
SYNTHESIS OF ANTHRADIPYRIDONE DERIVATIVES 
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Anthradipyridones containing pyridinium groups in one or two pyridone rings were ob- 
tained by the action of pyridine on 6-ehloroacetamido derivatives of anthrapyridone and 
on 1,4- and I, 5-di (chloroacetamido)anthraquinones. Heating of the anthradipyridonyl- 
pyridinium salts in aniline gives the corresponding mono- and diamino derivatives of 
anthradipyridones, while reduction gives unsubstituted anthradipyridones. 

As we have prev ious ly  shown, a n t h r a p y r i d o n y l - l - p y r i d i n i u m  sal ts  readi ly  f o r m  1 -aminoan th rapyr -  
idones (1-amino-3H-dibenzo[f , i , j ] i soquinoi ine-2 ,7-diones)  on heating in high-boil ing amines  [1]. The p r e s -  
ent pape r  is devoted to extension of this method to the  synthes is  of amino der iva t ives  of anthradipyr idones  
(3,6-dihydrodibenzo i f , /mn]-2 ,9-phenanthro l ine-2 ,7-d ione  and 3 ,9-dihydrobenzo [1,2,3-de : 4 ,5,6-d '  e' ]diquin- 
ol ine-2,8-dione) .  

We have obtained an thradipyr idonylmono-  and b i spyr id in ium sal ts ,  which were  conver ted  to the c o r -  
responding amino der iva t ives .  The monopyr id in ium sa l t s  were  obtained f r o m  6 - a m i n o - 3 - m e t h y l a n t h r a -  
pyr idones  (Ia, b), the chloroacety l  de r iva t ives  (IIa, b) of which are  readi ly  cycl ized in pyridine to give HIa, 
b, and heating of the l a t t e r  in aniline gives 1-aminoanthra[1,9  : 4,10]dipyridones (IVa, b). 
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The fo rmat ion  of a second he te ro r ing  is conf i rmed  by the res i s t ance  of Ilia, b to prolonged heating 
in concent ra ted  sulfur ic  acid; in the case  of uncycl ized w-pyr id in ium sal ts ,  these conditions should have 
led to hydro lys i s  to Ia, b. 

1,4- and 1 ,5-Di(chloroacetamido)anthraquinones  (Va, b; a is the 1,4 i somer ,  b is the 1,5 i somer )  
a lso  readi ly  undergo reac t ion  with pyridine to give, however,  6- and 8 -ch lo roace tamidoan th rapyr idony l -1 -  
pyr id in ium chlor ides  (VIHa, b) r a t he r  than b l spyr id in ium der iva t ives .  Since r ep l acemen t  of the chlorine 
a toms by pyr id in ium groups,  which p recedes  cycl izat ion [2], is equally probable  in both chloroacety l  groups,  
compounds with two pyr id in ium groups  (in the he te ror ing  and in the open chain) should have been formed 
in the second cycl iza t ion  in the case  of hindrance.  The s t ruc tu r e s  of VIIIa, b were  proved by reac t ion  
with aniline, as a resu l t  of which 6- and 8 -w-an i l i noace t amido - l - aminoan th rapy r idones  (VIIIa, b) were  
obtained, and also by the i r  hydro lys i s  with sulfuric  acid to 6- and 8 - aminoan th rapy r idony l - l - py r id in ium 
sa l t s  ([Xa, b). In turn, acid hydro lys i s  of VliIa, b and heating in aniline of IXa, b lead to identical  c o m -  
pounds, r e spec t ive ly  - 1,6- and 1 ,8-d iaminoanthrapyr idones  (Xa, b). The t r an s fo rma t ions  of the 1,4 i so-  
m e r s  (a) a re  p resen ted  in the scheme that follows. 

Sc ien t i f i c -Resea rch  Insti tute of Organic  In te rmed ia tes  and Dyes, Moscow. Trans la ted  f r o m  Khimiya 
Getero ts ik l icheskikh  Soedinenii, No. 6, pp. 830-835, June, 1973. Original a r t ic le  submit ted January  28, 
1972. 

@ 19 75 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

763 



o NIICOCH2CI 

+el-  0 

0 NHCOCH2CI 
VII a 

_ _  C I  0 

Xla V i a  

0 
II 

0 N HCOCH2--NH-- ~ 

VIII a 

II " ~  _. U 

0 NH 2 O NH~ 

IXa Xa 

O 

II 
0 

Xlla. 

