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20 Nitrogen compounds

Many biological molecules contain nitrogen. This topic introduces the chemistry of a 

variety of organic compounds that contain nitrogen. 

20.1 Primary Amines

20.2 Amides
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20 Nitrogen compounds

Many biological molecules contain nitrogen. This topic introduces the chemistry of a variety of organic 
compounds that contain nitrogen. 

Learning outcomes 
Candidates should be able to: 

20.1  Primary amines a) describe the formation of alkyl amines such as ethylamine (by 
the reaction of ammonia with halogenoalkanes; the reduction of 
amides with LiAlH4; the reduction of nitriles with LiAlH4 or H2/Ni) 
and of phenylamine (by the reduction of nitrobenzene with tin/
concentrated HCl)

b) describe and explain the basicity of amines

c) explain the relative basicities of ammonia, ethylamine and 
phenylamine in terms of their structures

d) describe the reaction of phenylamine with:

(i) aqueous bromine

(ii) nitrous acid to give the diazonium salt and phenol

e) describe the coupling of benzenediazonium chloride and phenol and 
the use of similar reactions in the formation of dyestuff 

20.2 Amides a) describe the formation of amides from the reaction between NH3 or 
RNH2 and R’COCl

b) recognise that amides are neutral

c) (i)  describe amide hydrolysis on treatment with aqueous alkali or 
acid

(ii) describe the reduction of amides with LiAlH4

20.3  Amino acids a) describe the acid/base properties of amino acids and the formation 
of zwitterions

b) describe the formation of peptide bonds between amino acids to 
give di- and tri-peptides

c) describe simply the process of electrophoresis and the effect of pH, 
using peptides and amino acids as examples  

Syllabus content
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AMINES

Amines are nitrogen compounds in which one or more of the hydrogen 

atoms in ammonia, NH3, is replaced by an alkyl or an aryl group. 

 1

ORGANIC CHEMISTRY
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Most alkaloids have a bitter taste, but are too involatile (that is, they produce too 
little vapour) to have an odour. Those amines that are volatile have distinctive smells. 
The short-chain amines have an astringent ammonia-like smell, but this is replaced 
by a strong fi shy odour in butylamine and longer-chain amines. Aryl amines such as 
phenylamine have a more ‘oily’ smell.

The amines can be derived from ammonia by replacing one or more of the 
hydrogen atoms in NH3 by organic groups; replacing the amine hydrogen atoms can 
often be carried out in the laboratory.

H N H

H

CH3 CH3

H H

ammonia dimethylamine phenylamine

NN

H

• • • •

• •

The carbon–nitrogen bond, although quite strongly polarised, is fairly inert and it is 
not so easily broken as the C¬O bond in alcohols (see Topic 16, page 282). There 
are few reactions in which the Cδ+  atom takes part. The key point of reactivity in 
the amines is the lone pair of electrons on the nitrogen atom, which is more readily 
donated than a lone pair on oxygen. This lone pair is nucleophilic towards Cδ+  and 
basic towards Hδ+ . Amines form strong hydrogen bonds to hydrogen-donor molecules 
such as water. Those amines that contain N¬H bonds also form strong intermolecular 
hydrogen bonds (see Figure 27.2). 

The short-chain amines are therefore water soluble and their boiling points are 
higher than those of the corresponding alkanes (see Table 27.1 and Figure 27.3). 
The effect of hydrogen bonding on boiling point is not so pronounced as it is in the 
alcohols, however (compare Table 27.1 with Table 16.1, page 282). 

Number of 
electrons in 
the molecule

Alkane Amine Increase in 
boiling 
point/°C

Formula Boiling 
point/°C

Formula Boiling 
point/°C

18 C2H6 −88 CH3NH2  −8 80

26 C3H8 −42 C2H5NH2  17 59

34 C4H10 0 C3H7NH2  49 49

42 C5H12 36 C4H9NH2  78 42

50 C6H14 69 C5H11NH2 104 35

58 C7H16 98 C6H13NH2 130 32
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Figure 27.2 Intermolecular 
hydrogen bonding in amines 

Table 27.1 Boiling points of some alkanes 
and corresponding amines 
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nicotine

cocaine caffeine

quinine

Figure 27.1 The structures of some naturally 
occurring alkaloids 

Now try this
1 Apart from the nitrogen atoms, what 

functional groups are contained in
a the quinine molecule
b the cocaine molecule?

2 Work out the molecular formula of:
a quinine
b caffeine

3 The molecule of nicotine is chiral. Draw 
out the structure, showing which atom 
is the chiral one.
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AMINES

The number of these groups determines whether the compound is a 

primary amine, a secondary amine or a tertiary amine. 

 2

4.1 Structures and names
Amines are nitrogen compounds in which one or more of the hydrogen atoms
in ammonia, NH3, is replaced by an alkyl or an aryl group. The number of
these groups determines whether the compound is a primary amine, a
secondary amine or a tertiary amine. If one H atom in ammonia is replaced by
an alkyl or aryl group, the compound is a primary amine; if two H atoms are
replaced, the compound is a secondary amine; and if all three H atoms in
ammonia are replaced, the compound is a tertiary amine.

Chemists have two systems for naming amines.

Simple amines
Simple amines are treated as a combination of the alkyl or aryl group followed
by the ending –amine. So, CH3CH2NH2 is ethylamine, C6H5NH2 is
phenylamine and CH3CH2NHCH3 is ethylmethylamine. The prefixes di- and
tri- are used when there are two or three of the same alkyl or aryl group
(Figure 4.3).

4 Amines
Amines can be very smelly. Ethylamine, for example, has a fishy smell.
However, the importance of the amine functional group is not its
smell, but the role it plays in biochemistry and medicine. The amine
group is present in amino acids, the monomers for proteins (Topic 5).
As a result of this, the amine group plays an important part in
metabolism and it appears in the structures of many medical drugs.
In the chemical industry, aromatic amines have commercial value
because they are the basis of the manufacture of a wide range of
colourful dyes.

40

Figure 4.1 !
The active constituent of asthma
inhalers is salbutamol, which
contains the amine group.

Figure 4.2 "
The smell of fish is partly due to
ethylamine.

Note

Notice that the terms primary,
secondary and tertiary do not have
the same meaning with amines as
they do with alcohols.

Figure 4.3 "
The structures and names of primary,
secondary and tertiary amines containing
the methyl group. 

CH3 N

H

H

CH3

CH3

N

H

CH3

CH3

CH3

N

methylamine
(a primary amine)

dimethylamine
(a secondary amine)

trimethylamine
(a tertiary amine)
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AMINES

 3

 27 Amines, amides and amino acids 

451

 27.2  Isomerism and nomenclature
The most important feature of the amine molecule is the nitrogen atom. This is 
refl ected in the nomenclature of amines. The simpler ones, such as dimethylamine 
and phenylamine shown opposite, are named as though they are derived from 
ammonia. Up to three hydrogen atoms in ammonia can be replaced by organic 
groups. Successive replacement forms primary, secondary and tertiary amines 
(see Table 27.2). Note that it is the branching that takes place at the nitrogen 
atom, rather than at the carbon atom attached to it, that determines whether an 
amine is primary, secondary or tertiary. This is not the same as in the case of the 
alcohols: 

CH OH CH
CH3CH2CH2

N H
NH2

CH3CH2CH2

propan-2-ol
a secondary alcohol

2-aminopropane
a primary amine

dipropylamine
a secondary amine

CH3

CH3

CH3

CH3

Table 27.2 Some primary, secondary and 
tertiary amines 

Primary amines Secondary amines Tertiary amine

CH3CH2NH2

ethylamine
(CH3CH2)2NH
diethylamine

(CH3CH2)3N
triethylamine

CH3 NH2

4-methylphenylamine

N

H

diphenylamine

CH3

CH3

N

N,N-dimethylphenylamine

NH2

cyclohexylamine

N H

piperidine

N

CH3N

nicotine
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Figure 27.3 Boiling points of some 
alkanes and corresponding amines 
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BASICITY

Amines are basic. They react with acids to form salts ( just like ammonia):

 4
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An alternative way of naming amines is used when the chain becomes more 
branched, or when other functional groups are present. This views the ¬NH2 group 
as a substituent, called an amino group:

CO2H

NH2

4-aminobenzoic acid2-aminopentane

CH2

CH2 NH2CH3

CH

CH3

1,2-diaminoethane
(often abbreviated to ‘en’)

CH2

CH2NH2

NH2

Apart from the usual structural or positional isomerism that can occur in the carbon 
chain, amines also demonstrate structural isomerism around the nitrogen atom, 
through the formation of secondary and tertiary amines as well as primary amines.

