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HAIR TREATMENT COMPOSITIONS AND METHQDS

RELATED APPLICATIONS

{00011 The present application claims the benefit of United States Provisional
Patent Application No. 62/544,433 filed August 11, 2017, entified "Hair Treatment
Compositions and Methods.” the contents of which are hereby incorporated hersin
by reference in thelr entirety.

FIELD OF THE INVENTION

{00021 The present invention relates {o hair care compositions comprising one
or more aryl alkanone compounds and methods for reducing hair damage caused
by UVdnduced or environmental poflution-induced oxidalive stress. These
compositions reduce andior aid in reducing oxidative damage sustained by hair
fibers during bleaching, repeated shampooing, dyeing, perming or other oxidative
treatments as well as from environmental pollution and swimming, especially
repetitive swimming, in chemically treated poals. These compositions according to
the present invention are also found o provide excellent color evenness and color
protection and reduce scalp i#tching in those compositions employed for
altering/preserving hair coloration.

BACKGROUND

{0003] Sunlight on human hair causes photo-degradation. This resulls in
bleaching due o melanin oxidation through free radicals and/or non-radical species
such as singlet oxygen and induces keratin impairment. UV radiation causes an
increase in protein degradation, lipid peroxidation, tryplophan degradation and free
radicals formation in hair (E Feméandez et al, Journal of Photochemistry and
Fhotobiology B Biology, Pholodamage determination of human hair, 106(5)101-
106,2012). Melanins are the main hair chromophores, confarring more than a
beautiful and wide scenario of colors and also exerling a protective role against
solar radiation. However, under certain circumstances these pigmenis can engage
in excited-state reactions, damaging themselves and the surrounding tissues (D.
Severing et al., Singlet Oxygen in Halr, Chapter 38 in Singlet Oxygen: Applications
i Biosciences and Nanosciences, Volume 2, Editors: § Nonell, C Flors, 2016).
{0004]  Visible light also causes hair damage. irradiation of hair shafts with light
of Aex > 400 nm changed thelr properties by degrading the melanin {O. Chiarelli-
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Neto ef al. Free Radical Biology and Medicine, Generation and suppression of
singlet oxygen in hair by pholosensitization of melanin, 51(811185-1202, 2011},
Farmation of C3 hydroperoxides in the melanin indole groups was proven by 'H
NMR. After 532-nm excitation, all hair shafts presented the characteristic 'O»
emission (Aew = 1270 nm), whose intensily varied inversely with the melanin
content. 'Oy lifetime was also shown to vary with hair type, being five times shorter
in black hair than in blond hair, indicating the role of melanin as a 'Oz suppressor.
Both eumelanin and pheomelanin were shown o produce and to suppress Qz,
with similar efficiencies. The higher amount of '0a generated in blond hair and #s
tonger lifetime is consistent with the stronger damage that light exposure causes in
bland hair. Formation and suppression of 'Oz in hair by pholosensitization of
melanin with visible light causes deleteribus effects on hair and scalp. One
approach that can be taken fo reduce the formation of singlet oxygen or free
radicals is by selecling a singlet oxygen quencher. Quenchers are non-sacrificing
molecule whereas scavengers {antioxidant) are sagrificing molecule. Therefors,
quenchers are expected to be long-lasting and more effective than conventional
antioxidant. The importance of singlet oxygen in producing reactive oxygen species
can be depicted in the following schems:;
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{0008]  Of course, hair damage is not solely due to light exposure. Minerals
such as calcium, magnesium and copper hold on to one's hair every time one
washes it with {ap water. Calcium and magnesium are relatively benign; copper is
not. In the highly alkaline environment of ammonia-based hair dyss {normally a pH
of 10 or 11), copper can react with hydrogen peroxide to form highly reactive
hydroxy! radicals which markedly affect, in an adverse manner, hair and the scalp.
In this respect, it is 0 be recalled that there are two Key reaclive species in
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permanant hair color: the peroxyl anion {HOQ™) and the hydroxyl radical (HO).
While HOO has some damaging side effects, it is the species that is responsible for
the desired changes to hair color. The HO' radical, on the other hand, 15 an
undesired by-product of a reaction between H,0Op; and metal lons, especially
copper. It does not contribute to the development of color but does contribute,
significantly so, to hair damage. The elimination of this unnecessary free radical
can significantly reduce haw damage without compromising hair  colorant
performance. One approach taken to reduce the formation of these free radicals is
by eliminating the exposure to metal iong; however, current efforts are marginal at
hest in performance.

{00068] As noled, repeated freatment or exposure o oxidative treatments and

feaving halr harder to control.  Consequently, delermined brushers become
unwitting accomplices in destroying more of the unstable shingle-like cells through
the abrasive action of brushing. With less of the cuticle fo stop them, the radicals
are free to attack the protein fibers within the cortex of the hair by forcing apart their
structural supports and fraying their ends. Hence, those nasty sphit ends.

{00071  if's a bit of a vicious cycle. Bul, even if one doesn't color their hair,
copper in other hair treatment compositions, including shampoos, perms,
conditioners, sunscreens, halr restorative compositions as well as normat tap water
and pool water accumulates in the hair. With every exposure or treatment, the
hydroxyl radicals altack the haifs waterproofing layer and make #t increasingly
porous, allowing more and more copper {0 get in during the next exposwre or
treatment. Those who also color their hair merely compound the problem and, in
fact, end up with significant accumulation of coppsr, thereby further compounding
the damage.

{00081 A number of strategies and efforis have been undertaken fo stop this
buildup. One strategy is 1o effectively take out the mineral by binding # fo
something else. However, most binding materials are not selective or, if selective,
are selective for multiple mingrals. With far more calcium and other minerals
present in oxidative treatment compositions and, more significantly, water, that
binding compound would have o be very selective. For example, there is 10 o 100
fimes more calcium than copper present in typical tap water and, as a result, in haiy



WO 2019/032805 PCT/US2018/045970

as well. If one selected a binding agent that bound or reacted with both calcium and
copper, it would react with all or essentially all of the calcium before it saw any of
the copper.

{00081  Various studies have identified 'Sensitive Scalp Syndrome’ resulting from
exposure (o increasing levels of air pollution including particulale matter, dust,
smoke, nickel, lead and arsenic, sulfur dioxide, nitrogen dioxide, ammonia and
polycychic aromatic hydrocarbons (PAH) which seltle on the scalp and hair. This
effect is proliferated in environments having indoor air conditioning since the air is
circulated and volatile organic compounds (VOC) released from various sources,
e.g., compounds which bloom from substrates, air fresheners, perfumes, etc., build
upfbacome more concentraled and, likewise, settle on the scalp and hair. These
pollutants then migrate into the dermis, transepidermally, and through the hair
follicle condult, leading to oxidative stress and hair loss {R Rajput, Understanding
Hair Loss dus o Air Pollution and the Approach o Managsment. Hair Ther
Transplant 5:133. 2015; doi10.4172/21670851.1000133; L Misery et al,, Sensitive
scalp: does this condition exist? An epidemiclogical study, Contact Dermatitis, 58
234-238, 2008}

{00101 Fabio Rinaldi performed a study in the city of Milan, ltaly in which he
studied and documented the effects of pollution on human hair the study was
published and entitled 'What your hair breaths' [F Rinaildi F, Pollution, scalp and
hair transplants. Hair Transplant Forum Intemational8: 227, 2008]. His study
involved conducting a scalp analysis of 300 volunteers from July 2007 to April 2008
to assess the yearly average exposures. The conceniration and deposition of
particulate matter and heavy metals on the hair was one and half times more than
levels in the air and deposition on the scalp was double the levels in the air. [Ses
alse C Saint-Martory C et al., Sensifive skin is not limited to the face, Br J Dermatal,
188:130-133, 2008}, Correlating these findings to other areas and cities ong can
readily appreciate the significance of the problem. For example, the pollution in
most Indian and Chinese melros is many times higher than the levels in Milan [See
gg., [hitp/mpeh.govinfenvidata,  hitp/iwww.dpee.dethigovinic. inf/Ard0.himi]
Additionally, traffic poliution has been a known cause for respiratory and skin
aiiments, conditions that involve the same inflammatory processes that affect hair

follicles as well [V Morgensterm et al., Atopic diseases, allergic sensilization, and
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exposure o traffic-related air pollution in children. Am Jd Respir Crit Care Med, 1771
1331-1337, 20081
{00111  In following, Philpott demonstrated that pollution levels increase oxidative
stress on hair follicle cells, leading to increased hair shedding, similar fo the
mechanism seen in persons suffering from androgenic alopecia [AW Bahta et al,
Premature senescence of balding dermal papilla cells in vitro is associated with
p16{INK4a) expression, J Invest Dermatol, 128: 1088-1004.2008]. Accordingly, itis
believed that pollution induced hair loss mimics androgenic alopecia and may be
difficult to distinguish clinically unless suspected and confirmed by the treating
doctor [hitp/Aiwww omicsgroup. orgfjournalsiunderstanding-hair-loss-due-to-air-
poliution-and-the-approach-to-management-2167-0951-1000133.php?aid=47705]
{0012} Although EDTA is a well-known chelator and is widely used in lotions,
creams, shampoos, conditioners, bleaching and dyeing compositions, and the fike;
it displays very lithe benefit, f any, in addressing hair damage, especially in terms
of addressing oxidative effects, because i actually enhances oxidative damage by
the following reaction:

Cu™ -EDTA + Ha0s - Cu’ -EDTA + Op7+ 217
{Chaudhuri RK & Puccetli G, Transition Melal-induced Oxidation: implications for
Skin Care Products, C&T, 117{9), p.43-56, 2002).
100131 Various attempis have been underiaken and proposed o protect one's
hair from damage dug o oxidalive conditions and exposures instead of mersly
concealing it. For example, US Palent 4,138 478 discloses compositions for
cthanging the color of hair by the action (dirett or indirect) of compounds therein
which release nascent oxygen. These compositions are said to do less harm to the
hair, as compared to other then state of the ant coloring composifions, when they
are modified to contain select water-soluble 3-amino-1-hydroxypropane-1,1-
diphosphonic compounds, which may be in the form of a free acid or water-soluble
salt or a partial ester. H is asserted that hair which is pre-treated with one of the
mentioned diphosphonic compounds is al least partially protecled against the
action of nascent oxygen. According to this patent, "the diphosphonic compound is
substantively adsorbed by the hair and acts 1o hinder degradation of the hair by

nascent oxygen which is either present therewith or which is subseguently added.”
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[0014]  The use of other phosphonic and diphosphonic compounds have also
been found lo offer protective properties fo hair  For example, the use of
hydroxyethane-1,1 diphosphonic acid (HEDP) and ethvienediaminetetramethylene
US Palent 3,542 918, respeclively.

{0015] Similarly, US Patent 5100436 discloses a method of dyeing hair
wherein the hair is pretrested with an aqueous solution containing select metal-
chelate complexes and then dyed with an oxidative dye mixture. The use of
catalylic amounts of select transition metal ions complexed with dipyridyl or o-
phenanthroline chelating agents (0.001 to 0.1% by weight of the solution) allows for
a reduction in the time of exposure {0 the dye, thus reducing the damage caussed by
the oxidizing agent.

{0016] US Patent 5,635,167 discloses a process for the removal of exogenous
minerals which have become alfached to human hair or keratin fiber. The process
includes the steps of (i) contacling at feast one chelating agent selected from the
group consisting of amino acid-type, polyphosphate-type and phosphonate-type
agents with the human hair or keratin fiber, (it} mainfaining contact between the
chelating agent and the human hair or keratin fiber for a period of time sufficient t©
permit the chelaling agent to complex with the exogenous minerals, thereby
removing at least a portion of the attached minerals, and (i} rinsing the chelating
agent, with the chelated mineral, from the hair or keratin fiber. This process is said
to be enhanced when the pH is adjusted o a range of between 4 and 9, preferably
5 and 8. The chelaling agent is added at a concentration of 4 to 25% by weight,
preferably § to 20% by weight. In a preferred case, the chelating agent is selected
from the group consisting of a sall of ethylenediaminetelraacstic acid, a salt of
hydroxyethylethylene-diaminetriacefic acid, a salt of disthvienstriaminepentaacetic
acid, a salt of nitrilotriacetic acid and a salt of ipolyphosphate, preferably the
sodium sall. The chelaling agents used are preferably blends of chelaling agents.
00177 US Patent 6,013,250 discloses hair treatment compositions which are
said o provide an excellent finishing effect and supsrior protection against
environmental, chemical, and grooming-associated damage. These treatment
compositions comprise hydrolyzed profein having an abundance of apionic amino
acids and, in particular, sulphur containing amino acids, as well ag divalent cationic
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compounds. | is said that the anionic components of the hydrolyzed protein
effectively bind fo the hair by means of cationic bridges. While bound to the hair,
the sulfur containing amino acids in the hydrolyzed protein serve as "decoys” for
the effects of a variely of damaging agenis.

