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Under the action of potyphosphoric acid (PPA), N-2-aryl- and N-(2- 
methylindan-l,g-dion-2-yl)thioureas are converted into isoindolo[2', 
3' : 3, 4]tmidazole-2-thione derivatives (IK), which can also by syn- 
thesized by cyclizing derivatives of 4-(o-carboxyphenyl)imidazole-2 
-thiones (li) by means of PPA or acetic anhydride. The interconver- 
sion of KI and li under the action of alkalis and cyclizing agents has 
been shown. Their structures have been confirmed by IR and UV spec- 
troscopy. 

Our  i n v e s t i g a t i o n  Of the  r e a c t i o n s  Of N - a r y l -  and  
N - m e t h y l i n d a n d i o n - 2 - y l t h i o u r e a s  (I) [1, 2] h a s  s h o w n  
t h a t  in  c o n c e n t r a t e d  s u l f u r i c  a c i d  t h e  c a r b o n  s k e l e t o n  
of t he  d i k e t o n e  s y s t e m  is  m o d i f i e d  w i t h  t h e  f o r m a t i o n  
of i m i d a z o l e - 2 - t h i o n e  d e r i v a t i v e s  (II). P P A  c o n t a i n i n g  

8 2 - 8 4 %  of P205 i s  l e s s  a c i d i c  t h a n  c o n c e n t r a t e d  s u l -  
f u r i c  a c i d  bu t  i s  a good  c y c l i z i n g  a g e n t  [3] a n d  c o n -  

v e r t s  I in to  y e l l o w  c r y s t a l l i n e  s u b s t a n c e s  s P a r i n g l y  
s o l u b l e  in  p o l a r  and  i n s o l u b l e  in  n o n p o l a r  s o l v e n t s  

( T a b l e  1, m e t h o d  A). T h e  s a m e  s u b s t a n c e s  c a n  b e  s y n -  
t h e s i z e d  b y  t he  i n t r a m o l e c u l a r  c y c l i z a t i o n  of II ( T a b l e  
1, m e t h o d  B).  T h u s ,  i t  h a s  b e e n  s h o w n  b y  i n d e p e n d e n t  
s y n t h e s i s  t h a t  t h e s e  c o m p o u n d s  h a v e  t h e  s t r u c t u r e  of 
1 ' - o x o - 5  -H -1 -R ' - i s o i n d o l o [ 2  ', 3 ' :3, 4 ] i m i d a z o l e - 2 - t h i -  
o n e s  (Ill) .  T h e  s p l i t t i n g  out  of a m o l e c u l e  of w a t e r  
f r o m  II t a k e s  p l a c e  r e a d i l y  w h e n  t h e y  a r e  t r e a t e d  w i t h  

a c e t i c  a n h y d r i d e  o r  P P A  

O 

O R' 
l a - g  I l a - g  

o S 
I l l a -g  

i - n l  a R ~ R ' = H ;  13 R = C6H5, R ' =  H;cP=CdH5 R'=CH3: 

d R=C6H ~, R'= C_~HS; e R~C Hh,I~ :- t i t : -  C6115: 

f R=R'=CH3;  g R~Ctf  3, R'= C2H 5 

In s p i t e  of t he  f a c t  t h a t  in  t he  s o l i d  s t a t e  t h i o u r e i d o -  
i n d a n - 1 ,  3 - d i o n e s  e x i s t  in  t he  c y c l i c  f o r m  [4], t h e s e  r e -  
a c t i o n s  show t h a t  w h e n  t h e y  a r e  d i s s o l v e d  in c o n c e n -  
t r a t e d  s u l f u r i c  a c i d  and  P P A  t h e y  r e a c t  in  t h e  open  
f o r m  I. U n d e r  t h e s e  c o n d i t i o n s ,  t h e  h y d r o l y t i c  c l e a v -  
a g e  of t h e  i n d a n d i o n e  r i n g  a n d  t he  c y c l i z a t i o n  of t he  II  
f o r m e d  a s  i n t e r m e d i a t e s  in to  III t a k e s  p l a c e .  C o m -  
p o u n d s  II, w h i c h  a r e  t h e  f i n a l  p r o d u c t s  in  the  t r a n s -  
f o r m a t i o n  of I u n d e r  t he  a c t i o n  of c o n c e n t r a t e d  s u l f u r -  

ic  ac id ,  cou ld  no t  b e  i s o l a t e d  in  t h e  r e a c t i o n s  u s i n g  
P P A .  

