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systems: a model system for assessment of potential
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A series of triazinyl reactive dyes, identical in all respects but for the leaving group, has been synthesised.
The rate of hydrolysis of each member of the series, i.e. fluoro, chloro, suipho and DABCQO derivatives,
has been determined. The corresponding nicotinic acid compound could not be included in the study as
it did not vield the expected hydroxytriazine in dilute sodium carbonate solution. Each dye has been added,
in turn, to a methanol-water solution in the presence of base and the chemical selectivity to methoxide
attack determined from the product ratio. Measurements were made at 40°C and under conditions of equal
reactivity to hydroxide ion, as determined from Arrhenius plots. The selectivity results are in agreement
with empirical observations, made over more than 30 years, for the fixation efficiency to cellulose of dyes

carrying these reactive groups.

INTRODUCTION

Reactive dyes are the only textile coloration products
designed to furnish covalent bonds between dye and
substrate during dyeing. Although many different reac-
tions can be used for fixation, two main types are exploited
commercially, i.e. heteroaromatic nucleophilic substitu:-
tion and addition to an activated alkene [1-4]. In the case
of cellulose, both bond formation reactions rely largely (but
not exclusively} on ionisation of the substrate with aqueous
alkali, which in turn leads to competitive hydroxide attack
[5] and destruction of the reactive moiety (Scheme 1). All
reactive dyes suffer from this defect.

Dye + cellulose + water Akl fixed dye + hydrolysed dye

Scheme 1

Since reactive dyes were first introduced [6] a large
number of electrophilic groups have been evaluated for
their ability to react chemically with cellulose. In any
assessment of the relative practical utility of such species
many technical features are important, e.g. the level of
reactivity, the stability to various chemical and physical
agencies of the resultant dye—fibre bond [7], the ease of
synthesis of the reactive component and the manner in
which it can be attached chemically to the chromophore.
The last factors are important in determining the order of
cost of any derived dye. Finally, and most importantly, the
propensity of the dye to undergo fixation to the cellulose

rather than hydrolysis needs to be considered. These two
competing reactions can conveniently be discussed in
terms of selectivity, which for any particular dye may be
defined by Egn 1:

[Fixed dye] [water] (1)

Selectivity = [Hydrolysed dye] [cellulose]

Although Luttringer and Dussy [8] have measured the
selectivity of a fluorotriazine dye on cellulose, a direct
comparison of the efficiency of a variety of leaving groups,
by this method, is not ideal because of complexity of the
dyeing process. Differences in aggregation, diffusion and
in fixation conditions interfere with such selectivity com-
parisons. However, isclation of the chemical selectivity of
various triazinyl reactive groups from their overall fixation
efficiency (which may, in good measure, be determined by
physical phenomena) by the use of a water-soluble alco-
hol, e.g. methanol, in water offers a simple model for
fixation to cellulose, and enables a comparison to be made
in solution thus aveiding the above complications. In this
way a direct comparison of leaving groups attached to a
triazinyl system to concurrent alkoxide-hydroxide attack
can be studied. Relative fixation potential of a variety of
leaving groups can therefore be established.

The reactive dye market is currently dominated by
monochalotriazines, sulphatoethyl sulphones and (increas-
ingly) combinations of these systems [9,10). With the
triazinyl nucleus the chloro group was initially chosen as
the leaving group, but over the years a number of quater-
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nary ammonium types, formed either stoichiometrically or
catalytically [11-19], the sulpho group [20-23] and most
recently the fluoro group [24,25] have been commercially
exploited. The question of the relative selectivities of each
leaving group to competitive alkoxide-hydroxide attack,
however, has not been addressed. This paper reports on
the selectivity of a variety of triazinyl reactive systems in
dilute solution in order to isolate this feature from other
criteria necessary to give good fixation to cellulose.

EXPERIMENTAL
Electronic absorption spectra were measured with a
Perkin Elmer 554 double-beam spectrophotometer. Pro-
ton nuclear magnetic resonance spectra were taken either
with a Bruker WH 90 or WM 250 spectrometer, at room
temperature or as otherwise stated, using tetramethylsi-
lane as internal standard. H.p.lc. analyses were per-
formed with a Hewlett Packard 1084B liquid chromato-
graph with a 10 cm x 0.49 mm ODS hypersil column and
using water containing 0.5% Cetavlon (solvent A) and ace-
tonitrile (solvent B) as eluant.

The methanol used was of h.p.l.c. quality (water <
0.05%; Karl Fischer titration), from Rathburn; the sodium
carbonate was analytical reagent grade.

