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Introduction

The use of gold in homogenous catalysis was scarcely investigated during the last century, since gold complexes were long considered to be chemically inert and thus catalytically useless species. This situation changed dramatically when the carbophilic properties of gold complexes were discovered, and within only two decades, they became extremely powerful and versatile catalysts for the activation and functionalization of π-CC bonds. [START_REF] Hashmi | Gold Catalysis[END_REF] Accordingly, a number of useful catalytic transformations in organic synthesis based on πor σ,π-coordination of alkynes, allenes and alkenes have been developed. [START_REF] Hashmi | Modern Gold Catalyzed Synthesis[END_REF] These advances in gold-catalyzed transformations have stimulated coordination and organometallic studies in order to gain more understanding of the structure and reactivity of gold complexes, in particular gold(I) species. Here, monodentate ligands, especially phosphines and N-Heterocyclic carbenes (NHCs), have been extensively used as ancillary ligands due to the inherent preference for gold(I) complexes to be two-coordinate and adopt linear geometry. [START_REF] Carvajal | Choice of Coordination Number in d 10 Complexes of Group 11 Metals[END_REF] In contrast, gold(I) complexes featuring bidentate ligands are comparatively very rare, but have captured increasing attention because of the unique properties chelating ligands impart to gold in terms of bonding and chemical behavior. From a structural point of view, bidentate ligands force gold(I) to escape its usual two-coordinate linear form and they are preorganized to form tri or even tetra-coordinate complexes. [START_REF] Crespo | Two-, Three-and Four-Coordinate Gold(I) Complexes of 1,2-bis(Diphenylphosphino)1,2-Dicarba-closo-dodecarborane[END_REF] In addition, chelating ligands enforce bending at gold and thereby, noticeably modify its electronic properties. Most significant is the impact on the energy and symmetry of the frontier orbitals. As illustrated in Figure 1 for model phosphine and diphosphine cationic gold(I) complexes, the HOMO is very much raised in energy and changes from 5dz2 to 5dxz in symmetry, in line with that encountered in group 10 ML2 complexes. [START_REF] Otsuka | Chemistry of Platinum and Palladium Compounds of Bulky Phosphines[END_REF] In the meantime, the LUMO is raised in energy, but remains low. Overall, the energy gap between the vacant and occupied orbitals at gold involved in donation and backdonation (HOMO-3/LUMO for the monophosphine complex, HOMO/LUMO for the diphosphine complex) is considerably decreased. The unique properties of bent dicoordinate L2Au + fragments was shown to radically impact oxidative addition to gold. This elementary step is hardly feasible with monocoordinate Au(I) complexes, [START_REF] Gorin | Relativistic Effects in Homogenous Gold Catalysis[END_REF][START_REF] Lauterbach | Unlikeliness of Pd-Free Gold(I)-Catalyzed Sonogashira Coupling Reactions[END_REF][START_REF] Livendahl | Rationale for the Sluggish Oxidative Addition of Aryl Halides to Au(I)[END_REF][START_REF] Teles | Oxidative Addition to Gold(I): A New Avenue in Homogeneous Catalysis with Au[END_REF] and the reluctance of gold to cycle between the +I and +III oxidation states has limited its application in such catalytic transformations. However, when the metal fragment is activated and preorganized thanks to the use of a chelating ligand, oxidative addition to gold turns easy and general, [START_REF] Joost | Facile Oxidative Addition of Aryl Iodides to Gold(I) by Ligand Design: Bending Turns on Reactivity[END_REF][START_REF] Joost | Oxidative Addition of Carbon-Carbon Bonds to Gold[END_REF][START_REF] Zeineddine | Rational Development of Catalytic Au(I)/Au(III) Arylation Involving Mild Oxidative Addition of Aryl Halides[END_REF][START_REF] Fernandez | Controlling the Oxidative Addition of Aryl Halides to Au(I)[END_REF][START_REF] Huang | Homogenous Gold Redox Chemistry: Organometallics, Catalysis, and Beyond[END_REF] opening new avenues in Au(I)/Au(III) catalysis. [START_REF] Zeineddine | Rational Development of Catalytic Au(I)/Au(III) Arylation Involving Mild Oxidative Addition of Aryl Halides[END_REF][START_REF] Rodriguez | Catalytic Au(I)/Au(III) Arylation with the Hemilabile MeDalphos Ligand: Unusual Selectivity for Electron-Rich Iodoarenes and Efficient Application to Indoles[END_REF][START_REF] Rodriguez | Au(I)/Au(III)-Catalyzed C-N Coupling[END_REF][START_REF] Rigoulet | Gold(I)/Gold(III) Catalysis that Merges Oxidative Addition and -Alkene Activation[END_REF][START_REF] Akram | Ligand-Enabled Gold-Catalyzed C(sp 2 )-N Cross Coupling Reactions of Aryl Iodides with Amines[END_REF][START_REF] Chintawar | Gold Catalyzed 1,2-Diarylation of Alkenes[END_REF][START_REF] Tathe | Ligand-Enabled Gold-Catalyzed 1,2-Heteroarylation of Alkenes[END_REF][START_REF] Zhang | Intermolecular Alkene Difunctionalization via Gold-Catalyzed Oxyarylation[END_REF] In this review are discussed the preparation, characterization, structure and reactivity of two types of gold(I) complexes featuring chelating ligands: first, -complexes with alkenes and alkynes side-on coordinated, and then carbene complexes. A small library of chelating ligands of L^L('), L^E (-) ^L and L^X types have been exploited in gold(I) chemistry to date (Figure 2). With this detailed survey, we hope to inspire the gold community and newcomers to further use and develop chelating ligands in gold(I) chemistry. There is clearly still a lot to discover. 

