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The dyeing behaviour of structural analogs of some cammercial
reactive disperse dyes on a simulated 70:30 wool—polyester
blend has been studied. By varying the hydrophilic—
hydrophobic balance of the dye molecule major changes in

the distribution of dye between wool and polyester were
observed, The reactivity of the y-halo-B-hydroxypropy!

group was found to be dependent on the halogen atom, while
the reactivity of the N-bromoalkylsulphonamide group was
found to be dependent on the position of the bromine atom.

INTRODUCTION

A significant disadvantage in the current dual-dye process for
dyeing wool—polyester blends is the staining of the wool
component by certain disperse dyes. The surface deposition
of dye results in a lowering of fastness ratings as well as
reducing the colour yield on the polyester component due to
removal of dye from the bath. Several efforts have been
made over the past twenty years to categorize the factors
responsible for the staining propensity of disperse dyes on
wool, and also to devise suitable aftertreatments by which the
stain can be removed.

Lacy et al. [1] suggested that the mechanism by which
wool! is stained by disperse dyes can be of three types:

(a) physical adsorption of dye particles on the surface of
the fibre,
electrostatic interactions between charged groups on
the fibre surface and dyes containing potentiaily
ionizable groups,

(¢c) secondary forces, such as hydrogen bonding.

In a comprehensive study of the possible factors controlling
uptake of disperse dye by wool, alone or in combination with
polyester fibre, Baumgarte [2] found that wool rapidly
adsorbed disperse dye at low temperatures, and that this dye
was transferred to the polyester as the temperature was raised.
The amount of dye remaining on the wool at equilibrium was
controlled by the affinity of the dye for polyester fibre.
Baumgarte formulated three competing equilibria assumed to
be operating simultaneously in a dyebath containing wool,
polyester fibre and dispersed dye:

(b)

dye (dispersed)
It
dye (in wool) = dye (in solution) = dye
(in polyester)
The dye taken up by the wool was shown to be evenly dis-
tributed through the fibre cross-section; in the case of coarse
woal it was found to be accumulated in vacuoles and in the
medullar stratum. Cheetham [3], in a study of the dynamic
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distribution of disperse dye in various blends, showed that,
in the case of wool and polyaster, the uptake of dye by the
wool component reached a maximum at 90°C, but at higher
temperatures was rapidly desorbed into the bath from
whence it was subsequently adsorbed by the polyester com-
ponent.

Several recent reports have demonstrated that disperse
dyes are not all adsorbed by wool as surface deposits, but in
certain instances can penetrate the fibre to give a dyeing with
acceptable fastness properties. The dyes which have been the
subject of these investigations are the range of reactive dis-
perse dyes marketed by ICl as Procinyls. Thus, Kovzhin and
Groiser [4] have demonstrated that Procinyl Blue R (C.I.
Reactive Blue 6} can be satisfactorily applied to wool, while
Brady and Cookson [5] reported that the entire range of five
colours are effective as print dyes on wool and wool blend
fabrics, provided that the fabric is steamed (30 min at 100°C)
and then dry-heat treated (1 min at 190°C) before washing.

Finally, we have shown [6] that the range of Procinyls
have a significant affinity for wool as long-liquor dyes and
that two dyes of the range, viz. Procinyl Yeilow G (C.l.
Reactive Yellow 5) and Blue R (C.|. Reactive Blue 6) are
evenly distributed between wool and polyester over a wide
range of blend compositions. In order to understand the
structural features of these classes of disperse dye which cause
this behaviour, a number of structurally related dyes have
been synthesized and their distribution behaviour between
wool and polyester fabric when dyed together determined. In
addition, the effect on reactivity for wool of structural
changes to the reactive group of the dye maolecule has been
studied, thus providing a better understanding of the dye—
fibre bonding mechanisms. This paper reports the results of
these studies.

EXPERIMENTAL
General

Melting points were uncorrected. Microanalyses were carried
out by the Australian Microanalytical Service, Melbourne,

Fabrics

The fabrics used in the dyeing experiments were a plain-
weave worsted wool (160 g/mz) and a warp-knit polyester
(210 g/m?). Both fabrics were scoured using a solution of
tmerol X (1 g/I!) (Sandoz Australia Pty. Ltd) at pH 8 for 20
min at 45°C, and then rinsed thoroughly in water prior to
dyeing.

Dvye Synthesis

{1) — Anthraguinone Dyes
The dyes synthesized in this range were based on the general



structure:
O  NH-R
O NH-R

{i} R = CH,CH(OH)CH,C (Dyes 5a and 6a)

The preparation was based on a patent procedure [7] which
consisted of reaction of epichlarohydrin with 1,4-diamino-
anthraquinone. The crude product was washed exhaustively
with hot dilute acetic acid and then crystallized by adding
ethanol (2 vols) to a hot (80°C) concentrated solution in
dimethylformamide and then slowly adding hot water with
stirring until a solid began to appear. Further purification was

effected by elution from an alumina column (neutral,.

activity |} with ethyl acetate. The title compound was the
first fraction to be eluted, and was shown by t.l.c. (silica gel,
R 0.19, cyclohexane—methyl ethyl ketone, 7:3) to be of
high purity. M.p. 164—166°C {lit. [8] gives m.p. 168°C).

Cale, far CgH»Cl;N,04: C,56.7: H, 4.8;N,6.6;Cl, 16.7%.
Found: C, 56.5; H, 4.9; N, 6.5; Cl, 16.5%.

