CSBE Class 12 Chemistry
Revision Notes
Chapter 12
Aldehydes, Ketones and Carboxylic acid

Aldehydes: Aldehydes are the organic compounds in which carbonyl group is attached to
one hydrogen atom and one alkyl or aryl group.

O

™
R H

Where R can be an alkyl or aryl group
Preparation of aldehydes:

a) By oxidation of alcohols: Oxidation of primary alcohols in presence of oxidizing agent like
K2Cr207/H2S04, KMnO04,Cr0O3 gives aldehydes.

H

RCH,OH —%&2 sp_C =0

Aldehy de

1" digohol

b) By dehydrogenation of alcohols: When the vapours of primary alcohol passed through
heated copper at 573 K, it forms aldehyde.

Cu 573k
RCH,OH— RCHO
10Alcohol Aldehyde
¢) By hydration of alkynes: Ethyne on hydration with HgSOy /dil. H» SOy at 333 K forms

acetaldehyde.
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d) By Rosenmund reduction: Hydrogenation of acyl chloride over palladium on barium

sulphate gives aldehyde.

O
I I CHO
“‘HC] H, ,
Pd - BasS0,
Benzoyl chloride Benzaldehyde

e) By reduction of nitriles:
1) Stephen Reaction: Reduction of nitriles in presence of stannous chloride in presence of HCl

gives imine which on hydrolysis gives corresponding aldehyde.

RCN + SnCl, + HCI
v

RCH =NH

i
B4

RCHO
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ii) Nitriles are selectively reduced by DIBAL-H (Diisobutylaluminium hydride) to aldehydes.

AlH (i—Bu),/H,O
RCN »R— CHO

CH,—CH = CH —CH,CH, —CN

AlF (- Buv./H-0 .

CH,—CH = CH —CH,CH, —CHO

f) By reduction of ester: Esters are reduced to aldehydes in presence of DIBAL-H

(Diisobutylaluminium hydride)

0
CH,(CH,),-C-0CH,

0 H/H=TFEIT

0
CH,(CH,),-C-H

g) From Hydrocarbons:

(i) By oxidation of methyl benzene: Etard Reaction: Chromyl chloride (CrO2C'ly) oxidizes
methyl group to a chromium complex, which on hydrolysis gives corresponding
benzaldehyde.
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: CH,

Toluene +CrO.Cl

e

: CHI(OCrOHCL,),

_Chromium complex

f
i
+
: CHO

Benzaldehyde

Using chromium oxide(CrO3): Toluene or substituted toluene is converted to benzaldehyde

in presence of chromic oxide in acetic anhydride.

CH,
©/ + CrO, + (CH,CQ),0

HEBT-ELE

CHIOCOCH), | CHO
] B )

Benzaldehyde

(i) By side chain chlorination followed by hydrolysis:Halogenation of toluene: Side chain

halogenation of toluene gives benzal chloride which on hydrolysis gives Benzaldehyde.

CH, CHCI,
©/ CL/hv ©/
—l

Toluene Benzal chloride

;
—

Benzaldehyde

MELle
O'H
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(iii) Gatterman —Koch reaction: Benzene or its derivatives on treatment with carbon
monoxide and HCI in presence of anhydrous aluminium chloride or cuprous chloride (CuCl)

gives benzaldehyde or substituted benzaldehydes.

CHO
CO. HCI
Anhyd. AIC1,/CuCl’

Benzene Benzaldehyde

e Ketones: Ketones are the organic compounds in which carbonyl group is attached to
two alkyl group or aryl group or both alkyl and aryl group.
0O
|
C
i
R R’
Ketone
Where R, R’ may be alkyl or aryl.

e Preparation of ketones:

a) By oxidation of alcohols: Oxidation of secondary alcohols in presence of oxidizing
agent like KoCroOy7/H SO4, K MnQO4, CrO3 gives ketones.