We were  able to es tab l i sh  that the r eason  for  the cessa t ion  of the reac t ion  at the step involving the 
fo rmat ion  of VIIa, b is the low solubili ty of the l a t t e r  in pyridine,  as a resu l t  of which they prec ip i ta te  and 
exit  f r o m  the react ion  sphere .  The addition of wa te r  to the pyridine leads to an inc rease  in the solubility 
of VIIa, b and subsequent reac t ion  to f o r m  b ispyr id in ium der iva t ives  of anthradipyr idones  (Via, b), which 
in turn prec ip i ta te  f r o m  the aqueous pyridine as c rys ta l l ine  subs tances .  Final compounds Via, b, which 
do not contain in te rmedia te  react ion  products ,  a re  fo rmed  d i rec t ly  in the reac t ion  of the s ta r t ing  1,4- and 
1 ,5-bis(chloroacetamido)anthraquinones  (Va, b) with aqueous pyridine.  The i r  s t ruc tu re  is conf i rmed by 
the i r  r e s i s t ance  to hydrolys is  in concent ra ted  sulfur ic  acid, in which they r ema in  unchanged even on heat-  
ing at 250 ~ for  4 h. 

o O~ 
II ~ 4H,, 

H Nk,.~'~ R , - ( ~  r ~  N~c4"9 

Vlb, x lb ,  Xllb v l c ,  g l c ,  g i l t  

Vlb, cR= N\ //; Xlb+c R=NH2; Xllb, c1~:tl 

If there  a re  subst i tuents  that p romote  g r e a t e r  solubility in pyridine (for example ,  aliphatic chains) 
in the s ta r t ing  diaminoanthraquinones,  the fo rmat ion  of monopyr idinium sa l t s  of the VII type is not ob- 
served ,  and closing of both pyridone r ings occurs  in the absence of water .  Thus b i spyr id in ium der ivat ive  
VIc was obtained by heating 1,4-bis(chloroacetylbutylamino)anthraquinone (Vc) in pyridine.  

1 ,8-Diaminoanthra[1 ,9:4 ,10]dipyr idone (XIa), its 3,6-dibutyl der ivat ive  (XIc), and 1,7-diamtnoanthra~ 
[1,9 : 5,10]dipyridone (XIb), respec t ive ly ,  a re  fo rmed  on heating b i spyr id in ium sa l t s  Via, c in aniline.  The 
complete  cleavage of two pyridine r ings  occurs  with g r e a t e r  difficulty than in the case  of one - in mono-  
pyr id in ium der iva t ives  of anthrapyr idone and anthradipyridone.  While it is sufficient to heat the l a t t e r  in 
aniline to the boiling point, the b t spyr id in ium sal ts  (VI) requi re  refluxing for  3 h. 

I t  is known that facile reduct ive e l iminat ion of the pyr id in ium group [3] is pecul ia r  to an thrapyr idonyl -  
1-pyr id in ium sa l t s .  Pyr id in ium der iva t ives  of anthradipyr idones  also have a s i m i l a r  p roper ty .  Thus, 
even in the co]d, b i s p y r i ~ n i u m  sal ts  WIa-c)  are rapidly conver ted to unsubsti tuted anthradipyr idones  (XHa~ 
c) by mixing aqueous solutions of them with sodium carbonate  solution of sodium hydrosulf i te .  Compounds 
XII can also be obtained f r o m  VI by reduction with zinc in aqueous acet ic  acid; this reduct ion requ i res  p r o -  
longed heating. 
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Thus the t ransformat ions  presented previously are a method for the prepara t ion not only of amino 
derivat ives  of anthradipyridones but also of unsubstituted anthradipyridones.  

E X P E R I M E  NTA L 

The physical  constants and yields of the compounds obtained are  presented in Tables 1-3. 

Chloroacetyl  Derivat ives.  A mixture of 1 g (3 mmole) of Ia,b, 1 ml (13 mmole) of chloroacetyl  chlo- 
ride, and 30 ml of chlorobenzene was heated for 2-4 h until the s tar t ing substance was absent on the chro-  
ma togram f rom th in- layer  chromatography (TLC) on A1203 (chloroform). The mixture was then cooled and 
f i l tered,  and the solid was washed with e ther  to give IIa, b (Table 2). The amount of chloroacetyl  chloride 
was doubled in the prepara t ion  of Va-c  (Table 1); in the case of Vc, 10 ml of benzene was used in place of 
chlorobenzene,  and the compound was isolated by dilution with 10 ml of ether .  

Pyr idinium Salts. A 1.5-g sample of Ha, b or  Va-c was refluxed in 30 ml of pyridine, after  which the 
mixture was cooled, and the needles were removed by fil tration and washed with e ther  to give, respectively,  
Ilia, b (Table 3), VIIa, b (Table 2), and VIc (Table 3). 

