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3.12: AMINES - CLASSIFICATION AND NOMENCLATURE

learning objectives

o classify amines as primary, secondary, tertiary, quaternary, or heterocyclic
o name amines using IUPAC (systematic) and selected common name nomenclature
o draw the structure of amines from IUPAC (systematic) and selected common names

Amine bases are classified according to the number of alkyl or aryl groups attached to nitrogen. Amines are classified differently from alkyl
halides and alcohols because nitrogen has a neutral bonding pattern of three bonds with a single lone pair. To classify amines, we look at the
nitrogen atom of the amine and count the number of alkyl groups bonded to it. This number is the classification of the amine.

The lone pair can react to create a

fourth bond to nitrogen creating a
quaternary amine.
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Amine classification is determined by the
number of alkyl groups bonded to the nitrogen.
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RNH, E.NH RN RyMNX
primary secondary tartiary quaternarny
aming aming amine ammonium salt

There are two additional classifications of amines. When the nitrogen is double bonded to carbon, then it is call am imine. When nitrogen is
part of a ring that includes double bonds, then it is classified as heterocyclic, as seen in the aromatic nitrogen bases shown below.
R;C=NH R,C=NR

mines {Schiff bases)

aromatic nitrogen bases

Nomenclature

Amines are derivatives of ammonia in which one or more of the hydrogens has been replaced by an alkyl or aryl group. Amino compounds
can be named either as derivatives of ammonia or as amino-substituted compounds:

HOCH,CH,NH, 2-hydroxyethanamine (2-hydroxyethylamine) or
2-aminoethanol (preferred becanse —OH takes
precedence over —NHy; Section 7-1A)

The nomenclature of amines is further complicated by the fact that several different nomenclature systems exist, and there is no clear
preference for one over the others. The four compounds shown in the top row of the following diagram are all C4H11N isomers. The first
two are classified as 1°-amines, since only one alkyl group is bonded to the nitrogen; however, the alkyl group is primary in the first
example and tertiary in the second. The third and fourth compounds in the row are 2° and 3°-amines respectively. The bottom row shows the
structures for some common amines that need to be memorized.
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a 1% amine
IUPAC name 1-aminobutane
CA name butanamine

Commaon name | n-butylamine
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aniline
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CH3

a 1% amine
2-amino-2-methylpropane

2-methyl-2-propanamine
tert-butylamine

piperidine pyriding

Hz
2z C_.. .CH
Heg-ﬁc/lx,N/ 3
Bz L

a 2% amine
1-methylaminopropane
M-methylpropanamine
methylpropylamine

pyrimiding pyrrolidine

/CH3
H3C—CH2—N\:
CHz
a 3% amine
dirmethylaminoethane
,M-dimethylethanaming
ethyldimethylamine

H H

pyrrole imidazole

e The Chemical Abstract Service has adopted a nomenclature system in which the suffix -amine is attached to the root alkyl name. For 1°-
amines such as butanamine (first example) this is analogous to IUPAC alcohol nomenclature (-ol suffix). The additional nitrogen
substituents in 2° and 3°-amines are designated by the prefix N- before the group name. These CA names are colored magenta in the

diagram.

e Finally, a common system for simple amines names each alkyl substituent on nitrogen in alphabetical order, followed by the suffix -
amine. These are the names given in the last row (colored black).

To be consistent and logical in naming amines as substituted ammonias, they strictly should be called alkanamines and arenamines,
according to the nature of the hydrocarbon grouping. Unfortunately, the term alkylamine is used very commonly in place of alkanamine,
while a host of trivial names are used for arenamines. We shall try to indicate both the trivial and the systematic names where possible.
Some typical amines, their names, and their physical properties are listed in he Table below. The completely systematic names give in the
Table illustrate the difficulty one gets into by using completely systematic names, and why simpler but less systematic names continue to be
used for common compounds. A good example is N,N-dibutylbutamine versus tributylamine. The special ways of naming heterocyclic
amines can be referenced in the appendix of this chapter.

Common Amines and Their Properties
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Many biologically important compounds are amines. Alkaloids are amines synthesized by plants to protect them from being eaten. Humans
primarily use alkaloids medicinally as pain killers. All alkaloids are toxic and addictive. The Greeks killed Socrates with (S)-coniine. Mild

