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The formation of 3-oxides of triazolopyridine, triazolopvridazine and triazolopyrazine was
investigated. The corresponding 3-oxides were obtained by oxidative cyclization of 2-hydroxy-

iminomethyleneaminoazines and some transformations are described.
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Several years ago we have described (1) the first syn-
thesis of azoloazine N-oxides with bridgehead nitrogen.
Other synthetic approaches as well as their reactivity have
been described in the following publications (2,3). All
these compounds were the 5-oxides and since then only
few examples of N-oxides at other positions of these
bicyclic systems have been described (4,5). Representa-
tives of azoloazine 3-oxides are known only in the s-tri-
azolo[1,5a]pyridine and s-triazolo}1,5«]pyrimidine series
4.6). In addition. we have recently reported on a synthesis
of s-triazolo|1,5-b pyridazine 3-oxides (8) and we are now
describing a general synthetic approach for at position 2
unsubstituted azoloazine 3-oxides.

In a similar manner as in the pyridazine series; we have
attempted the synthesis of s-triazolo|1,5a ]pyridine 3-
oxides. As starting material 2-hydroxyiminomethylenc-
aminopyridine was used and it was treated with bromine
in acetic acid. However. the attempted cyclization failed,
the side chain was degraded and 2-amino-3.5-dibromo-
pyridine was formed. Therefore. the later compound (1a)
was used as starting material and it was successively con-
verted into Lhe corresponding N, V-dimethylaminomethyl-
ene (2a) and hydroxyiminomethyleneamino derivative
(3a), which upon treatment with bromine in acetic acid
afforded the corresponding bicyclic 3-oxide (4a) in low
yield. The 3-oxide was deoxygenated with phosphorus
trichloride in the usual manner to give 0,8-dibromo-s-
triazolo[ 1,5 |pyridine. The bicyclic N-oxide is. however,
not stable towards acid and was decomposed in hot 2.V
hydrochloric acid to give the starting 2-amino-3,5-dibromo-
pyridine.

The failure to prepare the corresponding triazolo-
pyridine from either 2-V.V-dimethylaminomethylene- or
2-hydroxyiminomethylencaminopyridine is due to their
instability in acetic acid as shown by separate experiments.

Morcover. the corresponding derivatives of 2-amino-3,5-
dibromopyridine (2a and 3a) are unstable in the presence
of 50% acetic acid or 10% aqueous potassium carbonate
and are decomposed into the starting 2-amino-3,5-dibromo-

pyridine.
B
N NH N N=CHNM N NH-CHzNGH 4 :
N 2 AN el N i s - \‘\
I - ' -~ - } - - J%/N—_N\
BN P p BroN P g, B, P, Br 0
1 2 3 4
ai X - CH
[FERNERN

7

In the s-triazolo| 152 |pyrazine series only the T-oxide
is known (3) and it was oblained by direct treatment of
the bicvele with peroxyacetic acid. We have extended
our synthetic approach to 2-hydroxyiminomethylene-
aminopyrazine, but the compound when treated with
bromine in acetic acid afforded only 2-formylamino-
pyrazine. The same result was observed when using lead
tetraacetate for attempted cyelodehydration. Moreover.
the corresponding 3,5-dibromo compound (3b). prepared
from 1b via 2b, did not react in the anticipated manner
with bromine in acetic acid and again only 2-formylamino-

3.5-dibromopyrazine was obtained. The reaction was.
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however, suceessful when N-bromosguccinimide in chloro-
form was used. although the corresponding 3-oxide (4b)
was obtained in low yield.

In the pyridazine series oxidative cyclization of com-
pound 5 with bromine in glacial acetic acid afforded the
The compound,
when stirred in an atmosphere of hydrogen and in the
presence of palladized carbon, was deoxygenated and
dehalogenated into s-triazole[ 1.5-b Jpyridazine (7a). With
phosphorus trichloride the N-oxide was deoxygenated to
give 7b and in the presence of hot dilute acid or base it
was decomposed into 6-chloro-3-aminopyridazine (9).
is interesting to note that deoxygenation with phosphorus
trichloride in the related benzimidazole system did not
proceed ina comparable way and the corresponding

corresponding 3-oxide (6) in good yield.

henzimidazole and its 2-chloro derivative were obtained
in almost equal quantities (9). Under the influence of hot
acetic anhydride the N-oxide was transformed into the
corresponding 2-acetoxy derivative (8).