Gold(I) -complexes

As mentioned above, the discovery of the ability of gold complexes to activate -bonds towards nucleophilic addition has represented a great breakthrough in homogeneous catalysis and in organic synthesis. [START_REF] Hashmi | Modern Gold Catalyzed Synthesis[END_REF][START_REF] Dyker | An Eldorado for Homogeneous Catalysis?[END_REF]23,[START_REF] Hoffmann-Röder | The Golden Gate to Catalysis[END_REF][START_REF] Toste | Gold Catalysis: An Homogeneous Approach[END_REF][START_REF] Slaughter | Homogeneous Gold Catalysis[END_REF] A large number of useful transformations such as the addition of oxygen-, nitrogen-, and carbon-based nucleophiles to CC multiple bonds, rearrangements and cycloaddition reactions have been developed. [START_REF] Winter | Gold-Catalyzed Nucleophilic Cyclization of Functionalized Allenes: A Powerful Access to Carbo-and Heterocycles[END_REF][START_REF] Chiarucci | New Developments in Gold-Catalyzed Manipulation of Inactivated Alkenes[END_REF][START_REF] Obradors | Intriguing Mechanistic Laberynths in Gold(I) Catalysis[END_REF][START_REF] Dorel | Gold(I)-Catalyzed Activation of Alkynes for the Construction of Molecular Complexity[END_REF][START_REF] Halliday | Gold-Alkynyls in Catalysis: Alkyne Activation, Gold Cumulenes and Nuclearity[END_REF][START_REF] Mascareñas | Allenes and Derivatives in Gold(I)-and Platinum(II)-Catalyzed Formal Cycloadditions[END_REF] All these catalytic transformations usually involve the side-on coordination and activation of a -CC bond to gold. Consequently, the isolation of gold -complexes has received considerable attention in the last two decades. [START_REF] Schmidbaur | Gold  2 -Coordination to Unsaturated and Aromatic Hydrocarbons: The Key Step in Gold-Catalyzed Organic Transformations[END_REF][START_REF]Cinellu MA in Modern Gold Catalyzed Synthesis[END_REF][START_REF] Brooner | Cationic, Two-Coordinate Gold  Complexes[END_REF][START_REF] Jones | Gold -Complexes as Model Intermediates in Gold Catalysis[END_REF][START_REF] Blons | Gold(III)  Complexes[END_REF] These compounds serve as models for the transient species and their study provide valuable insights into the factors governing the catalytic transformations. Since the determination of the crystal structure of the Zeise's salt 1 K[Cl3Pt(C2H4)], [START_REF] Zeise | Von der Wirkung zwischen Platinchlorid und Alkohol, und von den dabei entstehenden neuen Substanzen[END_REF] major efforts were made in order to mimic the platinum behavior to coordinate olefins. After several attempts and non-conclusive studies to isolate and characterize stable gold(I) complexes with a coordinated olefin, the group of Strähle in 1987 finally isolated and structurally characterized the first Au(I) -complex 2, with cis-cyclooctene coordinated to AuCl (Figure 3). [START_REF] Dell'amico | Olefin Complexes of Gold(I) by Carbonyl Displacement from Carbonylgold(I) Chloride[END_REF] The C=C distance is significantly longer than in the free olefin ligand (1.38(2) Å versus 1.332(2) Å), and the (C=C) stretching vibration appears at 1525 cm -1 , compared to 1648 cm -1 for the free olefin. A few years later, Fackler reported the tetranuclear complex 3 of the formula Au4(dppe)2[S2C2(CN)2]Cl2. [START_REF] Davila | Synthesis and Structural Characterization of Au4(MNT)(dppe)2(Cl)2•1/4CH2Cl2 (MNT = 1,2-Dicyanoetheen-1,2-dithiolate-S,S'; dppe = cis-Bis(diphenylphosphino)ethylene): A Gold(I) Metal-Olefin Complex in Which the Olefin Orientation Relative to the Coordination Plane Involving the Metal Is Defined[END_REF] Here, one of the four gold(I) centers is attached to the central C=C bond of a cisbis(diphenylphosphino)-ethene (ddpe) and chelated by a 1,2-dicyanoethene-1,2-dithiolate ligand, thus presenting a formal negative charge. The C=C bond sits in the SAuS coordination plane, enabling stabilizing interaction between the olefin  and the metal d orbitals. The C=C bond distance in complex 3 is elongated in comparison with the free olefin (1.38(6) Å versus 1.30 (6) Å) indicating an important gold→* backdonation. In the following years, some -alkyne gold(I) compounds were also reported. [START_REF] Mingos | A Gold(I) [2]Catene[END_REF][START_REF] Lang | Unusual Coordination Mode of Organogold(I) Compounds: Trigonal-Planar Complexation of Gold(I) Centers by Alkynes[END_REF][START_REF] Köhler | Trigonal-Planar-Coordinated Organogold(I) Complexes Stabilized by Organometallic 1,4-Diynes: Reaction Behavior Structure, and Bonding[END_REF][START_REF] Schulte | Strong Coordination of Cycloheptynes by Gold(I) Chloride: Synthesis and Structure of Two Complexes of the Type [(alkyne)AuCl[END_REF] 

3.

The isolation and characterization of the first gold(I) -complexes have stimulated studies on olefin coordination to gold in different oxidation states. Theoretical investigations have shown that the bonding of ethylene and acetylene to gold(0) atoms is very weak, [START_REF] Mcintosh | Direct Synthesis Using Gold Atoms: Synthesis, Infrared and Ultraviolet-Visible Spectra and Molecular Orbital Investigation of Monoethylene Gold(0), (C2H4)Au[END_REF][START_REF] Mcintosh | Optical and SCF-Xa-SW Investigations of M(-C2H4), Where M = Cu, Ag, and Au[END_REF] in contrast with initial experimental results. [START_REF] Kasai | Acetylene and Ethylene Complexes of Gold Atoms: Matrix Isolation ESR Study[END_REF][START_REF] Kasai | Propylene Complexes of Copper, Silver and Gold Atoms: Matrix Isolation ESR Study[END_REF][START_REF] Kasai | Bis(ethylene)gold(0) and Bis(propylene)gold(0) Complexes: Gold Nuclear Hyperfine and Quadrupole Coupling Tensors[END_REF][START_REF] Nicolas | Theoretical Study of Ethylene-Noble metal Complexes[END_REF][START_REF] Bond | Gold Catalysis for Olefin Hydrogenation[END_REF] The binding energies are close to those of dispersion forces and gold(0) has low affinity for C=C and CC bonds. On the other hand, gold(III) -complexes featuring alkenes, alkynes and arenes are known, but rare. [START_REF] Blons | Gold(III)  Complexes[END_REF] The weakness of the -coordination to gold(III), due in part to the weak Au→* backdonation, makes the study of such complexes challenging. This field is still in its infancy and much remains to be done. Most of the gold(III) -complexes reported to date derive from cyclometallated ligands. They have been isolated or spectroscopically characterized in situ at low temperature (< 0 C) under inert conditions. [START_REF] Savjani | Gold(III) Olefin Complexes[END_REF][START_REF] Langseth | Generation and Structural Characterization of a Gold(III) Alkene Complex[END_REF][START_REF] Rocchigiani | Gold(III) Alkyne Complexes: Bonding and Reaction Pathways[END_REF][START_REF] Rekhroukh | Gold(III)-Arene Complexes by Insertion of Olefins into Gold-Aryl Bonds[END_REF][START_REF] Rodríguez | Gold(III) -Allyl Complexes[END_REF][START_REF] Holmsen | A Highly Asymmetric Gold(III) 3 -Allyl Complex[END_REF] Cationic dicoordinate gold(I) -complexes of the type [LAu(ene)] + represent the majority of the known gold -complexes. They are generally stable both in the solid state and in solution. In most cases, N-heterocyclic carbenes (NHCs) [START_REF] Zuccaccia | Ion Pairing in Cationic Olefin-Gold(I) Complexes[END_REF][START_REF] Brown | Synthesis, X-Ray Crystal Structures, and Solution Behavior of Monomeric, Cationic, Two-Coordinate Gold(I) -Alkene Complexes[END_REF][START_REF] De Frémont | Cationic NHC-gold(I) Complexes: Synthesis, Isolation, and Catalytic Activity[END_REF] or phosphines [START_REF] Zuccaccia | Ion Pairing in Cationic Olefin-Gold(I) Complexes[END_REF][START_REF] Hooper | Synthesis and Structural Characterisation of Stable Cationic Gold(I) Alkene Complexes[END_REF][START_REF] Brown | Synthesis and X-Ray Crystal Structures of Cationic, Two-coordinate Gold(I) -Alkene Complexes that Contain a Sterically Hindered o-Biphenylphosphine ligand[END_REF][START_REF] Motloch | X-Ray Characterization of Triphenylphosphine-Gold(I) olefin -Complexes and the Revision of their Stability in Solution[END_REF][START_REF] Griebel | Bisphenyl Phosphines: Structure and Synthesis of Gold(I) Alkene -Complexes with Variable Phosphine Donicity and Enhanced Stability[END_REF] have been employed as ancillary ligands. The involved -systems include alkenes, alkynes, conjugated dienes, allenes, enamines and enol ethers (Figure 4). Tricoordinate species have also been reported with different chelating ligands. They present unique features, but remain very scarce. In this section, tricoordinate gold(I) -complexes bearing chelating or hemilabile ligands are reviewed in detail.

