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Introduction

Aldehydes & Ketones:
 Compounds containing carbonyl group.

I

" C o () - carbonyl oxygen
o -,

R H o carbonyl carbon
T R e - R

General formula

(R=H or alkyl group)

Classification of aldehydes, ketones and carboxylic acids :
Aldehydes, ketones and carboxylic acids are classified as
per the nature of carbon skeleton bonded to (>C=0 ).




Classification of aldehydes :

Aldehydes are classified as aliphatic and aromatic aldehydes.

a.Aliphatic aldehydes: The compounds in which the —CHO group
(formyl group) is attached directly to sp3 hybridized c-atom that is
saturated c-atom are called aliphatic aldehydes.

( : Formaldehyde, H-CHO is also classified as aliphatic

aldehyde though —CHO group is not attached to any carbon ).
For example:

CH, - CHO CH, - CH, - CHO

(Acetaldehyde) ( Propionaldehyde)




Classification of aldehydes :

b. Aromatic aldehydes: The compounds in which —=CHO group is
attached directly to an aromatic ring are called aromatic aldehydes.
For example:

(Benzaldehyde) (Salicylaldehyde)p-Nitrobenzaldehyde)




Classification of ketones :

Ketones are classified as aliphatic and aromatic ketones.
a.Aliphatic ketones : The compounds in which >C=0 group is
attached to two alkyl groups are called aliphatic ketones.

O ;«—O0Oxo or ketonic carbonyl group

i

[
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—~y
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RS

General formula
(Where R, R’=alkyl group, identical or different)

On the basis of types of alkyl groups bonded to carbonyl carbon,
aliphatic ketones are further classified as simple and mixed
ketones.




Classification of ketones :

i. Simple or symmetrical ketones : The ketones in which both the
alkyl groups bonded to carbonyl carbon are identical, are called
simple ketones or symmetrical ketones. For example :

O O
]
H,C-C-CH, HC, -C-CH,

(Dimethyl ketone) ( Acetone) (Diethyl ketone)




Classification of ketones :

ii. Mixed or unsymmetrical ketones : The ketones in which two alkyl
groups bonded to carbonyl carbon are different, are called mixed
ketones or unsymmetrical ketones. For example :

O O
I ]
HC,-C-CH, HC,-C-CH-CH,-CH,

(Ethyl methyl ketone) (Ethyl n-propyl ketone)




Classification of ketones :

b. Aromatic ketones : The compounds in which a >C=0 group is
attached to either two aryl groups or one aryl and one alkyl group

are called aromatic ketones.

For example :

Benzophenone Acetophenone
(Diphenyl ketone) (Methyl phenyl ketone)




Classification of carboxylic acids

Carboxylic acids are classified as aliphatic and aromatic carboxylic
acids.

Carboxyl
functional group

General formula
(R=H or alkyl group)

a. Aliphatic carboxylic acids : carboxyl (-COOH) group is bonded to an
alkyl group are called aliphatic carboxylic acids or fatty acids.

( : Formic acid, H-COOH is also classified as aliphatic
carboxylic acid though —COOH group is not attached to any carbon).

For example :
H,C - COOH H.C - CH, - COOH

(Acetic acid) (Propionic acid )




Classification of carboxylic acids

 Depending on the number of =COOH groups, mono, di, tri
carboxylic acids and so on.

For exam pIe : H.C - CH, - COOH COOH CH, - COOH
Propionic acid COOH HO - C - COOH

( a monocarboxylic acid) . . ! i
. 2 Oxalic acid CH, - COOH
(a dicarboxylic ’
acid)

Citric acid
(a tricarboxylic acid)

b. Aromatic carboxylic acids : one or more carboxyl groups (-COOH )
are attached directly to the aromatic ring. For example :

(oo ~__COOH . OCOCH,

e
P

()

(Benzoic acid) (Phthalic acid) (Acetyl salicylic acid) ( Aspirin)




sources of carboxylic acids

Carboxylic acids are found in both the plants and animals.
L-lactic acid is present in curd,

Citric acid is found in citrus fruit (Lemons).

Acetic acid is the key ingredient of vinegar.




Nomenclature

a. Trivial names of aldehydes and carboxylic acids :
* Names of aliphatic aldehydes are derived carboxylic acids.
* Ending ‘ic acid’ of carboxylic acid is replaced by the ending
‘aldehyde’.

* In case of carboxylic acids and aldehydes the position of
substituent is indicated by labeling the carbon serially as a, B, v
and so on.

* The carbon atom adjacent to carbonyl carbon is labeled as a and

next one is B and so on.




Nomenclature

b. IUPAC names of aldehydes and carboxylic acids :
The name of an aliphatic aldehyde is by replacing ending ‘e’ of
alkane with ‘al”’.
Aldehyde is named as alkanal.

The IUPAC name of carboxylic acid is derived from the name of
the corresponding alkane by replacing ending ‘e’ of alkane with
‘oic acid .

Alkane ----Alkanal
Alkane Alkanoic acid




Nomenclature

b. IUPAC names of aldehydes and carboxylic acids:
The longest chain including —CHO or —COOH group is identified as
the parent chain.

Numbering of the chain is done by giving number 1 to the —CHO or

—COOH carbon.

The name of substituent is included along with its locant.
Aldehyde (-CHO) grp and carboxyl (-COOH) grp are always
terminal.

When two —CHO grps are present ending ‘e’ of alkane is retained
and the suffix ‘dial’ is added parent aldehyde.

In case of dicarboxylic acids, ‘dioic acid’ is added to the name of
the parent alkane.




