
Topic 19
Organic nitrogen compounds: amines, 
amides, amino acids and proteins



Amines and their preparations

Introduction to amines

Amines are nitrogen containing compounds which have some similarities with ammonia. The nitrogen atom has a lone pair of electrons 

and three bonds to one or more alkyl groups. If there is one alkyl group, the amine is classed as primary. If they are 2 alkyl groups, then 

it’s secondary. And if there are three alkyl groups then it’s tertiary. The three bonding pairs of electrons around nitrogen are 

distributed in a trigonal pyramidal shape.
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Naming

The suffix is -amine and the prefix are the usual codes for the number of carbon atoms.

Methylamine

Ethylamine

Propylamine

Butylamine

Phenylamine

Name Displayed formula Structural formula



Preparation of aliphatic amines

Aliphatic amines can be prepared from halogenoalkane, and nitriles

Preparation from halogenoalkanes

The method involves heating a halogenoalkane with ammonia and since ammonia is a gas this must be done under pressure and in a sealed 
container. Or the halogenoalkane can be mixed with concentrated aqueous ammonia. 

The equation for the preparation of methylamine is:

The mechanism involves nucleophilic attack by lone pair of electrons of ammonium on the electron deficient carbon atom in the 
halogenoalkane. The amine formed also has a nitrogen atom containing a lone pair of electrons meaning that it can also act as a nucleophile, 
competing with ammonia in the attack on the halogenoalkane. 
Resulting in a secondary amine (dimethylamine).

To prevents or reduce unwanted side reactions, the ammonia is using excess so that its outnumbers the molecules of primary amine formed. 
Some of the excess ammonia reacts with acidic hydrogen chloride formed, so we can represent this reaction using the equation:

Preparation from the nitriles

Nitriles can be reduced to primary amines by reduction reactions using the reducing agents lithiumtetrahydrioaluminate. The 
reactants are mixed in dry ether to ensure that there is no water that could affect the reaction. The equation for the reaction of 
ethanenitrile is: 

Mixed in dry ether

Preparation of aromatic compounds

Aromatic compounds, especially phenylamine, are prepared by the reduction of nitrobenzene. The reducing agent is tin mixed with 
concentrated hydrochloric acid, and the reaction mixture is heated under reflux. 

As other amines, phenylamine is basic and will react with the acid to form phenylammonium ion. However, we can easily convert it into 
phenylamine by adding an alkali such as sodium hydroxide. 



Uses of phenylamine

Phenylamine is used in the manufacture of synthetic indigo, most familiar as the color of blue denim jeans and the manufacture of polymers 
and pharmaceuticals.

Reactions with water

The first few members of the homologous series of primary aliphatic amines are completely miserable with water. However, as the 
hydrocarbon part of the molecule becomes larger, the solubility decreases. Their ability to dissolve water is linked to their ability to form 
hydrogen bonds with water molecules.

Phenylamine is only slightly soluble in water.

Amines also react slightly with water to form alkaline solutions.

The nitrogen atom in both molecules use its long pair of electrons form a date of bond with the hydrogen of a water molecule.

Basicites

Basicity of a base can be quantified using the constant K. The pK of water at standard conditions is 7 and any value lower than 7 indicates a 
basicity greater than that of water. b b

These values show that a lower pK suggests that a compound is a strong 
base. For example methylamine is a stronger base than ammonia. The table 
also shows that extending the hydrocarbon chain causes further but smaller 
increases in basicity. Phenylamine is a much weaker base than any of the 
aliphatic amines and even a weaker base than water. Methylamine is a 
stronger base than  ammonia because the methyl group is electron-
releasing and so has an increased electron density on nitrogen compared 
with ammonia. The ethyl and propyl groups are only slightly more electron-
releasing than methyl and so they’re effects are similar. 

This represents the slides increase in the electron releasing effect of the alkyl groups causing a slight increase in the electron density of 
the nitrogen atoms.



