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TABLE JI

Summary of Performance Data ?

. . Detergency ©
Per cent Wetting foaming power . -
Sample Reagent reagent time b Dwt HwWzs
DWwWe HwWa 0.05 0.1 0.05 0.1
CoL-Lriiiiiiiii e Sulfamic 105 17 1556 170 20 36 36 35
C-1-1. . 803 100 20 160 190 11 32 29 36
C-1-1. SO 105 18 160 210 10 33 34 36
C-1-1. SOs 110 20 160 220 9 32 33 36
C-1-1. SOs 195 171 125 200 4 8 5 14
D-2. Sulfamic 105 26 120 210 2 17 15 31
D-2. SOs 110 28 185 210 5 17 16 27
-1, Sulfamic 110 26 145 130 32 20 34 38
1. . . 80y 110 | 32 140 140 38 36 38 40
© All samples showed excellent resistance to 15° hard water at 0.2%. ¢lixpressed as percentage of brightness increase of wool in Launder-
b Draves (Synthron Tape Method) in seconds at 25°C., 0.1% solution. Ometer.

¢Ross-Miles in distilled water at 0.0f
ARoss-Miles in 15° hard water at 0.1%.

tion with 1959 sulfur trioxide strongly impairs all
properties except hard-water foaming power. With
octylphenol-5 ethylene oxide (D-2) the two reagents
give sulfates of very similar performance except that
the sulfur trioxide-based material has considerably
better distilled water-foaming power. Tn general, this
sulfate is a less effective detergent and wetting agent
than that derived from nonylphenol-4 ethylene oxide
regardless of reagent used. In the case of sample B-1
(dodecylphenol-6 ethylene oxide) the two reagents
show similar performance; with possibly slightly bet-
ter detergency and slightly greater wetting-time for
sulfur trioxide.

Comparison of the performance data obtained in the
present study with that reported recently by the pres-
ent authors for the sulfated ethenoxylated long-chain
aleohols (6) shows the alkylphenol-based produets to
advantage. Two of the aleohol-derived sulfates (D
and D) gave nearly the same foaming-power as those
made from the alkylphenol, but wetting fime and
detergency were considerably inferior. The third al-
cohol-based sulfate (E) showed substantially better
detergency than the other two (but still lower than
the alkylphenol-derived material); however it had
comparatively poor foaming-power and wetting time.

Sulfating Agents Compared

The major conclusions from this study may be sum-
marized as follows. Per unit weight of sulfur trioxide
introduced, sulfur trioxide costs approximately one-
seventh as much as sulfamie acid and involves about
one-sixth of the reaction time. Sulfur trioxide gives
lighter product color and allows formation of any
desired-product salt while sulfamic acid gives the
ammonium salt, which can be converted to other salts

Pure Oleic Acid from Olive O1l

fTn distilled water at percentages given.
«In 20° hard water at percentages given.

(e.g., sodium) only with difficulty. On the other hand,
sulfur dioxide gives appreciable foaming during sul-
fation while sulfamic acid gives none. Sulfur trioxide
must be vaporized while sulfamie acid is added di-
rectly. Ring sulfonation with sulfur trioxide is appre-
ciable, but none oceurs with sulfamic acid. Product
performance with the two reagents appears compar-
able however.
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LEON J. RUBIN and WILLOW PAISLEY, Canada Packers Ltd., Research Laboratories,

Toronto, Ontario, Canada

have been developed for the preparation of oleic
acid from olive oil. Both olive oil acids and methyl
esters have been submitted to purification. The use
of low-temperature (—60°C.) solvent crystallization
for this purpose, combined with fractional distillation,

IN THE PAST 23 years a number of new techniques

is deseribed in ‘“ Biochemical Preparations’’ (1), where
earlier literature references are given.