Compounds Via, b (Table 3) were obtained by refluxing a solution of 1 g of Va, b or  VIIa, b in 47 ml 
of pyridine and 10 ml of water  for 3 h. The mixture was cooled and fi l tered af ter  the format ion of c r y s -  
talline precipi tate,  and the solid was dried.  For  analysis,  a sample was dissolved in water,  perchlor ic  
acid was added to the solution until the perchlorate  precipitated,  and the mixture was fil tered. The prec ip-  
itate was then crys ta l l ized  f rom water  (needles). 

Amino Derivat ives.  A mixture of 1 g of IIIa, b or  VIIa, b and 10 ml of aniline was heated to the boil-  
ing point, af ter  which it was cooled to 70 ~ and treated with 10 ml of methanol. The mixture was fil tered, 
and the solid was washed with methanol to give, respectively,  IVa, b (Table 3) and VIIIa, b (Table 2). 

In the prepara t ion  of XIa-c  (Table 3), VIa-c were  refluxed in aniline for 3 h, and the products  were 
isolated as indicated above. 

6- and 8-Amino-3H-dibenzo[f , i , j ] i soquinol ine-2 ,7-dione- l -pyr id inium Perch lora tes  (IXa, b). A mix-  
ture of 1 g of VIIa, b and 10 ml of 95% sulfuric acid was heated at 90 ~ for  2 h, af ter  which it was poured into 
i ce water .  The solid was washed with water  and methanol and converted to the perchlora te  as in the case 
of Via, b (Table 2). 

1,6- and 1,8-Diamino-3H-dibenzo[f , i , i ] isoquinoline-2,7-diones (Xa, b). A. These compounds were  
obtained f rom IXa,b by heating in aniline via the method presented  above (Table 2). 

B. These compounds were also obtained in 80% yield f rom VIIIa, b by the method used to prepare  1-X. 

3,6-Dihydrodibenzo[f, 1 Inn] - 2,9-phenanthroline- 2,7-diones (XIIa, c) and 3,9- Dihydro[ 1,2, 3-de : 4,5, 6- 
d 'e ' ]diquinoline-2,8-dione (XIIb). A 0.5-g (1 mmole) sample of VIa-c was dissolved in 100 ml of water,  and 
a solution of 2 g (23 mmole) of sodium bicarbonate and 2 g (11 mmole) of sodium hydrosulfite in 50 ml of 
water  was then added with s t i r r ing.  The result ing precipitate was removed by filtration, washed with water,  
and dried.  Compounds XIIa, b were purified by reprecipi ta t ion through the sulfate: 0.1 g was dissolved in 
10 ml of 9570 sulfuric acid, a few drops of water  were added until the sulfate (needles) began to precipitate,  
and the mixture was fi l tered.  The solid was washed with acetic anhydride and then decomposed by boiling 
in water .  The mixture was fil tered, and the solid was washed with water  and alcohol to give 0.09 g of prod-  
uct.  3 ,6-d i -n-buty lbenzo[f , /mn]-2 ,9-phenanthro l ine-2 ,7-d ione  (XIIc) was crys ta l l ized  f rom chlorobenzene 
(Table 3). 

67Amino-3-methyldibenzo[f , i , j ] isoquinoline-2,7-dione (Ia). A mixture of 4 g (14.4 mmole)Of  6 -b romo-  
3-methyldibenzo[f , i , j ] isoquinoline-2,7-dione,  5 g (35 mmole) of p-toluenesulfonamide,  1 g (12 mmole) of 
anhydrous sodium acetate, 0.1 g (0.5 mmole) of copper  acetate, 0.1 g (0.9 mmole) of copper  powder, and 
12 ml of nitrobenzene was heated at 180 ~ for  6 h, af ter  which it was cooled to 70 ~ diluted with 30 ml of 
methanol, and fi l tered.  The solid was washed with methanol, dried, and dissolved in 30 ml of 95~ sulfuric 
acid. The solution was heated at 90 ~ for  4 h, cooled, and poured into ice water .  The mixture was filtered, 
and the solid was washed (Table 2). 

6-Methylamino-3-methyldibenzo[f , i , j ] isoquinoline-2,7-dione (Ib). A mixture of 5 g of 6 -b romo-3 -  
methyldibenzo[f , i , j ] isoquinoline-2,7-dione,  50 ml of dimethylformamide,  and 10 ml of 20~ methylamine 
solution was heated in a sealed ampul at 140 ~ for  6 h, af ter  which the contents were poured into water.  The 

m i x t u r e  was fil tered, and the solid was washed with water,  dried, and purified by chromatography on A120 a 
(chloroform) (Table 2). 
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