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3 1% FOHLTF &

Chapter 19 NTU & hemistry J__ér
Condensation and conjugate addition reactions |
of carbonyl compounds

s B-Dicarbonyl compounds

O O Q@ =0 O O
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B-dicarbonyl system B-keto ester malonic ester
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T a vinylougous acid resonance stabilized

+ H
pK,~10-14



% The Claisen condensation
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NTU & hemistry : _j_,,
o 0 + EtOH
CH3;CCH,COEt
lNaOEt
0 O HCI o O
CH3CCHCOEt CH3CCH,COEt
hyl
Na et Yy acetoacetate

(an acetoacetic ester)
75-76%
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R—-C-CrOEt HLC C-OEt ——> R-C-&_c-& opt + EtOH
Hy ~—-mmmmme R H, &
Mechanism:
i @
RCH,COEt + EtO0 == RCH=COEt + EtOH
© o) o 9
RCH,COEt + RCH=COEt =~ RCH,C-C-C-OEt + EtO
w R H
DUBE i
This step drives the O_0
equilibrium to the right RCHC— g C-OEt + EtOH
@) O @)

No Claisen condensation No available acidic hydrogen
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77%



v’ Dieckmann condensation

O 1) NaOEt ?, 0
OEt - - {
EtO 2) H OEt

O
diethyl haxanedioate ethyl 2-oxocyclopentanecarboxylate
(diethyl adipate) 74-81%

Basically, this is an intramolecular Claisen condensation



© Crossed Claisen condensation

One component should have no a-hydrogen
or be very reactive

EtO @)

O i 1) NaOEt

+ > O
©/\Oit L0” gola,. sl
OEt
(excess)
65%
@)
+ !
CO.E HJ\OEt 2) H*
ot CO,Et

60-70%
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© Acylation of ketones
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s The aldol reaction NTU @ henistry __.-3;
o 10% NaOH, H,O OH ©
2 ch)kH £ 0c CH3CHCH,CH 500

3-hydroxybutanal
an aldol product

*Also called an aldol addition product



Mechanism:

MH + Hy0, == MH + OH

v The aldol reaction is reversible
v’ For aldehydes, the equilibrium favors the aldol products

*The reverse of aldol reaction Is called retro-aldol reaction



© Dehydration of aldol addition product
OH O A OH O

) O

,,v

crotonaldehyde .
2- nal -
( a?]uéia?) an aldol condensation

product

This double bond is more stable
due to conjugation

v" Aldol addition or condensation?
depend on the reaction condition and
substrate structure



© Acid-catalyzed aldol condensation

O H* OH )( oMon
J £ = 1=

Dehydration is easier under acidic condition




© Aldol reaction of ketones
equilibrium favors starting materials

O  _ NaOH OH O
I =— I

55%

O

(@)

ij _ NaOH O\_@ higher steric effect

‘ | ield

S\ -> lower yie
22%




© Synthetic application

O OH" OH O NaBH, . oH
2 RCH,CH 0O RCHZCHCHCH > MHAOH
2 R B
l H*, H,0O a 1,3-diol
H 9 LAH
2 —C—CH-OH
R NI R R
an allylic alcohol
l H,, Pd/C
9
RCHZCHZ(FHCH

R



© Crossed aldol reaction

O O NaOH
\)J\H + )J\H H,0 > /H)J\
OH O

ey

A mixture is obtained

Solutions:

St o

68%

adds slowly
has no o- hydrogen to avoid self

an extended conjugate
system:
dehydrates very easily
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L. 2% . PhcH=CCH
H PhCH, 25 °C Ph
O
O dil. Na,CO5 OH O
- H < o
H 40 °C

> 64%



© The Claisen-Schmidt reactions
condensation of non-enolizable aldehyde with ketone

O O OH~ O
oy Y L oove” PhCH=CHECH,
T 70%

slow addition not necessary
self condensation is slow

@)
O NaOEt
= H +
| EtOH BF3
_5°C HOAC

Vitamine A

B-ionone



© Condensation with nitroalkanes

+ /p _H+ + /p /O
RCH,~N _ ——— R-CH-N _ <> RCH=N _
@) @) @)
nitroalkane resonance stabilized
pK, ~ 10
O OH™
M+ cHgNO, PhCH=CHNO,
Ph” “H
Ho, Ni

