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In the field of ligand design, elegant strategies were developed for the preparation of bimetallic structures. [START_REF] Sinhababu | Recent advances in cooperative activation of CO2 and N2O by bimetallic coordination complexes or binuclear reaction pathways[END_REF][START_REF] Navarro | Small Molecule Activation with Bimetallic Systems: a Landscape of Cooperative Reactivity[END_REF][START_REF] Wang | Tuning metal-metal interactions for cooperative small molecule activation[END_REF][START_REF] Campos | Bimetallic cooperation across the periodic table[END_REF][START_REF] Berry | Multimetallic complexes: synthesis and applications[END_REF][START_REF] Čorić | Insight into the Iron-Molybdenum Cofactor of Nitrogenase from Synthetic Iron Complexes with Sulfur, Carbon, and Hydride Ligands[END_REF][START_REF] Buchwalter | Multimetallic Catalysis Based on Heterometallic Complexes and Clusters[END_REF][START_REF] Park | Cooperative bimetallic catalysis in asymmetric transformations[END_REF] Defined molecular multimetallic systems are indeed of high interest to understand and eventually emulate the activity of polymetallic enzymatic or heterogeneous catalysts. In some cases, the ligand framework supporting bimetallic structures incorporates one moiety bridging the two metal centres. [START_REF] Rutz | Unsymmetrical Diborane(4) as a Precursor to PBP Boryl Pincer Complexes: Synthesis and Cu(I) and Pt(II) PBP Complexes with Unusual Structural Features[END_REF][START_REF] Arnett | Activation of an Open Shell, Carbyne-Bridged Diiron Complex Toward Binding of Dinitrogen[END_REF][START_REF] Esmieu | Redox-Innocent Metal-Assisted Cleavage of S-S Bond in a Disulfide-Containing Ligand[END_REF][START_REF] Lin | Boryl-Metal Bonds Facilitate Cobalt/Nickel-Catalyzed Olefin Hydrogenation[END_REF][START_REF] Esmieu | N2O reduction at a dissymmetric {Cu2S}-containing mixed-valent center[END_REF] This feature serves both as a structuring site and also as an additional reactive center. O, S, N and C atoms are usual bridging elements, found either in metalloenzymes [START_REF] Lin | Rational Design of Artificial Metalloproteins and Metalloenzymes with Metal Clusters[END_REF][START_REF] Weigand | Bioinspired Catalysis: Metal-Sulfur Complexes[END_REF][START_REF] Hohenberger | The biology and chemistry of high-valent iron-oxo and iron-nitrido complexes[END_REF][START_REF] Spatzal | Evidence for Interstitial Carbon in Nitrogenase FeMo Cofactor[END_REF][START_REF] Lancaster | X-ray Emission Spectroscopy Evidences a Central Carbon in the Nitrogenase Iron-Molybdenum Cofactor[END_REF] and/or in heterogeneous catalysts (Chart 1a). [START_REF] Védrine | Metal Oxides in Heterogeneous Oxidation Catalysis: State of the Art and Challenges for a More Sustainable World[END_REF][START_REF] Xiao | Transition metal carbide-based materials: synthesis and applications in electrochemical energy storage[END_REF] Although boron is not known to be a bridging element in metalloenzymes, it constitutes a specific and powerful doping agent in various energy materials, notably because of its p-dopant properties. [START_REF] Roy | Structure, Properties and Applications of Two-Dimensional Hexagonal Boron Nitride[END_REF][START_REF] Li | Synthesis of borophane polymorphs through hydrogenation of borophene[END_REF][START_REF] Muzyka | Boron-doped diamond: current progress and challenges in view of electroanalytical applications[END_REF] We thus believe that developing ligand frameworks supporting bimetallic systems with boron-containing bridging fragments at the molecular level is important (Chart 1a).

