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INTRODUCTION

Lanasol dyes (Ciba) are classed as reactive dyes containing
the a-bromoacrylamide or a,p-dibromopropionylamide
group. They first appeared commercially in 1966 and have
become very successful, particularly on chlorinated wool,
because of their high light fastness and wet fastness
properties [1-3]. Lanasol dyes have also been used on silk
fibres with excellent results [4,5]. Over the years a
significant effort has been made to understand the
mechanism of dye fixation and its effect on the properties
of the wool fibres. In this review paper we summarise this
work and present the current understanding of the
chemistry involved when Lanasol dyes are applied to
wool.

DYEING PROCEDURES

In order to better understand the chemistry involved in
the application of Lanasol dyes to wool, a general
knowledge of the dyeing procedure used is required.
Lanasol dyes are normally applied to untreated wool at
pH 4.5 to 6.5 [6]. The nonalkaline conditions aid in
preventing saponification of the reactive group(s). The
dyebath containing wool is initially held at 40 °C while pH
adjustment is performed and levelling agents such as
Glauber’s salt and Albegal B are added [1-3,6-8]. Albegal B
is an amphoteric surfactant developed by Ciba specifically
for the Lanasol range of dyes. Several mechanisms have
been proposed for the levelling effect realised with the use
of Albegal B [9,10]. A detailed discussion of this topic is
outside the scope of this review.

After addition of the dye(s) the bath is allowed to
equilibrate for up to 10 min. The bath is then normally
raised to the boil over a 30 to 70 min period, which allows
the dye molecules to migrate into the wool fibre prior to
fixation. The dyebath is held at the boil for 30 to 90 min at
which time most of the dye forms covalent bonds with the
wool. To ensure high wet fastness, a final 15-20 min
neutralisation step is employed in which ammonia or
hexamethylenetetramine is added to the bath (pH 8.5) at
80 °C [1,3,6,11,12]. Dye that is not covalently bound to the
fibre, including unreacted dye, hydrolysed dye and dye
that has reacted with soluble peptide material is removed
from the wool. Fixation of Lanasol dyes to wool is
generally in the range of 86 to 96%, depending on the type
of Lanasol dye used.
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REACTION MECHANISMS

The proposed reaction mechanism of Lanasol dyes with
wool has been described by Casty [1], Mosimann [2],
Biihler and Casty [13], Mdusezahl [14] and Biihler et al.
[15], and appeared in several reviews regarding reactive
dyes [3,7,11,16] (Scheme 1). Many Lanasol dyes exist in the
a,B-dibromopropionylamide form (1) [17], and it has been
proposed that on dissolution in water hydrogen bromide
is liberated resulting in the formation of a-bromo-
acrylamide dyes (2) [3,11,16]. It is generally accepted that
the a-bromoacrylamide dyes react with certain amino acid
side chains of wool protein via nucleophilic substitution of
the bromine and/or 1,4-Michael addition to the a,B-
unsaturated amide moiety [3,7,8,11,16]. If the primary
amine side chain of lysine is involved then it is possible
that intermediates possessing structures 3 and/or 4 would
be formed. Regardless of whether the addition or
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substitution pathways are followed the structures are
believed to rearrange to form an aziridine ring (5).
Furthermore, it has been postulated that a dye molecule
bound to one wool reactive site (3-5) may react with a
second site in the wool fibre if there is one in close
proximity to the dye molecule [3,11,16]. This would result
in the crosslinking of two amino acid side chains within
the wool protein, of which structure 6 is an example.

