
The combined mothe r  l iquors  were  evaporated,  and indole XII with mp 110-111 ~ (from alcohol) and 
Rf 0.36 (activity II A1203), was isolated f rom the res idue  by p repara t ive  chromatography on a loose l aye r  
of aluminum oxide. PMR spec t rum (in CCI~): 51 .7-2 .2  (2-CH 2 and 3-CH2), 2.4 (6-CH 3, s), and 3.8 ppm 
(4'-CH30 , s). Found: C 82.2; H 7.4; N 5.2%. C20H21NO. Calculated: C 82.5; H 7.3; N 4.8%. 

Indole XII was also synthesized by reac t ion  of 6 -me thy l - l , 2 ,3 ,4 - t e t r ahydroca rbazo le  with p -b romo-  
anisole; the product had nap 110-111 ~ No melt ing-point  depress ion  was observed for  a mixture  of a sam-  
ple of this product  with a sample of indole XII obtained as indicated above, and the i r  PMR spec t ra  were 
identical.  
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T H E R M O L Y S I S  O F  1 - D I A L K Y L A M I N O A N T H R A Q U I N O N E S -  N EW  

M E T H O D  F O R  T H E  S Y N T H E S I S  O F  A N T H R A [ 1 , 9 - b c ] P Y R R O L E  

D E R I V A T I V E S  

V.  Y a .  D e n i s o v ,  L .  N. A n i s h i n a ,  
a n d  E .  P .  F o k i n  

UDC 547.75'867.2 

1-Dialkylaminoanthraquinones undergo cycl izat ion to give an thra[1 ,9-bc]pyr ro le  der ivat ives  
on the rmolys i s  in pyridine and other  polar  solvents.  The cycl izat ion proceeds  through in t ra-  
molecu la r  r e a r r angemen t  of 1-dialkylaminoanthraquinones to anthra[ 1,9-de]-  1, 3-oxaz ine de- 
r ivat ives  and through subsequent contract ion of the 1,3-oxazine ring to a p y r ro l e  ring. 

Heterocycl ic  sys tems  containing an anthracene ring condensed in the 1,9 posit ion with a heterocycl ic  
ring a re  the basis  of many vat and acid dyes and dyes for  synthetic mate r ia l s  [1]. One such sys tem is 
anthra[ 1,9]bc]pyrrole.  * 

�9 This sys tem can also considered to be naphth[1,2,3-cd]indole (see [2]). We have adopted the anthra[1,9- 
bc ]pyr ro le  designation in o rde r  to emphas ize  the relat ionship to anthracene der ivat ives ,  on the basis of 
which the synthesis  of the sys tem under  considerat ion is usually real ized.  

Novosibirsk insti tute of Organic Chemist ry ,  Siberian Branch, Academy of Sciences of the USSR. 
Trans la ted  f rom Khimiya Geterots ikl icheskikh Soedinenii, No. 10, pp. 1360-1363, October,  1975. Original 
a r t ic le  submit ted F e b r u a r y  14, 1975. 
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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. 
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The parent  compound i tse l f  has  not been descr ibed  in the l i t e ra tu re ,  but a number  of methods for  the synthes is  of 
subst i tuted an th ra [1 ,9 -bc ]pyr ro les  a r e  known. Accordingto  the method in [3 ] ,anthra [1 ,9-bc]pyrro le  de r iva t ives  
a re  obtained by reac t  ion of 1 -amino-10 -an th rone  with carboxyl ic  acids o r  the i r  de r iva t ives  in the p resenc  e of 
acidic condensing agents .  Accord ingto  the data in [4], 1 -pheny l -6 -H-an th ra [1 ,9 -bc ]py r ro l e  is fo rmed  inthe  
cycl izat ion of 9 -benzoy l -9 ,10-d ihydroan th racene  oxime.  The method fo r  the synthes is  of an t ra  [1 ,9-bc]pyrrole  

t h a t  has found mos t  extensive appl icat ion is cycl iza t ion of N-a lkyl -subs t i tu ted  1-aminoanthraquinones  that 
contain an act ive  ~ -methy lene  group [5-9]. Activat ion of the l a t t e r  is achieved by introduction of an e l ec ,  
t r o n - a c c e p t o r  group (for example ,  a carboxyl  group [5]) in the alkyl chain. 

We have  found that anthra[1 ,9]bc]pyrro le  de r iva t ives  a r e  formed by t he rmo lys i s  of 1-d ia lkylamino-  
anthraqutnones.  This t r ans fo rmat ion ,  which p roceeds  without additional act ivat ion of the s - m e t h y l e n e  
group, makes  it poss ib le  to obtain an th ra [1 ,9 -bc ]pyr ro les  f r o m  1-subst i tu ted anthraquinones containing a 
cycl ic  amine (for example,  piperidine)  or  a dia lkylamine with long alkyl chains as a substt tuent;  this  sub-  
s tant ia l ly  expands the synthetic poss ib i l i t i es  of the method.  

