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PREFACE

Taking a generalized historical viewpoint of the field of chemistry and
chemical technology which can be broadly defined as colour chemistry,
it could be concluded that at least four distinct developments have
made a significant impact on the progression and expansion of this
subject area. The initiation was, of course, the discovery of the first
synthetic dye, mauveine, by W. H. Perkin in 1856. This historic event
ultimately resulted in the commercial development of a vast range of
synthetic colorants both for textile and non-textile applications, and
which possessed a more favourable cost versus benefit ratio compared
to the hitherto used naturally occurring colorants. The second factor
was the development over the years of synthetic fibres, an innovation
which led to vigorous new research and the addition of the disperse
dyes and improved cationic dyes to the extensive volume of synthetic
dyestuffs enjoying successful industrial exploitation. The introduction
of the fibre reactive dyes, whilst presenting innovative ideas in both
the chemistry and application of colorants, may be considered as a
natural development from the first event.

The third development can be related to the recognition of the
potential adverse effects of certain synthetic dye intermediates on
human health. This resulted in the removal of most benzidine and
2-naphthylamine based dyestuffs from the manufacturing processes in
a number of countries, and later to guidelines requiring dyestuff
manufacturers to demonstrate safety aspects in all new and certain
existing products, and also in the effluents released from manufactur-
ing plants into local waters. Unlike the first two developments, both of
which initiated new industrial dyestuff research, this third development
did not provide an opportunity for the industry to expand. Indeed, it
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vi Preface

presented, and continues to present, the challenge to manufacture
colorants which do not pose potentially hazardous environmental or
toxicological characteristics, but which also retain advantageous func-
tional properties.

The fourth development, and one which has also resulted in new
dyestuff research, has been in the application of synthetic colorants in
high technology areas involving, for example, lasers, liquid crystalline
displays, electro-optical devices and ink-jet printers. The research in
these areas has been fruitful and has resulted in a large volume of
innovative chemistry, but there exists, to some extent, a cost versus
benefit consideration in the manufacture of such products.

This volume covers, in the broad sense, chapters pertinent to each
of the above developments. The idea for the volume was conceived
following the 1988 Symposium on Colour Chemistry, organized under
the auspices of the American Chemical Society in Los Angeles,
California. From that initial seed, the book was developed—using a
combination of original research work and review material. The
themes in the book have been selected to cover, as far as possible,
some aspects of current activity pertinent to the four developments
noted above. As a consequence, its chapters embrace the chemistry of
traditional intermediates and colorants for textile and non-textile
applications, structural analysis using the analytical technique of
2-dimensional nuclear magnetic resonance spectroscopy, aspects of the
toxicological and environmental factors in the synthesis and evaluation
of colorants and in the disposal of effluent liquors from their
manufacture, and on the more recent developments pertaining to the
use of colorants in high-technology applications.

This wide ranging theme of topics is indicative of how far the
horizons of colour chemistry have broadened since Perkin first noted
his purple impurity and unknowingly set the whole machinery of
progress in colorants into motion. They are indicative of, and a
reflection of, the ingenuity of mankind. They are also a very positive
indication that, as we approach the 21st century, colour chemistry still
has much to offer, to scientists, technologists, industry and to society.

A. T. PETERS
H. S. FREEMAN
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Chapter 1

THE CHEMISTRY OF BLUE
DISPERSE DYES, PAST AND
PRESENT

R. Ecu
Sandoz Products (Switzerland) Ltd, CH 4002 Basel, Switzerland

DEFINITION AND APPLICATIONS OF DISPERSE DYES

Disperse dyes are low molecular weight (approx. 300-700), virtually
water-insoluble anthraquinone (AQ), azo or polymethine dyes suitable
for colouring polyester (PES) fibres. The dyeing of partially acety-
lated cellulose, as well as nylon, is also possible with these dyes. Thus,
red, as well as blue, AQ-dyes already used for the colouration of
acetate silk were available for PES dyeing around 1950.

MANUFACTURE AND FINISHING OF DISPERSE DYES

In the final stages of the laboratory synthesis, the water-insoluble
disperse dye is filtered, washed, dried and analyzed. The dye then
exists in the form of a so-called dye presscake. In this form, it is not
suitable for dyeing purposes and must be further processed as follows.

