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PERSONAL CARE FORMULATIONS 
CONTAINING ALKYL KETAL ESTERS AND 

METHODS OF MANUFACTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 61/332,978, ?led May 10, 2010, 
Which is incorporated herein by reference in its entirety, and 
to US. Provisional Application No. 61/332,982, ?led May 
10, 2010, Which is incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to personal care formulations 
that contain certain alkyl ketal ester compounds and to meth 
ods for the manufacture of the formulations. 

BACKGROUND 

[0003] Personal care formulations are available in a Wide 
range of formulation forms and are used in a Wide variety of 
specialiZed applications. Because these various types of for 
mulations differ enormously, as do the conditions under 
Which they are used, the individual formulations tend to be 
formulated speci?cally for the end-use application for Which 
they are intended. Further, the use of materials based on 
reneWable resources is becoming of increasing interest as 
formulators redesign their formulations to meet environmen 
tal sensitivities of their consumer bases. 

SUMMARY 

[0004] Disclosed herein are personal care formulations, the 
personal care formulations comprising an alkyl ketal ester 
having the structure 

R1 
CH3 0/ 

o 

HZC/ 
| CH2 0 

R2 To H 

Wherein a is 0 or an integer of1 to 12, b is 0 or 1, R2 a divalent 
Cl_8 group optionally substituted With up to 5 hydroxyl 
groups, and R1 is C1_6 alkyl; and an active agent selected from 
organic anti-aging agents, organic anti-acne agents, organic 
skin Whiteners, organic ultraviolet light absorbers, organic 
tanning agents, organic anti-alopecia agents, antifungal 
agents, anti-dandruff active agents, antimicrobial agents, 
organic medicinals, depilatory compounds, hair dyes, organic 
insect repellants, and combinations thereof. 
[0005] Also disclosed is a Waxy personal care formulation 
comprising a Wax, an emollient, and an alkyl ketal ester of 
structure I. 

[0006] In another embodiment, a personal care formulation 
in the form of an emulsion comprises (i) a continuous phase 
and a disperse phase Wherein the continuous phase or the 
disperse phase is an aqueous phase and the other is an oil 
phase; or at least tWo co-continuous phases Wherein at least 
one of the co-continuous phases is an aqueous phase and at 
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least one of the co-continuous phases is an oil phase; and 
Wherein any of the foregoing oil phases comprises at least one 
of (a) a paraf?nic, naphthenic or aromatic mineral oil, (b) a 
nonionic organic compound having a melting temperature of 
less than 45° C., a molecular Weight ofat least 190 Daltons, an 
amido or ester group, and an alkyl chain containing at least 8 
carbon atoms, and a solubility in Water of no greater than 1 
part in 99 parts of Water, (c) a nonionic organosilicone com 
pound having a melting temperature of less than 45° C., and 
a solubility in Water of no greater than 1 part in 99 parts of 
Water, (d) a long chain alcohol, or (e) a Wax; and (ii) an alkyl 
ketal ester of structure I. 
[0007] In still another embodiment, a personal care formu 
lation comprises an alkyl ketal ester of structure I, and an 
additional cosmetically acceptable ingredient. 
[0008] The invention is further illustrated by the folloWing 
Detailed Description, Examples, and Claims. 

DETAILED DESCRIPTION 

[0009] We have found that certain alkyl ketal esters of 
Structure I are excellent formulatory ingredients that provide 
bene?t in a Wide number of personal care formulations. The 
alkyl ketal esters are excellent solvents for a Wide range of 
materials, including active agents useful in personal care 
formulations. Many of them are at least partially miscible 
With Water or other organic solvents, or both, as Well as a Wide 
range of someWhat hydrophobic materials as are commonly 
present in personal care formulations. The alkyl ketal esters 
have loW volatility. Under normal conditions of manufacture, 
storage, and use, the alkyl ketal esters are not reactive With 
many of the other materials that are commonly found in 
personal care formulations. 
[0010] Because of these attributes, the alkyl ketal esters are 
useful in a Wide range of personal care formulations, includ 
ing formulations that contain various types of active agents as 
described beloW, as Well as formulations that do not contain 
such active agents. The alkyl ketal esters can provide a range 
of bene?ts to the formulation. The particular bene?ts seen in 
any given formulation Will depend on the particular ingredi 
ents and function of that formulation. 
[0011] In an embodiment, the alkyl ketal esters of structure 
I can be used to enhance the solubility of an active agent in a 
personal care formulation. Depending on the native solubility 
of the active agent in the formulation and the type of formu 
lation, the alkyl ketal ester can be used as a cosolvent With 
Water, as a compatibiliZer With Water and an organic solvent, 
as a cosolvent With an organic solvent, as an emulsi?er, or a 
combination comprising of any of one or more of the forego 
ing. As is knoWn to those of skill in the art of formulating 
personal care products, an individual ingredient can have 
more than one type of function, for example a given alkyl 
ketal ester could function both as a cosolvent and as a com 

patibiliZer. 
[0012] When the active agent has limited Water solubility, 
the alkyl ketal ester can in some embodiments function as a 
cosolvent, together With Water. Many alkyl ketal esters are 
good solvents for active agents and also have good miscibility 
in Water. The presence of such an alkyl ketal ester can alloW 
the concentration of the active agent to be increased, often 
Without the presence of volatile organic compounds (VOCs) 
such as ethanol, isopropanol, acetone, ethyl acetate, and the 
like in the formulation. The result in some cases can be a more 
concentrated loW VOC formulation. The alkyl ketal ester can 
also perform additional functions, such as compatibiliZation 
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of aqueous and organic phases, compatibiliZation or solubi 
liZation of certain organic materials into an aqueous phase, 
emulsi?cation of an oil phase into an aqueous phase or of an 
aqueous phase into an oil phase. 

[0013] The alkyl ketal ester can act as an emulsi?er, com 
patibiliZer, or solubiliZer for ingredients other than the active 
agent, or as a co-emulsi?er, co-compatibiliZer, or co-solubi 
liZer for ingredients other than the active agent, in particular 
if the alkyl ketal ester is highly Water-soluble. Moreover, 
incorporation of the alky ketal ester can lead to a lighter, less 
greasy or heavy-feeling formulation, especially compared to 
many other naturally-derived ingredients. 
[0014] In cases in Which the active agent is someWhat 
soluble or highly soluble in an alcohol or alcohol-Water mix 
ture, the alkyl ketal ester can in some cases function as a 

cosolvent, either With the alcohol or With an alcohol-Water 
mixture. The alkyl ketal ester can in some cases permit an 
increase in the concentration of the active agent in an alco 
holic or alcohol-Water phase. In other cases, it can permit the 
proportion of the alcohol in the cosolvent mixture to be 
decreased, Which has the bene?t of reducing VOCs in the 
formulation and in some cases decreasing the drying effect 
the formulation has on the skin. As With the aqueous systems, 
the alkyl ketal ester can perform additional functions, such as 
compatibiliZation, solubiliZation, or emulsi?cation. In some 
cases, the alkyl ketal ester can also lead to a lighter, less greasy 
or heavy-feeling formulation, as before. 

[0015] In formulations containing active agents that are oil 
or oil-soluble and sparingly (if at all) soluble in Water, the 
alkyl ketal ester can in some cases permit the active agent to 
become dissolved in an aqueous phase, in some cases alone 
and in other cases in conjunction With one or more other 
cosolvents. This can in some cases alloW a highly Water 
insoluble active agent to become incorporated into an aque 
ous-based solution or gel-type form. In some cases, mixtures 
of alkyl ketal esters having different solubility/solubiliZing 
characteristics can be present in order to accomplish the dis 
solution of the active agent. Alternatively (or in addition), the 
alkyl ketal ester can aid in dissolving or compatibiliZing such 
an active agent into an organic phase, or to help compatibiliZe 
or emulsify an organic phase containing the active agent With 
an aqueous phase, forming in this case an emulsi?ed formu 
lation that can be, for example, a cream or lotion. As before, 
the alkyl ketal ester in some cases can alloW the level of 
emollient materials to be reduced or improve formulation feel 
characteristics. 

[0016] Whether an active agent is present or not, the alkyl 
ketal ester can in some cases aid mutually incompatible mate 
rials to be formulated into a stable formulation form. Thus, 
the alkyl ketal ester is a valuable ingredient in many emulsi 
?ed formulations, such as lotions and creams, Which include 
a Water-in-oil or oil-in-Water emulsion. Also, the alkyl ketal 
ester in many cases can alloW hydrophobic organic ingredi 
ents to be dissolved into an aqueous phase to produce clear 
formulations. In many cases, this can be achieved While 
reducing or eliminating other ingredients from the formula 
tion. For example, volatile organic compounds or emulsi?ers 
can be eliminated or used in reduced quantities. The presence 
of the alkyl ketal ester can improve the feel of a cosmetic, 
giving the formulated formulation a lighter, less oily feel 
While preserving its function and performance. In many 
cases, formulation viscosity is reduced, Which can contribute 
to the lighter and less greasy feel. 
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[0017] Because the alkyl ketal ester is a good solvent for a 
Wide range of materials, it is very useful for making concen 
trates, Which can be let doWn into Water, an alcohol or other 
diluent. 

[0018] Still another bene?t of the alkyl ketal ester in some 
formulations is that it alloWs the amount of Water to be 
increased in otherWise highly hydrophobic formulations. 
This can provide a moisturizing function in some cases, or 
provide other bene?ts. A notable example of this is in lip care 
formulations, particularly lipsticks, lip glosses, and lip balms, 
and cuticle balms Which are based on Waxes and other highly 
hydrophobic materials. The alkyl ketal ester permits up to 
3%, up to 4%, up to 5%, or up to 10% by Weight of Water to 
be included in the lip care or cuticle care formulation, Which 
can alloW the lip care or cuticle care formulation to perform a 
hydrating function. 
[0019] In one aspect, this invention is a formulatedpersonal 
care formulation comprising an alkyl ketal ester of structure I, 
and one or more active agent selected from organic anti-aging 
agents, organic anti-acne agents, organic skin Whitening 
agents, organic ultraviolet light absorbing agents, organic 
tanning agents, organic anti-alopecia agents, antifungal 
agents and/or anti-dandruff agents, antimicrobial agents, 
organic medicinals, depilatory compounds, hair dyes, or 
organic insect repellants. In certain embodiments, the alkyl 
ketal ester forms part of a cosolvent mixture With Water or 
With another organic solvent miscible With the alkyl ketal 
ester at the relative proportions thereof that are present in the 
formulated personal care formulation, and the active agent is 
dissolved in the cosolvent mixture. The active agents are 
present in amounts effective to achieve the desired activity, 
Which can vary broadly, depending on the active agent and the 
product. Thus, an active agent can be present in the formula 
tion in amounts as loW as 0.001% by Weight, 0.01% by 
Weight, or 0.1% by Weight, up to 30% by Weight. The amount 
of Water used in the formulation can also vary Widely based on 
the active agent and the product, from anhydrous products as 
described above, to products have from 2 to 90%, 80%, 70%, 
60%, 50%, 40%, 30%, 20%, or 10% by Weight ofWater, based 
on the total Weight of the formulation. 

[0020] Thus, in some embodiments, the formulated per 
sonal care formulation includes a compound selected from 
alpha-hydroxy acids such as lactic acid, 2-hydroxydecanoic 
acid, 2-hydroxyoctanoic acid and glycolic acid, beta-hydroxy 
acids such as beta-hydroxy salicylic acid, avobenZone, coen 
Zyme Q10, benZoate-4-methylbenZylidene, cinoxate, dioxy 
benZone, homosalate, menthyl anthranilate, mexoryl SX, 
drometriZole trisiloxane, octocrylene, octyl methoxycin 
namate, ethylhexyl salicylate, oxybenZone, padimate O, 
p-aminobenZoic acid (PABA), phenylbenZimidaZole sulfonic 
acid, sulisobenZone, titanium trolamine salicylate, salicylic 
acid, retinoic acid (including the all-trans isomer knoWn as 
tretinoin), benZoyl peroxide, hydroquinon, arbutun (includ 
ing plant extracts containing same), kojic acid, aZelaic acid, 
glycyrrhetic acid, levulinic acid, 2-cyano-3,3-dipheny 
lacrylic acid, sodium benZotriaZolyl butylphenol sulfonate, 
ethyl-2-cyan-3,3-diphenylacrylate, 2-t-butyl-6-(5-chloro 
2H-benZotriaZol-2-yl)-p-cresol, 2-(2-H-benZotriaZol-2-yl) 
4-methylphenol, benZophenone-12, bornelone, or 2-benZot 
riaZolyl-4-tert-octylphenol. These compounds function as 
anti-aging, anti-acne, skin Whitening and/or UV absorbers; 
formulations containing them are useful as anti-aging or anti 
Wrinkle formulations, acne treatments, skin Whiteners, and/ or 
sunscreens. 



US 2011/0300083 A1 

[0021] In certain embodiments, a personal care formulation 
includes a tanning agent such as dihydroxyacetone, erythru 
lose, dihydroxyacetone-ortho-ethyl-acetate, canthaxanthin, 
or afamelanotide. These compounds function as tanning 
agents, and personal care formulations containing them in 
suf?cient quantities are effective tanning (skin darkening) 
formulations. 
[0022] In some embodiments, the personal care formula 
tion includes a compound selected from minoxidil and 5-al 
pha reductase inhibitors such as dutasteride and ketocona 
Zole. These compounds function as anti-alopecia (hair loss 
prevention) agents; accordingly, personal care formulations 
containing them are useful in some cases to prevent hair loss. 
[0023] In certain embodiments, a personal care formulation 
includes a compound selected from Zinc pyrithione, selenium 
sul?de, clotrimaZole, tea tree oil, or piroctone olamine. These 
compounds function as anti-fungal agents, and personal care 
formulations containing them in su?icient quantities are 
effective topical anti-fungal treatments (such as for Tinea 
pedis or Tinea cruris) and/or as anti-dandruff formulations. 
[0024] In certain embodiments, a personal care formulation 
includes a compound selected from an amphetamine, an anti 
histamine, methylphenidate, oxymetaZoline, tetrahydrolZo 
line hydrochloride, or psilocybin. These compounds function 
as vasoconstrictors in some instances and personal care for 
mulations containing them in su?icient quantities are effec 
tive as redness reducers (such as in eye drops and anti-redness 
or anti-pu?ing creams). 
[0025] In certain embodiments, a personal care formulation 
includes a compound selected from calcium thioglycolate, 
sodium thioglycolate, thioglycolic acid, ammonium thiogly 
colate, butyl thioglycolate, ethanolamine thioglycolate, glyc 
eryl thioglycolate, isooctyl thioglycolate, isopropyl thiogly 
colate, magnesium thioglycolate, methyl thioglycolate, or 
potassium thioglycolate. These compounds function to 
modify hair ?bers by breaking SiS bonds in keratin; per 
sonal care formulations containing them in su?icient quanti 
ties are used in depilatories, permanent Waves, relaxers, hair 
straightening, and hair re- styling formulations. 
[0026] In certain embodiments, a personal care formulation 
includes a compound selected from aluminum Zirconium tet 
rachlorohydrex gly, aluminum chlorohydrate, or aluminum 
chloride. These agents are anti-perspirants and personal care 
formulations containing these are often effective as deodor 
ants and anti-perspirants. 
[0027] In certain embodiments, a personal care formulation 
includes a compound selected from resorcinol (“resorcin” , 
1-napthol, p-aminophenol, p-phenylenediamine (and its 
salts), 4-amino-2-hydroxytoluene, and the like. These active 
agents are effective hair dyes; and personal care formulations 
containing these are often effective as hair colorants or hair 
colorant concentrates. 

