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UNIT - 6 : Aldehydes, Ketones and Carhoxylic Acids

ALDEHYDES AND KETONES I

® Thesearethecompounds containing carbonyl group
(>C=0) having general formula C,H,,0.

® Aldehydes contain carbonyl group attached to
either two H-atoms or one H-atom and one C-atom
of an alkyl/aryl group.

® In ketones, the carbonyl group is attached to two
C-atoms of an alkyl/aryl group.

NOMENCLATURE

® The IUPAC namesof open chain aliphatic aldehydes
and ketones are derived from the names of the
corresponding alkanes by replacing the ending
~‘¢’ with —‘al’ and —‘one’ respectively. For example,
CH; —CO —CH, —CH, —CH;
Common name : Methyl n-propyl ketone
IUPAC name : Pentan-2-one

g

CH,—CH—CHO
Common name : Isobutyraldehyde
IUPAC name : 2-Methylpropanal

STRUCTURE

® The C atom of carbonyl group is sp? hybridised and
forms three 6 bonds and one n bond with O atom.

w

40,

Carbonyl carbon and three atoms attached to it lie
in the same plane with bond angle of 120°, trigonal
coplanar structure and n-electron cloud lies above
and below of this plane.
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The carbonyl bond is stronger, shorter and more
polarised as compared to the double bond in
alkenes. As oxygen is more electronegative than
carbon, the double bond of carbonyl group is polar
and shows dipole moment. Polarisation contributes
to the reactivity of aldehydes and ketones.

R .. R+ ...
|:R*’"C:O: —_— R"’CHQ:}
sp2-hybridised
%,9

Eﬂ
IE'D"'C Ok\‘w lucleophilic (Lewis base)

)( 120°

Electrophilic (Lewis acid)

Carbonyl group

------------------------------------------------------------------------------
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PREPARATION

Oxidation of alcohols .

K,Cr,0, + H,S0,
v
H,O + RCHO
N7

I
H,0+ R—C—R

RCH,OH + [O]

R,CHOH + [O]

Oppenauer oxidation
I[(CH3)5COl;

A
R,CHOH + (CH,),CO ¥
(CH,),CHOH + RCOR

Catalytic dehydrogenation of alcohols

Cu
RCH,0OH ——=—> RCHO + H,1

- C
Ry,CHOH ——=—=> R,CO+ H, T

Reductive ozonolysis of alkenes

CHCl, O
CCl
RCH=CHR + O;——%> RCH) (CHR
0-A\O

YRCHO + ZnO < Z2H0 |

Rosenmund reduction

~P0v 25 RCHO + HCI

boiling xylene

RCOCI + H,

Reduction of nitriles

(i) AIH(i-Bu), |
(i) H,O >RCHO

(i) R'MgX/dry ether .
& 5> RCOR
(ii) H,O

(1) SnCl, + HCI
(ii) Ether
(iii) H,O

RC=N

>RCHO
+NH,Cl

(Stephen reduction)

From esters
(i) DIBAL-H, 195 K

RCOOR () L0 > RCHO
Gatterman —Koch reaction
CHO
CO, HCI
Anhyd. AlCl,, CuC]
Friedel —Crafts acylation
COR
RCOCI
Anhyd. AIC,

—

Aldehydes

and
Ketones

From alkynes

dil .H,S0,
HgSO,, 333K RCHO
—~C=E— — o
B,H,, THF RCOR
H,0,/OH" ?

