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INTERMEDIATES AND SURFACTANTS USEFUL IN HOUSEHOLD CLEANING AND PERSONAL

CARE COMPOSITIONS, AND METHODS OF MAKING THE SAME

FIELD OF THE INVENTION

This disclosure relates to novel mixtures of scattered-branched chain fatty acids, fatty alcohols,

fatty acid derivatives, fatty alcohol derivatives, and mixtures thereof, and uses of these mixtures in

cleaning compositions (e.g., dishcare, laundry, hard surface cleaners,) and/or personal care compositions

(e.g., skin cleansers, shampoos, hair conditioners).

BACKGROUND OF THE INVENTION

Surfactants are the single most important cleaning ingredient in household and personal care

cleaning products. Environmental regulations, consumer habits, and consumer practices have forced new

developments in the surfactant industry to produce lower-cost, higher-performing, and environmentally

friendly products. Examples of developments in the surfactant industry are described by J . Scheibel in the

Journal of Surfactants and Detergents, "The Evolution of Anionic Surfactant Technology to Meet the

Requirements of the Laundry Detergent Industry," volume 7, number 4, October, 2004 ("Scheibel JSD

Article" hereinafter), which is incorporated herein by reference. Today, challenges facing the surfactant

industry include colder wash temperatures, less efficient builders, liquid products without calcium control,

and a push for reduced surfactant use overall because of the perceived environmental impact of

surfactants.

Alkylbenzene sulfonates (ABS) are surfactants derived from tetrapropylene that have very

complex branching structures (e.g., 3 or 4 branches per molecule). The structure below illustrates one

example of a hard ABS molecule, which has branching near the polar head group and in the middle of the

surfactant.

Hard ABS

ABS surfactants were prominent until the early 1960s when they were subjected to environmental

regulations for being poorly biodegradable. ABS surfactants were then replaced with the readily

biodegradable linear alkylbenzene sulfonate (LAS) surfactants, which are easily obtainable and currently

in use today. Use of LAS surfactants and other similar linear surfactants is limited because they have

poor solubility in cold- and hard-water conditions. In fact, more than half of the LAS detergent in

products may be lost during use due to the formation of multilayered vesicles that resemble large onion-



like structures. Formulators can increase the solubility of linear surfactants by, for example, introducing

co-surfactants or by using linear alcohol ethoxylated sulfates (AES). However, AES surfactants have

lower surface activity as well as lower mass efficiency than LAS surfactants. Further, the use of co-

surfactants or AES surfactants limits formulation flexibility and can add substantial cost to the detergent.

ABS, LAS, and AES surfactants are described in detail in the Scheibel JSD article.

Surfactants with light, mid-chain branching, such as highly soluble alcohol sulfate (HSAS)

surfactants derived from petroleum feedstocks, were then developed for use in consumer products. HSAS

surfactants, which are illustrated in the Scheibel JSD article, as well as U.S. Patent Nos. 6,020,303;

6,060,443; and 6,335,312; and U.S. Patent Application Publication No. 2010/0137649 (each incorporated

herein by reference), traditionally contain alkyl branching on carbon atoms that are at both the even and

odd-numbered positions of the longest linear chain of the surfactant. HSAS surfactants provide good

cleaning ability in cold, hard water, have high solubility, good grease removal properties, and good

biodegradability. Because surfactants with mid-chain branching are widely used by consumers, a need

exists to further improve their biodegradability.

SUMMARY OF THE INVENTION

In one aspect, the invention relates to a composition that includes mixture of at least two

compounds of Formula I :

wherein each R1 independently is H or CH3, with the proviso that 1, 2, or 3 R1 is CH3;

m is 1 or 2;

n is 3, 4, 5, 6, 7, 8, or 9;

p is 1, 2, 3, 4, 5, 6, 7, or 8; and,

Y is CH2 or absent, with the proviso that when:

(a) Y is CH2, Z is selected from the group consisting of hydroxyl, an alkoxyl, a sulfate, a

disulfate, a sulfonate, a disulfonate, a sulfosuccinate, an amine, a monoalkylamine, a dialkylamine, an

amine oxide, a polyhydroxy moiety, a phosphate ester, a polyphosphate ester, a phosphonate, a glycerol

ether, a glycerol ether sulfonate, a polygluconate, a monoglycerol ether, a diglyerol ether, a glycerol

ether sulfate, a polyglycerol ether, a polyglycerol ether sulfate, a polyglucoside, an

ammonioalkanesulfonate, an alkylated quat, an alkyated/hydroxyalkylated quat, an



alkylated/polyhydroxyakylated quat, an alkylated/polyhydroxylated oxypropyl quat, a glycol amine quat,

a polyoxyalkylene, an alkoxylated sulfate, a pyridinium moiety, a betaine, a sulfobetaine, an

aminocarboxylate, an iminodicarboxylate, a phenol ethoxylate, an imidazoline, an O-alkyl ester (i.e.,

0(C=0)R, wherein R is an alkyl group), and an alkoxylated carboxylate; and,

(b) Y is absent, Z is selected from the group consisting of a carboxylic acid, a carboxylate, a

glycerol ester sulfonate, a sulfosuccinamate, a glucamide, a taurinate, a sarcosinate, a glycinate, a

dialkanolamide, a monoalkanolamide, a monoalkanolamide sulfate, a diglycolamide, a diglycolamide

sulfate, a glycerol ester, a glycerol ester sulfate, an amidopropyl betaine, a sugar ester (e.g., a sorbitan

ester), a glycerol ester quat, an isethionate, a sulfonated fatty acid, a sulfonated alkyl ester, a C-alkyl ester

(i.e., (C=0)OR, wherein R is an alkyl group), an amide, and a polyalkoxylated amidopropyl betaine.

The mixture is present in the composition an amount of at least about 80 wt.%, preferably at least

about 90 wt.%, more preferably at least about 95 wt.%, even more preferably at least about 97 wt.%, for

example, at least about 99 wt.% or about 100 wt.%, based on the total weight of the composition. Further,

the mixture comprises no more than about 5 wt.%, preferably no more than about 3 wt.%, more preferably

no more than about 1 wt.% of compounds that have a longest linear carbon chain of 9 carbon atoms or

fewer. Further still, the mixture comprises less than about 50 wt.% of compounds of Formula I that have

branching on a carbon atom that is within 40% of the nonfunctionalized terminus of the longest carbon

chain, based on the total weight of the mixture.

In some embodiments, the mixture of the at least two compounds of Formula I further comprises

at least one com ound of Formula III:

wherein q is 7, 8, 9, 10, 11, 12, 13, 14, 15, 19, 17, 18, 19, or 20;

p is 1, 2, 3, 4, 5, 6, 7, or 8; and,

Y is CH2 or absent, with the proviso that when:

(a) Y is CH2, Z is selected from the group consisting of hydroxyl, an alkoxyl, a sulfate, a

disulfate, a sulfonate, a disulfonate, a sulfosuccinate, an amine, a monoalkylamine, a dialkylamine, an

amine oxide, a polyhydroxy moiety, a phosphate ester, a polyphosphate ester, a phosphonate, a glycerol

ether, a glycerol ether sulfonate, a polygluconate, a monoglycerol ether, a diglyerol ether, a glycerol ether

sulfate, a polyglycerol ether, a polyglycerol ether sulfate, a polyglucoside, an ammonioalkanesulfonate, an

alkylated quat, an alkyated/hydroxyalkylated quat, an alkylated/polyhydroxyakylated quat, an



alkylated/polyhydroxylated oxypropyl quat, a glycol amine quat, a polyoxyalkylene, an alkoxylated

sulfate, a pyridinium moiety, a betaine, a sulfobetaine, an aminocarboxylate, an iminodicarboxylate, a

phenol ethoxylate, an imidazoline, an O-alkyl ester, and an alkoxylated carboxylate; and,

(b) Y is absent, Z is selected from the group consisting of a carboxylic acid, a carboxylate, a

glycerol ester sulfonate, a sulfosuccinamate, a glucamide, a taurinate, a sarcosinate, a glycinate, a

dialkanolamide, a monoalkanolamide, a monoalkanolamide sulfate, a diglycolamide, a diglycolamide

sulfate, a glycerol ester, a glycerol ester sulfate, an amidopropyl betaine, a sugar ester, a glycerol ester

quat, an isethionate, a sulfonated fatty acid, a sulfonated alkyl ester, a C-alkyl ester, an amide, and a

polyalkoxylated amidopropyl betaine.

The at least one compound of Formula III is present in the mixture in an amount of at least about

1 wt.%, at least about 10 wt.%, at least about 30 wt.%, at least about 50 wt.%, at least about 70 wt.%, at

least about 80 wt.%, at least about 90 wt.%, or at least about 95 wt.%, based on the total weight of the

mixture. For example, the at least one compound of Formula III can be present in the mixture in an

amount of about 1 wt.% to about 95 wt.%, based on the total weight of the mixture.

In some embodiments, the component of the at least two compounds of

Formula I has a biobased content of at least about 50%, at least about 60%, at least about 70%, at least

about 80%, at least about 90%, at least about 95%, at least about 97%, or about 100%.

In some embodiments, at least one compound of Formula I contains a methyl branch at a position

selected from the group consisting of the 2-, 4-, 6-, 8-, 10-, 12-, or 14-position. In some embodiments, a

compound of Formula I contains one methyl branch. In these embodiments, the one methyl branch is at a

position selected from the group consisting of the 2-, 4-, 6-, 8-, 10-, 12-, or 14-position.

In another aspect, the invention relates to a composition comprising a mixture of at least two

compounds of Formula I, as previously described, wherein the mixture is produced by

(a) culturing a cell comprising:

(i) an exogenous or overexpressed polynucleotide comprising a nucleic acid

sequence encoding a polypeptide that catalyzes the conversion of propionyl-CoA to methylmalonyl-

CoA; and/or,

(ii) an exogenous or overexpressed polynucleotide comprising a nucleic acid

sequence encoding a polypeptide that catalyzes the conversion of succinyl-CoA to methylmalonyl-CoA,

under conditions allowing expression of the polynucleotide(s) and production a mixture of at least two

compounds of Formula II:



wherein the cell produces more compounds of Formula II than an otherwise similar cell that does not

comprise the polynucleotide(s);

(b) extracting from culture the mixture of at least two compounds of Formula II; and,

(c) derivatizing the compounds of Formula (II) to form the mixture of at least two

compounds of Formula I .

In yet another aspect, the invention relates to a cleaning composition that includes (a) about 0.001

wt.% to 99.999 wt.% of the composition containing the mixture of at least two compounds of Formula I,

as defined above, and (b) about 0.001 wt.% to about 99.999 wt.%, preferably about 1 wt.% to about 80

wt.% of an additional cleaning component. The additional cleaning component can include, for example,

a surfactant, an enzyme, a builder, an alkalinity system, an organic polymeric compound, a hueing dye, a

bleaching compound, an alkanolamine, a suds suppressor, a soil suspension agent, an anti-redeposition

agent, a corrosion inhibitor, or mixtures thereof. The cleaning composition can be, for example, a

granular detergent, a bar-form detergent, a liquid laundry detergent, a liquid hand dishwashing

composition, a hard surface cleaner, a tablet, a disinfectant, an industrial cleaner, a highly compact liquid,

a powder, or a decontaminant. The cleaning composition typically contains a carrier, such as water or

other solvents.

In yet another aspect, the invention relates to a personal care composition that includes (a) about

0.001 wt.% to about 99.999 wt.% of the composition containing the mixture of at least two compounds of

Formula I, as defined above, and (b) about 0.001 wt.% to about 99.999 wt.%, preferably about 1 wt.% to

about 80 wt.% of an additional personal care component. The additional personal care component can

include, for example, one or more of a cosmetically acceptable carrier, a hair fixing polymer, a propellant,

a surfactant, a cationic surfactant system, a high melting point fatty compound, a cationic polymer, a

nonionic polymer, a conditioning agent, an anti-dandruff active, a humectant, a suspending agent, an

aqueous carrier, a dispersed particle, a gel matrix, a skin care active, a thickener, a glossing and shine-

imparting agent, a dye, a particle, glitter, a colored particle, and mixtures thereof. The personal care

composition can be, for example, a shampoo, a hair conditioner, a hair treatment, a facial soap, a body

wash, a body soap, a foam bath, a make-up remover, a skin care product, an acne control product, a

deodorant, an antiperspirant, a shaving aid, a cosmetic, a depilatory, a fragrance, and a mixture thereof.



DETAILED DESCRIPTION OF THE INVENTION

The invention relates to compositions containing mixtures of at least two scattered-branched chain

fatty compounds (i.e., fatty acids, fatty alcohols, fatty acid derivatives, fatty alcohol derivatives, and

mixtures thereof that have one, two, or three methyl branches at even-numbered carbon atoms of the

longest carbon chain). Similar to compositions that contain fatty compounds with branching at odd-

numbered carbon atoms, the compositions of the invention demonstrate excellent performance (e.g., good

cleaning ability in cold, hard water; high solubility; and good grease removal properties) when used as

surfactants in household and personal care cleaning applications. Advantageously, however, the absence

of branching at odd-numbered carbon atoms allows the compositions of the invention, to exhibit improved

biodegradability when used in consumer formulations. Further, the mixtures of scattered-branched

compounds of the cationic type can form unique ionic crystal liquid concentrates when combined with

certain anionic surfactants. These concentrates can be stored and shipped at low cost, and added to a

personal care or cleaning composition at will. The even- and odd-numbered positions of an example fatty

acid and an example fatty alcohol are illustrated below.

O
9 7 5 3 1

10 8 6 4 2 10 8 6 4 2

International Patent Application Publication No. WO/1999/02072 (the '722 publication),

incorporated herein by reference, describes the use of branched fatty acids, salts of branched fatty acids,

and lower esters as useful in formulations, such as for laundry products, personal care products,

pharmaceutical compositions, industrial cleaners, and the like. However, the '722 publication does not

teach the utility of scattered-branched chain fatty acids, salts of scattered-branched fatty acids or lower

esters with methyl branching solely on even-numbered carbons. The '722 publication also does not teach

the utility of scattered-branched chain alcohols and their derivatives with methyl branching solely on

even-numbered carbons.

U.S. Patent Application No. 2010/0137649 and U.S. Patent Application Serial No. 61/315,594,

each incorporated herein by reference, disclose surfactants derived from isoprene units that have

branching at even-numbered carbon atoms, as shown below.



These scattered-branched fatty compounds are limited because the starting materials are isoprene

units. The total number of carbon atoms of isoprene-derived surfactants is limited to, for example, 11, 16,

or 2 1 when the surfactant contains, 2, 3, or 4 isoprene units, respectively. Further methyl branching on

even-numbered carbon atoms is restricted to a regular distribution of three methylene units between each

methyl branch (e.g., methyl branches at the 4, 8, 12, and 16 positions) and does not allow for methyl

branching at, for examples, the 2, 6, 10, and 14 positions. This regular distribution of branching also does

not allow for compounds that contain 16 or greater carbon atoms in the longest linear chain and less than

four methyl branches, or for compounds that have no methyl branching at the 4 position. Further still,

isoprene-derived surfactants necessarily contain a methyl branch at the iso-position (i.e., they have near-

terminal branching). Surfactants with near-terminal branches disrupt crystallinity less efficiently than

surfactants that have mid-chain branching. Even further, the production of isoprene-derived surfactants

involves the hydroformylation of farnesene, which can result in the incorporation of a carbon atom that is

not derived from a renewable resource.

Similar to compositions that include fatty compounds with branching at odd-numbered carbon

atoms, the compositions that contain mixtures of least two scattered-branched fatty compounds have been

found to provide excellent performance when used in conditioning applications, such as, for example, hair

conditioners. For example, these compositions are stable at low temperatures, dilute quickly and easily,

and tolerate hard water conditions, avoiding the precipitation of calcium salts and anionic surfactants,

which results in improved performance and desirable hair feel. It was thought that these scattered-

branched compounds would destroy the gel networks required for appropriate physical properties in some

conditioning formulations. Unexpectedly, it was found that using mixtures of scattered-branched

compounds actually allows the phase of the gel networks to be controlled and provides more formulation

flexibility for the manufacturer of the consumer goods products containing the scattered-branched

compounds. In fact, the composition of the invention can act as a sustainable alternative to silicones in

some applications. Advantageously, as previously described, the absence of branching at odd-numbered

carbon atoms allows these conditioning compositions to exhibit improved biodegradability.

Biodegradation of fatty compounds involves the oxidation of the fatty compound to its

corresponding fatty acid. The fatty acid undergoes beta oxidation, which is a universal pathway in living

organisms (e.g., E. coli) that can metabolize alkanes, fatty alcohols, and fatty acids. This biochemical

pathway involves oxidation of the carbon atom that is in the beta position (i.e., an odd-numbered carbon

atom) relative to the carboxyl group, and subsequent cleavage of the bond between the beta (i.e., an odd-

numbered carbon atom) and alpha (i.e., an even-numbered carbon atom) carbon atoms to shorten the fatty

acid by two carbon atoms, as shown below.



beta oxidation

beta oxidation

beta oxidation

If the fatty acid contains a methyl branch at the alpha position (i.e., an even-numbered carbon

atom), beta oxidation occurs to result in the loss of a three carbon atom species, as shown below.

beta oxidation
biodegradation

If the fatty acid contains a methyl branch at the beta position (i.e., an odd-numbered carbon atom),

beta oxidation cannot not proceed, stopping the biodegradation process, as shown below.

beta oxidation

— — no biodegradation

This differential effect of methyl substitution on an alpha versus beta carbon atoms on

biodegradation was shown by Schaeffer et al. Appl. Environ. Microbiol. 38:742-746 (1979), incorporated

herein by reference, who screened 27 octane utilizing strains of bacteria and fungi for growth on 3,6

dimethyl octane, 2,7 dimethyl octane and 2,6 dimethyl octane. Nine strains were found to use the

branched hydrocarbons as a sole carbon source with the only substrates used being those with at least

methyl on an alpha carbon relative to the terminal carbon (i.e. methyl branch in the 2 or 7 position). In

contrast, 3,6 dimethyl octane in which both methyls were located on beta carbons did not support growth

of any of the strains. Similar negative effects on biodegradation resulting from methyl substitution on

beta carbons have been reported by McKenna, E. J . Microbial metabolism of normal and branched chain

alkanes, p. 73-97. In Degradation of synthetic organic molecules in the biosphere. National Academy of

Sciences, Washington, D.C. (1972); and Pirnik Crit. Rev. Microbiol. 5:413-422 (1977), each incorporated

herein by reference.



This differential effect between branching on even- and odd-numbered carbon atoms was also

shown with surfactants that each had one methyl branch and a total of 17 carbon atoms. When 8-methyl-

1-hexadecanol sulfate sodium salt, 10-methyl-l-hexadecanol sodium salt, and 7-methylhexadecanol

sulfate sodium salt where each exposed to a bacterial inoculum under identical incubation conditions, they

exhibited relative surfactant build-up amounts of 11.67, 1.56, and 100, respectively. The build-up of the

surfactants that had a branch on an even-numbered carbon atom was at least an order of magnitude lower

than the build-up of the surfactant that had a branch on an odd-numbered carbon atom, demonstrating a

greater amoung of biodegradation was occurring. The relative build-up amounts of the surfactants was

characterized by GC-MS. The GC-MS method was run on extracts derived from in vitro batch

biodegradation assays consisting of a consortium of representative environmental bacterial isolates grown

in the presence of 0.1% (wt./vol) surfactant. Sample collection occurred on Twister Bar and analyses was

conducted via TDSA-GC/MS/FTD. The determination of branched fatty acid was based on extracted ion

m/z = 87, and the relative data was reported as a sum of the branched homologs of C8-C1 1 peak areas.

Consequently, fatty compounds undergoing beta oxidation that have methyl branching at even-

numbered positions exhibit better biodegradability than branched materials in which methyl branches

occur at odd-numbered positions or that have random branching. Furthermore, such targeted location of

methyl branches on even-numbered carbon atoms eliminates the occurrence of vicinal methyl substitution,

which can lead to even greater recalcitrance than beta substitution. While some microorganisms have

been found to have an alpha oxidation pathway, which can shorten an alkyl chain by one carbon thereby

unblocking beta oxidation, no reports exist regarding microbes capable of breaking the bond between

carbon atoms that are both methyl substituted.

Fatty compounds that contain methyl branches on even- versus odd-numbered carbon atoms

provide several biodegradation benefits. These compounds can be biodegraded by a broader range of

microbes, they will biodegrade more rapidly due to the need for only a single biodegradation pathway,

and biodegradation will be more extensive and complete due to the absence of vicinal substitutions that

could result in the formation of persistent metabolites.

The compositions comprising mixtures of at least two scattered-branched fatty compounds of the

invention are also advantageous over other surfactants that have mid-chain branching because they

contain branches that each include only one carbon atom (i.e., methyl branches), and because they conatin

a maximum of three of these methyl branches. This particular composition and number of the branches

provides a balance between good performance and efficient use of carbon atoms. In general, mid-chain

branching on surfactants is beneficial because it interferes with crystal formation in surfactant systems.

This interference provides benefits to surfactant compositions, such as keeping oil fluid at low

temperatures, allowing the surfactant to function in the presence of calcium ions, and disrupting

crystallinity in low temperature wash conditions. These beneficial effects are demonstrated with



surfactants that have one, two, or three methyl branches. Additional methyl branching simply adds mass

to the fatty compound without providing increased improvement in performance. Similarly, ethyl

branching also adds mass to the fatty compound without increasing the beneficial properties of the

scattered-branched surfactant.

The at least two scattered-branched fatty compounds of the invention are also advantageous

because they necessarily contain at least one methylene carbon between methyl branches and do not allow

for adjacent methyl branching. Adjacent methyl branching not only results in decreased biodegradation

ability, as previously disclosed, but also is an inefficient use of mass. Fatty compounds that have

branching on adjacent carbon atoms (e.g., carbon atoms 4 and 5) function similarly to fatty compounds

that have just one methyl branch (e.g., at the 5-position).

The mixtures of the invention are advantageous for use in cleaning compositions (when

derivatized to contain, for example, sulfate end groups) and conditioning compositions (when derivatized

to contain, for example, hydroxy or cationic end groups on long chain compounds). The light degree of

branching on even-numbered carbon atoms of the scattered-chain branched compounds allows facile

biodegradation, as previously described.

In household cleaning compositions, the unique structure of the scattered-branched chain

compounds, when the correct chain lengths and mixtures are used for said purpose, provides for good

cleaning ability in cold, hard water, high solubility, good grease removal, high sudsing ability, and lack of

a visible residue on hard surfaces and fabrics. This lack of a visible residue results in low or no odor after

use. Further, compositions of the invention have good compaction without low temperature stability

issues, dilute quickly and easily, even in cold water, and, in some embodiments, do not precipitate out of

solution. The aforementioned properties are highly desired in dishcare, laundry, and shampoo

applications.

In personal care compositions, the scattered-branched chain compounds in the mixtures can act as,

for example, surfactants, conditioners, or cosurfactant performance boosting agents. The scattered-

branched compounds advantageously can be incorporated into a personal care composition as a free

surfactant a free conditioning agent, as part of a gel network, or any combination thereof. In personal

care applications, the mixtures of the invention provide higher tolerance to precipitation with calcium and

magnesium in hard water, have excellent rinsability, particularly with respect to the speed of rinsability,

and improved cleaning in cooler wash temperatures.

Anionic surfactants derived from the mixtures of the invention advantageously have good

solubility at low temperatures. Nonionic surfactants derived from the mixtures of the invention

advantageously have low melting points. Cationic surfactants derived from the mixtures of the invention

can complex with anionic surfactants without inducing crystallization. This ability to avoid crystallization

is especially advantageous during storage or transport conditions.



The compositions of the invention are further advantageous because they can be tuned to include

mixtures of scattered-chain branched compounds that have specific carbon chain lengths to meet the needs

of specific cleaning and conditioning applications. For superior cleaning performance, the distribution of

chain lengths in mixtures containing scattered-branched surfactants should maximally span 10-23 carbon

atoms. For example, mixtures containing scattered-branched compounds with 12, 13, and 14 carbon

atoms, or 12 and 13 carbon atoms, or 12 and 15, or 13 and 16, in the longest carbon chain provide

desirable sudsing performance. Mixtures containing scattered-branched compounds within a range of 10

to 13 carbon atoms in the longest carbon chain are desirable for dishcare compositions. Mixtures

containing scattered-branched compounds within a range of 12 to 15 carbon atoms in the longest carbon

chain are desirable for laundry compositions. Mixtures containing scattered-branched compounds within

a range of 8 to 12 carbon atoms in the longest carbon chain are desirable for hard surface cleaning

compositions. If surfactants with longer carbon chains are used for a hard surface cleaning composition,

for example, the surfactants tend to crystallize on surfaces to form a residue, which is a negative

performance signal to customers. For example, the mixtures of the invention can contain scattered-chain

branched compounds with 12 and 15 total carbon atoms; 12, 13, and 14 total carbon atoms; or 11, 13, and

17 total carbon atoms, e.g., mixtures that could not previously be obtained without excessive cost. Further

still, the mixtures of the invention can include specific scattered-chain branched fatty compounds with

multiple functions. For example, the mixtures of the invention can include scattered-branched chain

compounds with 12 and 18 total carbon atoms, making it useful for both surfactant performance and

fabric softening.

In the past, use of scattered-branched fatty compounds in cleaning and conditioning applications

was not pursued because these compounds were only found as very low concentration materials in

biological systems and were too expensive to produce in commercial quantities via isolation and

purification techniques. As such, the mixtures of scattered-branched chain fatty acids found in biological

systems are not viable feedstocks and do not allow control of the composition of the scattered-branched

chain fatty acids. For example, Ackman et al., Lipids 7(10):683-691 (1966), incorporated herein by

reference, discloses the isolation of isomeric methyl esters of C15, C17, and C19 fatty acids having

methyl branches on even-numbered carbon atoms from ruminant fats.

Further, the mixtures of scattered-branched fatty compounds that are obtained from biological

systems often contain scattered-branched fatty compounds that have less than 10 carbon atoms in their

longest linear chain. Fatty compounds that have less than 10 carbon atoms in their longest linear chain are

significantly less desirable in cleaning and, especially, conditioning applications. For example, Yu et al.,

Lipids 23(8):804-810 (1988), incorporated herein by reference, illustrates that the fatty acid component of

the preen gland wax of Shanghai ducks includes over 20 wt. of fatty acids that have nine or less carbon

atoms in the longest linear chain, based on the total weight of fatty acids.



Further still, mixtures of scattered-branched fatty compounds that are obtained from biological

systems often contain a high proportion of iso-branched compounds and compounds that have more than

three methyl branches. As previously described, surfactants with iso-branching disrupt crystallinity less

efficiently than compounds with mid-chain branching. Also as previously described, surfactants with

greater than three methyl branches have a greater amount of mass without improved benefits. For

example, Smith et al., Lipids 14(4):350-355 (1979), incorporated herein by reference, discloses that the

perinephric triacylglycerols of semi-feral fallow deer contain 15.5 wt. of branched-chain fatty acids,

based on the total weight of fatty acids. Of these branched-chain fatty acids, over 50 wt.% (i.e., 8.96

wt.%) have branching at the iso-position, based on the total weight of branched-chain fatty acids. The

deer tallow also includes 2, 6, 10, 14-tetramethylpentadecanoic acid and 3, 7, 11, 15-

tetramethylhexadecanoic acid.

