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Several disperse dyes, derivatives of
4-N,N-dialkylaminoazobenzene having acetylamino,
carbamy/, phthalimide or naphthalimide substituents
have been prepared. Their spectral properties and
reaction to heat were determined, and their usefuiness
was evaluated in terms of the sublimation fastness. ft was
found that the dyes containing a benzamide system with
an unsubstituted NH group, similar to that in phthalimide
and naphthalimide derivatives, show a high sublimation
fastness due to their ability to assocrate.

INTRODUCTION

The sublimation fastness of dyeings on polyester fibres
depends to a considerable extent on the structure of the dye
molecule. Usually sublimation-resistant disperse dyes are
synthesised from expensive raw materials containing nit-
rile or acylamino groups [1]. Attempts to investigate rela-
tionships between sublimation fastness of dyeings and the
presence and arrangement of substituents in typical azo
and anthraquinone disperse dyes have been reported by
Mulier | 2] and Hallas {3]. Amongst other things, the advan-
tageous effect of sulphonamide and acylamino groups pre-
sent in dye molecules has been pointed out. Similar con-
clusions can be found in studies of Shteinberg and Yakob-
son |4| on quinizarin dyes and in the work of Mehta and
Peters (5] on aminoazobenzene derivatives. In most of the
studies the beneficial influence of amino groups present in
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the dye molecule has been underlined, but without giving
reasons for such effects.

in previous work [6~11] we have concluded that it is
usefui to introduce a phthalimide group into the molecule
of disperse dyes and pigments, since we found that suitably
arranged cyclic imide groups of phthalimide derivatives
favoured the formation of strong intermolecular hydrogen
bonds. This usually affects the sublimation fastness of col-
orants and their insolubility in organic solvents. In the case
of disperse dyes phthalimide groups bring about some
improvement in the fastness of dyeings to sublimation, but
on the other hand their dyeing properties are impaired by
the formation of aggregated species in the dyebath which
make it difficult for the dye to diffuse into the fibre. Subse-
quently it was considered useful to attempt to identify
those groups, such as —CONH-—, whose presence in the dye
molecule would bring about the formation of species stable
enough to provide high sublimation fastness but at the
same time capable of disaggregation to avoid difficulties in
the dyeing process. Such conditions could be easily satis-
fied by available compounds containing carbamyl or
acetylamino groups in the coupling component. Until
recently such dyes have not been used in practice. Thus it
seemed useful to examine them further.

Therefore several simple monoazo dyes were synthe-
sised by introducing acetylamino (I} and carbamyl {ll)
groups into various positions. Properties of dyes of struc-
tures | and Il were compared with those of analogous dyes
containing phthalimide {lll) or naphthalimide (IV) groups,
while 4-N,N-dialkylaminoazobenzenes (V) were used for
comparative purposes.
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EXPERIMENTAL

Synthesis of Dyes

The synthesis of dyes of structure lll has been reported
previously [8]. All the dyes of structure Il and most of those
of structure | were synthesised in the same way. Dyes of
structure | containing an acetylamino group in position 2
were prepared by condensation of 2-aminoacetanilide
(0.02 moi} and 4-nitrosodimethylaniline (or 4-nitroso-
diethylaniline) (0.021 mol) in 30 ml of toluene containing
1 g of p-toluenesulphonic acid. The process was performed
under nitrogen at a temperature of 20-25°C for 24 h. Pure
dye was separated by extraction with cyclohexane. The
yield of dye la was 32% and that of Ib 40%. Dyes of structure
IV were prepared and purified by the same method as those
of structure lll, while aminonaphthalimides were diazotised
with nitrosylsulphuric acid.

Physico-chemical Properties

Visible spectra of the dyes were obtained with a Specord
u.v.—vis spectrophotometer (Zeiss Jena), using dimethyl-
formamide solutions at concentrations of 107“=10-5 mol/I.
l.r. spectra were obtained with a Specord 71 i.r. spec-
trophotometer (Zeiss Jena) using pressed KBr peliets.

Dyeing Procedure

Polyester fabric samples were dyed in a Linitest apparatus
{Hanau). The liquor ratic was 50:1 at pH 6. The dyeing
temperature was raised from 80 to 130°C over 30 min and
then maintained for 1 h. Dispersions were prepared by dis-
solving samples of the dyes in 1 ml of DMF and pouring
them into the dyebath which contained a dispersing agent.
When the dyeing was complete the temperature was low-
ered to 80°C over 30 min. The dyed samples were rinsed
and washed under standard conditions.

