Properties of Monoazo Disperse Dyes Derived
from 3-amino-5-nitro(2,1)benzisothiazole

J Kraska and J Sokolowska-Gajda

Institute of Dyes
Technical University
90 924 Lodz

Poland

Some disperse dyes based on 3-amino-5-nitro(2,1)benz-
isothiazole have been synthesised by coupling with
derivatives of N-phenyi-pB-alanine or N-{2-cyano-
ethyljaniline. Spectral properties in the infra-red and
visible range of the dyes obtained were investigated. The
visible spectra suggest the possibility of aggregation
when the secondary amines were used as a coupling
component. This probably has some influence on the
intensity of the dyeings obtained. The dyes werefoundto
have goad fastness to light and dry-heat treatment and
very interesting colouristic properties.

INTRODUCTION

Heterocyclic diazo components, especially the derivatives
of 2-aminobenzothiazole, 2-aminothiazole, 2-amino-1,3,4-
thiadiazole, 5-aminoiscthiazole and 2-aminothiophene
have played a significant role in the technology of disperse
dyes. in recent years much interest has been shown in the
derivatives of 3-amino(2,1)benzisothiazole. Owing to their
o-quinanoid [1,2] structure these types of dye can give
deep colours on polyester. This is especially true for dyes
derived from 3-amino-5-nitro(2,1)benziscthiazole, which
produce deeper dyeings [1] than the corresponding dyes
derived from 2-amino-6-nitrobenzothiazole or even 2-
amino-5-nitrothiazole. This fact gives considerable impetus
to the use of 3-amino-5-nitro(2,1}benzisothiazole in the
synthesis of blue disperse dyes.

According to published data dyes obtained from 3-
amino-5-nitro(2,1)benzisothiazole give dyeings of very
good fastness properties. In general they have better light
fastness than those of the 5-nitro-2-thiazolylazo dyes, but
usually have slightly iower light fastness than dyeings pro-
duced using dyes derived from 2-amino-6-nitrobenzo-
thiazole [31. They have good sublimation fastness and
good fastness to oxides of nitrogen too. Consequently
3-amino-5-nitro{2,1)benzisothiazole appears to be con-
venient diazo component for use in the preparation not
only of disperse [4-6] but also of cationic [7] blue dyes.
Some recent attention has been paid to the use of 3-amino-
{2,1) benzisothiazole in the preparation of acid dyes [8,9]
for polyamide fibres; frequently 3-amino(2,1)benzisothia-
zole-7-sulphonic acid is used for this purpose.

The formulae of the disperse dyes studied are given
below (I and Il). These dyes were examined spec-
trophotometrically within the infra-red (i.r.) and visible
ranges. The basic application and colouristic properties
were also determined.

EXPERIMENTAL

Dvyes of general formuiae | and I were prepared according
to the methods published in the patent literature [4-6].
Diazotised 3-amino-5-nitro(2,1)benzisothiazole was
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Dye IX: R'=H, R?=CN

coupled in acetic acid with some alkyl esters of N-alkyl-fV-
phenyl-g-alanine and N-(m-talyl}-B-alanine or their nitrile
analogues.

Diazotisation of 3-amino-5-nitro(2,1)benzisothiazole was
carried out using nitrosylsulphuric acid in either sulphuric
acid or a mixture of sulphuric and orthophosphoric acids.
The dyes obtained recrystallised from ethanol or a 1:1
vol./vol. ethanol-water mixture until chromatographic
(t.l.c.) purity was attained (plates: DC-Alufolien Kieselgel
60, solvent: 95% ethanol). The recrystallisations were re-
peated until a constant molar extinction coefficient was
achieved. The purity of the dyes was also confirmed by
elemental analyses. The results are shown in Table 1.

