* A methylene group (-CH,) which 1s attached from
both sides by electron withdrawing groups (e.g. —
CHO, >C=0, -COOH, -COOR, -CN, -X etc.) 1s
called active methylene group.

i
/C—OC2H5
H,C dimethyl malonate
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\COCZH5
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* The hydrogen atoms of active methylene group are acidic in
nature.

* The compounds containing active methylene group when
treated with base, looses hydrogen atoms to form carbanion.

 This carbanion is stabilized by another resonating structure
called as enolate 10n.
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*  Ethyl acetate on refluxion with sodium ethoxide gives aceto
acetic ester.

0 D P 7
i) C,H-ON YO
H,C C OCH, + H,C C OC,H 'i?)szz 3, H,C—C—CH; COC,H;
ethyl acetate ’ aceto acetic ester

»  This base catalyzed condensation of ester containing o-
hydrogen atom 1s called Claisen condensation.

Mechanism: It involves following steps.

a. a) Base abstract a- H atom from ethyl acetate to form
carbanion.

m O O

! | = |
CHO + HHC C OCH  » HC C OCH, + CHOH

ethyl acetate carbanion



b. This carbanion attacks on carbonyl carbon of another
ethyl acetate molecule to form anion.

c. This anion looses ethoxide 1on to form ethyl aceto acetate.




» Ethyl aceto acetate exists as an equilibrium mixture of two
functional forms as keto and enol. These two forms are
constantly interconvert into one another.

* This phenomenon in which two structural 1somers spontaneously
interconvert and exist in dynamic equilibrium 1s called
tatuomerism.

O OH
|
H,C C CH, COOC,H, H,C C CH COOC,H,
aceto acetic ester (keto form) aceto acetic ester (enol form)

* The tatuomer which containing carbonyl group 1s called keto
form while other tatuomer which containing hydroxyl group
attached to double bonded carbon is called enol form. The
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e Mechanism: Keto and enol forms are isomers which are easily
interconvertible in presence of small amount of acid or base.

A. Base Catalyzed Keto-Enol Tatuomerism:

» In first step, Base abstract proton from EAA to form carbanion
which is resonance stabilized.

« In second step, enolate 1on takes proton from water molecule to
form enol form of EAA.




B. Acid Catalyzed Keto-Enol Tatuomerism

* Infirst step, carbonyl oxygen takes proton from acid to
form oxonium 1on.

* In second step, oxonium 1on looses proton to form enol
form.




In EAA, there 1s comparatively more percentage of
keto form.
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1. Synthesis of alkyl aceto acetic ester:-

*  Aceto acetic ester when treated with sodium ethoxide gives
carbanion which on further treatment with alkyl halide gives
corresponding alkyl derivative.

0 0 0
1C C CH, C00C,H, 5% e ¢ CH CooCH, Na "€ e c HC COOCH,

5- C HOH "3
carbanion CH

aceto acetic ester
alkyl aceto acetlc ester

-  This alkyl aceto acetic ester again on treatment with sodium
ethoxide followed by reaction with alkyl halide gives dialkyl aceto
acetic ester.

0 0 O CH,
C,H,0Na o H.C
H,C G HC COOCH; - o> HC C C COOC,H,Na e LhHC o~ > COOC,H
CH3 CH3 CH3

carbanion dialkyl aceto acetic ester



2. Synthesis of Mono-carboxylic acid: - Higher carboxylic acids
prepared by alkyllating EAA followed by hydrolysis.

EAA when treated with sodium ethoxide and methyl 10dide gives
methyl EAA which on further hydrolysis gives propanoic acid.

O
O , i
H.C C CH, COOC,Hy %2MsONa, H,c C HC COOC,H,

i) H,C— 1|
aceto acetic ester ° CH3
methyl aceto acetic ester
T T

i . KOH

cone. KOH . H,c C OH + H,C H,C C OH + C,HsOH

ii) H*/ H,O 3 _ _ 3 2
acetic acid propanoic acid

EAA when treated with sodium ethoxide and ethyl 10dide gives
methyl EAA which on further hydrolysis gives butanoic acid.

@)
O . I
H,C C CH, COOC,H, _'_>) CaHsONa_ H,GC HC COOCH,
ii -
aceto acetic ester ° ¢ CHz'CH3

ethyl aceto acetic ester

o
' | |
)oone. KOR . Hc C OH + H,C CH,H,C C OH + C;HsOH

i) H*/ H,O ; i
acetic acid butanoic acid




3. Synthesis of Dicarboxylic Acid: -

*  Aceto acetic ester on treatment with sodium ethoxide gives
carbanion which on condensation with halo ester followed by
hydrolysis gives corresponding dicarboxylic acid.

