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Several previously undescribed substituted amides, esters, and aziridine derivatives of 2-pyrone-6-carboxylic acid, coumalic
acid, and isodehydroacetic acid have been characterized. Additional data supporting the assignment of the 5.75 u (1746
¢m™1) infrared absorption band to the 2-pyrone carbonyl group are recorded and additional data defining the berderline
tumor growth retardation effects observed in this series of compounds are given.

The recent report! that the tumor retardation
properties of 6-mercaptopurine are antagonized by
coenzyme A suggests that other possible coenzyme
A antagonists be examined for tumor growth re-
tradation effects. Since B-methylglutaconic acid
and several closely related structures with the same
carbon chain are known metabolites in the coenzyme
A-catalyzed synthesis of cholesterol,2* a continued
exploration of 2-pyrone derivatives which are re-
lated to these metabolites is being conducted in our
laboratories. In this note we wish to record the
preparation and properties of some previously
undescribed esters, anilides, and aziridino deriva-
tives of isodehydroacetic acid, 2-pyrone-6-carboxy-
lic acid, and coumalic acid.

2-Pyrone-6-carboxylic acid® has been converted
through its acid chloride to a variety of N-substi-
tuted amides (I) using substituted anilides and
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aminohetrocycles. The properties of these deriva-
tives are listed in Table I. The acid chloride
reacts with ethyleneimine in the presence of tri-
ethylamine® to give 1-(2-pyrone-6-carbonyl)aziri-
dine. All of these derivatives show an absorption
band at 5.75 = 0.05 p (1720-1750 cm.~!) in the
infrared characteristic of the 2-pyrone carbonyl.
The amide I carbonyl absorption band appears at
5.9 u (1690 cm.—Y) for the aziridine and at 5.95
w (1680 e¢m.~!) for the anilides. The anilides show
two additional strong bands at 6.25 u (1600 cm. 1)
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and at 6.5 u (1530 cm. 1), Although within the range
for the amide II carbonyl, these bands coincide
with strong bands at 6.2 4 and 6.5 u shown by 2-
pyrone so that a definite assignment to these bands
cannot be made with the available data.
Coumalic acid has also been converted through
its acyl chloride to the aziridine derivative (II) by
reaction with ethyleneimine. Although the usual
conditions of this reaction failed, a 609, yield of
the product was obtained when the reaction was run
at —30° and the product was reerystallized from
ethyl acetate-ligroin at —20°. The infrared absorp-
tion spectrum for this compound shows strong ab-
sorption bands at 5.75 u (1740 em.~!) characteristic
of the 2-pyrone carbonyl and at 5.95 ¢ (1660 cm.~1)
characteristic of the amide carbonyl.
Isodehydroacetyl chloride” has been converted to
a variety of N-substituted amides (III) listed in
Table II by reaction with substituted anilines,
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aromatic amines, and aminoheterocycles. The
aziridine derivative was also prepared. Potas-
sium isodehydroacetate was converted to the
p-nitrobenzyl, phenacyl, p-bromo and p-phenyl

phenacyl esters (IV). 3-Bromoisodehydroacetic
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acid, available in low yield by bromination of the
acid,® was converted via its acid chloride to its
anilide and 2,5-dimethoxyanilide (V). The infrared
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data for the 3-bromoisodehydroacetanilides show
absorption bands at 5.75-5.8 w (17301740 cm. ™)
characteristic of the 2-pyrone carbonyl and at 6.0-
6.1 u (1640-1660 cm.~!) characteristic of the Amide
I absorption bands. Two or three additional strong
absorption bands appear in the 6.2-6.5 u region
where the Amide II and pyrone bands overlap.
Representative examples of the compounds de-
scribed in this paper have been evaluated by pro-
cedures described elsewhere,® but none of those
thus far tested have shown significant activity in
retarding the growth of tumors. We have com-
mented briefly on the results of both weight?
and diameter!® ratio tests previously.! At this time
we would add that, of additional materials studied
in the interim, decamethylene diisodehydroacetate
at rather high dose levels has been rated =, —, —
on the diameter ratio scale (Stock), and that the
following weight ratio (Goodson) results have been
observed: dodecyl 2.pyrone-6-carboxylate 0.42
(300 mg./kg.); trimethylene glycol bis 2-pyrone
B-carboxylate 0.69 (200 mg./kg.); ethylene glycol
bis 2-pyrone-6-carboxylate 0.66 (300 mg./kg.);
B-methylglutaconic anhydride 0.79 (30 mg./kg.);
and diethylaminoethyl isodehydroacetate 0.76 (50
mg./kg.). The dodecyl ester and g-methylglutaconic
anhydride were also tested at 500 mg./kg. and rated
negative on the tumor diameter ratio scale. The
authors wish to express their appreciation to Dr.
Stock and Dr. Goodson for conducting these tests.

