
Chapter 17: Amines and Amides 
We have discussed simple compounds containing the elements carbon, and 
hydrogen: Alkanes, alkenes, alkynes, and aromatic hydrocarbon are all 

carbon-hydrogen compounds. The carbon-hydrogen-oxygen compounds we 
have discussed include alcohols, phenols, ethers, aldehydes, ketones, 

carboxylic acids, and esters In this chapter we extend our discussion to 
organic compounds that contain the element nitrogen. 

Two types of organic nitrogen-containing compounds are the focus of 

this chapter amines and amides. Amines are carbon-hydrogen-nitrogen 
compounds, and amides contain oxygen in addition to these elements. 

Amines and amides occur widely in living organisms. Many of these naturally 
occurring compounds are very active physiologically. In addition, numerous 

drugs used for the treatment of mental illness, hay fever, hear problems, 
and other physical disorders are amines and amides. 
17.1 Bonding Characteristics of Nitrogen Atoms in Organic Compounds  

Nitrogen atoms forms three covalent bonds and has the following bonding 

characteristics: 
 

 Nitrogen is a member of Group VA of the periodic table 
 Nitrogen has five valence electrons  

 Nitrogen can form three covalent bonds to complete its octet of 
electrons 

 
 

 
 

 

 
 
 

 
 

 
17.2 Structure and Classification of Amines   
Molecules of ammonia (NH3) in which one or more alkyl, cycloalkyl, or aryl 

groups are attached to the nitrogen atom are called amines. Aryl amines are called 
aromatic amines and the simplest aromatic amine is the aniline.  
Alkanamines  

organic derivatives of ammonia  

  
 
 

 

C N O

4 Valence electrons
4 Covalent bonds
No nonbonding
electron pairs

5 Valence electrons
3 Covalent bonds
1 No nonbonding

electron pairs

6 Valence electrons
2 Covalent bonds
2 No nonbonding

electron pairs
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Aromatic amine: an amine in which nitrogen is bonded to one or more aryl 
groups. 

 
Amines are also classified based on number of C atoms attached the nitrogen atom:  

• Primary amines (1o): Nitrogen with one R group  
• Secondary amines (2o): Nitrogen with two R groups 
• Tertiary amines (3o): Nitrogen with three R groups 

• Quaternary amines (4° ): Ions in which nitrogen is bonded to four 
carbons and bears a positive charge. Called tetraalkylammonium 

halides 

 

 

 
Answers:  

a. Primary  b. Secondary c. Primary d. Tertiary 
 

Cyclic amines  are either secondary or tertiary amines which are designated as 

heterocyclic compounds. Numerous heterocyclic amines are found in biochemical 
systems 

heterocyclic amine are amine in which nitrogen is one of the atoms of a ring. 
Examples 

Methylamine

(a 1° amine)

Trimethylamine

(a 3° amine)

CH3

CH3

CH3 - NH2 CH3 - N

Tetramethylammonium 

bromide

(a 4° ammonium salt)

+
CH3

CH3

CH3 - N- CH3

Br
-



 
17.3 Nomenclature for Amines  

Atomic grouping 
 

Suffix -amine 

Prefix amino 

Position in chain anywhere 

General formula  CnH2n+3N 

 
 

Rule 1: Select as the parent carbon chain the longest chain to which the 
nitrogen atom is attached. 

Rule 2: Name the parent chain by changing the -e ending of the 

corresponding alkane name to -amine. 
Rule 3: Number the parent chain from the end nearest the nitrogen atom. 

Rule 4: The position of attachment of the nitrogen atom is indicated by a 
number in front of the parent chain name. 

Rule 5: The identity and location of any substituents are appended to the 
front of the parent chain name. 

 
Examples: Primary Amines  

   IUPAC Name  Structure 

methanamine 
 

ethanamine 
 

propan-1-amine 
 

propan-2-amine 

 

ethane-1,2-diamine * 
 

PyrrolePiperidine Pyrrolidine Pyridine

(heterocyclic 

aliphatic amines)

(heterocyclic 

aromatic amines)

N
N N N

HH H
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cyclopentanamine 
 

  
* Because the suffix here is -diamine which starts with a consonant, the 

terminal -e of the alkane name is retained.  

Examples : Secondary Amines  

The longest chain of carbons takes the root name (alkanamine) and the 
other chain becomes a substituent with the locant N  

(italicised). The N is considered to be a lower locant than numerical locants, 
and so is placed ahead of them.  

