF] Krause | Modern Organocopper Chemistry[END_REF] , 2 × H-2 BE ) ppm.

  , 102.19 (2 × C-1 AD ), 100.41 (2 × C-1 CF ), 100.25 (2 × C-1 BE ), 82.18 (2 × C-4 CF ), 81.85 (2 × C-4 BE ), 80.49, 80.34 (2 × C-3 BE ) (2 × C-3 CF ), 80.18 (2 × C-2 CF ), 79.76 (2 × C-4 AD ), 79.64 (2 × C-2 BE ), 76.04 (2 × C-OCH2Ph), 75.77 (2 × C-2 AD ), 75.75 (2 × C-OCH2Ph), 74.15 (2 × C-5 AD ),

  (12 × OCH3),18.76 (C-CH3 A ),15.80 (OCH2CH3), 15.74 (OCH2CH3), 15.39 (OCH2CH3) ppm.(dd, J = 10.1, 3.6 Hz, 2H, 2 × H-6 BE ),3.81 (dd, J = 12.8, 2.2 Hz, 2H, 2 × H-6 CF ), 3.79 -3.75 (m, 4H, 2 × H-4 BE , 2 × H-6 AD ), 3.73 (t, J = 9.5 Hz, 2H, 2 × H-4 CF ), 3.70 (dd, J = 10.1, 1.9 Hz, 2H, 2 × H-6 BE ), 3.60 (dd, J = 4.5, 3.0 Hz, 2H, 2 × H-2 AD ), 3.57 (dd, J = 10.6, 2.8 Hz, 2H, 2 × H-6 AD ),3.51 (dd, J = 9.6, 3.6 Hz, 2H, 2 × H-2 CF ), 3.44 (dd, J = 5.5, 2.5 Hz, 2H, 2 × H-4 AD ), 3.41 (dd, J = 10.0, 3.3 Hz, 2H, 2 × H-2 BE ) ppm.

  , 102.16 (2 × C-1 AD ), 100.99 (2 × C-1 BE ), 99.50 (2 × C-1 CF ), 82.27 (2 × C-4 BE ), 82.00 (2 × C-4 CF ), 80.80 (2 × C-2 CF ), 80.69 (2 × C-3 CF ), 80.29 (2 × C-3 BE ), 79.65 (2 × C-2 BE ), 79.46 (2 × C-4 AD ), 76.40 (2 × C-2 AD ), 75.58, 75.50 (4 × C-OCH2Ph), 74.01 (2 × C-5 AD ), 73.54, 73.33, 73.17, 72.32 (8 × C-OCH 2 Ph), 72.20, 72.18 (2 × C-5 CF ) (2 × C-3 AD ), 71.58 (2 × C-5 BE ), 68.97 (2 × C-6 BE ) (2 × C-6 AD ), 62.47 (2 × C-6 CF ) ppm.× H-2 AD ), 3.54 (t, J = 9.5 Hz, 2H, 2 × H-4 CF ),3.44 (dd, J = 9.7, 3.6 Hz, 2H, 2 × H-2 CF ),3.42 (dd, J = 5.6, 2.4 Hz, 2H, 2 × H-4 AD ), 3.33 (dd, J = 9.9, 3.2 Hz, 2H, 2 × H-2 BE ), 2.75 (s, 6H, 2 × -OSO 2 CH 3 ) ppm.