Worked example
How many isomers are there with the formula C3H9N?

Answer
There are four isomers. Structural isomerism in the propyl group allows two primary 
amines:

 CH3CH2CH2¬NH2  (CH3)2CH¬NH2

 propylamine (1-aminopropane) 2-aminopropane

In addition to these, we can split the three-carbon chain into two or three chains, to form a 
secondary amine:

 CH3¬CH2¬NH¬CH3 
 ethylmethylamine

and a tertiary amine:

 (CH3)3N 
 trimethylamine

The nitrogen atom in amines is pyramidal, as it is in ammonia. Although the 
secondary amine ethylmethylamine could exist as a mirror-image pair of compounds 
(see Figure 27.4), in practice the nitrogen atom undergoes a rapid inversion, like an 
umbrella turning inside out, causing a 50 : 50 mixture of the two forms to exist at 
room temperature (see Figure 27.5).  

  27.3   Reactions of amines
Basicity
Amines are basic. They react with acids to form salts:

CH3CH2NH2 HCl CH3CH2

H

H
H

   ClN

• •

••

The alkylammonium chlorides, sulfates and nitrates are white crystalline solids, 
soluble in water, but insoluble in organic solvents.

Now try this
Fourteen of the isomers with the formula 
C8H11N contain a nitrogen atom directly 
bonded to a benzene ring. Draw their 
structures, and state which are primary, 
secondary and tertiary amines.
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Figure 27.4 Theoretical enantiomers of 
ethylmethylamine 
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Figure 27.5 Inversion at the nitrogen atom 
produces a racemic mixture. 
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BASICITY

A base (Brønsted–Lowry) is a proton acceptor. Thus, when a base is put 

into water it accepts a proton from water:  

B:     +      H2O       ⟶     HB+      +      OH— 

The more the position of equilibrium lies to the right, the stronger the base.  

Methylamine reacts with water to form the methylammonium ion:  

CH3CH2NH2     +      H2O       ⟶     CH3CH2NH3+      +      OH— 

 5

BASICITY

In amines, the N is the most electronegative atom and will have a small negative charge.  

H+ ions will thus be attracted to the N and the lone pair of electrons will be used to form 

a dative covalent bond to the H+.  

Basicity depends on the availability of the lone pair of electrons on nitrogen to form 

a dative bond with a proton, H+.  

In general, the greater the negative charge on the N the more it will attract H+ ions and 

the stronger base it will be. 

 6
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Those amines that are soluble in water form weakly alkaline solutions, just as 
ammonia does, due to partial reaction with the solvent, producing OH− ions:

CH3CH2NH2 + H2O W CH3CH2NH3
+ + OH−

Table 27.3 lists some amines, with values of their dissociation equilibrium constants, 
Kb, for the following equilibrium:

R3N + H2O W R3NH+ + OH−

Kb =
 

[R3NH+][OH−]
[R3N]

The larger Kb is, the stronger is the base. Ammonia is included for comparison.
From Table 27.3 we can see that electron-donating alkyl groups attached to the 

nitrogen atom increase the basicity of amines. This is expected, since the basicity 
depends on the availability of the lone pair of electrons on nitrogen to form a dative 
bond with a proton (see Figure 27.6). Electron donation from an alkyl group will 
encourage dative bond formation.  

Table 27.3 The basicity of some amines 

Amine Formula Kb
/mol dm−3

phenylamine NH2 4.2 × 10−10

ammonia NH3 1.8 × 10−5

ethylamine CH3CH2NH2 5.1 × 10−4

diethylamine (CH3CH2)2NH 1.0 × 10−3

The most dramatic difference in basicities to be seen in Table 27.3 is between that of 
phenylamine (Kb ≈ 10−10) and the alkyl amines (Kb ≈ 10−3). Taking two compounds of 
about the same relative molecular mass and shape, we see that phenylamine is about 
a million times less basic than cyclohexylamine:

NH2 NH2

  phenylamine
Kb = 4.2 × 10–10

   cyclohexylamine
Kb = 3.3 × 10–4

This is because in phenylamine, the lone pair of electrons on the nitrogen atom is 
delocalised over the benzene ring. The bonds around the nitrogen atom can take 
up a planar arrangement, with the nitrogen’s lone pair in a p orbital, so that extra 
stability can be gained by overlapping this p orbital with the delocalised π bond of 
the benzene ring (see Figure 27.7). 
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Figure 27.6 When an amine acts as a base, 
the nitrogen lone pair forms a dative bond with 
a proton. 
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Figure 27.7 Delocalisation of the nitrogen 
lone pair in phenylamine 

This overlap, causing a drift of electron density from nitrogen to the ring, has two 
effects on the reactivity of phenylamine.

● It causes the lone pair to be much less basic (see above) and also much less 
nucleophilic.

● It causes the ring to be more electron rich, and so to undergo electrophilic 
substitution reactions much more readily than benzene. The enhanced reactivity of 
phenylamine in this regard is similar to that of phenol (see Topic 25, page 434), an 
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BASICITY OF ALKYL AMINES

Alkyl groups attached to the nitrogen atom increase the basicity of amines. 

Electron donation from an alkyl group will encourage dative bond formation.  

Alkyl groups are electron-releasing (positive inductive effect) and so will push 

electron density onto the N, making it more negative and therefore more likely 

to attract H+ and form a dative bond. 

E.g., Ethylamine, CH3CH2NH2, is a stronger base than ammonia.

 7

39126  Organic nitrogen compounds

Ammonia is a stronger base than phenylamine 
because one of the p orbitals on the nitrogen atom in 
phenylamine overlaps with the π bonding system in the 
benzene ring. Th is causes the lone pair of the N atom 
in phenylamine to be delocalised into the benzene 
ring. Th is then makes the lone pair less available to 
form a co-ordinate bond with an H+ ion than it is in 
ammonia (Figure 26.5).

We can think of the amines as substituted ammonia 
(NH3) molecules. For example, a primary amine is an 
ammonia molecule with one of its H atoms replaced 
by an alkyl or aryl group. Ammonia and the amines 
act as bases because of the lone pair of electrons on the 
nitrogen atom. Remember that a base is a proton 
(H+ ion) acceptor. Th e nitrogen atom donates its lone 
pair to an H+ ion, forming a co-ordinate (dative) bond.

For ammonia:

NH3 + H+ → NH4
+

For a primary amine:

RNH2 + H+ → RNH3
+

Dilute hydrochloric acid reacts with ammonia and with 
amines to produce salts.

For ammonia:

NH3 + HCl → NH4
+Cl−

 ammonium chloride

For a primary amine:

CH3NH2 + HCl → CH3NH3
+Cl−

 methylammonium chloride

Ammonia and the amines have diff erent strengths as 
bases. Th eir strength as bases depends on the availability 
of the lone pair of electrons on the N atom to bond 
with an H+ ion.

