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The synthesis of a series of blue disperse dyes obtained by diazotisation of substituted anilines and coupling
with Z-acetylamino—5—methoxy-4-N-[}cyanoethyl-N—ﬁ»hydroxyethylanih’ne and to N-B-hydroxyethyl-1-naph-
thylamine is described. Substituent effects on the colour of the dyes is discussed, with particular respect
to analogous dyes derived from 4-N-B—cyanoethy!»N-ﬁ—hydroxythylanih’ne. Some dyes from trisubstituted
anilines as diazo component colour polyester in deep blue shades of generally good fastness properties.

INTRODUCTION

The effect on the colour, dyeing and fastness properties
resultant from different mono- [1], di- [2] and tri-substitu-
tion [3] in the diazo residue of 4-N-B-cyanoethyl-N-hy-
droxyethylaminoazobenzenes has been previously re-
ported. Further colour changes in such dyes can result
from additional substitution in the coupling residue or by
the use of naphthalene-based couplers. Data relevant to
such structural modifications are presented here, with
particular emphasis on derivatives of dyes of structures I
and 1I (Figure 1).

EXPERIMENTAL

2-Acetylamino-5-methoxy-4-N-B-hydroxyethylaniline
and N-B-hydroxyethyl-1-naphthylamine were technical
samples (YCL) and were used without further purification.

Trisubstituted anilines were obtained as previously
described [3]. Diazotisation and coupling reactions were
carried out by established procedures used for similar diazo
and coupling components to those employed in this
present investigation [3-5}.

Dyes Il were purified by column chromatography on
Kieselgel 60 (Merck), applying the dyes from solution in
chlorobenzene and eluting with toluene containing up to
10% ethy! acetate as appropriate.

Dyes [ were purified by a variation of the procedure
described by Freeman [6]. Their solubility in chloroform
was not high and the dyes were pre-absorbed onto silica gel
from a concentrated solution in N,N-dimethylformamide
and allowed to dry at ambient temperature. Development
of the dry-packed column with toluene/ethyl acetate
(2.5:1 to 3:1) gave effective separation of dyes 1(in one to
three passes) from higher R, impurities {principally O-
acetyl analogues of 1) and from lower R, dark coloured
products (not investigated) which tended not to elute from
the pre-absorbed zone.

Dyes were extracted from the appropriate zones with
ethanol and the resultant products allowed to crystallise
from the extract liquor after treatment with charcoal.
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Electronic spectra were recorded on a Unicam SP800
from solutions in absolute ethanol. Application to poly-
ester and fastness assessments were carried out as previ-
ously noted [4]. Relevant data are shown in Tables 1 and
2.
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Figure 1 — Dyes used in the present study

RESULTS AND DISCUSSIONS

Dyes | have visible absorption maxima at longer wave-
length than those of analogous dyes derived from N-p-
cyanoethyl-N-B-hydroxyethylaniline as coupling compo-
nent. Thusthe presence of the additional donor acetylam-

ino and methoxy substituents in the coupling residue of
dye 1.1 (X=Y=Z=H) (A_, 429 nm) results in a

ma.



TABLE 1

Characterisation and fastness properties of dyes I

Dyeings on polyester

Light fastness Obs Calc.®
Sublimation
M.p. fastness A A.. A
Dye X Y z ¢C) Colour 0.1% 0.5% 25% °C) {nm) €. {nm) {(nm)
11 H H H 105-106  Deep yellow 4 4-5 45 160 429 21 300
1.2 H NO, H 152-153  Ruby-red 4 4 4-5 170 506 29800 483  +23
1.3 Cl NO, H 226-227 Magenta 4 4-5 4-5 170 531 26 700 499  +32
14 NO, NO, d 162-163  Dark blue 4 45 4-5 170 576 36 200 526  +50
1.5 NO, NO, Br 168-170  Dark blue 4-5 4-5 4-5 180 577 33 800 528 +49
1.6 NO, NO, F 153-154 Blue 4 4-5 4-5 170 575 28700 523 452
1.7 NO, NO, CF, 167-168  Dark blue 34 3-4 4 160 592 34 600 529  +63
L8 NO, NO,SO,CH, 174-176 Greyblue 4-5 4-5 4.5 220 605 33700 546 459
19 NO, NO, CN 187-188  Deep biue 4 4 45 180 620 40500 h46 474
110 C NO, 186-187 Dark magenta 4-5 5 5 170 493 22 900 515 22
111 Br NO, Br 216-217 Dark magenta 4-5 5 5 180 490 20 500 519 -29
112 Br CN Br 177-178  Buish-red 4-5H 5 5 180 468 18 200 501 =33
13 CN NGO, CN 191-192  Deep blue 5 5 5 190 629 42 500 555  +74
14 C NO, CN 183-184  Deep blue 5 5 5 180 612 31 300 535  +77
115 Br NO, CN 224-225  Deep blue 5 5 5 180 610 28 400 537 +73
I16  Br NO, SO, CH, 166-167 Greyviolet 45 4-5 4.5 210 537 22 800 537 0
117 CN NO, SO,CH, 240-241 Deep blue 4 4-5 4-5 210 626 21 700 5 471
.18 CN CN CN 220-221  Deep blue 4 4 4-5 170 603 29400 537 +66

