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The demethylation of 2 -methoxy- l -me thy lbenz  [f]indolo-4,9-quinone with boron t r ibromide  
at -80~ gave 2 -hydroxy- l -me thy lbenz  [f)indole-4,9-quinone, which is converted quantita- 
t i v e l y t o t h e 3 , 4 '  d i m e r b y  the action of acids and bases and by heating. The state of the 
tautomeric  equilibrium of the 2-hydroxybenzindolequinone in the crysta l l ine  state and in 
solutions was investigated by I-R, PMR, and electronic spect roscopy.  

We have previously shown [1, 2] that the compound to which the 2-hydroxybenzindolequinone s t ruc ture  
I was assigned [3] is actually its 3 ,3 '  d imer  (II). It seemed of in teres t  to synthesize the heretofore  unknown 
monomeric  I and study its proper t ies .  

As we have a l ready noted [2], the hydrolysis  and decarboxylation of ethyl 2-hydroxybenzindolequinone-3- 
carboxyiate (III), like the demethylation of 2-methoxybenzindolequinone IV by heating with hydrobromic acid, 
lead to d imer  H even when air  oxygen is absent.  We were able to obtain monomer ic  2-hydroxybenzindole-  
quinone I by t rea tment  of methoxy derivat ive IV with boron t r ib romide  [4] at -80~ The monomeric  s t ruc ture  
of quinone I is confirmed by its conversion by reduct ive acetylation to tr iacetoxybenzindole V, the molecular  
mass  of which was determined by mass  spec t romet ry .  Under the same conditions d imer  II gives only the c o r -  
responding hexaacetyl  derivat ive [2]. 

2-Hydroxybenzindolequinone I is labile and readily undergoes dimerizat ion when it is heated and under 
the influence of acids or bases;  this explains the ear l ie r  fai lures in at tempts to isolate it [3, 5]. This r e a c -  
tion is evidently analogous to the oxidative dimerizat ion of oxindoles under the influence of potassium f e r r i -  
cyanide [6] or a i r  oxygen in the presence  of a base [7], in which 3,3 ' -bis(oxindolyls)  a re  formed.  The quinone 
grouping of one molecule of I, which accepts  an electron f rom the pyr ro le  ring of another molecule to give a 
semiquinone which subsequently undergoes disproportionation to the quinone and hydroquinone [2], acts  as the 
oxidizing agent in this case.  
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Like oxindole [8], oxindolequinone I exists entirely in keto form Ia in an aprotic  solvent with low polari ty,  
v i z . ,  chloroform: Its IR spec t rum contains a band of a lactam CO group at 1730 cm -1 but does not contain the 
band of an OH group at 3000-3600 cm - t ,  and its PMR spect rum contains two signals at 3.52 and 3.58 ppm with 
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Fig.  1. E lec t ronic  spec t r a  in 
ethanol: 1) 2 - h y d r o x y - l - m e t h y l -  
benz [f] indole-4,9-quinone (I); 2) 
2 -me t  hoxy- l -me thy lben  z If]in- 
do le -4 ,9 -qu inone  (IV). 

an intensity r a t io  of 3:2 that co r r e sponds  to methyl  and methylene groups .  However ,  in cont ras t  to oxindole, 
hydroxybenzindolequinone I exis ts  in hydroxy fo rm Ib in ethanol and in the c rys ta l l ine  s ta te ,  s ince in ethanol 
its e lec t ronic  spec t rum is s imi l a r  to the s pec t rum of methoxy de r iva t ive  IV (Fig. 1), whereas  the band of a 
l ac tam carbonyl  group is not observed in the IR spec t rum of a KBr pel le t ,  and t he r e  is  a broad band of an 
assoc ia ted  hydroxy group  at  3400 cm -1. 