The discovery of urea inclusion compounds in 1949
—a general review, as applied to fatty acids, is given
by Schlenk (2)—provided yet another tool for fatty
acid (or ester) fractionation. It was used by Schlenk
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and Holman (3), who prepared methyl oleate (97—
98% pure) in 40% yield from olive oil methyl esters;
Swern and Parker (4) obtained a 609 yield of oleic
acid (97.7% pure), containing 0.1% linoleic acid and
2.29% saturated acids.

More recently Smull (5) and Meade (6) reported a
new development in the separation of fatty acid mix-
tures. The differences in the solubilities of the acid
soaps of saturated, mono-unsaturated, and polyun-
saturated fatty acids are sufficient to allow separation
by crystallization. Smull utilized this fact to separate
oleic acid from the other components, primarily lino-
leic acid, of tall oil fatty acids. Kairys, Meade, Munns,
and Walder (7) were able to separate saturated from
unsaturated fatty acids vie the acid soaps in an aque-
ous system. The term ‘‘acid soap’’ refers to the com-
pound containing one molecule of e.g. sodium oleate
for each molecule of oleic acid (8):

Keppler et al. (9) have just published a note on
the preparation of pure oleic acid by urea-adduct
separation and fractional distillation, followed by
treatment with maleiec anhydride and iodine fo re-
move the remaining small amounts of linolei¢ acid.
They obtained a 23% yield of oleic acid containing a
few tenths of 1% of saturated acid; however 5% of
the oleie acid was converted to the frans isomer by the
maleic anhydride-iodine treatment.

By a combination of urea-adduct precipitation and
acid soap crystallization we were able to obtain oleic¢
acid of 99-100% purity from olive oil. Two urea-
adduct fractionations of the olive oil fatty acids at
room temperature served to reduce the total saturated
aecid content to about 1%. Stearic and arachidic acids
were completely removed ; only a small amount of pal-
mitic acid remained. The removal of stearic acid is
especially noteworthy since it could not be achieved
by distillation. Three acid soap crystallizations of the
remaining fatty acids eliminated the polyunsaturated
acids, plus traces of palmitoleic and palmitic acids,
giving an exeellent product (99-100% pure, no trans
isomer) in 36-43% yicld. The method was scaled up to
handle 5 kg. of olive oil. Olive oil methyl esters may
be used for the urca fractionations, but it is preferable
to start with the fatty acid mixture since the free
acids are required for the acid soap ecrystallizations.

Experimental

Five kg. of California olive oil were saponified
under nitrogen, modifying slightly the procedure de-
seribed in ‘‘Biochemical Preparations’’ (1). Extract-
ing the fatty acid mixture with hexane, and drying
the hexane extract over anhydrous sodium sulphate,
greatly facilitated the working-up of the product.

Urea-Adduct Separation. The warm (50°C.) fatty
acid mixture (4.95 kg.) was added, with mechanical
stirring, to a warm solution of 5 kg. of urea in 15 liters
of methanol. A heavy, white precipitate formed, and
the mixture was allowed to cool to room temperature.
After standing over-night, the crystals were filtered
off on a Buchner funnel and washed well with a satu-
rated solution of urea in methanol (16 g. per 100 ml.).
‘Washing with this solution decreases the possibility of
decomposing the adducts and makes for better separa-
tions and easier handling. Most of the methanol was
removed from the filtrate tn vacuo; the residue was
taken up in water, acidified with dilute hydrochloric
acid, and extracted with hexane. After the hexane
layer had been washed well with water, it was dried

RuBiN AND PamsnLey: Pure OLEIC Acid 301

over anhydrous sodium sulphate. The solvent was re-
moved in vacuo to give 3.81 kg. (77%) of fatty acids.
A second treatment with urea (2.86 kg. in 11.5 liters
of methanol) resulted in 2.82 kg. (74%) of fatty acids
with the following composition:!

