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Introduction and Preface
Laurel G. Habgood', Lutz Ackermann? and T. Brent Gunnoe’

'Rollins College, Department of Chemistry, 1000 Holt Avenue, Winter Park, FL 32789-4499, USA
2Georg-August-Universitéit, Institut fiir Organische und Biomolekulare Chemie, Tammannstrasse 2, 37077,
Géttingen, Germany

3Department of Chemistry, University of Virginia, McCormick Road, Charlottesville, VA 22904-4319, USA

Whether the target is a biologically active compound or a chemical feedstock,
the ability to selectively install alkyl or alkenyl groups at a position of an aromatic
or heteroaromatic compound is of central importance to synthetic chemistry.
Friedel-Crafts catalysis and transition metal-catalyzed carbon—carbon bond
coupling using aryl halides and organometallic reagents (e.g., Suzuki, Stille, and
Sonogashira reactions) have been developed over time to install C—C bonds into
aromatic substrates. These reactions are powerful tools for synthetic chemists,
yet they are often hampered by one or more issues including harsh reaction con-
ditions, lack of regioselectivity and/or stereoselectivity, use of toxic organometal-
lic reagents, and the use of halogenated substrates. The direct addition of
aromatic C—H bonds to unsaturated substrates (e.g., olefins or alkynes) provides
an atom-economical strategy that is complementary to Friedel-Crafts and
traditional C—C coupling reactions. Thus, it is not surprising that after the first
published reports of hydroarylation of olefins and alkynes, the number of groups
interested in the synthetic and mechanistic aspects of transition metal-mediated
addition of C—H bonds across C—C double and triple bonds has steadily grown.

To our knowledge, the first review article to include olefin or alkyne hydroary-
lation chemistry was published in 1990 [1], the first focused review appeared in
2002 [2], and the first book was published in 2009 [3]. The extensive advance-
ments in catalytic addition of C—H bonds across C—C multiple bonds and their
rising impact on the methods used in synthetic organic chemistry warrants a
comprehensive textbook that can be a single source providing a broad overview
of the state of the art in the field. Skilled chemists may look to utilize the chem-
istry in synthetic applications while graduate students and novices to the field
may discover fundamentally interesting chemistry. The authors of each chapter
have presented a detailed review of their topic supplementing areas not covered
with references for the interested reader, including both experimental and
theoretical data. The book provides an overview of what has been accomplished,
and also includes commentary on existing challenges and opportunities.

Catalytic Hydroarylation of Carbon-Carbon Multiple Bonds, First Edition.
Edited by Lutz Ackermann, T. Brent Gunnoe and Laurel Goj Habgood.
© 2018 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2018 by Wiley-VCH Verlag GmbH & Co. KGaA.
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Introduction and Preface

In Chapter 1, Villuendas, Ruiz, and Urriolabeitia detail the use of group 9 and
10 catalysts to functionalize heteroarenes. Hydroarylation reactions with aryl
halides or arylboronic acids are not covered as emphasis is placed on the cleavage
of heteroaryl C—H bonds. The synthetic utility and versatility of these reactions
is conveyed by organizing the sections by type of heterocycle (thiophene, furan,
indoles, etc.) rather than by type of catalyst. Future challenges and directions in
the field are discussed in the summary.

Chapter 2 includes the alkylation of functionalized arene and heteroaromatic
substrates utilizing ruthenium catalysts as detailed by Burns, Kozhushkov,
and Ackermann. Electrophilic alkyl halides are omitted as chelation-assisted
ortho-C—H activation is the focus. The sections of the chapter are organized
based on the mechanistic modes of C—H cyclometalation via C—H
bond cleavage, C—H oxidative addition, and carboxylate-assisted C—H
activation. The summary highlights the broad applicability of the reactivity
for a variety of chemical industries while identifying the need for further
improvements to develop milder reaction conditions and asymmetric C—H
bond functionalizations.

Chapters 3 and 4 examine olefin hydroarylation as organized by catalyst
identity. In Chapter 3, McKeown, Habgood, Cundari, and Gunnoe examine
d® transition metal catalysts for the alkylation of arenes without chelation
assistance while in Chapter 4 Suslick and Tilley detail the use of d® transition
metal catalysts. The industrial relevance of the reactions is emphasized as alkyl
benzenes are precursors to large-scale chemicals such as polymer precursors
and surfactants. The synergistic use of experimental and theoretical experiments
for mechanistic information to further catalyst development is highlighted.

Nakao focuses on nickel-catalyzed hydroarylation of carbon—carbon multiple
bonds in Chapter 5, which is an area that has experienced dramatic advancement
in recent years. The characteristic features of nickel catalysis that are highlighted
include reactivity with electron-deficient arenes including heteroarenes. This
chapter is organized by reactions of alkenes and alkynes with fluorobenzenes,
five-membered heteroarenes, and azines.

While ruthenium, rhodium, and iridium complexes are the most prevalent
for directing group-assisted hydroarylation reactions, there is a growing body
of work demonstrating the utility of catalysts from the first row transition
metals. In Chapter 6, Yoshikai builds on the nickel catalysis discussed in Chapter
5 by examining the hydroarylation of alkynes and alkenes catalyzed by first
row transition metals in groups 7-9. The majority of the chapter consists
of hydroarylation reactions of alkynes and alkenes utilizing both high- and
low-valent cobalt catalysts. Examples of iron complexes for the hydroarylation
of alkenes and alkynes, as well as the use of a Lewis acidic iron salt for the
hydroarylation of alkenes, are included. Notable at the end is a discussion on
low-valent manganese complexes for the hydroarylation of alkynes.

In Chapter 7 Kirillova, Miloserdov, and Echavarren review copper, silver, and
gold catalysts utilized for alkyne hydroarylation. The content is organized by
the reactivity, selectivity, and mechanistic aspects of intra- and intermolecular
reactions with emphasis on electron-rich heterarenes and unactivated arenes.
Alkyne hydroarylation using arylboron, aryl halide, and related congeners are



References

reviewed by Yamamoto in Chapter 8. The organization of the sections is first by
substrate, and then by catalyst identity. Alkyne hydroarylations as both singular
reactions and as part of sequential processes are discussed. Both Chapters 7 and
8 feature the inclusion of synthetic applications to biologically active compounds.

In the final chapter, Chapter 9, Widenhoefer reviews the hydroarylation of
allenes. In comparison with the hydroarylations of alkenes and alkynes, which
often involve directed C—H bond activation, allenes undergo a m-activation
followed by an arene outer-sphere addition. Organized by nucleophile with
emphasis on electron-rich arenes and heteroaromatics, both intramolecular
and intermolecular reactions are presented with discussion on the mechanistic
details related to the modes of ring closure.

Whether read in its entirety or as a specific chapter, the reader is provided
with the historical development of catalytic olefin and alkyne hydroarylation
chemistry including scope, mechanistic details, and areas for future develop-
ment. Examples of industrial relevance and synthetic targets are included where
appropriate. It is our hope that the readers find the information useful for their
endeavors in the laboratory.

References

1 Cacchi, S. (1990) The palladium-catalyzed hydroarylation and hydrovinylation
of carbon-carbon multiple bonds: new perspectives in organic synthesis. Pure
Appl. Chem., 62, 713-722.

2 Kakiuchi, F. and Murai, S. (2002) Catalytic C-H/olefin coupling. Acc. Chem.
Res., 35, 826-834.

3 Bandini, M. and Umani-Ronchi, A. (eds) (2009) Catalytic Asymmetric
Friedel-Crafts Alkylations, Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim,
Germany.

3



REEgE R, FELARPDFIEE www. ertongbook. com



