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AMINES 

History of Amines 
Industrially the synthesis of methyl amines in batch 

mode from methanol and ammonia, using zinc chloride, 

was first reported in 1884. 

The first report of animation of alcohols in the gas 

was in 1909. 

Methyl amines were first made commercially in 
the 1920s for use in the tanning industry for the 

dehairing of animal skins by commercial solvents 

corporation in Terra haute, Indiana. 

INTRODUCTION 
Amines are organic compounds that are derived by 

repiacing one or more hydrogen atoms ofAmmonia 

with hydrocarbon groups. 
Amines are organic derivatives of Ammonia 

(NH), in which one or more alkyl, cycloalkyl or 
aromatic groups replace hydrogen and bond to the 

nitrogen atom. 
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CH3 
H CH3 H2N -CH3 CH3 

Methyl amines Tri methylamine. 

CH,CHCH CH 
NH2 

Methyl propylamine Methyl phenylamine 

Cyclohexyl dimethylamine 

Aliphatic amines :-
An amine in which nitrogen is bonded only to 

alkyl groups. 
CHCH 

HC-
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Aromatic amines :-

An amine in which nitrogen is bonded to one 

or more aryl groups. 
CH 

NH2 
-NH-CH N-CHa 

N-methylaniline 
(N-substtuted) 

N, N-dimnethylaniline 
(N, N-disubstituted) 

aniline 
(parent) 

Classification for Amines 
Amines are classified as primary, secondary 

or tertiary depending upon the degree of 

substitution at the nitrogen atom. An amine with 

one alkyl/aryl group attached to nitrogen is a 

prinary amine. If there are two or three alkyl/aryl 

groupsbonded to nitrogen, then the said 

amines are classified as secondary and tertiary 

respectively. 
R R 

R RN 
R 

H 

Secondary Tertiary 
Primary 



Primary Amines 

CH3 
CH3 NH2 HC NH2 -NH2 -NH2 

Methylamine Isopropylamine Cyclohexylamine Phenylamine 
(aniline) 

Secondary Amines 

CaHs-N-CaHs -NH 
CaHs 

N-H NH 


H3 

Diethylamine N-cyclohexylethylamine Piperidine N-methyaniline 

Tertiary Amines 

CaHs-N-CaHs 
CHs 

-N-CHs 
CzHs 

-N-CaHs 
CHa 

Triethylamine N,N-cyclohexyldiethylamine N-ethyl-N-methylaniline 

Besides, the above three amines in which the 

nitrogen to bonded to one, two or three 

alkyl/aryl substituents. There is another class of 

compound in which nitrogen may also be 

bonded to four alkyl/aryl groups. Such category of 

Compounds are called quaternary 

ammonium salts. The nitrogen atom, which bears a 

positive charge in these compounds is 

named as an ammonium ion 



R CaHs . R-N-R CaHs-N-CHs OH Cah-N-CH 

Quatenary ammonium salt Tetraethylammonium hydroxide Ethydimethylpropylammonium chionoe 

Nomenclature :-
Simple 1°, 2°, and 3° amines: common (trivial) 
names are obtained by alphabetically arranging the 
names of the alkyl substituents on the nitrogen and 

adding the suffix -amine (e.g., ethylmethylamine) 
Amines in the IUPAC system: the "e" ending of 

the alkane name for the longest chain is replaced 
with amine. The amine group is located by the 

position number. Groups that are attached to the 

nitrogen atom are located using "N" as the position 

number. More complex primary amines are named 

with-NH2 as the amino substituent. 
Aromatic amines: named as derivatives of the 

parent compound aniline. Substituents attached to 

the nitrogen are indicated by using "N-" as the 

location number. 
IUPAC nomenclature retains the common name 

aniline for the amino substituted derivative 

of benzene.Substituted derivatives of aniline are 

numbered beginning from carbon that bears 

the amino group. 



NH2 
NH2 

H C2Hs C2Hs CI 
CI 

NO2 Aniline 

2-ethyl-4-nitroaniline 2,6-dichloro-N-ethylaniline 
Many aromatic amines like toludines and anisides are still known by their historical names. 

NH2 NH2 
CHs NH2 

OCH3 
OCH3 TAnisidine 

(3-Methoxylaniline) P-Anisidine 
(4-Methoxylaniline) 

o-Toludine 
(2-Methylaniline) 

Aromatic amines have also been named as arenamines. 
Thus aniline the parent compound ot the aromatic 

family is listed as benzenamine. 