The number of methods available for the identification
of reaction products between Lanasol dyes and wool has
proven to be quite limited. Ideally, such products would
be analysed directly on dyed wool without further
treatment. This was attempted by Lee-Son and Hester,
who recorded Raman spectra of wool samples dyed with
Lanasol Red 6G using visible excitation sources [18]. When
comparing the normal Raman spectra of the dye in
solution and on the wool fibre, it was claimed that the
disappearance of the vibrations due to C-Br and C=C
bonds were observed. A new vibration occurred in the
spectrum of the dyed wool sample, which was assigned as
the formation of a thiirane ring. These findings are
consistent with the proposed reaction scheme (Scheme 1),
but it should be noted that the spectra suffer from low
signal to noise ratios making interpretations difficult and
the cuticle cells of the fibre samples were chemically
removed prior to the application of the dye to reduce
fluorescence.

Amino acid analysis of dyed wool has been used for the
identification of other reactive dye/wool products and
involves subjecting the dyed wool sample to a strong
hydrochloric acid solution, which hydrolyses the peptide
bonds within the fibre. The individual amino acids that
have covalently reacted with the dye are then isolated for
structural analysis. This method was proven to be
successful for the analysis of lysine, cysteine and histidine
products from wool dyed with the B-sulphatoethyl-
sulphone reactive dye Remazol Brilliant Blue R [19]. The
stability of this dye to the harsh conditions of acid
hydrolysis can be attributed to the absence of amide bonds
within its structure. Other reactive dyes containing amide
bonds, such as chloroacetamide and acrylamide dyes, are
hydrolysed under these conditions. The mode of
attachment of these dyes to lysine and cysteine, however,
has been deduced from the modified amino acid
derivatives obtained.

Since the Lanasol reactive group contains an amide
bond, it is likely that it would be hydrolysed under the
harsh conditions of the acid hydrolysis, producing
modified amino acids of wool similar to those obtained
from acrylamide dyed wool. The amino acid analysis of
wool dyed to a depth of 10% owf with Lanasol Red G and
Lanasol Red B was attempted by Werkes [20].
Unfortunately, modified amino acids were not detected in
the hydrolysates and from this Werkes concluded that
they had degraded under the harsh hydrolysis conditions
used (24 hin 6 M HCl at 110 °C).

Mechanistic studies of Lanasol dye/wool interactions
have been carried out by studying the products obtained
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from the reactions of model compounds [14,15,21-23].
These reactions are performed in solution using small
compounds that contain the Lanasol reactive group and
compounds containing the functional groups of wool
thought to be involved in the dyeing process. The reaction
products formed are more easily isolated and analysed
compared with those of dyed wool.

Scheme 2 presents a summary of the results Mausezahl
obtained from a study of the reactions of a,p-
dibromopropionylaniline (7) and a-bromoacrylaniline (8)
with cyclohexylamine and N-a-acetyl-lysine-N-methyl-
amide in acetone/water at pH 7 [14]. The products
obtained from the reactions using the a-bromoacrylamide
and a,B-dibromopropionylamide model dye compounds
were identical. For both model wool compounds, the
products were found to contain an aziridine ring between
the a and B carbons of the model dye compounds. Proof
of the structure of the isolated cyclohexylamine product
(9) was gained from elemental analyses, 'H NMR spectra
and pyridine/HCI ring opening reactions. In a similar
study, the aniline moiety of both model dye compounds
was replaced with a simple diazo/benzene chromophore
system and reacted with N-a-acetyl-lysine-N-methyl-
amide in acetone/water at pH 7. After crystallisation of the
products both the o-bromoacrylamide and a,p-
dibromopropionylamide compounds yielded the same
product, which contained an aziridine ring.

The formation of products containing aziridine ring
structures from the reactions of a compound containing
the a-bromoacrylamide group with various primary
amines is supported by the 'H and 3C NMR studies of
Yazhen et al. (Scheme 3) [21]. The reactions between p-(a-
bromoacrylamide)benzenesulphonate (11) and glycine
(12), B-aminopropionate (13), alanine (14) and phenyl-
alanine (15) were performed in NMR sample tubes while
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the spectra were being recorded. The products were not
isolated from these reactions, they were studied in situ
instead. The 'H NMR spectra were recorded in DMSO-d,/
D,0 (1:3) at pH 9-10 and 90 °C while the 3C NMR spectra
were recorded in H,O at pH 9-10 and 50 °C. The product
from each amine studied was found to contain an
aziridine ring.

