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waa evolved gradually and most of the solid dissolved. The 
filtered solution was concentrated and 30-60' petroleum 
ether was added to yield the methylchloropyridone as a 
white solid, m.p. 160-162' (9.0 9.). From the mother 
liquor was obtained a further 2.5 g. (total yield 11.5 g., 
73%). Recrystallization from benzene gave long white 
needles, m.p. 162-163". 

Anal. Calcd. for C6H6C1NO: c, 50.02; H, 4.18; N, 9.77; 
C1, 24.42. Found: C, 50.23; H, 4.13; N, 9.83; C1, 24.37. 

S l 6 - D i c h l o r ~ - m e t h y l - 2 - p y r i ~ e .  Gaseous chlorine waa 
passed through a cooled solution of 6-methyl-2-pyridone16 
(18.0 9.) in 2N sodium hydroxide (90 mi.). The precipitated 
solid was filtered, and the mother liquor chlorinated once 
more to obtain a second crop. The combined solids were dis- 
solved in benzene, the solution dried (sodium sulfate), con- 
centrated, and cooled. The crystalline precipitate (11.5 g., 
40%: m.p. 215-218') waa filtered and dried. Recrystalliza- 
tion from benzene raised the melting point to 219-220'. 

Anal. Calcd. for C&I&2loNO: C, 40.50; H, 2.81; N, 7.86; 
C1, 39.30. Found: C, 40.93; H, 2.87; N, 8.08; C1, 38.99. 

2-Pytidozyacetic acids a d  derivatives. The procedures 
employed are exemplified by the following preparations in 
the 3,Sdichloro series: Ethyl S,6-dichlo70-2-pyrio!Qidozyacetate 
(XI). A 150 ml. 3-necked flask fitted with a reflux condenser, 
mechanical stirrer, and dropping funnel, and containing 3,B 
dichlorw2pyridone (8.0 g.), waa heated in an oil bath (bath 
temperature 160-165'). Ethyl diazoacetate (10.0 ml.) was 
added dropwise to the stirred pyridone over a period of 3 
hr. (bath temperature 155-165'). Heating was continued 
for 1 additional hr. and the hot dark sirup transferred to a 

(15) R. Adams and A. W. Schrecker, J .  Am. Chem. SOC., 
71, 1186 (1949). 

C l a k n  flask. Distillation a t  2 mm. yielded the desired ester 
XI  (b.p. 110-120'; 9.0 g., 74%). On redistillation most of 
the ester boiled a t  115-117' (2 mm.), and solidified on cool- 
ing. Crystallized from 30-60' petroleum ether, it formed 
needles, m.p. 401-11'. For analysis see Table I. 

Distillation of the pot residue from the diazoacetic ester 
reaction gave a small amount of viscous liquid (b.p. 160- 
200' at 2 mm.), solidifying on standing to a eemisolid mass. 
After several crystallizations from chloroform-petroleum 
ether, the pure ethyl S16-dichloropyridone N-acetate formed 
gleaming white flakes, m.p. 105-106'. 

Anal. Calcd. for C9HpC12NOs: C, 43.20; H, 3.60; N, 5.06; 
C1, 28.41. Found: C, 43.36; H, 3.62; N, 5.22; C1, 28.20. 

S,6-Dieh2ot.o-2-py7idozyacetic acid (X) . To a solution of the 
ethyl ester XI (3.0 9.) in ethsnol(20 ml.) was added 1.023N 
sodium hydroxide (25 ml.), and the mixture was refluxed for 
5.5 hr. The solvent was removed under vacuum and the 
residue dissolved in the minimal amount of water and 
neutralized by the addition of the theoretical quantity (22 
ml.) of 1.162N sulfuric acid. The precipitated oxyacetic acid 
(2.45 g., 93%) was filtered, washed with a little cold water,, 
and dried. Recrystallization from benzene gave small hard 
prisms, m.p. 170-171'. For analysis see Table I. 

5 , 6 - D i c h l o l . o - 2 - p y n o ! Q x y ~ ~ m ~  (XII). A solution of the 
ethyl ester XI (3.0 g.) in absolute ethanol (65 ml.) was cooled 
and saturated with gaseous ammonia. After several days in 
a refrigerator, the amide separated as long colorless needles, 
m.p. 167-168', which were filtered and washed with cold 
ethanol. Concentration of the mother liquor yielded a second 
crop; the total yield was 2.2 g. (83yo). The first crop of amide 
was directly analytically pure. For analyfiis see Table I. 
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3-Chloropyridine, 3-bromopyridine, and 3-fluoropyridine were oxidized to the corresponding N-oxidee, which were con- 
verted by hot acetic anhydride to haloacetoxypyridines. Hydrolysis of the latter yielded in all three cases the 3-halo-2- 
pyridones rather than the Bhalo isomers. 

