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18.15 ALKYLATION OF ENOLATE ANIONS

Because enolate anions are sources of nucleophilic carbon, one potential use in organic syn-
thesis is their reaction with alkyl halides to give �-alkyl derivatives of aldehydes and ketones:

Alkylation occurs by an SN2 mechanism in which the enolate ion acts as a nucleophile
toward the alkyl halide.

In practice, this reaction is difficult to carry out with simple aldehydes and ketones
because aldol condensation competes with alkylation. Furthermore, it is not always possi-
ble to limit the reaction to the introduction of a single alkyl group. The most successful
alkylation procedures use �-diketones as starting materials. Because they are relatively
acidic, �-diketones can be converted quantitatively to their enolate ions by weak bases and
do not self-condense. Ideally, the alkyl halide should be a methyl or primary alkyl halide.

18.16 SUMMARY
Section 18.1 Greek letters are commonly used to identify various carbons in aldehydes

and ketones. Using the carbonyl group as a reference, the adjacent car-
bon is designated �, the next one �, and so on as one moves down the
chain. Attached groups take the same Greek letter as the carbon to which
they are connected.

Sections Because aldehydes and ketones exist in equilibrium with their corre-
18.2-18.15 sponding enol isomers, they can express a variety of different kinds of

chemical reactivity.

Reactions that proceed via enol or enolate intermediates are summarized
in Table 18.1.
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TABLE 18.1 Reactions of Aldehydes and Ketones That Involve Enol or Enolate Ion Intermediates

(Continued)

Reaction (section) and comments

� Halogenation (Sections 18.2 
and 18.3)   Halogens react with al-
dehydes and ketones by substitu-
tion; an � hydrogen is replaced by 
a halogen. Reaction occurs by 
electrophilic attack of the halo-
gen on the carbon–carbon dou-
ble bond of the enol form of 
the aldehyde or ketone. An acid 
catalyst increases the rate of 
enolization, which is the rate-
determining step.

Enolate ion formation (Section 
18.6)   An � hydrogen of an alde-
hyde or a ketone is more acidic 
than most other protons bound 
to carbon. Aldehydes and ketones 
are weak acids, with pKa’s in the 
16 to 20 range. Their enhanced 
acidity is due to the electron-
withdrawing effect of the carbon-
yl group and the resonance stabi-
lization of the enolate anion.

Haloform reaction (Section 18.7) 
Methyl ketones are cleaved on re-
action with excess halogen in the 
presence of base. The products 
are a trihalomethane (haloform) 
and a carboxylate salt.

Enolization (Sections 18.4 
through 18.6)   Aldehydes and ke-
tones having at least one � hydro-
gen exist in equilibrium with their 
enol forms. The rate at which 
equilibrium is achieved is in-
creased by acidic or basic cata-
lysts. The enol content of simple 
aldehydes and ketones is quite 
small; �-diketones, however, are 
extensively enolized.

General equation and typical example
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TABLE 18.1
Reactions of Aldehydes and Ketones That Involve Enol or Enolate Ion Intermediates  
(Continued)

(Continued)

Reaction (section) and comments

Aldol condensation (Section 18.9) 
A reaction of great synthetic val-
ue for carbon–carbon bond for-
mation. Nucleophilic addition of 
an enolate ion to a carbonyl 
group, followed by dehydration 
of the �-hydroxy aldehyde, yields 
an �,�-unsaturated aldehyde.

Conjugate addition to �,�-unsat-
urated carbonyl compounds (Sec-
tions 18.11 through 18.14)   The 
�-carbon atom of an �,�-unsatu-
rated carbonyl compound is elec-
trophilic; nucleophiles, especially 
weakly basic ones, yield the prod-
ucts of conjugate addition to �,�-
unsaturated aldehydes and 
ketones.

Robinson annulation (Section 
18.13)   A combination of conju-
gate addition of an enolate anion 
to an �,�-unsaturated ketone 
with subsequent intramolecular 
aldol condensation.

Claisen-Schmidt reaction (Section 
18.10)   A mixed aldol condensa-
tion in which an aromatic alde-
hyde reacts with an enolizable al-
dehyde or ketone.

General equation and typical example
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PROBLEMS
18.20 (a) Write structural formulas or build molecular models for all the noncyclic aldehydes and

ketones of molecular formula C4H6O.

(b) Are any of these compounds stereoisomeric?

(c) Are any of these compounds chiral?

(d) Which of these are �,�-unsaturated aldehydes or �,�-unsaturated ketones?

(e) Which of these can be prepared by a simple (i.e., not mixed) aldol condensation?

18.21 The main flavor component of the hazelnut is (2E,5S )-5-methyl-2-hepten-4-one. Write a
structural formula or build a molecular model showing its stereochemistry.

18.22 The simplest �,�-unsaturated aldehyde acrolein is prepared by heating glycerol with an acid
catalyst. Suggest a mechanism for this reaction.

HOCH2CHCH2OH

OH

KHSO4

heat
H2C CHCH

O

� H2O

TABLE 18.1
Reactions of Aldehydes and Ketones That Involve Enol or Enolate Ion Intermediates  
(Continued)

Reaction (section) and comments

Conjugate addition of organocop-
per compounds (Section 18.14) 
The principal synthetic application 
of lithium dialkylcuprate reagents 
is their reaction with �,�-unsatu-
rated carbonyl compounds. Al-
kylation of the � carbon occurs.

� Alkylation of aldehydes and 
ketones (Section 18.15)   Alkyla-
tion of simple aldehydes and 
ketones via their enolates is diffi-
cult. �-Diketones can be con-
verted quantitatively to their 
enolate anions, which react 
efficiently with primary alkyl 
halides.

General equation and typical example
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