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Anthra[1, 2-c][1,2,5]oxadiazole-6,11-dione (I) was added to ben- 
zenesulfinic acid and thiophenol with the formation of 4-phenyl- 
sulfonyl- and 4-phenylmercapto-substituted hydroquinones, which 
on oxidation were converted into the corresponding quinones III and 
VII. 4-Phenylsulfonylanthra[t, 2-c][1,2, 5]oxadiazole-6,11-dione 
(III), in turn, reacted readily with benzenesnlfinic acid, adding 
a molecule of the latter to the carbonyl oxygen atom and was con- 
verted into the O-benzenesulfonic monoester [6] (IV). Using com- 
pounds IV and hydroxynaphtho[1,2-c][1,2, 5]oxadiazole (XId) the 
capability of the nitrogen atom of the furazan ring of participating 
in the formation of intramolecular hydrogen bonds was shown. 

It has p r e v i o u s l y  been  shown that  an thra[1 ,  2 - c ] -  
[1, 2, 5]oxadiazole-6 ,  l l - d i o n e  ( an th raqu inonefu razan ,  
I) adds b i su l f i t e  to ca rbon  atom 4 of the r ing ,  or ,  if 
pos i t ion  4 is occupied by a sulfo group, anomolous ly  
to the oxygen a tom of one of i ts  ca rbonyl  groups  [2]. 
The p r e s e n t  work shows that the r eac t i on  with s u l -  
f in ic  acids p roceeds  in  the s ame  way. 

On be ing  heated with benzenesu l f i n i e  acid in the 
p r e s e n c e  of acet ic  acid,  an th raqu inone fu razan  (I) 
is  rap id ly  conver ted  into the an th raqu inone  II, which 
is then oxidized to 4 -pheny l su l fony l an th ra [1 ,2 - c ]  [1, 
2 ,5 ]oxad iazo le -6 ,  l l - d i o n e  (III). The l a t t e r  in t u rn  
eas i ly  adds a molecu le  of benzenesu l f i n i c  acid, giving 
the benzenesu l fon ic  e s t e r  IV. In the r eac t i on  of b e n -  
zenesu l f in ic  acid with 4 - c h l o r o a n t h r a q u i n o n e f u r a z a n  
(V), subs t i tu t ion  of the ch lo r ine  atom and addit ion 
to the oxygen occur  s imu l t aneous ly ,  as a r e s u l t  of 
which the m o n o e s t e r  IV is fo rmed  in a s ing le  step.  

Proof  of the p r e s e n c e  of the e s t e r  group is the 
syn thes i s  of the m o n o e s t e r  IV by the t r e a t m e n t  of 
the hydroquinone II with an equiva lent  amount  of 
benzenesu l fony l  ch lor ide ,  and that of the d i e s t e r  VI 
by the acyla t ion with benzenesu l fony l  ch lor ide  of the 
hydroquinone II and the m o n o e s t e r  IV. 

The r e a c t i o n  of the quinone I with thiophenol in 
d i m e t h y l f o r m a m i d e  followed by subsequent  oxidation 
with f e r r i e  ch lo r ide  p roduces  the 4 - p h e n y l m e r c a p t o -  
subs t i tu ted  VII. The s ame  compound is obtained by 
heat ing  the 4 - c h l o r o - s u b s t i t u t e d  V with thiophenol,  
while  in the case  of 4, 5 - d i e h l o r o a n t h r a q u i n o n e f u r a z a n  
(VIII), the c h l o r i n e - c o n t a i n i n g  sulf ide IX is obtained.  
These  eonve r s ions  show that  t he re  is at ca rbon  atom 4 
a p h e n y l m e r e a p t o  group in the quinones  VII and IX, 
and a phenylsu l fonyl  group in the quinone III, which 
is  f o rmed  by the oxidation of the sulf ide VII with 
pe r aee t i c  aeid.  