Nomenclature

b. IUPAC names of aldehydes and carboxylic acids:

* In IUPAC nomenclature an alicyclic compound in which —CHO
group is attached directly to the ring is named as a carb-
aldehyde.

* The suffix ‘carb-aldehyde’ is added after the full name of parent
cycloalkane structure.

* Similarly an alicyclic compound having a carboxyl group directly
attached to alicyclic ring is named as cycloalkane carboxylic acid




Substituted aromatic aldehydes and carboxylic acids

 When two or more different functional groups are attached to a
ring, the higher priority grp is given lower number.
The principal functional group is decided on the basis of the

following order of priority.-COOH > -SO;H > -COOR > -COCI| > -CONH,, > -
CN>-CHO>C=0>-OH>-NH,>C=C>-C=C-

* When —CHO group, appears as substituent prefix ‘formyl’ is used in
the IUPAC name.

(lj_'HD ([:‘ OOH
® PN ()
OH CH,

(4-Hydroxy-3-methylbenzaldehyde) (3-Hydroxy-4-methylbenzoic acid)

(2-Formylbenzoic acid)




Tablc 12.1 Trivial and ITPAC nomes of corbox ylic acids ond aldchydos

Carhox ylic acids

Aldchyden
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Trivial name

TUPAC nome

3 broe tnre

Trivial namc

TUPAC nomc

IT - Gl T

Parmio aald

Methanalo aalid

-1

Parmald shyde

Methanal

CH, - COOII

Acotio aaid

Hthanaic aeaid

CI,-CHO

Aoataldehyde

Hthanal

CH, - CI1, - COQI

Propionio aaid

ropanoio acid

CH - CH - CHO

Prapionaldeh yde

Propanal

CH, - G, - CH, - COOl

n-Butyric acid

Butanaio aaid

CH - C1,-CH - CHO

Butyraldehyde

Butanal

(CH,), CH - CO0H

[wobutyric aold
[ o= methylpropionic
acld)

2-Methyl propa nolo
aald

(CIT,3,CH-CHO
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Gt -
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2 = Methylpropana)

CH, = CIT - CO0TT
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Prop-2-encic acld

CIH,=CH-CTO

Aomlein

[ rop-2 -ena |

OO0 - COOLT

Cixalic acid

HOthanediale acld

CHO-CTIOD

Cixaldehyde [ Tlyoxal)

Hthanedial

COOH

Benaolo acid

[(Benzencoarbowyl ic
aaid)

Benzmolo acid

LCHO

Benmalde hyde

Benmaldehyde
(Benzmencoar baldchyde)

o Taluic aoid

2-Methylbenzoic acld

o-Talualdehyde

2-Methy |benza ldehyd e

Salicyclic acid

2-ydrox ybenzoic acid

Salicylaldehyde

2-Hydromybenzald chyde
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Benzene-1,2-
dicarboxylic acid

Phtha lalde hyde

Benzene- | ,2-
dicarboaldchyde

Cyclohexyloarbox ylic
acid

Cyclohexanccarbony lic
acid

Cyclohexane aldehyde

Cyclohexanocarbaldehyde




Nomenclature

a. Trivial names of ketones:

The trivial names of aliphatic ketones are based on the names
of alkyl groups or aryl groups attached to carbonyl carbon.

Names of alkyl or aryl groups are written in alphabetical order

followed by the word ketone.

In substituted aliphatic ketones the position of sub. is indicated
by labeling the carbon serially as a, b, y and so on.

Names of aromatic ketones are based on a phenone.




Nomenclature

b. The IUPAC names of aliphatic ketones:

* Name of the alkanes by replacing ending ‘e’ of alkane with ‘one’.

* They are named as alkan-one. The longest chain of carbon atoms
containing the ketonic carbonyl group is numbered from the end closer
to the carbonyl carbon.

Alkane Alkanone
When two >C=0 groups are present, then ending ‘e’ of alkane is
retained and the suffix ‘dione’ is added to the name of parent ketone
indicating the locants of ketonic carbonyl groups.
In case of polyfunctional ketones, higher priority group is given lower
number.

* When ketonic carbonyl is a lower priority group it is named as 'oxo’,
preceded by the locant.




Nomenclature

Compound Trivial name IUPAC name
CH,-CO-CH, Dimethyl ketone (Acetone) Propanone
CH;-CO-CH,-CH, Ethyl methyl ketone Butanone
CH;-CO-CH,-CH,-CH, Methyl n-propyl ketone Pentan-2-one
CH;-CH,-CO-CH,-CH, Diethyl ketone Pentan-3-one
CH,-CH(Br)-CO-CH,-CH,-CH, ao-Bromoethyl-n-propyl ketone  2-Bromohexan-3-one

9 Diphenyl ketone Benzophenone
l . C\ I (Benzophenone)
Methyl phenyl ketone | Acetophenone
(Acetophenone)

2-Chloro-4-
methyleyclohexanone




Preparation of aldehydes and ketones

a. From acyl chlorides (Acid chlorides) :
Aldehydes and ketones both can be obtained from acyl chloride,
but the reactions involved are different.
* Preparation of aldehyde from acyl chloride:
Acyl chloride is reduced to corresponding aldehyde by hydrogen
using a palladium catalyst poisoned with barium sulfate. This
reaction is known as Rosenmund reduction.

(ﬁ] o [_I}
R-C-Cl FaEso, R-C-H+HCI

{Acyl chloride) (Aldehyde)




Preparation of aldehydes and ketones

b. Preparation of ketone (aliphatic and aromatic) from acyl chloride:
i. Preparation of aliphatic ketones from acyl chloride:
ketones are obtained from acyl chloride by reaction with
dialkyl cadmium which is prepared by the treatment of cadmium
chloride with Grignard reagent.