Let us consider ammonia, ethylamine and phenylamine 
as examples. We fi nd that the strongest base of the 
three is ethylamine, followed by ammonia and, 
fi nally, phenylamine.

Ethylamine is a stronger base than ammonia 
because the ethyl group is electron-donating in nature 
(Figure 26.4). By releasing electrons to the N atom, the 
ethyl group makes the lone pair more readily available to 
bond with an H+ ion than it is in ammonia. Ammonia 
has three H atoms bonded to the N atom.

Some primary amines do not have the NH2 group at the end 
of an alkyl chain. We indicate the position of the NH2 group 
on the hydrocarbon chain by numbering from the nearest end 
of the molecule. In these cases we refer to the NH2 group 
as the ‘amino’ group, e.g. CH3CH2CHNH2CH2CH2CH3 is called 
3-aminohexane.

Fact fi le

1 a Name the following compounds:
i CH3CH2CH2CH2CH2NH2

ii (CH3CH2CH2)2NH
iii C2H5NH3

+Cl−

b Predict whether diethylamine is a stronger 
or weaker base than ethylamine. Explain 
your reasoning.

Check-up

Making amines
Preparing ethylamine
1 In Chapter 15 (page 233) you learned how 

bromoethane undergoes nucleophilic substitution with 
ammonia to form a mixture of amines. In order to 
prepare ethylamine (whilst avoiding the formation of 
secondary and tertiary amines and ammonium salts) 
we use excess hot ethanolic ammonia:

CH3CH2Br + NH3 → CH3CH2NH2 + HBr
 ethylamine

Figure 26.4 
Ethylamine is a 
stronger base than 
ammonia.

CH3CH2 NH2

alkyl groups are
electron-donating
(or electron-releasing)

Figure 26.5 Phenylamine is a very weak base.

H N

H H H
nitrogen’s lone pair gets
drawn in to the delocalised
ring of electrons

H H H

BASICITY OF PHENYL AMINE

Phenyl amine is a weaker base than ammonia.  

This is because in phenylamine, the lone pair of electrons on the nitrogen 

atom is delocalised over the benzene ring.  

The bonds around the nitrogen atom can take up a planar arrangement, 

with the nitrogen’s lone pair in a p orbital, so that extra stability can be 

gained by overlapping this p orbital with the delocalised π bond of the 

benzene ring. 

 8
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Those amines that are soluble in water form weakly alkaline solutions, just as 
ammonia does, due to partial reaction with the solvent, producing OH− ions:

CH3CH2NH2 + H2O W CH3CH2NH3
+ + OH−

Table 27.3 lists some amines, with values of their dissociation equilibrium constants, 
Kb, for the following equilibrium:

R3N + H2O W R3NH+ + OH−

Kb =
 

[R3NH+][OH−]
[R3N]

The larger Kb is, the stronger is the base. Ammonia is included for comparison.
From Table 27.3 we can see that electron-donating alkyl groups attached to the 

nitrogen atom increase the basicity of amines. This is expected, since the basicity 
depends on the availability of the lone pair of electrons on nitrogen to form a dative 
bond with a proton (see Figure 27.6). Electron donation from an alkyl group will 
encourage dative bond formation.  

Table 27.3 The basicity of some amines 

Amine Formula Kb
/mol dm−3

phenylamine NH2 4.2 × 10−10

ammonia NH3 1.8 × 10−5

ethylamine CH3CH2NH2 5.1 × 10−4

diethylamine (CH3CH2)2NH 1.0 × 10−3

The most dramatic difference in basicities to be seen in Table 27.3 is between that of 
phenylamine (Kb ≈ 10−10) and the alkyl amines (Kb ≈ 10−3). Taking two compounds of 
about the same relative molecular mass and shape, we see that phenylamine is about 
a million times less basic than cyclohexylamine:

NH2 NH2

  phenylamine
Kb = 4.2 × 10–10

   cyclohexylamine
Kb = 3.3 × 10–4

This is because in phenylamine, the lone pair of electrons on the nitrogen atom is 
delocalised over the benzene ring. The bonds around the nitrogen atom can take 
up a planar arrangement, with the nitrogen’s lone pair in a p orbital, so that extra 
stability can be gained by overlapping this p orbital with the delocalised π bond of 
the benzene ring (see Figure 27.7). 
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Figure 27.6 When an amine acts as a base, 
the nitrogen lone pair forms a dative bond with 
a proton. 
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Figure 27.7 Delocalisation of the nitrogen 
lone pair in phenylamine 

This overlap, causing a drift of electron density from nitrogen to the ring, has two 
effects on the reactivity of phenylamine.

● It causes the lone pair to be much less basic (see above) and also much less 
nucleophilic.

● It causes the ring to be more electron rich, and so to undergo electrophilic 
substitution reactions much more readily than benzene. The enhanced reactivity of 
phenylamine in this regard is similar to that of phenol (see Topic 25, page 434), an 
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BASICITY OF PHENYL AMINE

This overlap causes the lone pair of the N atom in phenylamine to be 

delocalised into the benzene ring and results in the lone pair to be much 

less basic (and also much less nucleophilic).  

The overlap of the lone pair on the N with the benzene delocalised system 

makes the lone pair less available for donation to H+ (to form a co-ordinate 

bond).

 9

REACTIVITY OF PHENYL AMINE

The overlap that causes the lone pair of the N atom in phenylamine to be 

delocalised into the benzene ring increases the electron density of the 

ring. 

This results in the ring being more electron rich, and it undergoes 

electrophilic substitution reactions much more readily than benzene.  

The enhanced reactivity of phenylamine in this regard is similar to that of 

phenol, an example being the ease with which phenylamine decolorises 

bromine water.

 10
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PHENYL AMINE WITH BROMINE WATER

Like phenol, phenylamine decolourises bromine water to give a white 

precipitate of 2,4,6-tribromophenylamine. 

 11

392 26  Organic nitrogen compounds

Reactions of phenylamine
Phenylamine with aqueous bromine
Th e reaction of aqueous bromine with phenylamine 
is similar to the reaction of aqueous bromine with 
phenol (see page 380); a white precipitate is formed. 
Th e nitrogen in the NH2 group in phenylamine has 
a lone pair of electrons that can be delocalised into the 
benzene ring so that the π bonding system extends 
to include the C N bond. Th e extra electron density 
in the benzene ring makes it more readily attacked by 
electrophiles. Remember that the 2, 4 and 6 positions 
around the benzene ring are activated when electron-
donating groups, such as NH2 or OH, are attached 
to the ring:

NH2

+  3Br2

2,4,6-tribromophenylamine

NH2

BrBr

Br

+  3HBr

Diazotisation and coupling reactions
Phenylamine is an important compound in the 
synthesis of dyes. Th e fi rst step is the reaction between 
phenylamine and nitrous acid (nitric(III) acid), 
HNO2, to give a diazonium salt. Nitrous acid is 
unstable, so it has to be made in the test tube, then the 
phenylamine is added. We can make the nitrous acid 
using sodium nitrite (sodium nitrate(III)) and dilute 
hydrochloric acid:

HBr, which could react with the ethylamine, is 
removed by the excess ammonia, forming NH4Br. 
Th e excess ammonia also reduces the chances 
of bromoethane being attacked by ethylamine; 
ethylamine is also a nucleophile.