The s t r u c t u r e s  of the compounds were  conf i rmed  
by the i r  spec t r a l  c h a r a c t e r i s t i c s .  In going f rom the 

*For  pa r t  VII, see [1]. 

quinone III to the m o n o e s t e r  IV, the carbonyl  a b s o r b -  
t ion in the IR s p e c t r u m  d i sappea r s ,  and a band due 

to the s t r e t ch ing  v i b r a t i o n s  of the OH group (3383 
cm -1) appears ,  toge ther  with a second band (1184 
cm -1) due to the s y m m e t r i c a l  v i b r a t i o n s  of the SO x 
group as is c h a r a c t e r i s t i c  for su l fonates  [3], in the 
r eg ion  of h igher  f requency  than VSO, of a sulfone 
(1162 cm- t ) .  The UV s p e c t r u m  of thee compound shows 
a s ign i f igant  d i s p l a c e m e n t  to the long-wave  reg ion  
and is  s i m i l a r  to the s p e c t r u m  of the su l fu r ic  mono-  
e s t e r  of 6,11 -d ihydroxyan thr  a l l ,  2 -c] [1 ,2 ,5]  oxdiazole -  
4 - su l fon ic  acid (X). 
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When an a t tempt  is made to obtain the b i su l f i t e  
addit ion product  of the quinone III, d i s p l a c e m e n t  of 
the phenylsul fonyl  group takes  p lace  with the f o r -  
mat ion  of the e s t e r  of the hydroquinonesul fonic  acid 

(x). 
In d i s c u s s i n g  the r e a c t i o n  capabi l i t i es  of a n t h r a -  

qu inonefu razans ,  it is i mpor t a n t  to es tab l i sh  which 
of the two oxygen atoms of the ea rbonyls  adds the 
b i su l f i t e  or sul f in ic  acid r e s idue .  In making  a choice 
be tween A and B, it mus t  be kept in mind  that only 
in the f o r m e r  is the re  the poss ib i l i ty  for fo rma t ion  
of an i n t r a m o l e c u l a r  hydrogen bond. 

0 " N - - - ~  RO,SO N - - O  

: v ~ v SO~R 

R%SO HO 
A B 

~V R ~ C ~ H 5 ;  X R ~ O N a  



C H E M I S T R Y  OF H E T E R O C Y C L I C  C O M P O U N D S  567 

The capability of the nitrogen atom of the 1,2, 
5-oxadiazole ring of forming chelate rings has not 
been reported in the literature. Many of the chemical 
and physical properties of furazans agree with the 
postulate of the existence in the ring of a dosed p, 
u-election system that does not, as in pyridine, in- 
clude the unshared pairs of the nitrogen atoms. From 
data of quantum mechanical calculations, using the 
Htiekel approximation, a charge of -0.27 e should 
be concentrated on the nitrogens of the furazan ring, 
which is equal to the charge on the pyridine nitrogen. 
However, as is well known, the basicity of furazans 
is so small that they can neither form stable salts 
nor be oxidized to N-oxides [5]. Since the stability 
of the hydrogen bond depends on the basicity of the 
heteroatom, [6, 7] it became necessary to solve this 
problem experimentally. For this purpose, a study 
of the IR spectra of the four isomers of hydroxyna- 
phtho[l, 2-c][1, 2, 5]oxadiazole (XIa-d), used as model 
compounds, was made. 

9-Hydroxynaphthofurazan (XIa) was prepared from 
8-acetylamino-l-nitroso-2-naphthol [8] by its r e -  
action with hydroxylamine and sodium hydroxide, 
with subsequent replacement of the amino group in 
the 9-aminonaphthofurazan. The remaining hydroxy 
derivatives were prepared by S. V. Bogdanov and 
S. F. Petrov [9]*. 

In measuring the frequencies and integral inten- 
sities of the stretching vibrations of the hydroxy group 
in chloroform solution, it was established that the 
parameters cited for each of the compounds (XIa-c) 
in the concentration interval 5 �9 10 -2 to 5 �9 10 -3 M 
are practically unchanged. At the same time, the 
band of the hydroxyl vibrations in the spectrum of 
9 -hydr oxynaphthofur az an i s s ignific antly displ ae ed 
toward a lower frequency in comparison to the uOH 
f o r  t h e  6 - ,  7 -  and 8 - h y d r o x y  d e r i v a t i v e s  ( f i gu re ) ,  

and  t h e  i n t e n s i t y  of t h e  b a n d  i s  s i g n i f i c a n t l y  g r e a t e r .  

T h i s  i s  e v i d e n c e  of t he  p r e s e n c e  of a r a t h e r  s t r o n g  

h y d r o g e n  b o n d .  The  a b s e n c e  of a c o n c e n t r a t i o n  d e -  

p e n d e n c e  s h o w s  i t s  i n t r a m o l e c u t a r  n a t u r e .  The  p r e -  

s e n e e  of a h y d r o g e n  b o n d  in 9 - h y d r o x y n a p h t h o f u r a z a n  

(XId) p r o v i d e s  t h e  b a s i s  f o r  e x p e c t i n g  i t s  p r e s e n e e  

in t he  c o m p o u n d  of s t r u c t u r e  A.  

