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The Synthesis of Higher Aliphatic 3-Keto Acids'

By MiLtoN A. Mi1tz,? A. E. AXELROD AND KLAUS HOFMANN

In connection with our studies®* on the relation
of biotin and fatty acids we became interested in
preparing a number of B-keto acids for micro-
biological experimentation. Although higher 8-
keto acids have been postulated as intermediates
in the metabolism of fatty acids, little is known
about the preparation and properties of these
compounds. Unsaturated members of the series
have not been previously prepared.

Starting materials for the present work were
highly purified fatty acids® which were converted
into the corresponding B-keto esters containing
two additional carbon atoms in the chain by the
excellent procedure of Stédllberg-Stenhagen.® The
properties of methyl 3-ketomyristate, palmitate,
stearate and arachidate thus prepared agreed
with those given in the literature.® Application
of the same procedure to oleic acid led to the
formation of methyl 3-keto-A!!:!%-eicosenoate
(methyl oleoylacetate) which has not been pre-
viously described. This compound was related
to methyl 3-ketoarachidate by catalytic hydro-
genation.

The transformation of B-keto esters into the
corresponding B-keto acids has been studied by
several workers. Asahina and Nakayama’
claimed the preparation of B-ketostearic acid by
hydrolysis with dilute alkali of the corresponding
ethyl ester. Their results are invalid since the
properties of the starting ester failed to agree
with those reported by other workers.® Breusch
and Keskin® hydrolyzed a number of B-keto
esters with potassium hydroxide and isolated
extremely small quantities of the corresponding
B-keto acids.

In view of the poor results obtained by the use
of alkali in the saponification of 3-keto esters, we
turned our attention to the development of other
hydrolysis procedures. As a result a method
generally applicable to the preparation of higher
B-keto acids was developed. This consists in
cleaving the esters at room temperature with a
mixture of glacial acetic and hydrochloric acids.
The saturated free B-keto acids precipitate from
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the reaction mixture in a high state of purity in
almost quantitative yields and were further
purified by recrystallization from acetone.
Whether this cleavage represents a straight
hydrolysis or an acid-catalyzed ester interchange
remains to be determined.

The pure B8-keto acids are well defined crystal-
line substances decomposing around 100° with
the evolution of carbon dioxide and the formation
of the corresponding methyl ketones. The con-
stitution of the acids followed from carbon and
hydrogen analyses, neutral equivalent deter-
minations and the fact that the correct methyl
ketones were obfained on decarboxylation.

The 3-keto-Alb!Zeicosenoic acid (oleoylacetic
acid) was obtained in a similar manner from the
corresponding methyl ester as a crystalline
material which decomposed at 57-58° with the
evolution of carbon dioxide and the formation
of Al'l-nonadecenone-2 which was characterized
as the semicarbazone.

The B-keto acids and esters were tested for
their ability to replace biotin for Lactobacillus
arabinosus. Since previous work* had shown
that saturated fatty acids are incapable of pro-
moting growth of this organism, it was not
surprising to find the corresponding 8-keto acids
and esters inactive. The methyl oleoylacetate
was as active as methyl oleate in contrast to the
free oleoylacetic acid which was almost devoid
of biological activity. The inactivity of the
latter compound is probably due to its decar-
boxylation during the incubation period leading
to AW.ll-nonadecenone-2 which was also found to
be inactive. The activity of the methyl oleoyl-
acetate may be explained in two ways. Either
this substance is active as such or it is converted
into oleic acid by the organism.

The development of the present convenient
method for the preparation of 8-keto acids makes
these substances readily available for further
investigation.

Experimental®10

Saturated g-Ketomethyl Esters.—Methyl 8-ketomyris-
tate, palmitate, stearate and arachidate were prepared
according to the method of Stillberg-Stenhagen.t The
melting points and analytical data of the compounds ob-
tained are summarized below (Table I).

Saturated 3-Keto Acids.—It is essential for the success
of this procedure that B-keto esters of a high degree of
purity be used.

The methyl esters (0.5 g.) were dissolved in glacial acetic
acid (10 ml.) and concentrated hydrochloric acid (ap-
proximately 1 to 5 ml.) added dropwise until the solutions
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TABLE I
Compound Formula M. p.,2 °C.
Methyl B-ketomyristate CuHasO3 28.5 (28.7)
Methyl 8-ketopalmitate Cy7H 303 40 (40.1)
Methyl B-ketostearate CisH303 49 (49.2)
Methyl B-ketoarachidate CyH 005 56.5 (656.4)

¢ The melting points in parentheses are those given in the
literature.®

became slightly turbid, and the mixtures were allowed to
stand at room temperature for forty-eight hours. The
resulting white crystals were collected and dried 4 vacuo
at room temperature over phosphorus pentoxide. Three
recrystallizations from acetone gave the pure g-keto acids.
The analytical data, yields and melting points of the acids
prepared are summarized in Table IT.
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Amnal. Caled. for CynHjs0s:
Found: C, 74.50; H, 11.41.

