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Several monoazo dyes have been
prepared from I-ketojulolidine and com-
pared with their julolidine counterparts.
The presence of a carbonyl group in the
terminal bridging system leads to
improved light fastness properties on
synthetic-polymer fibres, but also to an
essentially constant hypsochromic shift
(70 nm) of the first absorption band.
The azojulolidine dyes exhibit a marked
negative halochromism. Unlike the
parent julolidine dyes, the ketojulolidine
disperse dyes are not suitable for
transfer printing.
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Introduction

In a recent paper [1] it was reported that
the replacement of the julolidine
(2,3,6,7-tetrahydro-1H,5H-benzo [ij] -
quinolizine) ring system by lilolidine
(1,2,5,6-tetrahydro-4H-pyrrolo [3,2,1-ij] -
quinoline) in dyes derived from 4-amino-
azobenzene leads to a reduction in the
ability of the amine nitrogen atom to
conjugate with the aromatic system,
owing to strain in the terminal bridges.
Nevertheless, both series of dyes show
pronounced bathochromic shifts together
with increases in intensity of the first
band relative to the appropriate deriv-
atives of 4-dimethylaminoazobenzene,
but all the dyes have poor light-fastness
ratings [2]. On the assumption that the
improved conjugation of the terminal
nitrogen atom with the aromatic system
in the julolidine (I} and lilolidine (II) azo
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dyes leads to a build up of electron
density at the azo group and a conse-
quent susceptibility to photochemical
attack, it seemed likely that the introduc-
tion of a competing group into the
bridging system would lead to an
improvement in the light-fastness pro-
perties. In order to test this hypothesis,
two groups of six dyes have now been
prepared from julolidine and l-ketojulol-
idine, respectively, using benzenoid and
heterocyclic amines of industrial signific-
ance.

Experimental

Dye Synthesis

The dyes were obtained by coupling the
appropriate diazonium ion with julolidine
{3] and l-ketojulolidine, respectively. The
latter compound was prepared by cyano-
ethylation of 1,2,3 4-tetrahydroquinoline

[4] followed by hydrolysis to the corres-
ponding carboxylic acid [S] and
cyclization in polyphosphoric acid, adapt-
ing the method used by Koo [6] for the
synthesis of 4-keto-1,2,3,4-tetrahydro-
quinoline; a cyclization yield of 60% was
obtained by heating N-2-carboxyethyl-
1,2,3 4-tetrahydroquinoline (3 g} in poly-
phosphoric acid (30 g) at 150—155°C for
15 min before pouring the solution,
cooled to 90°C, into ice-water (300 g).
Conventional methods [7] were used to
diazotize 4-nitroaniline, 2-chloro-4-
nitroaniline and 2-cyano-4-nitroaniline;
nitrosylsulphuric acid was added to a
solution of 2,6- dichloroaniline in concen-
trated sulphuric acid followed by phos-
phoric acid [8], a mixture of acetic acid
and propionic acid was added to nitro-
sylsulphuric acid followed by 2-amine-3-
nitrothiazole [9}, and sodium nitrite was
added to a solution of 2-amino-6-methyl-
sulphonylbenzothiazole in phosphoric
acid [10]. The diazotized amines, with
the exception of 2-amino-5-nitrothiazole,
were then gradually added to a well-
stirred dispersion of the coupling com-
ponent in agueous acetic acid containing
sodium acetate and kept at 0°C; the
mixture was basified after 4 h. In the case
of 2-amino-5-nitrothiazole, the diazonium
solution was added to a dispersion of the
coupling component in 10% sulphuric
acid and, after 15 min, the resulting
mixture was poured into water and
basified.

The crude dyes were purified by
column chromatography on alumina,
using dichloromethane as solvent,
followed by recrystallization from
ethanol; all dyes were analytically pure.

Spectra

Absorption spectra were measured with a
Unicam SP 800 recording spectrophoto-
meter for solutions of the dyes in ethanol
and in ethanol containing sufficient
hydrogen chloride (between 1000 and
2000 equivalents) to obtain optimal pro-
tonation of the azo group; details are
given in the Table.

