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I t  is shown that the decarboxyla t ion  of 2-hydroxybenz [f] indolequinone-3-carboxylic  acids and 
the demethylat ion of 2-methoxybenz[f] indolequinone a r e  accompanied by  oxidative dimerizatior~ 
and lead to the 3 , 3 ' - d i m e r s  of 2-hydroxybenz  [f]indolequinones. 

According  to [1], ethyl N-me thy l -2 -hydroxybenz  [f] indolequinone-3-carboxylate  (1) is conver ted  to 2 -hy-  
droxybenzindolequinone (]I) (2 -hydroxy- l -methy lbenz[ f ] indo le -4 ,9 -d ione)  when it is heated in sodium hydroxide 
solution. By way of analogy, the s a m e  s t ruc tu re  was ass igned  to the products  of hydro lys i s  and decarboxyla -  
tion in acet ic  acid of N-unsubst i tu ted,  N-alkyl ,  and a ry l  ana logso f  I [2]. In a m o r e  detai led study we es tab-  
l ished that the compounds f o r m e d  actual ly  have d imer i c  s t ruc tu re s .  Evidence for  this was provided by the 
m a s s - s p e c t r o m e t r i c  de terminat ion  of the molecu la r  m a s s  of the product  (II1) and of the products  of its r ed u c -  
t ive acetyla t ion (IV) and methylat ion (V, VI). Two potential  d i f fe rences ,  each of which co r r e sponds  to the 
molecu la r  m a s s  of N-methyl -2-hydroxybenzindolequinone ,  a r e  obse rved  during the potent iometr ic  t i t ra t ion  of 
d imer  III with alkali .  The PlVIR s p e c t r a  of hexaace ta te  IV and methyl  der iva t ives  V and VI do not contain s ig-  
nals  of f l - p y r r o l e  protons ,  which indicates fusion of the 2-hydroxybenzindolequinone r e s idues  at the 3,3' pos i -  
tions. Dimer  III  is r e g e n e r a t e d  by  alkal ine hydro lys i s  of hexaace ta te  IV in the p r e s e n c e  of a i r  oxygen and in 
the hydro lys i s  of methyla ted  compounds V and VI in a mix tu re  of hydrobromic  and acet ic  ac ids .  

