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Introduction

Over the last century, the multicenter bonding abilities of boron has been expoited extensively leading to a huge library of boron containing complexes such as boron hydrides, metallaborane, metallaheteroborane and metallacarborane clusters, boron materials. [1,2] The chemistry of polyhedral boranes and their derivatives have seen substantial development owing to their unique structures, bonding and their potential applications in materials science, medicine, and energy. [3] On the other hand, the introduction of metal(s) to polyhedral boranes have opened up a new direction in cluster chemistry in terms of their unique structural features and applications in biological systems, such as in imaging and cancer therapy. [3a, 4] The usual synthetic route to metallaboranes involves the thermolysis or metathesis reaction between a preformed polyborane anion such as [B5H8] -, [B3H8] - and transition-metal halides. [5] However, addition of monoborane reagents, for example, [LiBH4•THF], [BH3•THF], or [BHCl2•SMe2] to monocyclopentadienylmetal chlorides, [Cp*MCl]n or metal carbonyls has opened up a new area that led to the formation of interesting metallaboranes and metallaheteroborane clusters with novel geometries. [2,[6][7][8][9][10][11] Cluster electron-counting rules such as Wade's rule, Mingos's fusion formalism, Jemmis's MNO rule are now well established as conceptual and practical tools to comprehend the geometries of lower nuclearity to higher nuclearity polyhedral borane and metallborane clusters. [12] In this context, the metallaboranes of low nuclearity, especially the metallatetraboranes are of particular interest due to their potential role in the formation of clusters of higher nuclearity. [13] The octahydrotriborate anion, [B3H8] -by its structure and properties, holds an intermediate position between lower complex boron hydrides, in particular, tetrahydroborate anion [BH4] -, and polyhedral boranes [BnHn] 2-(n = 6-12). Due to the triangular geometry of the [B3H8] -anion, it can be considered as structural fragment of the polyhedral clusters as well as building blocks for their preparation. [14] The bidentate [B3H8] - ligand can coordinate to metal through two three-center twoelectron M-H-B bonds to generate metalla-octahydrotetraboranes. Over the years, the chemistry of metalla-octahydrotetraboranes have seen significat development in terms of their syntheses, structural diversities and applications in the field of chemical vapour deposition, hydrogen storage etc. [15] Various metalla-octahydrotetraborane species are known in the literature having different geometries. Some of them are listed in Figure 1. [15e, 16-23] For example, Gaines et al. isolated manganese octahydrotetraborane complex [Mn(CO)4{ 2 -(B3H8)}], I from the reaction of [(CO)5MnBr] and [(Me)4N(B3H8)], which being exposed to ultraviolet light goes under equilibrium with [Mn(CO)3{ 3 -(B3H8)}]. [16] Simlarly, Hill group isolated the first 10.1002/ejic.202300196
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European Journal of Inorganic Chemistry pyrazolyl borate stabilized heteroleptic ruthenatetraborane complex [Ru(PPh3)(B3H8){ 3 -HB(pz)3}], II from the reaction of borate complex, [RuCl(PPh3)2{ 3 -HB(pz)3}] with [ n Bu4N][B3H8]. [17] In 2004, Girolami and co-workers synthesised a homoleptic transition metal complex Cr(B3H8)2, III from the grinding of CrCl3 with NaB3H8, which turned out to be an excellent precursor for chemical vapor deposition to metal diboride. [15e] The homologation and oligomerisation reactions of monoboranes mediated by transition metal complexes can also generate metalla-octahydrotetrabornes. For example, Green group reported an tungstenatetraborane complex [WH3(PMe3)3(B3H8)], IV generated from the reaction of [WH6(PMe3)3] with [BH3•THF]. [18] Utilizing the same synthetic strategy, Fehlner et al. also isolated an rhenatetraborane complex [(C5Me5)ReH3(B3H8)], V from the thermolysis of [Re(C5Me5)H6] with [BH3•THF]. [19] Kelland and coworkers described the thermolysis of [Ru(C5Me5)(PMe3)B2H7] solution that led to the formation of a mixture of isomers, arachno-2-[Ru(C5Me5)-(PMe3)(B3H8)]