{ii) R = CH;CH{OH)CH,Br (Dvye 6h)
The ahove procedure for the analogous chloro-compound
was followed, with the substitution of epibromohydrin for
epichlorohydrin.  Preliminary purification by acetic acid
washing and mixed solvent crystallization was carried out as
before. Column chromatography was not employed for final
purification because some conversion to the epoxide was
observed. T.l.c. {Silica gel, ethyl acetate—cyclohexane, 1:1)
showed, that in addition to the title compound (R, 0.37}, a
minor byproduct (R, 0.45) corresponding to the bis-epoxide
(see below) had been formed. The product of crystallization
{m.p. 1581—153°C) was used as such, elemental analysis in-
dicating a vield of approximately 90% based on Br content.
Calc. for CyuH40BrN,04: Br, 31.2%. Found: Br, 27.3%.

(iii) R = CH,CH(QH)CH,! (Dye 6c)
The iodine atoms were introduced by displacement of CI
with 1. Thus, the bis-chloro compound ({i) above) was dis-
solved in the minimum volume of hot methyl ethyl ketone
and the resultant solution saturated with Nal. After boiling
under reflux for at least 12 h, the NaCl was filtered off and
the solution slowly concentrated by distilation of the
solvent. At the first indication of solid separation, the solution
was stored at 0°C for several days. The product (m.p.
162—3°C (decomp.)) was not amenable to further purifica-
tion because of its tendency towards epoxide formation.
Elemental analysis indicated a purity of 70% based on |
content; the remainder being assumed to be the bis-epoxide.
Cale, for CyoHaglN2O4: | 41.9%. Found: 1 34.4%: Cl-none
detected.

(IV) R = CH2CH—CH2
\0/

Epoxide formation was found to proceed very rapidly at
room temperature in the presence of a strong base. Thus, the
bis-bromo compound ({{ii) above, 1 g) in a solution of
dimethylformamide (15 ml} and ethanol (5 ml) was treated
dropwise with 2N NaOH {2.5 mi) under vigorous stirring.
After 1 min, water was added to precipitate the epoxide
which was separated by filtration and dried in air; m.p.
166—7°C.

Calc. for CyoH,sN,04: C, 68.6; H, 5.2: N, 8.0%. Found:
C,65.3;H,50: N, 7.5:8r, 3.9%. A yield of 86% is indicated
on the basis of Br content,

Sitica gel t.l.c. {cyclohexane—eathy! acetate, 1:1) demon-
strated the presence of the starting bis-bromo derivative; this
contaminant persisted even under such forcing conditions as
longer reaction times and increased base concentration. The
presence of the epoxide group was established by i.r. spectro-
scopy by virtue of the C—H stretching vibration at 3000 cm™,
The product, following treatment with base, also showed the
absence of hydroxy| groups in the i.r, spectrum.

v)R= CH,CH,CH,0H (Dye 5b)

This dye was prepared by an adaption of a literature pro-

cedure [9] for the synthesis of the analogous S-hydroxyethyl

(R =CH,CH,0H) dye. In this case, n-propanolamine was used

in place of ethanolamine. The product was crystallized from

ethanol to vield a solid of m.p. 167—8°C {softens at 150°C).
Calg. for CyoH2aN,04: N, 7.9%. Found: N, 7.6%.

(vi) R = (CH,)40OH (Dve 5¢)
Prepared as for (v} using 6-hydroxyhexylamine in place of n-
propanolamine. The product, which was crystallized from
benzene had a m.p. 145—6°C (softens at 135°C).

Calc. for CyeH34N,04: N, 6.4%. Found: N, 6.3%.

(1) — Az Dyes

{A) Prociny! Yeliow Derivatives

An authentic sample of Pracinyl Yellow G (C.I. Reactive
Yellow B) was prepared by following the route disclosed in a
patent source [10] (see Scheme 1). The synthesis involves the
use of 4-aminophenylsulphamic acid, a compound which was
Prepared according to the method of Weil [11].

a
YN Step 1 _
;)\_N,}CVH,NNHSO,Hﬂ ND—NH‘@—NHSOJ;IEFJ )

NICH,CH,OH}, NICHICHOHY, | NHICH,CH,0H),

HO,
=N — Step 3 Y=N -
N NH'N:N () = N —NH-L( NHSO,H
C,P'N)F @ o (i) Diazotize CI}‘—N)— " @_ ?
4

Hy

(i) Couple with
p-cresol
Scheme 1

Procinyl Yeliow G

Analogues of Procinyl Yellow G were produced by ap-
propriate substitution of the amine {Step 2) and the coupling
component {Step 3). Purification of the dyes Ta—¢, 2a—d was
effected by column chromatography (silica gel—ethyl acetate}
and/or crystallization {ethyl acetate) to yield dyes adjudged to
be pure by elemental analysis and t.l.c. {silica gel—ethyl
acetate). Analytical data for the Procinyl Yellow analogues
synthesized is given in Table 1.

(B) p-Arylazo-N, N-disubstituted anilines

{1} Coupling Components

N,N-Diethyl-, N N-di{-hydroxyethyl)- and N-ethyl-NM-3-hy-
droxyethyl-m-toluidines were purchased from commercial
sources. N, N-Dipropyl-m-toluidine was prepared by alkylation
of m-toluidine with tripropyl phosphate [12].