When pyridine-N-oxide is heated with acetic 
anhydride rearrangement of the oxygen function 
into the a-position of the ring occurs with the pro- 
duction of 2-acetoxypyridine. The only simple j3- 
substituted pyridine-N-oxide which has been sub- 
jected to this rearrangement is the 3-methyl deriva- 
tive, which gives 3-methyl-2-acetoxypyridine, hy- 
drolyzed by aqueous acid to 3-methyl-2-pyridone. 
The object of the work reported here was to de- 
termine whether 3-halopyridine-N-oxides would 
rearrange in a similar manner to 3-halo-2-acetoxy- 
pyridines, or whether the rearrangement would 

(1) Supported by a contract with the U. S. Army Chemical 

(2) For a review of pyridine-N+xide reactions, see: 

(3) V. Boekelheide and W. J. Linn, J .  Am. Chem. Soc., 

Corps, Fort Detrick, Frederick, Md. 

A. R. Katritzsky, Quart. Reus., 10, 395 (1956). 

76, 1286 (19541. 

occur para to the halogen atoms to give 5-halo-2- 
acetoxypyridines. 

3-Fluoropyridine (I), 3-chloropyridine (11), and 
3-bromopyridine (111) were converted to the cor- 
responding N-oxides (IV, V, and VI) by oxidation 
with peracetic acid. Each N-oxide was rearranged 
by boiling acetic anhydride, and the substituted 
2-acetoxypyridines (VII, VIII, and IX) which 
were formed were hydrolyzed to the corresponding 
2-pyridones. In all cases only a single 2-pyridone 
was obtained, and this proved t o  be the 3-halo- 
derivative (X, XI, and XII). 3-Chloro-2-pyridone 
has been reported previo~sly,~ but 3-bromo-2- 
pyridone and 3-fluoro-2-pyridone are new com- 
pounds. However, 5-bromo-2-pyridones and 5- 

(4) M. P. Cava and N. K. Bhattacharyya, J .  Org. Chem., 
23, 1287 (1958). 

(5) A. E. Chichibabin and V. S. Tyazhelova, J .  Russ. 
Phys. Chem. ~ o c . ,  50, 483 (1920). 
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fluoro-2-pyridones are known, and were shown to 
be different in melting point and infrared spectrum 
from the pyridones obtained via the N-oxide rear- 
rangemen t . 

H 
-0 

I , R = F  I V , R = F  V I I , R = F  X , R = F  
11, R = C1 V, R = Cl VIII, R = C1 XI, R = Cl 

111, R = Br VI, R = Br IX, R = Br XII, R = Br 

The effect of the 3-halo substituents on the ul- 
traviolet spectrum of the 2-pyridone system is of 
some interest (Table I). 3-Fluoro-2-pyridone ex- 
hibits maxima almost identical to those of the 
parent 2-pyridone,' but 3-chloro-2-pyridone and 
3-bromo-2-pyridone show appreciable bathochromic 
shifts. 

TABLE I 
ULTRAVIOLET MAXIMA OF ~-HALO-~-PYRIDONES 

(IN 9570 ETHANOL) 

3-Sub- MP Mt4 
stituent A,,, (Emsx) L a x  (Emax) 

H7 227 (10,OOO) 297 (6310) 
F 226 (5950) 296 (5510) 

Br 234 (4350) 3 10 (6680) 
Cl 233 (5310) 306 (soso) 

EXPERIMENTAL* 

8 C h l o r o p y r i d i n e - , ~ ~ x i ~  (V). A mixture of 3-chloro- 
pyridine (11, 2.50 g.), glacial acetic acid (45 ml.) and 30% 
aqueous hydrogen peroxide (10 ml.) was heated on a steam 
bath for 3 hr. An additional 5 ml. of 30% hydrogen peroxide 
was added and the solution was reheated for four days. The 
mixture was concentrated under reduced pressure t o  20 ml., 
an equal volume of water was added, and the solution was 
concentrated to a sirup. Solid potassium carbonate (10.0 
g.) was added and the residue was continuously extracted 
mth  chloroform overnight. The extract was concentrated 
nnder reduced pressure and the remaining liquid was dis- 
tilled to give 1.00 g. (35%) of a colorless oil, b.p. 88-89' 
(1 mm.). 

The hydrochloride of 3-chloropyridine-N-oxide was ob- 
tained from water as needles, m.p. 127.5-128.5'. 

A d .  Calcd. for CsH6C12NO: C, 36.17; H, 3.04; C1, 42.71; 
N, 8.44. Found: C, 36.20; H, 2.99; C1,42.62; N, 8.61. 

.%'-Acetozy-$-chbropyridine (VIII). A solution of khloro-  
pyridine-N-oxide (V, 0.90 g.) in acetic anhydride (15 ml.) 
was boiled under reflux for 4 hr. The reaction mixture was 
distilled directly to give 0.72 g. (6lY0) of a colorless liquid, 
b.p. 54-55' (1 mm.). The compound was not submitted to 
analysis since it hydrolyzed readily in air to the pyridone. 

