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1. Frustrated Lewis Pairs (FLPs) in hydrogenation 

• Heterolytic cleavage of H−H

Stephan, D. W. et al. Science 2006, 314, 1124–1126

• Representative catalysts for asymmetric hydrogenation and hydrosilylation
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1. Frustrated Lewis Pairs (FLPs) in hydrogenation 
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2. Chiral Diene-derived Boron Lewis Acids

• Synthesis of Chiral Dienes
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2.1. Hydrogenation of Imines and Silyl Enol Ethers

Liu, Y.; Du, H. J. Am. Chem. Soc. 2013, 135, 6810–6813 7
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Cat. Loading

Only 1.25 mol %
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2.1. Hydrogenation of Imines and Silyl Enol Ethers

Wei, S.; Feng, X.; Du, H. Org. Biomol. Chem. 2016, 14, 8026−8029



2.1. Hydrogenation of Imines and Silyl Enol Ethers

Zhu, X.; Du, H. Org. Lett. 2015, 17, 3106−3109 10

a. biologically active 

b. chiral catalysts



2.1. Hydrogenation of Imines and Silyl Enol Ethers

Wei, S.; Du, H. J. Am. Chem. Soc. 2014, 136, 12261−12264 11



2.1. Hydrogenation of Imines and Silyl Enol Ethers

Wei, S.; Du, H. J. Am. Chem. Soc. 2014, 136, 12261−12264 12



2.2. Hydrogenation of N-Heteroarenes

Liu, Y.; Du, H. J. Am. Chem. Soc. 2013, 135, 12968−12971

Zhao, J.; Wang, G.; Li, S. Dalton Trans. 2015, 44, 9200−9208 13
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bulky substrates
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3. Chiral Diyne-derived Boron Lewis Acids

Ren, X.; Li, G.; Wei, S.; Du, H. Org. Lett. 2015, 17, 990−993 23



3. Chiral Diyne-derived Boron Lewis Acids

Skjel, M. K. et al. Org. Lett. 2010, 12, 990−993

Ren, X.; Du, H. J. Am. Chem. Soc. 2016, 138, 810−813 24
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4. A Novel Type of Frustrated Lewis Pairs

Li, S.; Li, G.; Meng, W.; Du, H. J. Am. Chem. Soc. 2016, 138, 12956−12962

Key Issues

1. The two components of the FLP cannot rapidly release H2

2. The formed covalent bond must be easy to split

3. The use of chiral bases to control the asymmetric induction
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4. A Novel Type of Frustrated Lewis Pairs
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H2 as hydrogen source—cis products



4. A Novel Type of Frustrated Lewis Pairs
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NH3·BH3 as hydrogen source—trans products



5. Summary

• The chemistry of FLPs offers new methods of metal-free hydrogenations

• A wide range of compounds were effective for asymmetric hydrogenation

• Novel FLPs: Combination of H(δ-) and H(δ+) containing Lewis acid and base

Advantages: 

a. Easily obtained; b. Highly enantioselective hydrogenations; c. A lot of substrates 

are well tolerated, including that are challenging for transition-metal catalysts 34




