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The alkaline potassium ferricyanide oxidation of N-alkylpyridinium salts has been used as a method for the preparation of
4-carboxy-N-methyl-2-pyridone which was converted into its ethyl ester and several other derivatives.

Although the 3-, 5-, and 6-, carboxy-N-methyl-2-
pyridones have been reported in the literature,2—3
we have found no report of N-methyl-4-carboxy-2-
pyridone (I). The preparation of ethyl N-methyl-2-
pyridone-4-carboxylate was undertaken in order to
test the analgesic activity of this compound and
several of its derivatives.

The alkaline potassium ferricyanide oxidation of
N-methylpyridinium iodide to N-methyl-2-pyri-
done is a well established reaction.t Sugasawa and
Suzuta’ oxidized 1-(3,4-methylenedioxyphenethyl)-
4-carbethoxypyridinium bromide with alkaline
potassium ferricyanide to N-(3,4-methylenedioxy-
phenethyl)-4-carboxy-2-pyridone. M. L. Peterson?
reported the alkaline ferricyanide oxidation of 2,5-
dicarbomethoxy-N-methylpyridinium methosulfate
and its betaine to N-methyl-5-carboxy-2-pyridone.

The alkaline ferricyanide oxidation~ of N-
methyl-3-carboxamidopyridinium iodide has been
widely studied. Most recently Pullman and Colo-
wick® have demonstrated that both the 2- and 6-

(1) This paper is an abstract in part of the M.S. thesis of
M.H.F., Stanford University, 1957.

(2) A. Henry, The Plant Alkaloids, 3rd ed., Blakiston’s
Son and Co., Inc., Philadelphia, 1939, p. 13.

(3) E. Spath and G. Koller, Ber., 56A, 880 (1923).

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

(5) H. von Pechmann and W. Welsh, Ber., 17, 2384
(1884).

(6) E. A, Prill and S. M. McElvain, Org. Syntheses, Coll.
Vol. I, 419-421 (1941).

(7) S. Sugasawa and Y. Suzuta, J. Pharm. Soc. Japan,
71,1159 (1951).

(8) M. L. Peterson, paper presented at the Miami meet-
ing of the American Chemical Society, April 1957.

(9) M. E. Pullman and 8. P. Colowick, J. Biol. Chem.,
206, 121 (1954).

pyridones of N-methyl-3-pyridine carboxamide are
formed upon oxidation.

Thyagarajan'® has recently reviewed the alkaline
potassium ferricyanide oxidation reaction.

The attempted alkaline potassium ferricyanide
oxidation of both N-methyl-4-carboxypyridinium
iodide and its betaine under the usual conditions?®
failed to yield any 2-pyridone, starting material
being recovered. However the oxidation of the
methiodides of isonicotinic acid esters were studied
with greater success. The produet isolated was the

4-carboxy-N-methyl-2-pyridone; the ester was
never detected.
COOR COOR COOR COOH
[\ CH,I I\ NaOH I\ ]\
P i ) KiFe(CN),
ey Ty
CH; CH;, CH;

R = CHs, CHzCHs, CH (CHa)z

It is generally accepted!®—!? that the oxidation
takes place via the pseudo base. A more detailed
postulation of the mechanism of the ferricyanide
oxidation of N-alkylpyridinium hydroxides to form
N-alkyl-2-pyridones is proposed by Bradlow and
Vanderwerf.!?

The yield of N-methyl-4-carboxy-2-pyridone
depended on the rate of addition of the reagents to
the reaction mixture. The sodium hydroxide solu-
tion was added to a concentrated aqueous solution

(10) B. 8. Thyagarajan, Chem. Revs., 58, 439 (1958).

(11) R. Elderfield, Heterocyclic Compounds, John Wiley
and Sons, New York, Vol. 1, 1950, pp. 415-16.

(12) A. Hantzsch and M. Kalb, Ber., 32, 3109 (1899).

(13) H. L. Bradlow and C. A. Vanderwerf, J. Org. Chem.,
16, 73 (1951).
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of the pyridinium iodide at twice the rate of
addition of the potassium ferricyanide solution.
By decreasing the amount of pyridinium iodide used
and keeping the rate of addition of reagents con-
stant, the yield of 2-pyridone was increased from
469, to 969.

When the addition time was kept constant,
larger yields were obtained from the higher esters:
809, yield from the oxidation of N-methyl-4-
carboisopropoxypyridinium iodide, 629 yield from
N - methyl - 4 - carboethoxypyridinium iodide,
and 469, from the oxidation of N-methyl-4-
carbomethoxypryidinium iodide. The possibility
of obtaining a quantitative yield from the oxidation
of each of the pyridinium iodides would be greatly
enhanced by adding the reagents over a period of
several days.

Ethyl N-methyl-2-pyridone-4-carboxylate and
N-methyl-2-pyridone-4-carboxamide were prepared
from the acid via N-methyl-2-pyridone-4-carbox-
vlic acid chloride and N-methyl-2-pyridone-4-
carboxylic acid hydrazide was synthesized from the
ester in the usual manner.