{a) In ethanol
(b) On basis of individual substituent effects {see text)

bathochromic shift of 32 nm relative to the dye from
aniline-» N-B-cyanoethyl-N-B-hydroxyethylaniline A
397 nm) [1]. Whilst such a bathochromic shift may be an-
ticipated on the basis of the increased electron donor
character of the methoxy and acetylamino substituents,
the methoxy group is not conjugated with the azo residue
and the influence of the acetyiamino group has been ra-
tionalised more in terms of intramolecular hydrogen
bonding factors rather than its electron donor character
[7]. Inthe dyes based on 4-nitroaniline » N N-diethylanil-
ine, introduction of a 5-methoxy substituent gives a
bathochromic shift of 2 nm, and of a 2-acetylamino
substituent one of 25 nm, whilst conjoint substitution of
the groups gives a shift of 44 nm [7].

Introduction of electron acceptor substituents into the
diazo moiety enhances the electron interactions in the dye
system, and A4 values relative to analogous dyes from N-
B-cyanoethyl-N-B-hydroxyethylaniline increase with in-
creasing substitution, e.g. 32, 55, 57 and 76 nm for the
dyes from aniline, 4-nitroaniline, 2-chloro-4-nitroaniline
and 6-chloro-2 4-dinitroaniline respectively [2,3]. There
is thus no constant diffference in the shift of absorption
maxima resultant from changes in the coupling compo-
nent, the shifts also being significantly dependent on the
nature and degree of substitution in the diazo component.

Other dyes I trisubstituted in the diazo residue show
bathochromic shifts of 75-90 nm compared with
analogous dyes from  N-B-cyanoethyl-N-p-
hydroxyethylaniline, and their colour shifts resulting from
various substitution patterns in the diazo component

follow the general order observed for N-B-cyancethyl-N-
B-hydroxyethylaniline derivatives [3]. Thus dye 1.13
derived from 2,6-dicyano-4-nitroaniline absorbs at the
longest wavelength in the series of dyes in Table 1, and the
overall value of cyanc substitution in the development of
colour in such dyes is apparent in the other cyano
substituted dyes in Table 1. Similarly the steric crowding
factors previously discussed with respect to dyes from N-
B-cyanoethyl-N-B-hydroxyethylaniline [3] are equally ap-
parent indyes . The dyes derived from 2,6-dichloro-4-ni-
troaniline (1.10) and from 2,6-dibromo-4-nitroaniline
(I1.11) for example, despite the methoxy and acetylamino
substitution in the coupler residue, only absorb in the
region observed with many 2'-substituted 4 -nitro-4-N-B-
cyanoethyl-N-B-hydroxyethylaminoazobenzenes [2].

