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CHAPTER TWENTY-FOUR

AROMATIC AMINES
+ AND PHOSPHINES

Compounds classed as aromatic amines have an amino group or an alkyl- or aryl-
substituted amino group attached directly to an aromatic nucleus. Usually they are made
by a procedure different from those for aliphatic amines and undergo additional reactions.
Aromatic phosphines resemble the amines only in structure. Their methods of preparation
and reactions are entirely different.

AMINES

Nomenclature

Aromatic amines may be primary, secondary, or tertiary, and in the secondary or
tertiary amines, the second or third hydrocarbon group may be alkyl or aryl. Usually the
primary amines are named as amino derivatives of the aromatic hydrocarbon or as aryl
derivatives of ammonia, but some are known best by common names such as aniline
or toluidine.

NH: CH; NH:
S o
& NH;
Aniline o-Toluidine m-Phenylenediamine
(aminobenzene) (0-aminototuene) (m-diaminobenzene)

Secondary and tertiary amines are named as derivatives of the primary amine, or as deriv-

atives of ammonia.
Dy

N,N-Dimethylaniline Diphenylamine
(dimethylaniline)

N(CHg)e

Preparation

1. By Reduction of More Highly Oxidized Nitrogen Compounds. Aromatic nitro
compounds yield a series of reduction products, the final product being the primary amine
(Fig. 23~1, p. 519). Therefore primary aromatic amines may be prepared from nitro com-
pounds or from the less highly oxidized nitroso, hydroxylamino, azoxy, azo, and hydrazo
compounds, by reduction with alkaline hydrosulfite or with sodium and ethanol.

2. By Ammonolysis of Halogen Compounds. Halogen attached to an aromatic
nucleus usually is very stable to hydrolysis or ammonolysis, and rather drastic conditions
are required to bring about reaction, which may occur with rearrangement (p. 495). If,
however, electron-attracting groups are present in the ortho and para positions, the halogen
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is more easily displaced. Thus 2,4,6-trinitrochlorobenzene ( picryl chloride) reacts readily with
ammonia to yield 2,4,6-trinitroaniline ( picramide) by an Sy, 2 mechanism (p. 496):

Cl NH,
O:N NO2 O Ng™ ™NO )
’ + 2 NH:S - ) O ’ + NH&C}
L

NO; NO»
2,4,6-Trinitrochlorobenzene 2.4,6-Trinitroaniline
( preryl chloride) ( preramude)

Physical Properties

The physical properties of the aromatic amines are about what would be expected.
Just as benzene (b.p. 80°) boils at a higher temperature than n-hexane (b.p. 69°), so
aniline (b.p. 184°) has a higher boiling point than n-hexylamine (b.p. 130°). Th
greater difference in the boiling points of the second pair may be ascribed to the fact that,
aniline has a higher dipole moment (p = 1.6) than n-hexylamine (p = 1.3). N-Methyl
aniline (b.p. 195°) boils at a higher temperature than aniline, but N,N-dimethylaniline -
(b.p. 193°) boils at a lower temperature than methylaniline despite the increase in the .
number of electrons because proton bonding is not possible for dimethylaniline.

Aniline is considerably more soluble in water (3.6 g. per 100 g. of water) than n-hexyl
amine (0.4 g. per 100 g. of water). Water dissolves in aniline to the extent of about 5 per
cent. Aniline is miscible with benzene but not with n-hexane.

As is true for all of the disubstituted benzenes, the para-substituted anilines, being the -
most symmetric, have the highest melting point. Thus p-toluidine is a solid at room tem
perature whereas both the ortho and meta isomers are liquids.

Physiological Properties

The aromatic amines, like the aromatic hydrocarbons and their halogen and nitro
derivatives, are highly toxic. The liquids are absorbed readily through the skin, and low
concentrations of the vapors produce symptoms of toxicity when inhaled for prolonged peri

concentrations as low as 7 parts per million. Aniline affects both the blood and the nerv
ous system. Hemoglobin of the blood is converted into methemoglobin with reduction of
the oxygen-carrying capacity of the blood and resultant cyanosis. A direct depressant action
is exerted on heart muscle. Continued exposure leads to mental disturbances. Aromatic
amines appear to be responsible also for bladder irritation and the formation of tumors in
workers engaged in the manufacture of dye intermediates. :
The chloro and nitro nuclear-substituted amines, the N-alkylated and acylated amines,
and the diamines all are highly toxic. The N-phenylamines are considerably less toxic than
the N-alkyl derivatives. The phenolic hydroxyl group also decreases the toxicity somewhat
Toxicity is greatly reduced by the presence of free carboxylic or sulfonic acid groups in the
ring.

Reactions of the Nucleus

1. Hydrogen Exchange. Electrophilic substitution of deuterium for hydrogen of ben-
zene takes place only with strong acids under anhydrous conditions (p. 469). The amino
group is so strongly activating, however, that exchange with hydrogen in the ortho and para
positions takes place readily in aqueous solutions, although less readily than with the amino
hydrogen. As would be expected, these exchange reactions are catalyzed by acids.
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2. Oxidation. Aliphatic amines are fairly stable to oxidation, but many aromatic
amines oxidize readily. Unless carefully purified, they soon darken on standing in air.
Stronger oxidizing agents produce highly colored products. Even the simplest aromatic
amine, aniline, can give rise to numerous and frequently complex oxidation products. It is
not surprising that, depending on the oxidizing agent used, azobenzene, azoxybenzene,
phenylhydroxylamine, nitrosobenzene, and nitrobenzene have been isolated (p. 519), since
aniline is a reduction product of these compounds. In addition to the amino group, however, :
the hydrogen atoms of the benzene ring that are orthe and para to the amino group can be
oxidized to hydroxyl groups because the amino group increases the electron density at the « ;
ortho and para positions. Thus when sodium hypochlorite solution is added to aniline,
p-aminophenol is formed along with azobenzene and other products.

NH- NH:

© + NaOCl —— ©+N3Cl

OH

These hydroxy amines are oxidized very readily to quinones (p. 566), which undergo
further oxidation and condensation reactions. For example, the violet color produced when
aniline is mixed with a solution of bleaching powder is due to a series of reactions that form
a blue compound known as indoaniline. ;

NH; Nl ,
Ca(0Ch: | CeHyNHy OGNNHz — HONGNH :
OH e} Indoaniline ;

. Quinone

chloroimine

Some of the more complicated reactions are considered in the discussion of quinones :

(p. 567) and of the Aniline Blacks (p. 765). .
Amine salts are much less readily oxidized than the free amines because the positive

charge makes the group electron-attracting rather than electron-donating. Similarly, electro-

negative substituents such as the nitro group decrease the electron density of the ring and

greatly reduce the ease of oxidation.
3. Halogenation. Because of the strong activating effect of the amino group, no

catalyst is required in the halogenation of the nucleus. Furthermore, halogenation takes

place in aqueous solution and is so rapid that the only product readily isolated is 2,4,6-tri- :

chloro- or 2,4,6-tribromoaniline. The three halogen atoms in the ortho and para positions ¢

reduce the basmlty of the amino group, and the salt does not form in aqueous solution.
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