According to the data f r o m  the e lec t ronic  and IR spec t r a ,  oxindole exis ts  exclusively in the keto fo rm 
in ethanol solution [9] and in the c rys ta l l ine  s ta te  [10]. Hydroxybenzindolequinone I exis ts  in dimethyl  sulfox- 
ide (DMSO) in the f o r m  of a mix tu re  of t a u t o m e r s  Ia and Ib in a ra t io  of 1:3 with predominance  of the hydroxy 
fo rm.  Evidence for  this is provided by the p r e sence  of the signal of the fl-H proton of the py r ro l e  r ing at  
5.80 ppm with an intensi ty of ~ 0.75 of a proton unit and a broad singlet  of methyl  and methylene groups at 
3.75 ppm with an intensi ty of 3.3 protons .  The signal of an enol hydroxy proton is not obse rved ,  evidently 
because  of exchange with t r a c e s  of water  or associa t ion .  The shift  of the t au tomer ic  equi l ibr ium to favor  the 
hydroxy f o r m  in the case  of hydroxybenzindolequinone I as  compared  with oxindole is probably due to the effect 
of conjugation of the hydroxy group with the quinone carbonyl  group,  which s tabi l izes  f o r m  Ib. 

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

The IR spec t r a  of the compounds were  recorded  with a UR-20 s p e c t r o m e t e r .  The e lec t ronic  spec t r a  
were  r eco rded  with a Specord UV-vis  spec t rophotomete r .  The PMR spec t ra  were  obtained with a Jeol  C-60 
HL s p e c t r o m e t e r  with t e t r amethy l s i l ane  as  the internal  s tandard.  

2 - H y d r 0 x y - l - m e t h y l b e n z  [f]indole-4, 9-quinone (I). A solution of 1 g (4.15 mole} of methoxy de r iva t ive  
IV in 150 ml  of absolute  methylene chlor ide was cooled to -80~  3.6 g (14o4 ramole)of  BBr~ was added d rop -  
wise,  and the mix tu re  was s t i r r ed  at - 80~  for  1 h and a t  20~ for  8 h. It was then poured into 0.5 l i ter  of ice 
wate r ,  and the organic layer  was dried with sodium sulfate  and f i l te red .  The f i l t ra te  was evaporated in vacuo,  
and the res idue  was r ec rys t a l l i zed  f r o m  methylene chlor ide at -80~ to give 0.37 g (39%) of orange c rys t a l s  of 
oxindolequinone I. The la t ter  was converted completely  to d imer  II when i t  was heated to 70-90~ d imer  II 
was readi ly  soluble in aqueous alkal i  and gave a br ight -b lue  solution, upon acidification of which d imer  II  was 
isolated.  Found: C 68.4; H 4.0; N 6.0%. C13H~NO 3. Calculated: C 68.7; H 4.0; N 6.2%. 

2 , 4 , 9 - T r i a c e t o x y - l - m e t h y l b e n z  [f]indole (V). A 0.23-g (1 mmole)  sample  of oxindole I was suspended 
in 5 ml  of acet ic  anhydride,  0.3 g of zinc dust  was added, and the mix ture  was shaken until it became  co lo r l ess .  
Pyridine (3 ml) was added, and the mix ture  was refluxed for  1 h, a f te r  which it was cooled and poured into ice 
water .  The precipi ta ted t r iace toxy  der iva t ive  u was removed  by f i l t ra t ion,  d r ied ,  and r ec rys t a l l i zed  f rom 
chloroform to give 0.32 g (90%) of a product  with mp 220-222~ The product  was identical  to the compound 
descr ibed in [2] with r e spec t  to i ts  mel t ing point and IR spec t rum.  
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OXIDATION OF THE 2-HYDROXYBENZINDOLEQUINONE DIMER 

EXPANSION OF THE QUINONE RING TO AN OXEPINE RING* 

A. I. Shakhnovich, B. V. Salov, UDC547.756'759.3:542.943 
and M. V. Gorelik 

One of the quinone r ings  of the 3 ,3 '  d i m e r  of 2-hydroxybenzindolequinone undergoes  expansion 
to an oxepine r ing during oxidation with ni t r ic  acid.  A benzisat inquinone s t r u c t u r e  was p r e -  
viously e r roneous ly  ass igned to this compound. The s t ruc tu re  was proved by spec t r a l  methods 
and s tepwise  degradat ion to be the m o n o m e r i e  2-hydroxybenzindolequinone de r iva t ive .  The pos -  
s ible  oxidation pathways a r e  d i scussed .  

