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Thus the mass-spectrometric behavior of 5-phenyl-1,4-benzodiazepine-2-thiones differs substantially

from the fragmentation of the corresponding benzodiazepinones. This difference is due to the fact that, in con-
trast to benzodiazepinones, tautomerization to enethione and eniminethione tautomeric forms is characteristic
for the molecular ions of the thiones.

EXPERIMENTAL

The mass spectra were obtained with an MKh-1303 spectrometer with a system for direct introduction of

the samples at an ionizing voltage of 50 V, an emission current of 1.5 pA, and temperatures ranging from 140
to 170°. Compound II was obtained by repeated refluxing of I in deuteromethanol and subsequent evaporation of
the solvent. The mass spectrum showed that II contains 349 of the deuterated derivative.
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STRUCTURE AND PROPERTIES
OF 1- AND 3-HYDROXYTRIAZOLO[4,5-b]PYRIDINES

Yu. A. Azev, G. A. Mokrushina, UDC 547.821'791:543.422.4.6'.51
I. Ya. Postovskii, Yu. N. Sheinker,
and O. S. Anisimova

It is shown that 1-hydroxytriazolo{4,5-bjpyridine exists in alcohol solution primarily in the N-
oxide form, whereas 3-hydroxytriazolo[4,5-blpyridine exists in the hydroxy form. 4-Methyl-
triazolo[4,5-blpyridine 1-oxide is formed in the methylation of 1-hydroxytriazolo[4,5-b]lpyridine,
whereas 3-methoxytriazolo[4,5~-b]pyridine is formed in the methylation of 3-hydroxytriazolo[4,-
5-b]pyridine.

It has previously been reported [1] that two isomeric compounds corresponding to two tautomeric forms —

the N-oxide (Ia) and the N~hydroxy form (Ib) — are formed in the methylation of 1-hydroxybenzotriazole. The
In=Ib tautomerism was studied by comparison of the UV spectra of the starting compound and its methylation
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Fig. 1. UV spectra in alcohol: a) 1) 3-methoxytriazolo[4,5-b]-
pyridine IVa (R=CHj); 2) 1-methoxybenzotriazole Ila; 3) 3-
hydroxytriazolo[4,5-b]pyridine IVa (R=H); b) 1) 4-methyltria-
zolo[4,5-b]pyridine 1-oxide Illc (R=CHj); 2) 1-methylbenzotria-
zole 3-oxide IVb; 3) triazolo[4,5~b]pyridine 1-oxide Illc (R=H).
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Fig. 2. Mass spectra: a) 3-methoxy-
triazolo[4,5-b]pyridine; b) 4-methyl-
triazolo[4,5-b]pyridine.

products (IIa and Ib). It seemed of interest to us to study the tautomerism of 1~ and 3-hydroxytriazolo[4,5-b]-
pyridines III and IV.

H h
| . -~ i
| W:N\ P \l/\\\ CH,I - OCH;
N = P AN tta
Xy 1?7 (\/\\“/ CH,
o) Ot \ s 1‘
la ib r\\r/l\ M
N N
|
0
ith

Tautomeric forms b, ¢, and d are possible for 1-hydroxytriazolo[4,5-b]pyridine {Illa, R=H) and 3-hydroxy-
triazolo[4,5-b]pyridine (IVa, R=H):
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It was found that only one product is formed on the methylation of hydroxythiazoles III and IV under con-
ditions similar to those used for benzotriazole. The structures of the methyl! derivatives and starting III and
IV could be ascertained by comparison of the UV spectra of these substances with the spectra of the correspond-
ing benzo derivatives Ila and IIb and also by mass-spectral studies of both the methylation products and the
starting 1- and 3-hydroxytriazolo{4,5-b]lpyridines.

The character of the curves and the position of the absorption maxima in the UV spectra of the product of
methylation of 3-hydroxytriazolo[4,5-b]pyridine coincide with the character and position of the absorption max-
ima in the spectra of O-methyl derivative Ila (Fig. 1). This makes it possible to assign to it the 3-methoxy-
triazolo[4,5-blpyridine (IVa, R=CH;) structure. The data from the mass-spectroscopic fragmentation of IVa
(R=CHjy) (Fig. 2), the fragmentation of which can be represented by the following scheme, are also in agreement

with this conclusion:
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. Ry =
* / \N

ZaN ] N, & _]

- | N — [ {[N—ocH, mie 107

3N T N Oy, .
OCH, \

+
AN, 1
mje 150 mie 122 o — cupn
N
mie 91 mfe 64

The UV spectrum of the product of methylation of 1-hydroxytriazolo[4,5-b]pyridine (IIla, R=H) does not
coincide with respect to the form of the curve and the position of the maxima with the spectra of the O- and N-
methyl derivatives (Ila and IIb) of benzotriazole (Fig. 1b). In other words, it does not correspond to Illa or Iilb
(R=CH;). We obtained the greatest amount of information regarding structure of this compound during a study
of its mass spectrum, in which ions with masses of 150, 108, and 80 are observed (Fig. 2b). The formation of
an ion with mass 108 corresponds to detachment of 42 mass units from the molecular ion and can be represented
by the scheme
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The fragmentation of the ion with mass 108 with ejection of a nitrogen molecule is confirmed by the
presence in the spectrum of a metastable ion with m/e 59.5.