	13 C NMR (151 MHz, CDCl3) δ 140.00,

  , 102.15 (2 × C-1 AD ), 101.03 (2 × C-1 BE ), 99.72 (2 × C-1 CF ), 82.54 (2 × C-4 CF ), 81.76 (2 × C-4 BE ),80.20, 80.12, 80.03, 79.99, 79.71 (2 × C-2 CF ) (2 × C-2 BE ) (2 × C-4 AD ) (2 × C-3 CF ) (2 × C-5 BE ), 76.20 (2 × C-2 AD ), 75.85 (2 × C-OCH2Ph), 75.54 (2 × C-OCH2Ph),74.18 (2 × C-5 AD ),73.58, 73.08, 73.05, 72.58 (8 × C-OCH2Ph), 71.87 (2 × C-3 AD ), 71.21 (2 × C-3 BE ), 70.19 (2 × C-6 CF ), 69.68 (2 × C-5 CF ), 68.81 (2 × C-6 AD ), 68.4 (2 × C-6 BE )5, 37.66 (2 × -0S02CH3) ppm. 6 CF , 2 × H-3 CF ), 3.47 (s, 6H, 2 × -OCH3), 3.44 (s, 6H, 2 × -OCH3), 3.39 (s, 6H, 2 × -OCH 3 ), 3.38 (s, 6H, 2 × -OCH 3 ), 3.19 (dd, J = 9.6, 3.6 Hz, 2H, 2 × H-2 CF ), 3.16 (dd, J = 9.5, 3.2 Hz, 2H, 2 × H-2 BE ) ppm. NMR (151 MHz, CDCl3) δ 102.27 (2 × C-1 AD ), 100.68 (2 × C-1 BE ), 98.94 (2 × C-1 CF ), 82.97 (2 × C-2 BE ), 82.64 (2 ×C-4 CF ), 81.94(2 × C-2 CF ), 81.83 (2 × C-3 CF ), 81.78 (2 × C-2 AD ), 81.42 (2 × C-3 BE ), 79.57 (2 × C-4 AD ), 78.07 (2 × C-4 BE ), 74.03 (2 × C-5 AD ), 71.91 (2 × C-3 AD ), 71.34 (2 × C-6 CF ), 71.25 (2 × C-5 CF ), 70.71 (2 × C-6 BE ), 70.64 (2 × C-5 BE ), 69.36 (2 × C-6 AD ), 61.87 (2 × -0CH 3 ), 61.06 (2 × -0CH 3 ), 59.11 (2 × -0CH 3 ), 59.10 (2 × -0CH 3 ), 58.97 (2 × -0CH 3 ), 58.89 (2 × -0CH 3 ), 57.73 (2 × -0CH3) ppm. 3 CF ), 3.54 (s, 6H, 2 × -OCH3), 3.51 (s, 2H, 2 × H-4 BE ), 3.48 (s, 6H, 2 × -OCH3), 3.46 (s, 6H, 2 × -OCH 3 ), 3.37 (s, 6H, 2 × -OCH 3 ), 3.20 (dd, J = 9.2, 3.7 Hz, 2H, 2 × H-2 CF ), 3.14 (dd, J = 10.0, 3.5 Hz, 2H, 2 × H-2 BE ) ppm. NMR (151 MHz, CDCl3) δ 102.40 (2 × C-1 AD ), 100.43 (2 × C-1 BE ), 97.93 (2 × C-1 CF ), 82.87 (2 × C-2 BE ), 82.58(2 × C-2 CF ), 82.47 (2 × C-4 CF ), 82.29 (2 × C-4 BE ), 81.20 (2 × C-2 AD ), 81.04 (2 × C-3 BE ), 79.03 (2 × C-4 AD ), 77.81 (2 × C-3 CF ), 73.90 (2 × C-5 AD ), 72.00 (2 × C-5 CF ), 71.86 (2 × C-3 AD ), 71.19 (2 × C-5 BE ), 70.72 (2 × C-6 BE ), 69.48 (2 × C-6 AD ), 62.44 (2 × C-6 CF ), 61.38 (2 × -0CH 3 ), 60.80 (2 × -0CH 3 ), 59.20 (2 × -0CH 3 ), 58.96 (2 × -0CH 3 ), 58.61 (2 × -0CH 3 ), 58.30 (2 × -0CH 3 ) ppm. NMR (151 MHz, CDCl3) δ 170.61 (2 × -0C0CH3), 102.90 (2 × C-1 AD ), 101.03 (2 × C-1 BE ), 98.39 (2 × C-1 CF ), 83.03 (2 × C-2 CF ), 82.93 (2 × C-4 CF ), 82.11 (2 × C-2 BE ), 82.05 (2 × C-2 AD ), 81.63 (2 × C-3 BE ), 81.29 (2 × C-4 BE ), 79.44 (2 × C-4 AD ), 78.07 (2 × C-3 CF ), 74.08 (2 × C-5 AD ), 72.02 (2 × C-3 AD ), 70.99 (2 × C-5 BE ), 69.71 (2 × C-6 BE ), 69.64 (2 × C-5 CF ), 69.44 (2 × C-6 CF ), 63.95 (2 × C-6 AD ), 61.82 (2 × -0CH3), 60.92 (2

	× -0CH3), 59.28 (2 × -0CH3), 58.96 (2 × -0CH3), 58.87 (2 × -0CH3), 58.02 (2 × -
	0CH3), 21.09 (2 × -0C0CH3) ppm.
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Chapter 4

The modification of both the primary and secondary rims of α-CD to construct new type of NHC-capped metal complexes and synthesize highly functionalized CD patterns To explore the mechanism of this DIBAL-H induced demethylation reactions on the secondary rim of permethylated CDs. Both mono-2-OH-methylated-β-CD 340 and mono-3-OH-methylated-β-CD 341 were prepared. However, there is no reaction when treating 340 with DIBAL-H, while the methyl group-2A was easily removed to give 2 A ,3 B -diol 338 in a short time when 341 is submitted to the reaction of DIBAL-H. Therefore, a stepwise mechanism is involved in this didemethylation reaction, the removal of methyl group at position-2A takes place after the removal of the one at position-3B (Scheme 83). [304] Based on these results, a plausible mechanism for the di-demethylation on the secondary rim of permethylated CDs was proposed (Scheme 84). Firstly, one DIBAL-H molecule is chelated with OMe-2A and OMe-3B to form species 342. Then complex 343 is formed by the second DIBAL-H molecule coordinating with the less hindered OMe-3B (which is situated on the outside of the cavity). After demethylation at positon-3B, the species 344 is formed. Then, a second coordination by the interglycosidic oxygen atom led to form complex 345. Attacking at position-2A

with the third DIBAL-H molecule forms species 346. Finally, 2 A ,3 B -diol can be obtained after the hydrolysis of complex 347. [304] COSY NMR of complex 253 (600 MHz, THF-d8, 300 K). Key cross correlations are marked.

COSY NMR of complex 255 (600 MHz, THF-d8, 300 K). Key cross correlations are marked.