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CONDENSATION
REACTIONS

e Condensation reactions are extremely important

reactions in organic chemistry. _

e A condensation reaction is a reaction in which two
molecules combine to form a single molecule and a
small molecule, is wusually removed during a
condensation reaction (mostly water).

e The mechanism of many condensation reactions
has been shown to comprise consecutive addition
and elimination reactions.
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***0ne of the most characteristic reaction of
carbonyl compound is the nucleophilic addition
reaction to the carbon-oxygen double bond.

R
N+ A
(H)R/C—O

***The second important reaction of the
carbonyl compound is the acidity of the
hydrogen atoms of the alpha-carbon atoms.

These hydrogens are mobile. ﬁ) ]
s o
QHH o
L
R-C-C-C-H ——> R-C-C-CH

+v|‘_?|‘_l = |‘_|
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o - SUBSTITION REACTIONS OF THE CARBONYL

GROUP
11
R—C—COTC‘:—C—

B‘v

The a-substitution reactions occur when the
mobile hydrogen atom (a -hydrogen) on carbon
adjacent to the carbonyl group (a -position) is
replaced by the electrophile (E).

5
/C\\ E

o [ ?‘]\ i

/C\g,H enolate ion C__E

77N /N
carbonyl compound o - substituted

\\\ :éH /Ef carbonyl compound

/C\\

enol

This reaction occurs via enol or enolate ions..
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Keto-enol Tautomerism

Carbonyl compounds containing hydrogen atom in the
o-carbon atom can be converted to the enol form by
displacement of this hydrogen. This transformation
between the two structures is an isomorphism known as
tautomerism. These isomers are called tautomers.

0 H o-H
b —G=G—
KETO TAUTOMER ENOL TAUTOMER

Many carbonyl compounds are present in keto form. It
is often difficult to isolate the pure enol form.
Example:

(0] O-H o O\/H
[l Cxs
-~ Sc-H
e L= CHi™°C
CH; 'CHs A
% 99.9999 % 0.0001 %99.9999999 % 0.0000001

Cyclohexanon Acetone
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The keto-enol tautomerism of carbonyl compounds occurs by acid
or base catalysis. In acid-catalyzed keto-enol tautomerism; The
protonation of the carbonyl oxygen atom (Lewis base) gives an

intermediate cation, which then forms a neutral enol form with loss
of H + in the a -carbon.

OH H_(oHH OHi o
—C-C-H —CCH T —CgCH = CeC T
H H HY |
> enol
{OH‘
€] /\ N
O H™OH OH
0 e : \ .
L-CH —C=C— —c=c— + OH
I | |
enolate ion

a-Halogenation of Aldehydes And
Ketones

Aldehydes and ketones give halogen derivatives with Cl,, Br,, |, in
a-positions in acidic solutions.

o) o
§CH3 CH3COOH CH,Br
+Br,— + HBr
solvent

Acetophenone a-Bromoacetophenone (% 72)

o]
Cl, cl
7z N
H,0 , HCl HCl

Cyclohexanon 2-Chlorocyclohexanon (% 66)




Acid-catalyzed bromination mechanism of acetone:

../H
'/“ZBase i? /’Br%r
_C /C,\H + BF HC/C\\/H
HaC \CH3 HaC \C/ 3 C

H/ \H Enol H
¥ ":Base
H

H
+/ Y4
:II | e
—_— -~ Br —— A + HBr

.C
H,C” N’ HiC™ 4 H3C’C\CHzBr
H/ \H H/ \H

a-Bromoketones are suitable starting materials in
organic synthesis. For this reason, dehydrobromination is used
to obtain a, B-unsaturated ketone.

