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Abstract: The synthesis of a branched benzoxazinophenothiazine 
heterocycle is describtid. The parent compound benzordfi,&?- 
benzoxazinoLj,2-&henothiazine (g), was obtained fran 2,3- 
dichloro-1,4-naphthoquinone (s), 2-aminophenol and 2-anino- 
thiophenol. Monoaaa-, diaza- and triaza- analogues of this 
novel heterocycle were also synthesized. The parent 
compounds, 16-oxa-15-thia-4,5,lO-triazabenzo[~ entaphene 
118) and 16-oxa-15-thia-4,5,10,14-tetraazabenzo P gpentaphene 
(z, R-q) were also synthesized as well as 4amino-16-oxa- 
1%thia-4,5,10,12,14-pentaazabenzor$pentaphene (24). They 
are intensely coloured high-melting solids suitable for 
application as pigments. Their ease of reduction with 
Na S 0 and the ready oxidation of the reduced canpounds to 
thz &fnoid f orms by atmospheric oxygen suggest their 
applicability also as vat dyes. 

The chemistry of phenothiazine 1?2 and phenoxazine 3*4 has been of 
interest fcr over a century due to their wide range of applications and the 

natural cccurrence of the latter. Angular 
596 

systems exemplified by benzorsl- 

phenothiazine (A) and the blue dye, Meldola's 31ue (2)7T8, have been known 

for nearly a century. Although the "three-branched" fused phenothiazine ring, 

3, is well-known, 9,11 there is practically no report of a mixed angular 

phenothiazine-phenoxazfne system of type 3. tire wish to report here the first 

synthesis of a three-branched benzoxazinophenothiasine ring system together with 

its monoaza-, diaza- and triaza-analogues, 
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2,3-Dichlorc-1,4-naphthoquinone (5) undergoes double condensation with 

2-aminothiophenol (2) in the absence of a base to give excellent yields of the 

branched system 2. 
11 However, in the presence of a base, monccondensation takes 

place resulting in the formation of the angular system, 6-chlorobenzo~=~phenc- 

thiazin-S-one (11, in satisfactory yield. 

NH2 a + 
SH 

2 

A similar reaction of 

analogue (21, also in 

reactions carried out 

compound 5 with 
1, 

2-aminophenol (8) gave the phenoxazine 

good yield." No "three-branched" systems were isolated in 

NaZC03 
N a8 s 0 

under alkaline conditions. 

Further cc,ldensation of prcduct 1 or 2 with sodium 2-aminophenoxide did not 

give the expected branched system,A. Instead, the starting materials were 

recovered. It was snown in an earlier paper 13 that although the nucleophilic 

displacement of one of the haloTens in ccmpound & proceeds with ease, the dis- 

placement of the seccnd halogen is difficult due to the existence of the covalent 

and ionic fcrms in which the ionic form predominates. In the particular cases, 

the zwitterionic enol forms g and 11 predominate. 

t1 Cl 

1 s 
The predaninance of forms z and 11 will therefore reduce the ease of 

nucleophilic displacement of the halogen by the nucleophile. Sodium 2-arnino- 

phenoxide, being a weaker nucleophile than sodium 2-aminothiophenoxide, will not 

successfully displace the halogen. In the circumstances, the starting mitcrials 

were recovered. 

If, however, compound 2 is first cbtained and later treated with the more 

powerful sodium 2-aminothiophencxide, the displacement of the halogen should 

occur. This, in fact, is the case. The treatment of compound 2 with o-amino- 

thiophenol in the presence of anhydrous scdium carbonate gave an intensely COlOUr- 

cd Solid A. Microanalysis and spectroscopy are in agreement with the branched 

hexacyclic structure 2. This compound, benzo~~~fi,~benzoxazino- 

b,2-GIphenothiazine (121, is a new heterccyclic compound and the parent 

canpound of this new ring system. 
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It is a stable purple-blue compound and is easily reduced by sodium hydro- 

sulphite to give a discoloured unstable compound 13 which reverted to the quinoid 

and more stable structure (2) by air oxidation during work-up. 

