
332 KHIMIYA GETEROTSIKLICHESKIKI-I SOEDINENII 

STUDIES ON QUINONES 
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The reaction of 1,2-diaminoanth~aquinones with thionyl chloride has 
given anthra[1, 2-c]-1, 2, 5-thiadiazole-6, ll-diones a new group of 
heterocyclic anthraquinone derivatives. In the reaction of anthra 
[1,2-c]-l,2,8-thiadiazole-6,1l-dione (I) with primary and secondary 
amines, rhr amine residue enters position 4 and forms the correspond- 
ing 4-amino derivatives VI with a yield of up to 85%. The same com- 
pounds are obtained by the reaction of 4-haloauthra[1,2-e]-1,2,6- 
thiadiazole-6,11-diones (ILia, b). In 5-chloroaathra[1,2-c]-l,2,8-thia- 
diazole-6,11-dione (IIa), where it would appear, the halogen should 
be particularly mobile, the chlorine atom does not tmdergo exchange 
and, as in L the replacement of the hyckogen in position 4 takes place. 
Some aspects of the influence of the tlliadiazole ring on the anthra- 
quinone nucleus are discussed. 

The unusual  r eac t iv i ty  of a n t h r a [ 1 , 2 - c ] - 1 , 2 ,  5 - s e l e n -  

ad iazo le -6 ,11-d ione  with r e s p e c t  to a m i n e s  obse rved  
by one of us  [2] p rompted  us  to under take  the s y n -  
thes i s  of p r ev ious ly  u n r e p o r t e d  an thraquinone  d e r i v a -  
t ives  con ta in ing  the 1 ,2 ,5- th iad iazole  r ing .  Since b e n -  
z o [ c ] - l , 2 , 5 - t h i a -  and - s e l e n a d i a z o l e s  have s i m i l a r  
p r o p e r t i e s  [3], we also expected s i m i l a r i t i e s  in  the 
an thraquinoae  s e r i e s .  
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A n t h r a [ 1 , 2 - c ] - l , 2 , 5 - t h i a d i a z o l e - 6 , 1 1 - d i o n e s  can be 
obtained by us ing  the g e n e r a l  method for  the syn thes i s  
of 1 ,2 ,5 - th iad iazo les  f r o m  o - d i a m i n e s  and thionyl  ch lo -  
r ide  or  th ionylan i l ine  [4]. Compounds I - I I I  (Table 1) 
were  obtained by hea t ing  1 ,2 -d i aminoan th raqu inones  
(IV) with thionyl  ch lor ide  in  o rgan ic  so lvents .  Another  
route  to the p roduc t ion  of I c o n s i s t s  in  the cyc l iza t ion  
of 1 , 2 -d i aminoan th r acene  by t r ea t i ng  i t  with thionyl  
chlor ide  and subsequen t  oxidat ion of a n t h r a [ 1 , 2 - c ] - l , 2 ,  
5 - th iad iazo le  (V). 

* F o r  pa r t  IV, see  [1]. 

The an thraquinone th iad iazo le  I and i t s  halogen de -  
r i v a t i v e s  IT a re  s tab le  l ight  yel low c r y s t a l l i n e  s u b -  
s t a nc e s  the spec t r a l  c h a r a c t e r i s t i c s  of which a re  s i m -  
i l a r  to those of the analogous s e l e n a  and oxa compounds  
[2, 5]. The inf luence  of the h e t e r o a t o m  on the pos i t ion  
and i n t e ns i t y  of the long-wave  m a x i m u m  of the q u i -  
nonediazo les  i n c r e a s e s  in the sequence  O < S < Se 
(Fig. 1). The in t roduc t ion  of a ha logen a tom into p o s i -  
t ion 4 of the th iadiazole  causes  a hypsochromic  shif t  
and into pos i t ion  5 a ba thoehromic  shif t  in  the l o n g -  
wave r eg ion  and the appearance  of a shou lder  s i m i l a r  
to that  p r e s e n t  in  the s p e c t r u m  of an th raqu inoneoxad i -  
azole.  