Moreover, the very versatile behavior of this element in the vicinity of transition metals [START_REF] Goettel | Recent advances in boron-centered ligands and their transition metal complexes[END_REF] as borate (coordinated or not), [START_REF] Saha | Hydroboration reactions using transition metal borane and borate complexes: an overview[END_REF][START_REF] Pettinari | Scorpionates II: Chelating Borate Ligands[END_REF][START_REF] Trofimenko | Scorpionates-The Coordination Chemistry of Polypyrazolylborate Ligands[END_REF] Z-type borane, [START_REF] Hill | The sting of the scorpion: a metallaboratrane[END_REF][START_REF] Amgoune | sigma]-Acceptor, Z-type ligands for transition metals[END_REF][START_REF] Bouhadir | Chapter 1 -Phosphine-Boranes and Related Ambiphilic Compounds: Synthesis, Structure, and Coordination to Transition Metals[END_REF][START_REF] Bontemps | Rhodium(I) complexes of a PBP ambiphilic ligand: evidence for a metal -> borane interaction[END_REF][START_REF] Bontemps | On the Versatile and Unusual Coordination Behavior of Ambiphilic Ligands o-R2P(Ph)BR'2[END_REF] boryl, [START_REF] Kaur | Contemporary developments in transition metal boryl complexes: An overview[END_REF][START_REF] Irvine | Transition Metal-Boryl Compounds: Synthesis, Reactivity, and Structure[END_REF] and terminal or bridging borylene 35- 36 should offer a very broad scope of coordination modes in bimetallic systems. To the best of our knowledge, however, only bisphosphine-boryl ligandsinitially developed by Yamashita, Nozaki et al. as pincer ligands for mononuclear complexes [START_REF] Segawa | Syntheses of PBP Pincer Iridium Complexes: A Supporting Boryl Ligand[END_REF][START_REF] Segawa | Diphenylphosphino-or Dicyclohexylphosphino-Tethered Boryl Pincer Ligands: Syntheses of PBP Iridium(III) Complexes and Their Conversion to Iridium-Ethylene Complexes[END_REF][START_REF] Tanoue | Synthesis of Pincer Iridium Complexes Bearing a Boron Atom and iPr-Substituted Phosphorus Atoms: Application to Catalytic Transfer Dehydrogenation of Alkanes[END_REF] -were shown to support bimetallic structures of Ni and Co [START_REF] Lin | Boryl-Metal Bonds Facilitate Cobalt/Nickel-Catalyzed Olefin Hydrogenation[END_REF] and recently of Cu. [START_REF] Rutz | Unsymmetrical Diborane(4) as a Precursor to PBP Boryl Pincer Complexes: Synthesis and Cu(I) and Pt(II) PBP Complexes with Unusual Structural Features[END_REF] Interestingly, the bimetallic Ni and Co complexes were shown to reversibly react with H2 via bifunctional activation between the metal centers and the boron-containing moiety, which alternated between boryl and hydroborane forms.

In this context, we aimed at designing a ligand framework that would support a bimetallic structure and feature a central bridging boron-containing moiety (Chart 1b). We selected NHC-borane as the central moiety of the ligandbecause of the known ability of carbene to stabilize various boron-containing species [START_REF] Curran | Synthesis and Reactions of N-Heterocyclic Carbene Boranes[END_REF][START_REF] Taniguchi | Advances in chemistry of N-heterocyclic carbene boryl radicals[END_REF] with two adjacent phosphine buttresses. We expected to stabilize the coordination of the central NHC-borane moiety with adjacent phosphine buttresses to expand the coordination chemistry of carbene-borane compounds. Compared to the wealth of reports of organic and main group chemistry of carbene-borane, [START_REF] Curran | Synthesis and Reactions of N-Heterocyclic Carbene Boranes[END_REF][START_REF] Taniguchi | Advances in chemistry of N-heterocyclic carbene boryl radicals[END_REF] the coordination chemistry of unsupported carbene-borane is indeed limited to the following examples: i) NHC-BH3 were shown to weakly bind Mn, Cr, Mo and W metal centres, [START_REF] Bissinger | Monoborane NHC Adducts in the Coordination Sphere of Transition Metals[END_REF] ii) a B-H bond was activated at Fe and W alkyl precursors, [START_REF] Hui | Synthesis of Base-Stabilized Hydrido(hydroborylene)tungsten Complexes and Their Reactions with Terminal Alkynes To Give η3-Boraallyl Complexes[END_REF][START_REF] Bissinger | Base-Stabilized Boryl and Cationic Haloborylene Complexes of Iron[END_REF] iii) NHC-haloborane led to a very original NHC-borido Co complex [START_REF] Bissinger | An Electron-Precise, Tetrahedral μ3 Boride Complex[END_REF] and finally iii) the coordination of carbene-cyanoboryl generated three carbene-boryl Au complexes. [START_REF] Böser | Completing the series of boronnucleophilic cyanoborates: boryl anions of type NHC-B(CN)2[END_REF][START_REF] Arrowsmith | From Borane to Borylene without Reduction: Ambiphilic Behavior of a Monovalent Silylisonitrile Boron Species[END_REF][START_REF] Ruiz | Deprotonation of a Borohydride: Synthesis of a Carbene-Stabilized Boryl Anion[END_REF] 

