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FRIES REACTION AND DAKIN REARRANGEMENT IN BENZO-2,1,3-THIADIAZOLES

I. A. Belen'kaya, G. P. Krokhina, UDC 547.567.3'572.1'655.6'794.3
S. A. Sirik, and S. A. Andronati

The Fries rearrangement of 4~ and 5-acetoxybenzo-2,1,3-thiadiazoles has given 4-
hydroxy-7-acetyl- and 5-hydroxy-4—acetylbenzo-2,1,3-thiadiazoles, which on oxida-
tion afford mixtures of 5-chloro-4,7~dioxo~ and 5,6-dichloro-4,7-~dioxobenzo-2,1,3-
thiadiazole and of 6-chloro-4,5-dioxo~ and 6,7-dichloro-4,5-dioxobenzo-2,1,3-thia-
diazole. Reaction of 6,7-dichloro-4,5-dioxobenzo-2,1,3~thiadizole with ortho-phenyl-
enediamine gives 4,5~dichloro-2,1,3-thiadiazolo[4,5~a]lphenazine. '

5-Chloro-4,7-dioxo- and 5,6-dichloro-4,7-dioxobenzo-2,1,3-thiadiazole (I, II) are known
to possess high antiviral activity in ovo [1]. It is noteworthy that 4~hydroxy- and 4-amino-
benzo-2,1,3-thiadiazole (III, IV), which give the quinone (I) on oxidation in the presence
of HC1 [2, 3], also exhibit antiviral activity [1, 4]. It might be expected that other benzo-
2,1,3~thiadiazoles, which undergo oxidation under these conditions to give the chloro~com-
pounds, would be viral inhibitors. To test this theory, 4-hydroxy-7-acetyl- and 5~hydroxy-4-
acetylbenzo-2,1,3~thiadiazoles (V, VI) were selected.

The hydroxyketones (V) and (VI) were obtained by the Fries rearrangement of 4- and 5-ace-
toxybenzo-2,1,3~thiadiazole (VII, VIII). The acetoxy-compounds (VII, VIII) were obtained by
reacting 4- and 5-hydroxybenzo-2,1,3-thiadiazole (III, IX) with acetic anhydride.
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Oxidation of (V) and (VI) with hydrogen peroxide in alkaline media (the Dakin reaction)
as for the oxidation of p-hydroxyacetophenone [5] failed to give the dihydroxy-compounds.
Only when the alkali was replaced by concentrated hydrochloric acid and the reaction was car-
ried out in acetonitrile were mixtures of quinones obtained, these being in the first case 5-
chloro,4-7-dioxo- and 5,6-dichloro-4,7-dioxobenzo- (I, II), and in the second case 6-chloro-
4,5-dioxo- and 6,7-dichloro-4,5-dioxobenzo-2,1,3-thiadiazole (X, XI). Treatment of a mixture
of (I) and (II) with chlorine in acetic acid in the presence of iodine gave the quinone (II),
identical with that described in [2]. Prolonged chlorination of the mixture of quinones (X)
and (XI) failed to give the pure dichloro-compound (XI), but its concentration in the mixture
was increased to such an extent that it was possible to separate (XI) from (X).

Oxidation of the hydroxy-compound (IX) and 5-aminobenzo-2,1,3-thiadiazole (XII) under
conditions similar to those used to oxidize ketone (VI) likewise gave a mixture of quinones
(X) and (XI).

The structure of quinone (XI) was confirmed by its IR spectrum, elemental analysis (Table
1), the formation therefrom with o-phenylenediamine of 4,5-dichloro—2,1,3—thiadiazolo[A,S-a]-
phenazine (XIII), and the presence of (XI) amongst the chlorimation products of 4,5-dioxobenzo-
2,1,3-thiadiazole (XIV) [6].

The quinone (X) and 7-chloro-4,5-dioxobenzo-2,1,3-thiadiazole (XV) could not be obtained
analytically pure. The position of the chlorine in quinones (X) and (XV) was established from
the TLC data for the phenazine (XIII), 4-chloro-2,1,3-thiadiazolo[4,5-a]phenazine (XVI) (ob-
tained as in [7]), a mixture of the phenazine (XIII) and 5-chloro-2,1, 3<thiadiazolo[4,5-a]-
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phenazine (XVII) [obtained from a mixture of quinones (X) and (XI)], and a mixture of phena-
zines (XIII), (XVI), and (XVII), obtained by reacting o-phenylenediamine with a mixture of
quinones (X), (XI), and (XV).
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The amine (XII) required for this investigation was obtained by hydrolyzing 5-acetamido-
benzo-2,1,3-thiadiazole (XVIII), obtained by reacting S-nitrobenzo—Z,l,3—thiadiazole (XIX)
with acetic anhydride, alcohol, and irom.
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It has been found that the hydroxyketones (V) and (VI) possess moderate antiviral ac-
tivity in ovo against A, Leningrad influenza virus (protective index 50 and 45.357%, respec-
tively).

