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tions from ether-petroleum ether mixture, the acid melted 
at 146° (cor.) and was identical with /3-longinecic acid, 
obtained by direct hydrolysis of /3-longilobine. The 
basic portion was isolated in the usual way and proved to 
be retronecanol identified conveniently as the picrate, m. p . 
211°. 

Summary 
1. The alkaloid from Senecio longilobus, first 

isolated by Manske, has been shown to be a 
mixture of two components designated as a-
and (3-longilobine, whose empirical formulas are 
Ci8H23O5N and Ci8H26O6N, respectively. The 
separation was achieved by an empirical chro
matographic procedure, combining the liquid 
chromatogram method and examination of the 
column. The course of the chromatogram was 
followed by determining the specific rotations of 
the different fractions and the two main com
ponents were rechromatographed until a constant 
specific rotation was attained. 

2. On hydrolysis a-longilobine gives one 
molecule of retronecine and one molecule of a 
crystalline dibasic acid Ci0Hi4O5, designated as 
a-longinecic acid. 

A consideration of possible methods for the 
synthesis of cytisine2 (I) leads to the necessity of 
further knowledge of the activity of a 6-methyl 

CH 2 -CH / \ 

NH CH2 N s / 
I I I C O 

CH2—CH—CH2 
i 

group in N-substituted 2-pyridones. This com
munication is devoted primarily to the descrip
tion of the reactivity of the ring-substituted 
methyl group in l,6-dimethyl-2-pyridone. It 
includes also the results of a similar study of 1,4-
dimethyl-2-pyridone. 6-Methyl-2-pyridone-l-/3-
propionitrile and ethyl 6-methyl-2-pyridone-l-
acetate were synthesized and preliminary experi
ments on pyridocoline formation were attempted. 
The activity of the methyl group in 2-acetamido-
6(and 4)-methylpyridine is also described. 

The ability of such compounds as 2-picoline to 
undergo condensation reactions with carbonyl 
compounds has been attributed to the double bond 
linking the nitrogen with the carbon atom carrying 
the methyl group.3 A molecule carrying such a 

(1) From a thesis presented by Anthony W. Schrecker to the 
Graduate College of the University of Illinois, August, 1948, in par
tial fulfillment of the requirements for the degree of Doctor of 
Philosophy. 

(2) Spath and Galinovsfcy, Ber., 66, 1338 (1933). 
(3) Mills and Smith, J. Chem. Soc, 121, 2724 (1922). 

3. Similarly /3-longilobine gives one molecule 
of retronecine and one molecule of a crystalline 
dibasic acid Ci0Hi6Oe, designated as /3-longinecic 
acid. 

4. On reduction with hydrogen and Raney 
nickel, a-longilobine absorbs two moles of hy
drogen to form tetrahydro-a-longilobine which 
has the properties of an amino acid and on hy
drolysis yields retronecanol and a-longinecic 
acid. With platinum oxide as catalyst four moles 
of hydrogen are absorbed, yielding an amorphous 
product which gives on saponification retronecanol 
and an oily acid which was not purified. 

5. /3-Longilobine absorbs only two moles of 
hydrogen in the presence of platinum oxide as 
catalyst, yielding an amorphous product which 
gives on hydrolysis retronecanol and /3-longinecic 
acid. 

6. Both a- and /3-longilobine are shown to be 
cyclic diesters, from one mole of retronecine 
and one mole of a dibasic acid, each of the two 
hydroxyls in retronecine being utilized. 
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structural unit can undergo an electromeric shift 
permitting formation of a carbanion and subse
quent condensation with a carbonyl group.4 No 
such double bond appears in the formula of a com
pound such as l,6-dimethyl-2-pyridone (Ha). If 
N-alkylpyridones are, however, resonance hybrids 
of an uncharged and a betaine (lib) structure, as 
postulated by Arndt and Kalischek,6 and the car
banion (III) is stabilized by resonance, then the 
requirement for base-catalyzed condensation re
actions should be fulfilled. Replacement of the 6-
methyl group by a carbethoxymethyl group would 
render the compound somewhat similar in its be
havior to a /3-keto ester and replacement by a cy-
anomethyl group similar to a /3-carbonylated ni-
trile, such as ethyl cyanoacetate. Such com
pounds should form sodium enolates which react 
with alkyl and acyl halides. These predictions 
have been realized experimentally. 

The predictions were supported by the experi
ments of Kaslow and Cook6 who demonstrated the 
reactivity of the 4-methyl group in 1,4-dimethyl-
carbostyril toward ethyl oxalate. The condensa
tion product was readily transformed into 1-
methyl-4-carbostyrilacetonitrile, which underwent 
condensation with benzaldehyde. 

The starting materials, l,6-dimethyl-2-pyridone 
(4) Remick, "Electronic Interpretations of Organic Chemistry," 

John Wiley and Sons, Inc., New York, N. Y., 1943, p. 130. 
(5) Arndt and Kalischek, Ber., 63, 587 (1930). 
(6) Kaslow and Cook, T H I S JOURNAL, 67, 1969 (1945). 
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(II) and l,4-dimethyl-2-pyridone, were prepared 
from the sodium salts of 6-methyl-2-pyridone and 
4-methyl-2-pyridone by alkylation with dimethyl 
sulfate. They were low-melting, water-soluble 
compounds, which was to be expected from a con
sideration of the physical properties of the previ
ously characterized l-methyl-2-pyridone7 and 
l,4,6-trimethyl-2-pyridone.8 Mumtn' has de
scribed a product reputed to be l,6-dimethyl-2-
pyridone. He obtained it in a series of reactions 
starting with diethyl 2,6-dimethylpyridine-3,5-
dicarboxylate and reported it to melt at 352° and 
to be difficultly soluble in water. The physical 
properties and chemical reactions of the com
pound, m. p. 56.5-58°, described in the present 
paper, prove conclusively that this substance is 
actually l,6-dimethyl-2-pyridone. 

l,6-Dimethyl-2-pyridone underwent conden
sation with ethyl oxalate in the presence of potas
sium or sodium ethoxide to form the yellow potas
sium or sodium salt of ethyl l-methyl-2-pyridone-
6-pyruvate in 95% yield, from which the free es
ter (IV) was obtained by acidification. The same 
reaction proceeded at a somewhat lower rate with 
l,4-dimethyl-2-pyridone to give the potassium 
salt (84% yield) and from it ethyl l-methyl-2-
pyridone-4-pyruvate. Hydrolysis of the esters 
gave l-methyl-2-pyridone-6-pyruvic acid (V) and 
1 -methyl-2-pyridone-4-pyruvic acid. 

The pyruvic acids underwent oxidative decar
boxylation when treated with aqueous sodium hy
droxide and hydrogen peroxide to give respectively 
l-methyl-2-pyridone-6-acetic acid (VI) (84-87% 
yield) and l-methyl-2-pyridone-4-acetic acid (46-
59% yield). The former was also obtained when 
the pyruvic ester instead of the acid was treated 
with hydrogen peroxide in aqueous sodium hy
droxide, though in lower yield. The oxidation 
took a different course when the potassium salt of 
ethyl l-methyl-2-pyridone-6-pyruvate was treated 
with hydrogen peroxide, and one mole of dilute 
sodium hydroxide was added only after some time. 
None of the 6-acetic acid was obtained, but 1-
methyl-2-pyridone-6-carboxylic acid10 (VII) was 
formed in a 58% yield. l-Methyl-2-pyridone-6-

(7) Binz and Rath, Ann., 489, 107 (1931). 
(8) Hatitzsch, Ber., 17, 2903 (1884). 
(9) Mumm, Ann., 443, 272 (1925). 
(10) Spath and Koller, Ber., 66, 880 (1923). 

acetic acid (VI), m. p. 188°, and l-methyl-2-py-
ridone-6-carboxylic acid (VII), m. p. 260°, decom
pose at their melting points with loss of carbon di
oxide to give, respectively, l,6-dimethyl-2-pyri-
done and l-methyl-2-pyridone. Consideration of 
the betaine structure of pyridones (lib) shows 
that the former acid is somewhat analogous to a 
/J-keto acid, the latter to an a-keto acid. 

By treatment of l-methyl-2-pyridone-6-pyruvic 
acid (V) with hydroxylamine or by alkaline hy
drolysis of the oximino ester prepared similarly 
from the pyruvic ester (IV), l-methyl-2-pyridone-
6-(a-oximino)-propionic acid (VIII) was readily 
formed and this was converted in 93% yield to 1-
methyl-2-pyridone-6-acetonitrile (IX) by pyroly-
sis. By alkaline hydrolysis of the nitrile the 6-
acetic acid (VI) results. Ethyl 1-methyl 2-pyri-
done-6-acetate (X), formed by esterification of the 
corresponding acid (VI), and l-methyl-2-pyridone-
6-acetonitrile (IX) condensed with benzyl chloride 
in the presence of ethanolic sodium ethoxide, the 
former to give ethyl l-methyl-2-pyridone-6-(a-
benzyl)-acetate (XI, R = C6H6CH2-) in 6 1 % 
yield and the latter to give the corresponding ni
trile in 42% yield. On hydrolysis, the ethyl 1-
methyl-2-pyridone-6-(a-benzyl) -acetate as well as 
the nitrile gave the corresponding acid (XII, R = 
CeH5CH2-) which melted at 155° with evolution 
of carbon dioxide and formation of l-methyl-6-
phenethyl-2-pyridone (XIII, R = C6H6CH2-). 
An analogous condensation of ethyl l-methyl-2-
pyridone-6-acetate with w-butyl bromide or better 
w-butyl iodide gave the a-w-butyl derivative (XI, 
R = C4H9-) which was hydrolyzed and decarboxy-
lated to 6-w-amyl-l-methyl-2-pyridone (XIII, R 
= C4H9-). 