2 We also learned in Chapter 15 (pages 232– 3) about 
the formation of nitriles by reacting a halogenoalkane 
with the CN− ion. To carry out the reaction, a solution 
of potassium cyanide, KCN, in ethanol is heated 
under refl ux with the halogenoalkane:

CH3Br + CN− → CH3CN + Br−

 bromomethane ethanenitrile

Notice that we start with bromomethane, not 
bromoethane, as the cyanide group adds a carbon 
atom to the alkyl group. We can then reduce (add 
hydrogen to) the ethanenitrile to make ethylamine. 
Th e nitrile and hydrogen gas are passed over a nickel 
catalyst. Alternatively, sodium and ethanol are used for 
the reduction:

CH3CN + 4[H] → CH3CH2NH2
 ethylamine

Preparing phenylamine
Phenylamine is made by reducing nitrobenzene. Th is 
reduction is carried out by heating nitrobenzene with tin 
and concentrated hydrochloric acid.

NO2  +  6[H] NH2  +  2H2O

Th e phenylamine is separated from the reaction mixture 
by steam distillation (Figure 26.6).

2 a i  Give the reagents and conditions 
needed to make butylamine from 
butanenitrile.

ii Name the bromoalkane that can be 
used to make the butanenitrile in 
part a i.

b i  Give the name and structural formula 
of the aryl amine formed when 
2-nitrophenol reacts with tin and 
concentrated hydrochloric acid.

ii What type of reaction takes place in 
part b i?

Check-up

Figure 26.6 Steam generated in the round-bottomed fl ask is passed into 
the reaction mixture and phenylamine is distilled off and collected.

AMINES AS NUCLEOPHILES 

Amines are strong nucleophiles as well as strong bases, just like 

ammonia.  

As nucleophiles, their lone pair of electrons is attracted to any positive 

ion or positive centre in a molecule.  

When amines are reacted with acyl chlorides (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 ).

2 Reaction with alcohols
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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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DIAZONIUM SALTS

Phenylamine is an important compound in the synthesis of dyes.  

The first step is the reaction between phenylamine and nitrous acid, HNO2, to 

give a diazonium salt. We can make the nitrous acid using sodium nitrite and 

dilute hydrochloric acid.

 13
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26.2 Amides
Making an amide
An amide group is represented in structural formulae 
by CONH2. For example, ethanamide can be shown as 
CH3CONH2. Its displayed formula is:

ethanamide

CH C

H

H NH2

O

Ethanamide can be made by reacting ethanoyl chloride 
with concentrated ammonia solution:

CH3COCl + NH3 → CH3CONH2 + HCl

On page 387 we saw how a primary amine reacts with an 
acyl chloride to produce a substituted amide.

C3H7COCl + C2H5NH2 → C3H7CONHC2H5 + HCl
 butanoyl chloride ethylamine N-ethylbutanamide

Th e fi rst step is the production of benzenediazonium 
chloride:

NH2 + HNO2 + HCl

benzenediazonium
chloride

N NCl– + 2H2O
+

Th is reaction is called diazotisation. Note that the 
positive charge on the diazonium ion is on the nitrogen 
atom with four bonds.

Th e reaction mixture must be kept below 10 °C by 
using ice. Th is is because the diazonium salt is unstable 
and will decompose easily, giving off  nitrogen gas, N2, at 
higher temperatures.

In the second step, the diazonium ion reacts with an 
alkaline solution of phenol in a coupling reaction:

N2
+

 + 
OH + H+

OH N
N

Th e positively charged diazonium ion acts as an 
electrophile. It substitutes into the benzene ring of phenol 
at the 4 position. An orange dye is formed, called an azo 
dye. Th e delocalised π bonding system extends between 
the two benzene rings through the N N  group 
which acts like a ‘bridge’. Th is makes the azo dye, called 
4-hydroxyphenylazobenzene, very stable (an important 
characteristic of a good dye). Th e azo dye forms 
immediately on addition of the phenol to the solution 
containing the diazonium ion (Figure 26.7).

By using alternative aryl compounds to phenol, we can 
make a range of brightly coloured dyes. For example, 
Figure 26.8 shows a molecule of a compound used as a 
yellow dye.

Figure 26.7 The azo dye (also 
called a diazonium dye) forms in 
a coupling reaction between the 
diazonium ion and an alkaline 
solution of phenol.

3 a i  Which would be more readily attacked 
by an electrophile – benzene or 
phenylamine? Explain your answer.

ii Write a general equation to show 
the equation for the reaction of 
phenylamine with excess of an 
electrophile, represented as X+.

b i  Why is the reaction of phenylamine to 
make the diazonium ion carried out 
below 10 °C?

ii Write a balanced equation to show 
how nitrous acid is made for the 
reaction in part b i to take place.

iii Show the two steps that would be 
used to make the yellow dye shown 
in Figure 26.8, starting 
from phenylamine.

Check-up

Figure 26.8 
A molecule of a 
yellow azo dye.

N N N(CH3)2

diazonium salt

DIAZONIUM SALTS

The reaction mixture must be kept below 10 °C by using ice. This is 

because the diazonium salt is unstable and will decompose easily, giving 

off nitrogen gas, N2, and phenols at room temperature. 

Nitrous acid, HNO2, is unstable, and has to be made as required by 

reacting together sodium nitrite and hydrochloric acid: 
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380 24  Benzene and its compounds

Phenol also reacts vigorously with sodium metal, giving 
off  hydrogen gas and again forming sodium phenoxide:

OH  +  2Na              2 O–Na+  +  H22 ⎯→

Substitution into the benzene ring of phenol
Compared with benzene, phenol reacts more readily 
with electrophiles. Th e overlap of one of the lone pairs 
of electrons on the oxygen atom in the OH group 
with the π bonding system increases the electron density 
of the benzene ring in phenol. Th is makes the benzene 
ring more open to attack from electron-defi cient 
electrophiles. It ‘activates’ the benzene ring, especially at 
positions 2, 4 and 6.

Phenol therefore undergoes similar reactions to benzene, 
but phenol does so under milder conditions. For example, 
bromine water will not react with benzene at room 
temperature. To produce bromobenzene we need pure 
bromine (not a solution) and an iron(III) bromide catalyst. 
However, bromine water reacts readily with phenol, 
decolorising the orange solution and forming a white 
precipitate of 2,4,6-tribromophenol (Figure 24.6). Similar 
reactions happen between phenol and chlorine or iodine.

+  3HBr+  3Br2

OHOH

BrBr

Br

⎯→

hydroxide or ethoxide ions, making phenoxide ions less 
likely to re-form the undissociated molecules.

Alternatively, we can explain the greater acidity of 
phenol by saying that phenol ionises to form a more 
stable negative ion, so the ionisation of phenol is more 
likely. Th is results in the position of equilibrium in the 
phenol equation in Table 24.3 lying further to the right-
hand side (i.e. more molecules donating H+ ion) than the 
other equations.

Ethanol is a weaker acid than water due to the electron-
donating alkyl (ethyl) group attached to the oxygen atom 
in the ethoxide ion. Th is has the eff ect of concentrating 
more negative charge on this oxygen atom, which more 
readily accepts an H+ ion. Th is explains why the position 
of equilibrium lies further to the left-hand side, favouring 
the undissociated ethanol molecules.

5 a  Place the following molecules in 
order of their acidity, starting with the 
most acidic:

CH3COOH C6H5OH HCl 
C3H7OH H2O

b Would you expect methanol to be 
more or less acidic than phenol? Explain 
your answer.

Check-up

24.4 Reactions of phenol
We can divide the reactions of phenol into those 
involving the hydroxyl group, OH, and those involving 
substitution into the benzene ring.

Breaking of the O H bond in phenol
Although phenol is sparingly soluble in water, it dissolves 
well in an alkaline solution. As you have just learned, 
phenol is a weak acid so it will react with an alkali to give 
a salt plus water:

+  H2OOH + NaOH O–Na+

Th e salt formed, sodium phenoxide, is soluble in water.

