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Abstract--The previously prepared 3-methyl-l,2,4-benzotriazine oxide ~ is shown to be the 4-oxide 5. Synthesis and 
structures of other isomeric and related oxides are described. A modification of a previously described synthesis of 
1,2,4-benzotriazines produces purer products in higher yields. 

The reaction of benzofurazan oxide 1 with diethylamine 
2 was shown to produce, among other products, a 3- 
methyl-l,2,4-benzotriazine oxide~(0-130), of mel t ing 
point 130 °. Preliminary spectral data suggested a 4-oxide I 
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structure 5. However, owing to the unavailability of 
other isomeric monoxides of established structures 2 and 
the uncertainties encountered in assigning the position of 
oxygen in most benzotriazine monoxides, 3-5 further evi- 
dence in support of the above structural assignment 
became necessary. This is provided in the present work 
through a comparative study of the three possible 
isomeric monoxides (3--5) and related compounds. 
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A possible route to some of the desired oxides in- 
volves peracid N-oxidation 3"6 of the corresponding 1,2,4- 
benzotriazines 6. Attempts to prepare 3-methyl-l,2,4- 
benzotriazine 6a according to reported syntheses 7 yiel- 
ded insufficient quantities for further work. However, 
good yields of this and other 3-substituted triazines 
(6b, e) were realized by a modification of the Bamberger 
synthesis, s It was found that use of BF3/AcOH in place 
of conc H2SO4 resulted in a more effective cyclization of 
the formazan precursore 7. 9-" 
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3-Methyl-l,2,4-benzotriazine 6a was treated with 
H202]HOAc at room temperature for four days, after 
which the following five products were isolated (repeated 
column ~hromatography): 

two monoxides of 3-methyl-l,2A-benzotriazine 
(0-100, m.p. 100-102 ° and 0-140, m.p. 140-142°); 
a dioxide (D-186, m.p. 186-188°); 
benzotriazole (8, m.p. 96-980); '2 and 
2-methylbenzimidazole (10, m.p. 173-175°). 13 

Oxidation of the triazine using m-chloroperbenzoic acid s 
in benzene also gave the same two monoxides and the 
same dioxide. The latter oxidation produced relatively 
more of monoxide 0-140. None of monoxide 0-130 
however, could be isolated from either oxidation. 

Monoxides 0-100, 0-130, and 0-140 were shown to be 
isomeric by elemental analyses, parent mass ion role 161 
for CsH7N30, and subsequent reduction with sodium 
dithionite 14 to the parent 3-methyl-l,2,4-benzotriazine 
(6a). 
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The relationship between monoxides 0-100 and 0--130 
was further revealed by their transformation to dioxide 
D-186 upon treatment with m-chloroperbenzoic acid in 
benzene. Monoxide 0-140 resisted oxidation. Upon 
treatment with sodium dithionite dioxide D-186 was 
completely deoxygenated to 3-methyl-l,2,4-benzotriazine 
6a. However, it was partially deoxygenated to monoxide 
0-100 by trimethylphosphite in refluxing propanol. 15 
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In view of the fact that 0-130 is obtained from ben- 
zofurazan oxide 1 it must have either the l-oxide struc- 
ture 3a or the 4-oxide structure 5. Since either 0-130 or 
0-100 could be oxidized to dioxide i)-186, monoxide 
0-100 can also possess either structure 3a or 5. Con- 
sequently, oxide 0-140 would have the 2-oxide structure 
4a. Such structural assignments have been further sup- 
ported by chemical transformations and spectroscopic 
properties of these oxides. The formation of ben- 
zotriazole $ from H202/HOAc oxidation of 3-methyl- 
1,2,4-benzotriazine 6a suggests the possibility of 
hydrolysis of some oxidation products. Lability to 
hydrolysis was indicated by the effect of base on the UV 
spectra of the various oxides of 3-methyl-l,2,4-ben- 
zotriazine. An immediate change in the spectrum of 
monoxide 0-140 is observed upon addition of few drops 
of potassium hydroxide solution. A change in the spec- 
trum of 0-100 is observed only after refluxing for 30 min. 
The spectrum of 0-130, however, remains unaffected at 
room temperature or after brief heating (10 min.). Guided 
by these observations, we studied the base hydrolysis of 
all three monoxides and found that monoxide 0-140 gave 
benzotriazole at room temperature within 30minutes, 
whereas 0-100 required heating. In contrast, 0-130 was 
recovered practically unchanged after I0 minutes except 
for a trace of deoxygenation to the parent, triazine. This 
behavior towards base is best explained if monoxide 
0-100 is assigned the 1-oxide structure 3a and 0-140 the 
2-oxide structure 4a. Consequently 0-130 is the 4-oxide 5 
and O.186 is the 1,4-dioxide 9. Apparently the presence 