   

IUPAC Name  Structure 

N-methylmethanamine CH3-NH-CH3 

 N-methylethanamine CH3-NH-CH2CH3 

 N-ethylethanamine CH3CH2-NH-CH2CH3 

 N-methylpentan-3-amine 

 

N,3-dimethylbutan-2-amine 

 

  Examples : Tertiary Amines 

The longest chain of carbons takes the root name (alkanamine) and the 

other chains become a substituents with the locant N (italicised). The N is 
considered to be a lower locant than numerical locants, and so is placed 

ahead of them.  

   

 IUPAC Name Structure 

N,N-dimethylmethanamine (CH3)2-NH-CH3 

N,N-dimethylethanamine (CH3)2-NH-CH2CH3 

N-ethyl-N-methylethanamine 
 



N-ethyl-N-methylheptan-4-amine 

 

* Because the suffix here is -diamine which starts with a consonant, the 
terminal -e of the alkane name is retained.  

Naming aromatic amines 

 
 
17.4 Isomerism for Amines  

Constitutional isomerism in amines can arise from several causes. Different 
carbon atom arrangements produce isomers and Different positioning of the 

nitrogen atom on a carbon chain is another cause for isomerism. 
In secondary and tertiary amines, different partitioning of carbon atoms among the 
carbon chains present produces constitutional isomers.  

Constitutional isomers of 1-pentamine  

 
• There are three C4 secondary amines 
• Carbon atom partitioning can be two ethyl groups, a propyl group and 

a methyl group, or an isopropyl group and a methyl group.  

 
17.5 Physical Properties of Amines  
Amines are polar compounds, and both 1° and 2° amines form intermolecular 
hydrogen bonds 

• N-H- - - -N hydrogen bonds are weaker than O-H- - - -O hydrogen 

bonds because the difference in electronegativity between N and H 
(3.0 - 2.1 = 0.9) is less than that between O and H (3.5 - 2.1 = 1.4) 

•  
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Solubility in water 
Amines with fewer than six carbon atoms are infinitely soluble in water.  

Solubility results from hydrogen bonding between the amines and water.  
Even tertiary amines are water-soluble because of its ability to form 

hydrogen bonds. 
 

Odor or smell 
Methylamines (mono-, di-, and tri-) and ethylamine (gases) have ammonia-

like smell. Most other amines are liquids and have odors resembling that of 
raw fish (strong, disagreeable odors).  Foul smell from dead fish and decaying 

flesh is due to diamines released by the bacterial decomposition of protein. 
Examples: putrescine and cadaverine. 

 
 

17.6 Basicity of Amines  

CH3 CH3 CH3NH2 CH3OH

-6.3 65.0-88.6

32.031.130.1molecular weight (g/mol)

boiling point (°C)
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Amines behave like NH3 and are basic: This behavior is due to the 

acceptance of H+ (proton) from 
an acid. 
 

   

 
In the example above water is acts as an acid  
The resulting solution is alkaline due to OH- ion and a substituted ammonium 

ion. 
• Ammonium and substituted ammonium ions form four bonds with N ; 

therefore carries a + charge  
• Names of substituted ammonium ions are derived from the parent 

amine in which the ―-e‖ of parent amine is replaced by ―ammonium 
ion‖.  

 
it is also common to discuss the basicity of amines by reference to the acid 

ionization equilibrium constant, pKa of the corresponding conjugate acid 
(CH3NH3

+) and its hydrolysis given in the equation below: 

 

 
pKb  value of the amine is calculated by the equation pKb  =14 –pKa 

Smaller the pKb value more basic the amine. 
aliphatic amines have about the same base strength, pKb 3.0 - 4.0, and are slightly 
stronger bases than ammonia 

 

CH3NH3
+

H2 O

[ CH3NH2 ][ H3 O
+

]

[CH3 NH3
+

]

CH3 NH2 H3 O
+

++

2.29 x 10-11==Ka pKa = 10.64



 

 

17.7  Amine Salts  
Names of amines salts are written in the following order:  
• Substituted amine followed by the name of anion  

Putting vinegar (acid) on fish to remove odor  
• Results in the formation of an odorless amine salts 

All amine slats are water soluble  
• This is why drugs of amines are administered in the form of amine salts 

 
17.8  Preparation of Amines and Quaternary Ammonium Salts  

Preparation of amines  
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a) Reaction of ammonia with alkyl halides  

 
b) Reduction of amides  

 

 
c) Reduction of Nitro Groups  

 

NH2

O
1.  LiAlH4

2.  H2O

1.  LiAlH4

2.  H2O

NMe2

O

NMe2

NH2

N,N -Dimethylbenzamide N,N-Dimethylbenzylamine

Octanamide 1-Octanamine



Reactions of amines 

 All amines, whether soluble or insoluble in water, react quantitatively 
with strong acids to form water-soluble salts 

 
17.9  Heterocyclic Amines  
A heterocyclic amine is an organic compound in which nitrogen atoms of 

amine groups are part of either an aromatic or a nonaromatic ring system. 
These compounds are the "parent" compounds for numerous derivatives that 

are important in medicinal, agricultural, food, and industrial chemistry, as 
well as in the functioning of the human body. 