Phenylamine doesn’t react with water the same way the first few compounds of the homologous series do. The nitrogen in phenylamine is 
less electron rich and the lone pair of electrons are less available for the donating to the hydrogen of water molecule. This is because the 
electrons on the nitrogen atom are incorporated into the delocalized electrons in the benzene ring. A similar thing happened with phenol, 
where one of the lone pairs of oxygen was incorporated into the delocalized electrons of the benzene ring,   

Phenylamine vs the other amines

Reactions with acids

All amines  react with strong acids to form ionic salts even though they have different basicity.
Methylamine Methylammonium nitrate 

Phenylamine Phenylammonium chloride 

Reactions with ethanoyl chloride

These reactions are addition-elimination reactions (condensation reactions), which means that 2 molecules join together, and then a small 
molecule is eliminated. The organic product contains a new functional group (amide) in which a carbonyl group is next to an NH group. 

Phenylamine Ethanoyl chloride 

Ethanoyl chloride 
Butylamine 

N-butylethananamide

Paracetamol

Paracetamol is a common pharmaceutical used to relive the symptoms of fever and pain. Addition-elimination reaction is involved in the 
production of it. 

The ‘para’ part in the name indicates that 2 groups are attached to the benzene 
ring at opposite ends. The ‘acetam’ part comes from the old name for ethanamide 
which used to be called acetamide. The ‘ol’ part indicated the presence of a 
hydroxyl group. 

Reactions with halogenoalkane

The halogenoalkane contains an electron-deficient carbon atom and an amine contains an electron-rich nitrogen atom.



R’NH  +  R”X                    R’NHR”  +  HX

The R’ group is an alkyl group in the amine and the R” is the alkyl group in the halogenoalkane. This reaction is an example 
of substitution. The organic compound produced is a secondary amine and the inorganic product is a hydrogen halide. 

Examples:
Phenylamine Chloroethane 

Butylamine Chloroethane 

Tertiary amine 

Reactions with copper (II) ions

Tertiary amines contain an nitrogen atom with a lone pair of electrons which can also react with the halogenoalkane. This time HCl is not 
formed because this would require the loss of hydrogen from the nitrogen of the organic reactant, which a tertiary amine does not have. The 
product is an ionic compounds related to ammonium chloride except that’s all the hydrogens in the ammonium ion have been replaced by alkyl 
groups. It is known as quaternary ammonium salt. 

Reactions with halogenoalkane aren’t a good method of preparation as it’s likely that’s a mixture of similar products will be formed. If there is 
an excess of halogenoalkane then the sequence of all four reactions is more likely to occur producing a quaternary ammonium salt, which is 
what happens in the industry. 

Amines also have a lone pair of electrons on nitrogen and so can take parts in similar reactions. The observations are the same. A blue 
precipitate forms and as excess amine is added the precipitate dissolves to give a deep blue solution.

Pale blue ppt

Pale blue ppt Deep blue solution 



Formation of azo dyes

Phenylamine 

Reaction of phenylamine with nitrous acid

Nitrous acid is a very unstable compound which exists only in aqueous solutions and decomposes at room temperature. Any reactions 
involving nitrous acid have to be carried out very carefully under controlled conditions.

The nitrous acid must be prepared in situ by mixing ice cold solution of sodium nitrate and dilute hydrochloric acid.

When aromatic amines such as phenylamine is added to this reaction mixture a diazonium ion is formed.

Phenylamine 

Benzenediammonium ions 

Ice-water mixture 

5°C

If the temperature rises above 5°C phenol is formed.

Phenylamine 

Phenol 

Reaction of diazonium ions with phenols

Diazonium ions carry a positive charge and therefore act as strong electrophiles. The benzenediazonium ion reacts readily in cold, alkaline 
solution with both aromatic phenols and amines. 

Benzenediazonium ion 
Phenoxide ion



4-hydroxyphenyl azobenzene 

This is a coupling reactions where the compound forms is an energetically stable, yellow azo dye. The stability of the compound comes 
from extensive delocalization of electrons via the nitrogen-to-nitrogen double bond. 

The double bond and single bonds alternate. These types of systems are called conjugated systems. Where extensive conjugation occurs, 
absorption of light takes place, so the compound is colored. 

Azo dyes are very stable and do not fade.

Another example is the acid-base indicator methyl orange with the structure:

Amides

Amides have a functional group consisting of a carbonyl group joined to an amino acid.

This functional group doesn’t show basic character because the carbonyl group alters the chemical character of the NH group, just like it 
alters the chemical character of the OH group in carboxylic acids.

