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CHAPTER 2

Reactions of Carbon
Nucleophiles with
Carbonyl Compounds

Scheme 2.19. (Continued)
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unstable olefins. Entries 1 to 8 show the use of lithio silanes having a range of anion-
stabilizing groups. The anions are prepared using alkyllithium reagents or lithium
amides. Entries 9 to 11 illustrate the utility of the reaction to prepare relatively unstable
substituted alkenes. The silyl anions are typically more reactive than stabilized Wittig
ylides, and in the case of Entry 12 good results were obtained while the triphenylphos-
phonium ylide was unreactive. Entry 13 shows the use of Peterson olefination for
chain extension with an a-methyl-a, B-unsaturated aldehyde. The preferred reagent
for this transformation is a lithio B-trialkylsilylenamine.>"®
Li
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2.4.3. The Julia Olefination Reaction

The Julia olefination involves the addition of a sulfonyl-stabilized carbanion to
a carbonyl compound, followed by elimination to form an alkene.?”” In the initial
versions of the reaction, the elimination was done under reductive conditions. More
recently, a modified version that avoids this step was developed. The former version is
sometimes referred to as the Julia-Lythgoe olefination, whereas the latter is called the
Julia-Kocienski olefination. In the reductive variant, the adduct is usually acylated and
then treated with a reducing agent, such as sodium amalgam or samarium diiodide.>”
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CHAPTER 1

Alkylation of Enolates

and Other Carbon
Nucleophiles

by kinetic control when the product composition is determined by the relative rates of
the competing proton abstraction reactions.

b
. kVRZC=f|\)CH2R'
RZCHC”JCHZR' + B % = :—:
Ko on
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Kinetic control of isomeric enolate composition

By adjusting the conditions of enolate formation, it is possible to establish
either kinetic or thermodynamic control. Conditions for kinetic control of enolate
formation are those in which deprotonation is rapid, quantitative, and irreversible.®
This requirement is met experimentally by using a very strong base such as LDA
or LiHMDS in an aprotic solvent in the absence of excess ketone. Lithium is a
better counterion than sodium or potassium for regioselective generation of the kinetic
enolate, as it maintains a tighter coordination at oxygen and reduces the rate of
proton exchange. Use of an aprotic solvent is essential because protic solvents permit
enolate equilibration by reversible protonation-deprotonation, which gives rise to the
thermodynamically controlled enolate composition. Excess ketone also catalyzes the
equilibration by proton exchange.

Scheme 1.1 shows data for the regioselectivity of enolate formation for several
ketones under various reaction conditions. A consistent relationship is found in these
and related data. Conditions of kinetic control usually favor formation of the less-
substituted enolate, especially for methyl ketones. The main reason for this result is
that removal of a less hindered hydrogen is faster, for steric reasons, than removal
of a more hindered hydrogen. Steric factors in ketone deprotonation are accent-
uated by using bulky bases. The most widely used bases are LDA, LIHMDS, and
NaHMDS. Still more hindered disilylamides such as hexaethyldisilylamide’ and bis-
(dimethylphenylsilyl)amide'® may be useful for specific cases.

The equilibrium ratios of enolates for several ketone-enolate systems are also
shown in Scheme 1.1. Equilibrium among the various enolates of a ketone can be
established by the presence of an excess of ketone, which permits reversible proton
transfer. Equilibration is also favored by the presence of dissociating additives such as
HMPA. The composition of the equilibrium enolate mixture is usually more closely
balanced than for kinetically controlled conditions. In general, the more highly substi-
tuted enolate is the preferred isomer, but if the alkyl groups are sufficiently branched as
to interfere with solvation, there can be exceptions. This factor, along with CH;/CH,
steric repulsion, presumably accounts for the stability of the less-substituted enolate
from 3-methyl-2-butanone (Entry 3).
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There are similar reactions involving nitrogen analogs called imine anions. The
alkylated imines can be hydrolyzed to the corresponding ketone, and this reaction is
discussed in Section 1.3.
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Either enolate or imine anions can be used to introduce alkyl c-substituents to a
carbonyl group. Because the reaction involves a nucleophilic substitution, primary
groups are the best alkylating agents, with methyl, allyl, and benzy! compounds being
particularly reactive. Secondary groups are less reactive and are likely to give lower
yields because of competing elimination. Tertiary and aryl groups cannot be introduced
by an S, 2 mechanism. '

1.1. Generation and Properties of Enolates and Other
Stabilized Carbanions

1.1.1. Generation of Enolates by Deprotonation

The fundamental aspects of the structure and stability of carbanions were discussed
in Chapter 6 of Part A. In the present chapter we relate the properties and reactivity
of carbanions stabilized by carbonyl and other EWG substituents to their application
as nucleophiles in synthesis. As discussed in Section 6.3 of Part A, there is a funda-
mental relationship between the stabilizing functional group and the acidity of the C—H
groups, as illustrated by the pK data summarized in Table 6.7 in Part A. These pK data
provide a basis for assessing the stability and reactivity of carbanions. The acidity of
the reactant determines which bases can be used for generation of the anion. Another
crucial factor is the distinction between kinetic or thermodynamic control of enolate
Jormation by deprotonation (Part A, Section 6.3), which determines the enolate compo-
sition. Fundamental mechanisms of S, 2 alkylation reactions of carbanions are discussed
in Section 6.5 of Part A. A review of this material may prove helpful.

A primary consideration in the generation of an enolate or other stabilized
carbanion by deprotonation is the choice of base. In general, reactions can be carricd
out under conditions in which the cnolate is in equilibrium with its conjugate acid
or under which the reactant is completely converted to its conjugate base. The key
determinant is the amount and strength of the base. For complete conversion, the base
must be derived from a substantially weaker acid than the reactant. Stated another
way, the reagent must be a stronger base than the anion of the reactant. Most current
procedures for alkylation of enolates and other carbanions involve complete conversion
to the anion. Such procedures are generally more amenable to both regiochemical
and stereochemical control than those in which there is only a small equilibrium
concentration of the enolate. The solvent and other coordinating or chelating additives
also have strong effects on the structure and reactivity of carbanions formed by
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