The d imer i c  products  a r e  m o r e  deeply co lored  than the s t a r t ing  e s t e r s .  Thus the absorpt ion  m a x i m u m  
in the v i s ib le  reg ion  of the s p e c t r u m  of d imer  III is shif ted ba thochromica l ly  128 nm as  c o m p a r e d  with the 
m a x i m u m  in the s p e c t r u m  of e s t e r  I. The r e a s o n  for  this d i f ference  becomes  unders tandable  when the s t r u c -  
t u re s  and p rope r t i e s  of the i somer i c  methyl  der iva t ives  obtained by  t r e a t m e n t  of d imer  HI with dimethyl  sulfate  
in diglyme in the p r e s ence  of e thyld i i sopropylamine  a r e  analyzed.  With r e s p e c t  to its e lec t ronic  spec t rum,  one 
of the i s o m e r s  (V), which was isolated in 53% yield,  is s im i l a r  to e s t e r  I and its O-methyl  der ivat ive(VII)  (Fig.  
1), and its IR s p e c t r u m  contains bands of v ibra t ions  only of quinone ca rbonyl  groups at 1665 cm-1; its PMR 
s p e c t r u m  contains s ignals  of methyl  groups of two types ,  and this provides  a bas i s  for  the ass ignment  of the 
s y m m e t r i c a l  3 ,3 ' -b i s  (2-methoxy-  1-methylbenz [f]indole-4,9-dione) fo rmula  to it. The e lec t ronic  s p e c t r u m  of 
the second i s o m e r  (VI), which was isolated in lower yield (10%), is s im i l a r  to the s p e c t r u m  of d imer  III  (Fig.  
2), and its IR s p e c t r u m  contains the band of a l a c t a m  CO group at 1715 c m  -1 in addition to bands of quinone 
ca~rbonyl groups at 1660 cm-1;  its PMR s p e c t r u m  contains s ignals  of methyl  groups of at l eas t  t h ree  types.  
These  data indicate an u n s y m m e t r i c a l  s t ruc tu re  r e s e m b l i n g  the e lec t ronic  s t r u c t u r e  of d imer  HI. Since the 
abi l i ty to undergo convers ion  to d tmer  III  during acid hydro lys i s  excludes the probabi l i ty  of C-methyla t ton ,  the 
only poss ib le  u n s y m m e t r i c a l  s t ruc tu re  common to d imer  III and its O,O ' -d imethy l  der iva t ive  VI is a s t ruc tu re  
in which a 9 -hydroxy-  or  9-methoxybenz[f ] indole-2 ,4-dione  r e s idue  is joined to a 2 -hydroxy-  or  2 -methoxy-  
benz [f]indole-4,9-dione r e s idue ,  r e spec t ive ly ,  in the 3,3' posi t ions (see the scheme  below). The fac tor  that 
s tab i l izes  the u n s y m m e t r i c a l  t au tomer i c  s t ruc tu re  of the d imer s  is evidently the fo rmat ion  of an in t ramolecu la r  
hydrogen bond between the hydroxy group of one r i ng  and the l a c t a m  CO group of the other .  The exis tence  of 
an in t ramolecu la r  hydrogen bond explains the absence  of the band of a l a c t a m  CO group at 1710-1715 c m  -1 as a 
consequence of its shift  to the l ower - f r equency  region and super impos i t ion  on the band of the quinone CO 
groups.  It should be  noted that  in t r amolecu la r  hydrogen bonding with the par t ic ipat ion of the oxygen a tom of 
the carbe thoxy  group is r e spons ib l e  for  the exis tence  of e s t e r  I in the hydroxy fo rm,  as evidenced by the above-  
noted s i m i l a r i t y  in the e lec t ronic  s p e c t r a  of e s t e r  I and O-methyl  der iva t ives  V and VII, as  well  as the shift 
of the band of the carbonyl  absorp t ion  of the e s t e r  group in e s t e r  I to 1686 c m  -1 (this band is found at 1735 
em -1 in t he  s p e c t r u m  of methoxy der iva t ive  VID. 

One mus t  a s c r i b e  the p r e s e n c e  of a quinone grouping and a 2 -hydroxy  group to the s t ruc tu ra l  pecu l ia r i -  
t ies  r e spons ib l e  for  the d tmer tza t ion ,  s ince nei ther  2 -hydroxy indo le -3 -ca rboxy l i e  acid [3] nor  2 -me thoxy-1 -  
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Fig. 1. Electronic spectra  in ethanol: 
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1) 3-carbethoxy-2-hydroxy- l -methylbenz  [f]indole- 
4,9-dione (1); 2) 3,3 '-bls  (2-methoxy-1-methylbenz [f]indole-4,9-dione) (V); 3) 3-carbethoxy- 
2-methoxy- 1-methylbenz [f]indole-4,9-dione (VII); 4) 2- methoxy- 1- methylbenz [f]indole-4,9- 
dione (IX} (in the case  of IV, log s values a re  plotted along the axis of ordinates).  

Fig. 2. Electronic spec t ra  in ethanol: 1) 3,3 ' -bis(2-hydroxy-l-methylbenz[f] indole-4,9-  
dione) (HI); 2) 3- (9-methoxy- 1-methyl-2,4-dihydrobenz [f]indole]2,4-dion-3-yl)-2-methoxy- 
1-methylbenz [f]indole-4,9-dione (VI}. 

TABLE 1. 3,3 ' -Bis  (2-hydroxy- 1-R-benz [f]indole- 4, 9-diones)* 

I mp, "C 
(solvent) 

}I~ >,360 
(DMF) 

i-CaH~ 257 
[(CHaCOOH) 

n-Cl~ll~ [ 193 
[(CHaCOOH) 

CsHs I - 293 
] (CtlCla) 

[ IR spec~um, cm-I I Fiund, % /Empirical 
quin- lac- I I formula 

J 
|(molecular [vcoI~ vcotam vo. C It N [lTtas$) 

1640 

1635 

1663 

1650 

1710 3270 167,,ql 2,9 

,7001 322. to.315.0 
6,9 [ C2,111~N206 

(42t,36) 
5,5 Ca,J [v, N20~ 

(508,52) 
4.0 t C,,dI6.N206 (760.98} 
4,6 Ca61]_~0N20~ 

(576,54) 

Calc., % ~. 

