CH310N T TH 2-3:30 LECTURE 17

Textbook Assignment: Chapter 19
Homework (for credit): POW 8 posted
Today’s Topics: Enolates & Enamines

Potice & Announcements:

Exam ll: Grades Posted to BB

Enolate Anions
and Enamines
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Claisen Condensation

« Esters also form enolate anions which
participate in nucleophilic acyl substitution

o) -+ O O
I 1. EtO Na I I
2CH; COEt ﬂOIQV CH;CCH,COEt + EtOH
Ethyl ethanoate "2 Ethyl 3-oxobutanoate FEthanol
(Ethyl acetate) (Ethyl acetoacetate)

the product of a Claisen condensation is a
B-ketoester

P50 ?
|momgo%

A B-ketoester 3
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Claisen Condensation

— Claisen condensation of ethyl propanoate
gives this [-ketoester

S . A1
1. 2O Na
OEt + Ot ———— ——> OEt + EtOH
2. HyO, HCI /&JL# *
Ethyl Ethyl Ethyl 2-methyl-3-
propanoate  propanoate oxopentanoate
(racemic)

Nota bene. the base should be the alkoxide of the ester group
(This will overcome trans-esterification.)
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Claisen Condensation
Step 1: formation of an enolate anion

o: ..@.

oo I
m.on.ﬂr_._lxm_._w-oom ~—=> EtOH + .m._JM«oom <—> CHy= COEt
pK, =22 pK,159 Resonance-stabilized enolate anion
(weaker acid) (stronger
acid)

Step 2: attack of the enolate anion on a
carbonyl carbon gives a TCAI

w." 0 oo
CHy-C-OR + iCH,-COEt <= o_._w-o.o_._w-o.om
C;oR + e

A tetrahedral carbonyl
addition intermediate
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Claisen Condensation

Step 3: collapse of the TCAI gives a B-ketoester
and an alkoxide ion:

pO. mu Ou O

CHyC-CH,-C-OEt == CHj- C-CH,-C-OEt + EtO:
m OFEt

Step 4: an acid-base reaction drives the
reaction to ooB_o_m:o?

o _o
o
EtO: @\omom.o.om —~! CH,-C-CH-C-OEt| + EtOH
pK, 10.7 pK, 159
(stronger acid) (weakeracid)
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Dieckman Condensation

 An intramolecular Claisen condensation

1. EtO" Na*
2. H, O, HCI
Diethyl hexanedioate 0 o

(Diethyl adipate)
OEt + EtOH

Ethyl 2-oxocyclo-
pentanecarboxylate

Psst...
He will ask
this
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Crossed Claisen Condensations

Crossed Claisen condensations between two
different esters, each with a-hydrogens, give
mixtures of products and are not useful

— crossed Claisen condensations are useful, if there is
an appreciable difference in reactivity between the
two esters; when one of them has no a-hydrogens

Q Q ? Q
HCOEt EtOCOEt EtOC-COEt COEt

Ethyl Diethyl Diethyl ethanedioate Ethyl benzoate
formate carbonate (Diethyl oxalate)
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Crossed Claisen Condensations

—the ester with no a-hydrogens is
generally used in excess

0 0 N o 0
L_/ 4 /% 1. CH;0 Na
Ph” "OCH; OCH; 2. H,0, HCI. PN OCH;
Methyl Methyl Methyl 2-methyl-3-0xo0-
benzoate propanoate 3-phenylpropanoate
(racemic)

Only this enolate can be formed
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Claisen condensations as routes to ketones

Reactions 1 & 2: Claisen condensation followed by acidification

] 0O O
/¥0ﬁ 1. EtO Zm,,v
OBt 5 H,0, HCl OEt + EtOH

Reactions 3 & 4: Saponification and acidification

O O O O

Reaction 5: themmal decarboxylation

o O O

Qfxﬁoz 5. %av} . o,

OFt 3. NaOH, H, O, heat > /f\FOI + EtOH
4. H,O, HCI

10
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Claisen Condensations

The result of Claisen condensation,
saponification, acidification, and
decarboxylation is a ketone:

from the ester from the ester
furnishing the furnishing the
carbonyl group enolate anion

0o m several / o) \

RCHy-C + CHy-C-OR —*“E>» R.CHy-C-CHy-R + 2HOR + CO,

OR R

11
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Enamines

Enamines are formed by the reaction of a 2°
amine with the carbonyl group of an
aldehyde or ketone

the 2° amines most commonly used to prepare
enamines are pyrrolidine and morpholine:

()

N
_

H
Pyrrolidine M orpholine

12
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Preparation of Enamines

An enamine

H* ﬂou

- N

e

An enamine

|

,

Acid catalyst is usually TsOH; azeotropic removal of H,O.
13
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Enamines-Alkylation

The value of enamines is that the -carbon is
nucleophilic (same C that was o to carbonyl)

— enamines undergo S,2 reactions with methyl and
1 ° haloalkanes, a-haloketones, and a-haloesters

— treatment of the enamine with one equivalent of an
alkylating agent gives an iminium halide

0

)
z\//\/f..m.n ShZ, @\<\

The morpholine
enamine of
cyclohexanone

3-Bromopropene
(Allyl bromide)

An iminium
bromide
(racemic)

14
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Enamines-Alkylation

hydrolysis of the iminium halide (salt) gives

the alkylated aldehyde or ketone:

. °)

mq. HCl/ H,0 Z .,
T2 \Z/ O_

2-Allylcyclo- _<_o_._o=o__=_:3
hexanone chloride

15
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Enamines-Acylation

enamines undergo acylation when treated
with acid chlorides and acid anhydrides

(D

N

%
+ CH;CCl —>
Acetyl chloride
e G

An iminium 2-Acetylcyclo-
chloride hexanone
(racemic) (racemic)

16
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Synthetic Advantages of
Enamines vs Enolates

1) Avoids proton transfer.

