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INTRODUCTION

Since this topic was last reviewed by the author in 1973
[1], patents on the subject of hair colouring have con-
tinued to be granted at a rate of between 30 and 40 per
year. For the most part, the interest remains within the
major categories of commercial hair colouring products,
viz: permanent, semi-permanent, and temporary hair
colorants, although there have been a significant number
of patents on processes that do not fall into these
categories.

Continued activity is to be expected considering the
intense competition, on an international scale, between
the relatively small number of major manufacturers. In the
US alone, consumer spending for retail hair colouring
products amounted to $560 million in 1982 and accounted
for 20% of the total hair product market.

The present review is divided into five categories deal-
ing with patents issued in the area of oxidation dyes, semi-
permanent dyes, temporary dyes, metallic colorants, and
miscellaneous other dyes.

At the time of the iast review, it was not possible to
include a discussion of actuat practice since it would have
been necessary to analyse the products in order to deter-
mine the identity of the ingredients being used. Since that
time, a number of developments have made possible such
a review. These include the advent of mandatory ingre-
dient labelling of retail cosmetic products in the US, the
issue of a list of hair dye ingredients used in Japan, and the
need to develop lists of hair colour ingredients used in
Europe for presentation to the Cosmetic Directorate of the
European Economic Community. A discussion of current
practice is therefore included in the introduction to each
section of this review.

PERMANENT HAIR COLORANTS

Current Practice

Permanent hair colorants, sometimes referred to as
oxidative colorants, involve the /n situ formation of indo-
dyes within the hair fibre by oxidation of a p-phenyl-
enediamine and/or a p-aminophenol (primary inter-
mediates) with hydrogen peroxide in the presence of a
coupler under alkaline conditions. The major classes of
coupler are m-diamines, m-aminophenols, 1-naphthols,
resorcinols, and pyrazolones.

The kinetics and mechanisms of these coupling reac-
tions have been reviewed during the last ten years [2,3].
The general mechanism for dye formation (Figure 1)
involves oxidation of the primary intermediate to a reactive
p-benzoguinone imine which reacts with the coupler, at
the most nucleophilic carbon, to give a diphenylamine
which is then rapidly oxidised to the indo-dye. In some
cases, the indo-dye reacts further with the primary inter-
mediate to give trinuclear species and, particularly in the
case of resorcinol, polynuclear dyes. The formation of
these polynuclear dyes is particularly important in
developing a base brown colour in the hair which can then
be accented by the brighter coloured simple indoanilines
and indophenols to give natural or fashionable highlights
to the finished colour.
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Figure 1

Of particular importance in the production of black and
of ash brown and ash blonde colours is the ability to
produce blue and green indo-dyes. Blue amincindamine
dyes () are produced by coupling of a p-phenylene-
diamine with a m-phenylenediamine. The tendency of
these blue indamine dyes to undergo intramolecular
cyclisation to red diaminophenazines is a noteworthy dis-
advantage. This tendency is inhibited by the use of m-
diamines with an electron donating substituent such as
alkoxy, giving (1), where R = H, R’ = alkoxy, or by the use
of an N, N-dialkyl-p-diamine, giving (1), where R = alkyl;
R’ = H or alkoxy. Alternatively, blue indoaniline dyes (il}
can be produced using an N, N-disubstituted-p-diamine
and 1-naphthol. These dyes cannot cyclise and are
particularly resistant to ‘warm wearing’. Also, itis possible
to obtain a blue-violet dye by the use of p-
phenylenediamine and 1,5-naphthalenediol.
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The trinuclear dye formed from p-phenylenediamine, or
other C-substituted p-phenylenediamines, and resorcinol
gives a greenish colour which is alsc useful in ‘ashing’ a
shade.

The red tones, necessary to the production of auburn
shades, are often produced by the use of a direct® nitro
dye, such as 2-nitro-p-phenylenediamine. Alternatively,
the use of p-aminophenol and 5-amino-2-methylphenol
gives a bright orange-red colour because of the amino-
indophenal (Iil}, which is more fast to washing than the
nitro dyes [4]. m-Aminophenal itself is not useful in this
respect, because of the tendency of the unsubstituted
aminoindophenol to react further to give a trinuclear
species of rather dull warm brown colour{3].
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Yellow tones, valuable in golden blonde and golden
brown colours, are also obtained by the use of direct nitro
dyes. Alternatively, use of p-aminophenol with resorcinol
and/or 2-methyl-resorcinol couplers can be used to
develop golden hues.

* Throughout this review the term ‘direct dye’ is used to mean pre-formed dyes, as
opposed to dyes formed in situ by oxidation of colourless precursors.



Table 1 lists the major primary intermediates known to
be used in hair colarants. p-Phenylenediamine is the most
widely used p-diamine in the US, Japan, and the UK,
while 2,5-diaminotoluene is the most important in Conti-
nental Europe.

TABLE 1

Primary Intermediates Currently Used in Permanent
Hair Colorants

p-Phenylenediamine
2,5-Diaminotoluene
2,5-Diaminoanisole
2-Chloro-p-phenylenediamine
N-Phenyl-p-phenylenediamine
N, N-Bis(2-hydroxyethyl)-p-phenylenediamine
p-Aminophenol
N-Methyl-p-aminophenol

2 4-Diaminophenol*
Benzene-1,2,4-triol*
Toluene-2,4,5-triol*

* These materials produce colour with air oxidation and are used in combination
with semi-permanent dyes or alone

Table 2 lists the most important couplers and indicates
their major function in the compaosition.

TABLE 2

Couplers Currently Used in Permanent Hair Colorants

Colour with A, B, or C*

Green/brown with A or B
Green/brownwith A or 8
Yellow/green with A

Resorcinol
4-Chlororesorcinol
2-Methylresorcinol

Pyrogaliol 8rown with A
Pyrocatechol Brown with A
Hydroquinone Brown with A
1-Naphthol Blue with C
Naphthalene-1,5-diol Blue with A

Naphthalene-1,7-diol Blue-violet with A
5-Hydroxybenzodioxane
2,5-Dihydroxy-4-methylpyridine
m-Aminophenol
o-Aminophenol
5-Amino-2-methylpheno!
5-{ff-Hydroxyethlamino)-2-
methylphenol
6-Hydroxybenzomorpholine

Magenta/brown with A
Qrange-red with B

QOrange-red with B

m-Phenylenediamine Blue with A
3,3’ -Dihydroxydiphenylamine
2,6-Diaminopyridine Blue with A

* A = p-Phenylenediaming; B = p-Aminophenol; C = N, N-Bis(2-hydroxyethyl)-p-
phenylenediamine

The permanent hair colorants are generally sold as two-
component kits. One component comprises the mixture
of dye precursors in an alkaline soap or syndet base, and
the second is a stabilised solution of hydrogen peroxide. In
some cases, the peroxide is provided in the form of a
powder, such as urea peroxide, melamine peroxide, or
sodium perborate.

Addition of a base is necessary to give a pH in the range
9.0-9.7, since it is often desirable to lighten the natural
pigment in the hair at the same time as adding the syn-
thetic colour. Ammoenia, which promotes the bleaching of
melanin by hydrogen peroxide, is the base of choice.
When melanin bleaching is not desired, or when a milder,
more cosmetic presentation is sought, monoethanol-
amine is used. Presumably, monoethanolamine does not

diffuse into the hair with the same facility as ammonia and
is not available to catalyse the bleaching. Even milder
products, particularly suited to use on pre-bleached or
permanently waved hair make use of tris(hydroxymethyl)-
methylamine as the base.

Patent Activity

{a) Primary Intermediates

Most of the patents in this area have been directed
towards new derivatives of p-phenylenediamine in a
search for primary intermediates which give more intense
or more stable colours or which have lower allergenic
potential than p-phenylenediamine.

Improved resistance to warm wearing can be achieved
by the use of N, N-bis{hydroxyalkyl}-p-phenylenediamines
in conjunction with m-diamines or with phenolic
couplers[5]. Other N-substituted derivatives which have
been proposed include the tetra-hydrofurfurylalkyl, sul-
fonamidoalkyl, alkoxyalkyl (6], hydroxypropyl, sec-
aminoalkyl, cyclohexylalkyl and morpholinoalkyt [7],
2-carbamylethyl [8], ureidoalkyl and thioureidoalkyl [9],
and N, N-alkyleno [10].

Additionally, a few new C-substituted p-phenylene-
diamines have been reported. These include the 2-fluoro
derivative and its N-alkyl and N-hydroxyalkyl analogues
[11], and the 2-{hydroxyalkyl)-p-phenylenediamines
[12]. These can be considered analogues of the com-
monly used 2,5-diaminotoluene.

Anatogues of 2,6-diaminoanisole that have received
attention include substituted 2-alkoxy-p-phenylene-
diamines and their A-substituted derivatives [13]. The
alkoxy-p-diamines are generally more readily oxidised
than the parent compound or its alkyl derivatives and as a
result, can be used in products in which colour is deve-
loped by air oxidation.

