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Diazotization of 3-aminobenzo[b]thiophene-2-carbonitrile in hydrochloric acid yielded 4-chloro[1]benzothieno-
[8,2-d]-v-triazine. Various derivatives were prepared by nucleophilic displacement using methoxide, methylamine,
dimethylamine, hydrazine, and hydroxide ion. The parent heterocycle, [1]benzothieno[8,2-d]-v-triazine, was ob-

tained by oxidation of the hydrazine derivative.

Diazonium ion condensation with an adjacent nucleophil-
ic function to form a five- or six-membered ring has proved
valuable for synthesizing various nitrogen heterocycles.
Among these are numerous 1,2,3-benzotriazines, including
4-ones from carboxamides,! 4-imines from amidines,? 3-
amino-4-ones from carboxhydrazides,? 3-oxides from oximes,*
and 4-amino-3-oxides from amidoximes.>? Other examples
involving cyclization with nitrogen nucleophiles include the
preparation of benzothiatriazine S,S-dioxides from sulfon-
amides® and benzotriazoles from amines.” Examples of cy-
clization with carbon nucleophiles are the synthesis of 4-cin-
nolones from ketones® and nitroindazoles from activated
methyl functions.® Indazole itself has been prepared in high
yield from diazotized o-toluidine.'?

We were unable to find any examples in the literature that
involved condensation of a diazonium ion with an adjacent
cyano function. Therefore, we were surprised when the
product obtained by diazotization of 3-aminobenzo[b]thio-
phene-2-carbonitrile (1a)!! in hydrochloric acid was 4-chlo-
ro[1]benzothieno(3,2-d]-v-triazine (2a, 77% yield). The
product underwent normal halide displacement with a variety
of nucleophiles, including methoxide ion, methylamine, di-
methylamine, and hydrazine, to yield the derivatives 2b (87%),
2¢ (70%), 2d (63%), and 2e (55%), respectively. Complex
mixtures were obtained with ammonia, azide, and excess

methyl mercaptan anion, indicating possible triazine ring-

fission with these nucleophiles. Oxidation of the hydrazine
derivative 2e with mercuric oxide!? yielded the parent het-
erocycle 2f (54%). The ultraviolet spectrum of 2f was similar
to that of 2a (see Experimental Section).

An unequivecal synthesis of 2a was attempted by, first of
all, hydrolyzing 1a in alcoholic potassium hydroxide to form
the carboxamide 1b (82%). Diazotization of 1b in sulfuric acid

yielded the triazinone 3 (88%).13 Attempts to prepare 2a from
3 utilizing - standard reagents (phosphorus oxychloride,
phosphorus trichloride, and thionyl chloride-DMF) were
unsuccessful, apparently owing to the instability of the tria-
zine ring. Nevertheless, a proof of structure was accomplished
by treating 2a with aqueous potassium hydroxide and ob-
taining a triazinone (79%) identical in all respects with 3.
When 3 was subjected to the same reaction conditions utilized
in the formation of 2a from 1a, it was recovered unchanged,
indicating that it is not an intermediate in that transforma-

tion.
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¢, X = NHCH,
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The scope of this interesting triazine ring closure will receive
our further attention. No evidence for the presence of 4-
chloro-1,2,3-benzotriazine was found when anthranilonitrile
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was diazotized under identical reaction conditions. The only
product isolated after chromatography was the corresponding
linear triazine (9%) formed by condensation of the diazonium
ion with unreacted anthranilonitrile. Similarly, diazotization
of 3-amino-4-chloro-2-benzofurancarbonitrile!4 under the
same conditions led to a complex mixture.

The fact that both of these aminonitriles failed to undergo
the cyclization probably indicates stabilization of the diazo-
tized la intermediate by the sulfur atom. A possible mecha-
nism could involve the intermediacy of an imidoy! chloride,!®
whose geometry would be suitable for condensation with the
adjacent diazonium ion.

Experimental Section!®

3-Aminobenzo[ b]thiophene-2-carboxamide (1b). A solution
containing 4.4 g (25 mmol) of 1al! and 2.2 g of potassium hydroxide
in 100 m! of alcohol was refluxed for 4 h. The mixture was cooled and
filtered to yield 3.9 g (82%) of product, mp 218-220 °C.

Anal. Caled for CoHgNoOS: C, 56.23; H, 4.19; N, 14.57. Found: C,
56.25; H, 4.30; N, 14.27.

4-Chloro[1]benzothieno[3,2-d}- v-triazine (2a). To a cold slurry
(ice bath) containing 4.4 g (25 mmol) of 1a,!! 30 ml of concentrated
hydrochloric acid, and 30 ml of acetic acid was added dropwise a so-
lution containing 2.1 g (30 mmol) of sodium nitrite in 20 ml of water.
The mixture was warmed to room temperature and stirred for 2 h and
then poured into ice water. The solid was collected and crystallized
from DMF-water to yield 4.2 g (77%) of product: mp 163-165 °C dec;
uv Amax (alcohol) 225 nm (e 26 100), 267 (18 070), 315 (sh).