Na,S20, 

iir (02) 

H 

a 

% 

0 H 

Reaction of compound 2 with scdium 2-aminothiophenoxide gave benzor=l- 

~,~ben~othia=ino~,2-~phenothia=ine (2) identical in all respects with an 

authentic sample prepared by the previously reported methods. Q-11 

Product 12 was probably formed by an initial nucleophilic displacement of 

the halogen by the thiophenoxide ion fcllwed by condensation and cyclization of 

the resulting diary1 sulphfde &4_ (Scheme 1). 

SCHEME 1 
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As an extension of this chemistry, the synthesis of sane monoaza-, diaza- 

and triaza-analogues of the benzoxazinophenothiazine system 12 was undertaken. 

2,3-Dichlorc-1,Pnaphthoquinone (6) was condensed with 2-amino-3-pyridinol (16) 

in an alkaline medium to yield 6-chlorc-7-oxa-11,12-diazabenz[dantharen- 

S-one (17). Further treatment with an equimolar amount of alkaline 2-aminothic+ 

phenol gave a purple-red product of molecular formula C21H.llN30S. Mass 

spectrcscopy, infrared, ultraviolet and visible spectra of the sclid are in 

agreement with structure 18. Thus this product is 16-oxa-15-thia-4,5,10- 

triazabenzorflpentaphene (18). It is a new hetercryclic ring system as well as 

the parent compound of this new heterccycle. Its preparation from compounds 

and 16 is shown in Scheme 2. 2 

0 3 

ot N OH ti Cl 1 10 9 4 

+ 

NH 
2 

0 

a 

a 17 

7 
NH2 

a SH 

Na2C03 

C6H6-mF, A 

13 

SCHEME 2 

For the synthesis of the diaza-analogues, 2-aminopyridine thiols replaced 

c+aminothiophenol. These compounds were obtained by treating 3-aminc-b-substi- 

tuted pyridines (2) with potassium thiccyanate in the presence of bromine. 14 

The resulting 2-amino-5-substituted-thiazolo~,4-&~pyridines (0) were 

hydrolysed to yield 3-amino-6-substituted pyridine-2(Q)-thiones (1) in good 

yields. This reaction works well if the aminopyridine is substituted with an 

electron-releasing group para-to the amine group. 3-Aminopyridine-2 (U-J) -thicne 

(2, R=H) was therefore net obtained in this way. A successful prccedure fcr 

the synthesis of compound 2l, R=H, involves the cc,nvcrsion cf nicc,tinamidc to 

3-amino-2-chlorrpyridine followed by heating this orcduct strongly in 

admixture with scdium hydrosulphide 15 in ethylene glyccl fcr 24 hours. 

XT n2 R N 

l9, R = Cl, CMe 2&R=Cl,(Mc 

1) NaC+i,p 

XX 

NH2 

2) H30@ R ; S 

2l, R = Cl, OMe 

N”z NaOH NH2 l)NaSH,HmH NH2 

Cl2' A 
> heat, 24 hrs 

1 2) H3D0 XX N S 
H 

2l,R=H 
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Reaction of these 3-aminopyridine-2(1$-thiones (21, R = H, Cl, We) with 

product 17 in the presence of anhydrous scdium carbonate gave 16-oxa-15-thia-4,5,- 

10, 14-tetraazabenzo[@pentaphene (z, R = H, Cl, CMe) whose structures were 

ccnfirmed by analysis and spectroscopy. These are derivatives of a new branched 

hexacyclic heterocycle while product 22, R=H is the parent heterocycle 

(Scheme 3). 

N d NH2 CL 
3 

+ Na?=O3 2 

0 
10hrs' 

R N 

Cl 
H 

2l, R = H,Cl, OMe 
17 

R 
= ~,ci, OI:e 

An alkaline solution of 4,5-diaminopyrimidine-6(lH)-thione (12) alsc reacts 

with ccmpound 17 to give the first triaza-analogue (2) of this *three-branched' 

phenoxazinophenothiazine ring system, Product 24 is a purple red sclid melting 

above 300'. It is the only product isolated from this reaction. ~~~icroanalysis 

and mass spectrcscopy agree the molecular fcr:iula C1gQ,N60S. Infrared, 

ultraviolet and visible spcctrcscopy are also in agreement with the assigned 

structure in Scheme 4. 
? 

SCHEME 4 

Thus compound 4 is l?-amino-16-oxa-15-thia-4,5,10,12,1Ppentaazabenzo~~penta- 

phene. 