Figure 24.6 Bromine water is added to 
aqueous phenol.

Th is activation of the benzene ring is also shown in the 
nitration of phenol. With benzene, we need a mixture 
of concentrated nitric and sulfuric acids to refl ux with 
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Reaction with nitrous acid (nitric(III) acid)
Nitrous acid, HNO2, is unstable, and has to be made as required by reacting together 
sodium nitrite and hydrochloric acid:

NaNO2 + HCl → NaCl + HNO2

Aromatic and aliphatic amines differ markedly in their reactions with nitrous acid.
Primary aliphatic amines react in warm aqueous acidic solution to give nitrogen gas 

and alcohols:

R       NH2 ! HNO2 R       OH ! N2 ! H2O
NaNO2 ! HCl
30 °C in water

Aryl amines, however, form fairly stable diazonium salts at low temperatures. Under 
these conditions nitrogen is not evolved, but a solution of the diazonium salt is formed:

NH2  HNO2  H

phenyldiazonium chloride

N N Cl  2H2O
NaNO2 + HCl

Aryl diazonium salts are unstable and explosive when dry, but can be kept for several 
days in solution in a refrigerator.

Reactions of diazonium salts
1  Adding a solution of a diazonium salt to hot water causes decomposition, and 

produces phenol:

OH ! N2 ! HCl
add to water

phenol

at T > 60°C
N N Cl  H2O

 
 This is the analogous product to the alcohol produced when an aliphatic primary 

amine reacts with nitrous acid.

2  The most important reactions of diazonium salts are their use in the formation of azo 
dyes (see panel opposite). When a solution of a diazonium salt is added to an alkaline 
solution of a phenol, an electrophilic substitution reaction (known as a coupling 
reaction) takes place:

NaOH(aq)

T < 5°C
N N N OH

an azo compound

OH  OH O   H2O

N O

  27.4   Preparing amines
The two main methods of preparing alkyl amines both start with halogenoalkanes.

● By nucleophilic substitution with ammonia (see Topic 15, page 273):

 heat in ethanol
CH3CH2Br + 2NH3  CH3CH2NH2 + NH4Br
 under pressure

As long as an excess of ammonia is used, further substitutions giving secondary and 
tertiary amines can be avoided (see page 444).
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REACTIONS OF DIAZONIUM SALTS 

Adding a solution of a diazonium salt to hot water causes decomposition, 

and produces phenol: 
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The most important reactions of diazonium salts are their use in the 

formation of azo dyes.  

When a solution of a diazonium salt is added to an alkaline solution of a 

phenol, a coupling reaction takes place: 
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SKILL CHECK 1
Q. Draw the structures of the two compounds from which Sunset Yellow 

can be made by a coupling reaction. 
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Azo dyes
The azo group, ¬N“N¬, is called a chromophore. Compounds containing this 
group are highly coloured. Their colours range from yellow and orange to red, blue 
and green, depending on what other groups are attached to the benzene rings.

The common acid–base indicator methyl orange is an azo compound, made by the 
coupling reaction shown in Figure 27.12.
 

Many dye molecules used for dyeing clothes do not easily stick to the fi bres of the 
material by themselves. This is especially the case if their main method of 
intermolecular bonding (for example, van der Waals’, hydrogen bonding, ionic forces) 
does not match that of the molecules that make up the material. Mordants are often 
used to help the dye molecules stick. A mordant is a polyvalent metal ion, such as 
Al3+ or Fe3+, which can form co-ordination complexes both with the dye molecule and 
with ¬OH, ¬CO or ¬NH groups on the molecules that make up the fi bres of the 
material. By this means the dye molecule and the fi bre molecule are permanently 
held together by the metal ion. A great number of dyes for clothes, colour printing 
and food colouring (Figure 27.13) are azo dyes. Figure 27.14 shows two examples. 

A chromophore is a group which, 
especially when joined to other unsaturated 
groups, causes a compound to absorb 
visible light, and so become coloured.

27_12 Cam/Chem AS&A2

Barking Dog Art

Na+ –O3S NH2

Na+ –O3S N N N+(CH3)2

H

Na+ –O3S

+H+

+OH–

HNO2/HCl

T < 5°C
N2Cl–

N(CH3)2+

Na+ –O3S N N N(CH3)2

(red, acid form) (orange, base form)methyl orange

+Figure 27.12 Methyl orange is 
an azo compound formed by a 
coupling reaction. 

27_13 Cam/Chem AS&A2

Barking Dog Art

NaO3S

Sunset Yellow Carmoisine (red)

SO3Na

N

N

HO
NaO3S

SO3Na

N

N

HOFigure 27.14 Some azo dyes used 
commercially 

Figure 27.13 Food colours often contain azo 
dyes. 

Now try this
1 Draw the structures of the two compounds from which Sunset Yellow can be made by 

a coupling reaction.
2 What are the structures of the two compounds that couple to form Carmoisine?
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SKILL CHECK 2

Q. What are the structures of the two compounds that couple to form 

Carmoisine? 
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SO3Na

N

N

HOFigure 27.14 Some azo dyes used 
commercially 

Figure 27.13 Food colours often contain azo 
dyes. 

Now try this
1 Draw the structures of the two compounds from which Sunset Yellow can be made by 

a coupling reaction.
2 What are the structures of the two compounds that couple to form Carmoisine?
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PREPARING AMINES 

Two of the three main methods of preparing alkyl amines both start with 

halogenoalkanes. 

• By nucleophilic substitution of a halogenoalkane with ammonia 

• By nucleophilic substitution of a halogenoalkane with sodium cyanide, 

followed by reduction using either LiAlH4 (lithium aluminium hydride) or 

hydrogen over a nickel catalyst. 

• By the the reduction of amides with LiAlH4.  

• Phenylamine can be prepared by the reduction of nitrobenzene with tin/

concentrated HCl.

 19

HALOGENOALKANE WITH AMMONIA

 20

Reagent Ammonia, NH3 (conc. or dissolved in ethanol)

Condition heat under reflux

Product Amine

Type nucleophilic substitution

CHZCHZCN + 2h20 -7 CHZCHZCOZH t NHZ

H H H H"C-C- CN -> A -

C-C- Coat"
t H A

CHZCHZCN + 2h20 + Ht 7 CHBCHZCOZH + NHK

CHZCHZCN + to OH -

-7 Cttsutzcoz+NHZ

CH3CHzBr + Ntb -

CH3CHzNHz
+ HBN

H H H H
I I I I

It -

C-
C - H - H -

C-C-
H"

3r H NHZ
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HALOGENOALKANE WITH CN—

 21

Reagent potassium cyanide, KCN, (or sodium cyanide, NaCN) dissolved in 
ethanol

Condition heat under reflux in ethanolic solution

Product Nitrile

Type nucleophilic substitution

A A H H

it -

d-d-d-d- # Nat ,
it It for! heatunawrpuxCHZCHZCHBRCHZ

It CH3 it H H

I I 1 I 1 Naottlaql
H - C - C -

C- c- C - H ->
I I I I I hlatunderrthn
H H Br

BNH
(

CHDZCHCHIWCHBNC

'tZCHZBR + the7 CH3CHzOH+ HBN

H H H H
1 1 1 1

It -

C-
C - H - It -

C-C-
H⇒

3r H OH

CH3CHzB✓ + CN
.

7

CH3CHzCN
+ Bt

H H H H
I I I I

It -

C-
C - H - It -

C-C-
H"

Br H CN

A A H H

H -

d-[ -[ -d- H

Nauvdissdredinethanolh

.

