
 113

19 Carboxylic acids and derivatives 

This topic introduces the chemistry of carboxylic acids and their derivatives

19.1 Carboxylic acids

19.2 Acyl chlorides
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19 Carboxylic acids and derivatives

This topic introduces the chemistry of carboxylic acids and their derivatives. 

Learning outcomes 
Candidates should be able to: 

19.1  Carboxylic acids a) describe the formation of carboxylic acids from alcohols, aldehydes and 
nitriles

b) describe the reactions of carboxylic acids in the formation of:
(i) salts, by the use of reactive metals, alkalis or carbonates 
(ii) alkyl esters
(iii) alcohols, by use of LiAlH4

(iv) acyl chlorides

c) recognise that some carboxylic acids can be further oxidised:

 (i)  the oxidation of methanoic acid, HCO2H, with Fehling’s and 
Tollens’ reagents

 (ii)  the oxidation of ethanedioic acid, HO2CCO2H, with warm 
acidified manganate(VII)

d) explain the relative acidities of carboxylic acids, phenols and 
alcohols

e) use the concept of electronegativity to explain the acidities of 
chlorine-substituted ethanoic acids 

19.2  Acyl chlorides a) describe the hydrolysis of acyl chlorides

b) describe the reactions of acyl chlorides with alcohols, phenols, 
ammonia and primary amines

c) explain the relative ease of hydrolysis of acyl chlorides, alkyl 
chlorides and aryl chlorides including the condensation (addition-
elimination) mechanism for the hydrolysis of acyl chlorides 

19.3  Esters a) describe the acid and base hydrolysis of esters
b) state the major commercial uses of esters, e.g. solvents, perfumes, 

flavourings 

Syllabus content
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Carboxylic acids are weak acids that dissociate partially in aqueous 

solution according to the equation:  

They are more acidic than alcohols because the negative charge on the 

anion can be delocalised over two electronegative oxygen atoms. 

ACIDITY
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 11 Give reaction sequences for the following 

transformations:
 a chloroethane to propanoic acid
 b ethanal to 2-hydroxypropanoic acid
 c ethanal to butan-2-ol

 12 Give reaction sequences for the following 
transformations:

 a 2-chloropropane to propane
 b 2-chloropropane to 2-methylpropanoic acid
 c propan-1-ol to 2-chloropropane
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r� Explain the relative acidities of 
substituted carboxylic acids

r� Explain the relative acidities of 
substituted phenols

r� Explain the relative basicities of 
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The stronger an acid the more it dissociates in aqueous solution (position 
of equilibrium lies more to the right). Acid strength is sometimes described 
using the pKa value. The lower the pKa value the stronger the acid. pKa is 
a log scale and therefore a change in pKa of one unit indicates a ten-fold 

The product of the reaction is a tertiary alcohol with more carbon atoms than the original starting material and is 
therefore formed in the reaction between a Grignard reagent and a ketone.

If we highlight the carbon skeleton of the starting material in the fi nal molecule we can see with which ketone we 
need to react the Grignard reagent.

The Grignard reagent must therefore be reacted with pentan-3-one.
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 26 Carboxylic acids – derivatives and further reactions

441

A Level
Organic chemistry

Electron-donating groups decrease the acid strength of carboxylic acids, whereas electron-
withdrawing groups increase their acid strength.

Formula of acid pKa Percentage dissociation in 
1.0 mol dm−3 aqueous solution

H

O

OH

C 3.75         1.3%

CH3

O

OH

C 4.76       0.42%

CH3CH2

O

OH

C 4.87       0.36%

O

OH

CH2Cl C 2.87        3.7%

O

OH

Cl

Cl

CH C 1.26      21%

O

OH

Cl

Cl

Cl

C C 0.66    59%

Worked example
The pKa of fluoroethanoic acid is 2.57.
a Does this mean it is a stronger or a weaker acid than chloroethanoic acid? Explain 

your answer.
b What pKa would you expect for difl uoroethanoic acid?

Table 26.2 The acidity of some carboxylic 
acids. Remember from Topic 22 that

pKa = −log10 Ka, where Ka =  

for acids undergoing the dissociation 
HA W H+ + A−.

[H (aq)][A (aq)]
[HA(aq)]

+ −

Reagent Observation with

Hexanol Phenol Hexanoic acid

Na(s) H2(g) evolved H2(g) evolved H2(g) evolved

NaOH(aq) no reaction dissolves dissolves

Na2CO3(aq) no reaction no reaction CO2(g) evolved

Atoms or groups that draw electrons away from the ¬CO2
− group will help the anion 

to form, and this causes the acid to be more dissociated (that is, to become a stronger 
acid). On the other hand, groups that donate electrons to the ¬CO2

− group will 
cause the acid to become weaker (see Table 26.2).

Table 26.1 The use of Na, NaOH and Na2CO3 
to illustrate the relative acidities of alcohols, 
phenol and carboxylic acids.

Figure 26.1 In the carboxylate anion, the 
charge is spread, increasing the stability of 
the ion.
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ACIDITY

The increasing acidities of alcohols, phenols and carboxylic acids are explained 
by the increasing ability of the molecular structures to delocalise the negative 

charge in the alkoxide, phenoxide and carboxylate anions.  

Their relative acidities are demonstrated by their different reactions with 

sodium, sodium hydroxide and sodium carbonate. 
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RELATIVE ACIDITIES

Atoms or groups that draw electrons away from the —CO2— group will help the anion 

to form, and this causes the acid to be more dissociated (that is, to become a stronger 

acid), e.g. halogens.  

On the other hand, groups that donate electrons to the —CO2— group will cause the 

acid to become weaker, e.g. alkyl groups.  

Electron-donating groups decrease the acid strength of carboxylic acids, whereas 

electron- withdrawing groups increase their acid strength. 

 3
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The carboxylate ion actually has both C–O distances equal and 
between the length of a C–O single bond and a C=O double bond. 
It is, therefore, better described by the delocalised structure:
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change in acid strength. The pKa value for methanoic acid is approximately 
one less than that for ethanoic acid and, therefore, methanoic acid is 
roughly ten times stronger than ethanoic acid (Table G2).
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The diff erence in acidity can be explained by considering the stability 
of the anion (conjugate base) formed. The Cl is a very electronegative 
atom and, in the chloroethanoate ion, pulls electron density away from 
the COO− group (Figure G28). Since the COO group is less negative, 
it attracts the H+ ion back less strongly. The conjugate base is, therefore, 
more stable. A more stable conjugate base indicates a greater tendency to 
dissociate and, therefore a stronger acid.

The total negative charge in the anion is still 1− but it is spread out 
more over the whole anion in the chloroethanoate ion rather than 
being localised on the COO− group.
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The dissociation of ethanoic acid and chlorethanoic acid may be shown as:

The greater acidity of 
chloroethanoic acid is sometimes 
explained in terms of the stability 
of the acid. The Cl atom is 
electron-withdrawing and pulls 
electron density from the COOH 
group. This makes the H of the 
COOH group more positive and 
thus more likely to be lost as a 
proton.
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An electron-withdrawing eff ect 
is sometimes called a negative 
inductive eff ect.
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Again, we will consider the stability of the anion/conjugate base 
formed. Three very electronegative Cl atoms have a greater electron-
withdrawing eff ect than just one. More electron density is thus pulled 
away from the COO− group making it less negative and less likely 

<��;JGI=:G�DG<6C>8�8=:B>HIGN '(8=:B>HIGN�;DG�I=:�>7�9>EADB6���86B7G>9<:�JC>K:GH>IN�EG:HH�'%&&

;^\jgZ�<'.� I]Z�ig^X]adgdZi]VcdViZ�^dc#

DÄ

D
8a

88a

8a
bdgZ�ZaZXigdc�YZch^in�

l^i]YgVlc�[gdb�8DDÄ�\gdje

8

to attract back the H+ (Figure G29). The trichloroethanoate ion 
is thus relatively more stable than the chloroethanoate ion and so 
trichloroethanoic acid dissociates more. 
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Iodine is a less electronegative atom than chlorine and thus withdraws 
less electron density from the COO− group. The COO group is thus 
more negative in the iodoethanoate ion and the H+ ion is attracted back 
more strongly. The conjugate base is less stable and the acid is weaker. 
Iodoethanoic acid is, however, still a stronger acid than ethanoic acid 
because of the electron-withdrawing nature of the I atom.

