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16.1: Classifying Amines

4b Learning Objectives

e Determine the structural feature that classifies amines as primary, secondary, or tertiary.

Amines are classified according to the number of carbon atoms bonded directly to the nitrogen atom. A primary (1°) amine has one
alkyl (or aryl) group on the nitrogen atom, a secondary (2°) amine has two, and a tertiary (3°) amine has three (Figure 16.1.1).

H— (|') R— L|) R— R]J
H H R'
Water An alcohol An ether

H—N—H R—MN—H R—N—R R—N—-R
H H H R

Ammaonia A 17 amine A 2% amine A 3%amine

Figure 16.1.1: The Structure of Amines Compared to Water, an Alcohol, and an Ether

To classify alcohols, we look at the number of carbon atoms bonded to the carbon atom bearing the OH group, not the oxygen
atom itself. Thus, although isopropylamine looks similar to isopropyl alcohol, the former is a primary amine, while the latter is
a secondary alcohol.

CH,CHCH, CH3C|HCH3
NH, OH
Isopropylamine Isopropyl alcohol
(a primary amine) (a secondary alcohol)

The common names for simple aliphatic amines consist of an alphabetic list of alkyl groups attached to the nitrogen atom, followed
by the suffix -amine. (Systematic names are often used by some chemists.) The amino group (NHj) is named as a substituent in
more complicated amines, such as those that incorporate other functional groups or in which the alkyl groups cannot be simply
named.

v/ Example 16.1.1

Name and classify each compound.
d. CHSCH2CH2NH2
CH,CH,NCH,

CH,

o CH3CH,NHCH,CH3
e CH3CH,CH;NHCH3

Solution
a. There is only one alkyl group attached to the nitrogen atom, so the amine is primary. A group of three carbon atoms (a propyl
group) is attached to the NH; group through an end carbon atom, so the name is propylamine.
b. There are two methyl groups and one ethyl group on the nitrogen atom. The compound is ethyldimethylamine, a tertiary amine.
c. There are two ethyl groups attached to the nitrogen atom; the amine is secondary, so the compound is diethylamine.
d. The nitrogen atom has a methyl group and a propyl group, so the compound is methylpropylamine, a secondary amine.

16.1: Classifying Amines is shared under a CC BY-NC-SA 3.0 license and was authored, remixed, and/or curated by LibreTexts.
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16.2: Naming and Drawing Amines

4} Learning Objectives

e Objective 1
e Objective 2

The common names for simple aliphatic amines consist of an alphabetic list of alkyl groups attached to the nitrogen atom, followed
by the suffix -amine. (Systematic names are often used by some chemists.) The amino group (NHj) is named as a substituent in
more complicated amines, such as those that incorporate other functional groups or in which the alkyl groups cannot be simply
named.

v/ Example 16.2.1

Name and classify each compound.
d. CH3CH2CH2NH2
CH,CH,NCH,

b CH,

o CH3CH2NHCH2CH3
o CH3CH,CH;NHCH3
Solution

a. There is only one alkyl group attached to the nitrogen atom, so the amine is primary. A group of three carbon atoms (a propyl
group) is attached to the NH; group through an end carbon atom, so the name is propylamine.

b. There are two methyl groups and one ethyl group on the nitrogen atom. The compound is ethyldimethylamine, a tertiary amine.

c. There are two ethyl groups attached to the nitrogen atom; the amine is secondary, so the compound is diethylamine.

d. The nitrogen atom has a methyl group and a propyl group, so the compound is methylpropylamine, a secondary amine.

