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Carboxylic acids

These compounds contain the carboxyl group attached to

hydrogen (HCOOH) an alkyl group (RCOOH), or an aryl group (Ar

COOH).

These are also named as fatty acids because of some higher

members particularly palmitic and stearic acids, occur in natural

fats.

The general formula of the carboxylic acids is CnH2nO2.

Carboxylic acids are characterized by the presence of carboxyl

group.

The –COOH group which itself is made up of a carbonyl group

(C=O) and a hydroxyl group (¾OH) is called carboxyl group (carb

from carbonyl and oxyl from hydroxyl)



carboxylic acids

Carboxylic acids may be aliphatic or aromatic

Classification of carboxylic acids

1. By the nature of hydrocarbon radical

la) saturated acids

;b) unsaturated acids

c) aromatic acid

2. By the number of carboxyl groups

a) monocarboxylic acids

b) dicarboxylic acids.



Classification of carboxylic acids

Saturated acids are acids, which have only simple bonds in

molecule.

Example: methanoic (formic) acid ethanoic (acetic) acid

propanoic (propionic acid) acid stearic acid (octa decanoic

acid)CH3-(CH2)16-COOH

Unsaturated acid is an acid, which has both as simple bonds and

duble bonds in molecule.

Example:CH2=CH-COOH

Aromatic acid is acid, which contain aromatic ring.

Example: benzoic acid.

2. By the number of carboxyl groups

Monocarboxylic acid is acid, which has one carboxylic group in

molecule.

Example: acetic acid, formic acid, butanoic acid.



Classification of carboxylic acids

Dicarboxylic acid is acid, which has two carboxylic group in

molecule.



Methods of preparation of carboxylic acids 

Oxidation of Primary Alcohols and Aldehydes

Primary alcohols on oxidation give aldehydes, the reaction does 

not stop here and the oxidation continues to give carboxylic acids as 

final product.

Oxidation of Alkyl Benzenes

Strong oxidation of alkyl benzenes also result in formation of 

carboxylic acids

Primary alcohol Aldehyde Carboxylic Acid
or

Example:

2-Metyl-1-butanol 2-Metyl-1-butanoic acid



Methods of preparation of carboxylic acids 

Oxidation of Alkyl Benzenes

Strong oxidation of alkyl benzenes also result in formation of 

carboxylic acids

Grignard Synthesis of Ccarboxylic Acid

Grignard synthesis has the advantage of increasing the length of 

carbon chain and thus it is useful for extending the range of 

available materials.



Methods of preparation of carboxylic acids 

CO2(g) is bubbled into ether solution of grignard reagent which

results in addition of grignard reagent to the C=O bond to form

magnesium slats of the carboxylica cids from which carboxylic acids

are produced by treatement with mineral acids

This method is useful for converting alkyl halides into

corresponding carboxylic acids having one carbon atom more than

that present in alkyl halides (ascending the series)

Oxidation of Alkenes

Strong oxidation of alkenes results in formation of carboxylic 

acids. Alkenes can be oxidized to carboxylic acids with hot alkaline 

KMnO4



Methods of preparation of carboxylic acids 

Hydrolysis of Nitriles (Cyanides)

 Aliphatic nitriles are prepared by treatment of alkyl halides with

sodium cyanide in a solvent that will dissolve both reactants. In

dimethyl sulfoxide (DMSO), reaction occurs rapidly and

exothermically at room temperature.

The resulting nitrile is then hydrolysed to the acid by boiling with

aqueous alkali or acid.

example



Methods of preparation of carboxylic acids 

Hydrolysis of Trihalogen Derivatives

 Trihalogen derivatives in which the three halogen atoms are all

attached to the same carbon atom yields carboxylic acid on

hydrolysis

Example

CH3CCl3 + KOH → CH3CO2 
+ H2O

Oxidation of Methyl Ketone

Methyl ketone can be converted to carboxylic acids via the 

haloform reaction.

Koch Reaction

A recent method for manufacturing fatty acids is to heat an olefin 

with carbon monoxide and steam under pressure at 300-400° C in 

the presence of a catalyst, e.g. phosphoric acid.

