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H E T E R O R I N G  C O N T R A C T I O N  

M.  V.  K a z a n k o v ,  N. P .  
a n d  E .  G .  K u z n e t s o v a  

IN  1 - D I A Z  O A N T H R A P Y R I D  O N E *  

M a k s h a n o v a ,  UDC 547.75 : 542.952 

An th rapyr idone - l -d i azon inm sa l t s  a r e  conver ted  with ring contract ion to py r ro loan th rone -1 -  
carboxyl ic  acid and, in the p r e s e n c e  of alcohols,  to its e s t e r s .  

Pyr ro loan th rone  (6H-Tnaphth[1,2,3-cd]indol-6-one) and its de r iva t ives  a r e  difficult to obtain, and litt le 
study has been devoted to them. We have found a new method for  the p r epa ra t i on  of this he te rocycl ic  polycon-  
densed s y s t e m -  contract ion of the r ing in an th r apy r idone - l -d i azon ium sa l t s  (1-diazo-7H-dibenz [f, i j] isoquino- 
l ine-2,7[3H]-dione) (I) to give p y r r o l o a n t h r o n e - l - c a r b o x y l i c  acid (II). Since, as shown in [2], the s ta r t ing  
1 -aminoan thrapyr id ine  and its subst i tuted de r iva t ives  a r e  ex t r eme ly  access ib le ,  this method  may  have p r e p a -  
ra t ive  value.  

Salts I, which we obtained fo r  the f i r s t  t ime in the fo rm of the hydrosulfa tes ,  t e t r a f luorobora tes ,  and 
pe rch lo ra t e s ,  a r e  stable c rys ta l l ine  subs tances .  They undergo convers ion  to acid II even when they a r e  d i s -  
solved in water ,  and the reac t ion  is acce le ra t ed  by the addition of alkal is ,  heating, and i r rad ia t ion  with day-  
l ight o r  UV light. The reac t ion  p roceeds  instantaneously in s t rongly alkaline media,  but sma l l  amounts  of im-  
pur i t i e s  (pr imar i ly  1-hydroxyanthrapyr idone)  a r e  obse rved  in this case .  To reduce the amount  of impur i t i es  
and achieve high yie lds  of acid l'I, it is expedient  to c a r r y  out the reac t ion  under the influence of weake r  a lka-  
line agents (for example ,  a l ka l i -me ta l  ace ta tes  o r  carbonates)  and in mix tu res  of wa t e r  and organic  solvents .  
Der iva t ives  of acid II that contain subst i tuents  in the anthrone f r agmen t  can also be obtained under the s ame  
conditions, as shown in the case  of the synthes is  of 3 - m e t h y l - 5 - b r o m o p y r r o l o a n t h r o n e - l - c a r b o x y l i c  acid (TII) 
(Table 1). 

_+ o F + o- _ +  o 

0 0 

I V I I  I I  

The s t ruc tu re  of product  II was p roved  by decarboxylat ion to pyr ro loan throne  IV and subsequent  a r y l a -  
tion with bromobenzene  to give N-pheny lpyr ro loan th rone  V, which was identical  to the subs tance  synthes ized 
by an independent method by cycl izat ion of N-(1-anthraquinonyl) -N-phenylglycine  VI [3]. 

* See [1] for  our  p r e l i m i n a r y  communicat ion.  
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Khimiya  Gete ro t s ik l ichesk ikh  Soedinenii, No. 8, pp. 1103-1105, August, 1977. Original  a r t i c le  submit ted No- 
v e m b e r  17, 1975. 
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T A B L E  1. I > y r r o l o a n t h r o n e - l - c a r b o x y l i c  Acids  and The i r  Methyl  

ROOC-x NH '@. E s t e r s  R' 

O W' 

5~ 
II 

III 

VIII 

IX 

X 

R R' 

1t H 

H CI-I~ 

CH3 H 

CI% CH:~ 

Ct{~ 1 [ 

rap, ~ 
(cr:fstalli- 

g" zation sol- 
vent) 

