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SUMAMARY

Data on a series of 65 azo dves derwed jfrom 4-alkylamido-2-
hydroxybenzoic acids are reported The dyes are suitable for application

to polyarnide fibres

Many correlations between the nature of substituents and the physical,
spectroscopic or tmctorial properties of dyes were established.
Correlations between structure and colour of dyed fabrics were also

Sfound
1. INTRODUCTION

The field of dyes containing hydrophobic alkyl chains of modular length
has been investigated for many technical purposes. In their classic work,
15
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Fierz-David and Kuster® studied the change of surface tension due to the
change in chain length 1n azo dyes potentially usable as acid or direct dyes.
Acid wool dyes of the ‘Carbolan’ series have been marketed by ICL,?
besides the lightfastness inherent to the anthraquinone moiety, these
show high fastness to repeated washings due to the presence of a C, , unit.
The molecular areas and orientation at water surfaces of aromatic azo
compounds containing long alkyl chains have been studied by Giles and
Neustadter.® Many patents claim the use of weighted non-diffusing azo
dyes in silver halide emulsions.® Several long alkyl chain azo dyes have
been proposed for the dyeing of polypropylene fabrics.3+® Disazo dyes of
this type also have been used to colour gasoline, fuel and diesel oils.” The
effects of long chains on standard affinity, lightfastness, wetfastness and
diffusion rate have been studied by several authors.®~!°

In this paper a series of disperse monoazo dyes for polyamde fibres 1s
described. Suitable aromatic amines were diazotized and coupled with
acyl derivatives of 4-amino-2-hydroxybenzoic acid (I) containing alkyl
chains 1n the range C,—C,,. The effects of substituents and chains on
chemical, physical and technical properties of the dyes (III) were
mvestigated

2  EXPERIMENTAL
2.1. Dyes and intermediates

4-Alkylamido-2-hydroxybenzoic acids (II) were prepared as indicated 1n
refs 11 and 12 and purified by repeated crystallization from ethanol.

The diazotization of the amines was performed following the usual
procedures. Coupling was carried out 1n alkaline conditions, in water for
R =CH,;, C;H,, n 259 aqueous ethanolfor R =C H,;, C,;H,;and n
50 %, aqueous ethanol (containing 10 9{ pyridine) for R = C, Hj;,. After
coupling, the mixture was kept overnight and acidified with acetic acid.
The dye was then collected and crystallized as indicated in Table 1. All the
dyes gave correct elemental analyses.

2.2. Chromatography

R, values were determuned on silica gel 60 F-254 TLC plates, using as
eluent B.A W (#z-butanol:acetic acid:water) 4:1:5
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2.3. Spectra

The electronic spectra of the dyes were determined on a Pye Unicam
SP 8-100 spectrophotometer 1n ethanol (data in Table 1) and 1n ethanolic
0-1M-potassium hydroxide (data in Fig. 5).

Nuclear magnetic resonance spectra were obtained with a Varian T-60
spectrometer 1n DMSO-d, solution (69]) using TMS as internal
standard.

2.4. Dyeings and fastness determinations

The baths were prepared by dissolving the dyes into a small amount of
acetone, adding Disperlene T 333 (A.I.C S.p A . Turin) as dispersing
agent and gently removing the solvent Distilled water was added to the
final required volume.

Dyeings on polyamide 6 6 were carried out on an Ahiba Texomat
apparatus to 2 % depth and at liquor ratio 40:1. The pattern, previously
wetted, was put into the dye dispersion (60 °C) and the temperature raised
to boiling 1n 30 min and maintained for 45 min. The dyed fibre was then
removed, well rinsed with a soap solution and dried 1n hot air

The fastness was assessed by standard procedures.'? Lightfastness was
determined on a Xenotest 150. The fastness to sublimation was evaluated
after treatment for 30s at 150°C.

