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The action of ammonium thiocyanate on the hexachlorostannate of 
2-aminoindan-1,3-dione forms not 2-thioureidoindan-1,3-dione but a 
cyclization product, 2-thioxoindeno[1,2-d]imldazolin-4-one. The re- 
activity of this compound has been studied. It dissolves in alkalies 

with the formation of a conjugated anion. Under the action of 60"/0 

.~ulfuric acid it is converted into 4(5)-(o-carboxyphenyl)imidazole-2- 

thione. Methylation with dimethyl sulfate leads to the formation of 
3- methyl- 2- methylthioindeno- [1,2- d]imidazole. 

a -Aminoke tones  a re  widely used as  the s t a r t ing  
m a t e r i a l s  for the synthes i s  of he terocycl ic  sys tems .  
Imidazo le -2 - th ione  der iva t ives  have been synthesized 
by the act ion of ammonium thiocyanate on a - a m i n o -  
ketone hydrochlor ides  [1-9].  

In p reced ing  invest igat ions ,  we have studied the 
condit ions for the synthes is  of 2- th iore ido der iva t ives  
of 2-subs t i tu ted  indan-1,  3-diones  f rom the co r r e spond -  
ing 2 -amino indan-1 ,  3-d iones  and ammon ium thiocy-  
anate [10, 11], and also their  t r ans fo rma t ion  under  the 
action of sulfur ic  acid [11,12]. The synthes is  of the 
2- th iore ido der iva t ive  of indan-1,  3-dione from 2- 
aminoindan-1 ,  3-dione and the invest igat ion of its r e -  
act ions encounte rs  diff icul t ies  because  of the ex t r eme ly  
low s tabi l i ty  of the ini t ia l  2 -amino indan-1 ,  3-dione [3]. 
We have d i rec ted  at tent ion to the fact that the hexa-  
chloros tannate  of 2 - a m [ n o i n d a n - l ,  3-dione,  which is 
obtained in the reduct ion of 2 -n i t roso indan-1 ,  3-dione 
with s tannous chloride,  is formed in good yield and is 
ex t remely  stable [14]. An invest igat ion of the reac t iv i ty  
of this  sal t  in the r eac t ion  with ammonium thiocyanate 
in ethanolic solut ion in the p r e sence  of hydrochlor ic  
acid showed that, under  these condit ions,  a product  
containing sulfur  and ni t rogen is,  in fact, formed.  It 
was poss ib le  to expect, equally,  the format ion of 2- 
th ioure idoindan-1,  3-dione (I), capable of exis t ing  in 
its enolic form (Ia), or  the product  of its cyc l iza t ion- -  
2 - th ioxo tndeno[1 ,2 -d] imidazo l in -4-one  (II) : 
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II |II 

The r e su l t s  of e l emen ta ry  ana lys i s  and the IR spec-  
t r um pe rmi t  s t ruc tu re  II to be a sc r ibed  to the product  
obtained. In the double-bond reg ion  there is  only 
one f requency of carbonyl  absorpt ion  at 1717 cm -l ,  the 

~For par t  VI, see [11]. 

f requency of a C-----C at 1622 -~, and the s t re tch ing  v i -  
b ra t ions  of an a romat ic  r ing  at 1603 cm-1; the f r e -  
quency at 1175 cm -~ can be asc r ibed  to the v ibra t ions  
of the ~ bond [5]. In the 2800-3200 cm -1 region,  
a broad absorpt ion band also includes the v ibra t ions  
of the N--H bonds [16]. When II was subjected to ox- 
imi t ion  with hydroxylamine in 5% aqueous alkali ,  an 
oxime was formed. The IR spec t rum of the oxime 
lacked the f requency of ~ groups and had the f r e -  
quency of O--~N and C-----C bonds at 1643 cm -1, together  
with f requenc ies  of an a romat ic  r ing  in the 1616-1590 
em -1 region. Thus, the imidazolethione s t ruc tu re  II 
does not cause doubt for the solid state of the reac t ion  
product.  This  conclusion agrees  with the l i t e r a tu re  
informat ion  since imidazolethiones  [15], oxazolethiones 
[16], and t r iazole th iones  [17] capable of t au tomer i sm 
exis t  in the form of the thioxoamines in the solid state.  

