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SURFACTANTS FOR CLEANING PRODUCTS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Patent Application No.
18/795,170, filed August 5, 2024, which claims priority to U.S. Provisional Patent
Application Serial No. 63/531,198, filed August 7, 2023, the entire disclosures of

which are incorporated by reference in their entireties.

FIELD

[0002] The present disclosure pertains to surfactants for use in cleaning
products including cleaning products used to clean and conditioning fabrics, hard
surfaces, and plastic surfaces. Such surfactants may include siloxane derivatives of

amino acids wherein the siloxane derivatives have surface-active properties.

BACKGROUND

[0003] Surfactants (molecules with surface-active properties) are widely used
in commercial applications in formulations ranging from detergents to hair care
products to cosmetics. Compounds with surface-active properties are used as
soaps, detergents, lubricants, wetting agents, foaming agents, and spreading
agents, among others. In personal care cleansing products (e.g., shampoos, body
washes, facial cleansers, liquid hand soaps, etc.) the surfactant is often the most
important component because it provides many of the cleansing attributes of the
composition.

[0004] Surfactants may be uncharged, zwitterionic, cationic, or anionic.
Although in principle any surfactant class (e.g., cationic, anionic, nonionic,
amphoteric) is suitable in cleansing or cleaning applications, in practice many
personal care cleansers and household cleaning products are formulated with a
combination of two or more surfactants from two or more surfactant classes.
[0005] Often, surfactants are amphiphilic molecules with a relatively water-
insoluble hydrophobic “tail” group and a relatively water-soluble hydrophilic “head”

group. These compounds may adsorb at an interface, such as an interface between
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two liquids, a liquid and a gas, or a liquid and a solid. In systems comprising
relatively polar and relatively non-polar components the hydrophobic tail typically and
selectively interacts with the relatively non-polar component(s) while the hydrophilic
head selectively interacts with the relatively polar component(s). In the case of an
interface between water and oil, the hydrophilic head group extends into the water,
while the hydrophobic tail extends into the oil. When added to a water-gas only
interface, the hydrophilic head group extends into the water, while the hydrophobic
tail extends into the air. The presence of the surfactant disrupts at least some of the
intermolecular interaction between the water molecules, replacing at least some of
the interactions between water molecules with generally weaker interactions
between at least some of the water molecules and the surfactant. This results in
lowered surface tension and can also serve to stabilize the interface.

[0006] At sufficiently high concentrations, surfactants may form aggregates
which serve to limit the exposure of the hydrophobic tail to the polar solvent. One
such aggregate is a micelle. In a typical micelle the molecules are arranged in a
sphere with the hydrophobic tails of the surfactant(s) typically located inside the
sphere and the hydrophilic heads of the surfactant(s) located on the outside of the
micelle where the heads interact with the more polar solvent. The effect that a given
compound has on surface tension and the concentration at which it forms micelles

may serve as defining characteristics for a surfactant.

SUMMARY

[0007] The present disclosure provides compositions for cleaning and or
degreasing hard and plastic surfaces such as floors, walls, ceilings, roofs, counter
tops, furniture, plates, cups, glasses, cutlery, eating utensils, machinery, part of
machines, and devices used in the preparation and/or the packing of food; fabric
care formulations, including laundry detergents, spot removers, wash pretreatments,
fabric softeners, fabric dyes, and bleaching agents; and compositions used to clean
upholstery and carpets. Some inventive compositions may be in the form of

detergents, emulsifiers, dispersants, foaming agents and combinations thereof. The
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inventive products may be formulated to include one or more surfactants, from one
or more surfactant classes.

[0008] The present disclosure provides siloxane derivatives of amino acids
that have surface-active properties. The amino acids may be naturally occurring or
synthetic amino acids, or they may be obtained via ring-opening reactions of
molecules such as lactams, for example caprolactam. The amino acids may be
functionalized with different types of siloxane groups to form compounds with
surface-active properties. Characteristically, these compounds may have low critical
micelle concentrations (CMC) and/or the ability to reduce the surface tension of a
liquid.

[0009] The present disclosure provides a formulation for cleaning, comprising

one or more surfactant molecules bearing the structure(s) of Formula | or I,
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Formula Il
wherein R' and R? may be the same or different, and comprise at least

one group selected from the group consisting of C1-Cs alkyl, optionally the C1-Ce
alkyl may include one or more of oxygen, nitrogen, or sulfur atoms or groups that
include at least one of these atoms, and the alkyl chain may be optionally substituted
with one or more substituents selected from the group consisting of hydroxyl, amino,
amido, sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate;

R3 may be selected from the group consisting of alkenyl, alkynyl, ester,
alcohol, aryl alkyl, alkoxy alkyl ether, alkyl phosphate, alkyl phosphonate, C3-Cs
carboxylic acid, C1-C1o alkyl benzoic acid, and a C1-C12 linker attached to an

additional surfactant molecule having a structure represented by Formula |, wherein
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the additional surfactant molecule of Formula | is the same or different from the
surfactant molecule of Formula |;

n and z may be selected independently from any integer from 1 to 12;

m may be any integer from 1 to 12; and

X may be selected from the group consisting of chloride, bromide, and

iodide,
and optionally, one or more soaps, which themselves may be characterized as
surfactants, soaps may also include fatty acids, salts, some soaps may comprise
both water soluble and fat-soluble moieties.
[0010] For clarity, as disclosed herein, and with respect to any of the
formulations provided herein, the molecule of Formula Il may represent a construct
of the following structure:

Formula | — Linker — Formula |,

wherein one molecule of Formula | may be the same as, or different from, the other
molecule of Formula I. In this exemplary construct, the Linker is R® in Formula |, a
C1-C12 linker.
[0011] Further surfactant molecules provided by the present disclosure are
those compounds of Formula | or Il, wherein R1 and R2 are methyl.
[0012] Other surfactant molecules provided by the present disclosure are
compounds of Formula | or ll, wherein n and/or z are 5.
[0013] Specifically, R® may be selected from the group consisting of C2-C1o
alkenyl, C2-C1o alkynyl, C2-C12 ester, C1-C1o0 hydroxyl, benzyl, C2-C12 alkoxy alkyl
ether, alkyl phosphate, alkyl phosphonate, C3-Cs carboxylic acid, C1-Cs alkyl benzoic
acid, and a three-carbon linker attached to a second molecule of Formula |, wherein
the second molecule of Formula | is the same as the first molecule of Formula I.
[0014] More specifically, R® may be selected from the group consisting of the

formulas below:
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[0015] There is further disclosed, the use as a surfactant of a compound of
Formula | or Il as described herein in a cleaning formulation as described herein.
[0016] The present disclosure further provides a formulation for cleaning,

comprising one or more surfactant molecules bearing the structure(s) of Formula | or

I,
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Formula Il

wherein R' and R? may be the same or different, and comprise at least
one group selected from the group consisting of C1-Cs alkyl, optionally the C1-Cs
alkyl may include one or more of oxygen, nitrogen, or sulfur atoms or groups that

include at least one of these atoms, and the alkyl chain may be optionally substituted



WO 2025/034831 PCT/US2024/041249

with one or more substituents selected from the group consisting of hydroxyl, amino,
amido, sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate;

R3 may be selected from the group consisting of alkenyl, alkynyl, ester,
alcohol, aryl alkyl, alkoxy alkyl ether, alkyl phosphate, alkyl phosphonate, C3s-Cs
carboxylic acid, C1-C1o alkyl benzoic acid, and a C1-C12 linker attached to an
additional surfactant molecule having a structure represented by Formula |, wherein
the additional surfactant molecule of Formula | is the same or different from the
surfactant molecule of Formula I;

n and z may be selected independently from any integer from 1 to 12;

m may be any integer from 1 to 12; and

X may be selected from the group consisting of chloride, bromide, and

iodide,
and at least one builder, builders may include molecules that facilitate the efficacy of
the cleaning action in aqueous environments, some useful builders include, but are
not limited to, certain polymers, phosphates and aluminosiliates, calcium citrates,
alkaline metal salts, sodium salts, some grades of Zeolite.

[0017] Specifically, R® may be selected from the group consisting of C2-C1o
alkenyl, C2-C1o alkynyl, C2-C12 ester, C1-C1o hydroxyl, benzyl, C2-C12 alkoxy alkyl
ether, alkyl phosphate, alkyl phosphonate, C3-Cs carboxylic acid, C1-Cs alkyl benzoic
acid, and a three-carbon linker attached to a second molecule of Formula |, wherein
the second molecule of Formula | is the same as the first molecule of Formula I.
[0018] More specifically, R® may be selected from the group consisting of the

formulas below:
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[0019] There is further disclosed, the use as a surfactant of a compound of
Formula | or Il as described herein in a cleaning formulation further comprising a
builder as described herein.

[0020] The present disclosure further provides a formulation for cleaning
comprising one or more surfactant molecules bearing the structure(s) of Formula | or
Il,
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Formula ll
wherein R' and R? may be the same or different, and comprise at least

one group selected from the group consisting of C1-Cs alkyl, optionally the C1-Cs
alkyl may include one or more of oxygen, nitrogen, or sulfur atoms or groups that
include at least one of these atoms, and the alkyl chain may be optionally substituted
with one or more substituents selected from the group consisting of hydroxyl, amino,

amido, sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate;
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R3 may be selected from the group consisting of alkenyl, alkynyl, ester,
alcohol, aryl alkyl, alkoxy alkyl ether, alkyl phosphate, alkyl phosphonate, C3-Cs
carboxylic acid, C1-C1o alkyl benzoic acid, and a C1-C12 linker attached to an
additional surfactant molecule having a structure represented by Formula |, wherein
the additional surfactant molecule of Formula | is the same or different from the
surfactant molecule of Formula |;

n and z may be selected independently from any integer from 1 to 12;

m may be any integer from 1 to 12; and

X may be selected from the group consisting of chloride, bromide, and

iodide,
and a bleach, such as peroxy based beaches including, but not limited to inorganic
persalts, organic peroxyacids, metal borates, percarbonates, perphosphates,
persilicates, and persulfates.

[0021] Specifically, R® may be selected from the group consisting of C2-C1o
alkenyl, C2-C1o0 alkynyl, C2>-C12 ester, C1-C1o0 hydroxyl, benzyl, C2-C12 alkoxy alkyl
ether, alkyl phosphate, alkyl phosphonate, C3-Cs carboxylic acid, C1-Cs alkyl benzoic
acid, and a three-carbon linker attached to a second molecule of Formula |, wherein
the second molecule of Formula | is the same as the first molecule of Formula .
[0022] More specifically, R® may be selected from the group consisting of the

formulas below:

O\/
){\© }{ﬁo( OO O ok,
R3.1 R3.2

R3.3 R3.4 R3.5
SO0 ® y o
PZ SN 3{\/\N/\/\/\H/N\/\/Si\-08i(CH3)3
/00N on, AN I OSi(CHa)s
R3.6 R3.7 R3.8
O
o OH
;{\/OH MOH S, LR
’ O ’ {3}
R39 R3.10a RS R311a



WO 2025/034831 PCT/US2024/041249

“@W
O

R3.11b

and

[0023] There is further disclosed, the use as a surfactant of a compound of
Formula | or Il as described herein in a cleaning formulation further comprising a
bleach as described herein.

[0024] The present disclosure further provides a formulation for cleaning
comprising one or more surfactant molecules bearing the structure(s) of Formula | or
Il
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Formula Il
wherein R' and R? may be the same or different, and comprise at least

one group selected from the group consisting of C1-Cs alkyl, optionally the C1-Ce
alkyl may include one or more of oxygen, nitrogen, or sulfur atoms or groups that
include at least one of these atoms, and the alkyl chain may be optionally substituted
with one or more substituents selected from the group consisting of hydroxyl, amino,
amido, sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate;

R3® may be selected from the group consisting of alkenyl, alkynyl, ester,
alcohol, aryl alkyl, alkoxy alkyl ether, alkyl phosphate, alkyl phosphonate, C3-Cs
carboxylic acid, C1-C1o alkyl benzoic acid, and a C1-C12 linker attached to an

additional surfactant molecule having a structure represented by Formula |, wherein
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the additional surfactant molecule of Formula | is the same or different from the
surfactant molecule of Formula |;
n and z may be selected independently from any integer from 1 to 12;
m may be any integer from 1 to 12; and
X may be selected from the group consisting of chloride, bromide, and
iodide,
and one or more solvents, and optionally co-solvent, or non-flammable oil immersible
compositions for use in either or both home or commercial dry cleaning processes.
[0025] Specifically, R® may be selected from the group consisting of C2-C1o
alkenyl, C2-C1o0 alkynyl, C2-C12 ester, C1-C1o0 hydroxyl, benzyl, C2-C12 alkoxy alkyl
ether, alkyl phosphate, alkyl phosphonate, C3-Cs carboxylic acid, C1-Cs alkyl benzoic
acid, and a three-carbon linker attached to a second molecule of Formula |, wherein
the second molecule of Formula | is the same as the first molecule of Formula .
[0026] More specifically, R® may be selected from the group consisting of the

formulas below:
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[0027] There is further disclosed, the use as a surfactant of a compound of
Formula | or Il as described herein in a cleaning formulation further comprising a
solvent as described herein.

[0028] The present disclosure additionally provides certain cleaning
compositions that can be used to clean various types of surfaces, not limited to hard
services and others, comprising one or more of the surfactants described herein,
whereby the one or more surfactants impart an antimicrobial activity on such
surfaces. In other words, surfactants of the present disclosure may confer
antimicrobial activities, even in the absence of other antimicrobial additives and
agents, to the formulations.

[0029] The above mentioned and other features of the disclosure, and the
manner of attaining them, will become more apparent and will be better understood
by reference to the following description of embodiments taken in conjunction with

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Fig. 1 shows a plot of surface tension versus concentration for
Surfactant 1 as described in Example 2b.
[0031] Fig. 2 shows a plot of surface tension versus concentration for
Surfactant 2 as described in Example 3b.
[0032] Fig. 3 shows a plot of surface tension versus concentration for
Surfactant 3 as described in Example 4b.
[0033] Fig. 4 shows a plot of surface tension versus concentration for
Surfactant 4 as described in Example 5b.
[0034] Fig. 5 shows a plot of surface tension versus concentration for
Surfactant 5 as described in Example 6b.
[0035] Fig. 6 shows a plot of surface tension versus concentration for
Surfactant 6 as described in Example 7b.
[0036] Fig. 7 shows a plot of surface tension versus concentration for
Surfactant 7 as described in Example 8b.
[0037] Fig. 8 shows a plot of surface tension versus concentration for

Surfactant 8 as described in Example 9b.

11
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[0038] Fig. 9 shows a plot of surface tension versus concentration for
Surfactant 9 as described in Example 11b.

[0039] Fig. 10 shows a plot of surface tension versus concentration for
Surfactant 10 as described in Example 10b.

[0040] Fig. 11 shows a plot of surface tension versus concentration for

Surfactant as described in Comparative Example A2.

DETAILED DESCRIPTION

[0041] As used herein, the phrase “within any range defined between any two
of the foregoing values” literally means that any range may be selected from any two
of the values listed prior to such phrase regardless of whether the values are in the
lower part of the listing or in the higher part of the listing. For example, a pair of
values may be selected from two lower values, two higher values, or a lower value
and a higher value.

[0042] As used herein, the word “alkyl” means any saturated carbon chain,
which may be a straight or branched chain, and may be substituted at any point
along the carbon chain. The carbon chain may have 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11, or
12 carbons.

[0043] As used herein, the phrase “surface-active” means that the associated
compound is able to lower the surface tension of the medium in which it is at least
partially dissolved, and/or the interfacial tension with other phases, and, accordingly,
may be at least partially adsorbed at the liquid/vapor and/or other interfaces. The
term “surfactant” may be applied to such a compound.

[0044] With respect to the terminology of inexactitude, the terms “about” and
“approximately” may be used, interchangeably, to refer to a measurement that
includes the stated measurement and that also includes any measurements that are
reasonably close to the stated measurement. Measurements that are reasonably
close to the stated measurement deviate from the stated measurement by a
reasonably small amount as understood and readily ascertained by individuals
having ordinary skill in the relevant arts. Such deviations may be attributable to

measurement error or minor adjustments made to optimize performance, for

12
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example. Inthe event it is determined that individuals having ordinary skill in the
relevant arts would not readily ascertain values for such reasonably small
differences, the terms “about” and “approximately” can be understood to mean plus
or minus 15% of the stated value, for example, plus or minus 15%, plus or minus
12%, plus or minus 10%, plus or minus 9%, plus or minus 8%, plus or minus 8%,
plus or minus 7%, plus or minus 6%, plus or minus 5%, plus or minus 4%, plus or
minus 3%, plus or minus 2%, or even plus or minus 1% and so on.

[0045] Unless explicitly defined otherwise or implicitly used otherwise, as used
herein the term, “suds” indicates a non - equilibrium dispersion of gas bubbles in a
relatively smaller volume of a liquid. The terms like “suds,” “foam,” and “lather” can
be used interchangeably within the meaning of the present disclosure.

[0046] Unless explicitly defined otherwise or implicitly used otherwise, as used
herein the term, “sudsing profile” refers to the properties of a detergent composition
relating to suds character during the wash and rinse cycles. The sudsing profile of a
detergent composition includes, but is not limited to, the speed of suds generation
upon dissolution in the laundering liquor, the volume and retention of suds in the
wash cycle, and the volume and disappearance of suds in the rinse cycle. The
sudsing profile may include the Wash Suds Index and Rinse Suds Index, as
specifically defined by the testing methods disclosed hereinafter in the examples. It
may further include additional suds - related parameters, such as suds stability
measured during the washing cycle and the like.

[0047] Unless explicitly defined otherwise or implicitly used otherwise, as used
herein the term, “fluid” includes liquid, gel, paste, and gas product forms.

[0048] Unless explicitly defined otherwise or implicitly used otherwise, as used
herein the term, “liquid” refers to a fluid having a liquid having a viscosity of from
about 1 to about 2000 mPa * s at 25° C., and a shear rate of about 20 sec™.

[0049] Unless explicitly defined otherwise or implicitly used otherwise, as used
herein the term, “dry cleaning composition” as used herein is intended to mean the
composition used in the dry cleaning process including the dry cleaning solvent, any
surfactant, cleaning agents but excluding the laundry articles that are to be cleaned.
[0050] Unless explicitly defined otherwise or implicitly used otherwise, as used

herein the term, "organic dry cleaning solvent” as used herein is intended to mean

13
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any non-aqueous solvent that would suitably have a liquid phase at 20° C. and
standard pressure. The term organic has its usual meaning, i.e., a compound with at
least one carbon hydrogen bond.

[0051] As used hersin, the phrase food product’ includes any food substance
that dsell or during the processing, making, and praparation thareof, might require
treatment with an antimicrobial agent, cleaning agent to remove debris and other
substances including microbes and other agants that may adhere to the surface of
the food product or the vessels or containers used 1o hold, manufgcture andfor
process the food product, or camposition and that is edible with or without further
processing of preparation. Food products ncluds meat {8.q., red meat and pork),
saafood, poultry, produce {g.g., fruils and vegetables), eggs, Iiving eggs, eqg
products, ready {0 eat food, wheat, seeds, rools, twbers, leaves, slems, coms,
flowers, sprouts, 38as0NIngs, or a combingtion thereof. The term “produce” refers
1o food products such as fruits and vegstables and plants or plant-derived materials
that are typically sold uncooked and, often, unpackaged, and that can sometimes be
asaten raw. Furthermaore, food products may includs liquid products that are
consumead as beverages, broths, soups, andfor components used during cooking,
processing and other praparation staps.

[0052] As used herain, the phrase "plamt” or “plant product” includes any plant
substance or plant-derived substance. Flant products include, but are not limitad {o,
saeds, muds, nut meats, cut flowers, plamts or orops grown or stored 0 3 greenhouss,
house plants, and the like. Plant products may further include certain graing or
seads that may be processad and subsegquently converted into other types of food
products that can be consumed. Plant products can also include many animal feeds.
[0053] As used herein, the phrase "'maeat product” refers to all forms of animal
flash, including the carcass, muscle, fat, organs, skin, bones and body fluids and ks
componenis that form the animal Animal flesh includes, but is not limited o, the
flesh of mammals, birds, fishes, repliies, amphibians, snails, clams, crustaceans,
other edible species such as inbster, crab, stc., or gther forms of seafood. The forms
of animat flesh include, for sxample, the whole or part of animal flesh, alone or in
combination with other ingredients. Typical forms include, for example, processed

meats such as cured maats, sectioned and formed products, minced products, finely
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chapped products, ground meat and preducts including ground meal, whols
products, and the like.

[0054] As used hersin the tarm “poultyy” refers (o all forms of any bird kept,
harvested, or domesticated for meat or eggs, and including chicken, turkey, ostrich,
game hen, squab, guinea fowl, pheasant, quall, duck, goose, smu, or the like and
the sggs of these birds. Poultry includes whole, sectionad, processed, cooked or raw
poultry, and encompasses all forms of poultry flesh, by-products, and side products.
The flesh of poullry includes muscle, fai, organs, skin, bones and body fhuids and like
componenis that form the animal Forms of animal flesh include, for example, the
whiole or part of ardmal flesh, along or in combination with other ingredients. Typical
forms include, for example, processed poultry mest, such as cursd poultry meat,
sactioned and formed products, minced products, finely chopped products and whole
products.

[0055] As used hersin, the phrase “poultry debris” refers (o any dabris,
residue, maierial, dirl, offal, poultry pari, pouliry waste, poultry viscera, poullry organ,
fragmeants or combinations of such materials, and the like removead from a pouliry
carcass or portion during processing and that enters a waste stream.

[0056] As used hersin, the phrass “food processing surface” refers to a
surface of a tool, a machine, squipment, a structure, a building, or the like that is
amplovad as part of a food processing, praparation, or storags sctivily, Examples

of foud processing surfaces inciude surfaces of food processing or preparation
gquipment (e.g., slicing, canning, or ransport eguipment, including fumes),

of food processing wares {e.q., ulensils, dishware, wash ware, and bar glasses}, and
of floors, walls, or fadures of structures in which food proceassing

ocoeurs, Food procassing surfaces are found and empioyed in food anti-spollage air
circulation systems, assptic packaging sanitizing, food refrigeration and cooler
cleansrs and sanitizers, ware washing sanitizing, blancher cleaning and

sanitizing, food packaging materials, cutting board additives, third-sink sanitizing,
heverage chillers and warmers, meat chilling or scalding waters, auto-dish sanitizers,
sanitizing gels, cooling towears, food processing antimicrebial garment sprays, and
nor-to-low-agueous food preparation iubricanis, oils, and rinse additives. Food

processing surfaces can aiso be found in fermentation vats and comtainers wheare
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certain processed andfor raw graing and other food products may be fransformed
andfor converted via the process of fermentation to convert to other food products.
[0057] The present disclosure provides compositions for cleaning and/or
degreasing hard and plastic surfaces such as floors, walls, ceilings, roofs, counter
tops, furniture, plates, cups, glasses, cutlery, eating utensils, machinery, parts of
machines, and devices used in the preparation and/or packing of food; fabric care
formulations, including laundry detergents, spot removers, wash pretreatments,
fabric softeners, fabric dyes, and bleaching agents; and compositions used to clean
upholstery and carpets.

[0058] The present disclosure further provides cleaning compositions suitable
for use in a range of applications with food contact of any kind, such as for cleaning
surfaces in contact with dairy, fruit, vegetable, meat, beverage and/or other types of
products during preparation, storage, and/or production processes. Food products,
food product residues, raw ingredients, and other food preparation and/or processing
components, may need to be removed from processing machinery, vessels, and/or
equipment, and transportation devices and vehicles. In these applications, there is a
growing preference among consumers for organic-approved/certified and optionally
biodegradable products to be used in maintain cleanliness. For those surfaces with
food contact, it is it is desirable to limit the presence of components which may
exhibit unwanted effects if inadvertently contacted with food, or worse, remain with
food even in small amounts, and possibly ingested. Similar considerations may apply
to surfaces routinely handled by children, as they are more prone to put their hands
in their mouths after touching or otherwise handling such a surface (e.g., toys, high-
chairs, tables, cribs, etc.). In some embodiments, the cleaning formulations of the
instant disclosure can be used as a sanitizing composition for articles cleaned using
a clean in place (CIP) technique. Such compositions can include an oxidizing agent,
a stabilizing agent, an acidulant and a surfactant or mixture thereof.

[0059] l. Water based cleaning formulations for fabric and household

care applications

[0060] Laundry detergents, degreasers, spot removers, and laundry

pretreatment compositions may comprise combinations of detersive surfactants,
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binders, enzymes, and conditioning agents. Laundry detergent formulations include,
solids, liquids, powders, bars, sticks, pods, aerosols, and/or gels.

[0061] The laundry detergent compositions of the present disclosure can be
used in applications such as automatic washing machine laundering, semi-automatic
machine laundering (i.e., machine washing that requires at least one or two manual
steps), hand — washing, etc. In some embodiments the detergent composition is a
designated for hand-washing laundry detergent product.

[0062] The laundry detergent compositions can be in any form, namely, in the
form of a liquid; an emulsion; a paste; a gel; a spray or foam; a solid such as a
powder, granules, agglomerate, tablet, pouches, and bar; types delivered in dual-or
multi-compartment containers or pouches; pre moistened or dry wipes (i.e., a liquid
detergent composition in combination with a nonwoven material or a powder
detergent composition in combination with a nonwoven material) that can be
activated with water by a consumer; and other homogeneous or multiphase
consumer cleaning product forms.

[0063] Some of the fabric care formulations of the present disclosure comprise
one or more surfactants, also referred to as the surfactant system. The surfactant
system is included to provide cleaning performance to the composition. The
surfactant system comprises at least one surfactant, which may be an amphoteric
surfactant, a zwitterionic surfactant, a cationic surfactant, a nonionic surfactant, and
optionally at least one other surfactant, which may be an amphoteric surfactant, a
zwitterionic surfactant, a cationic surfactant, a nonionic surfactant, or a combination
thereof. Such surfactants should be physically and chemically compatible with the
essential components described herein, or should not otherwise unduly impair
product stability, aesthetics, or performance.

[0064] The compositions of the disclosure may be of any suitable physical
form, for example, particulates (powders, granules, tablets), liquids, pastes, gels or
bars. The detergent composition may be in granular form. The composition can be
formulated for use as hand wash or machine wash detergents.