TABLE 1

Composition and Nitrogen Content of Dyes I-IX

Nitrogen (%)

Dye R R® Calc. Found
I CH, COOCH, 17.54 17.34

I CH, COOC H, 16.94 16.71
] CH, CN 22.99 22,78
v CH, COOCH, 16.94 16.59
v C,H, COO0CH, 16.39 16.15
Vi C,H, CN 22.10 21.98
Vil H COOCH, 17.64 17.26
Vil H COOC,H, 16.94 16.68
IX H CN 2239 23.00




l.r. spectra were recorded on a Specord 71 i.r. spectro-
photometer (Zeiss, Jena) using KBr pellets. Visible spectra
of the dyes were recorded on a Specord u.v.-visible
spectrophotometer (Zeiss, Jena) in benzene, acetone,
ethanol and dimethyl formamide (DMF) solutions at con-
centrations of 2x107*-2x107° mol/|. Dyeings and their
fastness were determined according to Polish Standards,
the testing procedures were similar to those used in other
countries. Light fastness was measured with a Xenotest
apparatus (Hanau) and fastness to dry-heat treatment with
a Fixotest apparatus {Hanau).

Tristimulus values, used for calculation of the chromatic-
ity coordinates, were measured with a trichromatic col-
orimeter of Momcolor {Budapest).

Method 1 for Synthesising the Methyl Ester of N-
Ethyl-NM-phenyl-8-alanine (Example)

24.2 g (0.2 mol) of N-ethylaniline were heated under reflux
with 17.6 m! freshly distilled methyl acrylate in the presence
of 8 ml acetic acid. The reaction was carried out for a further
15 h followed by distillation under reduced pressure at
175—-180°C. Approximately 25 g of the methyl ester of
N-ethyl-N-phenyl-g-alanine were obtained (60% yield). The
compounds were identified using published data [10-12]
and by elemental analyses.

Method 2 for Synthesising the Dye (Example)

19.5 g (0.1 mol) of 3-amino-5-nitro{2,1}benzisothiazole
were dissolved at 30°C in 50 ml orthophosphoric acid
{70%)}). After cooling this solution down to 10°C, 100 ml
sulphuric acid were added. The diazotisation was carried
cut with 7.5 g sodium nitrite in 50 ml sulphuric acid for a
further 1.5-2 h. The resulting diazonium salt was added
dropwise at 0-5°C into 20.7 g (0.1 mol) of the methyl ester
of N-ethyl-N-phenyl-g-alanine dissolved in 50 ml acetic
acid. This mixture was then diluted with water and ice to a
volume of 1.5 |. After 30 min the reaction mixture was neut-
ralised with sodium acetate to pH 3—4. The coupling reac-
tion was carried out for a further 4-5 h. The precipitated
dye was filtered off, washed with water and dried. Approx-
imately 31 g of dye were obtained (75% yield).

Method 3 for Synthesising the Dye {(Example}

19.5 g (0.1 mol) of 3-amino-5-nitro(2,1)}benzisothiazole
were dissolved at 10-15°C in 100 g sulphuric acid {85%).
The diazotisation was carried out with 7.5 g sodium nitrite
dissolved in 50 ml sulphuric acid for 2.5-3h. The
diazonium salt was added dropwise at 0-5°C to 20.7 g {0.1

TABLE 2

Infra-red Spectra of Dyes I-1X

mol} of the methyl ester of M-ethy|-N-phehyl-8-alanine dis-
solved in 50 ml acetic acid. The remainder of the procedure
was that described for method 2.

RESULTS AND DISCUSSION

The disperse dyes described above were obtained at high
yields (75-85%) by coupling of diazotised 3-amino-5-nitro-
(2,1)benzisothiazole with suitable amines. The method of
diazotisation had a considerable influence on the yield of
the coupling reaction. It was found that the dyes synthes-
ised by method 2 were purer and more crystalline than
those obtained by method 3.

The structures of dyes synthesised were verified by i.r.
spectroscopy, results are given in Table 2.

