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V1. Reaction of Anthrafl,2-¢]-1,2,5-thiadiazole-6, 11-dione with Nucleophilic

Agents*
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In the reaction of amthrafl, 2-cj-1, 2, -3-thiadiazecle-6, 11~dione (I)
with mercaptans, arylsulfimic acids, and bisulfite, the nucleophilic
agent is directed into position 4 of the nucleus with the formation of
substituted hydroquinones, the oxidationof which leads, respectively,
1o 4-aryKalkylghio, 4-arylsulfonyl, and 4-sulfo derivatives of anthra
f1,2-¢}~1,2,5~thiadiazole~8,11-dione (II, VI, IX). When entry into
position 4 is impossible, addition 1o the carbonyl oxygen atom takes
place. On being heated with bisulfite, the quinonesulfonic acid IX is
converted into the monsaifuric acid ester of the hydroquinonesulfonic
acid X, and on reaction with benzenesulfinic acid 4-phenylsulfonyl-
anthraquinonethiadiazole (VIa) is converted into the benzenesulfonic
acid monoester XI.

The anthrall,2-¢}-1,2,5-thiadiazole-6,11-diones
that we have described previously react readily not
only with amines [1] but also with reagents containing
a sulfur atom in the nucleophilic center: mercaptans,
sulfiniec acids, bisulfite.

Brief heating of the anthraquinonethiadiazole I with
mercaptans in dimethylformamide and subseguent
treatment with ferrie chloride leads to the formation
of 4-aryl(alkyl)thioanthra[l,2-¢}-1,2,5-thiadiazole-6,
11-diones (II} in high yield (table). A proof of the enfry
of the mercapto group into position 4 is the reaction
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Fig. 1. Absorption spectra: 1) 4-phenyl-
thioanthrafl,2-cl-1,2,5-thiadiazole-6,11-
dione (IIa); 2) 4-phenylsulfonylanthrall, 2
-¢]-1,2,5-thiadiazole~6,11-dione (VIa); 3)
anthraf1,2-¢}-1,2,56-thiadiazole-6,11-dione
~4-gulfonic acid (IX); 4) sulfuric acid
monoester of 6,11-dihydroxyanthrafl,2-c}
-1,2,5-thiadiazole-4-sulfonic acid (X).

of the halogen derivatives of anthraguinonethiadiazole
II and IV with thiophenol. As in the reaction with

For part V, see [1].

amines {1], in the case of 4-chloroanthraquinonethia~
diazole (III) the halogen atom is replaced and the same
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Fig. 2. IR spectra: 1) 4-phenylsulfonylanthrall,2-c}
-1,2,5-thiadiazole-6,11-dione (Ila); 2) benzenesul-
fonic acid monoester of 6,11-dihydroxyanthrafl, 2-
e]-1,2,5-thiadiazole (XI); 3) anthrafl, 2-c}-1,2,5-thi-
adiazole-6,11-dione—-4-sulfonic acid (IX}; 4) sulfuric
acid monoester of 6,11-dihydroxyanthrafl,2-c}-1,2,
5-thiadiazole~4-sulfonic acid (X).

substance is formed as from guinone I, while in the
case of the 5-chloro derivative (IV) the replacement of
hydrogen takes place with conversion into the chlorine-
containing sulfide V.

Analogously, by the reaction of arylsulfinic acids
and subsequent oxidation, the anthraguinonethiadiazole
1 is smoothly converied into the 4-arysulfonyl-sub-
stituted derivates VI (table). The corresponding anthra-
hydroguinones VII are formed as intermediates, and
these caneasily be isolated by carrying out the reaction in
acetic acid or can be obtained by reducing the quinones
VI with stannous chloride. The position of the aryl-
sulfonyl grouping on the fourth earbon atom follows
from the synthesis of the sulfones VI by the treatment
of the sulfides I with peracetic acid.
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Sulfides and Sulfones of Anthra[1,2-¢]-1,2,5-thiadiazole-6,11-dione

