Aldehydes, Ketones and Carboxylic Acids

Nomenclature and Structure of Carbonyl Group
Nomenclature
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Aldehyde Ketone

Common Names of Aldehydes
Often called by their common names instead of [IUPAC names

Derived from the common names of the carboxylic acids by replacing the ending ‘~ic’ of the acid
with aldehyde

Location of the substituent in the carbon chain is indicated by the Greek letters a, f3, v, 6, etc.

Example:
CHO Br O
| I
CH;CHO ©/ H;[‘—CH—CH;:—('—]!
) B ot
Acetaldehyde Benzaldehyde B-Bromobuty raldehy de

Common Names of Ketones

Derived by naming two alkyl or aryl groups bonded to the carbonyl group
Locations of substituents are indicated by the Greek Letters, a, o, B, ', and so on
The simplest dimethyl ketone is called acetone.

Alkyl phenyl ketones are usually named by adding the acyl group as prefix to phenone.
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Acetone Acetophenone Propiophenone Benzophenone

IUPAC Names



For open-chain aliphatic aldehydes and ketones, IUPAC names are derived from the names of the
corresponding alkanes by replacing the ending ‘—e’ with ‘-al’ and ‘-—one’ respectively.

In the case of aldehydes, the longest chain is numbered starting from the carbon of the aldehydic
group.

In the case of ketones, the numbering begins from the end nearer to the carbonyl group.

Substituents are prefixed in the alphabetical order along with the numerals indicating their
positions in the carbon chain.

Same rule is applicable to cyclic ketones.

If the aldehydic group is attached to a ring, then the suffix carbaldehyde is added to the full name of
cyclohexane.

Example:

Cyclohexanecarbal dehyde N},

4-Mitrobenzenecarbaldehyde
or
4-Mitrobenzaldehyvde

CHC

The common name benzaldehyde is also accepted by IUPAC.

Common and IUPAC names of some aldehydes and ketones are listed in the given table.

Structure Common name IUPAC name

Aldehydes

HCHO Formaldehyde Methanal

CH3CHO Acetaldehyde Ethanal




(CH3)2CHCHO

Isobutyraldehyde

2-Methylpropanal

CHO

Haf\o/

y-Methylcyclohexane

3-Methylcyclohexanecarbaldehyde

CH3CH(OCH3)CHO a-Methoxypropionaldehyde | 2-Methoxypropanal
CH3CH2CH2CH2CHO Valeraldehyde Pentanal
CH2= CHCHO Acrolein Prop-2-enal

Phthaldehyde Benzene-1,2-dicarbaldehyde

HO

CHO

CHO

Br

m-Bromophthaldehyde

3-Bromobenzene-1,2-dicarbaldehyde

Ketones
CH3COCH2CH2CH3 Methyl n-propyl ketone Pentan-2-one
(CH3)2CHCOCH(CHs)2 | Diisopropyl ketone 2,4-Dimethylpentan-3-one




CED a-Methylcyclohexanone 2-Methylcyclohexanone

CH;

(CH3)2C=CHCOCHs Mesityl oxide 4-Methylpent-3-en-2-one

Structure of Carbonyl Group

Carbonyl carbon atom is sp? hybridised.

[t forms three sigma (o) bonds and one pi (1) bond.

The m bond is formed with oxygen by overlap with p-orbital of an oxygen atom.
Oxygen atom has two non-bonding electron pairs.

Carbonyl carbon and the three atoms attached to it lie in the same plane.

m-electron cloud is above and below the plane.

Bond angles are approximately 120° as is expected of a trigonal co-planar structure.