If we turn  our a t tent ion to the s t ruc tu re  of product  
II, it can be seen that the sys tem is capable of tauto-  
m e r i c  fo rms :  meric forms: 

i - - O H  ~ O H  

N---~ = S 
lla lib 

N~C--SH(R), (R) U --C--SH(R) 
tic Hd 

Compound It d i sso lves  in aqueous and ethanolic so-  
lut ions of a lkal ies  with an intense colorat ion,  which 
shows the format ion  of the conjugated anion Ill. The 
la t te r  is r e spons ib le  for  the capacity of compound II 
for undergoing alkylat ion with dimethyt sulfate in an 
alkal ine medium with the format ion  of a dimethylat ion 
product  which, on the bas i s  of its IR spec t rum,  may 
be regarded  as a der iva t ive  of the tau tomer ic  form 
IId or  IIc (R = CH3). No O-methyla t ion  takes place, 
s ince the IR spec t rum of the methylated product  r e -  
ta ins the f requency of the carbonyl  absorpt ion of 1697 
cm -1 but has lost the f requenc ies  of the s t re tch ing  
v ibra t ions  of the ~ and N--H groups.  As canbe  seen,  
the IR spec t rum does not enable us to choose between 
the fo rms  IIc and rid (R = CH3). 

An invest igat ion of the UV spec t ra  in methanolic  
solut ion in the p re sence  of alkali  and acid showed that 
the anionic fo rm has absorpt ion  at ?~max 290 nm (log a 
4.5) and by a max imum at  515-540 nm (log e 3.20), 
cha rac te r i z ing  the conjugated sys t em of the anion III 
(see figure). The absorption maximum characterizing 
the system of the anion at 290 nm is also retained for 
the methanolic and acidified methanolic solutions but 
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in the  l a t t e r  c a s e  t h e r e  i s ,  in add i t ion ,  a s o m e w h a t  

l e s s  i n t e n s e  band  in the  2 5 0 - 2 6 0  nm r e g i o n ,  a p p a r e n t l y  

c h a r a c t e r i z i n g  the  u n d i s s o c i a t e d  f o r m  II, w h i c h  i s  in 
al l  p r o b a b i l i t y  a l s o  s p e c i f i c  to the s o l i d  s t a t e  of the  
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The UV s p e c t r a ,  c o n c e n t r a t i o n  10 -4 m o l e / / :  

1) II in m e t h a n o l ;  2) II in 0.1 M m e t h a n o l i c  

KOH; 3) II in 0.1 M m e t h a n o l i c  HC1; 4) II in 
I M aqueous  NaOH; 5) IId, R = CHa, in m e t h -  

anol ;  6) II, R = CH2COC~I4s, in m e t h a n o l .  

s u b s t a n c e .  The l o n g - w a v e  m a x i m u m  of  II is  d i s p l a c e d  
h y p s o c h r o m i c a l l y  and i s  found a t  470 nm.  The m e t h -  

y l a t i on  p r o d u c t  i s  c h a r a c t e r i z e d  by  the  m a x i m u m  of 

the  u n d i s s o c i a t e d  f o r m  at  Xmax 265 nm,  and the  l o n g -  

w a v e  m a x i m u m  is  d i s p l a c e d  h y p s o c h r o m i e a l l y  s t i l l  
m o r e ,  b e i n g  found at  430 nm,  w h i l e  the  m a x i m u m  of  

the an ion ic  f o r m  i s  c o m p l e t e l y  a b s e n t  f r o m  the  s p e c -  

