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Methylpyridine Derivatives. X.» The Skraup Reaction of
4-Aminomethylpyridine 1-Oxides.
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The work described in this paper was attempted in order to prepare 1,6-naph-
thyridine derivatives by the Skraup reaction. In literature, the synthesis of the
naphthyridine ring system, which are built up from aminopyridine by this method,
failed except in the case of 3-aminopyridine.® In this case, the cyclization takes
place in the 2-position of the pyridine ring, giving 1,5-naphthyridine, so that by this
method 1,7-isomer, which would result from a ring closure through the 4-position, is
not obtained.® Even when the 2-position is blocked with methyl group as in 3-amino-
2,6-1utidine, regardless of the reactive polarization effect of its methyl groups, cycli-
zation to the 1,7-naphthyridine ring system does not occur.®

It is known that 2- and 4-aminopyridines exist in tautomeric structures (A and B)
and (C and D), so that most attempts to prepare 1,8 or 1,6-naphthyridine from 2-
or 4-aminopyridine have been unsuccessful, because the pyridineimino structure B
or D) prefers to react with acroleine.
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2,6-Diaminopyridine exists in tautomeric structures (E and F), both of which react
with acroleine and undergo the Skraup reaction to form 2-amino-1,8-naphthyridine
in a good yield.®»  Actually, 2-aminopyridine is negative to diazo color test for pri-
mary amines but 2,6-diaminopyridine is positive, while 4~aminopyridine is somewhat
positive to diazo color test, so that the preparation of 1,6-isomer by this method
would be possible.

4-Aminopyridine 1-oxide is clearly positive to diazo color test. Therefore, it is
certain that the (G) structure, which takes the benzenoid form by resonance, is more
stable than (H), which takes the quinoid form.
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Based upon these facts, attempt was made to prepare 1,6-naphthyridine deriva-
tives from 4-amino-methylpyridine 1-oxides by the Skraup reaction.

4-Amino-2,6-lutidine 1-oxide (I) submitted to the Skraup reaction, under condi-
tions somewhat milder than those used ordinarily, to yield pale yellow needles, m.p.
126~130°, in a poor yield. From the results of elementary analyses, molecular weight
determination, and ultraviolet spectrum, 5,7-dimethyl-1,6-naphthyridine 6-oxide (II)
was attributed to this compound. The picrate came as yellow needles melting at
194~196° with reddish coloration. Concentration of the hydrochloric acid solution
of (I) resulted in reddish coloration and no crystalline salt was obtained. It seems,
therefore, that (1) is comparatively unstable in acidic medium and the yield was poor.
Use of phosphoric acid in place of sulfuric acid failed to raise the yield. ~The con-
ditions of this reaction are shown in Table I.

Tasre 1.
4-NH,-lut. N—»O Glycerol As;O4 H,S0, H,PO, Temp. Time Yield
(1) (g9 (g.) (g.) (s.) (g.) °C) (hrs.) (%)
{1) 0.6 1.6 0.7 1.2 0 150~170 4 low
(2) 1.38 3.68 1.36 1.36 0 155 3 9
(3) 1.3 2.8 1.4 2.0 0 145 2 4
(4) 6.9 18.4 6.9 13.8 0 150~155 3 5
(5) 1.38 3.7 1.4 0 4.6 (85%) 195 5 —
(6) 1.38 3.7 1.4 0 3.9(100%) 200 6 1.7

4-Amino-3-picoline 1-oxide (Il) and 4-aminopyridine 1-oxide (Wl[) were treated in
the same way as above, and the resulting products proved respectively to be 8-
‘methyl-1,6-naphthyridine 6-oxide (IV) and 1,6-naphthyridine 6-oxide (IX). With 4~
amino—2-picoline 1-oxide (V), the cyclization should take place at the 3- or 5-position
to form two isomers (VI or VII), but only one compound of m.p. 153~156° was obtained.
Bradford et al.” reported the identity and the relative proportion of the isomeric
«quinolines formed from meta-substituted anilines in the Skraup reaction, and only
7-methylquinoline was prepared from m-methylaniline. Based upon this result, the
compound of m.p. 153~156° would, perhaps, be the 7-methyl derivative (VI).

