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Amines and Amides
Chapter 17

	


Problem-Set Solutions
17.1
The amine functional group consists of a nitrogen atom with one or more alkyl, cycloalkyl, or 
aryl groups substituted for the hydrogen atoms in NH3. 





a.
Yes, the compound contains an amine functional group; one alkyl group is attached to 


the nitrogen atom.






b.
Yes, the compound contains an amine functional group; two alkyl groups are attached to 

the nitrogen atom.






c.
No, the compound does not contain an amine functional group; the nitrogen atom is 


attached to a carbonyl functional group rather than an alkyl group. This is an amide.

d.
Yes, the compound contains an amine functional group; three alkyl groups are attached to 

the nitrogen atom.






e.
No, the compound does not contain an amine functional group; the nitrogen atom is 


attached to a carbonyl functional group and two alkyl groups. This is an amide.


f.
Yes, the compound contains an amine functional group; two aryl groups are attached 


to the nitrogen atom.

17.2
a.
yes
b.
yes
c.
yes
d.
no
e.
yes
f.
no

17.3
In a primary amine, the nitrogen atom is bonded to one hydrocarbon group and two hydrogen 
atoms, in a secondary amine the nitrogen atom is bonded to two hydrocarbon groups and one 
hydrogen atom, and in a tertiary amine the nitrogen atom is bonded to three hydrocarbon 
groups and no hydrogen atoms. The compounds in this problem are classified as:


a.
a primary amine
b.
a primary amine
c.
a secondary amine


d.
a secondary amine
e.
a primary amine
f.
a tertiary amine

17.4
a.
1o
b.
1 o
c.
3 o
d.
2 o
e.
1 o
f.
2 o
17.5
Primary, secondary, and tertiary amines contain a nitrogen atom bonded to (respectively) one, 
two, or three alkyl, cycloalkyl, or aryl groups. In a cyclic amine, the nitrogen is part of a ring. 
The compounds in this problem are classified as:






a.
a secondary amine
b.
a tertiary amine
c.
a tertiary amine


d.
a primary amine
e.
a secondary amine
f.
a secondary amine

17.6
a.
1 o
b.
2 o
c.
2 o
d.
2 o
e.
3 o
f.
3 o
17.7
The common name of an amine, like that of an aldehyde, is written as a single word. The alkyl 
groups attached to the nitrogen atom are named in alphabetical order, and the suffix –amine is 
added. Prefixes, di- and tri-, are added when identical groups are bonded the nitrogen atom.
a.
ethylmethylamine
b.
propylamine




c.
diethylmethylamine
d.
diphenylamine




e.
isopropylmethylamine
f.
diisopropylamine



17.8
a.
ethylphenylamine
b.
isopropylamine




c.
butylamine
d.
triethylamine




e.
cyclohexylamine
f.
isopropylpropylamine

17.9
IUPAC rules for naming amines are similar to those for naming alcohols. Amines are named 
as alkanamines. Select as the parent chain the longest carbon chain to which the nitrogen atom 
is attached, number the chain from the end nearest the nitrogen atom; the location of the 
nitrogen atom on the chain is placed in front of the parent chain name. Identify and locate 
substituents.


Secondary and tertiary amines are named as N-substituted primary amines. The largest carbon 
group bonded to the nitrogen atom is used as the parent amine name.



a.
3-pentanamine
b.
2-methyl-3-pentanamine


c.
N-methyl-3-pentanamine
d.
1,5-pentanediamine



e.
2,3-butanediamine
f.
N,N-dimethyl-1-butanamine

17.10
a.
1-propanamine
b.
2-propanamine




c.
3-methyl-2,4-pentanedimanine
d.
N-methyl-1-propanamine


e.
N,N-diethyl-1-propanamine
f.
N-ethyl-1-propanamine

17.11
To name a primary amine, select as the parent chain the longest carbon chain to which the 
nitrogen atom is attached, number the chain from the end nearest the nitrogen atom; the 
location of the nitrogen atom on the chain is placed in front of the parent chain name. 
Secondary and tertiary amines are named as N-substituted primary amines. The largest carbon 
group bonded to the nitrogen atom is used as the parent amine name.