MIXTURES OF SCATTERED-BRANCHED FATTY COMPOUNDS

The invention relates to compositions containing mixtures of at least two scattered-branched fatty

compounds. As used herein, the term "fatty compounds" refers to fatty acids, fatty alcohols, fatty acid

derivatives, fatty alcohol derivatives, and mixtures thereof. The scattered-branched fatty acids, fatty

alcohols, fatty acid derivatives, and fatty alcohol derivatives in the mixtures of the invention can be

derivatized to form compounds (e.g., surfactants and conditioners) useful in cleaning and personal care

applications.

In one aspect, the the invention provides a composition that includes mixture of at least two

compounds of Formula I :

wherein each R1 independently is H or CH3, with the proviso that 1, 2 , or 3 R 1 is CH3;

m is 1 or 2;

n is 3, 4, 5, 6, 7, 8, or 9;

p is 1, 2, 3, 4, 5, 6, 7, or 8; and,

Y is CH2 or absent, with the proviso that when: (a) Y is CH2, Z is selected from the group

consisting of hydroxyl, an alkoxyl, a sulfate, a disulfate, a sulfonate, a disulfonate, a sulfosuccinate, an

amine, a monoalkylamine, a dialkylamine, an amine oxide, a polyhydroxy moiety, a phosphate ester, a

polyphosphate ester, a phosphonate, a glycerol ether, a glycerol ether sulfonate, a polygluconate, a

monoglycerol ether, a diglyerol ether, a glycerol ether sulfate, a polyglycerol ether, a polyglycerol ether



sulfate, a polyglucoside, an ammonioalkanesulfonate, an alkylated quat, an alkyated/hydroxyalkylated

quat, an alkylated/polyhydroxyakylated quat, an alkylated/polyhydroxylated oxypropyl quat, a glycol

amine quat, a polyoxyalkylene, an alkoxylated sulfate, a pyridinium moiety, a betaine, a sulfobetaine, an

aminocarboxylate, an iminodicarboxylate, a phenol ethoxylate, an imidazoline, an O-alkyl ester (i.e.,

0(C=0)R, wherein R is an alkyl group), and an alkoxylated carboxylate.

(b) Y is absent, Z is selected from the group consisting of a carboxylic acid, a carboxylate, a

glycerol ester sulfonate, a sulfosuccinamate, a glucamide, a taurinate, a sarcosinate, a glycinate, a

dialkanolamide, a monoalkanolamide, a monoalkanolamide sulfate, a diglycolamide, a diglycolamide

sulfate, a glycerol ester, a glycerol ester sulfate, an amidopropyl betaine, a sugar ester (e.g., a sorbitan

ester), a glycerol ester quat, an isethionate, a sulfonated fatty acid, a sulfonated alkyl ester, a C-alkyl ester

(i.e., (C=0)OR, wherein R is an alkyl group), an amide, and a polyalkoxylated amidopropyl betaine.

In embodiments where Y is CH2, such as in the fatty alcohol shown below, Y is designated as

carbon number 1.

In embodiments where Y is absent, Z comprises a carbonyl moiety and is attached to the compound of

Formula I through its carbonyl moiety. In these embodiments, the carbonyl moiety of Z is designated as

carbon number 1. For example, when Z is a carboxylic acid, the carbonyl carbon of the carboxylic acid is

designated as carbon 1, as shown below.

The mixture of the at least two compounds of Formula I is present in the composition an amount

of at least about 80 wt.%, preferably at least about 90 wt.%, more preferably at least about 95 wt.%, even

more preferably at least about 97 wt.%, for example, at least about 99 wt.%, or about 100 wt.%, based on

the total weight of the composition. Further, the mixture contains no more than about 5 wt.%, preferably

no more than about 3 wt.%, more preferably no more than about 1 wt.% of compounds that have a

longest linear carbon chain of 9 carbon atoms or fewer. Further still, the mixture comprises less than

about 50 wt.% of compounds with one or more branches on a carbon atom that is within 40% of the

nonfunctionalized terminus of the longest carbon chain, based on the total weight of the mixture. The

functionalized end of the fatty compound is that end which contains the acid, alcohol, or derivative



moietiy. For example, fatty compounds that are 10 carbon atoms in length and have a methyl branch on

the 2, 4, and/or 6 positions do not have branching within 40% of the nonfunctionalized terminus of the

longest carbon chain. Fatty compounds that are 10 carbon atoms in length and have a methyl branch at

the 8 position have branching within 40% of the nonfunctionalized terminus of the longest carbon chain.

In this example, a methyl branch at the 8 position is 3 carbon atoms from the end of the

nonfunctionalized terminus of the 10 carbon fatty compound (e.g., 3/10 x 100% = 30%), while a methyl

branch at the 6 position is 5 carbon atoms away from the end of the nonfunctionalized terminus of the 10

carbon fatty compound (e.g. 5/10 x 100% = 50%).

t t t t
30% 50% 70% 90%

In some embodiments, the mixture of at least two compounds of Formula I comprises a

compound that has a methyl branch at a position selected from the group consisting of the 2-, 4-, 6-, 8-,

10-, 12-, or 14-position. In one exemplary embodiment, the mixture of at least two compounds of

Formula I comprises the compound, , wherein all variables are as defined above.

In another exemplary embodiment, the mixture of at least two compounds of Formula I comprises

the compound, , wherein r is 2, 3, 4, 5, 6, 7, or 8, and all other variables are as

defined above.

In yet another exemplary embodiment, the mixture of at least two compounds of Formula I

comprises the compound, , wherein s is 1, 2, 3, 4, 5, 6, or 7, and all other

variables are as defined above.

In yet another exemplary embodiment, the mixture of at least two compounds of Formula I

comprises the compound, , wherein t is 0, 1, 2, 3, 4, 5, or 6, and all other

variables are as defined above.



another exemplary embodiment, the mixture of at least two compounds of Formula I

comprises the compound, , wherein u is 0, 1, 2, 3, 4, or 5, and all other

variables are as defined above.

another exemplary embodiment, the mixture of at least two compounds of Formula I

comprises the compound, , wherein v is 0, 1, 2, 3, or 4, and all other variables

are as defined above.

In even yet another exemplary embodiment, the mixture of at least two compounds of Formula I

comprises the compound, , wherein w is 0, 1, 2, or 3, and all other variables

are as defined above.

In some embodiments, a compound of Formula I contains only one methyl branch. In some

embodiments, the one methyl branch is at a position selected from the group consisting of the 2-, 4-, 6-, 8-

, 10-, 12-, or 14-position. Examples of compounds of Formula I containing one methyl branch are shown

in Table A.

Table A. Com ounds of Formula I containing one methyl branch.



In some embodiments, a compound of Formula I contains two methyl branches. Nonlimiting

examples of compounds of Formula I containing two methyl branches are shown in Table B.

Table B. Com ounds of Formula I containing two methyl branches



In some embodiments, a compound of Formula I contains three methyl branches. Nonlimiting

examples of compounds of Formula I containing three methyl branches are shown in Table C.

Table C. Compounds of Formula I containing three methyl branches

Compound # Position of Methyl Branches Example Compounds of Formula I

1 2, 4, 6
3-16

2 2, 4, 8
3-14

3 2, 4, 10
5-12

4 2, 4, 12
6-10 Λ

5 2, 4, 14
7-8

6 2, 6, 8
3-14

7 2, 6, 10
5-12





25 4, 12, 14

26 6, 8, 10
5-12

27 6, 8, 12

28 6, 8, 14
7-8 2

29 6, 10, 12

30 6, 10, 14

31 6, 12, 14

32 8, 10, 12

33 8, 10, 14

34 8, 12, 14

35 10, 12, 14

In some embodiments, a compound of Formula I can include, for example,

exemplary embodiments, Z can include, a sulfate, a hydroxyl, or a polyhydroxy moiety.

In some embodiments, the mixture of the at least two compounds of Formula I further comprises

at least one linear fatty compound, as described by Formula III:

wherein q is 7, 8, 9, 10, 11, 12, 13, 14, 15, 19, 17, 18, 19, or 20;



p is 1, 2, 3, 4, 5, 6, 7, or 8; and,

Y is CH2 or absent, with the proviso that when:

(a) Y is CH2, Z is selected from the group consisting of hydroxyl, an alkoxyl, a sulfate, a

disulfate, a sulfonate, a disulfonate, a sulfosuccinate, an amine, a monoalkylamine, a dialkylamine, an

amine oxide, a polyhydroxy moiety, a phosphate ester, a polyphosphate ester, a phosphonate, a glycerol

ether, a glycerol ether sulfonate, a polygluconate, a monoglycerol ether, a diglyerol ether, a glycerol ether

sulfate, a polyglycerol ether, a polyglycerol ether sulfate, a polyglucoside, an ammonioalkanesulfonate, an

alkylated quat, an alkyated/hydroxyalkylated quat, an alkylated/polyhydroxyakylated quat, an

alkylated/polyhydroxylated oxypropyl quat, a glycol amine quat, a polyoxyalkylene, an alkoxylated

sulfate, a pyridinium moiety, a betaine, a sulfobetaine, an aminocarboxylate, an iminodicarboxylate, a

phenol ethoxylate, an imidazoline, an O-alkyl ester, and an alkoxylated carboxylate; and,

(b) Y is absent, Z is selected from the group consisting of a carboxylic acid, a carboxylate, a

glycerol ester sulfonate, a sulfosuccinamate, a glucamide, a taurinate, a sarcosinate, a glycinate, a

dialkanolamide, a monoalkanolamide, a monoalkanolamide sulfate, a diglycolamide, a diglycolamide

sulfate, a glycerol ester, a glycerol ester sulfate, an amidopropyl betaine, a sugar ester, a glycerol ester

quat, an isethionate, a sulfonated fatty acid, a sulfonated alkyl ester, a C-alkyl ester, an amide, and a

polyalkoxylated amidopropyl betaine.

The at least one compound of Formula III optionally can be present in the mixture in an amount

of at least about 1 wt.%, at least about 10 wt.%, at least about 30 wt.%, at least about 50 wt.%, at least

about 70 wt.%, at least about 80 wt.%, at least about 90 wt.%, or at least about 95 wt.%, based on the total

weight of the mixture. For example, the at least one compound of Formula III can be present in the

mixture in an amount of about 1 wt.% to about 95 wt.%, based on the total weight of the mixture. The

linear content can be adjusted according to the process conditions and/or starting materials used to provide

desired compounds, or post added to provide a blend. The amount and identity of a linear compound

and/or a mid-chain branched compound in the composition depends on the particular application. For

example, the amount of linear surfactant in compositions used for sudsing applications can be up to 50

wt.%, based on the total weight of the mixture, while the amount of linear surfactant used for laundry

applications can be up to about 10 wt.%, based on the total weight of the composition.

In some embodiments, the at least two compounds of Formula I and/or the at least one compound

of Formula III require a counterion. In embodiments when the counterion is an anion, the anion can

include bromide, chloride, and methylsulfates. In embodiments when the counterion is a cation, the

R 2

R -N-R 13

cation can include, for example, Li+, Na+, K+, Ca2+, Mg2+, and 4 ; wherein R 11, R 12, R 13 , and R 14



are each independently hydrogen, (Ci_C22)alkyl, (Ci_C6)alkanol, (Ci_C22)alkenyl, and mixtures thereof. In

some embodiments, the cation is selected from the group consisting of NH +, Na+, K+, mono-, di-, or tri-

alkyl ammonium, mono-, di, or tri-alkanol ammonium, and mixtures thereof. The monoalkanol

ammonium compounds of the present invention can include compounds where R 11 is (Ci_C6)alkanol and

R 12, R13, and R14 are hydrogen; dialkanol ammonium compounds of the present invention can include, for

example, compounds where R 11 and R12 each independently (Ci _6)alkanol, and R 13 and R14 are hydrogen;

trialkanol ammonium compounds of the present invention can include, for example, compounds where

each R 11, R12 and R13 are independently (Ci _6)alkanol and R14 is hydrogen. Preferred alkanol ammonium

salts of the present invention are the mono-, di- and tri-quaternary ammonium compounds having the

formulas: H3N+(C2H4OH), H N+(C 2H4OH) , and HN+(C2H4OH)3. The cation is preferably Na+, K+, and

the C 2 alkanol ammonium salts listed above, most preferably sodium.

In any of the above embodiments, Z is preferably selected from the group consisting of a

hydroxyl, an alkoxyl, a glycerol ether, a polyglycerol ether, a polyglycoside, a carboxylate, a sulfate, a

sulfonate, an amine, a monoalkylamine, a dialkylamine, an amine oxide, a monoalkanolamide, a betaine, a

sulfobetaine, an amidopropyl betaine, a polyalkoxylated amidopropyl betaine, an alkylated quat, an

alkyated/hydroxyalkylated quat, an alkylated/polyhydroxyakylated quat, a alkoxylated sulfate, a

phosphate ester, a polyphosphate ester, an O-alkyl ester, a C-alkyl ester, a glycerol ester, a sugar ester, a

glycerol ester quat, an amide, and a sulfonated alkyl ester.

In some embodiments, Z is not a carboxylic acid. In some embodiments, Z is not a carboxylate.

In some embodiments, the foregoing selections for Z do not include carboxylic acid. In some

embodiments, the foregoing selected for Z do not include carboxylate.

In some embodiments, the component of the at least two compounds of

Formula I has a biobased content of at least about 50%, at least about 60%, at least about 70%, at least

about 80%, at least about 90%, at least about 95%, at least about 97%, at least about 99%, or about 100%.

ASSESSMENT OF THE BIOBASED CONTENT OF MATERIALS

As used herein, "biobased content" refers to the amount of bio-carbon in a material as a percent of

the weight (mass) of the total organic carbon in the product. For example, polyethylene contains two

carbon atoms in its structural unit. If ethylene is derived from a renewable resource, then a homopolymer

of polyethylene theoretically has a biobased content of 100% because all of the carbon atoms are derived

from a renewable resource. A copolymer of polyethylene could also theoretically have a biobased content

of 100% if both the ethylene and the co-monomer are each derived from a renewable resource. In

embodiments where the co-monomer is not derived from a renewable resource, the HDPE will typically

include only about 1 wt% to about 2 wt.% of the non-renewable co-monomer, resulting in HDPE having a



theoretical biobased content that is slightly less than 100%. As another example, polyethylene

terephthalate contains ten carbon atoms in its structural unit (i.e., two from the ethylene glycol monomer

and eight from the terephthalic acid monomer). If the ethylene glycol portion is derived from a renewable

resource, but the terephthalic acid is derived from a petroleum-based resource, the theoretical biobased

content of the polyethylene terephthalate is 20%.

A suitable method to assess materials derived from renewable resources is through ASTM D6866,

which allows the determination of the biobased content of materials using radiocarbon analysis by

accelerator mass spectrometry, liquid scintillation counting, and isotope mass spectrometry. When

nitrogen in the atmosphere is struck by an ultraviolet light produced neutron, it loses a proton and forms

carbon that has a molecular weight of 14, which is radioactive. This 1 C is immediately oxidized into

carbon dioxide, which represents a small, but measurable fraction of atmospheric carbon. Atmospheric

carbon dioxide is cycled by green plants to make organic molecules during the process known as

photosynthesis. The cycle is completed when the green plants or other forms of life metabolize the

organic molecules producing carbon dioxide, which causes the release of carbon dioxide back to the

atmosphere. Virtually all forms of life on Earth depend on this green plant production of organic

molecules to produce the chemical energy that facilitates growth and reproduction. Therefore, the 1 C that

exists in the atmosphere becomes part of all life forms and their biological products. These renewably

based organic molecules that biodegrade to carbon dioxide do not contribute to global warming because

no net increase of carbon is emitted to the atmosphere. In contrast, fossil fuel-based carbon does not have

the signature radiocarbon ratio of atmospheric carbon dioxide. See WO 2009/155086, incorporated herein

by reference.

The application of ASTM D6866 to derive a "biobased content" is built on the same concepts as

radiocarbon dating, but without use of the age equations. The analysis is performed by deriving a ratio of

the amount of radiocarbon (1 C) in an unknown sample to that of a modern reference standard. The ratio

is reported as a percentage with the units "pMC" (percent modern carbon). If the material being analyzed

is a mixture of present day radiocarbon and fossil carbon (containing no radiocarbon), then the pMC value

obtained correlates directly to the amount of biomass material present in the sample.

The modern reference standard used in radiocarbon dating is a NIST (National Institute of

Standards and Technology) standard with a known radiocarbon content equivalent approximately to the

year AD 1950. The year AD 1950 was chosen because it represented a time prior to thermo-nuclear

weapons testing, which introduced large amounts of excess radiocarbon into the atmosphere with each

explosion (termed "bomb carbon"). The AD 1950 reference represents 100 pMC.

"Bomb carbon" in the atmosphere reached almost twice normal levels in 1963 at the peak of

testing and prior to the treaty halting the testing. Its distribution within the atmosphere has been

approximated since its appearance, showing values that are greater than 100 pMC for plants and animals



living since AD 1950. The distribution of bomb carbon has gradually decreased over time, with today's

value being near 107.5 pMC. As a result, a fresh biomass material, such as corn, could result in a

radiocarbon signature near 107.5 pMC.

Petroleum-based carbon does not have the signature radiocarbon ratio of atmospheric carbon

dioxide. Research has noted that fossil fuels and petrochemicals have less than about 1 pMC, and

typically less than about 0.1 pMC, for example, less than about 0.03 pMC. However, compounds derived

entirely from renewable resources have at least about 95 percent modern carbon (pMC), preferably at least

about 99 pMC, for example, about 100 pMC.

Combining fossil carbon with present day carbon into a material will result in a dilution of the

present day pMC content. By presuming that 107.5 pMC represents present day biomass materials and 0

pMC represents petroleum derivatives, the measured pMC value for that material will reflect the

proportions of the two component types. A material derived 100% from present day soybeans would give

a radiocarbon signature near 107.5 pMC. If that material was diluted with 50% petroleum derivatives, it

would give a radiocarbon signature near 54 pMC.

A biobased content result is derived by assigning 100% equal to 107.5 pMC and 0% equal to 0

pMC. In this regard, a sample measuring 99 pMC will give an equivalent biobased content result of 93%.

Assessment of the materials described herein were done in accordance with ASTM D6866,

particularly with Method B. The mean values quoted in this report encompasses an absolute range of 6%

(plus and minus 3% on either side of the biobased content value) to account for variations in end-

component radiocarbon signatures. It is presumed that all materials are present day or fossil in origin and

that the desired result is the amount of bio-component "present" in the material, not the amount of bio-

material "used" in the manufacturing process.

Other techniques for assessing the biobased content of materials are described in U.S. Patent Nos.

3,885,155, 4,427,884, 4,973,841, 5,438,194, and 5,661,299, WO 2009/155086, each incorporated herein

by reference.

METHODS FOR PREPARING MIXTURES OF SCATTERED-BRANCHED FATTY ACIDS

The mixtures of the at least two compounds of Formula I, as previously defined, can be prepared

by derivatizing mixtures of scattered-branched fatty acids produced using biological methods.

As used herein, "endogenous" refers to polynucleotides, polypeptides, or other compounds that

are expressed naturally or originate within an organism or cell. That is, endogenous polynucleotides,

polypeptides, or other compounds are not exogenous. For instance, an "endogenous" polynucleotide or

peptide is present in the cell when the cell was originally isolated from nature.



As used herein, "exogenous" refers to any polynucleotide or polypeptide that is not naturally

expressed or produced in the particular cell or organism where expression is desired. Exogenous

polynucleotides, polypeptides, or other compounds are not endogenous.

As used herein, "hybridization" includes any process by which a strand of a nucleic acid joins

with a complementary nucleic acid strand through base-pairing. Thus, the term refers to the ability of the

complement of the target sequence to bind to a test (i.e., target) sequence, or vice-versa.

As used herein, "hybridization conditions" are typically classified by degree of "stringency" of the

conditions under which hybridization is measured. The degree of stringency can be based, for example, on

the melting temperature (Tm) of the nucleic acid binding complex or probe. For example, "maximum

stringency" typically occurs at about Tm -5° C (5° below the Tm of the probe); "high stringency" at about

5-10° C below the Tm; "intermediate stringency" at about 10-20° below the Tm of the probe; and "low

stringency" at about 20-25° C below the Tm. Alternatively, or in addition, hybridization conditions can be

based upon the salt or ionic strength conditions of hybridization and/or one or more stringency washes.

For example, 6xSSC=very low stringency; 3xSSC=low to medium stringency; lxSSC=medium

stringency; and 0.5xSSC=high stringency. Functionally, maximum stringency conditions may be used to

identify nucleic acid sequences having strict (i.e., about 100%) identity or near-strict identity with the

hybridization probe; while high stringency conditions are used to identify nucleic acid sequences having

about 80% or more sequence identity with the probe.

As used herein, "identical" or percent "identity" in the context of two or more polynucleotide or

polypeptide sequences refers to two or more sequences that are the same or have a specified percentage of

nucleotides or amino acid residues that are the same, when compared and aligned for maximum

correspondence, as measured using sequence comparison algorithms or by visual inspection.

As used herein, "long-chain fatty acids" refers to fatty acids with aliphatic tails longer than 14

carbons. In some embodiments, long-chain fatty acids are provided that comprise 15, 16, 17, 18, 19, 20,

21, or 22 carbons in the carbon backbone.

As used herein, "medium-chain fatty acids" refers to fatty acids with aliphatic tails between 6 and

14 carbons. In certain embodiments, the medium-chain fatty acids can have from 11 to 13 carbons.

As used herein, "short-chain fatty acids" refers to fatty acids having aliphatic tails with fewer than

6 carbons.

As used herein, "overexpression" refers to expression of a polynucleotide to produce a product

(e.g., a polypeptide or RNA) at a higher level than the polynucleotide is normally expressed in the host

cell. An overexpressed polynucleotide is generally a polynucleotide native to the host cell, the product of

which is generated in a greater amount than that normally found in the host cell. Overexpression is

achieved by, for instance and without limitation, operably linking the polynucleotide to a different

promoter than the polynucleotide's native promoter or introducing additional copies of the polynucleotide

into the host cell.



U.S. Provisional Application No. 61/294274 ("the '274 application," Procter & Gamble), which is

incorporated by reference, describes methods for the biological production of scattered-branced chain

fatty acids, and methods for improving the biological production of such scattered-branched chain fatty

acids. Specifically, the '274 application describes a method of producing scattered-branched chain fatty

acids (e.g., comprising a methyl group on one or more even numbered carbon atoms) using bacteria.

In general, the method includes increasing the supply of methylmalonyl-CoA and/or the

conversion of methylmalonyl-CoA to methylmalonyl-ACP within the cell, incorporating the branch from

the methylmalonyl-CoA into the fatty acid, and, optionally, using a thioesterase to specify the range of

size of the fatty acids. In certain embodiments, the method provides branched-chain fatty acids having a

chain length of C12 to C16. In addition, in certain embodiments, the branched-chain fatty acids have

from about 0 to about 3 methyl branches, such as from about 1 to about 3 methyl branches, such as, for

example, from about 1 to about 2 methyl branches, or 1, 2, or 3 methyl branches positioned on one or

more carbons. In certain embodiments, the methyl branches are positioned on even-numbered carbons.

In one embodiment, scattered branched-chain fatty acid production is increased by increasing the

production of methylmalonyl-CoA within the cell via, e.g., propionyl-CoA and/or succinyl-CoA

intermediates. The method comprises culturing a cell comprising an exogenous or overexpressed

polynucleotide comprising a nucleic acid sequence encoding a polypeptide that catalyzes the conversion

of propionyl-CoA to methylmalonyl-CoA and/or an exogenous or overexpressed polynucleotide

comprising a nucleic acid sequence encoding a polypeptide that catalyzes the conversion of succinyl-CoA

to methylmalonyl-CoA. The cell is cultured under conditions allowing expression of the

polynucleotide(s) and production of the branched-chain fatty acid. The cell produces more branched-

chain fatty acid comprising a methyl branch on one or more even number carbons than an otherwise

similar cell that does not comprise the polynucleotide(s) (e.g., a cell of the same cell type or derived from

the same organism that does not comprise the polynucleotide(s)). Propionyl-CoA is converted to

methylmalonyl-CoA by, e.g., the action of a propionyl-CoA carboxylase. Any propionyl-CoA

carboxylase that catalyzes the conversion of propionyl-CoA to methylmalonyl-CoA is suitable for use in

the method. An exemplary propionyl-CoA carboxylase is a carboxylase from Streptomyces coelicolor,

which comprises two heterologous subunits encoded by pccB and by either accAl or accA2. In certain

embodiments, the cell of this method is engineered to produce PccB and AccAl or PccB and AccA2. In

one aspect, the cell comprises one or more polynucleotides encoding polypeptide(s) comprising an amino

acid sequence at least about 80% identical (e.g., 85%, 90%, 95%, or 100% identical) to the amino acid

sequences set forth in SEQ ID NO: 9 and/or 10. Additional, non-limiting examples of polypeptides that

catalyze the conversion of propionyl-CoA to methylmalonyl-CoA are propionyl-CoA carboxylases from

Mycobacterium smegmatis, Homo sapiens, Acinetobacter baumannii, Brucella suis, Saccharopolyspora

erythraea, Burkholderia glumae, and Aedes aegypti, as well as the propionyl-CoA carboxylases set forth

in Table D.



TABLE D

Optionally, the cell is modified to increase carbon flow to propionyl-CoA (and then onward to

methylmalonyl-CoA) by, for example, increasing expression of (i.e., overexpressing) prpE or other

propionyl-CoA synthetase genes. Alternatively or in addition, an exogenous polynucleotide comprising a

nucleic acid sequence encoding a propionyl-CoA synthetase is introduced into the host cell to upregulate

propionyl-CoA production. Additionally, feeding host cells (e.g., microbes) large amounts of methionine,

isoleucine, valine, threonine, propionic acid, and/or odd-chain length fatty acids (such as valeric acid)

increases production of the propionyl-CoA precursor of methylmalonyl-CoA.

Methylmalonyl-CoA production via propionyl-CoA also is increased utilizing the metabolic

pathway that converts pyruvate to propionyl-CoA, with lactate, lactoyl-CoA, and acrylyl-CoA as

intermediates. Carbon flow to propionyl-CoA is upregulated by overproducing the enzymes of the

pathway, producing exogenous enzymes catalyzing one or more conversions of the pathway, and/or by

providing pyruvate or lactate in larger amounts than normally found in the host cell. For example, the cell

comprises an exogenous or overexpressed polynucleotide encoding lactate dehydrogenase, lactate CoA

transferase, lactyl-CoA dehydratase, and/or acrylyl-CoA reductase.

In addition, carbon flow to branch pathways not contributing to formation of the desired

branched-chain fatty acid can be minimized by attenuation of endogenous enzyme activity responsible for

the diversion of carbon. Complete abolishment of endogenous activity is not required; any reduction in

activity is suitable in the context of the method. Enzyme activity is attenuated (i.e., reduced or abolished)

by, for example, mutating the coding sequence for the enzyme to create a non-functional or reduced-

function polypeptide, by removing all or part of the coding sequence for the enzyme from the cellular



genome, by interfering with translation of an RNA transcript encoding the enzyme (e.g., using antisense

oligonucleotides), or by manipulating the expression control sequences influencing expression of the

enzyme. For example, in one aspect, the cell is modified to prevent methylmalonyl-CoA degradation,

thereby increasing the amount of methylmalonyl-CoA available for conversion to methylmalonyl-ACP.

