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Chaptet One Introduction

1 Organization of the book

This book is divided into seven chapters, each based on a particular class of
conjugate acceptor. Chapters 2, 3 and 4 are divided into two major sections, the first
covering intermolecular reactions and the second intramolecular reactions. Each chapter is
then divided into sections dealing with conjugate additions of individual classes of
nucleophiles relevant to the chapter. In some of the larger sections of the book a further
division, into various combinations of reaction partners on the basis of chirality, has been
necessary. These are: :

@ The addition of achiral nucleophiles to achiral conjugate acceptors
®) The addition of achiral nucleophiles to chiral conjugate acceptors
() The addition of chiral nucleophiles to achiral conjugate acceptors

Where a chiral catalyst or ligand has been used this has been included, somewhat
arbitrarily, in part (c). ‘

11 History

Conjugate additions have a relatively long histoi'y; The first example of a
conjugate addition was reported by Komnenos in 1883.1.2 This publication described the
addition of diethyl sodiomalonate (1) to diethy! ethylidenemalonate (2).

‘o‘f 20025' E10,C CO,Et ' eto,csco,a

However, the chemistry of conjugate additions really began soon after, with the
work of the American,3 Arthur Michael 4 His early publications (the first appeared in 1887)
on the reaction focussed on the base-promoted additions of the sodium salts of malonates
and p-ketoesters to ethyl cinnamate.5 ~ 4

CO,Et CO.&t
Ph ~ 1. NaOEY, EtOH, heat ,6h -
£0.0° + P"Fcom 1. 1, on & steam bath ¢h E "j’:\co,e

CO,Et

+ PP A coer  1.NaOEL, EOH, heat on a steam bath, ~30 min W’
X 2 HO" XY CO,E

Since that early work was done many stabilized carbanidns have been used in the
reaction.6 One of the most important applications of the Michael reaction (using ketone
enolates, rather than the more stabilized malonate and acetoacetate carbanions) came with
Robinson’s introduction of his annulation reaction (see section '2.1.1.1). Since then
numerous classes of nucleophiles have been used in conjugate additions. The next major
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class of nucleophile to be introduced into conjugate addition chemistry, after z-stabilized
carbanions, was the (still growing) multitude of organocopper reagents. The' success of
many total syntheses of important natural products, such as_the prostaglandins (section
3.1.2), has hinged on such conjugate additions.

Some of the more significant carbon nucleophiles which have followed include
silyl enol ethers, ketene acetals and allyl silanes. There has also been something of a
renaissance in the conjugate addition of other organometallic reagents. Organic free radical
chemistry is now also an important element in conjugate additions, especially with regard
to intramolecular additions. With many of these reactions, high levels of stereocontrol can
be achieved by judicious choice of reaction partners. Much is now known about the
stereoselectivity of the Michael reaction itself.” Because so many of these reactions do show
good stereoselectivity, most authors offer their ideas on the likely transition states.
Wherever possible, these have been included in this book.

1.2 Nomenclature, classification of reaction types and survey of conjugate acceptors

121 Nomenclature of reaction types

In searching the literature for reactions relevant to this book it became clear that
the use of the terms "Michael addition”, "Michael reaction" and "conjugate addition" were
often used without any particular system in mind. In this book, the following conventions
have been observed: : :

"Conjugate addition” (or 1,4-addition, see section 1.2.2) refers to the addition of
any class of nucleophile to an unsaturated system in conjugation with an activating group,
usually an electron-withdrawing group. (This is a slightly restricted definition as it does not
include the 1,4-addition of, say, bromine across 1,3-butadiene).

"Heteroconjugate addition" is a term coined by Isobe for conjugate additions to
alkenes activated by heteroatom-containing functional groups other than carbonyl
derivatives.8 This seems slightly unfortunate as the term could just as easily and, perhaps
more appropriately, be applied to the conjugate addition of heteronucleophiles.

Consequently, the use of the term has been avoided in this book.

"Michael addition” refers to the addition of carbanions to unsaturated systems in
conjugation with an activating group. .

"The Michael reaction” refers to the addition of stabilized carbanions to
unsaturated systems in conjugation with a carbonyl group.

The term "Michael addition” has not been used in fhis book. Instead, the term
"conjugate addition" has been used throughout and the use of "Michael® has been
restricted to the Michael reaction as defined above. . N,

"Cyanoethylation" is often used to describe the cbnjugate addition of

nucleophiles to propenenitrile.? In this book the reaction will be found in the appropriate
sections of Chapter 4. ’
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122 1.2 vs 1,(2n+2) addition (n = 1,2 etc

Conjugate addition refers to the addition of a nucleophile to anvux.lsaturated
system in conjugation with an activating group, usually an electron-withdrawing group
(A). Originally, these ideas were applied to additions to a,p-unsaturated carbonyl
compounds. As a result, a numbering scheme was developed for these substrates with the
numbering beginning at the carbonyl oxygen (C3 and C4 correspond to the a- and B-
positions, respectively):

3 -
S 44\[2( 1,4 gddmOn R\/Y )

o7} oM

Conjugate addition may take place at any site 2n atoms distant from the carbonyl
carbon, n = 0,1,2.. etc, with n = 1 being by far the most common. As many other A's also
activate unsaturated systems towards conjugate addition, this numbering system has been
extended and position "2" refers to the atom within A directly attached to the unsaturated
system. For example, in alkenylsulfoxides the sulfur atom occupies the "2" position:

1,4 addition

32 R
RM + 42 g7 T
O OM
Thus 1,4-addition originally referred to the addition of a carbon nucleophile to

positon no. 4 and a metal ion to position no. 1 (and similarly for 1,6- or 1,8-additions). It is
also sometimes useful to designate positions using the Greek alphabet:

Some examples, which display the structural diversity of conjugate acceptors currently so
far designed, are given below. A

O

(E10),P_
(COpFe ©
Me 4 1

Figure 1.1 Some examples of conjugate acceptors
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Since the inception of the Michael reaction many new types of conjugate
acceptors have been prepared. Some of these consist of alkenes or alkynes activated by
groups other than carbonyls or related functional groups. Cften for these molecules the
term "1,4" is not relevant as in the following example. :

SiR, SiR,

A set of stereochemical descriptors, based on the stereogenicity (or lack thereof)
of the reacting centres, for describing all the possible combinations of reaction partners has
recently been introduced by Oare and Heathcock.10

123 Survey of conjugate acceptors

There are two components in any conjugate acceptor, (i) the activating
substituent (A) and (ii) the unsaturated system. The two archetypal conjugate acceptors are
the activated alkene and alkyne structures shown below.

P\ =—A

There are many examples of A, including:

o

. o o P . - N
o~ H , ,* R ’..» ".. ". C .'.v .’. . o
\lof Y- ﬁ(u‘R g \,(u’on YN N YR
o o} 0 o o o o

. 9 . 9 . p H 9 . 9 o °
i7S-R {—S-0R {—§-R {—$-OR (—§-NR, i—p-n i~P-OR i—p-g
o o o "R ) :
Q ;. NR ; ; ; ; ;
~P-OR {—¢ i—CN i—Xt i—Ar I—Ar I—NO  {—NO,
" » R ]

) It is also possible for the conjugate acceptor to contain two or more A groups
acting in concert or opposition. This introduces a more subtle problem of regioselection.
Which activating group has the stronger influence? :

l? ‘ A" ' ,’ ot ﬂ?

AW
A\/\Ao )\A- A\A . : A_E_Ao

I~ J J B

Although of only qualitative value, the relative activating power of these

L SaB.4

L3



