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Various monoazo dyes suitable for transfer printing have
been prepared from N-2-cyanoethyl-1,2,3,4-tetrahydro-
quinoline and compared with the corresponding N-methy!
{kairoline] derivatives. The presence of a f-cyanoethyl group
brings about significant hypsochromic shifts of the first
absorption band and leads to some improvement in light-
fastness properties on polyester fibre,

INTRODUCTION

Terminal bridging in analogues of 4-aminoazobenzene forces
the lone pair electrons into greater conjugation with the
aromatic system, leading to bathachromic shifts of the
visible absorption band and to somewhat increased inten-
sities {1]. The optimum effect is observed with the doubly-
bridged derivatives of 9-phenylazojuloidine (I} [2]. For
example, the p-itro derivative (I; X = NQj} absorbs at
521 nm {log ¢ 4.58) in ethanol [3], whereas 4 -nitro4-
diethylaminoazobenzene absorbs at 490 nm ({log ¢ 4.56)
in the same solvent [4]. Similar, but less pronounced,
behaviour is shown by derivatives of 8-phenylazolilolidine
(11} [5] and of substituted tetrahydroquinolines [6]. These
hathochromic shifts of the first band are, however, accom-
panied by a significant fall in the light-fastness ratings [3,56] .
Incorporation of a carbonyl group into the julolidine system
{If1) results in improved light-fastness properties, but the
ketojulolidine dyes are not suitable for transfer printing
[3].
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Preliminary results [7] indicate that monoazo dyes based
on the singly-bridged A-methyl-1,2,3 4-tetrahydroquinoline
(kairoline) system (IV; Y = Me) are particularly suitable for
transfer printing. Since the presence of AN J3-<cyanoethyl
groups in dyes derived from 4-aminoazobenzene has been
associated with high fastness to light on polyester fibre [8]
and with relatively high absorption intensities [9], it was
therefore of interest to examine a representative group of
dyes derived from N-2-cyanoethyl-1,2.3 A-tetrahydro-
quinoline and to compare them with their kairoline counter-
parts.

EXPERIMENTAL

Dye Synthesis
The dyes were obtained by coupling the appropriate dia-
zonium ion with kairoline [10] and A/-2cyanoethyi-1,234-
tetrahydroguinoline, respectively. The former compound
was prepared by quaternization of 1,234 tetrahydro-
quinoline, using methyl iodide, followed by dealkylation
with sodium methoxide in methanoi [10] . Cyanoethylation
of 1,2,3,4-tetrahydroquinoline was achieved by using acrylo-
nitrile in acetic acid [11]. Conventional methods [3] were
used to diazotize the various amines which were then, in
most cases, gradually added to a wellstirred dispersion of
the coupling component in aqueous 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 dia-
zonjum 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



TABLE 1
Melting Points and Absorption Bands of Some Dyes Derived from Kairoline and -2-Cyanoethyl-1,2,3, 4-tetrahydroquinoline

-4 .
Amax/Nm {107 ¢, . in parentheses)

Dye Appearance m.p./°C
Cyclohexane Ethanol AXl/nm

(IV; X = OMe, Y = Me) Yellow crystals 104 408 {2.24) 4156 {2.96) 7
(IV; X =Y = Me} Yellow crystals 88 410 (2.50) 416 (2.94) 6
{(IV; X=H, Y =Me) Orange crystals 60—-62 410 (2.10) 419 (3.02) 9
(IV; X =Cl, Y = Me) Orange crystats 96 420 (2.24) 430 (3.06) 10
(IV; X = Br, ¥ = Me) Red leaflets 102 422 (2.22) 432 (3.22) 10
(IV; X =CF3, Y = Me) Red crystals 78-80 428 (1.92) 444 (2.80) 16
{IV, X =CQOMe, ¥ = Me) Dark red crystals 150 438 (2.52) 468 (3.32) 30
{IV; X =CN, Y = Me}) Red flakes 157 444 (3.14) 470 (2.58) 26
(IV; X =NO,, Y = Me} Dark green leaflets 140 446 (2.98) 498 (3.16) 52
(V:X=H,Y = Me) Dark red crystals 117 444 (2.64) 470 (3.44) 26
(V: X=NO,, Y =Me) Violet crystals 199

(VIH; R = Me) Dark biue crystals 178 (decomp.}

(IX; R = Me) Dark blue crystals 212

{IV; X =Cl, Y = CH,CH,CN} Brown crystals 130 410 (2.92) 420 (2.50) 10
{IV; X =Br, ¥ = CH,CH,CN) Bright red crystals 136 411 (262} 420 (2.66) 9
{IV; X = CF3, Y = CH,CH,CN) Red crystals 108 415 (2.80) 428 (2.52) 13
{IV; X =COMe, Y = CH,CH,CN)  Yellow flakes 127 425 (2.36) 448 (2.98) 23
{IV; X=CN, Y = CH,CH,CN) Red crystals 1563 430 (2.93) 450 (1.96) 20
{IV; X=NO,, Y = CH,CH,CN) Dark red flakes 149 432 (1.22) 476 (2.5B) 44
(V; X =H, Y = CH,CH,CN) Dark red crystals 134 429 (1.80) 450 (2.10) 21
(V; X = NO,, Y = CH,CH,CN) Violet crystals 168

(VI1I; R = CHyCH,CN) Dark green crystals 156

(IX; R = CH,CH,CN) Violet crystais 240 {decomp.)