It is well known that N-oxidation increases reactivity
of the halogen atoms in the positions ortho or para to the
ring nitrogen in m-deficient aromatic heterocycles towards
nucleophilic substitution. However. the 3-oxide (6) was
decomposed to 9 when heated with sodium thiophenolate.
It appears that the nucleophile attacks preferentially the
five-membered ring by cleaving the N-N bond and the
postulated intermediate cyanoamino compound is then
transformed into 9. A still greater instability has been
observed in the triazolopyridine and triazolopyrimidine
series (4). Here, the corresponding 3-oxides are slowly
deoxygenated when heated in xylene. Moreover, for a
certain triazolopyrimidine N-oxide a temperature-depen-
dent nmr spectrum was observed and the changes were
attributed to a reversible isomerization to an open chain
nitrosoimine.

With hydrazine hydrate. however, the chlorine atom at
position 6 could be replaced by hydrazino group and

compound 10 was isolated. Nucleophilic substitution

with sodium azide was also successful and the 6-azido
compound (11) could be obtained. On the other hand,
this azide could be also prepared by nitrosation of the
corresponding hydrazino derivative (10). In all these
transformations the N-oxide group remained unaffected.
Even when a methanolic solution of the azide (11) was
stirred under hydrogen and in the presence of palladized
carbon, the azide group was smoothly reduced to give the
amino compound (12) and without affecting the N-oxide
function.
where catalytic reduction over palladium-carbon catalyst
in neutral solution results in deoxygenation (10-13). How-

There are several examples of azine N-oxides

ever, if some hydrochloric acid was added the N-oxide

-b ]pyrid-

function was removed and 6-amino-s-triazolo[ 1.5
azine (7d) was obtained.

EXPERIMENTAL

Melting points were taken on a Kofler micro hot stage. All
nmr spectra were obtained on a JEOL JNM C60-HL spectrometer
and mass spectra were recorded on an Hitachi-Perkin-Elmer RMU-
6L instrument.

The following compounds were prepared with adherence to
published techniques:  2-amino-3.5-dibromopyrazine (14) and 2-
amino-3.5-dibromopyridine (15).

2 Dimethylaminomethyleneamino-3.5-dibromopyrazine (2b).

A mixture of 2-amino-3,5-dibromopyrazine (0.95 g.) and N,N-
dimethylHormamdie dimethyl acetal (0.7 ml.) was heated under
reflux for 1 hour. Excess of the acetal was distilled off in vacuo
and the remaining product was crystallized from ethanol, m.p.
121-123° (yield 37%); mass spectrum: M* = 306: nmr (DMSO-
dg): 7 =1.6 (s, N=CH), 1.78 (s, Hg). 6.89 (s, Me), 6.86 (s. Me).

Anal. Caled. for C7HgBryNg: C, 27.30; H, 2.62; N, 18.19.
Found: C, 27.31; H, 2.79; N, 18.13.

In the same manner was prepared:
2-Dimethylaminomethyleneamino-3,5-dibromopyridine (2a):

The compound was obtained in 71% yield, m.p. 66-68° (from
ethanol): mass spectrum: M* =305; nmr (deuteriochloroform):
= 2.10 (d, Hyg), 1.86 (d, Hg), 1.63 (s, CH), 6.87 and 6.92 (s,
NMe,), J4,6 = 2.0 Ha.
Anal. Caled. for CgHgBraN3: N, 13.69. Found: N, 14.03.

2-Hydroxyiminomethyleneamino-3,5-dibromopyrazine (3b).

