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Q. 1 (a) Answer the following in one sentence: 5)
i)
ii)
iii)
iv)
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D
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IV)
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B.Sc. Il Organic Chemistry (P-VIIl) (Sem.-IV) 1.2 Carboxylic Acids and their Derivatives

Introduction

It is a group of an organic compound containing a carboxylic group
(—COOQOH). Carboxylic acid contains a carbonyl group to which the
hydroxyl group is attached. The general formula of the group is
R-COOH. In the formula, R denotes the rest of the group attached to
the functional group. This carboxylic group may be attached to
hydrogen (HCOOH), an alkyl group (RCOOH), or an aryl group
(ArCOOH). The structure of carboxylic acid is

O
y)
R” NoH
HCOOH CH;COOH CH3(CH,)1,COOH
Formic acid Acetic acid Lauric acid
(Methanoic acid) (Ethanoic acid) (Dodecanoic acid)
COOH
@—COOH @— CH,COOH O/
Benzoic acid Phenyl acetic acid Cyclohexane carboxylic acid

The classification of carboxylic acids is based on the number of
—COOH groups present in the molecule as mono-, di-, tri-, or poly
carboxylic acid. If carboxylic acid contain halogen atom then it is
called as haloacid and if it contain —OH group then it is called as
hydroxy acid. When it contain double bond then it is called as
unsaturated acid.

1.1 Monocarboxylic Acid

The molecule which contain only one —COOH group is called as
monocarboxylic acid.

Lower straight chain aliphatic carboxylic acids as well as those of
even carbon upto Cyg are commercially available. e.g. acetic acid is
produced by methanol carbonylation with carbon monoxide. Whereas
long chain carboxylic acids are obtained by the hydrolysis of
triglycerides obtained from plant or animal oils. Vinegar, a dilute
solution of acetic acid is biologically produced from the fermentation
of ethanol.
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The aliphatic carboxylic acids have been known from the ancient
time and named according to their sources rather than to their
chemical structure. e.g. Formic acid adds the sting to the bite of an
ant (Latin : Formica — ant), butyric acid gives rancid butter its typical
smell (Latin : butyrum — butter); and caproic, caprylic and capric acids
all are found in goat fat (Latin : Caper — goat).

Some of the examples of carboxylic acids have been given below
in Table 1.1.

Table 1.1
Name of the compound | Common name | IUPAC name
HCOOH Formic acid Methanoic acid
CH;COOH Acetic acid Ethanoic acid
CH5.CH,.COOH Propionic acid Propanoic acid
CH5.CH,.CH,.COOH Butyric acid Butanoic acid

1.1.1 Methods of Formation

There are different methods used in preparation of
monocarboxylic acids. Some of them are,

1. From Alcohols: Primary alcohols can undergo oxidation
reaction to form corresponding carboxylic acids with the help of
oxidizing agents such as potassium permanganate (KMnOy for neutral
or acidic or alkaline media), chromium trioxide (CrOs; /H,SO,4 Jones
reagent), and potassium dichromate (K,Cr,0; aciocl)ic media).

1. KMnO, Il
CH;—CH,—OH ———  CH;—C—OH
OH
Ethanol Heat Ethanoic acid
2.H,0

2. From Aldehydes: Aldehydes with mild oxidizing agents such

as Tollen’s reagents [Ag(NHg);OH_] and manganese dioxide (MnO,)
give monocarboxylic acid.

Tollen's reagent
CHs;CHO CH3;COOH

Acetaldehyde Acetic acid
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3. Ketones: Methyl ketones can be converted to carboxylic acids
via. the haloform reaction.
Il 1. X,/NaOH Il
Ar—C—CH, ——=———»Ar—C—OH + CHX,
2.H,0
4. 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.

Acid hydrolysis
-C=N - R - COOH + NH;
H* / HOH

Example:

NaCN
Br—-CH, - CH, - CH,—-Br———> NC - CH, - CH, - CH, - CN
Pentane dinitrile

H;0"
_— HOzC = CH2 = CH2 = CHZ - COzH
Glutaric acid
This synthetic method is generally limited to the use of primary
alkyl halides. Aryl halides (except for those with ortho and para nitro
groups) do not react with sodium cyanide. Just like Grignard
synthesis, nitrile synthesis also increases the length of carbon chain.
5. Oxidation of Alkyl benzenes: Strong oxidation of alkyl
benzenes also result in the formation of carboxylic acids.

