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Introduction

Since the isolation of Zeise's salt, K[PtCl3(C2H4)].H2O, 1 transition metal complexes containing carbon-based ligands have been extensively explored. As a result organometallic chemistry of the d-block, is very well established. [START_REF] Jones | d-and f-Block Chemistry[END_REF] In contrast, the chemistry of complexes with boron or a combination of boron and carbon, have picked up pace only in the past few decades. 3 Unlike carbon, the structural chemistry of boron exhibits a more complex electronic structure which is associated with its typical electron-deficient nature. 3 However, the pioneering work by Stock, Lipscomb, Brown and Shore on polyhedral boranes 3 alongside the discovery of isolobal analogy 4 and electron counting rules, 5 presented an entirely new domain of structural chemistry that offered unique structures and novel bonding archetypes. As a result, several classic organometallic species that define fundamental structural and bonding paradigms, are found to be mimicked by isoelectronic transition metal borane complexes. 6 For example, diborane(4) complex, [{Cp*Mo(CO)2}2{µ-η 2 :η 2 -B2H4}] can be considered as a true valence isoelectronic analogue of Mo and W-alkyne complexes, [{CpMo(CO)2}2{µ-η 2 :η 2 -C2H2}] and [{CpW(CO)2}2{µ-η 2 :η 2 -C2R2}] (R = C6H4Me or Me) respectively. 6a,6b In addition, several other organometallic species are also mimicked by metallaboranes. Apart from structural interest, complexes containing boroncentered ligand with boron-metal linkage via hydrogen, have attracted considerable interest due to their applications in catalysis. 7 As a result, reactivity of various σ-borane 8 and hydrido-,
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FULL PAPER Scheme 2. Synthesis of hydridoborate borate complexes 1a, 1b, 2, 3a, 3b and 3b' borate 9 complexes have been extensively studied. In a similar context, weak B-H•••M interaction in pyrazolyl borate or similar heterocyclic scorpionate borate ligands have also attracted significant attention. 10 As shown in Scheme 1, the agostic type of secondary interaction observed in hydridoborate species (I and II) 11,12 is similar to that of borane-Lewis base adduct complexes (III and IV). 13 The donor atoms, which are bonded to metal, are generally limited to N, P and S in all these cases and to the best of our information, the effect of the heavier group 16 elements on agostic type B-H•••M interaction, other than species III, is less studied. Understanding this effect is important as one can tune the reactivity of these species by altering the activation of the B-H bond. In addition, the sigma and agostic complexes reported till date are mostly restricted to monometallic species, with a few exceptions (V and VI). 14 Existence of several structural varieties, shown in Scheme 1, motivated us to develop new methods for the synthesis of chalcogen stabilized borate species supported by agostic type interaction. Recently, we have shown that borate species Li[BH3EPh] and Na[BH3(SCHS)] can be utilized for the synthesis of different types of Mo and Ru-agostic type complexes. 11a,15 As a result, the utilization of these species with other transition metals became of interest. Therefore, we explored the reactivity of [Cp*CoCl]2 with Li[BH3EPh] (E = Se and Te) that led to the formation of bimetallic hydridoborate species, [{CoCp*Ph}{Cp*Co}{µ-EPh}{µ- 2 -E,H-EBH 3 }], 1a and 1b (1a: E = Se; 1b: E = Te) and bis-hydridoborate

