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Direct Access to Palladium(II) Complexes Based on Anionic C,C,C-Phosphonium Ylide Core Pincer Ligand

)](OTf) and [(C,C,C)Pd(CO)](OTf) with (allyl)MgBr and nBuLi led to the formation of zwitterionic phosphonium organopalladates [(C,C,C)PdBr] and [(C,C,C)Pd(COBu)], respectively.

INTRODUCTION

The preparation of the first pincer complex by Moulton and Shaw in the late 70s played a decisive role in the rapid development of modern organometallic chemistry and homogeneous catalysis. 1 Following this pioneering report, a wide variety of pincer architectures differing in the nature of the backbone, the coordinating extremities, and the metallacycle ring size were designed. 2 Thanks to the unique meridional geometry of these robust and constrained metallic systems, unusual bonding modes and peculiar reactivities were observed resulting in a large number of applications, especially in the field of homogeneous catalysis. 3 In line with our continued efforts to design ligands that push the limits of the electronic parameter scale, whether extremely electron-poor 4 or electron-rich, 5 we have recently focused on the preparation of pincer ligands exhibiting only carbon-based donor extremities. Although this category of ligands is of particular interest because of their strong electrondonating character, related C,C,C-pincer complexes are scarce due to the lack of general synthetic methods and thus their chemistry remain underdeveloped compared to those featuring heteroatom-based (N, O, P, S) donor moieties. 2 The initial development of this research area dealt with the replacement of phosphine arms in the L2X-type [PCsp 2 P] pincer prototype by NHC moieties. 6 The preparation of dianionic LX2-type cyclometallated NHC 7 and carbodiphosphorane core complexes, 8 as well as the combination of three NHC 9 and three aryl 10 moieties in respective L3-and X3-type pincer complexes were considered later on. Our original contribution was based on the association of ubiquitous sp 2 -type NHCs 11 with sp 3 -type phosphonium ylides, 12 the latter being just like the NHCs, globally neutral in their free state behaving as strong σ-donors and effective Lewis bases in main-group 13 and coordination chemistry. 14 Chelating ligands combining these two carbon donor moieties linked by a flexible -(CH2)3-bridge [START_REF] Canac | Note that chelating NHC-phosphonium ylide complexes were previously prepared based on a rigid ortho-phenylene bridge[END_REF] were recently prepared in the bidentate, [START_REF] Benaissa | A convenient access to N-phosphonio-substituted NHC metal complexes [M = Ag(I), Rh(I), Pd(II)[END_REF] pincer 17 and tetradentate [START_REF] Barthes | A palladium(II) complex of a C4 chelating bis(NHC) diphosphonium bis(ylide) ligand[END_REF] series, and their coordination behavior was studied towards various Pd(II) centers. It was also reported that NHC-phosphonium ylide pincer complexes were active in the Pd-catalyzed allylation of aldehydes. 17b "On the way" to NHC core phosphonium ylide-based pincer Pd(II) complexes of type B from readily available N-phosphonio-substituted imidazolium salts A, original ortho-metallated Pd(II) complexes C resulting from the base-assisted C-H bond activation of one of the P + -phenyl rings were isolated, this process being totally reversible under acidic conditions (Scheme 1, top). 17 Taking advantage of this reactivity, one may wonder if the replacement of one the two N-donor arms of the NHC core by a 'spectator' N-substituent such as a mesityl group would not allow access to complexes D supported by an anionic LX2-type pincer ligand derived from a central phosphonium ylide bearing NHC and phenyl donor arms (Scheme 1, bottom). In this context, we describe herein the straightforward preparation of Pd(II) complexes bearing unprecedented type of C,C,C-pincer ligand, their structural investigation and original reactivity with nucleophiles. Additionally, electron-donating properties of this new ligand system have been experimentally and theoretically evaluated revealing the critical role of the phosphonium ylide core.

RESULTS AND DISCUSSION

Synthesis and Spectroscopic Characterization of Cationic Phosphonium Ylide Core Pincer Pd(II) Complexes. To test our hypothesis, 1-mesityl-3-(3-(triphenylphosphonio)propylimidazolium salt [1](OTf)2 readily prepared from 1-mesitylimidazole and (3-bromopropyl)triphenylphosphonium bromide followed by Br/OTf anion exchange according to a recently reported procedure was selected as the starting material (Scheme 2). [START_REF] Benaissa | A convenient access to N-phosphonio-substituted NHC metal complexes [M = Ag(I), Rh(I), Pd(II)[END_REF] While no reaction between stoichiometric amounts of [1](OTf)2 and PdCl2 in the presence of 5 equiv. of Cs2CO3 was observed in CH3CN at room temperature, a clean transformation occurred at 70 °C affording the Pd(II) pincer complex [2](OTf) isolated in 80% yield (Scheme 2). Remarkably, the formation of [2](OTf) involved the selective base-assisted activation of three C-H bonds [START_REF] Mell | Arylamidoethyl-functionalized imidazolium salts: precursors for dianionic [C,N,C] 2carbene ligands at a platinum center[END_REF] and this complex was found to be perfectly air-stable both in the solid state and in solution. The 31 P NMR spectrum of [2](OTf) displayed a single signal at P 33.5 ppm (Table 1), thus shifted to low field with respect to the phosphonium precursor [1](OTf)2 (P 23.8 ppm). The coordination of the NHC moiety to the metal atom in [2](OTf) was evidenced by the disappearance of the 1 H signal of the imidazolium proton of [1](OTf)2 and the observation of the characteristic N2C carbon resonance (C 176.6 ppm (d, JCP = 5.5 Hz) in the 13 C NMR spectrum strongly deshielded with respect to the N2CH carbon atom of [1](OTf)2 (CH 136.9 ppm). 16 13 C NMR spectroscopy also unveiled the resonances of the CH ylide at CH 19.5 ppm (d, JCP = 43.3 Hz) and of the ortho-metallated carbon atom at C 175.2 ppm (d, JCP = 33.9 Hz) in agreement with the concomitant coordination of three carbon atoms of different nature to the Pd(II) center (Scheme 2, Table 1). Interestingly, the 13 C NMR signal of phosphonium ylide in the central position was shifted low-field by 10-15 ppm compared to similar Pd(II) pincer complexes incorporating the same moiety at the lateral position (5.7-9.9 ppm). 17 The presence of coordinated CH3CN in [2](OTf) was established on the basis of corresponding 1 H and 13 C NMR signals observed in CD2Cl2 solution at Hppm and C 1.1 ppm, respectively. Finally, the cationic character of complex [2](OTf) was confirmed by ESI mass spectroscopy (m/z 634.2 [M -OTf] + ).