It

for
! heatunawrtmxCHZCHZCHBRCHZ

It CH3 it H H

1 1 I 1 I

Nacndissdredinethanolit

. c-c- c-Ctt 't heatundwrthn¥
A Br H CI

(

CHDZCHCHIWCHZCHZU

A A H H

it -

d-d-d-d- # Nat ,
it It for! heatunawrpuxCHZCHZCHBRCHZ

It CH3 it H H

I I 1 I 1 Naottlaql
H - C - C -

C- c- C - H ->
I I I I I hlatunderrthn
H H Br

BNH
(

CHDZCHCHIWCHBNC

'tZCHZBR + the7 CH3CHzOH+ HBN

H H H H
1 1 1 1

It -

C-
C - H - It -

C-C-
H⇒

3r H OH

CH3CHzB✓ + CN
.

7

CH3CHzCN
+ Bt

H H H H
I I I I

It -

C-
C - H - It -

C-C-
H"

Br H CN

A A H H

H -

d-[ -[ -d- H

Nauvdissdredinethanolh

.

It

for
! heatunawrtmxCHZCHZCHBRCHZ

It CH3 it H H

1 1 I 1 I

Nacndissdredinethanolit

. c-c- c-Ctt 't heatundwrthn¥
A Br H CI

(

CHDZCHCHIWCHZCHZU

Importance of the reaction with CN҆ is that it extends the carbon chain by one carbon atom.

REDUCTION OF NITRILES

Nitriles can be reduced to amines by using either LiAlH4 (lithium aluminium 

hydride) or hydrogen over a nickel catalyst. 

CH3CH2CN     ⟶     CH3CH2CH2NH2 

 22
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REDUCTION OF AMIDES

Amines are also produced when amides are reduced by LiAlH4 (lithium 

aluminium hydride). 

CH3CH2CONH2     ⟶     CH3CH2CH2NH2 

This allows amines to be synthesised from carboxylic acids:

 23
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458

● By nucleophilic substitution with sodium cyanide, followed by reduction using 
either lithium tetrahydridoaluminate(III) (lithium aluminium hydride) or hydrogen 
over a nickel catalyst (see Topic 15, page 274):

 heat in ethanol H2 + Ni
CH3CH2Br + NaCN  CH3CH2CN  CH3CH2CH2NH2

Notice that during this reaction the carbon chain length has been extended by one 
carbon atom.

Amines are also produced when amides are reduced by lithium 
tetrahydridoaluminate(III) (catalytic hydrogenation only succeeds under conditions 
of high pressure and temperature). This allows amines to be synthesised from 
carboxylic acids:

CO2H COCl CONH2
SOCl2 NH3

CH2NH2
LiAlH4

in dry ether

phenylmethylaminebenzoic acid

Aryl amines are most commonly prepared by the reduction of aromatic nitro 
compounds (see Topic 25, page 424):

NO2 NH2

Sn + conc. HCl

T <55 °C heat

3conc. HNO  + conc. H2SO4

To produce the free amine, excess sodium hydroxide must be added after the 
reduction is completed.

Worked example
The ‘good feeling’ factor in chocolate has been identified as 2-phenylethylamine, 
C6H5CH2CH2NH2. Suggest a synthesis of this compound from chloromethylbenzene, C6H5CH2Cl.

Answer
The target amine has one more carbon atom than the suggested starting material, so the 
cyanide route is required:

CH2Cl CH2CN CH2CH2NH2

NaCN in ethanol

heat

H2 + Ni

  27.5   Amides
Properties of amides
Amides have the functional group:

C

NHR!

O
R

δ–

δ+

δ–

R and R′ can be alkyl, aryl or hydrogen.
Amides are extensively hydrogen bonded, having both Hδ+ atoms (on nitrogen) and 

lone pairs of electrons (on oxygen and nitrogen). Most amides are solids at room 
temperature, and quite a number are soluble in water. 

Unlike amines, amides form neutral solutions in water, and can be protonated only 
by strong acids. The site of protonation is unusual, and explains why amides are such 
weak bases.

Now try this
Suggest two ways of making butylamine 
(CH3CH2CH2CH2NH2), each method 
starting from a compound containing a 
different number of carbon atoms.

Now try this
Draw diagrams to show the hydrogen 
bonding between

a two molecules of ethanamide, 
CH3CONH2

b a molecule of ethanamide and two 
molecules of water.
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REDUCTION OF NITROBENZENE

Aryl amines are most commonly prepared by the reduction of aromatic nitro 

compounds.
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● By nucleophilic substitution with sodium cyanide, followed by reduction using 
either lithium tetrahydridoaluminate(III) (lithium aluminium hydride) or hydrogen 
over a nickel catalyst (see Topic 15, page 274):

 heat in ethanol H2 + Ni
CH3CH2Br + NaCN  CH3CH2CN  CH3CH2CH2NH2

Notice that during this reaction the carbon chain length has been extended by one 
carbon atom.

Amines are also produced when amides are reduced by lithium 
tetrahydridoaluminate(III) (catalytic hydrogenation only succeeds under conditions 
of high pressure and temperature). This allows amines to be synthesised from 
carboxylic acids:

CO2H COCl CONH2
SOCl2 NH3

CH2NH2
LiAlH4

in dry ether

phenylmethylaminebenzoic acid

Aryl amines are most commonly prepared by the reduction of aromatic nitro 
compounds (see Topic 25, page 424):

NO2 NH2

Sn + conc. HCl

T <55 °C heat

3conc. HNO  + conc. H2SO4

To produce the free amine, excess sodium hydroxide must be added after the 
reduction is completed.

Worked example
The ‘good feeling’ factor in chocolate has been identified as 2-phenylethylamine, 
C6H5CH2CH2NH2. Suggest a synthesis of this compound from chloromethylbenzene, C6H5CH2Cl.

Answer
The target amine has one more carbon atom than the suggested starting material, so the 
cyanide route is required:

CH2Cl CH2CN CH2CH2NH2

NaCN in ethanol

heat

H2 + Ni

  27.5   Amides
Properties of amides
Amides have the functional group:

C

NHR!

O
R

δ–

δ+

δ–

R and R′ can be alkyl, aryl or hydrogen.
Amides are extensively hydrogen bonded, having both Hδ+ atoms (on nitrogen) and 

lone pairs of electrons (on oxygen and nitrogen). Most amides are solids at room 
temperature, and quite a number are soluble in water. 

Unlike amines, amides form neutral solutions in water, and can be protonated only 
by strong acids. The site of protonation is unusual, and explains why amides are such 
weak bases.

Now try this
Suggest two ways of making butylamine 
(CH3CH2CH2CH2NH2), each method 
starting from a compound containing a 
different number of carbon atoms.

Now try this
Draw diagrams to show the hydrogen 
bonding between

a two molecules of ethanamide, 
CH3CONH2

b a molecule of ethanamide and two 
molecules of water.
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EXAMPLE

The ‘good feeling’ factor in chocolate has been identified as 2-

phenylethylamine, C6H5CH2CH2NH2.  

Suggest a synthesis of this compound from chloromethylbenzene, C6H5CH2Cl. 

 25
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● By nucleophilic substitution with sodium cyanide, followed by reduction using 
either lithium tetrahydridoaluminate(III) (lithium aluminium hydride) or hydrogen 
over a nickel catalyst (see Topic 15, page 274):

 heat in ethanol H2 + Ni
CH3CH2Br + NaCN  CH3CH2CN  CH3CH2CH2NH2

Notice that during this reaction the carbon chain length has been extended by one 
carbon atom.