Biihler et al. studied the reaction mechanisms and the
reaction rates of compounds containing o-bromo-
acrylamide (16), methylated a-bromoacrylamide (17),
methylated o,p-dibromopropionylamide (18) and B-
bromoacrylamide (19) groups with methoxypropylamine
(Scheme 4) [15]. The reactions were performed in
methyleneglycol/water at 80 °C and the products obtained
were analysed by IR, NMR and mass spectrometry.
Compounds 16 and 17, which were reacted at pH 7.55 and
9.35 respectively, both produced products that contained
an aziridine ring. From the determination of hydrogen
bromide in the reaction solutions and from aziridine ring
opening titrations, compound 16 was found to react one
thousand times faster than compound 17. This was
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attributed to steric hindrance caused by the presence of
the methyl group on the B carbon of the reactive group of
compound 17. Of the other compounds, 18 did not react
with methoxypropylamine while 19 produced a
compound containing two aromatic rings. Compound 16
is the only compound directly relevant to Lanasol dyes
since it contains the a-bromoacrylamide reactive group
present in the commercial dyes.

Recently, model compound investigations were carried
out by Church ef al. under conditions that more closely
represented the application of Lanasol dyes to wool than
those described previously [22,23]. Reactions were
performed at pH 5 for 90 min in either acetone/water (5:1
by vol.) at 65 °C or water at 100 °C. The results obtained
using the mixed solvent system were found to be virtually
identical to those obtained from the boiling aqueous
system. It was shown using 'H NMR that when model
compounds containing the a,B-dibromopropionylamide
group were subjected to simulated dyeing conditions
without the presence of model wool compounds, the
formation of the a-bromoacrylamide group was not
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observed. This is contrary to previous suggestions and
indicates the a,pB-dibromopropionylamide group is not
dehydrobrominated in the presence of water alone. It was
demonstrated by reversed-phase HPLC that the a,p-
dibromopropionylamide group is initially converted to
the a-bromoacrylamide group, catalysed by the presence
of primary amine, prior to reacting covalently with the
model wool compounds.

Church et al. also investigated the reactions of Lanasol
type dyes with a range of model wool compounds
containing functional groups that are known to react with
other reactive dyes, including amines, B-thiol and
hydroxyls [22,23]. The ratio of dye to model wool
compound used was approximately equal to the ratio of
Lanasol dye to the particular amino acid residue when
wool is dyed to a depth of 1% owf. Products from the
reaction of primary amines contained aziridine rings,
which verifies the findings of earlier work [14]. Reactions
were also observed for the imidazole nitrogen of histidine
and the B-thiol of cysteine, which occurred at the f carbon
of the Lanasol reactive group. These reactions are
presented in Scheme 5. Reduction of the o carbon of the
Lanasol reactive group by excess thiolate ions in solution
also occurred in the case of N-acetyl-L-cysteine. The
products from each model wool compound were identical
regardless of whether the a,B-dibromopropionylamide or
a-bromoacrylamide groups were present. When the
model dye compounds were replaced with Lanasol
Yellow 4G, analogous products were obtained.

DETERMINATION OF REACTION
PATHWAYS

In an attempt to elucidate the mechanism for the covalent
attachment of Lanasol dyes to wool, Mausezahl measured
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the bromide ion liberation during wool dyeing for various
Lanasol dyes [14]. The amount of bromide ion in the
dyebath as measured by titration was compared to the
amount of dye covalently bound to the wool samples.
Fixation was measured by the extraction at pH 7 of the
dyed samples with a 50% aqueous pyridine solution for 30
min at 70 °C. Dyeings were performed at 60, 77 and 100 °C
and the results for Lanasol Blue 3R are reproduced in
Table 1. For a given treatment time at 60 °C, it was found
that the percentage bromide ion liberated was
significantly less than the percentage of dye fixation. If it is
assumed that the reactive groups were all in the a-
bromoacrylamide form, a proportion of the dye would