The colour range possible by relatively simple sub-
stitution in  4-N-B-cyanoethyi-N-B-hydroxyethyl-ami-
noazobenzenes is extended in dyes [ from values up to to
550 nm in dyes trisubstituted in the diazo residue [3] to
629 nm with additional methoxy and acetylamino substi-
tution in the coupling residue (dye 1.13), thus giving an
overall colour range of 232 nm with respect to the parent
dye unsubstituted in both the diazo and coupler residues
(4,397 nm) [1]. Whilst this colour range of 232 nm is
attainable by the presence of readily introduced substitu-
ents into 4-N-B-cyanoethyl-N-B-hydroxyethylami-
noazobenzene, even greater extension of the colour to
longer wavelength can be obtained by the use of more spe-
cialised electron acceptor groups into the diazo compo-
nent, e.q as in 2-(4-amino-2-acetylaminophenylazo)-4-
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TABLE 2

Characterisation and fastness properties of dyes Il

Dyeings on polyester

Light fastness Sublimation

M.p. fastness A @

Dye X Y Z Q) Colour 01% 0.5% 2.5% (°C) {(nm) £ .

Ii.1 H H H 187-188  Deep yellow 2-3 2-3 2-3 160 445 19500
1.2 H NO, H 126-128  Ruby-red 3 3 3-4 160 525 22900
1.3 Cl NO, H 210-211 Deep magenta 34 34 4 170 551 25100
1.4 NO, NO, Cl 189-190  Dark blue 4-5 5 5 170 598 31600
1.5 NO, NO, Br 209-210  Dark blue 4-5 5 5 180 598 34 700
1.6 NO, NO, F 204-205  Dark blue 4 4 q 170 594 38 000
.7 NO, NO, CF, 187-188  Dark blue 33 4 4 170 620 38900
1.8 NO, NO, SO,CH, 206-207  Grey-blue q 4 4 210 633 36600
1.9 NO, NO, CN 247-248  Deep blue 34 4 4 180 642 39200
.10 Cl NO, Cl 202-203  Greyish magenta 34 3-4 4 170 500 20900
.11 Br NO, Br 211-212  Greyish magenta  3-4 34 4 180 493 19 300
I.12 Br CN Br 195-196  Brownish red 3-4 34 4 170 464 23 800
.13 CN NO, CN 207-208  Deep blue 4 4 4 180 651 36 500
.14 Cl NO, CN 244-245  Blue 4 4 4 180 616 28 700
.15 Br NO, CN 251-252  Blue 4 4 q 190 612 29200
.16 Br NO, SO,CH, 238-239  Dull violet 3-4 4 4 210 545 23 200
.17 CN NO, SO,CH, 269-270  Deep blue 4 4 4 210 648 21000
II.18 CN CN CN 263-264  Deep blue 34 4 4 180 624 34 100

(a) In ethanol

chioro-5-formylthiazoles [8].

The ‘additive’ effect of individual substituent effects has
been previously noted in many trisubstituted derivatives of
4-N-B-cyanoethyl-N-B-hydroxyethylaminoazobenzenes
[3] and a similar effect is observed in dyes I. Thus,
considering the dyes from aniline and 6-chloro-2,4-dini-
troaniline diazotised and coupled to N-B-cyanoethyl-N-f3-
hydroxyethylaniline, A__ 397 nm and 500 nm respec-
tively [1-3], and the analogous dyes [.1 and 1.4 derived
from 2-acetylamino-5-methoxy-N-B-cyanoethyl-N-f-
hydroxyethylaniline, A__ 429 and 576 nm respectively, it
is seen that the dinitrochloro substitution in the diazo
substituent gives a shift of 103 nm and that of the
acetylamino—methoxy substitution in the coupler a shift of
32 nm. Conjoint substitution of these {dye [.4) gives, with
i, 576 nm, an overall shift of 179 nm, compared with
the ‘additive’ substituent shift of 135 nm, i.e. an enhance-
ment of 44 nm. Since, however, the dye from 6-chloro-
2-4-dinitroaniline — N-B-cyanoethyl-N-B-hydroxyethy-
laniline has itself an ‘additive’ shift of 6 nm [3], the overall
enhancement in dye 1.4 is 50 nm.