H-CgHo NH 
Cl 

NO2 

2-chloro-5ritto-N-ethyianiline 2-ethy-4-fuoroaniline 
(2-ethy4-fuoroberzeramine) (chloro-5-nitrO-Nethylbenzenamine) 

Anilire 
berzerarirne) 

Substitutive nomenclature: The most widely used 

System of substitutive amine nomenclature is the one 

adopted by Chemical Abstracts- a comprehensive index 

of chemical literature. In this system the compounds are 

named as follows: 



CH-CH-CHCHCH 
NH2 

CHa 
CH CHc-CHNH 

CH 

CHs 
NH2 

pentan-2-amine 2,2-dimethykbutarn-1-amine 24Tethylcycohexanamine 

CH=CH-CH;-CH;-NH2 CH-CH-ÇH-ÇH-CH-CH-CH CHs-CH-CH-NH 

but-3-en-1-amine oromo-2-chloro-5-methylheptan-3-amine 2-phenylpropan-1-amine 

reparations :-

ucleophilic substitution Reaction:-
Alkylation of Ammonia Salts of primary amines can 

prepared from 

nmonia and alkyl halides by nucleophilic substitution 

actions. 
Subsequent treatment of the resulting aminium salts 

ith a base gives 
mary amines: 

This method is of very limited synthetic application 

ecause multiple 
kylations occur. 

NH,+Ax» R-NH, X- OHANH, 

When ethyl bromide reacts with ammonia, for 

ample, the ethylaminium 

omide that is produced initially can react with 

mmonia to liberate 
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ethylamine. Ethylamine can then compete with 

ammonia and react with ethyl 
bromide to give diethylaminium bromide. 

Repetitions of alkylation and proton transfer reactions 

ultimately produce 
some tertiary amines and even some quaternary 

ammonium salts ifthe alkyl 
halide is present in excess. 

Alkylation of Azide ion and Reduction: 
A much better method for preparing a primary amine 

from an alkyl halide is first to convert the alkyl halide 

to an alkyl azide (R N3 

)by a nucleophilic substitution 

reaction, then reduce the azide to a primary amine 

with sodium and alcohol or with lithium aluminum 

hydride. 

RRH R-X N-Ñ-N R-N-N-R leoho 
LAIH 

Alkyl 
azide 

Azkde lon 
te good nucleophik). 

Gabriel synthesis:-
Potassium phthalimide (see the following reaction) 

can also be used to prepare primary amines by a method 

known as the Gabriel synthesis: 



Step 3 
Stop 1 Step 2 

NK KX) NHH N-R OH, rau N-H KOH 

(voral 

Phthelimde NAlkyiphthafimide 

-NHNH 
(sevet (continued from 

previoue pago) +R-NH2 
stepo) 

Phthalazine-14dlon Primary 
amine 

Reduction of Nitro compounds:-
Preparation of Aromatic Amines through 

Reduction of Nitro Compounds 

The most widely used method for preparing aromatic 

amines involves nitration of the ring and subsequent 

reduction of the nitro group to an amino group: 

Ar-H Ar-NO2 Ar-NH2 HNO [HI Ar-NH2 
HSO4 

Reductive amination 
4C Preparation of Primary, Secondary, and Tertiary 

Amines 
through Reductive Amination 

Aldehydes and ketones can be converted to amines 

through catalytic or 
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hemical reduction in the presence of ammonia or an amine. Primary, 
econdary, and tertiary amines can be prepared this 
way: 

H 
NH 

1 Amine 
R 

H 
N RNH 

2 Amine R R' 

Aldehyde 
Oor 

R" ketone 

RRNH 
H 3 Amine 

Physical Properties-
1.Hydrogen Bonding 
1° and 2° amines can hydrogen bond to each other: 

CHa - -CH3 CH H 

-CH3 CHa CHa N -H**"N-H 

CH3 CHa CH3 

3 amines cannot hydrogen bond to each other: 

CH3-N-CH3 

CH3 CHa 
X 

CH3-N-CH3X N-CH 


Hs �H3 
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2. Boiling Point:-
Nitrogen is less electronegative than oxygen, so the 

NI bond is not quite as polar as the O-H bond. 

-Hydrogen bonds from NH's are not as strong 
as those resulting from OH's. 
-tHydrogen bonding between 1° and 2° amines is 
not as strong as those found in alcohols or 

carboxylic acids. 
1 and 2 amines have lower boiling points than 

alcohols of similar molecular weight. 
3 amines, since they do not hydrogen bond to each 

other, have boiling points similar to hydrocarbons of 

the same molecular weight. 

3. Water solubility 
.1°, 20, and 3° amines can all form hydrogen bonds 

with water. 
Low-molecular weight amines are generally water 

soluble. 

