(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/095472 A1l

25 June 2015 (25.06.2015) WIPO I PCT
(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
CO8K 5/10 (2006.01) CO8K 5/15 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
. . ] DO, DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
PCT/US2014/071066 KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(22) International Filing Date: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
18 December 2014 (18.12.2014) PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(25) Filing Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
61/919,331 20 December 2013 (20.12.2013) Us GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicant: ARCHER DANIELS MIDLAND COM- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
PANY [US/US]; 4666 Faries Parkway, Decatur, Illinois DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
62526 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(72) Tnventors: STENSRUD, Kenneth; 2017 W. William, N ?A?P{\A(EF{\IEJ’SEF’TCDG’T% M, GA, GN, GQ,
Decatur, Illinois 62522 (US). BASEETH, Shireen; 636 ’ T P T ’
Waterford Lane, Decatur, Illinois 62526 (US). JADHAYV, Declarations under Rule 4.17:
Swapnil R.; 3750 N. Woodford Street, Decatur, Illinois B , ,
62526 (US). LEE, John Inmok; 2320 Boiling Springs as to applicant'’s entitlement to apply for and be granted a
’ oo ’ g 5P g patent (Rule 4.17(i1))
Road, Decatur, Illinois 62526 (US). WICKLUND, Lori;
8798 Hickory Hills Dr., Argenta, Illinois 62501 (US). — as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii
(74) Agent: NILLES, Andrew F.; Archer Daniels Midland o { (i)
Company, Legal Department, 4666 Faries Parkway, Dec- Published:
atur, Illinois 62526 (US). —  with international search report (drt. 21(3))
(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,

(54) Title: STRUCTURING AND GELLING AGENTS

wo 2015/095472 A1 [N I 0000 O 0O

(57) Abstract: Structured, non-polar liquid oleogels comprising non-polar liquids and a derivative of an anhydrohexitol are dis -
closed. Processes for producing such structured, non-polar liquid oleogels are also disclosed. Also disclosed are processes for produ-
cing esters ot 1,4:3,6-dianhydrohexitol.



20

25

30

35

WO 2015/095472 PCT/US2014/071066

STRUCTURING AND GELLING AGENTS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application No.
61/919,331, filed December 20, 2013, the contents of the entirety of which is incorporated by

this reference.

TECHNICAL FIELD
[0002] The present invention relates generally to structuring and gelling agents, and
more particularly to the production and use of a derivative of an anhydrohexitol as such

structuring or gelling agents.

BACKGROUND OF THE INVENTION

[0003] Non-polar liquids (e.g., organics, solvents, ionic fluids, and oils) are present in a
large number of products used by humans every day. Such non-polar liquids are fluid-like and
are often incorporated into products as structured liquids or liquids that have enhanced
mechanical properties. Structuring of such liquids is a process that involves physically
transforming a liquid into a more solid material. Such structuring may also enhance the texture,
appearance, taste, and stability of the non-polar liquids, depending on the ultimate use of such
liquids. Of the various non-polar liquids, oils are often subjected to a structuring process for use
in developing functional products such as foods, cosmetics, pharmaceuticals, lubricants, and use
in other industries.

[0004] Oils are often structured by the addition of high-melting point saturated or trans
fats such as saturated triglycerides, hardstocks, long chain saturated fatty acids, or others. Such

structuring components may crystallize and form a fat crystal network when incorporated in the
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oil. The liquid oil becomes entrapped in such crystalline network and converts the oil from the
liquid phase to a semi-solid plastic material.

[0005] Another way to structure oil is by organogelation. The organogelation process
involves the addition of self-assembling molecules or organogelators into an oil phase. The
organogelators self-assemble through intermolecular non-covalent interactions (e.g., hydrogen
bonding, van der Waals forces, or London dispersion forces) to form a three dimensional fibrous
network that mimics a fat crystal network. Similar to the fat crystal network, the fibrous network
entraps and immobilizes oil entrapped within such fibrous network. Oils structured with
organogelators may be referred to as organogels and typically exhibit viscoelastic and/or
thermoreversible properties.

[0006] Organogelators are surfactant-like low molecular weight molecules (i.c., less
than 3000 daltons) and are able to structure oils at very low concentrations (about 2-4% by
weight). The molecular structure of organogelators may be manipulated to produce organogels
with tailor-made properties. The organogelators have been explored for use in food applications
as alternatives to saturated fats in order to improve the nutritional profile of the foods.
Organogelators may also find utility in foods (e.g., structuring liquid oils), pharmaceuticals (e.g.,
control release vehicles for bioactives), cosmetics (e.g., structuring of lipsticks, moisturizers, or
sunscreens), in remediation (e.g., structuring of used cooking oil), and lubricants. Some
organogelators that have been used are fatty alcohols, amino acid amides, sorbitan alkylates, and
phytochemicals.

[0007] While structuring and gelling agents exist, needs exist for new, biobased

structuring agents having different functionalities.

SUMMARY OF THE INVENTION

[0008] In cach of its various embodiments, the present invention fulfills this need and
discloses derivatives of anhydrohexitols, processes for producing such derivatives of
anhydrohexitols, and uses of such derivatives of anhydrohexitols.

[0009] In one embodiment, a structured non-polar liquid oleogel comprises a non-polar
liquid and a derivative of an anhydrohexitol.

[0010] In another embodiment, a method of producing a structured non-polar liquid
comprises mixing a derivative of an anhydrohexitol with the non-polar liquid, thus producing a

mixture, and heating the mixture.
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[0011] In yet a further embodiment, a process for producing an ester of a 1,4:3,6-
dianhydrohexitol comprises combining the 1,4:3,6-dianhydrohexitol with a carboxylic acid, thus
producing a mixture. The process further includes placing the mixture in contact with an enzyme,

such that an ester bond is formed between the 1,4:3,6-dianhydrohexitol and the carboxylic acid.

DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 illustrates one embodiment of a network of agglomerated derivatives of
anhydrohexitols of the present invention.

[0013] FIG. 2 shows the ability of various derivatives of anhydrohexitols of the present
invention to form a gel in a liquid oil.

[0014] FIG. 3 shows the stress point at which gels formed by derivatives of
anhydrohexitols of the present invention in liquid oils begin flowing as a fluid.

[0015] FIG. 4 shows the ability of various derivatives of anhydrohexitols of the present
invention to form a gel in a liquid oil.

[0016] FIG. 5 shows the stress point at which gels formed by derivatives of
anhydrohexitols of the present invention in liquid oils begin flowing as a fluid.

[0017] FIG. 6 is one embodiment of a structure of a derivative of an anhydrohexitol of
the present invention.

[0018] FIG. 7 is another embodiment of a structure of a derivative of an anhydrohexitol
of the present invention.

[0019] FIG. 8 shows the ability of various derivatives of anhydrohexitols of the present
invention to form a gel as compared to sorbitan monoesters.

[0020] FIG. 9 shows the stress point at which gels formed by various derivatives of
anhydrohexitols of the present invention begin flowing as a fluid as compared to sorbitan
monog¢sters.

[0021] FIG. 10 shows various parameters used to determine the critical packing

parameter of various chemical structures.

DETAILED DESCRIPTION OF THE INVENTION

[0022] In one embodiment, a non-polar liquid structured with a derivative of an
anhydrohexitol is disclosed. The derivative may be an ester of the anhydrohexitol, an amide of
the anhydrohexitol, an ether of the anhydrohexitol, a dimer of the anhydrohexitol, or

combinations of any thereof.
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[0023] In a further embodiment, the non-polar liquid of the structured non-polar liquid
oleogel of the present invention may have a dielectric constant of between 0 and 40 or in another
embodiment, a dielectric constant of less than 20.

