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~c~or~l,~n~ph~~~o~g (6) in a ~~n-aqu~~ alkaline medium, a 
product identified as 23-bis(3-nitr~p~dy~~~~1,4-naphthoquinonr: (IO) 
was obtained in excelbt yieId It was earlier shown that a similar reaction 
with the less nuclec~philic sodium methoxide gwe the mono-ether, 2-chlcwo- 
3-methoxy-1,4naphthoquinone (11), due to an observed decrease in ?he 
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reactivity of the second halogen of compound 6 after the removal of the 
first. 19 However, with the highly nucleophilic mercaptide salt, 12, the di- 
thioether, 10, was formed with relative ease (Scheme 1j. Compound 10 is a 
brownish-purple crystalline solid, reasonably stable in air. Microanalysis 
and spectroscopy agreed with the assigned structure. 

Product 10 is formed by a nucleophilic attack of two moles of the 
mercaptide ion 12, on compound 6 leading to the loss of two chloride ions. 

Reduction of compound 8 with stannous chloride in glacial acetic acid 
gave a d~p  purple high-melting solid, A. Elemental analysis was in 
agreement with the formula C2oHIoN,S2. The infrared spectrum showed 
the absence of amino and nitro group~ The shift in the visible maximum 
absorption band from 495 nm to 508 nm is in agreement with the three- 
branched hexacycfic structure 13 having an extended conjugative system 
(Scheme 2)~ Confirmatory evidence for the assigned structure 13 was 
provided by the mass spectrum. 

Compound 13 is therefore l$,16-dithia-3,S,10,12-tetra-azabenzo[h] 
pentaphene. It is a new hexacycfic heterocyclic ring system as well as the 
parcat compound ofthis new beterocycle. Its production from compound 10 
proceeds by initial reduction of the nitro group followed by nucleophilic 
attack of the amino groups on the carbonyl carbons and eventual 
elimination of water. 

Became of the potential of this compound as a dyestuff, substituted 
derivatives were also prepared. 3,$-Dinitropyridin-4[1H]-one (16) was 
obtained by further nitration of compound 8 with mixed fuming nitric and 
sulphuric acids at 130-140°C. Alternatively, direct dinitration of 4-pyridone 
(7) 2t with the same acids could be carried out satisfactorily at 95-100°C 
followed by allowing the tenq~rature to rise to 1~)-140°C, Treatment with 
phosphorus pentasulphide led to 3,$-dinitrop~ridine.4[l H'J.thione (17) in a 
good yield. Reaction with 2,3-dichloro-l,4-naphthoquinone (6) readily gave 
2,3-bis(3,.5-dinitro-4-pyridyithio)-l,4-naphthoquinone (18) which, on reduc- 
tion and cyciisation, led to an excellent yield of 1,14.diamino.l 5,16-dithia- 
3,$,10,12-tetra-azabenzo[h]peutapbene (19, R ~ H)~ Acylation with acetyl 
chloride gave tbe diacetyl derivative (19, R -- CHACO) (Scheme 3). 

These three-branched diazaphenothiazines 13 and 19 were readily 
reduced by refluxing with sodium hydrosulphite to give the dihydro- 
products, 22, R -- H, NH2. Those compounds could not be isolated in the 
pure state because of their ease of oxidation by atmospheric oxygen to the 
starting im_ino-quinoid systems, 13 and 19, which have extended conjugative 
systems and hence are more stabk. This property makes them applicable as 
vat dyes. 

Bmmination of 2.aminopyrazine (23) with bromine in glacial acetic acid 
gave 2-amino-3,5-dibromopyrazine (24). In brominations can ted out in a 
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of” parve and chloroform, ~orn~o~~d was obtained together 
S-bromopyrazine and 2amino13~b~~mo~~~ne.22 Because 

reactivity of pyrazine deri s with nucleophilic reagents, 
t elf bromine in bromopyr es by hydroxyl and mercapto 

ups prtis with relative ease. Thu action of compound 24 with 
assium hydroxide and sodium hydros~l~~~~~ gave 2-amino+bromo- 

zin-3f4HJ-one (29 and 2-arni~oR~~br~rn~~yrazi~e-3~4~~-thio~e 
tivelly (Scheme 4). 
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bromopyrazinyl)disulphide, 27. Bt was probably formed by air oxidation of 
the 2-amincFSrbromopyrazine-3~4~~thione (26). 