Special attention is given to the specific electronic and structural features of the gold(I)--system interaction. The impact of this unusual coordination on the alkene/alkyne properties is discussed and compared with that encountered classically in cationic dicoordinate gold(I) -complexes. 

Gold(I) -complexes with N^N-chelating ligands

In the mid 2000's, Cinellu et al described for the first time the synthesis and structural characterization of cationic tricoordinate gold(I) -complexes using different substituted bipyridine ligands. [START_REF] Cinellu | Reacion of Gold(III) oxo Complexes with Alkenes. Synthesis of Unprecedented Gold Alkene Complexes[END_REF][START_REF] Cinellu | Synthesis and Properties of Gold Alkene Complexes. Crystal Sructure of [Au(bipy oXyl )( 2 -CH2=CHPh)](PF6) and DFT Calculations on the Model Cation [Au(bipy) )( 2 -CH2=CHPh)] +[END_REF][START_REF] Cinellu | Reactions of Gold(III) Oxo Complexes with Cyclic Alkenes[END_REF] Dicationic dinuclear gold(III) ,-dioxo compounds were reduced by olefins and diolefins (Scheme 1) to give mononuclear gold(I) -complexes of the type [Au(bipy)(ene)] + (23 examples) or dinuclear gold(I) complexes with a bridging diolefin (7 examples) in low to moderate yields. The [Au(bipy)(ene)] + complexes were found to be surprisingly stable thermally, with melting points above 100 ºC. The olefins are bound sufficiently strongly to the gold(I) center not to dissociate either in solution or in solid state under vacuum.

The olefin is not even replaced by common coordinating solvents such as acetonitrile or by CO at atmospheric pressure. However, addition of an excess of the corresponding olefin caused broadening of the 1 H NMR signals of the coordinated alkene, indicating fast intermolecular exchange between the coordinated and free olefin at room temperature. Variable temperature 1 H NMR spectroscopy showed that the dynamic process is frozen at low temperature (193 K), where the different olefinic proton signals are well-separated. In the majority of the complexes, the signals of the olefin protons are sharp and showed a significant high-field shift with respect to those of the free alkenes (   in the range of 0.8-2.2 ppm). Likewise, the [START_REF] Fernandez | Controlling the Oxidative Addition of Aryl Halides to Au(I)[END_REF] C NMR signals for the olefinic carbons are upfield shifted upon coordination (  C in the range of 47.5-61.7 ppm).

These spectroscopic values are in marked contrast with the minor changes observed upon coordination of olefins to gold(I) centers ligated to phosphines or NHCs. The solid-state structures of the [Au(bipy)( 2 -styrene)] + complexes 4 and 5 display trigonal planar environments around the gold atom (Figure 5). The olefin is coplanar with the pyridine backbone, which chelates the gold center with bite angles around 75. The gold-carbon distances were found to be slightly shorter than in other gold(I)-alkene complexes. Most remarkable are the C-C bond lengths of the coordinated olefin, which were elongated (> 0.03 Å) in comparison with the free olefin. All these data indicate that the chelating bipyridine ligand induces some metallacyclic character as the result of significant Au→alkene backdonation. DFT calculations on the model cation Gold-ethylene adducts are particularly rare. [START_REF] Dias | Structurally Characterized Coinage-Metal-Ethylene Complexes[END_REF] See section 2.3 for a detailed comparison of the spectroscopic and structural data of the few known complexes discussed hereafter. In a pioneering work, Dias et al described in 2007 two singular neutral gold(I) ethylene complexes with monoanionic tris(pyrazolyl)borates as supporting ligands (Scheme 2). [START_REF] Dias | Thermally Stable Gold(I) Ethylene Adducts: [(HB{3,5(CF3)2Pz}3Au(CH2=CH2)][END_REF][START_REF] Dias | Structurally Similar, thermally Stable Copper(I), Silver(I), and Gold(I) Ethylene Complexes Supported by a Fluorinated Scorpionate[END_REF][START_REF] Ridlen | Isolable Ethylene Complexes of Copper(I), Silver(I), and Gold(I) Supported by Fluorinated Scorpionates [HB{3-(CF3),5-(CH3)Pz}3]and [HB{3-(CF3),5-(Ph)Pz}3][END_REF] Reaction of the tris(pyrazolyl)borate sodium salt with gold(I) chloride under an ethylene atmosphere afforded complexes 6a,b as colorless stable solids in good yields (> 70%). Remarkably, the ethylene molecule remained tightly bounded to gold(I) even when reduced pressure was applied. Also, in the presence of excess of ethylene, no alkene exchange was observed on the NMR time scale. As for the bipyridine gold(I) -complexes, the 1 H and [START_REF] Fernandez | Controlling the Oxidative Addition of Aryl Halides to Au(I)[END_REF] C NMR signals for the coordinated ethylene are markedly shifted upfield in comparison with free ethylene (3.81 and 63.7 ppm versus 5.43 and 116.8 ppm, respectively). However, there are no noticeable differences in chemical shifts between this neutral gold(I) ethylene complex and the related cationic gold(I) ethylene complexes, suggesting that the nature of the supporting ligand does not considerably affect the gold(I)-ethylene ligation. The single-crystal X-ray diffraction analysis showed a gold atom with trigonal-planar coordination geometry. The ethylene molecule sits in the coordination plane of the metal. It is bonded in a typical  2 -fashion with Au-C bond lengths of 2.096(6) and 2.108 (6) Å. The C=C bond (1.380(10) Å) is longer than that of free ethylene (1.313 Å). [START_REF] Nes | Single-Crystal Structures and Electron Density Distributions of Ethane, Ethylene and Acetylene. III. Single-Crystal X-Ray Structure Determination of Ethylene at 85 K. Act. Crystalogr[END_REF][START_REF] Krossing | A Stable Salt of the Tris(ethene)silver Cation: Structure and Characterization of [Ag(2-C2H4)3] + [Al{OC(CF3)3}4][END_REF] These bond distances are similar to those found in the cationic gold(I) ethylene complexes bearing bipyridine ligands (see below). The tris(pyrazolyl)borate ligand coordinates to gold in a   -fashion with Au-N distances of 2.2221(5) and 2.224(5) Å, while the unbounded nitrogen of the third pyrazolyl moiety is 2.710 Å away (which remains within the sum of van der Waals radii of Au and N). [START_REF] Batsanov | Van der Waals Radii of Elements[END_REF] However, complex 6a showed fluxional behavior in solution even at -80 C, with no differentiated signals for the coordinated and free pyrazolyl moieties in 1 H and [START_REF] Chintawar | Gold Catalyzed 1,2-Diarylation of Alkenes[END_REF] In a subsequent study, the same research group capitalized on the chelating nature of triazapentadienyl ligands to stabilize a gold(I)-ethylene complex. [START_REF] Flores | Gold(I) Ethylene and Copper(I) Ethylene Complexes Supported by a Polyhalogenated Triazapentadienyl Ligand[END_REF] Treatment of the triazapentadienyl lithium salt with gold(I) chloride in the presence of ethylene led to the formation of the neutral gold(I)-ethylene complex 8 as a yellow solid (Scheme 3A). The 1 H NMR signal corresponding to the ethylene protons appeared as a singlet at 2.71 ppm. The upfield shift with respect to free ethylene is larger than that observed for related gold(I)-ethylene complexes, which is most likely due to the ring current effect caused by the aryl group rings of the ligand flanking the ethylene moiety. The 13 C NMR signal of the coordinated ethylene appears at 59.1 ppm, in line with the other reported cationic and neutral gold(I)-ethylene complexes. The X-ray structure of complex 8 displays a trigonal-planar coordination geometry, with the triazapentadienyl ligand binding the metal center in a  2 fashion and with the ethylene molecule sitting in the plane of the N^N-Au(I) fragment. In this case, the C=C bond length of the coordinated ethylene is also longer (1.405(4) Å) than that of free ethylene. Of note, this Au(I)-ethylene complex 8 was proved to efficiently mediate carbene-transfer reactions from ethyl diazoacetate to saturated and unsaturated