O o O
CH
CH, Bry 8 pyridine o CHg
CHCOOH. B T et + HBr
CH3COOH heat B

2-Methyl 2-Bromo-2-methyl 2-Methyl-2-cyclohexanon
cyclohexanon cyclohexanon (% 62)

Note: Haloform Reaction (base catalysed)
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CONDENSATION
REACTIONS

Carbonyl Condensation Reactions
(Aldol Condensation of Ketones And Aldehydes)

e Condensations are very important enolate
reactions of carbonyl compounds.

e Condensations are based on the combination of
two or more molecules usually with the loss of
small molecules such as water or alcohol.

e All compounds containing carbonyl and nitriles
give a condensation reaction.
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Mechanism of Condensation:

/C'P OH o
—C o 0 I 7 HO
0 H [?)H o) D—> il 7
Pl o (]
H H O OH
I

CARBONYL CONDENSATION REACTIONS

e ALDOL CONDENSATIONS

e MIXED ALDOL CONDENSATIONS

e INTRAMOLECULAR ALDOL CONDENSATIONS
e CLAISEN CONDENSATIONS

e MIXED CLAISEN CONDENSATIONS

e KNOEVENAGEL REACTION (MALONIC ESTER)
e WITTIG REACTION

e PERKIN REACTION

e ACYLOIN REACTION

e CANNIZARO REACTION

e PRIMARY AMIN DERIVATIVES OF CARBONYL COMPOUNDS
BY RXN
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ALDOL CONDENSATION REACTIONS

e All aldehydes and ketones carrying «H» in alpha-
C give this reaction with base catalysis.

e Base-catalyzed aldol condensation can be
described as the nucleophilic addition of one
enolate ion to another carbonyl group.

« The B-hydroxy ketone or aldehyde formed after protonation
is known as "aldol". This is because aldol molecules are
derived from aldehyde and alcohol groups.

H H
"M Naon H\C/ é/@
(G =N N
O  Ethanol H \OH 1H
o)

phenylacetaldehyde %90
H O NaOH H OH CH,
ol — | | |
2 H;C-C-C-H =—— H3C-C—C—C-CHO
! Ethanol [ |
CHs HiC H  CHjg
2-Methyl propanal low yield




Mechanism of Aldol condensation:

0 ! o
| OH
HC—C-H —— HC—C—H O
+ | o)
— > HC-C-CHy C~
Te ow L H
H-C-C-H —— H “CH
H H,0
O
HiC—C—CH,-C
i’ H
B-hydroxy aldehyde
ALDOL

e Aldol condensation is a reversible reaction. That is, the
starting material is in equilibrium with the product, and the
acetaldehyde aldol product is observed at 50%. Ketones
give aldol condensation, but the product has a very low
equilibrium concentration.

o NaQH oH
2 C. - H3C-Q-CH2—C—CH3
HsC "CHs Ethanol CHs

Acetone » o5
o
o NaOH
2 Cﬁ - OH
Ethanol
Cyclohexanol %22
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Dehydration of Aldol products

The B-hydroxy aldehydes and [-hydroxy
ketones resulting from the aldol condensation are

easily dehydrated to give conjugated enone
structures.
O on 0
g L~ Hor g
/e — O O+ HO
VRN OH C
H I
B-hydroxy ketone Conjugated enon
or aldehyde

In the basic environment, the enolate ion is formed as a
result of acidic a-hydrogen separation, and the enone
structure is obtained by separating the -OH group with the
E,-like reaction.

1 CI)H . Q? ?ﬂ‘ 9 Cli
-~ OH > | — Y -
/ ‘CjC\ — /C\\E‘/C\ == g + OH
7 H / |
Enolate ion

In the acidic environment, the enol structure is formed, and
with the protonation and water elimination of the -OH
group in this structure occurs enone structure.

9 (')ﬁ H* H\O 6H ﬁ | +
Lot &é G | = /C\c//c\ + Hs0
" < \\E;‘/C\ [

/
Enol

18.02.2020

11



(o] o
O NaOH
B — - / + H O
Ethanol OH 2
Cyclohexanone

Cyclohexiliden cyclohexanone
(%92)

* While many alcohols are resistant to dehydration with
acid or base, aldol products differ due to the carbonyl
groups they have.

« ***Aldehydes and ketones carrying «H» in a-C gives
Aldol condensation. If there is no H in o-C, there will
be no condensation.

o)
CHT&—H CHT& CH— C\ -H,O CHy C=C— c//
o =M o

* This reaction is a reversible reaction and if alpha-C is non-
substituted, the yield will be higher.