Kinetic experiments

Hydrolyses of model compounds (Figure 1) were per-
formed with 5 x 105 mol dye in water (100 ml) and with
5 x 1073 mol sodium carbonate at the desired temperature.
Samples were analysed by h.p.l.c. at a wavelength of 484
nm, using the program 2.00 min %B 62.5, 3.00 min %8B
70, 4.00 min %B 70, 5.00 min %B 80, 6.00 min %B 80,
7.00 min %B 62.5, 8.00 min stop.

Selectivities were determined, at the appropriate tem-
perature, in a mixture of water (90 g, 5 mol), methanol (3.2
g, 0.1 mol) dye (approx. 3 x 10° mol) and sodium
carbonate (5 x 10-* mal).

HO,S

N=N
S oWy
HO,S N—(/

1a: X = OCHs —Me

1b: X = GH I

1c: X =Cl
1d: X = SO3H
Figure 1 — Dyes investigated in the present study

le: X=F

1f: X = DABCO

1g: X = 3-carboxypyridinyi
1h: X = NH»

Dve 1a

To a stirred solution of methanol (60 ml) and water (40 ml},
at room temperature, were added 3-(1,5-disulphonaph-
thyl-2-azo)-4-hydroxy-7-N-[{4-chloro-6-methylphenylam-
ino-s-triazin-2-yl)methylamino]-naphthalene-2-sulphonic
acid {2.8 g, 3.3 mmol) and then sodium hydroxide (4 g).
The reaction mixture was stirred for 24 h and the solid s
formed filtered off to give crude product (2.2 g). Purifica-
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tion was achieved by dialysis in deionised water and gave
an orange solid, m.p. >300°C, which was dried in vacuo
over calcium chloride at 100°C {found: C42.4, H 3.8, N
10.7, S 10.5%,; C, H26N70“53Na 3H,0 requires C
42 6,H3.4, N 10. 9 S 10.7%), &, (90 MHz D,0) 3.31
(3H, s, NCH,), 3.37 (3H, s, NCH.) 3.78 (3H. s, OCH,)
and 7.06-9.24 (14H, m, ArH).

Dye 1b

To sodium hydroxide solution (1 mol/l, 100 ml) was added
3-(1,5-disulphonaphthyl-2-aze)-4-hydroxy-7-N-[(4-
chloro-6-methylphenylamino-s-triazin-2-ylimethyl-
amino]-naphthalene-2-sulphonic acid (10 g, 60%
strength) and the resultant solution heated at 100°C for
1.5 h. On cocling to 70°C conc. hydrochloric acid (50 mi)
was added slowly and the solid so formed was collected by
filtration and washed with water {2 x 50 ml) and then with
ethanol {100 ml) to give the crude product (4.6 g). The solid
was stirred in deionised water {200 ml), the pH adjusted to
7.5 with 2 mol/l scdium hydroxide solution and the
resultant suspension purified by dialysis to give an orange
solid, m.p. >300°C, which was dried in vacuo at room
temperature (found: C 39.0, H 3.9, N 9.9, & 9.7%;
C31H22N701183Na3. 7H,O redquires C 38.8, H 3.8, N
10.2,510.0%); A, (water) 484 nm, {log £4.59); §,, (250
MHz, (CD,),SO, 373 K)3.40 (3H, s, NCH,), 3.50 (3H s,
NCH,) and 7 22-9.21 (14H, m, ArH).

Dye 1c

To an ice cold solution of 3-(1,5-disulphonaphthyl-2-azo)-
4-hydroxy-7-methylaminonaphthalene-2-sulphonic acid
(166.6 g, 70.3% strength, 0.19 mol) in water (1250 ml)
were added Calsolene oil (0.5 ml) and then dropwise with
stirring a solution of ¢yanuric chloride (40 g, 0.22 mol)
dissolved in acetone (400 ml). The solution was main-
tained at pH 6-7 and after 1 h N-methylaniline (24 mli,
0.22 mol) was added and the reaction mixture heated to
35°C for a further 2 h. The volume was reduced to approx.
750 ml under reduced pressure and ethanol added to give
a precipitate. The resultant solid was collected by filtration
and dried to give the crude product (175 g). A portion of
the solid was purified by dialysis in deionised water to give
an orange solid, m.p. >300°C, which was dried in vacuo
at room temperature (found: C 39.5, H 3.3, N 10.1, S
10.2, Cl 4.4%,; C, H, N.O, S,CINa,. 5HZO requires C
39.5,H3.3,N10.4,510.2, C13.7%); 4__ {water) 484
nm (log £4.59}; §,, (250 MHz, (CD.),SO, 373 K) 3.40 {3H.,
s, NCH,), 3.50 (3H s, NCH.,) and 7. 22 9.21(14H, m,
ArH).

