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New routes to the v-triazolo|1,5a |pyridine and pyrazolo[1,5a Jpyridine ring systems are
described. Treatment of the N-amine salts of 2-picolinealdehyde oxime or 2-pyridyl ketone oximes

with polyphosphoric acid gave v-triazolo[1,5-a ]pyridines in fair yields. Treatment of 2-picolyl

ketones or their oximes with O-mesitylenesulfonylhydroxylamine produced directly pyrazolo-

[1,5 |pyridines. These reactions were extended to the quinoline cases.

A variety of bridgehead nitrogen heteroaromatic com-
pounds have been prepared from N-amine salts of hetero-
aromatic amines. ‘These include, for examples, pyrazolo-
{1,5a]pyridines and pyrazolo|1,5-x Jdiazines (x = a,b,c)
(1),s-triazolo[1,5a ]pyridines and s-triazolo[1,5-x |diazines
(x = a,b,¢) 2), pyrazolo[5,1-b]thiazoles (3), imidazo[1,2-b]-
pyrazoles (3), thiazolo[3,2-b ]s-triazoles (4) and 2H-
pyrido[1,2-b Jus-triazines (5). Because the N-amine salts
are now readily available by the reaction of the parent
heterocycles with O-mesitylenesulfonylhydroxylamine
(MSH) (6), it appeared to be worthwhile to investigate
further application of the N-amine salts to the syntheses of
bridgchead nitrogen heterocycles. We now wish to report
new synthetic routes Lo v-triazolo[1,5-a ] pyridines (I11I) and
pyrazolo[1,5-a ]pyridines (1X) and their benzo derivatives
VI and XIII by intramolecular cyclization of 2-substituted
N-aminopyridinium and N-aminoquinolinium salts.

It was anticipated that the most direct route to v-triazo-
lo[1,5a |pyridines (11I) would be from the N-amine salts
(11). In fact, when the N-amine salts lla-c readily prepared
by the reaction of oximes la-c with MSH (7) were heated
in polyphosphoric acid (PPA) at 70-110°, v-triazolo[1,5a]-
pyridines (Illa-c) were obtained in 63-76% yields. This
reaction proceeded when the E-form of the oxime (llc) was
used, while the Z-form (I1d) gave only an intractable mix-
ture, suggesting that the reaction proceeds in a concerted
manner.  This reaction could be successfully applied to
the syntheses of v-triazolo| 1,54 Jquinolines (Vla,c). Thus
the starting N-amine salts Va and Ve could be obtained by
treatment of [Va and IVe (a mixture of E and Z forms)
with MSH in 65 and 59% yields, respectively. Heating Va
and Ve in PPA at 80-100° gave Vla and Vlein 72 and 75%

yields, respectively.

Entry into the pyrazolo|1,5a ]pyridines (I1X) was first
obtained when 1-(2-pyridyl)-2-propanone (V1Ib) and 2-(2-
pyridyl)acetophenone (Vlc) were allowed to react with
an equimolar amount of MSH in chloroform or methanol
at room temperature. Analyses of the reaction mixtures
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by tle indicated the presence of IX and the starting ketones.
The isolated yields of IXb and 1X¢ were 34-35% and the
unchanged ketones were recovered in 15-40% yields.
Similar results were obtained with quinoline derivatives
XIIb and X1le, in which the yields of the desired pyrazolo-
|1,5¢ Jquinolines XIllb and XIllc were onlty 10%. One
possible explanation for the low yields may be related to
the fact that these ketones exist predominantly in enol
(VII') and cnamine forms (VII") rather than keto form
(VII) (8). More suitable starting materials would be the
corresponding oximes X and XIV. In fact, it was found
that X and X1V reacted readily with an equimolar quantity
of M5 to give direetly IX and X1 in 33-80% yields. The
formation of IX from X may involve the initial formation
of N-amine salt (X1) which undergoes cyclization with
elimination of hydroxylamine. In fact, hydroxylamine
mesitylenesulfonate was isoluted from the reaction mix-
ture of X and MSH in high yields. However, attempted
isolation of XI proved unsuccessful.