Oxidation of 1,2-glycols

R—CH—CH—R"+ Pb(OOCCHy),
OH OH 1

RCHO + R"CHO + 2CH,COOH +

I {|)H (IJHR (CH,COO),Pb
< "0
>c—c{" —L5 RCOR + R'COR’
R R’
Etard reaction
CH,4 CHO
() CrOCh/CS,
(ii) H,O"
+2CH,COOH
Oxo process
RCH=CH, + CO + H, 12
— 2 2 100°C, pressure
RCH,CH,CHO
Wacker process
- CuCl,
H,C=CH, +Pd(Cl, + H,0O o O

CH,CHO + Pd + 2HCI

From alkyl halides
RCH,X + (CHj3),50 ——> RCHO
+(CH;),S + HX
R,CHX + (CH;),50 ——> R,CO
+(CH;3),5+ HX

From lithium and cadmium salts
disr
2RMgX + CdClzﬁ- R,Cd + 2Mg(X)Cl

R,Cd + R'COCl —> RCOR’ + RCdCl

OH
R—COOLi +CH,Li —> R—C—CH,
OLi

‘LI-IJ“II-IEG

O OH
1 ~H,0 | |
OH
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PHysicAL PROPERTIES

Physical state : Formaldehyde is a pungent smelling
gas. Aldehydes and ketones upto eleven carbon
atoms are colourless liquids and higher members
are solids.

Smell : The odour of lower aldehydes is unpleasant
but the odour of higher aldehydes and ketones is
pleasant.

Boiling point : The boiling point of aldehydes and
ketones rise steadily with increase in molecular
mass. Among carbonyl compounds, ketones have
slightly higher b.pt. than isomeric aldehydes. This
is due to the presence of two electron releasing
groups around the carbonyl carbon which makes
them more polar.

Solubility : Lower members are soluble in water,
whereas higher members are insoluble in water.

CHEmicAL PROPERTIES

@

Polarity of carbonyl (“C =0) group : Aldehydes
undergo nucleophilic addition
reactions in contrast to alkenes which undergo

and ketones

electrophilic addition reactions.

LY

N Wik =

Acidity of o-hydrogen atoms : The acidity of
o-hydrogen atoms of carbonyl compounds is due
to the strong electron withdrawing effect of the
carbonyl group and resonance stabilisation of the

conjugate base.

O

CO
T e
(& 2
H B

Nuclenphilic addition reactions :

g/ oA

Planar Tetrahedral Addition
intermediate product

'S
H—C:C—]

» Reactivity order:
Aldehydes > Ketones

(steric and electronic reasons)
HCHO > RCHO > PhCHO > RCOR
> RCOPh > PhCOPh
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HCN w o+ CN
> C
A= OH

Cyanohydrin

NaHSO, s N H,SO;NEL
;""C"*-.
OH
Bisulphite
— B RMX. 2R
£ () H0" 7 "OH
ROH _\ .,OR _ROH ~OR
dry HCI s “‘“OH dry HCl 3 HDR
Hemiacetal or Acetal or
‘E ! "z?} " Hemiketal ketal
CH,OH 0 CH
laed
O—-CH,

Cyclic acetal or ketal
Nucleophilic addition - elimination reactions :
(i) NH
i—> 3C=NH+H,0

(i) A Imine

i) NH,— 2
i > >C=N—-Z+H,0

(i1) A . L
Imine derivatives

 Z = Alkyl, Aryl, — —NHC,H,,

NO,

—NH —@—NOEJ —NHCONH,

Aldol condensation :

Aldehydes and ketones having at least one
o-hydrogen undergo aldol condensation.

OH, —NH,,

u PEE W
() il. N:
2R—CH,—C —H-E8 g oy, —CH—CH—C—H
= Aldol
\LHED
R O

|l
R—CH,—CH=C—C—H
o, p-Unsaturated aldehyde
» Crossed aldol condensation :

CH;CHO + CH;CH,CHO
—> CH;—CH=CH—CHO

> CHyCH, —CH=C—CHO

dil. NaOH
o CH;

Self aldol
products

> CH;—CH=C—CHO
CH,

—> CH;3CH,—CH=CH—CHO
» Intramolecular aldol condensation : It takes
place in dicarbonyl compounds and gives rise

to cyclic products.
O O

dil. NaOH
o s, (]

Cannizzaro reaction :
It takes place in aldehydes which do not have
o.-hydrogen atoms.