The th iadiazole  I r e a c t s  with p r i m a r y  o r  s econda ry  
a m i n e s  and a m m o n i a  even  m o r e  r e a d i l y  than a n t h r a -  
qu inonese lenad iazo le  [2], f o r m i n g  the amino d e r i v a -  
t ives  VI (Table 2). The r e a c t i o n  with a l iphat ic  amines  
takes  p lace  on b r i e f  hea t ing  in  the amine  or  in  an o r -  
ganic  so lvent  (d imethyf formamide ,  dioxane,  e thylene 
glycol),  with a y ie ld  of up to 85%. The r eac t i on  with 
a r o m a t i c  a m i n e s  r e q u i r e s  m o r e  s e v e r e  condi t ions  but 
is  a c c e l e r a t e d  in  the p r e s e n c e  of sa l t s  of copper ,  co -  
bal t ,  and some  o ther  m e t a l s  as ca t a ly s t s .  

The amino  de r iva t i ve s  VI f o r m e d  by the r e a c t i o n  of 
IT with a m i n e s  a re  r ed  and v io le t  in  color ,  which d i s -  
t i ngu i shes  them sha rp ly  f r o m  the blue 5 - a m i n o  d e r i v a -  
t ives  HI obta ined by the c l o su r e  of the th iadiazole  r i n g  
in  the 4 - a l k y l a m i n o -  and 4 - a r y l a m i n o - l , 2 - c l i , m l n o -  
an th raqu inones .  The abso rp t ion  band of ITI in  the v i s -  
ible  r eg ion  of the s p e c t r u m  is  loca ted  8 0 - 9 0  nm t e -  
wards  the long-wave  reg ion ,  has a lower  in tens i ty ,  
and is  c o n s i d e r a b l y  b r o a d e r  (Fig. 2). The IR s p e c t r u m  
of the 5 - a m i n o  de r iva t i ve s  ITI has  two bands  of the 
s t r e t c h i n g  v i b r a t i o n s  of CO at 1674 and 1634 cm -1 
as a consequence  of the pa r t i c i pa t i on  of one of the 
ca rbony i  groups  in  the f o r m a t i o n  of an i n t r a m o l e c u l a r  
hydrogen  bond. The s p e c t r a  of the amino  compounds  
VI have only one band at 1674 cm -1, which shows the 
loca t ion  of the subs t i tu ted  amino  group in  the fi p o s i -  
t ion of the nuc leus .  This  fac t  and the s i m i l a r i t y o f c o m -  
pounds VI to the 4 - a m i n o  d e r i v a t i v e s  of a n t h r a q u i a o n -  
e se l enad i azo l e  [2] give g rounds  fo r  the a s sumpt ion  that 
in  the th iad iazo les  VI the a mi ne  r e s i due  i s  p r e s e n t  in 
pos i t ion  4. 

The r e a c t i o n s  of the 4 -  and 5 - ha l oa n t h r a qu inone th i -  
ad iazo les  with a m i n e s  were  used  fo r  proof.  On be ing  
heated  with cyc lohexy lamiae ,  the 4 - c h l o r o -  and the 4 -  
b r o m o  de r i va t i ve s  (Il ia and b) gave the s a m e  subs tance  
VId as was  obta ined f r o m  the quinone I, whi le  5 - c h l o r -  
oan th raqu inone th iad iazo le  (IIc) gave the cyc lohexy l -  
a m i n e  de r iva t ive  VII con ta in ing  an a tom of ch lor ine .  

The l a t t e r  was  a lso  ob ta ined  by ch lo r ina t i ng  Vial with 
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s u l f u r y l  c h l o r i d e .  C o n s e q u e n t l y ,  t h e  a m i n e  r e s i d u e  
d o e s  i n  f a c t  e n t e r  p o s i t i o n  4 of  t h e  a n t h r a q u i n o n e t h i -  

a d i a z o l e .  

tgs 

4.5- i "x. 

,.o. ",, 
\ 

i/i 
201 300 400 X, nm 

F i g .  1. U V  s p e c t r a  ( in  e t h a n o l ) :  1) a n t h r a  

[ 1 , 2 -  e ] - l , 2 , 5 - t h i a d i a z o l e - 6 ,  l l - d i o n e  (I); 
2) a n t h r a [ 1 , 2 - c ] - l , 2 , 5 - s e l e n a d i a z o l e - 6 , 1 1 -  

d i o n e ;  3) a n t h r a [ 1 , 2 - c ] - l , 2 , 5 - o x a d i a z o l e - 6 ,  
l l - d i o n e .  