The sodium derivative of ethyl l-methyl-2-py-
ridone-6-acetate also reacted with acetyl chloride 
to give in 38% yield a /3-keto ester (XI, R = 
CH3CO-) which was an oil. I t was not purified, 
but hydrolyzed and decarboxylated directly with 
formation of 6-acetonyl-l-methyl-2-pyridone 
(XIII, R = CH3CO-). 
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Condensation of l,6-dimethyl-2-pyridone with 
m-nitrobenzaldehyde in the presence of acetic an
hydride gave only about 1% yield of l-methyl-6-
(w-nitrostyryl)-2-pyridone, in contrast to a 90% 
yield obtained in the reaction of wz-nitrobenzalde-
hyde with 2-picoline.11 In view of the unsatisfac
tory result of the attempts to prepare condensa
tion products of pyridone homologs with alde-

(11) Shaw and Wagstaff, J. Chem. SoC, 77 (1933). 
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hydes, the possibility of obtaining such compounds 
by an indirect route was investigated. 

2-Acetamido-6-methylpyridine (XIV) was con
densed with benzaldehyde in the presence of ace
tic anhydride to give 6-acetamido-2-stilbazole 
(XV) in 12% yield. A yield of 87% is reported in 
the condensation of benzaldehyde with 2-pico-
line.11 The acetamidostilbazole was hydrolyzed 
in hydrochloric acid and the 6-amino-2-stilbazole 
(XVI) purified by taking advantage of the low 
solubility of its hydrochloride in cold 20% hydro
chloric acid. Diazotization of the amino com
pound gave a 48% yield of 6-hydroxy-2-stilbazole 
(6-styryl-2-pyridone) (XVII). When the same 
series of reactions was carried out with 2-acetam-
ido-4-methylpyridine, a 14% yield of 2-amino-4-
stilbazole resulted. In this case the intermediary 
acetamido compound was not isolated but the re
action mixture hydrolyzed directly by boiling with 
hydrochloric acid. Diazotization of the aminostil-
bazole gave a 36% yield of 2-hydroxy-4-stilba-
zole(4-styryl-2-pyridone). In the formation of 2-
amino-4-stilbazole there was isolated from the 
condensation a yellow crystalline by-product, 
m. p. 234-235°, the structure of which was not de
termined. 

6-Methyl-2-pyridone condenses in the same 
manner as 2-pyridone12 in presence of alkaline 

CH8COHNi; N ^ 'CH, 

XIV 

C H 8 C O H N I ^ C H = C H C 6 H 6 

XV 

O = A N J ) C H = C H C J H 8 H 2 N - H ^ C H = C H C 6 H 5 

H 
XVII XVI 

catalysts with acrylonitrile to form 6-methyl-2-
pyridone-l-/3-propionitrile (XVIII). This prod
uct was hydrolyzed to the corresponding acid 
(XIX). Esterification of the acid by the usual 
methods failed to give a pure product. On distil
lation the oily esters were unstable and decom
posed into 6-methyl-2-pyridone and acrylic esters. 
The nitrile (XVIII), which can be readily purified 
since it is a crystalline solid, also decomposes on 
distillation. All attempts to cause a ring closure 
between the carbalkoxy group and the 6-methyl 
group in the esters of XIX in order to obtain a 
bicyclic molecule more closely resembling cyti-
sine were unsuccessful. 

The stable ethyl 6-methyl-2-pyridone-l-acetate 
(XX) was prepared by the reaction of 6-methyl-
2-pyridone sodium with ethyl bromoacetate. A 
70% yield resulted, with 5% of the corresponding 
2-pyridyl ether (XXI) as a by-product. Ethyl 
oxalate condensed with ethyl 6-methyl-2-pyri-

(12) Adams and Jones, T H I S JOURNAL, 69, 1803 (1947). 

done-1-acetate (XX) to form probably ethyl 1-
carbethoxymethyl-2-pyridone-6-pyruvate (XII), 
but no bicyclic product which might result from 
the elimination of two moles of ethanol. 

O=JX N J) -CH 1 
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Attempts to introduce halogen into the G-
methyl group of 6-methyl-2-pyridone failed. 
Bromination invariably resulted in ring substitu
tion. 

Experimental 
6-Methyl-2-pyridone.—A solution of 108 g. of 2-amino-

6-methylpyridine (b. p . 209-210°) in a cold mixture of 111 
ml. of coned, sulfuric acid and 830 ml. of water was placed 
in an ice-salt-bath. With mechanical stirring a solution 
of 73 g. of 97% sodium nitrite in 140 ml. of water was in
troduced through a dropping funnel, the orifice of which 
reached nearly to the bottom of the beaker, at such a rate 
that the temperature of the reaction mixture did not rise 
above 5°. To complete the reaction, it was stirred for an 
additional hour below 10° and finally heated on a steam -
bath until the temperature reached 90°. 

The yellow solution was made alkaline by adding 205 g. 
of anhydrous potassium carbonate and evaporated to dry
ness on the steam-bath. The residue was powdered in a 
mortar and then extracted exhaustively with boiling ben
zene. The extract was clarified with Norit, filtered hot, 
concentrated to a volume of about 500 ml. and allowed to-
cool in an icebox. The yellow crystals were collected on 
a Biichner funnel and, after drying, weighed 95.3 g. By 
working up the mother liquor, an impure product was ob
tained which after recrystallization from benzene weighed 
5.9 g. The over-all yield was thus 101.2 g. (92.8%). 
The material as initially obtained and after crystallization 
from benzene melted at 158-159° (cor.). By recrystalli
zation from acetone or by distillation, b . p . 282° (760mm.), 
colorless prismatic needles of the same melting point re
sulted. 

This compound was first described by Errera13 who ob
tained it by decarboxylation of 6-methyl-2-pyridone-3,5-
dicarboxylic acid. He reported a melting point of 159°. 
A somewhat similar procedure was described by Seide,14 

who also reported the same melting point. 
6-Methyl-2-pyridone Sodium.—The diazotized solution 

of 108 g. of 2-amino-6-methylpyridine was heated to boil
ing and neutralized by the addition of 568 g. of barium 
hydroxide octahydrate dissolved in 1500 ml. of boiling 
water. Barium sulfate was removed by filtration on a 
Biichner funnel and extracted several times with boiling 
water. The combined filtrate and washings, after addi
tion of 50 ml. of 2 5 % aqueous sodium hydroxide, were 
evaporated to dryness and the residue extracted exhaus-

(13) Errera, Ber., 33, 2969 (1900). 
(14) Seide, J. Russ. Phys.-Chem. Soc, 50, 534 (1918). 
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tively with hot 9 5 % ethanol. Cooling of the extract 
caused the separation of yellowish leaflets. Recrystalliza-
tion from 9 5 % ethanol served for purification. The 
product formed colorless glittering leaflets. The yield was 
115.5 g. (88%), after drying in vacuo at 100°; m . p . 2 9 0 ° . 

The sodium salt is very soluble in water, moderately 
soluble in ethanol, difficultly soluble in acetone and in
soluble in ether. 

Anal. Calcd. for C6H6ONNa: Na, 17.54. Found: 
Xa, 17.48. 

1,6-Dimethyl-2-pyridone (II).—This product was pre
pared in a manner similar to that used for the preparation 
of l-methyl-2-pvridone from 2-pyridone potassium.7 

In a 2-1. round-bottomed flask fitted with reflux con
denser and dropping funnel, 98.7 g. of 6-methyl-2-pyridone 
was dissolved in a warm, freshly prepared solution of 21.0 
g. of sodium in 250 ml. of methanol. After cooling to 
room temperature, 130 g. of dimethyl sulfate was added 
with shaking during a period of fifteen minutes. After 
refluxing on a water-bath for two hours, the solution was 
made strongly alkaline by adding 220 g. of 2 5 % aqueous 
sodium hydroxide and steam-distilled until the odor of the 
by-product, 2-methoxy-6-methylpyridine, had disap
peared from a sample of the distillate. After cooling to 
room temperature, sodium sulfate was removed from the 
steam-distillation residue by filtration on a Buchner funnel 
and the filter-cake washed with two 75-ml. portions, then 
with four 50-ml. portions of chloroform. The successive 
chloroform washings were used to extract the filtrate. 
After drying over potassium carbonate, the solvent was 
removed under reduced pressure and the product dis
tilled, b . p . 110° (2 mm. ) . The yield was 82 g. (74%). 
The distillate solidified to a colorless crystalline mass 
which was recrystallized from dry ether; deliquescent 
plates, m. p . 56.5-58°. 

The compound is very soluble in water, ethanol, chloro
form and benzene, moderately soluble in ether, insoluble 
in petroleum ether. I ts aqueous solutions are neutral. 

Anal. Calcd. for C7H9ON: C, 68.27; H, 7.37; N, 
11.37. Found: C, 68.40; H, 7.33; N, 11.36. 

Attempts to prepare this compound by alkaline hydroly
sis of the product from methyl iodide and 2-amino-6-
methylpyridine according to the procedure of Chichibabin 
and Konovalova16 gave only a 2 3 % yield. The use of 
dimethyl sulfate on a-picoline followed by the action of 
alkaline ferricyanide16 failed to give any product. 

l,6-Dimethyl-2-pyridone Hydrochloride.—This hydro
chloride was prepared in absolute ether with dry hydrogen 
chloride. After several recrystallizations from absolute 
ethanol, it formed colorless prismatic needles, m. p . 202-
203 ° (cor.). The compound had to be dried a t room tem
perature, as it sublimes readily at 75° (3 mm. ) . 