Chart 1. a) Classical bridging moieties in bimetallic complexes, b) Highlights of this work

Herein we present the synthesis of the first compound of this type and its coordination toward gold. As it will be described, the synthesized bisphosphine-[carbene-borane] is able to support bimetallic structures. Interestingly, upon chlorine abstraction from Au(I), the BH3 fragment is involved in reductive elimination of H2 at gold leading to the isolation of a Au4 cluster. The formation of the cluster, its bonding description and its reactivity toward thiol were studied by experimental and theoretical means. Particular attention was paid to the versatile coordination behavior of the borane fragment as a central bridging moiety.

RESULTS AND DISCUSSION

The bisphosphine-benzimidazolium compound 1 (Scheme 1) was synthesized according to the literature procedure in five steps with an overall yield of 40%. [START_REF] Matoba | Practical Synthesis of a PCP-Type Pincer Ligand and Its Metal Complexes[END_REF][START_REF] Eizawa | Remarkable catalytic activity of dinitrogen-bridged dimolybdenum complexes bearing NHC-based PCP-pincer ligands toward nitrogen fixation[END_REF] In toluene, the addition of KHMDS at room temperature followed by Me3N-BH3 at 90 °C to compound 1, led to the generation of compound 2. In these optimized conditions, compound 2 was isolated in 83% yield on a 3-gram scale (Scheme 1). It is characterized in tol-d8 by a sharp singlet at 16.6 ppm in 31 P{ 1 H} NMR and a quartet at -34.1 ppm ( 1 JB-H = 89 Hz) in [START_REF] Esmieu | Redox-Innocent Metal-Assisted Cleavage of S-S Bond in a Disulfide-Containing Ligand[END_REF] B NMR analyses. The hydride signal, integrating for three hydrogen atoms, appears as a singlet at 2.13 ppm in 1 H{ 11 B} NMR analysis.

