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30.5: OLEFIN METATHESIS POLYMERIZATION

OLEFIN METATHESIS
The application of organometallic chemistry in homogenous catalysis is progressively increasing with the fast pace of discovery of new
catalysts in the area. Alkene metathesis reactions are gaining wide popularity in synthesizing unsaturated olefinic compounds. Central to
this catalysis is a metal carbene intermediate that reacts with olefins to give different olefinic compounds. When two different olefin
substrates are used, the reaction is called the “cross metathesis” owing to the fact that the olefinic ends are exchanged. In a process
called olefin metathesis polymerization, unsaturated olefinic polymers can be created by a metathesis reaction.

Olefin metathesis catalysts contain a metal carbon double bond with two of the most notable being are the Grubbs Ru catalyst and the
Schrock’s Mo catalyst.

MECHANISM CROSS METATHESIS
An olefin metathesis catalyst is a transition metal compound that is capable of splitting the double bond of an alkene in half and putting the
two pieces together with other alkenes. The key part of an olefin metathesis catalyst is a metal-carbon double bond. That is the group that is
capable of switching the ends of alkenes around with different partners. The catalyst react reversibly with an alkene to produce a
4−membered metalacyclobutane intermediate called a metallacycle. The ring promptly opens to produce a different catalyst and alkene. The
reaction of this new catalyst with the second alkene produces a second metallacycle intermediate. This ring opens to produce the metathesis
product and yet another form of the catalyst. The ring opening and closing continues as the reaction moves forward.

Olefin Metathesis Polymerization The variants of metathesis often used in producing polymers are: (i) the Acyclic Diene Metathesis
(ADMET) and (ii) the Ring Opening Metathesis Polymerization (ROMP), both of which produce long chain polymers

The Grubb’s and the Schrock’s Catalyst
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One method, called ring-opening metathesis polymerization, or ROMP, involves the use of a moderately strained cycloalkene, such as
cyclopentene. The strain of the ring favors ring-opening, thereby driving formation of the open-chain product. The polymer that results has
double bonds spaced regularly along the chain, allowing for either hydrogenation or further functionalization if desired.

Ring-opening metathesis polymerization (ROMP) takes a cyclic alkene, splits open its double bond, and knitting it together with other
cyclic alkenes to produce a long polymer chain with regularly spaced double bonds. The ring-strain of the cycloalkenes favors the open-
chain product and drives the polymerization reaction forward.
During a ROMP, a cyclopentene ring is opened up at the double bond and reaches out to join with other cyclopentene rings on either side of
it.

The product polymer of a ROMP using cyclopentene rings would look something like this:

Which can draw it in an usual zig-zag conformation.

MECHANISM
The mechanism starts with a cycloalkene and a metathesis catalyst reacting to form a four-member metallacycle. Opening of the
metallacycle forms a new alkene and catalyst both of which are part of the same intermediate molecule. The catalyst end of the intermediate
molecule can then react with a different cycloalkene to form a new metallacycle. This process is repeated causing the polymer chain to
from.

The second method is called acyclic diene metathesis (ADMET) which uses long open-chain substrates, which contain a double bond at
both ends of the main chain, such as 1,6-heptadiene. A byproduct of the reaction, gaseous ethylene (H C=CH ), escapes which drives the
equilibrium forward.
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The ring opening metathesis polymerization of norborene produces a commercial polymer called Norsore which is used a sealing
material. Please draw the structure of Norsore.

Answer

This page titled 30.5: Olefin Metathesis Polymerization is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Chris
Schaller & Steven Farmer.

1.4: Cyclic Olefins by Chris Schaller is licensed CC BY-NC 3.0. Original source:
https://employees.csbsju.edu/cschaller/Advanced/Polymers/Polycontents.htm.

 EXERCISE 30.5.1
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