In general, for compounds of the form: 

if X is an electron-withdrawing group, the acid will be a stronger acid 
than ethanoic acid due to stabilisation of the anion/conjugate base formed 
when the acid dissociates. If X is an electron-releasing group the acid will 
be a weaker acid than ethanoic acid due to destabilisation of the anion/
conjugate base formed.

An electron-releasing group will increase the electron density on the 
COO group in the anion and the H+ ion will thus be attracted back more 
strongly. The conjugate base is therefore less stable and the acid weaker.
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Ethanoic acid has an electron-releasing group attached to the 
COO−group in the anion. This increases the electron density on the 
COO group and therefore the H+ is attracted back more strongly (Figure 
G30). This means that the conjugate base is less stable for ethanoic acid 
and, it is, therefore a weaker acid.
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The electron-releasing eff ect of an alkyl group is often called a 
positive inductive eff ect.
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Electron-donating groups decrease the acid strength of carboxylic acids, whereas electron-
withdrawing groups increase their acid strength.

Formula of acid pKa Percentage dissociation in 
1.0 mol dm−3 aqueous solution
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OH

C 4.76       0.42%

CH3CH2

O

OH
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O

OH

Cl

Cl

CH C 1.26      21%
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Worked example
The pKa of fluoroethanoic acid is 2.57.
a Does this mean it is a stronger or a weaker acid than chloroethanoic acid? Explain 

your answer.
b What pKa would you expect for difl uoroethanoic acid?

Table 26.2 The acidity of some carboxylic 
acids. Remember from Topic 22 that

pKa = −log10 Ka, where Ka =  

for acids undergoing the dissociation 
HA W H+ + A−.

[H (aq)][A (aq)]
[HA(aq)]

+ −

Reagent Observation with

Hexanol Phenol Hexanoic acid

Na(s) H2(g) evolved H2(g) evolved H2(g) evolved

NaOH(aq) no reaction dissolves dissolves

Na2CO3(aq) no reaction no reaction CO2(g) evolved

Atoms or groups that draw electrons away from the ¬CO2
− group will help the anion 

to form, and this causes the acid to be more dissociated (that is, to become a stronger 
acid). On the other hand, groups that donate electrons to the ¬CO2

− group will 
cause the acid to become weaker (see Table 26.2).

Table 26.1 The use of Na, NaOH and Na2CO3 
to illustrate the relative acidities of alcohols, 
phenol and carboxylic acids.

Figure 26.1 In the carboxylate anion, the 
charge is spread, increasing the stability of 
the ion.
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to illustrate the relative acidities of alcohols, 
phenol and carboxylic acids.

Figure 26.1 In the carboxylate anion, the 
charge is spread, increasing the stability of 
the ion.
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CHLOROETHANOIC ACID VS ETHANOIC ACID

Chloroethanoic acid is a stronger acid than ethanoic acid.

 6
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The carboxylate ion actually has both C–O distances equal and 
between the length of a C–O single bond and a C=O double bond. 
It is, therefore, better described by the delocalised structure:

G
D

D
8�Ä

=A

change in acid strength. The pKa value for methanoic acid is approximately 
one less than that for ethanoic acid and, therefore, methanoic acid is 
roughly ten times stronger than ethanoic acid (Table G2).
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The diff erence in acidity can be explained by considering the stability 
of the anion (conjugate base) formed. The Cl is a very electronegative 
atom and, in the chloroethanoate ion, pulls electron density away from 
the COO− group (Figure G28). Since the COO group is less negative, 
it attracts the H+ ion back less strongly. The conjugate base is, therefore, 
more stable. A more stable conjugate base indicates a greater tendency to 
dissociate and, therefore a stronger acid.

The total negative charge in the anion is still 1− but it is spread out 
more over the whole anion in the chloroethanoate ion rather than 
being localised on the COO− group.
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The dissociation of ethanoic acid and chlorethanoic acid may be shown as:

The greater acidity of 
chloroethanoic acid is sometimes 
explained in terms of the stability 
of the acid. The Cl atom is 
electron-withdrawing and pulls 
electron density from the COOH 
group. This makes the H of the 
COOH group more positive and 
thus more likely to be lost as a 
proton.
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An electron-withdrawing eff ect 
is sometimes called a negative 
inductive eff ect.
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Again, we will consider the stability of the anion/conjugate base 
formed. Three very electronegative Cl atoms have a greater electron-
withdrawing eff ect than just one. More electron density is thus pulled 
away from the COO− group making it less negative and less likely 
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The carboxylate ion actually has both C–O distances equal and 
between the length of a C–O single bond and a C=O double bond. 
It is, therefore, better described by the delocalised structure:

G
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D
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change in acid strength. The pKa value for methanoic acid is approximately 
one less than that for ethanoic acid and, therefore, methanoic acid is 
roughly ten times stronger than ethanoic acid (Table G2).
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The diff erence in acidity can be explained by considering the stability 
of the anion (conjugate base) formed. The Cl is a very electronegative 
atom and, in the chloroethanoate ion, pulls electron density away from 
the COO− group (Figure G28). Since the COO group is less negative, 
it attracts the H+ ion back less strongly. The conjugate base is, therefore, 
more stable. A more stable conjugate base indicates a greater tendency to 
dissociate and, therefore a stronger acid.

The total negative charge in the anion is still 1− but it is spread out 
more over the whole anion in the chloroethanoate ion rather than 
being localised on the COO− group.
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The dissociation of ethanoic acid and chlorethanoic acid may be shown as:

The greater acidity of 
chloroethanoic acid is sometimes 
explained in terms of the stability 
of the acid. The Cl atom is 
electron-withdrawing and pulls 
electron density from the COOH 
group. This makes the H of the 
COOH group more positive and 
thus more likely to be lost as a 
proton.
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An electron-withdrawing eff ect 
is sometimes called a negative 
inductive eff ect.
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Again, we will consider the stability of the anion/conjugate base 
formed. Three very electronegative Cl atoms have a greater electron-
withdrawing eff ect than just one. More electron density is thus pulled 
away from the COO− group making it less negative and less likely 

The difference in acidity can be explained by considering the stability of 

the anion (conjugate base) formed. 

The more stable the anion (conjugate base) is, more likely is its formation.
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The Cl is a very electronegative atom and, in the chloroethanoate ion, pulls 

electron density away from the CO2— group.  

Since the COO group is less negative, it attracts the H+ ion back less strongly.  

The conjugate base is, therefore, more stable. 

