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Bp, ~ 
(pressure, mm) 

! 
I / 53--54 (5) 

11 { 1o5--1o8 (3) 
i11 58.5--59.5 (3) 
IV 05--97 (2) 

i 

d2o 

1.170 
1.200 
1,159 
1195 

MR n 

20 

nD found calcu- 
lated 

P 

14720i 35.83 35.912 
1.4850[ 33.20 33.121 
1.4740 ~ 5  35.912 
1.4840 , 33.143 

J I 

Formula 

CL % -~" 

tcaleu- .~ 
found 

luted 
I 

C~HNCIO2 i 23.23 ] 23.58 
CsH~C]02 i 24.83 '25.63 
C6HnCIO~ i23.10 23.58 
CsHuC102 124.66 ,25.63 

60 
7 

45 
7 

In the  p r e s e n t  p a p e r ,  r e a c t i o n  of m e t h y l a l l y l  c h l o r -  
ide  (bp 68~176 d42~ 0.918; nD 2~ 1.4240) and i s o c r o t y l  
c h l o r i d e  with p a r a f o r m a l d e h y d e  (95%), us ing  the ca t ion  
exchange r e s i n  KU-2 as  c a t a l y s t ,  was inves t iga ted .  
The p r o c e d u r e  was as  fol lows.  A mix tu r e  of 15 g 
p a r a f o r m ,  50 ml  e lef in ,  20 ml d i ch lo roe thane ,  and 20 
g KU-2,  was r e f luxed  for  8 - 9  hr .  Af te r  cool ing the 
c a t a l y s t  was f i l t e r e d  off, u n r e a c t e d  olef in and d i c h -  
t o r oe thane  d i s t i l l e d  off, and f ina l ly  the r e a c t i o n  p r o -  
duct  v a c u u m - d i s t i l l e d  ove r  in a c u r r e n t  of ine r t  gas.  
Reac t ion  of m e t h y l a l l y l  c h l o r i d e  with p a r a f o r m  gave 
4 - c h l o r o m e t h y l - 4 - m e t h y l - l , 3 - d i o x a n e  (I) and 3 - c h l o -  
r o m e t h y l - l , 3 - b u t a n e d i o l  (II). Reac t ion  of i s o c r o t y l  
c h l o r i d e  with p a r a f o r m  gave 4 , 4 - d i m e t h y l - 5 - c h l o r o -  
1 ,3 -d ioxane  (III), and 3 - m e t h y l - 2 - c h l o r o -  1,3-  bu tane-  

diol  (Iv) ( table) .  The phys ica l  cons tan t s  of I - I V  c o r -  
those  given in the l i t e r a t u r e  [2, 3]. 

In e v e r y  c a s e  f o r m a t i o n  of 6 - 7  g r e s i n  was ob-  
s e rve d .  
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STRUCTURE OF AZAINDAN-1,3-DIONES IN SOLUTION 

I. V. T u r o v s k i i ,  Ya. Ya. L i n a b e r g ,  and O. Ya. Ne i l and  
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It is shown spectrophotometrieally that 2-phenylazaindan-1, 3-diones* 
can give in solution a cation, a dipolar ion and an anion, and the 
protolysis constants of the forms of 2-phenyl-4-azaindan-1,  3-dione 
and 2-phenyl~ 3-dione are found. 

L. Nei land and G. Vanag p r e s e n t e d  e q u i l i b r i u m  
equat ions  f o r  2 - p h e n y l - 4 - a z a i n d a n - 1 , 3 - d i o n e  (I), 2 -  
p h e n y l - 5 - a z a i n d a n - 1 , 3 - d i o n e  (II), and the  c o r r e s p o n d -  
ing N - m e t h y l  d e r i v a t i v e s  of t h e s e  a z a i n d a n - 1 , 3 - d i o n e s  
(III, IV) in so lu t ion  [1]. F o r  so lu t ions  of I and II ,  in 
the  c a s e  of a c id  so lu t ion  e x i s t e n c e  of e q u i l i b r i u m  m i x -  
t u r e s  of N - p r o t o n a t e d  enol (HzE+) and d i p o l a r  f o r m  
(HB) is  p o s t u l a t e d ,  and in  n e u t r a l  o r  a lka l i ne  so lu t ion ,  
e x i s t e n c e  of a m i x t u r e  of d i p o l a r  f o r m  and anion (A-).  

0 ~" 
t ~ 'C6 H 5 

H I 0 8 : '  

*It is  i m p o r t a n t  to note tha t  the  n a m e  a z a i n d a n - 1 , 3 -  
d ione is  p r o v i s i o n a l ,  as  a l l  the  compounds  s tud ied  
ex i s t  in d i f f e r en t  t a u t o m e r i c  f o r m s .  

0 0 8'- 0 8 :  

/I _ H + Ii - H + l} 

. c0"5 . 