In t he  151 s p e c t r u m  of  t h e  b e n z e n e s u l f o n i c  e s t e r  

IV in t he  c r y s t a l l i n e  s t a t e  and in e h l o r o f o r m  s o l u t i o n  

t h e  s y m m e t r i e a l  b a n d  of t h e  OH s t r e t c h i n g  v i b r a t i o n s  

i s  of h i g h e r  i n t e n s i t y  and  at  a l o w e r  f r e q u e n c y  t h a n  

t h a t  in t h e  s p e c t r u m  of t he  9 - h y d r o x y n a p h t h o f u r a z a n  

( f i g u r e ) .  The  p o s i t i o n  and  i n t e n s i t y  of t he  band  do no t  

c h a n g e  on d i l u t i o n  of t h e  s o l u t i o n .  

The p r o d u c t i o n  of t h e  p r o o f  of the  e x i s t e n c e  of an 

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

IV h a s  t he  s t r u c t u r e  A and t h a t  t he  e s t e r  g r o u p  i s  

in p o s i t i o n  6. S i n c e  the  a d d i t i o n s  of b i s u l f i t e  and of 

b e n z e n e s u l f i n i c  ac id  to  q u i n o n e  I t a k e  p l a c e  a n a l o -  

g o u s l y ,  t h e r e  i s  e v e r y  r e a s o n  f o r  a s s u m i n g  t h a t  

b i s u l f i t e  a l s o  a d d s  to  t he  o x y g e n  a t o m  of t h e  c a r b o n y l  

* T h e  a u t h o r s  t h a n k  S. V. B o g d a n o v  and S. F .  P e t r o v  

f o r  f u r n i s h i n g  s a m p l e s  of t h e s e  c o m p o u n d s .  

g r o u p  r e m o t e  f r o m  t h e  h e t e r o c y c l e .  W h a t  h a s  b e e n  

s a i d  a p p l i e s  e q u a l l y  to  t h e  a d d i t i o n  of  t h e  s a m e  r e -  

a g e n t s  to  t h e  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 s  [10]o 

{ 40 

'~700 ~00 3500 ~ 0 ~  3300 b~,gM -f 

A b s o r b t i o n  b a n d  of  t h e  OH 

g r o u p  (in c h l o r o f o r m ) :  

1) 7 - h y d r o x y n a p h t h o [ 1 ,  2 -  

c][1 ,  2, 5 ] o x a d i a z o l e  (XIb),  
c o n e .  1 . 0 5 .  10 -2 M, 

l a y e r  t h i c k n e s s ,  0 . 4 1 0 7  

e m ;  2) 9 - h y d r o x y n a p h t h o -  

[ 1 , 2 - c ]  [ 1 , 2 , 5 ]  o x a d i a z o l e  

(XId),  e o n c .  6 o 10 -a ,  l a y e r  

t h i c k n e s s ,  0. 8214 era ;  

3) C o m p o u n d  IV, c o n e .  

6~  ~ 10 .3 , ] a y e r  t h i c k -  

n e s s ,  0o9501o 

EXPERIMENTAL 

6, ll-Dihydroxy-4-phenylsulfonylantb_ra[l, 2-c][i, 2, 5]oxadiazole 

(If). a) To a boiling solution of 2.50 g (0.01 mole) of quinone I in 

80 ml acetic acid under nitrogen was added a solution of 4.00 g of 

sodium benzenesulfinate in 7 ml of water. The crystals which 

began to separate out after 2-3 rain were filtered off after 

cooling; yield of II, 3.45 g (90%). Yellow needles (from acetic 

acid), giving a blue coloration in solutions of alkalis, mp 235 ~ C 

(decomp.). 
b) To a solution of 1.45 g (0.005 mole) of III in 20O ml of acetic 

acid was added a solution of 4 g of stannous chloride in 10 ml of 
concentrated hydrochloric acid. After bolting for 10 min, and 
evaporating part of the solvent, 1.33 g of hydroquinone II was 
obtained. Found, %: N 7.18, 7.22; S 7.98, 8.26. Calculated for 
C20H~N2OsS, %: N 7.14; S 8.17. 