Scheme 2. Synthesis of Phosphonium Ylide Core Pincer Pd(II) complex [2](OTf)

In order to get some insights into the electronic properties of the novel C,C,C-pincer ligand, the displacement of the CH3CN ligand in [2](OTf) by isocyanide and CO was next performed (Scheme 3). For this purpose, complex [2](OTf) was treated with tBuNC in CH2Cl2 at -78 °C affording the targeted adduct [3](OTf) in 94% yield (Scheme 3, left). While the 13 C NMR NMR signals of the pincer backbone remained essentially unchanged compared to precursor [2](OTf), the coordination of the isocyanide was evidenced by the broad resonance at C 138.4 ppm assigned to the carbon atom directly attached to the metal center accompanied with two characteristic resonances of the tBu group at C 58.0 and 30.1 ppm (Table 1). The IR spectrum of [3](OTf) in a CH2Cl2 solution confirmed the existence of a strong C≡N band at 2187 cm -1 consistent with a Pd(II) coordinated isocyanide. 17 a NMR data was recorded in CD3CN. b NMR data was recorded in THF-D8. c L corresponds to the ligand trans coordinated to the central phosphonium ylide fragment.

To perform the MeCN/CO ligand exchange at the metal center, CO gas was bubbled through a solution of complex [2](OTf) in CH2Cl2 at room temperature (Scheme 3, right). Gratifyingly, a quantitative formation of the new product [4](OTf) was achieved after only 15 min as revealed by 31 P NMR monitoring with the appearance of a singlet at P 35.8 ppm. The presence of the Pd-CO bond in [4](OTf) was unambiguously demonstrated by the low-field doublet observed at C 180.5 (d, JCP = 5.9 Hz) in the 13 C NMR spectrum (Table 1) and the observation of a strong IR C≡O band at 2105 cm -1 in CH2Cl2 solution. The analysis of 13 C NMR spectra for complexes [2-4](OTf) revealed the gradual downfield shift of the phosphonium ylide resonance upon the increase of ligand π-acidity (MeCN < tBuNC < CO), while the signals of NHC and aryl moieties showed the opposite trend albeit in a smaller extent (Table 1). It is noteworthy, that [4](OTf) belongs to rare examples of Pd(II) pincer carbonyl complexes perfectly stable at room temperature even under high vacuum [START_REF] Jiang | Unexpected stability of CO-coordinated palladacycle in bidentate auxiliary directed C(sp 3 )-H bond activation: a combined experimental and computational study[END_REF] making possible, in particular, to record its mass spectrum (4 + : m/z 621.1 [M-OTf] + ) and determine the X-ray structure (vide infra).

[2](OTf) a [3](OTf) [4] 176.6 (d, 5.5) 176. 4 (d, 6.1) 174.0 (d, 5.1) 181.7 (d, 6.0) 183. 3 (d, 6.1) CPh 175.2 (d, 33.9) 172.5 (d, 32.6) 169.2 (d, 31.1) 178.0 (d, 33.2) 181.3 (d, 31.3) PCH 19.5 (d, 43.3) 22.3 (d, 40.3) 27.9 (d, 43.3) 18.7 (d, 42.3) 17.5 (d, 43.4) "Having in hands" the efficient protocol for the synthesis of a new family of Pd(II) complexes based on pincer ligands containing phosphonium ylide moiety scarcely reported in the literature, 17,22 we turned next our attention to the preliminary studies of the reactivity of these organometallic derivatives.

