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Introduction

Molecules containing two redox active centers interacting through π-conjugated carbon rich framework constitute attractive potential components for use in future molecular electronics applications. [1][START_REF] Demandis | [END_REF][3][4][5][6][7][8][9][10][11][12][13][14] Upon the years, three dinuclear organometallic molecules composed of two Cp*Fe(dppe) units bound about a central benzene ring with an ethynyl linker have been prepared. [15][16][17] These molecules (p-1, o-1, m-1, Scheme 1) have the same molecular formula, but differ from each other in the geometry in which the metal centers are linked through the central phenyl ring. [18,19] Sequential one-electron oxidation of these complexes results in Fe(II)-Fe(III) mixed-valence species and Fe(III)-Fe(III) diradicals. [15,[20][21][22] The topology of the molecules and in particular the meta vs para / ortho connection of the redox sites on the aromatic rings plays a major role on the electronic and magnetic coupling interactions. [18,19,23,24] In the case of the Fe(III-Fe(III) complexes antiferromagnetic exchange interactions take place between the spin carriers for the ortho and para topologies, while a strong ferromagnetic coupling is observed for the dicationic complex with the meta topology. [19,23] In the case of the mixed-valence (MV) species Fe(II)-Fe(III), the electronic coupling between the two metal endgroups occurs directly via a through-bond mechanism. [25] However, the electronic coupling between the metal centers depends heavily on the topology of the molecules and decreases according to the sequence para, ortho, and meta. [17] In the three cases, the MV compounds are seen as localized MV species at the fast IR time scale, and consequently they belong to the Class-II systems according to Robin-Day classification. [22,26,27] At the slower Mössbauer time scale, the three complexes do not behave similarly. the para cationic complex is found to be symmetric with two equivalent formal Fe(2.5) metal centers, while the ortho and meta connected MV derivatives are characterized by discrete Fe(II) and Fe(III) centers. [15,17,21] Interestingly, at the single-molecule scale, the electron localization has only been observed for the MV species with the meta geometry by scanning tunneling microscopy (STM). [25] Scheme 1. General formulas of the key compounds.

Mixed-valence molecules with two discrete states constitute potential candidates for the elaboration of new devices for molecular electronics. [28,29] As it was found that molecule [m-1a] presents some interesting properties at the single molecule level, [25] we have been interested to introduce some substituents in the 5-position of the central phenyl ring to evaluate its possible role on the electronic coupling. If the substituents can play a significant role, they could be helpful for tuning the metal-metal interaction through the bonding, otherwise they may open opportunities for introducing coordinating groups for the elaboration of supramolecular devices. This paper is devoted to the synthesis of four binuclear organometallic molecules with a structure similar to [m-1a] and bearing a substituent X at the 4) and the proligands 3b-e following a procedure similar to that previously established for the preparation of the unsubstituted complex [m-1a]. [16] The proligands have been synthesized by a Pd/Cu-catalyzed cross coupling reaction using the commercially available or home made known aryl dibromides 2b-e (Schemes 2 and 3). [30,31] Scheme 2. Preparation of the proligands 3b-e.

The crude samples of the new complexes were purified by extraction with CH2Cl2, precipitation and washing with pentane and crystallization by slow diffusion of pentane into saturated CH2Cl2 solutions of [m-1b-e]. This straightforward procedure provided analytically pure complexes with acceptable yields. The new complexes [m-1b-e] were characterized by mass spectrometry, multinuclear NMR (see Experimental Section), cyclic voltammetry, and IR spectroscopies (see Sections 3 and 4). Their bulk purity was determined through elemental analysis. S1 in the Supporting Information. Selected bond distances and bond angles for the Cp*(dppe)Fe-C≡C fragments and the organic bridges are given in Table S2 and Table S3, respectively. The asymmetric units contain 8, 4, and 4 molecules of As expected, bond lengths in the Cp*(dppe)Fe fragments are typical, while angles confirm the pseudo-octahedral geometry of the metal atoms. [18,19,32] For the three complexes, the phenyl ring which connect the two iron alkynyl fragment is planar and this plan also contains the alkynyl carbon atoms in β-position with respect to the metal atoms, while the iron-alkynyl axes deviated above and below this plan. In compound [m-1d], the two phenyl rings of the C6-C≡C-C6 fragment and the methyl ester are almost coplanar and can be modeled over two positions with equal occupancies by symmetry operations -x, -y, -z. The 11 atoms of the ethynyl paranitrobenzene fragment of the compound [m-1e] are almost coplanar and the dihedral angle between this plan and the plan of the phenyl ring connecting the iron alkynyl groups is close to 28 °. 

