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The synthesis of benzo[k, ] thioxanthene-3 4-dicarbo-
xylic acid-7,7-dioxide is described. Condensation of this
heterocycle with amines, or oxidation of the corresponding
imides of benzo[k,\] thioxanthene-3 4-dicarboxylic

acid, affords a new range of dyes which colour synthetic-
polymer fibres, especially polyester, in yellow shades of
excellent fastness to light and sublimation.

INTRODUCTION

The imides (I} of benzolk,/]thioxanthene-3 4-dicarboxylic
anhydride (11} are excellent dyes for the coloration of
synthetic-polymer fibres in yellow to red hues [1]. We
have described previously methods for the synthesis of these
imides [2], as well as their behaviour under electron-impact-
induced fragmentation [3]. No data have been recorded on
the use of the corresponding sulphones as dyes.

The synthesis of benzolk, /] thioxanthene-7,7-dioxide has
been the subject of previous studies [4,B], particularly with
respect to favoured positions in the naphthalene ring for
Pschorr intramolecular cyclisation to occur, but few
derivatives have been recorded. We report here the synthesis
{see scheme below) of benzo[k, /] thioxanthene-3,4-dicarbo-
xylic anhydride-7 7-dioxide {11} and its derived imides (IV},
and their behaviour as dyes for synthetic-polymer fibres.
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EXPERIMENTAL

Benzo [k, /] thioxanthene-3 4-dicarboxylic Anhydride {1
2.Amincbenzenethiol (38 g) was added dropwise over 30 min
to astirred suspension of 4-nitronaphthalic anhydride {48.6 g)
at room temperature. The temperature rose to 40-50°C
during the addition and a brown solution resulted. Amyl
nitrite {30 ml) was then stirred into the mixture over 30 min,
during which time the temperature rose to 50—60°C and an
orange solid separated. After 45 min, in which the mixture
was allowed to cool 1o room temperature, the solid was
filtered off. washed with NN-dimethylformamide (DMF)
until the washings were no longer brown, and then washed
with water, giving 39 g (64.2%) of Ii, m.p. 312°C. Recrystal-
lization from DMF gave deep orange needles, m.p.
330-331°C.

Benzo [,/ ] thioxanthene-3,4-dicarboxylic Anhydride-7,7-di-
oxide (111}

A mixture of H (10 g), sodium dichromate (50 g) and glacial
acetic acid (250 ml) was stirred under reflux for 2 h, after
which time oxidation was found to be incomplete. Addition
of further dichromate (30 g) and refluxing for an additional
15h was necessary to effect complete oxidation. The
reaction liquor was added to water {1000 ml) and the bright
yellow precipitate (9g, 81.4%), m.p. 331-338°C, filtered
off. Recrystallization from DMF gave yellow needles of I,
m.p. 345--346°C (Found: C, 64.2; H, 2.5; 8, 9.3%. C1s Hs
05 S requires: C, 64.3; H, 2.4:S, 9.5), Ajyax M {log €)in
monochlorobenzene: 360 (4.04), 383 {4.20) and 39% (4.20).

Synthesis of imides (IV) of 111

Method A

Compound 111 {2 g) was refluxed for 1 h with 3-methoxypro-
pylamine (2 ml) in 2-methoxyethanol (50 mi). The solution
was added to 5% hydrochloric acid (200 ml) and the yellow
precipitate collected {3.19 g, 92.6%). Recrystallization from
glacial acetic acid gave lemon-yeliow needles, m.p. 209
210°C, of N-(3"-methoxypropyi)benzolk, /] thioxanthene-
3,4-dicarboxylic acid imide-7,7-dioxide {IV.8).

Reaction with other amines proceeded ina similar manner.
Use of ethanol as reaction solvent necessitated longer reaction
times {up to 8 h}. In some cases, dyes deposited from either
the hot reaction liquor (e.g. 1V.13} or crystallized on cooling
(e.g. 1V.11); in these instances the product was isolated by
filtration of the cold reaction liquor, although addition to
hydrochioric acid as above was necessary to achieve the
maximum vieid,

Method B

N -(3'- hydroxypropy! }oenzolk, /] thioxanthene-3 4 -dicarbo-
ximide (1 g}, 30% hydrogen peroxide (5 mi) and gtacial
acetic acid {30 ml) were refluxed for 30 min. Thindayer
chromatography (tlc}) showed that, although oxidation was
complete, the reaction liguor contained a major yellow




component, together with a small amount of an additional
vellow component with a higher R, value. The reaction
liquor was cooled, added to water and the yellow solid (1.1
g, 91.7%), m.p. 253—-257° collected. Mass spectrometry
revealed, in addition to the desired product at m/e 393, an
additional low abundant ion at m/e 435, corresponding to
N - {3"-acetoxypropyl)benzolk, f] thioxanthene -34 -dicarbo-
ximide-7,7-dioxide. Recrystaltization from monochloro-
benzene removed this, giving yellow needles of N(3'-hydro-
xypropyl)benzo|k, /] thioxanthene - 34-dicarboximide-7,7-di-
oxide, IV.3, m.p. 269—-270°.