Amides have properties that are different from both carbonyl compounds and amines. They are solid (except methanamide). The first few 
aliphatic amides are soluble in water as they contain 2 electronegative atoms and polar bonds. So, they can form hydrogen bonds with 
water. The carbon atom is very electron-deficient because it is joined to both nitrogen and oxygen. 

Nomenclature



Preparation of amides

They can be prepared by mixing an a yo chloride with concentrated aqueous ammonia. The lone pair of electrons on the nitrogen of the 
ammonia molecule is strongly attracted to the electron-deficient carbon atom of acyl chloride. The chlorine of acyl chloride combines with 
one of the hydrogen atoms of ammonia to form hydrogen chloride p, which appears as misty fumes,

Propanoyl chloride  Ammonia 

Overall equation

Polyamides

The formation of polyamides needs 2 monomers- a dicarboxylic acid and a diamime. The simplest examples of dicarboxylic acid and 
diamine are HOOCCOOH and HNCHNH. They react to form a CONH group with the elimination of HO.  

Nylon

Nylon 6,6

1,6-diaminohexane
Hexanedioic acid

Kevlar

If benzene rings take place of the CH groups in the monomers used to make nylon 6,6 and dioyl chloride is used in place of dicarboxylic 
acid, Kevlar is produced. 



Kevlar has many uses including making body armour  (bullet proof and stabproof vests). 

RESEARCHHHH!!

Properties of polyamides

The majority of polyamides are semi-crystalline. They are very tough materials with good thermal and chemical resistance. They absorb 
moisture from their surroundings. This absorption continues till equilibrium is reached. The impact resistant and flexibility of polyamide 
tend to increase with moisture content while the strength and stiffness decreases. 

The strong bonds in polyamides make the polyamide chain strong. Nylon can be made into strong fibers for making clothes, fishing lines 
and carpets. Polyamides film is used for food packaging because of the stiffness and because gas molecules can not pass through it easily. 
Polyamides are also used for ‘boil in the bag food’ packaging because of its high temperature resistance. Polyamides tend to provide a good 
resistance to most chemicals. However they can be affected by strong acids and alkalis because of the amide link which is hydrolyzed by 
acid and alkalis. 

Poly(propenamide)

Poly(propenamide) is an addition polymer formed by polymerising 2-propenamide.

Poly(propenamide)

2-propenamide

This polymer is used as a thickener and as a filler in facial surgery. It’s also used in water treatment and papermaking. The polymer chains 
in poly (propenamide) can be easily cross-linked the other chains. The resulting polymer with cross-chains produces a thick gel that has a 
large capacity to absorb water and can be used for making soft contact lenses.

Poly(ethenol)

This is another addition polymer and is not manufactured in the usual way by directly polymerizing a monomer. Instead it’s made in 2 stages. 
The first stage is the polymerization of ethenyl ethanoate.

Ethenyl ethanoate Poly(ethenyl ethanoate)



In the second stage poly (ethenyl ethanoate) is reacted with methanol to form poly ( ethenol)and methyl ethanoate in a process called 
ester exchange

Poly(ethenyl ethanoate)

Ester exchange 

The amount of ester exchange can be controlled by altering the temperature.

Poly (ethenol) molecules contain many OH groups which can form hydrogen bonds with water and so the polymer can be made to be soluble 
in water. The solubility of the final polymer depends on the percentage of ester groups that have been replaced by 0H groups. The solubility 
can range from insoluble to soluble in hot/ warm water soluble in cold water.

Poly(ethenol) is used to make disposable laundry bags for use in the hospitals. The laundry bags are soluble in water. Dirty bedding and 
clothes that may be covered in micro organisms from patients are put into the laundry bag the bag is that place into the washing machine 
without the hospital workers touching the dirty fabrics. You’re in washing the bags off completely and fabrics are washed clean. It’s also 
used to make liquid detergent capsules that contain measured quantity of the detergent for use in the washing machines and dishwashers 
where the bags dissolve in water. 

Amino acids

The name suggests the presence of an amino acid group and a carboxylic acid group. These 2 groups are separated by a carbon atom and 
so retains most of their typical properties. 



Nomenclature

Amino is used to indicate the presence of the amine group. A locant is used to indicate the position of the amine group in the carbon chain 
of a carboxylic acid. 