? Exercise 16.2.1

Name and classify each compound.
CH,CHNHCH,

a CH,

CH,CH,NCH,CH,

CH

3
[ ]
CH3CH,CH,CH,NH;

CH;CH,CH,NHCH,CH, CH,

v/ Example 16.2.2

Draw the structure for each compound and classify.

a. isopropyldimethylamine
b. dipropylamine

https://chem.libretexts.org/@go/page/381514
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Solution

a. The name indicates that there are an isopropyl group (in red) and two methyl groups (in green) attached to the nitrogen
atom; the amine is tertiary.
CH

=

CH,CHNCH,

CH,

e The name indicates that there are two propyl groups attached to the nitrogen atom; the amine is secondary. (The third bond on
the nitrogen atom goes to a hydrogen atom.) CH3CH,CH,NHCH,CH,CH3

? Exercise 16.2.2

Draw the structure for each compound and classify.

a. ethylisopropylamine
b. diethylpropylamine

The primary amine in which the nitrogen atom is attached directly to a benzene ring has a special name—aniline. Aryl amines are
named as derivatives of aniline.

NH

©/NHZ NH, a

cl |
Aniline M-ct ili 2-Chl

v/ Example 16.2.3

Name this compound.

NH

Br

Solution

The benzene ring with an amino (NHjy) group is aniline. The compound is named as a derivative of aniline: 3-bromoaniline or m-
bromoaniline.

? Exercise 16.2.3

Name this compound.

NH

a

v/ Example 16.2.4

Draw the structure for p-ethylaniline and classify.
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Solution

The compound is a derivative of aniline. It is a primary amine having an ethyl group located para to the amino (NH;) group.

H,N CH,CH,

? Exercise 16.2.4

Draw the structure for p-isopropylaniline and classify.

v/ Example 16.2.5

Draw the structure for 2-amino-3-methylpentane.

Solution

Always start with the parent compound: draw the pentane chain. Then attach a methyl group at the third carbon atom and an
amino group at the second carbon atom.

CH,CH —CHCH,CH,

NH, CH

3

? Exercise 16.2.5

Draw the structure for 2-amino-3-ethyl-1-chloroheptane.

Ammonium (NH,") ions, in which one or more hydrogen atoms are replaced with alkyl groups, are named in a manner analogous
to that used for simple amines. The alkyl groups are named as substituents, and the parent species is regarded as the NH," ion. For
example, CH;NH;" is the methylammonium ion. The ion formed from aniline (CgHsNH3") is called the anilinium ion.

v/ Example 16.2.6

Name each ion.

a. CH3NH;3"
b. (CH3),NH,"
c. (CH3);NH"
d. (CH3),N*

Solution

The ions have one, two, three, and four methyl (CH3) groups attached to a nitrogen atom. Their names are as follows:
a. methylammonium ion
b. dimethylammonium ion
c. trimethylammonium ion
d. tetramethylammonium ion

? Exercise 16.2.6

Name each ion.

a. CH3CH,NH3"

https://chem.libretexts.org/@go/page/381514
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b. (CH3CH»);NH*
C. (CH3CH2CH2)2NH2+
d. (CH3CH,CH,CH,)4N*

Summary

An amine is a derivative of ammonia in which one, two, or all three hydrogen atoms are replaced by hydrocarbon groups. The
amine functional group is as follows:

—NH or NH or - N——

2

Amines are classified as primary, secondary, or tertiary by the number of hydrocarbon groups attached to the nitrogen atom.
Amines are named by naming the alkyl groups attached to the nitrogen atom, followed by the suffix -amine.

16.2: Naming and Drawing Amines is shared under a not declared license and was authored, remixed, and/or curated by LibreTexts.

e 15.10: Amines - Structures and Names by Anonymous is licensed CC BY-NC-SA 4.0. Original source:
https://2012books.lardbucket.org/books/introduction-to-chemistry-general-organic-and-biological.

https://chem.libretexts.org/@go/page/381514


https://libretexts.org/
https://chem.libretexts.org/@go/page/381514?pdf
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Map%3A_Fundamentals_of_General_Organic_and_Biological_Chemistry_(McMurry_et_al.)/16%3A_Amines/16.02%3A_Naming_and_Drawing_Amines
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Map%3A_Fundamentals_of_General_Organic_and_Biological_Chemistry_(McMurry_et_al.)/16%3A_Amines/16.02%3A_Naming_and_Drawing_Amines?no-cache
https://chem.libretexts.org/@go/page/16033
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://2012books.lardbucket.org/books/introduction-to-chemistry-general-organic-and-biological

LibreTextsm
16.3: Properties of Amines

4b Learning Objectives

o Explain why the boiling points of primary and secondary amines are higher than those of alkanes or ethers of similar molar
mass but are lower than those of alcohols.

o Compare the boiling points of tertiary amines with alcohols, alkanes, and ethers of similar molar mass.

o Compare the solubilities in water of amines of five or fewer carbon atoms with the solubilities of comparable alkanes and
alcohols in water.