[0028] In certain embodiments, a personal care formulation 
includes a compound selected from phenoxyethanol, N,N 
diethyl-m-toluamide, p-menthane-3,8-diol (active agent in 
the essential oil of lemon eucalyptus), nepetalactone (catnip 
oil), citronella oil, permethrin, neem oil, or bog myrtle 
extract. These active agents are effective insect repellants; 
and personal care formulations containing these are often 
effective as insect repellants. 
[0029] In some embodiments, the personal care formula 
tion comprises from 0 or 0.001 to 15% by Weight of Water, 
speci?cally, 0 or 0.01 to 12 Wt % by Weight of Water, 0.1 to 
10% by Weight Water, 0.5 to 8% by Weight Water, or 1 to 5% 

Dec. 8, 2011 

by Weight of Water, each based on the total Weight of the 
formulation. In some embodiments, the personal care formu 
lation is essentially anhydrous, containing no more than 3% 
by Weight Water, no more than 2% by Weight Water, more 
speci?cally no more than 1% by Weight Water. In essentially 
anhydrous personal care formulations, the amount of Water 
can be 0%, as loW as 0.001%, or 0.01%, or 0.1% by Weight, 
each based on the total Weight of the personal care formula 
tion. 

[0030] In another aspect, for use in a Waxy formulation, 
e.g., a lipstick, lip gloss, lip balm formulation, or a cuticle 
cream, that contains a Wax, an emollient, and an alkyl ketal 
ester of structure I is provided. In embodiments of particular 
interest, the lipstick, lip gloss, lip balm, or cuticle cream 
formulation contains from 0.1 to 10% by Weight Water, spe 
ci?cally 0.5 to 5% by Weight Water, each based on the total 
Weight of the persona care formulation. These formulations 
are in stick or other solid form. The alkyl ketal ester prefer 
ably is a partially or fully Water-miscible alkyl ketal ester, as 
de?ned beloW, When the Waxy formulation contains more 
than 0.1% by Weight Water. 

[0031] In another aspect, a formulated personal care for 
mulation in the form of an emulsion is provided. The emul 
sion can have a continuous phase and a disperse phase, one of 
Which is an aqueous phase, and the other of Which is an oil 
phase. Alternatively, the emulsion can have at least tWo co 
continuous phases, again Wherein at least one of the co 
continuous phase is an aqueous phase and at least one of the 
co-continuous phases is an oil phase. The oil phase contains at 
least one of (a) a para?inic, naphthenic or aromatic mineral 
oil, (b) a nonionic organic compound having a melting tem 
perature of less than 45° C., a molecular Weight of at least 190 
Daltons, an amido or ester group, an alkyl chain containing at 
least 8 carbon atoms, and a solubility in Water of no greater 
than 1 part in 99 parts of Water by Weight; (c) a nonionic 
organosilicone compound having a melting temperature of 
less than 45° C. and a solubility in Water of no greater than 1 
part in 99 parts of Water by Weight; (d) a long chain alcohol; 
and (e) a Wax. The emulsion further comprises an alkyl ketal 
ester of structure I. The alkyl ketal ester can be present in a 
continuous phase, a disperse phase, in both a continuous 
phase and a disperse phase, or at the interface betWeen a 
continuous and a disperse phase. 

[0032] Personal care formulations and products can take 
the physical form of solids (sticks, bars, poWders, etc.), solu 
tions (including solutions containing su?icient gallant or 
thickener to provide a gel-like consistency), ointments, dis 
persions (including pastes), or emulsions (including gels, 
liniments, lotions, creams, or the like). They canbe sprayable, 
in particular the solutions, dispersions, and poWders. The 
personal care products can be, for example, bath or shoWer 
products, including various hair and body cleaners; eye care 
products; cosmetics; a fragrance; treatment formulation, 
including a hair coloring formulation and a; a hair straight 
ening or permanent Wave formulation; a nail care formula 
tion; an oral hygiene formulation, including toothpaste and 
mouthWash; a shave cream; a skin care formulation; a sun 

care formulation; a lip care formulation; an antiperspirant; or 
a foot care formulation. 
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[0033] The alkyl ketal esters useful herein include those 
having the general structure I 

R] 
CH3 0 

o 

HZC/ 
| CH2 0 
R2 o a 

Wherein 
[0034] a is Oor an integer of1 to 12, speci?cally 1 to 6, more 
speci?cally 1 to 4; 
[0035] b is 0 or 1; 
[0036] R2 is a divalent C1_8 group optionally substituted 
With up to 5 hydroxyl groups, speci?cally methylene, eth 
ylidene (>CH%H3), >CH%H2OH, >C(CH3)CH2OH, 
>C(C2H5)CH2OH, >C(CH2OH)2, >CHiCH(OH)i 
CHZOH, or >CHi(CHOH)3%H2OH; and 
[0037] R1 is C1_6 alky, speci?cally a C1_4 alkyl, more spe 
ci?cally a C1_2 alkyl. Some compounds Within the scope of 
Structure I contain one or more chiral carbon atoms, as is the 
case Where b is 0 or R2 is substituted; structure I does not 
distinguish among those possible stereoisomers and is 
intended to include all such stereoisomers. In a speci?c 
embodiment, a is 1 to 4, B is 0 or 1, and R2 is >CH4CH3, 
>CHiCH2OH, >C(CH3)CH2OH, >C(C2H5)CH2OH, 
>C(CH2OH)2, >CH%H(OH)%H2OH, or >CHi 
(CHOH)3%H2OH. 
[0038] When b is 0, the alkyl ketal ester includes a ?ve 
membered ring; When b is 1, it includes a six-member ring. In 
a speci?c embodiment b is 0. 
[0039] In some embodiments, b is 0 and R2 is one of meth 
ylene, ethylidene or >CH4CH2OH. In other embodiments, b 
is 1 and R2 is methylene. 
[0040] In an embodiment, Rl contains 1 or 2 carbon atoms. 
[0041] Speci?c alkyl ketal esters include those correspond 
ing to the reaction formulations of 1,2-ethylene glycol With 
the methyl, ethyl, n-propyl or n-butyl ester of levulinic acid; 
of 1,2-propylene glycol With the methyl, ethyl, n-propyl or 
n-butyl ester of levulinic acid; of 1,3-propane diol With the 
methyl, ethyl, n-propyl or n-butyl ester of levulinic acid; of 
glycerine With the methyl, ethyl, n-propyl, or n-butyl ester of 
levulinic acid; of trimethylolethane With the methyl, ethyl, 
n-propyl, or n-butyl ester of levulinic acid; of trimethylolpro 
pane With the methyl, ethyl, n-propyl, or n-butyl ester of 
levulinic acid; of pentaerythritol With the methyl, ethyl, 
n-propyl, or n-butyl ester of levulinic acid; of erythritol With 
the methyl, ethyl, n-propyl, or n-butyl ester of levulinic acid; 
of sorbitol With the methyl, ethyl, n-propyl, or n-butyl ester of 
levulinic acid; of 1,2-ethylene glycol With methyl, ethyl, 
n-propyl, or n-butyl acetoacetate; of 1,2-propylene glycol 
With methyl, ethyl, n-propyl, or n-butyl acetoacetate; of 1,3 
propane diol With methyl, ethyl, n-propyl, or n-butyl acetoac 
etate, of glycerine With methyl, ethyl, n-propyl, or n-butyl 
acetoacetate; of trimethylolethane With methyl, ethyl, n-pro 
pyl or n-butyl acetoacetate; of trimethylolpropane With 
methyl, ethyl, n-propyl, or n-butyl acetoacetate, or erythritol 
With methyl, ethyl, n-propyl, or n-butyl acetoacetate; of pen 
taerythritol With methyl, ethyl, n-propyl, or n-butyl acetoac 
etate; or of sorbitol With methyl, ethyl, n-propyl, or n-butyl 
acetoacetate. 
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[0042] Speci?c alkyl ketal esters include those having the 
folloWing structures II-VI. An embodiment includes alkyl 
ketal esters of structure II 

(11) 
0 CH3 

\J: OR] HO 
O 

0 

wherein R1 is methyl, ethyl, n-propyl, or n-butyl. When R1 is 
methyl, this structure is referred to herein as “methyl-LGK,” 
and corresponds to the reaction formulation of methyl levuli 
nate With glycerine. Methyl-LGK is miscible With Water in all 
proportions. 
[0043] When R1 in structure II is ethyl, this structure is 
referred to herein as “ethyl-LGK,” or “Et-LGK” and corre 
sponds to the reaction formulation of ethyl levulinate With 
glycerine. Ethyl-LGK is miscible in Water in all proportions. 
Ethyl-LGK also dissolves or is miscible With a large number 
of hydrophobic and hydrophilic organic compounds to the 
extent of at least 20 parts of the organic compound in 80 parts 
of ethyl-LGK. Examples of such organic compounds include 
methanol, ethanol, tetrahydrofuran, acetone, ethyl acetate, 
ethyl laurate, lauric acid, methylene chloride, toluene, acetic 
acid, loW molecular Weight poly(propylene glycol), and cas 
tor oil. 
[0044] When R1 in structure II is n-propyl, this structure is 
referred to herein as “n-propyl-LGK,” and corresponds to the 
reaction formulation of n-propyl levulinate With glycerine. 
n-Propyl-LGK is miscible With Water to the extent of 1 part 
per 99 parts Water. 
[0045] When R1 in structure II is n-butyl, this structure is 
referred to herein as “n-butyl-LGK” or “Bu-LGK,” and rep 
resents the reaction formulation of n-butyl levulinate With 
glycerine. n-Butyl-LGK is miscible in Water to the extent of 1 
part per 99 parts of Water. It dissolves or is miscible With 
various organic compounds to the extent of at least 20 parts of 
the organic compound in 80 parts of N-butyl-LGK. Examples 
of such organic compounds include alcohols (including etha 
nol and 1,2-butylene glycol), organic esters (such as Cl2_l4 
alkyl benZoates, isopropyl myristate and octyl palmitate), and 
many vegetable oils (including castor, corn, soy and saf?oWer 
oils). 
[0046] Another embodiment includes alkyl ketal esters of 
structure III 

0 CH3 

1 0R1 
H3C O 

0 

wherein R1 is methyl, ethyl, n-propyl, or n-butyl. When R1 is 
methyl, the structure is referred to herein as “methyl-LPK” 
and corresponds to the reaction formulation of methyl levuli 
nate With 1,2-propylene glycol. 
[0047] When R1 in structure III is ethyl, this structure is 
referred to herein as “ethyl-LPK” or “Et-LPK,” and corre 
sponds to the reaction formulation of ethyl levulinate With 
1,2-propylene glycol. Ethyl-LPK is miscible in Water to the 
extent of 2.5 parts in 97.5 parts of Water. Ethyl-LPK dissolves 
or is miscible With a variety of organic compounds of varying 
hydrophilicity, to the extent of at least 20 parts of the organic 
compound in 80 parts of ethyl-LPK. These organic com 
pounds include, for example, methanol, ethanol, tetrahydro 
furan, acetone, ethyl acetate, methylene chloride, toluene, 

(III) 
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cyclohexane, acetic acid, loW molecular Weight poly(propy 
lene glycol), mineral oil, castor oil, canola oil, corn oil, and 
sun?ower oil. 
[0048] When R1 in structure III is n-butyl, this structure is 
referred to herein as “n-butyl-LPK” or “Bu-LPK,” and repre 
sents the reaction formulation of n-butyl levulinate With 1,2 
propylene glycol. n-butyl-LPK dissolves or is miscible With 
various organic compounds to the extent of at least 20 parts of 
the organic compound in 80 parts of N-butyl-LPK by Weight. 
Examples of such organic compounds include alcohols (in 
cluding ethanol and 1,2-butylene glycol), organic esters (such 
as C 124 4 alkyl benZoates, isopropyl myristate and octyl 
palmitate), and many vegetable oils (including castor, corn, 
soy and saf?oWer oils). n-butyl-LPK dissolves or is miscible 
With Water to the extent of about 99 parts of Water to about 1 
part of the part of the N-butyl-LPK by Weight. 
[0049] Another embodiment includes alkyl ketal esters of 
structure IV 

0 CH3 

K 0R1 
0 

0 

wherein R5 is methyl, ethyl, n-propyl, or n-butyl. When R1 is 
ethyl, this structure is referred to herein as “ethyl-LEK,” and 
corresponds to the reaction formulation of ethyl levulinate 
With 1,2-ethylene glycol. Ethyl-LEK is miscible in Water to 
the extent of 5 parts per 95 parts of Water by Weight. 
[0050] Another embodiment includes alkyl ketal esters of 
structure V 

(IV) 

(v) 
0 CH3 0 

HO\): MORl 0 

wherein R5 is methyl, ethyl, n-propyl, or n-butyl. When R1 is 
methyl, this structure is referred to herein as “Me-AcAcGK,” 
and represents the reaction formulation of methyl acetoac 
etate With glycerine. When R1 is ethyl, this structure is 
referred to herein as “Et-AcAcGK,” and represents the reac 
tion formulation of ethyl acetoacetate With glycerine. Me 
AcAcGK and Et-AcAcGK each are miscible With Water in all 
proportions. 
[0051] Another embodiment includes alkyl ketal esters of 
structure VI 

(VI) 

0 

wherein R1 is methyl, ethyl, n-propyl or n-butyl and R3 is 
methyl or ethyl. Compounds according to structure VI corre 
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spond to the reaction formulation of trimethylolethane (R3 is 
methyl) or trimethylolpropane (R3 is ethyl) and a C1_6 ester of 
levulinic acid. When R1 is ethyl, and R3 is methyl, this struc 
ture is referred to herein as “ethyl-LTMEK,” and when R1 is 
ethyl, and R3 is ethyl, this structure is referred to herein as 
“ethyl-LTMPK.” 
[0052] The alkyl ketal esters of structures I-VI can be pre 
pared by reacting an alkyl keto ester of structure VII 

with the appropriate polyol of structure VIII 

(v11) 

OH 

HZC/ 
OH 

2 
b RZTCHT 

Wherein a, b, R2 and R1 are as de?ned in structure I. Speci?c 
ketoesters include C l-C4 alkyl esters of pyruvic acid, 
acetoacetic acid, levulinic acid, ot-ketobutyric acid, ot-ketois 
ovaleric acid, 5-ketohexanoic acid, ot-ketoisocaproic acid, 
4-acetylbutyric acid, 2-ketopentanoic acid, 3-ketohexanoic 
acid, 4-ketohexanoic acid, 2-ketooctanoic acid, 3-ketooc 
tanoic acid, 4-ketooctanoic acid, 7-ketooctanoic acid, 2-keto 
4-pentenoic acid, and 2-oxo-3-butynoate. Speci?c polyols 
include ethylene glycol, 1,2-propylene glycol, 1,3-propane 
diol, glycerine, trimethylolethane, trimethylolpropane, eryth 
ritol, pentaerythritol, or sorbitol, although reaction conditions 
must be controlled to produce the mono-derivatives of the last 
three compounds. This reaction can be performed in the pres 
ence of an acid catalyst. A preferred process is described in 
WO 09/032,905. 
[0053] In preferred embodiments, the keto ester is a C l-C4 
alkyl ester of levulinic acid (4-oxopentanoic acid). Levulinic 
acid is an abundant feedstock that is prepared on an industrial 
scale by acidic degradation of hexoses and hexose-containing 
polysaccharides such as cellulose, starch, sucrose, and the 
like. Other preferred keto esters include C l-C4 alkyl esters of 
pyruvic acid and acetoacetic acid. Especially preferred keto 
esters include ethyl levulinate, n-propyl levulinate, and n-bu 
tyl levulinate. 
[0054] The term “miscible” and its variations (“miscibil 
ity”, “compatibility”, and the like) are used herein as a syn 
onym for “soluble”, i.e., a mixture of the materials by them 
selves form a “true” solution, in Which one material is 
molecularly dispersed in the other, or in Which one material is 
dispersed as droplets Which have a longest dimension of less 
than 200 nm, such that the mixture is optically clear. In an 
exemplary embodiment, the longest dimension is a “radius of 
gyration.” As used herein, a material that is “miscible” or 
“fully miscible” in another, Without further quali?cation, is 
miscible With that other material in all proportions, i.e., in 
mixtures that contain the tWo components by themselves in 
all Weight ratios from 99:1 to 1:99. A fully miscible alkyl ketal 
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ester is soluble in another material, such as Water, at all 
proportions from 99:1 to 1:99. A partially miscible alkyl ketal 
ester is immiscible in another material in proportions from 
greater than 30 parts of the alkyl ketal ester in 70 parts or less 
of the other material and miscible in other combinations. A 
sparingly miscible alkyl ketal ester is immiscible in another 
material or miscible in another material to the extent of less 
than 10 parts in 90 parts of the other material. A material is 
“immiscible” in another if it is not soluble by itself in that 
material to the extent of at least 1 part per 99 parts of the other. 
Unless stated otherwise, miscibility is assessed at 25° C. The 
foregoing alkyl ketal esters can be classi?ed as fully Water 
miscible, partially Water-miscible, or sparingly Water-mis 
cible. By “macroscopically uniform,” it is meant that the 
formulation is uniform When vieWed at a length scale of at 
least 10 micrometers. 