In conclusion, it is worthy of note that the oxidation of hydroxyketones with 307 hydro-
gen peroxide and concentrated hydrochloric acid in acetonitrile to give chlorinated quinones
is not restricted to benzo-2,1,3-thiadiazoles. We have found that p-hydroxyacetophenone (XX)
and p-hydroxyacetonaphthone (XXI) are oxidized under these conditions to give tetrachloro-1,4-
benzoquinone (XXII) and 2,3-dichloro~l,4-naphthoquinone (XXIII).

EXPERIMENTAL

The progress of the reactions and the purity of the products were assessed by TLC on Silu-
‘fol UV-254 in the systems acetone—chloroformhexane, 2:1:2 (system A), l:1:2 (system B), and
benzene—acetone—acetic acid, 100:50: 1 (system C). The compounds were visualized in UV on a
Chromatoscope-M, the quinones also with jodine vapor. IR spectra were obtained on a Perkin-
Elmer 580B spectrophotometer in KBr disks, and mass spectra om a Varian MAT-112 at an ionizing
electron energy of 70 eV.

The properties of the ketones, quinones, and acetoxy-compounds obtained here are shown
in Table 1.

Hydroxyketones (V) and (VI). To a mixture of 2 g (10.3 mmole) of (VII) or (VIII) and
17 ml of nitrobenzene was added at 65°C 3 g (22.5 mmole) of anhydrous aluminum chloride. Af-
ter 6 h, the mixture was cooled, 17 ml of alcohol and 68 ml of water added, and the nitroben-
zene steam~distilled. The residue (100 ml) was filtered hot, and cooled to give the hydroxy-
ketone (V) or (VI).
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TABLE 1, Properties of Ketones, Quinones, and Acetoxy-Compounds

Obtained
R R E Found, % Calculated,
Com= |p *e f y, pectium, | 3 Empirical |% |
pound®| . TP* (system) (UC" ; & formula Yield, %
C QPV g, la® | N caw | wN
cm 2 =
11| 233—235*** | 0,62 (B) 1705 | — | 303 | 10,7 | CsCLN,O,S | 30,2 | 109 | 50
(calculated
on ketone)
_ V)
V| 197—198 06 (A) :1;653)» 194 [(16,2)§ 13,8 | CeHeNzO:S |(16,3)] 14,4 50
(340 .
VI 157—158 | 0,74 (&) 1620, \194 (16,3)] 13,9 | CsH:sN:0,S | (16,5)] 14,4 50
1630 : :
(3450)
VII| 53—54 0.86 (A) — — 1(16,3)| 14,3 | CsHsN;0,S {(16,5)] 14,4 87
VIII| 69—70 0.89 (A) — — [(16,9)| 143 | CsHsN20,S [(16,5)] 14,4 93
X1]179—181 0,34 (B) 1770, — | 300 | — |CsCIN:O,S | 302 | — 13
1780 (13,5) (13,6) (calculated
on ketone
Vi)
XX11} 288289 0,93 (C) 1670 246 | 574 | — |CsClLO2 577 1 — 20
XXII1]192—193 0,86 (C) - 227|313 | — |CupHiCLO, | 31,67 — 21

*Compound (II) was crystallized from dichloroethane, (V) and
(VI) from water, (VII), (VIII), and (XXIII) from ethanol, (XI)
from light petroleum, and (XXII) from benzene.

**According to [8], mp 53-54°C (VII) and 68-69°C (VIII); ac-
cording to [9], mp 290°C (XXII) and 193°C (XXIII).

***Before fusion in a sealed capillary, (II) darkened and sub-
limed at 189-190°C, similar to the quinone (II) described in [2].

Acetoxybenzo-2,1,3-thiadiazoles - (VII, VIII). A mixture of 6. g (40 mmole) of (III) or
(IX), 40 ml (423 mmole) of acetic anhydride, and 0.33 ml (2.35 mmole} of triethylamine was
boiled for 20 min, cooled, poured into water, and extracted with chloroform. The chloroform
extract was filtered through a fluted filter paper and evaporated. The residue crystallized,
giving (VII) or (VIII).

Oxidation of (V, VI, IX, XII, XX, and XXI). Each of these compounds (13.15 mmole) was
mixed with 60 ml of acetonitrile and 34 ml of conc. hydrochloric acid, the mixture heated to
50°C, and treated with 66.6 ml of 30% hydrogen peroxide at such a rate that vigorous foaming
did not occur. The mixture was boiled for 30 min,* cooled, and poured into ice and water
(130 ml), when either a solid (quinones XXII and XXIII), or an oil separated, the latter be-
ing extracted with chloroform. After filtration, the chloroform extract was filtered through
a fluted filter paper, and the solvent removed to give an oil, in which were detected (TLC)
either quinones (I) and (II)T (Rf 0.8 and 0.62, system B), or quinones (X) and (XI) (Rf 0.9
and 0.34, system B).