Dye Application

In each case, a strip of Whatman chroma-
tography paper (4 ¢cm x 10 cm) was
immersed for 2 min in a 0.5% solution of



TABLE

Melting Points and Absorption Bands of some Dyes Derived from Julolidine and 1-Ketojulolidine

Amax(nm) [10™ €y, in parentheses]

Dye Appearance m.p. (°C) (EtOH) AA(nm) (EtOH +HCI) AA(nm)
(HII; R! =R? =H) Green needles 180182 521(3.78) 517(6.76) —4
(I;R' =CN,R2=H) Green needles 215216 575 (4.20) 54*  500(5.27) 75
(II;R' =CLR*=H)  Green crystals 210 (decomp.)  545(3.24)  24* 499 (5.04) _46
(UL;R' =R%2=()) Bronze crystals 210-212 481(2.36) —40* 471 (3.59) ~10
(VIII; X =CH,) Greenish-black crystals 187 (decomp.) 625 (5.35) 104* 581 (3.94)* —44
(IX; X =CH,) Dark purple needles 212--213 574 (7.03) 53* 564 (6.60)* —-10
(V;R! =R? =H) Dark red needles 203205 448 (2.77)

(V;R'=CN,R*=H)  Black crystals 214 (decomp.) 502 (3.39) 54t

(V;R!' =CLLR®=H)  Red needles 234 (decomp.) 472 (2.63) 24+

(V:R' =RZ=Q]) Black needles 217 415(2.37)  —33%

(VIII; X = CQ) Dark green crystals 216 (decomp.) 553 (3.97) 105t

(IX; X=C0) Red needles 275 (decomp.) 514 (4.64) 66t

*Relative to (III; R' = R? = H)
tRelative to (V; R! = R? = H)

#Low due to protonation at the thiazole ring system

the dye in dichloromethane (10 ml). The
excess solution on the surface of the
paper was squeezed off between two glass
rods and the strip was allowed to dry
before being wrapped in a piece of
synthetic-polymer fabric (10 cm x 25
cm) and then enclosed in metal foil. The
package was placed between the two
plates of a Badische hot press for transfer
printing [11] at 200°C for 30 s. The
ketojulolidine dyes were also applied to
polyester in a Longclose high-temperature
dyeing machine.

Results and Discussion

Visible Spectra

The spectral characteristics of the two
groups of dyes are shown in the Table. In
general, the introduction of a l-keto
group into the julolidine system brings
about a constant hypsochromic shift (ca
70 nm) of the first band and a decrease in
absorption intensity; €p,,x remains
virtually unchanged in the case of the
sterically hindered 2,6-dichloro dye (V;
R! = R? = Cl). The wavelength shift can
be accounted for qualitatively in terms of
the wvalence-bond resonance approach
[12]. Thus, the parent dye system can be
regarded as a resonance hybiid of two
extreme canonical structures, (III) and
(IV), of different energies. Factors which
tend to bring the two structures closer in
energy lead to bathochromic shifts of the
long-wavelength band. For example, the
high-energy dipolar cancnical structure
(IV) is stabilized when the electron-
withdrawing p-nitro group is introduced
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into 9-phenylazojulolidine and a large
bathochromic shift (76 nm) is observed
(13]. Similarly, in the present series, the
introduction of an o-cyano group into the
parent dye (III; R® = R? = H) resultsin a
shift of +54 nm (see Table). However, the
incorporation of an electron-withdrawing
carbonyl group into the julolidyl system
(V) permits a contribution from the
canonical structure (VII) to the hybrid,
which effectively lessens the importance
of structure (VI) and results in a hypso-
chromic shift compared with the parent
system (III). Because the contribution
represented by structure (VII) does not
depend on the substituents in the aryl
ring, a constant shift is to be expected
and is in fact found.