In cases where the above peroxide oxidation was un-
satisfactory, use of dichromate was effective. Thus, N-(3"-n-
butoxypropyl)benzol[k, /] thioxanthene-3,4-dicarboximide (1
g} and potassium dichromate (1 g) were stirred under reflux
in glacial acetic acid (15 ml} for 1 h. The cooled liquor
was added to water to give a yeflow solid (0.8 g, 74.1%),
which crystallized from glacial acetic acid in yellow needles,
m.p. 193-194°, of N-(3"-n-butoxypropyl}benzal(k, /] thio-
anthene-3,4-dicarboximide-7,7-dioxide.

Miscellaneous Syntheses

The imide V.3, prepared as in Method B above, was reacted
with acetic anhydride, benzoyl chloride and phenyl isocyanate
by procedures described previously [2] for the correspond-
ing benzo[k, /] thioxantheneimides, giving IV .4, [V 5and IV 6
in yields of 89.4%, 87.6% and 76.8% respectively. Reaction
of IV.3 with phenyl chloroformate, giving IV.7 in 86.4%
yield, was similarly effected by known [6] procedures.

The purity of all dyes was confirmed by tle, mass spectro-
metry and microanalyses. Efectronic spectra were obtained
with a Unicam SP800, using monochiorobenzene as dye
solvent. Mass spectra [3], and dyeing and fastness tests [7]
were carried out as described previously.

RESULTS AND DISCUSSION

Benzo[k, /] thioxanthene-3,4-dicarboxylic anhydride was
conveniently obtained in a rapid one-stage synthesis from 4-
nitro-1,8-naphthalic anhydride, using a variation of the
condensation/intramolecular cyclization reaction we have
described elsewhere [8].

TABLE 1

Characterization and Fastness Data for Imides |V

Oxidation of Il to 11l with hydrogen peroxide in acetic
acid did not proceed satisfactorily, although the method
tended to be more satisfactory with the correspanding imides,
viz. | to IV (see scheme}. A more useful procedure was that
using dichromate, which, in addition, obviates the potentiaily
explosive reaction that can occur with prolonged oxidation
using hydrogen peroxide [9]. The incomplete oxidation of 1!
in peroxide—acetic acid mixtures appears to be related to the
incomplete solubility of 11 in the reaction medium: the
imides | tend to be more soluble in acetic acid.

On  electron-impact-induced fragmentation, the new
heterccycle !l shows behaviour typical of aromatic o-di-
carboxylic anhydrides. Initial loss of CO,, followed by CO
[10-12], oceurs, in conjunction with fragmentations involy-
ing the sulphone group. Major fragmentation pathways are
loss of SO {m/e 288, 27.7%, m™ 246.9), followed by prog-
ressive loss of CO, (m/e 244,23.8%,m*206.7), CO (m/e 2186,
21.7%, m™ 191.2) and O (m/e 200, 19/1%, m™* 185.2}. The
molecular ion (m/e 366, 100%) additionally fragments by
loss of CO, (m/fe 292, 38.3%) and CO (m/e 264, 4.7%).
Other major fragments are at m/e 320 (29.8%) and m/e 304
(48.9%), presumably arising by loss of oxygen atoms from
the parent; an abundant ion at m/e 232 (23.8%) possibly
arises by loss of oxygen from the ion at /e 264.

Whilst oxidation of the benzolk,/]thioxanthene-3 4-di-
carboximides (1) to |V proceeds satisfactorily, this method
depends on the availability of a range of such imides. A more
convenient synthesis entails interaction of !l with the
appropriate amine, which gives excelient yields of IV, requir-
ing minimal purification. The colour of the imides IV is to a
large extent independent of the nature of the N-substituent,
as was observed [2] with the imides 1. In view of the strong
electron-acceptor nature of the sulphone group, principal
electron interactions in 1V will be localized within the
molecule and of a similar order to those of other 1 B-naphthal-
imides substituted by electron-acceptor substituents, e.g.
nitro [13]. The extended conjugation between donor and
acceptor substituents, observed in the imides | [2],
benzimidazothioxanthenoisoquinclinones [14] and derivat-
ives of 4-(4’»methoxyani|ino)-3-nitronaphthalene-1,8-dicar—
boxylic anhydride [15], is absent in the new dyes 1V, so