2R - MgX +CdCl, — R Cd +2Mg(X)Cl
JR'-COCl +RCd—» 2R -CO-R + CdCl,
{Acyl chloride) i (Eetone)
. N i o J2CH. -CO-C + CdC
E{_'H_:: -COCl + {_(_1H_:: .]:l.'._"-:j —_ _'LHE' CL _HE cdC 1:

. - . . Propanone (Acetone)
{Ethanovl chloride) (Dimethyl cadmium ) P : :

2CH.-COCl +(CH,).Cd —»CH, -CO-CH, + CdCl

(Acetophenone)

(Benzovl chloride) (Dimethyl cadminm)




Preparation of aldehydes and ketones

c. From nitriles : Aldehydes and ketones both can be obtained from
nitriles but by different reaction.

* Preparation of aldehydes from nitriles: Nitriles are reduced to
imine hydrochloride by stannous chloride in presence of HCI
which on acid hydrolysis give corresponding aldehydes. This
reaction is called Stephen reaction.

R-C=N+2[H] =< R-HC=NHHC! %%, R . CHO + NH,CI

[Alkane nitrile) {imine hydrochloride) (Aldehyde)

~ ~ CL. H¢
HC-C=N+: [H]—:r{H HC - T[-IHil—a-{HlHil—xH{l
(Ethanenitrile) u (ethanimine hydrochloride IEIL:II al)

T LA anCl HCl - - - - o - T T | —
CH -C=N+Z2[H] = C H. - HC=NH.HC(I B0 C H.-CHO+NH,CI
(Benzonitrile) (Benzanimine hydrochloride) (Benzaldehyde)




Preparation of aldehydes and ketones

Alternatively, nitriles are also reduced by diisobutylaluminium
hydride (DIBAI-H) or AlH(i-Bu), to imines followed by acid hydrolysis
to aldehydes. An advantage of this method is that double or triple
bond present in the same molecule is not reduced..

.C-CH=CH-CH,-C=N o> H,C-CH=CH-CH, - CHO

(Pent-3-enenitrile) (Pent-3-enal)
* Preparation of ketones from nitriles: Ketones are prepared by
reacting nitriles with Grignard reagent in dry ether as solvent

followed by acid hydrolysis.

CH.-C=N +CH.-MgBr dry C.H. - C=NMgBr 522, CH.-CO-CH. +NH, tMg(Br)OH
55 5 573 " 675 675

{Benzonitrile) CH. {Benzophenone)




Preparation of aldehydes and ketones

d. From aromatic hydrocarbons : Aromatic aldehydes and ketones
are both prepared from aromatic hydrocarbons but by different
methods.

* Preparation of aromatic aldehydes from hydrocarbon Strong

oxidizing agents transform -CH3 group bonded to aromatic ring
into carboxyl group (-COOH). For obtaining aromatic aldehyde
from methyl arene the following special methods are used.




Preparation of aldehydes and ketones

I. Etard reaction : Methyl group in methyl benzene (or methyl arene)
is oxidized by chromyl chloride in carbon disulfide as solvent, to
form a chromium complex, from which benzaldehyde is obtained on
acid hydrolysis. This reaction is known as Etard reaction.

_H__OCr(OH)CL,

H 0=

) ] “OCr(OH)CL, ™

+ CrO_Cl, T |
(Toluene) (Chromyl chloride) (Chromium complex) (Benzaldehyde)




Preparation of aldehydes and ketones

By oxidation of methyl arene using CrO3:

Methylarene is converted into a benzyllidene diacetate on
treatment with chromium oxide in acetic anhydride at 273-278 K.
The diacetate derivative on acid hydrolysis gives corresponding
aldehyde.

L

HO=

H_, CH,
T ococs,

(Methylbenzene) (Acetic anhydride) ~ (Benzaldehyde)

+Cr0,+ (CH,C0),0 =225




Preparation of aldehydes and ketones

iii. By side chain chlorination of toluene:

Side chain chlorination of toluene gives benzal-chloride
which on acid hydrolysis at 373K gives benzaldehyde. Benzaldehyde,
is manufactured commercially by this method.

(Toluene) (Benzal chloride) (Benzaldehyde)




Preparation of aldehydes and ketones

v. Gatterman—Koch formylation of arene:

Benzene or substituted benzene is treated under high
pressure with carbon monoxide and hydrogen chloride in
presence of anhydrous aluminium chloride or cuprous
chloride to give benzaldehyde or substituted benzaldehyde

_r"d:'.'_-.-?___ - [:H{::

[I____.- s ._.'.'.'.'?':-‘ I: I:I - :—II:]_
R —
Anhyd AICL, [__ ]

high pressure

(Benzene) (Benzaldehyde)




Preparation of aldehydes and ketones

* Preparation of Aromatic ketones from hydrocarbons :
By Friedel-crafts acylation of arene :

) o anhy. AICIL,
+ CH-COCl —(p ——*~
Acetyl Chloride
Benzene

I _ anhy. AIC] L
T e . 3

. + '-..{—"H-_:. ¢ {'-}.}-:{"] heat | | + CH,COOH
Acetic anhydride

Benrene 1- Phenylethanone or Acetophenone




Preparation of aldehydes and ketones

* Preparation of aldehydes only from esters :

Aliphatic or aromatic esters are reduced to aldehydes by
using diisobutylaluminium hydride DIBAI-H or AlH(i-Bu),. The
reaction is usually carried out at 195K to prevent further reduction
of the aldehyde produced.