2.5. Colour measurements
The colour of dyed fabrics was determined on an IBM 7841 mod. 2
colour analyser using the D source and barium sulphate as standard
white

3 RESULTS AND DISCUSSION
3.1. Chemistry, structure and physical properties of the dyes
The starting material for the synthesis of dyes was p-aminosalicylic acid
(I), an intermediate easily available at low cost and well known for

pharmaceutical purposes. It can be employed not only as a coupling
component at the starred position, but also as a diazo component in the



Monoaco dyes for polyamide 21

synthesis of azo dyes.!* By reaction with acyl halides (Schotten—
Baumann) the amino group may be acylated (R in the range C,~C, ) and
the resulting coupling agents (II), reacting with the diazonium salts of
suitable aromatic amunes, give monoazo dyes of general structure IXI. The
micellar properties of some compounds II have recently been
investigated.'®

In Table 1 the formulae of dyes 11l and their physical and spectroscopic
data are reported.

COOH COOH COOH
R-COC] ArN-
«(Gp-on 225 (S-on 2 ar-nen-(O -0
NH, NHCOR NHCOR
I 311

In Figs 1 and 2 the outlined NMR pattern of dyes 26 and 10 are shown,
as an example. The related attributions confirm the structure of the dyes.
The melting points of individual dyes are plotted against chain length in
Fig. 3. In general these molecules have quite high melting points and this
could be a significant property in connection with technical finishing.
There can be seen a general trend whereby melting points decrease as the

Ha Hp He COOH H,=785

H,=750
ci = oH H.=835 Hy=818
Ha Hp I:IH Hy H_ =233
-C
Co-ch,

—
_r'—’—‘ :

dab

Il E I
Y A3 IllJ;LllllllllllllLLllIIIILKILLLL

10 6 4 2 0
ppm (8)

Fig. 1. NMR spectrum of dye no 26
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Fig. 2. NMR spectrum of dye no 10

chain length increases This is not unexpected, taking into consideration
the negative effect of weighted hydrophobic structures on accom-
modation into a crystalline lattice.

An opposite effect 1s shown 1f R data are considered (Fig. 4). In this
case the chain lengthening causes a loss of interaction with the polar
substratie. The apparently low R;values for the 2-OCH,,5-N O, series can
be explained in terms of polarity at the A ring moiety. The donor (OCH,)
and acceptor (NO,) groups are 1n the para position, while 1n the other
nitro bisubstituted series the mera position 1s occupied

3.2. Electronic absorption spectra

In the case of the monosubstituted dyes falling within the general
structure of donor—acceptor substituted azobenzenes (IV), the A_,, of the

,\"@—N=Nj//—x, OH ——

v
v Vi
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Fig. 3. Correlation between melting points and structure of dyes

R

long wavelength bands have been plotted against Hammett's o,constants
(Fig 5) and a good relationship observed. The /. values were taken 1n
alkaline solution, in which the conjugated system could be regarded as a
resonance hybrid of the two extreme canonical forms V and VI, in order
to enhance the slope of the regression. No effect of the chain on the
wavelength of absorption was observed. The o, value here assigned to the
hetaryl substituent, 6-methyl-2-benzothiazolyl, is +0:64 as previously
obtained for 2-benzothiazolyl.!® The bathochromic shifis associated with
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O 4-CN A 2-0CH; 4-NO,
v4-0CH, X 2-OCH;-5-NO;
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Fig. 4. Correlation between R; and structure of dyes

the electron withdrawing power of substituents (also observed in neutral
media) indicate that these dyes, as with the majority of arylazophenols,

exist solely in the azo and not in the hydrazone form.

17

3.3. Dyeing properties

All the dyes were particularly suitable for use as disperse dyes in the
dyeing of polyamide 6 6 fabrics. Attempts at application to polyester were
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550+

500-1
450
1 1 1
) 05 100 o,
OCH3 CH3 H ClI BZT COCHa CN NO2
NHCOCHa

Fig. 5. Correlation between 4_,,, of dyes and Hammett’s ¢, constants The equation for
the regression is

lmaz =49 3304460 75
and r =0977. The CN sernes 1s excluded from the regression. if included, r = 0 959

unsatisfactory, mainly due to the long chain substituents. Exhaustion of
dye liquors, levelling and colour yield (compared with commercial dyes in
sitmilar conditions) were good. A slight tendency to exhibit phototropic
changes was however observed for most dyes in the series.

