United States Patent 9
Fulcher

[54] SYNTHETIC COOKING OILS CONTAINING
DICARBOXYLIC ACID ESTERS

[75] Inventor: John Fulcher, Dallas, Tex.

{73] Assignee: Recot, Inc., Dallas, Tex.
[21] Appl. No.: 610,662
{22] Filed: Nov. 8, 1990
Related U.S. Patent Documents
Reissue of:
[64] Patent No.:  4,582.927
Issued: Apr. 15, 1986
Appl. No.: 598,063
Filed: Apr. 9, 1984
[S1] Imt. CLS ....covvnenee CO7C 69/347; A23D 5/00
[52] US.ClL .oirrvecenercrreenennn, 560/201; 426/523;
426/531; 560/190
[{58] Field of Search ................. 560/190, 201; 426/531
[56] References Cited
U.S. PATENT DOCUMENTS
2,161,213 6/1939 Whitmore et al. .................. 560/190
2,188,844 1/1940 COPE weremereeevrmeresreeesrresren 560/190
2,962,419 11/1960 Minich ...c.coooivrevvrmvmsicienrenes 314/522
3,600,186 8&/197]1 Mattson et al. ..................... 426/611
3,963,699 6/1976 Rizzietal ............cc........ 426/611 X
4,034,083 7/1977 Mattson ......cocecvveeerivenrranrensees 514/53
4,049,698 9/1977 Hawkins et al. .................... 360/127
4,247,568 1/1981 Carnngton et al. ................ 426/321
4,428,887 1/1984 Touetal ....covveevrvennnee 360/190 X
4,470,421 9/1984 Southwick et al. ............ 360/190 X

4,508,746 4/1985 Hamm .......ccccovrvvvenivnininienan 426/1

[11] E
[45] Reissued Date of Patent: May 24, 1994

0 O O O

USOORE34619E

Patent Number: Re. 34,619

FOREIGN PATENT DOCUMENTS

1106681 8/1981 Canads .

82719 7/1979 Japan .

668796 3/1952 United Kingdom .
1162479 8/1969 United Kingdom .

OTHER PUBLICATIONS

Glueck et al., Am. J. Clin. Nutri. 35:1352-1359, (1982).
Chem. Abst. 97(8):60813e, (1982).
010346187 Chem. Abst. 44,2443c-h, (1950).

Primary Examiner—Jose G. Dees
Assistant Examiner—Vera C. Clarke
Attorney, Agent, or Firm—Rothwell, Figg, Ernst & Kurz

[57] ABSTRACT
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wherein R; and R: are hydrogen or alkyl of from 1 to
about 20 carbon atoms, and X and Y are alkyl, alkenyl
or [dienyl] alkadieny! of from about 12 to about 18
carbon atoms, useful as low calorie synthetic oils suit-
able for consumption by mammals.

11 Claims, No Drawings
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SYNTHETIC COOKING OILS CONTAINING
DICARBOXYLIC ACID ESTERS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

FIELD OF THE INVENTION

The present invention relates to the synthesis and use
of synthetic oils as substitutes for animal and vegetable
fats and oils in the preparation of foods for human and
animal consumption.

BACKGROUND OF THE INVENTION

Lipids (fats and oils) constitute between 30 and 40%
of the caloric intake of the average American diet. Di-
etary fat, consisting of triglycerides, is digested to free
fatty acids and monoglycerides, primarily in the small
intestine. The a-lipase steapsin cleaves the glycerol
esters at the 1- and 3-positions. Fatty acids of 6 to 10
carbons and unsaturated fatty acids are rapidly ab-
sorbed, while those of 12 to 18 carbons are absorbed
more slowly. Absorption of the S8-monoglycerides by
the mucosa of the small intestine results in a final diges-
tion and absorption of up to 95% of the total dietary fat.
Since fats yield about twice the energy per gram of
either carbohydrates or proteins, substitution of a non-
digestible material for a portion of the normal dietary
fat offers a painless and effective method for control of
obesity, hypertension, and other discases associated
with excessive caloric intake.