The formation of compounds 18, g (R=H, Cl, ate) and 4 proceeds by a 

mechanism similar to that formulated fcr benso[a~~,~enzoxazino~,2~~phenc- 

thiazine (2). The isolation of only compound 24 in the reaction of compound x 

with 4,5-diaminopyrimidine-6(lH)-thione (23) which has an additional nucleophilic 

(amino) group is another evidence for the proposed mechanism (Scheme 3,. 

The mercaptide ion (2) being more nucleophilic than any of the two amino 

groups preferentially mounts a nucleophilic attack on the chlorophenoxazone x 

leading tc the formation of the diary1 sulphide 26. Cyclization was achieved by 

the internal condensation of the carbonyl and amino groups leading to the 

isolated branched triazabenzoxazinophenothiazine heterocycle. 
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NH 
2 

27 
SCHEME 5 

The parent compounds and the derivatives of these novel hexacyclic ring 

systems are intensely ccloured compounds applicable as dyes and pigments. Their 

ease of preparation and reduction with sodium hydrcsulphite coupled with the 

ease of autoxidation of the reduced forms in atncspheric oxygen to the quincid 

systems make them applicable as vat dyes. 

Na2C03 

Sxoerimental 

Melting points were determined with a Fisher-Johns apparatus and are 
uncorrected. UV and visible spectra were reccrded on a Pye-Unicam SP 8000 
spectrophotometer using matched 1 cm quartz cells. The solvent was MeCH and the 
absorption maxima are given in nanometers (nm): the figures in parentheses are 
s values. IR spectra were obtained on a Perkin-Elmer 137 spectrophctcmeter using 
K9r discs unless otherwise stated. *H-NMR soectra were determined on a Varian 
Asscciates T-60 instrument. Chemical shifts‘are reoorted on the 6 scale 
relative to tetramethylsilane (TM.51 used as an internal standard. 'The letters 

br, s) d, t, q, sh and m are used to indicate bread, singlet, dcublct, triplet, 
quartet, snoulder and nultiolet respectively. The mass spectra were obtained 
on an AZ1 MS-9 dcuble-fccussing n?ass spectrcmeter at 70 eV. All products were 
purified by cclumn chromatography on aluminium oxide 90 (Merck, 70-230 mesh ASTM) 
eluting with benzene-ethyl acetate mixture before recrystallization. 

6-Chlorcbenzof-gphenoxazin-5-one (2): This compound was prepared as 

previously?L reported except that benzene/N,N-dimethylfcrmamide (311Fl (25:l) 
mixture was used as the solvent and anhydrous sodium carbcnytc used in the place 
of anhydrous sodium acetate; m.p. 202-203O, yield 95% (lit. 32 m.p. 203OC, yield 
89%). 

Denzo[$fi,gbenzoxazinop,2<Jphenothiazine (12): 2-Aminothiophenol (5) 

1. 25 g, 10 mmol) was placed in the reaction flask containing 30 ml of benzene 
and 20 ml of DMF. Anhydrous sodium carbonate (2.12 g, 20 mmol) w:s added and 
the mixture heated on a water bath until refluxing commenced. 6-Chloro- 
benzo[$phenoxazin-5-one (21 (2.82 g, 10 mmol) was then added and the entire 
mixture refluxed on the water bath with stirring for 9 hours. It was then 
poured into 5'00 g of crushed ice and filtered. The dark residue was dissolved 
in a large volume of boiling acetone, boiled and filtered hot. The filtrate was 
allowed to cool in the refrigerator. The sclid that separated was collected by 
filtration and repurified by chrunatography. Unreactcd 6-chlorobenzo[$phen+ 
xazin-5-one (2) (0.59 g, 2.1 mmol) was recovered during chrcmatcgraphic 
separation of the products. The second component was collected and recrysta- 
llized frcm aoueous acetcne after treatment with activated charcoal. Purple- 
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blue plates of benzoL-dfi,gb enzoxazinop,2<Jphenothiazine (gt which 
separated were collected by filtration to yield 2.15 g (61% yield); m.p. 275" 
276% (dec); UV-V fi (MeOH) 271 nm (L 22,250), 366 (18,800), 380 (18,700), 
529 (5,670), 558 (ST%'lO); IR (KBr) * 746 cm-l (four adjacent aromatic 
hvdroaen atoms: lH-NMR (DWSC-d,) g 8Tt33 (m,arcmatic Qrotons); MS m/e (relative 
inten;ity) 320.(2196, M*-S), 359 (loo%, M*); @ound:‘C, 75.15; H, 3.24; 
N, 8.01; 3, 8.92. Calc. for C22H12N20S: C, 75.00; H, 3.41; N, 7.95; S, 9.09,7. 