(2) Diazonium Components
(a) p-AcetyIamino-N-(ﬁ-bromoethyl)benzenesufphonamide
was prepared according to the published procedure [13] for
the corresponding chloro compound. Thus, freshly prepared
p-acetylaminobenzenesulphonylchloride was slurried with a
cold 50% aqueous acetone solution of B-bromoethylamine
hydrobromide (20% excess). The suspension was vigorously
stirred and adjusted to pH 89 using sodium carbonate. After
& reaction time of approximately 5 h, the product was col-
lected by filtration, washed with water and crystallized from
ethanol—water; m.p. 167—8°C.

Calc. for CygH3BrN;055: C,37.4; H, 4.1; N, 8.7; Br, 24.9%
Found: C, 37.7; H,4.0; N, 8.7, Br, 24.9%.

The free p-amino compound was isolated as the sulphate
salt following hydrolysis with 4N H,SO, for 2 h at 100°. The
sait was crystallized from hot water and then ethanol.
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TABLE 1

Procinyl Yellow G Derivatives — Analytical Data

of
N
N>/_ \)~NH—<;>7N=N—R2
=N
R'ln

Analysis
Dye No, R! R? Melting Point  T.d.c.” c H N Cl
c) R,
*1a "o Cale. 541 50 221 80
N(CH,CH,0H), @ 1734 0.28
=2a oH Found 54.0 52 224 7.8
3
Y Calc. 541 45 245 89
1b NHCH,CH,OH @ 213 (dec.) 0.32
Found 53.8 4.7 24.1 8.7
CH,
HO
Calc. 583 54 238 86
1c N{CH,CHs) @ 149 (dec.) 0.62
found 583 5.1 240 8.8
CH,
HO
Cale. 57.6 46 204 7.4
2b N{CH,CH;0H), ¢ 215 (dec)  0.25
O Found 57.8 48 199 7.3
Cale. 31 47 228 83
2 N(CH,CH,0H), @oa 198 (dec.)  0.20
Found 53.0 47 228 8.1
[e]
; calc. 512 45 220 80
2d N(CH,CH,0H), -Oon 221 (dec.) 0.18
Found 51.6 60 204 7.7

*C.1. Reactive Yellow 5 (Procinyl Yellow G).

tR; values quoted were obtained using silica gel—EtOAc t.l.c. system.

{b) p-Acety1amino-N-(’y-bromopropy\)benzenesulphonamide
was prepared from p-acetylaminobenzenesulphonylchioride
and 7-bromopropy|amine~hydrobromide [14] by the same
method as used for the above compound (a). The product,
crystallized from methanol-—water, had an m.p. 117-118°C.

Calc. for 1 HsBrN,0,5: C,39.4; H,4.5;N,8.4; Br, 23.8%.
Found: C, 39.3; H, 4.6; N, 8.1, Br, 23.5%.

The sulphate salt of the free amine was formed according
to the method described for {(a).
(c)p-Acetviamino-N—(ﬁ-bromo-n-propyi)benzenesulphonamide
was prepared from p-acetylaminobenzenesulphonylchloride
and 2-bromo-1-aminopropane [156] as in {a). The product
{m.p. 154—5°C) was crystallized from methanol—water.

Calc. for CiH;sBrN,03S: C, 39.4; H, 45; N, 8.4; Br,
23.8%.

Found: C, 39.2; H,45; N, 8.1; Br, 23.8%.

The sulphate salt of the free amine was formed according
to the method described for (a).

{d) 4-Acetv|amino-2-methyl-N-(B-bromoethyI)benzenesulph-
onamide was prepared by reaction of 4-acetylamino-2-methyl-
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benzenesulphonylchloride (formedby heating acet-m-toluidide
with 3 moles CISO;H at 100°C) with f-bromoethylamine
according to the procedure outlined in {a) above. The product
{m.p. 134—-5°C) was crystallized from ethanol—water.

Calc. for CpiHsBrN,03S: C, 39.4; H, 4.5; N, 8.4; Br,
23.8%.

Found: C,39.7; H,4.5; N, 8.6, Br, 23.8%.

The sulphate salt was prepared as in (a) above.

{e) 4—(N-3-Bromoethylaminosuiphonyl)-2,5-dich|oroacetani-
lide. The suiphonyl chloride used in the formation of the
sulphonamide was prepared by reacting the sodium salt of
2,6-dichloro-4-sulphoacetanilide with PCls. The product was
prepared in the same manner as for {a) above and crystallized
from ethanol—water, m.p. 167—8C.

Calc. for CyoH1BrCIN,0s5: C, 30.8: H, 2.8; N, 7.2; By,
20.5: Cl, 18.2%. Found: C, 31.5; H,3.0;N, 7.2; Br, 19.6; Cl,
17.4%.

The free amine was prepared as the hydrobromide salt by
hydrolysis in 48% HBr for 1 h at 100°C. The salt precipitated
on cooling and was washed with cold water on the filter.



(3} Diazotization and Coupling

The following method was used for ali Section B dye prepara-
tions: the amine salt intended as the diazonium component
(4.5 mmoles) was suspended in water {20 mi) containing 4N
H2504 (3 ml) and the mixture cooled to 0—5°C, A solution
of 1M NaNO, (4.5 ml) was added dropwise with stirring, the
temperature being maintained below 5°C. After 1 h, the in-
soluble material was filtered off and the filtrate added to a
cold (10°C) soiution of the coupling component (4.5 mmoles)
in water (12 ml) containing 4N H2804 (2 ml). The mixture
was allowed to stand overnight at 0°C, after which it was
warmed slowly to room temperature. An equal volume of
10% KOAc was added with efficient stirring, and the dye
filtered at the pump. The product was washed thoroughly
with water and air dried. Table 2 lists the dyes prepared, and
gives their m.p.’s, elemental analyses and the solvents used in
their purification.

