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DYES FOR SYNTHETIC-POLYMER FIBRES:
14H-NAPHTHO[2,3-a]PHENOTHIAZINE-8,13-DIONES
AND 1H-2,3-DIHYDROANTHRAI[2,1-b]J{1,4}-
THIAZINE-7,12-DIONES

A. T. Peters and B A TeENNY

School of Colour Chemistry and Colour Technology, The University, Bradford BD7 1DP,
Great Bntain

SUMMARY

Condensation of 1-amino- or 1-hydroxy-2-bromoanthraquinones with 2-amino-
benzenethiol, or of l-amino-2-bromoanthraquinones with 2-nitrobenzenethiol
gives 14H-naphtho[2,3-al-phenothiazine-8,13-diones. The related 1H-2,3-
dihydroanthra[2,1-b][1,4]thiazine-7,12-diones result from interaction of 1-
amino-2-mercaptoanthraquinones with 1,2-dibromoethane or of 1-hydroxy-2-
bromoanthraquinones with 2-aminoethanethiol. The colour, dyeing and fastness
properties of these compounds on synthetic-polymer fibres are described.

1. INTRODUCTION

In an investigation of the synthesis of derivatives of 2-mercapto-1,4-dihydroxy-
anthraquinone and their use as disperse dyes,' the formation of 7-hydroxy-
14H-naphtho[2,3-a]Jphenothiazine-8, 13-dione from reaction of 2-bromo-1,4-
dihydroxyanthraquinone and 2-aminobenzenethiol was noted. We report here
the synthesis of other derivatives of this type (I), their 5,5-dioxides (II) and of a
series of 1H-2,3-dihydroanthra[2,1-b][1,4]thiazine-7,12-diones (III), together
with data on their behaviour as dyes for synthetic-polymer fibres.

2. DISCUSSION

14H-Naphtho[2,3-alphenothiazine-8,13-diones (I) were obtained by several
routes, typified by those for the 7-hydroxy derivative shown in Scheme 1. As in
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Scheme 1 Synthests of 7-hydroxy-14H-naphtho[2,3-a] phenothiazine-8.13-dione
(Reactuons with 2-aminobenzenethiol (ABT) or 2-nitrobenzenethiol (NBT)
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the synthesis of uncyclised 1.4-dihydroxyanthraquinone-2-thiols,’ thiolation
with 2-aminobenzenethiol tended to be the least effective method (Iviethod A),
replacement of the 2-bromo substituent (Method C) being more facile, espe-
cially in higher boiling solvents. Attempted preparation of the 7-amino-
derivative (I, X=NH,) from l-amino-4-hydroxyanthraquinone and 2-amino-
benzenethiol was not successful, the product being the 7-hydroxy compound
(Method D) indicating the preferential reactivity of the thiol at positions
influenced by the amino group Since the formation of I proceeds through
cyclisation of the 2-mercapto compounds,® it is unusual that the initial thiola-
tion of 1-amino-4-hydroxyanthraquinone proceeds adjacent to the more
strongly electron donating amino group. Even in thiolations of various 1-
arylamino-4-hydroxyanthraquinones, no 7-arylamino derivatives [I] resulted,
the reaction affording only the 7-hydroxy derivative, 1.e., thiolation adjacent to
the amino group, with elimination of arylamine during the cyclisation stage
(Method E). Reaction of 1l-arylamino-4-hydroxyanthraquinone with sulphur
monochloride in nitrobenzene also results® in the formation of the 7-hydroxy
derivatives of 1.

The 7-arylamino derivatives of I were obtained® from interaction of 1-
amno-2-bromo-4-arylaminoanthraquinones with 2-nitrobenzenethiol.

Oxidation of I with hydrogen peroxide in glacial acetic acid gave the
corresponding 5,5-dioxides (II).

The 1H-2,3-dihydroanthral2,1-b][1,4]thiazine-7,12-diones (III) could be
synthesised by several routes. Direct thiolation of 1,4-dihydroxyanthra-
quinone with 2-amino-ethanethiol gave both cyclised and uncyclised products
{Scheme 2) together with large amounts of starting product; higher conversion
to cyclised material resulted from replacement of the 2-bromo substituent.
Alternatively, 2-mercapto-1,4-dihydroxyanthraquinone condensed with 1,2-
dibromoethane to give III 1n admixture with double-linked compounds
(Scheme 2).