t r u m .  The p r e s e n c e  in the s p e c t r u m  of  the m e t h y l a t e d  

p r o d u c t  of the  m a x i m u m  c h a r a c t e r i s t i c  fo r  the u n d i s -  

s o c i a t e d  f o r m  II, and  a l s o  the c o n s i d e r a b l e  h y p s o -  

c h r o m i c  d i s p l a c e m e n t  of the  l o n g - w a v e  m a x i m u m  
f o r c e s  u s  to a s s u m e  s t r u c t u r e  IId and not  IIe fo r  the 

m e t h y l a t e d  p r o d u c t .  F o r  IIe we could  e x p e c t  a d e e p e n -  

ing of  the  c o l o r  a s  c o m p a r e d  wi th  t ha t  of  the  s t a r t i n g  

m a t e r i a l ,  s i n c e ,  in t h i s  c a s e ,  the leng th  of the c o n -  
j u g a t e d  s y s t e m  is  i n c r e a s e d .  The p r o c e s s  of f o r m a -  
t ion  of  IId a p p a r e n t l y  b e g i n s  wi th  a lky la t ion  at  the  n i -  
t r o g e n  of  the  k e t o e n a m i n e  s y s t e m  and is  c o m p l e t e d  by 

a l k y l a t i o n  at  the s u l f u r  of the  t h i o n e - t h i o l  g roup ing .  

The a lky l a t i on  of II w i th  p h e n a c y l  b r o m i d e  l e a d s  to the 
f o r m a t i o n  of  the p r o d u c t  of the m o n o a l k y l a t i o n  of II 
(R = CHxCOCaI~). Alkylation takes place at the nitrogen 

in position 3, since the IR spectrum retains the TC=S 
frequency at 1201 cm -i. As can be seen, the tauto- 
merle forms IIa-IIc play no appreciable part in the 
reactivity of If. 

Under the action of 60% sulfuric acid, II is con- 

verted into 4(5)-(o-earboxyphenyl)imidazole-2-thione 

(IV), wh ich  is  the  p a r e n t  of d e r i v a t i v e s  of t h i s  s y t e m  

s y n t h e s i z e d  p r e v i o u s l y  [11, 12]. 

60% H2SO ~ ~ - - c o o n  [l 

IV $ 

The  s t r u c t u r e  of p r o d u c t  I V  w a s  c o n f i r m e d  by i t s  

UV and IR s p e c t r a .  The UV s p e c t r u m  h a s  Xmax at  265 
( log e 4.13) and 295 (log e 4.10) nm and i s  i d e n t i c a l  in 

n a t u r e  wi th  t h a t  of a m o d e l  s u b s t a n c e ,  4 ( 5 ) - p h e n y l -  

i m i d a z o l e - 2 - t h i o n e .  In the  IR s p e c t r u m ,  uCOOH is  
found a t  1682 c m  -1, v ~  a t  1655 c m  -1, and the f r e -  

q u e n e i e s  of the  a r o m a t i c  r i n g  in the  1614 -1599  e m  -1 

r e g i o n .  C o m p o u n d  IV f o r m s  a s a l t  wi th  t r i e t h y l a m i n e  

w h i c h  h a s  the s i n g l e  b r o a d  a b s o r p t i o n  band  in the  

1551 -1626  c m  -1 r a n g e  tha t  i s  c h a r a c t e r i s t i c  f o r  the  
C O 0 -  and  an  a r o m a t i c  s y s t e m .  