o 

of -N=N-, as in the l-oxide or the 2-oxide, is necessary 
for the generation of intermediates that lead to the 
formation of benzotriazole (Scheme 1). Since the 
hydrolysis involves nucteophilic attack by -OH on C3, a 
2-oxide function renders this position more susceptible 

to attack than would a l-oxide. Consequently, it would 
be expected that 0-140, the 2-oxide, would react fastest 
with base, as was found to be the case. These results are 
in agreement with those obtained by Carbon 's on the 
hydrolysis of some 3-amino-l,2,4-benzotriazine oxides. 

Additional support for the assignment of the 2-oxide 
structure for 0-140 was provided by the isolation of 
2-methylbenzimidazole 10 from the peroxide oxidation 
(H20:/HOAc) of 3-methyl-l,2,4-benzotriazine. For- 
mation of 1O can be rationalized as shown in Scheme 2. 
When each of the three monoxides 0-100, 0-130 and 
0-140 was treated separately with H202/HOAc, only 
0-140 gave 2-methylbenzimidazole together with ben- 
zotriazole. Both 0-100 and 0-130 gave the dioxide D-186. 

In a search to relate the above oxides to the oxides of 
the parent system, 1,2,4-benzotriazine 6b, we found that 
only 1,2,4-benzotriazine-l-oxide 3b was previously 
reported. 3 The UV and NMR (aromatic) spectra of an 
authentic sample of this oxide were identical with those 
of oxide 0-100, thereby rendering further support for the 
assignment of the l-oxide structure 3a for 0-100. 

With no available information about the other possible 
N-oxides of the parent 1,2,4-benzotriazine, we treated 6b 
with peracid (HzO2/HOAc) and isolated the known l- 
oxide 3b and benzotriazole $. In contrast, oxidation with 
m-chloroperbenzoic acid in benzene gave, in addition to 
the 1-oxide, an isomeric oxide (0-86, m.p. 86--88). The 
UV and NMR spectra of 0--86 were similar to those of 
3-methyl-l,2,4-benzotriazine-2-oxide 4a. In base, 0--86 is 
hyd.rolyzed faster than 4a, a behavior consistent with 
increased susceptibility of position three toward nucleo- 
philic attack when an H replaces a CH3 on that position. 
Consequently, 0-86 is assigned the 2-oxide structure 41). 

The present work represents the first study in which all 
the isomeric monoxides of 3-methyl-l,2,4-benzotriazine 
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have been prepared and characterized. Of these, only the 
1-and 2-oxides, but not the 4-oxide, are obtainable by 
peracid oxidation of the corresponding 3-methyl-l,2,4- 
benzotriazine. This also seems to be the case with other- 
1,2,4-benzotriazines) -s The indirect path triazine - ,  
dioxide--, monoxide did not produce the 4-oxide when 
applied to 3-methyl-l,2,4-benzotriazine. Reduction of the 
dioxide 9 with sodium dithionite TM regenerated the cor- 
responding triazine 6a. Use of the selective deoxygenat- 
ing agent/5 trimethylphosphite, on the other hand, 
reduced the dioxide to the 1-oxide 3a. Such selectivity is 
consistent with the following mechanism: 
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Consequently, the only available source, thus far, for 
3-methyl-l,2A-benzotriazine-4-oxide 5a continues to be 
the reaction of benzofurazan oxide with diethylamine. 
Formation of other 3-aikyl-l,2,4-benzotriazine-4-oxides 
via benzofurazan oxide is under investigation. 