Compound 2b (0.4 g.) was dissolved in methanol (10 ml.),
hydroxylamine hydrochloride (0.095 g.) was added and the mix-
ture was hecated under reflux for 20 minutes. The separated
colorless crystals were filtered off, washed with water and crys-
tallized from ethanol, m.p. 170° (yield 63%); mass spectrum:
MY = 294; nmr (DMSOdg): 7 = 1.66 (s, Hg), 2.31 (d, CH=),
1.84 (d, NH), 0.9 (broad, OH); JNHCH =9 Hz.

Anal. Caled. for CsHgBraN4O: C, 20.30: H,1.36; N, 18.93.
Found: C, 20.30; H, 1.54; N, 18.98.

In a similar manner was prepared:
2-Hydroxyiminomethylencamino-3,5-dibromopyridine (3a).

It was obtained in 74% yield, m.p. 191-193° (from ethanol);
mass spectrum: M* 293; nmr (DMSO-dg); 7 2.16 (s, Hg), 1.75
(s, Hg), 1.78 (s, CH), 6.8 (broad, NH), 0.2 (broad, OH).
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Anal. Caled. for C¢HsBryN3;O: C, 24.43; H,1.71; N, 14.25.
Found: C, 24.70; H, 2.01; N, 14.32.

6,8-Dibromo-s-triazolo{1,5-a ] pyrazine 3-Oxide (4b).

A solution of compound 3b(0.254 g.) in chloroform (5 ml.)
was treated with N-bromosuccinimide (0.533 g.) and the mixture
was heated under reflux for 5 hours. The cold reaction mixture
was shaken with a saturated aqueous solution of sodium bicar-
bonate, the chloroform layer was separated, dried and the solvent
evaporated to dryness. The residue was suspended in methanol
and filtered. In the filtrate, the corresponding formylamino and
aminopyrazine were detected by tle. The 3-oxide was obtained
in 8% yield, m.p. 160-162°; mass spectrum: M?* = 202: nmr
(deuteriochloroform): r = 1.62 (s, H,), 1.17 (s, Hs).

Anal. Caled. for CsH,BraN4O: . C, 20.44; H, 0.68; N, 19.06.
Found: C,20.68; H,1.12; N, 18.84.

6,8-Dibromo-s-triazolo[1,5-¢ ] pyridine 3-Oxide (4a).

The hydroxyiminomethyleneamino compound 3a (0.7 g.) was
suspended in glacial acetic acid (20 ml.) and sodium acetate (0.4 g.)
was added. After excess of bromine in glacial acetic acid was added,
a clear solution was obtained and it was neutralized with sodium
bicarbonate.  Upon filtration, the filtrate was extracted with
chloroform and after evaporation of the solvent the residue was
crystallized from ethanol (yield 7.5%). m.p. 173°; mass spectrum:
M* = 291: nmr (deuteriochloroform): 7=2.03 (s, Hy), 1.7 (s, Hs).
1.17 (s, H4).

Anal. Caled. for CgH3BrN30: N, 14.37. Found: N, 13.98.

If the above 3-oxide was heated in 2V hydrochloric acid for 1
hour, it was transformed into 2-amino-3,5-dibromopyridine.

In a similar manner was prepared:
2-Chloro-s-triazolo[1,5-b | pyridazine 3-Oxide (6).

This compound was obtained from 3-hydroxyiminomethylene-
amino-6-chloropyridazine (5) (16) in 71% yield, m.p. 218° (from
cyclohexane and 1,2-dimethoxyethane): mass spectrum: M* =
170; nmr (deuteriochloroform): r = 1.57 (s, H,), 2.56 (d, H5),
1.98(d, Hg).J 7,5 = 9.5 Ha. .

Anal. Caled. for CsH3CINgO: C. 35.22; H, 1.77; N, 32.85.
Found: €, 35.34; H, 1.87; N, 32.88.

The compound, when stirred in an atmosphere of hydrogen at
room temperature and in the presence of palladized carbon (5%),
was transformed into s-triazolo[1,5-b]pyridazine (16). On the
other hand, if treated with phosphorus trichloride, 6-chloro-s-
triazolo[1,5-b ] pyridazine (17) was obtained.

