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Amines



Learning Objectives

By the end of this chapter the student will know:

« Structure and Classification of amines
Nomenclature of amines

Physical Properties of amines
Preparation of amines

Reaction of amines



Structure and Classification of Amines

Amines are organic derivatives of ammonia in which one or more hydrogens are replaced with alkyl
or aryl groups.

It has high degree of biological activity, many amines are used as drugs and medicines.

Amines are classified as primary, secondary, or tertiary, depending on the number of carbon atoms
bonded directly to nitrogen.

In a heterocyclic amine, the nitrogen atom is part of an aliphatic or aromatic ring.
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R" ammonia primary amine secondary amine tertiary amine quaternary



Nomenclature of Amines

Common names are formed from the names of the alkyl groups bonded to nitrogen, followed by the suffix -amine.
The prefixes dfF-, tri-, and tetra- are used to describe two, three, or four identical substituents.

The IUPAC system, the amino group, -NH,, is named as a substituent.

In this system, secondary or tertiary amines are named by using a prefix that includes all but the longest carbon
chain.

Recently, Chemical Abstracts (CA) introduced a system for naming amines that is rational and easy to use. In this
system, amines are named as a/kanamines, the -e ending in the alkane name is changed to -armi/ne, and a number
shows the position of the amino group along the chain.

Other substituents on the carbon chain are given numbers, and the prefix A~ is used for each substituent on nitrogen



1 2 3 4 5
CH,CHCH,CH,CH;, Q S
CH,CH,NH, r!JHQ °

[UPAC name: aeTr:Qr?:::ﬁ]nee 2-aminopent_ane aminocydohex-ane cis—l,S-diaminocyclobutane
thvlami 2-pentanamine cyclohexanamine cis-cyclobutane-1,3-diamine
Common name: cthylamine sec-butylamine cyclohexylamine 1,3-cyclohexyldiamine
CH,CH, L
(CH;CH,),NH (:Hﬂll i, CHsNHCH,CH,CH; (CH;CH,);N
1-(ethylamino)ethane ‘ : -(di '
/\(/-etizlylethan;mine 1-(ethylmethylamino)propane 1-(methylamino)propane L-(diethylaminojethane
diethvlamine N-ethyl- N-methyl-1-propanamine N-methyl-1-propanamine N, N-diethylethanamine
y Ethylmethylpropylamine methylpropylamine triethylamine
CH. CH
5\ / 3
N
NH, O
s 32 1 12 3lla s 2 1
CH,CHCH,CO,H H,NCH,CH,CCH,CHj CH,;NHCH,CH,0H
1-(dimethylamino)cyclohexane 3-aminobutanoic acid 1-amino-3-pentanone 2-(methylamino)ethanol

N, N-dimethylcyclohexanamine 2-(N-methylamino)ethanol

cyclohexyldimethylamine



Nomenclature of Amines

Aromatic amines are named as derivatives of aniline. In the CA system, aniline is called

benzenamine; these CA names are shown in parentheses.

NH,

Aniline
benzenamine

NHCH,

N-Methylaniline

NH,

Br
4-bromoaniline
p-bromoaniline

N(CH3),

N, N-dimethylaniline

NH,

CH,
4-methylaniline
p-Toluidine

NHCH;

CH;

N-methyl-3-methylaniline
N-methyl-m-toluidine

NH,

OCH,
4-methoxyaniline
p-Anisidine



Physical Properties of Amines

Solubility

 All three classes of amines can form hydrogen bonds with the -OH group of water (that is, O-H- - -N).
« Primary and secondary amines can also form hydrogen bonds with the oxygen atom in water: N-H- - -O. Thus,
most simple amines with up to five or six carbon atoms are either completely or appreciably soluble in water.

Boiling point

« Amines are moderately polar substances; they boil well above alkanes with comparable molecular weights, but
below comparable alcohols.

* Intermolecular N-H- - -N hydrogen bonds are important and raise the boiling points of primary and secondary
amines but are not as strong as the O-H- - -O bonds of alcohols. The reason for this is that nitrogen is not as
electronegative as oxygen.

* Molecules of tertiary amines cannot form hydrogen bonds to each other, as a result, tertiary amines generally
boil at lower temperatures than primary and secondary amines of comparable molecular weight.