Cyclic Voltammetry Analysis and Preparation of the

Dioxidized complexes [1,3-{Cp*(dppe)Fe-C≡C-}2-5-(X)- (C6H3)](PF6)2 (X = CH3, [m-1b](PF6)2; X = C(O)OCH3, [m- 1c](PF6)2; X = C≡C-4-C6H4-C(O)OCH3, [m-1d](PF6)2; X = C≡C- 4-C6H4-NO2, [m-1e](PF6)2)
The initial scans in the cyclic voltammetry of the binuclear complexes [m-1b-e] were run from -1.0 to 1.0 V (vs SCE). The cyclic voltammograms display two partially separated and fully reversible waves as shown in Figure 2 for the bis(iron) compound [m-1d] taken as a representative example of the series. The electrochemical data are collected in Table 1. The current peak ratio of unity (ip a /ip c = 1) for the two waves indicates that the two successive one-electron oxidations yield the Fe(II)-Fe(III) and the Fe(III)-Fe(III) species which are thermally stable at the platinum electrode. As shown in Table 1, the anodic and cathodic peak separation is close to 0.060 V for the two waves with a scan rate of 0.100 V s -1 indicating that the electron transfer is fast and the structural reorganization around the redox centers is not important. [START_REF] Bard | Electrochemical Methods: fundamentals and applications[END_REF] Table 1. Electrochemical Data for Compounds [m-1a-e] and Molar Fraction of the Species (x n+ ) in Solution of the Mixed-Valence complexes at 20 °C[a]

Cpd. [a] ΔE 0 = E 0 2 -E 0 1 in V vs SCE obtained from CV on Pt electrode at 20 °C in CH2Cl2 with 0.1 M NBu n 4PF6, sweep rate 0.100 V s -1 ; the ferrocene-ferricinium couple (0.460 V vs SCE) [START_REF] Connelly | [END_REF] was used as an internal reference for the potential measurements. [b] From [15] .

E 0 1(ΔEp) E 0 2(ΔEp) ΔE 0 Kc x x + x 2+ [m-1a] [b] -0.
The more negative redox potential found for the first oxidation (E 0 1) of the compound [m-1b] than for the parent compound [m-1a] shows that the electron releasing property of the methyl substituent is sensed by the iron centers. In contrast, the E 0 1 values continuously decrease from

[m-1a] to [m-1c], [m-1d],
and [m-1e] in accord with the electron withdrawing character of the X substituents. Similarly, the redox potential of the second metal center is also influenced by the electronic properties of X. However, the slightly smaller effect of the substituents on the second redox potential contributes to decrease the potential difference (ΔE 0 ), and as a consequence, the constants Kc (derived from eq 1) for the comproportionation equilibria (eq 2) which decrease as the electron withdrawing character of the X substituents increases.