a.
1-propanamine
b.
N-ethyl-N-methylethanamine


c.
N-methyl-1-propanamine
d.
N-methyl-2-butanamine

17.12
a.
1-butanamine
b.
2-butanamine




c.
N-ethyl-1-propanamine
d.
N,N-diethyl-2-propanamine

17.13
The simplest aromatic amine is called aniline. Aromatic amines with additional groups 
attached to the nitrogen atom are named as N-substituted anilines.




a.
2-bromoaniline
b.
N-isopropylaniline



c.
N-ethyl-N-methylaniline
d.
N-methyl-N-phenylaniline


e.
N-ethyl-N-methylaniline
f.
N-(1-chloroethyl)aniline

17.14
a.
4-chloroaniline
b.
N-ethylaniline




c.
4, N-dimethylaniline
d.
N,N-diphenylaniline



e.
3,4-dichloroaniline
f.
3-chloro-2-nitroaniline

17.15
The longest carbon chain attached to the nitrogen atom furnishes the name of the parent 
compound. Additional groups bonded to the nitrogen atom are named as N-substituted groups. 
Aniline is the simplest aromatic amine. N-substituted anilines are aromatic amines with 
additional groups attached to the nitrogen atom 
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	17.16
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17.17
Constitutional isomerism in this primary amine is due to either different carbon atom 
arrangements or different positioning of the nitrogen atom on the carbon chain. There are eight 
isomeric primary amines with the molecular formula C5H13N.
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	17.18
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17.19
Tertiary amines have three alkyl groups bonded to the nitrogen atom; the five carbon atoms of 
C5H13N are distributed among the three alkyl groups. Use line-angle drawings to check the 
possible distributions of the carbon atoms and name the amines. The commons names of 
tertiary amines consist of the names of the alkyl groups, in alphabetical order, followed by the 
word amine.
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17.20
butyldimethylamine, isobutylamine, tert-butylamine, sec-butylamine, 
ethylmethylpropylamine, ethylmethylisopropylamine, diethylmethylamine

17.21
Amines with the molecular formula C3H9N can be primary, secondary or tertiary. The alkyl 
groups can be: three methyl groups, a methyl group and an ethyl group, a propyl group, or an 
isopropyl group. The amines from these four possibilities have the following IUPAC names: 
N,N-dimethylmethanamine, N-methylethanamine, 1-propanamine, 2-propanamine.

17.22
1-butanamine, 2-butanamine, 2-methyl-2-propanamine, 2-methyl-1-propanamine, 


N-methyl-1-propanamine, N-methyl-2-propanamine, N-ethylethanamine, 


N,N-dimethylethanamine

17.23
The three methylamines (mono-, di-, and tri-) and ethylamine are gases at room 
temperature. Most other amines are liquids.







a.
Butylamine is a liquid.
b.
Dimethylamine is a gas.



c.
Ethylamine is a gas.
d.
Dibutylamine is a liquid.

17.24
a.
gas
b.
liquid
c.
gas
d.
liquid

17.25
a.
The maximum number of hydrogen bonds that can form between a methylamine molecule 

and other methylamine molecules is three (shown in Figure17.4).



b.
The maximum number of hydrogen bonds that can form between a methylamine molecule 

and water molecules is three. (Each of the two hydrogen atoms bonded to the nitrogen atom 

forms one hydrogen bond to a water molecule. The nitrogen atom’s non-bonding electron 

pair forms the third hydrogen bond with a water molecule, shown in Figure 17.6.) 

17.26
a.
2
b.
2

17.27
The boiling points of amines are higher than those of alkanes because hydrogen bonding is 
possible between amine molecules but not between alkane molecules.

17.28
Hydrogen bonds involving oxygen (the alcohol) are stronger than hydrogen bonds involving 
nitrogen (the amine).

17.29
a.
CH3–CH2–NH2 is more soluble in water because it has a shorter carbon chain (less
     nonpolar character than the longer carbon chain).




b.
H2N–CH2–CH2–CH2–NH2 is more soluble in water because it has two amine groups both 
of which can form hydrogen bonds with water.

