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Anthra[1,2-c]-[1,2,5]-oxa-, -thia-, and-selenadiazole-6,11"diones 
(I) chlorinate in acetic acid in position 4, giving the 4-chloroan- 
thraquinonediazoles (II) and in sulfuric acid or oleum in the benzene 
ring remote from the heterocycle with the formation of the 7,10-di- 
chloro derivatives III. 

As reported in previous communications [1-4] ,  the 
reaction of anthraquinonediazoles (I) with nucleophilic 
agents bears an anomalous character. It was of in- 
terest to study the behavior of the anthraquinonedia- 
azoles under the conditions of electropilic substitution 

reactions. 
It is known [5] that the 1,2,5-oxa-, -thia-, and 

-selenadiazole rings lower the electron density in a 
benzene ring condensed with them, particularly in po- 

sitions 5 and 6. It was to be expected that in the qui- 

nonediazoles I ring A, adjacent to the heterocycle, 
would be deactivated to a greater extent by the in- 

fluence of the heterocycle than the remote ring B. How- 

ever, on chlorination in boiling acetic acid in the pre- 

sence of ferric chloride, under conditions in which 

anthraquinone itself does not react, the anthraquinone- 
diazoles were smoothly converted into the 4-chloro 
derivatives II. The structure of the latter was con- 
firmed by comparison with the quinonediazoles syn- 

thesized from 1,2-diamino-3-chloroanthraquinone 
(IIb, c) [2, 4] and anthraquinoneoxadiazole-4-sulfonic 

acid (IIa) [3]. 
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In su l fu r i c  acid or oleum, where  the pro tonat ion  of 
the n i t r ogen  atom g rea t ly  i n c r e a s e s  the e l e c t r o n - a c -  
cept ing inf luence  of the he te rocyc le ,  subs t i tu t ion  in the 
p r e s e n c e  of iodine as ca ta lys t  takes place p r e d o m i -  
nan t ly  in the a - p o s i t i o n  of the r ing  r e m o t e  f rom the 
he te rocyc le ,  giving high y ie lds  of the d ichloro  d e r i v a -  
t ives  III.  

The en t ry  of the ch lo r ine  into the s a m e  pos i t ions  in 
the case  of the oxa-,  th ia- ,  and se l enad iazo le s  ( In -c )  
is shown by the reduc t ion  of IIIa with hydrosu l f i t e  and 
the opening of the s e l enad iazo le  r i n g  in  IIIc by the act ion 
of caus t i c  soda [7] with the fo rma t ion  of a 1 ,2 -d i amino -  
d i ch lo roan th raqu inone  (IV) which was conver ted  into 
the th iad iazole  (IIIb) on being heated with thionyl chlo-  

*For  p a r t  VIII, see  [9]. 

r i de .  The  fact that the ch lo r ine  a toms in III a r e  p r e -  
sen t  in the benzene  r i ng  r e m o t e  f rom the he t e rocyc le  
is shown by the capaci ty  of the quinones IIIa and IIIb 
for being conver ted ,  without d i s p l a c e m e n t  of s u b s t i -  
tuents,  into the 4 - c yc l ohe xy l a mi ne  de r iva t i ve s  V on 
t r e a t m e n t  with cye lohexylamine  and of then undergo ing  

ch lo r ina t ion  in pos i t ion  5 with su l fu ry l  ch lor ide  with 
the fo rma t ion  of the t r i ch lo ro  de r iva t i ve s  VI. The 
d i r e c t i on  of these  r e a c t i ons  in the pos i t ions  of 
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the an th raqu inoned iazo le  nuc leus  s ta ted has been es -  
tab l i shed  p rev ious ly  [1, 2, 4]. Since under  the s a m e  con-  
di t ions  an th raqu inone  ch lo r ina t e s  in the a - pos i t i on ,  it  
appeared  l ikely that compounds III have the s t r u c t u r e  
of 7 ,10-d ich loro  de r iva t ives .  For  proof, we pe r fo rmed  
the independent  syn thes i s  of 4 - cyc lohexy lamino -5 ,7 ,10 -  
t r i ch lo roan th ra [  1, 2 -c ] - [  1, 2, 5 ] - th iad iazo le -6 ,  l l - d i o n e  
(IVb) s t a r t i ng  f rom 1 -benzoy lamino-4 ,  5, 8 - t r i c h l o r o -  
an th raqu inone  (VII) [8]. By n i t r a t i on  in concen t ra ted  