C t !  N "~ 

I 6,6 I 97 
68.C 2,9 

5.5 90 70,8 4,8 

I 3,7 84 75,[} 7.9 

t 75,C 3,5 4.9 80 

*Also see ~]. 
t Found: M+424. 

methylbenz[f]indolequinone-3-carboxylic acid (VIID, obtained f rom ester  VII by alkaline hydrolysis ,  undergoes 
dimerizat ion during decarboxylation. When acid VIII is refluxed in quinoline in the presence of copper acetate,  
it is converted to monomeric 2-methoxybenzindolequinone (IX), the electronic spectrum of which is s imi lar  to 
the spectra  of O-methyl derivatives V and VII (Fig. 1); the PiVIR spect rum of IX contains the signal of a f l -pyr-  
role  proton at 6.02 ppm. However, during an attempt to convert  2-methoxybenzindolequinone IX to 2-hydroxy 
derivative II by cleavage of the methoxy group by heating with hydrobromtc acid we found that dimer III is 
formed even in the absence of air .  Thus the observed oxidative dimerizat ion is not direct ly  associated with 
the decarboxylation react ion but ra the r  is peculiar to 2-hydroxybenzindolequinone H and other N-substituted 
compounds, regard less  of the method of preparation. Since dimerization does not requi re  an external oxidizing 
agent, a portion of the 2-hydroxybenzindolequinone or the resul t ing dimer should act in this capacity. In order  
to ascer ta in  which of these variants  is actually real ized,  we car r ied  out the react ion by heating ester  I in acetic 
acid without access  to air  and, after  separat ion of dimer Ill (65%), t rea ted  the f i l t ra te  with acetic anhydride with 
pyridine and isolated 2 ,4 ,9- t r iacetoxy- l -methylbenz [f]indole (X1) (20%}. A portion of 2-hydroxybenzindole- 
quinone H, which is reduced to hydroquinone X, consequently acts as the oxidizing agent. The f i rs t  step in the 
react ion is evidently t ransfer  of an electron f rom one molecule of the hydroxybenzindolequinone to another 
w i th t he  development of cation and anion radicals ,  which subsequently undergo, respectively,  deprotonation and 
protonation to give neutral  radicals  (:KID, which recombine to give d imer  IT[, and semiquinones (for example, 
XIII), which undergo disproportionation to quinone H and hydroquinone X. 

1330 



0 0 
II II 0 

0 Cll~ 0 " ~ ~  0 CH3 0 (~ii 3 
I I  ,~ ' VII VIII , 

k ~  1" I-CO~ 
O f ~C:H 5 OCOCH3 

" I \ c.~co6 ~.~ h , 0 CH 3 0 CH 3 
I IV  

" < .  o iI o " 

O CH~ CH 3 Off 

III" 

/ ~ f  o ~ ~  " +  ~c~ o~o.~. ~c~%~ ~ - -  . ,  
0 

OCH~ N 0Cil,.1 
I1 1 

0 CH~ 12 0 CH a 

VI 

0 

~H1 OClI) 

This  sequence of s teps  should lead to two- th i rds  convers ion  of hydroxybenzindolequinone to the d imer  and 
one- th i rd  convers ion  to hydroquinone X; this  is in a g r e e m e n t  with the exper imen ta l  data. The absence  o f d i -  
mer i za t ion  in the case  of 2 -methoxy  der iva t ive  IX is evidently explained by  the imposs ib i l i ty  of  deprotonation of 
the cat ion r ad i ca l  dur ing e lec t ron  t r a n s f e r  because  of the absence  of an acidic  hydrogen a tom.  

