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2H-1,2,4,6-Thiatriazin-3(4H)-one 1-Oxides and Their Regioselective 1553

The syntheses of 2H-1,2,4,6-thiatriazin-3(4H)-one 1-oxides and 1,1-dioxides is described. The reaction of
l-carbamoyl-2-methylisothioureas 2 with thionyl chloride gave 2H-1,2,4,6-thiatriazin-3(4H)-one 1-oxides 3 in
high yields. The treatment of 3 with either diazomethane or 0{2,4-dinitrophenyl)hydroxylamine furnished
regioselectively N*methylated and N*aminated 2H-1,2,4,6-thiatriazin-3(4H)-one 1-oxides, respectively. Sub-
sequent dimethylamination of 4 followed by oxidation with m-chloroperoxybenzoic acid led to 2H-1,2,4,6-

thiatriazin-3(4H)-one 1,1-dioxides 6a-c.
J. Heterocyclic Chem., 21, 1553 (1984).

1,3,5-Triazine-2,4-diones are one of the most interesting
chemical branches for the biological activities (for exam-
ple, Hexazinone 1 is a potent herbicide) [2]. The replace-
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ment of carbonyl group in quinazoline derivatives with the
SO, moiety has resulted in uniquely selective phytotoxic
properties [3]. On the basis of this result, it was of interest
to prepare the isosteres of 1,3,5-triazine-2,4-diones in
which the 2-carbonyl was replaced by the bioisosteric SO
and/or SO, groups. This communication reports a novel
and convenient synthesis of 2H-1,2,4,6-thiatriazin-3(4H)-
one l-oxides 3. Regioselective N*-methylation of 3 was cla-
rified by the chemical conversions which have led to the
formation of 2H-1,2,4,6-thiatriazin-3(4H)-one 1,1-dioxides
6a-c. Also, N*amination of 3 is described.
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The starting material of 1-carbamoyl-2-methylisothiour-
eas 2 was readily prepared by the reaction of 2-methyliso-
thiourea and isocyanates according to the reported me-
thod [4]. Here we discuss the reaction of 2 with thionyl
chloride, sulfur dichloride and sulfuryl chloride. Thionyl
chloride is one of the most common reagents used in the
synthesis of heterocycles containing sulfur via condensa-
tion reactions [5]. The reaction of 2 with thionyl chloride
proceeded smoothly in the presence of pyridine in chloro-
form yielding S5S-methylthio-2H-1,2,4,6-thiatriazin-3(4H)-
one l-oxides 3 in higher yields. The structure of 3 was de-

termined on the basis of spectral evidences and analytical
results listed in Table I. The presence of NH (3100-3200
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cm™), CO (1690-1695 cm™) and SO (1100 em™") groups was
supported by the characteristic infrared absorptions. The
M*-SO peak is the base peak in the mass spectra of 3. At-
tempted cyclization of 2 with sulfuryl dichloride resulted
in a complex reaction mixture from which no identifiable
products could be isolated. On the other hand, reaction of
2 with sulfuryl chloride under various conditions was un-
successful, and in every instance starting material was al-
most recovered.

In spite of possible tautomerization between 3(4H) and
3(6H) forms, methylation of 3 with methyl iodide in the
presence of n-butyllithium in tetrahydrofuran gave only
product 4. Compound 4 was also obtained upon treatment
with diazomethane in higher yields (Table II). Theoretical-
ly, there should be three possibilities of methylation, at
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Table I
Analytical and Spectral Data of 5-Methylthiothiatriazines 3
Analysis %
Yield Calcd. (Found) MS IR, cm™! PMR (6 ppm)
Compound Mp °C (%) Formula C H N [a] [b] (Deuteriochloroform)
3a 144 82 C,H,N,0,S, 24.88 3.65 21.76 193 1690 (CO) 2.49 (s, 3H, SCH,), 3.23 (s, 3H,
(24.69) (3.76) (21.68) 145 1100 (SO) NCH,)
3b 15 88 C,H,,N,0,S, 32.58 5.01 19.00 221 1690 (CO) 1.48 (d, 6H, (CH,),C-), 2.46 (s,
(32.53) (5.03) (19.24) 173 1100 (SO) 3H, SCH,), 4.20-4.73 (m, 1H,
(CH,)CH)
3c 123 86 C,H,;N,0,S, 41.38 5.79 16.09 261 1695 (CO) 1.02-2.20 (m, 10H, ¢C.H,,),
(41.43) (5.82) (16.32) 213 1100 (SO) 248 (s, SCH,), 3.88-4.40 (m,
1H, NCH)
3d 125 64 C,H,N,0,S, 42.36 3.56 16.47 255 1695 (CO) 2.46 (s, 3H, SCH,), 7.73 (s,
(42.40) (3.53) (16.43) 207 1100 (SO) 5H, aromatic)
[a] M* and M*-SO. [b] In nujol.
Table 11