{00181  US Patent 7,179,302 discloses that ethylenedamine-N N'-disuccinic acid
(EDDS), as well as derivatives and salts thereof, have litlle attraction for calcium
but are effective chelating agents for copper. thereby leaving #f unavailable for
radical making. Preferred salls indude the slkall metsl, alkaline sarth melal,
ammonium and  substituted ammonium  salts {(g.g.  monoethanolammonium,
diethanolammonium, and friethanclammonium). It is said that these compounds
reduce the oxidative damage suslained by keratinous fibers, such as hair, during
bleaching, dyeing, perming or other oxidative treatments.

{00181 UGS Patent 7,186,275 discloses hair care compositions comprising
specific chelating agents and the use thereof for reducing oxidative hair damage
during oxidative freatments of hair such as bleaching, oxidative dyeing or perming.
Suilable chelgling agents include diamine-N N'-dipolyacids and monocamine
monocamide-N N'-dipolyacids.

{00201 WOBT/24106 discloses hair coloring compositions comprising a water
soluble peroxygen-bleach, a bleaching aid selected from organic peroxyacid bleach
precursors and preformed organic peroxyacids, and one or more hair coloring
agents. Various chelating agents are disclosed as optional ingredients and
exempiified n hair care compositions at 0.1% by weight of the composition. The
organic peroxy acid bleach precursors are defined as organic compounds that react
with hydrogen peroxide in a perhydrolysis reaction to produce a peroxyacid. These
bleaching aids are claimed o provide benefils including reduced hair damage at
fower pH.

{00211 However, at a pH higher than 8, the present Applicant has found that
these bleaching aids are more damaging o hair than usual water-soluble oxidizing
ggents such as hydrogen peroxide. Withowt being bound by theory, the Applicant
betieves that the conjugate base of the organic peroxyacid formed at a pH above 8
is more likely to oxidize the disulphur bonds of the keralin than other oxidizing
agentis such as hydrogen peroxide. The problem, however, is that hair coloration
compositions, especially those with oxidalive dyes, perform much poorer at lower

~nj
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pH, even at pH 8, than at pH 10. Finally, ancther difficulty is that these peroxyacid
precursors are difficult fo solubllize, especially in an oil-in-water emulsion, a form
typical of many hair care products.

{0022] Antioddants have also been reported to reduce halr and scalp damage
IR Raiput, Understanding Hair Loss due to Air Pollution and the Approach to
Management. Hair Ther Transplant 5:133. 2015; doii10.4172/21670051.1000133
and References ciled therein}.

{0023] Despite these developmentis, there's still plenty of room for improvement
v developing hair-and scalp- friendly products as evidenced by the plethora of new
articles, patent submissions and products all relating to problems with hair and hair
care. In this respect, there is no doubt that damage o hair caused by air pollution,
various aggressive chemicals, especially the strongly aggressive chemicals,
whether contained in bleaching, copper chelaling, dyeing or perming compaositions
or in normal tap water or pool water, particularly with repeated usage or exposurs,
is st a huge problem. While EDTA is 2 good chelating agent, as noted above, itis
tself damaging fo hair. And, despile numerous claims, especially in the trade
literature, to the contrary, ouwr studies showed that EDDS is not an effective
chelating agent for copper. Thus, thers is still 3 need for effective treatments for
hair care applications.

0024} it is hence an object of the present invention to provide new compositions
which may be a pre-treatment, treaiment, or post treaiment compaosition, capable of
improved profection of human hair, particularly the structurally important keratin
bonds, such as the disulphide bonds, of human hair from oxidative damage.

[0025] It is another object of the present invention to provide methods of trealing
hair with select compositions for reducing and/or preventing oxidative hair damage
caused by UV light, blue light and alr poliution.

{00281 It s another object of this invention to provide hair treatment
compositions, including bleaching, dyeing, perming, restoring, shampooing and/or
conditioning compositions which are less damaging o hair andior provide
protection against oxidative damage.

{00271  Furthermore, it is an object of this invention to provide such compositions
which have better sfficiency in terms of light shade, color evenness, color fading
and hair fesl than compositions without the benefil of the present invention.
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[0028] It is another object of this invention to provide bleaching or dyeing
compositions capable of protecting hair fibers while at the same time delivering a
good lightening or dyeing effect.

{00281 Ht is another object of this invention to provide bleaching or dyeing
compositions capable of protecting hair fibers while at the same time providing
reduced scalp irritation.

SUMMARY

{00301  According 1o the present teachings, i has now been found that certain
aryl alkanone compounds are very effective in reducing andior inhibiting or
preventing oxidative stress, or the manifestation thereof, in hair as well as in
chelating iron and copper ions, ions oftentimes associated with such stress andfor
other pathways {o hair damage. The select aryl alkanones are found to be more
effective in quenching singlet oxygen and are more stable under singlet oxygen
environment than conventional antioxidants such as natural tocopherols and alpha
tocopherols. Also, these aryl alkanone compounds are found o be more sffective
chelators than EDDS and EDTA and even betier than pharmaceutical chelants
suich as Desferal and Deferiprone.  In following, it has now been found that these
compounds are very effective in protecting hair fiber from damage arising from sun
light, air pollutants, oxidative freatments, shampooing andior conditioning, and
simple exposure 1o tap water or pool water. These compounds may be emploved
as a pretreatment, a posttreaiment or as a component of the hair treatment
composition whose other ingredients are responsible for the oxidative stress or
degradation in the first place, ingluding in shampoos and/or conditioners. In this
later case, the present feachings provide many, i not most, of the desired attributes
of the ulopian, or nearly utopian, bleaching, dyeing or perming trealmenis and
shampooing and/or conditioning compositions and also provide said compositions
with better efficiency and efficacy in terms of thelr intended function, e.g., light
shade, color evenness, color fading and hair feel in the case of dying and bleaching
compositions.

{0031}  Specifically, according to the present teachings there are provided hair
treatment compositions and methods which incorporate one or more aryl alkanones
according to Formula | as follows:
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Formula |
wherein Ry, Ry, Rs, Ry and Rs, which may be the same or different, are sach
independenily H, OH, alkyl or alkoxy, preferably H or a C-Cs, preferably C-Gs,
most preferably a C4-C,, linear or branched atkyl or atkoxy group, and Rg 8 CHzor
OR; where Ry is alkyl, preferably a C4-Cyp altkyl
{00321  These compounds may be incorporated into various hair care producis
including hair coloring products, bleaching products, perming products, shampoos,
conditioners, alcoholic spray, spray gel, restorative products, hair sunscreens, and
the like. Such products are well known and widely available or could be specially
formulated with conventional andfor newly discovered ingredients. As an additive,
these compounds render such products improved as compared fo the same
products without the additive, especially in terms of the prevention or reduction of
oxidative-type damage 1o the hair.
{0033] These compounds may also be incorporated info various products or
carrier compositions, especially those typical of hair care aclive ingredients, as a
prefreatment for application prior to freatment of the hair with those products that
cause oxidative damage and/or contain hair damaging ingredients.  Conversely,
they may be incorporated into varivus products or carrier compositions, as noted,
as a post treatment, especially where the presence of compounds according to
Formula | may interfere with the active agents of the hair care product appliedito be
applied. Other post trealment products and carrier compositions incorporating
compounds according 1o Formula | include those usedfio be used by swimmers
and divers and participants of other water sports whose hair is constantly affected
by the chlorine and other chemicals in the pool water.
{00347 When the aryl aslkanones are incorporated into the hair treatment
composition itself, it is typically incorporated at a weight ralio of from 25:1 to 125,
preferably from 15: {o 115, more preferably from 10:1 16 10:1 based on the amount

10
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of the oxidizing agenis in the composition. Where the composilion 5 a
prefreatment or post treatment composition which is {o be applied to hair to combat
oxidizing agents that are subsequently or previously appiied {o the hair or to which
the hair is exposed, the amount of the aryl alkanones is generally from about 0.1 to
15, preferably from about 0.5 t© 10, more preferably from about 1 o about 4, most
preferably from about 1.2 fo 3 percent by weight of the pre- or post- treatment
composition. Of course, lesser or greater amounts than recited above may also be
used so long as the objective of the present teaching is atlained without adversely
affecting the hair or the treatment applied to the hair.  In this respect, the present
feaching and the appended claims pertain to any effective amount.

{00351 The application of the treatment composiion coniaining the aryl
alkanones is consistent with the instructions of the composition for its intended
purpose. in the case of pre-treatments and posttreatments the composition may
be applied prior to or subsequent to, respectively, the application of an oxidative
hair freatment composition or following exposure of the hair fo an oxidizing
condition, namely sun exposure, air pollutants, et In the case of post treatments,
while it may be preferred to rinse the post treatment composition out of the hair
following application and allowing it to stand in the hair for a few minutes or so, one
can also leave it in the halr. For example, it may be desirable o apply the post-
freatment composition following a swimming session or after showering following
swimming fo provide additional protection. Conversely, applying it o the haiv
without rinsing prior fo swimming will also protect the hair while swimming. For
daily protection of normal or dyed or bieached hair, the present inventive
compositions can be applied on to and/or worked into the halr as an alcoholic
spray. spray gel, spray foam, leave-on—conditioner, hair restorative treatment, sic.
Additionally, the compaositions according to the present teaching oplionally contain
one or more broad-spectrum sunscreens for providing exira profection against sun
and pollution-induced hair damage.

DETAILED DESCRIPTION

{0038}  For convenience, given the mutlliple applications of the aryl slkanones in
hair care compositions and methods, the present invention will be discussed in
ferms of s use in a hair coloring composition. The invention is nol, however,
fimited thereto as set forth in the Summary and below,

11
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{0037}  As used herein and in the appended claims the term "oxidative haw
coloring camposition” refers to custom formulated and ready-to-use compositions
which can change the color of hair and which typically comprise an alkalizing agen,
an oxidizing agent and one or more oxidative primary dyes. A "two-component”
oxidative haw coloring composttion means an oxidative hair coloning composition
which is obtained by mixing a tint component and an oxidizing component shortly
befare or at the time of application of the composition {o hair. The tint component
generally comprises the oxidative primary dyes and the alkalizing agent whereas
the oxidizing component comprises the oxidizing agent. A "Dye Pretreatment”
refers {o g composition that is applied o the hair prior fo treatment with an oxidative
hair coloring composition. The term “component” means an individual compound,
ingredient or mixture of compounds or ingredients which is mixed by the user or
formulator with one or more other components Yor preparing the hair care
composition, especially the ready-lo-use oxidative hair coloring composition to be
applied o the hair. The term “user” when used in the context of hair coloring
means he person preparing the hair coloring composition for application fo the
hair, whether formulating the coloring composition from a plurality of components or
preparing the composition for application from a premade coloring composition.
This person may be a professional hair siylist working in a salon, an assistant who
prepares the hair coloring composition for the stylist, a person who is applying the
hair coloring compoasition 1o their own hair or someone doing the same or helping
them in doing so.

{0038}  Additionally, as used herein the term "ilt" refers to the amount by which
or the extent to which the natural hair pigment is removed by the coloring
composition. The amount of lift provided by different hair coloring compositions can
be compared using a natural dark human hair sample and measuring the change of
color achieved following application of the compositions. The change in color can
be measured using well known paramelers such as L*a*h” values. A composition
can be said {o provide a higher lift than another composition when the ALY value
measured for a given treated sample of dark hair is higher for that one compaosition
than for another composition, using the same experimental conditions. The
denomination Level @ (herein used interchangeably with “demi-permanent” or
“tong-on-tone™) and Level 3 (herein used interchangeably with “permanent”} are

12
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commoenty used in the hair care frade o differentiate compesitions with medium
and high liff, respectively.

{00381  As used herein and the appended claims the term "hair coloring oxidizing
agent” refers to an electron accepting compound or a combination of electron
accepling compounds suitable for use in hair coloring compositions for removing
the natural color of hair {e.g., by destroying the melanin pigment) and reacting with
oxidative primary dyes {0 provide an oxidative hair color. The most commonly usead
axidizing sgent in the arl is hydrogen peroxide. Similarly, a “hair coloring alkalizing
agent” refers {o compounds or a combination of compounds suitable for raising the
pH to alkaline level in hair coloring compositions, in particular to a pH between 9
and 11. Unless otherwise indicated, all percentages are by weight based on the
weight of the oxidative hair coloting composition or, as context allows, the
composition being discussed, as applied to the head or hair. For example, in the
case of the ready-fo-use coloring composition, the weighls are based on the
composition as applied to the hair after the fwo of more components have been
mixed. In the case of concentrates, the percentages are based on the folal weight
of the concentrate. Similarly, all ratios are weight ratios unless specifically stated
otherwise.