Amines are also produced when amides are reduced by lithium 
tetrahydridoaluminate(III) (catalytic hydrogenation only succeeds under conditions 
of high pressure and temperature). This allows amines to be synthesised from 
carboxylic acids:

CO2H COCl CONH2
SOCl2 NH3

CH2NH2
LiAlH4

in dry ether

phenylmethylaminebenzoic acid

Aryl amines are most commonly prepared by the reduction of aromatic nitro 
compounds (see Topic 25, page 424):

NO2 NH2

Sn + conc. HCl

T <55 °C heat

3conc. HNO  + conc. H2SO4

To produce the free amine, excess sodium hydroxide must be added after the 
reduction is completed.

Worked example
The ‘good feeling’ factor in chocolate has been identified as 2-phenylethylamine, 
C6H5CH2CH2NH2. Suggest a synthesis of this compound from chloromethylbenzene, C6H5CH2Cl.

Answer
The target amine has one more carbon atom than the suggested starting material, so the 
cyanide route is required:

CH2Cl CH2CN CH2CH2NH2

NaCN in ethanol

heat

H2 + Ni

  27.5   Amides
Properties of amides
Amides have the functional group:

C

NHR!

O
R

δ–

δ+

δ–

R and R′ can be alkyl, aryl or hydrogen.
Amides are extensively hydrogen bonded, having both Hδ+ atoms (on nitrogen) and 

lone pairs of electrons (on oxygen and nitrogen). Most amides are solids at room 
temperature, and quite a number are soluble in water. 

Unlike amines, amides form neutral solutions in water, and can be protonated only 
by strong acids. The site of protonation is unusual, and explains why amides are such 
weak bases.

Now try this
Suggest two ways of making butylamine 
(CH3CH2CH2CH2NH2), each method 
starting from a compound containing a 
different number of carbon atoms.

Now try this
Draw diagrams to show the hydrogen 
bonding between

a two molecules of ethanamide, 
CH3CONH2

b a molecule of ethanamide and two 
molecules of water.
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SKILL CHECK 3

Suggest products of the following reaction:

 26

 27 Amines, amides and amino acids 

461

Worked example
Suggest products of the following reactions.

CH3CH2

a

X Y Z

b

A B

SOCl2 LiAlH4

PCl5 CH3CH2NH2

OH

C

O

OH

C

O
NH3

Answer
a X is CH3CH2COCl  Y is CH3CH2CONH2   Z is CH3CH2CH2NH2

b A is COCI   B is CONHC2H5

Now try this
Suggest two-stage syntheses of the following compounds, from the stated starting 
materials.

1 CH2NH2 COClfrom

2 (CH3)2CH¬CH2NH2 from (CH3)CH¬Br

  27.6 Amino acids
Amino acids have two functional groups:

H

H C

O

C

O

H
H C

O

CN H

H

H O2

HN1

HH

The 2-amino acids (α-amino acids) form an interesting class of compounds, apart 
from their great importance as the building blocks of proteins. In many compounds 
containing two or more functional groups, the reactions of one group can be 
considered independently of those of the other group. They are often widely 
separated, and dissimilar to each other. In 2-amino acids, however, the two groups 
are near to each other. What is more, they are of opposite chemical types: the ¬NH2 
group is basic, whilst the ¬CO2H group is acidic. Interaction between the two is 
inevitable.

Physical and chemical properties
Whilst alkyl amines and the small-chain aliphatic carboxylic acids are liquids, the 
amino acids are all solids. They have high melting points (often decomposing before 
they can be heated to a suffi ciently high temperature to melt them), and are soluble 
in water. In another contrast to amines and carboxylic acids, they are insoluble in 
organic solvents such as methylbenzene.
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SKILL CHECK 4

Suggest products of the following reaction:

 27

 27 Amines, amides and amino acids 

461

Worked example
Suggest products of the following reactions.

CH3CH2

a

X Y Z

b

A B

SOCl2 LiAlH4

PCl5 CH3CH2NH2

OH

C

O

OH

C

O
NH3

Answer
a X is CH3CH2COCl  Y is CH3CH2CONH2   Z is CH3CH2CH2NH2

b A is COCI   B is CONHC2H5

Now try this
Suggest two-stage syntheses of the following compounds, from the stated starting 
materials.

1 CH2NH2 COClfrom

2 (CH3)2CH¬CH2NH2 from (CH3)CH¬Br

  27.6 Amino acids
Amino acids have two functional groups:

H

H C

O

C

O

H
H C

O

CN H

H

H O2

HN1

HH

The 2-amino acids (α-amino acids) form an interesting class of compounds, apart 
from their great importance as the building blocks of proteins. In many compounds 
containing two or more functional groups, the reactions of one group can be 
considered independently of those of the other group. They are often widely 
separated, and dissimilar to each other. In 2-amino acids, however, the two groups 
are near to each other. What is more, they are of opposite chemical types: the ¬NH2 
group is basic, whilst the ¬CO2H group is acidic. Interaction between the two is 
inevitable.

Physical and chemical properties
Whilst alkyl amines and the small-chain aliphatic carboxylic acids are liquids, the 
amino acids are all solids. They have high melting points (often decomposing before 
they can be heated to a suffi ciently high temperature to melt them), and are soluble 
in water. In another contrast to amines and carboxylic acids, they are insoluble in 
organic solvents such as methylbenzene.
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SKILL CHECK 5

Suggest two-stage syntheses of the following compounds, from the stated starting 

materials. 
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461

Worked example
Suggest products of the following reactions.

CH3CH2

a

X Y Z

b

A B

SOCl2 LiAlH4

PCl5 CH3CH2NH2

OH

C

O

OH

C

O
NH3

Answer
a X is CH3CH2COCl  Y is CH3CH2CONH2   Z is CH3CH2CH2NH2

b A is COCI   B is CONHC2H5

Now try this
Suggest two-stage syntheses of the following compounds, from the stated starting 
materials.

1 CH2NH2 COClfrom

2 (CH3)2CH¬CH2NH2 from (CH3)CH¬Br

  27.6 Amino acids
Amino acids have two functional groups:

H

H C

O

C

O

H
H C

O

CN H

H

H O2

HN1

HH

The 2-amino acids (α-amino acids) form an interesting class of compounds, apart 
from their great importance as the building blocks of proteins. In many compounds 
containing two or more functional groups, the reactions of one group can be 
considered independently of those of the other group. They are often widely 
separated, and dissimilar to each other. In 2-amino acids, however, the two groups 
are near to each other. What is more, they are of opposite chemical types: the ¬NH2 
group is basic, whilst the ¬CO2H group is acidic. Interaction between the two is 
inevitable.

Physical and chemical properties
Whilst alkyl amines and the small-chain aliphatic carboxylic acids are liquids, the 
amino acids are all solids. They have high melting points (often decomposing before 
they can be heated to a suffi ciently high temperature to melt them), and are soluble 
in water. In another contrast to amines and carboxylic acids, they are insoluble in 
organic solvents such as methylbenzene.
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 27 Amines, amides and amino acids 

461

Worked example
Suggest products of the following reactions.

CH3CH2

a

X Y Z

b

A B

SOCl2 LiAlH4

PCl5 CH3CH2NH2

OH

C

O

OH

C

O
NH3

Answer
a X is CH3CH2COCl  Y is CH3CH2CONH2   Z is CH3CH2CH2NH2

b A is COCI   B is CONHC2H5

Now try this
Suggest two-stage syntheses of the following compounds, from the stated starting 
materials.