Orbital diagram for the formation of carbonyl group is as follows:

C=0 double bond is polarised due to higher electronegativity of oxygen relative to carbon.
Carbonyl carbon - an electrophile (Lewis acid)
Carbonyl oxygen - a nucleophile (Lewis base)

High polarity of the carbonyl group is explained on the basis of resonance involving neutral (A) and
dipolar (B) structures as shown below.
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Preparation of Aldehydes and Ketones
Important Methods for the Preparation of Aldehydes and Ketones

By oxidation of alcohols
Primary alcohols — Aldehydes

Secondary alcohols — Ketones
By dehydrogenation of alcohols

Primary alcohols — Ry Aldehydes

AporCu

Secondary alcohols = Ketones
From hydrocarbons

Ozonolysis of alkenes followed by reaction with Zn dust and water gives aldehydes, ketones, or a
mixture of both, depending upon the substitution pattern of the alkene.

Hydration of alkynes
CH= CH —— 0 CH;CHO
=(H——» '
H,50,/HgS0, !
Ethyne Ethanal

Other alkynes give ketones in this reaction.
Preparation of Aldehydes

From acyl chloride (acid chloride)
0
I H;

R-C-Cl - RCHO
Pd — Bas0y

Acyl chlonde Aldehyde

This reaction is called Rosenmund reduction.



Example:

0
Il

C"‘\.('] CHO
H,
—
Pd - BaSO,

Benzovl Benzaldehyde
chlorids

From Nitriles
RCN +SnCl, + HCl——>RCH = NH —*— RCHO

This reaction is called Stephen reaction.

1 1. AlH (i-Bu),

Example:
1. AlH (i Bu),

CH; - CH=CH - CH, - CH, — CN TO‘- CH; — CH = CH — CHy; — CH, CHO
. Ha

From esters

Esters —-202 5 Aldehydes

Example:

i i
CH;y (CHy)y ~ € - OC,H; Wﬁ- CH; (CHy)y - C - H

From hydrocarbons

By oxidation of methyl benzene and its derivative using chromyl chloride (CrO2Cl2)

CH; CH (OCrOHCI,), CHO
S, Hy0'
+ Cr0aCl;, ———= _— -
Toluene Chromium Benzaldehyde
complex

This reaction is called Etard reaction.



o By oxidation of methyl benzene and its derivative using chromic oxide (Cr0s3) in acetic anhydride

CH; CH(OCOCH;); CHO

™y _ 4 HyO A
+ Cr0; + {('II;(".HII{)ﬂF @ i

Benzaldehvde

e By side chain chlorination followed by hydrolysis

CH; CHCl, CHO
e
Toluene Benzal chlonde Benzaldehyde

By Gatterman-Koch reaction

Benzene or C0, HC
its derivative  Anbhy. AICT3/CulCl

= Henzaldehyde or
substituted benzaldehvywde

CHO

CO, HCI
Anhy, AICT/CuCl

Benzene Benzaldehyde

Preparation of Ketones

e From acyl chlorides
Treatment of acyl chlorides with dialkylcadmium gives ketones.
2R-Mg-X + CdCl, —— R,Cd + 2Mg(X)Cl

IR —C—Cl + R,Cd—=2R —C—R + CdCl,

|
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¢ From nitriles



Treatment of nitrile with Grignard reagent followed by hydrolysis gives a ketone.

MhlgBr 0
ather +

CHy; —CH; — C =N+ C HsMgBr —FCHJEHJ—":\ — CEH.’.\_":\
CeHts CeHs

Y
.

Propiophenone
{ 1-Phenylpropanome)

From benzene or substituted benzene (Friedel-Craft acylation reaction)

Treatment of benzene or substituted benzene with acid chloride in presence of anhydrous
aluminum chloride gives ketone.
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Aldehydes and Ketones - Physical Properties & Chemical Reactions - |
Physical Properties of Aldehydes and Ketones

Methanal - Gas at room temperature

Ethanal - Volatile liquid

Other aldehydes and ketones - Liquid or solid at room temperature

Boling points of aldehydes and ketones are higher than those of hydrocarbons and ethers of
comparable molecular masses.

Reason: Weak molecular association in aldehydes and ketones, arising out of the dipole-dipole
interactions

Boiling points of aldehydes and ketones are lower than those of alcohols of similar molecular
masses.

Reason: Absence of intermolecular hydrogen bonding
Lower members of aldehydes and ketones are miscible with water in all proportions.