..+o ........ ~ 
H~C R' R R" 

II II 
0 0 

I II 

!,11 a.R+R'=(CH2)+; b R=CHa, R'=C2Hs; c R=H R'=CH 3 

When 1-piperidinoanthraquinone is heated in pyr idine (at 250~ fo r  10 h), an th r apy r ro l e  IIa is obtained 
in 40% yield; in addition, N- (1-an thraqu inonyl ) -5 -aminova le ra ldehyde  (III) was isolated f rom the react ion  
mix ture .  Under the s a m e  conditions, I ~  was obtained along with 1-monoethylamtnoanthraquinone (IV) 
f r o m  1-diethylaminoanthraquinone.  Closing of the p y r r o l e  ring a lso  occu r s  when I and Ib a r e  heated in 
alcohol or  in acet ic  acid.  The addition of subs tances  that t ie  up w a t e r  such as BaO, CaO, KOH, and acet ic  
anhydride p r o m o t e s  the react ion.  

The s t r u c t u r e  of I I a - c  was es tabl i shed on the bas i s  of analyt ical  and spec t r a l  data.  Thus the t r ip le t  
and quar te t  of the protons  of the ethyl group at 1.25 and 4.16 ppm (JH_H=7 Hz), r e spec t ive ly ,  the s inglet  
of the protons  of a methyl  group at 2.78 ppm, and the s ignals  of seven a roma t i c  protons  at 7.02-8.18 ppm 
a r e  obse rved  in the PMR s pec t rum  of IIb. 

I - ~ I |  

l 
O C O C H  3 0 

Vl  III ,  IV 

V l a  R+R'ffi(CH2)4: b Rff ic t l  3. R'=C2H~: II! R~(CH2)+CIIO: 

IV RfC2H 5 

The mos t  p robab le  pathway fo r  the convers ion  of 1-dialkylanthraquinones to an th ra [1 ,9 -bc ]pyr ro les  
s e e m s  to us to be one involving the in te rmedia te  fo rmat ion  of an th ra [1 ,9 -de ] - l , 3 -oxaz ine  de r iva t ives  (V) 
with subsequent  contract ion of the 1 ,3-oxazine ring to a p y r r o l e  ring. 

It is known [10] that 1 -d ia lkylaminoanthraquinones  a r e  smoothly  r e a r r a n g e d  on heating in pyr idine 
(140-170 ~ and o ther  po la r  solvents  to V; the l a t t e r  a re  readi ly  hydrolyzed with opening of the 1,3-oxazine 
ring, but they can be isolated in the fo rm of the re la t ive ly  s table  ace ta tes .  The fact  that  III and IV -- typical  
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TABLE 1. Thermolys i s  of  Anthraquinone Ia 

Solvent 

Acetic acid 
n-Butyl alcohol 
n-Butyl alcohol 
n-Butyl alcohol 
n-Butyl alcohol 

] Condensing re- 
agent (79 of 
w~ight of Ia) 

KOH 
CaO 
BaO 

Reaction 
time, h ' 

5 
2,5 
2,5 
3,5 
3,5 

Yield of IIa, % 

15 
25 
71 
65 
68 

TABLE 2. 

Starting 
compound 

Via 
Via 
Via 
VIb 

Thermolys i s  of Acetates  Via, b 

Solvent 

Pyridine 
n-Butyl alcohol 
n-Propyl alcohol 
n - Butyl alcohol 

Condensing re- 
agent (7% 5f the 
weight of start- 
mg compoun_d) 

KOH 
p-PrONa 

- KOH 

yield of 
Reaction anthra- 
time, h pyrrole, % 

IO 
5 
5 
5 

20 
57 
70 

"49 

products  of decomposit ion of the corresponding anthra[1 ,9-de]-1 ,3-oxazines  - w e r e  isolated along with 
an thrapyr ro les  f rom the react ion mixture  indicates the format ion of oxazines V under the react ion condi- 
tions that we selected.  

The possibi l i ty of contract ion of the 1,3-oxazine ring to a py r ro l e  ring was shown in [11] in the case 
of benzoxazine.  This sor t  of t r ans format ion  was previously unknown for  anthra[ 1,9-de]- 1,3-oxazines.  In 
o rde r  to conf i rm the conclusion that these compounds are capable of contract ion of the oxazine ring, we 
synthesized oxazine acetates  Via and VIb by the method in [10] and subjected them to thernaolysis.  Oxazine 
Via gave the expected an thrapyr ro le  IIa in 20% yield when it was heated in pyridine (at 250 ~ for  10 h). 
Higher yields of the an thrapyr ro les  (50-70%) were observed in the the rmolys i s  of Via and VIb in n-propyl  
alcohol o r  n-butyl alcohol in the p resence  of basic reagents (alkali and alkoxides). 

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

The electronic absorption spec t ra  of ethanol solutions of the compounds were  recorded with a Unicam 
SP 700c speet rophotometer .  The PMR spec t ra  of t r i f luoroacet lc  acid solutions were  recorded  with a 
Varian A 56/60A spec t rome te r  with hexamethyldisiloxane as the internal s tandard.  