Primary and secondary amines have hydrogen atoms bonded to an nitrogen atom and are therefore capable of hydrogen bonding
(part (a) of Figure 16.3.1), although not as strongly as alcohol molecules (which have hydrogen atoms bonded to an oxygen atom,
which is more electronegative than nitrogen). These amines boil at higher temperatures than alkanes but at lower temperatures than
alcohols of comparable molar mass. For example, compare the boiling point of methylamine (CH3NH,; —6°C) with those of ethane
(CH3CHs3; —89°C) and methanol (CH30H; 65°C). Tertiary amines have no hydrogen atom bonded to the nitrogen atom and so
cannot participate in intermolecular hydrogen bonding. They have boiling points comparable to those of ethers (Table 16.3.1).

( Hydrogen bonding
Hydrogen bonding
PN ~™ /
cesceclD PN
ﬁ’: b\ - “
ey N
(a) (b)

Figure 16.3.1: Hydrogen Bonding. (a) Amine molecules are associated through hydrogen bonding. (b) An amine molecule can
form a hydrogen bond with water molecules.

Table 16.3.1: Physical Properties of Some Amines and Comparable Oxygen-Containing Compounds

Name Condensed Class Molar Mass Boiling Point (°C) Solubility at 25°C
Structural Formula (g/100 g Water)
butylamine CH3CH,CH,CH,NH, 1° 73 78 miscible
diethylamine (CH3CH,),NH 2° 73 55 miscible
butyl alcohol CH3CH,CH,CH,0H — 74 118 8
dipropylamine (CH;3CH,CH,;),NH 2° 101 111 4
triethylamine (CH3CH,)3N 3° 101 90 14
dipropyl ether (CH3CH,CH,),0 — 102 91 0.25

All three classes of amines can engage in hydrogen bonding with water (Figure 16.3.19. Amines of low molar mass are quite
soluble in water; the borderline of solubility in water is at five or six carbon atoms.

X To Your Health: Amines in Death and Life

Amines have “interesting” odors. The simple ones smell very much like ammonia. Higher aliphatic amines smell like decaying
fish. Or perhaps we should put it the other way around: Decaying fish give off odorous amines. The stench of rotting fish is
due in part to two diamines: putrescine and cadaverine. They arise from the decarboxylation of ornithine and lysine,
respectively, amino acids that are found in animal cells.

HOCH,CH,OH

https://chem.libretexts.org/@go/page/86280
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Aromatic amines generally are quite toxic. They are readily absorbed through the skin, and workers must exercise caution when
handling these compounds. Several aromatic amines, including B-naphthylamine, are potent carcinogens.

NH

2

Key Takeaways

o Primary and secondary amines have higher boiling points than those of alkanes or ethers of similar molar mass because they
can engage in intermolecular hydrogen bonding. Their boiling points are lower than those of alcohols because alcohol
molecules have hydrogen atoms bonded to an oxygen atom, which is more electronegative.

o The boiling points of tertiary amines, which cannot engage in hydrogen bonding because they have no hydrogen atom on the
nitrogen atom, are comparable to those of alkanes and ethers of similar molar mass.

o Because all three classes of amines can engage in hydrogen bonding with water, amines of low molar mass are quite soluble in
water.

Concept Review Exercises

1. Which compound has the higher boiling point, CH;CH,CH,CH,CH,NH; or CH3CH,CH,CH,CH,CH3? Explain.
2. Which compound is more soluble in water, CH;CH,CH,CH,CH; or CH;CH,NHCH,CH;? Explain.