4-Phenylsulfonylanthra [1,2-c][1,2, 5] oxadiazole-6, l l -dione (III). 
a) In the experiment described above (variant a), 80 see after 
adding the benzenesulfinate solution, 20 ml of a 40% ferric chloride 
solution was added and the mixture was boiled for another 5 rain, 
After cooling, along yellow prisms of the quinone III separated, 
yield 3.38 g (86%); mp 290~176 C (from acetic acid). The 
oxidation of the hydroquinone II with ferric chloride can also be 
carried out in dimethylformamide. After heating lII with sodium 
bisulfite under the conditions give previously [2], the sodium salt 
X was obtained. 

b) To a boiling solution of 0.716 g (0.002 mole) of the sulfide VII 
in 80 ml acetic acid was added over a period of 15 rain 10 ml of 
30% hydrogen peroxide. After boiling for an additional 10 rain, 
the light yellow precipitate was separated off after cooling and was 
recrystallized from acetic acid, yield 0.83 g (80%), mp 290~ ~ 
C, a mixed melting point with the material obtained in case (a) 
showed no depression. Found, %: C 81.76, 61.82; H 2.69, 2.77; 
N 7.28, 7,22; S 8.33, 8.09. Calculated for C20Hi0N2OsS, %: C 61.53; 
H 2.58; N 7.18; S 8.22. 

4-Phenylmercaptoanthr a [1,2-c][1,2, 5] oxadiazole-6, l l -dione 
(VII). A mixture of 0.50 g (0.002 mole) of quinone I, 15 ml of 
dimethylformamide, and 0.5 g of thiophenol was heated to boiling 
and 10 ml of a 40% ferric chloride solution was added. The sus- 
pension obtained after boiling for a short time was cooled and 
filtered, and the precipitate was washed with alcohol and ether. 
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C h a r a c t e r i s t i c  Stretching  Vibrat ions  of the Hydroxy Group 

Xl 

Compound I i 
- C o n c e n t r a t i o n ,  ; H a l f  b a n d -  

n u m b e r  i R 10  .3 m ! w i d t h ,  
i i c m  "1 

Xla 6-OH 5.4 jI 43 
Xlb 7-OH 10.5 l 41 
Xlc 8-OH 13.9 ! 34 
XId 9-OH 6.0 i 62 

. . . . . . . . . . . .  i . . . . . . . . .  ' . . . . . . . . . .  

iv I L3 ~ 49 

[ntegralinten- 
Frequency s i t y ,  10  -4 

cm_ 1 / m o l e  �9 c m  2 

3590 0.65 
3594 0.71 
3593 0.80 
3445 1.55 

3381 t.70 

The yield was 0.69 g (96%) of orange needles of the sulfide VII, 
mp 247~ ~ C (from acetic acid or ~tioxane); k m a x n m  (lg ~) 
in alcohol: 270 (4.40), 236 (3.77), 455 (4.00). 

b) 0.57 g (0.002 mole)  of V, 0.5 g of thiophenol,  and 20 ml  of 
ethylene glycol were heated to 150 ~ C for 30 min .  The cooled sus- 
penSion was diluted with 20 ml  of alcohol and filtered. Yield of the 
sulfide VII 0.58 g (81%). Found, %: C 66.88, 67.14; H 2.69, 2.711 
S 8.86, 8.82. Calculated for C~H10N zO3S, %: C 67.03; H 2.81; S 8.95. 

5-Chloro-4- phenylmer eaptoantbxa[1, 2-c][1, 2, 5]oxadiazole- 6, 
l l - d i o n e  (IX). The compound was obtained analogously to the 
sulfide VII (variant b) from 4, 5-dichloroantbra [1, 2-c][1, 2, 5]oxa- 
diazole-6,  l l - d i o n e  (VIII). After chromatography on a luminum 
oxide in chloroform solution, and crystallization from chlorobenzene, 
long orange prisms with a mp 222=-223 ~ C were obtained. Fonnd, 
%: C1 8.96, 8.98; S 8.03, 7.96. C01culated for C20H9C1N2OaS , %: 
C1 9.07; S 8.21. 

