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the ~eactio~ of a~tbxa [1,2-cj-1,2, -5-thiadiazole-6, ll-dione (I) 
with mercapta~, arytsulfiaic acids, and bisTrAfite, the nucleophilic 
agen~ is directed i~to positio~ 4 of the nucleus with the formation of 
substituted hydmquinones, theoxidationof which leads, respectively, 

4-aryl(alkylJtizio~ 4-arylsulfonyl. and 4-sulfo derivatives of anthra 
[1,2-c]-1,2,5-~biadiazole-6,11-dione (II,VI, IX). When entry into 
posits 4 is impossible, addition to the carbonyl oxygen atom takes 
place. On being heated with bisutfite, the qui~oae~lfonie acid IX is 
convened L~.~ the monsulfu~ic acid ester of die hydroquinone~_ffonic 
acid X, arid on reaction with ben~enesulfi~ic acid 4-phenylsulfonyl- 
ant~ino~ethiadiazole  (Via) is co.vetted into the bengenesoMonic 
acid moncesZer XI. 

The an thra[  1 , 2 - e l - l , 2 , 5 - t h i a d i a z o l e - 6 ,  l l - d i o n e s  
tha t  we have  d e s c r i b e d  p r e v i o u s l y  r e a c t  r e a d i l y  not  
only wi th  a m i n e s  [11 but  a l so  wi th  r e a g e n t s  conta i t t ing  
a su l fu r  a tom in the  nuc leoph i t i c  c e n t e r :  m e r c a p t a n s .  
su l f in ie  a c i d s ,  b i suf f i t e .  

B r i e f  hea t i ng  of the  an th raqu inone th i ad i azo l e  I wi th  
m e r c a p t a n s  in d i m e t h y l f o r m a m i d e  and subsequen t  
t r e a t m e n t  wi th  f e r r i c  c h l o r i d e  l e a d s  to the  f o r m a t i o n  
of 4 - a r y l ( a t k y l ) t b i 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 u e s  (II) in  high y i e l d  ( table) .  A p roof  of the  e n t r y  
of the  m e r c a p t o  g roup  into  pos i t i on  4 i s  the  r e a c t i o n  
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Fig .  1. A b s o r p t i o n  s p e c t r a :  1) 4 - p h e n y l -  
t h i o a a t h r a [ 1 , 2 - e ] - l , 2 , 5 - t h i a d i a z o l e - 6 , 1 1 -  
diorte (Ha); 2) 4 - p h e n y l s u l f o a y l 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 a e  (Via);  3) 
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  
- 4 - s u l f o a i c  ac id  (IX); 4) s u l f u r i c  a c i d  
m o n c e s t e r  of 6 , 1 1 - d t h y d r o x y a n t h r a [ 1 , 2 - c ]  
- 1 , 2 , 5 - t h i a d i a z o l e - 4 - s u l f o a i c  a c i d  (X). 

of the ha logen  d e r i v a t i v e s  of an th r aqu inone th i ad i a z o l e  
III  and IV with th iophenol .  As  in  the r e a c t i o n  wi th  

*For  p a r ~ ,  s e e  [1]. 

a m i n e s  [1], in  the  c a s e  of 4 - c b l o r o a n t h r a q u i n o n e t h i a -  
d i a z o l e  (HI) the  ha logen  a t o m  i s  r e p l a c e d  and the s a m e  
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F i g .  2. IR  s p e c t r a :  1) 4 - p h e a y l s u l f o a y l 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 a e  (Ha); 2 ) b e n z e n e s u l -  
fon ie  ac id  m o n o e s t e r  of 6 , 1 1 - d i h y d r o x y a n t h r a [ 1 ,  2 -  
e l - l , 2 , 5 - t h i a d i a z o l e  (XI); 3) a n t h r a [ 1 , 2 - e ] - l , 2 , 5 - t h i -  
a d i a z o l e - 6 , 1 1 - d i o n e - 4 - s u l f o n i c  ac id  (IX); 4) s u l f u r i c  
a c id  m o n o e s t e r  of 6 , 1 1 - d i h y d r o x y a n t h r a [ 1 , 2 - c ] - 1 , 2 ,  