A more stable conjugate base indicates a greater tendency to dissociate and, 

therefore a stronger acid.
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The carboxylate ion actually has both C–O distances equal and 
between the length of a C–O single bond and a C=O double bond. 
It is, therefore, better described by the delocalised structure:

G
D

D
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change in acid strength. The pKa value for methanoic acid is approximately 
one less than that for ethanoic acid and, therefore, methanoic acid is 
roughly ten times stronger than ethanoic acid (Table G2).
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The diff erence in acidity can be explained by considering the stability 
of the anion (conjugate base) formed. The Cl is a very electronegative 
atom and, in the chloroethanoate ion, pulls electron density away from 
the COO− group (Figure G28). Since the COO group is less negative, 
it attracts the H+ ion back less strongly. The conjugate base is, therefore, 
more stable. A more stable conjugate base indicates a greater tendency to 
dissociate and, therefore a stronger acid.

The total negative charge in the anion is still 1− but it is spread out 
more over the whole anion in the chloroethanoate ion rather than 
being localised on the COO− group.
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The dissociation of ethanoic acid and chlorethanoic acid may be shown as:

The greater acidity of 
chloroethanoic acid is sometimes 
explained in terms of the stability 
of the acid. The Cl atom is 
electron-withdrawing and pulls 
electron density from the COOH 
group. This makes the H of the 
COOH group more positive and 
thus more likely to be lost as a 
proton.
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An electron-withdrawing eff ect 
is sometimes called a negative 
inductive eff ect.
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Again, we will consider the stability of the anion/conjugate base 
formed. Three very electronegative Cl atoms have a greater electron-
withdrawing eff ect than just one. More electron density is thus pulled 
away from the COO− group making it less negative and less likely 

TRICHLOROETHANOIC ACID VS CHLOROETHANOIC ACID

Trichloroethanoic acid is a stronger acid than chloroethanoic acid.

 8

Three very electronegative Cl atoms have a greater electron-withdrawing effect 

than just one. More electron density is thus pulled away from the COO− group 

making it less negative and less likely to attract back the H+. 

The trichloroethanoate ion is thus relatively more stable than the chloroethanoate 

ion and so trichloroethanoic acid dissociates more. 
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The carboxylate ion actually has both C–O distances equal and 
between the length of a C–O single bond and a C=O double bond. 
It is, therefore, better described by the delocalised structure:

G
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D
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=A

change in acid strength. The pKa value for methanoic acid is approximately 
one less than that for ethanoic acid and, therefore, methanoic acid is 
roughly ten times stronger than ethanoic acid (Table G2).
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The diff erence in acidity can be explained by considering the stability 
of the anion (conjugate base) formed. The Cl is a very electronegative 
atom and, in the chloroethanoate ion, pulls electron density away from 
the COO− group (Figure G28). Since the COO group is less negative, 
it attracts the H+ ion back less strongly. The conjugate base is, therefore, 
more stable. A more stable conjugate base indicates a greater tendency to 
dissociate and, therefore a stronger acid.

The total negative charge in the anion is still 1− but it is spread out 
more over the whole anion in the chloroethanoate ion rather than 
being localised on the COO− group.
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The dissociation of ethanoic acid and chlorethanoic acid may be shown as:

The greater acidity of 
chloroethanoic acid is sometimes 
explained in terms of the stability 
of the acid. The Cl atom is 
electron-withdrawing and pulls 
electron density from the COOH 
group. This makes the H of the 
COOH group more positive and 
thus more likely to be lost as a 
proton.
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An electron-withdrawing eff ect 
is sometimes called a negative 
inductive eff ect.
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Again, we will consider the stability of the anion/conjugate base 
formed. Three very electronegative Cl atoms have a greater electron-
withdrawing eff ect than just one. More electron density is thus pulled 
away from the COO− group making it less negative and less likely 
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to attract back the H+ (Figure G29). The trichloroethanoate ion 
is thus relatively more stable than the chloroethanoate ion and so 
trichloroethanoic acid dissociates more. 
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Iodine is a less electronegative atom than chlorine and thus withdraws 
less electron density from the COO− group. The COO group is thus 
more negative in the iodoethanoate ion and the H+ ion is attracted back 
more strongly. The conjugate base is less stable and the acid is weaker. 
Iodoethanoic acid is, however, still a stronger acid than ethanoic acid 
because of the electron-withdrawing nature of the I atom.

In general, for compounds of the form: 

if X is an electron-withdrawing group, the acid will be a stronger acid 
than ethanoic acid due to stabilisation of the anion/conjugate base formed 
when the acid dissociates. If X is an electron-releasing group the acid will 
be a weaker acid than ethanoic acid due to destabilisation of the anion/
conjugate base formed.

An electron-releasing group will increase the electron density on the 
COO group in the anion and the H+ ion will thus be attracted back more 
strongly. The conjugate base is therefore less stable and the acid weaker.
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Ethanoic acid has an electron-releasing group attached to the 
COO−group in the anion. This increases the electron density on the 
COO group and therefore the H+ is attracted back more strongly (Figure 
G30). This means that the conjugate base is less stable for ethanoic acid 
and, it is, therefore a weaker acid.
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The electron-releasing eff ect of an alkyl group is often called a 
positive inductive eff ect.
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MULTIPLE CHLORINE SUBSTITUTES ON ACIDS

 9

CH2ClCOOH CHCl2COOH CCl3COOH

pKa 2.87 1.29 0.65

38525  Carboxylic acids and acyl compounds

25.2 Acyl chlorides
Many useful compounds can be synthesised from 
carboxylic acids. However, the synthetic reactions that 
are needed can be diffi  cult to do because carboxylic 
acids are quite unreactive. One way round this is to fi rst 
convert the carboxylic acid into a compound called an 
acyl chloride. Acyl chlorides are much more reactive 
than carboxylic acids.

• electron-withdrawing groups further delocalise 
the negative charge on the COO− group of the 
carboxylate ion, stabilising the COO− group and 
making it less likely to bond with an H+ ion.

Chlorine atoms are an example of an electron-
withdrawing group. Th e dissociation constants of 
ethanoic acid and its three substituted chloro derivatives 
are shown in Table 25.1.

Acid Ka at 25 °C / 
mol dm−3

ethanoic acid, CH3COOH 1.7 × 10−5

chloroethanoic acid, CH2ClCOOH 1.3 × 10−3

dichloroethanoic acid, CHCl2COOH 5.0 × 10−2

trichloroethanoic acid, CCl3COOH 2.3 × 10−1

Table 25.1 The larger the value of Ka, the stronger the acid.

Trichloroethanoic acid, CCl3COOH, has three strongly 
electronegative Cl atoms all withdrawing electrons from 
the COOH group, weakening the O H bond more 
than the other acids in Table 25.1. Once the O H 
bond is broken, the resulting anion is also stabilised 
more eff ectively by its three electron-withdrawing Cl 
atoms, making it less attractive to H+ ions. Th is makes 
the CCl3COOH the strongest of the acids listed in 
Table 25.1 as it has most Cl atoms (Figure 25.2).

Trichloroethanoic acid is used for chemical facial peels in 
clinics. It is used as a ‘medium’ strength peel to remove deep 
wrinkles and imperfections on the skin. The immediate results 
make the face look like it has severe sunburn and patients are 
usually kept in hospital for a week.

Fact fi le

Ethanoic acid is the weakest acid in Table 25.1, as the 
methyl group is electron donating. Th is has the opposite 
eff ect to electron-withdrawing groups:
• it strengthens the O H bond in the acid’s 

COOH group
• it donates negative charge towards the COO− group 

of the carboxylate ion, making it more likely to accept 
an H+ ion.

1 a  Place the following acids in order of strength, 
starting with the strongest acid fi rst.
CH3CH2COOH CH3CCl2COOH
CH3CHClCOOH

b Explain why ethanoic acid is a stronger 
acid than ethanol.

c Predict which would be the stronger 
acid – methanoic acid or ethanoic acid – 
and explain your reasoning.