(6) M. P. Cava and N. K. Bhattachama, J. Om. Chem., - -  . 
to 'be published. 

(7) H. SDecker and H. Gawrosch. Ber.. 75.1338 (1942). 
(8j M e l h g  pointa and boiling 'poin& are uncorrected. 

Analyses were performed by Galbraith Laboratories, Knox- 
ville, Tenn. 

3-Chbr&-pyridone (XI). A mixture of 2-acetoxy-3- 
chloropyridine (VIII, 0.68 9.) in 10% aqueous hydrochloric 
acid (10 ml.) was heated under reflux for 4 hr., then neutral- 
ized to the Congo Red endpoint with potassium hydroxide 
pellets and evaporated to dryness on a steam bath. The 
solid residue was broken up and was extracted several timee 
with hot benzene. The combined extracts upon concentration 
and standing gave 0.40 g. (78%) of needles, m.p. 181.8- 
182.8'. An authentic sample' showed an identical infrared 
spectrum and gave no mixed melting point depression. 

Anal. Calcd. for CfiClNO: C, 46.35; H, 3.11; C1, 28.14; 
N, 10.90. Found: C, 46.70; H, 3.48; C1, 27.75; N, 11.05. 

3-Brmwpyridine-N-oxide (VI). A mixture containing 3- 
bromopyridine (111, 10.00 g.), glacial acetic acid (50 ml.), 
and 30% aqueous hydrogen peroxide (10 ml.) was treated 
exactly as described for khloropyridine. The residual liquid 
was distilled to give 5.07 g. (46%) of a viscous oil, b.p. 97- 
99' (0.5 mm.). 

The hydrochloride of 3-bromopyridine-N-oxide was ob- 
tained from water as needles, m.p. 133.5-134.5' (dimor- 
phism 1) ;  reported, m.p. 181.5' and 181-182'.9JO 

Anal. Calcd. for C6H6BrC1NO: c, 28.53; H, 2.39; Br, 
37.97, C1, 16.85; N, 6.66. Found: C, 28.64; H, 2.30; Br, 
37.92; C1, 16.71; N, 6.74. 

9-Acetoxy-3-brmpyidine (IX). A solution of 3-bromo- 
pyridine-N-oxide (VI, 2.50 9.) in acetic anhydride (15 ml.) 
was treated as described for 3-chloropyridine-N-oxide. Dis- 
tillation gave 1.55 g. (50%) of a colorless liquid; b.p. 77- 
78' (0.5 mm.). The ready hydrolysii of the compound pre- 
cluded an analysis. 

3-Bromo-z-pyridone (XII). A mixture of Zacetoxy-3- 
bromopyridine (IX, 1.08 9.) in 10% hydrochloric acid (10 
ml.) was treated as described for Zacetoxy-3-chloropyridine. 
The concentrated benzene extracts gave 0.69 g. (80%) of 
needles, m.p. 186.5-187.0". 

Anal, Calcd. for C6HlBrNO: C ,  34.51; H, 2.31; Br, 45.93; 
N, 8.05. Found: C, 34.74; H, 1.97; Br, 46.13; N, 8.13. 

S-Fluoropyridine-N-oxide (IV). A mixture containing 3- 
fluoropyridine (I, 7.63 g,), glacial acetic acid (50 ml.), and 
30% aqueous hydrogen peroxide (10 ml.) was treated as 
described for 3-chloropyridine. The residual solid was sub- 
limed under vacuum to give 2.12 g. (19%) of needles, m.p. 
62.5-63.0'; on exposure to  the atmosphere, the needles 
liquefied almost immediately. 

The picrate of 3-fluoropyridine-N-oxide was obtained from 
benzene as needles, m.p. 107.0-108.0". 

Anal. Calcd. for C1IH7FNdOs: C, 38.61; H, 2.06. Found: 
C, 38.77; H, 2.41. 

LAcetoxy-3-jluoropyridine (VII). A mixture containing 
3-fluoropyridine-N-oxide (IV, 2.26 g.) in acetic anhydride 
(15 ml.) was treated as described for 3-chloropyridine-N- 
oxide. Distillation gave 2.22 g. (65%) of a colorless liquid; 
b.p. 82--83' (1 mm.). Ready hydrolysis of the compound 
prevented an analysis. 

3-Fluarc-2-pyridone (X). A mixture of Zacetoxy-3-fluoro- 
pyridine (VII, 0.51 9.) and 10% hydrochloric acid (10 ml.) 
was treated as described for Zacetoxy-3-chloropyridine. 
The concentrated benzene extracts gave 0.27 g. (80%) of 
needles, m.p. 166.0-166.5'. 

Bnal. Calcd. for CsHlFNO: C, 53.10; H, 3.56; F, 16.80; 
N, 12.39. Found: C, 53.15; H, 3.61; F, 16.71; N, 12.37. 

COLUMBUS 10, OHIO 

(9) E. Ochiai, M. Ishikawa, S. Zai-Ren, J, Pharm. Soc. 
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