hydrocarbons (C-H insertion, cyclopropanation reactions).

A similar ligand scaffold was used to prepare the first tricoordinated gold(I) alkyne complex following the same synthetic procedure. [START_REF] Dias | Monomeric Copper(I), Silver(I), and Gold(I) Alkyne Complexes and the Coinage Metal Family Group Trends[END_REF] Treatment of AuCl with [N{(C3F7)C(Dipp)N}2]Li (prepared directly from [N{(C3F7)C(Dipp)N}2]H and nBuLi) in the presence of 3-hexyne in hexane afforded the (N^N)Au(EtCCEt) complex 9 as a yellow solid in 85% yield (Scheme 3B). This Au(I)-alkyne complex was remarkably stable and could be handled in air without decomposition. The 1 H NMR spectrum exhibits signals corresponding to the ethyl moieties of the alkyne at the 1.1-0.75 ppm region, which is an upfield shift compared to the corresponding signals of free 3-hexyne (2.13 and 1.09 ppm). This shift is likely due to the ring currents of the flanking N-aryl groups, rather than a direct electronic implication of the Au-alkyne bond. The 13 C NMR signal of the acetylenic carbons appeared at 91.3 ppm, which is relatively downfield shifted in comparison with free 3-hexyne (80.9 ppm), and very similar to dicoordinate gold(I)-alkyne complexes. [START_REF] Hooper | Cationic Au(I) Alkyne Complexes: Synthesis, Structure and Reactivity[END_REF][START_REF] Zuccaccia | A Phosphine Gold(I) -Alkyne Complex: Tuning the Metal-Alkyne Bond Character and Counterion Position by the Choice of the Ancillary Ligand[END_REF][START_REF]Cationic Gold(I) -Complexes of Terminal Alkynes and Their Conversion to Dinuclear ,-Acetylide Complexes[END_REF][START_REF] Ciancaleoni | NHC-Gold-Alkyne Complexes: Influence of the Carbene Backbone on the Ion Pair Structure[END_REF] The X-ray structure of complex 9 presents a tricoordinate gold(I) center. The triazapentadienyl ligand coordinates the gold center in a  2 fashion with a N-Au-N bite angle of 85.31(13). The coordinated 3-hexyne sits in the plane of the [(N^N)Au] + fragment. In this case, the CC bond length is marginally longer (1.233(7) Å) than that computed for free 3-hexyne (1.215 Å). According to DFT calculations, the enthalpy of formation of the model -complex [N{(CF3)C(C6H5)N}2]M(EtCCEt) is 36.6 kcal/mol. NBO analysis showed that -donation from the alkyne to the metal center dominates over Au→alkyne -backdonation (109.8 versus 48.1 kcal/mol). In addition, the coordination of the alkyne was found to be stronger for gold than copper and silver, as well as the degree of backdonation versus donation. A few cationic Au(I)-ethylene complexes have also been described. In 2016, Daugulis et al reported a stable complex featuring an hindered -diimine ligand. [START_REF] Klimovica | Synthesis and Properties of "Sandwich" Diimine-Coinage Metal Ethylene Complexes[END_REF] Reaction of tris(ethylene)gold hexafluoroantimonate 10 83 and the diimine ligand under ethylene atmosphere afforded the tricoordinate gold(I)-ethylene complex 11 in moderate yields (42%) (Scheme 4). Complex 11 decomposed in solution within an hour at room temperature and had to be handled under inert atmosphere. Both 1 H and [START_REF] Fernandez | Controlling the Oxidative Addition of Aryl Halides to Au(I)[END_REF] C NMR signals corresponding to the ethylene moiety are upfield shifted in comparison with the free olefin (3.31 and 3.28 versus 5.43 ppm and 65.4 versus 116.8 ppm, respectively). Olefin exchange in presence of excess ethylene was found to occur, albeit slowly on the NMR time scale even at 50°C. To determine the exchange rate, complex 11-d4 was prepared in good yield (81%) by purging a solution of complex 11 with C2D4. Treatment with an excess of C2H4 was then monitored by [START_REF] Hashmi | Gold Catalysis[END_REF] In 2018, the group of Russell used the synthetic methodology developed by Daugulis et al to prepare cationic [Au(bipy)(ene)] + complexes. [START_REF] Harper | Oxidative Addition, Transmetalation, and Reductive Elimination at a 2,2'-Bipyridyl-Ligated Gold Center[END_REF] The reaction of 2,2'-bipyridines with the unstable