Dyeing Fastness

The fastness of dyeings was examined according to Polish
Standards, the methods of these determinations are much
the same as those used in other European countries. The
sublimation fastness of dyeings was determined with a
Fixotest apparatus (Hanau}. The temperature at which the
coloration of the accompanying polyester sample could be
observed (after heating in the Fixotest for 30s) was
assumed to be the initial sublimation temperature.

RESULTS AND DISCUSSION

The synthesis of most dyes of structures |-V gave good
yields under the conditions commonly used for this group
of compounds. Special conditions had to be used only for
the synthesis of dyes la and Ib since they were prepared by
condensation of suitable nitroso compounds and amines. It
is evident that because of the atypical synthesis and low
yields these dyes would not be suitable for practical appli-
cations.

A comparison of the physice-chemical and dyeing prop-
erties of the dyes synthesised (Table 1) shows that their
properties depend on the nature and the arrangement of
the amino groups.

Visible Spectra

The spectral data of dyes given in Table-1 highlight some
regularities. As expected, the greatest bathochromic shifts
in relation to 4-N N-dialkylaminoazobenzene (V) were
shown by dyes containing a naphthalimide group (V).
Increasing shifts in A, towards shorter wavelengths
occurredinthe sequence from dyes of structure 1V, through
those containing a phthalimide group {Ill), carbamyl (i} to
acetylamino dyes (l). Particularly large bathochromic shifts
were observed when there was a possibitity of conjugation



TABLE 1

Physico-chemical and Fastness Properties of Dyes of Structures |-V

Initial Sublimaticn fastness
sublima-
Position Wavenumber of peaks (cm™') tion  Change Staining of
of azo €max M.p. point of _
Dye group R’ R® Anax  AA (x1077%) VnN=N VN-H Ye-o °C) (°C) colour Wool Polyester
la 2 H Me 4417 202 17.7 1608 3360 1694 163 130 4-5 4 2
Ib 2 H Et 4371 75 316 1600 147 130 5 4 3
lc 3 H Me 4252 47 168 1610 3320 1678 187 150 5 4-5 34
Id 3 Me Me 4325 120 166 1612 1660 85 140 5 4-5 3
le 3 H Et 4310 14 216 1608 3320 1672 170 150 5 4-5 3
If 3 Me Et 4417 121 185 1608 1678 56 130 5 4 3
Ig 4 H Me 4325 120 223 16N 3340 1678 221 150 5 4-5 34
Ih 4 Me Me 4325 120 234 1606 1662 154 130 5 4-5 3
li 4 H Et 4386 9.0 257 1606 3340 1675 186 140 5 4-5 4
] 4 Me Et 4417 121 239 1603 1670 95 130 5 4-5 3-4
lla 2 H Me 4340 135 3.1 1603 3150 1689, 1653 205 170 5 5 4-5
lib 2 Me Me 4371 166 134 1595 1625 104 150 5 4-5 4
lic 2 H Et 4356 7.0 7.0 1606 3150 1690, 1662 225 140 5 4-5 3-4
lid 2 Me Et 4371 75 234 1600 1629 66 140 5 4--5 4
lle 3 H Me 4252 47 199 1610 3200 1651 176 150 5 4-5 4
Iif 3 Me Me 4281 7.6 245 1600 1631 126 130 5 4-5 4
lig 3 H Et 4355 59 243 1604 3200 1656 145 140 5 4-5 4
lih 3 Me Et 4356 60 264 1602 1641 63 125 5 4-5 3
I 4 H Me 437.1 166 248 1605 3160 1652 245 150 5 4-5 4
Ity 4 Me Me 4325 120 259 1605 1635 173 130 5 4-5 3
Ik 4 H Et 4529 233 268 1601 3190 1651 211 145 5 4-5 4
llm 4 Me Et 4448 152 26.0 1604 1641 134 130 5 4-5 3-4
llta 3 H Me 4613 408 253 1596 3200 1719, 1704, 1760 256 135 5 4-5 3-4
llib 3 Me Me 460.5 40.0 29.5 1593 1705, 1764 216 125 5 4-5 2
llic 3 H Et 4735 439 24.0 1592 3240 1720,1704, 1758 164 145 5 4 2-3
lid 3 Me Et 4717 421 28.0 1596 1709, 1758 224 120 4-5 4 1
lile 4 H Me 4808 603 27.6 1597 3190 1723,1707,1778 290 135 5 3-4 2
lilf 4 Me Me 4845 640 277 1585 1699, 1758 218 125 5 2-3 1
Hig 4 H Et 4960 66.4 30.7 1594 3160 1725,1713, 1770 2569 150 5 4 3
llh 4 Me Et 494.1 845 31.0 1592 1705, 1761 190 140 5 3 3
IVa 3 H Me 468.2 47.7 226 1595 3180, 1255 1682 284 170 5 5 4-5
Vb 3 Me Me 468.2 47.7 19.0 1595 1659, 1696 254 160 b 5 4
Ve 3 H Et 4771 475 27.0 1585 3160, 1271 1680 265 170 5 5 4-5
vd 3 Me Et 4771 475 181 1595 1656, 1696 192 150 5 4-5 4
Ve 4 H Me 523.0 1025 26.0 1598, 1570 3170, 1264 1683 280 180 5 5 4-5
Ivf 4 Me Me 527.4 1069 18.7 1600, 1580 1655, 1690 297 160 5 4-5 4-5
Vg 4 H Et 532.1 1025 27.1 1590, 1582 3160, 1266 1681 269 170 5 5 4-5
IVh 4 Me Et 536.5 106.9 217 1594, 1584 1655, 1690 217 150 5 4 3-4
Va Me 4205 17.8 1598 112
429.6 234 1606