Some interesting compounds have been patented in
which the molecule contains two p-phenylenediamine
moietigs linked either at the 2,2’ position by an O(CH,),0
bridge [ 14], or at the N, N positions by an ethylene bridge
[15]. if these large molecules can indeed penetrate into
the fibre under normal conditions of hair dyeing, they
might be expected to give high molecular weight poly-
nuclear indo-dyes with higher wash fastness than those
currently used.

in the previous review [ 1], it was noted that a number
of diamino and hydroxyamino heterocyclic compounds
had been proposed for use in oxidation dyeing. This trend
has continued. Among those which can act as primary
intermediates are the quinoline derivatives (IV), where
A=0H, X,Y=H, OHoralkyl, and Xand Y are notboth H,
or {1V}, where A = NH, or substituted amino, and X, R and
Y =H, OH, or alkyl, and the tetrahydroquinoline deriva-
tives (V), where R =H, alky!, or hydroxyalkyl [16]. Also,
4,7-diaminoindazole and 5,7-diamino-8-hydroxyquina-
zoline have been reported to be useful primary inter-
mediates, as have 8-aminolilolidines (VI, where n=1} and
9-aminojulolidines {VI, where n=2) [17] which are in
essence N-substituted p-phenylenediamines.
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2,3,5,6-Tetra-aminopyridine and its A2 and/or N8 alkyl
derivatives, and 2,3,4,6-tetra-aminopyridine [18] have
also been claimed as useful primary intermediates. A
process for the synthesis of 3,5-dinitro-2,6-diaminc-
pyridine, an intermediate in the synthesis of the 2,3,5,6-
tetra-aminopyridine has been described [19].

A related series of patents describes the use of tetra-
aminopyrimidines {VIl, where the R’'s may be the same or
different and are chosen from H, alkyl, hydroxyalkyl, or
aminoalkyl). These primary intermediates are reported to
give blue colours with m-aminophenol couplers, red to
red-brown colours with mono- and di-alkyl resorcinols,
red-browns with diamino or aminohydroxypyridines,
yellow with hydroxindazoles, 6- or 8-hydroxyisoquinoline,
8-amino-6-methoxyquinoline [20], 7-hydroxyquinoline
[21], or Bz-hydroxytetralins, violet-brown with
aminoindolines or aminoindoles, and brown with amino-
benzimidazolones, indazolones, tetrahydroquinolines, or
hydroxycoumarins [22]. QOther couplers described for use
with the pyrimidines are aminomethoxyquinolines, amino-
naphthosulphonic acids, carbazole and dibenzofuran
derivatives, dihydroxypyridines, and dihydroxybenzo-
phenones and benzamides [23].
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Another patent in this series describes a two-step hair
colouring process, in which the hair is first treated with a
solution of conventional couplers, rinsed, and then
treated with a mixture of one or more tetra-aminopyrimi-
dines and hydrogen peroxide. It is claimed that this gives
greater colour intensity than the more conventional single
step process [24].

Several other pyrimidines have been described as useful
as primary intermediates in oxidation dyeing. These
include triaminohydroxy derivatives, diaminodihydroxy
derivatives, triamino derivatives [25], and triaminoalkoxy
derivatives [21,26].

5,7-Diamino-8-hydroxyquinazoline, which can be pre-
pared by dinitration of 8-hydroxyquinazoline and reduc-
tion of the resulting dinitro derivative, is claimed to be
useful in oxidation hair dyeing [27].

1,3,4-Triaminoisogquinoline is also claimed as a primary
intermediate, as are the 1,4-diamino- and 1-hydroxy-4-
amino derivatives [28]. Amino and diamino derivatives of
indole, indoline, and indazole have also received attention
[29].

Pyridine derivatives continue to be of interest, particu-
larly in Japan. Hair colouring compositions containing
2,5-diaminopyridine alone, or with 2-amino-6-hydroxy-
pyridine, or 2,6-pyridinediol [30], are reported to give
intense blacks.

N-Phenyl-3-amino-b-pyrazolones are reported to be
useful as primary intermediates in combination with con-
ventional couplers [31].

o-Phenylenediamines have not found much use in hair
colouring. The parent compound gives an orange colour
on oxidation, caused by the formation of 2,3-diamino-
phenazine, but, in the presence of p-diamines itacts as a
coupler. The N-substituted derivatives have been found to
give orange-red colours [32], b,6-Diamincindazoles have
been reported to brown-grey colours with various
couplers [16].

Oxidation of o-aminophenol alone results in the
formation of 2-aminophenoxazinone, However, oxidation
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in the presence of p-phenylenediamine gives 2-amino-5-
{p-aminophenylamino)indoaniline [33] indicating that the
aminophenol acts as a coupler.

Oxidation of p-aminophenol alone gives a brown pig-
ment which has been isclated and shown to have a
structure (VIIl} analogous to Bandrowski's base [3]. The
only new derivative of p-aminophenol to be suggested for
use in hair colorants is the 2,6-dichloro derivative [34].
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It has been claimed that the use of certain proportions of
p-phenylenediamine and its N, N-bis(2-hydroxyethyl) deri-
vative, in oxidation dye compositions, completely inhibits
the formation of Bandrowski’'s base [35]. Given the rela-
tive redox potentials of the two diamines, oxidation of a
mixture containing excess of the A, N-disubstituted com-
pound would be expected to give the tetrakis-(2-
hydroxyethyl) derivative of Bandrowski’'s base, i.e. p-
phenylenediamine would act as the coupler.

(b} Couplers

Much of the patent activity in respect of new couplers has
been devoted to alternatives to 2,4-diaminoanisole as a
biue coupler (with p-phenylenediamine) and to derivatives
of m-aminophenol for use as red couplers, with p-amino-
phenol,

in this effort N-substituted m-phenylenediamines have
received much attention. The N, N, N’, N’-tetra-alkyl
derivatives give blues with p-phenylenediamine as does
N, N-bis{2-hydroxyethyl}-m-phenylenediamine and its
4-methoxy derivative [36}. The 4-hydroxyalkyl-m-
phenylenediamines [37], and N-alkyl or hydroxyalkyl-m-
toluenediamines [38] are also claimed as useful
alternatives, as have WN-substituted derivatives of
2,4-diamino-m-xylene,  N-(2-hydroxybenzyl}-m-pheny-
lenediamine and the A-aminoethyl, carboxyethyl, and
carbamyl [39] and carbamylethy! [8] derivatives.

A large number of patents have been issued on ana-
logues of 2,4-diaminoanisole which are represented by the
general formula (IX). The derivatives in which there are no
N-substituents (i.e. all R=H) include those where
X=alkyl or halogen and Z=alkyl; where X=H and Z is
carboxyalkyl [40]; or Z is aminotheyl, Z is butyl [41], n-
propyl or jso-propyl [42]; and where X=H and Z is butyl
[43], alkylaminoalkyl [44], or hydroxyalkyl, alkoxyalkyl,
or substituted aminoalkyl [45]. These latter patents also
cover the compounds where R® may be alkyl or
hydroxyalkyl. Additionally, the compounds where Z is
dihydroxyalkyl, aminohydroxyalkyl, or alkyoxyhydroxy-
alkyl [46] or polyhydroxyalkyl [47], or 2,3-dihydroxy-
propyl [48] have been described.
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N-substituted derivatives (IX) include compounds
where Z is aminoalkyl and R3is alkyl or hydroxyalkyl [41]
where Zis methyl and R2is {CH,},CONR, [8,49], or where
Z, R3, and R*are hydroxyethyl, or where Z is hydroxyethyl,
methoxyethyl, mesylaminoethyl and R'is hydroxyethyl or



carbamidoethyl [50].

Two types of binuclear analogues of 2,4-diaminoanisole
have been described. In the first, the two moieties are
linked by a polymethylene bridge by means of their
4-amino groups and in the second they are linked by a
polymethylene group by means of the oxygen atoms.
Ethylene oxide adducts of the latter series have also been
patented [51].

2,6-Diaminopyridine and its A-substituted derivatives
[52] have also been claimed as blue couplers.

An alternative for obtaining blue colours with p-pheny-
lenediamine is the use of the 2-{N-hydroxyalkyllamino
derivatives of o-alkylhydroquinones. These compounds
also act as red couplers with p-aminophenol. The
2-alkylamino and  2-acetylamino  derivatives  of
4-hydroxyanisole behave similarly, as do o-anisidines with
a (CH,),CONR, substituent on the amino group [53].

Certain heterocyclic derivatives bearing a structural
relationship to 2,4-diaminoanisole have also been studied.
Thus the 5- and 7-amino derivatives of benzomorphaoline
and benzothiomorpholine behave as m-diamines [b4].
The 5- and 7-hydroxy benzomorpholines are also claimed
in the same patent. Similarly, the 5-aminotetrahydro-
quinolines are structural analogues of m-phenylene-
diamine [Bb].

As mentioned earlier 5-amino-2-methylphenol is a
useful coupler, when used in combination with p-amino-
phenol, for the production of auburn hues. b-Amino-2-
halogenophenols and their A-acetyl derivatives [56]
presumably behave similarty, the halogen being retained
in the resulting dye. Polyhalogenated derivatives of m-
aminophenol, with two or three halogen substituents (F,
Cl, or Br} have been claimed as couplers for use with the
tetra-aminopyrimidines or with other primary inter-
mediates, as have the N-hydroxyethyl-halogeno-
aminophenois and the Schiff bases of 2,4-dichloro-3-
aminophenol [57].