Preparation of Dye Dispersions

The dyes synthesized were rendered water-dispersable by
grinding one part of weight of dye with two parts of the
anionic dispersing agent Matexil DA—-AC (ICl Australia
Petrochemicals Ltd) in a laboratory ball mill. Adeguate dis-
persion of the dyes was ensured by visual examination for
particulate matter of an aqueous dispersion of the ground
mixture.

TABLE 2

Dyeing Procedure
The dyes were applied to a simulated 70:30 wool--polyester
blend {obtained by using separate wool {7 parts) and polyester
{3 parts) fabrics together) using a Pretema Multicolor
Laboratory dyeing machine at 3 liquor-ta-goods ratio of 30:1.
The dyebath contained 0.1 g/l of the nonionic detergent
Antarox CDB30 (GAF Corporation) buffered to pH 5.5 with
1 g/l of ammonium acetate and 2% acetic acid solution, and
0.5% o.w.f. of the dispersing agent T—500 (Hoechst Australia
Ltd). The goads were run at 50°C for 10 min, followed by
the addition of 1.5 g/l of the biphenyl-type carrier, Charlab
M1 {Steetly Colour and Chemicals Pty Ltd) which had been
previously dispersed in a small amount of boiling water.
Following the addition of carrier, the dyebath was run at
50°C for a further 20 min after which time the dye (1.0%
ow.f. of pure dye, i.e. 3.0% o.w.f. of the dye—dispersing
agent mixture), which had been predispersed in a small
volume of cold water, was added. The dyebath temperature
was then raised to 100°C at the rate of 1°C per min (vessel
caps were screwed on to prevent the escape of carrier) and
maintained at 100°C for 90 min.

After dyeing, the goods were rinsed in water at 60°C for
5 min, scoured to remove carrier using a solution of the
dispersing agent T-500 (2 g/I, adjusted to pH 7.5) at 70°C for
20 min, foliowed by a further cold water rinse and air drying,

p-Arylazo-N, N-Disubstituted Aniline Disperse Dyes — Analytical Data

R3
] /CHQCH.‘,R“
R—NHSO; N=N N
\CH2CH2R5
R2
Analysis
Dye No. R! R? R R* R®  Melting Recryst'n C H N Br cI
Point (°C)  Solvent
*4a Br(CH,), CH, H H H 2201 EtOH calc. 43.9 50 10.2 29.2
(HBr salt) Found 439 50 100 2965
4b=3¢ Br(CH,), H H H H 122-3 EtOH—-H,0 Cale. 50.3 5.6 124 176
Found 50.6 5.7 126 175
*4c Br{CH,); H H H H 99-100 EtOH-H,0 Calc. 515 6.6 12.0 17.1
Found 514 58 11.8 16.9
4d CH H H H H 115—6 EtOH—H,0 Calc. 5156 56 12.0 17.1
BrCHCH, Found 512 56 118 174
3b Br{(CH,), H H OH H 1223 EtOH-H,0 Calc. 48.6 54 119 17.0
Found 49.1 54 119 168
3a Br(CH,}, H H OH QOH 127-9 MeGOH—H,O Calc. 47.0 5.2 115 165
Found 47.0 5.2 116 16.8
3d Br{(CH,}, H H CH; CH; 92-3 MeOH—-H,0 Calc. 524 6.1 11.6 16.6
Found 524 61 11.7 16.7
3g Br{CH,), <l Cl H H 129:30 EtOH-H,0 Calc. 43.7 4.4 10.7 15.3 136
Found 44.0 43 10.7 15.3 13.6
3f Br(CH;); CI Cl OH H 1601 MeOH—H,0 Calc. 424 4.3 104 148 132
Found 42.8 4.2 10.1 151 13.5
Je Br{CH,), Cl Cl OH OH 163-4 MeOH—H,0 Calc. 41.2 4.2 10.1 14.4 128
Found 415 45 98 14.8 132

*Dyes 4a and 4c¢ were found to be difficult to crystallize and therefore were purified by elution with CHCly from

an alumina column. Dye 4a was analyzed as the HBr salt.
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Determination of Dye Content on Wool and Polyester,
Covalent Fixation on Wool, and Dye Exhaustion

The dye content of both the wool and polyester component
fabrics dyed with the reactive dyes studied was determined
colorimetrically using the methods described previously [6].
For the non-reactive dyes studied, the dye content of both
components was determined using the above acetic acid
extraction method.

The extent of covalent fixation of the reactive dyes
studied to the wool component was determined indirectly by
firstly determining the non-covalently bound dye content
using the procedure adopted for determining the dye content
of the polyester component. Subtracting this value from the
value obtained for the overall dye content of the wool,
provides a measure of the fixation of the dye to wool. Thus:

D,-Dq 100
b, 1

% Fixation =

where D, = totaldye content {% o.w.f.) of wool component
D¢ = non-covalently bound content of wool com-
ponent
As all of the dyes were present in the dyebath initially as a
dispersion rather than a true solution, direct spectrophoto-
metric measurement of dyebath exhaustion was impractical.
The dyebath exhaustion values quoted in this paper were cal-
culated from the dye content values of each component
fabric thus:

D, X7+D, X3, 100

% Exhaustion =
D, X 10 1

where D, = total dye content {% o.w.f.} of wool com-
ponent
D . = total dye content (% o.w.f.} of polyester
D, = initial dye content (% o.w.f.) of dyebath

RESULTS

Three structural classes of disperse dye were examined with
respect to the effect of polar and nonpolar substituents on
the distribution of dye between woo! and polyester. The
fibre weights were in the ratio of 7 parts wool to 3 parts
polyester, thus simuiating a 70% wool blend. The three dye
classes are as follows:

1. Arylazomonochlorotriazines
The parent dye in this series is C.l. Reactive Yellow 5

TABLE 3

Effect of Structural Variations on the Distribution of C.l. Reactiv

Wool and Polyester

{Procinyl Yellow G} and substituent alterations were perfor-
med in two locations:

N
o !
N e

C.1. Reactive Yellow 5 s

{a) The fertiary amino substituent attached to the
triazine ring; the polar character was modified by
deletion of hydroxyl groups (Table 3).