The above compound (6) when treated either with hot 2V
hydrochloric acid, 2N sodium hydroxide, sodium ethylate or
sodium thiophenolate was decomposed into 3-amino-6-chloro-
pyridazine (18,19).

6-Hydrazines-triazolo[1,5-b 1 pyridazine 3-Oxide (10).

The chloro compound (8) (0.17 g.) was dissolved in ethanol
(3 ml.), hydrazine hydrate (0.06 g. of 98%) was added and the
mixture was heated under reflux for 15 minutes. The product
was filtered off and washed with ethanol (yield 36%), m.p. 230-
232°%  mass spectrum: M* = 166; nmr (DMSO-dg. 150°): 7 =
1.78 (s, Hy), 3.00 (d, H4), 2.25 (d, Hg). J7.8 =9.5 Hz.

Anal. Caled. for CsHyNgO: €, 36.14; H, 3.64: N, 50.59.
Found: C, 36.44; H, 4.15; N, 51.26.

The compound formed a benzylidene derivative, m.p. 261-263°.

6-Azido-s-triazolo[1,5-b | pyridazine 3-Oxide (11).
A.
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The above hydrazine compound (10) (0.14 g.) was dissolved
in hydrochloric acid (1:1) and to an ice cold solution, an aqueous
solution of sodium nitrite (0.065 g. in 3 ml.) was added dropwise.
Upon neutralization with sodium bicarbonate, the reaction mixture
was extracted with chloroform, the solvent evaporated and the
residue crystallized from chloroform and petrol-ether (yield 83%),
m.p. 134°; mass spectrum: M* =177; nmr (deuteriochloroform):
7=1.45 (s, Hz), 3.02 (d, H4). 2.0 (d, Hg); J7,8=9.5 He.

Anal. Caled. for CsH3N;0: C, 33.90; H, 1.70. Found: C,
33.81; H, 1.44.

B.

The corresponding chloro compound (6) (1.70 g.) was dissolved
in ethanol (6 ml.), sodium azide (0.065 g.) was added and the
mixture was heated under reflux for 3 hours. The separated
product was filtered off, dissolved in water and extracted with
chloroform. The obtained product was found to be identical in
all respects with the compound prepared as described under A.

The obtained compound. when treated with phosphorus tri-
chloride, was deoxygenated to give 6-azido-s-triazolo[1,5-b Jpyrid-
azine (16).

6-Amino-s-triazolo[1,5-b | pyridazine 3-Oxide (12).

A solution of the azide compound 11 (0.109 g.) in methanol
(30 mlL) was treated with palladized carbon (0.016 g. of 5%) and
stirred in an atmosphere of hydrogen for 6 hours. The reaction
mixture was heated to boiling and filtered. The filtrate was
evaporated to dryness and the residue was crystallized from meth-
anol and N,N-dimethylformamide (5:1) (yicld 65%), m.p. 263°.
mass spectrum: MY = 151.

Anal. Caled. for CsHsNgO: €, 39.73; H, 3.33. Found: C,
39.61: H, 3.68.

If the same reaction was performed in the presence of some
concentrated hydrochloric acid, 6-amino-s-triazolo[1,5-b ] pyrid-
azine (16) (7d) was obtained and identified. The same compound
was also obtained if the above 6-amino-s-triazolo[1,5-b ] pyridazine
3-oxide (12) was stirred in an atmosphere of hydrogen in the
presence of palladized carbon and hydrochloric acid.

2-Acetoxy-6-chloro-s-triazolo[ 1,5-b } pyridazine (8).

Compound 6 (0.3 g.) was heated with excess of acetic anhy-
dride under reflux for 1 hour. The solvent was evaporated to
dryness and from the residual oil the produet was scparated after
addition of ethanol (yield 4%), m.p. 230° dec., (from cthanol and
cyclohexane); mass spectrum: M7* = 212,

Anal. Caled. for C4H5CINS O, C. 39.56; H, 2.37: N, 26.36.
Found: C, 39.66; H, 2.67: N. 26.68.
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