Chapter 18

Enols and Enolates

Chapter 18 suggested problems: none

Class Notes
|. The hydrogens of a-carbons
A. Greek letter labeling of backbone carbon atoms
1. Alpha, beta, gamma, delta. . . . omega
B. Acid-catalyzed a-halogenation of aldehyges and ketones
i u

R:CCRJ -+ XE —— RZ?CRF T HX
|

H X
Aldehyde Halogen a-Halo aldehyde Hydrogen
or ketone or ketone halide

1. Aldehydes and ketones react with halogens by substituting an a-hydrogen
for ahalogen atom

2. Thereaction isregiospecific for a-hydrogens; no other H atoms are
affected

3. Thereaction is acid-catalyzed, and since one of the productsis an acid the
reaction is autocatalyzed

4. Resultslimited to monohal ogenation
C. Mechanism of bromination of acetone

1. Whether using iodine, bromine, or chlorine, the rate of reaction of acetone
isindependent of [halogen] and first order in [acetone]

2. Thiswasthe clue that something unexpected was going on
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3. Mechanism of bromination of acetone
:OH :OH

VETY
Task

I P i T v I i a
CH;C=CH, + :Br—Br: "> CH;—C—CH,Br: + :Br:
T e roh

Propen-2-ol Bromine Stabilized carbocation  Bromide
{enal form ion
of acetong)
,;fflfl-“H -'t":li—H
CH_i_'{::'_CHZBT - 'CHq,_C_CH:BI'
Less stable resonance More stable resonance
form; 6 electrons on form; all atoms (except
positively charged hydrogen} have oclets
carbon, of electrons,
¢ b
CH,C=CH, — CH;—C—CH,Br: + :Br:

l‘“ﬁr@éﬂr'-

ﬂia‘r\ Ejr:- He
| I
CH;CCH,Br — CH,CCH,Br + H—Br:
Cationic intermediate Bromoacetone  Hydrogen bromide

[l. Keto-enol tautomerism
A. Genera

1. Thereactive form of acetone in a-halogenation is not the keto form of
acetone but its enol form

2. Theinterconversion between keto and enol formsis called keto-enol

tautomerism
8] OH
Il " taulemerism |
RCH,CR' ————= RCH=CR'
Keto form Enol form

3. Tautomerism: the interconversion between two compounds based on the
movement of asingle atom or group

4. An egb. exists between the keto and enol forms of compounds
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5. Enolsare actua compounds and not just resonance structures equivalent
with the keto form of the compound

6. The concentration of enol is generally quite small, since the keto formis
more stable by abt. 45-60 kJ/mol; i.e., C=0 bonds are stronger than C=C
bonds

7. Thisisgenerally true of both ketones and aldehydes

8. Thereisonly one enol form of aldehydes and symmetrical ketones

9. There are two enol forms of unsymmetrical ketones, but both are present
in far smaller amounts combined than the keto form of the molecule

B. Mechanismin acidic solution
1. The mechanism involves two separate proton transfer steps rather than a

single step transfer

Overall reaction:

0 OH
| 10 I
RCH;CR® =—— RCH=CR'
Aldehyde or ketone Emal

Step 1: A proton is ransferred from the acid catalyst o the carbonyl oxygen.

10— H—H
N TNt ’ I A
RCH.CR + H—Ox = RCH;CR' + ik
M ™
H H
Aldehyde Hydroniem Comjugate acid of Whter
or kewone won carbonyl -:.:|1|:||;|:-cH.|n|.|

Step 2: A water molecule acts as a Brensted base 1o remove a proton from the
a carbon atom of the protonated aldehyde or ketone,

e

7*0—H t0—H
) H 2 T
RCH-CR' : = RCH=CR' + H-—O:
_J ~
H
Conjugate acid of Water Enol Hydronium
curbonyl compound on

C. Mechanism in basic solution
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1. Owerall reaction:

O OH

I K |

RCH,CR' —— RCH=CR
Aldehyde or ketone Enol

Step 1: A proton is abstracted by hydroxide ion from the a carbon atom of the
carbonyl compound.

o - o .
RCH —CR' 4 - RCH—CR" + c%
Aldehyde Hydroxide Conjugane base of Water

o ketone o0 carbony] compound

Step 2: A water molecule acts as a Brensted acid to transfer a proton to the oxygen
of the enolate ion.