EXPERIMENTAL 
M.ps, uncorrected, were determined on a Meltemp. apparatus. 

IR spectra were recorded on a P.E. 257 spectrophotometer, UV 
spectra on a Carey-17B, NMR spectra on a Varian T-60 in CDCI3 
with TMS as an internal reference, and mass spectra on a 
Varian-Mat CH 5 at 70 ev, 100 uA, 200 ~. Elemental analyses were 
performed by Pascher Laboratories, Bonn, West Germany. 

3.Methyl-l,2A-benzotriazine 6a. Benzenediazonium chloride 
soln, prepared from aniline (19 g, 0.2 mole), conc HCI (50 ml in 
50 ml water), and NaNO2 (14 g in 20 ml water), was added drop- 
wise to a stirred soln of acetaldehyde phenylhydrazone in 350 ml 
pyridine. The mixture was stirred overnight at 0 °. Addition of 
water and ice (300g) resulted in the separation of crude 1,5- 
diphenyl-3-methylformazan which was washed several times 
with water. Crystallization from MeOH-water gave orange-red 
needles, 38 g., m.p. 120-122 ° 0it.H; 122°). 

The formazan (4 g) was heated on a steam bath for 10 min with 
20 ml BFs/AcOH. The color of the soln changed from dark violet 
to dark brown. Water (50 ml) was added to destroy BF3. The soln 

was extracted several times with benzene. The benzene soln was 
dried over Na2S04 and evaporated. The residue was extracted 
with light petroleum ether leaving behind tarry black material. 
Evaporation of petroleum ether and repeated sublimation at 700 
and reduced pressure afforded pure crystals of 3-methyl-l,2,4- 
benzotriazine (lAg., 60%) m.p. 94-960 (lit:; 92-94) NMR: 8 3.00 
(3H, s), 7.28-7.62 (3H, m), 7.98-8.18 (IH, m). Mass: 145 (M+), 117 
(M+-N2), 90 (C6H4N+). 
The residue from sublimation was found to contain as a major 

by-product phenazine, purified by column chromatography, 
0.2g., m.p. 177-179 °. 

3.Phenyl-l,2,4-benzotriazine 6¢. A mixture of 1,3,5-triphenyl 
formazan 7 (2 g) and BF3 AcOH (5 ml) was heated on a steam bath 
for 5 rain. Addition of water separated a solid which was extrac- 
ted with ether. Evaporation of ether and crystallization of the 
resulting solid from EtOH yielded 1 gm (70%) of the triazine, 
m.p. 127-1280 (lit:; 126-127°). 

1,2,4-Benzotriazine 6b. 1,5-Diphenylformazan, prepared from 
malonic acid and benzene diazonium chloride, u was treated with 
BF3/HOAc as previously described for 3-methyl-l,5-diphenyl- 
formazan. The sublimed product (at 60 °) was 1,2,4-benzotriazine 
m.p. 74-76 (lit:; 76--77). NMR: 8 7.8-8.3 (3H, m), 9.47-8.73 (1H, 
m), 9.97 (IH, s). Mass: 131 (M+), 103 (M+-Ne). 

Oxidation of 3-methyl-l,2,4-benzotriazine 6a with peracetic 
acid. 3-Methyl-l,2,4-benzotriazine (1.0 g) in 100 ml glacial AcOH 
and 12 ml 30% H202 was left at room temp for 4 days. The 
solvent was evaporated at reduced pressure, the residue extrac- 
ted with benzene, the dried benzene extracts were concentrated 
to a small volume and column chromatographed. Fractions were 
further purified by thick layer chromatography and identified as 
(in order of elution from the column): 

(a) 3-Methyl-l,2,4-benzotriazine-2-oxide 4a. Light yellow 
crystals from petroleum spirit (60-80), 0.1g, m.p. 140-142 °. 
(Found: C, 59.77; H, 4.40; N, 25.92. Calc. for: C, 59.62; H, 4.38; 
N, 26.07%). NMR: 8 2.73 (3H, s); 7.25--7.63 (4H, m) Mass: 161 
(M+), 131 (M+-NO), 117 (M+-N20), 90 (C6H4N) + UV: ,~mixU2° 
(El: 372 (6, 300), 270 (30,000). 