CH2 = CH2 + CO + H2O → CH3 – CH2 – COOH



Methods of preparation of carboxylic acids 

Heating Gem Dicarboxylic Acids

Hydrolysis of acyl halides and anhydrides

Acid chlorides on hydrolysis give carboxylate ions which

on acidification provide corresponding carboxylic acids.

Acid Anhydrides on the other hand give corresponding acid on

hydrolysis.

Hydrolysis of esters

Acidic hydrolysis of esters gives directly carboxylic acids while

basic hydrolysis gives carboxylates, which on acidification give?

carboxylic acids



Physical Properties of Carboxylic Acids
.

The molecules of carboxylic acids are polar and exhibit

hydrogen bonding.

The first four are miscible with water.

The higher acids are virtually insoluble.

The simplest aromatic acid, benzoic acid, contains too many

carbon atoms to show appreciable solubility in water.

Carboxylic acids are soluble in less polar solvents like ether,

alcohol, benzene etc.

Carboxylic acids have higher boiling points than alcohols.

These very high boiling points are due to the fact that a pair of

carboxylic acid molecules are held together not by one but by two

hydrogen bonds and exist as dimer.

The first three fatty acids are colourless pungent smelling

liquids.



Acidity of Carboxylic Acids

 The acidity of a carboxylic acid is due to the resonance

stabilization of its anion.

Because of the resonance, both the carbon oxygen bond in the 

carboxylate anion have identical bond length. 

In the carboxylic acid, these bond lengths are no longer 

identical.

The acidity of carboxylic acid depends very much on the 

substituent attached to – COOH group



Reaction of Carboxylic Acids 

carboxylic acids undergo a nucleophilic substitution

reaction where the nucleophile (-OH) is substituted by another

nucleophile (Nu).

The carbonyl group (C=O) gets polarized (i.e. there is a charge

separation), since oxygen is more electronegative than carbon and

pulls the electron density towards itself.

As a result, the carbon atom develops a partial positive charge

(δ+) and the oxygen atom develops a partial negative charge (δ-).

In some cases, in the vicinity of a strong electrophile, the partially

negatively charged carbonyl oxygen (δ-) can act as a nucleophile

and attack the electrophile



Reaction of Carboxylic Acids 



Reaction of Carboxylic Acids 

Acid chloride (ROCl)

Acid chlorides are formed when carboxylic acids react with thionyl 

chloride 

They are the most reactive derivatives of carboxylic acid



Reaction of Carboxylic Acids 

Ester (RCOOR’)

Esters are derived when a carboxylic acid reacts with an alcohol.

Esters containing long alkyl chains (R) are main constituents of

animal and vegetable fats and oils.

Many esters containing small alkyl chains are fruity in smell, and

are commonly used in fragrances.



Reaction of Carboxylic Acids 

Thioester (RCOSR’)

Thioesterification: A thioester is formed when a carboxylic acid

reacts with a thiol (RSH) in the presence of an acid.

Acid anhydride



Reaction of Carboxylic Acids 



Reaction of Carboxylic Acids 

Amide

The direct conversion of a carboxylic acid to an amide is difficult

because amines are very basic and tend to convert carboxylic acids

to their highly unreactive carboxylate ions.

Therefore, DCC (Dicyclohexylcarbodiimide) is used to drive this

reaction.



Reaction of Carboxylic Acids 

Amide

A carboxylic acid first adds to the DCC molecule to form a good

leaving group, which can then be displaced by an amine during

nucleophilic substitution to form the corresponding amide.

The reaction steps are shown below:

Step 1: Deprotonation of the acid.

Step 2: Nucleophilic attack by the carboxylate.



Reaction of Carboxylic Acids 

Amide

Step 3: Nucleophilic attack by the amine

Step 4: Proton transfer.



Reaction of Carboxylic Acids 

Step 5: Dicyclohexylurea acts as the leaving group to form the

amide product.



Thank for  attention kind your  paying

    Dr. heerajD  Bisht 
Department        

 
 
 
 

 Bhimtal Sciences       
   pharmaceutical of

       University
 

      M:

       
     

Mailid:  dheeraj.bisht729@gmail.com

 

 

 
 

 8126574891 

 India Uttarakahnd, Nainital,
 

 