' O
R-C-O-R “po2» R-C-H

(Ester) (Aldehyde)




Preparation of carboxylic acids :

From nitriles and amides:

Alkyl nitriles or aryl nitriles on acid hydrolysis give amides .
Amides on further acid hydrolysis give corresponding carboxylic
acids. Hydrolysis is carried out by using dilute mineral acids like

dilute sulfuric acid or dilute hydrochloric acid.

OH O .
+ 1] - HO . -
R-C=N+HO —> [R-C=NH]—> R-C-NH, gige>R- COOH+NH,
(Nitrile) ) (Amide) (carboxylic acid)

R-C=N+2HO0 +diLHCl == R - COOH + NH,CI




Preparation of carboxylic acids :

From acyl chloride and anhydrides:
a. Acyl chlorides on hydrolysis with water give carboxylic

acids. This method is useful for preparation of aliphatic as well as

aromatic acid.
B - COCl+ H:[:} — »R-COOH+H-C]

(Acyl chloride) (Carboxylic acid)
b. Anhydrides on hydrolysis with water give carboxylic acids.

O ) O
i il

C-0-C-R+HO — JR-C-0-H

(Anhydride) (Carboxylic acid)




Preparation of carboxylic acids :

From esters :

Carboxylic acids can be obtained from esters either by acid
hydrolysis or alkaline hydrolysis.
a. Acid hydrolysis of ester: Esters on hydrolysis with dilute mineral

acid like dilute HCl or dilute H2SO4 give the corresponding
carboxylic acid .
O

LR, R-C-0-H

(Ester) (Carboxylic acid)

+R'-OH
(Alcohol)




Preparation of carboxylic acids :

b. Alkaline hydrolysis of ester: using dilute alkali like dilute NaOH or dilute
KOH form solution of water soluble sodium or potassium salt of the acid
(carboxylate). On acidification with concentrated HCI, free acid is formed.

O

0
H.C,-C-O- CH, +dilNaOH—2» HC, -C-0O-Na+CH,-OH

(Methyl propanoate) (Sodium propanoate)

0O 0
ur ) |_

HC,-C-0- Na +HO s H.C,-C-O-H+NaOH

(Sodium propanoate) (Propanoic acid)

The sodium or potassium salts of higher fatty acids are known as
soaps. Hence alkaline hydrolysis of esters is called saponification.




Preparation of carboxylic acids :

From alkyl benzene : Aromatic carboxylic acids can be prepared by
oxidation of alkyl benzene with dilute HNO3 or alkaline /acidic
KMnO4 or chromic acid. The entire alkyl chain, regardless of its
length, is oxidized to a carboxyl group. (Tertiary alkyl substituent on
benzene, however, is not oxidized).

~_COOHI

[ ]

(Benzoic acid)

' (Cumene) (Potassium benzoate




Preparation of carboxylic acids :

From alkenes:
Carboxylic acids can also be prepared by the oxidation of
alkenes by KMnO4 in dilute H,SO,.

H,C,- CH= CH,—=Z2% p ¢ _COOH

(Phenyl ethene) (Benzoic acid)

' J KMnO dilHSO, [ “COOH
—_— = e
— A _COOH

(Cyclohexene) (Adipic acid)




Preparation of carboxylic acids :

From Grignard reagent :

Grignard reagent in dry ether solvent is added to solid
carbon dioxide (dry ice) to give a complex which on acid hydrolysis
gives corresponding carboxylic acid.

. - - -, dry ether
R-Mg-X+0=C=0 =5,

(Alleyl (dry ice) {complex) ) . L
magnesium halide) (carboxylic acid)

-COOMaoX HOH e N
R -COOMgX SHa T R -COOH + :\.IQE }iI OH




Physical properties

1. Nature of intermolecular forces :
The carbonyl bond (C=0) in aldehydes and ketones is a polar

covalent bond. As a result, these compounds contain dipole-dipole
forces of attraction. The molecules orient in such a way as to have
oppositely polarized atoms facing each other.

Carboxyl group of carboxylic acid contains O-H bond which
is responsible for formation of hydrogen bonding. Thus, carboxylic
acids have the strongest intermolecular forces of attraction.




Boiling points of aldehydes and ketones

— _=
_ 29K

Butnnul 348 Butan -?-one

Pentanal 376 K Pentan-2-one

Hexanal 392K | Hexan-2-one




Physical state and boiling points

Formaldehyde is a gas at room temperature and has irritating
odour.

Acetaldehyde is extremely volatile, colourless liquid.
Higher aldehydes have pleasant odour.
Acetone is a liquid at room temperature and has pleasant odour.

Increasing boiling points in the homologous series of aldehydes and
ketones.




Solubility of aldehydes and ketones

* The oxygen atom of (C=0) can involve in hydrogen bonding with
water molecule. As a result of this, the lower aldehydes and
ketones are water soluble (For example : acetaldehyde, acetone).

* As the molecular mass increases, the proportion of hydrocarbon
part of the molecule increases which cannot form hydrogen bond;
and the water solubility decreases.




Physical state, boiling points and solubility's of carboxylic acids

Lower aliphatic carboxylic acids upto nine carbon atoms are
colourless liquids with irritating odours.

The higher homologues are colourless, odourless wax like solids,
have low volatility.

Carboxylic acids have higher boiling points than those of alkanes,
ethers, alcohols aldehydes and ketones of comparable mass.

in liquid phase, carboxylic acids form dimer in which two molecules
are held by two hydrogen bonds.




