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Foreword

The past twenty years have witnessed an unparalleled
development of new synthetic methods in the field of organic
chemistry. Many of these new methodologles involve the same
bagic ionic processes which were involved in the early
development of the mechanistic picture of organic chemistry.
Although of great power these ionic processes do suffer from
limitations, in particular the problems of compatability of
functional groups. This is especially so in highly
functionalised molecules.

Within the last decade however a new approach to bond
formation has been emerging, namely the use of homolytic or
radical reactions. It is already evident that these
processes, well known of course in the polymer industry, have
a great role to play in the synthesis of complex molecules.
Professor Bernd Giese is a ploneer of this new development.
In this book he describes in a masterly fashion the
developments which have occurred and in particular how the
practising synthetic chemist can make use of them in his
work. The book will be of wide use to all chemists involved
in synthesis both in industry and academis.

J E Baldwin, FRS
Dyson Perrins Laboratory
University of Oxford
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Chapter 1

introduction

Radical chemistry dates back to 1900 when Gombergz investi-
gated the formation and reactions of the triphenylmethyl
radicai. In the 1920's Panethz showed that less stabilized
alkyl radicals also exist and measured the lifetime of these
radicals in the zas phase. Organic synthesis with radicals
began in 1937 when Hey and Waters3 described the phenylation
of aromatic compounds by benzoyl peroxide as a radical reaction.
The same year, Kharasch4 recognized that the anti-Markovnikov
addition of hydrogen bromide to alkenes proceeds via a radical
chain process. In the following years, Mayo, Walling, and
Lewis5 discovered the rules of radical copolymerization re-
actions. The results of these early investigations were
presented in tuo texts on radical chemistry;6

The déeper insights into thé formation, structure, and
reactigns of radicals gained in the 1950's and 60's were col-
lected (1973) in‘a two-volume work edited by Kochi.7 In the
following years, the work of Ingold and others made available
the absolute rate constants of the major radical reactions in
solution. These rate data have only recently been compiled

in the Landoldt-BSrnstein edited by Fischer.8

However, the 1970's also witnessed the start of new synthetic
methods involving radicals, particularly in substitution
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9,10
reactions of aromatic compounds.”’ The last years have

brought a rapid develcpment in the use of alkyl radicals for
the formation of aliphatic C-C bonds and in the synthesis of
target molecules.ll

This monograph is an attempt to bring together the principles
that have to be followed when radicals are used in synthesis
and to demonstrate how carbon-carbon bonds can be formed in
radical reactions. Since radical chemistry provides mild
reaction conditions for the formation of C-C bonds and these
bonds constitute the backbone of organic compounds, this book

will focus on this topic.

It is suggested that the chapter on the basic principles be
read first, because one must have at least some knowledge of
the reactivity of radicals in order to successfully apply
radical reactions to synthesis.

REFERENCES
1. M. Gomberg, J. Am. Chem. Soc. 1900, 22, 757; M. Gomberg
Chem. Ber. 1900, 33, 3150.
2, F. Paneth, W. Hofeditz, Chem. Ber. 1929, 62, 1335.
3. D.H. Hey, W.A. Waters, Chem. Rev. 1937, 21, 169.

4. M.8. Kharasch, E.T. Margolis, F.R. Mayo, J. Org. Chem.
1937, 2, 393.

5. F.R. Mayo, F.M. Lewis, J. Am. Chem. Soc. 1944, 66, 1594;
F.R. Mayo, F.M. Lewis, C. Walling, Dlscuss. Faraday Soc.
1947, 2, 285.

6. W.A. Waters: The Chemistry of Free Radicals, Clarendon
Press, Oxford 1946; C. Walling: Free Radicals In Solution,
Wiley, New York 1957,

7. J.K. Kochi (ed.): Free Radicals, Wiley, New York 1973.

8. H. Fischer (ed.), Landoldt-BSrnstein, New Series, vVol. 13,
Springer, Berlin since 1983.
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J.F. Bunnett, Acc. Chem. Res. 1978, 11, 413.
F. Minisci, fop. Curr. Chem. 1976, 62, 1.

D.H.R. Barton, W.B. Motherwell in B.M. Trost;

C.R. Hutchinson: Organic Synthesis Today and Tomorrow,
Pergamon Press, Oxford 1981; D.J. Hart, Sclience 1984,
223, 883; B. Giese, Angew. Chem. Int. Ed. Fngl. 1985, 24,
553; B. Giese (ed.): Selectivity and Synthetic Applica-
tions of Radical Reactions, Tetrahedron "Symposia-in-
Print" Number 22, Tetrahedron 1985, 41, 3887 ff.



Chapter 2

Basic Principles

A. General Aspects of Syntheses with Radicals

Radicals are species withat least one unpaired electron which,
in contrast to organic anions or cations, react easily with
themselves in bond forming reactions. In the liquid phase

most of these reactions occur with diffusion controlled rates.
Radical-radical reactions can be slowed down only if radicals
are stabilized by electronic effects (stable radicals) or
shielded by steric effects (persistent radicals). But these
effects are not strong enough to prevent diffusion controlled
recombination of, for example, benzyl radicals 1l or tert-
butyl radicals 2.2 Only in extreme cases, e.g. the triphenyl-~
methyl radical 3 or the di-tert-butyl methyl radical 4,3 re-
combination rates are low. While the recombination rate of the
triphenylmethyl radical 3 is reduced due to both steric and
radical stabilizing effects, the steric effect alone slows
down the recombination of the di-~tert-butyl methyl radical l.
Since 3 and 4 have no C-H bonds B to the radical center,
disproportionation reactions; in which the hydrogen atom is
transferred, cannot occur.
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@-éu, (CHy)3Ce (CgHs ) 3Ce [(cn,),c]zcn
1

2 3 4

1. Reactions between radicals

The fact that reactions between radicals are in most cases
very fast could lead to the conclusion that direct radical-
radical combination is the most synthetically useful reaction
mode. This, however, is not the case because direct radical-
radical reactions have several disadvantages:

- 1In the recombination reactions, the radical character is
destroyed so that one has to work with at least equivalent
amounts of radical initiators.

- The diffusion controlled rates in radical-radical reactions
give rise to low selectivities which cannot be influenced

by reaction conditions.

- The concentrations of radicals are so low that reactions
with.non—radicals, like the solvents, which are present
in high concentrations, are often hard to prevent.

Nevertheless, there are useful synthetic applications in
which new bonds are formed from radical-radical combination,
for example, the Kolbe electrolysis of carboxylates (5+7),
with the modern developments by SCther,4 and the radical
induced dehydrodimerization (8+7), which has been studied
extensively in the last years by Viehe.5