KMnO4
Ar—R —— Ar - COOH

KMnO4
Example: NO, — C¢Hs — CH; ——— NO;, — C¢Hs - COOH
1.1.2 Chemical Reaction
1. Hell-Volhard-Zelinski reaction: Aliphatic carboxylic acids
on reaction with bromine in the presence of phosphorus produce
halo acids. This reaction is known as Hell-Volhard-Zelinski (HVZ)

reaction.
0
Br,/Red P Il
CH,CH,COOH ——— CH3—?H— C—
Br

Propanoic acid 2-Bromopropanoic acid

OH
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1.2 Halo Acids

If acid contain halogen atom then it is called as Halo acid.
Depending upon the position of halogen atom on «, B, y carbon atom
with respect to carboxylic acid, they are classified as a-halo acid,
B-halo acid, y-halo acid respectively.

1.2.1 Methods of Formation of Halo Acids

Synthesis of mono-, di- and trichloro acetic acid have been carried
out by different methods.

(A) Methods of formation of Monochloro acetic acid:

It can be prepared with the help of following methods:

1. Hell-Volhard-Zelinski reaction: The reaction of aliphatic
carboxylic acids with bromine/chlorine in the presence of red
phosphorus in direct sunlight at 373 K produces o halo acids. This
reaction is Hell-Volhard-Zelinski reaction.

Red P /373K

CH3COOH + Cl; ———  Cl - CH, - COOH + HCI
Direct sunlight

Acetic acid Monochloro acetic acid
2. From Ethylene chlorohydrine: This method is used in
laboratory or in industry. The oxidation of ethylene chlorohydrine
with nitric acid gives monochloro acetic acid.

[O]
OH - CH, - CH; - Cl——— Cl - CH, - COOH
HNO;
Ethylene chlorohydrine Monochloro acetic acid

3. From Trichloro ethylene: When trichloro ethylene agitating
with 90% sulphuric acid gives monochloro acetic acid.

90% H,S0,
Cl,C = CHC| —— Cl - CH, - COOH

Trichloro ethylene Monochloro acetic acid
(B) Dichloro acetic acid:

It is a colourless liquid having boiling point 193°C. It is soluble in
water and ethanol and having 1.25 pK, value.
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Methods of Formation:
It has been prepared by following methods:

1. Hell-Vohlard-Zelinsky method: When acetic acid is treated
with excess amount of chlorine in direct sunlight in the presence of
red phosphorus at 373 K, it gives dichloro acetic acid.

Red P /373 K
Direct sunlight

Acetic acid Dichloro acetic acid
2. From Chloral hydrate: When chloral hydrate is treated with
calcium carbonate in the presence of sodium cyanide, it gives Ca-salt
of acid which on further acidification with H,SO, gives dichloro acetic

acid.

NaCN
2CCl3-CH(OH), + 2CaCO; —— (CI,CHCOO0),Ca + CaCl, + H,0 + 2CO,

Chloral hydrate H,SO, ot

2CI,CH.COOH + CaSO0,
Dichloro acetic acid
(C) Trichloro acetic acid:
It is a colourless deliquescent solid having melting point 57.5°C.
It is soluble in water, ethanol and ether. It is strongly corrosive to skin.
Methods of Formation:
It has been prepared by following methods:
1. Hell-Vohlard-Zelinsky method: When acetic acid is treated
with excess amount of chlorine in direct sunlight in the presence of
red phosphorus at 373 K, it gives trichloro acetic acid.

Red P /373 K
CH3COOH + 3Cl; ——— CI3C - COOH + 2HCI
Direct sunlight

Acetic acid Trichloro acetic acid
2. When oxidation of chloral with nitric acid is carried out it
gives trichloro acetic acid.

[O]
CCl3,CHO —— CI;C-COOH
HNO;

Chloral Trichloro acetic acid
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