5 - t h i a d i a z o l e - 4 - s u l f o n i c  ac id  (X). 

s u b s t a n c e  i s  f o r m e d  as  f r o m  quinoae  I ,  wh i l e  in  the 
c a s e  of the  5 - c h l o r o  d e r i v a t i v e  (IV) the r e p l a c e m e n t  of 
h y d r o g e n  t a k e s  p l a c e  wi th  c o n v e r s i o n  into the c M o r i t m -  
con ta in ing  su l f ide  V. 

A n a l o g o u s l y ,  by  the  r e a c t i o n  of a r y l s u l f i n i c  a c i d s  
and subse que n t  ox ida t ion ,  the  a n t h r a q u i n o n e t h i a d i a z o l e  
I i s  s m o o t h l y  c o n v e r t e d  into  the  4 - a r y s u l f o n y l - s u b -  
s t i t u t e d  d e r i v a t e s  VI ( table) .  The c o r r e s p o n d i n g  a n t h r a -  
h y d r o q u i n o a e s  VII a r e  f o r m e d  as  i n t e r m e d i a t e s ,  and 
t h e s e  can  e a s i l y  be  i s o l a t e d  by  c a r r y i n g  out the  r e a c t i o n  in 
a c e t i c  a c id  o r  can  be  ob ta ined  by  r e d u c i n g  the qu inoaes  
VI wi th  s t a a n o u s  c h l o r i d e .  The  p o s i t i o n  of the  a r y l -  
su l foay l  g r o u p i n g  on the  f o u r t h  c a r b o n  a t o m  fo l lows  
f r o m  the  s y n t h e s i s  of the  s u l f o a e s  VI by  the  t r e a t m e n t  
of the  s u l f i d e s  ]I  wi th  p e r a c e t i c  ac id .  
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Sulfides and Sulfones of Anthra[  1 ,2-c] -  1,2, 5 - th iad iazo le -6 ,11-d ione  

0 N - - S  
I ! ! 

0 

I 

o 

Ila S C6Hs 

IIb S 4-CaaCsH4- 

Ilc S 2,4,5-C13CeH~ 

IId S I CH2COOH 

He S 15-CmH7 

VIIa SO2 C6Hs 

VIlb SO21 4-CHaC6H4 

VIIc[ SO21 4-BrC6H. 

Vlld 1502 i 3-NO2C,H, 

rue ISO, I CH, COOH 

Mp, ~ 

270---271 

301--302 

268~269 

259--260 
(decomp.) 
274--275 

311--312 

298---299 
(decomp.) 

293--294 

301--302 
( d e s o m p . l  

:224--225 
(decomp.) 

~ m s x , n m  

(lg 8) 
Empirical 
formula 

F o u n d ,  % 

N S 

46O (3.95) 

465 (3.7O) 

440* 

465 (3.78) 

465 (4.oo) 

3,50 (4.12) 

35o (4.15) 

353 (4.17) 

350 (4.15) 

35O (4.10 

C~oHloN20~S2 

C~IHI~N20~S2 

C~oHTCIoN202~ 

CI6HsN~04S~ 

C24HI2N202S2 

C~oHIoN~O4S~ 

C21HuN~O4S2 

C2oHoBrN204S~ 

C~oHgN306S2 

Cld-IsN206S~ 

7.49 
7.20 
6.97 
7.05 
5.98 
6.02 
8.05 
8.00 
6.84 
6.57 
6.80 
6.54 
6.92 
6.82 

6.05 i 
5.97 I 
9.07 i 
9-11 I 
7.24 I 
7.181 

17.16a I 
16.98! 