Vb Et

84

occurring between amino and alkylamino systems, as in
the 2- or 4-isomers. In the case of dyes of structure IV Ax
{=Ay—Ay) for the 4-isomer (IVe—h} was 102.5-106.9 nm and
for the 3-isomer {IVa—-d) 47.5-47.7 nm. For dyes of struc-
ture Il Ax was 60.3—-66.4 nm for the 4-isomer (llle—h) and
40-43.7 nm for the 3-isomer (llla—d). In the case of dyes
containing carbamyl (ll} and particularly acetylamino (I}
groups the bathochromic shift in relation to the unsubsti-
tuted 4-N N-dialkylaminoazobenzenes {Va and b) was con-
siderably less and rarely exceeded 10 nm.

In the case of dyes of structures lll and IV, the AV-methyl
derivatives (R=CH,} showed a small but clear batho-
chromic shift in relation to analogous derivatives contain-
ing an unsubstituted NH group. This also took placein most
of the dyes of structures | and li. However, the differences in
hue between the dyes with an A-substituted and an unsub-
stituted NH group were so smail that they would not be
significant in practical dyeing.

The maximum absorption for all the dyes took place in
the range from 420 to 537 nm; thus the dyes are yellows,

oranges and, in a few cases, reds. From the point of view of
the effect on colour it is more important that the acceptor
substituents in the dye moiecule should be situated in
either the 2- or 4-positions relative to the azo groups.

Owing to the presence of NH groups and basic centres in
the molecules of the dyes investigated various hydrogen
bonding and other intermolecular interactions can take
place. This phenomenon has been pointed out in previous
papers |6—11\. The possibility of dye molecules associating
both in the crystalline state and on fibres is reflected in such
physico-chemical properties as meiting point, i.r. spectra
and sublimation fastness.

L.r. Spectra
The dyes investigated all absorbed i.r. radiation in similar
ranges for the same characteristic groups.

In all the dyes under investigation, absorption attribut-
able to the azo group tock place within the range from
1570-1612 cm ', For the derivatives of phthalimide (Il
and naphthalimide (V) absorption due to the azo group
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occurred at the lower end of this range. In addition, the
characteristic double bands shown by azo groups were
observed in the spectrum of 4-azonaphthalimide {IVe-h);
this was expected due to the possibility of conjugation of
azo groups with non-equivalent carbonyl groups.

The most characteristic absorptions were those of CO
and NH groups, which take part in the formation of hyd-
rogen bonds. Dyes derived from naphthalimide (IV)
showed absorption characteristic of the associated NH
groups within the range 3160-3180 cm™'. The absorption
attributable to CO groups occurred in the range
1655—-1696 cmn~'. At the same time, in this range, double
bands indicating the presence of an NCH, group (IVb,d,f,h)
were observed, which showed that CO groups are non-
equivalent in these compounds.

Absarption characteristic of the NH group of the
phthalimide derivatives (lll} occurred over a similar range
(3160—-3249 cm™"), typical for an associated NH group. The
characteristic absorption for CO groups of dyes of structure
Il were different from those of the remaining investigated
compounds. The dyes with an unsubstituted imino group
{llia,c,e.g} were characterised by a triple absorption band.
The energetically higher absorption band can be ascribed
to the CO group in the meta position, unconjugated with an
azo group. The remaining bands can be ascribed to the
conjugated CO groups present in positions ortho or para to
the azo group. The i.r. analysis of the derivatives of naph-
thalimide (V) and phthalamide {lll} confirmed the presence
of hydrogen bonds in these molecules.