%
PAIMIEIC. ..ottt 1.5
palmitoleie.... ... 0.86
stearic........... .. trace
oleic........ . 87.1
linoleie... ....10.6
HNOIEIIC .ee ettt et trace

Acid Soap Crystallizations. Sodium hydroxide so-
lution was prepared to contain 0.0656 g. of sodium
hydroxide per ml. of 80% methanol. This solution was
diluted five times for use in titrations. By titrating
1 g. of the fatty acids to a phenolphthalein end-point,
the volume of sodium hydroxide solution required to
form the normal soaps was determined. Half of this
quantity was then used to obtain the acid soaps.

To a warm solution of 2.78 kg. of the above fatty
acids in 2.78 liters of methanol were added 2.89 liters
(amount calculated from titration) of the methanolic
sodium hydroxide solution. This gave a crystallization
mixture of 2.0 ml. of 90% wmethanol per g. of fatty
acids. The acid soaps were allowed to crystallize over-
night at 3°C. They were filtered off in a cold room at
3-5°C. and washed well with cold 80% methanol. (A
slurry was made with the wet cake and wash liguid.)
By drying a small portion, the wet cake was calenlated
to contain 1.56 liters of 809 methanol and the equiv-
alent of 2.00 kg. of fatty acids. The addition of 1.44
liters of methanol gave a solvent mixture of approxi-
mately 90% methanol (1.5 ml./g. of fatty acids). The
acid soaps were brought info solution by warming,
allowed to crystallize as before, filtered, and washed.
As pointed out below, the volume of 90% methanol for
this and the third crystallization could be inereased
advantageously to 2.5 ml. per ¢. of fatty acids.

This recrystallization procedure was carried out
once more. The wet acid soap was then treated with an
excess of 5% hydrochlorie acid. The oily upper layer
which formed was extracted with hexane; the hexane
layer was washed with water, dried over sodinm sul-
phate, and evaporated s vacwo 1o give 1.65 kg, of
pale yellow product. The yield of oleic acid was
43.4%, based on the oleie content of the olive oil acids.
n2%/P = 14573; 1.V. 89.4 (theor. 89.9).

Runs varying in size from 100 g. to 5 kg. of starting
material were carried out. In the H-kg. run the final
product was pale yellow in color in spite of intensive
washing during the acid soap filtrations. Gas-liquid
chromatography indicated a purity of 99+9% but also
showed traces of a contaminant, which was not fatty
acid. In other runs (np to 1 kg. in size), after each
crystallization, the acid soaps were converted back to
the fatty acids, which were then dissolved in 1.5 ml.
of methanol per g. Enough 80% methanolic sodium
hydroxide solution (about 1 ml./g.) was added to form
acid soaps. This made a total volume of about 2.5
ml./g. The contaminant mentioned was not present,
and the product was almost colorless. Therefore the
increase in volume of solvent for the direet crystal-
lization of the acid soaps is recommended.

A portion of the product from the 5-kg. run was
distilled at 195-197°C./2 mm.. giving a clear, color-
Tess liquid in 89% wyield. The gas chromatogram

U Compositions were determined by gas-liquid chromatography on an

Aerograph A90, using a succinic acid-diethylene glycol polyester column
(10), with helium as the carrier gas.
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showed no impurities; infrared analysis proved that
no trans isomer was present. 1.V. 90.5 (theor. 89.9);
acid value 198.7 (theor. 198.6) ; n26/D = 1.4585 [Lit.
n20/D =1.4585, 14599 (1)1].

I’rcpamtwn of Derivatives. Methyl oleate was pre-
pared from our oleic acid (99+%, undistilled), and
distilled at 168-170°C./2 mm. to give a clear, colorless
produot The gas ('hromatom am showed no impurities.
IV. 858 (theor. 85.6) ; n26/D =1 4510, lit. n20/P =
14522 (1).

Oleoyl chloride was prepared by refluxing undis-
tilled oleie acid, in dry benzene, with oxalyl chloride
(11). The crude material was distilled at 169-
170°C./4 mm. to give a clear, colorless product in 87%
yvield. Infrared analysis revealed no trace of oleic acid
or other contaminants.