From these data it can be concluded that the methylation product has the Illc {R=CH;) structure, in which
the methyl group is attached to the nitrogen atom of the pyridine portion of the molecule. If, however, it is
assumed that the methyl group is in the triazole ring, it becomes impossible to explain detachment of a frag-
ment with a mass of 42 units and subsequent splitting out of a nitrogen molecule.

A judgment regarding the structures of the starting nonmethylated IIl and IV can be formed by comparing
the UV spectra of these compounds with the spectra of the methylated products. It was found that in alcohol
solutions the spectra of these and other compounds coincide both with respect to the position of the maxima and
the overall form of the curve (Fig. 1). On the basis of this it can be concluded that III (R=H) exists in alcohol
solution primarily in the form of N-oxide Illc and that IV exists primarily in hydroxy form IVa (R=H).

We obtained interesting information regarding the properties of III and IV during a study of the electronic
spectra of aqueous solutions of these compounds at various pH values. A maximum at 330 nm that is absent in
the spectra of aleohol solutions is observed in the spectra of these compounds. When the pH of the solutions is
increased, the intensity of this maximum increases, and the curves obtained at various pH values pass through
an isopiestic point at 300 nm. From this it can be concluded that the appearance of a maximum at 330 nm is due
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to the presence of the ionized form, and this indicates the acid character of 1- and 3-hydroxytriazolo[4,5-b]-
pyridines. Their ionization constants are, respectively, 3.02 and 3.28, whereas the pK, value of 1-hydroxyben-
zotriazole is 4.60.

The IR spectra of crystalline samples of III and IV (R=H) contain continuous absorption at 2200-2700
cm™!, the intensity of which decreases after deuteration. This depressed absorption makes it possible to
assume the presence in the crystalline state of III and IV (R=H) of a considerable contribution of a polar salt
structure.

The mass-spectroscopic study of III and IV (R=H) indicates the existence of these compounds in the form
of two possible tautomeric forms under the conditions of recording of the mass spectra. The principal peaks in
the spectrum of IV (R=H) can be explained by a scheme corresponding to fragmentation of the hydroxy form:
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In addition, an ion peak with a mass of 120 ((M — O]+') is observed in the mass spectra of III and IV, and
this constitutes evidence for the presence of the N-oxide form. The relative intensities of the peaks with m/e
108, 91, and 64 in the spectrum of IIl is considerably less than in the spectrum of IV. The concentration of the
hydroxy form in III is probably appreciably lower than in the case of IV.

The mass spectrum of 1-hydroxybenzotriazole contains peaks with m/e 135, 107, 90, and 77, which cor-
respond to similar fragmentation of the hydroxy form, and an ion peak with m/e 119, which indicates detachment
of oxygen from the tautomeric form of the N-oxide.

EXPERIMENTAL

The electronic spectra were recorded with a Specord UV-vis spectrophotometer. The mass spectra were
obtained with an MKh-1303 spectrometer equipped with a system for introduction of the samples directly into the
ion source near the ionizing chamber at an ionizing voltage of 30-40 V and an ionization chamber temperature of
125°. The IR spectra were recorded with a UR-20 spectrometer.

1-Hydroxybenzotriazole and its methy!l derivatives were obtained by the method in [2], and their physical
characteristics were in complete agreement with the previously described compounds.

Triazolo[4,5-b]pyridine 1-Oxide Illc (R=H). This compound was obtained by refluxing 2-hydrazino-3-
nitropyridine [3] in 509 alcoholic hydrazine hydrate for 1 h, after which the alcohol was removed, and the resi-~
due was acidified to pH 3-4. The resulting precipitate was removed by filtration to give a product with mp
220-222° (from water) in 90% yield. Found: C 44.1; H 3.1; N 41.29. C,H,N,O. Calculated: C 44.2; H 2.9;

N 41.29G.

3-Hydroxytriazolo[4,5-b]pyridine IVa (R=H). This compound, with 216-217° (from water), was similarly
obtained in 70%; yield from 2-hydrazino-3-nitropyridine [4]. Found: C 44.4; H 3.3; N 41.0%. C;H,N,0. Calcu-
lated: C 44.2; H 2.9; N 41.2%,.

4-Methyltriazolo[4,5-b]pyridine 1-Oxide Illc (R=CH,). This compound was obtained from Illc (R=H) by
the method used to methylate 1-hydroxybenzothiazole [2]. The reaction mixture was made alkaline to pH 8-9
and extracted with chloroform. The solvent was then evaporated to give Illc, with mp 136-138° {(from water), in
80% yield. Found: C 48.1; H 4.1; N 37.19. CyHyN,O. Calculated: C 48.0; H 4.0; N 37.3%.

3-Methoxytriazolo[4,5-b]pyridine IVa (R=CH,). This compound, with mp 92-93° (from aqueous alcohol),
was obtained in 809% yield from IVa (R=H) by the method used to prepare Ic. Found: C 48.0; H 4.3; N 37.59,.
C¢HgN,O. Calculated: C 48.0; N 4.0; H 37.39,.
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