Dye 1d

To water (150 mil) was added 3-{1,5-disulphonaphthyl-2-
azo)-4-hydroxy-7-N-[{(4-chloro-6-methylphenylamino-s-
triazin-2-yl)methylaminol-naphthalene-2-sulphonic acid
(5 g, 60% strength; 3.5 mmol) and the pH adjusted to 8.5.
Anhydrous sodium sulphite (2 g, 16 mmol) was then added
with stirring, the temperature raised to 60°C and main-
tained for 8 h. The reaction mixture was cooled to room
temperature, sodium chloride {20 g) added, and the
precipitate collected by filtration and purified by dialysis in
deionised water to give an orange solid, m.p. >300°C,
which was dried over calcium chloride at 100°C (found: C



37.0,H3.4,N9.6,513.1%; C, H, N.O,,S,Na,. 4H,0
requires C37.5,H3.0,N9.9,512.9%); A__ (water) 484
nm (log £ 4.59); &, (30 MHz, D,0) 3.38 (3H, s, NCH,),
3.53 (3H, s, NCH,) and 7.06~9.14 {14H, m, ArH).

Dye le

To 3-1,5-disulphonaphthyl-2-azo)-4-hydroxy-7-methy-
laminonaphthalene-2-sulphonic acid (3.3 g, 5.2 mmol),
urea {60 g) and mixed phosphate buffer (0.5 g} was added
water (150 ml), and after stirring to dissolve the solution
was cooled to —15°C. Cyanuric fluoride (3.23 g, 23.9
mmol) was added dropwise at pH 6.5 and the pH allowed
to fall to 6.2. The reaction was followed by h.p.l.c., and
when the dye base had been consumed N-methylaniline
(1.9 g, 17.8 mmol) was added, the pH adjusted to 8.2 and
stirring continued for a further 15 min. The reaction
mixture was then extracted with ethyl acetate, salted to
10% with sodium chloride and stirred overnight. The solid
that separated contained some hydrolysed dye and was
discarded. A further 5% sodium chloride was added and
the precipitate collected by {iltration and washed with brine
to give the crude product {1.5 g). The solid was purified by
dialysis in deionised water to give an orange solid, m.p.
>300°C, which was dried in vacuo at room temperature
(found: C 39.2, H 3.5, N 10.0, F 1.9%;
C,,H,,N.O,,S,FNa,. 6H,0 requires C 39.4, H 3.5, N
104, F 2.0%); A__ (water) 484 nm (log € 4.59); &, (90
MHz, D,0) 3.28 (3H, s, NCH,), 3.38 (3H, s, NCH,} and
7.05-9.22 (14H, m, ArH).

Dye 1f

To water (150 ml) was added 3-(1,5-disulphonaphthyl-2-
azo)-4-hydroxy-7-N-[{(4-chloro-6-methylphenylamino-s-
triazin-Z2-yl)methylamino]-naphthalene-2-sulphonic acid
(5 g, 60% strength, 3.5 mmol) and the pH adjusted to 7.0.
1,4-Diazabicyclof2,2,2]octane (2 g, 17.9 mmol) was
added and the temperature raised to 65°C and maintained
for 1.5 h. The total reaction mixture was dialysed in
deionised water, and the water removed by vacuum
distillation to give an orange solid, m.p. >300°C, which
was dried in vacuo at 100°C over caleium chloride (found:
C 426, H 4.5 N 121, S 9.1%; C, H,N.O S Na,.
7H,O requires C 43.1, H 4.6, N 12.2, $ 9.3%); A4__
(water) 484 nm {log £4.59); ,, (90 MHz, D,0) 2.36-3.88
(18H, m, aliphatic H) and 6.98-9.10 (14H, m, ArH).

RESULTS AND DISCUSSION

For a solution of methanol in water, in the presence of
alkali, two anion bases [26] are present in the equilibrium
shown in Scheme 2.