 
Study of the heterocyclic amine structures shows that  

1) ring systems may be saturated, unsaturated, or aromatic,  

2) more than one nitrogen atom may be present in a given ring, and  
3) fused ring systems often occur. 

 
The two most widely used central nervous system stimulants in our society, 

caffeine and nicotine, are heterocyclic amine derivatives. Caffeine's structure 
is based on a purine ring, system. Nicotine's structure contains one pvridine 

ring, and one pyrrolidine ring. 

 
17.10  Selected Biochemically Important Amines  

 
Neurotransmitter 

A neurotransmitter is a chemical substance that is released at the end of a 

nerve, tray els across the synaptic gap between the nerve and another 
nerve, and then bonds to receptor site on the other nerve, triggering a nerve 

impulse. Figure 17.9 shows schemati cally how neurotransmitters function. 
The most important neurotransmitters in the human body are acetylcholine. 

Acetylcholine 



 

 

The medically important mines and amides: amphetamines,  
barbiturates, analgesics, anesthetics, decongestants, and antibiotics.  
a) Amphetamines  

 

Amphetamines are stimulants or "uppers" which are usually made 
synthetically in unsafe illegal labs. The effects -- stimulation of the central 

nervous system; a sense of well-being and high energy; a release of social 
inhibitions; and feelings of cleverness, competence, and power -- are similar 

to the effects of cocaine but last longer, from 4 to 6 hours depending on 
dose and potency.  

The term "amphetamine" is used to refer to a large class of stimulants: 
amphetamines (black beauties, white bennies), dextroamphetamines 

(dexies, beans), and methamphetamines (crank, meth, crystal, speed). The 
different types of amphetamines have such similar chemical make-ups and 



effects that even experienced users may not be able to tell which drug they 

have taken.  

Amphetamines can be taken orally, injected, smoked, or snorted. Injecting 
or smoking leads to an immediate intense sensation -- a "rush" -- that lasts 

only a few minutes and is described as extremely pleasurable. Oral or 
intranasal use produces a milder euphoria, a high, but not a rush. 

Amphetamines taste extremely bitter, and injection and snorting are painful.  

"Ice," a slang term for smokeable methamphetamine with a translucent 

rock-like appearance, is a highly addictive and toxic form of amphetamine.  

Chronic amphetamine use produces a psychosis that resembles 
schizophrenia and is characterized by paranoia, picking at the skin, and 

auditory and visual hallucinations. Extremely violent and erratic behavior is 
frequently seen among chronic abusers of amphetamines.  

 

2)Barbiturates  

Of all the drugs that one may become dependent on, barbiturates are one of 
the most dangerous because of the simple fact of death by overdose. On the 

street these drugs are referred to as "reds," "yellowjackets," "rainbows," 
"downers," "pinks" and "blockbusters." Barbiturates are usually taken orally. 

Their effect may be felt within 20 minutes. Barbiturates are used medically 
to relieve anxiety, tension, insomnia, epilepsy and hypertension. People 

using barbiturates should be aware of the extreme danger they are in if they 
combine alcohol and barbiturates.  

The barbiturate and alcohol combination has proven to be deadly many 
times in the past. Barbiturate users run a very high risk of becoming 

dependent. Tolerance will build up rapidly and as larger dosages are required 
the possibility of overdose and severe withdrawal when the user tries to 

stop. If the user has been taking barbiturates over an extended period of 
time, a physician should assist in the withdrawal procedure. Most overdoses 

with barbiturates are unintentional--barbiturate users who are withdrawing 
should seek medical help.  

 
 

17.11  Alkaloids 

Alkaloid is a nitrogen-containing organic compound extracted from plant 

material. It is well known for centuries that physiological effects can be 
obtained by eating or chewing the leaves, roots, or bark of certain plants. 