Table 1 Bromide ion production and fixation of Lanasol
Blue 3R to wool during the dyeing process [14]

Temp Time Exhaustion Bromide  Fixation
(°C) (min) (%) concn (%) (%)
60 15 30 4 12

30 52 8 19
60 86 19 39
180 96 39
995 98 52 79
77 17 97 38 35
32 98 47 43
68 100 51 56
187 100 64 67
1277 100 74 88
100 5 95 37 43
10 95 45 52
30 96 67 71
60 97 79 85
180 98 92 92
1350 97 94 95




have had to react with wool sites via the 1,4-Michael
addition mechanism. Some of the dye would therefore
have to be fixed to the wool sites in a manner similar to
intermediate 4 (Scheme 1). This is the only intermediate or
product of the proposed reaction scheme that contains the
original bromine atom. Because bromide ions are detected
in solution, this suggests that some of this intermediate is
cyclised to structure 5 or reacted with further wool sites as
in structure 6. Both of these reactions would result in the
liberation of bromide ions. It is also possible that some of
the original dye molecules reacted with wool sites via the
substitution mechanism.

At 77 and 100 °C, the percentage bromide ion liberated
virtually mimicked the percentage of dye fixed to wool.
Based on these results it is impossible to favour one
reaction mechanism over the other as any dye present as
intermediate 4 could quickly rearrange to the aziridine
structure 5, liberating bromide ions. Mausezahl found that
in the absence of wool, even after 15 h at the boil under
mild acidic conditions, no bromide ion was detected in the
dye solution [14]. This is consistent with the results
obtained from the model compound investigations of
Church et al. [22]. Thus the results shown in Table 1 cannot
be explained simply by the hydrolysis of the dye molecule.
If the dye was present in the a,p-dibromopropionylamide
form then some of the bromide ion detected in solution
may have originated from dehydrobromination catalysed
by the basic functional groups of wool.

Mausezahl also investigated the reaction of seven
different commercial Lanasol dyes with N-a-acetyl-lysine-
N-methylamide in boiling water at pH 7 [14]. Although
the reaction products were not isolated, they were
separated by TLC. The decrease in the amounts of the
starting dyestuffs corresponded well with the liberation of
hydrogen bromide during the reactions, and after about
15 min the dyes were found to have completely reacted.
Since the theoretical amount of bromide ion was detected
in solution after the reaction of each dye, Mausezahl
concluded that the reactions followed the substitution
pathway. However, referring to the proposed reaction
scheme (Scheme 1), loss of bromine from the dye could
occur by the addition pathway if the intermediate
rearranged to the aziridine product. In fact, Mausezahl
confirmed the presence of aziridine rings within the
products by pyridine/HCI ring opening reactions [14].
Therefore, it is not possible to favour the addition
pathway over the substitution pathway from these results.

From a theoretical point of view, nucleophilic
substitution of the bromine atom of vinyl bromides, of
which the a-bromoacrylamide reactive group is a member,
is very difficult [24,25]. The sp? hybridisation of the carbon
causes the C-Br bond to become shorter and stronger
while the delocalisation of the electrons by resonance
causes the activation energy for displacement of the
bromine to increase. Alternatively, nucleophilic sub-
stitution of alkyl bromides is quite common due to the
presence of sp® hybridised carbons containing longer and
weaker C-Br bonds. Therefore it is most likely that the a,p-

dibromopropionylamide reactive group should undergo
nucleophilic substitution. In contrast, the reaction of the a-
bromoacrylamide group most likely occurs via 1,4-Michael
addition of a nucleophile to the B carbon. This type of
reaction is common for a,B-unsaturated carbonyl systems
[3,26]. The reaction would be assisted by the electron-
withdrawing groups attached to the a carbon, which
accommodate the increase in negative charge from the
attacking nucleophile.

