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m.p. 109-110° (lit.'2 m.p. 110°), which gave no depressicn in
o mixed melting point with the 2,4-dinitrophenylhydrazone
of authentic methyl acctoacetate.

Methyl B-hydrozybuiyrate. g-Butyrolactone was prepared
according to Johansson’s® method of heating a well stirred
aquecus solution of sodium g-bromobutyrate at 40° for 6 hr.
with chloroform, replacing the chloroform several times dur-
ing the heating period. The solution was maintained basic
to bromthymol blue by addition of 109 sodium hydroxide
as needed. The combined chloroferm solutions were dried,
the solvent evaporated, and the g-butyrolactone (55%) dis-
tilled under vacuum, b.p. 58-59°/15 mm. (lit.? b.p. 54.4-
55/10 mm.). A carbonyl band at 1818 cm. ™! confirmed the
presence of the lactone structured and hydrolysis!® with
methanolic sodium hydroxide at 0° followed by neutraliza-
tion by dilute hydrochloric acid gave methyl g-hydroxy-
butyrate (549%), b.p. 56-58°/7 mm. (lit.” b.p. 67-68.5°/13
mim.).

The amide, prepared as above, had a m.p. of 84-85°
(1it.° m.p, 84-87° and 83-84°10),

1-Methoxy-2-propanol and 2-methoxy-1-propanol, Propylene
oxide (1 mole, 58 g.) and 250 ml, of methanol were heated to
130° in a sealed system!* under a nitrogen atmosphere and
held at this temperature for 2.5 hr. The reaction product was
then removed and stripped of excess methanol and un-
changed propylene oxide. Fractionation of the residue on an
18-in. Widmer column gave 24.6 g. of 1-methoxy-2-propanol,
b.p. 53~55°/50 mm., 116~119°/1 atm. (lit.’3 b.p. 118-119°/1
atm.) and 9.8 g. of 2-methoxy-l-propanol, b.p. 58-59°/50
mm., 127-129°/1 atm. (lit."s b.p. 130°/1 atm.). The 2,4-di-
nitrobenzoate!! of 1-methoxy-2-propanol melted at 73-76°
(lit.” m.p. 83.5-85°). The same derivative prepared from
authentic 1-methoxy-2-propanol (Dowanol PM) had a
melting point of 74-77° and did not depress the melting
point of the original material. Analysis by gas chromatogra-
phy did not reveal any impurities in the authentic 1-meth-
oxy-2-propanol and its infrared spectrum was the same as
that of the compound prepared above.

2-Methoxy-1-propanol gave a 2,4-dinitrobenzoate which
had m.p. 93-95° (lit.’s m.p. 95.5-97°).
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The catalytic hydrogenation of 9,10-epoxyoc-
tadecanoic acid and certain of its esters results in
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the selective formation of the 10-hydroxy deriva-
tive.>=s It was postulated that this reaction pro-
ceeds by a mechanism involving an oxonium ion
intermediate and its specificity was attributed
to the influence exerted at both the oxirane center
and the catalyst surface by the electrophilic
—COO— group.* More recently the hydrogenation
of 9,10-epoxyoctadecyl acetate was investigated
and it-was found that 9- and 10-hydroxy isomers
were formed in equimolar proportions.® The
difference in results in these two instances was
attributed to the relative positions of the oxirane
centers with respect to the —COO— groups. It
appeared of interest, therefore, to investigate the
catalytic hydrogenation of a long chain epoxy acid
in which the oxirane center was not situated at the
9,10-position. Accordingly, the catalytic hydrogena-
tion of ¢is-6,7-epoxyoctadecanoic acid, obtained by
epoxidation of petroselinic (cis-6-octadecanoic)
acid, was investigated.

Attempts to hydrogenate alecoholic solutions of
cts-6,7-epoxyoctadecanoic acid at room tempera-
ture and 20-30 pounds pressure employing either
Raney nickel, Adams’ catalyst, or 5% palladium on
calcium carbonate were unsuccessful. However,
under identical conditions it was found that
hydrogenation could be readily effected through
use of 109, palladium on earbon. It was also found
that the theoretical amount of hydrogen was
absorbed during quantitative hydrogenation’ em-
ploying acetic acid as solvent and 109, palladium
on carbon as catalyst. In general, the rate of
hydrogenation of cts-6,7-epoxyoctadecanoie acid in
ethanolic solution employing either 5 or 109, of 109,
palladium on carbon catalyst was comparable to
that observed for other long chain epoxides. How-
ever, in one experiment employing 109, of 109,
palladium on carbon catalyst more than the the-
oretical quantity of hydrogen was absorbed and
hydrogenation was complete in twelve minutes
whereas several hours were generally required for
complete hydrogenation.

The identity of the hydroxy acids resulting from
the abnormally rapid hydrogenation and those from
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a slow hydrogenation was determined by the
following series of reactions: the hydroxy acids
were oxidized to the keto acids which were then
converted to their oximes; the oximes were sub-
jected to Beckmann rearrangement and the re-
sultant amides were hydrolyzed under pressure
with alkali; the mixed dicarboxylic acids recovered
from the hydrolyzate were analyzed by application
of elution chromatography employing a modifica-
tion® of the method of Higuchi et al.® Both of the
samples examined were found to contain approxi-
mately equimolar quantities of 6- and 7-hydroxy-
octadecanoic acids. In addition, stearic acid was
isolated from the crude oximes derived from the
product of the rapid hydrogenation and the analy-
sis of this sample and its derivatives indicated that
up to 409, of stearic acid was formed during this
hydrogenation.