[0024] The derivatives of anhydrohexitols of the present invention may be used to form
fibrilar network gels in long chain hydrocarbon solvents. Such gels may find utility in
applications for use in foods, colorants for paints and/or inks, as lubricants, as oil binding
additives in cosmetics (i.e., lipstick), in dermatological applications, or personal care products
(i.e., antiperspirants). The gels may also find utility in plant protection formulations or seed
coating applications. The gels may also be used in detergents or cleaners.

[0025] In a further embodiment, gels formed with the derivatives of anhydrohexitols
are thermoreversible in that they are liquid at higher temperatures and gels at lower temperatures.
For instance, the structured non-polar liquid oleogel may melt at a temperature of at least 40°C
and re-form to the shape of a gel at a temperature of less than 40°C. The structured non-polar
liquid oleogels may contain between about 0.1-15% by weight of the derivative of the
anhydrohexitol or between about 2-10% of the derivative of the anhydrohexitol by weight. The
non-polar liquid may be present in the structured non-polar liquid oleogel at an amount of
between about 80-99.9% by weight.

[0026] In a further embodiment, the derivative of the anhydrohexitol may be used as a
structuring agent for an organic liquid for use in cosmetics, pharmaceuticals, food, lubricant, or
other industrial product. The derivative of the anhydrohexitol may form a self-assembled, liquid
crystalline structure in the non-polar liquid.

[0027] In yet an additional embodiment, the structured non-polar liquid oleogel may
further comprising a structuring agent. Such structuring agent may include, without limitation,
ethyl cellulose, hydroxyl-stearic acid, sterols, proteins, emulsifiers, waxes, or combinations of
any thereof.

[0028] In another embodiment, the derivative of the anhydrohexitol may be used to
structure non-polar compounds and function as a lubricant, grease, coolant, or other industrial
compound, as no modification of the organic compounds is required. The structured organic
compounds will not exhibit any coarse consistency making such structured organic compounds
useful for tribological applications.

[0029] In a further embodiment, the derivative of the anhydrohexitol may be used as
primary or secondary emulsifiers. In another embodiment, the structured non-polar liquid
oleogels may further comprise an emulsifier. Non-limiting examples of emulsifiers that may be

4
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used include anionic surfactants including, but not limited to, , sodium and potassium salts of
straight-chain fatty acids, polyoxyethylenated fatty alcohol carboxylates, linear alkyl benzene
sulfonates, alpha olefin sulfonates, sulfonated fatty acid methyl ester, arylalkanesulfonates,
sulfosuccinate esters, alkyldiphenylether(di)sulfonates, alkylnaphthalenesulfonates,
isocthionates, alkylether sulfates, sulfonated oils, fatty acid monocthanolamide sulfates,
polyoxyethylene fatty acid monoethanolamide sulfates, aliphatic phosphate esters,
nonylphenolphosphate esters, sarcosinates, fluorinated anionics, anionic surfactants derived from
oleochemicals, and combinations of any thereof. Non-limiting examples of non-ionic surfactants
that may be used as the emulsifier include, but are not limited to, sorbitan monostearate,
polyoxyethylene ester of rosin, polyoxyethylene dodecyl mono ether, polyoxyethylene-
polyoxypropylene block copolymer, polyoxyethylene monolaurate, polyoxyethylene
monohexadecyl ether, polyoxyethylene monooleate, polyoxyethylene mono(cis-9-
octadecenyl)ether, polyoxyethylene monostearate, polyoxyethylene monooctadecyl ether,
polyoxyethylene dioleate, polyoxyethylene distearate, polyoxyethylene sorbitan monolaurate
polyoxyethylene sorbitan monooleate, polyoxyethylene sorbitan monopalmitate,
polyoxyethylene sorbitan monostearate, polyoxyethylene sorbitan trioleate, polyoxyethylene
sorbitan tristearate, polyglycerol ester of oleic acid, polyoxyethylene sorbitol hexastearate,
polyoxyethylene monotetradecyl ether, polyoxyethylene sorbitol hexaoleate, fatty acids, tall-oil,
sorbitol hexaesters, ethoxylated castor oil, ethoxylated soybean oil, rapeseed oil ethoxylate,
cthoxylated fatty acids, ethoxylated fatty alcohols, ethoxylated polyoxyethylene sorbitol
tetraoleate, glycerol and polyethylene glycol mixed esters, alcohols, polyglycerol esters,
monoglycerides, sucrose esters, alkyl polyglycosides, polysorbates, fatty alkanolamides,
polyglycol ethers, derivatives of any thereof, and combinations of any thereof.

[0030] In other embodiments, the compositions of the present invention may be used to
solubilize polar, non-polar, and/or amphiphilic guest molecules. In another embodiment, the
compositions of the present invention may be used to solubilize or carry enzymes.

[0031] In another embodiment, the compositions of the present invention may be used
in a food product. In such embodiments, non-limiting uses of the composition include, without
limitation: a structuring agent for providing or enhancing structure in foods such as, for example,
in spreads, mayonnaise, dressing, sauce, shortenings, fluid oils, high-oleic oils, fillings, icings,
frostings, a creamer, compound coatings, chocolate, confectionary chips, confectionary chunks,
an emulsifier that can be used to carry active ingredients or enzymes such as in baking
applications, a film forming composition that can hold active ingredients, a coating for carrying
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spices, seasonings or flavorings on a food, a film-forming composition that could be used as a
release agent, a beverage emulsion, or as a carrier for delivering nutritional or bio-active
compounds.

[0032] In one embodiment, the compositions of the present invention may also be used
to partially substitute for or replace saturated fats in edible oils to improve the nutritional profile,
yet still provide the same functionality as the saturated fats.

[0033] In a further embodiment, the compositions of the present invention may be used
to develop jelly emulsions (or emulsion gels), such as in a organogel-hydrogel heterogencous
mixture.

[0034] In one embodiment, the compositions of the present invention may be used in
the cocoa industry to produce chocolate, cocoa containing foods, chocolate drops, compound
drops, wafers, compound coatings, chocolate coatings, coating products, chips, chunks, white
chocolate, other confectionary products, or function as a cocoa butter equivalent. The
composition may also be used to partially substitute for or replace cocoa butter in cocoa products
to improve the nutritional profile. In another embodiment, the compositions may be used in
conjunction with cocoa powder, cocoa butter, cocoa liquor, a vanilla flavoring other flavorings, a
sweetener, a vegetable fat, or combinations of any thereof in the production a confectionary
product.

[0035] In one embodiment, the compositions of the present invention may be used to:
improve the stability of an active ingredient; function as an emulsion stabilizer; lower the
saturated fat content of a food and/or produce a food having a low saturated fat content; carry
polar antioxidants; improve the pliability of a fat in puff pastry; improve the spreadability of a
high protein product such as a créme filling; decrease the usage level of an emulsion; replace
trans fat in a food product; produce a lower fat product; or other uses.

[0036] In one embodiment, the non-polar liquid of the present invention comprises
vegetable oil such as triglyceride and/or diglyceride oils, a food-grade low hydrophilic lipophilic
balance (HLB) emulsifier, polyol esters, monoglycerides, diglycerides, fatty acid esters, or
combinations of any thereof. The non-polar liquid may be soybean oil, canola oil, sunflower oil,
olive oil, sesame oil, grapeseed oil, rapeseed oil, linseed oil, neem oil, liquid paraffin, corn oil,
soy polyols, biodiesel, diesel oil, a lubricant grease, a modified vegetable oil, a petroleum based
solvent, mineral oil, esters of any thereof, and combination of any thereof.