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

The IR s p e c t r a  of KBr pel le ts  of the compounds were  r e c o r d e d  with a UR-10 s p e c t r o m e t e r .  The e lec t ron ic  
s p e c t r a  we re  r e c o r d e d  with a Specord UV-vis  spec t ropho tomete r .  The m a s s  s p e c t r a  we re  r e c o r d e d  with a 
Varian CH-6 s p e c t r o m e t e r  at an ionizing voltage of 70 eV. The PMR s p e c t r a  of the compounds were  r eco rd ed  
with Tes l a  BS-467 and Jeol  C-60 s p e c t r o m e t e r s  (60 lVlI-Iz) with t e t r ame thy l s i l ane  as the internal  s tandard.  
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3,3 ' -Bis(2-hydroxy- l -methylbenz[f ] indole-4 ,9-dione)  (l/l). A) A mixture  of 29.7 g (0.1 mole) of es te r  I 
and 250 m1 of glacial acetic acid was ref luxed for 3 h, af ter  which it was cooled, and the precipi ta ted dimer  III 
was removed  by fil tration. The product  was washed thoroughly with methanol and hexane and dried to give 
18.5 g (82%) of fine violet  c rys ta l s ,  which did not mel t  when they were  heated to 360~ IR spect rum:  1650 
(quinone CO), 1708 (lactam CO, shoulder),  and 3200 cm -1 (OH, broad band). Found: C 68.9; H 3.5; N 6.2%; M + 
452. C26H16N20~. Calculated: C 69.0; H 3.6; N 6.2%; M 452.4. A compound with an identical IR spec t rum was 
obtained by  hydrolysis  and decarboxylat ion of es te r  I in alkaline media by the method in [1]. 

Analogs of d imer  HI, the proper t ies  of which a re  presented  in Table 1, were  obtained in the same way. 

B) A mixture  of 29.7 g (0.1 mole) of es te r  I and 250 ml of glacial acetic acid, which had been previously  
ref luxed thoroughly and cooled in a s t r e a m  of ni trogen,  was ref luxed for 3 h in a s t r e a m  of ni trogen,  af ter  
which it was cooled to 15~ The precipi ta ted dimer HI [15 g (65%)] was rapidly  r emoved  by f i l t rat ion,  3 g of 
zinc dust was added to the f i l t ra te  to prevent  oxidation, and the mixture  was heated to the boiling point and 
t r e a t e d  with 20 ml of acet ic  anhydride and 10 ml of pyridine and ref luxed for  20 rain. It was then cooled and 
poured into 300 ml of water ,  and the precipi ta ted 2 ,4 ,9 - t r i ace toxy- l -methy lbenz  [f]indole (XI) was removed  by 
fil tration, washed with methanol,  and r ec ry s t a l l i z ed  f rom ch lo ro fo rm to give 7.1 g (20%) of col01'less acicular  
c rys ta l s  with mp 220-222~ (dec.). IR spect rum:  1732 and 1767 cm -1 (CO). Mass spect rum:  m / e  313 (IV[ + -  
CH2CO ). PMR spec t rum (in CDC13): 2.42 (3H, s ,  CH3CO), 2.48 (3H, s,  CH3CO) , 3.40 (3H, s,  CHsCOor CH3N), 
3.50 (3H, s, CHsN or  CH3CO), and 7.60 ppm (5H, m, 3-H, 5-H, 6-H, 7-H, and 8-I-l). Found: C 64.6; H 5.0; N 
4.2%. CIsI-II?NO6. Calculated: C 64.3; H 4.8; N 4.0%. 

C) A mixture  of 0.05 g of methoxy der ivat ive  IX, 1 ml of glacial acet ic  acid, and 1 ml of f resh ly  distil led 
(over stannous chloride) 48% hydrobromic  acid was placed in an ampul, and the ampul was evacuated to a r e s id -  
ual p r e s s u r e  of 10 -7 mm (mercury  column) and sealed.  It was then heated at 110~ for 3 h, during which p re -  
cipitation of violet  dimer III was observed.  The ampul was then cooled and opened, and the precipi ta te  was 
removed  by f i l t rat ion [the yield was 0.028 g (60%)]. Another ~, 0.01 g of quinone IH precipi ta ted f ro m  the f i l t ra te  
when it was allowed to stand in the air .  According to its IR spec t rum,  the product  was identical to the samples  
obtained in methods A and B. 