Other m-aminophenols useful as red couplers are the N-
{2-hydroxyethyl) and N, N-bis(2-hydroxyethyl) derivatives
of b-amino-2-methylphenol, and the M-substituted deriva-
tives of 3-amino-2,6-dimethylphenol where the substi-
tuent may be alkyl, hydroxyalkyt, aminealkyl, or acyl. The
parent compound is also claimed. The A-mesylalkyl
derivatives of b-amino-2-alkylphenol are reported to give
oranges with p-aminophenol and red-violet colours with
p-phenylenediamine [58] .

Derivatives of m-aminophenol in which the position
para to the hydroxy group is blocked cannot couple to give
the red aminoindophenols. Nevertheless there has been
considerable interest in them for other purposes. Thus
5-amino-2-chloro-4-methylphenol gives blue dyes with p-
phenylenediamine [58]. Isomers of this compound have
also been the subject of a patent [60]. The parent
compound, 3-amino-4-methylphenol, can be obtained
from p-cresol by mesylation, nitration, reduction, and
hydrolysis and the N—CH,CONH,; N—CH,CONEt;; and
N-CH,CH,NHSO,CH, derivatives can be used as
couplers [61].

3-Amino-2-methylphenol and its N, N-dialkyl and N, N-
bis{hydroxyalkiy) derivatives are alsc claimed to be useful
couplers, and a variety of other C-substituted derivatives
of m-aminopheno! are claimed as blue couplers with p-
toluenediamine [82]. The AN-acetyl and N-carbamyl
derivatives of 2-amino-5-halogenophenacl are blue-green
couplers [63].

5-Amino-2-methoxyphenol and its N-alkyl, N-hydroxy-
alkyl, N-acetyl, or N-carbamyl derivatives have also been
patented [64], as have the related compounds in which
the 2-position bears 2-alkoxyethoxy group instead of the
methoxy group [65]. These couplers probably undergo

reaction with the benzoquinone imines at the 4-position
and give the corresponding magenta 2-aminoindoaniline
derivative with p-phenylenediamine, and orange
2-aminoindophenols, with p-aminophenol.

Although formally similar, the 4-amino-1,2-methylene-
dioxybenzenes and their N-substituted derivatives [66]
probably react with the imines at the 1-position by dis-
placement of the oxymethylene group to give magenta
2-{hydroxymethoxylindamines with p-phenylenediamine
and the analogous orange indoanilines with p-amino-
phenol. Similar oxygen heterocyclic compounds are
included among a range of amino and hydroxy derivatives
of 1,4-benzodioxane and 1,3-benzodioxane claimed as
oxidation dye couplers [67].

Nitrophenylenediamines and nitroaminophenols are
often included in permanent hair colorants to give golden
or red hues. However, they normally act as direct dyes
since the nitro group deactivates the aromatic ring
towards coupling. Nevertheless, 3-amino-2-nitro-6-
methyl {or chloro} phenol and its M-substituted (hydroxy-
ethyl, methyl, acetyl, or propionyl) derivatives are claimed
to act as couplers [68]. Presumably the deactivating
effect of the nitro group is reduced by the steric effect of
the two ortho substituents causing it to lie out of the plane
of the henzene ring.

Other aromatic nitro compounds have been induced to
participate as couplers by the introduction of activated
methylene groups into substituents. Thus 2-amino-4-
nitrophenols, 2-amino-5-nitro-phenols, and 2-nitro-p-
phenylenediamines [69] bearing an NV-cyanoacetyl group
have been claimed as couplers. The patents also refer to
other acetyl substituents bearing a strong electron with-
drawing group in place of the cyano group or compounds
where the amino group bears a cyanomethylsulphonyl
group. Some cyanoacetylbenzene derivatives can also be
used as couplers [70].

Among the newly described phenolic couplers, various
methytchlororesorcinols have been patented [71].
4-Hydroxy-1,2-methylenedioxybenzene [66] and a
number of C-hydroxyalkyl cresols and xylenols have also
received attention [72]. These latter give blue indoaniline
dyes on coupling with p-phenylenediamine and cyan dyes
with its A, N-distributed derivatives. Thymol and the
1-hydroxytetralins, bearing a second hydroxy group on
the unsaturated ring [73], are blue couplers.

2,4-Dihydroxyphenylacetic acid is an analogue of
resorcinol which is claimed as a useful coupler [74].

A number of nitrogen heterocyclics have also been
found to be potentially useful as couplers. Thus,
4-hydroxyindole [75] is a formal analogue of m-
aminophenol while 2,4- and 2,6-dihydroxypyridine are
analogues of resorcincl [76]. The catechol analogues
B-chloro (or bramo}-2,3-dihydroxypyridine give red to
brown colours when used in conjunction with p-
toluenediamine [77] and 3,5-diaminopyridine is, like
other m-diamines, a blue coupler [78].

Dihydroxy or alkoxyhydroxy benzimidazoles give brown
to blue-black dyeings with p-diamines [79]. The
pyrazolone derivatives (X, where R is amino, hydroxy,
ureido, thicureido, or acylamino) are magenta couplers
[80].
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4-Aminobenzotriazole and 4,7-diaminobenzotriazole
and their ethoxylated derivatives act as couplers and, with
p-toluenediamine, give violets and purples respectively
[81]. The 5-hydroxy and 5,6-dihydroxy derivatives of 2
{3H}-benzofuranone and benzimidazolone have been
reported as useful in oxidative dyeing [82].

A wide range of colours can be obtained by the use of
2,4-dihydroxyquinolines bearing Bz-substituents such as
chloro, methyl, methoxy, or dimethylamino [83].

Although o-aminophenols are not much used in oxida-
tion dyeing, they have occasionally been proposed. It is
now clear that, in the presence of p-phenylenediamines
they act as couplers. Thus, compositions have been
claimed which contain only a p-phenylenediamine and a
2-aminophenol, o-phenylenediamine, or catechol, which
is unsubstituted in the 5- and B-positions [84]. The
compounds formed with 2-aminophenol and p-pheny-
lenediamine and with its A, N-bis(2-hydroxyethyl} deriva-
tive have been isolated and identified as the V4, N? -(p-
aminophenyl}-2,5-diamino-1,4-benzoguincne imines.

2-Amino-5-methylphenol has been claimed as useful in
the production of yellow oxidation dyes even in the
presence of other intermediates [85]. This compound
undergoes self coupling, on oxidation, to give N-(2'-
hydroxy-4" -methylphenyl)-b-amino-2-methylbenzo-
quinoneimine which, unlike its analogue from 2-amino-6-
methylphenol [86], cannot ring close to the orange-red
aminophenoxazine.

fc) Compositions

A new departure in hair colouring patents has been the
issue of a number of patents claiming specific
compositions. Thus, a series of patents have appeared for
the production of specific colours. The bionde dyes
contain p-aminophenol, N-methyl-p-aminophenol, and
m-aminophenol, browns are obtained with p-aminodi-
phenylamine, m-aminophenol, and naphthalene-1,5-diol;
black with p-aminodiphenylamine, naphthalene-1,5-diol,
and 4, 4-diaminodiphenylamine; and reds with p-
aminophenol and 1-naphthol [87].

Another patent claims compositions comprising a 4,4’
-diaminodiphenylamine, where one of the amino groups
may bear a substituent, or 4-amino-4’ -hydroxydiphenyl-
amine and a benzene-1,2 4-tricl or 2,5-dihydroxyaniline.
These same diphenylamines can also be used with
conventional couplers [88].

Compositions  containing  N-acetyl-5-halogeno-2-
aminophenols as couplers have been claimed [89] . These
presumably behave as phenois and couple with p-
diamines at the 4-position to give green to blue
indoanilines.

Compositions in which p-toluenediamine is used in
conjunction with o- or m-phenylenediamines bearing alkyl
or halogen para to both amino groups are claimed to give
dyeings of better light fastness than similar dyeings using
a coupler with a free para position [90].

Use of a conventional ‘para’ component with the
condensation products of m-pbenylenediamine and
epichlorhydrin, followed by an aftertreatment with a
soluble metal hydroxide, is said to give good black dyeings
{91].

Interestingly, some hair colouring patents have been
issued in Russia. One claims the use of sulphamyl-m-
phenylenediamines as low toxicity hair dyes [92]. The
others [93] are devoted to specific compositions using
conventional ingredients, the last incarporating 83% of
confectioner’s sugarl!

A number of new powder dye compositions have been
patented. One, incorporating an amino acid, is claimed
not to stain the skin [94]. The use of the tartrates of p-
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diamines with sodium tripolyphosphate is claimed to give
a stable powder which can be mixed with hydrogen
peroxide immediately prior to use [95]. As an alternative
to a powder, a multilayer tablet with the dye precursors
separated from the oxidant by a layer comprising starch,
calcium phosphate, and methyl cellulose has been
proposed [96].

Another alternative presentation is a paste containing
paraffin, fatty alcohol, dye precursors, solid oxidant and
sodium silicate [97]. Another paste composition uses
hydrazine sulphate and copper glycinate as a means of
releasing cupric ions to act as the oxidant [98].

Not surprisingly, microencapsulation has been
proposed as a means of presenting oxidation dyes in the
form of a powder [99] or sticks [100].

Other alternatives to the presentation of oxidation dyes
involve packaging. The products have been marketed in
dual compartment aerosol cans and in non-aerosol
containers in which the two component solutions are
separated by a frangible barrier. The use of non-dye
components as additives to prevent the build-up of
oxygen pressure in the event of accidental mixing has
been described. In such systems, the use of a buffered
peroxide is recommended [101].