Anal. Calcd. for C7H10ONCl: C, 52.67; H, 6.32; 
N, 8.78; Cl, 22.21. Found: C, 52.75; H, 6.30; N, 8.92; 
Cl, 22.31. 

l,6-Dimethyl-2-pyridone Picrate.—The picrate was ob
tained by the usual procedure. I t was purified by crys
tallization from 9 5 % ethanol and formed long yellow 
needles, m. p . 134-136° (cor.). 

Anal. Calcd. for Ci5H12O8N4: C, 44.32; H, 3.43; N, 
15.91. Found: C, 44.53; H, 3.58; N , 15.84. 

4-Methyl-2-pyridone.—This product was synthesized 
in a manner similar to that described for converting 2-
amino-6-methylpyridine to 6-methyl-2-pyridone. Two 
runs of 54 g. of 2-amino-4-methylpyridine were diazotized, 
combined and then made alkaline by adding 210 g. of 
anhydrous potassium carbonate. After evaporation on a 
steam-bath, the nearly dry residue was extracted several 
times with a total of 1 1. of boiling ethanol. The brown 
extract was freed from ethanol under reduced pressure and 
the residue distilled. The 4-methyl-2-pyridone boiled at 
186-187 ° (12 mm.) and solidified in the receiver to a color
less crystalline mass which was recrystallized from benzene 

(15) Chichibabin and Konovalova, Ber., 84, 814 (1921). 
(16) Prill and McElvain, Org. Syntheses, Coll. Vol. II , p. 419. 

and washed with petroleum ether (b. p . 30-60°). The 
yield was 85.1 g. (78%) of large colorless prisms, m. p . 
130° (cor.). 

Seide17 reported a melting point of 130° and a boiling 
point of 307-309° (atm. press.). 

l,4-Dimethyl-2-pyridone,—This compound was pre
pared in a manner analogous to the preparation of 1,6-
dimethyl-2-pyridone from 6-methyl-2-pyridone. The 
crude reaction product, obtained from 85.1 g. of 4-methyl-
2-pyridone by methylation, addition of base, steam-dis
tillation and extraction of the residue with chloroform, was 
distilled in vacuo,b. p . 110° ( 1 m m . ) . The yield was 73.6 g. 
(77%). The product solidified in the receiver to a color
less mass, which after crystallization from dry ether 
formed colorless needles, m. p . 59°. I t is somewhat del
iquescent, though less so than l,6-dimethyl-2-pyridone. 

Anal. Calcd. for C7H9ON: C, 68.27; H, 7.37. 
Found: C, 68.05; H, 7.52. 

l,4-Dimethyl-2-pyridone Hydrochloride.—This com
pound was prepared by saturating a solution of the base 
in a little absolute ethanol with dry hydrogen chloride, 
while cooling in ice water, and then adding dry ether. 
Recrystallization was accomplished from ethanol-ether; 
small colorless needles, m. p . 173-174° (cor.). 

Anal. Calcd. for C7H10ONCl: Cl, 22.21. Found: 
Cl, 22.22. 

l,4-Dimethyl-2-pyridone Picrate.—The picrate crys
tallized from 9 5 % ethanol as yellow needles, m. p . 168-
169° (cor.). 

Anal. Calcd. for Ci3H12O8N4: N, 15.91. Found: N, 
15.84. 

Ethyl l-Methyl-2-pyridone-6-pyruvate (IV).—A proce
dure was employed somewhat similar to one described for 
quinaldine.18 

(a) Potassium Ethoxide.—A solution of potassium 
ethoxide was prepared by adding cautiously through a 
dropping funnel 69 ml. of absolute ethanol to 10.55 g. of 
potassium previously covered with 60 ml. of absolute 
ether and finally refluxing the mixture until the potassium 
had completely dissolved. After cooling to room tempera
ture a solution of 39.5 g. of anhydrous ethyl oxalate in 250 
ml. of absolute ether was added and the slightly yellow 
solution allowed to stand at room temperature for ten 
minutes. Then 30.75 g. of l,6-dimethyl-2-pyridone was 
introduced and the flask stoppered securely and shaken 
until the dimethylpyridone had dissolved. The potas
sium salt of the keto ester started to separate immediately 
as a dense yellow powder. The mixture was allowed to 
stand at room temperature for three days, after which the 
potassium salt was collected on a Buchner funnel, washed 
with a liberal amount of absolute ether and dried in a vac
uum desiccator over phosphorus pentoxide. The yield 
was 61.8 g. (94.7%). 

Recrystallization from absolute ethanol gave yellow 
microcrystals, m. p . 310-320°, with decomposition. 

Anal. Calcd. for CuHi2O4NK: C, 50.56; H, 4.63; 
N, 5.36; K, 14.96. Found: C, 51.19; H, 4.90; N, 5.55; 
K, 14.76. 

Conversion to the free ester was accomplished by adding 
61.8 g. of the crude potassium salt gradually to a well-
stirred ice-cold solution of 27 g. of coned, sulfuric acid in 
450 ml. of water. The yellow microcrystalline precipi
tate was collected on a Buchner funnel, washed with cold 
water, suspended in 300 ml. of cold water, refiltered, 
washed again and dried. The yield of ester was 42,8 
g. (81 .1% based on potassium salt, 76.8% based on di
methylpyridone) . After recrystallization from 9 5 % 
ethanol it formed small yellow needles; m. p . 175-176° 
(cor.). The product is very difficultly soluble in water; 
soluble in ten parts of boiling ethanol. 

Anal. Calcd. for C u H l s 0 4 N : C, 59.18; H , 5.87; N , 
6.28. Found: C, 59.39; H, 5.79; N, 6.23. 

(17) Seide, Ber., 67, 791 (1924). 
(18) Wislicenus and Kleisinger, ibid., 42, 1140 (1909). 
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(b) Sodium Ethoxide.—By use of sodium ethoxide pre
pared from sodium hydride in absolute ether and absolute 
ethanol, following the procedure just described, a 9 5 % 
yield of sodium salt and from it a yield of 8 5 % of ester 
(based on sodium salt) was obtained. 

When the same procedure was applied to condensations 
of ethyl oxalate with 2-picoline, 6-methyl-2-pyridone or 
2-acetamido-6-methylpyridine, no pyruvic esters could be 
obtained. 

Ethyl l-Methyl-2-pyridone-4-pyruvate.—The procedure 
described for making ethyl l-methyl-2-pyridone-6-pyru-
vate was used. The potassium salt of the keto ester sepa
rated only very gradually as a dense yellow powder. I t 
was collected on a Buchner funnel after standing for four 
and one-half days at room temperature, washed with 
absolute ether and dried over phosphorus pentoxide in a 
vacuum desiccator. The yield was 84%. 

Conversion to the free ester was carried out by adding 
12.0 g. of the potassium salt to a mixture of 5.25 g. of 
coned, sulfuric acid in 55 ml. of water, 30 g. of chopped ice 
and 100 ml. of chloroform, which was agitated by an effi
cient mechanical stirrer. The chloroform layer was de
canted and the aqueous phase extracted with 50 ml. of 
chloroform. I t was then made nearly neutral by adding 
with stirring 3.5 ml. of 2 8 % aqueous ammonia in 30 ml. of 
water and again extracted with 50 ml. of chloroform. 
The combined chloroform solutions were washed twice 
with a small amount of water, filtered and concentrated to 
a volume of 49 ml., then diluted with 200 ml. of petroleum 
ether (b. p . 30-60°). The ester separated as small yellow 
crystals, which were filtered and washed with petroleum 
ether (b. p . 30-60°) after standing for three hours in the 
icebox. The yield was 8.1 g. (79% based on potassium 
salt, 67% based on dimethylpyridone). The ester 
crystallized from acetone or from ethanol-benzene as small 
colorless needles, m. p . 157-158° (cor.). The product is 
very soluble in ethanol and chloroform, moderately soluble 
in acetone, sparingly soluble in benzene, insoluble in water 
and petroleum ether. 

Anal. Calcd. for C11H13O4N: C, 59.18; H, 5.87. 
Found: C, 59.14; H, 5.89. 

When the potassium salt was converted into the free 
ester by the method described under the preparation of 
ethyl l-methyl-2-pyridone-6-pyruvate, the yield based on 
the potassium salt was only 56%. 

The condensation was also effected by the use of sodium 
ethoxide in a similar manner. The over-all yield was 6 5 % . 

l-Methyl-2-pyridone-6-pyruvic Acid (V).—A mixture of 
22.3 g. of 6% sulfuric acid and 2.23 g. of ethyl l-methyl-2-
pyridone-6-pyruvate was boiled under reflux for one-half 
hour with mechanical stirring. At first the ester dissolved, 
then after several minutes the acid started to separate. 
The mixture was allowed to stand in the icebox for several 
hours, the acid collected on a filter, washed with cold water 
and dried. There was obtained 1.78g. (91%) of yellowish-
white fine small needles. After recrystallization from water 
the acid melted at 239-240° (cor.) with effervescence. 

Anal. Calcd. for C9H9O4N: C, 55.38; H, 4.65; N, 
7.18. Found: C, 55.06; H, 4.78; N, 7.21. 

l-Methyl-2-pyridone-4-pyruvic Acid.-—The hydrolysis 
of the ester was carried out as described for the analogous 
6-pyruvic ester. The product was obtained in 5 5 % yield. 
I t was purified by recrystallization from 50% acetic acid; 
small pale yellow needles, m. p . 246° (cor.) with effer
vescence. 