gold(I) tris-ethylene complex [Au(C2H4)3][NTf2] afforded [Au(bipy)(C2H4)][NTf2] complexes 12
and 13 in good yields (60 %) (Scheme 5). These complexes showed impressive stability. They can be handled in air and used for subsequent reactions in non-anhydrous solvents (for oxidative addition of C(sp 2 )-I and C(sp)-I bonds in particular). [START_REF] Harper | Oxidative Addition, Transmetalation, and Reductive Elimination at a 2,2'-Bipyridyl-Ligated Gold Center[END_REF][START_REF] Cadge | Oxidative Addition of Alkenyl and Alkynyl Iodides to a Au I Complex[END_REF] The molecular structure of the complex 13 revealed a distorted trigonal planar gold center with the bipyridine and ethylene ligands in the same plane and symmetrically  2 [START_REF] Brand | Direct Alkynylation of Indole and Pyrrole Heterocycles[END_REF][START_REF] Brand | Direct Alkynylation of Thiophenes: Cooperative Activation of TIPS-EBX with Gold and Bronsted Acids[END_REF][START_REF] Li | Gold-Catalyzed Regioselective Synthesis of 2-and 3-Alkynyl Furans[END_REF][START_REF] Peng | Gold-Catalyzed Oxidative Cross-Coupling of Terminal Alkynes: Selective Synthesis of Unsymmetrical 1,3-Diynes[END_REF][START_REF] Cai | Ligand-Assisted Gold-Catalyzed Cross-Coupling with Arylazonium Salts: Redox Gold Catalysis without an External Oxidant[END_REF][START_REF] Li | Gold-Catalyzed Cadiot-Chodkiewicz-type Cross-Coupling of Terminal Alkynes with Alkynyl Hypervalent Iodine Reagents: Highly Selective Synthesis of Unsymmetrical 1,3-Diynes[END_REF] The alkynylation product likely results from reductive elimination of an alkynyl Au(III) complex, which is derived from oxidative addition of an alkynyl iodonium salt to gold(I). In order to gain more insight into this catalytic transformation, the group of Hashmi synthetized in 2019 [(Phen)Au(C2H4)][NTf]2 complexes 14 and 15 (Scheme 5) following the same synthetic procedure than that used by Daugulis and Russell. [START_REF] Yang | Dual Gold/Silver Catalysis Involving Alkynylgold(III) Intermediates Formed by Oxidative Addition and Silver-Catalyzed C-H Activation for the Direct Alkynylation of Cyclopropenes[END_REF] Complex 15 proved to be a competent pre-catalyst for the alkynylation of cyclopropenes. As for the bipyridine analogues, 1 H and [START_REF] Fernandez | Controlling the Oxidative Addition of Aryl Halides to Au(I)[END_REF] C NMR spectroscopy showed a marked upfield shift of the ethylene signals. In addition, the C=C bond distance (1.411(10) Å) is larger than in dicoordinate gold(I)-ethylene complexes. Note that the phenanthroline ligand is coordinated in a symmetric  2 fashion, in marked contrast with that found in related (Phen)Au(phosphine) + complexes. [START_REF] Yang | Trans Influence of Ligands on the Oxidation of Gold(I) Complexes[END_REF] In a recent study, Pintus, Maiore et al have also utilized phenanthrolines as N^N-chelating ligands to prepare a series of stable tricoordinate Au(I) -complexes with norbornene as alkene (6 examples). [START_REF] Cinellu | Structural, Theoretical and Spectroscopic Characterisation of a Series of Novel Gold(I)-Norbornene Complexes Supported by Phenantrolines: Effects of the Supporting Ligand[END_REF] In a first attempt, [Au(phen)(nb)] + -type complexes (nb = norbornene) were synthetized from the dimeric Au(III)-oxo species following the synthetic procedure described by Cinellu et al. The desired products were obtained in low yields and after long reaction times (>10 days) (Scheme 6, route A). As observed in the (di)substituted 2,2'-bipyridine derivatives, [START_REF] Cinellu | Reacion of Gold(III) oxo Complexes with Alkenes. Synthesis of Unprecedented Gold Alkene Complexes[END_REF][START_REF] Cinellu | Synthesis and Properties of Gold Alkene Complexes. Crystal Sructure of [Au(bipy oXyl )( 2 -CH2=CHPh)](PF6) and DFT Calculations on the Model Cation [Au(bipy) )( 2 -CH2=CHPh)] +[END_REF] Likewise, the resonance of the olefin C=C carbon atoms are shifted upfield (  C up to 53.3 ppm). According to XRD analyses, all the complexes display tri-coordinate Au(I) centers with the C=C bond of the norbornene ligand lying in the plane of the Au(N^N) fragment (Figure 6).

The C=C distances are elongated with respect to the free alkene, in agreement with backdonation from the metal center. DFT calculations confirmed the bonding features, and further elucidated the nature of the molecular orbitals involved. NBO analysis indicated that -donation prevails over -backdonation. While -backdonation is practically the same for all the complexes, the -donation is directly related with the nature of the substituents of the phenanthroline ligands, being weaker for phenanthroline ligands featuring substituents in the position  to N, possibly due to their steric hindrance. Figure 6. Some molecular structures of phenanthroline gold(I) norbornene complexes 16.

Gold(I) -complexes with P^P and P^N-chelating ligands

Bidentate P-donor ligands have been less studied in gold(I) chemistry. In this respect, our group has been interested in o-carboranyl-bridged diphosphines (o-CBD) and o-phenylene-bridged P^N ligands. Both ligands are chelating and enforce unusual bent geometry at gold(I), which enables oxidative addition of C-X and C-C bonds to gold under mild conditions. [START_REF] Joost | Facile Oxidative Addition of Aryl Iodides to Gold(I) by Ligand Design: Bending Turns on Reactivity[END_REF][START_REF] Joost | Oxidative Addition of Carbon-Carbon Bonds to Gold[END_REF][START_REF] Zeineddine | Rational Development of Catalytic Au(I)/Au(III) Arylation Involving Mild Oxidative Addition of Aryl Halides[END_REF] The hemilabile character of the P^N ligand was shown to promote Au(I)/Au(III) catalysis. [START_REF] Zeineddine | Rational Development of Catalytic Au(I)/Au(III) Arylation Involving Mild Oxidative Addition of Aryl Halides[END_REF][START_REF] Rodriguez | Catalytic Au(I)/Au(III) Arylation with the Hemilabile MeDalphos Ligand: Unusual Selectivity for Electron-Rich Iodoarenes and Efficient Application to Indoles[END_REF][START_REF] Rodriguez | Au(I)/Au(III)-Catalyzed C-N Coupling[END_REF][START_REF] Rigoulet | Gold(I)/Gold(III) Catalysis that Merges Oxidative Addition and -Alkene Activation[END_REF][START_REF] Akram | Ligand-Enabled Gold-Catalyzed C(sp 2 )-N Cross Coupling Reactions of Aryl Iodides with Amines[END_REF][START_REF] Chintawar | Gold Catalyzed 1,2-Diarylation of Alkenes[END_REF][START_REF] Tathe | Ligand-Enabled Gold-Catalyzed 1,2-Heteroarylation of Alkenes[END_REF][START_REF] Zhang | Intermolecular Alkene Difunctionalization via Gold-Catalyzed Oxyarylation[END_REF] In addition, in recent parallel studies, our group and Patil's group have highlighted the role of tricoordinate gold(I) alkene complexes in catalytic arylation reactions merging oxidative addition and -activation at gold. [START_REF] Rigoulet | Gold(I)/Gold(III) Catalysis that Merges Oxidative Addition and -Alkene Activation[END_REF][START_REF] Chintawar | Gold Catalyzed 1,2-Diarylation of Alkenes[END_REF][START_REF] Tathe | Ligand-Enabled Gold-Catalyzed 1,2-Heteroarylation of Alkenes[END_REF] Coordination of the alkene to the gold(I) center was found to occur prior the oxidative addition step, but without preventing it to take place (Scheme 7). in good yields (Scheme 8). [START_REF] Navarro | -Complexes of P^P and P^N Chelated Gold(I)[END_REF][START_REF] Navarro | Versatility and Adaptative Behaviour of the P^N Chelating Ligand MeDalphos within Gold(I)  Complexes[END_REF] Both complexes are air stable solids. The alkene is tightly bonded to the gold(I) center, with no chemical exchange between coordinated and free alkene at the NMR time-scale. In addition, no sign of styrene or ethylene decoordination was observed under vacuum.