H2E+ OH HB O8:' II O~'' A -  

Solut ions  of III  and  IV c o n s i s t  of an e q u i l i b r i u m  m i x -  
t u r e  of 2 f o r m s ,  ca t ion  with  enol  s t r u c t u r e  HE +, and 
d i p o l a r  ion (B): 

--C6H ~ 

t 

0 O 8" 

I ~  - H * ,  !E.~ 
c a  3 C6H5 ~ H  + H~C-- N ~ "  C~ H,~, 

OH 08:' 
HE + B IV 

The  C z e c h o s l o v a k i a n  w o r k e r s  P.  H r n S i a r  and D. 
Z a c h a r o v a  [2], having  r e c o m m e n d e d  use  of II as  an 
a c i d - b a s e  i n d i c a t o r  wi th  a c o l o r  changing  r a n g e  of 
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Acidities of Azaindandiones 

Name PKH~E* PKH E + PKH B 

2-Phenyl-4-azaindan- 1, 3-dione 
2-Phenyl-5-azaindan-1, 3-dione 
N-methyl-  2-phenyl-4-azaindan- 

1, 3-dione 
N-methyl-2-phenyl-5-azaindan- 

1, 3-dione 

- 0 5 | •  
--0,16• 

3.94• 
5,24• 

-0.86_+0.04 

007• k 

pH 4. 8 - 5 . 7 ,  r e g a r d  the  t r a n s i t i o n  as  a consequence  
of a t a u t o m e r i c  change of ac id  d i p o l a r  f o r m  (HB) to 
a lka l ine  enol  (HE): 

o ~-' o 

HN !~-C6 H5 '~ ~ --C6H6 
I 

f ib 0~:, HE OH 

We c a r r i e d  out qua l i t a t i ve  and quan t i t a t ive  s tud i e s  
of so lu t ions  I - I V ,  wi th  a view to con f i rming  one o r  
the  o t h e r  equat ion,  

H y d r o c h l o r i c  ac id  so lu t ions  of III and IV show an 
a b s o r p t i o n  be long ing  to the enol f o r m s  of i n d a n - 1 , 3 :  
d iones ;  the a b s o r p t i o n  of n e u t r a l  o r  a lka l ine  so lu t ions  
e h a r a c t e r i s e s  the  d i p o l a r  f o r m s .  The va lues  of the 
ac id i ty  cons t an t s  of III and IV, c h a r a c t e r i z i n g  the t r a n -  
s ' i t ions HE + ~ B + H +, a r e  g iven  in the  t a b l e .  The s p e c -  
t r a  of so lu t ions  of I and  II at  pH 1 . 8 - 2 . 0 ,  and pH 2 . 8 -  
3 .0 ,  r e s p e c t i v e l y ,  p r a c t i c a l l y  co inc ide  with  the  s p e c -  
t r a  of a lka l ine  so lu t ions  of III and IV,  which  a l so  shows 
the  p r e s e n c e  of d i p o l a r  f o r m s  of I and II. The s i m i l a r -  
i ty  be tween  the s p e c t r a  of h y d r o c h l o r i c  ac id  (9 M HC1) 
so lu t ions  of I and I I I ,  and r e s p e c t i v e l y  those  of II and 
IV,  c o n f i r m s  the N p ro tona t ion  of the  enol  f o r m s  of I 
and II  in such so lu t ions .  

If the  pH of so lu t ions  of I and II  i s  5 o r  o v e r ,  a hyp-  
s o c h r o m i c  sh i f t  of a b s o r p t i o n  is  o b s e r v e d ,  due to 
change  of the  v io l e t  b e t a i n e  into o r a n g e  an ionic  f o r m .  
S p e c t r o p h o t o m e t r i c  i n v e s t i g a t i o n s  of so lu t ions  of I 
and II in  the  pH 3 . 9 8 - 5 .  28 r ange  show,  tha t  the  con-  
c e n t r a t i o n  of A -  i n c r e a s e s  in a c c o r d a n c e  wi th  the  equa-  
t ion  

Ig[.HB! =PKHB--pH. 
LA-j 

Hence  the c a u s e  of the  change  of c o l o r  of I and II 
at  pH 3 - 5  and 4 - 6  r e s p e c t i v e l y ,  is  the  sh i f t  of the  
p r o t o l y t i c  e q u i l i b r i u m  H B ~ - A -  + H + and not  the  t a u t o -  

merle transition HB~HE The table gives PKHB values 
as found spectrophotometrically. 

The presence of HE was not detected, hence the 
amount of it does not exceed 1%. A simple calculation 
shows that in such a case the acidity of HE is greater 
than that of HB by not less than two orders of magni- 
tude (PKRE _< 2 for I and -< 3 for II). The acidity con- 
stants of the enol forms of 2-arylindan-1,3-diones are 
known to occur inside the limits 2 < pK < 5; the high- 
est acidity is found in the presence of electron accept- 

+ 
ing substituents (NO2, NR3) [3]. The extremely high 
acidity of'the N-protonated forms of I and II, as well 
as of HI and IV, is evidently due to the strong induc- 
tive effect of the positive charge on the nitrogen atom. 

Spectroscopic studies were made on 5 �9 10 -5 M so- 
lutions of I - I V  in w a t e r ,  conta in ing  HC1, a c e t a t e  b tdfer ,  
o r  KOH. The  concen t r a t i ons  of the h y d r o c h l o r i c  ac id  
so lu t ions  w e r e  checked  by t i t r a t i o n ;  t h e i r  ac id i ty  func-  
t ions  (H0) w e r e  d e t e r m i n e d  f r o m  the  da ta  of [4]. The 
pH v a l u e s  of the buf fe r  so lu t ions  w e r e  d e t e r m i n e d  with  
an Or ion  pH m e t e r ,  c a l i b r a t e d  wi th  a d iph tha la te  s t an -  
d a r d  so lu t ion  (pH 4.00) .  

The pKHB v a l u e s  w e r e  c o r r e c t e d  fo r  s a l t  e f fec t  in 
a c c o r d a n c e  with  the  Debye-Hi i cke l  t heo ry .  

UV s p e c t r a  w e r e  d e t e r m i n e d  with  an S F - 4  i n s t r u -  
m e n t  ( length of quar tz  c e l l  1 crn),  and the o t h e r  i n v e s -  
t i ga t ions  w e r e  c a r r i e d  out at  20 ~ • 0 . 5  ~ 
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