C(L) c
Reactions of Cationic Pd(II) Phosphonium Ylide Core Pincer Complexes [2](OTf) and [4](OTf) with Nucleophiles to Form Zwitterionic Palladate Derivatives 5-6. Taking into account the highly electron-rich character of our C,C,C-pincer ligand we considered that cationic phosphonium ylide core Pd(II) complexes [2-4](OTf) could serve as valuable precursors for the formation of zwitterionic metallate species containing positively charged fragments more or less distant from the metal atom. 23 In order to validate this proposal, we first tried the reaction of [2](OTf) with one equiv. of (allyl)MgBr in THF with the aim to isolate the corresponding η 1 -allyl Pd complex, as such species were reported to be the key intermediates in catalytic allylation of aldehydes with Bu3Sn(allyl). 17b,24 Although a clean formation of a new complex 5 with a 31 P NMR signal at P 29.8 ppm slightly shifted to high field compared to [2-4](OTf) was observed after 2 hours at RT (Scheme 4, top), no spectroscopic evidence for the presence of the allyl moiety was obtained. The signals of N2C and ortho-metallated carbon atoms in 5 were found to be deshielded at C 181.7 (d, JCP = 6.0 Hz) and C 178.0 (d, JCP = 33.2 Hz) respectively, while the doublet of the CH ylide was shifted to high field atC 18.7 (d, JCP = 42.3 Hz) with respect to complexes [2-4](OTf) (Table 1). These NMR resonances were finally attributed to the formation of a zwitterionic Pd-Br pincer complex whose the structure was unambiguously confirmed by X-ray diffraction study. It is worth mentioning that the bromide in 5 can be readily displaced by a large excess of MeCN giving back the complex [2](OTf). In order to rationalize this unexpected reactivity, complex [2](OTf) was treated with different conventional brominating agents such as [Et4N]Br (MeCN, 80°C, 48 h), MgBr2 (CH2Cl2, 25°C, 24 h) or N-bromosuccinimide (CH2Cl2, 25°C, 2 h). While no reaction was evidenced in the two first cases, the formation of intractable mixture of products was observed in the latter case. Based on this and the results observed in the NHC-bis(ylide) series, 17b we propose that a highly nucleophilic  1 -allyl-coordinated Pd pincer intermediate [START_REF] Solin | Pincer complex-catalyzed allylation of aldehyde and imine substrates via nucleophilic  1 -allyl palladium intermediates[END_REF] initially obtained from (allyl)MgBr and [2](OTf) underwent activation by the strong Lewis acid MgBr(OTf) released in the medium to form the experimentally observed Pd-Br complex 5 (Scheme 4, top).

Another zwitterionic organopalladate was obtained during the attempt to generate a metalated ylide [START_REF] Sarbajna | Phosphorusylides: powerful substituents for the stabilization of reactive main group compounds[END_REF] by the deprotonation of the [P + -CH] moiety in carbonyl complex [4](OTf). Indeed, the formation of zwitterionic pincer Pd-acyl complex 6 isolated in 81% yield was observed as a result of nucleophilic addition Scheme 4. Synthesis of Zwitterionic Phosphonium Ylide Core Pincer Pd(II) Complexes 5 and 6 from their Cationic Precursors [2](OTf) and [4](OTf), Respectively of nBuLi to the CO ligand. Though such reactivity with organolithium compounds is common for group 6-8 transition metal carbonyl complexes to the best of our knowledge it is unprecedented for palladium derivatives. The 31 P NMR spectrum of zwitterion 6 displayed a broad singlet at P 18.8 ppm, significantly shifted to high field compared to previous Pd(II) C,C,Cpincer complexes regardless of their overall charge (Table 1). The Pd coordination of the COBu fragment was unambiguously established by the broad strongly deshielded 13 C NMR signal at C 277.1 ppm. Finally, in the IR spectrum of 6 in THF solution, the C=O band appeared at 1607 cm -1 , a value substantially lower than those generally observed for Pd(II) acyl complexes (ca. 1670-1680 cm -1 ). [START_REF] Wiessner | Ligand effects on decarbonylation of palladium-acyl complexes[END_REF] The formation of zwitterionic Pd(II) complexes 5 and 6 bearing X-type bromide and acyl co-ligands, respectively and characterized by a weak charge separation reflects to some extent the strong donating character of the phosphonium ylide core pincer ligand, either exalting the nucleophilicity of the metalbound allyl fragment, or preventing the further deprotonation of the [P + -CH] coordinating extremity.

X-ray Diffraction Structural Studies of Phosphonium Ylide-Core Pincer Pd(II) Complexes [2](OTf), [3](OTf), [4](OTf), and 5. Single-crystal X-ray diffraction studies allowed us to establish the solid state structures of cationic pincer Pd(II) complexes [2-4](OTf) and zwitterionic Pd(II) complex 5 (Figure 1). 27 The most pertinent metrical data are presented in Table 2. In all cases, the Pd(II) atom resides in a square planar environment being part of strongly distorted fused six and fivemembered metallacycles, the latter incorporating the phosphonium moiety. The value of tau parameter (4) close to 0 indicates a small deviation from the square planar geometry (Table 2). [START_REF] Yang | Structural variation in copper(I) complexes with pyridylmethylamide ligands: structural analysis with a four-coordinate geometry index, 4[END_REF] While the central phosphonium ylide coordinating end is located in trans position relative to the neutral (L = NCMe, CNtBu, CO) or anionic (X = Br) ligand (C6-Pd-L/X: 172.16(6)-172.8(2)°), the NHC and the phenyl donor moieties adopt a mutual trans arrangement (C1-Pd-C8: 172.82(6)-174.0(2)°). The deviation observed for the ideal linear Pd-L (L = NCMe, CNtBu, CO) coordination mode in complexes [2-4](OTf) (Pd-L : 172.43(14)-175.4(5)°) might be partially caused by the steric demand of the N-Mes substituent. In the zwitterionic Pd-Br complex 5, the electron-withdrawing effect of bromine atom stabilizes the charge separation and consistently, the Pd-Br bond is indeed quite long (Pd-Br: 2.5083(4) Å), as compared to that occurring for instance in the neutral pincer [PCP]PdBr complex (2.495(1) Å). [START_REF] Bachechi | X-ray structural analysis of Ni II , Pd II , and Pt II complexes with the potentially tridentate ligand 1,3-bis(diphenylphosphinomethyl)benzene, 1,3-C6H4(CH2PPh2)2[END_REF] Remarkably, the replacement of MeCN by more π-acceptor CNtBu and CO moieties results in the counterintuitive elongation of the C6-Pd bond with concomitant shortening of both C1-Pd and C8-Pd bond distances. These changes in Pd-phosphonium ylide distances could be tentatively rationalized by the superior trans influence 30 of CNtBu and CO fragments compared to that of MeCN, 31 which would thus induce the lengthening of the trans Csp 3 -Pd bond of the central ylide extremity. This implies also that the donation of the NHC and the phenyl ring is sufficient to compensate the electronic deficiency at the metal caused by the introduction of an electron-accepting ligand. Although to a lesser extent, the same trend in the Pd-C bond distances was observed in the Pd-Br complex 5. The shortening of the Pd-isonitrile bond (Pd-C13: 1.9985(16) Å) in complex [3](OTf) along with the corresponding lengthening of the C≡N bond distance (C13-N3: 1.149(2) Å) compared to those observed in previously reported NHC core, bis(phospho-Table 2. Selected Bond Lengths (Å) and Valent Angles (°) for Pd(II) Pincer Complexes [2-4](OTf) and 5.