Polarity of carbonyl group

 The polarity of a carbonyl group originates from higher
electronegativity of oxygen relative to carbon as well as resonance
effects as shown

 The carbonyl carbon has positive polarity (see structures (A) and
(D)). Therefore, it is electron deficient.

* As aresult, this carbon atom is electrophilic (electron loving) and is
susceptible to attack by a nucleophile (Nu:).




Reactivity of aldehydes and ketones

Reactivity of aldehydes and ketones is due to the polarity of
carbonyl group which results in electrophilicity of carbon.

Aldehydes are more reactive than ketones toward nucleophilic
attack.

. Influence of electronic effects :
Alkyl groups have +l effect.
A ketone has two +| groups, decreasing c=0's elecropositivity.

In contrast, aldehydes have only one electron donating group,
bonded to carbonyl carbon.

Hence aldehydes more electrophilic than ketones.




Reactivity of aldehydes and ketones

2. Steric effects :
* Two bulky alkyl groups in ketone come in the way of incoming
nucleophile. This is called steric hindrance to nucleophilic attack.
* On the other hand, nucleophile can easily attack the carbonyl
carbon in aldehyde, because it has one alkyl group and is less
crowded or sterically less hindered.
* Hence, aldehyde are more easily attacked by nucleophiles.




Laboratory tests for aldehydes and ketones

» Aldehydes are easily oxidized to carboxylic acids,

* therefore, act as reducing agents toward mild oxidizing agents.

» Ketones, do not have hydrogen atom directly attached to carbonyl
carbon.

* Hence, they are not oxidized by mild oxidizing agents.




Laboratory tests for aldehydes and ketones

a. Tests given by only aldehydes :

1. Schiff’s test: When alcoholic solution of aldehyde is treated
with few drops of Schiff 's reagent, pink or red or magenta colour
appears. This confirms the presence of aldehydic (-CHO) group.

2. Tollens' test or silver mirror test: When an aldehyde is
boiled with Tollens' reagent (ammonical silver nitrate), silver mirror
is formed. The aldehyde is oxidized to carboxylate ion by Tollens'
reagent and Ag* ion is reduced to Ag.

R -CHO + 2Ag(NH,)®+30H° —4—» R-COO° +2 Agwlr + 4NH¢ +2H,0
N— — (carboxylate)  (Silver mirror)

(aldehyde) Tollens reagent




Laboratory tests for aldehydes and ketones

3. Fehling test: When a mixture of an aldehyde and Fehling solution is
boiled in hot water, a red precipitate of cuprous oxide is formed. An
aldehyde is oxidized to carboxylate ion by Fehling solution and Cu,®
ion is reduced to Cu® ion. It may be noted that a-hydroxy ketone
also gives this test positive.

R-CHO + 2Cu*®+50H° —%— R _(CO0° + Cu O} +3H O

N———

(Aldehyde) (Fehling solution) (carboxylate ion) red ppt




Chemical reactions of ald. and ket. with nucleophile

In all these reactions the nucleophilic reagent attacks on
positively polarized electrophilic carbonyl carbon in aldehydes and
ketones.

a.Addition of hydrogen cyanide (H-CN):
 Hydrogen cyanide (weak acid) adds across the carbon-oxygen
double bond in aldehydes and ketones to produce compounds
called cyanohydrins.




Chemical reactions of ald. and ket. with nucleophile

The negative part of the reagent (CN) attacks the electrophilic
carbon of carbonyl group. The reaction requires either acid or

base as catalyst.
\ R
C=0+HCN — R'-C-0OH
/ |
R CN
(Aldehyde when R' =H {evanolradin)
Eetone : R' = alkyl/aryl group) o S

H,C, II{ H,C, CH,
— - - - y | )
}__' —0+H-CN » HC-C-0OH C=0+H-CN—— HC-C-0H
3 —~ 4 |
H CN HC CN

(Acetaldehyde) (acetaldehyde cyanohvdrin) (Acetone) (Acetone cynohydrin)




Chemical reactions of ald. and ket. with nucleophile

b. Addition of NaHSO; (Sodium bisulphite) :

* Aldehydes and ketones react with saturated aqueous solution of
sodium bisulfite to give crystalline precipitate of sodium bisulfite
adduct (addition compound). For example,

H.C, H ]
C =0 +NaHSO, H,C—C-OH H,C, CH,
H’ " " SO.Na C=0+NaHSO, — H,C - ¢ -OH
(Acetaldehvde) (Acetaldehyde HL - S{:}E}:ﬂ
sodium hisulfite (Acetone) (Acetonesodium
adduct) bisulfite adduct)




Chemical reactions of ald. and ket. with nucleophile

c. Addition of alcohols :
* Aldehyde reacts with one molecule of anhydrous monohydric
alcohol in presence of dry hydrogen chloride to give
alkoxyalcohol known as hemiacetal,

1. Why is benzaldehyde NOT oxidized by Fehling solution?
2. Sodium bisulfite is sodium salt of sulfurous acid, write down its detailed
bond structure.




Chemical reactions of ald. and ket. with nucleophile

which further reacts with one more molecule of anhydrous
monohydric alcohol to give a geminaldialkoxy compound known as
acetalas shown in the reaction.

Step 2 =
H _—
R-C-OR <R . O ==
| dil HCl
OH
{Hemiacstal)

Step1:

HEI:" dry HCI

=0 + HC.-OH = — HC-C-O0CH,
ol o - OH

{Acetaldehyds) (Hemiacetol) unstable (Hemiocetal) (unstable)




Chemical reactions of ald. and ket. with nucleophile

Similarly, Ketones react with alcohol in presence of acid catalyst to
form hemiketal and ketal.