N—S§

Calcu- N3
ég X R Mp, °C Amgx, nm Empirical Found, % lated, % o
S8 (ge) formula N | s N | s 5
a| S | CeHs 270271 | 460 (3.95)| CooHi1oN20.S, |7.49 ] 17.16a| 7.48 {17.13] 74
7.20( 16.98
b | S | 4 CHsCeH,- | 301—302 465 (3.70)§ CoH1sN20,S, (697 — (721 — |71
: 7.05
e | S| 2,4,5-Cl3CeHz| 268—269 | 440* CooH;CI3N20,S,} 598 | 13.53b) 5.87 {13.43} 63
6.02| 13.68
nd | S | CH;COOH | 259—260] 465 (3.78)| C;sHsN20,S, 805, — (78| — |75
{(decomp.) 8.00
e { S| p-CoHr 274275 ) 465 (4.00)| C24H3N,0,S, 16.841 14.75 16.60 {15.11! 65
6.57 | 14.88
Viia | SO,! CgHs 311—312] 350 (4.12)| CyoH;ioN20,S. |6.80}| 1566 {6.90]15.79; 82
165411553 84**
VIib | SO, 4-CH3CsH: | 298—299| 350 (4.15)| CoH1sN2O.S, {692 15.16 | 6.66 :15.26] 73
(decomp.) 6.821 14.99
Viic | SO;} 4-BrCgH, 293—294| 353 (4.17)] Cy0HoeBrN;0O,S, | 6.05] 13.38¢| 5.78 {13.20} 70
597]13.31
viid [SO, | 3-NO,CgH, | 301—302( 350 (4.15)| CyoHaN306S2 9071 13.94 |9.31 114.20] 61
(decomp.), 9111} 1403
viie |SO,] CH.COOH | 224—225| 350 (4.11)| C;6HsNzO6S2 724 16.81 17.21 |16.52; 71**
(decomp.) 7.18116.73

*Saturated solution.
*;By oxidation of the sulfide. b
Found, %: C 64.14, 64.35; H 3.04, 3.03. Calculated, %: C 64.15; H 2.70. "Found, %: Cl 22.24,
22.15. Calculated, %: Cl 22.26. ¢Found, %: Br 16.21, 16.17; Caiculated, %: 16.47.
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In an aqueous solution of sodium bisulfite, the an-
thraquinonethiadiazole I is converted into the anthra-
hydroquinone-4~sulfonic acid {VII), and this by oxida-
tion with chromic or nitric acid into the quinone-4-
sulfonic acid (IX). The position of the sulfo group is
shown by the conversion of the sulfonic acid IX into
4-chloroanthraquinonethiadiazole (IIT} in a yield of 90%
on being boiled with potassium chlorate in hydrochloric
acid solution.

As can be seen from Fig. 1, such substifuents in
position 4 of the nucleus as sulfo and arylsulfonyl
groups have little effect on the nature of the absorption
of anthraquinonethiadiazole [1]. An arylihio group has
a greater effect, causing the appearance of anew maxi-
mum in the visible region at about 460 nm. In the IR
spectra of the quinones II, IV, and IX, there is one
strong band of carbonyl stretching vibrations in the
narrow range 1667—1674 cm~! (Fig. 2)
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of the reaction products lack the carbonyl band and
have absorption in the region of the stretching vibra-
tions of hydroxy groups (for XI, 3235 cm_i), The spec-
trum of compound XI has, inaddition to the band of the
sulfone group at 1150 em™!, a strong band at 1193 cm~?
which can be assigned to the symmetrical vibrations of the
S0, group of the benzenesulfonate [2].

A proof of the structure of the product of the addi-
tion of henzenesulfonic acid to the quinone VIa is the
formation of the identical substance by the acylation
of the 4-phenylsulfonylhydroquinone (VII} with an equi-
molar amount of benzenesulfonyl chloride. In the
presence of an excess of the acylating agent both the
addition product XI and the hydroguinone VI are con-
verted into the diester XII. The action of chlorosul-
fonic acid in pyridine onthe hydroguinone-4-suifonic acid
VIII gives the same sulfuric acid monocester X as is
obtained by the reaction of the quinonesulfonic acid IX
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A noteworthy feature of the 4-arylsulfonylanthra-
quinonethiadiazoles (VI) and of anthraguinonethiadi-
azole-4-sulfonic acid (IX) consists in their capacity
for adding another molecule of a nucleophilic agent.
Thus, the sulfonic acid IX rapidly dissolves on heating
with bisulfite to form copound X, and the sulfone VIa,
on being hoiled with benzenesulfonic acid in acetic
acid, gives the sparingly soluble substance XI. The
electronic specira of the addition products differ con-
siderably from the spectra of the initial quinones by
the general nature of the curve and by the presence of
a maximum at about 430 am (Fig. 1). The IR spectra

with bisulfite. Taking steric factors into account, it
may be assumed that the ester grouping is remofe
from the heterocycle and is therefore less hindered
than position 6.