[0037] In an additional embodiment, each of the components of the compositions of the
present invention is edible and/or approved for use in foods. In a further embodiment, a
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preservative may added to the compositions of the present invention for use in foods. Examples
of preservatives include, but are not limited to, potassium sorbate, citric acid, sodium benzoate,
or other good grade preservatives.

[0038] In a further embodiment, the compositions of the present invention may be
configured as a food ingredient for use in a food stuff, beverage, nutraceutical, pharmaceutical,
pet food, or animal feed. In one embodiment, the composition of the present invention may
further comprise a compound selected from the group consisting of green tea extract, a flavoring
agent, ascorbic acid, potassium sorbate, citric acid, natural polar antioxidants, tocopherols,
sterols or phytosterols, saw palmetto, caffeine, sea weed extract, grape-seed extract, rosemary
extract, almond oil, lavender oil, peppermint oil, bromelain, capsaicin, emulsifiers, or
combinations of any thereof.

[0039] In one embodiment, the compositions described herein are bio-based. Bio-
based content of a product may be verified by ASTM International Radioisotope Standard
Method D 6866. ASTM International Radioisotope Standard Method D 6866 determines bio-
based content of a material based on the amount of bio-based carbon in the material or product as
a percent of the weight (mass) of the total organic carbon in the material or product. Bio-derived
and bio-based products will have a carbon isotope ratio characteristic of a biologically derived
composition.

[0040] It should be understood that this invention is not limited to the embodiments
disclosed in this summary, or the description that follows, but is intended to cover modifications
that are within the spirit and scope of the invention, as defined by the claims.

[0041] Other than in the examples described herein, or unless otherwise expressly
specified, all of the numerical ranges, amounts, values and percentages, such as those for
amounts of materials, elemental contents, times and temperatures of reaction, ratios of amounts,
and others, in the following portion of the specification and attached claims may be read as if
prefaced by the word “about” even though the term “about” may not expressly appear with the
value, amount, or range. Accordingly, unless indicated to the contrary, the numerical parameters
set forth in the following specification and claims are approximations that may vary depending
upon the desired properties sought to be obtained by the present invention. At the very least, and
not as an attempt to limit the application of the doctrine of equivalents to the scope of the claims,
each numerical parameter should at least be construed in light of the number of reported

significant digits and by applying ordinary rounding techniques.
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[0042] Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical value, however, inherently
contains error necessarily resulting from the standard deviation found in its underlying respective
testing measurements. Furthermore, when numerical ranges are set forth herein, these ranges are
inclusive of the recited range end points (i.e., end points may be used). When percentages by
weight are used herein, the numerical values reported are relative to the total weight.

[0043] Also, it should be understood that any numerical range recited herein is intended
to include all sub-ranges subsumed therein. For example, a range of “1 to 10” is intended to
include all sub-ranges between (and including) the recited minimum value of 1 and the recited
maximum value of 10, that is, having a minimum value equal to or greater than 1 and a

3 6, 9
a

maximum value of equal to or less than 10. The terms “one,” “a,” or “an” as used herein are
intended to include “at least one” or “one or more,” unless otherwise indicated

[0044] In an embodiment, an derivative of an anhydrohexitol may be 1,4:3,6-
dianhydrohexitol. In other embodiments, the anhydrohexitol may be isosorbide, isomannide, or
isoiodide which are natural building blocks that are highly stable and possess two functional
hydroxyl groups that are amenable to chemical modification. The 1,4:3,6-dianhydrohexitols have
emerged as a versatile platform to synthesize chemicals having potential applications as high
boiling point solvents, pre-cursors for polymers, fuel additives, or surfactants.

[0045] In one embodiment, the present invention discloses an organogelator or
structuring agent that can be produced from an anhydrohexitol, such as a 1,4:3,6-
dianhydrohexitol. In another embodiment, a derivative of an anhydrohexitol such as 1,4:3,6-
dianhydrohexitol is produced which finds utility as a gelator in a non-polar liquid. Non-polar
liquids which may be structured include, but are not limited to, edible oils, non-edible oils,
essential oils, fish oils, and paraffinic oils.

[0046] With the increasing commercial demand of renewable resources to replace non-
renewable resources for various economic and environmental concerns, processes and products
that use sustainable technology has become more important. Thus, the derivatives of the
anhydrohexitols of the present invention may be produced using green processes to sustainably
produce value-added products.

[0047] In another embodiment, a method of producing a structured non-polar liquid
comprises mixing a derivative of an anhydrohexitol with the non-polar liquid, thus producing a
mixture, and heating the mixture. The mixture may also be agitated during heating. The method
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may also include cooling the heated, mixture, thus forming a gel. An emulsifier may also be
added to the mixture.

[0048] In one embodiment, the derivatives of the anhydrohexitols may be produced
using lipase, one of nature’s readily available catalysts. The derivatives of the anhydrohexitols
may be produced by conjugating a carboxylic acid moiety to one or both of the hydroxyl groups
on the anhydrohexitol via an ester linkage, thus producing a mono- or di-ester derivative of the
anhydrohexitol. The resultant mono- or di-ester derivative of the anhydrohexitol may be purified
using various chromatographic techniques, distillation, or other known processes.

[0049] The production of the derivatives of the anhydrohexitols of the present
invention may include combing the anhydrohexitol with a carboxylic acid, thus producing a
mixture and placing the mixture in contact with an enzyme (e.g., lipase), such that an ester bond
is formed between the anhydrohexitol and the carboxylic acid. The mixture may further include
an organic solvent. In one embodiment, water may be removed from the mixture such that ester
bond formation occurs in the absence of water.

[0050] In one embodiment, the carboxylic acid moiety that may be attached to the
anhydrohexitol may be a fatty acid. The fatty acids may range from having one carbon, i.c.,
formic acid, up to 20 carbons, i.¢., arachidic acid and in another embodiment, the fatty acid may
have from 18 to 20 carbons. In other embodiments, the carboxylic acid may selected from the
group consisting of unsaturated monocarboxylic acids, amino acids, keto acids, aromatic
carboxylic acids, dicarboxylic acids, tricarboxylic acids, alpha hydroxyl acids, saturated fatty
acids, or combinations of any thereof. The carboxylic acid may also be selected from the group
consisting of formic acid, acetic acid, chloroacetic acid, dichloroacetic acid, trichloroacetic acid,
oxalic acid, benzoic acid, or combinations of any thercof. In an additional embodiment, the
carboxylic acid moiety is a biobased compound.

[0051] In another embodiment, the anhydrohexitol may be selected from the group
consisting of isosorbide, isomannide, isoiodide, or combinations of any thereof. In a further
embodiment, the anhydrohexitol is a 1,4:3,6-dianhydrohexitol.

[0052] Uses of a derivative of an anhydrohexitol as a plasticizer are also disclosed. The
derivative of the anhydrohexitol may be selected from the group consisting of an ester of the
anhydrohexitol, an amide of the anhydrohexitol, an ether of the anhydrohexitol, a dimer of the
anhydrohexitol, or combinations of any thereof. The ester of the anhydrohexitol may be a diester.
The derivative of the anhydrohexitol may be a 1,4:3,6-dianhydrohexitol selected from the group
consisting of isosorbide, isomannide, isoiodide, or combinations of any thereof.