Results and Discussion

complex [Cp*Co{µ- 2 -Se,H-SeBH3}]2, 2 (Scheme 2).
All these species feature a four-membered metallaheterocycle (Co2E2) comprising of agostic type interaction. To the best of our knowledge, 1b is the first structurally characterized borate complex featuring a B-Te bond. 16 The new borate complexes 1a and 1b were isolated as violet and green crystals respectively, which were characterized by 1 H, 11 B, and 13 C NMR and IR spectroscopies along with single-crystal X-ray crystallography. The mass spectra of 1a and 1b showed intense isotopic distribution pattern at m/z 716.0440 and 814.9902 corresponding to [M] + and [M+3H] + respectively. The 11 B NMR spectra of them showed one upfield chemical shift at δ = -16.9 and -21.5 ppm for 1a and 1b respectively that suggest the presence of borate species. The 1 H NMR spectra of 1a and 1b show the presence of two types of terminal-BH and a single Co-H-B proton. The { 1 H-11 B} HSQC experiment clearly linked these protons with the single boron. Although all the spectroscopic data along with mass spectrometric data suggest 1a and 1b are of similar structure, in order to confirm the spectroscopic assignments and to determine the solid-state structure of 1a and 1b, the X-ray structure analysis was undertaken. Based on the Xray structural data, shown in Figure 1, it appears that the Co-B bond distances are significantly shorter as compared to typical sigma or hydridoborate complexes of Co. 17 
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Compound 2 was isolated as brown solid in 49% yield. The 11 B NMR spectrum shows one sharp signal at δ = -15.9 ppm and the 1 H NMR displays one upfield chemical shift at δ = -12.01 ppm. The mass spectrometric data shows an ionised peak at m/z 574.9974. The solid-state X-ray structure of 2, shown in Figure 2, indicates a highly symmetric bimetallic bis-hydridoborate species crystallized in P21/n space group as a centrosymmetric molecule. Both the metal centers are connected by two [SeBH3] 2-moieties similar to that of 1a and 1b. In 2, the BH3 units are associated with cobalt through an η 1 -HB coordination mode. The B-Hb distance of 1.37( 4 One of the interesting features of 1a, 1b and 2 is the presence of a nearly planar Co2E2 metallaheterocyclic ring. Compound 2 displays a perfectly planar ring with a torsion angle of 0°, while the rings of 1a and 1b are slightly deviated from planarity with a maximum torsional angle of 2.13° and 1.52° respectively. The sum of the internal angle measured for 1a and 1b is 359.97° and for 2 is 360°. Although the {Co2E2} (E = S, Se or Te) core is known for [Co(PMe3)3E]2, the angle of deviation from 90° is more prominent there, generating diamond type structures. 21 To have further insight into the bonding of these hydridoborate species, especially the agostic type B-H•••Co interaction, DFT based computations were performed on these molecules and most of the computed geometrical parameters are in good agreement with the observed values (Table S1). Natural bond orbital (NBO) analysis shows extensive charge transfer from chalcogen to boron as well as cobalt centres. This is evident from an increase in the natural valence population or charges (more negative) on B and Co and decreases on chalcogen atoms (Table S2). The relatively lower computed ΔEH-L value for 1b as compared to 1a and 2 may be attributed to the presence of a significantly longer Co-Co bond in 1b. The nature of chalcogen-boron interaction in 1a, 1b and 2 is probed by QTAIM analysis. Figure 3 shows the contour map of the Laplacian of electron density  2 ρ(r) for 2 along the Co-Se-B plane that exhibits continuous region of charge concentration formed by the valence shell charge concentration (VSCC) zone of boron and selenium. 22 The chalcogen-boron interaction has more covalent character in 1a and 2 than that of 1b. This has been signified not only by higher values of electron density (ρb) at the bond critical point (bcp) but also by larger and higher negative values of Laplacian of the electron density ( 2 ρ) and energy density, H(r) at bcp (Tables S3-S5). The nature and the extent of Co-H and B-H interactions are similar in 1a, 1b and 2. In contrast to the covalent or shared nature of boron-chalcogen interactions, the Co-Se/Te interactions are dative in nature as illustrated by comparatively lower electron density (ρb) at the bcp and positive values of Laplacian of the electron density ( 2 ρ). [START_REF]The Co-Se/Te interactions do possess some amount of covalent character as manifested by small negative values of energy density[END_REF] On the other hand, the agostic B-H interactions have high degree of covalent character as ascertained from higher values of ρb as well as negative values of H(r). These values are essentially similar for 1a, 1b and 2 (Tables S3-S5). Sigma/agostic complexes are known for the hydroboration of alkynes. [START_REF] Aj | [END_REF]25 Hartwig et al. has reported the reactivity of [Cp2Ti(HBcat)2] with terminal and internal alkynes that resulted in the formation of hydroborated product in major yield along with the formation of a metallacycle. 24a Later, he has shown the utility of them as efficient catalysts for the hydroboration of vinyl arenes. 24b Recently, Muhoro et al. also used the same complex as a catalyst for the hydroboration of ketones and aldehydes. 24c We have also explored the reactivity of various hydridoborate and borane complexes with alkynes that led to the formation of hydroborated products. 25 As a result, we were interested to investigate the reactivity of these Co-hydridoborate complexes for authenticating its efficacy as hydroborating agent. Hence, we performed the reactivity of 2 with phenylacetylene at thermolytic condition that led to the formation of a green compound, 4 in 20% yield (Scheme 3). Multinuclear NMR and X-ray crystallographic analysis revealed 4 as cobalt-selenium metallaheterocycle, [Cp*Co{ 2 -Se,Se-Se2C2HPh}], which was spectroscopically characterised by Morley's group. 26 The solid-state structure of 4 is shown in Figure 4. Compound 4 might have formed through the borane displacement from 2, which was confirmed by trapping the free borane as BH3•PCy3 adduct.