Dyes were applied to synthetic-polymer fibres as previously described.?
Compounds of type I, which have been described®? as dyes for hydrophobic
fibres, gave only poor colouration of both secondary acetate and triacetate. On
polyester, dyeing properties were somewhat better. The unsubstituted dye
(I, X = H) gave reddish-blue shades of moderate bulld-up; the 7-amino deriva-
tive (greenish-blue) behaved similarly, while the blue 7-hydroxy derivative dyed
polyester in deep shades. None of the 7-arylarnino derivatives, all bluish-green,
built-up well, although dyeings of these in admixture were more effective, e.g.
a mixture of the 7-anilino- and 7-p-anisidino derivatives in 1:1 ratio gave
dyeings very much deeper than those of either individual dye. In comparison
with 1,4-bis-anilinoanthraquinone (A .. 598 nm and 636nm in mono-
chlorobenzene), the 7-arylamino derivatives of I were greener in hue, but the
build-up of the bis-anilino dye was much better on polyester, indicating the
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Scheme 2 Synthesis of 1H-2 3-dihydro-6-hydroxyanthra{2.1-b][1,4]}-thiazine-7.12-dione

poorer substantivity under conventional dyeing procedures resulting from the
presence of the cyclised ring system in I. Light fastness of I (Table 1) was of a
similar order on polyester to 1.4-bis-anilinoanthraquinone {4-5, 4-5, 5), al-
though the 7-hydroxy derivative was superior. Sublimation fastness of I was,
for the stronger dyeing 7-amino- and 7-hvdroxy denvatives, good, and of a
similar order to 1,4-bis-anilinoanthraquinone (170°C). The high ratings of the
7-arylamino derivatives in Table 1 must be related to the relatively weaker
dyemngs given by these dyes.

Oxidation of I to the corresponding sulphones II proceeded readily with
hydrogen peroxide in glacial acetic acid.” Compound II showed the anticipated
blue shifts in absorption maxima compared io I, and an improvement in
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colouration properties on polyester, but not of an order to render the 7-
arylamino derivatives other than moderately good dyes. The 7-hvdroxy deriva-
tive again showed the best dyeing properties, building up to deep violet shades.
In general, II were considerably faster to light than 1.

While some sulphonated derivatives of 1II have been descmibed for the
colouration of wool,® their use as dyes for synthetic-polymer fibres has not
been previously recorded. Dyeing properties of I1I were generally extremely
good on all fibres investigated. On acetate fibres, the hydroxy, ammo and
methylamino derivatives built-up to deep shades; the arylamino derivatives
were only moderately good. On polyester, dyeing properties were excellent, all
III building-up to very deep shades. The arylamino derivatives dyed a similar
colour to 1,4-bis-anilinoanthraquinone, but a 2-5% dyeing of the latter had a
similar depth to a 0-5% dyeing of the 7-arylamino derivatives ITI. Sublimation
fastness was of a generally high order (Table 2) but the dyeings. especially
those from dyes containing amino groups, had a tendency to fade very badly
off-tone on light fading.

3. CONCLUSIONS

Both 14H-naphtho[2,3-a]phenothiazine-8,13-diones (I) and their corre-
sponding dioxides (II) are readily synthesised from available anthraquinone inter-
mediates. While the former have generally good fastness properties and give.
especially the 7-arylamino derivatives, green disperse dyes not readily available
by other routes, colouration properties are not of a high order. In contrast. the
1H-2,3-dihydroanthraf2,1-b][thiazine-7,12-diazones (III) have excellent
colouration properties on both acetate and polyester fibres. A marked off-tone
fading of some of the dyes is, however, a disadvantage.