{b) The coupling component was changed to create dyes
with phenolic-OH groups in the para-position, and
dyes with two hydroxyl groups (Table 4). These
modifications were designed to examine the effect of
phenolic groups not internally hydrogen bonded
to the azo linkage and hence available for hydrogen
bonding with the fibre or solvation with water.

it is clear from Table 3 that deletion of hydroxyl groups
from the pendant triazine ring substituent results in a lowered
affinity of the dye for wool and an increase in its affinity for
polyester. Thus, the distribution ratio {ratio of wool depth to
polyester depth) is decreased from 1.3 to 0.31 when the
hydroxy! groups are replaced by hydrogen. The results shown
in Table 4 indicate that the position of the phenolic OH in the
coupling component can bring about a marked variation in
the partition ratio. The dyes containing OH groups para to the
azo linkage (dyes 2c, 2d) exhibit a low affinity for polyester,
whereas a dye derived from an ortho-coupled phenol (2a) is
distributed evenly between the two fibres. When an ortho-
coupied naphthol is incorporated in the dye (e.g. 2b}, the
affinity for wool is considerably reduced in comparison to
the dye derived from an ortho-coupled phenol {2a).

2. Monoazosulphonamides
From an inspection of several of the ICl patents (16,17,18]

covering reactive disperse dyes, it is clear that many examples
are based on the general structure:

CH,CH,OH

R3
R' N=N N/
\CH,CH,OH
R? Y

e Yellow b Between

Depth (%) Ratio of Depths Exhaustion
Dye No. R Wool Polyester Wool—Polyester {%)}
1a* N{CH,CH,0H}; 1.0 0.76 1.3 93
1b NHCH,CH,CH 0.39 0.86 0.45 53
1c N{CH,CH3), 0.42 1.4 0.31 71

*C.|. Reactive Yellow 5 {Procinyl Yellow G}
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where one of the R groups is a 2-chloroethyisulphonamido
substituent, and the other two are optional auxochromic
groups; Y is either H or methyl.

It was decided to synthesize variants on the structure:

CH,CH,X'

R2
Br-Y-NHSO, N=N N/
\CHZCHz-XZ
R' CH,

where Y is a straight-chain lower alkyl group with the halogen
(Br was preferred to Cl because of a greater tendency of the
dye to crystallize} located in the S-position, R' and R? are
auxochromic groups, and X' and X? can be either CHj, H,
or OH. The values for the ratio of dye depths shown in Table 5
clearly demonstrate the effect of hydroxyl groups on the
relative affinity of the dye for wool and polyester. As a
consequence of replacing one of the OH groups in dye 3a with
H, the distribution ratio falls from approx 60 to 12; removal
of the remaining OH group from dye 3b drops the ratio still
further to 1.8. The hydrophobicity of the dye was extended
by replacement of the ethyl groups with propyl groups, but
it can be seen that the partition ratio remained virtually un-
changed by this process (cf. dyes 3¢ and 3d}. Similar results

TABLE 4

are given by the series of red azo dves (dyes 3e, f and g), in
that deletion of OH groups from dye 3e causes the depth
ratio to increase,

It is of interest to note the decrease in the extent of
covalent fixation of the dyes to wool as the dye becomes less
polar by loss of hydroxy! groups; the drop is most marked in
a comparison of the dyes 3b and 3c. One possible explanation
is that disperse dyes of low polarity would be expected to be
attracted to a non-polar region of the fibre-protein, where
the chances of contact with a polar reactive site is low.

The influence of alky! substituents on dye distribution was
further examined by the inclusion of a ring methyl group and
also by extending the alky! chain by one methylene group
(Table 6). By comparing the distribution ratia of dyes 4a and
4b it can be concluded that an aromatic methyl substituent
slightly lowers the affinity of the dye for wool, whereas the
affinity for polyester is virtually unaltered. At the same time
the fixation on wool is decreased from 77 to 69%, such a
difference being possibly due, as in the previous example, to
the location of the dye in a hydrophobic protein environment
where the number of reactive sites are fewer.

The role played by the N-alkyl part of the sulphonamide
substituent in determining distribution between the fibres
was investigated by extending the chain by ane methylene
group (dye 4¢ compared to 4b). Such an alteration is seen
to increase the affinity of the dye for polyester at the expense
of wool. Also of significance is the dramatic fall in fixation

Effect of Variation in Coupling Component on the Distribution of C.1. Reactive Yellow 5

between Wool and Polyester

Cl

N>>’; :}—NHONszAr

(HOCH,CH,),N

Dye No. Coupling Component Depth (%} Ratio of Depths Exhaustion
Ar Wool Polyester Wool—Polyester (%)
HO
2a* @ 1.0 0.76 1.3 93
CH,
OH
2 OO 0.64 1.3 0.49 84
2¢ @ou 0.52 0.18 2.9 42
HO
2d Oon 0.85 0.30 2.8 68