17.30
a.
CH3—CH2—CH2—NH2;  it has a shorter carbon chain.




b.
CH3—CH2—NH—CH3;   2o amines can form more hydrogen bonds than 3o amines.

17.31
The result of the interaction of an amine with water is a basic solution containing substituted 
ammonium ions and hydroxyl ions.
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	17.32
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17.33
To name a substituted ammonium ion, replace the word amine in the parent name with 
ammonium ion. The positive ion of aniline or a substituted aniline is named as an 

anilinium ion.







a.
dimethylammonium ion
b.
triethylammonium ion



c.
N,N-diethylanilinium ion
d.
dimethylpropylammonium ion


e.
propylammonium ion
f.
N-isopropylanilinium ion

17.34
a.
methylammonium ion
b.
methylpropylammonium ion


c.
N-ethylanilinium ion
d.
ethylmethylpropylammonium ion

e.
dipropylammonium ion
f.
N,N-diethylanilinium ion

17.35
Ammonia and amines are weak bases; an amine molecule can accept a proton (H+) from water 
to produce an ammonium ion. To determine the parent amine from the substituted ammonium 
or anilinium ion, simply remove H+.
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	17.36
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17.37
Amines are bases; an amine’s reaction with an acid produces a salt, an amine salt. An amine 
salt is an ionic compound in which the positive ion is an ammonium ion and the negative ion 
comes from an acid. Aromatic amines react with acids in a similar manner. The missing 
compounds in the equations are:
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17.39
Treating an amine salt with a strong base regenerates the parent amine. The missing 
compounds in the equations are:
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	17.40
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17.41
Amine salts are named in the same way as inorganic salts; the name of the positive ion, the 
substituted ammonium or anilinium ion, is given first and is followed by a separate word for 
the name of the negative ion.







a.
propylammonium chloride
b.
methylpropylammonium chloride

c.
ethyldimethylammonium bromide
d.
N,N-dimethylanilinium bromide

17.42
a.
ethylmethylammonium chloride
b.
butylammonium chloride


c.
isopropyldimethylammonium bromide
d.
N-methylanilinium chloride

17.43
Drugs containing the amine functional group are usually administered to patients as the amine 
chloride salts or hydrogen sulfate salts because the salts are more soluble in water than the 
corresponding amines.

17.44
Add HCl to form the water-soluble amine salt.

17.45
The pharmaceutical industry uses an older naming system for amine salts; the amine salts are 
treated as amine-acid complexes. The salt ethylmethylammonium chloride would be written 
ethylmethylamine hydrochloride, and its structure would be written as shown below:
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	17.46
	ethylammonium bromide,
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17.47
Alkylation under basic conditions to prepare an amine is a two-step process: in the first step an
amine salt is produced; in the second step, the amine salt is converted by the base to the free 
amine. The other two products are the inorganic salt (from the base and the amine halide) and 
water.
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17.49
Since the tertiary amine (ethylmethylpropylamine) has three different alkyl groups, the 
secondary amine used to prepare it would have two of these alkyl groups and the alkyl halide 
would contain the third. The three possible combinations are: ethylmethylamine and propyl 
chloride, ethylpropylamine and methyl chloride, and methylpropylamine and ethyl chloride.

17.50
butylethylamine, propyl chloride






butylpropylamine, ethyl chloride






ethylpropylamine, butyl chloride

17.51
The reaction between an amine and an alkyl halide in the presence of a strong base results in 
the alkylation of the amine. If the amine being alkylated is already a tertiary amine, the 
product will be a quaternary ammonium salt (four alkyl groups attached to the nitrogen atom 
and the resulting positive charge balanced by the negative ion of the salt).
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17.53
In amine salts, the amine has an extra H+ bonded to the nitrogen atom; the positive charge is 
balanced by the negative ion of an acid. In a quaternary ammonium salt, there are four alkyl 
groups bonded to the nitrogen atom; the resulting positive charge is balanced by the negative 
ion of an acid. The salts in this problem are classified as follows:




a.
amine salt
b.
quaternary ammonium salt


c.
amine salt
d.
quaternary ammonium salt

17.54
a.
quaternary ammonium salt
b.
amine salt




c.
amine salt
d.
quaternary ammonium salt

17.55
Amine salts and quaternary ammonium salts are named in the same way as inorganic salts; the 
name of the positive ion, the substituted ammonium, is given first and is followed by a 
separate word for the name of the negative ion.






