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The Claisen Condensation

» the a-hydrogens of an ester are weakly acidic and can be removed by a strong base. The
product is an ester enolate.
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Common bases used for this purpose are sodium alkoxides (RO- Na+). The ester
enolate, once formed, can act as a carbon nucleophile and add to the carbonyl
group of another ester molecule. This reaction is called the Claisen condensation.
It is a way of making b-keto esters.
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The Claisen Condensation

Treatment of ethyl acetate with sodium ethoxide in ethanol produces the B-keto
ester, ethyl acetoacetate:

I 1
- 1. NaOCH,CH
CH,C— OCH,.CH;+ H—CH,—C— OCH,CH,; maﬂhm;] 1 .
ethyl acetate ethyl acetate 2 H,0*
O O

| |
CH,C—CH,—C— OCH,CH;+ CH.CH,OH

ethvl acetoacetate
(ethyl 3-oxobutanoate)




The Claisen condensation
takes place in three steps
(Mechanism)

To complete the Claisen
condensation, the solution
Is acidified, to regenerate
the pB-keto ester from its

enolate anion
\
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]
Step 1. CH;C— OCH,CH;+ Na*~OCH,CH, —

sodium ethoxide

0
Na+_CH2(!DEH1CH3 + CH,CH,OH

ester enolate

e"D O

Step 2. EH;-:: OCH,CH; +7 CHEJ%DCHEEH3 p—

10 o o
oo, o docman, + -
':H_?, DCH;LEH3 — CH:-. CHE DEHECH} + DCHECHE
[J:HEC_ OCH,CH- 3-keto ester

b

0O O
Step 3. CH3(!EH3{%DCHECH3 + “OCH,CH, —~
0 0
CH;&—EH—&DCHEEH3 + CH,CH,OH

enolate ion of a 3-keto ester
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Example: Identify the product of the Claisen condensation of ethyl propanoate

O

|
CH}CHEC_BCHECHE,

Solution The product is
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CH,
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The Claisen condensation, like the aldol condensation, is useful for making new carbon-—
carbon bonds. The resulting B-keto esters can be converted to a variety of useful products.
For example, ethyl acetate can be converted to ethyl butanoate by the following sequence

O O O OH O
” Claisen ” ” NaBH, | ” HY
2 CH,C—OCH,CH,4 NaOCH.CH. -~ CH,CCH,COCH,CH; ——— CH;CHCH,COCH,CH3; 1.0
ethyl acetate ethyl acetoacetate ethyl 3-hydroxybutanoate )
|| ':|:|:l
CH,CH=CHCOCH,CH; —2~ CH,CH,CH,COCH,CHj,

ethyl 2-butenoate ethyl butanoate
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Mixed Claisen Condensations

The mixed Claisen condensation of two different esters

=0
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OEt -| iy i
1. MaH, THF \
+ C. : FRY n ks
| HaC” “0OEt 2 Hg0" H H =

Ethyl benzoate Ethyl acetate Ethyl benzoylacetats

Mixed Claisen-like reactions can also be carried out between an
ester and a ketone, resulting in the synthesis of a b-diketone.

O 0 O
HaC - HaC H |
3 '|I [ Q0 E I|| ':-u.._
HaC— “H 2 1 Na* “OEL ethanol  HgC— =
H* ™DEt 2 Hzo'
2, 2-Dimethyleyclohexanone Ethiyl formate A B-keto akdehyde
{91%)

{donor] (accaptor)



Inframolecular Claisen Condensations: Carbanion |
The Dieckmann Cyclization
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Intramolecular Claisen condensations can be carried out with diesters

1. Nat TDEL, ethamnol G, .
- AT é’ 0t + EtDH

i

L)

Diethyl hexanedioate Ethyl 2-oxocyclopentanecarboxylate
{a 1,6-diester| (B2%)

i -

II'I/J\DE.I [ S 4+  EtOH

1. Na* “OEt, ethanol -
\\_// -, 2. Hz0*
OEt

Diethyl heptanedioate Ethyl 2-oxocyclohexanecarboxylate
{a 1,7-diester)

n 1,6-diesters and 1,7-diesters.
es a five-membered cyclic b-keto
red cyclic b-keto ester.

Dieckmann cyclization, the rea
Intramolecular Claisen cyclization
ester, and cyclization of a 1,7-diest
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Mechanism of the Dieckmann
yclization of a 1,7-diester to
leld a cyclic b-keto ester
product.

[ Ba=a abstracts an acidic o proton from
tfa carfon stom nat bo ona of the exie
groups, ylalding an enolate kon

[} intramolecudar nuckophillc addition of
tha @shar enolate lom bo the car oyl
group of the seoond esier ot the othar

end of tha chain than gives aopchic
tetrzbedral iIntensediabs.

[EJ Lo=s of alkmxide kon from the tetrahadral
imtermediate formsa gdic 8- ket este

u Dieprotonztion of e acidic 8- keio aster
gves am enclata lon . ..

E - .. which is peotonated by addition
of aqueous acid at the end of the reaction
to panarata the netral
B kpdn ester penduct

MET 4+ EHOH
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