Cross aldol
pmducta




HCHO + HCHO <225 CH;0H + HCOOK"
Formaldehyde Methanol

Potassium
formate

» Crossed Cannizzaro reaction :

I i
CE,HE}—C—-H O Conc. NaOH S

A
Benzaldehyde  Formaldehyde
-+
C.H-CH,OH + HCOONa

Benzyl alcohol

Sod. formate

Oxidation and reduction reactions :
Oxidation

K,Cr,Oo/H"
RCOOH <

2[Ag(NH5),]"OH~, OH™

Tollens' reagent

RCOO™ +2Ag| <

Silver mirror test
(only aldehydes)

2Cu4t, 50H™

RCOO™ + Cu,0l <
red ppt.

Fehling's solution test

(only aliphatic aldehydes)
C.H-CO;H
RCOOR’«¢ -l
Baeyer— Villiger oxidation " Hyo0s

CuO or Cu(OH),

RCOO™ + Cu,0 <

red ppt.
Benedict's solution test
(only aliphatic aldehydes)

Haloform reaction :
Acetaldehyde,
having CH3;CO— group or compounds having
CH;CH(OH)— group undergo haloform reaction.
2NaOH + I, —> Nal + NaOI + H,0

RCOCH, + 3NaOI —> RCOONa + CHId + 2NaOH
(vellow ppt.)

acetone ketones

and methyl

» Intramolecular Cannizzaro reaction : It is

given by dialdehydes having no o-hydrogen

Fehling’s solution <—

atoms.
o T
H—C—C—H + NaOH —-> H—C—C—0ONa
Glyoxal (50%)
H
dil. HCI
HOCH,—COOH¥<
Glycolic acid
Reduction
I—IE,’Ni or
Pt or Pd \
L1A1H4 or N.?IBI—I_1 R"&
J_/,CI—IDI—I
R R /‘
RM,C O [(CH,),CHOJ,Al
+ (CH5),CHOH
R'=Hor > Meerwein— Ponndorf
alkyl or Verley reduction
(only ketones)
aryl group :
Zn-Hg/HCI
Clemmensen reduction \
HI/Red P, 423 K R
> Ryt
NH, — NH,/KOH /
Wolff — Kishner reduction
® Benzoin condensation :
TN
CHO | CH—C
4 @/ ale. KON @ \@
A
Benzoin

® Reformatsky reaction :

R
N\C=0 + Br - CH,COOC,H, -Zuether

. ) . ) R” reflux
® Electrophilic substitution reactions :
O,N R, - o OZnBr H,0 R\‘C /,DH {|:|}
T/ T S Y T
@—mo R @—CHC} R™NCH,-C-0CH; X~ CHy-C-OGH;
273-283 K
Benzaldehyde m-Nitrobenzaldehyde w . O
: * ¢ Distinction between aldehydes and ketones :
® Perkin reaction : _
CHO Tests with Aldehydes Ketones
O O o Schiff’s reagent | Pink colour No colour
Il Il CH,COONa
+CH,—C=0—C—CH, Fehling’s 2 2
l : Red precipitate | No precipitate
solution
CH=CH — COOH —
Black precipitate | No black
CH,COOH + Tollens’ reagent | of silver or silver | precipitate or
e i mirror silver mirror
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I CARBOXYLIC ACIDS I

These are the compounds containing —COOH  PHysicAL PROPERTIES

group having general formula C,H,, 0O,.

NOMENCLATURE

In the IUPAC system, aliphatic carboxylic acids
are named by replacing the ending —'¢’in the name
of the corresponding alkane with -‘oic acid. In
numbering the carbon chain, the carboxylic carbon
is numbered one.

CH;—CH—COOH

|
OH

Common name : Lactic acid
IUPAC name : 2-Hydroxy propanoic acid

PREPARATION

RCH,OH

Primary

Oxidation, alk. KMnO,,, 1—1:1}':_'1*r
or CrO4-H,50,
or KECIEDT + dil. HESD4

>RCOOH

alcohol

RCN
Alkyl

Hydrolysis

> RCOOH

Mineral acid

cyanide HCL H,50,, etc.