Coordination of styrene to gold induced noticeable upfield shifts of the 1 H (4.75, 4.33 and 4.25 ppm) and [START_REF] Fernandez | Controlling the Oxidative Addition of Aryl Halides to Au(I)[END_REF] C NMR (65.9 and 95.0 ppm) vinylic signals with respect to free styrene (5.74, 5.24 and 6.72 ppm; 113.7 and 136.9 ppm respectively). The same spectroscopic behavior was seen upon ethylene coordination. In both complexes, the o-CBD ligand is symmetrically coordinated to gold and the P-Au-P bite angle (89.13(3) and 91.32(7)) is similar to those previously observed in [(P^P)Au(CO)] + and [(P^P)Au=C(Ph)R] + complexes (see section 3). [START_REF] Joost | Enhanced -Backdonation from Gold(I): Isolation of Original Carbonyl and Carbene Complexes[END_REF][START_REF] Zeineddine | Isolation of a Reactive Tricoordinate -Oxo Gold Carbene Complex[END_REF] In both complexes, the gold center is in a trigonal planar environment, and the alkene coordinates in the The gold(I) complex deriving from the P^N hemilabile ligand MeDalphos has also shown interesting features towards different alkenes. [START_REF] Navarro | -Complexes of P^P and P^N Chelated Gold(I)[END_REF][START_REF] Navarro | Versatility and Adaptative Behaviour of the P^N Chelating Ligand MeDalphos within Gold(I)  Complexes[END_REF] Reaction of MeDalphos gold(I) chloride with unbiased alkenes and alkynes such as styrene, ethylene, 1-hexene and 3-hexyne in the presence of AgSbF6 afforded the corresponding gold(I) -complexes 19-22 (Scheme 9). The 1 H NMR spectra display new sets of well-defined vinylic signals (distinct from those of the free -compounds), indicating the coordination of the alkene to gold. Also noteworthy is the presence of two distinct downfield shifted [START_REF] Hashmi | Gold Catalysis[END_REF] H NMR singlets at 3 ppm for complexes 19 (styrene) and 21

(1-hexene) for the N(CH3)2 group, in comparison with one singlet at 2.57 ppm for the starting [(P^N)AuCl] complex. This splitting and the downfield shift indicate that the nitrogen atom coordinates to the Au(I) center. On the other hand and due to the symmetric nature of the ethylene and 3-hexyne, the N(CH3)2 group displayed in complexes 20 and 22 only one singlet at 3 ppm, which is downfield shifted in comparison with the [(P^N)AuCl] complex, suggesting here also N-coordination to gold(I). In addition, all complexes showed great stability towards air and no sign of alkene/alkyne exchange in the presence of excess of alkene/alkyne at the NMR time-scale or dissociation under vacuum. Coordination to gold(I) induced a marked upfield shift of the 1 H and [START_REF] Fernandez | Controlling the Oxidative Addition of Aryl Halides to Au(I)[END_REF] C NMR signals with respect to the free alkene/alkyne. These shift differences reached up to 2.13 ppm in 1 H NMR and 65 ppm in [START_REF] Fernandez | Controlling the Oxidative Addition of Aryl Halides to Au(I)[END_REF] C NMR spectroscopy, suggesting substantial gold→alkene backdonation. The complexes 19 and 20 adopted similar structures in the solid state with the P^N ligand chelating gold (Figure 7). In both complexes, the gold center sits in a trigonal In contrast to N^N (bipyridines, phenanthrolines…) and P^P (o-CBD) ligands, the hemilabile MeDalphos was found to be able to form stable -complexes not only with unbiased alkenes but also with both electron-rich and electron-poor alkenes. Following the same synthetic procedure, MeDalphos gold(I) chloride reacted with 3,4-dihydro-2H-pyrane (DHP), methyl acrylate (MA) and N-phenylmaleimide (NPM) in the presence of AgSbF6 to yield the corresponding gold(I) - Interestingly, the magnitude of the 1 H NMR downfield shift of the N(CH3)2 signal perfectly correlated with the electronic properties of the -system:  increases from 0.15 ppm for the DHP complex (electron-rich alkene) to 0.82 ppm for the NPM complex (electron-poor alkene), while complexes with unbiased alkenes exhibited intermediate values (Table 1). The same trends were observed in [START_REF] Fernandez | Controlling the Oxidative Addition of Aryl Halides to Au(I)[END_REF] C and 31 P NMR spectroscopy, suggesting that the P^N ligand adjusts its coordination to gold depending on the electronics of the -system. All data recorded in CD2Cl2. [START_REF] Hashmi | Gold Catalysis[END_REF] H and [START_REF] Fernandez | Controlling the Oxidative Addition of Aryl Halides to Au(I)[END_REF] C NMR data from the free alkenes or alkyne are indicated in brackets.

Similarly to the styrene and ethylene complexes, the DHP, MA and NPM -complexes present structures in the solid state with the P^N ligand chelating gold and a trigonal planar environment around the gold center (Figure 7). In all cases, the alkene is  2 -coordinated and sits in the [(P^N)Au] + coordination plane despite the ensuing steric shielding. Of note,  2 -coordination for a complex with an electron-rich DHP was unprecedented (terminal -coordination rather than side-on -coordination was found in dicoordinate gold(I) -complexes with electron-rich alkenes). [START_REF] Jones | Gold -Complexes as Model Intermediates in Gold Catalysis[END_REF][START_REF] Fürstner | Coordination Chemistry of Ene-1,1diamines and a Prototype "Carbodicarbene[END_REF]100,101,102,103 The three complexes showed an elongation of the C=C bond upon coordination, indicating significant gold→alkene backdonation. The Au-C and Au-P bond lengths show little changes along the series, whereas the Au-N bond length varies from 2.234 (6) Å in the NPM complex (the most electron-poor alkene) to 2.505(2) Å in the DHP complex (the most electron-rich alkene) (Table 2). This variation, together with the NMR spectroscopic data of the N(CH3)2 group, attested the versatility and adaptive behavior of the P^N ligand to strengthen/weaken the N-Au interaction to accommodate the electronic demand at gold depending on the alkene. Theoretical calculations further supported both the strong d(Au)→*(C=C) backdonation, and the ability of the P^N ligand to accommodate the coordination of a wide range of alkenes at gold. In addition, a detailed examination of the structural, electronic and spectroscopic data collected experimentally and computationally revealed a direct and linear response of the P^N MeDalphos ligand to the Au/alkene coordination along the series of gold(I) -complexes (Figure 8). 

Comparison of Gold(I) ethylene complexes with chelating and hemilabile ligands

No gold(I) ethylene complex has been reported with monodentate ancillary ligands, but as aforementioned, chelating ligands have proved powerful to stabilize such complexes. Hereafter are gathered all the known tricoordinate gold(I) ethylene complexes, showing the variety of N and P-based chelating/hemilabile ligands used so far. The 1 H and [START_REF] Fernandez | Controlling the Oxidative Addition of Aryl Halides to Au(I)[END_REF] C NMR chemical shifts, and the C=C bond distances of the coordinated ethylene are listed in Table 3. 