n i t r i c  acid with subsequen t  hydro lys i s  of the aeyl  
group and reduc t ion  with sodium sulf ide we obtained 
1 ,2 -d iamino-4 ,  5 , 8 - t r i c h l o r o a n t h r a q u i n o n e  (VIII) the 
eye lohexylamine  led to compound VIb, ident ica l  with 
that obtained f rom the product  of the ch lo r ina t ion  of 
IIIb.  

EXPE B/MENTAL 

4-Chloro-anthra[1,2-o]- [I, 2, 5]-X-diazole-6 ,ll-diones (II). To a 
boiling solution of 0.01 mole of la in 80 ml of acetic acid was added 

0.3 g of ground iron turnings or ferric chloride, and chlorine was 

passed in for 8 hr at the rate of ~150 ml/min, after which the hot 

solution was filtered and diluted with water. The yellow precipitate 

was separated off, washed with water, dried, filtered in the form of 

chloroform solution through a layer of alumina, and crystallized from 

acetic acid. This gave 2.31 g (81%) of IIa, mp 246.5~ ~ C; mix- 

ture with a sample synthesized from anthraquinoneoxadiazole-4-sul- 

fonic acid [3], mp 246.8~ ~ C. 
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Similarly, but using larger amounts of acetic acid, the 4-chloro 
derivatives IIb and IIc were obtained with mp 284~ ~ C and 

348~ ~ C, respectively (yields 60-85%); they gave no depression 
of the melting point in admixture with sample prepared from 1,2- 

diamlno-3-chloroantbxaquinone [2,4] and were identical with them in 
their properties and IR spectra. 

7 ,I 0-Dichloroanthta[l, 2-c]-[I, 2, 5]-X-diazole-6 ,ll-diones (Ill), 
Chlorine was passed into a solution of 0.01 mole of I and 0,06 g of 
iodine in 30 ml of 3% oleum at 40 ~ C for 3 -4  hr, after which the re- 
action mixtUre was pou~ed onto ice. The precipitate was separated off, 
fihered in the form of a soIution in dioxane tbxough a layer of alu- 
mina and crystallized from acetic acid. The yield of III was 83-87% 
(table). 

7,10-Dichloro-4-cyclohexylaminoanthra[1,2-c]-[1,2,6]-oxa- 
and -thiadiazole-6,11-diones (Va,b). To a solution of 0.002 mole of 
IIIa or b in dimethylformamide at 20 ~ C was added 4.8 ml (0.04 mole) 

of cyelohexylamine, and after 15 hr the solution was poured into 
dilute hydrochloric acid. The precipitate was filtered off, washed, 
dried, and chromatographed on alumina, the violet-red band being 
eluted with chloroform or benzene. Red needles, from dioxane. Yleld 
75-83% (table). 

85,10-Trichloro-4-eyclohexylaminoantbxa[l,2.e].[l, 2, 6]-oxa- 
and -thiadfazole-6,11-diones (Via,b). a) The cyclohexylamlne deri- 
vatives Va and b were chlorinated with sulfuryl chloride in chloroform 
under the conditions described previously [1,4]. Red needles (from 
aqueous dioxane) (table). 

b) The thiazole IX was treated with cyclohexylamine as shown 
above for compounds IIIa and b. After chromatography in benzene on 
alumina and crystallization, a substance was isolated which was iden- 
tical from its IR and UV spectra with that obtained by method (a), 
mp 222~ ~ C; a mixture of the substances gave no depression of the 
melting point. 