Check-up

Figure 25.2 The more electron-withdrawing groups on the C atom in the 
COOH group, the stronger the acid.
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convert the carboxylic acid into a compound called an 
acyl chloride. Acyl chlorides are much more reactive 
than carboxylic acids.

• electron-withdrawing groups further delocalise 
the negative charge on the COO− group of the 
carboxylate ion, stabilising the COO− group and 
making it less likely to bond with an H+ ion.

Chlorine atoms are an example of an electron-
withdrawing group. Th e dissociation constants of 
ethanoic acid and its three substituted chloro derivatives 
are shown in Table 25.1.

Acid Ka at 25 °C / 
mol dm−3

ethanoic acid, CH3COOH 1.7 × 10−5

chloroethanoic acid, CH2ClCOOH 1.3 × 10−3

dichloroethanoic acid, CHCl2COOH 5.0 × 10−2

trichloroethanoic acid, CCl3COOH 2.3 × 10−1

Table 25.1 The larger the value of Ka, the stronger the acid.

Trichloroethanoic acid, CCl3COOH, has three strongly 
electronegative Cl atoms all withdrawing electrons from 
the COOH group, weakening the O H bond more 
than the other acids in Table 25.1. Once the O H 
bond is broken, the resulting anion is also stabilised 
more eff ectively by its three electron-withdrawing Cl 
atoms, making it less attractive to H+ ions. Th is makes 
the CCl3COOH the strongest of the acids listed in 
Table 25.1 as it has most Cl atoms (Figure 25.2).

Trichloroethanoic acid is used for chemical facial peels in 
clinics. It is used as a ‘medium’ strength peel to remove deep 
wrinkles and imperfections on the skin. The immediate results 
make the face look like it has severe sunburn and patients are 
usually kept in hospital for a week.

Fact fi le

Ethanoic acid is the weakest acid in Table 25.1, as the 
methyl group is electron donating. Th is has the opposite 
eff ect to electron-withdrawing groups:
• it strengthens the O H bond in the acid’s 

COOH group
• it donates negative charge towards the COO− group 

of the carboxylate ion, making it more likely to accept 
an H+ ion.

1 a  Place the following acids in order of strength, 
starting with the strongest acid fi rst.
CH3CH2COOH CH3CCl2COOH
CH3CHClCOOH

b Explain why ethanoic acid is a stronger 
acid than ethanol.

c Predict which would be the stronger 
acid – methanoic acid or ethanoic acid – 
and explain your reasoning.

Check-up

Figure 25.2 The more electron-withdrawing groups on the C atom in the 
COOH group, the stronger the acid.
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electronegative Cl atoms all withdrawing electrons from 
the COOH group, weakening the O H bond more 
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more eff ectively by its three electron-withdrawing Cl 
atoms, making it less attractive to H+ ions. Th is makes 
the CCl3COOH the strongest of the acids listed in 
Table 25.1 as it has most Cl atoms (Figure 25.2).
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clinics. It is used as a ‘medium’ strength peel to remove deep 
wrinkles and imperfections on the skin. The immediate results 
make the face look like it has severe sunburn and patients are 
usually kept in hospital for a week.
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Ethanoic acid is the weakest acid in Table 25.1, as the 
methyl group is electron donating. Th is has the opposite 
eff ect to electron-withdrawing groups:
• it strengthens the O H bond in the acid’s 

COOH group
• it donates negative charge towards the COO− group 

of the carboxylate ion, making it more likely to accept 
an H+ ion.

1 a  Place the following acids in order of strength, 
starting with the strongest acid fi rst.
CH3CH2COOH CH3CCl2COOH
CH3CHClCOOH

b Explain why ethanoic acid is a stronger 
acid than ethanol.

c Predict which would be the stronger 
acid – methanoic acid or ethanoic acid – 
and explain your reasoning.

Check-up

Figure 25.2 The more electron-withdrawing groups on the C atom in the 
COOH group, the stronger the acid.

CH C

H

H O H

O

CH C

Cl

H O H

O

CCl C

Cl

H O H

O

CCl C

Cl

Cl O H

this H is lost most easily
and the CCl3COO– ion
formed is least attractive
to H+ ions

weakest acid
(Ka = 1.7 × 10–5 mol dm–3)

strongest acid
(Ka = 2.3 × 10–1 mol dm–3)

O

CHLOROETHANOIC ACID VS IODOETHANOIC ACID

Chloroethanoic acid is a stronger acid than iodoethanoic acid.

 10

Iodine is a less electronegative atom than chlorine and thus withdraws less electron 

density from the CO2— group. 

The COO group is thus more negative in the iodoethanoate ion and the H+ ion is 

attracted back more strongly. The conjugate base is less stable and the acid is weaker.  

Iodoethanoic acid is, however, still a stronger acid than ethanoic acid because of the 

electron-withdrawing nature of the I atom. 
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to attract back the H+ (Figure G29). The trichloroethanoate ion 
is thus relatively more stable than the chloroethanoate ion and so 
trichloroethanoic acid dissociates more. 
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Iodine is a less electronegative atom than chlorine and thus withdraws 
less electron density from the COO− group. The COO group is thus 
more negative in the iodoethanoate ion and the H+ ion is attracted back 
more strongly. The conjugate base is less stable and the acid is weaker. 
Iodoethanoic acid is, however, still a stronger acid than ethanoic acid 
because of the electron-withdrawing nature of the I atom.

In general, for compounds of the form: 

if X is an electron-withdrawing group, the acid will be a stronger acid 
than ethanoic acid due to stabilisation of the anion/conjugate base formed 
when the acid dissociates. If X is an electron-releasing group the acid will 
be a weaker acid than ethanoic acid due to destabilisation of the anion/
conjugate base formed.

An electron-releasing group will increase the electron density on the 
COO group in the anion and the H+ ion will thus be attracted back more 
strongly. The conjugate base is therefore less stable and the acid weaker.

:i]Vcd^X�VX^Y�^h�V�lZV`Zg�VX^Y�i]Vc�bZi]Vcd^X�VX^Y
Ethanoic acid has an electron-releasing group attached to the 
COO−group in the anion. This increases the electron density on the 
COO group and therefore the H+ is attracted back more strongly (Figure 
G30). This means that the conjugate base is less stable for ethanoic acid 
and, it is, therefore a weaker acid.
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The electron-releasing eff ect of an alkyl group is often called a 
positive inductive eff ect.
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HALOGENOCARBOXYLIC ACIDS

 11

CH2BrCOOH CH2ClCOOH CH2FCOOH

pKa 2.9 2.86 2.66

EFFECT OF SUBSTITUENTS ON ACIDITY

In general, for compounds of the form: 

 12

if X is an electron-withdrawing group, the acid will be a stronger acid than ethanoic 

acid due to stabilisation of the anion/conjugate base formed when the acid 

dissociates.  

If X is an electron-releasing group the acid will be a weaker acid than ethanoic acid 

due to the increase the electron density on the COO group in the anion and the H+ ion 

will thus be attracted back more strongly. The conjugate base is therefore less stable 

and the acid weaker.
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to attract back the H+ (Figure G29). The trichloroethanoate ion 
is thus relatively more stable than the chloroethanoate ion and so 
trichloroethanoic acid dissociates more. 
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Iodine is a less electronegative atom than chlorine and thus withdraws 
less electron density from the COO− group. The COO group is thus 
more negative in the iodoethanoate ion and the H+ ion is attracted back 
more strongly. The conjugate base is less stable and the acid is weaker. 
Iodoethanoic acid is, however, still a stronger acid than ethanoic acid 
because of the electron-withdrawing nature of the I atom.

