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Thermofixation of the reactive disperse azo dye,
2-hydroxy-S-methyl4'-sulphonazidoazobenzene (1) containing
a sulphonazido group, with polyester fibre leads to chemical
bonding of the generated sulphonylnitrene with the fibre
substrate. The nitrene interacts with the benzene ring of the
polyester substrate through the formation of a sulphonamido
link as well as through insertion followed by ring expansion of
the adduct to vield the relevant N-sulphonyl-azepine. The
mechanism is confirmed by means of a suitable model
experiment of interaction of [ with dimethyl terephthalate.

Introduction

The introduction of the azido group in disperse dyes has led to
a new experimental class of reactive disperse dyes. A number
of such dyes have been reported [1,2]. These dyes were
applied to synthetic-polymer fibres (polyester, polypropylene
and cellulose acetate) through their aqueous dispersions.
Thermal fixation of the dyes was effected by heating the
dyeings in an oven at 200°C for a few minutes. Since the dyes
could not be removed from the dyed fibre substrate by solvent
extraction, the implication was that chemical bonding had
occurred between the fibre and the dye by means of a reactive
nitrene moiety [1].

Recently, Griffiths and McDarmaid [3] have studied the
mechanism of fixation of sulphonazido disperse dyes on nylon
6 and the use of azido dyes for transfer printing [4]. They
chose the 2-hydroxy-5-methyl-4'-sulphonazidoazobenzene (I)
as a model. The extent of chemical reaction with nylon was
determined by analysing the free amino groups present in the
fibre. This study revealed that, at temperatures below 120°C,
dye fixation occurs through nucleophilic displacement of the
azide ion. This type of reaction of the azido group with
cellulose had been reported earlier [5]. Griffiths and
McDarmaid [3] also observed that the sulphonyl nitrene
undergoes insertion into the C—H bond of the nylon substrate.
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The present work describes the mechanism of chemical
interaction between reactive disperse dyes containing the
sulphonazido group and polyester fibre. Dye 1 was chosen for
this study, and its interaction with polyester fibre and
dimethyl terephthalate was investigated.

Experimental

Melting points are uncorrected. U.v.—visible and i.r. spectra
were examined on Perkin--Elmer 350 and Perkin—Elmer 221
spectrophotometers, respectively. N.m.r. spectra were deter-
mined on a Varian T—60 spectrophotometer using TMS as an
internal standard. Chemical shifts are in & p.p.m. Mass spectra
were recorded on a CEC—21--110B mass spectrometer.

2.HYDROXY-5-METHYL-4'-SULPHONAZIDOAZOBEN-
ZENE (D)

Dye 1 was synthesized by hydrolysis followed by diazotization
of 4.acetamido benzenesulphonylazide and coupling the
diazonium salt with p-cresol [1,3].

THERMAL DECOMPOSITION OF 1 IN PRESENCE OF
DIMETHYL TEREPHTHALATE (I1)

Dimethyl terephthalate (11) (40 g) was heated to 190°C and 1
(3 g) was added in small portions, maintaining the temperature
of the reaction mixture at 185—190°C. After 2 hours, nitrogen
evolution had almost ceased and the mixture was cooled,
dissolved in chloroform, and then chromatographed over
neutral alumina using petroleum ether as eluent. Unreacted Il
(30 g) was recovered first. Further elution with benzene gave a
solid, which on crystallization from benzene gave dimethyl
2-p-(2'-hydroxy—S-methylphenylazo)-benzenesulphonamido-
terephthalate (II1) as yellow crystals (500 mg; 11%); m.p.
205°C; uv.—visible: AGHCL 337 nm (e 24387), 424 nm (¢
8076):1.I. Pmax (nujol): 3180, 2900, 1720, 1690, 1580, 1500,
1440, 1430, 1350, 1290, 1260, 1230, 1190, 1160, 1100 and
980 cm™t.

N.mr. (TFA): 2.55 (3H, s, aryl methyl), 4.1 {6H, two
singlets very close to one another, two carbomethoxy groups),
7.1-8.4 (10H, m, aromatic protons); MS—m/e 483(M" 19%),
425(13), 364(31), 349(33), 317(17), 300(11), 209(40),
208(14), 194(43), 178(50), 177(52), 163(100), 156(65).
135(60), 123(86), 119(59), 109(65), 107(63), 105(60),
97(100). (Found: C, 57.5; H, 4.8; N, 84. C,3Ha 1 N3OS
requires C, 57.1; H, 4.3; N, 8.7%).

After removal of IIl, the next chromatographic fraction
gave a yellow solid, which on crystallization from benzene,
gave 2 S-dicarbomethoxy-1-p-(2"-hydroxy-5'-methylphenyl-
azo)-benzene-sulphonyl-1 H-azepine (1V) (450 mg, 10%) as
yellow pliate-like crystals, m.p. 191°C (decomp.).

Uv.-visible: ASHC 340 nm (e 16528), 423 nm (e
7493); 1.1 vmay (nujol): 2900, 1710, 1620, 1580, 1420, 1340,
1260, 1140, 1080 and 950 cm™'; n.m.r. (TFA): 2.55(3H, s,
aryl methyl), 3.9(3H, s, 5-COOMe), 4.1(3H, s, 2—CO0Me),
6.2--8.3 (11H, m, aromatic protons and protons from azepine
ring); MS — m/e: 483(M", 5%), 327(10), 281(6), 244(8).
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222(10), 22i(6), 212(20), 211(22), 209(50), 208(100},
180(12), 163(25), 149(33), 135(37), 107(71). (Found: C,
57.4; H, 4.7, N, 82. C;3H,,N,0,8 requires C, 57.1; H, 4.3;
N, 8.7%).