- I  
13.53bi 
13.681 

- -  I 

14.75J 
14.88 i 

15.661 
15.531 
15.16 
14.99 
13.38 
13.31 
13.94 
14.03 
16.81 
16.73 

Calcu- 
lated, % 

N 1 S  

7.48 17.13 

7.21 - -  

5.87 13.43 

7.85 - -  

6.60 15.11 

6.90 15.79 

6.66 15.26 

5.78 [13.20 

9.31 ]14.2G 

7.21 116.52 

74 

71 

63 

75 

65 

82 
84** 
73 

70 

61 

71"* 

*Saturated solution. 
**By oxidation of the sulfide. 

aFound, %: C 64.14, 64.35; H 3.04, 3.03. Calculated, %: C 64.15; H 2.70. bFound, %: CI 22.24, 
22.15. Calculated, %: CI 22.26. CFound, %: Br 16.21, 16.17; Calculated, %: 16.47. 
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In an aqueous so lu t ion  of sod ium bisu l f i t e ,  the a n -  
th raquinone th iad iazo le  I is  conver ted  lute  the a n t h r a -  
hyd roqu inone -4 - su l fon i c  acid (VIII), and this  by oxida-  
t ion with ch romic  or  n i t r i c  acid into the q u i n o n e - 4 -  
sul foaic  acid (IX). The pos i t ion  of the sulfo group is  
shown by the c o n v e r s i o n  of the sulfonic  acid IX into 
4 -ch lo roan th raqu inone th iad iazo le  (III) in  a y ie ld  of 90% 
on being boiled with po t a s s ium chlora te  in  hydroch lo r ic  
acid solut ion.  

As can be s een  f r o m  Fig .  1, such subs t i t uen t s  in  
pos i t ion  4 of the nuc leus  as sulfo and a ry l su l fony l  
groups  have l i t t le  effect ca  the na tu re  of the absorp t ion  
of an thraqu inone th iad iazo le  [1]. An ary l th io  group has  
a g r e a t e r  effect,  caus ing  the appearance  of a new m a x i -  
m u m  in the v i s ib l e  r eg ion  at about 460 am.  In the IR 
spec t r a  of the quinones  II, IV, and IX, t he re  is  one 
s t rong  band of carbouyl  s t r e t ch ing  v i b r a t i o n s  in  the 
na r row range  1667-1674 em -1 (Fig. 2) 

of the r e a c t i o n  products  l ack  the ca rbony l  band and 
have absorp t ion  in  the r eg ion  of the s t r e t ch ing  v i b r a -  
t ions  of hydroxy groups (for XI, 3235 cm-1).  The spec -  
t r u m  of compound XI has ,  in  addi t ion to the band of the 
sulfone group at  1150 cm -1, a s t rong  band at  1193 cm -C 
which can be  as  s igned to  the s y m m e t r i c a l  v ib ra t ions  of the 
SO 2 group of the benzenesu l fona te  [2]. 

A proof  of the s t r u c t u r e  of the product  of the addi-  
t ion  of benzenesuf fon ic  acid to the quinone Via is  the 
f o r m a t i o n  of the iden t ica l  subs tance  by the acy la t ion  
of the 4 -phenylsu l fonylhydroquinone  (VII) with an e q n i -  
m o l a r  amount  of benzeuesuffonyl  ch lor ide .  In  the 
p r e s e n c e  of an exces s  of the acyla t iug  agent  both the 
addi t ion p roduc t  XI and the hydroquiaoue  VII a r e  con -  
v e r t e d  into the d i e s t e r  XII. The act ion of c h l o r o s u l -  
fonic acid in  pyr id ine  on the hydroqu inone -4 - su l fon te  acid 
VIII gives  the s ame  su l fu r i c  acid m o n o e s t e r  X as i s  
obta ined by the r e a c t i o n  of the quinonesuffonic  acid IX 

HO N - - S  
!l: I 

OjNa 

NaO~SO 
X 

~ \</ 
//~r 

0 N - - S  
I - n 

0 
IX 

HO ~ - - S  

~ N  

SO~ Na 

HO 
VIH 

0 n i - - S  

NaHSO~ ~ "  