ΔE 0 = RT/F ln Kc (1) K c Fe II -L-Fe II + [Fe III -L-Fe III ] 2+ 2 [Fe II -L-Fe III ] + (2) 
For MV complexes with identical redox centers, the Kc value is related to the thermodynamic stability of the MV complex with respect to its homovalent relatives. This parameter comprises several terms, such as the through-bridge and through-space electronic interactions, solvation, ion pairing, steric interaction, structural distortion upon electron transfer, magnetic coupling in diradicals. [4,[35][36][37] The Kc values determined for this series of complexes range between 110 and 275. Considering the metaphenylene topology of this family of compounds, and the data available in the literature for other derivatives with the same topology, [38,39] the Kc constants collected in Table 1 are rather large. As previously proposed, the relatively strong electronic interaction which takes place between the iron alkynyl units is probably favored by a continuous overlap between the d orbitals of the metal centers and the orbitals of the polyethynylbenzene connector. It is interesting to note that the most relevant system Cl(dppe)2FeC≡C-1,3-C6H4-C≡CFe(dppe)2Cl investigated by Long et al. is characterized by similar data. [39] The MV complexes [m-1b-e](PF6) can be prepared either by reaction of the parent Fe(II)-Fe(II) complexes with 1 equiv of ferrocenium hexafluorophosphate or from the comproportionation reaction between the neutral and dicationic species as depicted in eq. 2. The second route was preferred, and 1 equiv of the Fe(II)-Fe(II) orange complexes [m-1b-e] and 1 equiv of the corresponding Fe(III)-Fe(III) dark blue derivatives [m-1b-e](PF6)2 were introduced as powders in a Schlenk tube. In the solid state, the reaction does not take place between the orange and dark blue powders, but as soon as CH2Cl2 was introduced, the characteristic dark green color of the MV complexes can be observed. The mixtures were stirred at 20 °C until the formation of limpid solutions and the solvent was removed under reduced pressure to dryness. The resulting dark green powders of the MV complexes [m-1b-e](PF6) obtained from analytically pure homovalent parents were supposed to be pure and used for IR and NIR measurements (see Sections 4 and 5) without further treatment. Attempts to grow crystals by slow diffusion of pentane into CH2Cl2 solution of the MV complexes led to the precipitation of Fe(III)-Fe(III) complexes and the formation of orange liquors containing the Fe(II)-Fe(II) relatives leading to the quantitative recovery of the starting materials in their pure form.

2) and compared with the data available in the literature for [m-1a](PF6)n (Table 2). The IR spectra of the Fe(II)-Fe(II) neutral complexes [m-1a-e] show an intense bond stretching characteristic of the Fe II -C≡C triple bond at a frequency which slightly varies with the electronic properties of the X substituents between 2045 and 2052 cm -1 . In the cases of [m-1b] and [m-1c], a second much less intense absorption is observed. These bands could be assigned to the asymmetric and symmetric modes of vibration of the two Fe-C≡C fragments, respectively. In the case of the doubly oxidized Fe(III)-Fe(III) related derivatives [m-1b-e](PF6)2, the IR spectra display two less intense absorptions which can be assigned to the Fe III -C≡C vibrators. The energy of the more intense band ranges between 1944 and 1954 cm -1 and can be tentatively assigned to the antisymmetric mode of vibration, while the less intense band is seen at higher frequencies (2004 -2017 cm -1 ) and should correspond to the symmetric mode. The electronic properties of the X subsituents have a small, but measurable effect on the energy of the Fe-C≡C stretch (ca. 5 cm -1 ), and reciprocally, the oxidation of the metal centers is sensed by the whole molecule. In particular, upon the double oxidation of the complexes, the frequency of vibration of the C≡C triple bond which link the two aromatic rings in [m-1de](PF6)n is shifted toward higher energy by 4 to 8 cm -1 . Similarly, the C=O, C-O, and N-O bands are also slightly shifted toward higher energies (Table 2). These observations suggest that the X substituents play a sizeable role on the electronic structure of these complexes, and they can tune the charge distribution between the Fe-C≡C units and the bridge which connect them. As previously reported for [m-1a](PF6), the IR spectra of the MV complexes [m-1b-e](PF6) show two distinct νC≡C stretching bands located around 2040±5 and 1950±5 cm -1 , which can be safely ascribed to the Fe II -C≡C and Fe III -C≡C vibrators, respectively. They constitute the spectroscopic signature for trapped MV complexes. The characteristic stretching bands of the C≡C triple bond, C=O and C-O double and single bonds, and N-O bonds of the X substituents are located in the IR spectra of the MV derivatives at intermediate frequencies between those found for the corresponding homovalent counterparts.

As a result, one can anticipate that the substituents at the 5-position of the phenyl ring connecting the charge carriers might modulate the rate of the intramolecular electron transfer between the redox active sites. The analysis of the NIR absorptions characteristics of the MV complexes should confirm this assumption.

