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( O H - cycle) ( 3 A" X 18")- The column was washed with 
500 ml. of water, and the effluent was concentrated to dry
ness to determine the amount of /3-alanine that came through 
the column (residue = Og . ) . The resin was washed with 
1000 ml. of absolute ethanol followed by dry ether. A 
vacuum was then applied to the column to dry the resin. 
The dried resin was transferred to a 1-1. erlenmeyer flask, 
and 32.5 g. (0.25 mole) of D( — )-pantolactone in 200 ml. of 
absolute ethanol was added. The flask was gently shaken 
for 67 hr. at 25°. The resin was removed by filtration and 
washed well with absolute ethanol followed by dry ether. 
The filtrate was concentrated to dryness yielding 9.0 g. 
(50% recovery of the theoretical excess) of pantolactone. 
Calcium chloride (6.2 g., 0.56 mole) in 200 ml. of water was 
passed through the resin (in the form of a column again) 
followed by 500 ml. of deionized water. The effluent was 
concentrated to dryness yielding a sirup-like residue, 31.7 g., 
which was dried by distillation of absolute ethanol. I t was 
dissolved in hot methanol, seeded with a trace of D ( 4 - ) -
calcium pantothenate and set aside at room temperature 
overnight. The white solid that formed on standing was 
removed by filtration, 13.0 g. (49% yield), m.p. 226-230° 
d e c , [a]D + 2 1 ° . A bioassay with L. arabinosus indicated 
that this material was 67% D( +)-calcium pantothenate. 

In the course of an investigation of the chemistry 
of pyridine-1-oxides, 4-nitro-3-picoline-l-oxide (I) 
was prepared and utilized as a key intermediate for 
the preparation of derivatives of nicotinic acid3 and 
for a new synthesis of the alkaloid ricinine.4 In 
the hope of extending further the usefulness of this 
versatile intermediate, an attempt was made to 
prepare 4-nitro-3-pyridyl aldehyde via the corre
sponding oxime by treatment of 4-nitro-3-picoline-
1-oxide with w-butyl nitrite in the presence of a 
molar quantity of sodium ethoxide in ethanol. 
This method is similar to that reported by Lap-
worth6 for the conversion of o-nitrotoluene to its 
oxime. Upon mixing the reactants at 0°, a rapid 
and pronounced color change from green-blue to 
red-brown took place with the simultaneous separa
tion of a yellow, alkali-insoluble product (A). The 
same product was also obtained, although in lower 
yield, when a suspension of I in water containing 
an excess of sodium nitrite and a molar quantity of 
sodium hydroxide was shaken at room temperature 
or when oxygen was passed through a mixture of I 
in aqueous sodium hydroxide or in sodium ethoxide 
in ethanol. 

The anticipated oxime structure for the product 
A was immediately suspect on the basis of its 
insolubility in alkali. Microanalytical values were 
almost identical with those calculated for I, but a 
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Anal. Calcd. for calcium pantothenate, Ci8H32CaNsOiO-. 
C, 45.36; H, 6.77; N, 5.88; Ca, 8.41. Found: C, 44.56; 
H, 6.85; N, 3.97; Ca, 9.57. 

From the bioassay and the analytical data, it was ob
vious that the product was not D(-f-) -calcium pantothenate 
but was instead a mixed salt, calcium pantothenate-panto-
ate. Calcd. for Ci6H27CaNOs,: C, 44.43; H, 6.71; N, 
3.46; Ca, 9.89. Found: C, 44.56; H, 6.85; N, 3.97; 
Ca, 9.57. The calcium pantothenate portion of the mole
cule represents about 64% of its total weight, in good agree
ment with the 67% activity determined in the bioassay. 