Reduetion with lithium aluminum hydride of the
methyl oleate made from oleie acid (both undistilled)
gave oleyl aleohol in quantitative yield (12). The
undistilled product had a saponification value of zero
and an I.V. of 93.2 (theor. 94.5). When analyzed in
the gas chromatograph as the acetate, no impurities
were detected.

Summary

Oleic acid of 99-100% purity has been prepared
in 36-43% yield from olive oil. The combination of
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two urea-adduct separations (at room temperature)
and three acid soap crystallizations (at 3°C.) gives an
oleic acid of high quality without recourse to frac-
tional distillation or low-temperature solvent erystal-
lization.
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The Enzymatic Hydrolysis and Tissue Oxidation of

Fatty Acid Esters of Sucrose’

JAMES F. BERRY and DAVID A. TURNER, Biochemistry Research Division, Department of Medicine,
Sinai Hospital of Baltimore; and Johns Hopkins University School of Medicine,

Baltimore, Maryland

ATTY ACID ESTERS of sucrose have been employed
(1) as emulsifiers for the oral administration of
fat to dogs and humans. It was subsequently
found that the equivalent of as much as 100 g. of fat
as the sucrose fatty acid ester in a synthetic diet could
be orally administered without the expected elevation
of plasma turbidity or increase in the amount of fat
exereted in feces (2). In an extension of these studies,
humans were maintained for short periods on this
material as the sole source of dietary lipid. In an
attempt to determine whether some unusual mode of
absorption of sucrose fatty acid might be involved,
various modes of enzymic attack were studied. Quastel
{3) reported that sucrose monostearate was hydro-
lyzed to glucose and fruectose by surviving intestine
at one-fourth the rate of sucrose hydrolysis; and York,
Finchler, Osipow, and Snell (4) reported the hy-
drolysis of sucrose monolaurate by fruecto-invertase.
However Bourne (5) was unable to demonstrate hy-
drolysis of sucrose monostearate by s-amylase or by
glueo- or fruecto-invertase. Sucrose fatty acid esters
were found by Isaac and Jenkins (6) to be capable
of supporting oxidation by sewage.
The present communication describes the effect of
lipase, invertase, and liver and pancreatic extracts on

1 This work was carried out under U.8.P.H.8. Grant No. A-1808 and
Sugar Research Foundation Grant No. 109,

various commercial preparations of sucrose fatty acid
esters and the oxidation of these preparations by ho-
mogenates of liver and intestinal mucosa.

Experimental

Material. Sucrose fatty acid esters used were ‘‘Se-
quol 2607'% (229% palmitic acid, 3.4% stearic acid,
229 oleic acid, 47% linoleic acid) ; suerose monopal-
mitate® (89% palmitic acid, 4.3% stearic acid) ; su-
crose monostearate A* (42% palmitic acid, 44% stearic
acid, 5.4% oleic acid) ; sucrose monostearate B® (39%
palmitic acid, 53% stearic acid, 3% oleic acid) ; su-
crose di-® tri-,” and tetralinoleate®; and the trans-
esterification product® of sucrose and safflower oil.

Procedure. A 1% solution of each sucrose fatty
acid ester was made up with 20 ml. 95% ethanol and
80 ml. glycerol. Each incubation vessel contained 50
umoles sucrose ester, 70 pmoles Tris (hydroxymethyl)-
aminomethane buffered at pH 8.1, 50 pmoles sodium
taurocholate or sodium glycocholate, 100 ug. enzyme
_2S—u;1;ied by the Charles Pfizer Company and prepared as the trans-
estemﬁcatxon product of sucrose and cottonseed oil.

3 Sucrodet D-600, Berkeley Chemical Company, Lot No. S-187.

4 Ottawa Chemical Company, Batch No. 7255 (8/10/55).

5 Foster D. Snell, Batch No. 59

¢ Colonial Sugars Company (7-L- 184/5 22-59).

7 Colonial Sugars Company (3-L-176/2-10-59).

8 Colonial Sugars Company (5-1,-175/5-22-59).
? Colonial Sugars Company (6-1.-183/5-22-59).