nium ylide) Pd-CNtBu pincer complexes (Pd-C: 2.010(3)-2.013( 9) Å; C-N: 1.126(10)-1.141(4) Å) suggest the stronger donor character of the ylide core pincer ligand. 17a Carbonyl Pd(II) complexes stable at room temperature remain rare due to their strong ability to insert CO into a Pd-C -bond to form Pd acyl derivatives. [START_REF] García-López | Room-temperature isolation of palladium(II) organocarbonyl intermediates in the synthesis of eight-membered lactams after alkyne/CO sequential insertions[END_REF] In the pincer series (Scheme 5), only few ligands based on P,C,P-diphosphinoaryl ([7-8](BF4)), [START_REF] Bolliger | Short, facile, and highyielding synthesis of extremely efficient pincer-type Suzuki catalysts bearing aminophosphine substituents[END_REF] S,C,S-indolyl (9, [10-11](BF4)), [START_REF] Lisena | Influence of the ligand backbone in pincer complexes: Indenediide, indolyl, and indenyl-based SCS palladium complexes[END_REF] N,N,C-diaminoaryl ([12](BF4)), [START_REF] Zucca | N^N^C platinum(II) and palladium(II) cyclometallates of 6,6'-diphenyl-2,2'-bipyridine, L: Crystal and molecular structure of [Pd(L-H)Cl][END_REF] N,N,C-8-amino(amido)(alkyl) (13) [START_REF] Jiang | Unexpected stability of CO-coordinated palladacycle in bidentate auxiliary directed C(sp 3 )-H bond activation: a combined experimental and computational study[END_REF] and C,C,C-NHC, bis(phosphonium ylide) ([14c](OTf)2) 17a structures were reported to stabilize Pd-CO adducts. Structurally identified Pd(II) carbonyl pincer complexes are even rarer, since only Pd complexes of type 13 were characterized by X-diffraction analysis, thanks to the presence of the strongly -donating dianionic amido(alkyl) ligand. [START_REF] Jiang | Unexpected stability of CO-coordinated palladacycle in bidentate auxiliary directed C(sp 3 )-H bond activation: a combined experimental and computational study[END_REF] To our knowledge, a sole example of Pd-CO complex [15](BF4) (Scheme 5) featuring a bulky bidentate bis(NHC) ligand was analyzed in the solid state, [START_REF] Subramanium | Direct observation of a carbonylation reaction relevant to CO/alkene copolymerization in a methylpalladium carbonyl complex containing a bis(N-heterocyclic carbene) ligand[END_REF] while no example bearing Scheme 5. Known Pd(II) Carbonyl Complexes Bearing Pincer-Type and Bis-NHC Ligands with Corresponding CO Band Frequencies an ylide ligand was reported. In the complex [4](OTf), the C-O bond distance of 1.117(4) Å is longer than in the bis(NHC) complex [15](BF4) (1.059(5) Å) [START_REF] Subramanium | Direct observation of a carbonylation reaction relevant to CO/alkene copolymerization in a methylpalladium carbonyl complex containing a bis(N-heterocyclic carbene) ligand[END_REF] indicating stronger -backbonding from the Pd atom in agreement with the superior donor [7](BF 4 ) [8](BF 4 )