Co) 3-Methyl-l,2,4-benzotriazine-l-oxide (3a). Colorless crys- 
tals from benzene-light petroleum, 0.25 g, m.p. 101-102 °. (Found: 
C, 59.77; H, 4.35; N, 26.10. Calc. for: C, 59.62; N, 26.07, H, 
4.38%.) NMR: 8 2.65 (3H, s), 7.13-7.80 (3H, m), 7.95--8.21 (1H, 
m). Mass: 161 (M+), 117 (M+-N20), 90 (C6H(N +) UV:Am~a;° (El: 
355 (4,500), 268 (5,500), 245 (25,000), 

(c) Benzotriazole g. Colorless crystals from EtOAc-petroleum 
ether, 0.05 g, m.p. 97-98 °, identical with an authentic sample. 12 
NMR: 7.27-7.53 (2H, m), 7.78-8.00 (2H, m). 

(d) 3-Methyl-l,2,4-benzotriazine-l,4-dioxide 9. Yellow needles 
from EtOAc-light petroleum, 0.12 g, m.p. 184--186 °. (Found: C, 
54.33; H, 3.95; N, 23.35; Calc. for: C, 54.25; H, 3.95; N, 23.73%.) 
NMR: 2.63 (3H, s), 7.30-7.78 (2H, rn), 7.97-8.17 (2H, m). Mass: 
177 (M+); 161 (M+-O), 160 (M+-OH), 136 (M+-CH3CN, BFO), 
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117 (M+--O-N20), 90 (C~H(N+). UV ~rho (E): 395.(8,500), 288 
*~ max 

(7,000), 225 (15,500). 

(e) 2-Methylbenzimidazole. Isolated from the benzene in- 
soluble residue which upon extraction with MeOH, addition of 
ether and thick layer chromatography of the ppt gave 0.05 g of a 
crude product purified by repeated thick layer chromatography 
m.p. 173-175 (lit)7: 175-176). NMR: (CD3OD): 8 2.20 (3H, s), 
7.02-7.50 (4H, m) Mass: 132 (M+). 131 (M+-H), 104 (CoH(N2+), 
90 (C6H4N+). 

Oxidation of 3-methyl-l,2,4-benzotriazine with m-chloroper- 
benzoic acid. m-Chloroperbenzoic acid (0.5 g in 25 ml of benzene) 
and 3-methyl-l,2,4-benzotriazine (0.Sg in 25ml benzene) were 
mixed and left at room temp for 4 days. The mixture was divided 
into two portions. The first portion was extracted once with 
Na2S203 aq (0.1g in 10ml water) and several times with 2% 
Na2CO3 aq (total volume of 50ml). The benzene extracts were 
washed with water, dried over Na2SO4, concentrated to a small 
volume and chromatographed over silica gel. The compounds 
obtained, in order of their elution from the column were: 4a 
(0.1 g), 3a (0.01 g), 6a (0.05 g) and 9 (0.03 g). 

The second portion was concentrated to a small volume and 
chromatographed over silica gel. The following were obtained in 
order of elution: m-Chloroperbenzoic acid, 3-Methyl-l,2,4-ben- 
zotriazine-2-oxide (0.1g), 3-Methyl-l,2,4-benzotriazine-l-oxide 
(0.01g), Unreacted 3-methyl-l,2,4-benzotriazine (0.05g), m- 
Chlorobenzoic acid and 3-Methyl-l,2,4-benzotriazine-l,4-dioxide 
(0.05 g). 