(VI) and arachno-1-[(C5Me5)Ru(PMe3)(B3H8)]. [20] The quantitative conversion of the wing isomer arachno-2-[Ru(C5Me5)(PMe3)(B3H8)], VI to the hinge isomer arachno-1-[Ru(C5Me5)(PMe3)(B3H8)] at 100 °C suggests that the hinge isomer is the thermodynamically stable product. On the contrary, the ferra-octahydrotetraborane complex arachno-2-[Fe(C5Me5)(CO)B3H8] (wing isomer), VII isolated by us from the thermolysis of [Cp*Fe(CO)2I] with [BH3•THF] or [LiBH4•THF], doesn't undergo wing-to-hinge isomerization. [21] In this regard, we have also isolated [Mo(C5Me5)(CO)2B3H8] using a similar strategy of reacting [Mo(C5Me5)(CO)3Me] with [BH3•THF] under photolytic condition. [22] Recently, Dmitry group synthesised a ruthenatetraborane complex [Ru(POBOP) (B3H8)] (POBOP = 1,7-OP(i-Pr)2-m-2-carboranyl), VIII from the reaction of boryl hydride pincer complex [Ru(POBOP)(H)(PPh3)] with [BH3•SMe2]. [23] According to Wade's rule, all of these complexes are metal analogues of butterfly shaped arachno-[B4H10] cluster, where one of the wing-tip BH2 groups are replaced by isolobal metal fragments. ]. [24] Subsequently, we have investigated the reactivity of these  2 -N,S-chelated species containing a polar M-N bond, with several small molecules such as, alkynes, boranes and silanes that led to the formation of a number of interesting complexes. [24a, 24c, 24d, 25] For example, the room temperature reactions of 1a with [BH3•SMe2] and mesityl borane yielded ruthenium borate complexes, in which the borane moeity got inserted into the polar Ru-N bond. [25a] In contrast, the reaction of 1b with [BH3•THF] led to the formation of a borate complex, [Ru(PPh3){κ 3 -H,S,S′-(NH2BSBH2N)(SC5H4)2}] in which two unique five-membered RuBNCS ruthenacycles are fused by one {RuB2S} butterfly moiety. [25b] As a result, we were interested to explore the reactivities of these  2 -N,S-chelated species with boranes under different reaction conditions. Indeed, these reactions at prolonged time led to the formation of borate based ruthenaoctahydrotetraboranes of different geometries. In this article, we describe the synthesis, structures and bonding of these interesting molecules.

Results and Discussion

As shown in Scheme 1, the room temperature reacion of 1a with excess of [BH3•THF] for 12 hours in toluene resulted in a colour change of the solution from brown to orange. Thin-layer chromatographic (TLC) separation of the reaction mixture allowed us to isolate 2 in low yield along with previously reported borate complex,

[Ru(PPh3){κ 2 -S,H-(BH3NS2C7H4)}{κ 3 -H,S,S'-H2B (C7H4NS2)2}], 3. The 11 B{ 1 H} NMR spectrum of 2 shows chemical shifts at δ = -2.9, -36.3 and -38.2 ppm in 1:1:2 ratio. The 31 P{ 1 H} NMR spectrum of 2 shows chemical shift at δ = 50 ppm which is in the upfield region as compared to complex 1a (δ = 64.7 ppm). The 1 H NMR spectrum of 2 displays four broad hydride resonances at δ = -0.89, -9.92, -11.82 and -12.18 ppm for 2. The ESI-MS spectrum of 2 shows a peak at m/z 750.066 with isotopic distribution patterns. However, a clear explanation eluded us until the single-crystal X-ray diffraction analysis of 2 was performed.