The i.r. spectra of dyes of structure ll were similarto those
of dyes of structures Ili and IV, despite the possibility of
rotation in the benzamide system. Bands characteristic of
associated NH groups (3150-3200 cm~'} and CO groups
{1625—-1690 cm™ ') were cbserved. In the case of 2-isomers
(la,c) a double band characteristic of a CO group was
observed, probably due to an intramolecular association
typical for ortho isomers[12]. No CQO double bands were
observed in the spectra of the dyes containing
N-dimethylamino groups (llb,d).

The i.r. spectra of the dyes containing acetylamino
groups (1) were insignificantly different from those of the
other dyes (lI-1V). The observed absorption range of NH
groups {3320-3340 cm '} suggests the association of
trans-NH groups, but the absorption of CO groups occurred
on the borderline between associated and non-associated
CO. These dyes clearly do not form associates of the kind
found in the other dyes {lI-IV).

Analysis of physico-chemical properties demonstrates
that there is a close relationship between (a) the kind of
amino groups present and their arrangement, and (b) the
thermal properties of the dyes under investigation. In all
cases (except llic and IVf) the melting points of unsubsti-
tuted amides are higher than those of N-methyl derivatives,
a phenomenon usually ascribed to intermoiecular associa-
tion. This behaviour is also reflected in the sublimation
fastness of dyeings. The sublimation fastness of dyes with
an unsubstituted NH group is almost always rated a half to
one point higher than that of the dyes containing an
N-methylamino group.

An even clearer connection was observed when compar-
ing the initial sublimation points. The initial sublimation
point of the dyes containing an unsubstituted NH group
was 10-20°C higher than that of analogous dyes with an
N-methylamino group. Generally, the highest initial subli-
mation points were shown by the dyes containing a naph-
thalimide group in their structure.

CONCLUSIONS

All the dyes investigated were bright yellows, oranges and
reds. Thus, from the colour point of view, they present an
interesting subject. They differ among themselves not only
in the chromophore system but also in physical and dyeing
properties. The dyes were derivatives of acetanilide (I},
benzamide {lI}, phthalimide (Hl} and naphthalimide {IV) con-
taining either unsubstituted NH groups or NCH_ groups.
They tended to undergo association in the crystalline state,
which was confirmed by their i.r. spectra and high melting
points. This propensity for association provides the dyes
with good thermal stability, reflected in the sublimation
fastness of dyeings and in the high initial sublimation point.
However, dyes containing an acetylamino group and an
unsubstituted NH group form only weak molecular inter-
actions and show lower subiimation fastness.

Practical applications of the naphthalimide and
phthalimide dyes, despite their undeniable advantages, are
limited because of their complicated synthesis and the high
cost of intermediates. The use of these two types of dye is
further restricted due to their strong tendency to aggregate,
making the dye sorption and diffusion in polyester fibre
difficult.

The results show that it is better to use inexpensive and
easy-to-prepare amides of aminobenzoic acid for the
synthesis of dyes with high sublimation fastness. As was
shown, the benzamide dyes undergo association only to
such an extent as to ensure high fastness to sublimation. It
should be possible, by judicious selection and arrangement
of substituents in the dye molecule, to prepare dyes that
form sufficiently stable associates to guarantee high sub-
limation fastness while preserving the ability to remain
disaggregated under dyeing conditions. This should pro-
vide deep dyeings with high performance values. It seems
worthwhile to study the dyeing properties of these dyes
when used with common coupling components. This ques-
tion will be the subject of a separate report.

REFERENCES
1. CH Giles, D G Duff and R S Sinclair, ‘The Chemistry of Synthetic Dyes’,
Vol.8, Ed. K Venkataraman (New York: Academic Press, 1978) 279.

2. C Muller, Amer. Dyestuff Rep., 59 (1870} 37.

3. G Hallas, J.5.D.C., 95 (1979) 285.

4. Y B Shteinberg and E Z Yakobson, Zh. Prikl. Khim., 55 (1982) 1690.

5. H P Mehta and A T Peters, Dyes and Pigments, 2 (1981} 259.

6. J Szadowski, W Malinowski and K Wojciechowski, Przem. Chem., 57
(1978) 70.

7. J Szadowski, W Malinowski and K Wojciechowski, Pol. J. Chem., 52
(1978) 737.

8. J Szadowski and W Malinowski, J.5.0.C., 97 (1981} 72.

9. J Szadowski, Dyes and Pigments, 2 (1981) 249,

10. J Szadowski, J.5.D.C., 97 {1981) 358.

11. J Szadowski and W Malinowski, Textilveredlung, 18 (1983} 360.
12. L Skulski, Bull. Acad. Pol. Sci. Chim., 12 {1964} 719; 14 (1966) 29.

108 JSDC Volume 101 March 1985