Reason: They form hydrogen bonds with water.
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Solubility of aldehydes and ketones decreases rapidly on increasing the length of the alkyl chain.
All aldehydes and ketones are fairly soluble in organic solvents such as ether, methanol, etc.
Lower aldehydes have sharp pungent odours.

As the size of aldehydes increases, the odour becomes less pungent and more fragrant.
Chemical Reactions -1

Nucleophilic Addition Reaction

Mechanism

Planar
slow | | step |
fasT
‘T‘ step 2 ') nli 'DH.
Tetrahedral infermediate Addition product

Nucleophile (Nu-) attacks the carbonyl group perpendicular to the plane of sp? hybridised orbitals
of carbonyl carbon.

In the process, hybridisation of carbon changes from sp2 to sp3.
A tetrahedral alkoxide is formed as intermediate.
Reactivity

Aldehydes are more reactive than ketones in nucleophilic addition reactions.



Reason: Steric and electronic reasons
Examples:

Addition of hydrogen cyanide (HCN)

HCN+OH «——:CN+H,0

3 M
'\5+ o \\ /rﬂ H' -~
- e E—
s A DN —— ¢
. e ( T
OH
A N /o 1
[ yan-::hg,-dru:
Tetrahedral
intermediats

Addition of sodium hydrogen sulphite (NaHSO3)

N~ OS0:H  proton transfer —  _, 080;Na

=0 + NaHS0; F—*= ' —*
4 7N (Ma 7N OH
Bisulphite addition
compound
(crystalling)
Addition of alcohols
R'OH Op' OR’
HC gas R'OH
R-CHO ...—_E—l" R-CH - m— T & F o H.0
+ ~
OH OR'
Hemiacetal Acetal
R\( o ?HEUH HCT s Ry, ,0— T“z
= i I — C +  HO
R CH,0H il HCI R SN0 —CH,
Ethylene glycol ketal
Addition of ammonia and its derivatives
R E. OH E
'L\
=0 + BN-Z g——w| 7 > NC=N-Z 4 HO
R/ R/ S NHZ H‘.f B

Z = alkyl, aryl, OH, NH3, CsHsNH, NHCONHz, etc.



Addition of Grignard reagents

R A _ 4 HA0
-:':(.\"0 ¢ R-Mg-X—— | NC— OMzg— X| —2— = SC— OH + Mg (OH)X
/ /] 4
R R
Reduction reactions
Reduction to alcohols
NallH, orliAlH,
Aldehydes o Calytic hydrogenation ™ primary alcohols
MaBH, orLiAlH,
Ketones  orCatahtic hydrogenation © Sacondary alcohols
Reduction to hydrocarbons
Clemmensen reduction
. Zn—Hg t
f_:D' CH, + H,0
~ HCI &0 -
Wolf-Kishner reduction
A MH-MH, ™ KOH/ethylene glveol
(=0 —2 L g " =—NNH, = e CH, * N
-~ -H,0 - heat ~T

Oxidation reactions

Aldehydes are oxidised to carboxylic acids by common oxidising agents such as KMnO4, HNO3,
K2Cr207, etc.

R - CHO —" » RCOOH

Aldehydes are also oxidised by mild oxidising agents such as Tollen’s reagent and Fehling’s reagent.
On the other hand, ketones are not oxidised by mild oxidising agents.

Ketones are oxidised under vigorous conditions, i.e., by strong oxidising agents and at elevated
temperatures. It involves carbon-carbon bond cleavage.



R—f‘Hz—ﬁ—c'Hl R—2 R coon + R - CH.COOH

o (By cleavage of C| — Cs hond)

R CH,COOH + R - COOH
{By cleavage of C5 — C5 bond)

Tollen’s test
R ~CHO+2[ Ag(NH,), | +30H" ——>RCOO™ +2Ag+2H,0+4NH,

Fehling’s Test

R-CHO+2Cu™ +50H ——RCOO +Cu,0+3H.0
red-brown ppt

Oxidation of methyl ketones by haloform reaction

0 0
Il
R—C—ﬂH_:MhR—y—DNa + CHX; (X=ClLBr,1)
H /CH; H /CH
NaOCl ~
t=C g —— C=C  ONa <+ CHCl;
RNy e P .
H- C H;C C
! \
0 0

Reactions Due to a-Hydrogen & Uses of Aldehydes and Ketones
Reactions due to a-Hydrogen

a-Hydrogen of aldehydes and ketones are acidic: They undergo a number of reactions due to
the acidic nature of a-hydrogen.