{00407  Finglly, throughout this specification Applicant refers to the fact that
something, most notably the presently described compositions, “may be used” for a
given purpose or that the cerfain components or ingredients "may be” used or
incorporated info a formulation. It is 1o be understood that Applicant’s use of the
phrase “may be” is not to be construed as meaning it is a thegretical possibility, but
that it iz or is an oplion.  Accordingly, the phrase "may be” is to be construed as
“can be.” The same is frue for Applicant’s use of the term “could” in terms of what
one could do. This language is intended {o present an oplion that one can follow,
not a mere theoretical possibility of what one could try.

{0041}  According o the present leachings it has now been found that the
incorporation of cerlain aryl alkanones info hair freatment, prefreatment andior post
treatment compaositions provide a number of benefits {0 the hair, especially bensfils
in the nature of reduced halr damage and/or the prevention of hair damage, color
fading resulting from oxidative conditions, especially from the use of hair treatments
containing oxidizing agents, most especially dyes and other hatr coloring
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cormpositions, or exposure to sun or air pollutants. Such benefits have been found
with hair treatment, pretreatment and post treatment compositions and the use
thereof which incorporate one or more aryl alkanones according to the Formula | as

follows:

Formula
wherein Ry, Ry, Ry, Ry and Rs, which may be the same or different, are each
independently H, OH, alkyl or alkoxy, preferably H or a GGy, preferably C4-Cs,
most preferably a C-Cy, linear or branched alkyl or alkoxy group and Rg is CHy or
ORy where Ry is alkyl, preferably G-Cqp alkyl, alone or in combination with one or
mote broad-specirum sunscreens.
{0042 Preferred compounds according to Formula | are those in which
{0043} Ri=Rs=H and each of Ry, Ry and Ry is independently a GGy
linear or branched alkoxy or C4-Cq linear or branched alkyl and Hq is CHzor
QOCaHs or in which
{0044] R;= Rz =Rs=H;and sach of R; and Ry is indspendently 8 C+-Cy
linear or branched alkoxy or C-Cp linear or branched alkyl, Rgis CHyor
OC:Hs.
{0045]  Especially preferred compounds of Formula | are as follows:

{0046] CompoundtA Ri=Ry=Rs=0OMe and Ry =Ry =H; Re = CH;s
{0047] Compound 1B Ry =Ry =Re=Hand Ry =R, = OMe; Ry = CH;
{0048] CompoundC Ry=ResRssHandR;=Rs=Me Rg=CHy
{0048] Compound 1D Ry =Ry = Rs = Hand Ry = Ry = OMe; Rg = CH3
[0050] Compound 1B Ry =Ry = Ry=Ry = H; Ry = OMe; Ry = CHy
{00511 Compound tF. Ry =Rs=H Ry =Ry =Ry = OMe; R = CH3
[0052] Compound G Ry =Rs=H R #Ry= Ry = Me, R = CH4

{0053] Compound TH: Ry = Ry = OMe; Ry = Ry = Rg= H; Rg = CHs
{00584] Compoundth Ry=Ry=Rs=H Re=Rs=Me; Ry =CH;
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{0085] Compound LR =Ry=Ry= Ry = H, R; = Me; Re= CH;

{0056] Compound K. Ry =R = Ry= Ry = H; Rp = Me; Ry = CHy

{0057] Compound TRy =R3=Ri=Rs=H R; = OMe; Ry =CHs
{00588] Compound MR =Ry = Ry=H Ry = OH; Ry = OCHy, Rg = CH;
[0058] Compound IN: Ry =Ry=Rs= M Ry =Ry = Me; Rg= CH3

[0060] CompoundiP:Ri=Ry=Ry=Rs=H, Ry=Me, Rg=CH;

[0061] Compound 1Q:Ry=Re=Ra=Rs=H; Ry = OMe, Ra = CHjs
[0062] Compound 2A: Ry = Ry = Ry = OMe and Ry = Ry = H; Re = O0gHs

{0063] Compound 2B Rs =R =Rs=Hand R; = Ry = OMe,; Rg = OCHs

{0064] Compound2C Ry =Ry =Rs= Hand Ry = Ry = Me; Rg = QC,Hg
{0065] Compound 2D R =Ry =Re=Hand R; = Ry = OMe; Rs = OCsHs
{0066] Compound 2B R, =Ra=Ra=H; Ry = Ry = Me; Rg = OCzHs
[0067] Compound 2F: Ry =Ry = H; Ry =R = Ry = OMe; Rs = OCHs
[0068] Compound 26 Ry =R = H Ry = Ry = Ry = Me; Ry = QCoH;
{0068] Compound 2H: Ry = Ry = OMe; Ry = Ry = Ry = H; Rg = OCsHs
{0070] Compound 21 Ry= Rz = Ry=Rs = H; Ry = Mg, Ry = OCHs

{0071] Compound 2 Ri=R; =Ry =Ry =N, Ry = OMe; Rg = 0C:Hs
{0072] Compound 2K Ry = Ra = Ry = Ra = H; Ry = Me, Re = QCuHs
{0073] Compound 2L Ri=Ry = Ry = Rs = H, Ry = OMe; Rg = QCzHs
[0074]  Compound 2M: Ry = Re = Ry = H; Ry = OH; Ry = OCHy Rg =
OC:Hs

{00751  The awyl alkanones employed in the present invention fypically exist as
ketg-enol {fautomers in aguedus sobvenis of agueous based composiBions.
Exempiifying this phenonmenon, the kelo-enol tautomers of Compound 1D are
shown below in Formula . Though the ratio of enol 1o keto for the aryl alkanones
when present as tautomers may vary widely, the tautomer mture is typically from
about 40% {o 89%, preferably from about 80% fo 88%, keto. Accordingly, the
present invention pertaing the use of both the aryl alkanone as the kelonhe as well
as the mixture of the kelo-enol faulomers, Le. one may start with the solid aryl
ketone which is then formulated into an aquegus or aqueous bassed camnier, diluent
or composition such that the aryt alkanone when formulated in the hair care product
or component thereof or as applied to the hair is in the tautomer form.
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Formuia i

{0076]  While not intending 1o be bound by theory, it is believed that the efficacy
of the ary alkanone coumpounds ariges, at least in part, from a chelating action of
these compounds, a properly which is believed o be associated with, directly or
indirectly, the presence of the two dcetyl groups or one acelyl and ane ester group
at the C-3 position of the aryl alkanone compounds. Ancther surprising property
found with  these aryl alkanones is a quenching properly. Specifically, thess
compounds act as guenchers suppressing free radicals from being formed at the
source and relaxing the excited state back to the ground state before they can form
free radicals. Surprisingly, these compounds are also found to be non-sacrificing
molecules. This contrasts with conventional antioxidants which work by scavenging
singlet oxygen and are sacrificing molecule (Wondrak G, Photochem Photobiol Sci,
Endogenous UVA-photosensitizers: mediators of skin photodamage and novel
fargets for skin photoprotection, 5:215-237, 2008).

{00771  As noted above, given the many applications for the aryl alkanone
compounds in hair care applications, this discussion will focus on hair coloring
compositions, most especially the present invention will be described in terms
oxidative hair coloring compositions which, again as noted above, generslly
comprise an alkalizing agent, an oxidizing agent and oxidative primary dyes. While
the aryl alkanones have broad application and utility, as noted, i is preferred that
the avyl alkanones be free of hydroxy substitution, particularly on the aromatic ring,
it the case their use in hair coloring agents: indeed the presence of phenolic OH on
the aryl atkanone is discouraged for use in hair coloring compositions and
treatments.

{0078]  Although the most commonly used alkalizing agent in the art is ammonia
ar other ammonia based of ammonia pre-cursor agents, "non-ammeonia” atkalizing

agent are also employed and, in particular, are contemplated by the present
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teachings. indeed, according to the preferred embodiment of the oxidative hair
coloring compositions of the present invention, the oxidalive hair coloring
compositions comprise at least one non-ammonia alkalizing agent.  Such non-
ammonia alkalizing agents include, especially the alkanclamines including
moncethanclamine (MEA), diethanolamine, friethanclamine, monopropangiamine,
dipropanclamine, tripropanclamine, 2-amino-2-methyl-1, 3-propanediol, 2-amino-2~
methyi-1-propanot (a.k.a. aminomethylpropanol, AMP), Z-amino-2-hydroxymethyl-
1,3-propanediol and mixtures or combinations of any two or more of the foregoing.
00781  Monoethanolamine (MEA) or aminomethyipropanol {AMP} are commonty
used in ammonia-free hair dye products and are among the, if not the, preferred
non-ammonia alkalizing agents. They may be used alone or in combination with
gach other or one ar maore other alkalizing agents, including ammaonia or ammaonia-
based agents; bul are preferably used alone or in combination with one or more
other non-ammonia alkalizing agents. Especially preferred is monoethanolamine,
alone or in combination with one or more other non-ammonia alkalizing agents.
{00807 The amount of the non-ammonia alkalizing agent is that which i
conventional in hair coloring compositions. Generally, the amount is from about 1
{0 about 10%, preferably from about 1 to 5% by weight of the oxidative hair coloring
compasition.

{00817 it is also contemplated that the compositions according o the present
teachings may include one or more alkalizing agents which are not non-ammonia
atkalizing agents. However, if present, they are present al relatively low levels, for
example less than 0.5% by weight. Most preferably the compositions according to
the present feachings are substantially free of ammonia: ie., are free of ammonia
or only contain frace or negligible quantities thereof, especially quantities that would
otherwise provide an alkalizing effect.

{00821 The second component of the oxidative hair colboring compositions
gocording to the present ieachings is the oxidizing component which typically
comprises of includes one or more oxidizing agents. Suifable oxidizing components
include any usual oxidizing composition known in the art for this purpose. In
particular, the oxidizing component may be an oilin-water emulsion of hydrogen
peroxide (H202). The oxidizing agent may be more generally sslectsd from
hydrogen peroxide, sodium  periodate, urea peroxide, melamine peroxide,
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perborates, percarbonates, perphosphates, persilicates, persulphates, peroxidises
and mixdures thereof.

[0083] Where the halr coloring composition is a two-component oxidative hair
coloring composition whose first component includes an oxidizing agent in with the
fint and a second component which includes an oxidizing agent, the oxidizing agent
in the first component may be the same as or different from that in the second
component and is preferably, in both cases, hydrogen peroxide. The concentration
of the oxidizing agent may be the same or different in the first and second
components; however, it is preferred that a higher concentration of the oxidizing
agent is used in the second component in order {o maintain a certain concentration
when the oxidative hair coloring composition is on the head. Of course, the
selection of oxidizing agents may also affect the relative concentrations of the
oxidizing agents in the two components. Typically, in a standard, non-ammaonia
based, two-component oxidalive hair coloring composition, especially where the
oxidizing agent is hydrogen peroxide, the concentration of the oxidizing agent
ranges from 1% to 3% by weight of the composition. For example, a commercially
available hair coloring product will usually be mixed in 1:2 ratio (by weight} with a
4% or 1.8% HO: emulsion, thus resulting in 8 2.7% H:0;, and 1.3% concentration
on-head.

0084}  The third component is the dye component which, particularly in the case
of permanent hair coloring compositions, comprises several elements, most
especially pnmary infermediates and coupling agenis which react in the presence
of the oxidizing agent o produce the aclual dve molecules; though R is also
understood that the primary intermediates may couple o themselves to form dye
molecules. The primary intermediates are typically para-diamine and parg-amino
phenols, especially 14-diaminobenzene, para-aminophenol, and 25-diamino
phanol. The intermediates are oxidized by the oxidizing agent, especially hydrogen
peroxide, to produce reaclive species which then react with the coupling agenis o
produce the dyes. The coupling agents, alse known as color couplers, are wall
known and react with the primary intermediates in the presence of the oxidizing
agent to produce the dye. Exemplary coupling agents include resorcinol, m-
aminophenol, 2-methyl-5-aminophenol, p-phenyienediamine, 2.4-diaminoanisole,
1. 5-dihydroxynephthalene, 4-methoxy-3-aminophenol, 2 4-diaminophenoxyeathanot,
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m-disthylaminopheno! and p-aminc-o-cresol.  Offentimes multiple coupling agents
will be used in a given hair color composition. Such components are employed in
conventional amounts well known in the industry.