Such  a d i r e c t i o n  of  t h e  r e a c t i o n  w a s  u n e x p e c t e d  on  
t he  b a s i s  of l i t e r a t u r e  d a t a .  T h e  1 , 2 , 5 - t h i a d i a z o l e  

r i n g  i s  a s t a b l e  a r o m a t i c  s y s t e m  w i t h  a c l o s e d  s e x t e t  

of  r - e l e c t r o n s  [ 6 - 8 ] .  In  i t s  p r o p e r t i e s ,  b e n z o [ c ] - l , 2 ,  

5 - t h i a d i a z o l e  h a s  m u c h  i n  c o m m o n  w i t h  n a p h t h a l e n e  
[ 8 - 1 0 ] .  A n  i n c r e a s e  i n  t he  d o u b l e - b o n d e d n e s s  i n  b e n -  

z o t h i a d i a z o l e  b e t w e e n  t h e  C a a n d  C 5 a n d  t h e  C 6 a n d  
C? a t o m s  h a s  b e e n  e s t a b l i s h e d  b y  X - r a y  [11] a n d  c h e m -  

i c a l  [8,  9, 12,  13] m e t h o d s .  In  c o n s e q u e n c e  of  t h e  e l e e -  
trophi l ic  n a t u r e  of  t h e  h e t e r o c y c l e ,  n u c l e o p h i l i c  s u b -  
s t i t u t i o n i n b e n z o t h i a d i a z o l e  i s  f a c i l i t a t e d ,  bu t  to  a 

g r e a t e r  e x t e n t  i n  p o s i t i o n  5 [14].  A s  i s  w e l l  k n o w n ,  i n  

t he  a n t h r a q u i n o n e  m o l e c u l e  n u c l e o p h i l i c  e x c h a n g e  t a k e s  
p l a c e  m o r e  r e a d i l y  i n  t h e  (e p o s i t i o n .  T h u s ,  i n  a n t h r a -  

q u i n o n e t h i a d i a z o l e  t h e  r e s u l t  of t h e  c o n c o r d a n t  i n f l u -  

e n c e s  of  t he  h e t e r o c y c l e  a n d  t h e  a n t h r a q u i n o n e  n u c l e u s  

s h o u l d  b e  m a i n l y  to  a c t i v a t e  t h e  h a l o g e n  a t o m  i n  p o s i -  

t i o n  5 w h i c h  i s ,  a t  t he  s a m e  t i m e ,  t h e  ~ p o s i t i o n  of t h e  

a n t h r a q u i n o n e .  In  a c t u a l  f a c t ,  h o w e v e r ,  a s  m e n t i o n e d  

a b o v e ,  t h e  h a l o g e n  a t o m  i n  p o s i t i o n  5 i s  n o t  r e p l a c e d  

bu t  s u b s t i t u t i o n  of t h e  h y d r o g e n  i n  p o s i t i o n  4 t a k e s  

p l a c e .  

S i n c e  the  r e a c t i o n  t a k e s  p l a c e  w i t h o u t  t h e  p a r t i c i p a -  

t i o n  of  a t m o s p h e r i c  o x y g e n  p a r t  of  t h e  i n i t i a l  q n i n o n e  

e v i d e n t l y  a c t s  a s  t he  o x i d i z i n g  a g e n t  n e c e s s a r y  f o r  t h e  

f o r m a t i o n  of  t h e  a m i n o  d e r i v a t i v e s  VI ,  b e i n g  c o n v e r t e d  
i n t o  a m i x t u r e  of  u n i d e n t i f i e d  r e s i n o u s  s u b s t a n c e s .  

I t  m u s t  b e  m e n t i o n e d  t h a t  n e i t h e r  t h e  a n t h r a t h i a -  

d i a z o l e  V n o r  a a t h r a q u i n o n e  r e a c t s  w i t h  a m i n e s  u n d e r  

t he  c o n d i t i o n s  of  t h e  r e a c t i o n  of  I .  T h e  r e a c t i o n  c a n  b e  

c o n s i d e r e d  a s  a n u c l e o p h i l i e  1 , 6 - a d d i t i o n  to  a c o n j u -  

g a t e d  c h a i n  i n c l u d i n g  a c a r b o n y l  g r o u p  c l o s e  to t h e  

h e t e r o c y c l e .  I n  t h i s  c a s e  t h e  r o l e  of  t h e  t h i a d i a z o l e  
r i n g  a p p a r e n t l y  c o n s i s t s  i n  i n c r e a s i n g  t h e  r e d o x  p o t e n -  

t i a l  of  t h e  q u i n o n e  a n d  t h e  i n t r o d u c t i o n  of  a p a r t i a l l y  

l o c a l i z e d  Sd iene"  s y s t e m  c o n j u g a t e d  w i t h  the  c a r b o n y l .  