Microanalysis and spectroscopic study of the high-melting solid (C) were 
in agreement with the non-linear tetracyclic structure 28 which we have 
assigned to this product. Thus compound 28 is 9-bromo-6_chloro-8,11,12- 
triazabenzl[~~anthracen-S-one, the first angular 1,4-diazaphenothiazine ring 
SySRIKl. 

2 

26 6 2$ (cmpound C) 

Product was probably formed by an initial nucleophilic attack of the 
dichloronaphthoquinone (@ by the mercaptide ion 29 leading to the 
formation of the diary1 sulphide 30. Cyclisation takes place by the 
condensation of the amino group with the carbonyl group in the 
naphthoquinone moiety. In so doing, water is eliminated, resulting in the 
formation of9-bromo-Q-chloro-8,l B,l2-triazaben$~]-anthracen-5~one (28) 
(Scheme 5). 

Compound s an intensely coloured solid owirag to its extended 
conjugative sy $t is stable to air oxidation but easily loses its colour on 
refiuxing with sodium hydrosulphite due to the formation of 9-bromo-6- 
chloro-)2&8,1 B,B2-t~azaEenz[~~anthracen-5-ol (X& This product could 
not however be is ed in the pure form as it readily reverted to th 
iminoquinone form due to air oxidation. This property makes the dye 2 
appkable as a vat dyt: to textile materids. 



Melting points were de with a Fisher-hhks appa 
uncorrected. Ultraviolet !e spectra were reccarded on 

tispln maxima are given in mumme 
s* Infraretj spectra w 
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othetise stated. ‘II-NMR spectra were determined on a Varian Associates 
T-60 instrument Chemical shifts are nporkd on the 6 scale relative to 
tetramethylsilane (TMS) used as an internal standard. The letters br, s, d, t, q, 
sh and m are used to indicate broad., singlet, doublet, triplet, quartet, 
shoulder and multiptet respectively. The mass spectra were obtained on an 
AEI MS-9 double-focusing mass spectrometer at 70eV. AII products were 
purified by column chromatography on alumina eluting with benzene- 
chloroform mixture before recrystallisation. 

This compound was prepared as previously reported except that 65% oleum 
instead of 20% oleum was used, this giving a more satisfactory synthesis. 
M.p. 280-281°C (lit. m.p. 278-279”(Z). 

33 3-Ni?mpyridb4[lHJ-tbioae, 9 
Pyridine (2oOml), dried over potassium hydroxide pellets, was gradually 
added with cooling and stirring over OS h to a mixture of 3-nitropyridin- 
4[1q-one (2@Og, I43 mmol) and crushed phosphorus pentasulphide 
(6 1-3 g, 276 tnmol)(external ice cooling). The mixture was stirred for a further 
half-hour and then refIuxed at 118°C for 8 h with stirring. 

The solvent was removed by vacuum distillation. Crushed ice (30g) was 
added to the residue and the mixture heated on a water bath to remove 
hydrogen sulphide. When the evolution of hydrogen sulphide ceased, the 
resulting liquor was filtered hot. The filtrate was brought to near-boiling and 
treated with activated charcoal. The filtrate was treated with concentrated 
hydrochloric acid which brought the pH down to 1. The resulting solution 
was chilled in a refrigerator fDr two days. The solid that separated was 
collected by filtration and recrystallised from aqueous ethanol (Norit A) to 
give 3-nitropyridine-4[ 1 a-thione 9 (13.4 g, 60%) as yellow plates, m.p. > 
240°C (dec.); UV i.,(MeOH) 263 nm (E 7401), 358 (10573); IR (KBr) 
c-1533,1333 cm- 1 (NO,); ‘H-NMR (DMSO-db) S 8-33 (1 I-4, s, 2-H), 8+00 
(2H, s, 5-H, 6-H), 6*?0 (II-I, s, br, SH). Found: C, 38.4; H, 2-7; N, 18.0; S, 20.5. 
Calcd. for CsH,N,C@: C, 38.5; H, 2.6; N, 17.95; S, 2059/o. 

-3.4 t,3-Bis(~-ni~~p.dylthjo~l,rlaapbthoquinone, 10 

Benzene (30 ml) and N,1Vdimethylformamide (DMF) (3 ml) were added to a 
mixture of powdered 3-nitropyridine+ 1 fl-thione (9) (3.43 g, 22 mmol) and 
anhydrous sodium carbonate (2-l 2 g, 20 mmol), and the mixture was heated 
at 6O’C for 20 min. 2,3-Dichloro-l&naphthoquinone (6) (2.27 g, 10 mmol) 
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was then added to the hot mixture. A reddish-brown coloration was 
immediately observed- The mixture was refluxed at 80°C for 9Omin. 