Although oxidation dyeing is normally performed at
about pH 9.5, compositions have been described [102]
where the process is accomplished at pH 7.0--8.3.

A process has been claimed for simultaneously dyeing
and straightening hair by use of oxidation dye precursors
and hydrogen peroxide in a thickened system containing
sodium hydroxide as the straightening agent [103].

Methods have been described for protecting the hair
during retouching, by the diligent application of gelatin as
a resist, and for protecting the scalp against percutaneous
absorption of dyes by use of water-resistant ceatings
[104].

According to one patent, wet fastness can be improved
by aftertreatment with persulphate [105]. Another,
describes the use of non-substantive dyes to colour the
oxidation dye solution to match the colour that will be
produced in use [106].

An unusual approach to hair colouring involves partially
oxidising the dye intermediates, freeze or spray drying the
mixture, and dissolving the solid in water before use
[107].

Acceleration of dyeing is claimed to be achieved by the
addition of N-acetylmonoethanolamine to the dye base
[108]. Methods for speeding colour development
involving metal catalysis have also been described. Thus
dyeing with A-phenyl-p-phenylenediamine and cupric
sulphate has been patented [109] as has the use of meta!l
chelates, such as that from cupric sulphate and dimethyl-
glyoxime [110] and the use of copper, iron, cobalt, or
aluminium salts or iodide or dichromate {111]. The
presence of metal ions, particularly iron and copper, are
normally avoided in oxidation dye compositions, because
of their tendency to produce a rapid heat rise when the
two components are mixed.

One of the disadvantages of oxidation dyeing of hair is
that the hydrogen peroxide tends to damage the hair by
reaction with the keratin. This manifests itself by an
increased difficulty of combing, a dry feel to the hair, and
in severe cases, brittleness and ioss of lustre. Itis therefore
not surprising that considerable attention should have
been paid to preventing or ameliorating such damage. The
use of certain organophosphates has been claimed to
reduce damage during dyeing or bleaching. Addition of
keratose to dye compositions has also been claimed to be
advantageous [112]. The use of a catalyst, with
consequent reduction of the amount of hydrogen



peroxide used has also been proposed [113].

It has been conventional to use a conditioning post-
treatment, with a quaternary ammonium salt of a fatty
amine, to improve the combability and handle of hair
treated with oxidation dyes.

Simultaneous colouring and conditioning can be
achieved in oxidation dyeing if the dye precursors are
dissolved in a system free from anionic surfactants and
containing a quaternary ammonium salt bearing two long
chain alky! groups. This approach was also claimed useful
in hair lighteners [114].

The use of quaternised polydialtkyldiallylamines
{Merquat, Merck) as a componentin oxidation dyes which
may contain anionic surfactants is claimed to give
conditioned qualities to the dyed hair [115] . Beer and milk
have been claimed to be conditioning additives which are
compatible with the ammoniacal soap base of oxidation
dyes {116].

Some novel cationic polymers, in which the guaternary
nitrogen atoms constitute part of the polymer chain, are
obtained by reaction of a mixture of a compound contain-
ing two tertiary amino groups and a dibromo compound,
e.g. tetramethylhexamethylenediamine and 1,3-dibromo-
propane, or by seif condensation of an w-bromoalkyl
tertiary amine, e.g. 10-bromodecyidimethylamine, in
alkaline solution. These polymeric agents are incerporated
into hair dye compositions which may contain a synthetic
anionic surfactant or a fatty acid soap {117] and are
claimed 1o give a conditioning effect to the resulting dyed
hair. A further patent claims a process involving colouring
the hair with these compositions and then, after rinsing,
shampooing the hair with an anionic shampoo [118].

A similar process in which cationic polymers are claimed
broadly as additives in the oxidation dye and which also
calis for a post shampoo has also been claimed [1193].

Another cationic polymer claimed as useful in hair dye
bases is a block copolymer of A-vinylpyrrolidone/dim-
ethylaminoethy! methacrylate/polyethyleneglycol [120].

Alternative post-treatments have been proposed. Thus
treatment of freshly dyed hair with a composition contain-
ing cationic polypeptides gives improved combability and
handle [121]. Compositions containing a cationic
polymer chosen from Merquat, Onamer M (Onyx), and
quaternised polyvinylpyridine, together with an ampho-
teric surfactant are useful as aftertreatments for freshly
dyed hair and produce a conditioning effect which with-
stands subsequent shampooing [122].

A number of new processes have been described for the
use of oxidation dyes. Pretreatment of the hair with a
mercaptan, followed by oxidation dyeing, or treatment
with a mercaptan and oxidation dye precursors, followed
by treatment with hydrogen peroxide, is claimed to give
deeper and more even colouring [123].

Another two-step colouring process involves treating
the hair with a conventional oxidation dye composition
and after a certain time, and without prior rinsing, treating
the hair with a second composition (pH < 8) containing
direct dyes [124]. This process allows the use of direct
dyes which are unstable to high pH or hydrogen peroxide.

Another multistep colouring process involves the use of
a mixture of aminophenols and phenols with hydrogen
peroxide, followed optionally by treatment with other
phenolic agents, and finally by peroxydisulphate [125].

A process for colouring hair in stages by using oxidation
dyes of gradually increasing strength for a short period of
time { ~5 min} on each application has been claimed as
appropriate for the gradual recolouring of grey hair [ 126] .

Hair can be coloured by pretreatment with a solution
containing cysteine, or a derivative thereof, followed by
treatment with a solution of a polyhydric phenol (e.g.

pyrogallol) and an iron salt [ 127]. Along similar lines, hair
can be dyed with gallic 3,4-dihydroxyphenylacetic,
pyruvic, or mandelic acids, or the ethanol or ethylene
glycol analogues and a ferrous salt. Gallic acid can be
similarly used [128].

Salicylaldehyde or 2,5-dihydroxybenzaldehyde can be
used to dye white hair to yellow to brown hues, with or
withaut, peroxide [129].

{d} Oxidants
The normal oxidant in commercial hair colorants is a
1.6—6.0% solution of hydrogen peroxide which is mixed
with the dye solution immediately prior to use. The search
for new stabilisers continues. Among those which have
been suggested are certain triterpenoids, such as limonine
[130], particularly for use in dual compartment aerosol
products, N-hydroxyethy! or amincethyl imidazolines with
a long chain fatty substituent in the 2-position [131], a
mixture of EDTA and a polyphosphate [132], or a mixture
of phenacetin, Polawax stearate, and a silicone [133].
In Asia and South America, inexpensive oxidation dyes
are marketed as powders which are mixed with water
immediately prior to use. These require a solid oxidising
agent such as sodium perborate or percarbonate. Addi-
tionally some liquid dyes are marketed with solid oxidants.
It has been proposed that salts of peroxydiphosphoric
acid, pyrophosphate perhydrates, or an adduct
4Na,S0,.2H,0, [134] are suitable. Also hydrogen per-
oxide absorbed into finely divided silica has been claimed
to give deeper dyeings than the use of perborate [ 135].
The interest in using enzymes to promote oxidation of
the para components continues. Thus, premixed compo-
sitions containing peroxidase, oxidation dyes, an
antioxidant, and a heme complexing agent (e.g. imi-
dazole, pyrrole, etc.) can be mixed with hydrogen per-
oxide to give rapid colouring. It has also been claimed that
conventional oxidation dyes can develop colour by oxida-
tion with the ambient air, in the presence of oxidase
enzymes [ 136].

fe) Alkalisers

The conventional alkalisers for oxidation dyes are
ammonia and monoethanolamine. Among the alterna-
tives that have been suggested are arginine or high argi-
nine polypeptides {e.g. fontenin, salmin, gallin, etc.) as
their carbonate salts [137], the ammonium salts of
aminoacids [ 138], guanidine derivatives [ 139], orammo-
nium salts with sufficient sodium hydroxide to give a pH of
7—8 [140]. This latter is considerably below the normal
pH of oxidation dyeing.

(f) Stabilisers—Antioxidants

The dye containing component of permanent hair
colorants is susceptible to air oxidation during manufac-
ture and filling. Sodium sulphite, erythorbic acid, or thio-
glycolate are usually added to the composition as anti-
oxidarts. A number of alternatives have been proposed
since the last review. These are stannous octanoate or
oleate [141], imidazolone-5-sulphonic acid, thiourea
dioxide and its N-substituted derivatives with a reductant,
and a metal sequestrant such as EDTA or 8-hydroxy-
quinoline, phenylhydrazines [142], N-substituted
dithiocarbamates [ 143}, 2,5-dihydroxybenzoic acid, and
2,5-dihydroxy-0-alkylhydroquinones, and 2,5-dihydroxy-
phenylalkanoic acids [144].

(g} Leuco-indo Dyes

As mentioned earlier, oxidation dyeing involves coupling
of a benzoquinone imine with an amine or phenolic
coupler to give a diphenylamine derivative which is readily
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oxidised to an indo-dye. The leuco forms of these indo-
dyes have been the subject of considerable patent activity
during the last ten years. However, their use in
commercial products has not been apparent. Many of
these diphenylamines are easily oxidised by air and the
patents often claim air oxidation as an alternative to
hydrogen peroxide for colour development.

