
Amines 

Amines are organic derivatives of ammonia 

Amines contain a nitrogen atom with a lone pair of 
electrons, making amines both basic and nucleophilic. 
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Amines occur widely in all living organisms. 
Trimethylamine, for instance, occurs in animal tissues 
and is partially responsible for the distinctive odor of 
fish; nicotine is found in tobacco 
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Cocaine is a stimulant found in the leaves of the South 
American coca bush. 
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Amines are classified as primary (RNH2), secondary 
(R2NH), or tertiary (R3N), depending on the number of 
organic substituents attached to nitrogen.  

Methylamine       (CH3NH2) is a primary amine 
 
Dimethylamine    [(CH3)2NH] is a secondary amine 
 
Trimethylamine   [(CH3)3N] is a tertiary amine. 

Compounds containing a nitrogen atom with four 
attached groups called quaternary ammonium salts. 
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Naming Amines 

Primary amines are named in the IUPAC system in several ways. For 
simple amines, the suffix -amine is added to the name of the alkyl 
substituent. 
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Structure and Properties of Amines 
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Basicity of Amines 

The chemistry of amines is dominated by the lone pair 
of electrons on nitrogen, which makes amines both 
basic and nucleophilic. 

The base strength of an amine can be measured by defining an analogous 
basicity constant Kb. The larger the value of Kb and the smaller the value of 
pKb, the more favorable the proton-transfer equilibrium and the stronger 
the base. 
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It’s often possible to take advantage of their basicity to purify 
amines. For example, if a mixture of a basic amine and a neutral 
compound such as a ketone or alcohol is dissolved in an organic 
solvent and aqueous acid is added, the basic amine dissolves in the 
water layer as its protonated salt, while the neutral compound 
remains in the organic solvent layer. Separation of the water layer 
and neutralization of the ammonium ion by addition of NaOH then 
provides the pure amine 
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Basicity of Arylamines 

Arylamines are generally less basic than alkylamines 
because the nitrogen lone-pair electrons are 
delocalized by interaction with the aromatic ring π 
electron system and are less available for bonding to 
H+. 
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Substituted Arylamines 
Electron-donating substituents (Activating Groups) increase the 
basicity  
 
Electron-withdrawing substituents (Deactivating Groups) decrease 
the basicity. 
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Synthesis of Amines 

Reduction of nitriles and amides with LiAlH4 
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Arylamines are usually prepared by nitration of an aromatic starting 
material, followed by reduction of the nitro group. The reduction step can 
be carried out in many different ways, depending on the circumstances. 
Catalytic hydrogenation over platinum works well but is often incompatible 
with the presence elsewhere in the molecule of other reducible groups, such 
as C=C bonds or carbonyl groups.  
 
Iron, zinc, tin, and tin(II) chloride (SnCl2) are also effective when used in 
acidic aqueous solution.  
 
Tin(II) chloride is particularly mild and is often used when other reducible 
functional groups are present. 
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SN2 Reactions of Alkyl Halides 

Synthesis of Amines 

Unfortunately, these reactions don’t stop cleanly after a 
single alkylation has occurred. Because ammonia and 
primary amines have similar reactivity, the initially formed 
monoalkylated substance often undergoes further reaction 
to yield a mixture of products. 
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A better method for preparing primary amines is to use azide ion, 
N32, as the nucleophile rather than ammonia for SN2 reaction with a 
primary or secondary alkyl halide. The product is an alkyl azide, 
which is not nucleophilic, so overalkylation can’t occur. Subsequent 
reduction of the alkyl azide with LiAlH4 then leads to the desired 
primary amine. Although the method works well, lowmolecular  
weight alkyl azides are explosive and must be handled carefully. 
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Gabriel amine synthesis 
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Reductive Amination of Aldehydes and Ketones 

Synthesis of Amines 

Amines can be synthesized in a single step by treatment of an 
aldehyde or ketone with ammonia or an amine in the presence of a 
reducing agent 
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Imine intermediate is first formed by a nucleophilic addition reaction and 
the C=N bond of the imine is then reduced to the amine 
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Ammonia, primary amines, and secondary amines can all be used 
in the reductive amination reaction, yielding primary, secondary, 
and tertiary amines, respectively. 
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Hofmann and Curtius Rearrangements 
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Mechanism of the Hofmann rearrangement 
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Mechanism of 
the Hofmann 

rearrangement 
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Curtius rearrangement 
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Reactions of Amines 

Alkylation 
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Acylation 
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Hofmann Elimination 

In the Hofmann elimination reaction, an amine is completely 
methylated by reaction with an excess amount of iodomethane to 
produce the corresponding quaternary ammonium salt. This salt 
then undergoes elimination to give an alkene on heating with a 
base, typically silver oxide, Ag2O. 
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Silver oxide acts by exchanging iodide ion for hydroxide ion in 
the quaternary salt, thus providing the base necessary for 
elimination. The actual elimination step is an E2 reaction in which 
hydroxide ion removes a proton at the same time that the 
positively charged nitrogen atom leaves. 
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The major product of the Hofmann elimination is the 
less highly substituted alkene. The reason for this non-
Zaitsev result is probably steric.  
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What product would you expect from Hofmann elimination of the following 
amine? 
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Reactions of Arylamines 

Electrophilic Aromatic Substitution 

An amino group is strongly activating and ortho- and para-
directing in electrophilic aromatic substitution reactions. 
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Treatment of an amine with acetic anhydride yields the 
corresponding acetyl amide, or acetamide. Although still activating 
and ortho-, para-directing, amido substituents ( ] NHCOR) are less 
strongly activating and less basic than amino groups because their 
nitrogen lone-pair electrons are delocalized by the neighboring 
carbonyl group. As a result, bromination of an N-arylamide occurs 
cleanly to give a monobromo product, and hydrolysis of the amide 
with aqueous base then gives the free amine. 
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Electrophilic Aromatic Substitution 
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Sulfa Drugs 
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Diazonium Salts 

Primary arylamines react with nitrous acid, HNO2 , to yield 
stable arenediazonium salts, a process called a 
diazotization reaction. 

Arenediazonium salts are useful because the diazonio group (N2) 
can be replaced by a nucleophile in a substitution reaction. 
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