1 CH2NH2 COClfrom

2 (CH3)2CH¬CH2NH2 from (CH3)CH¬Br

  27.6 Amino acids
Amino acids have two functional groups:

H

H C

O

C

O

H
H C

O

CN H

H

H O2

HN1

HH

The 2-amino acids (α-amino acids) form an interesting class of compounds, apart 
from their great importance as the building blocks of proteins. In many compounds 
containing two or more functional groups, the reactions of one group can be 
considered independently of those of the other group. They are often widely 
separated, and dissimilar to each other. In 2-amino acids, however, the two groups 
are near to each other. What is more, they are of opposite chemical types: the ¬NH2 
group is basic, whilst the ¬CO2H group is acidic. Interaction between the two is 
inevitable.

Physical and chemical properties
Whilst alkyl amines and the small-chain aliphatic carboxylic acids are liquids, the 
amino acids are all solids. They have high melting points (often decomposing before 
they can be heated to a suffi ciently high temperature to melt them), and are soluble 
in water. In another contrast to amines and carboxylic acids, they are insoluble in 
organic solvents such as methylbenzene.
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AMIDES

Amides have the following functional group, where R and R′ can be alkyl, aryl or 

hydrogen. 

Most amides are solids at room temperature, and quite a number are soluble in water.  

Unlike amines, amides form neutral solutions in water. 

Amides are most readily prepared by reacting acyl chlorides with ammonia or amines. 

 29

ORGANIC CHEMISTRY
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● By nucleophilic substitution with sodium cyanide, followed by reduction using 
either lithium tetrahydridoaluminate(III) (lithium aluminium hydride) or hydrogen 
over a nickel catalyst (see Topic 15, page 274):

 heat in ethanol H2 + Ni
CH3CH2Br + NaCN  CH3CH2CN  CH3CH2CH2NH2

Notice that during this reaction the carbon chain length has been extended by one 
carbon atom.

Amines are also produced when amides are reduced by lithium 
tetrahydridoaluminate(III) (catalytic hydrogenation only succeeds under conditions 
of high pressure and temperature). This allows amines to be synthesised from 
carboxylic acids:

CO2H COCl CONH2
SOCl2 NH3

CH2NH2
LiAlH4

in dry ether

phenylmethylaminebenzoic acid

Aryl amines are most commonly prepared by the reduction of aromatic nitro 
compounds (see Topic 25, page 424):

NO2 NH2

Sn + conc. HCl

T <55 °C heat

3conc. HNO  + conc. H2SO4

To produce the free amine, excess sodium hydroxide must be added after the 
reduction is completed.

Worked example
The ‘good feeling’ factor in chocolate has been identified as 2-phenylethylamine, 
C6H5CH2CH2NH2. Suggest a synthesis of this compound from chloromethylbenzene, C6H5CH2Cl.

Answer
The target amine has one more carbon atom than the suggested starting material, so the 
cyanide route is required:

CH2Cl CH2CN CH2CH2NH2

NaCN in ethanol

heat

H2 + Ni

  27.5   Amides
Properties of amides
Amides have the functional group:

C

NHR!

O
R

δ–

δ+

δ–

R and R′ can be alkyl, aryl or hydrogen.
Amides are extensively hydrogen bonded, having both Hδ+ atoms (on nitrogen) and 

lone pairs of electrons (on oxygen and nitrogen). Most amides are solids at room 
temperature, and quite a number are soluble in water. 

Unlike amines, amides form neutral solutions in water, and can be protonated only 
by strong acids. The site of protonation is unusual, and explains why amides are such 
weak bases.

Now try this
Suggest two ways of making butylamine 
(CH3CH2CH2CH2NH2), each method 
starting from a compound containing a 
different number of carbon atoms.

Now try this
Draw diagrams to show the hydrogen 
bonding between

a two molecules of ethanamide, 
CH3CONH2

b a molecule of ethanamide and two 
molecules of water.
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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 ).

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

AMIDE HYDROLYSIS

Because of the high degree of positive charge on the carbon atom in 

amides, they are susceptible to nucleophilic attack.  

Hydrolysis of amides produces a carboxylic acid and an amine.

 32

RCONH2     +     H2O     ⟶     RCO2H     +     NH3

carboxylic acid amine

RCONHR’     +     H2O     ⟶     RCO2H     +     R’NH2
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AMIDE HYDROLYSIS

Hydrolysis of amides is usually carried out in the presence of an acid or a 

base; reaction with water is very slow.

 33

394 26  Organic nitrogen compounds

With an alkali, the products are the salt of the 
carboxylic acid and ammonia.

Both these reactions occur at room temperature, releasing 
white fumes of hydrogen chloride immediately as the 
reactants are added together. If there is an excess of the 
amine, it will react with the HCl formed to make its salt. 
For example, in the previous reaction ethylamine will 
form ethylammonium chloride, C2H5NH3

+Cl−.

The italic letter N is used in naming substituted amides to 
denote which alkyl or aryl group or groups are bonded to 
the nitrogen atom. For example, in N-ethylbutanamide, 
C3H7CONHC2H5, the ethyl (C2H5–) group has replaced an H 
atom in the amide group. If the H atom on the nitrogen in 
this molecule is replaced by another alkyl or aryl group, 
two N’s are used in the name, e.g. C3H7CON(C2H5)2 is called 
N,N-diethylbutanamide.

Fact fi le

Hydrolysis of amides
Th e characteristic CONH  group in substituted 
amides links the two hydrocarbon sections of their 
molecules together. Th is link can be broken by hydrolysis 
with an acid or an alkali. Th e amide is refl uxed with, 
for example, hydrochloric acid or sodium hydroxide 
solution, to hydrolyse it:

R1 C

NHR2

O
hydrolysis

R1COOH

R1COO–Na+

H+

acid

OH–

alkali
R2NH2+

R2NH2

R2NH3+

excess H+
+

Th e products of hydrolysis of a substituted amide with 
acid are a carboxylic acid (R1COOH) and a primary 
amine (R2NH2). Th e amine formed will react with excess 
acid in the reaction vessel to make its ammonium salt, 
e.g. R2NH3

+Cl−  with excess hydrochloric acid.
With an alkali, such as aqueous sodium hydroxide, 

the products are the sodium salt of the carboxylic acid 
(R1COO−Na+) and the primary amine (R2NH2).

If we refl ux an unsubstituted amide (RCONH2) with 
acid, the products are the corresponding carboxylic acid 
and ammonia. Th e ammonia in solution reacts with 
excess acid to make an ammonium salt.

4 a  Write an equation to show the formation 
of the following compounds using an 
acid chloride:
i propanamide
ii N-ethylpropanamide.

b Write an equation to show the hydrolysis of:
i butanamide by refl uxing with dilute 

hydrochloric acid
ii N-ethylbutanamide by refl uxing with 

aqueous sodium hydroxide.

Check-up

26.3 Amino acids
Amino acids are an important group of compounds that 
all contain the amino group ( NH2) and the carboxylic 
acid group ( COOH). One type of amino acid has the 

NH2 group bonded to the C atom next to the 
COOH group. Th ese 2-amino-carboxylic acids are the 

‘building blocks’ that make up proteins.
Th e general structure of a 2-amino-carboxylic acid 

molecule is shown in Figure 26.9.

Th e general structural formula of a 2-amino-
carboxylic acid is RCH(NH2)COOH.

Th e R group is the part of the amino acid which can 
vary in diff erent amino acids. Th e simplest amino acid is 
glycine, aminoethanoic acid, in which R is an H atom:

Figure 26.9 The general structure of an 
amino acid.

R C

NH2

COOH

H

AMIDE HYDROLYSIS

 34

with dil HCl and heat:

with NaOH and heat:
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REDUCTION TO AMINES

 35

Amines are also produced when amides are reduced by LiAlH4 (lithium 

aluminium hydride). 

CH3CH2CONH2     ⟶     CH3CH2CH2NH2

CEDAR COLLEGE NITROGEN COMPOUNDS
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