A second crop of solids (4.1 g., 15.4%) was obtained after 
storage for an additional 24 hr. which proved to be D( +)-cal-
cium pantothenate, m.p. 193-196°. Bioassay with /. 
arabinosus indicated a purity of 90%. 
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molecular weight determination revealed that the 
product A was actually a "dimer" of I. An oxida
tive coupling had thus taken place to give 4,4'-di-
nitro-l,l'-dioxy-3,3'-dipicolyl (II) (A) under con
ditions reminiscent of the oxidative coupling of o-
and ^-nitrotoluenes to the corresponding biben-
zyls.6- :4 I t is noteworthy that treatment of 4-
nitropyridine-1-oxide with sodium nitrite and so
dium hydroxide leads only to reduction to the cor
responding azo compound,15 and treatment of 4-
nitro-2-picoline-l-oxide with sodium alkoxides re
sults in normal nucleophilic displacement of the 
nitro group.16 

It is curious that the formation of II from 4-nitro-
3-picoline-l-oxide (I) has not been noted previ
ously. Thus, Katritzky17 treated I with sodium 
benzylate in benzyl alcohol and noted the forma
tion of an intense green coloration (similar to that 
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Pyridine-1-oxides. III. Oxidative Coupling of 4-Nitro-3-picoline-l-oxide1 

BY E. C. TAYLOR, A. J. CROVETTI2 AND N. E. BOYER 

RECEIVED NOVEMBER 7, 1956 

4-Nitro-3-picoline-l-oxide (I ) undergoes a facile oxidative coupling upon treatment in alkaline medium with oxygen, 
sodium nitrite or »-butyl nitrite to give 4,4'-dinitro-l,l'-dioxy-3,3'-dipicolyl (II) . Several reactions of I I are discussed. 
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observed here with sodium ethoxide), but no prod
uct was isolated from the reaction. Using similar 
conditions, Itai and Ogura18 isolated 4-benzyloxy-
3-picoline-l-oxide in 21.5% yield; it seems possible 
that the low yield of product may have been due to 
concomitant formation of the "dimer" II. 

A careful examination of the reaction of I with 
sodium ethoxide in the presence of oxygen revealed 
that, in addition to the predominant formation of 
II, 4,4'-diethoxy-l,l'-dioxy-3,3'-dipicolyl (III, 
0.72% yield), 4-ethoxy-3-picoline-l-oxide (IV, 2.9% 
yield) and a red solid (V, ~ 5 % yield when pure) 
were formed. By addition of I and w-butyl nitrite 
to a solution of sodium ethoxide in ethanol, the 
yield of III could be raised to 19% without concom
itant formation of II. Since II could not be con
verted to III with sodium ethoxide in ethanol, even 
under strenuous conditions, it would appear that 
III must arise by oxidative coupling of IV initially 
formed by the reaction of I with sodium ethoxide. 

CH3 

I, R = -NO 2 
IV, R = -OC2H5 

S-CH 2 -CH 2 - / 

O 
I I , R = 

I I I , R = 
VI, R = 

VII, R = 
VIII, R = 

Formation of the red solid V also was noted in 
the other preparations of 4,4'-dinitro-l,l'-dioxy-
3,3'-dipicolyl (II), and it could be formed directly 
from II by hydrogenation in dimethylformamide 
solution in the presence of palladium-on-carbon 
catalyst. I t was a highly deliquescent material 
which proved difficult to purify; microanalysis of 
both V and its picrate indicated a probable empiri
cal formula of CiaHuN^Os, in which one nitrogen 
atom appears to have been lost from the "dimer" 
II, perhaps by cyclization across the 4,4'-positions. 
However, no definitive structure for this compound 
can be advanced at this time. 

Hydrolysis of 4,4'-diethoxy-l,l'-dioxy-3,3'-dipic-
olyl (III) with two molar equivalents of aqueous 
potassium hydroxide yielded the dipotassium salt 
of 4,4'-dihydroxy-l,l'-dioxy-3,3'-dipicolyl (VI); 
hydrolysis with barium hydroxide yielded the cor
responding barium salt, from which VI could be 
obtained by treatment with sulfuric acid. Attempts 
to prepare VI directly from II either with alkali or 
with alkaline hydrogen peroxide were unsuccessful. 
Somewhat surprisingly, III failed to react with liq
uid ammonia or with a mixture of sodium amide 
and liquid ammonia. 

