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What is Metathesis?
Introduction
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A metathesis is a bimolecular process involving the

exchange of bonds between the two reacting chemical

species.

A-B + C-D → A-C + B-D

This is a double displacement reaction.

There are several categories of metathesis reactions:

Alkane metathesis: a chemical reaction in which

alkanes are rearranged to give longer or shorter

alkane products

Olefin metathesis: a reaction which involves

redistribution of olefinic (alkene) bonds.

Alkyne metathesis: a reaction involving the

redistribution of alkyne chemical bonds



Olefin Metathesis
Introduction
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Olefin metathesis constitutes a catalytic method for both

cleaving and forming C=C double bonds.

The reaction is generally reversible and limited to an

equilibrium.

Despite, this simplified illustration, the reacting alkenes

need not be identical.

Olefin metathesis consists of a unique metal-catalyzed

carbon skeleton redistribution in which a mutual exchange

of unsaturated carbon-carbon bonds takes place, as

illustrated in the catalyzed self reaction of propene leading

to ethene and but-2-ene.

H2C CH2H2C CH2 +

catalyst

CH CH CH3H3CCH3



Olefin Metathesis
The Catalysts
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The development of well-defined catalysts that are tolerant

of many functional groups yet reactive towards a diverse

array of olefinic substrates has led to the rapid acceptance

of olefin metathesis as a powerful method for forming

olefins.

The most widely used catalysts for olefin metathesis are

the Grubb’s ruthenium alkylidene catalysts shown below.

Ru-based catalysts exhibit high reactivity in a variety of

metathesis processes and show remarkable tolerance

towards many different organic functional groups.12:54 PM



Olefin Metathesis
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Olefin metathesis was discovered by accident in the

systematic study of Ziegler polymerization catalysts with

alternate transition metal-based systems.

The olefin metathesis of synthetic relevance illustrated

below are:

 Ring opening metathesis polymerization (ROMP)

 Ring closing metathesis (RCM)

 Cross metathesis (CM)



Olefin Metathesis
Applications of Cross Metathesis
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The product acts as a pheromone for the omnivorous

leafroller, a common pest of apples, grapes and pears.

Traps filled with this synthetic equivalent of the pheromone

emitted by the females confuses the males and disrupt

their breeding. Thus, the use of pheromones is an effective

and eco-friendly method for controlling insect populations.

The cross-metathesis of 11-eicosenyl acetate and 3-

hexene catalyzed by a ruthenium catalyst afforded 11-

tetradecenyl acetate.
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3-hexene eicosenyl acetate

11-tetradecenyl acetate



Olefin Ring  Closing Metathesis (RCM)
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One of the major challenges in organic synthesis is the formation of

rings of various sizes. The classical cyclizations favour the formation of

five or six-membered rings.

The facile formation of other ring sizes thus remained a major

challenge in organic synthesis until the advent of olefin ring closing

metathesis that revolutionized the synthesis of both medium-sized and

large rings.

The realization of the concept would make possible the construction of

carbocyclic rings of all sizes with the potential of accessing a variety of

heterocyclic systems.



Olefin Ring  Closing Metathesis (RCM)
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Although all catalytic systems are in principle reversible,

the ring closing metathesis is driven to the right though

escape of ethene gas formed in the metathesis reaction.

The most widely used catalysts for olefin ring closing

metathesis are the Grubb’s ruthenium alkyliidenes.

Grubbs’ Ru-based catalysts exhibit high reactivity in a

variety of RCM processes and show remarkable

tolerance towards many different organic functional

groups.
12:54 PM



Mechanism of Ring  Closing Metathesis (RCM)

9

A plausible reaction mechanism for this RCM is shown below:

Consider a typical RCM of hepta-1,6-diene shown below:

It is now generally accepted that olefin metathesis reactions proceed

via metallacyclobutane and metal-carbene intermediates.

12:54 PM



Olefin Ring  Closing Metathesis (RCM)
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Scope of RCM

Examples

Five, six, seven membered and even large ring carbocycles as well as

oxygen and nitrogen heterocycles are formed efficiently through ring

closing metathesis.

Ring closing metathesis has made the had-been-difficult-to-perform

macrocarbocyclization and macrolactonization (formation of large ring

cyclic esters) now a routine exercise in organic synthesis.



Olefin Metathesis
Applications of Ring Closing Metathesis
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The Grubbs ruthenium catalyst was used to close the

macrocyle of epothilone 490. Subsequent selective

reduction with diimide affords 12,13-desoxyepothilone B.

Epothilones have stimulated interest because of their

promising anticancer properties.
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