Anal. Calcd. for C9H9O4N: C, 55.38; H, 4.65. 
Found: C, 55.31; H, 4.88. 

l-Methyl-2-pyridone-6-acetic Acid (VI) 
(a) From l-Methyl-2-pyridone-6-pyruvic Acid.—A 

solution of 1.95 g. of the keto acid in 18 ml. of ice-cold 10% 
aqueous sodium hydroxide was cooled in an ice-salt-bath 
and shaken vigorously, while 3.3 ml. of 3 0 % hydrogen per
oxide diluted with 5 ml. of water was added a t such a rate 
that the temperature did not rise above 0°. The solution, 
which a t first was yellow but became colorless after some 

time, was kept in the icebox for forty-eight hours. A little 
powdered manganese dioxide was then added to cause de
composition to excess hydrogen peroxide and the mixture 
left in the icebox for another hour. Manganese dioxide 
was removed by filtration and washed with a little water 
and the combined filtrate and washings were acidified to 
congo red by the cautious addition of coned, hydrochloric 
acid. Crystals separated from the blue solution which, 
when heated, turned red, then yellowish. After boiling 
for several minutes, the mixture was cooled and allowed 
to stand in the icebox to complete crystallization. The 
pinkish crystals were collected on a filter and washed with 
ice-cold water; 1.46 g. (87%). By recrystallization 
from water the acid formed colorless crystals, m. p . 188° 
(cor.) with effervescence. 

Anal. Calcd. for C8H9O3N: C, 57.48; H, 5.43; N, 
8.38. Found: C, 57.54; H, 5.33; N, 8.25. 

When 0.3 g. of the acid was heated at its melting point, 
it formed l,6-dimethyl-2-pyridone with evolution of car
bon dioxide. The dimethylpyridone was identified as the 
picrate; yellow needles from ethanol; m. p . 134-136°. 

(b) From Ethyl l-Methyl-2-pyridone-6-pyruvate.—To 
0.446 g. of the keto ester was added a mixture of 3.6 ml. of 
10% aqueous sodium hydroxide, 0.7 ml. of 30% hydrogen 
peroxide and 2 g. of ice. After standing for fourteen hours 
in the icebox, 0.3 ml. of 30% hydrogen peroxide was 
added to the still slightly yellow solution, which then was 
allowed to stand in the icebox for another twenty-four 
hours. A little powdered manganese dioxide was added 
to the now colorless solution, which was filtered after 
several minutes and acidified to congo red with coned, 
hydrochloric acid. When heated, the blue solution turned 
tan-colored. Cooling caused crystals to separate which 
were washed with ice-cold water after standing for some 
time in an ice-bath. The yield was 0.18 g. (54%) of 
colorless crystals, m. p . 186.5° (cor.) with effervescence. 

l-Methyl-2-pyridone-4-aceticAcid.—This acid was pre-
pared in a manner similar to the 6 -acetic acid analog. From 
3.9 g. of 1-methyl-2-pyridone-4-pyruvic acid 1.98 g. (59%) 
of product resulted. I t was purified by crystallization 
from water; colorless needles, m. p . 184° (cor.) with 
effervescence. 

Anal. Calcd. for C8H9O3N: C, 57.48; H, 5.43; 
neut. equiv., 167.2. Found: C, 57.50; H, 5.57; neut. 
equiv., 167.7. 

l-Metkyl-2-pyridone-6-carboxylic Acid (VII).—To 10.4 
g. of the potassium salt of ethyl l-methyl-2-pyridone-6-
pyruvate was added 92 g. of ice, followed by 14 ml. of 
30% hydrogen peroxide and the solution kept in the icebox 
for one and one-half hours. An ice-cold solution of 1.8 g. 
of sodium hydroxide in 10 ml. of water was added and, 
after forty-two hours in the ice-box, excess hydrogen per
oxide was decomposed by adding a little manganese diox
ide. The mixture was allowed to stand in the ice-box for 
another hour, filtered and acidified with 7.5 ml. of coned, 
hydrochloric acid, which caused the blue solution to turn 
brown. Tan crystals separated immediately; they were 
filtered after standing for two hours in the icebox, 3.55 g. 
(58%). The acid was purified by dissolving it in dilute 
aqueous sodium carbonate, boiling the solution with 
Darco, then filtering and acidifying with dilute hydro
chloric acid and recrystallizing the precipitate twice from 
glacial acetic acid. I t formed colorless needles, m. p . 
260° (cor.) with effervescence. Spath and Koller10 re
ported m. p . 247-248° for the compound as prepared by 
methylation of 6-hydroxypyridine-2-carboxylic acid. 

Anal. Calcd. for C7H7O3N: C, 54.90; H, 4.61. 
Found: C, 54.87; H, 4.79. 

A small quantity of the acid was melted in a small tube 
and the liquid distilled. The distillate was dissolved in 
ether and an ethereal solution of mercuric chloride added. 
The colorless needles of the mercuric chloride double salt 
of 1-methyl-2-pyridone, m. p . 127°, as reported by Spath 
and Koller, resulted. 

Methyl l-Methyl-2-pyridone-6-acetate.—A mixture of 
0.55 g. of 1-methyl-2-pyridone-6-acetic acid, 14 ml. of 
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methanol and 0.5 ml. of coned, sulfuric acid was boiled 
under reflux for two hours, cooled, poured into an excess 
of aqueous potassium carbonate and the resulting solution 
extracted several times with chloroform. Addition of 
petroleum ether (b. p . 30-60°) to the chloroform solution 
which had been concentrated to a small volume caused the 
separation of 0.46 g. (77%) of crystals. Recrystallization 
from ether-petroleum ether (b . p . 30-60°) yielded small 
colSrless needles, m. p . 102°. 

Anal. Calcd. for C9H11O3N: C, 59.66; H , 6.12; N , 
7.73. Found: C, 59.90; H, 6.01; N, 8.06. 

Ethyl l-Methyl-2-pyridone-6-acetate (X).—A mixture 
of 17.6 g. of l-methyl-2-pyridone-6-acetic acid, 500 ml. of 
absolute ethanol and 6 ml. of coned, sulfuric acid was 
boiled under reflux for two hours. After addition of 50 
ml. of benzene, the solution was distilled slowly for one 
hour on the steam-bath until about half volume was 
reached and then concentrated under reduced pressure to 
a volume of about 110 ml. Upon adding carefully 20 g. 
of anhydrous potassium carbonate, then 5Og. of chopped 
ice, followed by 200 ml. of water, and extracting of the 
solution with eight 25-ml. portions of chloroform, a chloro
form solution was obtained. This was dried, concen
trated to about 30 ml. and diluted with 100 ml. of petro
leum ether (b. p . 30-60°) which caused the deposition of 
17.8 g. of colorless needles, m. p . 100-101° (cor.). An
other 0.5 g. of less pure product was obtained from the 
filtrate, giving a total yield of 18.3 g. (89%). Recrys
tallization of the first crop from dry ether did not cause 
modification of the melting point. 

The ester was very soluble in water, benzene and chloro
form, moderately soluble in ether, sparingly soluble in 
petroleum ether. 

Anal. Calcd. for C9H13O3N: C, 61.52; H, 6.71; N, 
7.18. Found: C, 61.59; H, 6.61; N, 7.12. . 

The ester failed to undergo condensation with aromatic 
aldehydes in the presence of piperidine or with ethyl oxalate 
in the presence of potassium ethoxide. 

Ethyl 1 -Methyl-2 -pyridone-6-(a-oximino) -propionate.— 
A solution of 15.0 g. of ethyl l-methyl-2-pyridone-6-pyru-
vate and 15 g. of hydroxylamine hydrochloride in 75 ml. 
of pyridine and 75 ml. of absolute ethanol was refluxed for 
four hours on the steam-bath. The hot solution was 
filtered to remove a small amount of impurity and the 
filtrate freed from solvents by distillation under reduced 
pressure. The yellowish gelatinous residue was triturated 
with 75 ml. of cold water. White crystals separated which 
were collected on a filter, washed with water and dried. 
The yield was 13.8 g. (86%). The ester was purified by 
crystallization from 9 5 % ethanol; colorless needles, m. p . 
198° (cor.). 

Anal. Calcd. for C11H14O4N2: C, 55.45; H, 5.92; N, 
11.76. Found: C, 55.49; H, 6.15; N, 11.86. 

l-Methyl-2-pyridone-6-(o:-oximino) -propionic Acid (VIII) 
(a) By Hydrolysis of the Oximino Ester.—A solution 

of 8.91 g. of the oximino ester in 45 ml. of 2 N aqueous so
dium hydroxide was boiled under reflux for one hour and 
twenty minutes. A small amount of impurity was re
moved by filtration, 10 ml. of water being used for washing 
flask and filter. The combined yellow filtrate and wash
ings were cooled in an ice-bath and acidified with 9 ml. of 
coned, hydrochloric acid. Small colorless needles sepa
rated; 7.49 g. (95%), m . p . 182° (cor.) with decomposi
tion. Purification by crystallization from 50% acetic acid 
did not change the melting point. 

Anal. Calcd. for C9H10O4N2: C, 51.43; H, 4.80. 
Found: C, 51.31; H, 4.87. 