There is considerable evidence that steapsin is an
enzyme which is specific for esters of 1, 3-diols and
glycerol. U.S, Pat. No. 2,962,419 to Minich describes in
vitro tests of pentaerythretol tetracaprylate to demon-
strate that there 15 no hydrolysis of the pentaerythritol
ester by pancreatic lipase (steapsin) and a greatly dimin-
ished total serum lipid concentration when the sub-

stance was used in place of fat in a typical rate diet.
Canadian Pat. No. 1,106,681 to Trost describes the feed-
ing of dialkyl glycerol ethers to rats, concluding that

the esters were generally non-digestible, and tests of
sucrose polyester in obese human volunteers showed
decreased total plasma cholestero! and plasma tnglycer-
ides {Glueck et al., Am. J. Cli. Nutri. 35, 1352 (1982)).
U.S. Pat. No. 3,600,186 to Mattson et al. describe the
use of fatty acid ester compounds having at least 4 fatty
acid ester groups for use as triglyceride fat substitutes.

Esters of malonic acid and dialkyl malonic acid, and
low molecular weight alcohols are known but are un-
suitable for use as vegetable oil substitutes due to their
low boiling points.

There remains a need for stable synthetic oils which
are not readily digestible in mammals, and which are
suitable for use in the production of low calone fried
and baked products containing starches, and in other
foods such as oleomargarine, salad oil and other foods

normally containing vegetable oils.
SUMMARY OF THE INVENTION

The invention provides esters of the formula
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wherein R; and Rj are hydrogen or alkyl radicals con-
taining from 1 to about 20 carbon atoms, and X and Y
are alkyl, alkenyl or [dienyl] alkadieny! radicals con-
taining from about 12 to about 18 carbon atoms. These
materials are synthetic oils and low melting solids
which are hydrolyzed slowly or not at all, by pancreatic
lipase. Food products made with or fried in these syn-
thetic oils contain less metabolizable lipids and are,
therefore, lower in available calories, making them
suitable for use by persons with weight or some lipid
control difficulties.

DETAILED DESCRIPTION OF THE
INVENTION

The synthetic edible oils of the present invention are
represented by the formula:
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wherein R and R, which may be the same or different,
are hydrogen or alkyl radicals of from 1 to about 20
carbon atoms, e.g., methyl, ethyl, hexadecyl, eicosyl,
and the like: and X and Y, which may be the same or
different, are alkyl, alkeny! or [ dienyl} alkadieny! radi-
cals of from about 12 to about 18 carbon atoms, e.g.,
dodecyl, octadecyl, dodecenyl, oleyl, linoleyl, and the
like.

In preferred compounds, at least one of the R groups
is an alkyl of from 1 to about 20 carbon atoms, the other
R group being hydrogen or a simiiar alkyl. In particu-
larly preferred compounds, one of the R groups is hy-
drogen and the other is an alkyl of about 16 carbon
atoms, or both R groups are alkyls of about 16 carbon
atoms.

The radicals X and Y are preferably alkyls of from
about 14 to about 18 carbon atoms, or alkenyls or [die-
nyls]} alkadienyls of about 18 carbon atoms.

Particularly preferred compounds are [hexadecyl
dioleylmalonate and dihexadecyl dioleylmalonate]}
dioleylhexadecylmalonate and dioleyl dihexadecylmalon-

ale.

The compounds of this invention are synthetic or-
ganic compounds which display the physical properties
of animal fats and vegetable oils. They are liquid or
solid at room temperature, depending upon molecular
weight and structure, and oils at normal cooking tem-
peratures. Unlike naturally-occurning fats and oils,
which are triglycerides (fatty acid esters of glycerol)
the products of this invention are fatty alcohol deriva-
tives of malonic acid, and mono- and dialkyl malonic
acid. Unlike triglycerides, these compounds resist hy-
drolysis by pancreatic lipase and other components of
the digestive juices present in the stomach and small
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intestine. As a result, most of the material is not ab-
sorbed by the small intestine.

