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The protolytie equil ibria in a se r ies  of 2 -a ry l - subs t i tu ted  4- and 5 -aza indan- l ,3 -d iones  
and the corresponding N-methylbetaines  and 5,6-benzo analogs were studied by spec t ro-  
photometry.  The substantial difference between the 4- and 5-aza  derivat ives is explained 
by the different effect of the anionic sys tem on the w-electron density and the react ivi t ies  
of the ni t rogen a toms in the 4 and 5 posit ions.  The protonation and deprotonation constants 
of the dipolar ions cor re la te  t inear ly  with the ~~ constants of the substituents in the 2-phenyl 
ring. In the case  of 5 ,6 -benzo-4-aza indan- l ,3 -d iones ,  the keto group of the azaphthaloyl 
l ing  is protonated along with the dipolar ion in s t rongly acidic media. 

In preceding papers [i, 2] it has been demonstrated that, depending on the pH of the medium, equi- 
librium between the N-protonated enol, the dipolar ion, and the anion is set up in aqueous solutions of 2- 
phenyl-4- and 2-phenyl-5-azaindan-l,3-diones, while equilibrium is set up between the N-methylated enol 
and the dipolar ion for the corresponding N-methylbetaines. The presence of the diketo form character- 
istic for 2-arylindan-l,3-diones in aqueous media [3] was not observed, but at the sazne time unusually 
high acidity of the N-protonated or methylated enol forms of the investigated substances (pK on the order 
of zero and even - i) was noted. On the basis of the previously proposed [2] scheme of the protolyfic equi- 
libria, in the present paper we have studied the change in the acidity of the 4- and 5-azaindan-l,3-diones 
under the influence of such factors as the electronic effects of substituents in the 2-phenyl ring, the posi- 
tion of the nitrogen heteroatom in the azaphthaloyl ring, annelation of the azaphthaloyI ring, etc. 

The appropriate conclusions were drawn on the basis of a spectrophotometrie determination of the 
protolysis constants of a number of previously uninvestigated 4- and 5-azaindan-l,3-diones (the formulas 
of the compounds are presented in the dipolar form, which is most characteristic for the solid state of the 
substance s). 
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The numerical values of the protoiysis constants of various forms of 4- and 5-azaindan-l,3-diones 
and the characteristics of the electronic absorption spectra (EAS) of aqueous solutions of the investigated 
compounds are presented in Tables 1 and 2. 

It follows from a comparison of Ia and Ilia that the basicity of the nitrogen atom and the character of 
the EAS depend substantially on whether there is a heteroatom in the 4 or 5 position of the azaphthaloyl 
ring (Tables 1 and 2). The reason for the differences should be sought in the different interaction of the 
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TABLE 1. Pro to lys is  Constants of 2 - A r y l - 4 -  and 
-5 -aza indan- l ,3 -d iones  in Aqueous (+ 1% C2HhOH) Media 

Corn-  4- , pgoiFt  -.I- + , .  
pound PKc=oK ~ K N z~:l: VK N tacit  ~, 

ta 
Ib 

IIa 
l i b  
l l c  

I l i a  
I l Ib  
I I I c  
I I l d  
lVa 
IVb 

6,31 -+0,10 
- 2,0 

--0,1690,03 
0,07-+0,03 

-- 0,86 -+ 0,04 
- -  1 , 3 8  -+ 0,02 
- -  1 , 3 4  + 0 , 0 3  
--0,51 _+0,07 
--0,35--0.05 

N - - l . 7  
-- 1,19-+0,02 
- 1,78_+0,04 

1,0 

5,24 --+0,03 

3,94 +-- 0,05 
4,31 -+0,02 

N 3 , t  
3,60 -4- 0,05 

3,52~0,07 

5,4390.05 

6,14-+0.05 

6,20_+0,04 

* Index of the acidity of the protonated earbonyl group in the 3 posi-  
tion of the azaphthaloy[ ring in the N-methylated or protonated enol. 
t Index of the acidity of the hydroxyl group in the 1 position of the 
azaphthaloy[ ring of the N-methyla ted  or protonated enol. 
$ Index of the acidity of the nitrogen heteroatom in the 4 or  5 pos i -  
tion of the azaphthaloyl r ing of the dipolar ion. + 
* *Index of the acidity of the nitrogen atom of the-NH(CH3)~, group 
in the p position of the 2-phenyl ring. 
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Fig. 1. Distribution of the ~-e lec t ron density in the anions 
of 2-phenyl-4-  and 2-phenyl -5-aza indan- l ,3 -d iones .  