3 ,3 ' -Bis  (2-methoxy- 1-methylbenz [f]indole-4,9-dione) (V) and 3- (9-Methoxy-2,4-dihydrobenz [f]indole-2,4- 
d ion-3-y l ) -2-methoxy- l -methylbenz[ f ] indole-4 ,9-d ione  (V1). A mix ture  of 5 g (11.7 mmole) of quinone HI, 8.9 g 
(70.5 mmole) of dimethyl sulfate,  9.1 g of ethyldi isopropylamine,  and 100 ml of absolute diglyme was s t i r r ed  at 
120-130~ for 4 h, af ter  which it was cooled to 10~ and the precipi ta ted methoxy derivat ive Vwas separa ted .  
The solution was poured into 500 ml of water ,  and the resu l t ing  precipi ta te  was removed  by f i l t rat ion,  dried,  
and chromatographed on aluminum oxide; elution with ch lo roform gave, success ively ,  methoxy der ivat ives  V 
and VI. 

Compound V [2.82 g (53%)] was obtained as orange acicular  c rys ta l s  with mp 331~ (from methanol). IR 
spec t rum:  1665 cm -1 (quinone CO). PM1R spec t rum (in CDC13): 3.88 (3H, s, OCH3} , 4.00 (3H, s,  NCH3) , and 
7.35 ppm (4H, m, 5-H, 6-H, 7-H, and 8-H). Found: C 69.9; H 4.1; N 5.8%; M+480. C28H20N206. Calculated: 
C 70.O; H 4.2; N 5.8%; M 480.4. 

Compound VI [0.55 g (10.2%)] was obtained as fine violet  c rys ta l s  with mp 279-280~ ( f rom c h l o r o f o r m -  
methanol). IR spect rum:  1660 (quinone CO) and 1715 cm -1 (lactam CO). PiVIR spec t rum (in CDCI~): 3.60 (3H, 
s, NCH3) , 3.86 (3H, s, OCH3) , 3.98 (6H, s,  OCHs, NCH3) , and 7.52 ppm (SH, m, a romat ic  protons).  Found: C 
69.7; H 4.2; N 5.6%; M + 480. C~sH20N206. Calculated: C 70.0; H 4.2; N 5.8%; M 480.4. 

Compounds V and VI were  formed in approximately  the same yields in the case  of methylation under the 
same conditions of the cor responding  N-unsubstituted d imer  ( see  above) with doubled amounts of dimethyl sul-  
fate and ethyldiisopropylamine.  

Starting dimer HI was r e c o v e r e d  (90-95%) when methoxy derivat ive V or  VI was ref luxed with a mixture  
of hydrobromic and acet ic  acids (1 : 1 by volume). 

3 ,3 , -Bis(2 ,4 ,9- t r iacetoxy- l -methylbenz[f] indole)  (IV). A mixture  of 1 g (2.2 mmole) of quinone III and 25 
ml of acet ic  acid was heated to the boiling point, 3 g of zinc dust was added in portions in the course  of 40 rain, 
and the mixture  was ref luxed for 20 rain. Acetic anhydride (10 ml) and 10 ml of pyridine were  added, and the 
mixture  was ref luxed for 30 min. It was then cooled and diluted with water ,  and the precipi ta te  was r e c r y s t a l -  
l ized f rom acet ic  acid to give 0.91 g (58.7%) of fine co lor less  c rys ta l s  with mp 285~ (decomp.).  IRspee t rum:  
1732 and 1775 cm -1 (CO). P1VIR spec t rum (in DMSO, fragment):  3.58 (6H, s,  CH3CO or CHsN) , 3.63 (6H, s,  
CH3N or CH3CO), and 7.71 ppm (8H, m, aromat ic  protons).  Found: C 64.4; H 4.5; N 3.9%; M + 708. C38H32N2012. 
Calculated: C 64.4; H 4.6; N 4.0%; M 708. 
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Dimer III, which was identified from its IR spectrum, was formed in quantitative yield when hexaaeetate 
IV was refluxed with a 20% solution of potassium hydroxide for 1 h with simultaneous passage of air into the 
reaction mixture and the mixture was subsequently acidified. 