4. EXPERIMENTAL

4.1. 14H-Naphtho[2,3-alphenothiazine-8,13-diones (1)
1-Amino-2-bromoanthraquinone (3-02 g) and 2-nitrobenzenethiol (2 g) were
stirred under reflux for 2h in N,N-dimethylformamide (50 ml) in the presence
of anhydrous potassium carbonate (1-5 g). The liquor was cooled, added to
water (200 ml) and the product (2-5 g, 80%) filtered; recrystallisation from
toluene gave violet needles, m.p. 274-275°C of 14H-naphthof2,3-
aJphenothiazine-8,13-dione (I, X = H). (C,oH,;,NO,S requires: C, 72-9; H, 3-3;
N, 4-2; S, 9-7. Found: C, 73-1; H, 3-4; N, 4-2; S, 9-8%.)
2-Bromo-1,4-dihydroxyanthraquinone (2-5g) and 2-aminobenzenethiol
(10 ml) were stirred for 2h at 150°C. After cooling and filtering, the residue
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was washed with methanol giving 2-3 ¢ (85-1%) of the dark blue 7-hydroxy-
14H-naphtho[2.3-a]phenothiazine-8.13-dione (I. X=OH) m.p. 285°C (tol-
uene) (ref. 2. m p. 256°C). (C,qH,;NOsS requires: C, 69:6, H. 3-2: N, 4-1: S.
9-3. Found- C, 69-7. H. 3-2: N. 4-1: S. 9-4%.) A similar product was obtained?
usmg N,N-dimethylformamide as reaction solvent. 1.4-Dihydroxyanthraquinone
(2-4g) and 2-aminobenzenethiol (2 g) were refluxed for 20h in propan-2-ol
(20 ml). After cooling and filtening. the residue was washed with methanol
(2% 100 ml) slurried 1n 5% aqueous sodium hydroxide (200 ml) and filtered. to
give 43-5% of I (X=OH). 1-Ammno-4-hydroxyanthraquinone (1g) and 2-
ammnobenzenethiol (4 g) were stirted for 2h at 150°C, the hiquor cooled.
diluted with methanol (10 ml) and filtered to give 0-9 g (87-8%) of I (X = OH).
Similar reaction of 1-ammo-4-hydroxvanthraquinone, 1-p-anisidino-4-
hydroxyanthraquinone. 1-p-toluidino-4-hydroxyanthraquinone and 1-p-
acetamidoanilino-4-hydroxyanthraquinone with 2-aminobenzenethiol gave. in
all cases. I (X=0OH) 1in 86-92% yield I1-Amino-2-bromo-4-hydroxyanthra-
qumnone (3-18 g). reacted with 2-nitrobenzenethiol as in the preparation of I
(X = H) above. gave 92 8% of I (X=0OH). A stirred mixture of 1.4-dramino-
anthraquinone (6 ¢) and 2-methoxyethanol (90 ml) was treated with concen-
trated hydrochloric acid (4 ml) and zinc dust {1-6 g). the suspension refluxed. 2-
aminobenzenethiol (10 g) added and refluxing continued for 4+h On coohng.
there deposited 7-amino-14H-naphtho[2.3-alphenothiazine-8,13-dione. bluish-
green plates. m p. 283-284°C (toluene) (ref 3 m.p 310-312°C) (3 g, 34-6%)
(CoH,;aN-0,5S requires. C. 69-8: H. 3-5: N, 8-1: S. 9-3. Found: C. 69-5,
H. 3-4. N, 8-2. S. 9:4%)

Using the same procedure as that described above for the preparation of I
(X =H). the appropriate l-amino-2-bromo-4-arylaminoanthraquinones were
condensed with 2-nitrobenzenethiol to give the following derivatives of 14H-
naphtho[2.3-a]phenothiaz'ne-8.13-dione. (1) 7-anihno-. 92-1%. mp 256-
257°C (CagH 1N2OaS requires: C, 74-3. H. 3-8. N. 6-7. S. 7-6. Found: C.
74-3. H. 3-7 N. 6-8: S. 7-53%.) () 7-p-toluidino-. 78-3%, m.p 267-268°C.
(C57H,N-O,5S requires C, 74-65: H. 4-15: N. 6-45.S. 7-1 Found. C, 74-8: H,
4-2. N. 6-:3. S. 75%.) (i1) 7-p-amsidino-. 93 1%. mp. 251-252°C.
{C57H 2 N-O5S requires: C, 72-0. H. +-0: N. 6 2. S. 71 Found: C. 72-1: H.
4-1. N. 6-2- S. 7-2%.) (1v) 7-m-toluidino-, 82-9% ., m p. 262-263°C. (Found. C,
74-7: H, 4-3, N, 6-5: S, 7-3%.) and (v) 7-p-(hydroxyethyl)-amilino-. 88-4%.
m.p 295-296°C. (C,qH-oN-O-S requires: C. 72-4. H. 4-3: N, 6-0: S, 6-9.
Found: C. 72-3: H, 4-4, N, 6-1. S. 6:8% )