0 
I 

loi 

2 [ o l i 

0 N - - S  HO N - - S  
, I h I i :i ! 

~SO,R 

0 Ci llO 
IV 'VIi 

i - i t  
O N - - S  NO,SO N - - S  

. . . .  .~ RS02CI 

0 Cl NOaSO 

V Xli  

R =  CoH~ ( fo r  n and  VI R see table ,  also) 

0 ~----S 

o 
IH 

0 n . - - S  

o 

|1 

-g5 

o N - - N  
t 

SO.~ 
I 
0 

HO N - - S  

I~0 2 SO 

XI 

A noteworthy fea tu re  of the 4 - a r y l s u l f o n y l a n t h r a -  
qu inone th iad iazo les  (VI) and of an th raqu inone th i ad i -  
a z o l e - 4 - s u l f o n i c  acid (IX) cons i s t s  in  the i r  capac i ty  
for  adding another  molecu le  of a nucleophi l ic  agent.  
Thus,  the sul fonic  acid IX rap id ly  d i s so lve s  on hea t ing  
with b i su l f i t e  to f o r m  copound X, and the sulfone Via,  
on be ing  boi led with beazenesu l fon ic  acid in  acet ic  
acid,  g ives  the spa r i ng ly  so luble  subs tance  XI. The 
e l e c t r o n i c  s p e c t r a  of the addit ion p roduc t s  d i f fer  con-  
s i d e r a b l y  f r o m  the s p e c t r a  of the i n i t i a l  qu inones  by 
the g e n e r a l  na tu re  of the cu rve  and by the p r e s e n c e  of 
a m a x i m u m  at about 430 am (Fig. 1). The IR s p e c t r a  

with b i su l f i t e .  Taking s t e r i c  f ac to r s  into account ,  it  
may  be a s s u m e d  that  the e s t e r  grouping i s  r e m o t e  
f r o m  the he t e rocyc l e  and i s  t he re fo re  l e s s  h inde red  
than pos i t ion  6. 

Thus,  when addi t ion to pos i t ion  4 of the an th raqu i -  
noue th iad iazo le  nuc leus  i s  i mposs i b l e ,  such nuc l eo -  
phi l ic  agents  as b i su l f i t e  and a ry l su l f i n i c  ac ids  add 
to the ca rbony l  oxygen a tom with the f o r m a t i o n  of 
m o n o e s t e r s  of the c o r r e s p o n d i n g  aa th rahydroqu inones .  
This  r e a c t i on ,  which i s  a lso  c h a r a c t e r i s t i c  of an th ra  
[ 1 , 2 - c ] - l , 2 , 5 - o x a d i a z o l e - 6 , 1 1 - d i o n e s  [3] has  not been  
o b s e r v e d  p r e v i o u s l y  in the an th raqu inone  s e r i e s .  F u r -  
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t h e r  s t u d i e s  a r e  n e c e s s a r y  t o  e x p l a i n  t h e  r e a s o n s  f o r  

t h e  a n o m a l o u s  r e a c t i v i t y  o f  t h e  a n t h r a q u i n o n e d i a z o l e s  

w i t h  r e s p e c t  t o  n u c l e o p h i l i c  a g e n t s .  

A d d i t i o n  i n  p o s i t i o n  4 o f  a n t h r a q u i n o n e t h i a d i a z o l e ,  

w h i c h  i s  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  g r o u p ,  c a n  b e  

c a r r i e d  o u t  b e c a u s e  o f  t h e  e l e c t r o p h i l i c  n a t u r e  o f  t h e  

h e t e r o e y e l e ,  l e a d i n g  t o  a d i s t u r b a n c e  i n t h e  e q a i v a l e n c e  

o f  t h e  b o n d s  i n  t h e  a d j a c e n t  b e n z e n e  r i n g  [1 ] ,  b u t  s u c h  

a n  a p p r o a c h  i s  i n a d e q u a t e  t o  e x p l a i n  t h e  a d d i t i o n  t o  t h e  

o x y g e n  a t o m s .  I n  t h e  l i t e r a t u r e  t h e r e  a r e  i s o l a t e d  

e x a m p l e s  o f  a d d i t i o n  t o  t h e  o x y g e n  o f  t h e  C O  g r o u p s  o f  

q u i n o n e s  w h i c h  a r e  u n u s u a l  f o r  e a r b o n y l  e o m p o u n d 8 .  