[0065] Representative, but not limiting, laundry detergent formulations may
include the combination of a soap, an ionic surfactant, a nonionic surfactant,

optionally a builder system, and optionally other detergent ingredients. Wherein a set
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amount of the soap is present in the form of granules which are dry-mixed with the
other components, and the soap granule has a defined concentration of soap.
[0066] Some useful detergent compositions according to the disclosure show

improved dissolution properties across a range of water hardness.

1. Detergent and/or Soaps
[0067] Detergents include anionic, cationic, non-ionic, and zwitterionic
detergents. Soaps include compound of the general formula: (RCOz2)n Mn+ wherein
R is an alkyl group, and M is a metal, and n+ is either +1 or +2, commonly the alkyl
group may be portion of an fatty acid, M, may be sodium, lithium, magnesium,
calcium, and the like.
[0068] The soap according to the disclosure may comprise from about 5 to 85
wt. %, for example, 7 to 60 wt. %, or 10 to 35 wt. % of the formulation. The soap may
in part comprise a surfactant system comprising from about 20 to 50 wt. % of a soap.
The surfactant system may comprise from 30 to 40 wt. % of a soap. An example of
an embodiment of the disclosure from 80 wt. % to 100 wt. %, such as from 85 to 95
wt. % of the soap is present in the form of granules.
[0069] The laundry detergent compositions of the current disclosure may
comprise a soap granule which has a concentration of soap of at least 75 wt. %
based on the weight of the composition.
[0070] In some embodiments of the disclosure the soap granule has a
concentration of soap of from 80 to 95 wt. %, such as from 85 to 90 wt. %. The soap
granules may include more than 90 wt. % soap, less than 10 wt. % moisture and less
than 1 wt. % sodium hydroxide.
[0071] Useful soap compounds include but are not limited to; the alkali metal
soaps such as the sodium, potassium, ammonium and a substituted ammonium (for
example, monoethanolamine) salts or any combinations of this, of higher fatty acids
containing from about 8 to 24 carbon atoms.
[0072] In some embodiments of the disclosure the fatty acid soap has a
carbon chain length of from C1o to C22, for example, C12 to Czo. Suitable fatty acids
can be obtained from natural sources such as plant or animal esters, e.g., palm oil,

coconut oil, babassu oil, soybean oil, castor oil, rape seed oil, sunflower oil,
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cottonseed oil, tallow, fish oils, grease lard and mixtures thereof. Also, fatty acids can
be produced by synthetic means such as the oxidation of petroleum, or
hydrogenation of carbon monoxide by the Fischer Tropsch process. Resin acids are
suitable such as rosin and those resin acids in tall oil. Naphthenic acids are also
suitable. Sodium and potassium soaps can be made by direct saponification of the
fats and oils or by the neutralization of the free fatty acids which are prepared in a
separate manufacturing process. Particularly useful are the sodium and potassium
salts and the mixtures of fatty acids derived from coconut oil and tallow, i.e., sodium
tallow soap, sodium coconut soap, potassium tallow soap, and potassium coconut
soap.

[0073] In some embodiments of the disclosure the fatty acid soap is a lauric
soap. For example, Prifac 5908 is a fatty acid from Unigema which was neutralized
with caustic soda. This soap is an example of a fully hardened or saturated lauric
soap, which in general is based on coconut or palm kernel oil.

[0074] Although not necessary, the soap suitably does not stand out from the
rest of the ingredients of the formulation. It therefore needs to be whitish, and more
or less round namely with an aspect ratio of less than 2. This ensures that the
laundry powder in its final format is free-flowing and containing a soap granule
means that it is congruent with the rest of the composition.

[0075] In certain embodiment the soap has a particle size of from 400 to 1400
pm, such as from 500 to 1200 pm.

[0076] In certain embodiment the soap granule has a bulk density of from 400
to 650 g/liter, and the bulk density of the fully formulated powders are from 400 to
900 g/liter. Fabric washing powders containing major quantities of soap are favored
by some consumers because of good detergency, and the tendency to leave clothes
feeling softer than those washed with powders based on synthetic detergent active
compounds. Soap also has environmental advantages in that it is fully
biodegradable, and is a natural material derived from renewable raw materials.
Saturated sodium soaps have high Krafft temperatures and consequently dissolve
poorly at low temperatures, which are applied by some consumers. It is known that
certain mixtures of saturated and unsaturated soaps have much lower Krafft

temperatures. However, unsaturated soaps are less stable upon storage, and tend to
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be malodorous. The Soap mixture used in the granules therefore needs to be a
careful balance between dissolution properties and stability proper ties. The stability
of the soap is enhanced when it is concentrated in granules; compared to soap that
is incorporated at low concentration into composite granules. The soap may be used
in combination with a suitable antioxidant for example ethylenediamine tetra acetic
acid and/or ethane-1-hydroxy-1,1-diphosphonic acid. Also, preservatives may be
present to prevent degradation of the soap which can result in malodor or

discoloration, for example, sodium hydroxyethlidene disphosphonic acid.

2. Surfactants
[0077] Suitable surfactants for use in the cleaning formulations of the present
disclosure include one or more surfactant molecule and/or co-surfactant molecule of

Formula |l or I,

X@
OSl CHs)
(HyC)sSi0.] \(/\3/ o g
(H3C)3SIO R2
3
Formula |
e 0O
(HC)sSiOL T (C 1a)s on oy b L osior
~di N N Si-0OSi(CH
(HoC)gSi0™ > \ﬂ/@E/N\ mp\ 2 T [‘OSi(IC(Hg)z)3
le} 1R2 R'R2 O
Formula Il

wherein R' and R? may be the same or different, and comprise at least
one group selected from the group consisting of C1-Cs alkyl, optionally the C1-Ce
alkyl may include one or more of oxygen, nitrogen, or sulfur atoms or groups that
include at least one of these atoms, and the alkyl chain may be optionally substituted
with one or more substituents selected from the group consisting of hydroxyl, amino,
amido, sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate;

R3 may be selected from the group consisting of alkenyl, alkynyl, ester,
alcohol, aryl alkyl, alkoxy alkyl ether, alkyl phosphate, alkyl phosphonate, C3-Cs

carboxylic acid, C1-C1o alkyl benzoic acid, and a C1-C12 linker attached to an
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additional surfactant molecule having a structure represented by Formula |, wherein
the additional surfactant molecule of Formula | is the same or different from the
surfactant molecule of Formula I;

n and z may be selected independently from any integer from 1 to 12;

m may be any integer from 1 to 12; and

X may be selected from the group consisting of chloride, bromide, and
iodide.
[0078] Specifically, R® may be selected from the group consisting of C2-C1o
alkenyl, C2-C1o alkynyl, C2-C12 ester, C1-C1o0 hydroxyl, benzyl, C2-C12 alkoxy alkyl
ether, alkyl phosphate, alkyl phosphonate, Cs-Cs carboxylic acid, C1-Cs alkyl benzoic
acid, and a three-carbon linker attached to a second molecule of Formula |, wherein
the second molecule of Formula | is the same as the first molecule of Formula I.
[0079] More specifically, R® may be selected from the group consisting of the

formulas below:

SN0 ® H oCHas
N SN /\/\/\WN\/\/Si\-OSi(CHs)3
/=0 o\ | OH. 7{\/\/N\ I OS(CH)
R3 6 R3.7 R3 8
O
o OH

3¢~ OH }'{\/\/\H/OH \;g\_#_.‘«\»\\ﬁ_\‘.{}ié

R39 R3.10a R R3 11

L o
and (0]

R3.11b

[0080] In particular, suitable surfactants or co-surfactants may include one or

more of any of Surfactants 1-12 described herein.
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[0081] Anionic surfactants are well known to those skilled in the art. Examples
include alkylbenzene sulfonates, particularly linear alkylbenzene sulfonates, primary
and secondary alkylsulfates, particularly primary alkyl sulfates; alkyl ether sulfates;
olefin sulfonates; alkyl xylene sulfonates; dialkyl sulfosuccinates; and fatty acid ester
sulfonates. Sodium salts are generally and often employed. In an example of the
disclosure, the granular laundry detergent composition comprises an anionic
surfactant which is a sulfonate anionic surfactant. The sulfonate anionic surfactant
may comprise linear alkylbenzene sulfonate (LAS). The anionic surfactant may be
present in an amount of from 15 to 50 wt %. For example, the weight ratio of the
anionic surfactant to soap is from 0.5:1 to 5:1, such as from 1:1 to 2:1. Some
Nonionic Surfactants well suited for use in detergent formulations.

[0082] In some embodiments, the nonionic surfactant is present in an amount
of from 20 to 60 wt %. Nonionic surfactants that may be used include the primary
and secondary alcohol ethoxylates, especially the C8-C20 aliphatic alcohols
ethoxylated with an average of from 1 to 20 moles of ethylene oxide per mole of
alcohol, and more especially the C10-C15 primary and secondary aliphatic alcohols
ethoxylated with an average of from 1 to 10 moles of ethylene oxide per mole of
alcohol. Non-ethoxylated nonionic surfactants include alkylpolyglycosides, glycerol
monoethers, and polyhydroxyamides (glucamide).

[0083] Examples of suitable nonionics surfactants include Neodol 255E from
Shell, which is a C12 to C15 poly (1 to 6) ethoxylate with an average degree of
ethoxylation of 5. Also suitable is Lutensol A7, which is a C13 to C15 ethoxylate from
BASF, with an average degree of ethoxylation of 7. HLB values can be calculated
according to the method given in Griffin, J. Soc. Cosmetic Chemists, 5 (1954) 249
256.

3. Builder
[0084] Builders may be added to detergent formulations to increase the
cleaning properties of the detergent. Such compounds may function by at least one
of the following actions; removing or sequestering divalent cations commonly present

in water as Ca®* and/or Mg?*: creating or contributing the creation of a alkaline
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environment; enhancing the performance of surfactants; and stabilizing the
dispersion of soil in the wash liquor.

[0085] Commonly used builders include, but are not limited to, sodium
tripolyphosphates, nitriloacetic acid salts, and zeolites.

[0086] The compositions of the disclosure may contain a detergency builder.
The builder may be present in an amount of from 0 to 15 wt % based on the weight
of the total composition. Alternatively, the compositions may be essentially free of
detergency builder.

[0087] The builder may be selected from strong builders such as phosphate
builders, aluminosilicate builders and mixtures thereof. One or more weak builders,
such as calcite/carbonate, citrate or polymer builders may be additionally or
alternatively present.

[0088] The phosphate builder (if present) may for example be selected from
alkali metal, for example, sodium, pyrophosphate, orthophosphate and
tripolyphosphate, and mixtures thereof.

[0089] The aluminosilicate (if present) may be, for example, selected from one
or more crystalline and amorphous aluminosilicates, for example, zeolites as
disclosed in GB 1 473 201 (Henkel), amorphous aluminosilicates as disclosed in GB
1 473 202 (Henkel) and mixed crystalline/amorphous aluminosilicates as disclosed in
GB 1 470 250 (Procter & Gamble); and layered silicates as disclosed in EP 164514B
(Hoechst).

[0090] The alkali metal aluminosilicate may be either crystalline or amorphous
or mixtures thereof, having the general formula: 0.8-1.5 Na20. Al203 0.8-6 SiO»2.
[0091] These materials may generally contain some bound water and are
required to have a calcium ion exchange capacity of at least 50 mg CaO/g. The
sodium aluminosilicates may contain 1.5-3.5 SiOz, units (in the formula above). Both
the amorphous and the crystalline materials can be prepared readily by reaction
between sodium silicate and Sodium aluminate, as amply described in the literature.
Suitable crystalline sodium aluminosilicate ion-exchange detergency builders are
described, for example, in GB 1429 143 (Procter & Gamble). Sodium
aluminosilicates of this type are the well-known commercially available Zeolites A

and X, and mixtures thereof.
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[0092] The zeolite may be the commercially available Zeolite 4A now widely
used in laundry detergent powders. However, an example of the present disclosure
would include when the zeolite builder incorporated in the compositions of the
disclosure is maximum aluminum zeolite P (zeolite MAP) as described and claimed
in EP 384 070A (Unilever). Zeolite MAP is defined as an alkali metal aluminosilicate
of the Zeolite P type having a silicon to aluminum ratio not exceeding 1.33, for
example, within the range of from 0.90 to 1.33, or within the range of from 0.90 to
1.20.

[0093] Suitable inorganic salts include alkaline agents such as alkali metal,
such as sodium, carbonates, sulfates, silicates, metasilicates as independent salts or
as double salts. The inorganic salt may be selected from the group consisting of

sodium carbonate, sodium sulfate, burkeite and mixtures thereof.

4. Surface active ingredients
[0094] As well as the surfactants and builders discussed above, the
compositions may optionally contain other active ingredients to enhance
performance and properties.
[0095] Additional detergent-active compounds (surfactants) may be chosen
from soap and non-soap anionic, cationic, nonionic, amphoteric and zwitterionic
detergent-active compounds, and mixtures thereof. Many suitable detergent-active
compounds are available and are fully described in the literature, for example, in
“Surface-Active Agents and Detergents”, Volumes | and Il, by Schwartz, Perry and
Berch.
[0096] Cationic surfactants that may be used include quaternary ammonium
salts of the general formula RRRRNX wherein the R groups are long or short
hydrocarbyl chains, typically alkyl, hydroxyalkyl or ethoxylated alkyl groups, and X is
a solubilizing anion (for example, compounds in which R is a Cs-C22 alkyl group, for
example, a Cs-C1o or C12-C14 alkyl group, R is a methyl group, and R and R, which
may be the same or different, are methyl or hydroxyethyl groups); and cationic esters

(for example, choline esters).
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[0097] Amphoteric surfactants and/or zwitterionic surfactants may also be
present. Some amphoteric surfactants that may be used to practice the
disclosureinclude amine oxides.

[0098] Some zwitterionic surfactants that may be used to practice the

disclosure include betaines such as the amidobetaines.

5. Bleaches
[0099] Detergent compositions according to the disclosure may suitably
contain a bleach system. The bleach system can be based on peroxy bleach
compounds, for example, inorganic persalts or organic peroxyacids, capable of
yielding hydrogen peroxide in aqueous solution. Suitable peroxy bleach compounds
include organic peroxides such as urea peroxide, and inorganic persalts such as the
alkali metal per borates, percarbonates, perphosphates, persilicates and per
sulfates. Suitable inorganic persalts can be sodium perborate monohydrate and
tetrahydrate, and sodium percarbonate. For example, suitable is a sodium
percarbonate having a protective coating against destabilization by moisture. Sodium
per carbonate having a protective coating comprising sodium metaborate and
sodium silicate is disclosed in GB2 123 044B (Kao).
[0100] The peroxy bleach compound is suitably present in an amount of from
5 to 35 wt %, for example from 10 to 25 wt. %.
[0101] The peroxy bleach compound may be used in conjunction with a
bleach activator (bleach precursor) to improve bleaching action at low wash
temperatures. The bleach precursor is suitably present in an amount of from 1 to 8
wt. %, such as from 2 to 5 wt. %.
[0102] Suitable bleach precursors are peroxycarboxylic acid pre cursors, more
especially peracetic acid precursors and per oxybenzoic acid precursors; and
peroxycarbonic acid precursors. An example of a useful bleach precursor suitable for
use in the present disclosure is N,N,N',N'-tetracetylethylenedi amine (TAED). Also of
interest are peroxybenzoic acid pre cursors, in particular, N,N,N-trimethylammonium

toluoy loxybenzene Sulphonate.
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[0103] A bleach stabilizer (heavy metal sequestrant) may also be present.
Suitable bleach stabilizers include ethylenediamine tetraacetate (EDTA) and the

polyphosphonates, such as Dequest (Trade Mark), EDTMP.

6. Enzymes
[0104] The detergent compositions may also contain one or more enzymes.
Suitable enzymes include, for example; proteases, amylases, cellulases, oxidases,
mannanases, peroxidases and lipases usable for incorporation in detergent
compositions. In particulate detergent compositions, detergency enzymes are
commonly employed in granular form in amounts of from about 0.1 to about 3.0 wt
%. However, any suitable physical form of an enzyme may be used in any effective

amount.

7. Polymers
[0105] Some detergent may include cationic polymer. Cationic polymers such
as those described below, when used in a laundering detergent composition at an
amount ranging from about 0.01 wt. % to about 15 wt. %, is effective in improving the
sudsing profile of such laundry detergent composition, in comparison with a
composition of similar formulae but without such cationic polymer.
[0106] Cationic polymers of utility in detergents such as laundry detergents
include the following. The cationic polymer used in the present disclosure is a
terpolymer that contains three different types of structural unit. It is substantially free
of, and for example, essentially free of, any other structural components. The
structural unit, or monomers, can be incorporated in the cationic polymer in a
random format or can be in a blocky format.
[0107] The first structural unit in the cationic polymer of the present disclosure
is a nonionic structural unit derived from (meth)acrylamide (AAm). The cationic
polymer contains from about 35 mol % to about 85 mol %, such as from about 55
mol % to about 85 mol %, or from about 65 mol % to about 80 mol %, of the AAm -
derived structural unit.
[0108] The second structural unit in the cationic polymer is a cationic

structural unit derived from any suitable water soluble cationic ethylenically
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unsaturated monomer, such as, for example, N,N-dialkylaminoalkyl methacrylate,
N,N-dialkylaminoalkyl acrylate, N,N-dialkylaminoalkyl acrylamide, N,N-
dialkylaminoalkylmethacrylamide , methacylamidoalkyl trialkylammonium salts,
acrylamidoalkylltrialkylamminium salts, vinylamine, vinyl imidazole, quaternized vinyl
imidazole and diallyl dialkyl ammonium salts.

[0109] For example, the second cationic structural unit may be derived from a
monomer selected from the group consisting of diallyl dimethyl ammonium salts
(DADMAS), N,N-dimethyl aminoethyl acrylate, N,N-dimethyl amino ethyl
methacrylate (DMAM), [2 -(methacryloylamino) ethyl ] tri - methylammonium salts,
N,N-dimethylaminopropyl acrylamide (DMAPA), N,N-dimethylaminopropyl
methacrylamide (DMAPMA), acrylamidopropy! trimethyl ammonium salts (APTAS) ,
methacrylamidopropy! trimethylammonium salts (MAPTAS), and quaternized
vinylimidazole (PVi), and combinations thereof.

[0110] In some embodiments the second, cationic structural unit is derived
from a diallyl dimethyl ammonium salt (DADMAS), such as, for example, diallyl
dimethyl ammonium chloride (DADMAC), diallyl dimethyl ammonium fluoride, diallyl
dimethyl ammonium bromide, diallyl dimethyl ammonium iodine, diallyl dimethyl
ammonium bisulfate , diallyl dimethyl ammonium alkyl sulfate, diallyl dimethyl
ammonium dihydrogen phosphate, diallyl dimethyl ammonium hydrogen alky!
phosphate, alkyl phosphonate, diallyl dimethyl ammonium dialkyl phosphate, alky!
phosphonate, and combinations thereof . Alternatively, the second, cationic
structural unit can be derived from a [2-(methacryloylamino) ethyl]tri-
methylammonium salt, such as, for example, [2-(methacryloylamino) ethyl]tr -
methylammonium chloride, [2-(methacryloylamino) ethyl] tri - methylammonium
fluoride, [2-(methacryloylamino)ethyl tri - methylammonium bromide, [2-
(methacryloylamino)ethyl] tri - methylammonium iodine, [2-methacryloylamino) ethyl]
tri - methylammonium bisulfate, [2-(methacryloylamino) ethyl] tri-methylammonium
alkyl sulfat, [2-(methacryloylamino) ethyl ] tri-methylammonium dihydrogen
phosphate, [2-(methacryloylamino) ethyl]tri-methylammonium hydrogen alkyl
phosphate, alkyl phosphonate, [2-(methacryloylamino) ethyl]tri-methylammonium
dialkyl phosphate, alkyl phosphonate, and combinations thereof. Further, the second

cationic structural unit can be derived from APTAS, which include, for example,
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acrylamidopropy! trimethyl ammonium chloride (APTAC), acrylamidopropy! trimethyl
ammonium fluoride, acrylamidopropyl! trimethyl ammonium bromide,
acrylamidopropyl trimethyl ammonium iodine, acrylamidopropyl trimethyl ammonium
bisulfate, acrylamidopropyl trimethyl ammonium alkyl sulfate, acrylamidopropyl
trimethyl ammonium dihydrogen phosphate, acrylamidopropyl trimethyl ammonium
hydrogen alkyl phosphate, alkyl phosphonate, acrylamidopropyl trimethyl ammonium
dialkyl phosphate, alkyl phosphonate, and combinations thereof. Still further, the
second cationic structural unit can be derived from a MAPTAS, which includes, for
example, methacrylamidopropyl trimethylammonium chloride (MAPTAC),
methacrylamidopropy! trimethylammonium fluoride, methacrylamidopropy!
trimethylammonium bromide, methacrylamidopropyl trimethylammonium iodine,
methacrylamidopropyl trimethyl ammonium bisulfate, methacrylamidopropyl
trimethylammonium alkylsulfate, methacrylamidopropyl trimethylammonium
dihydrogen phosphate, methacrylamidopropyl trimethylammonium hydrogen alky!
phosphate, alkyl phosphonate, methacrylamidopropyl trimethylammonium
dialkylphosphate, and combinations thereof.

[0111] The second cationic structural unit is present in the cationic polymer in
an amount ranging from about 10 mol % to about 65 mol %, for example, from about
15 mol % to about 60 mol %, or from about 15 mol % to about 30 mol %.

[0112] Presence of the first, nonionic structural unit at a relatively large
amount (e.g., 65 mol % to 80 mol %) and the second, cationic structural unit at a
moderate amount (e.g., 15 mol % to 30 mol %) ensures good sudsing benefit as well
as good finish product appearance. If the first, nonionic structural unit is present at
less than 65 mol % and if the second, cationic structural unit is present at more than
30 mol %, the sudsing benefit or the finished product appearance starts to suffer,
e.g., the rinse suds volume may increase significantly, or the finished product is no
longer transparent but appears turbid. Similarly, if the first, nonionic structural unit is
present at more than 85 mol % and if the second, cationic structural unit is present at
less than 10 mol %, the rinse suds volume increases to a level that is no longer
acceptable for the purpose of the present disclosure.

[0113] The third structural unit in the cationic polymer is an anionic structural

unit derived from (meth) acrylic acid (AA) or anhydride thereof. The cationic polymer
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may contain from about 0. 1 mol % to about 35 mol %, such as from 0.2 mol % to
about 20 mol %, or, from about 0.5 mol % to about 10 mol %, or even from about 1
mol % to about 5 mol %, of the third anionic structural unit.

[0114] Presence of the third anionic structural unit at a relatively small
amount (e.g., 1 mol % to 5 mol %) helps to increase hydrophilicity of the resulting
polymer and may in turn lead to better cleaning, especially better clay removal. Too
much of the third anionic structure unit (e.g., greater than 30 mol % ) may
compromise the sudsing benefit of the resulting polymer.

[0115] Il Dry Cleaning

[0116] According to some aspects of the disclosure, a formulation for dry

cleaning process is provided for in-home dry cleaning comprising a dry cleaning step
of contacting a laundry article stained with particulate soil with a dry cleaning
composition wherein the liquor to cloth ratio (w/w) (LCR) is at most 20, and wherein
said composition comprises

a) a non-flammable, non-chlorine containing organic dry cleaning solvent; b) a
cleaning effective amount an acid surfactant.

[0117] In some embodiments the dry cleaning step is a low aqueous dry
cleaning step and the composition is a low agueous dry cleaning composition
comprising 0.01 to 10 wt. % of water.

[0118] According to yet another aspect of the disclosure, one dry cleaning
process further comprises a non-aqueous dry cleaning step wherein the laundry
article contacted with a non-aqueous dry cleaning composition, the non-aqueous dry
cleaning composition comprising 0.001 to 10 wt.% of a surfactant; O to 0.01 wt.% of
water; 0 to 50 wt.% of a cosolvent and a non-flammable, non-chlorine containing
organic dry cleaning solvent. According to another aspect of the disclosure a
sequential dry cleaning process is provided comprising:

a) a non-aqueous dry cleaning step, wherein the articles are contacted with a non-
aqueous dry cleaning composition said non-aqueous dry cleaning composition
comprising 0.001 to 10 wt.% of a surfactant; 0 to 0.01 wt.% of water; O to 50 wt.% of
a cosolvent and a non-flammable, non-chlorine containing organic dry cleaning
solvent; b) at least one low-aqueous dry cleaning step, wherein the articles are

contacted with a low aqueous dry cleaning composition said low aqueous dry
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cleaning composition comprising 0.001 to 10 wt.% of a cleaning effective amount an
acids surfactant; 0.01 to 50 wt.% of water; 0 to 50 wt.% of a cosolvent; and a non-
flammable, non-chlorine containing organic dry cleaning solvent; and, optionally, at
least one rinsing step, wherein the articles are contacted with a rinse composition
said rinse composition comprising 0 to 0.0001 wt.% of a surfactant; 0 to 10 wt.% of
water; 0 to 50 wt.% of a cosolvent and a non-flammable, non-chlorine containing
organic dry cleaning solvent.

[0119] Depending on the desired cleaning, the low agueous and non-aqueous
compositions may be used in any order. However, in some cases it will be useful to
contact the articles with a non-aqueous composition prior to a low aqueous dry
cleaning composition. In fact, the low aqueous dry cleaning step may be followed or
preceded with various other steps such as a regeneration, garment care treatment
and/or rinsing step, and, in fact, any other step known to the person skilled in the art.
[0120] Some aspects of the present disclosure may be especially suitable for
cleaning a laundry article stained with domestic stain material selected from the
group including kitchen grease, particulate soil and mixtures thereof. Therefore,
according to one embodiment the dry cleaning process may comprise the step of
contacting a laundry article with a dry cleaning composition whereby the laundry
article is stained with domestic stain material selected from kitchen grease,
particulate soil and mixtures thereof. Typical particulate Soil stains comprises any
particulate matter which is capable of staining garments, such as dirt, mud, sand,
charcoal, make up, deodorant, toothpaste but also corroded iron particles and
mixtures thereof. Kitchen grease usually comprises edible fats and oils of animal or
vegetable origin such as lard, sunflower oil, soy oil, olive oil, palm oil, peanut oil,
rapeseed oil and mixtures thereof.