+ Since the substituents present in alpha-C form a steric barrier, the
formation of the product becomes difficult.

18.02.2020
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MIXED ALDOL REACTIONS

* In the symmetric aldol reactions given up to now, both carbonyl
compounds were the same.

- Different aldehydes or ketones are used as starting materials in
mixed aldol reactions.

Example: Moving from acetaldehyde and propanal, 4 different products

are reached. Two of them are symmetrical aldol products while two are

mixed aldol products.

oH OH
0
CH3CHCH,CHO  + CH3CH9HCHO
. CHj
Base +
CH3CHO + CH3CH,CHO ———= cl)H QH
Acetaldehyde  Propanal CH;CH,CHCHCHO + CH3CH,CHCH,CHO
CH3
N J N v
g "
symmetrical products mixed products

On the other hand, a single product can be reached with the mixed
aldol reaction.

***|f one of the carbonyl compounds does not carry a-hydrogen
(this structure can not form an enolate ion), it acts as an acceptor for
the nucleophiles

Na OEt + Hzo
Ethanol

2-Methylcyclohexanone Benzaldehyde %78
(donor) (acceptor)

? O Cl OH

0 L] \ . o
Q/H‘NH HzéC:C/(H NaOH) H-C-CH-C-H ™0 ¢ & cn
+
<> |

18.02.2020
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***Furthermore, if one of the carbonyl compounds
iIs more acidic, the enolate ion is formed more easily and
the mixed aldol reaction occurs with high efficiency.

(0] (0]
(@]
0O o i OCH,CH,
o Na' OEt |
+ CH3CCH,COCH,CH; ——>
Ethanol + Hy0

Cyclohexanone Ethylacetoacetate

(acceptor) (donor) % 80

Intramolecular aldol reactions

Intermolecular aldol reactions (between 2
molecules) as well as intramolecular aldol reactions are
also found.

Cyclic derivatives are obtained by intramolecular
aldol reaction by moving from a structure carrying 2
carbonyl groups.

0o (0]
CH, _NaOH _ + H,0
Ethanol
O CHs CH3

2,5-Hexanedione  3-Methyl-2-cyclopentenon
(1,4-diketon)

18.02.2020
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Mechanism of intramolecular aldol reaction:

Q v - o
H ‘QH
TH | — + H,0
CH
CGon™® CH,

3-Methyl-2-cyclopentenon

NaOH, H,0
a

O
CH
" g)a3
H O CH3
2,5-Hexanedione

b
HO
NaOH,k g .
H ‘QH
o~ CH

CH3
<g\ + H,O
o~ CHs;

(2-Methylcyclopropenil)ethanon
(doesn't occur)

Claisen Condensation Reaction

« Ester structures are weakly acidic, as aldehydes and ketones, and
the a-hydrogen containing ester structure is treated with 1 mol base
(NaOEt) to form the B-ketoester structure resulting in a condensation
reaction.

Ex. Ethylacetoacetate is obtained from ethylacetate in the
presence of base. The reaction between these 2 ester
molecules is called the Claisen condensation reaction.

o]

1)Na OEt
2 CHyCOCH,CHs -
2)H;0

Ethylacetate Ethylacetoacetate
B-ketoester (%75)

Il
CH3C—%H2COCHZCH3 + CH3CH,OH
o

18.02.2020
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Mechanism of Claisen condensation reaction:

0
I N
NaOEt _
H > HZS:@ C—OC,Hs _
2 HsC—~C—0OC;Hs L O 0
NaOEt™ o r ch—(‘Z—CHZ—C—OCZHE;
H3c>?5—oczH5 OCoHs
’ l—OC2H5

. | Il
SO HeC-C CFp C— OCoHs

I I
HO" e CH-C—0CoHs

<

0
I I
HaC—C—CH,-C—OCHg + HC

Mixed Claisen Condensation

Mixed Claisen condensation is done with two different ester derivatives. As
previously mentioned, two different aldehyde or ketone compounds were used in the
mixed aldol condensation.

