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Novel azobenzothiazole dyes have been synthesized by condensation of 2-nitrosobenzothiazole and 6-
nitro-2-nitrosobenzothiazole with aniline, anthranilic acid, 3-hydroxymethylaniline, 2-, 3- and 4-chloro-
aniline, 4-fluoroaniline, 4-iodoaniline or 4-nitroaniline. The new synthetic approach described is advan-
tageous over the classic diazotization process commonly used for the preparation of related disperse
dyes, since the presence of an electron-donating group at the para-position, or equivalent, of the coupling
component is no more a pre-requisite for the success of the condensation reaction.

� 2008 Elsevier Ltd. All rights reserved.
Azo compounds constitute the largest class of compounds
amongst all known families of dyes. The structural versatility
inherent to the methodology of preparation and the application
in a variety of fields, being the use as textile fiber dyestuff the most
prominent one, are undoubtedly on the basis of their popularity.
Despite the endless number of patents and papers describing the
synthesis and dyeing properties of this group of dyes that can be
found in the literature, the diazotization of an aromatic or hetero-
aromatic primary amine, followed by coupling with an electron-
donating aromatic compound are the two steps by which
practically almost all azo dyes are prepared.1

Azo dyes based on heterocyclic amines, in particular, have
found great success due to their higher tinctorial strength and
brighter dyeing in relation to diazo dyes based uniquely on ani-
line.2 Most disperse heteroarylazo and disazo dyes of technical
interest for application to textiles are constituted by five-mem-
bered rings containing one sulfur atom and a diazotizable amino
group. Additionally, this heterocyclic ring may possess one or
two nitrogen atoms and be fused to an aromatic ring. Systems of
this type, with emphasis on thiazoles, benzothiazoles, isothiazoles,
benzoisothiazoles, thiadiazoles, and thiophenes, have been well re-
viewed by Towns.3

Benzothiazole-based disperse dyes are considered to be the first
example of the successful commercial exploitation of heterocyclic
amines, by using the 2-aminobenzothiazole nucleus as diazonium
component in the production of red dyes.4 Due to their cheapness,
brightness, and dyeing performance, this type of dyes has become
economically important, motivating a substantial research effort,
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both in industry and in academia.5 Aside from the continuous
interest on benzothiazole disperse dyes for textiles dying, a diverse
range of non-textile applications have also emerged. As an exam-
ple, thiazole and azobenzothiazole dyes have found application
in liquid crystal technology,6 reprography,7 and non-linear optics
(NLO),8 and more recently have been investigated as potential sen-
sitizers for photodynamic therapy (PDT).9 Nevertheless, the major-
ity of the developments concerning azobenzothiazole dyes have
tended to focus on series of compounds where the substitution
pattern was varied and the color–structure relationship, as well
as the effect of the solvent, temperature, and acidity in the visible
spectrum, was studied.

Some significant azobenzothiazole derivatives hitherto
described are alkoxy,6,8a,10 alkyl,8a,11 (di and tri)chloro,8a,11 dialkyl-
amino,12 (di)nitro,2b,8a,c,10c,d,f,11a,c,13 methylsulfonyl,11c thio-
cyanates,12 and compounds bearing multiple combinations of
different substituents,8a,11a,d in addition to the unsubstituted
one.2b,8a,10a,c,f,12,13b Of this group of dyes, molecules produced by the
coupling of diazotized 2-aminobenzothiazole to aniline derivatives
are by far the most explored case. Other suitably substituted couplers
less frequently used are alkoxybenzenes,6 azulenes,8a benzopyranon-
es,2b imidazoles,11c naphthalenes,10d,13b naphthalimides,14 pyra-
zoles,10a pyrazolones,10b pyridones,10f and thiophenes.13a

Invariably, azo- and disazobenzothiazole disperse dyes have
been prepared by diazotization of an aminobenzothiazole, fol-
lowed by coupling with an electron-donating aromatic molecule.
Consequently, the presence of an electron-donating group or
equivalent in the aromatic coupler is always a precondition for
the success of the coupling reaction, being the location of the
new bond limited to the para-position in relation to the donating
group. To extend the access to new azobenzothioazole dyes,

mailto:paulo.almeida@ubi.pt
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


Table 1
Yields, melting points, and kmax of azobenzothiazole dyes 4a–l

Dye Yield (%) Mp (�C) kmax (nm) (MeOH)

R1 R2

4a H H 30 99–100 328
4b H 2-Cl 10 105–107 332
4c H 3-CH2OH 16 87–89 328
4d NO2 H 53 137–139 340
4e NO2 2-CO2H 63 188–190 340
4f NO2 2-Cl 58 194–196 340
4g NO2 3-Cl 63 138–140 336
4h NO2 3-CH2OH 43 127–130 340
4i NO2 4-F 72 155–156 344
4j NO2 4-Cl 82 166–167 346
4k NO2 4-I 77 190–192 370
4l NO2 4-NO2 33 173–175 332
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especially to those bearing electron-withdrawing groups at the
coupling component, we have envisioned an alternative synthetic
route to this family of dyes based on the condensation of a reactive
2-nitrosobenzothiazole with an aromatic amine, for which a strong
electron-donating capability is dispensable.