[0121] Generally, articles such as clothing are cleaned by contacting an
effective amount of the dry cleaning composition according to one aspect of the
disclosure with the articles for an effective period of time to clean the articles or
otherwise remove stains. for example, the laundry article is immersed in the dry
cleaning composition. The amount of dry cleaning composition used and the amount
of time the com position contacts the article can vary based on equipment and the

number of articles being cleaned. Normally, the dry cleaning process will comprise at
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least one step of contacting the article with dry cleaning composition according to the
first aspect of the disclosureand at least one step of rinsing the article with a fresh
load of dry cleaning solvent. The rinse composition will usually be comprised mainly
of solvent, but cleaning agents may be added as desired.

[0122] In some aspects of the disclosure, in situ formulations of the dry
cleaning compositions may be included in pretreatment compositions. Pretreating
laundry articles with a pretreatment composition followed by contacting the
pretreated laundry articles with the remaining ingredients of the dry cleaning
composition, thereby formulating the dry cleaning composition in situ. A pretreatment
step may take place manually outside the drum of the cleaning machine or
mechanically inside the drum as part of a pretreatment step. The pretreatment step
per se need not be immersive, i.e., it may be limited to treating the stained areas
only, provided that when the laundry articles are contacted with all the ingredients
making up the final dry cleaning composition, the laundry articles are immersed in
said dry cleaning composition. For example, when the dry cleaning composition
comprises dry cleaning solvent, water and surfactant stained areas of the laundry
articles may be pretreated with a premix of water and surfactant manually or by an
automated process. After an effective pretreatment time has elapsed, the laundry
articles may be contacted in the drum with the remaining ingredients. The remaining
dry cleaning ingredients may include the dry cleaning solvent (and optionally
additional water and/or cleaning agent) to create in situ at least one dry cleaning
composition according to this aspect of the disclosure. Typical, pretreatment times
will be at least 5 sec but could be less than 1 day, for example, less than 1 hr., or
less than 30 min. The pretreatment composition may be formulated to treat specific
stains. For example, cleaning effective amounts of protease and other enzymes may
be included to treat proteinaceous stains. In another embodiment, the complete dry
cleaning composition is premixed in a separate premix compartment. For example,
when the dry cleaning composition comprises dry cleaning solvent, surfactant and
water, these may be premixed in a separate compartment before the dry cleaning
composition is contacted with the laundry article. In some embodiments such a
premix is in the form of an emulsion or micro emulsion. Forming a premix of for

example, a water-in-oil emulsion can be brought about by any number of suitable
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procedures. For example, the aqueous phase containing a cleaning effective amount
of surfactant can be contacted with the solvent phase by metered injection just prior
to placing these components in a mixing device. Metering can be maintained such
that the desired solvent/water ratio remains relatively constant. Mixing devices
suitable for this practice include, for example, pump assemblies or in-line static
mixers, centrifugal pumps or other types of pumps, colloid mills or other types of
mills, rotary mixers, ultrasonic mixers, and other means of dispersing one liquid in
another. In some embodiment a non-miscible liquid can be used to provide agitation
sufficient to form an emulsion or pseudo-emulsion.

[0123] These static mixers include devices through which an emulsion is
passed at high speed and in which said emulsion experiences sudden changes in
direction and/or in the diameter of the channels which make up the interior of the
mixers. This results in a pressure loss, which is a factor in obtaining a correct
emulsion in terms of droplet size and stability.

[0124] In one variant of the method of the disclosure, the mixing steps are for
example sequential. The procedure consists of mixing the solvent and emulsifier in a
first stage, the premix being mixed and emulsified with the water in a second stage.
In another variant of the method of the disclosure, provision is made for carrying out
the above steps in a continuous mode.

[0125] The premix may take place at room temperature, which is also the
temperature of the fluids and raw materials used.

[0126] A batch process such as an overhead mixer or a continuous process
such as a two fluid co-extrusion nozzle, an in-line injector, an in-line mixer or an in-
line screen can be used to make the emulsion. The size of the emulsion composition
in the final composition can be adjusted by changing the mixing speed, mixing time,
the mixing device and the viscosity of the aqueous solution. In general, by reducing
the mixing speed, decreasing the mixing time, lowering the viscosity of the aqueous
solution or using a mixing device that produces less shear force during mixing, one
can produce an emulsion of a larger droplet size. Useful are ultrasonic mixers.
Although the description above refers to the addition of surfactant, it is understood

that it may also apply to the addition of cleaning agents.
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1.Solvents
[0127] Generally, the dry cleaning solvent is usually a non-flammable, non-
chlorine containing organic dry cleaning solvent. Although the term dry cleaning
solvent is used in the singular, it should be noted that a mixture of solvents may also
be used. Thus, the singular should be taken to encompass the plural, and vice versa.
Because of the typical environmental problems associated with chlorine containing
solvents, the solvent often does not contain Cl atoms. In addition, the solvent should
not be flammable such as most petroleum or mineral spirits having typical flash
points as low as 20°C. or even lower. The term non-flammable is intended to
describe dry cleaning solvents with a flash point of at least 37.8°C., such as at least
45°C., or at least 50° C. The limit of a flashpoint of at least 37.8°C. for non-
flammable liquids is defined in NFPA 30, the flammable and combustible Liquids
Code as issued by National Fire Protection Association, 1996 edition, Massachusetts
USA. Test methods for determining the flashpoint of solvents may be the standard
tests as described in NFPA30. One class of solvents is a fluorinated organic dry
cleaning solvent including hydrofluorocarbon (HFC) and hydrofluoroether (HFE).
However, it is often desirable to use nonflammable non-halogenated solvents such
as siloxanes (see below). It should be noted that mixtures of different dry cleaning
solvents may also be used.
[0128] Some solvents are non-ozone depleting and a useful common
definition for the ozone depleting potential is defined by the Environmental Protection
Agency in the USA: the ozone depleting potential is the ratio of the impact on ozone
of a chemical compared to the impact of a similar mass of CFC-11. Thus, the ODP of
CFC-11 is defined to be 1.0.
[0129] Hydrofluorocarbons may be used as solvents. One suitable
hydrofluorocarbon solvent is represented by the formula C, H, F(2x+2-y) wherein x is
from 3 t0 8, y is from 1 to 6, the mole ratio of F/H in the hydrofluorocarbon solvent is
greater than 1.6. In certain instances, X is from 4 to 6, orX is 5 and y is 2. Suitable
are hydrofluorocarbon solvents selected from isomers of decafluoropentane and
mixtures thereof. Also useful is 1,1,1,2,2,3,4,5,5,5-decafluoro pentane. The E.I. Du
Pont De Nemours and Company markets this compound under the name Vertrel
XFTM.
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[0130] Hydrofluoroethers (HFEs) suitable for use in the present disclosure are
generally low polarity chemical compounds minimally containing carbon, fluorine,
hydrogen, and catenary (that is, in-chain) oxygen atoms. HFEs can optionally
contain additional catenary heteroatoms, such as nitrogen and sulphur. HFEs have
molecular structures which can be linear, branched, or cyclic, or a combination
thereof (such as alkyl cycloaliphatic), and are suitably free of ethylenic unsaturation,
having a total of about 4 to about 20 carbon atoms. Such HFEs are known and are
readily available, either as essentially pure compounds or as mixtures. The
hydrofluoroethers can have a boiling point in the range from about 40° C. to about
275° C., for example, from about 50° C. to about 200° C., or from about 50° C. to
about 121° C. It is very desirable that the hydrofluoroether has no flashpoint. In
general, when an HFE has a flash point, decreasing the F/H ratio or decreasing the
number of carbon-carbon bonds each decreases the flash point of the HFE (see
WO/00 262086).
[0131] Useful hydrofluoroethers include two varieties: segregated
hydrofluoroethers and omega-hydrofluoroalkylethers. Structurally, the segregated
hydrofluoroethers comprise at least one mono-, di-, or trialkoxy-substituted
perfluoroalkane, perfluorocycloalkane, perfluorocycloalkyl-containing
perfluoroalkane, or perfluorocycloalkylene-containing perfluoroalkane compound.
[0132] Some siloxane solvents may also be used advantageously in the
present disclosure. The siloxane may be linear, branched, cyclic, or a combination
thereof. One example of a branched siloxane is tris (trimethylsiloxyl) silane.
Examples also include linear and cyclic oligo dimethylsiloxanes. Example of a class
of siloxane solvents is an alkylsiloxane represented by the formula:

R3 -Si(-O-SiR2)w-R
where each R is independently chosen from an alkyl group having from 1 to 10
carbon atoms and w is an integer from 1 to 30. For example, R may be a methyl and
wis 1-4, orwis 3 or 4.
[0133] Of the cyclic siloxane octamethyl cyclotetrasiloxane and decamethyl
cyclopentasiloxane are particularly effective. Useful siloxanes may be selected from
the group consisting of decamethyltetrasiloxane, dodecamethylpentasiloxane and

mixtures thereof.
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[0134] Organic solvents suitable for dry cleaning include at least one solvent
selected from the group consisting of: the isomers of nonafluoromethoxybutane,
nonafluoroethoxybutane and decafluoropentane, octamethyl cyclotetrasiloxane,
decamethyl cyclopentasiloxane, decamethyl tetrasiloxane, dodecamethyl
pentasiloxane and mixtures thereof. Suitable organic dry cleaning solvents include
those selected from the group consisting of; octamethyl cyclotetrasiloxane,
decamethyl cyclopentasiloxane, decamethyl tetrasiloxane, dodecamethyl
pentasiloxane and mixtures thereof.

[0135] The dry cleaning compositions of the disclosure may include greater
than about 50 percent by weight of organic dry cleaning solvent, such as greater
than about 75 weight percent, or greater than about 80 weight per cent, or even
greater than about 85 weight percent, or even greater than about 95 weight percent,
but often less than 100 weight percent of organic dry cleaning solvent by weight of
the total dry cleaning composition. Such amounts may aid in improving drying times
and maintaining a high flashpoint or no flashpoint at all. For the rinse step or the
conditioning step the dry cleaning compositions may even comprise of at least 99
weight percent of organic dry cleaning solvent by weight of the total dry cleaning
composition and sometimes even 100 weight percent of organic dry cleaning
solvent.

[0136] In some cases, water may be used in the dry cleaning process and the
amount of water is important. In those cases, the amount of water present in any
step of the dry cleaning process is at such a level that laundry articles can be safely
cleaned. This includes laundry articles that can only be dry cleaned. The amount of
water present in the low aqueous dry cleaning composition may be from 0.01 to 50
wt.% water, or from 0.01 to 10 wt.%. The amount of water present in the non-
aqueous dry cleaning composition may be from 0 to 0.1 wt.% water by weight of the
dry cleaning composition or 0 to 0.01 wt.% or even 0 to 0.001 wt.% and or barely at
0 wt.%.

[0137] When the dry cleaning composition comprises water, the water to cloth
ratio (w/w) (WCR) may be less than 0.45, often less than 0.35, or less than 0.25, or
less than 0.2, or even less than 0.15, but usually more than 0.0001, or more than

0.001, or even more than 0.01.
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[0138] When the dry cleaning process comprises more than one step, this
WCR may applies to all steps in the dry cleaning process, especially when the dry
cleaning composition comprises water and solvent. However, the WCR may or may
not differ for each step. This WCR may also applie to each step in the dry cleaning

process wherein the LCR is more than 1.

2. Co-solvents
[0139] The compositions of the disclosure may contain one or more
cosolvents. The purpose of a cosolvent in the dry cleaning compositions of the
disclosure is often to increase the solvency of the dry cleaning composition for a
variety of soils. The cosolvent also enables the formation of a homogeneous solution
containing a cosolvent, a dry cleaning solvent, and the soil; or a cosolvent, a dry
cleaning solvent and an optional cleaning agent. As used herein, a "homogeneous
composition' is a single phased composition or a composition that appears to have
only a single phase, for example, a macro-emulsion, a micro-emulsion or an
azeotrope. However, if a cosolvent is used the dry cleaning composition is a non-
azeotrope as azeotropes may be less robust.
[0140] Useful cosolvents of the disclosure are soluble in the dry cleaning
solvent or water, are compatible with typical cleaning agents, and can enhance the
solubilization of hydrophilic composite stains and oils typically found in stains on
clothing, such as vegetable, mineral, or animal oils. Any cosolvent or mixtures of
cosolvents meeting the above criteria may be used.
[0141] Useful cosolvents include for example, alcohols, ethers, glycol ethers,
alkanes, alkenes, linear and cyclic amides, perfluorinated tertiary amines,
perfluoroethers, cycloalkanes, esters, ketones, aromatics, the fully or partly
halogenated derivatives thereof and mixtures thereof. The cosolvent may be
selected from the group consisting of alcohols, alkanes, alkenes, cycloalkanes,
ethers, esters, cyclic amides, aromatics, ketones, the fully or partly halogenated
derivatives thereof and mixtures thereof. Representative examples of cosolvents
which can be used in the dry cleaning compositions of the disclosure include
methanol, ethanol, isopropanol, t-butyl alcohol, trifluoroethanol, pentafluoropropanaol,

hexafluoro-2-propanol, methyl t-butyl ether, methyltamyl ether, propylene glycol n-
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propyl ether, propylene glycol n-butyl ether, dipropylene glycol n-butyl ether,
propylene glycol methyl ether, ethylene glycol monobutyl ether, trans-1,2-
dichloroethylene, decalin, methyl decanoate, t-butyl acetate, ethyl acetate, glycol
methyl ether acetate, ethyl lactate, diethyl phthalate, 2-butanone, N-alkyl pyrrolidone
(such as N-methyl pyrrolidone, N-ethyl pyrroli done), methyl isobutyl ketone,
naphthalene, toluene, trifluorotoluene, perfluorohexane, perfluoroheptane,
perfluorooctane, perfluorotributylamine, perfluoro-2-butyl oxacyclopentane.

[0142] The cosolvent may be present in the compositions of the disclosure in
an effective amount by weight to form a homogeneous composition with the other
dry cleaning solvent(s) such as HFE. The effective amount of cosolvent will vary
depending upon which cosolvent or cosolvent blends are used and the other dry
cleaning solvent(s) used in the composition. However, the maximum amount of any
particular cosolvent present in a dry cleaning composition should be kept low enough
to keep the dry cleaning composition non-flammable as defined above.

[0143] In general, cosolvent may be present in the compositions of the
disclosure in an amount of from about 1 to 50 wt %, for example from about 5 to
about 40 wt %, or from about 10 to about 25 wt % of the total dry cleaning
composition. In some cases, the cosolvent may be present amounts of from about

0.01 wt % of the total dry cleaning composition.

3. Surfactants
[0144] The present disclosure provides surfactants for use in cleaning
products in the form of siloxane derivatives of amino acids. Thus, there is disclosed
herein, the use as a surfactant of a compound of Formula | or Il in a cleaning
cleaning.
[0145] The present disclosure provides surfactants for use in cleaning

products in the form of surfactant molecules of Formula | or I,
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wherein R' and R? may be the same or different, and comprise at least
one group selected from the group consisting of C1-Cs alkyl, optionally the C1-Cs
alkyl may include one or more of oxygen, nitrogen, or sulfur atoms or groups that
include at least one of these atoms, and the alkyl chain may be optionally substituted
with one or more substituents selected from the group consisting of hydroxyl, amino,
amido, sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate;

R® may be selected from the group consisting of alkenyl, alkynyl, ester,
alcohol, aryl alkyl, alkoxy alkyl ether, alkyl phosphate, alkyl phosphonate, Cs-Cs
carboxylic acid, C1-C1o alkyl benzoic acid, and a C1-C12 linker attached to an
additional surfactant molecule having a structure represented by Formula |, wherein
the additional surfactant molecule of Formula | is the same or different from the
surfactant molecule of Formula I;

n and z may be selected independently from any integer from 1 to 12;

m may be any integer from 1 to 12; and

X may be selected from the group consisting of chloride, bromide, and
iodide.

[0146] Specifically, R® may be selected from the group consisting of C2-C1o
alkenyl, C2-C1o alkynyl, C2-C12 ester, C1-C1o0 hydroxyl, benzyl, C2-C12 alkoxy alkyl
ether, alkyl phosphate, alkyl phosphonate, Cs-Cs carboxylic acid, C1-Cs alkyl benzoic
acid, and a three-carbon linker attached to a second molecule of Formula |, wherein
the second molecule of Formula | is the same as the first molecule of Formula I.
[0147] More specifically, R® may be selected from the group consisting of the

formulas below:
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[0148] In particular, suitable surfactants or co-surfactants may include one or
more of any of Surfactants 1-12 described herein.
[0149] The dry-cleaning compositions of the disclosure can utilize many types

of cyclic, linear or branched surfactants known in the art, both fluorinated and non-
fluorinated. Solvents compatible surfactants include nonionic, anionic, cationic and
zwitterionic surfactants having at least 4 carbon atoms, but can be less than 200
carbon atoms or more, and can also be less than 90 carbon atoms as described
below. Solvent compatible surfactants usually have a solvent-philic part that
increases the solubility of the surfactant in the dry cleaning solvent/composition.
Effective surfactants may comprise of one or more polar hydrophilic groups and one
or more dry cleaning solvent-philic parts having at least about 4 carbon atoms so
that the Surfactant is soluble in said dry cleaning solvent/composition. It is often
desirable that the surfactant is soluble in the dry cleaning composition, i.e., to at least
the amount of surfactant used in the dry cleaning composition at about 20° C. The

composition may comprise one or a mixture of Surfactants depending on the desired
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cleaning and garment care. One type of useful surfactant is an anionic surfactant.
Another type of useful surfactant is a cationic surfactant.
[0150] The polar hydrophilic group, Z, can be nonionic, ionic (that is, anionic,
cationic, or amphoteric), or a combination thereof. Typical nonionic moieties include
polyoxyethylene and polyoxypropylene moieties. Typical anionic moieties include car
boxylate, sulfonate, sulfate, or phosphate moieties. Typical cationic moieties include
quaternary ammonium, protonated ammonium, imidazolines, amines, diamines,
sulfonium, and phosphonium moieties. Typical amphoteric moieties include betaine,
sulfobetaine, aminocarboxyl, amine oxide, and various other combinations of anionic
and cationic moieties. Especially suitable surfactants comprise at least one polar
hydrophilic group Z which is an anionic moiety whereby the counterion may be as
described below.
[0151] The polar hydrophilic group Z can be selected from the group
comprising —SOM, —SOM, —POM, —POM, —COM and mixtures thereof wherein
each M can be independently selected from the group including H, NR, Na, K and Li,
wherein each R is independently selected from H and C alkyl radical but is more
likely H. Often M is H but in some cases salts may also be used.
[0152] The surfactant may be fluorinated, for example, a fluorinated acid.
Suitable fluoro-surfactants are in most cases those according to the formula (1):
(XOn(Y)m(Z)p
and contain one, two or more fluorinated radicals (Xf) and one or more polar
hydrophilic groups (Z), which radicals and polar hydrophilic groups are usually (but
not necessarily) connected together by one or more Suitable linking groups (Y). For
example, n and p are integers independently selected from 1 to 4 and m is selected
from 0 to 4. When the surfactant comprises more than one Xf, Y or Z group, then
each of Xf, Y and Z may be the same or different. The polar hydrophilic group may
be connected by a covalent bond to Y, or in absence of Y, to Xf.
[0153] The fluorinated radical, Xf, can generally be a linear or cyclic, saturated
or unsaturated, aromatic or non-aromatic, radical having at least 3 carbon atoms.
The carbon chain may be linear or branched and may include hetero atoms Such as
oxygen or sulfur, but usually not nitrogen. Xf is an aliphatic and saturated. A fully

fluorinated Xf radical is often used, but hydrogen or chlorine may be present as
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substituents provided that not more than one atom of either is present for every two
carbon atoms, and, for example, the radical contains at least a terminal
perfluoromethyl group. Radicals containing no more than about 20 carbon atoms are
often used because larger radicals usually represent a less efficient utilization of
fluorine. Especially suitable Xf groups can be based on perfluorinated carbon: CF
wherein n is from 1-40, for example, 2 to 26, or 2 to 18, or can be based on
oligomers of hexafluoropropyleneoxide: ICF (CF)—CF. O, wherein n is from 1 to 30.
Suitable examples of the latter are marketed by E.| DuPont de Nemours and Co.
under the name KrytoxI™ 157, especially, KrytoxI™ 157 FSL. Fluoroaliphatic radicals
containing about 2 to 14 carbon atoms are more often used.
[0154] The linking group Y is selected from groups such as alkyl, alkylene,
alkylene oxide, arylene, carbonyl, ester, amide, ether oxygen, secondary or tertiary
amine, Sulfonamidoalkylene, carboxamidoalkylene, alkylenesulfonamidoalkylene,
alkyleneoxyalkylene, or alkylenethioalkylene or mixtures thereof. In one example Y is
(CH2), or (CH2)O whereintis 1o 10, such as 1 t0 6, or 2 to 4. Alternatively, Y may
be absent, in which case Xf and Z are directly connected by a covalent bond.
[0155] Another suitable class of surfactants are non-fluorinated surfactants
according the formula (2):

(Xnn(Y)m(Z)p,
wherein Xh is a non-fluorinated radical and (Y), (Z), n, m and p are as described for
formula I.
Xh may be a linear, branched or cyclic, saturated or unsaturated, aromatic or non-
aromatic, radical can have at least 4 carbon atoms. Xh can include hydrocarbon
radicals. When Xh is a hydrocarbon, the carbon chain may be linear, branched or
cyclic and may include hetero atoms, such as oxygen, nitrogen or sulfur, although in
some cases nitrogen may not be desirable. In some embodiments Xh is aliphatic and
saturated. Radicals containing no more than about 24 carbon atoms can be used.
[0156] One example of a suitable surfactant is an acid surfactant. Some
surfactants include anionic surfactants. Anionic surfactants are generally known in
the art and include, for example, alkyl aryl sulfonates (such as, for example,
alkylbenzene sulfonates), alkyl aryl sulfonic acids (such as, for example, Sodium and

ammonium salts of toluene-, xylene- and isopro pylbenzenesulfonic acids),
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sulfonated amines and Sulfonated amides (such as, for example, amido sulfonates),
carboxylated alcohols and carboxylated alkylphenol ethoxylates, diphenyl sulfonates,
fatty esters, isethionates, lignin-based surfactants, olefin sulfonates (such as, for
example, RCHCHSOsNa, where R is C10-C186), phosphorous-based surfactants,
protein based Surfactants, sarcosine-based surfactants (such as, for example, N-
acylsarcosinates such as Sodium N-lauroylsarcosinate), sulfates and sulfonates of
oils and/or fatty acids, sulfates and sulfonates of ethoxylated alkylphenols, sulfates of
alcohols, sulfates of ethoxylated alcohols, sulfates of fatty esters, sulfates of
aromatic or fluoro containing compounds, sulfo succinnamates, sulfo succinates
(such as, for example, diamyl-, dioctyl- and diisobutylsulfo Succinates), taurates, and
Sulfonic acids. Examples of suitable non fluorinated anionic surfactants include
CrodafosTM 810A (ex Croda).

[0157] In addition to an acid surfactant other classes of surfactants may be
used. Suitable surfactants include, but are not limited to, nonionic and cationic
surfactants. Compounds suitable for use as the nonionic surfactant of the present
disclosure are those that carry no discrete charge when dissolved in aqueous media.
Nonionic surfactants are generally known in the art and include, for example, alkanol
amides (such as, for example, coco, lauric, oleic and stearic monoethanolamides,
diethanolamides and monoisopropanolamides), amine oxides (such as, for example,
polyoxyethylene ethanolamides and polyoxyethylene propanolamides), polyalkylene
oxide block copolymers (such as, for example, poly(oxyethylene co-oxypropylene)),
ethoxylated alcohols, (such as, for example, isostearyl polyoxyethylene alcohol,
lauryl, cetyl, stearyl, oleyl, tridecyl, trimethylnonyl, isodecyl, tridecyl), ethoxylated
alkylphenols (such as, for example, nonylphonyl ethoxylated amines and ethoxylated
amides, ethoxlated fatty acids, ethoxylated fatty esters and ethoxylated fatty oils
(such as, for example, mono- and diesters of acids such as lauric, isostearic,
pelargonic, oleic, coco, stearic, and ricinoleic, and oils such as castor oil and tall oil),
fatty esters, fluorocarbon containing materials, glycerol esters (such as, for example,
glycerol monostearate, glycerol monolaurate, glycerol dilaurate, glycerol
monoricinoleate, and glycerol oleate), glycol esters (such as, for example, propylene
glycol monostearate, ethylene glycol monostearate, ethylene glycol distearate,

diethylene glycol monolaurate, diethylene glycol monolaurate, diethylene glycol
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monooleate, and diethylene glycol stearate), lanolin-based surfactants,
monoglycerides, phosphate esters, polysaccharide ethers, propoxylated fatty acids,
propoxylated alcohols, and propoxylated alkylphenols, protein-based organic
surfactants, sorbitan-based surfactants (such as, for example, sorbitan oleate,
sorbitan monolaurate, and sorbitan palmitate), sucrose esters and glucose esters,
and thio- and mercapto-based surfactants.

[0158] Some other suitable nonionic surfactants may include polyethylene
oxide condensates of nonyl phenol and myristyl alcohol, such as in U.S. Pat. No.
4,685,930 Kasprzak; and fatty alcohol ethoxylates, R-(OCH2CH2)OH wherein a-1 to
100, typically 1 to 30, R=Hydrocarbon residue 8 to 20 C atoms, typically linear alkyl.
Examples polyoxyethylene lauryl ether, with 4 or 10 oxyethylene groups;
polyoxyethylenecetyl ether with 2, 6 or 10 oxyethylene groups; polyoxyethylene
stearyl ether, with 2, 5, 15, 20, 25 or 100 oxyethylene groups; polyoxyethylene oleyl
ether, with 2 or 10 oxyethylene groups. Commercially available examples include but
are not limited to: BRIJ and NEODOL. See also U.S. Pat. No. 6,013,683 Hill et al.
Other suitable nonionic surfactants include Tween™.

[0159] Suitable cationic surfactants include, but are not limited to
dialkyldimethyl ammonium salts having the formula: R"R"N"(CH).X wherein R' and
R" are each independently selected from the group consisting of hydrocarbon
containing moiety containing 1-30 C atoms or derived from tallow, coconut oil or soy,
X-Cl, I or Br. Examples include: didodecyldimethyl ammonium bromide (DDAB),
dihexadecyldimethyl ammonium chloride, dihexadecyldimethyl ammonium bromide,
dioctadecyldimethyl ammonium chloride, dieicosyldimethyl ammonium chloride,
didoco Syldimethyl ammonium chloride, dicoconutdimethyl ammonium chloride,
ditallowdimethyl ammonium bromide (DTAB). Commercially available examples
include, but are not limited to: ADOGEN, ARQUAD, TOMAH, VARIOUAT. See also
U.S. Pat. No. 6,013,683 Hill et al.