Methylmalonyl-CoA degradation is reduced by, for example, deleting or inactivating methylmalonyl-CoA

decarboxylase from the host. Put another way, the cell is modified to attenuate endogenous

methylmalonyl-CoA decarboxylase activity. In E. coli, for example, methylmalonyl-CoA decarboxylase

activity is attenuated by, for example, deleting or mutating ygfG. Optionally, endogenous acyl transferase

activity is attenuated. Alternatively or in addition, methylmalonyl-CoA production within the cell is

increased by preventing alternative metabolism of propionyl-CoA to succinyl-CoA, such as, for example,

by deleting or otherwise reducing (attenuating) the activity of an endogenous methylmalonyl-CoA mutase

gene. Optionally, methylmalonyl-CoA levels are increased by increasing the degradation of valine

directly to methylmalonyl-CoA. Valine degradation comprises the following intermediates: a-

ketoisovalerate, isobutyryl-CoA, methacrylyl-CoA, β-hydroxyisobutyryl-CoA, β-hydroxyisobutyrate, and

methylmalonate semialdehyde. Optionally, methylmalonate semialdehyde is converted directly to

methylmalonyl-CoA or indirectly through a propionyl-CoA intermediate. In an exemplary embodiment,

the cell comprises an overexpressed or exogenous polynucleotide comprising a nucleic acid sequence

encoding one or more of the following enzymes: L-valine:2-oxoglutarate aminotransferase, 2-

oxoisovalerate dehydrogenase, isobutyryl-CoA:FAD oxidoreductase, 3-hydroxy-isobutyryl-CoA hydro-

lyase, 3-hydroxyisobutyryl-CoA hydrolase, 3-hydroxyisobutyrate dehydrogenase, and/or methylmalonate-

semialdehyde dehydrogenase. Methylmalonate-semialdehyde dehydrogenase catalyzes the production of

propanoyl-CoA, which can be converted to methylmalonyl-CoA by propanoyl-CoA carboxylase.

In one aspect, the cell comprises an exogenous or overexpressed polynucleotide comprising a

nucleic acid sequence encoding a polypeptide that catalyzes the conversion of succinyl-CoA to

methylmalonyl-CoA. An exemplary polypeptide that catalyzes the reaction is methylmalonyl-CoA

mutase. In any embodiment, the cell is engineered to overexpress a methylmalonyl-CoA mutase gene,

such as, for example, sbm (encoding Sleeping Beauty mutase) in E. coli. Alternatively or in addition, an

exogenous polynucleotide comprising a nucleic acid sequence encoding a methylmalonyl-CoA mutase is

expressed in the cell. Exemplary methylmalonyl-CoA mutases include, but are not limited to, Sbm from

E. coli, MutA and/or MutB from Streptomyces cinnamonensis, and methylmalonyl-CoA mutases from

Janibacter sp. HTCC2649, Corynebacterium glutamicum, Euglena gracilis, Homo sapiens,

Propionibacterium shermanii, Bacillus megaterium, and Mycobacterium smegmatis. Additional, non-

limiting examples of polypeptides that catalyze the conversion of succinyl-CoA to methylmalonyl-CoA

are provided in Table E.

TABLE E

Organism GenBank Description SEQ



g ng va s mut

In one aspect, the cell comprises one or more polynucleotides encoding polypeptide(s) comprising

an amino acid sequence at least about 80% identical (e.g., 85%, 90%, 95%, or 100% identical) to the

amino acid sequences set forth in SEQ ID NO: 3, 4, and/or 28. The cell can comprise polynucleotides

encoding a methylmalonyl-CoA mutase, a propionyl-CoA carboxylase, or both.

Depending on the substrate specificity of the fatty acid synthase produced by the cell, a

methylmalonyl-CoA epimerase also may be desired to facilitate use of methylmalonyl-CoA as a precursor

in fatty acid synthesis. Thus, in one aspect, the cell further comprises an exogenous or overexpressed

polynucleotide comprising a nucleic acid sequence encoding a methylmalonyl-CoA epimerase.

Methylmalonyl-CoA epimerases suitable for use in the method include, but are not limited to, Sorangium

cellulosum So ce 56 methylmalonyl-CoA epimerase, Streptomyces sviceus ATCC 29083 methylmalonyl-

CoA epimerase, Kribbella flavida DSM 17836 methylmalonyl-CoA epimerase, and methylmalonyl-CoA

epimerases from Homo sapiens, Bacillus megaterium, and Mycobacterium smegmatis.

Production of branched-chain fatty acid comprising a methyl branch on one or more even number

carbons also is enhanced by upregulating conversion of methylmalonyl-CoA to methylmalonyl-ACP. In

one or more embodiments, conversion of methylmalonyl-CoA to methylmalonyl-ACP is increased in the

cell by engineering the cell to produce an acyl transferase (such as the acyl transferase encoded by fabD

in E. coli) to catalyze the formation of methylmalonyl-ACP from methylmalonyl-CoA. Put another way,

in one aspect, the cell further comprises an exogenous or overexpressed polynucleotide comprising a

nucleic acid sequence encoding an acyl transferase. Any suitable acyl transferase can be used, such as, for

example and without limitation, an acyl transferase domain from a polyketide synthase, such as those



involved in the synthesis of monensin, epothilone, amphotericin, candicidin, nystatin, pimaricin,

ascomycin, rapamycin, avermiectin, spinosad, mycinamicin, niddamycin, oleandomycin, megalomicin,

nanchangmycin, picromycin, rifamycin, oligomycin erythromycin, polyenes, and macrolides, and an acyl

transferase domain from Mycobacterium mycocerosic acid synthase. Acyl transferase domains from

larger fatty acid synthase enzymes, such as Mycobacterium mycocerosic acid synthase, act upon

methylmalonyl-CoA in the absence of other enzymatic domains of the larger synthase. Optionally, the

acyl transferase lacks polyketide synthesis activity. By "polyketide synthesis activity" is meant enzymatic

activity, other than acyl transferase activity, that catalyzes the production of polyketides in a host cell,

such as, for example and without limitation, acyltransferase activity, ketoacyl synthase activity, ketoacyl

reductase activity, dehydratase activity, enoyl reductase activity, acyl carrier protein activity, and

thioesterase activity.

Alternatively, or in addition, in certain embodiments, a 3-ketoacyl-ACP synthase domain, such as,

for example, a domain from a polyketide synthase or a mycocerosic acid synthase, is added to the fatty

acid synthase of the host cell. In certain embodiments, the host cell (e.g., microbe) is engineered to

include both acyl transferase and 3-ketoacyl-ACP synthase domains that can recognize methylmalonyl-

CoA. In addition, in certain embodiments, genes for the endogenous acyl transferase and/or 3-ketoacyl-

ACP synthase activities can be attenuated (e.g., deleted) to minimize the amount of malonyl-CoA

incorporation in fatty acid synthesis.

In certain embodiments, the method includes use of a thioesterase to specify the chain length of

the fatty acid, such as, for example, to produce medium-chain fatty acids. In certain embodiments, the

host cell further comprises an exogenous or overexpressed polynucleotide comprising a nucleic acid

sequence encoding a thioesterase. In one aspect, the host cell (e.g., bacteria) is engineered to produce a

thioesterase that assists in the production of medium-chain branched-chain fatty acids. Alternatively, the

host cell is engineered to produce (or overproduce) a thioesterase that assists in the production of long-

chain branched-chain fatty acids. Exemplary thioesterases include, for example, the mallard uropygial

gland thioesterase, the California bay thioesterase, the rat mammary gland thioesterase II, E. coli TesA,

the Cuphea wrightii thioesterase, and other thioesterases suitable for production of the desired chain-

length fatty acids.

Optionally, the cell is modified to produce (or increase the production of) branched acyl-CoA,

which is a substrate for elongase in the production of long chain fatty acid. In this regard, in an exemplary

embodiment, the cell comprises an exogenous or overexpressed polynucleotide comprising a nucleic acid

encoding a coenzyme-A synthetase, which converts branched-chain fatty acid to branched acyl-CoA.

Examples of coenzyme-A synthetases include, but are not limited to, the coenzyme-A synthetase from

Leishmania braziliensis (GenBank Accession No. XP_001561614), and the coenzyme-A synthetase from

Escherichia coli (GenBank Accession No. YP_541006). Optionally, the cell comprises exogenous or

overexpressed polynucleotide(s) comprising a nucleic acid sequence encoding an elongase to increase the



length of the carbon backbone. Elongases are enzyme complexes that exhibit 3-ketoacyl-CoA synthase,

3-ketoacyl-CoA reductase, 3-hydroxyacyl-CoA dehydratase, and enoyl-CoA reductase activities, and

generally utilize malonyl-CoA as an extension unit for extending the carbon chain. When a methyl-

malonyl CoA is used as an extension unit by the enzyme complex, additional methyl branches are

introduced at even carbon positions. Exemplary elongases include, but are not limited to, elongases

comprising the one or more of the following subunits: Saccharomyces cerevisiae 3-ketoacyl-CoA

synthase (GenBank Accession No. NP_013476), 3-ketoacyl-CoA reductase (GenBank

Accession No. NP_009717), 3-hydroxyacyl-CoA dehydratase (GenBank Accession No. NP_012438) and

enoyl-CoA reductase (GenBank Accession No. NP_010269); and Arabidopsis thaliana col 3-ketoacyl-

CoA synthase (GenBank Accession No. NP_849861), 3-ketoacyl-CoA reductase (GenBank Accession

No. NP_564905), 3-hydroxyacyl-CoA dehydratase (GenBank Accession No. NP_193180), and enoyl-

CoA reductase (GenBank Accession No.NP_191096).

Any suitable cell or organism, such as, for example, bacterial cells and other prokaryotic cells,

and yeast cells, can be used in the context of the method. In one aspect, the method relates to cells, such

as Escherichia cells (e.g., E. coli), which naturally produce Type II fatty acid synthase and/or do not

naturally produce scattered branched-chain fatty acid (i.e., branched-chain fatty acid comprising a methyl

branch on one or more even numbered carbons). These cells are engineered to produce the branched-

chain fatty acids as described herein. Alternatively, the cell naturally produces branched-chain fatty acid

and is modified as described herein to produce higher levels of branched-chain fatty acid (or different

proportions of different types of branched-chain fatty acid) compared to an unmodified cell. In certain

embodiments, fatty acid is manufactured using bacteria known to make the methylmalonyl-CoA

precursor, such as Streptomyces, Mycobacterium or Corynebacterium. These bacteria are, in one aspect,

engineered to produce (i) an acyl transferase to increase carbon flux to methylmalonyl-ACP that is

incorporated in the fatty acid synthesis pathway and/or (ii) a thioesterase to control the chain length.

Exemplary bacteria that are suitable for use in the method include, but are not limited to,

Spirochaeta aurantia, Spirochaeta littoralis, Pseudomonas maltophilia, Pseudomonas putrefaciens,

Xanthomonas campestris, Legionella anisa, Moraxella catarrhalis, Thermus aquaticus, Flavobacterium

aquatile, Bacteroides asaccharolyticus, Bacteroides fragilis, Succinimonas amylolytica, Desulfovibrio

africanus, Micrococcus agilis, Stomatococcus mucilaginosus, Planococcus citreus, Marinococcus albusb,

Staphylococcus aureus, Peptostreptococcus anaerobius, Ruminococcus albus, Sarcina lutea,

Sporolactobacillus inulinus, Clostridium thermocellum, Sporosarcina ureae, Desulfotomaculum

nigrificans, Listeria monocytogenes, Brochothrix thermosphacta, Renibacterium salmoninarum, Kurthia

zopfii, Corynebacterium aquaticum, Arthrobacter radiotolerans, Brevibacterium fermentans,

Propionibacterium acidipropionici, Eubacterium lentum, Cytophaga aquatilis, Sphingobacteriuma

multivorumb, Capnocytophaga gingivalis, Sporocytophaga myxococcoides, Flexibacter elegans,

Myxococcus coralloides, Archangium gephyra, Stigmatella aurantiaca, Oerskovia turbata, Escherichia



coli, Bacillus subtilis, Salmonella typhimurium, Corynebacterium glutamicum, Streptomyces coelicolor,

Streptomyces lividans, Clostridium thermocellum and Saccharomonospora viridis.

In one aspect, the fatty acid produced by the inventive cell comprises about 80% to about 100%

(wt.) (e.g., about 85%, about 90%, or about 95%) linear and branched-chain fatty acid. Of the linear and

branched-chain fatty acids produced by the cell, approximately 1% to approximately 95% or more (e.g.,

5%, 10%, 15%, 20%, 30%, 50%, 60%, 75%, 85%, or 100%) is branched-chain fatty acid comprising a

methyl group on one or more even carbons. In some embodiments, the cell does not produce, or produces

only trace amounts of, fatty acid comprising methyl branching on odd numbered carbons. By "trace

amount" is meant less than 1% of the total fatty acid content produced by the cell. Alternatively or in

addition, in one aspect, the mixture of fatty acids produced by the cell comprises no more than 50% end-

terminal-branched fatty acid (i.e., fatty acids that contain branching on a carbon atom that is within 40%

of the non-functionalized terminus of the longest carbon chain). Optionally, the cell is modified to

preferentially produce branched-chain fatty acid with desired chain lengths, e.g., about six to about 18

carbons or more in the carbon backbone (not including the methyl branch (es)). In some embodiments, the

host cell preferentially generates long chain fatty acid, medium-length chain fatty acid, short chain fatty

acid, or a desired combination fatty acids (e.g., 60%, 70%, 80%, 85%, 90%, 95% or more of the

branched-chain fatty acid produced by the cell comprises the desired number of carbons). In addition, in

certain embodiments, the engineered cells tolerate large amounts of branched-chain fatty acid in the

growth medium, plasma membrane, or lipid droplets, and/or produce branched-chain fatty acid more

economically than an unmodified cell by, e.g., using a less expensive feedstock, requiring less

fermentation time, and the like.

The polynucleotide(s) encoding one or more polypeptides that catalyze the reaction(s) for

producing branched-chain fatty acid may be derived from any source. Depending on the embodiment, the

polynucleotide is isolated from a natural source such as bacteria, algae, fungi, plants, or animals; produced

via a semi-synthetic route (e.g., the nucleic acid sequence of a polynucleotide is codon-optimized for

expression in a particular host cell, such as E. coli); or synthesized de novo. In certain embodiments, it is

advantageous to select an enzyme from a particular source based on, e.g., the substrate specificity of the

enzyme, the type of branched-chain fatty acid produced by the source, or the level of enzyme activity in a

given host cell. In one aspect, the enzyme and corresponding polynucleotide are naturally found in the

host cell and overexpression of the polynucleotide is desired. In this regard, in some instances, additional

copies of the polynucleotide are introduced in the host cell to increase the amount of enzyme available for

fatty acid production. Overexpression of a native polynucleotide also is achieved by upregulating

endogenous promoter activity, or operably linking the polynucleotide to a more robust promoter.

Exogenous enzymes and their corresponding polynucleotides also are suitable for use in the context of the

method, and the features of the biosynthesis pathway or end product can be tailored depending on the



particular enzyme used. If desired, the polynucleotide(s) is isolated or derived from the branched-chain

fatty acid-producing organisms described herein.

In certain embodiments, the cell produces an analog or variant of a polypeptide described herein.

Amino acid sequence variants of the polypeptide include substitution, insertion, or deletion variants, and

variants may be substantially homologous or substantially identical to the unmodified polypeptides as set

out above. In certain embodiments, the variants retain at least some of the biological activity, e.g.,

catalytic activity, of the polypeptide. Other variants include variants of the polypeptide that retain at least

about 50%, preferably at least about 75%, more preferably at least about 90%, of the biological activity.

Substitution variants typically exchange one amino acid for another at one or more sites within

the protein. Substitutions of this kind can be conservative, that is, one amino acid is replaced with one of

similar shape and charge. Conservative substitutions include, for example, the changes of: alanine to

serine; arginine to lysine; asparagine to glutamine; aspartate to glutamate; cysteine to serine; glutamine to

asparagine; glutamate to aspartate; isoleucine to leucine or valine; leucine to valine or isoleucine; lysine to

arginine; methionine to leucine or isoleucine; phenylalanine to tyrosine, leucine or methionine; serine to

threonine; threonine to serine; tryptophan to tyrosine; tyrosine to tryptophan or phenylalanine; and valine

to isoleucine or leucine.

In some instances, the recombinant cell comprises an analog or variant of the exogenous or

overexpressed polynucleotide(s) described herein. Nucleic acid sequence variants include one or more

substitutions, insertions, or deletions, and variants may be substantially homologous or substantially

identical to the unmodified polynucleotide. Polynucleotide variants or analogs encode mutant enzymes

having at least partial activity of the unmodified enzyme. Alternatively, polynucleotide variants or

analogs encode the same amino acid sequence as the unmodified polynucleotide. Codon-optimized

sequences, for example, generally encode the same amino acid sequence as the parent/native sequence but

contain codons that are preferentially expressed in a particular host organism.

A polypeptide or polynucleotide "derived from" an organism contains one or more modifications

to the native amino acid sequence or nucleotide sequence and exhibits similar, if not better, activity

compared to the native enzyme (e.g., at least 70%, at least 80%, at least 90%, at least 95%, at least 100%,

or at least 110% the level of activity of the native enzyme). For example, enzyme activity is improved in

some contexts by directed evolution of a parent/native sequence. Additionally or alternatively, an enzyme

coding sequence is mutated to achieve feedback resistance. Thus, in one or more embodiments, the

polypeptide encoded by the exogenous polynucleotide is feedback resistant and/or is modified to alter the

activity of the native enzyme. A polynucleotide "derived from" a reference polynucleotide encompasses,

but is not limited to, a polynucleotide comprising a nucleic acid sequence that has been codon-optimized

for expression in a desired host cell.

The cell may comprise any combination of polynucleotides described herein to produce branched-

chain fatty acid comprising a methyl branch on one or more even number carbons. For example, the



method provides a cell comprising (i) an exogenous or overexpressed polynucleotide comprising a nucleic

acid sequence encoding an acyl transferase lacking polyketide synthesis activity, and (ii) an exogenous or

overexpressed polynucleotide comprising a nucleic acid sequence encoding a propionyl-CoA carboxylase

and/or an exogenous or overexpressed polynucleotide comprising a nucleic acid sequence encoding a

methylmalonyl-CoA mutase, wherein the polynucleotide(s) are expressed and the cell produces more

branched-chain fatty acid comprising a methyl on one or more even number carbons than an otherwise

similar cell that does not comprise the polynucleotide(s). Recombinant cells can be produced in any

suitable manner to establish an expression vector within the cell. The expression vector can include the

exogenous polynucleotide operably linked to expression elements, such as, for example, promoters,

enhancers, ribosome binding sites, operators and activating sequences. Such expression elements may be

regulatable, for example, inducible (via the addition of an inducer). Alternatively or in addition, the

expression vector can include additional copies of a polynucleotide encoding a native gene product

operably linked to expression elements. Representative examples of useful promoters include, but are not

limited to: the LTR (long terminal 35 repeat from a retrovirus) or SV40 promoter, the E. coli lac, tet, or

trp promoter, the phage Lambda PL promoter, and other promoters known to control expression of genes

in prokaryotic or eukaryotic cells or their viruses. In one aspect, the expression vector also includes

appropriate sequences for amplifying expression. The expression vector can comprise elements to

facilitate incorporation of polynucleotides into the cellular genome. Introduction of the expression vector

or other polynucleotides into cells can be performed using any suitable method, such as, for example,

transformation, electroporation, microinjection, microprojectile bombardment, calcium phosphate

precipitation, modified calcium phosphate precipitation, cationic lipid treatment, photoporation, fusion

methodologies, receptor mediated transfer, or polybrene precipitation. Alternatively, the expression vector

or other polynucleotides can be introduced by infection with a viral vector, by conjugation, by

transduction, or by other any other suitable method.

Cells, such as bacterial cells, containing the polynucleotides encoding the proteins described

herein can be cultured under conditions appropriate for growth of the cells and expression of the

polynucleotides. Cells expressing the protein can be identified by any suitable methods, such as, for

example, by PCR screening, screening by Southern blot analysis, or screening for the expression of the

protein. In certain embodiments, cells that contain the polynucleotide(s) can be selected by including a

selectable marker in the DNA construct, with subsequent culturing of cells containing a selectable marker

gene, under conditions appropriate for survival of only those cells that express the selectable marker gene.

The introduced DNA construct can be further amplified by culturing genetically modified cells under

appropriate conditions (e.g., culturing genetically modified cells containing an amplifiable marker gene in

the presence of a concentration of a drug at which only cells containing multiple copies of the amplifiable

marker gene can survive). Cells that contain and express polynucleotides encoding the exogenous proteins



can be referred to herein as genetically modified cells. Bacterial cells that contain and express

polynucleotides encoding the exogenous protein can be referred to as genetically modified bacterial cells.

Exemplary cells include E. coli BW25113 comprising pTrcHisA mmat and pZA31 -accAl-pccB,

which was deposited with American Type Culture Collection (ATCC), 10801 University Blvd., Manassas,

VA, on December 14, 2010, under the provisions of the Budapest Treaty for the International Recognition

of the Deposit of Microorganisms for the Purpose of Patent Procedure ("Budapest Treaty"), and assigned

Deposit Accession No. [XXX] on [DATE], and E. coli BL21 Star (DE3) comprising pTrcHisA Ec sbm So

ce epi and pZA31 mmat which was deposited with American Type Culture Collection (ATCC), 10801

University Blvd., Manassas, VA, on December 14, 2010, under the provisions of the Budapest Treaty for

the International Recognition of the Deposit of Microorganisms for the Purpose of Patent Procedure

("Budapest Treaty"), and assigned Deposit Accession No. [XXX] on [DATE]. The method also includes

variants or progeny of the cells described herein that retain the phenotypic characteristics of the

recombinant microbe. A substantially pure monoculture of the cell described herein (i.e., a culture

comprising at least 80% or at least 90% of a desired cell) also is provided.

Any cell culture conditions appropriate for growing a host cell and synthesizing branched-chain

fatty acid is suitable for use in the method. Addition of fatty acid synthesis intermediates, precursors,

and/or co-factors for the enzymes associated with branched-chain fatty acid synthesis to the culture is

contemplated herein. In certain embodiments, the genetically modified cells (such as genetically modified

bacterial cells) have an optimal temperature for growth, such as, for example, a lower temperature than

normally encountered for growth and/or fermentation. For example, in certain embodiments,

incorporation of branched-chain fatty acids into the membrane may increase membrane fluidity, a

property normally associated with low growth temperatures. In addition, in certain embodiments, cells

may exhibit a decline in growth at higher temperatures as compared to normal growth and/or fermentation

temperatures as typically found in cells of the type.

The method optionally comprises extracting branched-chain fatty acid from the culture. Fatty

acids can be extracted from the culture medium and measured using any suitable manner. Suitable

extraction methods include, for example, methods as described in: Bligh et al., A rapid method for total

lipid extraction and purification, Can. J. Biochem. Physiol. 37:911-917 (1959). In certain embodiments,

production of fatty acids in the culture supernatant or in the membrane fraction of recombinant cells can

be measured. In this embodiment, cultures are prepared in the standard manner, although nutrients (e.g.,

2-methylbutyrate, isoleucine) that may provide a boost in substrate supply can be added to the culture.

Cells are harvested by centrifugation, acidified with hydrochloric or perchloric acid, and extracted with

chloroform and methanol, with the fatty acids entering the organic layer. The fatty acids are converted to

methyl esters, using methanol at 100° C. The methyl esters are separated by gas chromatography (GC)

and compared with known standards of fatty acids (purchased from Larodan or Sigma). Confirmation of



chemical identity is carried out by combined GC/mass spec, with further mass spec analysis of fragmented

material carried out if necessary.

In one embodiment, the cell utilizes the branched-chain fatty acid as a precursor to make one or

more other products. Products biosynthesized (i.e., derived) from branched-chain fatty acid include, but

are not limited to, phospholipids, triglycerides, alkanes, olefins, wax esters, fatty alcohols, and fatty

aldehydes. Some host cells naturally generate one or more products derived from branched-chain fatty

acid; other host cells are genetically engineered to convert branched-chain fatty acid to, e.g., an alkane,

olefin, wax ester, fatty alcohol, phospholipid, triglyceride, and/or fatty aldehyde. Organisms and genetic

modifications thereof to synthesize products derived from branched-chain fatty acids are further described

in, e.g., International Patent Publication Nos. WO 2007/136762, WO 2008/151149, and WO

2010/062480, and U.S. Patent Application Publication US 2010/0298612, all of which are hereby

incorporated by reference in their entirety. In one aspect, the inventive method comprises extracting a

product derived from branched-chain fatty acid (phospholipid, triglyceride, alkane, olefin, wax ester, fatty

alcohol, and/or fatty aldehyde synthesized in the cell from branched-chain fatty acid) from the culture.

Any extraction method is appropriate, including the extraction methods described in International Patent

Publication Nos. WO 2007/136762, WO 2008/151149, and WO 2010/062480, and U.S. Patent

Application Publication Nos. US 2010/0251601, US 20100242345, US 20100105963, and US

2010/0298612.

The cell preferably produces more branched-chain fatty acid comprising a methyl branch on one

or more even number carbons than an otherwise similar cell that does not comprise the polynucleotide(s).

Methods of measuring fatty acid released into the fermentation broth or culture media or liberated from

cellular fractions are described herein. Branched-chain fatty acid production is not limited to fatty acid

accumulated in the culture, however, but also includes fatty acid used as a precursor for downstream

reactions yielding products derived from branched-chain fatty acid. Thus, products derived from

branched-chain fatty acid (e.g., phospholipids, triglycerides, fatty alcohols, olefins, wax esters, fatty

aldehydes, and alkanes) are, in some embodiments, surrogates for measuring branched-chain fatty acid

production in a host cell. Methods of measuring fatty acid content in phospholipid in the cell membrane

are described herein. Similarly, measurement of degradation products of branched-chain fatty acids also

is instructive as to the amount of branched-chain fatty acid is produced in a host cell. Depending on the

particular embodiment, the inventive cell produces at least 3%, at least 5%, at least 10%, at least 20%, at

least 25%, or at least 50% more branched-chain fatty acid than an otherwise similar cell that does not

comprise the polynucleotide(s).

Thus, in another aspect, the invention provides a composition comprising a mixture of at least two

compounds of Formula I, as previously described, wherein the mixture is produced by



(a) culturing a cell comprising:

(i) an exogenous or overexpressed polynucleotide comprising a nucleic acid

sequence encoding a polypeptide that catalyzes the conversion of propionyl-CoA to methylmalonyl-

CoA; and/or,

( ) genous or overexpressed polynucleotide comprising a nucleic acid

sequence encoding a polypeptide that catalyzes the conversion of succinyl-CoA to methylmalonyl-CoA,

under conditions allowing expression of the polynucleotide(s) and production a mixture of at least two

compounds of Formula II:

wherein the cell produces more compounds of Formula II than an otherwise similar cell that does not

comprise the polynucleotide(s);

(b) extracting from culture the mixture of at least two compounds of Formula II; and,

(c) derivatizing the compounds of Formula (II) to form the mixture of at least two

compounds of Formula I .