EXPERIMENTALM

Ozidation of N-methyl-4-carbomethoxypyridinium todide.
N - Methyl - 4 - carbomethoxypyridinium iodide,’® 2.00 g.
(0.0073M), dissolved in water (10 ml.), was placed in an
Erlenmeyer flask. Solutions of sodium hydroxide, 4.0 ml.
(1.68 g., 0.242M in 3 ml. of water), and potassium ferri-
cyanide, 12 ml. (4.8 g., 0.019M in 8 ml. of hot water), were
prepared. At one-hour intervals, 1.0-ml. portions of sodium
hydroxide and 1.5-ml. portions of potassium ferricyanide
were added to the pyridinium salt solution with agitation
after each addition. The heat of the reaction kept the mix-
ture slightly above room temperature. The potassium ferri-
eyanide solution was added warm to prevent precipitation.
After the addition of the final 1.5-ml. portion of potassium
ferricyanide, the reaction mixture was kept warm (40-55°)
on a steam bath for 1 hr., then cooled and acidified with 6N
hydrochloric acid. Granular crystals precipitated and were
removed by filtration. Recrystallization from hot methanol
yielded N-methyl-4-carboxy-2-pyridone, 1.05 g. (96%),
m.p. 254-254.5°.

Anal. Caled.: C, 54.91; H, 4.61; N, 9.15. Found: C,
54.80; H, 4.81; N, 9.07.

When this reaction was carried out on 25 and 50 g.
samples of N-methyl-4-carbomethoxypyridinium iodide,
yields of only 509, could be attained.

The oxidation of both N-methyl-4-carboxypyridinium
iodide and the betaine of N-methyl-4-carboxypyridine?®
with alkaline potassium ferricyanide failed to give N-methyl-
4-carboxy-2-pyridone.

Isopropyl isonicotinate. Isonicotinic acid, 20.0 g. (0.162}),
was refluxed with thionyl chloride (80 ml.) for 0.5 hr. The
excess thionyl chloride was removed in vacuo and isopropyl
aleohol, 100 g. (1.66]M), added; the reaction mixture was
refluxed for 3 hr. Crystallization began upon cooling. After

(14) All melting points are uncorrected. Microanalyses by
Microchemical Specialties Co., Berkeley, Calif. The infrared
spectra of each compound was taken and found to be com-
patible with the structures reported.

(15) J. V. Supniewske, and M. Serafinowna, Arch. Chem.
Farm., 3, 109 (1936). .

(16) H. Meyer, Monatsh., 24, 199 (1903).
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standing at room temperature overnight, the isopropyl iso-
nicotinate hydrochloride was collected on a filter, washed
with 50% isopropyl alcohol-ether followed by ether and
dried; 26.5 g. (0.13M, 829,), m.p. 186-187° dec.

Isopropyl isonicotinate hydrochloride was converted to
the free base by neutralization in aqueous solution with
caleium carbonate, extraction with ether and distillation;
b.p. 94-104° (7 mm.), 13.0 g. (6097). A sample for analysis
was redistilled, b.p. 94° (3 mm.).

Anal. Caled.: C, 65.44; H, 6.71; N, 8.48. Found: C, 65.08;
H, 6.64; N, 8.40.

The attempted preparation of i-butyl isonicotinate using
this same procedure was unsuccessful.

N-methyl-4-carbotsopropozypyridinium iodide. A 959,
vield of N-methyl-4-carboisopropoxypyridinium iodide,
m.p. 139-141° (recrystallized from absolute ethanol-ether),
was obtained according to the method of Supniewski and
Serafinowna.

Anal. Caled.: C, 39.10; H, 4.59; N, 4.55; I, 41.32. Found:
C, 3891; H,4.72; N, 4.42; 1, 41.35.

Ozxidation of N-methyl-4-carboisopropozypyridinium todide.
The alkaline potassium ferricyanide oxidation of this pyri-
dinium salt was carried out as before to give an 809, yield of
N-methyl-4-carboxy-2-pyridone.

Ozidation of N-methyl-4-carboethoxypyridinium todide. N-
Methyl-4-carboethoxypyridinium iodide, m.p. 110-113°
(made in 899, yield as indicated for the isopropyl ester) was
oxidized by the general procedure described for the methyl
ester to give a 629, yield of N-methyl-4-carboxy-2-pyridone,

N-Methyl-2-pyridone-4-carbozylic acid chloride. N-Methyl-
4-carboxy-2-pyridone, 1.0 g. (0.065}{), and purified thionyl
chloride,”” 16.3 g. (10 ml., 0.137)), were warmed at 55—
60° for 1.5 hr. and the excess thionyl chloride was then re-
moved by wvacuum distillation. The crude acyl chloride
crystallized upon cooling and was used as such in the follow-
ing reaction.

Ethyl N-Methyl-2-pyridone-4-carbozylate. This acid chlo-
ride and absolute ethanol, 15.8 g. (20 ml., 0.344M), were
refluxed for 2 hr. The excess ethanol was removed by
vacuum distillation and the residue, insoluble in ether, was
taken up in 50 ml. of chloroform, washed twice with 20-ml.
portions of 0.5N sodium carbonate, and the organic layer
dried over anhydrous magnesium sulfate. The chloroform
was removed in vacuo, care being taken not to overheat the
oily residue. Upon cooling, the oil crystallized and was re-
crystallized from 30 ml. of anhydrous ether. Ethyl N-methyl-
2-pyridone-4-carboxylate, 1.0 g. (83%), m.p. 89°, was ob-
tained as luminous, white crystals which were insoluble
in n-hexane and soluble in water, dioxane, and ethanol.