In general, for compounds of the form: 

if X is an electron-withdrawing group, the acid will be a stronger acid 
than ethanoic acid due to stabilisation of the anion/conjugate base formed 
when the acid dissociates. If X is an electron-releasing group the acid will 
be a weaker acid than ethanoic acid due to destabilisation of the anion/
conjugate base formed.

An electron-releasing group will increase the electron density on the 
COO group in the anion and the H+ ion will thus be attracted back more 
strongly. The conjugate base is therefore less stable and the acid weaker.

:i]Vcd^X�VX^Y�^h�V�lZV`Zg�VX^Y�i]Vc�bZi]Vcd^X�VX^Y
Ethanoic acid has an electron-releasing group attached to the 
COO−group in the anion. This increases the electron density on the 
COO group and therefore the H+ is attracted back more strongly (Figure 
G30). This means that the conjugate base is less stable for ethanoic acid 
and, it is, therefore a weaker acid.
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The electron-releasing eff ect of an alkyl group is often called a 
positive inductive eff ect.
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ETHANOIC ACID VS METHANOIC ACID

Ethanoic acid is a weaker acid than methanoic acid.

 13

Ethanoic acid has an electron-releasing group attached to the CO2— group in the anion. 

This increases the electron density on the COO group and therefore the H+ is attracted 

back more strongly.

This means that the conjugate base is less stable for 

ethanoic acid and, it is, therefore a weaker acid. 
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to attract back the H+ (Figure G29). The trichloroethanoate ion 
is thus relatively more stable than the chloroethanoate ion and so 
trichloroethanoic acid dissociates more. 
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Iodine is a less electronegative atom than chlorine and thus withdraws 
less electron density from the COO− group. The COO group is thus 
more negative in the iodoethanoate ion and the H+ ion is attracted back 
more strongly. The conjugate base is less stable and the acid is weaker. 
Iodoethanoic acid is, however, still a stronger acid than ethanoic acid 
because of the electron-withdrawing nature of the I atom.

In general, for compounds of the form: 

if X is an electron-withdrawing group, the acid will be a stronger acid 
than ethanoic acid due to stabilisation of the anion/conjugate base formed 
when the acid dissociates. If X is an electron-releasing group the acid will 
be a weaker acid than ethanoic acid due to destabilisation of the anion/
conjugate base formed.

An electron-releasing group will increase the electron density on the 
COO group in the anion and the H+ ion will thus be attracted back more 
strongly. The conjugate base is therefore less stable and the acid weaker.

:i]Vcd^X�VX^Y�^h�V�lZV`Zg�VX^Y�i]Vc�bZi]Vcd^X�VX^Y
Ethanoic acid has an electron-releasing group attached to the 
COO−group in the anion. This increases the electron density on the 
COO group and therefore the H+ is attracted back more strongly (Figure 
G30). This means that the conjugate base is less stable for ethanoic acid 
and, it is, therefore a weaker acid.
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The electron-releasing eff ect of an alkyl group is often called a 
positive inductive eff ect.
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to attract back the H+ (Figure G29). The trichloroethanoate ion 
is thus relatively more stable than the chloroethanoate ion and so 
trichloroethanoic acid dissociates more. 
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Iodine is a less electronegative atom than chlorine and thus withdraws 
less electron density from the COO− group. The COO group is thus 
more negative in the iodoethanoate ion and the H+ ion is attracted back 
more strongly. The conjugate base is less stable and the acid is weaker. 
Iodoethanoic acid is, however, still a stronger acid than ethanoic acid 
because of the electron-withdrawing nature of the I atom.

In general, for compounds of the form: 

if X is an electron-withdrawing group, the acid will be a stronger acid 
than ethanoic acid due to stabilisation of the anion/conjugate base formed 
when the acid dissociates. If X is an electron-releasing group the acid will 
be a weaker acid than ethanoic acid due to destabilisation of the anion/
conjugate base formed.

An electron-releasing group will increase the electron density on the 
COO group in the anion and the H+ ion will thus be attracted back more 
strongly. The conjugate base is therefore less stable and the acid weaker.

:i]Vcd^X�VX^Y�^h�V�lZV`Zg�VX^Y�i]Vc�bZi]Vcd^X�VX^Y
Ethanoic acid has an electron-releasing group attached to the 
COO−group in the anion. This increases the electron density on the 
COO group and therefore the H+ is attracted back more strongly (Figure 
G30). This means that the conjugate base is less stable for ethanoic acid 
and, it is, therefore a weaker acid.
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The electron-releasing eff ect of an alkyl group is often called a 
positive inductive eff ect.
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to attract back the H+ (Figure G29). The trichloroethanoate ion 
is thus relatively more stable than the chloroethanoate ion and so 
trichloroethanoic acid dissociates more. 
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Iodine is a less electronegative atom than chlorine and thus withdraws 
less electron density from the COO− group. The COO group is thus 
more negative in the iodoethanoate ion and the H+ ion is attracted back 
more strongly. The conjugate base is less stable and the acid is weaker. 
Iodoethanoic acid is, however, still a stronger acid than ethanoic acid 
because of the electron-withdrawing nature of the I atom.

In general, for compounds of the form: 

if X is an electron-withdrawing group, the acid will be a stronger acid 
than ethanoic acid due to stabilisation of the anion/conjugate base formed 
when the acid dissociates. If X is an electron-releasing group the acid will 
be a weaker acid than ethanoic acid due to destabilisation of the anion/
conjugate base formed.

An electron-releasing group will increase the electron density on the 
COO group in the anion and the H+ ion will thus be attracted back more 
strongly. The conjugate base is therefore less stable and the acid weaker.

:i]Vcd^X�VX^Y�^h�V�lZV`Zg�VX^Y�i]Vc�bZi]Vcd^X�VX^Y
Ethanoic acid has an electron-releasing group attached to the 
COO−group in the anion. This increases the electron density on the 
COO group and therefore the H+ is attracted back more strongly (Figure 
G30). This means that the conjugate base is less stable for ethanoic acid 
and, it is, therefore a weaker acid.
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The electron-releasing eff ect of an alkyl group is often called a 
positive inductive eff ect.
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LARGER CARBOXYLIC ACIDS

Beyond an ethyl group, the size of the alkyl group makes little difference to the 

electron-releasing effect. 

Thus propanoic acid is slightly stronger than ethanoic acid (the electron-

releasing effect of an ethyl group is slightly greater than that of a methyl group) 

but propanoic acid, butanoic acid and pentanoic acid all have very similar acid 

strengths.  

 14

HCOOH CH3COOH C2H5COOH C6H5COOH

pKa 3.77 4.76 4.88 4.2
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EFFECT OF DISTANCE OF Cl ATOMS ON ACIDITY

2-Chlorobutanoic acid is a stronger acid than 4-chlorobutanoic acid.  

The further the Cl is from the CO2—  group in the anion, the smaller the electron-

withdrawing effect it has on it.  

 15
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Beyond an ethyl group, the size of the alkyl group makes little 
diff erence to the electron-releasing eff ect. Thus propanoic acid is slightly 
stronger than ethanoic acid (the electron-releasing eff ect of an ethyl 
group is slightly greater than that of a methyl group) but propanoic acid, 
butanoic acid and pentanoic acid all have very similar acid strengths. 
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2-Chlorobutanoic acid is a stronger acid than 4-chlorobutanoic acid.

The further the Cl is from the COO− group in the anion, the smaller 
the electron-withdrawing eff ect it has on it.
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The dissociation of phenol may be shown as:

C6H5OH  C6H5O− + H+

or, showing structures:

The dissociation of ethanol is:
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Propanoic acid, butanoic acid 
and pentanoic acid all have very 
similar acid strengths because of the 
mechanism by which alkyl groups 
donate electrons. This arises because 
of the overlap of electron density in 
a T bond (either C–H or C–C) with 
a p orbital on an adjacent atom – 
T-conjugation/hyperconjugation.