{0085] Of course the oxidative hair coloring compositions may comprise
additional companents or additional components may be applied o the hair during
the treatment process. These additional componenis may include an oxidizing
agent or be free of oxidizing agents. When a third component is employed in a hair
coloring process, particularly when # is applied after application of the two-
component product, it is preferable thal the concentration of the oxidizing agent in
the second component be greater than that in the first component, irrespective of
whether they are the same or different oxidizing agents. This is especially
desirable where the third component is free of oxidizing agenis or has a low
concentration thereof since its application to the head will result in a dilution of the
oxidizing agents contributed by the other components, especially the first and
second components. Overall, it is preferred that the concentration of the oxidizing
agent, especially if &t s H:O, in the first component of the oxidative coloring
composition, especially one confaining a third component, be, for example, from
1% to 8%, in certain embodiments from 2% fo 4%, in particular from 2.5 to 3.5% of
the first component. Using too high a concentration of hydrogen petoxide or othey
oxidizing agent may not provide the desired level of lift or minimize or negate the
additional lift provided by the compositions of the present invention, while being
damaging for the hair fiber. The second oxidizing agent, which again may be the
same or a different oxidizing agent than the first, though it is preferably hydrogen
peroxide, will be present at the same or, preferably, a slightly higher concentration,
for example, from 3 o 10% by weight of the second component, in particular from 6
{0 8%.

{00861  Notwithstanding the foregoing recitation of ranges for the alkalizing agent
and the oxidizing agents, i is o be appreciated that the two are typically employed
in relative proportions o one ancther. Generally, the amount of slkalizing agent to
axidizing agent is from about 0.8:1 fo 2.1, preferably from about 0.8:1 10 1.8:1, most
preferably from about 111 1o 1.2:1. However, when the third component mentioned
above is used, the weight ratic of alkalizing agent {o oxidizing agent {in particular &
ratio of non-ammonia atkalizing agent, especially MEA; H,0p) will be somewhat
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higher, generally from 1:1 fo 4:1, preferably from about 1.1:1 to 3:1, as this was
found to provide a good balance between high it and an accepisble level of
oxidative hair damage.

{00871  The hair treatment and pre- and post- trealment compaositions of the
present teachings may, and typically do, include one or more additional ingredient
for varying purposes, some of which periain to the stability of the compositions,
others for improved performance thereof, and others stilt for improving the look, feel
andfor smell thereof. Exemplary additional ingredients include radical scavengsrs,
sunscreen actives, solubiity enhancers, thickeners, and the like, as described in
more detail below,

{0881 A preferred, though not required, additional ingredient of the
compasitions according to the present teaching is one or more radical scavengers.
Radical scavengers are materials, which may be individual compounds, polymers,
or the like, which can react with a carbonate radical to convert the carbonate radical
to a less reaclive species. Exemplary radical scavengers include alkanolamines,
amino sugars, amino acids, esters of amine acids and mikiures thereof. For
example, the following compounds can be employed as radical scavengers:
sthylaming, monosthanclamine, 2-methoxysthylaming, J.amino-T-propancl, 4-
amino-1-butanol, 5-aming-1-pentanol, 1-amino-2-propanoi, 1-amino-2-butanol, 1-
amino-2-pentanol, T-amino-3-pentanol, 1-amino-d-pentancl, J-amino-2-
methylpropan-~1-ol, 1-amino-2-methylpropan-2-oi, J-aminopropane-~1, 2-diol,
glucosaming, N-acetylglucosamine, glycine, arginine, lysine, proline, glutamine,
histidine, sarcosine, serine, glulamic acid, ryptophan, morpheline, piperidine, and
mixiures thereof, and the salls such as the potassium, sodium and ammonium salls
thereof and mixtures thereof.

{0088]  Hadical scavengers are lypicsily employed in an amount from about
0.1% to about 10%, preferably from about 1% to about 7% by weight, depending
upon the hair treaiment or pre~ or post- freatment composition in which i is
employed as well as the selection of the radical scavenger or combination of radical
scavengers. When the carbonate ion s present in the hair care composition, the
radical scavenger is typically present in an amount such that the weight ratio of
radical scavenger 1o carbonate ion is from 2:1 fo 4. Although not required, given
the overlap between the alkalizing agent and the radical scavengers, it is preferred
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that radical scavenger is not the same as, and more preferably is not of the same
species as, the alkalizing agent.

[0080]  Although the discussion has focused on compounds and species that act
as radical scavengers, it is also 1o be appreciated that the radical scavenger can be
formed in sity in the hair treatment or hair pre- or post- treatment compositions prior
o application to the hair fibers. In this case, a pre-cursor for the radical scavenger
is incorporated into the formulation of the composition and the same includes
ingredients and/or is exposed to conditions which convert the precursor to a radical
scavenger.

{00911  Generally speaking, the hair care compositions of the present teaching
comprise water as the preferred and principal solvent, carvier or diluent; though it is
fo be appreciated thal the water or additional waler may be added o the
compositions at the time of application. In this latter respect, the compositions may
be prepared and/or sold as concentrates which are then diluted in water or a water-
hased diluent or carrier either at the time of use or at the time of packaging for
cormmercial/fconsumer distribution.  Most typically, the compositions are employed
as water-basad or water-in-oll based emuisions or suspensions.

{00821  Inasmuch as certain, if not many, of the ingredients employed in the
present hair care compaesitions have poor, low or slow solubility in water, it is
desirable to employ solubility enhancers o increase solubllity and/or the speed of
solubilization.  The fwo preferred classes of solubility enhancers are organic
solvents and surfacitant systems, The solubility enhancers are especially useful
when incorporating a precursor composition or concentrate into water or a waler-
based solution: the precursor composition containing, e.g., all or most of the key or
active components of the hair care composition for its intended purpose.

{00831  Preferred organic solvents are those that are miscible with water and
irmocuous to the skin. Organic solvents suitable for use herein include Cy-Cyy
mono- of polyhydric aloohols and thew ethers as well as mixtures and reaction
products of glycerin with monchydric and dihydric alcohols and their sthers.
Preferred organic solvents are or include aicoholic residuss containing 2 1o 6
carbon atoms. A particularly preferred group of organic solvents includes ethanol,
isopropanct, n-propandcl, butanol, octyvldodecancl, phenyl ethyl benzoate, propylens
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giycol, ethylene glycol monoethy! ether, hexylene glycol, dimethyl isosorbide, PEG-
300, PEG-400, PEG-400Mater {1:1) and mixtures thereof.

[0094] The organic solvents, which may be and preferably are present in or
added to the concentrale prior fo the addifion of or to waler or & water-based
diluent or carrier, are typically employed at a level of from about 0.1 to 20 wt %,
preferably from about 0.1 wi % fo about 15 wt %, and most preferably from about
0.5 wt % to about 10 wt %, based on the total weight of the concentrate or the
ingredisnts to be added 1o the water or waler-based diluent.

{00851 The second class of solubility enhancers useful in the present invention
is the surfactants. Surfactants, especially for hair care compositions, are well
known and readily avalable. A particularly suitable class of surfactants is the
cationic surfactants. One type of preferred calionic surfactant is amine based
cationic surfactants and includes alkyl amines, alkylethoxy amines, sthoxylated
alkyl amines and alkyl atkanol amines wherein the preferred alkyl groups have 1 o
about 22 carbon atoms. Additionally, the specific surfactant type and/or species
can have a miture of chain lengths, e.g., methyl and hexadecyl, or if different
species or types are used, each can have the same or a different chain length. As
used hersin the term “amines” is o be undersiood as including primary, secondary,
ferfiary and quatemary amines.

{00967 A second type of preferred calionic surfactant is amidoamines and
includes C»-Cop alkyl or alkylethoxy- mone, di and higher {polyjamidoamines,
which can be sthoxylated or unethoxylisted. Examples include sodium
dimethylaminopropyl  coco-aspartamide,  cocoamidopropyl  dimethylamine,
olivamidopropyl dimethyiamine, soyamidopropyl dimethylamine, tallowamidopropyl
dimethylamine, stearamidosthyl dimethyvlamine and mixtures thereof.

{00871 Another preferred class of surfactant suitable for use as a solubility
enhancer is the nonionic surfactants. This class includes long chain fatty alcohols;
mono, di and triglycerides and their derivatives; long chain {Ci-Cis) slcohol
ethoxylates; and mixtures thereof, Examples include; steareth 20, oleth 10, laureth
4, PEG-400, PEG-12 glyceryt dicleate, glycero! stearate, sorbitan oleate, PPG-8
buteth-12 etc. and mixtures thereof.

{0098]  The level of surfactants used as solubility enhancers, particularly in the
dye precursor mitture, can generally range from 0.1 wi % o about 30 wi %,
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preferably from about 0.2 wt % {0 about 20 wt %, and most preferably from about
0.25 wt % to about 15 wt %, based on the total weight of the concentrate or the
ingredients to be added to the water or water-based diluent.

{0088]  Both solvents and surfactants (as well as combinations of solvents and/for
combinations of surfactanis) can and often are combined {o achieve the desired
state of solubility of the ingredients, especially the primary intermediate and coupler
in the dye concentrate. MHowsver, it has been found that the fype and level of
solubility enhancer affect the ability of the oxidative dyes to absorb inte the haw
fibers and be refained afler development.  Although this can be difficult to predict,
the oplimum type and level of solubllity enhancer can be determined empirically by
frealing a standard hair sample under controlled conditions with a concentrate
mixture or the tint or dye precursor composition and developing the color with an
oxidizing agent.

01001 Ancther optional, though preferred, ingredient in the hair care
compositions of the present teachings is a thickener or mixture of thickeners for
enthancing the viscosity of the hair care compositions andfor thelr components.
Hair care compositions in the nature hair coloring compositions will generally
employ one or more thickeners in the oxidation hair colorant composition {aka the
first component) andfor in the developer compositions {aka the second component
andfor the third component) as well as in the concentrates andfor precursor part of
gach. Suitable thickeners include natural and synthetic, long chain fatty alcohols
having from abowt 11 {o about 22 carbon atoms, preferably 11 to 18 carbon atoms,
in the long falty chain.

{01011 Exemplary thickeners include lauryl alcohol, oleyl alcohol, myristy
alcohol, steanyl alcohol, behenyl alcohol and the like, and mixtures thereof. Several
suitable mixtures are available commercially and are exemplified by the material
containing a mixture of synthetic alcohols with 12 to 15 carbons in the alkyl chain
sold under the trademark NEODOL 25 by Shell Chemical Company, and the
material containing a mixture of synthelic alcohols with chain lengths of 12 10 16
carbons sold under the trademark ALFOL 1216 Alcohol by Canoco Chemicals. As
noted, the falty alcohols can be used alone or as a combination of two or more
such alcohols. When included in the compositions of the present teachings.
alcohol based/alcohol functionalily containing thickeners are preferably present in
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an amount of from about 0.5 {0 about 10 weight percent of the composition, mare
preferably from about 2 to about 8 weight percent.

{01021  As noled, the suitable fatty alcohols include their ethoxviated species as
well, Preferred ethoxviated fatly alcohols are those wherein an average of one or
two moles of ethyiene mide moteties or unils are present in the fatty alcohol per
mole of fatty alcohol. These can be used in place of the fatty alcohols themselves.
Examples of such useful ethoxylated falty acids include ethylene giveol cetyl ether,
polyoxyethylens (2) stearyl ether, and the like; the exemplary compounds having
CTFA Diclionary names of Ceteth-1 and Steareth-2, regpectively.

{103} Thickening agents suitable for use in the compositions of the present
{eaching may also be selected from oleic acid, cetyl alcohol, oleyt alcohol, sodium
chioride, cetearyl alcohol, stearyl alcohol, synthetic thickeners such as
CARBOPOL, ACULYN® 28, STRUCTURE 2001, 3001, and XL, and ACROSYL®
and mixiures thereof Preferred thickeners for use herein are ACULYN®R 22,
steareth-20 methacrylate copolymer, ACULYN® 44 polyurethane resin and
ACUSOL® 830, acrvlates copolymer thal are available from Rohm and Haas,
Philadelphia, Pa., USA. Additional thickening agenis suitable for use herein include
sodium alginate or gum arabic, or cellulose derivatives, such as methylcellulose or
the sodium salt of carboxymethylcelidose or acrylic polymers.  Such additional
thickeners are used in conventional amounts andfor as directed by their suppliers.
in any event, they are used in an amount sufficient to attain the desired viscosity of
the product which can be found by simple trial and error, particularly if one starts
with the foregoing guidelines.

{0104}  In addiion o the aforementioned optional, though preferred, ingredients,
the hair care compositions of the present teaching may and preferably do contain a
wide range of additional optional ingredients. For example, the compositions may
comprise one or more mildness enhancers {such as cholesterol and its derivatives),
hair swelling agents, anticaking agents, antioxidants, binders, biclogical additives,
bulking agents, chelating agents, colorants, cosmetlic aslingents, cosmetic
biocides, sunscreens, denaturants, drug astringents, emulsifiers, film formers,
fragrance components, humsclants, opacifying agents, plasticizers, preservatives,
propellants, reducing agenis, foam boosters, hydrotropes, suspending agents,

detanglers, ultraviolet light absorbers, photostabilizers and viscosity increasing
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agents, hair fiber lubricants, sequestraling agents, amino acds, ingradients that
impact hair shine, hydrolyzed proteins, efe. as well as combinations of any two or
more of the foregeoing. Such ingredients are employed in conventional amounis
consistent with the art for thelr respective type of hair care composition.