Found, % Empirical Calc., % 

C 11 IIIg N formula C I1 

H 173,0L.01-15, tc,6. o  173,0t3,5 
acetone) l I I 

dioxane) I / C,TH,INO3 173,6/4,C H 246--247,5[738]43| 5,1 
(benzene) [ ' / CIsH,~BrNO,~158,4/3, 2 Br Above 350 [58,613,3] 21,6 3.9 
(benzene) I ] / (Br) 

Cl 292---293 ,66,013,31 ll,0 4,3 CtzH,oCINOa [65,613,~ 
t (ben=ene) / f /(C') 

l l l g  

22,5 
(m) 

2t,6 
(Br} 
l 1,4 
(at) 

O 

5,3192 

4,0 [ 90 

5,0180 

3,8 / 63 

4,5 / 65 

* Compounds  II and ]II d e c o m p o s e  above  300~ 

CH2COOH 

II I[ 
0 O 0 

IV V VI 

Ring con t r ac t i on  is c h a r a c t e r i s t i c  f o r  v a r i o u s  diazo compounds  that  a r e  capable  of undergoing  c o n v e r -  
s ion  to an o -qu inone  d iaz ide  f o r m  [4]. In ou r  c a s e  the f o r m a t i o n  of an unstable  i n t e rmed ia t e ,  which evolves  
n i t r o g e n  to g ive  ac id  1I, can  a l so  be  o b s e r v e d  when the r eac t i on  is c a r r i e d  out  in m o d e r a t e l y  a lkal ine  (pH ~ 10) 
o r  c l o s e - t o - n e u t r a l  med ia .  When a solut ion of d i azon ium sul fa te  I, which  is r ed  (kmax  530 nm), is diluted o r  
made  a lkal ine  with sod ium ace ta te ,  a v io l e t -b lue  subs t ance  (kma  x 580 nm) is f o r m e d  (Fig. 1). The la t ter ,  in 
c o n t r a s t ,  to d i azon inm sa l t  I, p a s s e s  f r o m  the aqueous  l a y e r  to the o rgan ic  so lvents  and on ac id i f i ca t ion  is r e -  
c o v e r t e d  to s t a r t i ng  sa l t  L The IR s p e c t r u m  of a c h l o r o f o r m  solu t ion  of the compound  conta ins  the baud of a 
d iazo g roup  at 2190 c m  -1, which is shif ted to the l o w - f r e q u e n c y  s ide as  c o m p a r e d  with the vN(~) band  of d iazo-  
n ium sa l t s  I (2230 cm-1) .  A c o m p a r i s o n  of the data  obta ined in this s tudy with the known p r o p e r t i e s  of quinone 
d iaz ides  [4] m a k e s  it p o s s i b l e  to a s s i g n  quinone d iaz ide  s t r u c t u r e  VII to this compound.  

It is known that  the r e a r r a n g e m e n t  of diazo c a r b o n y l  compounds  in the p r e s e n c e  of a lcohols  o r  amines  
leads  to the f o r m a t i o n  of, r e s p e c t i v e l y ,  e s t e r s  and amides  of c a r b o x y l i c  ac ids  [5]. P r o c e e d i n g  f r o m  this,  we 
a t t empted  to a c c o m p l i s h  s i m i l a r  t r a n s f o r m a t i o n s  f o r  diazo compound  I. We found that  the ac t ion  of a m i n e s  

\ 

X, fliT'- 

F i g .  1. Abso rp t i on  s p e c t r a  of a n t h r a p y r i d o n e -  
1 - d i a z o n i u m  hydrosu l f a t e :  1) in wa te r ;  2) in a 
buf fe r  solut ion at pH 9.8. 
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does not give amides of acid II but leads to  the format ion  of 1-aminoanthrapyridone;  this is evidently associa ted 
with the intermediate  format ion  of diazoamino compounds. At the same time, e s t e r s  of acid II a re  fo rmed  in 
the ~ resence  of alcohols.  Thus methyl e s t e r s  VIII-X (Table 1) were  obtained by t rea tment  of diazonium sal t  I 
and i ts  der iva t ives  with sodium carbonate  in methano l -d ioxane .  The methyl  e s t e r s ,  in cont ras t  to the acids 
themse lves ,  a re  quite soluble in organic solvents ,  and this makes  them more  convenient s tar t ing compounds 
for subsequent t rans format ions .  