Analytical and Spectral Data of 4-Methylthiatriazines

Analysis %

4, 5a-c and 6a-c

Yield Calcd. (Found) MS IR, cm™ PMR (6 ppm)
Compound Mp °C (%) Formula C H N [a] [b] (Deuteriochloroform)
4a 68 51 [c} C,H,N,0,S, 28.99 4.38 20.29 207 1680 (CO) 2.46 (s, 3H, SCH,), 3.18 (s, 3H,
90 [d] (28.93) (4.34) (20.26) 159 1100 (SO) 2-CH,), 3.39 (s, 3H, 4-CH))
4b 58 58 [c] C,H,N,0,S, 35.74 5.57 17.87 235 1680 (CO) 1.45 (d, 6H, (CH,),C), 2.49 (s,
95 [d] (35.65) (5.54) (17.64) 187 1100 (SO) 3H, SCH,), 340 (s, 3H,
4-CH,), 4.18-4.64 (m, 1H, CH)
4c oil 59 [c] C,oH,;N,0,8, 43.63 6.23 15.27 275 1690 (CO) 1.02-2.20 (m, 10H, -CH,,),
94 [d) (43.54) (6.15) (15.25) 227 1120 (SO) 2.49 (s, 3H, SCH,), 3.37 (s, 3H
4-CH,)
4d oil 92 [d] C,oH,;N,0,5, 44.61 4.12 15.61 269 1690 (CO) 2.43 (s, 3H, SCH,), 3.67 (s,
(44.67) (4.15) (15.46) 221 1120 (SO) 3H, 4.CH,, 7.26 (s, SH,
aromatic)
S5a oil 86 C,H ,N,0,S 35.29 5.92 27.44 204 1680 (CO) 2.96 (s, 6H, (CH,),N), 3.18 (s,
(35.45) (5.98) (27.45) 156 1120 (SO) 3H, 2.CH,, 3.38 (s, 3H,
4-CH,)
Sb oil 85 C.H,N,0,S 41.37 6.94 24.13 232 1680 (CO) 1.43 (d, 6H, (CH,),C), 2.97 (s,
(41.32) (6.98) (24.09) 184 1100 (SO) 6H, (CH,),N), 3.41 (s, 3H,
4-CH,)
5c 72 81 C,,H,N,0,8 48.52 7.40 20.58 272 1680 (CO) 0.92-2.30 (m, 10H, -CH,,),
(48.50) (7.67) (20.54) 224 1100 (SO) 2.95 (s, 6H, (CH,),N), 3.39 (s,
3H, 4-CH,)
6a 108 18 CH ,N,0,S 32.73 5.49 25.45 220 1685 (CO) 2.95 (s, 6H, (CH,),), 3.34 (s,
104-106 [e] (32.54) (5.42) (25.65) 172 1300 (SO,) 3H, 4.CH,, 344 (s, 3H,
2-CH,)
6b 97 15 C,H,(N,0,S 38.70 6.50 22.57 248 1680 (CO) 1.53 (d, 6H, (CH,),C), 2.92 (s,
95 [e] (38.65) 6.45) (22.48) 200 1300 (SO,) 6H, (CH,),N), 3.31 (s, 3H,
4.CH,)
6c 133 10 C,,H,()N,O,S 45.82 6.99 19.44 288 1680 (CO 1.20-2.20 (m, 10H, c-CH,,),
89 [f] (45.75) (6.85) (19.40) 240 1300 (SO,) 3.01 (s, 6H, (CH,),N), 3.29 (s,

3H, 4-CH,)