CROSSLINKING EFFECT OF LANASOL
DYES

Most of the investigations in this area were carried out on
wool dyed without the use of the hexamethyl-
enetetramine aftertreatment. Hexamethylenetetramine
can break down to form formaldehyde, which in turn can
introduce crosslinks into the wool fibre [12]. To date there
has been no direct evidence reported of an a,p-
dibromopropionylamide or a-bromoacrylamide group
that has covalently bound with two reactive wool sites
producing structure 6 (Scheme 1). However, indirect
evidence for this type of crosslinking within wool protein
has been obtained using various techniques. Lewis
studied the effect of various depths of Lanasol dyes using
the wet burst strength test [16,27]. It was shown from the
results obtained for both Lanasol Red G (two reactive
groups per molecule) and Lanasol Blue 3G (one reactive
group per molecule) that as the depth of shade increased
from zero to 5% owf, the bursting strength of the fibre also
increased. This fibre-protective effect was more
pronounced for Lanasol Red G and may probably be
associated with the presence of two reactive groups per
molecule, allowing more crosslinks to be formed within
the fibre than is possible with Lanasol Blue 3G.

Lewis obtained similar results when Lanasol dyes were
applied to wool fabric at the elevated temperatures used
for wool/polyester blends [27]. Dyebath temperature has a
significant effect on wool fibre strength. A loss in wet
bursting strength of more than 50% was observed when
wool fabric was held in the absence of dye for 2 h at 120 °C
(pH 4) compared with the figure at 80 °C [16,27]. The wet
burst strength of wool dyed in the presence of 4% owf
Lanasol Red 6G (one reactive group) at temperatures
between 100 and 120 °C was greater than wool treated
under the same conditions but in the absence of the dye.
Dyeing wool fabric at 130 °C with Lanasol Yellow 4G (one
reactive group) also offered significant improvement
compared with when the undyed fabric was subjected to
the same conditions [28].

Crosslinking within wool fibres has been shown by
Caldwell et al. to alter its solubility in solvent systems such
as urea/thioglycollate, urea/bisulphite and performic acid/
ammonia [29]. The effects of monofunctional and
bifunctional esters containing bulky groups of similar
molecular size on the solubility of wool were studied as
part of their investigation. It was found that the
bifunctional esters decreased the solubility of wool. This

REev. ProG. COLORATION VOLUME 29 1999 89



effect was attributed to the formation of crosslinks within
the fibre. To a lesser extent, monofunctional esters also
decreased the solubility of wool compared with untreated
wool. This was particularly noted for the urea/
thioglycollate and performic acid/ammonia solvent
systems. Since the monofunctional esters were unable to
form crosslinks, it appears that the introduction of bulky
groups into the wool structure caused a reduction in alkali
solubility. The urea/bisulphite solvent system was not
found to differentiate well between the addition of bulky
groups and crosslinks to the wool protein.

Zollinger et al. studied the sodium hydroxide, performic
acid/ammonia and urea/thioglycollate solubility of wool
dyed with Lanasol dyes containing one and two reactive
groups [30]. It was observed that sodium hydroxide acted
in an indiscriminate, degradative way on wool and was
not suited for monitoring the effects of crosslinks. For the
other two solvent systems, all four dyes reduced the wool
solubility with increasing dye concentration. The dyes
containing two reactive groups reduced the solubility of
wool to a greater extent than the dyes containing one
reactive group. This was to be expected since, in order to
form crosslinks within the wool protein, each a-
bromoacrylamide group would not need to react in a
bifunctional fashion. Due to steric effects and the
availability of two wool reactive sites in close proximity to
the dye, crosslinks would be more likely to occur for the
dye containing two reactive groups. Moreover, the dye
with widely separated reactive groups showed the largest
reduction in solubility, indicating it probably formed the
most number of crosslinks of all four dyes investigated.