Hydrogenation.—The above methyl ester (678 mg.)
dissolved in ethanol (5 ml.) was hydrogenated in the pres-
ence of a 5% palladium-on-charcoal catalyst (50 mg.)
until one mole equivalent of hydrogen was absorbed.
Purification of the resulting hydrogenation product
through the copper chelate gave 491 mg. (739, yield) of
methyl B-ketoarachidate melting at 55-56°. No depres-
sion of the melting point was observed when this sample
was mixed with a sample of the same ester prepared from
stearic acid.®

3-Keto-All12-gicosenoic Acid (Oleoylacetic Acid).—
To a solution of the above methyl oleoylacetate (1 g.) in
glacial acetic acid (20 ml.) concentrated hydrochloric acid
(about 1 ml.) was added dropwise until a slight turbidity
appeared, and the mixture was allowed to stand at room
temperature for forty-eight hours. The solvents were

C, 74.51; H, 11.32.

TABLE I1
Yield, Carbon, % Hydrogen, % Neut. equiv.
Compound Formula % M. p., °C. aled. Found Caled. Found Caled. Found
B-Ketomyristic acid CiH2603 . 90 9394 69.38 69.14 10.82 10.64 242 240
B-Ketopalmitic acid Ci16H 5005 93 98-98.5 71.07 70.86 11.18 10.82 270 271
B-Ketostearic acid # C1sH540;4 90 102-103 72.43 72.65 11.48 11.68 299 297
B-Ketoarachidic acid Cz0H3s0s 86 104-105 73.57 73.83 11.73 11.66 327 327

In order to further characterize these acids, small
samples of them were heated at 10° above the decomposi-
tion point for one hour and the melting points of the re-
sulting methyl ketones determined. The agreement be-
tween the melting points observed and those given in the
literature is shown in Table III.

TaBLE III
Compound M. p., °C.
Tridecanone-2 28-29(29)11
Pentadecanone-2 38-39(39)12
Heptadecanone-2 48-49(49)13
Nonadecanone-2 55-56(56)14

Methyl 3-Keto-All12-eicosenoate (Methyl Oleoylace-
tate).—An ethyl sodioacetoacetate suspension was pre-
pared in the usual manner from 13.6 g. of the ester and 2
g. of powdered sodium in 100 ml. of dry benzene. This
suspension was cooled in an ice-bath and oleoyl chloride
(prepared from 20 g. of oleic acid!®) added dropwise with
shaking over a period of fifteen minutes. The mixture
was refluxed for fifteen minutes, cooled, poured on crushed
ice and acidified to congo red with 5% sulfuric acid.
Ethanol (70 ml.) was added and the two layers separated.
The benzene layer was washed three times with 10%
ethanol, dried over sodium sulfate and the solvent removed
in vacuo. A sodium methoxide solution prepared by dis-
solving sodium (2.1 g.) in absolute methanol (63 ml.) was
added to the residue and the solution kept at room tem-
perature for ninety minutes. The mixture was then de-
composed by pouring on crushed ice and acidified to congo
red with 109 sulfuric acid. The organic material was
extracted with ether, the ether solution washed with water,
dried over sodium sulfate and the ether removed under
reduced pressure. The resulting oily material on frac-
tionation in a miniature molecular stilll® gave a main frac-
tion (9.9 g., 419, yield) which boiled at a bath tempera-
ture of 140-150° at 0.001 mm. and melted at 5-6° (n%D
1.4566).
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evaporated 47 vacuo at room temperature leaving an almost
dry solid from which the last traces of solvents were re-
moved by further drying over potassium hydroxide pellets
in vacuo at a temperature of 7-10°. The resulting white
crystalline material (m. p. 55-56°) was purified by re-
crystallization from petroleum ether (b. p. 30-32°) at
—20° when 400 mg. (429, yield) of oleoylacetic acid was
obtained as white crystals which melted at 57-58° with
the evolution of carbon dioxide. The compound is un-
stable and should be stored in the refrigerator.

Anal. Caled. for CyHgO3: C, 74.02; H, 11.18;
neut. equiv., 325. Found: C, 73.98; H, 10.91; neut.
equiv., 326.

Decarboxylation.—A sample of the above acid was de-
carboxylated by heating at 70° for one hour and the re-
sulting methyl ketone distilled ¢» vacuo.

Anal. Caled. for CsHj3;O: C, 81.36; H,
Found: C, 81.19; H, 13.09.

The semicarbazone after recrystallization from ethanol
melted at 101-102°.

Anal. Caled. for CyHzON;: N, 12.45. Found: N,

12.94.

Microbiological Procedures.—Microbiological activity,
{. e., the ability to replace biotin in the metabolism of L.
arabinosus was determined by the method of Wright and
Skeggs?!’ with the addition of 0.01%, of L-asparagine to the
basal medium. For testing purposes all compounds were
dissolved in redistilled 959, ethanol. 1In the case of oleoyl-
acetic acid and its methyl ester, the alcoholic solutions
were added aseptically to the medium thereby avoiding
exposure of these compounds to the autoclaving tempera-
ture. The amount of ethanol added to each culture tube
was always below the tolerance limit of these organisms
to this compound.

Summary

1. A practical procedure for the synthesis of
higher B-keto acids was developed and applied
to the preparation of a number of these com-
pounds.

2. Methyl 3-keto- All.12-eicosenoate was found
to be as active as methyl oleate in replacing biotin
in the nutrition of Lactobacillus arabinosus.
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