Thus, when addition to position 4 of the anthragui-
nonethiadiazole nucleus is impossible, such nucleo-
philic agents as bisulfite and arylsulfinic acids add
to the carbonyl oxygen atom with the formation of
monoesters of the corresponding anthrahydroguinones.
This reaction, which is also characteristic of anthra
[1,2-¢l-1,2,5-oxadiazole-6,11-diones {3] has not been
observed previously in the anthraguinone series. Fur-



340

ther studies are necessary to explain the reasons for
the anomalous reactivity of the anthraquinonediazoles
with respect to nucleophilic agents.

Addition in position 4 of anthraquinonethiadiazole,
which is conjugated with the carbonyl group, can be
carried out because of the electrophilic nature of the
heterocycle, leading to a disturbance inthe equivalence
of the bonds in the adjacent benzene ring [1], but such
an approach is inadequate to explain the addition to the
oxygen atoms. In the literature there are isolated
examples of addition to the oxygen of the CO groups of
quinones which are unusual for carbonyl compounds.
Among the cases described may be mentioned the
addition of triphenylphosphine to p-benzoquinone [4]
and tetrachloro-o-benzoquinone [5], and the addition
to the latter of benzenesulfinic acid [6], certain dienes
[7,8], and diazoalkanes [9]. Although the authors[8, 9]
assume a polar mechanism to be the mosi probable in
these cases, it cannot be regarded as having been
shown definitively. It is known that addition to the
oxygen atoms of quinones also takes place in photo-
chemical reactions [10—12] having a radical nature.

EXPERIMENTAL

Reaction of anthrafl,2-c}-1,2,5-thiadiazole-§,11-diones with
mercaptans. a) A solution of 2.66 g (0.01 mole) of I and 0.02 mole of
a mercaptan in 80 ml of dimethylformamide was boiled for 5 min and
then 25 ml of a 40% solution of femric chloride was added and the
mixture was boiled for another 5 min., Afier cooling, the precipitate
of the sulfide II was separated off and was recrystallized from acetic
acid of dioxane (table). Alcoholic solutions of the sulfides fluoresce
orange in UV light.

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 derivative (V). Orange
plates (from acetic acid), mp 224—225° C. Found, %; CI 8.38, 8.52.
Calculated for CygHyCIN,0,5,, %: Cl 8.67.

b) A soluation of 3.01 g (0.01 mole) of IIT and 1.65 g (0.015 mole)
of thiophepol in 120 mi of dimethylformamide was boiled for 5 min,
and 60 ml of water was added. The precipitate was filtered off,
washed with ethanol, and crystallized from acetic acid. The yield of
Ia was 3.10 g (83%) mp 270—271° C; a mixtwe with the sample ob-
tained in experiment (a) had mp 269.5-270.5" C; the samples were
also identical in respect of their UV and IR spectza.

4-Arylsulfonylanthraf1,2-c]-1,2,5-thiadiazole-6,11~diones (VI),
a) At 100° C, a solution of 0.02 mole of a sodium arylsulfinate in 7
ml of water was added to a solution of 0,01 mole of I in 130 ml of
acetic acid and the mixiwre was boiled for 1 hr 30 min. After cooling,
the precipitate of the hydroquinone VII was filtered off and dissolved
in 65 ml of dimethylformamide; 30 ml of 40% ferric chloride solution
was added and the mixture was boiled for 5 min. After cooling, the
quinone VI that had deposited was separated off and was washed with
water and ethanol (see table). The reaction can be carried out wholly
in dimethylformamide without the isolation of the VII.

b)Over 15 min, 10 ml of 30% hydrogen peroxide was added to a
boiling solution of 0.001 mole of the sulfide I in 80 ml of acetic acid.
After boiling for another 10 min and the distillation of half the solvent,
the light yellow precipitate was separated off and recrystallized from
acetic acid (1able, examples Via, d). The sulfide IIa gave a sub-
stance with mp 311—312° C showing no depression of the melting
point in admixtwe with the sulfone VIa and identical with it in respect
of its IR and UV spectra.