Ultraviolet absorption spectra of these 1,6-naphthyridine derivatives are given
in Table 2 and Fig. 1. Fig. 2 shows ultraviolet absorption spectra of the starting
4-aminomethylpyridine 1-oxides.

Fig. 1.
Ultraviolet Spectra of 1,6-Naph-
thyridine Derivatives @
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Fig. 2.
Ultraviolet Spectra of 4-Amino-
methylpyridine 1-Oxides w
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TasLe II.
o . Ultraviolet absorption
1,6-Naphthyridine m.p. Picrate, m.p. A~
6-oxide (°C) (°C) AEOH (1 ) log &
(Ir) 5,7-Dimethyl- 127~132 194~196 223, 254, 299, 340 4.31, 4.55, 3.76, 3.49
(Iv) 8-Methyl- 187~188.5 170~172 —, 254, 295, 335 —, 4.45, 3.94, 3.46
(V1) 7-Methyl- 158~159 216~219(decomp.) —, 254, 295, 336 —, 4.48, 3.86, 3.40
(IX) — 151 185~186 222, 252, 294, 340 4.24, 4.40, 3.97, 3.52
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Experimental

5,7-Dimethyl-1,6-naphthyridine 6-Oxide (II'-To a mixture of 1.38g. (0.01 mole) of 4-amino-
2,6-lutidine 1-oxide (TI), 1.38g. (0.006 mole) of As;0;, and 3.68 g. (0.04 mole) of glycerol, there was
added dropwise with shaking 2.75g. (0.03mole) of conc. H,SO,. The mixture was then heated in
an oil bath for 3hrs. at 155°., The reddish brown mixture was cooled and 50 cc. of ice water
was added. The mixture was made alkaline with Na,CO,;, and extracted with ca. 200 cc. of
CHCIl;. To the brown CHCIl; solution were added Na,SO, and Norit and, after allowing it to
stand, the drying agent and decolorizing carbon were removed by filtration. The CHCI; filtrate
was concentrated by evaporation and a crystalline residue was obtained. This was extracted
with benzene and the benzene solution was treated again with the drying agent and carbon.
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The crystalline residue from the benzene extract was purified several times with benzene or
acetone giving white needles, m.p. 127~132°. Yield, 0.15g. (9%). It was soluble in water, MeOH,
acetone, benzene, and CHCl,, but insoluble in ether, giving negative diazo color test. Azal. Calcd.
for Cy,H;,ON, (II): C, 68.95; H, 5.79; N, 16.08; mol. wt., 178, Found : C, 68.05; H, 6.26; N, 15.73;
mol. wt. (Rast), 166. Picrate : Yellow needles (from MeOH), m.p. 194~196° (with reddish color-
ation). Awmal. Caled. for CioH,ON,+CeH;0,N; ((II) picrate) : C, 47.65; H, 3.25; N, 17.37. Found : C,
47.12; H, 3.80; N, 17.49.

8-Methyl-1,6-naphthyridine 6-Oxide (IV)—A mixture of 3 g. (0.024 mole) of 4-amino-3-picoline
1-oxide (TI), 6.6 g. (0.072 mole) of glycerol, 2.7 g. (0.012mole) of As;O;, and 4.4g. (0.048 mole) of
conc. H,SO, was heated in an oil bath at 150~160° for 3hrs. The mixture was treated in the
same way as above and 0.4g. of yellow needles of m.p. 70° (ca.) was obtained from the benzene
extract. Slightly hygroscopic white needles, m.p. 187~188.5°, were obtained by recrystallization
from acetone. Yield, 0.2g. (595). Aunal. Caled. for CgHsON, (1v) : C, 67.48; H, 5.03; N, 17.49.
Found : C, 67.52; H, 5.05; 17.46.

Its picrate was recrystallized from EtOH to yellow needles, m.p. 170~172°. Awnal. Calcd. for
CyHzON,»C¢H,0,N; ((IV) picrate) : C, 46.28; H, 2.85; N, 17.99. Found : C, 46.41; H, 2.52; N, 17.62.