TABLE 2

Halochromism of Some Azo Dyes in Ethanolic Hydrogen Chloride

Dye Apax/NM (107 €may in parentheses)
EtOH AXN/nm  EtOH+HCI  AM/nm

(IV; X = OMe, Y = Me) 415 (2.96) —4* 556 (4.45) 141
(IV; X =Y = Me) 416 (2.94) —3* 540 (4.68) 124
(IV: X =H, ¥ = Me) 419 (3.02) 522 (4.84) 103
{IV; X=Cl, Y = Me) 430 (3.06) 11* 523 (3.84) 93
{IV; X =Br, Y = Me) 432 (3.22) 13* 523 (3.99) 91
{IV; X =CFj ¥ = Me) 444 (2.80) 25* 504 (3.48) 60
{IV; X = COMe, Y = Me) 468 {3.32) 49* 516 (5.00) 48
{IV; X =CN, Y = Me) 470 (2.58) 51 503 (4.88) 33
(IV; X = NO,, Y = Me) 498 (3.16) 79* 510 (4.88) 12
(V:X=H, Y =Me) 470 (3.44) 51* 499 (4.40) 29
{V; X=NO,, Y = Me) 549 (3.86) 130" 500 (4.22}) —49
(VUII; R = Me) 596 (4.80) 177* 576 (3.50% —20
{IX; R = Me) 564 (3.44) 145 569 (5.83) 5
{IV; X = OMe, Y = CH,CH,CN) 406 (2.56) -4t 562 (4.84) 166
(IV; X = Me, Y = CH,CH,CN) 410 (2.12) 0t 550 (3.96) 140
{IV; X = H, Y = CH,CH,CN) 410 (2.40) 530 (3.84) 120
{IV; X = Cl, Y = CH,CH,CN) 420 {2.50) 10t 530 {5.20} 110
{(IV: X = Br, Y = CH,CH,CN} 420 (2.66) 10t 530 (5.20) 110
(1IV; X = CF3, Y = CH,CH,CN) 428 (2.52) 18t 513 (5.64) 85
(IV; X = COMe, Y = CH,CH,CN} 448 (2.98) 38t 522 (6.64) 74
{IV; X = CN, Y = CH,CH,CN) 450 (1.96) 40t 514 (5.36) 64
(IV; X = NO,, Y = CHaCH,CN) 476 (2.56) 66t 516 (4.48) 40
{(V: X = H, Y = CH,CH,CN) 450 (2.10) 40t 510 (2.50) 60
{V; X=NO,, Y = CH,CH,CN) 526 (2.96) 116t 519 (2.80) -7
{VIN; R = CH,CH,CN) 580 (3.60) 170t 597 (3.18)% 17
{IX; R = CH,CH,CN) 546 (2.40) 136t 594 (4.58) 48

* Relative to {IV; X =H, ¥ = Me)
T Relativeto {IV; X =H, ¥ = CH,CH,CN)
+ Low due to protonation at the thiazole ring system
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recrystallization from methanol or ethanol; all the dyes were
analytically pure, but three of the cyanoethyl derivatives
could not be solidified.

Spectra

Absorption spectra were measured with a Unicam SP 800
recording spectrophotometer for solutions of the dyes in
cyclohexane, ethanal and ethanol containing sufficient hy-
drogen chloride (between 100 and 1200 equivalents} to
obtain optimal protonation of the azo group; details are
given in Tables 1 and 2.

Dye Application
In each case, a strip of Whatman chromatography paper
(4 cm X 10 cm) was immersed for 2 min in a 1% solution
of 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 at room tem-
perature before being wrapped in a piece of polyester or
nylon fabric and then enclosed in metal foil. The package
was placed between the two plates of a Badische hot press
for transfer printing at 200°C for 30 s.

The dyed fabrics were subjected to standard washing-
fastness and light-fastness tests, the latter involving a Xenon
lamp [12] ; details are given in Tabte 3.