Several features of interest emerge

from a detailed consideration of the
spectral results (see Table). It has already
been noted that the introduction of an
o<yano group into dye (III; R! = R? =
H) brings about a bathochromic shift of
the first band; an increase in e, is also
observed. Analogous behaviour is found
with the corresponding ketojulolidine dye
(V; R' = R? = H) and is indicative of
effective electron withdrawal by the
cyano group. Hoyer, Schickfluss and
Steckelberg [14] have recently claimed
that steric effects are not brought about
by o-cyano groups in dyes of this type
and our results substantiate this assertion.
In work on related dyes, we have
observed that the presence of a p-cyano
group in 9-phenylazojulolidine results in a
bathochromic shift of 54 nm, and assum-
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ing additivity and equivalence between
ortho and para electronic effects, dye
(I1; R! = CN, R? = H) should therefore
absorb at 575 nm (521 + 54) as is the
case the same additivity operates for the
ketojulolidine analogue (V; R' = CN, R?
= H). Additivity of substituent effects is
also apparent in a series of dicyano
derivatives of 4-diethylaminoazobenzene
recently prepared by Griffiths and
Roozpeikar [15]. Hoyer et al. also point
out [14] that an effectively planar srans-
azobenzene with only one ortho substitu-
ent can assume a sterically favourable
conformation in which crowding is
minimal. Steric hindrance is clearly evid-
ent, however, when two bulky orrho
substituents are present in the same ring
and is manifested by a short-wavelength
shift of Ay, and a decrease in €g,x Of
the 7 > #* band. Thus, the dichloro-
substituted dyes (IIl and V; R* = R? =
Cl) each show a marked hypsochromic
shift and fall in intensity of this band
when compared with the appropriate
parent dye (see Table), The bathochromic
shift produced by just one o-chloro sub-
stituent in dyes (Il and V; R! = Cl,R? =
H) is approximately in accord with the
additivity principle, but the decreases in
€max Suggest some reduction in the
degree of conjugation [16]. Pronounced
bathochromic shifts of the long-wave-
length band together with increases in
€max are observed when the 4-nitro-
phenyl group is replaced by the 5S-nitro-
thiazole system (VIII). This effect can be
attributed to greater stabilization of the
appropriate dipolar resonance canonical
[17], but is probably associated with the
diene character of the heterocycle [18];
similar behaviour is seen in the case of the
benzothiazole dyes (IX).
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In aminoazobenzene dyes it is gener-
ally found [19] that the first band moves
to longer wavelengths in acid solution
(halochromism) owing to formation of
the resonance-stabilized azonivm ion by
protonation at the azo group; the tauto-
286
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meric ammonium ion absorbs in the
ultraviolet. This effect can be explained
in terms of a charge—resonance system,
of the type (X) < (XI), in which the
quinonoid canonical structure makes a
strong contribution. Whereas the visible
absorption band of (I) and of related
series {1, 20] moves to longer wave-
lengths as the electron-withdrawing
power of R increases [13], the reverse is
true for the cation (XI) and, as Chu and
Griffiths [21] point out, this behaviour
can be attributed to the opposite direc-
tions of charge migration accompanying
electronic excitation. Consequently, the
long-wavelength bands of the neutral (I)
and protonated (XI) species converge
with increasing electron-accepting
strength of R. In certain cases, if R is
sufficiently powerful, the bands may
cross so that the cation absorbs at shorter
wavelengths than the neutral molecule;
such examples of negative halochromism
are r1are when only one electron-
withdrawing group is present [1, 21, 22].
Inspection of the data in the Table
reveals, however, that the azojulolidine
dyes (III) in ethanol containing hydrogen
chloride show pronounced hypsochromic
shifts of the conjugation band; in particu-
lar, the cyano-nitro dye (III; R' = CN, R?
= H) exhibits a remarkable negative halo-
chromism (75 nm) with an associated
colour change from blue to red. Proton-
ation at the azo group is also influenced
by steric factors [23] and an additive
pattern of substituent effects does not
appear for the mono- and di-chloro-
substituted dyes (III; R! = C,, R* = H
and R! = R? = (l, respectively).
Although the two thiazole dyes (VIII; X
= CH,) and (IX; X = CH,) display a
negative halochromism, the usual
increases in €m a5 are not observed, owing
to the presence of protonated species
absorbing at ca 450 nm. In the case of the
ketojulolidine dyes, attempts to measure
the halochromism were frustrated by the
instability of the protonated species.
Nevertheless, direct addition of acid to
the spectrophotometric celt permitted the
observation of a transient bathochromic
shift of the long-wavelength band for
gach dye (V). It would therefore appear
that the electron-withdrawing effect of
the carbonyl group counterbalances that
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of the nitro-substituted ring sufficiently
to prevent negative halochromism.

Dye Characteristics

Owing to the hypsochromic influence of
the carbonyl group, the ketojulolidine
dyes (V) have quite different colours
from their julolidine parents (III). Thus,
for example, whereas the azojulolidine
dye (III; R! = R? = H) is maroon, the
corresponding keto compound (V; R' =
R? = H) is yellow; similarly, the blue
cyano-nitro dye (lil; R = CN, R? = H)
becomes red when the bridging group is
modified (V; R! = CN, R* = H).

The azo dyes derived from julolidine
(I1I) are suitable for transfer printing and
have satisfactory fastniess to washing on
synthetic-polymer fibres [24], but the
light-fastness  ratings are only 1-2.
Improved values (3—4) are obtained for
the ketojulolidine dyes (V) which also
show excellent fastness to washing. These
dyes cannot be used successfully for
transfer printing, owing to poor transfer-
ability, and are best applied as conven-
tional disperse dyes.

Conclusions

Although the incorporation of a carbonyl
group into the terminal bridging system
of dyes based on 9-phenylazojulolidine
leads to improved light-fastness pro-
perties, the ratings are still somewhat
below commercial standards. The ketoju-
lolidine dyes absorb at shorter wave-
lengths than the coresponding
azojulolidines; the latter dyes show a
pronounced negative halochromism cn
protonation.
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