In some embodiments, the polypeptide that catalyzes the conversion of propionyl-CoA to

methylmalonyl-CoA is a propionyl-CoA carboxylase and/or the polypeptide that catalyzes the conversion

of succinyl-CoA to methylmalonyl-CoA is a methylmalonyl-CoA mutase.

In some embodiments, the propionyl-CoA carboxylase is Streptomyces coelicolor PccB and

AccAl or PccB and AccA2, and/or the methylmalonyl-CoA mutase is Janibacter sp. HTCC2649

methylmalonyl-CoA mutase, or S. cinnamonensis MutA and MutB.

In some embodiments, the methylmalonyl-CoA mutase comprises an amino acid sequence having

at least about 80% sequence identity to the amino acid sequence set forth in SEQ ID NOs: 3 or 4 and/or

(ii) the propionyl-CoA carboxylase comprises an amino acid sequence having at least about 80% sequence

identity to the amino acid sequence set forth in SEQ ID NOs: 9 and 10.

In some embodiments, the cell comprises an exogenous or overexpressed polynucleotide

comprising a nucleic acid sequence encoding a methylmalonyl-CoA mutase and further comprises an

exogenous or overexpressed polynucleotide comprising a nucleic acid sequence encoding a

methylmalonyl-CoA epimerase.



In some embodiments, the cell further comprises an exogenous or overexpressed polynucleotide

encoding an acyl transferase lacking polyketide synthesis activity and/or an exogenous or overexpressed

polynucleotide comprising a nucleic acid sequence encoding a thioesterase.

In some embodiments, the acyl transferase is FabD, an acyl transferase domain of a polyketide

synthase, or an acyl transferase domain of Mycobacterium mycocerosic acid synthase.

In some embodiments, the cell has been modified to attenuate endogenous methylmalonyl-CoA

mutase activity, endogenous methylmalonyl-CoA decarboxylase activity, and/or endogenous acyl

transferase activity.

In some embodiments, the cell produces a Type II fatty acid synthase.

In some embodiments, the cell is Escherichia coli.

METHODS FOR DERIVATIZING MIXTURES OF SCATTERED-BRANCHED FATTY ACIDS

The fatty acids produced by the biological methods previously described can be derivatized to

form compositions containing compounds that are useful for cleaning and/or conditioning applications

such as for granular, bar-form, and liquid laundry detergents; liquid hand dishwashing compositions;

liquid, gel, and bar-form personal cleansing products; shampoos; dentifrices; hard surface cleaners, hair

conditioners, and the like.

Unsaturated fatty acids, unsaturated fatty alcohols, and unsaturated fatty esters produced by the

biological methods previously described can be reduced using hydrogen and a hydrogenation catalyst to

form the corresponding saturated compounds. Reduction can be carried out with a variety of catalysts

such as copper chromite, nickel on Kieselguhr, rhodium on silica, and palladium on Kieselguhr. Reaction

conditions vary from 20 °C to about 130 °C, a hydrogen pressure ranging from 100 psig to about 2000

psig of hydrogen and catalyst loadings can typically be in range of about 1 wt. to about 5 wt. on the

substrate. Reaction times will vary according to catalyst ratio, temperature chosen and hydrogen pressure.

Typical conditions are 150 °C at 1000 psig for 16 hours in batch mode. The process is not limited to batch

processes. Continuous reaction can also be applied to the present invention.

Derivatization of the scattered-branched chain fatty acid and fatty alcohol reaction products can

occur by any method known in the art. For example, the scattered-branched chain fatty alcohols can be

alkyoxylated using standard commercial and laboratory techniques and/or sulfated/sulfonated using any

convenient sulfating/sulfonating agent (e.g., chlorosulfonic acid, S0 3/air, or oleum) to form detergent

compounds and conditioning compounds. U.S. Patent Nos. 6,395,701 and 6,602,845, each incorporated

herein by reference, disclose methods of converting fatty acids to surfactants via ester and amide linkages.

As previously described, the compositions comprising a mixture of at least two compounds of

Formula I are useful in cleaning and conditioning applications. In cleaning applications, Z can include,

for example, hydroxyl, an alkoxyl, a sulfate, a disulfate, a sulfonate, a disulfonate, a sulfosuccinate, an



amine, a monoalkylamine, a dialkylamine, an amine oxide, a polyhydroxy moiety, a phosphate ester, a

polyphosphate ester, a phosphonate, a glycerol ether, a glycerol ether sulfonate, a polygluconate, a

monoglycerol ether, a diglyerol ether, a glycerol ether sulfate, a polyglycerol ether, a polyglycerol ether

sulfate, a polyglucoside, an ammonioalkanesulfonate, an alkylated quat, an alkyated/hydroxyalkylated

quat, an alkylated/polyhydroxyakylated quat, an alkylated/polyhydroxylated oxypropyl quat, a glycol

amine quat, a polyoxyalkylene, an alkoxylated sulfate, a pyridinium moiety, a betaine, a sulfobetaine, an

aminocarboxylate, an iminodicarboxylate, a phenol ethoxylate, an imidazoline, an O-alkyl ester, an

alkoxylated carboxylate, a carboxylic acid, a carboxylate, a glycerol ester sulfonate, a sulfosuccinamate, a

glucamide, a taurinate, a sarcosinate, a glycinate, a dialkanolamide, a monoalkanolamide, a

monoalkanolamide sulfate, a diglycolamide, a diglycolamide sulfate, a glycerol ester, a glycerol ester

sulfate, an amidopropyl betaine, a sugar ester, a glycerol ester quat, an isethionate, a sulfonated fatty acid,

a sulfonated alkyl ester, a C-alkyl ester, an amide, and a polyalkoxylated amidopropyl betaine.

For conditioning application, Z can include, for example, hydroxyl, an alkoxyl, a polyhydroxy

moiety, a phosphate ester, a polyphosphate ester, a dialkanolamide, a monoalkanolamide, a

diglycolamide, a glycerol ester, a glycerol ether, a sugar ester (e.g., a sorbitan ester), a polyglycerol ether,

an amidopropyl betaine, an alkylated quat, an alkyated/hydroxyalkylated quat, an

alkylated/polyhydroxyakylated quat, an alkylated/polyhydroxylated oxypropyl quat, a glycol amine quat,

a glycerol ester quat, an imidazoline, a sulfonated alkyl ester, an O-alkyl ester, a C-alkyl ester, an amide,

an amine, a monoalkylamine, a dialkylamine, a monoglycerol ether, a diglycerol ether, a monoglycerol

ester, a polyglycerol ester, a polyglucoside, a polyoxyalkene, an alkoxylated sulfate, an aminocarboxylate,

and an alkoxylated carboxylate.

In some preferred embodiments, Z is hydroxyl, an alkoxyl, a glycerol ether, a polyglycerol ether,

a polyglycoside, a carboxylate, a sulfate, a sulfonate, an amine, a monoalkylamine, a dialkylamine, an

amine oxide, a monoalkanolamide, a betaine, a sulfobetaine, an amidopropyl betaine, a polyalkoxylated

amidopropyl betaine, an alkylated quat, an alkyated/hydroxyalkylated quat, an

alkylated/polyhydroxyakylated quat, a alkoxylated sulfate, a phosphate ester, a polyphosphate ester, an O-

alkyl ester, a C-alkyl ester, a glycerol ester, a sugar ester, a glycerol ester quat, an amide, and a sulfonated

alkyl ester, for example, a hydroxyl, carboxylate, a sulfate, a sulfonate, an amine oxide, a

monoalkanolamide, amidopropyl betaine, or an alkylated quat. In some embodiments, at least one

compound of Formula I requires a counterion, as previously described.

The at least two compounds of Formula I can have a longest linear carbon chain length of about

10 carbon atoms to about 23 carbon atoms, for example, about 16 carbon atoms to about 18 carbon atoms.

The exact length of the at least two compounds of Formula I depends on their desired use, as previously

described herein.



CHARACTERIZATION OF THE SCATTERED-BRANCHED FATTY COMPOUNDS

The compositions comprising the mixtures of the at least two scattered-branched fatty compounds

can be characterized using two-dimensional (2D) gas chromatography. In this method, the fatty

compounds are derivatized and the derivatives are separated by 2D gas chromatography. Mass

spectrometry can be used to characterize fragmented samples. The fatty compounds can be derivatized to

their 4,4' dimethyloxazoline derivatives prior to analysis via mass spectrometry as described in Zhang,

J.Y., QT. Yu, B.N. Liu and Z.H. Huang, Biomed Env. Mass Spectrom. 75:33 (1988), incorporated herein

by reference. By careful examination of minor spectral differences, it possible to determine the location

of branch points on the backbones of fatty acid derivatives.

The derivatized samples can be analyzed on a Leco Pegasus 4D Comprehensive 2D gas

chromatograph time-of-flight mass spectrometer equipped with a 30M Supelco GammaDex 120 (Supelco

24307) column in the first dimension and a 2M Varian VF5-MS (Varian CP9034) column in the second

dimension. Retention times of key chain-length fatty acids (in both first and second dimensions) in test

samples can be confirmed by identical preparation and analysis of a standard mixture. Using these

columns, 4,4'dimethyloxazoline-derivatized branched-chain fatty acids elute prior to their linear chain-

length homologs in the first dimension.

The mass spectral fragmentation pattern of oxazoline derivatives can be used to confirm that the

fatty compounds identified using 2D GC contain branches. Oxazoline derivatives fragment along the

length of the carbon chain starting from the functional end of the molecule. If a branch point occurs along

the backbone, there is a gap in the mass spectrum pattern; which peak is missing (or reduced) depends on

the location of the branch.

BLENDS OF THE SCATTERED-BRANCHED FATTY COMPOUNDS

The compositions comprising the mixtures of scattered-branched fatty compounds of the

invention can be combined with other branched fatty compounds to form compositions useful for

consumer products (cleaning and/or personal care compositions). In some embodiments, the

compositions of the invention can be combined with fatty compounds derived from isoprene units, such as

those compounds described in U.S. Patent Application No. 2010/0137649 and U.S. Patent Application

Serial No. 61/3 15,594. In some embodiments, the compositions of the invention can be combined with

near-terminal branched fatty compounds, such as those compounds described in U.S. Patent Application

Serial No. 6 6A . Near-terminal branched fatty compounds have a branch on a carbon that is within

40% of the non-functionalized terminus of the longest carbon chain. In yet other embodiments, the

compositions of the invention can be combined with HSAS surfactants derived from renewable resources

or petroleum feedstocks. HSAS surfactants are illustrated in the Scheibel JSD article, as well as U.S.

Patent Nos. 6,020,303; 6,060,443; and 6,335,3 12; and U.S. Patent Application Publication No.

2010/0137649.



COMMERCIAL USES

The compositions of the invention that contain mixtures of scattered-branched chain fatty

compounds provide similar performance when used in cleaning compositions and personal care

compositions, when compared to fatty compounds that have branching at odd-numbered positions, as

previously described. Advantageously, however, the mixtures of the invention provide improved

biodegradability.

Thus, in another aspect, the invention relates to cleaning and conditioning compositions

containing about 0.001 wt. to about 99.999 wt. , preferably about 0.1 wt. to about 80 wt.%., more

preferably about 1 wt.% to about 25 wt% by weight, of the composition comprising the mixture of at least

two compounds of Formula I, as previously defined herein, and about 0.001 wt.% to about 99.999 wt.% of

one or more additional cleaning components or one or more personal care components.

In cleaning applications, Z can include, for example, hydroxyl, an alkoxyl, a sulfate, a disulfate, a

sulfonate, a disulfonate, a sulfosuccinate, an amine, a monoalkylamine, a dialkylamine, an amine oxide, a

polyhydroxy moiety, a phosphate ester, a polyphosphate ester, a phosphonate, a glycerol ether, a glycerol

ether sulfonate, a polygluconate, a monoglycerol ether, a diglyerol ether, a glycerol ether sulfate, a

polyglycerol ether, a polyglycerol ether sulfate, a polyglucoside, an ammonioalkanesulfonate, an alkylated

quat, an alkyated/hydroxyalkylated quat, an alkylated/polyhydroxyakylated quat, an

alkylated/polyhydroxylated oxypropyl quat, a glycol amine quat, a polyoxyalkylene, an alkoxylated

sulfate, a pyridinium moiety, a betaine, a sulfobetaine, an aminocarboxylate, an iminodicarboxylate, a

phenol ethoxylate, an imidazoline, an O-alkyl ester, an alkoxylated carboxylate, a carboxylic acid, a

carboxylate, a glycerol ester sulfonate, a sulfosuccinamate, a glucamide, a taurinate, a sarcosinate, a

glycinate, a dialkanolamide, a monoalkanolamide, a monoalkanolamide sulfate, a diglycolamide, a

diglycolamide sulfate, a glycerol ester, a glycerol ester sulfate, an amidopropyl betaine, a sugar ester, a

glycerol ester quat, an isethionate, a sulfonated fatty acid, a sulfonated alkyl ester, a C -alkyl ester, an

amide, and a polyalkoxylated amidopropyl betaine.

In some embodiments, the cleaning compositions of the invention includes compositions

comprising the mixture of at least two compounds of Formula I, as previously defined, having 10 to 19

total carbon atoms, preferably 11 to 18 total carbon atoms, for example, 12 to 14 total carbon atoms,

wherein Z is as defined above. In some cleaning composition embodiments, Z can include a carboxylate,

a sulfate, a sulfonate, an amine oxide, a monoalkanolamide, an alkoxylated sulfate, a phosphate ester, a

polyphosphate ester, and a glycerol ester. For example, Z can be carboxylate, a sulfate, a sulfonate, or an

amine oxide. Exemplary scattered-branched chain compounds in the mixtures of this embodiment of the

invention can include 2-methyldodecylsulfate, 4-methyldodecylsulfate, 6-methyldodecylsulfate, 8-

methyldodecylsulfate, 4,8-dimethyldodecylsulfate, 2-methyldodecylsulfate- 1-ethoxylated, 4-

methyldodecylsulfate- 1-ethoxylated, 6-methyldodecylsulfate- 1-ethoxylated, 8-methyldodecylsulfate- 1-



ethoxylated, 4,8 -dimethyldodecylsulfate-1 -ethoxylated, 2-methylhexadecylsulfate, 4-

methylhexadecylsulfate, 6-methyldodecylsulfate, 8-methylhexadecylsulfate, 4,8-

dimethylhexadecylsulf ate, 2-methylhexadecylsulfate- 1-ethoxylated, 4-methylhexadecylsulf ate- 1-

ethoxylated, 6-methylhexadecylsulfate-l -ethoxylated, 8-methylhexadecylsulfate-l-ethoxylated, and 4,8-

dimethylhexadecylsulfate-1 -ethoxylated.

In conditioning application, Z can include, for example, hydroxyl, an alkoxyl, a polyhydroxy

moiety, a phosphate ester, a polyphosphate ester, a dialkanolamide, a monoalkanolamide, a

diglycolamide, a glycerol ester, a glycerol ether, a sugar ester (e.g., a sorbitan ester), a polyglycerol ether,

an amidopropyl betaine, an alkylated quat, an alkyated/hydroxyalkylated quat, an

alkylated/polyhydroxyakylated quat, an alkylated/polyhydroxylated oxypropyl quat, a glycol amine quat,

a glycerol ester quat, an imidazoline, a sulfonated alkyl ester, an O-alkyl ester, a C-alkyl ester, an amide,

an amine, a monoalkylamine, a dialkylamine, a monoglycerol ether, a diglycerol ether, a monoglycerol

ester, a polyglycerol ester, a polyglucoside, a polyoxyalkene, an alkoxylated sulfate, an aminocarboxylate,

and an alkoxylated carboxylate.

In some embodiments, the conditioning compositions of the invention includes compositions

comprising the mixture of at least two compounds of Formula I, as previously defined, having 15 to 26

total carbon atoms, wherein Z is as defined above. In some conditioning embodiments, is selected from

the group consisting of a hydroxyl, an alkoxyl, a glycerol ether, a polyglycerol ether, a betaine, a

sulfobetaine, an amidopropyl betaine, a polyalkoxylated amidopropyl betaine, an alkylated quat, an

alkyated/hydroxyalkylated quat, an alkylated/polyhydroxyakylated quat, a phosphate ester, a

polyphosphate ester, an O-alkyl ester, a C-alkyl ester, a glycerol ester, a sugar ester, and a glycerol ester

quat, an amide, and a sulfonated alkyl ester. For example, Z can be hydroxyl, an alkoxyl, a

monoalkanolamide, an amidopropyl betaine, and an alkylated quat. Exemplary scattered-branched chain

compounds in the mixtures of this embodiment of the invention can include 4-methylhexadecylpalmitate,

6-methyloctadecylstearate, 4,8-dimethylhexadecyleicosanoate, 4-methylhexadecylstearate, 6-

methyloctadecanol, 4-methylhexadecanol, and 4,8-dimethylhexadecanol.

In embodiments when the composition of the invention is incorporated into a personal care

composition, the compounds of Formula I can be incorporated into the personal care composition as free

detersive surfactants, as discrete conditioning agents, as part of a conditioning ordered gel network, or a

combination thereof. The incorporation of gel networks in shampoo compositions is disclosed in U.S.

Patent No. 7,303,744, incorporated herein by reference.

When the compounds of Formula I are derivatized as, for example, sulfates or betaines, they can

act as detersive surfactants. In this role, they freely associate with surfaces (e.g., air, water, soil) to

provide lather and cleaning benefits. When utilized as detersive surfactants, the compounds of Formula I

are added to personal care compositions (e.g., shampoos) as free compounds.



When the compounds of Formula I are derivatized as, for example, cationic surfactants, for

conditioning applications, they are incorporated into personal care compositions as part of a liquid crystal

structure of an ordered gel network, which acts to increase lubrication and lower friction to, for example,

the surface of hair. When formulated as part of the gel network, the compounds of Formula I do not

exhibit detersive behavior. In these embodiments, the compound of Formula I is first included in a pre-

aggregrate gel network, which is subsequently dispersed into the personal care composition. The

compound of Formula I remains part of the gel network after dispersion and is not in equilibrium with the

rest of the mixture.

The ordered gel network is derived from a combination of linear fatty alcohols and cationic

surfactants (mono-alkyl and/or di-alkyl), and one or more conditioning oils such as silicones. The gel

network is processed at elevated temperatures and subsequently cooled to facilitate the formation of

lamellar/vesicular structures, translating into a lubricating benefit on the hair, especially in the wet state.

The conditioning oils, such as silicone and non-silicone compounds are added to the gel network as

dispersions or emulsions after gel network formation. Because these conditioning oils do not interact

significantly with the ordered gel phase, they are the primary contributor to dry conditioning and

associated benefits. Wax esters can be employed as a partial or full silicone replacement, and can be

formulated in both shampoo and rinse off conditioner products. These wax esters are added to the gel

network as emulsions/micro-emulsions and, as such, they are not an integral component of the gel

network system. In some embodiments, however, the amphiphilic nature of certain wax esters makes

possible their incorporation into a gel network phase via appropriate processing techniques and

subsequent formulation in either a shampoo or rinse -off conditioner product.

I. Consumer Product Cleaning Compositions

Consumer product cleaning compositions are described in the "Surfactant Science Series",

Marcel Dekker, New York, Volumes 1-67 and higher, which is incorporated herein by reference. In

particular, liquid compositions are described in detail in Volume 67, "Liquid Detergents," Ed. Kuo-Yann

Lai, 1997, ISBN 0-8247-9391-9, incorporated herein by reference. More classical formulations,

especially granular type formulations, are described in "Detergent Manufacture including Zeolite Builders

and Other New Materials", Ed. M. Sittig, Noyes Data Corporation, 1979, incorporated herein by

reference. See also Kirk Othmer's Encyclopedia of Chemical Technology. Nonlimiting examples of

consumer product cleaning compositions include light duty liquid deterents (LDL), heavy duty liquid

detergents (HDL), heavy duty granular detergents (HDG), softergents (STW), hard surface cleaners

(HSC), bar soaps, fabric softeners (FS), and special purpose cleaners (SPC). Any of the aforementioned

examples of consumer product cleaning compositions can optionally include perfume, as described in

U.S. Patent No. 5,500,154 and WO 96/02490, each incorporated herein by reference.



Light duty liquid detergents include compositions having surfactancy improving magnesium ions

(see, e.g., WO 97/00930A; GB 2,292,562A; U.S. Patent Nos. 5,376,310; 5,269,974; 5,230,823;

4,923,635; 4,681,704; 4,316,824; 4,133,779, each incorporated herein by reference), organic diamines,

various foam stabilizers, foam boosters such as amine oxides (see, e.g., U.S. Patent No. 4,133,779,

incorporated herein by reference), skin feel modifiers of surfactant, emollient, and enzymatic types

including proteases, antimicrobial agents, and mixtures thereof (see, e.g., Surfactant Science Series, Vol.

67, pages 240-248, incorporated herein by reference).

Heavy duty liquid detergents include both "structured" (i.e., multi-phase) liquid types (see, e.g.,

U.S. Patent Nos. 4,452,717; 4,526,709; 4,530,780; 4,618,446; 4,793,943; 4,659,497; 4,871,467;

4,891,147; 5,006,273; 5,021,195; 5,147,576; 5,160,655, each incorporated herein by reference) and "non-

structured" (i.e., isotropic) liquid types, and can be aqueous or nonaqueous (see, e.g., EP 738,778A; WO

97/00937A; WO 97/00936A; EP 752,466A; DE 19623623A; WO 96/10073A; WO 96/10072A; EP

225,654; WO 94/23009; U.S. Patent Nos. 4,647,393; 4,648,983; 4,655,954; 4,661,280; 4,690,771;

4,744,916; 4,753,750; 4,950,424; 5,004,556; and 5,102,574, each incorporated herein by reference). The

HDLs can optionally comprise bleach (see, e.g., U.S. Patent Nos. 4,470,919; 5,250,212; 5,264,143;

5,275,753; 5,288,746; 5,431,848; and 5,445,756; EP 564,250; WO 94/11483; EP 598,170; EP 598,973;

and EP 619,368, each incorporated herein by reference). Additionally or alternatively, the HDLs can

optionally comprise enzymes (see, e.g., U.S. Patent Nos. 3,944,470; 4,111,855; 4,261,868; 4,287,082;

4,305,837; 4,404,115; 4,462,922; 4,529,5225; 4,537,706; 4,537,707; 4,670,179; 4,842,758; 4,900,475;

4,908,150; 5,082,585; 5,156,773; 5,269,960; 5,422,030; 5,431,842; and 5,442,100; WO 92/19709; EP

583,534; EP 583,535; EP 583,536; WO 94/04542; and EP 633,311, each incorporated herein by

reference). Also see Surfactant Science Series, Vol. 67, pages 309-324, incorporated herein by reference.

Heavy duty granular detergents include both the "compact" (i.e., agglomerated or otherwise non-

spray-dried) type, and the "fluffy" (i.e., spray-dried) type. The compact and fluffy types of HDGs either

can be phosphated or nonphosphated. The HDGs can include the anionic-surfactant based type or the

"high-nonionic surfactant" type (i.e., the nonionic surfactant is held in or on an absorbent, such as zeolites

or other porous inorganic salts). Manufacture of HDGs is disclosed in, e.g., EP 753,571A; WO

96/38531A; U.S. Patent Nos. 5,576,285; 5,573,697; 5,569,645; 5,565,422; 5,496,487; 5,489,392; and

5,554,587; U.S. Patent Application NO. 96/34082A; EP 739,977A; EP 737,739A; WO 96/27655A; WO

96/25482A; WO 96/23048A; WO 96/22352A; EP 709,449A; WO 96/09370A; and EP 694,608A, each

incorporated herein by reference.

Softergents include various granular or liquid softening-through-the wash types of product and

can include organic (e.g., quaternary) or inorganic (e.g., clay) softeners (see, e.g., U.S. Patent Nos.

4,140,641; 4,639,321; 4,751,008; 4,844,821; 4,844,824; 4,873,001; 4,911,852; and 5,017,296; EP

753,569A; EP 315,126; and EP 422,787, each incorporated herein by reference).



Hard surface cleaners include all-purpose cleaners, such as, for example, cream cleansers, liquid

cleaners, and spray cleaners (e.g., glass cleaners, tile cleaners, bleach spray cleaners); and bathroom

cleaners (e.g., mildew-removing, bleach-containing, antimicrobial, acidic type, neutral type, basic types).

See, for example, EP 743,280A; EP 743,279A, and WO 96/34938 A, each incorporated herein by

reference.

Bar soaps include laundry bars. The bar soaps encompass both the synthetic detergent (i.e.,

syndet) type, the soap-based type, and types with softener (see, e.g., WO 96/35772A; U.S. Patent No.

5,500,137; and WO 96/01889A, each incorporated herein by reference). These compositions can include

those made by common soap-making techniques, such as plodding, and/or more unconventional

techniques, such as casting, absorption of surfactant into a porous support, or the like. Other bar soaps,

such as those described in BR 9502668; WO 96/04361A; WO 96/04360A; and U.S. Patent No. 5,540,852,

each incorporated herein by reference are also included, as well as other handwash detergents, such as

those described in GB 2,292,155 A and WO 96/01306 A, each incorporated herein by reference.

Fabric softeners include both the conventional liquid and liquid concentrate types (see, e.g., EP

754,749A; WO 96/21715A; EP 705,900A; U.S. Patent Nos. 5,531,910 and 5,500,138, each incorporated

herein by reference), as well as dryer-added or substrate-supported types (see, e.g., U.S. Patent Nos.

5,562,847 and 5,559,088; and EP 704,522A, each incorporated herein by reference). Other fabric

softeners include solids, as described in, for example, U.S. Patent No. 5,505,866, which is incorporated

herein by reference.

Special purpose cleaners include home dry cleaning systems (see, e.g., WO 96/30583A; WO

96/30472A; WO 96/30471A; U.S. Patent No. 5,547,476; WO 96/37652 A); bleach pretreatment products

for laundry (see, e.g., EP 751,210 A); fabric care pretreatment products (see, e.g., EP 752,469 A); liquid

fine fabric detergent types, especially the high-foaming variety; rinse-aids for dishwashing; liquid

bleaches including both chlorine type and oxygen bleach type; disinfecting agents; car or carpet cleaners

or shampoos (see, e.g., EP 751,213A; WO 96/15308A); metal cleaners; cleaning auxiliaries (e.g., bleach

additives, stain-sticks, pre-treatments including special foam type cleaners, as described in EP 753,560A;

EP 753,559A; EP 753,558A; EP 753,557A; EP 753,556A, each incorporated herein by reference); and

anti-sunfade treatments (see, e.g., WO 96/03486A; WO 96/03481A; WO 96/03369A, each incorporated

herein by reference).

Consumer product cleaning compositions, can be formulated into a wide range of forms

including, for example, powders, liquids, granules, gels, pastes, tablets, pouches, bars, types delivered in

dual-compartment containers, spray or foam detergents and other homogeneous or multiphasic consumer

cleaning product forms.