EXPERIMENTAL

All melting points are uncorrected. The ir spectra were recorded
on an Hitachi EPI G-2 spectrophotometer, uv spectra on an Hitachi
124 spectrophotometer, nmr spectra on an Hitachi R-20A spectro-
meter and mass spectra on an Hitachi RMU-6D) mass spectrometer
operating at 70 ev. Preparative thin layer chromatography was
carried out on Merck Alumina PF, 4.

Material.

2-Picolinealdehyde oxime (1a) was obtained commercially. The
following compounds were prepared following procedures reported
in the literature.  Unless otherwise specified, the configuration of
the oximes is uncertain:  Methyl 2-pyridyl ketone oximes (Ib),
m.p. 121.5-122° (9), (E)-phenyl 2-pyridyl ketone oxime (I¢), m.p.
153-154° (10), (7)-phenyl 2-pyridyl ketone oxime (Id), m.p. 161-
165° (10), quinaldaldehyde oxime (IVa), m.p. 190-191° (11),
phenyl 2-quinoly! ketone oxime (1Ve), m.p. 145-152° (probably a
mixture of E and 7 forms) (12), 1{2-pyridyl)-2-propanone (VIIb)
(13), 2-(2-pyridyl)acetophenone (Vie) (14), 1-(2-pyridyl)-2-pro-
panone oxime (Xb), oil (a mixture of E and 7 forms in a ratio of
2:1 or 1:2 by nmr) (13), 2(2-pyridylacetophenone oxime (Xc),
m.p. 115-117° (12), 1{2-quinolyl)-2-propanone (XIIb) (15), 242-
quinolyl)acetophenone (Xlle) (12), 2{2-quinolyl)acetophenone
oxime (XIVe), m.p. 179-181° (12).

1-(2-Quinolyl)-2-propanone Oxime (XI1Vb).

Treatment of Xilb (1.1 g.} with hydroxylamine hydrochloride
(2.1 g.) and potassium acetate (2.5 g.) in 50% methanol (30 ml.)
gave XIVb, m.p. 141-142° (ethanol); yield, 1.1 g.; nmr (dimethyl-
sulfoxide-dg): 7 0.60 (s, 1H, OH), 1.63-2.67 (m, 6H, aromatic
protons), 6.18 (s, 2H, CH,), 8.20 (s, 3H, CH3).

Anal. Caled. for C{,H{,N,0: C, 71.98; H, 6.04;: N, 13.99.
Found: C,72.18; H,6.09; N, 13.85.

General Procedure for N-Amination.

Using the same procedure as that described in a preceding paper
(7), the following N-amine salts were prepared from the corres-
ponding pyridine (1) and quinoline derivatives (1V). Compound
Ila was obtained in 75% yield, m.p. 179-180° (methanol-cther).
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Anal. Caled. for C;sH19N3048S: C,53.40; H,5.68; N,12.46.
Found: C,53.60; H,5.79; N, 12.22.

Compound IIb was obtained in 77% yield, m.p. 153-155°
(methanol-ether).

Anal. Caled. for Cy gHy 1 N304S: C,54.69; H, 6.02; N, 11.96.
Found: C,54.83; H,6.10; N, 11.68.

Compounds Ilc and IId were obtained in 75 and 71% yields,
respectively, in an amorphous form and used for the next reaction
after washing with ether.

Compound Va was obtained in 65% yield, m.p. 231° dec.
(ethanol).

Anal. Caled. for CigH,N304S: C,5891; H,5.46; N, 10.85.
Found: C,58.82; H,5.52; N, 10.86.

Compound Ve was obtained in 59% yield as hygroscopic crys-
tals, m.p. 110-115° (methanol-ether).

v-Triazolo{1,5-a ] pyridines (I1a-¢) and v-Triazolo|1,5-a Jquinolines

(Vlae).