Sodium hydrosulphite reduction of Benzof-gfi,gb enzoxazinoB,2-=dphenothiazine 

(12): BenzoL aJLl&-benzoxazinoL3,2dJphenothiazine (g) (1.76 g, 5 mm011 was 
dzsolved in 200 ml of acetone to which was added 2 ml of water. Sodium hydrcl- 
sulphite (4.0 g) was added and the mixture refluxed on a water bath for 3 hr. 

At the end of the reflux period, the yellowish bran mixture was poured 
into 500 ml of ice-cold water containing 5 g of sodium hydrosulphite. It was 
auicklv filtered but in the orccess the residue chanaed colour to that of the 

‘-~ ~1 

starting quinoid system s. ‘It was purified however-in the usual way. Xixed 
meltina Qoint. infrared and ultraviclet-visible spectra show that the isolated 
Qrcxluct is z'confirming air cxidstion of prcduct.2 to the starting conpound 2. 

16-Oxa-15-thia-4,5,10-triazabenzo[flpentaQhene (2): A mixture of 2-aminc- 

2-Aminothie 
w= placed in the reaction flask containing 60 ml of 

bcnzcne-DMF (1O:l) mixture and anhydrcus scdium carbonate (1.06 g, 10 mmol). The 
mixture was hgated on the water bath until boiling commenced. 6-Chlor*7-oxa-11; 
12-diszabenzf ganthracen-S-one (17) (1.41 g, 5 mmol) was then added and the 
mixture refluxed on a water bath for 8 hr. 

i\t the end of the reflux period, the slurry was poured into 800 ml of 
water. stirred and filtered. The residue. which is very insoluble in most 
organic solvents, was senarated into its icmponents by column chrcmatography on 
alumina (Xerck, 70-230 mesh JSTM) eluting with fl : 10 : 10) DMF-benzene-acetone 
mixture. Unrcacted Ei-chloro-7-oxa-l'l,12-diazabenz~~anthracen-5-one (17) 
(0.25 q. 0.9 mmol) was recovered. 16-Oxa-15-thia-4,5,10-triazabenzorfienta- -- 
Qhene t&:(1.20 g, 68% yield) was isolated frcm the-column as a purple-red 

P 
234-2850C (dec)* UV-V h 

::'?;E; ?& 527 (12 800); iR (KSr)m$x 
(MeCH) 263 nn (&20,900), 316 (14 700), 

yridine , 764 I 
cm -' (f&adjacent ar&atic hydrogen a@&); 

770 ($,3-disubstituted 
H-NE12 fDMSC-d 1% E.07 (m, 

aromatic protons); MS m/e (relative intensity) 321 (M-S, loo!?), 353 (95%m M*) 
LFound: C, 71.41; H, 3.00. c, 71.39; 
I-l, 3.12; N, 11.90; 3, 9.03. 

El, 12.06; S, 8.94. Calc for C21HllN30S: 

16-Cxa-15-thia-4,5,10,14-tetraazabenzo~~pentaphene (2, R = H): 3-Amino 

pyridine-2(1H)-thione (a, R=H) required for this synthesis was prepared by the 
ent of nicotinamide fellow&d by the reaction of the 3-amino- 
with sodium hydrosulphide in ethylene glycol for 24 hr. 