4-Phenylsulfonyl-6,11-dibydroxyanthrafl,2-c]-1,2,5-thiadiazole
(VII). A solution of 4 g of stannous chloride in 10 ml of concentrated
hydrochloric acid was added to a solution of 2,04 g (0,005 mole) of
Via in 300 ml of acetic acid at 100° C. After 20 min boiling and the
distillation off of 200 ml of the solvent, 1.49 g (73%) of the leuco
compound VI was obtained. Elongated orange prisms (from acetic

KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII

acid with the addition of stannous chloride), mp 252—253° C. A mix-
ture with the sample obtained from I and sodium benzenesulfinate in
acetic acid (see above) showed no depression of the melting point. On
oxidation with femric chloride or nitrous acid, the substance was con-
verted inio VIa. Found, %:C 58.74, 58.97; H 2.84, 2.68; N 7.03, 7.06;
S 15.49; 15.33. Calculated for Cog;;N;0,4S,, %: C 58.82; H 2.96;

N 6.86; S 15.70.

Benzenesulfonic acid monoester of 6,11-dihydroxy-4-phenylsul-
fonylanthra[1,2-c}-1,2,5~thiadiazole (XI). a) A solution of 2.04 g
(0.005 mole) of VIa in 500 ml of acetic acid, mixed with a solution
of 4.5 g (0.022 mole) of sodinm benzenesulfinate in 10 ml of water,
was boiled for 8 br and filtered hot, the precipitate being washed with
boiling acetic acid. This gave 0.89 g of yellow prisms of the mono-
ester XI with mp 266—267° C. The bulk of the acetic acid was dis-
tilled off from the filtrate, and after dilutior with water 1.16 g of a
mixtwre of XI with the initial quinone was oLtained. The latter was
separated by passing a solution of the precipitate in dioxane through
a layer of alumina 1.05 g (52%). The yield of XI calculated on the
VIa that had reacted amounted to 66%. The substance is very sparingly
soluble in organic solvents and when caustic soda is added to a suspen-
sion of it in aqueous dioxane a red coloration appears which then
changes to blue (hydrolysis). Solutions of the sabstance in chloroform
possess a greenish yellow fluorescence under the action of UV light.

b) A mixture of 0.41g(0.001 mole) of VII, 24 ml of pyridine, and
0.18 g (0.001 mole) of benzenesulfonyl chioride was stirred for 30 min
at 20° C and filtered, and the precipitate was washed with ethanol
and hot acetic acid, This yielded 0.4 g of a substance with mp 266—
267° G giving no depression of the melting point in admixtire with
the sample synthesized in experiment (a) and identical with itin
respect of its IR spectrum. Found, % § 17.59, 17.45. Calculated for
CyeHiN,08s, % S 17.54.

Benzenesulfonic ester of 6,11-dihydroxy-4-phenylsulfonylantira
1,2-c}-1,2,5-thiadiazole (XII). A mixture of 0.001 of mole of VI
ar X1 40 mi of pyridine, and 2.12 g (0.012 mole) of benzenesulfonyl
chloride was stitred at 20° C for 8 hr and filtered. The filtrate was
diluted with water, and the precipitate was crystallized from acetic
acid. In both cases, as a mixed sample showed, one and the same
substance was obtained with mp 187—188° C. Light yellow needles
soluble considerably more readily than the monoester Xi and possess-
ing a strong pale blue fluoresence in UV light. Found, %: N 4.20,
3.91; $18.54, 18.37. Calculated for Ca2tizN205Ss, Jo: N4.07:518.62.