anionic sys tem with the atoms in the 4 or 5 positions. Calculations of the anion of 2-phenyl indan- l ,3-  
dione by the MO LCAO method [4] have shown that the 5 position is cha rac te r i zed  by a higher v-e lec t ron  
density than the 4 position. This is also the case in the anions of azaindandiones. The react ivi ty of the 
unshared pai r  of e lectrons of the nitrogen atom in turn depends on the orbital electronegativity,  which is a 
function of the state of the hybridization of the atom and the density of the ~ electrons on this atom: the 
higher the density of the v electrons,  the higher the react ivi ty  of the unshared pai r  of electrons.  This is 
confirmed by pre l iminary  calculations of the 4- and 5-aza indan- l ,3-d ione  sys tems  (Fig. 1). The high acid-  
ity of enol forms Ia and Ilia and of the remaining compounds is apparently due to the s trong inductive ef-  
fect of the posit ively charged nitrogen atom. 

The resul ts  of the quantum-chemical  calculation of the v -e lec t ron  sys tem of dipolar ions of 4-  and 
5-aza indan- l ,3 -d iones  do not make it possible to draw an unambiguous conclusion as to whether proton-  
alton of the carbonyl group in the 1 or 3 position is involved. It seems likely that the oxygen atom in the 1 
position is protonated, as at tested to by the resul ts  of a study of the annelated analogs presented below. 

The dependence of the protolys is  constants on the electronic effect of substituents X was investigated 
for a number of 2 -a ry l -4 -aza indan- l , 3 -d iones .  Linear corre la t ions  between the corresponding acidity in- 
dexes and the ~~ constants of substituents X in the p position of the 2-phenyl ring were obtained for both 
the protonated enol forms and the dipolar forms:  

PKOH = --  0 .52  --  1,17o~ r = 0.99, (1) 

pYX+H = 4.08-- 0.620~ r=0.93. (2) 

In view of the considerable distance of the reaction center  f rom substituent X in the case  of protolys is  of 
the dipolar forms,  the corresponding p~ constant is low. 
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TABLE 2. Electronic Absorption Spectra of Various F o r m s  of I-IV 

C om-  N-methyla ted  or 
protonated enol 

pound with a protonated 
. . . .  C_= 0 g r o u p  . . . .  

Ia  

lb 

lla 

l ib  

IIc 

I I Ia  

IIIb 

I l l c  

l l Id 

IV a 243 (12500) * 
290 (21700)' * 
314 (34000)' 
375 (8750) * 

IV b 238 (17000),* 
270 (20500), * 
312 (41500), 
382 04000} 

N-methy la ted  
or protonated Dipolarion Anion 
enol 

282 {22000), 
315 (6800), 
460 (2500) 

282 (20800), 
325 (6800), 
405 (2700) 

240 (141O0), 
345 (10900) 

252 (16600), 
338 (124O0), 
470 (1200) 
252 (16000), 
340 (11600) 

240 (12000),t 
345 (I1600), 
450 (1900)* 

235 (15800), 
358 (lt500}, 
460 (2400)* 

290 (2500),* 
355 (8100) 

251 (16400), 
339 (13800), 
415 (3400)* 

280 (2500), 
313 (24800}, 
370 (13200)* 

Not obtained be-  
cause of the low 
solubility of the 
form 

* Inf lect ion .  
t With a protonated  -N(CHa)  a group.  

With a d e p r o t o n a t e d - N ( C H 3 )  2 group.  

232 (15600). 
275 (16800), 
345 (11800), 
525 (2200) 
235 (16700), 
273 (17600), 
352 (11900), 
530 (2000) 
255 (12800), 
397 (11400), 
500 (3300)* 

267 (12200), 
390 (13400), 
510 (2600)* 

t 267 (12200), 
390 (13900), 
495 (3400)* 

$ ~4 (178oo), 
424 (14200), 
540 (3600)* 

255 (12800), 
393 (I2100), 
500 (2700) 

255 (15300), 
402 (13400), 
510 (2300)* 

255 (5500) * 
420 (8800)' 

204 (12900), 
388 (15400), 
495 (3400)* 

275 (39600), 
320 (8200), 
408 (14600), 
475 (9200)* 

274 (20800), 
320 (8600), 
410 (15200), 
480 (10000)* 

223 (20000), 
280 (26400), 
326 (9100), 
470 (2OOO) 

260 (15100), 
340 (14900), 
460 (2100) 

260 (17400}, 
345 (15100), 
462 (2000} 

260 (7100) * 
305 (2500):* 
42O (1OO00) 

270 (13000),* 
342 (18000), 
415 (3800),* 
465 (2600)* 

$ 270 (18000), 
352 (20000}, 
465 (2000) 

255 (31400), 
318 (31600), 
385 (17000) 

* 258 (29600), 
325 (23400), 
400 (18000) 

The p~ constants for the enol forms of 2-aryl-4-azaindan-l,3-diones are closer to the p~ value (1.28) 
found for the enol forms of 2-arylindan-l,3-diones in 50% aqueous ethanol and differ considerably from 
the value for the diketo form of the indicated compounds (p~ [5]. This fact is an additional confir- 
mation of the enol structure of 2-aryl-4- and -5-azaindan-l,3-diones in acidic media, which was previ- 
ously predicted on the basis of an analysis of the EAS [2]. 