PhCH,CH,NH,



© With nitriles

CH,CN pK, ~ 25

O NaOEt _
I+ PhCH,CN PhCH=C~C=N
Ph” “H EtOH Ph




© Application of aldol reaction: ring formation

B
b 0 )J\O Hc}i>
)q\/\l/\*WH VA )Cjto H20 %/OH
o 0 HO
c. ©
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NTU & hemistry j
% a,pB-Unsaturated aldehydes and ketones ==

— YKFOH 1,2-addition
Nu
PO e —
! \ %5&0 T 7

1,4-addition

ﬁ%fo an ambident or
electrophile conjugate addition

|

\F(%/O




v 1,2-Addition is kinetic product
+0
\H\%O
20
\ more positive: reacts faster

v’ 1,4-Addition is thermodynamically controlled

oN O O

Resonance stabilized
- More stable



v In general:
highly reactive nucleophiles such as RLi, RMgBr
- 1,2-addition
moderately reactive nucleophiles
- 1,4 addition
Ex: RO, ROH, RNH,, CN

] A)?\ 1) CH3MgBr OH )\)i
X 2) H30" M

1,2-addition 1,4-addition
72% 20%
> ) EtOH Q
PhCH=CHCPh + CN > PhCH-CH,CPh
AcOH |

CN
95%
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% Michael addition U@l L

Addition of enolate to o,3-unsaturated carbonyl compounds

O O Ph O

9 OH™
PhCH=CHCPh Ph
Mechanism

Q D) 0 O Ph O

OH" /E*CH:/CT‘—IEL,Ph P

- Ph

l H,O

O Ph O
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O O
o OH
+ -

ﬁj\ CH3OH O

O O

a 1,3-dicarbonyl methyl vinyl ketone
compound (MVK) l
very acidic

lorr iu:tlo
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< The Mannich reaction

HCI O
)K + H)kH + EttNH ——— MNBZ + H,0

Mechanism:
0O " OH H* H\B/H

Et,NH
HJ\H " NEt, %

(NE,
ﬂ

N :L\'rEtz + H,O

An imminium ion
(very reactive)

Et
+ H. ‘: I>|\+
O H ) Et O

AN - A




©) Directed aldol reaction

@)
O LDA, THF O L' AH O OLi
\)J\ ~78 °C \)J\/K
leo
O OH

75%

Obtain a mixture
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3% The Knovenagel condensation NTU @henisin) =

Condensation of active methylene compound
with aldehyde or ketone

O O EtOH >¥OEt
PR + CI@CHO - m@c::c
OEt CNH H },
o)
AcOH
—H,0 86%
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3% Barbiturates (von Baeyer, 1863) NTU QAo A

tautomerization

Q Q 3 HO
OEt HoN ay—NH N
NaOEt - 5 2>:O
+ =0 : — { / OH
O /HO

Contains a pynmldlne ring

barbituric
Stronger acid than acetic acid acid
RN o
R Et Veronal
Et  (5,5-diethylbarbituric acid)

® pPK,=7.4

HN
O)\N
H
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» Biological chemistry =
i acetoacetyl CoA thiolase O O
2 H,C~ "SCoA MSCOA
racetyl CoA
More acidic than ester
NH,
N N
O O |C|) H C|:H3 O O </ | )
H3C—C—S—C—C—N—C—C—C—N—C—C—C—C—O—I?—O—P—O o N N/
HyHH  HHaH O opept o O _IQ
|
C|) OH
Full structure of acetyl CoA “0-P=0



O O O HMG CoA synthase OH O
PN + L O)k MSC .
SCoA SCoA 0

B-hydroxy-p-methylglutaryl CoA

\ HMG CoA lyase

HoH @ o 0
M O B-hydroxybutyrate MO‘
A dehydrogenase
: i—co2
ketone bodies
@
Diabetes or on starvation; PN
—>No utilization of glucose acetone

- Fat metabolism for energy

—>Produce too much acetyl CoA

—>EXxcess acetone is formed

—>Ketosis

Normal 3 mg/100 mL blood of ketone bodies
Ketosis can be as high as 90 mg/100mL
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