Although II failed to react with sodium alkoxides 
(a reaction typical of 4-nitropyridine-l-oxides),16 

it reacted readilv with acetyl chloride to give 4,4'-
dichloro-l,l'-dioxy-3,3'-dipicolyl (VII). The chlo
rine atoms in VII proved to be amazingly inert to
ward nucleophilic displacement. Thus, VII was re
covered unchanged after refluxing in glacial acetic 
acid for 6 hr., after treatment with liquid ammonia 
at atmospheric pressure for 30 hr. or after refluxing 

(18) T. Itai and H. Ogura, J. Pharm. Soc, Japan, 76, 292 (1955). 

in concentrated ammonium hydroxide. When 
VII was heated in a sealed steel bomb with liquid 
ammonia at 150° for 6 hr., 4,4'-dichloro-3,3'-dipic-
olyl (IX) was formed, and no displacement of 
chlorine was observed. This unusual deoxygena-
tion reaction was confirmed by an independent 
preparation of IX involving catalytic reduction of 
VII in aqueous hydrochloric acid. 

R 

-CH1 

\ N V W 

IX, R = -Cl 
X, R = - N H 2 

Catalytic reduction of II in aqueous hydrochloric 
acid led to the exclusive formation of 4,4'-dihy-
droxylamino-l,l'-dioxy-3,3'-dipicolyl (VIII). Fur
ther reduction to the corresponding diamine could 
not be achieved in this medium. When the reduc
tion was carried out in glacial acetic acid as sol
vent, 4,4'-diamino-3,3'-dipicolyl (X) was formed, in 
which the N-oxide functions had also been reduced. 

The possibility of utilizing these intermediates 
for the preparation of condensed heterocyclic sys
tems containing large rings is under investigation. 

Experimental19 

4,4'-Dinitro-l,r-dioxy-3,3'-dipicolyl (II). Method A.— 
One hundred and twenty grams (0.78 mole) of 4-nitro-3-
picoline-1-oxide was dissolved in 3 1. of absolute ethanol by 
heating on a steam-bath and the resulting solution was 
chilled in an ice-bath. To it was added 86 g. (0.83 mole) of 
cold (0°) w-butyl nitrite, followed by the slow addition of a 
cold (0°) solution of 18 g. (0.78 mole) of sodium in 500 ml. 
of absolute ethanol. During the addition the reaction mix
ture was stirred continuously and maintained at 0° by means 
of a salt-ice-bath. The color of the mixture turned from 
red to green to blue-green; ten minutes after addition of the 
sodium ethoxide solution was complete, the color changed to 
dark brown. The reaction mixture was stirred at 0° for 6 
hr. and then poured into 5 1. of ice-cold water. The pre
cipitated yellow solid was collected by nitration, dissolved 
in concentrated hydrochloric acid and reprecipitated by the 
addition of water; yield 63 g. (53%), m.p. 240° dec. An 
analytical sample, m.p. 242° d e c , was prepared by repeti
tion of the above procedure. 

Anal. Calcd. for C12Hi0N4O9: C, 47.1; H, 3.3; N, 
18.3; mol. wt. , 306.2. Found: C, 47.2; H, 3.2; N , 18.2; 
mol. wt., 317.0. 

Method B.—To a solution of 1.3 g. of sodium hydroxide 
in 200 ml. of water was added 5.0 g. of 4-nitro-3-picoline-l-
oxide. Oxygen was bubbled through the mixture a t room 
temperature (35°) for a total of 3 hr.; a reaction commenced 
within the first ten minutes. The suspended solid was then 
filtered, washed with water and dried to yield 1.92 g. (39%) 
of the "d imer ," m.p. 240° dec. The same material was 
formed in 24% yield when sodium nitrite was used as the 
oxidizing agent. 

Method C.—A solution of 4.60 g. (0.20 mole) of sodium 
in 250 ml. of absolute ethanol was added slowly to a suspen
sion of 30.8 g. (0.20 mole) of 4-nitro-3-picoline-l-oxide in 1.5 
1. of absolute ethanol maintained at 0° . The solution ac
quired a blue-green color upon the addition of the first few 
drops of the base; the color soon changed to red. Oxygen 
was bubbled through the solution for 10 hr.; the tempera
ture was maintained at 0° for the first 2 hr. and then allowed 
to warm up to 20°. Oxygen was again bubbled through the 
reaction mixture for 1 hr. after it had stood overnight at 
room temperature. Filtration then yielded 21 g. of a crude 
solid product and a dark green filtrate (see below). The 
solid was extracted with three 400-ml. portions of boiling 
chloroform, dissolved in concentrated hydrochloric acid and 
reprecipitated by the addition of ice-water to give 11.5 g. 