(b) By Action of Hydroxylamine on l-Methyl-2-pyri-
done-6-pyruvic Acid.—To 19.5 g. of the keto acid was 
added an ice-cold solution of 14.75 g. of 9 5 % sodium hy
droxide in 60 ml. of water, followed by an ice-cold solution 
of 10.42 g. of hydroxylamine hydrochloride in 20 ml. of 
water. The mixture was shaken to dissolve the acid, then 
allowed to stand a t 30° for forty-three hours. A small 
amount of impurity was removed by filtration and the 

yellow filtrate, which was cooled in an ice-bath to 5° , 
acidified by the addition of 33 ml. of coned, hydrochloric 
acid. Small colorless needles separated, which were 
filtered after standing for several hours in the icebox, 
washed with ice-cold water and, when dried, melted a t 
182° (cor.) with decomposition. The yield was 19.15 g. 
(91%). 

l-Methyl-2-pyridone-6-acetonitrile (IX).—A distilling 
flask containing 19.1 g. of l-methyl-2-pyridone-6-(a-
oximino) -propionic acid was heated cautiously with a free 
flame. The solid melted with copious evolution of car
bon dioxide and water. The residue was then distilled 
under reduced pressure, b . p . 168° (1 mm.) , as a yellow 
oil which solidified in the receiver. The yield was 12.5 g. 
(93%). After recrystallization from benzene-ether and a 
second vacuum-distillation the product formed colorless 
needles, m. p . 95.5-96.5°, very soluble in water, ethanol 
and acetone, moderately soluble in benzene, sparingly sol
uble in ether. 

Anal. Calcd. for C8H8ON2: C, 64.85; H, 5.44. 
Found: C, 64.78; H, 5.33. 

The nitrile failed to condense with ethyl carbonate. 
With benzaldehyde in the presence of pyridine and 
piperidine, a yellow condensation product, m. p . 260-262° 
(cor.), formed in a high yield, but could not be obtained in 
analytically pure form. 

The nitrile was readily hydrolyzed by boiling with dilute 
ethanolic sodium hydroxide for three hours. After acidi
fication l-methyl-2-pyridone-6-acetic acid, m. p . 187° 
(cor.) with effervescence, resulted in 86% yield. 

Ethyl l-Methyl-2-pyridone-6-(a-benzyl) -acetate (XI, 
R =• C6H6CH2) .—To a solution of 0.084 g. of sodium 
in 2 ml. of absolute ethanol was added 0.69 g. of ethyl 1-
methyl-2-pyridone-6-acetate, followed by 0.45 ml. of 
benzyl chloride. The mixture was refluxed on the steam-
bath for twenty-one hours with exclusion of moisture. 
Another 0.2 ml. of benzyl chloride was added and refluxing 
continued for three hours until the reaction mixture was 
neutral. After steam-distillation to remove excess benzyl 
chloride, the oil which had separated from the residue was 
dissolved in ether. The ether solution was washed twice 
with dilute aqueous sodium carbonate, dried over potas
sium carbonate and concentrated to a volume of about 3 
ml. , which caused colorless crystals to separate. Crys
tallization was completed by adding 30 ml. of petroleum 
ether (b. p . 30-60°) and chilling in an ice-bath for one 
hour. The solid weighed 0.62 g. (61%). After two re-
crystallizations from 3 5 % ethanol it formed small color
less needles, m. p . 104-105° (cor.), very soluble in ben
zene and ethanol, moderately soluble in ether, insoluble in 
water. 

Anal. Calcd. for C17H19O3N: C, 71.56; H, 6.71; N, 
4.91. Found: C, 71.74; H, 6.96; N, 4.80. 

l-Methyl-2-pyridone-6-(o!-benzyl) -acetic Acid (XII, R 
= CsH6CH2-).—To 1.0 g. of sodium hydroxide dissolved 
in 2 ml. of water and 5 ml. of ethanol was added 0.74 g. 
of the ester and the solution refluxed for two hours. After 
cooling and acidification to congo red with dilute hydro
chloric acid, colorless crystals separated. The yield of 
material was 0.59 g. (88%). I t was purified by dissolving 
in dilute aqueous ammonia, filtering (Darco) and repre-
cipitating it with dilute hydrochloric acid; small colorless 
needles, m. p . 155° (cor.) with effervescence. 

Anal. Calcd. for C16H16O3N: C, 70.02; H, 5.88. 
Found: C, 70.15; H , 5.88. 

l-Methyl-6-phenethyl-2-pyridone (XIII, R = C6H5-
CH2-).—In a vacuum-sublimation apparatus 0.1 g. of 1-
methyl-2-pyridone-6-(a-benzyl)-acetic acid was heated 
carefully in an oil-bath. At approximately 150° the 
crystals melted with evolution of carbon dioxide. When 
gas evolution had ceased, the temperature was raised slowly 
to 180°, maintained there for five minutes and again de
creased to 150°. When the pressure was reduced to 2 
mm., the material distilled and solidified on the cold finger. 
Redistillation at 2 mm. gave small colorless needles, m. p . 
95.5-96.5°, soluble in ether, difficultly soluble in water. 
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Anal. Calcd. for CuH15ON: C, 78.84; H, 7.09. 
Found: C, 79.05; H, 6.99. 

l-Methyl-2-pyridone-6-(a-benzyl)-acetonitrile.—-To a 
solution of 0.23 g. of sodium in 4 ml. of absolute ethanol 
was added dropwise with mechanical stirring and exclusion 
of moisture a solution of 1.48 g. of l-methyl-2-pyridone-6-
acetonitrile in 5 ml. of absolute ethanol and 5 ml. of dry 
benzene, followed by 1.3 ml. of benzyl chloride in 5 ml. of 
dry benzene. The dark mixture was stirred at room tem
perature for fifteen minutes, then at the refluxing tempera
ture for fifteen hours. Water was added and the brown 
benzene layer extracted several times with water, dried 
over potassium carbonate and boiled with Darco. The 
yellow filtrate was heated, diluted with petroleum ether 
(b. p . 30-60°) until it became cloudy, and filtered rapidly. 
Cooling and scratching with a glass rod caused separation 
of light tan-colored crystals. The yield was 1.0 g. (42%). 
After recrystallization from dilute ethanol, then from 
benzene-ether, the nitrile formed small colorless leaflets, 
m. p . 132° (cor.). 

Anal. Calcd. for C16H14ON2: C, 75.60; H, 5.92; N, 
11.76. Found: C, 75.71; H, 5.66; N, 11.11. 

The nitrile was hydrolyzed by 62% sulfuric acid or 
preferably by dilute ethanolic potassium hydroxide to 
form the corresponding acid, m. p . 155°, previously de
scribed. 

Ethyl l-Methyl-2-pyridone-6-(a-«-butyl) -acetate (XI, 
R = C4H9-).—To a solution of 0.51 g. of sodium in 10 ml. 
of absolute ethanol was added 4.30 g. of ethyl l-methyl-2-
pyridone-6-acetate, followed by 3.5 ml. of »-butyl iodide. 
The orange-colored solution was refluxed with exclusion of 
moisture on the steam-bath for twenty hours, after which 
time it was no longer alkaline. Solvent and unreacted 
butyl iodide were evaporated on the steam-bath under 
reduced pressure; then 20 ml. of water was added to dis
solve sodium iodide. The oil was dissolved in ether and 
the solution washed twice with aqueous sodium bicarbon
ate, then thrice with water and dried. Removal of the 
solvent and fractionation under reduced pressure gave 
3.6 g. ( 6 5 % ) , b . p . 159-160° (2mm. ) . After another dis
tillation the product was a pale yellow oil, W20D 1.5180. 
I t solidified to colorless crystals on cooling in Dry Ice-
acetone. 

Anal. Calcd. for C14H21O3N: C, 66.90; H, 8.42; N, 
5.57. Found: C, 66.87; H, 8.58; N, 5.81. 

The reaction was carried out also with »-butyl bromide, 
but somewhat less satisfactory results were obtained. 

Hydrolysis and Decarboxylation of Ethyl l-Methyl-2-
pyridone-6-(a-re-butyl)-acetate.—A mixture of 0.59 g. of 
the ester and 0.93 g. of 3 3 % aqueous sodium hydroxide 
was heated on the hot-plate until a homogeneous solution 
resulted, then on the steam-bath for one hour. The solu
tion was diluted with 1 ml. of water, cooled in an ice-bath 
and acidified by the addition of 0.7 ml. of coned, hydro
chloric acid. The 1-methyl-2-pyridone-6-(a-»-butyl)-
acetic acid separated as a viscous oil which could not be 
induced to solidify. This oil was dissolved in chloroform, 
the solution washed with water, then concentrated to a 
small volume and placed in the terminal bulb of a three-
bulb microdistillation tube. Chloroform was removed 
and the residue heated in an oil-bath. The acid decom
posed at 150° with evolution of carbon dioxide. The 
temperature was slowly raised to 185° and maintained 
there for five minutes. The residue was then distilled 
into the other bulbs in a vacuum (below 1 mm.) by placing 
the tube partly in an air-bath heated at 90°. The 6-»-
amyl-l-methyl-2-pyridone (XI I I , R = C4H9-) was ob
tained as a colorless oil; Ji20D 1.5250 (after redistillation). 

Anal. Calcd. for C11H17ON: C, 73.70; H, 9.56; N, 
7.81. Found: C, 73.26; H, 10.06; N, 8.41. 

