Dr. Suman Adhikari
Department of Chemistry,
Govt. Degree college, Dharmanagar




0 o ® 0
O C C C
i 2(& C OCr,Crl, CrlyCrl, 0 C 0)
| ] | J H H
= | |

_ Acetoacetic ester is another name for
ethyl acetoacetate.

- The “acetoacetic ester synthesingaiaesic ester is another name for
acetoacetic ester as a reactant for

dletﬁ?ﬁ malonate.

The "malonic ester synthesis" uses
diethyl malonate as a reactant for
the preparation of carboxylic acids.

preparation of ketones.
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SENGHESIS OF EGHYI-

ACETGOACEBATGE

|. NaOCH,CH,

|
77— CH;CCH,COCH,CH; + CH,CH,OH

||
2CH;COCH,CH;

Ethyl acetate Ethy] acetoacetate (73%) Ethanol
{acetoacetic ester)
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| 120C |
2 CH;COCH,CH; —1r——> CH;CCH,COCH,CH; + CH3CH,OH

| acetate Ethyl 3.oxobutanoate Ethanol
Ethy ¥
(ethy] acetoacetate)

Step 1: Proton abstraction from the « carbon atom of ethyl acetate to give the corresponding enolate.
O
a3 -I"-“' f aa = _.-_ﬂ':'-.
HCHO:  + HECHC == CHCH,0H + :CH/—C_
OCH-CH- OCH,CH,4
Ethoxide Ethyl acctate Ethanol Enolate of ethyl acetate

Step 2: Nucleophilic addition of the ester enolate to the carbonyl group of the neutral ester. The product is the
anionic form of the tetrahedral intermediate.

?Hi 'Ell
oy
CH, CCH.COCH,CH;
11:["3

Anionic form of
tetrahedral intermediate




Anionic form of Ethyl Ethoxide
tetrahedral intermediate J-oxobutanoate 1on

Step 4: Deprotonation of the B-keto ester product.
O 0O
I I |

EHAFlHCDCHECHg + :0CH,CH; = CHsCCHCOCH,CH: + HOCH,CH;

Hc\_//

Ethyl 3-oxobutanoate Ethoxide 1on Conjugate base of Ethanol
(stronger acid) (stronger base) ethyl 3-oxobutanoate {(weaker acid)
{weaker base)

Step 5: Acidification of the reaction mixture. This is performed in a separate synthetic operation to give the
product in its neutral form for eventual 1solation.

P9
— CH,CCHCOCH,CH, +

Conjugate base of Hydronium 1on Ethyl 3-oxobutanoate
ethyl 3-oxobutanoate (stronger acid) {weaker acid)




SENCHESIS OF DIEGHYI-

MAl-ONATGE
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C,HsOH/H,SO,

C2H5OOC—CH2-COOCA5 = HOOC—CH,-CONa
: Heat =
Diethyl malonate - )



APPLICATION OF DIETHYL
£ ops MALONATE

1.Diethyl malonate has acidic alpha-hydregens—

CO,CH,CHy
CHa
CO,CH,CHs

2.\WWhen reacted with sodium metal, the ester is converted
Into Its conjugate base (an enolate anion)

(IZOZCHZCHg Na (IZOZCHZCHP, L,
(I:Hz — @(I:H + Na" + H»
CO,CH,CH3 CO,CH,CH3



3. The enolate can be used as the nucleophile in an S2
~ ~Jreaction with a 1° or CH, alkyl halide.

CO,Et Sy2 —COsEL
©OcH + R-X —— R=CH=—

I

CO,Et CO,Et

4. Upon hydrolysis, the substituted malonic acid will
decarboxylate when heated.

R-CH ——~ R-CH —— R-CH,COH
CO,Et ¢ CO,H 2

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



> SYNTHESIS OF CARBOXYLIC ACIDS FROM

£ opf DIETHYL MALONATE
0 ’ — ;
B _ = ' C-OH
(I: OEt Na @) @cl: OEt RX (I: SIS H+,H20 '
CH, ——== Na®CH —— R-CH heat
| |
C-OEt C-OEt G-OEt 5 OF
0 O = i
diethyl malonate j heat
-CO,
Na
& R—CH,COOH
O T 5
C-OEt C-OEt =
| R'X ' ' H+,H20 (|: & -CO,
R—CO® R—-C—-R - R—C—R' h=> R—CHCOOH
| I heat I eat |
C-OFEt C-OFt C-OH R



