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Aldol Condensation

Principle: When aldehydes and ketones having at least one a-hydrogen are treated with
dilute alkali (which act as a catalyst) they form B-hydroxy aldehydes (aldol) or B-
hydroxy ketones (ketol) respectively. This reaction is known as aldol condensation.

Reaction

dil.NaOH A
—l-l CH—CH —CH-CHO —» CH - CH=CH- CHO
2CHJCH0 ’ | ’ H20 ’ But-2-enal
Ethanal OH

(Aldol condensation product)
3-Hydroxybutanal (Aldol)

=
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Mechanism

Step-1:

In reverse order, The hydroxide ion deprotonates the aldehyde.

T
H—(-ll:—CHID + _: BH —_— GHQCHO + HED
H 1
Step-2:
Here Enolate ion 1 adds to the unreacted aldehyde.
(-” : :Eli:_

|

HyC——C——H + CH,CHO H4C ——CH—CH,CHO

Step-3:

Alkoxide ion 2 is protonated by water.

:':lfl:-/\ :?H
G

H]C_ CH _CH?CM +* : -D'H

|

2 3
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Step-4:

A small amount of aldol is converted into enolate ion (4) by hydroxide ion

-

*OH * OH

HyC——CH —(THCHO + :OH — H3C——CH—CHCHO +  HO
. \_/ .
Step-5:

Here Enolate lon(4) loses a hydroxide ion.

:OH
H,C——CH-—CHCHO CH,CH=—CHCHO + _:EH
4
Application:
Aldol reaction
|
O
) NaOH MH NaOH M
H;C
-Hydroxyketone oz ,p-Unsaturated ketone
(Also called an enone)
Aldol condensation f 3
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Perkin Condensation

Principle: Perkin Reaction is an organic chemical reaction which was discovered by
William Henry Perkin, an English chemist. This reaction yields an a, p -unsaturated
aromatic acid.

Perkin reaction mechanism includes the reaction between aromatic aldehydes, the
aliphatic acid anhydride, and the alkali salt of the acid to give cinnamic acid derivatives.
The Perkin reaction is an organic chemical reaction named after its discoverer — William
Henry Perkin.

Reaction:
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Mechanism:
—
© O foy
. D9 - . =
o MR — WG — 7Y
3 oo Ar o
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- X ] O . -
— T —a 2 5 (T 22 %
Ar : );O‘ Ar l O Ar ‘ifI -
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-Ac,0 1 wHoac 1
—_— Ar -_ —_ Ar” OH
Application:
0] o)
0 0 CH,COONa
ik /”\ /u\ 2 N
H H,C o) CH, -CH,COOH H
Benzaldehyde Acetic anhydride Cinnamic acid

(@)
O O CH,COONa N
3
RS 00 G-l 5 )|
S H,C (0) CH, -CH,COOH (0 NY0)
O~ Na
Sodium salt of Acetic anhydride Coumarin

salicylaldehyde
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Wittig reaction

Principle: Wittig reaction is an organic chemical reaction wherein an aldehyde or a
ketone is reacted with a Wittig Reagent (a triphenyl phosphonium ylide) to yield an alkene
along with triphenylphosphine oxide.

This Reaction is named after its discoverer, the German chemist Georg Wittig. He was also
awarded the 1979 Nobel Prize in Chemistry for this discovery.

Reaction:
R_ R T
C
F'h\® o o c
Ph P—C—R + |l —_— | + {
C ( P
eh R R R R R PR~ | Ph
Ph
Ylide Aldehyde or Alkene Triphenyl-
Ketone phosphine oxic

Mechanism:

Step 1: The negatively charged carbon belonging to the ylide is nucleophilic. This carbon
proceeds to execute a nucleophilic attack on the carbonyl carbon of the aldehyde or ketone.
This leads to the formation of a charge separated (and dipolar) intermediate called a
betaine. This step can be illustrated as follows:

o [
C
R~ & :O:
Rl
—_— ~— *
c._ _PPh
Ph - C
e @ - R NG
R ——C——P>——Ph R R
| e
Ph Betaine
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Step 2: The betaine intermediate which is formed in step 1 is now subject to the
formation of a new oxygen phosphorus bond, yielding another intermediate which has
a four-membered ring structure. This step is illustrated below:

-

L1}
0:
(1}
|
]

2O
- \c|: 1C9PPh = \c/ T PPh,
— o a ~
- / ~ o —_— . / \C/
\ \\
S A R -

Step 3: In the four-membered ring intermediate, the carbon-oxygen bond and the
carbon-phosphorus bonds are cleaved. The oxygen takes both the bonding electrons and
forms a new double bond with the phosphorus which lost the bonding pair of electrons
to the carbon atom. A new carbon-carbon double bond is formed with this electron pair
as well, yielding the required alkene product. This step is illustrated below.