Phenol reacts with blue litmus and 
forms salts with sodium hydroxide. 
It is still however a weaker 
acid than carboxylic acids. 
Phenol may be distinguished from 
carboxylic acids by the fact that it 
will not liberate CO2 from sodium 
hydrogencarbonate solutions, i.e. it 
is a weaker acid than carbonic acid.

Phenol is more soluble in sodium 
hydroxide solution than in water. It 
reacts with the sodium hydroxide 
to form an ionic salt (C6H5O−Na+) 
and therefore there are stronger 
interactions with water molecules.
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Again we will consider the stability of the anion/conjugate base. The 
lone pair on the O− in the phenoxide ion overlaps with the delocalised 
system in the benzene ring (Figure G31). This spreads out the negative 
charge in the ion. The O is thus less negative and the H+ is not attracted 
back as strongly. The anion is thus stabilised and phenol is a stronger acid 
than ethanol. In ethanol this delocalisation does not occur and indeed the 
negative charge on the O in the ethoxide ion is increased by the electron-
donating alkyl group.

BENZOIC ACID

In benzoic acid, C6H5COOH, the pi orbital of the carbonyl group is in 

the same plane as the pi orbitals of the ring and hence the acid 

group is able to interact and attract electrons from the ring forming 

a more stable anion.
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RELATIVE ACIDITIES

 17
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Answer
a The lower the pKa, the larger is Ka. This means that the acid is more dissociated, and 

therefore stronger. Hence fl uoroethanoic acid is a stronger acid than chloroethanoic 
acid. This is due to the greater electron-withdrawing ability of the highly electronegative 
fl uorine atom.

b Difl uoroethanoic acid would be expected to have a lower pKa than dichloroethanoic acid 
– about 1.0.

The effect of electron-donating or electron-withdrawing groups is seen even when 
such groups are situated on the opposite side of a benzene ring to the ¬CO2H group 
(see Table 26.3).

Formula of acid pKa Percentage dissociation in 
1.0 mol dm-3 aqueous solution

CO2H
4.20 0.80%

CH3 CO2H
4.37 0.73%

Cl CO2H
3.99 1.0%

 26.2  The further oxidation of some 
carboxylic acids
Unlike other aliphatic carboxylic acids, methanoic acid does not contain an alkyl 
chain attached to the ¬CO2H group. Instead, the H¬CO group, consisting of a 
hydrogen atom attached to a carbonyl group, has some reactions in common with 
aldehydes. In particular, it undergoes oxidation with common oxidants such as 
acidifi ed dichromate(VI).

3H¬CO2H + Cr2O7
2−(aq) + 8H+(aq) → 2Cr3+(aq) + 3CO2(g) + 7H2O(l)

It also reacts with both Fehling’s solution and Tollens’ reagent (see page 301).

H¬CO2H(aq) + 2Cu2+(aq) + 6OH–(aq) → CO3
2−(aq) + Cu2O(s) + 4H2O(l)

Ethanedoic acid contains two adjacent carbonyl groups. The proximity of two 
δ+ carbon atoms weakens the C–C bond suffi ciently for the molecule to be readily 
oxidised by warm acidifi ed manganate(VII).

5HO2C¬CO2H(aq) + 2MnO4
–(aq) + 6H+(aq) → 10CO2(g) + 2Mn2+(aq) + 8H2O(l)

This forms the basis of an accurate volumetric method of analysing solutions 
containing ethanedioic acid or its salts.

In a similar type of reaction, `-ketoacids are oxidised by alkaline H2O2 with the 
loss of a carbon atom.

R¬CO¬CO2H + H2O2 + 3OH– → R¬CO2
– + CO3

2– + 3H2O

 26.3  Acyl chlorides
In section 18.3 we saw how acyl chlorides can be prepared from carboxylic acids. 
Most acid derivatives are prepared from carboxylic acids by the reactions described in 
this topic. Figure 26.2 shows a chart summarising the interrelationships between the 
various derivatives.

Now try this
1 Use the data in Table 26.2 to predict 

the pKa values of:
a (CH3)3C¬CO2H
b Cl¬CH2¬CH2¬CO2H
 Explain your reasoning.

2 Explain why the pKa values of 
2-chlorobutanoic acid (pKa = 2.86) and 
4-chlorobutanoic acid (pKa = 4.53) 
differ so much. Predict the pKa value 
for 3-chlorobutanoic acid.

Table 26.3 The effect on pKa for benzoic acid 
of electron-donating and electron-withdrawing 
groups

ORGANIC CHEMISTRY
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SKILL CHECK 1

Arrange the following in order of acid strength (weakest first):  

phenol, 2-chloropropanoic acid, ethanol, 3-chloropropanoic acid, 

propanoic acid, 2,2-dichloropropanoic acid, 2,2-difluoropropanoic acid, 

and 2-methylphenol. 
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ACYL CHLORIDES

The basic structure of an acyl chloride is: 

 19
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CH3NH2 + HCl n CH3NH3
+Cl−

 methylammonium 
 chloride

An alkylammonium salt can be converted back to an amine by reaction 
with a strong base such as sodium hydroxide:

CH3NH3
+Cl− + NaOH n CH3NH2 + H2O + NaCl

This can be shown as an ionic equation:

CH3NH3
+ + OH− n CH3NH2 + H2O

<.� 6YY^i^dcÄZa^b^cVi^dc�gZVXi^dch

6Xna�X]adg^YZh��VX^Y�X]adg^YZh�
The basic structure of an acyl chloride is:

The alkylammonium ion is acting 
as a Brønsted–Lowry acid. NaOH 
is a stronger base than the amine 
and therefore can take the proton 
away from it. IZhi�ndjghZa[

 13 Arrange the following in order of acid strength (weakest fi rst):
  phenol propanoic acid
  2-chloropropanoic acid 2,2-dichloropropanoic acid
  ethanol  2,2-difl uoropropanoic acid
  3-chloropropanoic acid 2-methylphenol 

=AAZVgc^c\�dW_ZXi^kZh

r� Describe the reactions of acyl 
chlorides with nucleophiles

r� Explain the mechanism for the 
reaction of acyl chlorides with 
nucleophiles

r� Describe the reactions of acid 
anhydrides with nucleophiles
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Acyl chlorides may be prepared by reacting carboxylic acids with 
SOCl2 or PCl5.

They are named as alkanoyl chloride, e.g.

These are extremely reactive and react to add an acyl group to 
nucleophiles with the elimination of HCl.
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1 Reaction with water
 Acyl chlorides react violently with water to from carboxylic acids.
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The alkylammonium ion is acting 
as a Brønsted–Lowry acid. NaOH 
is a stronger base than the amine 
and therefore can take the proton 
away from it. IZhi�ndjghZa[

 13 Arrange the following in order of acid strength (weakest fi rst):
  phenol propanoic acid
  2-chloropropanoic acid 2,2-dichloropropanoic acid
  ethanol  2,2-difl uoropropanoic acid
  3-chloropropanoic acid 2-methylphenol 
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r� Describe the reactions of acyl 
chlorides with nucleophiles

r� Explain the mechanism for the 
reaction of acyl chlorides with 
nucleophiles

r� Describe the reactions of acid 
anhydrides with nucleophiles
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Acyl chlorides may be prepared by reacting carboxylic acids with 
SOCl2 or PCl5.

They are named as alkanoyl chloride, e.g.