As shown in Figure 2a, the molecular structure of 2 can be described as a borate based arachno-ruthenatetraborane in which a distorted octahedral geometry around ruthenium is present. The molecular formula combined with Wade's rules suggests that 2 is a seven skeletal electron pair (sep) arachno-[Ru(PPh3)( 2 -N,S-(B3H8){κ 3 -H,S,S′H2B(NC7H4S2)2}], an analogue of B4H10, in which the one of the wing-tip BH2 group is replaced by [Ru(PPh3){ 3 -H,S,S′-H2B(NC7H4S2)2}] fragment. [START_REF]Note that, two B-H-B protons couldn't be fixed in the X-ray structure of 2. However, the 1 H chemical shift at δ = -0.89[END_REF] Based on the spatial arrangement of the ancillary ligands coordinated to ruthenium with respect to the butterfly-shaped [RuB3H8] moiety, it is evident that the borate ligand [H2B-(C7H4NS2)2] is in the endo position of the butterfly and the PPh3 ligand coordinates in exo position (Figure 2b). This geometry of 2 is exactly opposite to trispyrazolyl borate based ruthenatetraborane complex, II reported by Hill and co-workers. [17b] In complex II, the phosphine ligand occupies the endo position due to its modest steric requirements among the two ligands. Keeping the low energy barriers of inversion and rotation for metallatetraboranes in mind, we assume that the decraesed steric bulk and the hemilability of the borate ligand, [H2B-( C7H4NS2)2] allows it to occupy the endo position in complex 2. The RuB3 fragment complex 2 has an dihedral angle (angle between the two planes containing Ru-B2-B4 atoms and B2-B3-B4 atoms) of 119° that significantly low than that of II (125°) [17b] and [RuH(B3H8)(CO)(PPh3)2] (124°) [START_REF] Alcock | [END_REF] suggesting a less flattened butterfly core for 2. The Ru-B distances of the RuB3 core is comparable both 2 and II.

Having realized the promising results from reactivity of 1a with [BH3•THF], we were interested to the reactivity of 1b with [BH3•THF] under similar conditions. As shown in Scheme 2, the room temperture reaction of 1b with [BH3•THF] for 12 hours followed by TLC work-up resulted in the isolation of complexes 4 and 5 in 20% and 27% yields, respectively, along with previously reported borate complex 6. [25b] The 11 B{ 1 H} NMR spectrum of 4 shows three chemical shifts in a 1:1:2 ratio at δ = 8.6, -33.9 and -34.9 ppm, whereas for 5, the 11 B{ 1 H} chemical shifts appear at δ = 8.6, -37.0 and -38.5 ppm. The 31 P{ 1 H} NMR spectrum reveals a singlet peak at δ = 45.6 ppm for 4 and 55.2 ppm for 5. The 1 H NMR spectrum displays broad resonances at δ = -0.44, -1. 13, -10.91, -11.94, -12.15 ppm for 4 and δ = -1.05, -9.58, -10.88, -11.52 ppm for 5. The ESI-MS spectra of 4 and 5 show peaks at m/z = 659.117 and at m/z = 637.122, respectively with identical isotopic distribution patterns. The only differnce in values of the peaks in ESI-MS spectra of 4 and 5 is the molecular weight of Na atom. The spectroscopic data and the mass spectrometry of complexes 4 and 5 suggests that they may be isomers. However, in order to get a clear understanding of the geometry and bonding in 4 and 5, single crystal X-ray analysis was essential.

A single-crystal X-ray diffraction analysis was carried out on a suitable crystal of 4, grown by the slow evaporation of hexane/dichloromethane solution at -5 °C. As shown in Figure 3a, the molecular structure of 4 can be described as borate based arachno-ruthenatetraborane similar to Unlike complex 2, the borate ligand [H2B(C5H4NS)2] -is exo coordinated and the PPh3 ligand is endo coordinated to the RuB3 core in complex 4 (Figure 2b). This spatial arrangement of the ancillary ligands in 4 is similar to complex II. The dihedral angle (angle between the two planes containing Ru-B2-B4 atoms and B2-B3-B4 atoms) in RuB3 butterfly core is 122⁰ for complex 4 which is slightly greater compared to 2 (Figure 3b). Whereas, it is less than that of II [17b] (125⁰) and [RuH(B3H8)(CO)(PPh3)2] (124⁰). [START_REF] Alcock | [END_REF] The Ru1-B1 distance of 2.534 Å for complex 4 is comparable to that of 1b (2.505 Å). The RuB3 unit of 4 shows two different Ru-H-B environments. Based on the solid-state X-ray structure of 4, the 1 H chemical shifts at δ = -11.94 and -12.15 ppm are assigned to the two Ru-H-B protons of the [RuB3H8] unit, whereas the peak at δ = -0.44, -1.13 ppm corresponds to the B-H-B protons.