9 2133 cm -1 2106 cm -1 2121 cm -1 2161 cm -1 [10](BF 4 ) 2151 cm -1 [11 ](BF 4 ) 2130 cm -1 [12](BF 4 ) 13 2078-2096 cm -1 2114 cm -1 [14c](OTf) 2 2112 cm -1 [15](BF 4 ) R'' N N Pd CO C C PPh 3 Ph 3 P H H TfO 2 [2](OTf) [3](OTf) [4](OTf) 5 
C1-Pd1 Perspective views of phosphonium ylide core Pd(II) complexes [2](OTf), [3](OTf), [4](OTf), and 5 with thermal ellipsoids drawn at the 30% probability level. Hydrogen atoms and TfO -anions are omitted for clarity.
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ability of phosphonium ylides compared to NHCs. 15b Interestingly, the Pd-CO fragment in complex [4](OTf) was found to significantly deviate from the expected linear geometry (Pd1-C13-O1 172.7(3)°) accompanied with a close proximity between the Cipso carbon atom of the mesityl group and the coordinating carbon atom (C13....C26: 3.055(4) Å) inferior to the sum of the Van der Waals radii (3.4 Å) suggesting the occurrence of weak attractive π(C=C)...π*C≡O interaction (vide infra). 37 IR Spectroscopy, Cyclic Voltammetry, and Theoretical Studies of Pd(II) Phosphonium Ylide-Core Pincer Complexes [2-4](OTf). The electronic properties of the ylide core pincer ligand of Pd(II) complexes [2-4](OTf) were studied by a combination of experimental methods and theoretical calculations (Table 3). The examination of experimental CO frequency value of carbonyl complex [4](OTf) (2105 cm -1 ) and those of related cationic Pd(II) species (Scheme 5) revealed that among L2X-type ligands only P,C,P-pincer bearing highly electronrich tri(amino)phosphine extremities in complex [8](BF4) (CO 2106 cm -1 ) [START_REF] Bolliger | Short, facile, and highyielding synthesis of extremely efficient pincer-type Suzuki catalysts bearing aminophosphine substituents[END_REF] is comparable with ylide core C,C,C-pincer in terms of electron-donation. It was found that among LX2-type ligands only the family of amino(amido)alkyl pincers (Scheme 5, 13) [START_REF] Jiang | Unexpected stability of CO-coordinated palladacycle in bidentate auxiliary directed C(sp 3 )-H bond activation: a combined experimental and computational study[END_REF] showed superior electronic donation than our ligand system. In contrast, the CO value for Pd(II) complex [14c](OTf)2 exhibiting the C,C,C-NHC core, bis(phosphonium ylide) pincer ligand (2114 cm -1 ) 17 was ca. 9 cm -1 higher than for [4](OTf). Similar trend was also observed in CN frequencies in Pd(II) isocyanide complexes [3](OTf) and [14b](OTf)2 measured at 2187 and 2194 cm -1 , respectively (Table 3). These IR data unambiguously show that among the two carbon-based pincer families the ylide core ligand is more electron-donating than its NHC core analogue. Though two LX2-type ligand families are similar in terms of bonding mode according to the Green formalism, [START_REF] Green | A new approach to the formal classification of the covalents compounds of the elements[END_REF] the stronger donation of ylide core system may be tentatively assigned to the difference in overall ligand charge. Indeed, the ylide core ligand is anionic in nature, whereas the NHC core, bis(ylide) analogue is globally neutral.

With the aim to get further insights into the electronic structure and bonding of novel C,C,C-pincer ligand, the structure of cations [2-4] + was calculated at the PBE-D3/6-31G**/LANL2DZ*(Pd) level. Calculated CO and CN frequency values in complexes [3-4] + were found to be lower than for the corresponding NHC, bis(ylide) analogues [14b-c] 2+ (Table 3) thus reproducing the experimental observations. Selected molecular orbitals (MOs) of complexes [2-4] + are shown in Figure 2. Along the series (2 + → 3 + → 4 + ), the highest occupied molecular orbitals (HOMOs) and the lowest occupied molecular orbitals (LUMOs) are globally shifted to deeper energy. In all complexes, the HOMO involves a strong contribution of the d orbitals of the metal atom featuring dz 2 character for [2-3] + and dxz character for 4 + . In the latter, the HOMO shows also a significant contribution of the  orbitals of the NHC and phenyl rings. Noticeably, the phosphonium moiety and the ligand situated in trans position to the ylide systematically contribute for the LUMOs. While the LUMOs for [2-3] + are strongly localized on the  system of the phosphonium, in case of carbonyl complex 4 + this orbital corresponds to the *(CO). In complexes [2-3] + , the *(CN) mixing with other delocalized -bonds occurs at higher energy, as illustrated by the LUMO+2.

These MO feature foreshadow the analysis of experimental oxidation potentials (Ep ox ) determined by cyclic voltammetry (Table 3). Considering that the ylide core pincer remains the same along the series, the Ep ox values are therefore expected to reflect the electronic endowment of the co-ligand (MeCN vs. tBuNC vs. CO) in corresponding Pd(II) complexes [2-4](OTf). All oxidations were found to be irreversible showing variation as a function of the -donation vs. -accepting properties of the co-ligand ( [2](OTf): 1.6 V < [3](OTf): 1.8 V < [4](OTf): 2.1 V). [START_REF] Chaquin | Estimating local bonding/antibonding character of canonical molecular orbitals from their energy derivatives. The case of coordinating lone pair orbitals[END_REF] In accordance with the relative energy of HOMOs (HOMO energy for 2 + : -7.4 eV; 3 + : -7.6 eV; 4 + : -8.1 eV), the Pd complex [2](OTf) containing acetonitrile ligand is the more easily oxidized with a Ep ox value in the same range as that of the NHC, bis(ylide) Pd(II) complex [14a](OTf)2 (Table 3). 17b The similarity of the Ep ox values between these two Pd-MeCN adducts, expected to be different, might be due to the large width of the irreversible oxidation waves preventing the measure of a very accurate value. By contrast to [2](OTf), complex [4](OTf) bearing CO ligand is more reluctant to oxidation as illustrated with their relative HOMO energies. These Ep ox values clearly demonstrate that the redox event is Pd-centered, in perfect line with the IR frequencies and the determination of MOs.