[0055] The selection of a particular alkyl ketal ester for a 
particular personal care formulations Will depend at least in 
part upon the function that the alkyl ketal ester is expected to 
perform in the formulation, as Well as the other ingredients of 
the formulation. For example, When the alkyl ketal ester is 
present to solubiliZe an active agent into an aqueous phase, a 
partially- or fully-Water miscible alkyl ketal ester is selected. 
If the active agent is highly hydrophobic, a mixture of a 
partially- or fully-Water miscible alkyl ketal ester With a spar 
ingly Water-miscible alkyl ketal ester can be used. 
[0056] When the alkyl ketal ester is present to solubiliZe an 
active agent into an alcoholic phase or an alcohol/Water mix 
ture, the alkyl ketal ester is preferably miscible in the alcohol 
to the extent of at least 10 parts of the alkyl ketal in 90 parts of 
alcohol by Weight, speci?cally 30 parts of the alkyl ester in 70 
parts by Weight of the alcohol, and can be fully miscible in the 
alcohol. Alkyl ketal esters that are fully or partially soluble in 
the alcohol can be present in a mixture With one or more alkyl 
ketal esters that are only sparingly soluble in the alcohol. This 
can alloW, for example, the alcohol/miscible alkyl ketal ester 
mixture to function as a cosolvent mixture in Which the spar 
ingly soluble alkyl ketal ester is dissolved, such as the case of 
Et-LPK in a mixture of Et-LGK/l ,3-propanediol/Water. That 
other material can be organic compound that is not very 
soluble in the alcohol, such as a fat or oil, or as shoWn in one 
of the examples, a polymer such as polymethylmethacrylate. 
In some alcoholic systems and alcohol/Water systems, the 
alkyl ketal ester performs a compatibiliZation and/or emulsi 
?cation function, such as to compatibiliZe or emulsify aque 
ous and oil phases in an emulsion. The alcohol in such an 
alcoholic phase or alcohol/Water mixture is a loWer alcohol as 
described under section (m) beloW, and is preferably ethanol, 
1,2-propylene glycol, glycerol, or 1,3-propane diol. 
[0057] When the alkyl ketal ester is present to dissolve an 
active agent into an oil phase, the alkyl ketal ester can be a 
Water-immiscible ketal, a partially-Water miscible type or a 
sparingly Water-miscible type. It is also possible in some 
cases to use fully-Water-miscible types in that instance. 

[0058] When the formulation form is an aqueous solution 
(containing, for example, at least 35% by Weight Water based 
on the Weight of the personal care formulation) or an aqueous 
gel formulation in Which an active agent is dissolved, the 
alkyl ketal ester is preferably a fully Water-miscible type such 
as methyl-LGK, ethyl-LGK, methyl-AcAcGK, or a mixture 
of one or more of them With a partially Water-miscible alkyl 
ketal ester and/or a sparingly soluble alkyl ketal ester such as 
propyl-LGK, ethyl-LPK, ethyl-LEK and the like. A partially 
Water-miscible alkyl ketal ester and/or a sparingly soluble 
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alkyl ketal ester such as propyl-LGK, ethyl-LPK, ethyl-LEK 
and the like can also be used in aqueous solutions at concen 
trations beyond their miscibility limits if another Water mis 
cible co-solvent is present, for example ethanol, isopropanol, 
or the like. 

[0059] Formulations that take the form of alcohol or alco 
hol-Water solutions in Which an active agent is dissolved, can 
contain, such as in the case of ethanol and 1,2-propylene 
glycol, fully Water-miscible alkyl ketal esters, partially Water 
miscible alkyl ketal esters, sparingly Water-miscible alkyl 
ketal esters, or mixtures thereof. When the alcohol is 1,3 
propane diol, at least partially Water-miscible alkyl ketal 
esters are preferred, as these tend to be more soluble in 1,3 
propane diol. Partially and fully Water-miscible alkyl ketal 
esters can form a single-phase solution With ethanol, 1,2 
propylene glycol, and/or 1,3-propane diol, into Which addi 
tional active agents can be dissolved, or an organic phase can 
be dispersed. A sparingly Water miscible ketal can be used 
With 1,3-propane diol and Water When combined With cou 
pling agents, like ethanol or a fully-Water miscible alkyl ketal 
ester. Gels containing alcohol or alcohol-Water solutions in 
Which a gel is suspended can similarly contain fully Water 
miscible alkyl ketal esters, partially Water-miscible alkyl 
ketal esters, sparingly Water-miscible alkyl ketal esters, or 
mixtures thereof, depending on the alcohol used as described 
above for alcohol and alcohol-Water solutions. The alcohol 
Water-solutions can contain from 1 to 99%, 20 to 80%, 30 to 
70%, or 40 to 60% by Weight of the alcohol and correspond 
ingly from 99 to 1%, 80 to 20%, 70 to 30%, or 60 to 40% by 
Weight of the Water, based on the Weight of the alcohol and the 
Water. 

[0060] Formulations in the form of an emulsion of an oil 
phase and an aqueous phase (including, for example, lotions 
and creams) and in Which the alkyl ketal ester performs a 
compatibiliZing or emulsifying function betWeen the phases 
can contain a fully Water-miscible alkyl ketal ester such as 
methyl-LGK, ethyl-LGK, methyl-AcAcGK, or partially 
Water-miscible type or a mixture of one or more of them With 
a sparingly soluble alkyl ketal ester such as propyl-LGK, 
ethyl-LPK, ethyl-LEK and the like. 
[0061] Formulations in Which the alkyl ketal ester is present 
in an oil phase (such as to dissolve or compatibiliZe compo 
nents Within an oil phase) can contain a partially or fully 
Water-miscible alkyl ketal ester, a sparingly soluble alkyl 
ketal ester such as propyl-LGK, ethyl-LPK, n-butyl-LPK, 
ethyl-LEK and the like, or a mixture of one or more of a 
sparingly Water-miscible alkyl ketal ester With a partially- or 
fully-Water miscible alkyl ketal ester. 
[0062] Waxy formulations such as lip balms or other hydro 
phobic formulations in Which the alkyl ketal ester is called 
upon to compatibiliZe Water or another polar compound, such 
as glycerol, into the formulation typically include a fully 
Water-miscible of alkyl ketal ester such as methyl-LGK, 
ethyl-LGK, methyl-AcAcGK, or partially Water-miscible 
type, but can also include a sparingly-miscible type. 
[0063] Many personal care formulations are combinations 
of tWo or more of the foregoing formulation forms. For 
example, some personal care formulations contain an aque 
ous phase that contains a dissolved active agent, and further 
includes an oil phase Which can be present, for example, to 
supply emollients and/or humectants, or to produce a speci?c 
formulation form (cream, lotion and the like). In such cases, 
it is possible to include tWo or more alkyl ketal esters Within 
the formulation to perform different functions. Thus, for 
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example, a fully-Water-miscible alkyl ketal ester might be 
present in the aqueous phase to help dissolve the active agent, 
and a partially- or sparingly Water-miscible alkyl ketal ester 
might be present Within the oil phase to reduce its viscosity or 
compatibiliZe its components. Either of these alkyl ketal 
esters can also perform some emulsifying or compatibiliZing 
function betWeen the aqueous and oil phases. 
[0064] In addition, a single alkyl ketal ester can perform 
multiple functions Within a personal care formulation, such as 
dissolving an active agent into an aqueous or oil phase, com 
patibiliZing or emulsifying an aqueous phase With an oil 
phase, etc. 
[0065] The alkyl ketal ester can reside in an aqueous phase, 
in an alcoholic or alcohol-Water phase, or in an oil phase of a 
personal care formulation, depending on the particular for 
mulation and the particular alkyl ketal ester. In many cases, an 
alkyl ketal ester can become distributed betWeen aqueous and 
oil phases of a personal care formulation, due to its solubility 
in both phases. In some cases, the alkyl ketal ester can reside 
at the boundary of aqueous and oil phases. 
[0066] The amount of alkyl ketal ester present in a personal 
care formulation depends on the function of the alkyl ketal 
ester, the other ingredients of the personal care formulation, 
the speci?c form of the personal care formulation, and like 
considerations. In general, the formulation comprises 0.001 
to 90%, 0.01 to 80%, 0.1 to 70%, or 0.1 to 50% by Weight of 
the alkyl ketal ester based on the total Weight of the formula 
tion, although a more typical amount is from 0.5 to 25% by 
Weight, and in many cases from 1 to 10% by Weight of the 
total formulation Weight. 
[0067] Anti-aging, anti-acne, skin Whitening and sun pro 
tection formulations can contain 0.001 to 50% of the active 
agent, speci?cally from 0.01 to 40% by Weight, based on the 
total Weight of the formulation. Anti-aging and anti-acne 
formulations typically are formulated into aqueous and/or 
ethanolic solutions, or into lotions or creams. Sun protection 
formulations can take the form of clear, loW viscosity liquids 
(as is typical for spray-on formulations, Which are often etha 
nolic or ethanol-Water based), or else are lotions or creams. 
Spray-on sun protection formulations typically are aqueous 
and/or ethanolic solutions or dilute emulsions. Many of the 
anti-aging, anti-acne, skin Whitening and sun protection 
active agents are soluble to the extent of at least 5 parts per 95 
parts of the alkyl ketal ester in the formulation. These include, 
for example, avobenZone, coenZyme Q10, hydroquinone, 
oxybenZone, and salicylic acid, all of Which are soluble to the 
extent of at least 5 parts per 95 part of ethyl-LGK, ethyl-LPK, 
n-Bu-LGK, or a combination thereof. In these cases, the 
presence of the alkyl ketal ester often alloWs the amount of 
ethanol to be reduced, and/or the amount of active agent to be 
increased at a constant ethanol content, leading to a formula 
tion Which is less drying to the skin. In some cases, the ketal 
may be used to replace a heavy-feeling material that solubi 
liZes the active. Some of these active agents, such as benZoyl 
peroxide, resveratrol, glycolic acid, and retinoic acid, tend to 
have loWer solubilities in many alkyl ketal esters, such as 
ethyl-LGK and ethyl-LPK. In those cases the alkyl ketal ester 
can have less of a solubiliZing function and can instead (or in 
addition) function to improve the feel of the formulation or to 
compatibiliZe other materials, such as emollients, into the 
formulation. In many cases, the usage level of the active is 
Well Within the solubility range of the active in the ketal, even 
at the loW solubility end. Retinoic acid, for instance, is com 
monly used at 0.2% or less in the formulation. 
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[0068] An anti-aging, anti-acne, skin Whitening, or sun pro 
tection formulation can contain additional UV absorbing 
agents, notably inorganic compounds such as titanium diox 
ide or Zinc oxide. These materials are solid particles that 
typically are dispersed into a lotion or cream formulation. 

[0069] Sun protection formulations such as sunscreens 
often contain a mixture of organic UV absorbing agents, often 
in order to broaden the range of Wavelengths of UV light that 
are absorbed. Such mixture of organic UV agents can include 
tWo or more of avobenZone, octylmethoxyl cinnamate, oxy 
benZone, and ethylhexyl salicylate. These may, in the aggre 
gate, constitute from 0.1 to 50% of the Weight of the sun 
screen formulation, and more preferably constitute from 2 to 
25% by Weight thereof. 
[0070] A tanning formulation typically contains from 1 to 
25%, preferably from 2 to 10% by Weight of one or more 
tanning agents as described before. Tanning formulations 
often are formulated into a lotion or a cream. Spray-on tan 
ning formulations are typically aqueous and/ or ethanolic 
solutions. 
[0071] A tanning formulation can contain organic UV 
active agents, as described before, as Well as inorganic UV 
active agents such as titanium dioxide or Zinc oxide. As is the 
case With sunscreen formulations, organic UV active agents 
can constitute from 0.1 to 50%, speci?cally 0.1 to 30% of the 
Weight of a tanning formulation, and more speci?cally from 2 
to 25% by Weight thereof. A mixture of organic UV additives 
can be present, including a mixture of tWo or more of avoben 
Zone, octylmethoxyl cinnimate, oxybenZone, and ethylhexyl 
salicylate. 
[0072] Anti-dandruff formulations typically contain from 
0.1 to 25%, speci?cally from 0.5 to 10% by Weight of one or 
more of an anti-fungal agent as described before. The formu 
lation form is typically an aqueous solution, aqueous gel, or 
dilute emulsion containing mostly aqueous phase. An anti 
dandruff formulation typically contains one or more surfac 
tants, particularly one or more anionic surfactants. Sulfosuc 
cinate, lauryl sulfate, and laureth sulfate surfactants and the 
various fatty acid betaines, or fatty acid amide propyl betaines 
are preferred types, although others, particularly other 
anionic surfactants, can be used. Surfactants can constitute 
from 0.1 to 10% by Weight of an anti-dandruff formulation. 
The surfactants can function as cleaning agents and/ or emul 
si?ers in the formulation. An anti-dandruff agent can contain 
hair conditioners and other materials as Well. 
[0073] Anti-alopecia formulations typically contain from 
0.1 to 25%, preferably from 1 to 10% of one or more of 
anti-alopecia agents. Formulations of these types typically 
are formulated into loW to medium viscosity ?uids, Which can 
contain a propellant and be sprayable, Which can be clear 
solutions in the case of anti-alopecia formulations or opaque 
emulsions in the case of anti-dandruff formulations. These 
formulations often contain propylene glycol, ethanol, and/or 
Water as a cosolvent mixture, although an advantage of this 
invention is that levels of propylene glycol and/ or ethanol can 
in some cases be reduced due to the presence of the alkyl ketal 
ester. 