EXPERIMENTAL

Details of a typical preparation for each of the types of
compounds will be given. Others were prepared by similar
procedures except as noted.

2-Pyrone-6-carbozanilide (I, Aryl = phenyl). A solution
of 1.5 g. (0.01 mole) of 2-pyrone-8-carbonyl chloride,® m.p.
72-73°, in 10 ml. of dry benzene was added to a solution of
2.0 g. (0.02 mole) of freshly distilled aniline in 10 ml. of dry
benzene. After warming for 5 minutes the aniline hydro-
chloride was separated by washing with water. Evaporation
gave a solid which was recrystallized from methanol to
give 1.7 g. (80%) of the product, m.p. 158°.

The other anilides listed in Table I and Table IT were
prepared similarly. 3-Bromoisodehydroacetic acid, m.p.
156°, was prepared in 209, yield by the bromination of the
acid in water solution® and was recrystallized from benzene.
It was converted to the acid chloride in 809 yield.
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TABLE 1
2-PYRONE-6-CARBOXANILIDES

M.P,, Yield,® Nitrogen Analyses

Ar of Formula I °C. (%) Cale’d  Found
CeH; 158 80 6.51 6.62
0-CH;CsH, 128 83 G. 11 6.22
2,6-(CH;).CsH; 149 80 5.76 5.85
0-CH;OC¢H, 158 85 5.71 5.72
2,5-(CH;0),CsH, 186 80 5.0 5.26
m-CI1CeH,4 164 85 5.61 6.66
p-CIC:H, 214 90 5.61 5. 88
p-(CH;),NCeH,4 226 70 10.85 10.73
p-(C.H; ). NCeH, 156 5 9.7 9.90

¢ All were recrystallized from methanol.

The reaction of isodehydroacetyl chloride with 2-amino-
thiazole and 2-aminobenzothiazole gave recrystallizable
solids, m.p. 240° and 190° respectively which contained
14.8%, and 18.09%, nitrogen respectively. Structural assign-
ments in accord with these analyses have not been made.

Phenacyl isodehydroacetate (IV, Aryl = phenyl). A solu-
tion of 1.0 g. of phenacyl bromide in 10 ml. of ethanol was
refluxed for one hour with a solution of 1.0 g. of potassium
isodehydroacetate in 5 ml. of water. On cooling the solid
ester precipitated. It was recrystallized from alcohol to give
1.35 g. (80%) of the ester. The other esters listed in Table
11 were prepared similarly,

1-(Isodehydroacetyl)aziridine. A solution of 4.3 g. (0.025
mole) of isodehydroacetyl chloride in 25 ml. of dry benzene
was added dropwise to a solution of 1.0 g, (0.025 mole) of
ethyleneimine and 2.5 g. (0.025 mole) of triethylamine in
100 ml. of dry benzene with stirring at 5°. After 30 minutes
the precipitated triethylamine hydrochloride was separated
and the remaining solution was evaporated at room tem-
perature to give a white solid. Recrystallization from ether
at —20° gives 3.5 g. (80%) of the produect, m.p. 96°.

Anal. Cale’d for C,o)HuNO;: C, 62.16; H, 5.74; N, 7.25.
Found: C, 61.81; H, 5.78; N, 6.88.