RESULTS AND DISCUSSION

Visible Spectra

The spectral characteristics of the two groups of dyes are
shown in Tables 1 and 2. Bathochromic shifts of the visible
absorption band are observed on increasing the solvent
polarity (Table 1) as expected for a system in which the
excited state is more polar than the ground state [1]. Since
the polarity of the excited state, represented approximately
by VII, is diminished by electron withdrawal by the CH,CH,
CN group, which influences the transfer of electron density
from the terminal nitrogen atom (V1), the positive solvato-
chromism is generally less pronounced for the cyanoethyl
dyes.

The replacement of the A-methyl group in IV {Y = Me)
by the 2-cyanoethyl substituent brings about a notable
hypsochromic movement of the first band (Table 2), ranging
from O nm for the parent dye (IV; X=H) to 22 nm for
the p-nitro derivative {IV; X = NO,), together with a small
but regular decrease in absorption intensity. Inductive elec-
tron withdrawal by the CH,CH,;CN group leads to a reduc-
tion in the electron-releasing tendency of the terminal
nitrogen atom and a consequent hypsochromic shift of the
visible absorption band; the position of Amax 18 dependent
on the basicity of the molecule [1]. The hypsochromic
influence of the cyancethyl group more than compensates
for the bathochromic effect of the terminal bridge so that
the A ax values of these dyes are at somewhat shorter
wavelengths than those of analogous compounds derived
from 4-diethylamincazobenzene (13,14].

The wavelength shift produced by an acceptor substituent
(X) is approximately related to the appropriate Hammaett
g-caonstant for bath series of dyes (Table 2). This finding can
be accounted for qualitatively in terms of the valence-bond
resonance approach by regarding the dye as a resonance
hybrid of two extreme canonical structures, V1 = VI, of
different energies [1]. Factors which tend to bring the two
structures closer in energy lead to bathochromic shifts of
the first band. The high-energy dipolar structure VI is
therefore stabilized when X is an electron-attracting sub-
stituent. A similar explanation follows by taking structure
VI as a fairly close approximation to the ground state of the
molecule, and structure VIl to be a reasonable representation
of the excited state.

284 ]SDC Volume 97 June 1981

The 2-cyano<4-nitro derivative (V; X = NO,, Y = Me)
shows exact additivity of substituent effects (Table 2) in
agreement with a lack of steric hindrance by the o-<¢yano
group [15]. A similar situation is obtained in the case of the
cyanoethyl analogue (V; X = NQ,, Y = CH,CH,CN}), although
the additivity is only approximate. For both series, the o-
and p-cyano derivatives have the same A, values, thereby
suggesting eguivalence between ortho and para electronic
effects.

Replacement of the 4-nitrophenyl group by the 5-nitro-
thiazole system (VII1} gives rise to marked bathochromic
shifts of the long-wavelength band together with increases
in € ,a Similar, but fess pronounced, effects are observed
with the 6-nitrobenzothiazote system (I1X} (Table 2). It is
apparent that conjugation through the parent thiazole sys-
tem is more effective than that involving the annellated
benzene ring.

It is well established that the first band in dyes derived
from 4-aminoazobenzene generally moves to longer wave-
lengths in acid sotution {(halochromism) owing to protona-
tion at the azo linkage resulting in the formation of a reso-
nance-stabilized azonium ion, X + X}; the tautomeric am-
monium ion absorbs in the ultraviolet [1]. Although the
azonium ion can be regarded as a charge-resonance system,
it is best represented in the ground state by the quinanoid
structure (X) so that the visible absorption band is associated
with a migration of electron density from the §-nitrogen
atom to the terminal nitrogen atom. Thus, the direction of
charge migration accompanying electronic excitation is
the opposite to that associated with the neutral dyes. Con-
sequently, the usual positive halochromism observed on
protonation increases as the electron-donating capacity of
substituent X increases: conversely, the bathochromic shift
diminishes when X is electron attracting. In qualitative terms,
if structure Xl predominates in the excited state then elec-
tron donors will stabilize this structure whereas electron
acceptors will tend to stabilize the ground state structure (X)
and vice versa. The displacement of the absorption band is
again approximately proportional to the Hammett o-value
of the substituent for both series of dyes (IV) {Table 2}. It
is noteworthy that the azonium species for the cyanoethyl
dyes (X; Y = CH,CH,CN) absorb at rather longer wavelengths
than their kairoline analogues (X; Y = Me) in contrast to the
behaviour of the neutral dyes. This bathochromic movement
can be linked with inductive electron withdrawal by the
cyanoethyl group which effectively reduces the energy
required for the molecule to attain the excited state. Elec-
tron withdrawal by the CH,;CH,CN group results in a
decrease in the basicity of the system as a whole so that
considerably more acid is required to protonate these dyes
than the corresponding kairoline derivatives.