Thousands of  different compounds that are physiologically active have been 



isolated from such plants. Nearly all these compounds, which are collectively 

called alkaloids, contain amine functional groups.  
Three well-known compounds that we have considered previously are 

alkaloids. They a nicotine (tobacco plant), caffeine (coffee beans and tea 
leaves), and cocaine (coca plant). 

 
A number of alkaloids are currently used in medicine. Quinine, which occurs 
cinchona bark, is used to treat malaria. Atropine, which is isolated from the 

belladonna plant, is used to dilate the pupil of the eye in patients undergoing 
eye examination. Atropine is also used as a preoperative drug to relax 

muscles and redo the secretion of saliva in surgical patients.  
 

17.12  Structure of and Classification of Amides  
The functional group of an amide is an acyl group bonded to a trivalent nitrogen. 

 
They are derivatives of carboxylic acids in which the ―-OH‖ group of the carboxylic 
acid is replaced by an NH2 or NHR or NR2 

The basis for an amide is the -CONH2 group - known as an amide or acid 
amide because it is derived from a carboxylic acid.  
Same rules are that apply to amines to determine if they are primary, secondary or 
tertiary amines also apply to amides. 

Amide groups are considered as -R groups 
Amides are also considered as derivatives of carboxylic acids (similar to esters) 
 

17.13  Nomenclature for Amides  
Rules for naming amides: 

CH3CNH2

O

CH3 C-N
H

CH3

O
H-C-N

CH3

CH3

O

N-Methylacetamide
(a 2° amide)

Acetamide
(a 1° amide)

N,N-Dimethyl-
formamide (DMF) 

(a 3° amide)



• The ending of the name of the carboxylic acid is changed from ―-ic‖ 
acid (common) or ―-oic‖ acid (IUPAC) to -amide 

• Example: benzoic acid becomes benzamide  
• The names of groups attached to the nitrogen (2º and 3º amides) are 

appended to the front of the base name, using an N- prefix as a 
locator 

 

to name an amide:  

• Find the longest chain containing the carbonyl = parent chain 

• Give lowest number to Carbonyl carbon 
• Name substituents on nitrogen as N-alkyl 

• End name as -amide 

The number of carbon atoms present determines the prefix for the 
compound -  

• 1 carbon atom - methan_______  
• 2 carbon atoms - ethan________  

• 3 carbon atoms - propan_______ etc..... 

The suffix for all amides is simply "__amide" tagged onto the end of the 

prefix directly.  

Exmaple:   

  

ethanamide butanamide 

If any substituent alkyl groups are attached to the N atom in the palce og H, 

their presence is indicated by N-methyl for one methyl or N,N-dimethyl for 

two methyl groups. Exmaple: 

  

N-methylethanamide N,N-dimethylbutanamide 

 

Classification of amide 
 
Primary amides (1o):  Two hydrogen atoms are bonded to the amide nitrogen 

atom 
Secondary amides (2o): An alkyl (or aryl) group and a hydrogen atom are 

bonded to the amide nitrogen atom 



Tertiary amides (3o): Two alkyl (or aryl) groups and no hydrogen atoms are 
bonded to the amide nitrogen atom 

 
Cyclic amides 

Lactam: a cyclic amide 
• name the parent carboxylic acid, drop the suffix -ic acid and add -lactam  

• the location of the nitrogen atom in the ring is commonly indicated by a 
Greek letter, a, b, etc. 

• 6-hexanolactam is an intermediate in the synthesis of nylon 6  
 

The ring size in a lactam is indicated using a Greek letter. A lactam with a four-
membered ring : Beta-lactam  

• Beta-carbon from the carbonyl group is bonded to the heteroatom.  
A lactam with a five-membered ring : Gamma-lactam. 
The members of the penicillin family of antibiotics have four-membered lactam 

ring. 

 
The penicillins are a family of b-lactam antibiotics 
• one of the first discovered was penicillin G. 
 

17.14  Selected Amides and Their Uses  
The cephalosporins are also b-lactam antibiotics 

 
 
 
17.15  Physical Properties of Amides  

Amides do not exhibit basic properties in solution like amines because: 
• Electrons not available for hydrogen bonding 

• Electrons are pulled by more electronegative atom in the carbonyl 
group. 

 
17.16  Preparation of Amides  

N

S CH3

CH3

COOH
O

N
C

H

O

CH2

Penicillin G

H H

the penicillins differ
in the group bonded
to the acyl carbon

N

S

COOH
O CH3

N
H

NH2

O
H H

Keflex
(a -lactam antibiotic)

The cephalosporins
differ in the group
bonded to the carbonyl
carbon...