The consumer product compositions of the invention can be applied by hand in unitary or freely

alterable dosage, or by automatic dispensing means. The consumer product compositions of the invention



are useful in appliances, (e.g., washing machines, dishwashers), in institutional cleaning contexts (e.g.,

personal cleansing in public facilities), for bottle washing, for surgical instrument cleaning, and/or for

cleaning electronic components. The consumer product compositions of the invention can have a wide

pH range (e.g., about 2 to about 12, or higher), and a wide range of alkalinity reserve. For example, the

consumer product compositions of the invention can be used in very high alkalinity reserves, such as drain

unblocking, in which tens of grams of NaOH equivalent can be present per 100 grams of formulation.

These mixtures can also be used in medium alkalinity reserves having 1 to 10 grams of NaOH equivalent,

and mild or low-alkalinity ranges (e.g, liquid hand cleaners; acidic, hard-surface cleaners). Both high-

foaming and low-foaming detergent types are encompassed.

Cleaning Components

A cleaning component is a material required to transform a composition containing only the

minimum essential ingredients into a composition useful for laundry or cleaning purposes. The cleaning

components are easily recognizable to those of skill in the art as being characteristic of laundry or

cleaning products. The precise nature of these cleaning components, and levels of incorporation thereof,

depends on the physical form of the composition and the nature of the cleaning operation for which it is to

be used.

If the cleaning component is used with bleach, it should have good stability. In some

embodiments, the cleaning compositions of the invention should be boron-free and/or phosphate-free, as

required by legislation. The cleaning component(s) can be present in the cleaning composition in an

amount of about 0.001 wt. to about 99.999 wt. , typically about 70 wt. to about 95 wt. , based on

the total weight of the cleaning composition. When used for a particular application, the concentration of

the cleaning composition of the invention can vary widely ranging, for example, from a few parts per

million solution to direct application of the neat cleaning composition.

Common cleaning components include, for example, a builder, a surfactant, an enzyme, an

enzyme stabilizing system, a polymer, bleach, a bleach activator, a catalytic material, a polymeric soil

release agent, a clay soil removal/anti-redeposition agent, a polymeric dispersing agent, a suds suppressor,

a brightener, a dyes or a fabric hueing agent, a dye transfer inhibiting agent, a chelating agent, a thickener,

a fabric softener, a perfume, an active ingredient, a carrier, a hydrotrope, a processing aid, a dye or a

pigment, a solvent for liquid formulations, a solid filler for bar compositions, color speckles, silvercare, an

anti-tarnish and/or anti-corrosion agent, a germicide, an alkalinity source, an anti-oxidant, a pro-perfumes,

a solubilizing agent, and mixtures thereof.

In some embodiments, the cleaning compositions of the invention (e.g., laundry detergents,

laundry detergent additives, hard surface cleaners, synthetic and soap-based laundry bars, fabric softeners

and fabric treatment liquids, solids and treatment articles of all kinds) include several cleaning

components. In some embodiments, the cleaning compositions of the invention include only one or two



cleaning components, such as a bleach additive and a surfactant. A comprehensive list of suitable

cleaning components and methods is described in U.S. Patent Nos. 6,593,285 and 6,020,303, each

incorporated herein by reference.

Builders

Detergent builders selected from aluminosilicates and silicates are can be included in the

compositions herein, for example to assist in controlling mineral, especially calcium and/or magnesium

hardness in wash water, or to assist in the removal of particulate soils from surfaces. Also suitable for use

herein are synthesized crystalline ion exchange materials or hydrates thereof, an anhydride form:

x(M20)-ySi0 2
-zMO wherein M is Na and/or K, M' is Ca and/or Mg; y/x is 0.5 to 2.0 and z/x is 0.005 to

1.0 as taught in U.S. Patent No. 5,427,71 1, incorporated herein by reference. Detergent builders in place

of or in addition to the silicates and aluminosilicates described hereinbefore can optionally be included in

the compositions herein, for example to assist in controlling mineral, especially calcium and/or

magnesium hardness in wash water or to assist in the removal of particulate soils from surfaces.

Builder level can vary widely depending upon end use and physical form of the composition.

Built detergents typically comprise at least about 1 wt.% builder, based on the total weight of the

detergent. Liquid formulations typically comprise about 5 wt.% to about 50 wt.%, more typically 5 wt.%

to 35 wt.% of builder to the total weight of the detergent. Granular formulations typically comprise from

about 10% to about 80%, more typically 15% to 50% builder by weight of the detergent composition.

Lower or higher levels of builders are not excluded. For example, certain detergent additive or high-

surfactant formulations can be unbuilt.

Suitable builders herein can be selected from the group consisting of phosphates and

polyphosphates, especially the sodium salts; carbonates, bicarbonates, sesquicarbonates and carbonate

minerals other than sodium carbonate or sesquicarbonate; organic mono-, di-, tri-, and tetracarboxylates

especially water-soluble nonsurfactant carboxylates in acid, sodium, potassium or alkanolammonium salt

form, as well as oligomeric or water-soluble low molecular weight polymer carboxylates including

aliphatic and aromatic types; and phytic acid. These may be complemented by borates, e.g., for pH-

buffering purposes, or by sulfates, especially sodium sulfate and any other fillers or carriers which may be

important to the engineering of stable surfactant and/or builder-containing detergent compositions.

Detersive Surfactants

In some embodiments, the cleaning compositions of the invention can further comprise additional

surfactants, herein also referred to as co-surfactants. The cleaning composition of the present invention

typically comprise about 0.1% to about 55%, preferably from about 0.5% to about 15%, by weight of co-

surfactants (e.g., anionic co-surfactants, nonionic co-surfactants, cationic co-surfactants). It is to be

understood that the compositions of the invention may be used singly in cleaning compositions or in



combination with other detersive surfactants. Typically, fully-formulated cleaning compositions will

contain a mixture of surfactant types in order to obtain broad-scale cleaning performance over a variety of

soils and stains, and under a variety of usage conditions. One advantage of the compositions of the

invention is their ability to be readily formulated in combination with other known surfactant types.

Nonlimiting examples of additional surfactants which may be used herein typically at levels from about

1% to about 55%, by weight, include the unsaturated sulfates, the C i0-Ci alkyl alkoxy, C i0-Ci alkyl

alkoxy carboxylates, the C i0-Ci glycerol ether sulfates, the C i0-Ci alkyl polyglycosides and their

corresponding sulfated polyglycosides, and C i2-Ci alpha-sulfonated fatty acid esters. Nonionic

surfactants such as the ethoxylated C i0-Ci alcohols and alkyl phenols can also be used. If desired, other

conventional surfactants such as the C i2-Ci betaines and sulfobetaines ("sultaines"), Ci0-Ci amine

oxides, and the like, can also be included in the overall compositions. The C i0-Ci N-alkyl polyhydroxy

fatty acid amides can also be used. See WO 9,206,154, incorporated herein by reference. Other sugar-

derived surfactants include the N-alkoxy polyhydroxy fatty acid amides. The N-propyl through N-hexyl

12 -C18 glucamides can be used for low sudsing. C i0-C2o conventional soaps may also be used. If high

sudsing is desired, the branched-chain C 10-C16 soaps may be used.

A wide range of these co-surfactants can be used in the detergent compositions of the present

invention. A typical listing of anionic, nonionic, ampholytic and zwitterionic classes, and species of these

co-surfactants, is given in U.S. Patent No. 3,664,961, incorporated herein by reference. Amphoteric

surfactants are also described in detail in "Amphoteric Surfactants, Second Edition", E. G. Lomax, Editor

(published 1996, by Marcel Dekker, Inc.), incorporated herein by reference.

Amine-neutralized anionic surfactants

Anionic surfactants of the present invention and adjunct anionic cosurfactants may be neutralized

by amines or, preferably, alkanolamines, and alkanolamines are preferred. Suitable non-limiting

examples including monoethanolamine, triethanolamine, and other alkanolamines known in the art.

Enzymes

Enzymes can be included in the present cleaning compositions for a variety of purposes, including

removal of protein-based, carbohydrate-based, or triglyceride -based stains from substrates, for the

prevention of refugee dye transfer in fabric laundering, and for fabric restoration. Suitable enzymes

include proteases, amylases, lipases, cellulases, peroxidases, and mixtures thereof of any suitable origin,

such as vegetable, animal, bacterial, fungal and yeast origin. Preferred selections are influenced by factors

such as pH-activity and/or stability optima, thermostability, and stability to active detergents, builders and

the like. In this respect bacterial or fungal enzymes are preferred, such as bacterial amylases and

proteases, and fungal cellulases.



Enzymes are normally incorporated into cleaning compositions at levels sufficient to provide a

"cleaning-effective amount." The term "cleaning effective amount" refers to any amount capable of

producing a cleaning, stain removal, soil removal, whitening, deodorizing, or freshness improving effect

on substrates such as fabrics, dishware and the like. In practical terms for current commercial

preparations, typical amounts are up to about 5 mg by weight, more typically 0.01 mg to 3 mg, of active

enzyme per gram of the consumer product cleaning composition. Stated otherwise, the compositions

herein will typically comprise from 0.001% to 5%, preferably 0.01 %-l% by weight of a commercial

enzyme preparation.

A range of enzyme materials and means for their incorporation into synthetic detergent

compositions is disclosed in WO 9307263 A; WO 9307260 A; WO 8908694 A; U.S. Patent Nos.

3,553,139; 4,101,457; and 4,507,219, each incorporated herein by reference. Enzyme materials useful for

liquid detergent formulations, and their incorporation into such formulations, are disclosed in U.S. Patent

No. 4,261,868, incorporated herein by reference.

Enzyme Stabilizing System

Enzymes for use in detergents can be stabilized by various techniques. Enzyme stabilization

techniques are disclosed and exemplified in U.S. Patent Nos. 3,600,319 and 3,519,570; EP 199,405, EP

200,586; and WO 9401532 A, each incorporated herein by reference. Thus, the enzyme-containing

compositions herein may optionally also comprise from about 0.001% to about 10%, preferably from

about 0.005% to about 8%, most preferably from about 0.01% to about 6%, by weight of an enzyme

stabilizing system. The enzyme stabilizing system can be any stabilizing system which is compatible with

the detersive enzyme. Such a system may be inherently provided by other formulation actives, or be

added separately, e.g., by the formulator or by a manufacturer of detergent-ready enzymes. Such

stabilizing systems can, for example, comprise calcium ion, boric acid, propylene glycol, short chain

carboxylic acids, boronic acids, and mixtures thereof, and are designed to address different stabilization

problems depending on the type and physical form of the cleaning composition.

Bleaching Compounds. Bleaching Agents. Bleach Activators, and Bleach Catalysts

In some embodiments, the cleaning compositions can further contain bleaching agents or

bleaching compositions containing a bleaching agent and one or more bleach activators. Bleaching agents

will typically be present at levels of about 1 wt.% to about 30 wt.%, more typically from about 5 wt.% to

about 20 wt.%, based on the total weight of the composition, especially for fabric laundering. If present,

the amount of bleach activators will typically be about 0.1 wt.% to about 60 wt.%, more typically about

0.5 wt.% to about 40 wt.% of the bleaching composition comprising the bleaching agent-plus-bleach

activator.



Examples of bleaching agents include oxygen bleach, perborate bleach, percarboxylic acid bleach

and salts thereof, peroxygen bleach, persulfate bleach, percarbonate bleach, and mixtures thereof.

Examples of bleaching agents are disclosed in U.S. Patent No. 4,483,781, U.S. patent application Ser. No.

740,446, European Patent Application 0,133,354, U.S. Patent No. 4,412,934, and U.S. Patent No.

4,634,55 1, each incorporated herein by reference.

Examples of bleach activators (e.g., acyl lactam activators) are disclosed in U.S. Patent Nos.

4,915,854; 4,412,934; 4,634,551; 4,634,551; and 4,966,723, each incorporated herein by reference.

In some embodiments, a laundry detergent composition comprises a transition metal catalyst.

Preferably, the transition metal catalyst may be encapsulated. The transition metal bleach catalyst

typically comprises a transition metal ion, preferably selected from transition metal selected from the

group consisting of Mn(II), Mn(III), Mn(IV), Mn(V), Fe(II), Fe(III), Fe(IV), Co(I), Co(II), Co(III), Ni(I),

Ni(II), Ni(III), Cu(I), Cu(II), Cu(III), Cr(II), Cr(III), Cr(IV), Cr(V), Cr(VI), V(III), V(IV), V(V), Mo(IV),

Mo(V), Mo(VI), W(IV), W(V), W(VI), Pd(II), Ru(II), Ru(III), and Ru(IV), more preferably Mn(II),

Mn(III), Mn(IV), Fe(II), Fe(III), Cr(II), Cr(III), Cr(IV), Cr(V), and Cr(VI). The transition metal bleach

catalyst typically comprises a ligand, preferably a macropolycyclic ligand, more preferably a cross-

bridged macropolycyclic ligand. The transition metal ion is preferably coordinated with the ligand.

Preferably, the ligand comprises at least four donor atoms, at least two of which are bridgehead donor

atoms. Suitable transition metal bleach catalysts are described in U.S. 5,580,485, U.S. 4,430,243; U.S.

4,728,455; U.S. 5,246,621; U.S. 5,244,594; U.S. 5,284,944; U.S. 5,194,416; U.S. 5,246,612; U.S.

5,256,779; U.S. 5,280,117; U.S. 5,274,147; U.S. 5,153,161; U.S. 5,227,084; U.S. 5,114,606; U.S.

5,1 14,61 1, EP 549,271 Al; EP 544,490 Al; EP 549,272 Al; and EP 544,440 A2, each incorporated

herein by reference. A suitable transition metal bleach catalyst is a manganese-based catalyst, for

example disclosed in U.S. 5,576,282, incorporated herein by reference. Suitable cobalt bleach catalysts

are described, for example, in U.S. 5,597,936 and U.S. 5,595,967, each incorporated herein by reference.

Such cobalt catalysts are readily prepared by known procedures, such as taught for example in U.S.

5,597,936, and U.S. 5,595,967, each incorporated herein by reference. A suitable transition metal bleach

catalyst is a transition metal complex of ligand such as bispidones described in WO 05/042532 Al,

incorporated herein by reference.

Bleaching agents other than oxygen bleaching agents are also known in the art and can be utilized

herein (e.g., photo activated bleaching agents such as the sulfonated zinc and/or aluminum

phthalocyanines (U.S. Patent No. 4,033,718, incorporated herein by reference), or pre-formed organic

peracids, such as peroxycarboxylic acid or salt thereof, or a peroxysulphonic acid or salt thereof. A

suitable organic peracid is phthaloylimidoperoxycaproic acid. If used, consumer product cleaning

compositions will typically contain from about 0.025% to about 1.25%, by weight, of such bleaches,

especially sulfonate zinc phthalocyanine.



Polymeric Soil Release Agent

Known polymeric soil release agents, hereinafter "SRA" or "SRA's", can optionally be employed

in the present cleaning compositions. If utilized, SRA's will generally comprise about 0.01% to about

10.0%, typically about 0.1% to about 5%, preferably about 0.2% to about 3.0% by weight, of the

composition.

Preferred SRA's typically have hydrophilic segments to hydrophilize the surface of hydrophobic

fibers, such as polyester and nylon, and hydrophobic segments to deposit upon hydrophobic fibers and

remain adhered thereto through completion of washing and rinsing cycles, thereby serving as an anchor

for the hydrophilic segments. This can enable stains occurring subsequent to treatment with SRA to be

more easily cleaned in later washing procedures.

SRA's can include, for example, a variety of charged, e.g., anionic or even cationic (see U.S.

Patent No. 4,956,447, incorporated herein by reference), as well as noncharged monomer units, and

structures may be linear, branched or even star-shaped. They may include capping moieties which are

especially effective in controlling molecular weight or altering the physical or surface-active properties.

Structures and charge distributions may be tailored for application to different fiber or textile types and for

varied detergent or detergent additive products. Examples of SRAs are described in U.S. Patent Nos.

4,968,451; 4,711,730; 4,721,580; 4,702,857; 4,877,896; 3,959,230; 3,893,929; 4,000,093; 5,415,807;

4,201,824; 4,240,918; 4,525,524; 4,201,824; 4,579,681; and 4,787,989; European Patent Application 0

219 048; 279,134 A; 457,205 A; and DE 2,335,044, all of which are incorporated herein by reference.

Clay Soil Removal/Anti-Redeposition Agents

The compositions of the present invention can also optionally contain water-soluble ethoxylated

amines having clay soil removal and antiredeposition properties. Granular detergent compositions which

contain these compounds typically contain about 0.01% to about 10.0%, by weight, of the water-soluble

ethoxylates amines; liquid detergent compositions typically contain about 0.01% to about 5% by weight

of these compounds.

Exemplary clay soil removal and antiredeposition agents are described in U.S. Patent Nos.

4,597,898; 548,744; 4,891,160; European Patent Application Nos. 111,965; 111,984; 112,592; and WO

95/32272, which are all incorporated herein by reference.

Polymeric Dispersing Agents

Polymeric dispersing agents can advantageously be utilized at levels of about 0.1% to about 7%,

by weight, in the compositions herein, especially in the presence of zeolite and/or layered silicate builders.

Suitable polymeric dispersing agents include polymeric polycarboxylates and polyethylene glycols,

although others known in the art can also be used. It is believed, though it is not intended to be limited by

theory, that polymeric dispersing agents enhance overall detergent builder performance, when used in



combination with other builders (including lower molecular weight polycarboxylates) by crystal growth

inhibition, particulate soil release peptization, and anti-redeposition. Examples of polymeric dispersing

agents are found in U.S. Patent No. 3,308,067, European Patent Application No. 66915, EP 193,360, and

EP 193,360, each incorporated herein by reference.

Alkoxylated Polyamines

Soil suspension, grease cleaning, and particulate cleaning polymers may include the alkoxylated

polyamines. Such materials include but are not limited to ethoxylated polyethyleneimine, ethoxylated

hexamethylene diamine, and sulfated versions thereof. A useful example is 600g/mol polyethyleneimine

core ethoxylated to 20 EO groups per NH and is available from BASF.

Brightener

Any optical brighteners or other brightening or whitening agents known in the art can be

incorporated at levels typically of about 0.01% to about 1.2%, by weight, into the cleaning compositions

herein. Commercial optical brighteners which may be useful in the present invention can be classified

into subgroups, which include, but are not necessarily limited to, derivatives of stilbene, pyrazoline,

coumarin, carboxylic acid, methinecyanines, dibenzothiophene-5,5-dioxide, azoles, 5- and 6-membered-

ring heterocycles, and other miscellaneous agents. Examples of such brighteners are disclosed in "The

Production and Application of Fluorescent Brightening Agents", M. Zahradnik, Published by John Wiley

& Sons, New York (1982), incorporated herein by reference. Specific examples of optical brighteners

which are useful in the present compositions are those identified in U.S. Patent No. 4,790,856 and U.S.

Patent No. 3,646,015, each incorporated herein by reference.

Fabric Hueing Agents

The compositions of the present invention my include fabric hueing agents. Non-limiting

examples include small molecule dyes and polymeric dyes. Suitable small molecule dyes include small

molecule dyes selected from the group consisting of dyes falling into the Colour Index (C.I.)

classifications of Direct Blue, Direct Red, Direct Violet, Acid Blue, Acid Red, Acid Violet, Basic Blue,

Basic Violet and Basic Red, or mixtures thereof. In another aspect, suitable polymeric dyes include

polymeric dyes selected from the group consisting of fabric-substantive colorants sold under the name of

LIQUITINT® (Milliken, Spartanburg, South Carolina, USA), dye-polymer conjugates formed from at

least one reactive dye and a polymer selected from the group consisting of polymers comprising a moiety

selected from the group consisting of a hydroxyl moiety, a primary amine moiety, a secondary amine

moiety, a thiol moiety and mixtures thereof. In still another aspect, suitable polymeric dyes include

polymeric dyes selected from the group consisting of LIQUITINT t® (Milliken, Spartanburg, South

Carolina, USA) Violet CT, carboxymethyl cellulose (CMC) conjugated with a reactive blue, reactive

violet or reactive red dye such as CMC conjugated with C.I. Reactive Blue 19, sold by Megazyme,



Wicklow, Ireland under the product name AZO-CM-CELLULOSE, product code S-ACMC, alkoxylated

triphenyl-methane polymeric colourants, alkoxylated thiophene polymeric colourants, and mixtures

thereof.

Dye Transfer Inhibiting Agents

The compositions of the present invention may also include one or more materials effective for

inhibiting the transfer of dyes from one fabric to another during the cleaning process. Generally, such dye

transfer inhibiting agents include polyvinyl pyrrolidone polymers, polyamine N-oxide polymers,

copolymers of N-vinylpyrrolidone and N-vinylimidazole, manganese phthalocyanine, peroxidases, and

mixtures thereof. If used, these agents typically comprise about 0.01% to about 10% by weight of the

composition, preferably from about 0.01% to about 5%, and more preferably from about 0.05% to about

2%.

Chelating Agents

The detergent compositions herein may also optionally contain one or more iron and/or

manganese chelating agents. Such chelating agents can be selected from the group consisting of amino

carboxylates, amino phosphonates, polyfunctionally-substituted aromatic chelating agents and mixtures

therein. If utilized, these chelating agents will generally comprise about 0.1% to about 15% by weight of

the detergent compositions herein. More preferably, if utilized, the chelating agents will comprise from

0.1% to about 3.0% by weight of such compositions.

Suds Suppressors

Compounds for reducing or suppressing the formation of suds can be incorporated into the

compositions of the present invention. Suds suppression can be of particular importance in the so-called

"high concentration cleaning process" as described in U.S. Pat. No. 4,489,455 and 4,489,574, which are

incorporated herein by reference, and in front-loading European-style washing machines.

A wide variety of materials may be used as suds suppressors, and suds suppressors are well

known to those skilled in the art. See, for example, Kirk Othmer Encyclopedia of Chemical Technology,

Third Edition, Volume 7, pages 430-447 (John Wiley & Sons, Inc., 1979). Examples of suds supressors

include monocarboxylic fatty acid and soluble salts therein, high molecular weight hydrocarbons such as

paraffin, fatty acid esters (e.g., fatty acid triglycerides), fatty acid esters of monovalent alcohols, aliphatic

C18-C40 ketones (e.g., stearone), N-alkylated amino triazines, waxy hydrocarbons preferably having a

melting point below about 100 °C, silicone suds suppressors, and secondary alcohols. Suds supressors are

described in U.S. Pat. No. 2,954,347; 4,265,779; 4,265,779; 3,455,839; 3,933,672; 4,652,392; 4,978,471; .

4,983,316; 5,288,431; 4,639,489; 4,749,740; and 4,798,679; 4,075,118; European Patent Application No.

89307851.9; EP 150,872; and DOS 2,124,526 which are all incorporated herein by reference.



For any detergent compositions to be used in automatic laundry washing machines, suds should

not form to the extent that they overflow the washing machine. Suds suppressors, when utilized, are

preferably present in a "suds suppressing amount. By "suds suppressing amount" is meant that the

formulator of the composition can select an amount of this suds controlling agent that will sufficiently

control the suds to result in a low-sudsing laundry detergent for use in automatic laundry washing

machines.

The compositions herein will generally comprise from 0% to about 10% of suds suppressor.

When utilized as suds suppressors, monocarboxylic fatty acids, and salts therein, will be present typically

in amounts up to about 5%, by weight, of the detergent composition. Preferably, from about 0.5% to

about 3% of fatty monocarboxylate suds suppressor is utilized. Silicone suds suppressors are typically

utilized in amounts up to about 2.0%, by weight, of the detergent composition, although higher amounts

may be used. Monostearyl phosphate suds suppressors are generally utilized in amounts ranging from

about 0.1% to about 2%, by weight, of the composition. Hydrocarbon suds suppressors are typically

utilized in amounts ranging from about 0.01% to about 5.0%, although higher levels can be used. The

alcohol suds suppressors are typically used at 0.2%-3% by weight of the finished compositions.

Structurant / Thickeners

Structured liquids can either be internally structured, whereby the structure is formed by primary

ingredients (e.g. surfactant material) and/or externally structured by providing a three dimensional matrix

structure using secondary ingredients (e.g. polymers, clay and/or silicate material). The composition may

comprise a structurant in an amount of about 0.01 wt.% to 5 wt.%, preferably about 0.1 wt.% to 2.0 wt.%,

based on the total weight of the composition. The structurant is typically selected from the group

consisting of diglycerides and triglycerides, ethylene glycol distearate, microcrystalline cellulose,

cellulose-based materials, microfiber cellulose, biopolymers, xanthan gum, gellan gum, and mixtures

thereof. A suitable structurant includes hydrogenated castor oil, and non-ethoxylated derivatives thereof.

A suitable structurant is disclosed in US Patent No. 6,855,680, incorporated herein by reference. Such

structurants have a thread-like structuring system having a range of aspect ratios. Other suitable

structurants and the processes for making them are described in WO2010/034736, incorporated herein by

reference.

Alkoxylated Polycarboxylates

Alkoxylated polycarboxylates, such as those prepared from polyacrylates, are useful herein to

provide additional grease removal performance. Such materials are described in WO 91/08281 and PCT

90/01815, incorporated herein by reference. Chemically, these materials comprise polyacrylates having

one ethoxy side-chain per every 7-8 acrylate units. The side-chains are of the formula -(CH2CH20 )m

(CH2)nCH3 wherein m is 2-3 and n is 6-12. The side-chains are ester-linked to the polyacrylate

"backbone" to provide a "comb" polymer type structure. The molecular weight can vary, but is typically



in the range of about 2000 to about 50,000. Such alkoxylated polycarboxylates can comprise about 0.05%

to about 10%, by weight, of the compositions herein.

Amphiphilic graft co-polymer

The compositions of the invention, and their mixtures with other cosurfactants and other adjunct

ingredients, can be used with an amphilic graft co-polymer, preferably the amphilic graft co-polymer

comprises (i) polyethyelene glycol backbone; and (ii) and at least one pendant moiety selected from

polyvinyl acetate, polyvinyl alcohol and mixtures thereof. A preferred amphilic graft co-polymer is

Sokalan HP22, supplied from BASF.

Fabric Softeners

Various through-the-wash fabric softeners, especially the impalpable smectite clays of U.S. Patent

No. 4,062,647, incorporated herein by reference, as well as other softener clays known in the art, can

optionally be used typically at levels of about 0.5% to about 10%, by weight in the present compositions

to provide fabric softener benefits concurrently with fabric cleaning. Clay softeners can be used in

combination with amine and cationic softeners as disclosed, for example, in U.S. Patent No. 4,375,416,

and U.S. Patent No. 4,291,07 1, which are incorporated herein by reference.

Perfumes

Perfumes and perfumery ingredients useful in the present compositions and processes comprise a

wide variety of natural and synthetic chemical ingredients, including, but not limited to, aldehydes,

ketones, esters, and the like. Also included are various natural extracts and essences which can comprise

complex mixtures of ingredients, such as orange oil, lemon oil, rose extract, lavender, musk, patchouli,

balsamic essence, sandalwood oil, pine oil, cedar, and the like. Finished perfumes can comprise

extremely complex mixtures of such ingredients. Finished perfumes typically comprise about 0.01 % to

about 2%, by weight, of the detergent compositions herein, and individual lay softeners can be used in

combination with amine and cationic softeners perfumery ingredients can comprise about 0.0001 % to

about 90%, by weight, of a finished perfume composition.