9
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[0053] The present invention may be further understood by reference to the following
examples. The following examples are merely illustrative of the invention and are not intended
to be limiting. Unless otherwise indicated, all parts are by weight.

Examples.

[0054] Example 1. Enzymatic synthesis of 1,4:3,6:dianhydrohexitols-fatty acid esters
in the presence of solvent.

[0055] 8.2 grams (56 mmol) of purified isosorbide (i.e., greater than 99% pure) was
mixed with 41 g of acetone, thus forming a one-phase solution. 28.2 g (100 mmol) technical-
grade oleic acid obtained from Sigma-Aldrich, St. Louis, MO, was added to the
isosorbide/acetone mixture and the resultant mixture remained as a one-phase solution. 6 g of
LIPOZYME 434 brand lipase, available from Novozymes, Franklinton, NC, was mixed into the
one-phase solution at the start of a reaction in a shaker flask rotating at 180 rpm and maintained
40°C.

[0056] Samples of the reaction mixture were taken after 18 hours and after 42 hours. 1
microliter of the samples were analyzed on a thin layer chromatography (TLC) plate, a Whatman
Partisil K6, 5 x 10 cm, silica gel 60 A plate with a thickness of 250 pm. A mixture of
hexane/ethyl ether at a ratio of 1/1 was used to develop the TLC plate. The developed plate was
sprayed with 5% sulfuric acid in methanol and placed in a 110°C oven for darkening spots on the
plate. A majority of the oleic acid remained non-reacted which indicated an inefficient
esterification reaction, even after 42 hours. It was though that an accumulation of water in the
reaction mixture was the cause of the ineffective esterification reaction.

[0057] Example 2. Enzymatic synthesis of 1,4:3,6:dianhydrohexitols-fatty acid esters
in the presence of solvent and absence of water.

[0058] The reaction of Example 1 was repeated, except a 25 g molecular sieve (e.g.,
SA, available from Hongye Chemical, Shanghai, China) was used to remove moisture. Almost
all of the fatty acids were esterified after 16 hours of reaction time at 40°C. This example
demonstrates the importance of removing water from the reaction.

[0059] Example 3. Enzymatic synthesis of 1,4:3,6:dianhydrohexitols-fatty acid esters
in the absence of solvent and water.

[0060] Isosorbide has a melting point of between 60-63°C and melted isosorbide has a
fair solubility in fatty acid at elevated temperature. LIPOZYME 435 brand lipase is reasonably

stable at elevated temperature and low moisture. Such conditions led to the concept of reacting
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straight isosorbide and fatty acids at an elevated temperature under vacuum to remove the water
generated from the esterification reaction.

[0061] 84.6 g (300 mmol) of oleic acid was placed in a 250 ml round bottom flask with
3 necks and heated to 80°C under vacuum at about 5 torr. 11.4 g (10% by weight on total
substrate) of LIPOZYME 435 brand lipase was mixed into the oleic acid and agitated for about 5
minutes at 80°C. 29.2 g (200 mmol) of isosorbide (99% purity) was added to the flask before
pulling vacuum at about 5 torr. The reaction was allowed to continue under vacuum at 80°C at
about 350 rpm of agitation for 14 hours.

[0062] To analyze the reaction product, one part of the reaction product was mixed
with 10 parts hexane and 2 pl of the reaction product/hexane mixture was spotted on a TLC
plate. TLC analysis of the reaction product showed that the reaction was completed with almost
of the oleic acid being gone. This example shows that the reaction can proceed without solvent.

[0063] Example 4. Esterification with less pure isosorbide.

[0064] The reaction conditions of Example 3 were followed with the following
modifications: 32.8 g (225 mmol) of isosorbide (greater than 95% purity) and 67.7 g (240 mmol)
of oleic acid were used. The progress of the reaction was monitored by measuring residual free
fatty acids (FFA) in the reaction mixture using AOCS method Ca 5a-40. The amount of residual
FFAs present after 1 hour was 3.3% and 0.7% after 2 hours, indicating that the reaction was
complete in less than 2 hours. Mono- and di-esters of the 1,4:3,6-dianhydrohexitol were visible
on the TLC plate.

[0065] Example 5. Esterification of oleic acid with various enzymes.

[0066] LIPOZYME RM IM brand lipase and LIPOZYME TL IM brand lipase show
preference on hydroxyl groups at different positions on a glycerol backbone. Isosorbide is a
bridged-ring structured molecule and has both endo- and exo-hydroxyl isomers. The two lipases
were tested to see if there was a preference towards a particular hydroxyl group on the
isosorbide, which could preferentially produce mono-esters.

[0067] 67.7 g (240 mmol) of oleic acid was heated to 50°C under vacuum. 10 g (10%
by weight on total substrate dosage) of LIPOZYME RM IM brand lipase was added to the oleic
acid and agitated for 5 minutes, at which point 32.8 g (225 mmol) of 95% purity isosorbide was
added to the reaction flask. The reaction was performed under vacuum with about 350 rpm
mixing and samples were taken after 2 hours and 19 hours. The samples were assayed for free
fatty acid reduction. After 2 hours, there were 89% free fatty acids and after 19 hours, there were
81% fatty acids indicating a slow esterification reaction. However, only mono-ester derivatives
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of 1,4:3,6-dianhydrohexitol were detected in the reaction mixture and no di-ester derivatives of
1,4:3,6-dianhydrohexitol were detected. The mono-ester derivatives of 1,4:3,6-dianhydrohexitol
were identified as endo-hydroxyl isomer indicating a preference of the endo-hydroxyl by the
LIPOZYME RM IM brand lipase.

[0068] Example 6. Esterification of oleic acid with various enzymes.

[0069] In this example, LIPOZYME TL IM brand lipase was evaluated for its ability
for isosorbide esterification. The reaction was run substantially the same as Example 5, except
the reaction temperature was 80°C and LIPOZYME TL IM brand lipase was used.

[0070] Samples were taken from the reaction mixture at 1 and 4 hours and analyzed for
free fatty acid content. At 1 hour, the free fatty acid content was 93% and at 4 hours, the free
fatty acid content was 96%. The identity of the formed esters was not performed due to the slow
reaction.

[0071] Example 7. Production and purification of isosorbide fatty acid esters by short-
path still.

[0072] 282 g (1 mole) of oleic acid, 42.8 g of LIPOZYME 435 brand lipase, and 146 g
(1 mole) of isosorbide were used. The reaction was carried out at 80°C substantially as described
in Example 3. The reaction achieved 0.56% free fatty acids after 3 hours.

[0073] The resultant reaction mixture was filtered over Whatman #40 filter paper to
remove the enzyme. The reaction mixture was tested by TLC plate for the presence of mono- and
di-esters and both were determined to be present. Short-path distillation was tested to separate
the di-esters from the mono-esters and to remove any residual fatty acids. 250 g of the reaction
mixture was processed at 210°C, 230 rpm rotor speed, and about 0.024 mb vacuum. The flow
rate was set at about 6 ml/min. The retentate fraction was 105 g and had 0.1% FFA remaining.
TLC plating showed the retentate fraction was exclusively di-esters with no presence of mono-
esters. The distillate fraction was 129 g and had 0.9% FFA. TLC plating showed that the
distillate fraction was exclusively mono-esters with the remaining portion being FFAs.

[0074] A second distillation was tested to further reduce the FFA from the distillate
fraction of mono-esters which still had 0.9% FFA in order to further purify and remove the FFA.
This distillation was performed at 155°C at 210°C, 230 rpm rotor speed, and about 0.024 mb
vacuum. The distillation yielded 2 fractions. The retentate fraction was 77.4 g of mono-esters
with 0.1% FFA and the distillate fraction was 16 g of mostly mono-esters with 7.8% FFAs.