The carbenic carbon linked to BH3 is characterized by a broad signal at 183.3 ppm in [START_REF] Esmieu | N2O reduction at a dissymmetric {Cu2S}-containing mixed-valent center[END_REF] Single crystals suitable for X-Ray diffraction (XRD) analysis were obtained from a concentrated pentane solution (Figure 1a). The compound crystallized in the triclinic space group P-1 with six molecules exhibiting very similar features in the asymmetric unit (Figure S97). [START_REF]One of these six molecules is depicted in Figure 1. It was chosen as the molecule featuring an average carbene-boron bond of 1.605(5) Å (C-B bonds range from 1.603[END_REF] As shown in Figure 1a, two dihydrogen bonds [START_REF] Custelcean | Dihydrogen Bonding: Structures, Energetics, and Dynamics[END_REF] are detected with [C-H•••H-B] distances of 2.08 and 2.15 Å, shorter than the sum of Van der Waals radii of 2.65 Å. [START_REF] Padilla-Martińez | Azolylborane adducts. Structural and conformational analysis by x-ray diffraction and NMR. Protichydric (C-H δ+ ⋯ δ-H-B) and Protic-Fluoride (C-H δ+ ⋯ δ-F-B) interactions[END_REF] While these types of weak hydrogen interactions have been mostly detected with metal hydride as the H-bond acceptor, [START_REF] Crabtree | Recent advances in hydrogen bonding studies involving metal hydrides[END_REF] dihydrogen interaction [C-H•••H-B] were reported intramolecularly with azolylborane adducts [START_REF] Padilla-Martińez | Azolylborane adducts. Structural and conformational analysis by x-ray diffraction and NMR. Protichydric (C-H δ+ ⋯ δ-H-B) and Protic-Fluoride (C-H δ+ ⋯ δ-F-B) interactions[END_REF] and intermolecularly with NHC-BH3 compounds. [START_REF] Ramnial | An imidazol-2-ylidene borane complex exhibiting inter-molecular [C-H δ+ ⋯H δ--B] dihydrogen bonds[END_REF] In both cases, the reported hydridic-protic distances are marginally longer than that found in 2 (2.22 and 2.24 Å for the shortest, respectively), while the reported intermolecular [N-H•••H-B] distances of 2.02 Å are significantly shorter in NH3-BH3. [START_REF] Klooster | Study of the N-H•••H-B Dihydrogen Bond Including the Crystal Structure of BH3NH3 by Neutron Diffraction[END_REF] The proximity between the hydrogen atoms of methylene and borane moieties was also observed in solution by NMR spectroscopy. Nuclear Overhauser Effects (NOE) were indeed detected between these nuclei by 1 H/ 1 H NOESY experiment at 298 K in tol-d8 (Figure S11-12) and the nonequivalence of the methylenic proton was hypothesized based on the broadening of the associated doublet at 4.81 (d, [START_REF] Navarro | Small Molecule Activation with Bimetallic Systems: a Landscape of Cooperative Reactivity[END_REF] JP-H = 2.6 Hz) at 173 K (Figure S13). X-Ray diffraction analysis showed that the complex crystallized in orthorhombic space group Pna21 with two molecules in the asymmetric unit of identical geometry. This solid-state analysis confirms the formation of a di-gold complex. The phosphines are linearly coordinated to the Au-Cl fragments (P1-Au1-Cl1 176.82(15)°, P2-Au2-Cl2 173.52(12)°) and these P-Au-Cl segments are both pointing to the same direction, while the central NHC-BH3 fragment is oriented at the opposite (Figure 2). As in ligand 2, short hydrogen contacts between the methylene and the borane moieties are observed in the solid-state (2.2, 2.2 and 2.6 Å) as well as in solution, as evidenced by cross-peaks in 1 H/ 1 H NOESY experiment at 298 K in CD2Cl2 (Figures S26). Complex 3 was reacted with different chloride abstractors. [START_REF]With the silver salts AgB(C6F5)4 or AgSbF6, compound 4 was generated within a mixture of unidentified products, while the addition of AgBF4 or 2 equivalents of GaCl3 led to the formation of a black precipitate[END_REF] Optimized reaction conditions were found with the addition of 1 equivalent of GaCl3 at low temperature leading to the very clean formation of complex 4, isolated in 58% yield. Complex 4 is characterized at 243 K in CD3CN by two triplets in 31 P{ 1 H} NMR spectrum at 122.9 and 119.0 ppm ( 3 JP-P = 23.1 Hz, [START_REF] Wang | Tuning metal-metal interactions for cooperative small molecule activation[END_REF] JP-P = 24.6 Hz), suggesting a AA'BB' system. The formation of a cluster of gold atoms was hypothesized to account for i) the presence of four phosphorus nuclei coupling through metal centers and ii) the large phosphorus deshielding compared to the signal of complex 3 (P = 63.6) suggesting a change at the metal center. Of note is the characterization of the carbenic carbon at 173.8 ppm in [START_REF] Esmieu | N2O reduction at a dissymmetric {Cu2S}-containing mixed-valent center[END_REF] C{ 1 H} NMR spectrum, almost 10 ppm high-field shifted compared to complex 3. XRD analysis showed that complex 4 is a dicationic Au4 cluster stabilized by two ligands, which crystallized in a triclinic space group P-1 with one molecule in the asymmetric unit (Figure 3). [START_REF] Nguyen | Tetranuclear Dicationic Aurophilic Gold(I) Catalysts in Enyne Cycloisomerization: Cooperativity for a Dramatic Shift in Selectivity[END_REF][START_REF] Schmidbaur | Cluster self-assembly of di[gold(I)]halonium cations[END_REF][START_REF] Calhorda | Synthesis, Structure, Luminescence, and Theoretical Studies of Tetranuclear Gold Clusters with Phosphinocarborane Ligands[END_REF][START_REF] Crespo | Small Gold Clusters with Carborane Ligands: Synthesis and Structural Characterization of the Novel Compound [Au4{(PPh2)2C2B9H10}2(AsPh3)2[END_REF][START_REF] Yang | New Gold Clusters [Au8L6](BF4)2 and [(AuL)4](BF4)2 (L = P(mesityl)3)[END_REF][START_REF] Zeller | Tetrahedral gold cluster [Au4] 2+ : crystal structure of {[(tert-Bu)3PAu]4} 2+ (BF4 -)2.2CHCl3[END_REF][START_REF] Demartin | Synthesis and X-ray characterization of an iodine-bridged tetranuclear gold cluster, di-µ-iodo-tetrakis(triphenylphosphine)-tetrahedro-tetragold[END_REF] the Td geometry is the usual arrangement adopted by these dicationic species. The Au-Au distances are measured in a narrow range of 2.6979(6) to 2.7274 (7) Å and are rather similar to those in the only two other examples [R3PAu]4 2+ reported to date with P t Bu3 and PMes3. [START_REF] Yang | New Gold Clusters [Au8L6](BF4)2 and [(AuL)4](BF4)2 (L = P(mesityl)3)[END_REF][START_REF] Zeller | Tetrahedral gold cluster [Au4] 2+ : crystal structure of {[(tert-Bu)3PAu]4} 2+ (BF4 -)2.2CHCl3[END_REF] While these 50 valence electrons complexes were not synthesized from the P-Au-X precursors, related [R3PAu]4X2 2+ complexes (R = aryl, X = halogen) were synthesized from the addition of half an equivalent of a halogen abstractor as in the synthesis of complex 4. 59 Of note, the borane moiety was modified during the reaction, since the borane is not a BH3 anymore but a BH2Cl unit. The central borane participates in the coordination because for each ligand, a B-H bond points toward a Au-Au bond. Although short Au-H distances within the sum of van der Waals radii (2.86 Å) are observed (Figure 3b), [START_REF] Rigoulet | Evidence for genuine hydrogen bonding in gold(I) complexes[END_REF] the residual density around the cluster could not be completely resolved (see ESI for details). We thus turned to theoretical calculations to further discuss the natureif anyof the [BH] interaction in complex 4. B-H•••Au interactions have indeed been observed in few systems with either tris(mercaptoimidazolyl)borate or carbaborane ligands, but not investigated further. [START_REF] Patel | Gold(I) tris(mercaptoimidazolyl)borate chemistry: Synthesis and molecular structure of the first trinuclear TmR complex of a transition metal[END_REF][START_REF] Patel | Tris(mercaptoimidazolyl)borate complexes of the coinage metals: syntheses and molecular structures of the first gold compounds and related copper and silver derivatives[END_REF][START_REF] Hata | Revisiting [Mn(CO)3(η 5 -nido-7,8-C2B9H11)]-, the Dicarbollide Analogue of [(η 5 -C5H5)Mn(CO)3]: Reactivity Studies Leading to Boron Atom Functionalization[END_REF][69][START_REF] Carr | Chemistry of polynuclear metal complexes with bridging carbene or carbyne ligands. Part 100[END_REF] The geometry of the cluster 4 was well reproduced by DFT. Any attempt to incorporate two hydrogen atoms into the Au4 cluster did not lead to a minimum. This confirms the loss of one hydrogen atom per ligand in agreement with the detection of dihydrogen by 1 H NMR analysis accounting for the reduction of the Au centers (Figure S91). Our calculations show that in complex 4, the four metal centers behave very similarly with nearly identical bond orders (QTAIM Au-Au delocalization index of ca. 0.37) and electronic charges (ranging from +0.11 to +0.22), in line with a +0.5 oxidation state for each Au metal center as calculated by Pyykkö et al. on the parent [AuPH3]4 2+ complex. [START_REF] Pyykkö | Calculated properties of the 'empty'[AuPH3]4 2+ and related systems: role of covalent and correlation contributions[END_REF] To gain quantitative insight into the bonding between the cluster and the ligand, the Energy Decomposition Analysis (EDA)-Natural Orbitals for Chemical Valence (NOCV) method was employed. Using [P2(NHC-BH2Cl)Au4] 2+ and P2(NHC-BH2Cl) ligand as fragments, the computed total interaction energy (Eint = -187.2 kcal/mol) indicates a rather strong bonding, which is mainly dominated by the electrostatic attractions (Eelstat = -340.8 kcal/mol) and, to a lesser extent, also by orbital interactions (Eorb = -185.5 kcal/mol). The contribution from dispersion forces (Edisp = -55.6 kcal/mol) is comparatively weaker, yet not negligible.