The catalytic hydrogenation of cis-6,7-epoxy-
octadecanoic acid differs from that of 9,10-epoxy-
octadecanoic acid. Evidently the spatial relation
between the oxirane center and the acyl oxygen
of the 6,7-epoxyoctadecanoic acid does not permit
the operation of the influence of the —COO—
group observed in the case of 9,10-epoxyocta-
decanoic acid.

EXPERIMENTAL

Eporidation procedure. Petroselinic acid? (56.4 g., 0.20
mole, I. V., 89.4) was stirred and maintained at 15-20°
during the dropwise addition, over a period of 1 hr., of 34.1
ml. of 409, peracetic acid (0.23 mole). The reaction mixture
was stirred at ca. 25° for another 2 hr. and then was poured
into 500 ml, of water. The crystalline epoxide was recovered
by filtratign, washed with 1000 ml. of cold distilled water,
and crystallized, first from four volumes of petroleum
ether (b.p. 85-60°) and then twice from ten volumes of
acetone at- —25°, The ¢is-6,7-epoxyoctadecanoic acid thus
obtained (40.8 g.) melted at 58.5-59.3°.

Anal. Caled. for C,yH,Os: C, 72.43; H, 11.48; Oxirane O,
5.36. Found: C, 72.63; H, 11.55; Oxirane O, 5.32,

Hydrogenation procedure. All hydrogenations, with the
exception of the analytical hydrogenation, were carried out
in a shaking type hydrogenation apparatus at an initial
hydrogen pressure of 28-30 pounds and employing five
volumes of ethanol as solvent and 5 or 109, of catalyst.

A typical hydrogenation experiment, carried out as
described above employing 14.9 g. of epoxy acid and 0.76
g. of 10% palladium on carbon catalyst, required about 40
hr. to complete and absorbed approximately the theoretical
quantity of hydrogen. The recovered product (14.4 g.)
melted at 68-70°.

Anal. Caled. for CisH0:: C, 71.95; H, 12.08; OH, 5.66;
neut. equiv., 300.5. Found: C, 72.30; H, 12.37; OH, 4.72;
neut. equiv., 305.7.

One hydrogenation employing 109, of 109, palladium on
carbon absorbed 1.3 times the theoretical quantity of hy-
drogen and was abnormally rapid, requiring only 12 min.
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for the hydrogenation of 29.8. g. of epoxy acid, but when
duplication of these results was attempted with 10.0 g. of
the same epoxide only the theoretical quantity of hydrogen
was absorbed and the time required for the hydrogenation
was 4 hr. The reaction product (27.6 g.) recovered from the
fast hydrogenation melted at 65-66°.

Anal. Found: C, 73.79; H, 12.35; OH, 3.15; neut. equiv.,
303.1.

Identification of hydrozy acids. The methods used for prepa-
ration of keto acids and their oximes, for the Beckmann
rearrangement and for hydrolysis of amides have been
described in detail elsewhere.!* Pertinent details regarding
the application of these reactions to the hydroxy acids from
one of the normal (slow) hydrogenations of cis-6,7-epoxy-
octadecanoic acid are given below.

¢1s-6(7)-Hydroxyoctadecanoic acid (10.6 g.) was con-
verted to 6(7)-oxooctadecanoic acid (9.8 g.) by oxidation
with chromium trioxide.

Anal. Caled. for C;H30,: Carbonyl O, 5.36. Found:
Carbonyl O, 5.15. ‘

The keto acid (8.96 g.) on treatment with hydroxylamine
hydrochloride yielded the oxime (9.11 g.).

Anal. Caled. for CisHyiNO;: N, 4.47. Found: N, 4.06.

Beckmann rearrangement of 8.85 g. of oximes yielded
9.40 g. of amides, 4.4 g. of which were subjected to alkaline
hydrolysis.

The hydrolyzate was transferred to a separatory funnel
with 100 ml. of water, acidified with 23.0 ml. of coned. hydro-
chloric acid, and washed three times with 50-ml. portions
of petroleum ether (b.p. 35-60°). The combined petroleum
ether solutions were concentrated to 50 ml. and washed with
50 and then 25 ml. of water. These water washings, along
with emulsified material which formed during the second
washing, were added to the main aqueous phase and this was
extracted six times with diethyl ether. The ether solution
was dried over sodium sulfate and filtered and the ether
was removed by heating on a steam cone under a stream of
nitrogen gas. When extraction of the dicarboxylic acids from
the residue (2.26 g.) with boiling water was attempted, the
water insoluble portion became dispersed throughout the
water and no separation could be made. A 0.73-g. sample
of the oily, brown solid (1.62 g.) remaining after removal
of the water was dissolved in 5.0 ml. of tert-amyl alcohol and
diluted to 50.0 ml. with chloroform, A 3.0-ml. aliquot of this
solution was analyzed chromsatographically by the modifi-
cation of the method of Higuchi et al.® described by Chahine
et al.® The sample contained only two dibasic acids, pimelic
and adipic acids, and these were present in equimolar quanti-
ties (0.061 mmole of each acid in the 3.0-ml. aliquot).

When this same series of reactions was applied to the hy-
droxy acids from the abnormal (fast) hydrogenation, pimelic
and adipic acids were isolated in a molar ratio of 1 to 1.2.

Isolation of stearic acid. A sample of the oximes (1.47 g.)
derived from the product of the abnormal (fast) hydrogena-
tion which was dissolved by warming in 100 ml. of 709, etha-
nol deposited 0.43 g. of crystals (m.p. 69.3-70.5°) on stand-
ing for 16 hr. at 25° Recrystallization of 0.33 g. of this
material from 3 ml. of methanol afforded 0.26 g. of stearic
acid (m.p. 70.2-71,4°). No depression of melting point was
observed on admixture of either of these samples with
authentic stearic acid.
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