REACTION OF I WITH POLYESTER FIBRE

Polyester fibre (5.5 g) was cut into small pieces and heated
with nitrobenzene (30 ml) to 180°C to get a homogeneous
pulp. Dyel(4g) was then added in small portions keeping the
reaction mixture at 185—190°C. After 2 hours, when the
reactionr was nearly complete, the mixture was diluted with
petroleum ether (500 ml) and then filtered. The residue was
washed with petroleum ether and then extracted in a soxhlet
with the following solvents used in succession: benzene,
chloroform and methanol. The insoluble coloured residue was
then suspended in methanol(100 ml}); sodium hydroxide (5 g)
was added and the mixture heated under reflux for 4 hours.
After distilling off the methanol, the yellowish residue was
dissolved in water, and the clear alkaline solution acidified
with dilute hydrochloric acid. The product, which separated
out, was filtered and dried. The mixture of acids (A, B and
terephthalic acid) (4.7 g) thus obtained was esterified by
refluxing in methanol (150 ml) and concentrated sulphuric
acid (20 ml) for 6 hours. The reaction mixture was poured
into water and the separated solid collected and dried.

The reaction product (a mixture of methyl esters) was
then chromatographed on neutral alumina using petroleum
ether as eluent. Dimethyl terephthalate (IT) (3 g) was obtained
as the first fraction followed by esters C (70 mg) and D (30
mg) which were obtained by elution with benzene. The
compounds C and D on further purification were shown to be
identical with the compounds III and IV, respectively,
prepared as above from dimethyl terephthalate. Both sets of
compounds (C and 111, and D and IV) obtained by the above
two routes had identical m.p. and undepressed mixed m.p.,
superimposible i.r., w.v., visible, and identical n.m.r. and mass
Spectra.

Results and Discussion

Based on the observation of Breslow et al [6], that sul-
phonylnitrene was twice as reactive with benzene as with
cyclohexane, it had been suggested [1] that the nitrene
insertion in the case of thermal fixation of sulphonazido dyes
on the polyester fibre was most likely to occur through
insertion in the aromatic ring of the polyester fibre rather than
In the aliphatic portion of the fibre substrate.

This proposed mechanism was supported by carrying out a
model study [7] of the thermal decomposition of p-toluene-
sulphonylazide {V) in the presence of dimethyl terephthalate
(I1). V was representative of sulphonazide dyes, whereas I1
may be considered as a simple model for the polyester fibre
substrate.
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The above thermal interaction of Il with V gave dimethyl-
2-p-toluenesulphonamidoterephthalate (VI) and 2.5-dicarbo-
methoxy-1-p-toluenesulphonyl-1H-azepine (VII) [7].
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This study has now been extended to the thermal
interaction of 2-hydroxy-5-methyl-4'-sulphonazidoazobenzene
(I) with dimethyl terephthalate (II). As expected, the reaction
gave dimethyl 2-p-(2"-hydroxy-S"methylphenylazo)-benzene-
sulphonamidoterephthalate (II1) and 2,5-dicarbomethoxy-1-p-
(2'-hydroxy-5'-methylphenylazo)-benzenesulphonyl-1H-
azepine (IV) (yields 11% and 10%, respectively). The
structures of 111 and IV were confirmed on the basis of their
spectral data and elemental analysis. The i.r. absorption at
3180 em™ in III indicates the presence of an —NH- group in
which the hydrogen is chelated with the adjacent carbonyl
group, whereas the ir. spectrum of IV did not reveal any
absorption band in the region of 3200 c¢m! indicating the
absence of an —NH- group. The chelated and unchelated
carbonyl groups of IIl appeared at 1690 and 1720 cm™,
respectively. The i.r. spectrum of IV showed only unchelated
carbonyl groups with absorption at 1710 cm™ . The presence
of sulphonyl groups in Il and IV was indicated by two strong
bands at 1350 and 1150 cm™®.

The n.m.r. spectrum of III showed two close singlets
around 4.1 for the protons of two carbomethoxy groups.
Aromatic protons appeared in the region 7.1—-8.4. In case of
IV, the n.m.r. spectrum showed two distinct singlets at 3.9 and
4.1 for the two carbomethoxy groups in the 5- and 2-
positions, respectively. The protons of the azepine ring
overlapped with the aromatic protons and appeared as
multiplets in the region 6.2—8.3.

The mass spectra of III and IV showed molecular jons at
m/e 483. The spectral data of IIl and IV were thus in good
agreement with the assigned structures. There was no product
corresponding to insertion of the sulphonyl nitrene in methyl
groups of dimethyl terephthalate.
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The mechanism of the thermal fixation of sulphonazido
dyes on polyester fibre was then investigated. Dye I was
reacted with polyester fibre in nitrobenzene at 180°C. The
dyed fibre was then hydrolysed in order to obtain the
terephthalic acid monomer (A) and the dicarboxy azepine (B)
carrying the inserted sulphonyl nitrene derived from dye 1.
Esterification of A and B with methanol gave the dimethyl
esters C and D, which were separated by column chromato-
graphy. Compounds C and D proved to be identical with 11
and 1V, respectively, in all their properties, thus proving the
earlier hypothesis [7] as regards mechanism of chemical



bonding of sulphonazido dyes by thermal interaction with
polyester fibres.

Conclusions

The sulphonazido dyes react with polyester fibre with the
formation of covalent bonds. During thermofixation, the
generated sulphonylnitrenes enter the benzene ring of the
polyester structure, resulting in a sulphonamido linkage. In
addition, ring expansion leading to the formation of an
azepine ring has been observed.
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