[a] M* and M*.SO in 4, 5a-c; M* and M*-50, in 6a-c. [b] In nujol. [c] Procedure (A). [d] Procedure (B). {e] Lit [7]. [f] From 7c.

either the N*, NS, or O° position, leading to 4, 8 or 9, re-
spectively. The structure of 4 was elucidated on the basis
of spectroscopic and chemical studies. The possibility of
O*methylation to give 3-methoxy-5-methylthio-2H-1,2,4,6-
thiatriazine~l-oxide 9 was ruled out because of infrared
signals at 1680-1690 cm™* presumably due to the carbonyl

group. A distinction between structure 4 (V%) and the al-
ternative regioisomer 8 (V%) by 'H nmr and ultraviolet
spectroscopic analyses was unsuccessful. Direct cyclization
of l-alkylcarbamoyl-1,3-dimethylisothiourea with thionyl
chloride to give 8 under a variety of basic conditions resul-
ted in failure and the starting material was almost recover-
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Table III
Analytical and Spectral Data of 4-Aminothiatriazines 10b-c and 11b-c
Analysis %
Yield Calcd. (Found) MS IR, cm™! PMR (6 ppm)
Compound Mp °C (%) Formula C H N [a] {b] (Deuteriochloroform)
100] 155 58 C,H,,N,0,5, 30.51 512 2372 236 1685(CO)  1.46 (s, 6H, (CH,),C), 2.32 (s,
(30.56) (5.34) (23.67) 1120 (SO) 3H, SCH,), 4.53 (br, s, 2H,
N-NH,)
10c 166 63 C,H,,N,0,S, 3913 584 2028 276 1685(CO)  1.01-2.20 (m, 10H, ¢-C,H,)
(39.09)  (5.93)  (20.19) 1120 SO)  2.32(s, 3H, SCH,), 4.43 (br, s,
2H, N-NH,)
11b 114 89 C.H,N,0,S 36.05 6.48 30.03 233 1685 (CO) 1.6 (s, 6H, (CH,),C), 3.13 (s,
(36.03) (6.58) (29.95) 1120 (SO) 6H, (CH,),N), 4.53 (br s, 2H,
N-NH,)
11c 126 89 C,H,,N,0,8 43.95 7.01 25.63 273 1685 (CO) 1.00-2.20 (m, 10H, «C.H,,),
(43.87) (7.09) (25.65) 1120 (SO) 3.09 (s, 6H, (CH,),N), 4.58 (br

[a] M*. [b] In nujol.

ed. Treatment of 4 with excess dimethylamine in isopropyl
alcohol at room temperature effected nucleophilic dis-
placement affording the corresponding 6-dimethylamino-
2H-1,2,4,6-thiatriazin-3(4H)-one l-oxides 5a-¢ except 3d in
good yields. Under similar conditions, treatment of 4d
with dimethylamine resulted in the ring cleavage to give
1,1-dimethyl-3-phenylurea in a quantitative yield. Succes-
sive oxidation of 4a-c with m-chloroperoxybenzoic acid in
chloroform at room temperature gave 6a-c in 10-18%

yields, one, 6¢ of which was identical, in all respects (mel-
ting point, 'H nmr, infrared and mass spectra), with 2-cyc-
lohexyl-5-dimethylamino-4-methyl-2H-1,2,4,6-thiatriazin-
3(4H)-one 1,1-dioxide prepared by the reaction of dimeth-
ylamine on 6-methylthio-2H-1,2,4,6-thiatriazin-3(2H)-one
1,1-dioxide (7c) [6). We can now unequivocally state that
methylation of 3 with either methyl iodide or diazometh-
ane proceeds regioselectively to give the N*methylated
2H-1,2,4,6-thiatriazin-3(4H)-one l-oxide (Scheme I).