[0160] These and other surfactants suitable for use in combination with the
organic dry cleaning solvent as adjuncts are well known in the art, being described in
more detail in Kirk Othmer's Encyclopaedia of Chemical Technology, 3rd Ed., Vol.
22, pp. 360-379, “Surfactants and Detersive Systems', incorporated by reference

herein. Further suitable nonionic detergent surfactants are generally disclosed in
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U.S. Pat. No. 3,929,678, Laughlin et al., issued Dec. 30, 1975, at column 13, line 14
through column 16, line 6, incorporated herein by reference. Other suitable detergent
surfactants are generally disclosed in WO-A-0246517.

[0161] The surfactant or mixture of surfactants is present in a cleaning
effective amount. A cleaning effective amount is the amount needed for the desired
cleaning. This will, for example, depend on the number of articles, level of soiling and
Volume of dry cleaning composition used. Effective cleaning was observed when the
surfactant was present from at least 0.001 wt.% to 10 wt.% by weight of the dry
cleaning composition. For example, the surfactant is present from 0.01 to 3 wt.% or
from 0.05 to 0.9 wt.% by weight of the dry cleaning composition. Alternatively, the
surfactant is present from 0.1 to 0.8 wt.% or for example from 0.3 to 0.7 wt.% by
weight of the dry cleaning composition.

[0162] The dry cleaning compositions may contain one or more optional
cleaning agents. Cleaning agents include any agent suitable for enhancing the
cleaning, appearance, condition and/or garment care. Generally, the cleaning agent
may be present in the compositions of the disclosure in an amount of about 0 to 20
wt.%, such as 0.001 wt.% to 10 wt.%, or 0.01 wt.% to 2 wt.% by weight of the total
dry cleaning composition.

[0163] Some suitable cleaning agents include, but are not limited to the
following compounds, builders, enzymes, bleach activators, bleach catalysts, bleach
boosters, bleaches, alkalinity sources, antibacterial agents, colorants, perfumes, pro-
perfumes, finishing aids, lime soap dispersants, composition malodor control agents,
odor neutralizers, polymeric dye transfer inhibiting agents, crystal growth inhibitors,
photo-bleaches, heavy metal ion sequestrants, anti-tarnishing agents, anti-microbial
agents, anti-oxidants, anti-redeposition agents, soil release polymers, electrolytes,
pH modifiers, thickeners, abrasives, divalent or trivalent ions, metal ion salts,
enzyme stabilizers, corrosion inhibitors, diamines or polyamines and/or their
alkoxylates, suds stabilizing polymers, process aids, fabric softening agents, optical
brighteners, hydrotropes, suds or foam suppressors, suds or foam boosters, fabric
softeners, anti-static agents, dye fixatives, dye abrasion inhibitors, anti-crocking
agents, wrinkle reduction agents, wrinkle resistance agents, soil repellency agents,

Sunscreen agents, anti-fade agents, and mixtures thereof.
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. Cleaning Compositions and Svstems For Hard Surfaces

[0164] Other hard suiface cleaning applications for the compounds of the
disclosure include clean-in-place systems (CIP), clean-cut-of-place systems {CGP),
washer-decortaminators, sterilizers, texiile laundry machines, ultra and nano-
filtration systems and indoor air filters. COP systems can include readily accessible
systems inchuding wash fanks, soaking vessels, mop bucksts, holding tanks, sorub
sinks, yvehicle parts washers, non-cortinuous balch washers and systems, and the
ke, CiP systems includs the intemal componeants of tanks, ines, pumps and other
process equipmaent used for processing typically liouid product streams such as
baveragss, milk, and juices.

Generally, the actugl clganing of the in-place system or other surface {e8.g., removal
of unwanted offal therein) may be accomplished with a material such as a formulated
detergent which g infroduced with heated water. After this cleaning siep, the
washing/ cleaning compaosition comprising the molecules described under this
discliosurs may be applied or infroducad into the system at 2 use solulion
concentration, as made in unheaied, ambient temperature water.

[0165] A sufficiently high flow rate may be used with the CHF composition on the
order of, &.g., about 40 10 about 600 Hters per minute, at a siightly elevated
temperature ranging from ambient up o about 70° €| allowing a contact time of the
CIP system with the hard surface it intends o clean, of at least about 10 seconds, for
axample, about 30 o about 120 seconds.  Nevertheless, a cleaning composition
comprising the surfactant compounds described herein can be used in a solution in
coid {.q., 40° F ./4° Cywater as weall as in heated {e.q., 140° F./60° £y water.
Although it is not nacessary required to use a cleaning composition comprising the
compounds described herein, under some circumstances healing may be desirable
to further enhance the surface aclivity, Accordingly, cleaning compositions
comprising the surfactant molecules disclosed herein shall be useful and usable at
any conceivable temperatures.

[0166] & rmsthad of sanitizing substantially fixed in-place process facilities may
inchude the following steps. A cleaning composition comprising one or more

surfactant compounds of the disclosure 18 introduced into the process faciliies at &
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temperaturs in the range of about 4° C. o 80° C. After introduction of the use
sciution, the sohution is held in a container or circulated throughout the system for a
time sufficient (o sanitize the process faciiities {g.4g., to kil undesirable
microorganisms). After the surfaces have been sanitized by means of the presant
composition, the use solution s drained. Upon completion of the sanitizing stap, the
systemn optionally may be rinsed with other materials such as potable water. The
used cleaning composition can then be circulated through the process facilities for
further rounds of reuse or, if desirable, for purification and reformulation before being
put to further use in a new cleaning-in-process round. Along thess lines, the method
can also include the alternative of delivering the cleaning composition comprising
one or more surfactant compounds of the present disclosure via air delivery to the
clean-in-place or other surfaces such as those inside pipes and tanks. In many
instances, this method of air delivery can reduce the volume of solution required.
This method described can readily be adapted to become a cleaning-out-of-place
system.

1. Methods for Cleaning a Food Product Vessel.

[0167]In some aspects, the present disclosure provides for methods for cleaning a
vessel or container that can be used for food contact, with a composition comprising
one or more of the surfactant compounds disclosed hereunder, employing any
method or apparatus suitable for applying such a composition. In some instances,
the food product is placed into direct contact with a cleaning composition comprising
one or more surfactant compounds of the invention, for example, the cleaning
composition may be in the form of a spray, or a bath whereby the food product may
be immersed therein, as a foam or gel which may be coated or otherwise applied to
coat the food product, for example, using methods known to those persons in the
food preparation and processing industry. The contact by the cleaning composition
comprising one or more surfactant compounds of the present disclosure may take
place in any location in which the food product might be found, such as field,
processing site or plant, vehicle, warehouse, store, restaurant, or home.

[0168] A cleaning composition comprising one or more surfactant compounds of the
present invention used in direct contact with food product may require a certain

minimal contact time with the food product in order to achieve the cleansing or
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antimicrobial effect. The contact time can vary with concentration of the surfactant
compounds used in the cleaning composition, the form of the cleaning composition,
method of applying the cleaning composition, the temperature at which the cleaning
composition is applied, and also often on the amount of soil or the number of
microorganisms present on the food product, the type of antimicrobial agents
included in the cleaning composition, or the like. The exposure time period can be at
least about 5 to about 15 seconds. In some embodiments, the exposure time can be
about 15 to about 30 seconds. In other embodiments, the exposure time is at least
about 30 seconds.

[0169] In some embodiments, the method for washing a food product employs a
pressure spray solution composition that comprises one or more surfactant
compounds of the present disclosure. During application of the spray solution
composition on the food product, the surface of the food product can be moved by
mechanical action, e.g., agitated, rubbed, brushed, etc. Agitation can include actions
such as physically scrubbing the food product, via the action of the spray solution
under pressure, through sonication, or by other methods. Agitation increases the
efficacy of the spray solution in killing micro-organisms, potentially due to better or
higher exposure of the spray solution into the crevasses or small colonies containing
the undesirable microorganisms. The spray solution, before application, can also be
heated to a temperature of about 15 to 20° C., for example, about 20 to 60° C. to
increase cleaning efficacy. The spray solution, once applied to the food product, can
be left on the food product for a sufficient amount of time to suitably reduce the
population of undesirable microorganisms before the food product is rinsed, drained,
and the spray solution composition is thus evaporated off, rinsed and dried, or
otherwise removed from the food product.

[0170] Application of the cleaning composition by spray can be accomplished using a
manual spray wand application, an automatic spray used on a food product moving
along a production line using multiple spray heads to ensure complete contact, or
other spray apparatus. One automatic spray application involves the use of a spray
booth. The spray booth substantially confines the sprayed cleaning composition to
within the booth. The production line moves the food product through the entryway

into the spray booth in which the food product is sprayed on all its exterior surfaces
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by sprays within the booth. After a complete coverage of the food product by the
spray cleaning composition and drainage of the excess cleaning composition from
the food product within the booth, the food product then exit the booth via, e.g., an
automatic conveyance. The spray booth can include steam jets that can be used to
apply the cleaning composition comprising one or more surfactant compounds of the
disclosure. These steam jets can be used in combination with cooling water to
ensure that the treatment reaching the food product surface is less than 65° C., e.g.,
less than 60° C. The temperature of the spray on the food product is important to
ensure that the food product is not substantially altered (cooked) by the temperature
of the sprayed composition. The spray pattern that can be applied may be any useful
spray pattern.

[0171] Immersing a food product in a liquid cleaning composition comprising one or
more surfactant compounds of the present disclosure can be accomplished by any of
a variety of methods known to those of skill in the art. For example, the food product
can be placed into a tank or bath containing the cleaning composition. Alternatively,
the food product can be transported or processed in a flume containing the cleaning
composition. The clganing composition can be agitated to increass the efficacy of
cieaning and the spead at which the composition comprising ong or mors of the
surfactant compounds of the present disclosure can reduce the number of
undesirable microorganisms initially present on the food product. Agitation can be
shiaingd by conventional methods, including ulitrasonics, aeration by bubbling ar
through the solution, by mechanical meathods, such as strainers, paddies, brushes,
purnp driven lgud jets, or by combinations of these methods, The cleaning
composition may be healed to increase the efficaoy of killing undesirable
microorganisms.  After the food product has besn immersed for a time sufficient for
the desired antimicrobial effect, the food product can be removed from the bath or
flume and the cleaning composition can be rinsed, drained, svaparated off or
otherwise removed from the food product.

[0172] in other embodiments, 8 food product can be treated with a foaming
varsion of @ cleaning composition comprising ong or more surfaciant compounds of
the present disclosure. The foam can for example be prepared by mixing one or

more of the surfactants of the present disclosure capable of feaming andfor
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sustaining a foam, with a water-based solution comprising other components at the
time of use. For example, the surfactant compound used {0 generate and sustain a
form in & cleaning composition may be of nonionic, anionic or cationic in nature,
including, without limitation, alcohol ethoxylates, aloohol ethoylate carboylats,
aming oxides, alkyl suifates, alkyl sther sulfate, sulfonates, including, for example,
alkyl aryl sulfonates, quaternary ammonium compounds, alkyl sarcosines, belaines
and akyl amides. In the event the surfactant(s) and the cleaning compaosition is
mixed al the point of use, the cleaning compaosition can contain gbout 50 cpm o
about 2.0 wi-% of one or more surfactants of the presant disclosure. Al time of use,
compressed air can be injected into the mixturg, which is then applied o

the food product surface through a foam application device such as a tank foamer or
an aspirated wall mounted foamer.

[0173] in some embodiments, a food product can be tregted with a thickened
or gelled version of a cleaning composition comprising ong or mare of surfactant
compounds of the present disclosure. In the thickened or gelled state, the cleaning
compasition may remain i coniact with the surface of the foud product for exiended
perieds of time, thus resulting in higher antimicrobial efficacy. The thickensd or
gafled composition is typically mora inclined o adhers (o vertical surfaces, therefore
resulting in betler and more complete contact with the food product.  The cleaning
compasition can be thickened or gelled using known existing technoiogies including,
without Hrnitation, the use of xanthan gum, polymaeric thickeners, celiulosse
thickeners, or the like. In such applications, surfactants capable for forming rod
micelles, such as, for example, amine oxides and anionic ones, having counter ons
may be suitable. The thickeners or gel forming agents can be used sither inthe
concenirated cleaning compaosition, or they can be mxad into the cleaning
compasition from a separate formuiation at the time of use. Typical lavels of
thickeners or gel agants used in such formuilations can range from about 100 pem to

about 10 wi-%.

2. Methods for Beverage, Food, and Pharmaceutical Processing
[0174] The surfactant compounds and compositions of the present disclosura

can be used in the manufacture of beverags, food, and pharmacsutical matenais
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nchuding fruit juice, dairy products, malt beverages, soybean-basead products,
yaguris, baby foods, bottled water products, teas, cough medicings, drugs, and soft
drirks. The cleaning composition may further include antimicrobial compounds to
sanitize, disinfedt, act as a sporicide for, or sterilize bottles, pumps, iines, tanks and
rriking squipment usaed in the manufaciure of such beverages. Further, the cleanng
compositions of the presend disclosure can in gseptic, cold filling operations in which
the interior of the food, beverage, or pharmacsutical container s sanitized or
sterilized prior to filling. In such operations, a conlainer and iis swfaces can be
contacted with the sanitizing composition, typically using a spray, dipping, or filling
device o intimately contact the inside of the container with the cleaning compaosiion,
for a sufficient perind of time 0 reduce the population of the undesirable
microorganisms within the containgr. The container can then be emptlisd, washsd,
rinsed {&.¢., with potable water or sterilized waten), emptied again, dried or
otherwise, in order (o remove the cleaning compasition used to disinfect or clsan it
After the cleaning composition is removed from the container, it can then be filled
with the desired food product such as a baverages, a food, or a pharmaceutical. The
coniaingr carn ther be ssaled, capped or closed and then packed for shipment for
uitimate sale. The sealed container can be auloclaved or retarted for added
microorganism kil

[0175] Alternatively, the container 10 be cleaned may ba a fermentation vassel
where, between sach balch of food product produce using the vasssl, ong or more
cleaning sieps must be emploved to remove any residusl culturable organisms as
weall as food and plant residues used as raw matanals. I such applications, s
particularly imporiant 1o ensurs that the spent culture and medium, as well as any
contaminating microorganisms that may be introducead by the raw fruils, vegetablas,
saeds, grains and other culiurable substancss be removed as compistaly as
possible from the vessel, in order to ensure of subsequent production baiches.
[0176] in food, baverage, or pharmaceutical manufacturing, fungal
microorganisms of the genus Chastomium or Arthrinium, and spores or bacteria of
the genus Baciflus spr. can be a significant problem in food bottling processes,
particularly in cold aseptic bottling processes. The cleaning composiions comprising

one of more surfactant compounds of the present disclosure can be usad for the
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purpose of controliing or substantially reducing (by more than a 5 logis reduction) the
number of Chastorrum or Arthrinium or Bacillus microorganisms in baverage

or food or pharmacsuticgl botlling nes using cold aseptic botiling technigues.

Those same microorganisms can become sericus concems during the
manufacturing of fermentad andfor cultured foods such as beers, cerlain alcoholic
heverages, yogurts, etc., and cleaning composilions comprising ong or maore
surfactant compounds of present disclosure may be used to achieve significant
reduction of these harmiul microorganisms, prevent fculing of subsequent production
batches, and thus significantly reduce waste and cortamination events.

[0177] in such techniques, metallic, aluminum or stes! comntainers may be
filled, glass boltles or vassels can be filled, or plastic (FET or PBT or PEN) botiles or
containers, and the like, can be filled using coid aseptic filling techriques. In such
procassas, the cleaning compasitions of the disclosure can be used 1o sanitize the
iterior of such food containers prior o filling with the food products, for example,
carbonated or non-carbonated beverages. Typical carbonated beverages in this
apphcation nclude, but are not imited to, cola beverages, frult beverages, ginger ale
beverages, root beer beverages, iced tea beverages which may be non-carbonated,
and ather common bevarages considered soft drinks. The cleaning compositions
comprising one or more surfactant molecules of the present disclosure can be
used to sanitize the tanks, ines, pumps, and other squipment used for the
manufacture and store such products and can alse be used in the botthing or
coniaining the food product. In certain embodiments, the cleaning compositions of
the present disclosure may be useful for Killing both undesirable bacterial and fungal
microorganisms that can be present on the surfaces of the production sguipment
and food containers.

[0178] Suitable antimicrobial agents that can effectively kill microorganisms
{e.q., »1 logw or up to about 5 logre reduction i 30 seconds) may be included in the
cleaning compaositions of the instant disclosure from a concentration level of at least
ahout 50 ppmy, in addition (o oneg or more surfactant molecules of the prasent
disclosurs. In an embodimant, such agents, excluding water, woulkd be present at a

concentration of about 0.001 o about 1 wit-%, for example, about 0.01 to about 0,15
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wi-%, or about 0.05 10 about 8.1 wi-%. In certain instances, the ong or more
surfactant compounds of the present disclosure may, on their own, axhibit certain
myicrobiai-kiliing capabilities above certain threshold concentrations. In such
circumstances, the one or more surfactant compounds may slone, without additional
antimicrobial agents, achigve affective killing of harmful microorganisms.

3. Surfzgctants

[0179] Suitable surfactants for use in the cleaning formulations of the present
disclosure for hard surfaces, for example, in clean-in-place systems {CIP), clean-out-
of-place systems {COP), washer-decontaminators, sterilizers, textile lsundry
machines, uitra and nanc-filtration systems and indoor air filters, include one or more

surfactant molecule and/or co-surfactant molecule of Formula | or Il,

X@
H
(HsC1S0: 0 P 1 ng o
(H3C)3SIO ~ N\ WN: 2
R
o RS
Formula I
OSi(CHa)3 OSi(CHz)s
H3C)3SiO« H
EH3C§38:O Si~N ®’(')\®’€H(N\/\/S[ OSi(CHz)3
3L)3 I %\RZmé1R2 OSi(CH3);3
Formula Il

wherein R' and R? may be the same or different, and comprise at least
one group selected from the group consisting of C1-Cs alkyl, optionally the C1-Ce
alkyl may include one or more of oxygen, nitrogen, or sulfur atoms or groups that
include at least one of these atoms, and the alkyl chain may be optionally substituted
with one or more substituents selected from the group consisting of hydroxyl, amino,
amido, sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate;

R3 may be selected from the group consisting of alkenyl, alkynyl, ester,
alcohol, aryl alkyl, alkoxy alkyl ether, alkyl phosphate, alkyl phosphonate, C3-Cs
carboxylic acid, C1-C1o alkyl benzoic acid, and a C1-C12 linker attached to an

additional surfactant molecule having a structure represented by Formula |, wherein
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the additional surfactant molecule of Formula | is the same or different from the
surfactant molecule of Formula |;

n and z may be selected independently from any integer from 1 to 12;

m may be any integer from 1 to 12; and

X may be selected from the group consisting of chloride, bromide, and
iodide.
[0180] Specifically, R® may be selected from the group consisting of C2-C1o
alkenyl, C2-C1o alkynyl, C2-C12 ester, C1-C1o hydroxyl, benzyl, C2-C12 alkoxy alkyl
ether, alkyl phosphate, alkyl phosphonate, Cs-Cs carboxylic acid, C1-Cs alkyl benzoic
acid, and a three-carbon linker attached to a second molecule of Formula |, wherein
the second molecule of Formula | is the same as the first molecule of Formula I.
[0181] More specifically, R® may be selected from the group consisting of the

formulas below:

O\
}{\© }{\g/ XN O 0cH,
R3’1 RS.Z

R3.3 R3.4 R3.5
s~ O o H OSi(CHa)s
“PZ SN j{\/\N/\/\/\[(N\/\/Si\'OSi(CHs)s
/70 07\ | oH /\ I OSi(CHa)s
R3A6 R3.7 RS.S
O
OH
3~ OH %\/\/\WOH W
, o} , {«\ ,
R39 R3:10a eE R3-11a
Qo
and (6]
R3.11b
0182 In particular, suitable surfactants or co-surfactants may include one or
p y

more of any of Surfactants 1-12 described herein.
4. Other Additional Ingredients
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[0183] I some embodiments, the cleaning compositions of the presant
disclosure can include other additional ingredients. Additional ingredients suitable for
use with the compositions of the present disclosurs include, but are nut imited {0,
acidulants, stabilizing agents, e.g., chelating agents or sequestrants, buffers,
datergents, watling agants, defoaming agents, thickeners, Toaming agents,
soiidification agenis, aesthelic enhancing agents (e, colorants, odorants, or
perfumes) and other cleaning agants. Thess additional ingredients can be
preformulated with the compositions of the disclosure or added to the sysiem before,
after, or substantially simultanasously with the addition of the compositions of the
present disclosure. Additionally, the cleaning compositions can be used in
conjunction with one or more conventional cleaning agents, e.q., an alkaline
detergent. In some examples, the cleaning composition may include a soap, a
bigach, or delergent as described herein. Further, the cleaning composition may
also include a cosclvant as describad herain.

[0184] Acidulanis

[0185] in somsa embodimeants, the clsaning composiions comprising ons or
more surfaciant compounds of the present disclosure may further include an
acidutant. The acidulant can act as a catalyst for conversion of carboxylic acid to
peroxycarboxylic acid. The acidulant can be effective to form a concentrated
cleaning composition with pH of about D0 to about 7 or less, apH of about 1 1o
about €, or a pH of about £ to abotd & The aoidulant can be effective to form a use
composition with pH of about 4 1o about 9, about 5 o shouwt 8, aboul 5.5 1o about 7.5,
in some embodimeants, an acidulant can be usad {0 lower the pH of an

alkatine cleaning solution to a oM of about 10, about 10 or less, aboul 8, about B or
less, about 8, about B or less, about 7, about 7 or lass, aboul 8, or about 6 or lsss. In
cartain embodiments, the acidulant includes an inorganic acid. Suitable inorganic
acids include, but are not limited to, sulfunic acid, sodium bisulfate, phosphoric acid,
nitric acid, hydrochioric acid. In some embodiments, the acidulant includes an
organic acid. Suitable organic acids include, but are not imited to, methans sulfonic
acid, sthane sulfonic acid, propans sulfonic acid, butane sulfonic acid, xylene
sulfonic acid, benzene sulfonic acid, linear alkyl benzene suiphonic acid, cumenea

suifonic acid, xylene sulfonic acid, formic acid, acstic acid, ghyeolic acid, mong, di, or
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fri-hialocarboyxlic acids, picolinic acid, dipicochinic aoid, and mixtures thereof. In soms
ambodiments, the compositions of the present disclosure are free or substantially
free of a phosphorous based acid.

[0186] in some embaodiments, the acidulant selected can also function as a
stabilizing agent. Thus, the compoesitions of the present disclosure can be
substartiaily free of an additional stabilizing agent.

[0187] in certain ambaodiments, the cleaning compositions comprising one or
more of the swiactant compounds of this disclosure may include further gbout 0.5 0
ahout 80 wi-% acidulant, about 1 to about 50 wit %, about 5 1o about 30 wi-%
acidulant, or about 7 o about 14 wi-% acidulant. | is 10 be understood that ali valuss
and ranges between these values and ranges are encompassed by the compositions
of the present disclosure.

[0188] Stabilizing Agends

[0189] In some embodiments, tha cleaning compositions comprising one or
maore surfactant compounds of the presend disclosure include one or more stabilizing
agarts. The stabilizing agents can be used, for exampls, io stabilize the peracid and
hydrogen peroxide and prevent the premature oxidation of this constituent within the
cieaning composiions.

[0190] In some embodiments, an acidic stabilizing agent can be ussed. Thus,
in some embodiments, the cleaning compositions comprising ong or more surfaciant
compounds of the prasent disciosure can be substantially free of an additional
aeidulant.

[0191] Suitable stabilizing agerts include, for exampie, chalating agenis or
sequestrants. Suitable sequestrants inciude, but are not limited o, organic chelating
compounds that sequestsr metal ions in solution, particularly transition metal ions.
Such sequesirants includs organic amino- or hydroxy-polyphosphonic acid
complexing agents {sither in acid or soluble salt forms), carboxylic acids (e.q.,
poiymeric polycarboxylatg), hydroxyocarboxylic acids, aminocarboxylic acids, of
hetergoyelic carboxylic acids, s.¢., pyridine-2 S-dicarboxylic acid (dipicolinic scid).
[0192] in some embodimants, the clsaning compositions comprising ons or
maore surfaciant compounds of the present disclosure may further include dipicolinic

acid as a stabilizing agent. Such cleaning compositions comprising dipicalinic acid
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can be formulated to be free or substantially free of phosphorous. It has also beean
obsarved that the inclusion of dipicolinic acid in a cleganing compasition, such as one
comorising one or morg surfactant compounds of the present disclosure, may ad in
achieving the phase stability of the compositions, compared o gther conventional
siabilizing agents, e.q., T-hydroxy athylidens-1, t-diphosphonic acid
{(CH3CPO3IM2Z20H) (HEDP).

[0193] In the svert a cleaning composition comprising ong or more surfaciant
compounds of the present disclosure contains at least ong nonionic surfaciant,
especially one having an ethvlene omude (EQ) hydrophilic block, andior when such a
composition contains at least one certain other anionic andior certain other aming
oxide surfaciants, there may potentially be a risk for the cleaning compaosition to
vhase separate or suffer from visible cloudiness or haziness in appearance. in such
cases, a small amount of & hydrotrope, such as sodium cumene sulfonate "8CE7)
may be addead {o the composition. Up (o about 10 weight percent, up (o about 8
weight percent, up to about 5 weight percent, and up 1o gbout 3 weight percent
hydrotrope may be added o clear andfor eliminats phass separation of the clganing
composition formulation,

[0194] in other embaodiments, a saquestrant can further be addsed to the
cleaning composition comprising one or more surfactant compounds of the present
disclosure. Suitable sequsstrant may include phosphonic acid and/or phosphonate
sall. Examples of phosphonic acids and phosphonate salls include, without
imitation, HEDP, ethylenediamineg tetrakis methylenephosphonic acid (EDTMPY;
disthylenetriamine pentakis mathylensphosphonic acid (DTPMP), cyciohexane-1,2-
tetramethyiene phosphonic acid; aminoliri{methylene phosphonic acidy]; (ethylene
diarnineletra methylena-phosphonic acid}], Z-phosphens butane-1,2 d-nicarboxylic
acid; or salts thereof, such as the alkall metal zalts, ammonium salts, or alkyloyl
aming salts, such as mono, di, or tetra-ethanclamineg salts; picolinic, dipicolinic acid
or mixtures thersof. In soms embodiments, organic phosphonates, e.g, HEDP, may
he included in 8 cleaning composition comprising one or maore surfactant compounds
of the present discloswre.