Oxidation of 1,2,4-benzotriazine 6b 
(a) With peracetic acid. A mixture of 1,2,4-benzotriazine 

(0.5 g), AcOH (50 ml), and 30% H202 (6 ml), was kept at room 
temp for 4 days. The soln was evaporated to dryness under 
reduced pressure, the residue extracted with benzene, the dried 
benzene extracts concentrated to a small volume and chromato- 
graphed over silica gel. The following compounds were eluted off 
the column: 

(i) 1,2,4-Benzotriazine-l-oxide. Colorless crystals (0.15 g), m.p. 
138--140 ° from light petroleum, (lit): 138-140~). NMR: 8 7.68-8.13 
(3H, m), 8.43-8.56 (1H, m), 9.03 (IH, s) UV: H2O amax (E); 345 (3500), 
275 (6500), 238 (17000). 

(ii) Benzotriazole (0.05 g), m.p. 94-96 °. 

(b) With m-chloroperbenzoic acid. A mixture of 1,2,4-ben- 
zotriazine (0.5 g), m-chloroperbenzoic acid (0.8 g), and benzene 
(50 ml) was left at room temp for 4 days. It was then extracted 
once with Na2S203 (0.I g in 10 ml water) and several times with 
NaHCO3 aq (2%, total of 50ml). The dried benzene soln was 
concentrated to a small volume and chromatographed on pre- 
parative thick layer plate using benzene-EtOAc (4:1) to give: 

(i) 1,2,4-Benzotriazine-2-oxide (0.03 g), m.p. 86-88 o from light 
petroleum ether. NMR: 8 7.63-8.03 (4H, m), 8.87 (IH, s) Mass: 
147 (M+), 131 (M+-O), 117 (M+-NO), 103 (M+-N20), 90 
(C6H4N+). UV: , ~  (E) 373 (5600), 265 (21000). 

(ii) 1,2,4-Benzotriazine-l-oxide (0.07 gin), m.p. 138-140". 

Reduction of 3-methyl-l,2,4-benzotriazine-l,4-dioxide 9 
(a) With sodium dithionite. To a magnetically stirred refluxing 

soln of the dioxide (0.2g in 10ml water) was added sodium 
dithionite (0.8 g in 10 ml water) in portions. Refluxing was con- 
tinued for 4 more hr. Extraction with benzene afforded 3-methyl- 
1,2,4-benzotriazine (0.12 g), m.p. 94-96 (from hexane). 

(b) With trimethyl phosphite. A soln of the dioxide (0.2 g) in 
propanol (15 ml) and trimethyl phosphite (0.3 g) was refluxed for 
4 hr. Evaporation to a solid residue and extraction with benzene 

afforded 3-methyl-l,2,4-benzotriazine-l-oxide (0.12g) m.p. 98- 
1000. 

Hydrolysis with sodium hydroxide 
(a) 3-Methyl-l,2,4-benzotriazine-l.oxide. The oxide (0.2 g) and 

10ml 2% NaOH aq when left at room temp for several hr 
remained unchanged (examined by TLC). 

The above mixture was then refluxed for 30 rain, neutralized 
with HCI and evaporated to dryness (at room temp). The dry 
solid was extracted with hot benzene. Evaporation of the 
extracts yielded benzotriazole (0.06g), m.p. 94-96 (from ben- 
zene-petroleum ether). 

(b) 3-Methyl-l,2,4-benzotriazine-2-oxide. The oxide (0.2 g), 2% 
NaOH aq (15 ml), if kept at room temp for 5 hr or refluxed for 
only 10 rain gives after work up 0.03 g benzotriazole, m.p. 94--96*. 

(c) 3.Methyl-l,2,4-benzotriazine-4-oxide. Refluxing the oxide 
with 2% NaOH fur periods of 30 min to 5 hr gave a complex 
mixture from which 3-methyl-l,2,4-benzotriazine could be 
isolated (thick layer chromatography) but no benzotriazole is 
detected in the mixture. 

(d) 1,2,4-Benzotriazine-2-oxide. A few crystals of the oxide 
were treated with NaOH aq at room temp. Examination of the 
mixture by tic revealed the disappearance of the oxide after 
5 min. Benzotriaznle is shown to be formed by comparison on 
tic. 
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