


Amines

An amine, derivatives of ammonia NH,
has the general formula
RNH, , R,NH, or R;N,

where R is any alkyl or aryl group. For example:

R—N-—H R—Elil—H R—Ei&—R”
H R’ R
primary amine secondary amine tertiary amine
1° RNH, 2° R,NH 39 R3N
D
R—IIJ—R
Rr

quaternary ammonium salt
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HO
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Adernalin
Hormone

Tramadol

HO ﬁ/\/HHE
HO ™ F

Dopamine

Morphin



Nomenclature

+** Aliphatic amines are named by naming the alkyl group or
groups attached to nitrogen, and following these by the word

CH, IiI (ll‘Hg,
CH; I——CH; CH;CH,—N—CH; CH;—N—CHCH,CH;
NH; H3
tert-Butylamine Methylethylamine Dimethyl-sec-butylamine

1°) (2°) 3°)



IUPAC Name

+** prefixing amino- (or N-methylamina-,
N,N-diethylamino-, etc.) to the name of the parent chain.

H,NCH,CH,CH,COOH

y-Aminobutyric acid
(1°)

EX's
CH3CH,CH>,—NH;

l-aminopropane
propylamine

H
|
H,NCH,CH,0H CH J—N——*C‘H(CHQhCH 3
2-Aminoethanol
(Et;::: :;ma::::) €
: 2-(N-Methylamino)heptane
() (2°)
1
CHs
4 3 2 1 | 3
CHy—CHz~CH—CHs CH3—N—"CH—CH;
NH—CH,CHs CH
2-(Methylamino)butane 2-(N.M-dimethylamino)propane

sec-butylethylamine isopropyldimethylamine



’0

X are generally named as derivatives of the
simplest aromatic amine, aniline.

(lf H;
NH; N—C,Hs
0" ©
Br
2,4, 6-Tribromoaniline N-Methyl-N-ethylaniline
(1° 39
N(CH3); CHj
NO NH,
p-Nitroso-N,N-dimethylaniline p-Toluidine

(3" (1°



+*» Salts of amines are generally named by replacing -amine by
-ammonium (or -aniline by -anilinium), and adding the name
of the anion (chloride, nitrate, sulfate, etc.).

(CszNH3+)zSO4" - (CH;);NH+N03d C6H5NH3+CI'

Ethylammonium Trimethylammonium Anilinium
sulfate nitrate chloride



Physical properties of amines

** Amines are polar compounds and, except for tertiary amines,
can form intermolecular H. B.

| i
A H—N—R
A R
R—N----H=N—H-=N—R RN N—R
H H b
19 amines 2% amines

** Amines have higher b. p. than non-polar compounds of the
same molecular weight, but lower b. p. than alcohols or
carboxylic acids.



** Amines of all three classes (1°, 2° and 3°) are capable of
forming hydrogen bonds with water. As a result, smaller
amines are quite soluble in water

hydrogen bond

EHgl O-H

| & |

GHa-Wg gk
| k
CHs

** Aromatic amines are generally very toxic; they are readily
absorbed through the skin, often with fatal results.

** Aromatic amines are very easily oxidized by air, and
although most are colorless when pure.



Salts of amines

» Aliphatic amines are about as basic as ammonia; aromatic
amines are considerably less basic. WHY?

» The basicity is rank as following:

Hydroxide ion (OH") or ethoxide ion (EtO")»» amines »

alcohols, ethers and esters »» water

» Aqueous mineral acids or carboxylic acids readily convert

amines into their salts; readily
converts the salts back into the :
RNH, RNH;*
1° amine salt
RzNH .-....-..._.;.H'l. RZNH2+
2° amine “OH - salt
R;N R;NH*
3? amin salt
Insoluble Soluble

in water in water



Stereochemistry of nitrogen

Is 25 2p
N ® @ O 0 06 .o
- | sp® Hybridization
; |
s spd
: . ~ 7 N{"“H
N @ ® © O © :
sp3 hybridization (Tetrahydral)
If N carries three different groups, |
it is chiral and exist in two R P i H _R
enantiomeric forms | and II. \/N@ @N\/
H4C CH,

mirror



Preparation of amines

1. Reduction of nitro compounds.

ATNO; metzal, H+ ; or H2, catalyst ArNH, Chiefly for
or = or aromatic amines
RNO, RNH,
Nitro compound 1° amine
xamples:
COOC3Hs COOC2Hs
H, Pt

NO, NH;

Ethyl p-nitrobenzoate  Ethyl p-aminobenzoate



In the acidic solution, the amine is obtained as its : the free
amine is liberated by the addition of base.

