CARBONYL POLARIZATION

The carbon - oxygen bond in aldehydes and ketones is polar. The
greater clectronegativity of oxyvgen than carbon shifts the electrons
constituting the = bond partially towards oxygen. Thus carbon becomes
slightly posative and oxygen slightly negative  Also, the carbony| double

bond can be represented as a resonance hibnd of the canonical forms |
and [l .
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Hence, the carbon - oxygen bond is highly polansed It implies that
the carbon atom of the carbom | group s electron deficient, while the
oxygen atom is clectron - nch  This makes the C = O group an exiremely
reactive funcuion i1n aldehydes and ketones  The basic pninciples involved
in the general reactions of this class of compounds are discussed below

1. Nucleophilic addition reactions :

The cloctron deficient carbon of the carbom| group is easily antacked
by & nucleophile which an supply an clectron pair Thus many addition
reactions of the carbony! compounds are 1mtiated by nucleophiles. A
general mechanism of such reactions 1s given below,
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Nu Nu
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First the nucleophile (: Nu) adds to the carbonyl carbon to form an
unstable intermediate. The intermediate then vicids the final product by
abstracting a proton from the solvent or the reacting agent [t 1s notenerthy
that the entire process consisting of the above two steps s frequently
- reversible under cenain conditions when the product 1s transformed back
1nto the staruing carbonyl compound

The nucleophilic addition reactions of carbonyl group arc
by acids or bases

satalvsed

L Acid catalysed addition :

The proton released by the acid combines with the carbomyl oy uen
and thus attenuates the electron deficiency of the carbon atom o this
way the positvaty of the carbonyl carbon atom is increasced and the antack
of the nucleophile enhanced
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ii. Base cotalysed addition :
Here the nucleophile ( Nu) 15 generated from ns conjugate smd

(Nu - H) in the presence of a hase (OH) and 1he addition takes place as
descnibed before
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[ mav be noted that whether the addition is acid - cala

- catalysed. the product obtained is the same. An acid ca
nucleophihc attack by increasing the mucleophilic characte

carbon, while a base does so by increasing the nucleo
reagent

Iysed or bage
talyst promotes
rofthe carbonyl
philicity of the

Rejause Reactivities of Aldehydes and Ketones -

For maximum reactivity towards nucleophiles, the carbony| carbon

liuLId be as positive as possible and not stencally hindered by
idpacent 2roups  The ketones have wo alky] groups on the carbonyl
r Wil alachhvdes have one algyl group only. Each alkyl group
e clectron releasing decreases tha postuvaty of the carbon atom and
fraccount ofits bulk affers stenc hindrance to the approaching reagents
SO betn these reasons the nucleophilic attack on the carbonyl carbon 1s
retaraed fius the carbony ! group in ketones being influenced by two
inv b oroaps as less reactive than in aldehydes where the carbonyl group

'S under thicanfluence of one alkyl group only. Formaldehyde having np -~

kvt 2roup on carbonvl carbon is more reactive than all other aldehydes

vhich are agmn more reaciive than the ketones.
| R R
( =™ () Ce=D C—=
i1 H

: 1¢ sldehvdes Felones
- ity of © decreased pasiivaty of C decreases
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« Acwduy of a - Hydrogen atom :
“ther tvpe of reactions of the carbonyl compounds are due to the
-1duiy o1 the hvdrogen atoms on carbon adjacent to carbonyl, or
¢~ carbon arom The acid character of the a - hydrogen atoms (attached
- Larbon) s explaiied as follows

The carbony! carbon is positive and therefore, artracts t_hc clcctr::]r;s
1 the single bond shared with a - carbon. The o - Car bon‘ in mm_ p’l‘h:
towards it the electrons in the next single bond joining b}dr‘:r%:‘::;irbon
dnft of the electrons avway from the hydrogen atom wmzn:mm to ‘Split
hvdrogen bond  Thus there is a tendency for a-.}h)‘f:‘m“
2T gy proton in the presence of strong basic reagents.
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lThc removal of proton leaving an electron pair gives a casbanion -
¢no

ale 1on which is resonance stabilised. The two contributing forms 10
the hybrid are
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The carbanion thus produced is a good nucleophile and can attack
carbonyl group of another molecule. The formation of the carbanion

followed by its addition to a carbonyl group is the process involved in all
the condensation reactions of aldehydes and ketones.

Reactions

/1. ALDOL CONDENSATION v~ 3¢

In the presence of a dilute base two molecules of aldehyde combine
to form a condensation product containing both an aldehyde group and
an alcohol group. This product is B-hydroxy aldehyde called aldol. Ketones

containing a—hydrogen atom also undergo aldol condensation to a smaller

extent than do aldehydes. The product i1s B-hydroxyketone.
H

H
é NaOH é
CH3 s + HCHZCHO _— CH3 -C- CH:CHO
Acetaldehyde IOH

Acetaldehyde Aldol
CH
3 (BaOH)z CHS
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e HCH,COCH
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J)  —> CH3— C- CHZCOCH3
Acetone H
Acetone i
: Diacetone alcohol (aldol)
Sometime

s the aldol products are stabl
€ enou i
other cases water may be lost spontaneous] sty ted. In

Y to form
or ketone. For example acetaldol] may unde unsaturated aldehyde

: rgo deh ‘ Ing i
P resence of an acid 1o give CrotOnaldehydeg ydration on warming in




46
H H H

H
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H H

Crotonaldehyde
Acetaldol

Similarly diacetone a
undergoes dehydration {

CH, H

lcohol upon heating in the

presence of an acid
0 give mesity] oxide.

CH
CH - ¢ ¢ coc .0 CH é-scncoc
H, O s o H,
H Mesityloxide
Diacetone alcohol
Mechanism
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CH3—(|: ¥ CHi-C=0 ——= CH,-lC - CH,-C=0
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CHy-C-CHi-C-0-H —= CH;-? ~CH,-C=0
o_ OH
I
Aldol
2 Thecarbanion is strongly nucleophilic ang S0 attacks carbonyl carbop
of the second molecule (of aldehyde of ketone) The anion I1 is formeq
3. The anion PIcks up a proton from water to form the aldol I11
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CH,CH.CHO =« CH,CH,CHO —> CH{~CH,~CH-CH-CHO

a
}Nl (‘Il|
hydrasy pentanal
aldehydes alone

2 Methyy 1
Aldol condensation is not confined 10

between an aldehyde and a ketone Such a re
condensation Thus acetaldehyde
of KCN to form 4-hydroxypent

It can be

acnonas called Crogy aldol

and acetone condense i the presence

an-2-one
KCN
CH,CHO + CH,COCH, N CH,—L;!M‘H.,('()(‘H‘
OH
™\ = hydroxypenian - 2 - one
2/ PERKIN CONDENSATION ¥

" When benzaldehyde (or any other
an aliphatic acid anhydride containing two « - hydrop
presence of the sodium salt of the acid, condens
an a - unsaturated acid. This reaction is knoy

L Only aromatic aldehydes are used in Perkin reaction because they do
not contain a, B - hydrogen atoms Aldehydes

a - hydrogen atoms undergo self condensation in presence of bases
and no Perkin condensation takes place

aromatic aldehyvde) 15 heated wirhy

Choatoms in (he
ation takes place 10 from
as perkin reaction
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