E E
[ Qxidation [
ECn0,  H 50
R—-C-0H - i s R-C=0
2" Alcohol Eetone

b) By dehydrogenation of alcohols: When the vapours of a secondary alcohol are

passed over heated copper at 573 K, dehydrogenation takes place and a ketone is

formed.
R_CH_RI Cr/573% }R—C—R'
i’.:‘H o

¢) By hydration of alkynes: Alkynes on hydration with HgSO4 /dil. Hy SOy at 333 K
form ketones.
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CH -C=CH+H-0H

(.5 .3H

TESE
3

CH,- C =CH,
OH

WD 1A Wa ST

R

CH,-C—-CH,

o
Br opanas ne

b

d) From acyl chloride: Acyl chloride on treatment with dialkyl cadmium (prepared by

reaction of cadmium chloride with Grignard reagent) gives ketone.

2R — Mg — X + CdCly — RyCd + 2Mg(X)ClI
2R'-C-CI+R,Cd —2R'-C— R+CdCl,

o )

e) From nitriles: Nitriles on treatment with Grignard reagent followed by hydrolysis give

ketones.
oMEHr ]
. e e e o : HO' &
CH, — CH, — C = N + CHMgBr—=s CH.CH, — C SR RN 1 |
CH e

Fropiophennne
| 1-Fhenyipropancne

f) By Friedel Crafts acylation reaction: Benzene or substituted benzene on treatment with

acid chloride in presence of anhydrous aluminium chloride forms ketone.
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0
I

I Anhyd. AlCI, _ “ Ar/R

+ Ar/R-C-Cl

g) Preparation of aldehydes and ketones by ozonolysis of alkenes:

| | -0
—_— = — +0,— = ( —
S, r j
ropend O — O
ozonide
| Zn + H O
e

— o I O=C =
Aldehvdes or Ketones

e Reactions of aldehydes and ketones:

1. Aldehydes are generally more reactive than ketones in nucleophilic addition reactions
due to steric and electronic reasons (or inductive effect).

2. Electronic Effect: Relative reactivities of aldehydes and ketones in nucleophilic addition
reactions is due the positive charge on carbonyl carbon. Greater positive charge means
greater reactivity. Electron releasing power of two alkyl groups in ketones is more than
one in aldehyde. Therefore positive charge is reduced in ketones as compared to
aldehydes. Thus ketones are less reactive than aldehydes.

3. Stearic Effect: As the number and size of alkyl group increase, the hindrance to the attack
of nucleophile also increases and reactivity decreases. In aldehydes there is one alkyl
group and one hydrogen atom, whereas in ketones there are two alkyl groups (same or
different).

¢ Nucleophilic addition reactions of aldehydes and ketones:

(a) Addition of hydrogen cyanide (HCN) to form cyanohydrins
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CN

C=0 + OF T===| ¢ ,L.>f'
— /C
et \_/ oy ~oH
Cyanohydrin
Tetrahedral
intermediate

(b) Addition of sodium hydrogensulphite(NaH SOs)to form bisulphate addition compound

050.H  proton transder Q50,Na
;{:n + Ngllim.ﬁ\if —t x‘f"f
7 Nowa ‘Mo
Bisulphite addition
coepoind
ferystadlin]

(c) Addition of Grignard reagent (RMgX) to form alcohol

* 1
S ry | R R

K 3 Pt [REET ]

(d) Addition of alcohol:

(i) Aldehydes on addition of monohydric alcohol in presence of dry HCl forms hemiacetal

and acetal.

ROH O O
HCI gas ~ O -

H={HOD = R=-CH ‘T R=-CH +  H»
OH ~or
Hemiaeetal Awelal

(ii) Ketones do not react with monohydric alcohols. Ketones react with ethylene glycol under

similar conditions to form cyclic products known as ethylene glycol ketals.
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R, CH,OH HC gas th_fﬁ CH,

C=0 + | e | + HoO
R CH,OH dLHCL RS N e,
Ethylene glyond ketal
(e) Addition of ammonia and its derivatives:
, . SOH
JC=0 + HN-Z ——=| “c7 » SCmmN-Z . WO
6 C NN .
Alkwd, aryl, OHL, MNMHs OaHaNL BRHCOMNSH S, 0

¢ Reduction of aldehydes and ketones:
(a) Reduction to alcohols:

Aldehydes and ketones on catalytic hydrogenation in presence of Ni, Pt or Pd by using
lithium aluminium hydride (LiAlHy) or sodium borohydride (NaBHy) forms primary

and secondary alcohols respectively.