a.
trimethylammonium bromide
b.
tetramethylammonium chloride


c.
ethylmethylammonium bromide
d.
diethyldimethylammonium chloride

17.56
a.
ethyltrimethylammonium chloride
b.
ethyldimethylammonium chloride

c.
dimethylammonium bromide
d.
trimethylpropylammonium bromide

17.57
Figure 17.8 gives structural formulas for selected heterocyclic amines that are found in more 
complex amine derivatives. The structural formulas for some of these more complex amine 
derivatives can be found in Section 17.9.







a.
Caffeine’s structure contains a purine ring.







b.
Heme (a component of hemoglobin) contains a pophyrin complex which is built on four 

pyrrole rings.







c.
Histamine contains an imidazole ring.







d.
Serotonin contains indole (a fused ring system).

17.58
a.
pyridine, pyrrolidine
b.
quinoline
c.
pyridine
d.
pyrrole

17.59
a.
True. Both caffeine and nicotine are alkaloids; both are frequently-used central nervous 

system stimulants.







b.
False. Quinine is used to treat malaria; atropine is used to dilate the pupil of the eye.

c.
True. Codeine is a methylmorphine.







d.
False. Heroin is a synthetic compound, the diacetyl ester of morphine.



e.
False. Parkinson’s disease is caused by a deficiency of dopamine; serotonin deficiency has 

been implicated in mental illness.







f.
False. Adrenaline is another name for epinephrine.

17.60
a.
true
b.
false
c.
false
d.
true
e.
false
f.
true

17.61
An amide is a carboxylic acid derivative in which the carboxy –OH group has been replaced 
with an amino or a substituted amino group.







a.
Yes. The –OH group of propanoic acid has been replaced by an amino group.


b.
Yes. The –OH group of benzoic acid has been replaced by ethylmethylamine.


c.
No. The amino group is not attached to the carbonyl carbon.




d.
Yes. The –OH group of ethanoic acid has been replaced by aniline.



e.
No. The amino group is not attached to the carbonyl carbon.




f.
Yes. The nitrogen atom in the ring is attached to the carbonyl carbon; this is a lactam (a 

cyclic amide).

17.62
a.
yes
b.
yes
c.
yes
d.
yes
e.
yes
f.
yes

17.63
An unsubstituted amide has two hydrogen atoms bonded to the amide nitrogen atom; a 
monosubstituted amide has one hydrogen atom and one alkyl or aryl group bonded to the 
amide nitrogen atom; and a disubstituted amide has two alkyl or aryl groups bonded to the

amide nitrogen atom. The amides in this problem are classified as follows:



a.
monosubstituted
b.
disubstituted




c.
unsubstituted
d.
monosubstituted


17.64
a.
unsubstituted
b.
monosubstituted



c.
disubstituted
d.
disubstituted

17.65
A primary amide is an unsubstituted amide, a secondary amide is a monsubstituted amide, and 
a tertiary amide is a disubstituted amide. Using this system, the amides in Problem 17.63 are 
classified as follows:







a.
a secondary amide
b.
a tertiary amide




c.
a primary amide
d.
a secondary amide

17.66
a.
1o
b.
2o
c.
3o
d.
3o
17.67
In assigning IUPAC names to amides, amides are considered to be derivatives of carboxylic 
acids. The ending of the name of the carboxylic acid is changed from –oic acid to –amide. The 
names of groups attached to the nitrogen atom are placed in front of the base name, using an 
N- prefix as a locator.