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

2-Thioxoindeno[1,2-d]imidazolin-4-one (II). A solution of 2.1 g 
of 2-aminoindan-1, 3-dione hexachlorostannate [14] and 0.6 g of am- 
monium thiocyanate in 15ml of ethanol was treated with 1.5 ml of 
cone HCI and was immediately heated in a previously-heated water 

bath for 15 min, A red precipitate deposited. The solution was poured 

into 200 ml of water, whereupon the precipitate dissolved; a 5% solu- 
tion of alkali was added, the mixture was filtered, and the filtrate was 
acidified with HCI. The precipitate that deposited was filtered off and 
washed with water, giving 0.8 g (81%) of a substance with mp 272- 
274 ~ C (from dioxane). Found, %: C 59.41; H 3.15; N 13.91; 8 16.10. 
Calculated for C10H6N2OS, %: C 59.39; H 2.99; N 13.86; S 15.85. 

Oxime of 2-thioxoindeno[1,2-d]imidazolin-4-one. Over 1 hr, 0.5 
g of hydroxylamine hydrochtoride was slowly added to a solution of 
0.5 g of II in 15 ml of 5% alkali. The color of the solution changed 
from violet to yellow-brown. Then, it was acidified and the precipi- 
tate was filtered off. This gave 0.5 g (93%) of an orange-colored 
oxime. After two recrystallizations from dioxane, mp 256 ~ C. Found, 
%: N 19.21; 8 14.71. Calculated for C10HTNsOS, %: N 19.34; S 14.76. 

3-Methyl-2-methylthioindeno[1,2-d]imidazolin-4-one (IId, R ;  
-'- CH~). A solution of 0.70 g of II in 20 ml of 10% NaOH was treated 
with 1 ml of dimethyl sulfate and the mixture was left at room tem- 
perature for 2 hr with occasional stirring. A red-brown precipitate 
deposited. In this way, 0.60 g (75%) oftI  with mp 186 ~ C (from eth- 
anol) was obtained. Found, %: C 63.05; H 4.10; N 12.09; S 13.91. 
Calculated for C~Ht0N2OS, %: C 63.58; H 4.37; N 12.16; 8 13.92. 

8-Phenacyl-2-thioxoindeno[1,2-d]imidazolin-4-one (IId, R= 
= CH2 COCci-Is). A solution of 0.60 g of II and 0.54 g of phenacyl bromide 
in 15 ml ofethanolwas heated in the waterbath for 20-30 rain. The re- 
action mixture was poured into water and extracted with benzene. The 
benzene solution was dried over anhydrous sodium sulfate. Evaporation 
of the benzene yielded 0.50 g (52%) of a substance with mp 185-187 ~ 
C (from ethanol). Found, %: C 67.57; H 3.79; N 8.43; S 10.22, Calcu- 
lated for ClsHlzNzO2S, %: C 67.51; H 3.77; N 8.74; 8 10.01. 

4(5)-(o-Carboxyphenyl)imidazole-2-thione (VI). With heating 
0.47 g of eomminuted II was dissolved in 10 ml of 60% H2804, and the 
solution was boiled for a further few minutes, cooled, and neutralized 
with a 10% solution of alkali. The precipitate that deposited was dis- 
solved in an excess of alkali and the solution was acidified and ex- 
tracted with ethyl acetate. The extract was driedover anhydrous sodium 
sulfate and the ethyl acetate was distilled off to give 0.30 g (58%) of 
faintly yellow IV with mp 238-240 ~ C (from ethanol). Found, %: 
C 54.69; H 3.80; N 12.94; S 14.80. Calculated for C10HsN202S, %: 
C 54.53; H 3.66; N 12,79; S 14.55, 

Triethylamine salt of 4(5)-(o-carboxyphenyl)imidazole-2-thione. 
A suspension of IV in absolute ethanol was treated with 0.2 ml of tri- 
ethylamine and the mixture was heated, whereupon the solid matter 
dissolved. After the addition of ether, 0.15 g (51%) of the salt crystal- 
lized out. Mp 163-165 ~ C (from ethanol with the addition of ether). 
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Found, %: C59.39; H7.02; N13,03; S 9.88. Calculated for CIoHsN202S ' 
�9 N(C2Hs)3. ~0: C 59.43; H 7.16; N 12.99; S 9.91. 
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