Several attempts to get the crystals of complex 5 were unsuccessful. However, the geometry of complex 5 was proposed based on the comparative study of its spectroscopic details with complex 4. The 31 P chemical shift for 5 (δ = 55.2 ppm) is downfield shifted than that of 4 (δ = 45.6 ppm). A similar situation has also been observed for complex trans-1a in which the 31 P chemical shift was observed at δ = 64.7 ppm. In contrast, the 31 P spectrum of its cis isomer shows a upfield chemical shift at δ = 55.8 ppm. [28] The 1 H chemical shifts of these two isomers due to Ru-H-B protons show a similar kind of trend. Based on the above spectroscopic data, complex 4 and complex 5 can be designated as cis and trans isomers, respectively. To gain some insight into the electronic structure and bonding interactions of ruthena-octahydrotetraborate complexes 2 and 4, various computational simulations at the bp86/def2-tzvp [29] level of theory-based in Density Functional Theory (DFT) were executed. The molecular orbital analyses show that mainly the borate unit and ruthenium center (d-orbital) along with the B3moiety contribute to the HOMO of 2, whereas, the HOMO of 4 is located only on the borate unit and the metal center (Figure S18). The LUMO for both these complexes seems to be similar. The HOMO-25 and HOMO-37 of 2 show bonding interaction between the Ru and B3H8 unit (Figure 4a-b). Similar bonding interactions have been observed in HOMO-16 and HOMO-32 for complex 4 (Figure S19). The natural bonding orbital (NBO) analysis reveals that Wiberg bond indices (WBI) for B-B bonds of the RuB3H8 unit are 0.72 and 0.56 for complex 2 which is similar to 4 (0.69 and 0.57) (Table S1). As shown in Figure 4c-d S1). The natural charges on both the hinge boron atoms of 2 are same (-0.37), whereas there is a significant difference of natural charges on the hinge boron atoms of complex 4 (-0.23 for B2 and -0.38 for B4) (Table S2). This is possibly due to the different coordinating atoms (S and B) trans to the boron.

The borate stabilized ruthena-octahydrotetraborane complexes 2, 4 and 5 described in this article are of considerable interest from their spectroscopic and structural perspective. Therefore, we have selected some examples of previously reported metalla-octahydrotetraborane complexes, listed in Table 1, to compare their spectroscopic and structural data with 2, 4 and 5. The 11 B{ 1 H} chemical shifts for the hinge boron atoms appear typically in the range of δ = -32 to -43 ppm. However, the peaks for wing boron atom in 11 B{ 1 H} spectra of 2, 4 and 5 are significantly upfield shifted in comparison with the other metallaoctahydrotetraborane complexes listed in Table 1. This is probably due to better electron donation of the poor accepting borate ligand to ruthenium rather than C5Me5 ligand. The 1 H chemical shifts for M-H-B and B-H-B protons of 2, 4 and 5 are in similar region with of the other metalla-octahydroborane species. The M-B distances in complex 2 and 4 are comparable with the reported arachno-metallatetraboranes however, longer than VII. B{ 1 H} [a] 1 H (M-H-B and B-H-B) [a] d[M-B] [b] (Å) d[B-B] [b] (Å) Dihedral angle [c] (°)

[Ru(PPh3)(B3H8){ 3 -HB(pz)3}], II [17] -4.01, -33.9 -0.52, -14.34 2.371, 2.379 1.741 125

[Cr(B3H8)2], III [15e] - [d] - [d] 2.423, 2.425 1.767 120

[WH3(PMe3)3(B3H8)], IV [18] -0.8, -40.5 0.28, -7.9 2.520, 2.491 1.81 127.9

[Re(C5Me5) H3(B3H8)], V [19] 6.2, -39.9 0.1, -10.3 2.420, 2.453 1.707 124.7

[Ru(C5Me5) (PMe3)(B3H8)], VI [20] -1.9, -34.6 -0.34, -12.01 2.38, 2.31 1.830 117

[Fe(C5Me5)(CO)(B3H8)], VII [21] -0.5, -41.3 -1.87, -15.43 2.248, 2.251 1.725 122.7

[Ru(POBOP)(B3H8)], VIII [23] 3. 16, -36.2, -42.3 -0.38, -5.48, -13.37 2.361, 2.441 1.747 122.6 [Mo(C5Me5)(CO)2(B3H8)], IX [22] 1.0, - [Ru(exo-PPh3)( 2 -(B3H8){κ 3 -H,S,S′-H2B(NC5H4S)2}], 5 -37.0, -38.5 -1.05, -10.88, -11.52 - [d] - [d] - [d] [a] chemical shifts for B3H8 unit; [b] average distance between the boron of B3H8 unit and metal; [C] interplanar angle ; [d] no data available.