[0075] Example 8. Preparation of mono- and di-esters of palmitic acid.
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[0076] The palmitic acid was 95% pure and sourced from Sigma-Aldrich, St. Louis,
Mo. The reaction mixture included 256 g (1 mole) of palmitic acid, 40 g of LIPOZYME 435
brand lipase, and 146 g (1 mole) of isosorbide were used. The reaction was carried out at 80°C
substantially as described in Example 3. This reaction achieved 0.5% FFA in 3 hours.

[0077] The reaction mixture was separated by filtration. A TLC plate was prepared as
described in Example 1 to test for the presence of di- and mono-esters. Mono-palmitic esters and
di-palmitic esters were visible on the TLC plate. The reaction mixture (275 g) was processed by
short-path distillation under the same conditions as described in Example 7. The retentate
fraction of purified di-esters yielded 89.0 g of material that had 0.9% FFAs. The retentate
fraction showed no presence of mono-esters. A second distillation was done on the distillate
fraction at 155°C which yielded 74 g of purified mono-esters which had 0.1% FFA remaining.
There were 21.7 g of a FFA fraction which had a portion of mono-esters present and visible on
the TLC plate. Slowing down the flow rate may help improve the separation.

[0078] Example 9. Esterification with caprylic acid.

[0079] The caprylic acid was 98% pure. The reaction mixture included 72 g (0.5 mol)
of caprylic acid, 14.5 g of LIPOZYME 435 brand lipase, and 73 g (0.5 mol) of isosorbide. The
reaction was carried out at 70°C substantially as described in Example 3. This reaction achieved
28% FFA in 4.5 hours.

[0080] Example 10. Esterification with capric acid.

[0081] The capric acid was 98% pure and sourced from Sigma-Aldrich, St. Louis, MO.
The reaction mixture included 86.3 g (0.5 mol) of capric acid, 15.9 g of LIPOZYME 435 brand
lipase, and 73 g (0.5 mol) of isosorbide. The reaction was carried out at 70°C substantially as
described in Example 3. This reaction achieved 0.9% FFA in 3 hours.

[0082] A larger reaction was performed with 172.6 g capric acid, 32 g of LIPOZYME
435 brand lipase, and 146 g of isosorbide. The reaction was carried out at 70°C substantially as
described in Example 3. This reaction achieved 0.8% FFA in 3 hours. The reaction mixture of
the larger batch was separated by filtration and 300 g of the filtered material was processed by
short-path distillation.

[0083] The separation of the di-capric esters was performed at 155°C and the second
distillation used to purify the mono-capric esters was performed at 95°C. The fraction of purified
di-esters resulted in 73 g of material that had 0.9% FFAs and TLC analysis showed no presence
of mono-esters. The second distillation yielded 142.5 g of purified mono-esters which has 0.3%
FFA.

13



10

15

20

25

WO 2015/095472 PCT/US2014/071066

[0084] Example 11. Esterification with lauric acid.

[0085] The lauric acid was 98% pure and sourced from TCI America, Portland, OR.
The reaction mixture included 200 g (1 mole) of lauric acid, 34.6 g of LIPOZYME 435 brand
lipase, and 146 g (1 mole) of isosorbide. The reaction was carried out at 80°C substantially as
described in Example 3. This reaction achieved 0.1% FFA in 3 hours. The reaction mixture was
separated by filtration and 250 g of the filtered material was processed by short-path distillation.

[0086] The distillation temperatures were 180°C and 125°C. The fraction of purified di-
lauric esters yielded 78.3 g of material that had 0.9% FFA and the TLC plate showed no
presence of mono-esters. The second distillation yielded 45.6 g of purified mono-lauric esters
which had 0.2% FFA.

[0087] Example 12. Esterification with behenic acid.

[0088] The behenic acid was 95% pure and sourced from TCI America, Portland, OR.
Behenic acid has a melting point of about 80°C. A first reaction mixture included 85.1 g (0.25
mol) of behenic acid, 12.1 g of LIPOZYME 435 brand lipase, and 36.5 g (0.25 mol) of
isosorbide. The reaction was carried out at 82.5°C substantially as described in Example 3. After
4 hours, there was 2.7% FFA remaining.

[0089] A second reaction mixture included 170 g (0.5 mol) of behenic acid, 243 g of
LIPOZYME 435 brand lipase, and 73 g (0.5 mol) of isosorbide. The reaction was carried out at
82.5°C substantially as described in Example 3. After 5 hours, there was 2.8% FFA remaining. A
short path still temperature of 210°C was used to separate the di-esters from the mono-esters. The
distillation yielded 94.8 g of purified di-behenic esters with no FFA, and the mono-esters
fraction has 12% FFA.

[0090] Example 13. Esterification of oleic acid and isoiodide.

[0091] 50.8 g (180 mmol) of practical grade oleic acid, 7.54 g of LIPOZYME 435
brand lipase, and 24.6 g (178 mmol) of purified isoiodide (more than 99% pure) was reacted at
80°C substantially as described in Example 3. The progress of the reaction is shown in Table 1.

[0092] Table 1. Reaction kinetics of rate of formation of isoiodide oleate.

Reaction time (hr) | % free fatty acids
1 62
2 40
3 23
4 12
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5 4.9
6 1.3

[0093] The reaction mixture was tested by TLC plate and both di- and mono-esters
were visible. The reaction with isoiodide, which has two “exo” hydroxyl groups, was lower than
the reaction with isosorbide, which has “exo” and “endo” hydroxyl groups.

[0094] Example 14. Esterification of oleic acid and isomannide.

[0095] 33.9 g (120 mmol) of oleic acid, 5 g of LIPOZYME 435 brand lipase, and 16.4
g (112 mmol) of purified isomannide (more than 95% pure) was reacted at 80°C substantially as
described in Example 3. The progress of the reaction is shown in Table 2.

[0096] Table 2. Reaction kinetics of rate of formation of isomannide oleate.

Reaction time (hr) | % free fatty acids
0.5 13
1 29
1.5 1.4
2 0.9

[0097] The reaction mixture was tested by TLC plate and both di- and mono-esters
were visible. Reaction with isomannide, which has two “endo” hydroxyls, was faster than the
reaction with isoiodide.

[0098] Example 15. Use of mono- and di-ester derivatives of isosorbide for gelation of
vegetable oils.

[0099] A weighed amount of isosorbide esters (mono- or di-ester derivatives with C16,
C18, C18:1, and C22 fatty acids) and an organic liquid (oils) were placed in a scintillation vial.
The vial was heated with continuous agitation until the solid material had dissolved in the
organic phase. The solution was allowed to cool to room temperature. The state of the isosorbide
ester-organic liquid mixture resulting from its cooling was analyzed for its mechanical strength
(strength and yield stress) by performing dynamic oscillatory rheology. The liquid was said to be
gelled when: 1) the contents in the vial did not exhibit any flow under the gravity upon inversion
of the vial, or ii) the storage modulus (G”) was greater than the viscous modulus (G’’) by at least
a factor of three.

