5-AZACINNOLINES
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Adducts of 4-phenyl-1,2,4-triazoline-3.5-dione with 2-vinylpyridines were converted to 5-
azacinnolines and 4-hydrazino-5-azacinnolines on reaction with hydrazine hydrate.

In a study of the structure of adducts of styrene derivatives with dimethyl azodicarboxylate Alder and
Niclas [1] showed that the diadduct with structure Ia is hydrolyzed to ketone I1. which can be converted to
cinnoline IV via the scheme
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The adduct (Ib) of a~phenylstyrene with dimethyl azodicarboxylate undergoes a different series of transforma-
tions under the influence of hydrazine hydrate. In this case, the final product is N-amino-3-phenylindole.

We have previously shown {2] that 2-vinylpyridine and its derivatives react with 4-phenyl-1.2.4-triazoline-
3.5-dione to give adduets with structure V., We investigated the behavior of the latter in the reaction with
hydrazine hydrate. It was found that the starting material had vanished after V had been refluxed for 7 h in
excess hydrazine hydrate, and 5-azacinnolines VI and 4-hydrazino-5-azacinnolines VII — compounds that are
the first representatives of the previously unknown 5-azacinnoline heterocyclic system —~ were obtained after
chromatographic separation of the reaction mixture.
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The mechanism of this transformation is as yet unknown, but it evidently includes solvolysis with open-
ing of the triazole ring, decarboxylation, and oxidative aromatization. According to the available data [1]. the
latter may take place under the influence of hydrazine hydrate, which is reduced to ammonia in the process.

The characteristics of VI and VII and of their derivatives are presented in Table 1.

The UV spectra of the 5-azacinnolines obtained in this study (Table 2) had absorption maxima identical
to those observed for cinnoline [Amaxﬂog £): 222 (4.57). 276 (3.45), 322 (3.34). and 390 (2.4)] [3] but. as seen
from Table 1, had a small hypsochromic shift. The introduction of a hydrazine group in the 4 position leads
to a bathochromic shift of the long-wave absorption maximum with a sharp increase in the extinction.
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Fig. 1. PMR spectra of Via, VIIa, X, and XI in trifluoro-
acetic acid.

The PMR spectra of Via and VIIa are presented in Fig. 1,

The mass spectra of VI had few lines, the most intense of which was that of the molecular ion; and sub-
sequent fragmentation consisted in the successive elimination of nitrogen and hydrocyanic acid fragments.
For example, for VIa

+
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Fragmentation involving the hydrazine groups with splitting out of the elements of NH, NH,, NyH,, and N,H,
was observed together with this sort of fragmentation in the spectrum of 4-hydrazino-5-azacinnolines VIL

The IR spectrum of VIIa (in chloroform) had an intense absorption band of the stretching vibrations of
an NH group at 3470 em™!, a doublet of bands at 3380 and 3510 em™! (NH, group), and intense bands of the
deformation vibrations of an amino group at 1622 and 1593 em™! {the latter probably runs together with the
aromatic ring absorption). The IR spectra of VIlb-e are similar.

As one should have expected, hydrazines Vila-e are readily oxidized in the air. They undergo complete
conversion to 5-azacinnolines when they are refluxed in alcohol with copper sulfate; this corresponds to con-
version of phenylhydrazine to benzene or of III to cinnoline TV [11.

The corresponding hydrazones (VIII, IX, and XIT) are formed in the reaction of hydrazine VIla with cyclo-
hexanone, VIId vith benzaldehyde, and Vile with acetone at room temperature. Compound VIIa reacts with
acetylacetone t . give hydrazone X, which is stable even in trifluoroacetic acid. It is converted to 4-(3.5-di~
methyl-1-pyrazolyl)-5-azacinnoline (XI) only on prolonged heating in benzene. The PMR spectra of X and XI~
are presented in Fig. 1

Compound X evidently exists entirely in the enol form, since its IR spectrum does not contain the ab-
sorption of a carbonyl group, and a singlet of an olefinic proton at 6.2 ppm is observed in its PMR spectrum
(see Fig. 1). The high stability of hydrazone X is probably explained by stabilization due to the formation of
intramolecular hydrogen bonds. In fact, on reaction with solutions of copper, cobalt, and nickel salts, it readily
forms intensely colored complexes that are soluble in organic solvents.
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Compounds X and XI behave very similarly under the influence of electron impact. In the first case one
observed only mass spectrometric splitting out of a water molecule, and the subsequent fragmentation pro-
ceeds via two pathways: The first is characteristic for the fragmentation of 5-azacinnoline (see above), and
the second is characteristic for the fragmentation of 3,5-dimethylpyrazole [4] (see the fragmentation diagram).