* IOéOEt i i
Q' 1)NaH/THF C~CH,COEt
*+ CH3;COEt —>2)H o + EtOH
3

ethyl benzoate ethylacetate Ethyl benzoyl acetate
(acceptor) (donor)

18.02.2020
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Reaction Mechanism:

O— - —
° & OH (0]

C OH Ic_oczH5 !
oo ¢
OGO

Il Il
C—CHy-C—-0CyHs

? 9
H;O* C—CH-C—0CyHs —
- - «—
\ CoHsO

) )

Il Il
C—CHy-C—0CH5
©/>> Ethyl benzoylacetate

* Mixed Claisen-like reactions can also occur between
esters and ketones.

CH P H 3 ¢ i E
3 . i 1)Na O+Et CHj “H
CHg H H COEt  2)Hz0 CHy H
2,2-Dimethylcyclohexanone Ethyl formate B-Keto aldehyde (%91)
(donor) (acceptor)

18.02.2020
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Malonic Ester Condensation
(Knoevenagel Reaction)

Malonic acid ethyl or methyl esters, which are also known as
malonates, can be prepared by treatment malonic acid with ethyl or
methyl alcohol.

COOC,Hs Since the a-hydrogens between the two
| carbonyl groups are highly active, the
(I:Hz malonate esters undergo base-catalysed
COOC,Hs condensation with aldehydes and ketones to
form unsaturated acid or esters. The reaction
is known as
Knoevenagel reaction
EXAMPLE:
COOH COOC,H
| H; S0, [ 2°
Tt SEor o
COOH COOC;Hs

Malonic acid Malonic acid
ethyl ester

_COOEt H

|
©/ O _"?7COOEt ©/C\\C/002Et

Na® OEt EtOH COLE
Benzaldehyde

_H0" ©/C\ -Co

Cinnamic acid
(%91)

18.02.2020
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MECHANISM:
(EOOCZHE, OH— C|:OOC2H5
j OH
CH, J —> HC- L_ C00CaHs
COOC,Hs COOC, ©/ [ COOCHs
79 o

OH |
: C. H —> ©/ E:\ H - HZO

CH=C—COOCH;

@/ COOC,Hs

HsO*

: CH=CH—COOH

Cinnamic acid
(Unsaturated ester/acid)

Wittig Reaction

It is the condensation reaction of the carbonyl compounds with
the phosphates (Wittig reagents). Instead of the carbonyl group, double
bonds are formed in the reaction to form alkenes. The Wittig reagent is
obtained by a two-step reaction with a triphenylphosphine and alkyl

halide.
TN N : =
@—P: + BoLhr Nz {;yp*ch3 —Buli, QP**CH;
f Bromomethane % Bl'i THF

Triphenylphosphine Methyltriphenyl Methylentriphenyl

phosphonium phosphorane
bromide

18.02.2020
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Benzyl chloride

63 oen
N
:iC=CH@<£ @p@_ca @
©

e With this reaction, carbonyl groups become
alkene compounds.

(CeHs)3P™- CHy®
O —_— — prd
<:>i THF QCHZ " (GHsP=0

methylenecyclohexane trip;f;eny-l;:)F\osp_Eine-oxi_de
ri/ w(‘]
Cl
CHs
Example: o

CHs CH,
1) CH;MgBr
2) POCl, +

1-methylcyclohexene methylenecyclohexane

20



(e}
CH3MgBr
POCI3

1-Methylcyclohexene Methylcyclohexane
—

(9:1)

CH,
(CgHs5)3P—CH,

e
3
+ (CgHs)sP=0
THF

Methylencyclohexane
(%84)

Perkin Reaction

Condensation of an aromatic aldehyde and an acid
anhydride in the presence of Na or K salt of acide

corresponding to anhydride is called the Perkin reaction.

CHO Q@ 9 1)CH;COONa CH=CHCOOH
+ HyC-C-O-C-CHs —»2)H 5
2

Benzaldehyde Acetic anhydride Cinnamic acid (%64)

18.02.2020
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Acyloin Condensation

* a-Hydrogen-free aldehydes give an addition reaction in
the presence of alkali cyanide (KCN) and occur the
acyloin, which is a-hydroxy ketone. (benzoin synthesis).