[00100] When a heterogeneous mixture of an ester of 1,4:3,6-dianhydrohexitols and an

organic liquid were heated, the ester derivatives either dissolve in the organic liquid or become
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finely dispersed. Upon cooling of the heterogeneous mixture, the solubility of the gelator
molecules (i.e., the 1,4:3,6-dianhydrohexitols) progressively decreases with the decreased
temperature and at a certain point, a supersaturated state of the heterogeneous mixture is
achieved. Further decreases in temperature lead to precipitation and the formation of nanoscale
nuclei. Around the nuclei, the gelator molecules self-assemble to form liquid crystalline lamellar
structures, 1-D micrometer long fibrous aggregates. Non-covalent forces such as H-bonding, van
der Waal’s forces, London dispersion forces, and others were found to drive the self-assembly
process. A morphological analysis of the mixture using optical microscopy revealed the presence
of a network having micron-size fibrous aggregates as shown in FIG. 1. Such aggregates further
entangle via non-covalent interactions to form a volume filling 3-D network, which in turn
entraps liquid molecules via surface tension and capillary action, thus structuring or gelling the
organic phase.

[00101] The ability of various isosorbide ester derivatives to gelate vegetable oil was
determined and compared to a commercially available sugar ester, i.e., sorbitan monoalkylates
(represented by Span #). The various isosorbide ester derivatives were used at a concentration of
8% by weight on an oil basis. The various gelators that were used and their gelation ability is
shown in Table 3. The nomenclature of the gelator starts with the type of 1,4:3,6-
dianhydrohexitols, followed by the number of fatty acid chains and the type of fatty acid. For
instance, 1s0-mono-C22 refers to an isosorbide monoester of behenic acid (isosorbide
monobehenate) and iso-di-C22 refers to isosorbide diester of behenic acid (isosorbide
dibehenate). State refers to the state of the isosorbide ester/organic liquid mixture after cooling.
The average value of elastic modulus in the linear viscoelastic region and is a measure of the
strength of a gel. The average value of complex modulus in the linear viscoelastic regions and is
a measure of the strength of a gel. The yield point (YP) is the applied oscillatory stress value at
G’/G”’ crossover and signifies the point at which the 3-D network breaks and the mixture starts
flowing like a viscous fluid.

[00102] Table 3. Vegetable oil gelation capabilities of different isosorbide ester

derivatives.
Vegetable Oil Gelator State G’ (Pa) | G*(Pa) | YP (Pa)
canola Iso-mono-C22 | fluid 16.54 21.05 0.38
canola Iso-di-C22 strong gel | 53094 | 54432 116.76
canola Iso-mono-C18 | weak gel | 540 588 1.5
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canola Iso-di-C18 strong gel | 71878 | 74465 49.2
canola Span-60 fluid 33.8 34.8 1
canola Iso-mono-C16 | weak gel | 49.2 54 0.31
canola Iso-di-C16 strong gel | 47530 | 49362 24.05
canola Span-40 fluid 18.28 18.72 1.15
high oleic canola Iso-mono-C22 | fluid 40.16 44 .85 2.42
high oleic canola Iso-di-C22 strong gel | 31907 | 32448 57.08
high oleic canola Iso-mono-C18 | weak gel | 1708 1810 2.8
high oleic canola Iso-di-C18 strong gel | 15195 15401 15.81
high oleic canola Span-60 fluid 214 22 1
high oleic canola Iso-mono-C16 | weak gel | 52.11 59.96 0.45
high oleic canola Iso-di-C16 strong gel | 19431.5 | 20131.84 | 12.2
high oleic canola Span-40 fluid 42.95 46.34 1.38
soy Iso-mono-C22 | fluid 22.64 26.74 0.35
SOy Iso-di-C22 strong gel | 56155 | 58985 65.48
SOy Iso-mono-C18 | weak gel | 385.8 419.5 1.22
SOy Iso-di-C18 strong gel | 78326.5 | 106523 | 41.07
soy Span-60 fluid 21.04 21.52 0.97
soy Iso-mono-C16 | weak gel | 75.54 85.42 0.44
SOy Iso-di-C16 strong gel | 34754.2 | 367759 | 15.89
soy Span-40 fluid 24.8 26 1.17
high oleic soy Iso-mono-C22 | fluid 40.15 46.04 0.65
high oleic soy Iso-di-C22 strong gel | 53905 | 54462 89.66
high oleic soy Iso-mono-C18 | weak gel | 209.4 2289 0.95
high oleic soy Iso-di-C18 strong gel | 29156.5 | 29451.1 | 18.87
high oleic soy Span-60 fluid 27.97 28.86 1.7
high oleic soy Iso-mono-C16 | weak gel | 23.51 31.06 0.1
high oleic soy Iso-di-C16 strong gel | 39482 | 40320.9 | 20.85
high oleic soy Span-40 fluid 23.2 245 1.38
mid oleic sunflower | Iso-mono-C22 | fluid 32.65 38.14 1.08
mid oleic sunflower | Iso-di-C22 strong gel | 46139 | 46839 59.33
mid oleic sunflower | Iso-mono-C18 | weak gel | 631.2 682.2 1.64

17



10

15

20

WO 2015/095472 PCT/US2014/071066
mid oleic sunflower | Iso-di-C18 strong gel | 51961.9 | 53192 33.13
mid oleic sunflower | Span-60 fluid 29.9 30.5 1.25
mid oleic sunflower | Iso-mono-C16 | weak gel | 61.7 70.27 0.17
mid oleic sunflower | Iso-di-C16 strong gel | 3062 3215.7 2.08
mid oleic sunflower | Span-40 fluid 20.4 21 1.42
high oleic sunflower | Iso-mono-C22 | fluid 28.12 32.32 1.22
high oleic sunflower | Iso-di-C22 strong gel | 53493 | 54267 80.70
high oleic sunflower | Iso-mono-C18 | weak gel | 83.02 93.70 0.46
high oleic sunflower | Iso-di-C18 strong gel | 42138.5 | 43098 20.09
high oleic sunflower | Span-60 fluid 27.14 28 0.4
high oleic sunflower | Iso-mono-C16 | weak gel | 48.3 53.72 0.28
high oleic sunflower | Iso-di-C16 strong gel | 47444.5 | 48229.5 | 24.17
high oleic sunflower | Span-40 fluid 23.1 23.8 1.36

[00103] FIG. 2 shows the effect of the type of diesters on G*, the average value of
complex modulus. FIG. 3 shows the effect of the type of diesters on the Yield Point. FIG. 4
shows the effect of the type of monoesters on G*, the average value of complex modulus. FIG. 5
shows the effect of the type of monoesters on the yield point.

[00104] Table 3 shows that irrespective of the type of oil and for a given fatty acid chain
length, the isosorbide diesters demonstrated a better gelation efficiency as compared to the
analogous isosorbide monoesters. The isosorbide diester-based gels exhibited higher gel strength
(G*) and yield point (YP). The presence of 2 fatty acids on the isosorbide presumably increases
inter-amphiphilic association (i.e., gelator-gelator) and with oil molecules (i.c., gelator-oil). The
enhancement in the degree of intermolecular interactions leads to a development of a stronger
network, which in turn improves the mechanical properties of the gels.