| SYHTHESIS OF 3-Wethylpentancic acid
 DROM DIETHYL MALONATE,
' /

| ? ﬁ

| = .
CH3CH11T'H—§—1:H2L‘DH D CH3CH11|_'H—::{ +  :CHyCOH

E

i

i

CH; CHs

r
[
Disconnect here -~

3-Methylpentanoic acid Required alkyl Derived from
halide diethyl malonate

1. NaDCH,CH,, ethanol 0
2. NaOH, H;O "
EH;CHgfliHEr + CHz(COOCH;CH3)z WL EH;EH;?HEH;#IIH
CH4 CHs

4. heat
2-Bromobutane Diethyl malonate 3-Methylpentanoic
acid




| SYNTHESIS 0F EATBITURIC acid
FROM DIETHYL MALONATE

I
COCH.CH;
H,C +

F L

N
lﬁDC H-CH+ H:N
O
Dhethyl malonate Barbituric acid (72-T8%)




SYNTHESIS OF Succinic acid
FROM DIETHYL MALONATE




H,C

_COOC,H;
"COOC,H;

Na

Q  cooC,H;
 _ C2H5C"C

C,HsCOCI

{y COOC,H;

KOH

H,0,H"

O  cooH
C2H5C"C

I AN

/" )COOH
/A | €O,
(@)

I
CzH5C"CH3

Butanone



APPLICATION OF ETHYL

A e ACETOTATE

1. Ethyl acetoacetate has acidic alpha hydrogens.
C|:02CH2CH3 {ISIL—
(IZHZ CH3CCH,CO5Et
COCH3

1. When reacted with sodium metal, the ester i1s converted into Its
conjugate base (an enolate anion).

2. The enolate can be used as the nucleophile in an S2 reaction with a
1° or CH; alkyl halide.

3. Upon hydrolysis, the substituted acetoacetic acid will decarboxylate
when heated.

4. Product i1s a ketone derived from acetone.



7 W — f:') OH
. - C-OFEt z
T OH Na @C': °=t Rx —C i.HO e
CH, —=~ Na®cH RS heat i
(,:,_CH3 (E_CHB C—-CHg CI:I_CHB
0 O S 4
ethyl acetoacetate j heat
y -CO,
a
T
[ R—CH,CCHs
O 0 i
C-OEt g C-OEt C-OH O
, R'X | * H,0 i -CO I
R-C6 —— R-C-R heéttz = R-C-R —pgg= R-CHCCHS
C—CHjg C-CHg C-CHg R’
O O @)



SYNTHESIS OF s-Methyl-2-

hexanone
FROM ETHYL ACETOACETATE
o — == '
C-OEt ® G OEt—CH,CHCH,Br
C::HZ Na Na@(::H >
(I-:I_CH3 (I:I_CHg
O O
ethyl acetoacetate
v i
CI:H3 CI:_OEt H+,H20 CI:H3 CI:_OH
CH3CHCH2—(I3H — > CH3CHCH2—CIIH
(IZI—CH3 (ﬁ—CHg
@) O
J heat
-CO,
(|3H3 O

Il
CH3CHCH,CH,CCHj



4 4 SYNTHESIS OF 2,3-hexadione

£ oipf | FROM ETHYL ACETOACETATE
Synthesis of 2,5-hexanedione (Tn) _jL
CH3CCH,CH,CCH3
((IZ? OEt (il) OEt 9
- @ 1 CH,;CCH,Br
[ [ 3 2 -
(IZI—CH3 (E—CH3
@) @)
ethyl acetoacetate
Q F
11
9 ?_OEt H+,H20 9 (F_OH heat 9 9
CH3CCH2_CH > CH3CCH2_CH - s~ CH3CCH20H2CCH3
i heat i -CO;
C—-CHs Q—CHg

0 O



J SYNTHESIS OF 2.4-pentadione

< ot | FROM ETHYL ACETOACETATE
Synthesis of 2,4-pentanedione s 1
CH3€CH2€CH3j
0 . .
(”) 9 H3C—C/ using thle caLblqnlon |
5 in a nucleophilic ac
. Na @ GQ_OEt G J substitutionIO ’
CH, —— Na“cH
(I:I_CHS CI:I_CH3
@) O
ethyl acetoacetate
% T
Il
O GOt o L o
CH3C—CH > CH3;C—CH ———= CH3CCH,CCHj
i heat i -CO;
C_CH3 CI:I—CHS



) GRIGNARD REAGENTS

£ 5 .
Preparation
 ether *
R—X + Mg > R— MgX
R = 1° 2° 3° aryl
c|:H3 <|3H3
CH3-C_CH3 + Mg T CH3-C_CH3

| ether |
Cl MgCl
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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:
— Carbon is an Carbon is a
+ (l((lmplnl( Hll("](,’()l)l]il(‘
H / H /
R_ M g X Hador s H o
C—Br C:Mg2* Br™
/ /