{01058] For example, # may desirable and advantageous, espedially from a
consumer appeal perspective, to include agents that condition the hair to improve
the sase of combing or brushing, {e.g. deltanglers) and impart a sitky/moistrized
feel fo the hair afler it dries. Such agents include falty long chain amines and ther
derivatives, silicones such as dimethicone and amodimethicone, long chain fatty
alcohols and mixtures of these materials.

{01068]  As noted above and at the oulset, the aryl alkkanones, or mixtures of two
or more of such compounds, can be incorporated into exisling hair care products,
including hair treatments, pre-freatments and postireatment products. Exemplary
products include, but are not limited to, bleaching, dyeing or perming treatments,
hair restorative products, and shampooing and/or conditioning compuositions. in the
case of those products comprising a plurality of components, e.g., halr coloring
systems, which may be applied concurrently or sequentially, they may be
incorporated into some or all of the individual components or parfs. Similarly, in the
case of products sold as kits containing multiple products, e.g., a kit containing
shampoo and a condition, these compounds may be in some or all of the products
making up the kit

{01077 Of course, it is also {0 be appreciated that treatment and pre- and post-
treatment compesitions comprising the aryl alkanone compounds may comprise the
aryl alkanone as the sole or key active ingredient or may be combined with one or
more of the aforementioned oplional or addifional optional ingredients. For
example, it were {o be found that the aryl alkanone interfered with or interacted
with the coloring agent or its ability 1o bind o or color the hair; one could apply a
rinse solution of the aryl alkanone following completion or near completion of the
hair coloting process. Similarly, one could make a product which is infended to be
applied to the hair prior to and/or subseguent 1o swimming to prevent and/or reduce
the oxidative effect of the chilorine in the pool watler, especially that which remains
in the hair even following showering. In both of these respects, such formulations
could be prepared by dissolving or solubilizing the aryl alkanone in a suitable
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solvent or carner which is suitable or known for use in application fo the hair. To
aid in their preparation, # is also desirable to solubdize the aryl alkanone(s) in a
solvent or emollient like propane diol, propylene glycol or isosorbide dicaprylate
and then add this 1o a suitable carrier or like delivery system. This same technigue
may also be used for preparing or aiding the preparation of the aryt alkanone for
adding to the coloring agent right before applying to the hair, to the conditioner or
other hair care product into which it is 1o be incorporated.

[0108]  The methodology for application of the hair care compositions comprising
the aryl alkanone to the hair is or should be consistent with the methodology for the
application or use of the product into which it is incorporated. Where the aryl
alkanone is the key active ingredient and used as the freatment dself, it is typically
employed in the same manner as one would use a conventional hair conditioner or
halv spray. For example, if employed as a pre-reatment or 8 posttreatment a
small amount, perhaps a teaspoon guantity or so, is applied o the palm of one's
hand and worked into wet hair.

[0108] Ht is understood that the methods of use described herein are for
iHustrative purposes only and that various modifications or changes in light thereof
will be suggested or apparent 1o one of ordinary skill in the arl without departing
from the scope of the present invention. For example, application of a hair coloring
compasition according (o the present teachings to the hair may be undertaken in
several ways. in one method, the hair coloring compasition may be applied {fo the
whole of the strands of the hair, i.2., from the root of the hair {o the tip of the hair,
Alternatively, ong may apply the hair coloring composition only fo the root portion of
the hak, generally that portion of the hair strands which is between the scalp and
2.5 cm from the scalp or less, more typically about 1 om or less, especially 0.5 om
or less, depending on the application method, todl, and accuracy. Ancther aptlion is
fo apply the hair coloring composition o a portion of the hair from a point
intermediate the scalp and the ends and ending at the ends. In each instance,
whether whole strand application, root application or ends application, the coloring
agent may be applied o the entire head or only 10 a portion thereof, as desired.
Application of a hair coloring composition o a portion of hair is commonly referred
{0 as high-lighting or low-lighting. In this instance, a pordion of hair is physically
separated from the whole head of hair in a hair bundle through the use of a number
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of devices including a plastic cap through which the hair bundles are formed when
hair s pulled through orifices in the plastic cap, metal foils encompassing a hair
bundie, strand separators applied {o hair al the root portion, or sinuilar devices.
{01101  In hair coloring procedures, it is also common, though optional, to employ
a hair conditioning agent which is most ofien provided in a separate container. In
this instance, the conditioner can be mixed immediately before use and applied
together with the other components of the hair coloring compaosition or # may be
applied as a postirealmen! immediately after application of the hair coloring
composition or after rinsing the hair colaring compasition from the hair,

{01111 According to one method for oxidatively coloring hair, the method
comprises {a) mixing a tint component, an oxidizing component, and, optionally, 8
third component comprising 8 second non-ammonia alkalizing agent together o
form a hair coloring composition, (b) applying the hair coloring composition to the
hair {o form a treated hair surface, {¢) allowing the hair coloring composition to
remain in the hair for a period of 1560 minutes, preferably, 20-30 minutes,
depending upon the specific hair coloring composition, and then (d) removing the
hair coloring composition from the treated hair surface. Optionally, one may also
work the hair coloring composition into the treated hair surface by hand or by a {ool
for a few minutes affer application to ensure uniform application o the entire
freated hair surface. Again, the hair coloring compaosition is then allowed o remain
in the freated hair while the final hair color develops. Thereafter the hair is then
rinsed thoroughly with {ap water and allowed to dry. In this instance, the hair
coloring composition will further comprise the aryl alkanone or the hair will have
been pre-treated with a pretreatment compaosition comprising the same and/or will
be treated with a composition comprising the aryl alkanone concurrent with or
subseguent to the application the hair coloring composition, £.g., before or after the
aforamentioned rinse step. If applied after the rinse step, the post-treatment
composition is allowed 1o stand in the hair for a few minules, generally 10 or less,
and then rinsed out of the hair.

{01121 Similatly, in the case of a hair conditioning composition, an appropriate
amount of the hair fiber conditioning compaosition containing the aryl altkanone is
applied 1o wet hair and worked into the halr for a few minutes (fo insure uniform
apptication fo all of the hair). The composition is then allowed o remain on the hair
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for a time period of less than about 20 minules, preferably less than about 15
minutes, more preferably from about 10 seconds to about 10 minutes. The
conditioner is then thoroughly rinsed from the hair with water and dried.

{01131 In yet ancther embodiment of the present invention the oxidative hair
coloring systems or bleaching compositions may comprise as an oplional fourth
component a color refresher composition. These color refresher compositions
comprise at least one preformed dye and, optionally, though preferably, one or
more of the above-mentionsd aryl alkancone compounds. The color refresher
compositions are typically applied fo the hair inmediately or shorlly after the
primary oxidative color treatment, generally from about 1 minute to about 30
minutes following the color treatment; though they can also be applied any time
following the color freatment up to about 80 days after color freatment. Such color
refresher compositions can be used o increase the initial color obtalned and or
boost the color during the wash and style cycle until the next oxidative colaring or
bleaching svent. Alternatively, the color refresher composition may be comprised
within the fiber or hair fiber conditioning composition thereby ensuring a color boost
with each application of the fiber or hair fiber conditioner treatment.

{01141 In vet ancther embodiment of the present invention the hair spray
systems or conditioner compositions for protecting hair from damage caused by
sun exposure and/or air pollutent may comprise sunscreens as an optional
component of the composition. Sunscreen compositions are commonly used during
cutdoor work or leisure as a means for providing protection of exposed
skin/scalp/hair against acule and chronic adverse effects of solar radiation such as
sunbum, cancer and photo-aging, halr damage, color fading. Many effective
sunscreen preparations are sold commercially andfor are described in the cosmetic
and pharmaceutical teralure. In general sunscreen preparations are formulated as
creams, lofions, gpray or oils confaining, as the aclive agent, an ultra violet
radiation absorbing or blocking compound. The sunscreen funclions by absorbing
or blacking ulfra-viple! radiation, preventing s penefration info the skin, scalp and
hair. The ability of sunscreen fo protect against the generation of reactive oxygen
species {(ROS) within the skin or scalp has not been identified. Although
sunscreans do prevent erythema and are recommended 1o be used as part of safe-
sun practices, current research suggests that photoprotection is also needed to
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reduce ROS levels within the skin (K M Hanson and R T Clegg, Bicconvertible
vitamin  antioxidants  improve sunscreen photoprotection  against UV-induced
reactive oxygen species, J Cosmet Sci, 54:589-5988, 2003).

{0118]  Organic sunscreens are classified into UVWA filters, UV-B filters or broad-
spectrum filters (UVCA and UV-B funclionality in a single mulecule) depending on
the type of radiation they absorb. UV-A sunscreens absorb radiation in the 320 fo
400 nm regions of the ulira viole! spectrum and UV-B sunscreens absorb radiation
in the 280 to 320 nm regions of the ulltra violet speclrum (See Sunscreens,
Regulations and Commercial Development, Third Edition, Nadim A. Shaath, Ed.,
Tavlor & Francis, 2008), Broad-speciruny sunscreans (UV-A and UV-B functionality)
absorb radiation in the 280 {0 400 nm region of the ullra viclet spectrum and have
fwo maximums, ong in the UV-B region and the other in the UV-A region.
Representative references relating to UV sunscreens include Gonzalez et al.~-U.S.
Pat. No. 7,186 404; Aust el. al -l 8. Pat. No. 7.175,834; Roseaver et al--U.S. Pat.
No. 7,172,754; Simoulidis et al.--U.8. Pat. No. 7,175.835; Mongiat et. al.--US. Pat
No. 7,101,838, Maniscgleo--U.8, Pal No. 7,.078.022; Chaudhur] el al--US. Pat,
No. 8,165,450; Forestier ef. al. LLS. Pat. No. 5,175,340; and Wang et. al. U8, Pal
No. 5830441, Such sunscreen actives are added to the hair care or treatment
compasitions, especially those confaining the and alkanone, in their conventional
amounts andfor as directed by their manufacturers.

{0116]  Having described the present invention in general terms, attention is now
drawn to the following sxamples, which exemplhfy a number of the specific
embodiments of the present invention and teachings.

01171 Example 1@ Computer simulated binding energy calculation with
{fransition metals using guantum mechanical calculations

{0118] One of the important goals in organometallic chemistty is fto
comprehensively study the interaction mechanism between the organic chelating
figands and metal ons. The inleractions involving transition melal ions are
particularly challenging because of hypervalency and subtle electronic properties.
In this regard, guantum mechanical (QM)} calculations emerged as a powerful
complement o the experimental technigues such as X-ray crystalfography, NMR
and IR, by providing valuable structuwral and electronic details at the slectronic
structure level. Therefore, we have used QM caloulations in order to identify and
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astimate the chelating properties of aryl atkanones of Formula 1. QM calculations
demonstrated that the transition metal ions have the potential to dramatically
influence the intrinsic conformation of the aryl alkanone compounds and form multi-
dentate interactions with the carbonyl oxygen atoms of the aryl alkanones. Table 1
summarizes some of the results of this study.
{0119]  As shown in Table 1, three moles of 1F or 1M or Deferiprone have the
potential to courdinate all six coordination sites in Fe™, Fe® and Cu® as well s in
Zn™ in fact, the resulls suggest that the aryl alkanones are sither comparable or
slightly better chelating agents than Deferiprone, 2 wellknown and commercially
available chelating agent used in pharmaceutical applications. The binding energy
calculations also strongly suggest that aryl alkanones will be excelient selective
chelators for Fe and Cu ions over Zn ions. As noted, 3 moles of aryl alkanones are
needed to occupy all six co-ordination sites In Fe™, Fe*, Cu* and Zn® ions.
These resulis also suggest that alteration of substituents in the aromatic ring will
have minor effects in binding energies. Example 2 below experimentally confirms
the suspected chelating ability of aryt alkanones.