A m o n g  t h e  c a s e s  d e s c r i b e d  m a y  b e  m e n t i o n e d  t h e  

a d d i t i o n  o f  t r i p h e n y l p h o s p h i n e  t o  p - b e n z o q n i n o n e  [4]  

a n d  t e t r a c h l o r o - o - b e n z o q u i n o n e  [5] ,  a n d  t h e  a d d i t i o n  

t o  t h e  l a t t e r  o f  b e n z e n e s u l f i a i c  a c i d  [6 ] ,  c e r t a i n  d i e n e s  

[7 ,  8 [ ,  a n d  d i a z o a l k a n e s  [9 l .  A l t h o u g h  t h e  a u t h o r s  [ 8 ,  9] 

a s s u m e  a p o l a r  m e c h a n i s m  t o  b e  t h e  m o s t  p r o b a b l e  i n  

t h e s e  c a s e s ,  i t  c a n n o t  b e  r e g a r d e d  a s  h a v i n g  b e e n  

s h o w n  d e f i n i t i v e l y .  I t  i s  k n o w n  t h a t  a d d i t i o n  t o  t h e  

o x y g e n  a t o m s  o f  q u i n o n e s  a l s o  t a k e s  p l a c e  i n  p h o t o -  

c h e m i c a l  r e a c t i o n s  [ 1 0 - 1 2 ]  h a v i n g  a r a d i c a l  n a t u r e .  

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

Reaction of  anthta[1 ,2 -c ] - l ,2 ,5 - th iad iazo le -6 , l l -d iones  with 
meteaptans ,  a)  A solution of 2.66 g (0.01 mole)  of I and 0.02 mole  of 
a mercaptan in 80 m l  of dimethylformamidc was boiled for 5 rain and 
then 25 ml  of a 40% solution of ferric chloride was added and the  
mixture was boiled for another 5 min .  After cooling,  the  precipitate 
of  the sulfide II was separated off and was reerystallized from acet ic  
acid of dioxane (table).  Alcoholic solutions of  the  mlfides fluoresce 
orange in IJT l ight .  

Similarly,  3.01 g (0.01 mole)  of  IV and 2.20 g of  thiophenol gave 
3.92 g (90~) of  the  5-chloro-4-phenylthio detivative (V). Orange 
plates (from acet ic  acid), nap 224--2250 C. Found, %; C1 8.38, 8.52. 
Calottlated for C20H�C1NzO2S2, % = C1 8.67. 

b ) A  solutien of  3.01 g (0.01 mole )  of  llI and 1.65 g (0.015 mole )  
of  thiophenol in 120 ml  of d imcthylformamide was boiled for 5 min~ 
and 60 ml  of  water was added. The precipitate was filtered off, 
washed with ethanol,  and caystallized from acet ic  acid.  The  yield of 
Ha was 3.10 g (83%) mp  270--271" C; a m i x t m e  with the  sample ob-  
tained in experiment  (a)  had mp  269 .5 -220 .~  C; the samples were 
also identical in respect of  their [IV and !R spectra.  