In parallel to the formation of hydridoborate species, the reaction of [Cp*CoCl]2 and Li[BH3(SePh)] also yielded 3a, isolated as red crystals, which is characterised by 1 H, 11 B, and 13 C NMR and IR spectroscopies and by single-crystal X-ray crystallography. The 11 B NMR shows a peak at δ = -0.01 which is downfield shifted as compared to 1a, 1b, and 2. The 1 H NMR spectrum indicates the presence of Co-H-B protons. Although the 11 B and 1 H chemical shifts have a similar trend to those of 1a, 1b, and 2, the 1 H NMR of 3a shows some additional peaks in the aliphatic region (δ = 0.95-1.30 ppm) and the 13 C NMR shows resonances in the region of δ = 11.1-53.1 ppm.

In order to have clear picture of 3a, the X-ray structure analysis was undertaken. The solid-state X-ray structure of 3a, shown in Figure 5(a), depicts the composition as [Cp*Co(κ 3 -Se,H,H-Se(BH2)2-C5Me5H3}], having unique tetracyclic bishydridoborate structure. In an attempt to isolate the sulphur analogue of 3a, the reaction was carried out with Li[BH3SPh] that led to decomposition. However, the similar reaction with Li[BH3SBn], (Bn = CH2Ph) yielded 3b and 3b'. 27 3b shows similar spectroscopic data as that of 3a indicative of analogous structure. Indeed, the X-ray diffraction analysis confirmed 3b (Figure 5(b)) as the sulphur analogue of 3a. The S and the Se atoms lie above the Co-B-B and B-B-C-C planes. Compound 3b' is analogous to 3a and 3b, the only difference between the structures of 3b and 3b' is the replacement of one of the bridging hydrogens by SCH2Ph unit in the later (Figure 6). Like 2, both 3a and 3b have agostic type interactions along with additional co-ordination from chalcogen to metal. In general, borate complexes are stabilised by heterocyclic scorpionate-type frameworks. 10 However, in case of 3a, 3b and 3b', the hydridoborate groups are stabilised by cyclo-pentane ring. The boron chalcogen distances (3a: B-S 1.915(3) Å; 3b: B-Se 2.0611(9) Å) are similar to those observed in trichalcogeno-1,3-diborolanes with sp 3 boron atoms. 16d,19c,28 The C-C and B-C bond distances of 3a and 3b are slightly elongated as compared to the corresponding C-C and B-C single bond distances. 19 The solid-state X-ray structures of 3a and 3b may be considered as the analogue of tetracyclo [4.3.0.0 2,4 .0 3,5 ]nonane (Figure 5(c)). 29 In general, mimicking of organometallic complexes by metallaboranes take place when the borane moiety substitutes the analogous organic counterpart. Some of the examples known in the literature typically range from metalalkene to dinuclear ruthenium-pentalene π-complexes. 6 Similarly, complexes having boron containing heterocyclic π ligands, such as, bora/dibora-benzene and borole/diborole etc. are also analogues to corresponding metal-arene complexes. [30][31][32] However, there are only a few cases known with the metal-boron framework which is analogues to hydrocarbons. For instance, clusters [{CpM}4B4H4] (M = Ni or Co) are analogous to parent cubane, C8H8. 33 Interestingly, the mimicking of entire tetracyclic nonane framework of 3a and 3b is very unusual and considered to be the perfect example that shows the bridge between hydrocarbon and metal borane/borate complexes. The C5 ring in one part of the tetracyclic nonane and 3a or 3b is somewhat similar, whereas the bridgehead carbon atoms of the other part have been replaced by two boron atoms connected through sulphur and cobalt bridges. As shown in Scheme S4, the total valence electron (tve) count of 58 for 3a or 3b matches well with tetracyclo[4.3.0.0 [START_REF] Jones | d-and f-Block Chemistry[END_REF]4 .0 ]nonane (tve = 48). Thus, one can describe these species as true structural mimic of tetracyclo [4.3.0.0 2,4 .0 3,5 ]nonane. In addition, from the cluster point of view, if one considers the cyclic alkane part as the ligand on boron, [(Cp*CoE)(BH2R)2] unit in 3a and 3b can be viewed as an arachno-butterfly with 7 sep.

Although the syntheses and structures of saturated boronchalcogen heterocycles are known in the literature, 16b-d,19 their utilization as ligands is not explored. Hence, structures of 3a, 3b and 3b' need attention due to the presence of 1-chalcogeno-3,4dicarba-2,5-diborolane ligand fragment connected to cobalt in trihapto mode. Though, we don't have any direct evidence for the formation of these species, we believe that they might have generated in situ while reducing the Cp* ligand by chalcogenated borohydride that subsequently reacted with the metal fragment. A similar reduction and activation of the Cp ligand are reported in the literature. 34 Thus, it is reasonable to assume that the reduction of Cp* ligand might have been initiated by the chalcogenoborate reagent followed by the formation of complexes 3a or 3b.