The B-B bond distance between the hinge boron atoms of the B3H8 unit in 2 and 4 in well agreement with the literature.

Comparing the dihedral angle between the planes containing M-Bhinge-Bhinge and Bwing-Bhinge-Bhinge atoms, it is evident that complex VI and 2 possess less flattened butterfly than II and 4.

Conclusion

In summary, we have explored the reactivity of the κ 2 -N,Schelated ruthenium borate complexes towards [BH3•THF] at different reaction conditions which led to the isolation borate stabilized ruthena-octahydrotetraborane complexes. In this study, we have shown that the variation in ancillary ligand connected to ruthenium can alter the coordination of those ligands to the M-B3H8 unit. We have also demonstrated the bonding aspects of these complexes via computational studies. Considering the role of ligands in formation of different isomers of these complexes, we are currently engaging in developing several interesting ligands which can improve the selectivity in synthesizing metallaoctahydrotetraborane complexes.

Experimental Section

General procedures and instrumentation: All manipulations were conducted by using standard Schlenk line and glove box techniques under an atmosphere of dry argon. Solvents such as toluene, hexane and THF were distilled through Na/benzophenoneketyl and dichloromethane was dried over calcium hydride prior to use under argon. Chloroform-d was degassed by three freeze-thaw cycles, dried over calcium hydride for 12h, and stored over 4 Ǻ molecular sieves in a Young's ampoule under argon. Compounds [Ru(PPh3)(κ 2 -N,S-L){κ 3 -H,S,S′-H2B(L)2}] (1a: L = C7H4NS2, 1b: L = C5H4NS) was synthesized according to the literature procedures [24a] and [BH3•THF], were obtained commercially (Sigma Aldrich) and used as received. The 1 H, 11 B{ 1 H}, 13 C{ 1 H}, and 31 P{ 1 H} NMR spectra were recorded on Bruker 400 and 500 MHz instruments. The residual solvent protons were used as reference (δ, ppm, CDCl3, 7.26). The preparative TLC was performed with Merck 105554 TLC silica gel 60 F254 and thickness of layer 250 µm on aluminum sheets with 20x20 cm size. Mass spectra were carried out using Qtof Micro YA263 HRMS instrument and Bruker MicroTOF-II mass spectrometer in ESI ionization mode. Infrared spectra were obtained on a Jasco FT/IR-1400 spectrometer. Infrared spectra were recorded in dichloromethane.

Synthesis of 2:

In a flame-dried Schlenk tube, [Ru(PPh3)(κ 2 -N,S-(C7H4NS2){κ 3 -H,S,S′-H2B-(C7H4NS2)2}], 1a (50 mg, 57 µmol) in 10 mL dry toluene was treated with excess [BH3•THF] at room temperature. The reaction mixture was allowed to stir at room temperature for 12h. The volatile components were removed under vacuum and the remaining residue was extracted into CH2Cl2/hexane (1:4) and passed through Celite. After removal of the solvent, the residue was subjected to chromatographic workup by using TLC plates. Elution with a n-hexane/CH2Cl2 (70:30 v/v) mixture yielded yellow solid 2 (3 mg, 7 %) along with previously reported complex, [Ru{PPh3{κ 2 -S,H-(BH3NS2C7H4)}κ 3 -H,S,S'-H2B(C7H4NS2)2}], 3. [25a] 2 Computational details: Density functional theory (DFT) calculations employing BP86 [29] functional were performed with the Gaussian 16 [30] program. Full geometry optimizations were conducted in gaseous state (no solvent effect) without any symmetry constraints using a def2-tzvp basis set from Basis Set Exchange Library. [START_REF]Basis Set Exchange Library[END_REF] The optimized geometries were characterized as true minima by conducting frequency calculations. We have computed 11 B NMR chemical shifts using gauge-including atomic orbitals (GIAOs) [32] method at the same basis set by B3LYP. The 11 B{ 1 H} NMR chemical shifts were calculated relative to B2H6 and converted to the usual [BF3.OEt2] scale by using experimental δ ( 11 B) value of B2H6 (δ =16.6 ppm). [33] Natural bonding analyses were carried out with the natural bond orbital (NBO) 6.0 version of program [START_REF] Glendening | NBO Version 3.1[END_REF] Wiberg bond indices (WBI) [START_REF] Wiberg | [END_REF] were obtained from natural bond orbital analysis.