The interaction of the central BH2Cl moieties with the Au cluster was then evaluated. According to the NCIPlot method, there exists a stabilizing non-covalent interaction between the BH fragments and the Au4 cluster (Figure 4a). In addition, QTAIM analysis confirms the occurrence of BCPs and associated BPs between the bridging hydride and the two nearest gold atoms (Figure S99). As shown by the NOCV method, this interaction corresponds to the donation from the occupied σ(B-H) MO to the σ*(Au-Au) MO with a weak yet noticeable stabilizing energy ΔEorb = -8.6 kcal/mol (Figure 4b). For a more complete description of the main orbital interactions in 4, see the supporting information (Figure S100). The mechanism of the formation of 4 was also investigated to assess the role of the new ligand platform and in particular of the central NHC-BH3 moiety. More generally, such investigation could improve the understanding of Au nanoparticle nucleation processes, since Au nanoparticles can be generated from borohydride and even NHC-BH3 reductants. [START_REF] Hippolyte | New syntheses of N-heterocyclic carbene-stabilized gold nanoparticles[END_REF][START_REF] Bridonneau | N-Heterocyclic carbene-stabilized gold nanoparticles with tunable sizes[END_REF] The formation of 4 was first followed by NMR analyses at room temperature in CD2Cl2. In these conditions, 31 P{ 1 H} NMR spectrum recorded after 5 min shows the complete disappearance of complex 3 and the presence of the two major triplets characterizing complex 4. In addition, three other sets of two triplets are observed in the same area (122 to 111 ppm) which disappeared within 3 h, to the benefit of the signals of complex 4, as the only signature observed besides a small singlet at 79.9 ppm, unidentified so far (Figure S90). The sets of triplets likely correspond to other Au4 clusters, given the similarities of these signals with complex 4, both in terms of chemical shifts in [START_REF] Bontemps | Rhodium(I) complexes of a PBP ambiphilic ligand: evidence for a metal -> borane interaction[END_REF] P and 1 H NMR spectra and in terms of multiplicity of the phosphorus nuclei. We assumed that the BH2Cl fragment may adopt different conformations toward the Au4 core, leading to different conformers of 4. In agreement with this assumption, DFT calculations located another conformer lying only 0.8 kcal/mol higher in energy than 4. In this new conformer 4-iso (Figure S98), the B-Cl bond points toward Au-Au bonds for each ligand. In line with this assumption, ROESY experiment showed that the two inequivalent methylene-phosphine buttresses of complex 4 are in dynamic exchange with each other. This suggests an easy rotation around the B-C bond, facilitated by the weak interaction between the borane fragment and the Au4 core (Figures S39-41).