[0074] Chemical treatment formulations for hair include 
hair straighteners, relaxers, and/permanent Wave formula 
tions can contain one or more materials Which straighten hair, 
possibly by breaking sulfur-sulfur bonds in keratin or some 
other component of hair; among these are the depilatory 
agents described before. They typically constitute up to 10% 
by Weight of a chemical treatment active agent for hair. 
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Chemical treatment formulations for hair can take the form of 
loW viscosity ?uids, lotions, creams, or gels. 
[0075] A hair styling formulation typically Will contain one 
or more hair ?xatives, Which hold the hair into a re-styled 
position. The hair ?xatives are typically polymeric materials 
including those indicated under section (g)(1) beloW. Some of 
these ?xatives can also function as thickeners in a hair 
straightening and styling formulation. The hair ?xative typi 
cally constitutes from 0.25 to 25 preferably from 0.5 to 15, 
Weight percent of the formulation. The hair styling formula 
tion can take the form of an aqueous and/or ethanolic solu 
tion, a gel, or a lotion. 
[0076] Anti-perspirant formulations contain one or more 
anti-perspirant agents such as described before. Anti-perspi 
rant formulations typically take the form of a gel, a viscous 
liquid (for roll-on applications), or a stick. 
[0077] A stick or roll-on anti-perspirant typically contains 
some Water, Which can constitute from 2 to 60% of the Weight 
of the formulation, and at least 5%, up to 30% by Weight of the 
anti-perspirant agent. 
[0078] A topical medicinal formulation can contain one or 
more medicinal agents such as an amphetamine, antihista 
mine, methylphenidate, oxymetaZoline, tetrahydrolZoline 
hydrochloride, psilocybin, clotrimaZole, tea tree oil, piroc 
tone olamine, chlorhexidine, octenidine, triclosan, sodium 
3,5-dibromo-4-hydroxybenZenesulfonate (Dibromol), qua 
ternary ammonium salts such as benZalkonium chloride, 
cetyl trimethylammonium bromide, cetylpyridinium chlo 
ride, and benZethonium chloride, and the like. These formu 
lations can be formulated into loW viscosity ?uids (Which can 
be sprayable), gels, lotions, creams, liniments, or ointments. 
LoW viscosity ?uid formulations are typically aqueous and/or 
ethanolic; lotions and creams are typically emulsions con 
taining an aqueous continuous phase and a dispersed or co 
continuous phase that contains an emollient. 
[0079] Hair dye formulations can include hair dyes such as 
those described above. Hair bleaching formulations can con 
tain a peroxy-type bleaching agent such as hydrogen perox 
ide. The dyes and/or bleaches typically constitute from 0.1 to 
5% of the total Weight of the formulation in the case of dyes; 
and from 1 to 20% in the case of bleaches. A bleaching 
formulation can in addition contain an inorganic oxidant such 
as a persulfate salt, in an amount from 0.1 to 5% by Weight. 
Hair dye and bleaching formulations can take the form of loW 
viscosity ?uids, lotions, creams, or gels. They can also be 
prepared in a Water-dilutable concentrate form. A hair dye or 
bleaching formulation can contain one or more surfactants 
Which can function to stabiliZe the emulsion, or as a detergent. 

[0080] Depilatory formulations can contain one or more 
depilatory agents such as those described before. They typi 
cally constitute from 1 up to 20% by Weight of a depilatory 
agent. Depilatory formulations often take the form of lotions, 
creams, or gels. 
[0081] In another aspect, and insect repellant formulation 
comprising an alkyl ketal ester of structure I is provided. An 
insect repellant formulation can contain insect repellants such 
as phenoxyethanol, N,N-diethyl-m-toluamide, p-menthane 
3,8-diol (active agent in the essential oil of lemon eucalyp 
tus), nepetalactone (catnip oil), citronella oil, permethrin, 
neem oil, or boy myrtle extract. These can constitute from 
0.25 to 50% of the total Weight of the insect repellant formu 
lation. Insect repellant formulations often take the form of 
loW viscosity ?uids (Which can be sprayable), or lotions. A 
loW viscosity insect repellant typically is aqueous and/or 
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ethanolic; Water and/or ethanol can constitute up to 98% or 
more of the Weight of such formulations. 

[0082] In another aspect, a Waxy solid formulation that 
contains a Wax, an emollient, and an alkyl ketal ester of 
structure I is provided. The Waxy solid formulation can con 
tain from 0.5 to 20%, 15%, 10%, 8%, 5%, 4%, or 3% by 
Weight Water. These formulations can be provided in stick or 
other solid form. They typically contain at least 20% by 
Weight of an oil such as castor oil, a Wax (as de?ned beloW) 
and at least 0.5% by Weight of an alkyl ketal ester of structure 
I. The alkyl ketal ester can be present in an amount up to 25%, 
20%, 15%, or 10% by Weight of the formulation. The alkyl 
ketal ester canbe a partially or fully Water-miscible alkyl ketal 
ester, as de?ned beloW, When the Waxy solid formulation 
contains more than 0.5% by Weight Water. Such formulations 
include lip formulations such as a lipstick, lip gloss, or lip 
balm; cuticle creams; and the like. 
[0083] Many Waxy formulations, including lip care formu 
lations include a mixture of one or more Waxes With one or 

more oils and, in the case of lipsticks, one or more pigments. 
Lipsticks and lip balm formulations, as Well as cuticle 
creams, tend to be malleable solids at 250 C., Whereas lip 
glosses tend to be viscous liquids or pastes. These formula 
tions are normally characterized as being anhydrous, i.e., 
containing up to 3% by Weight of Water. A lip care formula 
tion can contain, for example, from 1 to 30% by Weight of a 
Wax; from 30-95% by Weight of one or more other hydropho 
bic materials, of Which castor oil is typically an important 
component; and from 1 to 30% by Weight of one or more 
pigments. In some embodiments, the lipstick or lip balm 
formulation contains an alkyl ketal ester that is partially or 
fully miscible With Water. In these embodiments, the presence 
of the alkyl ketal ester alloWs for some amount of Water to be 
incorporated into the formulations, While retaining other 
needed properties such as the necessary rheological charac 
teristics (including, in the case of lipsticks in particular, the 
ability to retain its stick form) and formulation stability. From 
0.5 to 10% or more, preferably from 0.5 to 5% by Weight 
Water can be incorporated into a lipstick, lip gloss, or lip balm 
in this manner. The amount of the Water-miscible alkyl ketal 
ester(s) can constitute from 1 to 25% by Weight of a Waxy 
formulation such as a lipstick, lip gloss, or lip balm formula 
tion or cuticle cream. In some embodiments, the alkyl ketal 
ester is present in a part per part by Weight Water, if Water is 
present. 
[0084] Similarly, the presence of a partially or fully Water 
miscible alkyl ketal ester can permit Water to be incorporated 
into other normally anhydrous personal care formulations to 
the extent of up to 10% or more by Weight, Without signi?cant 
change in formulation form or function. 

[0085] In addition to the foregoing active agent-containing 
personal care formulations, a signi?cant number of personal 
care formulations do not contain any of the foregoing active 
agents, but nonetheless exist in the form of emulsions. The 
emulsions can be Water-in-oil types, oil-in-Water types, or 
types containing co-continuous aqueous and oil phases. 
These formulations typically take the form of loW viscosity 
?uids (in Which the disperse phase, Which is typically an oil 
phase, constitutes a small proportion, typically 35% or less or 
10% or less by Weight of the formulation), lotions, or creams. 
These formulations include, for example, hair conditioners, 
after-shave lotions, various body cleansers, various hand and 
skin lotions and creams and the like, Which do not contain 
speci?c active agents as described above. Emulsion formula 
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tions of these types typically contain from 0.1 to 50% by 
Weight of an alkyl ketal ester of structure I. 

[0086] Emulsion formulations, including any of the spe 
ci?c types of formulations described herein that have both an 
aqueous and an oil phase, such as creams, liniments, lotions, 
some gels, and mousses, typically contain a component 
selected from classes (a)-(e) beloW. In an emulsion, the alkyl 
ketal ester can reside in the aqueous phase, in the oil phase, in 
both an aqueous and oil phase, or at the interface betWeen the 
aqueous and oil phases. 
[0087] A lotion and a liniment are generally oil-in-Water 
emulsions, but can be Water-in oil emulsions. A lotion and a 
liniment can contain from 0.5 to 25% by Weight of one or 
more materials selected from classes (a)-(e) beloW. A cream is 
also generally an oil-in-Water emulsion, but can be a Water 
in-oil emulsion. A cream can contain from 2 to 80% or more 
of one or more materials selected from classes (a)-(e) beloW. 
A cream is an emulsion formulation Which is easily deform 
able but not readily pourable at 25° C.; Whereas a lotion is an 
emulsion formulation Which is someWhat viscous (such as 
having a viscosity of at least 20 cps at 250 C.) but still readily 
pourable, and used in such a manner. Liniments are of similar 
viscosity to lotions, but are formulated to be applied using 
friction. Liniments are often formulated using alcohol, 
acetone, or similar quickly evaporating solvent. The alkyl 
ketal esters can advantageously be used to replace some or a 
portion of these solvents in a liniment. 
[0088] Mousses are generally colloidal dispersions of a 
propellant (e.g., a liquid propellant or gas) in a liquid or solid 
phase. Generally, personal care mousse formulations can 
contain from 5 to 95% by Weight Water based on the overall 
formulation, and can contain from 5 to 95% or more of one or 
more materials selected from classes (a)-(e) beloW, Wherein 
an alkyl ketal ester can be substituted for the Water or the other 
materials in amounts from 0.1 to 30% by Weight, based on the 
overall Weight of the formulation. The liquid phase can be in 
solution or emulsion form. In some embodiments, the liquid 
phase of the mousse is an oil-in-Water emulsion Wherein 
Water is the continuous phase. Mousses can also be prepared 
Without Water Where a suitably volatile propellant is in solu 
tion With a viscous nonvolatile material containing the alkyl 
ketal ester. 

[0089] Other forms for personal care formulations include 
dispersions, i.e., a combination of a particulate solid in a 
liquid or thixotropic liquid, for example a paste. A paste is 
generally a substance that behaves as a solid until a suf? 
ciently large load or stress is applied, at Which point it ?oWs 
like a ?uid. Dispersions such as pastes can contain from 1 to 
90% by Weight of the solid, from 10 to 99% by Weight of one 
or more materials selected from classes (a)-(s) (e.g., petro 
leum jelly), and from 0.1 to 30% by Weight of the alkyl ketal 
ester in place of the one or more materials (a)-(e). 
[0090] Still other forms for personal care formulations 
include ointments, Which are generally mineral oil or petro 
latum-based formulations that contain no or very little (less 
than 5% by Weight) of Water. Ointments can contain from 1 to 
99% or more of one or more materials selected from classes 

(a)-(s) beloW. Some ointments can contain particles dispersed 
therein (e.g., Zinc oxide) and can therefore also be classi?ed 
as dispersions. 
[0091] The personal care formulations can also be in the 
form of gels, Which tend to have a higher viscosity than 
solutions. The relatively high viscosity can be the result of a 
thickened solution, or can include, for example, semisolid 
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emulsions in an alcohol base. Gels can contain from 1 to 99% 
of one or more materials selected from classes (a)-(s) beloW. 
Because gels can contain an alcohol base, the alkyl ketal 
esters can advantageously be used to replace some or a por 
tion of the alcohol. 
[0092] The personal care formulations can also be in the 
form of a solution, Wherein all of the components are miscible 
at room temperature as de?ned above. The solvent can be 
Water, aqueous (containing Water and an organic solvent) or 
organic (e.g., an alcohol). Solutions can contain from 1 to 
99% of one or more materials selected from classes (a)-(s) 
beloW. 
[0093] In addition, the personal care formulations can also 
be in the form of solid, for example, a stick, Waxy formula 
tion, or the like. Solids can contain from 1 to 99% of one or 
more materials selected from classes (a)-(s) beloW. Solids can 
also optionally contain particulates. It is to be understood that 
the foregoing classi?cations are for convenience only, and 
that some overlap exists betWeen the forms. 
[0094] Personal care formulations generally contain addi 
tional ingredients, Which can be present to perform various 
functions. Among these are, for example ingredients (a)-(s) as 
described in more detail beloW. The various ingredients (a) 
(s) can be used alone or in combination. More than one type 
of each ingredient (e.g., tWo paraf?nic oils (a)) can be used. 
While certain functions may be ascribed to ingredients (a) 
(s), it is to be understood that each ingredient may perform the 
stated function, another function, or more than one function 
in a personal care formulation. 

[0095] Ingredients (a) include paraf?nic, naphthenic, or 
aromatic mineral oil. These materials are often present as all 
or part of an oil phase in emulsion formulations such as 
certain lotions and creams. They often function as emollients, 
by Which it is meant a material that tends to soften the skin 
upon application. 
[0096] Ingredients (b) included nonionic organic com 
pounds Which have a melting temperature of less than 450 C., 
a molecular Weight of at least 190, contain a amido, or ester 
group and an alkyl chain containing at least 8 carbon atoms, 
and a solubility in Water of no greater than 1 part in 99 parts 
of Water. These include a range of natural oils and synthetic 
ester and amide formulations Which have little or no surfac 
tant properties (having an HLB of less than 4, preferably less 
than 2) and Which often function as emollients in a personal 
care formulation. These materials are often present as all or 
part of an oil phase in emulsion formulations such as certain 
lotions and creams. 

[0097] Examples of materials (b) include vegetable oils and 
animal fats and derivatives are useful emollients, including, 
for example, acai oil, almond oil, aloe vera oil, andiroba oil, 
annatto oil, avocado oil, babassu oil, borage oil, braZil nut oil, 
buriti oil, camelina oil, coffee oil, copaiba oil, emu oil, pas 
sion fruit oil, almond oil, castor oil, coconut oil, grapeseed oil, 
jojoba oil, macadamia nut oil, rose hip oil, ajWain oil, angelic 
root oil, anise oil, aragan oil, asafetida, balsam oil, basil oil, 
bay oil, bergamot oil, black pepper essential oil, buchu oil, 
birch oil, camphor, cannabis oil, caraWay oil, cardamom seed 
oil, carrot seed oil, chamomile oil, calamus root oil, cinnamon 
oil, citronella oil, clary sage, clove leaf oil, coffee, coriander, 
costmary oil, cranberry seed oil, cubeb, cumin oil, cypress, 
cypriol, curry leaf, davana oil, dill oil, elecampane, eucalyp 
tus oil, fennel seed oil, fenugreek oil, ?r, frankincense oil, 
galangal, geranium oil, ginger oil, goldenrod, grapefruit oil, 
grapeseed oil, henna oil, helichrysum, horseradish oil, hys 
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sop, Idaho tansy, jasmine oil, juniper berry oil, lavender oil, 
lemon oil, lemongrass, marjoram, melaleuca, lemonbalm oil, 
mountain savory, mugWort oil, mustard oil, myrrh oil, myrtle, 
neem tree oil, neroli, nutmeg, orange oil, oregano oil, orris oil, 
palo santo, parsley oil, patchouli oil, perilla oil, pennyroyal 
oil, peppermint oil, petitgrain, pine oil, plum oil, ravensara, 
red cedar, roman chamomile, rose oil, rosehip oil, rosemary 
oil, roseWood oil, sandalWood oil, sassafras oil, savory oil, 
schisandra oil, spikenard, spruce, star anise oil, tangerine, 
tarragon oil, tea tree oil, thyme oil, tsuga oil, turmeric, vale 
rian, vetiver oil, Western red cedar, Wintergreen, yarroW oil, 
ylang-ylang, and Zedoary oil. Oils Which have a required 
HLB of at least 6, or at least 7, at least 8 or at least 10, tend to 
dissolve more easily in the alkyl ketal esters and are preferred 
in cases in Which the alkyl ketal ester is to reside at least 
partially in an oil phase, or in Which the alkyl ketal ester is to 
dissolve or be dissolved into the oil. 