2) Regiochemistry of alkylation can be

controlled. (For un-symmetric ketones)

3) Avoids polyalkylation.
4) Avoids O-alkylation.

17
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Acetoacetic Ester Synthesis

The acetoacetic ester (AAE) synthesis is
useful for the preparation of mono- and
disubstituted acetones of the following

types

R' acetone

(o)
I
» CH3CCHy; R A monosubstituted
(o)
I mv acetone
CH3CCH, COEt —
Ethyl acetoacetate _n_u
(Acetoacetic ester) —» CH3CCHR A disubstituted

18
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Acetoacetic Ester Synthesis

— consider the AAE synthesis of this target
molecule, which is a monosubstituted acetone

the -R group of a
monosubstituted
acetone

these three carbons
are from ethyl 0
acetoacetate /’ <

5-Hexen-2-one

19
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Acetoacetic Ester Synthesis

— Step 1: formation of the enolate anion of AAE

o 0]
} + EtO'Na* > Lf| Na" ., EoOH
COOEt COOEt
Ethyl acetoacetate Sodium Sodium salt Ethanol
pkK, 10.7 ethoxide of ethyl pK, 15.9
(stronger acid) acetoacetate (weakeracid)

— Step 2: alkylation with allyl bromide

0 Na* 0
}..l + w_A.u/\ Su2 \f\/\ + NaBr
COOEt COOEt
3-Bromopropene (racemic)
(Allyl bromide) 20
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Acetoacetic Ester Synthesis

— Steps 3 & 4 saponification followed by

acidification

0O (0]

COOH

(racemic)

coon

\_f\<\ 3. NaOH, HyQ Z + BOH
4. HCl, H,0

— Step 5: thermal decarboxylation

0O

COOH 5-Hexen-2-one

(o)
}\/\ heat \kf\/\ + CO,

(a monosubstituted acetone)

21
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Acetoacetic Ester Synthesis

— to prepare a disubstituted acetone, treat the
monoalkylated AAE with a second mole of base, etc

(@) O Na*
}\/\ +*+ EtO'Na® —> \:J|\/\ + EtOH
COOEt COOEt
(racemic)

COOEt COOEt

(racemic)

Na* o)
vﬂ\\/ T mZN + -
+ o_l_w g > Z + Na' |

o)
{ 3. NaOH, H0 |
- Na » 112 =
> EtOH + CO

(racemic) 9. heat 3-Methyl-5-hexen-2-one
(racemic)

22
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Malonic Ester Synthesis

» The strategy of a malonic ester (ME)
synthesis is identical to that of an
acetoacetic ester synthesis, except that
the starting material is a B-diester rather
than a -ketoester

Q
o » RCH, COH A monosubstituted
I % acetic acid
EtOCCH, COEt
Diethyl malonate __u +_u
(Malonic ester) — RCHCOH A disubstituted
acetic acid

23
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Acetoacetic Ester Synthesis

The acetoacetic ester (AAE) synthesis is
useful for the preparation of mono- and
disubstituted acetones of the following types

(0]
]
» CH3CCHy R A monosubstituted
mu _n_u acetone
CH;CCH, COEt —
Ethyl acetoacetate _A_u
(Acetoacetic ester) —> CH3 On_n_.__x A disubstituted
R’ acetone
A\
These types of reactions involve CCH;

active (i.e. acidic) methylene units
as the nucleophilic component.

CO,Et 24
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Malonic Ester Synthesis

The strategy of a malonic ester (ME)
synthesis is identical to that of an
acetoacetic ester synthesis, except that
the starting material is a B-diester rather
than a -ketoester

Q
o » RCH, COH A monosubstituted
I % acetic acid
EtOCCH, COEt
Diethyl malonate __a +_u
(Malonic ester) — RCHCOH A disubstituted
acetic acid

25
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Malonic Ester Synthesis

Consider the synthesis of this target molecule

These two carbons
O +— are from diethyl malonate

MeO ; OH
S-Methoxypentanoic acid

CO,Et

i
CH, H,C
MeO IM OOMmﬁ

26
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Malonic Ester Synthesis

— treat malonic ester with an alkali metal alkoxide

z +
COOEt . _COOEH
¢ + B0 Na* —> ‘[ + EtOH
COOEt COOEt
Diethyl malonate Sodium Sodium salt of Ethanol

pkK,13.3 ethoxide diethyl malonate pkK, 159
(stronger acid) (weaker acid)
— alkylate with 1-bromo-3-methoxy propane

NG cooRt 2
%O\/\Aﬂyj N _,\_mO\/\/jOOOmﬂ + Na* Br
COOEt COOEt

27
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Malonic Ester Synthesis

— saponify and acidify

COOEt 3. NaOH, H, O COOH
2EtOH
Me0” Y A HCLH,0 — MeO” ™"y *

COOEt

— decarboxylation

heat
COOH S5-Methoxypentanoic acid

28
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Application: Synthesis of 4,4-Disubstituted Piperidines

HO

CH, 29
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Application: Synthesis of 4,4-Disubstituted Piperidines

X Cl
7 P \ \ NaH A

N—CH; . NCH,

e/
e
CN
cl

1) NaOH
2) HCI
Ph EtOH Ph
NCH
3 cat H* NCH;
EtO,C HOOC
Meperidine

Demerol ®