CHqCHzCHq C[—I,KCI—{zf\”—l2 CH,;CHon CH}CHQCHQNHZ CH’;CHQNHCH?, (CH;)’;N
Propane Ethylamine Ethanol Propylamine N-Methylethylamine Trimethylamine
bp —42°C bp 17°C bp 78°C (a primary amine) (a secondary amine) (a tertiary amine)

bp 50°C bp 34°C bp 3°C



Physical Properties of Amines

Basicity of Amines: Amine Salts

« The unshared pair of electrons on the nitrogen atom dominates the chemistry of amines. Because of this

electron pair, amines are both basic and nucleophilic. Agueous solutions of amines are basic because of the
following equilibrium:

\ " I"'. \. \ .
/N +H—OH — (N"—H + 7:0H

amine ammonium hydroxide
ion ion

« Amines are relatively weak bases. Most are stronger bases than water but are far weaker bases than hydroxide
ions, alkoxide ions, and alkanide anions.

« Alkylamines are approximately 10 times as basic as ammonia. Recall that alkyl groups are electron-donating
relative to hydrogen.

« Aromatic amines less basic than aliphatic amines.
» Electron-donating groups increase the basicity of amines, and electron-withdrawing groups decrease their basicity.

NH, NH, NH, NH,
CH, NO,



Preparation of Amines

1- Reduction of nitro compounds

i 3 H,, Ni catalyst
1. SnCl,, HCI 1. SnCl,,HCI

2. NaOH, HZO p—nitrotoluene 2. NaOH,Hzo p—toluidine
) ) ; H. _H
2- Reductive Amination of Aldehydes and Ketones - N
IE— 1 1° Amine
" R \'R
H
N - . —H,0 I\ ** | NaBH,CN Y H R
C=0:+ RNH, - C=NR| ————= H—C—NHR o . N
/ / | H L 2° Amine
R/ . R’ [H] R R
aldehyde primary imine secondary H
or ketone amine amine Aldehyde
or R” R
ketone . ‘N
(TRNR 3° Amine
@) (H] R R
N7 (1) (CH.),NH /CH3 H
H (1) CH,CHNH, I 0O —— N
> (2) NaBH,CN N
(2) LiBH.CN H CH,
N-Benzylethanamine Cyclohexanone N,N-Dimethylcyclohexanamine
Benzaldehyde (89%) (52-54%)



Preparation of Amines

3- Hydride Reduction of Amides and Nitriles

H
. (1) LiAIH,, EL,O | ] -
A (2) H,0 ! H\"/NNH 1° Amine
O
)I _H g :“2)'”4' ELO H/\“"“N’"H
’ 'Tl 2 F|1 1° Amine
H
] R
(1) LiAIH,, Et,0 A
HJ “nT @R R™ N~ 2°Amine
| H
H

O
. (1) LiAIH,, ELO A~ -R
J _R 2)H.0 R N 3° Amine

©/\CN

2-Phenylethanenitrile

() LIAH, |
@H0

(1) LIAIH,

(2) H,0

N-Methylacetanilide

S

2-Phenylethanamine

o
S

N-Ethyl-N-methylaniline
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Preparation of Amines

4- Alkylation of Ammonia and amines

R—Br + NH, — RNH,*Br + R,NH,*Br- + R,NH*Br- + R,N*Br-
lOH

RNH, + RRNH + R,N + R,N*OH"
(A mixture of products results.)

(R = a 1° alkyl group)
NHCH; N(CHj),

NH,
(j CH,I CH,I

aniline N-methylaniline N,N-dimethylaniline

_'_
QCHzNHz + 3CHsl — QCHZN(CH3)3 I

(Cyclohexylmethyl)- Methyl (CyclohexylmethyDtrimethyl-
amine iodide ammonium iodide (99%)
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Preparation of Amines

5- Preparation of Primary Amines through the Hofmann and Curtius Rearrangement

Hofmann Rearrangement

O

]
C + Br, + 4NaOH 2%, R—NH, + 2NaBr + Na,CO, + 2H,0

R™  "NH,
o) NH»
H,O
NH,

Curtius Rearrangement Aniline

.‘O‘.
LS et o il MO Rin 4 co
Fl‘/ ‘\@: (—NaCl) FI/GEISFJEN: (—N,) - 2
Acyl chloride Acyl azide Isocyanate Amine

