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The addition of hydrogen halides, sulfinic acids, and mercaptans to dinaphtho[2,3-a : 2,3-h]- 
phenazine-5,9,14,18-tetraone (anthraquinonazine) leads to the corresponding 7-substituted 
[ndanthrones. Subsequent oxidation and treatment of these products with nueleophilic agents 
make it possible to obtain 7,16-disubstituted indanthrones that contain both identical and 
different substituents. 

In [1, 2], it was demons t ra ted  that the anthraquinone r ing of naphtho[2,3-a]phenazine-8,13-dione (I) 
undergoes a t tack  at the c l o s e s t - t o - t h e - h e t e r o r i n g  fl posi t ion (6 position) in the reac t ion  of I with nucleo- 
philic agents .  Acid ca ta lys is  caused by pro tona t ionof  the ni t rogen a tom in the 14' posi t ion to fo rm an in t r a -  
m o l e c u l a r  hydrogen bond plays  a decis ive  role  in this reac t ion  The fo rmat ion  of the in t r amolecu la r  hydro-  
gen bond intensif ies the coordinated e l e c t r o n - a e c e p t o r  effect  of the pe r i - s i t ua t ed  ni t rogen and oxygen a toms 
and thereby p romotes  nucleophilic at tack.  The s a m e  effect  should be displayed in the protonated dinaphtho- 
[2,3-a :2 ,3 -h]phenaz ine-5 ,9 ,14 ,18- te t raone  (ID (anthraquinonazine) molecule ,  of which I is a s t ruc tu ra l  f r ag -  
ment .  The energe t i c  favorabi l i ty  of H-che la te  fo rmat ion  during protonat ion of anthraquinonazine II is a con- 
sequence of the p r e s e n c e  of a ve ry  s t rong in t r amolecu la r  hydrogen bond in indanthrone (lid [3]. 
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Anthraquinonazine II is r ead i ly  fo rmed  by the oxidation of indanthrone HI with ni t r ic  acid. Scholl, who 
f i r s t  obtained this compound [4], noted its abil i ty to add hydrogen chloride,  ammonia ,  and aniline and, in 
analogy with phenazine,  ass igned  the 8 -ch lo ro -  and 8-aminoindanthrone s t ruc tu r e s  [4, 6] to the resul t ing  
products .  However ,  consider ing the p rope r t i e s  ofnaphthophenazinedioneI  that we studied, it might  have been 
expected that the nucleophilic agent  would have entered  the f l -posi t ion of the anthraquinone ring of azine II 
to fo rm 7-subs t i tu ted  indanthrones.  The s i m i l a r i t y  of the dichloro der iva t ive ,  obtained by the addition of 
hydrogen chloride,  to 7 ,16-dlchloroindanthrone was es tabl i shed in [7] in a compar i son  of the var ious  halo-  
indanthrones,  but unambiguous proof  was not presented .  

The difficulties in ca r ry ing  out reac t ions  of anthraquinonazine a r e  caused by its e x t r e m e l y  low solu-  
bi l i ty in organic  solvents .  It was n e c e s s a r y  to c a r r y  out the reac t ion  with hydrogen chloride by heating 
anthraquinonazine with hydrochlor ic  acid for  many  hours  in sea led  tubes.  We found that 70-80% phosphoric  
acid,  in which the reac t ion  of anthraquinonazine with nucleophUie agents proceeds  ve ry  rapidly ,  even on 
sl ight heating, can be success fu l ly  used as a reac t ion  medium.  

*See [2] for  communica t ion  XXV. 
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TABLE I. 

Compound 

Indanthrone Der iva t ives  

IVa C1 

IVbiBr 

IVc SO2C~Hs 

IVd SC~Hs 

Via SO~C~Hs 

vIb SQC~Hs 

Vlc! SCH~COOH 

V Idl SO~C~Hs 

O 
A'\ II 

8 " " \ n ~  

o 

A" 

Empirical 
formula 

H 

H 

H 

H 

S02CoHs 

CI 

~Ic~Hs 

Br 

C1 

Found, % 

C~8H,3CIN204 

C2sH,aBrN204 

C34H,sN~OsS 

C34H,88204S 

C~4H22N208S2 

Ca4HtTCIN206S 

CaoHIsCIN206S 

%oH22N206S2 

C28H,2BrCIN~O4 

G2~HI2CI2N~O4 

Br 

- -  7 ,3 [  

15,03 7,2J__ 

154G 

i ,  
5,88 
5,80 

I 6,13 
I 6,21 is 

VIe'C1 
{ I14,18! 633 

Vlf CI ; -- 13 40 
13168 

* F r o m  ch lo roan th raqu inonaz ine  (V, A = C1). 