DFT calculation at the same level of theory indicates that the charge transfer from the chalcogen atoms mostly takes place to the metal, albeit lower than those observed for 1 and 2 (Table S6). The computed ΔEH-L values for 3a and 3b are higher than those computed for 1a, 1b and 2 (Tables S2 andS6) which may be attributed to the presence of relatively shorter cobalt-chalcogen bonds in the former. The ΔEH-L value of the tellurium analogue of 3 is found to be 3.92 eV which is 0.6-0.8 eV lower as compared to 3a and 3b. This is also supported by the presence of weaker Co-Te (WBI = 0.579) and Te-B (WBI = 0.711) interactions as compared to stronger Co-Se (WBI = 0.731) and Se-B (WBI = 0.925) interactions. These weaker interactions possibly account for the instability of the tellurium analogue of 3a or 3b which may be the reason that several of our attempts to isolate the tellurium analogue failed.

The nature of chalcogen-boron interaction in 3a and 3b has also been probed by QTAIM analysis (Figure 7). The Laplacian plot illustrates not only the continuous region of charge concentration between boron and sulphur but also exhibits diffusion or polarization of the VSCC zone of sulphur towards cobalt. The chalcogen-boron interaction has significant covalent character as evident from high and negative values of  2 ρ and H(r) at the bcp (Tables S7-S8). Unlike 1a, 1b and 2, the Co-S/Se interactions in 3a and 3b are dative in nature, which is represented by comparatively lower electron density (ρb) at the bcp as well as positive values of  2 ρ. However, the nature and extent of B-H agostic type interactions in 3a, 3b and 3b' are similar to those in 1a, 1b and 2, i.e., the B-H interactions are significantly covalent in nature. 

Conclusions

In conclusion, an efficient route for the synthesis of novel cobalt hydridoborate complexes using arylchalcogenoborate, Li[BH3ER] (E = Se or Te, R = Ph; E = S, R = CH2Ph) and [Cp*CoCl]2 has been established. Complexes 1a, 1b and 2 represent unique bimetallic cobalt heterocyclic systems, which are stabilised by βagostic type interaction. Most importantly, distinctive tetracyclic species, 3a-b have been isolated and structurally characterized, which may be considered as a true structural mimic of tetracyclo [4.3.0.0 2,4 .0 3,5 ]nonane. These molecules exemplify a rare class of hydrocarbon mimic by metal borate complex. In addition, AIM analysis establishes that in all the species, the boron-chalcogen interaction has significant covalent character
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while the Co-Se/Te interactions are largely dative in nature. In an effort to verify the potentiality of these complexes, especially the bis-hydridoborate species, for the hydroboration of alkynes, it yielded cobaltaselenacycles by borane displacement. Further exploration of the chemistry employing these complexes are underway.

Experimental Section

All the syntheses were carried out under an argon atmosphere with standard Schlenk line and glove box techniques. Compounds [Cp*CoCl]2 35 and Li[BH3ER] (E = S, Se or Te, R = Ph; E = S, R = CH2Ph) 11a were prepared according to literature methods. Thin-layer chromatography was carried out on 250 mm aluminium supported silica gel TLC plates. NMR spectra were recorded in a 500 MHz Bruker FT-NMR spectrometer. Chemical shifts are referenced to (residual) solvent signals ( 1 H/ 13 C{ 1 H}; CDCl3: δ = 7.26/77.16 ppm, 1 H/ 13 C{ 1 H}; C6D6: δ = 7.16 /128.06 ppm). Infrared spectra were obtained on a Jasco FT/IR-1400 spectrometer in dichloromethane solvent. The Electrospray mass (ESI-MS) spectra were measured in micromass Q-TofmicroTM instrument and Thermo Scientific LTQ XL Linear Ion Trap Mass Spectrometer.