Other Ingredients

A wide variety of other ingredients useful in the cleaning compositions can be included in the

compositions herein, including other active ingredients, carriers, hydrotropes, processing aids, dyes or

pigments, solvents for liquid formulations, solid fillers for bar compositions, etc. If high sudsing is

desired, suds boosters such as the Ci0-Ci6 alkanolamides can be incorporated into the compositions,

typically at 1%-10% levels. The Ci0-Ci3 monoethanol and diethanol amides illustrate a typical class of

such suds boosters. Use of such suds boosters with high sudsing adjunct surfactants such as the amine

oxides, betaines and sultaines noted above is also advantageous. If desired, water-soluble magnesium



and/or calcium salts such as MgCl2 , MgS0 , CaCl2 , CaS0 and the like, can be added at levels of,

typically, 0.1 -2 , to provide additional suds and to enhance grease removal performance.

Various detersive ingredients employed in the present compositions optionally can be further

stabilized by absorbing said ingredients onto a porous hydrophobic substrate, then coating said substrate

with a hydrophobic coating. Preferably, the detersive ingredient is admixed with a surfactant before being

absorbed into the porous substrate. In use, the detersive ingredient is released from the substrate into the

aqueous washing liquor, where it performs its intended detersive function.

Liquid detergent compositions can contain water and other solvents as carriers. Low molecular

weight primary or secondary alcohols exemplified by methanol, ethanol, propanol, and isopropanol are

suitable. Monohydric alcohols are preferred for solubilizing surfactant, but polyols such as those

containing from 2 to about 6 carbon atoms and from 2 to about 6 hydroxy groups (e.g., 1,3 -propanediol,

ethylene glycol, glycerine, and 1,2-propanediol) can also be used. The compositions may contain from

5% to 90%, typically 10% to 50% by weight of such carriers.

The cleaning compositions herein will preferably be formulated such that, during use in aqueous

cleaning operations, the wash water will have a pH of between about 6.5 and about 11, preferably between

about 7.5 and 10.5. Liquid dishwashing product formulations preferably have a pH between about 6.8 and

about 9.0. Laundry products are typically at pH 9-11. Techniques for controlling pH at recommended

usage levels include the use of buffers, alkalis, acids, etc., and are well known to those skilled in the art.

Form of the Compositions

The compositions in accordance with the invention can take a variety of physical forms including

granular, tablet, bar and liquid forms. Also included are a sachet, a two-in-one pouch containing both

solid and liquid compartments. The compositions can be the so-called concentrated granular detergent

compositions adapted to be added to a washing machine by means of a dispensing device placed in the

machine drum with the soiled fabric load.

The mean particle size of the components of granular compositions in accordance with the

invention should preferably be such that no more that 5% of particles are greater than 1.7 mm in diameter

and not more than 5% of particles are less than 0.15 mm in diameter.

The term mean particle size as defined herein is calculated by sieving a sample of the composition

into a number of fractions (typically 5 fractions) on a series of Tyler sieves. The weight fractions thereby

obtained are plotted against the aperture size of the sieves. The mean particle size is taken to be the

aperture size through which 50% by weight of the sample would pass.

The bulk density of granular detergent compositions in accordance with the present invention

typically have a bulk density of at least 600 g/litre, more preferably from 650 g/litre to 1200 g/litre. Bulk

density is measured by means of a simple funnel and cup device consisting of a conical funnel moulded



rigidly on a base and provided with a flap valve at its lower extremity to allow the contents of the funnel

to be emptied into an axially aligned cylindrical cup disposed below the funnel. The funnel is 130 mm

high and has internal diameters of 130 mm and 40 mm at its respective upper and lower extremities. It is

mounted so that the lower extremity is 140 mm above the upper surface of the base. The cup has an

overall height of 90 mm, an internal height of 87 mm and an internal diameter of 84 mm. Its nominal

volume is 500 mm.

To carry out a measurement, the funnel is filled with powder by hand pouring, the flap valve is

opened and powder allowed to overfill the cup. The filled cup is removed from the frame and excess

powder removed from the cup by passing a straight edged implement eg; a knife, across its upper edge.

The filled cup is then weighed and the value obtained for the weight of powder doubled to provide a bulk

density in g/L. Replicate measurements are made as required.

Surfactant Agglomerate Particles

One of the preferred methods of delivering surfactant in consumer products is to make surfactant

agglomerate particles, which may take the form of flakes, prills, marumes, noodles, ribbons, but

preferably take the form of granules. A preferred way to process the particles is by agglomerating

powders (e.g. aluminosilicate, carbonate) with high active surfactant pastes and to control the particle size

of the resultant agglomerates within specified limits. Such a process involves mixing an effective amount

of powder with a high active surfactant paste in one or more agglomerators such as a pan agglomerator, a

Z-blade mixer, or more preferably an in-line mixer, such as those manufactured by Schugi (Holland) BV,

29 Chroomstraat 8211 AS, Lelystad, Netherlands, and Gebruder Lodige Maschinenbau GmbH, D-4790

Paderbom 1, Elsenerstrasse 7-9, Postfach 2050, Germany. Most preferably a high shear mixer is used,

such as a Lodige CB (Trade Name).

A high active surfactant paste comprising about 50 wt.% to about 95 wt.%, preferably about 70

wt.% to about 85 wt.% of surfactant is typically used. The paste may be pumped into the agglomerator at

a temperature high enough to maintain a pumpable viscosity, but low enough to avoid degradation of the

anionic surfactants used. A typical operating temperature of the paste includes about 50°C to about 80°C.

Compacted Liquid or Powder Detergents

The compositions of the invention, and their mixtures with other cosurfactants and other adjunct

ingredients, are suited to compact detergent formulations. For liquid detergents, the composition

preferably comprises less than about 20 wt.%, or less than about 10 wt.%, or less than about 5 wt.%, or

less than about 4 wt.% or less than about 3 wt.% free water, or less than about 2 wt.% free water, or less

than about 1 wt.% free water, and may even be anhydrous, typically comprising no deliberately added free

water. Free water is typically measured using Karl Fischer titration. The laundry detergent composition

(e.g., 2 g) is extracted into 50 mL of dry methanol at room temperature for about 20 minutes and about 1



mL of the solution is analyzed by Karl Fischer titration. For powder detergents, the amount of filler (e.g.,

sodium sulfate, sodium chloride, clay, or other inert solid ingredients) preferably comprises less than

about 20 wt. , or less than about 10 wt. , or less than about 5 wt. , or less than about 4 wt. or less

than about 3 wt.% free water, or less than about 2 wt.% free water, or less than about 1 wt.% filler.

Laundry Washing Method

In some embodiments, the invention provides a method of laudering soiled fabrics comprising

contacting the soiled fabrics with an effective amount of a detergent composition described herein.

Machine laundry methods herein typically comprise treating soiled laundry with an aqueous wash

solution in a washing machine having dissolved or dispensed therein an effective amount of a machine

laundry detergent composition in accord with the invention. By an effective amount of the detergent

composition it is meant from 20 g to 300 g of product dissolved or dispersed in a wash solution of volume

from 5 to 65 liters, as are typical product dosages and wash solution volumes commonly employed in

conventional machine laundry methods.

As noted, the compositions of the invention are used herein in cleaning compositions, preferably

in combination with other detersive surfactants, at levels which are effective for achieving at least a

directional improvement in cleaning performance. In the context of a fabric laundry composition, such

"usage levels" can vary depending not only on the type and severity of the soils and stains, but also on the

wash water temperature, the volume of wash water and the type of washing machine (e.g., top-loading,

front-loading, top-loading, vertical-axis Japanese-type automatic washing machine)

As can be seen from the foregoing, the compositions of the invention used in a machine-wash

laundering context can vary, depending on the habits and practices of the user, the type of washing

machine, and the like. In this context, however, one heretofore unappreciated advantage of the

compositions of the invention is their ability to provide at least directional improvements in performance

over a spectrum of soils and stains, even when used at relatively low levels with respect to the other

surfactants (generally anionics or anionic/nonionic mixtures) in the finished compositions.

In addition, another advantage of the compositions of the invention and the detergent

compositions containing them is their desirable performance in cold water. The invention herein includes

methods for laundering of fabrics at reduced wash temperatures. This method of laundering fabric

comprises the step of contacting a laundry detergent composition to water to form a wash liquor, and

laundering fabric in said wash liquor, wherein the wash liquor has a temperature of above 0°C to 20°C,

preferably to 19 °C, or to 18 °C, or to 17 °C, or to 16°C,or to 15 °C, or to 14 °C, or to 13 °C, or to 12 °C, or

to 11°C, or to 10 °C, or to 9 °C, or to 8 °C, or to 7 °C, or to 6 °C, or even to 5°C. The fabric may be

contacted to the water prior to, or after, or simultaneous with, contacting the laundry detergent

composition with water.



A further method of use of the materials of the present invention involves pretreatment of stains

prior to laundering.

Hand Machine Dishwashing Methods

Any suitable methods for machine washing or cleaning soiled tableware, particularly soiled

silverware are envisaged.

A preferred liquid hand dishwashing method involves either the dissolution of the detergent

composition into a recepticle containing water, or by the direct application of the liquid hand dishwashing

detergent composition onto soiled dishware.

A preferred machine dishwashing method comprises treating soiled articles selected from

crockery, glassware, hollowware, silverware and cutlery and mixtures thereof, with an aqueous liquid

having dissolved or dispensed therein an effective amount of a machine dishwashing composition in

accord with the invention. By an effective amount of the machine dishwashing composition it is meant

from 8 g to 60 g of product dissolved or dispersed in a wash solution of volume from 3 to 10 liters, as are

typical product dosages and wash solution volumes commonly employed in conventional machine

dishwashing methods.

Cleansing Hard Surfaces

Any suitable methods for cleaning hard surfaces, such as wood, ceramic, glass, marble, porcelain,

grout or concrete using the compositions described herein are envisaged. In some embodiments, an

effective amount of a detergent composition of the invention is directly applied to the hard surface.

Packaging for the Compositions

Commercially marketed executions of the bleaching compositions can be packaged in any

suitable container including those constructed from paper, cardboard, plastic materials and any suitable

laminates. A preferred packaging execution is described in European Application No. 94921505.7,

incorporated herein by reference.

II. Personal Care Compositions

Personal care compositions, which can be aqueous or anhydrous, are described in European Patent

No. 1299080, U.S. Patent Application Publication No. 2009/0232873, and U.S. Patent No. 5,932,202.

Nonlimiting examples of personal care products include those intended for use with hair or skin such as a

shampoo, a hair conditioner, a hair treatment, a facial soap, a body wash, a body soap (liquid or bar), a

foam bath, a make-up remover, a skin care product, an acne control product, a deodorant, an

antiperspirant, a shaving aid, a cosmetic, a depilatory, a fragrance, special purpose cleaners and mixtures

thereof. See, e.g., WO 96/37595A; WO 96/37592A; WO 96/37591A; WO 96/37589A; WO 96/37588A;

GB 2,297,975A; GB 2,297,762A; GB 2,297,761A; WO 96/17916A; WO 96/12468A, each incorporated



herein by reference. Personal care cleaning compositions can be formulated into, for example, a wipe, a

cloth, a bar, a liquid, a powder, a creme, a lotion, a spray, an aerosol, a foam, a mousse, a serum, a

capsule, a gel, an emulsion, a doe foot, a roll-on applicator, a stick, a sponge, an ointment, a paste, an

emulsion spray, a tonic, a cosmetic, and mixtures thereof. Products, such as devices, appliances,

applicators, implements, combs, brushes, and substrates are also encompassed by the invention. These

products can be used alone on the skin or hair, or in combination with the personal care cleaning

compositions described herein.

The personal care product of the invention can be applied by hand in unitary or freely alterable

dosage, or by automatic dispensing means. The personal care composition of the invention also can be

dispensed from an article, such as, for example, a bottle, a jar, a tube, a sachet, a pouch, a container, a

tottle, a vial, an ampule, or a compact, or can be integrally contained within a delivery form, such as a

wipe.

In some preferred embodiments, the personal care compositions of the present invention may be

used in direct application to the skin or in a conventional manner for cleansing, treating or conditioning

skin and hair. The compositions herein are useful for cleansing or conditioning the hair and scalp, and

other areas of the body and for any other area of skin in need of treatment. The present invention may be

used for treating, cleansing, or conditioning of the skin or hair of animals as well. An effective amount of

the composition, typically from about 1 g to about 50 g, preferably from about 1 g to about 20 g of the

composition, for cleansing and/or conditioning hair, skin or other area of the body, is topically applied to

the hair, skin or other area that has preferably been wetted, generally with water, and then rinsed off.

Application to the hair typically includes working the composition through the hair.

Personal Care Components

A personal care component is a material required to transform a composition containing only the

minimum essential ingredients into a composition useful for personal care purposes. The personal care

components are easily recognizable to those of skill in the art as being characteristic of personal care

products. The precise nature of these personal care components, and levels of incorporation thereof,

depends on the physical form of the composition and the nature of the personal care operation for which it

is to be used

The personal component(s) can be present in the personal care composition in an amount of about

0.001 wt.% to about 99.999 wt.%, typically about 70 wt.% to about 95 wt.%, based on the total weight of

the personal care composition. When used for a particular application, the concentration of the personal

care composition of the invention can vary widely ranging, for example, from a few parts per million

solution to direct application of the personal care composition.



Common personal care components include, for example, an oil, an emollient, a moisturizer, a

carrier, an extract, a vitamin, a mineral, an anti-aging compound, a surfactant, a solvent, a polymer, a

preservative, an antimicrobial, a wax, a particle, a colorant, a dye, a fragrance, and mixtures thereof. In

some embodiments, the personal care compositions of the invention (e.g., ) include several personal care

components. In some embodiments, the personal care compositions include only one or two personal

components, such as a detersive surfactant and a hair conditioning active. Lists of personal care

components and methods are described in U.S. Patent Appliation No.2007/002022 and U.S. Patent No.

5,932,202, incorporated herein by reference.

The personal care composition can also include thickeners; glossing and shine-imparting agents;

dyes or color-imparting agents; particles; glitter or colored particles; and mixtures thereof. Additionally

or alternatively, the personal care composition can include at least one silicone comprising an amine

group, a surfactant, at least one cosmetically acceptable carrier, cationic polymers, and high melting point

fatty compounds.

In one embodiment, the personal care composition is a hair styling composition and further

comprises at least one hair fixing polymer and at least one cosmetically acceptable carrier. The hair

styling composition may be in a form selected from the group consisting of mousses, hairsprays, pump

sprays, gels, foams, and waxes. The hair styling composition may further comprise a propellant wherein

said propellant is selected from the group consisting of propane, butane, and nitrogen gas. Other

propellants are also suitable, for example 1,1-difluoroethane, compressed air, isobutene, dimethylether.

The hair styling composition comprises a hair fixing polymer selected from the group consisting of

anionic polymers, cationic polymers, nonionic polymers, zwitterionic polymers, amphoteric polymers,

and mixtures thereof. In a preferred embodiment, the hair styling composition comprises a hair fixing

polymer which comprises acrylate groups.

In another embodiment, preferred hair fixing polymers are in a quantity of from about 0.01% to

about 20% by total weight of the composition, more preferably from about 1% to about 10%. Hair fixing

polymers may be selected from polymers with anionic or anionizable groups, polymers with cationic or

cationizable groups, zwitterionic and/or amphoteric polymers, and nonionic polymers.

The personal care compositions of the present inventions may include the following components.

Detersive Surfactant

The composition of the present invention may include a detersive surfactant. The detersive

surfactant component is included to provide improved cleaning performance to the composition. The

detersive surfactant component in turn comprises anionic detersive surfactant, zwitterionic or amphoteric

detersive 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.

Suitable anionic detersive surfactant components for use in the personal care composition herein

include those which are known for use in hair care or other personal care cleansing compositions. The

concentration of the anionic surfactant component in the composition should be sufficient to provide the

desired cleaning and lather performance, and generally range from about 5 wt. to about 50 wt. ,

preferably from about 8 wt.% to about 30 wt.%, more preferably from about 10 wt.% to about 25 wt.%,

even more preferably from about 12 wt.% to about 22 wt.%, based on the total weight of the personal care

composition..

Preferred anionic surfactants suitable for use in the personal care composition are the alkyl and

alkyl ether sulfates. These materials have the respective formulae ROSO3M and O(C H 0 )x S03M,

wherein R is alkyl or alkenyl of about 8 to about 18 carbon atoms, x is an integer having a value of from 1

to 10, and M is a cation such as ammonium, alkanolamines, such as triethanolamine, monovalent metals,

such as sodium and potassium, and polyvalent metal cations, such as magnesium, and calcium.

Preferably, R has about 8 to about 18 carbon atoms, more preferably from about 10 to about 16

carbon atoms, even more preferably from about 12 to about 14 carbon atoms, in both the alkyl and alkyl

ether sulfates. The alkyl ether sulfates are typically made as condensation products of ethylene oxide and

monohydric alcohols having about 8 to about 24 carbon atoms. The alcohols can be synthetic or they can

be derived from fats, e.g., coconut oil, palm kernel oil, tallow. Lauryl alcohol and straight chain alcohols

derived from coconut oil or palm kernel oil are preferred. Such alcohols are reacted with about 0 to about

10, preferably about 2 to about 5, more preferably about 3, molar proportions of ethylene oxide, and the

resulting mixture of molecular species having, for example, an average of 3 moles of ethylene oxide per

mole of alcohol, is sulfated and neutralized.

Other suitable anionic detersive surfactants are the water-soluble salts of organic, sulfuric acid

reaction products conforming to the formula [ RI-SO3-M ] where R is a straight or branched chain,

saturated, aliphatic hydrocarbon radical having about 8 to about 24, preferably about 10 to about 18,

carbon atoms; and M is a cation described hereinbefore.

Still other suitable anionic detersive surfactants are the reaction products of fatty acids esterified

with isethionic acid and neutralized with sodium hydroxide where, for example, the fatty acids are derived

from coconut oil or palm kernel oil; sodium or potassium salts of fatty acid amides of methyl tauride in

which the fatty acids, for example, are derived from coconut oil or palm kernel oil. Other similar anionic

surfactants are described in U.S. Patent Nos. 2,486,921; 2,486,922; and 2,396,278.

Other anionic detersive surfactants suitable for use in the compositions are the succinnates,

examples of which include disodium N-octadecylsulfosuccinnate; disodium lauryl sulfosuccinate;



diammonium lauryl sulfosuccinate; tetrasodium N-(l,2-dicarboxyethyl)-N-octadecylsulfosuccinnate;

diamyl ester of sodium sulfosuccinic acid; dihexyl ester of sodium sulfosuccinic acid; and dioctyl esters of

sodium sulfosuccinic acid.

Other suitable anionic detersive surfactants include alkene sulfonates having about 10 to about 24

carbon atoms. In addition to the true alkene sulfonates and a proportion of hydroxy-alkanesulfonates, the

alkene sulfonates can contain minor amounts of other materials, such as alkene disulfonates depending

upon the reaction conditions, proportion of reactants, the nature of the starting alkenes and impurities in

the alkene stock and side reactions during the sulfonation process. A nonlimiting example of such an

alpha-alkene sulfonate mixture is described in U.S. Patent No. 3,332,880, incorporated herein by

reference.

Another class of anionic detersive surfactants suitable for use in the compositions are the beta-

alkyloxy alkane sulfonates. These surfactants conform to the formula:

where is a straight chain alkyl group having about 6 to about 20 carbon atoms, is a lower

alkyl group having about 1 to about 3 carbon atoms, preferably 1 carbon atom, and M is a water-soluble

cation as described hereinbefore.

Preferred anionic detersive surfactants for use in the compositions include ammonium lauryl

sulfate, ammonium laureth sulfate, triethylamine lauryl sulfate, triethylamine laureth sulfate,

triethanolamine lauryl sulfate, triethanolamine laureth sulfate, monoethanolamine lauryl sulfate,

monoethanolamine laureth sulfate, diethanolamine lauryl sulfate, diethanolamine laureth sulfate, lauric

monoglyceride sodium sulfate, sodium lauryl sulfate, sodium laureth sulfate, potassium lauryl sulfate,

potassium laureth sulfate, sodium lauryl sarcosinate, sodium lauroyl sarcosinate, lauryl sarcosine, cocoyl

sarcosine, ammonium cocoyl sulfate, ammonium lauroyl sulfate, sodium cocoyl sulfate, sodium lauroyl

sulfate, potassium cocoyl sulfate, potassium lauryl sulfate, triethanolamine lauryl sulfate, triethanolamine

lauryl sulfate, monoethanolamine cocoyl sulfate, monoethanolamine lauryl sulfate, sodium tridecyl

benzene sulfonate, sodium dodecyl benzene sulfonate, sodium cocoyl isethionate and combinations

thereof.

Suitable amphoteric or zwitterionic detersive surfactants for use in the composition herein include

those which are known for use in hair care or other personal care cleansing. Concentration of such

amphoteric detersive surfactants preferably are about 0.5 wt. to about 20 wt. , preferably about 1 wt.



to about 10 wt. . Nonlimiting examples of suitable zwitterionic or amphoteric surfactants are described

in U.S. Patent Nos. 5,104,646 and 5,106,609, each incorporated herein by reference.

Amphoteric detersive surfactants suitable for use in the composition are well known in the art,

and include those surfactants broadly described as derivatives of aliphatic secondary and tertiary amines

in which the aliphatic radical can be straight or branched chain and wherein one of the aliphatic

substituents contains about 8 to about 18 carbon atoms and one contains an anionic group such as

carboxy, sulfonate, sulfate, phosphate, or phosphonate. Preferred amphoteric detersive surfactants for use

in the present invention include cocoamphoacetate, cocoamphodiacetate, lauroamphoacetate,

lauroamphodiacetate, and mixtures thereof.

Zwitterionic detersive surfactants suitable for use in the composition are well known in the art,

and include those surfactants broadly described as derivatives of aliphatic quaternary ammonium,

phosphonium, and sulfonium compounds, in which the aliphatic radicals can be straight or branched

chain, and wherein one of the aliphatic substituents contains from about 8 to about 18 carbon atoms and

one contains an anionic group such as carboxy, sulfonate, sulfate, phosphate or phosphonate.

Zwitterionics such as betaines are preferred.

The personal care compositions of the present invention may further comprise additional

surfactants for use in combination with the anionic detersive surfactant component described

hereinbefore. Suitable optional surfactants include nonionic and cationic surfactants. Any such surfactant

known in the art for use in hair or personal care products may be used, provided that the optional

additional surfactant is also chemically and physically compatible with the essential components of the

composition, or does not otherwise unduly impair product performance, aesthetics or stability. The

concentration of the optional additional surfactants in the composition may vary with the cleansing or

lather performance desired, the optional surfactant selected, the desired product concentration, the

presence of other components in the composition, and other factors well known in the art.

Nonlimiting examples of other anionic, zwitterionic, amphoteric or optional additional surfactants

suitable for use in the compositions are described in McCutcheon's, Emulsifiers and Detergents, 1989

Annual, published by M. C. Publishing Co., and U.S. Patent Nos. 3,929,678, 2,658,072; 2,438,091; and

2,528,378, each incorporated herein by reference.

Cationic Surfactant System

The composition of the present invention may comprise a cationic surfactant system. The

cationic surfactant system can be one cationic surfactant or a mixture of two or more cationic surfactants.

If present, the cationic surfactant system is included in the composition at a level by weight of from about

0.1% to about 10%, preferably from about 0.5% to about 8%, more preferably from about 1% to about



5%, still more preferably from about 1.4% to about 4%, in view of balance among ease-to-rinse feel,

rheology and wet conditioning benefits.

A variety of cationic surfactants including mono- and di-alkyl chain cationic surfactants can be

used in the compositions of the present invention. Among them, preferred are mono-alkyl chain cationic

surfactants in view of providing desired gel matrix and wet conditioning benefits. Examples of preferred

mono-long alkyl quaternized ammonium salt cationic surfactants include: behenyl trimethyl ammonium

salt; stearyl trimethyl ammonium salt; cetyl trimethyl ammonium salt; and hydrogenated tallow alkyl

trimethyl ammonium salt. Mono-alkyl amines, and primary, secondary, and tertiary fatty amines are

useful as cationic surfactants. Nonlimiting examples of cationic surfactants are disclosed in U.S. Patent

4,275,055, incorporated herein by reference.

High Melting Point Fatty Compound

The composition of the present invention may include a high melting point fatty compound. The

high melting point fatty compound useful herein has a melting point of 25°C or higher, and is selected

from the group consisting of fatty alcohols, fatty acids, fatty alcohol derivatives, fatty acid derivatives,

and mixtures thereof. Such compounds of low melting point are not intended to be included in this

section. Non-limiting examples of the high melting point compounds are found in International Cosmetic

Ingredient Dictionary, Fifth Edition, 1993, and CTFA Cosmetic Ingredient Handbook, Second Edition,

1992.

The high melting point fatty compound is included in the composition at a level of from about

0.1% to about 40%, preferably from about 1% to about 30%, more preferably from about 1.5% to about

16% by weight of the composition, from about 1.5% to about 8% in view of providing improved

conditioning benefits such as slippery feel during the application to wet hair, softness and moisturized feel

on dry hair.



Cationic Polymers

The compositions of the present invention may contain a cationic polymer. Concentrations of the

cationic polymer in the composition typically range from about 0.05% to about 3%, in another

embodiment from about 0.075% to about 2.0%, and in yet another embodiment from about 0.1% to about

1.0%. Suitable cationic polymers will have cationic charge densities of at least about 0.5 meq/gm, in

another embodiment at least about 0.9 meq/gm, in another embodiment at least about 1.2 meq/gm, in yet

another embodiment at least about 1.5 meq/gm, but in one embodiment also less than about 7 meq/gm,

and in another embodiment less than about 5 meq/gm, at the pH of intended use of the composition, which

pH will generally range from about pH 3 to about pH 9, in one embodiment between about pH 4 and

about pH 8. Herein, "cationic charge density" of a polymer refers to the ratio of the number of positive

charges on the polymer to the molecular weight of the polymer. The average molecular weight of such

suitable cationic polymers will generally be between about 10,000 and 10 million, in one embodiment

between about 50,000 and about 5 million, and in another embodiment between about 100,000 and about

3 million.

Suitable cationic polymers for use in the compositions of the present invention contain cationic

nitrogen-containing moieties such as quaternary ammonium or cationic protonated amino moieties. Any

anionic counterions can be used in association with the cationic polymers so long as the polymers remain

soluble in water, in the composition, or in a coacervate phase of the composition, and so long as the

counterions are physically and chemically compatible with the essential components of the composition or

do not otherwise unduly impair product performance, stability or aesthetics. Nonlimiting examples of

such counterions include halides (e.g., chloride, fluoride, bromide, iodide), sulfate and methylsulfate.

Nonlimiting examples of such polymers are described in the CTFA Cosmetic Ingredient

Dictionary, 3rd edition, edited by Estrin, Crosley, and Haynes, (The Cosmetic, Toiletry, and Fragrance

Association, Inc., Washington, D.C. (1982)).

Other suitable cationic polymers for use in the composition include polysaccharide polymers,

cationic guar gum derivatives, quaternary nitrogen-containing cellulose ethers, synthetic polymers,

copolymers of etherified cellulose, guar and starch. When used, the cationic polymers herein are either

soluble in the composition or are soluble in a complex coacervate phase in the composition formed by the

cationic polymer and the anionic, amphoteric and/or zwitterionic surfactant component described

hereinbefore. Complex coacervates of the cationic polymer can also be formed with other charged

materials in the composition.