At the end of the reflux period, the resulting mixture was cooled and 
poured into water (2oOml) to dissolve inorganic materials. The brown 
residue was filtered and recrystalkd from aqueous DMF to give 3.82g 
(82% yield) of ~3_bi~3dyl~o~~,~naph~~~one (10) as an 
orang+brown powder, m-p. 24>246”C (dec); UV-V &(&OH) 264 
(~9398), 313 (8026), 49Snm (5566); IR (ICBr) v_lW (G=O), 1495, 
134Ocm” (NO,); ‘H-NMR @MS&&J 6 8-80 (2H, s, 2-Hs of pyridine 
rings), 7-98 (4H, s, 5-H and 6-k of pyridine rings), 9-92 (4H, m, phenyl Hs); 
MS m/e (relative intensity) 466 (loO%, M ‘), 468 (37.8%, M + 2). Found: C, 
51*4; H, 2.1; N, 12-2; S, 13-6. Calcd. for C&,H1&&06: C, 51-S; H, 2.15; N, 
12-O; s, 13.7%). 

35 I5,ICDitlk3,5,f 0,l2-tetra~beu7.o[b]p&-aph~, 13 

Glacial acetic acid (2Oml) was added to a stirred mixture of stannous 
chloride decahydrate (1166 g, 49 mmol) and 2,3-bis(3-nitro4pyridylthio)- 
l&naphthoquinone (10) (@93 g, 2 -01) and the mixture heated on a steam 
bath. A yellowish-brown precipitate was initially formed after about 10 min. 
Heating was continued for 2-5 h, during which time the precipitate dissolved 
with formation of a dark red solution. 

The solution was cooled to room temperature and then chilled for 24 h. It 
was fihered and the residue collected and treated with DMF, boiled and 
filtered hot (Norit). A little cold water was added to the DMF extract and the 
solution cookd. The resulting crystalline material was collected by filtration. 
It was oven-dried to give 15,16_dithia-3,5,10,12-tetra-azabenzo[h]penta- 
phene (13) (07t! g, 95% yield) as a purple-red powder, m-p. > 360°C (dec.); 
UV-V I&MeOH) 263 (c 18 972), 340 (I4 128,508 nm (10 764); IR (KBr) v, 
164Ucm-’ (C=N); ‘H-NMR (DMSCU,) 6 897 (m, aromatic Hs); MS m/e 
(reIative intensity) 370 (100%, M +), 372 (35%, M f 2). Found: C, 65-O; H, 
2.65; N, 15.0; S, 17.4. Calcd. for C,,H,,N,S,: C, 64.9; H, 2-7; N, 15-i; Si 
17.3%). 

3.6 3,sDinitropyridin-4[ 1 If&one, 16 

MctAod A. Nitration of 4pj*ridorte, 7 
This compund was prepared from 4-pyridone (71, fuming niiric acid jd i-50) 
and 22% oleum as previously describedtL except that after stirring at 
95-100°C for 24 h., the condenser was removed before the temperature could 
rise beyond 100°C. Refluxing was maintained at 130-140°C for another 24 h. 
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A4ehd B. Nitmtim of3-&ropyti&~lH]dne, 8 
22% Oleum (3Od) was added dropwise over 30min at 0°C to 3- 
ni~p~41~~~(~4~&100mmol)fexternalice_saltcooling).Tothe 
stirred slurry was then added, dropwise, fuming nit& acid (d l~50,33ml) 
with con-t stirring, ensuring the temperature of the mixture never rose 
beyond 30°C After addition was complete, the mixture was stirred with 
cooling for a fiuther half-hour to avoid a rapid rise in temperature 

The mixture was then stirred at 95-100°C for 3 h. At the end of the reflux 
period, the condenser was removed and the temperature allowed to rise and 
maintained between 130 and 140°C for 24h. 

The mixture was then cooled in an ice-salt mixture and neutralisexi with 
concentsated ammonia The deep yellow solid which separated was filtered 
and recrystallised from boiling water (Norit) to give deep yellow glistening 
needles of 3,5dinitropyklin~(lI#oue (16) (14.43 g, 78% yield), m.p. 
338-339°C (l.iP’ mp. > 300°C. 