Absorption maxima calculated on the basis of the
summation of the shifts shown by the individual sub-
stituents in the diazo component in mono-substituted 4-N-
B-cyanoethyl-N-B-hydroxyethyl-aminoazobenzenes {11,
and of the 32 nm shift resultant from the
methoxy-acetylamino substitution in the coupling residue
are shown in Table 1, together with the AA values relative
to the observed maxima. Whilst the overall A% value of
+50 nm for the 6-chloro-2-4-dinitroaniline derivative
above is typical of the 6-halogeno-2,4-dinitroaniline dyes
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(1.4-1.6) generally, the value is significantly larger in the
cyano substituted dyes, in which steric crowding factors
can be considered to be at a minimum, i.e. dyes from 2,6-
dicyano-4-nitroaniline (1.13), A4 +74 nm; 6-cyano-2,4-
dinitroaniline (1.9), AA +74 nm; 6-chloro-2-cyano-4-ni-
troaniline {I.14), AA +77 nm; and 6-methylsulphonyl-2-
cyano-4-nitroaniline (1.17), AA +71 nm. The value of the
4-nitro substitution, apparent in similar dyes [3], is il-
lustrated in the lower additive effect observed in dye 1.18,
based on 2.4 ,6-tricvanoaniline, which has AL +66 nm.

In dyes in which the substitution pattern in the diazo
component results in significant steric crowding factors
becoming operative, the A values show a reverse effect,
i.e., observed A__ are at wavelengths lower than those
calculated from the individual substituent effects.

Typical are the dyes derived from 2,6-dichloro-4-ni-
troaniline (I.10), A1 -22 nm; 2,6-dibromo-4-nitroaniline
(.11), AL —29 nm; and 2,6-dibromo-4-cyanoaniline
([.12), AL ~33 nm. In the case of the dye derived from 2-
bromo-6-methylsulphonyl-4-nitroaniline (I. 16), the steric
and additive effects cancel each other, giving an overall AA
value of zero.

Whilst the above negative AA values are typical of
sterically crowded dyes, they do however further illustrate
the previously noted [3] partial compensation of steric
crowding factors by an enhanced electron mobility in the
dye system. This is typically exemplified in the dyes
derived from 2,6-dichloro-4-nitroaniline as diazo
component. When coupled to N-B-cyanoethyl-N-B-
hydroxyethylamine the resultant dye shows a Advalue of
~70 nm [3]. In dye 1.10, containing additional methoxy



and acetylamino substituents, the AA value is -22 nm.
Since the methoxy and acetylamino substituents alone
give a Advalue of +32 nm, the Advalue for dye I.10 would
have presumed to be inthe ~70to0 +32 nmregion, i.e. ~38
nm, if the steric crowding factors had been the totally
dominating influence. The actual Advalue of ~22 nm thus
illustrates this compensation effect.

Dyes II derived from the naphthalene-based coupler
absorb in the region of 20~30 nm longer wavelength
relative to analogous dyes | {Table 2). The advantageous
use, in the context of attaining bathochromic shifts in the
visible absorption maxima, of naphthalene-based inter-
mediates as either diazo [5] or coupling components (4]
has been previously demonstrated and comparison of
dyes I and I further iilustrates this. Dyes | do, however,
contain the N-B-cyanoethyl substituent in the coupling
residue and such substitution is hypsochromic with re-
spect, for example, to N-alkyl or N-hydroxyalky! substitu-
tion [9]. Replacement of the N-cyanoethyl group in dyes
I by such substituents can therefore give analogous effects.
but with absorption maxima of a similar order to dyes II.
Thus 2-bromo-4,6-dinitroaniline diazotised and coupled
to the N,N-diethyl [7], N-B-hydroxyethyl and N,N-bis-B-
hydroxyethyl [11] derivatives of 2-methoxy-5-acetylami-
noaniline affords dyes having A__ 608, 587 and 600 nm
respectively, the latter being additionally useful in having
extinction coefficients of a higher order than dye [.5.
However, whilst in dyes of type | the aniline-based coupler
is effectively fully substituted, the naphthalene moiety in
type Il is unsubstituted and further substitution into the
ring, e.g. by methoxy or hydroxy substituents, can be
utilised to produce dyes absorbing at longer wavelength
than type I and related compounds [4].

Dyes of both series Iand Il coloured polyester with good
build-up, with the exception of those substituted by the
methylsulphonyl group, which gave dullish dyeings of
poor build-up. Hues of dyes I and Il were generally similar.
those of type Il being slightly greener and, in some
instances, flatter. Dyeings tended to be duller than those
analogous dyes without the methoxy-acetylamino substi-
tution in the coupling residue [3] and, with the exception
of dyes from sterically crowded diazo residues {see above),
built-up to intense dark biue hues (cf. C.I. Disperse Blue
85, 6-chloro-2 4-dinitroaniline > N-B-hydroxyethyl-1-
naphthylamine, dye I1.4).