3-Aminopyridine-2(lH)-thione (1, R=H) (O-63 g, 5 mmol) was placed in 
the reacticn flask containing anhydrous sodium carbonate (1.06 g, 10 mmol) in 
benzene (50 ml)-DMF (5 ml) mixture. The mixture was heated to reflux temperature. 
6-Chlorc-7-oxa-ll,12-diazabenz[$anthracen-!i-one (E) (1.41 g, 5 nmol) ws then 
added. The entire mixture WES then refluxed for 10 hr. At the end of the 
reflux period, the srlvent was removed by distillation. The dark r:sidue was 
taken up in 600 ml of wetc:r and heated to near bcillng and filtered. The 
residue was crystallized from acetone after treatmf;nt with activated charcoal 
to yield 16-oxa-15-thfa-4,5,10,14-tetraazabenzo~~pentaphene (2, R=H) 
(1.03 g, 58% yield) as purple-brawn microplataes, m.p.>300* 
280nm (E 20,500), 342, (18,900), 457 (7,080); IR (Ki3r) 9 
ted-Qyridine), 742 cm-1 (four adjacent aromatic hydrogen @?!!ms); 
d 7.80 (m. aromatic orotons); MS m/e (relative intensity) 352 (92%:. M+). 
fiound: C; 67.77; ii, 3.01; N, 15.89; S, 8.95. 
H, 2.82; N, 15.82; S, 9.0& 

Calc for C20H10N4CS:~C, 67.80; 

13-Ch1oro-16-oxa-15-thia-4,5,10,1Ptetraasabenzo~~pentaphene (z, R=Cl): 

C, 61.90; H, 2.36; N, 14.25. S, 8.11; Cl, 8.98. 
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Calc for C2OH9N40SCl: C, 61.78; H, 2.32; N, 14.41; S, 8.24; Cl, 9.1g. 

13-Methoxy-16-oxa-15-thia-4,5,10,14-tetraazabenzo~~pentaphene (22, R=OMe): 

This canpound was prepared frcm 3-aminc+6-methoxypyridine-2(1H)-thione (2l, R=OMe) 
and 6-chlorc+7-oxa-11,12-diazabenz[$anthracen-S-one (171 in alkaline medium as 
was described for compound 22, R=H. Glistening red plates of 13-methoxy-16-oxa- 
15-thia-4,5,10,14-tetraazabenzo[flpentaphene (22, R=OMe) were obtained in 73% 
yield; m.p. > 300'; UV-V A (MeOH) 251 nm (C 21,800); 278 (14,200), 350 
(12,000), 480 (13,700); I!?art;Br) 3 
770 cm-l (2,3_disubstituted pyridineTTx 

8$4 (two adjacent aromatic hydrogen atoms), 
H-NMR (DMSC-d ) 6 7.57-8.00 (m,aromatic 

protons), 4.03 (s, 2-CCH3); MS m/e (relative intensity 9 384 (lo%, r-l+). pound: 
C, 65.60; H, 3.25. 

8.32. 
I;, 14.76; S, 8.21. C, 65.63; H, 3.13; 

N, 14.58; 3, 
Calc for C21H12N402S: 

ll-Amino-16-oxa-15-thia-4,5,10,12,14-pentaazabenzo~~pentaphene (2): 4,5- 

Diaminopyridine-6(W)-thione (2) was obtained by the action of ph 
42 

ohcrus penta- 
sulphide on 4,5-diaminopyrimidin-6(1H)-one as was earlier reported . Compound 
23 (0.71 g, 5 mmol) bias placed in a 60 ml soluticn of benzene and C:?F (10 : 1). 
Anhydrous sodium carbonate (1.06 g, 10 mmol) was then added. The mixture was 
refluxed on a wotcr bath fcr 15 minutes. 6-Chlor*'l-oxa-11,12-diazabcnzL_ganth- 
racen-S-one (17) (1.41 g, 5 nmol) was added to the boiling mixture and the 
entire solution refluxed with stirring for 9 hr. 

It was then poured into 700 ml of water and stirred fcr half an hour, 
cooled and filtered. The purple residue was ccllected and recrystallized from 

give 11-amino-16-oxa- 
g, 65% yield) as 

nm ( G 20,900), 353 
(14,000), 443 (18,200); 12 (KBr) 9 3420 (flfiX) 870 (one lone arunatic 
hydrogen atcm), 784 (2,3-disubstitutzaxpyridine), 2 ;65 cm-l (four adjace t 
aromatic hydrogen atoms); ;lL: m/e (relative intensity) 370 (97%, M+). P Found: C, 
61.45; H, 2.64; :J 22.88; S, 8.62. Calc for ClgH10N60S: C, 61.62; H, 2.70; 
1: ., 22.70; 3, 8.65j. 
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