HO™ + MeOH MeO™ + H,0

Scheme 2

Introduction of a reactive dye into such a medium results
in concurrent methoxide-hydroxide attack. Murto
[27-29] has shown that the success of each nucleophile
can be expressed in terms of reaction rates or in terms of
product ratios (Eqn 2):

B K m [MeQ —dye] [H,0]
hm =g T b T THO ~ dye] [MeOH]

in which the [MeO-dye] and [HO-dye] terms are the
concentrations of the products of methoxide and hydrox-
ide attack respectively, k_and k, are the true rate con-
stants for methanolysis and hydrolysis and K, is the
thermodynamic equilibrium constant for the reaction
shown in Scheme 2. The term B, _is a product composi-
tion quantity and is a measure of the selectivity of the
reaction, i.e. the greater the number, the greater the
selectivity of the reactive dye to methoxide attack. The
utility of h.p.l.c. for this type of determination, provided
the products have the same absorption characteristics, has
already been noted [8]. The accepted mechanism for the
preferential reaction of reactive dyes with cellulose relies
on the higher nucleophilicity of alkoxide compared with
hydroxide ion [30,31]. This is in keeping with results of
competitive reactions for other compounds in which the
reactivity of hydroxide ion has proved surprisingly low
compared with those of, for example, methoxide and
ethoxide in S Ar reactions [32,33]. In some cases the last
two ions react several hundred times faster than does
hydroxide [27).

Accordingly, the simultaneous hydrolysis and metha-
nolysis of a reactive dye in water containing a small amount
of methanol, i.e. in an essentially aqueous environment,
furnishes a product ratio that is readily measureable using
h.p.l.c. This ratio, [MeO-dye]/[HO-dye), is constant from
the beginning to the end of the reaction, in the absence of
secondary disturbing reactions [28]. However, ratio deter-
minations were made at the end of the reaction, i.e. when
all starting material had been converted to products to
minimise machine errors. The values of B, quoted in
Table 1 are average values and corrections have been
applied to allow for the slow hydreclysis of the
methoxytriazine under the conditions of each experiment.
The concentrations of dye and methanol were chosen to
give pseudo-first-order kinetics for both hydrolysis and
methanolysis.

TABLE 1

Concurrent hydroxide-methoxide reaction of the
model compounds (Figure 1)

hm

Temp. (°C} Fluoro Chloro DABCO  Sulpho
40 210 365 78 35
Variable® 330 230 100 25

(a) Temperatures were used for each medel dye that gave a pseudo-
first-order rate constant of 7.74 x 10 min!: fluoro 24.7°C,
DABCO 23.9°C, sulpho 53.5°C. chloro 60°C

Hydroxide and alkoxide ions are known to promote .
ionisation of acidic hydrogens [34,35] of an arylamino
group as shown in Scheme 3, in which NHPh is a
substituent other than the leaving group. Under the influ-
ence of this equilibrium, reactions become slower than
expected. To avoid this complication model dyes contain-
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ing no such ionisable hydrogen atoms were synthesised.
Potential problems arising from tautomeric differences
[36] are also avoided.

Het-NHPh + RO~ [Het-N—Ph]™ + ROH

Scheme 3

The leaving groups selected for evaluation were fluo-
ride, chloride, 1,4-diazabicyclo[2,2,2]octane (DABCQ),
3-carboxypyridine (nicotinic acid) and sulphite, as all have
been exploited commercially in the context of reactive
dyes for cellulose. The model dyes used for this study were
prepared by conventional methods (see Experimental
section) and were purified by dialysis to furnish salt-free
material. Salt impurities are known to influence reaction
kinetics and a recent hydrolysis study, on fluorotriazinyl de-
rivatives, has shown significant rate acceleration at higher
jonic strengths [8].

The reactivities of the model dyes were measured by
hydrolysis in 0.5 mol/1 sodium carbonate solution at 40°C.
Under these conditions attack by hydroxide and carbonate
anions offer possible pathways for hydrolysis (Scheme 4).

X
N \
Chromophore—<’ N
N=
NMePh
ks K
path 2 \Path 1
[elojo OH
N k3 N
Chromophore—</ N Chromophore——(/ N
N= N—
NMePh NMePh
Scheme 4

Since no intermediate products were detectable by h.p.l.c.
itis reasonable to assume that if path 2 were operative then
k, would be much greater than k,. In order to check
whether path 2 contributed significantly to the overall rate
of hydrolysis, rate measurements were made, at constant
pH, with sodium hydroxide (at equal pH to the carbonate
experiments). No decrease in rates was observed, suggest-
ing little contribution from path 2. Furthermore, any
hydrolysis by carbonate anion should result in a decrease
in the product ratio [MeQ-dyel/[HO-dye] on changing the
base from sodium hydroxide to sodium carbonate. How-
ever, in practice no such selectivity differences were
observed.

