Enols and Enolates

18.15 SUMMARY

Sections Because aldehydes and ketones exist in equilibrium with their corresponding
18.1-18.14 enol isomers, they can express a variety of different kinds of chemical reactivity.
O OH

I
R,C—CR’ == R,C=CR'

H
o proton |a/ Carbonyl group 1= o carbon atom of
relatively acidic; electrophilic enol is nucleophilic;
it can be removed nucleophilic reagents it attacks electrophilic
by strong bases add to carbonyl carbon reagents

Reactions that proceed via enol or enolate intermediates are summarized in Table 18.2.Problems
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TABLE 1A B8 Reactions of Aldehydes and Ketones That Involve Enol or Enolate lon Intermediates

Reaction (section) and comments

General equation and typical example

« 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.

Enolization (Sections 18.4
through 18.6) Aldehydes and ke-
tones having at least one o 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; p-diketones, however, are
extensively enolized.

Enolate ion formation (Section
18.6) An o 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 pK;'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.

|
R,CHCR' +

|
X — R2C|CR' + HX
X
Aldehyde Halogen a-Halo aldehyde  Hydrogen
or ketone or ketone halide

lﬁl acetic C”:'
Br@CCH3 +  Bry ﬂ*BrOCCHzBr+ HEr

p-Bromoacetophenone  Bromine p-Bromophenacyl
bromide (69-72%)
1 T
RzCH—CR' —— R;C=CR'
Aldehyde Enol
or ketone
o] OH e
— K=1x10
Cyclopentanone Cyclopenten-1-ol
? 9
RCHCR' + HO™ +—— R,(=CR' + H;0
Aldehyde Hydroxide Enolate Water
or ketone ion anion
HoE O_

HO™
Hydroxide ion

I
CH3CH,CCHoCHs +

3-Pentanone Enolate anion

of 3-pentanone

@] @]
I HO- I
RCCH: + 3X; —— RCO + HCXs
Methyl Halogen Carboxylate  Trihalomethane
ketone ion (haloform)
1
1. Bra, MaOH
(CH3)sCCH,CCH; e e (CH3)sCCHRCOH  +

2. HT
3,3-Dimethylbutanoic
acid (89%)

4,4-Dimethyl-2-pentanone

Hydrogen
bromide

I
= CH3CH=CCHxCHz + H20

Water

CHBr3

Bromoform
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TABLE NS (Continued)

Reactions of Aldehydes and Ketones That Involve Enol or Enolate lon Intermediates

Reaction (section) and comments

General equation and typical example

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 g-hydroxy aldehyde, yields
an w,p-unsaturated aldehyde.

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.

Conjugate addition to a,3-unsat-
urated carbonyl compounds (Sec-
tions 18.11 through 18.14) The
p-carbon atom of an o,p-unsatu-
rated carbonyl compound is elec-
trophilic; nucleophiles, especially
weakly basic ones, yield the prod-
ucts of conjugate addition to o, p-
unsaturated aldehydes and
ketones.

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

1 i
2RCH,CR' 22 Rcuzﬁ=$cw
R' R

o, B-Unsaturated
aldehyde

+ H,0

Aldehyde Water

0
|

CHa(CH,)<CH NaOCH,CH;

[:HBCH:[::'H CH;(CHZ}ECH=C|(CH2}5CH3
HC=0

Octanal 2-Hexyl-2-decenal (79%)

o]

I I Ho- |
ArCH + RCHCR® — ArCH=tT'CR'

R

a,f-Unsaturated
carbony| compound

+ H20

Arormatic Water

aldehyde
i 1 I
CH<CH O C.HsCH=CHCC(CH.)

+ (CH3);CCCH,
Benzaldehyde 4, 4-Dimethyl-1-phenyl-

3,3-Dimethyl-2-
butanone 1-penten-3-one (88-93%)
@] o

I I
R,C=CHCR'" +  HY:

Aldehyde
or ketone

ethanal-
water

— R,CCH,CR'
Y
o, B-Unsaturated MNucleophile Product of conjugate
aldehyde or ketone addition
o O
(CH3)2C=CH(!CH3 %ﬁ‘ (CH3)2C|CH_£CH3

NHz

4-Amino-4-methyl-2-
pentanone (63-70%)

4-Methyl-3-penten-2-one
{mesityl oxide)

CH
CH, 1. NaOCH;CH3, -
CHzCH20H
CL + HC=CHCCH; ) K:j]Hzl-.r:at
o o]

6-Methylbicyclo[4.4.0]-
1-decen-2-cne (46%)

Methyl vinyl
ketone

2-Methylcyclohexanone
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TA RN AR (Continued)

Reactions of Aldehydes and Ketones That Involve Enol or Enolate lon Intermediates

Reaction (section) and comments

General equation and typical example

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

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

LII) 1. diethyl "ﬁ'
R,C=CHCR’ + R",Culi ft';::_n chT'—CHZCR'
RIF

a,p-Unsaturated Lithium B-Alkyl

aldehyde or ketone  dialkylcuprate aldehyde or ketone
O 0]
1. LiCu(CH,),
2. HzO

H_:|c HEIC CHB

6-Methyleyclohept- 3,6-Dimethylcycloheptanone (85%)
2-enone
[ 0
R'CH X, HO™
RCCH,CR — 2“5 RCCHCR
CH,R'
p-Diketone a-Alkyl-p-diketone
O 8]
CH,CcHs - CHCeHs
+ CeHsCH,Cl =2
H CH.C:Hs
(@] 8]

2-Benzyl-1,3- Benzyl 2,2-Dibenzyl-1,3-

cyclohexanedione chloride cyclohexanedione (69%)
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