The results of alkali solubility tests carried out by
Mosimann and Flensberg also suggest that many
crosslinks were created when wool was dyed with
Lanasol Red G and Lanasol Orange R, both of which
contain two reactive groups [8]. The urea/thioglycollate
and urea/bisulphite solubility of wool dyed with Lanasol
Red G and Orange R was found to decrease with
increasing dye concentration as expected. However,
compared with wool that had been subjected to a blank
dyeing, the alkali solubility of wool dyed with Lanasol
Red B (one reactive group) was found to increase with
increasing dye concentration. An explanation for this
phenomenon was not offered. The observations of Virnich
et al. agreed with those of Mosimann and Flensberg for
Lanasol Red B [31], but a small decrease in alkali solubility
of wool dyed with increasing concentrations of Lanasol
Red G was noticed. Thus, the use of alkali solubility tests
for the detection of crosslinks caused by Lanasol dyes in
wool has produced some conflicting results.

Indirect evidence that Lanasol dyes crosslink wool after
application has also been obtained from electrophoretic
studies. Werkes studied untreated wool and wool which
had been dyed with 10% owf a-bromoacrylamide dye
without an aftertreatment step to remove unfixed dye
[20]. These samples were reduced with dithioerythritol
(DTE), S-carboxymethylated and analysed by sodium
dodecyl sulphate (SDS) polyacrylamide gel electro-
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phoresis. As a result of the differential charge on the S-
carboxymethylated proteins from the wool, separation
was carried out on the basis of sulphur content rather
according to molecular weight. A reduction in the
amounts of some of the proteins in the samples dyed with
Lanasol dyes compared with those in the undyed sample
was observed. Electrophoresis of the dyed wool samples
also showed, in general, a more pronounced blurring of
the bands compared with that of the undyed wool
sample, and some characteristic sulphur-rich protein
bands were absent. These results were attributed to the
formation of covalent bonds between the Lanasol dye
molecules and other proteins, the molecular weights
becoming so high through interchain crosslinking that
they remained insoluble even after reductive cystine
dissociation with DTE. The same trends were observed for
wools dyed with Lanasol Red G (two reactive groups per
molecule), but to a lesser extent with Lanasol Red B (one
reactive group per molecule). In a similar investigation,
Virnich et al. found no differences in the protein band
patterns of extracts of wool dyed with Lanasol Red G and
Red B [31]. They concluded that any preferential
crosslinking or modification of the wool proteins by these
dyes did not occur.

Werkes also studied the alkali solubility of wool dyed
with Lanasol dyes when an ammonia aftertreatment step
was employed [20]. Wool was dyed with Lanasol Red B
using a range of concentrations from zero to 10% owf.
Ammonia aftertreatments were performed at pH 8 and 9
for each dye concentration. Prior to the aftertreatment step
it was observed that as the concentration of dye increased
the urea/bisulphite solubility of the dyed fibre decreased.
After the dyed wool had been subjected to the ammonia
aftertreatment, a further reduction in urea bisulphite
solubility was observed which was greater at pH 9 than at
pH 8. This was attributed to alkali degradation of the wool
fibre and may explain at least to some extent the
observations made by Mosimann and Flensberg [8] and
Virnich et al. [31], where an alkali aftertreatment was also
employed. Werkes reported as the mass of dye applied to
the fibre increased, the magnitude of the reduced
solubility due to the aftertreatment decreased, possibly
due to a fibre protective effect from the dye.

Contrary to the findings supporting the formation of
more crosslinks in wool dyed with Lanasol dyes than in
undyed wool, no such evidence has been reported for
studies using model compounds [14,15,21-23]. Products
representing crosslinks within dyed wool would exist as
one molecule of Lanasol type dye covalently bound to two
molecules of model wool compound at the a and B
carbons of the reactive group. However, for each
functional group of wool found to be reactive towards
Lanasol dyes (i.e. primary amines, imidazole nitrogen and
B-thiol groups), the isolated products contained equimolar
amounts of model wool and dye compounds, even when
a large excess of model wool compound was present
[22,23]. The use of ethylamine as a model wool compound
eliminated steric hindrance as a factor in preventing the



formation of products representing crosslinks within dyed
wool. It was also found that the ammonia aftertreatment
(pH 8.0-8.5) had no effect on the products formed.