[0195] Commercisily available food additive chelating agents such as

phosphonates sold under the trade name DEQUEST® may also be incorporatad into
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a cleaning composition comprising one or mors surfactant compounds of the present
disciosure. Such chelating agent include, Tor exampie, 1-hydroxyethylidens-1,1-
diphosphonic acid, available from Monsanto Industrial Chemicals Co., 81 Louis, Mo,
as DEQUEST® 2010, amino{iriimethylenephosphonic acid)), (N[CHZPO3H213),
avaiiable from Monsanto as DEQUESTE 2000;
sthiylenediaminegteira{methylensphosghonic acid)] available from Monsanto as
DEQUEST® 2041, and Z-phosphonobutane-1, 2 d-tricarboylic acid available from
Mobay Chemical Corporation, Inorganic Chemicals Division, Pittsburgh, Pa., as
Bayhibit AM, and the like.

[0196] A suitable sequestrant may be an aminocarboxylic acid type
saeqguestrant. Suitable aminocarboxylic acid type sequestrants include, for example,
ihe acids or alkall metal salls thereof, .¢., aming acstates and salts thergof. Suitable
aminocarboxylates may include, without imitation, N-hydroxysthyviaminodiacetic
acid; hydroxyethylenediaminetetraacetic acid, nitrilotriacatic acid (NTA),
ethyienediamineietrsacetic acid (EDTA), N-hwdroxyethyl-sthyienediamingtriacetic
acid (HEDTA), disthylenstriaminspantaacatic acid {DTPA), and alanine-N N-diacetic
geid: and the hke; and mixtures thersof

[0197] Maoraover, suitable ssguestrant may include a polycarboxyiste, For
example, suitable polvcarboxrylates include, without imitation, polyacrylic scid,
maleic/olefin copolvmer, acrviic/malsic copolymer, polymethacryiic acid, acryvlic acid-
methacrylic acid copolymers, hydrolyzed polyacryiamide, hydrolyzed
polymethacrylamide, hydrolyzed polvamide-methacrylamide copolymers, hydrolyzed
pobyacrylonitrile, hydrolyzed polymethacryionitrile, hydrolyzed acrylonitrile-
methacrylonitrile copolymers, polymaleic acid, polyfumaric acid, copolymers of
acrylic and daconic acid, phosphine polycarboxylats, ackd or salt forms thereof,
mixturses thergof, and the like.

[0198] in certain embodiments, a cleaning compaosition comprising one or
more surfactant compounds of the present disclosure may include about 0.01 o
about 10 wi-% of one or more stabilizing agents, about 0.4 o about 4 wi-% of ons or
mare stabilizing agents, about 0.8 1o aboul 3 wi-% of one or more stabilizing agants,

ahout 1 to about 2 wi-% of one or more siaghilizing agents. it is o be understood that

57



WO 2025/034831 PCT/US2024/041249

all vaiuss and rangss within these values and ranges are encompassed by the
present disclosure,

[0199] Wetting or Defoaming Agents

[0200] Also useful in a cleaning composition comprising one or morg
surfactant compounds of the present disclosurs are watling and defoaming agents.
Watting agents function to further increase the surface cordact or penetration aclivity,
beyond such welling properties brought about by the one or maore surfactant
compounds of the present disclosure. Welting agents that may be used in the
cleaning composition may include any of thoss constifuents known within the art i
raise the surface activity of a matsrial.

[0201] Generally, defoamers which can be used in accordance with the instant
disciosure include, without imilation, silica and silicongs; aliphatic geids or esters,
aicohols; sulfates o sulfonales; amines of amides; halogenated compounds such as
fluorochlorohydrocarbons; vegetable oils, waxes, mineral oils as well as thair
sulfonated or suifated derivatives; fatly acids andfor their s0aps such as alkali,
alkaline sarth metal soaps; and phosphates and phosphats ssters such as alkyl and
alkaling diphosphates, and {ributyl phosphiates among others; and mbdtures thergof
[0202] in some embodiments, a cleaning composition COMprising ons or moreg
surfactant compounds of the present disclosure may include antifoaming agents or
defoamers which are of food grade quality especially if the cleaning composition is
used o clean food preducts, food processing equipmernt, food containers and
vassels usaed (o produce foods and beverages, a3 well a3 pharmaceuticals. To this
end, one of the more affective antifoaming agents includes silicones. Silicones such
as dimethyl silicone, glycol pelysiloxang, methylphenol polysiloxane, trialkyl or
tetratky! silanas, hydrophobic silica defoamers and miitures thersof can all be used
io achisve defoaming. Commercial defoamers commonly available include, without
limitations, silicones such as Ardefoam® from Armour Industrial Chemical Company
which is a sticons bound In an organic smulsion; Foam KR or Kressso® available
from Krusable Chemical Company which are siicone and non-silicons type
defoamears as wall as stlicons asters; and Anti-Foam A® and D200 from Dow
Corning Corporation which are both food grade type silicongs among others.

Defoamers can be prasent in a cleaning composition Comprising one or mors
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surfactant compounds of the present disclosure at a concentration range from about
0301 wi-% 1o 20 wi-%, from about 801 wi-%6 10 & wit-%, or from about 0.01 wi-% {o
about 1 wi-%.

[0203] in some embaodiments, a cleaning composition comorising one or morg
surfactant compounds of the present disclosurs can include antifoaming agents or
defoaming agents, which arg based on alcohol alkoxylates that are stable in acid
arvironments and/or are oxidatively stable. For this, one extample of the more
gffective antifoaming agents are the alcohol alkoxyiates having an alcohol chain
tength of about C8-12, and more specifically $8-11, and having poly-propylene oxids
alkoxylate in whole or part of the alkylens oxide portion. Commercial defoamers
commaonty avaiiable of this type include alkoxylates such as the BASF Degrassal's;
sepacially Degressal SD20.

[0204] Thickening or Geliing Agents

[0205] & cleaning composition comprising one or more surfactant compounds
of the present disciosure may include any of a variety of known thickeners. Suitable
thickeners include, without Emitation, natural gums such as xanthan guim, guar gum,
or other gums from plart muciage; polysaccharide based thickeners, such as
aiginates, starches, and cellulosic polymers {e.¢., carboxymethy! celluloss);
polyacrylates thickeners; and hydrocolioid thickensrs, such as pectin. Other suitable
thickeners include synthetic materials, such as for example, polvacrylaies,
polvacrylamides, polvalkylens glycols and dervatives including polysthyisns giveols
or polyprapylens glvools, polyviny! derivatives such as polyvinyt alochols andior
pobyviny! acetates, or co-polymers thersof, and other polyvinyt derivatives, and
mixtures thereof. Polvcarboxylic acids are also useful as thickening agents. ACUS
CGLE 445 s 3 partially nautralized, liquid detergent polvmer. Gther polyacrylic acids
of molscular weight 4500 (CRITERION 2005) and 8000 (CRITERION 2108) can be
purchasead from Kemira Chamicals, Kennesaw, Ga. Other thickening agents includs,
but are not imited fo, Soakalan CP% available from BASF, Coatex DE185, and isol
Dispersant HN44. In some embodiments, the thickener included is non oxidizable
and storage stable under the pH conditions of the disclosurs. In an embodiment, the
thickener does not leave contaminating residug on the surface of an object. For

example, the thickeners or galling agents can be compatible with food or other
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zensitive products in contact areas. Generally, the concentration of thickener
amploved in a cleaning composition comprising one or more switactant compounds
of tha presernt disclosure will be dictaied by the desired viscosity within the final
cleaning composition. However, as a general guideling, the viscosity of thickener
withiry the composition shall rangs from about 0.1 wi-% to about 5 wi-%, from about
0.1 wi-% to about 1.0 wi-%, or from shout 0.1 wit-% to about 0.5 wi-%.

[0206] Solidification Agents

[0207] A clganing composition comprising one or more surfaciant compounds
of the present disclosure may include a solidification agent, which can participate in
maintaining the compositions in a solid form. In some embodiments, the
soiidification agent can form andior maintain the composition a3 a solid. In other
gmbodiments, the solidification agent can solidify the composition without
unaceeptably detracting from the eveniual release of the surfactant compound(s)
contained thersin, The solidification agent can include, for example, an organic or
morganic solid compound having a neutral inert characier or making a functional,
siabilizing or detersive coniribution o the cleaning composition. Suilable
schidification agents include, without iimitation, solid or pasie polyethylens glycols
{PEG), solid or paste polypropylene glyoois, solid EG/PC biock copolymer, amide,
urea {also known as carbamids), nonionic surfactant (which can be emploved with
coupler), anionic surfaciant, siarch that has besn mads water-soluble {(&.¢., through
an acid or alkaiine treatment process), cellulose that has besen made water-soluble,
inorganic agent, polv{maleic anhydride/methyl vinyt ethen), polymethacrylic acid,
othar ganerally functional or inert materials with high melling points, mitures theraof,
and the iike;

[0208] Suitable glyeol solidification agents includs a solid polyethyisne glyoo
or a solid polvpropylene glycol, which can, for example, have molscular weight of
about 1,400 to about 30,000, In certain embodiments, the solidification agent
mciudes or s solid PEG, for example PEG 1500 up to PEG 20,000, in cedtain
ambodiments, the PEG includes PEG 1450, PEG 3350, PEG 4500, PEG 8000, PEG
20,000, and the like Suitabls solid polvethyilene glycols are commercially avaiiable
from Union Carbide under the iradename CARBOWAX
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[0209] Suitable amide solidification agents include stearic monosthanolamids,
iauric diethanolamide, siearic dicthanclamide, stearic monosthana! amids,
cocodisthylene amide, an alkylamide, mibdures thereof, and the like. In an
embodimant, the present composition can include glyeo! (e.g., PEG) and amide.
[0210] When the one or more surfactant compounds included in a cleaning
composition comprising one or more surfactant compounds of the present disclosurs
is & nonionic surfactant, the solidification agents 1o be used may ncludes nonyiphanol
gthoxylate, Hnear gilkyl aicohol sthoxyiate, sthyiens oxide/propyiens oxide block
copolymer, mixtures theraof, or the like. Suilable ethylens oxidel/propyiens oxide
biock copolymers include thoss sold under the Pluronic fradename {e.q., Fluronic
108 and Plurgnic F&8) and commaercially available from BASF Corporation. In some
gmbodiments, the nonionic surfactant included in a cleaning composition comprising
ong or more surfactant compounds of the present disclosure can be ong that is solid
at room temperature or the temperature &t which the cleaning composition is storad
or used, In other embodiments, the nonionic surfactant may e selecied to be one
with reduced agqueous solubility in combination with the coupling agent. Suitable
coupters that can be smployed with the nonionic surfaciant solidification agent
include propylene glvedl, polvathylens glyeol mbduras thereof, or the like,

[0211] Wihern the one or more surfactant compounds included in g cleaning
compasition comprising one or more surfactant compounds of the present disclosure
i an anionic surfactant, the solidification agernts 1o be used may nciuds linear alkyl
berzene sulfonate, alcohol suligte, alcohol sther sulfate, alpha olefin sulfonate,
rrixtures theredof, and the like. In an embodirnent, the solidfication agent is or may
include g linear alkyl benzene sulfonate. In an embodimert, the anionic surfactant
included in a clsaning composition comprising one or more surfactant compounds of
the prasert disclosure may be ong that is solid at room temperature or the
temperature at which the cleaning composition is stored or used,

[0212] Suitable inorganic solidification agents includs, without Himitation,
phosphate salt {e.g., alkali metal phosphatle), sulfate salt {a.q., magnesium sulfate,
sodium sulfate or sodium bisulfats), acelats salt {a.g., anhydrous sodium acetate),
Borales (e.q., sodium borate), Silicates (e.q., the precipitated or fumed forms

{e.q., Sipermnat SO available from Degussa), carbonate salt {e.g., calcium carbonate
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or carbonate hydrate), other known hydratable compounds, mixiuras thereof, and the
fike. In certain embodiments, the inorganic selidification agent can include organic
phosphonate compound and carbonate salt, such as an E-Form composition.

[0213] in some embaodiments, a cleaning composition comorising one or morg
surfactant compounds of the present disclosurs can include any agent or
combination of agents that provide a requisite degree of solidificagtion and agusous
sciubility i such 2 composition. In other embodiments, increasing the concentration
of the solidification agent in the cleaning composition may increass the hardness of
the compasition. In yet other embodiments, decreasing the conceniration of
solidificagtion agent may ioosen or sofien the cleaning compasition. In practice, the
use of such agents, and the amounis usad, may be applied and adiusted to achieve
ihe desired form of g deaning composition.

[0214] in some embodiments, the solidification agent can include any organic
or inorganic compound that imparts a solid character (o andifor controls the soluble
character of a cleaning composition comprising one or more surfactant compounds
of the present disclosure, for example, when placed in an aquscus environment. For
sxample, a solidifying agent can provide controlied dispensing if it has greater
anquecus solubility comparad o other ingrediants in the composition. Urea can be
one such solidification agent. By way of further exampls, for systems that can
benefit from less agqueaocus solubility or a slower rate of dissolution, an organic
nortonic or amids hardening agent may be appropriate.

[0215] In some embodiments, a cleaning composilion comprising one or moreg
surfactant compounds of the present disclosure may include a solidification agernt
that provides for convenient procassing or manufacture thereof. For example, the
sciidification agent can be selectad o form such a compaosition that may hardento a
soiid form under ambient temperatures of about 30 1o about &0° O after mixing
ceasas and the mixiure is dispensed from the mixing system, within about 1 minute
o about 3 hours, or about 2 minutes to about 2 hours, or about 5 minutes to about 1
hour.

[0216] A cleaning composition comprising ong or maore surfactant compounds
of the present disclosure may include sclidification agent at any effective amount.

The amount of solidification agent includad in such a composition can vary according
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1o the type of composition, the ingredients included in the composttion, the intended
use of the composition, the quantity of dispensing solution applied o the solid
compasition aver time during use, the temperature of the dispensing solution, the
hardness of the dispensing soiution, the physical size of the intended solid cleaning
composition, the concentration of the other ingredients, the concantration of

the cleaning componenis in the composition, and other like faclors. Suilable amounts
may ba aboul 1 {0 about 88 wi-%, about 1.5 10 about 85 wi-%, about 2 to about 80
wi-%, about 10 to about 45 wi-%, about 15% o about 40 wi-%, about 20% to abowt
30 wi-%, about 30% o about 70%, about 40% to about 80%, up to about 50 wi-%,
about 40% io about 50%

[0217] Carriers

[0218] In some embodiments, a cleaning composiion comprising one or mors
surfactant compounds of the prasent disclosure may include a carrier. The carrier
provides a medium which dissolves, suspands, or carries the other components of
such a composition. For example, the carrier can provide a medium for
sciubilization, suspension, or production of a sulfonated peroxycarboylic acid and
for forming an equilibrium mikiure, The carrier can also funclion to deliver and wet
the composition of the disclosura on an object To this end, the carrier can contain
any component or components that can facilitate these functions.

[0219] in some embodiments, the carrier may inchide primarily water that
promotes solubiiity and work as a medium for reaction and equilibrium. The carrier
can aiternatively include or be primarily an organic solvent, such as simple alkyl
aicohols, e.g., sthanol, sopropandl, npropancl, benzyl alcohol, and the like. Polyols
are also useful carriers, which include, withowt limilation, glycerol, sorbitol, and the
fika,

[0220] Suitable carners may include glyeol ethers. Sullable glycol athers
include, without limitation, disthviene glycol n-butyl ether, disthylene glycol n-propyi
athear, disthylene glycol ethyt ether, disthyiens glyool methyl sther, disthylene glyeol
hutyi ether, dipropylens giveol n-butyi ether, dipropylens giveol methyl sther,
dipropyiene ghyeol ethyl ether, dipropylene glveo! oropyl ether, dipropylene glyeod
tori-butyl gther, ethylens glycol butyl ether, ethylene glvcol propyt ether, ethylene

glveot ethyl ether, athyleng glyvcol mathyt ether, sthyiens glveol mathyl ether acetats,
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propylene giveo! n-butyl sther, propylene glyool ethyl ether, propylens glyeol meathy!
ather, propylene glycol n-propyt ether, tripropviene glyeol methy! ether and
iripropylensa glyeol n-butyl ether, ethylene glveo! phenyl ether (commercially avatlabls
as DOWANOL EPH™ from Dow Chemical Co.), propylens glvcol phanyi sther
{commercially available as DOWANOL PPH™ from Dow Chemical Co.), and the
fike, or mixtures thergof. Additional suitable commaercially available glveol ethers (all
of which are available from Union Carbide Corp.) includs, without limitation,
Butoxyethyl PROPASOL™ Butyl CARBITOL™ goelste, Butyl CARBITOL™, Butyt
CELLOSCLVE™ acetate, Bulyl CELLOSOLVE™ Butyl DIFROPASOL™, Butyl
FROPASOL™ CARBITOL™ PR-G00, CARBITOL™ Low Gravity, CELLOSOLVE™
acetate, CELLOSOLVE™ Ester EEP™ FILMER IBT™ Hexyl CARBITOL™ Hexyl
CELLOSOLVE™, Methyl CARBITCOL™, Methyl CELLOSOLVE™ acetate, Methyl
CELLOBOLVE™ Methyl DIPROPASOL™, Methyl PROPASOL™ acetate, Methyi
FROPASOL™ Propyl CARBITCOL™, Propy! CELLOBSCGILVE™, Propyl
DIPROPASOL™ and Propyl PROPASOL™,

[0221] in somsa embodiments, the carrigr may make up a large portion of 2
cleaning composition comprising ong or more swiactant compounds of the present
disciosure, and may aven be the balance of the entirg composition apart from the
surfgctant, antimicrobial agent, oxidizing agert, additional ingredients, and the like.
The carrier concentration and type will depend upon the naturs of the compasition as
a wholg, the environmental storage, and method of application including
concenirgtion of the other components, among other factors..

[0222] in cartain embodiments, a cleaning composition comprising ong or
more swiactant compounds of the present disclosure may include about 5 o about
S0 wit-% carrier, about 10 1o about 80 wi % carrisr, about 20 o about 80 wi % carrier,
or about 30 to about 40wt % carrigr. s [0 be understood that all values and

ranges between these values and rangses are encompassead by the present

disclosura,
[0223] Additional Function Ingradients
[0224] in some embodimants, a cleaning composition Comprising one or morg

surfactant compounds of the present disclosure may include additiona! functional

ingradients. Additional functional ingrediants suitable for inclusion inthe
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compositions may be one or morg of the following, but are not imited {o, optical
brighteners, soil antiredeposition agents, antifoam agents, low foaming surfactants,
defoaming surfactants, pigments and dyss, softening agents, anti-static agents, anti-
wrinkling agents, dys transfer inhibition/oolor protection agents, odor removaliodor
capturing agents, soll shislding/soll releasing agents, ultraviclet light protection
ageris, fragrances, sanilizing agents, disinfecting agents, walter repeliency agenis,
insact rapatlency agents, anti-pilling agents, souring agents, mildew removing
agents, allergicide agents, and mixtures thereof. In some embodiments, the
additional functional ingrediant or ingredients is formulated in the compositions. In
other empodimenis, the additional functional ingredient or ingredients is added
saparately during a cleaning process.

[0225] Color Stabilizing Agend

[0226] in some embodiments, a cleaning composiion Comprising one o moreg
surfactant compounds of the present disclosure may oplionally include a oolor
stabilizing agent. A color sigbilizing agent can be any component that is included (o
inhibit discolorgtion or browning of the composition. In some embodiments, a color
stabilizing agent may be included in the compuosiions at an amount of from about
0.01 to about 5wt %, from about 0.05 o about 3 wit %, and from about £.10 {o about
2wt %.

[0227] Optical Brighteners

[0228] in some embodiments, a cleaning compostion CoOmMPrising one o morg
surfactant compounds of the present disclosure may optionally include an optical
brightensr. Brighteners are addad {0 laundry detergenis 1o replace whilening agents
removed during washing and to make the clothes appsear cleansr. Optical
brighteners may include dyes that absorb light in the uliraviolet and violst region
{usuaily 340-370 rim) of the slectromagneatic spectrum, and re-emit light in the blus
region (typically 420-470 nm). These additives are often used o enhance the
appearance of the color of & fabric, causing a perceived “whitening” effect, making
materials look less yeliow by increasing the overall amount of blus light reflected. In
some ambadiments, optical brighteners sultable for inclusion in the compositions
may nclude, but are not imited o, riazine-stilbenas {di-, istra- or hexa-sulfonatad),

counaring, imidazolines, diazoles, triazoles, benzoxazolings, biphenyl-stitbanas, and
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mikiures thereof. One or more optical brightensrs may be used in the compositions.
in some embaodiments, optical brighteners are includad in the compositions at an
amount of from about 0.1 to about 5wt %, from about 015 to about 3wt %, or from
about 0.2 1o about 2 wi %. Examples of commercially available optical brighteners
suitable for uss in the compositions includs, but are not limited to, DMS-X and C83-
X, a distyryl bipheny! derivative, both available from Vesig-Intracon BY.

[0229] Soil Antiredeposition Agents

[0230] in some embodiments, a cleaning composilion comprising one or morg
surfactant compounds of the present disclosure may optionally include
artiredeposition agents. Withou! wishing 1o be bound by any particular theory, itis
thought that antiredeposition agents aid in preventing ioosenad soil from
redepositing onto cleaned fabrics. Antiredeposition agents may be made from
complex cellulosic materials such as carboxymethylcsliuiose (CMGC), or synthetic
materials such as polysthyiene giveo! and polvacrylates. In other embodiments,
polyphosphate builders may be included as an antiredeposition agent.

[0231] There is set out above the disclosure of formulations comprising at
least one surfactant of Formula | or Il for use in various cleaning products. The
following disclosure of the compounds of Formula | and Il applies to the compounds
of Formula | and Il in any of the disclosed uses and formulations set out herein.
[0232] Further compounds provided by the present disclosure are those
compounds of Formula | wherein R1 and R2 are methyl.

[0233] Other compounds provided by the present disclosure are compounds

of Formula |, wherein n and/or z are 5.

[0234] As used herein, the phrase “n may be an integer from 1 to 12” means
that n may be equalto 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11, and/or 12.
[0235] As used herein, the phrase “C1-C6 alkyl” means a straight chain or

branched alkyl group containing 1, 2, 3, 4, 5, and/or 6 carbons.

[0236] As used herein, the phrase “C1-C6 linker” means a straight chain or
branched alkyl chain containing 1, 2, 3, 4, 5, and/or 6 carbons.

[0237] As used herein, the phrase “C2-C10 alkenyl” means a straight chain or
branched alkenyl group containing 2, 3, 4, 5, 6, 7, 8, 9, and/or 10 carbons.
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[0238] As used herein, the phrase “C2-C10 alkynyl” means a straight chain or
branched alkynyl group containing 2, 3, 4, 5, 6, 7, 8, 9, and/or 10 carbons.

[0239] As used herein, the phrase “C2-C12 ester” means a straight chain or
branched ester group having a total of 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and/or 12 carbons.
[0240] As used herein, the phrase “C2-C12 alkoxy alkyl ether” means a
straight chain or branched alkoxy alkyl ether group having a total of 2, 3, 4, 5, 6, 7, 8,
9, 10, 11 and/or 12 carbons.

[0241] As used herein, the phrase “C1-C10 hydroxyl” means a hydroxyl
attached to a straight chain or branched alkyl group containing 1, 2, 3, 4, 5,6, 7, 8, 9,
and/or 10 carbons.

[0242] As used herein, the phrase “C3-C8 carboxylic acid” means a carboxylic
acid group attached to a straight chain or branched alkyl group with a containing 3,
4. 5,6, 7, and/or 8, carbons.

[0243] As used herein, the phrase “C1-C10 alkyl benzoic acid” means a
benzoic acid group attached to a straight chain or branched alkyl group containing 1,
2,3,4,5, 6,7,8, 9, and/or 10 carbons.

[0244] As used herein, the phrase “n and z may be selected independently
from any integer from 1 to 12” means that n and z may be independently 1, 2, 3, 4, 5,
6,7,8,9, 10, 11, and/or 12.

[0245] As used herein, the phrase “m may be any integer from 1 to 12” means
thatmmaybe 1,2, 3,4,5,6,7,8,9, 10, 11, and/or 12.

[0246] As used herein, the phrase “q may be any integer from 1 to 10" means
thatgmaybe 1,2 3, 4,5, 6,7, 8,9, and/or 10.