Answers

1. CH3CH,CH,CH,CH,;NH;  because the nitrogen-to-hydrogen (N-H) bonds can engage in hydrogen bonding;
CH3CH,CH,CH;,CH,CHj3; cannot engage in hydrogen bonding

2. CH3CH,NHCH,CHj3; because amines can engage in hydrogen bonding with water; alkanes cannot engage in hydrogen bonding

Exercises
1. Which compound of each pair has the higher boiling point? Explain.

a. butylamine or pentane
b. CH3NH, or CH;CH,CH,CH,CH,NH,

2. Which compound of each pair has the higher boiling point? Explain.

a. butylamine or butyl alcohol
b. trimethylamine or propylamine

3. Which compound is more soluble in water—CH;CH,CH; or CH;CH,NH,? Explain.
4. Which compound is more soluble in water—CH3CH,CH,NH; or CH3CH,CH,CH,CH>CH,NH,? Explain.

Answers

1. a. butylamine because the N—H bonds can engage in hydrogen bonding; pentane cannot engage in hydrogen bonding
b. CH3CH,CH,CH,CH,NH; because it has a greater molar mass than CH3NH,

3. CH3CH,NH, because amines can engage in hydrogen bonding with water; alkanes cannot engage in hydrogen bonding

16.3: Properties of Amines is shared under a CC BY-NC-SA 3.0 license and was authored, remixed, and/or curated by LibreTexts.
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16.4: Heterocyclic Nitrogen Compounds

4} Learning Objectives

e Objective 1
e Objective 2

Heterocyclic Amines

Looking back at the various cyclic hydrocarbons discussed previously, we see that all the atoms in the rings of these compounds are
carbon atoms. In other cyclic compounds, called heterocyclic compounds (Greek heteros, meaning “other”), nitrogen, oxygen,
sulfur, or some other atom is incorporated in the ring. Many heterocyclic compounds are important in medicine and biochemistry.
Some compose part of the structure of the nucleic acids, which in turn compose the genetic material of cells and direct protein

synthesis.

Many heterocyclic amines occur naturally in plants. Like other amines, these compounds are basic. Such a compound is an
alkaloid, a name that means “like alkalis.” Many alkaloids are physiologically active, including the familiar drugs caffeine,

nicotine, and cocaine.

X To Your Health: Three Well-Known Alkaloids

Caffeine is a stimulant found in coffee, tea, and some soft drinks. Its mechanism of action is not well understood, but it is
thought to block the activity of adenosine, a heterocyclic base that acts as a neurotransmitter, a substance that carries messages
across a tiny gap (synapse) from one nerve cell (neuron) to another cell. The effective dose of caffeine is about 200 mg,

corresponding to about two cups of strong coffee or tea.
O
/C H,
CH
N N ‘ N>
O)\ N N
CH,

Caffeine

Nicotine acts as a stimulant by a different mechanism; it probably mimics the action of the neurotransmitter acetylcholine. People
ingest this drug by smoking or chewing tobacco. Its stimulant effect seems transient, as this initial response is followed by
depression. Nicotine is highly toxic to animals. It is especially deadly when injected; the lethal dose for a human is estimated to be
about 50 mg. Nicotine has also been used in agriculture as a contact insecticide.

https://chem.libretexts.org/@go/page/86281
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\

Nicotine

Cocaine acts as a stimulant by preventing nerve cells from taking up dopamine, another neurotransmitter, from the synapse. High
levels of dopamine are therefore available to stimulate the pleasure centers of the brain. The enhancement of dopamine action is
thought to be responsible for cocaine’s “high” and its addictive properties. After the binge, dopamine is depleted in less than an
hour. This leaves the user in a pleasureless state and (often) craving more cocaine.

O

Cocaine

Cocaine is used as the salt cocaine hydrochloride and in the form of broken lumps of the free (unneutralized) base, which is called
crack cocaine.

C,H,ON + HCl —— C_H, O,NH"CI-

1721 1721

Cocaine - :
Cocaine hydrochloride

(freebase) 4

Because it is soluble in water, cocaine hydrochloride is readily absorbed through the watery mucous membranes of the nose when it
is snorted. Crack cocaine is more volatile than cocaine hydrochloride. It vaporizes at the temperature of a burning cigarette. When
smoked, cocaine reaches the brain in 15 s.