H,/Ni, Pt or Pd

Or
LiAlH,
Or
\ NaBH, \
/C =0 > /CH — OH

(b) Reduction to hydrocarbons:

(i) Clemmensen reduction: Carbonyl group of aldehydes and ketones is reduced to C H»
group on treatment with zinc amalgam and concentrated hydrochloric acid.

\ Zn—Hg/HCI \

/C’ =0 — /C’H2 + H>O

(ii) Wolff-Kishner reduction: Carbonyl group of aldehydes and ketones is reduced to C'H»
group on treatment with hydrazine followed by heating with sodium or potassium hydroxide

in high boiling solvent such as ethylene glycol.

(iii)
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' NH,NH, /-H,O \
\C=Q—MENETEO o\ NNH,

KOH/ ethylene glyocol/Heat

/CH, +N,

e Oxidation of aldehydes and ketones:

(i) Aldehydes are oxidized to acids in presence of mild oxidising agents HNO3, K2Cr207,
KMnO4.

0]
R—-—CHO — R—-COOH

(ii) Ketones are oxidized under drastic conditions i.e. with powerful oxidising agents like
HNOs, K2Cr07/H2S504 K MnQOy/H SOy at higher temperature.
1 2 3
R=OH. C-CH. R
o

>

R-COOH+R'-CH,COOH

{ By claavage of C,—C, bond)

R-CH,COOH +R'-CO0OH

[ By cleavage of C,—C bond)

In case of unsymmetrical ketones cleavage occurs in such a way that keto group stays with

smaller alkyl group. This is known as Popoff’s rule.

(iii)Haloform reaction: Aldehydes and ketones having at least one methyl group linked to the
carbonyl carbon atom i.e. methyl ketones are oxidised by sodium hypohalite to sodium salts
of corresponding carboxylic acids having one carbon atom less than that of carbonyl

compound. The methyl group is converted to haloform.
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R—C—-ONa+ CHX,(X =Cl,Br,1)

e Reactions of aldehydes and ketones due to o -hydrogen:

(i) Aldol condensation: Aldehydes and ketones having at least one « -hydrogen undergo a
self condensation in the presence of dilute alkali as catalyst to form « -hydroxy aldehydes

(aldol) or ar -hydroxy ketones (ketol), respectively.

dil. NaQH
2CH,— CHO < CH,—CH-CH,—CHO
Errmaal lj H
3-Hrdroxvbuoena i Aldol
=3
I
I?::
&
B

CH,-CH=CH-CHO
{EAL][; _:E:r?g.-.'.'ta' sation product)
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CH

Ba{QH ), I A
2H - CO-CH, & CH,— C-CH,00-CI,
Bropanons IQH
4-Hwdroovy—4-mes thylps ntan-2 -ona( katol)
[
-
i
L%
B

vl.'Z‘H3

I
CH.— € =CH- 0Dl
4—Meriy lpent—3en—-1—- one
{ Alde ] condanzation product)

(i) Cross aldol condensation: Aldol condensation between two different aldehydes and
ketones is called aldol condensation. If both of them contain « -hydrogen atoms, it gives a

mixture of four products.

CH,CHO 1. NaOH CH,-CH=CH-CHO + CH,CH,-CH=C-CHO
= 2. D Bat-2-enal

L e P L CH,

from two molecules of ethanal 2-Methylpent -2-emal

from two molecules
of propanal

simple or scll aldol products

I

EZH,-&'ZH:(I':-(ZH{'J + CH,CH,-CH=CHCHO
LH,

2-Methylbut-2-enal Pent-2-enal

irom one molecule of ethanal and one molecule ol propanal

h-\""'-n. _'-"'"'-F.

cross aldol products

e Canizzaro reaction: Aldehydes which do not have an o -hydrogen atom undergo
self-oxidation and reduction (disproportionation) reaction on treatment with

concentrated alkali to form alcohol and salt of acid.