6,7-Dichloro-4,5-dioxobenzo-2,1,3-thiadiazole (XI). The oil (3 g) obtained by oxidizing
(VI), (IX), or (XII) was heated to the boil with 20 ml of light petroleum, filtered through a
fluted filter paper, the filtrate cooled, and the solid which separated [2 g of a mixture of quinones
(X) and (XI)] filtered off, dried, and dissolved in 16.6 ml of glacial acetic acid. The mixture was
treated with 0.77 g of iodine, heated to the boil, and gaseous chlorine passed through the solu-
tion for 7 h with continuous heating. The mixture was then cooled and poured onto ice, the
solid which separated filtered off, washed with water, dried, suspended (1.2 g) in 5 ml of
chloroform, filtered and the solid on the filter washed successivelywith 5 ml of dichloroethane

and 5 ml of light petroleum. This solvent treatment was repeated until the solid remaining
on the filter was chromatographically pure (XI).

4,S-Dichloro—Z,l,3—thiadiazolo[4,5—a]phenaziné (XIII).. A solution of 0.5 g of the qui-
none (XI) (2.1 mmole) in 5 ml of ethanol was mixed with a solution of 0.24 g (2.2 mmole) of

*In the oxidation of (XXI), for one hour.

TA similar mixture of quinones (I) and (II) was obtained by oxidizing the quinone (V) with
30% hydrogen peroxide and conc. hydrochloric acid in acetonitrile in amounts half those given

above.
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o-phenylenediamine in 6 ml of ethanol, and the mixture kept overnight. The reaction mixture
was then diluted with water, and the solid filtered off and dried to give 0.3 g of a solid
which was dissolved in 10 ml of alcohol, 3 g of cation-exchanger KU-l added, the mixture
brought to the boil, cooled, and after 2 h filtered and the filtrate evaporated to give 0.1
g (15%) of the phenazine (XIII), mp 224-226°C (darkens and decomposes), Ry 0.63 (system B).
Found: Cl 22.7; N 17.8%. CeHu.Cl,N.S. Calculated: Cl 23.1; N 18.2%.

Obtained similarly were mixtures of phenazines (XIII) and (XVII) (Rf 0.63 and 0.3, sys-~
tem B; Re 0.94 and 0.72, system A) and of phenazines (XIII), (XVI), and (XVII) (Rf 0.63, 0.24,
and 0.3, system B). These mixtures were not treated with cation-exchanger KU-1.

Chlorination of Quinone (XIV) and a Mixture of Quinones (I) and (II). Quinone (XIV)
(0.65 g, 3.9 mmole) or 0.6 g of the oil obtained by oxidation of ketone (V) in 10 ml of acetic
acid was treated with 0.52 g (2 mmole) of iodine, and the mixture heated to the boil and
saturated with gaseocus chlorine for 7 h in the case of (XIV), or for 2 h when the mixture of
quinones (I) and (II) was taken. Quinone (II) separated on cooling the reaction mixture. In
order to isolate the mixture of quinones (X), (XI), and (XV), the mixture was diluted with
water, extracted with chloroform, the extract filtered through a fluted filter paper, and the
solvent removed, to give an oily mixture of quinones (X), (XI), and (XV) (Rf 0.9, 0.34, and
0.95, system B).

5-Aminobenzo-2,1,3~-thiadiazole (XII). A mixture of 12.4 g (64.2 mmole) of (XVIII), 25.4
ml of conc. HCl, and 68 ml of water was boiled for 20 min. The mixture was then cooled to
20°C, and treated with 365 ml of 10% NaOH to bring the pH to 5-6. The solid was filtered off,
washed with water, and dried to give 9.4 g (97%) of (XII), mp 114-116°C (according to [10],
mp 117°C), Ry 0.64 (system A).

5-Acetamidobenzo-2,1,3-thiadiazole (XVIII). A mixture of 17.3 g (95.6 mmole) of (XIX),
33.5 g (598.2 mmole) of iron, 83.7 ml (887.9 mmole) of acetic anhydride and 27.9 ml (478.8
mmole) of ethanol was boiled for 30 min. The mixture was then diluted with 120 ml of DMF,
heated to 120°C, filtered, the solid on the filter washed with 30 ml of DMF, and the filtrate
cooled and diluted with water. The solid which separated was filtered off, washed with water,
and dried to give 12.4 g (67%) of (XVIII), mp 186-188°C (according to [10], mp 190°C), Rf
0.58 (system A).

5-Nitrobenzo~2,1,3-thiadiazole (XIX). A mixture of 15 g (98 mmolg) of 2-amino-4-nitro-
aniline, 53.2 ml (739.9 mmole) of thionyl chloride, and 2.8 ml of conc., sulfuric acid was
boiled with vigorous stirring for 30 min, The mixture was then cooled, and poured into ice
and water. The solid which separated was filtered off, washed with water until neutral, and
dried to give 14.6 g (82%) of (XIX), mp 124-126°C (according to {10], mp 127°C), Rf 0.77
{system B).
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