+ 
The PKOH and PKNH values for 2-(p-nitrophenyl)-4-azaindan-l,3-dione do not follow correlation 

equations (I) and (2). The p-nitro group apparently affects the acid-baseproperties not only by means of 
the polar effect but also by direct conjugation with the reaction center. Also speaking in favor of a differ- 
ent (from other compounds of this series) structure is the peculiarity of the EAS of IIIc (Table 2), which 
undergo only insignificant changes during prototropic transformations, while the EAS of the different forms 
for the remaining investigated compounds differ considerably from one another. 

The MO calculations for 2-(p-nitrophenyl)indan-l,3-dione showed that the character of the EAS and 
other physicochemical characteristics of this compound are determined primarily by the contribution of 
the nitro group rather than by that of the indan-l,3-dione grouping to the ~r-electron structure of the con- 
jugated system. 
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The effect  obse rved  during annelation of the azaphthaloyl r ing is  unexpected. The EAS of solutions 
of IVa in sulfur ic  acid (8-14 M) fo rm a se t  of cu rves  with w e l l - e x p r e s s e d  i sosbes t i c  points; this  is  ev i -  
dence for  fu r ther  protonat ion of N-methy lbe ta ine ,  because  the format ion  of a methyla ted  enol p roceeds  at  
sulfur ic  acid concent ra t ions  up to 7 M. The absorpt ion  of IVa in concent ra ted  sulfuric  acid should evi -  
dently be a sc r ibed  to the cation that is  fo rmed  as a r e su l t  of the protonat ion of the oxygen a tom of the c a r -  
bonyl group (PKc= (~H='6 .31)  and a l together  bears  th ree  pos i t ive  charges .  

The d i rec t  observat ion  of this  so r t  of p r o c e s s  in the case  of IVb is  hampered ,  f i r s t ,  by the c loseness  
of the pK C = OH and PKoH values  and, second, by the anomalous ly  low solubil i ty of the enol form.  O n emay  
suppose that  the r eason  for the d e c r e a s e d  solubili ty of the enol fo rm is  the fo rmat ion  of an i n t r amolecu la r  

+ 
hydrogen bond between NH and C = O, which is des t royed  when the acidity of the med ium is  inc reased ,  i .e . ,  
because of protonat ion of the carbonyl  group. The s i m i l a r  c h a r a c t e r  of the EAS of IVa and IVb in con-  
cen t ra ted  sulfur ic  acid solution is  evidence in favor  of the occur rence  of p r e c i s e l y  this p r o c e s s ,  which 
brings about dissolving of the substance. It must be assumed that the stabilization of the structures with 
three positive charges occurs through expansion of the conjugated ~-electron system when a benzene ring 
is introduced into the 5,6 position, for this sort of process cannot be observed in the case of I~, IIc, and 
IIId, or other 4-azaindan-l,3-diones. 

However, the protonation of the carbonyl group in strongly acidic media to give a cation of meso- 
merle structure cannot be assumed to be specific for annelated 4-azaindan-l,3-diones. We have also ob- 
served similar phenomena in strongly acidic solutions of 2-arylindan-l,3-diones [6]. 

EXPERIMENTAL 

Aqueous solutions (6 �9 10-5-2 �9 10 -6 M) of I-IV containing 1% ethanol were investigated at various pH 
values by a spectrophotometric method with SF-4 spectrophotometers and a UV-2 recorder. Sulfuric (0.i- 
17 M) and hydrochloric (0.01-i M) acids and acetate (pH 3.5-5.6) and phosphate (pH 5.9-6.9) buffer solu- 
tions, and potassium hydroxide solution (pH 12) were used to create media with a definite acidity. The pH 
of solutions of I-IV containing buffer mixtures (i0 -3 M with respect to one of the components) were mea- 
sured with an LPU-01 device calibrated with respect to biphthalate and borate buffer solutions. The ac- 
curacy of the determinations was • 0.02 pH unit. The concentrations of the sulfuric acid solutions were 
determined by alkalimetry, and their acidities were characterized by the Hammett acidity function (g 0) [7]. 
The pK values were calculated from the formula 

pK = pH (Hoi + 1~ [HA] 
~ [A] 

without correction for the ionic strength of the solutions, in view of the low concentration of the buffer 
mixtures. The investigations were carried out at 20 • 1 ~ 
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