Light fastness*

Subtimation
m.p. Xmax (09 €} in Secondary acetate Triacetate Polyester fastnesst
Dye R c) monochlorobenzene 0.1% 05% 25% 0.1% 05% 25% 01% 05% 2.1% (°c)
V.1 H 340-350d 381(4.20) 400(4.21) 6-7 6-7 6-7 6 6 <] 7 7 7 210
V.2 Me 315-316  382(4.22} 400(4.23) 7 ? 7 6 8 6 7 7 7 200
V.3 CH,CH,;CH,0H 267-270  383(4.22) 402(4.22) 7 7 7 5} 6 6 7 7 7 190
1IV.4 CH,CH,CH,0Ac 176177  380{4.21) 399{4.21) 7 7 7 6-7 6-7 6-7 7 7 7 200
IV.5 CH,CH,CH,0Bz 212-213  381{4.20) 399(4.20) 7 7 7 6-7 6-7 6 -7 7 7 7 200
V.6 CHiCH,CH,OCONHPH 199-201 381(4.20) 400(4.21) 7 7 7 6-7 67 6-7 7 7 7 200
V.7 CH;CH,CH,0CC0OPh 186187  382(4.21) 401(4.23) 6--7 7 7 6 6 6 -7 7 7 7 190
1V.8 CH,CH,;CH,0Me 209-210 381(4.22)  400{4.23) 7 7 7 6 6 3] 7 7 7 190
IV.8 CH,CH,CH,08u 193-194  381(4.21) 399(4.22) 7 7 7 6 6 6 7 7 7 200
1V.10 CH,CH{OH)CH,0H 219-220  382(4.20) 401(4.21) 7 7 7 6 8 6 7 7 7 260
V.11 CeHy,y 266- 267 380{4.21)  400(4.22) 7 7 7 6 6 6 7 7 7 190
IV.12 CH,Ph 262--263  381{(4.20) 400(4.21) 7 7 7 5-6 586 5.6 7 7 7 200
1V.13 Ph 312 313 382(4.19)  400(4.20) 7 7 7 5—6 56 5 6 7 7 7 210
V.14 C¢Hy (OMe)-4° 279-281 382(4.22)  401(4.22) 7 7 7 56 5-6 56 7 7 7 210
IV.16 C4H;{0OMe),-2 4° 319-320  383(4.21) 4024.22) 7 7 7 5-68 5-6 5-6 7 7 7 210
IV.18 CgH3(OMe),-2' 5 310-312  382{4.20) 401(4.21) 7 7 7 586 5-6 56 7 7 ? 210
IV 17 CgH4{CaH4OH) 4 306--307  380{4.21) 401(4.22) 7 7 7 6 6 6 7 7 7 210
1V.18 C,H4[CHIOH)IMe] -3 258-260  382(4.19) 402(4.21) 7 7 7 6 6 6 7 7 7 210

*Percentages are on wt of fibre
tTemp. of first mark-off
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absorption maxima are at lower wavelength (380—400 nm}
than those of the unoxidized imides | (460—480 nm) [2].

Dyeings of IV on synthetic-polymer fibres are, cons-
equently, less intense in colour than thaose derived from the
thioethers 1, and clear yellow to lemon-yellow dyeings
result, lacking also the intense fluorescence of I. Imides IV
containing an A-alkyl substituent dyed secondary cellulose
acetate and celtulgse triacetate a clear yellow, with good
build-up. Colaration of these fibres by the N-arylimides was
generaily not as satisfactory, although the presence of a
hydroxyalkyl group in the phenyl ring (e.g. dyes V.17 and
IV.18) was beneficial, but not sufficient to render such dyes
satisfactory, build-up being limited above 1% depth.

All the dyes of general structure |V were particulariy
suitable for colouring polyester fibres, giving attractive clear
yellows and building up well. The NV-alkylimides, especially
N-3"-hydroxypropyl and its derivatives (IV.3—1V .8}, N-3"-n-
butoxypropyl (IV.9) and N-2'3"-dihydroxypropyl (1v.10),
gave particularly strong dyeings, all A-alkyl derivatives
generally exhibiting better dyeing properties than the N-aryl
derivatives. Build-up of the N-phenylimide (1V.13} was not
significantly improved by introduction of alkoxy groups
into the phenyl ring (IV.14—1V.16), but use of hydroxyalky!
groups (IV.17; 1V.18} was advantageous, although not
sufficiently so to render such derivatives as attractive as the
N-alkyl analogues. Dyeing properties were .enhanced by
utilizing mixtures of dyes. Especially useful were binary
mixtures of the N-3-hydroxypropyl- (IV.3), N-3"-methoxy-
propyl- {1V.8} or N-3"-butoxypropyi- {IV.9) imides in ratios
varying from 1:3 to 3:1, such combinations yielding deeper
dyeings than those from individual components. Use of
N-alkyi- and N-aryl-imides in admixture was similarly bene-
ficial, e.g. 1:3 to 3:1 combinations of N-3'-methoxypropyl-
(1IV.8) and N-4-(2"-hydroxyethyl}phenyl- (IV.17) imides
giving very deep dyeings, similar to those derived from 1V.8
alone. We have previously noted [16] similar advantages in
the use of brominated aminohydraxyanthraquinone derivat-
ives in admixture.

Fastness to light, especially on secondary cellulose acetate
and on polyester, and fastness to sublimation on the latter

fibre, are seen {Table 1) to be of a very high order, and com-
mensurate with the generally high fastness properties shown
by dyes based on 1,8-naphthalimides and related intermediates
containing fused heterocyclic ring systems, e.g. benzolk,/]-
thioxanthenes [2,17] and pyrido[2,3¢]naphthalene-1 8-
dicarboxylic acid [13].

CONCLUSIONS

Imides of benzolk,/]thioxanthene-3,4-dicarboxylic anhyd-
ride-7,7-dioxide are useful new dyes for synthetic-polymer
fibres, especially polyester, on which they give deep clear
yellows of outstanding fastness to light and sublimation.
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