[0098] Other useful nonionic materials (b) include, for 
example, C8_24 linear or branched alkyl esters of C8_24 fatty 
acids, di-C8_24 esters of dicarboxylic acids, C8_24 fatty acid 
esters of C8_24 linear or branched alkanoic acids, C8_24, espe 
cially C l2_ 15 alkyl benZoates, poly(propylene oxide) esters of 
C8_24 fatty acids, di-C8_24 linear or branched alkyl esters of 
aromatic diacids, di-C8_24 fatty acid esters of aromatic diac 
ids, and the like. Examples of these include cetyl palmitate, 
cetearyl ethylhexanoate, ethylene glycol distearate, propy 
lene glycol distearate, glycerol distearate, myri styl myristate, 
lignoceryl erucate, di-PPG-3 myristyl ether adipate, isos 
tearyl neopentanate, ethylhexyl palmitate, dicaprylyl male 
ate, diisopropyl dimer dilinoleate, dicetylphthalate, ethyl 
hexyl isononanoate, diethyl phthalate, dimethyl phthalate, 
dibutyl phthalate, triethylene glycol dibenZoate, butyl stear 
ate, disobutyl adipate, and the like. 
[0099] Other useful materials (b) include, for example, 
C8_24 linear or branched alkyl amides of C8_24 fatty acids, 
di-C8_24 amides of dicarboxylic acids, C8_24 fatty acid amides 
of C8_24 linear or branched alkanoic acids, poly(propylene 
oxide) amides of C8_24 fatty acids, di-C8_24 linear or branched 
alkyl amides of aromatic diacids, di-C8_24 fatty acid amides of 
aromatic diacids, and the like. 
[0100] Ingredients (c) include nonionic organosilicone 
compounds having a melting temperature of less than 45° C. 
and a solubility in Water of no greater than 1 part in 99 parts 
of Water. Examples are dimethicone and cyclopentasiloxane. 
[0101] Ingredients (d) include long chain (eight or more 
carbon atoms) alcohols such as l-octanol, l-decanol, l-dode 
canol, cetyl alcohol, and the like. These alcohols can perform 
various functions, including thickening and a solvating/com 
patibiliZing function, and can function as emollients as Well. 

[0102] Ingredients (e) include Waxes. In some cases, these 
Waxes perform a skin moisturizing function by depositing 
onto the skin and forming a barrier to the escape of Water from 
the skin. In other cases, the Waxes can function as hair con 

ditioners, or form ?lms upon application (as onto the lips, 
eyelashes, eyelids, etc.). In still other cases, the Wax can 
provide a personal care formulation With a needed physical 
form (as is the case With lipsticks and lip balm formulations). 
Waxes are hydrophobic (having a solubility in Water less than 
1 part per 99 parts Water), solid but malleable at room tem 
perature, and have a melting temperature of from 45 to 100° 
C. Waxes include synthetic or mineral Waxes such as ceresin, 
montan, oZocerite, peat, para?in, microcrystalline, polypro 
pylene and other polymeriZed poly-ot-ole?n Waxes, substi 
tuted amide, petroleum jelly, esteri?ed or saponi?ed Waxes, 
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and the like; and Waxes of plant or animal origin including 
beesWax, chinese Wax, lanolin, shellac Wax, spermaceti, bay 
berry, candelilla, carnauba, castor, esparto, Japan, ouricury, 
rice bran or soy Waxes. Waxes that have a required HLB of at 
least 6, or at least 7, at least 8 or at least 10, tend to dissolve 
more easily in the alkyl ketal esters and are preferred in cases 
in Which the alkyl ketal ester is to dissolve or be dissolved into 
the Wax. 

[0103] Ingredients (f) include liquid or loW melting (less 
than 45° C.) hydrocarbons of various types, Which can func 
tion as cosolvents, conditioners, propellants, or for other pur 
poses. Examples of these include squalene, butane (all iso 
mers), propane, and pentane (all isomers). 
[0104] Ingredients (g) include natural, synthetic, or modi 
?ed organic polymers. Polymers have several primary uses in 
personal care formulations (some of them being capable of 
performing multiple functions). 
[0105] Polymers (g)(1) include hair ?xatives. These poly 
mers include polyvinylpyrrolidone; polyvinylpyrrolidone/vi 
nyl acetate copolymers; polyurethane and polyurethane 
copolymers and blends; copolymers ofvinylpyrrolidone, lau 
ryl methacrylate and optionally one or more other acrylate 
monomers; copolymers of vinyl pyrrolidone and dimethy 
laminoethyl methacrylate; copolymers of vinyl caprolactam, 
vinylpyrrolidone and dimethylaminoethyl methacrylate; 
copolymers of vinyl pyrrolidone and methacrylamidopropyl 
trimethylammonium chloride; copolymers of vinylpyrroli 
done, vinyl caprolactam and dimethylaminopropyl meth 
acrylamide; vinyl acetate/butyl maleate/isobomyl acrylate 
copolymers; copolymers of isobutylene, ethyl maleimide and 
hydroxyethyl maleimide; isobutylene/dimethylaminopropyl 
maleimide/ethoxylated maleimide/maleic acid copolymers; 
copolymers of poly(vinyl methyl ether) and the ethyl, butyl or 
isopropyl ester of maleic acid, and the like. These polymers 
are dissolved or dispersed in solution (usually Water, ethanol, 
a mixture of Water and an alcohol) to form hairsprays, 
mousses, and gels and are often present in amounts up to 20% 
by Weight in hair sprays, styling gels, and similar hair styling 
formulations. Polymers based on starch or modi?ed starch 
can also be used as hair ?xatives. 

[0106] Polymers (g)(2) include hair conditioning or skin 
conditioning polymers. These polymers are used in hair care 
products and skincare products. They can be either Water 
soluble, oil soluble, or dispersed in Water. These include 
hydrolyzed Wheat protein and crosspolymers thereof With 
polyvinylpyrrolidone; many of the Polyquaternium series 
such as Polyquatemium-4, -7, -10 and -18 and -28; 
Polyquatemium-4/hydroxypropyl starch copolymers, PEG 
50 hydrogenated palm amide; PPG-14 Palmeth-60 hexyl 
dicarbamate; cetareth-60 myristyl glycol, and the like. 
[0107] Polymers (g)(3) include Waterproo?ng polymers. 
These polymers are dissolved in alcohol or oil phases. They 
are found in sWeat-resistant, Water resistant, or rub-resistant 
formulations for sun care and color cosmetics. These include 
acrylate polymers and copolymers; polyvinylpyrrolidone and 
copolymers of vinylpyrrolidone; acrylate/t-octylpropena 
mide copolymers; polymers and copolymers of polyacryla 
mide; vinyl acetate/butyl maleate/isobornyl acrylate copoly 
mers; vinyl caprolactam/vinyl pyrrolidone/ 
dimethylaminoethyl methacrylate copolymers; C3O_38 ole?n/ 
isopropyl maleate/maleic acid copolymers; triacontanyl 
polyvinylpyrrolidone polymers; isobutylene/ethyl maleim 
ide/hydroxylethylmaleimide copolymers; acacia Senegal 
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gum; and various rosins and saccharide polymers. These can 
constitute up to 20% by Weight of a personal care formula 
tion. 
[0108] Polymers (g)(4) include polymethylmethacrylate, 
Which is useful as a cosmetic additive for a soft focus effect. 

[0109] Polymers (g)(5) include rheology modi?ers. These 
polymers dissolve in a solution or continuous phase of an 
emulsion and increase viscosity. Usually, these are Water 
soluble polymers that are added to a Water phase. Rheology 
modifying polymers include carbomers, natural gums like 
xanthan gum and guar gum, alkali sWellable latexes, 
hydroxyethyl cellulose, and starch polymers (including 
modi?ed starches). 
[0110] Polymers (g)(6) include nitrocellulose, cellulose 
acetate propionate, cellulose acetate butyrate, styrene/acry 
lates copolymers, acrylates copolymers, polyethylene tereph 
thalate and tosylamide/ formaldehyde resins. These polymers 
are used in nail lacquer that form the continuous coating used 
in nail polish. 
[0111] Ingredients (h) include surfactants. A surfactant 
includes ionic (cationic, anionic, or ZWitterionic) compounds 
that contain a hydrocarbon group, speci?cally an alkyl group, 
of at least 8 carbon atoms. The ionic surfactants include, for 
example, anionic surfactants Which include one or more sul 
fate, sulfonate or phosphate groups, Which are in the neutral 
iZed (or “salt”) form; cationic surfactants Which include one 
or more quaternary ammonium or quaternary phosphonium 
groups, Which are in the neutraliZed (or “salt”) form; one or 
more ZWitterionic groups Which can, depending on the pH of 
the formulation, assume either an anionic or cationic form (as 
With the betaines, for example), or can assume a cationic or 
nonionic form (as With the amine oxide surfactants, for 
example). A surfactant additionally includes nonionic mol 
ecules that have a highly hydrophobic portion and a highly 
hydrophilic portion. The nonionic surfactants are character 
iZed as having an HLB of at least 4, preferably from 6 to 22. 
A detailed listing of suitable surfactants can be found 
McCutcheon’s EMULSIFIERS AND DETERGENTS, 
North American Edition, 1984, McCutcheon Division, MC 
Publishing Company, incorporated herein by reference. 
[0112] Speci?c anionic surfactants include alkyl benZene 
sulfonates, including C1 1-16 alkyl benZene sulfonates, alkyl 
and alkylether sulfates such as sodium dodecyl sulfate, 
sodium laureth sulfate, ammonium lauryl sulfate and sodium 
lauryl ether sulfate; taurates (anionic acylamino alkane sur 
factants); paraf?n sulfonates including C12-18 para?in-sul 
fonates, ole?n sulfonates, alpha-sulfonates of fatty acids and 
of fatty acid esters, sulfosuccinate salts, ammonium cocoyl 
isethionate, ammonium laureth sulfate, ammonium lauryl 
sulfate, cocoyl sarcosine, diethylhexyl sodium sulfosucci 
nate, disodium cocamido MEA sulfosuccinate, disodium 
cocamido MIPA sulfosuccinate, disodium laureth sulfosuc 
cinate, disodium lauryl sulfosuccinate, disodium oleamido 
MEA sulfosuccinate, disodium oleamido MIPA sulfosucci 
nate, disodium oleamido PEG-2 sulfosuccinate, sodium 
polystyrene sulfonate, and lauroyl sarcosine. The anionic sur 
factants can be used in the form of their sodium, potassium, or 
triethanolammonium salts. 
[0113] Speci?c nonionic surfactants include alkoxylated 
(especially ethoxylated) alcohols and alkyl phenols, alkyl 
polyglucosides such as octyl glucoside, decyl maltoside, 
isethionates, amides of long chain fatty acids such as cocam 
ide MEA, cocamide DEA, cocamide TEA and polyethoxy 
lated talloW amine, and lauramide surfactants; various amine 
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oxides, alkyl betaines; poly(ethylene oxide)-poly(propylene 
oxide) copolymers PEG-5 soyamine, PG-hydroxyethyl cel 
lulose stearyldimonium chloride, quaternium-91 & PPG-3 
benZyl ether myristate, PEG-50 hydrogenated palm amide 
capramide DEA, cocamide MIPA, PEG stearates, PEG dital 
late, PEG cocamines, PEG soyamines, PEG stearamines, 
PEG talloWamines, and the like. Organosilicone surfactants 
are also useful nonionic surfactants. 

[0114] Speci?c cationic surfactants include such as 
cetylpyridium chloride, benZalkonium chloride, benZetho 
nium chloride Quatenrium-82, dicetyldimonium chloride, 
dipalmitoylethyldimonium chloride, soytrimonium chloride, 
Celquat H-100 (cationic cellulose polymer), hydroxyocta 
cosanyl hydroxylstearate, behentrimonium methosulfate, 
cetrimonium chloride, and the like. These often function as 
antimicrobials and antistatic agents in a personal care formu 
lation. 

[0115] Speci?c ZWitterionic types of surfactants include 
dodecyl betaine, dodecyl dimethylamine oxide; such as, alkyl 
polyglucosides, disodium lauroamphodiacetate, disodium 
cocoamphodiacetate, sodium lauroamphoacetate, disodium 
capryloamphodiacetate, sodium amphocarboxylate, sodium 
cocoamphoacetate, sodium cocoamphopropionate, stear 
amine oxide, cetyl betaine, cocamidopropyl betaine, babas 
suamidopropyl betaine, cocamidopropyl hydroxysultaine, 
cocamidopropylamine oxide, cocamine oxide, cocaminopro 
pionic acid, coco-betaine, coco/sun?oWeramidopropyl 
betaine, dihydroxyethyl talloWamine oxide, disodium capry 
lamphodiacetate, disodium cocoamphodiacetate, disodium 
cocoamphodipropionate, disodium lauroamphodiacetate, 
disodium soyamphodiacetate, disodium Wheatgermam 
phodiacetate, hydrogenated talloWamine oxide, laurami 
dopropyl betaine, lauramidopropylamine oxide, lauramine 
oxide, lauryl betaine, laurylhydroxylsultaine, oleyl betaine, 
palmitamine oxide, potassium dihydroxyethyl cocaminopro 
pylamine oxide, sodium cocoa butteramphoacetate, sodium 
cocoamphoacetate, sodium cocoamphopropionate, sodium 
lauraphoacetate, sodium lauriminodipropionate, stearamine 
oxide, Wheat germamidopropyl betaine, and the like. 
[0116] Ingredients (i) include natural or synthetic fra 
grances, including for example, citrus ?oral herbal, citrus 
?oral tea, citrus Woody, coconut mango, desert ?oWer, deWy 
morning, eau glacier, ?oral dove, fresh mint, green aromatic, 
lemongrass green tea, orange blossom honey, orange 
mimosa, tropical sunset, vanilla ?oral musk, vanilla grape 
fruit, White rose, White tea, menthol, and the like. 
[0117] Ingredients (j) include botanical extracts such as 
White tea extract, soy iso?avone extract, red clover extract, 
passion ?oWer extract, olive extract, green tea extract, grape 
extract, ginseng extract, chamomile extract, centella asiatica 
extract, balm mint extract, aloe barbadensis leaf extract, rose 
mary extract, dulse seaWeed extract, acacia extract, acai 
extract, agave extract, alfalfa extract, almond extract, 
angelica extract, annatto extract, apple extract, apricot 
extract, arnica extract, ashWagendha extract, aWapuhi extract, 
bamboo extract, banana extract, basil extract, bearberry 
extract, beet root extract, bergamot extract, bilberry extract, 
bitter orange extract, black current extract, black pepper 
extract, black tea extract, bladderWrack extract, braZil nut 
extract, buchu extract, burdock extract, butchers broom 
extract, calendula extract, camu extract, capsicum extract, 
cardamom extract, carrot extract, cats claW extract, caviar 
extract, chia extract, chickory extract, cinnamon extract, 
cocoa extract, coconut extract, coffee extract, coltsfoot 
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extract, comfrey extract, cotton extract, cranberry extract, 
cucumber extract, daisy extract, dandelion extract, Echinacea 
extract, elder extract, elderberry extract, eucalyptus extract, 
fenugreek extract, ?g extract, ?ax extract, fo-ti extract, fran 
gipani extract, frankincense extract, ginger extract, ginkgo 
biloba extract, goji berry extract, goldenseal extract, grape 
fruit extract, guarana extract, guava extract, hawthorn extract, 
heal all extract, heather extract, henna extract, hibiscus 
extract, honey extract, hops extract, horse chestnut extract, 
horseradish extract, horsetail extract, irish moss extract, ivy 
extract, jasmine extract, jatoba extract, jojoba extract, jujube 
extract, kelp giant extract, kiWi extract, kiWi berry extract, 
lavender extract, lemon extract, lemon balm extract, lemon 
grass extract, licorice extract, lime extract, linden ?oWer 
extract, lotus ?oWer extract, luo han guo extract, madder root 
extract, malloW extract, mandarin orange extract, mango 
extract, mangosteen extract, marjoram extract, marshmalloW 
extract, milk thistle extract, neem extract, nettle extract, noni 
extract, oat extract, olive leaf extract, oolong tea extract, 
orange ?oWer extract, orchid extract, papaya extract, paper 
mulberry extract, parsley extract, pear extract, peony extract, 
peppermint extract, perilla extract, pineapple extract, pome 
granate extract, pumpkin extract, queen of the meadoW 
extract, quillaia extract, quince extract, raspberry extract, 
reishi extract, rooibos extract, rose extract, sage extract, san 
dalWood extract, saW palmetto extract, sea buckthorn extract, 
silk tree extract, spirulina extract, St. John’s Wort extract, 
straWberry extract, suma extract, sun?oWer extract, tangerine 
extract, tea tree extract, thyme extract, tiare extract, valerian 
root extract, vanilla extract, Walnut black extract, Watercress 
extract, White lily extract, White peony tea extract, White 
WilloW extract, Witch haZel extract, yarroW extract, yerba 
mate extract, yogurt extract, yohimbe extract, yucca extract, 
and the like. These extracts can be present for fragrance 
purposes, or as speci?c active agents in particular formula 
tions. 