[0247] One specific compound provided by the present disclosure and
referred to herein as Surfactant 1 is N-benzyl-6-((3-(1,1,1,5,5,5-hexamethyl-3-
((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N, N-dimethyl-6-oxohexan-1-aminium
bromide, having the following formula:

Br©
(H3C)3SIO OSI(CH3)3 H

(H3C)3Si0” S~ N\n/\/\/\ /\©
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[0248] A second specific compound provided by the present disclosure and
referred to herein as Surfactant 2 is N-(2-ethoxy-2-oxoethyl)-6-((3-(1,1,1,5,5,5-
hexamethyl-3-((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N,N-dimethyl-6-

oxohexan-1-aminium bromide, having the following formula:

©
OS CH BF
(HiC)SIOL ™~ i 3) o
(H3C)3Si / \/\[(
[0249] A third specific compound provided by the present disclosure and

referred to herein as Surfactant 3 is N-allyl-6-((3-(1,1,1,5,5,5-hexamethyl-3-
((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N, N-dimethyl-6-oxohexan-1-aminium

iodide, having the following formula:

©
C I
(H3C)sSiO- OISI( Ha)s H o
(HyC)3Si0"" " N
o /' \
[0250] A fourth specific compound provided by the present disclosure and

referred to herein as Surfactant 4 is 6-((3-(1,1,1,5,5,5-hexamethyl-3-
((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N,N-dimethyl-6-oxo-N-(prop-2-yn-1-

yhhexan-1-aminium bromide, having the following formula:

OSi(CHa); |, B
(Hsc)ssio’s'\/\/Nj(\/\/\/N\/\

[0251] A fifth specific compound provided by the present disclosure and
referred to herein as Surfactant 5 is 6-((3-(1,1,1,5,5,5-hexamethyl-3-
((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N-(2-(2-methoxyethoxy)ethyl)-N,N-

dimethyl-6-oxohexan-1-aminium bromide, having the following formula:

©
(HoC)SiO. OSi(CHa)s |, Br

(H3C)3SiO S'\/\/N\[]/\/\/\/N\/\/ On"ocH,

o)

[0252] A sixth specific compound provided by the present disclosure and

referred to herein as Surfactant 6 is N-(3-(diethoxyphosphoryl)propyl)-6-((3-
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(1,1,1,5,5,5-hexamethyl-3-((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N, N-

dimethyl-6-oxohexan-1-aminium bromide, having the following formula:

©
(H,C)usi0. TSICHs Bé

S N -0
(HsC)3Si0™" "> \[]/W\N/\/\P
o / \
[0253] A seventh specific compound provided by the present disclosure and
referred to herein as Surfactant 7 is 6-((3-(1,1,1,5,5,5-hexamethyl-3-
((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N-(3-hydroxypropyl)-N,N-dimethyl-6-

oxohexan-1-aminium iodide, having the following formula:

©
(HsC)sSi0. OSI(CH3)3 (IB

(H3C):Si0 S'\/\/N\n/\/\/\/N\/\/\OH

O
[0254] An eighth specific compound provided by the present disclosure and
referred to herein as Surfactant 8 is 6-((3-(1,1,1,5,5,5-hexamethyl-3-
((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N-(2-hydroxyethyl)-N,N-dimethy|-6-

oxohexan-1-aminium iodide, having the following formula:

©
(H3C)3S|O OS|(CH3) ®

(HaC)5Si0” \/\/N\[]/\/\/\/N\/\/OH

0]
[0255] A ninth specific compound provided by the present disclosure and
referred to herein as Surfactant 9 is N-(5-carboxypentyl)-6-((3-(1,1,1,5,5,5-
hexamethyl-3-((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N,N-dimethyl-6-
oxohexan-1-aminium bromide, having the following formula:

©
OSi(CHy)s |, Br
(H3C)3SiO 1

_Si N
(H3C)3SIO N \n/\/\/\/ \/\/\/\n/

[0256] An tenth specific compound provided by the present dlsclosure and
referred to herein as Surfactant 10 is N' N3-bis(6-((3-(1,1,1,5,5,5-hexamethyl-3-
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((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-6-oxohexy!)-N' N N3 N3-
tetramethylpropane-1,3-diaminium dibromide, having the formula:

o ©
OSi(CHa)s Br Br OSi(CHa)s
(H3C)3SIO H ® ® H [

(HaC)5Si0” S[\/\/N\[]/\/\/\N/\/\N/W\[]/N\/\/S[‘_O-SI(CH3)3
5 /\ /\ o OSi(CHs)s

[0257] A further group of specific compounds provided by the present

disclosure and referred to herein as Surfactant 11-12 have the general formula:

OSI CH3)3

(H3C)3S|O
(H3C)3SIO \[(\/\/\ Q\@\N

wherein g may be an integer from 1 to 10.

[0258] An eleventh specific compound provided by the present disclosure and
referred to herein as Surfactant 11 is N-(4-(4-carboxyphenyl)butyl)-6-((3-
(1,1,1,5,5,5-hexamethyl-3-((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N, N-

dimethyl-6-oxohexan-1-aminium bromide, having the formula:

0]
OSi(CH) B> OH
(H30)58i0. L™ P ®
(HsC)s8i0™ TN N
0 / \
[0259] A twelfth specific compound provided by the present disclosure and

referred to herein as Surfactant 12 is N-(4-carboxybenzyl)-6-((3-(1,1,1,5,5,5-
hexamethyl-3-((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N,N-dimethyl-6-
oxohexan-1-aminium bromide, having the formula:

@

OS (CH
(HCKSIOZ 0 H

(H3C)3Si0” \/\/NW m
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[0260] These compounds may be synthesized by various methods. One such
method includes reacting an amino acid, such as an N-alkylated or N-acylated amino
acid, with a siloxane to convert the amino acid C-terminus to the desired siloxane
derivative. The amino acid N-terminus may be further alkylated to yield a quaternary
amine, for example.

[0261] The amino acid may be naturally occurring or synthetic or may be
derived from a ring opening reaction of a lactam, such as caprolactam. The ring-
opening reaction may be either an acid or alkali catalyzed reaction, and an example

of an acid catalyzed reaction is shown below in Scheme 1.

SCHEME 1

O
0O

\H 1250 )J\/\/\/
HO NH

H,0

[0262] The amino acid may have as few as 1 or as many as 12 carbons
between the N- and C-terminii, such as 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, or 12 carbons.
The alkyl chain may be branched or straight. The alkyl chain may be interrupted with
nitrogen, oxygen, or sulfur. The alkyl chain may be further substituted with one or
more substituents selected from the group consisting of hydroxyl, amino, amido,
sulfonyl, sulfonate, carboxyl, and carboxylate. The N-terminal nitrogen may be
acylated or alkylated with one or more alkyl groups. For example, the amino acid
may be 6-(dimethylamino)hexanoic acid.

[0263] The siloxane may be substituted with one or more alkoxy groups, such
as methoxy, ethoxy, isopropoxy, tertiary butoxy, and others. The siloxane may be
further substituted with one or more alkyl groups, such as propyl, wherein the alkyl
group may yet be further substituted with an appropriate functional group to permit
coupling of the siloxane to the amino acid, such as a nitrogen. For example, the
siloxane may be 3-aminopropyltris(trimethylsiloxy)silane.

[0264] The siloxane derivative of the amino acid may be synthesized as
shown below in Scheme 2. As shown, 6-aminohexanoic acid may be alkylated at

the N-terminus by treatment with formaldehyde in formic acid at reflux to give 6-
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(dimethylamino)hexanoic acid. The free carboxylic acid is then coupled to 3-
aminopropyl(trismethylsiloxy)silane in refluxing toluene to give the desired siloxane

derivative.

SCHEME 2
0 o}

HO\n/\/\/\NH2 H™ H H OH HO\”/\/\/\N/CH;;
reflux |

6} ) CHj
__ OSi(CHg)
(HSC)33'O‘§i\/\/NH2 __ QSi(CHa)s |,
(H3C)3SiO (HSC)3S]O",31\/\/NWN’CH3
toluene, reflux (HC)sSI0 o) CIDH3
[0265] The N-terminal nitrogen may be further derivatized to modify or

improve water solubility and surface-active properties. A sample synthetic scheme is
shown below in Scheme 3, in which the N-terminal nitrogen is alkylated to provide a

quaternary amine.

SCHEME 3

__ OSi(CHa)s |,
(HaC)3Si0~d;

1
; M\/NW R RX
(HsC)sSiO N A

o) R2

__ OSi(CHy); |, X
(H3C)3SIO\Si

(HsC)sSIO \/\/N\H/W\'T'\RZ
O R

[0266] Suitable alkylating agents may include benzyl bromide, ethyl
bromoacetate, allyl iodide, propargyl bromide, 1-bromo-2-(2-methoxyethoxy)ethane,
bromo phosphonate, 3-iodopropanol, 3-bromopropanol, 2-iodoethanol, 2-
bromoethanol, 6-bromohexanoic acid, 4-(4-bromobutyl)benzoic acid, and 4-
(bromomethyl)benzoic acid, for example. Two molecules of Formula | may be linked
by treating the N-terminal nitrogen with a difunctional alkylating agent, such as 1,3-

dibromopropane for example.
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[0267] The compounds of the present disclosure demonstrate surface-active
properties. These properties may be measured and described by various methods.
One method by which surfactants may be described is by the molecule’s critical
micelle concentration (CMC). CMC may be defined as the concentration of a
surfactant at which micelles form, and above which all additional surfactant is
incorporated into micelles.

[0268] As surfactant concentration increases, surface tension decreases.
Once the surface is completely overlaid with surfactant molecules, micelles begin to
form. This point represents the CMC, as well as the minimum surface tension.
Further addition of surfactant will not further affect the surface tension. CMC may
therefore be measured by observing the change in surface tension as a function of
surfactant concentration. One such method for measuring this value is the Wilhemy
plate method. A Wilhelmy plate is usually a thin iridium-platinum plate attached to a
balance by a wire and placed perpendicularly to the air-liquid interface. The balance
is used to measure the force exerted on the plate by wetting. This value is then used

to calculate the surface tension (y) according to Equation 1:

Equation 1: y=F/l cos 6

wherein | is equal to the wetted perimeter (2w + 2d, in which w and d are the plate
thickness and width, respectively) and cos 6, the contact angle between the liquid
and the plate, is assumed to be O in the absence of an extant literature value.
[0269] Another parameter used to assess the performance of surfactants is
dynamic surface tension. The dynamic surface tension is the value of the surface
tension for a particular surface or interface age. In the case of liquids with added
surfactants, this can differ from the equilibrium value. Immediately after a surface is
produced, the surface tension is equal to that of the pure liquid. As described above,
surfactants reduce surface tension; therefore, the surface tension drops until an
equilibrium value is reached. The time required for equilibrium to be reached
depends on the diffusion rate and the adsorption rate of the surfactant.

[0270] One method by which dynamic surface tension is measured relies

upon a bubble pressure tensiometer. This device measures the maximum internal
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pressure of a gas bubble that is formed in a liquid by means of a capillary. The
measured value corresponds to the surface tension at a certain surface age, the time
from the start of the bubble formation to the occurrence of the pressure maximum.
The dependence of surface tension on surface age can be measured by varying the
speed at which bubbles are produced.

[0271] Surface-active compounds may also be assessed by their wetting
ability on solid substrates as measured by the contact angle. When a liquid droplet
comes in contact with a solid surface in a third medium, such as air, a three-phase
line forms among the liquid, the gas and the solid. The angle between the surface
tension unit vector, acting at the three-phase line and tangent at the liquid droplet,
and the surface is described as the contact angle. The contact angle (also known as
wetting angle) is a measure of the wettability of a solid by a liquid. In the case of
complete wetting, the liquid is completely spread over the solid and the contact angle
is 0°. Wetting properties are typically measured for a given compound at the
concentration of 1-100x CMC; however, it is not a property that is concentration-
dependent. Therefore, measurements of wetting properties can be measured at
concentrations that are higher or lower.

[0272] In one method, an optical contact angle goniometer may be used to
measure the contact angle. This device uses a digital camera and software to
extract the contact angle by analyzing the contour shape of a sessile droplet of liquid
on a surface.

[0273] Potential applications for the surface-active compounds of the present
disclosure include formulations for use as shampoos, hair conditioners, detergents,
spot-free rinsing solutions, floor and carpet cleaners, cleaning agents for graffiti
removal, wetting agents for crop protection, adjuvants for crop protection, and
wetting agents for aerosol spray coatings.

[0274] It will be understood by one skilled in the art that small differences
between compounds may lead to substantially different surfactant properties, such
that different compounds may be used with different substrates, in different
applications. It will be further understood by one skilled in the art that surfactant
properties may not be predictable on the basis of chemical structure, as further

demonstrated below. For example, Surfactant 9 and the Comparative Surfactant,
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which differ only in the number of methylene groups in R3, demonstrate different
surfactant properties. Surprisingly, Surfactant 9 demonstrates excellent activity, as
described further below, while the Comparative Surfactant demonstrates inferior

surfactant properties.

[0275] The following non-limiting embodiments are provided to demonstrate
the different properties of the different surfactants. In Table 1 below, short names for

the surfactants are correlated with their corresponding chemical structures.

TABLE 1

Surfactant Formula & Name

(H3C)3SiO\?.S[(CH3)3 H

@
(R8I0 NN
o) /N Br+

N-benzyl-6-((3-(1,1,1,5,5,5-hexamethy|-3-
((trimethylsilylyoxy)trisiloxan-3-yl)propyl)amino)-N,N-
dimethyl-6-oxohexan-1-aminium bromide

. ©
.. OSi(CH3) Br
(HsC)sSiOJ  °H ®

0] /N 0]
N-(2-ethoxy-2-oxoethyl)-6-((3-(1,1,1,5,5,5-hexamethyl-3-
((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N,N-
dimethyl-6-oxohexan-1-aminium bromide

O

: !
(HaC)5i0. 2o Cs)s 1y ®

(ch)ssio's'\/\/N\n/\/\/\/N\/\/

Surfactant 3 o)
N-allyl-6-((3-(1,1,1,5,5,5-hexamethyl-3-
((trimethylsilylyoxy)trisiloxan-3-yl)propyl)amino)-N,N-
dimethyl-6-oxohexan-1-aminium iodide

i O
(HiC)SI0. 219 1 %

NN
(HaC)3SiO \[(\/\/\/N\/\

O
Surfactant 4 6-(3-(1,1,1,5,5,5-hexamethyl-3-
((trimethylsilylyoxy)trisiloxan-3-yl)propyl)amino)-N,N-
dimethyl-6-oxo-N-(prop-2-yn-1-yl)hexan-1-aminium
bromide

Surfactant 1

Surfactant 2
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Surfactant Formula & Name
: ©
(H3C)3Sio\(SP,SI(CH3)3 H BGF-)
(H3C)3SiO” NP \[(W\/N\/\/ \/\OCH
0
Surfactant 5 6-((3-(1,1,1,5,5,5-hexamethyl-3-

((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N-(2-(2-
methoxyethoxy)ethyl)-N,N-dimethyl-6-oxohexan-1-
aminium bromide

S
(H3C)3SIO (S)SI(CH3)3 H Br O
(HaC)aSio™~ ">~ \[(\/\/\/N\/\/\P’

O
Surfactant 6 ) K
N-(3-(diethoxyphosphoryl)propyl)-6-((3-(1,1,1,5,5,5-

hexamethyl-3-((trimethylsilyl)oxy)trisiloxan-3-
yhpropyl)amino)-N,N-dimethyl-6-oxohexan-1-aminium
bromide

: o
(HiCSI0. 2 (9 '

@
(Hac)ssio’s'\/\/N\n/\/\/\N/\/\OH
o /\
6-((3-(1,1,1,5,5,5-hexamethyl-3-
((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N-(3-
hydroxypropyl)-N,N-dimethyl-6-oxohexan-1-aminium
iodide
©
(HsC)aSiO- OSI(CH3) H ®

(HaC)3Si0 SI\/\/N\”/\/\/\N/\/OH
Surfactant 8 o) 7\
6-((3-(1,1,1,5,5,5-hexamethyl-3-
((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N-(2-
hydroxyethyl)-N,N-dimethyl-6-oxohexan-1-aminium iodide
©
(Ha0)Si0. L (a3 ¥ Br

(HsC)sSi0" S~ \[(\/\/\ /\W

N-(5-carboxypentyl)- 6 -((3-(1,1,1,5,5,5- hexamethyl -3-
((trimethylsilylyoxy)trisiloxan-3-yl)propyl)amino)-N,N-
dimethyl-6-oxohexan-1-aminium bromide

© €]
Br Br i
(HiC)38i0. QSICHa)s |y H OSIi(CHy);

N Ne_~_-S-OSI(CHs)s
(HsC)sSIO” j(\/\/\/ I OSi(CHs)s

Surfactant 10 N N3-bis(6-((3- (1,1,1,5,5,5 hexamethyl-3-
((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-6-
oxohexyl)-N' N' N3 N3-tetramethylpropane-1,3-diaminium
dibromide

Surfactant 7

Surfactant 9
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Surfactant Formula & Name

OS[ CH3)3 H

(H3C)3SiOx,
Surfactant (Ha C)zSIO S]\/\/N\n/\/\/\
11-12
(H30)sSI0. & 373 H ®
(H3C)3Si0” ~ TN \[(\/\/\N

Surfactant 11 @) /N
N-(4-(4-carboxyphenyl)butyl)-6-((3-(1,1,1,5,5,5-
hexamethyl-3-((trimethylsilyl)oxy)trisiloxan-3-
yhpropyl)amino)-N,N-dimethyl-6-oxohexan-1-aminium
bromide

OSCH
(HaC)oSi0. 2O (ke

(HsC)sSI0 S]\/\/NW
Surfactant 12

N-(4-carboxybenzyl)-6-((3«(1,1,1,5,5,5- hexamethyl -3-
((trimethylsilylyoxy)trisiloxan-3-yl)propyl)amino)-N,N-
dimethyl-6-oxohexan-1-aminium bromide

[0276] These compounds may be effective as surface-active agents, useful for
wetting or foaming agents, dispersants, emulsifiers, and detergents, in any of the
formulations contemplated by this disclosure.

[0277] The amount of the compounds disclosed herein used in a formulation
may be as low as about 0.001 wt.%, about 0.05 wt.%, about 0.1 wt.%, about 0.5
wt. %, about 1 wt.%, about 2 wt.%, or about 5 wt.%, or as high as about 8 wt.%,
about 10 wt.%, about 15 wt.%, about 20 wt.%, or about 25 wt.%, about 30 wt. %,
about 40 wt.%, about 50 wt. %, about 80 wt.%, or within any range of 0.001 wt.% to
80 wt.%, or 0.05 wt.% to 50 wt.%, or 0.1 wt.% to 20 wt.%, or 0.5 wt.% to 10 wt.%, or
1 wt.% to 8 wt. %, or 2 wt.% to 8 wt.%, or 5 wt.% to 8 wt.%, or within any range using
any two of the foregoing values.

[0278] Table 2 includes a comparative surfactant, including name and

structure.
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TABLE 2
Surfactant Formula & Name
OSi(CH3)3 Bro
(H3C)3Sio\s|i H ® OH
e N
Comparative | (H3C)sSiO \n/\/\/\/N\/\ﬂ/
Surfactant O O
N-(carboxymethy)-6-((3-(1,1,1,5,5,5-hexamethyl-3-
((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N,N-
dimethyl-6-oxohexan-1-aminium bromide
[0279] The surfactants useful in the formulations disclosed herein may have a

critical micelle concentration (CMC) of less than about 15 mmol, less than about 10
mmol, less than about 5 mmol, less than about 1 mmol, less than about 0.8 mmol,
less than about 0.7 mmol, less than about 0.6 mmol, less than about 0.5 mmol, less
than about 0.4 mmol, less than about 0.3 mmol, less than about 0.2 mmol, less than
about 0.1 mmol, less than about 0.05 mmol, or less than about 0.01 mmol, or may
have any CMC that falls within a range encompassed by the foregoing endpoints.
For example, the surfactant may have a CMC of from about 0.01 to about 15 mmol,
from about 0.05 to about 10 mmol, or from about 0.1 to about 5 mmol.

[0280] The surfactants useful in the formulations disclosed herein may have a
plateau value of minimum surface tension of less than about 25 mN/m, less than
about 24 mN/m, less than about 23 mN/m, less than about 22 mN/m, less than about
21 mN/m, less than about 20 mN/m, less than about 19 mN/m, less than about 18
mN/m, less than about 17 mN/m, less than about 16 mN/m, or less than about 15
mN/m, or may have any plateau value of minimum surface tension that falls within a
range encompassed by the foregoing endpoints. For example, the surfactant may
have a plateau value of minimum surface tension of from about 15 to about 25
mN/m, from about 18 to about 22 mN/m or from about 20 to about 21 mN/m.

[0281] Surfactants with Antimicrobial Activities

[0282] Cells are fundamental units of all living organisms, which all have
individual set of organelles that are responsible for the respective cell’s ability to
perform various kinds of functions, store genetic information for the development and
functioning of the organisms. The outside boundaries of cells are called cell

membranes, which serve as barriers and regulate the transport of materials between
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the inside and outside of the cells. Cell membranes can be destroyed through a
process called lysis, resulting in cell deaths, which fundamentally underlie all
antimicrobial processes. The use of surfactants which have an intrinsic biocidal
activities to clean surfaces, foods and in various other applications, can be highly
important especially in situations where the cleaning treatment cannot tolerate the
use of chemical biocidal agents.

[0283] Traditionally cationic surfactants have been used as antimicrobial
agents in industries such as the food industry and hospitals. Unlike traditional
antimicrobial chemicals, which rely on a “lock-key” mechanism, cationic surfactants
are known to exert antimicrobial activities by disintegrating bacterial membranes via
electrostatic and hydrophobic interactions. Zhou & Wang, Structure-activity
relationship of cationic surfactants as antimicrobial agents., Current Opinion in
Colloids & Interface Science, 45:28-43 (2020). To serve as a good antimicrobial
agent a surfactant would need to sufficiently Kill bacteria or other unwanted
pathogenic microbes without perturbing mammalian cells. Today, with the rising
awareness of potential cytotoxicity and environmental hazards caused by certain
chemicals, there has also been concerted efforts to develop surfactants that have
reduced cytotoxicity concerns that may arise due to the lack of selectivity of
conventional quaternary ammonium type of surfactants which are known to
indiscriminately disrupt the bio-membranes, regardless of cell types.

[0284] Surfactants of the present disclosure have been shown in a standard
protocol to assess antimicrobial activities called minimum inhibitory concentration
(MIC) tests. The tables below shows the MIC results of examples of surfactants of

the present disclosure.

Surfactant 6 Interval Result
Inoculum: P. aeruginosa (9027), serial | 24 hours Not determined
dilution 1:10; 2000 ppm max

Inoculum: S. aureus (6538), serial 24 hours 138 +/- 57 ppm
dilution 1.7 fold; 400 ppm max

Inoculum: E. coli (8739), serial dilution | 24 hours Not determined
1:10; 2000 ppm max

Inoculum: S. mutans (25715) serial 24 hours 81 +/- 34 ppm
dilution 1.7 fold; 400 ppm max
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Surfactant 7
Inoculum: P. aeruginosa (9027), serial | 24 hours 81 +/- 34 ppm
dilution 1.7 fold; 400 ppm max
Inoculum: S. aureus (6538), serial 24 hours Not determined
dilution 1:10; 2000 ppm max
Inoculum: E. coli (8739), serial dilution 24 hours 81 +/- 34 ppm
1.7 fold; 400 ppm max
Inoculum: S. mutans (25715) serial 24 hours Not determined
dilution 1:10; 2000 ppm max
Surfactant 9
Inoculum: P. aeruginosa (9027), serial | 24 hours Not determined
dilution 1:10; 2000 ppm max
Inoculum: S. aureus (6538), serial 24 hours 138 +/- 57 ppm
dilution 1.7 fold; 400 ppm max
Inoculum: E. coli (8739), serial dilution | 24 hours Not determined
1:10; 2000 ppm max
Inoculum: S. mutans (25715) serial 24 hours 81 +/- 34 ppm
dilution 1.7 fold; 400 ppm max
ADBAC control
Inoculum: P. aeruginosa (9027), serial | 24 hours 48 +/- 20 ppm
dilution 1.7 fold; 400 ppm max
Inoculum: S. aureus (6538), serial 24 hours 7 +/- 3 ppm
dilution 1.7 fold; 20 ppm max
noculum: E. coli (8739), serial dilution 24 hours 16 +/- 7 ppm
1.7 fold; 20 ppm max
Inoculum: S. mutans (25715) serial 24 hours 7+/- 3 ppm
dilution 1.7 fold; 20 ppm max
EXAMPLES
[0285] Nuclear magnetic resonance (NMR) spectroscopy was performed on a

Bruker 500 MHz spectrometer. The critical micelle concentration (CMC) was
determined by the Wilhelmy plate method at 23° C with a tensiometer (DCAT 11,

DataPhysics Instruments GmbH) equipped with a Pt-Ir plate. Dynamic surface

tension was determined with a bubble pressure tensiometer (Kriss BP100, Kruss

GmbH), at 23° C. Contact angle was determined with the optical contact angle

goniometer (OCA 15 Pro, DataPhysics GmbH) equipped with a digital camera.
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Example 1: Synthesis of 6-(dimethylamino)-N-(3-(1.1.1.5.5,5-hexamethyl-3-
((trimethylsilyloxy)trisiloxan-3-yl)propyl)hexanamide

[0286] 6-(Dimethylamino)hexanoic acid (2.00 g, 12.56 mmol, 1 equiv.) was
dissolved in toluene (50 mL) in a 100 mL round bottom boiling flask equipped with a
Dean Stark trap, then 3-aminopropyltris(trimethylsiloxy)silane (5.48 mL, 13.81 mmol,
1.1 equiv.) was added. The reaction vessel was heated, and the reaction refluxed
for 24 hours until no more water separated in the Dean Stark tube. The solvent was
removed under vacuum to give the desired siloxane derivative as a yellow oil in 94%
yield. "H NMR (500 MHz, DMSO) &: 0.09 (s, 27H), 0.28-0.31 (m, 2H), 1.12-1.26 (m
2H), 1.27-1.30 (m, 4H), 1.38-1.41 (m, 2H), 1.94 (t, J = 7.3 Hz, 2H), 2.00 (s, 6H), 2.06
—2.03 (m, 2H), 2.89 (dd, J = 12.9, 6.8 Hz, 2H).

Example 2a: Synthesis of N-benzyl-6-((3-(1,1,1,5,5,5-hexamethyl-3-
((trimethylsilyDoxy)trisiloxan-3-ypropyllamino)-N,N-dimethyl-6-oxohexan-1-aminium
bromide (Surfactant 1)

OSi(CHs)s |, ©/\Br
(H3C)3SIO~S| _CHj

N N _—
(HaC)SIC ) el

0 CH, 70°C, 12h
DMF

( C) Sio. OSl(CH3)3 H

(HyC);Si0 SI\/\/N\H/\/\/\ /\@

HsC CHs

[0287] The siloxane derivative described in Example 1 (1 g, 2.02 mmol) was
dissolved in dimethylformamide (DMF) (15 mL). Benzyl bromide (518 mg, 3.03
mmol) was added, and the mixture was heated to 70°C for 12 hours. The solvent
was removed under vacuum and the crude product was washed twice with acetone

to remove excess benzyl bromide and give Surfactant 1 as a yellow solid (1.1 g).

Example 2b: Determination of physical properties of Surfactant 1

[0288] The critical micelle concentration (CMC) for Surfactant 1 was
measured. From the surface tension change with concentration in water, the CMC

was determined to be about 9.883 mmol at pH 8. The plateau value of minimum
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surface tension that can be reached by this surfactant was around 20.67 mN/m,
indicating that the surfactant has outstanding interfacial activity. These results are

plotted as surface tension versus concentration in Fig. 1.