12 /19
Material Downloaded From SUPERCOP



H H 8

R R &
C=0 + C=0 + Conc. KOH —— H—C—0H + H—C
i e | “SOK
H
Formaldehyde Methanol Potassium formate
2 QCH{'} + Conc. NaQOH =—— @—CH,DH + @—CGUNH
Benzaldehyde Benzyl alcohol Sodium benzoate

e Test to distinguish aldehydes and ketones:

1. Tollen’s test: When an aldehyde is heated with Tollen’s reagent it forms silver mirror.

Tollen’s reagent is ammoniacal solution of AgNO3
RCHO+ Ag(NHL),] +30H —RCD0 +24g +2H,0+4NH,
Ketones do not form silver mirror and hence do not give this test.
2. Fehling’s test: When an aldehyde is heated with Fehling’s reagent it formsreddish brown
precipitates of cuprous oxide.Fehling’s reagent: Fehling solution A (aqueous solution of

CuSQOy) + Fehling solution B (alkaline solution of sodium potassium tartarate)

R-CHO+2Cu* +50H - RCOO™ + Cu,0 +3H,0

B=g-EBrown ppt
Ketones do not give this test.

e Carboxylic Acids:Carboxylic acids are the compounds containing the

carboxylfunctional group (-COOH).

O

[
%
R OH

Carboxylic acid

e Preparation of carboxylic acid:

(1) From alcohols: Primary alcohols are readily oxidised to carboxylic acids with common
oxidising agents such as potassium permanganate (K MnQOy) in neutral, acidic or alkaline

media or by potassium dichromate (K2Cr207) and chromium trioxide (CrOs3) in acidic
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media.

alkaline KMnO, / H35
a) RCH,OH » RCOOH

CT'O3 —H2 SO4
b) RCH,OH » RCOOH

(ii) From aldehydes: Oxidation of aldehydes in presence of mild oxidizing agents like Tollen’s
reagent (ammoniacal solution of AgINO3) or Fehling reagent (Fehling solution A (aqueous
solution of C'uSO4) + Fehling solution B (aqueous solution of sodium potassium tartarate))

forms carboxylic acids.

1. RCHOH + 2[Ag(NHs)s|* + 30H~ — RCOO~ + 2Ag+ 2H,0 + 4N
2. R— CHO + 2Cu*t + 50H~ — RCOO~ + Cuy0 + 3Hy0

(iii) From alkylbenzenes: Aromatic carboxylic acids can be prepared by vigorous oxidation of

alkyl benzenes with chromic acid or acidic or alkaline potassium permanganate.

P AO0E A L0
'\-\H\__:-_,.""-" !J.'..|! H\-\.,-"::::-. H‘-{#

R i an allopl group (primany or secondary |

(iv) From alkenes: Suitably substituted alkenes are oxidised to carboxylic acids on oxidation

with acidic potassium permanganate or acidic potassium dichromate.

]{?]\4-’1’1,04/13—+
1. R-CH=CH—-R—— 2R—-COOH
anO4/H+
2. R—-CH=CH—-R —— R—-COOH + R, —COOH

(v) From Nitriles: Nitriles on hydrolysis in presence of dilute acids or bases forms amide

which on further hydrolysis gives carboxylic acid.

o
R_ AT H o OH H.O }R_C_.ﬁl'frHJ H™ ot OH /A }RC{JGH
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(vi) From Grignard reagent: Grignard reagents react with carbon dioxide (dry ice) to form

salts of carboxylic acids which on hydrolysis forms carboxylic acids.

O
—— Y. |
RMg-X + O=0uo 2yeher, o ¢ IO, Rcoon
\G M..L];x.i

(vii) From acyl halides and anhydrides: Acid chlorides when hydrolysed with water give
carboxylic acids .On basic hydrolysis carboxylate ions are formed which on further
acidification forms corresponding carboxylic acids. Anhydrides on hydrolysis forms

corresponding acid(s)

HO =
: » RCOOH + Cl

RCOC]

OH/H,0

- H,O
» RCOO + Cl —— RCOOH

H.O
(RCO),0 ——— 2 RCOOH

(viii) From esters: Acidic hydrolysis of esters gives directly carboxylic acids while basic

hydrolysis gives carboxylates, which on acidification give corresponding carboxylic acids.

