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Classification and Structure

Amines can be classified as follows:

NH3 ammonia
R-NH2 1° amine
R2-NH 2° amine
R3-N 3° amine
NH4

+ ammonium
R4N+ 4° alkylammonium (salt)



Structure & Classification
� Amines are further divided into aliphatic, 

aromatic, and heterocyclic amines.
± Aliphatic amine: An amine in which nitrogen is 

bonded only to alkyl groups.
± Aromatic amine: An amine in which nitrogen is 

bonded to one or more aryl groups.



Structure & Classification

± Heterocyclic amine: An amine in which nitrogen is 
one of the atoms of a ring.



1. Nomenclature

NH2NH2

Butylamine Cyclohexylamine

� 1o Amines

Butylethylamine

N
H

Diethylamine

N
H

� 2o Amines

.



� 3o Amines

Triethylamine

N

Butylethylmethylamine

N



Nomenclature
� The IUPAC system retains the common name 

aniline.



Classification and Structure

Other types of nitrogen compounds:

R N H 2 R
N H 2

O
R

H

N H
R N

a m in e a m id e im in e n it r ile





Physical Properties of Amines

N atom is sp3 hybridized.

N-H is polar but less so than O-H, so the H-
bonds are weaker than an alcohol. (N is less EN 
than O)

Similar to alcohols the H-bonding makes the 
smaller amines soluble in water.



Physical Properties of Amines

Since the H-bonds in amines are weaker than 
alcohols, their BP is intermediate between 
alkanes and alcohols, i.e.

name formula BP (°C) Solubility
(mg/L)

Propane CH3CH2CH3 -42 40

Ethanamine CH3CH2NH2 17 Miscible

Ethanol CH3CH2OH 78 Miscible 





Preparation of Amines

1. From alkyl halides: use ammonia which is 
nucleophilic, i.e.

2nd step with NaOH is required to remove the extra 
acidic proton on the intermediate quaternary 
ammonium salt.

R X R N H 3
+

R N H 2N H 3 X -
N a O H



Preparation of Amines

1° and 2° amines are reactive under these conditions, 
i.e.

Why not 3°?

R X R N H 2
+

R
R N H 2 R N H

R

R X R N H
+

R

R

R N H
R

R N
R

R

X -
N a O H

X -
N a O H





Preparation of Amines

2. Reduction of nitro compounds:
i. Aromatic nitro compounds, i.e.

N O 2
N H 2

     3  H 2, N i

         o r
1 ) S n C l2, H C l
2 ) N a O H , H 2O

+ 2  H 2O



Preparation of Amines

2. Reduction of amides:
ii. Amides, i.e.

Works for 2° and 3° amides as well.

N H 2

O

N H 2

1 )  L iA lH 4 ,  e th e r  
         
2 )  H 3 O +



Preparation of Amines

2. Reduction of nitriles:
iii. Nitriles, i.e.

or

N H 2

N 1 )  L i A l H 4 ,  e t h e r  
         
2 )  H 3 O +

N H 2

N H 2 ,  N i



Preparation of Amines

2. Reduction of carbonyl groups:
iv. Aldehydes and ketones, via the imine i.e.

O

N H 2

N N
-H 2O+ N a B H 3C N



Preparation of Amines

3. Hydrolysis of amides: requires an acid or base 
catalyst, i.e.

N

O

O H

O

NH 2

N

O

O H

O

NH 2

H 3 O +
+

O H -,  H 2 O +



Diazonium Compounds
Diazonium compounds are very important in aromatic 
synthesis. The reaction allows for a direct nucleophilic 
substitution of the diazonium (N2

+) group!

The N2 is a VERY good leaving group and reacts by direct 
nucleophilic substitution!

N H 2

N
+ N

       H N O 2

H C l ,  H 2 O ,  0 °  C

a n i l i n e b e n z e n e  d i a z o n iu m  c h lo r i d e

C l -



Diazonium Compounds
Mechanism:

OH N O OH2
+

N O N
+

O

NH2

N
+

O
NH2

+
N

O

NH
N

O

NH
+

N
O
H

N
+

N

H+

+ H2O

nitrosonium ion

H+

H2O+



Diazonium Compounds

Note: only 1° amines react this way, you need two H atoms on 
the N.

Note: Nu replace N2, i.e. this is an SN type of reaction

NuN
+

N

N2Nu:-+ +



Diazonium Compounds
Eg.

CNN2

H

I

Cl

OH

Br

N2

F

+

   KCN

Cu2(CN)2

H3PO2

KI

  HCl

Cu2Cl2

  HBr

Cu2Br2

H3O+

+

HBF4

heat



Diazonium Compounds

This allows more flexibility in making poly substituted aromatic, 
i.e. m-bromophenol from benzene

NO2

OH

Br

NO2

Br

NH2

Br

N2

Br

HNO3

H2SO4

H3O+

Br3

FeBr3

    H2, Ni

         or
1) SnCl2, H2O
2) NaOH, H2O

HNO2

HCl, O°C

+



Diazo Coupling

Diazonium ions are electrophiles, i.e.

They will react with strongly activated aromatics (i.e. phenols or 
anilines), i.e.

N
+

N N N
+

N
+

N
N

N N H 2
N H 2

N a O H
H 2 O



Diazo Coupling
Normally get para, but ortho can occur if the para site is 
blocked by a substituent.

The diazo (-N=N-) group provides for a S ƐǇƐƚĞŵ�ƚŽ�͞ďƌŝĚŐĞ͟�
the two aromatic rings.

The large extended S system can absorb light in the visible 
region, especially if there are charged groups on the ends.

Key use: as dyes as they can be highly colored, and acid/base 
indicators if they are pH sensitive.