Reason for the acidity of a-hydrogen: Strong electron-withdrawing effect of the carbonyl group,
and resonance stabilisation of the conjugate base
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Aldol condensation (or aldol reaction)



Aldehydes and ketones with at least one a-hydrogen undergo a reaction in the presence of dilute
alkali as catalyst.

dil. NaOH
2CH;— CHO = CHy;=— CH—(CH,— CHO
Ethanal OH -H,0 A
3 — Hydroxybutanal
{Aldol) Cl I_,. — = CH — CH
But - 2 - enal
{Aldol condensation product)
CH, 0
Ba(OH), | []
2 CH;— C0— CH; ——= CH,~— € —CH,—C— CH,
Propanong OH -H,0 X
4 — Hydroxy — 4 — methylpentan — 2 — one
(Ketol) CH; o

CH;— € = (CH—C— CH,
4 — Methylpent — 3 — en — 2 — one
{Aldol condensation product)

e Cross-aldol condensation: Aldol condensation carried out between two different aldehydes
and/or ketones

e If both of them contain a-hydrogen atoms, then it gives a mixture of four products.

CH.CHO |
(1) NaOH
. » CH,—CH=— CH— CHO + CH,— CH.— CH=— C —CHO
(ny A |
CH.CH-.CHO CH,
But — 2 — ¢nal 2 — Methylpent — 2 — enal
\\ {from two molecules of ethanal ) {from two molecules of propanal)y /

Simple or self aldol products
+

CH.—CH=—C(C—CHO + CH:— CH.— CH=— CH—CHO

CH:

\ 2 — Methylbur — 2 — enal Pent — 2 — enal /

Cross aldol products




Ketones can also be used as one component in cross-aldol reactions.

0
O Ontie Qo=

o
I, 3 — Diphenylprop -2 —en - | —one

{Benzalacetophenone |
(Major product)

Other Reactions
Cannizaro reaction

Aldehydes which do not have an a-hydrogen atom, undergo self oxidation and reduction
(disproportionation) reaction on treatment with a concentrated alkali.

Example:
L |
~~ V.
2 C—0 + Conc. KOH ——» H—(C—0H + H—It_""‘l“r
H N Ok
H
Formaldehvde Methanol Potassium
formate

Electrophilic substitution reaction
Aromatic aldehydes and ketones undergo electrophilic substitutions at the ring.
Carbonyl group acts as a deactivating and meta-directing group.

HNO,/H, 80,
@— CHO ——»= @— CHO
273283 K

Benzaldehyde 0,N

— Nitrebenzaldehyvde
Uses of Aldehydes and Ketones
As solvents
As starting materials and reagents for the synthesis of other products

Formaldehyde {formation (40%) solution}- Used for preserving biological specimens, bakelite,
urea formaldehyde glues and other polymers products

Acetaldehyde - In the manufacture of acetic acid, ethyl acetate, vinyl acetate, polymers and drugs



Benzaldehyde - In perfumery and in dye industries
Butyraldehyde, vanillin, camphor, etc., are well known for their odours and flavours

Acetone and ethyl methyl ketone — Common industrial solvents

Carboxyl Group - Nomenclature and Structure & Methods of Preparation

Nomenclature

In the IUPAC system, aliphatic carboxylic acids are named as follows:

By replacing the ending ‘-~ e’ in the name of the corresponding alkane with ‘- oic acid’
Carboxylic carbon is numbered one.

If more than one carboxyl groups are present, then the ending ‘- €’ of the alkane is retained.
The number of carboxyl groups is indicated by adding prefix, d, tri, etc. to the term ‘oic’.