Syntheses of 1a, 2 and 3a:

A suspension of [Cp*CoCl]2 (0.100 g, 0.22 mmol) in 8 mL toluene at -78 ° C was charged dropwise with freshly prepared solution of Li[BH3SePh] in THF (10 mL, 0.44 mmol) over 15 min and kept under constant stirring for 4h at room temperature. The colour of the reaction mixture changed from brown to black gradually during course of the reaction. The solvent was evaporated in vacuum; residue was extracted into hexane/CH2Cl2 (90:10 v/v) and passed through Celite. After the removal of the solvent from the filtrate, the residue was subjected to chromatographic workup using silica-gel TLC plates. (d, J = 7.7 Hz, 3H, C6H5), 7.21-7.18 (m, 2H, C6H5), 7.09 (t, J = 7.6 Hz, 3H, C6H5), 6.96 (t, J = 7.1 Hz, 1H, C6H5), 2.12 (s, 1H, BHt), 1.96 (s, 1H, BHt), 1.18 (s, 15H, C5Me5), 0.97 (s, 15H, C5Me5), -9.86 ppm (br, 1H, Co-H-B); 13 C{ 1 H} NMR (125 MHz,CDCl3,22ºC): δ = 163. 1 ( s, C-Co), 145.1, 136.2, 127.6, 126.6, 126.0, 125.1, 121.8 (s, C6H5), 91.9, 90.3 (s, C5Me5), 9.6, 9.2 ppm (s, C5Me5); IR (CH2Cl2): 𝜈 ̃ = 2400 (BHt). 

Synthesis of 1b:

A suspension of [Cp*CoCl]2 (0.100 g, 0.22 mmol) in 8 mL toluene at -78 °C was charged dropwise with freshly prepared solution of Li[BH3TePh] in THF (10 mL, 0.44 mmol) over 15 min and kept under constant stirring for 4h at room temperature. The colour of the reaction mixture changed from brown to dark green gradually during course of the reaction. The solvent was evaporated in vacuum; residue was extracted into hexane/CH2Cl2 (90:10 v/v) and passed through Celite. After the removal of the solvent from the filtrate, the residue was subjected to chromatographic workup using silica-gel TLC plates. Elution with hexane/CH2Cl2 (70:30 v/v) yielded green, [{CoCp*Ph}{Cp*Co}{µ-TePh}{µ- 2 -E,Te-TeBH3}],1b (0.098 g, 55%, Rf = 0.52). 139.0, 137.7, 129.4, 127.9, 126.1, 121.6 (s, C6H5), 91.6, 90.1 (s, C5Me5), 10.7, 10.1 ppm (s, C5Me5); IR (CH2Cl2): 𝜈 ̃ = 2404 (BHt).

Synthesis of 3b and 3b':

A suspension of [Cp*CoCl]2(0.100 g, 0.22 mmol) in 8 mL toluene at -78 °C was charged dropwise with freshly prepared solution of Li[BH3S(CH2Ph)] in THF (10 mL, 0.44 mmol) over 15 min and kept under constant stirring for 4h at room temperature. The colour of the reaction mixture changed from brown to black gradually during course of the reaction. The solvent was evaporated in vacuum; residue was extracted into hexane/CH2Cl2 (90:10 v/v) and passed through Celite. After the removal of the solvent from the filtrate, the residue was subjected to chromatographic workup using silica-gel TLC plates. Elution with hexane/CH2Cl2 1, 128.2, 127.0 (s, C6H5), 92.8 (s, C5Me5), 54.7 (s, S-CH2-Ph), 47.5 (s, CHMe), 43.9 (s, CHMe), 40.5 (s, CHMe), 21.3 (s, CHMe), 16.5 (s, CHMe), 14.9 (s, CHMe), 13.9 (s, CHMe), 13.2 (s, CHMe), 10.2 ppm (s, C5Me5); IR (CH2Cl2): 𝜈 ̃ = 2421 (BHt).

Synthesis of 4:

A suspension of 2 (0.050 g, 0.09 mmol) in 8 mL toluene was charged with phenylacetylene (0.018g, 0.18 mmol) kept under constant stirring for 15h at 80 °C temperature. The colour of the reaction mixture changed from brown to dark green gradually during the course of Accepted Manuscript

Scheme 1 .

 1 Scheme 1. Mono and bimetallic agostic borane/borate complexes of transition metals

  The B-Te bond distance of 2.229(4) Å is comparable with the previously reported B-Te single bond distances. 16 Two of the Co(III) centres are linked by chalcogeneto ligands [EPh] -and [EBH3] 2-( E = Se or Te). Further, the Co•••Co distances of 3.5065(7) Å and 3.7676(8) Å for 1a and 1b respectively, clearly suggest the absence of any metal-metal bond making them coordinatively saturated 18e species. Addition of phenyl group into one of the Co centers is interesting. We believe that the Ph fragment has been generated by the cleavage of E-C bond of in-situ generated Li[BH3ER], which is very unstable in nature. The metal might also have played an important role in activating the E-Ph bond in the reagent.18 

Figure 1

 1 Figure 1 Molecular structures and labelling diagrams for 1a (left) and 1b (right). Selected bond lengths (Å) and angles (°) for 1a: Co2-Se1 2.3546(6), Co2-B1 2.295(4), B1-Se2 2.017(4), Co2-H1 1.55(3), B1-H1 1.30(3), Co1•••Co2 3.5065(7); B1-H1-Co2 107(2), For 1b: Co2-Te2 2.5231(5), Co1-Te2 2.5371(5), Co2-B1 2.327(4), B1-Te2 2.229(4), Co2-H1 1.59(4), B1-H1 1.13(2), Co1•••Co2 3.7676(8).