The electron density and Laplacian electronic distribution plots were generated using Multiwfn package . [36] All the optimized structures and orbital plots were gerenated by using Chemcraft. [START_REF]Chemcraft-graphical software for visualization of quantum chemistry computations[END_REF] Single-Crystal X-ray diffraction analyses: Suitable X-ray quality crystals of 2 and 4 were grown by slow diffusion of a hexane/dichloromethane solution at -5 ˚C. Crystal data of 2 was obtained using a D8 VENTURE Bruker AXS diffractometer with PHOTON 100 CMOS detector with graphite monochromated Mo-Kα (λ = 0.71073 Å) radiation at 150 K. Crystal data of 4 was obtained using a Rigaku XtaLAB Synergy-S diffractometer equipped with a HyPix-6000HE Hybrid Photon Counting (HPC) detector using a graphite-monochromated Cu-Kα Enhance radiation (λ = 1.54184 Å) at 100 K. Using SHELXT-2014, SHELXS-97, [START_REF] Sheldrick | [END_REF][START_REF] Sheldrick | SHELXS97 and SHELXL97. Program for Crystal Structure Solution and Refinement[END_REF] the structures were solved and using SHELXL-2014, SHELXL-2017, SHELXL-2018, [START_REF] Sheldrick | [END_REF] the structures were refined. Using Olex2 all the molecular structures were drawn. [41] Crystallographic data have been deposited with the Cambridge Crystallographic Data Center as supplementary publication no CCDC-2126357 (2), CCDC-2206508 (4), these data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Crystal data for 2: C33H33B4Cl2N2PRuS4, Mr. = 832.03, triclinic, space group P-1, a = 12.3141( 16 

Figure 1 .

 1 Figure 1. Examples of metalla-octahydrotetraborane complexes.

  Recently, we have synthesized various  2 -N,S-chelated transition metal complexes containing various ancillary ligands coordinated to metal, for example, [Ru(PPh3)( 2 -N,S-(NC7H4S2){ 3 -H,S,S′-H2B(NC7H4S2)2}] (1a), [Ru(PPh3)( 2 -N,S-(NC5H4S){ 3 -H,S,S′-H2B(NC5H4S)2}] (1b) (Scheme 1 and 2, vide infra), [Ru(PPh3)( 2 -N,S-(NC7H4S2)(C5Me5)] and [Mo( 2 -N,S-(NC7H4S2)(C5Me5)(CO)2}

Scheme 1 .

 1 Scheme 1. Reactivity of 1a with [BH3•THF].

Figure 2 .

 2 Figure 2. (a) Molecular structure of 2. selected bond lengths (Å) and angles (°): Ru1-B2 2.422(3), Ru1-B4 2.371(3), B3-B4 1.805(4), B3-B2 1.786(4), B2-B4 1.741(4), Ru1-B2-B4 70.26(14) , B2-B3-B4 58.00(17); (b) Spatial arrangement of ancillary ligands in complex 2.

  Scheme 2. Reactivity of 1b with [BH3•THF].

Figure 3 .

 3 Figure 3. (a) Molecular structures of 4. selected bond lengths (Å) and angles (°): Ru1-B2 2.411(9), Ru1-B4 2.411(9), B3-B4 1.773(14), B3-B2 1.770(15), B2-B4 1.765(15), Ru1-B2-B4 68.5(4), B2-B3-B4 59.8(6); (b) Spatial arrangement of ancillary ligands in complex 4.

  , the Laplacian distribution ∇ 2 ρ(r) in the {B2-Ru} plane of 2 and 4 supports the  2 -coordination of the B3H8 fragment to ruthenium via two three-center two-electron Ru-H-B bonds. Although the contour line maps do not show any bond critical point between Ru and B2 or B4, the WBI values indicate reasonable bonding interactions (Table

Figure 4 .