The given table lists the common and IUPAC names and structures of some carboxylic acids.

Names and Structures of Some Carboxylic Acids

Structure Common name IUPAC name
HCOOH Formic acid Methanoic acid

CH3COOH Acetic acid Ethanoic acid
CH3CH2CO0H Propionic acid Propanoic acid

CH3CH2CH2CO0H Butyric acid Butanoic acid




(CH3)2.CHCOOH

[sobutyric acid

2-Methylpropanoic acid

HOOC-COOH

Oxalic acid

Ethanedioic acid

HOOC -CH2-COOH

Malonic acid

Propanedioic acid

HOOC -(CHz)2-COOH

Succinic acid

Butanedioic acid

HOOC -(CH2)3-COOH

Glutaric acid

Pentanedioic acid

HOOC -(CH2)4-COOH

Adipic acid

Hexanedioic acid

HOOC -CHz-CH(COOH)-CHz-
COOH

Propane-1, 2, 3-

tricarboxylic acid

@— COOH

Benzoic acid

Benzenecarboxylic acid

(Benzoic acid)

CH,COO0H

Phenylacetic acid

2-Phenylethanoic acid

COOH
: :{'(JUII

Phthalic acid

Benzene-1, 2-dicarboxylic

acid




Structure of Carboxyl Group

Carboxyl carbon is less electrophilic than carbonyl carbon because of resonance.

90 ) /{] /(]

-— — — ——
N, é 0! —H \H _—
Bonds to the carboxyl carbon lie in one plane and are separated by about 120°.
Methods of Preparation of Carboxylic Acid

From primary alcohols

RCHJDH 1. Allealine K*.\Inlf:l, 5 RCGDH

1 HO

RCH,OH =228, RCOOH
(_"H 3 [.(:HJ }H("H}DH Mkir_,} {'_ H'-._{{.1H_, }H{_‘D(JH
|-Decanol Decanoic acid

From primary aldehydes

RCHO —I°L» R —COOH
Oxidising agents — HNO3, KMnOs, K2Cr207
Mild oxidising agents - Tollen’s reagent and Fehling’s reagent

From alkyl benzenes

Chromie acid ar

alkaline or sadic KMnO,

Alkyl benzenes » Aromatic carboxylic acids

1° and 2° alkyl benzene are oxidised in this manner.

Tertiary group is not affected.

COOK COOH

CH,
KMnO, - KOH Ho'
Heat

Tolusne Benzoic acid



—CH; COOK COOH

@ hr»«lm:)4 KOH @ H,0' @

Benaoic acid
e From nitriles and amides
i
+ +
R— CN H or OH R— C—NH, H or OH RCOOH
H,0 - Fa¥
Mitrile Carboxylic acad

CH,CONH, —%*— CH,COOH + NH,

Ethanamide Ethanoic acid
CONH, COOH
H,0'
B e— + MH;
A :
Benzamide Benzoic acid

e From Grignard reagents

0
Dry ether -+ H,0"
R—MgX + 0=(C—0 ——= R— C— O MgX ——— RCOOH
Cingnard Carboxylic acid
reagent

o From acyl halides

H.0
— = RCOOH =~ CI
ROOC] ——
Acyl halide +
: OH J H,O
"r—,m 00 +ci —122 L geoon

e From acyl anhydrides

(C,H.CO),0 s 2C H,COOH

Benzoic anhydride Benzoice acid
C,H.COO COCH, —**>» (CH,COOH + CH,COOH
Benzoic ethanoic Benzoic acid Ethanoic acid

anhydride



e From esters

Acidic hydrolysis

o Ester > Carboxylic acid
Example:
COOC,H, COOH

|
H,0
@ _ @ + C,H;0H

Benzoic acid

Basic hvdrolysis

H,0
Ester Carboxylate —_— Carboxylic acid

Examples:
MNaOH

Ethyl butanoate H,0

CH,CH,CH,CO0H

Butanomic acid

Chemical Reactions of Carboxylic Acids

Physical properties

e Lower carboxylic acids are colourless liquids while those with high molecular mass are wax like
solids at room temperature.

e Lower carboxylic acids are soluble in water due to formation of hydrogen bonds. Solubility in water
decreases with increase in molecular mass due to increases in non-polar hydrocarbon chain. All the
carboxylic acids are soluble in organic solvents.