4-ArylsulfonylanthFa[l ,2-c]-1,2,5-thiadiazole-6,11 -dlones (VI). 
a) At 100" C, a solution o f  0.02 mole  of  a sodium arylsulfinate in 7 
mI  of water was added to a solution of  0.01 mo l e  of I in 130 ml  of 
acetic acid and the  mixture  was boiled for 1 ~ 30 rain.  After cooling, 
the  precipitate of  the  hydrootinone VII was filtered off and dissolved 
in 65 ml  of dilnethylformamide; 30 m l  of 40% r e l i c  chloride solution 
was added and the mixture was boiled for 5 m i n .  After cooling, the  
qtdnone VI that  had deposited was separated off and was washed with 
water and ethanol (see table) .  T he  reaet iun can bc carried oUt wholly 
in dimetlwlformamide without the  isolation of  the  VII. 

b)  Over 15 rain~ 10 m l  of 30~ hydrogen peroxide was added to a 
boiling soinlion of  0.001 mole  of the sulfide II in 80 ml  of acetic acid. 
After boiling for another 10 rain and the  d ~ t i n n  o fha l f the  solvent, 
the l ight  yellow prce/pitate was separated off and recrys~alIized from 
acetic acid (table,  examples  Via, d). The  sulfide IIa gave a sub- 
s tance with mp  311--312 ~ C showing no depression of the mel t ing  
point in admLxture id th  the  stflfone Via and identical  with i t  in respect 
of  its m ~ d  UV spectra. 

4-1~enylmlfonyl-6 , l l-dihydroxyanth~a[ '1,2-c]-1,2,5-flfladiazole 
(VII). A solution o f  4 g of  stannom chloride in 10 m l  of  concentrated 
hydrochloric acid was added to a solution of 2.04 g (0.005 m o l e ) o f  
V i a / n  300 ml  of acet ic  acid at  100 ~ C. After 20 min  boiling and the  
dis t i~a6on off of  200 m l  of  file solvent,  1.49 g (73%) of  the  leuco 
compound VII was obtained.  Elongated orange prisms (from acet ic  

acid with the  addition o f  stannom chloride), nap ~ 2 - - ~ 3 "  C. A m i x -  
t t~e with the  sample obtained from I and ~ l i m n  benzenesuffinate in 
acet ic  acid (see above) showed no depression of the mel t ing  point.  On 
oxidation with ferric chloride or nitrons acid,  the  substance was con-  
verted into Via.  Found, ~ : C  58.74, 58.97; H 2.84, 2.68; N 7.03, 7.06; 
S 15.49, 15.33. Calculated for C~IH~IzO,Sz, %: C 58.82; H 2.96; 
N 6.86; S 15.70. 

Benzenemlfonic acid monoester of 6,11-dihydroxy-4-phenylm1- 
fonylanthra[1,2-c]- l ,2os- thiadiazole  (XI). a)  A mlut inn of  2.04 g 
(0.005 mole )  of  Via in 500 m l  of acet ic  acid,  mixed  with a solution 
of 4.5 g (0.022 mole)  of  sodium benzenemlf inate  in 10 m l  of  water, 
was boiled for 8 I~ and filtered hot ,  the  precipitate being washed with 
boiling acetic acid.  This gave  0.89 g o f  yellow prisms of the  m o n o -  
ester XI with mp  266--267 ~ C.  The  bulk of  the  acet ic  acid was dis- 
l~lled off from the fil trate,  and after di lmior  with water 1.16 g of  a 
mixture of  XI with the  irtitial quinone was oLtained. The  latter was 
separated by passing a soinfion of the  l~ecipitate in dioxane tl~ongh 
a layer of  a lmnina 1.05 g (52%). The yield of  XI calculated on the 
Via that  bad reacted amounted to 66%. The  substance is very sparingly 
soluble in organic solvents and when caustic soda is added to a smpem- 
sion of  it  in aqueous dioxane a red coloration appears which then 
changes to blue (hydrolysis). Solutions of the  substance in chloroform 
possess a greenish yellow fluorescence under the  action of UV light .  

b ) A  m i x n a ~  of 0.41g(0.001 m o l e ) o f  VII, 24 ml  of pyridinc, and 
0.18 g (0.001 mole)  of  beazenesulfonyl chloride was st~red for 30 rain 
at  20" C and filtered~ and the precipitate was washed with ethanol 
and hot  acet ic  acid.  This yielded 0 A  g of  a substance with mp 266-- 
267 ~ C giving no depression of the  mel t ing  point in admix tmc  with 
the  sample synthesized in experiment  (a) and identical  with i t  in 
respect of  its IR spectrum. Found, 90; S 1%59, 17A5.  Calculated for 
Cz6HI~I20~, %: 8 17.54. 