1,2-Diamino-5,8-dichlomant�89 (IV). a) A mixture of 
3.06 g (0.008 mole) of IIIc, 100 ml of dioxane, 65 ml of water, and 
5 mi of 40% caustic soda solution was boiled for 2 hr and diluted with 
200 ml of water. The precipitate (2.4 g) was filtered off, washed with 
water, and dried. Elongated prisms (from chlorobenzene) mp 
274~ ~ C (decomp.). When 0.005 mole of IV was heated with 
0.03 mole of thio ~yl chloride in dioxane [4], after chromatography 
on alumina in chloroform solution a 64% yield was obtained of a yel-  

low substance with mp 299~ ~ C, giving no depression of the melt-  
ing point in admixture with the IIIb obtained by the chIorination of 
the anthraquinonethiadiazole Ib. 

b) A solution of 4 g of sodium hydrosulfite in 20 ml of water was 
added to a suspension of 0.638 g (0.002 mole) of IIIa in 90 ml of 4% 
caustic soda solution at 50 ~ C. After the mixture had been stirred for 

20 minutes at the same temperature, it was cooled and air was passed 
through it until it was deooiorized. The precipitate was separated off, 
washed with water, dried, and chromatographed on alumina, the 

violet band being eluted with a mixture of chlorobenzene and pyri- 
dine (8:1). After crystallization from chlorobenzene, a substance was 

obtained with mp 275 ~ C (decomp.). showing no depression of the 
melting point in admixture with the sample obtained by method (a). 

Found, %: C1 22.91, 22.70; N 9.10, 9.28. Calculated for CI4HsClaN202, 
%: CI 23.09; N 9.12. 

l-Amino-4, 8, 8-trichloro-2-nitroanth~aqu~none. A solution of 
2.15 g (0.005 mole )o f  VII [8] in 5 ml of 96% nitric acid was stirred 
at 20 ~ C for 1 hr 30 min and poured into ice water. The yellow pre- 
cipitate (2.50 g) was filtered off, washed with water, dried, and 
heated in 20 ml of concentrated sulfuric acid at 95 ~ C for 1 hr. Then 
11 ml of water was added at a temperature not exceeding 10 ~ C, and 
the precipitate was separated off and treated with hot water. This 
yielded 1.45 g (78%) of the nitro compound. Orange-red plates (from 
chlorobenzene), mp 317~ ~ C. Found, %: C 45.34, 45.44; H 1,39, 

1.51; C1 28.64, 28.34; N 7.37, 7.29. Calculated for C14HsClaN204, %: 
c 45.25; H 1.36; Ci 28.63; N 7.54. 

1,2-Diamino-4, 5, 8-trichloroantl~aquinone (VIII), A mixture of 
1.86 g (O.005 mole) of 1-amino-4,  8, 8-trichloro-2-nitroanthraquinone, 
30 ml of water, and 4.8 g of sodium sulfide was heated in the boiling 
water bath for 1 hr. The precipitate (1.43 g) was filtered off, washed 
with hot water, and dried. For analysis, the product was chromate- 
graphed on alumina and eluted with a mixture of chlorobenzene and 
pyridine. Elongated prisms (from chlorobenzene), mp 294~ ~ C 
(decomp.).  Found, %: C 49.35, 49.34; H 2.05, 1.99; C1 50.91, 30.29; 
N 7.95, 7.85. Calculated for C14HTC13N202, %: C 49.28; H 2,07; 
CI 31.18; N 8.10. 

The action of thionyl chloride [4] onVlII gave a q0~ yield of 8,7, 
10-trichloroanthra[l, 2-e]- [i, 2, 6]- thiadiazole- 6, ll-dionr (IX) (table). 
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