All synthesised dyes have absorption bands confirming
their aromatic structure and the presence of functional
groups such as: NO,, COOR, CN and NHR (where R is an
alkyl group). All the compounds also have an absorption
band in the range 1600—1505 cm " which according to pub-
lished data is characteristic of stretching vibrations of the
C=N bond in isothiazole [13]. Another characteristic of the
isothiazole ring is that in the range 640-680 cm ' there are
overlapping absorption bands attributable to the aromatic
ring.

In the next part of the investigations we measured the
visible spectra of the dyes. It was found that the colour of
the dyes |I-1X changes considerably in solvents of different
dielectric constant. This fact encouraged us to carry out
more precise spectrophotometric studies. Firstly the
spectra of the dyes in benzene (dielectric constant=2.3),
acetone (dielectric constant=20.7) and ethanol {dielectric
constant=25.9) were measured. These results are shown in
Table 3.

These data show that the change from a non-polar to a
polar solvent causes a considerable bathochromic shift in
Amax Of 2040 nm. This shift is due to the sclvatochromic
effect. Alternative equilibrium states are impossibie since
isosbestic points are absent in the spectra of dyes |-Vl in all
ratios of benzene—acetone solutions used.

Most of dyes discussed have one absorption band in the
visible range. Dyes VI-VIIl have two absorption bands,
with the longer-wavelength band showing a considerable
bathochromic shift with anincrease in solvent polarity. Dye
IX has one broad absorption band. In benzene, however, a
shoulder to this peak appears (at 500 nm), which is invisible
in polar solvents.

In an attempt to explain the presence of two absorption
bands and some changes observed in the value of molar
extinction coefficient in different solvents, the spectra of

Wavenumber of peaks (cm ™)

VNH ve=py Yc-p ¥o_¢ ¥NO, ve-N ¥NO, Scn
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TABLE 3

Visible Spectra® of Dyes I-IX in Various Solvents

Solvent
Benzene Acetone Ethanol
Amax € Amax € Amax €
Dye {nm) (I/{mol cm}) {(nm) {I/{mol cmj}) {nm} {I/{mol cm))
1 571 18900 588 24500 598 25600
il 570 26500 591 31000 595 33000
]} 550 22200 572 22500 578 22500
I\ 563 30500 591 31900 598 33000
v 571 30500 591 30850 595 32500
Vi 558 26300 581 27000 578 30800
vil 481 11000 481 11500 481 11500
563 15000 588 22300 601 23100
Vil 487 13500 485 13700 483 14000
563 16200 588 19250 606 21200
IX 500
545 12300 580 30200 588 31000

{a) Spectra measured at a dye concentration of 2x10* mol/|

TABLE 4

Visible Spectra of Dyes VII-IX in DMF

Amax ela) e elo)
Dye {nm) {I/{mol cm}) (I/{mol cm}} {I/{mol cm))
Vil 483 10500 9900 6600
613 21000 22000 24200
Vil 485 13300 12100 10450
617 20800 21000 21500
IX 595 25500 31000 32500

{a) Spectra measured at a dye concentration of 2x10~ mol/|
(b) Spectra measured at a dye concentration of 2x10™° mol/I
{c) Spectra measured at a dye concentration of 2x107° mol/l

dyes VII-IX were recorded in DMF solutions {dielectric con-
stant=37.5) at various concentrations in the range
2%x104=2 %10"® moli/l. The results of these measurements
are given in Table 4.

The spectrophotometric studies in DMF suggest that
dyes VIl and VIl are probably partly aggregated in solution.
They exist as a mixture of monomer and dimer, with the
tonger-wavelength band being produced by the monomer
form and the shorter-wavelength band deriving from the
dimer. In the case of dye IX an increase in molar extinction
coefficient was observed only when dye concentration
decreased.

Decreasing the concentration of dyes VIl and VIl in DMF
caused an increase of molar extinction coefficient of the
longer-wavelength band along with a simultanegus
decrease of molar extinction coefficient of the shorter-
wavelength band. This strongly suggests that aggregation
of the dye molecules occurs, since the effect of concentra-
tion change on the position of the bands is known to be
influenced by the relative concentration of monomer and
dimer species.