Near Infrared Spectroscopy for [m-1a-e](PF6)n (n = 0 -2)

As invariably noted for the Fe(II) complexes, the NIR spectra of the neutral complexes [m-1a-e] do not contain any absorption between 3700 and 12000 cm -1 . [18,19] As expected, the NIR spectra of the dioxidized complexes [m-1a-e](PF6)2 show a weak band (ε < 150 M -1 cm -1 ) with a maximum around 5300 ± 100 cm -1 , safely assigned to the forbidden ligand field (LF) transition from the (SOMO-2) to the SOMO). [40] The experimental spectra of the mono-oxidized complexes [m-1b-e](PF6) collected from isolated samples of the MV complexes (see Experimental Section) display absorptions of weak intensities with complex shapes. As previously described for [m-1a](PF6) and other related compounds, [21,[41][42][43][44] the deconvolution of the spectra was achieved using Gaussian functions. The spectra are mainly the combination of three overlapping components and their energetic parameters (νmax = frequency at the maximum of absorption, Δν1/2 = broadness at half height) are collected in Table 3. The low energy band found between 5330 ([m-1b](PF6)) and 5380 cm -1 ([m-1c-e](PF6)) with an extinction coefficient around 100 M -1 cm -1 is almost independent of the substituent bound to the 5-position of the phenyl ring. This band, characteristic of the Fe(III) cation of the MV complexes, is assigned to a LF transition. The two other components, which do not exist in the spectra of the corresponding homovalent species, result from the weak coupling taking place between the two iron alkynyl entities through the central phenyl ring. [a] From [21] .

Following assignments proposed for [m-1a](PF6) with the support of DFT calculations, these bands can be assigned to Fe II -C≡C → Fe III -C≡C transitions. The MV complexes, all weakly coupled, belong to the Robin-Day Class II MV species, [45] however the presence of X substituents on the phenyl ring can shift the bands by almost 3000 cm -1 . This observation shows that the X-substituents finely tune the distribution of the charge between the iron alkynyl fragments and the phenyl ring.

Conclusions

The

new complexes [1,3-{Cp*(dppe)Fe-C≡C-}2-5-(X)- (C6H3)](PF6)n (X = CH3, [m-1b](PF6)n; X = C(O)OCH3, [m- 1c](PF6)n; X = C≡C-4-C6H4-C(O)OCH3, [m-1d](PF6)n; X = C≡C- 4-C6H4-NO2, [m-
1e](PF6)n) were prepared, isolated, and characterized for n = 0-2. The analyses by CV, IR and NIR spectroscopies establish that the electronic properties are weakly sensed by the metal centers through five bonds and even eleven bonds in the cases of the complexes [m-1d](PF6)n and [m-1e](PF6)n. Reciprocally, the spectroscopic data also show that the X substituents sensed the oxidation of the metal centers. However, the transmission of the electronic properties of the substituents in the 5-position of the phenyl ring to the metal centers is too weak to allow the tuning of the metal-metal interaction. In contrast, advantage can be taken from this result to introduce coordinating groups in that position and elaborate supra molecular structures. This will be the subject of future reports from our group. 
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Experimental Section

Experimental Details: Manipulations of air-sensitive compounds were performed under an argon atmosphere using standard Schlenk techniques. Tetrahydrofuran (THF), toluene and pentane were dried and deoxygenated by distillation from sodium/benzophenone ketyl. Dichloromethane was distilled under argon from P2O5 and then from Na2CO3. Methanol was distilled over dried magnesium turnings. Infrared spectra were obtained as KBr pellets with a Bruker Alpha FTIR infrared spectrophotometer (4000-400 cm -1 ). Near-IR and UV-visible spectra were recorded as CH2Cl2 solutions, using a 1 cm long quartz cell on a Cary 5000 spectrophotometer. 1 H, 13 C, and 31 P NMR spectra were acquired on a Bruker AVIII 300 multinuclear NMR spectrometer at ambient temperature. Chemical shifts are reported in parts per million () relative to tetramethylsilane (TMS), using the residual solvent resonances as internal references for 1 H and 13 C and external H3PO4 (0.0 ppm) for 31 P NMR spectra. Carbon atoms are numbered as shown on Scheme 4 for assignment of the NMR spectra. The ferrocene/ferrocenium redox couple (E1/2 = 0.46 V) was used as an internal calibrant for the potential measurements. [START_REF] Connelly | [END_REF] Elemental analyses were conducted on a Thermo-Finnigan Flash EA 1112 CHNS/O analyzer.

