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Figure S9. 11B NMR (96.29 MHz, C6D6, 298 K) spectrum of complex 3. 

 

 

Figure S10. 1H NMR (300.13 MHz, C6D6, 298 K) spectrum of complex 4. 
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Figure S11. 13C{1H}-APT NMR (75.47 MHz, C6D6, 298 K) spectrum of complex 4. 

 

 

Figure S12. 31P{1H} NMR (121.49 MHz, C6D6, 298 K) spectrum of complex 4. 
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Figure S13. 11B NMR (96.29 MHz, C6D6, 298 K) spectrum of complex 4. 
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Structural Analysis of Complexes 2 and 3. X-ray data were collected for the complexes on a 

Bruker Smart APEX diffractometer equipped with a normal focus, and 2.4 kW sealed tube source 

(Mo radiation,  = 0.71073 Å). Data were collected over the complete sphere covering 0.3o in . 

Data were corrected for absorption by using a multiscan method applied with the SADABS 

program.2 The structures were solved by Patterson or direct methods and refined by full-matrix 

least squares on F2 with SHELXL2016,3 including isotropic and subsequently anisotropic 

displacement parameters. The hydrogen atoms were observed in the least Fourier Maps or 

calculated, and refined freely or using a restricted riding model. The hydride ligands were located 

in the last difference Fourier maps and refined with retrained distances to metal atoms (dOs-H = 

1.59(1) Å). 

Crystal data for 2: C27H44OOsP2S, MW 668.82, yellow, irregular block (0.171 x 0.140 x 0.129 

mm3), monoclinic, space group P21/c, a: 12.2836(6) Å, b: 11.9379(5) Å, c: 19.3225(9) Å, β: 

98.3090(10)°, V = 2803.7(2) Å3, Z = 4, Z’ = 1, Dcalc: 1.584 g cm-3, F(000): 1344, T = 100(2) K, µ 

4.754 mm-1. 48768 measured reflections (2: 3-57o, ω scans 0.3o), 6937 unique (Rint = 0.0322); 

min./max. transm. Factors 0.687/0.862. Final agreement factors were R1 = 0.0187 (6301 observed 

reflections, I > 2σ(I)) and wR2 = 0.0437; data/restraints/parameters 6937/3/311; GoF = 1.033. 

Largest peak and hole 1.314 (close to osmium atoms) and -0.501e/ Å3. 

Crystal data for 3: C31H52BNOOsP2S, MW 749.74, colourless, irregular block (0.128 x 0.098 x 

0.033 mm3), orthorhombic, space group Pbca, a: 20.8731(14) Å, b: 14.7433(10) Å, c: 21.7077(14) 

Å, V = 6680.3(8) Å3, Z = 8, Z’ = 1, Dcalc: 1.491 g cm-3, F(000): 3040, T = 100(2) K, µ 4.000 mm-

1. 93145 measured reflections (2: 3-57o, ω scans 0.3o), 8337 unique (Rint = 0.0665); min./max. 

transm. Factors 0.643/0.862. Final agreement factors were R1 = 0.0409 (6495 observed 

reflections, I > 2σ(I)) and wR2 = 0.0848; data/restraints/parameters 8337/2/365; GoF = 1.090. 

Largest peak and hole 1.664 (close to osmium atoms) and -1.387 e/ Å3. 
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Computational Details. Geometry optimizations were performed without symmetry constraints 

using the Gaussian094 suite of programs at the BP865/def2-TZVPP6 level of theory using the D3 

dispersion correction suggested by Grimme et al.7 This level is denoted BP86-D3/def2-def2-

TZVPP. All species were characterized by frequency calculations, and have positive definite 

Hessian matrices thus confirming that the computed structures are minima on the potential energy 

surface. Wiberg Bond Indices (WBIs) and Second-Order Perturbation Energies (SOPT) have been 

computed using the natural bond orbital (NBO6) method.8 

The aromaticity of the considered species has been assessed by the computation of the NICS9 

values computed using the gauge invariant atomic orbital (GIAO) method,10 at the dispersion 

corrected B3LYP level using the def2-SVP basis set,6 with the optimized BP86-D3/def2-def2-

TZVPP geometries. This scheme is denoted as GIAO-B3LYP/def2-SVP// BP86-D3/def2-def2-

TZVPP. 

Total energies (in a. u., ZPVE included) computed at the BP86-D3/def2-TZVPP level). 

3: E= -2539.425077 

3(model): E= -1831.933915 

3-H2: E= -2540.590060 

3’: E= -2539.386766  
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ACID plot for the model compound OsH2{κ2-S,B-[SBNH2]{κ3-P,O,P-[xant(PH2)2]} using 

only the π orbitals. 