Example 3a: Synthesis of N-(2-ethoxy-2-oxoethy)-6-((3-(1,1,1,5.5,5-hexamethy|-3-
((trimethylsilyDoxy)trisiloxan-3-yNpropyllamino)-N,N-dimethyl-6-oxohexan-1-aminium
bromide (Surfactant 2)

o)
OSi(CH3)3
; H
(H3C)3SIQ‘/S|1\/\/N\[]/\/\/\N,CH3 &’)ki»

(HaC)sS10 o CHy  70°C, 12h

DMF
e
__ OSi(CH Br
(HC)SI0- oo N ® __O_ _CH
(H3C)sSi0" " " \[(\/\/\N/\[( N~
0 HzC CH; 0
[0289] The siloxane derivative described in Example 1 (1g, 2.02 mmol) was

dissolved in DMF (15 mL), and ethyl bromoacetate (0.25 mL, 2.4 mmol) was added.
The mixture was stirred for 12 hours at 70°C. The solvent was removed under
vacuum, and the crude product was washed twice with hexane two times to give

Surfactant 2 as a brown liquid (900 mg).

Example 3b: Determination of physical properties of Surfactant 2

[0290] The critical micelle concentration (CMC) for Surfactant 2 was

measured. From the surface tension change with concentration in water, the CMC
was determined to be about 0.2171 mmol. The plateau value of minimum surface
tension that can be reached by this surfactant was around 20.36 mN/m, indicating
that the surfactant has outstanding interfacial activity. These results are plotted as

surface tension versus concentration in Fig. 2.

Example 4a: Synthesis of N-allyl-6-((3-(1.1.1.5.5.,5-hexamethyI-3-
((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N,N-dimethyl-6-oxohexan-1-aminium
iodide (Surfactant 3)
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OSi(CHy)s |,
(H3C)3S|O~SI

\/\/N\[(\/\/\N
(H3C)3SIO ]

0O CHs 40°C, 14h
NazCOg, MeCN
H ©
(HIC);SI0 o
(H3C)3SIO WNW /\/
HsC CH3
[0291] The siloxane derivative descrlbed in Example 1 (1.00 g, 2.02 mmol)

,CH3 |/\/

was added to acetonitrile (10 mL), followed by sodium carbonate (0.26 g), then allyl
iodide (674 mg). The reaction was refluxed for 14 hours at 40°C. Residual sodium
carbonate was removed via filtration and the filtrate was concentrated. The crude
product was washed twice with hexane to remove excess allyl iodide to give

Surfactant 3 as a brown liquid (850 mg).

Example 4b: Determination of physical properties of Surfactant 3

[0292] The critical micelle concentration (CMC) for Surfactant 3 was
measured. From the surface tension change with concentration in water, the CMC
was determined to be about 1.3599 mmol. The plateau value of minimum surface
tension that can be reached by this surfactant was about 20.67 mN/m, indicating that
the surfactant has outstanding interfacial activity. These results are plotted as

surface tension versus concentration in Fig. 3.

Example 5a: Synthesis of 6-((3-(1.1.1.5.5.,5-hexamethyl-3-
((trimethylsilyDoxy)trisiloxan-3-yl)propyl)amino)-N,N-dimethyl-6-oxo-N-(prop-2-yn-1-
yhhexan-1-aminium bromide (Surfactant 4)

OSi(CHa)s |
(H3C)3S'O‘SI\/\,N\H/\/\/\N,CH3 BN
(HaC)sS10 o CH,  70°C, 12h
DMF
S
Br
(HiC)sS10- OSi(CHs)s H o
(H30)3S|O \/\/ \[]/\/\/\N\
0 HsC CHj
[0293] The siloxane derivative described in Example 1 (1.00 g, 2.02 mmol)

was dissolved in dimethylformamide (DMF) (15 mL). Propargyl bromide (674 mg,
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2.4 mmol) was added, and the mixture was stirred for 12 hours at 70°C. The solvent
was removed under vacuum, and the crude product was washed twice with hexanes

to give Surfactant 4 as a brown liquid (850 mg).

Example 5b: Determination of physical properties of Surfactant 4

[0294] The critical micelle concentration (CMC) for Surfactant 4 was
measured. From the surface tension change with concentration in water, the CMC
was determined to be about 0.2419 mmol. The plateau value of minimum surface
tension that can be reached by this surfactant was about 20.54 mN/m, indicating that
the surfactant has outstanding interfacial activity. These results are plotted as

surface tension versus concentration in Fig. 4.

Example 6a: Synthesis of 6-((3-(1,1,1,5,5,5-hexamethyl-3-
((trimethylsilyDoxy)trisiloxan-3-ypropylamino)-N-(2-(2-methoxyethoxy)ethyl)-N,N-
dimethyl-6-oxohexan-1-aminium bromide (Surfactant 5)

_ OSi(CHa)s o
(H3C)3Si0~¢; H CH, Br~ocH

7 \/\/ N N
(HaC)3SiO b 70°C

@) CHs DME

- S
(HaC)sSi0. 3 (CHa)s 1y A

i N
(HaC)sSI0™o " \n/\/\/\N/\/O\/\OCHs

O H3C/ \CH3

[0295] The siloxane derivative described in Example 1 (1.00 g, 2.02 mmol)
was dissolved in dimethylformamide (DMF) (15 mL). 1-Bromo-2-(2-
methoxyethoxy)ethane (2.4 mmol) was added, and the mixture was stirred for 12
hours at 70°C. The solvent was removed under vacuum, and the crude product was

washed twice with hexanes to give Surfactant 5 as a brown liquid (800 mg).

Example 6b: Determination of physical properties of Surfactant 5

[0296] The critical micelle concentration (CMC) for Surfactant 5 was
measured. From the surface tension change with concentration in water, the CMC
was determined to be about 0.4622 mmol. The plateau value of minimum surface

tension that can be reached by this surfactant was about 20.40 mN/m, indicating that
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the surfactant has outstanding interfacial activity. These results are plotted as

surface tension versus concentration in Fig. 5.

Example 7a: Synthesis of N-(3-(diethoxyphosphoryl)propyl)-6-((3-(1.1,1,5.5.5-
hexamethyl-3-((trimethylsilyoxy)trisiloxan-3-ypropyllamino)-N,N-dimethy|-6-
oxohexan-1-aminium bromide (Surfactant 6)

_ OSi(CHy)s Br " p0
(H3C)3S'O‘,Si\/\/N N'CHB EtO" OEt
H3C)3SiO \ﬂ/\/\/\
(HaC)s o éHs 70°C
DMF
; ©
(H3C)3Sio\(sl)iSI(CH3)3 H Bé o
(oS0~ NN NS
o) HsC CHs 3 8
H,C CHg
[0297] The siloxane derivative described in Example 1 (1.00 g, 2.02 mmol)

was dissolved in dimethylformamide (DMF) (20 mL). Bromo phosphonate (4.04
mmol) was added, and the mixture was stirred for 12 hours at 70°C. The solvent was
removed under vacuum, and the crude product was washed twice with hexanes to

give Surfactant 6 as a brown liquid (900 mg).

Example 7b: Determination of physical properties of Surfactant 6

[0298] The critical micelle concentration (CMC) for Surfactant 6 was
measured. From the surface tension change with concentration in water, the CMC
was determined to be about 0.3989 mmol. The plateau value of minimum surface
tension that can be reached by this surfactant was about 20.48 mN/m, indicating that
the surfactant has outstanding interfacial activity. These results are plotted as

surface tension versus concentration in Fig. 6.

Example 8a: Synthesis of 6-((3-(1,1,1,5,5,5-hexamethyl-3-
((trimethylsilyhoxy)trisiloxan-3-ypropyllamino)-N-(3-hydroxypropyl)-N,N-dimethy|-6-
oxohexan-1-aminium iodide (Surfactant 7)
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_ QSi(CHa)s A~~~
(HaC)sSiO~g; HO |

7 WNWN,CHg
(H3C)3Si0 . 40°C, 24 h

o} CH
3 Na,CO3, CH;CN

(HsC)aSi0 Lo CHads iy ®

(H30)3S|O’SIWNWI \

[0299] The siloxane derivative described in Example 1 (1.00 g, 2.02 mmol)
was dissolved in acetonitrile (10 mL). Sodium carbonate (0.26 g) was added,
followed by 3-iodopropanol (674 mg). The mixture was stirred for 24 hours at 40°C.
Residual base was removed via filtration and the filtrate was concentrated. The
crude product was washed twice with hexanes to remove excess iodopropanol and

give Surfactant 7 as a brown liquid (780 mg).

Example 8b: Determination of physical properties of Surfactant 7

[0300] The critical micelle concentration (CMC) for Surfactant 7 was
measured. From the surface tension change with concentration in water, the CMC
was determined to be about 0.4568 mmol. The plateau value of minimum surface
tension that can be reached by this surfactant was about 20.61 mN/m, indicating that
the surfactant has outstanding interfacial activity. These results are plotted as

surface tension versus concentration in Fig. 7.

Example 9a: Synthesis of 6-((3-(1,1.1.5.5,5-hexamethyl-3-
((trimethylsilyDoxy)trisiloxan-3-y)propyl)amino)-N-(2-hydroxyethyl)-N,N-dimethy|-6-
oxohexan-1-aminium iodide (Surfactant 8)
OSi(CH3)3 H
(H3C)3Si0~g; _CHs HoO !

; \/\/NWN
(HsC)3SiO ) 40°C, 14h

© CHs MeCN

; O
(H3C)3Si0\(sl)iS|(CH3)3 y |® on
(H3C)3Si0"" "~ N

O H3C CH3
[0301] The siloxane derivative described in Example 1 (1.00 g, 2.02 mmol)

was dissolved in acetonitrile (10 mL). 2-lodoethanol (4.04 mmol) was added, and
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the mixture was stirred for 14 hours at 40°C. The solvent was removed, and the

crude product was washed twice with hexanes to give Surfactant 8 (910 mg).

Example 9b: Determination of physical properties of Surfactant 8

[0302] The critical micelle concentration (CMC) for Surfactant 8 was
measured. From the surface tension change with concentration in water, the CMC
was determined to be about 0.9986 mmol. The plateau value of minimum surface
tension that can be reached by this surfactant was about 20.41 mN/m, indicating that
the surfactant has outstanding interfacial activity. These results are plotted as

surface tension versus concentration in Fig. 8.

Example 10a: Synthesis of N' . N3-bis(6-((3-(1,1,1.5.5.5-hexamethyl-3-
((trimethylsily)oxy)trisiloxan-3-y)propyl)amino)-6-oxohexyl)-N' N1 N3 N3-
tetramethylpropane-1,3-diaminium dibromide (Surfactant 10)

. PSiCHa)s Br Br
(H3C)3Slo~lsi\/\/N N/CH3 NN
(H,C):Si0 ) 70°C
© CHs DMF
O ©
.. OSi(CH3)3 Br Br OSi(CH3)3
(H3C)3S|O\ I, H ® ® H I, .
Sl ~N AN N _~_-Si~OSi(CHz)3
(H:C)sSI0 YN, N OSi(CHa)s
O H3C CH3 H3C CH3 O
[0303] The siloxane derivative described in Example 1 (1.00 g, 2.02 mmol)

was dissolved in dimethylformamide (DMF) (20 mL). 1,2-Dibromopropane (1 mmol)
was added, and the mixture was stirred for 12 hours at 70°C. The solvent was
removed, and the crude product was washed twice with hexanes to give Surfactant

10 as a brown liquid (900 mg).

Example 10b: Determination of physical properties of Surfactant 10

[0304] The critical micelle concentration (CMC) for Surfactant 10 was
measured. From the surface tension change with concentration in water, the CMC
was determined to be about 0.0631 mmol. The plateau value of minimum surface

tension that can be reached by this surfactant was about 22.12 mN/m, indicating that
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the surfactant has interfacial activity. These results are plotted as surface tension

versus concentration in Fig. 10.

Example 11a: Synthesis of N-(5-carboxypenty)-6-({(3-(1.1.1.5,5.5-hexamethyl-3-
((trimethylsilyhoxy)trisiloxan-3-ypropyllamino)-N,N-dimethyl-6-oxohexan-1-aminium
bromide (Surfactant 9)

(HC)sSI0~§i —_~ N \-CHs HO r
(HsC)sSIiO )

o} CHs

©

OSi(CHy)s |, Br
i @

(H3C)3SIO/SI\/\/ N \n/\/\/\IN /\/\/\H/OH

O H3C CH3 0]

[0305] The siloxane derivative described in Example 1 (1 g, 2.02 mmol) was
dissolved in dimethylformamide (DMF) (15 mL) and 6-bromohexanoic acid (2.02
mmol) was added. The mixture was stirred for 12 hours at 70°C, after which the
solvent was removed under vacuum. The crude product was washed twice with
hexane to provide N-(5-carboxypentyl)-6-((3-(1,1,1,5,5,5-hexamethyl-3-
((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N,N-dimethyl-6-oxohexan-1-aminium

bromide as a sticky brown liquid (650 mg).

Example 11b: Determination of physical properties of Surfactant 9

[0306] The critical micelle concentration (CMC) for Surfactant 9a was
measured. From the surface tension change with concentration in water, the CMC
was determined to be about 0.2237 mmol. The plateau value of minimum surface
tension that can be reached by this surfactant was about 20.52 mN/m, indicating that
the surfactant has excellent interfacial activity. These results are plotted as surface

tension versus concentration in Fig. 9.

Comparative Example A1: Synthesis of N-(carboxymethy)-6-((3-(1,1,1,5,5,5-
hexamethyl-3-((trimethylsilyNoxy)trisiloxan-3-ypropyl)amino)-N,N-dimethy|-6-
oxohexan-1-aminium bromide (Comparative Surfactant)

88



WO 2025/034831 PCT/US2024/041249

O
OSi(CH3)3
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(HsC)sSI0 ) 70°C
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o] H3C CH; O
[0307] The siloxane derivative described in Example 1 (1.00 g, 2.02 mmol)

was dissolved in dimethylformamide (DMF) (15 mL). Bromoacetic acid (2.02 mmol)
was added, and the mixture was stirred for 12 hours at 70°C. The solvent was
removed, and the crude product was washed twice with hexanes to give Surfactant

9b as a brown liquid (700 mg).

Comparative Example A2: Determination of physical properties of the Comparative
Surfactant

[0308] The critical micelle concentration (CMC) for Surfactant 9b was
measured. From the surface tension change with concentration in water, the CMC
was determined to be about 17.28 mmol. The plateau value of minimum surface
tension that can be reached by this surfactant was about 29.16 mN/m. These results
are plotted as surface tension versus concentration in Fig. 11. The results show the
difficulty in predicting surfactant activity on the basis of chemical structure; Surfactant
9, which differs only in the number of methylene groups in the carboxylic acid,

displays excellent activity.

Example 12: Synthesis of N-(4-(4-carboxyphenyhbuty)-6-((3-(1,1,1,5,5,5-
hexamethyl-3-((trimethylsily)oxy)trisiloxan-3-ypropyl)amino)-N,N-dimethy|-6-
oxohexan-1-aminium bromide (Surfactant 11)

0

OH
(HsC)aSiO\(I)S[(CH3)3 H Br/v\/<j)k

i N _CH
(HaC)sSI0™ > " j]/\/\/\r}l CHs

0 CHj
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[0309] To the siloxane derivative described in Example 1 is added 4-(4-

bromobutyl)benzoic acid to provide N-(4-(4-carboxyphenyl)butyl)-6-((3-(1,1,1,5,5,5-
hexamethyl-3-((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N,N-dimethyl-6-

oxohexan-1-aminium bromide.

Example 13: Synthesis of N-(4-carboxybenzy)-6-({(3-(1,1,1.5,5,5-hexamethyl-3-
((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N,N-dimethyl-6-oxohexan-1-aminium
bromide (Surfactant 12)

__ OSi(CHy); |, HO
(H3C)3S|O\/Si /CH3 Br

N N
(H5C);Si0 \ﬂ/\/\/\ |

o} CHs

i(CH Br
(HaC)sSi0. 2> (M2 i ®
N

_Si N
(HaC)sSIO N N \ﬂ/\/\/\/
o] HsC CHg OH

@)
[0310] To the siloxane derivative described in Example 1 is added 4-

(bromomethyl)benzoic acid to provide N-(4-carboxybenzyl)-6-((3-(1,1,1,5,5,5-
hexamethyl-3-((trimethylsilyl)oxy)trisiloxan-3-yl)propyl)amino)-N,N-dimethyl-6-

oxohexan-1-aminium bromide.

Example 14
Soaps comprising two or more inventive surfactants

[0311] Detergent formulation comprising the soap, fully saturated lauric soap
granule based on Prifac 5808 from Unigema, a first inventive surfactant, and a non-
ionic inventive surfactant. All formulations include 1.008 g/l of surfactant; and 0.25 to
0.67 of soap. The water was conditioned with a mixture of CaClz_2 H20) and MgClI-

H20), such that the ration of calcium to magnesium.
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Example 15
Dry cleaning formulations

[0312] Laundry articles are contacted with the following low aqueous dry
cleaning compositions A (see table 3) and agitated for 15 minutes at 20° C. using a
liquid to cloth ratio of 13. Subsequently, the dry cleaning composition is removed and
the laundry articles are rinsed with a rinse composition comprising clean dry cleaning
solvent. The experiment is repeated with following low agueous dry cleaning

compositions B-F (see table I) using an liquid to cloth ratio of 5.

TABLE 3
Composition

A B C D E F
Inventive 0.5
Surfactant A
(wt. %)

Invnetive 0.1
surfact B
0.1 0.5 0.1 0.5
Water — 0.25 05 0.5 1.0 1.0
Solvent
(Balance)
HFE-7200™ X X
Dodecamethyl X
pentasiloxane
Decamethyl X
tetrasiloxane
Decamethyl X X
cyclopentasiloxa
ne
Example 16
Cleaning composition suitable for food contact
[0313] Exemplary formulations lHlustrating ceriain embodiments of the cleaning

compositions can be formulated generally by adding the components into a suitably
sized vessel in no particular order and at room temperature. If any of the
components are solid, thick or gel-like at room temperature, they can be warmed o
render them pourable liquids prior to addition to the vessel. Mixing of the constituents

was achieved by the use of a mechanical stirrer with a small diameter propeller at
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the end of its rotating shaft. Mixing, which generally lasted from 5 minutes to 120
minuies was maintained until the particular exemplary formulation appeared to be
homogeneous. The exemplary compositions were readily pourable, and retained well
mixed characteristics {i.e., stable mixtures) upon standing for extend periods.

[0314]
1 — 12 disclosed herein, optionally a low concentration of a lower alcohol, and a

Exemplary agueous compositions may include one or more surfactants

fragrance. The composition may further be optimized for phase stability (i.e.,
maintenance of a single phase). The composition may further include from 0.1 to

0.6% isopropyl alcohol. The balance of the composition was water.

Table 15
Component Amount
Inventive Surfactant 1-12 0.001 wt.% to 80 wt.%
Fragance optional
solvent optional
Isopropyl alcohol 0.11t0 0.6%
water

Example 17

Clean-in-Place sample formulations
[0315] Exemplary formulations suitable for clean-in-place applications can be

formulated generally by adding the components indicated in Table 16 {amounts in
weight %} below into a suitably sized vessel in no particular order and at room

temperature.

Table 16 CIP Sample compositions [% of components]

Composition 1 Composition 2 Composition 3
nvaniive Surfactant 1- 1-50 10-40 25-35
12
Onidizing Agent 0.1-10 2-8 5-7
Stabilizing Agent 0,116 0.5-5 1-2
Acidutant 1-50 10-40 20-30
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Example 18
Antimicrobial MIC Studies

[0316] The antimicrobial properties of surfactants can be examined using
known methods and standard protocols, and various types of microorganisms as
treatment targets. As a general matter, standard protocols can be developed to
assess antimicrobial minimum inhibitory concentration (MIC) using serial dilution
method, giving concentration-dependent microorganism growth inhibition
measurements against gram positive (e.g., Streptococcus mutans, which is

anaerobic, and Staphylococcus aureus, which is usually aerobic but can grow also

anaerobically), gram negative (e.g., ¢ hich is anasrobie, or
Psudomonas aeruginosa, which is aerobic).

[0317] Bacteria are propagated overnight in a suitable growth medium, e.g., a
Tryptic Soy Broth. Prior to testing, the concentrations of the test organisms are
established using a spectrophotometer that can measure optical density. Those
bacterial samples are then diluted to about 1E3 to 1E4 CFU/mL. Thereafter, 10 puL
of the bacterial cultures thus prepared are inoculated into test wells of a 96-well
plate, each containing suitable growth media, for example, a Tryptic Soy Agar, and
once the bacterial cultures are inoculated, these wells are then treated with the test
specimen, serially diluted, are incubated at a temperature of 37 +/- 1°C and relative
humidity of not less than 90% for about 24 +/- 1 hour.

[0318] Test surfactants are prepared into dilution series. All dilutions are
conducted serially using a multichannel pipetter into 96-well microtiter plates. The
dilution series are typically established by range-finding exercises so as to determine
a high concentration ceiling and a series of diluted, lower concentrations so as to
ensure that the test substance would at no time completely inhibit bacterial growth
but still show effects.

[0319] The MIC is used to determine the approximate concentration of the test
surfactant at which there is inhibition of bacterial growth.

[0320] A reference substance is typically used as a positive control in this
antimicrobial testing protocol. For example, ADBAC Quarternary Amine having a

CAS number of 139-08-2 would be a suitable test reference.
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[0321] Test measurements are conducted on replicate 96-well plates, and
reported as the rounded whole number average of the determined MIC. Replicate
data are averaged by determination of the mean value (arithmetic average) for a
selected measure using the equation: Arithmetic mean = the sum of the numbers in
the set of interest/the number of terms. Measurement variability is then reported

based on the determined average in the form of MIC +/-.

ASPECTS
[0322] Aspect 1 is a formulation for cleaning, comprising: at least one
surfactant of Formula I:
. x©
(H3C)3Si0\3?fl—l\3)3/m N® R
(H3C)3Si0” WN: 2
o rN
Formula |

wherein R' and R? are the same or different, and comprise at least one group
selected from the group consisting of C1-Cs alkyl, optionally the C1-Cs alkyl may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
least one of these atoms, and the alkyl chain may be optionally substituted with one
or more substituents selected from the group consisting of hydroxyl, amino, amido,
sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate;

R3 is selected from the group consisting of alkenyl, alkynyl, ester, alcohol, aryl
alkyl, alkoxy alkyl ether, alkyl phosphate, alkyl phosphonate, Cs-Cs carboxylic acid,
C1-C1o alkyl benzoic acid, and a C1-C12 linker attached to a second molecule of
Formula |, wherein the second molecule of Formula | is the same or different form
the first molecule of Formula |;

nis an integer from 1 to 12; and

X is selected from the group consisting of chloride, bromide, and iodide;

and at least one detergent and/ or at least one soap.
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[0323] Aspect 2 is the formulation of Aspect 1, wherein the at least one
detergent or soap is selected from the group consisting of anionic detergents,
cationic detergents, non-ionic detergents, and zwitter ionic detergents.
[0324] Aspect 3 is the formulation of any of either Aspect 1 or Aspect 2,
wherein the soap is of the general formula:

(RCO2)n M™ wherein R includes an alkly group, M is a metal, and n+
is either +1 or +2.
[0325] Aspect 4 is the formulation of any of Aspects 1-3, further comprising: at
least one builder.
[0326] Aspect 5 is the formulation of Aspect 4, wherein the at least one builder
is at least one compound selected from the group consisting of: tripolyphosphates,
nitrilloacetic acid salts, zeolites, calcite/carbonate, citrate or polymers, sodium,
pyrophosphate, orthophosphate, sodium aluminosilicate, inorganic salts of alkaline
agents, inorganic salts of alkali metals, sulphates, silicates, and metasilicates.
[0327] Aspect 6 is the formulation of any of Aspects 1-5, further comprising: at
least one bleach.
[0328] Aspect 7 is the formulation of Aspect 6, wherein the at least one bleach
at is at least one compound selected from the group consisting of: metal borates,
persalts, peroxyacids, percarbonates, perphophates, persilicates, persulfates,
sodium hypochlorite, chlorine dioxide, hydrogen peroxide, sodium percarbonate,
sodium perborate, peroxoacetic acid, benzol peroxide, potassium persulfate,
potassium permanganate, and sodium dithionite.
[0329] Aspect 8 is the formulation of any of Aspects 1-7, further comprising: at
least one enzyme.
[0330] Aspect 9 is the formulation of Aspect 8, wherein the at least one
enzyme is selected from the group consisting of: proteases, amylases, cellulases,
oxidases, mannanases, peroxidases and lipases.
[0331] Aspect 10 is the formulation of any of Aspects 1-9, further comprising
at least one polymer.
[0332] Aspect 11 is the formulation of Aspect 10, wherein the at least one
polymer is at least one compound selected from the group consisting of: polymers of

methacrylamidem; ethylenically unsaturated monomer; N,N-dialkylaminoalkyl
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methacrylate; N,N-di alkylaminoalkyl acrylate; N,N-dialkylaminoalkyl acrylamide;
N,N—dialkylaminoalkylmethacrylamide; methacylamidoalkyl trialkylammonium salts;
acrylamidoalkylltrialkylamminium salts; vinylamine; vinyl imidazole; quaternized vinyl
imidazole and diallyl dialkyl ammonium salts; diallyl dimethyl ammonium salt; N,N-
dimethyl aminoethyl acrylate; N,N-dimethylaminoethyl methacrylate, [2-(
methacryloylamino)ethyl]tri - methylammonium salts; N,N-dimethylaminopropyl
acrylamide; N,N-dimethylaminopropyl methacrylamide, acrylamidopropyl trimethyl
ammonium salts, methacrylamidopropyl trimethylammonium salts, and quaternized
vinylimidazole.

[0333] Aspect 12 is a formulation for dry cleaning, comprising: at least one

surfactant of Formula I

. x©
(H3C)3SiO\;I)iSI(CH3)3 U 0o g
(HsC)3Si0™" " WN: ,

R
O R3

Formula |

wherein R' and R? are the same or different, and comprise at least one group
selected from the group consisting of C1-Cs alkyl, optionally the C1-Cs alkyl may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
least one of these atoms, and the alkyl chain may be optionally substituted with one
or more substituents selected from the group consisting of hydroxyl, amino, amido,
sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate;

R3 is selected from the group consisting of alkenyl, alkynyl, ester, alcohol, aryl
alkyl, alkoxy alkyl ether, alkyl phosphate, alkyl phosphonate, Cs-Cs carboxylic acid,
C1-C1o alkyl benzoic acid, and a C1-C12 linker attached to a second molecule of
Formula |, wherein the second molecule of Formula | is the same or different form
the first molecule of Formula |;

nis an integer from 1 to 12; and

X is selected from the group consisting of chloride, bromide, and iodide;
and at least one solvent.