Pyridiae (25Oxd) (dried over potassium hydroxide pellets) was gradually 
added with stirring and cooling over 30min to a mixture of 3,5- 
dinitropyridin_4[1JI$one (16) (27-75 g, 150mmol) and crushed phos- 
phorus pentasulphide (64.2 g, 289mmol) (external ice-salt cooling). The 
mixture was stirred for a further 20min and then heated at 120°C for 8 h 
with stirring. 

The solvent was removed by vacuum distillation. Crushed ice (400 g) was 
added to the residue and the mixture heated over a water bath to remove 
hydrogen sulphide When the evolution of hydrogen sulphide gas ceased, the 
resulting mixture was filtered hot The filtrate was brought to near boiling 
and treated with activated charcoal. Acidification with concentrated 
hydrochloric acid led to a brown precipitation when the pH was 1. 

The solid product was filtered by and further product was obtained by 
chilling the filtrate overnight and filtering. The combined proudct was 
recrystallised from aqueous ethanol (Norit A) to yield 3,5_dinitropyridine- 
411 If&thione (17) (17.8 g, 59% yield) as an orange powder, m.p. 200-201°C; 
UV &,JMeOH) 264 (&6317), 354nm (10481); IR (KBr) ~-2580 (w, SH), 
1335cm-‘(s,NO,);‘H-NMR(DMSOd,)88-20(tH,s,br, l-NH),7*55(2H, 
S, 2-H 6-H); MS m/e (relative intensity) 174 (27%, M - HCN), 201 (lOO%, 
M ‘). Found: C, 29.9; H, 1.6; N, 219; S, 15.8. Calcd. for C,H,N,O,S: C, 
29-85; H, I-5; N, 209; S, 16.0%. 
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3.8 2,3-Bis(3,5-dinitro-4-pyridylthio)-l,4-naphthoquinone, 18 

A mixture of 3,5-dinitropyridine-4[IHJ-thione (17) (8.84g, 44mmol), 
benzene (42ml) and DMF (6m l) was stirred at 65°C for 15 rain. 2,3- 
Dichioro-l,4-naphthoquinone (6) (4-54g, 20retool) was then added. An 
immediate dark-red coloration was observed. The mixture was refluxed for 
2 h and then poured into water (250 ml) to remove inorganic salts. 

The product was filtered and recrystaUised from aqueous DMF (Norit A) 
to afford 2,3-bis(3,5-dinitro-4-pyridylthio)-l,4-naphthoquinone (18) (8.0g, 
80% yield) as an orange-brown powder; m.p. > 300°C (dec); UV-V 
Am,(MeOH) 262 (e 5638), 283 (14 873), 319 (12 858), 504 nm (9730); IR (KBr) 
vm, 1635 (s, C"-4)), 1342 cm" ' (s, NO2); t H-NMR (DMSO-de)) 6 8-90 (4H, s, 
pyridine Hs), 7.90 (411, m, phenyl Hs); MS m/e (relative intensity) 502 (21%, 
M - 2HCN), 528 (14%, M -  CO), 556 (100%, M+). Found: C, 43.0; H, 1.6; 
N, 154); S, 11-4. Calcd. for C2oHeNeOtoS:t: C, 43.2; H, 1.4; N, 15"1; S, 11.5%. 

3.9 1,14..Ditmino-l&16.ditbis-3,.q,10,12-tetrs4zsbenzo[JJ]pentaphene, 17, 
R--H 

Acetic acid (23 ml) was added gradually to a mixture of stannous chloride 
dihydrate (7"28, 32retool) and 2,3.bis(3,5-dinitro.4-pyridylthio-l,4. 
naphthoquinone (18)(14)8, 1.8 retool). The mixture was heated on a steam 
bath for 5 h, durin 8 which period all the yellowish-brown precipitate that 
formed dissolved, giving a purple-red solution. The reaction mixture was 
chilled for 24 h, filtered and the residue treated with DMF. The slurry was 
boiled, filtered and the filtrate treated with activated charcoal. Addition of 
water to the filtrate gave 1,14-diamino-15,16-dithia-3,5,10012-tetra. 
azabenzo[h]pentaphene (19, R --- H) (G65 & 90% yield); m.p. > 360°C; UV. 
V ~,m(MeOH) 265 (e28 364), 341 (16944), 510nm (17456); IR (KBr) vmx 
3400 (m, NI'I2), 1650cm" t (s, ~ l q ) ;  tH-NMR (DMSO.de)/~ 8.32 (SH, m, 
aromatic Hs), 7-93 (4It, br, I-NH~, 14-NIt2); MS role (relative intensity) 336 
(17%, M -  2S), 368 (23%, M -S), 373 (28%, M - HEN), 400(100%, M+). 
Found: C, 60"2; H, 34); N, 20.9; S, 15.8. Calcd. for C2oH,2HeS2: C, 6(~0; H, 
34); H, 214); S, 164)%. 