All of the patents claim a broad range of C-substituted
derivatives. However, for the purpose of this review, we
will consider only the amino and hydroxy substituents on
diphenylamine in describing the coverage. Further,
because of the policy of the US Patent Office many of the
patents have issued as separate patents for compositions
of matter, process and compound; we shall not distin-
guish between these in the references.

Leuco-indophenols (4,4’ -dihydroxydiphenylamines)
are claimed as oxidation dyes formed by reduction of the
indophenols obtained by oxidative coupling of p-
amincphenols with simple phenols. The 2-amino
derivatives, abtained by coupling a p-aminophenol with a
m-aminophenol, have also been covered [145].

The leuco-indoanilines {4-amino-4" -hydroxydiphenyl-
amine), from p-phenylenediamine and phenolic couplers
have received considerable attention, as have their N-
mono and N, N-disubstituted derivatives [146].

2,4’ -Diamino-4-hydroxydiphenylamines from p-phenyl-
enediamines and m-aminophenols, have been patented
[147], as have the N-mono and N, V-disubstituted deri-
vatives, and the 2,4-diamino-4-hydroxydiphenylamines
from p-aminophenol and m-phenylenediamine [ 145,
146].

Leuco-2-hydroxyindeanilines (4’ -amino-2, 4-dihydroxy-
diphenylamines) are not readily prepared by oxidation of
mixtures of p-phenylenediamine and resorcinol because
of the facility of formation of polynuclear indo-dyes.
However, they are obtained from a p-phenylenediamine
and a benzene-1,2,4-triol under anaerobic conditions by
means of substitution of the 1-hydroxy group and lyophili-
sation, and can be used as dyes [ 148].

The preparation of C-substituted p-benzoquinone di-
imines and their use in the preparation of indoanilines
[149] has been described.

The leuco-indamines from the reduction of the oxida-
tion coupling product of N, N-disubstituted p-phenylene-
diamines and aniline give blue colours, on oxidation
[150].

The preparation and use of leuco-Bandrowski’s base for
dyeing hair has been proposed [151].

Because many of the diphenylamines described above
are very sensitive to oxidation, some of the conventional
antioxidants are unsuitable for their preservation. It has
been found that benzene-1,2,4-triols or 2-aminohydro-
quinones are suitable antioxidants if their redox potential
(—600 to —300 mv) is higher than that of the indo-dyes
(—450 to —350 mv) [152].

The use of amino and diaminodiphenylamines with
resorcinol and 1-naphthol to give black colours has been
described as has their use with other conventional oxida-
tion dye precursors [ 153].

Finally, mention should be made of a process for the in-
fibre formation of indo-dyes by treating the hair first with
a solution containing couplers, and then with a freshly
prepared solution of a di-imine prepared by oxidation of a
p-diamine with ferryicyanide or persulphate [154].

fh) Autoxidative Systemns and Melanin Precursors

The development of hair colouring methods in which air is
used as the oxidising agent has been described by the
author previously [155]. In general, benzene derivatives
containing more than two amino and/or hydroxy groups
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undergo rapid air oxidation.

The earlier patents concentrated on individual materials
which could dye hair on air oxidation. More recently, the
trend has been to patent particular systems and processes
which render the concept of autoxidation dyeing a more
practical commercial proposition.

Thus, compositions containing a derivative of p-phenyl-
enediamine having at least one primary amino group and
benzene-1,2,4-triol or toluene-2,4,5-triol are reported to
be useful in producing gradual coloration of hair over a
period of time. A convenient way of making the composi-
tion is to store an alcoholic solution of the triol triacetate,
containing a catalytic amount of hydrochloric or sulphuric
acid, for a sufficient period for complete hydrolysis to
occur, and add solution to the remainder of the compo-
sition [156].

Another patent claims hair dyes containing p-phenyl-
enediamine or its AN-mono or A N’-disubstituted
derivatives and catechol derivative. 2-Methoxy-p-phenyl-
enediamine and 2,4-diaminophenol are claimed as useful
for dyeing hair black by air oxidation [157].

Another proposed process involves reacting a p-
diamine with a polyhydroxybenzene, under anaerobic
conditions, and freezing and lyophilising the mixture for
storage [158].

Low concentrations of more conventional oxidation
dyes have been claimed to be useful in gradually colouring
hair by means of air oxidation [159].

Use of metal salt catalysts allows hair to be dyed autoxi-
datively, using dihydroxyanilines [160]. In the author's
experience, these materials colour hair in the absence of a
catalyst [155].

Polyhydroxybenzaldehydes are reported to be useful in
colouring hair to fairly light shades [161].

Efforts continue to be made to develop processes that
mimic the natural hair pigmentation process. One such
approach to the in-fibre formation of catechol melanins is
to treat the hair with a composition containing catechol,
peroxidase, hydrogen peroxide and a metal (W, Zn, Cu, or
Fe) catalyst at pH 4—6 [162]. Colour uptake is improved if
the hair is given a prior treatment with sulphite.

Compositions containing tyrosine or DL-8-(3,4-
dihydroxyphenyllalanine and a ferrous, lead, manganese,
or cobalt salt are claimed to dye hair black under air
oxidation conditions [163]. The use of tyrosine with
tyrosinase has been proposed for colouring hair [164],
but not for the first time [155].

The use of dopa esters in hair dyeing has also been
described [165]. A three-step process, involving
treatment of the hair with an ammoniacal solution of
dithiothreitol, then with a melanin precursor and catechol,
followed by treatment with persulphate and tyrosinase is
yet another approach [166].

Oxidation of tryptophan with peroxydisulphate is
reported to produce blond to brown coloration [167].

The storage of dihydroxyindole, which is extremely
sensitive to oxygen, can be accomplished by the use of
anhydrous alcohols as solvents [168].

SEMI-PERMANENT HAIR COLORANTS

Current Practice

Semi-permanent colorants are products which employ
sparingly soluble, low molecular weight, direct dyes which
can diffuse into the hair fibre under ambient conditions
and which will produce an effect which lasts up to ten
shampoo treatments.

The most commonly used dyes [1,155] are nitropheny-
lenediamines, nitroaminophenols, nitrodiphenylamine
derivatives, aminoanthraguinones, and some simple azo
dyes. A list of the dyes most commonly employed is given
in Table 3.



TABLE 3

Dyes Currently Used in Semi-permanent Hair Colorants

N-(2-Hydroxyethyi}-o-nitroaniline
4-Nitro-o-phenylenediamine
N1-{2-Hydroxyethyl}-4-nitro-o-phenylenediamine
N1-Tris{hydroxymethylimethyl-4-nitro-a-phenylenediamine
2-Amino-3-nitrophenol

2-Amino-4-nitrophenol

4-Amino-2-nitrophenol

2-Amino-5-nitrophenol

0, N-Bis{2-hydroxyethyl}-2-amino-5-nitrophenol
N-(2-Hydroxyethyl}-2-amino-5-nitroanisole
4-Amino-3-nitrophenol
N-{2-Hydroxyethyl}-4-amino-3-nitropheno!
N-(2-Hydroxyethyl)-4-amino-3-nitroanisole
1-(3-Methylamino-4-nitrophenoxy)propane-2,3-diol
3-Methylamino-4-nitrophenoxyethanol
2-Nitro-p-phenylenediamine
N1-{2-Hydroxyethyl)-2-nitro-p-phenylenediamine
N4-(2-Hydroxyethyl)-2-nitro-p-phenylenediamine
N1-Methyl-2-nitro-p-phenylenediamine

N1 N4 NA-Tris(2-hydroxyethyl)-2-nitro-p-phenylenediamine
N4-{2-Hydroxyethyl)-N 7, NV4-dimethyl-2-nitro-p-phenylenediamine
N4-(2,3-Dihydroxypropyl)-N1,N4-dimethyl-2-nitro-p-phenylenediamine
4-Nitro-m-phenylenediamine

Picramic Acid

N-Methyl-iso-picramic acid

4-Amino-2-nitrodiphenylamine

4-Hydroxy-2' -nitrodiphenylamine
4-(p-Aminophenylazo)-N, N-bis{2-hydroxyethyl)aniline
1,4,5,8-Tetraminoanthraquinone
1,4-Diaminoanthraquinone
1-Amino-4-methylaminoanthraquinone
1-(2-Hydroxyethylamino}-4-methylamincanthraquinone
2,4-Diamino-2"-hydroxy-5'-nitroazobenzene-5-sulphonic acid (Na salt)

The colour structure relationships in the nitropheny-
lenediamines and nitroaminophenols have been discussed
by the author elsewhere [169].

The semi-permanent hair colorants are usually
presented as lotions or aercsol foams intended for direct
application to the hair. The dyes are dispersed or dissolved
in an oil-in-water emulsion containing non-ionic
surfactants, fatty amides, and thickeners, and containing
mono-, di-, or triethanolamine in sufficient quantity to give
a pH in the range 8—9.5

Although chemically different and requiring different
methods of product storage and presentation, hydroxy-
quinones (e.g. henna) and indo-dyes give a coloration that
will withstand shampooing and will be considered in this
section.

Patent Activity

fa) Nitro Dyes

Interest continues in intermediates useful in the manufac-
ture of nitro dyes. The N-alkylated and hydroxyalkylated
derivatives of 4-fluoro-3-nitroaniline are versatile inter-
mediates because of the highly labile fluorine, particularly
in their reaction with alkanolamines. The reaction of
4-fluoro-3-nitroaniline with aniline derivatives gives a
convenient route to diphenylamine dyes [170].