Table 1: Computer simulated binding energy calculation between

the present inventive ligand, Deferiprone, and {ransition metals

Product Binding Bnsrgy in keaVmuale
Fa™ Fa® Cu e
Compound 1F ~1081.20 50784 ~550.85 -438.18

3-{3.4.8-rimathoxy
benzyid 4-pentanedions
Compound 1M ~$038.68 HS073 -451.34 430.75
{keto tautomer}
3{3-methoxy-4-hydroxyl

Compound 1M <07 .10 482.35 | Not Determdned 423 45
{enol tautomen
Deferiprong -1010.43 48768 -480.23 -454.41

{01201 Example 2 A series of chelalion studies were conducted in order to
validate the chelation capabilities of the aryl alkanones as suggested by the
computer simulation as well as compare those chelating abilifies {o the chelation of
known chelators. The aryl alkanones lested were 3-(3, 4-dimethoxy benzyl)-2 4-
penfanedione {(Compound  1D),  3-(d-methoxy  benzyl)-2 4-pentanedions
{Compound 1E), 3-(3.4 . 5-irimethoxy benzyli-2 4-pentanediong {Compound 1F), 3-
{3-methoxy-4-hydroxy benzyi}-2 d-pentanedione (Compound 1M} and 33
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meathoxy-4-hydroxy benzyh-4-ethylester-2-pentanone (Compound 2M) . The
known chelators {ested were ethvienediamine fetraacelic acid (EDTA},
gthylenediamine-N N-disuccinic acid (EDDS), Desferal, and Deferiprone. The test
methodology employed generally followed that set forth in "Novel Fluorometric
Assay for MHydroxyl Radical Prevention Capacity Using Fluorescein as the Probe™, B
Ou, M Hampsch-Woodill, J Flanagan, EK Deemer, R Prior, D Huang, J. Agric. Food
Chem: 50{10); 2772-2777, 2002

[0121]  The first chelation sludy {2A) svaluated the Cu™* chelation capability of
the test-and comparative chelators in the presence of excess Ca®. Here, a Fenton
reaction was initiated with a mixture of Cu™, CaCly and hydrogen peroxide at
alkaline condition, the mixlure comprising [CuCl] = 200 yM, [MH09] = 0.055 M,
CaCly] = 2.3mM, and [FL] = .20 x 10"M. The test compounds were evaluated at
& concentration of 600 uM for sach of Compounds 10, 1E and 1F and Deferiprone
{a 3 molar excess) and 200 ub for each of EDDS and EDTA.

{01221  In general, oxidative damage is svidenced by the generation of hydraoxyl
radicals arising from the Fenlon reaction, which generation is monftored by
fluorescein (FL), a fluorescence probe sensitive to hydroxyl radicals. The loss of
fluorescence intensity is an index of oxidation. Thus, the slower the Huorescence
decay, the stranger the chelation for Cu®’. As evident fram Table 2A, the presence
of Compounds 1D, 1E and 1F stopped or prevented the Fenton reaction from
oceurding indicating that Cu® was almost completely chelated. Deferiprone
demonstrated a moderate chelation capability, but subsiantially less than the anyl
alkanones, and the conventional chelators, EDTA and EDDS, demonstraled poor
chelating capabilities.

{01231 A second chelation study {(2B) was performed, similar to 2A with the one
exception that no Cally was used: all other components remained the same. The
results are summarnzed in the Table 28, These resulls clearly demonstrated the
superiority of Compounds 1D, 1E and 1F as comparad {o the commerdial chelants,
EDTA and EDDS as well as their comparable capabilities fo Deferiproneg in the
absence of Ca. The fact thal this study showed very {itle changs in the
fluorescence decay pattern of Compounds 1D, 1E and 1F with and without the ten-
fold excess (relative to Cu®") of CaCl evidences the selective chelating propstty of
aryt alkanones to Cu?* over Ca*".
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% Remaining of FL (20 | % Remaining of FL {40 | % Remaining of FL {80
min nin foiny
Blank 728 488 22.2
Compound 1D g7z 88.0 96.5
{Dimethoxy)
Compound 18 28.6 g968.8 26,3
{Monomathoxy)
Compound 1F 896.0G 24.4 927
- {Trimethoxy}
- Compound 1M 8514 g5.3 a5.1
Compound 2 M 898 883 160
EDTA 57.5 24.8 54
CEDDE 785 56.4 304
 Deferiprone 1" I . 854

Table 2B. Cu® Chelation {no CaCh)

% Remaining of FL (20 | % Remaining of FL (40 | % Remaming of FL (80
ming mirs mind
Blank 81.1 29,7 138
Compaund 1D 96.9 94.8 86.9
Compound 1E 59.8 9.8 8a.0
Compound 1F 87.0 94.8 87.7
EDTA b L2 A it see 38
EDDS. 811 81.9 62.9
Dieferiprone 8484 10 984
01241 A third study {(20) was conducted to evaluate the chelaling capabilities of

the aryl atkanones as compared to the commercial chelants for chelating Fe™ lons.

In this study, the same method employed in the second siudy (2B} was followed

with the exception that Fe®" ions {200 uM} were employed rather than Cu®* ions.

The results are summarized inthe Table 2C  Similar to thel chelation capability for

Cu®" fons, the aryl alkanones clearly demonstrated excellent chelation capability for

Fe™ jons as compared to EDTA and Desferal, Additionally, although Deferiprone

still provided good chelalion capability, it was considerably less that afained by the

aryl alkanones.

Table 2C. Fe* Chelation

% Remaining of FL (20

% Remaining of FL {40

%% Remaining of FL (80

i ming i
Blank 55.5 278 8.5
Lompound 10 U8.3 98.3 8.3
Compound 1E 988 Qa2 gn.2
- Compound 1F 888 88,1 97.7
EOTA 868 n s3 2 T
Desteral 79.8 504 19.3
Defatiprone 823 902 87.8
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[0128]  Finally, a fourth chelation study (2D) was pearformed in a manner similar
to 2C with the exception that Fe®' jons were emploved instead of the Fe®' jons.
Resulis of this chelation study are summarized in the Table 2D. As before, the aryl
alkanones performed superior 1o the conventional chelating agents. And, while
EDTA and Desferal demonstrated moderate chelating capabilities for Fe®' ions,
Deferiprone, which had shown moderate chelating capabilities for the previous ions
tested, performed poorly with respect fo Fe™ jons.
Table 2D. Fe® Chelation

% Remaining of FL{20 | % Remaining of FL {40 % Remaining of FL {80
mind min mind
. Blank 304 13.0 7.3
- Compound 1D 98.8 898 g94.2
. Compound 1E 987 898.5 98.4
Compound 1F 88g B6.S 84.4
Compound 1M 100 100 100
Compound 2M @8 b e &s
ERTA 1957 880 735
Desferal 318 741 88.7
Deferiprong 483 48,2 34.5

{0126] From the foregoing results, it is evident that the aryl alkanone
compounds (1D, 1€ and 1F) have liltle atlraction for calcium and excelient, if aot
superior, chelating abifity for copper as Cu' and iron as Fe™ and Fe™, thereby
rendering these ions unavailable for radical making. The lack of radicals resulls in
a reduction in damage to hair fiber and the scalp normally attributable to such
radicals. Addifionally, the poor to moderate resulls manifested for the fouwr
commercially avallable chelating agents and the fact thal no one commercial
chelating agent showsd even moderate chelating abilities for all jons clearly
demonsirates superiority of the aryl alkanones and the fact that the current
conventional chelaling agents are not effective or marginally effective at best.
{01277  Example 3 ~ A seres of experiments was conducted o evaluale the
ability of the aryl alkanones o quench singlet oxygen species as well as evaluate
their stability in a singlet oxygen environment as compared o a convenlional singlet
oxygen quencher, aTocopherol.

{01281 The first study evalualed the quenching ability of the aryl alkanones
versus aTocopherol. The test methodology employed is the method of W, Mullen
st al., J of Agriculture & Food Chemistry, 89(8).3754-3762, 2011} The resulls are
presented in Table 3A. As svident from Table 3A, the aryl alkanones demonstrated
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a markedly superior singlel oxygen gquenching capability as compared fo
gTacopherol.
Table 3A: Singlet Oxygen Quenching

Compounds a Tocopherol | Compd. tF | Compd. 1D | Compd. {E | Compd M

Antioxidant Power 2836 8,358 4,580 4,374 7,180
against singlet
oxygen in ymole
Trolox aquivalent/g

{01281 A second study was performed {0 delermine the stability of the anyl
alkanones and o tocopherol under a singlet oxygen environment. in this study, &
o of 1 mghimi solution of each test compound (in DME0} was mixed with S ml of a
solution {pH §) containing 0.16 mg/mi lithium molybdate, 4 mi 0.01 M NaOH, and &
mi of 0.015% H0.. 500 yl from each mixure was laken every 2 mins and added
to 1 mi of 1 mg/mi curcurnin solution {in DMSO} to stop the reaction. The mixture
was then injected into an HPLC 1o monitor product degradation. The results are
summarized in Table 3B and demonsirate the marked superior stability of the aryl
alkanones a5 compared {o the commonly use a tocopherol.

{0130] These ftwo studies demonstrate that the aryl alkasnones are more
effective in guenching singlet oxygen than conventional antioxidants working by
scavenging mechanism.

Table 38: Stability under Singlet Oxygen Environment

Stanility a Tecopherol Compd, 1F Compd. 1M
% Produdct remaining

2 'mdn 73 82 95

4 min 58 87 91

& min 47 85 88

& in 38 81 88

10 min 35 80 82

{01311 Example 4: Hair Coloring Products

{0132] Several different kinds of hair coloring proeducts are available for
professional and consumer use including those thalt are applied as coloring
shampoos and others as strict hair dyes. They are generally categorized as one of
four types: permanent, demi-permanent, semi-permanent, and temporary. The
permanent coloring lasts until the halr grows out, the demi-permanent lasts up fo 24
washes, the semi-permanent lasts for six 1o eight weeks, and the temporary lasts
for one fo three washes. Demonstrating the breadth of the ulility of the present
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teachings, the following exemplary hair care/coloring products confaining the aryl
atkanones are produced.

{0133}
{01341
components, a8 precursar-coupler base and an oxidizing base. The precursor-

Permanent Hair Coloring
A typical permanent hair coloring product is formulated with two different

coupler base contains surfactants, alkaline or alkalizing agent, reducing agent,

precursors, couplers, and water: an exemplary formulation is shown in Table 5A.

The oxidizing base contains an oxidizing agent (e.g. peroxide), stabilizer for the

peroxide, and surfactants as shown in Table 5B. Since the peroxide is unstable in

alkaline solution, the precursor-coupler base and the oxidizing base have 10 be

formulated separately for product storage and are only combined at the time of use.
Table 5A: Sample precursor-coupler base

Weight % of ingradient for desired hair color
ingredient Dark brown Light brown Red Black
Dodecyt benzene sulfonate (50%) wR T1\sD 14.8 4.0
Cocodiethanolamide 8.0 8.0 9.0 8.0
Neodol 91-2.5 8.0 8.0 8.0 §.0
Avnonium Rydroxide 5.0 8.0 8.0 6.0
Sodium sulfile 8.3 0.3 0.3 3.3
p-Phanylenediamine 0.4 - = 0.4
a-Amingphens! 0.3 0.4 - 0.2
p-Amninophenad - 4 0.4 -
4-Methvi-S-gminophenal - - 4.4 -
sa-Aminophenol - - = 8.2
Water 4.0 63.8 63.9 8§38

Table 5B: Sample oxidizer base ingredients

| ingredient Weight % of ingredient
Hydrogen pergxide (30%) 50.0
Dodacyl banzene sulfonate (50%) 33.0
Phosphoticacd 1 e o
CompoundiDortEert® Qw10
Water 18.0
{01358] Demi-permansnt Hair Coloring
{0138} Demi-permanent hair coloring products are similar fo permanent hair

coloring products in terms of oxidative dyes but resemble the lasting properties of a
semi-permanent hair color. The amount of peroxide is less and therefore offers less
damage o the hair, An sxemplary formulafion is shown in Tables 6A and &b, the
latter comprising the oxidizing portion of the formulation.
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Table 8A: Permanent Hair Dye Formula

INCI Name | Yewiw
Phase A1
Water (demingralized) Q5
Ghycerin 3.00
- Sodium Suifile .20
Resonginol 8.50
Ethenolantne o5
Linoleamidopropyl PG- Dimonium Chioride Phosphate 0.50
Phase A-2
Larbomar 5.40
Polyguaternim -38 .20
Phase 8
Ammorium Hydroxide {50%) 1 5.00
 Phase ©
- Giyosry! Stearate 250
Cetearyi deohot 360
Sodium Laureth Sulfats 2.00
Ocyidodecanel 200
Oeteareth-20 1.00
COlefe Agid 1.00
- Sodium Cetearyl Sulfale 1.00
Phase
mRAmINORheNOl L
- Sodium Suifate 0.45
 Joluene 28-DiamineSuliate 078
2Amino-4-Hydroxyethylaminoanisole Sufate 1 ewe
Phase F
Otrde Acid Q5
Henzolo Acid 0.20
Total 100.00

*Chelating agent ~ anv alkanonie, e.g. Compoungd 1F or.Compound 1M or Compound 3M, The aryt alkanones
are preferably solubilized in PEG-300 or PEG-400 or PEG-400/water {111 for ease of formulating.