6-Acetonyl-l-methyl-2-pyridone (XIII, R = CH3CO-). 
—To 0.31 g. of sodium hydride and 10 ml. of absolute 
ether in a 50 -ml. round-bottomed flask provided with a 
mechanical stirrer and a reflux condenser fitted with a 
calcium chloride tube, was added 0.77 ml. of absolute 
ethanol diluted with 10 ml. of absolute ether. As soon as 

the sodium hydride had been transformed completely into 
sodium ethoxide, 2.52 g. of ethyl l-methyl-2-pyridone-6-
acetate was added and the mixture refluxed with stirring 
for fifteen minutes. After cooling in an ice-bath, 0.97 ml. 
of acetyl chloride, diluted with 10 ml. of absolute ether, 
was added in one lot. The yellow suspension turned 
colorless and sodium chloride separated. Stirring was 
continued for five minutes while keeping the flask in the 
ice-bath, then for two hours a t the boiling point of ether. 
The slightly acid reaction mixture was extracted with 
aqueous sodium bicarbonate, then with water. The 
ethereal solution, after drying, was treated with petroleum 
ether (b. p . 30-60°) to cause the separation of an oil which 
partly solidified at 6° , but became liquid again at room 
temperature. The ether and petroleum ether were evapo
rated and the residual oil freed from traces of solvent in a 
vacuum desiccator. The yield of 0-keto ester, which was 
not further purified, was 1.16 g. (38%). 

A mixture of 0.97 g. of the crude keto ester and 15 ml. of 
coned, hydrochloric acid was boiled under reflux on the 
steam-bath for twenty-two hours. The solution was con
centrated under reduced pressure to a small volume, made 
alkaline by the addition of a large excess of saturated 
aqueous sodium carbonate and extracted twice with chloro
form. The extract was boiled with Darco and the yellow 
filtrate evaporated on the steam-bath. When petroleum 
ether (b. p . 30-60°) was added, the oil solidified to pale 
yellow crystals. The yield was 0.18 g. (27% based on the 
crude keto ester, 10% based on starting material). The 
ketone crystallized from benzene as almost white needles, 
m. p . 135.5-136.5° (cor.). After distillation in a vacuum-
sublimation apparatus (bath 150°, 5 mm.) it formed 
colorless oblong leaflets, m. p . 136.5-137.5° (cor.), very 
soluble in water and acetone. 

Anal. Calcd. for C9H11O2N: C, 65.44; H, 6.71. 
Found: C,'65.62; H, 6.83. 

6-Acetonyl-l-methyl-2-pyridone ^-Nitrophenylhydra-
zone.—A solution of 55 mg. of the ketone and of 60 mg. of 
^-nitrophenylhydrazine in 2 ml. of glacial acetic acid was 
boiled under reflux for thirty minutes. After dilution 
with water, 79 mg. (79%) of small yellow needles sepa
rated. After two recrystallizations from 9 5 % ethanol, the 
product melted at 209-210° (cor.) with blackening. 

Anal. Calcd. for C16H16O3N4: C, 59.99; H, 5.37. 
Found: C, 60.14; H, 5.42. 

l-Mathyl-6-m-nitrostyryl-2-pyridone.—A mixture of 
2.1 g. of l,6-dimethyl-2-pyridone, 2.58 g. of m-nitroben-
zaldehyde and 1.77 g. of acetic anhydride was heated in 
an oil-bath at 175-180° for twenty hours. The black 
oil was dissolved in 30 ml. of methanol, the solution boiled 
with 0.2 g. of Norit for five minutes and filtered, diluted 
with 3 ml. of coned, hydrochloric acid and 20 ml. of water 
and boiled on the hot plate to remove methanol. The 
yellow solution, in which a black-brown oil was suspended, 
was cooled to room temperature and extracted with ben
zene to remove tar and unreacted aldehyde. The benzene 
phase was extracted twice with dilute hydrochloric acid. 
The combined light yellow acid solutions were boiled for 
two minutes and made alkaline with 2 5 % aqueous sodium 
carbonate. A yellow microcrystalline precipitate sepa
rated; 0.05 g. (1 .1%). I t was purified by dissolving in 
2 ml. of boiling ethanol, filtering from a black impurity and 
diluting with 30 ml. of water. The solid was recrystallized 
from benzeae-petroleum ether, then from 9 5 % ethanol, 
and formed small yellow crystals, m. p . 216-218° (cor.). 

Anal. Calcd. for C14H12O3N2: C, 65.62; H , 4.72; N, 
10.93. Found: C, 65.56; H, 4.77; N, 11.04. 

6-Acetamido-2-stilbazole (XV).—A mixture of 15.0 g. 
of 2-acetamido-6-methylpyridine,14 10.6 g. of benzalde-
hyde and 5.1 g. of acetic anhydride was boiled under re
flux for thirty hours. The reaction mixture was steam-
distilled to remove unreacted benzaldehyde, of which 50% 
was recovered as the semicarbazone. The residue from 
the steam-distillation was diluted with water to 250 ml. , 
acidified with hydrochloric acid, treated with Norit and 
Celite to remove a tarry impurity and filtered through a 
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Biichner funnel. The yellow filtrate was rendered alka
line by adding aqueous ammonia. A yellow oil separated 
which was dissolved in ether. After drying and removal 
of the ether, the residue was dissolved in a small amount 
of chloroform and the solution diluted with petroleum 
ether. A solid separated which was dissolved in dilute 
hydrochloric acid, filtered from a tarry impurity; then ice 
was added to the solution, followed by an excess of aqueous 
ammonia. A yellow flocculent mass separated which was 
filtered and washed with ice-cold water. I t was then dis
solved in 9 5 % ethanol, the solution boiled with Norit, 
filtered hot and diluted with hot water until a precipitate 
started to form. When cooled slowly, a yellow solid 
separated weighing 2.94 g. (12.3%). After one recrystal-
lization from benzene-petroleum ether (b. p . 90-110°) 
and one recrystallization from 70% ethanol, the compound 
formed colorless needles, m. p . 149-150° (cor.). 

Anal. Calcd. for C15H14ON2: C, 75.60; H , 5.92; N, 
11.76. Found: C, 75.85; H , 6.15; N , 11.86. 

6-Amino-2-stilbazole Hydrochloride.—A solution of 
4.2 g. of 6-acetamido-2-stilbazole in 70 ml. of coned, hy
drochloric acid and 70 ml. of water was boiled under reflux 
for three hours, then cooled and allowed to stand in the 
icebox overnight. The hydrochloride was collected on a 
filter, washed with ice-cold 20% hydrochloric acid, then 
with ether and dried; yield 3.98 g. (97%), m. p . 249-252° 
(cor.). I t was recrystallized from ethanol to form yellow 
needles of the same melting point. 

Anal. Calcd. for Ci3Hi3N2Cl: C, 67.09; H , 5.63; N , 
12.04; Cl, 15.24. Found: C, 67.02; H , 5.72; N , 12.12; 
Cl, 15.37. 

6-Amino-2-stilbazole (XVI).—A solution of 0.67 g. of 
the hydrochloride in a small amount of water was made 
alkaline with aqueous ammonia. A pale yellow oil sepa
rated which solidified rapidly on standing; yield 0.54 g. 
(96%) . It was purified by crystallization from benzene-
petroleum ether (b. p . 90-110°); small colorless prismatic 
needles, m. p . 110°. 

Anal. Calcd. for Ci3H12N2: C, 79.56; H , 6.16; N, 
14.28. Found: C, 79.74; H , 6.09; N , 14.46. 

6-Hydroxy-2-stilbazole (6-Styryl-2-pyridone) (XVII).— 
To a warm solution of 0.165 g. of 6-amino-2-stilbazole in 
0.1 ml. of coned, sulfuric acid and 3 ml. of water was added 
0.07 g. of powdered sodium nitrite. A brown flocculent 
mass separated. After boiling the mixture for five min
utes, an excess of aqueous ammonia was added and boiling 
continued for two minutes. The red-brown powder was 
removed by filtration and treated with hot dilute aqueous 
potassium hydroxide. A black tarry impurity was re
moved by filtration and the yellow filtrate buffered with 
Dry Ice. The hydroxystilbazole separated as a yellow oil 
which rapidly solidified. The yield was 0.08 (48%) . 
Two recrystallizations from 9 5 % ethanol (Norit) yielded 
small yellow needles, m . p . 210-211° (cor.). 

Anal. Calcd. for Ci3HnNO: C, 79.16; H, 5.62; N . 
7.10. Found: C, 78.67; H , 5.77; N, 7.52. 

2-Amino-4-stilbazole.-—A mixture of 8.0 g. of 2-acet-
amido-4-methylpyridine,17 6.3 g. of benzaldehyde and 2.7 
g. 'of acetic, anhydride was refluxed under nitrogen for 
forty-six hours. The dark oil, to which 15 ml. of coned, 
hydrochloric acid had been added, was steam-distilled to 
remove unreacted benzaldehyde. To the residue, con
sisting of a dark sticky mass and about 50 ml. of an aque
ous solution, was added 50 ml. of coned, hydrochloric acid. 
The mixture was heated to boiling and filtered from a brown 
solid, which was then boiled with 50 ml. of coned, hydro
chloric acid and refiltered. 

The combined filtrates were boiled with Norit and fil
tered. The clear dark yellow solution was boiled under 
reflux for three hours, diluted with 50 ml. of water and re-
fluxed for an additional four hours. When cooled, a 
yellow flocculent precipitate separated. I t was collected 
on a filter, dissolved in boiling ethanol, the solution made 
alkaline with aqueous ammonia and diluted with water. 
The tan flocculent precipitate was dissolved in 50 ml. of 
coned, hydrochloric acid, the solution boiled with Norit, 

filtered hot and diluted with 50 ml. of boiling water. 
After standing for three hours in the icebox, the material 
which had separated was isolated by filtration, washed 
with cold water and dissolved in 50 ml. of hot ethanol; 
to the boiling solution was added 4 ml. of 2 8 % aqueous 
ammonia in 10 ml . of ethanol, then water, until crystalli
zation started, and the mixture allowed to stand in the ice
box. The tan-colored leaflets of the aminostilbazole 
weighed 1.52 g. (14.5%). After two recrystallizations 
from 9 5 % ethanol it formed pale yellow glittering leaflets, 
m. p . 216-217° (cor.). 