Examples of fatty alcohols suitable for the practice of
this invention include oleyl, myristic, linoleic, palmitic
and stearic alcohols, with oleyl alcohol being particu-
larly preferred. They are readily available commer-
cially, and readily synthesized by reduction of the cor-
responding fatty acid obtained by the saponification of
fats and oils. Suitable acids include malonic acid, mono-
alkyl and dialkyl malonic acid, such as hexadecyl ma-
lonic acid and dihexadecyl malonic acid. Both the pure,
symmetric diesters and mixed esters are suitable, analo-
gous to the mixed esters in naturally-occurring fats and
oils.

The synthesis of the compounds of this invention may
be accomplished by several pathways. For example,
certain compounds of the invention may be prepared by
reacting a malonyl dihalide with a fatty alcohol or a
mixture of fatty alcohols. If desired, the product may
then be reacted with an alkyl halide, or a mixture of
alkyl halides, in a basic solution to produce a product of
higher molecular weight with a correspondingly higher
melting point and boiling point.

Impurities may be removed from the esters formed by
the above procedures by vacuum distillation or silica
gel chromatography using conventional equipment and
techniques familiar to those experienced in the chemical
arts.

The lower molecular weight compounds of the pres-
ent invention are suitable as substitutes for natural oils in
spreads such as a mayonnaise and margarine, and other
food products which are not subject to high tempera-
tures for long periods of time. Higher molecular weight
compounds are preferred for use as synthetic frying oils.

The synthetic oils of the present invention may also
comprise mixtures of the disclosed compounds.

Particularly preferred synthetic oils of the present
invention have a melting point below about 10° C., a
boiling point above about 230° C., are absorbed by the
small intestine of a mammal at a substantially lower rate
than corn oil, and/or provide substantially fewer calo-
ries than corn oil when consumed by a mammal.

Food products fried in synthetic oils of the present
invention have a lower metabolic fat content than a
similar product cooked in animal fat or vegetable oil.
Similarly, food products in which their normal content
of animal fat or vegetable oil has been partially or com-
pletely substituted by the synthetic oils of this invention
have a lower metabolic fat content than similar prod-
ucts not containing synthetic oil.

The mvention is further illustrated by the following
example, which is not intended to be limiting.

EXAMPLE 1

Preparation of [Hexadecyl Dioleylmalonate and
Dihexadecyl DioleylmalonateJ0
Dioleylhexadecylmalonate and Dioley!
Dihexadecyimalonate

Three molar equivalents of Il-bromohexadecane
(available from Fluka Chemical Corporation), one
molar equivalent of dioleylmalonate (prepared by the
reaction of malonyl dichloride (Aldrich) with oleyl
alcohol (Aldrich), 0.1 molar equivalent of tetra-n-
butylammonium hydroxide (40% solution in water
(Aldnch)), and 2-3-molar equivalents of potassium hy-
droxide (50% solution in water) were combined in a
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flask with a small amount of water and stirred 2-4 hours
at room temperature (20°-25° C)).

Stirring for two hours with two molar equivalents of
potassium hydroxide resulted in a mixture containing
approximately 67% [hexadecy! dioleylmalonate and
33% dihexadecyl dioleylmalonate] Dioleylhexadecyl-
malonate and 33% dioley! dihexadecylmalonate. Stirring
for four hours with three molar equivalents potassium
hydroxide gave 8 higher proportion (67%) of Jdihex-
adecyl dioleylmalonate] dioley! dihexadecylmalonate.
The two malonic esters were purified by removal of the
aqueous phase by extraction with water, vacuum distil-
lation to remove unreacted bromohexadecane and oleyl
alcohol byproduct, and silica gel chromatography using
petroleum ether.

The [dihexadecyl dioleylmalonate] dioley! dihex-
adecylmalonate was distinguished by its higher melting
pomnt (36°-37° C.), quaternary carbon nmr signal at 56
ppm and molecular ion (1054). The [hexadecyl dioleyl-
malonate] dioleylhexadecyimalonate had a melting
point of 28°-29° C.,, tertiary carbon nmr signal at 52
ppm, and molecular ion (829).