4-Amino-2-picoline 1-Oxide (V)—This was prepared according to the method of Kato and
Hamaguchi.? A suspension of 15.4 g, of 4-nitro-2-picoline 1-oxide in 200 cc. of water was reduced
with 7.5g. of 5094 Pd-C in H,, by which 6.90L. of H, (theoretical amount, 6.95L.) was absorbed
at 9°. The time required was 2hrs. After removing the catalyst by filtration, the filtrate was
concentrated under a reduced pressure. To the reddish residue was added acetone and 12 g. of
white crystals of m.p. ca. 120° separated. The crude crystals were recrystallized from EtOH
and acetone, treating with activated carbon, to hygroscopic white needles, m.p. 122~128°, Yield,
11.4g. (9225). This was soluble in water, MeOH, and EtOH, but insoluble in ether, acetone, and
CHCl,, giving positive diazo color test for primary amines. Its picrate, m.p. 180°, and the
hydrochloride, m.p. 192°, were identified with those obtained by Ochiai and Suzuki.®

7,(5 ?)~-Methyl-1,6-naphthyridine 1-Oxide (VI) (VII?)-—A mixture of 12.4 g. (0.1 mole) of 4-
amino-2-picoline 1-oxide (V), 36.8 g. of glycerol, 13.8g. of As;0s, and 27.4 g, of conc. HySO,, was
treated - in the same manner as for (IL). One g. of pale orange needles, m.p. 140~150°, was
obtained, and recrystallized from benzene to white needles of m.p. 158~159°. Yield, 0.85g. (5%).
The solubility of this compound was similar to (II) and (IV). Anal. Calcd. for CgHZON, (VI or
Wi): C, 67.48; H, 5.03; N, 17.49. Found: C, 67.43; H, 5.32; N, 17.18. Picrate, yellow needles
(from EtOH), m.p. 216~219°(decomp.). Anal. Caled. for CoHgON:z-CeH;O;N; ((VI) picrate) : C, 46.28;
H, 2.85; N, 17.99. Found : C, 46.01; H, 3.06; N, 17.72.

4-Aminopyridine 1-Oxide (VIII)—This was prepared in the same way as described above in
(V). A suspension of 4.2g. (0.03 mole) of 4-nitropyridine 1-oxide in 200 cc. of water was reduced
in H, in the presence of 1.4 g. of 5095 Pd-C, and 2120 cc. of H, were absorbed at 16°. The time
required was 4 hrs, After removing the catalyst by filtration, the filtrate was treated in the
same way as above, and 3g. of white hygroscopic crystals of m.p. ca. 100° were obtained. This
was recrystallized from EtOH and acetone to white needles which, after drying iz vacuo at 80° for
3 hrs., melted at 229°. Awnal. Calcd. for C;HgON, (W) : N, 25.45. Found: N, 24.69. Yield, 2.9g.
(8825). Its picrate melted at 201.5~202°, and was identified with that obtained by Ochiai and
Katada.®

1,6-Naphthyridine 6-Oxide (IX)—A mixture of 1.1g. of (W), 1.4 g. of As,O;, 3.9 g. of glycerol,
and 3.1g. of conc. H,SO, was heated in an oil bath at 143~145° for 3 hrs., and this mixture was
treated in the same way as above. The CHCIl; residue was purified several times from benzene
or acetone, with activated carbon, forming pale yellowish needles of m.p. 151°. In a long time
yellow coloration appeared. Yield, 0.09g. (6%).

The picrate was recrystallized from EtOH to yellow needles, m.p. 185~186°. A#nal. Calcd. for
CgHON,+-CcH,O;N; (V) picrate) : C, 44.80; H, 2.40; N, 18.67. Found : C, 45.14; H, 2.34; N, 18.28.

Summary

The Skraup reaction of 4~aminomethylpyridine 1-oxides, which were easily pre-
pared from the 4-nitro 1-oxides, afforded 1,6-naphthyridine derivatives; 5,7-dimethyl-
1,6-naphthyridine 6-oxide (II) from 4-amino-2,6-lutidine l-oxide (1), 8 methyl-1,6-
naphthyridine 6-oxide (IV) from 4-amino-3-picoline 1-oxide (1), 7(5?)-methyl-1,6-naph-
thyridine 6-oxide (VI,Vi?)from 4-amino-2-picoline l-oxide(V), and 1,6-naphthyridine
6-oxide (IX) from 4-aminopyridine 1-oxide (Vl), but the yield of these compounds was
all poor.
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