Water
Bp, Mg, solubility, Ky
Amine Mame "C “C g/ 400 mi In water* Pk,
MH, ammenia —33 =777 ace 1.8 = 107% 9.26
CH;MH; methanamine —=65 =925 1156 4.4 %10 10.64
{mathylamine)
CHyCH;NH, ethanaming 16.6 BOE = 56 % 104 10.75
[ethylamine)
{CH3);CNH, 1.1-dimethylethanamine 46 —&75 = 28 = 107 1045
(fert-butylamineg)
{CHyCHglMNH MN-gthylethanaming 555 —&0 w. sal. 9.6 % 10~ 10.88
{diathylaming)
{CH;CHg):M NN-digthylethanamine BEs —-115 1.5™ 44 = 10 10.64
{triethylamine)
(CHLCH,CHLCH, )M M N-dibutyl butanaming 214 s, sol,
{tributylaming)
"
f; ‘NH azacyclohexana 106 -4 = 16 = 10-2 1120
L I
\ ; (pipariding)
/ \‘l\N arabanzana 115 —d42 -] 1.7 = 107% 523
. (pyriding)
{ J—NH, cyclahexanamine 134 —18 &l sol. 4.4 % 107° 10.64
Fra—"
(i,-f' " benzenamine 164.4 —6.2 342 3.8 = 10 4.58
—MH; .
— (aniline)
HaMNCHGHLMH, 1.2-ethanediamine 116 B85 =ol BS x 108 293

[ethylanediamineg)

"Usually at 20-25°

®The pK, values refer to the dissociation of the conjupate acid ANH,®

K,
+ HaO == RMH, + H,0%, whare pi, = —log K, = 14 + log K. (see Sections 8-1 and 23-7).

Alkaloids

cases of alkaloid poisoning produce psychological effects resembling peacefulness, euphoria or hallucinations.

(Nj""‘*f/\cria

Ammonium Salts

A nitrogen bonded to four alkyl groups will necessarily be positively charged, and is called a 4°-ammonium cation. For example,
(CH3)4N(+) Br) is tetramethylammonium bromide. Salts of amines with inorganic or organic acids are named as substituted ammonium

H

(S)-coniine

salts, except when the nitrogen is part of a ring system. Examples are
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@9 | o . @ 9
CH,NH, CI CH2=CH-—CHE-—I\|I‘—’—CH3 0,CCH, CH, NH,NO,
CH;
methylammanium 2-propanyldimethylammonium ethanoata A-methylazoniacycla-
chlonde hexane nitrate?

I Note the use of azonia to denote the cationic nitrogen in the ring, whereas aza is used for neutral nitrogen.

Perhaps the most noteworthy aspect of ammonium salts is that they have low odor and are water soluble. These qualities are explored more
fully in the amine chapter

Heterocyclic Amine Nomenclature

Heterocyclic amines are amines in which the nitrogen is part of a ring that contains at least one double bond. Many aromatic and
heterocyclic amines are known by unique common names, the origins of which are often unknown to the chemists that use them frequently.
Since these names are not based on a rational system, it is necessary to memorize them. There is a systematic nomenclature of heterocyclic
compounds, but it will not be discussed here. For further details, refer to the appendix of this chapter for the full TUPAC rules of organic
compound nomenclature.

Exercise

1. Draw the bond-line structure for each compound and write the condensed structural formula for parts (a) & (d) - (g).
a) 3-bromo-pentan-2-amine
b) cyclopentanamine
c) trans-3-ethylcyclohexanamine
d) sec-butyl tert-butyl amine
e) N,N-dimethyl-3-pentanamine
f) 4-methyl-2-hexanamine
g) 6-bromo-4-amino-2-heptanol
2. Give the IUPAC name and condensed structural formula for each compound.
a) e AHz

NHCH ,CH 5

DRSS

d) |\N /\)\/\C|
|
Cl
o AL
HO CH,CH

5
7 \on

Answer
1.
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a)

b)

c)

d)

a) N/M/NHZ
butan-1-amine

b)

NHCH 5CH4
N-ethyl-6-methylheptan-3-amine

o pn~-OH

2-aminoethan-1-ol

d} I\T/\/L/\m

5-chloro-N-ethyl-N,3-dimethylpentan-1-amine

Cl
o T
HO CHCH4

2-chloro-5-ethylcyclohexan-1-ol

\
M —
7 o

CONTRIBUTORS AND ATTRIBUTIONS

O/NHZ
O/NHZ
-
\
~
NH3
e) )\)V\

NHa

CH 2CH,CHBICH(NH ,)CH 5

CHACH5CHIN(CH 3)5)CH,CH 4

CH 3CHBICH ,CH{NH 5)CH,CH{OH)CH

Condensed Structural Formulas

CH3CH5CH4CHoNH 5

CHLCH5CH{NH 3)CH 5CH ;CHICH 4)5

NH ,CH,CH,0H

CH 3CH 3N(CH 3)CH 2CH ,CH(CH 3)CH ;CH ,Cl

not applicable

(CH 3)oNCH 5CH50H

CHLCH{MH 5)CH3CH(CH 3)CH ;CH5CH 4
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