  ) Å is slightly longer and the Co-Hb (1.53(4) Å) and Co-B (2.262(4) Å) distances are slightly shorter as compared to 1a and 1b. The B-Se bond length of 2.038(3) Å is within the range of Lewis base-stabilized boron organoselenide species, for example, 1,2-diselenatoorthocarboranes (B-Se: 1.975(4)-2.065(5) Å), 19a-b and CAAC-supported cyanoboron bis(selenide), [(CAAC)B(CN) (SePh)2] (B-Se: 2.109(7), 2.056(8) Å). 19c Alternatively, 2 can also be viewed as the borane analogue of [(Cp*Co)2(µ-S)2(-S)2] or [(CpCo)(E2C6H4)]2 (E = S or Se), 20 in which the S or (EC6H4) (E = S or Se) units are replaced by BH3 moiety. The calculated HOMO-LUMO gap (ΔEH-L) measured for 2 and [(Cp*Co)2(µ-S)2(-S)2] signify higher thermodynamic stability for 2 (ΔEH-L = 4.38 eV and 3.55 eV for 2 and [(Cp*Co)2(µ-S)2(-S)2] respectively).

Figure 2 .

 2 Figure 2. Molecular structure and labelling diagram for 2. Selected bond lengths (Å) and angles (°): Co1-Se1 2.3628(5), Co1'-Se1 2.3716(5), Co1-B1 2.262(4), B1-Se1 2.038(3), Co-H1 1.53(4), B1-H1 1.37(4), Co1•••Co1' 3.5020(6); Se1-Co1-Se1'84.59(15).

Figure 3 .

 3 Figure 3. Contour line diagram of the Laplacian of electron density in the Co-Se-B plane of 2. Solid green lines indicate charge depletion [ 2 ρ(r)>0] and dashed maroon lines indicate charge concentration [ 2 ρ(r)<0]. Dark maroon and yellow spheres denote bond critical points (bcp) and ring critical points (rcp) respectively.

Scheme 3 .

 3 Scheme 3. Reactivity of 2 with phenylacetylene

Figure 4 .

 4 Figure 4. Molecular structure and labelling diagram for 4. Selected bond lengths (Å) and angles (°): Co1-Se2 2.2265(6), Se1-Co1 2.2317(5), Se2-C1 1.865(3), Se1-C2 1.888(3), C1-C2 1.334(5); Co1-Se2-C1 103.03(1), Se2-C1-C2 122.8(3), Se1-Co1-Se2 92.29(2).

Figure 5 .Figure 6 .

 56 Figure 5. Molecular structure and labelling diagram for a) 3a and b) 3b. Selected bond lengths (Å) and angles (°) for 3a: Co1-Se1 2.3109(5), Co1-B1 2.3426(19), B1-Se1 2.0611(19), Co1-H1 1.550(19), B1-H1 1.278(19), B1-C1 1.613(3), C1-C1' 1.595(2); B1-H1-Co1 112, B1-Se1-Co1 64.50(5), B1-Se1-B1' 80.29(11). For 3b; Co1-S1 2.1918(9), Co1-B1 2.316(2), B1-S1 1.915(3), Co1-H1 1.54(2), B1-H1 1.33(3), B1-C1 1.612(3), C1-C1' 1.591(4); B1-H1-Co1 108, B1-S1-Co1 68.28(3), B1-S1-B1' 85.22(16); c) Schematic representation of tetracyclic [4.3.0.0 2,4 .0 3,5 ] nonane.29 

Figure 7 .

 7 Figure 7. Contour line diagram of the Laplacian of electron density in the Co-S-B plane of 3b. Solid green lines indicate charge depletion [ 2 ρ(r)>0] and dashed maroon lines indicate charge concentration [ 2 ρ(r)<0]. Dark maroon and yellow spheres denote bond critical points (bcp) and ring critical points (rcp) respectively.