*C.1, Reactive Yellow 5

JSDC Volume 97 February 1981 61



TABLED

Effect of Polar Groups on the Distribution of Disperse Azo Dyes between Wool and Polyester Fabrics

R
R
BrCH,CH,NHSO, N=N~QN\RI
R CH,
Dye No. R R? Depth (%) Ratio of Depths Exhaustion  Fixation
Wool Polyester Wool—Polyester (%) on wool
{%)
3a —~CH,CH,0H H 0.48 0.008 ~60 34 89
3b —CH,CH,0OH,—CH,CH; H 0.94 0.080 12 68 93
3c —~CH,CH34 H 0.87 0.49 1.8 76 77
3d —CH,CH,CH3 H 0.90 0.45 2.0 77 71
3e —CH,CH,0H Cl 0.69 0.026 ~26 49 90
3f -CH,CH,0H,—CH,CH; ¢l 0.6b 0.23 24 45 80
39 —CH,CH;3 Cl 0.90 0.64 1.7 79 63
TABLE G
Effect of Alkyl Groups on the Distribution and Fixation of Disperse Azo Dyes
\ /CaHs
R*NHSO, N=N N\
C;Hs
R CH,
Dye No. R! R? Depth (%) Ratio of Depths Exhaustion Fixation
Wool Polyester Wool—Polyester {%) on Wool
(%)
4a CH; BrCH,CH,— 0.81 0.50 1.6 72 69
4b H BrCH,CH,— 0.87 0.49 1.8 76 77
4c H Br(CH,)3— 0.55 0.74 0.74 61 34
4d H Br(IEHCHg— 0.97 0.60 1.6 86 81
CHj3

(77 to 34%) accompanying this structural modification. This
observation is of significance in the proposed mechanism of
covalent-bond formation with the wool which will be elab-
orated upon later. Upon relocating the Br to the beta-
position relative to the sulphonamide nitrogen (dye 4d), the
high extent of fixation is restored — 81% for the §-bromo-
propyl vs 34% for the y-propy! substituent {dye 4c).

3. 1,4-Diamincanthraquinones

The application of Procinyl Blue R {C.1. Reactive Blue 6) as a
disperse dye for wool—polyester blends has been investigated
recently [6], and it was found to dye both components of
the blend to approximately egual depths. Structurally modi-
fied dyes based on Procinyl Blue R [4], such as number of
carbon atoms in the alkyl substituent, and variation of
halogen, were synthesized and evaluated for their distribution
behaviour between wool and polyester, and their reactivity
with wool.
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o) NHCH2C|HCH2CI

D @

o] NHCHZ(?HCH2CI

OH
C.l. Reactive Blue 6

Table 7 contains the distribution data of anthraguinone
disperse dyes containing three (dye 5b) and six (dye bc)
carbon atoms in the A-alkylamino substituents. When these
data are compared with that of the commercial reactive
disperse dye (dye 5a)}, it is apparent that a chlorine atom is
required for significant uptake by the wool. This observation
could be interpreted in terms of a rate of reaction greater than
a rate of diffusion.

A comparison of the distribution ratios for dyes 5b and 5¢
indicates that an increase in alkyl chain length increases the



TABLE 7

Distribution of Di-1,4-hydroxalkylaminoanthraquinone Disperse Dyes

O NH-R
O NH-R
Dye No. R Depth (%) Ratio of Depths Exhaustion
Wool Polyester Wool—Polyester (%)
Ba”® —CHZ(IJHCHch 0.68 0.73 0.93 70
OH
5b ~CH,CH,CH,0H  0.22 0.31 0.71 25
5c —{CH,),0H 0.27 0.80 0.34 43

*C.l. Reactive Blue 6

affinity of the dye for palyester, but in this case the increase
in depth on polyester is not gained at the expense of that on
waol, as was the case for the previous set of dyes,

It seemed apparent from these results that the final dis-
tribution of dye between the two fibres was more likely to be
a function of the reactivity of the chlorohydrin reactive
group than a function of relative affinities or diffusion rates.
This supposition was tested by applying dyes in which the C
atom was replaced by Br and I, Such dyes would be expected
to have a faster reaction rate with wool if the bond-forming
mechanism is of the Sn2 type. The extents of covalent fixa-
tion to wool for these dyes (see Table 8} lend suoport to this
hypothesis as it can be seen that fixations are quantitative
for the Br- and l-containing dyes, dyes 6b and 6¢. By com-
parison, the Cl-containing dye, dye Ba (C.l. Reactive Blue 6)
shows a fixation of 74%.

Previous work has shown [6] that Procinyl Blue R (dye
6a) is unsuitable as a disperse dye for wool because of its low
fastness to washing, although this can be improved by a heat-

TABLE S8

fixation step [5] or an alkaline aftertreatment [4]. The fast-
ness to washing and to rubbing of the three halohydrin dyes
and the derived bis-epoxide was determined: the results are
given in Table 9. The epoxide-containing dye was included in
the comparison because earlier results [4,19-21] had shown
that maximum fastness with chlorohydrin-containing dyes can
only be achieved on natural fibres if the epoxide group is first
formed by an alkali treatment, sither prior to dyeing or as a
post-dyeing step. The increased fastness evident with the Br-
and {-containing dyes indicates that these halide ions are
promoting the dye—fibre bond-forming reaction by their
greater ieaving-group tendencies. It is possible that instead of
a bond-torming reaction with the nucleophilic groups in the
fibre, an intermediate epoxide is formed in all three cases
with the ease of formation being in the order CI<.Br<J. Such
an order of tendency to form epoxides was apparent when
attempts were made to purify the disperse dyes by column
chromatography on neutral or basic alumina: the bis-chioro-
hydrin dye (dye 6a) was able to pass down the column