Acid—base equilibrium, which was thought to be pos-
sible, was ruled out, by measuring the absorption of the
dyes VIl and Vil in 1:1 vol./vol. ethanol-water mixture at
different pH values in the range 3-5.

The application properties of the synthesised dyes were
also investigated. Aithough analysis of the visible spectra
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showed that the absorption of all the dyes was similar, in
practical dyeing tests on polyester various results were
obtained. Excellent brightness was achieved mainly with
dyes displaying distinct and sharp absorption bands, espe-
cially dyes I-Vl, and also dye IX, which had an unexpectedly
broad absorption band. The solvatochromic effect which
appears with the change of solvent polarity is evidence for
considerable polarisation of molecules of these dyes. In
this connection it is probable that the colour of the dye on
the fibre is considerably influenced by the interaction be-
tween dye and fibre.

Quantitative evaluation of the colour of dyeings was
accomplished by caiculating the x and y coordinates; the
values of these inthe CIE (1931) system are givenin Table 5.

TABLE 5

Chromaticity Coordinates!? of Dyes I-IX

Colour of

Dye Y x ¥ dyeing

| 5.70 0.2263 0.2205 Navy blue

1 3.80 0.2125 0.1786  Brilliant blue
] 4.05 0.2701 0.2430 Red-violet
v 3.65 0.2169 0.1931  Brilliant blue
v 3.65 0.2082 0.1823  Brilliant biue
Vi 452 0.2474 0.2071 Biue-violet
Vil 5.10 0.2439 0.2614  Grey
vill 4,70 0.2628 0.2839 Grey

IX 321 0.2578 0.2144  Violet

(a) For these measurements the dye application level was 0.5% o.w.f.

From visual examination it appeared that the intensity of
the dyeings obtained was at its lowest in the case of dyes VI
and VIII. This is probably attributable to the aggregation of
the dyes, which hinders their ability to diffuse and to pene-
trate the fibre. Therefore, when synthesising the dyes it is
better to use, as coupling components, those tertiary
amines in which aggregation was not observed.




In the final part of these studies the fastness to dry-heat
treatment at 180°C and light fastness were examined. The
results of these investigations are shown in Table 6.

TABLE 6

Fastness of Dyeings

Fastness to

Heat treatment

Dye Polyester Wool Light
| 4 5 5-6
] a 4-5 5-6
n 4 5 5-6
v 4 4-5 5-—-6
v 4 4-5 6-7
Vi 4-5 5 6-7
Vil 4-5 5 5-6
Vitl 4 5 5
IX 4-5 4-5 7

CONCLUSION

The results obtained demonstrate that derivatives of
3-amino-5-nitro(2,1}benzisothiazole are commercially
competitive with more costly anthraquinone dyes. Their
good application properties and very interesting colours
secure for this group of compounds a promising role in
disperse dye technology.

REFERENCES
1. Wippel, Melliand Textilber., 50 {1963) 1090.
2. Gray and Waring, J. Heterocyclic Chem., 17 {1980) 65.
3. Weaver and Shuttleworth, Dyes and Pigments, 3 {1982) 81.
4. S, German P 2222639 (1972).
5. BASF, Garman P 2831657 (1980).
6. BASF, German P 2309638 (1974).
7. BAY, French P 1540834 {1968).
8. Eilingsfeld et al., German P 2716033 (1978).
9. Eilingsfeld et al., German P 2805304 {1979).
10. Heininger, J. Organic Chem., 22 {1957} 1213.
11. Kewanee Qil Co., US P 3417139 (1968).
12. Zhurin et al., Zh. Obshch. Khim,, 31 (1961) 2758.
13. Geordeler and Pohland, Angew. Chem., 72 (1960) 77.