In a typical laboratory procedure, the dye presscake is ground
together with dispersants, mainly anionic lignin sulphonates. This
grinding takes place in aqueous medium in a glass or steel beaker with
glass beads using a two-plate steel mill at a speed of about 2000 rpm
for several hours. When the grinding is complete, an aqueous
dispersion is obtained which, when placed on a round filter paper,
spreads out evenly, as with a solution, without forming a border at
the edge. The dispersion is then filtered, dried on a rotary evaporator,
and pulverized in a mortar into a so-called ultradisperse powder.
Research preparations processed in this manner have a particle size of

1



2 R. Egli

approximately 1 um. These preparations are then subjected to various
dyeing and fastness tests in the R&D test laboratories.

On a production scale the grinding is done in large mills and the
drying process to obtain the final product is performed on special
spray-drying equipment. The granulated form of the commercial
product produced by this process conforms to practice conditions. The
product has good flowing properties, is suitable for automatic
dispensing and is non-dusting. The granules should also be capable of
wetting out and dispersing quickly and completely so they can be
further stirred into an aqueous dispersion that is stable for dyeing
purposes.

Disperse dyes are sold also in liquid form for certain applications,
e.g. printing.

HoN 0 OH
R
g OO
CoHq0H
W 0 NHy
& 2
(B1os 987, 161 (1931]]' [DE 1029 506 (1955)]
NO2 0CoHg
02N N=N (C2H40COCH3) 2
r  NHCOCH3

21
[DE 1 069 313 (1956]

P
CHch CH2

OH C]
8

[BP 840 903 (1958)]

Fig. 1. Blue disperse dyes—representative examples up to 1965.



Chemistry of blue disperse dyes 3
BLUE DISPERSE DYES AND INTERMEDIATE PRODUCTS

Blue disperse dyes around 1965

With a selection of four types, Fig. 1 illustrates the situation with
respect to blue disperse dyes available somewhat more than 20 years
ago. Blue AQ dyes available for dyeing acetate silk are typified by 6
(strongly greenish) and dye 2 (neutral blue). Below these are shown
typical azo dyes available at that time: compound 21 is the classic navy
blue structure. The reddish blue and still somewhat dull 5-
nitrothiazole-2-azo dye 8 indicates that the use of heterocyclic diazo
components goes back well into the 1950s.

The hue and the brilliance of these commercial products is displayed
in Fig. 2, which provides a colourimetric presentation of the hue (H°)
as well as the brilliance (C*) of these four dye types. They are
represented by the so-called CIELAB system.” In this system the
brilliance and the shade of dyeings is recorded and plotted by
reflectance measurement. The C* value is a measure of the brilliance
and is recorded on the ordinate. The H° value given on the abscissa
expresses the dyeing hue in numerical terms.

c* 1965
55 4

Chroma
(Brilliance)

45 4
40

35 A

® AQDyes

30 4 a Replacement Dyes

25 4 Hue

210 220 230 240 250 260 270 280 290 300 H°

greenish reddish

Fig. 2. Hue and chroma (brilliance) of blue disperse dyes in 1/1 standard
depth (CIELAB).2



4 R. Egli

The direction of further research was therefore clear; the azo dyes,
which were more economical than the AQs, needed to be improved
with respect to their brilliance, and in addition the search for greener,
more bathochromically absorbing dyes became a priority.

The following research results are not arranged according to strict
chronology but principally from a structural standpoint. Relevant
structures taken from the literature, including certain commercial
dyes, are included.

Blue disperse dyes based on azobenzene

Patent applications in the 1960s led to commercial products around
1970 with which PES could be dyed in a bright blue shade, at first a
reddish blue and then, somewhat later, also a neutral to slightly
greenish blue.

Figure 3 shows the azobenzene derivatives. These dyes are distin-
guished primarily by different substituent combinations in the diazo
component; the coupling components differ only marginally. The
influence of the substituent X on A, is clearly apparent, and,
accordingly, different blue tones could be expected on PES.

The reddish blue 11 (X = Br) is prepared directly, i.e. by diazotiza-
tion of the amine and coupling. The same procedure fails on a
technical scale with more negatively substituted amines, e.g. as in the

DMF
X R Ania [nm)

CN Ex 1 | Br CoHs 591
0pN- -N=N- -N(CoHsg) 14 NO2 CH3 613
NHCOR 17 CN CH3 619
15 S0CH3 CH3 617

NOp 0CH3

aia 0
CN NHCOCH3

18
Fig. 3. Blue azobenzene disperse dyes—developments from 1965 to 1970.
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case of dyes 14, 15, 17 and 18. These are prepared in a two stage
process by nucleophilic replacement of the 2-halogeno or the 2,6-
dihalogeno intermediate dyes with cyanide (once in dyes 14 and 18,
twice in dye 17) or with methylsulphinate as in dye 15. By the
additional introduction of an alkoxy residue into the 5’-position of the
coupling component, a bathochromic shift then occurs into the
strongly greenish blue region, thus making it possible to achieve the
greenish AQ standard.