[00105] The effect of the acyl chain length attached to the isosorbide on gelation was
evident from Table 3. Generally, the gel strength (i.e., G* and YP) was found to increase when
the acyl chain length of the fatty acid was increased from C16 to C18. In Table 3, the isosorbide
monoester C18 (isosorbide monostearate) was found to have the optimum gelation efficiency and
the optimum chain length for the isosorbide monoester-based gelators was between 18-20. The
chain length of 18-20 of the isosorbide monoesters possessed a critical balance between
hydrophilic (i.e., the sugar head group) and hydrophobic (i.c., the acyl chain length) interactions

to exhibit efficient gelation efficiency.
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[00106] With regards to the diester derivatives and depending on the type of oils (i.e.,
conventional oils v. high oleic oils), two trends were observed in Table 3. With the conventional
oils, the gelation efficiency of the diester derivatives followed the trend similar to that of the
monoester derivatives where the C18 derivative (i.e., isosorbide distearate) was found to exhibit
optimum gelation efficiency and the strength of the gels (i.e., G* and YP) was maximum. On the
other hand, for high oleic oils, the isosorbide esters exhibited the opposite trend where the gel
strength (i.c., G* and YP) was found to decrease when the acyl chain length was increased from
C16 to C18. However, the gel strength did increase when the acyl chain length was increased to
C22. This trend appears to indicate that the polarity of the oil plays an important role in
controlling the self-assembling tending of the isosorbide derivatives.

[00107] The effect of the degree of unsaturation on fatty acid chains (i.e., C18 v. C18:1)
on gelation efficiency was also evident from Table 3. Typically, the introduction of unsaturations
(i.e., pi bonds) in fatty acid chains of amphiphiles is known to affect the self-assembling
properties and gelation capabilities of an amphiphile. Similarly, there appeared to be a
considerable difference in gelation capabilities upon changing the fatty acid chain from C18
(stearic acid) to C18:1 (oleic acid) on the isosorbide-based gelators.

[00108] Unlike isosorbide monostearate, isosorbide monooleate was not able to gel any
of the oils, but was able to partially self-assemble in the oils and increase the viscosity of the oils.

[00109] Unlike isosorbide distearate, the isosorbide dioleate was liquid. The isosorbide
dioleate could not gel any of the tested oils, but was infinitely miscible with the oils and
infinitely miscible with lecithin samples. Thus, isosorbide dioleate would probably be a good
plasticizer.

[00110] The introduction of unsaturation generally decreased the gelation efficiency of
mono- and di-ester isosorbide derivatives. The unsaturations decrease the linearity in the acyl
chain, which in turn decreases the lateral interaction of acyl chain and, thus, the self-assembling
tendency of amphiphiles.

[00111] The effect of different head groups on gelation efficiency was determined. A
representative molecular structure of a isosorbide monoester is shown in FIG. 6 and a
representative molecular structure of a sorbitan monoester is shown in FIG. 7.

[00112] To analyze the effect of the head group structure on gelation efficiency,
isosorbide monoester derivatives were compared to analogous sorbitan monoester derivatives.
Isosorbide monostearate (Iso-mono-C18) was compared to sorbitan monostearate (span 60) and
isosorbide monopalmitate (Iso-mono-C16) was compared to sorbitan monopalmitate (span 40).
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As evident from Table 3 and FIGS. 8 and 9, isosorbide monoester derivatives exhibit better self-
assembling tendency compared to sorbitan monoesters as G* and YP were consistently higher
for the isosorbide monoesters.

[00113] The difference in self-assembling tendency can be attributed to the structure of
the head groups and the critical packing parameter (CPP), described in FIG. 10. The CPP
determines the preferred association structures assumed for each molecular shape. CPP is
inversely proportional to the area of head group. The difference in the molecular structure of
isosorbide and sorbitan has a profound effect on the nature of self-assembled structures of their
ester derivatives and, thus, their gelation efficiency. Also, the area of isosorbide is relatively
smaller than sorbitan and, therefore, the ester derivatives of isosorbide are believed to facilitate
formation of stronger lamellar structure as compared to sorbitan ester derivatives. For the same
reason, the fatty acid chain length adds to the contribution from the head group in increasing the
gel strength. Thus, the isosorbide monoester would form a stronger gel than its analogous
sorbitan monoester. Similarly, the isosorbide diester would form a stronger gel than the sorbitan
trimester derivative with the same chain length of fatty acids.

[00114] While this invention has been particularly shown and described with references
to exemplary embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.
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CLAIMS

What is claimed is:

1. A structured non-polar liquid oleogel, comprising:
a non-polar liquid; and
a derivative of an anhydrohexitol.

2. The structured non-polar liquid oleogel of claim 1, wherein the derivative of the
anhydrohexitol is selected from the group consisting of an ester of the anhydrohexitol, an amide
of the anhydrohexitol, an ether of the anhydrohexitol, a dimer of the anhydrohexitol, and
combinations of any thereof.

3. The structured non-polar liquid oleogel of claim 1 or claim 2, wherein the
derivative of the anhydrohexitol is an ester of the anhydrohexitol.

4. The structured non-polar liquid oleogel of claim 1 or claim 2, wherein the
derivative of the anhydrohexitol is a self-assembled, liquid crystalline structure in the non-polar
liquid.

5. The structured non-polar liquid oleogel of claim 1 or claim 2, further comprising
an emulsifier.

6. The structured non-polar liquid oleogel of claim 5, wherein the emulsifier is
selected from the group consisting of an anionic surfactant, a non-ionic surfactant, or a
combination thereof.

7. The structured non-polar liquid oleogel of claim 1 or claim 2, wherein the
derivative of the anhydrohexitol is present at an amount of between 0.1-15% by weight.

8. The structured non-polar liquid oleogel of claim 1 or claim 2, wherein the
derivative of the anhydrohexitol is present at an amount of between 2-10% by weight.

9. The structured non-polar liquid oleogel of claim 1 or claim 2, wherein the non-
polar liquid is present at an amount of between 80-99.9% by weight.

10.  The structured non-polar liquid oleogel of claim 1 or claim 2, wherein the
derivative of the anhydrohexitol is a carboxylic acid ester of the anhydrohexitol.

11.  The structured non-polar liquid oleogel of claim 10, wherein the carboxylic acid
is a fatty acid.

12.  The structured non-polar liquid oleogel of claim 11, wherein the fatty acid has

from 18 to 20 carbons.

13.  The structured non-polar liquid oleogel of claim 11, wherein the fatty acid is
saturated.
14.  The structured non-polar liquid oleogel of claim 1 or claim 2, wherein the

anhydrohexitol is 1,4:3,6-dianhydrohexitol.
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15.  The structured non-polar liquid oleogel of claim 14, wherein the 1,4:3,6-
dianhydrohexitol is selected from the group consisting of isosorbide, isomannide, isoiodide, and
combinations of any thereof.

16.  The structured non-polar liquid oleogel of claim 3, wherein the ester is a mono-
ester, a di-ester, or a combination thereof.

17.  The structured non-polar liquid oleogel of claim 1 or claim 2, wherein the
structured non-polar liquid is thermo-reversible.

18.  The structured non-polar liquid oleogel of claim 1 or claim 2, wherein the
structured non-polar liquid melts at a temperature of at least 40°C and re-forms at a temperature
of less than 40°C.

19.  The structured non-polar liquid oleogel of claim 1 or claim 2, wherein the non-
polar liquid has a dielectric constant of between 0-40.

20.  The structured non-polar liquid oleogel of claim 19, wherein the non-polar liquid
has a dielectric constant of less than 20.

21.  The structured non-polar liquid oleogel of claim 1 or claim 2, wherein the non-
polar liquid is selected from the group consisting of soybean oil, canola oil, sunflower oil, olive
oil, sesame oil, grapeseed oil, rapeseed oil, linseed oil, neem oil, liquid paraffin, corn oil, soy
polyols, biodiesel, diesel oil, a lubricant grease, a modified vegetable oil, a petroleum based

solvent, mineral oil, esters of any thereof, and combination of any thereof.