Recent investigations on the reduced solubility of wool
dyed with reactive dyes suggest that part of this
phenomenon may be due to modification of the cell
membrane complex and the endocuticle [32]. The proteins
in these components are easily accessible and it is believed
that dyes enter the fibre via these components [33-37].
The solubility of the dyed wool may be reduced through
modification of these proteins by covalent reaction with
the dye molecules. It has been shown that reactive dyes
tend to concentrate in these outer regions of wool fibre
[32-34], possibly because they form covalent bonds with
the protein faster than they are able to diffuse to the inner
region of the fibre. Blankenburg et al. investigated the
distribution of reactive dyes and acid dyes in wool fibre
using a scanning photometer microscope [33]. A ring
dyeing effect was observed for the Lanasol dyes used in
this study. This occurred regardless of whether the dyes
contained one reactive group (Lanasol Red 2G) or two
reactive groups (Lanasol Scarlet 2R). Complete
penetration was observed when the fibre was dyed with
acid dyes. Lanasol Blue 3G, Yellow 4G and Red 6G (one
reactive group) [34] and Lanasol Red G (two reactive
groups) [31] were also found to ring dye. However,
Virnich et al. reported that Lanasol Red B (one reactive
group) penetrated into wool fibres in a similar fashion to
nonreactive dyes [31].

DETERMINATION OF FIBRE REACTIVE
SITES

There have been relatively few studies of the possible sites
of reaction of Lanasol dyes with wool. Amino acid
analyses of dyed wool and the reactions of model
compounds are the only reported methods, with the
amino acid analysis work being unsuccessful due to
product degradation [20]. The model compound studies
of Mausezahl [14], Biihler et al. [15] and Yazhen et al. [21]
found Lanasol type dyes to be reactive towards
compounds containing primary amine groups. These
findings were verified more recently by Church et al.,
using model compounds and extended to include thiol
(cysteine), imidazole amine (histidine), aliphatic hydroxyl
(serine and threonine), phenolic hydroxyl (tyrosine),
indole (tryptophan) and N-terminal groups [22,23].
Reactions were found to occur under simulated dyeing
conditions at the side chain groups of cysteine and
histidine and N-terminal groups. It was shown by
reversed-phase HPLC that the thiol group of cysteine was
more reactive towards model Lanasol dyes than the e-
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Table 2 Four functional groups in wool most likely to be involved
in Lanasol dyeing process

Reactive Concn
Amino acid side-chain group (umol/g) [42]
Lysine T CH2CHACHaCHANH, 193-277
€-amine
JNH
Histidine N/J 58-82
imidazole amine
Cysteine — CHzSH 20-40
B-thiol
I
N-terminal amino —C—CHRNH, 10-20
a-amino

amine of lysine. A similar trend in reactivities was
observed for vinyl sulphone [38], chlorotriazine [39] and
acrylamide dyes [40] using model wool compounds and
for chlorotriazine dyes with soluble proteins [41]. The four
functional groups of wool most likely to be involved in the
dyeing process under commercial dyeing conditions are
shown in Table 2. The g-amino group of lysine is
considered to be of the greatest importance for reactive
dyes, based on its high reactivity and relative concen-
tration within the wool fibre.