These azo dyes still represent the state of the art from a technical
dyeing and fastness standpoint and cover the reddish to neutral blue
region to the dyer’s satisfaction.

Figure 4 shows the reddish blue (dye 11) as well as the distinctly

[DE 1 644 587 (1965)]

0 NH2 o

“O N(CH) 30CH3 [DE 1 918 696 (1969)]
0 H2 0

3

CN

OZN‘Q‘MN—Q—N(CZHS)Z [DE 1 248 190 (1963)]

Br  NHCOCpHs

n

CN
0N QN:N@,N(CZHS)Z [BE 694 264 (1966]]
eN RHCOCH,

Fig. 4. Blue disperse dyes—representative examples from 1965 to 1970.
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c* 1970

55
Chroma
(Brilliance) g
* 1 5
=

45 4
40 A

35 A

® AQDyes

30 A Replacement Dyes:

210 220 230 240 250 260 270 280 290 300 H

greenish reddish

Fig. 5. Hue and chroma (brilliance) of blue disperse dyes in 1/1 standard
depth (CIELAB).

greener neutral blue (dye 17) as two typical examples of the
azobenzene type discussed above. In addition, two representative new
developments in the AQ sector, which appeared between 1965 and
1970, are included, viz. the strongly reddish blue and brilliant dye 1,
and the first representative of the extremely important turquoise
elements of type 4. The shade and end-use fastness properties of these
turquoises are still unequaled by any non-AQ based dye.

These four elements are also presented in the CIELAB diagram in
Fig. 5. The two azobenzene derivatives 11 and 17 are shown in
relation to the two AQ structures 1 (reddish blue) and 4 (turquoise).

In this figure it can be discerned that the newly accessible shade
region has noticeably shifted within only a few years, to the direction
of brighter (C* values) and greener (H° values) dyes.

Thiazole intermediates and dyes

Three nitro substituted aminothiazoles (Fig. 6)° are primarily of
interest; the 5-amino-4-nitroisothiazole and its benzoanellated deriva-
tive, the important 2-amino-5-nitrothiazole and the interesting struc-
ture 5-amino-2-nitrothiazole.
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5-Amino-4-nitro 2-Amino-5-nitro 5-Amino-2-nitro
isothiazole thiazole thiazole

NOp
N
B\ _[ N
QE’ i Ka s)(ﬁ""z 02"—4357"“2
| Bathochromic Shift of Azo Dyes
NO,

(5)
3-Amino-5-nitro-
I 2,1-benzisothiazole
N\s W2

Fig. 6. Thiazole diazo components.>

5-Aminothiazoles

MO calculations indicate that azo dyes based on 5-aminothiazoles
make worthwhile target molecules if maximum bathochromic shift is
the goal. However, as far as is known, 5-amino-2-nitrothiazole has not
yet been synthesized.

5-Aminoisothiazoles

These are, however, easily accessible and lead to excellent azo dyes
from a dyeing and fastness standpoint, but mainly in the red-violet
region. The principle of synthesis of 5-aminoisothiazoles is outlined in
Fig. 7. Typical syntheses are

(i) the 4-nitro-derivative: Acetonitrile dimer is treated with hydro-
gen sulphide to give the thioamide, which is then cyclized with
hydrogen peroxide to the isothiazole with the 4-position free.
Protected as the acetamide, it can now be nitrated and
subsequently hydrolyzed to the free amine, 5-amino-3-methyl-4-
nitroisothiazole.

(ii) the 4-cyano-derivative: A synthesis based on the same principle
of oxidative cyclization produces directly the 4-cyano
derivative.* 2-Cyano-3-methoxycrotonic acid nitrile (readily ob-
tainable from malodinitrile and orthoacetic acid esters) is
converted into the thioamide; amino substitution of the
methoxy group and cyclization with hydrogen peroxide leads to
the final product. The three steps can be carried out in a one
pot reaction.



