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A decade of 

Homogeneous Catalysis
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Olefin 

Metathesis (changing places)
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H. S. Eleuterio - Du Pont 1957



Hüls-Vestenamer-Prozess
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HCV Protease Inhibitor – BILN 2061
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Second-Generation Process for the HCV Protease Inhibitor BILN 2061: A Greener Approach to Ru-Catalyzed Ring-Closing Metathesis, Boehringer

Ingelheim, Org. Process Res. Dev. 2009, 13, 250.

The Growing Impact of Catalysis in the Pharmaceutical Industry, Adv. Synth. Catal. 2011, 353, 1825; C. H. Senanayakea et al. doi: 

10.1002/adsc.201100488

This first-generation RCM was scaled to produce >100 kg of the active 

pharmaceutical ingredient (API).

……optimization of the initial RCM, leading to a second-generation process, 

which dramatically improves throughput and reaction efficiency.



Pheromones
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Speciality Chemicals, Olefins, 

Oleochemicals from Palm Oil
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production sites

180.000 t/a Gresik, Indonesia 2013

+ Natchez, Mississippi 2016?



Olefin metathesis precatalysts
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RingClosingMetathesis leading to

sterically-demanding alkenes
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decreased steric bulk around Ru

Increased precatalyst stability

How to solve the problem?

Problems: - excessive catalyst loading (5 - 10 mol%)

- modest product formation



Weakly donating N-heterocyclic Carbenes
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NHCewg



bisNHC complexes
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Grubbs II - Komplex

Herrmann, Grubbs 1999 

modest activity

ABC
T. Vorfalt, S. Leuthäußer, H. Plenio, Angew. Chem., Int. Ed. 2009, 48, 5191



Synthesis of (NHC)(NHCewg)RuCl2(CHPh) 

13

Ru
Cl

Cl

NN

Ph
Py

Py
toluene, 60°C

OK

40 - 50 %

NO3 HSO4bzw.

NN

NO2

O2N

O2N

NO2

Ru
Cl

Cl

NN

Ph

N N

NO2

NO2

O2N

O2N



Test of Ring-closing Metathesis Activity
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Selected examples for sterically

demanding substrates
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T. Vorfalt, S. Leuthäußer, H. Plenio, Angew. Chem., Int. Ed. 2009, 48, 5191.



Optimized (NHC)(NHCewg)RuCl2(CHPh) 
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catalytic activity

…ca. three times higher activity……
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V. Sashuk, L. H. Peeck, H. Plenio, Chem. Eur. J. 2010, 16, 3983-3993

L. H. Peeck, H. Plenio, Organometallics 2010, 29, 2761-2768

S. Wolf, H. Plenio, J. Organomet. Chem. 2010, 695, 2418-2422.



Catalyst Availability

scale-up from 100 mg to 100 g
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40 g

P. Kos, H. Plenio, 2013 unpublished



Catalyst Separation

Solvent resistant Nanofiltration
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Batchwise and continuous organophilic Nanofiltration of Grubbs type Olefin Metathesis Catalysts. 

D. Schoeps, K. Buhr, K. Ebert, H. Plenio, Chem. Eur. J. 2009, 15, 2960.

A. Datta, K. Ebert, H. Plenio, Organometallics 2003, 22, 4685 for Palladium.

Dp = 5 bar

1.4 mL/min

 99.9% retention of catalyst

 < 4 ppm Ru content



fast RCM catalysis
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100 ppm  88%

100 ppm  89%

15 ppm  91%

50 ppm  89%
P. Kos, R. Savka, H. Plenio, Adv. Synth. Catal. 2013, 355, 439.



Industrial Olefin Cross Metathesis
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Plant oils for ethenolysis
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U. Biermann, U. Bornscheuer, M. A. Meier, J. O. Metzger, H. J. Schäfer, Angew. Chem. Int. Ed. 2011, 50, 3854-3871



Natural Rubber

cis-Polyisoprene

Hevea brasiliensis

Annual production ca. 10 · 106 t/a

Philippines, Thailand, Malaysia

1.5 – 3 US$ /kg (2009/2010)
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Squalene –

a simple model for Natural Rubber
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Squalene Ethenolysis 

(cross metathesis with ethene)
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Ethenolysis of natural rubber
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Ethenolysis of

Natural Rubber and Polyisoprene 
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K. B. Wagener, R. D. Puts, D. K. Smith, 

Makromol. Chem., Rapid Commun. 1991, 12, 419

Poly-trans-isoprene

Catalyst [(CF3)2CH3CO)(NAr)W=CHtBu]

2.33 mol% per double bond

A. Alimuniar, M. A. Yarmo, M. Z. A. Rahman, S. Kohjiya, 

Y. Ikeda, S. Yamashita, Polymer Bull., 1990, 23, 119

malaysian natural rubber

Catalyst: WCI6/SnMe4

“A significant decrease in the polymer’s molecular weight is observed”



Depolymerization of 

Natural Rubber
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S. Wolf, H. Plenio, Green Chem. 

2011, 13, 2008
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global annual output: 1.500.000.000 units

end-of-life tires (ELT)
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end-of-life tire rubber granulate

end-of-life tire rubber granulate
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organic solubles obtained after 

ethenolysis of ELT powder
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[Ru]

7 bar
ethene
toluene

80 oC

fest

flüssig

10 g of ELT yield up to 5 g of organic solubles

10 g of ELT require 0.04 g of ruthenium complex
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