Ketones react with 1,2- or 1,3- diols in presence of dry hydrogen
chloride to give five- or six -membered cyclic ketals .

The reaction can be reversed by treating the cyclic ketal with
aqueous HCI to regenerate the ketone.

Acetals and ketals are hydrolysed with aqueous mineral acids to
give corresponding aldehydes and ketones respectively.




Chemical reactions of ald. and ket. with nucleophile

* d. Addition of Grignard reagent: Aldehydes and ketones on reaction
with alkyl magnesium halide followed by acid hydrolysis give
alcohols.( )

By addition of Grignard reagent to aldeheydes and ketones :
Grignard reagent reacts with aldehyde or ketone to form an adduct
which on hydrolysis with dilute acid gives the corresponding
alcohols.

(adduct)




Chemical reactions of ald. and ket. with nucleophile

e e. Nucleophilic addition —elimination of aldehydes and ketones with
ammonia derivatives: Aldehydes and ketones undergo addition
elimination with some ammonia derivatives (NH2-Z ) to give
product containing C = N bonds (imines). The reaction is reversible
and takes place in weakly acidic medium. The substituted imine is
called a Schiff 's base.

* Where Z = -R, -Ar, -NH,, -NHCH., -NHCONH, , -NHC.H,(NO,),




imine {a erystalline
i i derivative)
NH-OH | R
Hydrozy] omine =Hoo R'—=(=N-0H
i i oxime

¥
R'—C=N-NH_

hydrozons

NH_-NH- CH, : R
.+ Phenylhydrazine | R‘—{|Z!=T~I—NH—-:2_[-I

phemvlirrdrarone

. NH_-NH-CONH_: R
+ Semieabazide [ “HO™ | R'-=C=N-NH-CONH,
i zemicarbazons }

H:N'H—{:;.h
2. 4 - Dinitrophenyl

bydrozine Dinitra p]:;..‘ﬁ:-.-']]:l:-.-'dru:{- ne




Chemical reactions of ald. and ket. with nucleophile

H.C

H
N A . _ a | HLC—C-N-OH |
C=0+NH-OH «—| ° | — S =N-=(
P : [ HO B w5~ HC—C=N-OH

(Acetaldehyde) (Hydroxyl

tydrox (Acetaldoxime)
All aldehydes and ketones give similar reactions. The resulting
products have high molecular mass and are crystalline solids.

These reactions are, therefore, useful for characterization of the
original aldehydes and ketones.

Draw the structures of
i. The semicarbazone of cyclohexanone
ii. The imine formed in the reaction between




Chemical reactions of ald. and ket. with nucleophile

f. Haloform reaction :
This reaction is given by acetaldehyde, all methyl ketones
(CH;-CO-R) and all alcohols containing CH;-(CHOH)- group.

When an alcohol or methyl ketone is warmed with sodium
hydroxide and iodine, a yellow precipitate is formed.

Here the reagent sodium hypoiodite is produced in situ.

During the reaction, sodium salt of carboxylic acid is formed which
contains one carbon atom less than the substrate.

The methyl group is converted in to haloform.




Chemical reactions of ald. and ket. with nucleophile

 For example : Acetone is oxidized by sodium hypoiodite to give
sodium salt of acetic acid and yellow precipitate of iodoform.

CHL L+ HC-C-ONa + 2 NaOH

(lodoform)  (Sodium ocetate)




Chemical reactions of ald. and ket. with nucleophile

g. Aldol condensation :

* Aldehydes containing at least one a —hydrogen atom undergo a
reaction in presence of dilute alkali ( dilute NaOH, KOH or Na,CO,)

as catalyst to form b-hydroxy aldehydes (aldol). This reaction is
known as aldol reaction.

2R-CH.-CHO 2M%%, R-CH. -CH-CHR-CHO
- |
OH
(aldehyde) (aldol)




Chemical reactions of ald. and ket. with nucleophile

Formation of aldol is an addition reaction. Aldol formed from
aldehyde having a-hydrogens undergoes subsequent elimination of
water molecule on warming, giving rise to a, b - unsaturated

R-CH,-CH-CHR-CHO-_ - >R-CH-CR-CHO

(aldol) (o, P - unsaturated aldehyde)
B G A B_a
H H,C*CH-CH-CHO g~ H,C-CH=CH-CHO
- LT dil. NaOH i | 2 -
H Ll (ﬁ H+ H L.H: % H—>» OH H . .
ran ) (But-2-enal)
H :0: O (3-Hydroxybutanal) ) '
(Ethanal) {Ethanal) ‘an Aldol)

(1)

The overall reaction is called aldol condensation. It is a nuclephilic
addition-elimination reaction.



Chemical reactions of ald. and ket. with nucleophile

* Ketones containing at least two a- hydrogens, also undergo aldol
condensation reaction and give an a, b - unsaturated ketone.

For example:

CH,
= . '.:i | i ¥
H, HAT” H,C b C=CH-C-CH,

(Propanone) (4-Hydroxy-4-methylpentan-2-one) H- IIlE'Eh}’lp ent-3-en-2- '33-‘115:']
(a Ketol)




Chemical reactions of ald. and ket. with nucleophile

g’. Cross aldol condensation :

e Cross aldol condensation refers to the aldol condensation that
takes place in between two different aldehydes or ketones .

* If both aldehydes or ketones contain two a-hydrogen atoms each,
then a mixture of four products, is formed.

For example: a mixture of ethanal and propanal on reaction with dilute
alkali followed by heating gives a mixture of four products

H H O H,_(; E:lll

| T .