Chemicals:

The organic compounds 2b, 2c, 1-bromo-4-ethylbenzoate, 1-bromo-4-nitrobenzene, trimethylsilylacetylene, bis(triphénylphosphine)palladium dichloride, cuprous iodide, diisopropylamine, potassium tert-butoxide, potassium fluoride and potassium hexafluorophosphate were purchased from Acros Organics, Alfa Cesar or Aldrich Chemicals, and used as received without further purification. 1-iodo-3,5-dibromobenzene, [46] 1-ethynyl-4-ethylbenzoate, [47] 1-ethynyl-4-nitrobenzene, [48] and Cp*(dppe)FeCl (4). [49] were prepared following reported procedures. A Schlenk tube equipped with a reflux condenser was charged with 1057 mg (3.40 mmol) of 1,3-dibromo-5-methylbenzoate (2c), 119 mg (0.17 mmol) of bis(triphénylphosphine)palladium dichloride, 32 mg (0.17 mmol) of CuI, 30 mL of THF, 15 mL of diisopropylamine. The reagents were mixed for 5 min. Then, 0.99 mL (7.14 mmol) of trimethylsylilacetylene was added by syringe and the mixture was stirred at 90°C for 15 h. At room temp., the volatiles were removed under reduced pressure, and the solid residue was purified by column chromatography on silica gel, eluting with pentane/CH2Cl2 (3:2). The solvents were removed under reduced presure to give a colourless oil (951 mg, 2.90mmol, 85% yield). 1 H NMR (300 MHz, CDCl3): δ = 8.04 (d, 4 JH,H = 1.6 Hz, 2H; H2), 7.72 (t, 4 JH,H = 1.6 Hz, 1 H; H3), 3.91 (s, 3H; OCH3), 0.24 ppm (s, 18H; Si(CH3)3); 13 

Calculation of the

  5-position of the central aromatic ring, (X= CH3, [m-1b]; X = C(O)OCH3, [m-1c]; X = C≡C-4-C6H4-C(O)OCH3, [m-1d]; X = C≡C-4-C6H4-NO2, [m-1e]) and their full characterization including an X-ray diffraction study on single crystal for three of them. We also report the preparation of the doubly oxidized complexes [m-1b-e](PF6)2 and their IR and NIR spectroscopic properties. The corresponding MV complexes [m-1b-e](PF6) prepared by comproportionation have also been isolated and their electronic coupling determined from the analysis of the NIR spectra are discussed. Results and Discussion 1. Synthesis of the Complexes [1,3-{Cp*(dppe)Fe-C≡C-}2-5-(X)-(C6H3)] (X = CH3, [m-1b]; X = C(O)OCH3, [m-1c]; X = C≡C-4-C6H4-C(O)OCH3, [m-1d]; X = C≡C-4-C6H4-NO2, [m-1e]) The new complexes [m-1b-e] were obtained from the reaction of the iron chloride Cp*(dppe)FeCl (

  2. X-ray Crystal Structure of [1,3-{Cp*(dppe)Fe-C≡C-}2-5-(X)-(C6H3)] (X = CH3, [m-1b]; X = C≡C-4-C6H4-C(O)OCH3, [m-1d]; X = C≡C-4-C6H4-NO2, [m-1e]) Suitable crystals for X-ray analyses were obtained by slow diffusion of pentane into CH2Cl2 solutions for [m-1b], [m-1d], and [m-1e]. ORTEP views of these compounds are illustrated in Figure 1, while key structural parameters and X-ray data conditions are collected in Table

  [m-1b], [m-1d], and [m-1e], respectively. In the case of [m-1b] two molecules ([m-1bA] and [m-1bB]) crystallographically nonequivalent are present in the unit cell. The asymmetric unit of [m-1e] also contains two molecules of CH2Cl2 which were refined, while disordered solvent molecules in crystals of [m-1b] and [m-1d] were squeezed (see Experimental Section).

Scheme 3 .

 3 Scheme 3. Preparation of the complexes [m-1b-e].

Figure 1 .

 1 Figure 1. Molecular structures, from top to bottom: [m-1b] (molecule A, thermal ellipsoids at the 60% probability level), [m-1d] (thermal ellipsoids at the 40% probability level, symmetry equivalent and disordered atom are marked in superindex A 1 and A', respectively, [m-1e]•2CH2Cl2, (thermal ellipsoids at the 60% probability level). Hydrogen atoms and crystallization solvent molecules have been omitted for clarity.

