THE DEVELOPMENT OF WATER-SOLUBLE
OLEFIN METATHESIS CATALYSTS
CONTAINING AN N-HETEROCYCLIC
CARBENE LIGAND

Thesis by

Jason Paul Jordan

In Partial Fulfillment of the Requirements for
the Degree of

Doctor of Philosphy

CALIFORNIA INSTITUTE OF TECHNOLOGY

Pasadena, California
2008

(Defended July 25, 2007)



© 2008
Jason Paul Jordan

All Rights Reserved



To Mom, Dad, Uncle Matt, and Aunt Jill.

You have really made a difference in my life.



v

“Of all tyrannies a tyranny sincerely exercised for the good of its victims may be the most
oppressive. It may be better to live under robber barons than under omnipotent moral
busybodies, The robber baron's cruelty may sometimes sleep, his cupidity may at some
point be satiated,; but those who torment us for our own good will torment us without end,
for they do so with the approval of their own conscience.”

—C.S. Lewis

“Liberty is the very last idea that seems to occur to anybody, in considering any political
or social proposal. It is only necessary for anybody for any reason to allege any evidence
of any evil in any human practice, for people instantly to suggest that the practice should
be suppressed by the police.”

“The free man owns himself. He can damage himself with either eating or drinking, he can
ruin himself with gambling. If he does he is certainly a damn fool, and he might possibly be
a damned soul; but if he may not, he is not a free man any more than a dog.”

—G. K. Chesterton

“The preservation of freedom is the protective reason for limiting and decentralizing
governmental power. But there is also a constructive reason. The great advances of
civilization, whether in architecture or painting, in science or in literature, in industry or
agriculture, have never come from centralized government."

—Milton Friedman

"The American Republic will endure, until politicians realize they can bribe the people with
their own money."

—Alexis d'Tocqueville

“I do not agree with what you have to say, but I'll defend to the death your right to say it.”

—Voltaire
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ABSTRACT

This research describes the development of new olefin metathesis catalysts that are
stable and active in water. Earlier water-soluble metathesis catalysts rely on phosphine
ligands functionalized with ionic groups. In contrast to these bis(phosphine) complexes, the
catalysts reported in this research harness the increased stability and activity provided by
N-heterocyclic carbene (NHC) ligands. As a result, these catalysts display an activity and
stability that are unprecedented in aqueous olefin metathesis.

Initial efforts to produce the desired water-soluble metathesis catalysts employed
poly(ethylene glycol) (PEG) to generate a complex that was soluble in water (Chapter 2).
This catalyst was capable of the ring-opening metathesis polymerization (ROMP) of a
challenging endo-norbornene monomer, which an earlier bis(phosphine) complex catalyzed
poorly. While demonstrating the potential of NHC ligands to improve the activity of water-
soluble metathesis catalysts, this catalyst was not sufficiently stable to mediate metathesis
transformations involving acyclic olefins in water.

A careful examination of the described PEG catalyst inspired a few strategies to
produce olefin metathesis catalysts with improved activities in water (Chapter 3). This
strategic vision was honed by studies examining the effect of water on the decomposition
of catalysts that contain an NHC ligand (Chapter 4). These studies indicated that phosphine
ligands play an active role in the aqueous decomposition of ruthenium methylidene
complexes, which are vital complexes for metathesis reactions involving terminal olefins.
With these results in hand, incorporating NHC ligands into phosphine-free ruthenium
complexes was pursued as a promising approach to producing active metathesis catalysts

that are stable in water.
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Catalysts supported by both isopropoxybenzylidene and NHC ligands were
modified to include ammonium salts (Chapter 5). The water-soluble catalysts produced
were stable in water and competently initiated aqueous ROMP. More importantly, these
catalysts readily catalyzed the ring-closing metathesis of a,w-dienes in water. The
described catalysts were also able to homodimerize allyl alcohol and homoallyl alcohol in

water, which are among the few known examples of cross metathesis in neat water.
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