*  Aceto acetic ester on treatment with sodium ethoxide gives
carbanion which on condensation with ethyl chloro acetate
followed by hydrolysis gives succinic acid.

o 0

GOz 0 + Cl-CH-COOC,H,
H C C%H - C00C H5 o OI_|>H3CC CI: C?OOC H Na Al >
aceto acetic ester carbanion
O CH COOCH, 9 CHCOOH
HC C H 1) conc. KOH + C.H.OH
\ i) HTHO e C O CH,-COOH o
acetlc acid

CH,-COOC,H,

succinic acid



4. Synthesis of unsaturated acid:-

AAE on condensation with aldehyde or ketone 1n presence
of base (pyridine) gives intermediate which on further
acid hydrolysis gives o, B-unsaturated acid.

 AAE on condensation with acetaldehyde 1n presence of
base (pyridine) gives intermediate which on further acid

hydrolysis gives crotonic acid.
H ;
HC C O +HC CO CH, COOCH; ‘fyljz "%, HC CO C COOCH,

acetaldehyde aceto acetic ester

iy HYHO 3

CH-CH,

acetic acid crotonic acid



S. Synthesis of ketone: -

«  AAE on alkylation gives corresponding alkyl aceto acetic acid
which on hydrolysis gives corresponding carboxylic acid
intermediate. This intermediate carboxylic acid further on
decarboxylation gives ketone.

O O
: |
H.C C CH, COOC,H, 'i?)CﬁHgO'}‘% H,C C HC COOC,H,
aceto acetic ester > CH3
T Q
Dl KO, H,c C© HC COOH —__ » H.C C CH, CH,
i) H*/ H,O 3 | - CO, 3
CH3 2-butanone
O ?
H,C C CH, COOC,H; ili)) HC 225(?: : > e e ERnienG
3 2
aceto acetic ester CH,-C H,
% e cooneno S
i) dil. KOH L A ¢ CH. CH-CH
i) H*/ H,O > H,C C—HC—COOH - CO, H,C CH; 2 3

2-pentanone
CH,-CH, P



6. Synthesis of 1, 3-diketone: -

 EAA when treated with acetyl chloride in presence of Mg
gives ethyl diacetyl acetone intermediate which on further
hydrolysis followed by decarboxylation gives 1, 3-
diketone.

16
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7. Synthesis of 4-methyl uracil: -

Enol form of EAA on condensation with urea in
presence of phophoryl chloride gives 4-methyl
uracil.
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C OCH

H,C
\COC
O

5

2H5

dimethyl malonate
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Preparation of diethyl Malonate: -Potassium cyno acetate
on acidic hydrolysis gives malonic acid which on further esterification
with ethyl alcohol gives diethyl malonate. It occurs in following steps.

1. Potassium cyno acetate 1s prepared from acetic acid.

Cl

K,CO
H,C COOH  *»Cl HC COOH *~Cl HC COOK ' y» CN H,C COOK

acetic acid potassium cyano acetate
11.  Potassium cyno acetate on hydrolysis with HCI gives malonic acid.

COOK COOH
e HCI e
H2C\ Hydrolysis HZC\
CN COOH
potassium cyano acetate malonic acid
111.  Malonic acid on esterification with ethyl alcohol gives diethyl
malonate.
_COOH  HO-CHy 4 ~_COOC,H,
H,C + > HC + 2 H,0O
06/02/2( COOH HO-C,H, COOC,H,

malonic acid dimethyl malonate



1. Synthesis of alkyl Derivative: -

Diethyl malonate on treatment with sodium ethoxide gives
carbanion which when treated with alkyl halide gives mono alkyl
derivative. This mono alkyl derivative further on treatment with

sodium ethoxide followed by reaction with alkyl halide gives
dialkyl derivative.




2. Synthesis of Mono-carboxylic acid: -

*  Malonic ester on alkylation gives dimethyl derivative of
malonic ester which on acid hydrolysis followed by
decarboxylation gives 2-methyl propanoic acid.




3. Synthesis of Dicarboxylic acid: -

*  Malonic ester on treatment with sodium ethoxide & ethyl
chloro- acetate gives intermediate which on hydrolysis
followed by decarboxylation gives succinic acid.
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« Diethyl malonate on treatment with sodium ethoxide and ethylene
dibromide gives intermediate. This intermediate on hydrolysis &
followed by decarboxylation gives adipic acid.




4. Synthesis of a, f-unsaturated acid:-

e Diethyl malonate on condensation with benzaldehyde
gives condensed product which on further hydrolysis
followed by decarboxylation gives o, B-unsaturated acid
(cinnamic acid).
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5. Synthesis of glycene (amino acetic acid): -

* Diethyl malonate on treatment with bromine gives diethyl
bromo malonate which on treatment with ammonia gives
diethyl amino malonate on hydrolysis followed by
decarboxylation gives glycene.




6. Synthesis of Barbituric acid:-

* Malonic ester on condensation with urea gives
barbituric acid.
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