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 First Z-selective Catalysts 

 Basis design of  Z-selective catalysts 

Central Design Priciple: 
Size differential between rotating large monodentate aryloxide ligand 

and smaller imido group leads to high kinetic of  Z-selective  

Ibrahem, I.; Yu, M.; Schrock, R. R.; Hoveyda, A. H. J. Am. Chem. Soc. 2009, 131, 3844. 

MAP(monoaryloxide pyrrolide) catalysts 
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 First Z-selective Catalysts 

Ibrahem, I.; Yu, M.; Schrock, R. R.; Hoveyda, A. H. J. Am. Chem. Soc. 2009, 131, 3844. 

 Z-selective ROCM( ring-opening /cross-metathesis) 

MAP(monoaryloxide pyrrolide) catalysts 
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 Z-selective CM(cross-metathesis) reaction  

Meek, S.J.; O'Brien, R.V.; Llaveria, J.; Schrock, R.R.; Hoveyda, A.H. Nature 2011, 471, 461. 

 Z-selective CM  of enol ethers  with terminal alkenes 
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 Z-selective CM  of allylic amides with terminal alkenes 

Meek, S.J.; O'Brien, R.V.; Llaveria, J.; Schrock, R.R.; Hoveyda, A.H. Nature 2011, 471, 461. 

 Application of Z-selective CM(cross-metathesis) reaction  
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 Z-selective CM  of different α-olefin coupling partners 

Mann, T. J.; Speed, A. W. H.; Schrock, R. R.; Hoveyda, A. H. Angew. Chem., Int. Ed. 2013, 52, 8395. 

MAP(monoaryloxide pyrrolide) catalysts 

Hu Group, SIOC 



Kiesewetter, E. T.; O’Brien, R. V.; Yu, E. C.; Meek, S. J.; Schrock, R. R.; Hoveyda, A. H. J. Am. Chem. Soc. 2013 135, 6026 

 Z-selective CM  of different α-olefin coupling partners 
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Wang, C.; Yu, M.; Kyle, A.F.; Jakubec, P.; Dixon, D.J.; Schrock, R.R.; Hoveyda, A.H. Chem. Eur. J. 2013, 19, 2726. 

 Z-selective RCM(ring-close metathesis) 

MAP(monoaryloxide pyrrolide) catalysts 
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Endo, K.; Grubbs, R.H. J. Am. Chem. Soc. 2011, 133, 8525. 
Keitz, B.K.; Endo, K.; Herbert, M.B.; Grubbs, R.H. J. Am. Chem. Soc. 2011, 133, 9686. 

B. K. Keitz, K. Endo, P. R. Patel, M. B. Herbert, R. H. Grubbs, J. Am. Chem. Soc. 2012, 134, 693. 
L. E. Rosebrugh, M. B. Herbert, V. M. Marx, B. K. Keitz, R. H. Grubbs, J. Am. Chem. Soc. 2013, 135, 1276. 

Chelated Ruthenium Catalysts 

 Z-Selective Terminal Olefin Homocoupling 

 Improved activity  of Ru catalysts by altering the structure 
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Liu, P.; Xu, X.; Dong, X.; Keitz, B.K.; Herbert, M.B.; Grubbs, R.H.; Houk, K.N. J. Am. Chem. Soc. 2012, 134, 1464. 

Chelated Ruthenium Catalysts 

Computational Studies  show the mechanism and origins of Z-selectivity 

side-bound  vs bottom-bound (steric and electronic effects) 

4 pathways in side-bound  
Barrier: bottom-bound over 

 side-bound ~ 3.1 kcal/mol higher 
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Chelated Ruthenium Catalysts 

Liu, P.; Xu, X.; Dong, X.; Keitz, B.K.; Herbert, M.B.; Grubbs, R.H.; Houk, K.N. J. Am. Chem. Soc. 2012, 134, 1464. 

Z-selectivity vs E-selectivity  
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Chelated Ruthenium Catalysts 

 Z-selective CM(cross-metathesis) reaction  

 Z-selective CM(cross-metathesis) of Allyl-substituted olefin 

B. K. Keitz, K. Endo, P. R. Patel, M. B. Herbert, R. H. Grubbs, J. Am. Chem. Soc. 2012, 134, 693. 
L. E. Rosebrugh, M. B. Herbert, V. M. Marx, B. K. Keitz, R. H. Grubbs, J. Am. Chem. Soc. 2013, 135, 1276. 

Quigley, B.; Grubbs, R. H. Chem. Sci. 2014, 5, 501. 
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Chung, W.; Carlson, J.S.; Bedke, D.K.; Vanderwal, C.D. Angew. Chem. Int. Ed. 2013, 52, 10052. 

Chelated Ruthenium Catalysts 

Synthesis of mytilipin A via a seven-step longest linear sequence 
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Chelated Ruthenium Catalysts 

Keitz, B.K.; Fedorov, A.; Grubbs, R.H. J. Am. Chem. Soc. 2012, 134, 2040. 
Marx, V.M.; Herbert, M.B.; Keitz, B.K.; Grubbs, R.H. J. Am. Chem. Soc. 2013, 135, 94. 

 cis-selective ROM polymerization 

 Z-selective RCM 

Hu Group, SIOC 
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Chelated Ruthenium Catalysts 

Z-Selective Ethenolysis 

chemoselective cross metathesis 
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Occhipinti, G.; Hansen, F.R.; Tornroos, K.W.; Jensen, V.R. J. Am. Chem. Soc. 2013, 135, 3331. 
Occhipinti, G.; Koudriavtsev, V..; Tornroos, K.W.; Jensen, V.R. Dalton Trans. 2014, 43, 11106. 

Other Ruthenium Catalysts 

Simple and Highly Z-Selective Ruthenium Catalyst 
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Other Ruthenium Catalysts 

Rationally designed Ru-based catalysts for efficient Z-selective 

Khan, R.K.M.; Torker, S.; Hoveyda, A.H. J. Am. Chem. Soc. 2013, 135, 10258. Hu Group, SIOC 



excellent reactivity and perfect selectivity for ROMP 

Khan, R.K.M.; Torker, S.; Hoveyda, A.H. J. Am. Chem. Soc. 2013, 135, 10258. 

excellent Z-selective ROCM 

Other Ruthenium Catalysts 
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Koh, M.J.; Khan, R.K.M.; Torker, S.; Yu, M.; Mikus, M.S.; Hoveyda, A.H. Nature 2015, 517, 181 

Other Ruthenium Catalysts 

Issues unaddressed by state-of-the-art  catalytic olefin metathesis regarding several critical 
functional units 

Initial obervations 
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Koh, M.J.; Khan, R.K.M.; Torker, S.; Yu, M.; Mikus, M.S.; Hoveyda, A.H. Nature 2015, 517, 181 

Other Ruthenium Catalysts 

Possible pathway for catalyst decompositon 

Modified complexes Ru-8 
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Koh, M.J.; Khan, R.K.M.; Torker, S.; Yu, M.; Mikus, M.S.; Hoveyda, A.H. Nature 2015, 517, 181 

Other Ruthenium Catalysts 

Excellent scope-extremely broad functional group tolerance with catalyst Ru-10 
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Conclusion and Outlook 

E-selectivtity? 
Z- and enantioselectivity? 

Conclusion--current state-of-the-art 

Outlook--next generation catalysts 

Herbert, M.B.; Grubbs, R.H. Angew. Chem. Int. Ed. 2015, 54, 5018. 
Hoveyda, A.H. J. Org. Chem. 2014, 79, 4763. 
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