Figure 2 .

 2 Figure 2. Cyclic voltammogram of [m-1d] (10 -3 M in CH2Cl2 at 293 K, 0.1 M [Bu n 4N](PF6), scan rate 0.100 V s -1 ).

Table 3 .

 3 NIR data for [m-1a-e](PF6) in CH2Cl2.
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Scheme 4 .

 4 Scheme 4. Atom numbering for assignment of the NMR spectra.

  Molar Fraction x n+ . Let us consider the equilibrium shown in eq 2. The comproportionation constants are Kc1 = [x + ] 2 /[x][x 2+ ]. The conservation of masses and charges provides two other equations: [x] + [x + ] + [x 2+ ] = 1 and [x + ] + 2[x 2+ ] = n, n being the number of metal centers oxidized. The system of equations was solved by successive iterations using a Excel worksheet and a lap top.

Ethyl 4 -

 4 ((3,5-dibromophenyl)ethynyl)benzoate (2d): A Schlenk tube equipped with a reflux condenser was charged with ethyl 4ethynylbenzoate (1.044 g, 6.0 mmol), 1, 1-iodo-3,5-dibromobenzene (2.159 g, 6.0 mmol), bis(triphénylphosphine)palladium dichloride (0.421 g, 0.60 mmol), CuI (0.057 g, 0.30 mmol), 40 mL of THF and 20 mL of diisopropylamine. The reaction mixture was stirred at 60 °C for 16h. Upon cooling to room temp., the solvents were evaporated and the residue purified by column chromatography on silica gel eluting with a pentane/CH2Cl2 mixture (3:2). The solvents were removed in vaccuo to give a brown oil (0.914 g, 2.25 mmol, 38% yield). 1 H NMR (300 MHz, CDCl3): δ = 8.06 (d,3 JH,H = 8.4 Hz, 2H; Ph), 7.69-7.57 (m, 5H; Ph), 4.42 (q, 3 JH,H = 7.1 Hz, 2H; CH2), 1.43 ppm (t,3 JH,H =7.1 Hz, 3H; CH3); IR (KBr): ῡ = 2197, 1714, 1272 cm -1 ; HRMS (ESI): m/z calcd for C17H13Br2O2 + : 406.92768 [M] + ; found: 406.9283.1,3-dibromo-5-((4-nitrophenyl)ethynyl)benzene (2e): A Schlenk tube equipped with a reflux condenser was loaded with 1-iodo-3,5dibromobenzene (0.733 g, 2.04 mmol), 4-nitrophenylacetylène (0.439 g, 2.99 mmol), bis(triphénylphosphine)palladium dichloride (0.141 g, 0.20 mmol), CuI (0.019 g, 0.10 mmol) and 20 mL of diisopropylamine. The reaction was stirred at 30 °C for 16h. At room temp., the solvent was removed under reduced pressure and the residue purified by column chromatography on silica gel, eluting with pentane. The solvent was evaporated and the solid residue dried under vacuum to give 0.404 g (1.07 mmol, 53.5 % yield) of a yellowish powder. 1 H NMR (300 MHz, CDCl3): δ = 8.24 (m, 2H; Ph), 7.67 (m, 5H; Ph); IR (KBr): ῡ = 2163, 1510, 1337 cm -1 ; HRMS (ESI): m/z calcd for C14H7BR2NO2 + : 379.89218 [M] + ; found: 379.8910. [1,3-{(CH3)3Si-C≡C-}2-5-(CH3)-(C6H3)] (3b) : A Schlenk tube equipped with a reflux condenser was charged with 1.250 g (5.0 mmol) of 1methyl-3,5-dibromobenzene (2b), 175 mg (0.25 mmol) of bis(triphénylphosphine)palladium dichloride, 47.6 mg (0.25 mmol) of CuI), 40 mL of THF, 20 mL of diisopropylamine, and the reagents were mixed for 5 min. Then, 1.52 mL (11.0 mmol) of trimethylsylilacetylene was added and the reaction mixture was stirred at 90°C for 15 h. The volatiles were removed under reduced pressure, and the solid residue was purified by column chromatography on silica gel eluting with pentane. Upon evaporating the solvent under reduced presure, a colorless oil was obtained (1.065 g, 3.75 mmol, 75% yield). 1 H NMR (300 MHz, CDCl3): δ = 7.40 (m, 1H; H6), 7.23 (m, 2H; H4), 2.28 (s, 3H; CH3), 0.24 ppm (s, 18H; Si(CH3)3); 13 C NMR (75 MHz, CDCl3): δ = 137.96 (C5), 132.59(C6), 132.52 (C4), 123.19 (C7), 104.34 (C3), 94.38 (C2), 20.91 (CH3), -0.05 ppm (Si(CH3)3); IR (KBr): ῡ = 2158 (s) (C≡C), 2123 (w) cm -1 (C≡C); HRMS (ESI): m/z calcd for C17H25Si2 + : 285.14893 [M+H] + ; found: 285.1487. [1,3-{(CH3)3Si-C≡C-}2-5-(C(O)OCH3)-(C6H3)] (3c):

