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Anthra[1,2-c]-[1,2,5]-0xa-, -thia-, and -selenadiazole-6,11%diones
(1) 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 111,

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
(I1b, e) [2, 4] and anthraquinoneoxadiazole-4-sulfonic
acid (I1a) [3].
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In sulfuric acid or oleum, where the protonation of
the nitrogen atom greatly increases the electron-ac-
cepting influence of the heterocycle, substitution in the
presence of iodine as catalyst takes place predomi-
nantly in the a-position of the ring remote from the
heterocycle, giving high yields of the dichloro deriva-
tives 1I.

The entry of the chlorine into the same positions in
the case of the oxa-, thia-, and selenadiazoles (Ia~c)
is shown by the reduction of Illa with hydrosulfite and
the openingofthe selenadiazole ringinIllc by the action
of caustic soda [7] with the formation of a 1,2-diamino-
dichloroanthraquinone (IV) which was converted into
the thiadiazole (IIib) on being heated with thionyl chlo-

*For part VIII, see [9].

ride. The fact that the chlorine atoms in III are pre-
sent in the benzene ring remote from the heterocycle
is shown by the capacity of the quinones IIla and IITb
for being converted, without displacement of substi-
tuents, into the 4-cyclohexylamine derivatives V on
treatment with cyclohexylamine and of then undergoing
chlorination in position 5 with sulfuryl chloride with
the formation of the trichloro derivatives VI. The
direction of these reactions in the positions of
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the anthraquinonediazole nucleus stated has been es~
tablished previously [1, 2, 4]. Since under the same con-
ditions anthraquinone chlorinates in the a-position, it
appeared likely that compounds III have the structure
of 7,10-dichloro derivatives. For proof, we performed
the independent synthesis of 4-cyclohexylamino-5,7,10-
trichloroanthrafi, 2-¢]-[1, 2, 5}-thiadiazole-6, 11-dione
(IVb) starting from 1-benzoylamino-4, 5, 8-trichloro-
anthraquinone (VII) [8]. By nitration in concentrated
nitric acid with subsequent hydrolysis of the acyl
group and reduction with sodium sulfide we obtained
1,2-diamino-4,5,8-trichloroanthraquinone (VIII) the
cyclohexylamine led to compound VIb, identical with
that obtained from the product of the chlorination of
b,

EXPERIMENTAL

4-Chloro~anthrall,2-¢]-[1, 2, 5]-X -diazole-8,11-diones (II). To a
boiling solution of 0.01 mole of Ia 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 Ila, mp 246.5°-247° C; mix-
ture with a sample synthesized from anthraquinoneoxadiazole-4-sul-
fonic acid [3], mp 246.5°~246.8° C.
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Similarly, but using larger amounts of acetic acid, the 4-chloro
derivatives Ilb and Ilc were obtained with mp 284°~285° C and
348°-847° C, respectively (yields 60~65%); they gave no depression
of the melting point in admixture with sample prepared from 1,2~
diamino-~3-chloroantlraquinone [2,4] and were identical with them in
their properties and IR spectra,

7,10-Dichloroanthra(i, 2-c}~[1,2, 5]-X-diazole~6,11-diones (111),
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 poured onto ice. The precipitate was separated off,
filtered in the form of a solution in dioxane through a layer of alu-
mina and crystallized {rom acetic acid. The yield of 11l was 83-87%
(table).

7,10-Dichloro-4-cyclohexylaminoanthrall,2-¢J~[1,2, 5]-oxa~
and -thiadiazole~8,11~diones (Va,b), To a solution of 0.002 mole of
Illa or b in dimethylformamide at20° Gwas added 4.8 ml (0.04 mole)
of cyclohexylamine, and after 15 Ir 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. Yield
76=83% (table),

5,7,10-Trichloro~4-cyclohexylaminoanthra[i,2~c]-[1,2, 51-oxa-
and -thiadiazole-§,11-diones (Via,b), a) The cyclohexylamine 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 IIla 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°~228° C; a mixwre of the substances gave no depression of the
melting point.

1,2-Diamino-5, 8-dichloroanthraquinone (IV). a) A mixture of
3.06 g (0.008 mole) of Iilc, 100 ml of dioxane, 65 ml of water, and
5 ml 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
214°-275° C (decomp.). When 0,005 mole of 1V was heated with
0.03 mole of thiowyl chloride in dioxane [4], after chromatography
on alumina in chloroform solution a 64% yield was obtained of a yel-
low substance with mp 299°-300° 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 Illa in 90 ml of 4%
canstic soda solution at 50° C, After the mixture had been stirred for

20minutes at the same temperature, it was cooled and air was passed
through it until it was decolorized. 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 (decornp.). 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 CyHeCLN,0,,
%o: C1 23,09; N 9.12,

1-Amino-4, 5, 8-irichloro-2~nitroanthraquinone, A solution of
2.15 g (0,005 mole) of VII [8]in 5 ml of 96% nitric acid was stirred
at 20° C for 1 lr 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 mi 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°-318° C, Found, %: C 45,34, 45.44; H 1 .39,
1.51; C1 28.64, 28.34; N 7.37, 7,29. Calculated for C ,HgClyN,0,, %
C 45.,25; H 1.36; C1 28,63; N 17,54,

1,2-Diamino-4, 5, 8-trichloroanthiraquinone (VIII), A mixture of
1.86 g (0.005 mole) of 1-amino-4, 5, 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 chromato-
graphed on alumina and eluted with a mixture of chlorobenzene and
pyridine, Elongated prisms (from chlorobenzene), mp 294°~295° C
(decomp, ). Found, %: C 49.35, 49.34; H 2.05, 1,99; C130.,91, 30.79;
N 17.95, 7.85. Calculated for Gy H7CIN,0y, %: C 49,28 H 2.07;
C1 31.13; N 8,10,

The action of thionyl chloride [4] on VIII gave a T0% yield of 5,7,
10-trichloroanthra[ 1, 2-c]~[1, 2, 6]~ thiadiazole-6, 11~dione (IX) (table),
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