O-Benzenesulfonic ester [6] of 6, l l -d ihydroxy-4-phenylsu l fony-  
lanthra[1 ,2-c][1 ,2 ,  5]oxadiazole (IV). a) To a solution of 0.005 mole 
of quinone III or V in boiling acetic acid were added, respectively, 
solutions of 2.5 g and 4.0 g of sodium benzenesulfinate in 10 ml  of 
water. After 45 minutes '  boiling with the evoporation of some of 
the solvent (volume remaining 80 ml), yellow crystals separated. 
The yields of IV were, respectively, 68%o and 82%. Light yellow 
needles or prisms (from acetic acid or dioxane), mp 200~ 
(deeomp~" , kma  x, am (log ~) in chloroform: 248 (4.53), 306 (4.24) 
316 (4.28), 345 (3.86), 360 (3.68), 415 (3.96), 4.33 (3.98) uso z 1186 
1162 cm -1 . In aqueous dioxane or alcohol with sodium hydroxide, 
the product gives a red coloration changing to blue on heating. 

b) A mixture of 0.392 g (0.001 mole) of the hydroquinone II, 2 ml  
of pyridine and 0.176 g (0.001 mole) of benzenesulfonyl chloride was 
stirred at 20 ~ C for 5 rain then  poured into water. After repeated 
crystallization from acetic acid and dioxane there was isolated a 
light yellow product, the properties and [R and UV spec i e  of which 
were identical with those of the product obtained in (a). Found, 
%: C 58.57, 58.46; H 3.02, 2.95; 8 11.95, 12.08. Calculated for 

Cz6HI{:NzOTSa, %: C 58.64; H 3.03; 8 12.04.  
Di(benzenesulfonate) of 6, l l -d ihydroxy-4-phenylsul fonylanthra-  

[1, 2-c][1,2,  5]oxadiazole (~1I). 0.001 mole of the hydroquiuone II or 
the monoester IV in 5 ml  of pyridine was treated at 20 ~ C with 
1.06 g (0.006 mole) of benzenesulfonyl chloride. The red coloration 
quickly changed to light yellow. After pouring into water, the 
precipitated oil quickly bardened; the precipitate was isolated and 
recrystallized from acetic acid. Pale yellow hexagonal prisms, 
mp 173.5~ ~ C. Mixed mel t ing points and a comparison 
of the IR spectra showed that the products obtained in the two cases 
were identical.  Found, %: C 57.01, 57.21, H 3.17, 3.15; S 13.95, 
13.87. Calculated for C32HzoN2OgS3, %: C 57.13; H 3.00; S 14.30. 

9-Amlnonaphtho[1 ,2-c][1 ,2 ,5]oxadiazole .  1.00 g (0.004 mole) 
of 1-ni t roso-8-acety lamino-2-naphthol  [8] was heated for 30 rain at 
90 ~ C in 200 ml of an aqueous solution containing 1.5 g (0.022 mole) 
of hydroxylamine hydrochloride and 3.0 g of crystalline sodium 
acetate.  The solution was filtered hot, and the mater ia l  which 

*Depending on the rate of heating. 

precipitated on cooling was isolated and heated for 30 rain with 

40 ml  of a 0.5 N sodium hydroxide solution. The reaction product 
was filtered off, washed with water, dried, and passed in chloroform 
solution through a layer of a lumina.  Evaporation of the solvent 
gave 0.21 g of the amino compound. Greenish-yellow prisms (from 

alcohol) were found, mp 140.7~ ~ C. Found, %: C 64.67, 64.83; 
H 3.76, 3.78; N 22.91, 22.76. Calculated for C10HTN30, %: C 64.86; 
H 3.81; N 22.69.  

9-Hydroxynaphtho[1,2-c][1,2,8]oxadiazole-6,  ll-dione (XId). 
The substance was obtained the same way as the earlier reported 
hydroxynaphthofurazan [9] from the corresponding amine.  Small 
colorless needles (f~om aqueous alcohol) with a sharp phenolic odor, 
easily soluble in aqueous solutions of alkalis and in most organic 
solvents, were obtained, mp 130~ ~ C. Found, %: N 16.86, 15.00. 
Calculated for Cl0H6NzOz, %: N 15.05. 

IR spectra was recorded on a IKS-14 spectrophotometer. UV and 
visible spectra on an SF-4 spectrophotometer. Frequencies and in- 
tegral intensities of the bands of the stretching vibrations of the OH 
group were determined in chloroform for compounds XI in the con- 
centration interval 5 �9 10-2-5 �9 t0 -s M, and for compound IV in the 
interval 6.3 "10 -3 to 1.3 "10 -3 M. 
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