1-(2-Pyrone-6-carbonyl)aziridine. This compound was
prepared by the procedure outlined above for the prepa-
ration of isodehydroacetyl aziridine. Reerystallization from
warm benzene gave 759 of the product, m.p. 98°.

Anal. Calc’d for G:H:NO;: C, 58.18; H, 4.27; N, 8.48.
Found: C, 58.13; H, 4.38; N, 8.35.

1-Coumalylaziridine (1I). A solution of 1.0 g. (0.02 mole)
of ethyleneimine and 2.4 g. (0.02 mole) of triethylamine in
50 ml. of dry ether was added to a solution of 3.7 g. (0.02
mole) of coumalyl chloride in 100 ml. of dry ether at —30°.
After 30 minutes stirring the triethylamine hydrochloride
was separated. Ligroin was added to the remaining solu-
tion which on standing at —20° deposited the product as
white flakes. Recrystallization from ethyl acetate and
ligroin at —20° gave 2.2 g. (609%,) of white needles, m.p.
121°.

Anal. Cale’d for CsH;NO;: C, 58.18; H, 4.27; N, 8.48.
Found: C, 58.46; H, 4.59; N, 8.36.

If the order of addition is reversed in this preparation, a
procedure reported® to give good vields of the N-(2-chloro-
ethyDamide, a product, m.p. 119°, was obtained which was
halogen free. The analytical data correspond to a product
formed by addition of two molecules of water to coumalyl
aziridine.

Anal. Cale’d for C;H;NO;-2H,0: C, 47.76; H, 5.51; N,
6.96. Found: C, 47.94; H, 4.15; N, 6.88.

3-Nitro-4,6-dimethyl-8-pyrone.’? Nitric acid (4.5 ml,
sp. gr. 1.42) was added to a stirred solution of 6.2 g. (0.050
mole) of 4,6-dimethyl-2-pyrone in 75 ml. of 969 sulfuric

(12) This compound was prepared by Albert J. Hart,
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TABLE II
IsoDEHYDROACETIC ACID DERIVATIVES
Analyses?
M.P,, Recryst.® Yield, Cale’d Found
Ar of Formula II °C. from (%) C H N C H N
(a) N-SUBSTITUTED ISODEHYDROACETAMIDES
2,6-(CH;)CeH 170 A-P 50 — — 5.16 — — 5.36
C:H;CH,CH, 128 M 40 — — 5.16 — - 5.21
2-Pyridyl 237 M-E 33 — — 11.47 — — 11.35
2-Pyrimidyl® 233 dec. M 30 58.77 4.52 — 58.71 433 —
(b) PHENACYL ESTERS
Ar of Formula ITI
CsHj; 102 WY — 67.12 5.93 — 66.90 4 .98 —
p-NO.CeH, 115 M — 52.63  3.59 — 52.45 369 —
p-CeHsCsHy 160 M-B — 72.92 5.01 — 72.66 5. 17 —_
p-N0.CH,CHy? 159 M — 59.40 4.3 — 59.40  4.38 —
(¢) 3-BROMOISODEHYDROACETANILIDES
Ar of Formula IV
C¢H; 153 M 40 32.20 3.76 — 52 20 3.75 —
p-CH,0C:H, 151 M 35 51.15 4.01 — 51.30 414 —
2,5-(CH,;0),CeHs 185 M 30 50.26 4.22 — 50.20 4.23 —

@ A, ethyl acetate; P, petroleum ether; M, methanol; E, ether; B, benzene. ° N, nitrogen; C, carbon; H, hydrogen. ¢ This
compound was prepared by Albert J. Hart. ¢ p-Nitrobenzyl ether.

acid at 0-5°. After two hours the solution was poured onto
ice to precipitate the crude product. The aqueous solution
was extracted with ether to obtain an additional quantity
of crude product. The two fractions were combined and
recrystallized from benzene-petroleum ether to give 1.0 g.
(129%) of plates, m.p. 108°.

Anal. Cale'd for C;H;NO;: N, 8.28. Found: N, 8.12.

The infrared absorption data were obtained using po-
tassium bromide pellets in a Baird double beam recording
infrared spectrometer.
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