Suitable cationic polymers are described in U.S. Pat. Nos. 3,962,418; 3,958,581; and U.S.

Publication No. 2007/0207109Al, which are all incorporated herein by reference.



Nonionic polymers

The composition of the present invention may include a nonionic polymer. Polyalkylene glycols

having a molecular weight of more than about 1000 are useful herein. Useful are those having the

following general formula:

0 OH
R95

wherein R95 is selected from the group consisting of H, methyl, and mixtures thereof.

Conditioning agents

Conditioning agents, and in particular silicones, may be included in the composition. The

conditioning agents useful in the compositions of the present invention typically comprise a water

insoluble, water dispersible, non-volatile, liquid that forms emulsified, liquid particles. Suitable

conditioning agents for use in the composition are those conditioning agents characterized generally as

silicones (e.g., silicone oils, cationic silicones, silicone gums, high refractive silicones, and silicone

resins), organic conditioning oils (e.g., hydrocarbon oils, polyolefins, and fatty esters) or combinations

thereof, or those conditioning agents which otherwise form liquid, dispersed particles in the aqueous

surfactant matrix herein. Such conditioning agents should be physically and chemically compatible with

the essential components of the composition, and should not otherwise unduly impair product stability,

aesthetics or performance.

The concentration of the conditioning agent in the composition should be sufficient to provide the

desired conditioning benefits. Such concentration can vary with the conditioning agent, the conditioning

performance desired, the average size of the conditioning agent particles, the type and concentration of

other components, and other like factors.

The concentration of the silicone conditioning agent typically ranges from about 0.01% to about

10%. Non-limiting examples of suitable silicone conditioning agents, and optional suspending agents for

the silicone, are described in U.S. Reissue Pat. No. 34,584, U.S. Pat. Nos. 5,104,646; 5,106,609;

4,152,416; 2,826,551; 3,964,500; 4,364,837; 6,607,717; 6,482,969; 5,807,956; 5,981,681; 6,207,782;

7,465,439; 7,041,767; 7,217,777; US Patent Application Nos. 2007/0286837Al; 2005/0048549A1;

2007/0041929A1; British Pat. No. 849,433; German Patent No. DE 10036533, which are all incorporated

herein by reference; Chemistry and Technology of Silicones, New York: Academic Press (1968); General

Electric Silicone Rubber Product Data Sheets SE 30, SE 33, SE 54 and SE 76; Silicon Compounds,

Petrarch Systems, Inc. (1984); and in Encyclopedia of Polymer Science and Engineering, vol. 15, 2d ed.,

pp 204-308, John Wiley & Sons, Inc. (1989).

The compositions of the present invention may also comprise from about 0.05% to about 3% of at

least one organic conditioning oil as the conditioning agent, either alone or in combination with other



conditioning agents, such as the silicones (described herein). Suitable conditioning oils include

hydrocarbon oils, polyolefins, and fatty esters. Also suitable for use in the compositions herein are the

conditioning agents described by the Procter & Gamble Company in U.S. Pat. Nos. 5,674,478, and

5,750,122, incorporated herein by reference. Also suitable for use herein are those conditioning agents

described in U.S. Pat. Nos. 4,529,586, 4,507,280, 4,663,158, 4,197,865, 4,217, 914, 4,381,919, and 4,422,

853, which are all incorporated herein by reference.

Anti-dandruff Actives

The compositions of the present invention may also contain an anti-dandruff agent. Suitable, non-

limiting examples of anti-dandruff actives include: antimicrobial actives, pyridinethione salts, azoles,

selenium sulfide, particulate sulfur, keratolytic acid, salicylic acid, octopirox (piroctone olamine), coal tar,

and combinations thereof. Pyridinethione anti-dandruff agents are described, for example, in U.S. Pat.

No. 2,809,971; U.S. Pat. No. 3,236,733; U.S. Pat. No. 3,753,196; U.S. Pat. No. 3,761,418; U.S. Pat. No.

4,345,080; U.S. Pat. No. 4,323,683; U.S. Pat. No. 4,379,753; and U.S. Pat. No. 4,470,982, which are all

incorporated herein by reference.

Humectant

The compositions of the present invention may contain a humectant. The humectants herein are

selected from the group consisting of polyhydric alcohols, water soluble alkoxylated nonionic polymers,

and mixtures thereof. The humectants, when used herein, are preferably used at levels of from about

0.1 % to about 20%, more preferably from about 0.5% to about 5%.

Suspending Agent

The compositions of the present invention may further comprise a suspending agent at

concentrations effective for suspending water-insoluble material in dispersed form in the compositions or

for modifying the viscosity of the composition. Such concentrations range from about 0.1% to about

10%, preferably from about 0.3% to about 5.0%.

Suspending agents useful herein include anionic polymers and nonionic polymers (e.g., vinyl

polymers, acyl derivatives, long chain amine oxides, and mixtures thereof, alkanol amides of fatty acids,

long chain esters of long chain alkanol amides, glyceryl esters, primary amines having a fatty alkyl moiety

having at least about 16 carbon atoms, secondary amines having two fatty alkyl moieties each having at

least about 12 carbon atoms). Examples of suspending agents are described in U.S. Pat. No. 4,741,855,

incorporated herein by reference.

Aqueous Carrier

The formulations of the present invention can be in the form of pourable liquids (under ambient

conditions). Such compositions will therefore typically comprise an aqueous carrier, which is present at a



level of from about 20% to about 95%, more preferably from about 60% to about 85%. The aqueous

carrier may comprise water, or a miscible mixture of water and organic solvent, but preferably comprises

water with minimal or no significant concentrations of organic solvent, except as otherwise incidentally

incorporated into the composition as minor ingredients of other essential or optional components.

The carrier useful in the present invention includes water and water solutions of lower alkyl

alcohols and polyhydric alcohols. The lower alkyl alcohols useful herein are monohydric alcohols having

1 to 6 carbons, more preferably ethanol and isopropanol. The polyhydric alcohols useful herein include

propylene glycol, hexylene glycol, glycerin, and propane diol.

Dispersed Particles

The compositions may optionally comprise particles. The particles may be dispersed water-

insoluble particles. The particles may be inorganic, synthetic, or semi-synthetic. In one embodiment, the

particles have an average mean particle size of less than about 300 µιη.

Gel Matrix

The above cationic surfactants, together with high melting point fatty compounds and an aqueous

carrier, may form a gel matrix in the composition of the present invention.

The gel matrix is suitable for providing various conditioning benefits such as slippery feel during

the application to wet hair and softness and moisturized feel on dry hair. In view of providing the above

gel matrix, the cationic surfactant and the high melting point fatty compound are contained at a level such

that the weight ratio of the cationic surfactant to the high melting point fatty compound is in the range of,

preferably from about 1:1 to about 1:10, more preferably from about 1:1 to about 1:6.

Skin Care Actives

The composition may comprise at least one skin care active, useful for regulating and/or

improving the condition and/or appearance of mammalian skin. The skin care active may be soluble in oil

or water, and may be present primarily in the oil phase and/or in the aqueous phase. Suitable actives

include, but are not limited to, vitamins (e.g., from about 0.001% to about 10%), peptides (e.g., from

about 1 x 10 % to about 20%), sugar amines (e.g., from about 0.01% to about 15%), sunscreens (e.g.,

from about 1% to about 20%), oil control agents (e.g., from about 0.0001% to about 15%), tanning actives

(e.g., 0.1% to about 20%), anti-acne actives (see, e.g., U. S. Patent No. 5,607,980, incorporated herein by

reference; and "Antiacne Agents" in the Personal Care Product Council's International Cosmetic

Ingredient Dictionary and Handbook, 13th Ed.) desquamation actives (e.g., from about 0.01% to about

10%), see, e.g., U.S. Patent Nos. 5,681,852; 5,652,228, incorporated herein by reference), anti-cellulite

actives (from about 0.1% to about 10%), chelating agents (see e.g., U.S. Patent No. 5,487,884,

International Publication Nos. W091/16035 and W091/16034, incorporated herein by reference), skin

lightening agents (e.g., from about 0.1% to about 10%), flavonoids (see, e.g., U.S. Patent 6,235,773,



incorporated herein by reference), protease inhibitors, non-vitamin antioxidants and radical scavengers,

hair growth regulators, anti-wrinkle actives, anti-atrophy actives, minerals, phytosterols and/or plant

hormones, tyrosinase inhibitors, anti-inflammatory agents, Nacyl amino acid compounds, antimicrobials,

and antifungals (see e.g., U.S. application publication No. US 2006/0275237A1 and US 2004/

0175347A1, incorporated herein by reference).

Color Cosmetics

The compositions of the present invention may also be used in cosmetic compositions, i.e., in

products suitable for use in, on, or around the eyes, eyebrows, face, neck, chest, lips, hands, feet, or nails.

Exemplary cosmetic products include eye liners, eye shadows, eyebrow pencils, mascaras, eye makeup

removers, false eyelashes, under-eye concealers, eye creams, concealers, correctors, primers, blushes,

bronzers, highlighters, shimmers, foundations, powders, sunscreens, brushes, face creams, lip primers, lip

pencils, lipsticks, lip glosses, lip balms, lip stains, lip creams, and lotions. The compositions of the present

invention may be combined with materials commonly found in these compositions, such as alkyl

dimethicone copolyols, polyols, hydrophilic skin treatment agents, carriers, thickening agent (such as

solid waxes, gelling agents, inorganic thickeners, oil soluble polymers, fatty compounds, and mixtures

thereof), pigments, film forming agents, preservatives, vitamins, etc. Examples of cosmetic products are

found in U.S. Pat. Nos. 6,325,995; 6,696,049; 6,503,495; 7,270,828, which are all incorporated herein by

reference.

Other Optional Components

The compositions of the present invention may contain also vitamins and amino acids such as:

water soluble vitamins and their derivatives, water soluble amino acids and their salts and/or derivatives,

water insoluble amino acids viscosity modifiers, dyes, nonvolatile solvents or diluents (water soluble and

insoluble), pearlescent aids, foam boosters, additional surfactants or nonionic cosurfactants,

pediculocides, pH adjusting agents, perfumes, preservatives, chelants, proteins, skin active agents,

sunscreens, UV absorbers, vitamins, niacinamide, caffeine and minoxidil..

The compositions of the present invention may also contain pigment materials such as inorganic,

nitroso, monoazo, disazo, carotenoid, triphenyl methane, triaryl methane, xanthene, quinoline, oxazine,

azine, anthraquinone, indigoid, thionindigoid, quinacridone, phthalocianine, botanical, natural colors,

including: water soluble components such as those having C.I. Names. The compositions of the present

invention may also contain antimicrobial agents which are useful as cosmetic biocides.

The compositions of the present invention may also contain chelating agents.

This list of aforementioned personal care additives is not meant to be exclusive, and other

components can be used.



Formulations

The hair conditioners and shampoo formulations can be prepared by any conventional method

well known in the art. The present invention can also be used in a compact hair care formulation. A

compact formulation is a formula which delivers the same benefit to the consumer at a lower usage level.

Compact formulations and methods of making compact formulations are described in US Application

Publication No 2009/0221463A1, incorporated herein by reference.

Unless otherwise noted, all component or composition levels are in reference to the active level of

that component or composition, and are exclusive of impurities, for example, residual solvents or b y

products, which may be present in commercially available sources.

All percentages and ratios are calculated by weight unless otherwise indicated. All percentages

and ratios are calculated based on the total composition unless otherwise indicated.

The dimensions and values disclosed herein are not to be understood as being strictly limited to

the exact numerical values recited. Instead, unless otherwise specified, each such dimension is intended

to mean both the recited value and a functionally equivalent range surrounding that value. For example, a

dimension disclosed as "40 mm" is intended to mean "about 40 mm."

All documents cited in the Detailed Description of the Invention are, in relevant part, incorporated

herein by reference; the citation of any document is not to be construed as an admission that it is prior art

with respect to the present invention. To the extent that any meaning or definition of a term in this

document conflicts with any meaning or definition of the same term in a document incorporated by

reference, the meaning or definition assigned to that term in this document shall govern.

While particular embodiments of the present invention have been illustrated and described, it

would be obvious to those skilled in the art that various other changes and modifications can be made

without departing from the spirit and scope of the invention. It is therefore intended to cover in the

appended claims all such changes and modifications that are within the scope of this invention.

EXAMPLES

The following examples illustrate the present invention. It will be appreciated that other

modifications of the present invention within the skill of those in the cleansing and conditioning

formulation art can be undertaken without departing from the spirit and scope of this invention. All of the

formulations exemplified hereinafter are prepared via conventional formulation and mixing methods

unless specific methods are given.

All parts, percentages, and ratios herein are by weight unless otherwise specified. Some

components may come from suppliers as dilute solutions. The levels given reflect the weight percent of

the active material, unless otherwise specified. The excluded diluents and other materials are included as

"Minors".



I. Synthetic Procedures

Example A. Preparation of Sodium 4-Methyldodecyl Sulfate

A 500 ml three neck flask is fitted with a magnetic stirrer, thermometer, and a 60 mL addition

funnel. Lithium aluminum hydride (2.66 g, 0.07 mol) is placed into the flask under nitrogen and 80 mL of

freshly distilled tetrahydrofuran (THF) is added. This mixture is stirred and chilled to 0 C in an ice bath.

A solution of 2.81 g (0.013 mol) of 4-methyldodecanoic acid in 30 mL of THF is placed into the addition

funnel and added at a slow drip rate while maintaining the temperature <5 C. The mixture is then

refluxed for 60 minutes. The mixture is cooled in a dry ice/acetone bath. At 0 C, 6 mL of water plus 4

mL of THF are slowly added dropwise taking care to keep the temperature <5 C. When addition is

complete 4.3 mL of 10% sodium hydroxide solution is added via the addition funnel, the contents of the

flask are stirred an additional 15 minutes, and then filtered through a bed of sodium sulfate that is then

rinsed with more THF. The filtrate is allowed to stand over magsesium sulfate for 60 minutes, filtered

and concentrated in vacuo on a rotary evaporator. The intermediate 4-methyldodecan-l-ol is examined by

Karl Fisher water analysis and is found to contain 5200 ppm water. Distilling (Kugelrohr apparatus) from

0.5 gm of calcium oxide, standing over 0.5 g of activated 3A molecular sieves or 0.5 g of potassium

carbonate for six days fails to reduce the water content, and the sample is used in the next reaction after

filtering.

The above 4-methyldodecan-l-ol (1.3562 g, 0.00677 mol) is placed into a 50 mL three neck flask

and magnetically stirred in 6 mL of ether and 6 mL of methylene chloride at room temperature. The

material is not completely soluble. With an ice bath standing by, 0.832 g (0.00714 mol) of chlorosulfonic

acid is added dropwise via a pipette and under nitrogen. Exothermic activity is controlled by addition rate

and by placing the flask in the ice bath as needed. After all the chlorosulfonic acid is added, the mixture

is still partly solid and partly a light yellow liquid. Raising the temperature to 30 C decreases the solids

present with resultant darkening of the solution. One neck of the flask is left open to allow the nitrogen to

sweep HC1 out of the flask. As the solvent is lost due to evaporation in the nitrogen stream, more

methylene chloride is added. After about 30 minutes and three refills with methylene chloride, no more

HC1 can be detected on moist pH paper placed near the open neck of the flask. A vacuum adapter is fitted

to the flask and used to carefully apply vacuum to the vessel to remove any residual solvent or HC1. This



step is done three times, replacing the solvent each time with 6 mL of fresh methylene chloride. The dark

brown oily material is dissolved in 10 mL of methanol and pipetted into a flask containing 1.64 g of 25%

sodium methoxide in methanol plus four mL of methanol in an ice bath. The pH is found to be about 9-

10. The mixture is stirred for 1 hour and the pH is still found to be about 9-10. The solvent is removed

in vacuo on a rotary evaporator and the residue dissolved in 25 mL of water. The residue is freeze dried

for 48 hours to provide 1.7 g of solid found to be 77.5% active.

The bulk of the above sample is stirred in 50 mL of methanol for 1 hour and filtered (to remove

insoluble impurities). The filtrate is evaporated. The residue is triturated twice with 200 mL of pentane

by thoroughly mixing the materials followed by centrifugation and decanting. The residue is dissolved in

warm distilled water, freeze dried, placed into a dessicator over Ρ2 ¾ , and subjected to a high vacuum for

24 hours. The sample is weighed 1.34 g and is still found to be only 79% active.

The sample is further triturated twice with 200 mL of pentane each time by thoroughly mixing the

materials followed by centrifugation. The sample is then triturated overnight at room temperature with

150 mL of diethyl ether, centrifuged, followed by rinsing with second 150 mL of diethyl ether and

centrifugation. The isolated solid is dried in the centrifuge bottle under a slow nitrogen stream for 4 hours

and then transferred to a sample bottle and placed in a desiccator over P2O and subjected to a high

vacuum for 24 hours. The resulting sodium 4-methyldodecyl sulfate weighed 1.13 g and is found to be

83% active.

Example B. Preparation of Sodium 6-Methyltetradecyl Sulfate

Starting with 2.86 g (0.012 mol) of 6-methyltetradecanoic acid essentially the same procedure

applied above is used to prepare 1.17 g of sodium 6-methyltetradecyl sulfate which ias found to be 80%

active.



Example C. Preparation of Sodium 4,8-Dimethylhexadecyl Sulfate

lithium aluminum
hydride (LAH)

Chlorosulfonic acid
Sodium methoxide

Starting with 2.86 g (0.012 mol) of 4,8-dimethylhexadecanoic acid essentially the same

procedure applied above is used to prepare 1.17 g of sodium 4,8-dimethylhexadecyl sulfate which is

found to be 80% active.

Example D. 4-Methyldocanol/6-Methyltetradecanol (1:1) Alcohol Ethoxylates

About 0.5 mol of 4-methyldocanol obtained in Example 1 and about 0.5 mol of 6-

methyltetradecanol obtained in Example 2 above plus sufficient catalyst to facilitate the reaction of the

alcohol with ethylene oxide within a suitable period of time and in a controllable manner are charged to a

600 mL stainless steel stirred pressure vessel with a cooling coil. A suitable catalyst is 1.1 grams of a

solution consisting of 50% potassium hydroxide in water. Other kinds and quantities of catalyst can be

used based upon the demands of the process.

The reactor is heated while applying a vacuum for removing materials that can result in side

products, such as water, that may be introduced with the catalyst, at a temperature that does not allow the

loss of the alcohol mixture of Example 1, generally between 40°C and 90°C, but preferably between about

60 C and about at 80°C, when using a water aspirator as a vacuum source. The removal of water is

facilitated by using low speed agitation, generally about 50 rpm, while sparging the mixture with a low

level (trickle) stream of inert gas either through a bottom drain valve or through a stainless steel gas

dispersion frit or any inert dip-tube or sintered metal fritted material or by sweeping the area above the

mixture with inert gas. Samples can be drawn from the reactor and analyzed for water content using an

appropriate analytical method such as Karl-Fischer titration.



After completion of the water removal step, ethylene oxide can be added all at once if the reactor

system is properly designed to prevent an uncontrolled rate of reaction. However, the best reaction

control is obtained by first heating the reactor under a static vacuum (or optionally with added pressure

from an inert gas such as nitrogen) to a temperature that is suitable for the reaction of the alcohol-catalyst

mixture with ethylene oxide to occur with minimum side products and color generation, generally

between 85° and 150°C, but preferably between about 110°C and 130 C. Once the reactor has reached

the desired temperature, 308 grams (7.0 mol) of ethylene oxide is added at a rate that will be controllable

by the cooling system, generally over a period of 30 to 60 minutes. After the addition of ethylene oxide is

completed, stirring and heating is continued until the ethylene oxide has been consumed by the reaction.

The product can then be degassed and removed from the reaction vessel and stored as is or for long term

storage the catalyst is neutralized with one equivalent of a acid selected from citric, HCl or sulfuric acid.

The neutralized product can be filtered to remove any solid residue. The surfactant is now ready to use.

II. Cleaning Compositions

Example A. Granular Laundry Detergents

A B C D E
Formula wt wt wt wt wt
Scattered-Branched Chain
Alcohol Sulfate, Sodium Salts 13-25 13-25 13-25 13-25 9-25
(1:1), from Examples IB and IC
C12-18 Ethoxylate ... ... 0-3 ... 0-1
C i i alkyl ethoxylate (EO=7) 0-3 0-3 ... 0-5 0-3
Dimethyl hydroxyethyl lauryl

0-2 0-2 0-2
ammonium chloride
Sodium tripolyphosphate 20 -40 ... 18-33 12-22 0-15
Zeolite 0-10 20-40 0-3 - -
Silicate builder 0-10 0-10 0-10 0-10 0-10
Carbonate 0-30 0-30 0-30 5-25 0-20
Diethylene triamine penta acetate 0-1 0-1 0-1 0-1 0-1
Polyacrylate 0-3 0-3 0-3 0-3 0-3
Carboxy Methyl Cellulose 0.2-0.8 0.2-0.8 0.2-0.8 0.2-0.8 0.2-0.8
Percarbonate 0-10 0-10 0-10 0-10 0-10
Nonanoyloxybenzenesulfonate, 0-2

— — 0-2 0-2
sodium salt
Tetraacetylethylenediamine ... ... 0-0.6 0-0.6 0-0.6
Zinc Phthalocyanine

— — 0-0.005 0-0.005 0-0.005Tetrasulfonate
Brightener 0.05-0.2 0.05-0.2 0.05-0.2 0.05-0.2 0.05-0.2
MgS0 4

... ... 0-0.5 0-0.5 0-0.5
Enzymes 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5
Minors (perfume, dyes, suds

balance balance balance balance balance
stabilizers)



Example B. Granular Lanudry Detergent

Aqueous Slurry Composition

Spray-Dried Powder Composition

An aqueous slurry having the composition as described in the "Aqueous Slurry Composition"

section (above) is prepared having a moisture content of 25.89 wt. . The aqueous slurry is heated to 72

°C and pumped under high pressure (from 5.5 x 106 Nm 2 to 6.0 x 106 Nm 2), into a counter current spray-

drying tower with an air inlet temperature of from 270 °C to 300 °C. The aqueous slurry is atomised and

the atomised slurry is dried to produce a solid mixture, which is then cooled and sieved to remove

oversize material (>1.8mm) to form a spray-dried powder, which is free-flowing. Fine material

(<0.15mm) is elutriated with the exhaust the exhaust air in the spray-drying tower and collected in a post

tower containment system. The spray-dried powder has a moisture content of 1.0 wt , a bulk density of

427 g/L, and a particle size distribution such that 95.2 wt of the spray-dried powder has a particle size of

from 150 to 710 micrometers. The composition of the spray-dried powder is given below.



Preparation of an Anionic Surfactant Particle 1

The anionic detersive surfactant particle 1 is made on a 520 g batch basis using a Tilt-A-Pin then

Tilt-A-Plow mixer (both made by Processall). About 108 g sodium sulfate is added to the Tilt-A-Pin

mixer along with 244 g sodium carbonate. About 168 g of 70 wt.% active C2 E3S paste (sodium ethoxy

sulfate based on C 12 1 alcohol and ethylene oxide) is added to the Tilt-A-Pin mixer. The components are

then mixed at 1200 rpm for 10 seconds. The resulting powder is then transferred into a Tilt-A-Plow mixer

and mixed at 200 rpm for 2 minutes to form particles. The particles are then dried in a fluid bed dryer at a

rate of 2500 L/min at 120 °C until the equilibrium relative humidity of the particles is less than 15 wt.%.

The dried particles are then sieved and the fraction through 1180 µιη and on 250 µιη is retained. The

composition of the anionic detersive surfactant particle 1 is as follows:

25.0%w/w C2sE3 sulfate, sodium salt
18.0%w/w sodium sulfate
57.0%w/w sodium carbonate

Preparation of a Cationic Detersive Surfactant Particle 1

The cationic surfactant particle 1 is made on a 14.6 kg batch basis on a Morton FM-50 Loedige

mixer. About 4.5 kg of micronised sodium sulfate and 4.5 kg micronised sodium carbonate are premixed

in the Morton FM-50 Loedige mixer. About 4.6 kg of 40 wt.% active mono-C12-14 alkyl mono-

hydroxyethyl di-methyl quaternary ammonium chloride (cationic surfactant) aqueous solution is added to

the Morton FM-50 Loedige mixer whilst both the main drive and the chopper are operating. After

approximately two minutes of mixing, a 1.0 kg 1:1 weight ratio mix of micronised sodium sulfate and



micronised sodium carbonate is added to the mixer. The resulting agglomerate is collected and dried

using a fluid bed dryer on a basis of 2500 L/min air at 100-140 °C for 30 minutes. The resulting powder is

sieved and the fraction through 1400 µιη is collected as the cationic surfactant particle 1. The composition

of the cationic surfactant particle 1 is as follows:

15 w/w mono-C12-14 alkyl mono-hydroxyethyl di-methyl quaternary ammonium chloride
40.76%w/w sodium carbonate
40.76%w/w sodium sulfate
3.48 w/w moisture and miscellaneous

Preparation of a Granular Laundry Detergent Composition

About 10.84 kg of the spray-dried powder from the "Spray-Dried Powder" section (above), 4.76

kg of the anionic detersive surfactant particle 1, 1.57 kg of the cationic detersive surfactant particle 1 and

7.83 kg (total amount) of other individually dosed dry-added material are dosed into a i m diameter

concrete batch mixer operating at 24 rpm. After all of the materials are dosed into the mixer, the mixture

is mixed for 5 minutes to form a granular laundry detergent composition. The formulation of the granular

laundry detergent composition is described below:

Component A. % w/w granular B. % w/w granular
laundry detergent laundry detergent
composition composition

Spray-dried powder from the "Spray-Dried 43.34 15
Powder" section (above)
91.6 wt. active linear alkyl benzene 0.22 2
sulphonate, sodium salt flake supplied by
Stepan under the tradename NACCONOL
90G
Citric acid 5.00 0
Sodium percarbonate (having from 12% to 14.70 0
15% washing active oxygen (active AvOx))
Photobleach particle 0.01 0
Lipase (ll.OOmg active/g) 0.70 0.90
Amylase (21.55mg active/g) 0.33 0.50
Protease (56.00mg active/g) 0.43 0.60
Tetraacetyl ethylene diamine agglomerate 4.35 4.0
(92wt% active)
Suds suppressor agglomerate (11.5wt% 0.87 1.0
active)
Acrylate/maleate copolymer particle 0.29 0
(95.7wt% active)
Green/Blue carbonate speckle 0.50 0
Anionic detersive surfactant particle 1 19.04 10
Cationic detersive surfactant particle 1 6.27 3
Sodium sulfate balance balance
Solid perfume particle 0.63 0.7
Total Parts 100.00 100.00



Example C. Liquid Laundry Detergents

diethylenetriaminepentaacetic acid, sodium salt
2 diethylenetriaminepentakismethylenephosphonic acid, sodium salt
3 ethylenediaminetetraacetic acid, sodium salt

Acusol OP 301



Ingredient F G H I J K
wt. wt.% wt.% wt.% wt.% wt.%

Alkylbenzene sulfonic acid 7 7 4.5 1.2 1.5 12.5
C12-14 E0 3 sulfate, sodium salt 2.3 2.3 4.5 4.5 7 18
Scattered-Branched Chain Alcohol 5 5 2.5 2.6 4.5 4
Ethoxylates from Example I.D.
C12 alkyl dimethyl amine oxide - 2 - - - -

CI2-14 alkyl hydroxyethyl - - - 0.5 - -
dimethyl ammonium chloride
C12-18 Detergent acid 2.6 3 4 2.6 2.8 1 1

Citric acid 2.6 2 1.5 2 2.5 3.5
Protease enzyme 0.5 0.5 0.6 0.3 0.5 2
Amylase enzyme 0.1 0.1 0.15 - 0.05 0.5
Mannanase enzyme 0.05 - 0.05 - - 0.1
Diethylenetriaminepenta(methylen 0.2 0.3 - - 0.2 -
ephosphonic) acid
Hydroxyethane diphosphonic acid - - 0.45 - - 1.5
FWA 0.1 0.1 0.1 - - 0.2
Solvents (1,2 propanediol, 3 4 1.5 1.5 2 4.3
ethanol), stabilizers
Hydrogenated castor oil derivative 0.4 0.3 0.3 0.1 0.3 -
structurant
Boric acid 1.5 2 2 1.5 1.5 0.5
Na formate - - - 1 - -

Reversible protease inhibitor - - 0.002 - - -

Perfume 0.5 0.7 0.5 0.5 0.8 1.5
Buffers (sodium hydroxide, To pH 8.2
Monoethanolamine)
Water and minors (antifoam, To 100
aesthetics,etc.)