 4 Figure 4. (a) HOMO-25 of 2, (b) HOMO-37 of 2, (c) Contour-line map of the Laplacian of the electron density in the Ru1-B2-B4 plane of 2, (d) Contour-line map of the Laplacian of the electron density in the Ru1-B2-B4 plane 4. The solid brown lines are bond paths, whereas the orange and blue spheres indicate the ring and bond-critical points, respectively. Areas of charge concentration [(r)<0] are meant for green lines and areas of charge depletion [(r)>0] are shown by black lines.

  , Downloaded from https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/ejic.202300196 by Université De Rennes 1 BU Campus Beaulieu -Bât. 40, Wiley Online Library on [09/05/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

:

  MS (ESI + ): m/z calculated for [C32H33B4N2PRuS4] + : 750.0798, found 750.0666; 11 B{ 1 H} NMR (160 MHz, CDCl3, 22 °C): δ -2.9, -36.3, -38.2 ppm (br, B); 1 H NMR (500 MHz, CDCl3, 22 °C): δ 7.66 (d, J = 6.5 Hz, 1H Ar(mbz)), 7.60 (d, J = 6.5 Hz, 1H Ar(mbz)), 7.57-7.47 (m, 2H Ar(mbz) + 6H Ar), 7.42-7.37 (m, 9H Ar), 7.29 (t, J = 6.5 Hz, 1H Ar(mbz)), 7.22 (m, 2H Ar(mbz)), 7.13 (m, 1H Ar(mbz)), 4.69, 4.15, 1.14 (5H, B-Ht), -0.89 ppm (2H, B-H-B), -9.92, -11.82, -12.18 (3H, Ru-H-B); 31 P{ 1 H} NMR (202 MHz, CDCl3, 22 °C): δ 50.0 ppm. IR (CH2Cl2): ṽ = 2526 (B-Ht), 2503 (B-Ht) cm -1 . 10.1002/ejic.202300196 Accepted Manuscript European Journal of Inorganic Chemistry 10990682c, ja, Downloaded from https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/ejic.202300196 by Université De Rennes 1 BU Campus Beaulieu -Bât. 40, Wiley Online Library on [09/05/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License Synthesis of 4 and 5: In a flame-dried Schlenk tube [Ru{κ 2 -N,S-(C5H4NS)}(PPh3){κ 3 -H,S,S′-H2B-(C5H4NS)2}], 1b (0.05 g, 70 µmol) in 10 mL dry toluene was treated with excess [BH3•THF] at room temperature for 12h. The volatile components were removed under vacuum and the remaining residue was extracted into CH2Cl2/hexane (1:4) and passed through Celite. After removal of the solvent, the residue was subjected to chromatographic workup by using TLC plates. Elution with a n-hexane/CH2Cl2 (50:50 v/v) mixture yielded orange solid 4 (9 mg, 20%) and a yellow solid 5 (12 mg, 27%) along with previously reported complex [Ru(PPh3){κ 3 -H,S,S′-(NH2BSBH2N)(SC5H4)2}], 6.[25b] 

  ) Å, b = 12.8943(15) Å, c = 13.4409(18) Å, α = 61.736(4)°, β = 76.694(5)°, γ = 83.627(4)°, V= 1829.3(4) Å 3 , Z = 2, ρcalcd = 1.511 g/cm 3 , μ = 0.875 mm -1 , F(000) = 844, R1 = 0.0331, wR2 = 0.0712, 8373 independent reflections [2θ ≤ 50.484°] and 476 parameters. Crystal data for 4: C28H33B4N2PRuS2, Mr = 637.00 monoclinic, space group P121/c 1, a = 17.2158(8) Å, b = 9.9880(12) Å, c = 17.6174(6) Å, α = 90°, β = 102.052(4)°, γ = 90°, V = 2962.6(4) Å3, Z = 4, ρcalcd = 1.428 g/cm3, μ = 6.261 mm -1 , F(000) = 1304, R1 = 0.0629, wR2 = 0.1754, 5216 independent reflections [2θ ≤ 76.313°] and 343 parameters.

  

  

Table 1 .

 1 Selected structural parameters and NMR chemical shifts of different transition metal-octahydrotetraborane complexes.
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