Anal. Caled.: C, 59.66; H, 6.12; N, 7.73. Found: C,
59.64; H, 5.90; N, 7.64.

N-Methyl-2-pyridone-4-carboxylic acid hydrazide. A solu-
tion of ethyl N-methyl-2-pyridone-4-carboxylate, 1.0 g.
(0.005M), in ethanol (2 ml.) and 95 hydrazine hydrate, 0.5
g. (0.01M), was warmed on a steam bath for 15 min. The
hydrazide which crystallized upon cooling, was recrystal-
lized twice from hot water; 0.74 g. (67%), m.p. 258-260°.

Anal. Caled.: C, 50.29; H, 5.42; N, 25.14, Found: C,
50.33; H, 5.37; N, 25.32.

N-Methyl-2-pyridone-4-carboxamide. N-Methyl-4-carboxy-
2-pyridone, 15.0 g. (0.98M), was converted to the acid
chloride with thionyl chloride and was added slowly as the
warm molten liquid to a vigorously stirred solution of con-
centrated ammonium hydroxide, 250 ml., over a period of
2.5 hr. The reaction mixture was then stirred on a steam
bath for 1 hr. and evaporated to dryness under vacuum.
The residue was extracted three times with 50-ml. portions

(17) E. L. Martin and L. ¥. Fieser, Org. Syntheses,
Coll. Vol. I1, 570 (1953).
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of boiling methanol and the combined methanol extracts

were cooled and filtered to recover the crude amide, which

was recrystallized twice from methanol; 4.2 g. (289%,) m.p.
234-36°.

Anal. Caled.: C, 55.25; H, 5.30; N, 18.41. Found: C, 55.45;
H,5.07; N, 18.05.
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A series of 2-trifluoromethylpyrimidines has been synthesized from trifluoroacetamidine. Included was 4-amino-2-trifluoro-
methyl-5-hydroxymethylpyrimidine which showed biological activity.

The discovery of 5-hydroxymethylcytosine in
the deoxyribonucleic acid of the T-even bacterio-
phages of Escherichia coli®*® is largely responsible
for recent interest in related pyrimidines. The sub-
sequent synthesis of this**® and other 5-hydroxy-
methylpyrimidines has led to compounds with in-
teresting biological activity. Ulbricht and Price,’
for example, have synthesized 4-amino-5-hydroxy-
methyl - 2 - methylthiopyrimidine  (Methioprim)
which has received some attention.®

It has been noted’” that amethopterin-resistant
mutants of Bacillus subiilis are collaterally sensi-
tive to certain 2-substituted-4-amino-5-(substi-
tuted methyl)pyrimidines. The reversal of this in-
hibition by 4-amino-5-hydroxymethyl-2-methyl-
pyrimidine suggested that these compounds are
thiamine pyrimidine antagonists in this organism.
Furthermore, since amethopterin is used clinically
in cancer chemotherapy it was of interest to in-
vestigate further those pyrimidines related to the
thiamin pyrimidine.

It is well known that there is a large difference in
the electronic effect of the triffuoromethyl group
and the methyl group but not a large difference in
size. Since this type of substitution can lead to
different biological activity, some 2-trifluoromethyli
analogs of the thiamin pyrimidine were synthesized.
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Among the compounds prepared were 4-amino-2-
trifluoromethyl-5-hydroxymethylpyrimidine (VIII)
and 4-amino-5-aminomethyl-2-trifluoromethylpy-
rimidine (X). Because the reaction of acetamidine
with (1) diethyl ethoxymethylenemalonate,? (2)
ethoxymethylenemalononitrile,® and (3) ethyl eth-
oxymethylenecyanoacetate®!® had led to pyrimi-
dines, these three routes were investigated with
trifluoroacetamidine (I)!4!2 as starting material.
Diethyl ethoxymethylenemalonate was con-
densed with I in the presence of sodium ethoxide
to form 5-carbethoxy-2-trifluoromethyl-4-hydroxy-
pyrimidine (III). This was converted to 5-car-
bethoxy-4-chloro-2-trifluoromethylpyrimidine (IV).
Low yields of IV were obtained from III but its
sodium salt (II), obtained directly from the con-
densation, gave IV in 569, yield when treated with
phosphorus oxychloride. This procedure is similar

NH; NH,
CF,C=NH N= CN N= CH,NH
L —’CF—:T - -L)T o
I\Hg 3 N CF;; \N
} IX X
ONa Cl
N~ COZCZHS_’ N~ CO;C2H5
CR—s, | CFa—k\N]
11 I\%
|
NH, NH,
N)j'CHQOH‘— N= CO,C.H
l J\/r 2Lt
CFB_L\N CF:;_J\\N l
VIII Vi
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