[0118] Ingredients (k) include natural or synthetic dyes 
such as quinolines (D&C Yellow 10 and 11), triphenyl 
methanes (FD&C Blue 1, Green 3 and D&C Blue 4), 
anthraquinones (D&C Green 5,6 and Violet 2), indigoids 
(D&C Red 30), Non-aZo xanthene (?uoran), xanthenes 
(D&C Red 22 &YelloW 8), ?uorans (D&C Red 21, 27, and 
Orange 5), D&C Red 36, FD&C YelloW 5, FD&C YelloW 6, 
D&C Red 33, D&C Red 40, D&C Orange 4, D&C Red No. 6, 
D&C Red 7, D&C Red 34, sericite, D&C Yellow 10, henna 
(black, broWn, gold broWn, mahogany), and the like. 
[0119] Ingredients (1) include inorganic pigments or pearl 
iZers such as White mica, lead pearl, natural pearlessence, 
bismuth oxychloride, oxide coated mica ((OCM), titanium 
dioxide, ferric(III) oxide, aluminum, silica, borosilicate, syn 
thetic mica, mica spheres, titanium, barium sulfate, hectorite, 
ferric (ammonium) ferrocyanide, cadmium yelloW, cadmium 
red, cadmium green, cadmium orange, carbon black, ivory 
black, chrome yelloW, chrome green, cobalt violet, cobalt 
blue, cerulean blue, aureolin (cobalt yelloW), Han purple, 
Egyptian blue, Paris green, verdigris, viridian, sanguine, 
caput mortuum, iron oxide red, red ochre, Venetian red, Prus 
sian blue, yelloW ochre, raW sienna, burnt sienna, raW umber, 
burnt umber, lead White, cremnitZ White, Naples yelloW, red 
lead, vermilion, titanium yelloW, titanium beige, titanium 
oxide, titanium black, ultramarine, ultramarine green, and the 
like. 

[0120] Ingredients (m) include loWer alcohols, including 
C1_7 alkanols such as ethanol, l-propanol, 2-propanol, l-bu 
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tanol, 2-butanol, t-butanol, l-pentanol, l-hexanol, as Well as 
the various other isomers of pentanol and hexanol; alkylene 
glycols such as ethylene glycol, diethylene glycol, triethylene 
glycol, 1,2-propylene glycol, 1,3-propane diol, dipropylene 
glycol, tripropylene glycol 1,4-butane diol and 1,2-butane 
diol; triols such as glycerine, and the like. These can function 
as solvents or cosolvents, or as humectants in personal care 
formulations. 
[0121] Ingredients (n) include glycol ethers, Which can 
function as solvents or cosolvents or but in some cases can 

perform other functions. Examples of these glycol ethers 
include ethylene glycol monomethyl ether, ethylene glycol 
monoethyl ether, propylene glycol monomethyl ether, propy 
lene glycol monoethyl ether, diethylene glycol monomethyl 
ether, diethylene glycol monoethyl ether, diethylene glycol 
mono-n-butyl ether, dipropylene glycol monoethyl ether, 
dipropylene glycol monobutyl ether, dipropylene glycol 
monohexyl ether, propylene glycol monobutyl ether, diethyl 
ene glycol monohexyl ether, and the like. 
[0122] Ingredients (0) include active pH adjusters/buffers 
and chelating agents including 2-amino-2-methyl-l-pro 
panol, 2-amino-l-methyl-l,3-propanediol, tris(hydroxym 
ethyl)aminomethane, alpha-hydroxy acids such as lactic acid 
and glycolic acid), citric acid, citric acid salts, phosphoric 
acid salts, ascorbic acid salts, triethanolamine, sodium 
hydroxide, aminomethyl propanol, potassium hydroxide, 
diethanolamine, sodium carbonate, potassium hydrogen tar 
trate, levulinic acid, and the like. It is preferred to buffer a 
personal care formulation containing an alkyl ketal ester to a 
pH of at least 3.5, especially When the personal care formu 
lation contains a sulfonate or sulfate surfactant, or other sul 
fonic acid or sulfate salt. A pH from 5 to 8 can be used in 
aqueous formulations. 
[0123] Ingredients (p) include organic carboxylic acids 
having from 2 to 10 carbon atoms. 
[0124] Ingredients (q) include inorganic particulates such 
as clays, magnesium aluminum silicate, magnesium trisili 
cate, attapulgite, bentonite, hectorite, lithium magnesium 
silicate, lithium magnesium sodium silicate, montmorillo 
nite, bentonite, smectite clay, boron nitride, silicon nitride, 
titanium carbide, boron carbide, mullite, coreiderite, and the 
like. 
[0125] Ingredients (r) include non-hydrocarbon propel 
lants such as hydro?uorocarbon 152A, nitrogen, 1,2-trichlo 
rotri?uoroethane, chloropenta?uoroethane, dimethyl ether, 
and the like. 
[0126] Ingredients (s) include preservatives such as diaZo 
lidinyl urea, methyl paraban, propyl paraban, and mixed para 
ban esters, and the like. 
[0127] Formulations containing an alkyl ketal ester, espe 
cially a sparingly Water-soluble alkyl ketal ester, have been 
found to be excellent cosmetic removers, particularly if the 
formulation contains at least 5% and more speci?cally at least 
8% by Weight of the alkyl ketal ester. The alkyl ketal ester can 
constitute up to 75%, up to 60% or up to 50% of the Weight of 
a cosmetic remover formulation. A cosmetic remover in 

accordance With the invention can include, in addition to the 
alkyl ketal ester, Water, an alcohol such as ethanol, isopro 
panol or 1,2- or 1,3-propane diol; one or more of components 
(a)-(e) above (in Which case the cosmetic remover Will tend to 
be in the form of an emulsion Which can be in lotion or cream 

form), or any of the other materials (f)-(s) above. Such a 
cosmetic remover can even be free of surfactants, or contain 
loW (less than 2% by Weight) concentrations of surfactants. 
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[0128] The alkyl ketal esters are also ef?cient solvents for 
polymers that are generally present in nail polishes, such as 
nitrocellulose, cellulose acetate propionate, cellulose acetate 
butyrate, styrene/acrylates copolymers, acrylates copoly 
mers, polyethylene terephthalate and tosylamide/formalde 
hyde resins and thus ?nd bene?t as solvents in nail polish 
removers, nail strengthening formulations, and/or nail pol 
ishes. 
[0129] The personal care formulations described herein 
satisfy certain continuing needs in the art for formulary ingre 
dients. The alkyl ketal esters can be used in a Wide range of 
formulation forms and in a Wide variety of specialiZed appli 
cations. Although these various types of formulations differ 
enormously, as do the conditions under Which they are used, 
the alkyl ketal esters can be used in the formulation of many 
of them, Which greatly simpli?es the formulation process. 
[0130] In addition, formulators of personal care formula 
tions must often simultaneously address formulation needs 
that are often competing and sometimes even contradictory. 
For example, many personal care formulations contain an 
active agent that lends a particular functional attribute to the 
formulation. It can be desirable to increase the concentration 
of the active agent in a given formulation, or to produce a 
formulation that contains the active agent in a speci?c formu 
lation form (such as a solution, dispersion, lotion, cream, 
stick, gel, or the like), but the formulator is limited by the 
solubility of the active agent in the other ingredients in the 
formulation. Approaches to address solubility include the use 
of various types of emulsi?ers, oils, cosolvents, and the like, 
but it is often the case that other requirements, such as the 
speci?c formulation form, are incompatible With the presence 
of such materials in the amounts needed for e?icacy. Use of 
the alkyl ketal esters alloWs an increased concentration of 
active agent in a Wide variety of speci?c personal care formu 
lation forms. The alkyl ketal esters are further compatible 
With many other ingredients of personal care formulations. 
[0131] In other cases, the presence or absence of a speci?c 
ingredient that can be an aid to solubility is important. For 
example it can be desirable to reduce or eliminate volatile 
organic compounds (“VOCs”) from a personal care formula 
tion, in favor of an aqueous-based formulation. Some ingre 
dients, such as ethanol, can dry the skin and in some cases are 
to be avoided for that reason, or for other reasons, such as 
VOC regulations in some jurisdictions. Conversely, there are 
other cases in Which ethanol and/ or another relatively volatile 
material is desired, so the formulation dries rapidly When it is 
applied, for example. In some embodiments, use of the alkyl 
ketal esters results in formulations that do not contain VOCs. 
In an embodiment, the formulations and products described 
herein can be loW-VOC as de?ned beloW. 

[0132] Use of the alkyl ketal esters in personal care formu 
lations can enhance the compatibility amongst the various 
ingredients of the formulations. Many personal care formu 
lation formulations contain both hydrophilic and hydropho 
bic components. These ingredients tend not to mix into each 
other. In order to create a formulation that does not rapidly 
separate into oil-rich and Water-rich layers, emulsi?ers, 
cosolvents, or thickeners can be included so that it becomes 
kinematically stable. These emulsi?ers, cosolvents, and 
thickeners often play little role in the function orperformance 
of the formulation (i.e., are not active agents), although they 
can affect the spreading characteristics and feel on the skin. 
They mainly are present to permit the various functional 
ingredients to coexist in a stable formulation form or to pro 
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vide a desired feel or consistency to the formulation. The 
inclusion of certain compatibiliZing ingredients (such as 
volatile or drying organic solvents, for example), as described 
above, can more preferably be omitted from some formula 
tions. The need to include such compatibiliZers can increase 
formulation complexity. Formulations that require compati 
biliZation can be very sensitive to small formulational 
changes. Small changes to a formulation often destabiliZe it, 
requiring a neW balance of ingredients. 
[0133] The alkyl ketal esters can perform the function of 
emulsi?ers, oils, cosolvents, compatibiliZers, and like mate 
rials. In a further advantage, the alkyl ketal esters enhance the 
spreading of the formulation, and/or do not feel greasy or 
heavy. Use of the alkyl ketal esters can provide simpli?ed 
formulations for personal care formulations that still have the 
needed formulation attributes and functions. In other cases, 
use of the alkyl ketal esters can reduce the quantities of the 
various formulary components, and thus can reduce costs and 
simplify formulating. This can alloW a formulator to maintain 
a simpli?ed raW material inventory and thus reduce associ 
ated costs. Use of the alkyl ketal esters can also result in 
personal care formulation formulations that are more robust 
to formulation changes. 
[0134] The folloWing examples are provided to illustrate 
the invention but are not intended to limit the scope thereof. 
All parts and percentages are by Weight unless otherWise 
indicated. 

EXAMPLES 

[0135] Examples 1-6 shoW the effect of the alkyl ketal 
esters on solubility of various personal care formulation 
ingredients. In these tests, clear mixtures as observed Without 
magni?cation from a distance of, e.g., 0.3 meters are consid 
ered to be “miscible,” Whereas cloudy or phase separated 
mixtures are considered to be “immiscible.” 

Example 1 

Model Ethanolic AvobenZone Sunscreen Solutions 

[0136] Three-component mixtures of ethyl-LPK, ethanol, 
and avobenZone Were prepared by mixing the materials at 
various proportions at room temperature in a vial and shak 
ing. AvobenZone by itself is immiscible in ethanol at the 5% 
by Weight level. Results are shoWn in Table 1. 

TABLE 1 

Result % avobenzone % Et-LPK % ethanol 

Miscible 2.0 0.0 98.0 
Cloudy/Irnrniscible 5.0 0.0 95.0 
Miscible 7.4 22.3 70.3 
Miscible 10.6 31.8 57.6 
Miscible 13.1 39.3 47.6 
Miscible 16.2 48.6 35.1 
Miscible 18.1 54.2 27.8 
Miscible 27.1 63.3 9.5 

These data shoW that avobenZone concentrations as high as 
27% can be achieved in an ethanolic solution through the 
addition of ethyl-LPK as a cosolvent. Thus, higher concen 
trations of this UV agent can be provided in a formulation that 
is suitable for use in a spray-on sunscreen formulation. 

[0137] Three-component mixtures of ethyl-LGK, ethanol, 
and avobenZone Were prepared by mixing the materials at 
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various proportions at room temperature in a vial and shak 
ing. Results are shown in Table 2. 

TABLE 2 

Result % avobenzone % Et-LGK % ethanol 

Miscible 2.0 0.0 98.0 
Cloudy/Immiscible 5.0 0.0 95.0 
Miscible 6.9 42.1 51.0 
Miscible 8.5 52.1 39.4 
Miscible 10.9 67.0 22.1 
Miscible 12.0 74.0 13.9 

These data shoW that avobenZone concentrations as high as 
12% can be achieved in an ethanolic solution through the 
addition of ethyl-LGK as a cosolvent. Again, the presence of 
the alkyl ketal ester alloWs higher concentrations of this UV 
agent to be provided in a formulation that can be suitable for 
use in a spray-on sunscreen formulation. 

Example 2 

Model Ethanolic and Aqueous OxybenZone Sun 
screen Solutions 

[0138] Three-component mixtures of ethyl-LPK, ethanol, 
and oxybenZone Were prepared by mixing the materials at 
various proportions at room temperature in a vial and shak 
ing. Clear mixtures Were considered to be “miscible” on this 
test, Whereas cloudy or phase separated mixtures Were con 
sidered to be “immiscible.” OxybenZone by itself is immis 
cible in ethanol at the 10% by Weight level. Results are shoWn 
in Table 3A. 

TABLE 3A 

Result % Oxybenzone % Et-LPK % ethanol 

Miscible 6.5 0.0 93.5 
Cloudy/Immiscible 10.0 0.0 90.0 
Miscible 11.7 21.7 66.6 
Miscible 14.7 34.2 51.1 
Miscible 18.3 34.0 47.8 
Miscible 28.2 65.8 6.0 

These data shoW that oxybenZone concentrations as high as 
28% can be achieved in an ethanolic solution through the 
addition of ethyl-LPK as a cosolvent. Thus, higher concen 
trations of this UV agent canbe provided in a formulation that 
Was suitable as a spray-on sunscreen formulation. 

