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Chapter 22: Carbonyl Alpha Substitution Reactions

Formation of Enolate
Acid Catalyzed
Overall Reaction:

. +

Ketone Enolate
Mechanism:
../\
0: H N
Q- O—H
P T
| H-CJ
1) Protonation of oxygen (H \ Reasonance between enol and enolate
H-0-H ¢ OH : OH
2) Water deprotonating H
alkyl group %CHS H\’%J\
H H
Enol Enolate

Base Catalyzed

Overall Reaction:

)(L: LDA (iPr,N: *Li) j_\ H j\
THF H,C c
Ketone H

Enolate
anion

Mechanism:

Li*

o >N_{ ’
)(k\g/_,_,‘/ —_ H2C.%\ ‘::CJ\ + }E{

1) Deprotonation of alkyl Eno.late
group by LDA anion

Resonance of the enolate anion
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Alpha Substitution Reaction: Halogenation of Aldehydes and Ketones

Acid Catalyzed

- Notes:
o Can react with Cl, Brz, I» in acidic conditions (normally acetic acid,

CH3COOH)
o Will yield a monohalogenation at the most substituted carbon

Overall Reaction:

0 0
YK/ Brz >2J\/
CH;COOH
3 Br
Mechanism:

1) Protonation of oxygen by acetic acid

'+/H

2) Deprotonation of most substituted carbon

+
O

|)
>8\/ CH3COO

3) Pi bond attacks halogen .
_ :0-H
O) H |
% Br—Br -
\/ Br

4) Conjugate base deprotonates protonated alkoxide

. 6’>H/—\"

: _ (0]
S S "R
Br Br

OH

W
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Base Induced (Haloform)

- Notes:
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o Can react with Cl, Brz, I» in basic conditions (normally sodium hydroxide)
o Will yield a multi halogenation at the least substituted carbon
o Can test for a methyl ketone if treated with acidic workup and will turn into

carboxylic acid

Overall Reaction:

0 o)
W)\ 1) Bry, NaOH
2) Hz0" \%OH
Mechanism:

1) 1st deprotonation of methyl group

« :IT| e
HJ\\C;H ‘o-H
[ N

Zb:

H
~¢

3) 2nd deprotonation of methyl group
(9

—~H /_\ :6_: B
. r
Br $0-H w/gc’

5) 3rd deprotonation of methyl group
0:
(

Br 10 Br
A er :O-H T \(‘sg
Br

~_

7) Nucleophilic attack of carbonyl by hydroxide

2) 1st pi bond attack of bromine

4) 2nd pi bond attack of bromine

(g 5:

=¢ BroBr , Br
Br

6) 3rd pi bond attack of bromine

8) Tribromide group leaves

(O 0
\9 Br Br

w)&y/\ _ % + Br—G-
Br -
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9) Carbanion deprotonates carboxylic acid 10) Carboxylate anion forms
O (0]
Br - Br
O-H Br—C—Br o + Br—CIJ—Br
TS H
11) Acid workup reforms carboxyl group
(0] H O
.o ,,I
YJ\O—:/‘H_Q_H \HkO_H
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Alkylation of the Alpha Position

Malonic Ester Synthesis:

- Purpose: to prepare a carboxylic acid from an alkyl halide and add carbons to the

carbon chain
Overall Reaction:

H
1) NaOEYEtOH
25 2) EtBr 2EtOH  + . S
3) Heat/H;0*
diethyl propanedioate
(malonic ester) added carboxylic acid added R group
group
Mechanism:
1) Deprotonation of alpha carbon 2) Nucleophilic attack by the carbanion to the primary alkyl halide
){ /_\ M\/\Br
\/ . 6/\ > e \/ ~

alkylated malonic
ester

3) Decarboxylation due to heat

A e HL. 7
- )»g S — O, + :CH,CH;,

4) Protonation via an acid. (Steps 3 and 4 occur simultaneously, just wanted to give a more clear depiction of how
the protonation occurs)

H H:g—H A
H-O=H—_ ( . H<O-H )<_|/
—)\ ( ——~ 2EtOH + +
: CH,CH3
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Acetoacetic Ester Synthesis

- Purpose: to prepare a methyl ketone from an alkyl halide and add carbons to the

carbon chain
Overall Reaction:

H

_0._X_ 1) NaOEY/EtOH <"

2) EtBr EtOH + +
3) Heat/H3;0O*

ethyl acetoacetate

(acetoacetic ester) added R group

Mechanism:

X/\@“ e e

2) Nucleophilic attack by the carbanion to the primary alkyl halide

—_—

monoalkylated
acetoacetic ester

3) Decarboxylation due to heat and protonation due to acidic conditions

H
~ )% A, o on

H30+ \\

methyl ketone
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Chapter 23: Carbonvl Condensation Reactions

Aldol Condensation: Self Condensation:

- Starting Materials: One alpha carbon provided by an aldehyde/ ketone acting as the
(enolate component) donor. The other aldehyde/ ketone provides the carbonyl carbon
acting as the (carboxylic component) acceptor.