3.10 2 - , A m t m o - ~ y r l l Z J l l e ,  24 

This compound was prepared from 2-aminopyrazine (23) (9.5 8, 100 retool) 
as de~ribed previously 23 except that equally satisfactory results were 
obtained using 12 nd of bromine instead of 16 mL 
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3.11 2-Amino-5-bromopyrazin-3[4H]-one, 25 

A mixture of 2-amino.3,5-dibromopyrazine (24) (6-33 g, 25 mmol) potassium 
hydroxide (7-0 g, 125 retool) and water (300 ml) was refluxed for 12 h. During 
this period the organic materials dissolved. Activated charcoal was added 
and the slurry boiled for 15 rain and filtered. The residue was discarded and 
the filtrate cooled and neutralized with 4M-hydrochloric acid to near pH 5. 
The acidic mixture was chilled when yellowish-white crystals of 2-amino-5- 
bromopyrazin-3[4H'j-one (25) (4.0g, 84% yield) separated. Since it is 
insoluble in most solvents, the analytical sample was further purified by 
dissolution in 3M-KOH, boiling and treatment with activated charcoal. On 
filtering ant  cooling the filtrate, the pure product separated. It was collected 
by filtration and washed several times with hot water; m.p. > 300°C (dec); 
UV 2,m(MeOH) 250 (8 7030), 326 nm (7600); IR (KBr) Vm.3410 (2-NH2). 
1684on- t (C==O); SH-NMR (DMSO-d6) 6 7.0 (IH, s, 6-H), 6.63 (2H, br, s, 
2-NH2); MS m/e (relative intensity) 189 (98.2%, M+), 191 (100%, M + 2). 
Found: C, 25,4; H, 2.1; N, 22.0; Br, 42,0. Caled. for C4H,NaBrO: C, 25.3; H, 
2.1; N, 22-1; Br, 42.1%. 

3.12 Reaetkm of 2-amil-S-bromepyrazine.3[4H]4hiene" 26, with 2,3- 
• dtn-t,4- tkttmq m . 6 

Sodium carbonate (1 ~6 & 10 mmol) was added to 2-amino-5-bromopyrazine- 
3[4/fJ-thione (26)(1.03& 5retool) in 50ml of chloroform and the slurry 
refluxed for 15 min. 2,3-Dichloro-l,4-naphthoquinone (6) (1.14 & 5 mmoi) 
was added and the mixture refluxed for 6 h. The sol'=~nt was removed by 
distillation and the residue taken up in acetone, boiled and filtered. The 
residue (C') was retained. 

To the acetone filtrate was added some water and the mixture was heated 
to boiling. Activated charcoal was added and the slm,-y again boiled for 
3 rain and filtered. The residue was discarded. From this filtrate, glistening 
creamy.white microcrystals of 3-(2-amino-5.bromopyrazinyl) disulphide 
(27) (0'38) were collected; m.p. 121-122°C; UV ,1~,m(MeOH 253 (~ 10064). 
278 (11368), 326nm (2143); IR (KBr) tram 3400cm-t (2-NH2); MS m/e 
(relative intensity) 410 (100%, M +). Found: C, 23.6; H, 1.3; N, 20.3; S, 15.6; 
Br, 39" I. Caled. for CsHeNeBraS2: C, 23.4; H, 1.5; N, 20"5; S, 15"6; Br, 39.0%. 

The original residue (A) was boiled in water and filtered hot. The aqueous 
filtrate was discarded and the residue crystallised from DMF-.acetone- 
water mixture after treatment with activated charcoal to yield 9-bromo.6- 
chloro-8,11,12.triazabenz[a]anthracen-5-one (28) (0.90& 48% yield) as a 
red microcr~talline powder; m.p. > 200°C (dec); UV ,~nm252 (818132), 277 
(15373). 360nm (5781); IR (KBr) vml1680cm - l  (s, ~ O ) ;  'H-NMR 
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