Bev~enesulfonie ester of  6,11-dthydmxy-4-phenylsulfonylantt~a 
[1 ,2 -c ] - l , 2 ,5 - th iad iazo le  (XII). A mixture  of  0.001 of  mole  of VII 
or XI 40 ml  of  pytidinc, and 2.12 g (0.012 mole)  of  benzenemlfonyl  
chloride was s t ~ e d  at  20 ~ C for 8 hr and fi l tered.  The filtrate was 
diluted with water,  and the  precipitate was crystall ized from acet ic  
acid.  In both cases, as a mixed  sample showed, one and the  same 
substance was obtained with m p  187--188" C. Light yellow needles 
soluble considerably more  readily than  the  monoestor XI and possess- 
ing a strong pale  blue flnoresence in UV l ight .  Found, 9 :  N 4.g0, 
3.91; S 18.54, 18.37. Calculated for CazHzaNzOaS~ %: N 4.07; S 18.62 

6,11 -Dihydmxyanthra[1 ,2-c] - I  ,2,5 - thiadiazole-4-sulfonic  acid 
(VIII). A mixture  of 2.66 g (0.01 mole)  of  I, 25 m l  o f  water, 9 m l  
(0.04 mole)  of  4.5 N sodium bisulfite solution, and 0.5 ml  of  pyridine 
was boiled for 3 hr,  and 4 g of  sodium chloride was added. After 
cooling, the  orange precipitate of  the  sodium salt  VIII was filtered 
off  and was washed with 5% sodium chloride solul~on, ethanol,  and 
ether; yield 3.65 g (aboUt 90%); 

b)  To a solUtion of  0.80 g (0.002 mole)  of  the  sodium salt of  IX in 
40 ml  of  water was added a solution of 2.20 g of stannons chloride in 
5 m l  of  concentrated hydrochloric acid and the  mixture  was boiled for 
5 rain,  after which the  addition of sodinmchloridcgaveO.61 g (~75%) 
of  the  sodium salt  VIII. Orange needles (from water with the  addition 
of stannous chloride). Found, ~o: N 7.25, 7.31; Na 6.08, 6.19; H~0 
6.52. Calculated for C~l#~xNaOsS z "1.SHzO, 99:. N 7.57; Na 5.80; 
H~O 6.81.- D i a e e ~ l  derivative--light yellow needles (from a mixutre 
of  d imethylformamide and acet ic  anhydride). Found, %: C 47.63, 
47.34; H 2.73, 2.53; N 5.92, 5.78; Na 5.01, 5.34. Calculated for 
CmNnNzNaOTSz, %: C 45.56; H 2.44; N 6.17; Na 5.06. 