In keeping with previous workers [8] the pseudo-first-
order rate constant, k,, was used as a measure of the
reaction rate (Table 2). The pH was measured before and
after the rate experiments and was found to be essentially
constant.Surprisingly the nicotinic acid derivative (1g) did
not furnish the expected hydroxyl derivative (1b) when
treated with sodium carbonate, but instead reacted cleanly
to give a new compound. Subsequent examination of the
product showed it to be the amino derivative (1h) and this
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will be reported in more detail at alater date. The selectivity
experiments were run in water containing approximately
3% methanol. Determinations were made at 40°C and
also at a temperature that corresponded to an equal rate
of hydrolysis of the model dyes {Table 1) to compensate for
the different reactivities. In practice, fixation of this series
of model dyes to cellulose would take place over a range
of temperatures. The temperatures required for this study
were given, for each model dye, from an Arrhenius plot,
representing log k, against 1/T (Figure 2).

1.7
-2.2
-2.7
T
£
E-32
= O Chiloro
& -37- A Sulpho
¥ DABCO
4.2 O Fluoro
-4.7 ‘ L L
2.9 3.0 341 3.2 3.3 3.4

1T, KV x 1073

Figure 2 — Arrhenius plot of log k, against 1/T of the model
compounds

Table 2 shows that at 40°C the fluoro and chloro dyes
have a greater preference for the methoxide anion thando
the corresponding DABCO or sulpho compounds. When
the temperature was adjusted to enable the selectivity
measurements to be made under conditions of equal
reactivity to hydroxide ion, once again fluoro and chloro
proved superior. Under the latter conditions fluoro
emerged as the most selective leaving group in a competi-
tive methoxide—hydroxide reaction.

TABLE 2

Pseudo-first-order rate constants
for the reaction of the model com-
pounds (Figure 1) with hydroxide ion

at 40°C
kh
X (min~)
Fluoro 6.48 x 103
Chloro 1.06 x 10+
Sulpho 2.65 x 10
DABCO 6.86 % 1073

Nicotinic acid®

{a} Under the conditions of the kinetic experiments
the nicotinic acid derivative did not furnish the
corresponding hydroxyl compound (1b}



For the series under evaluation, the sulphotriazine {1d)
was the least selective in a competitive methoxide—hy-
droxide reaction. In some 30 years since the introduction
of reactive dyes only one such dye, C.1. Reactive Blue 63,
has been commercially successful. It is significant that this
dye is recommended only for printing applications, i.e.
under conditions that offer the dye a high cellulose/water
ratio and thereby minimise selectivity defects. Despite this
advantage there is evidence [37] that application of this
product to cellulose results in dye being partly covalently
fixed and partly pigmentary in nature. Likewise, trialky-
lammonium triazinyl reactive dyes, of which the DABCO
derivative (11} is a representative, have not been success-
ful in the market place and this is in accord with a relatively
poor chemical selectivity in the above experiments. Nico-
tinic acid as a triazinyl leaving group, however, has
furnished commercially successful ranges of dyes [38-40]
but unfortunately nc selectivity measurement could be
made with the model compound (1g). Commercial dyes
that use this type of reactive system are recommended
generally, but not exclusively (e.g. C.1. Reactive Blue 187),
for fixation under neutral conditions at high temperature.

In dilute solution the fluorotriazinyl dye (1e) is considera-
bly more selective than the corresponding chloro deriva-
tive (1¢) to methoxide attack. However, in practice both
types of reactive dye are fixed to cellulose under different
conditions. Accordingly benefits that accrue from high-
temperature fixation {chloro, 80°C), as distinct from
medium temperature (fluoro, 40°C), such as better diffu-
sion [41-43] and greater disaggregation {44], may well
offset chemical selectivity differences. However, there is
no doubt that different leaving groups on a triazine nucleus
give strikingly different selectivities in a competitive
methoxide-hydroxide reaction. Moreover, the behaviour
observed in the present work is in agreement with empiri-
cal observations, made over many years, on the efficiency
of fixation to cellulose of dyes bearing these reactive
groups. Although fixation to cellulose is a much more
complex process than the simple reactions described
herein for dilute solutions, the same basic competing
reactions, alcoholysis versus hydrolysis, obtain in both
cases. Results to date indicate that, for the triazinyl reactive
system, the simple methanolysis-hydrolysis product ratio
provides a realistic model for rapidly and easily assessing
the practical utility {potential fixation efficiency) of cellu-
lose reactive groups. Further work is in hand, utilising
alternative alcohols as more realistic models for cellulose,
in combination with a wider variety of reactive systems,
aimed at confirming and refining these initial conclusions.

We thank Dr S E Barber and Prof. A Williams for helpful
discussions.
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