- Catalyzed by: NaOH

- Product: B-Hydroxy aldehyde/ketone AKA aldol

- What is an aldol? There is a carbonyl (either from a ketone or aldehyde), in the alpha
position is a carbon, in the beta position is a carbon bonded to a hydroxyl group

Overall Reaction:
1) NaOH
LY =R ey
(¢} o 2) Heat 0]
Mechanism:

1) Formation of the the enol ion: Deprotonation of methyl a carbon

H

H :0-H ,
: / ZC-H {GH
/E%H\_/ . /)oi PN /?[O(:H

enol ion resonance structures

2) Carbanion enolate nucleophillic attack of carbonyl carbon (3 carbon)

~ |T| :/6:
N — g
0: )

i
(0]

donor acceptor

3) Protonation of oxygen anion

N CoH |
0o {2 &
A o T T o
H H
(0] = (0]
B-hydroxy ketone simplified B-hydroxy ketone

4) Deprotonation of alpha carbon and elimination of B hydroxyl group (elimination of water)

:é):—H
Qlﬁ :/(I;: heat C:C*/
Gro” DR &
A[O(H | H,0 o) 0

a,B- unsaturated ketone
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Intramolecular Aldol Condensation

- Same mechanism as above, just starting from a linearized carbon chain to producing a
cyclic carbon chain (ring)
Overall Reaction:

M 1) NaOH/H,0
0

2) Heat

Mechanism:

1) Formation of the the enol ion: Deprotonation of methyl a carbon

0] 0]
)\)\)J\“H/—\B_H - i i
) 4 00— —

; 2 3 - 679\H - 1)}M-.

)
H Y TeH
H

2) Carbanion enolate nucleophillic attack of carbonyl carbon (8 carbon)

(@] (@] 1 O:
( donor et
K / __—
1 ’ @:H 4
0]

acceptor

3) Protonation of oxygen anion

T N TS

1i io -O-H 1i io—
o) i o) i

4) Deprotonation of alpha carbon and elimination of 8 hydroxyl group (elimination of water)

N f'Q— heat '
w L1
4 2
0] 0 O

a,B- unsaturated ketone

B-hydroxy ketone
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Mixed/ Crossed Aldol Condensation Reactions

- Areaction between two unique aldehydes, two unique ketones, or one ketone and one
aldehyde
- If a ketone is used, the ketone is the enolate donor and the aldehyde is the electrophile

- Will only work if only one of the starting materials does not have an acidic hydrogen
Overall Reaction:

(0] 1) (0]
1) NaOH/H,O
O v 51 O
2) Heat
Mechanism:

1) Formation of the the enol ion: Deprotonation of methyl a carbon

2) Carbanion enolate nucleophillic attack of carbonyl carbon ( carbon)
donor O H o
e )ﬂ\ 4 2
P

acceptor

3) Protonation of oxygen anion

o H o_
A ay
‘ \
B-hydroxy ketone

4) Deprotonation of alpha carbon and elimination of 8 hydroxyl group (elimination of water)

H (O_

o O O

a,B- unsaturated ketone
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Claisen Condensation
Reaction between two of the same esters to produce a B-keto ester or a -diketone
Base used: a strong base such as NaOEt (cannot use NaOH)
The starting ester must have two alpha hydrogens because the second deprotonation

by the alkoxide is what makes this reaction favorable
Overall Reaction:

i 1) EtON T
2 a
2) H;0* H

Mechanism:

1) Formation of the the enol ion: Deprotonation of a carbon

0
9'\,H o) o

H%o/\ . HB‘-)ko/\

2) Carbanion enolate nucleophillic attack of carbonyl carbon (B carbon)

donor % L& OJ
\ T 5

acceptor
3) Elimination of ethoxide
.. / (@)
’ O\) o~ )J\/
/\/ S

B-keto ester

4) Deprotonation of alpha carbon

resonance structure of beta-keto
ester enolate

)

i W
H-3-H H-O-H
+
f
5) Acid workup

*protonation necessary to drive
the equilibrium forward towards

(0]
QJ\ - B-keto ester
H

B-keto ester
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Dieckmann Condensation
Similar mechanism to above, but the reaction is an intramolecular reaction, with the
starting material as one diester forming a cyclic B-keto ester in basic with a strong

base
Overall Reaction:

0
o _ 1) MeONa/ MeOH o 0
o) 2) H,0* H

Mechanism:

1) Formation of the the enol ion: Deprotonation of a carbon

(0] (0]
PEON 234560/ — O 234'5'_60/
ka’CHs

2) Carbanion enolate nucieophillic attack of carbonyl carbon (3 carbon)

acceptor donor

\ 0
(0] 1»/23\.. P

B-keto ester
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Additions to o, B-Unsaturated Aldehydes and Ketones

Micheal Addition
- Areaction between an o, $-unsaturated carbonyl acceptor (Micheal acceptor) and an

enolate ion donor to the  carbon (Micheal donor)
- Examples of Micheal acceptors:
o Propenal, 3-Buten-2-one, Ethyl propenoate, Propenenitrile , Nitroethylene
- Examples of Micheal donors:
o P-Diketone, B-Keto ester, Diethyl malonate, $-Keto nitrile, Nitro compound

Overall Reaction:

H H
/OW . /\{( MeONa/ MeOH e
O O 0 o 5
0]
Mechanism:
H H’/\.. H
/OW :O-CHs /OW
O O O O
H /A H
O g
O O O O
H H
(@) (0]
(0]
O O 0
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