Also useful, because of the presence of an active
chiorine, are N-phenylsulphonyl-4-chloro-3-nitroanilines
and their N-alkyl derivatives [171] . Intermediates for the
introduction of substituents into the alkyl group of N-alkyl-
nitroanilines are the 4-(2-bromoethyllamino derivatives of
2-nitroanisole and 2-nitro-N-methylaniline [172].

The N-(hydroxyalkyl}nitroanilines are claimed to be
useful yellow dyes [173].

The derivatives of 2-nitro-p-phenylenediamine (XI) are
useful red, violet, or blue dyes depending on the N-
substitution pattern. Bluish red dyes that have been

patented include the A" or M4-cyanoalkyl or alkoxyalkyl
derivatives, or aminoalkyl derivatives, and the 3-(nitro-
aminophenylaming)-propionamides [174].
NHR'
NO,
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The A1, Mi-disubstituted derivatives of 2-nitro-p-pheny-
lenediamine are reddish brown dyes, a hypsochromic shift
having resulted from steric hindrance with the ortho nitro
group. Such derivatives, in which the amino nitrogen and
the substituents form a heterocyclic ring {e.g. morpholing,
piperidine, etc.) have been patented [175] together with
their A-alkyl and hydroxyalkyl derivatives.

The N®o-aminoatkyl-N*-hydroxyalkyl derivatives (IX,
R3=H) of 2-nitro-p-phenylenediamine are violet dyes, as
are the N'-alkoxyalkyl-N'-hydroxyalkyl compounds and
the A", N4-dialkyl derivatives [176].

Particularly important derivatives of 2-nitro-p-
phenylenediamine are the N', A4, A‘-trisubstituted
derivatives (X|, R H) which are useful as blue dyes.
Among those that have been newly described are the V4,
N4-bis{hydroxyalkyl}-Vi-carbamidoalkyl, the A7, A*-bis(2-
hydroxyethyl)-M4-methyl and A%, AN4dialkyl-AM1-2-
hydroxyalkyl derivatives [177].

In the period under review some C-substituted nitro-
phenylenediamine derivatives have been described. These
include 5-chloro-2-nitro-p-phenylenediamine and its V'-
hydroxyethyi derivatives [178], N*substituted alkyl
derivatives of b-alkyi-2-nitro-p-phenylenediamine and the
b-chloro analogue [179], and the A, A“-dimethyl
derivatives of 5-alkyl, alkoxy, or halogeno 2-nitro-p-
phenylenediamine [180].

The 2,6-dinitro-N*, N*-dialkyl-p-phenylenediamines are
blue dyes [181] which have very low solubility.

5-Amino-6-nitro-indole is a formal analogue of a 2-nitro-
phenylenediamine and is reported to give a rust brown
colour on hair [182].

The N4acetyl derivatives of N, N4-disubstituted 2-nitro-
p-phenylenediamines where the substituents are alkyl,
hydroxyalkyl, or aminoalkyl have been patented [183]
although they probably have little utility as dyes.

4-Nitro-o-phenylenediamine is a useful yellow dyeand a
number of its derivatives were patented in the 1960s
[155]. The A'-alkoxyalkyl derivatives have now been
patented [ 1761, as have the N-carbamidoethy! derivatives
[174] . N-substituted derivatives {alkyl, and hydroxyalkyt)
of 3-nitro-o-phenylenediamine, an isomer which had
previously received little attention, have been patented as
red dyes [183].

4-Nitro-m-phenylenediamine is a bright greenish yellow
dye cf rather poor light stability. A large group of
derivatives with alkyl or hydroxyalkyl on the 3-amino
group and a quaternised aminoalkyl on the 1-amino group
and optionat alkyl, alkoxy, or halogen in the 6-position
have been patented, together with analogues in which the
3-amino group is part of a morpholine or piperidine ring
[184].

N, N-bis(aminoalkyl) derivatives of o-nitroaniline and
2-amino-b-nitro-4-methyl pyridines are orange-yellow
dyes [185] claimed to be useful as hair colorants.

Among the nitro derivatives of diphenylamine that have
received attention are those with one or two nitro groups
on ane ring and one or two hydroxy or amino groups on
the other ; 2-{or 4-) nitro-4’ -aminodiphenylamine and their
N N-bis(2-hydroxyethyl) derivatives are claimed to be
particularly useful [185].
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Although the simple nitroaminophenols have long
found use as yellow to orange dyes in hair colorants, the
substituted derivatives have had little attention until the
period covered by this review. A wide variety of A- and
O-substituted derivatives have now been patented. Many
of these patents are very broad and claim the nitroamino-
phenylethers, compounds (XIi}, without regard to
isomeric configuration. Thus, when A is alkyl, one or both
R’s may be hydrogen, alkyl or substituted alkyl [186], or
carbamylethyl [175]; when A is hydroxyalkyl, R may be
alkyl or hydrogen; and when A is alkoxyalkyl or
aminoalkyl, one R may be aminoalkyl or one or both R’s
may be hydroxyalkyl [187].
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Additionally, the compounds (XIl} where A is 3-amino-
2-hydroxypropyl and R may be alkyl or substituted alkyl
have been claimed [188]. Finally, one patent [189]
claims a very large variety of derivatives where R may be
H, or alkyl, or substituted alkyl, and A may be
(carbalkoxy)aminoalkyl, alkoxyalkyl, N, N-dialkylamino-
carbamylalkyl, acylaminoalkyl, ureidoalkyl, mesylamino-
alkyl, or quaternary aminoalkyl.

More specific in their range are patents claiming
3-amino-4-nitroanisole  {XIli, A=CH, R=H} and
analogues where R is alkyl or hydroxyalkyl, and the
compounds (XIll where A is 2, 3-dihydroxypropyl and R is
alkyl or hydrogen) [190].
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The patents relating to the A-substituted nitroamino-
phenols have been somewhat more specific than those
claiming nitroaminophenylethers.

4-(2-Hydroxyethylamino}-3-nitrophenol and its
2- and/or 6G-alkylated derivatives are claimed as useful
orange-red dyes. The isomer 2-(2-hydroxyethylamino)-5-
nitrophenol has also been patented, as have its analogues
where the N-substituent is alkyl, 2-hydroxypropyi,
polyhydroxyalkyl, or aminoalkyl [191]. The latter patent
also includes the 6-aminoalkoxymethyl derivatives of the
N-(2-hydroxyethyl) compound.

The N-carbamylethyl derivatives of nitroaminophenols
have also been patented [194].

A process for the manufacture of 4-acylamido-2-nitro-
alkoxybenzenes by acylation of the aminoalkoxybenzene
and subsequent nitration in an inert solvent without
isolation of the intermediate, has been described [192].

A number of patents have been issued on specific
combinations of nitro dyes or nitro dyes and axidation
dyes [193] claimed to be particularly advantageously
used in combination,

Monoethanolamine has been shown to act as a
reducing agent for 2-nitro-p-phenylenediamines which
undergo a series of reactions to give 6-aminoquinoxalines
[194]. The reaction is believed to involve initial
replacement of the 1-amino group by a S-hydroxyethyl-
amino group. Alternative alkalising agents have been
found to be superior for use in semi-permanent hair
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colorants [195].
Some dye base systems found to be particularly useful
with nitro dyes have been patented [ 1961,

fb) Antioxidants

Although not readily oxidised, some nitro dyes are
unstable over a long period of time and itis conventional to
add mild antioxidants, which will not reduce nitro groups,
to the formulation. Ascorbic and erthyorbic acids are
particularly useful. Alternatives that have been proposed
include L-cysteine, N-acylcysteines, D-glycyl-L-cysteine,
S-carboxymethyleysteine  [197], and 2,5-dihydroxy-
phenyialkanoic acids [198].

{c) Anthraquinone Dyes

As mentioned earlier, anthraquinone dyes are employed in
semi-permanent colorants. Most useful are the amino
derivatives and there has been little patent activity in the
period under review.

A new synthesis of 1-hydroxyanthraquinones has been
proposed. It involves the reaction of 2-chloronaph-
thoquinones with 1, 1-dialkoxybutadienes [199].

The diaminoanthraquinones obtained by reacting
bromamine acid with cyclohexylamines are claimed to be
useful in dyeing hair [200].

0 KN
NR’

©  NHCH.CH,NHR

(XIV)

1-{w-Aminoalkyl)amino-4-hydroxyanthraguinones are
prepared from the unhydroxylated, w-N-acetyl derivative
by reaction with bromine followed by treatment with boric
acid in oleum, and are useful as hair dyes [201].

A group of 1-(sec-aminoalkylamino}-5-(or 8-)amino-
anthraguinones in which the amino group is dialkylamino
or is part of a heterocyclic ring, have been claimed as
useful pink to violet dyes for hair [202].

2-18-Aminoethylamino)anthraguinone is obtained from
Z2-amincanthraquinone by reacting the phenylsulphonyl
derivative with 1,2-dibromoethane, in alkali, and reacting
the A-bromoethyl compound with potassium phthali-
mide. Treatment of the product with sulphuric acid and
then with hydrazine hydrate gives the yellow dye [203].