Owing to the opposite directions of charge migration ac-
companying electronic excitation in the neutral dyes and
their azonium cations, the long-wavelength bands of the two
species converge with increasing electron-accepting strength
of X. Excellent linear correlations are found between the
wavelength shift (A onium — Nneutralls OF more properly
the frequency difference, and the appropriate g-constants, in
agreement with theory [18]. The vaiue of AN decreases
steadily as the electron-withdrawing capacity of X increases
(Table 2}, the absolute values being smaller in the case of the
kairoline dyes. When the overall electron withdrawal! is suf-
ficiently great, the bands may in fact cross so that the
azonium ion absorbs at a shorter wavelength than the neutral
molecule [3]. Thus, the 2-cyano-4-nitro dye (V; X = NO,,
Y = Me) exhibits a significant negative halochromism
{49 nm). The analogous cyanoethyl derivative (V; X = NO,,
Y = CH,CH,CN) shows a smaller negative halochromism
{7 nm), since the electron-withdrawing effect of the CH,
CH,CN substituent partly counterbalances that of the cyano
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and nitro groups. The nitrothiazole dye (VIII; R = Me) also
displays a negative halochromism (20 nm), unlike the cyano-
ethyl analogue {VIII; R = CH,CH,CN} for which the effect
is positive (Table 2). Both of the corresponding benzo-
thiazole dyes (I1X) show positive halochromism. It is again
apparent that electron withdrawal through the nitrobenzo-

thiazole system is less efficient than that involving the nitro-
thiazole heterocycle.

Dvye Characteristics

Owing to the hypsochromic influence of the CH,CH,CN
group, the cyanoethy! dyes (IV; Y = CH,CH,CN) have rather
different colours from their kairoline analogues (IV; Y =

TABLE 3

Light-fastness Ratings of Some Azo Dyes on Nylon and
Polyester Fibres

N-Methyl dyes N-Cyanoethyl| dyes

(IV; Y = Me) (IV; Y = CH,CH,CN)
Substituents
Nylon Polyester Nylon Polyester

4—-0OMe 4 4 3 3-4
4—Me 4 4-5 3-4 34
4—H 4 4-5 3 3
4—Cl 4-5 4--5 4 5
4—Br 4 4-5 4 4-5
4—CF; 4 4-5 4-5 5
4—COMe 4 4-5 4 4-5
4—CN 4 4-5 4 4-5
4—NQ, 4-5 4-5 4 4
2—CN 4--5 4-5 3-4 4
2—CN,4—NQ, 3-4 3-4 3 4

Me). Thus, for example, the 4-nitro derivative {(IvV; X =
NO,, Y = Me) is maroon, whereas the relevant cyanoethyl
compound (IV; X = NO,;, Y = CH,CH,CN) is orange. Simi-
farly, the nitrothiazole derivative (V1H; R = Me) is blue, but
the cyanoethyl analogue (VIII; R = CH,CH,CN) is violet.

Both series of benzenoid azo dyes are suitable for trans-
fer printing on to synthetic-polymer fibres, having satisfac-
tory fastness to washing on polyester fibre and moderate
fastness on nylon [17] ; the transferability of the cyanoethyl!
heterocyclic compounds is rather poor and these products
are best applied as conventional disperse dyes. The kairoline
derivatives (IV; Y = Me) have significantly higher light-fastness
ratings than their julolidine (1) and ketojulelidine ({H)
counterparts [3]. It is rather surprising that the S-cyanoethy!
derivatives tend to show only marginal improvements in
light fastness (Table 3}, by comparison with the appropriate
N-methyl dyes, especiatly on polyester fibre [8]. An obvious
trend does not emerge and the differences between the dyes
on nylon and on polyester fibre are only slight, contrary to
some earlier findings of Sartori [18] and Miiller [19], which
suggest that fastness to light of this type of disperse dye on
polyester fibre increases with the electron-withdrawing
capacity of the substituents in the diazo component; essen-
tially the converse effect was observed on nylon [19]. Mare
recent work by Sunthankar and Thanumoorthy [20], which
partty duplicates that of Miiller, reveals no clear relationship
between photostability on nylon and the electronic effects
of substituents in the acceptor ring. It is interesting to note,
however, that recent work on related dyes containing AN-
2,2 2-trifluoroethyl groups (IV; Y = CH,CF3) shows that the
light fastness improves quite dramatically with the electron-
accepting strength of the para substituent on polyester fibre
as well as on nylon [21].

CONCLUSIONS

Monoazo dyes based on the singly-bridged N-substituted-1,2,
3 4-tetrahydroquinoline system are suitable for transfer
printing and show improved light-fastness properties com-
pared with the doubly-bridged julolidine analogues an both
polyester fibre and nyion. The A/-2-cyanoethy! derivatives
do not have significantly better light-fastness ratings than
their kairoline analogues. The cyanoethy! dyes absorb at
shorter wavelengths than the corresponding kairoline deri-
vatives and show a more pronounced positive halochromism
on protonation.
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