1-Piperidinoanthraquinone (Ia) was obtained by heating 1-chloroanthraquinone with piperidine at 
(100 ~ f o r  10 h) to give red c rys ta l s  with mp 120 ~ (naethanol)(mp 121 ~ [12]). Compound Ib was obtained by 
the method in [13], and Via and VIb were  obtained by the method in [10]; the melt ing points of the products  
were in agreement  with the l i t e ra tu re  values.  Compound Ic was synthesized by heating 1-chloroanthra-  
quinone with dinaethylamine in pyridine (at 100 ~ for  8 h) to give dark red needles with map 137-138 ~ (from 
ethanol)(mp 138 ~ [14]). 

.9 -Oxo- l ,2 ,3 ,4- te t rahydro-9H-anthra[1 ,9-bc]pyr ido]2 ,1-e]pyrro le  {IIa). A mixture  of 0.5 g of Ia and 
5 nal of absolute pyridine was heated in a sealed glass  ampul at 250 ~ for 10 h, af ter  which the ampul was 
cooled and opened, and the react ion mixture was poured into water  (50 nal). The aqueous mixture was 
acidified with 5 ml of concentrated hydrochlor ic  acid, and the result ing precipi ta te  was removed by f i l t ra-  
tion and washed with water .  The dried solid product was chromatographed with a column filled with activity 
II aluminum oxide with elution by benzene.  Elution of the red zone and subsequent evaporation of the eluate 
gave 0.08 g (15%) of aldehyde III, which was identified by compar ison  with an authentic sample [10]. Work- 
up of the br ight-yel low zone gave 0.19 g (40%) of yellow needles of II with nap 218.5-220.5 ~ (from benzene). 
Found: C 83.9; H 5.5; N 4.7%; M 273 (mass spect rometr ica l ly) .  C19HIsNO. Calculated: C 83.5; H 5.5; N 
5.1~ M 273. }'max nm (log e): 205 (4.59); 238 (4.28); 245 (4.27); 256 (4.20); 279 (4.37); 357 (3.34); 446 
(4.06). Signals at 1.70, 2.67, and 3.13 ppna with an intensity ratio of 4 : 2 : 2, which cor responds  to an a , a -  
disubstituted piperidine ring, and signals of seven aromat ic  ring protons at 7.10-8.05 ppm are  observed 
in the PMR spect rum.  Data on the the rmolys i s  of anthraquinone Ia in various solvents and in the presence  
of various condensing agents (0.5 g of Ia, 5 ml of solvent, 250 ~ a re  presented in Table 1. 

�9 A. L. Samarodov part ic ipated in the experimental  work. 
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1-Methy l -2-e thy l -6-oxo-6H-an thra [1 ,9 -bc]pyr ro le  (IIb). The thermolys i s  of Ib (0.5 g) and the isola-  
tion of the react ion products  were  ca r r i ed  out as descr ibed above to give 0.14 g (3170) of 1-e thylaminoanthra-  
quinone (IV) [15] and 0.20 g (43?0) of an thrapyr ro le  IIb as yellow needles with mp 145-147 o [ b e n z e n e - p e t r o -  
leum e ther  (1: 4)]. Found: C 82.6; H 5.6; N 5.6%. C18H15NO. Calculated: C 82,7; H 5.7; N 5.4?0. ~'max, 
nm (log e ) :  204(4.61);238(4.32);244(4.31);  j 254 (4.25); 227 (4.39); 352 (3.49); 437 (4.06). 

2 -Methyl -6-oxo-6H-anthra[1 ,9-bc]pyr ro le  (lie). A 0.7-g sample  of quinone Ic was heated in a mix-  
tu re  o~5.6 ml of acet ic  acid and 1.4 ml of acet ic  anhydride in a sealed glass  ampul at 190 ~ for  4 h, a f te r  
which the mix ture  was poured into wate r  (150 ml). The result ing prec ip i ta te  was removed by f i l t ra t ion 
and washed with water .  Chromatography of the dried solid product  on aluminum oxide (elution with benzene) 
gave 0.28 g (40?0) of yellow needles of IIc with mp 196-198 ~ (from benzene).  Found: C 82.4; H 4.9; N 5.9?0. 
C16HllNO. Calculated: C 82.4; H 4.7; N 6.0?0. ~tma x, nm (log s 211 (4.42); 2.37 (4.31); 243 (4.26); 253 
(4.20); 276 (4.29); 304 (4.02); 347 (3.8); 417 (4.08). A singlet of protons of a methyl group at 3.78 ppm and 
signals of seven aromat ic  ring protons at 7.0-8.4 ppm were  observed in the PMR spec t rum.  

Thermolys is  of Anthra[1 ,9-de] - l ,3 -oxaz ine  Acetate.  Acetates  Via and VIb (0.5 g of the aceta te  in 
5 ml ~ solvent) were  subjected to thermolys i s  in sealed glass ampuls at 250 ~ The reac t ion  mix tures  
were  separated chromatographical ly  on aluminum oxide (elution with benzene).  The exper imenta l  resul t s  
a re  presented  in Table 2. 
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