— HC-C=C-C-H+HC-CH -CH=C-C-H
condensation 3 3 9

{'_.‘Er_hannl ) i. il NaOH {Crotonaldehyde / But-2-enal) (2-Methylpent-2-enal)

Self

+ (:) i1. heat H . l: v
0 e T
H,C-CH,-C-H | Cross __, H,C-CH=C-C-

condensation B ) _ ) .
(Propanal) (2-Methylbut-2-enal) (Pent-2-enal)




i) O |C|> I—|I
) A _H—C—O0°Na® + H—C—OH

ZH—C—H + NaOH R |
(Formaldehyde) (sodium hydroxide) (Sodium formate) H
50%) Methanol

* In cannizzaro reaction one molecule of an aldehyde is reduced to
alcohol and at the same time second molecule is oxidized to
carboxylic acid salt.



Chemical reactions of ald. and ket. with nucleophile

* For example, Formaldehyde and benzaldehyde

KOH in McOH ”

4

e (Potassium benzoate)  (Phenylmethanol
(Benzaldehyde) benzyl alcohol)

» Can isobutyraldehyde undergo Cannizzaro
reaction ? Explain.




Chemical reactions of ald. and ket. with nucleophile

h'. Cross Cannizzaro reaction: When a mixture of formaldehyde and
non-enolisable aldehyde (aldehyde with no a-hydrogen) is treated with
a strong base, formaldehyde is oxidized to formic acid while the other
non-enolisable is reduced to alcohol. Formic acid forms sodium
formate with NaOH. On acidification sodium formate is converted into

formic acid.
For example :
QO

H—C—H + ||

(Phenylmethanol) (formic acid)

(Formaldehyde) (Benzaldehyde)




Oxidation and reduction reactions of aldehydes and ketones ;

a. Oxidation of aldehydes and ketones by dilute HNO3, KMnO4 and
K2Cr207:

Aldehydes are oxidized to the corresponding carboxylic acids
by oxidant such as dilute nitric acid, potassium permanganate and

sodium or potassium dichromate in acidic medium.

E.CrO.
R-CHO ——=——> R—-COOH

(Aldehyde) (Carboxylic acid)




Oxidation and reduction reactions of aldehydes and ketones ;

* Ketones resist oxidation due to strong CO-C bond ,but they are
oxidized by strong oxidizing agents such as CrO,, alkaline KMnO4 or
hot concentrated HNO, to a mixture of carboxylic acids having less
number of carbon atoms than the starting ketone. Thus, Oxidation

of ketones is accompanied by breaking C - C bond.

O
| CrD
R—(C—R ——» R—COOH+ R —COOH

(Ketone) (Carboxylic acids)
O

Cro

_ _ _ Cr0. —~ .y ) CrO,
(i) HC—C—CH, —> HC—-COOHMM(ii)HC—C—CH ——> HC—COOH

(Acetone) (Acetic Acid) (Ethanonic acid)

+ H.C,—COOH

(Propanoic acid)




Oxidation and reduction reactions of aldehydes and ketones ;

b. Clemmensen and Wolf-Kishner reduction:

The carbonyl group of aldehydes and ketones is reduced to
methylene group (-CH2- ) on treatment with zinc —amalgam and
concentrated hydrochloric acid (Clemmensen reduction) or hydrazine

followed by heating with sodium or potassium hydroxide in high
boiling solvent like ethylene glycol (Wolf-Kishner reduction).

In both the reactions, oxygen is replaced by two hydrogen
atoms.




Oxidation and reduction reactions of aldehydes and ketones ;

* Clemmensen reduction :
. Zn-Hg. conc. HC |
C=0+4[H] 22T, _CH,+HO
(Carbonyl group
in aldehydes anc (Methylene group)

ketones)

CH,
(1) H,C—C=0 +4[H] » HC—-CH +HO
(Acetone) (propane)

Zn-Hg, conc. HCl - - — -
(ii) CH,— CH,—CHO + 4[H] T = CH,—CH,—CH, + HO




| HN-NH_ l
—C=0 4o = C=N-NH, £KoH HO-CH-CH-OH |
Corbond ar ; —————— > —CH, + N,
”“j '_Uﬂﬁf E[u:_nup (Hydrazone) . ) .
in aldehydes and (Methylene group)

ketones)

HN-NH,

() CH~CHO —5— > CH—CH=N-NH, M" CH,—CH,—CH, + N,

(Propanal) (Hydrazone) (Propane)




Oxidation and reduction reactions of aldehydes and ketones ;

* Wolf-Kishner reduction is used to synthesize straight chain alkyl
substituted benzenes which is not possible by Friedel-Crafts
alkylation reaction.

CH, CH, CH,

| HN-NH, | KOH,HO.CH-CH.OH | ]
) C=0 —FJo C=N-NH, ————> CH, + N,

(Ethyl phenyl ketone) (Hydrazone) (n-Propyl benzene)




Electrophilic substitution reactions:

 Aromatic aldehydes and ketones undergo electrophilic substitution
reactions such as nitration, Sulfonation and halogenation. The
aldehydic ( -CHO) and ketonic (>C=0) groups are electron-
withdrawing by inductive as well as resonance effects. They

deactivate the benzene ring at ortho- and para- positions. This
results in the formation of meta-product.