a.
N-ethylethanamide
b.
N,N-dimethylpropanamide


c.
butanamide
d.
N-methylmethanamide



e.
2-chloropropanamide
f.
2,N-dimethylpropanamide


17.68
a.
N-ethylpropanamide
b.
pentanamide




c.
N,N-dimethylbutanamide
d.
ethanamide




e.
2,3-dimethylbutanamide
f.
2,3,N-trimethylbutanamide

17.69
In assigning common names to amides, amides are considered to be derivatives of carboxylic 
acids. The ending of the name of the carboxylic acid is changed from –ic acid to –amide. The 
names of groups attached to the nitrogen atom are placed in front of the base name, using an 
N- prefix as a locator.







a.
N-ethylacetamide
b.
N,N-dimethylpropionamide


c.
butyramide
d.
N-methylformamide



e.
2-chloropropionamide
f.
2,N-dimethylpropionamide

17.70
a.
N-ethylpropionamide
b.
valeramide




c.
N,N-dimethylbutyramide
d.
acetamide




e.
2,3-dimethylbutyramide
f.
2,3,N-trimethylbutyramide

17.71
IUPAC names of amides are based on the carboxylic acids from which the amides are 
derived. The ending of the name of the carboxylic acid is changed from –oic acid to –amide. 
The names of groups attached to the nitrogen atom placed in front of the base name, using an 
N- prefix as a locator.







a.
propanamide
b.
N-methylpropanamide



c.
3,5-dimethylhexanamide
d.
N,N-dimethylbutanamide

17.72
a.
butanamide
b.
N-propylbutanamide



c.
3-methylbutanamide
d.
N,N-diethylbutanamide

17.73
The names of groups attached to the nitrogen atom are placed in front of the base name, using 
an N- prefix as a locator. In part c. of this problem, the 3- refers to a methyl group on the four-
carbon chain attached to the carbonyl group.
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17.75
Amides do not exhibit basic properties in solution as amines do; the nonbonding pair of 
electrons on the nitrogen atom are not available for bonding to a H+ ion because of the 
electronegativity effect induced by the carbonyl group.

17.76
N-ethylacetamide, because it can hydrogen bond to other molecules

17.77
a.
The maximum number of hydrogen bonds that can form between an acetamide molecule
 
and other acetamide molecules is five (two hydrogen bonds with the hydrogen atoms 


attached to nitrogen, one with the pair of nonbonding electrons on the nitrogen atom, and 

one with each pair of nonbonding electrons on the carbonyl oxygen atom).


b.
The maximum number of hydrogen bonds that can form between an acetamide molecule 

and water molecules is five (the same type of hydrogen bonds as are listed above).

17.78
a.
5
b.
5

17.79
The reaction of a carboxylic acid with ammonia, or a primary or a secondary amine, at a high 
temperature (greater than 100oC) produces an amide. The missing substances in this 
problem’s amide preparation reactions are shown below.

	
	[image: image100.wmf]C

H

3

N

H

2

a

.


	[image: image101.wmf]C

H

3

C

b

.

C

O

N

C

H

3

C

H

3

C

H

3

C

H

3



	
	[image: image102.wmf].

N

H

3

c

.

.


	[image: image103.wmf]C

O

H

d

.

O




	17.80
	[image: image104.wmf]C

H

2

C

N

H

O

C

H

2

C

H

2

C

H

3

C

H

3

a

.


	[image: image105.wmf]H

C

O

H

b

.

O



	
	[image: image106.wmf]C

H

3

N

H

C

H

3

c

.


	[image: image107.wmf]C

O

H

d

.

O

C

H

3




17.81
An amidification reaction is the reaction of a carboxylic acid with an amine (or ammonia) to 
produce an amide: a –OH group is lost from the carboxylic acid, a –H atom is lost from the 
ammonia or amine. The carboxylic acid and the amine from which each of the amides in this 
problem could be formed are:
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17.83
In amide hydrolysis, the bond between the carbonyl carbon atom and the nitrogen is broken, 
and free acid and free amine are produced. Amide hydrolysis is catalyzed by acids, bases, and 
certain enzymes; sustained heating is also often required.
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17.85
A polyamide is a condensation polymer in which the monomers are joined through amide 
linkages. The monomers are diacids and diamines. One acid group of the diacid reacts with 
one amine group of the diamine, leaving an acid group and an amine group on the two ends to 
react further; the process continues, generating a long polymeric molecule. 