~3-Carbethoxy-2-methoxy-l-methylbenz[f]indole-4,9-dione (VII). A solution of 29.9 g (0.1 mole} of ester  
I and 12.9 g (0.1 mole) of ethyldiisopropylamine in 250 ml of absolute THF was heated to the boiling point with 
stirring, 12.6 g (0.1 mole} of dimethyl sulfate was added dropwise, and the mixture was refluxed for I h. Itwas 
then cooled, evaporated in vacuo to a minimal volume, and treated with 30 ml of methanol. The resulting pre-  
cipitate was removed by filtration, washed thoroughly with water, methanol, and hexane, and recrysta l l ized 
from alcohol to give 30.9 g (98.7%} of long orange needles with mp 112-113~ IR spectrum: 1670 (quinone CO} 
and 1735 cm -1 (ester CO). PM:R spectrum (in CDC13): 1.20 (3H, t, C-CHs) , 3.31 (3H, s, NCH 3 or OCH3),3.55 
(3H, s, OCH3 or NCHs) , 3.75 (2H, q, OCH2) ~ and 6.73 ppm (4H, m, 5-H, 6-H, 7-H, 8-H). Found: C 65.1; H 4.8; 
N 4.5%. Ct~HIsNO 5. Calculated: C 65.2; H 4.8; N 4.5%. 

3-Carboxy-3-methoxy-l-methylbenz[f]indole-4,9-dione (VIII). A mixture of 15.7 g (0.05 mole} of VII, 75 
ml of alcohol, and 75 ml of a 40% solution of potassium hydroxide was refluxed for 20 rain, after which it was 
cooled, and the precipitated potassium salt of acid VIII was removed by filtration, washed with alcohol, and dis- 
solved in 3 l i ters  of hot water. Hydrochloric acid (25 ml) was added to the fi l tered hot solution, and the pre-  
cipitate was removed by filtration, washed thoroughly with water,  dried, and recrysta l l ized from alcohol to 
give 12.3 g (78.5%) of pale-yellow crystalswith mp 234-236~ (decomp.). IR spectrum: 1664 (quinone CO}, 1735 
(carboxyl CO), and 3440 cm - i  (OH). Found: C 63.7; H 4.2; N 4.8%. C15HllNO 5. Calculated: C 63.7; H 3.9; N 
4.9%. 

2-Methoxy-l-methylbenz[f] indole-4,9-dione (IX). A'mixture of 4.8 g (16.8 mmole) of acid VIII, 0.1 g of 
cupric acetate, and 25 ml of quinoline was refluxed for 20 rain in a nitrogen atmosphere, after which it was 
cooled and poured into 200 ml of 4 N hydrochloric acid. The resulting precipitate was removed by filtration, 
dried, and treated with boiling chloroform. The resulting solution of quinone IX in chloroform was fil tered to 
remove dimer III [1.1 g (29%), identified from its IR spectrum], and the fi l trate was fil tered through a layer of 
aluminum oxide. The fil trate was then subjected to vacuum evaporation, and the residue was recrysta l l ized 
from alcohol to give 2.28 g (57%) of orange needles with mp 220-221~ IR spectrum: 1647 and 1668 cm -1 
(quinone CO). PMR spectrum (in CDC13): 3.86 (3H, s, OCHs) , 4.00 (3H, s, NCHs) , 6.02 (1H, s, 3-H), and 7.92 
ppm (4H, m, 5-H, 6-H, 7-H, and 8-H). Found: C 69.9; H 4.7; N 5.7%; M + 241. C14HllNO 3. Calculated: C 69.9; 
H 4.6; N 5.8%; M 241. 
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