RMgX

Grignard

CO, (dry ice)

> RCOOH

dry ether

réage nt

_|_

H,O
RCONH, ——> RCOOH

Amide

H,O
RCOCI
Acyl halide

H,0
(RCO),0

or, (i) OH /H,0 > RCOOH

(ii) H,O"

> RCOOH

Acid anhydride

RCOOR’

H,0", A

> RCOOH

Ester

RCH=CHR
Alkene

KMnO,/OH"
A, H;0"

> 2RCOOH

R COOH

KMnO, - KOH/A
H,0*

>

Alkyl benzene

44
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Physical state : The first three acids are colourless,
pungent smelling liquids. The acids from butyric
to nonanoic are oily liquids. The acids higher than
decanoic acid are odourless solids.

Boiling point : Organic acids have high boiling
points. It is due to strong van der Waals' forces due
to their polar nature. Higher boiling points of acids
relative to alcohols are due to the higher degree and
strength of hydrogen bonding in them (because of
the presence of two oxygen atoms).

Solubility : Carboxylic acids having upto four
carbon atoms are miscible in water, after that
solubility decreases as the number of carbon atoms
1ncreases.

CHEmicAL PROPERTIES

Acidic nature : Carboxylic acids are weaker acids
than mineral acids, but they are stronger acids than
alcohols and many simple phenols.

0
R—C? +H,0 =2 H,0"+
OH
(0 1 oY
R—C’@B HR—C&B =R—C{ }
- O O

Eftect of substituents on acidic strength :
» Presence of electron withdrawing groups,
increases the acidic strength.

» More the number of electron withdrawing
groups, more will be the acidic strength.

» More is the distance between the carboxyl
group and electron withdrawing group, less will
be the acidic strength.

» Presence of electron releasing groups, decreases
the acidic strength.

Reactions involving —OH group :

RCOOH/H', A <
50 A '5 > (RCO)EO
~EH25 Anhydride
R'OH/HT
ﬁ:l} 0 > RCOOR’
: 2 Est
R—C-+OH q o
. PCl, or PCI; .
=5 RCOCI
Ll i Acid chloride
NH,, A
- > RCONH,
- H,O .
. Amide




® Reactions involving proton of —OH group :
™ 5 RCOONa + H,
O NOY 5 RCOONa + H,0
—(C—OHI| | Na,cO
R=C~OH] | Tt 5 RCOONa + CO, + H,0
NaHCO, .
—> RCOONa + CO, + H,O
e Reaction involving ~C =0 group :
]
oL (i) LiAlH /ether or B,H /ether
BrCrOurS H,0" (Reduction) > RCH,0H
® Reaction involving —COOH group :
NaOH and C—aD > RH + NBECO3
ﬁf (Decarboxylation)
R+ C—OH N,H
Conc. 1,50, > RNH, + CO, + N,
(Schmidt reaction)
1. In the following reaction,

CHO
CHO + NaOH -2

OHC
The main product is

CH,OH
(a) @ CHO

NaOOC
CH,OH
(b) CH,OH
NaOOC
CH,OH
© @coom
HOH,C
COONa
(d) CH,OH
OHC

Reaction involving —R group :

O

RCH,+C—OH

(i) H,O

)-R—(ISH-—COOH
X

ot-Halocarboxylic acid
(Hell-Volhard-Zelinsky reaction)

Ring substitution in aromatic acids : —COOH

group is deactivating and meta directing.

COOH
Br, 5 @
COOH FeBr,, A Br
@ COOH
Conc. HNO;,

@
NO

Conc. H,S80,, A
2

PRACTICE

The major product of the following reaction
sequence 1s

O
(i) HCHO (excess)/NaOH, heat 5
(ii) HCHO/H™ (catalytic amount)
Oﬁo O OAOH
(a) O)% (b) W
Of*’ﬁ\
HO\j ¢ ) OH
(©) W (d) @J%

OH
(JEE Advanced 2016)

Arrange the following in the increasing order of
reactivity with NHa.

() CH,O

(II) CH,CHO

(11T) CH;— CO—CH,
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