Calc., % ~.~ 

C] N ~ S Br CI N S 

I ' r 
-- 7,435,88 -- 96 608 -- 

5'97[ I -- 5,37 -- 96 

4,91,5,63 -!480 550190 
5,0715,701 
5,~9 i5,73t 
5,36 5,87 / 
3,71 8,73 / 
3,6118,651 
4,344,81 / 5,74 4,54!5,19 94 
4,60!4,931 [ } , 92 
4,695,584'87'5'471 - -  6,254,945,6557 

--, --,4,05,9,28 $,21 9,13 68 

t,17 9,07 __ 13,87[15,47 -- 92 
1,38 6,37 5,04 5,07]--]l' -- 86 

LIO { 90 
~65 --  :67/ I 

Monosubs t i tu ted  indanthrones  (IV) a r e  f o r m e d  in high yie lds  by the r e a c t i o n  of an th raqu inonaz ine  II with 
sulf inic  ac ids ,  m e r c a p t a n s ,  and h y d r o g e n  ch lor ide  o r  b r o m i d e .  Oxidat ion of IV with n i t r i c  ac id  g ives  sub -  
s t i tu ted  az ines  (V), which  in t u r n  add nucleophi l ic  agents  and a r e  conve r t ed  to d i subs t i tu ted  indanthrones  
(vl). 
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The pos i t ion  of the sulfonyl  g roupings  was  p roved  by  a l t e rna t ive  syn thes i s  of diphenylsulfonyl  d e r i v a -  
t ive Via (see Table  1) f r o m  1 - b r o m o - 3 - p h e n y l s u l f o n y l - 2 - a m i n o a n t h r a q u i n o n e .  The c o n v e r s i o n  of  pheny l -  
m e r c a p t o i n d a n t h r o n e  IVd b y  hydrogen  pe rox ide  oxidat ion  to sulfone IVc, which is ident ical  to the compound 
obta ined  by  the r e a c t i o n  of an th raqu inonaz ine  II with benzenesu l f in i c  ac id ,  is ev idence  fo r  the pos i t ion  of 
the sulf ide g roups .  The pos i t ion  of  the ha logen  a t o m s  was  p r o v e d  by  the co inc idence  of  the IR s p e c t r a  of  
d ich loro  de r iva t ive  VIf and 7 ,16 -d ich lo ro indan th rone  obta ined f r o m  2 - a m i n o - 3 - c h l o r o a n t h r a q u i n o n e .  Con- 
sequent ly ,  the nuc leophi l ic  agent  r e s i d u e  en t e r s  the 7(16) -pos i t ion  of the an thraqu inonaz ine  molectf le  in all 
cases. 

It is interesting that the nueleophilic addition to anthraqu[nonazine proceeds more readily than nucleo- 
philic substitution of labile substituents such as halogen or an arylsulfonyl group. Thus the treatment of 
7-chloroanthraquinonazine with benzensulfinic or thiogycolic acid does not result in displacement of chlorine 
but leads to incorporation of a sulfonyl or sulfide grouping in the 16 position to form disubstituted indan- 
thrones VIb and VIe, respectively (see Table 1). Compound VIb was also obtained by the action of hydrogen 
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chloride on phenylsulfonylanthraqulnonazine (V, A = C~HsSO2). The react ion of the la t ter  with thiophenol 
leads to unsymmetr ica l  derivative VId, the s t ruc ture  of which was confirmed by hydrogen peroxide oxida- 
tion to diphenylsulfonylindanthrone Via. The same chlorobromo derivative (Vie) is formed by the action of 
both hydrogen chloride on 7-bromoanthraquinonazine (V, A =Br) and of hydrogen bromide on 7-chloroanthra-  
quinonazine (V, A = C1). 

Thus the addition of nucleophllic agents to anthraquinonazine makes it possible to obtain not only mono-  
substituted indanthrones but also disubstituted indanthrones that contain different substituents. These sor ts  
of compounds cannot be synthesized by other known methods and therefore  were not accessible  until now. 
Since compounds of the indanthrone ser ies  find broad application as dyes and pigments,  the react ion may 
apparently be of pract ical  significance. 

EXPE RIME NTAL 

7-Substituted Indanthrones (IV). A 0.01-mole quantity of sodium benzenesulfinate, thiophenol, thiogly- 
colic acid or (at II0-I15~ 0.03 mole of sodium chloride or bromide was added at 70~ to a suspension of 
2.20 g (0.005 mole) of anthraqulnonazine II in 70 ml of 74% phosphoric acid. After 2-3 min, the mixturewas 
cooled and diluted with water, and the appropriate 7-substituted indanthrone (IVa-d, see Table I) separated 
as dark-blue needles (from quinoline). Addition of 3 ml of 30% hydrogen peroxide at 70~ to a suspension 
of 0.5 g of sulfide IVd and 20 ml of phosphoric acid give 71% of the phenylsulfonyl derivative, which was iden- 
tical (from the IR spectrum) to IVc obtained by the reaction of azine II with benzenesulfinic acid, IR spec- 
trum (cm-i): 720 strong (s), 735 medium (In), 755 m, 850 m, 1030 s, 1050 weak (w), 1070 m, 1093 m, lllSw, 
1160 s, 1195 m, 1270 s, 1335 m, 1350 m, 1490 s, 1593 m, 1668 s, and 3070 w. 