  C NMR (75 MHz, CDCl3): δ = 165.63 (C(O)), 138.99 (C5), 132.62 (C6), 130.54 (C4), 123.89 (C7), 102.93 (C3), 96.13 (C2), 52.3 (CH3), -0.20 ppm (Si(CH3)3); IR (KBr): ῡ = 2159 (s) (C≡C), 2118 (w) (C≡C), 1729 (s) cm -1 (C=O); HRMS (ESI): m/z calcd for C18H25O2Si2 + : 329.13876 [M+H] + ; found: 329.1391. [1,3-{(CH3)3Si-C≡C-}2-5-(1,4-C≡C-4-C6H4-C(O)OCH2CH3)-(C6H3)] (3d): A Schlenk tube equipped with a reflux condenser was charged with ethyl 4-((3,5-dibromophenyl)ethynyl)benzoate (2d), 0.914 g (2.25 mmol), bis(triphénylphosphine)palladium dichloride (0.158 g, 0.225 mmol), CuI (21 mg, 0.1125 mmol), 40 mL of THF, 20 mL of diisopropylamine. The reagents were mixed for 5 min. Trimethylsylilacetylene (0.68 mL, 4.95 mmol) was added by syringe and the reaction mixture was stirred at 90°C for 16 h. Then, the volatiles were removed under reduced pressure, and

Table 2 .