The initial elementary step of the reaction is presumed to be the chloride abstraction by GaCl3.

After this step, our calculations pointed to the energetically accessible cationic dinuclear (μ-Cl)Au2 + and also to the parent (μ-H)Au2 + (Scheme 3). The reaction was then investigated at a lower temperature, in order to identify possible intermediates occurring before the formation of 4.

Solutions of both reagents were cooled and mixed in an NMR tube at 193 K. Four singlet signals were observed in 31 P{ 1 H} NMR spectrum at 193 K in the range of 82.0 to 72.0 ppm along with a minor signal corresponding to complex 3. While the mixture did not evolve at this temperature or below, raising the temperature to 223 K led to signal broadening. After 50 minutes at 223 K, the temperature was lowered back to 183 K. The signals sharpened and only two remained at 74.9 and 78.7 ppm. The former signal at 74.9 ppm is related to a triplet in 1 H NMR spectrum at 6.62 ppm

( 2 JP-H = 92.4 Hz), which resolves into a singlet upon selective 31 P decoupling (Figure S95). These features are indicative of a proton coupling with two phosphorus signals that we attributed to the (μ-H)Au2 + compound with a calculated δP(calc) of 76.4 ppm close to the experimental value. The methylene signals associated with this compound are observed along with the signal for the BH2Cl fragment at 3.9 ppm (δH(calc) = 4.4 ppm) in 1 H NMR analysis. Very few [Ln(μ-H)Au]2 systems have been reported in the literature and bridging hydrides were not always directly observed. [START_REF] Bayrakdar | Dinuclear gold(i) complexes: from bonding to applications[END_REF] While bridging hydrides were characterized between 0.42 and -1.95 ppm in [NHC(μ-H)Au]2 complexes, [START_REF] Phillips | Expanded-Ring N-Heterocyclic Carbenes for the Stabilization of Highly Electrophilic Gold(I) Cations[END_REF][START_REF] Tsui | Reactions of a stable monomeric gold(I) hydride complex[END_REF] a broader range at lower field between 2.83 ( 2 JP-H = 90.9 Hz) and 8.29 ( 2 JP-H = 49 Hz) was observed in case of [(PR3)n(μ-H)Au]2 complexes (n = 1 or 2). [START_REF] Campos | Dihydrogen and Acetylene Activation by a Gold(I)/Platinum(0) Transition Metal Only Frustrated Lewis Pair[END_REF][START_REF] Harris | Synthesis, Structure, and Reactivity of a Gold Carbenoid Complex That Lacks Heteroatom Stabilization[END_REF][START_REF] Escalle | Cationic Dimetallic Gold Hydride Complex Stabilized by a Xantphos-Phosphole ligand: Synthesis, X-ray Crystal Structure, and Density Functional Theory Study[END_REF] The 31 P chemical shift of (μ-Cl)Au2 + species was calculated to be 78.9 ppm (Scheme 3). By comparison, the signal detected at 78.7 ppm could thus be the signature of this species, although the signals observed initially at 72.1 and 82.0 ppm could also correspond to the bridged (μ-Cl)Au2 + complex.