On the basis of the above, the regioselective methyla-
tion of 3 at the N* nitrogen atom suggests that 3(4H)-one is
a main tautomer. Further investigation is directed toward
the amination of 3b-c¢ with the expectation of selective N*
amination. Amination of 3b-¢ with 0{2,4-dinitrophenyl)-
hydroxylamine to give 10b-c was accomplished in the pre-
sence of n-butyllithium in tetrahydrofuran at room tempe-
rature. Structural assignment of 10b-c was based on the

s, 2H, N-NH,)

elemental analysis and on the spectral data. Infrared spec-
tra showed strong absorption at 3200 and 3100 cm™! (NH,).
The 'H nmr spectra showed broad signal at 6 4.53-4.58 for
the NH, group and a sharp singlet at § 2.32 for the SCH}
group. The SCH} group of 10b-c is quite reactive and was
smoothly displaced by dimethylamine at room tempera-
ture to provide 11b-¢ (Scheme II). Attempt to oxidize the
thiatriazin-3(4H)-one l-oxide 11b-¢ to the corresponding
thiatriazin-3(4H)-one 1,1-djoxide, using m-chloroperoxy-
benzoic acid or trifluoroperoxyacetic acid under varied ex-
perimental conditions, led to complex mixtures.

In summary, this study represents the first example of
the synthesis of 2H-1,2,4,6-thiatriazin-3(4H)-one 1-oxides.
Methylation and amination of 2H-1,2,4,6-thiatriazines af-
forded regioselectively N*methylated and -aminated thia-
triazines, respectively. Some 2H-1,2,4,6-thiatriazin-3(4H)
one l-oxides and 1,1-dioxides have high potential herbici-
dal activities which will be later described elsewhere in de-
tail.

EXPERIMENTAL

Melting points were determined with a Thomas-Hoover capillary mel-
ting point apparatus and are uncorrected. The ‘H nmr spectra were re-
corded on a Hitachi R-900 spectrometer operating at 90 MHz as an inter-
nal standard. Mass spectra were obtained with a Hitachi Perkin-Elmer
RMU-6M instrument equipped with a solid sample injector; the ionizing
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voltage was 70 eV. The ir spectra were recorded on a Hitachi 260-10
spectrometer.

5-Methylthio-2H-1,2,4,6-thiatriazin-3(4H)one 1-Oxides 3.
General Procedure.

To a solution of 10.0 mmoles of 1-carbamoyl-2-methylisothiourea 2 in
20 ml of pyridine was added dropwise 1.54 g (13.0 mmoles) of fresh thion-
yl chloride in 10 ml of chloroform at 5° under a nitrogen flow over 30
minutes. After the mixture was stirred at room temperature for 5 hours,
the solution was poured into ice-water, and the product extracted with
chloroform. The combined chloroform extracts were dried over magnes-
ium sulfate, filtered and the solvent concentrated under reduced pres-
sure. The crude oily product obtained by removal of chloroform in vacuo
was subjected to silica gel column chromatography. Elution with benz-
ene-ethyl acetate (4:1) gave purified compound 3 which on recrystalliza-
tion from acetone-n-hexane afforded an analytical sample. The yields and
physical properties of compounds 3a-d are given in Table I.

4-Methyl-5-methylthio-2H-1,2,4,6-thiatriazin-3(4H)-one 1-Oxides 4.
General Procedure (A).

A solution of 5.0 mmoles of 5-methylthio-2H-1,2,4,6-thiatriazines 3 in
30 ml of tetrahydrofuran was cooled in a dry ice-acetone bath under a
nitrogen atmosphere, and then 2.6 mi (6.0 mmoles) of 2.3 M n-butyllith-
ium in n-hexane was added over 10 minutes at a temperature below —5°.
Thereafter a solution of 1.07 g (7.5 mmoles) of methyl iodide in 10 ml of
tetrahydrofuran was added over 5 minutes at a temperature below —5°;
the cooling bath was removed and stirring continued for 2 hours at room
temperature, After the mixture was gently refluxed for 4 hours, the reac-
tion was evaporated to dryness and extracted with chloroform. The com-
bined chloroform extract was dried over magnesium sulfate, filtered and
the solvent concentrated under reduced pressure. The crude product was
chromatographed over silicic acid; n-hexane-acetone (5:1) eluted purified
compound 4, which on recrystallization from isopropyl alcohol-n-hexane
yielded an analytical sample. The yields and physical properties of com-
pounds 4a-c are shown in Table L.

General Procedure (B).

To a solution of 5.0 mmoles of 3 in 30 ml of chloroform was slowly in-
troduced diazomethane (15.0 mmoles) in 20 ml of diethyl ether below
10°. The solution was stirred overnight at room temperature. After remo-
val of the solvent, the residual oil was recrystallized from isopropyl alco-
hol-n-hexane yielding an analytical sample. The yields and physical pro-
perties of compounds 4a-c are given in Table I.