{01371 Post Treaiment Products

{0138] Post freatment compositions are applied to hair following color freatment,
especially during the period between color treatments, to enhance or profect the
hair coloration and/or to provide further protection and/or reverse the damage to the
hatr caused by the hair colonng process and as supplemented by environmental
damage and subsequent halr treatments such as shampooing, styling, etc. Table 7
presents an exemplary post treatment composition.

{01381  These formulations are prepared according o conventional general
methodalogies which fypically comprises individually preparing Phases A and B
and then combining the two and allowing the combined formulation to hydrate.
Separately Phase C is prepared and heated to BO"C. After fully hydrating the
combination of Phases A and B are heated to 75°C and Phase C is gradually
added while mixing. The mixture is then cooled under propeller agitation until
cooled to 40°C. Meanwhile, Phase D is separately prepared and, once the
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combination of Phase A, B and C is covled, added fo the mixture while maintaining

mixing until uniform.

Table 6B: Cream Developer Formula

. ING1 name % wiw
Phass A~
Waler {demineralized) LG8

*Chelating agant

0.1t 0.3%

Progyiene Glycal 2.00
DisodiumPyrophosphate Q2%
Etidronic Agld Q.50
2.8-Dicarboxypyridine 0.25
Phase A-2
Hydrogen Peroxide 560
Phase B
Potassium Hydroxide (50%;) 2.00
Phase C
Cetearyt Alcohol .00
Mineral Qi 4.8¢
Celeareth-20 200
Fhase d

- Cilric Agid Q38

. Potassium Benzoale .20
Total | 100.00

Table 7: Hair and Scalp Conditioner

INCI name Y wiw
Phase A
- Water (demineralized) §2.00
Phase® e
Hydroxyethylceliulose 1.00
Ghvcerin 2.00
Cetnimonium Chionide .50
Phenoxyethanol 1.00
. Polassium Sorbate 0.35
 Phase
Clycery Slearate 1.00
- Catary Aloohol 5.00
N T ... S
- Behenttimonium Shioride 1.00
Isosrbide Dicaprylate 2.00
Caprylic/Capric Triglyeands .50
PEG-E 1.00
Compound. 1F or Compound 10 {present invention) 0.50
Phase
Panthenyl Hydroxypropy Steardimonium Chioride 0.30
PAMNONOL e OB
Hydrolyzed Rice Protein 1.00
Sodium Hydroxide .15

“Chatating agant ~anvlalkanone, ... Compound 1F or Compound 18 or Sompoung 1E. The aryl alkanones

are preferably solubilized in PEG-300 or PEG-400 for ease of formudation.
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{01401 Example 5 Sunscreen spray.

{01417 A sunscreen spray fonmuiation is prepared for application to the hair to
protect the color treated or blesched hair against sun-induced damage/color
fading. An exemplary formulation is presented in Table 8 and is prepared by
preparing Fhase A and a pre-mix of Phase B, the latler being heated to 75°C with
mixing untif it is completely free of solids. Phases A and C are then added fo
phase B at 50°C with continued mixing. These sunscreen spray formulations are
typically applied to hair that has been colored or o hair; however, they may also
be applied as a general profectant for natural hair that has been or is to be
exposed to damaging environmental conditions, as experience when swimming in
a swimming pool.

Table 8: Broad spectrum clear spray sunscreen

INCI name Trade Name/Suppliar % wiw
Phase A ‘

Ethanol Ethanol 3000
VABulyl Maleatefisobormd Acrylate ;

Copolymer Advaniage PlusfAshiand 200
Phase B |

Avobenzone Eusolex 2020/EMD 3.00
Jrimethoxybenzylidens Pertanedione” ¢ Synoxyl"HSS/Sytheon | 280
Homosalate % Eusolex HMS/EMD | 10.00
QOctyl Salicylate Eusolex OSEMD 5.00
Compound 1D or iEor tF or 1MoraM Presentinventivecompaunds | 100
PEG-B PEG 400/Acme 5.00
Diisopropyt Adipate Dermol DIAAIRD 5.00
Phasa €

Phenethyl Benzoate R-end 226/Ashiand 20.50
£12-15 Alkyl Benzoate Finsolv Thnnospec 500

isosorbide Dicaprviate HydraSynal DOSyiheon 200
Totdl 10000

Oelocndensor Disthyihexwt syringylidens nalonate or Ethylhexy methaoyenylens

{01421 Example 6: Broad Spectrum Sunscreen Spray

{0143] A second, brpad spectrum sunscreen spray formulation for the
profection of color treated or bleached hair as well as the scalp against sun-
induced damage Is prepared. The formulation details are presenied in Table 9.
This product is preduces in the same way as the preceding formulation.
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Table 9: Broad spactrum clear spray sunscreen

INCI name Trade Nams/Supplisr % wiw
PhaseA R o
Etenot L Ehanol L 3800

VAButyl Maleatefisobomy! Acrylate Gopolymer | Advantage PlusfAshland | 2.00

Phase B

Avobanzone Eusolex BO2V/EMD 3.00
rimsthoxybenzylidens Pertanedione ,,33’??’,‘%??3?5%333533@?@ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 250

Homosalate Eusolex HMS/EMD 10.00

Qotyl Salicylate Eusolex OS/EMD ' 500

Dompound 1F or 10 or 1E or 1M or 2M Prasent inventive compounds 1.00

PEG-8 PEG 400/Acme ‘ 8.00

Diisopropyl Adipate Demol DIAARzO 2.00
Phase C

Phanethyl Benzoats Xdend 226/Ashiand 20.50

Ci2-15AKyiBenzoate  FinsolvTNfnnospec 5.00

isusorbide Disurifiowerseedate HydraSynal 1DL/Sviheon 2.00

Total 100.00

{0144]  Example 7. Dry & wet hair combing

{0145] In order fo demonstrate the effect of the aryl alkanones as a
preveniative/reparative ingredient for hair colaring products, a series of tesis were
performed in which a plurality of hair tresses each weighing approximately 3 g and
measuring 8” in length and 17 in width {from International Hair Importers & Products
- Glendale, NY) were bleached using a standard protocol.  Thirty-two {32) of the
halr tresses were then dyed using a8 commergial hair coloring product (Revion
ColorSikk {ammonia-free) #43 Medium Golden Brown for Colorant and Developer)
with half of thuse tresses being colored with the hair coloring product as is
{Colored) and the other half being colored with the hair coloring product to which
0.5% by wt. of Comp 1F {as a 20% solution inPEG-400) was added to the colorant
{the “Modified Colored™). Coloring was performed in accordance with the
manufacturer's directions. After dyeing, the hair fresses were allowed to stand for
30 min before any further processing. Thereafter one half {8} of the Colored and
one half {(8) of the Modified Colored tresses were dried for the same period of ime
under the same drying conditions.

{01487  All of the hair tresses, wetl and dry, were then subjected fo combability
testing o assess the combing force needed to comb through the hair.  Combing
forces were determined using an Instron tensile tester to measure frictional forces
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while a hair fress 1s pulled through a comb in accordance with the widely-used
method of Garcia & Diaz (JSCC, 27, (18786) 378-398 - Combability Measurements
on Hair), Six combing strokes were performed per {ress with sight replicate hair
used to perform the slatistical analysis. Stalistics were performed using the
student’s t-test at the 95% confidence level.

{01471  The resulls of the wet combing fest are shown it Table 10 and the resulls
of the dry combing test are shown in Table 11,

Table 10 - Wet Combing

Treatment Mumbser KMean (gh Standard Standard Error
Deviation Mean
Colorad Basaline -1 B 107.21 18.80 7.07
Contrnl a8 107.54 20.87 7.38
Modfied | Baseine | g gra2 es | 575
Colored invention 8 7780 11.13 3983
*Statistically significant {(p=0.05)
Table 11 - Dry Combing™
Treatment MNumber Mean Standard Standard Error
‘ Davialion Mean
Colored Baseline-1 7 138.9 8752 2034
Controid 7 B7.2%¢ 10.47 3.7
Nodified | Baselinez | 7 A sgiz 288
Colorad revention 7 51.5%+ 34.87 12.33

= Note: only seven rephcalivns were used in seling forih the sl resulls 46 Gne ess in Sach Senss proviaed
a clearly anomalous resull, warraniing its exclusion.

“+Siatistically significant p=<0.05

[0148] As seen from Table 11, there is a significant decrease in dry combing
forces for both the Colored and Modified Colored hair tresses over their respective
baselines. Also, there is a significant difference between combing forces for the
Modifiad Colored and Colored hair tresses as well.

{01481 Based on the resulls presenied in Tables 10 and 11, i is clear that the
aryl atkanone compound provided 3 lubriciousness andfor sitkiness to the hair
andior reduced tangles in the hair as evidenced by the much lower, markedly lower
in the wet comb test, combing forces. These results are consistent with the
manifestation of less damage to and friction on the hair, thereby facilitating
manageability and providing detangling benefits.

(01501 Similar experiments are contemplated with Compound 1D and
Compound 1E with the expectation of similar results,
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{0151} Example8

01821 A further experiment was conducted to assess the impact of the use of
hair care products containing the select aryl alkanones on hair which has been
colorad, particularly with respect to color fading. Such issues are well known and
reported on, e.g., B Locke and J Jachowicz, Fading of artificial hair color and is
prevention by photofilters, J Cosmet Sci, 56 407425 (2005},

{0183] In this experiment, bleached European brown hair tresses were dyed
with @ commaercially available medium auburn color for 30 min following the
nstructions provided in color kits {(Revion color ki), For testing of UVB damage,
virgin dark brown hair was used, A number of the tresses were treated with a
standard shampoo and conditioner whareas a second number were {reated with
the same except that Compound 1F was added fo each. A subset of the trested
tregsses were then irradiated for 3 hr on sach side, tofaling 6 hr-eguivalent to one
day of UV exposwre with UV radiation (200400 nm} at 50 Wim1 using a quartz
inner filter and type “s” borosilicate outer filter. At the stant of the study and at
ntervals equivalent to every five days of UV exposure (which is after every 30
hours), tresses were freated again with the Compound 1F modified and the
unmodified shampoos and conditioners.. rradiated fresses were exposed o the
total eguivalent of 15 days of UV exposure. Test conditions were maintained at
40°C and B65% relative humidity, Different types of tresses were compared,
including those that were dyed and not exposed 1o treatment or UV exposure; dyed
and treated with the control shampoos and conditioners and exposed fo UV, and
dyed and treated with shampoos and conditioners containing the Compound 1F
and exposed o UV. Comparative color logs was determined both objectively and
subjectively. The iolal color loss (AE) was calculated by assessing the changes in
L*, &% b* readings. The changes in hair cobor indexes were calculated using the
respective values after the shampoo and conditioner treatments and before UV
exposure; and after the eguivalent of 15 days of UV exposure. The results of the
instrumental evaluations were confirmed via subjective teshing.