We have shown [2] that the 3,3'  d i m e r  (l'g) r a t h e r  than2-hydroxybenzindolequinone (fl), as  a s sumed  in [3], 
is  fo rmed  in the decarboxylat ion of 2-hydroxybenzindolequinone-3-carboxyl ic  acid (I). A benzisat inquinone 
s t ruc tu re  (IV) was ass igned in [3] and la te r  in [4] to the product  of decarboxylat ion of I and subsequent  oxida-  
tion with ni t r ic  acid in sulfur ic  acid.  We have es tabl ished that this subs tance  is actual ly  a d i m e r i c  quinone- 
lactone (V). 

The m a s s  s p e c t r u m  of lactone V and of the corresponding ni t rogen-unsubst i tu ted compound and the r e -  
sults  of e l emen ta ry  ana lys i s  show that  the oxidation p roceeds  with retent ion of the d i m e r i c  s t ruc tu re  as a r e -  
sult  of split t ing out of two hydrogen a toms  f r o m  the HI molecule  and the addition of one oxygen a tom.  

Under the influence of an aqueous solution of po ta s s ium hydroxide lactone u is  hydrolyzed to an acid (VI), 
t r e a t m e n t  of which with dehydrat ing agents  (sulfuric acid ,  ace t ic  anhydride) does not r e su l t  in the r e v e r s i b l e  
format ion  of lactone V. Po ten t iomet r i c  t i t ra t ion of acid VI with a solution of t e t r ame thy l ammon ium hydroxide 
in dimethyl  sulfoxide (DMSO) r evea l s  the p r e s e n c e  of two acidic groups  (pK a 3.5 and 12.9). When the f i r s t  
acidic group is neu t ra l ized ,  the color  of the solution changes f r o m  red to blue,  and this indicates  the p r e sen ce  
of an enol grouping conjugated with the quinone carbonyl  g roups .  The format ion  of blue anions is a l so  observed 
for other 2-hydroxybenzindolequinone de r iva t ives  [4]. The second acidic  group is a carboxy group and is  e l i -  
minated by heating to 200-220~ to give an enol (VII). Its s t ruc tu re  is confirmed by i ts  PMR s p e c t r u m ,  which 
contains s ignals  of two N-methy l  g roups ,  and nine a r o m a t i c  protons and the signal of an enol proton at 8.48 ppm. 
Methylation of enol VII with d imethyl  sulfate  g ives  a methoxy der iva t ive  (VIII), the PMR spec t rum of which 
does not contain a signal at 8.48 ppm but does contain a signal of a methoxy group.  

Both lactone V and its  hydrolys is  product  (VI) a r e  cleaved to give  phthalic acid and an enol (IX) when they 
a r e  refluxed in a mix tu re  of hydrobromic  and ace t ic  ac ids .  The PlVIR spec t ra  of the methoxy and benzoxy d e r i -  
va t ives  of the la t te r  {Xa,b} contain s ignals  of four  a r o m a t i c  pro tons ,  two N-methy l  g roups ,  and a vinyl proton; 
in addition, the spec t rum  of Xa contains the signal of the protons of a methoxy group,  while the spec t rum of Xb 
contains the signal  of the protons  of another  phenyl r ing.  

When methoxy de r iva t ive  Xa is  heated with a solution of po tass ium hydroxide,  the N-methy lma le in imide  
r ing is hydrolyt ical ly  cleaved to give a d icarboxyl ic  acid (XIa), the carboxy groups  in which a r e  evidently c i s -  
or iented,  s ince it is  converted to an anhydride (XIb) during c rys ta l l iza t ion .  The s t r u c t u r e  of acid XIa is con-  
f i rmed  by i ts  m a s s  s p e c t r u m ,  the PMR s p e c t r u m  of i ts  d imethyl  es te r  (XIc) (signals of a vinyl proton,  four 
methyl  g roups ,  and four a r o m a t i c  pro tons) ,  and its IR spec t rum (~CO bands of quinone and e s t e r  groupings at 
1667 and 1733 cm- l ) .  As expected,  the e lec t ronic  spec t rum of d ies te r  XIc is s imi l a r  to the spec t rum of 2- 
methoxy-3-carbethoxybenzindolequinone [2] (see Fig.  1). 

*See [1] for  our  p r e l i m i n a r y  communica t ion .  
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