(19) All melting points are corrected. The microanalyses were 
performed by Dr. Joseph F. Alicino, Metuchen, N. J. 
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(38%) of 4,4'-dinitro-l,l '-dioxy-3,3'-dipicolyl, m.p . 240° 
dec. 

4,4'-Diethoxy-l,l'-dioxy-3,3'-dipicolyl (III).—By evapo
ration of the chloroform extracts above and fractional crys
tallization of the residue from chloroform, there was ob
tained 0.22 g. (0.72%) of pale yellow prisms, m.p . 237°. Re-
crystallization from ethanol raised the m.p . to 245-246" 
dec. 

Anal. Calcd. for Ci8H20N2O4: C, 63.1; H , 6.6; N , 9.2. 
Found: C, 63.0; H , 6.6; N , 9.2. 

By modification of the conditions of the "dimerization" 
reaction, the yield of this product could be significantly im
proved. Thus, to a solution of 15 g. (0.65 mole) of sodium 
in 200 ml. of absolute ethanol was added a solution of 50 g. 
(0.32 mole) of 4-nitro-3-picoline-l-oxide and 40 g. (0.39 
mole) of »-butyl nitrite in 1.8 1. of absolute ethanol. The 
resulting blue-green solution was stirred at 0° for 2 hr. and 
then at room temperature for an additional 2 hr. Filtra
tion of the solid product and fractional crystallization from 
ethanol yielded as the least soluble fraction 9.40 g. (19%) of 
4,4'-diethoxy-l,l '-dioxy-3,3'-dipicolyl, m.p . 245-246° dec. 
No 4,4'-dinitro-l,l '-dioxy-3,3'-dipicolyl was formed in this 
reaction, and no 4-nitro-3-picoline-l-oxide could be re
covered. 

4-Ethoxy-3-picoline-l-oxide (IV).—The dark green eth-
anolic filtrate (method C above) was concentrated to a small 
volume under reduced pressure to give a brownish-yellow 
solid and a very dark filtrate. Treatment of the solid with 
absolute ethanol yielded a small amount (2 g.) of unreacted 
4-nitro-3-picoline-l-oxide. The dark filtrate was evapo
rated to dryness and the residue extracted several times 
with small portions of ether. Evaporation of the ether ex
tracts yielded 0.9 g. (2.9%) of colorless crystals, m.p . 135-
136°. Recrystallization from absolute ethanol raised the 
melting point to 139-140°. The melting point of this com
pound has been reported previously as 134-135°.16 

Anal. Calcd. for C8HnNO2 : C, 62.7; H , 7.2; N, 9.2. 
Found: C, 62.6; H, 7.2; N , 9.2. 

Red Side Product (V).—The residue obtained in the 
above isolation of 4-ethoxy-3-pieoline-l-oxide was a red, 
deliquescent solid. A similar solid was obtained by con
centration of the filtrates from methods A and B. I t was 
extracted with boiling chloroform and the red chloroform 
extracts evaporated to dryness under reduced pressure. 
Suspension of the residue in ethanol, filtration and recrys
tallization of the remaining solid from dry chloroform 
yielded a bright red solid, m.p . 242° d e c , which was ex
tremely hygroscopic. 

Anal. Calcd. for Ci2H11N3O3-LSH2O: C, 52.9; H, 5.2; 
N, 15.4. Found: C, 52.1; H , 5.1; N , 15.6. 

Addition of picric acid to an aqueous solution of this 
material yielded a yellow picrate, m.p . 161° d e c , which 
was recrystallized from water. 

Anal. Calcd. for C12H1INjO3-C8H3NsO7-
1AH11O: C, 44.7; 

H, 3 .1; N , 17.4. Found: C, 44.7; H , 3.4; N , 16.9. 
The same material was obtained from 4,4'-dinitro-l , l ' -

dioxy-3,3'-dipicolyl as follows: a mixture of 320 ml. of di-
methylformamide, 9.19 g. of 4,4'-dinitro-l,l '-dioxy-3,3'-
dipicolyl and 1.50 g. of 5 % palladium-on-carbon catalyst 
was hydrogenated a t 80° and 3 atmospheres pressure for 18 
hr. The reaction mixture was then filtered to remove the 
catalyst and unreacted "d imer , " and the red filtrate was 
concentrated to give 5.5 g. of a red, hygroscopic solid. Con
version of this material to its picrate (m.p. 161°) showed it 
to be identical with the red compound obtained above. 