Ingredient L M N O P Q
wt. wt.% wt.% wt.% wt.% wt.%

C I 1.6 Linear Alkylbenzene Sulfonic 5.5 2.7 2.2 12.2 5.2 5.2
Acid, sodium salt
C12-14 E0 3 sulfate, sodium salt 16.5 20 9.5 7.7 1.8 1.8
Scattered-Branched Chain Alcohol 8.9 6.5 2.9 - - -

sulfates from Example I.A,B and C
Scattered-Branched Chain Alcohol - - - - 0.15 0.15
Ethoxylates from Example I.D
C12-14 alkyl 7-ethoxylate - - - - 0.15 0.15
C14-15 alkyl 8-ethoxylate - - - - 3.5 3.5
C12-15 alkyl 9-ethoxylate 1.7 0.8 0.3 18.1 - -

C12-18 Detergent acid 2.2 2.0 - 1.3 2.6 2.6
Citric acid 3.5 3.8 2.2 2.4 2.5 2.5
Protease enzyme 1.7 1.4 0.4 - 0.5 0.5
Amylase enzyme 0.4 0.3 - - 0.1 0.1
Mannanase enzyme - - - 0.04 0.04
PEG-PVAc Polymer 1 - - - - - 0.3
Ethoxyed Hexamethylene Diamine - - - - - 0.7
Dimethyl Quat Disulfate
Diethylenetriaminepenta(methylene- - - - - 0.2 0.2
phosphonic) acid
Solvents (1,2 propanediol, ethanol, 7 7.2 3.6 3.7 1.9 1.9
stabilizers
Hydrogenated castor oil derivative 0.3 0.2 0.2 0.2 0.35 0.35
structurant
Polyacrylate - - - 0.1 - -

Polyacrylate copolymer 2 - - - 0.5 - -

Sodium carbonate - - - 0.3 - -

Sodium silicate - - - - - -

Borax 3 3 2 1.3 - -

Boric acid 1.5 2 2 1.5 1.5 1.5
Perfume 0.5 0.5 0.5 0.8 0.5 0.5
Buffers (sodium hydroxide, 3.3 3.3
monoethanolamine)
Water, dyes and miscellaneous Balance
1 PEG-PVA graft copolymer is a polyvinyl acetate grafted polyethylene oxide copolymer having a

polyethylene oxide backbone and multiple polyvinyl acetate side chains. The molecular weight of the
polyethylene oxide backbone is about 6000 and the weight ratio of the polyethylene oxide to polyvinyl
acetate is about 40 to 60 and no more than 1 grafting point per 50 ethylene oxide units.

2 Alco 725 (styrene/acrylate)



Example D. Liquid Laundry Detergent

Example E. Liquid Dish Handwashing Detergents

1 Nonionic may be C Alkyl ethoxylated surfactant containing 9 ethoxy groups.
2 1,3, BAC is 1,3 bis(methylamine)-cyclohexane.
3 (N,N-dimethylamino)ethyl methacrylate homopolymer



Example F. Automatic Dishwasher Detergent

1 An amphiphilic alkoxylated polyalkylenimine polymer.
2 Such as ACUSOL® 445N available from Rohm & Haas or ALCOSPERSE® from Alco.

Example G. Hard Surface Cleaner

A hard surface cleaner comprises 5% total nonionic surfactant (4-methyldecanol sulfate sodium

salt), 0.2% citric acid, perfume 0.3%, and water to 100%.

III. Personal Care Compositions

Example A. Rinse-Off Conditioner Com ositions



Example B. Rinse-Off Conditioner Compositions

The mixtures of scattered-branched chain alcohols (6-methyloctadecanol, 4-methylhexadecanol

and 4,8-dimethylhexadecanol) in Examples A and B can be substituted with any mixture of scattered-

branched chain alcohols with 15 to 23 carbon atoms, as described in Formula I above. Non-limiting

examples of scattered-branched chain alcohols that can be substituted for 6-methyloctadecanol, 4-

methylhexadecanol and 4,8-dimethylhexadecanol in the above conditioning compositions are Compounds

1-7 in Table A, Compounds 1-21 in Table B, and Compounds 1-35 in Table C, where Z is OH.

The cationic compounds in the above table can be substituted with any appropriate cationic

compound such as, for example, cetyltrimonium chloride (CTAC), stearyltrimonium chloride (STAC),

stearoylamidopropyldimethyl amine (SAPDMA), and distearyldimethylammonium chloride.

Example C. Shampoo Compositions

Formulation/ Component A ( ) B ( ) C ( ) D ( )
C i2-1 Natural AE1S (S is sulfate, sodium salt) blended 12 10 20
50:50 by weight with Scattered-Branched Alcohol
Sulfate, sodium salts (1:1) from Formula 1 above

12-14 Natural AS (S is sulfate, sodium salt) blended 2 12
50:50 by weight with Scattered-Branched Alcohol
Sulfate, sodium salts (1:1) from Formula 1 above
Cocobetaine (CocoB) 1-2 1-2 1-2 1-4

Cationic polymer (e.g., AM:TRI, cationic guar gum) 0-0.5 0-0.5 0-0.5 0-0.5
Silicone 0-2 0-2 0-2 0-2
Ethylene glycol distearate (EGDS) 1.5 1.5 1.5 1.5
Gel Network (as described in Conditioning Examples) 0-3 0-3 0-3 0-3
Finishing Agents (e.g., perfume, pH adjusters, water) To 100 To 100 To 100 To 100



The mixtures of scattered-branched chain sulfates (e.g. the sodium or ammonium salts of 2-

methyldodecylsulfate, 4-methyldodecylsulfate, 6-methyldodecylsulfate, 2-methyldodecylsulfate4-

methyldecanol sulfate sodium salt -1-ethoxylated, and 4-methyldodecylsulfate- 1-ethoxylated ) can be

substituted with any mixture of scattered-branched chain anionic surfactants with 11 to 17 carbon atoms,

as described herein.

Nonlimiting examples of scattered-branched chain anionic surfactants that can be substituted for

the sodium or ammonium salts of 2-methyldodecylsulfate, 4-methyldodecylsulfate, 4-

methyldodecylsulf ate- 1-ethoxylated, and 6-methyldodecylsulfate- 1-ethoxylated in the above conditioning

compositions are Compounds 1-5 in Table A, Compounds 1-4, 7-9, 12, 13, and 16 in Table B, and

Compounds 1-3, 6, 7, 16, 17, 20, and 26 in Table C, where Z is preferably selected from the group

consisting of a hydroxyl, an alkoxyl, a glycerol ether, a polyglycerol ether, a polyglycoside, a carboxylate,

a sulfate, a sulfonate, an amine, a monoalkylamine, a dialkylamine, an amine oxide, a monoalkanolamide,

a betaine, a sulfobetaine, an amidopropyl betaine, a polyalkoxylated amidopropyl betaine, an alkylated

quat, an alkyated/hydroxyalkylated quat, an alkylated/polyhydroxyakylated quat, a alkoxylated sulfate, a

phosphate ester, a polyphosphate ester, an O-alkyl ester, a C-alkyl ester, a glycerol ester, a sugar ester, a

glycerol ester quat, and a sulfonated alkyl ester.

Anti-Dandruff actives (i.e., salts of zinc, such as zinc pyrithione, and selenium, such as selenium

sulfide, can be added to any of compositions A-D in Example C to result in an anti-dandruff shampoo.

One or more additional co-surfactants can be added to any of the above shampoo compositions

such as, for example, CAPB (cocoamidopropyl betaine), Cocobetaine (CocoB), sodium

lauroylamphoacetate (NaLAA), laurylhydroxysultaine (LHS), and cocomonoethanol amide (CMEA).

Example D. Silicone Free Conditioning Shampoo Compositions

1 Jaguar Excel, from Rhodia
2 Sodium Laureth Sulfate, from P&G
3 Sodium Lauryl Sulfate , from P&G
4 Ninol Comf, from Stepan
5 Amphosol HCA-B, from Stepan



*The wax ester can include compounds of the invention having one or more scattered methyl branches on
the fatty acid portion of the wax ester, one or more scattered methyl branches on the fatty alcohol portion
of the wax ester, or compounds having one or more scattered methyl branches on both hydrophobic
carbon chains of the wax ester.

The mixtures of scattered-branched chain wax esters can include any scattered-branched chain

wax ester with 12 to 24 carbon atoms in the fatty acid portion and 12 to 24 carbon atoms in the ester

portion. For example, the wax ester can include 4-methylhexadecylpalmitate, 6-methyloctadecylstearate

and 4,8-dimethylhexadecyleicosanoate. The wax esters can be prepared by transesterification or via

reaction of the fatty acid chloride component with the fatty alcohol, all known methods in the art. They

can also be prepared by metathesis of an existing unsaturated wax ester, resulting in a scattered-branched

unsaturated wax ester of the invention. Hydrogenation by conventional means will yield a scattered-

branched saturated wax ester of the invention.

One or more additional co-surfactants can be added to any of the above shampoo compositions

such as, for example, cocobetaine (CocoB), sodium lauroylamphoacetate (NaLAA), laurylhydroxysultaine

(LHS), and cocomonoethanol amide (CMEA).

The composition in Example D can be used in conditioning shampoos, conditioners, and compact

shampoos.

Wax Ester Emulsion Preparation

Wax ester emulsions can be prepared by typical emulsion preparation procedures and typically

have a 1 micron emulsion droplet size. On the small scale for laboratory samples a solid sample is

weighed into Flack Tek Speedmixer cup at a level to represent 50% of the final mixture. NEODOL® 1-5

is added at a level to represent 5% of the final mixture. This combination is heated until the wax ester

material has liquefied. The mixture is allowed to mix for 0.5 min on the speedmixer at 2000 rpm.

Ammonium lauryl sulfate solution (28% active) is added at a level to represent about 10% of the final

preparation any additional water required is added at this point, and the mixture re-heated to insure the

wax ester material is again liquefied. The preparation in then mixed on the speed mixer for 5 minutes at

3450 rpm. The particle size of the resulting emulsion is checked by simple light microscopy to insure it is

in the right domain, e.g. about 1 micron.

On a larger scale the ammonium lauryl sulfate can be added to the de-ionized water amount

required and the mixture heated to about 80C. The wax ester material is combined with the NEODOL®

1-5 and the mixture heated until liquefied. This mixture is added in a controlled manor to aqueous

ammonium lauryl sulfate solution with high speed mixing, e.g a Divtech Eurostar with Turbine. The

particle size is verified by light microscopy.



CLAIMS

What is Claimed is:

1 . A composition comprising a mixture of at least two compounds of Formula I :

wherein each R1 independently is H or CH3, with the proviso that 1, 2, or 3 R1 is CH3;

m is 1 or 2;

n is 3, 4, 5, 6, 7, 8, or 9;

p is 1, 2, 3, 4, 5, 6, 7, or 8; and,

Y is CH2 or absent,with the proviso that when:

(a) Y is CH2, Z is selected from the group consisting of hydroxyl, an alkoxyl, a sulfate, a

disulfate, a sulfonate, a disulfonate, a sulfosuccinate, an amine, a monoalkylamine, a dialkylamine, an

amine oxide, a polyhydroxy moiety, a phosphate ester, a polyphosphate ester, a phosphonate, a glycerol

ether, a glycerol ether sulfonate, a polygluconate, a monoglycerol ether, a diglyerol ether, a glycerol

ether sulfate, a polyglycerol ether, a polyglycerol ether sulfate, a polyglucoside, an

ammonioalkanesulfonate, an alkylated quat, an alkyated/hydroxyalkylated quat, an

alkylated/polyhydroxyakylated quat, an alkylated/polyhydroxylated oxypropyl quat, a glycol amine quat,

a polyoxyalkylene, an alkoxylated sulfate, a pyridinium moiety, a betaine, a sulfobetaine, an

aminocarboxylate, an iminodicarboxylate, a phenol ethoxylate, an imidazoline, an O-alkyl ester, and an

alkoxylated carboxylate; and,

(b) Y is absent, Z is selected from the group consisting of a carboxylic acid, a carboxylate, a

glycerol ester sulfonate, a sulfosuccinamate, a glucamide, a taurinate, a sarcosinate, a glycinate, a

dialkanolamide, a monoalkanolamide, a monoalkanolamide sulfate, a diglycolamide, a diglycolamide

sulfate, a glycerol ester, a glycerol ester sulfate, an amidopropyl betaine, a sugar ester, a glycerol ester

quat, an isethionate, a sulfonated fatty acid, a sulfonated alkyl ester, a C-alkyl ester, an amide, and a

polyalkoxylated amidopropyl betaine;

wherein the mixture is present in an amount of at least about 80 wt.%, based on the total weight of the

composition; and,



wherein the mixture comprises no more than about 5 wt.% of compounds that have a longest linear

carbon chain of 9 carbon atoms or fewer, and less than about 50 wt.% of compounds of Formula I that

contain branching on a carbon atom that is within 40% of the nonfunctionalized terminus of the longest

carbon chain, based on the total weight of the mixture.

2 . A composition comprising a mixture of at least two compounds of Formula I :

wherein each R1 independently is H or CH3, with the proviso that 1, 2, or 3 R1 is CH3;

m is 1 or 2;

n is 3, 4, 5, 6, 7, 8, or 9;

p is 1, 2, 3, 4, 5, 6, 7, or 8; and,

Y is CH2 or absent,with the proviso that when:

(a) Y is CH2, Z is selected from the group consisting of hydroxyl, an alkoxyl, a sulfate, a

disulfate, a sulfonate, a disulfonate, a sulfosuccinate, an amine, a monoalkylamine, a dialkylamine, an

amine oxide, a polyhydroxy moiety, a phosphate ester, a polyphosphate ester, a phosphonate, a glycerol

ether, a glycerol ether sulfonate, a polygluconate, a monoglycerol ether, a diglyerol ether, a glycerol

ether sulfate, a polyglycerol ether, a polyglycerol ether sulfate, a polyglucoside, an

ammonioalkanesulfonate, an alkylated quat, an alkyated/hydroxyalkylated quat, an

alkylated/polyhydroxyakylated quat, an alkylated/polyhydroxylated oxypropyl quat, a glycol amine quat,

a polyoxyalkylene, an alkoxylated sulfate, a pyridinium moiety, a betaine, a sulfobetaine, an

aminocarboxylate, an iminodicarboxylate, a phenol ethoxylate, an imidazoline, an O-alkyl ester, and an

alkoxylated carboxylate; and,

(b) Y is absent, Z is selected from the group consisting of a carboxylic acid, a carboxylate, a glycerol

ester sulfonate, a sulfosuccinamate, a glucamide, a taurinate, a sarcosinate, a glycinate, a dialkanolamide,

a monoalkanolamide, a monoalkanolamide sulfate, a diglycolamide, a diglycolamide sulfate, a glycerol

ester, a glycerol ester sulfate, an amidopropyl betaine, a sugar ester, a glycerol ester quat, an isethionate, a

sulfonated fatty acid, a sulfonated alkyl ester, aC-alkyl ester, an amide, and a polyalkoxylated

amidopropyl betaine;



wherein the mixture is present in an amount of at least about 80 wt.%, based on the total weight of the

composition; and,

wherein the mixture comprises no more than about 5 wt.% of compounds that have a longest linear carbon

chain of 9 carbon atoms or fewer, and less than about 50 wt.% of compounds of Formula I that contain

branching on a carbon atom that is within 40% of the nonfunctionalized terminus of the longest carbon

chain, based on the total weight of the mixture;

wherein the mixture is produced by:

(a) culturing a cell comprising:

(i) an exogenous or overexpressed polynucleotide comprising a nucleic acid

sequence encoding a polypeptide that catalyzes the conversion of propionyl-CoA to methylmalonyl-

CoA; and/or,

(ii) an exogenous or overexpressed polynucleotide comprising a nucleic acid

sequence encoding a polypeptide that catalyzes the conversion of succinyl-CoA to methylmalonyl-CoA,

under conditions allowing expression of the polynucleotide(s) and production a mixture of at least two

compounds of Formula II:

wherein the cell produces more compounds of Formula II than an otherwise similar cell that does not

comprise the polynucleotide(s);

(b) extracting from culture the mixture of at least two compounds of Formula II; and,

(c) derivatizing the compounds of Formula (II) to form the mixture of at least two

compounds of Formula I .

3. The composition of any of the preceding claims, wherein the mixture further comprises at

least one compound of Formula III:

wherein q is 7, 8, 9, 10, 11, 12, 13, 14, 15, 19, 17, 18, 19, or 20;



p is 1 or 2;

Y is CH2 or absent,with the proviso that when:

(a) Y is CH2, Z is selected from the group consisting of hydro yl, an alkoxyl, a sulfate, a

disulfate, a sulfonate, a disulfonate, a sulfosuccinate, an amine, a monoalkylamine, a dialkylamine, an

amine oxide, a polyhydroxy moiety, a phosphate ester, a polyphosphate ester, a phosphonate, a glycerol

ether, a glycerol ether sulfonate, a polygluconate, a monoglycerol ether, a diglyerol ether, a glycerol

ether sulfate, a polyglycerol ether, a polyglycerol ether sulfate, a polyglucoside, an

ammonioalkanesulfonate, an alkylated quat, an alkyated/hydroxyalkylated quat, an

alkylated/polyhydroxyakylated quat, an alkylated/polyhydroxylated oxypropyl quat, a glycol amine quat,

a polyoxyalkylene, an alkoxylated sulfate, a pyridinium moiety, a betaine, a sulfobetaine, an

aminocarboxylate, an iminodicarboxylate, a phenol ethoxylate, an imidazoline, an O-alkyl ester, and an

alkoxylated carboxylate; and,

(b) Y is absent, Z is selected from the group consisting of a carboxylic acid, a carboxylate, a

glycerol ester sulfonate, a sulfosuccinamate, a glucamide, a taurinate, a sarcosinate, a glycinate, a

dialkanolamide, a monoalkanolamide, a monoalkanolamide sulfate, a diglycolamide, a diglycolamide

sulfate, a glycerol ester, a glycerol ester sulfate, an amidopropyl betaine, a sugar ester, a glycerol ester

quat, an isethionate, a sulfonated fatty acid, a sulfonated alkyl ester, a C-alkyl ester, an amide, and a

polyalkoxylated amidopropyl betaine;

wherein the compound of Formula III is present in an amount of about 1 wt. to about 99 wt. , based

on the total weight of the mixture.

position of any of the preceding claims, wherein the

component of Formula I has a biobased content of at least about 80%.

5. The composition of any of the preceding claims, wherein at least one compound of

Formula I is selected from the group consisting of:



wherein:

r is 2, 3, 4, 5, 6, 7, or 8;

s is 1, 2, 3, 4, 5, 6, or 7;

t is 0, 1, 2, 3, 4, 5, or 6;

u is 0, 1, 2, 3, 4, or 5;

v is 0, 1, 2, 3, or 4; and,

w is 0, 1, 2, or 3.

6. The composition of any of the preceding claims, wherein the at least two compounds

Formula I are selected from the group consisting of:





7 . The composition of any of the preceding claims, wherein at least one compound of

3-14 3 and 3-14

8 . The composition of any of the preceding claims, wherein Z is selected from the group

consisting of a hydroxyl, an alkoxyl, a glycerol ether, a polyglycerol ether, a polyglycoside, a

carboxylate, a sulfate, a sulfonate, an amine, a monoalkylamine, a dialkylamine, an amine oxide, a

monoalkanolamide, a betaine, a sulfobetaine, an amidopropyl betaine, a polyalkoxylated amidopropyl

betaine, an alkylated quat, an alkyated/hydroxyalkylated quat, an alkylated/polyhydroxyakylated quat, a

alkoxylated sulfate, a phosphate ester, a polyphosphate ester, an O-alkyl ester, a C-alkyl ester, a glycerol

ester, a sugar ester, a glycerol ester quat, an amide, and a sulfonated alkyl ester.

9 . A cleaning composition comprising:

(i) from 0.001 wt.% to 99.999 wt.% of the composition according to any of the

preceding claims; and,



(ii) from 0.001 wt.% to 99.999 wt. of one or more additional cleaning components.

10. The composition of claim 9, wherein the additional cleaning component is

selected from the group consisting of a surfactant, an enzyme, a builder, an alkalinity system, an

organic polymeric compound, a hueing dye, a bleaching compound, an alkanolamine, a suds

suppressor, a soil suspension agent, an anti-redeposition agent, and a corrosion inhibitor.

11. The composition of claim 9, wherein the cleaning composition is selected from the group

consisting of a granular detergent, a bar-form detergent, a liquid laundry detergent, a liquid hand

dishwashing composition, a hard surface cleaner, a tablet, a disinfectant, an industrial cleaner, a highly

compact liquid, a powder, and a decontaminant.

12. A method of laundering soiled fabrics comprising the step of contacting said soiled

fabrics with an effective amount of a cleaning composition according to any of claims 9, 10 or 11 in an

aqueous solution.

13. A method of cleansing dishes comprising the step of contacting said soiled dishes with an

effective amount of a cleaning composition according to any of claims 9, 10 or 11 in an aqueous solution.

14. A method of cleansing a hard surface selected from the group consisting of wood,

ceramic, glass, marble, porcelain, grout and concrete comprising the step of contacting said soiled

surface with an effective amount of a cleaning composition according to any of claims 9, 10 or 11 in an

aqueous solution.

15. A personal care composition comprising:

(i) from 0.001 wt.% to 99.999 wt.% of the composition according to any of Claims 1

- 8; and,

(ii) from 0.001 wt.% to 99.999 wt.% of one or more additional personal care

components.

16. The composition of 15, wherein the personal care composition is a shampoo, a hair

conditioner, a hair treatment, a facial soap, a body wash, a body soap, a foam bath, a make-up remover, a

skin care product, an acne control product, a deodorant, an antiperspirant, a shaving aid, a cosmetic, a

depilatory, a fragrance, and a mixture thereof.

17. The composition of claim 15, wherein the personal care composition is delivered in a

form selected from the group consisting of a wipe, a cloth, a bar, a liquid, a powder, a creme, a lotion, a



spray, an aerosol, a foam, a mousse, a serum, a capsule, a gel, an emulsion, a doe foot, a roll-on

applicator, a stick, a sponge, an ointment, a paste, an emulsion spray, a tonic, a cosmetic, and mixtures

thereof.

18. The composition of claim 15, wherein the additional personal care component is selected

from the group consisting of a hair fixing polymer, a propellant, a surfactant, a cationic surfactant

system, a high melting point fatty compound, a cationic polymer, a nonionic polymer, a conditioning

agent, an anti-dandruff active, a humectant, a suspending agent, an aqueous carrier, a dispersed particle, a

gel matrix, a skin care active, a thickener, a glossing and shine-imparting agent, a dye, a particle, glitter,

and a colored particle.

19. A method of making a composition comprising a mixture of at least two compounds of

Formula I :

wherein each R1 independently is H or CH3, with the proviso that 1, 2, or 3 R1 is CH3;

m is 1 or 2;

n is 3, 4, 5, 6, 7, 8, or 9;

p is 1, 2, 3, 4, 5, 6, 7, or 8; and,

Y is CH2 or absent,with the proviso that when:

(a) Y is CH2, Z is selected from the group consisting of hydroxyl, an alkoxyl, a sulfate, a

disulfate, a sulfonate, a disulfonate, a sulfosuccinate, an amine, a monoalkylamine, a dialkylamine, an

amine oxide, a polyhydroxy moiety, a phosphate ester, a polyphosphate ester, a phosphonate, a glycerol

ether, a glycerol ether sulfonate, a polygluconate, a monoglycerol ether, a diglyerol ether, a glycerol

ether sulfate, a polyglycerol ether, a polyglycerol ether sulfate, a polyglucoside, an

ammonioalkanesulfonate, an alkylated quat, an alkyated/hydroxyalkylated quat, an

alkylated/polyhydroxyakylated quat, an alkylated/polyhydroxylated oxypropyl quat, a glycol amine quat,

a polyoxyalkylene, an alkoxylated sulfate, a pyridinium moiety, a betaine, a sulfobetaine, an

aminocarboxylate, an iminodicarboxylate, a phenol ethoxylate, an imidazoline, an O-alkyl ester, and an

alkoxylated carboxylate; and,



(b) Y is absent, Z is selected from the group consisting of a carboxylic acid, a carboxylate, a glycerol

ester sulfonate, a sulfosuccinamate, a glucamide, a taurinate, a sarcosinate, a glycinate, a dialkanolamide,

a monoalkanolamide, a monoalkanolamide sulfate, a diglycolamide, a diglycolamide sulfate, a glycerol

ester, a glycerol ester sulfate, an amidopropyl betaine, a sugar ester, a glycerol ester quat, an isethionate, a

sulfonated fatty acid, a sulfonated alkyl ester, a C-alkyl ester, an amide, and a polyalkoxylated

amidopropyl betaine;

wherein the mixture is present in an amount of at least about 80 wt.%, based on the total weight of the

composition; and,

wherein the mixture comprises no more than about 5 wt.% of compounds that have a longest linear carbon

chain of 9 carbon atoms or fewer, and less than about 50 wt.% of compounds of Formula I that contain

branching on a carbon atom that is within 40% of the nonfunctionalized terminus of the longest carbon

chain, based on the total weight of the mixture;

the method comprising:

(a) culturing a cell comprising:

(i) an exogenous or overexpressed polynucleotide comprising a nucleic acid

sequence encoding a polypeptide that catalyzes the conversion of propionyl-CoA to methylmalonyl-

CoA; and/or,

(ii) an exogenous or overexpressed polynucleotide comprising a nucleic acid

sequence encoding a polypeptide that catalyzes the conversion of succinyl-CoA to methylmalonyl-CoA,

under conditions allowing expression of the polynucleotide(s) and production a mixture of at least two

compounds of Formula II:

wherein the cell produces more compounds of Formula II than an otherwise similar cell that does not

comprise the polynucleotide(s);

(b) extracting from culture the mixture of at least two compounds of Formula II; and,

(c) derivatizing the compounds of Formula (II) to form the mixture of at least two

compounds of Formula I.
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