A mixture of Il or V (1 mmole) and PPA (1 g.) was heated at
80-110° for 2-3 hours. After cooling, the reaction mixture was
poured into ice-water, made alkaline with sodium hydroxide and
extracted with chloroform. The dried extract was concentrated
to give the desired products (Ill or VI) in 63-76% yields. Compound
Hla was obtained in 64% yield, m.p. 34° [lit. (16) m.p. 34-35°].

Compound IIIb was obtained in 63% yield, m.p. 84-85° [lit.
(17) m.p. 84-85°].

Compound Illc was oblained in 76% yield, m.p. 114-115° [lit.
(16) m.p. 113-115°].

Compound Vla was obtained in 72% yield, m.p. 80-82° [lit. (18)
m.p. 81.5-82°].

Compound VIlc was obtained in 75% vyield, m.p. 149-150°
(chloroform-petroleum cther); mass spectrum m/fe 245 (M),

Anal. Caled. for CigHyN3: C, 78.35; H, 4.52; N, 17.13.
Found: C, 78.51: H, 4.61; N, 17.18.

Pyrazolo[1,5e]pyridines (IX) and Pyrazolo|1,5-a]quinolines
(XHI).
(A)

To a solution of the ketone (VII or XII) (1 mmole)in chloro-
form (3 ml.) (in the case of Vllc, methanol was used) was added a
solution of MSH (1 mmole) in chloroform (3 ml.) under ice cooling
and the reaction mixture was allowed to stand al room temperature
for 15 minutes. After the solvent was removed, the residue was
submitted to tle (alumina, benzene) to give the desired product
(IX or XIIl) and the unchanged ketone. Compound IXb was
obtained in 35% yield, characterized as picrate, m.p. 146-148° [lit.
(13, 19), m.p. 135°], accompanied by unchanged ketone Vlla
(15%).

Compound IXc was obtained in 34% yield, m.p. 111-112° [lit.
(17) m.p. 109°], accompanied by unchanged ketone VIlc (40%).

Compound XIIb was obtained in 10% yield, m.p. 56-58°
(petroleum ether) (20); mass spectrum m/e 182 (M1), accom-
panied by unchanged ketone XIIb (13%).

Anal. Caled. for CioH; N, C, 79.09; H, 5.53; N, 15.38.
Found: C, 79.03; H, 5.56: N, 15.05.

Compound XIIlc was obtained in 10% yield, m.p. 87-88° (petro-
leum ether); mass spectrum mfe 244 (Mf), accompanied by un-
changed ketone XlIlc (10%).

Anal. Caled. for C17H12N21 C, 8358, H, 495, N, 11.47.
Found: C, 83.56; H, 5.01; N, 11.45.

(B)

To a solution of the oxime (X or X1V) (1 mmole) in chloroform
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(3 mil.) was added a solution of MSH (1 mmole) in chloroform (3
ml.). The reaction mixture was allowed to stand al room tempera-
ture for 15 minutes. Fther was added and the precipitated crystals
of hydroxylamine were removed. The filtrate was concentrated to
give the product (IX or X11). Compound IXb was obtained in
35% yield, m.p. of the picrate, 146-148°.
Compound 1X¢ was obtained in 80% yield, m.p. 111-1 12°.
Compound Xlllb was obtained in 33% yield, m.p. 56-58°.
Compound Xllle was obtained in 61% yield, m.p. 87-88°.
Hydroxylamine mesitylenesulfonate was obtained in 83% yield
from the reaction of Xb and MSH, m.p. 181-1 82° (methanol-ether).
This compound was identical with an authentic sample prepared
from hydroxylamine and mesitylenesulfonic acid by ir and m.p.
Anal. Caled. for CoHysNO4S: C, 46.35; H, 6.48; N, 6.01.
Found: C, 46.49: 1, 6.45; N, 6.06.
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