The triaminoanthraguinone dyes (XIV} are claimed tobe
useful blue dyes for hair [204].

(d) Dyeing Assistants

Various compounds have been claimed as assistants in
hair dyeing [155]. However, these organic solvents
generally result in an increase in scalp staining during the
colouring process.

It has been claimed that the addition of various lanalin
derivatives act as skin staining inhibitors [205].

A combination of benzyl alcohol, the original assistant,
and urea has been proposed [206], as have aryl and
alkylene glycols [207], and the dimethyl amides of the
lower alkanoic acids [208].

Alternatively, various ethylene and propylene
derivatives of alcohols and phenols have been proposed
[209]. Alkylene carbonates and/or N-alkylpyrrolidones
are claimed to promote the effect of known alcohol
assistants [210].

Coacervation is also reported to be applicable to hair
dyeing [211].

{e} Quinones and Indo Dyes
The oldest known hair dye, henna, contains 2-hydroxy-



naphthoquinone which is extracted from the dried,
crushed plant, at the time of use, with hot water and
applied to the hair as a poultice. Glycol is said to improve
the efficiency of the extraction and dyeing [212].

Mixing the henna powder with a non-ionic surfactant
and a quaternary ammonium salt is claimed to aid sub-
sequent rinse out and improve the feel of the hair [213].

The instability of the hydroxynaphthoquinones and
hydroxybenzoquinones in aqueous systems has
prevented the manufacture of products using them in
convenient form. To overcome this the use of an
anhydrous solvent containing a nonionic surfactant has
been proposed [214]. Tablets containing henna, tea
extract and powdered soap have been proposed [215].

Patents have also been issued claiming the use of a wide
variety of hydroxy and polyhydroxy benzoqguinones {216}
and naphthoquinones [217] and various substituted
derivatives thereof, as hair dyes. The claims are carefully
worded to aveid similar compounds already well known in
the art [155].

it has been claimed that hair can be dyed using mixtures
of hydroxy or aminonaphthaquinones and hydroxy-
ketones [218], or with a mixture of ninhydrin and
1,2-naphthoquincne-4-sulphonic acid [219].

Some new aminabenzoquinones have been patented as
direct dyes for hair. Thus N, N-disubstituted aminophenyl
derivatives of 2,5-diamino-benzoquinone monoimine,
obtained by oxidation of a mixture of the appropriate p-
phenylenediamine with 2-aminophenol give a warm
brown colour [220].

o
NH-~
X’©/ NHR
e}

{XV)

The diamino-p-benzoquinones (XV, where X is hydroxy
or substituted amino and R is alkyl or substituted alkyl)
impart a greenish colour to hair and, as such, are useful as
drabbers in compositions containing red dyes. The
compounds {XV) are prepared from the appropriate N-
substituted  3-amino-4-methoxyphencl  with  the
appropriate p-phenylenediamine or p-aminophenol or
their corresponding benzoquinone imines and an oxidising
agent, or by reaction of the phencl with the nitrosoaniline
or nitrosophenol {221].

Similarly, the Bandrowski base analogues, obtained by
oxidation of a mixture of an N, N-disubstituted p-phenyl-
enediamine and a p-phenylenediamine are claimed as
direct dyes [222}.

S,

(XVl)

Since indamines, (XVI, where X=NH,, B=NH, and
A=H), indoanilines (XVI, where X=NH,, B=0, and
A =H), and indophenals (XVI, where X=0H, B=0, and
A =H) are the products formed in oxidation dyeing, it is
not surprising that they should have been studied as direct
dyes for hair.

The 2-aminoindamines (XVI, where X=A=NH,,
B=NH]}, from p-phenylenediamines and m-phenylene-
diamines are violet blue dyes which can be stabilised as
their zinc chloride double salts [223]}, The analogues,
from N, N-disubstituted p-phenylenediamines are bluer
[224].

The indamines (XVi, where X=NH, or NR,, B=NH,
A =H) are also claimed as useful blue direct dyes [225]
which can be obtained by oxidation of substituted p-
phenylenediamines in the presence of aniline or its
derivatives.

The aminoindamines (XVIi} obtained from coupling p-
phenylenediamine or its M-substituted derivatives with
7-aminobenzomorpholine have also been described, as
have those in which 2,6-diaminopyridine was used as the
coupler [226].

Some 2-hydroxyindamines (XVI, where X=NH,,
B =NH, A = OH) obtained from p-phenylenediamine with
7-hydroxybenzomorpholine or from N, N-disubstituted p-
phenylenediamines  with  7-hydroxybenzomorphoiine
[227] or with 4-substituted 3-aminophenols [224] have
been patented. These dyes have a greenish colour,

(Xvi)

The indoanilines formed by coupling p-phenylene-
diamine or its N-monosubstituted derivative or its N, V-
disubstituted derivatives [228} have been claimed. The
synthesis of some of these dyes from nitrosoanilines and
phenols has been described [229].

The dyes derived from p-phenylenediamine and m-
aminophenols, bearing no substituent para to the hydroxy
group, have the structure (XVI, where, X=A=NH,,
B=0) and give blue colours [230]. Similar dyes from
N, N-disubstituted p-phenylenediamines have also been
described {228].

The dyes obtained by coupling of 4-methoxy-3-amino-
pheno! with p-phenylenediamine and p-aminophenal and
a variety of halogenoindophencls [229] have been
patented as direct dyes.

The 2-aminoindophenols (XVI, where, A=NH,,
X=0H, B=0) are red dyes. Those from p-aminophenoal
and 6-methyl-3-aminophenol are the most stable {230].
Similar dyes, and those derived from oxidation coupling of
p-aminophenols  with o-aminophenols have been
patented [231].

Dyes from coupling of p-aminophenol with m-
phenylenediamines have the structure (XVI, where,
X=0H, A=NH,, B=NH) and these tco have been the
subject of patents [232,233], as have the analogues in
which 2, 6-diaminopyridine was used as the m-diamine
[234].

Finaily, the dyes from p-aminophenol and m-
aminophenols, having no substituent para to the hydroxy
group, have the structure (XVI, where A=X=0H,
B =NH) and have been the subject of patents [232,235].
Proposed methods of using these unstable dyes involve
freeze drying to give a powder, storing as frozen solutions,
or in anhydrous solvents [236].

In spite of the extensive patent activity in this area, the
author is not aware of any commercial exploitation of the
indo-dyes.

(f) Processes

A process for the simultaneous dyeing and bleaching of
hair, using certain nitro and azo dyes and hydrogen
peroxide, in the presence of thiourea derivatives, has been
described [237]. Similar effects are obtained using
mixtures of premetallised dyes, hydrogen peroxide, and
polyvinylpyrrolidone [238].
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TEMPORARY HAIR COLORANTS

Current Practice

In contrast to the permanent and semi-permanent hair
colorants, the temporary products are intended to wash
out completely when the hair is shampooed. Conse-
quently, the products are formulated as ‘leave-in’ prod-
ucts applied as rinses, setting lotions or gels, spray-on
products, or, more recently, foams {mousses).

The coloured rinses employ relatively high mol. wt.
water-soluble textile dyes which do not diffuse into the
fibre. The coloured wave sets and gels, very popular in
Europe, employ a group of cationic azo dyes marketed
under the trade name Arianor Colors {Wiliams of
Hounslow)

A list of typical dyes employed in these products is given
in Table 4.

TABLE 4

Dyes Currently Used in Temporary Hair Colorants and
Coloured Wave Sets

C.1. Acid Yellow 1
C.1. Acid Yellow 3*
C.l. Acid Crange 7*
C.l. Acid Orange 87
C.l. Acid Red 33*
C.l. Acid Red 211
C.l. Acid Violet 43*
C.lI. Acid Violet 73
C.l. Acid Blue 4*
C.l. Acid Blue 168
C.I. Acid Green 15*
C.i. Acid Brown 19
C.l, Acid Brown 45
C.l. Acid Black 107
C.l. Basic Yellow 57
C.l. Basic Red 76
C.i. Basic Blue 29
C.l. Basic Brown 16
C.l. Basic Brown 17
Sunset Yellow™
Ponceau Red*

C.l. Solvent Brown 44

* These dyes are also used in the form of US Certified Colors

Products have recently been introduced in the US
which are formulated from US Certified Colors. These
acid dyes give a temporary colour if applied at ambient
temperature for about 20 min followed by rinsing. If heat s
applied the results will withstand shampooing.

The coloured hairsprays employ pigment or coloured
micas for their colouring effect. These insoluble materials
have also been used in setting gels for highlights.

Patent Activity

Most of the patents issued in this area have been
concerned with film formers which help to bind the dyes to
the hair,

Thus, acid dyes can be used in conjunction with
cationic polymers derived from polymerisation of quater-
nised aminoalky! esters of unsaturated acids, either alone
or with another monomer [23%]. Alternatively, non-ionic
film formers [240], or anionic polymers, such as poly-
acrylic acid, together with benzyl alcohol [241], have
been found useful.

Temporary colouring may be achieved using ultra-fine
pigments which are held on the hair surface in a matrix
comprising polylvinyl alcohol} copolymers [242]. Pig-
ments of the phthalocyanine group [243] can be dis-
persed with cationic dispersants to give a composition
suitable for temporary coloration of hair [244].
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A resin—dye complex, for hair colouring, can be made
by reacting a polyamide/polyamine with a reactive
phenolic material and complexing the product with a dye
[245].