[0334] Aspect 13 is the formulation of Aspect 12, wherein the at least one

solvent is at least one compound selected from the group consisting of:
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perchloroethylene, hydrocarbons, trichloroethylene, decamethylcyclopentasiloxane,
dibutoxymthane, and n-propyl bromide.
[0335] Aspect 14 is the formulation of any of either Aspect 12 or Aspect 13,
further comprising at least one co-solvent.
Aspect 15 is the formulation of Aspect 14 wherein the at least one co-solvent is at
least one compound selected from the group consisting of: alcohols, ethers, glycol
ethers, alkanes, alkenes, linear and cyclic amides, perfluorinated tertiary amines,
perfluoroethers, cycloalkanes, esters, ketones, aromatics, methanol, ethanol,
isopropanol, t-butyl alcohol, trifluoroethanol, pentafluoropropanol, hexafluoro-2-
propanol, methyl t-butyl ether, methyltamyl ether, propylene glycol n-propyl ether,
propylene glycol n-butyl ether, dipropylene glycol n-butyl ether, propylene glycol
methyl ether, ethylene glycol monobutyl ether, trans-1,2-dichloroethylene, decalin,
methyl decanoate, t-butyl acetate, ethyl acetate, glycol methyl ether acetate, ethyl
lactate, diethyl phthalate, 2-butanone, N-alkyl pyrrolidone (such as N-methyl
pyrrolidone, N-ethyl pyrroli done), methyl isobutyl ketone, naphthalene, toluene,
trifluorotoluene, perfluorohexane, perfluoroheptane, perfluorooctane,
perfluorotributylamine, and perfluoro-2-butyloxacyclopentane.
[0336] Aspect 16 is the use as a surfactant of a compound of Formula I
. x©
(H3C)3SiO\Sqifl-l\?’)B/||;]l n@/ R
(H3C)3Si0” Y@\N‘R2
O R
Formula |

wherein R' and R? are the same or different, and comprise at least one group
selected from the group consisting of C1-Cs alkyl, optionally the C1-Cs alkyl may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
least one of these atoms, and the alkyl chain may be optionally substituted with one
or more substituents selected from the group consisting of hydroxyl, amino, amido,
sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate;

R3 is selected from the group consisting of alkenyl, alkynyl, ester, alcohol, aryl
alkyl, alkoxy alkyl ether, alkyl phosphate, alkyl phosphonate, Cs-Cs carboxylic acid,

C1-C1o0 alkyl benzoic acid, and a C1-C12 linker attached to a second molecule of
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Formula |, wherein the second molecule of Formula | is the same or different form
the first molecule of Formula I;

nis an integer from 1 to 12; and

X is selected from the group consisting of chloride, bromide, and
iodide;
in a cleaning formulation, wherein the cleaning formulation comprises at least one

surfactant of formula [, at least one detergent, and/ or at least one soap.

[0337] Aspect 17 is the use of Aspect 16, wherein the at least one detergent
or soap is selected from the group consisting of anionic detergents, cationic
detergents, non-ionic detergents, and zwitter ionic detergents.
[0338] Aspect 18 is the use of any of either Aspect 16 or Aspect 17, wherein
the soap is of the general formula:

(RCO2)n M™ wherein R includes an alkly group, M is a metal, and n+
is either +1 or +2.
[0339] Aspect 19 is the use of any of Aspects 16-18, further comprising: at
least one builder.
[0340] Aspect 20 is the use of Aspect 19, wherein the at least one builder is at
least one compound selected from the group consisting of: tripolyphosphates,
nitrilloacetic acid salts, zeolites, calcite/carbonate, citrate or polymers, sodium,
pyrophosphate, orthophosphate, sodium aluminosilicate, inorganic salts of alkaline
agents, inorganic salts of alkali metals, sulphates, silicates, and metasilicates.
[0341] Aspect 21 is the use of any of Aspects 16-20, further comprising: at
least one bleach.
[0342] Aspect 22 is the use of Aspect 21, wherein the at least one bleach at is
at least one compound selected from the group consisting of: metal borates,
persalts, peroxyacids, percarbonates, perphophates, persilicates, persulfates,
sodium hypochlorite, chlorine dioxide, hydrogen peroxide, sodium percarbonate,
sodium perborate, peroxoacetic acid, benzol peroxide, potassium persulfate,
potassium permanganate, and sodium dithionite.
[0343] Aspect 23 is the use of any of Aspects 16-22, further comprising: at

least one enzyme.

98



WO 2025/034831 PCT/US2024/041249

[0344] Aspect 24 is the use of Aspect 23, wherein the at least one enzyme is
selected from the group consisting of: proteases, amylases, cellulases, oxidases,
mannanases, peroxidases and lipases.
[0345] Aspect 25 is the use of any of Aspects 16-24, further comprising at
least one polymer.
[0346] Aspect 26 is the use of Aspect 25, wherein the at least one polymer is
at least one compound selected from the group consisting of. polymers of
methacrylamidem; ethylenically unsaturated monomer; N,N-dialkylaminoalky!
methacrylate; N,N-di alkylaminoalkyl acrylate; N,N-dialkylaminoalkyl acrylamide;
N,N—dialkylaminoalkylmethacrylamide; methacylamidoalkyl trialkylammonium salts;
acrylamidoalkylltrialkylamminium salts; vinylamine; vinyl imidazole; quaternized vinyl
imidazole and diallyl dialkyl ammonium salts; diallyl dimethyl ammonium salt; N,N-
dimethyl aminoethyl acrylate; N,N-dimethylaminoethyl methacrylate, [2-(
methacryloylamino)ethyl]tri - methylammonium salts; N,N-dimethylaminopropyl
acrylamide; N,N-dimethylaminopropyl methacrylamide, acrylamidopropyl trimethyl
ammonium salts, methacrylamidopropyl trimethylammonium salts, and quaternized
vinylimidazole.
[0347] Aspect 27 is the use as a surfactant of a compound of Formula I
. x©
(H3C)3SiO\Sqifl-l\?’)B/||;]I n@/ R
(H3C)3Si0” T@\N‘R2
O R
Formula |

wherein R' and R? are the same or different, and comprise at least one group
selected from the group consisting of C1-Cs alkyl, optionally the C1-Cs alkyl may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
least one of these atoms, and the alkyl chain may be optionally substituted with one
or more substituents selected from the group consisting of hydroxyl, amino, amido,
sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate;

R3 is selected from the group consisting of alkenyl, alkynyl, ester, alcohol, aryl
alkyl, alkoxy alkyl ether, alkyl phosphate, alkyl phosphonate, Cs-Cs carboxylic acid,

C1-C1o0 alkyl benzoic acid, and a C1-C12 linker attached to a second molecule of
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Formula |, wherein the second molecule of Formula | is the same or different form
the first molecule of Formula I;

nis an integer from 1 to 12; and

X is selected from the group consisting of chloride, bromide, and iodide;
in a dry cleaning formulation, wherein the formulation at least one surfactant of
formula |, and at least one solvent.
[0348] Aspect 28 is the use of Aspect 27, wherein the at least one solvent is at
least one compound selected from the group consisting of: perchloroethylene,
hydrocarbons, trichloroethylene, decamethylcyclopentasiloxane, dibutoxymthane,
and n-propyl bromide.
[0349] Aspect 29 is the use of any of either Aspect 27 or Aspect 28, further
comprising at least one co-solvent.
[0350] Aspect 30 is the formulation of Aspect 29 wherein the at least one co-
solvent is at least one compound selected from the group consisting of: alcohols,
ethers, glycol ethers, alkanes, alkenes, linear and cyclic amides, perfluorinated
tertiary amines, perfluoroethers, cycloalkanes, esters, ketones, aromatics, methanol,
ethanol, isopropanol, t-butyl alcohol, trifluoroethanol, pentafluoropropanol,
hexafluoro-2-propanol, methyl t-butyl ether, methyltamyl ether, propylene glycol n-
propyl ether, propylene glycol n-butyl ether, dipropylene glycol n-butyl ether,
propylene glycol methyl ether, ethylene glycol monobutyl ether, trans-1,2-
dichloroethylene, decalin, methyl decanoate, t-butyl acetate, ethyl acetate, glycol
methyl ether acetate, ethyl lactate, diethyl phthalate, 2-butanone, N-alkyl pyrrolidone
(such as N-methyl pyrrolidone, N-ethyl pyrroli done), methyl isobutyl ketone,
naphthalene, toluene, trifluorotoluene, perfluorohexane, perfluoroheptane,

perfluorooctane, perfluorotributylamine, and perfluoro-2-butyloxacyclopentane.

[0351] Aspect 31 is cleaning formulation as disclosed in any one of aspects 1
to 16.
[0352] Aspect 36 is the use as a cleaning or dry cleaning of a formulation a

comprising at least one surfactant of a compound of Formula (1)
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x©
OSi(CH
(HiC)SI0-L (Cha)s 0 0o g
(HaC)aSiO™" " WN: 2
IR
O R3
Formula |

wherein R' and R? are the same or different, and comprise at least one group
selected from the group consisting of C1-Cs alkyl, optionally the C1-Cs alkyl may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
least one of these atoms, and the alkyl chain may be optionally substituted with one
or more substituents selected from the group consisting of hydroxyl, amino, amido,
sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate;

R3 is selected from the group consisting of alkenyl, alkynyl, ester, alcohol, aryl
alkyl, alkoxy alkyl ether, alkyl phosphate, alkyl phosphonate, C3-Cs carboxylic acid,
C1-C1o alkyl benzoic acid, and a C1-C12 linker attached to a second molecule of
Formula |, wherein the second molecule of Formula | is the same or different form
the first molecule of Formula |;

nis an integer from 1 to 12; and
X is selected from the group consisting of chloride, bromide, and
iodide.

[0353] Aspect 37 is the use of a formulation a comprising at least one

surfactant of a compound of Formula (I)

X@
(H3C)3SiO SSI(CH3 N @ Rt
(H3C)3Si0” N~ \H/@\N “R?
R3
Formula |

wherein R' and R? are the same or different, and comprise at least one group
selected from the group consisting of C1-Cs alkyl, optionally the C1-Cs alkyl may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at

least one of these atoms, and the alkyl chain may be optionally substituted with one
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or more substituents selected from the group consisting of hydroxyl, amino, amido,
sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate;

R3 is selected from the group consisting of alkenyl, alkynyl, ester, alcohol, aryl
alkyl, alkoxy alkyl ether, alkyl phosphate, alkyl phosphonate, C3-Cs carboxylic acid,
C1-C10 alkyl benzoic acid, and a C1-C12 linker attached to a second molecule of
Formula |, wherein the second molecule of Formula | is the same or different form
the first molecule of Formula I;

nis an integer from 1 to 12; and
X is selected from the group consisting of chloride, bromide, and iodide,

and water in a CIP or COP cleaning method or process.

[0354] Aspect 38 is the use of Aspect 37 wherein the formulation further

includes an oxidizing agent, a stabilizing agent, a fragrance or an acidulant.

[0001] Aspect 39 is a method of preparing the formulation of any one of
Aspects 1 to 11 comprising:

synthesizing a compound of Formula |

x©
i(CH
(H3C)3SIO\§)’ESI(C 3)3“ N g
(H3C)sSi0" " " NI,
R
O R3
Formula |

wherein R' and R? are the same or different, and comprise at least one group
selected from the group consisting of C1-Cs alkyl, optionally the C1-Cs alkyl may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
least one of these atoms, and the alkyl chain may be optionally substituted with one
or more substituents selected from the group consisting of hydroxyl, amino, amido,
sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate; R® is selected from the
group consisting of alkenyl, alkynyl, ester, alcohol, aryl alkyl, alkoxy alkyl ether, alkyl
phosphate, Cs-Cs carboxylic acid, C1-C1o alkyl benzoic acid, and a C1-Cs linker

attached to a second molecule of Formula |, wherein the second molecule is the

102



WO 2025/034831 PCT/US2024/041249

same or different; n is an integer from 1 to 12; and X is selected from the group
consisting of chloride, bromide, and iodide, the method comprising: a ring opening
step to open lactam ring to provide an amino acid having an N-terminus and a C-
terminus; a first alkylation step, to alkylate the N-terminus to provide a tertiary amine;
a coupling step, to react the C-terminus with 3-aminopropyltris(trimethylsiloxy)silane
to provide siloxane derivative; and a second alkylation step, to alkylate the N-
terminus to provide a quaternary amine of Formula I,

adding at least one detergent, and/ or at least one soap; and optionally, water.
[0002] Aspect 40 is a method of preparing the formulation of any one of
Aspects 12 to 15 comprising:

synthesizing a compound of Formula |

x©
i(CH
(H3C)3S|O\(S|)[SI(C 3)3 H n@ R1
(HsC)3Si0™" "> Y@\N: ,
"R
O RS

Formula |

wherein R' and R? are the same or different, and comprise at least one group
selected from the group consisting of C1-Cs alkyl, optionally the C1-Cs alkyl may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
least one of these atoms, and the alkyl chain may be optionally substituted with one
or more substituents selected from the group consisting of hydroxyl, amino, amido,
sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate; R® is selected from the
group consisting of alkenyl, alkynyl, ester, alcohol, aryl alkyl, alkoxy alkyl ether, alkyl
phosphate, Cs-Cs carboxylic acid, C1-C1o alkyl benzoic acid, and a C1-Cs linker
attached to a second molecule of Formula |, wherein the second molecule is the
same or different; n is an integer from 1 to 12; and X is selected from the group
consisting of chloride, bromide, and iodide, the method comprising: a ring opening
step to open lactam ring to provide an amino acid having an N-terminus and a C-
terminus; a first alkylation step, to alkylate the N-terminus to provide a tertiary amine;

a coupling step, to react the C-terminus with 3-aminopropyltris(trimethylsiloxy)silane
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to provide siloxane derivative; and a second alkylation step, to alkylate the N-
terminus to provide a quaternary amine of Formula I, and

adding a solvent.

[0003] Aspect 41 is a method of preparing a formulation for a CIP, a COP or a
hard-surface cleaning process, comprising:

synthesizing a compound of Formula |

x©
i(CH
(H3C)3SiO\gSI(C 3)3H N® g
(H3C)sSi0™ " "> N,
R
O R®
Formula |

wherein R' and R? are the same or different, and comprise at least one group
selected from the group consisting of C1-Cs alkyl, optionally the C1-Cs alkyl may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
least one of these atoms, and the alkyl chain may be optionally substituted with one
or more substituents selected from the group consisting of hydroxyl, amino, amido,
sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate; R® is selected from the
group consisting of alkenyl, alkynyl, ester, alcohol, aryl alkyl, alkoxy alkyl ether, alkyl
phosphate, Cs-Cs carboxylic acid, C1-C1o alkyl benzoic acid, and a C1-Cs linker
attached to a second molecule of Formula |, wherein the second molecule is the
same or different; n is an integer from 1 to 12; and X is selected from the group
consisting of chloride, bromide, and iodide, the method comprising: a ring opening
step to open lactam ring to provide an amino acid having an N-terminus and a C-
terminus; a first alkylation step, to alkylate the N-terminus to provide a tertiary amine;
a coupling step, to react the C-terminus with 3-aminopropyltris(trimethylsiloxy)silane
to provide siloxane derivative; and a second alkylation step, to alkylate the N-
terminus to provide a quaternary amine of Formula |,

and

adding at least one of an acidulent, an oxidizing agent or stabilizing agent; and

optionionally, water.
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[0004] Aspect 42 is the method of any of Aspects 39 to 41, wherein the lactam
is caprolactam.

[0005] Aspect 43 is the method of any of Aspects 39 to 42, wherein in the first
alkylation step, the tertiary amine is 6-(dimethylamino)hexanoic acid.

[0355] Aspect 44 is the method of any one of Aspects 39 to 43, wherein in the
second alkylation step, the N-terminus is alkylated with an alkylating agent selected
from the group consisting of benzyl bromide, ethyl bromoacetate, allyl iodide,
propargyl bromide, 1-bromo-2-(2-methoxyethoxy)ethane, bromo phosphonate, 3-
iodopropanol, 3-bromopropanol, 2-iodoethanol, 2-bromoethanol, 6-bromohexanoic

acid, and 1,3-dibromopropane.
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CLAIMS

1. A formulation for cleaning, comprising:

at least one surfactant of Formula I

. X©
(H3C)3S|O\§|SI(CH3)3 H n@ R1
(HaC)sSI0™" "~ WN: 2

"R
O RS
Formula |

wherein R' and R? are the same or different, and comprise at least one
group selected from the group consisting of C1-Cs alkyl, optionally the C1-Ce
alkyl may include one or more of oxygen, nitrogen, or sulfur atoms or groups
that include at least one of these atoms, and the alkyl chain may be
optionally substituted with one or more substituents selected from the group
consisting of hydroxyl, amino, amido, sulfonyl, sulfonate, carbonyl, carboxyl,
and carboxylate;

R3 is selected from the group consisting of alkenyl, alkynyl, ester,
alcohol, aryl alkyl, alkoxy alkyl ether, alkyl phosphate, alkyl phosphonate, Cs-
Cs carboxylic acid, C1-C1o alkyl benzoic acid, and a C1-C12 linker attached to
a second molecule of Formula |, wherein the second molecule of Formula |
is the same or different form the first molecule of Formula |;

nis an integer from 1 to 12; and

X is selected from the group consisting of chloride, bromide, and iodide,

and at least one detergent or at least one soap.

2. The formulation according to claim 1, wherein the at least one detergent or
soap is selected from the group consisting of: anionic detergents, cationic

detergents, non-ionic detergents, and zwitter ionic detergents.

3. The formulation according to claims 1 and 2, wherein the soap is of the

general formula:

(RCOz)n M
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wherein R includes an alkly group, M is a metal, and ™ is either +1 or +2.

4. The formulations of any one of claims 1-3, further comprising: at least one
builder, wherein the at least one builder is at least one compound selected from the
group consisting of: tripolyphosphates, nitrilloacetic acid salts, zeolites,
calcite/carbonate, citrate or polymers, sodium, pyrophosphate, orthophosphate,
sodium aluminosilicate, inorganic salts of alkaline agents, inorganic salts of alkali
metals, sulphates, silicates, and metasilicates;

and/or
further comprising:

at least one bleach, wherein the at least one bleach at is at least one
compound selected from the group consisting of: metal borates, persalts,
peroxyacids, percarbonates, perphophates, persilicates, persulfates, sodium
hypochlorite, chlorine dioxide, hydrogen peroxide, sodium percarbonate, sodium
perborate, peroxoacetic acid, benzol peroxide, potassium persulfate, potassium
permanganate, and sodium dithionite,

and/or
further comprising at least one enzyme, wherein the at least one enzyme is selected
from the group consisting of: proteases, amylases, cellulases, oxidases,
mannanases, peroxidases and lipases;

and/or
further comprising at least one polymer, wherein the at least one polymer is at least
one compound selected from the group consisting of: polymers of methacrylamidem;
ethylenically unsaturated monomer; N,N-dialkylaminoalkyl methacrylate; N,N-di
alkylaminoalkyl acrylate; N,N-dialkylaminoalkyl acrylamide; N,N—
dialkylaminoalkylmethacrylamide; methacylamidoalkyl trialkylammonium salts;
acrylamidoalkylltrialkylamminium salts; vinylamine; vinyl imidazole; quaternized vinyl
imidazole and diallyl dialkyl ammonium salts; diallyl dimethyl ammonium salt; N,N-
dimethyl aminoethyl acrylate; N,N-dimethylaminoethyl methacrylate, [2-(
methacryloylamino)ethyl]tri - methylammonium salts; N,N-dimethylaminopropyl

acrylamide; N,N-dimethylaminopropyl methacrylamide, acrylamidopropyl trimethyl
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ammonium salts, methacrylamidopropyl trimethylammonium salts, and quaternized

vinylimidazole.

5. A formulation for dry cleaning, comprising:

at least one surfactant of Formula I

x ©
OSi(CH
(H3C)38|O\ Ii I( 3)3 H n@ R1
(H3C)sSi0™ > N
O R
Formula |

wherein R' and R? are the same or different, and comprise at least one
group selected from the group consisting of C1-Ce alkyl, optionally the C1-
Cs alkyl may include one or more of oxygen, nitrogen, or sulfur atoms or
groups that include at least one of these atoms, and the alkyl chain may be
optionally substituted with one or more substituents selected from the
group consisting of hydroxyl, amino, amido, sulfonyl, sulfonate, carbonyl,
carboxyl, and carboxylate;

R3 is selected from the group consisting of alkenyl, alkynyl, ester,
alcohol, aryl alkyl, alkoxy alkyl ether, alkyl phosphate, alkyl phosphonate,
Cs-Cs carboxylic acid, C1-C1o alkyl benzoic acid, and a C1-Ci2z linker
attached to a second molecule of Formula |, wherein the second molecule
of Formula | is the same or different form the first molecule of Formula I;

nis an integer from 1 to 12; and

X is selected from the group consisting of chloride, bromide, and
iodide; and

at least one solvent.

6. The formulation according to claim 5, wherein the at least one solvent is at
least one compound selected from the group consisting of: perchloroethylene,
hydrocarbons, trichloroethylene, decamethylcyclopentasiloxane, dibutoxymthane,
and n-propyl bromide,

optionally further comprising.
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at least one co-solvent, wherein the at least one co-solvent is at least one
compound selected from the group consisting of: alcohols, ethers, glycol ethers,
alkanes, alkenes, linear and cyclic amides, perfluorinated tertiary amines,
perfluoroethers, cycloalkanes, esters, ketones, aromatics, methanol, ethanol,
isopropanol, t-butyl alcohol, trifluoroethanol, pentafluoropropanol, hexafluoro-2-
propanol, methyl t-butyl ether, methyltamyl ether, propylene glycol n-propyl ether,
propylene glycol n-butyl ether, dipropylene glycol n-butyl ether, propylene glycol
methyl ether, ethylene glycol monobutyl ether, trans-1,2-dichloroethylene, decalin,
methyl decanoate, t-butyl acetate, ethyl acetate, glycol methyl ether acetate, ethyl
lactate, diethyl phthalate, 2-butanone, N-alkyl pyrrolidone (such as N-methyl
pyrrolidone, N-ethyl pyrroli done), methyl isobutyl ketone, naphthalene, toluene,
trifluorotoluene, perfluorohexane, perfluoroheptane, perfluorooctane,

perfluorotributylamine, and perfluoro-2-butyloxacyclopentane.

7. A formulation for hard surface cleaning, comprising:

at least one surfactant of Formula I:

x©
i(CH
(l—lgc:)gsio\é)is'(C 3)3H N® g
(H3C)sSi0" "~ \[(H\N: X
IR
O R
Formula |

wherein R' and R? are the same or different, and comprise at least one
group selected from the group consisting of C1-Ce alkyl, optionally the C1-Ce
alkyl may include one or more of oxygen, nitrogen, or sulfur atoms or groups
that include at least one of these atoms, and the alkyl chain may be
optionally substituted with one or more substituents selected from the group
consisting of hydroxyl, amino, amido, sulfonyl, sulfonate, carbonyl, carboxyl,
and carboxylate;

R3 is selected from the group consisting of alkenyl, alkynyl, ester,
alcohol, aryl alkyl, alkoxy alkyl ether, alkyl phosphate, alkyl phosphonate, Cs-

Cs carboxylic acid, C1-C1o alkyl benzoic acid, and a C1-C12 linker attached to
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a second molecule of Formula |, wherein the second molecule of Formula |
is the same or different form the first molecule of Formula |;

nis an integer from 1 to 12; and

X is selected from the group consisting of chloride, bromide, and iodide,

optionally an antimicrobial agent, and water.

8. The formulation according to claim 7, wherein the antimicrobial agenis is

present and has a greater than 1 logie reduction in 30 seconds.

9. The formulation according to claims 7 or claim 8, wherein the antirmicrobial

agents is present at a conceniration level of at least about 50 ppm.

10.  The formulations of any one of claims 7 - 9, further comprising a further
additive selected from acidulants, stabilizing agents, chelating agents, ssquestrants,
bhuffers, detergents, welling agents, defoaming agents, thickeners, foaming agents,
solidification agenis, colorants, odorants, or perfumes, optionally further comprising a
sgap, bigach, or detergent.

11.  The use of the formulation of any of claims 1 — 4 for cleaning.

12.  The use of the formulation of claim 5 or claim 6 for dry-cleaning.

13.  The use of the formulation of any of claims 7 — 9 for hard-surface cleaning.

14. A method of preparing the formulation of any of claims 1 to 11 comprising:

synthesizing a compound of Formula |

x©
i(CH
(H3c;)3,310\;|)is'(C 3)3H N® g
(H3C)3Si0™ " " N,
IR
O R®
Formula |
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wherein R' and R? are the same or different, and comprise at least one group
selected from the group consisting of C1-Cs alkyl, optionally the C1-Cs alkyl may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
least one of these atoms, and the alkyl chain may be optionally substituted with one
or more substituents selected from the group consisting of hydroxyl, amino, amido,
sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate; R® is selected from the
group consisting of alkenyl, alkynyl, ester, alcohol, aryl alkyl, alkoxy alkyl ether, alkyl
phosphate, Cs-Cs carboxylic acid, C1-C1o alkyl benzoic acid, and a C1-Cs linker
attached to a second molecule of Formula |, wherein the second molecule is the
same or different; n is an integer from 1 to 12; and X is selected from the group
consisting of chloride, bromide, and iodide, the method comprising:

a ring opening step to open lactam ring to provide an amino acid having an N-
terminus and a C-terminus;

a first alkylation step, to alkylate the N-terminus to provide a tertiary amine;

a coupling step, to react the C-terminus with 3-
aminopropyltris(trimethylsiloxy)silane to provide siloxane derivative; and

a second alkylation step, to alkylate the N-terminus to provide a quaternary
amine of Formula I; and

adding a further compound selected from at least at least one detergent or at

least one soap, a solvent or an antimicrobial agent, and water.

15.  The method of claim 14, wherein the lactam is caprolactam.
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