4,4'-Dihydroxy-l,l'-dioxy-3,3'-dipicolyl (VI).—A mixture 
of 9.13 g. (0.03 mole) of 4,4'-diethoxy-l,l '-dioxy-3,3'-di-
picolyl, 3.37 g. (0.06 mole) of potassium hydroxide and 70 
ml. of water was heated under reflux for 20 hr., cooled to 
room temperature and diluted with a 1:1 mixture of ethanol 
and acetone. The voluminous, yellow solid which separated 
was recrystallized from water; yield 6.74 g. (69%), m.p. 
355° dec. 

Anal. Calcd. for Ci2Hi0N2O4K2: C, 44.4; H , 3 .1; N , 
8.6. Found: C, 44.4; H, 3.2; N , 8.6. 

By dissolving the dipotassium salt in water and adding 
palladium chloride, the dipalladium salt of 4,4'-dihydroxy-
l,l'-dioxy-3,3'-dipicolyl was obtained as red-brown crystals, 
m.p . 175-180°. 

The barium salt was obtained conveniently by direct hy
drolysis of 4,4'-diethoxy-l,l '-dioxy-3,3'-dipicolyl with an 

equivalent amount of aqueous barium hydroxide. The salt 
separated from the reaction solution in quantitative yield 
upon cooling. 

Decomposition of the barium salt with sulfuric acid 
yielded 4,4'-dihydroxy-l,l'-dioxy-3,3'-dipicolyl as a pale 
yellow solid, m.p . 165-166°, which readily could be recrys
tallized from water. A satisfactory analytical sample could 
not be obtained from this material, however, because of its 
tenacious retention of small amounts of inorganic ions. I t 
is best identified as its dipotassium salt as described above. 

4,4'-Dichloro-l,l'-dioxy-3,3'-dipicolyl (VII).—To 90 ml. 
of cold (0°) acetyl chloride was added 9.19 g. of 4,4'-dinitro-
l,l'-dioxy-3,3'-dipicolyl and the mixture heated under re
flux on a steam-bath for 2 hr. The reaction mixture was 
then poured on 450 g. of crushed ice, the solution adjusted 
to pK 6 with sodium carbonate and extracted several time-; 
with chloroform. The combined extracts were dried over 
anhydrous sodium sulfate and evaporated to dryness. The 
solid residue was triturated with cold water containing a 
little sodium carbonate and then recrystallized from eth
anol to give 6.02 g. (70%) of white needles, m.p. 212-214° 
dec. Recrystallization from water raised the melting point 
to 219° dec. 

Anal. Calcd. for C I 2 H I 0 C I 2 N 2 O 2 : C, 50.5; H, 3.5; N , 
9.8. Found: C, 50.5; H, 3.8; N , 9.7. 

This compound was converted to its dihydrochloride salt, 
m.p. 245° d e c , by recrystallization from 10% aqueous hy
drochloric acid. 

Anal. Calcd. for Ci2Hi2Cl4N2O2: C, 40.3; H, 3.4; N , 
7.9. Found: C, 40.6; H, 3.6; N , 8.2. 

4,4'-Dichloro-3,3'-dipicolyl (IX). Method A.—A mixture 
of 100 ml. of liquid, anhydrous ammonia and 2.73 g. of 4,4'-
dichloro-l,l'-dioxy-3,3'-dipicolyl was sealed in a steel reac
tion vessel and heated with shaking at 150° for 6 hr. The 
bomb was then cooled, the excess ammonia bled off and the 
solid residue recrystallized from aqueous ethanol to give 
colorless crystals, m.p . 110-111°. The product was further 
purified by sublimation at 100° (0.02 mm.); m.p . 115-
115.5°. 

Anal. Calcd. for C12H10N2Cl2: C, 56.9; H, 4.0; N , 11.1. 
Found: C, 57.0; H , 4.0; N , 10.5. 