R-COO-R & R—-COOH+R —OH
NaOH
R-COO-R & R— COO —Na+R —-OH
H;07
R—-COOH

e Physical properties of carboxylic acids:

(1) Solubility: As the size of alky group increases solubility of carboxylic acid decreases

because non-polar part of the acid increases

(ii) Boiling points: Carboxylic acids are higher boiling liquids than aldehydes, ketones and

even alcohols of comparable molecular masses. This is due to extensive association of
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carboxylic acid molecules through intermolecular hydrogen bonding.

g S H—O
V4 \
R—C /C —R
MO s o?

dimer

e Acidity of carboxylic acids:

Carboxylic acids are more acidic than phenols. The strength of acid depends on extent of

ionization which in turn depends on stability of anion formed.

(1) Effect of electron donating substituents on the acidity of carboxylic acids: Electron
donating substituent decreases stability of carboxylate ion by intensifying the negative

charge and hence decreases acidity of carboxylic acids.

(ii) Effect of electron withdrawing substituent on the acidity of carboxylic acids: Electron
withdrawing group increases the stability of carboxylate ion by delocalizing negative charge
and hence, increases acidity of carboxylic acid. The effect of the following groups in

increasing acidity order is Ph<I < Br 2 < CFg

(a) Effect of number of electron withdrawing groups: As the number of electron withdrawing

groups increases -I effect increases, increasing the acid strength

(b) Effect of position of electron withdrawing group: As the distance between electron
withdrawing group and carboxylic group increases, electron withdrawing influence

decreases.
e Reaction of carboxylic acids:
Reactions involving cleavage of C-OH bond:

Carboxylic acids on heating with mineral acids such as H2 SOy or with P,Os give

corresponding anhydride.
(i) Anhydride formation:
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O 0] 00

/Y N o 7\
HAC—HK + /:—CHR e CHE=C  D=CH,

OH HO Yo

Ethanoic acid Ethanoic anhydride

(>ii) Esterification: Carboxylic acids are esterified with alcohols in the presence of a mineral

acid such as concentrated H2.SO4 or HCl gas as a catalyst.

p——

RCOOH + R'OH < RCOOR HHL

(iii) Carboxylic acids react with PCI5, PC13 and SOCI2 to form acyl chlorides.

1. RCOOH + PCls — RCOCl+ PCl3 + HCI
2. 3RCOOH + PCl3 — 3RCOC! + H3POs
3. RCOOH + SOCIl; - RCOC!+ SO2 + HCI

(iv) Reaction with ammonia (NH3): Carboxylic acids react with ammonia to give ammonium

salt which on further heating at high temperature gives amides.

i)
CH,COOH + NH, < CH,COON H,

Ammorium 2cetzte

| ke
|

A
lﬁ

CH,CONH,

Acefamide

ii)
o
COOH COONH, CONH,
A
H.O
Ammonium benzoate Benezamide
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Reactions involving COOH group:

(i) Reduction: Carboxylic acids are reduced to alcohols in presence of LiAlH4 or B2H6.

LiAlH,/ether or ByHg/ H30
R— COOH » R— CHOH

(ii) Decarboxylation : Sodium or potassium salts of carboxylic acids on heating with soda
lime (NaOH + CaO in ratio of 3:1) gives hydrocarbons which contain one carbon less than the

parent acid.

NaOH&CaO/Heat
R - COONa » R— H 4+ NaxCOs

(c) Reactions involving substitution reaction in hydrocarbon part:

(i) Hell-Volhard-Zelinsky reaction: Carboxylic acids having an a-hydrogen are halogenated
at the a-position on treatment with chlorine or bromine in the presence of small amount of

red phosphorus to give ac-halocarboxylic acids)

E—CH, —COOH -

™

o HEmuoydzoyd Py

L

R— CH —COOH

X
X =CI, B
ci—Halocarboxylic acid

(i) Ring substitution in aromatic acids: Aromatic carboxylic acids undergo electrophilic
substitution reactions. Carboxyl group in benzoic acid is electron withdrawing group and is

meta directing.
i)
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COOH COOH

Conc, HNO, +

>
Conc. H,50, NO,

m-Nitrobenzoic acid
ii)
COOH COOH

Br,/FeBr,

e
x

Br

m-Bromobenzoic acid
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