E X P E R I M E N T A L  

]?he absorpt ion spec t ra  of the compounds were  recorded  with a P e r k i n -  E lmer  402 spec t rophotometer .  

Anthrapyr idone- l -d iazonium Hydrosulfate (D. A total of 8 ml (8 mmole) of a 1 N solution of n i t rosy lsu l -  
fur ic  acid was added to a suspension of 2 g (7.64 mmole) of 1-aminoanthrapyr idone in 50 ml of glacial  acetic 
acid, and the mixture  was s t i r r ed  for  2 h. The resul t ing red  c rys ta l s  were  removed by f i l t rat ion,  washed with 
ether ,  and dried in a vacuum des icca tor  to give 2 g (70%) of sal t  I with mp 183-185~ (dec.). Found: C 51.4; 
H 2.3; N 10.9; S 8.6%. C16HsN303S. Calculated: C 51.7; H 2.4; N 11.3; S 8.6%. 

4 -Methy l -6 -b romoan th rapyr idone- l -d iazon ium and 6 -ch lo roan th rapyr idone- l -d iazon ium hydrosulfa tes  
were  s imi lar ly  obtained. 

l>yrroloanthrone-1 - carboxyl ic  Acids (II, HI). The appropr ia te  an thrapyr idone- l -d iazonium hydrosulfate  
[25 g (55.7-70.5 mmole)] was added to a mixture  of 500 ml of dioxane, 100 ml of water ,  and 25 g (236 mmole) of 
sodium carbonate,  and the mixture  was heated to 45~ for  30 min. It was then poured into 2.5 l i ters  of water ,  
and the result ing prec ip i ta te  was removed  by f i l t rat ion,  washed, and dr ied to give acids I I o r  III (Table 1). 

Methyl l>yr ro loan throne- l -ca rboxyla tes  (VIII-X). A 25-g (55.7-70.5 mmole) sample of the appropria te  
diazo compound was added to a mixture  of 500 ml of dioxane, 100 ml of methanol,  and 25 g (236 mmole) of an- 
hydrous sodium carbonate,  and the mixture  was heated to 70~ for  20 min. It was then diluted with 2.5 l i ters  
of water ,  and the result ing precipi ta te  was removed  by fi l trat ion,  washed, dried,  and chromatographed o n  A1203 
(elution with chloroform) to give e s t e r s  VIII-X (Table 1). 

Pyr ro loan throne  (IV). This compound was obtained by decarboxylat ion of acid II in a vacuum subl imator  
at  300-310~ (10 mm).  Chromatographic purif icat ion on A1203 (elution with ch loroform)  gave the product,  with 
mp 258-260~ (from benzene) (mp 250-251~ [6]), in 48% yield.  

N-Phenylpyrro loanthrone  (V). A mixture  of 0.9 g (4 mmole) of pyr ro loanthrone  IV, 3.5 ml (30 mmole) of 
bromobenzene,  0.35 g (1 mmole) of cuprous bromide,  and 70 ml of ni t robenzene was refluxed for  16 h, a f te r  
which it was cooled and f i l tered.  The ni t robenzene was removed  f rom the f i l t ra te  by s team disti l lation, and 
the solid was removed  by fi l trat ion,  dried,  and subjected to chromatographic  purif icat ion on AI203 (elution 
with chloroform) to give 0.6 g (51%) of anthrone V with mp 226~ (from alcohol). Compound V was identical  
with r e spec t  to its melting point and IR spec t rum to the compound obtained by the method in [3]~ 
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