4.2. 14H-Naphtho[2.3-a]phenothiazine-8.13-dione-3,5-dioxtdes (11)
14H-Naphtho[2.3-a]phenothiazine-8.13-dione (1 g) was refluned for 1h in

glacial acetic acid (50 ml) with 30% hydrogen peroxide (6 ml), to give. on

cooling and filtering. 63-8% of 14H-naphtho[2.3-a]Jphenothiazine-8,13-dione-
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5,5-dioxide (II, X=H) red needles, m.p. 293°C (C, H,,NO,S requires: C,
66-5; H, 3-05; N, 3-9; S, 8-9. Found: C, 66:6; H. 3-1; N, 3-7; S, 8-7%.)
Similarly. from the appropriate I were obtained the following II: (1) 7-hydroxy-.
73-2%, violet needles, m.p. 294-295°C. (C,oH,,NOsS requires: C. 63-7; H.
2:9; N, 3-7:; S. 8-5. Found: C, 63-8; H, 2-8; N, 3-6: S, 8-5%.) (1) 7-anilino-,
55-7%, dark blue—green needles, m.p. 283-284°C. (C,cH,,N,O,S requires: C.
69-0; H, 3-5: N, 6-2;: S, 7-1. Found: C. 69-1; H, 3-6; N, 6-2; S, 7-2%.) and (iii)
7-p-toluidino-. 55-9%, dark blue—-green needles, m.p 287-288°C.
(C,;H, gNLO,S requires: C, 69-5. H, 3-9, N, 6-0: S. 6-9. Found: C, 69-7: H,
3-7; N, 6-1; S, 6:9%.)

4.3. 1H-2,3-Dihydroanthra[2,1-b][1,4]thiazine-7,12-diones (1II)

A solution of l-amino-2-mercaptoanthraquinone (2-55 g) and sodium hyd-
roxide (0-4 g) in 2-medhoxyethanol (50 ml) was added to a solution of 1,2-
dibromoethane (10 ml) in 2-methoxyethanol (50 ml). The mixture was refluxed
for 8 h. added to water (250 ml) and steam distilled to give a brownish-red
residue (2-5¢g). Warming in methanol resulted in the isolation, as methanol
insoluble fraction, 46%, of 1,2-bis-(1-amino-9,10-dioxo-2-anthrylthio) ethane,
m.p. 250-254°C d (P* at m/e 536). (C;,H,oN,S,0, requires: C, 67-2; H, 3-7;
N, 5-2; §, 11-9. Found: C. 67-0; H. 3-5. N, 5-1, S, 11-7%.) The methanol
soluble fraction (54%) yielded 1H-2,3-dihydroanthra[2,1-b][1,4]thiazine-7,12-
dione (II, X =H), red needles, m.p. 167-168°C. (C,cH,,NO,S requires: C,
68-3. H. 3-8, N, 5-0; S, 11-4%. Found: C, 68-4; H, 3-8, N, 5-1, S, 11-3%.)

1-Amino-4-hydroxy-2-mercaptoanthraquinone (2-71 g) similarly gave 17-5%
methanocl insoluble 1,2-bis-(l-amino-4-hydroxy-9,10-dioxo-2-anthrylthio)-
ethane, m.p 295-296°C d (P* at m/e 3568) (C3qH,oN,S,0¢ requires C, 63-4. H,
3-5. N, 4-9: S, 11-3. Found: C, 63-1, H, 3-2; N, 4-7; S, 11-1%) and 82-5%
of methanol soluble 1H-2,3-dihydro-6-hydroxy-anthra[2,1-b][1,4]thiazine-
7,12-dione, violet needles, m.p. 182°C (II. X = OH). C;;H,,;NO;S requires: C,
64-65; H, 3-7; N, 4-7; S, 10-8. Found: C, 64-3; H, 3-8; N. 4-9_ S, 10-6%.)