These are extremely reactive and react to add an acyl group to 
nucleophiles with the elimination of HCl.
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1 Reaction with water
 Acyl chlorides react violently with water to from carboxylic acids.

FORMATION

We can prepare acyl chlorides from their corresponding carboxylic acid 

using phosphorus(V) chloride, phosphorus(III) chloride or sulfur 

dichloride oxide (SOCl2)
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REACTIVITY

The electronegativity of the oxygen, and the easily polarised C=O double bond, have a 

dramatic effect on the reactivity of acyl chlorides compared with that of chloroalkanes.  

Acyl chlorides react readily with water: 
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An alkylammonium salt can be converted back to an amine by reaction 
with a strong base such as sodium hydroxide:

CH3NH3
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This can be shown as an ionic equation:
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The basic structure of an acyl chloride is:

The alkylammonium ion is acting 
as a Brønsted–Lowry acid. NaOH 
is a stronger base than the amine 
and therefore can take the proton 
away from it. IZhi�ndjghZa[
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r� Describe the reactions of acyl 
chlorides with nucleophiles

r� Explain the mechanism for the 
reaction of acyl chlorides with 
nucleophiles

r� Describe the reactions of acid 
anhydrides with nucleophiles

G 8
D

8a

D

8a

=

8=

=
Zi]Vcdna�X]adg^YZ

8
D

8a

=

88

=
WjiVcdna�X]adg^YZ

=

8

=

=

=

=

8
D

8a

=

88

=
("bZi]naWjiVcdna�X]adg^YZ

8=(

8

=

=

=

=

8

Acyl chlorides may be prepared by reacting carboxylic acids with 
SOCl2 or PCl5.

They are named as alkanoyl chloride, e.g.

These are extremely reactive and react to add an acyl group to 
nucleophiles with the elimination of HCl.
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1 Reaction with water
 Acyl chlorides react violently with water to from carboxylic acids.
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 In all the reactions we will meet the acyl group will be added to the 
most electronegative atom of the nucleophile (N or O) and H (from 
the nucleophile) and Cl (from the acyl chloride) will be eliminated 
(Figure G36 ).

2 Reaction with alcohols
 Acyl chlorides react with alcohols to form esters.
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This reaction is usually carried out 
in the presence of a base such as 
pyridine (C5H5N).An alkaline solution of phenol reacts with benzoyl chloride to form 

phenyl benzoate:

8a=  

8a D

D

8D= D

8

e]Zcna�WZcodViZ

8a=  

=

=

8

=

=

8

=

8=
D

8a
C

==

egdeVcVb^YZ

=

=

8

=

=

8 8=
D

C='

A more accurate way of writing this reaction would be as:

CH3CH2COCl + 2NH3 n CH3CH2CONH2 + NH4Cl

HCl would not be formed in the presence of a base such as 
ammonia but rather the salt ammonium chloride.

3 Reactions with ammonia
When concentrated ammonia solution is added to an acyl chloride at 
0 °C a primary amide is formed.

4 Reactions with amines
 When acyl chlorides are reacted with amines (again at low 

temperature) N-substituted amides are formed.
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Again, the balanced equation should, more correctly, be written as:

CH3CH2COCl + 2CH3CH2NH2 
 n CH3CH2CONHCH2CH3 + CH3CH2NH3Cl

REACTIVITY

The electronegativity of the oxygen, and the easily polarised C=O double bond, have 

a dramatic effect on the reactivity of acyl chlorides compared with that of 

chloroalkanes.  

Acyl chlorides react readily with water unlike halogenalkanes and halogenobenzene. 

The relative rates of hydrolysis are as follows: 

 22
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Together with what we have already seen in sections 15.3 and 25.4, we note that in 
the reaction:

R¬Cl + H2O → R¬OH + HCl

the relative rates of hydrolysis are as follows:

CH3 C

Cl

O

> CH3CH2 Cl > Cl

With alcohols or phenols
Acyl chlorides react readily with alcohols or phenols, forming esters:

HClCH3C

O

Cl CH2CH3O

CH3C

O

HOCH2CH3

HClCH3C

O

Cl O
CH3C

O

HO

!

!

!

!!base

As mentioned in section 25.5, phenols are not so nucleophilic as alcohols, because the 
lone pair on the oxygen atom is delocalised over the ring. The acylation of phenols 
is therefore usually carried out under basic conditions (NaOH or pyridine have been 
used), when the more nucleophilic phenoxide ion is formed as an intermediate:

O! Na"OH

CH3COCl

OCOCH3

phenyl ethanoate

NaCl
NaOH

"

Because phenols do not react directly with carboxylic acids, this is the only method 
for preparing phenyl esters (see Topic 25, page 434).

With ammonia and amines
Acyl chlorides react with ammonia, forming amides. The reaction is vigorous, and 
white smoky fumes of NH4Cl(s) are often seen if an excess of ammonia is used.

HClC
O

Cl NH2

C
O

NH3 (aq)! !

They react with primary amines (see Topic 27), forming substituted amides:

O

Cl
C

O

CH3 C

N-ethylethanamide

CH3

NHCH2CH3

!  HCl! CH3CH2NH2

The hydrogen chloride produced reacts with another molecule of amine or ammonia 
in an acid–base reaction:

R¬NH2 + HCl → R¬NH3
+Cl−

Therefore an excess of amine or ammonia is used to ensure complete reaction.
The reactions of amides are described in section 27.5.

Now try this
Gather together all the information given 
in sections 15.3, 25.4 and this section 
to write an explanation of why the 
rates of hydrolysis of these three chloro 
compounds differ in this way. Would you 
expect the same relative rates with NH3 or 
NaOH as the reagent, instead of H2O?
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HYDROLYSIS WITH ALKALI

The hydrolysis of acyl chlorides is much faster with alkalis as OH— is a 

stronger nucleophile than water.

 23

ADDITION ELIMINATION REACTION 

The carbonyl group in acyl chlorides can undergo nucleophilic addition in a similar 

manner to carbonyl compounds:  

Unlike carbonyl compounds, however, acyl chlorides are provided with an easily 

removed leaving group, the chloride ion:  

 24

 26 Carboxylic acids – derivatives and further reactions
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The mechanism of the reactions of acyl chlorides
The carbonyl group in acyl chlorides can undergo nucleophilic addition in a similar 
manner to carbonyl compounds:
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Unlike carbonyl compounds, however, acyl chlorides are provided with an easily 
removed leaving group, the chloride ion:
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Nucleophilic substitution has taken place, by a mechanism involving addition, 
followed by elimination.

If the nucleophile is water, the carboxylic acid is formed:
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Worked example
Draw the mechanism for the reaction between ammonia and benzoyl chloride:

COCl + 2NH3 CONH2 + NH4Cl

Answer
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Now try this
Predict the products of, and suggest a mechanism for, the reaction between propan-1-ol 
and propanoyl chloride.
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ADDITION ELIMINATION REACTION 

The mechanism of these reactions involves two steps:  

1. initial addition of the nucleophile 

2. elimination of the elements of HCl.  

The basic mechanism can be illustrated by representing the nucleophile as X—:  

 25
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The mechanism of these reactions involves two steps:
1 initial addition of the nucleophile 
2 elimination of the elements of HCl.

The basic mechanism can be illustrated by representing the nucleophile 
as X−:
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The nucleophile attacks the E+ C of the C=O group. The π 
component of the C=O breaks with the pair of electrons going to the 
O to generate O−. A lone pair from the O then is used to re-form the 
double bond and at the same time the C–Cl bond breaks.