Anal. Calcd. for C13H12N2: C, 79.56; H , 6.16; N, 
14.28. Found: C, 79.76; H , 6.09; N , 14.23. 

The solid, which proved to be insoluble when the original 
reaction mixture was extracted with hydrochloric acid, was 
digested with ice-cold acetone, then with boiling coned, 
hydrochloric acid and refiltered. It was then dissolved in 
70 ml. of boiling ethanol, the solution filtered and heated 
with 40 ml. of coned, hydrochloric acid. Upon slow dilu
tion with 100 ml. of boiling water a yellow flocculent solid 
separated. After dissolving in ethanol and adding aque
ous ammonia to the boiling solution, yellow microcrystals 
formed. The product (0.29 g.) was recrystallized from 
ethanol-methyl ethyl ketone; small yellow needles, m. p. 
234-235° (cor.). 

Analysis did not serve to identify the product. 
Anal. Found: C, 84.26; H , 5.59; N, 6.87. 
2-Hydroxy-4-stilbazole (4-Styryl-2-pyridone).—A solu

tion of 2.4 g. of 2-amino-4-stilbazole in 1.5 ml. of coned, 
sulfuric acid and 10 ml. of glacial acetic acid was stirred 
and cooled in an ice-salt-bath, which caused separation of 
the sulfate. I t was diazotized by the gradual addition of 
1.0 g. of sodium nitrite in 2 ml. of water. The mixture 
was then allowed to come to room temperature and 
treated with small portions of solid sodium nitrite until it 
gave a positive reaction with starch-iodide paper (ten 
minutes). Addition of 100 ml. of water caused separation 
of a tan-colored flocculent solid. The suspension was 
heated to 90° and made alkaline with aqueous ammonia. 
The solid was removed by filtration, dissolved in 100 ml. of 
boiling ethanol, a tan-colored impurity removed by filtra
tion and the filtrate allowed to stand in the icebox. The 
greyish-brown crystals were collected and weighed 0.86 g. 
(36%). By repeated recrystallizations from 9 5 % ethanol 
(Darco), yellowish prismatic needles, m. p . 238-239° 
(cor.), resulted. 

Anal. Calcd. for Ci3H11NO: C, 79.16; H, 5.62; N, 
7.10. Found: C, 79.04; H, 5.71; N, 7.45. 

6-Methyl-2-pyridone-l-/3-propionitrile (XVIII).—An in
timate mixture of 42.5 g. of 6-methyl-2-pyridone and 1.3 g. 
of 6-methyl-2-pyridone sodium was heated under reflux 
on a steam-bath with 22.8 g. of acrylonitrile. The mix
ture was shaken frequently until it had liquefied, which 
took about ten minutes, then heated for twenty more 
minutes. After addition of 1 ml. of glacial acetic acid in 
110 ml. of boiling benzene, the solution was filtered hot 
from sodium acetate and allowed to cool in the icebox. 
Tan crystals separated, which were collected on a filter 
and washed with a small amount of ice-cold benzene. 
The yield was 52.5 ( 8 1 % based on total methylpyridone, 
8 3 % based on free methylpyridone). It was recrystal
lized from methyl ethyl ketone to give colorless prisms, 
m. p . 109-110° (cor.), very soluble in water, moderately 
soluble in benzene, acetone and methyl ethyl ketone, in
soluble in petroleum ether. 

Anal. Calcd. for C9H10ON2: C, 66.65; H , 6.22; N, 
17.27. Found: C, 66.88; H, 6.20; N, 17.13. 

Other catalysts, such as 50% aqueous potassium hy
droxide, powdered sodium hydroxide, Triton B (with addi
tion of dioxane) gave satisfactory results, although the 
yield of product was slightly less. 

Pyrolysis of the nitrile in a small distilling flask gave 
acrylonitrile and 6-methyl-2-pyridone, showing the re
versibility of this reaction. 

6-Methyl-2-pyridone-l-/3-propionic Acid (XIX).—A 
solution of 18.4 g. of the propionitrile in 92 ml. of water 
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and 6 ml. of coned, sulfuric acid was refluxed for three 
hours. When cooled in the icebox, colorless crystals 
separated; the yield was 18.9 g. (92%). After recrys-
tallization from water, then from acetone, the acid formed 
colorless plates or prisms, m. p . 165-166° (cor.). 

Anal. Calcd. for C 9H nO 3N: C, 59.66; H, 6.12; N, 
7.73. Found: C, 59.73; H, 6.24; N, 7.82. 

Many experiments were performed to prepare the esters 
of this acid. None gave satisfactory results. An oil 
which could not be distilled without decomposition into 
acrylic ester and 6-methyl-2-pyridone always resulted. 
The methods employed were alcoholysis of the corre
sponding nitrile, condensation of 6-methyl-2-pyridone 
sodium with ethyl /3-bromopropionate, esterification of the 
acid with hydrogen chloride and ethanol, reaction of the 
silver salt of the acid with methyl or ethyl iodide, attempted 
condensation of 6-methyl-2-pyridone with ethyl acrylate, 
the action of diazomethane on the acid. 

The crude oil obtained in many of these experiments 
was treated with reagents such as potassium, potassium 
ethoxide, and sodium hydride in an at tempt to eliminate 
ethanol or methanol from the ester grouping and 6-methyl 
group in order to obtain a pyridocoline ring. AU experi
ments failed. 

Ethyl 6-Methyl-2-pyridone-l-acetate (XX) and 2-
Carbethoxymethoxy-6-methylpyridine (XXI).—To a solu
tion of 2.3 g. of sodium in 50 ml. of absolute ethanol and 
20 ml. of dry benzene was added 10.9 g. of 6-methyl-2-
pyridone, followed by 18 g. of ethyl bromoacetate. The 
mixture was refluxed in a boiling water-bath for two hours; 
then ethanol, benzene and most of the unreacted ethyl 
bromoacetate were removed on the steam-bath under re
duced pressure. After addition of 100 ml. of hot water, 
the mixture was steam-distilled. The steam-distillate 
from which a heavy oil had separated was extracted with 
chloroform and the extract dried over potassium carbon
ate. Chloroform was removed under reduced pressure 
and the residual oil distilled in vacuo. The 2-carbethoxy-
methoxy-6-methylpyridine boiled at 132° (15 mm. ) , ra20D 
1.4909. The yield was 1 g. (5%) . 

Anal. Calcd. for Ci0H13O3N: C, 61.52; H , 6.71. 
Found: C, 61.56; H , 6.88. 

The residue of the steam-distillation was made alkaline 
by the addition of 2 g. of potassium carbonate and ex
tracted with chloroform in a continuous extractor. The 
extract was dried over potassium carbonate and freed 
completely from chloroform by heating on the steam-bath 
under reduced pressure. The ethyl 6-methyl-2-pyridone-
1-acetate remained as a brown liquid which on cooling 
solidified to a tan-colored solid. The yield was 13.7 g. 
(70%). I t was dissolved in hot benzene, the solution 
boiled with Norit, filtered and diluted with petroleum 
ether (b. p . 30-60°) until incipient cloudiness. When 
cooled in the ice-box, 11.7 g. (60%) of crystals separated. 
They were dissolved in cold acetone, a colorless impurity 
removed by filtration and the filtrate diluted with petro
leum ether (b. p . 30-60°) . Repeated recrystallizations 
gave colorless needles, m. p . 81-82°. The ester was 
purified for analysis by vacuum-sublimation. 

Anal. Calcd. for C10H15O3N: C, 61.52; H , 6 .71; N , 
7.18. Found: C, 61.41; H , 6.44; N, 7.04. 

6-Methyl-2-pyridone-l-acetic Acid.—A mixture of 1.24 
g. of the ester (XX) and 7.4 ml. of 3 5 % aqueous potassium 
hydroxide was boiled under reflux for thirty minutes. 
The solution was filtered, diluted with 10 ml. of water and 
acidified by the addition of 5.7 ml. of coned, hydrochloric 
acid. The colorless prisms were collected on a filter after 
standing in an ice-box overnight; yield 0.68 g. (64%). 
The acid was purified from ethanol; m. p . 229 ° (cor.) with 
effervescence. 

Anal. Calcd.forC8H9O8N: N ,8 .38 . Found: N,8 .77 . 
The same compound was made as follows. To a solu

tion of 2.18 g. of 6-methyl-2-pyridone in 4.62 g. of hot 
50% aqueous potassium hydroxide was added 1.98 g. of 
chloroacetic acid and the mixture boiled on the hot plate 
for two minutes. The solid which formed was dissolved 

by adding 2 ml . of water and boiling was continued for 
three more minutes. When cooled, the mixture solidified 
to a crystalline mass. I t was dissolved in 7 ml. of hot 
water and acidified by the addition of 1.8 ml. of coned, 
hydrochloric acid. Cooling to room temperature and 
scratching the wall of the container with a glass rod caused 
separation of colorless crystals; yield 0.4 g. (12%). After 
washing with a little acetone, the remaining 0.3 g. was re-
crystallized from boiling water, then ethanol; m. p . 229° 
(cor.) with effervescence. 

Ethyl l-Carbethoxymethyl-2-pyridone-6-pyruvate 
(XXII).—To a solution of 0.76 g. of potassium in 4.3 ml. 
of absolute ethanol and 9 ml. of absolute ether was added 
at 0° 2.84 g. of ethyl oxalate, then after ten minutes 3.48 
g. of ethyl 6-methyl-2-pyridone-l-acetate, followed by 
15 ml. of dry benzene and 26 ml. of absolute ether. The 
flask was flushed with nitrogen, tightly stoppered and 
allowed to stand at room temperature for nineteen hours. 
In a short time the potassium salt started to separate as a 
yellow powder and the solution turned a t first bright yel
low, then orange, finally dark red-brown. The potassium 
salt of the condensation product was collected on a Biich-
ner funnel, washed with absolute ether and weighed 2.42 g. 
(41%). 

