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The acidity constants of 2,6, 6 - t r imethyl -  and 6 ,6-d imethyl -2-phenyl -9-e thoxycarbonyl -  
5 ,6 ,7 ,8 - t e t rahydro-4-azabenz[ f ] indane- l ,3 ,8 - t r iones  were determined by a spectropho-  
tomet r ic  method, and the position of the tautomeric  equil ibria was established for  var i -  
ous pH values. 

The electronic  spec t ra  of 2 ,6 ,6- t r imethyl -  and 6 ,6-d imethyl -2-phenyl-9-e thoxycarbonyl-5 ,6 ,7 ,8-  
t e t r ahydro -4 -azabenz [ f ] indane - l , 3 ,8 - t r i ones  [1], analogs of 4 -aza indane- l ,3 -d iones ,  in aqueous and aque- 
ous ethanol solutions at various pH values were recorded  to study the tau tomer ic  and prototropic  equil ibria 
of these compounds.  In conformity with the data for 4 -aza indane- l ,3 -d iones  (see, for example, [2. 3]) in 
solutions one might expect equil ibria between enol a, anion b, betaine c, and N-protonated enol d. 
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The rat ios  of the corresponding fo rms  in various solvents at various pH values are due to the re la-  
tive magnitudes of the K1, K2, K3, and K 4 acidity constants (the diketo s t ruc tures  in these equil ibria are not 
considered,  and their  p resence  could not be detected). 

Both alkaline and neutral  solutions of I and II have identical absorption spec t ra  (Fig. 1) and are char -  
ac ter ized only by the presence  of forms Ib and IIb. The charac te r i s t i c  long-wave band of indane- l ,3-dione 
anions [4], which is responsible for the red color  of the solutions, is observed in the spect ra .  The absorp-  
tion pat tern  changes in solutions with suppressed ionization of I and II (0.1 N HC1), and hypsochromic shifts 
with a reduction in the absorption intensity are observed;  this is charac te r i s t i c  for enols ra ther  than the 
anionic fo rms  of indane- l ,3-dione [4, 5]. 

One's attention should be directed to the inflections of low intensity at 560-590 nm for  I and 620-650 
nm for II, which are  absent in the spec t ra  of the fixed enol forms - enol e s t e r s  III and IV (Fig. 1) - and at- 
tes t  to the p resence  of small  amounts of betaine fo rms  Ic and IIc (the betaine s t ruc tu res  of 4-azaindane-  
1,3-diones are  charac te r i zed  by a markedly  bathoehromical ly  shifted long-wave absorption, as compared 
with the absorpt ion of the anion [2, 3]). In the case of I in aqueous solutions, more  of fo rm Ic is present  
in aqueous solutions than in 50~ aqueous ethanol solutions. An electronic  spec t rum could not be obtained 
for  II in aqueous solutions because of its low solubility (< 10 -5 M). 
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TABLE 1. Electronic  Spectra of Some 4-Azaindane- l ,3-d iones  
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Fig. 1. Electronic spectra :  1) I in 50% 
ethanol; 2) I in 50% ethanol (0.1 N HC1); 
3) I in water  (4 N HC1); 4) III in 50% eth- 
anol. 

The electronic spec t ra  of anions Ib and IIb very much 
recall  the spectrum of the anion of 2-phenyl-4-azaindane-  
1,3-dione but with a considerable bathochromic shift of the 
two long-wave absorption maxima (Table 1). 

The acidity constants of I and tI were calculated. In 
contras t  to 2-phenyl-4-azaindane- l ,3-dione,  these constants 
charac te r ize  the OH acidity of enols Ia and IIa (Table 2). 

It is seen f rom Table 2 that the OH acidities increase 
on passing f rom a 50% aqueous alcohol solution to an aque- 
ous solution. Moreover,  the changes are identical for  2- 
methyl indane- l ,3-dione and its analogs (I). Thisprovided 
a basis  for  calculating the OH acidity in aqueous solutions 
for  II using the difference APKoH = 1.82 obtained for  2-phe- 
nyl indane-l ,3-dione.  It is interesting that a lmost  identical 
changes in the acidities are retained for  both aqueous and 
50% aqueous ethanol solutions on passing f rom indane- l, 3- 
diones to their  aza analogs, I and II (the OH acidity increases  
on the average by 1.45 orders  of magnitude). 

The reason for the difference in I and II f rom 2-phenyl-4-azaindane- l ,3-dione ,  for  which anion, beta-  
ine, and protonated enol forms were detected [2, 3], should be sought in the reduced basici ty of the nitrogen 
atom of the pyridine ring as a result  of the e lec t ron-accep tor  effect of the ketone and e thoxycarbonylgroups .  

The NH acidity increases  and becomes g rea t e r  than the OH acidity of the enol, and the less  acidic f o r m -  
the enol - in this case begins to dominate in the equilibrium. For  2~phenyl-4-azaindane- l ,3-dione in aque- 

ous solutions, PKN~ H = - 3 . 9 4  [3]. The basici ty of pyridine under the influence of two e lec t ron-accep to r  groups 
may change by even three to four o rders  of magnitude (this est imate can be made on the basis  of corre la t ion  

analysis), such that PKN~ H for  sy s t emI I  in aqueous solut ions maybe  " 0-1. This value is comparable  to 
PKOH = 0,57, and there may be 20-70% of the betaine fo rm IIc in an equilibrium mixture in aqueous medium, 
as demonstrated by the calculations.  
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EXPERIMENTAL 

The spectrophotometric measurements of 5 �9 10 -5 and i0 -4 M aqueous solutions and 50 and 60~0 (by 
volume) ethanol-water solutions of compounds I and II were measured with an SFD-2 spectrophotometer. 
Hydrochloric acid (0.1-6 N) was used to create a definite acidity of the medium. The pH values of buffer 
solutions were measured with an LPM-60M pH meter. The buffer solutions were prepared in accordance 
with the data in [6]. The acidity constants were determined at 20 �9 I~ by a spectrophotometric method [7] 
with correction for the salt effect. The accuracy in the determinations was ~-0.05 pH units. 
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