O

NH
Cl NaN, ~ HO 2
heat
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Reactions of Amines

1- Acid—Base Reactions H
TN Oy |Jr
R—I\IJ—R' +H—A—> H—ri.I—H' A-
H.’I RH

(R, R’, and/or R” may be alkyl, H, or Ar)

H NH,
. |
CH;CH,NH, + HI — CH;CH,N*—H I~
+ HO =—=
H
ethylamine ethylammonium iodide aniline

2- Alkylation of Amines: Quaternary Ammonium Salts (Amines as Nucleophiles)

RN + R'X — R;N—R' X™

] _
(CH3CH2)3N + _(;l —_— (CH3CH2)3NCH2 + Cl

triethylamine
benzyltriethylammonium chloride

benzyl chloride

+
NH,

amine salt

Cl™
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Reactions of Amines

3- Acylation of Amines with Acid Derivatives (Amines as Nucleophiles)

o]
H 1 0 R Jl o
H—I‘!l—H u, )J\ _R 4+ cI | R"” ~Cl JL R _
base R T R—N—H “base R” N e + CI
H A f
CH, CH,
O

0
I NaOH | N
C—Cl + (CH,CH,),NH O, C—N(CH,CH,), + Na*Cl~ + H,0

N,N-diethyl-m-toluamide

m-toluyl diethylamine
(the insect repellent OFF®)

chloride

N I
CH,COCCH, + H@J—@ — CHac—NH—Q + CH,CO,H

acetic anhydride aniline acetanilide
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Reactions of Amines

4- Reactions with Nitrous Acid
Na*NO,~ + H*Clm &% H—0—N=0: + Na*Cl"

sodium nitrite nitrous acid

* Primary aliphatic amines react with nitrous acid through a reaction called diazotization to yield highly

unstable aliphatic diazonium salt.

(HONO) -
R—NH, + HCl + NaNo, b [R—@J:N: X| +NaX +2H,0
1° Aliphatic Aliphatic diazonium salt
amine (highly unstable)
A*A

Ar—NH; + HCl + NaNO, 53 Ar—N=N: X + NaX + 2H,0

Primary arylamine *" Arenediazonium salt
(stable if kept
below 5°C)

@—NHZ + HONO + H*Cl™ o ®N2+Cl‘ 42 1,0
solution

aniline nitrous benzenediazonium
acid chloride
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Reactions of Amines

4- Reactions with Nitrous Acid
« Secondary amines react with nitrous acid to yield N-nitrosoamines.

(CH)NH + HCl + NaNo, 5L (CH,)N—Ri—0
2
Dimethylamine N-Nitrosodimethylamine
(a yellow oil)
M /Nzo
. HONO .
QN\ + HCl + Nano, L QN\
CH, i CH,
N-Methylaniline N-Nitroso-N-methylaniline
(87-93%)

(a yellow oil)
« Tertiary aliphatic amine react with nitrous acid to form the tertiary amine salt and N-nitrosoammonium compound.

« Tertiary arylamines react with nitrous acid to form C-nitroso aromatic compounds.

2RN: + HX + NaNO, = RsNHX + RsN—N=0X"

Tertiary aliphatic Amine salt N-Nitrosoammonium
amine compound
CH, CHj;
N N\ - ..
/N + HCI + NaNO, —)HPO, 3°C /N N=—O
CH,4 CH,4

16
p-Nitroso-N,N-dimethylaniline



Reactions of Amines

5- Syntheses Using Diazonium Salts

CN Cl
Cu,0,Cu?',H.,0O
: “—  Ar—OH
CuCl . o KCN HCl
> Ar—Cl H CuZ(N Cucl, OH
CuBr
Ar_Br H3P02

HONO + CuCN
AF—NHE m" AF—N2 Ar—CN I KI HBr Br
Arenediazonium Cu,Br,

salt L Ar—I1 -
heat“
(1) HBF, -
(2) heat > Ar—F
F
H,PO,, H,0 Ar—H

6- Diazo Coupling; Azo Dyes

Benzenediazonium Phenol 0° p-(Phenylazo)phenol
Q=—NR, or —OH An azo compound chloride (orange solid)
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