Fastness data of the dyeings are reported in Table 2. The following
comments can be made:

(a) Fastness to solvents and to sublimation are very good or excellent
mn the whole series (data not reported in Table 2). Fastness to rubbing is
very good for monosubstituted classes (except for the hetaryl substituent,
BZT) but generally lower for the bisubstituted ones.

(b) While the behaviour of individual dyes in the specific tests has to be
evaluated, it was nevertheless interesting to work out some generali-
zations in view of the large amount of available data. Plotting the total
wetfastness (Table 2) versus substitution, the curve in Fig. 6 is obtained.
The worst effect is due to 2-C1,4-N O, substitution, whereas the best is due
to 2-OCH,,5-NO,. No correlation between lightfastness (total light,
Table 2) and wetfastness 1s found. The graphs are helpful if a compromise
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T T 1 T T
2CehQ, NQ, H  20CHaNG, NHOOCH, Z0HAEND, CN CH; OcH; B2T a COCH, 20CH.SNO,
Substituents 1in the A ring

Fig. 6. Wetfastness and lightfastness properties of dyemngs according to the
substitution

is sought. The 2-OCH,;,4-NO, and 4-CN series, besides having the
highest lightfastness, display a satisfactory fastness to wet treatments and
the 4-BZT and 4-COCH, series associate high wetfastness with an
appreciable fastness to hight. Substitution, however, plays an important
role and this becomes evident considering the very poor results for the
unsubstituted series.

(c) In order to weigh the effect of chain extension on wetfastness
(lightfastness is not particularly affected), in Fig. 7 total wetfastness
values (Table 2) are plotted against the number of carbon atoms in the
chain. The general trend 1s consistent with an increase of fastness with
chain lengthening. A tendency towards a ‘levelling out’ effect towards
longer chain lengths is evidenced by the shape of the area included within
the dotted lines (the spread of values changes from 13 (R =CH;) to 4
(R =C,5H;))). In some cases the transition C; — C; is accompanied by a
falling-off of fastness.
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Fig. 7. Effect of chain lengthening on wetfastness

3.4. Colour assessment

The colour of dyed fabrics was assessed by tristimulus colorimetry. The
observed colour on the fibre, as well as the chromaticity values, are
reported in Table 3. Some general remarks can be made:

(a) For a given substitution, the highest luminance is shown by dyes
with R = C, H;, whereas the percentage purity with these dyes
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equation for the regression 1s
/c=6926,+4179 34

and r =0 994 The CN series 1s excluded from the regression. if included. r =0 967
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has the lowest or low values. This behaviour could be due to the
dyeing method which employs a fixed depth of shade (2 9 based on
the weight of fibre) with no allowance for the effect of molecular
weight on the consequent molar concentration. Aggregation in the
absorbed state provides another possible explanation of lower
percentage purity with dyes carrying C,;Hj;, side chains.

(b) Figure 8 shows the linear correlation between A_. values and
Hammett’s 6, constants of substituents. This correlation is not
unexpected if two facts are taken into consideration: the previously
reported plot of the absorption maxima of dyes 1n solution against
Hammett constants and the general connection between A values
and the absorbed portion of the incident radiation.

(c) Collecting the dyes 1nto three groups according to the hue of the
dyeings (yellow Ap 578, yellow—orange 4 584, red—orange Ap 598)
a general correlation between Ap, ¥ and Pis found. Theresultsina
typical group are shown in Fig. 9 which shows that, as shade
becomes deepcr the higher 1s the purity percentage and the lower
the luminance

4. CONCLUSIONS

The versatility of 4-amino-2-hydroxybenzoic acid (PAS) has been
exploited 1in the synthesis of variously substituted monoazo disperse dyes.
The substitution has involved traditional (and hetaryl) substituents and
hydrophobic chains of modular length. The dyes gave good dyeings on
polyamide 6.6 fabrics and their fastness is sufficient, in many cases, for
practical applications.

Owing to the large amount of available data, many interesting
correlations have been found These correlations involved on one hand
the nature and the position of substituents and the length of hydrophobic
chains and, on the other, physical (melting points and R, values),
spectroscopic (electronic absorption maxima), technical (fastness data)
and colour (domnant wavelength, complementary dominant wave-
length, luminance and purity) properties
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