5-Dimthylamino-4-methyl-2H-1,2,4.6-thiatriazin-3(4H)-one 1-Oxides 5.
General Procedure.

To a solution of 4.0 mmoles of 4-methyl-5-methylthio-2H-1,2,4,6-thia-
triazines 4 in 20 ml of isopropyl alcohol was added 2 ml of isopropyl al-
cohol saturated with dimethylamine at 5°. After stirring for 1 hour at
room temperature, the reaction mixture was concentrated under reduced
pressure. The crude product was chromatographed over silicic acid; n-
hexane-acetone (3:1) eluted purified compound 5 which on recrystalli-
zation from isopropyl alcohol-n-hexane gave an analytical sample. The
yields and physical constants of compounds 5a-c are shown in Table II.

5-Dimethylamino-4-methyl-2H-1,2,4,6-thiatriazin-3(4H)one 1,1-Dioxides 6.
General Procedure from 5a-c.

To a solution of 3.0 mmoles of 2H-1,2,4,6-thiatriazines 3a-c in 30 m] of
chloroform was added 6.0 mmoles (1.04 g) of m-chloroperoxybenzoic
acid. After stirring overnight at room temperature, the mixture was eva-
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porated to dryness and extracted with chloroform. The combined chloro-
form extracts were washed with aqueous sodium hydrogen carbonate and
dried over magnesium sulphate. After removal of the solvent, the residue
was chromatographed over silicic acid; n-hexane-acetone (3:1) eluted pu-
rified compound 6, which on recrystallization from isopropyl alcohol-n-
hexane gave an analytical sample. The yields and physical constants of
compounds 6a-c are shown in Table II.

2-Cyclohexyl-5-dimethylamino-4-methyl-2H-1,2,4,6-thiatriazin-3(4H)}-one
1,1-Dioxide 6¢ From 7c.

The reaction of 2-cyclohexyl-5-methylthio-2H-1,2,4,6-thiatriazin-3(4H)-
1,2,4,6-thiatriazin-3(4H)-one 1,1-dioxide (7¢) with dimethylamine was per-
formed in the same method as described for the preparation of com-
pounds 3 giving the corresponding 5-dimethylamino-2H-1,2,4,6-thiatriaz-
ine 6¢. Recrystallization from isopropyl alcohol-n-hexane gave an analyti-
cal sample. The yield and physical properties are shown in Table II.

4-Amino-5-methylthio-2H-1,2,4,6-thiatriazin-3(4H)}-one 1-Oxides 10b,ec.
General Procedure.

To a solution of 5.0 mmoles of 2H-1,2,4,6-thiatriazines 3b-c in 50 ml of
tetrahydrofuran was cooled in a dry ice-acetone bath under a nitrogen at-
mosphere, and then 2.6 ml (6.0 mmoles) of 2.3 M n-butyllithium in n-hex-
ane was added over 10 minutes at temperature below —5°. Thereafter a
solution of 1.3 g (6.5 mmoles) of 042,4-dinitrophenyl)hydroxylamine in
20 ml of tetrahydrofuran was added over 15 minutes at temperature be-
low 0°; the cooling bath was removed and stirring continued for 24 hours
at room temperature. Addition of 10 ml of methanol was followed by re-
moval of tetrahydrofuran under reduced pressure. The crude product
was chromatographed over silicic acid; methanol-chloroform (1:80) elu-
ted purified compound 10, which on recrystallization from isopropyl al-
cohol an analytical sample. The yields and physical properties of com-
pounds 10b-c are shown in Table III.

4-Amino-5-dimethylamino-2H-1,2,4,6-thiatriazin-3(4H)-one 1-Oxides 11b,c.
General Procedure.

The reaction of 4-amino-5-methylthio-2H-1,2,4,6-thiatriazine 10 with
dimethylamine was performed by the same method as described for the
preparation of compound 5 giving the corresponding 5-dimethylamino-
2H-1,2,4,6-thiatriazine 11. Recrystallization from isopropyl alcohol gave
an analytical sample. The yields and physical constants of compounds
11b,c are shown in Table III.
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