(μ-Cl)Au2 When the temperature of the solution was raised to room temperature, these signals disappeared to the benefit of the cluster 4 as the major compound, suggesting that (μ-H)Au2 + complex is an intermediate in the reaction. Since no other intermediate could be observed during the temperature rise, the last steps involved in the formation of 4 remain to be deciphered. While further investigations will be necessary to disclose these steps, the reductive elimination of H2 from a putative Au4(H)2 cluster obtained from dimerization of (μ-H)Au2 + is ruled out i) by our calculations showing that the addition of H2 to the final Au4 complex 4 does not lead to any minimum and ii) by the observation of H2 early on at low temperature along with (μ-Cl)Au2 + and (μ-H)Au2 + complexes and prior to the observation of any Au4 cluster.

Although complex 4 proved to be sensitive toward air and light, it was stable enough for reactivity studies. The addition of 2 equivalents of GaCl3 to the isolated tetragold complex 4 led to the clear formation of complex 5 (Scheme 4), which could not be isolated, but was in situ characterized. In Complex 4 was also reacted with thiophenol given the importance of thiol in gold surface chemistry. [START_REF] Häkkinen | The gold-sulfur interface at the nanoscale[END_REF][START_REF] Jin | Quantum sized, thiolate-protected gold nanoclusters[END_REF][START_REF] Negishi | Glutathione-Protected Gold Clusters Revisited: Bridging the Gap between Gold(I)-Thiolate Complexes and Thiolate-Protected Gold Nanocrystals[END_REF] A clean reaction is observed in situ leading to the isolation of complex 6 in 86% yield upon H2 loss. The complex was characterized in solution by a singlet at 77.1 ppm in 31 P{ 1 H} analysis and at -30.2 ppm in 11 B{ 1 H} NMR analysis. Single crystals suitable for X-Ray diffraction analysis were obtained from a mixture of CH2Cl2 and Et2O at low temperature. The solid state analysis showed that complex 6 is a bimetallic complex featuring a (μ-S(Ph))Au2 core stabilized by one bisphosphine-carbene borane ligand (Figure 5a). The formation of this species is also computed to be strongly exothermic according to our DFT calculations (4 + 2 PhSH → 2 6 + H2; ΔE = -44.4 kcal/mol). The gold metal centers of complex 4 have thus been re-oxidized formally by 0.5 e-to Au(I) in complex 6 (computed Au-charge of +0.24). This oxidation of a molecular gold cluster by a thiol upon loss of dihydrogen was observed once [START_REF] Robilotto | Synthesis of a Trigold Monocation: An Isolobal Analogue of [H3] +[END_REF] and is related to the reaction of thiol with Au surfaces, [START_REF] Häkkinen | The gold-sulfur interface at the nanoscale[END_REF][START_REF] Jin | Quantum sized, thiolate-protected gold nanoclusters[END_REF][START_REF] Barngrover | Oxidation of Gold Clusters by Thiols[END_REF] while other (μ-S)Au2 complexes were obtained by other routes. [START_REF] Bayrakdar | Dinuclear gold(i) complexes: from bonding to applications[END_REF] Interestingly, the BH2Cl fragment is interacting with the Au centers through two hydrogen-gold interactions as shown by Au1•••H1A 2.80(5) Å and Au2•••H1B 2.70(5) Å distances at the upper limit of the sum of van der Waals radii (2.86 Å). [START_REF] Rigoulet | Evidence for genuine hydrogen bonding in gold(I) complexes[END_REF] BCP (and BP) were indeed found between the B-H and gold atoms and the interaction is described by the NBO method as the donation from the modes. This versatile coordination behavior likely results from the weak nature of the boranedigold interaction and the easy rotation around the NHC-B bond. Moreover, the borane moiety was shown to participate in the reductive elimination of H2 to form a Au4 cluster that was reoxidized upon thiol reaction. These results further expand the coordination chemistry and the reactivity of NHC-borane compounds. [START_REF] Curran | Synthesis and Reactions of N-Heterocyclic Carbene Boranes[END_REF][START_REF] Taniguchi | Advances in chemistry of N-heterocyclic carbene boryl radicals[END_REF][START_REF] Hui | Synthesis of Base-Stabilized Hydrido(hydroborylene)tungsten Complexes and Their Reactions with Terminal Alkynes To Give η3-Boraallyl Complexes[END_REF][START_REF] Bissinger | Base-Stabilized Boryl and Cationic Haloborylene Complexes of Iron[END_REF] On-going investigations are directed at exploiting the rich chemistry associated with NHC-borane compounds and at expanding the coordination study to other transition metals.
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 401 Scheme 1. Synthesis of compound 2.
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 1 Figure 1. a) Structure of compound 2. Thermal ellipsoids drawn at 30% probability. Hydrogen