[0139] A similar set of experiments Was run, replacing 
ethyl-LPK With ethyl-LGK. This time, up to 17% of the active 
can be incorporated into an ethanolic solution as shoWn in 
Table 3B. 
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These data shoW that oxybenZone concentrations as high as 
17% can be achieved in an ethanolic solution by the addition 
of Et-LGK as a cosolvent. Thus, higher concentrations of this 
UV agent can be provided in a formulation that can be suit 
able for use in a spray-on sunscreen product. 
[0140] A third set of experiments Was run, this time replac 
ing ethyl-LPK With ethyl-LEK. This time, up to 30% of the 
active can be incorporated into an ethanolic solution, as 
shoWn in Table 3C. 

TABLE 3C 

Result % oxybenzone % Et-LEK % ethanol 

Miscible 6.5 0.0 93.5 
Cloudy/ 10.0 0.0 90.0 
Immiscible 
Miscible 12.2 22.6 65.3 
Miscible 14.8 27.6 57.6 
Miscible 17.4 32.3 50.2 
Miscible 21.4 39.8 38.8 
Miscible 25.1 46.7 28.2 
Miscible 30.8 57.2 12.0 

These data shoW that oxybenZone concentrations as high as 
30% can be achieved in an ethanolic solution by the addition 
of Et-LEK as a cosolvent. Thus, higher concentrations of this 
UV agent can be provided in a formulation that can be suit 
able in a spray-on sunscreen product. 
[0141] A fourth set of experiments Was run, this time 
replacing ethyl-LEK With propyl-LGK as shoWn in Table 3D. 

TABLE 3D 

Result % oxybenzone % propyl-LGK % ethanol 

Miscible 10.0 90.0 0 
Miscible 9.3 83.6 7.1 
Miscible 6.7 59.9 33.4 
Miscible 4.7 42.4 52.9 
Miscible 3 .5 31.6 64.9 
Miscible 3.0 27.3 69.7 
Miscible 6.5 0.0 93.5 
Cloudy/Immiscible 10.0 0.0 90.0 
Miscible 11.96 88.04 0 
Cloudy/Immiscible 17.83 82.17 0 

These data shoW that the WindoW of solubility is only slightly 
enhanced since the stock concentration of oxybenZone in 
propyl-LGK (10% based on maximum solubility of 10-18%) 
is only slightly larger than the upper limit of oxybenZone 
solubility in ethanol (6.5-10%). 
[0142] Three-component mixtures of Et-AcAc-GK, Water, 
and oxybenZone Were prepared to shoW that the acetoacetate 
analog has a region Where it couples to oxybenZone into 
Water. Results are shoWn in Table 4A. 

TABLE 3B TABLE 4A 

Result % Oxybenzone % Et-LGK % ethanol Result % oxybenzone % Et-AcAc-GK % Water 

Miscible 6.5 0.0 93.5 Cloudy/Immiscible 1.0 0 99.0 
Cloudy/ 10.0 0.0 90.0 Miscible 0 50.0 50.0 
Immiscible Miscible 18.0 82.0 0.0 
Miscible 11.1 50.6 38.3 Cloudy/Immiscible 17.1 78.1 4.8 
Miscible 12.8 58.3 28.9 Cloudy/Immiscible 16.7 76.2 7.1 
Miscible 14.1 64.1 21.9 Miscible 9.8 90.2 0 
Miscible 15.3 69.5 15.3 Miscible 9.6 88.5 2.0 
Miscible 16.6 75.8 7.6 Miscible 9.3 86.1 4.6 

Miscible 9.1 84.2 6.7 
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TABLE 4A-continued 

Result % oxybenzone % Et-AcAc- GK % Water 

Miscible 8.9 81.8 9.4 
Miscible 8.7 80.3 11.0 
Miscible 8.5 78.8 12.7 
Miscible 8.4 77.2 14.4 
Miscible 8.1 74.9 17.0 
Cloudy/Irnrniscible 7.9 72.5 19.6 
Cloudy/Irnrniscible 2.0 0 98.0 
Miscible 25.0 75.0 0 
Cloudy/Irnrniscible 22.7 68.1 9.3 
Cloudy/Irnrniscible 24.0 72.0 4.0 
Cloudy/Irnrniscible 31.9 68.1 0 
Miscible 29.0 71.0 0 

These data show that oxybenZone concentrations as high as 
29% can be achieved in a solution through the addition of 
Et-AcAc-GK as a cosolvent. Thus, higher concentrations of 
this UV agent can be provided in a formulation that can be 
suitable for use in a spray-on sunscreen product. 

[0143] In a second experiment, three-component mixtures 
of oxybenZone With Water and methyl-LGK Were made. 
Methyl-LGK and Water are miscible at 50/50. Results are 
shoWn in Table 4B. 

TABLE 4B 

Result % oxybenzone % Methyl-LGK % Water 

Miscible 10.0 90.0 0 
Miscible 9.7 86.9 3.5 
Miscible 9.1 81.5 9.4 
Miscible 8.7 78.5 12.7 
Miscible 8.3 75.1 16.5 
Cloudy/Irnrniscible 8.7 70.5 21.6 
Miscible 0 50.0 50.0 
Cloudy/Irnrniscible 1.0 0 99.0 

These data shoW that oxybenZone concentrations as high as 
10% can be achieved in a solution through the addition of 
Methyl-LGK as a cosolvent. Thus, higher concentrations of 
this UV agent can be provided in a formulation that can be 
suitable in a spray-on sunscreen product. 

[0144] A third set of experiments Was run, this time replac 
ing methyl-LGK With mixed ketals Where one is soluble in 
Water and one is With limited solubility (Et-LGK and Et-LPK 
(here at 80/20 Weight ratio). Results are shoWn in Table 4C. 

TABLE 4C 

Result % oxybenzone % ketal solvent mixture % Water 

Cloudy/Irnrniscible 1.0 0 99.0 
Miscible 20.0 80.0 0 
Miscible 19.5 77.8 2.7 
Miscible 18.9 75.5 5.6 
Miscible 18.3 73.3 8.3 
Cloudy/Irnrniscible 18.0 71.9 10.1 
Miscible 10.0 90.0 0 
Miscible 9.7 87.5 2.8 
Miscible 8.7 78.7 12.6 
Miscible 8.6 77.0 14.5 
Cloudy/Irnrniscible 8.3 75.0 16.7 

The results in Table 4C shoWs that a mixed system of Et-LGK 
and Et-LPK (here at 80/20 Weight ratio) can also couple 
oxybenZone into Water, even though the Water tolerance of 
Et-LPK is loW. The addition of Et-LPK narroWs the miscibil 
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ity WindoW compared to Et-LGK alone; nonetheless, the sys 
tem Works. These data shoW that oxybenZone concentrations 
as high as 20% can be achieved in a solution through the 
addition of an alkyl ketal solvent mixture as a cosolvent. 
Thus, higher concentrations of this UV agent can be provided 
in a formulation that Was suitable as a spray-on sunscreen 
formulation. 
[0145] Three-component mixtures of ethyl-LGK, Water, 
and oxybenZone Were prepared by mixing the materials at 
various proportions at room temperature in a vial and shak 
ing. Clear mixtures Were considered to be “miscible” on this 
test, Whereas cloudy or phase separated mixtures Were con 
sidered to be “immiscible.” OxybenZone by itself is immis 
cible in Water at 1% by Weight. Results are shoWn in Table 4D. 

TABLE 4D 

Result % Oxybenzone % Et-LGK % Water 

Miscible 10 80 10 
Miscible 10 75 15 
Miscible 5 70 25 
Miscible 13.5 76.7 9.7 
Miscible 12.8 72.8 14.4 
Miscible 11.8 66.8 21.4 
Cloudy/Irnrniscible 11.1 63.0 25.9 
Miscible 16.6 75.8 7.6 
Cloudy/Irnrniscible 15.8 72.1 12.1 
Cloudy/Irnrniscible 16.4 74.5 9.1 
Miscible 4.1 78.6 17.2 
Miscible 3.8 72.5 23.7 
Miscible 3.5 67.3 29.2 
Miscible 3.3 62.3 34.4 
Miscible 3.1 58.1 38.9 
Miscible 3.0 56.3 40.7 
Cloudy/Irnrniscible 2.7 50 9 46.5 
Cloudy/Irnrniscible 2.5 48.4 49.1 
Cloudy/Irnrniscible 2.6 49.8 47.6 
Cloudy/Irnrniscible 2.7 50.8 46.5 
Miscible 4.7 89.6 5.7 
Miscible 4.5 86.1 9.4 
Miscible 4.2 78.9 16.9 
Miscible 3.9 73.5 22.6 
Miscible 3.6 67.7 28.8 
Miscible 3.1 59.4 37.5 
Miscible 2.9 55.6 41.5 
Cloudy/Irnrniscible 2.8 52.7 44.6 
Miscible 18.0 82.0 0.0 
Cloudy/Irnrniscible 30.0 70.0 0.0 
Miscible 25.0 75.0 0.0 

This data shoWs that oxybenZone concentrations as high as 
13% can be achieved in a Water solution through the addition 
of ethyl-LGK as a cosolvent. Thus, higher concentrations of 
this UV agent can be tolerated in a formulation that contains 
Water. 

Example 3 

Model Formulations With Salicylic Acid 

[0146] Salicylic acid Was pre-dissolved in ketal and then 
Water Was added at room temperature. Observations Were 
made Within 5 minutes. Results are shoWn in Table 5. 

TABLE 5 

Wt. % 

Salicylic acid Wt. % Ethyl-LGK Wt. % Water 
Result Wt. % 

Miscible 15.0 85.0 0.0 
Miscible 14.3 80.8 4.9 
Miscible 13.6 76.9 9.5 
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TABLE 5-continued 

Wt. % 
Salicylic acid Wt. % Ethyl-LGK Wt. % Water 

Result Wt. % 

Miscible 13.0 73.5 13.5 
Miscible 12.4 70.4 17.2 
Miscible 11.9 67.4 20.7 
Cloudy/Irnrniscible 11.4 64.8 23 .7 
Miscible 11.8 66.6 21.6 
Miscible 11.6 65.9 22.5 
Cloudy/Irnrniscible 11.5 65 .3 23 .1 
Cloudy/Irnrniscible 5 .0 0.0 95 .0 

(literature) 
Cloudy/Irnrniscible 2.0 0.0 98.0 
(literature) 
Cloudy/Irnrniscible 10.0 60.0 30.0 
Miscible 5.0 60.0 35.0 
Cloudy/Irnrniscible 5 .0 54.9 40.1 
Miscible 5 .0 60.5 34.5 
Miscible 5 .0 67.4 27.7 
Miscible 7.3 64.3 28.4 
Miscible 5.0 68.0 27.0 

This model formulation can be used alone as a serum, formu 
lated With ethanol for an aqueous-alcohol base (a spray for 
mulation, for instance), or used in an emulsion formulation. 

Example 4 

Ethanolic Aloe Vera Oil Solutions 

[0147] Aloe vera oil is highly immiscible in both ethanol 
and isopropanol. Three-component mixtures of ethyl-LPK, 
aloe and either ethanol or isopropanol Were prepared by mix 
ing the materials at various proportions at room temperature 
in a vial and shaking. Results are shoWn in Table 6 (ethanol) 
and in Table 7 (isopropanol). 

TABLE 6 

Result % aloe vera oil % ethanol % Et-LPK 

Cloudy/ 5.0 95.0 0.0 
Immiscible 
Miscible 8.2 73.4 18.4 
Miscible 12.0 67.9 20.1 
Miscible 15.5 61.9 22.6 
Miscible 20.3 59.4 20.3 
Miscible 23.5 53.0 23.5 
Miscible 26.8 46.4 26.8 
Miscible 33.6 32.9 33.6 
Miscible 35.0 30.1 35.0 
Miscible 39.4 39.4 21.3 
Miscible 42.6 14.8 42.6 
Miscible 50.0 0.0 50.0 
Miscible 70.0 20.0 10.0 
Miscible 81.1 14.3 4.6 
Miscible 90.0 5.0 5.0 

TABLE 7 

Result % aloe % isopropanol % Et-LPK 

Cloudy/Irnrniscible 30.0 70.0 0.0 
Miscible 28.5 66.4 5.1 
Miscible 37.0 55.5 7.6 
Miscible 76.6 19.2 4.2 
Miscible 87.5 9.7 2.7 
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These results shoW that the presence of ethyl-LPK alloWs 
very high concentrations of aloe vera oil to be dissolved into 
ethanolic or isopropanolic formulations. Those formulations 
are useful as sunscreens (With the addition of a UV additive) 
or as a soothing topical spray or lotion. 

Example 5 

SolubiliZation of Methyl Paraben 

[0148] Three-component mixtures of Et-LGK, Water, and 
methyl paraben Were prepared by mixing the materials at 
various proportions at room temperature in a vial and shak 
ing. Methyl paraben by itself is immiscible in Water at the 1% 
by Weight level. Results are shoWn in Table 8. 

TABLE 8 

% 
Result Methylparaben % Ethyl LGK % Water 

Irnrniscible 1.0 0.0 99.0 
Miscible 3.6 37.1 59.3 
Miscible 5.0 55.0 40.0 
Miscible 10.2 57.6 32.2 
Miscible 12.4 70.1 17.6 
Miscible 13.0 73.5 13.5 
Miscible 13.6 77.0 9.4 
Miscible 14.3 80.9 4.9 

The results shoW that Et-LGK/Water cosolvent mixtures can 
dissolve up to 15% by Weight methyl paraben. 

Example 6 

SolubiliZation of Propyl Paraben 

[0149] Three-component mixtures of Et-LGK, Water, and 
propyl paraben Were prepared by mixing the materials at 
various proportions at room temperature in a vial and shak 
ing. Propyl paraben by itself is immiscible in Water at less 
than the 1% by Weight level, and only to the 24% level in 
Et-LGK. Results are shoWn in Table 9. 

TABLE 9 

Result % Propylparaben % Ethyl LGK % Water 

Cloudy/Irnrniscible 5.0 0.0 95.0 
Miscible 5.0 70.0 25.0 
Miscible 10.0 70.0 20.0 
Miscible 18.8 71.5 9.7 
Cloudy/Irnrniscible 24.0 76.0 0 

These results shoW that an Et-LGK/Water cosolvent mixture 
can solubiliZe nearly 20% by Weight of propyl paraben. 

Example 7 

SolubiliZation of Phenoxyethanol 

[0150] Three-component mixtures of Et-LGK, Water, and 
phenoxyethanol Were prepared by mixing the materials at 
various proportions at room temperature in a vial and shak 
ing. Phenoxyethanol by itself is immiscible in Water at up to 
the 2% by Weight level. Results are shoWn in Table 10. 
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TABLE 10 

Result % Phenoxyethanol % Ethyl LGK % Water 

Miscible 2.0 0.0 98.0 
Irnrniscible 5.0 0.0 95.0 
Miscible 5.0 34.9 60.1 
Miscible 10.1 50.0 39.9 
Miscible 29.8 49.8 20.4 
Miscible 41.2 41.2 17.6 
Miscible 47.3 47.3 5.4 

An Et-LGK/Water cosolvent mixture can solubiliZe nearly 
50% by Weight of phenoxyethanol. 

Example 8 

SolubiliZation of Minoxidil 

[0151] Solutions Were prepared by combining ingredients 
from Table 1 1.All the ingredients Were mixed into a vial, then 
heated to 75-80° C. until the minoxidil Was dissolved. All 
mixtures Were clear When hot. The mixtures Were then 
removed from the heat source and alloWed to cool to room 
temperature. Miscibility results are shoWn in Table 11. 