In order to rationalize the particular stability of Pd(II) carbonyl complex [4] + its electronic structure and the bonding interactions were further investigated using various QTAIM descriptors and compared with those of Pd(II) carbonyl complex [14c] 2+ (Figure 3, Table 4). According to the classification of Bianchi et al.,40 theVbcp/Gbcp ratio (1.32) for the Pd-CO bonds refers in both cases to the intermediate bond regime (1 <Vbcp/Gbcp < 2) located between ionic and covalent bonding. Based on the Macchi's classification, [START_REF] Macchi | Experimental Electron Density in a Transition Metal Dimer: Metal-Metal and Metal-Ligand Bonds[END_REF] their large electron density values (bcp ≥ 0.131 a.u.), their large positive Laplacian values (∆bcp ≥ 0.444 a.u.) and negative energy densities Hbcp, are in favor of a dative bond of significant covalent character (Table 4). Values of DI (≈ 1.0) and Hbcp/bcp (≈ 0.40) indicate a strong covalence degree of these Pd-CO bonds. Despite the apparent similarity of the nature of the Pd-CO bond in both complexes, its bond strength (Eint) estimated using Espinosa-Molins-Lecomte approach 42 was calculated to be larger for the ylide core pincer complex [4 + ] than for the NHC core pincer complex [14c 2+ ] (70.4 vs. 67.7 kcal.mol -1 , respectively). The latter Eint values and the above QTAIM descriptors of the Pd-CO bonds are in the same range as those calculated for Cu(I)-CO bonds in zeolites. [START_REF] Petitjean | How Cu I and Na I interact with Faujasite Zeolite? A theoretical investigation[END_REF] As suggested by the X-ray structure of Pd complex 4 + (vide supra), a weak attractive non-bonding C=C...C≡O interaction 37 was confirmed by the presence of the bond critical point between the corresponding Cipso and carbonyl carbon atoms and its energy was estimated to be about 1.7 kcal.mol -1 . While such interligand bonding is more common for carbonyl-containing transition metal NHC complexes exhibiting (pseudo)octahedral, tetrahedral and trigonal bipyramidal geometry, 37a the examination of CCDC base revealed only two examples of square-planar Rh(I) complexes based on chelating bidentate NHC ligands, which display similar structural features as observed in the complex [4](OTf). 44 The same type of weak interaction between the CO ligand and the Cipso carbon atom of one of the P + -Ph substituents albeit with significantly lower energy (1.1 kcal.mol -1 ) was also evidenced in the Pd complex [14c 2+ ]. All these interactions contribute to the stability of the two pincer Pd(II) complexes of interest, and are in agreement with experimental observations, namely the higher stability of the Pd-CO pincer complex [4](OTf) featuring a central ylide fragment compared to its central NHC analogue [14c](OTf)2.

CONCLUSION

An isostructural family of phosphonium ylide core [C,C,C-Pd(L)](OTf) (L = NCMe, CNtBu, CO) pincer complexes was easily prepared by the base-assisted activation of three C-H bonds in a readily available N-phosphonio-substituted imidazolium salt as a key step. The complete series of these Pd(II) species was fully characterized including by X-ray diffraction study. The electronic donation of new phosphonium ylide core LX2-type pincer scaffold evaluated on the basis of IR spectroscopy, cyclic voltammetry and MOs analysis data, was shown to be higher than for the related C,C,C-NHC, bis(phosphonium ylide) ligand. The extreme electron-rich character of this new pincer platform was found to be beneficial for the structural characterization of a Pd-CO adduct, thereby compensating the absence of strongly donating alkyl ligands typically required for the stabilization of these elusive species. Thanks to the unconventional reactivity observed with (allyl)MgBr and nBuLi from cationic precursors, zwitterionic Pd(II) pincer complexes bearing bromide and acyl co-ligands were selectively obtained. The X nature of the trans ylide coordinated ligand makes these two Pd(II) complexes unique cases of the restricted family of zwitterionic phosphonium organopalladates where the negative charge initially located at the C-sp 3 ylidic carbon atom is formally transferred to the metal atom and actually partially delocalized over the bromide and acyl fragments. These results illustrate how the nature of the pincer backbone can influence the electronic properties and thus directly impact the reactivity of the ensuing complexes. Application of these carbon-based pincer complexes in homogeneous catalysis and the extension of this approach to other transition metals are currently underway.