H; Hj Hj
Sn, HCI OH - _
Tt —— + SnOj

NO; NH;3+)28nClg™~ NH,
p-Nitrotoluene p-Toluidine



2. Reaction of halides with ammonia or amines
(ammonolysis of halides)

NH; RNH; > R,;NH 2y
1° amine 2° amine :

v

» R3N -EL RyJN*X"

3° amine  Quaternary
ammonium salt

@)



Examples:

CH;COOH <> CH;COOH = (IZH ,COO-NH,*+ 255 (}ZHzCOOH (or (Iznzcoo-)
NH, NH; *NH;
Acetic Chloroacetic Aminoacetic acid
acid acid (Glycine; an amino acid)

(1°)

@cu;en M, @CH,NH, oo @cu,—-N—-CH,

Benzyl chloride Benzylamine Benzyldimethylamine
(1) (3°)



Ammonolysis of halides belongs to the class of reactions that
we have called nucleophilic substitution. The organic halide is
attacked by the nucleophilic ammonia molecule

/\ \@ + X )

_M_H + R—CHy—X —» —N-CH;—R » —N—CH,—R + H-X
\ vt \

L)




3. Reductive amination.
Reduction of aldehydes RCHO and ketones R,CO in the
presence of ammonia or amine.

\ HI . Ni \ o -
/M + NH,; =g /CH—NH: 1° amine
+ RNH o W \CH—-—NHR 2° amine
2 orNaBHCN
Hj, Ni N o s
+ R,NH m /CH-—-NR; 3° amine
Examples:

CH;—C—CH; + NH; + H, —» CH;—CH—CH;

|
NH,

Acetone Isopropylamine

(1°)



Reaction involves reduction of an intermediate compound (an
imine, RCH=NH or R,C=NH) that contains a carbon-nitrogen
double bond, which then undergoes reduction process by
sodium cyanohydridoborate to form amine compound.

H

|
R"‘C-’~ 0 ~{- NHJ
An aldebydc

RJ‘

I
R—C=-0 + NH,
A ketone

——

e

R-—- C--—-NH

pr—

Ili 7

An imine

l?. !
R—C—=NH

An imine

H;.NI

or NuBH,CN

Hs, Ni

’-

e
or NuBH,UCN

H

|
R—-—(f——N H,
H

A 1° amine
]lll
R—C—NH,

|
H

A 1° amine



4. Reduction of nitriles.

RC=N Zu.catt_ o CH,NH,
Nitrile 1° amine

O)cHcl 5 @CH;CN e @cn;cmmz

Benzyl chloride Phenylacetonitrile A-Phenylethylamine
(Benzyl cyanide) (1°)

Synthesis via reduction of nitriles has the special feature of
increasing the length of a carbon chain, producing a primary
amine that has one more carbon atom than the alkyl halide
from which the nitrile was made.



5. Hofmann degradation of amides using potassium
hypobromite KOBr.

RCONH; or ArCONH, 22", RNH, or ArNH, + CO;~-

Amide 1° amine
Examples:
CH(CH,),CONH, —22* ., CH,(CH,)NH,
Caproamide n-Pentylamine
(Hexanamide)
@CONH; KOBr @NH;
—_—
Br Br

m-Bromobenzamide m-Bromoaniline



The Hofmann degradation of amides has the feature of
decreasing the length of a carbon chain by one carbon atom;
it is also of interest as an example of an important class of
reactions involving rearrangement.



O &

v V/
KMnOy C: SOCl, Rcf) NH, RC< OB , BNH,

OH Cl NH;,

RN, RCH,C=N 225 RCH,CH,NH,
RCH,0H +-> RCH,Br —
Rt > RCH,NH,

KiCu0 o0 NH, H, M > RCH,NH,

Lower
carbon_
number

Higher
carbon
number

Same
carbon
number

Same
carbon
number



1- Halogenation of an amide to yield N-haloamide.

2- Abstraction of a hydrogen ion by OH- to give unstable salt.

O]

0
R% + OH — R4<a +  H0
N—Br

III—Br
H

3- Separation of a halide ion, which leaves behind electron-
deficient nitrogen atom.

O

@)
R éf > R 42 + Br
N—Br

N



4- Rearrangement occurs to yield isocyanate compound.
0

Q{ —» R—N=C=0O
\V .

N

5- Hydrolysis of an isocyanate to form an amine and carbonate
on.

R—N=C=0 + 20H —> R—NH; + CO;"

The steps 3 and 4 occur simultaneously.

@)

O i/ Y
N—Br

N .
" \ simultaneously

@)

%{ | —> R—N=C=0 y

N




Synthesis of secondary and tertiary amines
Secondary and tertiary amines are prepared by adaptations of
one of the ammonolysis of halides or reductive amination

processes.
]
CH,CH,CH,CH,;NH, + CH,CH,Br — CH;CH,;CH,CH; -N—CH,CHj,
n-Butylamine Ethyl bromide Ethyl-n-butylamine
(1°) (2°)

CH,CH,CCH; + CH;NH, *, CH,CH,CHCH,
Methylamine IlIHCHs

Butanone ) Methyl-sec-butylamine

(Methyl ethyl ketone) (2°)