Stmilarly, from 1,4-diamino-2-mercaptoanthragquinone (2-7 g) was obtained.
as methanol soluble fraction, 70% of 1H-2 3-dihydro-6-ammoanthral[2,1-b]-
[1,4Jthiazine-7.12-dione, dark blue needles, m.p 103°C (II. X =NH,)
C,6H,-N-CsS requires: C, 64-9, H, 4-05, N, 9-5, S, 10-8. Found: C, 64-8; H.
4-1; N, 9:6; S. 10-7%).

From the appropriate 1-amino-2-mercapto-4-arlyaminoanthraquinones were
obtained the following 6-substituted-1-,H-2,3-dihydroanthra[2,1-b]-
[1,4]thiazine-7,12-diones: (all II separated by preparative layer chromato-
graphy* using toluene as eluent), (i) 6-anilino-, 40%. m.p 196-197°C.
(CoH, ¢N,O,S requires. C, 71-0, H, 4-3; N, 7-5, S, 8:6. Found: C, 71-1; H,
4-4; N, 7-3; S, 85%.) (u) 6-p-toluidino-. 51%, m.p. 185-186°C.
(C,5H,5N, 058 requires: C, 71-5, H, 4-7; N, 7-25; S. 8-3. Found: C, 71-6; H.
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7-2: S, 81%.) (i) ©6-p-amssidino-, 72%. m.p. 183-184°C.
-0O3S requires- C, 68-7; H, 4-5; N, 7-0; S, 8-0. Found: C, 68-7; H,
. 7-:8%.) (iv) 6-p-(hydroxyethyl)amlino-, 83%, m.p. 237-238°C.
»0O5S requires: C, 69-2; H, 4-8: N, 6-7; S, 7-7. Found: C, 69-3; H,
: 8. 7-6%.) (v) 6-cyclohexylamino-. 48%, m.p. 196-197°C.
H,,N-O,S requires: C, 69-8: H. 5-8: N, 7-4: S, 8-5. Found: C, 69-9; H,

N. 7-3; S, 8:6%) and (iv) 6-methylamino-, 60%, m.p. 100-101°C.
-H,14N-O5S requires: C. 65-8; H. 4-5, N, 9-0; S, 10-3. Found: C, 65-7; H,
:N.9-1; S, 10-4%.)

1.4-Dihydroxyanthraquinone (4-8 g). 2-aminoethanethiol hydrochloride
(3-6 g) and anhydrous potassium carbonate (2-1 g) were refluxed for 20 h in
propan-1-ol (40 ml). The mixture was cooled, filtered and the residue washed
with propan-1-ol (2x 50 ml) and water, giving 3:-1 g of a dark orange solid,
which contamned (by t.l.c.) three components Separation by preparative layer
chromatography using toluene as eluent yielded, in increasing order of R;
value. 20% of 1.4-dihydroxy-2-(2-aminoethyl thio)anthragquinone, m.p. 201°C.
(C,gH53NO,S requires: C, 60-95; H. 4-1: N, 4-4; S, 10-2. found: C, 60-9, H,
4-2: N, 4-3. S. 10:3%). 20% of 1H-2,3-dihydro-6-hydroxyanthra[2,1-
bl[1.4]thiazine-7.12-dione (ILI, X = OH) identical to the product prepared as
above, and 60% of unreacted starting material.

2-Bromo-1.4-dihydroxyanthraquinone (3-19¢g). 2-aminoethanethiol hyd-
rochloride (2-26 g) and anhydrous potassium carbonate (2-8 ¢g) were refluxed
for 1-5h in propan-1-ol (100 ml) and water (10 ml) and water (10 ml). The
resultant product, separated by chromatography as above, gave 70% of the
cyclised III (X = OH) and 30% of uncyclised matenal. identical to the products
obtained 1n the reaction above from 1.,4-dihydroxyanthraquinone.

Electronic spectra, chromatographic separations, dyeing and fastness testing
were all carried out as previously® described.
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