* For example,

. _-CHO
| p | + HO— I'-.'[::-:
:_|:|:'1'..:. I'r.'"-.-l:::]

(Benraldebrde)




Chemical properties of carboxylic acids :

Acidic character of carboxylic acids:

* The carboxyl group (- COOH) imparts acidic character to carboxylic
acids. A carboxyl group is made of -OH group bonded to a
carbonyl group. In aqueous solution the H atom in OH of carboxyl

group dissociates as proton and carboxylate ion is formed as the

conjugate base,
R-COOH+HO R - COO® + H,0°
} (carboxylate ion)




Chemical properties of carboxylic acids :

* Carboxylate ion is resonance stabilized by two equivalent resonance
structures as shown below.

resonance
hybrid

e (Carboxylate ion has two resonance structures (i) and (ii) and both of
them are equivalent to each other.

e This gives good resonance stabilization to carboxylate ion, which in
turn gives acidic character to carboxylic acids.




Chemical properties of carboxylic acids :

Influence of electronic effects on acidity of carboxylic acids:

* All the carboxylic acids do not have the same pKa value. The
structure of 'R' in R-COOH has influence on the acid strength of
carboxylic acids. Various halo-acetic acids illustrate this point very
well (Tables 12.8 and 12.9).

Acid pPK, Acid
strength

F-CH -COOH
Cl-C‘I—_I:—C OOH
Br-CH,-COOH
I—C.'H:—CDC}H
CH,-COOH

decreases




Chemical properties of carboxylic acids :

Halogens are electronegative atoms and exert electron
withdrawing inductive effect (-1 effect). The negatively charged
carboxylate ion in the conjugate base of halo-acetic acid gets
stabilized by the -l effect of halogen. Which is responsible to
diffuse the native charge.

Higher the electronegativity of halogen greater is the
stabilization of the conjugate base, stronger is the acid and
smaller is the pKa value.




Chemical properties of carboxylic acids :

e Acidity of aromatic carboxylic acids :

Benzoic acid is the simplest aromatic acid. From the pKa
value of benzoic acid (4.2) we understand that it is stronger than
acetic acid (pKa 4.76). The sp2 hybrid carbon of aromatic ring exerts
electron withdrawing inductive effect (-l effect) which stabilizes the
conjugate base and increases the acid strength of aromatic acids.
More the number of electron withdrawing substituents higher is the
acid strength.




Chemical properties of carboxylic acids :

Electron—withdrawing groups like -Cl, -CN, and -NO2 increase
the acidity of substituted benzoic acids while electron—donating
group like —CH,, - OH , - OCH; and -NH, decrease the acidity of
substituted benzoic acids .

COOH COOH COOH

NO, CH,
(4-Nitrobenzoic  (Benzoic acid) (4-Methylbenzoic
acid) (PK,=4.2) acid)

(PK_=3.41) (pK_=4.4)




Chemical properties of carboxylic acids :

* Formation of acyl chloride Reaction with PCl;, PCl;, SOCI, :
Carboxylic acids on heating with PCl;, PCl., SOCI, give the
corresponding acyl chlorides. Thionyl chloride (SOCI,) is preferred
because the byproducts formed are in gaseous state so they can
easily escape from the reaction mixture. In this reaction —OH
group of —COOH is replaced by —Cl.

R-COOH + SOCL 2> R-CocCl + 50,1

(Carboxylic acid) (acyl chloride)

3 R-COOH + PCL, —> 3 R-COCI + P(OH), A
+HCl |

R-COOH + PClL, —*> R-COCI + POCI,




Chemical properties of carboxylic acids :

* Reaction with ammonia :

* Formation of amide :
Carboxylic acids react with ammonia to from ammonium
carboxylate salt which on further strong heating at high
temperature decomposes to give acid amide.

'E:_'._;': F A R
R-COOH + NH, == R-COONH, o> R-CONH,
(Carboxylic acid) (ammonium carboxylate) (Acid amide)

b. Acid amides can also be prepared by reacting acid chloride

with ammonia. S
R-COCl + NH,— R-CONH, + HCI

{Acy] chlorids) (Acid amide)




Chemical properties of carboxylic acids :

* Formation of acid anhydride :

* Mono carboxylic acids on heating with strong dehydrating agent
like P205 concentrated H2S04 give acid anhydrides. The reaction
is reversible. Anhydrides are readily hydrolyzed back to acids on
reaction with water.




Chemical properties of carboxylic acids :

Better yield of acid anhydride is obtained by heating sodium
carboxylate with acyl chloride.

LA o
R—CO0ONa + B—C0CI

{ sodium carboxylate) {acv] chloride)




Chemical properties of carboxylic acids :

* Acyl chloride and sodium salt of acid are prepared by reacting
carboxylic acid separately with thionyl chloride and sodium
hydroxide respectively

R-COOH f"H“:"L‘li: R-COCI
— R + Na(Cl

B
R-COOH NeOH, R _-COONa |,_..-mh}-dﬂdelr




Chemical properties of carboxylic acids :

* Decarboxylation of carboxylic acids:

Sodium salts of carboxylic acids on heating with soda lime
give hydrocarbons which contain one carbon atom less than the
carboxylic acid. For example,

R-COONa +NaOH —3 > R-H +Na,CO,

Cal

CH,-COONa + NaOH —— CH, +Na CO,

(Sodium acetate) (Methane)




Chemical properties of carboxylic acids :

* Reduction of carboxylic acids :

Carboxylic acids are reduced to primary alcohols by powerful
reducing agent like lithium aluminium hydride. Carboxylic acid can
also be reduced by diborane
(diborane does not reduce —COOR, -NO, , -X).

(Note : Sodium borohydride (NaBH, )does not reduce-COOH group).

| dry e
R-COOH + LiAIH, =——= R-CH,OH

ether




Aldehyde, Ketones & Carboxylic Acids.




Chemical properties of carboxylic acids :




Chemical properties of carboxylic acids :