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

Anti~a[1,2-c]-l,2,6-thiadtazole (V). A mixture of 2.10 g (0.01 
mole),of 1,2-diaminoanthracene obtained by the reduction of 1,2- 
anthraqinnone dioxime [5], 120 ml of dioxane, 13.60 g (0.097 mole) 
of thionylaniline, and 15.80 g (0.2 mole) of pyridine was stirred at 
70" C for 3 hr and poured into water, and the precipitate was chro- 
matographed on alumina in chloroform, This gave 0.98 g (41~ of V 
in the form of lemon-yellow plates (from benzene) with mp 157- 
158 ~ C. After 0.48 g (0.002 mole) of V had been boiled in 50 ml of 
acetic acid with 0.6 g of chromic anhydride and the product had been 
crystallized from acetic acid, 0.34 g (64%) of I was obtained, identi- 
cal with that obtained from 1,2-diaminoanthraquinone. UV spectrum 
of V in ethanol [~-nax, nm (log e) are given]: 250 (4.74), 310 (4.487, 
330 (3.88 shoulder), 345 (3.73), 365 (3.56, shoulder), 383 (3.837, 
403 (3.88). Found, %: C 71.45, 71.38; H 3.44, 3.63; N 11.62, 11.70; 
S 13.40, 13.23. Found ClaHalqzS, %: C 71.15; H 3.41; N 11.86; S 13.57. 

Reaction of 1,2-diaminoamhraquinone~ (IV) with thionyl chloride. 
A solution of 3.15 g of pyridine in 10 ml of dioxane was slowly added 
to a mixture of 0.01 mole of IV, 60 ml of dioxanc, and 7.14 g (0.06 
mole) of tttionyl chloride at 70 ~ C, and the mixture was stirred for 
30--60 rain at  the same temperature. After cooling, the reaction 
mixture was poured into water, and the precipitate was filtered off, 
washed with water, dried, and ehromatographed on alumina; in the 
case of I and II the yellow band was elated with chloroform, and in 
the case of HI the blue band was ehrted with benzene (Table 1). 

The initial diamines IVe~ f were obtained from 4-chloro-l ,2- 
diaminoanthraquinone as described previously [2]. 1Vg was synthesized 
similarly; bhre-violetprisms (from benzene), nap 240--242 ~ C. Found, 
%; C 70.12, 69.98; H 4.71, 4.65; N 11.39, 11.42. Calculated for 
C~IHxTNsOs, O]~ C 7(~ 17; H 4.77; N 11.69. 

6,11-Dlhyd~oxyanthra[1,2-c]-1,2,6-thladiazol~, A solution of 
2.66 g (0.01 mole) of I in acetic acid was stkred with a solution of 8 g 
of stannous chloride in 10 ml of concentrated hydrochloric acid and 
the mixture was boiled for 5 mill. On cooling, 2.35 g (88%) of anthra- 
hydroqinnone separated out. Orange needles (from acetic acid), nap 
208 ~ C. Found, %: N 10.23, 10.09; S 11.72, 11.66. Calculated for 
C14HsNzO2S, o]a N 10.44; S 11.95. 

4.0 

s.s .~ t . - "  