EXPERIMENTAL SECTION

General Remarks. All manipulations were performed under an inert atmosphere of dry nitrogen by using standard vacuum line and Schlenk tube techniques. Glassware was dried at 120 °C in an oven for at least three hours. Dry and oxygen-free organic solvents (THF, Et2O, CH2Cl2, toluene, pentane) were obtained using a LabSolv (Innovative Technology) solvent purification system. Acetonitrile was dried and distilled over P2O5 under argon. A liquid nitrogen/ethanol slush bath was used to maintain samples at the desired low temperature. 1-mesityl-3-(3-(triphenylphosphonio)propylimidazolium trifluoromethane sulfonate [1](OTf)2 was prepared according to a previously described procedure. [START_REF] Benaissa | A convenient access to N-phosphonio-substituted NHC metal complexes [M = Ag(I), Rh(I), Pd(II)[END_REF] All other reagent-grade chemicals were purchased from commercial sources and used as received. Chromatographic purification was carried out on silica gel (SiO2, 63-200 μm). Solution IR spectra were recorded in 0.1 mm CaF2 cells with 0.5 cm -1 resolution using a Perkin Elmer Frontier FT-IR spectrometer and given in cm -1 with relative intensity in parentheses. 1 H, 31 P, and 13 C NMR spectra were obtained on Bruker AV300, AV400 or NEO600 spectrometers. NMR chemical shifts δ are in ppm, with positive values to high frequency referenced against the residual signals of deuterated solvents for 1 H and 13 C and 85% H3PO4 for 31 P. If necessary, additional information on the carbon signal attribution was obtained using 13 C{ 1 H, 31 P}, J-modulated spin-echo (JMOD) 13 C{ 1 H}, 1 H- mass spectrometry service of the "Institut de Chimie de Toulouse" using a Xevo G2 QTof (Waters) spectrometer. Elemental analyses were carried out by the elemental analysis service of the "LCC" using a Perkin Elmer 2400 series II analyzer. Voltammetric measurements were performed by the electrochemistry service of the "LCC". Voltammetric measurements were carried out with a potentiostat Autolab PGSTAT100 controlled by GPES 4.09 software. Experiments were performed at room temperature in a homemade airtight three-electrode cell consisting of a Pt working electrode (d = 0.5 mm), a platinum wire (S = 1 cm 2 ) as counter electrode, and a saturated calomel electrode (SCE) separated from the solution by a bridge compartment as a reference. Before each measurement, the working electrode was cleaned with a polishing machine (Presi P230, P4000). The measurements were carried out in dry CH2Cl2 under argon atmosphere using 0.1 M g, 0.13 mmol) in THF (10 mL). The mixture was warmed to room temperature and stirred for 2 hours. After evaporation of the solvent under vacuum, the crude residue was dissolved in CH2Cl2 (5 mL), and the solution was filtered over Celite. Recrystallization from CH2Cl2/Et2O at -20°C gave complex 6 as a white powder (0.07 g, 81%). Bruker diffractometer equipped with a 30W air-cooled microfocus MoKα source (λ = 0.71073 Å, graphite monochromator). The structures were solved using SUPERFLIP [START_REF] Palatinus | Superflipa computer program for the solution of crystal structures by charge flipping in arbitrary dimensions[END_REF] and refined by means of leastsquares procedures using the programs of the PC version of CRYSTALS. [START_REF] Betteridge | Crystals version 12: software for guided crystal structure analysis[END_REF] Absorption corrections were introduced using the program MULTISCAN. [START_REF] Blessing | An empirical correction for absorption anisotropy[END_REF] Atomic scattering factors were taken from the international tables for X-ray crystallography. All non-hydrogen atoms were refined anisotropically. The H atoms were located in a difference map, but those attached to carbon atoms were repositioned geometrically using a "riding" model. In case of complex [4](OTf), the triflate anion was found to be disordered over two positions with 60:40 occupancy ratio. After the initial step of structural refinement for complex 5, co-crystallized solvents likely to be severely disordered CH2Cl2 and H2O in partial occupancies were located. Since all attempts to refine them as discrete molecules did not afford a satisfactory model, it was decided to remove their contribution using Squeeze procedure [START_REF] Van Der Sluis | an effective method for the refinement of crystal structures containing disordered solvent regions[END_REF] (total number of electrons in one unit cell is 134 electrons, total accessible void is 193 Å 3 ). Additional experimental details and refinement parameters are given in Table S1. Computational details. Geometries were fully optimized at the PBE-D3/6-31G**/LANL2DZ* (Pd) level of calculation using Gaussian 09. 49 The star in LANL2DZ*(Pd) refers to f-polarization functions derived by Ehlers et al. for Pd, [START_REF] Ehlers | A set of f-polarization functions for pseudo-potential basis sets of the transition metals Sc-Cu, Y-Ag and La-Au[END_REF] that have been added to the LANL2DZ(Pd) basis set. Vibrational analysis was performed at the same level as the geometry optimization in order to check the obtention of a minimum on the potential energy surface. QTAIM analysis was performed with the AIMAll software. [START_REF] Keith | Version 17.11.04[END_REF] Topological methods are based on the analysis of the gradient field of a local function within the dynamic field theory and provide a partition of the molecular space into non-overlapping basins. The topological analysis of the electron density (r), designed as the Quantum Theory of Atoms in Molecules (QTAIM) by Bader, yields atomic basins and QTAIM atomic charges. 52 It allows defining bond paths and bond critical points (BCPs). The nature of the chemical bond is characterized from various properties of the electron density at the BCPs, especially the sign of the Laplacian of the electron density and the values of the kinetic energy density (Gbcp), of the potential energy density (Vbcp) and of the energy density Hbcp = Gbcp + Vbcp, following the Bianchi's 40 and Macchi's classification. [START_REF] Macchi | Experimental Electron Density in a Transition Metal Dimer: Metal-Metal and Metal-Ligand Bonds[END_REF] Negative and positive values for the Laplacian of the electron density at the BCP are assigned to « electron-shared » and « closed-shell » interactions, respectively. 52 Bianchi et al. distinguish three bonding regimes, depending on the value of the absolute ratio of the potential energy density to the kinetic energy density (Vbcp/Gbcp).

The intermediate bond regime (1 <Vbcp/Gbcp < 2) lies between electron-shared covalent bonds (Vbcp/Gbcp greater than 2) and closedshell ionic bonds or van der Waals interactions (Vbcp/Gbcp lower than 1) and includes dative bonds and ionic bonds of weak covalent character. The Macchi's classification relies on the values of both local descriptors and the delocalization index (DI) and offers a way to refine the bond characterization further. The covalence degree may be estimated from the latter and from |Hbcp|/bcp. The strength of the interaction may be estimated from the correlation scheme of Espinosa et al. [START_REF]HRMS (ES + ): calcd for C38H41N3PPd, 676[END_REF] providing the corresponding positive interaction energy (Eint = -½ Vbcp), with Eint (kcal.mol -1 ) = -313.754 × Vbcp (a.u.)).
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 3 Substitution of MeCN Ligand at the Pd(II) Center in Complex [2](OTf) with tBuNC and CO Table 1. Selected 31 P and 13 C NMR Chemical Shifts (ppm) in CD2Cl2 Solution with Signal Multiplicity and JCP Coupling Constants (Hz) in Parenthesis for Pd(II) Pincer Complexes [2](OTf), [3](OTf), [4](OTf), 5 and 6.

Figure 1 .

 1 Figure 1. Perspective views of phosphonium ylide core Pd(II) complexes[2](OTf),[3](OTf),[4](OTf), and 5 with thermal ellipsoids drawn at the 30% probability level. Hydrogen atoms and TfO -anions are omitted for clarity.

Figure 2 .