[D154] Based on the objeclive tesiing, the iotal color changs of the medium
brown-colored hair treated with the modified and unmeodified shampoos and
conditioners after 15 days of UV exposure was as follows:
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{01851  OE control - 10.48

{01561 AE Compound 1F or 10 - 7.28
[0167] The swalches were photographed and compared to dyed but untreated
swatches, which represent the initial dye color, 1o allow for visual comparisons.
Panelists were alsa asked o rate the color protection effects in simple comparisons
of the control and the Compound 1F swatches to the untrealed control. The panel
gvaluation demonstrated a strong correlation between the visual resulls and the
jnstrumental resulls. On medium brown hair, 85.1% of panelists chose the fresses
reated with the Compound 1F shampoo as having retained the most color,
Agcordingly, these resulls show that the aryl alkanones also prevent/reduce hair
color degradation of colored hair, especially that which is induced by sun-induced
photodegradation.
[0158] Example 9: Ethnic hair relaxer & Shampoo
{01589 To further demonstrale the breadih of the benefils allainable with the
practice of the present invertion, halr samples were treated with a commercial hair
relaxer product (Dark and Lovely Beautiful Beginnings No-Mistake Smooth Relaxer
for Al Hair Types) This product has four components: 1) the Hair and Scalp
Protective Gel comprising Paraffinum Liguidum (Mineral Qil}, Diethythexyl Maleate,
Isoprene Copalymer, Hydrogenated Styrene, and Buladiens Copolymer; 2) the No-
Mistake Relaxer Cream comprising water, Pefrofatum, Paraffinum  Liguidum
(Mineral Oif), Cetlearyl Alcohol, Guanidine Carbonate, PEG-75 Lanolin,
Behentrimonium Methosulfate, Polyquaternium-8, Isopropyt Myristate, Isopropyl
Palmitate, Gt 158510 {Qrange 4), Denalonium Benzoatle, Aloe Barbadensis Leaf
Extract, Aloe Barbadensis Exiract; 3) the No-Mistake Cream Activator Propylens
Glyeol, Calcium Hydroxide, Silica, G 77881 {Tilanium Dioxide), and 4) the Color
Signat Neutralizing Shampoo comprising water, Sodium Laureth Sulfate,
Polysorbate 21, PPG-5-Ceteth-10 Phosphate, Cocamidopropy! Betaine, Salicylic
Acid, Polysorbate 20, Polyquaternium-7, Sodium Chioride, Hexyiens Glycol,
Saodium Hydroxide, Hydroxypropyltrimonium Honey, Phenolsuifonephthalein, Citric
Acid; and the Deesp Conditionsr comprising water Propylene Glycol, Cetearyl
Alcohol, RPolyguaternium-37,  Propylene  Glycol  Dicaprylate, Dicaprate,
Behenfrimonium Mesthosulfate, Sodium Benzoate, PPG-1 Trideceth-8, Stearyl
Dimethicone, Chiorhexidine Dihydrochioride, 2-Oleamido-1, 3-Octadecanediol.
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{01801  The commercial product was used as nstrucied except that a number of
the hair tresses were treated with the comwnercial product modified by adding
Compound 1F fo the relaxer andfor Compound 1F to the shampoo. In both
instances, the amount of Compound 1F added was 0.5 g and was added as a 20%
solution of Compound 1F in PEG400

{0161]  As with the previous example, hair tresses were evaluated by a panel of
six individuals and raled based upon coarsengss, smoothness, ete. as manifested
by easy of combing. Ralings were based upon a sliding scale whergin "+
represented the baseline before treatment of the hair, “++” represented very minor
damage with minimal langles, "+++" represented moderately damaged hair with
moderate tangling, and “++++7 represenied severely damaged hair with significant
tangling. The resulls are presented in Table 10.

Table 12 ~ Relaxer Evaluation

Results | Baseling | Contof 1 Modifiedt Modified2
Before Commercial Compound 1 For Compotnd 1F or
trestment product used as-is | Compound 1D Combound 10 added

added fo relaxer fo shampoo
Evaluation by | + b 4 Tt
penelstse®) | 4 b b

01621 As noled in Tabls 12, the pane! evaluation concluded that the addition of
the aryl alkanone Compound 1F or 1D to the relaxer and shampoo markedly
reduced the damage caused by the use of the same product without Compound
1F. in this study, more than 80% of the panelists characterized the hair treated with
the Compound 1F or 1D shampoo or relaxer as being very smooth in appearance
and sitky to the touch.

{01631  The patents, patent publications and other documents cited herein,
including any cross- referenced or related patent or patent applications, are hereby
incorporated herein by reference in fhelr entirely unless expressly excluded or
otherwise limited. The citation of any document is nolt an admission that i s
pertinent prior art with respect {o any invention disclosed or claimed herein or that it
alone, or in combination with any other citation or combination of citalions, teaches,
suggests or discloses any such invention. Further, to the extent that any meaning
or definition expressly applied to a ferm in this document conflicts with any meaning
or definition of the same term i a document incorporated by reference, the
meaning or definition assigned {o thal {erm in this document shall govern.
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[0164] The various smbodiments described above are provided by way of
Hiustration only and should not be construed as or deemed fo limit the clgims
attached hereto. The present invention can suitably comprise, consist of, or consist
gssentially of, any of the disclosed or recited slements. Thus, the invention
dlustratively disclosed herein can be suitably practiced in the absence of any
element, which is not specifically disclosed as being required herein. Furthermore,
various modifications and changes {o the teachings herein will be recognized by
those skilled in the art having the benefit of the present teachings and may be
made to the present teachings without departing from the true spirit and scope of
the invention as claimed and are, hence, deemed and 1o be deemed within the full

scope of the appended claims.
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Claims

I claim:

1. An improved hair care composition wherein the improvement comprises the
presence of an effective amount of at least one aryl alkanone compound having the
Formuta |

R o}
Ry l-k
\Ef l
n X N,

whearein Ry, Ry, Ry, Ry and Ry which may be the same or different, are each
independently H, OH, alkyl or alkoxy, Re is CH; or OR; where R is alkyl to prevent
or reduce hair damage or hair color fading as compared to the use of the same
composition without the aryl alkanone.
2. The improved hair care composition of claim 1 wherein Ry, Ry, Rs, Rsand Rs
which may be the same or different, are each independently H or a Cy-Cglinear or
branched alkyl or alkoxy group and Rg is CH; or OR; where Ryis a C-Cyp alkyl,
3. The improved hair care composition of claim 1 wherein Ry, Ry, Ry, Ryand Rs
which may be the same or different, are each independently H or a C4+-Cy linear or
branched alky! or alkoxy group and Ry is CHa.
4. The improved hair care composition of claim 1 wherein Ry = Rs = H and
egach of Ry Ry and Ry is independently a -Gy lingar or branched alkoxy or 8 C+Cs
finear or branched atkyl and Rq is CHzor OCHs.
5. The improved hair care compaosition of claim 1 wherein Ry = Ry = Ry = M;
and each of Ryand Rq is independently a C+ G4 lingar or branched alkoxy or GG
finear or branched alkyl and R is CH or QCHs.
8. The improved hair care composition of claim 1 wherein the aryl atkanone of
Formula 1 is selected from the group consisting essentially of.

Compound 1A Ry =Ry =Ry = OMe and Ra = Re = H; Re = CHy;

Compound 1B: Ry = Ry =Rs = H and Ry = Ry = OMe; Rq = CHy;
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7.

Compound 1€ Ry = Ry = Ry = Hand Ry = Ry = Me; Rg = CH;
Compound 1D Ry = Ry = Ry = Hand Ry = Ry = OMe; Rg = CHy;
Compound 1E: Ry = Ry = Ry=Rgs = H; Ry = OMe; Rg = CHg,
Compound 1F: Ry = Re = H; Ry = Ry = Ry = OMe; Ry = CHg;
Compound 1G: Ry =Rs=H; Ry = Ry = Ry = Me;, Rg = OHy;
Compound 1H: Ry = Ry = OMe; Ry = Ry = Ry = H; Rg = CHy;
Compound 1E Ry = Ry = Ry = H; Ro = Ry = Me; Ry = CHj;
Compound 1d: Ry = Rp = Ry = Ry = H; Ry = Me; Ry = GHy;
Compound 1K Ry s Ry = Ry =Ra= H; Ry = Me; Rg = CHy;
Compound 1L Ry = Ry =Ry = Rs = HI Ry = OMe,; Re = CHy;
Compound 1M: Ry = Ry = Rg = H; Ry = OH, Ry = QCH;; Re = CHy;
Compound TN: Ry = Ry = Re= H; Ry = R = Me; Rg = CHy;
Compound 1P Ry =Ry = Ry = Rg = H; Ry = Me; Rg= CHgy; and
Compound 1Q: Ry =Ry = Ry = Ry = M Ry = OMe; Rg = CH3

The improved hair care compasition of claim 1 wherein the aryl alkanone of

Formula 1 is selected fram the group consisting essentially of:

8.

Compound 2A: Ry = Ry = Ry = OMe and Ra = Ry = H; Ry = QCsHs;
Compound 2B: Ry = R3=Rs = H and Ry = Ry = OMe; Rg = QCaH;5;
Compound 2C: Ry = Ry = Rs = H and Ry = Ry = Me; Ra = OCHs;
Compound 20 Ry = Ry = Ry = H and Ry = Ry = OMe; Ry = OCyHg;
Compound 2ZE: Ry = R = Rs = H Ry = Ry = Me; Ra = QCHs;
Compound 2F: Ry = Rg = H; Ry = Ry = Ry = OMe; R = OCH;;
Compound 2G: Ry = Ry =H; Ry = Ry = Ry = Me; Ry = OC:Hy
Compoind ZH Ry =Ry = OMe, Ry s Ry = Ry s Hy R = OCgH@
Compound 21 Ry = Rp = Ry =Rg = H; Ry = Me; Ry = OCaHy;
Compound 2J: By = Ry = Ry = R = H Ry = OMe, Ry = OCxyHg;
Compound 2K: Ry = Ry = Ry =Ry = H; Ry = Me; Ry = OCMx
Compound 2L Ry = Ry = Ry = Rs = H; Rz = OMe; Ry = QCaH5; and
Compound 2M: Ry s Ro = Ry = H; Ry = OH; Ry = OCHy; Rg = OCHs.
The improved hair care composition of claim 1 wherein the hair care

composition comprises other agents or ingredients which are oxidizing agents and

the one or more anyl alkanones is present in an amount whereby the weight ratio of

the aryl alkanone 1o the oxidizing agents is from 25:1 to 125,
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8. The improved hair care composition of claim 1 wherein the hair care
composition comprises other agents or ingredients which are oxidizing agents and
the one or more aryl alkanones is present in an amount whereby the weight ratio of
the aryl alkanone to the oxidizing agenis is from 15 to 1115.

10. The improved hair care composition of claim 1 wheregin the hair care
composition is a hair freatment composition selected from hair coloring products,
shampoos, conditioners, hair restorative treatments, perming products, alcohol
based hair sprays, gel hair sprays, and hair bleaching compositions.

11,  The improved hair care composition of claim 1 wherein the hajr care
compuosition is a hair coloring product which comprises one or more components
that are individually packaged and combined andior used concurrently or
sequentially in the hair coloring process and the aryl alkanons is present in at least
one of the components thersof.

12.  The improved hair care composition of claim 12 wherein the aryl alkanone is
free of phenolic hydroxy groups.

13. The improved hair care composition of daim 1 wherein the compaosition is a
pretreatment composition or & post reatment composition and the compaosition
comprises from about 0.1 {o about 15 wi percent of the aryl alkanone.

14.  The improved hair care compaosition of claim 1 wherein the composition is a
pretreatment cormposition or a post treatment composition and the compasition
comprises from about 0.5 o about 10 wi percent of the ary! alkanone.

15.  The improved hair care composition of claim 1 wherain the compasition is a
prefreatment composition or a post trealment composition and the composition
comprises from about 1 1o about 4 wi percent of the aryl alkanone in a carrier
suitable for application to the hair.

18.  The improved hair care composifion of claim 1 wherein the composition is a
pretreatmant composition {0 be applied to the hair prior to application of a hair
treatment composition comprising oxidizing agents.

17, The improved hair care composition of claim 16 wherein the pretreatment
composition is intended to be applied before bleaching, perming or coloring the
hair.
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18.  The improved hair care composition of claim 1 wherein the compaosition is a
prefreatment composition fo be applied o the hair prior 1o exposure to oxidizing
conditions other than a hair reatment composition.

18.  The improved hair care composition of claim 18 wherein the prefreaiment
composition is intended {o be applied prior o exposure {o the sun or air pollutants
andfor prior o parlicipating in an aquatic aclivity in which the hair is exposed to
water chemicals.

20.  The improved hair care compasition of claim 19 wherein the pretreaiment
composition is or includes a sunscreen,

21, The improved hair care composition of claim 1 wherein the composition is a
post-freatment compasition 1o be applied to the hair following the treatment of the
hair with a hair treatiment compaosition comprising oxidizing agents.

22.  The improved hair care composition of claim 1 wherein the composition fs a
post-treaiment composition to be applied to the hayr following exposure 1o oxidizing
canditions other than a hair reatment composition.

23, The improved hair care composition of claim 22 wherein the post-treatment
composition is intended to be applied 10 the hair following exposure 1o the sun or air
pollutants and/or participaling in an agqualic aclivity in which the hair is exposed o
water chemicals.

24. A method of preventing or protecting hair from photo-, thermal- or oxidative
damage comprising applying to the hair a composition comprising an sifective
amourt of at least one aryl alkanone compound having the Formula |

By /Ik
T o l
R 3/ X 0,:;‘;" Ry
h;’g
Ra

wherein Ry, Ry Ry, Rq and Ry which may be the same or differeni, are each
independently H, OH, atkyl or alkoxy, Reis CH; or OR; where Ry is alkyl
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25 A method of reducing or mitigating the damage caused by hair treatment
compositions comprising either (i) incorporating into the hair reatment composition
an effective amount of at least one aryl alkanone compound having the Formula |

wherein Ry, Ry, Ra Ry and Rg which may be the same or different, are each
independently H, OH, alkyl or alkoxy, Rs is CHy or OR; where Ryis alkyl or (i)
treating the hair with composition comprising at least one of the aforementioned
aryl atkanones in an effective amount prior {o or following the application of the hair
treatment composition.
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