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Chemistry of Homogeneous Gold Catalysis
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Chemistry of Homogeneous Gold Catalysis
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Origins of Homogeneous Gold Catalysis

Why gold is the noblest of all
the metals

B. Hammer*t & J. K. Norskov™

* Centre for Atomic-scale Materials Physics, Physics Department,
Technical University of Denmark, DK-2800 Lyngby, Denmark

t Joint Research Center for Atom Technology (JRCAT), 1-1-4 Higashi,
Tsukuba, Ibaraki 305, Japan

THE unique role that gold plays in society is to a large extent
related to the fact that it is the most noble of all metals: it is the
least reactive metal towards atoms or molecules at the interface
with a gas or a liquid. The inertness of gold does not reflect a
general inability to form chemical bonds, however—gold forms
very stable alloys with many other metals. To understand the
nobleness of gold, we have studied a simple surface reaction, the
dissociation of H; on the surface of gold and of three other metals
(copper, nickel and platinum) that lie close to it in the periodic
table. We present self-consistent density-functional calculations of
the activation barriers and chemisorption energies which clearly
illustrate that nobleness is related to two factors: the degree of
filling of the antibonding states on adsorption, and the degree
of orbital overlap with the adsorbate. These two factors, which
determine both the strength of the adsorbate—metal interaction
and the energy barrier for dissociation, operate together to the
maximal detriment of adsorbate binding and subsequent reactiv-
ity on gold.

Nature 1995, 376, 238.



Origins of Homogeneous Gold Catalysis

Ito and Hayashi (1986)
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Additions of Water and Alcohol to Alkynes
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Cycloisomerizations to Form Furans and Arenes

Hashmi (2000)

A New Gold-Catalyzed C—C Bond
Formation**

A. Stephen K. Hashmi,* Lothar Schwarz,
Ji-Hyun Choi, and Tanja M. Frost

While a manifold on the stoichiometric organometallic
chemistry of gold is known, only a few catalytical applications
have been reported.l! As far as the homogeneous catalysis of
organic reactions is concerned, there exist only two reactions
that have reached any importance. The first forms C—X bonds
(X =heteroatom) by the addition of O- or N-nucleophiles to
alkenes or alkynes, as developed by Utimoto et al.? and Teles
et al.;B) The second application forms C—C bonds by the
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Highly Selective Gold-Catalyzed Arene Synthesis
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60439 Frankfurt am Main, Germany
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The classic route to aromatic compounds with specific substitu-
tion patterns is the aromatic substitution which introduces or
exchanges substituents at an already existing arene.! A different
mechanism but the same synthetic principle is applied in the
different transition-metal-catalyzed (cross-) coupling reactions?
or ortho-metalation and subsequent functionalization reactions.®
Other approaches assemble the arene, e.g. use cycloaddition
reactions such as the Diels—Alder reaction followed by a
subsequent oxidation of the unsaturated six-membered ring to an
arene.? Some major achievements in this field of cycloadditions
or cycloisomerizations of the past years stem from transition metal
catalysis.’ For arene synthesis Vollhardt’s [2+2+2] cycloaddition®
and variations thereof” as well as the Dotz reaction® are among
the most prominent.

J.Am. Chem. Soc. 2000, 122, 11553.



Cycloisomerizations to Form Furans

Hashmi (2000)
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Cycloisomerizations to Form Furans

Hashmi (2000)
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Cycloisomerizations to Form Arenes

Hashmi (2000)
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Cycloisomerizations to Form Arenes

Hashmi (2000)
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The "Gold Rush”
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Trost (2009)
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Karapinchamine A

Ma (2014)
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(+/-)-Magellanine

Barriault (2017)
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(+/-)-Magellanine

Barriault (2017)
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Carreira (2019)
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