Distribution and Fixation of Reactive Anthraquinone Disperse Dyes

c|>H
O NHCH,CHCH,X

o) NHCHzcliHCHzX

OH
Dye No. X Depth (%) Ratio of Depths Exhaustion Fixation
Wool Polyester Wool—Polyester %) on Wool
(%)
Ba* Cl 0.68 0.73 0.93 70 74
6b Br 0.95 0.09 10.6 69 >08
6c ! 0.73 0.17 4.3 56 >08

*C.l. Reactive Blue 6 (Prociny! Blue R)
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TABLE 9
Fastness of C.|. Reactive Blue 6 Analogs on Wool
OH
O NHCHzéHCHQX

o) NHCHz(iZHCH2X

o)
/N
—NH—CH,—CH —CH,

OH
Dye No. Epoxide
6a (3]s] 6c
Test X=Cl X—Br X=| Bis-Epoxide
150 2 Wash Eftfect 3 4-5 5 b
Wool Stain  2—-3 34 34 3-14
Cotton Stain  2—3 3—4 3-4 3—-4
1SO 3 Wash Effect 2-3 4 4--5 4
Wool Stain 2 3 2-3 3
Cotton Stain  3—4 3-4 4 3-4
‘oH 8 Persp’n Effect 4 5 5 5
Wool Stain 3 4-5 4-5 4-5
Cotton Stain  3—4 4-5 4--5 4--5
Rubbing Wet 3—4 3 3 2-3
Dry 4-5 4 4 3-4

without any noticeable chemical transformation, whereas the
bromo analog (dye 6b) was partly converted to the epoxide
{see Experimental). The iodo analog {dye B¢} was completely
converted to the bis-epoxide and could not be purified by any
of the usual technigues without undergoing this trans-
formation.

DISCUSSION

A basic ungerstanding of a dyeing process operating on two
dissimilar fibres with a single dye must be concerned with
those factors which influence the distribution of dye between
the dyebath (in this case an agueous dispersion) and the two
substrates. In this study, where the fibres are wool (a polar
substrate) and polyester (non-polar), there is evidence to
suggest that approximately equal uptake of dye by the two-
fibres can be achieved if the dye has part polar and part non-
polar characteristics, i.e. the hydrophilic—hydrophobic bal-
ance embodied in the dye structure reflects the polar and non-
polar characteristics of the fibre blend. Amongst the azo dyes
studied, it is apparent that the substituent which influences
the distribution ratio to the greatest extent is the hydroxyl
group. From Tables 3, 4 and 5, it is evident that the addition
of a hydroxyl group {not intramolecularly H-bonded) in-
creases the distribution ratio {wool—polyester}, while the
omission of this group has the opposite effect.

It is also possible to alter the hydrophilic—hydrophobic
structural balance of a disperse dye by extending the non-
polar sections of the molecule either by lengthening alkyl
substituents {(Table 7) or replacement of phenyl by naph-
thyl rings (Table 4). This report is concerned mainly with
alkyl chain extensions, and the results indicate that the effect
of adding a f-methyl group would appear to be negligible
from a comparison of the distribution ratio results pertaining
to dyes 4b and 4d in Table 6. Here the addition of a methy!
group causes a change in the distribution ratio of 1.8 to 1.6,
and for dyes 4b and 4a, the addition of one methyl sub-
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stituent onto an aromatic ring causes the same decrease. A
similar result is shown by dyes 3¢ and 3d (Table 5}, where
the chain extension has taken place in both A-alkyl sub-
stituents of the coupling component. On the ather hand, a
lengthening of the alkyl chain in the anthraguinane dyes
shown in Table 7 from three to six carbons (dyes 5b, 5c)
brings about a significant decrease in the distribution ratio
from 0.71 t0 0.34.

This result is interesting in relation to the conclusions
reached by Reeves and Harkaway [22] concerning structural
features of acid dyes which contribute to hydrophobicity.
They found from the lowering of surface tension that small
alky! groups were the most effective contributors to hydro-
phobicity and, in another study [23], the addition of one
methyl substituent onto an aromatic nucleus imparted a con-
siderable increase in surface activity to a dye. Our conclu-
sions regarding the importance of hydrophilic groups in deter-
mining the selectivity of a disperse dye are similar to those of
Turner and Chanin [24], who undertook a similar investiga-
tion of disperse dye distribution between triacetate and
polyester. They found that the inclusion of a hydrophilic
group in the disperse dye molecule increases the distribution
ratio (triacetate—polyester) in favour of the polar fibre.

It is not possible at present to provide an unequivocal
explanation for the role played by hydroxyl groups in increas-
ing the affinity of a disperse dye for wool. Whether such
polar groups simply increase water-solubility and thereby
enable a higher fibre saturation level to be attained [25], or
whether the resultant increased H-bonding capability of the
dye with the fibre is the important factor in determining
affinity, could profitably be the subject of a thermodynamic
investigation. The only previous study reported in the litera-
ture [25] is now twenty years old and clearly new work is
called for, using a wider range of dye structures where the
effects of hydrophilic—hydrophobic balance can be inter-
preted in thermodynamic terms.