H H
bt Taest ; =
RCH=CR' - }UL = RCH=CR + }Df
H H
Conjugale base of Waler Enaol Hydroxide
carbony] compoand Fol

2. The conjugate base at the beginning of Step 2. is aresonance form of the
conjugate base at the end of Step 1.

?“) 0:

RCH—CR' <—> RCH=CR'

—

Electron delocalization
in conjugate base of ketone

3. The structure with the negative charge on oxygen is the more significant of
thetwo and is called an enolate ion

4. Enolate ions are the conjugate bases of the corresponding enols
[1l. The haloform reaction
A. Base-catalyzed a-halogenation of aldehydes and ketones

B. Asin acid-catalyzed a-halogenation, the rate of reaction depends on [carbonyl]
and isindependent of [halogen]

C. Unlike acid-catalyzed a-halogenation, there is often an exchange of all
a-hydrogens for halogen atoms

D. If the ketone is a methyl ketone, the trihalomethylketone undergoes hydrolysis
and dissociates into a carboxylate ion and a trihalomethane molecule
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1 1 i 1
i X, HO : M
RCCH, =—2——= RCCH,;X 2"+ ROCHX, ———> RCCX,
([ showest {Tustest
habopenation halogenation
dep) step)

0

|
The trihalomethyl ketone (ROCXs) so formed then wndergoes nucleophilic additdon of
hydroxide ion to its carbonyl group, nggering its dissociation.

o 0 0
! WO 1:“l > H as -
RCCX; =—— Rl.lj—CX_\ — RC—O0OH + CXy
Trihalomethyl :0H o l lu:n
ketone =
.flj.:
.
RC—0): HOX:

Carboxylate Trihalomethane
fon

E. Thisreaction can be used to prepare carboxylic acids but if both a-carbons have
a-hydrogens then the yield of the acid will drop drastically

V. Aldol additions and aldol condensations
A. Aldol: acompound that contains both an aldehyde and a hydroxy! group

B. Aldol addition: in a solution that contains both an aldehyde (or ketone) and its
enol, the enol can undergo nucleophilic addition to the aldehyde at its carbony!

carbon
1. Mechanism
0:
R If_"H
CH,C & 0 lj {OH :0
\\ g | | o | |
RCH ::--{'j\ —— RCEI:C}I—L’I"I ICH &— RCH;CH—[T‘.HCH
H R R
Product of aldal
addition

2. Note that thisresultsin carbon-carbon bond formation and a hydroxyl
group betato the carbonyl

3. The carbon not bonded to oxygen in the enol attacks the carbonyl carbon
of the aldehyde

C. Aldol condensation: areaction in which two molecules of an aldehyde combine
to form an a,b-unsaturated aldehyde and a molecul e of water

1. b-Hydroxy aldehydes undergo dehydration on the application of heat to
form a,b-unsaturated aldehydes
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2. Mechanism

OH O OH O
. |I _ Fast | T ||
RCHECHﬁmH + HO™ — RCHz'CH(lf—(TH + HOH
R R
B-Hydroxy aldehyde Enolate ion of
B-hydroxy aldehyde
| ]
RCH;CHifF—C}I LR RCH:CH=(|?CH + HO™
R R
Enolate ion of o, B-Unsaturated
B-hydroxy aldehyde aldehyde

3. Can occur with aldehydes or ketones, can be acid or base catalyzed

D. Noteson adol condensation from March (p. 829 - 834)

1.

Aldol condensation: the a-carbon of one aldehyde or ketone adds to the
carbonyl carbon of another

The base most often used is hydroxide although stronger bases, such as
alkoxides, can be used (e.g. aluminum tert-butoxide)

Hydroxide ion is not a strong enough base to convert all of the carbonyl
compound to its corresponding enol, nut enough enolateion is produced
for the reaction to proceed

The product is a b-hydroxy adehyde (aldol) or ketone (ketol), which may
be spontaneous dehydrated during the course of the reaction to an
a,b-unsaturated aldehyde or ketone (product may be dehydrated
independent of reaction)

Five possible types of adol condensations

a. Two molecules of the same aldehyde: egb lies with the product

b. Two molecules of the same ketone: egb lies with the reactants and
must be shifted, rather laborious

c. Two different aldehydes: if both aldehydes have a-hydrogens then a
mixture of four products will be formed (eight including alkenes); if
one aldehyde does not have an a-hydrogens then a mixture of two
products will be formed

d. Two different ketones: seldom attempted, laborious
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e. Aldehyde and aketone: usually feasible, esp. when the aldehyde has
no a-hydrogens, since there is no competition from the ketone
condensing with itself; even when the aldehyde has an a-hydrogen it
isthe a-carbon of the ketone that adds to the carbonyl of the
aldehyde and not the other way around
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