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ACTIVE METHYLENE 
COMPOUNDS

Acetoacetic ester is another name for
ethyl acetoacetate.

The "acetoacetic ester synthesis" uses
acetoacetic ester as a reactant for the
preparation of ketones.

Malonic ester is another name for 

diethyl malonate.

The "malonic ester synthesis" uses 

diethyl malonate as a reactant for 

the preparation of carboxylic acids.



APPLICATION OF ETHYL 
ACETOACETATE



SYNTHESIS OF ETHYL 
ACETOACETATE

THE CLAISEN CONDENSATION

On treatment with alkoxide bases, esters undergo self-condensation to 
give a β -keto ester and an alcohol.



Overall reaction:





SYNTHESIS OF DIETHYL 
MALONATE



1.Diethyl malonate has acidic alpha-hydrogens

2.When reacted with sodium metal, the ester is converted 

into its conjugate base (an enolate anion)
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APPLICATION OF DIETHYL 
MALONATE



3. The enolate can be used as the nucleophile in an SN2 

reaction with a 1o or CH3 alkyl halide.

4. Upon hydrolysis, the substituted malonic acid will 

decarboxylate when heated.

5.    Product is a carboxylic acid derived from acetic acid.

CO2Et

CH

CO2Et

+  R-X

SN2 CO2Et

CH

CO2Et

R

CO2Et

CH

CO2Et

R
H2O, H+

heat

CO2H

CH

CO2H

R
- CO2

heat
CH2CO2HR



C

CH2

O

C

O

OEt

OEt

diethyl malonate

Na
C

CH

O

C

O

OEt

OEt

Na
RX

C

CH

O

C

O

OEt

OEt

R
H+,H2O

heat

C

CH

O

C

O

OH

OH

R

heat
-CO2

CH2COOH

Na

C

C

O

C

O

OEt

OEt

R
R'X

C

C

O

C

O

OEt

OEt

R
H+,H2O

heat

C

C

O

C

O

OH

OH

R
-CO2
heat

R

CHCOOHR

R'

R'R'

SYNTHESIS OF CARBOXYLIC ACIDS FROM 

DIETHYL MALONATE



SYNTHESIS OF 3-Methylpentanoic acid

FROM DIETHYL MALONATE



SYNTHESIS OF BARBITURIC acid

FROM DIETHYL MALONATE



SYNTHESIS OF Succinic acid
FROM DIETHYL MALONATE



SYNTHESIS OF BuTANONE
FROM DIETHYL MALONATE



APPLICATION OF ETHYL 
ACETOTATE.

1. Ethyl acetoacetate has acidic alpha-hydrogens.

1. When reacted with sodium metal, the ester is converted into its 

conjugate base (an enolate anion).

2. The enolate can be used as the nucleophile in an SN2 reaction with a 

1o or CH3 alkyl halide.

3. Upon hydrolysis, the substituted acetoacetic acid will decarboxylate 

when heated.

4. Product is a ketone derived from acetone.
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SYNTHESIS OF KeTONE
FROM ethyl acetoacetate
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SYNTHESIS OF 5-Methyl-2-
hexanone

FROM ETHYL ACETOACETATE



Synthesis of 2,5-hexanedione
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SYNTHESIS OF 2,5-hexadione

FROM ETHYL ACETOACETATE



Synthesis of 2,4-pentanedione
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SYNTHESIS OF 2,4-pentadione

FROM ETHYL ACETOACETATE



GRIGNARD REAGENTS 
Preparation

R X R Mg+ Mg
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R  =  1°, 2°, 3°, aryl
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Owing to the electronegativity difference between
the metal and carbon, the carbon-metal bond has a
great deal of partial ionic character. The bonds are
polar covalent in nature.

This means that we can write:

R MgX
 



➢ The Alkyl portion of the Grignard reagent behaves as if
it had the characteristics of a Carbanion – the carbon
atom bears a formal negative charge

➢ The Magnesium portion bears the positive charge.

➢ Grignard Reagent, thus, acts as a Strong Base and is a
strong Nucleophile that acts as a Lewis Base donating
an Electron pair to a positively charged Electrophile

➢ Especially useful in Nucleophilic Addition reactions of
the Carbonyl group, which has electrophilic character
where the positive charge of the carbonyl carbon atom
is attractive to the Grignard Nucleophile



Grignard reagents react with:

formaldehyde to give primary alcohols   

aldehydes to give secondary alcohols

ketones to give tertiary alcohols

esters to give tertiary alcohols

CO2 to give carboxlic acids

water to give alkane



Grignard reagents react 

with formaldehyde
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Grignard reagents react 

with aldehydes



Example
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Grignard reagents react 

with ketones



Example
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Grignard reagents react 
with esters
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but species formed is unstable 
and dissociates under the 
reaction conditions to form a 
ketone
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this ketone then goes on to 

react with a second mole of 

the Grignard reagent to give 

a tertiary alcohol

Grignard reagents react 
with esters
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Grignard reagents react 
With carbon dioxide
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Grignard reagents react 
With epoxides
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Grignard reagents react 
With water



ORGANOLITHIUM

R X R Li+ +

R  =  1°, 2°, 3°, aryl

X  =  I  >  Br  >  Cl

2 Li Li X



Organocuprates
Lithium Dialkylcuprates
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Claisen Condensation 

• In the Claisen reaction, two molecules of an ester react with

each other in the presence of an alkoxide base to form a -

keto ester.