6,11-Dihydroxyanthra[1,2-c]-1,2,5-thiadiazole-4-sulfonic acid
(Vi). A mixtwe of 2.66 g (0.01 mole) of I, 25 mi of water, 9 ml
(0.04 mole) of 4.5 N sodium bisuifite 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 VIIT was filtered
off and was washed with 5% sodium chioride solution, 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 m1 of water was added a solution of 2.20 g of stannous chloride in
5 ml of concentrated hydrochloric acid and the mixture was boiled for

5 min, afier which the addition of sodium chloride gave 0.61 g (~75%)
of the sodium salt VIII. Orange needles (from water with the addition
of stanmous chloride), Found, %: N 7.25, 7.31; Na 6.08, 6.19; H,0
6.52. Calculated for C HN;NaO5S, * 1.5H;0, %: N 7.57; Na 5.80;
HZ0 6.81. Diacetyl derivative—light yellow needles (from a mixture
of dimethylformamide and acetic anhydride). Found, %: C 47.63,
47.34; H 2.73, 2.53; N 5.92, 5.78; Na 5.01, 5.34. Calculated for
CigN 1 N;NaO;S,, - C 47.56; H 2.44; N 6.17; Na 5.06.

Anthra[1,2-c]-1,2,5-thiadiazole~6,11-dione~4-sulfonic acid (IX).
A suspension of 3.97 g (0.01 mole)of VIII in 170 mi of warer and 5 ml
of concenirated hydrochloric acid was treated with 4 mi of 30%
sodium nitrite solution, and the mixiure was boiled for 3 min and
weated with 30 ml of satwrated sodiumn chloride solution. After cool-

ing, the crystals of the sodium salt IX were washed with 5% sodium
chloride solution, with water, and with ethanol; yield 3.10 g (T1%).
Light yellow plates (from water), sparingly soluble in the majority of
organic solvents. Found, %: C42.53, 42.69; H2.07, 1.92; N7.10; 7.07;
H;0 6.58, 6.44. Calculated for Cy4HsN;NaOsS,, %: S, - 1.5H,0. %
C 42.53; H 2.04; N7.07; HyO 6.83. S-Benzylthiouronium salt-light
yellow plates (from ethanol) with mp 247-248 C (decomp. ) Found,
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% C 51.51. 51.37: H3.14, 3.20; N'10.81, 10.51.

Caleulated for CpHygNOsSg, %: C 51.54; H 3,15; N 10.92. Sulfonyl
chloride—yellow plates (from a mixture of benzene and n-hexane),
mp 223—224° C (decomp, ). Found, %: C1 9.49, 9.37. Calculated
for C H;C1N,0,8,, %: C1 9.72.

4-Chlorpanthraf{l,2-c}-1,2,5~thiadiazole-6,11~dione (III), Over 4
hr, 125 ml of a samrated solution of potassinm chlorate was added
a solution of 1.97 g (0.005 mole) of the sodium salt IX in 55 ml of 3%
bydrochloric 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 ITT ob-
tained from 3-chloro-1,2-diamincanthraquinone {11,

Sulfuric acid monoester of 8, 11-dihydroxyanthrafl, 2-¢1}-1,2, 5-
thiadiazole-4-sulfonic acid (X). a) A mixnwe of 8.95 g (0.01 mole)
of I, 5.6 ml (0,025 mole) of 4.5 N sodium bisulfite solution, and 11
i of water was boiled for 3 hir, 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 filirate gave 1.28 g
{32%) of the initial sulfonic acid IX. The yield of the monoester X
calculaied on the quinonesulfonic acid IX that had reacted was T0%.
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 solurion.

b) To a mixtue of 15 mli of pyridine and 1 ml of chicrosuifonic
acid at 40° C was added 0.80 g of the anhydrous sodium salt VII, the
mixture was stirred at 50° C for 30 min, and after cooling, it was
poired into 50 ml of 5% sodium acetate solution. After the pyridine
had been driven off in vacuum, 15 ml of a saturated solution of
sodium chioride was added, and the precipitate was filtered off and
crystailized from aqueous ethanol. This gave 0.72 g of a substance
the properties and IR and UV spectra of which were analogous to that
synthesized in case (a). Found, %: C 35.88, 35.77; H 1.42, 1.50;

N 6,04, 6,31; Na 8,91, 8.70; H,0 11.50, 11,61, Calculated for
C 1N Na,0:8,, % C 35.59; H 1.28; N 5,93, Calculated for
C1HMNa,0.8, - 3.5H,0, %: Na 8,59; H,0 11.78.
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- The electronic spectra were measured on an SF-4 spectrophoto-
meter for the suifides II in ethanol, for the sulfonic acids in water,
and for the sulfones VI in chloroform; the IR specira were measured
in KBr tableis on an IKS-14 instrument.
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