I n9"
2 Ar—C—-H ﬂ» Ar—C—Cll—Ar
H

a-hydroxy ketone

Mechanism:

@\H N @C_H_'@ O

BENZALDEHYDE
O OH L
OO Ogs
I “CNH

Benzoin 0X.

Red.

O O
C

Dibenzyl

18.02.2020
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Cannizaro Reaction

a-Hydrogen-free aldehydes give cannizaro reaction in the
base environment.

One of the two aldehyde molecules is oxidized to
carboxylic acid by giving two electrons to the other, while the
other is reduced to alcohol by geting electrons. For example;
The 2 molecule benzaldehyde interacts with one another to
form benzoic acid by oxidation of a molecule and benzyl
alcohol by reduction of the other molecule.

o

C\ H NaOH CH,OH COOH
2 - . +

Benzyl alcohol Benzoic acid

Benzoic acid

tetrahedral (oxidized)
+

intermediate

Benzyl alcohol
(reduced)

18.02.2020
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Mechanism:

} - oS
#0 %) o
¢z, OH C7H J—@
O gk

0 (P
H I
z : S+ @/C\H
He——— OH H
\
©/CH20H ©/COOH
+

Benzyl alcohol Benzoic acid

Condensation Reactions of Aldehydes
and Ketones With Ammonia and
Primary Amines, Formation of Imine

e The aldehydes and ketones give an unstable
addition product with NH;.

R\ R\ /OH R\
/C:OH+ NH3 ,C. — _,C=NH + Hy0
(R)H (R)H NH, (RH
unstable addition imine
compound Aldimine/ketimine

unstable, basic compound

*** Substituted imines are called Schiff bases.

18.02.2020
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Condensation reactions with
various amine derivatives
R R
C=0 + H,N-OH _C=N—OH + H,0
(R)H hydroxylamine (RH e

(aldoxime/ketoxime)

Stable and have definite melting point
*** used to identify of aldehydes and ketones

R AN

\

C=0 + HyN—NH, C=N—NH; + H,O
(R)H hydrazine (R)H hydrazone

Hydrazine and 2,4-dinitrophenylhydrazine can also be used
in the identification of carbonyl compounds, they form
hydrazone.

R R

\ \

C=0 + HZN*NH@—> /CZN*NH@ + H,0
(RH (R)H

phenyl hydrazine phenyl hydrazone
s OyN R O2N
€=0 + HZN*NHONOZ — /C:N—NH@NOZ + H,0
(RH (R)H
2,4-dinitrophenyl hydrazine 2,4-dinitrophenyl hydrazone

18.02.2020
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e Hydrazones react with aldehydes to form azines.

R\, R R\, R
_C=N—-NH, + c=0 —> _C=N-N =C\ + Hy,O
(RH (RH (RH H(R)
Hydrazone Azine

e Another compound used in the identification of
carbonyls is semicarbazide.

R R

\ \
,L=0 + HN-NH—C—NH, —> LC=N—NH-C—NH, + H,0
(R)H 3 (R)H o
semicarbazide semicarbazone

Thiosemicarbazone is obtained when thiosemicarbazide,
which is a sulfuric derivative, is used instead of
semicarbazide.

Condensation products of ketone and aldehyde with amine derivatives are
summarized in the following table:

N . HY . -
/C:O + HoN—Z 4>/C=N—Z + H,O

HN-Z Reagent Product
. Na_ P
-H H,N—H _C=N—-H imine
R - N . )
H,N-R _C=N-R imine (schiff base)
-OH HZ'I\FOH \C:.I\FOH oxime
-
-NH; HoN-NH, :C:N—NHQ hydrazone
-NHPh H,N-NHPh /\C:.I\.I~NHPh phenylhydrazon
. I e I

H,N—=NH-C—NH, /C—N»NH*C*NHQ semicarbazone

-NHCONH,

18.02.2020
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