  These interactions were characterized by Density Functional Theory (DFT) calculations by having an electrostatic ([B]H and H[C] natural charges of -0.10 and +0.28, respectively) and also a covalent contribution. The latter is observed in the Contour map of Laplacian function by the a) b) occurrence of a Bond Critical Point (BCP) and a Bond Path (BP) running between the two hydrogen atoms (Figure 1b) and described in the NBO analysis as the donation from the doublyoccupied (B-H) molecular orbital (MO) to the empty *(C-H) MO, with a stabilization energy value of -2.4 kcal/mol. With compound 2 in hands, we were eager to probe its ability to support bimetallic structure and to observe the role that the central NHC-BH3 fragment would play. Compound 2 was thus reacted with two equivalents of AuCl(SMe2) in THF, producing the bimetallic gold(I) complex 3, isolated in 83% yield (Scheme 2). This compound is characterized by one singlet at 63.6 ppm in 31 P{ 1 H} NMR analysis, indicative of the coordination of both phosphine moieties. Satisfyingly, the BH3 fragment is retained upon coordination, as indicated by a well-defined quartet at -33.7 ppm in 11 B NMR analysis. The chemical shift of the carbenic carbon at 184.2 ppm is very close to the signal of the starting compound 2.

Scheme 2 .

 2 Scheme 2. Synthesis of compounds 3 and 4.

Figure 2 .

 2 Figure 2. Structure of compound 3. Thermal ellipsoids drawn at 30% probability. Co-crystallized

Figure 3 .

 3 Figure 3. Full (a) and partial (b) structure of compound 4. Thermal ellipsoids drawn at 30%

Figure 4 .

 4 Figure 4. (a) Contour plots of the reduced density gradient isosurfaces (density cutoff of 0.04 a.u.)

Scheme 4 .

 4 Scheme 4. Synthesis of compounds 5 and 6.

  doubly-occupied σ(B-H) MO to the empty σ*(Au-P) MO, with a stabilization energy value of -2.1 kcal/mol.

Figure 5 .

 5 Figure 5. a) Structure of compound 6. Thermal ellipsoids drawn at 30% probability. GaCl4 anion

  Two bisphosphine-NHC-borane ligands bridge the Au atoms with a single phosphine moiety per

	Au and four similar P-Au bond lengths (2.287(3) to 2.290(3) Å). The four Au atoms adopt a nearly
	tetrahedral geometry (Au-Au-Au angles from 59.408(16) to 60.484(16)°). Although Au4 clusters
	are rare in Au cluster chemistry,

)Au2 +

  

	Erel	0.0 kcal/mol	+6.2 kcal/mol
	δP(calc)	av. 78.9 (81.3, 76.6)	av. 76.4 (77.7, 75.1)
	δP(exp)	78.7	74.9
	δH(exp)	-	6.61 (t, 2 JP-H = 92.4 Hz, µ-H), 3.9 (br, BH2Cl)
	Scheme 3. Intermediates (μ-Cl)Au2 + and (μ-H)Au2 + . Selected computed bond lengths [Å]: (μ-
	Cl)Au2 + Au-Au 3.467, Au-Cl 2.429, Au-HB 4.938; (μ-H)Au2 + Au-Au 2.758, Au-H 1.772, Au-HB
	4.670.		

+ (μ-H
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A unique bisphosphine-(NHC-borane) compound was shown to support bimetallic structure leading to the isolation of a rare Au4 cluster with a B-H fragment bridging two Au centers.