 2 IR

Bond Stretching for [m-1a-d](PF6)n (n = 0 -2) Cpd. Fe-C≡C Ar-C≡C-Ar C=O C-O N-O [m-1a] 2049 a (s)
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Infrared Spectroscopy for [m-1a-e](PF6)n (n = 0 -2) The IR spectra were recorded for the neutral, mono-oxidized and doubly oxidized binuclear complexes [m-1b-e](PF6)n (n = 0 -10.1002/ejic.202100789 Accepted manuscript / Final version
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the residue was purified by column chromatography on silica gel eluting with pentane/CH2Cl2 (3:2). Evaporation of the solvents gave a brown oil (800 mg, 1.81 mmol, 80% yield). 1 H NMR (300 MHz, CDCl3): δ = 8.06 (d, 3 JH,H = 8.42 Hz, 2H; H9), 7.66 (M, 3H; H1, H3), 7.59 (d, 3 JH,H = 8.42 Hz, 2H; H8), 4.41 (q, 3 JH,H = 7.05 Hz, 2H; CH2), 1.43 (t, 3 JH,H = 7.2 Hz, 3H; CH3), 0.27 ppm (s, 18H; Si(CH3)3); 13 [1,3-{(CH3)3Si-C≡C-}2-5-(1,4-C≡C-C6H4-NO2)-(C6H3)] (3e): A Schlenk tube equipped with a reflux condenser was charged with 370 mg (0.98 mmol) of 1,3-dibromo-5-((4-nitrophenyl)ethynyl)benzene (2e), 72 mg (0.1 mmol) of bis(triphénylphosphine)palladium dichloride, 9.5 mg (0.05 mmol) of CuI, 20 mL of diisopropylamine. The reagents were mixed for 5 min. Then, 0.30 mL (2.5 mmol) of trimethylsylilacetylene was added by syringe and the reaction mixture was stirred at 90°C for 23h. The volatiles were removed under reduced pressure, and the residue was purified by column chromatography on silica gel, eluting with pentane. Evaporation of the solvent gave a yellowish powder (323 mg, 0.78 mmol, 80% yield). 72 mmol) was added and the mixture was stirred at 90 °C for 16 h. After cooling to room temp., the solution was treated with KOBu t for 30 min. The solvents were removed under reduced pressure, and the solid residue was extracted with dichloromethane (3 x 30 mL). The extracts were evaporated to dryness and the solid residue was washed with pentane (2 x 20 mL) and dried under vacuum. Slow diffusion of pentane into a saturated solution of [m-1b] in dichloromethane afforded red-orange crystals (0.369 g, 0.28 mmol, 14 % yield). A single crystal of this crop was selected and used for X-ray diffraction analysis. 1 H NMR (300 MHz, CD2Cl2): δ = 7.97-7.31 (m, 40H; Ph/dppe), 6.39 (s, 1H; H7), 6.13 (s, 2H; H5), 2.70 (m, 4H; CH2/dppe), 2.05 (m, 4H, CH2/dppe), 2.03 (s, 3H; CH3), 1.45 ppm (s, 30H; H1); 13 A Schlenk tube equipped with a reflux condenser was charged with 3d (0.783 g, 1.77 mmol), KF (0.243 g, 4.18 mmol), KPF6 (0.765 g, 4.18 mmol), MeOH (40 mL) and THF (4 mL), and the reagents were stired for 5 min. Then, Cp*(dppe)FeCl (2.608 g, 4.18 mmol) was added, the reaction was heated at 90 °C, and stirred for 16h. After cooling to 20 °C, the solution was treated with KOBu t . The solvents were removed under reduced pressure, and the solid residue was extracted with dichloromethane (3 x 30 mL). The extracts were evaporated to dryness and the solid residue was washed with pentane (2 x 20 mL) and dried under vacuum. Slow diffusion of pentane into a saturated solution of [m-1d] in dichloromethane afforded red-orange crystals (0.950 g, 0.65 mmol, 37 % yield). A single crystal of this crop was selected and used for X-ray diffraction analysis. A Schlenk tube equipped with a reflux condenser was charged with 3e (0.490 g, 1.18 mmol), KF (0.162 g, 2.78 mmol), KPF6 (0.512 g, 2.78 mmol), MeOH (40 mL), THF (4 mL), and the reagents were stirred for 5 min. Then, Cp*(dppe)FeCl (1.735 g, 2.78 mmol) was added and the mixture was heated at 90 °C under stirring for 16h. After cooling to 20 °C, the solution was treated with KOBu t . The solvents were removed under reduced pressure, and the solid residue was extracted with dichloromethane (3 x 30 mL). The extracts were evaporated to dryness and the solid residue was washed with pentane (2 x 20 mL) and dried under vacuum. Slow diffusion of pentane into a saturated solution of [m-1e] in dichloromethane afforded dark purple crystals (0.565 g, 0.39 mmol, 33% yield). A crystal of this crop was selected and used for X-ray diffraction analysis. ] and [m-1d]], using in all cases graphite monochromated Mo-Kα radiation (λ = 0.71073 Å), and were corrected for absorption effects using multiscanned reflections. The structures were solved by dual-space algorithm using the SHELXT program, [50] and then refined with full-matrix least-square method based on F 2 (SHELXL). [51] In compound [m-1d], the C6-C≡C-C6 fragment of the bridging ligand has been modeled over two positions with refined equal occupancies of 0.50. The contribution of the disordered solvents to the calculated structure factors for [m-1b] and [m-1e] were estimated following the BYPASS algorithm, [52] implemented as the SQUEEZE option in PLATON. [53] Then, a new data set, free of solvent contribution, was used in the final refinement. For the three compounds, non-hydrogen atoms were refined with anisotropic displacement parameters. All hydrogen atoms were included in their calculated positions, assigned fixed isotropic thermal parameters and constrained to ride on their parent atoms. A summary of the details about crystal data, collection parameters and refinement are documented in Table S1, and additional crystallographic details are in the CIF files. ORTEP views were drawn using OLEX2 software. [54]