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The Nobel Prize in Chemistry 2005

Yves Chauvin
Institut Français du Pétrole, Rueil-Malmaison, 
France,

Robert H. Grubbs
California Institute of Technology (Caltech), 
Pasadena, CA, USA and

Richard R. Schrock
Massachusetts Institute of Technology (MIT), 
Cambridge, MA, USA

"for the development of the metathesis method in 
organic synthesis".

Ring-Closing Metathesis (RCM) and Ring-Opening 
Metathesis (ROMP)

• Introduction
• RCM
• Cross-Metathesis
• ROMP

http://nobelprize.org/chemistry/laureates/2005/animation.html
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Important types of metathesis reactions: 

RCM = ring-closing metathesis

ROM = ring-opening 
metathesis 

ROMP = ring-opening 
metathesis polymerization

ADMET = acyclic diene 
metathesis polymerization

CM = cross-metathesis
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Ruthenium-Based Olefin Metathesis

The synthesis of ruthenium vinylcarbene complexes allowed 
the development of well-defined, late transition metal, low 
oxidation state complexes that catalyze olefin metathesis. 
Ruthenium carbene complexes are significantly easier to make 
and handle than the Schrock molybdenum  complex.
In addition to the metathesis of strained cyclic and exocyclic 
olefins, the remarkable functional group tolerance (alcohols, 
aldehydes, carboxylic acids) and stability toward air, water, and 
acid has made this class of compounds particularly attractive 
for practical applications (Grubbs, R. H.; Miller, S. J.; Fu, G. C. 
Acc. Chem. Res. 1995, 28, 446).

Ruthenium-Based Olefin Metathesis: Applications
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Large-scale preparation of pharmaceutical candidates: Hepatitis C protease 
inhibitor BILN 2061 developed by Boehringer-Ingelheim
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Cross-Metathesis: Applications

Wipf, P.; Spencer, S. R. "Asymmetric total syntheses of tuberostemonine, 
didehydrotuberostemonine, and 13-epituberostemonine." J. Am. Chem. Soc. 2005, 127, 
225-235.

H

H

NHO
CO2Me

NH2

HO CO2H

NO
Cbz

H

H

CO2Me

Tuberostemonine

Tyrosine

H
H

H

N

O

O

O O

H

8 2

O O
H

HO

O

N

H

HNHO

H

H

Ph

O
H

H
O

N

H

H

Ph

O
H

H
O

O

N

RuCl2(=CHPh)(PCy3)2

PhSeCl, CH2Cl2

N

H

H
O

H

H
O

O

O

PhSe

Bu3SnCH2CH=CH2

N

H

H
O

H

H
O

O

N

N

H

H
O

H

H
O

O

O

Azepine Annulation via RCM

N,N-Dimethylacetamide
dimethyl acetal

xylenes; 79%

CH2Cl2;  72%

-78 °C;  20% AIBN, toluene,
100 °C;  42%

Dr. P. Wipf Page 4 of 5 10/7/2009



Cross-Metathesis: Applications
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Cross-Metathesis: Applications
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Why Carbene Ligands?

The nucleophilic carbenes are ‘phosphine-mimics’ and yet 
they are much more. They reside at the upper end of the 
Tolman electronic and steric parameter scales. From solution 
calorimetric studies, it became clear that nucleophilic 
carbenes (most of them) are better donors than the best 
donor phosphines.
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