Gold(I) carbene complexes

Gold(I) carbene complexes have been known for several decades. The first Fischer-type gold(I) carbene complexes Cl-Au=C(X)Ph (X = OMe, NH2, NHMe, NMe2) were reported by Fischer himself as early as in 1981. 104,105 About 20 years later, a series of cationic Fischer-type gold(I) carbene complexes featuring an NHC or a phosphine as ancillary ligand were structurally characterized (Figure 9). 106,107,108 The presence of a -donating OMe group at the carbene center reduces the reactivity. These complexes feature little ordinary carbene character and are best described by their carbocationic form. The Au-C bond order is very close to one and the C-O distance is significantly contracted. In 2014, Fürstner et al described the first stable gold(I) carbene 26 without heteroatomic substituent (Figure 10). 106 According to X-ray diffraction analysis, there is little Au→Ccarbene back donation and hence very modest Au-C double-bond character. The electron deficiency of the carbene center is tempered by -delocalization of the electron-rich aryl substituents. In the same year, Widenhoefer et al reported a gold(I) cycloheptatrienylidene complex 27. Here, the carbene moiety is integrated into a 6-electron aromatic ring (Figure 10). 115 In a parallel study, Straub et al prepared and fully characterized a stable diaryl gold(I)-carbene complex 28. The carbene center is substituted by two Mes groups and a very bulky NHC is used as ancillary ligand, resulting in very strong steric shielding of the carbenoid moiety (Figure 10). 116 In 2014, our group took advantage of the chelating properties of the o-carboranyl diphosphine ligand to synthetize and fully characterize the first classical carbonyl complex of gold. [START_REF] Joost | Enhanced -Backdonation from Gold(I): Isolation of Original Carbonyl and Carbene Complexes[END_REF] The bent PAuP + fragment is crucial to raise the energetic level of the occupied dxz(Au) orbital and enhance -backdonation. Inspired by the unusual electronic structure of the gold carbonyl complex, we targeted the first carbene complex stabilized by the gold fragment rather than the carbene substituents. Reaction of [(P^P)AuNTf2] with diphenyldiazomethane at low temperature (-40 C)

afforded the gold(I) carbene complex [(P^P)Au(CPh2)] + 29 in excellent yield as a highly thermally stable solid (Scheme 10). [START_REF] Joost | Enhanced -Backdonation from Gold(I): Isolation of Original Carbonyl and Carbene Complexes[END_REF] The gold center is arranged in a trigonal-planar environment, in which the DPCb ligand chelates the gold center with a bite angle of 90.26(4), similar to those observed in the -complexes 17 and 18 (89.12(2) and 91.32(7)). The carbene center is perfectly planar and almost perpendicular to the [(P^P)Au] + coordination plane (with a twist angle of 85.2). This orientation minimizes steric repulsion and enables optimal interaction between the high-energy occupied dxz(Au) orbital in the plane of the [(P^P)Au] + fragment and the vacant 2p orbital at the carbene center. The Au-Ccarbene bond is slightly shorter (1.984 Å) to those of complexes 26-28.

Optimization of the geometry by DFT calculations and NBO analysis corroborated the bonding interaction between the dxz(Au) and 2p  (C) orbitals in the coordination plane of gold, indicating significant carbene -backdonation and some degree of Au-C  bonding.

Scheme 10. Synthesis and structure of the P^P gold carbene complex.

The easy generation and versatile reactivity of -oxo gold carbene complexes was recognized in the early 2000s, giving rise to numerous applications in gold catalysis. 117,118,119 In a pioneering work of Pérez and Nolan, the reaction of -diazo carbonyl compounds with phosphine and NHC gold(I) precursors proved to be a very efficient and general route to generate highly electrophilic -oxo carbene intermediates 120,121 of many carbene transfer 122,123,124,125,126 and coupling 127,128 catalytic reactions. Despite their role as key intermediates, gold(I) -oxo carbene complexes have remained elusive for many years. 129,130,131 Remarkably, the group of Zhang developed a Au(I)catalyzed modular synthesis of 2,4-disubstituted oxazoles via [3+2] annulations between alkynes and aromatic/alkenic carboxamides under mild conditions. 132,133,134,135 A highly electrophilic - . The [(P^P)Au=C(Ph)CO2Et] + complex was found to be thermally unstable (decomposition is quite fast above 0 °C). It was characterized spectroscopically at low temperature and crystals suitable for X-ray diffraction analysis could be obtained. [START_REF] Halliday | Gold-Alkynyls in Catalysis: Alkyne Activation, Gold Cumulenes and Nuclearity[END_REF] P NMR spectroscopy showed a single resonance signal at  = 138.9 ppm, indicative of symmetric coordination of the phosphorus atoms to gold. In addition, [START_REF] Fernandez | Controlling the Oxidative Addition of Aryl Halides to Au(I)[END_REF] 

Concluding remarks

In a few years of time, chelating ligands have proved extremely versatile and powerful in gold(I) chemistry. In particular, N^N, P^P and P^N ligands have enabled to prepare a variety of stable alkene/alkyne and carbene complexes mimicking key transient species involved in important catalytic transformations. The field is still in its infancy and offers many perspectives. The variety of such complexes can certainly be extended further, using other bidentate ligands (including cyclometalated ones) and varying the nature and substitution pattern of the -substrate and carbene moiety. Exploring the reactivity of these species is also clearly of high interest. It will for sure advance our knowledge in gold chemistry and open new avenues in gold catalysis.
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 1 Figure 1. Frontier orbitals of model gold(I) complexes bearing monodentate and bidentate phosphine ligands.

Figure 2 .

 2 Figure 2. Scope of the review and schematic representation of the chelating ligands involved.
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 3 Figure 3. Zeise's salt 1, first isolated and structurally characterized Au(I) olefin complexes 2 and

Figure 4 .

 4 Figure 4. Representative examples of selected NHC and phosphine -alkene gold(I) complexes.

[

  Scheme 1. Synthesis of the tricoordinate [Au(bipy)(ene)] + -complexes and dinuclear gold(I) complexes with bridging diolefins [(bipy)Au(diolefin)Au(bipy)] 2+ .

Figure 5 .

 5 Figure 5. Molecular structure of the [Au(bipy)(styrene)] + complexes 4 and 5.

  Scheme 2. Synthesis and structure of the tris(pyrazolyl)borate gold(I) ethylene complexes 6 and 7.

Scheme 3 .

 3 Scheme 3. Synthesis and structure of the triazapentadienyl gold(I) ethylene and 3-hexyne complexes 8 and 9.

  H NMR spectroscopy giving G298 ⧧ = 12.9  0.1 kcal/mol, H ⧧ = 10.0  1.4 kcal/mol and S ⧧ = -22.5  4.8 eu, consistent with an associative exchange mechanism. The complex displayed a tri-coordinate Au(I) center with the metal, the diimine ligand and the ethylene molecule lying in the same plane. The C=C bond of the  2 -coordinated ethylene molecule (1.455(13) Å) is longer than those observed in structurally characterized dicoordinate Au(I)-ethylene complexes (1.35-1.39 Å).

Scheme 4 .

 4 Scheme 4. Synthesis and structure of the [Au(diimine)(ethylene)][SbF6] complex 11.

  Scheme 5. Syntheses and structures of the gold(I)-ethylene bipyridine and phenanthroline complexes reported by the Russell's and Hashmi's groups.