NONCOVALENTLY BOUND DYE

Although the fixation of Lanasol dyes on wool is very
high, complete fixation is not normally achieved. Most of
the dye that is not covalently bound to wool at the end of
the dyeing process is removed wusing alkaline
aftertreatments. Lewis suggested that deactivation of vinyl
sulphone reactive dyes may be caused by the presence of
hydrogen sulphide in the dyebath [32]; this is formed by
wool degradation during the dyeing process [43,44].
Hannemann reacted o-bromoacrylamide dyes with
hydrogen sulphide at pH 4.5 and room temperature and
observed that a single product was formed. Scheme 6
shows how this reaction might proceeded via a thiirane
intermediate [45]. The intermediate was considered to be
unstable and decomposed to the corresponding alkene
with precipitation of sulphur. Although the presence of
hydrogen sulphide in solution may have caused the loss
of bromine from a-bromoacrylamide dyes and hence a
possible reduction in reactivity with wool, this process
would not preclude the acrylamide group so formed
reacting with wool sites. Dyes containing acrylamide
groups have been shown to react with various functional
groups of wool [40,46,47].
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Hannemann attempted to isolate the unfixed a-
bromoacrylamide dye material that was desorbed after
dyeing by an aftertreatment with sodium carbonate [45].
At least four major products were detected by HPLC, one
of which was isolated and accounted for 20-30% of the
desorbed material. This product was identified as a
deacylated amine connected to the dye chromophore
(Scheme 7). It is thought to have formed via a 1,2-addition
of an amine group of wool to the a,B-unsaturated carbonyl
of the dye reactive group. The other three compounds
determined by HPLC were not isolated, but were
considered to be hydrolysis products of the wool-
activated reactive group. The presence of dye containing
acrylamide groups was not reported.

O (0]
HoN—wool
—_—
dye\NJ\’% 1,4-addition dye\NM
H Br H \
wool
H,N—wool
1,2-addition
o- (0]
+ —
dye_HA'_% . WOOI\N)V HoN—dye
NH Br H Isolated
wool” Br product
Scheme 7
CONCLUSIONS

Most of the direct information about the reactions
involved when a-bromoacrylamide dyes are applied to
wool has been determined from investigations using
model compounds. The ao,B-dibromopropionylamide
group has been shown to be stable under commercial
dyeing conditions when wool is not present. These
functional groups dehydrobrominate in the presence of
primary amines and then react to form covalent bonds
with the wool. The resulting products contain an aziridine
ring, while products indicating a reaction with a second
amine have not been observed. Thiol and imidazole
groups are the only other functional groups of wool that
have been found to react with these Lanasol type dyes.
They also appear to react exclusively on a one-to-one
basis. The same products are formed independently of the
reactive dye group starting in the o,B-dibromopropionyl-
amide or a-bromoacrylamide form.

There are two issues about the reactions of Lanasol dyes
with wool that remain unanswered. Firstly there have
been no successful investigations to determine which
pathway (addition/substitution or substitution/addition) a
nucleophilic functional group of wool would take when
reacting with a Lanasol dye. Although the addition
pathway is theoretically more likely, the substitution
pathway has not been eliminated experimentally. The
question of reaction pathway would be answered
conclusively if the structure of reaction intermediate(s)
formed during the dyeing process could be deduced.
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Observation of these intermediates may be possible using
conditions suitable for their isolation. Alternatively a
method capable of measuring these short-lived species
could be employed during the course of the reaction.
Secondly there has been no direct evidence that the a,p-
dibromopropionylamide or a-bromoacrylamide groups
are capable of forming crosslinks between peptide chains
within wool. This phenomenon has been supported by
investigations involving the alkali solubility and wet
bursting strength of dyed wool. It has been shown, at least
for alkali solubility tests, the results can be influenced by
the steric bulk of the compounds applied to the fibre and
by wool damage caused by alkali aftertreatments. More
recent work has suggested that modification of the cell
membrane complex and endocuticle plays an important
role in the alkali solubility of dyed wool. Direct evidence of
products representing such crosslinks has not been
detected in model compound studies, let alone in studies
carried out involving Lanasol dyes. Therefore the changes
in properties such as wet burst and solubility observed for
wool dyed with Lanasol dyes may not be attributable to
the formation of dye/peptide chain crosslinks to any
significant extent.
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