Diagram of the fragmentation of the molecular ion
of 4-(3.5-dimethyl-1-pyrazolyl)-5-azacinnoline XI
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Thus, in contrast to the adducts (I) of a-phenylstyrene with dimethyl azodicarboxylate. V undergoes con-
version with retention of the 5-azacinnoline ring under the influence of hydrazine hydrate. However, rear-
rangement processes are not observed.

EXPERIMENTAL

The TR spectra of mineral oil suspensions of chloroform solutions were recorded with IKS-22 and UR-
20 spectrometers. The UV spectra of methanol solutions were recorded with a Pye~Unicam-8000 spectro-
photometer, The PMR spectra of trifluoroacetic acid solutions were recorded with a T-60 spectrometer
with hexamethyldisiloxane as the external standard, The mass spectra were recorded with MKh~1303 and
Gnom MAT-111 spectrometers with introduction of the substances into the ionization region at ionizing-elec-
tron energies of. respectively, 50 and 80 eV. Preparative chromatography was accomplished on activity II
(Brockmanun classification) Al,0; (with a layer thickness of 1 mm) in a benzene—~methanol system (10:1).

5-Azacinnolines (VI). These compounds were obtained by the following general method. A solution of
0.01 mole of V in 20 ml of hydrazine hydrate was refluxed for 7 h, after which the excess hydrazine hydrate
was removed by distillation. The residue was extracted repeatedly with cold methanol, and azacinnolines VI
were isolated preparatively from the combined extracts and purified by vacuum sublimation.
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4-Hydrazino-5-azacinnolines (VII). These compounds were isolated similarly from the band with the
Rr value indicated in Table 1. Prolonged vacuum drying gave red-brown crystals of hydrazines VII,

Acetylacetone (5-Aza-4-cinnolyl)hydrazone (X). A solution of 95 mg (0.6 mmole) of hydrazine VIla and
0.5 ml of acetylacetone in 50 ml of methanol was allowed to stand at room temperature for 24 h. after which
the methanol and excess acetylacetone were removed by distillation, and the residue was separated prepara-
tively on Al,0;, Workup of the band with Ry 0.18-0.3 yielded hydrazone X as a crystalline red-brown substance.
The produét was recrystallized from methanol to give 100 mg of X. ’

Cyclohexanone (5-Aza-4-cinnolyl)hydrazone (VIII), Cyclohexanone [100 mg (1 mmole)] was added to a
solution of 80 mg (0.5 mmole) of hydrazine VIla in 3 ml of methanol, and the mixture was allowed to stand at
room temperature for 6 h. The methanol was evaporated, and the residue was separated preparatively. Work-
up of the band with Rf 0.47-0.53 yielded hydrazone VIII, Recrystallization of the product from benzene gave
109 mg of VTIL

Benzaldehyde (7-Ethyl<5-aza-4-cinnolyl)hydrazone (IX), Benzaldehyde [106 mg (1 mmole)] was added to
a solution of 95 mg (0.5 mmole) of hydrazine VIId in 2 ml of methanol, and the mixture was allowed to stand
for 1 h. The resulting precipitate was then removed by filtration and recrystallized from methanol to give
106 mg of IX.

Acetone (8~Methyl-5-aza-4-cinnolyl)hydrazone (XII). An 85-mg (0.5 mmole) sample of hydrazine Vile
was dissolved in 5 ml of acetone, and the solution was allowed to stand at room temperature for 5 h. The
acetone was evaporated, and the residue was separated preparatively. Workup of the band with Ry 0.44-0.50
yvielded hydrazone XII. Reecrystallization from hexane gave 75 mg of XII.

4~(3,5-Dimethyl-1-pyrazolyl)-5-azacinnoline (XI), A solution of 80 mg (0.33 mmole) of hydrazone X in
10 ml of benzene was refluxed for 15 h, after which the benzene was removed by distillation. The recidue was
separated preparatively. Workup of the band with Ry 0.42-0.5 gave greenish crystalline XI. which waspurified
by vacuum sublimation to give 60 mg of XI.
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