What is claimed is:

[1. A diester of the formula
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O

wherein R and R3, which may be the same or different,
are hydrogen or alkyl from 1 to 20 carbon atoms, with
the proviso that at least one of the R groups, R; or R,
is an alkyl of from 1 to 20 carbon atoms; X is an alkyl,
alkenyl or dienyl radical from 12 to 18 carbon atoms,
and Y is an alkenyl or dienyl radical of from 12 to 18
carbon atoms.}

[2. A diester as claimed in claim 1, wherein one of
Rj and R3is hydrogen and the other is an alkyl of from
16 carbon atoms.}

[3. A diester as claimed in claim 1, wherein both R,
and R; are alkyl of 16 carbon atoms.}

4. A diester [as claimed in claim 1, of the formula

0
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wherein Ry and Ry, which may be the same or different,
are hydrogen or alkyl of from 1 to 20 carbon atoms, with
the provisos that at least one of the R groups, Ry or Ry, is
an alkyl of from I to 20 carbon atoms, wherein X and Y
are both [alkenyl or dienyl radicals having from 12 to
18 carbon atoms] oley! or linoleyl! radicals.

S. The diester of claim 4 wherein one of the groups
R; and R is hydrogen and the other is an alkyl of 16
carbon atoms and both X and Y are [alkenyls of 18
carbon atoms]} oley! radicals.

6. A diester as claimed in claim [1]4, wherein both
R and R; are alkyl of 16 carbon atoms and X and Y are



Re. 34,619

> 6
both [alkenyl or dienyl! radicals having from 12 to 18 and [dihexadecyl dioleylmalonate] dioleyldihexadecyl-
carbon atoms ) oley! or linoleyl! radicals. malonate. o
7. The diester of claim 6 wherein X and Y are [alke- 12. A synthetic edible oil comprising one or more com-
nyls of 18 carbon atoms}oley! radicals. pounds of the formula:
8. The compound [hexadecyldioleylmalonate} di- 5
oleylhexadecylmalonate.
9. The compound [dihexadecyl dioleylmalonate] ﬁ'
dioley! dihexadecylmalonate. | C—0—X
[10. A synthetic edible oil comprising one or more Ry— é.__ R
compounds of the formula 10 |
}’—O—ﬁ'
ﬁ) O
(I: o= wherein Ryand Ra, which may be the same or different are
Rl_?_ni 13 hypdrogen or alkyl of from 1 to 20 carbon atoms, and X and
Y—0—C Y independently each are an alkenyl or alkadienyl radical

f;', having from 12 to 18 carbon atoms.
13. A synthetic edible oil as claimed in claim 12, wherein

wherein R and R, which may be the same or different, 20 9%€ of R1and R is a hydrogen and the other is an alkyl of
are hydrogen or alkyl of from 1 to 20 carbon atoms, X 16 carbon atoms.

is an alkyl, alkenyl or dienyl radical of from 12 to 20 14. A synthetic edible oil as claimed in claim 12, wherein
carbon atoms, and Y is an alkenyl or dienyl radical from  both Ry and R; are alky! of 16 carbon atoms.
12 to 20 carbon atoms. } 15. A synthetic edible oil as claimed in claim 12, wherein
11. A synthetic edible oil comprising a mixture of 25 both X and Y are oley! or linoley! radicals.
f hexadecyl dioleylmalonate] dioleylhexadecylmalonate « *» *+ %
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION |

PATENT NO.

RE 34,619
DATED :

May 24, 1994
INVENTQR(S) :

John Fulcher

It is certitied that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

On the cover, item [56] i1n the Other Publications section,
line 3, delete "010346187".

Col. 1, line 44, "rate" should be --rat--.

Col. 3, line 57, "]O0" should be --]--. (Deleting the "0" at
the end of the line.)

Col. 4, line 9, "]1" should be --[--.

Col. 4, line 59, "provisos" should be --proviso--.

Signed and Sealed this
Second Day of May, 1995

Antest: | ézzﬁhc(' zéﬂtkhﬂb-.

BRUCE LEHMAN
Artesting Officer

Commissioner of Patents and Trademarks
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