N\
H \'\: o \\i | Wittig Reaction Mechanism Step 3 L
~~" PPh ~ A
C N 3 \\ /'/
pan g . C——C\ + Ph,PO
i AN R’ R
e g
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Application:

These fragments are swaped

/
() i) g

R™°R' > AR
Wittig reagent
Carbonyl Alkene
0 (Ph);P=CH, CH,

0 (Ph)sP=CH-COOMe

r

o

-~
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(Ph);P=0

triphenylphosphine
oxide
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Short Question/Blanks

. What condition for Aldol
condensation?

a-H present

. In Aldol condensation which
product is yield?

o, B —Unsaturated carbonyl compounds.

. Which types of catalyst used for
Perkins reaction?

Sodium acetate(CH3;-COONa)

. Give the name reaction Cinnamic
acid obtained from
benzaldehyde?

Perkins reaction

. Write the name of wittig reagent?

Methylene triphenyl phosphine

. The products formed in wittg
reaction?

Alkene
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Beckmann rearrangement:

Principle: The Beckmann Rearrangement process is a natural reaction that is useful in
changing an oxime to that of an amide under some acidic conditions. The reaction

eventually starts by the process of protonation of the alcohol group gather shaping a
preferred leaving group.

Reaction:
,OH “NH
O NH,OH \ Acid
)'k - | “Heat *
Heat 0
Oxime
Mechanism:
_RE—Gf%I—H‘_
Hi P H‘I"__H"\.'
:szx'f IFF)E :E'\*zlx “HoO ¢
R2  OH A2 (OHq 2 RZ
=N
+ "'\..H1
- |
H:ol
R2 Hf RZ2
—NH C=N — =N
A =Y Hd R —H H—de, R
H

10
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Application:
OH
o] N~ O
| H
NH,OH @ H,S0, @
cyclohexanone cyclohexanoxime caprolactam

@\_@ H! /\‘_é) ——-—*CH—EzN—@
AN T AT e

CH; OH CH, Q—H
+\H H,0 | ()
0
| w
CHg —C—NH —Ph =—= CHa—-Ll': =N
OH

Benzil-benzylic acid rearrangement

Principle: Benzilic acid rearrangement converts a 1, 2-diketone into an a-hydroxy
carboxylic acid containing a rearranged carbon skeleton in presence of alkali like NaOH,
KOH etc.
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Reaction:
0 0 0
1. aq. NaOH H
_—
2. aq. H,80, OH
Ph Ph Ph
Ph
Mechanism:
-
(Jc
Addition of OH-
coo’
Migration of H*
Application:
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Hoffmann bromamide Rearrangements

Principle: When an amide is treated with bromine in an aqueous or ethanolic solution of
sodium hydroxide, degradation of amide takes place leading to the formation of primary
amine. This reaction involving degradation of amide and is popularly known as Hoffmann
bromamide degradation reaction. The primary amine thus formed contains one carbon less

than the number of carbon atoms in that amide.
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Reaction
X = CI, Br
O 1. X, base, H,O
FI*NHE, 2. A > R-—NH,
1° amide 1° amine
Mechanism
i (0
0O OH O By gANgBr oy e B
Lo e i o o = R

R™ "NH, (-H;0) R °"NH (-Br) Bromoamide (-H:0)

. I
H,0 0. =
CO; * RNH, === HDJ\NHR = Cy_p = )D\J(‘
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Application:

A
CH,CONH, + Br, + 4NaOH ———> CH,NH, + 2NaBr + Na,CO, + 2H,0

Acetamide Methanamine

CH,CH,CONH, + Br, + 4NaOH ~ ———= CH,CH,NH, + 2NaBr + Na,CO, + 2H,0

propanamide Ethanamine

Short Question/Blanks

7. In Beckmann re-arrangement, ketoxime is converted into in 1° Amide

which types of amide?

8. Give the name catalyst used for Beckmann re-arrangement Conc.H,S04,P,05
9.Which reagent used in Benzil-Benzilic acid re-arrangement Alkali(NaOH)
10. How many number of Carbonyl group present in benzyl? 2

11.Give name rearrangement amide into amine. Hofmann
12.Write chemical formula of Sodium hypobromite NaOBr
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