TABLE 11 

% % 
Result Minoxidil % ethanol DI Water % Ketal Ketal 

Miscible 5 30 15 50 Et-LGK 
Miscible 5 30 15 50 Butyl-LGK 
Miscible 5 30 15 50 LPK 
Precipitated 10 60 30 0 None 

The results shoW that the formulation Without the ketal pre 
cipitated Within 1 hour, Whereas the formulations With ketal 
remained clear. 

Example 9 

SolubiliZation of Polymers 

[0152] This example shows the effect of alkyl ketal esters 
on solubility of various polymers. Results are shoWn in Table 
12. 

TABLE 12 

Polymer % dissolved in Et-LGK % dissolved in Et-LPK 

Nitrocellulose 
(from dried clear nail 
polish) 
CAP-482-0.5 14 Z25 
(cellulose acetate 
propionate) 
CAB-381-0.5 14 Z25 
(cellulose acetate 
butyrate) 
Dermacryl 79 ~5 ~1 
(acrylate/ 
octylacrylalnide 
copolymer) 
PMMA 1 >10 

Y, minimally Y 

These results shoW that all of the polymers tested dissolved to 
some extent in both Et-LGK and Et-LPK. The ?rst three 
polymers are used in coatings (residential coatings, industrial 
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coatings, or nail lacquer). The fourth polymer is an example 
of a Waterproo?ng polymer used in sunscreen formulations. 

[0153] Examples 10-41 shoW various personal care formu 
lations and products that can be made using the alkyl ketal 
esters of structure 1. 

Example 10 

Ethanolic Spray Sunscreen Solution 

[0154] A model spray sunscreen formulation contained 
64.4 parts ethanol, 3 parts of an acrylate/octylacrylamide 
copolymer, 3 parts of octyldodecanol, 7.5 parts of octinoxate, 
4 parts of oxybenZone, 5 parts of octisalate, 3 parts of avoben 
Zone, 2.5 parts of POLYCRYLENE® (CAS No. 862993-96 
2), 2.5 parts of octocrylene and 5.1 parts of Water. 
[0155] Because ethanol is drying, it is desirable to reduce 
the ethanol concentration in the formulation. When 10 parts 
of the ethanol Were replaced With 10 parts of either ethyl 
LGK or ethyl-LPK, a stable solution Was obtained that Was 
less drying to the skin due to the reduction in ethanol content. 

Example 11 

Ethanolic Isopropyl Myristate Model Hand Sanitizer 

[0156] Ethanol is a primary ingredient in many hand sani 
tiZer formulations. The formulations typically contain one or 
more emollients such as isopropyl myristate. Water is also 
commonly added to these formulations to provide hydration 
or reduce cost, but this tends to make the solution cloudy due 
to the incompatibility of the emollient With Water. 

[0157] Thus, a formulation With 30 parts isopropyl 
myristate, 10 parts Water, and 60 parts ethanol Was cloudy. 
When the emollient level Was dropped to 22% at the same 
Water level, or When it Was dropped to 27% With an increase 
in ethanol, a clear solution forms. In either case, the potential 
for dryness increases due to reduction in emollient or increase 
in ethanol. HoWever, a clear solution containing 30% isopro 
pyl myristate Was obtained if 5 parts of Water Were replaced 
With 5 parts of ethyl-LGK; the complete formulation being 30 
parts isopropyl myristate, 5 parts Water, 5 parts ethyl-LGK 
and 60 parts ethanol. This formulation retained the balance of 
emollient and ethanol, While still providing hydration through 
the presence of Water. Alternatively, a portion of the ethanol 
can be replaced With Et-LGK Without sacri?cing clarity, even 
at higher Water levels. Thus, a clear solution Was obtained 
When 27 parts isopropyl myristate Was mixed With 9 parts of 
Water, 9 parts of ethyl-LGK and 55 parts of ethanol. This 
reduced ethanol formulation Was less drying. 

Example 12 

Sample Emulsion Lotion or Cream 

[0158] A comparative lotion suitable for use as a moistur 
iZing lotion Was prepared in Example 12A. Examples 12B 
and 12C Were prepared using 10 parts ethyl-LGK for an 
equivalent amount of the sesame seed oil and 10 parts ethyl 
LPK for an equivalent amount of the sesame seed oil.A lotion 
can be from n-Butyl-LGK as shoWn in prospective Example 
12D as shoWn in Table 13. 
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TABLE 13 

Ingredient (wt. %) 12A 12B 12C 12D 

Part A 

Water (AQUA) 70.46 70.5 70.45 70.48 
Disodiurn EDTA 0.10 0.10 0.10 0.10 
Carbomer (Carbopol 980) 0.26 0.25 0.25 0.25 
Methylpropanediol (MPdiol glycol) 3.00 3.00 3.00 3.00 
1,2-hexane diol 1.00 0 0 0 

Part B 

Steareth-2 (Brij 72) 0.20 0.20 0.20 0.20 
PEG-100 stearate (Myrj 59 ?aked) 0.75 0.75 0.75 0.75 
Steareth-21 (Brij 721) 1.00 1.00 1.00 1.00 
Cetearyl alcohol, ceteareth-20 (Lipowax D) 1.50 1.50 1.50 1.50 
Et-LGK 0 10.00 0 0 
Et-LPK 0 0 10.00 0 
n-BuLGK 0 0 0 10 
SesaInum indicuIn (sesame) seed oil 20.00 10.0 10.00 10p 

Part C 

Triethanolalnine 0.24 0.2 0.25 0.22 
Part D 

Hydroxyethyl acrylate/sodiurn 1.50 1.50 1.5 1.5 
acryloyldimethyl taurate copolymer 
squalane polysorbate 60 (Simulgel NS) 

To prepare the moisturizing lotions, Part A was ?rst prepared 
by dissolving the disodium EDTA into the water. Carbopol 
was slowly added and mixed until fully hydrated. The remain 
ing Part A ingredients were added and Part A was heated to 
75° C. The ingredients of Part B were combined under mixing 
at 75° C. Once uniform, Part B was slowly added to Part A 
with moderate agitation. Once uniform, the solution was 
cooled to 60-65° C. Part C was then used to adjust the pH to 
5.5-6.0 and the batch was cooled to 40° C. Part D was then 
added to the batch with mixing and then homogenized for 5 
minutes or until uniform at 3500 rpm. Further amounts of Part 
D were added if necessary to adjust the viscosity to 15,000 
25,000 cps. 
[0159] In Examples 12B and 12C, the result was a light, less 
greasy formulation compared to comparative example 12A. 
Lotions 12B and 12C also had a silky after-feel absent from 
example 12A. All formulations remained kinematically 
stable. Example 12B further had the further advantage of 
being an effective makeup remover. It is expected that 
Example 12D will also be a light, less greasy kinematically 
stable product. 

Example 13 

PMMA Serum Base 

[0160] Polymethyl methacrylate (PMMA) is used to 
achieve a soft-focus effect that hides the appearance of 
wrinkles. Normally, PMMA is delivered in an emulsion for 
mulation such as a cream or lotion, or as a powder, as it is not 

soluble in either water or ethanol. However, PMMA was 
soluble in ethyl-LPK to the extent of 5 parts of PMMA in 95 
parts of ethyl-LPK, and nearly to the same extent in mixtures 
of ethyl-LPK and ethyl-LGK. PMMA was also soluble in 
various cosolvent mixtures of ethanol and ethyl-LPK or etha 
nol, water and ethyl-LPK. Therefore, the following in Table 
13 are examples of clear serum bases that contained dissolved 
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PMMA, and which formed by themselves, or in admixture 
with other materials, solution forms that contained dissolved 
PMMA. 

TABLE 14 

wt. % 

Serum Base PMMA Ethyl-LPK ethanol water 

A 3.1 5 8.1 38.9 0 
B 3 5 6.5 38.7 1.8 
C 2.5 47.7 32.6 17.7 
D 4.6 88 7.4 0 

Examples 14-15 

Sunscreen Lotion 

[0161] Model sunscreen lotions were made from the ingre 
dients shown in Table 14. 

TABLE 14 

Ex. 14 Ex. 15 
Ingredients wt. % wt. % 

Et-LPK 0 1 
Cetyl alcohol 1 0 
Stearic acid 2 2 
Octyl palmitate 3 3 
Octylmethoxyl cinnaInate 7.5 7.5 
OxybenZone 3 3 
PEG-40 stearate 1.5 1.5 
Dimethyl stearalnine 2 2 
Acrylates/octylacrylalnide copolymer (Dennacryl 79) 2 2 
DeioniZed water To 100 To 100 
Crosslinked polyacrylate copolymer 0.06 0.06 
(Carbopol ETD 2050)* 
Triethanolalnine 0.7 0.7 

*The amount ofthickener should be adjusted based on the efficiency ofthe carbopol grade 

To prepare the sunscreen lotion formulations, Part B was ?rst 
prepared by adding the carbomer slowly into the water with 
mixing and heated to 80° C. The triethanol amine was then 
added to complete Part B. In a separate vessel, the ingredients 
from Part A were combined except for the acrylates/octy 
lacrylamide copolymer. These components were heated to 
80° C. with mixing. The acrylates/octylacrylamide copoly 
mer was then slowly sifted into Part A under constant stirring 
until dissolved. PartA was then added to Part B and mixed for 
15 minutes at 80° C. The mixture was then slowly cooled to 
room temperature. Example 15 was less viscous, but 
remained stable for at least four weeks. The modi?ed product 
had a lighter, less greasy feel. 

Example 16 

Surfactant-Free Cosmetics Remover 

[0162] Comparative cosmetic removerA and inventive cos 
metic removers 13-A through 13-D were prepared from the 
following formulations. The formulations were clear in all 
cases except for comparative A, which was haZy. The formu 
lations were evaluated by rubbing them onto a mascara 
coated acrylonitrile-butadiene-styrene sheets, using a cotton 
swab. A “G” rating indicates that the mascara was removed 
from the substrate after several rubs; a “VG” rating indicates 
that the mascara was removed from the substrate with mini 
mal rubbing. Results are shown in Table 15. 
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TABLE 15 

Parts by Weight 

Component A* 17-A 17-B 17-C 17-D 

Sulfosuccinate salt 5.0 0 0 0 0 
1,2-Propylene glycol 45.3 70.0 0 0 0 
Glycerin 47.0 0 0 0 0 
PEG-7 glyceryl cocoate 2 0 0 0 0 
Paraben DU 0 1 Drop 1 Drop 1 Drop 1 Drop 
Ethyl-LPK 0 30.0 44.4 30.0 25.0 
Ethyl-LGK 0 0 27.8 30.0 25.0 
1,3-propane diol 0 0 27.8 40.0 50.0 
Water 0 0 0 0 0 
Rating G VG VG VG VG 

*Not an example of the invention 

As can be seen from the foregoing table, the presence of a 
sparingly Water-soluble alkyl ketal ester provides the bene?ts 
of high effectiveness, the elimination of surfactant and higher 
formulation stability, as indicated by the better compatibility 
of the inventive mixtures. In addition, an all-naturally-derived 
formulation (apart from the paraben preservatives) Was pro 
vided in examples 13-B, 13-C, and 13-D. 

Example 17 
Model Insecticide Formulations 

[0163] Three-component mixtures of N,N-diethyl-m 
toluamide (DEET), ethyl-LGK, and Water Were prepared by 
mixing the materials at various proportions at room tempera 
ture in a vial and shaking. A clear mixture Was obtained When 
26.7 parts of DEET Were mixed With 60.5 parts of ethyl-LGK 
and 12.8 parts of Water. This mixture Was effective as a 
Water-based insecticide. 
[0164] Because DEET is soluble in ethanol and ethyl-LPK, 
an ethanolic insecticide can be prepared that comprises 
DEET dissolved in a cosolvent mixture of ethanol and ethyl 
LPK. The presence of the ethyl-LPK alloWs the ethanol con 
centration to be reduced, to produce a less drying insecticide 
formulation. 

Examples 18-24 
Lipstick Containing Water 

[0165] A lipstick (Example 18) Was prepared from the 
ingredients in Table 16. 
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TABLE 16 

Ingredient Wt. % 

Part A Caprylic/Capric triglyceride 8.5 6 

Octyldodecyl stearoyl stearate 13.37 

Triisostearyl citrate 4.05 

Pentaerythrityl tetraisostearate 5 .60 

Jojoba esters 1.72 

Lanolin oil 1.62 

Bis-diglyceryl polyacyladipate-2 1.02 
Ricinus communis (Castor) Seed Oil 30.50 

Copemz'cia cerifera (Carnauba) Wax 2.30 

Euphorbia cerzfera (Candelilla) Wax 5.24 
Cera Alba (Beeswax) 2.09 

OZokerite Wax 1.80 

Microcrystalline Wax 1.13 

Phenoxyethanol 1 .00 

Polyethylene 1.00 

Octyl Methoxycinnamate 0.60 

Tocopheryl Acetate 0.05 

Part B Ricinus Commzmz's (Castor) Seed Oil 10.00 

D&C Red No. 6 Barium Lake 6.25 

Iron Oxide 0.10 

Part C 50% mixture ofEt-LGK and Puri?ed Water 2.00 

[0166] To prepare the lipstick, the Part A ingredients Were 
heated to 80-85 C With mixing. The ingredients of Part B Were 
pre-ground. When the Part A Wax/ oil mixture Was completely 
melted and clear, the Part B color grind Was added to Part A 
Wax/oil mixture. When all the color Was dispersed and the 
batch Was uniform, the batch Was dropped to a temperature of 
750 C. and the Part C solution Was sloWly added to the batch 
and mixed until the batch Was completely homogeneous. 
When the batch Was uniform, the formulation Was poured into 
molds to cool. 

[0167] Lipsticks (Examples 19-24) Were prepared from the 
ingredients in Table 17. 

TABLE 17 

19 20 21 22 23 24 
Ingredient Wt. % Wt. % Wt. % Wt. % Wt. % Wt. % 

PartA 

Caprylic/Capric Triglyceride 8.56 8.56 8.56 8.56 8.56 8.56 
Octyldodecyl Stearoyl Stearate 13.37 13.37 13.37 13.37 13.37 13.37 
Triisostearyl Citrate 4.05 4.05 4.05 4.05 4.05 4.05 
Pentaerythrityl Tetraisostearate 5.60 5.60 5.60 5.60 5.60 5.60 
Jojoba Esters 1.72 1.72 1.72 1.72 1.72 1.72 
Lanolin Oil 1.62 1.62 1.62 1.62 1.62 1.62 
Bis-Diglyceryl Polyacyladipate-2 1.02 1.02 1.02 1.02 1.02 1.02 
Copemz'cia Cerifera (Carnauba) Wax 2.30 2.30 2.30 2.30 2.30 2.30 
Euphorbia Cerzfera (Candelilla) Wax 5.24 5.24 5.24 5.24 5.24 5.24 
Ricinus Commzmz's (Castor) Seed Oil 10.50 10.50 10.50 10.50 10.50 10.50 

Cera Alba (BeesWax) 2.09 2.09 2.09 2.09 2.09 2.09 
OZokerite Wax 1.80 1.80 1.80 1.80 1.80 1.80 

MicrocrystallineWax 1.13 1.13 1.13 1.13 1.13 1.13 

Phenoxyethanol 1.00 1.00 1.00 1.00 1.00 1.00 
Polyethylene 1.00 1.00 1.00 1.00 1.00 1.00 
