-——H—D—T=:D:-l—H—E|:?:-——H—D—c
R Hydrogen H
bond

R



e Boiling point of carboxylic acids are higher than that of alcohol of similar molecular weight.This is
because of the greater extent of intermolecular hydrogen bonding in carboxylic acid than in
alcohol.

O---H— 0

# .

R—C
\‘\D_ H---

Reactions Involving Cleavage of O-H Bond
Acidity
e Reactions with metals and alkalies:

2ZR-COOH + 2Na—— ZRCOONa + H,
Sodium carboxylate

R — COOH + NaOH — R — COONa + H,0
R — COOH + NaHCO, —— RCOONa + H,0 + CO,

Dissociate in water to give resonance-stabilised carboxylate anions and hydronium ion

0 ™o o

5 + N -

R—C_ + H0 7 H0" + R—-L\,QH R—C_
OH (S0

Effects of substituents on the acidity of carboxylic acids

@Dl @Dl
Electron-donating group (EDG)

destabilises the carboxylate
anion and weakens the acid

Electron-withdrawing group (EWG)
statulises the carboxylate anion
and strengthens the acd
e The order of the effect of the groups in increasing acidity is

Ph<I<Br<Cl<F<CN<NO2<CFs3

Reactions Involving Cleavage of C-OH Bond



Formation of anhydride

o o) . o 0
. , H A = S
H;C —C + C—{(CHy;———®» CH; —C ¢ —CH;
OH HO or P05, 4 o
Ethanoic acid Ethanoic
anhy dnde
Esterification

RCOOH + R'OH«——RCOOR'+H,0
Acid Alcohol Ester Water

Reactions with PCls, PCl3, and SOCI:

RCOOH + PCl, ——»RCOCI + PCI, + HC|
3RCOOH + PCl, —»3RCOCI +H,PO,
RCOOH +SOCI, —»RCOC1+S0, + HCI

Reaction with ammonia

CH,COOH + NH, «—>CH,COON H, —5— CH,CONH,

Ammonium acetate Acetamide
|
COOH COONH,4 CONHA
+ NHy —— Lﬁ-
5 —Ha0
Ammonium Benzamide
benzoate

Reactions Involving -COOH group

Reduction

R —CD':'” (irLiAlH g Ether or BoH N R —CI I: —OH

ik Hy"

{Alcohol)

Decarboxylation



R-COONa —¥2LC , R-H +Na,CO,
( Alkane)

Kolbe’s electrolysis — On electrolysis of an aqueous solution of alkali metal salts of carboxylic acids,
the salts undergo decarboxylation, forming hydrocarbons containing twice the number of carbon
atoms present in the alkyl group of the acid.

Substitution reactions in the hydrocarbon part

Halogenation (Hell-Volhard-Zelinsky reaction)

{1} X2/Phosphorus
R—CH;—C0O0H — & R—CH—COOH
- (1) H,O |
X
X =Cl, Br

a-Halocarboxylic acid
Ring substitution

Undergo electrophilic substitution reactions (except Friedel-Craft reaction)

COOH COOH

Cone. HNO5+
Conc. H,50,

Wy
m-Mitrobenzoic acid
COOH OO

BI’:-‘IFEB];

Br

mi-Bromobenzoic acid
Uses of Carboxylic Acids
Methanoic acid - In rubber, textile, dyeing, leather and electroplating industries
Ethanolic acid - As a solvent and as a vinegar in food industry
Hexanoic acid - In the manufacture of nylon-6, 6

Higher fatty acids — For the manufacture of soaps and detergents



o Esters of benzoic acid - In perfumery

e Sodium benzoate - As a food preservative