Anal. Caled for CoH4CINSS: C, 48.77; H, 1.82; N, 18.96. Found: C,
48.55; H, 1.96; N, 19.08.

4-Methoxy[1]benzothieno[3,2-d]-v-triazine (2b). A solution
containing 2.2 g (10 mmol) of 2a and 0.7 g (12 mmol) of sodium
methoxide in 100 m] of methanol was refluxed for 1 h. The mixture
was cooled and filtered to yield 1.9 g (87%) of product, mp 165-167
°C dec.

Anal. Caled for C;oH7N30S: C, 55.29; H, 3.25; N, 19.34. Found: C,
55.05; H, 3.47; N, 19.25.

4-(Methylamino)[1]benzothieno[3,2-d]-v-triazine (2¢). Me-
thylamine was bubbled into a refluxing solution of 4.4 g (20 mmol)
of 2a in 100 ml of absolute alcohol for 1 h. The mixture was cooled and
the solid was collected. Crystallization from alcohol-water yielded
3.1 g (70%) of product, mp 231-232 °C dec.

Anal. Caled for C1oHgN,4S: C 55.54; H, 3.73; N, 25.91. Found: C,
55.81; H, 4.02; N, 25.93.

4-(Dimethylamino)[1]benzothieno[3,2-d]-v-triazine (2d).
Dimethylamine was bubbled slowly into a solution containing 2.0 g
(9 mmol) of 2a in 50 m] of DMF at 100 °C for 90 min. The mixture was
cooled and filtered to yield 1.3 g (63%) of product, mp 207-209 °C dec.

Anal. Caled for C;;H1gN4S: C, 57.37; H, 4.38; N, 24.31. Found: C,
57.43; H, 4.61; N, 24,27,

4-Hydrazinof[1]benzothieno[3,2-d]-v-triazine (2e). A solution
of 2.5 g (12 mmol) of 2a and 10 ml of hydrazine hydrate in 75 ml of
alcohol was refluxed for 2 h. The mixture was cooled and the solid was
collected. Crystallization from DMF-water yielded 1.3 g (55%) of
product, mp 194-196 °C dec.

Anal. Caled for CgH7N5S: C, 49.76; H, 3.25; N, 32.24. Found: C,
49.99; H, 3.27; N, 32.43.
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[1)Benzothieno[3,2-d]- v-triazine (2f). A mixture containing 2.1
g (10 mmol) of 2e and 5.4 g (25 mmol) of mercuric oxide in 130 ml of
water was refluxed for 4 h. The slurry was cooled and filtered. The
crude solid was triturated with hot ethyl acetate. Filtration and re-
moval of the solvent yielded a residue which was chromatographed
on silica gel (Woelm, 250 g) using ethyl acetate-hexane (1:1) as the
eluent. The solid obtained was crystallized from alcohol-water to yield
1.0 g (54%) of product: mp 190-191 °C dec; uv Amax (alcohol) 225 nm
(e 25 770), 265 (14 810), 320 (sh).

Anal. Caled for CgHsN3S: C, 57.74; H, 2.67; N, 22.44. Found: C,
57.82; H, 2.81; N, 22.41. )

[1]Benzothieno[3,2-d]- v-triazin-4(3 H)-one (3). Method A. A
solution of 2.2 g (10 mmol) of 2a and 1.0 g of potassium hydroxide in
75 ml of water was refluxed for 30 min. The mixture was cooled and
acidified with concentrated hydrochloric acid. The solid was collected
and crystallized from DMF-water to yield 1.6 g (79%) of product: mp
179-181 °C dec (lit.!3 mp 180-182 °C); uv Amax (alcohol) 234 nm (e
31 275), 253 (17 575), 320 (8375).

Anal. Caled for CgHsN30S: C, 53.19; H, 2.48; N, 20.68. Found: C,
53.47; H, 2.62; N, 20.90.

Method B. To a cold mixture (ice bath) of 1.3 g (18 mmol) of so-
dium nitrite in 30 ml of concentrated sulfuric acid was added dropwise
a solution containing 3.5 g (18 mmol) of 1b in 35 ml of acetic acid. The
mixture was stirred for 30 min and then poured into ice water. The
crude solid was collected and crystallized from DMF-water to yield
2.3 g (63%) of product, mp 185 °C dec. Concentration of the mother
liquors yielded an additional 0.9 g of product, mp 185 °C dec. The
combined yield was 3.2 g (88%). This product was identical with that
obtained by method A (NMR, ir, and uv spectra).
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