Now, if we look at the reaction with water:
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The second stage could also have been shown more simply as loss of a 
proton (H+):

In the second stage H+ is removed by interaction with a base. In the 
reaction of an alcohol with an acyl chloride the reaction is conducted 
in the presence of a base. In the reaction with ammonia the proton is 
removed by the ammonia/amine.
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The basic structure of an acid anhydride is: 
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ADDITION ELIMINATION REACTION 

The nucleophile attacks the δ+ C of the C=O group.  

The π component of the C=O breaks with the pair of electrons going to the O to 

generate O—. 

A lone pair from the O then is used to re-form the double bond and at the same time 

the C–Cl bond breaks.  
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The mechanism of these reactions involves two steps:
1 initial addition of the nucleophile 
2 elimination of the elements of HCl.

The basic mechanism can be illustrated by representing the nucleophile 
as X−:
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The nucleophile attacks the E+ C of the C=O group. The π 
component of the C=O breaks with the pair of electrons going to the 
O to generate O−. A lone pair from the O then is used to re-form the 
double bond and at the same time the C–Cl bond breaks.

Now, if we look at the reaction with water:
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The second stage could also have been shown more simply as loss of a 
proton (H+):

In the second stage H+ is removed by interaction with a base. In the 
reaction of an alcohol with an acyl chloride the reaction is conducted 
in the presence of a base. In the reaction with ammonia the proton is 
removed by the ammonia/amine.

=A

6X^Y�Vc]nYg^YZh
The basic structure of an acid anhydride is: 
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ADDITION ELIMINATION REACTION 

Nucleophilic substitution has taken place, by a mechanism involving 

addition, followed by elimination. If the nucleophile is water, the carboxylic 

acid is formed:

 27

 26 Carboxylic acids – derivatives and further reactions

445

The mechanism of the reactions of acyl chlorides
The carbonyl group in acyl chlorides can undergo nucleophilic addition in a similar 
manner to carbonyl compounds:
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Unlike carbonyl compounds, however, acyl chlorides are provided with an easily 
removed leaving group, the chloride ion:
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Nucleophilic substitution has taken place, by a mechanism involving addition, 
followed by elimination.

If the nucleophile is water, the carboxylic acid is formed:
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Worked example
Draw the mechanism for the reaction between ammonia and benzoyl chloride:

COCl + 2NH3 CONH2 + NH4Cl

Answer
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Now try this
Predict the products of, and suggest a mechanism for, the reaction between propan-1-ol 
and propanoyl chloride.

181333_26_A_Chem_BP_440-448.indd   445 27/10/14   10:29 AM

REACTION WITH ALCOHOLS

Acyl chlorides react with alcohols to form esters. 
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 In all the reactions we will meet the acyl group will be added to the 
most electronegative atom of the nucleophile (N or O) and H (from 
the nucleophile) and Cl (from the acyl chloride) will be eliminated 
(Figure G36 ).

2 Reaction with alcohols
 Acyl chlorides react with alcohols to form esters.
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This reaction is usually carried out 
in the presence of a base such as 
pyridine (C5H5N).An alkaline solution of phenol reacts with benzoyl chloride to form 

phenyl benzoate:
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A more accurate way of writing this reaction would be as:

CH3CH2COCl + 2NH3 n CH3CH2CONH2 + NH4Cl

HCl would not be formed in the presence of a base such as 
ammonia but rather the salt ammonium chloride.

3 Reactions with ammonia
When concentrated ammonia solution is added to an acyl chloride at 
0 °C a primary amide is formed.

4 Reactions with amines
 When acyl chlorides are reacted with amines (again at low 

temperature) N-substituted amides are formed.
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Again, the balanced equation should, more correctly, be written as:

CH3CH2COCl + 2CH3CH2NH2 
 n CH3CH2CONHCH2CH3 + CH3CH2NH3Cl
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 In all the reactions we will meet the acyl group will be added to the 
most electronegative atom of the nucleophile (N or O) and H (from 
the nucleophile) and Cl (from the acyl chloride) will be eliminated 
(Figure G36 ).

2 Reaction with alcohols
 Acyl chlorides react with alcohols to form esters.
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This reaction is usually carried out 
in the presence of a base such as 
pyridine (C5H5N).An alkaline solution of phenol reacts with benzoyl chloride to form 

phenyl benzoate:
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A more accurate way of writing this reaction would be as:

CH3CH2COCl + 2NH3 n CH3CH2CONH2 + NH4Cl

HCl would not be formed in the presence of a base such as 
ammonia but rather the salt ammonium chloride.

3 Reactions with ammonia
When concentrated ammonia solution is added to an acyl chloride at 
0 °C a primary amide is formed.

4 Reactions with amines
 When acyl chlorides are reacted with amines (again at low 

temperature) N-substituted amides are formed.
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Again, the balanced equation should, more correctly, be written as:

CH3CH2COCl + 2CH3CH2NH2 
 n CH3CH2CONHCH2CH3 + CH3CH2NH3Cl

REACTION WITH ALCOHOLS

An alkaline solution of phenol reacts with benzoyl chloride to form phenyl 

benzoate. 

The phenol is dissolved in NaOH, to make phenoxide which is a stronger 

nucleophile, to make the yield better.
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REACTION WITH AMMONIA

When concentrated ammonia solution is added to an acyl chloride at 0°C 

a primary amide is formed. 

 30
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 In all the reactions we will meet the acyl group will be added to the 
most electronegative atom of the nucleophile (N or O) and H (from 
the nucleophile) and Cl (from the acyl chloride) will be eliminated 
(Figure G36 ).

2 Reaction with alcohols
 Acyl chlorides react with alcohols to form esters.
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This reaction is usually carried out 
in the presence of a base such as 
pyridine (C5H5N).An alkaline solution of phenol reacts with benzoyl chloride to form 

phenyl benzoate:
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A more accurate way of writing this reaction would be as:

CH3CH2COCl + 2NH3 n CH3CH2CONH2 + NH4Cl

HCl would not be formed in the presence of a base such as 
ammonia but rather the salt ammonium chloride.

3 Reactions with ammonia
When concentrated ammonia solution is added to an acyl chloride at 
0 °C a primary amide is formed.

4 Reactions with amines
 When acyl chlorides are reacted with amines (again at low 

temperature) N-substituted amides are formed.
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Again, the balanced equation should, more correctly, be written as:

CH3CH2COCl + 2CH3CH2NH2 
 n CH3CH2CONHCH2CH3 + CH3CH2NH3Cl
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REACTION WITH AMINES

When acyl chlorides are reacted with amines (at low temperature) N-

substituted amides are formed. 
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 In all the reactions we will meet the acyl group will be added to the 
most electronegative atom of the nucleophile (N or O) and H (from 
the nucleophile) and Cl (from the acyl chloride) will be eliminated 
(Figure G36 ).
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 Acyl chlorides react with alcohols to form esters.
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This reaction is usually carried out 
in the presence of a base such as 
pyridine (C5H5N).An alkaline solution of phenol reacts with benzoyl chloride to form 

phenyl benzoate:
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A more accurate way of writing this reaction would be as:

CH3CH2COCl + 2NH3 n CH3CH2CONH2 + NH4Cl

HCl would not be formed in the presence of a base such as 
ammonia but rather the salt ammonium chloride.

3 Reactions with ammonia
When concentrated ammonia solution is added to an acyl chloride at 
0 °C a primary amide is formed.

4 Reactions with amines
 When acyl chlorides are reacted with amines (again at low 

temperature) N-substituted amides are formed.
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Again, the balanced equation should, more correctly, be written as:

CH3CH2COCl + 2CH3CH2NH2 
 n CH3CH2CONHCH2CH3 + CH3CH2NH3Cl
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