Recrystallization of this material from a mixture of dilute 
hydrochloric acid and ethanol gave the dihydrochloride salt, 
m.p. 291° d e c , which could be sublimed readily a t 200° 
(0.05 mm.) . 

Anal. Calcd. for C12H12N2Cl4: C, 44.2; H, 3.7; N , 8.6. 
Found: C, 44.4; H, 3.7; N , 8.5. 

Treatment of 4,4'-dichloro-3,3'-dipicolyl in aqueous eth
anol with picric acid yielded a yellow crystalline picrate, 
m.p . 228° d e c , which was purified readily by sublimation 
at 200° (0.005 mm.) . 

Anal. Calcd. for C12H10N2Cl2^C8H3N3O7: C, 40.5; H, 
2.3; N, 15.8. Found: C, 40.5; H, 2.2; N , 15.7. 

Method B.—A solution of 2.26 g. of 4,4'-dichloro-l,l '-
dioxy-3,3'-dipicolyl in a mixture of 100 ml. of water and 10 
ml. of concentrated hydrochloric acid containing 0.8 g. of 
5 % palladium-on-carbon catalyst was hydrogenated at 3 
atmospheres pressure and at room temperature until hydro
gen absorption ceased. The catalyst was removed by filtra
tion and the acid filtrate was evaporated to dryness under 
reduced pressure. Recrystallization of the residue from a 
mixture of dilute hydrochloric acid and ethanol yielded the 
dihydrochloride of 4,4'-dichloro-3,3'-dipicolyl, m.p. 291° 
d e c , identical in all respects with the sample prepared 
above. Likewise, a sample of the free base (m.p. 115°) was 
also identical with the authentic sample prepared above. 

4,4'-Dihydroxylamino-1,1 '-dioxy-3,3 '-dipicolyl (VIII) .— 
Hydrogenation of 8.42 g. of 4,4'-dinitro-l,l '-dioxy-3,3'-
dipicolyl in 300 ml. of absolute ethanol containing 6 ml. of 
concentrated hydrochloric acid in the presence of 5 % palla
dium-on-carbon catalyst at 50° under 3 atmospheres pres
sure was carried out until hydrogen absorption ceased. 
The reaction mixture was then concentrated to about half 
its volume, cooled and filtered, and the resulting solid was 
recrystallized from aqueous hydrochloric acid to give 8.51 
g. (88%) of long, colorless prisms, m.p. 228° dec. 

Anal. Calcd. for C12H18N4O4Cl2: C, 41.0; H, 4.6; N, 
16.0. Found: C, 41.0; H, 4.4; N , 15.9. 

The dihydrochloride could be converted readily to the 
yellow free base, m.p. 295-300° d e c , by dissolving in water 
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and precipitating with ammonium hydroxide. This mate
rial proved to be difficult to purify, however, because of its 
spaiing solubility in organic solvents and its tendency to 
decompose slowly in high boiling solvents such as dimethyl-
formamide. It is best purified and characterized as its di-
hydrochloride as described above. 

4,4'-Diamino-3,3'-dipicolyl (X).—To a suspension of 6.12 
g. of 4,4'-dinitro-l,l'-dioxy-3,3'-dipicolyl in 200 ml. of 
glacial acid was added 4.5 g. of 5% palladium-on-carbon 
catalyst, and the mixture was hydrogenated at 3 atmos
pheres pressure and at 50° until hydrogen absorption ceased 
(about 5 hr . ) . The hydrogenation mixture was heated to 
70° and filtered from the catalyst, and the filtrate was 
cooled and diluted with ether. The voluminous white 
solid which separated was collected by filtration and re-

crystallized from acetic acid to give 6.68 g. (100%) of 4,4'-
diamino-3,3'-dipicolyl diacetate as colorless crvstals, m.p. 
115-116°. 

Anal. Calcd. for Ci6H22N4O4: C, 57.5; H, 6.6; X, 16.8. 
Found: C, 57.2; H, 6.8; N, 16.9. 

The free base was prepared in 7 5 % yield by addition of 
aqueous sodium hydroxide to a saturated aqueous solution 
of the above diacetate. Recrystallization of the precipi
tated solid from ethanol-acetone vielded colorless prisms, 
m.p. 250-251°. 