  Elution with hexane/CH2Cl2 (70:30 v/v) yielded violet [{CoCp*Ph}{Cp*Co}{µ-SePh}{µ- 2 -Se,H-SeBH3}], 1a (0.026 g, 16%, Rf = 0.58), brown [Cp*Co{µ- 2 -Se,H-SeBH3}]2,2 (0.062 g, 49%, Rf = 0.48) and red [Cp*Co{κ 3 -Se,H,H-Se(BH2)2-C5Me5H3}],3a (0.027 g, 14%, Rf = 0.79) 1a: ESI-MS (ESI + ) calcd for C32H43BSe2Co2 [M] + m/z 716.0465, found 716.0440; 11 B{ 1 H} NMR (160 MHz, CDCl3, 22 °C): δ = -16.9 ppm (s, 1B); 1 H{ 11 B} NMR (500 MHz, CDCl3, 22 °C): δ = 8.08 (s, 1H, C6H5), 7.92

2 :

 2 ESI-MS (ESI + ) calcd for C 20 H 35 B 2 Co 2 Se 2 [M-H] + m/z 574.9932, found 574.9974; 11 B{ 1 H} NMR (160 MHz, C6D6, 22 °C): δ = -15.9 ppm (s, 1B); 1 H{ 11 B} NMR (500 MHz, C6D6, 22 °C): δ = 2.60 (s, 2H, BHt), 2.34 (d, 2H, BHt),1.50 (s, 30H, C5Me5), -12.01 (d, 2H, Co-H-B); 13 C{ 1 H} NMR (125 MHz, CDCl3, 22ºC): δ = 91.4 (s, C5Me5), 10.0 ppm (s, C5Me5); IR (CH2Cl2): 𝜈 ̃ = 2462, 2400 (BHt).

3a:

  ESI-MS (ESI -) calcd for C20H37B2CoSe [M] -m/z 438.15, found 438.22; 11 B{ 1 H} NMR (160 MHz, C6D6, 22 °C): δ = -0.0 ppm (s, 1B); 1 H NMR (500 MHz, C6D6, 22 °C): δ = 2.57 (br, 2H, BHt), 1.45 (s, 15H, C5Me5), 1.30 (br, 3H, CH), 1.14 (d, 6H, CH3), 0.96 (d, 3H, CH3), 0.95 (s, 6H, CH3), -15.25 (br, 2H, Co-H-B); 13 C{ 1 H} NMR (125 MHz, CDCl3, 22ºC): δ = 93.9 (s, C5Me5), 53.1 (s, CHMe), 47.9 (s, CHMe ), 19.3 (s, CHMe), 16.5 (s, CHMe), 13.5 (s, CHMe), 11.1 ppm (s, C5Me5); IR (CH2Cl2): 𝜈 ̃ = 2420 (BHt).

1b:

  ESI-MS (ESI + ) calcd for C32H46BTe2Co2 [M+3H] + m/z 815.0455, found 814.9902; 11 B{ 1 H} NMR (160 MHz, CDCl3, 22 °C): δ = -21.5 (s, 1B) ppm; 1 H NMR (500 MHz, CDCl3, 22 °C): δ = 8.08 (d, J = 7.3 Hz, 2H, C6H5), 7.91 (d, J = 7.5 Hz, 2H, C6H5), 7.30 (t, J = 7.4 Hz, 1H, C6H5), 7.12 (t, J = 7.5 Hz, 2H, C6H5), 7.00 (t, J = 7.3 Hz, 2H, C6H5), 6.91 (t, J = 7.1 Hz, 1H, C6H5), 3.97 (br, 1H, BHt), 2.10 (br, 1H, BHt), 1.45 (s, 15H, C5Me5), 1.24 (s, 15H, C5Me5), -10.96 ppm (br, 1H, Co-H-B); 13 C{ 1 H} NMR (125 MHz, CDCl3, 22ºC): δ = 160.8 ( s, C-Co), 148.0,