,0 \r /?  " I: ~ \  f, / /  \...,. 
2.5 ~/jI "'-~ 2 

410 5b0 600 7b0 )L nm 

F i g .  2. A b s o r p t i o n  s p e c t r a  ( in  c h l o r o f o r m ) :  
1) 4 - c y c l o h e x y l a m i n o a n t h r a [  1 , 2 - c ] - 1 , 2 , 5 -  

t h i a d i a z o l e - 6 , 1 1 - d i o n e  (Vial); 2) 4 - ( 4 Y - m e t h  - 

y l p h e n y l a m i n o )  a n t h r a [ 1 , 2 - c ] - l , 2 , 5 - t h i a d i a -  

z o l e - 6 , 1 1 - d i o n e  (VIg) ;  3) 5 - c y c l o h e x y l a m i -  

n o a n t h r a [ 1 , 2 - e ] - 1 , 2 , 5 - t h i a d i a z o l e - 6 , 1 1 -  

d i o n e  ( l I Ia ) ;  4) 5 - ( 4 ' - m e t h y l p h e n y l a m i n o )  

a n t h r a [ 1 , 2 - c ] - l , 2 , 5 - t h i a d i a z o l e - 6 ,  l l - d i o n e  

( m b ) .  

Reaction of antl~a[1,2-c]-1,2,5-thiadiazole-6,11-dione (1) with 
amines, a) A mixture of 2.66 g (0.01 mole) of I, 30 g of an amine, 
and 0.2 g of copper acetate was heated at 130--150" C for 2 hr. The 
excess of amine was eliminated by treatment with 5% hydrochloric 
acid, and the reaction product was washed with water, dried, chto- 
matographed on alumina, chrted with chloroform, and crystallized 
from dioxane or chlorobenzene (Table 2). 
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b) To a solution of 0.01 mole of I in 200 ml of dimethylformamide 
containing 0.2 g of copper acetate was added 11.0 g of dierhylamine 
or 15.8 g of a 30% solution of dimethylamine, and the mixture was 
heated at 76 ~ C for 2 hr, after which it was pomed into 500 ml  of 
hydrochloric acid. The reaction product was crystallized from chloro- 
benzene (VIb) or was cbromatographoi and eluted with chloroform 
(Vie). Under analogous condition% the pas~ge of a current of am-  
monia into a solution of I gave compound Via, and boiling a solution 
of I with 3.24 g (0.03 mole) of p-phenylenediamine gave compound 
VIi (Table 2). 

Reaction of 4-1mloanthca[102-e] -1,2,w 
(Ba, b) with amines, a) A mixture of 0.01 mole of Ha or lib and 25 ml  
of cyclohexylamlue was boiled for 10 rain, and the reaction product 
was separated as described above in example (a). In both cases an 
85--89% yield of a subslance with mp 214--215 ~ C giving no depres- 
sion of the melting point in admixture with authentic VRI ~]nthe~ized 
from I was obtained. 

b) A mixtare of 0.01 mole of Ha, 100 ml  of ethylene glycol, 3.22 
g (0.03 mole) of p-toluidine, and 0.001 mole of copper acetate was 
stirred at 150 ~ C for 2 hr. After isolation and purification, 2.71 g 
(73%7 of VIg, identical in melting polar and IR specmun with that pse- 
pared from L was obtained. 

5 -Chloto-4-cycloh__*-~ylaminoaathra[ 1, 2 -c] - 1,2,5-flfiadinzole-$, 
ll-dLane (VII). a) A solution of 3.00 g (0.01 mole) of Ilc in 2,5 ml  of 
cyclohexylamine was boiled for 10 rain. and the VII was isolated as 
described above. Yinld 2.7 g (69%7; light red plates (from dioxane), 
mp 213--214" C. 

b) h boilino~ solution of 3.63 g (0.01 mole) of VId in 100 lnl of 
chloroform was treated with 1.6 ml  (0.02 mole) of mlfuryl chloride. 
Judging from a cinomatographie sample, the chlorination reaction 
was complete in a few minutes. After the chloroform bad been evapo- 
rated, the residue was washed with water and was recym~llized from 
dinxane. This yielded 2.0 g (59%) of a mbstanee giving no depre_~ion 
of the melts point in admixtme with the substance isolated in case 
(a) and identical with it in reapect of its Ill and IJV spectra. Found, %: 
C 60.40, 60.81; H 4.01, 3.90; CI 8.92, 9.15; N 10.40, 10.35; S 8.04, 
8.28. Calculated for C~0H~CIN302S,%: C60.37; H 4.05; C1 8.91; N 
10.55; S 8.06. 

The UV spee~a were measured on an SF-4 instrument in ethanol or, 
for compound IlL chloroform, in solntiom with concentratiom of 10 -4 
and 0.2 x 10 -4 M; the IR spectra were recorded on an [KS-14 spectrom- 
eter in tablets of KBr. 
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