Authra[ l ,2 -e ] - l ,2 ,5- th iad iazole-6 ,11-d ione-4-su l fonic  acid (IX). 
A suspension o f  3.97 g (0.01 mole )  of  VIII in 170 m i  of  water and 5 m l  
of concentrated hydrochloric acid was treated with 4 m l  of 3(F]~ 
sodium nitri te solution, and the  mixture  was boiled for 3 rain and 
treated with 30 m l  of  sa tmated sodium chloride solution. After cool-  
ing, the  crystals of  the  sod iumsa l t  IX were washed with 5% sodium 
chloride solution, with water,  and with ethanol; yield 3.10 g (77%). 
l igh t  yellow plates (from water), sparingly soinblc in the majori ty of  
organic solvents. Found, o~. C42.53,  42.69; H 2.07, 1.92; N%10; 7.07; 
HzO 6.58, 6.44. Calculated for CIaH~NzNaO~S2, %: Sz ' I .SHzO 9 :  
C 42.53; H 2.04; N 7.07; H~O 6.83. S-Benzylthiouronium sah- l fgh t  
yellow plates (from ethanol) with imp 247-248" C (decomp. )  Found, 
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%: C 51.5t. 51.37: H3.t4, 3.21); N~10.81. 10.51. 
Calculated for Cr~Ha~N~OsS 3, %: C 51.54; H 3.15; N 10.92. Sulfonyl 
chloride--yellow plates (fxom a mixture of benzene and n-hexane), 
mp 223--224* C (decomp.). Found, %: C1 9.49, 9.37. Calculated 
for Ci4H~C1N204S~, 0]~: C1 9.72. 

4-Chl~oantt~a[l.2-e]-l,2,5-thladiazole-6,11-dione (HI). Over 4 
hr, 125 ml of a saturated solution of potassium chlorate was added to 
a solution of 1.97 g (0 005 mole) of the sodium salt IX in 55 ml of 3% 
hydrochloric acid at 100 ~ C. The precipitate (1.34)g) was filtered off, 
washed with hot water, and recrystallized from acetic acid. The sub- 
stance formed light yellow needles with mp 284--284.5" C showing no 
depression of the melting point in admixture with a sample of Ill ob- 
tained from 3-chloro-l,2-diaminoanthraqu/none [1]. 

Sulfuric acid monoestet of 6, ll-dihydroxyauthra[1, 2-c]-1, 2, 5- 
thiadiazole-4-zulfonie acid (X). a) A mixture of 3.95 g (0.01 mole) 
of IX, 5.6 ml (0.025 mole) of 4.5 N sodium bisulfite solution, and 11 
ml of water was boiled for 3 bx, and 30 ml of saturated sodium chlo- 
ride was added to the resulting solution. The precipitate of the sodium 
salt X (2.60 g) was separated off, and on being boiled with the addi- 
tion of hydrochloric acid and sodium nitrate the filtrate gave 1.28 g 
(32~) of the initial sulfonic acid IX. The yield of the monoester X 
calculated on the qninonesulfonic acid IX that had reacted was 70%. 
yellow needles (from aqueous ethanol), readily souble in water. On 
being boiled in caustic soda solution, the substance did not change but 
in mineral acid solution it gave the sodium salt VIII. Aqueous solu- 
tion of X fluoresce orange in UV light and give a bottle-green color- 
ation with ferric chloride solution. 

b) To a mixture of 1-5 ml of pyridine and 1 ml of chlomsulfonic 
acid at 4t? ~ C was added 0.80 g of the anhydrous sodium salt VIII, the 
mixture ~as s t~ed  at 50 ~ C for 31) rain, and after cooling, it was 
po~ed into 50 ml of 5% sodium acetate solution. After the py~idine 
had been driven off in vacuum, 15 ml of a saturated solution of 
sodium chloride was added, and the precipitate was filtered off and 
cr}'staliized from aqueous ethanol. This gave 9.72 g of a substance 
the properties and IR and UV specie of which were analogous to that 
synthesized in case (a). Found, %: C 35.88, 35~ H 1.4% 1.50; 
N 6~ 6.31; Na 8.91, 8.70; H20 11.50, 11.61. Calculated for 
C~AtsN~NazO~S3, %~ C 35.59; H 1.28; N 5.9g. Calculated for 
C14HsN2Na~O~3 - 3.5H,O, %: Na 8.59; H20 11.9.8. 

The eleelxonic spectra were meawared on an SF-4 spectrophoto- 
meter for the sulfides II in ethanol, for the sulfonic acids in water, 
and for the sulfones VI in chloroform; the Ill spee=a were measured 
in KBr tablets on an IKS-t4 instrument. 
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