Anal. Calcd. for Ci-Hi4N4: C, 67.3; H, 6.6; N, 20.2. 
Found: C, 67.2; H, 6.5; N, 26.3. 

PRINCETON, N E W JERSEY 
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Azaquinones. I. Oxidation of Certain Hydroxy- and Aminopyridones1 

B Y J. H. B O Y E R AND S. K R U G E R 

RECEIVED JANUARY 26, 1957 

Hydroxylation a t unsubstituted a-positions during oxidation of aminopyridones, Y and YI (R = H, CH3), or 3-hydroxy-
pyridone-2 with manganese dioxide, chromium trioxide or potassium bromate (preferred) brought about the formation of 
tautomeric hydroxyazaquinones (YII <=* VIII, R = H , CH3), isolated as quinhydrones. Reductive acetylation produced 
2,3,6-triacetoxypyridine (X, R = H). Attempts to prepare 4-azabenzoquinone were unsuccessful. 

Kudernatsch introduced azaquinones to the 
chemical l i terature by an oxidation of 2,3-di-
hydroxypyridine.2 More recently 4-azanaphth-
quinone-1,2 (I)3 as an impure yellow powder, its 
3-hydroxy-6-methyl- derivative (II)4 as light yel
low needles and the dioxime (III) of 3-aza-4-amino-
5-methylbenzquinone-l,25 as red needles have been 
reported. Derivatives of l-azanaphthquinone-2,(i 
(IV) were considered as intermediates in the oxida
tion of derivatives of 6-hydroxycarbostyril into red 
carbostyril-5,6-quinones.6 
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Two general methods for the preparation of aza
quinones were selected for preliminary investiga
tions. The oxidation of certain aminopyridones is 
reported here; the transformation of azaquinone 
dioximes into quinones is under investigation. 

Satisfactory oxidations of aminopyridones (V, 
VI, R = H, CH3) were carried out in cold sulfuric 
acid with deficient amounts of manganese dioxide, 
chromium trioxide or potassium bromate (pre
ferred). Bromate oxidation of 5-aminopyridone-2 
(VI, R = H) occurred a t a convenient rate at 0° 
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whereas 3-aniinopyridone-2 (V, R = H) required 
cooling to —20° for control of the reaction. At
tempts to oxidize 3-arninopyridone-4 with deficient 
amounts of bromate even a t —50° led to the for
mation of intractable tars. From each of 3- and 
5-aminopyridone-2 and from 3-hydroxypyridone-2, 
a deep purple solid was obtained and was separated 
into two fractions by Soxhlet extraction with 
ethanol. 

Oxidation of V (R = CH3) and VI (R = CH3) 
was successful a t higher temperatures (ca. 25°); 
however, to avoid decomposition a deficient amount 
of bromate again was necessary. The deeply 
colored products appeared to be quinhydrones 
(VIII • VI and VII • V, R = CH3) . A condensa
tion product from VII • V (R = CH3) and phenyl-
hydrazine was identified with a reported product 
from phenylhydrazine and XI . 7 This established 
the occurrence of hydroxylation at unsubsti tuted 
a-positions during the oxidation of V, VI (R = 
CH3). Hydroxylation of a pyridine ring had 
previously been observed in the oxidation of 2-
hydroxy-7-methylquinoline,4 in the oxidation of 
1,4-dihydroxyisoquinoline into yellow phthalon-
imide (X)8a and in the permanganate oxidation of 
3,4-dihydroxypyridine-6-carboxylic acid into 2,3,4-
trihydroxypyridine-6-carboxylic acid .sb 

Elemental analyses and reductive acetylation 
demonstrated tha t hydroxylation, presumably a t 
an a-position, had also occurred during the oxida
tion of V, VI (R = H) into hydroxyazabenzqui-
nones (VII ^ VlIl, R = H) and their quinhy
drones with 2,3,6-trihydroxypyridine. The tri-
hydroxypyridine was an expected product of the 
reversible oxidation-reduction between an amino-
pyridone and an hydroxyazaquinone. Impure 
quinhydrones, V I I - V or V I I I - V I (R = H) , were 
apparently obtained in certain experiments. At-
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