CH3CH,CH, CH3CH,CH,
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ThevAIkyI partion of the Grignard reagent behaves as i
“i#/had the characteristics of a Carbanion — the carbo
atom bears aormal negative charge

The Magnesium portion bearsthepositive 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




to ?ive tertiary alcohols

to give tertiary alcohols
t/ give carboxlic acids

to give alkane



Grignard reagents react
with formaldehyde




Example

(G4-89%)



Grignard reagents react

with aldehydes

diethyl —
ether R—C —R
:0:
H30+\
product is a R

secondary alcohol




Example

/

LI @) - i
CH,(CH,),CH, H / . CHy(CH,),CH, H

O C))\V/le| =
(6455)



Grignard reagents react
with ketones




Example




J—_— Grignard reagents react
&y with esters
R’ i
O~ R \C/ ether R—uG
—~ |
O Sl

but species formed is unstable
and dissociates under the
reaction conditions to form a
ketone



Grignard reagents react
with esters

diethyl
ether







Grignard reagents react
With carbon dioxide

o

+
.._'I
1

+2

L 1 ]
M o™ s )8
g‘Br T o ~-Mg L
= " Ether O Br
+ C +—= C+ —_— )
1 I Benzoic Acid Salt

lomagnesium Alkoxide)

O3

0

Ether OoH *
lI:l—D—Mg-Er + —= @J.L + MgBr—0OH
HCL
Benzoic Acid Mixed Salts



Grignard reagents react
With epoxides




CHs=Mg|

+

0
/\

Example

CH,-CH, —» ——

ether

—_— —
ether H,O

H,0

C H3-C HZ-C Hz‘OH

60% yield

OH



Grignard reagents react
With water




Hz0'

\ |
RLi =+ fc=ﬂ—r R—C—OLi —~s R—C—OH

Alkyllithium  Aldehyde Lithium alkoxide Alcohol
compound or ketone

I
CH,=CHLI + @—c — @—CHEH—EH:

Vinyllithium Benzaldehyde 1-Phenyl-2-propen-1-ol (76%)




R—X +

X = ClI, Br, |

/’5 """"""" ‘\&.
Lithium Dialkylcuprates J

-,

R
o \
P - cul L el
ether /
R
a lithium dialkylcuprate
0°C
R,CuLli —_— R—R + R—Cu
ether

+ LI X






Example




[1] NaOEt

- - LA b B - -keto ester
CH; TOEt [2]HO"  CH; fCH; “OEt ‘B' -

ethyl acetate new C—-C bond

| ‘The Claisen reaction

ethyl acetoacetate
O 0O O
1. NaOCH,CH5; ” ”
2CH;COCH,CH; —— > CH;CCH,COCH,CH; + CH;CH,OH

Ethyl acetate Ethyl acetoacetate (753%) Ethanol
(acetoacetic ester)
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Q ' Mechanism 24.4 The Claisen Reaction

Step [1] Formation of a nucleophilic enolate

£ CF o
M cu, c = -c/u}-c\’ — ca,-c:
EO7 Ot {0E “0E!
resonance-stabilized enolate

Steps [2]-[3] Nucleophilic addition and loss of the leaving group

..

/— 3 c l2l CH :g:cu c”O: B, :g: ::'.:":
9™ p—— LI A ] - s Vst
cu, QEI E'I ‘oe: ‘ogr t CHi TCHY "OEl

+ EtOH ® In Step [1], the base removes a proton from the

o carbon to form a resonance-stabilized
enolate.

In Step [2], the nucleophilic enclate attacks the
electrophilic carbonyl carbon of another
molecule of ester, forming a new carbon-carbon
bond. This joins the « carbon of one ester to
the carbonyl carbon of a second ester.

Elimination of the leaving group, EtO", forms
a fi-keto ester in Step [3]. Steps [1]-{3] are
reversible equilibria,

Steps [4]-[S] Deprotonation and protonation

:9: :(3: :('?: :("): 5 :(l.l)t :(I?z
, H - -
,C /c .. —— C :',c\lo —3—’ Ic\ /c\"
CH{ ~C” "QEr 4] CH{ "C” "QEt 5] CHy 'CH; "OF
— HH H }-keto ester
2 resonance-stabilized O
1 enolate Mk oo

+ EtOH

Because the B-keto ester formed in Step (3]
has especially acidic protons between its two
carbonyl groups, a proton is removed under
the basic reaction conditions to form an enoclate
(Step [4]). The formation of this resonance-
stabilized enolate drives the equilibrium in
the Claisen reaction,

Protonation of this enolate with strong acid
re-forms the neutral fi-keto ester to complete
the reaction.