22. The structured non-polar liquid oleogel of claim 3, wherein the ester is a
monoester.
23. The structured non-polar liquid oleogel of claim 3, wherein the ester is a diester.

24.  The structured non-polar liquid oleogel of any one of claims 1-23, further
comprising a structuring agent.

25.  The structured non-polar liquid oleogel of claim 24, wherein the structuring agent
is selected from the group consisting of ethyl cellulose, hydroxyl-stearic acid, sterols, proteins,
emulsifiers, waxes, and combinations of any thereof.

26. A method of producing the structured non-polar liquid of claim 1 or claim 2, the
method comprising:
mixing the derivative of the anhydrohexitol with the non-polar liquid, thus producing a mixture;

and
heating the mixture.

27.  The method of claim 26, further comprising agitating the mixture during heating.
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28.  The method of claim 26, further comprising cooling the heated, mixture.

29.  The method of any one of claim 26, further comprising adding an emulsifier to
the mixture.

30. A process for producing the ester of the anhydrohexitol in the structured non-
polar liquid oleogel of claim 3, the process comprising:
combining the anhydrohexitol with a carboxylic acid, thus producing a mixture; and
placing the mixture in contact with an enzyme, such that an ester bond is formed between the

anhydrohexitol and the carboxylic acid.

31.  The process of claim 30, wherein the enzyme is lipase.

32.  The process of claim 30, further comprising combining an organic solvent with
the mixture.

33.  The process of any one of claim 30, further comprising removing water from the
mixture, such that ester bond formation occurs in the absence of water.

34.  The process of any one of claim 30, wherein the anhydrohexitol is selected from
the group consisting of isosorbide, isomannide, isoiodide, and combinations of any thereof.

35.  The process of any one of claim 30, wherein the anhydrohexitol is 1,4:3,6-

dianhydrohexitol.
36.  The process of any one of claim 30, wherein the carboxylic acid is a fatty acid.
37.  Use of a derivative of an anhydrohexitol as a plasticizer.
38.  Use of the derivative of the anhydrohexitol of claim 37, wherein the derivative of

the anhydrohexitol is selected from the group consisting of an ester of the anhydrohexitol, an
amide of the anhydrohexitol, an ether of the anhydrohexitol, a dimer of the anhydrohexitol, and
combinations of any thereof.

39.  Use of the derivative of the anhydrohexitol of claim 38, wherein the ester of the
anhydrohexitol is a diester.

40.  Use of the derivative of the anhydrohexitol of any one of claim 37 or claim 38,
wherein the derivative of the anhydrohexitol is a 1,4:3,6-dianhydrohexitol selected from the

group consisting of isosorbide, isomannide, isoiodide, and combinations of any thereof.

23



WO 2015/095472 PCT/US2014/071066
1/9

TriSun Oil gel (8%wt Iso-Di-

35 Tile Total Area 206 mm % 1,54 mm Z-stack #20 ~ 27.93yun 20% OB}, o

FIGURE 1



PCT/US2014/071066

WO 2015/095472

2/9

3

o

s
i,

&§M

FIGURE 2



PCT/US2014/071066
3/9

WO 2015/095472

ARAAAARFEA

=
E osacand B e

s G E e

BRE G YL

FIGURE 3



PCT/US2014/071066

WO 2015/095472

.
aﬂ\\\\\\\k

s

; ..xmx\\\x\\ i
uw\\\w\\\&\\\\w@\\

e
i
s




PCT/US2014/071066

WO 2015/095472

5/9

FIGURE 5



PCT/US2014/071066

WO 2015/095472

6/9

\.

&
.

FIGURE 6

%
7
yd

FIGURE 7



PCT/US2014/071066

WO 2015/095472

7/9

K
£
3




FIGURE 9



WO 2015/095472

PCT/US2014/071066

9/9

-

[

{

] A o, Effective head group areg

|, : Extendend tail length of an amphiphile

V: Total volume of an amphiphile

FIGURE 10



INTERNATIONAL SEARCH REPORT International application No.
PCT/US14/71066

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - CO08K5/10, 5/15(2015.01)
CPC - C07D 323/02; CO8K 5/1535
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8): CO8K 5/10, 5/15 (2015.01)
CPC: C07D 323/02; CO8K 5/1535

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, INPADOC Data); ProQuest; Scifinder; Google/Google Scholar;
KEYWORDS: non-polar, oleogel, anhydrohexito!, ester, emulsifier, surfactant, isosorbide, isomannide, isoiodide, oil, dielectric, plasticizer,
diester, enzyme

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2007/0282042 A1 (EAST, A) 06 December 2007; paragraphs [0008}, [0012), [0019])-{0020}, | 1-2, 3/1-2, 4/1-2, 10/1-2,
- [0023]-[0024] 14/1-2, 16/14/1-2,
Y 16/3/1-2, 19/1-2,

20/19/1-2, 22/3/1-2,
23/311-2, 26/1-2,
27/26/1-2, 28/26/1-2,
37-39, 40/37-38

5/1-2, 6/5/1-2, 711-2,
8/1-2, 9/1-2, 11/10/1-2,
12/11/10/1-2,
13/11/10/1-2, 17/1-2,
18/1-2, 21/1-2, 29/26/1-2,

30-36
Y US 2002/0115751 A1 (BOUVY, A et al.) 22 August 2002; paragraphs [0001]-[0003], [0020] ' 5/1 -2, 6/5/1-2, 29/26/1-2
Y US 2011/0219983 A1 (BASEETH, SS et al.) 15 September 2011; paragraphs [0048], [0053] 7/1-2, 8/1-2, 9/1-2

Y- US 2013/0197152 A1 (HERVE, G et él.) 01 August 2013; paragraphs [0001], [0007], [0022] 11/10/1-2, 12/11/10/1-2,
‘ . : 13/11/10/1-2, 36/30/3/1-2

Y US 2009/0062551 A1 (TOURNILHAC, FG et al.) 05 March 2009; abstract; paragraphs 17/1-2, 18/1-2, 21/1-2
[0034]-[0035], [0037]

m Further documents are listed in the continuation of Box C. El
Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the apﬁllqatlon but cited to understand
to be of particular relevance the principle or theory underlying the invention .
“E” earlier application or patent but published on or after the international «X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L dpcgment which may throw doubts on priority claim(s) or which is step when the document is taken alone :
‘s:;)t:ciatlorggzgh(sa}; ;h?:clijtl':le)(l‘]l)c ation date of another citation or other “Y” document of particular relevance; the claimed invention cannot be
. S 5p . - considered to involve an inventive step when the document is
O” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P” document published prior to the international filing date but later than «g» ;
" the priority date claimed &” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
25 February 2015 (25.02.2015) 2 7 M AR 20]5
Name and mailing address of the ISA/US Authorized officer: )
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas
P.O. Box 1450, Alexandria, Virginia 22313-1450
o PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-3201 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US14/71066

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

1. D Claims Nos.:

2. D Claims Nos.:

3. Claims Nos.: 24-25

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

because they relate to subject matter not required to be searched by this Authority, namely:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

claims.

additional fees.

payment of a protest fee.

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of

3. I:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest [:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US14/71066
C (Continuation). = DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, whereA appropriate, of the relevant passages Relevant to claim No.
Y US 2012/0083021 A1 (BOHLING, J et al.) 05 April 2012; paragraphs {0008], [0036] 30/3/1-2, 31/30/3/1-2,

32/30/3/1-2, 33/30/3/1-2,
34/30/3/1-2, 35/30/3/1-2,
36/30/3/1-2

Form PCT/ISA/210 (continuation of second sheet) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report