3-amino acids aren’t naturally occurring.

Acidic and basic properties

The molecule could act as a base and form an alkaline solution.

The molecule could also act as an acid and form an acidic solution

Another alternative is

The product of this reaction is electrically neutral because it has a positive charge and a negative charge the balance each other. Such species 
are called zwitterions. 

The isoelectric point is the pH a zwitterion exists in aqueous solution. A low isoelectric point indicates that the molecule is predominantly 
acidic while a high value indicates that it’s predominantly basic.



Salt formation

All amino acids can form salts with acids and bases for example alanine can react with acids to form this protonated structure.

Glutamic acid can reacts with sodium hydroxide to form three possible salts this is because there are two COOH groups and so either 
of them can react or both can react.

Monosodium glutatmate ( flavor enhancer)

Optical activity

Almost all 2-amino acids contain a chiral center and so are optically active. The exception is glycine which has a CH group instead. 
Aqueous solution of enantiomers rotate the plane of polarization of plane-polarized light. Some enantiomers are dextrorotatory (+) and 
some are laevorotatory(-) . If an amino acid is synthesized in the laboratory then a racemic mixture is formed.

What is a peptide?

When 2 amino acid molecules react together, an acid base reaction occurs. The OH of the COOH group combines with one of the hydrogen 
atoms of the NH group to form water. This is a condensation reaction in which two amino acids are joined together by amide group. The 
bond that forms is known as a peptide bonds and the organic products is a dipeptide.

When 2 amino acids combine together to form a dipeptide there are always two possibilities and sometimes more. When glycine reacts 
with alanine, the OH could be lost from either molecule.



Tripeptides

When one molecule of each of the three amino acids react together to form a tripeptide, the six possibilities can be summarized 
below.

Polypeptides and proteins

Polypeptides and proteins are formed by condensation polymerization of many amino acids. The main difference between a long chain 
polypeptide and a protein is that proteins have further levels of the structures. These are to do with the way in which the polypeptide chains 
interact with each other in three dimensions to give secondary tertiary and quaternary structures.

Analyzing proteins

The first step in discovering the structure of a protein is to find which amino acids are present. The second is to find the order in which 
they occur in the polypeptide chains.

Hydrolyzing proteins

The polypeptide chains in a protein can be broken down into their individual amino acids by prolonged heating with concentrated 
hydrochloric acid. This breaks the peptide bonds between the amino acids and because of the strongly acidic conditions all the amino acids 
found will have their NH groups protonated as NH groups.

The hydrosis reaction is the reverse of the original diepeptide formation except that the two NH groups are protonated.

Chromatography

A mixture of amino acids produced by hydrolysis of a protein can be spotted onto chromatography paper. Using a suitable solvent individual 
amino acids will rise to a different plan during the experiment. As amino acids are colorless the chromatogram can be sprayed with a 
developing agent so that the positions of amino acids can be seen. A developing agent such as ninhydrin can be used. However it is not 
normally used because of its toxic nature. Once the positions of the amino acids have been established their R values can be calculated and 
so individual amino acids can be identified.

Separating amino acids using chromatography depends on the relative solubility of the amino acids in the mobile and stationary phases 
and does not depend on the size of the amino acids.

Note: Insulin is a protein with the molecular formula CHNOS and is made up of a total of 51 amino acids including 17 different ones.



Glossary

Basicity: The extent to which a base can donate a lone pair of electrons to the hydrogen atom of a water molecule.
Addition-elimination reaction: when 2 molecules join together, followed by the loss of a small molecule.
Coupling reaction: a reaction in which 2 organic molecules or ions join together to form one new molecule. 
Conjugated system: where single and double bonds alternate, allowing the electrons in the p-orbital of the atoms to overlap 
and form a delocalized electron cloud. 
Isoelectric point: the pH of an aqueous solution in which it is neutral. 
Zwitterion: a molecule containing positive and negative charges but which has no overall charge. 
Peptide bond: The bond formed by a condensation reaction between the carbonyl group of one amino acid and amino group 
another amino acid.
Polypeptide: Condensation polymer formed from many amino acids.
Protein: A polypeptide that has folded into a specific shape in order to have a specific function.