Finally, 2 comment on the mechanisms of covalent bond
formation of two of the reactive groups used in this study
with wool is required,
fa) 0-Haloeth visulphonamidoarylazo Dyes
The greater extent of fixation shown by B-bromoethyi-
sulphonamido dyes compared with the Y-bromopropy! ana-
logs is consistent with the following reaction pathway leading
to bond formation:

CHI\ Protein-NH,
7 NSO:Dye ——— prot-NHICH,):NHS0;0ve

CH;,

BrCH,CH,NHSO,Dye

Sutphonylaziridine (1) [{1}]

Sulphonylaziridines (1) can be readily synthesized and such
derivatives have been used frequently in their characteriza-
tion [26]. Reactions of | with NH3, RNH, and R,NH occur
readily to give open-chain N-sulphonyidiamines (H); the
reaction is promoted by the electron-withdrawing effect of
the sulphonyl group. Cyclization in a Gabrie! synthesis
strongly favours the three-membered aziridine over the four-
membered azetidine. The preference for the aziridine forma-
tion is demonstrated by the following reaction [27], where
the §,y-dibromopropy! group permits both possibilities: the
aziridine was found to be the only product.

CH,
I /\ NSO,Ar
BrCH,CH{Br )CH,NHSO,Ar—> Br CH,CH

V,X/’\.

CH, —-NSO,Ar

BrCH —— CH,

The fact that ﬁ-bromoethylsulphonamides form aziridines in
good yield in neutral solution hoids promise for their poten-
tial as dye reactive groups for wool.

(b) Anthraquinonechlorohydrins

Farag et al. [19,20] have postulated that a reactive epoxide
intermediate is formed when a chiorohydrin-containing dye is
applied to cellulosic fibres in an alkaline dyebath or padding
formulation;

oH- —_
Dye--CHoCHIOHICH,Cl ——s DyeCH;CH—CH, 0l —— DyeCH,CH—CH, 41
y 1 NS
N

Several dyes of this class were applied to wool by a neutral
exhaustion method at 80°C. The resultant dyeings showed
increased wet fastness compared with analogous dyes lacking
the reactive group. Our results are in accord with their
assertion that reaction with woo! takes place by direct sub-
stitution on the chlorine atom by an amino group in the
protein; neutral conditions do not promote the formation of
an epoxide from a chlorohydrin moiety, We do show, how-
ever, that a dye containing a bromo- or iodo-hydrin group

exhibits fastness properties superior to those of the chloro
analogue, and it is conceivable in these cases for epoxide
formation to precede bond formation with the wool fibre.

CONCLUSION

Approximately equal uptake of dye by wool and polyester
from the same dyebath can be achieved by altering the hydro-
philic—hydrophobic balance of the disperse dye. The most
sensitive substituent which alters the hydrophilic character is
the hydroxyl group, while the inclusion of long alkyl chains
(and possibly expanded aromatic systems) is necessary to
increase effectively the hydrophobic character. Using this
principle it ought to be possible to design a single disperse
dye for any pair of textile fibres. It is also conceivable that
highly-pofar, reactive disperse dyes could be capable of dyeing
wool to acceptable levels of fastness.

Two effective reactive groups that could be considered in
any future development of reactive disperse dyes for wool
are the bromohydrin (3-bromo-2-hydroxypropyl) and 2-
bromoethylsulphonamido groups.

REFERENCES
1. Lacy, Salvin and Schoeneberg, Amer. Dyestuff Rep.
{1961) 978.
2. Baumgarte, Metliand Textilber., (1964) 1267.
3. Cheetham, J.8.D.C., 83 (1967} 320.
4. Kovzhin and Groiser, Tech. Text. Ind. U.S.S.R., No. 1
(1971} 77.
- Brady and Cookson, J.5.D.C., 95 (1979) 302.
. Stapleton and Waters, ibid., 96 {1980) 301.
7.1CI, USP 2,989,548 (20 June 1961 }; AAP, USP 3,272,794
(13 Sept 1966).
8. Tomchin and Efros, J. Gen. Chem. U.S.S5.R., 33 {1963)
2261.
9. Simon, J. Amer. Chem. Soc., 85 (1963) 1974.
10. ICI, BP 892,323 (28 Mar 1962).
11. Weil, Chem. Ber., 656 (1922), 2533.
12. Bilman, Radike and Mundy, J. Amer. Chem. Soc., 64
{1942) 2977.
13. Kuo-Tu Jen and Efros, Zh. Obshch. Khim., 33 (3) {1963)
966.
14. Hamer and Rathbone, J.C.S., {1943) 245.
15. Leffler and Adams, J. Amer. Chem. Soc., B9 (1937) 2252.
16. IC!, BP 862,269 (1961).
17.1CI, US 3,139,422 (1964).
18. ICI, USP 3,314,935 (1967).
19. Farag, et al., J.5.D.C., 95 (1979) 212,
20. Idem, ibid., 96 (1980) 126.
21. Stamm, ibid., 80 (1964) 416.
22. Reeves and Harkaway, J. Coll. and Interface Sci., 64
(1978) 342.
23. Milicevie, Chem. Phys. App. Surface Active Subst., Proc.
Int. Congress, 4th, 1964, 2,577 (1967).
24. Turner and Chanin, Amer., Dyestuff Rep. (1962) 780.
25, Bird and Firth, J. Text. Inst., 51 (1960) T 1342,
26. 'The Chemistry of Heterocyclic Compounds’, Ed. Weis-
sberger, Vol. 19, Part 1 (New York: Wiley-Interscience)
p. b46.
27. Gensler, J. Amer. Chem. Soc., 89 (1947) 1699.

oo

JSDC Volume 97 February 1981 65