The potassium salt was stirred into a mixture of 0.5 ml. 
of coned, sulfuric acid and 20 g. of ice. A yellow oil 
separated which rapidly solidified. The ester was col
lected on a filter, washed with water and dried. I t 
weighed 1.61 g. (30.6%). I t was purified by crystalliza
tion from 9 5 % ethanol (Nori t ) ; small lemon-yellow leaf
lets, m. p . 137-138°. 

Anal. Calcd. for CuHi7O6N: C, 56.94; H , 5.80; N , 
4.74. Found: C, 56.90; H, 5.73; N , 4.84. 

Reaction of 6-Methyl-2-pyridone with N-Bromosuc-
cinimide.—A mixture of 2.18 g. of 6-methyl-2-pyridone, 
7.12 g. of N-bromosuccinimide and 0.25 g. of benzoyl per
oxide in 60 ml. of carbon tetrachloride was boiled under 
reflux for thirty minutes. Succinimide was removed by 
filtering the hot mixture and washing with boiling carbon 
tetrachloride. The combined filtrate and washings were 
evaporated to dryness and the residue recrystallized from 
9 5 % ethanol. The product consisted of 1.2 g. of colorless 
needles, which after recrystallization melted at 254-255° 
(cor.). Admixture of an authentic sample of 3,5-dibromo-
6-methyl-2-pyridone did not depress the melting point. 

2-Amino-5-bromo-6-methylpyridine.—A solution of 10.8 
g. of 2-amino-6-methylpyridine in 47 g. of 20% sulfuric 
acid was cooled in ice water and 18.7 g. of bromine was 
added dropwise over fifteen minutes with continuous 
swirling. I t was then shaken a t room temperature until 
a colorless solution resulted (about fifteen minutes), 
cooled again in ice water and made alkaline by adding 80 
g. of ice-cold aqueous 20% sodium hydroxide. A partly 
crystalline, partly oily white mass separated which solidi
fied completely after standing for several hours in the ice
box. The crude product weighed 14.6 g. (78%). Re-
crystallization from petroleum ether (b. p . 90-110°) in 
which the contaminants are very soluble, gave 9.3 g. 
(50%) of long silky colorless needles, m. p . 83-84°. The 
analytical sample was prepared by vacuum-sublimatioa. 

Anal. Calcd. for C6H7N2Br: N , 14.98; Br, 42.73. 
Found: N, 15.00; Br, 42.76. 

2-Amino-3,5-dibrorno-6-methylpyridine.—To a solution 
of 10.8 g. of 2-ammo-6-methylpyridine in 47 g. of 20% 
sulfuric acid was added with continuous swirling 32 g. of 
bromine. The temperature was maintained below 35° by 
occasional immersion in ice water. The mixture was 
heated on the steam-bath for two hours, then allowed to 
stand in the icebox overnight. The white crystalline sul
fate was collected on a filter and washed with ice-cold 20% 
sulfuric acid, then with acetone. The yield was 24.6 g. 
(78%). 

The sulfate was added in small portions with stirring to 
50 g. of ice-cold 10% aqueous sodium hydroxide and the 
mixture allowed to stand in the icebox for several hours. 
The colorless crystals weighed 17.15 g. (82.5% based on 
sulfate). After recrystallization from 9 5 % ethanol, the 
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base formed short colorless prismatic needles, m. p . 144° 
(cor.). 

Anal. Calcd. for C6H6N2Br2: C, 27.09; H , 2.27; N, 
10.53; Br, 60.10. Found: C, 27.31; H, 2.33; N, 10.63; 
Br, 59.93. 

5-Bromo-6-methyl-2-pyridone.—A solution of 8.4 g. 
of 2-amino-5-bromo-6-methylpyridine in 40 g. of ice-cold 
20% sulfuric acid was diazotized below 10 ° by adding drop-
wise a solution of 3.3 g. of sodium nitrite in 7 ml. of water. 
The sulfate of the pyridone separated during the reaction. 
The paste was diluted with 30 ml. of water and the sus
pension heated on the steam-bath for five minutes. A 
solution of 9 g. of potassium carbonate in 15 ml. of water 
was added with stirring and the yellow suspension heated 
to boiling, then allowed to stand in the icebox. The 
yield of tan needles was 6.9 g. (82%). The compound was 
recrystallized from 9 5 % ethanol, then from benzene to 
form colorless needles, m. p . 204° (cor.). The analytical 
sample was prepared by vacuum-sublimation. 

Anal. Calcd. for C6H6ONBr: N, 7.45; Br, 42.50. 
Found: N, 7.28; Br, 42.50. 

3,5-Dibromo-6-methyl-2-pyridone.—A warm solution 
of 13.3 g. of 2-amino-3,5-dibromo-6-methylpyridine in 54 
g. of 20% sulfuric acid was cooled rapidly in an ice-salt 
bath with efficient stirring to cause separation of very 
small crystals, then diazotized by adding drop wise a solu
tion of 3.7 g. of sodium nitrite in 10 ml. of water. The 
mixture became pasty as the sulfate of the pyridone sepa
rated. The suspension obtained by adding 300 ml. of 
water was heated to boiling and made alkaline by adding 
slowly with stirring a solution of 13 g. of potassium car
bonate in 50 ml. of water. The yield of colorless crystals 
was 12.9 g. (97%). After recrystallization from ethanol-
benzene and then from 9 5 % ethanol, colorless needles, 
m. p . 254-255° (cor.), resulted. Errera13 reported m. p . 
238-239°. 

Summary 
1. In order to devise methods by which cyti-

sine might be synthesized, a further knowledge of 
the activity of a 6-methyl group in 1-substituted 
2-pyridones was required. It has been shown that 
the 6-methyl group in l,6-dimethyl-2-pyridone 
condenses readily with ethyl oxalate in presence 
of potassium or sodium ethoxide to give the cor
responding pyruvate. The same is true of the 4-
methyl group in l,4-dimethyl-2-pyridone. 

The relative rates of bromination of toluene, 
ethylbenzene, i-propylbenzene and i-butylbenzene 
in aqueous acetic acid at 25° are 100, 76, 44 and 
23, respectively.1 A competitive bromination 
study of toluene and 2-butylbenzene has confirmed 
the order for the latter two compounds.2 These 
results have been explained by hyperconjugation 
involving the hydrogen atoms on the carbon atom 
alpha to the benzene ring.1'2'3 In the work pre-

(1) De la Mare and Robertson, J. Chem. Soc,, 279 (1943). 
(2) Berliner and Bondhus, T H I S JOURNAL, 68, 2355 (1946). 
(3) Baker and Nathan, J. Chem. Soc, 1844 (1935). 

2. These pyruvic esters were saponified to the 
corresponding acids and these by means of alkali 
and hydrogen peroxide degraded to the corre
sponding l-methyl-2-pyridone-6(or 4)-acetic acids. 
The 6-pyruvic ester was converted directly in one 
step to the 6-acetic acid with alkali and hydrogen 
peroxide. Its potassium salt, however, by treat
ment with hydrogen peroxide, gave l-methyl-2-
pyridone-6-carboxylic acid. 

3. Pyrolysis of l-methyl-2-pyridone-6-(o:-ox-
imino)-propionic acid, obtained by reaction of the 
6-pyruvic acid and hydroxylamine or by hydroly
sis of the oximino ester, gave the 6-acetonitrile 
which could be alkylated with alkyl halides in the 
presence of sodium ethoxide. In the same way the 
6-acetic ester, obtained from the acid, was alky
lated with benzyl chloride and w-butyl iodide and 
acylated with acetyl chloride, the resulting prod
ucts saponified and the corresponding acids decar-
boxylated by pyrolysis. l-Methyl-6-phenethyl-2-
pyridone, 6-w-amyl-l-methyl-2-pyridone and 6-
acetonyl-l-methyl-2-pyridone were thus obtained. 

4. l,6-Dimethyl-2-pyridone condensed with 
m-nitrobenzaldehyde in presence of acetic anhy
dride to give a very low yield of l-methyl-6-w-
nitrostyryl-2-pyridone. 

5. 2-Acetamido-6(or 4)-methylpyridine con
densed with benzaldehyde to give 2-acetamido-
6 (or 4)-stilbazole, from which by saponification of 
the acetyl group and diazotization, 6- or 4-styryl-
2-pyridone resulted. 

6. 6-Methyl-2-pyridone condensed with acrylo-
nitrile in presence of alkaline catalysts to give 6-
methyl-2-pyridone-l-/3-propionitrile, which was 
hydrolyzed to the corresponding acid. 6-Methyl-
2-pyridone sodium condensed with bromoacetic 
ester to give ethyl 6-methyl-2-pyridone-l-acetate 
which in turn condensed with ethyl oxalate to 
form a pyruvate. 
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sented here the above order of reactivity is con
firmed and investigation of the relative rates of 
bromination of monoalkylbenzenes is extended to 
include both propylbenzenes, all four butylben-
zenes, and four of the eight amylbenzenes. The 
results are considered in the light of hyperconju
gation. 

Method. The procedure adopted for meas
uring the relative rates of bromination was similar 
to that used by De la Mare and Robertson.1 The 
relative rates were calculated by comparing the 
times necessary for ten per cent, reaction of bro-
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