 2 Figure 2. Selected frontier molecular orbitals (energies in eV) of Pd(II) pincer complexes 2 + (L = NCMe, left), 3 + (L = CNtBu, middle) and 4 + (L = CO, right). PBE-D3/6-31G**/LANL2DZ*(Pd) level of calculation.

Figure 3 .

 3 Figure 3. QTAIM molecular graphs of Pd complexes [4 + ] (top) and [14c 2+ ] (bottom) calculated at the PBE-D3/6-31G**/LANL2DZ*(Pd) level. Bond critical points and ring critical points are shown as small green and red spheres, respectively. Element color code: C -grey, H -white, N -blue, O -red, P -orange, Pd -green-blue. Weak interactions with ≤ 0.0795 au are not visible.

Table 4 .

 4 QTAIM descriptors (in a.u.) of the Bond Critical Points (BCP) related to Pd-CO bonds and C=C...C≡O in Pd(II) Complexes 4 + and 14c 2+ illustrated in Figure 3. PBE-D3/6-31G**/LANL2DZ*(Pd) level of calculation. a Potential energy density; b Energy density Hbcp; c Delocalization index.

Table 3 . Experimental and Calculated IR CO and CN Stretching Frequencies (cm -1 ), and Ep ox (V) for the Cationic Pd Complexes 2 + , 3 + , 4 + and 14a-c 2+ . 17b

 3 

	a IR frequency values measured in CH2Cl2 solution. b Calculations were per-
	formed at the PBE-D3/6-31G**/LANL2DZ*(Pd) level. c Ep ox values (V) are
	given vs. SCE.

  13 C HMQC, and/or HMBC experiments. MS spectra (ESI mode) were performed by the

			4 +		
			14c 2+		
	BCP	Pd-CO	C=C...C≡O	Pd-CO	C=C...C≡O
		(4 + )	(4 + )	(14c 2+ )	(14c 2+ )
	bcp	0.1360	0.0113	0.1316	0.0803
	bcp	+0.454	+0.034	+0.444	+0.025
	Vbcp a	-0.22450 -0.00521	-0.21573 -0.00347
	Hbcp b	-0.5667	-0.0170	-0.0553	-0.0014
	Hbcp/bcp 0.42	0.02	0.40	0.02
	Vbcp/Gbcp 1.32	0.75	1.32	0.71
	DI c	1.04	0.04	0.99	0.03
	Eint,	70.4	1.7	67.7	1.1
	kcal.mol -1				

  Intensity data were collected at low temperature on an Apex2

	1 H NMR
	(400 MHz, THF-d8, 25 °C): (The 1 H NMR resonance of the PCH frag-
	ment was not observed): δ = 7.71-7.67 (m, 2H, CHAr), 7.57-7.50 (m,
	6H, CHAr), 7.42-7.36 (m, 3H, CHAr), 7.15 (brs, 1H, CHAr), 6.91 (t, JHH
	= 8.0 Hz, 1H, CHAr), 6.79-6.72 (m, 4H, CHAr), 6.57 (brs, 1H, CHAr),
	4.10-3.93 (m, 1H, NCH2), 3.85-3.79 (m, 1H, NCH2), 2.40-2.30 (m,
	2H, CH2), 2.20 (s, 3H, CH3Mes), 1.96 (s, 3H, CH3Mes), 1.85-1.75 (m, 1H,
	CH2), 1.33 (s, 3H, CH3Mes), 1.25-1.10 (m, 3H, CH2), 0.95-0.80 (m, 2H,
	CH2), 0.71 (t, JHH = 8.0 Hz, 3H, CH3); 31 P{ 1 H} NMR (162 MHz, THF-
	d8, 25 °C): δ = 18.8 (s); 13 C NMR (101 MHz, THF-d8, 25 °C): δ = 277.1
	(brs, CO), 183.3 (d, JCP = 6.1 Hz, N2C), 181.3 (d, JCP = 31.3 Hz, CPh),
	140.5 (d, JCP = 19.2 Hz, CHPh), 139.9 (d, JCP = 119.2 Hz, CPh), 138.7
	(s, CMes), 138.4 (s, CMes), 137.2 (s, CMes), 136.9 (s, CMes), 135.0 (d, JCP
	= 9.1 Hz, CHPh), 133.9 (d, JCP = 9.1 Hz, CHPh), 132.5 (d, JCP = 3.0 Hz,
	CHPh), 132.2 (d, JCP = 3.0 Hz, CHPh), 132.2 (d, JCP = 47.5 Hz, CPh),
	130.7 (d, JCP = 92.9 Hz, CPh), 130.7 (d, JCP = 10.0 Hz, CHPh), 130.0 (s,
	CHPh), 129.9 (d, JCP = 11.1 Hz, CHPh), 129.3 (d, JCP = 11.1 Hz, CHPh),
	129.2 (d, JCP = 3.0 Hz, CHPh), 129.1 (s, CHPh), 123.2 (d, JCP = 15.1 Hz,
	CHPh), 123.0 (s, CHPh), 121.3 (s, CHPh), 58.7 (s, COCH2), 55.8 (d, JCP
	= 22.2 Hz, NCH2), 27.8 (s, CH2), 26.8 (s, CH2), 23.8 (s, CH2), 21.3 (s,
	CH3), 18.7 (s, CH3), 18.2 (s, CH3), 17.5 (brd, JCP = 43.4 Hz, PCH), 15.0
	(s, CH3); IR (THF): νC=O 1607 cm -1 (s); MS (ES + ): m/z: 677.2 [M -H] + ;
	HRMS (ES + ): calcd for C38H40N2OPPd, 677.1913; found, 677.1917 (εr
	= 0.6 ppm).
	Single-crystal X-ray diffraction analyses for complexes [2-4](OTf)
	and 5.
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