Summary

Amines are bases; they react with acids to form salts. Salts of aniline are properly named as anilinium compounds, but an older
system is used to name drugs: the salts of amine drugs and hydrochloric acid are called “hydrochlorides.” Heterocyclic amines are
cyclic compounds with one or more nitrogen atoms in the ring.

16.4: Heterocyclic Nitrogen Compounds is shared under a CC BY-NC-SA 3.0 license and was authored, remixed, and/or curated by LibreTexts.
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16.5: Basicity of Amines

4b Learning Objectives

o Name the typical reactions that take place with amines.
e Describe heterocyclic amines.

Recall that ammonia (NH3) acts as a base because the nitrogen atom has a lone pair of electrons that can accept a proton. Amines
also have a lone electron pair on their nitrogen atoms and can accept a proton from water to form substituted ammonium (NH4")
ions and hydroxide (OH") ions:

H +

R—N—R + HO == |R—N—R| + OH

R R

As a specific example, methylamine reacts with water to form the methylammonium ion and the OH™ ion.

CH,NH,(aq) + H,O == CH)NH,*(ag) + OH(aq)

Methylammonium
ion

Methylamine

Nearly all amines, including those that are not very soluble in water, will react with strong acids to form salts soluble in water.
CH,(CH,)NH,() + HNO, (ag) —> CH,(CH,),NH,"NO," (aq)

Octylamine Octylammonium nitrate
(insoluble) (soluble)

Amine salts are named like other salts: the name of the cation is followed by the name of the anion.

v/ Example 16.5.1

What are the formulas of the acid and base that react to form [CH;NH,CH,CH3]*CH3COO?

Solution

The cation has two groups—methyl and ethyl—attached to the nitrogen atom. It comes from ethylmethylamine
(CH3NHCH,CH3s). The anion is the acetate ion. It comes from acetic acid (CH3COOH).

? Exercise 16.5.1

What are the formulas of the acid and base that react to form (CH3;CH,CH,)sNH T ?

X To Your Health: Amine Salts as Drugs

Salts of aniline are properly named as anilinium compounds, but an older system, still in use for naming drugs, identifies the
salt of aniline and hydrochloric acid as “aniline hydrochloride.” These compounds are ionic—they are salts—and the
properties of the compounds (solubility, for example) are those characteristic of salts. Many drugs that are amines are
converted to hydrochloride salts to increase their solubility in aqueous solution.

16.5: Basicity of Amines is shared under a CC BY-NC-SA 3.0 license and was authored, remixed, and/or curated by LibreTexts.
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16.6: Amine Salts
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16.7: Amines in Plants- Alkaloids

4} Learning Objectives

e Objective 1
e Objective 2

Addictive Alkaloids

Since ancient times, plants have been used for medicinal purposes. One class of substances, called alkaloids, found in many of
these plants has been isolated and found to contain cyclic molecules with an amine functional group. These amines are bases. They
can react with H;O" in a dilute acid to form an ammonium salt, and this property is used to extract them from the plant:

R;N+H,0" +ClI” — [R,NH']CI” +H,0

The name alkaloid means “like an alkali.” Thus, an alkaloid reacts with acid. The free compound can be recovered after extraction
by reaction with a base:

[R,NH*]Cl" + OH  — Ry;N+H,0+CI”

The structures of many naturally occurring alkaloids have profound physiological and psychotropic effects in humans. Examples of
these drugs include nicotine, morphine, codeine, and heroin. The plant produces these substances, collectively called secondary
plant compounds, as chemical defenses against the numerous pests that attempt to feed on the plant:

CH3 CHs
codeine heroin

Figure 16.7.3).

e , ¥ ¥
Figure 16.7.3: Poppies can be used in the production of opium, a plant latex that contains morphine from which other opiates, such
as heroin, can be synthesized. (credit: Karen Roe)
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