H H 

CH-N-H CH-NH CH-NCH3 
H CHa H CH 

H 
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4. Steric effect 
Thus it can be said that the basicity of amine in gaseous 
phase depeneds largely on the +1 effect of the alkyl 
group. But this basicity order of amines does not hold 

true in aqueous solution. In aqueous phase tertiary 

amines are weaker bases even in comparison to primary 

amines. This altered order of amine basicity in solution 

is due to solvation effect. 

Basicity in aqueous phase: (CH3CH2)2NH> 
CH3CH2NH2> (CH3CH2)3N > NH3 

Alkyl substitution icreases the ability of ammoniumn 

cation to disperse its positive charge but it decreases its 

ability to form hydrogen bond with water molecules. In 

case of secondary amines the dialkylammonium cation 

formed still has two hydrogens to undergo hydrogen 

bonding, whereas in case of tertiary amines, the 

trialkylammonium cation has only one hydrogen 

available for hydrogen bonding. As a result 

trialkylammonium cation is less stabilized in 

comparison to dialkylammonium cation. Besides this, 

the steric hinderance of the three-alkyl groups on 

t-amine also prevents the lone pair of electron to be 

attacked by H+ ions. Hence secondary amines are 

stronger bases than tertiary amines. 
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CH,CH,CH CH,CHCH 
H,0--H-N-CH,CH,CH H,0--H-N-CHCHCH 

H-OH �H,CH,CH, 
Dipropylammonium cation 
(two hydrogen available for 

bonding) 

Tripropylammoniun cation 
(only one hydrogen available 
for bonding) 

Substitution Reaction:-
Besides the reactions of the amino group, aryl amines 

adso undergo electrophilic aromatic 

substitution reaction. Amino group activates the 

aromatic ring for further electrophilic 
substitution reaction because of the delocalization of the 

lone pair of electron on the nitrogen 
atom over to the benzene ring. 
The amino group is thus activating and ortho-para 
directing. The group is so acitivating that it 
is difficult to prevents its polysubstitution. For example 
bromination of aniline instead of o- bromo aniline and 

p-bromo aniline yields a single 2,4,6-tribromoaniline. 

NH2 NH2 
Br Br 

Br/CH CoOH 

Br 

2,4,6-tribromoaniline 
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Chemical properties 
1.Alkylation: 
Reaction of an amine with alkyl halide, result in alkylation of the 
nitrogen. The reaction takes place by SN2 mechanism with the amine acting as a nucleophile. 

R-NH2+ R'CH2X R-CHRX X R-N-OH R H 
secondary amine 

The initial product of the reaction is infact an 

alkylammonium ion and if N-H bond is still 
avaidable then further alkylation may take place. It is for 
this reason that primary amine on reaction with alky 
halide yields secondary amine. Secondary amine on 

akylation yields tertiary amine. The reaction may not 

stop at this stage and tertiary amine may itself be 

aikylated, yielding quaternary ammonium salts.Hence 

this procedure is also known as exhaustive 

alkylation.However if the alkyl halide used is methyl 

odide, then the process is commonly referred to 

exhaustive methylation. 

CaHs NH, ik 
CHs-NH-GHs 

(CashN 
i-8(GN8r 

HB 3r 
- HBr Tetraethylammonium bromide 

Triethylamine 

Diethylamine 

Ethylamine 
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kyl group 
Since a mixture of product results, thus alkylation or 

aminesis not a good method for introducing alky 

into an amine. 

2.Acylation:-
Primary and secondary amines undergo nucleophilic 

acyl substitution reaction when treated with acyl halides 
or anhydrides forming N-substituted amides, 

CH-CI CHs-N-H C +HCI 

diethylamine N,N-diethylacetamide 
Mechanism: 

CH-H e 

CH-TC +CHN C 
Hc-N--CH 
methylacetamide 

Benzoylation of amines is carried out by treating amine 
with benzoyl chloride in presence of aqueous alkali. 

cH-8-c CH- HC-N-Ë-cHs NaCl HO NaoH 

N-methylbenzamide 

Acylation of amines to substituted amides is also 
achieved by treating them with carboxylic anhydrides. 

CH--o-ë-CH3 Cat- Cats-N-�-CH3 CHCOOH 
H acetic anhydride N-ethylacetamide 
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3. Carbylamine reaction 
Primary amines react with chloroform in presence of alkali to form isonitrile or carbylamines, which have 
Cxtremely unpleasant nauseating odour. This reaction is 
therefore used as a qualitative diagnostic for primary 
amines. 

R-NH2 CHCl 3NaOH R-NEC 3NaCI 3HO 

Mechanism: 

CHC CCl 
CI 

. 
R R-N-C HR-N-CHCR-NFC 

HC 
RNH2+ 

y-C 

+H 

OH R-N=C-H R-N=C 
H 
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