  Scheme 6. Synthesis of [Au(phen)(nb)][PF6] complexes by reduction of the Au(III) dioxo complexes (A) and directly by halogen abstraction and olefin coordination (B).

Scheme 7 .

 7 Scheme 7. Proposed mechanism of oxidative addition to gold of aryl iodides with and without the presence of alkenes.

  Scheme 8. Synthesis, molecular structures and plots of the NLMO associated to d(Au)→*(C=C) backdonation of o-carboranyl diphosphine gold(I) styrene (17) and ethylene (18) complexes.

  Scheme 9. Synthesis of MeDalphos gold(I) -complexes.

complexes 23- 25 (

 25 Scheme 9). The DHP and MA complexes 23 and 24 showed great stability, but the NPM complex 25 could not be isolated. Since decomposition occurred upon filtration, characterization was performed in the presence of N-phenylmaleimide without further purification. For the electron-poor MA and NPM containing complexes, 1 H and[START_REF] Fernandez | Controlling the Oxidative Addition of Aryl Halides to Au(I)[END_REF] C NMR spectroscopy revealed similar features to those with unbiased alkenes. The coordinated alkene signals are upfield shifted in comparison with the free alkene. In contrast, the coordination of DHP to gold was accompanied by a downfield shift of the vinylic signals.

Figure 7 .

 7 Figure 7. Molecular structures of the [(P^N)Au(ene)] + complexes.

Figure 8 .

 8 Figure 8. Correlation graphs for the response of the P^N ligand (Au-N distance in Å, 1 H NMR chemical shift of the NMe2 group and 31 P NMR chemical shift in ppm) to the alkene coordination to gold characterized by the donation/backdonation ratio d/b, as determined by Charge Decomposition Analyses.

Figure 9 .

 9 Figure 9. Carbene and carbocationic forms of gold(I) carbenes; some structurally characterized Fischer-type gold(I) carbene complexes.

Figure 10 .

 10 Figure 10. Non-heteroatom substituted gold(I) carbene complexes featuring phosphine / NHC ancillary ligands.

  Scheme 11. Gold(I)-catalyzed synthesis of 2,4-disubstituted oxazoles through the generation of a (P^N)-chelated -oxo gold carbene 30.

  C NMR spectroscopy showed a characteristic carbene resonance signal appearing as a triplet (JCP = 87.6 Hz) at 283.4 ppm, which is in the range of previously characterized gold(I) carbenoid complexes. As apparent from the solid-state structure, the gold center is arranged in a trigonal-planar environment with the DPCb ligand coordinated in a  2 -coordination fashion. The P-Au-P bite angle of 90.26(4) is similar to those observed in related [(P^P)Au-L] + complexes (L = styrene, ethylene, CO or CPh2). The Au-C bond distance (1.961(2) Å) is in the shortest range of those reported for gold carbene complexes. Of note, the phenyl ring is nearly co-planar with the carbene center and the Ccarbene-Cipso bond is slightly contracted (1.448(4) Å) indicating a certain degree of -delocalization between the phenyl ring and the carbene center, thus stabilizing the carbene species. NBO analysis revealed C=C(Ph)→2p  (C) and nC  →*C=O donor-acceptor interactions indicating push-pull stabilization of the -oxo carbene. In addition, a significant dxz(Au)→2p  (C) backdonation was also apparent. Charge transfer (CT) and charge-decomposition analysis (CDA) indicated the relative contributions of Ccarbene→Au donation and Au→Ccarbene backdonation with a d/b ration of 1.76, which is significantly smaller than that computed for the [(P^N)Au=C(Ph)CO2Et] + analogue (d/b = 2.16), supporting a lower electrophilicity and higher stability of the P^P-chelated complex (Figure11).

Figure 11 .Scheme 13 .

 1113 Figure 11. Plots of the NLMO associated with the dxz(Au)→2p  (C) backdonation in the -oxo carbene gold(I) complexes featuring either P^N or P^P chelating ligand (with the contributions of the gold and Ccarbene atoms in percent).

  

  

  

  

  

  

  

Table 1 .

 1 Selected 1 H,[START_REF] Fernandez | Controlling the Oxidative Addition of Aryl Halides to Au(I)[END_REF] C and 31 P NMR data for the (P^N)Au(I) -complexes 19-25.

			 1 H (ppm)				 13 C (ppm)		 31 P
	H1a	H1b	H2	HNMe1 HNMe2	C1	C2	CNMe1 CNMe2	(ppm)
		-		2.57	-		47.0	53.6
	7.76 (6.34)	4.78 (4.64)	2.74	2.71	144.1 (144.3)	76.7 (100.7)	49.5	49.3	56.5
	4.33 (5.74)	4.17 (5.24)	6.03 (6.72)	3.09	2.82	66.4 (113.7)	99.9 (136.9)	53.0	52.8	57.3
	3.94 (4.95)	3.76 (4.87)	5.66 (5.78)	3.01	2.98	75.2 (116.0)	111.1 (139.0)	52.5	52.5	58.1
		4.10 (5.43)		3.14	75.0 (116.8)	53.9	58.8
		-		3.02	97.8 (80.7)	52.9	59.4
	4.35 (6.40)	4.61 (5.82)	4.23 (6.13)	3.25	3.07	68.4 (130.6)	72.5 (128.5)	54.9	53.8	63.2
	4.68 (6.81)	5.67 (6.81)	3.44	3.33	68.8 (134.1)	72.4 (134.1)	55.4	55.2	65.3

Table 2 .

 2 Selected bond lengths (Å) for the -alkene gold(I) complexes 19, 20, 23-25.

	Au-P	2.3032(6) 2.337(1) 2.3393(5) 2.326(1)	2.334(2)
	Au-N	2.505(2) 2.381(4) 2.306(2)	2.275(5)	2.234(6)
	Au-C	2.276(3) 2.193(3)	2.208(5) 2.143(5)	2.141(3) 2.149(3)	2.114(6) 2.155(6)	2.133(8) 2.136(7)

C=C 1.385(5) 1.387(8) 1.387(5) 1.406(10) 1.394(12)

Table 3 .

 3 Comparison between reported Au(I) ethylene complexes and free ethylene.

	Compound	Ligand type	   (ppm)	  C (ppm)	C=C (Å)	Ref
		-	5.43	116.8	1.313	72
					1.371(7)	
		-	4.94	92.7	1.351(7)	83
					1.369(7)	
		Neutral N^N	3.09	61.6	-	66
			3.81 (6a)	63.7 (6a)	1.380(10) (6a)	
		Anionic N^N	3.69 (6b) 2.61 (7a)	59.3 (6b) 55.3 (7a)	1.387(9) (6b) 1.413(7) (7a)	69,75
			3.00 (7b)	56.9 (7b)	1.410(5) (7b)	
		Anionic N^N	2.71	59.1	1.405(4)	77
		Neutral N^N	3.31 3.28	65.4	1.455(13)	82
		Neutral N^N	3.90	63.8	1.399(5)	84
		Neutral N^N	3.88	60.6	1.411(10) 1.383(8)	92
		Neutral P^P	4.47	74.0	1.387(5)	96
		Neutral P^N	4.10	75.0	1.365(15)	96
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