  (70:30 v/v) yielded orange[Cp*Co{κ 3 -S,H,H-S(BH2)2-C5Me5H3}], 3b (0.048 g, 28%, Rf = 0.8), purple, [Cp*Co{κ 3 -S,H,S-S(BH2)(BHSBn)-C5Me5H3}], 3b' (0.011 g, 5%, Rf = 0.68) and blue, known [(Cp*Co)2(BHS)2] (0.027 g, 26%). 36 3b: HR-MS (ESI -) calcd for C20H37B2CoS [M] -m/z 390.21, found 390.30; 11 B{ 1 H} NMR (160 MHz, C6D6, 22 °C): δ = -1.8 ppm (s, 1B); 1 H NMR (500 MHz, C6D6, 22 °C): δ = 1.99 (br, 2H, BHt), 1.48 (m, 2H, CHMe), 1.43 (s, 15H, C5Me5 ), 1.27 (m, 1H, CHMe) 1.14 (d, J = 6.9 Hz, 6H, CHMe), 0.96 (d, J = 6.4 Hz, 3H, CHMe), 0.94 (s, 6H, CHMe), -15.75 (br, 1H, Co-H-B); 13 C{ 1 H} NMR (125 MHz, C6D6, 22ºC): δ = 94.6 (s, C5Me5), 53.6 (s, CHMe), 48.7 (s, CHMe), 20.1 (s, CHMe), 17.3 (s, CHMe), 14.6 (s, CHMe), 10.8 ppm (s, C5Me5); IR (CH2Cl2): 𝜈 ̃ = 2415 (BHt) cm -1 . 3b': HR-MS (ESI + ) calcd for C27H44B2CoS2 [M+H] + m/z 513.2413, found 513.2379; 11 B{ 1 H} NMR (160 MHz, C6D6, 22 °C): δ = 11.2 (s, 1B), 2.8 ppm (s, 1B); 1 H NMR (500 MHz, C 6 D 6 , 22 °C): δ =7.39 (d, J = 7.6 Hz, 2H, C 6 H 5 ), 7.13 (s, 2H, C6H5), 7.05 (s, 1H, C6H5), 3.59 (dd, J = 51.1, 12.0 Hz, 2H, CH2C6H5), 1.79 (br, 1H, BHt), 1.47 (s, 1H, CHMe), 1.37 (s, 1H, CHMe), 1.33 (s, 3H, CHMe), 1.29 (s, 15H, C5Me5), 1.27 (s, 3H, CHMe), 1.16 (br, 1H, BH t ), 1.06 (d, J = 7.2 Hz, 1H, CHMe), 1.01 (d, J = 5.9 Hz, 3H, CHMe), 0.96 (d, J = 6.8 Hz, 3H, CHMe), 0.55 (s, 3H, CHMe), -11.25 (br, 1H, Co-H-B); 13 C{ 1 H} NMR (125 MHz, CDCl3, 22ºC): δ = 138.6 (s,1C, C6H5-CH2), 129.

Chalcogen stabilized bis-hydridoborate complexes of cobalt with unusual bonding have been synthesized. Complexes (A) and (B) are the structural mimic of species [(Cp*Co)2(µ-S)2(-S)2] and tetracyclo[4.3.0.0 2,4 .0 3,5 ]nonane respectively (see picture)Accepted Manuscript
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the reaction. The solvent was evaporated in vacuum; the residue was extracted into hexane/CH2Cl2 (90:10 v/v) and passed through Celite. After the removal of the solvent from the filtrate, the residue was subjected to chromatographic workup using silica-gel TLC plates. Elution with hexane/CH2Cl2 (70:30 v/v) yielded green, [Cp*Co{ 2 -Se,Se-Se2C2HPh}], 4 (0.016 g, 20%), 26,[START_REF]Compound 4 was synthesised by Morley's group in the year of[END_REF] some other low yield compounds could not be isolated.

Computational details: All the molecules were fully optimized with the Gaussian 09 [START_REF] Gaussian | Gaussian[END_REF] program using the meta-GGA M06 exchange correlation functional [START_REF] Zhao | [END_REF] in conjunction with Def2-TZVP basis set. 40 Frequency calculations were performed at the same level of theory to verify the nature of the stationary state. All structures were identified as ground states as their respective Hessian (matrix of analytically determined second derivative of energy) was real. Natural bonding analyses were performed with the natural bond orbital (NBO) partitioning Scheme 41 as implemented in the Gaussian 09 suite of programs. Dispersion effects were incorporated by using the D3 version of Grimme's dispersion correction coupled with the D3 damping function using the keyword "Empirical Dispersion=GD3" as implemented in Gaussian 09. 42 X-ray Structure Determination analysis details: Suitable X-ray quality crystals of 1a-b, 2, 3a-b, 3b' and 4 were grown by slow evaporation of a hexane-CH2Cl2 solution. The crystal data were collected and integrated using a Bruker AXS Kappa APEXII CCD for 1a, 3a and 4 and D8 VENTURE Bruker AXS for 1b, 2, 3b and 3b' with graphite monochromated MoKα (λ = 0.71073 Å) radiation at 150 K (for 1a, 1b, 2, 3b and 3b') and 296(2) K (for 3a and 4). The structures were solved by heavy atom methods using SHELXS-97, SHELXT-2014 43 and refined using SHELXL-2014, SHELXL-2017, SHELXL-2018 [START_REF] Sheldric | [END_REF] . Hydrogen atoms were located through Fourier map analysis and then refined with the help of the AFIX 2 SHELXL instruction. The molecular structures were drawn using Olex2. 45 . These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 
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