 

Figure S14. ACID plot for the model compound OsH2{κ2-S,B-[SBNH2]{κ3-P,O,P-[xant(PH2)2]} 

with a 0.04 a.u. isosurface value using only the π orbitals. 

  



S15 

 

References 

 (1) Esteruelas, M. A.; García-Yebra, C.; Martín, J.; Oñate, E. Dehydrogenation of Formic Acid 

Promoted by a Trihydride-Hydroxo-Osmium(IV) Complex: Kinetics and Mechanism. ACS Catal. 

2018, 8, 11314-11323. 

 (2) Blessing, R. H. An Empirical Correction for Absorption Anisotropy. Acta Crystallogr., Sect. 

A: Found. Crystallogr. 1995, 51, 33-38. 

 (3) Sheldrick, G. M. A Short History of SHELX. Acta Crystallogr., Sect. A: Found. Crystallogr. 

2008, 64, 112-122. 

 (4) Gaussian 09, Revision D.01, Frisch, M. J.; Trucks, G. W.; Schlegel H. B.; Scuseria, G. E.; 

Robb, M. A.; Cheeseman, J. R.; Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, G. A.; 

Nakatsuji, H.; Caricato, M.; Li, X.; Hratchian, H. P.; Izmaylov, A. F.; Bloino, J.; Zheng, G.; 

Sonnenberg, J. L.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; 

Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Vreven, T.; Montgomery, J. A.; Peralta, Jr., J. E.; 

Ogliaro, F.; Bearpark, M.; Heyd, J. J.; Brothers, E.; Kudin, K. N.; Staroverov, V. N.; Keith, T.; 

Kobayashi, R.; Normand, J.; Raghavachari, K.; Rendell, A.; Burant, J. C.; Iyengar, S. S.; Tomasi, 

J.; Cossi, M.; Rega, N.; Millam, J. M.; Klene, M.; Knox, J. E.; Cross, J. B.; Bakken, V.; Adamo, 

C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, 

C.; Ochterski, J. W.; Martin, R. L.; Morokuma, K.; Zakrzewski, V. G.; Voth, G. A.; Salvador, P.; 

Dannenberg, J. J.; Dapprich, S.; Daniels, A. D.; Farkas, Ö.; Foresman, J. B.; Ortiz, J. V.; 

Cioslowski, J.; Fox, D. J. Gaussian, Inc., Wallingford CT, 2009. 

 (5) Zhao, Y.; Schultz, N. E.; Truhlar, D. G. Design of Density Functionals by Combining the 

Method of Constraint Satisfaction with Parametrization for Thermochemistry, Thermochemical 

Kinetics, and Noncovalent Interactions. J. Chem. Theory Comput. 2006, 2, 364-382. 



S16 

 

 (6) Weigend, F.; Ahlrichs, R. Balanced Basis Sets of Split Valence, Triple Zeta Valence and 

Quadruple Zeta Valence Quality for H to Rn: Design and Assessment of Accuracy. Phys. Chem. 

Chem. Phys. 2005, 7, 3297-3305. 

 (7) Grimme, S.; Antony, J.; Ehrlich, S.; Krieg, H. A Consistent and Accurate Ab Initio 

Parametrization of Density Functional Dispersion Correction (DFT-D) for the 94 Elements H-Pu. 

J. Chem. Phys. 2010, 132, 154104-154119. 

 (8) (a) Foster, J. P.; Weinhold, F. Natural Hybrid Orbitals. J. Am. Chem. Soc. 1980, 102, 7211-

7218. (b) Reed, A. E.; Weinhold, F. Natural Localized Molecular-Orbitals. J. Chem. Phys. 1985, 

83, 1736-1740. (c) Reed, A. E.; Weinstock, R. B.; Weinhold, F. Natural-Population Analysis. J. 

Chem. Phys. 1985, 83, 735-746. (d) Reed, A. E.; Curtiss, L. A.; Weinhold, F. Intermolecular 

Interactions from a Natural Bond Orbital, Donor-Acceptor Viewpoint. Chem. Rev. 1988, 88, 899-

926. 

 (9) Chen, Z. F.; Wannere, C. S.; Corminboeuf, C.; Puchta, R.; Schleyer, P. v. R. Nucleus-

Independent Chemical Shifts (NICS) as an Aromaticity Criterion. Chem. Rev. 2005, 105, 3842-

3888. 

 (10) Wolinski, K.; Hinton, J. F.; Pulay, P. Efficient Implementation of the Gauge-Independent 

Atomic Orbital Method for NMR Chemical-Shift Calculations. J. Am. Chem. Soc. 1990, 112, 

8251-8260. 


