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Alkyne Hydrogenation by Transition Metals

Srimani, D.; Diskin-Posner, Y.; Ben-David, Y.; Milstein, D. Angew. Chem. Int. Ed. 2013, 52 (52), 14131–14134; Zubar, V.; Sklyaruk, J.; Brzozowska, A.; Rueping, 

M. Org. Lett. 2020, 22 (14), 5423–5428; Gorgas, N.; Brünig, J.; Stöger, B.; Vanicek, S.; Tilset, M.; Veiros, L. F.; Kirchner, K. J. Am. Chem. Soc. 2019, 141 (43), 

17452–17458; 

Milstein, 2013

Kirchner, 2019
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Alkyne Hydrogenation by Transition Metals

Jie Luo, Yaoyu Liang, Michael Montag, Yael Diskin-Posner, Liat Avram, David Milstein J. Am. Chem. Soc. 2022, 144, 13266−13275; Greg J. Baker, Andrew J. P. 

White, Ian J. Casely, Damian Grainger, Mark R. Crimmin ChemRxiv 2022.

Milstein, 2022
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Alkyne Hydrogenation by Transition Metals

Jie Luo, Yaoyu Liang, Michael Montag, Yael Diskin-Posner, Liat Avram, David Milstein J. Am. Chem. Soc. 2022, 144, 13266−13275; Greg J. Baker, Andrew J. P. 

White, Ian J. Casely, Damian Grainger, Mark R. Crimmin ChemRxiv 2022.

Crimmin, 2022
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Alkyne Hydrogenation by Pyridone Borane

Wech, F.; Hasenbeck, M.; Gellrich, U. Chem. Eur. J. 2020, 26 (59), 13445–13450; Gellrich, U. Angew. Chem. Int. Ed. 2018, 57 (17), 4779–4782. 
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Alkyne Hydrogenation by Imidazolone and BH3

Wech, F.; Gellrich, U. ACS Catal. 2022, 12 (9), 5388–5396.

entry co-catalyst yield (%) Z/E TON

1 1a 38 - 3.8

2 1b 84 2.6 8.4

3 2a 73 >99 7.3

4 2b 8 - 0.8

5 3 4 - 0.4

6 none 8 - 0.8
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Alkyne Hydrogenation by Imidazolone and BH3

Wech, F.; Gellrich, U. ACS Catal. 2022, 12 (9), 5388–5396. aisolated yield, b8 h reaction time, 5mol% catalyst loading, cdetermined by NMR
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Alkyne Hydrogenation by Imidazolone and BH3

Wech, F.; Gellrich, U. ACS Catal. 2022, 12 (9), 5388–5396.
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Alkyne Hydrogenation by Imidazolone and BH3

Wech, F.; Gellrich, U. ACS Catal. 2022, 12 (9), 5388–5396; computed at revDSD-PBEP86-D4/def2-QZVPP//PBEh-3c level

25.7 kcal ml-1 28.1 kcal mol-1
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Alkyne Hydrogenation by Imidazolone and BH3

Wech, F.; Gellrich, U. ACS Catal. 2022, 12 (9), 5388–5396.
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Alkyne Hydrogenation by Imidazolone and BH3

Wech, F.; Gellrich, U. ACS Catal. 2022, 12 (9), 5388–5396.
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Where does the Hydrogen come from?

J. D. Holladay, J. Hu, D. L. King, Y. Wang Catalysis Today 2009 244–260.

From natural gas

Steam reforming

Water gas shift

From water electrolysis

Oxidation

Reduction
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Where does the Hydrogen come from?

J. D. Holladay, J. Hu, D. L. King, Y. Wang Catalysis Today 2009 244–260; W. E. Piers Organometallics, 2011, 30, 13–16; M. Driess et al. Angew. 

Chem. 2017, 129, 3753 –3756

Water Activation by FLPs

By metal-based systems Silyene based FLP
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Water Reduction via Proton to Hydride Umpolung

Oishi, T.; Lugo-Fuentes, L. I.; Jing, Y.; Jimenez-Halla, J. O. C.; Barroso-Flores, J.; Nakamoto, M.; Yamamoto, Y.; Tsunoji, N.; Shang, R. Chem. Sci. 2021, 12 

(47), 15603–15608.
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Oxidative Additions at Phosphorus(III)

S. M. McCarthy, Y.-C. Lin, D. Devarajan, J. W. Chang, H. P. Yennawar, R. M. Rioux, D. H. Ess, A. T. Radosevich, J. Am. Chem. Soc. 2014, 136, 4640; N. L. 

Dunn, M. Ha, A. T. Radosevich, J. Am. Chem. Soc. 2012, 134, 11330; Culley, S. A.; Arduengo, A. J. J. Am. Chem. Soc. 1984, 106 (4), 1164–1165.

III V
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Oxidative Addition of Alcohols and Amines

S. M. McCarthy, Y.-C. Lin, D. Devarajan, J. W. Chang, H. P. Yennawar, R. M. Rioux, D. H. Ess, A. T. Radosevich, J. Am. Chem. Soc. 2014, 136, 4640; N. L. 

Dunn, M. Ha, A. T. Radosevich, J. Am. Chem. Soc. 2012, 134, 11330; Culley, S. A.; Arduengo, A. J. J. Am. Chem. Soc. 1984, 106 (4), 1164–1165.

III V
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Oxidative Addition of Water and Ammonia

Robinson, T. P.; Rosa, D. M. de; Aldridge, S.; Goicoechea, J. M. Angew. Chem. Int. Ed. 2015, 54 (46), 13758–13763.
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Oxidative Additions to Catecholphosphine

Poutasse, C. A.; Day, R. O.; Holmes, R. R. J. Am. Chem. Soc. 1984, 106 (13), 3814–3820; Tangour, B.; Malavalid, C.; Boisdon, M. T.; Barrans, J. Phosphorus 

Sulfur Rel. Elem. 1988, 40 (1-2), 33–39 
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Oxidative Addition of Water to Catecholphosphine

Poutasse, C. A.; Day, R. O.; Holmes, R. R. J. Am. Chem. Soc. 1984, 106 (13), 3814–3820; Tangour, B.; Malavalid, C.; Boisdon, M. T.; Barrans, J. Phosphorus 

Sulfur Rel. Elem. 1988, 40 (1-2), 33–39 

8
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Conclusion and Outlook

• Semihydrogenation of alkynes using BH3SMe2

• Expanded scope due to absence of Piers‘ borane

• Possible Lewis bases are evaluated

• Further investigate NH3 and H2O addition
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