7,16-Disubstituted Indanthrones (VI). A total of 0.9 ml (0.008 mole) of 58% nitric acid was added at 
0~ to a solution of 0.002 mole of substituted indanthrone IVa, b in 20 ml of sulfuric acid, and, after 30 rain, 
ice was added until a yellow-brown precipitate of the azine formed. In the oxidation of phenylsulfonyl de- 
rivative IVc, the solution obtained after the mixture had stood for 90 rain was poured into 70 ml of acetic 
acid and diluted with water. The reaction of substituted azines V with nucleophilic agentswas carried out 
as described for azine II to obtain disubstituted indanthrones VI (see Table i). The product of the reaction 
of the 7-phenylsulfonyl-substituted azine (V, A = C~HsSO2) with benzenesulfinie acid was identical (with re- 
spect to the IR spectrum) to indanthrone derivative Via, synthesized from l-bromo-3-phenylsulfonyl-2- 
aminoanthraquinone inthe sameway asbis(n-butylsulfonyl)indanthrone [8]. IR spectrum (em-1): 720 s, 732m, 
745 m, 760 m, 772 w, 850 w, 880 w, 970 m, 1035 m, 1063 m, 1090 m, 1155 w, 1275 w, 1335 m, 1357 w, 1454m, 
1495 w, 1570 w, 1600 w, 1640 m (shoulder), 1685 s, and 3070 w. The same compound (Via) was obtained by 
treatment of derivative VId with hydrogen peroxide in phosphoric acid. The product of the reactionof ehloro- 
anthraquinonazine (V, A = CI) with hydrogen chloride was identical (with respect to the IR spectra) to dichlo- 
roindanthrone VIf obtained from l-bromo-3-ehloro-2-aminoanthraquinone [9]. IR spectrum: 715 s, 755 m, 
842 w, 920 w, 963 w, 1035 m, 1062 m, 1165 w, 1280 s, 1330 w, 1350 s, 1495 s, 1587 m, 1645 m, 1670 s, and 
3080 w em -I. Compounds VIb and Vie were synthesized, respectively, by the addition of sulfinic acid or 
hydrogen bromide to chloroanthraquinonazine (V, A = CI) and by the addition of hydrogen chloride to phenyl- 
sulfonylanthraquinonazine (V, A =SO2C6H 5) or to bromoanthraquinonazine (V, A =Br). The IR spectra of the 
substances obtained by one or another path coincided. IR spectrum of VIb (cm-l): 720 s, 755 m, 845 m, 
950 w, 1032 m, 1065 m, 1095 m, 1160 s, 1195 s, 1195 w, 1225 w, 1275 s, 1332 s, 1350 m, 1490 s, 1595 m, 
1668 s, 3070 w. IR spectrum of Vie (cm-l): 720 s, 755 m, 840 w, 950 w, 1033 m, 1062 m, 1165 w, 1270 s, 
1330 m, 1350 m, 1490 s, 1585 m, 1595 m, 1640 w (shoulder), 1665 s, 3080 w. 

3-Phenylsulfonyl-2-aminoanthraqulnone.  A mixture of 5.15 g (0.02 mole) of 3 -ch lo ro -2-aminoan th ra -  
quinone, 12 g (0.06 mole) of sodium benzenesulfinate,  and 4.2 g (0.03 mole) of anhydrous potassium carbon-  
ate in 100 ml of dimethylformamtde was refluxed for 6-7 h and filtered. The hot f i l trate was diluted with 
water  until it became turbid and was then cooled to give 4.36 g of a dark-yellow precipi tate,  which was 
chromatographed on anhydrous aluminum oxide in 6% pyridine in chlorobenzene to give 3.87 g (53%) of yellow 
p r i sms  (from chlorobenzene) of 3-phenylsulfonyl-2-aminoanthraquinone with mp 210-211~ (sublimation). 
Found: N 3.95; 3.70; S 8.67; 8.94%. C20Hi3NO4S. Calculated: N 3.85; S 8.82%. 

1-Bromo-3-phenylsulfonyl-2-aminoanthraquinone.  A 1.45-g (0.004 mole) sample of 3-phenylsulfonyl-  
2-aminoanthraquinone was dissolved in 7 ml of concentrated sulfuric  acid, and the solution was poured into 
40 ml of water.  Bromine [1 ml (~ 0.02 mole)] was poured into the suspension at 10~ and the mixture was 
s t i r r ed  at 25~ for 1.5 h, heated to 75~ and a solution of 2.45 g (0.02 mole) of potassium chlorate in 32 ml 
of water  was added in the course  of 2 h. A solution of sodium sulfite was then added, and the result ing p re -  
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cipitate was separated and dissolved in chloroform. The chloroform solution was passed through a layer 
of anhydrous aluminum oxide and crystallized from acetic acid to give small, yellow needles with mp 263- 
264.5~ Found: Br 18.17; 18.28; N 3.07; 3.09; S 7.12; 7.26%. C20Hi2BrNO4 S. Calculated: Br 18.07; N3.17; 
S 7.25%. 

The IR s p e c t r a  of KBr pe l l e t s  we re  m e a s u r e d  with a UR-IO s p e c t r o m e t e r .  
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