A process is described for colouring hair using coloured
cationic polymers obtained by reacting various dyes with
the polymers from dialkylamine or ethyleneimine that have
previously condensed with dibasic acids, aliphatic
dihalides, epihalohydrins, or diepoxides, to give the
reactive sites for reaction with the dye (246].

MISCELLANEOUS ORGANIC DYES
Hair can be dyed with acid mordant dyes if it is pretreated
with an alkaline solution of a thiol to increase the porosity
[247]. Cysteine and/or its esters, together with an
alcohol solvent, can also be usad as a pretreatment {248].
During the period under review, the azo dyes have
received considerable attention. Azo compounds and
merocyanines, such as (XVIll} and (XIX), prepared by the
reaction of heterocyclic hydrazones with phenols,
anilines, or pyrazolones, under oxidation conditions have
been patented for use in hair dyes [249].

CHy
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A number of pyridine azo dyes have been studied. The
dyes obtained from coupling diazotised 2-aminopyridine
with certain conventional couplers and the analogues
from 2-aminopyridine N-oxide and A-methyl-2-amino-
pyridinium salts [250] can be used to dye hair in yellow to
red tones from aqueous alcoholic media. Similar colours
are obtained from the dyes formed by coupling diazotised
3-aminopyridine, its N-oxide, or its N-methyl salt, with
M. N-dimethylanilines, or m-phenylenediamines [251].

Also claimed are dyes from coupling diazotised
2-aminobenzothiazole with dialkylaminoalkylanilines and
the quaternised derivatives thereof [262] .

A method for colouring hair with azo dyes which seems
attractive but has not been commercialised is the in situ
coupling by treating hair with an appropriate coupler and
then with a solution of a diazonium salt, or vice versa.
Couplers which are claimed to be particularly suitable for
this purpose are acetoacetyl arylamides, where the aryl
group is phenyl or benzothiazolyl, various hydroxy- or
amino- pyridine derivatives, or 2-hydroxy-3-naphthoyl
amides of primary aniline derivatives [2563]. These latter
give violet to black hues when coupled with diazotised
4-aminodiphenylamines and 4-aminoazohenzenes.

A process for permanently dyeing hair using halotri-
azinyl reactive dyes involves treating the hair with the dye
solution at pH 4—6.5 and then raising the pH t0 8—8.5in
order to promote dye to fibre bonding [ 254]. Hair can also
be dyed with these dyes, or with vinyl sulfone dyes from
gthylene carbonate and/or an organic solvent at pH <8
[255], and pre-bleached hair can be dyed with chloro-
fluoropyrimidyl dyes [256] .

It is often difficult to colour hair uniformly with basic
dyes because of their rapid strike. It is claimed that even



dyeing dark colours can be accomplished using basic dyes
in the presence of a soap or alkyl sulphonate complexed
with a quaternary salt and stabilised with a non-ionic
surfactant [257].

Violet basic dyes can be prepared by oxidation coupling
of a p-phenylenediamine with a 4-substituted-3-
aminophenol; the initially formed indo-dye undergoes
rapid intramolecular cyclisation to the corresponding
phenoxazinium salt [258].

The analogous dyes from N, N-disubstituted p-
phenylenediamines and 7-hydroxymorpholine have also
been described [259].

Water-soluble cationic polymeric dyes carrying a large
variety of chromophor systems, are reported to give
shampoo-resistant coloration [260]. A number of other
coloured polymers, some for use in coloured hair sprays,
have been described [261].

Coloured hair sprays may also use direct dyes as the
colouring agent. Incorporation of <0.5% of ethoxylated
castor oil into the spray is claimed to facilitate application
as a foam [262].

Direct dyes can also be applied to hair in an emulsion of
a fatty acid ester and a paraffin [263], or as setting agents
containing a resin, a u.v. absorber, and an antioxidant
[264].

Premetallised dyes have again received attention as
potential hair dyes [265].

A number of metal chelate compounds have been
described as potential hair colouring agents. These
include a process involving treating the hair first with a
water-soluble salt of cobalt or nickel and then with a
solution of a hydrazone of an aldehyde or ketone with
2-quinolinyl, pyridazinyl, or pyridyl hydrazine, or an
aliphatic aminoimine, or an aromatic amine [266].

The use of S-diketones to colour hair and skin is well
known. In the same vein, it has been proposed to use
certain hexandiene acetals which presumably react with
keratin amino groups [267]. Similarly, 1,2-diacetyl-
benzene [268], or a mixture of a dialdehyde and diamine
[269] can be used.

Another unusual approach is the use of carboxyalky!-
carbodithiolates, preferably on pre-reduced hair, to give
yellow to red tones [270].

Simultaneous dyeing and bleaching with hydrogen
peroxide/ammonium persulphate is difficult because of
the oxidative degradation of most dyes in this system. [t
has been claimed that this may be achieved using C.1. Acid
Blue 104 {C.i. 42735) or 1,b-di-{4'-methyl-2"-sulpho-
phenylamino)anthraquincne (C.I. 61710} which are stable
to persulphate [271].

Another problem area which has received attention is
the removal of dyes from the hair. A system containing a
metal sulphoxylate formaldehyde and urea, thiourea,
bisulphite, or a thiol has been recommended [272].

METALLIC DYES

After henna, solutions of metal salts are probably the
oldest known hair colouring system. Formulations con-
taining lead acetate and sulphur were widely available in
the early 19th century, as they are still. The system is
popular because of its ease of use, as a hair groom, and its
ability to gradually develop colour, over a period of weeks,
by daily application. In the US, lead acetate has recently
received permanent listing by FDA as a hair colouring
agent.

The conventional system comprises an agueous solu-
tion of lead acetate containing glycerine and flowers of
sulphur. The addition of ammonium chioride is claimed to
be beneficial [273].

A system containing silver nitrate or silver sulphate in a

cream or shampoo has been described [274], as has one
comprising bismuth citrate, triethanolamine, and sulphur
[275].

Another proposed system contains thiosulphate, a
complex of bismuth with an aminopolyacetic acid, and a
water-soluble amine [276].

The colours produced by these metaliic salt products
are attributable to the formation of insoluble metal oxides
and sulphides on the hair and, as such, are particularly
difficult to remove. A system has been described involving
the use of manganese, cobalt, or iron salts with a post
treatment with potassium permanganate solution, where
the colour can later be removed by the use of reducing
agents and chelating agents [277].

TOXICOLOGY

Because of the allergenic potential of some of the
materials used in hair dyes, most regulatory authorities
require cautionary labelling advising that a patch test be
performed a certain time (usually 24 h} prior to each use of
the product. Experience has shown that true allergic
reactions to hair dyes are much less frequent than might
be expected from the results of dermatological screening
with p-phenylenediamine in petrolatum, and may be as
low as one reaction per million units of product sold
[278].

Concerns as to the possible carcinogenicity of some hair
dye ingredients arose, about ten years ago, as a result of
the finding of mutagenicity in Sa/monella typhimurium
(the Ames Test) [279] and of the production of excess
tumours in maximum tolerated dose feeding studies
conducted by the US National Cancer institute (NCI). The
results have been discussed, at length, elsewhere
[280,281].

The hair colouring industry has questioned the
relevance of maximum tolerated dose feeding studies to
the evaluation of the safety of the dyes under the
conditions of use. It should be noted that most of the dyes
in common use have been tested in lifetime topical appli-
cation studies in rats and mice without showing any
evidence of carcinogenicity [280]. The effects produced
in feeding studies should be viewed in the light of the
possibility of metabolic overload, specific organ toxicity,
overwhelming of repair mechanisms, and the induction of
hormonal imbalance, each of which could rise to a false
positive effect.

Furthermore, it has been shown [281] that, while
McCann et at. [282] have claimed an excellent correlation
between mutagenicity in the Ames Test and animal car-
cinogenicity, examination of the data shows that the cor-
relation for aromatic amines and nitro compounds is very
poor. Importantly, in respect of hair dyes, while 2-nitro-p-
phenylenediamine, 4-nitro-o-phenylenediamine, and m-
phenylenediamine are all mutagenic in the Ames Test
[279] they were not found to be carcinogenic in the NCI
maximum tolerated dose feeding studies [283]. Con-
versely,  N'-methyl-N4 N-bis(2-hydroxyethyl}-2-nitro-p-
phenylenediamine is not mutagenic [284] butit produces
a high incidence of mouse liver tumours in a lifetime
feeding study [285].

Recently [286] it has been shown that the absorption of
hair dyes through human skin, under the conditions of hair
dyeing, is very low and does not normally exceed 0.1% of
the amount applied to the hair. Using such data for
2,4-diaminoanisole and the results of the NCI biocassay on
this material, it was estimated that the hypothetical
lifetime risk to a user of hair dye containing the maximum
amount of the dye used would be 1in 1.6 million.

Since hair dyes have been in common use for over 30
years, epidemiological studies on cancer rates in hair-
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dressers or on prior hair use patterns among cancer
patients can give useful chronic toxicity data on hair dyes.
The published data have recently been reviewed for the
International Agency for Research on Cancer and it was
concluded that the available data do not support the
contention that hair dyes pose a carcinogenic risk to the
occupationally exposed group or to users of hair dyes
[287].
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