U n d e r  t h e  a c t i o n  of a l k a l i s ,  c o m p o u n d s  III a r e  r e a d -  

i ly  c I e a v e d  w i t h  the  f o r m a t i o n  of II. 
In t he  s o l i d  s t a t e ,  t he  IR s p e c t r a  of III  a r e  c h a r -  

a c t e r i z e d  b y  a s t r o n g  UCO a b s o r p t i o n  b a n d  a t  1 7 4 0 -  
1750 c m  -1, w h i c h  is  f r e q u e n t l y  s p l i t  i n to  two (IIId, III~ 

and  IIIh) ( T a b l e  2). H o w e v e r ,  in  s o l u t i o n s  t h e s e  c o m -  
pounds  e x h i b i t  on ly  one  s t r o n g  c a r b o n y l  a b s o r p t i o n  
b a n d  in  t he  1 7 5 0 - 1 7 6 0  e m  -1 r a n g e .  T h e  f a c t  t h a t  t h e  

c o m p o u n d s  w i t h  s e v e r a l  c a r b o n y l  a b s o r p t i o n  f r e q u e n c i e s  
a n d  w i t h  a s i n g l e  one  b e l o n g  to  t h e  s a m e  s t r u c t u r a l  

t y p e  i s  c o n f i r m e d b y t h e  UV s p e c t r a  of t h e s e  c o m p o u n d s ,  
w h i c h  a r e  s i m i l a r - - X m a  x, n m  ( l o g e ) :  260 (4.30),  310 
(3.95),  and  425 (3.90).  

T h e  p h e n o m e n o n  of t he  s p l i t t i n g  of t h e  C = O  a b s o r p -  
t i on  b a n d s  in c y c l i c  l a c t o n e s  c o n t a i n i n g  a C~---C b o n d  

c o n j u g a t e d  w i t h  t h e  c a r b o n y l  i s  k n o w n  [5]. It is  c o n -  
s i d e r e d  t h a t  t h e  c a u s e  of t he  s p l i t t i n g  i s  F e r m i  r e s -  
o n a n c e  w i t h  a n  o v e r t o n e .  H o w e v e r ,  in m a n y  c a s e s  

s u c h  an  e x p l a n a t i o n  of t he  s p l i t t i n g  i s  t h e  C = O  is  d i f -  
f i c u l t .  It is  p o s s i b l e  t h a t  t h i s  is  c o n n e c t e d  w i th  d i f -  
f e r e n c e s  in  t he  s t r u c t u r e  of t h e  s o l i d  m a t e r i a l .  

C o m p o u n d  III s h o w s  U C =  C a r o m .  1 6 1 2 - 1 5 7 9  c m  -1 
a n d  U C =  C 1 6 4 2 - 1 6 5 2  c m  -1. C o m p o u n d s  I l i a  and  IIIb 
h a v e  UNH a t  a b o u t  3100 c m  -1. 

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

1-Ethyl- l ' -oxo- 5- phenyl/soindolo[2 ~ 3 ' :  3, 4]limidazole- 2- thione 
(IlId). Method A. a) With heating to 140-150 ~ C. 2.0 g of Id was dis- 
solved in 15 ml of PPA, and the solution was kept at this temperature 
for about 5 min, cooled, and poured on to ice. On the following day 
the precipitate was filtered off; yield of liId 1.67 g (88%). Mp 192- 
193 ~ C (from a mixture of dioxane and ethanol). 

b) With heating to 140-150" C, 0.40 g of lid was dissolved in 4 ml 
of PPA, and the solution was kept at this temperature for 30 rain, 
cooled, and poured onto ice. On the following day the precipitate ; 
was filtered off giving a yield of IIId of 0.34 g (90%), mp 192-193' C 
(from a mixture of dioxane and ethanol), showing no depression of the 
melting point with samples obtained by methods A and B. 

1- Benzyl- 1 '- oxo- 5- phenylisoindolo[2 ,, 3, : 3, 4]imidazole- 2-thione 
(me). Method B. A solution of 0.5 g ofIIIein 2 ml of acetic anhydride 
was boiled for a few minutes and was cooled and the precipitate was 
filtered off. This gave 0.40 g (84%) of IIIe, mp 202-204 ~ C (from di- 
oxane). 

The other compounds of type Ill were obtained similarly by meth- 

ods A and B. 
Hydrolysis of l-ethyl-l'-oxo- 5- phenylisoindolo['2', 3': 3, 4]imida- 

zole-2-thione (rrrd). A solution of 0.25 g of rrrd in a small amount of 
dioxane was treated with 1 ml of 5~ NaOH and the mixture was heated 
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Table 2 

IR Spectra  of the l ' -Oxo-5 -R-1 -W- i so indo lo - [2  T, 3': 3, 4] 
imidaz ol ethiones 

Compound 1800--1500cm "I* vC= O, cm "l** 

I l i a  
I I Ib  
I l l c  
I I Id  
l l I  e 
l I I f  
lll:g 

1748; 1649; 1612 
I748; 1607; 1579 
1744; 1651; 1598 
1757; 1734; 1652; 1604 
1752; 1642; 1601 
1740; 1705; 1607 
1742; 1715; 1601 

1755 
1757 
1762 

1755 

*For mulls in paraffin oil. 
**For solutions in dioxane. 

for a few minutes un t i l  the solut ion had become  decolor~zed. Then i t  

was poured into water ,  the  excess of a l k a l i  was neu tmI ized  with di l  

HC1, and the prec ip i ta te  was f i l tered off. This gave 0.15 g (94%) 
of IId, mp 249-251 ~ C (from ethanol) ,  showing no depression of the 

me l t ing  point with the IId obtained by the previous method [1]. 
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