Some novel azo reactive dyes
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The synthesis of some novel azo dyes is described. They have an aidehyde auxochromic group in the
dye molecule, and show promise as effective reactive dyes for wool.

INTRODUCTION

Azo dyes containing aldehyde substituents as auxo-
chromes on the aryl rings have not become established
commercially for the dyeing of textile materials. The
deepening of intensity of a chromogen by an auxochrome
group is attributable to conjugation of the free electrons in
the auxochrome with the r-electrons of the aryl rings [1].
Thus benzene has an absorption maximum at 180 nm in
the UV region of the spectrum, but the introduction of an
aldehyde substituent to form benzaldehyde results in a
maximum absorption band at 280 nm. Likewise, a crystal
of pure phenol or a solution of sodium phenoxide is
colourless, whereas the aldehyde-substituted derivative
salicylaldehyde and its sodium salt are yellow in colour.

An aldehyde substituent is a potentially reactive
function; this reactivity is attributable to mesomerism,
which enhances the electron density on the oxygen atom
of the aldehyde group. Thus an aldehyde may react with a
free amino group to form a Schiff base, or with an alcohol
to form a hemiacetal. Such reactions can occur between
aldehydes and the free functional groups in the
polypeptide structure of a protein, e.g. in wool keratin.
There are many references in the literature to chemical
interactions between aldehydes and wool [2-5]. Various
types of functional group in keratin, including amino,
guanidino, thiol, alcoholic, amido, carboxylic acid and
phenolic groups, are capable of participating in reactions
with aldehyde groups [6]. If the aldehyde group reacts
with free amino groups in two neighbouring lysine
residue side chains in wool keratin, it is possible for new
crosslinks to be formed.

If an aldehyde group is introduced into the structure of
an azo dye molecule, such a dye then becomes capable of
reacting with the free functional groups of wool keratin, or
with the hydroxy groups of cellulose, thus forming
covalent bonds between these fibres and a reactive dye of
this type. The aldehyde group may be incorporated into
the dye molecule as a feature of either the diazo
component or the coupling component. It is certainly
possible to synthesise dye structures with either one or
two aldehyde groups; such products have been prepared
in our laboratory since 1969 [7].

By tetrazotisation of p-diamines and coupling of them
with suitable arylaldehydes, disazo dyes containing two
aldehyde groups per molecule may be obtained. Using
this approach, many new disazo dyes have been

synthesised by tetrazotising benzidine, o-dianisidine, o-
tolidine, benzidine-2,2"-disulphonic acid or 44'-
diaminostilbene-2,2"-disulphonic acid and then coupling
the tetrazonium salt with salicylaldehyde in an alkaline
medium [8]. These dyes have an entirely symmetrical
structure formed from two identical halves.

In another investigation [9], new monoazo dyes were
obtained having one or two aldehyde groups per
molecule. The diazonium salt of p-aminobenzaldehyde
was coupled with salicylaldehyde, p-hydroxybenzalde-
hyde, y-acid or H-acid. Samples of wool and cotton were
dyed with all four of these products, resulting in dyeings
that were resistant to boiling water and to extraction with
hot pyridine. The only other paper referring to organic
dyes with aldehyde substituents appeared after our
investigations described above had been published [10].

We have since continued our work in this direction
with the synthesis of four new azo dyes with one or two
aldehyde groups per molecule.

EXPERIMENTAL

p-Aminobenzaldehyde was diazotised and coupled in
alkaline media with 2-naphthol (to form dye 1), 1-
naphthol (dye 2) or 3-hydroxy-2-naphthoic-o-toluidide
(dye 3), whereas 4,4-diaminostilbene was tetrazotised and
coupled in alkaline medium with salicylaldehyde to form
dye 4. Details of the preparation were as follows.

Dye 1 (red)

p-Aminobenzaldehyde (4 g) was treated with hydro-
chloric acid (20 ml) in distilled water (50 ml) and cooled to
2-3°C. A solution of sodium nitrite (2.5 g) in water
(25-30 ml) was added, cooling again to 2-3°C. A solution
of 2-naphthol (4.7 g) was prepared separately by pasting
with alcohol and introducing sodium hydroxide (1.3 g) in
distilled water (80 ml); this was also cooled to 2-3°C. The
diazonium solution was added to the alkaline solution of
2-naphthol with stirring. The red dye formed was
dissolved in sodium carbonate solution and precipitated
by treatment with hydrochloric acid.

Dye 2 (dark red)

The quantities of materials and the technique of synthesis
were exactly as for dye 1 except that 1-naphthol was used
as coupling component instead of 2-naphthol.
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Dye 3 (brick red)

Details of the synthesis were exactly as for dyes 1 and 2
except that an equivalent amount (9.2 g} of 3-hydroxy-2-
naphthoic-o-toluidide was used as coupling component
instead of the naphthol.

Dye 4 (maroon)

4,4-Diaminostilbene (3 g) was tetrazotised using stoichio-
metric quantities of sodium nitrite and hydrochloric acid.
Salicylaldehyde (3.5 g) was dissolved in 6% sodium
hydroxide solution (100 ml). Addition of a little ethanol
favours dissolution of the salicylaldehyde. Dye 4 is soluble
in pyridine and in warm water.

RESULTS AND DISCUSSION

Wool samples were dyed with these dyes and subjected to
tests for urea-bisulphite solubility and physical properties.
Typical results can be seen in Table 1.

Wool dyed with dye 4 showed no loss of dye when
treated with warm pyridine. This behaviour, as well as the
decrease in urea-bisulphite solubility, loss of extensibility
and increase in tensile strength resulting from the dyeing
process, may be interpreted in terms of the formation of
covalent bonds between the dye and the polypeptide
chains of wool keratin. The polypeptide chains are

4

Table 1 Wool properties after dyeing with dye 4

Urea— Tensile

bisulphite strength per  Extension at

solubility (%) fibre {(mN) break (%}
Dyed wool 20.7 112 215
Undyed control 29.2 98 255

resistant to the reducing action of the bisulphite in the
solubility test.
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