17.86
diacid and diamine versus diacid and dialcohol

17.87
A structural representation of the polyamide formed from succinic acid and 1,4-butanediamine 
is shown below.
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17.89
The amides are drawn by replacing the –OH group of the corresponding carboxylic acid with 
an amino or substituted amino group. The acid salt in part e. is composed of a disubstituted 
ammonium ion and a chloride ion, and the quaternary ammonium salt in part f. is composed of 
an ammonium ion with three alkyl groups and one aryl group attached to the nitrogen atom, 
with the charge balanced by a chloride ion.
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17.91
In a C3 amide, one of the carbon atoms belongs to the carbonyl group. The other two can be 
distributed as follows: 1) one ethyl group attached to the carbonyl carbon atom, 2) one ethyl 
group attached to the nitrogen atom, 3) one methyl group attached to the carbonyl carbon and 
one methyl group attached to the nitrogen atom, or 4) two methyl groups attached to the 
nitrogen atom.
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	1)  propanamide
	2)  N-methylethanamide
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	3)  N-ethylmethanamide
	4)  N,N-dimethylmethanamide
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17.93
a.
o-Methylbenzamide is an unsubstituted amide; it has two hydrogen atoms bonded to the 

amide nitrogen atom. 







b.
N-methylbenzamide is a monosubstituted amide; it has one hydrogen atom and one alkyl 

group bonded to the amide nitrogen atom.







c.
Cyclopentylmethylamine is a monosubstituted amine; it is a secondary amine containing a 

methyl group, a cyclopentyl group and one hydrogen atom, attached to the nitrogen atom.
d.
N,N-dimethylhexanamide is a disubstituted amide; it has two methyl groups and no 


hydrogen atoms bonded to the amide nitrogen atom.





e.
Isopropylamine is an unsubstituted amine; it is a primary amine, with two hydrogen atoms 

bonded to the nitrogen atom.







f.
4-Methylheptanamine is an unsubstituted amine; it is a primary amine, with two hydrogen 

atoms bonded to the nitrogen atom.

17.94
a.
amide
b.
amine
c.
amide
d.
amine
e.
amine
f.
amide
17.95
In the IUPAC naming system, amines are named as alkanamines. Select as the parent chain 
the longest carbon chain to which the nitrogen atom is attached, number the chain from the 
end nearest the nitrogen atom; the location of the nitrogen atom is placed in front of the parent 
chain name. Identify and locate substituents. (In part c., the “2” refers to the methyl group on 
the side chain; the “N” refers to the methyl group attached to the nitrogen atom.)


In the IUPAC system, amides are considered to be derivatives of carboxylic acids. The ending 
of the name of the carboxylic acid is changed from –oic acid to –amide. The names of groups 
attached to the nitrogen atom are placed in front of the base name, using an N- prefix as a 
locator.







a.
1-butanamine
b.
2-methyl-1-pentanamine


c.
2,N-dimethylpentanamine
d.
3-methylpentanamide



e.
1,4-pentandiamine
f.
4-bromo-N-ethyl-N-methylpentanamide

17.96
c

17.97
The correct answer is c. N-methyl-2-butanamine is classified as a secondary amine.

17.98
c

17.99
The correct answer is b. The molecular formula for the compound aniline is C6H7N.

17.100
c

17.101
The correct answer is b. Amines, but not amides, exhibit basic properties in aqueous solution.

17.102
c

17.103
The correct answer is a. The name of the amide produced by the reaction of butanoic acid and 
methylamine is N-methylbutanamide.

17.104
b

17.105
The correct answer is b. The monomers that would produce a polyamide are a dicarboxylic 
acid and a diamine.
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