...and the group bonded 
to this carbon of the 
six-membered ring



Preparation of amides 
a) Carboxylic acid react with ammonia 

A primary or a secondary amine produces an amide at elevated temperature 
− A primary amine produces a secondary amide 

− A Secondary amine produces a tertiary amide 

 
b) Acid halides react with ammonia, 1° amines, and 2° amines to form 

amides 

• 2 moles of the amine are required per mole of acid chloride; one to 
form the amide and one to neutralize the HCl formed. 

 
c) Acid anhydrides react with ammonia, and with 1° and 2° amines to form 

amides 
2 moles of ammonia or amine are required; one to form the amide and one to 

neutralize the carboxylic acid byproduct 
here the reaction is broken into two steps 

 
d) Esters react with ammonia, and with 1° and 2° amines to form amides 

esters are less reactive than either acid halides or acid anhydrides 

 
Amides do not react with ammonia, or with 1° or 2° amines 

Preparation of amides: Summary 
 

OHC

O

R + R NH2 NHC

O

R

R

+ H2O

Acid part
Amine part

O

Cl 2NH3 NH2

O

NH4
+

Cl
-+ +

Hexanoyl
chloride

Ammonia Hexanamide Ammonium
chloride

CH3 COCCH3

O O

NH3

CH3 COH

O

NH3

CH3 COCCH3

O O

2NH3

CH3 CNH2

O

CH3 CNH2

O

CH3 CO
-
NH4

+

O

CH3 COH

O

CH3 CO
-
NH4

+

O

+ +

+

+ +

Phenyl acetamideEthyl phenylacetate

+ +NH3
Ph

O

O

Ph
NH2

O

HO

Ethanol



 
 
17.17  Hydrolysis of Amides  
Hydrolysis of an amide requires much more vigorous conditions than hydrolysis of 

an ester 
• hydrolysis in aqueous acid requires 1 mole of acid for each mole of amide 

• the products are a carboxylic acid and an ammonium or an amine salt 

 
hydrolysis of an amide in aqueous base requires 1 mole of base per mole of amide 
the products are a carboxylate salt and an amine 

 
 

 
17.18  Polyamides and Polyurethanes  

Amide polymers or polyamides: Synthesized by combining diamines and 

dicarboxylic acids in a condensation polymerization reaction similar to 

polyester formation. 
Nylon is a synthetic polyamide 

Many different types of Nylons 
• Based on diamine and diacid monomers used 

Nylon 66 – a polymer of hexanedioic acid and 1,6-hexanediamine as 
monomers shown below: 

 
 

R-C-Cl

O

2NH3

R-C-O-C-R

O O

2NH3

R-C-OR'

O

NH3

R-C-NH2

O

R-C-NH2

O

R-C-NH2

O

R-C-NH2

O

R'OH

NH4
+
Cl

-

R-C-O
-
NH4

+

O

+ +

+ +

+ +

No reaction with  ammonia or amines

Ph

NH2

O

H2 O HCl
H2O

Ph

OH

O

NH4
+

Cl
-

2-Phenylbutanoic acid2-Phenylbutanamide

++ +
heat

O

CH3CNH NaOH
H2 O

CH3CO
- 

Na
+

O

H2N

AnilineSodium acetateN-Phenylethanamide
(N-Phenylacetamide,
       Acetanilide)

++
heat
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Urethane: A hydrocarbon derivative containing a carbonyl group bonded to 

both an —OR group and a —NHR (or –NR2) group. 
Polyurethane: A polymer formed from the reaction of dialcohol and 

diisocyanate monomers.  

 
 

 
Properties of polyamides 

Additional stiffness and toughness are imparted to polyamides with the 
introduction of aromatic rings to the polymer ―backbone.‖  

Polyamide Kevlar is one such polymer and it is used in making bullet-
resistant vests. 

 
Silk and wool are examples of naturally occurring polyamide polymers. 
Much of the human body is also polyamide polymer. 

 
The structure of the amide bond and peptide bonds in peptides.  

Amides are most usually formed by the reaction of an acid chloride ( R-COCl 



) with ammonia ( NH3 ) or a primary amine ( R'-NH2 ).   The combination of 

an amine and an acid produces an amide (containing a N-C=O) and the 
polyfunctional compounds amino acids  with contain –NH2 and –COOH 

groups on the a-carbon atoms polymerize to form peptides. 

 

Polypeptide containing four amino acids monomers: 

 

N-nitrosamines are carcinogens  

 

 
 
 

 