Light fastness of the dyeings was only moderate, but of
an acceptable order for such readily availabie deep-dyeing
dark blue colorants. The fastness was generally higher
than observed for similar dyes derived from N-B-
cyanoethyl-N-B-hydroxyethylaniline [3]. Thus the
presence of the additional methoxy and acetylamino
substituents in dyes [, and the subsequent increased elec-
tron mebility in the dye system, does not result in a
lowering of light fastness, but the converse. Whilst
hydrogen bonding factors involving the azo and
acetylamino substituents in type I could be considered as
having some stabilising aspect, such factors are not
pertinent to typel, in which light fastness values are lower,
but not significantly so.

The 2"-nitro-substituted dyes in particular show a con-
siderably higher light fastness on polyester than similar
substituted derivatives based on 4-N-B-cyanoethyl-N-f-
hydroxyethylaminoazobenzene [1-3]. Thus in dye HI

(Figure 1) fastness varies, at 0.1, 0.5 and 2.5% depth of
shade respectively, from 1-2, 2 and 2-3 where A=B=H
to 4, 4.5 and 4-5 where A=0OCH, and B=NHCOCH,
{dye 1.4).

It could be considered in this context that in dye 1.4,
because of the increased donor character of the coupling
residue, the overall electron distribution in the dye mole-
cule differs from that in the analogous dye without such
substitution, i.e. where A=B=H. Differences in electron
densities at points in the dye molecule at which photode-
gradation may occur may thus be expected, i.e. at the
amino or azo nitrogen atoms, and also within the diazo
and coupling residues generally, with consequent differ-
ences in the photostability of the dyes. Differences in the
overall degree of electron interactions in dye 1.4 are
indicated by the much greater ‘additive effect’ in this dye
(AA +50 nm) compared to the AA value of +6 nm in the
dyes where A=B=H.

Other factors may, however, be equally pertinent, and
since light fastness evaluations are based purely on a visual
colour change, should such a change be more on-tone to
the original dyeing, then a relatively high visual assessment
of fastness will result. Dye 1.4, for example. colours
polyester in deep dark blue hues compared with the dark
red hue of dye It (A=B=H) and it is {easible that the visual
colour change as fading commences is greater in the latter
dye, although both dyes may be degrading chemically at
similar rates. Nonetheless the visually assessed fastness of
dyes I renders them more commercially acceptable colo-
rants than the simpler analogues derived from trisubsti-
tuted anilines and N-B-cyanoethyl-N-B-hydroxyethylanil-
ine [3}. The fastness to sublimation of both types [ and Il
as may be anticipated on the basis of their increased
molecular weight and polarity relative to less substituted
analogues, is also of an acceptably good order.

CONCLUSIONS

Dyes derived from the use of both 2-methoxy-5-acetyl-
amino-N-f-cyanoethyi-N-B-hydroxyethylaniline and N-3-
hydroxyethyl-1-naphythylamine as coupling components
and of trisubstituted anilines as diazo components
generally colour polyester fibres in deep dark blue hues of
adequate fastness to both light and sublimation. Additive
effects of the individual substituents of dyes derived from
2-methoxy-5-acetylamino-N-B-cyanoethyl-N-B-hydroxy-
ethylaniline are of a much higher order than those previ-
ously noted for analogous dyes from N-B-cyanoethyl-N-B-
hydroxyethylaniline. These additive effects, of up to
70-80 nm, contribute significantly to the colour
development in substituted 4-aminoazobenzenes and
permit the ready synthesis of deep biue colorants by
relatively simple substitutions into the basic dye system.
Thus, whilst the parent 4-N--cyanoethyl-N-B-hydroxy-
ethylaminoazobenzene has A @t 397 nm, introduction
of the 5-methoxy and 2-acetylamino substituents into the
coupling residue and of 2'6-dicyano and 4'-nitro
substituents into the diazo residue results in a blue dye of
A,..029 nm, i.e. an overall colour shift of 232 nm. The
additive shift relative to the summated effect of the
individual substituents is +74 nm in the latter dye, and in
the absence of such additive effects, the summated A of
955 nm would have restlted in a magenta-violet dye.
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