Amongst the wide variety of available synthetic procedures for
the oxidation of an aromatic primary amine to the nitroso group,15

the use of Caro’s acid related oxidant, commercially available as
Oxone�,16 has revealed to be the most effective one. Other com-
mon oxidation reagents, such as peracetic acid17 or meta-chloro-
perbenzoic acid,18 have failed due to a lack of efficiency or to the
production of very complex reaction mixtures. Therefore, 2-nitro-
sobenzothiazoles 2a,b were prepared by oxidation of the corre-
sponding 2-aminobenzothiazoles 1a,b with Oxone�, in an
aqueous–organic system (H2O/MeOH/CHCl3—1:1:5).19 In these
conditions, the success of the reaction was found to critically de-
pend on the solubility of the aniline in water, since the reaction oc-
curs in the organic phase. In fact, 6-nitro-2-nitrosobenzothiazole
(2b) was prepared in a much higher yield than the parent unsub-
stituted 2a, due to the less solubility of 2-amino-6-nitrobenzo-
thiazole (1b) in water when compared to that of 1a. A large
volume of organic solvents was also used to avoid undesirable con-
densation reactions (Scheme 1).

To assess the generality of our methodology both 2-nitro-
sobenzothiazoles 2a,b were condensed with aniline (3a), anthra-
nilic acid (3b), 2-chloroaniline (3c), 3-chloroaniline (3d),
3-hydroxymethylaniline (3e), 4-chloroaniline (3f), 4-fluoroaniline
(3g), 4-iodoaniline (3h), or 4-nitroaniline (3i) (Scheme 2).20 The
condensation reaction was carried out at room temperature in gla-
cial acetic acid for 0.5 h to 3 days. The azobenzothiazole dyes 4a–l
are precipitated from the reaction mixture, and could be readily
isolated by simple filtration in 10–82% non-optimized yield (Table
1).

As expected, the presence of the powerful electron-withdraw-
ing nitro substituent in the heteroaryl coupler has shown to in-
crease the reactivity of the nitroso component toward anilines. In
fact, whereas 2-nitroso-6-nitrobenzothiazole (2b) afforded the cor-
responding azobenzothiazole dyes 4d–l in 33–82% yield, being the
lower yield obtained for the compound bearing the two pull nitro
groups in both aromatic moieties, its unsubstituted analogue 2a
was only able to condense with the less electron-withdrawing ani-
lines 3a,c,e in 10–30% yield. The corresponding azo dyes 4a–c were
obtained in poor yields, being compound 4a, resulting from the
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Scheme 2. Synthesis of azobenzothiazoles 4a–l.
coupling with the weakest electron-withdrawing aniline, the one
isolated with the higher yield.

The influence of the substitution pattern of azobenzothiazole
disperse dyes possessing an aromatic amine coupler with typical
push-groups on their absorption spectrum, based on conventional
donor–acceptor interactions, is well documented.3 However, the
effect of substitution in the benzene ring acting as coupling com-
ponent, as in dyes 4a–l, to the best of our knowledge has never
been studied.

All the synthesized azobenzothiazole dyes displayed large
absorption bands, with kmax within the range 328–370 nm (Table
1). As expected, the presence of a nitro group in the benzothiazole
moiety leads to a bathochromic shift due to the extension of con-
jugation. Accordingly, nitrobenzothiazoles 4d,f,h have shown Dk
ranging from 8 to 12 nm with respect to their parent non-substi-
tuted analogues 4a–c.

The influence of the substitution pattern of the aniline coupling
moiety of the dyes in their visible absorption spectra seems to de-
pend on a balance between the bathochromic electron donating
and hypsochromic electron-withdrawing effects. Hence, while
dyes 4c,h, bearing the benzene ring substituted with alkyl-type
groups, have kmax identical to those of the correspondent non-
substituted counter-parts 4a,d. The presence of a second strong
electron-withdrawing nitro group in 4l induces an hypsochromic
shift of 8 nm. Halogen substitution revealed to have a net batho-
chromic effect, resulting from the electron-donating outcome by
resonance, attenuated by the opposite inductive electron with-
drawal. Thus, the halogen para-substituted dyes 4i–k revealed
Dk ranging from 4 to 30 nm, the larger shift being displayed by
4k, which holds the less electronegative halogen atom, with the
higher electronic density. Consistently, the absorption of 2- and
4-chloro dyes 4f,j, which hold the halogen atom in a position di-
rectly conjugated with the pulling azobenzothiazole moiety, is
more red-shifted than that of the 3-substituted parent 4g. The
crowding effect over the chlorine atom of the 2-substituted dye
4f, being superior to that in the 4-substituted compound 4j, prob-
ably explains the larger red shift of the latter.

In conclusion, it can be claimed that 2-nitrosobenzothiazole
(2a) and 6-nitro-2-nitrosobenzothiazole (2b), whose synthesis is
disclosed herein, are useful synthons for the preparation of new
azobenzothiazole dyes, extending the access to molecules possess-
ing electron-withdrawing groups in different positions of the aro-
matic coupling component. This synthetic methodology presents
the advantage of being a more general approach to the preparation
of this class of azoheterocyclic dyes than the classic diazotization
process used for the preparation of azo disperse dyes, since the
presence of an activating electron-donating group suitably located
in the coupling component is no longer crucial.
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